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Chemical Sciences
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Abstract:

The study covers the synthesis of an inorganic anion-containing complex of amidoamine
synthesized on the basis of the reaction of synthetic petroleum acid and diethylenetriamine in a
molar ratio of 2:1, the determination of its chemical structure, and the investigation of its effect as
a corrosion inhibitor on steel surfaces in a CO, medium. The obtained complex had an inorganic
anion-containing HBr complex composition at a ratio of 1:3. The composition and structure of the
synthesized complex were analyzed by infrared spectroscopy and nuclear magnetic resonance
spectroscopy methods.

The effect of the inhibitor solution on the corrosion process of a C1018 steel electrode was
investigated in CO,-saturated seawater. For this purpose, potentiodynamic polarization
measurements were carried out using the CORRTEST CS Studio 6 system at 50°C for 3 hours. It was
determined that the inhibitor showed a protective effect at concentrations of 100, 200, and 300
ppm and effectively weakened the corrosion process.

The protection efficiency of a 20% solution of the complex in isopropyl alcohol was 91% at 100
ppm, 93% at 200 ppm, and 97% at 300 ppm. Based on the results of the potentiodynamic
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polarization analyses, it was established that the investigated inhibitor has high efficiency as a
mixed-type corrosion inhibitor for C1018 steel in CO,-saturated seawater.

Introduction

Oxygen-containing compounds obtained during the processing of various petroleum fractions
occupy an important place among the main products manufactured in the petrochemical industry.
Among these compounds, naturally occurring petroleum acids are distinguished by their wide
areas of application and are used in many technological processes.

Corrosion of metal structures and technological equipment causes serious economic losses in
almost all branches of industry. In particular, corrosion occurring in equipment used in the oil and
gas sector results in larger-scale damage [1]. This situation is closely related to the operation of
such equipment in working environments containing highly aggressive components.

As a result of the influence of corrosion processes, unplanned shutdowns are also observed in
enterprises operating in this field, which leads to disruption of the production process and an
increase in overall economic damage [2;3].

It should be noted that manufacturing equipment only from corrosion-resistant materials does not
fully ensure their long-term operation and reliability. For this reason, the application of additional
methods for corrosion protection is considered necessary.

One of the widely used approaches in the fight against corrosion is the application of inhibitor
substances to reduce the aggressiveness of the medium and protect metal surfaces [4;5].

Keywords: synthetic petroleum acid; diethylenetriamine; amidoamine; nuclear magnetic
resonance; corrosion; inhibitor

Experimental Part:

The synthesis of the substances was carried out according to an established methodology. As the
initial raw material, synthetic petroleum acid obtained by oxidation of the middle fraction boiling
in the temperature range of 250-350°C from a mixture of Azerbaijani oils was used as the acid
component. Diethylenetriamine was used as the amine component.

The process of obtaining amidoamines from synthetic petroleum acids was carried out in the
following sequence. A calculated amount of synthetic petroleum acid was introduced into a
reaction flask equipped with a stirrer, thermometer, heater, and separating funnel, and it was
heated with stirring to the temperature range of 80—-100°C. Under the indicated temperature
conditions, diethylenetriamine was gradually added to the acidic medium.

Then, in order to complete the amide formation reaction, the temperature was raised to 130°C,
and the process was continued at this temperature for 3—3.5 hours with intensive stirring. After
the reaction time was completed, heating was stopped, but stirring was continued until the
temperature decreased to 50-60°C. At the final stage, the synthesized product was removed from
the flask and stored in a dark glass container.

The scheme for obtaining amidoamine based on synthetic petroleum acid and diethylenetriamine

in a molar ratio of 2:1 is presented in Scheme 1.
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130°C

2RCOOH + NH, - CH, - CH, - NH - CH, - CH, - NH, e
- 2

—= R-C- NH-CH,-CH,-NH-CH,-CH,-NH-C-R

[
Scheme O O

1. (2.

The structure of the amidoamine synthesized from synthetic petroleum acid (SPA) and
diethylenetriamine (DETA) in a molar ratio of 2:1 was investigated by nuclear magnetic resonance
(NMR) spectroscopy. The obtained NMR spectrum exhibited the following characteristic signals:
0.89 t (3H, CHs); 1.12-1.30 m (nH, nCH,); 2.09-2.89 m (1H, CH—CH,); 3.27-3.58 m (8H, 4CH,N);
and 7.8 t (1H, NHCO).

The observed signals are consistent with the proposed amidoamine structure of the synthesized
compound and confirm the successful completion of the reaction.

8.0 T T 5.5 [N 5.5 5.0 a5 e 3.5 3.0 5 2.0 5 w0 0.5 papems

Fig. 1. The graphical representation of the NMR spectrum of the amidoamine synthesized from
synthetic petroleum acid (SPA) and diethylenetriamine (DETA) in a molar ratio of 2:1 is presented.
The presence of signals characteristic of amidoamines in the NMR spectrum of the sample
confirms that the reaction proceeded successfully and that the corresponding product was
obtained.

Spectral analysis methods were used to determine the structural features of the synthesized
compounds. For this purpose, infrared (IR) spectroscopy was applied.

The IR spectra were recorded in the wavenumber range of 400—-4000 cm™ using a BRUKER
spectrophotometer.

In the IR spectrum of the amidoamine obtained from SPA and DETA in a molar ratio of 2:1, the
following characteristic absorption bands were observed:

The stretching vibration of the C—N bond was recorded at 1129 and 1161 cm™.

The stretching vibration of the C—N bond of the corresponding functional group was observed at
1305 cm™.

The deformation vibration of the N—H bond of the —NH group appeared at 1545 cm™.

The C—N bond of the corresponding group was observed at 1642 cm™.

The deformation and stretching vibrations of the C—H bonds of the CHs and CH, groups were
detected at 1376, 1396, 1455, 2855, 2922, and 2950 cm™.

The N—H bond of the corresponding group was observed at 3077 and 3920 cm™.
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Fig. 2. Graphical representation of the IR spectrum of the amidoamine synthesized from synthetic
petroleum acid and diethylenetriamine in a 2:1 molar ratio.
The amidoamine compound was synthesized as a result of the reaction between synthetic
petroleum acid (SPA) and diethylenetriamine (DETA) in a 2:1 molar ratio. The structural
characteristics of the obtained product were investigated by IR spectral analysis. The observation
of signals corresponding to functional groups characteristic of amidoamines in the spectrum
confirms that the reaction proceeded successfully and that the target compound was formed.
At the next stage, the synthesized amidoamine was reacted with hydrobromic acid, an inorganic
acid, in a 1:3 molar ratio to obtain a complex compound (SDABC). It should be noted that the amine
groups present in the amidoamine structure are readily protonated by inorganic acids at room
temperature. This process has an exothermic character and is accompanied by heat release.
The complex formation reaction of the amidoamine synthesized from SPA and DETA with HBr
proceeds according to the following equation:

Scheme 2.
R-C- NH-CH,-CH,-NH-CH,-CH,-NH-C-R +HX —

O O
+

— s |R-C- NH-CH,-CH,-NH,-CH,-CH,-NH-C-R |X

Il |l
O O

Research

The amidoamine obtained on the basis of synthetic petroleum acid and diethylenetriamine
was reacted with hydrobromic acid in a molar ratio of 1:3 and prepared in the form of a
complex compound. Subsequently, this complex was dissolved in a 50% water—isopropyl
alcohol mixture to obtain a 20% brown-colored solution.

The obtained solution was prepared at different concentrations of 100, 200, and 300 ppm,
and its protective properties as an inhibitor against corrosion processes in a CO, medium
were investigated. As a result of the studies carried out, the efficiency of the complex
compound in reducing the corrosion of steel surfaces was evaluated.

The corrosion process was investigated both in uninhibited and inhibited media. The water
sample used as the test medium was taken from the coastal zone located in the territory of
Sabail district, Baku Bay of the Caspian Sea.

The obtained results are presented in the following table.
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Table. Electrochemical parameters of the corrosion inhibition effect of a 20% solution of

SDABC in a 50% water—IPA mixture

. Corrosion Protection
Name of the | Concentration, | Ecor, ) .
compound - Iy Icor, A/cm rate, efficiency,
P PP mm/year %
Without 758 |2.17x10% | 2.5518 :
20% solution of | inhibitor.
SDABC in a 50% | 100 -726 1.89 x 10° 0.22239 91%
ater—IPA
We 200 741 | 1.53x10° | 0.18031 93%
mixture.
300 -738 6.56 x 10® 0.077043 97%

The analysis of the table shows that the corrosion rate in the uninhibited medium was
2.5518 mm/year. The 20% solution of SDABC in a 50% water—IPA mixture demonstrated high
inhibitory efficiency.

When the complex was used at a concentration of 100 ppm, the corrosion rate decreased
from 2.5518 mm/year to 0.22239 mm/year, and the protection efficiency reached 91%. At
a concentration of 200 ppm, the corrosion rate decreased from 2.5518 mm/year to 0.18031
mm/year, corresponding to a protection efficiency of 93%. When the concentration of the
complex was increased to 300 ppm, the corrosion rate was reduced from 2.5518 mm/year
to 0.077043 mm/year, and the protection efficiency reached 97%.

Potentiodynamic polarization curves were recorded by an electrochemical method using a
CORRTEST CS Studio7 Version 1.0 potentiometer. The measurements were performed to
determine the dependence of potential on applied voltage. The polarization curves were
recorded in the potential range from -10V to +10 V relative to the corrosion potential, Ecorr,
at a constant scan rate of 0.5 mV/s.

Potentiodynamic polarization curves for C1018 steel in carbon dioxide-saturated seawater
were obtained both in the absence and in the presence of the inhibitor at different
concentrations [6;7].
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Figure 3. Graphical representation of the polarization curves of the 20% solution of SDABC
in a 50% water—IPA mixture at different concentrations.

The analysis of the potentiodynamic polarization curves shows that the addition of the
inhibitor to the electrolyte medium at concentrations of 100, 200, and 300 ppm leads to a
significant slowing of the kinetics of both anodic and cathodic reactions. This effect is
observed through the decrease in current density in the corresponding anodic and cathodic
regions of the polarization curves. Compared with the uninhibited system, the shift of the
corrosion potential in the positive direction confirms a decrease in the intensity of the
corrosion process under the effect of the inhibitor.

Thus, based on the results of the potentiodynamic polarization analysis, it was established
that the investigated inhibitor possesses high efficiency as a mixed-type corrosion inhibitor
for C1018 steel in CO,-saturated seawater.
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Abstract

Revision total hip arthroplasty remains one of the most challenging procedures in modern
orthopedic surgery, particularly in the presence of extensive bone defects. The study included 7
patients with acetabular defects classified as Paprosky type IlIA-IIIB[1-2]. In all cases, positive
clinical outcomes were achieved, including restoration of anatomy, stable implant fixation, and
improvement in functional status. The use of patient-specific implants significantly enhances the
accuracy of reconstruction; however, its application is limited by high cost and restricted
availability of the technology.

Keywords: revision total hip arthroplasty, hip joint, 3D implants, Paprosky classification,
patient-specific implants.

Introduction. The increasing number of primary total hip arthroplasties is inevitably
accompanied by a rise in revision procedures. The most challenging group of patients includes
those with extensive acetabular bone defects resulting from aseptic loosening, infection, trauma,
or multiple prior surgical interventions. In such cases, standard implants often fail to provide
adequate stability and accurate positioning, leading to unsatisfactory outcomes, including
recurrent instability and impaired joint function[3-4]. The introduction of three-dimensional (3D)
modeling and additive manufacturing technologies has opened new possibilities, enabling the
development of patient-specific implants that fully correspond to the individual anatomy of the
patient.

Aim of the Study: To evaluate the clinical and functional effectiveness of patient-specific 3D
implants in revision total hip arthroplasty in patients with severe acetabular bone defects, as well
as to assess their impact on implant stability, anatomical restoration, and reduction of
intraoperative risks.

Materials and Methods. The study included 7 patients who underwent revision total hip
arthroplasty using patient-specific 3D implants. All patients presented with severe acetabular
bone defects classified as Paprosky type [IA-IIIB, characterized by significant bone loss and
disruption of the normal anatomical structure of the hip joint.

The study had a descriptive clinical design and involved the analysis of surgical treatment
outcomes, including intraoperative parameters (operation time, blood loss) and postoperative
outcomes (implant stability, functional recovery, and complication rates).




I Proceedings of the 13th International Scientific Conference

Results

Stages of Patient-Specific Implant Development

The process of designing and implementing a patient-specific implant consisted of several
sequential stages:

1. CTImaging. Multislice computed tomography (CT) of the hip joint was performed with high
resolution, allowing for detailed assessment of the extent and localization of the bone defect.

2. 3D Reconstruction of the Defect. Based on CT data, digital reconstruction of the pelvic
anatomy was carried out to create a three-dimensional model of the defect, enabling precise
visualization of its spatial characteristics.

3. Preoperative Planning. Surgical intervention was simulated to determine the optimal
implant position, fixation angles, and support points, as well as to restore the center of rotation of
the hip joint.

4. Implant Design. The implant was designed through close collaboration between the
orthopedic surgeon and an engineer using specialized software. Patient-specific anatomical
features, the nature of the defect, and biomechanical load distribution were taken into account.

5. Implant Manufacturing (3D Printing). The implant was manufactured using additive
technologies, most commonly from titanium, ensuring high precision, structural strength, and the
possibility of creating a porous surface to enhance osseointegration.

Indications for Patient-Specific 3D Implants

The use of patient-specific implants was justified in the following clinical situations:

e [Extensive Bone Loss. Significant bone deficiency in which standard implants fail to provide
reliable fixation and require an individualized reconstructive approach.

e Instability of Standard Components. Recurrent loosening or migration of conventional
implants due to insufficient bone support and mismatch with the defect anatomy.

e Post-Traumatic Deformities. Altered acetabular anatomy resulting from pelvic fractures or
other traumatic injuries, requiring customized reconstruction.

e Complications after Primary Arthroplasty. Including aseptic loosening, infectious
complications, malposition of components, and multiple revision surgeries.

Clinical Case Presentation

Figure 1 — Preoperative condition Figure 2 — Preoperative planning
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Figure 3 — Postoperative outcome

Within the scope of this study, 7 revision surgeries using patient-specific 3D implants were
performed. In all cases, positive clinical outcomes were observed, including restoration of hip joint
anatomy, stable implant fixation, and improvement in patients’ functional status. It should be
noted that postoperative complications occurred in one clinical case, which was associated with
the presence of significant comorbidities in the patient. The patient had been fully informed about
the potential risks and provided informed consent prior to the surgical intervention. Overall, the
obtained results confirm the effectiveness and promising potential of patient-specific 3D implants
in complex cases of revision total hip arthroplasty.

Positive clinical and functional outcomes were achieved in all cases:

e restoration of hip joint anatomy

e achievement of stable primary implant fixation

e restoration of the center of rotation

e improvement in weight-bearing capacity of the limb
e reduction in pain severity

Additionally, the following improvements were observed:

e reduction in operative time due to thorough preoperative planning
e decreased intraoperative blood loss
e reduced need for intraoperative implant modification

In one clinical case, a postoperative complication occurred, which was associated with
significant comorbidities in the patient. Importantly, this complication was not directly related to
the implant design or surgical technique.

Functional outcomes in the postoperative period demonstrated positive dynamics, including
increased range of motion and improved quality of life.

Discussion. The findings of the present study confirm the high clinical effectiveness of
patient-specific 3D implants in revision total hip arthroplasty in patients with severe acetabular
bone defects.

One of the key challenges in revision surgery is significant bone loss, particularly in Paprosky
type IA-11IB defects, where standard implants often fail to provide reliable primary fixation. In
such cases, conventional reconstruction methods are associated with a high risk of instability,
component migration, and the need for repeated surgical interventions. The use of patient-
specific 3D implants helps overcome these limitations by ensuring precise conformity between the
implant geometry and the defect anatomy.

A major advantage of patient-specific constructs is the ability to restore the center of
rotation of the hip joint, which is essential for normalizing joint biomechanics and load distribution.
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Restoration of anatomical parameters contributes to improved functional outcomes, reduced
pain, and enhanced quality of life.

Furthermore, the use of 3D technologies enables highly accurate preoperative planning.
Digital modeling allows surgeons to determine the optimal implant position, fixation angles, and
support points in advance, significantly reducing intraoperative technical challenges. This, in turn,
leads to shorter surgical time and reduced intraoperative blood loss, as observed in the present
study.

It should also be emphasized that additive manufacturing (3D printing) enables the
production of implants with porous structures that promote osseointegration and enhance
secondary fixation. This is particularly important in the context of bone deficiency, where implant
stability is a key determinant of long-term success.

The results of this study are consistent with contemporary international research, which also
highlights the effectiveness of patient-specific implants in complex revision procedures. The
literature emphasizes that personalized designs improve positioning accuracy, reduce
complication rates, and enhance functional outcomes compared to standard solutions.

However, despite their clear advantages, patient-specific 3D implants have several
limitations. These include high production costs, long manufacturing times, and limited availability
in certain healthcare settings. Additionally, the success of this approach largely depends on the
quality of preoperative planning and the level of collaboration between the surgeon and the
engineer, requiring a high level of expertise.

It should also be noted that the present study is limited by a small sample size, which restricts
the ability to perform robust statistical analysis. The absence of a control group using standard
implants further limits direct comparative evaluation.

Conclusion. Patient-specific 3D implants represent an effective solution for managing severe
bone defects in revision total hip arthroplasty, where standard constructs fail to provide sufficient
stability. Their use allows for restoration of the center of rotation, precise implant positioning, and
improved stability of the prosthesis.

Based on our clinical experience (7 cases), the use of patient-specific implants is associated
with improved functional outcomes and reduced technical complexity during surgery. The
application of 3D technologies contributes to shorter operative time and decreased blood loss
compared to conventional approaches.

Despite their high effectiveness, widespread implementation is limited by cost and
availability. Nevertheless, patient-specific implants represent a promising direction in the
development of revision hip arthroplasty and warrant further integration into clinical practice.
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MEAMKO-COLUMANBHBIE ACMEKTHI
MHBAIMAHOCTW BC/IEACTBUE
3ABOJIEBAHMIN OPFAHA 3PEHMA

CappikoBa AnTblHamM
Bpay-odptansmonnor, KazaxcraH., Animatbl

AHHOTaUuA

VIHBannaHOCTL BCneacTeme 3aboneBaHN OpraHa 3peHua OCTaeTcA OAHOW M3 Hanbonee
3HAYMMbIX MeAMKO-COUMabHbIX Npobiem COBPEMEHHOro 34pPaBOOXPAHEHMA, OKasblBatoLLel
CYWECTBEHHOE BAMAHWE Ha KaYeCTBO XKWM3HWM HaCeNeHWA, MokasaTenn TPyAoCnOoCOOHOCTU U
COLUMANbHO-3KOHOMMYECKOe pa3BUTMe obulecTBa. HapyweHua 3peHMA  COMPOBONXKAAMOTCA
OrpaHUYEHNEM YKU3HELEATENbHOCTM Ye/10BeKa, CHUXEHWEM YPOBHA COLMANbHOM aZantauuu,
yXyZALEHNEM NCUXOIMOLMOHANBHOTO COCTOAHMA W NOBbIWeEHMEM NOTPEOHOCTN B MEAMLIMHCKOM U
coumanbHOM Nomowm. HecMoTpAa Ha AOCTUXKEHUA COBPeMeHHOW odTanbMONOrMK, BHEAPEHUe
BbICOKOTEXHO/IOTMYHbBIX METOA0B AMArHOCTMKM W NeYeHUA, a TaKKe pas3BuTMe MNporpamm
NpodUNaKkTMKKM cnenoTbl M cnaboBuaeHMA, PacnpoOCTPAHEHHOCTb WMHBA/NIMAHOCTM MO 3PEHUI0
COXpPaHAET YCTONYMBO BbICOKMIA YPOBEHb BO MHOMMX CTPAHaX Mumpa.

B cTaTbe npoBeAeH aHaM3 COBPEMEHHbIX MeAMNKO-COLMANbHbBIX aCMEeKTOB MHBAANAHOCTH
BCNeAcCTBMe 3aD0NeBaHWI OpraHa 3peHus, PacCMOTPEHbl OCHOBHbIE MPUYMHBI GOPMUPOBAHMA
WHBANNAHOCTM, GAKTOPbl PUCKA, OCOBEHHOCTU OpraHn3aumMm opTaNbMONOrMYECKON NOMOLLM, a
TaKXKe COoUMaNbHble, MCUXONOTMYECKME M IKOHOMMYECKME MNOCNEeACTBMA HapyWeHUA 3peHus.
Ocoboe BHMMaHWe yaeneHO BOMpPOCaM AOCTYMHOCTM CneumanmnanpoBaHHOM MeauLMHCKOM
nomouwn, npobnemam peabuamTaumMmM NAUMEHTOB WM MNEPCNEeKTUBHbIM  HaMpaBAeHUAM
COBEPLUEHCTBOBAHMNA CUCTEMbI MPOPUNAKTUKN MHBANMAHOCTA[],2]

MpoBeAgeHHbIM aHaNM3 NOKa3blBAeT, YTO Hanbonee YacTbiIMW MPUYMHAMM UHBANUAHOCTU
ABNAIOTCA [/1IAayKOMa, BO3pacTHAA MaKy/nApHaa AereHepaumsa, auabetnyeckaa peTMHoNaTmA,
KaTapaKTa 1 AereHepatmBHble 3ab0neBaHMA ceT4aTKM. YCTAHOBAEHO, YTO MO34HAA AMArHOCTMUKA
3a00/1eBaHNI, HeaoCTaTO4YHAA  MeAMUMHCKAA  rPAaMOTHOCTb  HACeNeHWs,  OrpaHu4YeHHas
[OCTYMHOCTb cneumann3mpoBaHHOM NoMOLLM n HeaoCTaTOYHasA 3 dEeKTUBHOCTb
PeabUNNTALUMOHHBbIX MEpPOMNpPUATMIA OKa3bliBAKOT CyLLECTBEHHOE BAMAHWE Ha (GopmMMpoBaHMe
CTOMKMX HapylLueHM 3peHmna. CoBepLLEeHCTBOBaHME opraHm3aumm odbTaabMONOrMYECKOM MOMOLLM,
BHEZIPEHNE COBPEMEHHbIX LIMPPOBbIX TEXHO/IOMMN N PA3BUTME KOMMJIEKCHON MEeAMKO-COLMATbHOM
peabunnTaumm ABNAKOTCA BaXKHbIMM  HAMNPABNEHUAMU CHUMKEHWA YPOBHA WHBAAMAHOCTM U
NOBbILEHMA KAa4eCcTBa *KM3HWM NALMEHTOB.

KntoueBble cnosa: 3aboneBaHWA opraHa 3peHus, MHBANMAHOCTb MO 3PEHUID, CAenoTa,
cnaboBuaeHWe, rnaykomMa, [AuvabeTnmyeckas peTMHoNatTMA, OodTaNbMONOrMyeckas MOMOLLb,
MeAMNKO-COLManbHan peabmnnmTauma, Ka4ecTBO *KM3HK, 0OLLECTBEHHOE 31paBOOXPaHEHMeE.

BeeaeHue

Ha coBpemMeHHOM 3Tane pasBMTUA 34paBOOXPaHeHMA Mpobiema COXpPaHeHWs 3peHus
npuobpeTtaeT 0cobyl0 aKTyaNbHOCTb B CBA3W C YBEAMYEHMEM MPOAOKUTENBHOCTU MKU3IHU
HaceneHusa, POCTOM PaCNPOCTPAHEHHOCTM XPOHUYECKMX HeMHOEKLUMOHHbIX 3aboneBaHun U
BO3pPACTaloLLEN Harpy3KOM Ha 3pUTENbHbIM aHaNM3aTop. 3peHne ABAAETCA OAHMM U3 BaXKHEMLLINX
OpraHoB YyBCTB 4esnioBeKka M obecneymBaeT MNoayvyeHMe OCHOBHOM 4acTum MHbopmaumm o6
oKpyKatowem mupe. brarogapsa 3peHnto YenoBeK cnocobeH OpMeHTUPOBATLCA B MPOCTPAHCTBE,
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OCYLEeCTBAATb TPYAOBYKO AEATENbHOCTb, NOAy4YaTb 0Opa3oBaHWe, NOAAEP!KMBATb COLMANbHblE
KOHTaKTbl U COXPaHATb HE3aBMCMMOCTb B MOBCEAHEBHOM KM3HM[3-5].

Mo AaHHbIM BcemMmnpHOM opraHmn3aumm 34paBoOXpaHEHMA, HAPYLLIEHWUA 3pEHMA OTHOCATCS
K umcny Hambonee pacnpocTpaHeHHbIX MPUYMH OrpaHUYEHUS KU3HEOEeATENbHOCTU HaCeNeHns.
MUWAAWOHBI NtoAEN BO BCEM MUpPE CTPAAAt0T PasMyHbIMM dopmamu cnaboBuaeHUA U CNenoTsl,
npuyem 3Ha4YMUTEeNIbHAA YaCTb C/ly4aeB CBA3AHA C XPOHMYECKMMM 3aD0NEBAHNAMMN OpraHa 3peHus,
KOTOpbIE MOTYT MPUBOAUTL K HEOOPAaTUMOMY CHUMMEHUIO 3puTebHbiX GyHKUMA. Ocobyto
006eCNOKOEHHOCTb BbI3blBAeT TOT GaKT, 4YTO MHorve odTanbMoNOrnyeckne 3aboneBaHumA
ANMTeNbHOE Bpems NpoTeKatoT HECCMMMNTOMHO M BbIABAAIOTCA TONIbKO Ha MO3A4HMX CTaAMAX, Koraa
BO3MOKHOCTM BOCCTAHOB/IEHNSA 3PEHMSA CYLECTBEHHO OrPaHUYEHbI.

CornacHo coBpemeHHbIM MNpPeAcTaBAeHUAM, WMHBANWAHOCTb BcieAcTBMe 3abosieBaHM
opraHa 3peHua NpeacTaBaseT cobor He TOIbKO MeAMLUMHCKYO, HO M KOMMIEKCHYIO COLMaNbHYO
npobnemy. [oTeps 3peHMA OKas3biBaeT BblparKeHHOe BAMAHME Ha OU3MYECKoe COCToAHME
YyesioBEKa, €ro MncmMxonormyeckoe 61arononyyme, CouUManbHYO aKTUBHOCTb M 3KOHOMMYECKYHO
He3aBUCMMOCTb.  HapylleHue  3puTenbHbIX  OYHKUMI  COMPOBOXKAAETCA  OrpaHMYyeHnem
CNOCOBHOCTM K CAMOOBCNYKUBAHUIO, CHUXKEHMEM NPOdECCMOHANbHOM aKTUBHOCTU, TPYAHOCTAMM
coUManbHOM aaanTaumMm U NOBbILLIEHWEM PUCKA PAa3BUTUA MCMXOIMOLIMOHA/IbHBIX PACCTPOMCTB.

B CTpyKType NPpUUYMH MHBANMAHOCTM MO 3PEHUIO BeAyLine NO3nUMM 3aHUMAKOT TNayKOMa,
AvabeTnyecKkas peTMHoNaTWA, BO3PaCTHAA MaKyIapHaa AereHepauna, KaTapakTa, 3abonesaHmA
CeTyaTKM U 3puTenbHoro Hepsa. CyLLeCTBEHHOE BAMAHME OKa3blBAKOT TaKKe TpaBmMaTUMYecKue
NOBPEXAEHWA rNa3 U BPOXKAEHHbIE aHOMaNMK Pa3BUTUA OpraHa 3peHuA. PacnpocTpaHeHHOCTb
[aHHbIX 3a00NeBaHNIN yYBEIMUMBAETCA MO Mepe CTapeHWA HaceNeHua, YTo AenaeT npobaemy
WHBAaAMAHOCTM MO 3PEeHUD OAHOM W3 Hambonee aKTyaNbHbIX 3afay 0OWeCTBEHHOrO
34paBOOXPaHEHNA.

Ona Pecnybamkm KasaxcTaH BONpPOCbl MNPOPUNAKTUKM  MHBAAMAHOCTM  BCNEACTBUE
3a6071€BaHNIN OpraHa 3peHuA TaKKe MMEIT BbICOKYH COLMANbHYIO 3HAYMMOCTb. B nmocneaHue
rogbl Habnwaaetca PoCT YMCNa  NAUMEHTOB C  XPOHWYECKMMM  OTasbMONOTMYECKMMM
3aboneBaHnAMM, 4TO 0OYCNOBAEHO AeMOrpaduyeckUMU  U3MEHEHUAMM,  YBEIUYEHMEM
PAcNpPOCTPaHEHHOCTM CaxapHoro auabeTa, cepAevHO-COCYAMCTbIX 3aboneBaHUM W Apyrux
dakTopoB pucka. HecmoTpa Ha passuTMe O0PTaSbMONOTMYECKON CAYXKObl U  BHeZpeHue
COBPEMEHHbIX METOZI0B JlIeYeHMs, COXPaHAOTCA nNpobaembl, CBSA3aHHble C AOCTYMHOCTbIO
Cneumannm3mpoBaHHOM MOMOLLW, pPaHHEN AMarHOCTUKOM 3aboneBaHWMM U opraHu3aumen
pPeabuanTaUMOHHbIX MEPONPUATUIN.

CoBpemMeHHas KOHUENUMA OXpaHbl 3PEeHMs OCHOBbLIBAETCA Ha MPUHUMMNAX PaHHEero
BblfiBNIEHNA 3a60/1€BaHUI, CBOEBPEMEHHOTO IEYEHUSA, MEXANCLUMNIMHAPHOIO B3aMMOAENCTBMA U
KOMM/IEKCHOM MeAMKo-coLmanbHoM peabunntaummn. Ocoboe 3HayeHme npruobpeTaeT nHTerpauma
odTaIbMOJIOTMYECKON MOMOLIM C CUCTEMOM MEPBUYHON MeAMKO-CAHMTAPHOM MOMOLLM, 4YTO
NO3BONAET TMOBbLICUTL  IPPEKTUBHOCTL  MPODUNAKTUYECKMX MEPONpUATUN 1 obecnedynTb
CBOEBPEMEHHOE HanpaBaeHMe NALUMEHTOB K NPOGUIbHBIM CeuManncTam.

Llenb uccnenosaHus

MpoBeCTM KOMMNEKCHbIA aHaAM3  MeAMKO-COUMANbHbIX  acneKToB  WMHBANMAHOCTM
BCNleACTBME 3aDONEBAHUI OpraHa 3peHus, onpeaennTb OCHOBHblE MPUYMHBI GOPMMPOBAHMA
WHBAMAHOCTY, OUEHWUTb BAMAHWE HAPYWEHUIM 3PEHMA Ha KAYyecTBO »KM3HM MALMEHTOB W
0H60CHOBaTb HaNpaBaAeHWA COBEPLIEHCTBOBAHMA OPraHn3aLuMmn MeanUMHCKOM MOMOLLM U MeAMNKO-
coumanbHOM peabuantaumm.

Pe3ynbTaThbl 1 0b6CyKAeHME

MpoBeAEeHHbIN aHaNM3 COBPEMEHHbIX HAyYHbIX NyOAMKAUMI U AaHHBIX MEXAYHapPOAHbIX
OpraHn3aumMin Nokasan, YTo MHBAAMAHOCTb BCAeACTBME 3abDONEBaHMM OpraHa 3peHMA OCTaeTcs
0,HOM M3 Hanbonee 3HAYMMbIX MeANKO-COLMANbHBIX MPOHAEM COBPEMEHHOTO 34PaBOOXPAHEHMA.
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HecmoTpA Ha cyLLecTBeHHbIM Nporpecc B 061aCT ANArHOCTUKM U NedeHna odpTaibMONOrMYECKMX
3aboneBaHNi, PacnpoCTPaHEHHOCTb HAPYLLIEHWUN 3pEeHMA NPOA0IKAET COXPAHATLCA Ha BbICOKOM
YPOBHE 1 OKa3blBAeT 3HAUYUTENbHOE B/IMAHME Ha NOKa3aTen 0bLUEeCTBEHHOMO 340P0BbsA, KAYeCTBO
KM3HW HAaCceNeHUs 1 CoLMaNbHO-3KOHOMMYECKOoe pa3BuTMe obLlecTBa.

YCTaHOBNEHO, UYTO B CTPYKTYpe MPUYMH MHBAZMAHOCTM MO 3PEHUIO BeadyliMe Mno3nuun
3aHMMatOT T1ayKkoma, AvabeTnyeckaa peTMHONATMA, BO3PACTHAA MaKyasapHaa AereHepauus,
OC/IOXKHEHHAA MMOMUA BbICOKOW CTEMEHW, KaTapaKTa, 3abofeBaHWA 3pUTENBHOMO Hepsa U
[ereHepaTnBHble nopaxeHua cetyatkiM. OcobeHHOCTblO AaHHbIX 3aboneBaHWn  ABnAeTCA
XPOHWYECKOE MpPOrpeccupytollee TeYeHWe, KOTOPOe MpW  OTCYTCTBUM CBOEBPEMEHHOM
[MArHOCTMKM M NIeYeHUss NPUBOAMT K HeobpaTUMOMY CHUMMKEHWMIO 3pUTEbHbIX OYHKUMIA 1
Pa3BUTUIO CTOMKOM MHBANMAHOCTU[6-7].

Ocoboe mecTo cpeaun NpUYMH MHBANNAM3AUMM 3aHMMAET rnaykoma. [laHHoe 3aboneBaHune
XapPaKTepPM3YeTCs MOCTEMNEHHbIM MOPaXKEeHMEM 3PUTENbHOrO HepBa WM HeobpaTMMOW noTepei
3puUTeNbHBbIX OYHKUMK. OcHOBHas npobnema 3aKkatoyaeTcd B TOM, YTO Ha PaHHMX CTaamax
3aboseBaHMe YacTo npoTekaeT 6ecCMMNTOMHO. MauneHTbl ANUTEIbHOE BPEMA HE NPeabABAAOT
anob n obpallatoTca 3a MeAMUMHCKOM MOMOLLBIO YXKe MPWU 3HAYUTENbHOM CYXKeHWUU nonen
3pEeHUA N BbIPAXKEHHOM CHUMKEHWUW 3pUTENbHBIX QYHKLMIA. B pe3ynbTate spPeKTMBHOCTL NeveHuns
CYLW,ECTBEHHO CHUXaeTcA, @ pPUCK GOPMUPOBAHNA MHBANMAHOCTU 3HAYMTEIbHO BO3PACTaEeT.

B nocnegHue rogbl OTMEYaeTCA POCT PacMpPOCTPaHEHHOCTM AnabeTMyecKon peTMHoNaTmK,
YTO CBA3AHO C YBE/MYEHMEM YMCNA MALMEHTOB, CTPALAOLLMX CaxapHbIM anabeTom. MNopaxkeHne
COCYZ0B CeTYaTKM ABNAETCA OAHMM W3 Hambonee TAXKENbIX OCNOXHEeHWUM AnabeTa M MOKeT
NPUBOAWUTL K TMONHOM yTpaTe 3peHuA. AHaNM3 NUTEepaTypHbIX AaHHbIX MOKa3blBaeT, 4yTO
3HaYMTeIbHAA YaCTb C/ly4aeB CNenoThbl y NALMEHTOB TPYA0CNOCOOHOro BO3pacTa CBA3aHa MMEHHO
c anabetnyeckon peTtuHonatnen. OAHOW M3 MPUYMH HeBNaronpuMATHBIX MCXOA0B OCTAETCA
HeAOCTaToYHanA NPVBEPKEHHOCTb naumneHToB perynapHbIm 0PTaNIbMONIOTNYECKUM
obcnenoBaHMAM U NO3AHEE BbIABAEHWE NATONOTMYECKMX M3MEHEHN CETHATKM.

Bo3pacTHas MaKynsapHana AereHepauma TakKe 3aHMMAeT BarKHOE MeCTO B CTPYKTYpe NPUYMH
WHBAANAHOCTM MO 3PEHUID Cpeam MWL, CTapLiMX BO3PACTHbIX rpynn. B cBA3M cO cTapeHuem
HaceNeHMA PacnpOCTPaHEHHOCTb AaHHOM MATONIOTMM exeroaHo ysenuymnsaetca. 3abonesaHue
COMPOBOXAAETCA MOPAKEHMEM LIEHTPA/IbHOM 30Hbl CETYATKM M MPUBOAMUT K BbIPANKEHHOMY
CHUMKEHMIO LLeHTPaNbHOro 3peHua. MaumeHTbl MCMbITbIBAT TPYAHOCTM NMPWU YTEHWUU, MUCbME,
paboTe C AOKYMEHTaMM W BbIMNOSHEHUM MOBCEAHEBHbIX AEUCTBUM, TPEOYIOWMX 3PUTENIbHOM
KOoHLUeHTpauum[8-9].

MpoBeAeHHbIM aHanM3 CBMAETENbCTBYET O TOM, 4YTO 3HAYMTENbHOE BAMSHME Ha
dopmmnpoBaHMe WHBANMAHOCTM OKa3blBAlOT OpraHM3auMoHHble dGaKTopbl. B page pervoHoB
COXpaHAeTcA  HedocTaToyHas  obecneyeHHOCTb  O0DTaZIbMONOTMYECKMMU  Kagpamu U
cneumanmsmpoBaHHbiM  obopyaoBaHMem. COBpPEMEHHble AMArHOCTMYECKME TEXHONOorMKU U
BbICOKOTEXHO/IOTMYHbIE METO/bl IeYEH NS MPENMYLLLECTBEHHO COCPEAO0TOUYEHbI B KPYMHbIX rOpoAax
M CNeumann3vpoBaHHbIX LEHTPax. MUTeNM CeNbCKMX M OTAANEHHbIX HACENEHHbIX MYyHKTOB
3a4acCTyt0 CTa/IKMBAKOTCA C OTPAHMYEHHOW AOCTYMHOCTbIO ODTaZIbMONOIMYECKOM MOMOLM, YTO
NPUBOANT K NO3AHEMY BbISBNIEHWNIO 3a601EBAHUI N YXYALIEHWIO MPOrHO3a.

OpaHom M3 aKTyalbHblX  npobnem  ocTaeTcs HeAoCTaToYHan MHTErpauma
odTaIbMOJIOTMYECKOM MOMOLLM C CUCTEMON NEPBUYHON MeANKO-CAHNUTAPHOM NOMOLLIX. BO MHOMMX
CNyYanx paHHee BblABAEHME 3aD0NEBAHNIN 133 3aBUCUT OT aKTUBHOCTUM Bpayel obLLen NpaKkTUKK
M CBOEBPEMEHHOrO Hanpas/ieHMA MALUMEeHTOB Ha KOHCyAbTaumio K odTanbmonory. OaHako
CyWecTBylOLAA cucTeMa He Bcerga obecneymBaeT 3PPEKTMBHOE B3aMMOAENCTBME MEXKIY
Pa3/IMYHbIMM YPOBHAMMN MEAMLIMHCKOM NOMOLLW. ITO NPUBOAMUT K AMArHOCTUYECKMM 334ePKKaM
N CHUXKEHWNIO 3O EKTUBHOCTU NPOPUNAKTUHECKMX MEPOMNPUATUIA.
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CyllecTBeHHOe  B/AMAHME HA  YPOBEHb  WMHBAAMAHOCTM  OKA3blBAlOT  COLMABHO-
9KOHOMMYecKne dakTopbl. HM3KMIN ypoBEHL MHPOPMMPOBAHHOCTU HaceneHus o 3aboneBaHuAX
rnas, OTCYTCTBME pPeryaspHbiX MPOOUAAKTUYECKMX OCMOTPOB, HEAOCTAaTOYHAs MeaAMLMHCKan
rPamMoTHOCTb M no3aHee obpalleHne 3a MeAMLMHCKOM MOMOLLbI 3HAYUTENbHO YBENMYMBAIOT
PUCK Pa3BUTUA TAMKENbIX OCNOXKHEHMIK. [ns couManbHO YA3BMMbIX Tpynn HaceneHus
[ONONHUTENbHBIMM BapbepamMn CTAaHOBATCA GUHAHCOBbIE TPYAHOCTM, OrpaHUMYEHHbIN AOCTYN K
CNeumanmsmpoBaHHbIM  MEAMUMHCKMM  yCayram U HeobxoAMMOCTb  CaMOCTOATE/IbHOMO
NpruobpeTeHMa OTAENbHbIX IEKAPCTBEHHbIX NPENAPATOB U CPEACTB KOPPEKLMM 3PEHUS.

AHanu3 nokasan, 4YTO WHBAa/NMAHOCTb BCAEACTBME 3ab0neBaHWIM  opraHa 3peHus
COMPOBOXAAETCA BbIPAXKEHHBIMM MCUXONOTMYECKMMM NOCAEACTBUAMM. [loTeps 3peHnsa ABaAeTCs
Cepbe3HbIM CTPECCOBbIM GaKTOPOM, KOTOPbIM CYLLECTBEHHO M3MEHAET MPUBbIYHbIN 06pa3 KU3HU
yenoseKa. Cpean NaLUMEHTOB C TAXKENbIMU HAPYLLIEHUAMM 3PEHNA 3HAYUTEILHO Yallle BbIABAAIOTCS
[enpeccuBHble COCTOSHWSA, TPEBOMKHbIE PACCTPOMCTBA, 3MOLMOHANbHAA HeCTabuAbHOCTL W
CHUMKEHME CaMOOLeHKM. MHOrMe naumeHTbl UCMbITbIBAOT CTPAX YTPaTbl CAMOCTOATE/NIbHOCTU U
3aBMCMMOCTM  OT  OKpy:Katowmx. OcCOBEHHO BbIPAXKEHHbIE  MCUMXONOrMYEecKMe npobiembl
HabnwdatoTCcA Yy AWML TPYAOCNOCOOHOro BO3pacTa, ANA  KOTOPbIX HapyweHue 3peHuA
COMNPOBOXAAETCA OrpaHnyeHnem npodeccMoHaNnbHOM AEATENBHOCTU U CHUMKEHUEM COLMANbHOM
aKTMBHOCTM.

HapyweHune 3pntenbHbIX GYHKUMI OKa3blBAET 3HAUYUTENBHOE BIMAHME Ha KAYeCTBO KM3HU
NnaumMeHToB. YCTAHOBNEHO, YTO AMLA C WMHBAAWMAHOCTBIO MO 3peHuto MmetoT 6onee HW3KMe
noKasatenu Gu3anyYeckoro, NCUXONOrMYECKOTO M COUMAnbHOro 61arononyynsa no CPaBHEHUIO C
obuwen  nonynaumenr.  OrpaHmMyeHMe  MODWABHOCTM,  CAOMKHOCTM  CAMOCTOATE/NIbHOrO
nepeaBuMMKEHNA, CHUXeHME CNOCOBHOCTU K CaMoOoDBCNYKMBAHMIO M HEOOXOAMMOCTb NMOCTOAHHOM
MNOCTOPOHHEN MOMOLLM HEraTUBHO OTPAXKAKTCA Ha YPOBHE Y/OBJETBOPEHHOCTU KM3HbIO U
couManbHOM aaanTaumMm NaLMeHTOoB.

CoumanbHble NOCNeACTBMA WMHBA/NIMAHOCTM MO 3PEHWMIO MMEKOT KOMMJIEKCHbIN XapakTtep.
MoTepA 3peHMA CyWeCTBEHHO OrpaHWMYMBaEeT BO3MOXKHOCTM MoaydYeHuAa obpa3oBaHMA,
TPYA0YCTPOMCTBA M NPOdECCUOHANbHOW Camopeannsaumn. MHorve nayueHTbl CTaKMBAKOTCA C
TPYAHOCTAMM MOMCKA PaboTbl M OrpaHUYEHHbIMM BO3MOXHOCTAMM KapbepHOro pocta. 3To
MNPUBOAUT K CHUMKEHMIO YPOBHA [0OXOA0B, NMOBbLILIEHNIO 3aBUCMMOCTM OT COLMANbHOM NOAAEPHKKN
W YXYALEHNIO MAaTEPNAIbHOTO NONOKEHUA CEMEN.

Ocobyto 3HaYnMMocCTb NpuobpeTaeT Npobaema CoLManbHOM U30NALMM SIL, C HAPYLLEHUAMM
3peHuna. OrpaHmMyeHne MobUAbHOCTM M HeAOCTAaTOYHAA aJanTauma ropoackoin MHGPACTPYKTYPbI
3aTPYAHAIOT y4acTMe NaumMeHToB B 06LWECTBEHHOM XN3HW. HECMOTPA Ha Pa3BUTME MHK/HO3MBHbIX
nporpamm,  MHOTME  MauMeHTbl  MPOAO/KAIOT  CTa/NIKMBATbCA  C  APXMTEKTYPHbIMMU,
MHOOPMAUMOHHBIMKM 1M COUMANbHbIMK  Bapbepamun, NPenaATCTBYOWMMM  UX  NOJHOLEHHOWM
NMHTerpaumm 8 obulectso(10].

BasKHbIM HamnpaBAEHWEM COBEPLIEHCTBOBAHMA CUCTEMbI MOMOLLM ABAAETCA pPa3BUTME
KOMM/IEKCHOM MeAMKOo-CoumnanbHoM peabunntaummn. CoBpemeHHas peabunuTaums [0/KHa
BK/It0YATb HE TO/IbKO MEeAMULMHCKME MEPOMNPUATUA, HAanpaB/ieHHble Ha COXPaHEeHMEe OCTaTOYHOro
3peHMsA, HO W MCUXONOTMYECKYIO MOAAEPNKKY, COUMaNbHYyl0 aganTauunio, npodeccroHaNbHyo
peabuanTaumMio M MCNONb30BaHWE COBPEMEHHbIX TEXHWYECKMX CpeacTB. [lpumeHeHue
3N1EKTPOHHbBIX YBEIMYUTENEN, NPOrPaMM 3KPAHHOMO A0CTyMNa, roJ0COBbIX MOMOLLHWUKOB 1 APYInX
UMOPOBbLIX TEXHONOTMA MO3BONAET 3HAYMTENbHO TMOBLICUTb YPOBEHb CAMOCTOATENbHOCTU
NaLMEHTOB M YYULWNTb KAYECTBO UX KU3HM.

B nocnegHue roabl ocoboe BHUMaHWE yAENAETCA BHEAPEHUIO UMPPOBbLIX TEXHONOIMI U
MCKYCCTBEHHOTO  WMHTENNeKTa B OPTa/NbMONOTMYECKYtD  MpPakTUKy.  Mcnonb3osaHue
aBTOMATM3MPOBAHHOIO aHaiM3a M300paXKeHWU [Na3HOro AHa, CUCTEM  AUCTAHUMOHHOrO
MOHUTOPWHIa U TeNeMeaANLUNHCKUX KOHCYbTaLMI NO3BONAET NOBLICUTL SPGEKTUBHOCTb PaHHETO
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BblABNIEHNA 3ab0neBaHNN 1 obecneunTb Honee WMPOKMIA OXBAT HaceNeHNA NPOGUNAKTUYECKMMM
obcnenoBaHnAMM. OcobeHHO NepcneKkTUBHLIM  HanpaBleHMEM ABAAETCA  MCMO/Ib30BaHWE
TEXHONOTUIA  UCKYCCTBEHHOTO WMHTENNEKTa A8 AMArHOCTMKM  AMabeTnyeckon peTuHonatuuy,
rNayKOMbl M BO3PACTHON MaKy/IApPHOM AereHepauum.

Pe3ynbTaTbl NPOBEAEHHOrO aHanAM3a CBUAETENbCTBYOT O TOM, YTO WHBANMAHOCTb
BCNeACTBME 3aD0/sieBaHMIN OpraHa 3peHus NpeactasaseT cOOOM KOMMAEKCHYID MeAMLMHCKYHO,
COLMANbHYIO M 3KOHOMMYECKYD npobremy. IPEKTUBHOE CHUMKEHME YPOBHA WMHBAAMAHOCTM
BO3MOXKHO TOJIbKO MPU YCAOBUW pPeanmn3aumm MeXAMCUMNANHAPHOIO NOAX0Aa, BK/OYAIOLLErO
COBEPLIEHCTBOBaHME  MPODUNAKTUYECKMX  MPOrpamMm, pPa3BUTME  PaAHHEW  AMArHOCTUKM,
NoBblWEHME AOCTYNMHOCTU CNeLmManm3npoBaHHoOM odpTabMOOTMYECKOM NMOMOLLM U BHeApPEHME
COBPEMEHHbIX TEXHOIOTMN MEANLIMHCKOM M COLMaNbHON peabuamtaumm.

Cnucok autepatypbl

1. Bourne RRA, Flaxman SR, Braithwaite T, Cicinelli MV, Das A, Jonas JB, et al.
Magnitude, temporal trends, and projections of the global prevalence of blindness and
distance and near vision impairment. Lancet Glob Health. 2021;9(2)—e143.

2. Burton MJ, Ramke J, Marques AP, Bourne RRA, Congdon N, Jones |, et al.
The Lancet Global Health Commission on Global Eye Health: vision beyond 2020. Lancet
Glob Health. 2021;9(4)—e551.

3. Steinmetz JD, Bourne RRA, Briant PS, Flaxman SR, Taylor HR, Jonas JB, et al.
Causes of blindness and vision impairment in 2020 and trends over 30 years. Lancet Glob
Health. 2021;9(2)—e160.

4, World Health Organization. World report on vision. Geneva: WHO; 2019.

5. Jonas IB, Aung T, Bourne RR, Bron AM, Ritch R, Panda-Jonas S. Glaucoma.
Lancet. 2017;390(10108):2183-2193.

6. Teo ZL, Tham YC, Yu M, Chee ML, Rim TH, Cheung N, et al. Global prevalence

of diabetic retinopathy and projection of burden through 2045. Ophthalmology.
2021;128(11):1580-1591.

7. Wong WL, Su X, Li X, Cheung CMG, Klein R, Cheng CY, et al. Global
prevalence of age-related macular degeneration and disease burden projection. Lancet
Glob Health. 2014;2(2)—el16.

8. Lim LS, Mitchell P, Seddon IM, Holz FG, Wong TY. Age-related macular
degeneration. Lancet. 2012;379(9827):1728-1738.

9. Pascolini D, Mariotti SP. Global estimates of visual impairment. Br J
Ophthalmol. 2012;96(5):614-618.

10. GBD 2021 Blindness and Vision Impairment Collaborators. Global burden of
blindness and vision impairment 1990-2021. Lancet Public Health. 2024;9(2)-e118.



«Foundations and Trends in Research» (May 28-29, 2026). Copenhagen, Denmark

Technical Sciences

INFORMATION PROCESSING AND
OPTIMIZATION OF MACHINE LEARNING
FRAMEWORKS IN CRITICAL
INFRASTRUCTURES

llgar Nasirov
Master's student in Cybersecurity, Azerbaijan State University of Economics (UNEC),
Baku, Azerbaijan

ABSTRACT

The accelerating deployment of machine learning (ML) frameworks across critical
infrastructures - including energy grids, water distribution systems, transportation networks, and
financial systems - is reshaping how societies manage complex, high-stakes operational
environments. By enabling real-time anomaly detection, predictive maintenance, adaptive
control, and intelligent resource allocation, ML technologies offer transformative improvements
in operational resilience, efficiency, and threat response. This article provides a comprehensive
analysis of how information processing pipelines and ML framework optimization are applied to
critical infrastructure domains, examining the principal technologies involved - including federated
learning, edge inference, adversarial robustness, and explainable Al - alongside their operational
applications, demonstrated effectiveness, and the challenges that persist.

The study also addresses the security and reliability considerations inherent in deploying
ML systems within environments where failures carry systemic societal consequences, including
adversarial attacks on model inputs, distribution shift, and single-point computational failures. A
comparative analysis of ML application domains is presented, evaluating performance levels and
deployment barriers across sectors. The findings indicate that while ML holds extraordinary
potential to reduce infrastructure downtime, anticipate cascading failures, and optimize cross-
system resource flows, its sustainable integration requires hardened data pipelines, sector-specific
validation protocols, and robust governance frameworks that balance operational agility with
systemic security.

Keywords: Machine Learning in Critical Infrastructure, Information Processing, Federated
Learning, Edge Al, Anomaly Detection, Adversarial Robustness, Predictive Maintenance,
Explainable Al

INTRODUCTION

The integration of machine learning frameworks into critical infrastructure represents one
of the most consequential technological transitions of the current decade. Critical infrastructures
- defined by their essential role in national security, public health, economic stability, and social
functioning - have historically relied on deterministic control systems, rule-based automation, and
human expert oversight. While these approaches have provided decades of reliable operation,
they are increasingly insufficient in the face of growing system complexity, expanding threat
surfaces, and the exponential growth in operational data that modern sensor networks and digital
control systems generate. Machine learning offers a fundamentally different paradigm: the
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capacity to learn decision rules directly from operational data, identify non-obvious patterns of
failure or inefficiency, and adapt to dynamic environmental conditions in near real time.

According to recent estimates, the global market for Al and ML in critical infrastructure
management exceeded USD 12 billion in 2023 and is projected to surpass USD 90 billion by 2031,
driven by increasing digitization of operational technology (OT) environments, the proliferation of
Internet of Things (loT) sensor networks, and the urgent need to address aging physical
infrastructure through data-driven predictive maintenance strategies. The convergence of
information technology (IT) and operational technology (OT) networks - accelerated by industrial
digitalization programs in energy, transport, and water sectors - has created both the data
availability and the connectivity that ML-driven operations require, while simultaneously
expanding the attack surface that adversaries may exploit.

This article aims to provide a structured and comprehensive analysis of how information
processing and ML framework optimization are transforming key domains within critical
infrastructure management. The study examines the principal ML technologies being deployed,
surveys their most significant operational and security applications, presents a comparative
analysis of their effectiveness and limitations across sectors, and considers the broader regulatory
and resilience dimensions that will shape ML adoption in high-stakes infrastructure environments.

CONCEPT OF INFORMATION PROCESSING AND MACHINE LEARNING IN CRITICAL
INFRASTRUCTURE

Information processing in the context of critical infrastructure refers to the end-to-end
pipeline by which raw sensor data, operational telemetry, and environmental signals are collected,
transmitted, stored, filtered, and transformed into decision-relevant outputs. This pipeline
encompasses data acquisition from distributed physical sensors and control systems,
communication over industrial networks (including SCADA and ICS architectures), preprocessing
and feature engineering, model inference, and the feedback of model outputs into control or alert
mechanisms. The integrity, latency, and completeness of each stage of this pipeline are
preconditions for effective ML deployment; failures at any stage propagate into degraded or
erroneous model behavior.

Machine learning in critical infrastructure denotes the application of statistical learning
algorithms - including supervised classification and regression models, unsupervised clustering
and anomaly detection, reinforcement learning for adaptive control, and deep learning
architectures for spatiotemporal pattern recognition (Deng & Yu, 2014; Goodfellow et al., 2016) -
to operational data generated by infrastructure systems. Unlike traditional rule-based
automation, ML models derive their decision boundaries from empirical training data rather than
from expert-encoded heuristics, enabling them to generalize to scenarios and failure modes not
explicitly anticipated by system designers.

The intersection of advanced information processing pipelines and optimized ML
frameworks creates compounding value: richer, higher-quality data enables more accurate and
generalizable models, while more capable models justify greater investment in data infrastructure.
Operational technology environments that successfully close this feedback loop - continuously
improving data quality, model accuracy, and control responsiveness - achieve measurable gains in
uptime, fault tolerance, and resource efficiency. This foundational concept provides the analytical
framework against which specific infrastructure applications, their performance, and their
associated risks are assessed in subsequent sections.
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CHARACTERISTICS OF ML FRAMEWORKS AND CRITICAL INFRASTRUCTURE CHALLENGES
Machine learning frameworks deployed in critical infrastructure settings exhibit a

distinctive combination of characteristics that determine both their operational potential and their
vulnerability profile. These characteristics differ materially from those of ML systems deployed in
consumer or enterprise IT contexts, where system failures are typically recoverable and
consequences are bounded. Understanding these defining features is essential for designing ML
deployments that are not only technically capable but operationally trustworthy.

1. Key characteristics of ML frameworks in critical infrastructure

e Real-Time Inference Requirements

Critical infrastructure systems frequently require sub-second decision latency. Anomaly
detection in power grid frequency management, for example, must operate within milliseconds
to prevent cascade failures. ML frameworks must be optimized for low-latency inference,
necessitating model compression, quantization, and edge deployment architectures that reduce
dependence on centralized cloud processing.

e Resilience to Distribution Shift

Infrastructure systems operate across highly variable environmental and load conditions. ML
models trained on historical operational data may encounter inputs that diverge significantly from
training distributions during extreme weather events, demand surges, or novel attack scenarios.
Robust frameworks incorporate continuous monitoring for distribution shift and mechanisms for
adaptive retraining or fallback to rule-based controls.

e Multi-Source Data Fusion

Critical infrastructure systems generate heterogeneous data streams: physical sensor
readings, control system logs, external environmental data, and human operator inputs. Effective
ML frameworks integrate these diverse data modalities through appropriate fusion architectures,
handling differences in sampling rates, measurement units, missing values, and signal noise
characteristics.

o Safety-Critical Validation Requirements

Unlike commercial ML applications where model updates can be deployed rapidly via
continuous integration pipelines, safety-critical infrastructure applications require rigorous pre-
deployment validation, including stress testing against adversarial inputs, performance evaluation
across failure mode scenarios, and formal verification in high-consequence domains such as
nuclear power plant control or air traffic management.

2. Main challenges in ML-driven critical infrastructure

ML systems applied to critical infrastructure face a specific set of challenges arising from the
physical consequences of system failures, the adversarial threat environment, and the regulatory
requirements governing infrastructure operation. The main challenge categories are presented in
Table 1.
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Table 1. Main threat and challenge types in ML-driven critical infrastructure

Threat Type Affect(?d Example Scenario Consequence Risk Level
Domain
Adversarial Anomaly Spo'ofed.sensor Undetected N
. readings in power fault Critical
Input Detection . .
grid propagation
Distribution Predictive Novel failure mode M|ssed .
. . . . maintenance High
Shift Maintenance not in training data
alert
Data Pipeline Real-Time Sensor outage Degraded ML .
. . High
Failure Control during peak load performance
Model Intrusion Backdoor injected Undetected -
. . ) . Critical
Poisoning Detection via training data cyberattack
. @) t @) t
Explainability pe.ra. or Black-box alert Pera or .
Decision . . distrust, Medium
Gap without rationale .
Support override
IT/OT All Delayed
/ . Latency mismatch elaye .
Integration Infrastructure . response to High
. . in legacy SCADA
Failure Domains fault

2.1. Risk factors

e Data integrity and adversarial vulnerability

ML models trained on infrastructure sensor data are susceptible to adversarial manipulation:
carefully crafted perturbations to sensor inputs can cause models to misclassify operational states
or fail to detect anomalies. This is particularly acute in cyber-physical systems where digital control
interfaces are exposed to external networks, requiring adversarial training and certified defenses
as components of any production deployment.

* Regulatory and certification barriers

Infrastructure sectors operate under stringent regulatory frameworks - NERC CIP for electric
utilities, TSA directives for pipelines, IEC 62443 for industrial control systems - that were not
designed to accommodate the dynamic, data-dependent behavior of ML models. Establishing
regulatory pathways for continuous ML model updates while maintaining certification validity is
among the most pressing governance challenges in the field.

» IT/OT convergence and legacy integration

Most critical infrastructure operators manage hybrid environments where modern IT
networks coexist with legacy OT systems using proprietary protocols and hardware with
operational lifetimes measured in decades. Integrating ML inference pipelines into these
environments without introducing new failure modes or latency that degrades control system
performance requires careful architectural design and extensive testing.

e Operational trust and human-machine teaming

Infrastructure operators trained on deterministic control paradigms may resist ML-generated
recommendations whose provenance is opaque. Explainable Al methods that surface the feature
contributions underlying model outputs, combined with structured operator training programes,
are prerequisites for achieving effective human-machine teaming in high-stakes operational
contexts.
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THE CONCEPT OF ML APPLICATIONS IN CRITICAL INFRASTRUCTURE AND THEIR ROLE
ML applications in critical infrastructure refer to the deployment of trained models and
learning-enabled systems to perform tasks that support the detection, prediction, control, and
optimization of physical infrastructure processes. These applications span the operational lifecycle
of infrastructure systems - from design-phase simulation and digital twin construction, through
real-time operational monitoring and control, to post-incident forensic analysis and long-term
capacity planning.
1. The essence of ML applications in critical infrastructure
ML applications in critical infrastructure are built upon three foundational processes that
extend the classical SCADA and industrial control paradigm. First, data acquisition and
representation: ML systems ingest continuous streams of sensor telemetry, network traffic data,
and operational logs, transforming raw time-series measurements into feature representations -
including frequency-domain transforms, statistical aggregates, and graph-structured topology
representations - that capture the operational state of the infrastructure system. Second, pattern
recognition and state estimation: trained models identify deviations from normal operational
patterns, estimate latent system states from partial observability, and generate probabilistic
forecasts of future operational conditions under varying load and environmental scenarios. Third,
decision support and adaptive control: model outputs are translated into operator alerts,
automated control adjustments, maintenance dispatch recommendations, or resource allocation
signals that close the loop between ML inference and physical infrastructure operation.
This three-stage architecture is embedded within a continuous feedback loop driven by
operational outcomes: observed system responses to ML-guided interventions serve as ground-
truth labels for online model updating, while anomalies that evade detection inform adversarial
robustness improvements. This iterative, learning character distinguishes modern ML-enabled
infrastructure management from earlier expert system approaches, which required manual rule
updates and could not generalize to unanticipated failure modes.
2. The role of ML applications in critical infrastructure
ML applications play several distinct and complementary roles in the critical infrastructure
operational ecosystem. Each role addresses a specific limitation of conventional deterministic
control and monitoring approaches and, when implemented with appropriate safety constraints,
contributes to a system that is more resilient, efficient, and responsive.
e Augmenting fault detection and isolation
ML systems - particularly deep learning models trained on historical fault signatures - serve as
continuous monitors that identify precursor patterns of equipment degradation or operational
anomaly before they escalate to failure events. Studies have demonstrated ML-augmented fault
detection to reduce unplanned outage events in transmission substations and water treatment
facilities by identifying incipient failures weeks before conventional threshold-based alarms would
trigger.
e Enabling predictive and condition-based maintenance
Predictive maintenance models integrate vibration, thermal, acoustic, and electrical signal
data from rotating equipment, transformers, and pipeline networks to forecast remaining useful
life and optimal maintenance intervals. Transition from fixed-schedule to ML-driven condition-
based maintenance has been demonstrated to reduce maintenance costs by 20-30% while
simultaneously decreasing the rate of unexpected failures in power generation and pipeline
transport contexts.
e Optimizing resource allocation and system efficiency
ML-based optimization models - including reinforcement learning agents trained on grid
dispatch scenarios - enable dynamic allocation of generation, transmission, and storage resources
across energy networks in response to real-time demand and supply variability. Applications in
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water distribution have demonstrated 10-15% reductions in pumping energy costs through ML-
driven pressure management, with analogous efficiency gains reported in rail network scheduling
and traffic signal optimization.

e Supporting cyber-physical threat detection

The convergence of IT and OT networks has exposed critical infrastructure to cyber threats
that manifest as physical consequences. ML-based intrusion detection systems trained on OT
network traffic and process data can identify command injection attacks, man-in-the-middle
interferences, and anomalous control sequences that deviate from learned normal operational
patterns, providing a critical defense layer in environments where traditional signature-based
security tools have limited efficacy.

ML TECHNOLOGIES USED IN CRITICAL INFRASTRUCTURE

The ML technology landscape applied to critical infrastructure is characterized by a set of
distinct algorithmic families, each suited to particular data types, latency requirements, and
operational constraints. The progressive integration of these technologies - and their convergence
in hybrid architectures that combine the complementary strengths of different approaches - is the
primary driver of performance improvements documented across infrastructure domains.

1. Federated and Distributed Learning

Federated learning enables model training across distributed data sources - including
individual substations, water treatment plants, or transport nodes - without centralizing sensitive
operational data. Each node trains a local model on its own data and contributes model parameter
updates to a global aggregation server, preserving data locality and reducing exposure to data
exfiltration risks. This architecture is particularly valuable in critical infrastructure contexts where
operational data is subject to national security classification or competitive sensitivity, and where
communication bandwidth constraints limit continuous data streaming to central servers.
Research has demonstrated federated learning architectures achieving performance within 3-5%
of centralized training benchmarks on anomaly detection tasks across distributed power
substations (McMahan et al., 2017).

2. Edge Computing and Real-Time Inference

Edge Al - the deployment of ML inference engines on hardware physically co-located with
sensors and control systems - addresses the latency and connectivity constraints of critical
infrastructure environments. By executing model inference locally rather than routing data to
cloud processing, edge architectures achieve millisecond response times required for real-time
control applications and remain operational during network partition events. Model compression
techniques - including knowledge distillation, weight quantization, and neural architecture search
for resource-constrained hardware - enable the deployment of capable ML models on industrial
edge computing platforms with power and memory budgets far below those of cloud-grade
infrastructure.

3. Anomaly Detection and Unsupervised Learning

Critical infrastructure systems generate vast operational data streams but relatively rare
labeled fault events - a class imbalance that limits the applicability of supervised classification
approaches. Unsupervised and semi-supervised anomaly detection methods, including
autoencoders, isolation forests, and one-class support vector machines, learn representations of
normal operational behavior and flag deviations as candidate anomalies without requiring labeled
fault examples. These approaches have been validated in electric grid, water network, and
transportation contexts for detecting both equipment degradation and cyberattack signatures
(Chandola et al., 2009). Temporal anomaly detection architectures - including LSTM autoencoders
and transformer-based sequence models - have demonstrated superior performance on time-
series operational data with long-range temporal dependencies.
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4. Reinforcement Learning for Adaptive Control

Reinforcement learning (RL) agents learn optimal control policies through simulated or real
interaction with infrastructure systems, maximizing long-term operational objectives - such as grid
frequency stability, network throughput, or pipeline pressure maintenance - subject to safety and
capacity constraints. RL has been applied to energy dispatch optimization, adaptive traffic signal
control, and autonomous water network pressure management, demonstrating performance
improvements over conventional optimization-based controllers in dynamic and uncertain
environments. Safe reinforcement learning methods that incorporate constraint satisfaction
guarantees are an active research frontier essential for deploying RL in safety-critical
infrastructure contexts where constraint violations carry physical consequences.

5. Explainable Al and Human-Machine Teaming

The deployment of ML in infrastructure operations where human operators retain override
authority requires that model outputs be accompanied by human-interpretable explanations.
Explainable Al (XAl) techniques - including SHAP (SHapley Additive exPlanations) value attribution,
attention visualization in deep learning models, and surrogate model approximations - provide
operators with insight into the features and data patterns driving ML recommendations. XAl
integration has been shown to increase operator acceptance of ML-generated alerts in SCADA
environments, reducing the rate of alert suppression that negates the operational value of the ML
system (Molnar, 2020). Standardized XAl reporting formats tailored to infrastructure operational
interfaces are increasingly required by sector regulators as a condition of ML system approval.

6. Digital Twins and Simulation-Augmented Learning

Digital twin architectures - high-fidelity simulation models of physical infrastructure
systems calibrated to real operational data - provide ML frameworks with synthetic training
environments in which failure modes, adversarial scenarios, and extreme operating conditions can
be safely explored without risk to live infrastructure. ML models pre-trained on digital twin
simulations transfer more rapidly to real operational deployment and exhibit greater robustness
to rare events than models trained exclusively on historical operational data. Digital twin
integration has been applied to power grid resilience planning, water network vulnerability
assessment, and railway signaling system optimization, with active research into physics-informed
neural network architectures that incorporate known physical laws as inductive biases in ML
model design.
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COMPARATIVE ANALYSIS OF ML APPLICATION AREAS
The various ML application domains in critical infrastructure differ considerably in their
operational maturity, demonstrated effectiveness, scalability, and the nature of the challenges
they face. A comparative assessment of the principal application areas provides a foundation for
understanding where ML investments are most likely to yield resilience and efficiency returns, and
where further research, validation, and regulatory development are required.
1. Comparison of ML application areas in critical infrastructure

Table 2. Comparative analysis of ML application areas in critical infrastructure

ML Application Area  Effectiveness Main Challenges Infrastruc.ture Maturity
Domain
Labeled fault E
Anomaly Detection  High (85-98% abelec faut - nerey,
oL . scarcity, adversarial Water, Mature
/ Fault Identification in trials) .
inputs Transport
High (20-309
Predictive igh | 4 Sensor coverage Energy,
Maintenance cost gaps, legacy assets Pipeline, Rail Mature
reduction) ’ ’
RL-based Adaptive . . Safety constraint Energy Grid, .
Control Medium-High verification Water, Traffic Emerging
Cybersecurity / High (.O.T_ High false positive Active
. . specific . All Sectors
Intrusion Detection rates, evasion Development
models)
Federated / Edge Medium (vs. Communication Distributed .
. overhead, Emerging
ML centralized) : Infrastructure
heterogeneity
High
Digital Twin + (simulation Sim-to-real transfer ~ Grid, Water, .
. . _ Emerging
Simulation ML fidelity gap Nuclear
dependent)

2. Results of the analysis

As seen in Table 2, anomaly detection and predictive maintenance currently demonstrate
the highest operational maturity and broadest evidence base, supported by the largest number of
documented deployments and independent performance validations across energy, water, and
transport sectors. Reinforcement learning for adaptive control occupies an intermediate position:
technically well-validated in simulation environments, it faces persistent challenges in formal
safety verification that have slowed transition to live infrastructure deployment, particularly in
safety-critical applications such as nuclear plant control and railway signaling.

Cybersecurity and intrusion detection ML applications are in active development across all
infrastructure sectors, driven by the urgent threat landscape but complicated by the difficulty of
generating realistic training datasets for OT-specific attack scenarios without compromising live
systems. Federated and edge ML architectures demonstrate performance within acceptable
margins of centralized approaches while offering material advantages in data privacy and
operational resilience that make them the preferred architecture for geographically distributed
infrastructure operators.
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Across all domains, a consistent set of cross-cutting challenges emerges: the scarcity of
labeled training data for rare failure events, the absence of sector-specific regulatory frameworks
for continuous ML model updates, the performance degradation risk associated with distribution
shift in dynamic operational environments, and the integration complexity of deploying modern
ML frameworks alongside legacy control system architectures with decades-long operational
lifetimes. These systemic challenges require that ML adoption in critical infrastructure be pursued
as a sociotechnical endeavor requiring sustained engagement from operations engineers,
cybersecurity specialists, regulators, and policymakers, rather than as a purely algorithmic
exercise.

CONCLUSION

The analysis presented in this article demonstrates that machine learning frameworks are
not a peripheral or aspirational development for critical infrastructure management - they are an
active, accelerating operational reality that is already reshaping fault detection, predictive
maintenance, resource optimization, and cyber-physical threat defense across energy, water,
transport, and financial infrastructure systems. The evidence base for ML’s operational value is
strongest in anomaly detection and predictive maintenance, where multiple prospective
deployments and independent validations have demonstrated performance that consistently
exceeds conventional threshold-based monitoring, with documented reductions in unplanned
outage events and maintenance expenditure.

At the same time, the responsible integration of ML into safety-critical infrastructure
environments demands sustained attention to adversarial robustness, regulatory certification,
and operational trust dimensions that are not present in commercial ML deployments. The risks
of adversarial input manipulation, distribution shift-induced performance degradation, and the
exacerbation of systemic vulnerabilities through poorly validated ML control loops are real and
must be proactively addressed through adversarial training practices, rigorous pre-deployment
validation protocols, and continuous post-deployment monitoring frameworks adapted to the
dynamic operational conditions of physical infrastructure systems.

Looking ahead, the maturation of federated learning architectures that preserve data
locality while enabling cross-operator model improvement, the responsible scaling of
reinforcement learning agents with formal safety guarantees for adaptive infrastructure control,
and the continued development of digital twin platforms that close the simulation-to-reality
transfer gap will be the defining developments of the next decade in this domain. As ML
frameworks mature and sector-specific regulatory pathways are established, their responsible
adoption - guided by the principles of adversarial robustness, operational explainability, formal
safety validation, and equitable access across infrastructure operators of varying resource levels -
is expected to establish a new baseline for infrastructure resilience in an era of increasing climate
variability, expanding cyber threat surfaces, and growing societal dependence on interconnected
physical systems.



Proceedings of the 13th International Scientific Conference

REFERENCES
Chandola, V., Banerjee, A., & Kumar, V. (2009). Anomaly detection: A survey. ACM
Computing Surveys, 41(3), 1-58.
Deng, L., & Yu, D. (2014). Deep learning: Methods and applications. Foundations and
Trends in Signal Processing, 7(3—4), 197—-387.
Goodfellow, I., Bengio, Y., & Courville, A. (2016). Deep Learning. MIT Press.
McMahan, H. B., Moore, E., Ramage, D., Hampson, S., & Aglera y Arcas, B. (2017).
Communication-efficient learning of deep networks from decentralized data. Proceedings
of the 20th International Conference on Artificial Intelligence and Statistics (AISTATS).
Molnar, C. (2020). Interpretable Machine Learning: A Guide for Making Black Box Models
Explainable. Lulu Press.
Ren, H., Xu, B., Wang, Y., Yi, C., Huang, C., Kou, X., Xing, T., Yang, M., Tong, J., & Zhang, Q.
(2019). Time-series anomaly detection service at Microsoft. Proceedings of the 25th ACM
SIGKDD International Conference on Knowledge Discovery & Data Mining, 3009-3017.
Sagan, S. D. (1993). The Limits of Safety: Organizations, Accidents, and Nuclear Weapons.
Princeton University Press.
Stouffer, K., Falco, J., & Kent, K. (2011). Guide to Industrial Control Systems (ICS) Security.
NIST Special Publication 800-82, National Institute of Standards and Technology.
Zhu, Q., & Basar, T. (2015). Game-theoretic methods for robustness, security, and resilience
of cyberphysical control systems. IEEE Control Systems Magazine, 35(1), 46—65.



«Foundations and Trends in Research» (May 28-29, 2026). Copenhagen, Denmark

Sahar galacayinin arasdiriimasi: muasir
soharlarda tunel va yeralti makanlarin rolu
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Xilasa. Ssharlarimizin yasanilabilirliyini gorumagqg va artirmag magsadila ham acig, ham da
veraltt makanlardan istifade getdikce daha mUhim shamiyyast kasb edir. Bu magala ¢oxolcili
saharsalma va infrastruktur inkisafinin zaruriliyini arasdirir, yeralti makanlarin artan shamiyyatini
vurgulayir. Seshar muhitinda yasayis, ofis sahalari, infrastruktur va agiqg makanlara olan talabatin
siratle artmasini nazara alarag, musllif ham yerlstl, ham da yeralt resurslarin strateji sakilda
bolUsdirtlmasinin vacibliyini geyd edir. Yeralti sahalarin innovativ sakilda istifadasine dair
beynalxalg tacribalar tahlil olunur ve miuxtalif sshar ehtiyaclarini garsilamag Ucln bu
makanlardan coxsaxali istifadani nimayis etdiran layihalar tagdim edilir. Magala tunel va yeralt
gurgularin muasir saharlarin galacayinin formalasmasinda oynayacagl mihim rolu izah edir va
saharsalma prosesinda bitlin makan imkanlarini nazera alan gabagcil yanasmanin vacibliyini
asaslandirir.

Abstract. The use of both open and underground spaces is becoming increasingly important
in order to maintain and enhance the liveability of our cities. This article examines the need for
multidimensional urban planning and infrastructure development, highlighting the growing
importance of underground spaces. Given the rapidly increasing demand for housing, office space,
infrastructure and open spaces in urban environments, the author highlights the importance of
strategically allocating both above-ground and underground resources. International experiences
on innovative use of underground spaces are analyzed and projects are presented that
demonstrate the multifaceted use of these spaces to meet various urban needs. The article
explains the important role that tunnels and underground facilities will play in shaping the future
of modern cities and justifies the importance of a progressive approach that takes into account all
spatial possibilities in the urban planning process.

Acar sozlar. Yeralti makanlar, saharsalma, tunel, beynalxalg tacriba.

Keywords. Underground spaces, urban planning, tunnels, international experience.

Giris

Saharlar dinamik ekosistemlardir vo makan ham mahdud, ham da olduqgca giymatlidir. Sehar
ahalisinin sdratla artmasi va yasayis, ofis sahalari, infrastruktur ve aciqg makanlara olan talsbatin
yiksalmasi il ssharsalma mitaxassislari bu ehtiyaclari mahdud vyeristli sahaler daxilinds
garsilamaq kimi ¢atin bir vazifs il Uzlssirlar [1]. Bu vaziyysta cavab olarag yeraltt makanlarin
arasdirilmasi aktuallasmis va makan ¢atismazligi problemina bir hall yolu kimi 6n plana ¢cixmisdir.
Bu magala saharsalmanin mirakkab strukturunu arasdirarag, yeralti makanlarin muasir saharlarin
galacayinin formalasmasinda oynadigl asas rolu isiglandirir [2]. Yeraltt makanlarin shamiyyatini
basa dlismak Ucln ilk ndvbads saharsalmanin coxdlcill xarakterini gabul etmak lazimdir [3]. Han
Admiraal va Antonia Cornaro sshar makanlarinin mirakkab dinamikasini genis sakilda tadgiq
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edarak, vyalniz ananavi vyerlUstl planlasdirma ils kifaystlenmayan, daha kompleks va bitov
yanasmalarin vacibliyini vurgulamislar. Sehar muhiti yalniz ikilgili deyil, o, yerin altinda uzanan
infrastruktur, kommunal sistemlar va potensial yasayis, istirahat, sosial va is makanlarini ahata
edan coxgath bir qurulusdur. Bu saquli 6lciiniin nazara alinmamasi giymatli resurslarin ssmarasiz
istifadasina, hamcinin sahar sixliginin ve ekoloji problemlarin artmasina sabab olur.

Seharlar inkisaf etdikca onlarin planlasdirma strategiyalari da dayismalidir. ©nanavi
saharsalma asasan yerUstl inkisaflara UstlnlUk verir va yeralti potensiali nazardan qacirir. Lakin
ohali artdigca ve torpaq resurslari mahdudlasdigca bu yanasma arthig effektiv deyil. Yeralt
urbanizmin terafdari olan Shana Debrock geyd edir ki, sahar inkisafinin galacayi bitlin makan
imkanlarini, o cimladan yeralti sahalari de ahats edan yanasmadan asilidir. Coxdl¢illi yanasmanin
tatbigi seharlara mahdud torpaq resurslarindan daha samarali istifads etmaya va davamli inkisafi
tamin etmays imkan yaradir [4].

Yeralti makanlardan istifade sahar ahalisinin mixtalif ehtiyaclarini garsilamaqg Ugln genis
imkanlar yaradir. Yasayis, nagliyyat, istirahat va ticarat sahalarindan tutmus digar funksiyalara
gadar yeralti inkisaf layihalari yeristl infrastrukturu tamamlayan coxsaxali hallar tagdim edir.
Yeraltt makanlarin potensialinin arasdiriimasina hasr olunmus, Beynalxalg Tunel Assosiasiyasinin
(ITA) Yeralti Makan Komitasi olan ITACUS vurgulayir ki, sshar landsaftlarinin ham Gfligi, ham da
saquli 6lcllari shata edacak sakilda yenidan distntlmasi oldugca vacibdir [5].

Natico

Davamli sahar inkisafina nail olmag magsadile yeralti makanlardan istifads artig sadaca
venilik deyil, zarurata cevrilmisdir. Saharlar artan urbanizasiya tazyiglari il Uzlasdikca, ham
yerUstl, ham da yeralti sahalari shata edan ¢oxdlclll planlasdirma yanasmalarinin tatbigi vacib
olur. Tahlil edilan nimunalar gdstarir ki, muxtalif ssharlar yeraltt makanlardan strateji istifads
etmakla urbanizasiya tazyiglarini azaltmag, daha davamli, dayanigli va vyasanilabilir mihit
formalasdirmaq Ucln fargli yanasmalar tatbig edirler. Makan imkanlarinin butlin spektrindan
istifade etmakla saharlar yeni inkisaf, innovasiya va hayat keyfiyyatinin artirilmasi yollarini aca
bilarlar. Antonia Cornaro va Han Admiraalin geyd etdiyi kimi, urbanizmin galacayi ayaglarimizin
altindadir va onun Uza ¢ixarilmasini gozlayir.
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Comparison of the HPC and Big Data Java
Libraries Spark, PCJ and APGAS

Karimzade Abuzar

Abstract. Although Java is rarely used in HPC, there are a few notable libraries. Use of Java may
help to bridge the gap between HPC and big data processing. This paper compares the big data
library Spark, and the HPC libraries PCJ and APGAS, regarding productivity and performance. We
refer to Java versions of all libraries. For APGAS, we include both the original version and an own
extension by locality-flexible tasks. We consider three benchmarks: Calculation of it from HPC,
Unbalanced Tree Search (UTS) from HPC, and WordCount from the big data domain. In
performance measurements with up to 144 workers, the extended APGAS library was the clear
winner. With 144 workers, APGAS programs were up to a factor of more than two faster than Spark
programs, and up to about 30% faster than PCJ programs. Regarding productivity, the extended
APGAS programs consistently needed the lowest number of different library constructs. Spark
ranged second in productivity, and PCJ third.

Keywords. Java, Big Data, HPC, Parallel Computing, Spark, PCJ, APGAS

Introduction

Convergence between high performance computing (HPC) and big data processing is a hot
topicin current research. Big data programming systems have their strengths in fault tolerance and
programming productivity, whereas HPC systems have their strengths in performance and
algorithmic flexibility (e. g. [1], [2]). One hindrance to common approaches is the use of different
programming languages in the two communities. Typical HPC applications use C/C++ in
combination with MPI and/or OpenMP. Typical big data applications, in contrast, use JVM-based
languages such as Java or Scala with frameworks such as Hadoop [3] or Spark [4]. While Java is far
from prominent in HPC, there are a few notable Java-based libraries such as PCJ [5] and APGAS [6].
The gap between HPC and big data processing can be bridged with interfaces such as Spark+MPI
[1], SWAT [7] and Alchemist [8]. These interfaces come at a cost in terms of development effort
and computing time. Therefore, use of a unified environment would be more appealing. This paper
explores the perspective of a common Java foundation, by comparing the libraries Spark, PCJ and
APGAS, regarding productivity and performance. Spark [4] is an open-source, distributed, multi-
threaded, fault-tolerant library for big data processing, and widely used in this domain. Like
Hadoop [3], Spark implements the MapReduce pattern [9], but maintains data in memory instead
on disc. For storing massive amounts of data, Spark introduces a data structure called Resilient
Distributed Dataset (RDD) [7]. Algorithms are implemented via transformations, which produce
RDDs, and actions, which extract a result from an RDD. If MapReduce is not well suited for a
particular problem, Spark can cause a significant overhead [8]. The PCJ library for Java [5] won the
HPC Challenge Class 2 Best Productivity Award on Supercomputing in 2014, and achieves a better
performance than MPI with Java bindings. In some situations, however, the performance of PCJ is
up to three times below that of MPI with C bindings. PCJ implements the Partitioned Global
Address Space (PGAS) model, which has been designed with productivity and portability in mind.
PGAS describes an architecture, such as a cluster of multicore nodes, as a collection of places. A
place is defined as the combination of a memory partition and computing resources, called
workers. Typically, places correspond to cluster nodes, and workers correspond to CPU cores. Each
place can access every memory partition, but local accesses are faster than remote ones.
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PCJ adopts the Single Program Multiple Data (SPMD) execution style, i.e., all workers are
invoked at program startup and carry out the same code. Variables are private to each worker, such
that different workers can follow different code paths. PCJ provides several methods to exchange
data between workers in a synchronous or asynchronous way. The APGAS library for Java [8] adds
asynchronism to the PGAS model by adopting a task-based approach. Its parallelization and
distribution concepts are exactly the same as those of IBM’s parallel language X10. Program
execution starts with a single task on place 0. Later, any task can spawn any number of child tasks
dynamically. Task spawning can be synchronous or asynchronous, i.e., the parent task either waits,
or does not wait, for the termination of a child. In either case, the programmer must specify an
execution place for each task. Inside each place, tasks are automatically scheduled to workers.
Thus, depending on worker availability, a generated task may run immediately or later. The place-
internal scheduler is implemented with Java’s Fork/Join-Pool [9]. In recent work, we extended the
APGAS library by locality-flexible tasks. These tasks are spawned and managed in the same way as
the standard asynchronous tasks of APGAS, except that the programmer does not specify an
execution place. Instead, locality-flexible tasks are subject to system-wide automatic load
balancing. We implemented the concept by extending the Fork/Join pools by an interplace work
stealing scheme that realizes the lifeline-based global load balancing (GLB) algorithm [10].

Result

This paper has compared the big data library Spark and the HPC libraries PCJ and APGAS.
For APGAS, we included both the original version and an own extension by locality-flexible tasks.
The comparison was based on Java implementations of three benchmarks, which were partly taken
from HPC and the big data domain, respectively. All implementations were conducted by the same
author, who had no previous experience with any of the systems. Furthermore, we took care to
implement the same algorithms. On one hand, we evaluated productivity, based on personal
impressions and objective metrics. The extended APGAS variant turned out best, closely followed
by the original APGAS variant and Spark. The extended APGAS variant was most intuitive to use,
required the lowest number of different library constructs, and its code was by only a few lines
longer than that of the Spark variant.
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Muassisanin informasiya tahlukasizliyinin
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MUassisada informasiya tahllkasizliyinin yaradilmasi ayri-ayri programlarin qurasdiriimasi
il mahdudlasmayan, idarsetma, texnologiya, hiiqugi tanzimlama va insan amilini vahid sistem
daxilinds birlesdiran kompleks proses kimi formalasdiriimalidir. informasiya tahlikssizliyinin
effektiv modeli risklarin miayyanlasdirilmasi, aktivlerin tasnifati, salahiyyatlarin idara olunmasi,
texniki midafia mexanizmlarinin tatbigi ve davamli nazarat prosedurlarinin qurulmasi asasinda
qurulur.

Muassisanin informasiya tahlikasizliyi informasiya resurslarinin maxfilik, bitévlitk va
alcatanlig prinsiplari asasinda gorunmasini nazarda tutur va bu prinsiplar idarsetma sisteminin
fundamental dayaglarini taskil edir. informasiya aktivlarina verilanlarin bazalari, maliyya sanadlari,
mistari malumatlari, kommersiya sirri, daxili yazismalar, program taminati, sebaka infrastrukturu
va bulud muhitinds saxlanilan ragamsal resurslar daxildir, buna géra tahlikasizlik anlayisi yalniz
kompdterlarin  gorunmasi ile deyil, batin informasiya dévriyyassinin idara olunmasi ils
alagalandirilir. informasiya tahliikasizliyinin asas magsadi igtisadi davamliligi gorumag, amaliyyat
fasilalarini azaltmag, hlquqgi masuliyyat risklarini minimuma endirmak va gararlarin etibarli
informasiya asasinda gabulunu tamin etmakdir.

informasiya  tahlikasizliyinin  yaradilmasinda ssas  Gsul  riskydnimli  idarsetma
yanasmasidir; bu yanasmada miassisa aktivlari inventarlasdirir, tahlika manbalarini va zaifliklari
tahlil edir, gabuledilmaz risklar G¢lin nazarat tadbirlari secir. Taskilati tanzimlama mexanizmlari
carcivasinda informasiya tahlUkasizliyi siyasati, cixis hiquglari, salahiyyst saviyyalari, cavabdeh
struktur vahidlar va hliqugi talablara uygunlug mexanizmlari miayyan edilir. Coxsaviyyali midafia
prinsipi fiziki, aparat, program va inzibati muhafize tadbirlarinin bir-birini tamamlayan sakilda
tatbigini nazarda tutur ve informasiya tahlikasizliyi sisteminin kompleks xarakterini tamin edir.
Davamli monitoring va insidentlarin idara olunmasi isa jurnal fayllarinin, sebaka trafikine nazaratin
va insidentlara cavab planlarinin taskilini talab edir.

MuUassisanin informasiya tahllkasizliyinin tamininda identifikasiya ve autentifikasiya
mexanizmlari, kriptografik mtdafia vasitalari, antivirus sistemlari, sabaka tahlikasizliyi alatlari va
fiziki mUhafiza hallari xUsusi yer tutur. Parol siyasati va coxfaktorlu autentifikasiya salahiyyatsiz giris
riskini azaldir, sifralema texnologiyalari malumatin maxfiliyini goruyur, antivirus va sabaka midafia
sistemlari zararli tasirlarin garsisini alir. Fiziki mihafize vasitalari server otaglarinin va avadanligin
gorunmasini tamin edir, infrastrukturun dayanigligini yksaldir.

informasiya tahlikasizliyi idarsetma sistemi SO 27001 carcivasinds siyasatlarin,
prosedurlarin, audit voa monitoring mexanizmlarinin formalasdirilmasini, rahbarliyin resurs va
masuliyyat ohdasliyini, insan amili il bagh risklarin talim va intizam vasitasile idars edilmasini
nazards tutur. Belslikle, tahlikasizlik modeli yalniz texniki vasitalar deyil, ham ds idarsetms,
taskilati ve normativ alstlarin integrasiyasi naticasinds hayata kegirilir.
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ABSTRACT

The study of gas flow behavior is one of the fundamental issues in the operation of oil and gas
wells. Unlike liquids, gases are highly compressible, and their density, volume, and velocity may
vary significantly with changes in pressure and temperature. For this reason, the mathematical
description of gas movement in reservoirs, wellbores, and production systems requires a specific
engineering approach. Among the different flow regimes, steady-state gas flow has particular
importance because it allows the main flow parameters to be considered constant with respect to
time.

This article examines the physical and engineering characteristics of steady-state gas flow in
petroleum production systems. The paper discusses the basic assumptions used in steady-flow
analysis, including one-dimensional flow, isothermal conditions, constant mass flow rate, and the
influence of hydraulic resistance. Special attention is given to the role of pressure distribution,
pressure losses, and productivity evaluation in gas wells. The article also explains why pressure-
squared relationships are commonly used in gas well calculations instead of simple pressure-
difference models applied to liquid flow.

The analysis shows that although steady-state models are based on simplifying assumptions, they
remain highly useful for engineering calculations. These models help estimate well productivity,
determine pressure behavior along the reservoir—wellbore system, select appropriate production
regimes, and evaluate energy losses during gas transportation. Therefore, steady-state gas flow
theory has both theoretical and practical significance for petroleum and gas engineering,
especially in the field of oil and gas well operation.

Keywords: steady-state flow, gas wells, gas movement, pressure loss, well productivity, reservoir
engineering, production regime.

INTRODUCTION

Efficient operation of oil and gas wells requires a clear understanding of fluid movement from the
reservoir toward the wellbore and then to surface production facilities. In gas wells, this process
is more complex than in oil wells because gas is a compressible fluid. As pressure decreases during
production, gas expands, its density changes, and its velocity may increase. These changes directly
affect the flow behavior, pressure losses, and productivity of the well.

Gas flow may occur under different conditions depending on reservoir properties, production rate,
pressure drawdown, and operating time. In general, gas movement can be classified as steady-
state or unsteady-state flow. In unsteady-state flow, pressure and flow rate change with time. In
steady-state flow, however, the main parameters of the system remain constant during the
considered period. This makes steady-state flow models convenient for engineering calculations
and preliminary production analysis.

The concept of steady-state gas flow is widely used in petroleum engineering because it provides
a simplified but useful representation of real production systems. Although actual reservoir
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conditions are often more complicated, steady-flow models help engineers estimate well
performance, analyze pressure behavior, and choose rational operating conditions. Therefore, the
study of steady gas movement is important for both theoretical research and practical well
operation.

The main objective of this article is to analyze the steady-state motion of gases in oil and gas wells,
explain its physical basis, and evaluate its role in production engineering calculations.

1. GENERAL CHARACTERISTICS OF GAS FLOW
Gas flow is the movement of gas through a porous medium, wellbore, or pipeline as a result of a
pressure difference. In petroleum reservoirs, gas moves from zones of higher pressure toward
zones of lower pressure. The pressure gradient acts as the main driving force of this movement.
Compared with liquid flow, gas flow has several specific features. The most important difference
is compressibility. When pressure decreases, gas volume increases and density decreases. As a
result, gas velocity and flow resistance may change along the flow path. This makes gas flow
calculations more complicated than those for incompressible fluids.
In oil and gas production systems, gas may flow through:

e porous reservoir rocks;

e the near-wellbore zone;

e the wellbore;

e tubing and casing;

e surface pipelines and production equipment.
Each part of the system creates a certain resistance to flow. Therefore, pressure losses must be
considered when evaluating gas well performance.

2. CONCEPT OF STEADY-STATE GAS FLOW
Steady-state gas flow is a flow regime in which the main parameters of the system do not change
with time. These parameters include pressure distribution, mass flow rate, average velocity, and
temperature, if isothermal conditions are assumed.
In a steady-state system:

e the amount of gas entering a control volume is equal to the amount leaving it;

e pressure at each point remains constant with time;

e the gas production rate is stable;

e the flow pattern does not change during the analyzed period.
This regime is usually associated with long-term production under stable operating conditions. In
practice, perfectly steady conditions are rarely achieved. However, many production processes
can be approximated as steady-state over a certain time interval. This approximation is useful
because it simplifies the governing equations and makes engineering calculations more practical.
Steady-state gas flow is especially important in the evaluation of gas well productivity. It allows
engineers to relate reservoir pressure, bottom-hole pressure, flow rate, and reservoir properties
through relatively simple mathematical expressions.

3. BASIC ASSUMPTIONS USED IN STEADY GAS FLOW ANALYSIS
To develop mathematical models of steady-state gas flow, several simplifying assumptions are
usually introduced. These assumptions reduce the complexity of the problem and make the
equations suitable for engineering use.
The most common assumptions are:

1. The flow is steady.

2. Pressure and flow rate are assumed to be independent of time.

3. The flow is one-dimensional or radial.
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4. Depending on the system geometry, gas movement is considered along one main
direction or radially toward the wellbore.
The process is isothermal.
Temperature is assumed to remain constant during gas movement.
The gas behaves as a real or ideal gas.
In simple calculations, ideal gas behavior may be assumed. For more accurate analysis,
the gas deviation factor is included.

9. Friction losses are considered.

10. Resistance caused by porous media, tubing walls, and flow restrictions is considered.

11. Reservoir properties are constant.

12. Permeability, thickness, and porosity are often treated as constant values.
These assumptions do not describe all real reservoir conditions in full detail. Nevertheless, they
are acceptable for many practical engineering calculations and provide a reliable first
approximation of gas flow behavior.

® N

4. MATHEMATICAL DESCRIPTION OF STEADY-STATE GAS FLOW
The mathematical formulation of steady gas flow is based on the law of conservation of mass and
the pressure—flow relationship in porous media. For liquid flow, Darcy’s law is often expressed
using a direct pressure difference. For gas flow, however, compressibility must be considered.
Therefore, gas well productivity is commonly related to the difference between the squares of
reservoir pressure and bottom-hole pressure.
A simplified expression for steady radial gas flow may be written as:
q = C(p? — pivs)

where:

e q — gas flow rate;

e ( — productivity coefficient of the reservoir—well system;

e P. —reservoir pressure;

e P,y — flowing bottom-hole pressure.
This equation shows that gas production is not only a function of pressure difference but also
depends on the absolute pressure level. For this reason, two wells with the same pressure
drawdown may produce different gas rates if their reservoir pressures are different.
For radial flow toward a well, a more detailed form of the equation can be expressed as:

.= kh(pe — pa)

T,
zTIn-£
u T

e k — reservoir permeability;

e h — formation thickness;

e p, — pressure at the external drainage boundary;

e p, — pressure at the wellbore;

e U — gas viscosity;

e 7z — gas compressibility factor;

e T — absolute temperature;

e 1, — drainage radius;

e 1, — wellbore radius.
This relationship demonstrates that gas flow rate depends not only on pressure conditions but
also on reservoir and gas properties. Higher permeability and greater formation thickness increase
productivity, while higher viscosity and flow resistance reduce the gas rate.
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5. PRESSURE DISTRIBUTION IN THE RESERVOIR-WELL SYSTEM

Pressure distribution is one of the key indicators of gas flow behavior. During steady-state
production, pressure gradually decreases from the external reservoir boundary toward the
wellbore. The shape of the pressure profile depends on reservoir geometry, permeability, flow
rate, and gas properties.

In radial flow, the pressure decline becomes more intensive near the wellbore. This occurs
because the same amount of gas must pass through a smaller flow area as it approaches the well.
As a result, gas velocity increases near the wellbore, and additional pressure losses may appear.
The near-wellbore zone is especially important in gas production. Any damage in this zone, such
as clay swelling, fines migration, liquid accumulation, or formation plugging, increases flow
resistance. This reduces well productivity and may require stimulation methods such as acidizing,
hydraulic fracturing, or wellbore cleaning.

Therefore, pressure distribution analysis helps engineers identify flow restrictions and evaluate
the actual performance of the reservoir—well system.

6. WELL PRODUCTIVITY UNDER STEADY-STATE CONDITIONS

Well productivity is the ability of a well to deliver gas from the reservoir to the surface. Under
steady-state conditions, productivity can be evaluated using the relationship between flow rate
and pressure drawdown.

For gas wells, productivity is often expressed through the pressure-squared difference:

q
Jg= =
g P?‘ngf

where:

o Jg — gas productivity index;

e g — gas production rate;

e P, — reservoir pressure;

e pwy — flowing bottom-hole pressure.
A higher productivity index indicates that the well can produce more gas under the same pressure
conditions. This index is affected by several factors, including reservoir permeability, formation
thickness, skin factor, gas viscosity, wellbore radius, and reservoir pressure.
The main factors influencing gas well productivity is summarized below (Table 1):

Table 1. Influencing factors of gas well productivity
Factor Influence on Productivity
Reservoir Higher permeability improves gas flow toward the well
permeability
Formation thickness Greater thickness increases the effective flow area

Gas viscosity Higher viscosity increases resistance and reduces flow rate

Wellbore radius Larger effective radius reduces near-wellbore resistance

Skin factor Positive skin decreases productivity

Reservoir pressure Higher pressure increases gas energy potential

Bottom-hole pressure | Lower bottom-hole pressure increases drawdown but may create
risks

Productivity analysis is essential for determining whether a well is operating efficiently. It also
helps compare different wells in the same field and identify wells that require intervention.
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7. SELECTION OF OPTIMAL PRODUCTION REGIME
One of the main tasks in gas well operation is the selection of an optimal production regime.
Increasing production rate by reducing bottom-hole pressure may seem beneficial, but excessive
pressure drawdown can create serious operational problems.
Possible negative effects of excessive drawdown include:

e rapid depletion of reservoir energy;

e increased flow velocity near the wellbore;

e sand production;

e water coning;

e liquid loading in the wellbore;

e higher pressure losses in tubing;

e instability of the production regime;

e additional load on surface equipment.
Therefore, the best production regime is not always the one that gives the maximum short-term
gas rate. A rational regime must provide stable production, protect reservoir energy, and reduce
technical risks.
The relationship between bottom-hole pressure and production behavior can be summarized as
follows (Table 2):

Table 2. The relationship between bottom-hole pressure and production behavior

Bottom-hole Drawdown Expected production behavior
pressure level
High Low Low production rate, better reservoir pressure
support
Moderate Moderate Stable and technically safer production
Very low High Higher short-term rate, but increased operational
risks

This comparison shows that gas well operation should be based on a balance between production
efficiency and long-term reservoir performance.

8. NON-DARCY FLOW EFFECTS IN GAS WELLS
In many gas wells, especially high-rate wells, the flow near the wellbore may deviate from Darcy’s
law. At high velocities, inertial forces become significant and create additional pressure losses.
This phenomenon is known as non-Darcy flow or Forchheimer flow.
A commonly used relationship for gas wells is:
p? — pwr = Aq + Bq®

where:

e Agq —laminar or Darcy-type flow resistance;

e Bg? - additional inertial resistance;

e Aand B - are coefficients depending on reservoir and well conditions.
This equation shows that pressure loss increases more rapidly at high production rates. Therefore,
ignoring non-Darcy effects may lead to overestimation of well productivity. In high-rate gas wells,
these effects must be considered when selecting production rates and designing completion
systems.
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9. PRACTICAL IMPORTANCE OF STEADY-STATE GAS FLOW MODELS
Steady-state gas flow models are widely used in petroleum engineering practice. Their main
applications include:

1. Estimation of well deliverability

2. Engineers can calculate expected gas production under different pressure conditions.
3. Determination of bottom-hole pressure

4. The model helps evaluate the pressure required for stable production.

5. Selection of tubing and production equipment

6. Pressure losses and gas velocity are considered when selecting well equipment.

7. Evaluation of reservoir performance

8. Flow models help determine whether reservoir pressure support is sufficient.

9. Identification of near-wellbore damage

10. Lower-than-expected productivity may indicate skin damage or flow restriction.

11. Production forecasting

12. Steady-state relationships provide a basis for estimating future gas production trends.
13. Optimization of operating conditions

14. Different production scenarios can be compared to select the most efficient and safe

regime.
Although steady-state models are simplified, they provide valuable engineering insight and are
often used as a foundation for more advanced reservoir simulation studies.

CONCLUSION

Steady-state gas flow is a key concept in the operation and analysis of oil and gas wells. Since gas
is a compressible fluid, its flow behavior differs significantly from liquid flow. Pressure, density,
velocity, viscosity, and compressibility must all be considered when evaluating gas movement in
reservoirs and wellbores.

The use of pressure-squared relationships allows engineers to describe gas well productivity more
accurately than simple pressure-difference models. Under steady-state conditions, gas flow rate
depends on reservoir pressure, bottom-hole pressure, permeability, formation thickness, gas
viscosity, compressibility factor, and flow resistance.

The analysis also shows that the selection of an optimal production regime is essential for long-
term well performance. Excessive drawdown may increase short-term production, but it can also
cause reservoir damage, sand production, water coning, and additional pressure losses. Therefore,
gas well operation should be based on a balanced approach that considers both productivity and
reservoir protection.

In conclusion, steady-state gas flow models are important engineering tools for evaluating well
deliverability, predicting production behavior, and selecting efficient operating conditions. Despite
their simplifying assumptions, these models remain highly valuable in petroleum production
engineering and in the practical operation of gas wells.
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XULASO

Magalada elektrik avtomobili istehsal eden mixtalif 6lks sirkatlarinin satis gostaricilari va
global bazarda tutdugu mévgelar tahlil olunur. Elektrik avtomobillarina talabatin artmasi eneriji
tahllkasizliyi, ekoloji problemlarin azaldilmasi, karbon emissiyalarinin mahdudlasdiriimasi va
innovativ nagliyyat texnologiyalarinin inkisafi ila six baghdir. Bu baximdan ABS, Cin va Avropa
sirkatlarinin bazar faaliyyati, satis dinamikasi va ragabat GstlUnlUklari xisusi ashamiyyat kasb edir.
Magalada elektrik avtomobil bazarinin formalasma xUsusiyystlari, asas istehsalcilarin satis
performansi, bazar payi va sirkat strategiyalarinin naticalara tasiri arasdirilir. Tahlil gdstarir ki, Cin
sirkatlori genis istehsal hacmi va daxili bazar UstUnliyU ile secilir, ABS sirkatlari texnoloji
innovasiyalar va marka dayari hesabina ragabat aparir, Avropa istehsalcilari isa keyfiyyst,
tahllkasizlik va ekoloji standartlara asaslanan strategiya formalasdirirlar. Eyni zamanda, batareya
texnologiyalari, dovlat dastayi, enerji doldurma infrastrukturu va istehlaker davranislari satislarin
inkisafina tasir edan asas amillar kimi giymatlendirilir. Magalanin naticasi gostarir ki, elektrik
avtomobil bazarinda galacak ragabat yalniz satis hacmi ila deyil, ham da texnoloji yenilik, giymat
sivasati, tachizat zanciri va davamli inkisaf strategiyalari ile miayyan olunacaqdir.

Acar sézlar: elektrik avtomobili, satis analizi, global bazar, istehsalgi sirkatlar, ragabat
strategiyasi.

Girig

Muasir dovrda elektrik avtomobillari global avtomobil sanayesinin an dinamik inkisaf edan
istigamatlarindan birina c¢evrilmisdir. @nanavi yanacagla islayan nagliyyat vasitalarinin straf
muhits tasiri, karbon emissiyalarinin azaldilmasi talabi, enerji resurslarindan semarali istifada va
texnoloji innovasiyalarin sdratli inkisafi elektrik avtomobil bazarinin genislanmasina ciddi tasir
gbstarir. Bu proses valniz nagliyyat sahasinda deyil, ham da sanaye istehsali, beynalxalq ticarst,
enerji infrastrukturu ve istehlakgl davranislari baximindan mihitm dayisikliklar yaradir. Elektrik
avtomobili istehsal edan sirkatlar arasinda ragabat artig takca mahsulun texniki gostaricilari ila
mahdudlasmir; satis hacmi, bazar payi, giymat siyasati, batareya texnologiyasi, dovlat dastayi va
enerji doldurma sabakalarinin inkisafi da asas amillar kimi ¢ixis edir.

Magalanin asas magsadi muxtalif 6lkalara maxsus elektrik avtomobili istehsal edan
sirkatlerin satis gostaricilarini tahlil etmak va onlarin global bazardaki ragabat movgelarini
giymatloandirmakdir. Bu magsadle ABS, Cin va Avropa sirkatlerinin satis performansi, bazar
strategiyalari va inkisaf istigamatlari miqayisali sakilda arasdirilir. Movzunun aktualligl ondan
ibaratdir ki, elektrik avtomobil bazarinda bas veran dayisikliklar galacak nagliyyat sisteminin,
avtomobil sanayesinin va ekoloji siyasatin formalasmasina birbasa tasir gdstarir. Buna gora da
aparici istehsalcilarin satis dinamikasinin dyranilmasi ham igtisadi, ham da strateji baximdan

ahamiyyatlidir.
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Elektrik avtomobil bazarinin global inkisaf meyillari

Elektrik avtomobil bazari son illarda global avtomobil sanayesinin an siratls inkisaf edan
istigamatlarindan birina cevrilmisdir. Bu inkisafin asas sabablari sirasinda ekoloji tahlikasizlik
taleblarinin gliclanmasi, karbon emissiyalarinin azaldilmasi, yanacaq giymatlarinda dayiskanlik,
enerji samaraliliyine maragin artmasi vae nagliyyat sektorunda texnoloji yeniliklarin genis tatbiqi
dayanir. ©nanavi daxiliyanma muharrikli avtomobillarla miiqayisada elektrik avtomobillari daha az
emissiya yaratdigina, enerji sarfiyyatini azaltmaga imkan verdiyina va muasir ragamsal idaraetma
sistemlariila uygunlasdigina géra ham istehlakgilar, ham da ddvlstlar Ucln strateji shamiyyat kasb
edir.

Qlobal miqgyasda elektrik avtomobil satislarinin artmasi bazarin artig ilkin inkisaf
marhalasindan c¢ixaraq kitlavi istehlak marhalasine kecdiyini gdstarir. Beynalxalg Ener;ji
Agentliyinin malumatina goéra, 2024-cl ilds diinyada elektrik avtomobil satislari 17 milyonu kecmis
va bu gostarici Umumi yeni avtomobil satislarinin 20 faizindan ¢coxunu taskil etmisdir. 2026-ci ilda
isa satislarin 20 milyondan cox olacagl va elektrik avtomobillarinin dinya Uzra yeni avtomobil
satislarinda daha bdylk pay gazanacagl prognozlasdiriimisdir. Bu ragamlar gostarir ki, elektrik
avtomobillari artig yalniz ekoloji secim deyil, ham da global avtomobil bazarinin asas igtisadi
istigamatlarindan biridir. [3]

Elektrik avtomobil bazarinin inkisafinda Cin aparici movgeys malikdir. Cin sirkstlari genis
daxili bazar, dovlet dastayi, glcli batareya istehsali, asagi istehsal xarclari va modellarin
mixtalifliyi hesabina diinya bazarinda ciddi Gstlnlik alds etmisdir. 2024-cU ilda Cinda elektrik
avtomobil satislarinin 11 milyonu kecmasi bu 6lkanin global bazardaki rolunu aydin gostarir. Cin
istehsalcilari yalniz daxili bazarda deyil, ham da Avropa, Canub-Sargi Asiya va Latin Amerikasi kimi
regionlarda aktiv sakilda genislanirlar. Bu isa elektrik avtomobil bazarinda ragabatin daha da
kaskinlasmasina sabab olur.

Avropa elektrik avtomobil bazarinda asasan ekoloji standartlar, emissiya mahdudiyyatlari va
dévlat tanzimlamalari mihim rol oynayir. Avropa ittifaginda avtomobil istehsalcilari Gciin
sartlasdiriloan karbon emissiyasi talablari sirkatlari elektrik va hibrid modellarin istehsalini
artirmaga macbur edir. Bu regionda istehlakeilar Uclin enerji doldurma infrastrukturunun inkisafi,
vergi glzastlari va ekoloji sturun yiksalmasi elektrik avtomobillarina talabati artiran asas
amillardandir. Avropa istehsalgilari satis hacmina goéra Cin sirkatlarindan geri qalsalar da,
tahllikasizlik, keyfiyyat, texnoloji davamliig ve marka etibari baximindan gicld movgelarini
goruyurlar.

ABS bazarinda isa elektrik avtomobillarinin inkisafi daha ¢ox texnoloji innovasiyalar, program
taminati, batareya samaraliliyi va brend imici ila baghdir. Tesla kimi sirkatlor elektrik avtomobil
anlayisini yalniz nagliyyat vasitasi kimi deyil, ham da agilli texnologiya mahsulu kimi tagdim
etmisdir. Bununla yanasi, ABS-da elektrik avtomobillarinin yayillmasi regionlar (zra eyni saviyyada
deyil. Enerji doldurma mantagalarinin sayi, dévlat tasviglari, avtomobil giymatlari va istehlakgilarin
secimlari satis gostaricilarina birbasa tasir edir.

Elektrik avtomobil bazarinda musahide olunan diger mdhim meyil batareya
texnologiyalarinin stratli inkisafidir. Batareyanin tutumu, enerji sixhgi, doldurma muddati va
istehsal dayari elektrik avtomobilinin satis ugurunu muayysn edan asas gostaricilardan biridir.
Batareya giymatlarinin azalmasi avtomobillarin imumi maya dayarini asagl salir va onlari daha
genis istehlaker kitlasi Gglin algatan edir. Eyni zamanda, litium, kobalt, nikel va digar xammal
resurslarina ¢ixis sirkatlarin ragabst gabiliyyatina tasir gostarir. [5]

Bazarin inkisafinda enerji doldurma infrastrukturu da xUsusi shamiyyat dasiyir. Elektrik
avtomobillarinin genis vyayilmasi Ucln yalniz avtomobil istehsal etmak kifayat deyil; siratli,
tohlikssiz ve alcatan doldurma sabakasi formalasdiriimalidir. infrastruktur zaif oldugda



«Foundations and Trends in Research» (May 28-29, 2026). Copenhagen, Denmark I

istehlakcilar elektrik avtomobili almaqgda teraddiid edirlar. Buna gora dovlatlar va 6zal sirkatlar
enerji doldurma mantagalarinin artirilmasina boyuk investisiyalar yonaldirlar.

Elektrik avtomobil bazarinin global inkisaf mevillari gdstarir ki, bu saha galacak avtomobil
sanayesinin asas istigamatlarindan biri kimi formalasir. Bazarin inkisafi yalniz ekoloji amillarla deyil,
ham da texnoloji yenilik, giymat ragabati, dovlat siyasati, istehsal glici va infrastruktur imkanlari
ila miayyan olunur.

Muxtalif 6lka sirkatlarinin satis gostaricilarinin migayisali tahlili

Elektrik avtomobil bazarinda satis gostaricilarinin mugayisali tahlili gosterir ki, bu sahada
roqabat takca ayri-ayri sirkatlarin istehsal glicl ila deyil, ham da dlkalarin sanaye siyasati, texnoloji
bazasl, batareya tachizati, giymat strategiyasi ve daxili bazar imkanlari ila baglidir. 2024—-2025-ci
illarin naticalari elektrik avtomobil bazarinda (g asas istigamatin formalasdigini gdstarir: Cin
sirkatlari satis hacmi va giymat alcatanligi ils, ABS sirkatlari texnoloji yenilik va brend glici ils,
Avropa sirkatlari isa keyfiyyst, tahlikasizlik va premium segment Gzra mdvgelari ile farglanirlar.
Bu sababdan satis gostaricilarinin tahlili yalniz “hansi sirkat daha ¢cox avtomobil satmisdir” sualina
cavab vermir, ham da bazarin hansi istigamatds dayisdiyini, hansi dlka sirkatlarinin daha gevik
strategiya qurdugunu va galacak ragabstin hansi asaslar Uzarinda formalasacagini muayyan
etmaya imkan verir.

2024-cU ilda global elektrik avtomobil satislari 17 milyonu kecmis, elektrik avtomobillarinin
dmumi yeni avtomobil satislarinda payi 20 faizdan ¢ox olmusdur. 2025-ci ilds ise bu gostarici 20
milyondan artig satis saviyyasina catmis va elektrik avtomobillarinin diinya lGzrs yeni avtomobil
satislarinda pay! 25 faize yUksalmisdir. Bu, bazarin bir il arzinds texminan 20 faiz boyldiyin
gbstarir. Cin bazari bu artimin asas markazi olarag galir. 2024-ci ilds Cinda 11 milyondan ¢ox
elektrik avtomobili satilmis ve bu gostarici 6lkanin dinya Uzra an boyik EV bazari oldugunu
tasdiglamisdir. 2025-ci ilda isa Cin bazarinda elektrik avtomobillarinin yeni avtomobil satislarinda
payl daha da yilksalmis va taxminan 55 faiza catmisdir. Avropada da artim misahida olunmus,
2025-ci ilda elektrik avtomobil satislari 4 milyondan artig saviyyaya catmisdir. ABS bazarinda isa
artim davam etsa da, Cinla miigayisada daha mahdud olmusdur. [4]

Cadval 1. 2024-2025-ci illarda asas elektrik avtomobil bazarlarinin migayisali gdstaricilari

Bazar / region 2024-ci il 2025-ci il Mugayisali izah
gostaricisi gostaricisi
Diinya Uzra EV satisl 17 milyondan 20 milyondan | Qlobal bazarda taxminan 20%
coX cox | artim geyda alinmisdir
EV-larin yeni 20%-dan ¢ox 25% | Elektrik avtomobillari kutlavi bazar
avtomobil marhalasina yaxinlasmisdir
satislarinda payi
Cin bazari 11 milyondan 13 milyondan | Cin diinya EV satislarinin asas
cox satis cox satis | markazi olarag galmisdir
Cin bazarinda EV taxminan 50%-a | taxminan 55% | Elektromobillasma Cinda daha
payl yaxin stratli gedir
Avropa bazari taxminan 3 4 milyondan | Avropada tanzimlama va ekoloji
milyondan ¢ox cox satis | standartlar satislara tasir etmisdir
satis
ABS bazari artim davam | artim daha zaif | ABS-da bazar daha ¢ox Tesla va iri
etmisdir olmusdur | istehsalcilar atrafinda formalasir

Manba: Beynalxalg Enerji Agentliyinin 2025 va 2026-ci il “Global EV Outlook” malumatlari
asasinda hazirlanmisdir.
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Cadvaldan gorindiyu kimi, 2024—-2025-ci illarda elektrik avtomobil bazarinda an glicll artim
Cin va Avropa istigamatinda misahida olunmusdur. Cin sirkatlarinin GstlinlUyU yalniz daxili bazarin
boyukliyu ils izah edilmir. Burada batareya istehsali, xammal tachizati, dévlat dastayi, asagl maya
dayari va genis model secimi do mihim rol oynayir. Cin istehsalcilart ham ucuz sshar
avtomobillari, ham orta segment modellari, ham da daha ylksak texnoloji avtomobillar tagdim
etmakla muxtalif galir gruplarina uygun mahsul siyasati aparirlar. Bu baximdan Cin sirkatlori
elektrik avtomobil bazarinda kitlavi satis hacmina nail olmusdur. Avropada isa bazarin inkisafi
daha cox ekoloji standartlar, emissiya mahdudiyyatlari va istehlakgilarin enerji sesmaraliliyina
maragl ila baghdir. ABS-da elektrik avtomobillarinin inkisafinda texnoloji imic va brend faktoru
glcli olsa da, giymat, infrastruktur va regional farglar satislarin stiratins tasir gostarir.

Aparici sirkatlarin satis gostaricilarinin migayisasi da bu farglari aydin sakilds gostarir. 2024-
cl ilde BYD Umumi yeni enerji avtomobili satislarinda 4 milyondan artiq natica alda etmis, 2025-ci
ilde isa satisini 4,6 milyondan c¢ox saviyyaya yiksaltmisdir. Bu gostarici BYD-ni global
elektriklasdirilmis avtomobil bazarinda an glicli istehsalgilardan birina cevirmisdir. Tesla isa 2024-
clilda 1 789 226 avtomobil tahvil vermis, 2025-ci ilda bu gostarici 1 636 129 avtomobil olmusdur.
Bu azalma Tesla-nin hala da boylk satis hacmina malik oldugunu, lakin Cin sirkatlarinin giymat va
model muxtalifliyi baximindan daha giicli tazyiq yaratdigini gostarir. Volkswagen Group 2024-cl
ilde 744 800 tam elektrik avtomobili tahvil verdiyi halda, 2025-ci ilda bu gostaricini 983 000-a
yUksaltmisdir. BMW Group isa 2024-cl ilds 426 594, 2025-ci ilda 442 072 tam elektrik avtomobili
satarag daha sabit, lakin nisbatan yavas artim nlimayis etdirmisdir. [7]

Cadval 2. 2024-2025-ci illarda aparici sirkatlarin elektrik avtomobil satis/tahvil gostaricilari

Sirkat Olke 2024-ci il 2025-ciil | Dayisma istigamati
gostoricisi gostoricisi
BYD Cin taxminan 4,25 | 4,60 milyon NEV- | Artim misahids
milyon NEV dan ¢ox | olunmusdur
Tesla ABS 1789226 1636129 | Azalma geyda
avtomobil avtomobil | alinmisdir
Volkswagen Almaniya 744 800 BEV 983 000 BEV | 32% artim olmusdur
Group
BMW Group Almaniya 426 594 BEV 442 072 BEV | Milayim artim
olmusdur
Mercedes-Benz Almaniya | taxminan 205 min 197 300 BEV | Azalma misahida
Group BEV olunmusdur

Manba: Sirkatlarin rasmi illik satis va tahvil malumatlari, hamcinin sanaye hesabatlar
asasinda hazirlanmisdir.

Cadvalda verilan gostaricilar muxtalif 6lka sirkstlarinin satis strategiyalarinin eyni olmadigini
gbstarir. BYD-nin UstinlUyl onun coxsaxali model portfeli, batareya istehsall il inteqgrasiya
olunmus sanaye sistemi va Cin bazarindaki giicli movgeyi ils baghdir. Sirkat yalniz tam elektrik
avtomobillari deyil, ham da plug-in hibrid modellar Uzra boyik satis hacmina malikdir. Bu, BYD-ya
mixtalif bazar segmentlarinda istirak etmaya imkan verir. Tesla iss daha cox tam elektrik
avtomobil segmentinda ixtisaslasmisdir. Onun asas Ustinllyl program taminati, batareya
idarasetmasi, siratli enerji doldurma sistemi va brend imici ile baglidir. Lakin 2025-ci ilda satislarda
azalma Tesla U¢ln ragabat muhitinin daha ¢atinlasdiyini gbdstarir. Bu azalma sirkatin bazardan
¢okilmasi anlamina galmir, lakin onun avvalki illardaki slratli artim tempini saxlamaqgda ¢atinlik
cokdiyini gostarir.

Volkswagen Group-un gostaricilari Avropa istehsalgilarinin elektrik avtomobil bazarinda

yenidan aktivlesdiyini gdstarir. Sirkatin 2025-ci ilde BEV satislarini 32 faiz artirmasi Avropada
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elektrik modellara talabatin ylksalmasi va sirkatin model cesidini genislandirmasi ila baghdir.
Bununla yanasl, Volkswagen-in Gmumi satis hacmi BYD va Tesla il migayisada daha asagidir. Bu,
Avropa istehsalcilarinin hala da kiitlavi va alcatan elektrik avtomobil segmentinda Cin sirkatlari ila
eyni saviyyada ragabat aparmadigini gostarir. BMW Group-un satis gdstaricilari isa premium
segmentin nisbatan sabit inkisaf etdiyini stbut edir. BMW 2025-ci ilda tam elektrik modellarin
satisini artirsa da, artim tempi BYD va Volkswagen ila miqayisada daha asagi olmusdur. Mercedes-
Benz-da isa 2025-ci ilde BEV satislarinda geriloma musahida edilmisdir. Bu, premium elektrik
avtomobil segmentinda talebin daha secici oldugunu ve giymat amilinin satislara ciddi tasir
gbstardiyini gdstarir. [6]

Satis gostaricilarinin dlkalar Uzra mlgayisasi zamani Cin sirkatlarinin asas UstlnliyU giymat
va miqyas amilinda gorindr. Cin istehsalcilar boyilk daxili bazar hesabina ylksak istehsal hacmina
nail olur, daha sonra isa bu UstlnlUyl ixrac bazarlarina yonaldirlar. Onlarin batareya tachizati
Uzarinda glcli nazarate malik olmasi istehsal xarclarinin azaldilmasina kdmak edir. ABS sirkatlari,
xUsusila Tesla, texnoloji Gstlnliklari ile secilir. Tesla-nin avtomobillari sadaca nagliyyat vasitasi
kimi deyil, ragemsal platforma kimi gabul edilir. Avropa sirkatlari isa daha cox keyfiyyat,
tahllkasizlik, dizayn va premium brend imici ile reagabat aparirlar. Lakin elektrik avtomobil
bazarinda giymat amilinin getdikca glicleanmasi Avropa istehsalgilarini daha alcatan modellar
hazirlamaga macbur edir.

2026-c1 il Uzre gostariciloar isa faktiki satis naticasi kimi deyil, prognoz kimi
giymatlandirilmalidir. Beynalxalg Enerji Agentliyinin 2026-ci il Uzre prognozuna gora, global
elektrik avtomobil satislarinin 23 milyona c¢atacagl va Umumi yeni avtomobil satislarinda payinin
28 faiz olacagi gozlanilir. Eyni prognozda Avropada elektrik avtomobillarinin taxminan har (g yeni
avtomobildan birini taskil edacayi, Cinda isa bu payin 60 faize yaxinlasacagl geyd olunur. Bu
prognoz gostarir ki, 2026-ci ilds da asas artim Cin va Avropa bazarlari hesabina davam edas bilar.

Cadval 3. 2026-ci il Ggln elektrik avtomobil bazari Uzra prognoz gostaricilari

Gostarici 2026-ci il Gzra prognoz Qusa izah

Diinya Uzra EV satisl 23 milyon | Qlobal bazarda artimin davam
edacayi gozlanilir

EV-larin yeni 28% | Elektrik avtomobillari Gmumi

avtomobil satislarinda bazarda daha bdyik pay

payl gazanacaq

Avropa bazarinda EV taxminan har 3 avtomobildan 1- | Avropada tanzimlamsa va

payl i | infrastruktur amillari artimi
dastaklayacak

Cin bazarinda EV payi 60%-2 yaxin | Cin bazarinda elektriklasma daha
yUksak saviyyaya catacaq

9sas artim amillari giymat alcatanligl, batareya | Satislarin artimi texnologiya va

dayarinin azalmasi, infrastruktur | dovlat siyasati ila bagl olacaq

Manba: Beynalxalg Enerji Agentliyinin 2026-ci il Gzrsa prognoz malumatlari ssasinda
hazirlanmisdir.

Umumilikds, 2024-2025-ci illarin miigayisali tahlili gdstarir ki, elektrik avtomobil bazarinda
liderlik artiq yalniz texnoloji yenilikle miayyan olunmur. 9vvalki marhalalarda elektrik avtomobil
bazarinda texnoloji imic daha vacib idisa, hazirki marhalada giymat, istehsal miqyasi, batareya
tachizatl, model mixtalifliyi va regional uygunlasma daha mthim rol oynayir. Cin sirkatlari bu
baximdan daha cevik movge nimayis etdirirlar. ABS sirkatlari texnoloji glicinl gorusa da, satis
tempini artirmag Ucglin giymat ve model siyasatini yeniloamalidir. Avropa sirkatlari isa yUksak
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keyfiyyat va premium imic UstUnlUklarini saxlayaragq daha genis istehlakcl gruplarina cixis
imkanlarini artirmalidirlar.

Notica etibarila, mixtalif olka sirkstlarinin satis gostericilarinin  migayisasi elektrik
avtomobil bazarinda ragabatin coxistigamatli xarakter dasidigini sibut edir. BYD va digar Cin
sirkatlari satis hacmi ve giymat UstlnllyU ile bazarda 6na cixir. Tesla texnoloji imicini goruyur, lakin
rogabatin sartlosmasi fonunda avvalki UstlnlUylnd saxlamaqg Ggln daha cevik strategiya
formalasdirmalidir. Volkswagen va BMW kimi Avropa sirkatlari satislarini artirmaga calissa da,
onlarin asas Ustinllyd halalik kitlavi satisdan daha cox keyfiyyat ve brend etibarina asaslanir.
2026-ci il Uzra prognozlar isa gostarir ki, elektrik avtomobil bazarinda artim davam edacak, lakin
bu artimdan daha cox faydalanan sirkatlar istehsal xarclarini azalda bilan, batareya
texnologiyalarini inkisaf etdiran, enerji doldurma infrastrukturu il uygunlasan ve muxtalif alici
gruplarina minasib giymatli modellar tagdim edan istehsalgilar olacaqdir.

Elektrik avtomobil istehsalcilarinin ragabat strategiyalari va bazar perspektivlari

Elektrik avtomobil istehsalcilarinin ragabst strategiyalari 2024-2025-ci illards daha cox
texnoloji Ustlnlik, giymat siyassti, batareya taminati, model muxtalifliyi va regional bazarlara
uygunlasma istigamatinda formalasmisdir. @vvalki illards elektrik avtomobili bazarinda asas
UstlnlUk daha ¢ox yenilikci mahsul tagdim etmak va bazara erkan daxil olmagla bagli idiss, hazirki
marhalada ragabat daha genis mazmun daslyir. Artig sirkatlar yalniz elektrik avtomobili istehsal
etmakla kifayatlanmirlar; onlar ham da batareya zancirini idara etmays, enerji doldurma
infrastrukturuna uygunlasmaga, giymatlari alcatan saxlamaga ve muxtalif istehlakci gruplari Gglin
fargli modellar taklif etmaya calisirlar.

Bu baximdan Cin, ABS va Avropa istehsalcilarinin strategiyalari fargli xsusiyyatlara malikdir.
Cin sirkatlarinin asas UstlnlOyl istehsal migyasi, asagl maya dayari va genis model portfeli ila
baghdir. BYD kimi istehsalcilar ham tam elektrik, ham da plug-in hibrid avtomobillar Uzra boyik
satis hacmi alda etmakla bazarda kitlavi istehlak¢l segmentini shats edirlar. BYD 2025-ci ilda
imumilikds 4,6 milyondan cox yeni enerji avtomobili satmisdir va bu gostarici onun global
elektromobil bazarinda hacmi asas gotliran strategiyasinin naticasini gdstarir. Sirkatin 2025-ci ilda
tam elektrik avtomobil satislarinin 2,25 milyondan ¢ox olmasi da BYD-nin yalniz hibrid modellara
deyil, BEV segmentina da glicll sakilda daxil oldugunu gostarir.

ABS istehsalcilariicarisinda Tesla daha ¢cox texnoloji farglandirma strategiyasi ila secilir. Tesla
Ucln asas ragabat Ustinlliyl program taminati, batareya idaraetmasi, enerji doldurma sabakasi
va avtomobilin ragamsal mahsul kimi tagdim olunmasidir. Lakin 2025-ci ilds Tesla-nin illik tahvil
gbstaricisi 1 636 129 avtomobil olmusdur ki, bu da sirkatin avvalki illardaki stratli artim tempini
saxlamaqgda c¢atinlikla Gzlasdiyini gostarir. Bununla bels, Tesla-nin 2025-ci ilda enerji saxlama
sistemlari lzra 46,7 GWh yerlasdirma gostaricisi sirkatin takca avtomobil istehsalcisi kimi deyil,
ham da enerji texnologiyalari sirkati kimi mdévgeyini gliclandirdiyini gostarir. [11]

Avropa istehsalcilari isa asasan keyfiyyat, tahlikasizlik, premium brend imici va tanzimlama
standartlarina uygunlasma strategiyasi ilo ragabst aparirlar. Volkswagen Group 2025-ci ilde BEV
tahvilini 983 min avtomobila catdirmis va elektrik avtomobillarinin Umumi tahvil gdstaricisinda
payl 10,9 faiz olmusdur. Bu natica Avropa sirkatlarinin elektrik avtomobil bazarinda gerida galmaq
istamadiyini, lakin Cin istehsalcilari ila giymat va kitlavi istehsal baximindan ragabstin onlar Ugln
daha ¢atin oldugunu gostarir.
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Cadval 4. Aparici elektrik avtomobil istehsalgilarinin ragabat strategiyalarinin miqgayisasi

Sirkat Olka 2025 Uzra asas 9sas ragabat Strategiyanin bazar
gastarici strategiyasi tasiri
BYD Cin 4,6 milyondan | Kitlavi istehsal, alcatan | Genis istehlakgl
cox NEV satisI | giymat, batareya bazarina ¢ixis vo
integrasiyasil yUksak satis hacmi
Tesla ABS 1636 129 | Texnoloji farglandirma, | Glcli brend imici,
avtomobil tahvili | program taminati, enerji | lakin artan giymat
ekosistemi roegabati
Volkswagen | Almaniya 983 min BEV | Avropa bazarinda model | Elektrik segmentinda
Group tahvili | cesidinin movgelarin
genislandirilmasi glclandirilmasi
BMW Group | Almaniya Premium BEV | Keyfiyyat, komfort, Daha segici, ylksak
segmentinda | premium brend galirli alici grupuna
artim | strategiyasi yonalma

Manba: Sirkatlorin 2025-ci il Gzra agiglanan satis ve tahvil gostaricilori asasinda
hazirlanmisdir.

Cadvaldan gorindiyl kimi, istehsalcilarin ragabst yanasmalari eyni istigamatda deyil. BYD
daha cox “cox satmaqg ve muixtalif alici gruplarina catmaq” prinsipi ilo harakat edir. Tesla
“texnologiya va ekosistem” Uzarinde qurulan farglandirma strategiyasini gorumaga calisir.
Volkswagen va BMW kimi Avropa sirkstlari isa bazarda keyfiyyat, tahllkasizlik ve etibarlilig
amillarini 6n plana cixarirlar. Bu farglar géstarir ki, elektrik avtomobil bazarinda vahid ugur modeli
yoxdur. Har sirkat 6z sanaye bazasina, istehsal imkanina ve hadaf mistari grupuna uygun
strategiya qurur.

Bazar perspektivlari baximindan 2026-ci il elektrik avtomobil sanayesi G¢lin mihim marhala
kimi giymatlandirila bilar. Beynalxalg Enerji Agentliyinin prognozuna gora, 2026-ci ilde global
elektrik avtomobil satislarinin 23 milyona catacagi ve Umumi avtomobil satislarinin 28 faizini taskil
edacayi gozlanilir. Avropada elektrik avtomobillarinin taxminan har (¢ yeni avtomobildan birini
taskil edacayi, Cinda isa bu gostaricinin 60 faiza yaxinlasacagi prognozlasdirilir. [10]

Natica etibarils, elektrik avtomobil istehsalgilarinin galacak uguru yalniz satis hacmi ila devil,
strategiyanin cevikliyi ile mUayyan olunacagdir. BYD kimi sirkatlar Gg¢ln asas Ustlnlik istehsal
miqyasi va giymat alcatanhgidir. Tesla Gc¢iin asas masala texnoloji fargliliyini real satis Gstinliyline
cevirmakdir.

Natico

Aparilan tahlil gostarir ki, elektrik avtomobil bazari mlasir avtomobil sanayesinin an siratle
dayisan va strateji shamiyyat daslyan istigamatlarindan birina cevrilmisdir. Bu bazarin inkisafi
valniz ekoloji talablarle mahdudlasmir, eyni zamanda texnoloji innovasiyalar, enerji tahlikasizliyi,
dovlat siyasati, istehsal xarclari, batareya tachizati va istehlakci davranislariila six baglidir. Elektrik
avtomobillarine  maragin artmasi global nagliyyat sisteminda vyeni ragabat mihitinin
formalasmasina sabab olmus, muxtalif 6lka sirkstlarinin satis strategiyalarini va bazar movgelarini
yenidan miayyanlasdirmisdir.

Tadgigat naticasinda miayyan olunur ki, Cin sirkatlari elektrik avtomobil bazarinda satis
hacmi, istehsal migyasi va giymat alcatanligl baximindan daha Ustlin mévgeya malikdirlar. Genis
daxili bazar, doévlet dastayi, batareya istehsali Gzre gilcli senaye bazasi va mixtalif giymat
segmentlarina uygun modellarin tagdim edilmasi Cin istehsalcilarinin ragabat imkanlarini artirir.
ARBS sirkatlari, xtsusila Tesla, texnoloji yenilik, program taminati, enerji doldurma ekosistemi va
brend dayaeri ila farglanir. Lakin son illarin goéstaricilari gostarir ki, yalniz texnoloji imic bazar
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liderliyini gorumagq Ucin kifayat etmir; giymat siyasati, model muxtalifliyi ve istehlakgr talabina
uygunlasma da muhiUm rol oynayir. Avropa istehsalcilari isa keyfiyyat, tahlikasizlik, premium
brend mdévgeyi va ekoloji standartlara uygun istehsal yanasmasi ile ragabstda istirak edirlar.
2024-2025-ci illarin satis gostaricilarinin migayisasi elektrik avtomobil bazarinda ragabatin
daha da sartlasdiyini gdstarir. BYD kimi Cin sirkatlari ylksak satis hacmi va genis model secimi ila
ona cixir, Tesla texnoloji UstlinlUylUnd gorumaga calisir, Volkswagen, BMW va digar Avropa
istehsalcilari isa elektrik modellarin payini artirmagla bazardaki moévgelarini méhkamlandirmaya
cahsirlar. 2026-ci il Uzra prognozlar isa elektrik avtomobil satislarinin artmaqgda davam edacayini
va bu sahanin galacak avtomobil sanayesinda daha bdyik paya sahib olacagini gostarir.
Umumilikda bels naticays galmak olar ki, elektrik avtomobil bazarinda ugur yalniz daha cox
avtomobil satmagla deyil, cevik va davamli strategiya formalasdirmagla mimkin olacaqdir.
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Analysis of sales dynamics and competitive positions of manufacturing companies in the global
electric vehicle market

Summary. The article analyzes the sales indicators of companies producing electric vehicles
from various countries and their positions in the global market. The increase in demand for electric
vehicles is closely related to energy security, reducing environmental problems, limiting carbon
emissions and the development of innovative transport technologies. In this regard, the market
activity, sales dynamics and competitive advantages of US, Chinese and European companies are
of particular importance. The article examines the characteristics of the formation of the electric
vehicle market, the sales performance of major manufacturers, market share and the impact of
company strategies on results. The analysis shows that Chinese companies are distinguished by
their large production volumes and domestic market advantages, US companies compete on the
basis of technological innovations and brand value, while European manufacturers form a strategy
based on quality, safety and environmental standards. At the same time, battery technologies,
state support, charging infrastructure and consumer behavior are considered the main factors
affecting the development of sales. The conclusion of the article shows that future competition in
the electric vehicle market will be determined not only by sales volume, but also by technological
innovation, pricing policy, supply chain and sustainable development strategies.

Keywords: electric vehicle, sales analysis, global market, manufacturing companies,
competitive strategy.



I Proceedings of the 13th International Scientific Conference

Assimmetrik Kriptografiya: Nazari 9saslar,
Algoritmlar va Muasir Totbiqg Perspektivlari

Hiseynova Yasaman isfandiyar

Magistr daracasi, ASOIU, ITIF, “Kompiter mihandisliyi” kafedrasi
Qasimov Xayal Xaliqg

Magistr daracasi, ASOIU, ITIF, “Komputer mihandisliyi” kafedrasi

XULASD

Bu tadgiqat isi assimmetrik kriptografiyanin nazari asaslarini, asas algoritmlarini va onlarin
mduasir informasiya tahlUkasizliyi sistemlarindaki rolunu arasdirir. Magalads acig acar
infrastrukturunun (PKI) faaliyyat prinsiplari, RSA, ECC va ElGamal algoritmlarinin riyazi asaslari
atrafli sakilds izah edilir. Tadgigatin asas magsadi movcud assimmetrik kriptografik algoritmlarin
performans gostaricilarini migayisali sakilde analiz etmak va onlarin real tatbig ssenarilarina
uygunlugunu dayarlandirmakdir. is zamani analitik migayisa, ve eksperimental &lcma
metodologiyalarindan istifade edilmisdir. ©lda ediloan naticalar gdstarir ki, elliptik ayri
kriptografiyasi (ECC) eyni tahlikasizlik saviyyasini RSA-ya nisbatan daha kicik acar uzunlugu ils
tamin edir, bu da onu resurs mahdud cihazlarda Ustlin se¢im edir. Tadgigatin elmi yeniliyi kvant
hesablamasi dovrinin talablari kontekstinds post-kvant kriptografik algoritmlarin mugayisali
dayarlandirilmasini 6zlinda camlasdirir.
ACAR SOZLSR

Assimmetrik kriptografiya, RSA alqoritmi, elliptik ayri kriptografiyasi, acig acar
infrastrukturu, regemsal imza, post-kvant kriptografiya.

1. GIRIS

Ragamsal texnologiyalarin siratli inkisafi ila birlikds informasiya tahlikasizliyi miasir dévrin
an prioritet problemlarindan birina gcevrilmisdir. Har glin milyardlarla insanin istifada etdiyi bank
sistemlari, elektron ticarat platformalari, dovlet xidmatleri ve rabite kanallari kriptografik
metodlara asaslanir. Bu manada assimmetrik kriptografiya mdiasir regamsal infrastrukturun bel
sttununu taskil edir [1].

Tarixan simmetrik kriptografiya sistemlari dominantliq etsa da, 1976-ci ilde Whitfield Diffie
va Martin Hellman tarafindan acig acar konsepsiyasinin irali stiriimasi sahada ingilabi bir dénUs
nogtaesi oldu [2]. Bu konsepsiya eyni kanalda acigca oOtirdls bilan ictimai acar vasitssila
sifraloamaya, yalniz sahibina malum olan gizli acar ila isa desifraloamaya imkan verdi. Naticada acar
paylanmasi problemi simmetrik kriptografiyanin an boyuk zaif ndgtasi hall edildi.

Muasir dovrda SSL/TLS protokollari, regamsal imza sxemlari, autentifikasiya mexanizmlari va
acar mdibadilasi protokollari assimmetrik kriptografiyaya osaslanir. 9lave olaraqg, kvant
kompduterlarinin  glindema galmasi ananavi kriptografik sistemlarin  yeniden nazardan
kecirilmasini zaruri edir. Bu baximdan tadgigat mévzusunun ham elmi, ham da praktik aktuallig
stibhasizdir [3].

Magalanin asas magsadi muasir assimmetrik kriptografik algoritmlarin riyazi asaslarini
sistemli sakilda arasdirmag, onlarin performans gostaricilarini migayisali analiz etmak va
galacakda kvant sistemlarina garsi davamli sistemlar Ggln tovsiyalar hazirlamagdir. Tadgigat
naticalari kibertahlikasizlik mitexassislari, program taminati mihandislari va mivafig saha
tadgigatcilari Ggln praktik shamiyyat dasiyir.
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2. MBSSLaNIN QOYULUSU

Assimmetrik kriptografiya sahasindaki tadgigatlarda bir sira sistemli bosluglar moévcuddur.
Birincisi, movcud adabiyyatlarda alqoritmlarin miqayisali performans analizi cox zaman muxtalif
test muahitlerinda aparilmis oldugundan, naticalarin vahid platforma UGzarinden migayisasi
mimkiin olmur [4]. ikincisi, loT va mobil cihazlar Gciin optimal algoritm secimi masalasi hala da
tam hall olunmamis galir. Uclinciisti, post-kvant kriptografiyaya kecid strategiyalari real sistemlar
kontekstinda kifayat gadar arasdirilmamisdir.

Problemin elmi ifadssi asagidaki kimi muayyanlasdirila bilar: verilmis tahlikasizlik
parametrlari (t) ve hesablama resurslari (R) seraitinds, movcud assimmetrik kriptografik
algoritmlar arasinda hansi algoritmin (A*) optimal performans-tahlikssizlik balansini tamin
etdiyini miayyan etmak. Formal olaragq:

A* = argmax_{A € S} [Perf(A, R) x Sec(A, t)] ....... (1)

Burada S movcud algoritmlar coxlugu, Perf(A, R) algoritmin R resursu saraitindaki
performansi, Sec(A, t) t parametrli mUasir hicumlara gars! tahlikasizlik saviyyasidir.

Tadgigatin asas hipotezi ondan ibaratdir ki, mlasir texniki talablar ¢argivasinda ECC-asasli
sxemler resurs-effektivlik baximindan RSA-asasl analoqularini Gstalayir, lakin bu Ustinltk butln
tatbiqg ssenarilari Gglin universal deyil. Problemin halli praktik 6lcma naticalariila riyazi modellarin
birlasdirilmis analizina asaslanir.

3. MOSOLONIN HOLLI
3.1. Metodologiya va Tadgigat Usullari

Tadgigatda ¢ asas metodoloji yanasmadan istifada edilmisdir. Birincisi, analitik Gsul aciq
manbali kriptografik kitabxanalarin (OpenSSL 3.0, Bouncy Castle, libsodium) sanadlarinin va
akademik nasrlarin sistemli icmali. ikincisi, eksperimental tisul Python 3.11 va C++ programlari
vasitasila algoritmlarin eyni aparat platformasinda (Intel Core i7-11800H, 16 GB RAM, Ubuntu
22.04 LTS) performans dlcmalari. Uclinciist, migayisali analiz 6lcma naticalarinin statistik emall
va vizuallasdirilmasi [5].

Har algoritm Gglin 1000 iterasiya apariimis, naticalar orta arifmetik va standart kanarlasma
gostaricilari ila ifads edilmisdir. Acar generasiyasi, sifralama, desifralama va imza amaliyyatlari
ayri-ayrihqgda 6lgiimusddar.

3.2. RSA Algoritminin Riyazi ©saslari

RSA algoritmi 1977-ci ilde Ron Rivest, Adi Shamir va Leonard Adleman tarafindan islenib
hazirlanmis va bdyik adadlarin faktorizasiya probleminin hesabi murakkabliyina asaslanir [6].
Algoritmin acar generasiya prosesi asagidaki addimlari shates edir:

Acar generasiyasl zamani iki boylk sads adad p va q secilir, n = p x g hesablanir. Eyler
funksiyasi ¢(n) = (p-1)(g-1) tapilir. 1 < e < ¢(n) sartini ddayan aciq gostarici e secilir (adatan e =
65537). Gizli gostarici d, e x d = 1 (mod ¢(n)) sartindan hesablanir. Sifralema va desifraloma
dusturlari:

C=Me® (modn) Sifraloama
M=C% (modn) Desifraloma

Burada M acig matn, C sifrematni, (e, n) aciq acgar, (d, n) gizli acardir. RSA-nin tahlikasizliyi
n-in iki boylk sada adadin hasilina ayristiriimasinin hesabi cahatdan mimkinsizllUyina soykanir.
2048-bitlik RSA Ucln bu masalanin halli sub-eksponensial, lakin praktik olarag hayata kecirilmaz
mirakkabliys malikdir [7].

Praktiki nimuna:

Addim 1: iki sada adad p va q secirik va n-i hesablayiriq

p=61

g=>53

n=pxqg=61x53=3233 (Buadad bizim sifraloma bazamizdir)
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Addim 2: Eyler funksiyasini ¢(n) tapirig
d(n)=(p-1)x(q-1)
d(n) = (61-1) x (53 -1) =60 x 52 = 3120
Addim 3: Agiq gostarici (e) secirik
1 < e <3120 soartini 6demali ve 3120 ila ortag bdlani olmamalidir.
e =17 secgak.
Belalikls, bizim Aciq Acarimiz (Public Key): (e, n) = (17, 3233) olur. Bunu hamiya elan eda bilarik.
Addim 4: Gizli gostarici (d) hesablanir
Sort:exd = 1 (mod ¢(n)), yani 17 x d adadini 3120 -ya bolanda qgalig 1 galmaldir.
Riyazi hesablamails tapilir ki, d = 2753 (17 x 2753 = 46801, va 46801 / 3120 = 15, galiq 1).
Belalikla, bizim Gizli Acarimiz (Private Key): (d, n) = (2753, 3233) olur. Bunu hec¢ kimla
paylasmamaliyiqg.
Sifraloama va Desifraloma Prosesi
Tasavvir edak ki, kimisa gizlica salamlayirig va M = 65 (masalan, "A" harfinin ASCII kodu)
mesajini sifralomak istayirik.
Sifralama :
Diastur: C= M®mod n
C=65'" (mod 3233)
BoyUk guvvati modula goéra hesabladigda:
C=2790
Sifrali mesajimiz 2790 oldu. Kiber cinayatkar yolda bu mesaji als kegirsa, hec na anlamayacaq.
Desifralama (Yalniz gizli acari olan saxs eda bilar):
Distur: M = C?mod n
M=2790%7>3 (mod 3233)
Bu nahang riyazi amaliyyatin modul galigi hesablandigda:
M=65
Mesajimiz ugurla ilkin vaziyystina geri dondi!

3.3. Elliptik 9yri Kriptografiyasi (ECC)

ECC 1985-ci ilda Neal Koblitz va Victor Miller tarafindan mistaqil olaraq taklif edilmis, sonifer
saha lzarindaki elliptik ayrilarin diskret logarifm probleminin hallinin ¢atinliyina asaslanir. Sonlu
GF(p) sahasi Uzarindaki elliptik ayri asagidaki Weierstrass tanliyi il miayyan edilir:

vZ=x3+ax+b (modp), 4a®+27b%% 0 (mod p)

ECC-nin asas UstUnlUyl RSA ile migayisada daha qgisa acar uzunlugunda eyni va ya daha
yUksak tahllikasizlik saviyyasini tamin etmasidir. Masalan, 256-bitlik ECC acari, 3072-bitlik RSA
acarl ila ekvivalent hesab edilir. Bu farqg xisusila kicik yaddas tutumuna malik loT cihazlari Ug¢ln
kritik shamiyyat daslyir [8].
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Asagidaki sakil sifralemanin Gmumi sxemini gostarir:

Assimmetrik kriptografik sistemda sifraleama

Gondaeran Qabul edan
(Sender) (Receiver)

1. Agar cutu yaradir:

(Kpub, Kpriv)
2. Alicinin Agiq Agari (Kpub)
3. Mesaji (M) Kpub ila
sifralayir:
C = E(Kpub, M)
4. §ifrali Matn (C)
5. Mesaji 6z Gizli Agari ils
H desifra edir:
Sakil 1. M = D(Kpriv, C)
Assimmetrik
kriptografik

sistemda sifraloama
Praktiki nimuna:
Addim 1: Baslangic Parametrlar (Secim)
Sads adad: p=11
Qyri: y2=x3+x+6 (mod 11)
Baza Nogtasi (G): G =(2, 7)
Addim 2:
Acar Yaradilmasi (Qabul edan)
. Qabul edan gizli acar segir:d =7
. Acig acari hesablamaq lglin G nogtasini 7 dafa 6z-6zlina toplamalidir (7G).
Bu dusturlarla ardicil hesablayag:
2G hesablama: G(2,7) néqgtasini 6zina vuraq.
M = (3(22) + 1)/2(7) = 13/14 (mod 11)
Modul diinyasinda bdlma kasrla edilmir, maxracin mod p-ya gors tarsi tapilir.
13 (mod 11) =2 va 14 (mod 11) = 3.
3-Un 11-2 gora tarsi 4-dur (¢cinki 3x4=12=1 (mod 11).
Demali, m=2x4=8
X3=8%-2-2=64-4=60=5 (mod 11)
y3=8(2-5)-7=8(-3)-7=-24-7=-31=2 (mod 11)
2G =(5,2)
Bu riyazi zanciri davam etdirib 7G-ya gadar toplasaq:
3G=2G+G=(8,3)
4G =2G +2G = (10, 2)
7G=4G+3G=(7,2)
Qabul edanin Acig Agari (Keub): A = (7, 2) olur.
Sifraloma Hissasi ("Salam" sifralanir)
Gondaran saxs "Salam" mesajini (M = (10,9)) alicinin acig acari (A = (7,2)) ile sifralemak lglin
tasadufi bir kecici adad secir, masalan: k = 3.
Sifrali matn iki fargli koordinat négtasindan ibarat bir citlik olacaq: C = (C4, C2)
. C1 ndgtasinin hesabla:
Ci=k x G=3 % (2,7)
Elliptik ayri nogta toplama disturlariila G ndgtasini 3 dafa 6z-6ziina topladigda cavab (8, 3)
nogtasi alinir.
C1=(8,3)
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C, nogtasinin hesabla ("Salam" mesaji bura garisdirilir):
C2=|\/|+(k X A)
Co="Salam"+(3 x A)
C>=(10,9)+(3 x (7,2))
Onca 3 x (7,2) amaliyyatini edirik, bu biza (10,2) ndgtasini verir. indi isa "Salam" ndqtasi ila
toplayiriq:
C>=(10,9)+(10,2)
x koordinatlari eyni (10) va y koordinatlari bir-birinin aksi (9+2=11 = 0 (mod 11) oldugu lcin bu
iki n6gtanin cami riyazi olarag Sonsuzlug Nogtasini (eo) verir.
o (= <><>)
GoOndaran saxs internet lUzarindan garsi tarafa sifrali matn olaraq C ={(8, 3), e} malumatini
gdndarir. Yolda sifrani tutan bir haker bu ndgtalara baxib orada "Salam" sézinln oldugunu asla
basa dUsa bilmaz.
3. Desifralama Hissasi ("Salam" geri qaytarilir)
Qabul edan saxs internetdan galan sifrali malumati (C1=(8,3) va Cy= o=) gotlrlr. Bu sifrani aca
bilacak yegana acar onun 6z gizli acaridir: d = 7.
Disturumuz: M =Cy - (d x C1)
1. Onca cixilan hissani hesablayaq (d x Cy):
7x C1=7x (8,3)
(8,3) noqtasini ayri Uzarinda 7 dafa 6z-6zlina topladigda cavab (10, 2) ndqtasi olur.
2. Indisifrani acaq va "Salam"i ¢cixaraq:
M = C2-(10,2)
M = oo - (10,2)
Elliptik ayrilarda bir négtani ¢cixmag, onun y koordinatini manfiya vurub toplamaqg demakdir. -2
(mod 11) =9 oldugu Uglin -(10,2) noqgtasi aslinda (10,9) nogtasidir.
M = oo + (10,9)\)Sonsuzlug nogtasi (o) riyaziyyatdaki sifir (0) kimi tasirsiz element oldugundan,
toplamanin cavabi birbasa ndgtanin 6zU olur:
e M=(10,9)

3.4. Algoritmlarin Miqayisali Xarakteristikasi
Asagidaki cadvalda tadgigatda nazardan kecirilan asas assimmetrik kriptografik alqgoritmlar
onlarin acar uzunluglari va tatbiq sahalari Uzra migayisali sakilda taqdim edilmisdir.

Algoritm Acar uzunlugu (bit) Osas tatbig sahasi
RSA 2048-4096 Regamsal imza, agar
mubadilasi
ECC 256-521 Mobil cihazlar, loT
DSA 2048-3072 Ragamsal imza standarti
ElGamal 1024-4096 Sifralama, acar mibadilasi
Diffie-Hellman 2048-8192 Acar mibadilasi protokolu

Cadval 1. 9sas assimmetrik kriptografik algoritmlarin miqayisali xarakteristikasi.
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3.5. Performans Analizi Naticalari

Eksperimental dlcmalar yuxarida geyd edilan aparat platformasinda aparilmis, har 6lcma
1000 dafs takrarlanmis va orta giymatlar hesablanmisdir. Asagidaki cadval 6lcma naticalarini
Umumilasdirir.

Parametr RSA-2048 ECC-256 ECC-384
Acar generasiyasl (ms) 312 4.2 9.8
Sifralama (ms) 7.1 0.9 1.7
Desifralama (ms) 118.4 1.1 2.3

Acar 06lcUsi (bayt) 256 32 48
f;i\éi)valent simmetrik acar 112 178 192

Cadval 2. RSA va ECC alqoritmlarinin performans gostaricilarinin migayisasi.

Cadval 2-dan goriindlyl kimi, ECC-256 acar generasiyasi RSA-2048-dan texminan 74 dafs,
sifraloama prosesiisa 7,9 dafa daha slratlidir. Desifralama zamani bu nisbat daha da shamiyyatlidir
107 dafaya catir. Bu naticalar 10T ekosistemi Gg¢ln ECC-nin UstlnliylnU aydin sakilde nimayis
etdirir [9].

olda edilan naticalara asasan optimal algoritm secimi Ggln asagidaki ¢akili giymatlandirma
modeli taklif edilir:

Score(A) = a-Perf(A) + B-KeySize(A) + y-Sec(A) + 6-Compat(A) ....... (5)

burada a = 0.30, B = 0.25, y = 0.35, 6 = 0.10 muvafiqg ¢aki amsallari, Compat(A) sistemls
uygunlug gostaricisidir. Alinan naticalara gbéra ECC-256 Umumi reytingds 0.847 bal ils liderlik edir;
RSA-2048 0.612, RSA-4096 0.521 bal alir.

3.6. Post-Kvant Kriptoqgrafiya Perspektivi

Kvant komputerlarinin inkisafi mévcud assimmetrik kriptografik sistemlars ciddi tahdid
yaradir. Shor algoritmi vasitasile kvant kompiteri RSA-nin asaslandigl faktorizasiya problemini
polinomial vaxtda hall eda bilir [10]. NIST (Milli Standartlar va Texnologiya institutu) bu problema
cavab olaraq 2022-ci ilda ilk post-kvant standartlarini CRYSTALS-Kyber (acar inkapsulyasiyasi),
CRYSTALS-Dilithium, FALCON va SPHINCS+ (regamsal imzalar) standartlasdirma Ggiin se¢misdir.

Hibrid yanasma ananavi ECC ila post-kvant algoritminin birlikds istifadasi kecid dovri Ggln
tovsiya olunur. Bu yanasma ham klassik, ham da kvant hlicumlarina garsi ikili goruma tamin edir.
Eksperimental olgmaler CRYSTALS-Kyber-768-in acar generasiyasinin ECC-256 ile migayisada
valniz 2.3 dafs yavas oldugunu, lakin kvant-davamli tahlikasizliyi ile bu fargi asaslandirdigini
gostarir.

4. NOTICO

Bu tadgiqat isi assimmetrik kriptografiyanin asas alqoritmlarini RSA, ECC, DSA, ElGamal va
Diffie-Hellman migayisali sakilda analiz etmis, performans 6lgcmalari aparmis va optimal algoritm
secimi Ucln c¢akili giymatlondirma modeli taklif etmisdir. 9sas naticalar asagidaki kimi
Umumilasdirila bilar:

Birincisi, ECC-256 algoritmi eyni tahlikasizlik saviyyasini RSA-2048-a nisbatan 74 dafs daha
stratli acar generasiyasi, 7,9 dafs daha siratli sifraloma va 107 dafs daha slratli desifraloama ile
tamin edir. Bu natica resurs mahdud cihazlarda ECC-nin UstlUnlUylnd sibut edir.

ikincisi, taklif edilan ¢akili giymatlandirma modeli (Distur 5) mixtslif tatbig ssenarilari ticiin
optimal algoritm secimini rasional asaslarla aparmaga imkan verir. Bu modelin elmi yeniliyi fargli
optimizasiya prioritetlarini (performans, acar 6lclsu, tahlikssizlik, uygunlug) vahid carcivada

birlasdirmasindadir.
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Uctincist, hibrid post-kvant yanasmasinin tatbigi klassik va kvant hiicumlarina garsi ikili
goruma mexanizmi kimi tovsiya olunur. CRYSTALS-Kyber-768 ila ECC-256-nin birlikds istifadasi
kecid dovri Ugln optimal strategiya hesab edilir.

Goalacak tadgigatlar Uc¢ln asagidaki istigamatlar miayyanlasdirilmisdir: birincisi, post-kvant
algoritmlarinin mikrokontroller platformalarda performans analizi; ikincisi, hibrid kriptografik
protokollarin formal verifikasiyasi; Gclinclsl, homomorfix sifraleamanin praktik tetbig ssenarilari
Gcln dayarlandirilmasi. Bu istigamatlar muasir kibertahllkssizlik infrastrukturunun galacayini
muayyan edacak muhim tadgigat sahalarini taskil edir.
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NOMNONMHEHHAA PEA/IBHOCTH B
PEKTAME: OB30P JIMTEPATYPbI NO
TPAHCOOPMALMW OMNbITHOIO
MAPKETWHTA 1 BOB/IEYEHHOCTU
NOTPEBUTENEMN

CembaeBa AanHa TUMypoBHa
MarncTpaHT, Astana IT University, r. ActaHa

[ononHeHHas peanbHoCcTb (Augmented Reality, AR) — 3To TexHosnorua, KoTopas
HaKNa[blBAET KOMMbIOTEPHO-TEHEPUPYEMYIO MHOOPMALMIO Ha peasibHyo cpeay no/ab30BaTens B
PEXMME peasibHOro BpeMeHn Yepes 3kpaH cmapTdoHa, naaHweTa Uan cneumnanbHble odkm [1]. B
OT/IMYMe OT BUPTyanbHOM peansHocTn (VR), KoTopas co3aaéT nofHOCTbIO UndpoBsyto cpeay, AR
[OMONHAET PeanbHOCTb WMHTEPAKTUBHLIMM 3emeHTamn [2]. [lna mapKeTuHra 3TO O3Hadaer
BO3MOHOCTb BCTPOUTb OPEHA0BbIN KOHTEHT B MOBCEHEBHYO *KM3Hb NOTPebuTens.

B coBpemMeHHbIX YCA0BMAX MepPeHachbllEeHHOCTU pPEeKNAMHOM cpedbl TPaaMLMOHHbIE
MOAENN KOMMYHMKALMI MNOKa3bIBAOT CHUMMKeHME 3bPeKTMBHOCTM. [loTpebutenm cTaHOBATCA
MeHee BOCMPUMMUYMBBIMK K CTAHAAPTHLIM PEKNAMHbIM COODLLIEHMAM, YTO NPMBOAMUT K GEeHOMEHY
"OaHHepHOM cnenoTbl" [2]. B 3TMX ycioBMAX HeobxoAum nepexod K dopmaTam, KOTopble
obecneynBatoT BOBEYEHHOCTb M CO3/1At0T LLEHHOCTb ANA NoTpebutens.

KonnyecTtBo nonb3oBaTtenent MobuabHol AR B mupe gocturno 1,7 munnvapaa k 2024 roay
[3]. MapannenbHo HabnOAAETCA 3SKCMOHEHLMaNbHbIA POCT HayyHbiX NybanKaumin no AR B
MapKeTuHre. Mpu aTom 6onbllas YacTb MCCAEAO0BaHWM cocpeaoTodeHa Ha pbiHKax CeBepHoi
Amepukn, EBponbl n BoctouHon A3mn. NccnepgosaHuii no LeHTpanbHoM A3mm mn KasaxcTaHy
NPaKTUYECKM HeT.

Ka3axCTaHCKUI PbIHOK AEMOHCTPUPYET BbICOKMI noTeHuman ana AR. CornacHo oT4éTam
Digital 2024-2025: Kazakhstan, B cTpaHe 6o/1ee 26 MUAIMOHOB MODBUAbHbLIX MoAKAtoYeHnI (130%+
OT HaceneHua), NPOHMKHOBEHME MHTepHeTa npesblwaeT 90%, npu aTom 6onee 95% NoaKNOYEHMIA
— cetn 3G/4G/5G [4]. CoumanbHble CETU aKTUBHO UCMNOb3YHOTCA, 0COBEHHO Cpeaun ropoaCKOro
HaceneHuna 18-35 ner.

PbIHOK 2N1EKTPOHHOM KOMMEPLIMIN NMOKa3bIBAET 3HAUYUTEbHbIN pPocT. B 2024 roay obbém
BHYTPEHHEM e-commerce CcOoCTaBuUA OKOMo 3,2-3,4 TpAH TeHre (NpubamnsmutenbHo 6 mapa
[oNnapoB), 4to npesbiwaer 14% oT obulero posHuyHoro obopoTa [5]. TlocyaapcTso
noAepskunsaeT npouecchl uMbpoBM3aLUMM, BKAYaa pas3suTue AR/VR-TexHonormin. OpHako
npumMmeHeHne AR B MapKeTMHre OCTaéTcs anm3oanm4yecknm, 6e3 cucTemHoOro noaxoaa.

dddeKkTMBHOCTL AR B pekiame 06bACHAETCA HECKONBKMMW YCTOABLIMMMUCA TEOPUAMU U3
06/1acTM MapKeTUHra 1 NcnMxonorum notpebutens. Teopus onbITHOro mapketuHra Pine n Gilmore
(1999) yTBEPXKAAET, UTO COBPEMEHHbIE NOTPEOUTENIM NPUOOPETAIOT BNEYaTNEHNS KaK OTAENbHbI
9KOHOMMYECKMI NpoayKT [6]. Schmitt (1999) Bbiaennn NATb MoAyAEN OMbiTa: YyBCTBA, SMOLMMK,
MbllIAEHWE, AeNcTBMA U CBA3b. AR-TEXHO/MOMMKM CnocobHbl aKTMBMPOBATb BCE 3TU MOAYU
OfIHOBpemeHHOo. 3D-BM3yanm3auma W NPOCTPAHCTBEHHbLIN 3BYK aKTUBMUPYIOT MOAY/lb 4YyBCTB,
YOMBNEHUE AKTUMBMPYET 3SMOLMKM, WHTEPAKTMBHbIE 31EMEHTbI CTUMYUPYIOT MbILEHNE W
AEeNCcTBMA, @ BO3MOXKHOCTb NOAENNTBLCA B COUCETAX aKTUBMPYET MOAY/b CBA3M [2, 6].
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Mogaenb BepoATHOCTHOM pa3paboTku (ELM) Petty 1 Cacioppo (1986) BbigenaeT Asa nyTm
ybexaeHNs: UeHTpabHbIM NyTb (TpebyeT BbICOKOW BOBAEYEHHOCTM U BAYMUYMBON 06PaboTKM) 1
nepudbepmninHbIi NyTb (HNM3Kaa BOBNEYEHHOCTb) [6]. XOpOLLIO CNpoeKTUpoBaHHbIM AR-onbIT TpebyeT
aKTMBHOIO Y4acTMA NONb30BATENA U KOTHUTUBHOM 06pabOoTKM, UTO aKTUBUPYET LLEeHTPaAbHbIA NYTb
ybexaeHns. 370 nNpuBoAUT K dopmMpoBaHUio 6Honee YyCTOMYMBLIX YCTAaHOBOK WM Jydlleit
3aNoMMHaeMoCTn bpeHaa No CpaBHEHWMIO C NacCMBHbIMKW dopmaTamu 2, 7].

Teopus notoka Csikszentmihalyi (1990) onucbiBaeT COCTOSIHME MOIHOMO MOTPYKEHUA B
[eATeNbHOCTb, MPW KOTOPOM YeI0BEK MCMbITbIBAET YA0BONLCTBME M TEPAET OLULYLLEHNE BPEMEHMN
[6]. OTO cocCTOAHME BO3HWMKAET, KOrAa YpPOBEHb CAOXHOCTW 33434M COOTBETCTBYET YPOBHIO
HaBbIKOB 4YenoBeKa. [1paBWUIbHO CMPOEKTUPOBaHHbLIA  AR-onbiT  MoXeT cnocobcTBoBaTb
BO3HWKHOBEHWIO COCTOAHMSA NMOTOKA, YTO CO3A4aET NO3UTUBHbIE accoumaumm c bpeHaom [7, 8].

Mogens npuHATMA TexHonoruit (TAM) Davis (1989) yTBep:kOaeT, Y4TO OCHOBHbIMM
daKTopamn MNPUHATMA HOBOM TEXHONOMMM  ABAAKTCA BOCMPUMHUMAEMasd MNONE3HOCTb W
BOCMpPUHMMaAEMan NENKOCTb Mcnonb3oBaHua [9]. Koraa notpebutenm cumtatoT AR-npunoxkeHus
NONE3HbIMM WU MPOCTbIMM B WCMOAb30BAaHMM, OHW C OONblie BEpPOATHOCTbIO OyayT WuX
Mcnonb3oBaTb. bonee no3aHWe nccnefoBaHWA NOKA3bIBAKOT, YTO reOHUCTMYECKAA MOTMBALMA,
NepcoHanM3auma U MHHOBALMOHHOCTb TaKXKe 3HAYUTENBbHO BAMAKOT HA FOTOBHOCTb MCMO/1b30BaThb
AR [9].

CHUKeHMe BOCMPUHMMAEMOro puUcka — oaHa M3 Katouesbix GyHKUM AR. [nasHas
npobaema OHNAMH-NOKYNOK — HEBO3MOXHOCTb GU3NYECKM OCMOTPeTb ToBap. AR-TexHONOTMK
pelwarT 3Ty npobnemy 4Yepes BUPTYaNbHYO MNPUMEPKY, UTO CHUXKAET QYHKUMOHANbHBbIN,
GUHAHCOBbLIM M NCUXONOTUYECKNIN PUCK [7, 8]. ITO NOBbLILWAET yBEPEHHOCTb NOTPEOUTENA B MOMEHT
NPUHATUA peLleHna O NOKYNKe.

AR obecneuymBaeT bonee rnybokoe B3auMmodencteme notpebutens ¢ bpeHaom 4yepes
HECKONIbKO KOHKPETHbIX MeXaHWM3MOB. [1pOCTpaHCTBEHHAA BM3yaamM3auMa W BUPTya/ibHaA
npumepka — Hambonee pacnpocTpaHéHHoe npumeHeHne AR. TexHonorna nossondeT
noTpebutenam ysuaetb, Kak mebenb OyaeT BbIMNAAETb B WX AOME, KaK KOCMeTMKa byaer
CMOTPETbCA Ha NILLe, UK KaK oaexaa byaeT cnaeTs. AR npeBpalaet abcTpakTHYO MHPOPMaLMIO
O NPOAYKTe B KOHKPETHOoe BM3ya/sbHOEe npeacTaBnaeHune [7]. MccnenoBaHMA MOKasbiBAKOT
yBenmyeHme KoHsepcun Ha 20-32%, pocT npoaax Ao 30% 1 CHMKeHne Bo3BpaToB Ha 15-30% (7,
10].

FemmnduKkaums ectecTBeHHbIM 0bpa3om uHTerpupyetca B AR. bpeHabl cos3gatoT
NIOKAUMOHHbIE UrPbl, NHTEPAKTUBHbIE 31EMEHTbI Ha YNaKoBKe, dMUNbTPbLI 414 COUMANbHbIX CeTel (2,
10]. UrpoBble MexaHWKM MOBbILIAIOT BOBAEYEHHOCTb, YBENMYMBAIOT BPEMA B3aMMOAENCTBUS C
HpeHOOM M reHepMpPYOT NONb30BATENBCKMI KOHTEHT, KOTOPbIM PACMPOCTPaHAETCA OpraHNYeCKM.

PacwmnpeHne Happatmea 4epe3 AR npeBpallaeT CTaTU4YHble mMeaMa B AMHAMMUYHblE
uctopum. [leyaTHad peknama WAM  yNakKoOBKa CTAHOBATCA MOpTasiamu, 4Yepe3 KoTopble
packpbiBaeTca uctopua bpeHaa [1, 2]. 3710 yraybnset mudonornio bpeHaa v AaET YyBCTBO
OTKPbITUA IKCKAO3MBHOIO KOHTEHTA.

MepcoHann3npoBaHHaa M KOHTEKCTHaa MHbopmauma, npegoctaBasemas AR B pexunme
pPeanbHOro BpPEemMeHM, nomoraetr noTpebutenam B npouecce MNOKYNKU. AR-NMpUNoKeHUs
MOKa3blBAlOT XapPaKTEPUCTUKM MNPOAYKTA, BapWaHTbl HACTPOWMKM, OT3bIBbl M MHOOPMAUMIO O
Hannumm [7, 8]. 9Ta cNOCOBHOCTb K MEePCOHaNM3aLMM NOBbLILAET BOCMPUHMMAEMYIO NONE3HOCTb U
nomMmoraeT NPUHUMaTb 0HOCHOBAHHbIE PeLUeHMA.

CoumanbHoe npucyTcTBMe M 6aM30CTb K BpeHAy — yHWKanbHasa ocobeHHOCTb AR.
PasmelleHne BMPTyanbHOro HPeHAO0BOro KOHTEHTA B GM3MYECKOM MPOCTPaAHCTBe noTpebutena
CO34aET olylleHne npucyTcTena HpeHaa B AMYHOM npocTpaHcTee [2, 10]. 3To cokpauwaet
NCUXONOTMYECKYHO AMUCTAHUMIO Mexay noTpebutenem n 6peHaom, cnocobcTeys GOPMUPOBaAHMIO

bonee 6AU3KUX OTHOLLEHUN.
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CoBpeMmeHHble UCCNef0BaHMA NPeaoCTaBNAT 0bWMpHble AaHHble 06 addekTMBHOCTM AR
B peKName, KOTopble NOATBEPKAAOT TEOPETUYECKME NPEANOCHIKM.

3anomnHaemocTb bpeHaa. MiccneaosaHue Rauschnabel et al. (2024) noka3sbiBaeT, 4To AR-
KamMnaHum obecneumsatoT Ha 70% 6onee BbICOKYD 3aMOMMHAEMOCTb MO CPABHEHWUIO C
TPAaANUMOHHOM Undposor peknamont [2]. AR-AMH3bI U GUABLTPLI AeMOHCTpupytoT bonee 70%
nokasaTesia 3anommHaemocTn b6peHaa ¢ noackaskoh. MccneposaHme 2025 roga nokasano, 4to
okono 65% notpebutenen cumtatoT AR-peknamy 6onee npuenekatenbHon, u bonee 62%
co0obLatoT 0 NOBbILWEHHOM BEPOATHOCTM 3aNOMHUTL BpeHa nocse npocmoTpa AR-peKkiamsl.

BoBsie4€HHOCTb NoTpebutenen n Bpems B3aMMOAENCTBMA 3HAYUTEIbHO Bbille Ana AR-
dopmaTtoB. AR-OMbIT reHepupyeT Bpemsa BOBJIEYEHHOCTM B 4 pasa A0/blle MO CPaBHEHWIO C
MOBUIbHOM BUaeopeknamon [2]. AR co34aéT peanncTnyHbIM OnbIT B3aMMOAENCTBUA C NPOAYKTOM,
KOTOPbIM NpubanKaeTca K pusmdyecknm nokynkam [7, 10].

HamepeHne  coBepwuTb  MOKYMKY W  KOHBepcuA.  [lonb3oBaTenu,  KoTopble
B3aMmozaencTBoBanu ¢ AR-peknaMon, AEMOHCTPUPYIOT yBEANYEHNE HAMEPEHMNA KYyNUTb Ha 19% 1
pocturatoT Ha 94% 6onee BbICOKMX MOKaszaTtenen KoHBepcunm B e-commerce [7, 10].
NHTepakTMBHaA 3D-BM3yanm3auma NpoayKTa yBeANYMBAET BEPOATHOCTb MOKYNKM Ha 25% [7].

CoumnanbHoe pacnpoctpaHeHne AR-KOHTEHTa CyLLeCTBEHHO MpeBbllaeT TPpaguLMOHHbIe
dopmaTbl. Monb3osaTenn, B3ammopgencTsytowme ¢ AR-peknamoin, aemoHcTpupytoT Ha 300%
6onblwe coumanbHoro obmeHa [2]. ITOT BMPYCHbLIM NOTEHLMAN OPraHUYecKn yBeNMYMBAET OXBAT
KaMMnaHWK Yepes NoAb30BaTE/IbCKUI KOHTEHT.

Bocnpuatne notpebutenein. AR-peknama BOCMpPUHMMAeETCA Kak bHonee KpeaTmBHas,
WHTEpPecHas W WMHQOPMATMBHAA MO CPABHEHWIO C TPagUUMOHHbIMKM  dopmaTamm [7, 10].
MoTpebutenn cumntatoT AR-peknamy 6onee BOBNEKAIOLLEN M SMOLMOHANIbHO PE30OHAHCHOM.

KOHKpeTHble Kelcbl MoATBEpKAAT CTaTUCTUYeCKMe AaHHble. AR-MHCTpymeHT Sephora
Virtual Artist nokasan, 4to KAneHTbl ¢ AR coBepLUanm NOKynKy B 3 pa3a Yallle, BO3BPaTbl CHU3MANUCH
Ha 30%, a cpefiHee Bpemsi CeCCUM B MPUNONKEHUM yBeandmnaocs ¢ 3 Ao 12 muuyT [8]. IKEA Place
pelaeT OCHOBHYK Npobaemy MOKyNKkM mebenn oHNalH 4vepe3 BM3yanu3auUMo B pPeasbHOM
npocTpaHcTee [2, 7].

HecmoTpa Ha nepcnekTMBHble pe3y/abTaTbl, UCCNEAOBaHMA BbIABNAIOT 3HAYUTE/bHbIE
NpenATCTBMA ANA LWWMPOKOro BHeApeHnA AR B pekname.

TexHMYeckne n pecypcHble TpeboBaHMA. Co3aaHne KavyecTBeHHoro AR-koHTeHTa TpebyeT
cneumannm3npoBaHHbIX HaBblkoB B 3D-mMoAenMpoBaHUKM, aHMMauuuM u paspaboTke [2]. 370
dMHaHCOBO HeaoCcTynHo Ans HebonbliMx OpeHOoB, co3paBas bapbepbl Ana Bxoza [8].
TexHunyeckne npobaembl NPOM3BOANTENBHOCTUN -- MeAIEHHAA 3arpy3Ka, OWMNOKM OTCNEXMBAHMA
— YaCTo YNOMMHAOTCA KaK 3HaYMTe IbHble TOUKM TpeHua [7, 9].

Bapbepbl 414 NONb30BaTENEN NOCNeA0BATE/IbHO ONPEeAEeNATCA KaK raBHOe NPenaATCcTBMe
[7, 9]. HeobxoaMMOCTb 3arpy»KaTb OTAENbHbIE NPUNOXKEHWNA, CKAHMPOBATb MapPKepPbl AN MMETb
MOLLHbIA cMapTHOH co3aAaéT ToukM Bbixoaa. WebAR (AR B bpaysepe) cHUKaeT 3T bapbepbl Mo
CPaBHEHMIO C OTAENbHBIMW MPUNOKEHUAMM.

Mpobnembl KOHOUAEHUMANBHOCTU. AR-NPUNOKEHMA, UCMNONb3YIOLLME PacCNO3HaBaHWe NnL,
nnn Tpebytlolme AaHHble O MECTOMONOXKEHUM, MNOAHMMAIOT 0B6OCHOBAHHbIE BOMPOCHI 3aLUMTHI
NepcoHasbHbIX AaHHbIX [8, 9]. 3TO0 C034aET PWUCKM, CBA3AHHbIE C KOHPUAEHLMANBHOCTbIO,
HEeCMOTpPA Ha CHWKeHWe QYHKLUMOHANbHOTO M GUHAHCOBOrO pMUCKa ANA NPOAYKTOB.

CNnoXKHOCTb  M3MepeHuna 3bPeKTUBHOCTU. ATPUOYLMA KOHKPETHbIX pe3ynbTaToB —
noceweHUn MarasmHa, M3MeHeHWI BOCNpuMATMA OpeHaa — HenocpeacTBeHHO K AR-ombITy
OCTaETCA C/I0XKHOM B PaMKaX MHOTOKaHa/IbHbIX MOKyNaTeNbCKUX NyTewn [2, 7].

OcoHeHHOCTM Ka3axCTaHCKOro pblHKa. [nA KasaxcTaHa CyLecTBYHOT AOMNOAHUTE/bHble
Hapbepbl: OrpaHWYeHHan oKanbHaA akcnepTusa B AR-pa3paboTke, Tpebytowana npuBneveHun
MEXAYHAPOAHbIX NOAPAAYMKOB; OIOAMKETHblE OrpaHMYeHUA KOMMaHWM, 0COBEeHHO Manoro u
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cpefHero 6usHeca; oTcyTcTBME MNyOAMYHO AOCTYMHbLIX NPMMEPOB ycnewHbiX AR-KamnaHuii B
KaszaxctaHe; pa3iinima B UMGPOBOMN FPAMOTHOCTU MEXY MOJIOA0M rOpoACKON ayaAuTopUuen u
CTaPLWMMM NOKONEHUAMMU AN KUTENAMM PETMOHOB [4, 5].

Ha ocHoBe aHanuM3a nuTepaTypbl M OCODEHHOCTEM Ka3axCTaHCKOro PblHKA MOXKHO
chopmynMpoBaTh CTPATEMMYECKYIO PaMKY A1A 3PPeKTUBHOrO BHeapeHus AR.

Onpenenexne uenen. MiccnenoBaHma Nogd4EPKMBaAOT HEOBXOAMMOCTb HAYMHATDL C YETKMX
busHec-Uenen, a He c TexHonornm [2, 7]. AR-onbIT A0NKEH peLlaTbh KOHKPETHbIE 3a4a4K: 0byyeHme
notpebutenen, cosgaHne wow-3dpdeKkTa, paclimpeHme BO3MOMKHOCTEN 4Yepe3 BUPTYabHYIO
NPUMEPKY UK pa3BaedYeHmne Yepes reimmduKalmio.

Bbibop ayauTtopum mn nnatdopmbl. CooTBeTcTBMe Bblbopa nnatpopmbl (WebAR vs
OTAENbHOE MPUIOXKEHWE) M KPEaTUBHOM KOHUEMUMM XapaKTEPUCTMKAM LENEBON ayAUTOpuM
KpuTudeckn BaxkHo [9]. Ana KasaxctaHa npuoputeTr WebAR-peweHunsm obycnossieH BbICOKOM
MObUAbHOM NpoHNKHOBEHMEM (130%+) 1 aKTMBHbIM McNob3oBaHMeM QR-koaos [4].

OnNTMMM3auMA NONb30BATENBCKOTO OMbITa. AKaZleMmnyecKas nTepaTypa nocneaoBaTe/lbHO
NOAYEPKMBAET BaAKHOCTb OECWOBHOrO MOJb30BATENLCKOrO onbiTa [7, 8]. Heobxogmmo
MMWHUMW3NPOBATb TEXHUYECKYID CNOXKHOCTb, ObecneumBaTb WHTYUTWMBHblE WHTepdENnchbl U
NpeaocTaBNATb YETKME MHCTPYKLMM ANA CHUXKEHWUA BapbepoB BXOAa.

®oKyC Ha LeHHOCTU. AR-OMbIT AOMKEH npeanaraTb YETKYIO LEHHOCTb — YTUAUTAPHYIO
NONb3y, pasBleYeHNEe WAM  3SKCKAO3UBHYIO UHOopmaumto [2, 10]. WHTepakTMBHaa w
MybTUCEHCOPHAA Npupoaa AR NoBbIWaeT BOBNEYEHHOCTb, KOr4a OMbIT NPeAOoCTaBAAET peanbHyto
LLeHHOCTb, @ He ABNAETCA NPOCTO TEXHONOTMYECKON AEMOHCTPaLMEN.

Vicnonb3oBaHme coumanbHoro namepenuns. CoumanbHoe BAnAHME, CyObeKTUBHbIE HOPMbI
W refOHUCTMYECKAA MOTMBALMA 3HAUYMTENbHO BAMAKOT Ha NpuHATME U 3ddekTMBHOCTL AR [9].
Heobxoanmo npoekTnposaTb AR-0OMbIT C BO3MOXKHOCTAMM COLMANBHOTO 0bMeHa.

VMHTerpauma 8 obuwyto kKamnaHuio. AR fonKHa ObITb MHTErpuMpoBaHa B 0bLLyt0 CTpaTermo
KaMnaHuu, a He ObITb M30/IMPOBAHHbIM 3KCNEPUMEHTOM (2, 7]. TpoaBuKeHMe Yepes BCe KaHanbl
C YETKMMM NPM3bIBaMM K AeMCTBUIO 0becneynBaeT MaKCUMaabHbI OXBaT.

KomnnekcHoe un3mepenue. Onpegenenne KPl 3apaHee, obbeauHAA KONMYECTBEHHblE
METPUKM  (BpemA BOBNEYEHHOCTW, MOKA3aTeAM KOHBEPCUMM, CHUMKEHWe BO3BPATOB) C
KayeCcTBEHHbIMW MOKa3aTenAMM (CoumanbHbI CEHTUMEHT, 06 bEM MO/b30BATE/IbCKOTO KOHTEHTA,
M3MEHeHUA BoCnpuaTus bpeHaa) [2, 7].

PekomeHOaUMW ANA  Ka3axCTaHCKMx 6peHaoB. PoKyCc Ha BM3yaslbHbIX CEKTOpax:
HeABUMKMMOCTb, Mebesb U MHTEPbEP, aBTOMODUbHLINA PUTENA, KOCMETMKA M MOJa — CEKTOopa,
roe AR obecneunBaeT MakCMMabHYO LEHHOCTb Yepe3 MPOCTPaAHCTBEHHYIO BU3yanmnsaumio [5].
Ncnonb3oBaHue cywecteyowmx 3D-akTMBOB Ka3axCTaHCKMX AE€BENONEPOB M PUTENNEPOB CHU3UT
CTOMMOCTb BHeapeHuda. Hauano ¢ npemmym-cermeHta (25-40 net C BbICOKMM O0XOA0M M
UMPOBOM TrPaMOTHOCTbIO). [lapTHEPCTBO C YHWMBEPCUMTETAaMM AO1A TMWAOTHLIX MPOEKTOB C
aKagemunyeckom oueHkon addekTnsHocTH [4].

Heckonbko obnacteit TpebytoT ganbHelwero musydyeHua. Rese et al. (2022) sbigenmnu
cnepytolime  uccnenoBaTenbckme npobenbl:  NOHIUTIOAHbIE  MCCAeAoBaHMA  AOITOCPOYHbIX
apdekToB AR Ha N10OANBHOCTL K BpeHAy; KPOCC-KyAbTYypPHbIE CPAaBHUTENbHbIE aHA/IM3bl BOCMPUATMA
M 3bPeKTMBHOCTM AR B pa3HbIX PbliHKAX; AeTa/IbHble aHaM3bl COOTHOLWEHWMA 3aTPaT M BbIroA AN
BHeApeHns AR B pasnnyHbIX OTPaCAsAX; UCC/ief0BaHME ONTUMA/bHbIX NapaMeTpoB aAM3alHa AR-
onbITa ANA MaKCMMM3aLMM BOBAEYEHHOCTM; ITUYECKME pamKM ana cbopa M MCNONb30BaAHMA
[AHHbIX; MHTEerpauma C HOBbIMM TEXHONOTMAMMW, BKAKOYAA WMCKYCCTBEHHbIN MHTennekT, 5G u
meTasceneHHble [2, 3, 10].

[na KasaxctaHa ocOBeHHO aKTyanbHbl: UCCeL0BaHNE KyNbTyPHbIX GaKTOPOB, BAMAKLMX
Ha 3apdeKkTMBHOCTL AR-KamnaHWi; nNpoekTMpoBaHWe AR-OMbITa A4 Ka3aXCKO-PYCCKOA3bIYHOM
ayaAuTOPUKM K CTpaTerMm NOKanu3auumu; perroHanbHas auddepeHuMauma mexay Anmartbl,
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AcTaHOM W pernoHamu; ucnonb3oBaHwe AR ana npeoponeHnsa reorpaduyeckmx 6apbepos;
9KOHOMMWYECKM ONpaBAaHHble MUHUMANbHO XM3HecnocobHble AR-pelleHna ANA Ka3axCTaHCKOro
MaJioro u cpeaHero busHeca.

3akntoyeHme. VIHTerpauma AOMOMHEHHOM peanbHOCTM B peknamy npeacrasnasaet coboi
3HAYUTENbHbIN CABUM B Hanpas/ieHUW DoJsiee MHTEPAKTUBHOM U KAMEHTOLEHTPUYHOM MOaenmn
MapPKETMHIOBbIX KOMMYHUWKaumMi. [JaHHbIM 0630p AnTepaTypbl NOKasbiBaeT, 4To AR npesocxoamT
TPaANUMOHHbIE GOPMaTbl MO KNOYEBBLIM MOKa3aTeNAM: 3aNOMMUHAaeMocCTb bpeHaa Ha 70% Bbiwe,
BpemMs BOBJIEYEHHOCTM B 4 pa3a A0/blUe, HAMEPEHME COBEPLLINTb NMOKYMKY YBeNYMBaeTcA Ha 19-
94%, BO3BpaTbl TOBApPOB CHUMXKatoTCA Ha 15-30% [2, 7, 8, 10].

TeopeTnyeckme MoAeNM W3 MNCUXONOTUM NOTpebuTena M MapKeTMHra obObACHAKT
MexaHn3mbl 3hPeKTMBHOCTM AR Yepes KOHLENUMM OMNbITHOTO MapKEeTUHra, LEeHTPabHOro nyTu
ybexaeHns, Teopumn NnoToka U MOAENen NpUHATMA TexHonorni [6]. AR akTMBMpyeT Bce NATb
mMmoaynen onbita Schmitt, TpebyeT KOrHUTMBHOM BOBAEYEHHOCTU, MOXKET CO3/aBaTb COCTOSHUE
NOTOKa M obecneymBaeT KakK YTUAUTAPHYIO, TaK U reJOHUCTUYECKYHO LEHHOCTD.

BbisiBNeHHble Npobaembl -- TexHUYeckne Bapbepbl, NONb30BaTEIbCKOE TPEeHME, BONPOCHI
KOHOUAEHUMANBHOCTM M C/NIOXKHOCTb  M3MEpPeHMs  —  ABNAKTCA  MNPEMMYLLECTBEHHO
onepauyoHHbIMMK, YTO NpeAnoaaraeT BO3MOXKHOCTb UX peleHma NO Mepe Pa3BUTUA TEXHOIOMMA
[2,7,8,9].

KazaxcTaH A4eMOHCTPUPYET BbICOKMI NOTeHUMan ana pa3sntua AR-mapkeTuHra bnaronaps
pa3BUTON UMPPOBON WHOpacTpykType (bonee 90% uWHTepHeT-Nosb3oBaTenei, bonee 26
MUIZIMOHOB MOOWNBHBIX MOAKAYEHWI), DbICTPOMY POCTY 3N1EKTPOHHOM Kommepuun (3,2-3,4
TpAH TeHre B8 2024 roay) N aKTUBHOMY Pa3BUTUIO KIKOYEBbIX CEKTOPOB [4, 5]. TeKyLimii ypOBEHb
ncnonb3osaHMA AR OCTaéTcA orpaHMYeHHbIM U dparmeHTapHbIM.

[aHHbIn  00630p NpefoCTaBNAeT TEOPeTUYECKYd W MEeTOAMYECKYH OCHOBY [ANA
NPOEKTMPOBAHMA NUNOTHbIX AR-KamnaHuit ¢ y4ETOM NOKaNbHOM cneundunkn, paspaboTkm cnuctem
n3mepeHna 3PPEeKTUBHOCTM, NPOBEAEHWMA  SMMUPUYECKUX  UCCAeOBaHWM, NOArOTOBKM
CNeLManmcToB U pa3BUTUA NAPTHEPCTB MexXay ODU3HECOM 1 YHUBEPCUTETaMMU.

OcHoBHaa UeHHOCTb AR 3akatoyaeTcA B CNOCOOHOCTM co3daBaTb bHonee rnybokue,
WHTEPAKTUBHbIE M 3aMOMMUHAIOLLMECA OTHOWEHWA MexXay noTpebutenem n GpeHaom, KoTopble
BAIMAIOT KaK Ha HeEMeA/1IeHHblE KOHBEPCUM, TaK U Ha A0/ITOCPOYHYIO LeHHOCTb bpeHaa [2, 10]. s
Ka3axCTaHCKMX KOMMaHUI cUCTeMHOe BHeapeHMe AR MOXET CTaTb MCTOYHMKOM KOHKYPEHTHOro
NPenmMyLLEeCTBa Ha BbICTPO LMPPOBU3NPYIOLLEMCA PbIHKE.
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AMOUNT OF METAL ALLOYS IN
AZERBAIJAN'S OIL PRODUCTS

Agamammadova Mehriban Yaqub
Azerbaijan State Oil and Industry University

Abstract. The following resources can be attributed to Azerbaijan's non-traditional mineral raw
materials, first of all: metal-alloys in the composition of the large quantities of various oils
extracted in our republic; metal-alloys of numerous bitumen and bituminous rock deposits; metal-
alloys of products obtained in the process of oil refining (fuel oil, gasoline, etc.). In the future, this
list will most likely be significantly expanded.

In addition to its huge economic benefits, the extraction of metallic and non-metallic
mineral components from oil, petroleum products, and natural bitumen can create the basis for
the ecological cleanliness of Absheron lands, which is as indispensable as air and water for the
health of the multi-million population of Baku.

Keywords: Mineral, raw material, oil, metal-alloys, oil products, composition, gold content

Although Azerbaijan is called the oldest oil country and oil academy, the metal impurities
of Azerbaijani oil products have not been sufficiently studied. Thus, this issue was only studied in
detail and interpreted by employees of the Central Scientific Research Geological Exploration
Institute (CRESI) in the late 1970s and early 1980s by R.Kh. Mirzoyev, H.P. Aslanov and V.M.
Kharitonov [2,3,10,12].

As you know, in the process of refining oil, many products are obtained from it - crude oil,
gasoline, ligroin, kerosene, diesel fuel, fuel oil, tar, coke, etc. These products also contain many
metal impurities in their composition - Na, K, Ca, Fe, Cr, Co, Ba, Rb, Au, Cu, Zn, Pb, U, Th, Sn, V, La,
etc. Table 1 gives a comparative description of metal impurities in Azerbaijani, West Siberian
sulfurous and West Siberian + Buzaci (Kazakhstan) mixed oil and oil products [8].

Table 1
The table below shows the gold content in West Siberian sulfurous oils in mg/ton according to R.
Mirzoyev, H. Aslanov and V. Kharitonov.

Location Field Geological age Density, g/cm3 Gold content, mg/t
Western West Surgut Lower Chalk 0,8552 0,29
Siberia Hoteriv 0,8835 0,57
Ustbalik Barrem 0,86656 <1,0
Surgut Arch | Mincimkin et al. | Hotlriv- valanjin 0,8562 <1,0
0,8668 0,24

As can be seen from the table, the presence of gold in the content of metal alloys is more
important and deserves attention. To clarify the regularities of the distribution of gold in
Azerbaijani crude oils and oil products, as well as their individual fractions, 6 types of Balakhani -
heavy, Surakhani, Oil Rocks, Shirvan, Garachukhur and Buzovna oils were selected.

As we know, in the process of refining oil, many products are obtained from it - crude oil,
gasoline, lignite, kerosene, diesel fuel, fuel oil, tar coke, etc. These products also contain many
metal impurities in their composition: sodium (Na), potassium (K), calcium (Ca), iron (Fe),
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chromium (Cr), cobalt (Co), barium (Ba), rubidium (Rb), gold (Au), silver (Ag), copper (Cu), zinc (Zn),
lead (Pb), titanium (Ti), uranium (U), thorium (Th), tin (Sn), vanadium (V), etc [2,3,10,12].

Table 2 provides a comparative description of the amounts of metal impurities in
Azerbaijani, West Siberian sulfuric and West Siberian + Buzaci (Azaxish) blend oil and oil products.

As can be seen from this table, the gold content of fuel oil, tar-bitumen, and coke obtained
from Azerbaijani oils is significantly higher than the gold content of similar products obtained from
Western Siberia and Buzaci (Kazakhstan) oils [3, 4].

Nowadays, huge amounts of oil are extracted every year in the world. A significant
reduction in oil production is not expected in the coming decades. On the contrary, the demand
for oil is increasing.

Table 2

Gold content in oils and oil-formed waters of onshore oil fields of Azerbaijan (according to H.
Aslanov, R. Mirzoyev and V. Kharitonov)

) ) Gold content, mg/t
L
NQR Field Well Ne ayer group Horizon In oil In formation
water
Surakhani 533 Sabuncu I 10,8 5,7
837 - VIII 6,2 7,4
844 Girmekialti +Qala | - 5,6 2,8
Lokbatan .
1185 Balakhani VI-VII 6,3 15,0
2470 Sabuncu Vv 0,8 4.6
Bibiheybat i i
ibiheyba »539 Girmekialti i 27 41
S Qala 1165 Surakhani C 1,6 5,0
2 1049 Qala - 1,8 3,7
2 Sabuncu 2345 Girmekialti - 0,8 7,0
, c
S < Muradkhanli
2 35 18 Cokrak - 1,0 6,2
c O
S S
3 S

Attempts to obtain many precious metals and other useful components that are present
as impurities in oil began in the second half of the last century.

In some developed countries, sulfur, vanadium, nickel, mercury, etc. components began to be
extracted from oil at the end of the last century. In addition to these, molybdenum, copper, cobalt,
renminbi, and other precious metals are now also being extracted from oil.

There is sufficient information in ancient and medieval historical sources about the
existence of oil on the Azerbaijan peninsula and its extraction by primitive methods. Oil was
extracted from hand-dug wells using buckets, buckets, and leather buckets.

Such oil wells were several meters deep. The wells they dug with cranes were much
deeper. Numerous oil wells were drilled in Girmaki, Balakhani, Binagadi, Bibiheybat and other oil
fields. According to historical sources, in the 17th-18th centuries, the number of oil wells on the
Absheron Peninsula was in the thousands. Back in 1803, H.G. Salimkhanov from Baku was the first
in the world to extract oil from two wells drilled at a depth of 0.5 arshins of the sea, 18-19 m from
the coast of Bibiheybat Bay.
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Table 3

Amounts of metal impurities in Azerbaijan, West Siberian sulfur and West Siberian+Buzac
(Kazakhstan) blend oils and oil products, g/t

Field,
province

oil
products

Metal-alloys

Na

Ca

Fe

Cr

Co

Ba

Rb

Zr

Au

8

9

11

12

13

14

15

Neft
Dashlari

Crude oil
Fuel oil-
5000C
Coal

Coke

240
130

1100
30

170
190

0.9

0.7
0.5

Shirvan

Crude oil
Fuel oil
5000C
Coal
Coke

1700
4600

6000
1900

32.9
79.6

3.4
P5

Buzovna

Crude oil
Fuel oil
Coal
Fuel oil
Bitumen
Coke
Tar-
bitumen

2000
2000

9500
3600

8600
8400
55000
6300
5000

51.7
48.3
33.7
34.9
32.0

4.0

.1
8.9

1.0107

<0.7

[}

N OO N W T

8.5
7.3

3.0
0.65

West
Siberian
Buzachi
mix

Crude oil
Fuel oil-
5000 C

Crude oil
Fuel oil-
5000 C

Tar-coke

2000
1800

8700
5600

50
32.5

5.2
8.1

West
Siberian
sulfu

Crude oil

0.3
0.6

theoretically and experimentally possible and economically efficient [1].

Azerbaijan, as an oil country, produces tens of millions of tons of oil every year. Azerbaijani
oils also contain a number of ferrous, non-ferrous, noble and rare metals as impurities, the use of
which, using new techniques and technologies, has been confirmed to be scientifically,
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Table 3 continued

Field, Qil Th N La Sn Ce | Lu Yb Hf Nd Cs Sc
Ne | province | products
16 |17 |18 |19 |21 |22 23 24 25 26 27
1| Neft £000C - 0.36 | 0.99 | - - - - - - - -
Dashlari - 0.74 | - - - - - - - - -
Coal i 150 | - i i i i i i i i
Coke
Crude oil -
A IR - R DA A S DA DA DA B
2| Sivan iggloc 02243 |88 |- 3 | <007 |<007 [029 |<02 |0.13 2:3:
Coke 055 |16 | 213 |- 47 | <0.07 | <022 |058 |<62 |0.23
EL:?EHO" 03515 | 122 |12 |39 [ <007 |<022 |044 |<62 [023 |071
Coal 032075 |10 |14 |42 |<007 |[<022 |040 |<62 |0.08 |0.79
Fuel ofl 022 |15 |- - 2.3 | <0.07 | <022 |031 |<62 |023 |48
3 |Buzovna | oo - | 02915 148 |04 |35 <007 |<022 |037 |<62 |0.23 |066
Coke 022 |17 |75 | 045 |24 | <005 |<0.06 | 024 |<6.2 |0.03 |045
Tar- ol
bitumen
Weet EL:?EHO" 0.34 | 54 ;176 03 |39 | <007 |<022 |037 023 |0.79
Siberian | 5000 C 0.27 Zg 1.03 |27 | <0.07 [<022 |034 | 0.23 | 0.56
4 | +Buzachi | Crude oil ) 37 - ) ) ) ) ) - ) )
mix Fuel oil- i - - i i i i i - i i
5000 C ] 150 |- ] ] ] ] ] - ] ]
Tar-coke -
West
5 Siberian Crude oil - - - - - - - - - - -
sulfur - - - - - - - - - - -
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Xilasa: Bu magals Linux amaliyyat sistemlarinin mahsuldarliginin artirilmasi tGgtn kritik olan
kernel, sabaka va server konfiqurasiyalarinin optimallasdiriimasi tadgigatlarini shats edir. MUasir
IT infrastrukturlarinda Linux-un genis tatbigi, onun yiksak performansli muhitlards effektivliyini
taleb edir. Kernel parametrlarinin dlzgin tenzimlanmasi aparat resurslarindan istifadanin
optimalligini tamin edir. Eyni zamanda, sabaka yigimi (network stack) va TCP/IP parametrlarinin
inca tanzimlanmasi sabaka resurslarinin maksimum bant genisliyinds istifadasine imkan yaradir.
Server optimallasdirilmasi prosesi isa giris/cixis (I/0) amaliyyatlarinin ssmaralasdirilmasi, yaddasin
effektiv idara olunmasi va proses planlayicilarinin (process scheduler) tanzimlanmasini 6zlinda
birlasdirir. Aparilan tahlillar tasdiglayir ki, sistemli va kompleks optimallasdirma yanasmalari
sistemin Umumi mahsuldarlig gostaricilarini 30-50% araliginda yuksalds bilar. Maqgalads,
hamcinin, sistemin monitoringi ve optimallasdiriimasi Ucln istifade olunan muxtalif alatlarin
mugayisali analizi verilmis va sistem administratorlari G¢ln vacib olan praktiki tovsiyslar tagdim
edilmisdir.

Acar sozlar: Linux, kernel optimallasdirmasi, sabaka konfiqurasiyasi, server performansi, sysctl.

1. Giris

Muasir texnoloji landsaftda Linux amsaliyyat sistemlari korporativ server infrastrukturunda
shamiyyatli rol oynayir. Qlobal migyasda faaliyyat gostaran bulud platformalarinin 90%-dan coxu,
hamgcinin Android mobil ekosistemi va diinyanin an glicli superkomplterlarinin aksariyyati 6z is
prinsipini Linux nUvasi Uzarinds qurmusdur [1]. Bu platformanin genis migyasda tatbigi onun
yUksak daracads etibarliligl, acig manba kodlu olmasi va genis konfiqurasiya gevikliyi ila sartlanir.

Bununla bels, Linux-un standart paylamalari (distributions) adstan mumi tayinatl sistem
konfigurasiyalari ile taqdim olunur ki, bu da bitln istifade hallari UGcln optimal deyil. Yiksak
yUklanma altinda galisan veb serverlar, genismiqgyash verilanlar bazasi klasterlari va ya real vaxt
rejiminda malumat emal edan tatbiglar kimi spesifik is yukd profillari Giclin standart parametrlarin
yenidan tanzimlanmasi qacilmazdir [2]. Bu tadgigatin asas magsadi Linux sistemlarinin mihim
komponentlari olan kernel, sabaka steki va server xidmatlarinin performans optimallasdirma
metodologiyalarini darindan tahlil etmak, an effektiv yanasmalari sistemlasdirmak va mihandislik
saviyyasinda praktiki tdvsiyalar irali stirmakdir.

2. Masalanin Qoyulmasi

Linux sistemlarinin samaraliliyinin artirilmasi istigamatinda hala da halli gdzlanilan bir sira
fundamental problemlar mévcuddur. ilk névbads, fargliis yiki profillari (workload patterns) ticiin
kernel parametrlerinin  dinamik ve adaptiv sokilde tenzimlanmasi prosesi tam




I Proceedings of the 13th International Scientific Conference

avtomatlasdirilmamisdir. ikinci mihiim masals sabaka konfiqurasiyasi ils bagldir: gecikma
(latency) middstini minimuma endirmakla, otlirma qabiliyyatini (bandwidth) maksimuma
catdirmaq arasinda optimal tarazligin alda edilmasi mirakkab muhandislik vazifasi olaraqg galir [3].
Bundan alava, muasir server mihitlarinds, xisusile NVMe SSD texnologiyalari va mirakkab RAID
massivlarinin istifadasi saraitinda 1/O (giris/cixis) amaliyyatlarinin optimallasdirilmasi hale da genis
tadgigat taleb edan sahalardandir. Bu tadqgigatin asas magsadi geyd olunan elmi-texniki bosluglari
doldurmag, sistemin Umumi mahsuldarhigina halledici tasir gostaran kritik parametrlari
identifikasiya etmak va onlarin tanzimlanmasi U¢ln vahid metodoloji ¢arciva taklif etmakdir.

3. Masalanin Halli
3.1. Kernel Optimallasdiriimasi

Linux ndvasinin (kernel) performansinin artirilmasi, asasan sysctl interfeysi Gizarindan icra
edilan strateji konfiqurasiya prosesidir. Sistem parametrlari virtual fayl sistemi olan /proc/sys/
katalogqunda saxlanilir va galici tanzimlemalar Ugin /etc/sysctl.conf konfiqurasiya faylindan
istifada edilir. ©sas optimallasdirma istigamatlari asagidakilardir:

Yaddasin samarali idara edilmasi sistemin dayanighgl Ggln kritik shamiyyat dasiyir. Bu
istigamatda vm.swappiness parametri sistemin operativ yaddasdan (RAM) istifade avazina
malumatlarin swap (disk) sahasina kdclrilma intensivliyini tanzimlayir; server mihitlarinde RAM
resurslarinin gorunmasi va disk 1/O yukinin minimuma endirilmasi Uclin bu gostaricinin 10-20
intervalinda saxlanmasi tovsiya edilir. Bununla yanasl, vm.dirty_ratio Vo
vm.dirty_background_ratio parametrlari disklara yazilmamis (dirty) yaddas sahifalarinin hacmini
muayyan edarak, yazma kasinin (cache) idara olunmasini optimallasdirir [4].

Proses planlamasi baximindan muasir Linux nivalari CPU resurslarinin  adalstli
bolUsdirtlmasini tamin edan Completely Fair Scheduler (CFS) algoritmina asaslanir. Lakin, yUksak
cavabdehlik va asagi gecikma muddati talab edan real vaxt tatbiglari (iclin standart konfiqurasiya
kifayat etmaya bilar. Bels hallarda PREEMPT_RT yamaginin (patch) tatbigi, ntvanin kritik kod
bloklarinin  dayandiriimasini  (preemption) optimallasdirarag, planlasdirma gecikmalarini
shamiyyatli deracada azaldir.

Cadval 1. 9sas kernel parametrlari va tovsiya edilan dayarlari.

Parametr Standart dayar Tovsiye edilan dayar (server)
vm.swappiness 60 10

vm.dirty ratio 20 10
kernel.sched_migration_cost_ns 500000 5000000
net.core.somaxconn 128 65535

fs.file-max 100000 2000000

3.2. Sebaka Optimallasdiriimasi

Linux sabaka stekinin optimallasdiriimasi TCP/IP parametrlarinin inca tanzimlanmasini talab
edir. YUksak yliklanma altinda calisan muhitlarde TCP sixlig nazarsti (congestion control)
algoritminin secimi halledici rol oynayir; bu istigamatda Google tarafindan islanib hazirlanmis BBR
(Bottleneck Bandwidth and RTT) algoritmi, ananavi CUBIC algoritmi ile migayisada shamiyyatli
daracadas yUksak dtlirma gabiliyysti va daha asagi gecikma gostaricilari tagdim edir [5].

Coxnulvali prosessor arxitekturalarina malik sistemlarda sabaka ylkinun effektiv paylanmasi
Ucln Receive Side Scaling (RSS) va Transmit Packet Steering (XPS) mexanizmlari tatbig olunur. Bu
texnologiyalar sabaka trafikini prosessor nlvalari arasinda dinamik sakilda bolisdlrarak sistemin
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is yikinU tarazlayir. Bundan alavs, "Interrupt affinity" parametrlarinin dizglin konfiqurasiyasi
kasilmalarin (interrupts) muayyan edilmis CPU nlvalari tarafindan emal edilmasini tamin edarak,
prosessorun kes yaddasindan (L1/L2 cache) daha semarali istifadays imkan verir.

Boyuk hacmli malumatlarin étirtlmasi zamani paket bashgl (header) yikini azaltmaqg ve
mahsuldarligl artirmagq tcln Jumbo Frame-larin (MTU=9000) aktivlasdirilmasi tovsiya olunur. Bu
yanasma, xisusila 10GbE va daha ylksak bant genisliyina malik sebaka infrastrukturlarinda paket
emal Gglin sarf olunan CPU resurslarini azaldaraq, Umumi sabaka otlricilUyldni shamiyyatli
daracads optimallasdirir.

3.3. Server Optimallasdiriimasi

Serverin optimallasdiriimasi 1/O (giris/cixis) alt sistemi, muvafig fayl sisteminin secimi va
totbiqgi xidmatlarin daqiq konfiqurasiyasi kimi (¢ asas istigamati ahata edir. 1/0 planlayicisinin
(scheduler) secimi istifads olunan saxlama avadanhginin néviina birbasa baglidir: SSD-lar Gcln
noop va ya mg-deadline algoritmlari an ylksak performans gostaricilarini tamin edir, ananavi
HDD-larda isa verilanlarin sirasinin optimallasdirilmasi Gciin CFQ (Completely Fair Queuing)
yanasmasi daha magsadauygundur [6].

Fayl sistemlari saviyyasinda, ext4 Umumi tayinath serverlar Ucln etibarl va balansli bir hall
tagdim edir. Bununla yanasi, yiksak yUkli verilanlar bazasi mihitlarinds XFS migyaslanma va
paralel amaliyyatlar baximindan daha Ustin performans nimayis etdirir. ZFS iss malumatlarin
blatovllylnU (data integrity) tamin etmakla yanasi, daxili sixisdirma va "snapshot" imkanlari ila
serverin resurs samaraliliyini artirir.

Nginx veb serverinin konfiqurasiyasinda sistem resurslarinin maksimum daracadas istifadasi
Ucln asagidaki parametrlar kritikdir:

1) worker processes: Bu gostaricinin movcud fiziki CPU nlvalarinin sayina barabar
tutulmasi, kontekst kecidini (context switching) azaldir.

2) worker _connections: Mahdudiyyatlarin artiriimasi serverin eyni vaxtda gabul eds bilacayi
sorgularin (concurrent connections) sayini genislandirir.

3) Optimallasdirici direktiviar: sendfile va tcp_nopush funksiyalarinin aktivlesdirilmasi statik
mazmunun ¢atdirilmasini stratlandirir ve sabaks paketlarinin emalini optimallasdirir.

4. 9lda olunan naticalar

Aparilan tadgiqatlar zamani bir sira mihim naticalar alda edilmisdir. Kernel saviyyasinda
hayata kecirilan yaddas idaraetmasi tanzimlamalari sistemin cavabverma middatini orta hesabla
25% asagl salmisdir; xdsusile swappiness parametrinin azaldilmasi yuksak ytklanma altinda
serverin operativ yaddas va disk arasindaki kecid proseslarini optimallasdiraraq performansin
sabitliyini tamin etmisdir.

Sabaka optimallasdiriimasi istigamatinda BBR algoritminin tatbigi, yiksak gecikma muddati
(latency) olan sabaka kanallari Gzarindan 6tlirma slratini 40%-a gadar artirmisdir. Bununla yanas,
TCP bufer 6lctlarinin sabakanin bant genisliyina uygun olaraq dagig tanzimlanmasi boyik hacmli
verilanlarin 6tlrllmasi prosesini shamiyyatli deracads siratlandirmisdir.

Server mihitindaki I/0O alt sisteminin optimallasdirilmasi ¢argivasinds, NVMe SSD siricilari
Uclin noop planlayicisina kegid disk giris/cixis amaliyyatlarinin gecikma gostaricilarinda 15%-lik bir
yaxsilasma qeyda alinmasina sabab olmusdur. Hamginin, Nginx veb serverinin daxili
parametrlarinin optimallasdiriimasi, sistemin eyni vaxtda emal eda bildiyi aktiv sorgularin sayini 3
dafa artirmisdir [7].

dlda olunan bu praktiki naticalar adabiyyat manbalarindaki avvalki tadgigatlarla ylksak
doracada korrelyasiya taskil edir. XUsusila, BBR algoritminin samaraliliyi Google tarafindan
aparilan fundamental arasdirmalarla uzlasir; bels ki, uzag masafali rabits kanallari Gzarindan bant
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genisliyinin 2700 dafayadak artiriimasi ila bagli geyd olunan gostaricilar bu tadqgigatin naticalarinin
texniki etibarlihigini tasdiglayir [5].
5. Yekun natica

Bu tadgigat Linux sistemlarinin niva (kernel), sabaka (network) va server saviyyalarinda
kompleks sakilde optimallasdiriilmasi masalalarini tahlil etmis va sistem administratorlari Ggln
tatbigi shamiyyat dasiyan metodoloji tovsiyalar miayyan etmisdir. 9lda olunan asas elmi-praktiki
naticalar asagidaki kimi sistemlasdirilmisdir:

Kernel parametrlarinin konkret is yUukl profillarine uygun sakilde inca tanzimlanmasi,
sistemin Gmumi mahsuldarliq gostaricilarini 25-30% araliginda yuksaldir. Sabaka kommunikasiyasi
kontekstinds BBR TCP sixlig nazarati algoritminin inteqrasiyasi, sabakanin 6tirma gabiliyyatini
(throughput) shamiyyatli daracada yaxsilasdirir. Bundan alava, 1/0 planlayicilarinin istifads olunan
aparat taminatinin (SSD/HDD) arxitekturasina uygun secilmasi disk amaliyyatlarinin ssmaraliliyini
artiraraq gecikmalari minimuma endirir.

Goalacak tadgigatlarin asas istigamatlari bu optimallasdirma parametrlarinin dinamik va
avtomatik tatbigini tamin edan suni intellekt asasli (Al-driven) adaptiv sistemlarin islanib
hazirlanmasina yonaldils bilar. Hamcinin, muasir bulud ve mikroservis arxitekturalarinda — xdsusila
Docker va Kubernetes kimi konteyner mduhitlerinde — geyd olunan optimallasdirma
strategiyalarinin tatbigi ve migyaslanmasi galacak elmi arasdirmalar Gg¢ilin perspektivli movzu kimi
nazardan kegirila bilar.
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Annotasiya

Magalada neftin sarfinin ultrasas metodu ils dlcllmasi l¢ln istifads olunan sistemlarin is
prinsipi, texniki qurulusu va neft sanayesinda tatbiqg imkanlari arasdirilir. 9sas diggat tranzit-vaxt
metoduna, ultrasas impulslarinin axin istigamatinda va axina garsi yayllma middatlari arasindaki
fargin olcllmasina yonaldilir. Magalada ham ananavi sarfélcma Gsullari ils ultrasas yanasmasinin
migayisasi, ham da neft quyusu va boru kemari saraitinda 6lgma dagigliyina tasir edan amillar
tahlil olunur. Sistem saviyyasinda ultrasas ceviricilari, 6lcma borusu, signal giclandirma va
filtrasiya bloku, mikroprosessor-hesablayici modul va gostarici-displey hissasi ayrica izah edilir.
Eyni zamanda threshold va cross-correlation metodlarinin farglari cadval asasinda gostarilir.
Tadgigatin Umumi naticasi ondan ibaratdir ki, ultrasas sarfolcanlar harakatli mexaniki hissalarin
olmamasl, tazyiq itkisi yaratmamasi va real vaxt rejimindsa 6lcma aparmag imkani ila neft
sanayesinda perspektivli dlcma texnologiyasi hesab edils bilar.
Acar sozlar: neft sarfi, ultrasas sarfolcan, tranzit-vaxt metodu, neft quyusu, cross-correlation,
6lcma sistemi, kalibrlamsa.

1. Giris

Neft sanayesinda sarfin dizgln o6lcllmasi hasilatin ugotu, texnoloji rejimlarin idara
olunmasi, nagl prosesinin tahltkasizliyi va iqtisadi hesablamalar Uc¢ln asas gostaricilardan biridir.
Quyudan cixarilan va ya boru kamari ila nagl ediloan neftin hacmi real vaxtda izlanilmadikds,
nasoslarin is rejimi, kollektor xatlarinin yiklanmasi, anbarlarin doldurulmasi ve kommersiya ugotu
Uzra qgorarlar gecikmis va ya geyri-daqgig malumatlara asaslana bilar. Buna gére muasir neft
obyektlarinda sarfolgan sistem yalniz lcma cihazi kimi deyil, heam da Umumi avtomatlasdirma va
nazarat sisteminin malumat manbayi kimi giymatlandirilir.

9nanavi sarfolcanlarin bir gismi mexaniki harakatli hissalardan istifads edir. Bu tip cihazlar
muayyan saraitda sada va etibarli gérinsa ds, yiksak 6zlulikli neft, parafinlasma, ¢okinti, gaz
gabarciglari va temperatur dayismalari lgma naticalarina tasir gdstara bilar. Bundan basqa, bazi
Usullar boru daxilinds alava hidravlik migavimat yaratdigl Gciln tazyiq itkisi va enerji sarfinin
artmasi ile naticalanir. Bu mahdudiyyatlar neftin sarfinin daha az midaxils ils, daha az texniki
xidmat talab edan va ragamsal emal imkanina malik Gsullarla dlciimasina ehtiyac yaradir.

Ultrasas sarfdlcanlar bu baximdan xUsusi shamiyysat dasiyir. Onlarin is prinsipi maye
axinindan kecan akustik signallarin yayilma middastinin, istigamatinin va ya aks olunan signalin
xUsusiyyatlarinin tahlilina asaslanir. Neft axini Ucln an cox istifade olunan yanasmalardan biri
tranzit-vaxt metodudur. Bu metodda Olgllen asas parametr ultrasss impulslarinin axin
istigamatinda va axina gars! yayllma muiddatlari arasindaki fargdir. Hoamin farg mayenin orta sirati
ila alagalandirilir va borunun en kasiyi nazara alinmagla hacm sarfi hesablanir.

Magalanin magsadi neftin sarfinin ultrasas metodu ile 6lclimasi sisteminin nazari
asaslarini, texniki elementlarini, signal emali yanasmalarini, qurasdirma va kalibrlama talablarini,
hamcinin neft sanayesinda tatbig sahalarini arasdirmaqgdir. Magalada xisusi olarag neft quyusu
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soraiti Ucln taklif edilan ultrasas sarfolcan prototipina, yliksak o0zIUIUkIG mihitde 6lcma
catinliklarina va cross-correlation metodunun 6lgma dagigliyinin artiriimasindaki roluna diggat
yetirilir.
2. Neft sarfinin 6l¢clilmasinda istifada olunan asas metodlarin miqayisasi

Neftin sarfinin 6lctlmasi Ucln muxtalif fiziki prinsiplara asaslanan cihazlardan istifada
edilir. Har bir metodun tatbig dairasi mayenin xisusiyyatlarindan, boru xattinin diametrindan,
taleb olunan dagqiglikdan, texnoloji mihitdan va igtisadi sartlardan asilidir. Masalan, turbinli va
oval disli sarfolgcanlar misyyan neft mahsullari Ggln praktik ola bilar, lakin harakatli hissalarin
asinmasl uzunmdiddatli istismarda problem yaradir. Diferensial tazyig metodlari sanayeda genis
taninsa da, 6lcma elementinin axina migavimat gostarmasi tazyiq itkisinin yaranmasina sabab
olur. Coriolis sarfélganlar yiksak dagiglik versa da, boylk diametrli xatlarda va iri hacmli nagl
sistemlarinda giymat va montaj baximindan daha ¢atin tatbiq olunur. Ultrasas metodunda isa boru
daxilinda harakatli mexaniki element olmadigindan tazyiq itkisi azalir ve sistem ragamsal
diagnostika ila daha cevik idara oluna bilir.

Cadval 1. Neft sarfinin él¢iilmasinda istifada olunan asas metodlarin miigayisasi

s prinsipi

Olgma metodu Ustinliklari Mahdudiyyatlari

Harakatli hissa asinir,
cirklanmis va yiksak
0zIUluklu neftda
daqiqglik azala bilsr.

Axin turbin carxini
firladir, firlanma tezliyi
sarfa cevrilir.

Sada qurulus,
taninmis sanaye
tatbiqi.

Turbinli sarfolgan

Diferensial tazyiq
metodu

Daraldici elementdan
avval va sonra tazyiq
fargi olcllar.

Genis
standartlasdiriimis ve
cox istifada olunan
dsuldur.

Tazyiq itkisi yaradir,
axin profilina va
gurasdirmaya
hassasdir.

Coriolis sarfolcan

Vibrasiya edan boruda
kitls axininin yaratdig
faza farqi olcaltr.

Birbasa ktla sarfi va
sixlig hagginda
malumat vera bilir.

Bahalidir, boylk
diametrlards tatbigi
daha ¢atin va agir ola
bilar.

Elektromaqgnit
sarfolgan

Kecirici mayenin
magnit sahasinda
yaratdigi induksiya
signali dlcaldr.

Harakatli hissa
yoxdur, hidravlik
mugavimat azdir.

Neft adatan elektrik
keciriciliyi asagi olan
maye olduguna gora
asas neft axinlari Ggln
uygun deyil.

Ultrasas sarfdlgan

Akustik signallarin
yayllma vaxti va ya
signal xUsusiyyatlari
tahlil edilir.

Tazyiq itkisi azdir,
harakatli hissa yoxdur,
real vaxt 6lcmaya
uygundur.

Qaz gabarciglary,
cokintd, signal
zoiflamasi va yanlis
gurasdirma naticaya
tasir eda bilar.

Cadvaldan gorindiyl kimi, ultrases metodunun asas Ustlnliyl onun axina mexaniki
mudaxilasinin az olmasidir. Bu xUsusiyyat xUsusile boru kamarlarinda, nasos stansiyalarinda va
davamli nazarat talab edan obyektlards shamiyyatlidir. Bununla bels, ultrasas sisteminin secilmasi
bitin problemlarin avtomatik halli demak deyil. Olcmanin etibarliligl akustik yolun diizgin
gurulmasindan, sensorlarin yerlasma bucagindan, signalin keyfiyyatindan, kalibrloma rejimindan
va neftin faktiki tarkibindan asihidir.
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3. Ultrasas sarfélganlarin is prinsipi

Ultrasas sarfélganlarda 6lcma Ggln insan qulaginin esitma diapazonundan yuxari tezlikli
akustik signallardan istifada olunur. Bu signallar piezoelektrik cevirici vasitasila yaradilir ve maye
muhitindan kecgarak ikinci gevirici tarafindan gabul edilir. Tranzit-vaxt metodunda eyni ceviricilar
novba ile ham 6tlrici, ham da gabuledici kimi islayir. Axin olmadigda signalin bir istigamatda va
oks istigamatda yayllma muddatlari praktik olaraqg eyni olur. Axin yarandigda ise axin istigamatinda
gondarilan impuls daha qisa zamanda, axina garsl gondarilan impuls isa daha uzun zamanda gabul
edilir. Olgma sistemi bu iki vaxt arasindaki fargi geyd edir ve onu axinin siirstina cevirir.

Neft kimi mayelarda tranzit-vaxt metodu daha magsadauygun hesab olunur, ¢iinki bu Gsul
axinin daxilindes mutlaqg hissacik va ya gabarcig olmasini talab etmir. Doppler tipli ultrasas
olcmalarda isa signalin aks olunmasi G¢ln mihitde miayyan miqgdarda dispers hissaciklar va ya
gaz gabarciglari olmalidir. Buna goéra nisbatan homogen neft axinlarinda tranzit-vaxt yanasmasi
daha sabit natice vera bilar. Standartlarda ultrasas maye sarfolgcanlarin gapali borularda birfazali
homogen mayelarin 6lciimasi, performans, cixis xarakteristikasi, kalibrloma ve qurasdirma sartlari
ayrica nazara alinir [2].

Transdulser A

yuxari axin asagl axin
_— 3 l\ ;

Transduser B
Sakil 1. Ultrasas ceviricilarinin diiz istigamatda yerlasdirilmasi

Sakil 1-da ceviricilerin boruya perpendikulyar va ya diz kecids yaxin yerlasdiriimasi
sxematik gostarilir. Bela qurulus prinsipin izahi Gclin sadadir, lakin real neft axinlarinda 6lgilan
akustik yol borunun Gmumi axin profilini tam aks etdirmaya bilar. XUsusila yiksak 6zIGl0klU va
geyri-barabar sirst paylanmasina malik axinlarda sensorlarin yerlasma handasasi 6lcma
naticasine ciddi tasir gdstarir. Buna gbra mdiasir ultrasas sarfélcanlarda ceviricilarin bucagli
yerlasdirilmasi va ¢coxsiall dlcma kanallarindan istifade daha magsadauygun ola bilar.

4. Tranzit-vaxt metodunun fiziki-riyazi asaslari

Tranzit-vaxt metodunda asas 6lciilan kamiyyat axin istigamatinds va axina garsi yayilan
ultrasas impulslarinin kegma middatlari arasindaki farqdir. Bu farqg cox kicik ola bilar; buna gors
olcma sisteminin elektron hissasi yliksak zaman ayirdetma gabiliyystina malik olmalidir. @gar axin
sirati azdirsa, iki istigamatda oOlcllan vaxt fargi da kicilir va signal emali algoritminin secimi daha
vacib olur. Buna gora neft sarfolcan sistemlarda yalniz sensorlarin fiziki yerlasmasi deyil, ham da
gabul edilan signalin ragamsal tahlili 6lcma daqigliyinin asas sartlarindan sayilir.
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Sadalasdiriimis formada sarf hesablanmasi asagidaki ardicilligla aparilir: avvalca iki
istigamatda yayllma vaxtlari dlcllir; daha sonra bu vaxtlar arasindaki fargdan axinin orta sirati
hesablanir; sonda borunun en kasik sahasi nazara alinaraq hacm sarfi misyyan edilir. Hocm sarfi
Gcln Gmumi ifads beladir:

Q=v-A

Burada Q - hacm sarfi, v - axinin orta sdrati, A isa borunun en kasik sahasidir. 9gar borunun
daxili diametri D ile gostarilarss, en kasik sahasi A = tD?/4 kimi hesablana bilar. Praktiki 6lgmalards
bu sads ifadays alava olaraqg axin profilinin formasi, temperatur, tazyiqg, neftin sixhigl va 6zIullya,
hamcinin cihazin kalibrlama amsallari da nazara alinir.

Tranzit-vaxt metodunun Ustlnliyl ondan ibaratdir ki, 6lcma naticasi birbasa mexaniki
firlanma va ya daraldici elementdan yaranan tazyiq farqiila deyil, akustik signalin maye ila qarsiligh
tasiriile alinir. Bu isa cihazin mexaniki asinma riskini azaldir. Eyni zamanda 6lcma borusunun daxili
sathinds parafin va c¢okintli amala galmasi, mayeda qaz gabarciglarinin yaranmasl va
temperaturun kaskin dayismasi ultrasas signalinin yayllmasina tasir eda bilar.

5. Neft quyusu Ugln ultrasas sarfélcan yanasmanin xisusiyyati

Neft quyularinda sarfin dlcilmasi boru kemarindaki sabit ve nisbatan idars olunan
soraitden daha murakkabdir. Quyudan cixan axin yiksak temperatur, yiksak o6zlllik, tazyiqg
dayismasi, gaz-maye garisigl ehtimali va mexaniki ¢irklanma ila xarakteriza oluna bilar. Bu saraitda
adi diz akustik kecidli qurulus har zaman yetarli natice vermir. Sun va hammdusalliflari neft
guyusunda real vaxt rejiminda sarfin izlanilmasi Ucln ultrasas sarfélcan prototipi taklif etmis va
yUksak temperatur, yiksak o6zIUlik kimi ¢atin saraitde vaxt gecikmasinin hesablanmasina diggat

yonaltmislar [1].
Transdiiser A / Sarfolgan Qoruyucu boru
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Sakil 2. Neft quyusu saraitina uygun maili akustik kegidli ultrasas sarfélcan ideyasi

Sakil 2-da neft quyusu saraitinda sarfin olgilmasi Gcln taklif edilan maili ultrasas kecidli
sarfolgan prototipinin Gmumi qurulusu gostarilmisdir. Bu qurulusun asas farqgi ondan ibaratdir ki,
ultrasas ceviricilari birbasa diz xatt UGzra deyil, axin istigamatine muiayyan bucaq altinda
yerlasdirilir. Bela yerlasdirma naticasinda ultrasas signali neft axini ila daha uzun akustik yol
boyunca qgarsiligh tasirds olur va axin stratinin yaratdigi vaxt fargi daha aydin miayyan edila bilir.

Maili akustik kecidli qurulus xdsusila neft quyusu va yliksak 6zIUlikli neft axinlari Ggln
shamiyyatlidir. Neftin 6zIUlUyU yiksak oldugda axin profili su va ya gaz axinlari ile migayisada
daha murakkab olur. Bu halda boru divarina yaxin hissalarda sirat azalir, markazi hissada isa daha
ylksak ola bilar. @gar ultrasas signali yalniz gisa va diz xatt Uzra kegarsa, alinan élgma naticasi
real orta axin slratindan misyyan gadar farglana bilar. Maili yerlasdirma isa signalin axin sahasi
ila daha genis intervalda qgarsiligli tasirina sarait yaradir.

Bu prototipda ultrasas impulslari ham axin istigamatinda, ham da axina garsi gdondarilir.
Axin istigamatinda yayilan signal neftin harakati ils eyni istigamatds olduguna gors gabuledici
ceviriciya daha gisa middatda catir. Axina garsi yayilan signal isa neftin harakstina aks istigamatda
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vayildigl UGcln onun vyayllma muddati nisbatan artir. Bu iki vaxt arasindaki farg sistemin
mikroprosessor va ya hesablayici bloku tarafindan emal olunur va naticada axinin sirati, daha
sonra isa neft sarfi hesablanir.

Sokilda gdstarilan sistemin asas Ustlnliklarindan biri odur ki, mexaniki harakatli
elementlara ehtiyac olmadan 6lgma aparilir. Bu, neft quyusu kimi agir is seraitinde mihim
Ustunlukdir. Mexaniki hissalar olmadigda asinma azalir, texniki xidmat ehtiyaci nisbatan asagi
dusir va sistem uzunmiddatliistismar Gglin daha slverisli olur. Bundan alava, ultrasas metodunda
axin yolunda ciddi manea yaradilmadigi Ggln tazyiq itkisi do minimum saviyyada galir.

Maili ultrasas kecidli prototip ham da signal emali baximindan daha genis imkan yaradir.
Cunki bels qurulusda gabul edilan signallar arasinda vaxt gecikmasi daha aydin secila bilar. Bu isa
threshold va cross-correlation kimi metodlarla vaxt farginin hesablanmasini daha effektiv edir.
XUsusila signal-kly nisbatinin asagi oldugu, yani gabul edilan signalin zaif ve kiiyli oldugu saraitda
dizgtn akustik gqurulus 6lcma dagigliyinin gorunmasina komak edir.

Bu yanasmanin magala Ug¢lin shamiyyati ondadir ki, ultrasas sarfélcma sadaca hazir cihazin
secilmasi kimi deyil, konkret neft muhitinin xUsusiyyatlarine uygunlasdirilan sistem kimi taqdim
olunur. Yani neftin sarfi 6lcilarkan sensorun tipi, akustik yolun uzunlugu, ceviricinin bucag,
signalin glclandirilmasi, filtrasiya va hesablama algoritmi birlikds layihalandiriimalidir. Bu
sababdan neft sarfdlcan sistemin effektivliyi yalniz cihazin katalog daqgiqgliyi ile deyil, onun real
gurasdirma va istismar saraitina uygunlugu ile miayyan edilir.

6. Sistemin asas elementlari

Neftin sarfini ultrasas metodu ila dlcan sistem bir nec¢a garsiligl alagali hissadan ibaratdir.
Bu hissalardan har hansi birinda yaranan sahv imumi 6lcma naticasina tasir eds bilar. Ona gors
sistemin asas elementlarini ayrica izah etmak vacibdir.

Ultrasas ceviricilari sistemin an asas elementlaridir. Onlar elektrik impulsunu akustik
dalgaya, gabul edilan akustik dalgani isa yenidan elektrik signalina gevirir. Neft mihitinda islayan
ceviricilar temperatur, tazyiq va kimyavi tasirlara davamli olmalidir. Ceviricinin tezliyi, hassasligi va
boruya birlasma formasi signalin keyfiyyatini miayyan edan asas gdstaricilardir.

Olgcma borusu va akustik yol sarfin hesablanmasi ticiin handasi asas yaradir. Borunun daxili
diametri, divar qalinhgi, ceviricilarin yerlasma bucagi va akustik yolun uzunlugu dagiqg bilinmalidir.
9gar boru daxilinds ¢oklntl, parafin va ya korroziya mahsullari yigilirsa, real en kasik sahasi dayisir
va hesablama naticasinda slave xata yarana bilar.

Signal gliclandirma va filtrasiya bloku gabul edilan zsif ultrasas signalini emal Ggln uygun
saviyyaya gatirir. Neft quyusu ve boru kamari seraitinds elektromaqgnit manealsar, nasos
vibrasiyasi, temperatur dayismalari va hidravlik geyri-sabitlik signalin formasini poza biler. Buna
gbdra analog glclendirma, filtrasiya va ragamsal sas-kly azaldilmasi 6lgma zancirinin vacib
hissasidir.

Mikroprosessor va ya hesablayici blok dlcllan vaxt fargini axin siratina va sarfa ¢evirir. Bu
blok hamginin temperatur ve tazyiq kompensasiyasini, kalibrloma amsallarini, diagnostik
malumatlari va xata signallarini idara eds bilar. Muiasir sistemlards mikroprosessor yalniz
hesablayici rolunda deyil, ham da sensor vaziyyatinin izlanilmasi, malumatlarin yadda saxlanilmasi
va rabita protokollari vasitasila 6tlirilmasi funksiyasini yerina yetirir.

Gostarici-displey va malumat 6tlirmsa hissasi operatorun sistemla alagasini tamin edir.
Displeyda ani sarf, toplanmis hacm, temperatur, signal saviyyasi, xabardarlig kodlari va kalibrlama
parametrlari gostarila bilar. Senaye obyektlarinda bu malumatlar cox vaxt SCADA, PLC va ya digar
avtomatlasdirma sistemlarina 6tarildr. Belslikls, ultrasas sarfélcan ayrica cihaz kimi deyil, Gmumi
ragamsal idarsetma muhitinin bir hissasi kimi islayir.
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Neft 6lgmasinda diggat edilon

Element 9sas funksiyasi
magam

Temperatur, tazyiq ve
cirklanmaya davamlilig
vacibdir.

Akustik signalin yaradilmasi va

Ultrasas ceviricisi . .
¢ gabul edilmasi.

Slcma borusu Axin sahasini va akustik yolun | Daxili diametr, parafinlasma

handasasini formalasdirir. va ¢okuntl nazars alinmalidir.
Signal bloku Q§bul edillan signah. . Kuiy, vibra.s.i.ya Vo impul§ .
giclandirir va filtrasiya edir. zaiflamasi dlgcmaya tasir edir.

Kalibrloma amsallari va
kompensasiya algoritmlari
dlizgin secilmalidir.

Vaxt farqgini sirat ve sarfa

Mikroprosessor .
gevirir.

Real vaxt monitoringi va
arxivlasdirma lgln stabil
rabita lazimdir.

Olgcma naticalarini gdstarir va

Displ bita blok
Ispley/rabita bloku sistema oturar.

Cadval 2. Ultrasas sarfélgan sistemin asas elementlari

7. Signal emali: threshold va cross-correlation metodlarinin miqayisasi

Ultrasas searfolcanlarda olgcma daqgiqliyi  yalmiz  akustik signalin  yaradilmasi ile
mahdudlasmir. Qabul edilan signalin hansi Gsulla emal olunmasi da naticaya birbasa tasir edir.
Vaxt gecikmasinin tayini G¢ln sada yanasmalardan biri threshold metodudur. Bu Gsulda signal
avvalcadan tayin edilmis amplituda haddini kecdiyi anda gabul vaxti kimi geyd olunur. Metod
stratli va sadadir, lakin signal amplitudasinin dayismasi, kily ve dalga formasinin pozulmasi sahv
zaman nogtasinin secilmasina sabab ola bilar.

Cross-correlation metodu ise iki gabul edilmis signalin oxsarhgini mixtalif zaman
strdsmalari G¢clin miqayisa edir va maksimum uygunlugun alindigi strismani vaxt gecikmasi kimi
gabul edir. Bu yanasma xususila zaif va kiyll signallarda daha dayanigl natica vera bilar. MUasir
ultrasas sarfolcan layihalarinda cross-correlation algoritmi 6lgma dagigliyini artirmaq Ggln time-
of-flight farginin daha dagiq tayin edilmasinda istifads olunur; bazi sistemlards bu magsadla FPGA
va mikroprosessor birlikda tatbiqg edilir [4].
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Migayisa gostaricisi

Threshold metodu

Cross-correlation metodu

Is prinsipi

Signal mUayyan amplituda
haddini kecdikda vaxt geyd
olunur.

iki signalin oxsarligi zaman
strdsmalari Gzra migayisa
edilir.

Hesablama mirakkabliyi

Asagidir, real vaxtda tatbigi
asandir.

Daha ylksakdir, regamsal
emal resursu talab edir.

Klya davamlilig

KUy ve amplituda dayismasina
daha hassasdir.

KiylU signallarda daha sabit
natica vera bilar.

Yiksak 6zlilik va signal
zaiflamasi saraitinda daha
magsadauygundur.

Sabit va gliclt signal oldugda

Neft axini Gclin uygunlug uygundur

Hesablama gecikmasi vo
algoritmin dizgln
gurulmamasli problem yarada
bilar.

Haddin yanlis secilmasi 6lcma

9sas risk
xatasl yaradir.

Cadval 3. Threshold va cross-correlation metodlarinin miiqayisasi
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Sakil 3. Vaxt gecikmasinin iki ultrasas signalinin miiqayisasi ila tayin edilmasi

Sakil 3-da ultrasas sarfolgan sistemds vaxt gecikmasinin cross-correlation metodu ila
giymatlandirilmasi naticalari gdstarilir. Bu metodun asas magsadi axin istigamatinda va axina qarsi
gabul edilan ultrasas signallari arasinda zaman fargini daha dagiq misyysan etmakdir. Tranzit-vaxt
metodunda mahz bu zaman fargi axin siratinin hesablanmasi lcln asas parametr oldugundan,
onun dizgin tapilmasi imumi 6lcma dagigliyina birbasa tasir gostarir.

Cross-correlation metodunda iki signalin formasi migayisa edilir va onlarin bir-birina an
cox uygun galdiyi zaman slrismasi miayyan olunur. Basga s6zls, sistem yalniz signalin miayyan
amplituda haddini kecdiyi ndgtani deyil, signalin imumi formasini analiz edir. Bu sababdan cross-
correlation yanasmas! sada threshold metoduna nisbatan daha dayanigli hesab olunur. Clnki
threshold metodunda signalin amplitudasi dayisdikda va ya kiy artdigda sahv zaman noqtasi secila
bilar. Cross-correlation isa signalin Gmumi oxsarligini nazars aldigl Ggln zaif va kiyll signallarda
daha sabit natice vera bilar.
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Sakilda SNR, yani signal-kly nisbati asas tasiredici parametr kimi gotlrtlir. SNR yUksak
oldugda faydali ultrasas signali kilydan daha aydin secilir va vaxt gecikmasinin hesablanmasi daha
dagiq olur. SNR azaldigda isa signalin Gzarina dlisan kiy artir, gabul edilan signalin formasi pozulur
va vaxt gecikmasinin tayininds xata yaranma ehtimali yiksalir. Bu, neft mihitinda xUsusila
aktualdir, cinki yiksak 6zIUlUk, gaz gabarciglari, su garisigl, cokiintl va sensor sathinin ¢irklanmasi
ultrasas signalinin zaiflamasina sabab ola bilar.

8. Olcma dagigliyina tasir edan amillar

Neftin ultrasas metodu ila sarfinin dlciimasinda dagigliys tasir edan amillar bir ne¢a grupa
bolina bilar. Birinci grup mayenin 06z xUsusiyyatleri ila baghdir. Neftin 6zlulayd, sixhig,
temperaturu, gaz miqdari, su vae mexaniki garisiglarin olmasi akustik signalin yayllmasina tasir edir.
Yiksak o6zIUlUk signalin zsiflamasina, gaz qabarciglari isa ultrasas enerjisinin sapilmasina va
udulmasina sabab ola bilar.

Ikinci grup qurasdirma va boru xatti ila bagldir. Ceviricilarin yerlasma bucagi, akustik yolun
uzunlugu, borunun daxili diametri, 6lcma yerindan avvalki va sonraki diiz xatt sahasi, klapan va
dirsaklarin yaxinligi axin profilini dayisdirir. Axin profili pozuldugda ultrasas stasinin dlcdiyl orta
sirat butln kasik Uzra real orta slratdan farglana bilar.

Uclincti grup elektron va algoritmik amillardir. Qabul edilan signalin zaifliyi, elektromagnit
manealar, filtrasiya parametrlari, vaxt 6lcma blokunun ayirdetma qabiliyysti va secilan emal
metodu naticaya tasir edir. Buna gora yiksak daqgiglik Uclin mexaniki qurasdirma, akustik hisss,
elektron blok va program taminati birlikds nazardan kegirilmalidir.

9. Qurasdirma va kalibrloma talablari

Ultrasas sarfdlcanin dizgiin islamasi ticiin qurasdirma vyeri tasadifi secilmamalidir. Olcma
nogtasindan avval va sonra axinin sabitlesmasi Ucilin kifayst gadar diz boru sahasi olmalidir.
Klapan, nasos, dirsak, reduktor va digar hidravlik elementlar axin profilini poza bildiyi Ggln
sensorlara ¢ox yaxin yerlasdirilmamsalidir. Boru tam dolu isleamali, gaz yigilmasi va ya gisman dolu
axin rejimi istisna edilmalidir. Sensorlarin boruya birlasmasi méhkam va simmetrik olmali, akustik
alagani zaifladan bosluqg va ya cirklanma galmamalidir.

Kalibrlema marhalasinda cihazin gostaricilari etalon sarfélcan va ya etibarli sinag qurgusu
ila mugayisa olunur. Neft mahsulunun temperaturu, tazyigi va axin diapazonu mimkin gadar real
istismar saraitine yaxin secilmalidir. APl MPMS Chapter 5.8 maye karbohidrogenlarin tranzit-vaxt
texnologiyall ultrasas sarfolcanlarla Olcliimasi Ugln tatbig, performans va istismar masalalarini
ohata edan asas sanaye sanadlarindan biri kimi gabul edilir [3].

Kalibrlemadan sonra da sistemin dovri yoxlanilmasi vacibdir. Sensor sathinin cirklanmasi,
boru daxilinda parafin yigilmasi, kabel va konnektor problemlari, temperatur kompensasiyasinin
pozulmasl va program parametrlarinin dayismasi uzunmuddatli 6lcmada sistematik xatalara
sabab ola bilar. Buna gora ultrasas sarfolcan sistemlarda 6zlnldiagnostika, signal saviyyasinin
izlanilmasi va xabardarlig mexanizmlari praktik ahamiyyat dasiyir.

10. Neft sanayesinda tatbig sahalari

Ultrasas sarfolcan sistemlar neft sanayesinin muxtalif marhalalarinda tatbig edils bilar.
Hasilat sahasinda onlar ayri-ayri quyularin mahsuldarhginin izlanilmasi, quyulararasi miqayiss,
hasilat rejiminin optimallasdiriimasi ve nasos avadanliginin isina nazarat U¢ln istifads oluna bilar.
Nagl sahasinda boru kamarlarinda ani va toplanmis sarfin &lcllmasi, nasos stansiyalarinin
balansinin qurulmasi, texnoloji itkilarin giymatlandirilmasi va kommersiya ucotu Ucln tatbig
imkanlari movcuddur.

Saxlama va emal obyektlarinds ultrasas sarfdlcanlar rezervuarlarin doldurulmasi va
bosaldilmasi proseslarinin izlanilmasi, muxtalif neft mahsullarinin xatler Gzra paylanmasi va
avtomatlasdirilmis idarsetms sistemlarina malumat 6tlrtlmasi Ug¢ln faydalidir. Upstream neft-
gaz istehsalinda ultrasas saygaclarin gabul edilmasinin asas sababi onlarin ananavi 6lcma Usullar
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ile miqgayisada daha az mudaxila etmasi, yiksak daqgiglik talab edan tatbiglara uygunlasmasi va
bir neca quyu axininin paylanma ucotunda praktik imkanlar yaratmasidir [5].

Praktiki tatbig zamani ultrasas sarfdlcanlarin Gstlnliklari ile yanasi, mahdudiyyatleri da
nazara alinmalidir. Qazli ve c¢oxfazali axinlarda, agir cirklanmis xatlerda va kaskin temperatur
dayisan obyektlords alave kompensasiya va kalibrlema tadbirleri taleb oluna bilar. Buna
baxmayaraqg, dizglin secilmis va dizgin qurasdirilmis ultrasas sistem neft axininin real vaxt
rejiminda izlanilmasi Ucln effektiv texniki hall hesab olunur.

11. Usttnliklar va mahdudiyyatlarin tmumi giymatlandirilmasi

Neft sarfinin ultrasas metodu ila 6lctlmasinin asas Ustlnliklarindan biri harakatli mexaniki
hissalarin olmamasidir. Bu xUsusiyyat cihazin asinma riskini azaldir vo uzunmuddatli istismarda
texniki xidmat ehtiyacini nisbatan asagi salir. ikinci Gstiinlik tazyiq itkisini minimuma endirmasidir.
9gar 6lcma sistemi boru daxilinds alava daralma yaratmirsa, nasoslarin enerji sarfina manfi tasir
ds azalir. Uclinci Gstinliik rageamsal signal emali va diagnostika imkanlaridir. Miasir cihazlarda
signal keyfiyyati, sensor vaziyyati, temperatur va digar gostaricilar real vaxtda izlanila bilar.

Mahdudiyystlar isa asasan akustik signalin muhitdan asilligl ile baglidir. Mayeda gaz
gabarciglari, mexaniki hissaciklar, parafin va su garisigl artdigca ultrasas impulsunun yayiimasi
¢atinlesa bilar. Bundan basga, yanlis qurasdirma, axin profilinin pozulmasi va kalibrlama
amsallarinin real saraita uygun olmamasi yiksak keyfiyyatli cihazda bels sahv natica yarada bilar.
Bu sababdan ultrasas sarfolganlarin tatbiginda cihaz secimiila yanasi, layihalandirms, qurasdirma,
ilkin yoxlama va dovri texniki nazarat de mihim rol oynayir.

12. Natica

Aparilan tahlil gostarir ki, neftin sarfinin ultrasas metodu ils dlciimasi neft ssnayesinda
texnoloji nazarat, hasilatin izlanilmasi va kommersiya ucotu baximindan shamiyyatli yanasmadir.
Tranzit-vaxt metodunda ultrasas impulslarinin axin istigamatinde va axina garsi yayllma
muddatlari arasindaki farg asas 6lcma parametri kimi cixis edir. Bu fargin dagiq tayin edilmasi axin
stratinin va hacm sarfinin diizglin hesablanmasi tciin halledici sartdir.

Magalada gostarildi ki, ultrasas sarfolganlar ananavi metodlarla migayisada bir sira
UstunlUklara malikdir: harakstli mexaniki hissalardan istifada etmir, tazyiq itkisini azaldir, real vaxt
rejiminde malumat verir ve ragamsal emal imkanlari yaradir. Bununla yanasi, neftin yiksak
0zIUlUyU, gaz gabarciglar, ¢dkintl, parafinlesma, temperatur dayismasi va axin profilinin
pozulmasi 6lcma dagigliyina tasir edan asas amillardir.

Neft quyusu saraitine uygun maili akustik kecidli qurulus gosterir ki, ultrasas sarfélcma
sistemi konkret muhitin xUsusiyyatlarina uygun layihalandirilmalidir. Sensorlarin yerlasma bucag,
akustik yol, signalin gliclandirilmasi, filtrasiya va hesablayici algoritm vahid sistem kimi islemalidir.
Bu baximdan threshold metodu sada va siratli olsa da, zaif va kiylU signallarda cross-correlation
metodu daha dayanigli natica vermak potensialina malikdir.

Golacokda bela sistemlarin effektivliyini artirmag UGc¢ln temperatur ve tazyiq
kompensasiyasinin takmillasdirilmasi, avtomatik kalibrlema mexanizmlarinin tatbiqi, signal-kly
nisbatinin yaxsilasdirilmasi ve ragamsal algoritmlarin optimallasdiriimasi magsadauygundur.
Umumilikds, diizgiin qurasdirilmis va kalibrlanmis ultrasas sarfélcan sistem neft hasilati, nagli,
saxlanmasi va avtomatlasdiriimis idarsetma proseslarinda etibarli 6lcma vasitasi kimi istifade
oluna bilar.
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HAYBAMXAHA MELIHIH KbI3bIPY
NEHIENIH FUZZY LOGIC HETI3IHAE
MHTENNEKTYANbI BACKAPY MOZAEIH
33IPNIEY

YtenbepreHos WpbynaTt TypemypaToBuY

TEXHWKA FblbIMAAPbIHbIH AOKTOPbI, Npodeccop, Fymapbek [aykees aTbiHAaFbl AAMaTbI
SHepreTuKa aHe barnaHbIC yHMBepcuTeTi, AAMaThbl K.

PabaT CaHxap KyaHblLuybl

MarncTpaHT, fymapbek [laykees aTbiHAAFbl ANMaTbl SHEPreTHKa KaHe BalnaHbIC
yHuBepcuTeTi, AImMaThbl K.

AHHOTauuMA: MaKanaga HaybaxaHa eHAipiciHaeri nicipy NpoueciH WHTeNneKkTyanapl
Hbackapy maceneci KapacTbipbliaabl. HaH eHiMAepiHiH canackl New TemnepaTypachl, bIAFanabi/ibiK
OHEe Micipy VYaKbITbl CUAKTbI TEXHOJIOTUALIK NapameTpnepre Tikenen Tayenai. Ocbl
napameTpaepaiH e3repyi AanbiH OHIMHIH CanacbiHa *KaHe aHEepruns WbifbIHbIHA 9CEp eTeai. 3epTTey
MaKcaTbl - HaybalxaHa NeliHiH, Kbl3Ablpy AeHreriH TemnepaTypa, bIAFaNabIAbIK KaHe nicipy
yaKbITblHa GalnaHbicTbl Fuzzy Logic aajici apKbiabl MHTENNEKTyanabl 6ackapy moaeniH asipney
YOHE OHbIH, COMKeCTIriH Tekcepy. 3epTTey bapbicbiHaa MATLAB opTacbiHaasbl Fuzzy Logic Toolbox
kemerimeH Mamdani TuniHgeri aHblK emec Oackapy mogeni a3ipneHgi. Mogenb yuw Kipic
napameTpiHeH Typaabl: Temperatura, Humidity »aHe Cooking time. LLbifbic napameTpi peTiHae
High level control, aFHn Kbi3ablpy AeHrenin 6ackapy cUrHaabl aablHAbl. OPp nNapameTp YuWiH bec
NIMHIBUCTMKANbIK TePM KondaHbinbin, 35 epexeaeH TypaTbiH Oackapy 6asacbl Kypbinabl. Rule
Viewer »aHe Surface Viewer HaTwxkenepi moaenbAiH KanbiNTbl, Kbi3AblpyAbl apTTblpy KaHe
Kbl34blIpyAbl TOMEHAETY PeXMMAEPIH AYPbIC aXKblpaTaTbliHbIH KEPCETTI.

Kint cespep: HaybalixaHa eHaipici, Fuzzy Logic, Mamdani, MATLAB, aHbIK eMecC N0runKa,
KbI3[bIpY AEHreni, nicipy yakbiTbl, blAfanapliblK, MHTENNEKTyanabl 6ackapy.

Kipicne

Kasipri TaHOa Tamak eHepKacibiHae eHAipicTiK npouecTepdi aBTOMATTaHAbIPY KaHe
NHTEeNNeKTyanapl backapy KyMenepiH eHrisy maHbi3abl 6afbiTTapabiH 6ipi 601bin Tabblnags! [1].
HaybalixaHa eHipiciHAe eHiM canacblH TYPaKTbl CakTay Micipy MNPOLECiIHIH, TeXHO/OrMUAbIK,
napameTpaepiH Aypbic OakblnayFa Tikene OalnaHbiCTbl. [lew TemnepaTypacbl, OHIMHIH
bINFANAbINbIFbl }KIHE NiCipy YaKbITbl AaMblH ©HIMHIH, CbIPTKbl TYCIHE, iLKi KYPbITbIMbIHA, TO/bIK, Micy
AeHreMiHe »aHe TYTbIHYLLbIAbIK KacneTTepiHe acep eTeai [7].

Lactypni backapy »Kynenepi HakTbl MaTemaTUKaiblK Modenbaepre cyreHeai [1]. Ananaa
HaybalixaHa newiHAaeri nicipy Npoueci *blay nHepumacel 6ap, KendbaKkTop bl }KaHE CbI3bIKTbl eMEC
06beKT 6osbin Tabblnaabl. MyHAaM Kafganaa aHblK eMec N0TUMKa 4ICiH KondaHy Tmimai, cebebi
01 onepaTop TaXKipMbeCiH KaHe TEXHONOTUANDBIK MPOLLECTIH cananblk cMNaTTamanapbiH epexenep
TYpiHAe eHrisyre MymkiHAaik bepeai [4, 5].
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1. Fuzzy Logic mogeniH Kypy

acanfaH mogenb Yl Kipic aHe Bip WhiFbiC NapameTpiHeH Typaabl. Kipic napameTtpnepi:
Temperatura - new Temnepatypacbl; Humidity - biaranabinbik; Cooking time - nicipy yaKplTbl.
L birbic napameTpi: High_level control - Kbi3ablpy AeHrenin 6ackapy curHanbl. MyHAan Kypblabim
Mamdani TuniHaeri aHblk, emec 6ackapy KyMeciHiH, KafuaanapbiHa CoOMKec KypacTbipbiaabl [3, 5,
6].

MogaenbaiH *annbl Toyenainiri ToemeHaerigen xasblnapi:

Q=f(T.Ht (1)

MYHZafbl Q - Kbi3ablpy AeHreni, T - new TtemnepaTypacbl, H - blarangpinbik, t - nicipy
YaKpITbl.

9p Kipic alHbIManbICbl HEC NIMHIBUCTUKANbIK TEPM apPKbl/bl cMNaTTandbl. TemnepaTypa YiliH
Very low, Low, Normal, High, Very high; binfanabinsik ywid Very low, Low, Normal, High,
Very_high; nicipy yarbiTbl ywiH Highly insufficient, Insufficient, Normal, Extra, Too_much
Tepmaepi konaaHblngsl. Wbisbic napameTpi Decrease_intensity, Decrease, Standard, Increase
oHe Increase_intensity TepmaepimeH cunatranabl. Mywenik GyHKUMANApAbl TaHAAy aHbIK emMec

Moaenbaey a4icTemeciHe canKkec opbiHAanapl [3, 5]. MATLAB opTacbiHAafbl  MyLIENiK
dyHRUMANApAbIH, yarici 1-cypeTTe bepinreH.
‘4 Membership Function Editor: Bakery_logic_mamdani = O X
File Edit View
FIS Variables Membership fi plots oot ants 121
Very_low Low Normal Hig#ery_high
NV :
O XN
Temperhligta level_control
Humidili
Cooking_time
) input \V/’ariablc;t"Temp;rartura“;E ) i i i
Current Variable Current Membership Function (click on MF to select)
Name Temperatura Name Very_low
Type input jLpe trapmf V
R Params [150 150 160 175]
ange [150 250]
Display Range [150 250] ‘ Help Close |

Selected variable "Temperatura”

1-cypeT - Temperatura aHbIManbICbIHbIH, MYLLENIK GYHKLMANAPSI

1-cypette Temperatura aWHbIMaAbICbiHA apHaAfaH JIMHIBUCTUKAAbIK TEPMAEP KaHe
onapablH, MyLIenik pyHKuMsanapsl kepceTinred. Humidity, Cooking time »aHe High level control
alHbIManblNapbl Aa Ocbl Kafmvaa OOWMbIHILA cUNaTTaNdbl: LWETKi alMaKTap YLWiH TpaneumanbiK,
apanblK aiMaKTap VLiH yWwoypbIWTsl GyHKLUMANGP KONAAHbINAbI [6].

AHbIK emec backapy KyWeciHiH, Herisri 6eniri epeskenep 0Oasacbl. Epexenep
TEXHONOIMANDBIK MPOLECTIH, /IOTMKAcbiHA CyMeHe oTbipbin Kypblaabl [4, 5]. Erep Temnepatypa
TOMEH, bINFANAbINbIK MOFapbl HemMece MicCipy YaKblTbl XeTKifikci3s 6osca, Kbi3ablpy AeHrewi
apTTbipblnaapl. Erep TemnepaTtypa *Kofapbl *KaHe Nicipy yaKbiTbl apTbik 60/Ca, Kbi3Ablpy AeHremi
TeMmeHaeTineni. Erep Gapnblk napameTpnep KanbinTbl 60/Ca, Kyhe CTaHAAPTTbl pPeXMMA]
CaKkTanapl.

2. MATLAB opTacbiHAa MoAenbi Tekcepy

Moaens MATLAB opTtacbiHaa Fuzzy Logic Toolbox kemerimeH icke acbipblngsl [2, 6].
Tekcepy Rule Viewer »aHe Surface Viewer Tepesenepi apkbiabl Kyprizingi. Rule Viewer HakTbl Kipic
MaHAepi OoMbiHWA KaHAal eperkenep iCKe KOCbIaTblHbIH 3HEe WbIFbICTa KaHaan 6ackapy
CUTHa bl aNblHATbIHbIH KepceTei. KanbinNTbl pexkMmai TeKCepy HaTUXKec 2-cypeTTe bepinreH.
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2-cypeT - Rule Viewer Tepe3eciHae KanbinTbl PEXMMAI TEKCEPY HITUNKECI

2-cypeTtte Temperatura = 200 °C, Humidity = 50% »aHe Cooking_time = 30 mnH 6osFaH
afdan kepceTinreH. byn maHAep KanbiNTbl TEXHONOTMUANBIK PEXUMIE calkec Kenedi. Moaenb
woirbicbiHaa High _level control = 50 maHi anbiHAbIl, AFHK Kye Standard pexxkumid TaHaaab!.
3. CanbicTbipMarbl KaTenik 60MbIHLIA MOLENbAiIH COMKECTIriH Tekcepy

O3ipaeHreH MoaesnbAiH, AYPbICTbIFbIH Bafanay ywiH 35 epexeHiH, apKkancbicbl BOMbIHLLA
TEKCEepPY XKYPrisifai. Op eperke yLWiH CMNaTTaManblK Kipic MaHAepi TaH4aabIn, KYTIJIETIH WbIFbIC MaHI
MOAENbAEH aNblHFAH LWbIFbIC MOHIMEH CanbICTbIPbIAAbl. By Tacin epexkenep 6a3acbiHbIH, TONbIK,
KaMTbINybIH TEKCEpyre MyMKiHAIK 6epeai [1, 5]. Tekcepy HaTuxKenepi 1-kectese KepceTiNreH.

CanbiCTbipmanbl KaTenik keneci popmyna 6oiblHLLG ecenTeni:

5 = |Cee=Cusel 1009 (2)

bep
MyHAafbl Geep - OepinreH Hemece KyTINETiH WbIFbIC MAHI; Guwr - MOAENbAEH aNbIHFAH

WbIFbIC MaHi; & - canbicTbipmansl Katenik, %. Erep &6 < 5% 6onca, moaenb HITUXKECI
KaHafaTTaHap/bIK Aen KabblnaaHaabl.
OpTalla canbiCTblpMasnbl KaTenik Obinai aHbIKTanaabl:

1
5opT = n ?:1 51’ (3)
MaKcumanapl KaTenik:
Omax = max(ai) (4)
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1-kecte - 35 eperke 6oinbiHwa Fuzzy Logic mogeniHiH, WbIfbIC MaHIH TEKCEPY HOTUXKECI

Ne [ T,°C |H, %|t, MMH | Backapy pexumi | Geep, % | Guwr, % | 6, % | LapT | KopbITbiHAbI
1 | 155 | 90 5 Increase_intensity| 90 88.5 | 1.67 | 6<5% Cankec
2 | 155 | 75 5 Increase_intensity| 90 92.0 2.22 | 6§<5% Calnkec
3 155 | 50 5 Increase_intensity| 90 88.8 133 | §<5% Calnkec
4 | 155 | 25 15 Increase 70 72.0 | 2.86 | 6<5% Cankec
5 | 155 | 10 15 Increase 70 67.5 | 3.57 | 6§<5% Coankec
6 | 180 | 90 5 Increase_intensity| 90 88.4 1.78 | §<5% Calnkec
7 | 180 | 75 15 Increase 70 715 | 214 | 6<5% Cankec
8 | 180 | 50 15 Increase 70 69.1 | 1.29 | 6<5% Cakec
9 | 180 | 25 15 Increase 70 72.1 | 3.00 | §<5% Caiikec
10 | 180 | 10 30 Increase 70 71.8 | 257 | 6<5% Cankec
11 | 210 | 90 5 Increase_intensity| 90 913 | 144 | 6<5% Cankec
12 | 210 | 90 15 Increase 70 68.1 | 2.71 | §<5% Caikec
13 | 210 | 75 15 Increase 70 71.7 | 243 | §<5% Coankec
14 | 210 | 75 30 Increase 70 67.8 | 3.14 | 6<5% Cankec
15 | 200 | 50 30 Standard 50 50 0.00 | 6<5% Coankec
16 | 205 | 25 30 Standard 50 494 | 120 | §<5% Caiikec
17 | 205 | 10 30 Standard 50 51.0 | 200 | 6<5% Cakec
18 | 210 | 50 45 Decrease 30 29.2 | 267 | 6<5% Cankec
19 | 210 | 25 45 Decrease 30 311 | 3.67 | 6<5% Caiikec
20 | 235 | 90 5 Increase 70 67.6 | 343 | 6<5% Cakec
21| 235 | 90 15 Increase 70 714 | 200 | 6<5% Cankec
22 | 235 | 75 15 Standard 50 49.1 | 1.80 | §<5% Caiikec
23 | 235 | 75 30 Standard 50 512 | 240 | 6<5% Caiikec
24 | 235 | 50 30 Decrease 30 31.2 | 400 | 6<5% Cankec
25| 235 | 25 45 Decrease 30 29.0 | 3.33 | 6<5% Coankec
26 | 235 | 10 45 Decrease 30 30.8 | 2.67 | 6<5% Coankec
27 | 235 | 10 55 |Decrease_intensity| 20 19.3 | 350 | 6<5% Cankec
28 | 235 | 25 55 |Decrease_intensity| 20 209 | 450 | 6<5% Cankec
29 | 245 | 90 5 Standard 50 51.1 | 220 | 6<5% CaWikec
30 | 245 | 75 15 Decrease 30 29.1 | 3.00 | 6<5% Cankec
31 | 245 | 50 30 |Decrease_intensity| 20 20.8 | 400 | 6<5% Cankec
32 | 245 | 25 45 |Decrease_intensity| 20 19.5 2.50 | 6§<5% Calnkec
33 | 245 | 10 55 |Decrease_intensity| 20 20.4 2.00 | 6§<5% Calnkec
34 | 245 | 50 55 |Decrease_intensity| 20 19.1 | 450 | 6<5% Cakec
35 | 245 | 50 45 |Decrease_intensity| 20 20.7 3.50 | 6<5% Calnkec
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1-KecTefie KepCeTiNreH HaTMKenep BOMbIHWA eH, YIKEH CaNbICTbipMabl KaTeNiK Omax =
4.50% 60nabl. Byn maH 5%-aaH acnanabl. OpTalla canbiCTbipManbl KaTenik 8y, = 2.60% 6onabi.
Hemek, 35 eperkeHiH, 6apabifbl 6OMbIHLLIG MOAENbAIH, LbIFbIC MIHAEPI KYTINETIH MaHAepre CalKkec
Kenegi.

KanbinTbl, Kbi3Ablpyabl KAaPKbIHAbI apTTbipy *KOHE Kbi3AblPyAbl TOMEHAETY peumaepi
HoMbIHLLIA XKYpPri3ifreH ecentey mbicanaapbl Aa 5% wekteH acnagsl. CoHablkTaH 1-kecTe 6oMbiHLWA
yprizinreH 35 epekenik Tekcepy HaTUKecCi MoAeNbiH COMKeCTIriH pactanabl.

KopbITbIHAbI

Mymbic bHapbicbiHAa HaybalxaHa MeliHiH, Kbi3ablpy AeHreniH 6ackapyfa apHanfaH
Mamdani Tuningeri Fuzzy Logic moaeni a3ipneHai [3, 5]. Moaenb yw Kipic napameTpiHeH XaHe bip
WbIFbIC NAapaMeTPiHeH Typaabl. TemnepaTypa, blAFandblblK KaHe nicipy yaKblTbl 60MbIHILIA bec
AEeHrelmni NMHIBUCTMKA/bIK cunaTrama KosdaHbiabin, 35 epexkeneH TypaTbiH 6ackapy 6a3achl
Kypblaabl.

Rule Viewer HaTMKeci KanbiNTbl TEXHONOTUANLIK pexnmae moaenbain, Standard 6ackapy
PEXMMIH AYPbIC aHbIKTaNTbIHbIH KepceTTi (2-cypeT). Surface Viewer HaTusKenepi TemnepaTtypa,
bINFANAbI/NbIK KaHEe MiCipy YaKbITbIHbIH, Kbi3Ablpy AeHreniHe acepiH baranayfa MyMKiHAIK bepai.
TemnepaTypa TOMEH »3He YaKbIT MKETKiNiKci3 6onfaHaa »Kyhe Kbi3ablpyabl apTTbipadbl, an
TemMnepaTypa *Kofapbl XKaHe yaKbIT y3akK 6oAfaHAa Kbl3Ablpyabl TOMeHAETei.

CanbiCTbipmanbl KaTenik 6onbiHWwa Tekcepy 35 eperkeHiH 6apabifblH KamMTblabl (1-KecTe).
EH vaKeH KaTenik 4.50% 6ongpl, an opTalwa Katenik 2.60% lwamacbiHAa aHblKTanabl. bap/bik,
wafaanpa 6 < 5% wapTbl opbiHAANAbl. OcbifaH HalNaHbICTbl d3ipAEHreH aHblK emec Mozesb
HaybanxaHa NewiHiH, KbI3ablpy AeHreniH 6ackapy yuwiH 6apabap KaHe KonaaHyFa »Kapamabl aen
KOPbITbIHABI *Kacayfa Honazbl.
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Reproducibility Crisis in Cardiovascular
Machine Learning: Identification and
Correction of Systematic Data Pipeline
Errors in Angina Pectoris Recognition
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Abstract. The reproducibility of machine learning (ML) models in cardiovascular medicine is
frequently undermined by systematic data pipeline errors that are neither reported nor corrected
in published work. This study identifies three critical methodological errors in an ML pipeline for
angina pectoris recognition from the MIMIC-IV electronic health record database, quantifies their
individual and cumulative impact on reported performance metrics, and presents corrected
implementations. The errors are: (1) incorrect ICD-10 diagnostic code prefix selection, which
excluded the majority of valid angina subtypes from the positive cohort; (2) population-level
median imputation applied before train-test splitting, constituting data leakage; and (3) inclusion
of patients with heart failure, myocardial infarction, and arrhythmias in the negative control
cohort, creating a contaminated and artificially easy classification task. Correcting these three
errors increased the cohort from 7,800 to 58,486 admissions while reducing the reported ROC-
AUC from 0.821 to 0.797 — a reduction that reflects the elimination of systematic bias rather than
deterioration of model quality. Importantly, Recall improved from 0.760 to 0.818, demonstrating
genuine clinical improvement in the most critical metric for medical screening. These findings
highlight the need for rigorous methodological standards in cardiovascular Al research.
Keywords: angina pectoris; machine learning; data leakage; ICD-10; reproducibility; MIMIC-1V;
cohort contamination; cardiovascular Al.

1. Introduction

Machine learning (ML) has emerged as a promising tool for cardiovascular disease
diagnosis, with numerous studies reporting high discriminative performance for conditions
including ischaemic heart disease, arrhythmias, and heart failure. However, a growing body of
evidence indicates that many reported performance metrics in biomedical ML are inflated due to
methodological errors that are seldom disclosed in publications [1]. This phenomenon, termed the
"reproducibility crisis" in ML-based science [2], is particularly consequential in clinical applications
where overestimated model performance may lead to unwarranted clinical deployment.

Angina pectoris, a cardinal manifestation of ischaemic heart disease (IHD), is a frequent
target of ML-based diagnostic models due to its clinical importance and the availability of relevant
biomarkers in electronic health records (EHRs). The MIMIC-1V database [3] is the most widely used
open platform for such research. Despite this, published pipelines for angina recognition from
MIMIC-IV have not been systematically evaluated for methodological soundness.

This paper reports the identification, characterisation, and correction of three specific data
pipeline errors encountered during the development of an ML model for angina pectoris
recognition from MIMIC-IV. For each error, we describe the mechanism of bias introduction, the
magnitude of its effect on reported metrics, and the corrected implementation. Our findings
contribute to the emerging literature on ML reproducibility in cardiovascular medicine and provide
a practical reference for researchers working with EHR-based classification tasks.
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2. Background and Related Work

Kapoor and Narayanan [2] conducted the most comprehensive survey of data leakage in
ML-based science, identifying several categories of leakage including temporal leakage,
preprocessing leakage, and sampling leakage. They found that at least 30% of surveyed papers in
top ML venues contained at least one form of data leakage, with the proportion likely higher in
domain-specific applications where leakage is more subtle.

Roberts et al. [4] catalogued specific pitfalls in medical ML, including the use of incorrect
diagnostic code systems, inappropriate control group selection, and failure to apply preprocessing
within cross-validation folds. Their analysis of COVID-19 diagnostic models found that nearly all
published models contained at least one critical methodological flaw. Similar issues have been
documented in cardiac ML [5].

In the context of MIMIC-IV-based research, incorrect ICD-10 code usage is a particularly
common error. MIMIC-IV stores ICD-10 codes without decimal separators (e.g., 125.110 is stored
as "125110"), a format that is not universally known and frequently leads to incorrect substring
matching [3]. The consequences range from reduced cohort size (if the prefix is too specific) to
cohort contamination (if the prefix is too broad).

3. Methods
3.1. Study Context

The errors described in this paper were identified during the development of a multimodal
ML pipeline for angina pectoris recognition using MIMIC-IV v2.2 [3] and MIMIC-IV-ECG v1.0 [6].
The pipeline was designed to classify hospital admissions as angina-positive or non-cardiac based
on 34 laboratory and demographic features. Six classification algorithms were evaluated: Logistic
Regression, Random Forest, Gradient Boosting, SVM, MLP, and XGBoost.

3.2. Error Identification and Characterisation

Errors were identified through the following procedures: (1) manual code review
comparing ICD-10 code documentation with MIMIC-IV data format specifications; (2) analysis of
training-set statistics before and after train-test splitting; (3) clinical review of control-cohort
diagnoses against the target condition's biomarker profile. For each error, the corrected
implementation was applied and model performance was re-evaluated on an identical 11,698-
patient held-out test set.

4, Error Descriptions and Corrections
4.1. Error 1: Incorrect ICD-10 Code Prefix

ICD-10 codes for angina pectoris in MIMIC-IV include unstable angina (120.*) and
atherosclerotic heart disease with angina (125.10-125.13). In MIMIC-IV's storage format, these
codes are represented without decimal separators: 125.10 becomes "12510", 125.11 becomes
"12511", and so forth.

The original pipeline used the prefix "I12511" to select atherosclerotic angina codes, based
on the assumption that this would match 125.11 (atherosclerotic heart disease of native coronary
artery with angina pectoris, unspecified). However, this prefix also implicitly excluded codes 125.10
(12510), 125.12 (12512), and 125.13 (12513), which represent clinically equivalent subtypes. The
correct prefix is "1251", which matches all four subtypes.



Proceedings of the 13th International Scientific Conference

Table 1 summarises the codes matched by each prefix and the resulting cohort size
difference.

Table 1 — ICD-10 prefix comparison: codes matched and cohort impact

" W 125.10, 125.12, Incomplete
12511" (original) 125.11 only 7513 7,800 cohort
" " 125.10, 125.11, Complete
1251" (corrected) ' 5¢ 1512513 28486 ohort

4.2. Error 2: Data Leakage via Population-Level Imputation

The original pipeline applied median imputation to missing laboratory values across the
entire dataset before performing the train-test split. Specifically, the implementation was:

final[numeric_cols] = final[numeric_cols].fillna(final[numeric_cols].median())

This constitutes preprocessing leakage [2]: the population median is computed using test-
set values, meaning that information from the test set influences the training-phase
preprocessing. The consequence is that the model's effective feature distribution during training
is shifted toward the test-set distribution, leading to optimistic generalisation estimates.

The corrected implementation preserves NaN values throughout and applies imputation
exclusively within each cross-validation fold using scikit-learn's Pipeline mechanism:

Pipeline([Simplelmputer(strategy="median'), StandardScaler(), Classifier()])

In this formulation, the Simplelmputer is fitted on the training fold only and applied to the
validation fold using the training-derived median, correctly simulating the generalisation scenario.
XGBoost, which handles missing values natively through its split-finding algorithm, did not require
any imputation wrapper.

4.3. Error 3: Negative Cohort Contamination

Angina pectoris is biochemically characterised by elevated Troponin T and CK-MB Index,
reflecting myocardial ischaemia. The original negative (control) cohort was constructed by
selecting admissions without an angina diagnosis, without further exclusions. This inadvertently
included patients with:

— Heart failure (ICD-10: 150) — frequently associated with elevated Troponin T due to chronic
myocardial stress

— Mpyocardial infarction (ICD-10: 121, 122) — characterised by markedly elevated Troponin T
and CK-MB, the primary diagnostic biomarkers for angina

— Arrhythmias (ICD-10: 147-149) — associated with abnormal ECG patterns similar to those
seen in angina

The presence of these patients in the control group created a "contaminated negative"
class: the classification task was inadvertently shifted from "angina vs. non-cardiac" to a mixture
of "angina vs. other cardiac conditions". Since angina patients and these cardiac controls differ on
multiple dimensions beyond Troponin T, the contaminated task is both clinically meaningless and
artificially easier than the intended task.

The corrected implementation excludes all admissions with any ICD-10 code in the range
120-199 from the control cohort, ensuring that the negative class contains exclusively non-cardiac
admissions:

CARDIAC BLOCK = tuple(f'l{i} for i in range(20, 100)) negatives =
all_admissions[~diagnoses['icd_code'].str.startswith(CARDIAC_BLOCK)]
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5. Results: Quantified Impact of Each Error

Table 2 presents the measured impact of each error on key performance metrics,
evaluated on the same held-out test set (n = 11,698) using Gradient Boosting as the reference
algorithm.

Table 2 — Performance metrics before and after each correction

Original (all 3 errors) 7,800 0.821 0.760 0.710
+|CD-10 fix only ~42,000 0.809 0.778 0.728
+ Imputation fix only 7,800 0.813 0.764 0.712
+ Cohort fix only ~25,000 0.806 0.771 0.719
All 3 corrected (final) 58,486 0.797 0.818 0.742

Several observations are notable. First, correcting the ICD-10 prefix alone had the largest
single impact on cohort size (+440%) and the largest reduction in apparent ROC-AUC (-0.012),
confirming that the original cohort represented a non-representative, artificially homogeneous
subset. Second, the imputation fix reduced ROC-AUC by 0.008, a magnitude consistent with
published estimates of leakage-induced inflation for datasets of this size [2]. Third, negative cohort
purification reduced ROC-AUC by 0.015 — the largest bias correction — reflecting the substantial
biomarker similarity between angina patients and the incorrectly included cardiac controls.

Critically, while all three corrections reduced the apparent ROC-AUC, Recall improved
monotonically from 0.760 to 0.818. This counterintuitive result demonstrates that the original
errors did not simply inflate all metrics uniformly: they particularly inflated specificity-related
metrics (AUC, Precision) by making the negative class easier to discriminate, while masking the
model's true sensitivity to the positive class.




I Proceedings of the 13th International Scientific Conference

ROC Curves — All Models
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Fig. 1. ROC curves for all six algorithms evaluated on the corrected cohort (n = 11,698). Gradient
Boosting and XGBoost achieve AUC = 0.797 and 0.796 respectively.
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Fig. 2. SHAP bar plot for the corrected Gradient Boosting model. Age, creatinine, and Troponin T
are the dominant predictors — clinically consistent with established IHD risk profiles.
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6. Discussion
6.1. Clinical Implications of Each Error

The ICD-10 prefix error has a purely quantitative effect: it reduces the positive cohort by
excluding valid cases, leading to a smaller, less diverse training set. The primary consequence is
reduced generalisability — the model learns from an unrepresentative subset of angina
presentations, likely biased toward one clinical subtype.

The imputation leakage error has a subtler effect. It inflates performance estimates
without altering cohort composition or clinical validity. A model trained with this error would
appear to generalise well in cross-validation but underperform at deployment, when the test-time
population median is unknown. This is the most dangerous category of error from a clinical
deployment perspective.

The cohort contamination error is clinically the most consequential. By including patients
with myocardial infarction in the control group, the model learns to separate angina from acute
MI — a clinically distinct and fundamentally different task. Such a model would fail to recognise
angina in patients who present without other cardiac diagnoses, precisely the population for
whom early recognition is most critical.

6.2. Implications for Published Literature

The three errors described in this paper are not unique to this pipeline. A review of
published MIMIC-IV-based cardiovascular ML studies suggests that all three errors are prevalent:
ICD-10 prefix mismatches are common because the MIMIC-IV documentation does not
prominently flag the no-decimal format; global imputation is a common default in pandas-based
workflows; and negative cohort definitions rarely specify cardiac exclusion criteria in sufficient
detail.

Our findings suggest that published performance estimates for angina recognition from
MIMIC-IV — and potentially other cardiovascular conditions with overlapping biomarkers — may
be systematically inflated. The magnitude of inflation (ROC-AUC +0.024 in our case) is clinically
meaningful: it could make a model that should not be deployed appear to meet clinical
acceptability thresholds.

6.3. SHAP Validation of Corrected Model

SHAP analysis of the corrected Gradient Boosting model (Fig. 2) confirmed that predictions
are driven by clinically coherent features: patient age (mean |SHAP| = 0.57), serum creatinine (=
0.18), and Troponin T (= 0.14). This pattern is consistent with established IHD epidemiology —
advancing age, renal dysfunction, and myocardial injury are well-documented risk factors and
diagnostic markers respectively. The clinical plausibility of the SHAP profile provides indirect
validation that the corrected pipeline is capturing genuine disease signal rather than artefactual
patterns.

7. Recommendations for Future Research

Based on our findings, we propose the following minimum standards for ML-based angina
recognition studies using MIMIC-IV:

1. ICD-10 verification. Verify ICD-10 code format against MIMIC-IV storage conventions before
cohort construction. The correct prefix for 125.1x codes is "1251", not "12511" or "125.1".

2. Leakage-free preprocessing. Apply all preprocessing steps (imputation, scaling) within cross-
validation folds using Pipeline wrappers. Never apply population-level statistics to the full
dataset before splitting.

3. Negative cohort specification. Explicitly define and justify the negative cohort exclusion
criteria. For angina studies, all ICD-10 cardiac codes (120-199) should be excluded from
controls.

4. Metric transparency. Report both corrected and uncorrected metrics when corrections are

applied, to enable comparison with prior literature.




Proceedings of the 13th International Scientific Conference

5. Clinical validation. Apply SHAP or equivalent interpretability analysis to validate clinical
plausibility of model predictions as a sanity check on pipeline correctness.
8. Conclusion
This paper has described three systematic data pipeline errors in ML-based angina pectoris
recognition from MIMIC-IV, quantified their individual and combined impact on reported
performance metrics, and presented corrected implementations. The three errors — incorrect
ICD-10 prefix, imputation data leakage, and negative cohort contamination — collectively inflated
ROC-AUC by 0.024 while suppressing the clinically critical Recall metric. After correction, the
cohort increased 7.5-fold (from 7,800 to 58,486 admissions), ROC-AUC corrected to 0.797, and
Recall improved from 0.760 to 0.818. SHAP analysis confirmed clinical plausibility of the corrected
model's predictions. These findings underscore the critical importance of methodological rigour
in cardiovascular ML research and provide a practical template for future studies using EHR-based
classification pipelines.
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SEMANTIK TOSNIFAT 9SASINDA MUSTORI
ROYLSRININ QIYMOTLONDIRILMSSI
INTELLEKTUAL SISTEMININ ISLONILM®3SI
(TURISTIK MUSSSISOLOR TIMSALINDA)

DEVELOPMENT OF AN INTELLIGENT SYSTEM FOR EVALUATING CUSTOMER REVIEWS BASED ON
SEMANTIC CLASSIFICATION (IN THE CASE OF TOURISM ENTERPRISES)

Ulvi odilov Elgin
gr. M844a
Rahbar —
dsadova C.o.
r.0.f.d Dos.

Xllasa: Bu tezisda turistik muassisalar timsalinda mustari raylarinin semantik tasnifat
asasinda avtomatik giymatlandirilmasi Gcln intellektual sistemin islanilmasi masalalari arasdirilir.
Tadgigatda istifadaci raylarinin toplanmasi, ilkin emal va tabii dilin emali (NLP) Gsullari vasitasila
sentiment analizinin apariimasi metodlari sistemli sakilda tahlil edilir. Matn verilanlarinin TF-IDF
Gsulu ile adadi vektorlara gevrilmasi va Logistic Regression modelinin tatbigi ila raylar pozitiv,
neytral va neqativ kateqoriyalara ayrilir. Modelin performansi dagiglik (accuracy), dagiglik
daracasi (precision), hassaslig (recall) ve F1-6lclsi kimi metriklar sasasinda giymatlandirilir,
naticalar statistik va vizual GUsullarla tagdim olunur. Tadgigat naticalari gdstarir ki, taklif olunan
yanasma turizm misassisalarinda mistari mamnuniyyatinin obyektiv giymatlandirilmasi va xidmat
keyfiyyatinin artirilmasi Ggln effektiv alat kimi istifads oluna bilar.

Acar sozler: semantik tasnifat, sentiment analizi, tabii dilin emali, TF-IDF, Logistic
Regression, mustari raylari, turizm miassisalari.

Abstract: This thesis investigates the development of an intelligent system for evaluating
customer reviews based on semantic classification in the context of tourism enterprises. The study
systematically analyzes methods for collecting and preprocessing user reviews and applies natural
language processing techniques to perform sentiment analysis. Text data is transformed into
numerical vectors using the TF-IDF method, and a Logistic Regression model is employed to classify
reviews into positive, neutral, and negative categories. The model’s performance is evaluated
using metrics such as accuracy, precision, recall, and the Fl-score, and the results are presented
through statistical and visualization techniques. The findings demonstrate that the proposed
approach can serve as an effective tool for objectively assessing customer satisfaction and
improving service quality in tourism enterprises.

Keywords: semantic classification, sentiment analysis, natural language processing, TF-IDF,
Logistic Regression, customer reviews, tourism enterprises.
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Girisg

MUasir dovrda turizm sektorunda ragamsallasmanin stratlenmasi mustari raylarinin ham
hacmini, ham da gararverma prosesindaki shamiyyatini shamiyyatli deracadas artirmisdir. Internet
platformalari, sosial sabakaler va onlayn rezervasiya sistemlari vasitasile istifadacilar 06z
tacribalarini genis sakilda paylasir va bu raylar potensial mistarilarin secimlarine birbasa tasir
gbstarir. Regamsal texnologiyalarin turizm mdisassisalarinin idarsetma prosaslarina integrasiyasi
bu malumatlarin operativ toplanmasi va tahlilini zaruri etmisdir [5].

MUstari raylarinin al ila tahlili boylk hacmli verilanlar saraitinda praktiki cohatdan mimkin
olmadigindan, tabii dilin emali (Natural Language Processing) va sentiment analizi metodlari bu
sahada asas alata cevrilmisdir. Bu Usullar matn saklinde teqdim olunan subyektiv fikirlari
strukturlasdiriimis informasiyaya cevirmays va onlarin emosional ylikini avtomatik muayyan
etmaya imkan verir [3].

Bununla yanasi, raylerin muxtalif dillards, geyri-rasmi Uslubda ve bazan grammatik
sahvlarle yazilmasi interpretasiya prosesinda ciddi metodoloji ¢atinliklar yaradir. Bu sababdan
matnin dlzgin tamizloanmasi, normallasdiriimasi va uygun riyazi modelin secilmasi sistemin
dagigliyini birbasa sartlandirir.

Tagdim olunan tadgigatin magsadi turistik muassisalar timsalinda mustari raylarinin
semantik tasnifat asasinda giymatlandirilmasini tamin edan intellektual sistemin islanilmasidir. Bu
magsada nail olmag Ucln raylarin toplanmasi, ilkin emali, TF-IDF Usulu ile vektorlasdirilmasi,
Logistic Regression modeli vasitasila tasnifati va naticalarin giymatlandirilmasi marhalalari ardicll
olarag arasdirilir.

2.1. Semantik tasnifat asasli sistemlarin mistari raylarinin analizinda rolu

Semantik tasnifat modeli turizm miassisalarinda mistari raylarinin effektiv tahlilini tamin
edan asas komponentlardan biridir. Bu model matn verilanlarini strukturlasdiriimis formaya
cevirarak onlarin manasina uygun sakilda tasnif olunmasina imkan verir. Intellektual sistem
cargivasinda har bir modul konkret bir prosesi — matnin tamizlanmasi, xisusiyyatlarin cixariimasi
va ya sentimentin miayyan edilmasi — yerina yetirir.

Sistemin asas UstlinlUyld boylik hacmli raylerin avtomatik emali va insan mudaxilasi
olmadan obyektiv naticalarin alda olunmasidir. Strukturlasdirilmis analiz Gsullari vasitasila mistari
raylari ela bir formaya salinir ki, burada ham Umumi mamnuniyyat saviyyasi, ham da xidmatin
konkret aspektlarina dair problemlar aydin sakilde miayyan olunur. Bu isa turizm muassisalarinin
xidmat keyfiyystinin  davamli  takmillasdiriimasina va mdustari yonUmli strategiyalarin
formalasdiriimasina sarait yaradir.

2.2. Mstari raylarinin tabii dilin emali Gsullari ila ilkin emali

Mustari raylarinin avtomatik tahlilinin keyfiyyati boyik 6lcida ilkin emal marhalasinin
dizgln taskilindan asilidir. Tabii dilin emali Gsullari matnin riyazi modellar Ggln yararl hala
gatirilmasini tamin edir [2]. Bu marhalada matn ilk olaraq tokenlara — sozlera va ya sz
birlasmalarina — ayrilir, bdyUk va kicik harflarin uygunlasdirilmasi aparilir, durgu isaralari va mana
dasimayan komakgi sozlar (stop-sozlar) cixarilir.

Sonraki addimda soézler kdk va ya ssas formalarina gatirilir ki, bu da eyni mafhumun
mixtalif grammatik formalarinin vahid sakilde giymatlandirilmasina imkan verir. Bu clr
normallasdirma lUgatin hacmini azaldir, modelin dyranma prosesini stratlandirir va tasnifatin
Umumi daqigliyini artirir. Ilkin emalin keyfiyysti birbasa sonraki vektorlasdirma va tasnifat
marhalalarinin naticalarina tasir gdstarir.
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2.3. Matn verilanlarinin TF-IDF Gsulu ile vektorlasdiriimasi

Riyazi modellar matni birbasa emal eds bilmadiyindan, emal olunmus rayler adadi
vektorlara cevrilmalidir. Bu magsadla informasiyanin axtarisi sahasinda genis tatbiq olunan TF-IDF
(Term Frequency — Inverse Document Frequency) tsulundan istifads olunur [4]. Usulun mahiyyati
sozin konkret raydaki rastgalma tezliyini (TF) hamin sdzin butin raylar toplusundaki yayilma
daracasinin tarsi (IDF) ila ¢akilandirmakdan ibaratdir.

Bu yanasma tez-tez takrarlanan, lakin az malumat dasiyan dmumi sozlarin ¢akisini azaldir
va konkret rayi saciyyalandiran farglandirici sdzlarin shamiyyatini artirir. Naticada har bir ray
coxOlclli fazada onun mazmununu aks etdiran vektorla tamsil olunur. Bela vektorlasdirma sonraki
tasnifat modelinin raylar arasindaki semantik farglari ayird etmasi tglin etibarli asas yaradir.

2.4. Logistic Regression modeli asasinda sentimentin tasnifati

Vektorlasdiriimis raylarin  emosional istigamatinin miayyan edilmasi (clin Logistic
Regression modeli tatbiq olunur. Bu model nazaratli dyranma Usuluna asaslanir va avvalcadan
etiketlanmis nimunalar Gzarinds Oyradilarak raylari pozitiv, neytral va neqativ kateqgoriyalara
ayirir [3]. Model har bir kateqoriya tciin ehtimal giymati hesablayir va an yiksak ehtimala malik
sinfi yekun natica kimi segir.

Logistic Regression modelinin secilmasi onun hesablama baximindan samarali,
naticalarinin sarh oluna bilan va yiksak olclili matn vektorlari ila effektiv islamasi ils asaslanir.
Modelin asas UstlnllyU sadaliyi il yanasi, real verilanlar (zarinda ganaatbaxs dagiglik tamin
etmasidir ki, bu da onu mustari raylarinin sentiment analizi Gclin uygun baza modelina gevirir.

2.5. Sentiment analiz sistemlarinin samaraliliyinin giymatlandirilmasi

Semaraliliyin giymatlandiriimasi prosesi qurulmus modelin dagigliyinin va etibarliliginin
miayyan edilmasina yonalmisdir. Bu magsadls tasnifat naticalari dagiglik (accuracy), dagiglik
daracasi (precision), hassaslig (recall) va F1-6lglsi kimi metriklar asasinda tahlil olunur. Bu
gostaricilar modelin ham Umumi performansini, ham da ayri-ayri kateqoriyalar Uzra dizgin
prognozlasdirma gabiliyyatini aks etdirir.

Qarisiglig matrisi (confusion matrix) vasitasile modelin hansi kateqoriyalarda sshva yol
verdiyi vizual sakilde miayyan edilir va zaif taraflar askarlanir. Effektiv sentiment analiz sistemi
muassisa rahbarliyine mustari raylari hagginda obyektiv. malumat teqdim edir, xidmat
keyfiyyatinin giymatlandiriimasina va garar gabuletma prosesinin optimallasdiriilmasina imkan
yaradir. Naticads, bu clr sistemlarin tatbigi turizmm muassisalarinin ragabst gabiliyyatini artirir.

2.6. Turizm mUassisalarinda praktiki tatbig va malumatlarin mihafizasi

Taklif olunan intellektual sistemin turizm mUassisalarinda tatbigi mistari mamnuniyyatinin
monitoringini avtomatlasdirmaga va xidmat prosesindaki problemlari operativ askar etmaya
imkan verir. Ragamsal texnologiyalarin turizm idarsciliyina inteqrasiyasi muassisalara bazar
tendensiyalarina cevik reaksiya vermaya ve strateji gararlari malumat asasinda gabul etmaya
sorait yaradir [5].

Bununla yanasl, mistari raylarinin va saxsi malumatlarin emali zamani malumatlarin
muhafizasi talablarina riayat olunmasi mihim ahamiyyat kasb edir. Istifadaci malumatlarinin
toplanmasi ve saxlanmasi Azarbaycan Respublikasinin “Informasiya, informasiyalasdirma va
informasiyanin muhafizasi hagqinda” Qanununun muiddaalarina uygun hayata kecirilmalidir [1].
Malumatlarin tahlikasizliyinin tamin edilmasi ham hliqugi 6hdaliklarin yerina yetirilmasi, ham da
mistari etimadinin gorunmasi baximindan zaruridir.
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Natica

Aparilan tadgigat goOsterir ki, semantik tasnifat asash intellektual sistem turistik
muassisalarda mustari raylarinin avtomatik va obyektiv giymatlendirilmasi Gc¢ln effektiv vasitadir.
Tabii dilin emali Gsullarrils ilkin emal, TF-IDF Gsulu ila vektorlasdirma va Logistic Regression modeli
ila tasnifatin birlasdiriimasi raylarin pozitiv, neytral va negativ kateqoriyalara yiksak daqiglikla
ayrilmasini tamin edir.

Bela sistemlarin tatbigi mistari mamnuniyyatinin giymatlandirilmasini sadalasdirir, xidmat
keyfiyyatinin artirilmasina ve idarsetma gararlarinin asaslaniriimasina sarait yaradir. Galacak
tadgigatlarda daha mirakkab masin dyranmasi va darin dyrenma modellarinin tatbiqi, elace da
coxdilli raylarin emali sistemin daqigliyini daha da artira bilar.
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Azarbaycan Respublikasinin Prezidenti yaninda Dévlat idarasilik Akademiyasi “Dévlat
idaraciliyinda informasiya texnologiyalari “ kafedrasinin dosenti

Xiilasa
Tadgigatin Magsadi:
Bu tadgigatin magsadi informasiya mudafiasi texnologiyalarinin (IMT) inkisaf perspektivlarini
arasdirmag, mévcud problemlari miiayysnlasdirmak va siini intellekt (Al), masin dyranmasi (MO)
vo  blokceyn  texnologiyalarinin  kibertahlUkasizlik  sahasinds  potensial  tstbiglarini
giymatlandirmakdir.
Tadgigatin Metodologiyasi:
Tadgigatda analiz, sintez, migayisa va Umumilasdirma metodlarindan istifada olunmusdur. Eyni
zamanda, IMT sahasindaki movcud elmi adabiyyatlar ve praktik tedgigatlar arasdirilaraq
mugayisali tahlillar apariimisdir.
Tadgigatin Tatbigi 9hamiyysati:
Bu tadgigatin naticalari informasiya tahlikasizliyi sahasinds faaliyyat gdstaran mitaxassislar,
dovlat qurumlari va 6zal sirkatlar Uglin faydali ola bilar. XUsusils, stini intellekt va masin dyranmasi
asasl tahlikasizlik tadbirlarinin tatbigi ila bagli yeni yanasmalar tagdim edilir.
Tadgigatin Naticalari:
Arasdirmanin naticalarine asasan, mdvcud IMT metodlari bazi kibertahlikalara garsi geyri-kafi
gala bilar. Slni intellekt va masin 6yranmasi asasli sistemlarin tahllkasizlik sahasinda effektivliyi
gostarilmis va blokceyn texnologiyasinin informasiya tahlikasizliyi Gglin potensial istifadasi tahlil
edilmisdir.
Tadgiqgatin Orijinalligi va Elmi Yeniliyi:
Bu tadgigat IMT sahasinda sini intellekt va blokceyn texnologiyalarinin galacak tatbig
perspektivlarini sistemli sakilde arasdiran magqgalalardan biridir. Yeni texnologiyalarin
kibertahlUkasizliya inteqrasiyasi va onlarin effektivliyi ile bagli elmi asaslandirmalar tagdim
edilmisdir.
Acar sozlor: informasiya miidafiasi texnologiyasi, kibertohliikasizlik, malumat sizintilari, sini
intellekt, kvant sifraloma, texnoloji iralilayislar, potensial tahlikalor.

Giris

informasiya miudafiasinin miasir dévrdaki shamiyyati va muassisalar Gclin rolu cox genis va
kritikdir. Bu shamiyyat mixtalif taraflardan ibarstdir:

Malumatlarin Tahllkasizliyi va Qorunmasi

Malumatlarin Hliqugsuz 9lcatanhgl: Muasir texnologiyalar va internet vasitasile malumatlarin
sizmasi va ogurlanmasi riski artir. informasiya miidafiasi bu malumatlarin gizliliyini tamin edir.
Saxsi Malumatlarin Qorunmast: istifadacilarin saxsi malumatlarinin gorunmasi ganuni talablarla
(masalen, GDPR) tanzimlanir. Tahllkasizlik tadbirlari sexsi malumatlarin icazasiz istifada
edilmasinin garsisini alir.[7]

Misssisalarin Etibarhligl ve Reputasiyasi

Etibarhihgin Artirilmasi: Gicli malumat tahlikasizliyi tacribalari mistari va terafdaslar arasinda
etibari artirir. Sirkatlarin malumatlari gorumagq Ugln sart tahlikasizlik tadbirlari gdrdiyl bilinarss,
mistarilar daha cox etibar edarlar.[7]

105



Proceedings of the 13th International Scientific Conference

Reputasiya Risklarinin Azaldilmasi: Malumat sizintilari va kibertahlikalar sirkstlarin reputasiyasina
ciddi zarar vera bilar. Dizgln tahlikasizlik tadbirlari bu risklari azaldir.

Maliyya va Hiiqugi Risklarin idars Edilmasi

Maliyya Zararlari: Kibertahlikasizlik hadisalari miassisalara bdyik maliyys zararlari vura bilar. Bu
zararlar malumat itkisi, is dayandirilmasi va tamir xarclari ile alagadardir. Glcli madafis tadbirlari
maliyya itkilarinin garsisini alir.[7]

Hlqugi TahlUkalar: Tahllkasizlik pozuntulari ganunvericilik talablarini pozarag hliqugi masuliyyata
yol aca bilar. Talab olunan tahlikasizlik standartlarina amal edilmasi hliqugi problemlarin garsisini
alr.

Is Prosesslarinin Davamliligi ve @mayin Mahsuldarligi

isin Davamhligi: Malumatlarin gorunmasi is proseslarinin dayanighgini tamin edir. Tahlikasizlik
tadbirlari malumat itkisi va sistemlarin dayanmasi risklarini azaldir.

Iscilarin Mahsuldarligi: Tahlikasizlik tadbirlari iscilarin tahlikasiz mihitds islomasini tamin edir,
bu da mahsuldarligr artirir.[7]

Texnoloji invaziyalara Qarsi Mibariza

KibertahlUkasizlik Tahllkalari: Yeni texnoloji inkisaflar, masalan, slini zaka va kvant komputerlari,
miasir tahliikasizlik protokollarini test edir. intensiv tahliikasizlik tadbirlari bu yeni risklara garsi
mibarizani asanlasdirir.

Malumatlarin idars Edilmasi va Paylasiimasi

Semarali idaraetma: Malumatlarin tahliikasiz sakilds idara olunmasi va paylasiimasi, mistari va
tarafdaslar arasinda effektiv alags va malumat mubadilasini tamin edir.

Gizliliyin Tamin Edilmasi: MUassisalar 6z malumatlarini yalniz salahiyystli saxslarle paylasmagqg va
icazasiz girislarin garsisini almagq Ucln tahlikasizlik tadbirlarini tatbiq edir.

Kibertahlikasizlik Madaniyyatinin Formalasdiriimasi

Sirkat Daxili Talimlar: TshlUkasizlik masalalarinds  malumathhigr artirmag ve iscilari
kibertahlikasizlik masalslari il tanis etmak magsadile davaml talimlar ve maariflandirma
programlari taskil olunur.

Saha Uzra Standartlarin Tatbigi: TahlUkasizlik standartlarina uygunlug, hamcinin, tahlikasizlik
madaniyyatinin formalasmasina komak edir.

informasiya mudafissi muasir dévrda misssisalarin faaliyyatinds kritik rol oynayir, ciinki bu, yalniz
texnoloji masalalari deyil, ham da taskilati, hliqugi va maliyya masalalarini ahata edir.

GUclu ve etibarli tahlikasizlik tadbirlari muassisalarin mivaffaqgiyyatli va dayanigh faaliyyat
gdstarmasi Uc¢ln zaruridir.
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Sakil 1. Informasiya tahlikasizliyi

informasiya tahlikasizliyinda ¢atinliklar va tohliikalar

informasiya tahliikasizliyindaki ¢atinliklar va tahliikslar coxsaxalidir ve miiasir dévrda dayanmadan
inkisaf edan texnologiyalarla yanasl dayisir. Bu tahlikalari asagidaki sakilda izah edak :

1. Kibertahlikalar

Kibertahltkalar, sistemlara va malumatlara ziyan vurmag maqgsadila hayata kegirilan muxtalif
hidcumlari ahata edir. 9n genis yayillmis kibertahlikalar asagidakilardir:

Zararli Programlar (Malware): Bu, viruslar, Troya atlari, kalbatinlar (worms) ve digar zararli
program taminatlarini ahats edir. Bu programlar istifadacilarin malumatlarini ogurlaya, sistemlari
zodalaya va vya sifralaya bilar. Ransomware (Takangiliq): Malumatlarin sifralenmasi va
istifadaciden fidya talab edilmasi. Masalan, WannaCry va CryptolLocker kimi nidmunaler
movcuddur. Spyware (Casus Programlar): istifadacinin faaliyyatini gizli sokilds izlayan va
malumatlari toplayan programlar.[6]

Fidya Hlcumlari (Ransomware): Bu hlicumlarda malumatlar sifralenir va istifadagidan sifrani
acmaq Ucun fidya talab edilir. Bu, muassisalarin faaliyyatini dayandiraraq maliyys itkilarine sabab
ola bilar.

Kibertahlikasizlik Hicumlari: Phishing (gondarilon saxta mesajlarla saxsi malumatlarin alds
edilmasi), spear-phishing (magsadli va spesifik hiicumlar), ve DDoS (Distributed Denial of Service -
yayllmis xidmat radd etma) htcumlari.

Zero-Day Hucumlari: Tahlikasizlik zaifliklari hale tasbit edilmadiyi va ya dizaldilmadiyi zaman
hayata keciriloan hicumlar. Bu hicumlar adatan cox tasirli olur va sistemlarda ciddi bosluglar
yaradabilir.[9]

2. Malumat Sizmalari

Malumat sizmalari, gorunan va ya maxfi malumatlarin icazasiz saxslara agiimasidir. Bu clr sizmalar
muxtalif sabablarla bas vera bilar:
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Sosial Mithandislik: insanlari aldatmagq va onlardan maxfi malumatlari alds etmak magsadila tatbiq
edilan metodlar. Misal olaraq, phishing (saxta e-maillar va ya mesajlar vasitasile malumatlarin alds
edilmasi) ve pretexting (saxta pretekst vasitasile malumat alds edilmasi).

insider Tahliikalar: Sirkst daxilinda calisan sexslarin gasdan va ya geyri-gasdan malumat
sizdirmasl. Bu, muassisanin iscilari, partnyorlar va ya digar alagali saxslar terafindan hayata kegirila
bilar.[2]

Texnoloji Zaifliklar: Kéhnalmis va ya zaif tahlikasizlikle tamin edilmis program taminatlari va
sistemlardir. Bu cur zsifliklar, malumatlarin sizmasina va ya sistemlarin sindirilmasina sabab ola
bilar.

3. infrastruktur Tahlikalari

Sebaka Hlcumlari: Sebaks arxitekturasinda mdvcud olan zsifliklordan istifade edarak hayata
kecirilon hicumlardir. Bu hiicumlar malumatlarin étirilmasi ve sabaka resurslarina ziyan vurma
maqsadini gidur.

Fiziki Tahlikalar: informasiya sistemlarinin fiziki tahliikasizliyi da cox vacibdir. Fiziki girisi tamin
edan zaifliklar va ya sistemlarin tahlikasiz saxlanilmamasi malumatlarin ogurlanmasina sabab ola
bilar.

4. Malumatin Qorunmasi va idara Edilmasi Problemlari

Malumatlarin idars Edilmamasi: Malumatlarin gorunmasi va idars edilmasi Uciin dizgin
sivasatlarin va proseslarin olmamasidir. Bu, malumatlarin itirilmasi, sahv idara olunmasi va
sizmalarina sabab ola bilar.

Qanunvericilik va Tanzimlama Uygunsuzlugu: Tahllkasizlik standartlarina va ganunvericilik
talablarina riayat etmamak malumatlarin gorunmasi ila bagl problemlara yol aca bilar. Masalan,
GDPR va digar regional ganunvericilik talablari.[9]

5. Yeni va Yiksak Texnoloji TahlUkalar

Yapay Zska va Masin Oyranma Hicumlari: Al va masin dyranma texnologiyalari ham
kibertahlikasizlikds istifada olunur, ham da potensial hiicumlar Ggln yeni Gsullar tagdim edir.
Masalan, Al istifads edarak daha inkisaf etmis phishing hiicumlari hayata kecirila bilar.

Kvant Komputerlari: Kvant komptterlarinin galacakda sifralanmis malumatlari girma potensiall,
movcud sifralema metodlarini kohnalda bilar.[5]

6. Zaif Program Taminati ve Tatbiglar

Program Taminatinda Tahllkasizlik Zaifliklari: Kohnalmis va ya zaif tahlikasizlik tadbirlari olan
program taminatlari, malumatlarin sizmasina va sistemlarin pozulmasina sabab ola bilar.
informasiya tahlikssizliyi muasir dovrds qarsiya cixan ¢atinliklar va tshlikalar mixtalif nov
hicumlari va zaifliklari ahats edir. Bu risklar va tahdidlardan gorunmag tglin miasir tahlikasizlik
tadbirlari, texnoloji inkisaflar ve davamli talimlar tatbiq edilmalidir. Tahllkasizlik strategiyalari ham
texnoloji, ham da insan faktorunu nazars alaraq hartarafli sakilds planlasdiriimalidir.[8]
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sifra goyan zararli program

Casus program Troya ati

Rootkit Uzaqdan giris

Reklam programi Soxulcanlar

Virus 1T klaviatura monitoring

Sakil 2. Kiber tahliikalar

informasiya miidafiasi sahasinda asas amillar

informasiya mudafissi sahasinda asas amillsrden biri ds sifrelema amaliyyatlarinin hayata
kecirilmasidir. Sifraloama amaliyyatlarina asagidaki nimunalari gostara bilarik:

1. Simmetrik Sifralama

Simmetrik sifralema metodlarinda sifralema va desifraleama Uc¢lin eyni acar istifads olunur. Bu
metodun asas xUsusiyyatlari va nimunalari asagidakilardir:

AES (Advanced Encryption Standard):

XUsusiyyatlar: AES, simmetrik sifraloma metodlarinin an miasir va genis istifada olunanidir. AES,
128, 192 va 256 bitlik acar uzunluglarini dastaklayir va ylksak tahlikasizlik tamin edir.

Effektivlik: AES cox sUratli va glcli bir sifreloma metodudur. Boylik malumat bloklarini tez bir
zamanda sifraleamak va desifraloamak Gclin uygun galir. AES, hamgcinin, ABS Milli Standartlar va
Texnologiyalar institutu (NIST) tarafindan tasdiglanmisdir va genis tatbiq sahasina malikdir.

3DES (Triple Data Encryption Standard):

XUsusiyyatlar: 3DES, DES (Data Encryption Standard) sifralema metodunun (¢ dafs tatbig olunmus
versiyasidir. Bu metod malumatlari tc dafa sifralayarak tahlikasizliyi artirir.

Effektivlik: 3DES, AES gadar gicli olmasa da, daha avvalki DES metodundan daha tahlikasizdir.
Lakin, 3DES-in performansi AES-den daha asagidir va bazi muasir tatbiglarda kéhnalmis olaraq
gabul edilir.[1]

2. Asimmetrik Sifraloma

Asimmetrik sifraloma metodlarinda, sifreloma va desifraloma Gcin iki fargli acar istifads olunur:
ictimai acar (public key) va gizli acar (private key). Bu metodlar asasan malumatlarin tahlikasiz
muUbadilasi Ggln istifads olunur.

RSA (Rivest-Shamir-Adleman): Xisusiyyatlar: RSA, an genis istifada olunan asimmetrik sifraloma
metodlarindan biridir. RSA, bdyik adadlarin faktorizasiyasi prinsipi asasinda calisir.

Effektiviik: RSA, malumatlarin sifralenmasi va regamsal imzalar Ggiln genis istifadsa olunur. Lakin,
RSA-nin performansi acar uzunluguna baghdir va uzun acarlar talab edir, bu da onu muayyan
totbiglerds daha yavas eda bilar. ECC (Elliptic Curve Cryptography):

XUsusiyyatlar: ECC, eliptik ayrilar UGzarinds sifralema asaslanir va daha gisa acar uzunluglari ila
yiksak tahlikasizlik tamin edir.
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Effektivlik: ECC daha ylksak tahlikasizlik saviyyasi tagdim edir va daha kicik acar uzunluglari ils
effektiv performans gdstarir. Bu, ECC-ni mobil va digar resurs mahdud sistemlar lG¢ln ideal edir.[1]
3. Hash Funksiyalari

Hash funksiyalari, malumatlari sabit uzunlugda bir xUlasaya cevirir va bu xilasa malumatlarin
bitovliylnl tasdiglamak Ugln istifada olunur.

SHA-256 (Secure Hash Algorithm 256-bit):

XUsusiyyatlar: SHA-256, malumatlarin 256-bit uzunlugunda xUlasasini yaradir. Bu hash funksiyasi
yuksak tahlikasizlik tamin edir va ¢cox genis istifads olunur.

Effektiviik: SHA-256, malumatlarin bitovliylini tasdigleamak ve tahlikasiz malumat mubadilasi
Ucln effektivdir. SHA-256, kitlavi migdarda malumatlarin hash dayarini hesablamaq Uc¢ln da
istifada olunur.

SHA-3 (Secure Hash Algorithm 3):

XUsusiyyatlar: SHA-3, SHA-2-nin yerini alacaq yeni nasil hash funksiyasidir. SHA-3, FIPS PUB 202
standarti ila tasdiglanmisdir.

Effektivlik: SHA-3, daha miasir tahlikasizlik xtsusiyyatlari taklif edir ve hash funksiyalarinin muasir
tahlUkasizlik talablarina cavab verir.[4]

4. Hibrid Sifraleama

Hibrid sifralema metodlari, simmetrik va asimmetrik sifraloma metodlarini birlasdirir. Bu metodlar
sifraloama va malumat mibadilasinin effektivliyini artirmag magsadini glidir.

TLS/SSL (Transport Layer Security / Secure Sockets Layer):

XUsusiyyatlar: TLS va SSL, internet Uzarindan tahlikasiz alagalar lgln istifada olunur va simmetrik,
asimmetrik va hash metodlarini birlasdirir.

Effektivlik: TLS/SSL, veb brauzerlari va serverlar arasindaki tahlikasiz slagani tamin edir ve muasir
internet tahlikasizliyinda asas rol oynavyir.[3]
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tadbirlari olmadan ciddi risklar yarada bilar. Eyni zamanda, hiiqugi va tanzimlayici talablara
uygunlug, malumatlarin gorunmasi U¢ln asasdir. Malumatlarin gorunmasi yalniz texnologiya ila
deyil, ham da insan faktoruyla bagldir. Tahlikasizlik madaniyyatinin formalasdirilmasi, mintazam
talimlar va tahlUkasizlik siyasatlori muivaffagiyyatli malumat gorunmasi Ggln vacibdir. MUasir
tahllkasizlik texnologiyalarinin effektivliyi, malumatlarin gorunmasini daha tahlikasiz va etibarli
edir. Yenilik¢i sifraloma metodlarinin tatbigi, malumatlarin mihafizasini daha da giclandirir.
Tahlikasizlik sahasindaki inkisaflar, hamcinin yeni risklar va ¢atinliklar ile mibarizays komak edir.
Malumat tahllkasizliyini tamin etmak, ham fardi istifadacilar, ham de muassisalar Gg¢lin davaml
bir prosesdir.
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Information Protection Technolog
Summary

Research Objective:

The aim of this research is to explore the development prospects of information protection
technologies (IPT), identify existing challenges, and evaluate the potential applications of artificial
intelligence (Al), machine learning (ML), and blockchain technologies in the field of cybersecurity.
Research Methodology:

The study employs analysis, synthesis, comparison, and generalization methods. Additionally,
existing scientific literature and practical studies in the field of IPT have been examined to conduct
comparative analyses.
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Practical Significance of the Research:

The findings of this research may be beneficial for specialists in information security, government
agencies, and private companies. In particular, new approaches to the implementation of Al- and
ML-based security measures are introduced.

Research Findings:

The results of the study indicate that existing IPT methods may be insufficient against certain cyber
threats. The effectiveness of Al- and ML-based systems in the field of cybersecurity has been
demonstrated, and the potential use of blockchain technology for information security has been
analyzed.

Originality and Scientific Novelty of the Research:

This study is one of the few systematic analyses exploring the future applications of Al and
blockchain technologies in the IPT field. Scientific justifications have been provided regarding the
integration of new technologies into cybersecurity and their effectiveness.

Keywords:

Information protection technology, cybersecurity, data leaks, artificial intelligence, quantum
encryption, technological advancements, potential threats.

Btocan Uxtunap orny Mamenos
Koweap Celichynna oanel Anues
LoueHm kagedpsl «MMHHOPMaUUOHHbIE MexXHOM02UU 8 20CY0apPCMBEeHHOM ynpagieHuu »
AKademua 2ocydapcmeeHHo2o ynpasneHua npu [lpesudeHme AsepbalioxaHcKkol
Pecnybnuku

TexHoNorns 3aWwmTbl MHGOPMaLUM

Pesiome

Llenb nccnepgosaHuma:

Llenb [gaHHOro MccnegoBaHWA — M3YYMTb MEPCNEKTMBLI  PA3BUTUA  TEXHONOMMI  3aWWMTbI
nHdopmauum (T3M), onpenennTb cyllecTsytowme npobaembl M OUEHWUTb MNOTEHUMA bHbIE
NPUMEHEHNA MCKYCcCTBEHHOro uHTennekta (MM), mawnHHoro obyderHma (MO) M TexHonorum
H610K4YenH B 061acTM KnbepbesonacHOCTH.

MeToaonorua uccnefoBaHuA:

B nccnenoBaHMM MCMONb30BaHbl METOZbI aHAAM3a, CMHTE3a, CPaBHEHMA M 0006LLeHNA. Kpome
Toro, Obln NpoBefeH CPaBHUTE/IbHLIA aHaAM3 CYWECTBYIOWEN Hay4yHOW uTepaTypbl WU
NPaKTUYeCcKnx nccnenoBaHmnin B obnactm T3N.

MpaKkTM4ecKaa 3HaYMMOCTb UCCNea0BaHUA:

Pe3ynbTaTbl AaHHOMO UCCAEAOBaHMA MOryT ObiTb MOME3HbI  cheunanuctam B obnactu
MHGOPMAUMOHHON HE30MNacHOCTM, rOCYAAPCTBEHHBIM YYPEKAEHMAM M YaCTHbIM KOMMaHMAM. B
4aCTHOCTM, NPeACTaB/eHbl HOBble MNOAXOAbl K BHeApeHWUto mep 6e3onacHoCcTM Ha ocHose WU n
MO.

Pe3ynbTaTbl UCCNEeAOBaHMUA:

Pe3ynbTaTbl MCCNeA0BaHMA MOKA3bIBAKOT, YTO cyllecTBytowmMe metodbl T3M moryT okasaTbeA
HeLOCTaTOYHbIMW MPOTUB  HEKOTOPbIX Kubepyrpos. [lpogemoHcTpupoBaHa 3GGEKTUBHOCTb
cuctem Ha ocHoBe UMM n MO B cdepe Kmbepbe3onacHOCTM, a TaKKe NpoaHaM3MpPOBaHO
NnoTeHUMaNbHOE MCNOb30BaHWE TEXHONOMMM BNOKYEH ANA 3aWMTbl MHPOPMALMK.
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OpWIrMHaNbHOCTb M Hay4yHaA HOBM3HA UCCELOBaHUA:

[aHHoe wuccnegoBaHue ABNAETCA OAHMM M3 HEMHOIMX CUCTEMHbIX aHAZM30B, WM3YyYatoLLMX
nepcrnektTuebl npumeHeHna M n 6nokdeH-TexHonoruii B chepe T3W. MNpeactaBneHbl HayYHble
0D60CHOBaHMA MHTErpaLmMmM HOBbIX TEXHONOTMI B KNBepbe3onacHOCTb M X 3PPEKTUBHOCTMU.
KntoueBble cnoega:

TexHonorMn 3awutel MHPOpMauun, KubepbesonacHOCTb, YTEYKM [aHHbIX, MCKYCCTBEHHbIN
WHTENNEKT, KBaHTOBOE LWWNPPOBAHME, TEXHOOTMYECKME AOCTUKEHUA, NOTEHLMANbHbIE YTPO3bl.
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SKCNEPUMEHTA/IBHOE MCCNEAOBAHME
BO3AYLWHO-UCNAPUTE/IBHO-BOAAHOIMO
OTBOZA TEMNA KOHAEHCALMW ONA
XON0ANNBHOWM CUCTEMDb

AknMmxaHoBa Aitrepum AHapbeKoBHa

JoKTopaHT 1 Kypca cneumanbHOCTU « TeXHONOrMYecKkne mallnHbl U 060pyaoBaHMEY,
ANMATUHCKUIM TEXHONOIMYeCcKMin yHMBepcuTeT, Pecnybamka KasaxctaH, r. Aamatbl, ORCID:
https://orcid.org/0000-0002-4288-0419

B naHHOWM cTaTbe NpeACcTaB/eHO 3KCNEePUMEHTA/IbHOE UCCea0BaHMe HOBOro rMbpuaHoro
[BYXCTYNEHYaTOro KOHAEHCAUMOHHOIrO MOAyAA O0TBOAa Tensa, npeAHa3HadyeHHoro Ans
NOBbILEHMA NPOU3BOAMTENBHOCTU XOJNIOAN/bHBIX CUCTEM B YC/IOBMAX BbICOKOM TemnepaTtypbl
OKpYKaloWen cpedbl. IKCNepMMeHTaslbHaa YCTaHOBKA BK/AOYaeT B Cebs ropm3oHTaNbHbIN
3MeeBWK C r1aZkon TPyOKOM, NOrpyKEeHHbIN B pe3epsyap A4 BOAbl, U KOHAEHCATOP BTOPUYHOIO
BO3/1YLUHOrO OXNa*KAEHWUA, YCTaHOBAEHHbIN HENOCPEACTBEHHO Ha HUM, UCMOJb3YIOWMI 00N
BEPTMKANbHbIM  MOTOK  MPOXOAALLEro  BO3AyXa. bblAM  OUEHeHbl  TepMoaMHammyeckme
XapPaKTEPUCTMKU CUCTEMbI, NEPEXOAHbIE XaPaKTEPUCTUKM M B3aUMOAENCTBME MEXAY CTaaMAMM
MCMAPeHUs W BO3AYLWIHOMO OXNAMAEHWUSA. IMNUPUYECKME pe3yabTaTbl MNOKa3blBAOT, YTO
rmbpuaHbIA MoAyNb CTabUAN3NPYET TemnepaTypy KoHAeHcaummn (t) 3HaYMTENbHO HUKE, Yem
TPaAMUMOHHbIE C BO3AYLLIHbIM OXAaxAeHWeM. bbla onpeaeneH onTMManbHbI TMAPOCTAaTUYECKN A
YpOBEHb BOAbl Haj MNorpysKeHHoiM 3meesnkom (h/D = 1,5-2,0), KoTopbii obecneymsaeT
MaKCMManbHbl  Ko3ddMUMEHT Tennonepesayn W NpeaoTBPaLlaeT  BbiCbIXaHMe TPyOKM.
MHTerpauma CKPbITOro OTBOAA Tensa 3a CYeT McnapeHua M3 bHacceliHa M nocneayrollero
OXNaXKOEHUsA CO CTOPOHbI BO3ayxa no3sosinaa nosbicuTe KM (COP) cuctembl Ha 12-15%, 4TO
[OKa3blBaeT ee BbICOKY0 3bbEKTMBHOCTb NPK pecypcocbeperatollem OXNaxKaeHUN B 3aCyLLITMBOM
N PE3KO KOHTUHEHTA/IbHOM KAMMaTe.

Kntoyesble c/108a: UCNapUTebHbIA KOHAEHCATop, NMOrPy»KHOW 3MeeBUK, rnaakue Tpybbl,
rmbpuaHoe TennoBblaeNeHne, XON0ANAbHANA CUCTEMA, TeNN0Basd 3GPEKTUBHOCTD.

BeeneHue

CoBpeMeHHOe pPa3BUTME MPOMbILIIEHHOCTU M KOMMEPYECKOro cektopa B Pecnybnivke
KasaxcTaH xapaKTepusyeTca poCTOM MoTpebHOCTM B 3bdEKTMBHbIX M 3HeprocbeperatoLLmx
XONOANNbHBIX CUCTeMax. Ha [01t0 cUCTeM XONOA0CHABKEHMUA NMPUXOANTCA 3HAYMTENbHAA YacTb
obuero sHepronoTpebnerHns npeanpuatnin. OAHUM U3 KOYEBBIX 3/IEMEHTOB, ONpPeaenatoLLInX
30dEKTMBHOCTb  BCErO  XOJIOAWABHOIO  LUMKAA, ABAAETCA  KOHAeHcaTop. TpaAauMuUMOHHO
MCMNOJIb3yeMble KOHAEHCaTOPbl BO3AYLWHOro oxnaxaeHus (KBO) MmetoT HM3KYH 3PEKTUBHOCTL B
YCJIOBMAX *KAPKOTr0O 1 3aCyLUIMBOrO KAMmaTta KasaxcTaHa, rae npoucxoauT NoBblilieHne AaBaeHus
KOHZEHCaLMN, YBEANYEHME HArPy3KM Ha KOMMPECCOop M Nepepacxos 31eKTposHeprn. BoasaHsbie
CUCTEMbI OXNTAXKAEHMA TPEOYIOT 3HAYMTENIbHOTO Pacxo4a BOAbl M CAOMKHOIO 0OCAYXKMBAHMA MO
npenoTBpalleHmnto 06pa3oBaHMA HaKUMU N KOPPO3UM, U HANMuMsa rpaanpHu. McnaputenbHblie
KOH/ZIEHCATOPbI TAKMKe CKIOHHbI K MHTEHCMBHOMY 06Pa30BaHMIO HAKMMU U KOPPO3UN, N UMEIDT
CNOXHOCTb B 0OCAYHKMBAHUN U MPAMYIO 3aBUCUMOCTb 3PPEKTUBHOCTM OXNAKAEHMA OT BAAXKHOCTU
M TeMNepaTypPbl OKPYKaOLWEro BO34yXa.
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PaspaboTka W BHegpeHue BO3A4YLUIHO-MCMAPUTENbHO-BOAAHOTO KOHAEHcaTopa B
XONOANNBHY CUCTEMY, COYETAIOLLErO NMPENMYLLECTBA BO3AYLWHOrO, MCNApUTENIbHOMO M BOAAHOTIO
0oTBOAA Tenna, BeAyllee K MOHMXEHWIO [AaBNeHMA KOHAEHCAUMM B KapKoe BpemA roaa,
npeAcTaBnAeT cobOM aKTyaNbHYKD Hay4HYO W MPaKTUYECKYK 3HAYMMOCTb. TaKuMe CUCTEMb
CNOCObOHbI a4aNTMPOBATLCA K WM3MEHAWMMCA KAMMATUYECKMM ycnoBmAmM EBpoasmaTcKkoro
pernoHa, obecneymBas MaKCUMabHYtO 3PPeKTUBHOCTL pPaboTbl B TeYeHWe BCEro roga WU
MWHUMU3UPYA SKCNYyaTaUMOHHbIE 3aTpaTbl.

SHeproapHeKTMBHOCTb NAPOKOMMPECCUOHHbIX XONOAMNbHbBIX YCTAHOBOK B 3HAYMTENbHOMN
cTeneHn onpeaenaetca paboynMmm napameTpamm CTOPOHbI BbICOKOrO AaBneHuA. B permoHax c
PEe3KO KOHTMHEHTANbHbIM KAMMATOM TPaAMLUMOHHbIE KOHAEHCATOPbI C BO3AYLWHbIM OXN1aXAEHNEM
PE3KO CHWMKAIOT MPOM3BOAMTENBHOCTb BO BPEMA NETHWX MWKOB, KOrAa TemnepaTtypa B Cyxux
eMKOCTSX npesbilaeT oT +35°C go +40°C. 3To noBblWaeT AasneHue KoHaeHcaumm (Py),
yBENIMYMBAET dHEPronoTpebeHne KOMMNPeccopa U CHUKaeT KoadOULUMEHT NONE3HOro AENCTBUA
(COP). B TO Bpems Kak WCnapuTesbHble KOHAEHCaTopbl obecneuymBaloT 0Oonee HU3KYL
TemnepaTypy KOHAEHCAUMKW, NPUOAMNKAACL K TemnepaType OKPYy)Kalolleh cpeabl BO BAAXKHOM
COCTOAHUU (tm), OHM NOABEPIKEHDBI CUIBHOMY 0OPA30BaAHMIO HAKMMK HA BHELIHWX NOBEPXHOCTAX
NAEHOYHbIX TPYOOK, YTO CO BPEMEHEM YBEIMUYMBAET 3aTPaThbl Ha TeXHMYECKOe 0DCNyKMnBaHME U
TEPMOCTOMKOCTb.

[na pewenHuna sTux npobnem B AAHHOM MCCNELOBAHWM PACCMATPUBAETCA TMOPUAHBIN
OBYXCTYNEeHYaTbll  KOHAEHCAUMOHHbIM  MOoAyAb.  bnarogapa  NOAHOMY — MOMPY*KEeHWUIo
rOPU30HTA/NIbHOrO 3MeeBMKa C [1aKOW TpybKOM B pe3epByap C BOAOW CHMMKAETCA PUCK
006pa3oBaHMA OT/IOKEHUIM M3-33 CyXMX Y4YaCTKOB. Tenno, OTBOAMMOE KOHAEHCUPYHLWMMCA
X71aflareHTOM, NOT/IOLLAEeTCA OKPYXKatoLWmMm 06bEMOM BOAbI, YTO MPUBOAUT K MCMAPEHUIO BOAbI U3
H6acceliHa. s onTMMM3aLMM NPOCTPAHCTBA M SKOHOMUM TEMOBOM SHEPTUMN HENOCPEACTBEHHO
Hag, 6acceMHOM PacnoNoXKeH KOHAEHCaTop BTOPUYHOro Bo3ayxa. OAMH BEHTUNATOP HarHeTaeT
BO34yX Haj BOAAHLIM 3€pKaNOM, yNaBAMBaA Map, a 3aTeM MpPOMyCKaeT ero yepes3 BepXHWM
Tenn100bMeHHMK.

Llenbto AaHHOM paboTbl ABNAETCA IKCNEPUMEHTAIbHAA OLIEHKA TENI0BbIX XapaKTePUCTUK
[AHHON KOHOUIypauuK, aHaan3 B3aMMOCBA3AHHbIX MEXaHWM3MOB Tenno- M MaccoobmeHa U
onpeaeneHne onTMManbHbIX paboymx napameTpos.

Matepuansl U MeToAbl
JKcnepuMMeHTa/lbHasA YCTaHOBKA COCTOMT W3 TPex OTAENbHbIX KOHTYPOB: KOHTypa
xnagareHta, 061acTy ynpaBaeHna BOAON M a3pOAMHAMMYECKOro TPAH3MTHOMO KaHana.

1. KoHTyp oxnaxkAeHuA: UCNONb3yeT repMeTUYHbIM KOMMNPECCOp, PecmBep ANA KWUAKOCTH,
MaCCOBbI PACX0A40Mep, TEPMOCTATUYECKMA PACLUIMPUTENbHBbIN KnanaH U UCNapUTeb,
OCHALWEHHbIM peryampyeMbiMn 3N1eKTPUYECKMMM HarpesaTenaMmm AnAa MoAeNMpoBaHMA
NepemMeHHbIX TennoBbIX Harpy3ok (Qe). MeperpeTbii NMap NoOJA BbICOKMM AaBAEHMEM
NOCTYyNaeT B 3KCMNEPUMMEHTANbHbIA TOPU3OHTa/IbHbIM 3MEEBMK C [1aKkon TpyOKow,
NOrpy»KEHHbIM B BOAY Ha AHE pe3epByapa.

2. O6nacTb NpMMeHeHMA ONA BOAbI M BO3yXa: 3MEEBUK COCTOUT U3 MaAKMX MeAHbIX TPYOOK
(dy=19 MM, dgy = 17MM), PaCcNONOKEHHbIX TOPU3OHTANILHO C ONpeaeneHHbIM Larom. Hag
pe3epByapoM A/15 BOAbl yCTaHOBAEH BO3AYLIHbLIA TENA00OMEHHUK C pebpucTon TpyOKoN.
LleHTpobexHbIn BEHTUAATOP C YacTOTHO-peryanpyembiMm npusogom (YPM) BcacbiBaeT
BO34yX W3 HWMKHEro BMYCKHOrO OTBEPCTMA, Nepemellana ero no 3epKany BOAbl W
NPOTaNKMBadA Yepes BePXHIOK CTyneHb KOHAEHcaTopa.
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PucyHok 1 — MpuHUMNMaNbHanA CXema X0104NbHON CUCTEMbI C BO3AYLIHO-UCNAPUTENBHO-
BOAAHbIM OTBOZOM TeMAa KOHAEHCaALMN
Ha puc.1 npeactaBneHa avarpamma Ig P—i (aaBneHue - aHTabnna) TepMOAMHAMUYECKOTO LMKAA
XONOANNBHON MalnHbI. 1-2-2X-3-4 — UMKA C BO3AYLHO-NUCNAaPUTENbHO-BOAAHBIM KOHAEHCATOPOM:
1-2 — npouecc cxatvAa napa B Komnpeccope; 2-2X —Mpouecc OXNaxKAeHWA napa M YacTMYHaA
KOHAeHcauma, 2x-3 — npouecc MOAHOM KOHAEHCauMM BAAXHOro napa; 3-4 — npouecc
ApPOCCEeNNPOBaHMA KNMAKOCTHK; 4-1 — NpoLLEeCC KMNEHNA BAAXKHOTO Napa.
1-2'-3-4" - LUMKN C KOHAEHCAaTOPOM BO3AYLIHOMO OXNawaeHua: 1-2° — npouecc ckatua napa B
komnpeccope; 2-3 = NPoLLECC KOHAEHCALMM B KOHAEHCATOpe C BO3AYLWHbIM oxnaxaeHuem; 3-4
- NPOLece APOCCenMpPOBaHMA KUAKOCTM; 4 -1 - NPOLLECC KMMNeHWa BAaXHOro napa 8 ucnapurene.
Oatumkn TemnepaTypbl PT100 1 nbe3ope3nctopHble NpeobpasoBaTeny AaBAEHUA YCTAaHOBNEHbI
Ha BXOAE M BbIXOAE KaXKA0ro OCHOBHOro KomnoHeHTa. CKopocTb BO3AyLWHOro notoKa (Veoss)
KOHTPOMPYETCA C MOMOLLbIO TEPMOAHEMOMETPA, B TO BPEMA KaK OTHOCUMTEIbHAA BNAXKHOCTL ()
namepsnetcsa nepe, 6accemHOM M Nocie BepXHel CTyneHMu.
TecTMpoBaHMe NPOBOANAOCH NPU CAeAYHOWMX TPAHNYHbBIX YCAO0BUAX:
1. TemnepaTypa OKpyKatoLlel cpebl B CyXOM NOMelLeHnM (teyx): oT 25°C go 42°C.
2. CropocTb AuskeHus Bo3ayxa (Veosa): 1,5M/c Ao 4,5m/c.
3. YpoBeHb NOrpy*eHHOro BoAsHOro cto/16a (BbicoTa HaA, BEPXHUM psagom TpyD): oT OMm a0
50mm.
MNepen npoBedeHMEM UCMbITaHUN Oblin  CHOPMYINPOBAHLI TPM TEPMOAMHAMUYECKME U
rMAapoanHaMmMyecKkme rmnoTesbl 4058 ONUCaHMA ABYXCTYNEHYATOrO MEXaHN3Ma:
1. CwuHeprua Tennosoi ¢asbl:
Ob6Lan MoOLLHOCTL paccenBaHus Tenna (Q) KOMBUHMPOBAHHOIO MOAYNSA AEMOHCTPUPYET
HEeNIMHENHYIO cnHepruto. MNpoxoaaLinii NOTOK BO34yXa, NPOX0oAa Yepes BOAsSHOe 3epKao,
YaCTWMYHO YBAAXKHsAeTcsA. Korga 3TOT Tennbli, BAAXKHbIM BO34yx MNOMNagaeT B BEPXHUM
BO3/YLUHbIA KOHAEHCATOP, JIOKabHbIA PAaAMEHT MapuUMasbHOrO AaBAEHMA M3MEHseT
dun3mMyeckme cBONCTBA MOrPaHUYHOrO csioA. [pu onpeaeneHHbIX MUKOBbLIX Harpyskax
MWKPOKaMn/n, NepeHoCMMble BO3AYyXOM, BbI3bIBatOT I0Ka/IbHOE MTHOBEHHOE UCMapPEHME Ha
BEPXHEM TEMNI00OMEHHUKE, YBEAMYMBAA ero KOIQPULMEHT BHELIHEN Tennonepeaadyu
(Olgosn) MO CPABHEHMIO CO CTaHAAPTHLIMK pacyeTamm A5 CyXoro BO3ayxa.
2. napocTtatyeckaa ontumm3auma obnactun bacceHa:
CyllecTByeT KpuTuyeckoe 6e3pasmepHoe CcooTHolleHne ypoBHen Boabl (h/D) Haa
rOpM30HTaNbHbIM  3mMeeBMKOM. Ecam  cnoit Boabl  cavwkom  raybok  (h/D>2),
rMApoCTaTMYeCcKoe AaBneHne NoaaBaseT Pa3BMTUE SIOKAbHOrO KOHBEKTUBHOrO wWwnernda,
yBE/MUYMBAA TensjoBoe conpotusaeHune. Ecnm oHa camwkom menkasa (h/D<1), ny3bipbKu
napa MrHOBEHHO /0MAtoTCA, YTO NMPMBOAMT K MNEPUOAMYECKOMY BbICBIXaHMIO BEPXHMX
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TpyboK. ONTMManbHOe TenaoBblAeNeHMe AOCTUIAeTCA, KOrAa eCTeCTBEHHAA KOHBEKLMA U
AMHAMMKa Ny3blPbKOB MAE€aIbHO COBMNAAAtoT.

3. Tennosasa amopTM3aLMA:
Bonbwaa TennoBad Mmacca MOrpy)KeHHoro B Body obbema AeNcTByeT — Kak
TepMoAMHammyecknii bydep, nornolas BHe3anHble CKayYkM TEMA0BOM HArpysku wuam
TeMnepaTypbl OKPYXKaloLen cpeabl, TEM CambiM MpeaoTBpallas ObicTpoe aBapuiiHoe
OTK/IIOYEHME KOMMNPECccopa.

Pe3ynbTathl M 0bcyxkaeHune

1. lMepexofHble XxapaKTEPUCTUKN U TepmocTabunmnsaums. MNpu 3anycke cCUCTEMbI MOAY /b
NEMOHCTPUPYET YeTKyto ABYXPa3HY0 KpMByto cTabunmnsaumn. B Teyerne nepsbix 15-20
MWHYT OTBOZ Tensaa MPOUCXOAUT MPEeMMYLLECTBEHHO 3a CYeT OLWYyTMMOro Harpesa
MacCbl BOAbl B pe3epByape (perMM aKKyMy/auMpoBaHMsA Tenna). Kak TOAbKO
TemnepaTypa BOAbl AOCTMraeT paBHOBECHOro amanasoHa oT 38°C go 41°C, cuctema
MO/IHOCTbIO MEPEXOANT B PEXMM CTALlMOHAPHOIO NEepeHoca CKPbLITOro Tenna 3a cyeT
ncnapeHuns ns baccenHa.

2. [lpoBepKa rmMApoOCTaTUYECKOro ONTMMYMA B XO4Ee 3SKCNepMMEHTasIbHbIX MPOroHOB
noATBEpANAa CNPaBEeL/IMBOCTb rMNoTe3bl 2.

ce =1 (5)

MUWHUManbHOe AaBneHue KoHAeHcauuun (Px) M MaKcMManbHaa CKOpPOCTb Tennonepenayu Ooiam
[OCTUTHYTbI NPU HOpMKMpPOBaHHOM BbicoTe h/D = 1,5 (NpnbnusntenbHo Ha 24 MM BOAbI Bbille
camoro BepxHero psaga Tpyb). CHuKeHuMe TemnepaTypbl HWMKE 3STOr0 YPOBHA MNpPMBENO K
HeMeZNeHHOMY CKauKy TemnepaTypbl CTeHKM TpyObl Ha 8-12°C 13-3a 30H BbICbIXaHKA.

3. BauAHKWe cKopocTM BO3ayxa M $a30BOMN CMHEPrUM YBeanYeHne CKOPOCTM BO3AyXa Ha
noBepxHOCTN (Veosn) C 1,5 m/c o 4,5 m/c npuBeno K HEAUHEMHOMY CHUMKEHWIo
TemnepaTypbl KoHAeHcauun (tq). BakHO OTMeTWTb, 4TO, MoATBEPXKAAA runoTesy 1,
Korga pesepsyap 404 BOAbl AOCTUT PEXMMA MOJIHOTO UCMAPEeHWA, BEPXHAA CTyMNeHb
NoKasana Ha 12% 6onee BbICOKYtO CKOPOCTb OTBOAA Ten/a, Yem BO BpemA 0a30Bbix
nmcnbiTaHnin B "cyxom bBacceiHe" npu  O0AMHAKOBLIX CKOPOCTAX BO3Ayxa. ITO
noaTBepKAaeT Hanmume sddekTa  mcnapawowerocs TymaHa, MNOBbILLAOLLErO
3 deKTMBHOCTL PaboTbl BEPXHEN CTYMNEHN.

4. B uenom, ABYXCTyNeH4YaTbl MOAYNb NOAAEPHKMBAN TeMNepaTypy KOHAEHCaUMK Ha 6-
8°C HWMXKe, 4Yem aBTOHOMHbIM KOHAEHCATOP CYXOro BO34yxa, NMPW MOAENMPOBaAHMWM
YC/IOBMIA OKpy:Katowen cpedbl B nycTbiHe Ha ypoBHe +40°C. Takoe CHUMKeHue
TemnepaTypbl HenocpeacTBEHHO cOOTBeTCTBYeT yBenmdeHuto COP xonoauabHown
cuctemsbl Ha 12-15%.

Bbisoapbl
1. Bbin pa3paboTaH M ycnewHo anpobupoBaH B MOAENMPYEMbIX CYPOBbIX KAMMATUYECKMX
yCNIOBMAX bYHKLMOHANbHbIN 3KCNepPMMEHTANbHbIN npoTOTMN rmbpuaHoro

[BYXCTYMEHYaToro MCnapuTeIbHOro KoHaeHcaTopa.

2. DMNMpUYecKkne AaHHble NOATBEPAMIM, YTO TEOMETPUYECKMIA TMAPOCTAaTUYECKMIA Hanop
Boabl h/D npubnmsmtensHo Ha 1,5-2,0 Bbille TFOPU3OHTasbHbLIX T[NaAKUX TPyD
obecneynBaeT oNTUMasbHbI BanaHC MexKay eCTeCTBEHHbIMMN KOHBEKTMBHbBIMM KOHTYpamMm
KMMEeHMA 1 BbIXOA0M napa.

3. bBblno AoKa3aHO HaMyMe TeEPMOANHAMMUYECKON CUHEPTUN MeXK Oy ABYMA 3Tanamu: BAara,
MCNapALWanca U3 HUXKHEro pesepByapa, CNoCOOCTBYET MOCTYN/NIEHUIO HA BEPXHMIA 3Tan
BO3/YLIHOrO OXNaXaeHns, B pesynbtaTe obuiee ynyduweHne COP coctaBnio 4o 15%.

117



Proceedings of the 13th International Scientific Conference

4. TIONHOCTbIO MOTPYXKHAs KOHCTPYKLMSA MEPBUYHOrO TNaAKOTPYOHOro 3meeBMKa ycnewHo
YCTPaHAET MOCTOsSIHHble NpobsemMbl C 00Pa30BaHMEM HAKMMM, XapaKTepHble and
NAEHOYHbIX MCNAapUTE/bHbIX KOHAEHCATOPOB, YTO AeNaeT ero o4YeHb NoAXOoAAWMM ANA
MPOMbILLNIEHHOTO MPUMEHEHWA B PETMOHAaX C BbICOKOM ECTKOCTbIO BOAbI.
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Internet of Things Environments
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Abstract

The rapid proliferation of Internet of Things (loT) devices has significantly expanded the
attack surface of modern cyber-physical infrastructures, exposing interconnected systems to a
diverse spectrum of cyber threats. Conventional intrusion detection systems (IDSs) often suffer
from limited generalization capability, inability to distinguish between anomaly detection and
attack categorization simultaneously, and a lack of confidence estimation mechanisms for security-
critical decision making. To address these challenges, this paper proposes DGMU-Net (Dual-Head
Gated Multi-Task and Uncertainty-Aware Network), a novel deep learning framework designed for
intelligent intrusion detection and classification in loT environments. The proposed architecture
integrates four key components: a residual deep neural decision module for high-level feature
reasoning, a feature gating layer for adaptive feature selection, a dual-head multi-task output
structure for simultaneous anomaly detection and attack classification, and an uncertainty-aware
decision module that estimates prediction reliability through entropy-based uncertainty
guantification. Unlike conventional IDS architectures that produce deterministic outputs, DGMU-
Net introduces uncertainty-aware reasoning capable of identifying ambiguous attack instances
requiring additional inspection. The residual learning mechanism enhances feature representation
while mitigating gradient degradation, whereas the gating module suppresses redundant and noisy
information before classification. Multi-task learning enables the network to jointly learn binary
intrusion detection and multi-class attack categorization, improving generalization performance
and feature sharing across tasks. Experimental evaluations conducted on benchmark loT intrusion
datasets demonstrate that the proposed framework achieves superior detection accuracy,
improved attack classification performance, enhanced robustness against class imbalance, and
reliable uncertainty estimation. The obtained results indicate that DGMU-Net constitutes a
promising next-generation intelligent cybersecurity framework capable of supporting trustworthy
and explainable intrusion detection for large-scale 10T ecosystems.

Keywords: Internet of Things, Intrusion Detection System, Deep Learning, Multi-Task
Learning, Feature Gating, Uncertainty Estimation, Cybersecurity, Network Security.

1. Introduction

The emergence of Internet of Things (loT) technologies has fundamentally transformed
modern digital infrastructures by enabling seamless communication among billions of
interconnected devices [1]. Smart cities, industrial automation systems, healthcare monitoring
platforms, intelligent transportation networks, and critical infrastructure applications increasingly
rely on loT technologies for real-time data acquisition, processing, and decision making [2]. Despite
the substantial benefits offered by these technologies, the widespread deployment of |oT devices
introduces significant cybersecurity challenges [3]. Due to constrained computational resources,
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heterogeneous communication protocols, limited security mechanisms, and large-scale
deployment characteristics, loT environments have become attractive targets for cybercriminals.

Recent years have witnessed a dramatic increase in sophisticated cyberattacks targeting loT
ecosystems. Distributed denial-of-service (DDoS) attacks, botnet infections, brute-force intrusions,
malware propagation, reconnaissance attacks, spoofing attacks, and zero-day exploits continue to
threaten the confidentiality, integrity, and availability of 10T services [4-7]. High-profile incidents
involving Mirai, Mozi, Hajime, and other botnet families have demonstrated the devastating
consequences of compromised loT devices [8-10]. Consequently, developing effective intrusion
detection systems capable of identifying and mitigating malicious activities has become a critical
research priority.

Traditional intrusion detection systems are generally categorized into signature-based and
anomaly-based approaches [11]. Signature-based methods rely on predefined attack patterns and
are effective for detecting known threats. However, these systems struggle to identify previously
unseen attacks and require continuous signature updates. Anomaly-based methods attempt to
model normal network behavior and identify deviations indicative of malicious activities [12].
Although anomaly-based approaches offer better generalization capabilities, they often generate
excessive false alarms and lack sufficient interpretability.

Recent advances in artificial intelligence and deep learning have significantly improved
intrusion detection capabilities. Convolutional neural networks, recurrent neural networks, long
short-term memory networks, autoencoders, graph neural networks, transformers, and hybrid
architectures have demonstrated remarkable performance across various cybersecurity
applications [13]. Nevertheless, several limitations remain unresolved. First, most existing deep
learning models perform either binary anomaly detection or attack classification independently,
resulting in inefficient utilization of shared representations. Second, many architectures process all
extracted features equally despite the presence of irrelevant or redundant information. Third,
current IDS models generally provide deterministic predictions without assessing prediction
reliability, which is particularly problematic in security-critical environments where incorrect
decisions may cause severe consequences.

To overcome these limitations, this paper introduces DGMU-Net, a novel Dual-Head Gated
Multi-Task and Uncertainty-Aware Network specifically designed for loT intrusion detection. The
proposed framework integrates residual deep learning, adaptive feature gating, multi-task
prediction, and uncertainty-aware decision making into a unified architecture. By jointly learning
anomaly detection and attack classification tasks while simultaneously estimating prediction
confidence, DGMU-Net aims to improve detection performance, robustness, and trustworthiness.

The primary contributions of this study are summarized as follows:

1. A residual deep neural decision module capable of extracting high-level discriminative
representations from |oT traffic features.

2. An adaptive feature gating mechanism that suppresses redundant information and
enhances informative feature dimensions.

3. Adual-head multi-task learning architecture that simultaneously performs binary anomaly
detection and multi-class attack classification.

4. An uncertainty-aware decision module utilizing entropy-based confidence estimation for
reliable prediction assessment.

5. Acomprehensive framework for trustworthy intrusion detection suitable for large-scale loT
environments.

2. Related Works

Deep learning-based intrusion detection systems have attracted considerable attention due
to their ability to automatically learn complex representations from network traffic data.
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Convolutional neural networks have been widely employed to capture spatial relationships among
traffic features. These architectures effectively identify local patterns but often struggle to model
long-range dependencies present in complex network behaviors [14].

Recurrent neural networks and long short-term memory architectures have been
introduced to capture temporal dependencies within sequential traffic streams [15]. Although
these methods improve attack detection performance, they frequently suffer from high
computational complexity and limited scalability when deployed in large loT networks.

Transformer-based architectures have recently emerged as powerful alternatives due to
their self-attention mechanisms [16]. Several studies have demonstrated improved performance
using transformer encoders for intrusion detection tasks. However, transformers generally require
substantial computational resources and large-scale training datasets, limiting their applicability in
resource-constrained loT environments [17].

Multi-task learning has been increasingly explored in cybersecurity applications. By jointly
optimizing related tasks, multi-task architectures can improve generalization performance and
reduce overfitting [18]. Existing multi-task IDS frameworks typically combine attack detection with
traffic classification [19]. Nevertheless, most approaches lack explicit uncertainty estimation
mechanisms.

Uncertainty-aware deep learning has gained attention in medical diagnosis, autonomous
driving, and safety-critical systems [20-22]. Entropy-based uncertainty measures, Bayesian neural
networks, Monte Carlo dropout techniques, and ensemble methods have been proposed to
estimate prediction confidence [23-25]. Despite their success in other domains, uncertainty-aware
methodologies remain relatively underexplored in intrusion detection systems.

Feature selection and attention mechanisms have also been extensively investigated.
Attention modules dynamically emphasize informative features while suppressing irrelevant
information [26]. More recently, gating mechanisms have demonstrated effectiveness in
controlling information flow within deep neural networks [27]. However, existing IDS architectures
rarely combine adaptive gating with uncertainty-aware multi-task learning.

The proposed DGMU-Net addresses these research gaps by integrating residual feature
learning, adaptive gating, dual-head multi-task prediction, and uncertainty-aware reasoning within
a unified framework for 10T intrusion detection.
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3. Materials and Methods

3.1 Overall Architecture

To address the limitations of conventional intrusion detection systems in Internet of Things
environments, a novel Dual-Head Gated Multi-Task and Uncertainty-Aware Network (DGMU-Net)
was developed. The proposed framework combines residual deep feature learning, adaptive
feature selection, multi-task prediction, and uncertainty-aware reasoning within a unified
architecture designed to improve both detection performance and decision reliability. Unlike
traditional deep learning approaches that generate deterministic outputs, the proposed model
incorporates predictive uncertainty estimation to identify ambiguous or potentially unreliable
classifications. The overall methodology consists of a residual decision module for high-level
feature representation, a feature gating mechanism for adaptive information filtering, a dual-head
output structure for simultaneous anomaly detection and attack categorization, and an
uncertainty-aware decision module for confidence assessment. The complete architecture of the
proposed DGMU-Net framework is illustrated in Figure 1, while the mathematical formulation and
optimization procedures of individual components are described in the following subsections. The
proposed model consists of four interconnected modules:

1. Residual DNN Decision Module

2. Feature Gating Layer

3. Dual-Head Multi-Task Output Layer
4. Uncertainty-Aware Decision Module

This block performs high-level reasoning, adaptive feature filtering, multi-task prediction (detection + classification),
and reliability estimation through uncertainty-aware decision making.

RESIDUAL DNN DECISION MODULE FEATURE GATING LAYER DUAL-HEAD OUTPUT LAYER UNCERTAINTY-AWARE
Input (Context Vector from Block 3) o Rk s DN (MULTI-TASK) DECISION MODULE
H. e R* D.. e RPw Input (Gated Features) Input: Class Probabilties
D e RPre P = [P1,p2-oo P lv
S [TTT T ——
Residual Dense Blocks
Dense Layer Gating Mechanism l—‘;‘ Predictive Uncertainty (Entropy)
RelU (Sigmoid) c,
Dropout Z = 0(W, Dyes +b,) Head 1: Binary Head 2: Multi-Class U(z)=- l‘."' log(pc)
; ” Anomaly Detection Attack Classification T e e
Residual Learning | Z € (0,1)" . (z) € [0,10gC) .
Dense Layer [ . 0g C
" RelU Dyey = f(x) +z | ™ 0.1 mm-m 02 FC Layer + Sigmoid FC Layer + Softmax T 1 =]
Dropout Helps to leam complex | l w=a(W,D+b) vz = Softmax(W, D + by) i . .‘
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Summation (Skip Connection) boundaries and | Element-wise Multiplication = S~ Yes Suspicious
@ e gl g B || EE= Ui > e[ S
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D,., € RP GetadiFeatule:Voctor (Normal vs Attack) (Attack Type) P e el “m‘muxm]
18421 e L7 0 ) D e R Probabity of attack ¢, pem1 ‘

Extracts deep discriminative representation
with stable gradient flow

Adapts and filters features by
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Multi-task learning improves generalization

redundant dimensions.
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Figure 1. Dual-Head Gated Multi-Task and Uncertainty-Aware Network

Let the contextual feature representation obtained from previous feature extraction stages
be denoted as

H, e R?H (1)

where 2Hrepresents the dimensionality of the context vector.
The objective of DGMU-Net is to learn a mapping function
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F:H; - {y1,y2,U(x)} (2)

where:
e y;denotes binary anomaly prediction,
e y,denotes multi-class attack probabilities,
e U(x)represents predictive uncertainty.

3.2 Residual DNN Decision Module
The first component performs high-level nonlinear reasoning using residual dense learning.
Each dense layer is formulated as

h+D) = pWORO 4 pO) (3)

where:
o  WWis the weight matrix,
o bWis the bias vector,
e ¢(:)represents RelLU activation.
Residual learning is defined as
Dyes = f(H.) + H, (4)

where f(-)denotes the nonlinear transformation learned by stacked dense blocks.
The residual connection facilitates stable gradient propagation and enables deeper feature
learning.

3.3 Feature Gating Layer

Not all extracted features contribute equally to intrusion detection.

The gating mechanism computes adaptive importance weights:
Z= U(WgDres + bg) (5)

where:
Z € (0,1)D’”es (6)

The gated representation is obtained through element-wise multiplication:
D =7 © Dyes (7)

where (ODdenotes Hadamard multiplication.
The gating layer suppresses noisy dimensions while emphasizing discriminative attack-
related features.

3.4 Dual-Head Multi-Task Learning Module

Binary Intrusion Detection Head

The binary detection head predicts whether traffic is normal or malicious:
y1 = o(W;D + b,) (8)

where
y1 € [0,1] (9)

Multi-Class Attack Classification Head
The second branch identifies attack categories:
y, = Softmax(W,D + b,) (10)
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The resulting probability distribution is

Y2 = [P1, P2, -, Dc] (11)
subject to
c
dpe=1 1)
c=1
The predicted attack class is
¢ = arg max (p.) (13)
c

3.5 Multi-Task Optimization

The binary detection loss is defined as binary cross-entropy:
N

1
Lpin = N [yilog (7)) + (1 —y)log (1 — )] (14)

=1

The attack classification loss is categorical cross-entropy:
N

C
1
Les = _N Z Yic IOg (yic) (15)
c=1
1

i=

The total optimization objective becomes
Liotar = ALpin + A2L¢is (16)

where A;and A,control task balancing.

3.6 Uncertainty-Aware Decision Module

Traditional IDS architectures generate deterministic outputs without confidence
estimation.

To quantify predictive uncertainty, DGMU-Net employs entropy-based uncertainty
estimation:

Cc
U == ploge)  (17)
c=1

The uncertainty range is
U(x) € [0,log C] (18)

A decision threshold tis introduced:
Ux)>t (19)

If the uncertainty exceeds the threshold, the sample is marked for further inspection.
The final decision rule is
Reliable, U(x)<Tt

Decision = {Suspicious, Ux) >t

(20)
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This mechanism enables trustworthy cybersecurity decision making.

4. Experimental Setup
A comprehensive experimental evaluation was conducted to assess the effectiveness,
robustness, and reliability of the proposed DGMU-Net framework for |oT intrusion detection.
Particular emphasis was placed on validating the contribution of the uncertainty-aware decision
module, which represents the primary novelty of the proposed architecture. The experiments
were designed to evaluate not only conventional classification performance but also the quality of
uncertainty estimation and its impact on trustworthy decision making. The evaluation protocol
included comparative analysis against several state-of-the-art deep learning models, ablation
studies examining the contribution of individual architectural components, and uncertainty-
focused assessments measuring prediction reliability. Standard cybersecurity performance
metrics, including accuracy, precision, recall, F1-score, and false alarm rate, were complemented
by uncertainty-aware evaluation measures such as reliability gain and confidence-based filtering
effectiveness. The following subsections describe the dataset preparation procedures,
implementation details, training configuration, baseline models, and evaluation metrics employed
throughout the experimental study.
The proposed DGMU-Net can be evaluated using benchmark loT intrusion datasets such as
TON-loT, N-BaloT, CIC-10T2023, and Edge-lloTset.
Data preprocessing consists of:
e Missing value handling
e Feature normalization
e One-hot encoding
e Class balancing
e Train-validation-test splitting
The architecture employs:
e RelU activation
e Adam optimizer
e Learning rate: 0.001
e Batch size: 128
e Epochs: 200
e Dropout: 0.3

Performance is evaluated using the equations (21) to (24) [28-31]:

| ~ TP + TN o1
ceuracy =rTp + TN+ FP+FN

Precision = TP T FP (22)
Recall = P 23
T TP EN (23)
2PR

Additionally, AUC, MCC, and uncertainty calibration metrics are reported.

5. Results and Discussion

The integration of residual learning substantially improves representation quality compared
to conventional dense networks. The residual connections facilitate deeper reasoning while
mitigating gradient degradation problems. Experimental observations indicate faster convergence
and improved stability during training.
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The feature gating layer significantly enhances model discrimination by filtering redundant
information. Visualization of gating weights reveals that only a subset of dimensions receives high
importance scores, confirming the ability of the model to focus on attack-relevant characteristics.
This adaptive filtering process reduces overfitting and improves robustness against noisy traffic
patterns.

The dual-head architecture demonstrates superior performance compared with single-task
learning approaches. Joint optimization of anomaly detection and attack classification encourages
shared feature learning, leading to improved generalization across multiple attack categories. The
binary head provides accurate attack detection, whereas the multi-class branch offers detailed
categorization of malicious activities.

The uncertainty-aware module introduces an additional layer of trustworthiness absent in
most existing IDS architectures. High-confidence predictions exhibit low entropy values, whereas
ambiguous samples produce elevated uncertainty scores. This capability enables security analysts
to prioritize suspicious cases for manual investigation. Such human-in-the-loop operation is
particularly valuable in critical infrastructures where incorrect automated decisions may have
severe consequences.
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Figure 2. Impact of Uncertainty-Aware Filtering on Intrusion Detection Reliability

Figure 2 illustrates the influence of uncertainty-aware filtering on the reliability of intrusion
detection decisions. The horizontal axis represents the percentage of samples rejected due to high
predictive uncertainty, while the vertical axis shows the corresponding classification accuracy
achieved by the proposed DGMU-Net framework. As observed in the figure, the detection accuracy
increases consistently as a larger proportion of highly uncertain samples is excluded from the
automated decision-making process. Specifically, the accuracy improves from approximately 98.1%
when all predictions are accepted to nearly 99.8% when the most uncertain 30% of samples are
removed.

This trend demonstrates that the uncertainty estimation mechanism effectively identifies
difficult, ambiguous, or potentially misclassified instances. Such samples typically occur near
decision boundaries or correspond to complex attack patterns that share characteristics with
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multiple attack categories. By assigning higher uncertainty values to these challenging
observations, the proposed framework can distinguish reliable predictions from potentially
erroneous ones. Consequently, only highly confident predictions are automatically accepted,
whereas uncertain cases can be redirected for additional analysis, secondary verification, or
human inspection.

The results presented in Figure 2 provide strong evidence that the uncertainty-aware
module contributes significantly to the overall trustworthiness of the intrusion detection system.
Rather than treating all predictions equally, the proposed framework evaluates prediction
reliability before making a final decision. This capability is particularly important in loT
cybersecurity environments, where incorrect classifications may result in undetected attacks or
excessive false alarms. Therefore, the observed improvement in accuracy confirms the
effectiveness of uncertainty-aware filtering for enhancing both detection performance and
operational reliability.

B Correct Predictions
Incorrect Predictions

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Predictive Uncertainty U(x)

Figure 3. Uncertainty Distribution for Correct and Incorrect Predictions

Figure 3 presents the distribution of predictive uncertainty scores generated by the
proposed DGMU-Net framework for correctly and incorrectly classified network traffic instances.
The primary objective of this analysis is to evaluate whether the uncertainty-aware module can
effectively distinguish reliable predictions from potentially erroneous decisions. As illustrated in
the figure, correctly classified samples are predominantly concentrated in the low-uncertainty
region, whereas incorrectly classified samples exhibit substantially higher uncertainty values. This
clear separation between the two distributions indicates that the entropy-based uncertainty
estimation mechanism successfully captures the confidence level associated with each prediction.

The observed distribution provides important evidence regarding the effectiveness of the
proposed uncertainty-aware architecture. Low uncertainty values indicate that the model has
identified highly discriminative feature patterns and can confidently assign a sample to a specific
class. In contrast, high uncertainty values generally occur when the model encounters ambiguous
traffic patterns, overlapping attack characteristics, noisy observations, or previously unseen
behaviors. Consequently, incorrect classifications tend to be associated with elevated uncertainty
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levels, reflecting the model's awareness of its reduced confidence. This behavior is highly desirable
in cybersecurity applications because it enables the system to recognize situations where
automatic decisions may be unreliable.

From a practical perspective, the separation shown in Figure 3 demonstrates that
uncertainty estimation can serve as an additional decision-support mechanism beyond
conventional classification probabilities. Rather than blindly accepting all predictions, the proposed
framework can identify suspicious instances with high uncertainty scores and redirect them for
further investigation, secondary analysis, or human verification. Such a capability significantly
reduces the risks associated with overconfident misclassifications, which are common in traditional
intrusion detection systems. Therefore, the results presented in Figure 3 validate the central
novelty of DGMU-Net and confirm that uncertainty-aware reasoning contributes substantially to
improving the trustworthiness, transparency, and operational reliability of intrusion detection in
complex loT environments.

Traditional IDS

Normal Traffic — Correct Prediction  Confidence = 0.95
DDoS Attack - Wrong Prediction Confidence = 0.97
Botnet Attack - Wrong Prediction Confidence = 0.94

Proposed DGMU-Net'(Uncertainty-Aware)

Normal Traffic = Correct Prediction U(x)=0.12
DDoS Attack - Correct Prediction U(x)=0.18

Unknown Attack - Flagged for Review U(x)=0.91
Botnet Attack — Flagged for Review U(x)=0.87

TrustworthinesL Enhancement

Model Accuracy False Alarm Trust Score
Traditional IDS 98.1% 3.8% 0.81
DGMU-Net 99.4% 1.5% 0.97

Figure 4. Trustworthiness Enhancement Through Uncertainty-Aware Intrusion Detection

Figure 4 illustrates the practical impact of the proposed uncertainty-aware decision
mechanism on the reliability and trustworthiness of intrusion detection within loT environments.
The upper section of the figure represents the behavior of a conventional intrusion detection
system, where predictions are generated solely based on classification confidence. Although the
model correctly identifies normal traffic, it also produces highly confident yet incorrect
classifications for DDoS and botnet attacks. This phenomenon highlights a critical limitation of
traditional deep learning-based intrusion detection systems, namely overconfidence in erroneous
predictions. Such behavior is particularly dangerous in cybersecurity applications because
incorrect decisions may remain undetected and can lead to severe security breaches, service
disruptions, or unauthorized access to network resources.
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The middle section demonstrates the operation of the proposed DGMU-Net framework
incorporating the uncertainty-aware module. Instead of relying exclusively on prediction
confidence, the framework evaluates the uncertainty score U(x)associated with each prediction.
Samples exhibiting low uncertainty values are automatically accepted because the model is highly
confident in their correctness. Conversely, suspicious samples characterized by elevated
uncertainty values are not immediately assigned to a specific attack category. Rather, they are
flagged for additional inspection or human verification. This mechanism enables the framework to
recognize its own limitations when processing unfamiliar, ambiguous, or previously unseen attack
patterns, thereby reducing the likelihood of critical misclassifications.

The lower section quantitatively summarizes the benefits achieved through uncertainty-
aware decision making. The proposed DGMU-Net increases overall detection accuracy from 98.1%
to 99.4% while simultaneously reducing the false alarm rate from 3.8% to 1.5%. Furthermore, the
trust score improves substantially from 0.81 to 0.97, indicating a significantly higher level of
decision reliability. These results demonstrate that the uncertainty-aware module not only
enhances predictive performance but also establishes a more dependable and trustworthy
intrusion detection framework suitable for real-world 10T cybersecurity applications.

5. Discussion

The experimental findings demonstrate that the proposed DGMU-Net framework provides
substantial improvements in both intrusion detection performance and decision reliability within
loT environments. Unlike conventional deep learning-based intrusion detection systems that
generate deterministic outputs, the proposed architecture incorporates uncertainty-aware
reasoning into the decision-making process, enabling the model to evaluate the confidence of its
own predictions. This capability is particularly important in cybersecurity applications, where
incorrect classifications may result in severe operational consequences, including unauthorized
network access, service disruption, and the propagation of malicious activities. The obtained
results indicate that integrating uncertainty estimation into the intrusion detection pipeline
contributes not only to improved classification accuracy but also to more trustworthy and
interpretable security decisions.

A key observation from the experimental analysis is the effectiveness of the uncertainty-
aware module in distinguishing reliable predictions from ambiguous instances. The uncertainty
distribution analysis revealed a clear separation between correctly classified and incorrectly
classified samples, indicating that the entropy-based uncertainty metric successfully captures
prediction confidence. Furthermore, the reliability analysis demonstrated that excluding highly
uncertain samples leads to a consistent increase in detection accuracy. These findings suggest that
uncertainty estimation can serve as an effective mechanism for identifying difficult attack patterns,
unknown threats, or samples located near decision boundaries. Consequently, the proposed
framework is capable of supporting human-in-the-loop cybersecurity systems, where uncertain
predictions can be forwarded for additional verification before final action is taken.

From a broader perspective, the proposed framework addresses an increasingly important
challenge in artificial intelligence-driven cybersecurity, namely the development of trustworthy
autonomous systems [32]. Most existing intrusion detection models focus primarily on maximizing
classification performance while overlooking the reliability of generated predictions [33-35]. In
contrast, DGMU-Net explicitly incorporates uncertainty information into the decision process,
providing an additional layer of protection against overconfident errors. This characteristic is
particularly beneficial in large-scale 10T deployments, where the diversity of devices,
communication protocols, and attack vectors often introduces significant uncertainty into network
traffic patterns [36]. Therefore, the proposed uncertainty-aware architecture represents a
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promising direction for future intelligent cybersecurity systems, combining high detection
performance with enhanced transparency, reliability, and operational safety.

6. Conclusion

This paper introduced DGMU-Net, a novel Dual-Head Gated Multi-Task and Uncertainty-
Aware Network for intelligent intrusion detection in Internet of Things environments. The
proposed architecture combines residual deep reasoning, adaptive feature gating, multi-task
learning, and uncertainty-aware decision making within a unified cybersecurity framework. The
residual decision module effectively extracts high-level discriminative representations, while the
gating mechanism selectively emphasizes informative dimensions and suppresses irrelevant
information. The dual-head output structure simultaneously performs binary anomaly detection
and multi-class attack classification, enhancing feature sharing and improving generalization.
Furthermore, the entropy-based uncertainty module enables reliable confidence estimation and
supports human-assisted cybersecurity decision making. The proposed framework addresses
several fundamental limitations of existing intrusion detection systems, including deterministic
predictions, inadequate feature selection, and isolated task learning. Future research will focus on
integrating federated learning, graph neural networks, transformer-enhanced feature modeling,
adversarial robustness mechanisms, and explainable artificial intelligence techniques to further
improve the security, scalability, and trustworthiness of next-generation 10T intrusion detection
systems.
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Economic Sciences

OJ1IYMETTIK KCINKePAIKTEr|
MHHOBALMANBIK 94ICTep: OTaHAbIK oHe
XaNblKapasblK Toxipmnbere canbICTbiPMabl
Tanaay

KoxkabatumHa MN'ynbHyp MapaTKbi3bl

afa OKbITywbl, AKagemuK E. A. bykeToB aTbiHAafbl KapafaHabl ¥ATTbIK 3epTTey
YHUBEpPCUTETI

byn Makanada oneymeTTiK KICIMKepsikK canacblHAafbl WHHOBAUMANBIK SAICTEP MEH
Tocinaep KapacTbipbliadbl. ABTOP Xa/blKapasblk 03blk Taxkipnbenepai (¥abibputanus, AKLL,
OHTYCTiK Kopes) 3epaenei oTbipbin, onapabl KasakcTaHaarbl 91eyMETTIK KaCiMKepiKTiH Kasipri
namy AeHremimeH canbiCTbipadpl. 3epTTey OapbiCbiHAA 27EYMETTIK KaCiNKepAikTi KongayablH,
KYKbIKTBIK, Kap»Kbl/blK »KoHE TEXHONOTMAAbIK MHHOBAUMAALIK KypandapblHa Tangay Kacanapl.
CanbiCTbipManbl Tangay HaTMXKeciHAe OTaHAblK ToxKipubeHi XeTinaipyre »KaHe aneymeTTik
MHHOBALUMANAPAbI eHri3yre 6asblTTasfaH YCbIHbICTAP TYXKbipbiMAanabl. TyWiH ce3aep: aneyMeTTiK
KOCIMKEP/iK, o/N1eyMeTTiK WMHHOBAUMANAP, WMMMNAKT-MHBECTUUMANGP, CanbICTbipManbl Tanaay,
XanblKapanblk Taxipnbe, kpayadbaHAMHT.

XXI facbipfia *KahaHAbIK KoHe alMMaKTbIK AeHrenaeri aneyMeTTik macenenepai wewyaix,
O3CTYPAI TETIKTEPI (MEeMNeKeTTiK 6roaXKeT ecebiHeH Ko14ay Hemece Tasa KanbipbIMAbIbIK) ©3iHiH,
LWeKTi TuimainiriH KepceTTi. Ocbl TyCTa HaPbIKTbIK Kypandap MeH o/eyMeTTIK MUCCUAHDI
yWTaCTbIpFfaH o/IeYMEeTTIK KacCiMKep/ik ¢GeHOMeHi anfblHFbl KaTapfa LWbIKTbl. OJeYMETTIK
Kacinkepnik — 6yn Tek KaHa nanaa Tabyabl emec, KoFamaasbl HaKTbl Bip TYUTKINAj (MHKNO3MS,
3KONOMNA, KeAenLWinik, XYMbICCbI3bIK) MHHOBALMANLIK SAICTEPMEH Lellyai Ke3AeWTiH TypaKTbl
6u3Hec-moaens.

3epTTeyaiH, e3ekTiniri KasakctaHaa Oyn canaHbiH *KaHaAaH KanbiNTacbin »KaTKaHAbIFbIMEH
)KOHe OfaH 3amMaHayu, MWHHOBAUMANbLIK 6ackapy MeH KapKblaaHablpy SAiCTepiH eHrisy
KakeTTinirimeH TyciHAipineai. MakanaHblH MaKcaTbl — XaablKapasblk AeHrenae KoaaaHblnaTbiH
MHHOBALMANBIK 2A4icTepai Kyrenen, oTaHAbIK TaxKipnbemeH canbiCTbipy apKblabl KaszakcTaH yLiH
TUMIMAI JaMy MOAeNbAePiH aKkbliHAAY.

MaKanaHbl a3y 6apbICbiHA@ KYMEninik, canbiCTbipManbl-KYKbIKTbIK Tanaay, AeayKums
OHe KeMc-CTaam (KaroasaTTblk Tangay) a4icTepi KoAAaHblngbl. 3epTrey obObeKTici peTiHae
XanblKapanblk AeHrenaeri TaHbiMan aneymeTTik »obanap meH KasakctaH PecnybimkacbiHaasbl
3aMaHaym JNeyMETTIK Kacinkepnik cybbeKkTinepiHiH, KbidameTi anbiHAbl. CoHaan-aK, canasblk
3aHHaMasblK aKTiNep MeH Xa/blKapasnblk yibimaapasiH, (Mbicansl, Schwab Foundation for Social
Entrepreneurship) ecentepi cTaTUCTUKaNbIK aHE cananblK TandayaaH eTkisinaj.

Xanblkapanblk Toxipnbene aneymeTTiK KaCIiNKepik AamblfaH MHCTUTYLMOHAAAbIK, XKyMere
cyreHemi. MHHOBaUMANbLIK aaicTepai Heri3ri yiw barbiTka benin kapacTbipyra 6onaabl:

1. Kapbiiblk MHHOBaumanap (Impact Investing & Venture Philanthropy): BaTbic
enaepiHae TeK KapKblablK TabbiC 9Kein KaHa KoMMan, eleHeTiH aNeyMeTTiK HaTuKe bepeTi
)obanapapl MHBECTUUMANAY (MMNAKT-MHBECTMLUMA) KapKblHAbl AamblifaH. CoHpaali-ak, Social
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Impact Bonds (2n1eymeTTik acep obanrauumanapbl) safici apKblibl MEMIEKET 3/1€YMETTIK MaCeeHi
LELIKEH YKEKEe MHBECTOPFa HOTMMKErE KO KETKI3TeHHEH KeMiH faHa Kap»KbICbliH KalTapabl.

2. TexHonormanbik MHHoBaumanap (Digital Social Innovation): byn 6afbiTTa BAoK4YenH,
acaHabl vHTennekt (Al) »aHe YnkeH aepektep (Big Data) konaaHbinagbl. Mbeicanbl, OHTYCTIK
Kopes meH ¥nblbpuTaHuaaa MyMKIHAIT LWeKTeyAi }aHaapAblH eMipiH KeHinaeTeTiH IT-ctapTanTap
2N1eYMETTIK KacinKkepnik mapTebeciH anbin, HAPbIKTbIK Dacekere KabineTTi eHiMmaep Wbifapyaa.

3. JKOXKYMEenik MHHOBaLMANap: ONeyMeTTiK GpaHYan3nHr (CaTTi aneymeTTik busHec-
moaenbai 6acka eHipnepre macwTabTay) »oHe KpayadaHAMHITIK (XaNbIKTbIK KapblaaHabipy)
nnatdopmanapablH, benceHai »Kymbicbl.

KasaKCcTaH4a o/1eyMeTTiK KICIMKepPAIKTIH, KyYKbIKTbIK Herisi 2021 Xblabl Kacinkepnik
KOZIEKCKEe apHalbl ©3repicTep eHrisinin, a1eyMeTTiK Kacinkepnik cybbekTinepiHiH, 4 caHaTbl
aMKblHAANFaHHAH KeWliH OekiTingi. byriHri TaHaa enimizaeri MHHOBALUMANLIK S4iCTeP HerisiHeH
2NIeYMETTIK MHK/03MA MEH KaliTa eHey (ancalKkAnHT) cafanapbiHaa KepiHic Taybin oTbIp.

Mbicanbl, «Green TAL» aneymeTTik webepxaHacbl meH «Ozim Platform» mobunbai
KOCbIMLLAChI CUAKTbI Kobanap OTaHAbIK AeHrenaeri caTTi MHHOBAUMANLIK KelcTep 60bin
Tabblnaabl. Onap myreaekTiri 6ap *KaHaapabl *KYMbICNEH KaMTbIN KaHa KoMMal, ULMdpbik eHimaep
apPKbIabl epeKlle KasxkeTTiNikTepi bap 6ananapabiH aTa-aHanapbiHa a4iCTEMENIK KEMeK KepceTe.

OTaHAbIK ~ KOHE  Xa/blKapanblk ToXipMbeHi  canbiCTbipy MaKkcaTbiHAa TemeHAeri
Kputepuiinep 6oMblIHLLA Tanaay »Kacanipl:

ONIeYMETTIK KICINKEePAIKTIH Aamy AeHreni MeH OofaH EeHri3inin »KaTKkaH WMHHOBALMANbIK,
aJicTepai TepeHipek TYCiHY YLWIiH XanblkapasblK O3blK Taxkipnbe meH OTaHAbIK LbIHANbIAbIKTLI
HipHelle Heri3ri bafbIT 6OMbIHLIA KelleHA TYpAe CanbiCTblipy KaxkeT. byn Tanaay batbic engepi meH
LWbiFbic A3maHbIH, (YabibpuTanua, AKLL, OHTYCTiK Kopes) KabinTackaH xKyheci meH KasaKkCcTaHHbIH,
eHAi faHa JaMbiN  Kesie KaTKaH  VAMCE  apacblHAafbl  CanafblK — KoHEe  KypblIbIMAbIK
aMblpMalLblbIKTapAbl alKblHAQYFa MYMKIHAIK Bepeai.

KapXblaaHAablpy Kypanaapbl MeH MHBECTMUMANBIK MHHOBALMANAP

XanblkapanblK ToxKipnbeae aneyMeTTiK KaCinKepAiKTi KapKblNaHAbIPYAblH 3aMaHayu KaHe
MKeMAi TeTiKTepi KanbinTackaH. baTbic engepiHae «MMNaKT-MHBECTUUMANAY» (CEKTOpFa TeK
Kap*Kbl/IbIK TabbIC YLWiH eMec, eleHETIH dNeYMETTIK HOTUKE YLLIH KanuTan cany) aepbec KapKbl
HapblfblHa anHanabl. MyHaa MHBECTOP/IAP SNEYMETTIK KCiNOPbIHHbIH, aKLMACLIH CaTbin anabl
Hemece y3aK Mep3iMmai TemeH nanbi3gbl Hecuenep bGepei. EH MaHbI3abl MHHOBALMANbIK,
KypanabiH 6ipi — 9neymeTTik acep obanraumanaps (Social Impact Bonds). byn xyene memnexer,
KEKe MHBECTOP KaHE /1eYMETTIK KaCiMKep Tbifbi3 HalaHbICTa }KYMbIC iCTeNAi: MHBECTOP KObaHbl
KapXKblaHAblpadbl, Kacinkep  maceneHi  (mbicanbl, OypblH  cOTTanfaHAapAbl  KalTa
9NeyMeTTeHAIpY) LWelledi, an MeMIeKeT HaTUXKere KON eTKisinreHae raHa WHBECTopfa
KapPKbICbIH Nalbl3biMEH KalTapabl.

An KazaKCTaHHbIH Kasipri TaxipmnbeciHae KapKblAaHablpy KYPblAbIMbl HETI3IHEH ADCTYPAI
moaengepre cyreHeni. OTaHAbIK 91€YMETTIK Kacinkepaep MeMIeKeTTiK rpaHTTapfFa (Mbicasbl,
«[damy» Kopbl Hemece aKiMZiKTep sKenici OoMbIHLLIA), XaNblKapablK YbIMAAPAblH KalnTapbiMCbI3
KemeriHe Hemece ipi KOMNaHMANaPAbIH, /1eYMETTIK KOPNopaTUBTIK KayankepLiniri (aemeyLwinik)
weHbepiHaeri OipKonfbl AOHaUMANApbiHA Tayendi. byn »Kafoal OTaHAbIK KacinopbiHAapAb
HapPbIKTbIK OpTada Ocan eTefi, OUTKEHI rPaHT asaKTanfaH COH KenTereH »obanap 3 KbI3METiH
TOKTaTyfa Makbyp Oonaabl. Enimizge BeHUYYp/bIK KalbiPbIMAbIIbIK, NeH WMMMNAKT-MHBECTULNSA
OeHreni ani ae MHCTUTYLMOHANAbIK AEHTeNre KeTepife KOMFaH KoK,

TexHONOrMANbIK AalblHABIK KaHe UMbPAbIK 91eyMeTTiK MHHoBaumsanap (DSI)

EKIHWI MaHbI3Abl aMblpMallbliblK,  — KobanapablH TEXHONOTMANbIK  Ma3MyHbIHAA.
*KahaHablK AeHreinae aneyMeTTiK Kacinkepnik Kofapbl TexHonormanbik (High-Tech) cektopra
benceHai Typae vHTerpauusanaHyaa. JambifaH enaepae acaHabl MHTennekt (Al), BnokyemnH
KoHe YnkeH aepekTep (Big Data) cuAKTbl MHHOBAUMANAP S/7€YMETTIK Macenenepai wewyaiH,
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Heri3ri KypanblHa alHanabl. Mbicanbl, erae »KacTafbl afamaapabl  KyTy, 3KOJOMMANbIK,
KanablKTapAbl aBTOMaTTbl TYPAE CypbinTay Hemece WHKA3UBTI bBinim Oepy npouecTepiH
OHTaMNaHAbIPy TONbIFbIMEH UMPAbIK NAaTPopManap MeH poboTTaHAbIPbIAFAH KyNenep apKbibl
y3ere acbipblnagpl. MyHaam KacinopbiHAap TeK d1eYMETTIK MUCCUSAHbBI OpbiHAAN KaHa Komal,
HapbIKTa TEXHONOTMANBIK CTapTan pPeTiHAe *Kofapbl bacekere KabineTTinikTi kepceTteai.

KasaKkcTaHaafbl 9/1eYMETTIK KSCINMKePNiKTIH TEXHOOMMANIK AeHIeMiH «bacTanKbl-opTalla
nen cunattayra 6onagpl. OTaHAbIK peecTpre TiIPKeAreH KacinopbiHAAPAblH 6acbiM KeMWiiri
[OSCTYPAI KbI3MET KepceTy Hemece eHAipic canacbiHaa *KyMbiC icTeiai (KoneHep LebepxaHanapsl,
TiriH UexTapbl, MyredekTiri 6ap KaHaapfa apHanfaH wWafbiH HaybalixaHanap Hemece OHanNTy
opTa/bIKTapbl). OpMHe, enimizae epekie bananapapiH aTa-aHanapbiHa apHanfaH «Ozim Platform»
cuAKTbl caTTi IT-K0banap B6ap, ananaa onap *Kannbl YAECTiH a3 faHa beniriH Kypanasl. OTaHAbIK
CeKTopZa TEXHONOTUANbIK MHHOBAUMANAPAbIH, a3 60aybl — 3amaHayu WMHOPaKYpPbIIbIMHbIH
TanWbINbIFbIMEH YIHE 3/1eyMETTIK Kacinkepaep apacblHAa IT-Ky3blIpeTTiNIKTIH, TemeHAirimeH
HannaHbICTbI.

MaclTtabTay kaHe BM3Hec-MoAeNbAePAi KEHENTY icTepi

XanblKkapanblK AeHrenae caTTi aneymeTTiK naesnap Te3 apaja «d1eyMeTTiK GpaHYan3nHm»
a4ici apKblibl BYKin anemre Tapanabl. Erep Oip enge KedenWinikneH Hemece 3KOA0TUMAMEH
KypecyaiH Tuimai OusHec-mogeni acanca, o7 MOAeNb apHalbl CTaHZapTTapfa KeAaTipinin,
bpaHWwmsa peTiHAe Oacka alMaKTap MeH MeM/eKeTTepre caTblnaZlbl Hemece TpaHchepT
»acanagpbl. byn afic aneymeTTik acepaiH, (social impact) reomeTpuaAnbIK NporpeccuameHr ecyiHe
MYMKIHAIK 6epea,.

KasaKCcTaHablK 91eYMETTIK KaCinKepaikke fokanbai (3eprinikti) cunat ToH. MobanapabiH,
bacbim bBeniri bip faHa Kana, aydaH Hemece 06/biC KenemiHae »Kymbic ictenai. Hyp-CynTaH
(AcTaHa) Hemece AnMmaTbl KananapblHAa CaTTi Ky3ere ackaH OusHec-moaenbaepai enimisfin,
MOHOKaNanapbl MeH LWafblH ayblnaapbiHa macwTtabtay npoueci eTe baay Kypeai. byn
KacinkepnepaiH ©3 6u3HeciH ¢paHWKM3a AeHreliHe AeWiH CTaHZapTTayfa pPecypCTapblHbIH,
(KanuTan, Kaap, yakbIT) XKeTicneyiHeH TyblHAAMN OTbIp.

KYKbIKTbIK peTTey XaHe MHCTUTYLUMOHANAbIK Konaay

YNblbpUTaHMA CUAKTLI enaepae 1eyMETTIK KaCiNKepAiK YLLiH apHaibl 3aHAbIK MapTebenep
6ekiTinreH (Mbicansl, Community Interest Company — CIC). byn mapTebe KacinopblHFa CaNbIKTbIK
KeHinaikTep anyfa, MemMneKkeTTiK TancbipbicTapFa HacbiIMAbIKNEH KaTbICyFa KO alWabl, Hipak
COHbIMeH Oipre TankaH nangaHbiH, benrini 6ip NanbI3blH TEK KOFaMAbIK Urinikke KanTa
MHBECTUUMANAY bl MIHAETTENII.

KasakctaH Oyn 6afbiTTa MaHbi3abl Kagam kacan, 2021 »kbiabl Kacinkepnik Kodekcke
e3repictep eHri3ai. 3aH JeHreniHae an1eyMeTTiK KaCinkepnikTiH 4 caHaTbl (XanblKTblH, OCan
TONTaPbIH }KYMbICNEH KaMTyaH bacTan, a/ieyMeTTiK Tayap/aap WblFapyFfa AeniH) HakTblnaHabl. byn
— OTaHAbIK TaXKipnbe VIiH YAKeH MHCTUTYLMOHANAbIK MKETICTiK. JlereHmeH, 3aHHamaHblH, icKke
acblpy TeTikTepiHae ani ae 6onca GropokpaTUAnbIK Kedeprinep 6ap. Mbicanbl, eHipaik peecTpre
Kipy NPOLECIHIH, KYpAeniniri })XaHe YCbIHbINATbIH Ca/iblKTbIK XeHiNAIKTepAiH Kacinkepaep ywiH ani
e XeTKINIKTI geHrenae TapTbiMabl 60/1Maybl CEKTOPAbIH, TO/bIK KyaTblHAA AaMybiHa Texey 60/bIn
oTbIp.

Mapaanrmansik ablpMallblabik: KablpbiMablibIK Na, 9a4e busHec ne?

EH 6acTbl cananblk ablpMallbl/iblK — KOFaM MEH KacCinkepnepid MeHTaAUTETIHAE KaTbIp.
BaTbic neH LUbiFbic A3ua enaepiHae aneymeTTiK KaCiMKepaikke eH, anabimeH GusHec peTiHae
Kapanabl. OHbIH, Heri3ri makcaTbl — HapblKkTa Hacekere KabineTTi eHIM WbIFapbin, ©3iH-63i TO/bIK,
Kapskblnanabipy (self-sustainability). 9neymeTTik muccna  OU3HeC-MPOLLECTIH, ilWiHEe TepeH,
NHTerpaumaAnaHfaH.

KasakctaHaa 6yn cana ani ae 6onca «aneyMeTTiK KeMEK» Hemece «KaKcapTblafaH
KanblpbIMAbIAbIK» MapagMrmacbiHaH TO/bIK apblia aamMal kenedi. Kofam, TinTi Kacinkepaepain,
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e34epi Ae Oyn KbI3MeTTi KOMMEepUMAbIK Tabblc Kesi peTiHAe Kabbligayra KypekciHem,.
HaTu»KeciHae, OTaHAbIK 9N1eYMETTIK KaCiNOopbIHAAP MAPKETUHI, MEHEAXMEHT KOHE KapXKbINbIK
}ocnapnay KypangapbiH a/ci3 KongaaHaabl, 6yn onapaplH, HAPbIKTbIK SKOHOMWKA *KafdalblHAA
y3aK eMip CYpy MYMKIHAIrH TemeHaeTeai.

KopblTa alTKaHaa, »KYPrisifreH canbiCTblpMasbl Tanaay XasblKapasblk TaxKipnobeHiH
TUIMAINITT OHbIH, KapKbl/bIK MHHOBALIMANAPFA, *KOFAaPbl TEXHONOTMANAPFA KaHE MaclTabTanaTbiH
busHec-moaenbAepre  cyMeHeTiHAiriHae  ekeHiH  KepceTTi. KasakcTaHablK, — 91eyMeTTiK
KOCIMKeP/iKTIH, a1eyeTiH apTTbipy YLWiH ASCTYPAI KoAday yArinepiHeH 6ac TapTbin, XanblKapasblk,
AeHrenaeri ocbl MHHOBALMAIK 84iCTEPAI YATTbIK HAPbIKKa Denimaen eHrisy Kaxer.

Tannay kepceTkeHael, KasakcTaHaafbl 9/1eyMETTIK KaCinKep ik ani Ae 6o/ca «a1eyMeTTiK
KOMEK» Hemece «KalblpbIMAbl/IbIK» MapagurmacbiHaH TO/bIK LWblFa anman kenegi. baTbic
enaepiHae aNeyMeTTiK Kacinkepnik aepbec, e3iH-03i TO/bIK Kap*KbliaHAbIPaTbiH KaHe 3aMaHaym
TexHonorvanapapl 6enceHai KonAaHaTbiH MKOFapbl TEXHONOTMANbIK OU3HEC peTiHAe AdaMblfaH.
OTaHAabIK Kacinkepnep apacbiHAa aneymeTTiK dpaHYal3uMHr NeH MMNAKT-MHBECTUUMA TapTy
Kypanaapbl XeTKiNiKTi Aapexene KondaHblAManabl.

MyprisinreH canbiCTbipManbl Tangay HerisiHae KasakcTaHOa a1eyMeTTiK KaCiNKepiKTeri
MHHOBALMANBIK 2AiCTepAi AaMbITy VILiH MblHaAan Wapanapabl XKy3ere acblpy yCbiHblAaapl:

1. KapXKblablK —TeTiKTepai WHHOBaumanay: Enimizge «9neymeTTiK  acep
obnuraumanaps!» (Social Impact Bonds) nnaoTTbik KobanapblH eHrisy. bya memaekeTTik
OIOAKET  LWbIFbIHAAPbIH OHTAMNAHABIPbIN, EKe MHBECTOpAapAbl TapTyfa MYMKIHAIK
bepen,.

2. Undpablk  aneymeTTik  MHHOBauuanapabl (DSI) Konpay: OneymeTTik
HafbiTTafbl IT-cTapTanTapfa apHalbl rpaHTTap meH Astana Hub cuAKTbl TexHonmapkTep
anACbIHAA KEeHiNAIKTepP AeHreniH apTTbIpy.

3. Binim 6epy MeH Ky3blpeTTiNiKTi AambiTy: Hofapbl OKY OpPbIHAAPbLIHbIH,
H6aroapaamanapbiHa «DNeYMETTIK MHHOBALMANGP }KOHE KSCIMKEPiK» NaHIH eHTi3y apKbl/bl
ac MamaHZapabiH 6acekenik KabineTiH apTTbIpy.

4. ONeyMeTTiK dpaHYal3uHITI biHTanaHablpy: CaTTi OTaHAbIK, KencTepaiH,
(mblcanbl, Green TAL) ¢paHwWmM3anblk MOAeNbAepiH 33ipaen, ofapdbl  enimisaid
MOHOK@/1lanapbl MeH aybl/blK aiMaKTapbliHa TapaTy.

KopblTa aWTKaHda, XajblKapanablK WMHHOBAUMAMbIK — dAiCTepAi  enimisgiH,  YATTbIK,
epeklueniktepiHe 6enimaen oTbipbin eHrisy — KasakcTaHaafrbl 91eYMETTIK KaCINKepAiKTi »aHa
canasnblK AgHrenre ketTepin, MemnekeT neH busHecTiH TMiMmai cepiktecTirid (MYMM) opHaTyfa AaHFbin
KO alagabl.
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LUNOPNTAHABIPYbIH KS/1IK
JTOTNCTURACBIHBIH TUIMATITTH
OAMBITYTA 9CEPI

TatTbimbeToBa KyaHbllw TaHaTapoBHa

E.A. bekeToB aTbiHAafbl Kap¥3Y aoKkTopaHTbl (KapafaHapb! K., KazakcTaH)

PalixaHoBa 'yIbHYp AMaHrenbaMeBHa

E.A. bekeToB aTbiHAafbl Kap¥3Y 3.f.K., KaybiIMaacTblpblifaH npodeccop (KapafaHapl K.,
KasaKkcTaH)

AHHOTauMA: ATanfaH MaKanaga KasaKCTaHHbIH, KONIK-NOrMCTUKANbIK KbI3METTep CanacblH
LUMPPAbIK TPAaHCHOPMaUMANAy YPAICi XKaHe OHbIH Xa/blKapasblK YK TacbiIManaapblHbIH KyHbl MeH
THMiMmainiriHe acepi KapacTbipblnafpbl, 3epTTey OapbiCbiHAA@ CanaHbliH, Kasipri Jdamy Kafaanbl,
LUMDPAbIK TEXHONOTUMANAPAb!I €HFi3YAiH, Heri3ri 6arbiTTapbl, COHbIH, illiHAEe 3NEKTPOHAbIK KyXKaT
aHaNbiMbl, aBTOMATTaHAbIPbIAFAH  KeAeH  Kyhenepi, WHTeNNeKTyandbl  SIOTUMCTUKA/bIK
nnathopmanap KaHe aepekTepre HerisgenreH bHackapy LlWewimaepi TangaHaabl, CoHAam-ak,
KasaKCcTaHHbIH TPaH3UTTIK aneyeTi meH Eypona—A3ua 6afbiTbiHAAFbI KOAIK Adni3aepiHaeri peni
CTAaTUCTUKANbIK ManimeTTep HerisiHge 6aranaHagpl; MaKkanada UMPpnaHabipy HaTUKeciHae
TacbIMangay VYaKbITblHbIH,  KbICKApybl, OMepauuAnblk — WbIFbIHAAPAbIH, —TOMEHAEYI XKaHe
NOTUCTUKANbIK NPOUECTEePAiH alblKTbIFbl MEH TUIMAIAIMIHIH, apTybl A21en4eHedi, COHbIMEeH KaTap
Xa/NblKapasblk KOHTEMHEPAIK TacbiManaapablH, ecy AMHAMMUKAChI MEH KeiK MHPPAKYPbIAbIMbIHbIH,
[amy ypaictepi KapacTblpblnadbl; 3epTTey  KOPbITbIHAbICbIHAG  UMbPAbIK  TpaHcPopMaLMs
KasaKCTaHHbIH  KeiK-N0TUCTUKAbIK, —KYMeciHiH, ©Oacekere KabineTTifiriH  apTTblpbin, OHbI
Eypa3suanarbl MaHbl3abl TPAH3UTTIK XabTapabiH OipiHe alHanAbipyFa bikNana eTeTiHi Herizgeneai,
COHAan-aK canaHbl o4aH api AaMbITy YLWiH UMPPAbIK MHTErpaLUMaHbl TepeHaeTY, NHHOBALMA/bIK
TEXHONOTMANAPAb! EHTI3Y KaHE NHOPAKYPLIIbIMABI XKETINAIPY KaXKeTTINIr ankbiHaanaab!.

KinT ce3aep: Kenik-nornctuka, umodpnblk  TpaHCOOpMaLmMA,  XaNblKapanblK — KYK
TacbiMandapbl, TPAH3UTTIK a1eyeT, NOTUCTUKANbIK TUIMAINIK, TacbiManaay KyHbl, umMdpaaHabipy,
KOHTEMHEPAIK TacbiMangap, Kenik [Aani3fepi, 3NeKTPOHAbIK KyKaT alHanbiMbl, KeaeHAiK
pacimaep, Big Data, uHTeNNeKTyanabl NOrMCTUKA, MHOPaKypbIbiM, Ka3aKkcTaH 3KOHOMMKACHI.

Ka3aKCTaHHbIH, KOMiK-N0MMCTUKANbIK KbI3METTep canacbliH UMdbpabIK TpaHchopmaLumanay
Kasipri kahaHgaHy »KafrgalblHOa epekle ©e3ekKTilikke ue, cebebi xanblkapasblk cayaa
afblHAAPbIHbIH, ©cyi, eTKi3y Ti3beKTepiHiH, KypAe/neHyi aHe reocasdcu e3repictep enaephi
TPAH3UTTIK aneyeTiH TUiIMAI NanaanaHyapl Tanan etedi, an KasakcTaHHbiH, Eypona meH Asua
apacblHAafbl CTPATErMANbIK OpHanacybl OHbl MaHbI3Abl KONiK xabblHa alHanAblpyFa MyMKiHAiK
Hepeai; ocbl TYpFblaa LUMOPALIK TEXHONOTUANAPAbI €HTi3Y TacbiManaay NPoLEeCcTepiHiH, allbIKTbIFbIH
apTTbIPbIN, YaKbIT MeH KapXbl WbIFbIHAAPbIH KbICKAPTYFa, COHAAM-aK Xa blKapasblK HAapbIKTafbl
Hacekere KabineTTinikTi KywenTyre 6arbITTanFaHAbIKTaH 3epTTey TaKblpblObl aca MaHbI3abl 60/1bIN
Tabblnaabl.

Kenik ’KaHe /NOrMCTMKA canacbiHbiH, Ka3aKCTaHHbIH 3KOHOMMKAbIK  AamMybl  YLIiH
MaHbI3bI/IbIFbIH KOHE OHbIH, 3KCMOPT NeH YATTbIK 6HIMAEep caydacbiHa TiKenel acepiH eckepe
OTbIPbIM, *KaKblH OONALIAKTa ©Cyre »afaan »}acalTblH *KoFapbl cananbl Wellimaepaid, nangacbiHa
2PTYPAI y3aK Mep3iMmai Welimaepai anyabiH CaHAblK CascaTbiH KalTa Kapay opbiHAabI.
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MyHAalM KalTa 6afgapnay Herisri TeMipKOJ KesliCiHe KO XKeTKi3y, all CalblHFbl }KaHe OH
KYHZIK ¥ocnapnay, BaroHaapAbl KAMTaMachI3 €Ty aHe a/ibll TacTay CUAKTbI Heri3ri macenenepa,i
Tes welle anagpl. byn KypanaapasiH 601ybl KEPIHETIH onepauuanbik acepre skenei.

Kenikti umdpnaHapipy Oenrini 6ip ToyekengaepmeH 0OalnaHbICTbl EKEeHi  COe3cis.
ABTOMATTaHAbIPbIAFAH AeKNapaUManay »KaHe HaKTbl YaKblT PeXXMMIHAEr 3NeKTPOHAbIK MHyMeHi
eHri3y eTe TMiMAi, cbibalnac KeMKOPbIK ToyeKeNAepiH a3anTadbl }KaHe TPaH3UTTI KeaenaeTted,.
LereHmeH, XeKe CeKTOp YLWIiH TEMIPXKOA Kbi3meTTepiHe TeH KO/MKEeTIMAINIKTI KamTamacbl3 eTy
CUAKTbI Wapasap MOHOMOAMANAPAbIH, KaPCbl/bIFbIHA Tan BoAfaHAbIKTaH, auTapablKTal KyLl-Kirep
MEH LewWyLi apeKeTTepai KaxeT eTeai.

KasaKkcTtaHaa Kenik-noructmka cexktopbl HKIO-HiH wamameH 8-9%-biH Kypai oTbipbIim,
9KOHOMMKAHbIH, Heri3ri cananapblHbliH, Oipi 60AbIN caHanadbl XaHEe TPAH3UTTIK KYK KesieMiHiH
TYPaKTbl ©cyi (COHFbI *Kblagapbl 30 MH TOHHaAaH acbin, 2025 *bi/bl WlamameH 36—37 M/TH TOHHafa
XeTyi) OyN canaHblH, CTpaTErna/biK MaHbI3blH OfaH api apTThipadbl. LUndpabik TpaHchopmaLumn
afaCblHA@ 3NEKTPOHAbIK KyXaT alHaNbiMbl, aBTOMATTAHAbIPbIIFAH KeAEeH Kynenepi KoaHe
NHTEeNNEKTyanabl NOTMCTUKANbIK NaaTdopmanap eHrisinin, onapapliH HOTUXKECIHAE LeKapadaH eTy
yakbiTbl 20—30%-Fa KbICKapbifl, TacbiMangay LWbiFbiHAapbl 10-20%-fa TemeHaeyae, 6yn
XanblKapanblK YK TaCbIMaAAaPbIHbIH, TUIMAINITIH apTTbipyAa Wewywi pen aTkapadsl. CoOHbIMEH
KaTap, Kbitali—Eypona OafbiTbiHAAFbl KOHTEMHEPAIK TacbiManaapAbliH KapKblHAbI AaMybl KaHe
TpaHcKacnuit xanblkapanblk Kenik H6afbiTbiHbIH (Middle Corridor) maHbI3biHbIH, apTybl Ka3akcTaH
YWiH unMdpaaHablpy yAepicTepiH XedenaeTydi Tanan eTeni, eMTKeHi 49 OoCbl TexXHo/Aornsanap
TPAH3UTTIK A3Ni34ePAiH 6TKi3y KabineTiH apTTbIpbIN, MKETKi3y Mep3iMAepPiH KbICKapTyFa MYMKIHAIK
bepesi, COHABIKTAH KONIK-NOrMCTUKANbIK Kbl3aMeTTepai unMbpabiK TpaHchopMalmanay maceneciH
3epTTey TacbiMangay KyHbl MeH TUIMAINIriHe acepiH Tangay TYpPFbiCblHAH faHA eMec, COHbIMEH
KaTap KasaKkCTaHHbIH *KahaHabIK KONiK KyMeciHAeri OpHbIH HbIFAaNTy TYPFbICbIHAH Aa Fbl/IbIMM XKaHe
NPaKTUKaNbIK MaHbl3bl KOFfapbl ©3eKTi 6afblT Honbin Tabblnagpl. Ocbl ©3EKTINIK ascbliHAA
Ka3aKCTaHHbIH,  KONIK-NOTMCTUKANbIK  KbI3METTep  canacbiH  UMbpAablK  TpaHchopmaumanay
XanblKapanblK YK TacbiMandapbl MbiCanblHAA KelleHAi TypAe KapacTbipy Kasipri SKOHOMMKabIK,
[amy TananTapblHa TOJbIK Kayan bepefi »aHe enfiH TPaH3UTTIK aneyeTiH TMiMAI icke acblpyfa
MYMKiHAIK 6epea,.

KasaKCcTaHHbIH KeiK-N0rMCTUKAbIK KbI3METTep canacbliH LMPPAbIK TpaHchopmaumanay
Ka3ipri KeseHae TeK TEXHOJIOTUANbIK KaHFbIPTY €MeC, COHbIMEH KaTap VYATTbIK 3KOHOMMKAHbIH,
KYPbINbIMAbBIK ©3repyiHiH, maHbi3abl OafbiTbl 60sbin Tabblnagbl, cebebi kahaHAbIK KeTKizy
TizbeKTepiHiH undpnaHybl engepaid, TPaH3UTTIK 9/1eyeTiH TUIMAI NanaanaHyFa *KaHe XablKapanbik,
HapblKTarbl OaceKkere KabineTTiniriH apTTbipyFfa Tikenen acep eteai, KasakcTtaH yuwiH 6yn ypaic
epeKlle MaHbI3bl, OUTKEHI e/l ayMafbl apKblabl ©TETIH HEri3ri XanblKapasblk Kenik aanisaepi,
COHbIH, iWiHAe KbiTali—Eypona 6afbiTbl MeH TpaHCKacnuii xanbikapanblk Kenik HafbiTbl (Middle
Corridor). CoHfbl Kblngapbl reocasack esrepictepre 6alnaHbICTbl Hanamanbl MaplpyT peTiHae
YOFapbl cypaHbiCcKa e bonyaa.

Lndpnbik TpaHchopmaums KaFaaibiHAa NOTMCTUKA Canachl NOTUCTUKANbIK NPOLLECTEPAiH,
TUIMAINITIH, aWbIKTbIFbIH  YKOHE  TYPaKTblAblFbiH  apTTbipyfa OafblTTanfaH MHHOBALMAIBIK,
wewimaepai 6ipikTipyre AereH KaxKeTTiNiKTiH apTyblH 6acTaH Kewipyae.

Atan antkaHaa, RFID, loT, Big Data, bynTTbiK naatdopmanap XKaHe UHTeNNeKTyanabl Keik
Kymenepi cuakTbl  UMOPAbIK  TEXHONOrMANapAbl NanganaHy KeTkizy TisberiH 6Hackapyabl
anTapablKTalM KakcapTa anafdbl, WbifblHAAPAbl a3alTa  anadbl KaHE TyTbIHYLWbIAAPAbIH
KaHafaTTaHYLWbIAbIFbIH  apTTbipa anafpl. JlereHMeH, /NOorMcTMKaHbl umMdpnaHabipyFa AereH
KbI3bIFYLLbIMbIKTBbIH apTyblHa KapamacTaH, KasaKkcTaHaa ani Ae peTTeylli, MHOPaKypbIbIMAbIK,
KOHe KaAp/blK KeaeprinepMeH LIeKTenreH MHHoBaLMANAPAbl eHridyre aereH dparmeHTTenrex
Tocin balKkanagb!.
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LIndpnblK TeXHONOrMANAPAbl €Hri3y KONiK-NOMMCTUKA KyMeCiHiH, H6apablk OybliHAAPbIH
KaMTK OTbIPbIN, TacbiMangayabl »ocnapnay, bakblnay xaHe backapy npouectepiH Tyberenni
e3repTyae, aTan anTkaHaa GPS xaHe |oT TexHoNornsaNapbl aPKbIbl HAKTbI YaKbIT PEXKUMIHAE YK
KO3fanbICbiH DBaKkbliay MyMKiHAIT naipaa 6onbin, Oyn TackiMangay KayincisairiH apTTbipymeH
KaTap, MaplipyTTapibl OHTaMNaHAblpyfa »aHe 60cC KypicTepai asanTyra MyMKiHAIK 6epegi,
HOTMMKECIHAE OTbIH LUbIFbIHAAPbI KbICKAPbIM, *Kaambl AOTUCTUKAbIK LWblFbiHAAP TOMeHAen ;.
Xanblkapanblk Taxipnbere cymeHcek, ubpnaHablpyabl KEHIHEH eHri3reH enaepae N0rMCTUKabIK,
TMimainik 15-25%-fa genid apTbin, xKeTKizy mep3imi 20—40%-Fa aeniH Kbickapaabl. KasakcTaHaa
[a yKcac ypaictep 6alikanyaa, MbiCasbl, SNEKTPOHAbIK KyKaT aliHa/bIMbIH €Hri3y apKbl/ibl Kafa3
Ky*KaTTapfa KeTeTiH yaKblT MeH LWbifbIHAAP alTap/biKTal asalbin, WekapagaH eTy pacimaepi
}eHinaeTingi, Oyn acipece xanblKapasblK aBTOKe/IK »KaHe TemMipXoa TacbiMandapbl YLliH
MaHbI3abl.

Kenik-normctMka  canacbiHZasbl  UMPAbIK  naaTopmanap  TacbiManaaylibinap,
aKcneanTopnap, KedeH opraHAapbl KaHe KANEHTTep apacbiHAa OipblHFaM aknapaTTblK KeHiCTiK
Ka/bINTaCTbIPbIN, AePEKTEP anMacydbl Keaenaeteni, oy e3 keseriHae wewlim Kabblaaay canacbiH
apTTbIpbIN, Toyekenaepai TemeHaeTtesi. KasakctaHaa eHrisifin sKaTkaH LUMPpabIK WewimaepaiH,
6ipi — Kenik AanisaepiH backapyablH MHTErpaLManaHfaH Xyenepi, o1ap *KyK aFbiHAapbIH Taaaay,
CYPaHbICTbl DOMKAY KaHE WHPPAKYPbIIbIM MYKTeMeciH Tuimai 6eny MymkiHairiH Hepeg,,
HOTMXECIHAE KeniK Aani3fepiHiH, eTKi3y KabineTi apTbin, KenTenicTep MeH KigipicTep asasbl.
CTaTUCTUKaNbIK AEPEKTEPre COMKEC, COHFbl XblAaapbl Ka3aKcTaH apKbliibl 6TETIH KOHTENHEPIK
TPaH3UT Kenemi bipHewe ece eocin, 1 maH TEU-gaH ackaH, Oy KepCeTKiWTiH apTybl Tek
MHOPAKYPbINbIMABIK *KOOanapMeH faHa emec, COHbIMeH KaTap UMbpAbiK TexHonorsnapapl
eHrisymeH ae 6arnaHbICTbl. TacbiManaay KyHblHa acep eTy TYPFbICbiHAH LMPPbIK TpaHchopmaLma
NOTUCTUKANbIK Ti30eKTeri apanbik onepaumsanapabl KbiICKapTy, KOMMa LWblfbIHAAPbIH a3alTy KaHe
KONiK KypandapblH TUIMAI NanganaHy apKblibl Kannbl WeiFbiHAapabl 10-20%-fa  aeniH
TOMEHAETyre MyMKIHAIK Bepesi, an *KeTKi3y yaKbITbIHbIH, KbICKapybl KAMEHTTEPAIH KaHafaTTaHy
AEeHrelniH apTTbipbIn, *KaHa HapblKTapFa WbIFyFa KO alajbl.

CoHbIMeH KaTap, UMbpAbIK TpaHCHOPMaLUMSA IKONOTMANbIK TYPFblAaH Aa OH aCepiH TUrisea,
BMTKEHI MapLpyTTapabl OHTaNNaHAbIPY KaHE OTbIH WbIfbIHAAPbIH @3aNTY KBMIPKbILLIKbIN ra3blHbIH,
WbIFapbIHAbINAPLIH TOMEHAETYre biknan eteqi, byn Kasipri TaHaa TYPaKTbl Aamy TasantapbliHa
conkec keneni. UndbpnaHabipy npoLeciH TONbIK iCKe acblpy YWiH BipKkaTap »yneni macenenepmi
Wewy KaxkeT, onapAablH, KatapbiHa UMOPAbIK  MHOPAKYPbIAbIMAbLI  AAMbITY, AepekTepdiH,
Kayinci3airiH KamTamacbi3 eTy, Xa/iblKkapasblK CTaHAapTTapMeH YWAeCIMAINIKTI apTTblpy KaHe
BinikTi Kagpnapabl Aaapaay »Katafdbl, COHAAN-aK MEMIEKETTIK KIHE XKEeKe CEKTOp apacbiHAarbl
bIHTbIMAKTACTbIKTbl KYLIENTY MaHbI3abl, cebebi UMPPAbIK KOKYMEHI KanbIiNTacTbipy TEK KelleH
Tocingi Tanan eTeqi. bonawakTa KacaHAbl MHTENNEKT, O/OKYENH KoHe aBTOMAaTTaHAbIPbIAFaH
backapy Kymenepi KeHiHeH eHrisinreH kargaga KasaKCTaHHbIH, KOMiK-NOrMCTUKabIK, casachl
aHa cananblK [AeHrenre KeTepinin, XanblKapasblK YK TacbiMaadapblHbiH, TUIMAIAINT MeH
CeHimajiniri anTapabIKTal apTaabl, Oy e3 KeseriHae enfdiH, TPaH3UTTIK KipicTepiH yaFaiTbin, OHbI
Eypa3una KeHicTiriHaeri »XeTeKLWi N0rMCTUKabIK OpTanblKTapablH, bipiHe aiHanablpyfFa MyMKiIHAIIK
bepea,.

LindpnaHablpy 6i3re TEK TOKbIPay NPOLLECTEPIH aBTOMATTaHAbIPYFa *KOHE KaKcapTyFa faHa
eMeC, COHbIMEH KaTap *O/A MOHUTOPWHTIHEH BacTan HaKTbl YaKblT PEeXUMIHAEr NOrMCTUKASbIK
Hackapyra AeMiHTi TyTac 3KOXKYMEHI KYpyFa MyMKIHAIK 6epesi. By TeK MeMAeKeT YLiH KipiCTifiKTi
apTTbipy faHa eMec, COHbIMEH KaTap TUIMAINIKTI, KaYinCi3AiKTi, alblKTbIKTbl XaHE CeHIMAINIKTI
apTTblpy Maceneci.

Ka3aKCTaHHbIH, K&NiK-NOrMCTUKAbIK CanacbiH LMPPAbIK TpaHCHOPMaLMANGY XanblKapablk,
YK TaCbIMangapblHblH, TUIMAIAIMNIH alTapAbIKTaln apTTbipabl. HaTuxKeciHAe Tacbimanday KyHbl
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TOMEHAEM, *KETKI3Y YaKbITbl KbICKAPbIN, AJ4iH TPaH3UTTIK aneyeTi Kywwenai. bya ypaic KasakcTaHabl
Eypa3sumanarbl MaHbl34bl NOTMCTUKANbIK XabTapabiH bipiHe anHanablpyFa MyMKiHAIK bepeai.
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OPTAHM3ALNA YHETA PACXOLOB
CYBbEKRTAT1O LLEHTPAM
OTBETCTBEHHOCTW

Manbuesa EKkatepuHa MaKkcMMOBHa
KaparaHamHckuin yHuBepcuteT Kasnotpebeotosa, r. KaparaHaa, KaszaxcTtaH

AHHOTaLMA. B cTaTbe paccMaTpMBaOTCA TEOPETUYECKME OCHOBbLI M MPAKTUYECKME acmeKTbl
OpraHuM3aLyMmM yyeTa pacxofoB cybbeKkTa Mo LEeHTpam OTBETCTBEHHOCTWU. BbisiBNEHbl TUMMYHbIE
HeJOCTaTKM  [EMCTBYIOWMX CUCTEM Yy4yeTa pacxooB M 0OOCHOBaHa HeobxoAMMOCTb MX
ycTpaHeHus. lpeanoxeHa MoAenb ydyeTa PacxoZoB MO TPEM LEHTPaM OTBETCTBEHHOCTM C
peKoMeHAaLMAMM Mo pacnpeaeneHMo KOCBEHHbIX PacXoa08B.

KntoueBble CNOBa: UEHTPbI OTBETCTBEHHOCTM, YYeT PacxoAoB, MecTa BO3HMKHOBEHMUS
3aTpaT, ynpaBieHYeCKUii y4eT, KOCBEHHbIE pacxopl.

Abstract. The article examines the theoretical foundations and practical aspects of
organizing expense accounting by responsibility centers at a trading enterprise. Typical
shortcomings of current expense accounting systems are identified and the need for their
elimination is substantiated. A model of expense accounting based on three responsibility centers
is proposed with recommendations for indirect expense allocation.

Keywords: responsibility centers, cost accounting, cost locations, management accounting,
indirect costs.

YnpaBneHne pacxogamMm ABAAETCA OAHOM M3 KAKOYEBbIX 3aZa4 B CMCTEME MeHeXMeHTa
npeanpuAtTMA.  TpagMuUMOHHbIE CUCTEMbl  OyxranTepcKoro y4yeTa, OPMEHTMPOBAHHbIE Ha
dopmmpoBaHMe GUHAHCOBOM OTYETHOCTM, He B MOAHOM Mepe obecneymBatoT MNOTPebHOCTU
BHyTpeHHero ynpasneHua [1]. JeNcTBylOWNIA yYeT Hepearo HOCUT YKPYMNHEHHbIN XapaKTep:
pacxodpbl OoTpaxkatoTcA 6e3 ux AeTtanmsaumm no CTPYKTYPHbIM MOAPA3AENEeHUAM, YTO NuWaeT
PYKOBO/CTBO BO3MOMXHOCTM OOBbEKTMBHO OLLEHMBATL 3IPPEKTUBHOCTL MCMNOb30BAHNA PECYPCOB.

Y4yeT pacxooB MO MeCcTam MX BO3HWMKHOBEHMA W LLEeHTPaM OTBETCTBEHHOCTM MO3BONAET
nepenT oT obLEero oTpaxKeHWs PacxoZoB K WX [AeTanuMsaumn B paspesde noapasaeneHnin u
OTBETCTBEHHbIX /MU, KaK yka3sbiBaeT B.b. MBawkeBuy, dopmmMpoBaHME pPaACXOA0B [0/KHO
OCYLLECTBNATLCA He TO/MbKO B LE/OM MO NpeanpuATMiO, HO M C AeTanu3aumen No MecTam Mx
BO3HWKHOBEHUS M LEHTPaAM OTBETCTBEHHOCTM [2]. [laHHbIM noaxoa obecrneymBaeT BO3MOXKHOCTb
KOHTPOAS Pacx040B, BbIABMEHMUA OTKAOHEHWNN M OLUEHKM 3GEKTUBHOCTWN paboTbl Noapa3aeneHnin.

Llenbto cTaTbu ABnAeTcA pa3paboTka moAenu yveta pacxogoB CybbekTa MO UeHTpam
OTBETCTBEHHOCTU M 0OOCHOBaHWE NPAKTUYECKOM 3HAUYMMOCTH ee MPUMEHEHUA.

KoHuenuma y4eta oTBeTCTBEHHOCTM bblsla chopmyampoBaHa K. A. XurrmHcom B 1952 roay.
CornacHO [AaHHOM KOHUENuMW, pacxodbl AOMKHbI YYMTbIBAaTbCA M KOHTPOAMPOBATHCA TEMM
MeHe[KepaMn, KOTopble peasbHO BAMAKOT Ha WX BO3HMKHOBeHWe [3]. JanbHerwee passuTue
KoHUenuma noayynna B tpygax P.H. SHTOHU, KoTopbI B 1965 roay npeanoxun Knaccudmkaumio
LLEHTPOB OTBETCTBEHHOCTM: LLEHTPbl PacXoA0B, LUEHTPbl AOXOAOB, LEHTPbI NPMObIIM U LEHTPbI
nHBecTUUMA [4]. laHHaa KnaccudumKauma ctana CTaHAAPTOM B TEOPMM YMPABNEHYECKOrO yyeTa U
WWPOKO NPUMEHAETCA B y4eHHOMN 1 HayYHOW nTepaType No cei AeHb.

MecTo BO3HMKHOBEHWA PACcX0A0B NpeAcTaBnAeT CcobOM  CTPYKTYPHYK  eauHULY
npeanpuATUA, B PaMKax KOTOPOM OCyLecTBAAETCA GOPMMPOBAHME U MEPBUYHbIN YYeT pacxoioB
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[1]. LeHTp OTBETCTBEHHOCTWU - 3TO CErMeHT AeATeNbHOCTM, 33 pe3ynbTaTbl KOTOPOro HeceT
OTBETCTBEHHOCTb KOHKPETHOE AO0/IKHOCTHOE AMLO. TakMm 06pa3om, MecTa BO3HMKHOBEHUS
Pacxo4oB  GOPMMPYIOT  OPraHM3aLUMOHHYO OCHOBY /A1 MOCTPOEHMA CUCTEMbl LEHTPOB
OTBETCTBEHHOCTM: KayKA0e MECTO BO3HMKHOBEHMSA PACXOA0B 3aKPEennseTcs 3a KOHKPETHbIM
LLEHTPOM, @ LEHTP - 3@ KOHKPETHbIM PYKOBOAUTENEM.

[na npeanpuatva, [OeATeNbHOCTb KOTOPOro CBA3aHA C  3aKyMKOM, XpaHeHMem U
peanunsaumen ToBapos, Hanbosee LenecoobpasHbiM ABAAETCA BblAeNEHNE LEHTPOB PAacXod0B -
noApasaeneHuii, pyKoBoAMTEIM KOTOPbIX KOHTPOAMPYIOT YPOBEHb PACX0A0B, HO HE OKa3blBalOT
HenocpeACcTBEHHOIO BAMAHMA Ha AoXOAbl MPeAnpuaTUA. B pamkax TakuMx LEHTPOB pacxoapbl
NoApPa3AensatoTca Ha NpAMble, HEMNOCPEACTBEHHO OTHOCUMbIE K LIEHTPY, M KOCBEHHbIE, TpebytoLme
pacnpefiesieHMa Ha OCHOBE 3KOHOMMYECKM 0O60CHOBaHHbIX 6a3 [2].

AHanM3 NpaKTMKM y4yeTa pPacxofoB CyOBLEKTOB MO3BOMAET BbIAEANTb PAA TUMUYHbLIX
HeA0CTaTKOB. Bo-nepBbiX, y4eT pacxoA0B OCYLLECTBAAETCA B YKPYNHEHHOM BMAe 6e3 AeTannsaumm
Mo CTPYKTYPHbIM MoApasAeneHnaM. 3HauMTeslbHas 4acTb PAcXodoB, B TOM YMCAE KOCBEHHbIX,
oTparkaetcs 6e3 MNPMBA3KM K KOHKPETHbIM LIEHTPaM OTBETCTBEHHOCTM, YTO OrpaHuymMBaeT
BO3MOMXHOCTM UX KOHTPONA W aHaAM3a.

Bo-BTOpbIX, Ha OONbLWMHCTBE NPEANPUATMIA CUCTEMA LIEHTPOB OTBETCTBEHHOCTU He
dopmanmsosaHa. OTCYTCTBME 3aKPENNEHHON OTBETCTBEHHOCTN KOHKPETHbBIX A0/IHOCTHbIX /1L, 33
YPOBEHb PAacx0A0B NPUBOAMUT K TOMY, YTO yNpaBaeHMe Pacxof4amm HOCUT OBWMIN XapaKTep U He
NO3BONAET BbIABNATL KOHKPETHblE WCTOYHMKM OTKNOHEHWWA. Kak oTmeuvaeT M.A. BaxpywwHa,
oTCyTCTBME GOPMANN30BAHHON CUCTEMbBI LEHTPOB OTBETCTBEHHOCTWM CYLWECTBEHHO CHMMXKAEeT
3pPeKTUBHOCTb yNpaBaeHMa pacxogamu [1].

B-TpeTbumx, pacnpeseneHne KOCBEHHbIX PAaCXOA0B 3a4aCTyHO OCYLLECTBAAETCA MO YCNOBHbIM
6aszam MAM He MNPOBOAMTCA BOBCE, YTO CHMMKAET TOYHOCTb PACYeTOB W 3aTPyAHAET aHanu3
3QPEKTUBHOCTM AeATEeNbHOCTM NoApPa3aeeHnin. B-4eTBepTblX, yNpaBieHYeckaa OTY4ETHOCTb MO
pacxofam GopmMMpPyeTCA HeperyiapHoO M He obecnevmBaeT AOCTAaTOMHOMO YPOBHA AeTann3aumnm
ANA ONepaTUBHOIO NPUHATUA YNPaBAEHYECKUX PeLleHUH.

Mpennaraemana mMoaeNb yyeTa pPacxo0B OCHOBBIBAETCA Ha NPUHLMMNAX YNPaBAeHYECKOro
yyeTa: AeTa/M3aumMmM PacxoLoB MO MECTam MX BO3HWKHOBEHMWA, 3aKPENeHM OTBETCTBEHHOCTY,
COMOCTaBMMOCTM MNAHOBbIX M GaKTUYECKMX MOKA3aTeNeN, a TaKKe obecneyeH Npo3payHoOCTH U
KOHTPO/IMpyeMoCTM pacxonos [2]. Ona npeanpuatvia npeanaraeTca BblAeNWUTb TPU LEHTPA
OTBETCTBEHHOCTM, COOTBETCTBYIOLLMX OCHOBHbIM HanpaBaeHUAM aAeATenbHocTn. CTpyKTypa
LLeHTPOB NpeacTaBneHa B Tabanue 1.

Tabnnua 1 — CTpyKTypa LEHTPOB OTBETCTBEHHOCTM NPEeANPUATUS

LeHTp MNogpasgeneHne OTBETCTBEHHOE NNLIO Buabl pacxonos
OTBETCTBEHHOCTMU

LleHTp 3aKkynoK OTaen 3aKkynok PykoBoauTenb oTaena | 3aKyrnka TOBAapoOB

LleHTp NorncTukn Cknag 3aBeayoWwmi CKNagom | XpaHeHue,
TPAHCNOPTHbIE n
Norpy3oyHble pacxoapl

AOMWHUCTPATMBHLIA | AGMUHUCTPALMA PykosoauTenb 3apaboTHas nnaTa,

LeHTp npeanpuAaTmA HaNoru, KOM. yCayru

MNpumeyaHme — CocTaB/ieHO aBTOPOM Ha OCHOBaHMM [1, 2]

LleHTp 3aKynoK ABAAETCA  K/OYEBbIM  LEHTPOM OTBETCTBEHHOCTM NpeAnpuATUA.
PyKoBOAMTENb [OAHHOTO LEHTPa HeceT OTBETCTBEHHOCTb 3a OOOCHOBAHHOCTb 3aKyMOYHbIX
peleHnii, BbIOOP MOCTaBLMKOB M KOHTPO/b 3aKYMOYHbIX LEH. LleHTp NOrMCTUMKM OXBaTbiBaeT
PACXO/bl, CBA3AHHbIE C XpaHEHMEM U ABUKEHMEM TOBAPOB: TPAHCMOPTHbIE PACXOAbl, Pacxoapl Ha
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MOrpy3Ky M Pasrpysky, a TakKe COAEPKaHWe CKNAACKMX MOMeLLeHU. ALMUHUCTPATUBHbIN LLEHTP
aKKyMy/IMpyeT ynpaBaeHYeckMe pacxoapl NpeanpuaTis - 3apaboTHyo NaaTy agMUHUCTPATUBHOMO
nepcoHana, Haiorn, KOMMYHa/lbHble 1 NpoYMe 0OLLEXO3ANCTBEHHbIE PACXOApbI.

Ba’KHbIM 31EMEHTOM MOAENM ABAAETCA pacnpeneneHne KOCBEHHbIX PAaCcXO[0B MEXKIY
LEeHTPaMM  OTBETCTBEHHOCTW. Bbibop 6a3bl  pacnpeneneHna  OO/KEH  ONpeaensTbeA
9KOHOMMYECKMM COAEPKAHMEM pacnpesensiembiX PacXo4oB M crneunduKkon aeaTenbHOCTM
noapasaeneHunn [2].

MpUMeHeHWe 3KOHOMMYECKM 0D6OCHOBaHHbLIX Ha3 pacnpeaeneHuns obecnedymBaeT bonee
TOYHOE OTHECEHME PACXOAO0B K LIEHTPAaM OTBETCTBEHHOCTM WM MOBbILLAET AOCTOBEPHOCTb YYETHOW
nHbopmaumm. ITO, B CBOK o4vepedb, MO3BOASET OOBLEKTMBHO OUEHMBATL 3PPEKTUBHOCTb
NeaTeNbHOCTU NoAPa3AeNeHNI U NPUHUMATb 0O0CHOBAHHbIE ynpaBaeHJYeckme petueHunsa [5].

HeoTbemnembiM 31eMEHTOM  NpPeA/IoKEeHHOW Moaenn Asnaetca  GopmupoBaHMe
perynapHoM ynpaBieHYeCcKoM OTYETHOCTM MO LEHTPAM OTBETCTBEHHOCTU. BHyTpeHHWe OTYeTbl
[OMIKHbBI COCTaBAATLCA EXEMECAYHO M codepKaTb MHOOPMAUMO O GaKTMYECKMX pacxodax B
paspese LEHTPOB OTBETCTBEHHOCTM, MIAHOBLIX MOKA3aTENAX WM OTKAOHEHMAX OT HuX. Kak
yKkasbiBaeT H.M. KoHApaKos, ynpaBneHYyecKkas OTYETHOCTb NO LeHTPaM OTBETCTBEHHOCTM ABNAETCA
OCHOBHbIM WMHCTPYMEHTOM KOHTPONA PaCXOA0B W OUEHKM 3OPeKTUBHOCTM AeATeNbHOCTM
noapasaenenuii [5].

AHanun3 OTKNOHEHWMA (AKTUYECKMX PAcXo40B OT MAAHOBLIX MO3BONAET CBOEBPEMEHHO
BbIABNATb MPUYMHbBI Nepepacxoda U NPUHMMATb KOPPEKTUPYOWME YNpaBNeHYeCcKMe peLleHus.
Mpy 3TOM OTBETCTBEHHOCTb 33 OTK/JIOHEHMA BO3/1araeTcA Ha PYKOBOAWUTENEN COOTBETCTBYHOWMX
LLEHTPOB OTBETCTBEHHOCTM, YTO MOBBIWAET WX JIMYHYH 3aMHTEPECOBAHHOCTb B COBMOAEHUM
BIOOKETHBIX OTPAHNYEHNIA.

MpaKkTuyeckaa peanusauma npeanosKeHHon moaenn obecnevmBaeTca CpeacTBaMM
COBPEMEHHbIX MHOOPMAUMOHHBIX CUCTEM  OyXranTepCKoro y4veta, MO3BONAIOWMX BECTM
aHa/IMTUYECKMIA yYEeT Pacxoa0B B pa3pese NoApa3aeneHunii n ctatelt pacxoaos 6es cylwecTBEHHOM
[opaboTKM  cTaHAaApTHOro  QyHKUMOHANa. Mcnonb3oBaHWe aHANUTUYECKMX  pa3pes3oB -
noApasfeneHua, CTaTbW PaAcXoAoB, KOHTPAreHTbl - MO3BOAAET aBTOMATUM3MPOBATb MPOLLECCHI
pacnpeneneHna pacxoLoB 1 GopMMPOBaAHMA YNPaBAEHYECKOM OTHeTHOCTM [5].

OpraHu3aumsa y4yeTa pacxodoB cybbekTa MO LEHTpaM OTBETCTBEHHOCTM ABAAETCA
HeobXoAMMbIM YCNOBMEM MOBbIWEHNSA 3GDEKTUBHOCTM ynpasaeHus. MpeanoxeHHaa Moaenb,
OCHOBaHHaA Ha BbIAENEHMM LEHTPA 3aKyMOoK, LEeHTPa IOTUCTUKN U aAMUHUCTPATUBHOIO LIEHTPa,
obecneynBaeT AeTaNM3aALMIO PACXOA0B MO NOAPA3AENEHMNAM, NOBbIWAET NPO3PAYHOCTb PACXOA0B
M co3naeT MHGOPMALMOHHYIO OCHOBY ANA MPUHATUA 0BOCHOBAHHBIX YNPABNEHYECKUX PELIEHWNNA,

MprMMeHeHne 3KOHOMMYECKM 0BOCHOBaHHbIX Ha3 pacnpeaeneHns KOCBEHHbIX PAaCcX0A0B U
dbopmMpoBaHME pPEryAspHOM yNpaBAEHYECKOM OTYETHOCTM MO LEHTPamM OTBETCTBEHHOCTMU
NO3BOAIOT YCTPAHUTb TUMUYHbIE HEAOCTATKM AEMCTBYIOWMX CUCTEM YYeTa Pacxoa0B CyObeKTOB.
Peannsaumsa nNpensioXKeHHbIX pPeKoMeHZaumin CnocobCTBYET MOBbLIWEHUIO  MPO3PaYHOCTU
PACXO/0B, YCUNEHMIO KOHTPOAS 32 X GOPMUPOBAHMEM W YYYLIEHWIO KAYeCTBa yNpaBaeHYeCcKMX
peLleHni.
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Mcnonb3osaHue VKT npeanpmuatnamm
A3epbanarkaHa

Annaxsepamnesa Jlemnu Anv Kbi3bl
[JOKTOP SKOHOMMYECKUX HaYK, AOLEHT, Y4eHbI cekpeTapb, MHCTUTYT DKOHOMUKM
MuHuctepctBa Hayknm n ObpasoBaHma AsepbaiiaykaHcKom Pecnybanku

AHHOTauuA

MpeactasneH 0630p HayyHOM AuUTEepaTypbl O  MPEMMYLLECTBAX  WMCMOAb30BaHUS
NHDOPMALMOHHO-KOMMYHUKALMOHHbBIX TEXHOMOTMI Ha npeanpuatmax. [lpoaHaan3npoBaHsbl
Pa3/iMyHble MoKas3aTe/ M MCMNo/b30BaHMA MHOOPMALMOHHO-KOMMYHMKALMOHHbBIX TEXHO/IOMMIM Ha
npeanpuatmax Asepbanaxara. MccnenoBaHbl YMCNO NPeanpuaTMii ¢ AOCTYNOM K MHTEPHETY B
3aBMCMMOCTM OT BWAA SKOHOMMYECKON AEATENbHOCTW; A0NA Npeanpuatuii, caenaswnx, nmbo
NPUHABLUMX 3aKa3 Mo MHTEPHETY, B 0OLIeM 4Yucne NpeanpuaTii, nokasatenn pacnpegeneHus
npeanpuATUiA NO LEeNAM UCNO/b30BaHMA MHTepHeTa (% OT 0bLLEero NCnob30BaHMA MHTEpPHEeTa) U
npoyme noKasaTenu.

KntoueBble c/ioBa
KT, npeanpuaTia, KOMNbOTEP, MHTEPHET, NpeAnpUHUMATENbCKan AesTeNbHOCTb

BeeneHue

Mcnonb3oBaHne  MHOOPMALMOHHO-KOMMYHMKAUMOHHBIX — TEXHOOMMM (MKT)  Ha
npeanpuATUAX ABNAETCA HEODXOAMMOCTbIO CEeroAHALIHEro AHA — 6e3 NPUMeHeHMA COBPEMEHHbIX
OOCTMXKEHWM HAyKM M TEXHWMKM MNPOCTO HEBO3MOXHO NPeACTaBUTb NpeAnpUHMMATENbCKYHO
neatenbHocTb. MpumeHeHne VKT no3BonseT yBeAMYUTb NPOM3BOAUTENBHOCTb TPYAQ, CHU3UTb
Pacxo/bl, MOBbLICUTb KOHKYPEHTOCMOCOOHOCTb MPOAYKLMM, CAMOro npeanpuATMA, MNOBbICUTb
9KOHOMMYECKYH 3QDEKTUBHOCTb. 3a CHET MCNONb30BAHUA MHOOPMALNOHHO-KOMMYHMUKALMOHHbIX
TEXHONOTUIA MOXKHO MOBbLICUTb KBAa/MOUKALMIO KagpoB, PaCLUMPUTb PbIHKM CObITA, YBEANYMTb
obbembl NpoaaK v T.A.

HecomHeHHO, AnAa Toro 4tobbl NPeanpuATMA MMEeNM BO3MOXKHOCTb WMCMNO/Ib30BaTb
MHPOPMAUNOHHO-KOMMYHUKALMOHHbIE TEXHONOTMK, HeobxoaMmo obecneunTb B CTpaHe WX
Hanmume, obecneynTb MX AOCTYNMHOCTb. BarkHa Npu 3TOM NOAMTKKA rocyadapcTsa B obnacti MKT.

O npenmyL,ecTBax MCNoNb30BaHMA MHOOPMALMOHHO-KOMMYHUKALMOHHbIX TEXHONOTMI Ha
NpeAnpUATUAX TOBOPUTCA M B HAYYHOM NnUTepaType.

Tak, pe3synbTaTbl OAHOrO W3 WUCCNEeAOBaHMIM, NPOBEAEHHbIX B [AAaHHOM HanpaBAEHWUM,
NOKasanu, 4YTO C WCNOAb30BaHMEM WMHOOPMALMOHHO-KOMMYHUKALMOHHbBIX TEXHOMOTMMN Ha
NpeaAnpuATUAX NOABNAETCA BO3MOMKHOCTb OCYLLECTBAATb KOHTPOb HaZ NpeAnpUHUMATENbCKOM
NEeATeIbHOCTbIO, MOBbILLAETCA HaAEKHOCTb GMHAHCOBOM AeATenbHOCTH. [1]

[pyro Hay4HbIM Tpya NOCBALWEH U3YYEHMIO MNOCAEACTBUN NpUMeHeHNs MHGOPMaLMOHHO-
KOMMYHUWKAUMOHHbIX TEXHONOTUI ANA PAa3/IMYHbIX OTPACAEN SKOHOMMKM, @ UMEHHO — BAUAHME Ha
KOHKYpeHTOCNnoCcobHOCTb, Ha BusHec-npouecchl. B pesynbtate, aBTOPbI YTBEPKAAKT, YTO ANA
NOBbILEHUA KOHKYPEHTOCNOCOBHOCTU NPeanpuATUIA Manoro 1 cpeaHero brusHeca NpuMeHeHue
MHDOPMALNOHHO-KOMMYHUKALMOHHbIX TEXHOJIOTMIN ABNAETCA BaXKHbIM. [2]

O  BaXHOCTM  MHPOPMAUMOHHO-KOMMYHMKALMOHHbBIX  TEXHONOTUM B Pa3BUTUM
npeAnpUHUMATENbCKON AeATeNbHOCTM Hurepun rosopuTca B elle OAHOM WUCCNeLOBaHUW.
YTBEpKAAETCA, 4YTO WMHPOPMALMOHHbIE  TEXHONOTUW  ABNAKOTCA  KAKOYEBbIM  PECcypCcoM
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npeanpuHUMATENbCKOro 00pa3oBaHMA, YTO TOCYAAPCTBEHHLIM YUYpEXAEHUAM HeobXxoaAMMOo
pPa3BMBaTb NHOOPMALMOHHO-KOMMYHUKALMOHHbIE ceTu. [3]

O poam WKT B passButMm npeanpuHUMaTENbCTBA  YTBEPXKAAETCA B elle OAHOM
nccnegoBaHmm. OTmevaeTcAa, 4TO NpeaocTaBieHWe AO0CTyna K MHTEepPHeTy B CTpaHax A3uu
OTHOCUTCA K daKTopam co3daHuMAa HOBbIX npeanpuAtuit. OQHOBPEMEHHO, aBTOPbl MPULWAN K
TaKOMY BbIBOAY, YTO ANA CTpaH AQpPUKM Hanbonee BaXKHbIM ABNAETCA NPeA0CTaBAEHNe AOCTyNa K
TOBapaM, MMEOLLMM OTHOLEHME K MHOOPMALLMOHHO-KOMMYHMKALUMOHHBIM TEXHONOTMAM. [4]

Pe3ynbTaTbl OAHOrO M3 UCCNEA0BAHMI YKa3blBAOT Ha TO, YTO AOCTYN K MHPOPMALMOHHO-
KOMMYHUWKAUMOHHbIM TEXHO/NOTMAM Ha Ha4Ya/lbHOM 3Tane MMeEeT MONOXKMUTEbHble NOCAeACTBUA
ONA NpeanpuHUMATENbCKOM aeaTenbHocTU. OTmevaeTcA, YTo C MX Nomouwpto obneryatorca
npouecckl paboTbl ¢ AaHHbIMUK, MHGOPMaLMeN. [5]

PesynbTaTbl ccnenoBaHusA

Nccnepya B obuiem Buae cTteneHb MCNoab30BaHWA MHOOPMALMOHHO-KOMMYHMKALMOHHbIX
TEXHONOTMI Ha NpeanpuaTuax AsepbaiaKaHa, BbIpMCOBbIBAETCA Ceytollan KapTuHa (puc.1).
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PucyHok 1. [Tokazamesu ucnosne308aHUS UHGHOPMAUUOHHO-KOMMYHUKAQUUOHHbIX
mexHonoaull Ha npednpuamusx Azepbatioxcaqa, 2019-2023 [6, ¢.52]

3a nepuoa ¢ 2019-ro roga no 2023-uin roa 4McAo NPeanpuATUIA, WUCMOb3YHOLLMUX
KOMMbtoTEPbl, CTabunbHO yBeAnuMBanocb (Habaoganocb ysennyeHue AOAN NPeAnpUATUR C
KOMNbloTEPaMu B 06LLLEM YMCNe NPeanpPUATUIA 3@ 3TOT Nepuoa Ha 3,8 MPOLEHTHbIX MYHKTA).

Be3yc/s0BHO, TONBLKO NULWb HAANYMA Ha NPEAnPUATUM KOMMbIOTEPOB HELOCTAaTOYHO, U 3TO
BOBCE He TrOBOPUT O TOM, 4YTO Ha 3TOM NPeanpUATUM  UCMOSIb3YIOTCA BO3MOXHOCTMH,
npeaocTaBnaemble MHGOPMALMOHHO-KOMMYHUKALMOHHbBIMKW TexHonoruamm. O TOM, HACKOIbKO
NpeanpuATUA MCNONb3YHT BO3MOMKHOCTU WMHOOPMALMOHHO-KOMMYHUKALMOHHbBIX TEXHOOrUI
MOHO CyAMTb MO NPOYMM MOKasaTenam. Tak, HECMOTPA Ha yBenmndeHume ¢ 2019-ro roga Aonm
COTPYAHMKOB, MONb3YOWMXCA KOMMbOTEPAMK, B OOLLEM 4YMCNe COTPYAHMKOB MNpeanpuaTui,
MMeLWMX KomnbtoTepsbl, B 2023-em roay nokasaTenb coctasmna 43,9%.

[OCTYNHOCTb MHTEPHETA OYEeHb BaXKHA Ha CEroAHAWHNIM AeHb. MOXHO MMETb KOMMbIOTEP,
HO He MMEeTb AO0CTyNa K WHTepHeTy. B Takom cnydae, npeanpuMAaTMA He CMOryT NpoBOAMTb
TpaH3akuuM, BeAb OONbWWMHCTBO WX MNPOBOAMTCA NOCPEACTBOM WHTEpHeTa. I3To Aenaet
HeobXxoAMMbIM NPOAHANN3MPOBATb YNCAO0 NPEANPUATUN, UMEIOLLMX AOCTYN K UHTEPHETY, B 06LLEM
yucne NpeanpuATUIA B CTpaHe.

Tak, ¢ 2019-ro roga 4Mcao NpeanpusaTUiA ¢ 4OCTYNOM K MHTEPHETY XOTb U HECUJIbHO, HO BCe
e ysennumsanocb. M no coctosHuto Ha 2023-uin rog nx Aons B oOLIEM 4yuMcie Npeanpuatmii
CTpaHbl Oblna paBHa 56%. [laHHbIA MOKasaTeNb MEHblUe MOKa3aTend, OTparkatollero A0/t
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NpeaAnpuUATUIA, UCNONb3YIOLIMX KOMMbIOTEPbI, B 0OLIEM YMcae NpeanpusaTMin cTpaHbl Ha 10,6
MPOLEHTHbIX MyHKTa.

HeBbicOKOM ABAAETCA 4014 COTPYAHUKOB NPEANPUATUNA, NCNONb3YIOLLMX UHTEPHET, B 00LLEM
yncne COTPYAHWKOB, MMEWMX AOCTYN K UHTepHeTy. o coctoaHuio Ha 2023-uit rog, ux Aona
coctasuna 36,7%. Takxe cnefyetr OTMETUTb, YTO MO cpaBHeHuto ¢ 2019-bim rogom MokasaTesb
YBEeANYMACA Ha 5,4 NPOUEHTHbIX NYyHKTa.

HecmoTpsa Ha To, YTO Ha/M4YMe KOMMbKOTEPOB Ha NPeAnpPUATMAX, AOCTYMHOCTb MHTEPHETA U
obneryaet nx NpeanpUHUMATENLCKYIO AeATEeNbHOCTb, NOBbIaeT ee 3GPEKTUBHOCTb, HE MeHee
BaYKHbIM ABASETCA M co3daHne obuuManbHOM BeO-CTpaHULbI — ee HaandMe AaeT BO3MOXKHOCTb
Pa3peKNaMMPOBaTb CBOO MPOAYKLINIO, PACLIMPUTL PbIHKK cObITa, YBEAMUYNTL 06beMbl NpoaaK M
T.A.

Tak, 3a nepuog ¢ 2019-ro roga no 2023-uii rog Habno4aN0Ck HE3HAYNTEIbHOE YBEIMYEHME
yncna npeanpuaTuin, mmerowmx Beb-ctpaHuuy. Ecam B8 2019-om rogy Aona npeanpuaTui,
nMmeroLLmMx Beb-cTpaHuuy, B obwem yncne npeanpuatnii, bbina pasHa 9,8%, To 8 2023-em roay oHa
yBennymnacs 1o 10,6%.

Ecnm paccMoTpeTb YMCAo NpeanpuATUN, MMEOLWMX AOCTYN K MHTEPHETY, N0 Pa3/IMYHbIM
OTPACNAM, MOXHO 3aMEeTUTb, YTO HObLLIE BCETO AOCTYN K UHTEPHETY MMENU NpeanpuaTma B chepe
TOProBAM M PEMOHTA TPAHCNOPTHbIX CPEeACTB (3a Becb nccneayemblin nepmnoq). Mo cocToaHMIo Ha
2023-nit rog, ux umcno coctasmno 2547 — nokasatensb yBenandmnca ¢ 2019-ro roga Ha 188. Ha
BTOPOM MeCTe PacCnoNOKMANCL OpraHM3auMm roCyAapCTBEHHOrO YMNpPaBAeHWA W 3aliuTbl,
coumanbHoro obecnedyenua. Wx umcno B 2023-em rogy paBHsanocb 1687-mu (nokasaTesb
yBennumaca no cpasHeHuto ¢ 2019-bim rogom Ha 293). [danee, no Haubosbliemy 4ucay
npeaAnpuATUIA C AOCTYNOM K MHTEPHETY, pacnonaratoTca npeanpuaTna GMHaHCOBOM M CTPaxoBOM
chepbl — 1045 B 2023-em roay (pocT B cpasHeHUn ¢ 2019-bim rogom Ha 50). B 2023-em roay 4mncio
opraHmsaumnin obpasoBaTenbHOM chepbl, UMEIOLMX AOCTYN K MHTEPHETY, cocTaBmno 989 (pocT
nokasatena ¢ 2019-ro roga Ha 44). Yncno npeanpuaTMic ¢ AOCTYNOM K MHTEepHeTy B obnactm
nHdopmaumm n ceasm B 2023-em roay coctasuio 492 (puc.2).
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PucyHok 2. Hucno npednpuamud ¢ docmynom K UHmMepHemy 8 3a8UcUmMocmu om 8uoa
aKoHomuyYeckol desmeneHocmu, 2019-2023 [6, c.60]

Kak y:Ke 1 OblNo 0OTMeYeHo, NPeanpusaTUa, MMetolme AOCTYN K MHTEPHETY, NoaydatoT oT

3TOr0 Uenblit psaa nperMmyLecTs. Mo3BoAsSeT N 3TO YBeANUYMBATbL 06bEMbI NMPOAaK, PACLUMPUTL
PbIHKM cObITa?
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PucyHok 3. [lona npednpusmud, coenaswux, AU6O NPUHABWUX 30KA3 NO UHMepHemy, 8
obuwem yucne npednpusmut, %, 2023 [6, c.53]

B 2023-em roay A0NA NPUHABLIMX 3aKa3 MO WHTEpHETy npeanpuaTMiA B obliem 4yucne
npeanpuaTnin coctaBuna 1%. B cpaBHeHMM ¢ 2019-biM roaom nokasaTesib uameHusaca Ha 0,1
MPOLEHTHbIN NYHKT. Jons e npeanpuatMn, caenaBlinX 3aka3 no uHTepHety, 8 2023-em roay
coctaBhna 3,5% o1 obuiero uncna npeagnpuatmin, 4to Ha 0,7 NPOLEHTHbIX NyHKTa 6onbliue, B
cpaBHeHun ¢ 2019-bim rogom (puc.3).
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PucyHok 4. PacnpedeneHue npednpuamudll no uesnam uchone308aHUA uHmepHema (% om
obuwe2o ucnonb3osaHus uHmMepHema), 2023 [6, c¢.53]

Viccnenys uenu, ¢ KOTOPbIMU NPeANPUATUA UCNONb30BaNIM MHTEPHET, MOXKHO YTBEPKAATb,
yto B 2023-em roay 6onblue BCEro WMHTEPHET Obll MCMONb30BAH MNPEANnPUATUAMK C Lesbto
OTNPaBKKW, NMOO MONYYEHMA INEKTPOHHbLIX NMUCEM — A0AA NOAOOHbIX MPeanpuATUiA B 0bLLEM
obbeme notpebneHua MHTepHeTa NPeAnpUATMAMM paBHa 21,3%. DNeKTpOHHas nepenucka
ABNAIACb OCHOBHOM LIe/1blo, C KOTOPOM MUCMONb30BANCA UHTEPHET Ha NpeanpuaTUAX CTPaHbl 3a
nccneayembie roabl. Mpun aTom, HabAAANOCh CHUXKEHME NOKa3aTena no cpaBHeHto ¢ 2019-bim
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rofom (Ha 5,4 NpoLeHTHbIX MyHKTA). BTOPOI OCHOBHOM LieNblo ABAAETCA NoayYeHne nHdopmMaumn
OT OPraHoOB rocyAapcTBeHHOro ynpasneHus (15,5%). OaHaKo M AaHHbIM NOKa3aTesb CHM3WACA MO
cpaBHeHuto ¢ 2019-bim roaom (17,9%). onsa npeanpuaTUin, UCNONb3YIOWMX UHTEPHET C Le/bio
notpebneHma npoumx GUHAHCOBBLIX Yycayr, B oblulem obbeme noTpebneHns UHTepHeTa
npeanpuAtTMammM, coctasmna 13,1%. B 2023-em roay Habntoganock ysennyeHune ¢ 2019-ro roaa
yucna NPeanpUaTUn, UCMONb3YIOLLMX MHTEPHET C Leblo MHTepHeT-6aHKuHra (¢ 9,2% no 12%).
YBenunyeHne Habnwganocb M B uMcae NpeanpuaTUi, MCNONb3YIOWMX WMHTEPHET C LEblo
HaNaKMBAHUA UMHTEPAKTUMBHOM CBA3M C TOCYAAPCTBEHHbIMM OpraHamMu ynpasieHus (3a
WCKNOYEHNEM MNosyYeHns MHbopmaumm). Tak, B 2019-om roay nokasatesnb 6o paseH 6,5%, B
2023-em roay ke — 6,7%. YBeNMYMNOCb WU YNCNO NPEeAnpUATUIA, MCNONb3YIOWMX MHTEPHET ANA
OKa3aHWA YCAYyr KAMEHTaM; ANA Nepenucku M pasmelleHna obbABAEHWI; ANA NpUBAEYEeHUA
KaZpoB. YBenuyeHune mx gonn B obuem obbeme notpebneHna MHTepHeTa NpeanpuaTUAMM B
cpaBHeHMn ¢ 2019-bim roaom coctasmna 0,7 NPOLEHTHbIX NyHKTa, 0,3 NpouUeHTHbIX NyHKTa 1 0,4
NPOLEHTHbIX MyHKTa. londa e npeanpuaTnii, MCNONb3YIOWMX UHTEPHET C LIeblo NpoBeaeHNs
BUAEOKOHPEPEHLMI 1 NCMONb3YIOLLMX CBA3b NO IP-TenedoHnK, a TakKe NPOBOAALLMX TPEHUHM
COTPYAHWKaMm, B obuem obbeme npeanpuATUIA, MCNONb3YIOWMX WMHTepHeT B 2023-em roay,
yBenn4mnacb B cpaBHeHnm ¢ 2019-bim rogom Ha 2,7 1 1 NpOUEHTHbIX NYHKTa, cocTaBmB 4,1% u
3,3% cooTBeTCTBEHHO (punc.4).

Ecan mbl paccmoTpum NpeanpuaTnA No OTAENbHbIM BUAAM SKOHOMUYECKOM AeATEeNbHOCTH,
YTOYHWB MPKW 3TOM Le/IM UCNONb30BAHUA MHTEPHETA, MOXHO 3aMeTUTb, YTO CaMasd BbICOKaA 404
npeanpuATUIA, MCNONb3YIOWMX MHTEPHET C LEeNblo OTNPaBKW, MO0 NONYyYeHUA SNEKTPOHHbIX
nucem, B 2023-em roaly NpuLWAACh Ha NPeANPUATMA NPOM3BOACTBA, pacnpeaeneHma n cHabxeHma
371eKTPO3Heprmem, razom 1 napom (30,6% Bcex 3aTmx NpeAnpUATUIN MICNONb30BAIN MHTEPHET C 3TOM
LLe/Iblo), @ TaKXKe Ha OpraHW3alMm rocy1apCTBEHHOrO ynpaBaeHma 1 3alwmTbl (27,8% ot obuiero
Yyucna BCeX OPraHM3aumin rocyaapCTBEHHOrO YMNpPaBAeHMA M 3aLLMTbl, KOTOPble MCMONb3YIOT
nHTepHeT). Camasn BbICOKaA ANA NPeanpUATUIA, NCMONb3YIOLLNX MHTEPHET B LeNAxX NONYYnUTb Ty UK
MHYIO MHOOPMALMIO OT roCcyAapCTBEHHbIX OPraHOB ynpasaeHMA, NPUHALNEKNT OpraHM3auMam
rocyZapCTBEHHOrO ynpasneHunsa — 22,6% oT obuiero Yncna Bcex opraHM3aumii rocyaapCcTBeHHOro
yrnpaBaeHWA 1 3aLlUUTbI, KOTOPble UCMOJIb30BaIN UHTEPHET, NMPUMEHANM ero B 3TUX uenax. B 2023-
eM roZly camas BbICOKas 4014 NpeanpUATUA, NONb3YIOLLMXCA MHTEPHETOM B LLensax noTpebneHuna
NPOYMX GUHAHCOBbLIX YCAYT, TaKXKe NPUHAANEXKMT OpraHM3aLUMAM rocyAapCTBEHHOIO YNpaBieHNs
W 3aWnTbl (17,2% 3TNX OpraHM3aLmi, UCNOb3YOLWMX MHTEPHET, MCMO/1b30Ba/IM €70 C 3TOM LieNbto).
MaKcumanbHas 400a NpeanpuaTMin MHGopmaumm 1 ceasmn notpebnana nHtepHet B 2023-em roay
N8 TOr0, YTOObI NEPENMCHIBATLCS MO 3NEKTPOHHOM cBA3K (17,6% BCex npeanpuaTUiA MHGOPMaLMK
M CBA3W, MCMNOMb3YIOWMX WHTEepPHeT); 12,5% Bcex npeaAnpuATUA MHbOPMALUMKM U CBA3MN,
MCNONb3YIOWMX WHTEpPHET, noTpebnann ero B Uenax WHTepHeT-6aHKmHra; 11,5% Bcex
npeanpuATUn MHOOPMALMKM U CBA3KM, WMCMONb3YIOWMX WMHTEPHET, NOTPebnAann ero c uenbto
nonyvyeHma MHGOPMaLUMM OT rOCYyAaPCTBEHHbIX OPraHOB ynpasneHua; 2,6% Bcex npeanpuaTui
MHbOpPMaLMM 1 CBA3M, UCNONL3YIOWMX UHTepHeT, B 2023-em roay MCNoab30BaAM ero C Lesbto
NPoAakn TOBapoOB B PeabHOM BpemeHu (pumc.5).
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PucyHok 5. PacnpedeneHue npednpuamull HECKOMbKUX 8U008 3KOHOMUYeCcKol
deamenbHOCMU NO Uesnsam Ucnosb308aHUA uHMepHema (% om obuie2o 4yucna amux
npeonpusmuti, ucnone3yrowux uHmepHem), 2023 [6, c.64]
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NYHWE Y3IHAET EH IPI AKLLAAN ECET
ANBIPbICY HKYWNENEPI

KymapxaHoBa Hyprynb HypmbIWOBHA

3.f.M., CEHbOP — NEeKTOP, AAIMATbl TEXHONOTUANbIK YHUBEPCUTETI

JKaKcbinblkoBa AKMapan KyaHabIKKbI3bl

ANMaTbl TEXHONOTUANIK YHUBEPCUTETI, GaKyNbTET «IKOHOMMKA KaHe BusHec», Kap Kbl
MaMaHAbIFbl 3 KypC CTYAEHTI

AHpaTna

Byn maKanaga xanblKapanblK AeHrenge KeH KondaHblnatbiH Visa, Mastercard »kaHe
UnionPay aklanali ecen ambipbiCy *KYMENepiHiH, KanbinTacy epeKklenikrepi MeH Kasipri Kapol
HapbIfbIHAAFbl OPHbI KAapacTbipblNaabl. KOAMa-Ko akliachi3 ecen anblpbiCyNapablH AamMybl TEOAEM
KyMenepiHiH KypbiabiMbl MEH KbI3MET ayKbIMbIH Tybereini e3repTTi. 3epTTey 6apbiCbiHAA aTanfaH
TeNeM XKyhenepiHiH KyMbiC icTey KafmaaTTapbl, reorpaduanbiK Tapanybl KoHE 3KOHOMMKANbIK,
bIKMasiblHA CaNbICTbIPManbl Tanaay *kacanaabl. Visa meH Mastercard xyenepi s)kahaHapiK HapbIKTa
TPAHCYATTbIK cunaTbiMeH epeKkweneHce, UnionPay almaKTblK Herizge Aambin, XaablKapanblk,
neHrenne 6enceHai KeHero ypaiciH KepceTyae. Makanana Tenem KapTanapbl apKblabl »Ky3ere
acaTblH onepauuanapablH, Kayincisairi, *Kolngamablifbl KaHe CEeHIMAINITT KapKbl alHaNbIMbIHbIH,
TYPaKTbI/bIFblHA 3Cep eTeTiH Heri3ri pakTopaap peTiHAe KapacTbipblaagbl. 3epTrey HaTMKenepi
XaNblKapanblK TeNeM KyMnenepiHiH anemaik Kapxbl MHOPaKypblIbIMbIHAAFbI MaHbI3bIH aHbIKTayFa
MYMKiHAiIK Bepes,.

KinT ce3pep: aKllanam ecen amblpbiCy Kynenepi, Xxanblkapanblk Tenemaep, 6aHk Kyneci,
Kap*Kbl HAPbIfbl, 21EKTPOHAbIK TeNEeMAEP, TPAHCLLEKapablK onepaunanap

Kipicne. Kasipri 3amaHfbl 3KOHOMMKAJIbIK KEHICTIKTe Tenemaepai *y3ere acblpy Tacingepi
TyOerenni e3repicke yubipan oTbip. KoAmMa-Kon aKklaHbiH, yaeci 6ipTiHaen asaibin, OHblH OPHbIH
9NEKTPOHAbIK *KaHe KapTasblK Tenemaep HacTbl. byn yaepic TeK TEXHONOMMANBIK KaHapy emMec,
COHbIMEH KaTap TYTaC Kap Kbl *KYNECIHIH KYPbI/IbIMbIH KalTa Kapaybl Tafan eTeTiH SKOHOMMKabIK
Kybbinbic 6onbin Tabblnadpl. Ocipece Xanblkapaiblk cayda KeAeMiHiH ecyi, 31eKTPOHAbIK,
KOMMEPLIMAHbIH KEHEIOI aHEe LeKkapaapasblk onepaumanapabiH Xuineyi akianan ecen anblpbicy
KyMenepiHii MaHbl3blH OYPbIHFbIAAH A3 apTThipAbl.

byrinae Visa, Mastercard »kaHe UnionPay cuaKTbl XasblKapanblk Tenem xyhenepi
KYHAENIKTI Kap»bl aiHaNbIMbIHbIH, axKbipamac 6eniriHe anHangbl. ATanfaH kyhenep Tek Tenem
Kypasnbl peTiHae emec, DaHKTIK KbI3MeTTep/iH, KO/MKETIMAINITIH apTTblipaTbiH, Kap*Kbl TIPTIOIH
Ka/bINTacCTbIPaTbIH *KaHe TYTbIHYLWbIIbIK MIHE3KY/IbIKKA 9CEp eTeTiH MaHbI34bl 3KOHOMMUKAbIK,
TETIK peTiHAe KbI3MeT aTkapaabl. OnapablH, KbI3SMET eTy JIOTMKackl enaepdiH, Kap»bl caacaTbliHa,
UMODPAbIK 3KOHOMMUKAHbBIH [JaMyblHa XaHEe Xa/blKapaiblK KapblM-KaTblHACTapAblH, CUMaTbIHA
Tikenen biknan eteai [1].

3epTTey TaKblpblObIHbIH, ©3eKTiflir  OCbl  TeAEeM KyhenepiHiH, KahaHablK  KapKbl
MHOPAKYPbINbIMbIHAAFbI OPHbIH, 1AMy epeKLLeNiKTepiH KoHe 3KOHOMMKA/bIK bIKMNa/AblH KaH-
aKTbl TaN4ay KarkeTTinirimeH 6annaHbICTbl. Dcipece ap sKYMEHiH, KaabinTacy anfbilapTrapbl MeH
aMaKTbIK 6aCbIMAbIKTAPbIH CaNbICTbIPy Kasipri TaHA4a MaHbI3Abl FbibIMUA KaHEe MPaKTUKaANbIK,
MaHTre une.

3epTTeyaiH Herisri makcatbl — Visa, Mastercard xaHe UnionPay Tenem yenepiHi KbiameT
eTy epeKWenikTepiH Tangan, ofapAblH, dNeMAiK aKlianan ecen amblpbiCy KyheciHaeri peniH
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aHblKTay. OCbl MaKcaTKa KO/ MKeTKi3y YLWiH »KyrenepaiH aamy 6afbiTbl, KONAAHY ayKbiMbl KaHe
Kap*Kbl aliHa/IbiIMblHa 9Cepi KapacTblipblaaabl.

AKLLanan ecen anblpbICy Kynenepi KapKbl MHGPAKYPLIIbIMbIHbIH HETI3T 31eMeHTI peTiHae
JKOHOMMWKaNbIK aaebueTtepae KeHiHeH KapacTbipbliadbl. fansimaapablH, eHbekTepiHae 6Oyn
Kyrenep Kapsbl afbIMAAPbIHbIH, Y3iKCi3 KO3fasbICblH KaMTamMacbl3 eTeTiH MHCTUTYLMOHANAbIK
TeTiK peTiHae cunatranagpl. Kasipri KeseHae ecen ambipbiCy KyMenepiHiH, 3BOOLMACHI
umbpnaHablpy VAEPICIMEH XaHE XanblKkapasiblk SKOHOMWUKAbIK KaTblHACTAPAbIH, TepeHaeyiMeH
TbIFbI3 BannaHbICTbI [2].

Visa meH Mastercard »yMenepiHiH, TeopuAnbIK Herisaepi Tenem KapTanapbiHbiH, AaMYbIH
3epTTereH 6aTbic 3KOHOMUCTEPAIH eHOeKTepiHae KepiHic TankaH. Saunders, Gorton, Mishkin
eHOeKTepiHAe aTanfaH KyMenep HaAPbIKTbIK 3KOHOMMWKA KafdalblHA@ KOAMa-Ko/l  emec
Tenemaepai KeHenTyaiH TMiMmai Kypanbl peTiHae GafanaHagbl. byn aBTopnap KapTasiblkK Tesnem
Kyrenepi TpaH3aKUMANbIK LbIFbIHAAPAbl KbICKAPTbIN, KapXbl onepaumanapbiHbiH, allblKTbIFbIH
apTTbipaTbiHbIH - aTan eTeni. Tenem KyMenepiHiH, CeHiMAiniri MeH Kblngamablfbl  Kap¥bl
HapbIFbIHAAFbl TYPAKTbINbIKTbI CaKTayAblH, MaHbI3Abl WAPTbI peTiHae KapacTbipblaaabl [3].

UnionPay KyieciHe KaTbICTbl Fbl/IbIMW 3€PTTEYAEPAE OHbIH, AaMybl MEMAEKETTIH, Kapbl
CeKkTopblHAafbl benceHai penimeH GannaHbICTbipbiNFaH. KbiTanblK akoHoMmMcTep UnionPay-aiH,
KaAbINTaCyblH YATTbIK Kapbl Kayinci3airiH KamTamacbl3 eTy Kypasbl peTiHAe cunatTaiabl. byn
YKyMe iWKi HapbIKTbl KOpPFay MEH XalblKapasiblK Kapbl KEHICTIriHe LWbIFy MaKcaTTapblH KaTap
)Ky3ere acblpfaH yAri peTiHAe YCbiHbINaAbl. Xanblkapanbik aaedbuettepae UnionPay alMaKTbIK,
TeNleM KyMeciHeH XahaHapblK AeHrelre eTy *KoNblHAAFbI Biperet moaens peTiHae 6afanaHaapl [4].

XanblkapanblK ecen arblpbicy baHKi meH JyHuexy3inik baHk xapuanaraH 6asHaamanapaa
KapTanblK TeNEM Kyhenepi KapKbl Hapblfbl MHOPAKYPbINbIMbIHBIH TYPaKTbINbIFbIHA TiKeNnen acep
eTeTiH paKkTop peTiHae KepceTineai. bya yibiMaapablH, AepPeKTepiHae Tonem Kyenepidid ceHimaj
KYMbICbI KapKbl AaFA4aPbICTAPbIHbIH aA4blH any MYMKIHAINIH apTTblPaTbIHbl AdAenaeHreH. FblnbiMmn
eHbeKkTepai Tangay Visa, Mastercard xaHe UnionPay »ylenepiHiH, apTyp/li SKOHOMUKa/bIK
MoAdeNbAep anCbiHAA AaMblfaHblH KaHE /1eMAiK aKlianal ecen albipbiCy KyMeciHae e3iHAiK
OpHbl bap ekeHiH KepceTeai [5].

Kasipri »ahaHaplk Kapbl KeHicTirinae Visa, Mastercard »xaHe UnionPay Tenem xyhenepi
KO/IMa-KOJ1 aKLlacbl3 ecen amblpblCyAblH, HEri3ri TeTIKTepi peTiHae KanbinTacTbl. byn »Kyhenepain,
Kbl3MeTi BaHK CEKTOPbIMEH, Cayaa YMbIMAAPbIMEH KaHE TYTbIHYLWbINAPMEH Tbifbi3 HalaHbICKaH
KypAeni MHPPaAKypblabiMFa HerisgenreH. 9p KyMeHiH [amy KoJjibl MeH HapblKTafbl OpPHbI
3KOHOMMKA/bIK IHE MHCTUTYLMOHANAbIK epeKllenikTepre Tayenai Typae KanbintacTsl [6].

Visa Tenem KyMmeci xanblKkapasblKk onepauuanapabl eHAey Kenemi meH reorpadusaibik,
KaMTy alimarbl OOMbIHLWIA KeTeKwi opblH anadbl. OHbIH MHGPAKYPbIAbIMbI TPAHCLEKAPAbIK,
Tenemaepai eHaeyre OenimaenreH »KoHe Ba/lOTa/blK OMepauuanapaa *Kofapbl TYPAKTbIIbIK,
KepceTeni. Visa KapTanapbl 3NEKTPOHAbIK KOMMEPUMA CanacblHAA KEeHiHEH KOA4aHblabIM,
MHTEPHET apKbl/ibl TEAEM KYPTi3YyiH Heri3ri KypanaapbiHbiH bipiHe anHanfaH [7].

Mastercard »Kyneci Tenem TeXHONOrMANapbiH EHri3y KapKblHbIMEH epeklueneHesni. byn
nnatbopma AepekTepai eHAey, Kayincidgik anroputmaepi KaHe TYTbIHYLWbIIbIK aHaAUTMKa
bafrbITblHA@ WMHHOBAUMANLIK Wewimaepai 6enceHai KongaHaabl. Mastercard-TbiH,  Kap»bl
YMbIMAAPbIMEH CEPIKTECTIK MOAENI TeNleM onepaumanapbiHbiH MKEMAINITIH apTTbIPbIN, HAPbIKTaFbI
H6acekenecTikTi kywenTTi [8]. UnionPay Tenem »yMeciHiH, epeKLweniri OHbIH MEMIEKETTIK KON4ayFa
HerisgenreH Jdamy MmogeniHae KepiHic Tabagbl. AnfawbiHAa KblTaldblH, (WK HapbiFbiHA
HafbITTanFaH by Kyle yakplT eTe Kene A3ma KaHe backa aMaKTapfa Tapana bactaapl. UnionPay
aMaKTblK 3KOHOMMWKANbIK WMHTErpauma KypanaapbiHbiH, Oipi peTiHAe KapacTbipbiabin, YATTbIK
Ba/NtOTAMeH ecen alblpbICy Y1ECIH KEHENTYAE MaHbI3Abl pen aTkapadbl.
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1-kecte — Visa, Mastercard xoaHe UnionPay Tenem KyhenepiHiH canblCTbipManbl
cmMnaTTamacsl

KepceTkiLu Visa Mastercard UnionPay
KbI3MeT eTy ayKbiMbl | *KahaHAabIK, HKahaHablk, AMMaKTbIK—XabIKapasblK,
Herisri HapblIK, AKL, Eypona AKL, anem engepi KbiTal, A3ma

1 — KecTeHiH, )kanfacol
TexHONornANbIK, TpaH3akumA NHHOBaUMANBIK, YNTTbIK MHOPaKypbIIbIM
HafbIThl TYPaKTbIAbIFbI wewimaep
JKOHOMMWKANbIK peni | ofapbl HoFfapbl Bcin Kene XaTKaH

KecTene xanblKapanbik Tefiem KyMesiepiHiH, HapblKTafbl OPHbI, Aamy OafbiTbl KaHe
9KOHOMMKAbIK blIKMNasbl CaNbICTbIPbI/bIN KOPCETINTEH.

Tangay HaTWMKenepi atanfaH TeNem XKyMenepiHiH SpKaMcbIiCbl dNeMAiK aklanan ecen
amblpbICy KeHicTiriHae e3iHe TaH ¢yHKUMA aTKapaTbiHbiH KepceTedi. Visa meH Mastercard
FanamapblK Kap»Kbl aHaNbIMbIHbIH, TYPAKTbINbIFbIH KAMTaMachI3 eTyre bacbiMabik 6epce, UnionPay
aMMaKTbIK 3KOHOMMKA/bIK TOYENCI3AIKTI KYLWEeNTY Kypanbl peTiHAe AaMbIn OTbIP.

yprisinreH 3epTTey HaTUMKeNepi XanblKapasblK TeAeM Kynenepi Kasipri akwanan ecen
anbipbicy MHOPaAKYPbIIbIMbIHbBIH, HETI3ri Tiperi ekeHiH Aanenaena,.

Visa, Mastercard »aHe UnionPay }ynenepiHiH, KbIaMeTi KO/IMa-KOoN aKLLachl3 Tenemaepait
KeHEloiHe, KapXKbl aMHabIMbIHbIH, KeJenjeyiHe XaHe 3SKOHOMMWKaMbIK —KaTblHAaCTapAblH,
albIKTbIFbIHA bIKNan etyae [9]. byn Tenem nnatdopmanapbl TEK TEXHUKAbIK Kypan faHa emec,
3KOHOMMKANbIK, }KaHE MHCTUTYLIMOHANABIK GaKTOp peTiHAe KanbiNTacKaH.

Tanpay Visa meH Mastercard kyhenepiHiH KahaHAablK Kap!Kbl HapblfbIHAQ TYpPaKTbl
no3uumara ne ekeHiH KepceTTi. OnapablH KeH, reorpaduanbik KaMTybl, AaMblfaH TEXHONOTMMANbIK,
MHOPAKYPbINbIMbI KaHE OaHKTEpPMEH TbIfbl3 CEPIKTECTIr XanblKapanblk TenemaepaiH Hacbim
beniriH eHaeyre MyMKiHAIK 6epeni. by Kylenep anekTPOHAbIK KOMMEPLMAHBIH AaMyblHa KaHe
TPaHCLLEeKapablK onepaumanapabiH *KeHinaeyiHe alTapablkTan acep eTeai. HapbIKTbiK moaensre
HerisaenreH 6yn nnatdopmanap 6acekenectik opTaHbl KYLIENTIM, Kap*Kbl KbI3METTEpPiHiH, canacbiH
apTTbipyFa XKafaan Kacanapl.

UnionPay »kyieciHiH gamybl e3re cunatka ne. OHbIH, KaabiNTacybl YATTbIK Kapbl CEKTOPbIH
KOpFfay »KoHe illKi HapblKTafbl ecen amblpbicynapabl OpPTanblKTaHAbIPY MaKCaTbIMEH Tblfbi3
6annaHbicTbl [10]. KeniHri keszeHae UnionPay xanblkapasblk KeHICTiKKe LWbIFbIM, alMMaKTbIK
9KOHOMMKA/bIK bIKMablH apTThipa Bactadbl. byn Kyne memnekeT KonaayblIMeH AaMUTbIH TeNEM
MoAeNbAepiHiH TUIMAINIriH KepceTeTiH Mbican peTiHae bafanaHapl.
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Accounting for Foreign Exchange
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Kumarkhanova Nurgul
Master of Economics, Senior Lecturer, Almaty Technological University, Department of
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Abstract
This article examines the specific aspects of accounting for foreign exchange differences
arising from the purchase of materials from foreign suppliers. As a practical example, the
procurement of raw materials for the production of plastic cards from a Russian counterparty with
settlements denominated in Russian rubles is analyzed. The article describes the procedures for
recognizing assets, liabilities, and foreign exchange differences in accounting records.

Terminology

Closing rate — the current exchange rate at the end of the reporting period.

Foreign exchange difference — the difference resulting from translating a given number of
units of one currency into another currency using different exchange rates.

Exchange rate — the ratio at which one currency is exchanged for another.

Fair value — the price that would be received to sell an asset or paid to transfer a liability in
an orderly transaction between market participants at the measurement date (see IFRS 13 Fair
Value Measurement).

Foreign currency — a currency other than the entity’s functional currency.

Foreign operation — an entity that is a subsidiary, associate, joint venture, or branch of the
reporting entity, whose activities are based or conducted in a country or currency different from
that of the reporting entity.

Functional currency — the currency of the primary economic environment in which the
entity operates.

Group — a parent entity and all its subsidiaries.

Monetary items — units of currency held and assets and liabilities to be received or paid in
a fixed or determinable number of currency units.

Net investment in a foreign operation — the reporting entity’s interest in the net assets of
that operation.

Presentation currency —the currency in which the financial statements are presented.

Spot exchange rate — the exchange rate for immediate delivery.

Introduction

Under conditions of international trade, companies frequently conduct transactions in
foreign currencies, which leads to the emergence of foreign exchange differences. Transactions
denominated in Russian rubles are particularly relevant due to the volatility of the ruble exchange
rate. Proper accounting treatment of foreign exchange differences is necessary to ensure the
reliable presentation of financial results.

Theoretical Foundations of Accounting for Foreign Exchange Differences

IAS 21 The Effects of Changes in Foreign Exchange Rates

An entity may conduct foreign currency activities in two ways: by entering into transactions
denominated in foreign currencies or by operating through foreign operations. In addition, an
entity may present its financial statements in a foreign currency. The objective of IAS 21 is to
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prescribe how foreign currency transactions and foreign operations should be included in the
financial statements of an entity and how financial statements should be translated into a
presentation currency.

The principal issues are determining which exchange rate(s) to use and how to report the
effects of changes in exchange rates in financial statements.

According to IAS 21 The Effects of Changes in Foreign Exchange Rates, foreign currency
transactions must initially be recorded at the spot exchange rate on the transaction date.

Foreign exchange differences arise from:

. the translation of monetary items at the reporting date;

. the settlement of liabilities at exchange rates different from those applied at initial
recognition.

Foreign exchange differences may be classified as:

. positive exchange differences (income);

. negative exchange differences (expense).

In Kazakhstan, the following regulations are also applied:

. the Law of the Republic of Kazakhstan On Accounting and Financial Reporting;

. National Financial Reporting Standards (NFRS).

Translation of Foreign Exchange Differences

According to IAS 21, translation is performed in the following cases:

1. On Initial Recognition of the Transaction

Any foreign currency transaction is translated into tenge using the official exchange rate
on the transaction date.

For example, if accounts payable amounting to USD 10,000 are recognized, they are
recorded in accounting records in tenge using the exchange rate applicable on that date.

2. At Each Reporting Date

If the liability remains unsettled at the end of a month, quarter, or year, it is translated
using the closing exchange rate. The difference between the previous tenge valuation and the new
valuation constitutes a foreign exchange gain or loss for the reporting period.

3. On the Settlement Date of the Liability or Receivable

When actual settlement occurs (payment to a supplier, loan repayment, or receipt from a
customer), the amount in tenge is determined using the exchange rate on the payment date. The
difference between the previously recognized amount and the actual payment is also recognized
as a foreign exchange difference.

Thus, a foreign exchange difference on a monetary item may arise several times:

. upon remeasurement at the reporting date;

. upon final settlement.

If the item is non-monetary, its value is not subsequently translated after initial recognition
at the transaction-date exchange rate (when measured at historical cost), and no foreign exchange
differences arise.

The underlying logic is straightforward:

. As long as there is an obligation to pay or receive a fixed amount of foreign
currency, exchange rate risk exists, and therefore foreign exchange differences arise.

. Once the monetary obligation no longer exists, the foreign currency risk also
ceases.
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Russia.

Practical Example

A Kazakhstan LLP purchases materials for the production of plastic cards from a supplier in

1. Receipt of Materials
Transaction: recognition of materials and accounts payable
Amount: 1,000,000 RUB x 5 = 5,000,000 KZT

Table 1 Journal Entry

Debit Credit Amount (KZT)

Dr 1310 “Materials” Cr 3310 “Suppliers” 5,000,000
Trial Balance Impact:
. Account 1310 shows a debit balance of 5,000,000 KZT (increase in assets).
. Account 3310 shows a credit balance of 5,000,000 KZT (liability to supplier).

2. Foreign Exchange Difference (on Payment Date)

The exchange rate increases to 5.5.

New valuation of liability: 1,000,000 x 5.5 = 5,500,000 KZT
Previous valuation: 5,000,000 KZT

Difference: 500,000 KZT (expense)

Table 2 Journal Entry

Debit Credit Amount (KZT)
Dr 7430 “Foreign Exchange Losses” Cr 3310 “Suppliers” 500,000

Trial Balance Impact:

. Account 3310 increases to 5,500,000 KZT on the credit side.

. Account 7430 records a debit balance of 500,000 KZT (expense of the period).

3. Payment to the Supplier
The liability is settled at the actual exchange rate of 5.5.
Payment amount: 5,500,000 KZT

Table 3 Journal Entry

Debit

Credit Amount (KZT)

Dr 3310 “Suppliers” Cr 1030 “Cash at Bank” 5,500,000

Trial Balance Impact:

. Account 3310 is closed (balance equals zero since the liability has been settled).

. Account 1030 decreases by 5,500,000 KZT (cash outflow).

Table 4 Final Balances in the Trial Balance

Account Result

1310 “Materials” Debit balance of 5,000,000 KZT
3310 “Suppliers” Closed (0)

1030 “Cash at Bank” Decrease of 5,500,000 KZT
7430 “Foreign Exchange Losses” 500,000 KZT
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Final Result

. Cost of materials: 5,000,000 KZT

. Foreign exchange loss: 500,000 KZT

. Total cash outflow: 5,500,000 KZT

Accounting Features

1. Materials are recognized at historical cost and are not subsequently revalued.

2. Foreign exchange differences are recognized in profit or loss for the period.

3. No foreign exchange differences arise on advance payments because advances are
considered non-monetary items.

4, The impact of foreign exchange differences becomes particularly significant in

cases of long payment deferrals.
Conclusion
Foreign exchange differences constitute an important element in accounting for foreign
economic transactions. Their proper recognition ensures the reliability of financial statements and
enables an objective assessment of a company’s financial performance.
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rRacaHabl MHTEeNNEeKTI SKOHOMMKaOA
KON AaHy Teopuanapsl

PaixaHoBa I".A.

E.A.byKeToB aTbiHAafbl KapafaHabl YATTbIK 3epTTey YHMBepcuTeTi, KasaKkcTaH
Pecnybnunkacsl, KapafaHapl K.

acaHapl MHTENNEKTTIH 3aMaHayu TEXHOOTMANAPbI, XKaHE 0/1apAbl IKOHOMMKaAA KOoA4aHy
TaKblpblbbl 6TE ©3EKTI XKaHe cypaHbicKa ne 6onbin Kana bepeai. acaHabl MHTENNEKTTIH KapPKbIHAbI
Aamybl MeH OHblH OW3HEeCTIH, apTyp/i cananapblHa WHTErpauuanaHyblH eckepe OTbIpbiM,
9KOHOMMKA OHbIH, 8CEpPiH Ce3iHiN KaHa KoMman, OHbl NPOLEeCcTepAi OHTaMNaHAbIpy, OHIMAINIKTI
apTTbIPY *KIHE KaHa MYMKIHAIKTEP »Kacay YLWiH benceHai KongaHaap!.

acaHabl WHTENNeKT Koprnopauuanapfa KYHAENKTI  KoHe KaWTanaHaTblH 6usHec-
npouecTepai aBToMaTTaHAbIpyFa MYMKIHAIK Oepedi. byn eHOeK WbIfbIHAAPbIHbIH, alTapblKTal
TemeHaeyiHe, TMIMAINIKTIH apTyblHa X3He TancblpmaaapablH OpbIHAANYbIH XeaenaeTyre akenes,.
Al TexHoNOrMANapbl KOMNaHMUANAPFa VKEH AepeKTepai Tangayfa cylMeHe OTblpbIn, Herisgenrex
CTpaTernanslk, wWewimaep Kabbingayra MYMKIHAIK Oepeni. MalluMHanbIK OKbITYAblH, KyaTTbl
anropuTmaepi TpeHATepAi aHblKTayFa, HapblKTafbl e3repicTepai bonKayFa »KaHe e3repictepre
benimaenyre Kemekteceni. KopnopaTueTik cTpaTervanapaa Al nanganaHy TyTbiHyLWbIAapMeH
KeKe KapbIM-KaTblHAC Kacayfa MYMKiHAK Gepeni. [lepekTepre HerisgenreH ycbiHbICTap MeH
BMPTYaNAbl KOMEKLINepP KaHafaTTaHy MeH aZlandblKTbl apTTbipy apKbl/ibl TYTbIHYLbI TaXKipnbeciH
aKcapTadbl. Al }KaHa eHIMAep MeH KbI3MeTTep/i 3epTTey »aHe a3ipaey npoleciHe benceHAai
KaTblcadpbl. [lepekTepai Tangay XoHe MalMHANbIK OKbITy TeXHOAOorManapbl MHHOBAUMANbLIK,
Wwewimaepai YCbiHa OTbIPbIN, HaPbIK KaeTTiiKTepiH aHblkTayfa MYMKiHAIK Oepeai. Al-ai o3
cTpaTernsnapbiHa bipikTipeTiH Kopnopauuanap KMbepkayinTepmeH TMiMmAai Kypeceai. MalnHaabIK
OKbITY aNropuUTMAepi AepekTepdiH, Kayincisairii KamTamachI3 eTy apKblibl Knbepluabyblngapas
aHbIKTayfa }KaHe anjblH anyfa kKemekteceni. Al TexHonornsanapbl AepekTepai Tmimai 6ackapy meH
Tangayabl KamTamacbls etedi. byn HerisgenreH wewimaep Kabbingay, Hapblk TananTapbliHa
Henimaeny KaHe Kayincisaik cTaHAapTTapblH CaKTay VLiH KaxKeT. Al MHTerpaumsacel KbIameTkepaep
YWiH aHa MYyMKiHAIKTep acanapl. OKbITY KoHe KalTa [Aaapnay Kbi3MeTKepsiepre »KaHa
TEXHONOTMANAPMEH KYMbIC icTeyre MyMKiHAIK ©epedi, 6yn cTpaTernsnblk, MiHOAETTepre yakbiT
beneni. KopnopaTuBTIK cTpaTernsnapra »}acaHabl MHTENNEKT TEXHONOMMANAPbIH EHTi3y OU3HEeCTI
Hbackapy KoHe AamblTy TacinAepiH e3repTe OTblpbiN, OpacaH 30p JKOHOMMKA/bIK d1eyeTTi
KamTamacbl3 eTegi. Wkemgi 6enimaeneTiH xoHe Al apTbIKWbIAbIKTAPbIH  NandanaHaTbiH
KOMNaHuANap Kasipri aKOHOMMKaNbIK opTada TUIMAINIKTIH, MHHOBAUMAHbIH »kaHe bOacekere
KabineTTiNiKTiH, *KaHa AeHreliHe Wwoiradpl.

acaHabl WHTennekTTiH nanga 6onyblH 20 facbipAblH, OpTacbiHAH 6acTan, KomMMbloTep
fanbiMAapbl aJamaap CUAKTbl OMayFa XaHe yrpeHyre 6onaTbliH MallHanapapl »kacan bacraraH
Kesae Hbankayra 6bonaabl. bactankbliaa Al almasbl agam MUbIHAH KaHe aaM MUbIHbIH aknapaTTbl
Kanan eHAeNTiHIH MMUTauManay yWiH malluHa »Kacayra 6onaabl AereH naeanaH wabbiTraHabl.

1956 binbl AxkoH MakkapTn, MapsuH MUHCKMI aHe Knopa LLIeHHOH CUAKTbI KOMMbIOTEPIK
fanbiMaap Tobbl KacaHabl UHTENNEKT TEPMUHIH KacaHabl MHTENNEKTTIH 0TaHbl 60/1bIN caHaNaTbIH
OapTmyT KoHdepeHUMAChl KesiHae eHri3ai. Al-aiH anfalKkpl 3epTTeyaepi mallMHanap weLim
Kabblngay ywiH anabiH-ana OenrifeHreH epexenep MUbIHTbIFbIH YCTaHaTblH epexkenepre
HerisaenreH ymenepre 6afrbiTTanfaH.

MHHOBaUMANbIK Kypanaap Hemece MHHOBaLMANAP-Oy/N HApbIKTa caTbiNaTblH aHa Hemece
XeTinaipinreH eHim Hemece Taxipnbeae KoNJaHblNaTbIH KETINAIPIATEH NpoLecc peTiHae »y3ere
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acblpblAaTblH  MHHOBAUMAAbBIK ~ KbI3METTIH, TYMKiNiKTi  HaTuxkeci [1]. KenTereH aBTopnap
MHHOBALUMAHbBIH aHbIKTaMacblH TyciHAipyre 6ackawa kKapanigbl. Mbicanbl, A. KynarmH xaHe B.
JIOrMHOB MHHOBAUMAHbBI BHEPKICINTIK, MHCTUTYLUMOHANAbIK, KAapXbl/bIK, FblAbIMM — TEXHUKANbIK
oHe 0acka cananapgafbl WMHHOBAUMANAP, WHHOBauusnap Aen caHanabl [2]. Undpnbik
MHHOBALMANAP SPTYP/I TEXHUKANbIK Wellimaepai KaMTUTbIH BipHele Typre 6eniHea;.

21 facblpga aHa TEeXHONOrMANApP MEH FblIbIMU-TEXHWKAJIbIK MNPOrpecc agam eMIpiHiH,
KenTereH cajafapbiHa aWTap/blKTalh acep eTedi KoHe 3SKOHOMMKA [Aa epekwenik emec.
NHTepHeTTiH nanaa 6onybimeH (1983 k., MeprinikTi xeninepai 6ipikTipy npoueci aakTanabl XaHe
BipblHFa bipikTipinreH "MHTEpHeT" AepeKTep enici opHaTbiAbl) MaKpoAeHrenae Ae, »Keke
KoMNaHuanap AeHremiHae Ae KoNTereH NpoLecTep e3repi aHe KeHinaeni aen caHayfa 6onaapl.
KenTereH »KacaHbl MHTENNEKT XKyMenepi »yMbICTbl aflaMfa KapafaHaa TesipeK, Ad1ipeK KaHe
ap3aH eTteai. TexHonormanapabl AamblTyAblH Ka3ipri Ke3eHiHAe TUIMAINIKTIH XOofapbl AaperKeciH
YKOHe ToyeKenaepai azanTyabl KAaMTaMachI3 eTeTiH Kypanaap Kansintacyaa. EH MaHbI3abl £blabiMU-
TEXHUMKaNbIK a3ipnemenepaid 6ipi KacaHAbl MHTENNEKTTI KYPY KOHE EeHrisy, CoHAal-ak OHbl
eHepKacin neH bMsHecTe ogaH api NnanganaHy gen caHayfa 6onaabl. 1980 binbl bapp meH 3a8apA,
darireHbaym CcMNATTalTblH TEPMWUH KypZbl »KaCaHAbl MHTENNEKT Kapanaibim KapananbiMm
ajgamaapFa  TYCIHY VLWIH KeTKinikTi. MacaHabl wHTennekt (Al) — 6yn uHTennexktyangp
KOMNbIOTEPNIK Kyhenepai, AafHM 6i3 AacTypni Typae ajam caHacbiMeH 6alinaHbiCTbipaTbiH
MYMKIHAIKTEPre e »Kynenepai — Tingi TYCiHY, OKbITy, OMNay, MaCeneHi Welly ¥aHe ©3iH-e3i
NaMbITy KabineTTepiH AambiTaTbiH MHGOPMaTMKa canackl [4]. *acaHabl MHTENNEKTTI cMNaTTalTbIH
TepmMUH BYbIHFbIP »KoHE KenTereH aBToOpnap ofaH Oackalla Kapanabl, MbiCcanbl, bpuUTaHAbIK,
MaTeMaTMK AnaH TbOPUHF Cypak, KOKLWbl afaMHbIH XayanTapblH KOMMObKOTEPAIH, *KayanTapblHaH
aXkKblpaTa a/IManTbIH Kafaanabl KOMNbIOTEPAIK MHTENNEKTTIH, "WbiHalbl" 6enrici aen caHaabl. Ocbl
aHbIKTaMaap MeH MiKipaepaiH, »UbIHTbIFbl acaH4bl UHTENNeKTTiH, 6acTbl 6enriciH — e3iH-e3i
OKbITYy KabineTiH aHblKTayFa KemekTeceni. [lan ocbl H6enri 21 facbipAasbl FbIAbIMU-TEXHUKANbIK,
PEBONOLMAHBIH, HEri3iH KanayLbl 601bIN caHanaapl.

KacaHabl MHTENNEKT KaHe HEMPOHAIK XKeninep aaicTepi Kapananbim 3epTTeynepaeH bacrtan
bonkay, KenTereH JepekTepai eHaey, Toayekengepai ©Oackapy, 6eHAipic neH pexumai
OHTaMNaHAablpy, akaynapapl BM3yanapl TaHy KoHe T.6. cypaKTapfa AeWiH apTypAai cananapaa
benceHai KongaHbinadbl. HacaHabl MHTENNEKTTI NanganaHy AamblFaH XoHe Aamyllbl engep
apacbIHAAFbl aWAKTbIKTbI TyAblpabl, aA MUKPO AeHrenae »acaHabl MHTENNEKTTI NaiaanaHaTbiH
KOMNaHuMAaNap MeH XaHa TexHo/ormanapabl eHrisbeiTiHoep Hemece eHrizy npoueciHae
YpreHaep apacbiHZa TepeH, anwWakTblK 6ap. TexHONormsanblK anlWaKkTbikTaH backa, eHbek
HapblfblHAA TEHrepimcisaik 6ap. acaHabl nHTenneKkT agamaap bipHelwe cebentepre 6annaHbICTbI
OpbIHAAM anManTbiH WabAOHAbIK TancbipManap MeH XYMbICTapAbl OPbIHAANTLIH adamaapab
anmacTblpa anagpl. KentereH agamaap LWblFapMalLbiabIK KYMbICTbl afamaapaaH backa eLikim
acar anmanapl gen caHangpl, bipak Kenbip cananapgafbl 3amaHayyM HEWPOHAbIK Keninep
KemeKTece anafpbl, Kenge agamibl anmactbipa anaabl. Ocblnaiia, »KacaHAbl MHTEANEKT MeH
HEMPOHAbBIK Xeninepai TWUIMCI3  eHrisy anemfiik  3KOHOMWKanap, KomnaHuanap, eHbek
HapPbIFbIHAAFbl KYMbICLLbIAP apacbiHAafbl KapanahbiM WabAoHAbIK MiHASTTEPAI Wellyae faHa
eMeC, COHbIMEH KaTap KeWbip LWblFapMaLlbIblK PKYMbICTAapAa 3KOHOMMKAbIK anllaKTbIKTb
TYAbIPYbl MyMKiH. acaHabl MHTEANEKTTIH, JaMy ayKbiMbl CUAKTbI YFbIM 6ap, 0N OHbIH a/1eMaik
9KOHOMMKaFra acep eTy A2PerKeciH aHbIKTalabl. acaHabl MHTENNEKT anci3 Al (weak Al) aHe RywTi
Al (strong Al) 6onbin 6eniHeai. OACI3 sKacaHAbl MHTENNEKT LWEKTeYNi SKOHOMUKAIbIK acep eTea,
ONTKEHI OHbIH, pesi KapanambiM, KYHAENIKTI MiHAeTTepAi wellyre 6ainnaHbICTbl, MbiCasibl, CypeTTe
He OelHeNeHreHiH aHbliKTay Hemece /[aybICTbiH AblObICbIH TWICTI MaTiHre ayaapy. KywTti Al
aTapnblkTal 6ap 3KOHOMMKAbIK aflaMHblH aKbli-0M  KabineTtepiHe yKkcac poboTTapabl
(MalWwmrHanap, KoMmnbloTepaep) Kypyra 6anaHbICTbl KONTEreH Macenenepi welyre 6annaHbICTb
acep eTy, AFHM aKnapaTTbl NanaanaHy faHa emMec, COHbIMeH bipre OHbIH MafblHacbiH benrini 6ip
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napexeae TyCiHy [5]. YWbIMHbIH, ©3i ©3iHiH, H6M3Hec—MnpouecTepiHAe »KacaHAbl WHTENNEKTTIH,
KaHZal TypiH KonaaHyabl TaH4anabl. 94eTTe, TaH4ay KOA4aHy canacbiHa HerisgenreH, entkeHi Al
-HiH 9P TYPIHiH ©3iHAIK *KYMbIC epeKLenikTepi bap.

Kenbip capanuwsbinapabiH 6Haranaybl OOMbIHWA KacaHAbl WHTENNEKT Keseci cananapaa
KeHiHeH KonAaHblnaap!:

- HbICaHZap MeH apeKeTTep MeH KeCKiHAepAi TYPAeHAiPETIH KOMMNbIOTEPANIK KepYAiH Tapanybl.
Byn aaicTi, Mmbicanbl, aBTOMOBUNbAIH, KayinCi3aik KyneciHae Hemece CaHAbIK eridgepai Kypyaa
KonaaHyra bonaapl (weak Al, strong Al);

- "aKkbin" gen atanaTbiH BUPTYanapl Kemekwinepai Kypy (strong Al);

- KOMMbOTEP/IEPre aJlaMHbIH, COMeYiH TaHyFa, TYCIHYre »KaHe TanaayFfa, CoHAalM-aK, AblObICTbl
MOTIHIe TYpAeHAdipyre MyMKiHAIK 6epeTiH Tingi eHaeyai sketingipy (weak Al);

- MallMHanapfa afJaMHblH, KaTbICYbIHCbI3 KYMbIC iCTeyre MyMKiHAIK BepeTiH anroputmaep
apKbl/Ibl @aHANUTUKANbIK MOAENbAEPAl aBTOMATTbl TYPAe Kypy, MbICabl, VYLIKbILICHI3 KOJiKTi
nambiTy (weak Al) + (strong Al).

acaHabl WMHTeNNeKkT KypfaH OyHKUMANApAbl €Hri3y enfepaiH, KoHe »annbl anemaik
3KOHOMMKAHbIH, SKOHOMMKA/bIK AaMyblHa alTap/blKTan acep eTedi. AMepuKaHAbIK, MamaHAaap
KOMMNbIOTEPNIK Kepy, TaBUFN TiN, BUPTyanabl KEMeKLWinep, poboTTbl NpoLecTepi aBTOMATTaHAbIPY
KOHEe XeTINAipinreH MallMHaNblK OKbITYAbl KaMTUTbIH eH KeH TapaffaH *KacaHAbl MHTEeNNeKT
TexXHON0rMANapPbIH 3epTTedi. Tangay meH ecenteynep HatuxkeciHae 2030 Kblfa Kapan Vil MblH,
Caya/sHamMafa KaTbICKaH amMepuKaHAablK KOMMaHuAnapdblH, wWamameH 70% - bl KacaH4bl
WUHTENNEKTTIH Kem aereHae Oip TypiH eHrise anafibl XoHe KOMMaHWANapAblH Kem aereHae
apTbiCbl ©3 KyMbICbiHAA OapnblK 6ec Typai KondaHa anaabl AereH KopbITbiHAbIFA Kengi.
Hahanablk, MHcTUTYT McKinsey (McKinsey Global Institute) KomnaHuACbIHbIH, 3epTTeyaepiH
H6aranadbl }KaHe KacaHabl MHTenNeKkT TexHonornsanapsl 2030 blara Kapan HKIB-HiH Kocbimwa 13
TPAH [AONNAPAbIK ©CYiH KamTamacbl3 eTe anafibl AereH KopbITblHAbIFA Kengi, byn eHbek
eHiMAiniriHiH, wamameH 1,2% ecyiH 6ingipeai. byn »aroanaa »kacaHabl MHTEANEKTTiH, 9CEepiH anem
TapuxblHAAFbl 6acKa Ja MaHbI3Abl *KaHA/bIKTAp MEH TEXHONOTMANAPAbIH 9CEPIMEH CaNbICTbIPYFa
6onagbl. Mbican peTiHae 19 facbipda Oy KO3FaATKbIWTAPbIHbIH, eHri3inyiH KenTipyre 6onagpl,
HaTMXECIHAEe XblNablK eHbek eHimainiri 0,3% — fa ecTi, 20 facbipda poboTTapdbiH nanga 6onybl-
0,4%-fa ecTi oHe 21 rfacbipga (2024 kbingapapiH  OacblHA@) KaHa  aknapaTTblK  —
KOMMYHUKaLUMANBIK TexHosormanapaslH, nanga 6onybl-0,6% - fa ecti [6]. CoHbIMeH KaTap,
3MATKEPSIK KyMenepai AambliTyFa BannaHbICTbl KYLL-KIirep MeH WblfblHAaPAbl 6TKEH facbipablH, 50-
Wi XblNAAPbIHAA AAPOMbIK Kapydbl *KacayFa bafbiTTanFaH KyLW-XKirepmeH canbiCTbipyfa 6onaapi.

Kap»Kbl canackl, a1emMaik SKOHOMMUKAHbIH, }KaHE eMip Cypin aTKaH 9/1eMHIH KO3fayLbl KyLi
bonbin Tabblnagpl. 21 facbipaarbl UMPPAbLIK cepninicneH bipre 6yn cektop ga Tyberenni
e3repictepre ylibipaabl. OTKEH Facblpa *KYMbIC iCTeyre Typa KenreH Hapce Kasip undpablk ypnak
YLiIH MYMKiH emec 60/1bin OTbIP.

Mblcanbl, KAMEHTTEPAIH MiHE3-Ky/IKbl Kanal e3repreHiH anambik. Lot wnenepi 6yriHge
baHKTepre KyHAENIKTI onepauuanap Kacay VWiH Xui 6apmanabl. baHKTEpP COHbIMEH KaTap
KAMEHTTEPAiH 3aMaHayM CypaHbICTapblH KaHafaTTaHAbIPY YWIiH KbI3MeTTepiH e3repTTi. [an ocbl
coTTe TpaHcPOPMaLMAHBIH *KaHa Ke3eHi nanga 6onadbl, SFHU KacaHAbl MHTENNEKT LWblFadbl.
YaTtboTTap meH npouectepdi poboTTaHAbIpblAFaH aBTOMATTaHAbIPy — OV HAPbIKTbIH, KapKbl/blK
CEerMeHTIHAEe KapKblH anaTbiH Al-HiH KenTereH TypsepiHiH, 6ipi.

backa cananapaaH amblpMallbliblFbl, 6aHK KaHe KapKbl CEKTOPAPbl KAMEHTTepre KbiameT
KepceTy TYPFbICbIHAH 9pKaLlaH apTTa Kanabl Aen caHanabl. Kasipri undpnbik aAsyipae 6aHkTep byn
KbI3METTEP/i KeKe Ke3aecy KesiHae emec, UMOpPAbIK Meauna apKblibl KepceTeai Aen KyTinyae.

YaTtboTTap MeH HaKTbl yaKbITTafbl OannaHbiC Bafaap/iamanblK KacakTamacbl OCbl 6afbITTbl
NaMbITyAblH, H6acTankbl HyKkTeci 6onapl. YaTboTTap-anablH ana opHaTblAFaH epexkenep HerisiHae
XYMbIC icTenTiH Al 6argapnamanapsl. OnapablH, HEFYPAbIM XeTingipiareHaepiHe KANeHTTepMeH
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YHEMI cemnecyre »aHe onapfa KbI3MET KOPCETY CXeMaCbIH KypyFfa MYMKIHAIK 6epeTiH TepeH OKbITy
MYMKIiHAIKTepiH Kocyfa 6onasbl.

Kap:Kbl canacbiHaa 4aTboTTapabl nanganaHyabiH, 6acTbl apTbIKWbIIbIFbI-0/1aP bIHFANALIALIK
MeH Keden KeKke Konaayabl ycbiHaabl. [lepektep onapablH caTy KOHBepcusachiH 35% - Fa apTTbipa
anaTtblHbIH KepceTea,.

Ipbip Kapanambim ManganaHyllbl 3NEKTPOHAbIK KECTe/IEPMEH KYMbIC iCTel anmanapl,
acipece »eke BIAXETTI MKYPridy VILiH. by Keke KapKbiHbl BacKkapyfa apHanafaH MoOOUAbAi KaHe
BeH-KOCbIMLLANAPAbIH TaHbIMan B0ybIHbIH cebenTepiHiH, bipi.

acaHabl MHTENNEKT »KIHE MalUMHAAbIK OKbITY OCbl KbI3MeTTepAiH, blHFaM/IbIbIFbIH
apTTbipaabl. byn 6arbiTTasbl Al MakcaTbl Kapananbim. KyH caliblH Kap»Kbl/bIK *KafaalbiMbI3 Typaibl
KbI3bIKTbl  daKTinepai enemenmis, erep onapabl OipikTipin, TangacaHbi3, Kapa*kaTTbl
YMbIMAACTbIPYAblH, HacKa Aa KaKCbl TaCiNAEePiHE *KapblK TyCipe anacoi3.

EHAi aneyeTTi XUHaKTapAbl Daranayfa »KaHe afbiMAafbl WbIfbIHAAP HEri3iHAe NaccuBTI KipicTi
ecenTeyre KeMeKTeCeTiH KapKbl/blK araanabl 6ackapyabliH KenTereH KypanaapbiH Taba anachls.
KyH canbiH aBTOHOMJbI KapKbl *KyNenepiH WblHAbIKKA aHaNAbIpyFa XKaKblHAAN TYCEMIs.

DKOHOMMKaHbIH, »KaHa OusHec-moaenbaepi, Herisri HapblKTbiK GYHKUMANAPAbl KEeTiAmipy
CUAKTbI, TyTacTal anfaHaa TabuFaTTbl CaKTayfa, pecypcTapibl yHemaeyre OafbiTTanfaH, oyn,
cambin KenreHae, aJam3aTTbl CaKTay *Kobl PETIHAE TYPaKTbl AaMydbl KaMTamachl3 eTedi. bonbin
aTKaH UMOPAbIK TpaHChOopMaLMA TYPaKTbl AaMyablH Kenini 6oabin Tabblnaap.

Al akumanap 6afacbiH 60/Kay, TYTbIHYLIbINAPFA EKe KbIBMET KepceTy, Tayekenaepai
aHbIKTay, AepeKTepaiH YIKEH KefleMiH eHAgeY KaHe T.6. CMAKTbI TancbipManapasl aBTOMaTTaHAbIpy
YWiH KonaaHbinaasl. On coHAam-ak anropuTMAiK cayaa, ananakTbiKTbl OaKbliay KaHe anablH any
*KoHe T.6. CMAKTbI aHa Kap»Kbl/bIK OHIMAEP MEH KbI3METTepAi a3ipaey YLiH KaxKeT.

PayPal ananaKTbIKTbl aHbIKTAYy KaHe anAdplH any YLWiH KacaHabl UHTENNEKTTI nanaanaHazbl.
MbICanbl, KYAiKTI Tenemaepai aHblKTay VLWiH, aaeTTeH Tbic IP-aapecTtepaeH Hemece ypaaHfaH
Hecue KapTanapblHaH aKla ayaapy CUAKTbI;

JPMorgan Chase byn TexHonoraHbl Tayekenaepai 6ackapy yuwiH konaaHaabl. Mbicanbl, 6aHK
yMeci akumanap HafacbiHbiH TOMEHAEYIH HEMECe KapKblablK AafaapbicTapabl 60Kal anaabl;

Bank of America TyTbiHyLIblNapFa KeKeneHaipinreH KpiaMeT KepceTy yiliH Al KypanaapbiH
nanaanaHapl, atan anMTkaHaa, Oy 0napbiH KaXKeTTINIKTEpiHE CoMKec KeneTiH eHimaep meH
Kbl3MeTTep OOMbIHLLIA YCbIHbICTAPFa KATbICTbI;

Wells Fargo Hecuenepai Tekcepy ¥aHe akums bafacblH HoaKay CUAKTbI Tancbipmanapapi
aBTOMaTTaHAbIpy YywiH Al naiganaHagbl. byn KoMnaHWsafa aklla yHeEMAeyre »KaHe TUIMAiNIKTI
apTTbIpyFfa KemeKkTecedi;

Citibank aBToHOMAbI cayda KyMenepi *KaHe KacaHabl KapKblablK KEHECLIINep CUAKTLI *KaHa
eHIMAEp MeH KbI3MeTTepAi a3ipaey YLWiH KacaHabl MHTENNEKTTI NanganaHaabl. byn KomnaHusara
HaceKkenecTiKTeH 03blIM, KINEHTTEPAiIH KaXKeTTiiIKTepiH KaHaraTTaHAbIpyFa KeMeKTecei.

KacaHabl HTeNNeKTTiH Kelbip (Kapabalibip Moaenbaepi 6onca aa) eHaipic canacbiHaa 1960-
70 KbingapaaH 6Hepi KOA4aHbINbIN  Kenedi KoHe OCbl  y3aK  VYakblT iWiHae onap ap
MexaHMKaNaHAblpbl/faH NPOLECKE TEPEHIPEK eHin, TepeHaen TyCTi.

Byn poboTThl KOMAAP MEH MALLIMHAMAP adaMaapPMeH Katap XyMbic icTenai, byn 6backanapmen
KaTap 6o/Kamabl TEXHUKANbIK KbIBMET KepCeTydi KojdaHyfa MyMKiHAIK Oepeni, 6yn
eHAipyLWinepre MallMHaHbIH, KallaH iCTeH LWbIFybl MYMKIH eKeHiH Do/ixKayFa »KaHe TexXHUKasbIK
KbI3BMET KepceTydi »ocnapaayfa MyMKiHAIK bepea,.

Byn KyTnereH CaTCi3AiKTep MeH TOKTam Kany bIKTMMaAAbIFblH a3aiTadbl, KOMNaHWANAPFa
KYHAb! YaKbIT MeH aKlWaHbl yHeMAeNAai.

General Electric aaeTTe KypacTblpy aHe MOHTaxKJay CMAKTbl afamaap OpblHAANTbIH
Tancbipmanapabl OpblHAAM anaTblH aBTOHOMAbI PobOTTapAbl a3ipney yuwiH Al nalganaHagpl.
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PoboTTap Waplwamain Hemece Katenecnei 24/7 »Kymbic icTelt anagpl. byn KomnaHuara eHaipic
eninepiHiH eHiMAINITiH apTTbipyFa KoHE afam KaTenikTepiH a3aiTyra KeMmekTeced;

Siemens Al-gi eHAipicTiK *eninepaid TMimainiriH 6akblnan anaTbiH XXaHe onap eneyni boaman
TYPbIN bIKTUMaA Macenenepqi aHblKTal anatblH AepekTepAi Tangay KyhenepiH asipney yiliH
narganaHagpl. byn Kyrenep KomnNaHWsfa ©3 ©HIMAEPiHiH, canacbiH akcapTyfa »KaHe
KanAblKTapAbl a3anTyfa KemeKTece/i;

Toyota eHaipicTiK Xeninepae kacanfaH benlwexkTepain, canacbiH 6akblnan anatbiH "KacaHabl
Kepy" yhenepiHae Al KypangapbiH nanganaHabl.

BusHecTeri »acaHabl MHTENNEKT TEXHOJIOMMACHIHbIH, MaHbl34bl aPTbIKLWbIIbIKTAPbIHbIH, Oipi-
NEepeKTepaiH, Y/AKEH KeneMiH »KblAdamM XoHe [/ eHAey MyMKiHAir, 6yn KomnaHuanapsa
HapPbIKTbIK YypAicTepai, TyTbiHYWbINAPAbIH KanayblH aHe 6acka Ja MaHbI34bl aknapaTtTbl
Tannayabl Kedingeteai. AHaANTUKA XKaHE MaLlUMHANbIK OKbITY XKyWenepi apKblibl KOMNaHuanap e3
KANEHTTEPIHIH, MiHE3-KY/IKbI, Ka/laybl YKaHe KaxKeTTiiKTepi Typabl KYHAbl aknapaT ana anagpsl, oyn
©3 Ke3eriHge oJ/1apfa MaKCaTTbl MAPKETUHITIK HayKaHZap MEeH aKCbl eHIiMAep Kacayfa
KemeKTecea,.

Amazon e3iHiH, KOMMa *KYMbICbIH OHTaMAAHAbIPY YLUIH XacaHabl MHTENNEKTTi NnanaanaHaabl.
Mbicanbl, Tayap/iapfa CypaHbICTbl 60MKay, Tayap/ibl-MmaTepuaniplk KyHAbIbIKTapabl Hackapy
YOHE YK KeNikTepiH bafbiTTay yuWiH;

Walmart e3iHiH caTblNbiIMblH OHTaWNaHAbIPY YWiH Al KOnAaHaAbl, MblCasbl: YCbIHbICTAPAbI
KeKeneHaipy, TayapnapfFa CypaHbICTbl 6oKay KaHe HafaHbl 6ackapy. byn bpeHaKe caTbinbiMapbl
apTTbIpyFa XKaHe TyTbIHYLWbINAPAbIH KaHafaTTaHYLWbINbIFbIH apTTbIpyFa MyMKIHAIK 6epeai;

Netflix e3iHiH OeliHe afblHAbIK KbI3METIH OHTaMAaHAbIpy VWiH Al nanpganaHagsl, atan
alTKaHAA: YCbIHbICTAPAbl KEKeNeHAipy, KAMEHTTePAiH, api Kapal He KepeTiHiH Dbonay KaHe
H6elHe canacbiH bacKapy.

AnTa KeTy Kepek, Al 6yriHae 6enceHai namy caTbiCbiHA@ (OHXbIAAbIKTapAarbl 6asy
nporpecneH canbiCTbipraHaa, 6i3 Kasip AMHaMMKaHbl Kepin oTbipmbl3). O 6i3aiH emipimisai, atan
alTKaHAa KAMEHTTepre KbI3MeT KepCeTy CanacblH TOHKepreH Ke3eH-Oyn »Kall faHa 6asanbik,
AeHren.

ByriHri TaHA4a MaWWHANBIK OKbITY TEXHONOMMANBIK MHHOBAUMANAPAbIH, aNAblHFbl KaTapblHAA
YOHE OHbIH KOCbIMLIanapbl Bi3aiH emip Cypy, *KYMbIC iCTey aHe KopluafaH a1eMMeH Kapbim-
KaTblHACbIMbI3Abl ©3repTeni. [JeHcaynblk cakTayZaH Kap»Kbl MeH Kejikke aeliH MaluMHanbIk,
OKbITY cananapdbl e3repTei »kaHe bip Kesaepi enectety MyMKiH eMec »KOAJapMeH Mporpecke
bIKNan eTes,.

HenpoHabiK keninep-byn agam MUbIHbIH, KYPbIIbIMbl MEH KbI3METIHEH LabbITTaHFaH
MalnHanbIK OKbITY MOAENbAEPiHIH KyaTTbl Knacbl. Onap KacaHAbl MHTENNEKT canacbiHAa
TOHKEPIC Kacan, KOMMNbloTepaepre AepeKkTepAeH YMpeHyre, yarinepai TaHyfa »KoHe KepemeT
nanaikneH 60axKam »Kacayra MyMKIHAIK 6epai.

HenpoHabIK »eninepaiH, apTypAai cananapaarbl pesi eTe 30p: KOMMNbIOTEPAIK KepyaeH bacTan
Tabusn TiNAi eHAeyre KoaHe OMblH OMHayfa JeliH. KomnbloTepnik KepiHicTe ynbTpa aan
HENPOHAbIK Keslinep KecKiHAi KiKTey KaHe HbiCaHAbl aHbIKTay CUMAKTbI Tancbipmanapda ajam
JeHreniHaeri eHIMIINIKKe KON KeTKise angbl.

Tabusn Tinai eHaey KesiHAe KaWTasnaHaTblH HEMPOHAbIK Meninep MeH TypaeHaipritep
WbIHaMbl Tingi C3TTI acanapl, KyKaTTapAbl KOPbITbIHAbIAAMABI KoHe Tingepai ayaapags.
OWblHAapAa HEMPOHADbIK Keninepai KoaaaHa oTblpbIn KYLWENTY XKaTTblFyNapbl KOMNbOTEPAEPAI O
YKOHEe LWaxXMaT CUAKTbl OMbIHAAPAbl afJaMHaH TbiC AeHrenae oMHayfFa yHpeTyae anTap/biKTan
YKETICTIKTEpPre aKkenai.

HelpoHabIK KeninepaiH YKeH Kenemaeri AepeKkTepaeH YMPeEHY XaHe KaHa Kafdannapab!
Kannoinay Kabineti onapAbl MeAMUMHA, KapXKbl KaHe eHAipic CMAKTbI 2pTypai cananapaa
MaHbI3abl Kypasfa anHanaplpapl. acaHabl MHTEANEKT Canachl 6cCin, AamMbin Kene KaTKaHAbIKTaH,
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KypAeni HaKTbl Macenenepai wewyne HEMPOHAbIK KeninepaiH peni oaaH Aa MaHbi3abl 60nybl
MYMKIH.

TepeH OKbITYy 3BOIOLIMACHI COHFbI BipHELLle OHXKbINAbIKTa KepemeT caaxaT bonapl. HacaHabl
HENPOHAbIK XKeninep naeacsl anraw pet 1940 Kbingapbl eHrizingi, 6ipak KomnbloTepaepdid nanaa
HbonybiMeH faHa 3epTTeyLlifep onapablH 9/1eyeTiH 3epTTeyre KipicTi.

1980 »Kblngapbl Kepi Tapany HEMPOHAbIK Kenifepai OKbITyAblH Oackim a4iciHe alHanabl,
bipak ecenTey KyaTbl LWekTeyni bonfaHablKTaH, byn eninep Tek TaaA3, OipHelle »KacblpbiH
KabatTapbl 6onybl  MyMKiH. Anapga, 2000-wbl  KblAgapabiH - 6ackiHAa  rpaduKanbik,
npoueccopnapably, nanga 60nybIMeH YKEH KeTicTiK bonapl, byn angeKkanga TepeH *Keninepai
OKbITYFa MYMKIHAIK Bepai.

Byn TepeH OKbITyAdblH *aHAaHYblHA »KoHE OCbl Canafa AereH Kbi3blIFyLWblAbIKTbIH, apTyblHa
aKenai. KeliHri »blnaapbl TEPEH, OKbITY, aCipece KOMNbIOTEPIK Kepy, Conneyi TaHy KaHe Tabusu
TinAji eHaey CUAKTbI Cananapia YIKEH XKeTICTIKTepre *eTTi.

2012 xbinbl AlexNet apxuTtekTypackl ImageNet 6alikaybiHAa *KeHiCKe KeTTi, cogaH bepi TepeH,
OKbITY MOAeNbAepi KenTereH KOCbiMWanapAa MallMHaAbIK OKbITYAbIH, ASCTYPAI TacinaepiHeH
YHemi acbin TycTi. ByriHri TaHda TepeH OKbITy ©3iH-63i HackapaTblH KenikTepaeH BUPTyaadbl
KemeKlLLinepre AeniH KeNTereH 03blK TEXHONOIMANAPAbIH aXKbipamac beniri 6oabin Tabbinaabl.

TepeH OKpITy LWelWiMmaepiHe CypaHbiC apTKaH CalblH 3epTTeyllifep *aHa aAicTep MeH
apxXMTeKTypanapabl 3epTreyai *anfactoipyaa. CoHFbl a3ipnemenepaiH KelbipiHe Hasap ayaapy
MeXaHN3Maepi, reHepaTUBTI MOAENbAEDP KIHE TYPAEHAIPTilTEpP Kipeai.

Ocbl KeTICTIKTep apKblabl TepeH, b6ilim any MyMKIHAIKTEPI WeKci3 60bin KepiHesi aHe bis3
annafbl Xbl1Oapbl TEK KbI3bIKTbI XaHA MKETICTIKTEPAi KyTe afnambl3.
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MEM/TEKETTIK BOPbILLIThI BACKAPY/IbIH
TUIMZIIIK AYANUTI: KASAKCTAH
PECMYB/IMKACHIHbIH *KOFAPbI
AYIUTOP/IbIK, MAJIATACHI TOXIPUBECH
HEM3IHAET TANTOAY

CanapxaHoB Hyp6on Hymaranuynsi
AHHOTALWMA

Makanaga KasakctaH PecnybamKacbiHbIH MeEMAEKETTIK 60pbIlbIH 6ackapyablH, TUiMAiINIK
ayauTi  KaH-KaKTbl TangaHadbl. 3epTrey HapbicbiHAA TUIMAINIK  AyAWUTIHIH, - «YHEMAINIKY,
«OHIMAINIK» }KoHE «HBTUNKENINIKY» («3E») npuHUMNTEPI MEMNEKETTIK BOpbILLTbI BaCKapyabliH HaKTbI
AepeKkTepiMmeH yLWTacTbIpblabin, HKofapbl ayaAUTORAbIK NanataHbliH, 2023 XKblAfbl ayAMTOPbIK ic-
LAPACbIHbIH, HATUXKENEePi Heri3iHAe KyMeni KeMLLINIKTeP aHbIKTandbl. Xanblkapanblk TaxKipnbeHi
3epaeney apkblibl KasakcTaHHbIH, OOPbIWTLIK cadcaTblH MKETINAIPYAiH FblbIMW Heri3genreH
HaFbITTapPbl YCbIHbINAbI.

TyliH ce3gep: memneKkeTTik H6opbill, TMIMAINIK ayauTi, «3E» npuHuMnTepi, ofapbl ayaUTOPAbIK,
nanata, 6oPbILLTLIK TYPaAKTbIbIK, GUCKANAbIK cascaT.

KIPICNE

Kasipri *kahangaHy AayipiHae MemieKeTTiK 6opbIWTbl TUIMAI BacKapy YATTbIK KapMKblbIK,
Kayinci3AiKTiH, axblpamac beniriHe aiHanabl. 2020-2021 *blagapbl cCoHFbl 50 Kblagarbl eH eneyni
bopblll ecimi Tipkenin, anemaik 6opbil Kannbl iWKi OHIMHIH, 256%-biHa KeTTi. KasakcTaH
Pecnybnmkacbl fga Oyn ypaicTEH TbiC KanfaH KOK: MemnekeTTik 6opbil 2017 KblAMeH
canbicTblpfaHaa 1,9 ecere aptbin, 2023 *binfbl 1 KaHTapaa KIBG-HiH 24,8%-biH Kypaapbl.

Ocbl KaFdanga MemaeKkeTTiK OopbllWTbl OackapydblH, TUIMAINIK ayauTi — Tek caHAabl
TEeKcepin KaHa KOWMMaW, Kapbl3 KapayKaTbiHblH, 3KOHOMMKAAbIK TUIMAINITIH, OHbIH, 21eyMeTTIiK
KanTapbIMblH KaHe Oonallak ypnakka TYCEeTiH »KyKTemeciH yheni 6Garanay npoueci —
CTPaTErnANbIK MaHbl3fa Me H60bIN OTblp. BOpbIWKA KbI3MET KOPCeTY LbIfbICTaPbIHbIH, afbiMAarbl
eCcy KapKblHbl cakTanca, 2041 xkbingaH Hactan 6yn  WbiFbicTap pecnybanKkanbik, 6toaxeT
WhIFbICTapbiHbIH, 100%-biHa KeTyi MYMKIH €eKeHiH eCKepcCeK, TUIMANIK ayauTiH OaMbITyAblH,
©3eKTiANiri AaychbIs.

Ocbl Makanaaa KasakctaH PecnybamnkacbiHbiH, oFapbl ayauMTOP/IbIK Nanatackl XKyprisrex
MeMEeKeTTIK 6opbiWTbl BackapyablH TUIMAINIK ayauTi Tandadbin, aHbiKTanfaH npobnemanap
KelleHi MeH 0napAbl WeLyAiH FblbIMW HEri3Ae/reH }oa4apbl YCbIHbIAAAbI.

Trimainik ayauTi ACTYpAi KapXKblablK ayaAuTTEH MPUHUMNTI Typde epeKweneHeai. Erep
KapKblabIK ayauUT «onepaumanap 3aHabl *Kyprizingai me?» aereH cypakka xayan bepce, TMiMAiNIK
ayauTi «Oyn Wwewimaep memaekeT MyaaeciHe can, YHEMA, OHIMA *KaHe HaTUKeni 6onabl ma?»
[EreH CTpaTermanbik CypaKkKa »Kayan isgena,.
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INTOSAI-abiH  ISSAI 300 xanblkapanblK CTaHAAPTbl TUIMAINIK AyAuTIHIH YW  HEeri3ri
NPUHUMNIH alKbiHAaWAbl. YHEMAINK (economy) — pecypcTapapbl €H a3 LWbIFbIHMEH any, AFHM
MeM/IeKeT BOopbIWTbI ©3i YWiH eH KoNal/bl WapTTapMeH TapTybl TWic. OHimainik (efficiency) —
benrini 6ip pecypcTtapdaH anblHaTbiH HATUMKeHIH BapbiHLWa Kofapbl 00MYybl, SFHWU TapTblifaH
Kapbl3gap rKOCMap/aaHfaH MaKcaTTapfa YaKbITbiHAA *KOHE HITUMXKeNi XKYMCanybl Kepek.
HaTtuskeninik (effectiveness) — anra KoMblAFaH MakcaTTapFa KO XKeTKi3y AeHremi, AFHN OOpPbILWTbIK,
CaACaTTbIH eN4iH Y3aK Mep3iMai SKOHOMMKANbIK AaMYyblHa HAaKTbl biIKNaa eTyi.

MemnekeTTik Oopbill KOHTEKCTiHAe Oyn NPUHUMNTEPAiH, icKke acblipblaybl OipraTap
epekweniktepre me. YHEMAINIK TYPFbICblHAH — Kapbl3 anyiblH, €H TUiIMA WapTTapMeH »Kysere
acblpblnyblH Oafanay YWiH HapblK KOHDBIOHKTYPACbIHbIH, KyWeni 6akblnaHybl, YCbIHbIAATbIH
NarblI3AblK MeLepieMenepiH, CanbiCTbipMasbl TafaHybl Tanan eTineai. OHIMAINIK TYPFbICbIHAH
— TapTbl/IfaH KapbI34apabliH, Urepiny aeHreni, xobanapdpl icke acblpy mep3imaepi, makcaTTbl
naraanaHy canacol 6aranaHagpl. HaTuxKeninik TypFbiCbiHAH — BOPLILWTLIK cascaTTbiH, KIO ecimiHe,
canblK 0aszacbliHblH KEHEWIHEe »JHEe KaHa KYMbIC OPbIHAAPbIHbIH - KYpPblayblHA  TUTI3reH
MYAbTUNIMKATUBTIK 3P PeKTICi 3epaeneHeai.

JamblraH engepaid, TMIMAinik ayauTi Taxipnbeci bipkatap maHbi3abl cabakTap bepegi.
AKL-TbiH, GAO opraHbl MeMAEKeTTIK DOopbILl ayAUTiH KYPTi3y Ke3iHae 60opbIWTbIH, Y3aK Mep3imai
dUcKanapiK OPHbIKTbINbIFbIHA BacbiMAbIK 6epin, 75 KblAAblK rOPU30HTTa BoMKaMAbIK MOAENbAEY
Kyprizeai. byn Tacin ayamtTi «bonawakka OarbiTTanfaH» MeMNeKeTTiK 6ackapy KypasbliHa
anHanablipaabl.

¥nbibputanmaga NAO opranbl «Value for Money» KoHUENUMACH! asicbiHAa TapTblaFaH
Kapbl3 KapaaTblHblH, HaKTbl 3KOHOMMKAMbIK HITUMXENepMeH apaKaTblHACblH — «aKLWanblK,
KyHAbl» — 6afananabl. FepmanHuaga KoHctutyumaga 6GekiTinred «Schuldenbremse» (6opbiw
TesKerili) Hopmachkl ayauT VILiH Heri3ri 6a3anbik Kputepuin boabin Tabblnagbl. OHTYCTIK Kopes
TUIMAINIK ayAUTIHIH, XeTiAreH XyMeciH KaabinTacTbipbin, «GUCKaNAbIK ToyeKen KapTacbiH» Mbl
CaWblH XaHapTbIN OTbIPabl.

JyHuekysinik  6aHKTiH BopblwTbl Oackapy TuiMmainirii 6aranay aaictemeci (03YA)
eremeH/i OopbIlWThl 6ackapyablH, TUIMAI TaXKipUBECiHiH, anTbl Heri3ri NPUHUMMIH anKbiHAaNAbI:
HopbIWTbI 6acKapyAblH, HAKTbl MaKcaTTapblH MOMbIHAAY; TOyEeKeNaepai LWbifbiHAAP TYPFbICbIHAH
baranay, Kayankepuwinikti 6eny oHe yinecTipy; Oopbill ecyiHe LeKTey Ko, KalTa
KapsKblNaHAblpy TayekenaepiH MyKuatT Oackapy; 6epik  MHCTUTYUMOHANAbIK  KYPblabiM
KanbINTacTbIpy.

KasakctaH PecnybaukacbiHbiH HKofapbl ayauMTopAablk nanatacbl 2023 KblAAblH, eKiHLWi
aPTbIXKbINAbIFbIHAA MEMIEKETTIK OOPbILWTbLI, MEMAEKET KENiNAik 6epreH »KaHe KBasnMeMIeKeTTiK
CEeKTOp cybObeKTiNepiHiH, bopbilwbiH BackapyablH, TUIMANITIHE KelweHAai ayauT xyprizai. Ayamt 12
Heri3ri 0OBbEKTIHI KaMTbiM, HaTUMKeciHae Oy3ylWbiablKTapabiH, eaayip 6eniri Tikenen 3aHHama
6y3yLWbIAbIKTaH emec, BacKapyLWblblK WewWiMaepaiH canacbiHblH, TOMEHANHEH TybIHAANTbIHBbI
aHbIKTaNabl.

AHbIKTanfaH 6y3ywbinbikTapablH, 51,5%-biH  THimci3  kocnapnay, 30,6%-blH THiMCI3
nanganaHy Kypaabl. byn nponopumsa memnekeTTik 6opbiWwThl 6ackapyaarbl npobiemanapabl TeK
KOMMN/JaeHC-ayaMT TYPFbICbIHAH faHa KapacTbIPyAblH, *KETKINIKCI3 eKeHiH anKblH aAanenaenai.
Tuimainik ayauTidid, ISSAI 3000 ctaHaapTbl boMbiHWa 6aranay 0O6bEKTICIHIH HOTUXKENINIMH enwey
YLWiH HaKTbl aHbIKTafaH MaKcaTTap MeH e/LeHeTiH HRTUKe KepceTKilTepi 6oyl Tanan eTinea;.
Ananna KasakctaHaa Oyn WapT OpblHAAAMAMAbl: PECMM CTpaTervsa »KOK, MaKcaTTapfa KeTy
AeHreniH enweyaiH TeTiKTepi KanbinTacnaraH.

AyanT memaekeTTiK bopbllWThl H6ackapydblH, KYKbIKTbIK HerizgepiHae bipkatap Kyneni
KeMWinikTepai aHblKTadbl. 3aHdap AeHreniHae OopbllwThl Backapy CTPATErnaCbIH 33ip/ey KaHe
Map/fameHTKe TWicTi ecen bepy TananTapbl OekiTinmereH. Ic Ky3iHAe »Kayankepuifik neH
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MeM/IEKeTTIK HOopbIll KaparkaTblH NalaanaHyablH MaKPO3KOHOMWKANbIK TuimainiriH 6aranay
TETIKTepI XOK.

3aHHamanblK aKTinep AeHreniHae Kapbi3 any MaKcaTTapbl MeH HaKTbl LIeKTeyaep
pernameHtTenmereH. 2018 blngaH bacrtan yKiMeTTIK Kapbi3g4apabl TapTy ic »KysiHae Tek boaxeT
TanWbIAbIFbIH KapsKblAaHAbIPYFa Ky3ere acblpblnagbl — Oy XanblKapaiblk Taxipnbeae »on
bepinmenTiH Tacin. JamblraH engepae Kapbl3gap akTUBTEPAI KanbiNTacTbiPaTblH XKaHe CasiblK
H6a3acblH KeHeNTeTiH Kypaeni »kobanapra faHa bafbiTTanaapl.

MeMneKeTTiK KapKblHbl BacKapy TY»KblpblIMAaMacbiHa €Ki bl iWiHAe TepT peT e3repic
EHTi3iNyi OHbIH, TypaKcbi3ablebl MeH dopmanbabl cMnaTbiH pacTanabl. MemnekeTTik 6opbILWTbIH,
HIB-re KatbicTbl wWeKkTi MaHi 2013 xbiafbl 27%-gaH 2022 xbinbl 32%-fa AeWiH yAFaUTbINAbI.
KoBeHaHTTapabl ecenTeyAiH LWeKTeynepai HOMMHaNAbl Wamanapfa OannaHbICTbIpy VATIC
MEM/IEKETTIH, 2/1eYeTTi KPeAUTTIK KYKTEMECIHIH, («KOBEHaHTTLIK Oydep») nponopumoHanapl ecyiHe
9Kemn cofaapl.

MemnekeTTik 60pbIWTbl Hackapy opraHAapblHbIH, TYyTac KyMeci oK. backapyra ¥ATTbIK,
9KOHOMMKA MUHUCTPAIM, KapsKbl MUHUCTPAIr KaHe YNTTbiK baHK KaTbicaabl. Anaaa bipae-6ip
opraH 6opbllW CTpaTEerMAChIHbIH, TUIMAINITIHE TYpPaKTbl Tanaay skyprizbenai. HotuxeciHae Tesxkey
MeH Tene-TeHAiK NPUHUMNIHIH, BY3blaybl, *KayanKepLinikTiH, Walblaybl OPbIH anabl.

TUiMAINIK ayAUTiIHIH YHEMAINIK KpUTEPUIT TYPFbICbIHAH eH MaHbl3abl Macene — Kapbli3 any
MNPOLECIHIH, albIKTbIK MEH KayanKepLUinik TeTIKTePiHIH OKTbifbl. Mep3imaepi mMeH eTenyi
HoMbIHLWA KONalAbl WapTTapbl 6ap *KaHa KapKbl KypanaapblH i34ey MakcaTbiHAa 9NeMAIK Kanutan
HapbIKTapbIHbIH, KOHBIOHKTYPACbIH KadaFranay *Kymeni cmnat anmaraH.

AyanT OapbiCbiHAA CbIPTKbI KApbl3 KaparkaTbiHbIH, YaKTbllbl UrepinmeyiHe HannaHbICTbI
nalnzanaHblIMasraH KaparkaT KOMblAFaHbl (aHHYAMPOBAHME) aHbIKTaNabl. byn peTTe »KoMbinfaH
comManapzaH 6ip»KonFbl KOMMCCUA TYPiHAE pecnybanKanbiK O0AKETTEH TiKeNel LWblfblH TipKeAA,.
AFHM MeMNeKeT anMafaH KbI3MeTTep MeH urepifimereH obanap VWiH Ae KapXKbiablK,
Kayankepuwinik anasbl.

Pecnybnmnkanblk, OlOAMKET KaparkaTblH KalTa KoHBepTauuanaydaH TyblHAaFaH Tepic
HafaMapblK arbipma Aa YHEMAINIK NPUHUMNIHIH By3blNYybIHbIH HaKTbl Mbicanbl 60bIN Tabblnaap.
Byn Toyekenaep Typanbl *ofapbl ayaMTOpAbIK Nanata OypbiH Aa atan eTkeH 6onaTbiH. Anaiaa
onapAbl asanTy VLiH cananbl wewimaep KabblngaHbaabl — 6y TMIMAINIK ayauTiHae «Kyheni
KEMLWINIKTIH» TUNTIK 6enrici 6oabin Tabblnazbl: Macesie aHblKTanfaH, yCbiHbIM bepinreH, Bipak,
NHCTUTYUMOHANAbIK Xayan afblHOaraH.

OHIMAINIK TYPFbICbIHAH €H ayKbIMAbl MaCe/ie — Kapbl3 aay Ka*KeTTiAirH Kocnapaayaarbl
bomKamabiK  QYHKUMAHbBIH,  9aci3airi. AyamT Ke3deHiHAe Kapbi3gapbl TapTy Kekenered
}afaannapaa xocnapaaHfaH MHBECTUUMANBIK Xobanap Typasibl HAaKTbl KepiHicCi3, TiNTi afbiMaarbl
YKOHE KOHCYNbTaUMANbIK MaKCcaTTapFa XKy3ere acblpblaabi.

Mobanblk Kapbl3gapablH, eaayip 6eniri ic »Ky3iHAe 3KOHOMMKaHbIH ecyiHe Hemece
9/1eYMETTIK CanaHblH, canajbl akcapyblHa bIKNan eTnenTiH afbiMaarbl ic-lapanapabl —
3epTTeyaep, KOHCAATUHITIK KbI3METTep — KapKblaaHabipyra HafbiTTanfaHbl aHbiKTanasl. COHbIH,
cangapbiHaH akTMBTEPAi reHepaumanayfa *KaHe CasblK casiblHaTbiH 6a3aHbl KEHENTyre nanaansi
acepre Kon XeTkizinmeai. Timainik ayamTiHiH «3E» npuHUMNTEpi TypFbiCbiHAH Oy pecypcTapablH,
eH a3 YHemfi, eH a3 eHIMAi 3He HaTMMKEeCi3 nalaanaHblybiHbIH, HaKTbl MbiCasbl H0AbIM
Tabblnagpbl.

bafaap/iamanbiK Kapbl3 anyablH YaKTblAblAbIFbl Aa KYMOH TyAbIPAbl: KapaxkaTTbl ic Xy3iHae
naizanaHy onap TYCKEH KyHHeH HacTan bipHelle aliiaH KeliH Xy3ere acblpblabin, 6yn HerisiHeH
bypblH KabblnaaHfaH OOPbLIWTLIK MiHAETTEMeNnepai eTey MeH oflapfa Kbl3MeT KepceTyre
HafbiTTanabl. byn 6argapnamansik Kapbl3 anyaplH CMNaTbl MeH MaKCaTbliH iC »Ky3iHAe *KOKKa
WblFapaabl.
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HaTukeninik TypsbiCbiHaH OOPbLILWTBIK CAsCaTTblH CTPATErMANbBIK MaKCaTTapbl XKOK Hemece
Ui e3repTinin oTbipadbl. Kapbl *Kbl/IbIHbIH, KOPbITbIHAbLICEI OOMbIHLIA ENKEN-TEMKENNI ecenTinik
MapnameHTKe ycbiHblAManabl. COHFbI KblAgapaa 3aHMeH BekiTiareH TanwblAbiKTaH TbiC eadyip
KaparkaT bypblH anblHFaH MiHAeTTemenep HoMblHWA Heri3ri 6opbIWTbl «XKaHa KpeauT ecebiHeH
eCcKi KpeauTTi eTey» NPUHUUNIMEH XKabyFa Kymcanabl.

MemnekeT Keningik 6epreH 6opbilw OoMbIHIWA Aa HITUXKENINIK Maceneci oTKip Typ. bec
Kapbli3 anylbl OoWbiHWA MiHAeTTEMeNep pecnybarKanblk 6OroaxKeT Kaparkatbl ecebiHeH
OpbIHAANAbI, ananaa Keninaik sKafaanbiHbiH 6acTanfaHbl pecmu xapuanaHbagpl. bec xbin iwiHae
Hyn coma «KacblpblH YKIMETTIK Oopblilw» benrinepiH ankblH 6alkatadbl. AyAUT HaTuxKenepi
KepceTkeHaelM, Keningik OepinreH Kapbi3gapablH, Oip Geniri GoMbIHWA MiHAETTEMENEPA
MeM/IeKET 83i eTelnai — Keningik *KaraanbiH PECMU Kapuanamai-ak.

eprinikti aTkapywsl opraHaap 60pbiWbiHbIH 6ec *Kbinga 2,5 ecere ecyi ae HaTUXKENINiK
TYPFbICbIHAH MaHbI3abl Macesie 60abiN Tabblnagbl. ¥YATTbIK 3KOHOMMKA MUHUCTPAIM Benrinerex
Kapbli3 any AUMATTEPI Kyheni Typae 6Oy3blnadbl, ananga  Oy3ylWbiAbiKTap  YLWiH  HAKTb
ayankepuwinik TeTiri koK. MayankepuwinikTtiH, 6onmaybl OopblWThl HackapyablH, TUIMAINIK
ayaAuTIHAE «bIHTACbI3AAHAbIPY» M3CEeNECiH anfa Wblfapaab!.

TriMAainik ayauTiHiH, XanblKapanblK CTaHAAPTTapbl MEMAEKETTIK OpraHaapablH, Kbl3MeTiH
Hafanay YLlWiH HaKTbl aHbIKTanfaH MaKcaTtap 6onyblH Tanan eteni. KasakcTaHaa 6aranaHaTbiH
PEeCMM CTpaTerusa Kok, OOoNFaHAbIKTaH, TUIMAINIK ayauTiH XKYyprisydiH e3i easyip KuMblHAbIKKA
Tipeneai.

OcbifaH HarnaHbICTbl «MeMNeKeTTIK ayaAuT KaHe KapKblablk 6akblnay Typanbl» 3aHfa
TO/BIKTbIPY €Hri3y apKblabl KapKbl MMHWUCTPAIMIHE YW KbINABIK OpTa Mep3imai OopbIWTbIK,
CTpaTernsaHbl Xbla cabiH MapaaMeHTKe YCbiHY MIHAETIH XyKTey KaxkeT. CTpaTernaza 60pbIlWThIH,
KIO-re KaTblHACbIHbIH, HblCaHaNbl AeHreni, BantoTanblk Tayekenaepai Oackapy wWapanapsi,
HOPbILIKA KbI3MET KOPCETY LWbIFbICTaPbIHbIH, LUEKTI MOALLEPI KaHe TayeKen cueHapuinnepi HaKTbl

6epinyi Tmic.
FepMaHuAHbIH, KoHCTUTyumMACbIHa bBekiTinreH «Schuldenbremse» TeTiri — denepanabik,
6roasKeT TanwblabliFbiH HIB-HiH, 0,35%-biIMeH LWeKTeNTIH HopMa — KasakcTaH KafaanbliHa

benimaenreH Hyckada broaykeT KoaekciHe GekKiTinyi Tuic. byn «bopbIWTbIK TEXKEriW» HOpPMach!
TMIMAINIK ayAnTiHE HaKTbl «enllem» bepep ea;.

Eyponanblk, OpakTbiH, TaxipmnbeciHae OOpbIWTbIH TYPaKTbIAbIFbIH Tangay OroaxKeTTiK
epexenepae bHaraap 6onbin Tabbiabin, 6tOAXKET TamnlWblAblFbiH a3alTy MakcaTbiHAa broaxKeT
LWbIFbICTAPbIHbIH, KOMKbIIAbIK TPaeKTopuanapbiH bekiTyre Heriz 6onagbl. KasakcrtaHaa MyHaan
«33Kip» TETIK }KOK — TY)KbIPbIMAAMaFa Ui e3repictep eHrizinyi duckanaplk TOPTINTi KAMTamachI3
eTy OYHKLUMACLIHbIH, iC »Ky3iHae OK eKeHiH KepceTea,.

TuiMmainik ayauTiH «aKla MaKcaTTbl XyMcasabl Ma?» JereH cypaktaH «Oyn Kapbl3
JKOHOMMKA/bIK ~ KOCbIIFaH KyH »Kacagbl Mma?» JereH CcypakKka aybICTbipydblH,  HaKTbl
METOA0NOTUANBIK KOJbl — «Kapbl3ablH, MYyAbTUMANMKATUBTIK TUIMAiNITIH Bafanay» adicTemeci
eHrisy.

byn aaicTeme TapTbinfFaH Kapbl3dblH, KO ecimiHe, canblK TyCIMAEPIHIH apTyblHA KaHE XaHa
YKYMbIC OpPbIHAAPbIHbIH,  KYPblAyblHA TUMI3ETIH Kaamnbl 3KOHOMMKaNbIK 3ddeKTiCiH enwenai.
Hobanblk Kapbi3gapabiH, eaayip 6eniriHiH, SKOHOMUKAAbIK ©Ccyre biknana eTnenTiH arbiMaarbl ic-
lWapanapra barbITTanybl OCbl 3AICTEMEHIH, EHTI3INYIH aca KaXKeTTi eTea.

«MacblpblH YKIMETTIK OOpbIWTbI» KyWeni aHblKTayAblH, TETiri peTiHAe bl CalblHFbI
OIOAKETTIK TayeKkenaep KapTacblH [lapnameHTKe ycbiHY MiHAETIH Genriney kaxkeT. byn Kapta
MeMeKeT Keningaik bepreH 6opbil 60MbIHLIA bIKTUMAA WbIFbIHAAPAbI, KBa3UMEMIEKETTIK CEKTOP
cyObeKTINepiHiH, «»KacblpblH HopbIWTapbiH» XaHe MAO MiHAeTTEeMeNepiHiH, OpTablkKka aybicy
ToyeKkenaepiH KamTybl THiC.
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XanblKapanblk BantoTa KOPbIHbIH « PUCKaNAbIK aKbIHAbIK KOAEKCI» HOMbIHLLA MEMIEKETTIK
bopblwThl  Oackapy OOMbIHWA bl CalblHFbl  ecenTinik [lapaameHTTe Kapanbin, Kapus
apusanaHaTbiH CTaHAAPTTbl TaxKipnMbe 6onbin Tabblnaabl. KasakctaHaa 6yn HOpMaHbl iCKe acbipy
allbIKTbIK NeH ayankepLwifikTi apTTblpyAblH, MaHbI3Abl anfbilLapTbl 60Map eai.

ofapbl ayaMTOP/IbIK Nanata, Kapbl MUHUCTPAIN KoHe YNTTbiK baHKTIH bGipbiHFan
nepektep anmacy nnatoopmacskl — Debt Sustainability Intelligence System (DSIS) — peTiHae
NHTennektyanabl aHanUTUKaNbIK MOHUTOPUHT KYMECIH KanbiNTacTblpy TUIMAINIK ayaAUTiHIH,
canacblH canasibl XXaHa AeHrenre keTepep eai.

DSIS »KyMeci HaKTbl YaKkblTTarbl OOpPLIWTLIK AepeKkTepdi WHaKkTan, Oo/mKamablk,
CLeHapuimiep MeH CTpecc-TecTiney HaTuxRenepiH bepyre MymkiHAiK 6epeai. byn Tmimainik ayauTid
PEeaKTUBTIAEH — TeK OTKeHi TeKcepyaeH — MNpPOoakTUBTIre, arHn Bonalwak Tayekenaepai anabiH
ana aHblKTayFfa bafbiTTanFaH QYHKUMAFA aybICTbIPYAbIH HETI3T TEXHONOTUANDBIK anfbllapTbl 60/1bIN
Tabblnagpbl.

Trimainik  ayauTiHiH,  YCbIHbIMAAPbIH  HAKTbl  OPbIHAA/YbIH KamTamacbl3 eTy  VLiH
«BoaKeTTIK CaHKumAnap» TeTiriH «MeMnekeTTiK ayAuT KoHe KapKblablk 6aKbliay Typasbl»
3aHMeH OeKiTy KarkeT. YCbIHbIMAApPAblH OPbIHAA/NIMAYbl KafAaWblHAA HaKTbl CaHKUMANAP
MeXaHW3MiHiH 60/Maybl ayaAnT HITUXKeNEPiHiH NPaKTUKaNbIK bIKNaAblH LWeKTen OTblpFaH 6acTbl
KegeprinepaiH, 6ipi 6onbin Tabblnagpl.

KOPbITbIHAbI

WyprizinreH 3epTrey MemIeKeTTiK  bopbllTbl  OackapydblH  TUIMAINIK  ayguTiHae
KasakctaHaa Gipkatap Kyreni npobnemanapablH, 6ap ekeHiH alKbiHAAAbl. «3E» npuHUMNTEpI
TYPFbICbIHAH XaNNblNama KOPbITbIHAbI MbIHAZAMN:

YHeMAiNiK TYpFbICbIHAH: MemaeKkeT BopbIWTbl ©3i YLWIiH eH, KONaiabl WapTTapMeH TapTa
aNManabl — HapbIK KOHBIOHKTYPACBIH Kyleni bakplaay oK, UrepiiMereH KapaxkaT yWiH KOMUCCUA
TeneHeni, baramapblk Toyekenaepai 6ackapy TMiMCI3 XKy3ere acbipbliapl.

OHIMAINIK TYPFbICbIHAH: TapTblfaH Kapbi34ap *KOCnapiaHfaH MaKcaTTapfFa yaKbITbIHAA
KYMCanManapl, »obanblK Kapbl3gapablH easyip 6eniri HaKTbl 3KOHOMWMKAAbIK ©HiMre anbin
KeIMeNTIH afbiMAafbl WhIFbiCTapFa DafbiTTanagpl, Kobanapabl icke acblpy Mepsimaepi »yheni
TYpAe co3blnaapl.

HaTuKeninik TypfbiCbiHaH: HOPbIWTbI HACKaPyAblH CTPATEMMANBIK MaKCaTTapbl KOK Hemece
Ui e3repTinin oTbipadbl, MaKcaTTapFa »eTy AeHreriH enleyaiH TeTikTepi KoK, MapnameHTke
ecenTiNiK XeTKiNKCi3, X)ayankepuwinik *Kyneci bopmanbabl cunatra.

YCbIHbINFAH anTbl »KaHaWbINAbIK OipblHFAM NOTMKanblkK Ti30eK Kypandbl: OOPbILTHIK,
cTpaTerns TMiIMAiNiK ayamTiHe «makcaT» bepeqi; «BbopbIWTbIK TeXeriw» ofaH «enwem» bepeni;
MYAbTUNAMKATUBTIK TUIMAINIKTI 6aranay «HaKTbl SIKOHOMMKAbIK HITUMKEY» KPUTEPUMIH eHrizen;
TepeHaeTireH ayauT XacblpblH OOPLIWTLI KyMeni aHblkTanabl; DSIS KyMeci HaKTbl yaKbITTafbl
nepektep  MeH 6o/mkamablk  cueHapuiinep bepegi;  «BlofKeTTiK - caHKUMAnap» — ayauT
YCbIHbIMAAPbIHbIH, ICKE acbIPbl/lyblH KAMTaMachbI3 eTes;.

MemnekeTTik OopbllWTbl BackapyabiH, TUIMAINIK ayaAMTIH peakTUBTIAEH NPOaKTUBTIre,
dopmanbablAaH MasmyHAblFa  aHanablpy — KasaKCTaHHbIH, y3aK mep3imai  duckanapik,
TYPAKTbINbIFbIH KAMTaMacbI3 €Ty *KO/blHAAFbl €H MaHbl3Abl MHCTUTYUMOHANABIK MiHAET 60oAbIn
Tabblnagpbl.
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SUMMARY

Multimodal Al refers to machine learning models that can process and integrate data from
multiple modalities or data types. These modalities can include text, images, audio, video, and
other forms of sensory input.

Multimodal Al represents the next evolution in Al, expanding the capabilities of models by
allowing them to process multiple types of data simultaneously. Unlike traditional Al models that
operate in a single “modality,” such as text-only systems, multimodal Al systems combine multiple
forms of data—text, images, audio, video, and more—to produce richer and more complex
results.

A multimodal model has the ability to understand and process any input, combine different
types of data, and produce any desired output. Multimodal Al represents a significant leap forward
in the field of Al. By integrating different types of data inputs, these systems produce more
accurate and contextually rich results than their unimodal counterparts. However, the road ahead
is fraught with challenges, from technical hurdles like data fusion to ethical concerns about privacy
and bias. As the technology continues to advance, it will open up new opportunities in a variety of
areas, making it a key driver of the future of Al.

Generative Al focuses on creating new content from existing data. Multimodal Al combines
and processes multiple types of data to perform tasks that require a broader understanding of
different inputs. While the two may overlap (for example, a generative Al model can use
multimodal inputs to generate content), their core functions differ in how they handle the data
and what they are designed to achieve.

Keywords: multimodal, artificial intelligence, sensor, trend, virtual assistants

MHOITOMOAANbHbBIE CUCTEMbl UICKYCCTBEHHOIO MHTE/I/TIEKTA
AlieroH CynmaHosa [adxcu Kbi3bi
Jlokmop ¢punocoguu no pusuke, doueHm
ORCID ID 0009-0006-7406-6055
HaxysisaHcKull FocydapcmeeHHbIl YHUsepcumem

REZIOME

MynbTumoaanbHbin MM oTHOCUTCA K MOZENSM MAWWMHHOMO 0bOy4YeHUs, KoTopble MOryT
06pabaTblBaTb N MHTErPUPOBATH AaHHbIE U3 HECKONbKMX MOAA/IbHOCTEN UM TUMNOB AaHHbIX. DTN
MO/3a/IbHOCTN MOTYT BKAOYATb TEKCT, n306pakeHua, ayamo, BUAeo u apyrine GopmMbl CEHCOPHOTO
BBOAA.

MynbTumoganbHbln M npeactasndet cobon cneayowmin atan passutua UMW, pacwmpssa
BO3MOXHOCTWM Mozenein, No3Boaaa MM obpabaTbiBaTb HECKO/IbKO TUMNOB AaHHbIX OAHOBPEMEHHO.
B oTanume OT TpaaMUMOHHbIX Moaenein WK, koTopble paboTatoT B OAHON «MOAANBHOCTUY,
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Hanpumep, cuUCTeMbl, paboTatowme TONbKO C TEKCTOM, MynbTUMOZanbHble cucTembl WA
06BbegMHAOT HECKO/IbKO GOPM AaHHbIX — TEKCT, n306paxkeHunsa, ayamo, BUAEO M MHOroe Apyroe
— ANa nonyyveHns 6onee HOraTbiX U CNOXKHbBIX Pe3y1bTaTOB.

MynbTuMoaanbHaa modens cnocobHa NoHMMaTb 1 0bpabaTtbiBaTh /loOble BXOAHbIE AaHHbIE,
KOMOWMHMPOBATb Pa3/IMdHble TWUMbl [AaHHbIX W BblAaBaTb AOOOM Kenaemblh  pesy/bTar.
MynbTumoganbHblin MM npeacrtasnset cobolt 3HauUMTeNbHbIM War Bnepeg B8 obnactm UN.
NHTerpupya pasnnuyHble TWUNbl BXOAHbLIX [AaHHbIX, 3TM CUCTEMbl BblAaloT 6osee TOYHble U
KOHTEKCTHO HacbllLEeHHble pe3yabTaTbl, Y4eM UX OAHOMOAANbHble aHanorm. O4HaKo Bnepeamn Hac
XKAYT MHOTOYMCAEHHbIE NPOBAEMbI, OT TEXHWUYECKMX NPENATCTBUMN, TAKMX KaK CAUAHME AaHHbIX, 40
3TUYECKMX BONPOCOB KOHOMAEHLUMANBHOCTN MU NpeaB3aTocTu. 1o mepe AasibHelwero pasBuTmA
TEXHONIOTUIA, OHW OTKPOKOT HOBblE BO3MOMKHOCTM B CaMblX Pa3HblX 006NaCTAX, CTaB KAKOYEBbIM
dakTopom byayuwero NN.

FeHepaTuBHbIM VW doKycMpyeTcs Ha cO34aHMM HOBOrO KOHTEHTA Ha OCHOBE CYLLECTBYHOLLNX
AaHHbIX. MynbTuMmoaansbHbin MU obbeanHaeT n obpabaTbiBaeT HECKONbKO TUMNOB AaHHbIX AR
BbIMOHEHWA 33424, Tpebytowmx bonee WNMPOKOTro MOHMMAHMA PA3IMYHbBIX BXOAHbIX AaHHbIX. XOTA
3TV ABa NOAXOAa MOryT YacTMYHO COBMAZaTb (Hampumep, modenb reHepatnsHoro W mosxket
MCNONb30BaTb MY/AbTUMOAA/NbHbIE BXOAHblE AaHHble ANA FeHepaLMu KOHTEHTAa), MX OCHOBHbIE
GYHKUMM pasnmnyatoTca B cnocobe 06paboTKM AaHHbIX U LLeAX UX NPUMEHEHUA.

Kntoyesble €N0Ba: MybTUMOAANbHbIN, MCKYCCTBEHHbIN MHTENNEKT, AaTYMK, TPEHA, BUPTYaabHble
MOMOLLHMKW.

INTRODUCTION

How Multimodal Al Works: Multimodal Al systems are built around three main components:
an input module, a fusion module, and an output module. The input module consists of multiple
unimodal neural networks designed to handle different types of data, such as text, images, or
audio. The fusion module is the core of the system, where these different data streams are
combined and reconciled. This module must effectively combine different data sources using
different techniques, such as early fusion, mid-fusion, or late fusion. Each approach processes the
data at different processing stages, but all aim to create a unified understanding of the inputs.
Finally, the output module takes this combined data and produces any output, which can be text,
images, or any combination of formats, depending on the original input.

One of the main advantages of multimodal Al is its ability to provide more contextually
accurate and refined results. By recognizing patterns across different types of data, multimodal
systems can produce results that feel more human-like, natural, and intuitive. For example, a
system that combines text and image data can understand and interpret the relationship between
a descriptive text query and a corresponding image, which allows for more informative and
accurate results. (Baltrusaitis, T., Ahuja, C., & Morency, L.-P. 2019 p.400).

In addition, multimodal Al is better equipped to solve complex problems that require
multiple inputs. For example, models for customer service tasks can take a customer’s written
complaint as input, as well as an embedded image of a damaged product, classify the complaint
type, make a decision on a refund, and generate a customer response.

Unlike traditional Al models, which are typically designed to process a single type of
information, multimodal Al combines and analyzes different forms of data input to gain a more
comprehensive understanding and produce more powerful results. For example, a multimodal
model can take a photo of a landscape as input and produce a written summary of the features of
that location. Or it can take a written summary of a landscape and produce an image based on
that description. The ability to work across multiple modalities gives these models powerful
capabilities. (Jabeen, S, Li, X., Amin, M. S., Bourahla, O., Li, S., & Jabbar, A. 2023 p. 25).
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MATERIALS AND METHODS

Multimodal Al makes next-generation Al more powerful and useful by allowing for multiple
types of input and output. Multimodal Al models can combine data from different data sources
and media to provide a more comprehensive and nuanced understanding of the data. This allows
Al to make better-informed decisions and produce more accurate results.

By using a variety of methods, multimodal Al systems can achieve higher accuracy and
robustness in tasks such as image recognition, language translation, and speech recognition.
Integrating different types of data helps capture more context and reduce uncertainties.
Multimodal Al systems are more resilient to noise and missing data. If one method is unreliable or
unavailable, the system can rely on other methods to maintain performance.

Multimodal Al enhances human-computer interaction by providing more natural and
intuitive interfaces for a better user experience. For example, virtual assistants can understand
and respond to both voice commands and visual cues, making interactions smoother and more
efficient. ( Simon, B. D., Ozyoruk, K. B., Gelikman, D. G., Harmon, S. A., & Tlrkbey, B. 2025 p. 303).

Despite its promise, multimodal artificial intelligence also faces challenges. One of the main
challenges is the volume of diverse data required to effectively train these systems. Multimodal
systems need large, labeled data sets to recognize relationships between different types of data
and learn from them. Collecting and recording this data is expensive and laborious. ( Buess, L.,
Keicher, M., Navab, N., Maier, A., & Arasteh, S. T.2025 p. 41).

Another challenge is data integration. Combining different types of data—each with
different levels of noise and often inconsistent across time and space—is a complex task. Ensuring
that data from different modalities are aligned and contribute meaningfully to the model's output
is a significant hurdle in the development of multimodal Al systems.

In addition, translating content across modalities poses another challenge. Multimodal
translation refers to the ability of Al systems to generate outputs based on input from one
modality (e.g., images) and other modalities (e.g., text). Ensuring that the model understands the
semantic relationships between these different types of data is not an easy task. Effective
translation depends on accurately capturing the underlying meaning and context across
modalities, which is still a major area of research.

How Multimodal Al Works: Artificial intelligence is a rapidly evolving field where the latest
advances in training algorithms are applied to multimodal research to build foundational models.
This field has seen multimodal innovations such as advanced audio-visual speech recognition and
multimedia content indexing before advances in deep learning and data science paved the way
for next-generation Al.

Today, practitioners are using multimodal Al in all sorts of use cases, from analyzing medical
images in healthcare to using computer vision alongside other sensor inputs in Al-powered
autonomous vehicles. (Demirhan, H. & Zadrozny, W. 2024 p. 50).

The main engineering challenge for multimodal Al is to effectively integrate and process
different types of data to create models that can exploit the strengths of each modality and
overcome its individual limitations.

Multimodal models add a layer of complexity to large language models (LLMs) based on
transformers built on an encoder-decoder architecture with an attention mechanism to efficiently
process data. Multimodal Al uses data fusion techniques to integrate different modalities.

Multimodal Al applications: Multimodal Al is already making an impact in various fields and
has numerous promising applications. In the field of autonomous vehicles, multimodal Al is crucial
for interpreting data from various sensors to make real-time driving decisions. In medicine, it aids
diagnostic processes by integrating patient data from scans, health records, and genetic tests to
more comprehensively understand a patient’s condition.
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Beyond these areas, multimodal Al is changing the way we interact with technology on a
daily basis. Virtual assistants and chatbots are becoming more sophisticated by processing input
in a variety of ways, leading to more human-like interactions. The entertainment and gaming
industry is also exploring the use of multimodal Al for character creation and dynamic storytelling.
(Al-Azani, S. & El-Alfy, E. S. M. 2025 p.302)

Generative Al and multimodal Al are both advanced forms of Al, but they serve different
purposes and operate in different ways. Generative Al is designed to create new content. It takes
input data such as text queries or images and creates something new, such as realistic images,
text, audio, or videos. Models such as OpenAl’s GPT-4 or DALL-E are examples of generative Al
These systems learn patterns from large data sets and use those patterns to generate outputs that
mimic the structure of the input data.

The future of multimodal Al is promising, but it also comes with hurdles that need to be
overcome. While the technology opens up new doors for problem-solving and innovation, it will
take time to overcome the challenges of integrating, representing, and aligning data. As the field
evolves, we can expect to see improvements in how these systems process and integrate different
types of data, making them more reliable, efficient, and scalable.

In the coming years, multimodal Al is likely to become an integral part of a variety of fields,
from healthcare to entertainment, offering new ways to solve complex problems and delivering
more meaningful, contextual experiences. However, as this technology evolves, it is important to
address the ethical and privacy concerns surrounding its use to ensure that multimodal Al
develops in a responsible and beneficial way for society.

CONCLUSION

In conclusion, multimodal Al is more than just a technological advance, it is a transformative
force shaping the future of the world around us. By integrating different types of data, multimodal
Al systems offer more accurate predictions, richer user experiences, and innovative solutions
across a variety of domains.

As we continue to explore the potential of multimodal Al, it is important to consider the
ethical implications and challenges associated with it. By addressing these issues head-on, we can
harness the power of multimodal Al to create a better and more connected world.

Multimodal Al and multimodal models represent a leap forward in how developers can build
and extend Al functionality in the next generation of applications. The potential of multimodal Al
also brings the world closer to an Al that is more like an expert assistant or assistant than a smart
software.

The advantages of multimodal Al are that it offers developers and users an Al with more
advanced thinking, problem-solving, and generation capabilities. These advancements present
endless possibilities for how the next generation of applications can change the way we work and
live.
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Onvmnuagdanbik ecentepaeri «*KacblpblH»
KypblabiMmaap: Kbickalla kebeunty
POopMy1anapbl apPKbiabl KYPAEN
anrebpanbik 6pHEKTEPAI TYPAEHAIPY
2iCTeMeci

onpac |.A.

"Cemel KanacbiHblH LLIakapim aTbiHAafFbl yHUBepcHTeTI" KeAK,
HaHysakosa [.T.

"Cemel KanacbiHbliH LLIakapim aTbiHAafFbl yHUBepcHTeTI" KeAK,

AHHOmMauusA:byn maxkanada onumnuadansik 0eHeelioeai aneebpasnsik ecenmepoi wewydiH muimoi
adicmepi, aman almKaHOa, Kypoeni epHekmepOiH iWiHOeai «HACbIPbIH» KYpblabiMOaposbl
aHbIKMay macesnenepi Kapacmelpslaadsl. 3epmmeydiH 6acmel HbICaHbI - CMAHAAPMMbI KbICKAWA
kebelmy ¢opMynanapsiH CMaHOapmMmel emec cumyauuanapoa Koao0aHy apKblsasl ecenmiH
wewim MonsiH oHmMadnaHobipy. MaKanaHelH MakKcamsi - OKywsladp MeH neda2zoemapFa
an2ebpanviK mypneHOipynepdiH mepeHoemineeH adicmemeciH VYcbiHy. Mymbic 6apbicbiHOA
Kypoesni pauuoHasn epHekmepoi bIKWamoay, CaHHbIH 0apexcenepiH Xikmey #aHe KenmyulenepoiH
myb6ipnepiH mabyra barsimmansaH apHatiel mancsipmanap xcyleci mandaHosl. Aemop pemiHoe
7102UKASbIK KYPblAbiMOapOsl Kepe biny 0arobiCbiHbIH MAMeMamuKanbiK olnayosl 0amsimyoars!
MOHbI30bIbIFBIHO — epekwe  Hazap  ayoaposim. Makanada KapacmsipeiaraH — adicmep
cmaHOapmmesl macindep MmeifbIpbiKKa mipelimiH Kypodeni xcardalnapoa mMamemamuKasbiK
UHMYUUUAHbLI  KOM0AHYObIH MAaHbI30bIAbIF6IH  KepcemeOdi. CoHbIMeH Kamap, mamepuanoa
meopusAnelK Binim mMeH NPakmuKkanelk webepsaikmi ywmacmelpyOdelH HAKmMel anzopummoepi
YCbIHbINAFAH. 3epmmey HamuxceciHOe YCbIHbIAFaH a0dicmeMenik macindep MamemMamuKarnslk
01UMNUA0anapsa 0albiHObIK Ke3eHiHOe #aHe mekmen 6aF0apaamacsIHaGH MbiC mepeHoeminzeH
Kypcmapoa Heeisei Kypan pemiHoe nalidanaHyfa ycbiHbinaosl. TypneHOipynepdin Oyn xcyleci
ecenmi weuwly YakKbimblH KbICKApMbIN KAHA KoUmal, MamemamuKasblK CyaysblK NeH 7102UKAbIK
02710iKMi yFbIHYFa MYMKIHOIK bepeoi.

TyliH ce30ep: Aneebparnsik mypneHOipynep, Kenmywenepoi xikmey, apHalsl meHbe-meHoikmep,
aniemeHmMapelK an2ebpa, BUHOMObIK HIKmesy, 0AUMNUAOGsIbIK MAMEMAMUKA, KypblabiMoapOs]
maHy, ecen wblFapy MexHUKaAapsl, CmMaHoapmmsi eMec ecenmep, epHekmepoi bIKWamoay,
MamemMamukKanblKk  UHMyUyus, mepeHoeminzeH MamemamuKd, 702UKanAelK nalibimoay,
MAaHbLIMObIK  KypblaeIMOap, MamemMamuKanslk acemMoiK, cmpameausanslk olnay, adicmemerik
Heei3.

AHHOmMauuA:B OaHHoU cmamee paccmampusaromca 3pgekmusHsie MemoOsbl peweHuA
aneebpauyeckux 300a4 0AUMNUAOHO20 YPOBHA, 8 YGCMHOCMU, BONPOCHI BbIABAEHUA «CKPbIMbIX»
CMPYKmMyp 8Hympu C/A0XHbIX 8blpaxeHul. OCHOBHbIM 0OBEKMOM UCCNe008AHUA A81AemcA
onmumu3ayua nymel peweHusa 300a4Y nymem NPUMEHeHUA CMaHOGpPMHbIX GHopmMyn
COKPAWEHHO20 YMHOXEHUA 8 HecmaHOapmHeix cumyauusx. Lleab cmameu - npedsnorume
ydawumca u nedazoeam yznybneHHyro MemoOuKy anzebpauyeckux npeobpaszosaHul. B xode
pabomel 6blna NPOAHANU3UPOBAHA CUCMEMA CNeyuasabHbIX 3a0aHUU, HANPABAEHHbLIX HA
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ynpoujeHue C/I0HHbIX PAUUOHAMbHbLIX 8bIPAXEHUU, pa3/1oxeHUe cmeneHel Yucesn u NoucK KopHel
MHo2o4sneHos. Ocoboe sHUMAHUe asmop yoesndem 8ax HOCMU pa38UMUA HABbIKA PACNO3HABAHUA
7102U4eCcKUX cmpyKkmyp 07149 hOpPMUPOBAHUA MAMEMAMUYECKO20 MblUIEHUA.

[pednoxeHHblIeE Memodbl OeMOoHCMpPUPYom 3HAYUMOCMb UCNO/A6308GHUA Mamemamu4veckol
UHMYUUUU 8 CI0HCHbIX C1y4asax, 20e cmaHOapmHele N0OX00bl OKA3bI8AOMCA HEIGGDEKMUBHbIMU.
Kpome moeo, 6 Mamepuasne npeocmassneHbl KOHKPemHsie an20pummel  COYeMaHusA
meopemuyYecKux 3HaHUU U NPaKmMuUYecKux Hasblkos. Memoodu4eckue n00Xo0bl, NPeOTOH EHHbIE 8
pe3ysiemame UcCCie008aHUA, PEKOMEHOYHOMCA K UCNOAb308AHUIO 8 Kayecmee OCHOBHO20
UHCMpPYMeHmMa npu nod20mosKe K MamemMamu4yecKkum OoauUMNuaoam U Ha yenybaeHHbIX
BHEWKONbHLIX Kypcax. LaHHaA cucmema npeobpa3o8aHuUll HE MOsLKO COKpawaem 8pemsa
peweHus 3a0a4, HO U N0380sAem 271ybxe 0CO3HamMb MaMeMamMuYeCcKyo Kpacomy U 102UYECKYH
moyYyHocme.

Knrouesole cnosa: Anzebpauyeckue npeobpa3zosaHuA, pasnoXeHuUe MHO204/1€HO8, CneyuasnbHele
moxodecmea, 3neMeHmapHaa  anz2ebpa, OUHOMUQAAbHOE  PA3/0HEHUE,  OAUMNUAOHAA
MamemMamuka, pacno3HasaHUe CmpyKkmyp, MexXHUKU peuleHuUa 3a0a4, HecmaHoapmHsie 3a0a4u,
ynpowieHue  8bipaxceHull, ~mMamemamuyeckaa —UHMyuyusa, yenybneHHas Mamemamuka,
7102UYeCKOe  PaCCYMOEHUE,  KO2HUMUBHbIE — CMPYKMYypbl,  MAmMeMamu4yeckasa  Kpacoma,
cmpame2u4ecKoe MbiwsneHue, Memoou4ecKasa OCHO8a.

Abstract:This article examines effective methods for solving Olympiad-level algebraic problems,
specifically focusing on the identification of "hidden" structures within complex expressions. The
primary focus of the research is the optimization of problem-solving pathways by applying standard
short multiplication formulas in non-standard situations. The purpose of the article is to offer
students and educators an advanced methodology for algebraic transformations. Throughout the
work, a system of specialized tasks aimed at simplifying complex rational expressions, factoring
powers of numbers, and finding roots of polynomials was analyzed. As the author, | have placed
particular emphasis on the importance of developing the ability to perceive logical structures in
fostering mathematical thinking.

The methods discussed demonstrate the significance of mathematical intuition in complex cases
where standard approaches may fail. Furthermore, the material provides specific algorithms for
integrating theoretical knowledge with practical proficiency. The methodological approaches
proposed as a result of the research are recommended for use as a primary tool during preparation
for mathematical Olympiads and in advanced extracurricular courses. This system of
transformations not only reduces problem-solving time but also allows for a profound appreciation
of mathematical beauty and logical precision.

Keywords: Algebraic transformations, polynomial factorization, special identities, elementary
algebra, binomial expansion, olympiad mathematics, pattern recognition, problem-solving
techniques, non-standard problems, simplification of expressions, mathematical intuition,
advanced mathematics, logical reasoning, cognitive structures, mathematical elegance, strategic
thinking, methodological framework.

Kipicne:

MaTemaTukanblk, ~ Oinim  GepydiH  3amaHaynm  napaauMrmacbiHAa — OKyLWblNapabiH,
OYHKUMOHANAbIK, ~ cayaTTbiNblFbl  MEH  JIOTMKaNbIK — oinay  KabineTiH  aambiTy  HacTbl
bacbimabiKTapablH, 6ipi 60bin Tabbinagbl. Ocbl TypFblaa anrebpaHbiH, ipreni 6enimi caHanaTbiH
«KblcKalla kebenty popmynanapsl» (KKP) Takbipbibbl MeKkTen baraap/iamachiHAa TEK TEXHUKA/bIK,
ecenTey [AafablNapblH KanbINTacTbipylbl Kypan peTiHAe KapacTblpblnaapl. Ananaa, 6yn
bopmynanapablH, aneyeTi CTaHAAPTTbl KaKlWanapapl ally Hemece Kenmyllenepai Kapananbim
KebeNTKilTepre XKikTeymeH WeKkTenmenai.
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OpTa mekTen aeHreniHae KK®-Hbl OKpITy KebiHe anropuTMAiK cunaTka me: oKylbliap
dopmynanapabl XKaTTanapl KaHe onapAbl aKblH KOpPIHIN TypfaH Kafdanapfa faHa KosdaHa
anaapl. bipak onvMnMaganbik MaTeEMATUMKaA MEH KOfapbl AeHrenni ecentepae 6yn dopmynanap
KebiHe «KacbipblH» Typae bepineai. OKylblNapabiH, 6acTbl KMbIHAbIFbI — ©PHEKTIH, ilWiHEH coN
KYPbIIbIMAbl TaHW anmayblHAR. Mbicanbl, alHbIManbiNapabl TMiMAI TONTACTbIPY, TONbIK KBAAPATTbI
)acaHapl Typae benin any (Kocy »kaHe any agici) Hemece Codu KepmeH Tene-TeHAir CUAKTbI
Kypaeni moandbukaumanapasl KondaHy »Kofapbl geHrengeri abcTpakTini onayabl Tanan eteai.
Makanaga KK®-HbIH CTaHO@pTTbl emec KOA4aHbICTapbl — OAapAbl CaHA3p TeopuACbIHAAFLI
BeniHriWTIK MacenenepiH Wellyae, UMPPaLMOHAN ©pHEKTePAi TYpAeHAIpyAe KaHe KoFapbl
napexeni TeHaeynepai oHTannaHAbIpyAa NanaanaHy *Kongapbl KapacTtelipblnagsl. KKO 6y xepae
«AEKOHCTPYKUMANAY» Kypasibl peTiHAe KbI3MeT eTefi: 0N KypAeni, «KKOPKbIHbIWTLI» KepiHeTiH
OPHEKTI Kapananbim, aHaAUTUKaNbIK TYPFblaaH 6ackapyFfa bonatbiH benikTepre benlekTenai.
OcCbl KYMbICTbIH MaKcaTbl — OKyLWbIAAPAbIH «MaTeMaATUKANbIK MHTYMUMACBIH»  AaMbITyfa
HarbITTanFaH aficTeMeHi yCbiHy. by aaicTeme OKyLblFa eCenTiH, CbIPTKbl POPMACbiHa EMEC, OHbIH,
ilWKi anrebpanblk apxXMTEKTOHMKACbIHA Kapayabl yupeTtedi. 3epTrey bapbicbiHAa Keneci miHaeTTep
lwewineAai:
a. Cranpapttbl KK®-HbIH, onMmMnuaZansiK AeHrenaeri TYpAeHAIpinAreH HyCcKanapbiH
Kyneney;

b. Kypaeni ecentepai wewyaeri «uaeHTMdMKaumanay»  (bopmynaHbl  TaHy)
CTpaTernanapbliH aHbIKTay;

c. [eparorvkanbiK Taxipnbene OKyWbINAPAbIH KAaTeMEH MKYMbIC iCTey YKOHEe BOpPHEKTI
MoZenbaey AaFAblNapbliH apTTbIpy XONLAPbIH KepceTy.

CoHApbIKTaH KbiCKalla KebenTy dopmMynanapblH TePeHAETIN OKbITY — OKYLUbIHbI Kai faHa
ecen Wblfapyfa eMec, MaTeMaTUKabIK HblCaHAAPAbIH, apacbiHAaFbl KACblPblH HalnaHbICTapAbl
Kepe binyre baynuabl. byn narabl 6onawak MHxeHepnep, IT-mamaHAapbl KaHe FanbiMaap YLWiH
KaXXeTTi aHaUTUKANbIK annapaTTbiH, Heri3i 60abin Tabblnaabl.

1. Copun KepmeH TeHbe-TeHAiri
Byn dopmyna eKi caHHbIH, TOPTIHWI AapexenepiHiH, KOCbIHAbICbIH KeOeNTKIWTepre XikTey ViliH
KonaaHblnadpl. KebiHece caHgap TeOopuACbIHAA HemMece KypAesi epHeKTepAi biKlamaayaa
nanaansi.

a* + 4b* = (a® + 2b* + 2ab)(a? + 2b* — 2ab)
KongaHbinybl: byn Tenbe-tenaik a* + 4b* TypiHaeri caHHbIH, (erep a, b > 1 6onca) Kypama caH
EKeHiH Aanenaey YLWiH Xui KoagaHblaaapl.

2. KenmylleHiH, KBaapaTb!
Kes kenreH myllenep caHbl 6ap KenmylleHi KBaapaTTaraHaa, HaTUXe apbip MyLLEeHiH, KBaZpaTbl
MeH Bap/iblK MyMKiIH 6oNaTbIH eKi eceneHreH KebenTiHAINepAiH KOCbIHAbICbIHA TeH Bonaabl.

YWwmyLLe YLiH:

(a+b+c)2=a%+b?+c?+2ab+2ac+2bc

¥annbl Typae (n-mylie yiliH):
(ar+az+..+ap)?=(a®+a2+...+ay?) +2(aqaz + @@z + ... + ap-1an)

3. n-wWwi pspexeni anbipma popmynachl

Kes KenreH HaTypan N AspeXKeci YWiH Kapamabl Kannsl popmyna:
a"—b"=(a—-b)@a""+a" b +a"3b%+...+ab"2+b"")
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Kelnbip nepbec xkafgannapsi:
e KsagpaTtTap avbipmackl (n=2): a2—b2%=(a—b)(a +b)
e Ky6bTap abipmacsl (n=3): a®—b3=(a—b)(a? + ab + b?)

4. n-wi papexeni KocbiHAbl dopMynacsl (n TaK bonraHAa)

Erep nspeke KepceTKilli Tak caH 6osca, KoCcbiHAbIHbI Oblian xKikTeyre 6onaapi:
a"+b"=(a+b)(@a""—a" b +a"3b*— ...+ b"")

Byn vy alHbIManbliHbIH, KOCbIHABICHI MEH ONapAblH, KYMNTbIK KebenTiHainepiHiH, 6alnaHbICbiH
KepceTeai:

(@+b+c)(ab+bc+ca)—abc=(a+b)b+c)c+a)

KybTapablH, KOCbIHALICbIH KEOENTKILITepre XKikTeyaiH MaHbl3abl TeHbe-TeHairi:
a+b3+c2-3abc=(a+b+c)(a®+b?+c?—ab-bc—ca)

Kocbimuwia mypi (ekiHwi ¥akwaHel mypraeHdipzeHoe): a3 + b3 + ¢ —3abc=%(a + b + c)((a — b)? +
(b—c)*+(c—a)?

YwmyLeHiH KybblH ecenTeyaiH, biKlLlamaanfaH Typi:
(a+b+c)P=a%+b*+c2+3(a+b)(b+c)c+a)

MaTeMaTuKanblK ecenTepai Lwelly Ke3iHae OKyLbIHbIH TabblcKa KeTyi TeK dopMynanap/bl *KaTka
6inyiHe emec, OHbIH, KOTHUTUBTI MKemaifiriHe 6alnaHbicTbl. Kbickawa KebelTy dopmynanapbiH
(KK®) onmmnnaganvik AeHrenae KoadaHy VYWiH Keneci sjicteMenik Toacinaepai eHrisy
YCbIHbIAAbI:
1. dopmynaHbl TaHYAbIH, NCUXONOTUANBIK acneKTinepi: « KypblibIMAbIK, COKbIPAbIKTbI» XKEHY
OKyLWbINapAbiH, Kenuwiniri popmynanappl Tek cTaHAapTTbl a2 + 2ab + b? TypiHae FaHa TaHWAbI.
bipak, ecente a MeH b-HblH OpHbIHA Kypaeni oyHKUMANap Hemece caHAap TypfaHAaa,
«KYPbINbIMAbIK COKbIPAbIKY» Naaa 6bonaabl. OHbl XKeHy YLWiH Keneci cTpaTernanap KonaaHblnaabl:
e «BnoKTbIK oinay»: OKyLIblFa ©PHEKTErI eKe alHbIManblNapabl emec, 6yTiH 6aoKTapabl
Kepyai ympety. Mbicansbl, (X +V)? - (z+ w)? epHeriHe KapafaHaa, OKYLLbl OHbl «Bip HOPCEHIH,
KBaJpaTbl a3aMlTblIFaH eKiHLi HapCeHiH KBaapaTbl» (A% - B?) men Kabbingaybl TMic. byn
KOTHUTUBTI *KYKTEMEHI a3aiTaabl.
e TypneHaipy WHTymumscbl: OKylliblfa ©PHEKTIH «keTicnentiH GeniriH» i3geyai aAarabiFa
alHanapipy. Mbicanbl, x>+ 4x TypFaH sKepae «TObIK KBaapaT 60y YWiH He KeTicnenmi?»
[iereH cypakK Kot apKbiabl OHbl +4 KOCbIN, -4 a3alTyfa (*KacaHabl TypaeHaipyre) barbiTTay.

2. Busyanasl monenbaey: FeoMeTpuanbIK MHTepnpeTauua
dopmynanapabl abcTpakTini TaHOaNap *KMbIHTbIFbI EMEC, HAaKTbl HblCaH peTiHAe Kabblnaay yuiH
BM3yanabl MOAENbAEYAiH MaHbI3bl 30p.
AynaHaap agjci: (a + b)? = a®> + 2ab + b? popmynacbiH all FaHa »aTTaTtnan, KabbipFackl a+b
60onaTblH KBaAPATTbIH ayAaHbIH Killiripim durypanapra (eKi KBaapaT »KaHe eki TikTepToypbiw) 6eny
apKblnbl ganenaey. byn Bu3yanapl *KadblHbl icke KOCaabl *aHe GOPMYNaHbIH NOTMKACbIH CaHanbl
TYPAE VFbIHYFa MYMKIHAIK Bepeai.
e TycTik KoaTay: Kypaeni onmmnuaZansik ecentepai Tanaay Kesinae GopmynaHbiH, ap TypAi
benikTepiH TypAi-TyCTi mapkepaepmeH benriney. Mbicanbl, BipiHLWI MyLLIEHIH KBaApaTbiH
KeK TyCneH, eki eceneHreH KebeWTiHAiHI Kbi3bla TycrneH benriney OKylUblFa ©PHEKTIH,
APXUTEKTOHMKACHIH Xbl/IZLaM axblpaTyFa KEMeKTeces,.
3. lnHamunKanblKk mogenoey oHe KU Kypangapsol
Kasipri TaHaa GeoGebra Hemece Desmos cuAKTbl Oafgapnamanapapl KOAZAHY apKbibl
dopmynanapaplH Kanai esrepeTiHiH AMHaMMKaAa KepceTyre bonagbl.
e CblHM Tangay agici: *acaHabl MHTenneKkT (W) reHepaumanaraH «Kkate» TypaeHaipynepai
OKyLblnapfa TyseTyre 6epy. byn aaic OKyWbIHbIH pedNeKCUACbIH 0ATbIN, GopMynaHbl
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KON4aHyAdaFbl eH Wi KesgeceTiH KaTeniktepai (mbicanbl, (a + b)? #a? + b? eKkeHiH)
TEePeHipeK TyciHyre afaain »acanapi.

Mbicanl:

Kananbik MayTiKkoB aTbiHAAFbl MaTeMaTUKa OAMMNKNAAAchl, 7-CbiHbin, 2024 Xbin

Keneci TeHaeynep sKyMeciH KaHafaTTaHablpaTbiH HAKTbI X, Y, Z CaHAapbIH Taby Kepek: x? +
y = z? y? + z =x? z2 + x = y?

1-kaoam: TeHOeynepdi Kocy

YL ©pPHEKTIH, 1€ OH, }K3HE CO/ »KaKTapblH ©3apa KOCaMbi3:

x2+ vy 4z +x+y+z= 22+ x% + y?

TeHaeyaiH eki xafbiHAarbl X2, y2, z2 MylenepiH KbickapTKaHaa:
X+y+z=0

ByaaH Keneci Tayenadinikti anambi3:

zZ=-X—Y

2-Kaodam: bipiHwi epHeKKe Kot

TabbinfFaH z = -X - y MaHiH BipiHwi Tenaeyre (x2 + y = z2) KoAMbI3:
x+y=(-x—y)*

aKLWwaHbl KbiCKalla KebelTy popmMynacbiIMeH allambl3:

x4+ y=x% +2xy + y?

X2 MyLIenepiH KbICKapTbin, 6apAblFbiH Bip XaKKa *KMUHacaK:
y2+2xy-y=0

OpTaK KebenTKill y-Ti ¥aKLla CbIpTbIHA LWbIFAPaMbI3:

y(y+2x —1)=0

3-kadam: ardalinaposl manday
Byn TeHAiK opbiHAANYbI YIiH He y = 0, He »KaKLwa illi Heare TeH, 60aybl KepeK.
1. Erepy =0 6onca: OHAa aitHbIManblNapablH, kebenTiHaici x -y - z= 0 6onagpl.
2. Erepy+2x-1=060onca: OHmay =-2x + 1.
Byn maHAj z = -x - y dopmyacbiHa KOMCaK;
z=-X-(-2x+1)=-x+2x-1=x-1
CoHbIMeH, Z =X - 1 eKeHiH TanTbIK,

4-Kadam: EKiHWi epHeK apKblasl mekcepy
1. EHAiy =-2x+ 13kaHe z = X - 1 MaHAepiH ekiHwi TeHaeyre (Y2 + z = x?2) koambi3:
(—2x+1)? + (x — 1) = x?
4x2 —4x +1+x—1=x?
4x% — 3x = x?
3x2—-3x=0
3x(x-1)=0
ByaaH eki wewim woifaapl:
e x=0(oHgaz=0-1=-1xoeHey=-2(0)+1=1)
e x=1(oHgaz=1-1=0xoHey=-2(1)+1=-1)
KopbimbiHObI
BapnblK KapacTbipbinfaH Kafaannapaa (y=0, x=0 Hemece z=0) aiHbIManbINapAbliH KeEM AereHae
6ipeyi Here TeH 60bIn WbIKTbl. COHAbIKTaH: Xyz = 0
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ayabbl: xyz apaaiibim O-re TeH,

Mbican 2:

Onnmnunaganbik ecentepae Kbickalla kebenty dopmynanapbl meH anrebpanbik TypaeHaipynep
KebiHe «kacblpblH» Typae bepineni. byfaH arikplH mbican peTiHae 2024 »Kbinfbl 8-CblHbINTap
apacbiHaarbl Kananbik HayTiKoB 0nMmMnManacbiHbiH, ecebiH KapacTbipyfa 6onaapi.

HakTbl a aHe b caHgapbl ywiH a + b = ab = 19 TeHAairi opbiHAaNaAbl. Keneci opHeEKTIH MaHiH
TabbIHbI3:

19
(a®> — 19a)(b + 7)

o4ictemenik Tangay:

By ecenTiH, WeLwimi OKyLlWblAaH CaHAbIK TypaKTbiHbl (19) bepinreH aiHbIManbl epHEKTepMeH (a+b
Hemece ab) TMimAi anmacTblpy AafabiCbiH Tanan etei. byn — makanana KapacTblipblafaH 9iCTiH,
KNACCUKaNbIK KepPIHiCi.

1-kapam. BipiHLL| XKaKLWaHbl TYypAeHaipy.

©pHekTeri 19 caHblH a+b KOCbIHABICBIMEH a/IMACTbIPaMbI3:
a’ — 19a = a* — (a+b)a

MaKLWaHbl albIn, yKcac myllenepai KbiICKapTamMbl3:

a? —a?> —ab=—ab

EcenTiH wapTbl boMbiHWa ab = 19 60nFaHAbIKTaH:

a? — 19a=-19

2-Kaaam. EKiHWI XaKLWaHbl TYpaeHaipy.
MyHzZafbl 19 caHblH ab KebenTiHAiCiMeH anMacTbIpy TMiMAI:

b 2op 4 2
b b
BenleKTi KbICKapTy apKbl/ibl MblHaAalM HITUXKE aslaMbl3:
b+a
EcenTiH wapTbl 6oMbiHWa a + b = 19, aemek:
b + b 19
=

3-Kagam. KopbITbiHAbI ecenTey.
TabblNFaH eki MaHAi e3apa KebenTemis:

19
(a? — 19a)(b + ?) = —19-19 = -361
ayabbl: -361

Mbican 3:
Erep a, b, ¢, d )kaHe n - HaTypan caHAapbl YLLiH Keneci eki caH N-re KanablKcbi3 beniHce: (a
- b)(c - d) »aHe (a-c)(b-d). OHga (a - d)(b - c) caHbl Aa nN-re KanablKcbi3 OeNIHETIHIH AanenaeH3.
1-apic: Moaynbaik apnudmeTrKa KaHe alHbIMaabiHbl aAMacTblpy. by aic ecenTi »KeHinaeTy i
alHbIManblNapabliH OiPiH He/re TeHEeCTIPY apKbl/bl Wellinea;.
1-kagam. LLlapmmel nceHindemy: Erep a, b, ¢, d caHAapbIHbIH, dpKaMcbicbiHaH Bipael d caHbIH
asanTcak, onapaplH e3apa abipmanapbl e3repmenai (a-b = (a-d) - (b-d) »keHe T.6.). COHAbIKTaH,
ecenTiH, WapTblH 6y36ai, d = 0 gen anyra 6bonaapl.
2-KapaM. XKaHa wapmmapobl #a3sy:
EHai wapT bbinan esrepen;:

e (a-b)ccaHnbl n-re beniHeni — ac - bc=0 (mod n) = ac = bc (mod n)
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e (a-c)bcanbl n-re beniHeai — ab - cb=0 (mod n) - ab = bc (mod n)

3-kapam. CanbicTbipynapabl 6ipikTipy:

ofapblaarbl eki TeHAiKTeH 6i3 MblHaaan Ti3beKTi Kepemis:
ab = bc = ac (modn)

Jdemek, ab = ac (mod n) exkeHi WblFaabl.

4-kapam. COHfbl HaTUXKeE:
Erep ab = ac (mod n) 6bonca, oHAa onapapiH anbipMmackl n-re beniHeai:
ab — ac = 0 (modn) — a(b——c) = 0 (modn)
bi3 6bacTankbiga d=0 gen anfaHabIKTaH, byn epHek (a - d)(b - c) epHeriHe aKkBMBaNEHTTI.
Honengenai.

EHai 6i3 oHbl 2-84iC: KenmylLenepa, sato apKblibl Aanenaey apKpiibl WbiFapanblK,

byn apic anrebpansik Tene-tTeHaikke HerizaenreH. Ecente 6epinreH yw epHEKTIH e XKaKLanapbiH
allbin, oNapAablH apacbiHAafbl 6aliiaHbICTbl TabalbiK.
1-kapgam. KaKkwanapgbl awy:

e X=(a-b)lc-d)=ac-ad-bc+hd

e Y=(a-c)(b-d)=ab-ad-bc+cd

e Z=(a-d)(b-c)=ab-ac-bd+cd

2-Kafam. ©OpHeKTep apacbiHAafbl TOYENLINIKTI aHbIKTaY:

EHAi Y epHeriHeH X epHEriH a3anTbin Kepenik:
Y-X=(ab-ad-bc+cd)-(ac-ad-bc+hbd)

HKaKlLuaHbl alkaHaa yKkcac mylenep (-ad meH +ad, -bc meH +bc) »olbinagp:
Y-X=ab-ac-bd+cd

3-Kagam. KopbITbIHAbI:

ANblHFaH HaTUXe Bi3 Aanengeyimia kepek Z epHeriHe Asnime-a3n Keneai:
(a-d)(b-c)=(a-c)(b-d)-(a-b)(c-d)

Erep albipmaHbiH eKi mylieci ae (wapT 6oMbiHWa) n-re 6eniHce, oHAa ONapAblH anbipMmackl Aa n-
re beniHeai.

Mbican 4: (a + b + ¢)® — a3 — b® — c® epHeriH KebelTKilWTEpre KikTey

1-kagam. HKakwanbl awy (TonTay)

(a + b + ¢)® BeniriH KOCbIHAbIHLIH, Kybbl Gopmynackl BoMbIHIWA alambi3 (MyHAa a + b — BipiHLWi
MyLle, an ¢ — eKiHwi mywe): (a+b+c)*=(a+b)*+3(a+b)*c+3(a+b)c®+c3

2-Kagam. YKcac myluenepai KbicKapTy

EHAI OCbIHbI HETI3M OPHEKKE KOWMbIM, KaNfaH myLlenepai TipKenmis:
(@a+b)*+3(@a+b)’c+3(a+b)c?+c2—a2-b3-¢3

MyHaa ¢ neH — ¢ KbicKapbin keTeai. (a + b)3 nen — (a2 + b®) BenikrepiH ToNTacTbipambi3:
(a+b)®=(a®+b3))+3(a+b)c+3(a+b)c?

3-kapam. OpTaK KeOEenTKIWTI KaKLa CbIPTbiHa WblFapy

KybTapablH, KocbiHabICkl (a3 + b3) dopmynacbiH KongaHbin, opTak KebenTkiw (a + b)-Hbl »aKwa
CbIPTbIHA WblFapambi3: (a + b)(a? + 2ab + b? + 3ac + 3bc + 3c*—a? + ab—b?)
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4-kapam. Kaklwa iwiHgeri ykcac mywenepi (a2, b?) KbickapTbin, biKWLaMAaNMbI3:
(a+ b)(3ab + 3ac + 3bc + 3¢?)

5-Kagam. TonTay TaCiNIMEH COHFbI XKiKTey

aKLWa iWiHeH 3 caHblH WblFapbin, KaifaHblH TONTAy TACI/IIMEH KiKTeNMmi3:
3(a+b)(alb+c)+c(b+c)), 3(a+b)(b+c)(a+c)

Mayabbl: 3(a + b)(b +c)(a +c)

«9n-Papabun» Kananblk 0NMMNNAAACHI, MAaTEMATMKA (8 CbIHbIM)

EcenTiH wapTbl: Erep x, y, z caHZapbl YWiH Keieci TeHAIK OpblHAANCaA:

(x+y+2)(xy +yz+2zx) =xyz OHga (x + y)(y + z)(z + X) ©pPHETiIHIH, MaHI Here TeH,?

BepinreH TeHAIKTIH COM XKaK beniriHaeri »KakKLanapabl *KeKke-KeKke KebenTy apKblabl allambl3:
MakLWwanapasl awy:

(x+y+2)(xy +yz+2zx) =x2y +xyz + X2z + xy? + y2z+ xyz + xyz + yz*® + z%x

Byn »Kepae xyz myLleci yu peT KalTanaHabl, COHAbIKTAH:

x2y +x%z+xy? +y2z +yz? + z%x + 3xyz = Xyz

TeHaeyai bikwamaay: OH KaKTafbl XyzZ MYLLECIH CO/ KaKKa eTKi3cek (3xyz - xyz = 2xyz):
x%y +x%z+xy? +y2z+yz? + z%x + 2xyz=0

KebewTKiwTepre xiktey: LLIbIkKaH 6pHEKTI TONTay aA4iCiIMEH XKiKTelmi3:
(XA2y + XyA2 + xyz + x72z2) + (y"2z + xyz + yz"2 + z2°2x) = 0
X(Xy + y*"2 +yz+xz)+ z(y"2 +xy +yz+2zx) =0
(x+2z)(xy+y*2+yz+xz)=0
EKiHLWI *aKLWaHbIH, ilWiH Tafbl A TONTACakK;
Xy +yr2+yz+xz=y(x+y)+z(y+x)=(x+y)(y+2z)
HaTumxKeciHae Keneci TEHAIKTI aambl3:
(x+y)y+z)(z+x)=0
KopbITbIHABI:
EcenTiH wapTbiHAa 6epinreH epHeKTIH MaHi 0-re TeH ekeHi ganenaeHa.
*ayabbl: 0

HyprizinreH TeopuanbIK-aaicTEMENIK Tanaayabl KOPbITbIHAbINAM Kene, KbicKalla Kebenty
dopmynanapbliHbiH, MeKkTen anrebpacbiHAarbl 6a3anblk pesiHeH anaekanaa TepeH, CTPaTernabik,
MaHbI3bl 6ap eKkeHiH alKkblH aHFapyfa 6onaabl. byn dopmynanap Kal faHa TEXHUKANbIK ecenTey
Kypanbl eMec, Kypaeni OnMmnunaganblk ecentepaiH, ilKi apXMTEKTOHUKAChIH AEKOHCTPYKUMANAYFa
MYMKIHAIK ©epeTiH ipreni aHanuMTUKanblK annapat Oosbin Tabblnagbl. bisgiH,  anabliHFbl
3epTTeynepimi3fie KapacTbipblafaH BM3yanabl MoAenbAgy aA4iCTepi OKylublnapabiH dopmynanap
Typasbl anfallKbl 6eHeni TYCiHIriH KanbiNTacTblpca, OCbl KYMbIC asCblHAA TanAaHFaH CTaHAAPTTbI
eMec Typ/AeHAipynep MeH «XKacbIPpblH» KypblAbIMAApAbl TaHy CTpaTernsnapbl OKYLUbIHbI
abCcTpaKTiNi-nornKanblik omaydblH, KaHa geHreliHe KeTtepedi. Codu epmeH Tene-TeHmiri,
aMHbIManbINapAbl TMIMAI aAMACTbIPY XKaHe Myllenepai *acaHapl TYpAEe TONbIK KBaApaTKa KenTipy
CeKinai aaictepai Xymeni KoNAaHy OKYLbIHbIH MaTeMaTUKalblK MHTYWULUMACBIH VIUTaMN, ecenTiH,
wewy anropuTMiH ilWTen cesiHyre »Kafdal Kacangbl. Ocblnaliia, KbicKalla Kebenty
dopmynanapbiH TepeHAeTINreH AeHrenae MeHreptTy — OKyLbIHbI LiblfapMallblablK i34eHicKe
Haynbin KaHa KoMMmai, bonalakTafbl Kypaeni MaTteMaTUKanblkK NOHAEPAI ePKiH UrepyiHe KaxKeTTi
aHAIMTUKaNbIK Heri3 Kananabl. byn 6afbiTTarbl TEOPUANBIK iI3AEHICTEP anAafbl yaKbITTa KacaHabl
NHTENNEKT MYMKIHAIKTEPIH NaiAanaHa oTblpbin, eCenTepai AeHrennen XKikrey MeH OKbITYAbIH,
*KaHa GopmaTTapbliH NPAKTUKANbIK TYPFbla 3epTTeyre ceHimai ipretac 6obin Tabbinaabl.
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MEKRTEN ®UN3NKACBIHA KACAH/B
MHTEJTERTIHI KIPTI3Y

PaxbimbekoB AiiTbai Manaposuy

O-M.F.K., AOLEHT, KaybIMAACTbIpblAfaH Nnpodeccop

Kasaxbaesa [laHakynb MyKaKaHOBHa

N.f.4., KaybIMAACTbIpblNfaH Npodeccop (AOLEHT) FbINbIMM KETEKLLI

Cnamkenai Cabut

|.*KaHCcyrypoB aTbiHAafbl HKeTicy YHUBEPCUTETIHIH dM3nKa-MaTeMaTUKa aKyNbTETIHIH
MarmcTpaHTbl, TanablkopraH,KasaxcraH

Angatna: Makanaga KacaHabl MHTENNEKT TEXHONOTMANAPbI MYFaniM YLWLiH TUIMAI KOMEKLLI
Kypan peTiHae YAKeH MYMKIHAIK OepeTiHi KaHe acaHAbl MHTeNNeKT cabak »KocnapblH KypyFa,
KYPAeni TakblpbiNTapabl Kapananbim Tinge TyCiHAipyre, ecentep MeH Tancbipmanap a3ip/eyre,
TosipubenepaiH, yArinepiH yYCbiHyFa, KOPHEKi MaTepuangap Kacayfa KoHe OKy NpoLeciH
KeKeneHaipyre KOMeKTeCeTIHI KepCEeTIAreH.

KinT cesgep: Teopusa, 3epTxaHanblK, 3aHAbINbIKTAP, UMOPAbIK, aBTOMATTaHAbIPY, NpoLecc,
nikiptanac, 4aT-60T.

Kipicne

oNemMaik Taxipmbe KacaHabl WMHTENNEKT TEXHONOTMANAPbIHbIH, aaam eMipiHiH apTypAi
cananapbiHa eneyni esrepic aKkenreHiH kepcetesi. Kasipri TaHaa kentereH TabbicTbl IT-o0banap
OCbl TexHo/ormANapablH, TMiMAiNiriH aanenaen oTblip. COHbIH, alKbiH MbiCangapbliHbIH, Oipi —
OHTYCTiK Kopeaaa 6inim 6epy yaepiciHae poboTtap meH MHTENNEKTYaNAbl Kyhenepai nanaanaHy
Toxipmbeci. MyHaa poboTTap OKylUblAapFa afbllWbIH TiliH YUPETYre KaTtbiCbiM, OKY MPOLECiH
WHTEPAKTMBTI api KbI3bIKTbl eTyre kemektecei. COHbIMEH KaTap WMHTeNNeKTyanabl 4aT-60TTap
6inim anywblnapmeH apTYPAI TakblpbiNTapda SHrimenecin, nikiptanac yMbIMAACTbIPY apKbibl
ONapablH, TINAIK AaFAbINAPbLIH AaMbITyFa }KoHE OKyFa AereH bIHTaCblH apTTbIpyFa biKNaa eTeai.

Hannbl, 6inim bGepy KyheciHOe KacaHAbl MHTENNEKT MYMKIHAIKTepiH Tuimai KongaHy
barbiToiHaa AKLU, KbiTan »kaHe CuHranyp CcuakTbl engep andblHfbl KaTapaa Kkenegi. byn
MeMeKeTTePAe acaHabl MHTENNEKT OKbITY Ma3MyHbIH ekeneHaipy, binim canacblH Tanaay,
OKYLbINAPAbIH, yArepiMmiH Oakblnay »aHe OKy MaTepuangapblH aBTOMaTTbl Typae benimaey
MaKcaTblHA@ KeHiHeH eHri3inreH. CoHbiMmeH bipre 6acka Aa KenTereH memaeKkeTTep OCbl CanaHbl
OAaMbITyFa epekLle Ha3ap aygapbin, 6inim 6epy XKynMeciH KeTinaipy yWwiH sKkaHa TexHonormanapabl
benceHai Typae KonaaHyaa.

KasakcTtaHaa ga 6inim 6epy canacbiHa »acaHabl MHTEANEKT TEXHOIOTUANAPbIH eHTi3Y YAepici
KapKblHAbI Aambin Kenedi. Undpnbik 6inim 6epy nnaTtdopmanapbiHbiH, Aamybl, 3amaHayu
3NEKTPOHABIK PecypcTapblH Kebetoi »KaHe OKy NpOLeciH aBTOMAaTTaHAblpyfa OafblTTanfaH
obanapaplH Ky3ere acybl OCbIHbIH A2neni. byn »aHalWblAAbIKTap MyFaniMaepaiH KYMbICbIH
XeHinaeTin KaHa Korman, Binim anywblnapabliH OKy canacbiH apTTbipyFa KaHe 3amaHayu 6ifim
H6epy TananTapbiHa benimaenyiHe MyMKiHAiK 6epes,.

Heriari 6enim

®ur3MKaHbl OKbITY VAEPICiHIH, 63iHAIK epeKkwenikTepi 6ap. byn naH TeK TeopuAnbik, binimai
MEHrepTyMeH faHa LWeKTeAMenai, COHbIMEeH KaTap TaxKipnbenik KymbicTapapl KyWneni
YMbIMAACTbIPYAbl, GU3NKANbIK KyObIAbICTAp MeH 3aHAbIAbIKTapAbl HaKTbl MbiCanaap apKbijbl
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TYCiHAipyAi, 6inim anywblNapablH, IOTUKAbIK, CbIHM XaHe WbiFapMallbliblK oinay Kabinetrepin
AambiTyabl Tanan eteqi. Pusnka cabakTapbiHaa OKyLWblNapAblH TaburaT KyObiabICTapbIH FblAbIMK
TYPFblAaH TyCiHyiHe, onapablH ceben-canaap/iblk HanaHbICTapbiH aHbIKTalM anyblHa epeKLle KOHiN
beniHeni. CoHAbIKTaH MyFaniMm apbip TakbIPbINTbl OKYLWbINAPAbIH, XKaC epeKLeniri MeH AanblHAbIK,
AeHreliHe call TYCIHIKTI, KOPHEKI api KO/KEeTIMAI TYPAE KeTKize Binyi KarkeT.

CoHbIMeH KaTap, dM3MKa MNaHIH OKbITY DapbICbiHAA MyFfaniMm 3p OifiM anyLlbiHbIH, Keke
KabineTi MeH TaHbIMAbIK MYMKIHAIKTEPIH ecKepin, capanaHfaH TancbipManap YCbiHYbl MaHbI3bl.
CabakTa oOKyliblnapdpiH, 6enceHai  KaTbiCyblH KamTamacbi3  eTy, 0/1apAblH  3epTTeyuinik
OaFaplNapblH KanbINTaCTbIPy »KoHE MaHre AereH Kbi3blFYLWblAbIFbIH TYPaKTbl CakTay — MyFanim
YKYMbICbIHbIH,  6acTbl  MiHAETTEPiHIH, 6ipi. byn yWiH Typai OKbITYy a4icTepiH, Taxipnbenik
KepceTinimaepai, 3epTxaHasblK »KYMbICTapAbl KaHe 3amaHaym Umdp/blK pecypctapabl TUMiMA
KONAaHY KaXkeT.

Ananga mMa3smyHAbl 2pi cananbl cabaK KocnapblH 33ipaey MyfafiMHEH Kemn yaKbITTbl,
WbIFAPMaLLbIbIK i3[EHICTI *aHEe YAKEH AalMblHAbIKTbI Tanan eTtei. ocipece Kypaeni puamKanbik,
Toxipubenepai xocnapnay, KepHeki maTepuangap AavblHaay, apTypai AeHrenperi ecentep
KypacTbipy, ®UW3MKanblK 3aHAapAbl KYHAENIKTI emipmeH 6alnaHbICTbipaTblH Mbicanaap Taby
HapbiCbiHAa@ KONnTereH KMbIHAbIKTAP TyblHAAMAbl. MyHAAM KYMbICTAap MyFaniMHIH Kacibu
webepnirimeH KaTap, KOCbIMLLA YaKbIT NeH PeCYpPCTapabl KaXKeT eTe.

OcblHAaM XKafaanaa *acaHabl UHTEANEKT TEXHO/IOTMANAPbI MYFaniM YWiH TUIMAI KeMeKLi
Kypan peTiHae YNKeH MyMKiHAIK Bepeai. MacaHabl MHTENNEKT cabak, *KocnapblH KypyFa, KypAaeni
TakblpbiNTapdbl Kapanambim Tinae TyCiHAIpyre, ecentep MeH Tancbipmanap a3ipaeyre,
ToxipubenepaiH, yArinepiH yYCbiHyFa, KOPHEKi MaTepuangap Kacayfa KoHe OKy NnpoLeciH
»ekeneHgipyre kemektecedi. CoHbiMeH Bipre o MyFaniMHiH, YaKbITblH YHEMAEN, OKY YAEpIciH
YMbIMAACTbIPY/AbIH CanacblH apTTblipyFfa bikNan eTeai. HaTuKeciHAe neaaror e3iHiH Herisri HazapblH
OKYLWIbINAPMEH TiKENEeM KYMbIC Kacayfa, onapablH 6iniMm canacbiH apTTbipyfa »KaHe
WblFapMallblNblIK KabineTTepiH AambiTyFa b6afbITTalt anaapi.

KW TexHonormAanapbl OKyLbINAPAbIH, KeKe AepeKTepiH WHalabl, COHAbIKTaH onapapl
KOpfay MaHbI3abl. byn TexHonorManapAbl Kacaylwbliap MeH NanaanaHylwbinap 3TUKabIK,
HOpManapabl CakTaybl KaxKeT.

acaHapl MHTENNekT Xannbl 6inim GepeTiH mekTenTepde ¢GW3MKaHbl OKbITyAa Y/IKEH
oneyetke Me. OHblH KOMEriMeH OKbITy TPOLECIH KeKe KarKeTTiniktepre 6Oenimaeyre,
OKYyLWblNapAbiH, BiNiMiH TepeHAeTyre »oHe MyFaniMaepaiH MYMbICbIH KeHingetyre 6onagpl.
LderenmeH, MW-4i COTTI eHri3y YLWiH TeXHUKaAbIK KOA4ay, MyFaniMaepai OKbITYy KaHe AepeKkTep
Kayincisairi macenenepid wewy Kaxet. MW TexHonornsnapbiHbiH, AypPbIC KOAAaHbIAybl Binim
canacblH *aKcapTbiM, OKyLWbIAapAbl FblAbIMM 3€PTTEYre biHTaAaHAbIpaabl.

KopbITbIHAbI

Mpe3naeHT Tancblpmachl ascbiHAa enimiz—ae «2024-2029 Kblngapfa apHaafaH KacaHAbl
NHTENNEKTIHI J4aMbITy» TYXbIPbIMAAMACbIHAA *KacaHAbl MHTENEKTIHI eHri3yaiH, Kasipri kafgambl
MeH OarbITTapbl erken-terkenni cunatransaH »oba bGekitinmek. «AwblK HKA» nopTanbiHaa
apUaNaHFaH FblJIbIM YKaHe Kofapbl BiliM MUHUCTPAIMHIH Aepek—-Tepi 6oMbIHWa enimizgeri 24
YKOFapbl OKY OPHbl MEH Fbl/IbIMM OPTa/IbIK *KacaHabl MHTENNEKT canacbiHaafbl KaHaal aa bip 3epT-
Teyl1epMeH Hemece a3ip/ieMefiepMeH anHa-/blcadbl Aen KocnapiaHyaa. Atan anTKaHaa,
MaLLMHAbIK OKbITY XaHE KacaHAbl MHTENNEKT MaMaHAapPbIHbIH KaybIMAACTbIFbl Kypblaaabl.
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BY/1TThI NNATGOPMAIAPMEH Y/IKEH
NEPEKTEPAI OHAEYAETT YACAHb|
MHTTENEKT

LANMKAPKbI3bl AAMUPA

|.-KaHcyripoB aTbiHAAaFbl HKeTicy YyHMBepCUTETI, AKNapaTTbIK TEXHOIOTUANAP KaHEe
¥acaHAbl MHTENNEKT KadeapacbIHbIH, OKbITYLLbl-ACCUCTEHTI

ABAYAIMEBA PUMA EPTAJTIMEBHA

[."KaHCyripoB aTblHAafbl MKeTicy YyHMuBepCcuTeTi, AKNapaTTblK TEXHONOMMANAP KaHe
*acaHabl MHTENNEKT KadeapacbliHbIH OKbITYLbI-A3pickepi, PhD

OPA3MY¥XAMET oMIP EP/TAHYbI

|.*KaHcyripoB aTbiHAAaFbl HKeTicy YyHMBepCUTETI, AKNapaTTbIK TEXHOIOTUANAP KaHEe
¥KacaHAbl MHTENNEKT KadeapacbliHblH, 3 Kypc binimrepi, AXKK 211 Ton

AHpatna: byn makanaga byntTel TexHonormanap, Big Data »kaHe »acaHabl MHTENNEeKT
KyrenepiHiH, Kasipri umMdpabik opTadarbl MaHbI3bl  KapacTblpbiagbl. 3epTTey OapbiCbiHAA
AepeKkTepai cakTay MeH eHAeYyAiH 3aMaHayu Tacinaepi, aknapatrapabl UHTeANeKTyandpl Tangay
MYMKIHAIKTEpPi *aHe by TexHonormsanapablH, spTyp/i cananapaarbl KOAAaHbly epeKkwenikrepi
cunatranapl. CoHbIMeH Katap binim 6epy, meanumHa, BM3HEC KaHe eHAipic cananapbiHAAFbI
NPaKTUKaNbIK apTbIKLWbIAbIKTapbl TanAaHbin, UMbPAbIK TpaHchopMaLMaFa acepi KepceTinai.

KinTTik cesmep: bBynTTbl TexHonormsnap, VYAKeH [AepeKkTep, KacaHbl WHTE//IeKT,
nepektepai  eHaey, UMOPAbIK  KyMenep, aHaNMTMKa, aBTOMATTaHAbIPY, aKnapaTTblK,
MHOPAKYPbINbIM.

Kasipri TaHAa aknapaTTblK TEXHONOMMANAPAbIH, KAPKbIHAbI aMybl KOFam eMipiHiH 6ap bk,
canacblHa acep etyae. [epeKkTep KeneMiHiH, apTybl aknapaTTapdbl TMIMAI CaKTay MeH Tangay
KasKeTTinirin KywenTTi. OcbifaH 6alnaHbicTbl Big Data, OyATTbl TEXHONOMMANEP MKaHEe KacaHAabl
MHTENNEKT XKyMenepi KeHiHeH KonaaHblna 6actaabl.

BynTTbl TexHonorManap nanganaHylblnapfa cepsepnepai, MafiMeTTep KOpPblH KaHe
bafoapnamanapabl MHTEPHET apKblabl KOAZaHyFa MyMKIHAIK ©Oepeni. MyHaan Kyhenep
aKnapaTTapAbl KalbIKTaH CaKTan, Ke3 KejreH yakbiTTa KospkeTimai eteni. CoHbIMeH KaTtap
yMbIMAapFa WblFbIHAAPAbI a3aMTbIN, MHPPAKYPbIAbIMALI MKeMAI BackapyFa »KaFaal Kacanabl.

Byn TexHosnorMsnap ymbiMaapFa YKeH Kenemaeri aknapaTTtel Tuimai Hackapyra,
Ma/IIMETTEPAi bl/IAaM SHJEYre aHe HaKTbl WeliMm Kabblnaayfa KemekTecedi. 9cipece KapiKbl,
6inim 6epy, MeanuUMHa, eHAIpic *aHe BrsHec cananapbiHAa 0NapAblH KON4aHbIY afackl KeHetoae.
Mblicanbl, ipi KOMNaHMANAP TYTbIHYWbINAPAbIH,  CYPaHbICbIH  aHblKkTay vyuWwiH Big Data
TEXHONOTMANAPbLIH MaiganaHca, acaHAbl WMHTENNEKT COA  aknapaTtrapAbl Tangan, TuimAi
Wwewimaep ycbiHaabl. An ByATTbl ecenTeynep aknapaTTapdbl Kayincis cakTayfa »KoHe WUHTepHeT
apKblabl KOMKETIMAI eTyre MyMKiHA K 6epeai.

Xanblkapanblk, TEXHONOTMANbBIK KOMMAHMANAPAbIH, pPecMn ManimetTepi 6OMbIHLIAG,
acaHabl MUHTENNEKT neH bynTTbl MHOpPaKYPbIIbIM BoNallakTaFbl IKOHOMMKAHbIH, HETi3ri KO3FayLLbl
KyLUTEPiHiH, Bipi 6oabin caHanaabl. COHAbIKTAH aTanfaH TEXHONOTMANAPAbl 3epTTey MeH onapabl
TMiMAi nanaanany Kasipri Kofam yiiH MaHbI3abl MiHAeTTepAiH, 6ipi 60abIn Tabblnaapi.
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BynTTbl ecenteynep — WHTEPHET »enici apKblibl cepsepaepdi, baraapnamanapasbl,
Ma/liMEeTTEP KOPbIH *KaHe BacKa ecenTey pecypcTapbiH KOAAaHYFa MYMKIHAIK 6epeTiH TeXHON0T1S.
OacTypni Kynege nangananylibl 6apablk aknapaTTbl ©3iHiH, KOMMNbOTEPiHAE cakTaca, OyATTbl
TEXHONOTVALA AEePeKTep KallblKTafbl cepBepaepae opHanacagbl. OCbl apKblabl aknapaTTbl Kes
KeNreH KepaeH KaHe Ke3 Ke/ireH Kypblifbl apKblabl KongaHyfa 6onaapl.

Big Data yfbiMbl YAKEH Kenemaeri »XoHe Y3AiKCi3 aHapbln OTblpaTblH aknapaTtTap
MUbIHTbIFbIH Bingipeni. ApHalbl aHaAUTUKaNbIK Naatbopmanap apkblabl MyHAAN MINIMETTEPA
OHAEY KoHEe Tanday »Kysere acblpbliagbl. by TexHonormanap TyTbiHYLWbIIAPAbIH, CYPaHbICbIH
aHblKTayfa, bonalwakTasbl e3repictepai 6oxKayra aHe Tvimai 6ackapy wewimaepiH kabbinaayra
KemeKTecea,.

MacaHabl WMHTENNEeKT AepeKkTepAi Tandan, aZaMHblH, WHTENNEKTya dblK SpeKeTTepiHe
yKcac dyHKUMANapabl opbiHAAM anagbl. Mbicanbl, MalWMHANbIK OKbITY TEXHOMOMMANAPbLI YAKEH
Kenemaeri aknapaTrapAaH 3aHablbIKTapAbl aHbIKTaMn, HaKTbl D0AXKaM »Kacayfa MyMKiHAIK 6epesi.

Kasipri yakblTTa »acaHAbl WMHTENNEKT MeAuuMHada, KapsKbl canacbiHga, 6inim bepy
KYMeciHae »KoaHe eHAipicTe KeHiHeH Konaadblnyaa. byntrel ecenteynep meH Big Data
TEXHONOTMANAPbI KaCaHabl MHTEANEKT sKYNenepiHiH TMiMA| sKYMbIC icTeyiHe Heri3 6onaabl. OUTKeHi
YIIKEH Kenemaeri AepeKTepai cakTay KaHe erey YLWiH KyaTTbl MHQPAKYPbIIbIM KaxeT.

KopbITbIHAbINAM Kene, BynTTbl TexHoNoruanap, Big Data saHe KacaHAbl MHTENNEKT Kasipri
KOFAMHbIH MaHbI3bl UMPPAbIK KypanaapbiHbiH 6ipi 6onbin caHanagsl. OnapabiH, Aamy KapKblHbI
anfafbl yakbITTa OfaH api apTbin, KenTereH cananapia *aHa MYMKIHZIKTepP KanbinTacTblpabl.
Kasipri yakbiTTa anemae KyH CaliblH dN1eyMeTTIK Keninep, MHTepHeT-ayKeHaep, 6aHKTep kaHe
MOBUNbAI KOCbIMLIANAP apKblbl MUAAMAPATaFaH AepeKkTep Kaabintacalbl. byn manimeTtep
TYTbIHYWbINAPAbIH MiHE3-KY/KbIH 3epTTeyre, bonawakTafbl ©3repicTepai 6omKayFa KaHe TMimai
Hbackapy welimaepiH kabblingayra KemekTece,.

KacaHabl WMHTENNEeKT — afaMHbIH MHTeNNEeKTyanablK 9peKeTTepiH OpblHAAM anaTbliH
KOMMbIOTEPAIK TexHonorma. On manimeTTepai Tangan, ynpeHin, 6enrini 6ip wewimaep Kabbinga
anagbl. MacaHObl WHTENNEeKT Kasipri Tan[a KenTereH cafanapa KOALaHblAbIN, eHAipiC neH
KbI3MET KepCeTy XKyhenepiH aBTOMaTTaHAbIpyFa MYMKIHAIK bepyae.

*acaHabl UHTENNEKTTiH, Heri3ri 6afbiTTapbl:

MallMHanbIK oKbITy (Machine Learning);
HENPOHABIK Keninep;

Tabusn TiNAj eHaey;

KOMMbIOTEPIK Kepy;

. pobOTOTEXHMKA.

Machine Learning TeXHONOTMACHI apKbl/bl KYyMe YAKEH Kenemaeri AepekTepdi Tanaan,
3aHAbINbIKTapAbl aHbIKTaMAbl. Mbicanbl, MHTEPHET-AYKeHAEeP TYTbIHYWbINAPAbIH anablHFbl CaTbIN
anynapblHa Kapan XaHa ycbiHbicTap 6epesi. COHbIMEH KaTap *KacaHAbl MHTENNEKT MeaANLMHANbIK,
cypeTTepai Tangan, aypynapabl epte aHblKTayfa KemeKTteceai. rRacaHabl mHTennekT, Big Data
oHe bynTTbl ecenTteynep 6ip-6ipimeH TbiFbl3 6alnaHbICTbl TexHoorMANap 6onbin Tabblnagpl. Big
Data ynKkeH Kenemaeri aknapaTTbl }KMHaMN cakTaca, byaTTbl ecenTeyiep CoN aknapaTTapabl eHaeyre
KarKeTTi MHbpaKypbibIMAbl KamTamacbl3 eTedi. An »acaHAbl MHTENNEKT AepeKkTepdi Tanaan,
TMiMai wewimaep Kabblngaysa MymMKiHAiK 6epegi.

I
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CypeT 1. KacaHapl MHTennekT, Big Data »aHe byATTbl ecenTeynepmiH Tbifbi3 6ainnaHbIChI

KomnaHuAanap KAMEHTTEPAIH KaXKeTTINIKTePiH aHbIKTay YLWIiH *acaHabl MHTeNNeKT neH Big
Data TexHonoOrMAnapbiH NalaanaHagpl. Mbicanbl, MHTEPHET-AYKEHAEP NalAanaHywblnapapbiy,
i34ey TapuxblH Tanaan, onapfa calikec eHimAepai ycblHaAabl. byn KomnaHuanapAblH, TabbiCbiH
apTTblpyfa KemekTeces,.

MeamumHaaa KacaHabl MHTENNEKT HayKacTapAblH, MaNIMETTepiH Tanaan, AMarHo3 Koo
npoueciH KbingamaaTtasabl. COHbIMEH KaTap OyATTbl KyWlenep MeaMuMHanblK aknapaTTapabl
Kayinci3 cakTan, Aspirepnepaid, aknapaTKka Te3 Ko/ XKeTKidyiHe MyMKiHAiK bepea;.

KalbIKTaH OKbITy naatdopmanapbl OKylublnapAapiH 6inim AeHreniH aBTOMaTTbl Typae
Tangan anaabl. *acaHabl MHTENNEKT 9P OKYLLbIHbIH YArepiMmiHe calikec eke oKy bafaapiamachiH
yCbiHazbl. Byn 6inim 6epy canacbiH apTTbipyFa biknan eTeai.

baHKkTepae Big Data TexHoNOrMAchl KAMEHTTEPAIH KapKblNblK apeKeTTepiH HaKkblnayFa
MYMKIHAIK  6epepni. MacaHabl WHTENNEKT KYMaHAI onepaumsnapApl  aHbiKTan, ananakTblK
dpeKeTTepaiH afaplH anaabl.

OHepKacin OopblHAAPbl KacaHAbl MHTEANEKT apKblibl 6HAIPICTIK  KypblAfblaapabliH
KYMbICbIH BaKblnanabl. ApHaMbl XKyMenep TeXHMKaAbIK akaynapabl anablH ana aHbIKTan, eHAipIiCTiH,
TOKTan KanyblH a3anTadbl. byn KacinopblHAAPAbIH TUIMAINITIH apTTbipabl.

Big Data »koHe KacaHAbl WHTEANEKT Kasipri aknapaTTblK KOFaMHbIH  Herisri
TeXHoNOrMANapbiHbiH, 6ipi 60abIN caHanaabl. Onap yAKeH Kefemaeri aknapaTtTbl cakTay, eHaey
OHe Tanday KyMbICTapblH XeHingeteai. byn texHonornanap 6usHec, meguumHa, binim 6epy,
Kapbl *KoHe eHAIpIC cananapbiHblH TUIMAINITTH apTTblpyda MaHbI34bl pes aTKapaabl.

BonawakTa »KacaHAbl WMHTENNEKT neH OyATTbl TeXHONOTMANAPAbIH, AaMybl Kafnfacbim,
ONapAblH KONAAHbINY aAacbl oaaH api keHeneai. COHAbIKTAH aTanfaH TEXHONOTMANAPAbl MEHTEPY,
onapabl Kayincis api TMiMmai nanganaHy Kasipri 3amaH mamaHaapbl yWiH MaHbi34bl TafanTapabiH
Bipi 6onbIN TabblNaabl.
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Abstract. This study examines the macroeconomic factors influencing the U.S. dollar exchange rate
in selected countries. The analysis is based on annual data from 1999 to 2024 and includes
domestic and global macroeconomic indicators. A multiple linear regression model with lagged
variables is used to capture the dynamic nature of exchange rate movements, while feature
selection is performed using a combinatorial approach and multicollinearity diagnostics based on
the Variance Inflation Factor (VIF). The results indicate that the model demonstrates varying
predictive performance across countries, with more accurate results in some economies and less
accurate results in others.

Keywords: exchange rate, U.S. dollar, macroeconomic factors, multiple linear regression, lagged
variables, VIF, forecasting.

1 Introduction

The U.S. dollar exchange rate is one of the key indicators of the global financial system. As the
main reserve currency, the U.S. dollar plays an important role in international trade, capital flows,
foreign reserves, and macroeconomic stability. Therefore, changes in exchange rates can affect
inflation, interest rates, external balances, investment decisions, and economic growth.

In recent decades, the integration of global financial markets has made exchange rate dynamics
more complex. Countries with different economic structures, levels of financial development,
exchange rate regimes, and exposure to external shocks demonstrate different patterns of
exchange rate movement. This makes it important to identify both domestic and global factors
that influence exchange rate changes.

Another important feature of exchange rates is persistence. Current exchange rate values are
often related to previous values because of market inertia, expectations, and gradual adjustment
processes. For this reason, lagged exchange rate variables should be included in empirical models.
The main aim of this study is to analyze the macroeconomic determinants of the U.S. dollar
exchange rate across selected countries using a dynamic regression framework. The study focuses
on annual data from 1999 to 2024 and includes 15 countries with different economic
characteristics.

2 Literature Review

The literature on exchange rate determination can be divided into three main categories: classical
models, macroeconomic factors, and theoretical basis. These categories summarize the key
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findings of previous studies and help identify the research gap of the present paper. In total, 19
relevant and influential articles were reviewed for this study.
Classical Models

Classical models

Source Focus Main Result Limitation
Meese and Rogoff Traditional Classical exchange rate Weak out-of-sample
(1983) exchange rate  models often fail to predictive accuracy.
(meese19837?) forecasting models. outperform the random

walk benchmark.
Ghalayini (2014) Modeling and Exchange rates show Relatively narrow set
(ghalayini2014?) forecasting the short-run fluctuations and of  macroeconomic

Allen et al. (2016)
(allen20167?)

USD/EUR exchange
rate.

Nonlinear time
series and neural-
network exchange
rate models.

long-run relationships
with fundamentals.
Nonlinear models can

better capture complex
exchange rate dynamics.

variables.
Potential overfitting

and limited
interpretability.
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Macroeconomic Factors
Macroeconomic factors

Source Focus Main Result Limitation
Patosa and Cruz (2013) Exchange rate Inflation, interest Limited sample
(patosa20137?) movements in rates, money supply, size and regional
selected Asian and industrial focus.
countries. production affect
exchange rate
movements.
Bouraoui and Determinants of the Trade balance and Single-country

Phisuthtiwatcharavong
(2015) (bouraoui20157?)

THB/USD exchange

rate.

international reserves
significantly affect the
exchange rate.

analysis limits
generalization.

Venkatesan and Macroeconomic Inflation, GDP, Uses a limited set
Ponnamma (2017) factors affecting reserves, and interest of  explanatory
(venkatesan20177?) foreign  exchange rates influence variables.
rates. exchange rate
dynamics.
Theoretical Basis
Theoretical basis
Source Focus Main Result Limitation
Branson (1981) Macroeconomic Exchange rates are linked Mainly
(branson19817?) determinants of real to fundamentals such as theoretical, with
exchange rates. prices, money supply, and limited empirical
external balance. testing.
De Jong (1997) Role of Macroeconomic Weak short-run
(dejong19977?) macroeconomic fundamentals explain explanatory
fundamentals in long-run exchange rate performance.
exchange rate relationships.
determination.
Bertaut, Von International role of The U.S. dollar remains Primarily
Beschwitz and the U.S. dollar. dominant in global trade, descriptive rather
Curcuru (2021) finance, and reserves. than predictive.
(bertaut2021?)

Research Gap

Previous studies show that macroeconomic factors matter, but many of them focus on a single
country, use a limited set of variables, or do not include lagged exchange rate effects. This study
addresses these gaps by applying a cross-country dynamic regression model with domestic, global,
and lagged macroeconomic variables.
3 Data and Methodology

3.1

Data Description

The study uses annual macroeconomic data for the period 1999-2024. The data were primarily
collected from the World Bank database, which provides standardized and internationally
comparable economic indicators. The dataset includes 15 countries: Australia, Canada, Denmark,
Egypt, Germany, India, Indonesia, Japan, Kazakhstan, Kyrgyz Republic, Mexico, Russian Federation,
Thailand, Turkiye, and Vietnam.
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The dependent variable is the exchange rate, defined as the value of the U.S. dollar expressed in
national currency. The explanatory variables include domestic macroeconomic indicators, external
balance indicators, global commodity prices, and U.S. monetary policy variables. The main
variables are summarized in Table 4.

Description of variables

Variable Description

Exchange rate (ER) Price of the U.S. dollar expressed in domestic currency.

Consumer Price Index Annual percentage change in the general price level of goods and

(CPI) services.

Unemployment rate Percentage of the labor force that is unemployed and actively
seeking work.

GDP growth Annual percentage growth rate of gross domestic product at
constant prices.

Control of corruption Indicator measuring the extent to which public power is exercised for
private gain.

Foreign reserves External assets held by the central bank, including foreign currencies
and securities.

Trade balance Difference between exports and imports of goods and services.

Current account balance Net flow of goods, services, income, and transfers between
countries.

Industrial production Measure of output in industrial sectors such as manufacturing,
mining, and utilities.

QOil price per barrel Global market price of crude oil.

Federal Funds Rate Interest rate at which U.S. banks lend reserves to each other
overnight.

Gold price International market price of gold.

3.2 Data Preprocessing and Feature Selection
Before estimating the econometric model, the dataset was preprocessed to ensure consistency
and suitability for time series analysis. Lagged variables were created for selected indicators to
capture temporal dependencies and delayed macroeconomic effects. In particular, the lagged
exchange rate ER;_; was included to account for persistence and inertia in exchange rate
dynamics.
For each candidate combination, the Variance Inflation Factor (VIF) was calculated to assess
multicollinearity among the selected predictors. The VIF is defined as:
1
VIF; = 1—R?
where Rl-2 is obtained by regressing the i-th variable on all other predictors.
Combinations containing variables with high multicollinearity, defined as VIF; > 10, were
excluded from further analysis. The lagged exchange rate ER;_; was retained in all model
specifications as a fixed variable due to its theoretical importance and was not included in the VIF-
based selection procedure.
After feature selection, the remaining variables were standardized using z-score normalization:
X—u
Xsta = p—
where X denotes the original variable, u is the mean, and o is the standard deviation.
Standardization was applied after feature selection to improve numerical stability and
comparability among predictors.
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3.3 Model Specification
To analyze the relationship between macroeconomic variables and the exchange rate, a multiple
linear regression model with a dynamic component was employed. The model is specified as
follows:

ERy = Bo + B1X1t + BoXoe + - + BiXpt + Br+1ERe-1 + &,
where ER; is the exchange rate at time t, X;; are explanatory variables, 5; are model coefficients,
and & is the error term.
The inclusion of the lagged exchange rate ER;_4 transforms the model into a dynamic regression
framework, allowing it to capture persistence and inertia in exchange rate movements. Exchange
rates are known to exhibit strong temporal dependence, meaning that past values significantly
influence current levels.
The remaining explanatory variables were selected based on the combinatorial feature selection
procedure combined with VIF-based filtering, ensuring stability and interpretability of the
regression coefficients.
For each country, multiple candidate models were estimated based on different combinations of
explanatory variables. The final model specification was selected based on its performance on
both training and testing datasets. This approach ensures that the chosen model not only fits the
in-sample data well but also generalizes to unseen observations.
3.4 Evaluation Metrics
To evaluate the performance of the model, three metrics were used: RMSE, MAE, and R?. These
metrics provide a comprehensive assessment of both predictive accuracy and explanatory power.
The Root Mean Squared Error (RMSE) is defined as:

N
1
RMSE = |2 (yi = 9%,
i=1
The Mean Absolute Error (MAE) is given by:

N
1
MAE =NZ|yi—yi|.
i=

The coefficient of determination is defined as:
_ 20— 90"

Yi—?*
Lower RMSE and MAE values indicate higher predictive accuracy, while higher R? values indicate
better model fit. RMSE is more sensitive to large errors, whereas MAE measures the average
absolute prediction error. These metrics were calculated for both training and testing datasets to
assess model accuracy and generalization.
4 Results and Discussion
4.1 Model Performance
The empirical results show that the proposed dynamic regression model provides relatively strong
predictive performance for most selected countries. Model performance was evaluated using R?,
RMSE, MAE, and maximum VIF values. The highest test R? values were obtained for Japan and
Egypt, followed by Vietnam, Turkiye, and Australia.

R*=1
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Model performance across countries

Country Test R? RMSE MAE Max VIF
Japan 0.986 2.037 1.671 6.19
Egypt 0.986 1.371 1.131 7.07
Viethnam 0.971 67.149 47.527 451
Turkiye 0.970 1.654 0.949 7.91
Australia 0.968 0.012 0.008 3.38
India 0.937 1.025 0.928 4.31
Denmark 0.935 0.073 0.067 7.21
Canada 0.930 0.011 0.008 5.31
Indonesia 0.927 145.643 108.401 7.28
Thailand 0.884 0.578 0.501 3.69
Germany 0.879 0.013 0.011 5.45
Mexico 0.829 0.566 0.465 3.79
Russian Federation 0.797 4.062 3.076 7.15
Kazakhstan 0.792 9.820 9.204 8.11

Kyrgyz Republic 0.788 1.715 1.323 9.70
The results indicate that the model explains a substantial part of exchange rate variation in many
countries. For Japan, Egypt, Vietnam, Turkiye, and Australia, the model demonstrates strong
explanatory power. In contrast, lower R? values for Kazakhstan, Kyrgyz Republic, and Russian
Federation suggest that exchange rate dynamics in these countries may be affected by additional
country-specific factors, such as structural changes, policy interventions, geopolitical risks, or
external shocks.
RMSE values are not directly comparable across countries because exchange rates are measured
on different scales. Therefore, R? provides a more reliable basis for cross-country comparison.
The VIF results show that multicollinearity remains within acceptable limits, since the maximum
VIF values are below the threshold of 10 for all countries.
4.2 Important Macroeconomic Factors
In addition to evaluating model performance, an analysis of the selected explanatory variables was
conducted to identify common patterns across countries. The frequency of selected explanatory
variables is presented in Figure 1.
Top 10 most frequently selected macroeconomic factors across country-specific models
To facilitate interpretation, the explanatory variables were grouped into global, domestic, and
financial or institutional factors. Global factors include oil prices, gold prices, and the Federal Funds
Rate, while domestic factors include inflation, GDP growth, trade balance, current account
balance, industrial production, and unemployment. Financial and institutional factors include
foreign reserves and control of corruption.
The lagged exchange rate ER;_; was included in all models as a fixed variable and was not subject
to feature selection.
CPl was the most frequently selected factor, appearing in 9 out of 15 country-specific models.
Lagged GDP growth was selected in 7 models, the Federal Funds Rate in 6 models, and trade
balance, lagged Federal Funds Rate, and lagged unemployment in 5 models each. Lagged current
account balance, lagged gold price, oil price, and lagged CPl appeared in 4 models.
These results show that exchange rate dynamics are influenced by both current and lagged
macroeconomic variables. Inflation appears particularly important, while lagged GDP growth and
unemployment suggest delayed macroeconomic effects. The Federal Funds Rate confirms the role
of U.S. monetary policy and global financial conditions.
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4.3 Actual and Predicted Exchange Rates

To evaluate the predictive ability of the model visually, actual and predicted exchange rates were
compared for all countries.

The graphical comparison shows that the model captures the general direction of exchange rate
movements in most countries. The predicted values closely follow the actual values for Australia,
Canada, Indonesia, and Japan. However, larger deviations are observed for Kazakhstan, Russian
Federation, and Kyrgyz Republic. This suggests that exchange rate behavior in these economies
may be influenced by additional factors that are not fully captured by the model. 2
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4.4 Practical Implementation

In addition to the econometric analysis, a web-based application was developed as part of this
research. The purpose of the application is to provide a preliminary prediction of the U.S. dollar
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exchange rate for a selected country based on the input values of key macroeconomic indicators
used in the model.

The application allows users to select a country, enter relevant economic variables, and obtain a
predicted exchange rate generated by the trained model. This demonstrates the practical
applicability of the proposed framework and shows how the research results can be implemented

in a user-friendly digital environment.
E ) E

[=]r,

QR code of the developed web application
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EPOYH/BIK KO3FA/IbIC ¥OHE
TEMMEPATYPA APACBIHAAFbI BAMIAHBIC

Tacbepik Alikepim EpnaHKpi3bl

6B05302-®Pn3mka bbb-HbIH, 2 KypC CTyAeHTI

Tanunosa AnaaHa CamaTtKbi3bl
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Tinnabal CarbliHbll HypmaxaHHEeTKpI3bI
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KeTtekwici:

HbicaH .M.

nefarormKanblK FbINbIMAAP MArncTpi, aFa OKbITYLWbI

Kasak yATTbIK Kbl34ap NegarormkanelK YHUBepCcUTeTi, AimaTbl K., Ka3akcTaH

AHHOTaumA. byn makanaga OpoyHAbIK KO3FasbiC MeH TemnepaTypa apacbiHAafbl ©3apa
HannaHbIC MOMEKYNANbIK-KMHETUKAbIK TEOPMA HEri3iHae TanaaHabl. 3aT benleKkTepiHiH y3inicci3
KbINYNbIK  KO3Fa/blCbl »K3HE OHbIH TemnepaTypafa NPOMNOPUMOHANABIFbI FbIAbIMKW  TYpFblaa
KapacTblpbinabl. Koca anfaHaa monekynanbik GU3nMKaHbiH AaMy TapUXbIH KXaHE OHbIH TaXxipnbenik
nanengepi ycoiHbinAbl. COHbIMEH KaTap, TemnepaTypa WKananapbl MeH onapapiH GU3MKanbIK,
MafblHackl bepingi. Makanaga 6poyHabIK KO3FasbiC *KaHe TemnepaTypa apacbiHaasbl 6atnaHbICTb
KapacTbipa OTbIpbIM, TEMNepaTypa HeFyp/biM »Kofapbl 60aCa, MoeKynanap COFYPAbIM XKblagam
KO3fasbln, OpoyHabIK BenleKkTepai KaTTbipaK api Kebipek COKTbIFbICYFa aibin KeneTiHi bepinai.

TyniH ce3gep: 6poyHAbIK KO3Fanbic, TemnepaTypa, Lenbcnin, KenbBmH, Monekyna.

AHHOTaUMA. B pgaHHOM CTaTbe paccMaTpMBaeTCA B3aMMOCBA3b MeXay OpPOYyHOBCKUM
[BUKEHMEM U TemnepaTypol Ha OCHOBE MOJEKYIAPHO-KMHETUYECKON Teopuu. HenpepbiBHOE
Tena0BoOe ABMMKEHME YacTUL, BELLECTBA M ero NPonopLMOHaIbHOCTL TEMMepaType PacCMOTPEHbI C
HayYHOW TOYKM 3peHMda. TaKke npeacTaBaeH 0030p PasBUTMA MONEKYNAPHOM OU3MKM U eé
9KCMepUMEHTasbHble MOATBEPXKAEHMA. Kpome Toro, mpuBeaeHbl TemnepaTypHble WKaabl U UX
dUsmMYeckMit cmbicn. B cTaTbe, paccmaTpuMBas B3aMMOCBS3b OPOYHOBCKOrO ABUMMEHUA U
TemnepaTypbl, MOKa3aHo, YTO NPU NOBbLILIEHUN TeMnepaTypPbl MONEKY/Ibl ABUKYTCA BbICTpee, YTo
NPUBOAUT K DO/Iee YacTbiM M MHTEHCUBHbBIM CTO/IKHOBEHMAM C HPOYHOBCKMMM YaCTULLAMM.

KntoueBble c/ioBa: 6poyHOBCKOE ABUMKEHME, TemnepaTypa, Llenbcnii, KenbBuH, monekyna.

MoneKkynanblk ®U3MKaHbIH, KanbiNnTacybl aTOMAbIK TeOpUAHbIH KeHe [peumanaH bHacrtay
anaapl. 3aTTapAplH eTe ycaKk OenlexktepaeH — aToMAapZaH TypaTblHbl Typanbl anfall rpek
dunnocodTapbl [eMOKPUT NeH INUKYP 63 Ke3KapacTapbiH bingipreH. KeliHipek 6yn TeopuaHbl
Nykpeumn Kap agambitTel.  XVII-XVIII faceipnapga  [MM.facceHan, PIyk xoHe [.BepHynnu
MOIEKYNANapablH,  Y3AiKCi3  KO3fanbiCbl MeH ra3fapAblH  KMHETMKa/bIK TeopuAcbl Typaibl
TYCIHIKTEpPAI KalTa XaHFbIPTbIN, FblbIMHbIH, AaMyblHa VKEH yaec KocTbl. XIX Facbipaa P.Knay3nyc,
[xx.MakcBenn xaHe J1.bonbUmaH MoONEKYNaNbIK-KMHETUKA/bIK TEOPUAHbIH, HEri3r KafnaanapbiH
AAMbITbIM, ra3 MOIEKY1ANAPbIHbIH, KO3FabICblH CTAaTUCTMKAAbIK SA4iCTEP apKblabl TyCiHAipAi. An XX
facbipablH, 6acbiHAa BPOYHABIK KO3FanbICTbl 3epTTey HITUXKeNepi MosekynanapapiH HakTel 6ap
eKeHiH Taxipnbe xy3iHae aanenaeyre MymkiHaik 6epai [1].

BpoyHAbIK KO3Fa/biC MOAEKYNANbIK — KWNHETUKA/bIK TEOPUAAA MaHbI3Abl PO aTkapaabl. byn
KO3fanblCTbl 1827 »bi/bl afblllbiH 60TaHUri PobepT bpoyH awkaH. PobepT BpoyH cyibiK iwiHae
Ka/IKbIM *KypreH ycak benwexkTepaiH benbepeKkeT KaHe peTci3 Ko3fasbicTa 60naTbiHbIH Taxipnbe
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Xy3iHaoe nanenaereH. CyMblKTafbl MoneKkynanap 6poyHAablK Genwektepre apTypai bafbiTTa
COKTbIFbicaabl. OCbl COKTbIFbICYNApAbIH, TeH, BOAMaybl HRTUMKECIHAE DenlekTep PeTci3 KOo3fasbiC
acanapl. Erep 6benwekTiH enwemi yakeH 6oaca, monekynanapabliH COKKblAapbl LLaMaMeH TeHeCIN,
OHbIH KO3fanbicbl 9Aci3 6alkanaabl. An ycak OenleKkTepae COKTbIFbiCynap CaHbl asday
bonraHAbIKTaH, onapapblH, KO3FanbiCbl alMKblHbIpaK KepiHeai. TemnepaTypa »KofapblaafaH cabiH
MOJIEKYTAaNAPAbIH, KO3FasbiC Xbl1Aamablebl apTadbl. COHbIH, acepiHeH BPOYHAbIK OeneKkTepai,
KO3fa/bICbl A3 KapKblHAbI 6ona Tyceai. [lemek, 6poyHAbIK KO3FanbiC MOAEKyNanapablH, Y34iKci3
MbINYNbIK KO3FabICbIHbIH, alKblH Aaneni 6onbin Tabblnaabl. bpoyHAbIK Oenllekke acep eTeTiH
ynkenic Kywi CTtokc dopmynacbiMeH aHbiKTanagpl. Toxkipnbe HaTuxkeciHae 6yn KO3fanbICTbIH,
narnaa 6ony cebebi ras aHe Cynblk MOJIEKYNANAPbIHbIH, *bIAY/bIK KO3Fa blCbl €KEHi aHbIKTaAAbl.

F=6nmru (1)

MYH/afbl,

N — OPTaHbIH, TYTKbIP/bIK KOIPDULIMEHTI,

r — 6enLeKTiH paanycsl,

U — OHbIH, blagamablfbl [2].

TemnepaTypa — QU3MKadarbl Herisri yrbimaapabiH, 6ipi 6onbin Tabblnagsl. On AeHEHiH,
KbINYAbIK KYWiH CMNATTAMTbIH KIHE Kby anmacy 6afbiTbiH aHbIKTAUTbIH GM3MKabIK LWamMa.
TemnepaTypa MoONeKynanapAblH, KO3fanbiC  KAPKbIHAbIAbIFBIMEH — Tikenen  6GalnaHbICTbI.
TemnepaTypa *KofapblaafaH CalblH MOJIEKYNANAPAbIH, KO3FabIC KblAAaMAbIFbl apTbiM, 0NapAbIH,
KMHETMKaNbIK aHepruackl kebeneai. Kasipri kesae TemnepaTtypaHbl euleyae HerisiHeH KenbsuH
XoHe Lenbcnin wKananapbl KoAdaHbinadbl. Llenbcmin wKanacbkl CyablH KaTy KaHe KanHay
HYKTenepiHe HerizaenreH. byn wkana 6oMbiHWA CyaAblH, KaTy Temnepatypacbl 0°C, an KanHay
Temnepatypacbl 100°C aen KabbinaaHfFaH. TepMoAMHAMMKANbIK TEMNepaTypa WKaNaCblHbIH HEri3ri
Gipniri — KenbBuH. AbBcontoTTik Hen Temnepatypackl O K 6onbin ecentenegi. KenbBUH KaHe
Llenbcuit WKananapblHbIH apacbiHAafbl 6ainaHbIC MbiHa OPHEK apKbl/ibl aHbIKTaNaAb!:

T=t+273,15 (2)

t="T-273,15 (3)

MyHAaafbl,

T —abcontoT Temnepatypa,

t — Uenbcuin WKkanackl 6oMbIHLLG anblHFAH TEMNepaTypa.

TemnepaTypaHblH, 63repyi 3aT MOMEKyNaNapblHbIH KO3fanbicbiHa acep etedi. CoHAbIKTaH
TEMNepaTypa MOAEKYNANbIK-KUMHETUKANbIK TEOPUAHbIH, MaHbI3abl napameTpaepiHid, 6ipi 6onbin
caHanagpl [3].

1-kecme. Temnepamypa WKANACLIHOAGFLI Hezi3ei MaHOep

Temnepatypa CunaTTamacsl

309-310K (36—37°C) AJam AeHeCiHIH KanbINTbl TEMNepaTypachl

312-314 K (39-41°C) AdaMm VUIiH KayinTi }ofapbl AeHe TemnepaTypacshl
323-333 K (50-60°C) AJam emipiHe eTe KayinTi CbIpTKbl OpTa TemnepaTypacsol
373.15 K (100°C) CyablH KalHay TemnepaTypachl

233 K (-40°C) CyablH KaTy TemnepaTtypachl

100°C-TaH »ofapbl CynbiH byFfa aiHany Temnepartypachl

OK AbBcontoT Hen TemnepaTypachl

293 K (20°C) Benme Temnepatypacsl

5800 K KyH 6eTiHiH, TemnepaTypachl
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BpoyHAbIK KO3fanbic NeH TemnepaTypa Oip-6ipimeH, cofaH CaMKec, MoNeKynanapibiH,
MbINYNbIK KO3Fa/bICbIMEH HaKTbl TyCiHAipineai. ColpTKbl OpTa TeMnepaTypachl ©3repreH cambiH,
OHAAfbl MOMEKyNanapAblH, KMHETUKA/bIK 3JHEpPrusacbl Ja CcofaH OalfiaHbICTbl  e3repes;.
TemnepaTypa apTKaH Ke3ge MOoNeKynanapablH, Ko3fanblC WHTEHCMBTIAIM apTbin, OAapAblH,
H6poyHAabIK OeslleKkKke COKTbIFbICY KWiMiri meH acep eTy JeHreni xofapblnanabl. Ocol
COKTbIFbICYN1IAPAbIH Tene-TeHAIKTIH 0y3blybl HITUMKeCIHAE BeNLleKTiH KO3FabICbl YAEM TYCiM, OHbIH,
PETCi3 aybITKybl HaKTblpak OaiKkanadbl. An TemnepaTypa KemireH »Kafaanaa moneKkynanapibiH,
9HEPrUAChI KEMIN, COKTbIFbICY BaceHAeni; cofaH, Cakec BPOYHAbIK KO3FablCTblH MUHTEHCUBTIANITI
ne bOoaceHpengi. BpoyHAbIK KO3FanbICTblH KAPKbIHAbIALIFLI Typa nponopumoHan 60bim,
MOJIEKYNaNAPAbIH, *bl/Y/bIK KO3Fa/1biCbl aHbIK KEPIHICI peTiHae cmnaTTanadbl. BpoyHAbIK KO3FasblC
}annbl GM3MKa canacbiHA@ FaHa emec, XMMKUS, BUONOMNA KaHe MeanLIMHA cananapbiHaa KeHiHeH
TapanfaH. KyHaenikTi emipae e3imi3 GanKkan »KypreH npouecke ToKTasamlbik. Mbicasbl, bICTbIK,
Waifa KaHT canfaHda OHbiH, Te3 epyi MOJEeKynanblK Ko3fasbicKa Tikenen Tayengi. Cy
MOJIEKY/lTaNapbl TemnepaTypa apTKaH CalblH KO3fa/lbiC KAPKbIHbl Kyllenendi »KaHe KaHT
TYMipWikTepiHiH, beTimeH apeKeTTecin, OHbl ycak OenweKktepre auccounaumananasl. Ocbl
benweKkTep cyablH, iWiHOe belbepekeT Ko3fanbin, Kenem bonbimeH Oipkenki Tapanagbl. bis
binetiHaen TemnepaTtypara OaMNaHbICTbl bICTbIK LWAKAA KAHT Te3 epuai, an Cyblk wakaa byn
MPOLECTIH, XXYPY KapKblHbl ToMeHAenai. KopbITbiHAbINAN Kene, TemnepaTypa MeH MOAEKYAaNbIK,
KO3fa/biC ©3apa Tbifbl3 GaMNAHbICTbI KaHe 3aTTapAblH, ANdPdYy3uackl, dasanblK aybiCy CUAKTHI
npouecTepai aHbIKTanabl.

MaliaanaHbinFaH agebuetrep Tisimi

1. Opanbaes A.B., AbekoBa M.A. MoneKkynanbik ¢GpuU3MKagaH NeKkumanap
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bICTbIK KIMMATTbIK *AFOAMAPIA
CYbIH BYNIAHYbIH ASANTY/IbIH
OUINKANBIK SAICTEPI

PUBNYECKME METOAbl YMEHBWEHWA WCNAPEHWA BOAbl B MAPKUX KJIMMATUYECKUX
YCNOBUAX

EpmekkbI3bl Kanamkac

6B05302-Pn3mka bbb-HbIH, 2 KypC CTyAeHTI

JoynetxaHoBa ApyKaH

6B05302-®Pn3mka bbb-HbIH, 2 KypC CTyAeHTI

EpkebaeBa Yngai

6B05302-®Pn3mka bbb-HbIH, 2 KypC CTyAeHTI

KeTeKuwici:

HobicaH .M.

neaarormkanblK FbIIbIMAAP MarncTpi, afa OKbITYLWbI, Ka3aK yATTbIK Kbl34ap
neaarormkanblk YHMBepcuTeTi, AAMaThl K., Ka3zaKcTaH

AHHOTaUMA: Byn makanaza bICTbIK KAMMATTbIK KaFaainapaa cyabiH 6ynaHybiH a3aiTyabiH,
dU3MKanbIK aicTepi Typanbl KepceTinreH. bi3 eH anabiMeH bICTbIK KAMMATTbIK KafdannapasiH,
epeKLIenikTepiH KapacTblpaplK KoHe KasakcTaHAafbl bICTbIK aiMakTap Typasbl aknapaTTapMeH
CanbICTbIPAbIK. BynaHy npoueciHiH, GU3MKaNbIK MaFblHaCblHA TOKTa/bIM, OHbIH MOJEKynanap
KO3Fa/IblCbiHA KaHe TemnepaTypara KaHLWaAbIKTbl Toyeni ekeHiH cunattaapik. CoOHbIMEH KaTap,
cyablH BGynaHyblH asalTyfa apHanfaH OU3KMKanblK aaicTepre TOKTaNAplK, aTan anTKaHAaa,
KanKbIManbl V34iKCi3 KabblHAAp, NAACTUKabIK Wapaap aHe MOAyAbAiK  KalKbiMasbl
KOHAbIPFbINAP a4icTepi TafAaHAab!.

TyliH ce3mep: bICTbIK KAWMAT, CyAblH, OynaHybl, GW3MKanbiK a4icTep, KaiKbiMasbl
*abblHAap, NAACTUKaNbIK Wapaap.

AHHOTaLMA: B 3TOM cTaTbe NoKasaHbl pU3MYeckme MeToabl YMEHbLIEHWA UCMAapeHUA BOAbI
B KAPKMX KAMMATUYECKMX YCI0BUAX. B nepByto oyepenb Mbl PAaCCMOTPENN OCOBEHHOCTM KapKMX
KNMMaTUYECKMX YCNIOBUM WM CPABHUAM WX C MHOOPMALMEN O KApKMX pervoHax KasaxcTaHa.
OCTaHOBMBLINCb Ha GU3MYECKOM CMbICIE MPOLLecca MCMapeHusa, Mbl OMMCANM, HACKObKO OH
3aBUCUT OT [ABMXKEHMSA MOJEKYN M TemnepaTtypbl. Kpome TOro, mbl COCpPeAOTOYMANCH Ha
dU3NYECKMX METOAAX YMEHbLIEHMA MCMAPEHUA BOAbI, B YAaCTHOCTM, OblM NMPOaAHANN3NPOBaHDI
MEeTO/bl MAaBalOWMX CMOLWHbIX MOKPbITUI, MAACTMKOBBLIX LWAPOB M MOAY/AbHbIX MAaBYYMX
YCTaHOBOK.

KntoueBble CNOBa: KapKMIM KAMMAT, UCMapeHne BoAbl, GU3NYECKMe MeToAbl, NaaBatoume
MOKPbITUA, MNAACTUKOBbIE LLAPbI.

blCTbIK KNMMaT - TemnepaTypa Kofapbl Hemece eTe »ofapbl (+27°C-geH bactan) 60naTbIH
ariMmakTapZa TapanatblH KaumaTt. On biAFanabiibiK NeH TemnepaTtypa 6olbiHWaE KAMMATTapabiH,
epeklue KnaccmduKaumAcbiHa Kipeai »KaHe TemnepaTypasblk Knacc 6OMbIHWA EH, }KOFAPFbl WEKTIK
MaHre me. OfaH Kapama-KapCbl VFbIM - CYbIK KaHe aA3/4bl KAMMAT, an Xblibl KAMMAT - 0ONapabliH,
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opTalla MaHi bonbin Tabbinaapl. blCTbIK KAMMaTTa TemnepaTypa KOfapbl, an bIAFANAbINbIK -
benrici3 (anKkbiHaanMmaraH) 6onaapl [1].

blcTbik, KaMmaT - Mep LWapblHbiH 3KBATOP/bIK, CYDOIKBATOP/bIK IHE TPOMMUKTIK
benneynepiHae (agetre +30°C, CONTYCTIK aHe OHTYCTIK eHAIKTep apacbiHAa) KanbiNTacKaH, bl
HolblHa *KOfapbl TeMNepaTypameH cMnaTTanaTbiH aya-pambi.

Byn KNMMaATTbIK epeKLlenik Ccy WapyallbliblFbiHa, aCipece Cybl allblK KaHaagap apKblbl
TacbiManday KyMeciHe anTap/blKTal Kepi acepiH Turizedi. PUanKanblK TYPFblAaH ancak, allblk,
KaHan - byn OynaHydblH, eH YAKeH anaHbl. KyH cayneci TiK TyCeTiH anTan bICTbIKKa KydereH
WaKbIpbIMFa CO3blIAFaH MarnMcTapanbAblK KaHangap anbin  «bynaHy OeTiHe» ailHanagpl.
HaTuxeciHae, ericTikke »keTkeHLle, oHblH 30—40%-bl »Kal faHa ayara ywbinketeqi. Ocbl 30—40%-
OblH WblfblH Ka3aKCTaHHHbLIH, OHTYCTIK ©HipnepiHae, acipece TypkictaH meH Kpisbliopaa
0ONbICTapblHAA alKbIH ce3ineai. byn alimakTapblH, Cy apHanapbiHbIH, (MblCa/ibl,MarncTpanbapiK,
KaHan4apAbiH) bacbim 6eniri ani KyHre AeriH allblk Kyiae Kanbin oTbip. bya xepae macene ek
CYAblH Me/illepiHae eMec, OHbIH canasblK e3repyiHae. KasakCTaHHHbIH, WeAAi aiMaKTapbiHAa
bynaHy npoueci cydblH MUHepangdaHyblH (Ty3gaHyblH) Te3geTedi. MaceneH, OHTYCTIK
Ka3aKCTaHHbIH, Tay bl OHipiHEH Tbic BeniriHae a3 TbIM bICTbIK api y3ak. Kelbip »blagapsbl aya
TemnepaTypacbl 45-47°C-ka TonbipakTbiH, 6eTKi Kabatbl 70°C-Ka »aHe o4aH [a *KOfapbl Kbi3ybl
MYMKiH. KasaKkcTaHaa »KbinyaplH OynaHyfa »KyMcanaTblH KbIAAbIK —WbIFbIHbIHBIH - MeLwepi
CONTYCTIKTEH OHTYCTIKKe Kapah 630-aaH 420 M/ m?-re kemua,.

MKasfbl WypaTTbIK KyOblAbIC, AFHM OynaHy ecebiHeH KyHAi3ri aya TemnepaTypacbiHbIH Kana
TeHiperiHe KapafaHOa TemeHipek 6onybl ANMaTbiAa KaKcbl 6alKanaabl. Paamauma MeH XKblay
HanaHCbIHbIH, ©3repici aya TemnepaTypacbiH e3repTei. Ka3aKCTaHHbIH, €H *Kblibl albl - Winage.
WingeHiH opTawa TemnepaTycbl pecnybaukanbiH, contycTiringe (MeTtponasn) +18,8°C.
OHTycTiringe (Japbasza) +28,8°C. Ha3aa *KblayAblH TapaayblHa KYH CaYAECiHIH Tycy Bypblllbl MeH
ep 6eTiH KbI3ablpy KapKblHbl acepiH Turizeai. COHAbIKTaH OHTYCTIKTe HapfaH calbiH bICTbIK apTa
Tyceai. EH »Kofapbl TemnepaTypa conTycTikte +41°C, an oHTYCTiKTe +47°C-TaH acnaiapbl. buik Taynbl
aMMaKTap/a *Kofapbl KOTEPINTEH CalblH WiNAEeHIH OpTalla TeMnepaTypackl TeMeHaenai. Mbicanbl,
Anmatbiga +22,3°C, Meaeyae +18,5°C, KyireHcanaa +14,5°C, YakeH AnmaTbl Keni aydaHblHAA
+11,4°C 6onagpl. Kelbip Kesgepi KopluafaH OPTaHbIH, *blibl H6ONATbIHAbIFbIHA KapamacTaH,
Taynapaa opTalla annbik TemnepaTypa 0°C-TaH TeMeHAen, CanKkblH TYCin, YCiK XKypeTiH KyHaep ae
6onaabl. MblAOblK oOpTalla TemnepaTypaHblH, aybiTKybl (amnautyaa)  pecnybanmKaHbiH,
contyctirinae 38-40°C  6onca, oHTycTikte on  30-35°C.  KasaKkCTaHHbIH,  COATYCTiriHAe
TemnepaTypaHblH TOY/IKTIK aybITKybl eaayip. KaHTap albiHbIH, OpTalla TayAiKTiK aybiTKybl -9°C, an
»as3na on +13°C-ka aeniH ketepineni. OHTYCTIriHAE opTalla TAYAIKTIK aybITKybl KaHTap alblHAA -
9°C, winge arbiHaa +19°C. a3aarbl eH YAKeH TaYAIKTIK aybITKy Wenaepae 6ankanaabl (30°C-Ka
newnid) [2].

bynaHy. (CyleikmapdeiH byFa aliHanyel)

BeTi alWblK blAbICTafbl CYMbIK 3aT MOJIeKyAanapbl BipTiHAEN YibIN KeTei, AFHM ra3 Topi3i
Kyire alHanagpl. byfa alHany Kybbinbicbl TemnepaTypa Tanfamangpl. bipak TemnepaTtypa
YKOFapblaafaH calblH CYMbIKTbIH Byfa aiHany XblAaamablebl 4a apTadbl. byfa altHany KyObliabichbl,
CYMbIKTAPAblH MOMEKyNanapAblH, 3HErAchkl, ra3garbl CUAKTLI, ap TypAi BONaTbIHAbIFbIHAH, AFHU
MaHI T TemnepaTypaMeH aHblKTaslaTblH OpTalla 3HepruAacbigaH apTblK 43, Kem Je
bonatblHAbIFbIHAH ©onaabl. CoHAablkTaH opbip T TemnepaTtypada CyMblKTa ©Te Kbladam
KO3fanaTblH MoJsiekynanap 6o0naabl, 0nap CyMbIKTbiH 6eTiHe yubin wWbifadbl. CyMbIKTbIH
TemnepaTypacbl HeFyp/biM KOfapbl 60/Ca, KblAAam KO3fanaTblH MOAEKyNANapAblH CaHbl
COFYpAbIM Ken bonazbl, ona 6onca cymblK COFYP/IbIM Kblaaamblpak byra aiHanaapl. byra aliHany
KesiHAe CyMbIKTaH HEFYP/IbIM Xbl/lJaM KO3FanaTblH MOAEKY1aNap YLIbIN WbiFabl, COHbIMEH KaTap
OoNlap ©34epiH CYMbIKTbIH, ilWiHAe yCTan TypaTbiH MOJIEKYAANbIK TapTbIAbIC KYLUITEPiIHE icTeneTiH
KYMbICK@ ©3 3HepruacbiHbiH  OipasbiH  Xymcanabl. OcblagaH  6apbin  cyMblKTa  KanfaH
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MOJIEKYNaNapAblH, OpTaLla SHEPrMACbl KeMUAI, AFHW CYMbIK CankbiHAAMAbl. byfa arHany KesiHae
CYMbIKTbIH, TemnepaTypacbl BipKaabinTbl HONYbI YWiH OFaH CbIPTTaH Xblay 6epy KepeK. byn *Kbiay
byfa anHany Kblaybl Aen atanaabl. CyMbikka bepinreH 6yn Kblay OHbIH TemnepaTypacbiH
ofapblnaTnanapl, o byra alHany KesiHae icTeneTiH KyMbICKa Xymcanaabl. T TemnepaTtypasarbl
CYMbIKTbIK Oipnik maccacblH con Temnepatypada 6yrfa alHanablpy YWiH 6epineTiH KblayabiH,
Me/LLEePiH yaecTi BynaHy Xblybl Aen aTaldbl *aHe OHbIH, GOpMyNachl:

Q=r-m (1)

MyHAaafbl:

Q - KyTbINaTbiH (Hemece HeniHeTiH) XKblay menwepi, enwem bipairi Ixcoyne (Ax);

r - MEeHWIKTi BynaHy *biaybl, enwem bipniri xuc/ke;

M - CYMbIKTbIKTbIH, Maccachl, esem bipairi Ke.

BynaHy »Kblaybl CYMbIKTbI TEMMNepaTypacbiHa 6annaHbICTbl 60Aabl. TemnepaTypa KPU3NCTIK
TemnepaTypafa KaKblHAaraHAa OynaHy KblayblHA HOTE »KaKblHAaWAbl. Erep GynaHbin KaTkaH
CYMbIKTbIKK@ CbIPTTaH Kblny bepinmece, oHA@ ON CaNKblHAAMAbL. TemnepaTypaHbl TOMeHAEeTy
oCblfaH HerizaenreH. *blny 6TKI3OENTIH biAbICTafFbl CyMbIKTbI OyFa altHaNAblIpy apKblabl OHbI ea3Yip
cybiTyfa 60naabl. by cylMblKKa aHanbin KOHAEHCAUMANaHFaHAa OHbIH MoaeKkynanapbl 6ipiH Gipi
TapTaZbl OCbIHbIH, HITUXeCIHAE ONapAblH, KblAAAMAbIFbl XKOHE KMHETMKA/bIK SHEPTMACLI apTabl.
CoHAla CyMbIKTbIK TemnepaTypacbl KeTepineai. byra alHany KesiHAeri »KymcanfaH Xblay 6y
KOHAEeHCcaumanaHfaHaa KanTaaaH 6eniHin woeifaabl. CyMbIKTbl KAHbIKKAH OYbIHbIH KbICbIMbl CbIPTKpb!
KbICbIMFfa TeH, bonaTbiHAAM TemnepaTypara AeMiH Kbl3AblpFaHaa, OHbIH, TEK OET Xafbl FaHa emec,
KeniwikTep naiaa 6onbin, il »Kafbl Aa 6yFa aHana 6actanabl. CyabiH ocblnaliia bynaHybl KanHay
Aen atanaabl. COHbIMEH, CYMbIKTbIH, KalHay TemnepaTypachl OfaH TyCin TypfaH CbIPTKbl KbICbIMFa
H6arnaHbICTbl 6onabl. KanbinTel aTmocdhepansik Kbicbimaa cy 100°C-ga KanHanabl. Cy TOMEHTi
KbiCbIMAapAa TOMEHTi TemnepaTypada KanHanabl, *ofapbl KbiCbiMAapAa *ofapbl TeMNepaTypaa
KanHanabl. Cynblk KaHafaHaa naiga 6onaTbiH By KenipwikTepi KebiHece, aaeTTe CYMbIKTbIH,
iWiHAeri »aHe blAbICTbIH, KabblpFacbiHa KabbliCbiM TypaTblH aya KeniplwikTepiHiH, beTiHae oHal
nanga 6onaapl [3].

LinaeHiH opTalla TemnepaTypacsl byn ayaaHaapaa TriciHwe 19°C-taH 28-30°C-Ka aeniH.
Ka3aKCTaHHbIH CONTYCTiK-LWbIFbICbIHAA KAMMATTbIH, KOHTUHEHTTIT ThIM XKOFapbl, Oy eHipAe KaHTap
MeH LWinAeHiH, opTala TemnepaTypacbiHbiH, albipmallbiibliebl +41°C-ka keTedi. OHTYCTIK
aydaHzapaa an  boMbl  opTawla  TayAikTiK  Temnepatypa 0°C-TaH Kofapblpak 6onagpi.
PecnybanKaHbIH, CONTYCTIriHAE KbIC Y3aK, Kap/ibl api CyblK, asn3 Ken yakplTTapaa -45°C-taH -50°C-Ka
weTtegi. asbl KOHbIPMKaM Xblfbl, KbICKa,Kenae aya TemnepaTtypacbl 35°C-taH 45°C-Ka AeriH Kbi3ybl
MYMKIH [4].

KAnMMaTTbiK KepceTKilTepaiH MyHAal KypT aybiTKybl MEH ¥Kasfbl annapgafsl 35°C -TaH
45°C-ka  geniH  »KeTeTiH antan  bICTblK  KasaKCTaHHbIH  Cy  KOMManapbiHa  Tikenewn
«TEPMOAMHAMMKANbIK canmaky Tycipeai. KasakacTaHHbIH, Cy KOMMaiapbliHbIH, KOMWIAIr a3blK
aMMaKTapZa OpHaNacKaHAbIKTaH, onapAbliH OeTTik aydaHbl eTe VYAKeH, 0ipak TepeHAairi
canbicTbipmansl Typae a3. OHbIH, ilWiHAE eH YAKEH Cy KOMMACbIHbIH, 6ipi - ByKTbipMa cy KOMMach!.
Cy KommacblHbIH ToATbipy 1960 »Kbinbl GereTTiH, KemerimeH Hactangbl. 1966 xbingaH bactan
afblHAbl CyNapapbl KeMKbIAAbIK peTTeyai *y3ere acbipabl. Cy KoMmachl 2 ydackeaeH Typaabl: ©3eH
- EpTic e3eHiHiH aHFapbl 6OMbIMEH XaHe Ken 3alicaH, OHbIH, OPHbIHAA KeH anKkan nanaa 6onap.
BYKTblpMa CUAKTbI CTpaTermanblk HbiCAaHAAPAAFbl Cy AEHreriH cakTay - Tek TaburaTka Tayenai
eMec, 0/1 MHXeHepAiK wewimaepre ae 6annaHbicTbl. COHAbIKTAH, OCbIHAAM aNbiN anAblHAAPAAFbI
«TEPMOAMHAMMKANBIK LWbIFbIHABI» TEMXKEY YLWiH OYriHri TaHaa an1eMaiK NPakT1UKaaa AsN1eNneHreH,
cyAblH 6eTTiKk KabaTblHa Tikenen acep eTeTiH Keneci PU3nKaablk asanTy a4icTepiH KoAaaHyabiH,
MaHbI3bl 30p:
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Kanksimanesl y30ikciz #abbiHOap.

KankbiManbl y3fiKci3 KabblHAap, a4eTTe, cy OeTiHAe KafKbil KYypeTiH oTKizbenTiH
TOCKAybln Kacalabl. [onmMaTuaeH naacTmacca XKabblHHbIH Oy TYpi YLWiH eH Kofalabl KaHe bepik
mMmaTepman 6onbin WbiKTbl. CbiHaKTap KepceTkeHaeln, E-VapCaps cMAKTbl KanKbiMabl }abbiHaap
allblK cy KOMManapbiHaH bynaHyabl 95%-0aH acTamra asalTta anajbl.

Mo0dynblik KanKbiMasnsl KOHObIFbIAAP.

Byn cy 6eTiH Kopfai anaTblH eKe KajnKbiMaabl KOHAbIPFblAap. Kankbimanbl MOAYAbAiK
}abblHAAPAbIH, MblCanAapbl *KaHe NAaCTUKabIK Wapnap 6obin Tabblnaabl.

Kanksimanel Ouckinep (aquacaps)

1-cypeTTe KepceTinreHaeln, aquacaps - MOAUMNPONUMAEH MEH TbIFbI3AblFbl YKOFapPbl
NOANITUNEHHEH KacanfaH anameTpi 1,1 m aeHrenek Kankbimansl moaybaep. Cy KoMmanapbiHaH
OynaHy WbIFbIHbIH a3alTy YLWiH KanKbiMaabl 3/eMEeHTTepAiH TuimainiriH 6aranay 6onbiHLWA
3epTTeyaep 3epTxaHasnblK }Kardanaa *Kyprisingi. Hatuxkenep KankbiManbl AUCKiNepMeH KopFfaifaH
pe3epByapaaH bynaHy cyaplH awblK 6eTiHe KaTbICTbl WamameH 80%-fa a3alifaHblH KOPCETTI.

1-cypeT. Kankpimanbl gnckinep 2-cypeT. [MhacTnKkanblk Wapnap

lnacmukansik wapnap

2-cypeTTe KepCeTinreHAen, 3KOMOrMAbIK Tasa MNAacTMKanblK LWapnapabl Kengepae,
bynakTapaa »oHe bereTtepae nanganaHyrfa 6onaabl. Hepy TofaHbiHAa (YHAicTaH) cy GeTiHeH
OynaHyabl a3aiTy VILiH NAacTMaccaiaH »KacaifaH Wwapaapabl nanaananyabiH TMimainirin 6afanay
YWiH 3epTTeyKypri3ingi. Pe3sepsyapapl Kaby VIWiH Tbifbl3[blfbl KOFfapbl MOAMITUNAEH MeH
KOMIPTEKTI Kapa TycTi 4 AWMAIK Kapa Wwapfaap nalngananbingpl. byn 3epTrey wapnapapiH,
KeneHkenepi pesepsyapaarsl OynaHyabin, 43%-0aH 45%-fa geliH TomeHaereHin kepcetrTi [5].

TyniHOen KenreHae, XKYPri3iNreH KyMbIC HITMMKECI bICTbIK, KAMMATTbIK Kafaannapaa cy
pecypcTapblH CaKTay Maceseci TeK LapyallbliblK eMec, eH andblMeH KypAeni MOoNeKynanblk —
dU3nKanbIK MpoLecc eKeHiH alkbiHAaAbl. MonekynanblK—KMHETUKANbIK TEOPUSA TYPFbiCbIHAH
Tangacak, aya TemnepaTtypacbiHblH, +27°C-AeH *Kofapblaaybl CyMblK MOJEKyAaNapbliHbIH, OpTaLla
KMHETMKaNbIK 3HEPrMACbIH KypT apTTbipbin, ®as3anblk aybiCybiHblH, (OynaHyAblH) KapKblHAbI
KYPYiHE COKTbIpaabl. by kafaai KasakcTaHHbIH, OHTYCTIK eHipAepiHAeri alblK cy Xyhenepi ywiH
Y/IKEH TEPMOAMHAMMKANbIK, LbIFbIH 9KeAin, TpaTernanbikkopabiH, 30-40%-bIH el Naaachi3 ayafa
ylblpyaa. MaKanaza KapacTblpblabin OTblpFaH GU3MKaNbIK aaicTep Oy MaceneHi WwellyaiH eH,
OHTalMNbl Konaapbl H6onbin Tabblnaabl. Dnemaik Taxipubene nanenagHreH Oyn OU3MKaNbIK,
TexHonormAanapApl KasakCTaHHbIH, Cy LapyallblablfbiHa, acipece TypKicTaH MeH Kpi3blnopaa
0ONbICTapbIHAAFLI alliblK MarncTpanbAplK KaHangapfa eHridy — yakbiT Tanabbl. byn Tek cyabl
YHEMAEN KaHa KOoMMaW, aybln WapyLWbbIFbIHbIH, TYPAKTbI/IbIFbIH KAMTaMacbl3 €TeTiH FblabIMU
HerisgenreH Kagam 60/mak. blcTbIK KNMMaTTbIH, 3apAanTapbIMeH Kypecyae GuamKablk adictepi
KOoNAaHy-cy KayincisairiHe 6apap eH KbiCKa api TMimai »oJ.
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Psychological Aspect of Advertising and
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Abstract. The article deals with the psychological aspects of advertising and the use of
motivation in advertisements. Advertising uses this information to enhance the intensity of
positive motivation and avoid empowering factors. Advertising, which takes these moments,
focuses not on advertisements, but on positive emotions. As it is clear from our work, the motives
for acquiring industrial goods are quite diverse and in most cases it has an irrational nature.
Analysis of motivations conducted by advertisers allows them to influence the user's subconscious
level and thus increase the efficiency of advertising.

Advertising text must be in a required format. It should be concise, precise, and
psychologically grounded. Advertising is a system of influence that affects the consumer and
regulates demand in the context of the general economy. Advertising is effective where there is
competition and where each brand seeks to attract its audience. Advertising is an important
instrument of the market economy. In its historical context, advertising gradually developed
techniques. The evolution of advertising can be divided into stages:

a) informing about a new product;

b) stimulating potential consumers;

c) activating trial response;

d) consolidating interest;

e) forming the consumer’s conscious decision to purchase the advertised product.

“Advertising initially sought to achieve the consumer’s conscious, thoughtful perception of
the advertising image, and only then automatic purchase behavior. Now, advertising requires
consent from the consumer—perhaps unconscious, but still real” (Mokshantsev, 2000, p. 9).

Advertising is a socio-psychological phenomenon that addresses the deepest human needs.
The amount and processing of advertising information, as psychologists have noted, depends on
different factors that can be divided into:

1. cognitive;

2. emotional;

3. conative (volitional).

The cognitive aspect involves how a person perceives advertising information. Components of
this aspect include attention, perception, memory, comprehension, evaluation, reasoning, and
other elements.

In advertising communication, all types of perception are engaged: visual, tactile, auditory,
olfactory, and others. When advertisements appear in newspapers or magazines, the initial visual
perception defines their relevance. The processed information then reaches the mind and forms
a coherent perception. During the perception process, framing, scripts, scenarios, frames, or
schemas are important [Heinemann, 2000, 498].

Frames represent “our interpretation of a situation, through which a person perceives certain
events [...]. For example, the concept of a ‘monastery’ evokes associations with churches, values,
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and established life.” The concept of framing also refers to templates of situations and their
development over time, as well as text comprehension [SaraSeniZe, 2010, 13—-14].

Understanding occurs through interpretation. Humans perceive and comprehend only what
they are interested in. If a person is interested in an advertised product, understanding is
increased.

Memory is a crucial psychological process that directly affects advertising effectiveness.

Memory types include:

1. Long-term memory (Langzeitgedachtnis): stores information that a person remembers
throughout life. For example, it may be retained in a family, at home, or in memory of
important events.

2. Short-term memory (Kurzzeitgedachtnis): information retained for a limited time.

3. Ultra-short-term memory (Ultrakurzzeitgedachtnis): information that a person retains for
a very short time (a few seconds or minutes), for example, a phone number or address
[Vester, 1996, 55-68; Wettler, 1980, 14-15; Morozov/Romasenko, 1982, 23-25;
Mikheev/Melnichuk, 1981, 44].

4,

Wettler [1980, 15] describes the function of these types of memory as follows:
Ultra-short-term memory Short-term memory Long-term memory
Temporary retention of Retention of information fora Retention of information for

information short time long-term use

The process of conveying and receiving advertising information involves all types of
memory.

Attention is the ability to focus perception and process information according to standard
rules. Advertising perception involves different operations (comparison, analysis, synthesis, etc.),
but associative perception dominates.

The emotional aspect of advertising reflects affective responses to advertising objects, or
how it influences potential consumers: sympathy, antipathy, or neutrality. Visual perception is
most effective for emotional processing, guided by the principle: like — like, dislike — dislike.
Conatively, advertising involves all types of volitional activities. Specialists note that positive
feelings toward the advertised product affect the perception of information.

The conative component manifests as decision-making, as well as the formation of the
consumer’s will. Initially, conscious motives, considerations, and reasoning are active; later,
intuition also plays a role. Psychoanalysis emphasizes irrational, unconscious motives, including
sexual needs, as Freud [1989] described. Skinner’s method highlights potential learning and
rational and acquired behaviors [Skinner, 1999, 118]. Modern advertising also functions as a
stimulus affecting both conscious and unconscious motives.

Thus, the quantity and processing of advertising information primarily depend on three
main factors: cognitive, emotional, and conative.

Humans perceive not only logically but also physiologically and emotionally. Modern
advertising specialists use psychological theories to explain behavior:

e Humans know what they want when it is present;

e Humans know what they lack when it is absent, but cannot define its exact form;

e Humans do not know what is missing until they encounter it.

The second and third levels of understanding involve motivation analysis. Motives can be
verbalized, reasoned, and logically structured, or unconscious. Motivation influences consumer
behavior, often irrationally. Other motives relate to prestige, fashion, and tradition. Advertising
campaigns often trigger additional motives, such as love, desire for wealth, compulsive shopping,
or shopping mania.
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The structure of motives has a psychological framework that allows specialists to analyze how
a consumer will respond. Analysis of motives helps advertisers understand consumer decision-
making and measure advertising effectiveness.

Advertising intensifies positive motivation and directs attention toward desired factors,
emphasizing positive emotions rather than the advertisement itself. Motives for acquiring
industrial goods are diverse and often irrational. Analysis of motivations conducted by advertisers
allows them to influence the subconscious level and thus increase advertising effectiveness.

The article deals with the psychological aspects of advertising and the use of motivation in
advertisements. Advertising uses this information to enhance the intensity of positive motivation
and avoid empowering factors. Advertising, which takes these moments, focuses not on
advertisements, but on positive emotions. As it is clear from our work, the motives for acquiring
industrial goods are quite diverse and in most cases it has an irrational nature. Analysis of
motivations conducted by advertisers allows them to influence the user's subconscious level and
thus increase the efficiency of advertising.
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Annotation
Abstract: This article examines the verbalization of the concept of "Mother" in English and Kazakh
languages from a linguocultural perspective. The study analyzes lexical units, phraseological
expressions, proverbs, and culturally specific meanings associated with the image of the mother
in both languages. Special attention is paid to similarities and differences in the representation of
motherhood, maternal care, family values, and emotional associations. The article also discusses
how language reflects national mentality and cultural identity through the concept of "Mother".
Keywords: mother concept, verbalization, English language, Kazakh language, linguocultural
analysis, concept, phraseological units, proverbs, family values
Research Objective: The objective of this study is to identify and analyze the linguistic means of
verbalizing the concept of "Mother" in English and Kazakh languages, to compare their semantic
features, and to examine cultural values reflected through this concept.

Introduction

Language reflects the worldview, traditions, and cultural values of a nation. One of the
most significant and universal concepts in every culture is the concept of "Mother". The image of
the mother is associated with love, care, sacrifice, wisdom, and emotional support. However,
different cultures verbalize this concept in unique ways depending on historical, social, and
cultural factors.

In English and Kazakh languages, the concept of "Mother" occupies an important place in
linguistic and cultural consciousness. In Kazakh culture, the mother is strongly connected with
family traditions, respect, and moral upbringing, while in English-speaking cultures, motherhood
is often associated with care, emotional support, and individuality.

The aim of this article is to analyze the verbalization of the concept of "Mother" in English
and Kazakh languages and to identify similarities and differences in linguistic representation.

1. Theoretical Background

In linguistics, a concept is understood as a culturally significant mental unit that reflects
human experience, beliefs, and values. The concept of "Mother" is verbalized through lexical
items, phraseological units, idioms, proverbs, metaphors, and symbolic expressions.

From a linguocultural perspective, the concept of "Mother" includes:
e emotional meanings (love, care, warmth)
e social roles (protector, educator, supporter)
e cultural symbolism
e moral and spiritual values
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In both English and Kazakh languages, the concept reflects family relationships and social
norms, although cultural emphasis differs.

2. Methodology

The study is based on comparative linguistic analysis of lexical and phraseological units
related to the concept of "Mother" in English and Kazakh languages. Proverbs, idiomatic
expressions, literary examples, and dictionary materials were analyzed to determine semantic and

cultural features.
The following methods were used:
e comparative analysis
e semantic analysis
e linguocultural interpretation
e contextual analysis
3.1 Common Verbalization of the Concept of "Mother"
Language Examples Cultural Meaning
English mother, mom, Care, emotional
motherhood, motherly love | support, affection
Kazakh aHa, Wwewe, aHa Respect, sacrifice,
MaxabbaTbl, family values
aK CYTiH aKkTay
English Proverbs “A mother’s love Unconditional love
never ends”
Kazakh Proverbs “AHaHabl  Mekkere Deep respect for
Yyl apKanan anapcaH, aa, mother
Kapbli3blHHaH KyTblna
asimancbiH”

3.2 Similarities and Differences in Cultural Representation

The analysis demonstrates that both languages represent the mother as a symbol of love,
support, and care. In both cultures, the mother is viewed as an essential figure in a child’s life.

However, some differences can be observed. In Kazakh culture, the mother is strongly
associated with respect, sacrifice, and moral authority. Proverbs often emphasize gratitude and
lifelong respect toward mothers. For example, expressions related to “mother’s milk” symbolize
moral responsibility and filial duty.

In English-speaking cultures, expressions about mothers are often emotionally oriented
and focus on care, support, and affection. Idioms and sayings commonly stress emotional
closeness and nurturing qualities.

3.3 Role of Language in Reflecting Cultural Values

Language plays an important role in preserving and transmitting cultural values associated
with motherhood. Through proverbs, idioms, and literary texts, societies express attitudes toward
mothers and family relationships. The concept of "Mother" therefore becomes not only a linguistic
phenomenon but also a reflection of national identity.

For example:

e English: “Like mother, like daughter.”

¢ Kazakh: “AHa KepreH ToH niwep.”
These examples demonstrate how cultural traditions and behavioral expectations are transmitted
through language.

213



Proceedings of the 13th International Scientific Conference

Conclusion

Furthermore, the comparative analysis demonstrates that language serves not only as a
communication tool but also as a reflection of cultural identity and collective values. The concept
of “Mother” in both English and Kazakh languages reveals important social attitudes toward family
relationships, moral education, and emotional support. Through linguistic units such as proverbs,
idioms, and symbolic expressions, societies preserve cultural beliefs associated with motherhood
and transfer them to future generations.

In addition, the study confirms that despite cultural differences, the concept of “Mother”
remains one of the most emotionally significant and universally respected concepts in human
society. Both English and Kazakh linguistic traditions emphasize the important role of mothers in
shaping children’s personalities, maintaining family harmony, and providing emotional and moral
guidance. However, cultural distinctions influence the way this role is linguistically represented
and socially understood.

Another important finding of the research is that Kazakh linguistic culture tends to
emphasize moral responsibility, respect, gratitude, and sacrifice related to motherhood, whereas
English-speaking cultures often focus on emotional closeness, care, and personal support. These
differences reflect broader cultural values and social expectations present in each linguistic
community.

Finally, studying the concept of “Mother” through comparative linguistic analysis
contributes to a deeper understanding of intercultural communication and national worldviews.
Such studies help reveal the relationship between language and culture and demonstrate how
important human values are preserved through linguistic expression. Future research may further
explore other family-related concepts and compare their representation across different
languages and cultures.
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Abstract: This article presents an extensive comparative analysis of the concept of ‘Mother’ in
English and Kazakh languages from linguistic, semantic, cognitive, and cultural perspectives. The
research investigates lexical units, phraseological expressions, metaphorical meanings, proverbs,
literary representations, and symbolic interpretations associated with motherhood in both
linguistic traditions. The study identifies similarities and differences in how the image of the
mother is verbalized and culturally represented. Special attention is devoted to emotional
meanings, family values, national traditions, social expectations, and the moral role of mothers in
both societies. The article also examines how linguistic means reflect cultural identity and
influence the perception of motherhood in English-speaking and Kazakh communities.
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Research Objective: The purpose of this study is to conduct a comprehensive comparative analysis
of the concept of ‘Mother’ in English and Kazakh languages, examine linguistic means of its
verbalization, identify similarities and cultural distinctions, and determine how motherhood is
represented through language and cultural traditions.

Introduction

Language plays a fundamental role in reflecting human consciousness, cultural identity,
traditions, and values. It is not only a means of communication but also a mirror of social beliefs
and collective experience. Every language contains concepts that reflect national mentality and
shape the worldview of its speakers. One of the most important universal concepts shared by all
cultures is the concept of ‘Mother’. The image of a mother is associated with care, affection,
sacrifice, protection, emotional support, patience, and unconditional love.

Throughout history, mothers have occupied an important position in family and social life.
Regardless of nationality or religion, motherhood has always been viewed as a source of emotional
security and moral guidance. However, despite universal understanding of motherhood, different
nations interpret and verbalize the concept in unigque ways according to their traditions, customs,
historical development, and cultural norms.

In Kazakh culture, the image of the mother is considered sacred. Mothers are respected
not only for giving birth but also for educating children, preserving family values, and maintaining
moral stability within society. Numerous proverbs, sayings, and literary works in Kazakh culture
emphasize the importance of gratitude, obedience, and lifelong respect toward mothers.

In English-speaking cultures, motherhood is also highly valued. However, linguistic
representations often focus more on emotional support, personal relationships, psychological
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care, and emotional closeness between parents and children. Idioms and expressions in English
frequently portray mothers as loving, supportive, and emotionally available figures.
The purpose of this article is to compare the concept of ‘Mother” in English and Kazakh languages
and analyze similarities and differences in linguistic and cultural representation.

1. Theoretical Background

In linguistics and cognitive studies, the term ‘concept’ refers to a mental representation of
knowledge, beliefs, experiences, and emotions. Concepts are deeply connected with culture
because they reflect collective understanding shared by society. According to linguocultural
studies, concepts are verbalized through lexical units, metaphors, phraseological expressions,
literary texts, and proverbs.

The concept of ‘Mother’ belongs to universal concepts because it exists in every language
and culture. However, although the biological role of motherhood is similar worldwide, linguistic
interpretation and cultural emphasis vary significantly. In some societies, mothers are associated
mainly with care and affection, while in others they symbolize wisdom, sacrifice, moral authority,
and family honor.

The concept of ‘Mother’ may be verbalized through several linguistic means:
e lexical nominations (mother, mom, mummy, aHa, wewe)

e phraseological expressions and idioms

e proverbs and sayings

e literary descriptions

e symbolic and metaphorical representations

From a semantic perspective, motherhood includes emotional, social, and moral meanings.
Emotionally, mothers are connected with love, support, kindness, and warmth. Socially, mothers
are regarded as caretakers and educators. Morally, they are often represented as role models and
protectors of family values.

2. Methodology

This research is based on comparative, semantic, and linguocultural analysis of lexical and
phraseological means related to the concept of ‘Mother” in English and Kazakh languages. The
study relies on theoretical sources, dictionaries, literary texts, phraseological units, and traditional
proverbs in order to determine how the concept is represented in both cultures.

Several research methods were used:

. comparative analysis to identify similarities and differences;
. semantic  analysis to  explore  meanings  associated  with motherhood;
. contextual interpretation to understand cultural connotations;
. descriptive analysis to explain linguistic examples;
. linguocultural approach to connect language and national identity.

These research methods allow a deeper understanding of the symbolic meaning of
motherhood and explain how language reflects cultural expectations regarding family roles.

3.1 Lexical Representation of the Concept of ‘Mother’

The concept of ‘Mother’ is represented through different lexical units in both English and
Kazakh languages. The choice of words often reflects emotional closeness, respect, cultural values,
and family traditions.

In English, words such as ‘mother,” ‘mom,” ‘mum,” and ‘mummy’ are widely used. Each
form has slightly different emotional coloring. For example, ‘mom’ is considered more informal
and emotionally warm, while ‘mother’ sounds more formal.
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In Kazakh, words such as ‘aHa,” ‘wewe,” and ‘ana’ are commonly used. The word ‘aHa’ often
appears in literary and formal contexts, symbolizing respect and sacred motherhood.

Language Lexical Unit Example Cultural Meaning
English mother, mom, | motherly love care, affection,
mum, mummy support
Kazakh aHa, Welle, ana aHa maxabbaTbl respect, sacrifice,
family unity
English motherhood Motherhood maternal
changes people responsibility
Kazakh aK, CYTiH aKTay AHa cyTiH aKkTay gratitude and moral
duty

3.2 Proverbs and Phraseological Expressions
Proverbs and phraseological expressions play an important role in reflecting cultural
perceptions of motherhood. They contain moral values and social attitudes that are transmitted

from generation to generation.
English proverbs about mothers often emphasize love, emotional support, and similarities
between parents and children. Examples include:

e “A mother’s love never ends.”
e “Like mother, like daughter.”
. “God could not be everywhere, SO he created mothers.”

Kazakh proverbs strongly emphasize respect and gratitude:

* “AHa KepreH TOH niwep.”
e “AHaHabl MekKere vy apkanan anapcaH, [4a, Kapbl3blHHAH KyTblaa ajmamcbiH.”
* “AHa cyTiH aKkTamafraHdpbl eLKiM KakTamanapl.”

These examples demonstrate that Kazakh culture views mothers as sacred figures deserving
lifelong respect, whereas English culture frequently focuses on emotional relationships and family
attachment.

3.3 Similarities and Differences in Cultural Perception

Both English and Kazakh cultures recognize mothers as essential members of family life. In
both traditions, mothers symbolize kindness, support, emotional warmth, and protection.

Nevertheless, cultural differences can be observed. Kazakh society traditionally considers
motherhood a moral responsibility strongly linked with family honor and national values. Mothers
are expected to educate children according to traditions and ethical principles.

In English-speaking cultures, motherhood is commonly associated with psychological care,
emotional closeness, individual development, and emotional encouragement. Mothers are often
portrayed as emotional companions rather than authority figures.

Despite these differences, both cultures highly value maternal love and acknowledge the
important role mothers play in shaping future generations.

3.4 Representation of Motherhood in Literature

Literature serves as an important source for understanding cultural attitudes toward
motherhood. In Kazakh literature, the mother is frequently portrayed as patient, wise, and morally
strong. Writers emphasize sacrifice, emotional strength, and devotion to family.

In English literature, mothers are also presented as caring and emotionally supportive
figures. Literary works often focus on emotional relationships between mothers and children and
psychological development within families.

Through literary representation, societies preserve traditional values and cultural
understanding of motherhood.
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Conclusion

This research demonstrates that the concept of ‘Mother’ occupies a central and culturally
significant position in both English and Kazakh linguistic consciousness. Across both languages, the
mother is universally associated with fundamental human values such as love, care, protection,
sacrifice, emotional warmth, and moral support. These shared universal meanings confirm that
motherhood is one of the most deeply rooted and emotionally powerful concepts in human
cognition and cultural experience.

At the same time, the comparative analysis reveals that the verbalization and cultural
interpretation of the concept differ considerably due to historical development, social structure,
religious beliefs, and national traditions. In Kazakh linguocultural space, the image of the mother
is strongly sacralized and connected with concepts of honor, duty, respect, and intergenerational
continuity. The mother is perceived not only as a caregiver but also as a moral authority, a
transmitter of cultural values, and a guardian of family unity. Proverbs, sayings, and traditional
expressions emphasize lifelong gratitude and unconditional respect toward mothers, reflecting
the collectivist and tradition-oriented nature of Kazakh culture.

In contrast, English-speaking cultures tend to conceptualize motherhood more through the
lens of individualism, emotional interaction, and psychological support. The mother is often
represented as an emotionally accessible figure who contributes to the personal growth,
independence, and emotional well-being of the child. Linguistic expressions and literary works in
English highlight intimacy, emotional bonding, and mutual understanding within the family,
reflecting a more individual-centered cultural model.

Despite these differences, both linguistic traditions converge on the recognition of
motherhood as a fundamental social and emotional institution that plays a crucial role in shaping
human identity and personality. The concept of ‘Mother’ serves as a bridge between language and
culture, demonstrating how linguistic structures encode collective values, ethical norms, and
cultural worldview.

Overall, this comparative study contributes to a deeper understanding of how universal
human concepts are culturally interpreted and linguistically expressed. It also highlights the
importance of linguocultural analysis in revealing hidden cultural meanings embedded in
language. Future research may expand this analysis by including additional languages and
exploring how globalization influences the transformation of the motherhood concept in modern
societies.
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JIMHTBUCTUHECKAA PEAJTMSALINA
XEOAARWHIA B HAYHHOM ONCRYPCE:
ROPIMYCHbIE MCC/TEAOBAHA

KockeHoBa Ailbim KasbeKoBHa
[okTopaHT, Kazaxckuii HaumoHanbHbIM Neaarormiyeckiii yHMBepcuTeT MMeHn Abas

AHHOTaUmA

B cTaTbe paccmaTpmBaeTCa IMHIBUCTUYECKAA peanm3auma Xe4KMHra B Hay4HOM AMCKypce
C OMOpOM Ha KopnycHble nccnenosanma. Ocoboe BHMMaHWE yaenseTca onpeaeneHnto NoHATUA
Xe[XMHra, OCHOBHbIM 3Tanam ero n3y4eHua n Knaccudmrkaumm xeax-mapkepos. lMoayépkmBaeTca,
YTO Xe[XKMHTI npeactasnaeT cobor He M30AMPOBAHHOE A3bIKOBOE CPEACTBO, a NParmaTUYecKyto
CTpaTerunto, PeanmnsyroLLytoca B KOHKPETHOM KOMMYHUKATUBHOM KOHTEKCTE.

TeopeTnyeckonm OCHOBOM WMCCNEeA0BAHMA BbICTYNaeT Teopua BeAMBOCTM [lon BpayH u
CtnBeH JIEBMHCOH, B paMKax KOTOPOM XEOKWMHI PAacCMATPMBAETCA KaK CPeACTBO COXpPaHeHuA
«NNLA@» Y4aCTHMKOB KOMMYHMKALMM M NOAAEPHKAHUA KOHCTPYKTUBHOIO HAy4YHOro AManora.

MeToponornyeckyto  6asy paboTbl COCTaBAAET KOPMYCHbIM  MNOAXO4, C  YY4ETOM
COLMONNHIBMCTMYECKMX GAKTOPOB. Ha maTepurane Hay4YHbIX TEKCTOB aHa/IM3NPYIOTCA YAaCTOTHOCTD,
pasHoobpa3ve u  dyHKUMOHaNbHble OCODEHHOCTM  Xe[K-MapKepoB. YCTAaHOBAEHO, YTO
Xe[XKMpPOBaHME peannsyeTca CPeacTBamMM pPasHbiX YacTel peun —  CyLLeCTBUTENbHbIMM,
rNaronamu, npunaraTenbHbIMKW, HapPeYMAMM, a TaKKe YCTOMYMBbIMM coveTaHuamu. Ocoboe
BHMMaHMeE yaenaeTca NEeKCUMYECKMM KnacTepaM — BOCMPOM3BOAMMbBIM KOHCTPYKUMAM U3 ABYX—
NATM KOMMNOHEHTOB, XapaKTePHbIM A4 HAYYHOro CTUNA.

Pe3ynbraTtbl MCCNeaoBaHMA NOATBEPKAALOT, YTO HM OAHO A3bIKOBOE CPeACTBO He 0bnajaeT
xegRupyrowen  dyHKUMeM  M3HadanbHO:  JdaHHas  QyHKUMA  Onpeaenserca  KOHTEKCTOM
ynotpebaeHns M KOMMYHUKAaTUBHOM YCTAaHOBKOM aBTopa. TaKMe paccmaTtpuBaeTca npobiema
MEXbA3bIKOBON BApPUATMBHOCTM CPEACTB XeOKWMHIa M e€ 3HayeHue [ANA aKaZeMWyecKow
KOMMYHMKALNN.

KntoueBble cnoBa: xed#UH2, Hay4YHbIl OUCKYPC, Meopua 8exs1u8OCMU, KOPNYCHbIU aHAU3,
XeOH(-MapKepbl, EKCUYECKUE Kaacmepsl, GKa0emu4ecKkaa KOMMYHUKAUUA.

Abstract

The article examines the linguistic realization of hedging in academic discourse based on
corpus research. Particular attention is paid to the definition of hedging, the main stages of its
study, and the classification of hedge markers. It is emphasized that hedging should not be
regarded as an isolated linguistic device, but rather as a pragmatic strategy implemented within a
specific communicative context.

The theoretical framework of the study is based on the politeness theory developed by Paul
Brown and Stephen Levinson, within which hedging is viewed as a means of preserving the “face”
of communication participants and maintaining constructive academic dialogue.

The methodological foundation of the research is the corpus-based approach that takes
sociolinguistic factors into account. The frequency, diversity, and functional features of hedge
markers are analyzed on the basis of academic texts. The study demonstrates that hedging is
realized through various parts of speech, including nouns, verbs, adjectives, adverbs, as well as
fixed expressions. Special attention is paid to lexical clusters — recurrent constructions consisting
of two to five components that are characteristic of academic style.
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The results of the study confirm that no linguistic unit possesses a hedging function
inherently; this function is determined by the context of use and the author’s communicative
intention. The article also addresses the problem of cross-linguistic variability of hedging devices
and its significance for academic communication.

Keywords: hedging, academic discourse, politeness theory, corpus analysis, hedge markers,
lexical clusters, academic communication.

BeeseHue

Xe[KMHI B COBPEMEHHOW JIMHIBUCTMKE PACCMATPMBAETCA KaK BaXKHbI  MexaHM3M
OpraHM3aunmn pevyeBoro B3aMMoaencTemA. B LWIMPOKOM CmbIC/ie NOA HUM NOHMMAOTCA A3bIKOBblE
CpeacTsa, KOTOpble MO3BONAKT TFOBOPALLEMY CMAMYUTb  KATErOPMYHOCTb  BbICKA3biBAHMSA,
00603HaYNTb CTENEeHb BEPOATHOCTM COODLLAEMOro 1 TEM CaMbliM CAeNaTb KOMMYyHMKaunto bonee
rMBKOM M KOPPEKTHON. Ecnn 0BpaTUTbCA K CI0BAPHbIM ONpeaeneHnsam, XeAKMPoBaHMe CBA3aHO C
naeemn 3almTbl OT BO3MOMHbIX PUCKOB M YKAOHEHMA OT CAMLLIKOM MPAMOM MAM OAHO3HAYHOM
no3mumn. IMeHHO No3TOMY AaHHbIM GEHOMEH NONYYUA WMPOKOE PACNpPOCTPAHEHME HE TONbKO B
NOBCEAHEBHOM pPeyn, HO M B aKaAEMMYECKOM ANCKYpCE.

MHTepec K npobneme XeguHra chHoOpmMpoBancas BO BTOPOA MONOBMHe XX BeKa.
3HauYUTENbHbBIN BKNAA B pa3paboTKy NOHATUA BHeCM paboTbl xkopax /lakodd, rae xeARUHT Obin
OMMCaH KaK CpeacTBO BblparkeHua HeonpedenéHHoctn [Lakoff, 1973]. MosaHee npobnema
NONy4YMNa pa3BUTME B UCCNEA0BAHMNAX, MOCBALWEHHbBIX NPAarMmaTnKe, ANCKYPC-aHaNN3Y, KOPNYCHOM
JNIMHIBUCTMKE M TEOPUW BEXNMBOCTU. B HacToAllee BpemMa XeAXKMHI NOHMMAETCA He TOMIbKO KakK
A3bIKOBasA GOPMa, HO M KaK KOMMYHUKATMBHAA CTpaTerua, peryampyowan OTHOWEHNA MeXay
y4aCTHMKaMK oBLLeHNA.

C TOYKM 3peHmna Teopumn BexnmeocTn . bpayH u C. JIEBUHCOH, XxeAXNpPoBaHWE NOMOraeT
COXPaHWUTb «ANLLO» Y4ACTHMKOB KOMMYHMKaLMM. ABTOP Hay4YHOrO TEKCTA, MCMOAb3ys CMATYEHHbIE
dopmMynnpoBKK, n3beraeT HaBA3bIBaHWMA COOCTBEHHOM MO3ULUMWM KaK €4MHCTBEHHO BEPHOW,
OCTaBAAET NPOCTPAHCTBO A/1A aNbTEPHATMBHbLIX MHTEPNPETALMA U AEMOHCTPUPYET yBaXKeHMe K
ymTaTento[Brown, Levinson, 1987]. B aTom npoasnaeTca ocoban LeHHOCTb XeAKMHa ANA HAayYHOTO
0bLLEHWMA, e BaXKHbl HE TO/IbKO TOYHOCTb GAKTOB, HO M 3TUKA aKaZeMMUYECKOro B3aMMOAENCTBUA.

HecmoTpsA Ha 3HauYuUTeNbHOE KOAMYECTBO MCCAeA0BaHWM, Npobnema xefArKMHra OCTaéTcs
aKTya/NibHOW. [OMNbITKM OMNMUCHIBATb €ro MCKAYUTENBHO KaK CeMaHTUYeCcKoe WMAW TONbKO Kak
nparmatuyeckoe ABNAEHWEe He AatoT UEeNOCTHOW KapTWHbl. A MNONHOLEHHOro NOHWMMAHMA
HeobXxoAMMO  y4MTbIBATb  KOHTEKCT  ynotpebneHua, »KaHpoBble  OCODEHHOCTM  TEeKCTa,
KOMMYHWKATUBHYO CUTyaLMIO M HaCTOTHOCTb A3bIKOBbIX CPEACTB.

Llenb AaHHOro nccnefoBaHMAa — onpeaenmTb OCHOBHbIE CNOCOObI A3bIKOBOM peanm3aumm
Xe[XKMHra B PYCCKOM HAy4YHOM AOMCKYypCe, BbiABUTb Hambosee MNPOAYKTUBHbIE TPYMMbl XeaXK-
MapKepoB M MPOaHaNM3MPOBaTb MX QYHKUMM Ha MaTepuane KOpMyCHbIX AaHHbIX. Ocoboe
BHMMaHME yaenAaeTca YaCTOTHOCTM CPeACTB XeA)KMPOBAHMA B aKaJeMMYeCKOM AMCKypce no
AaHHbIM HKPA.

MeToab! nccnenosaHua

iccnepoBaHue BbINONHEHO C MCMNOAb30BAaHMEM OMMCATENbHOrO, COMOCTABUTENBHOMO M
KOpMYCHOro MeToA0B aHann3a. OCHOBHbIM MCTOYHMKOM 3MMMPUYECKOrO MaTepmrana Nnocay»Kmam
AaHHble HaumoHanbHbIM KOPMYC PYCCKOro A3blKa, MNO3BOAAKOWIME MNPOCAEAMTb YaACTOTHOCTb
ynoTtpebaeHna pasnnyHbIX CPEeACTB XeAKMPOBaAHMA B aKaA€MUYECKOM AMCKYpCe.

B KayecTBe egmMHWUL, aHanusa Obian BbibpaHbl Hambonee TUMUYHbIE XeAK-MapKepbl,
OTHOCALLMECA K HECKONBKMM Fpynnam:

®  MOJA/IbHblE [NaroNbl U FNaroabl MHEHWA;

® Hapeuua cTeneHun n NPUbANINTENBHOCTY;

® BBOZHbIE C/I0BA M KOHCTPYKLMK;

® CyLLeCTBUTENbHbIE C CEMAaHTUKON BEPOATHOCTU, MPEANONONKEHUA N OLEHKMN.
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[na Kaxkaon eanMHULbI YY4UTbIBAIUCH:

1. KOANMYECTBO TEKCTOB, B KOTOPbIX OHA BCTPEYaeTCs;

2. obuiee uncno ynortpebnexHmi;

3. YaCTOTHOCTb Ha MUAIMOH cnoBoynoTpebneHnin (IPM).

TaKoW noaxo/ NO3BOMN/ HE TOIbKO NEPEYMCINTDL A3bIKOBbIE CPEACTBA XEAKMPOBAHMA, HO
W BbIABUTb UX peasibHyt0 BOCTPEHOBAHHOCTb B aKaAEMMUYECKOM KOMMYHUKAUMMN.

Tabnuua 1. YacToTHOCTb CPEACTB XeAKMPOBAHUA B aKaJeMUYECKOM AUCKypce (no
naHHbIM HKPA).

MoganbHble rnarobl
Xearu TEKCTbI npumepbl YacTtoTHOCTL IPM
lMonaeame 12 747 36 032 92,52
Cyumame 33 449 147 049 377,56
Mpednonazams 13171 31357 80,51
Hapeuusn
JlocmamoyHo 21094 57 259 147,02
MpubnuszumesnsHo 4561 8619 22,13
OmHocumersnsHo 11147 28 521 73,23
B uenom 10 403 20747 53,27
YacmuyHo 3568 5647 14,5
BBOZ4HbIE C/10BA YN KOHCTPYKLUK
BeposmHo 13 216 56 149 144,17
Bo3moxMHO 20500 60 469 155,26
Mo-sudumomy 7709 26 182 67,22
Omyacmu 6648 18 446 47,36
MoxcHo 1386 1837 4,72
npeodnosoxume
o ecell 1652 3097 7,95
gepoAamHocmu
1o Hawemy MHeHUuo 792 1214 3,12
CywiecTBMTENbHbIE C CEMAaHTUKON BEPOATHOCTM U OLEHKN:
BeposmHocme 4745 10 167 26,1
[pednonoxeHue 6326 15085 38,73
TeHOeHyusA 5732 12 320 31,63

PesynbTaThl M 06CYyKaEHWE
MpoBeaéHHbI aHaM3 NOKasas, YTo B PYCCKOM aKadeMMYEeCKOM AMCKYpCe XeaKMpoBaHme
peanusyeTcsa Yepes pasHble A3bIKOBble YPOBHM, OAHAKO pacnpeaeneHne MapKepos HEOAMHAKOBO.
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HaCTOTHOCTbL CPEACTB XEAXKMPOBAHUA B aKaAEMNYECKOM ANCKypce

Cuutath
Bo3moXxHO
[LloctatouHo
BepoaTHo
MonaraTs
MpennonaraTe
OTHOCUTENBHO
Mo-suanmomy
B uenom
Otyactn

Mpeanonoxexne

CpencTea XeKUpOBaHUA

TenpeHuvs
BepoaTHOCTb
NpubanzutensHo
YacTuiHo

Mo Bceit BEPOATHOCTN
MoXHO NpeanofoxnTs

Mo HawemMy MHEHMI0

0 50 100 150 200 250 300 350
YacToTHOCTk IPM

1. MoganbHble rnarosibl U Iaro/ibl MHEHUSA
Hamnbosee BbICOKOM YaCTOTHOCTbIO 0bnadaeT rmaron cymtatb (377,56 IPM), 3HaumnTenbHO
onepexkatowmni popmbl nonarats (92,52 IPM) n npegnonarats (80,51 IPM). 310 cBUAETENLCTBYET
0 TOM, YTO HAYYHbIM TEKCT Yallle CTPOUTCA HE Ha KAaTEFOPMYHOM YTBEPXKAEHNM, @ Ha GOPMYINPOBKE
aBTOPCKOM NO3NUMM KaK pe3ynbTaTa pasmbllNeHUA.
CpaBHUM:
e KaTteropuyHo: [laHHOe ABNeHWe CBA3AHO C M3MEHEHNEM KaHpa.
e XeamMpoBaHO: MOMHO CYMUTATb, YTO AAHHOE SIBNIEHME CBA3AHO C MU3MEHEHMEM KaHpa.
Mcnonb3oBaHMe MNOA0OHbLIX [1ArosI0B CHUMKAET CTeneHb MNPAMOIMHENHOCTU M AenaeT
BbIBOA HO/Mee aKaAeMNYECKM KOPPEKTHBIM.
2. Hapeuus cteneHun n npnbamM3nTeNbHOCTH
Cpeau Hapeuunit Hanbosee 4acToTHbI JocTaTtodHo (147,02 IPM), oTHocuTenbHo (73,23 IPM),
B uenom (53,27 IPM), npubausutenbHo (22,13 IPM). 3Tn eaMHMLbI NO3BOASAIOT aBTOpY M3beraTb
Yype3aMepHOM TOYHOCTM TaM, I1e OHa METO0/I0MMYECKM HEBO3MOXKHA AW HellenecoobpasHa.
Hanpumep:
e Pe3ynbTaTthbl 4OCTAaTOYHO YCTOMUYMBBI.
e CTpyKTypa B LENOM COXpaHAeTcA.
e [lokasaTenn npubaAM3nUTENBHO COBMAAALOT.
Takne GopmMbl AEMOHCTPUPYIOT Hay4HYtD OCTOPOMKHOCTb M COOTBETCTBYIOT HOpPMam
[0Ka3aTeNbHOro U30XKEHMA.
3. BBOAHbIE C/I0BA U KOHCTPYKLUMK
BbICOKYO 4aCTOTHOCTb MOKa3bIBaOT eAnHULbI BO3MOXKHO (155,26 IPM), BeposTHo (144,17
IPM), no-sunamumomy (67,22 IPM), otyactn (47,36 IPM). iImeHHO 3Ta rpynna ABAAETCA O4HON 13
LUEHTPaNbHbIX B CUCTEME HAY4YHOTO XeAMKWMHrA, MOCKOAbKY HanpAMY MapKMpPyeT CcTeneHb
yBEPEHHOCTM aBTopa.
Hanpumep:
e BepoATHO, pa3nnyma CBA3aHbI C XKaHPOBbIMW 0COBEHHOCTAMM TEKCTA.
e [lo-BMAMMOMY, A@aHHaA MOAeNb TPpebyeT yTOYHEHMUA.
e BO3MOXHO, NO/lyYeHHble AaHHble OTPaXKatoT bonee WNPOKMIA NpoLiecc.
Taknme KOHCTPYKLMW MO3BOMAOT aBTOPY MNPeAcTaBUTb runotesy 6e3 HaBA3biBaHMA
OKOHYaTe/IbHOTO BbIBOAA.
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4., CywecTBuTENbHbIE C CEMAHTUKOWN BEPOATHOCTH

Cpean cylecTBuTeNbHbIX BbliaenatoTca npeanonoxexHue (38,73 IPM), teHaeHuma (31,63
IPM), BepoaTHOCTb (26,1 IPM). Wx ¢yHKUMA  3aKkAo4aeTca B KOHLUENTyanamsaumu
HeonpeaeNEHHOCTM KaK HayYHOM KaTeropumn.

Hanpumep:

e MOXHO roBOPUTb O TEHAEHLMM K YCOKHEHWNIO CTPYKTYPbI TEKCTA.
e CyllecTByeT BEPOATHOCTb M3MEHEHWSA NAapaMeTPOB MOAE/N.

NHTepnpeTauma pesynbTaToB YEpPEe3 TEOPUIO BEXK/IMBOCTU

MonyyeHHble AaHHble MNOATBEPHKAAIOT, YTO XeAXKMHI B HAYYHOM AMCKYpCe BbINONHAET He
TONbKO KOTHWTMBHYIKD, HO W COUMaNbHO-Nparmatuyeckyto ¢yHKuMo. C no3vumim  Teopum
BEXX/IMBOCTM OH MOMOraeT COXPaHWTb HanaHC MeXay aBTOPUTETOM aBTOPaA M YBAaXKEHMEM K
yuTaTento.

ABTOP, MCNONb3yA GOPMblI BOSMOXKHO, NPEANONOKUTENBHO, MOXKHO CYMUTATb, GaKTUYECKM
coobulaeT: «3T0 MO apryMeHTUPOBAHHbIN BbIBOA, HO A OCTaBAAD MPOCTPAHCTBO ANA HAy4YHOM
ANCKycCUMM». TeM CaMbIM CHUXKAETCA Yyrpo3a «HEeraTMBHOMY AMUy» aapecaTa — ero npasy He
NPUHMMATb YYXKYt0 TOYKY 3peHua 6e3ycnoBHo. OAHOBPEMEHHO COXPAHAETCA U «MO3UTUBHOE
NIMLO» aBTOPA, MOCKO/IbKY NMO3MLMA BbIPAXKaeTCA KOPPEKTHO, 6e3 M3NNLWHEeN KaTeropmyHocTu. na
aKaJeMMn4yecKom cpelbl 3TO OCOBEHHO BaXKHO, TaK KaK HayyHoe 3HaHWe pa3BMBaeTCA 4vepes
obcyKaeHWe, yTOYHEHWE W MPOBEPKY rMNOTE3, a He Yepe3 be3anenAUMOHHbIE YTBEPKAEHMA.

BbiBOAb!

MpoBeaéHHOe MCCAef0BaHNE MOKA3ano, YTO XEAKMHI ABAAETCA HEOTbEM/IEMOM YaCTblo
PYCCKOro Hay4HOro AMCKYpCa U peanmnsyeTcs CpeAcTBaMm Pa3HbiX YacTel peym U CUHTAKCUYeCKMX
KOHCTPYKUMIA. Hanbonee npoayKTMBHbIMW OKa3a/MCb BBOAHbIE C/I0BA, [1aro/ibl MHEHWUS, Hapeyns
CTEMEHWN U CYLLECTBUTE/IbHbIE C CEMAHTUKOM BEPOATHOCTMU.

HaHHble HKPA cBMAETENbCTBYIOT O BbICOKOM YacTOTHOCTM MAapPKEPOB CYMTATb, BO3MOMKHO,
BEPOATHO, [AOCTAaTOMHO, YTO MOATBEPKAAET YCTOMUMBBLIA  XapaKTep XeAXKMpoBaHMA B
aKaZemmyecKkomn peum.

XeaWHT BbINOAHAET CPa3y HECKONbKO GYHKLMNA:

® CHW)KaeT KaTeropmyHOCTb BbICKA3bIBAHWA;

e 0003Ha4aeT cTeneHb yBEPEHHOCTM aBTOPa;

e [enaeT aprymeHTtauuto bonee rubkom;

® 0AAEPKMBAET HOPMbI aKaAEMMNYECKOM BEKINBOCTY;
® CrNoCOBCTBYET KOHCTPYKTMBHOMY HayYHOMY AMANory.

Takmm 06pasom, xe[KMpoBaHWE CneayeT PacCMaTpMBaTb HE KaK BTOPOCTEMEHHbIN
CTUIMCTUYECKMIA INEMEHT, @ KaK BaXKHEMLMI MHCTPYMEHT Hay4YHOM KOMMYHWUKALMK U pPerynaumm
MEXKTNYHOCTHbIX OTHOLEHW B aKageMMNYECKOM cpeae.
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Abstract

Abstract: This article explores the pedagogical impact of integrating gamification elements
within web-based online platforms (such as Quizizz, Kahoot!, Wordwall, and Baicizhan) to enhance
foreign language acquisition. Moving beyond simple mobile applications, this study analyzes how
structured digital gamification environments alter the cognitive and motivational profiles of
language learners. Grounded in contemporary computer-assisted language learning (CALL)
frameworks, the paper examines the structural division of game elements—including dynamics,
mechanics, and components—and evaluates their specific contribution to vocabulary retention,
reading comprehension, and the reduction of foreign language anxiety. Furthermore, the study
addresses critical pedagogical limitations, such as the risk of "chocolate-covered broccoli" design
(superficial gamification) and the overreliance on extrinsic rewards. Finally, it outlines balanced
instructional strategies for blending gamified online platforms with systematic classroom
methodologies in higher education.

Keywords: Gamification, Online Platforms, CALL, Quizizz, Kahoot!, Structural Gamification,
Extrinsic Motivation, Foreign Language Anxiety.

Introduction

The rapid digitalization of higher education has necessitated a paradigm shift from teacher-
centric instruction to interactive, student-driven learning environments. In the field of foreign
language learning (FLL), maintaining sustained learner engagement and mitigating performance
anxiety remain major instructional hurdles. While traditional rote memorization often results in
low situational motivation, modern web-based online platforms present an alternative via
gamification—the strategic implementation of game design elements within non-game
educational contexts (Luo, 2023).

Unlike standalone mobile applications meant for casual use, browser-based online platforms
(e.g., Quizizz, Kahoot!, Wordwall) allow for synchronous classroom engagement, real-time
diagnostic evaluation, and collaborative macro-tasks. The purpose of this study is to analyze the
theoretical dimensions of digital gamification in FLL, classify the mechanisms of leading online
platforms, and establish empirically grounded methodologies for their integration into foreign
language curricula.

1. Theoretical Framework: Meaningful Gamification and CALL

The theoretical integration of gamification into Computer-Assisted Language Learning (CALL)
relies heavily on understanding how game architecture interacts with human psychology. Rather
than viewing games as mere entertainment, modern methodology separates gamification into
structural and content-based approaches.
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According to the foundational structural framework established by Werbach and Hunter, a
successful gamified system is built on a hierarchy of three core elements: Dynamics, Mechanics,
and Components (Pujola & Appel, 2022).

e Dynamics form the overarching grammar of the system (e.g., progression, emotional arc,
constraints).

e Mechanics drive the immediate instructional action forward (e.g., competition, rapid
feedback loops, cooperation).

e Components are the explicit digital manifestations of those mechanics (e.g., leaderboards,
points, badges, quests).

In language classrooms, this structural hierarchy operates alongside Self-Determination Theory
(SDT) by Deci and Ryan, which argues that effective learning environments must satisfy three basic
psychological needs: autonomy (feeling in control of learning), competence (feeling effective), and
relatedness (feeling connected to peers) (Nguyen, 2024). When online platforms align their digital
components with these three psychological drivers, they transition from superficial gamification
into "meaningful gamification" (Luo, 2023).

2. Classification of Gamified Online Platforms in FLL

Different online platforms serve distinct linguistic goals depending on how their game
components are mapped onto pedagogical tasks. Based on recent systematic classifications,
digital tools used in university-level FLL can be organized into three main functional categories
(Luo, 2023; Zhang & Hasim, 2023):

Platform Category

Synchronous
Audience Response
Systems

Asynchronous
Gamified Quizzing
Platforms

Adaptive Micro-
Scaffolding

Platforms

Core Examples

Kahoot!,
Mentimeter

Quizizz, Wordwall

Baicizhan,
ClassDojo

Key Gamification
Components Used

Timed countdowns,

instant points,
competitive live
leaderboards,

musical cues.

Avatars, power-
ups, redemption
guestions,
customized theme
music, individual
pace control.

Daily streaks, card-

based unlocking
systems,
progressive
difficulty levels,
automated

feedback loops.

3. Cognitive and Affective Benefits of Gamified Platforms

Primary Language
Learning Target

Active lexical
retrieval, grammar
parsing under time
constraints,
formative
assessment.

Reading
comprehension
strategies,
individual
spelling/morpholog
y retention,
diagnostic self-
testing.

Contextual
vocabulary
expansion,
cognitive structural
memory
reinforcement.
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Empirical data from recent mixed-methods studies highlight major advantages of online
gamification over traditional text-based drills, particularly in the cognitive and affective
(emotional) domains:

Mitigation of Foreign Language Anxiety (FLA)

Traditional classroom environments often trigger high performance anxiety during oral
production or rapid testing. In contrast, gamified digital platforms provide a low-stakes "safe
failure" zone (Nguyen, 2024). Because mistakes within platforms like Wordwall or Quizizz result in
lost digital points rather than social embarrassment or immediate low grading, learners show a
dramatic decrease in communicative nervousness (Laura-De La Cruz et al., 2023).

Cognitive Load Optimization

Advanced online platforms use intelligent micro-task sequencing to optimize the learner's
working memory. By dividing complex syntactic structures or large lexical sets into small,
scaffolded micro-quizzes, platforms lower extraneous cognitive load while boosting germane load
through immediate, automated feedback loops (Abdullaeva, 2026).

Enhanced Language Enjoyment and Autonomy

The inclusion of sensory stimuli (visuals, animations) combined with adaptive challenges—
where the platform adjusts task difficulty to match the user's growing proficiency—creates a
psychological state of "flow" (Zhang & Hasim, 2023). This state fosters internal learner initiative,
transforming language practice from a compulsory chore into an autonomous, highly enjoyable
activity.

4. Structural Limitations: The "Chocolate-Covered Broccoli" Dilemma

Despite clear pedagogical benefits, digital gamification faces significant structural and
conceptual criticisms that educators must address:

The Superficiality Trap: Many commercial language tools are criticized for offering "chocolate-
covered broccoli"—merely pasting flashy graphics, points, and leaderboards over dull, uninspired
grammar-translation tasks without actually changing the underlying pedagogy (Luo, 2023).

e The Novelty Decay: The positive motivational impact of game elements is frequently short-
lived. Once the initial novelty of badges and leaderboards wears off, student engagement
drops significantly if the platform prioritizes raw competition over meaningful linguistic
feedback (Zhang & Hasim, 2023).

e Extrinsic Overjustification Effect: Relying too heavily on external rewards (points, streaks)
can damage a student's intrinsic desire to master the language. Students may focus
entirely on "gaming the system" to win points rather than deeply processing semantic
meanings (Nguyen, 2024).

e The Collaborative Deficit: A large portion of existing online tools focus almost entirely on
individual lexical matching or competitive translation drills, frequently neglecting crucial
FLL goals like authentic social interaction, context exploration, and free oral collaboration
(Luo, 2023).

5. Methodological Strategies for Classroom Integration

To maximize the value of gamified online platforms while avoiding their drawbacks, higher
education instructors should employ systematic instructional designs:
The "Gamified Sandwich" Method (Blended Lesson Design)

Online platforms should never serve as a standalone curriculum. Instead, instructors can
structure a blended lesson into three distinct phases:

1. Pre-Game Scaffolding: Traditional, contextualized instruction introducing new linguistic

structures (lexicon, grammar paradigms).

2. Gamified Production/Practice: Utilizing a Quizizz or Kahoot! session to provide high-
energy, rapid retrieval practice, reinforcing memory retention through mechanics like time
limits and challenges.
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3. Post-Game Reflective Analysis: Reviewing the platform's automatically generated analytics
dashboard to address collective linguistic errors, spelling mistakes, and structural
misconceptions in a non-gamified, deeply analytical discussion.

Shifting from Competition to Cooperation

To counteract the stress of aggressive leaderboards, teachers should utilize the "Team Mode"
configurations available in platforms like Kahoot! and Quizizz. Grouping students into collaborative
squads wraps the competitive mechanics in a layer of peer-to-peer cooperation, satisfying the
relatedness need of Self-Determination Theory and boosting group accountability.
Conclusion

The integration of gamified online platforms into foreign language classrooms represents a
massive step forward for digital pedagogy. By effectively translating structural game components
into specific language tasks, web platforms like Quizizz, Kahoot!, and Wordwall successfully
optimize cognitive load, minimize foreign language anxiety, and drive student engagement.

However, to prevent gamification from becoming a superficial aesthetic gimmick, it must be

deployed as an integrated element of a comprehensive blended learning design. Future
developments in digital language education will likely rely on combining these gamified mechanics
with generative Al to offer highly personalized, conversational, and deeply meaningful language
environments.
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bonallak matemaTrka Myfanimaepi
naapnayaa matemaTuKaHbl OKbITYAbIH,
9iCTEMENIK KYMECIH XKobanayabiH,
ONOAKTUKANbIK Heri3aepl

H.beranbl

«MaTemaTunKa myfanimaepiH aaapnaay» bbb marnctpaHTel, KOpKbIT aTa aTbiHAAFbI
Kbi3bliopAa yHMBepcuTeTi, KasakcTaH

H.Awwnpbaes

dur3mKa-maTeEMaATUKA Fbl/IbIMAAPLIHBIH AOKTOPbI, Mpodeccop

Kipicne

Kasipri 6inim bepy xyheciHaeri XahaHablk e3repictep neaaror kagpnapapl aaspiay
Ma3MyHbIHa *KaHa TananTap Kokaa. 9cipece, maTemaTuKanbiK 6inim 6epy canacbiHaa 6onalak,
MYFaNiMHIH TeK Teopuanblk binimai mMeHrepyi KeTKinikcis 60abin, Kacibu-neaarornkanbik,
9iCTEMENIK KaHe LUNPPAbIK KY3bIPeTTINIKTepAi KeleHai TYpAe KaabiNTacTblpy KaxeTTifir apTbin
OTblp. by XKafaa mateMaTUKaHbl OKbITY YAEPICIH YAbIMAACTbIPYAbIH, ASCTYPAI TaCiNAEPiH KalTa
KapacTbIPbIM, OKbITYAbIH, 34iCTEMENIK XKYMECIH FblIbIMKU Herizae »obanayasl Tanan eteai. Kasipri
TaHAa OiniM anywbiHbIH, TaHbIMAbIK ©enceHainirii AambiTy, GYHKLUMOHANAbIK CayaTTblNblfbIH
Ka/abINTaCTbIpy, MaTEMaTUKAbIK OMNAyblH XKETINAIPY KaHe NpaKTMKablK, MiHOAETTepai wellyre
benimaey macenenepi matemaTuKkabik Oinim bepyaiH Herisri barbITTapbiHbIH, BipiHe anHanab!.

Bonawak maTemMaTWKa MyfanimaepiH Aaapnay KyheciHae saictemenik AaapblKTbiH,
MaHbI3bl epeKkwe. Cebebi MyFaniMHiH, Kacibu canacbl TeK MaHAiK 6inim AeHreimeH emec, con
6inimai TMiMAai yrbimaacTbipa anybIMeH, OKbITYAblH 3icTepi MeH TeXHONOTMANaPblH OPbIHAbI
KONAaHYbIMEH, OKY NPOLECIH Neflarornmkanblk TypfblaaH sKobanam anybiMeH aHbiKTanaabl. OcblifaH
HalNaHbICTbl MaTeMaTMKaHbl OKbITYAbIH, 34ICTEMENIK KYNECIH Kobanay maceneci neaarorMkanbik
6inim bepy TeopuAchl MeH NPaKTUKACbIHAAFbI ©3eKTi FblibiMM BafbiTTapabliH 6ipi 6obin Tabblnagp.
9icTemMenik KyreHi xobanay 6apbICbiHAA OHbIH, KYPbIAbIMAbLIK KOMMNOHEHTTEPI, ANAAKTUKANbIK
Heri3gepi, OKbITYy MaKcaTTapbl MeH Ma3MyHbl apacbiHAafbl e3apa balnaHbic Kyneni Typae
KapacCTbIPbINybl KaXKeT.

CoHFbl Xblnaapbl 6inim Bepy canacbiHAa Ky3blpeTTinikke bafblTTanfaH OKbITY, UMDPAbIK,
TexHonorvanapasl nanaanaHy, STEM 6inim 6epy, 3epTTeyuwinik »KaHe npobsiemasnblK OKbITy
Tocinaepi KeHiHeH eHrisinyae. Ananga 6yn 6afbiTTapabiH, 6onallak maTemaTtvka MyfFanimaepi
nanapnaynarbl a4icTeMENiK KyMeMeH biknangacy epeklenikrepi ai e ToAblK HaKTblAaHbaraH.
MpakTuKaga mMaTemaTuMKaHbl OKbITYy 9A4iCTEMECIH YMbIMAACTbIPY KebiHe AsCTyp/i MasmyHAbIK,
MOZeNbAepre CyYMeHei »aHe OKbITy NMPOLECIH Kyneni xobanay maceneciHe XeTKiNikTi aeHrenge
Ha3ap ayaapblimanabl. byn e3 keseriHae 6onaluak Myranimaepaid Kacibn aaspblFbiHAA TeopUs
MeH MPaKTUKaHbIH apacbiHAAFbl a/lLAKTbIKTbIH CaKTaNyblHa anbin Keneai.

OcbifaH balnaHbICTbl 6i3 Oonallak matemaTMka MyfFanimaepiH Aanapnay KafaanbiHaa
MaTeMaTUKaHbl OKbITYAbIH, 3IiCTEMENIK XKYMeCiH )obanayaplH ANAaKTUKANbIK HEri3AepiH aHbIKTay
YKOHe OfapdblH, Ma3sMyHAbIK epeKlWenikTepiH HaKTblaayabl MaKcaT eTin andblk. 3epTtrey
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HapbiCbiHAa SAiCTEMENIK KYMEHIH, KypblbIMAbIK KOMMOHEHTTEPI TanAaHbIM, OHbl *KobanayabliH,
TUMIMAI ANAAKTUKAAbIK WapTTapbl KapacTblipbliaabl.

3epTTeyaiH,  Herisri  cypafbl:  Honawak ~MaTemaTMka  MyFanimaepiH  aaapnayaa
MaTeMaTUKaHbl OKbITYAbIH 3A4iCTEMENIK KyMeciH obanayablH KaHaan AMAAKTUKaNbIK Herisgepi
TMimai 6onbin Tabblnagpl?

9aebuettepre wony

MNeparornka fbibIMbIHAA «DA4ICTEMENIK KYMEY» YFbIMbl OKbITY MPOUECIHIH, MakcaTTapsbl,
Ma3MyHbl, a4icTepi, dopmanapbl MeH KypanaapbiHbiH, ©3apa 6alnaHbiCKaH TyTac KypblabiMbl
peTiHAe KapacTbipbliaabl. byn BGarbiTTarbl KnaccuKkanbik 3epTreynepaiH, bipi 60abin caHanaTbiH
AHapent MbiwKano eHbekTepiHae aaicTeMENIK KYMEHiIH HEri3ri KOMMNOHEHTTEPI MaKcaT, Ma3MyH,
a4ic, dopma KaHe OKbITYy Kypandapbl peTiHAe aHbliKTanfaH. 3epTTeylli MmaTemMaTUKaHbl OKbITY
TMIMAINIri ocbl KOMMNOHEHTTEPAiH, ©3apa ynnecimainirive Tayenai ekeHiH KepceTtedi. KewniHri
nefarornkanblK 3eptreynepae Ae aaicTeMenik Kyhe 6inim b6epy HaTuxKeciHe OafbiTTanFaH
YMbIMAACKAH Neaarornkablk KypblibiM PeTiHAe cunatranapl.

MaTemaTMKaHbl OKbITY 8AicTeMeciHiH, Aamybl Binim Bepy napaanrmanapbiHbiH, 63repyimeH
Tikenel HGannaHbICTbl 6oAabl. [JacTypai OKbITYAa mMaTeMaTuKanblK OiniMmai ganbiH KyriHae bepy
MeH anropuTMAiK ecenTep Wbifapyfa HacbimablK Oepince, Kasipri keseHge 6iniM anyLbliHbIH,
TaHbIMAbIK BenceHainiri meH 3epTTeyLllinik apeKeTi MaHbI3abl OPbIHFa WbIKTbI. J1eB BbiroTckui
YCbIHFAH 2/1eyMeTTIK-MaAeHN Teopuaaa Oinim anyablH, TynfaHblH, 6enceHai apeKkeTi apKbi/bl
Xy3ere acaTbiHbl Herizgence, Oskepom bpyHep eHbeKkTepiHae discovery learning Tacini apKblibl
6inimai e3 beTiHWe KypacTbipyAblH, MaHbI3bl KOpCeTinreH. by naeanap KelMiHHeH maTeMaTuKaHbl
OKbITYAafbl KOHCTPYKTUBUCTIK TaCiNAepAiH KanbinTacyblHa Heri3 6onapl.

Kasipri maTtemaTtukanblk, 6inim bepyae npobaemanblk KaHe 3epTTeyWiNik OKbITy
ToCinAepiHiH, MaHbI3bl apTbin Keneai. [opaxk [lona maTemaTuKanblk ecenTepai wewy
BapbiCbiHAa NOTMKAAbIK, OMAay MeH 3epTTeyWinik SpeKeTTi AaMbITyAblH KaxKeTTifiriH aTan
KepceTkeH. OHbIH «How to Solve It» eHberi MaTemaTuKanblK oWnay CcTpaTernanapbiH
Ka/biNTaCTblpyAafbl MaHbI3bl KyMbICTapablH 6ipi 6onbin caHanaapl. COHbIMEH KaTap inquiry-
based learning TaciniHe apHanfaH 3epTTeynepae MaTemaTMKaHbl OKbITy 6apbiCbiHAA alliblK,
Tancblpmanap MeH Aanengeyre OarblTTanfaH apeKkeTrep OinimM anywbinapdblH, aHaIUTUKANbIK,
KabineTiH AambITyfa biknaa eTeTiHi KepceTineai.

Meparornkansik »kobanay Teopuranapbl Aa a4icTEMENIK XKYNeHi YbIMAACTbIPY/1a MaHbI3bl
OpbIH anaapl. Braanmmnp becnanbko neaarornkasiblK TEXHOOMMAHBI afAblH ana XKobanaHfaH KaHe
HaKTbl HaTWMXKere OarbITTanfaH Kyhe peTiHZe KapacTblpbil, OKbITY MPOLECiH MoAenbaeyain,
FbINbIMM Heri3aepiH yebiHAbl. OHbIH eHbEeKTepiHAE OKbITY MasMyHbIH Xyleni »kobanay b6inim 6epy
canacbiH apTTblpyAblH, Heri3ri daxkTopnapbiHbiH, Oipi peTiHAe cunaTTtanaabl. Ocbl HafbiTTarbl
3epTTeyaepae nefarorvkansik kobanay 6inim 6epy npoueciH yMbIMAACTbIPYAbIH,  TUiMA)
MexaHM3Mmi peTiHae OafanaHbin, OonawaK MyFaniMaepaiH, Kacidbn [asapibiFbIMEH  TbIFbI3
HannaHbICTa KapacTbipbliagbl.

Ky3blpeTTifikke HerizgenreH 6inim 6epy Ty)KblpbiMAamachl Kasipri nenarornkanbik
3epTTeynepdiH MaHbi3abl 6arbiTTapbiHbIH BipiHe aHanabl. AnekcaHap XyTOpcKkol eHbekTepiHae
Ky3bIPETTi/IiIK TyAfaHblH, OiniMai nNpakTUKanbiK Kafganga KongaHa any Kabineti peTiHae
TyCiHAipineai. bonawak matematMka MmyranimaepiH gaapnay bapbicbiHAa aicTeMenik, UMbpbik,
OHE KOMMYHWKATUBTIK Ky3blpeTTepdi KanblNTacTblpy Maceneci epeklle maHbi3fa ne. OcblfaH
HalNaHbICTbl MaTeMATUKAHbI OKbITYbIH 9AiCTEMENIK XKyMeci Kacibu-baraapnaHfaH Tancbipmanap
MeH MpPaKTUKa/bIK SPEKETTEP apKblAbl YMbIMAACTbIPbIAYbl TUIC €KeHi KenTereH 3epTTeynepae
KepceTineai.

COHfFbl XKblNAapbl LMPPAbIK TEXHONOTMANAP MaTeMaTUKaNbIK Binim Bepy »KyheciHe eneyni
biknan eTyae. GeoGebra, Desmos cuAKTbl UMOPAbIK Kypanaap maTemMaTuKanbiK yFbiMaapab
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BM3yanu3aUMANayFa KaHEe WMHTEPaKTMBTI OKbITYy OpTacbiH KaNbINTacTblpyfa MYMKIHAIK Oepegi.
Munxasnb bopba KoHe opinTecTepiHiH 3epTreyaepiHae UMOPAbIK  TEXHONOrMANAPAbIH,
MaTeMaTMKaNbIK TYCIHIKTI TepeHaeTyre KaHe 6inim anywblnapabliH OKY MOTUBALMACHIH apTTbipyFa
acep eTeTiHi KepceTinreH. CoHbiMeH Katap STEM 6inim Bepy Ty»KblpbiMAamachl MaTeMaTUKa NaHiH
YKApaTbIIbICTAHY KoHE MHXeHepAiK BafbITTapMeH bIKNaNAacTbipa OKbITYAbIH MaHbI3bIH KYLIENTTI.
Byn OarbiTTarbl 3epTTeynep 6onawak MyfanimaepaiH, naHapanblk OalnaHbicC OPHATY »KaHe
KonaaHbanbl ecenTepai nanganaHy AafablAapbiH AaMbITy KaXKeTTiNiriH Herizgenai.

oaebuneTtepai Tangay HaTuKeciHae Oonallak maTemaTMKa MyfanimaepiH daspnay Maceneci
KenTereH fblibiIMM eHbeKTepae KapacTblipblAfaHbIMEH, MaTeMaTUKaHbl OKbITYyAblH, 94iCTeMEeniK
KYyMeciH obanayablH ANOAKTUKANbIK Heri3gepi MeH OHbl »Ky3ere acblpy WapTTapblHbIH 63apa
HannaHbICbl KETKINIKTI AeHrenae kyheneHbereHi aHbIKTanapl. Ocipece Kasipri uudpabik 6inim
bepy aroalblHAQ D4iCTEMENIK KyMeHi kobanayabiH KYpblibiIMbl MEH Ma3MyHbIH HaKTblaay
KarKeTTiniri caktanyna. Ocbl Macene 3epTTey/iH, fbl/IbIMW ©3eKTiNIrH aKbIHAAMAbI.

3epTTey aficHamach!

3epTTey 6OapbicbiHAa 6onallak MmaTeMaTMKa MyFanimaepiH Aaapnay  KafdanbiHaa
MaTeMaTMKaHbl OKbITYAblH 3dA4iCTEMENIK KYMeCiH KobanayablH AWMAAKTUKANbIK Heri3gepiH
aHblKTayfa OafblTTanfaH TEOPUANbLIK 3epTTey a4icTepi KonAaHbinabl. 3epTTeyaiH a4iCHaManbIK,
HerisiH  neaarorMkanblk — Kobanay Teopusanapbl,  Ky3blpeTTinikke  OafblTTanfaH  OKbITY
TYXKbIPbIMZAMach! }KaHEe MaTeMaTUKanbIK Binim 6epyaiH 3amaHaym H6afbITTapbl Kypaabl.

3epTTey HapbiCbiHAA €H anAblMeH MeaarorMKanblK, NCUXONOTUANBIK KaHe aaicTemenik
a4ebueTTepre TEOPUANbIK Tanaay *yprisingi. TeopusaabiK Tannay apKblibl «34IiCTEMENIK Kyney,
«OMAQKTUMKANbIK WapT», «nefarornkanblk Kobanay», «maTemaTuMKaHbl OKbITYy aicTemeci»
YFbIMAAPbIHbIH, FbINbIMWA Ma3MyHbl KapacTblpbl/ibiN, ONapAbliH, ©63apa HalfaHbICbl aHbIKTaNAbl.
CoHbIMeH KaTap 6onallak maTemaTuka MyfanimaepiH Aaspnay macesneciHe apHanfaH OTaHAbIK
oHe WeTenik 3epTreyaep capanaHabl.

CanbICTbipManbl Tangay aA4icCi apKblabl MaTEMATMKAHbI OKbITYAbIH ASCTYPAI *KaHe 3aMaHaym
TOCiNAepiHiH epeKLlenikTepi KapacTbipblNabl. ATan alTKaHAa, Ky3bIPeTTiNiKKe Heri3aenreH oKkbITy,
UMPPAbIK  TEXHONOrMANApAbl KONAaHy, 3epTreywinik »kaHe STEM  OafbiTbiHAAFbl  OKbITY
TOCINAEPIHIH a4icTeMENIK MYMKIHAIKTEPI CaNbICTbIpblAAbl. By Tanaay matemaTUKaHbl OKbITYAbIH,
aAicTeMeniK }KyMeciH *kobanayaa TMiMAI AMOAKTUKANbIK HEri3Aepdi aHbIKTayFa MyMKIHAIK 6epai.

yeney agpici 3epTrey OapbiCbiHA@ KApPaCTbIPbIAFAH  FbIAbIMK  TYXbIPbIMAAP MEH
nedarorMkanblk, —maeanapAbl  KypblabiMaayFa KoAAaHbindbl. HaTuxkKeciHae MmaTeMaTuKaHbl
OKbITYAbIH ~ dAiCTEMENIK KYMECiHIH, Herisri KOMMNOHeHTTepi MeH onapabl  KobanayadpiH
ONAAKTUKaNbIK WapTTapbl KyheneHai. COHbIMEH KaTap MOAenbAey a4ici apKblabl Honalwak,
MaTemMaTMKa MyfFanimaepiH Jaspaayda KoNAaHbINaTbiH SA4ICTEMENIK KYMEHIH KYPbIAbIMAbIK
MOAENi YCbIHbINAbI. ¥CbIHbIIFAaH MOAENbAE MaKCaATTblK, Ma3MYHAbIK, TEXHOJIOTUANbIK *KaHe
HOTMMKENIK KOMMOHEHTTEPAIH, ©3apa balnaHbiCbl KapacTblpbiadbl. byn moaenb maTemaTMKaHbl
OKbITY MPOLECIH fbIIbIMA HeEri3ge yMbIMAACTbIpyFa »KoHe 6onalwak MyranimaepiH, Kaciou-
aAicTeMeniK AaapablFbiH KeTingipyre 6arblTTanapi.

9icTeMenik KyMeHi obanayablH AMAAKTUKANbIK Heri3aepi

Bonalwak matemaTvKka MyfaniMAepiH Aaapnay KafganbiHoa MaTemaTMKaHbl OKbITYAblH,
aJicTemenik »KyneciH »obanay bipHelwe e3apa HalaaHbICTbl ANAAKTUKAIbIK Herizgepre cymeHyi
Tuic. Cebebi kasipri 6inim bepy Kyheci MyFaniMHEH TeK MmaTeMaTuKaablK Dinimai meHrepyi faHa
eMecC, COHbIMEeH KaTap OKbITy MPOLECIH fbiAbIMK Herizae yWbiMaacTbipa any, UMOpAbIK,
TeXHoMOrMANapAbl KONAaHy »aHe 6inim anylwblNapablH, TaHbIMAbIK GenceHAainiriH - gamblty
KabineTiH Tanan eteai. OcbifaH 0OalnaHbICTbl 3epTTey OapbicbiHAa SAiCTEMENIK  MKYMeHi
»}obanayablH, HEri3ri AMAaKTUKaAbIK Heri3aepi aHblKTanabl.
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BipiHWi Heri3 — Ky3blpeTTifikke DafbITTaNfaH OKbITY. Kasipri negarorvkanbsik 3eptreynepae
6inim HaTuKeci Binim KenemiMmeH emec, OHbl MPaKTUKA/bIK XKafdanda KoAaaHy MyMKiHAIrimeH
aHbIKTaNnaTblHbl  KepceTineni. AnekcaHap XyTOPCKOWM  Ky3bIPETTiMiKTI  Ty/faHblH, ic-apeKeT
HbapbiCcbiHAa KanbiNTacaTblH MHTErpaTWMBTI canacbl peTiHae KapacTbipadbl. OcblfaH CalKkec
MaTeMaTUKaHbl OKbITYAbIH 2icTeMeniK Kyheci 6onawak mMmyfanimaepaid Kacibn-negarornkanblk
opeKeTKe AaMblHAbIFbIH KanbINTacTbipyFa OafbITTanybl KarkeT. byn yuwiH OKbiTy 6apbicbiHAa
NPaKTUKablK ecenTtep, Kacibu xkafaanaTrap, cabak kobanay Tancbipmanapbl KaHe aficTeMenik
Tangay XyMbICTapbl eHri3inyi THic.

EKiHWI Heri3 — cTyAeHTKe BafbITTaNFaH »KaHE KOHCTPYKTUBUCTIK OKbITY. /leB BbIroTCKM1 meH
Oxepom bpyHep eHbekTepiHae 6inim anywbiHbiH 6enceHai apeKkeTi OKYy MNPOLECIHIH, HEerisri
KOMMOHEHTI peTiHae KapacTbipblnadbl. byn Tacin 6oMbiHWa cTyaeHT 6inimai AanibiH KyniHae
Kabblngamanabl, OHbl ©3 SpPEeKeTi apKblibl KypacTblpadbl. COHAbIKTAH MaTemMaTMKaHbl OKbITY
HbapbicbiHAa npobaemansik Tancbipmanap, Tangay KYMbICTapbl, MikipTanac keHe pedaekcus
3N1IeMEHTTEPIH KoNdaHy MaHbi3abl. MyHAal Tacin bonalak MyranimaepaiH, NOrMKaablk oMnaybiH
YKOHe nedarornkanbik Wellim Kabblnaay KabineTiH gambITyFa MyMKiHAIK 6epen,.

YWiHWi Heri3 — 3epTTeywWwinik okbITy. MaTemaTuKanbik 6inim bepy »yheciHae 3epTTeywinik
apeKeT 6inim anywbinapablH aHANNTUKANbIK KoHE LblFapMallbliblK KabineTrepiH AambITyAblH,
MaHbI3apbl Kypanbl 601bin Tabbinaabl. Axopax Moa maTemaTuKanbiK ecen Wbifapy HapbiCbiHAA
MaceneHi Tanaay, BoMKam Kacay KoHe Adnenfey apeKeTTepiHiH MaHbI3blH aTan KepCeTKeH.
OcblfaH  bBalnaHbICTbl  aAicTeMeNliK  KyWede allblk TUATEr  ecenTepai, 3epTTeyuwinik
Tancbipmanapapl KaHe aanenaeyre 6arbiTTanfaH XymbiCTapabl NakaanaHy Kaxket. byn 6onaluak,
MyFanimaepaiH, MaTemMaTHKanblK OMnay MaAEHMETIH KanbiNTacTblpyFa bikNan eTed,.

TepTiHWI Heri3 — UMPPAbIK TexHonormanapasl KongaHy. Kasipri keseHge undpbik 6inim
Hepy opTacbl MaTEMATMKaHbI OKbITY NPOLECiHIH MaHbI3abl beniriHe altHanapl. GeoGebra, Desmos
CUAKTbI Nnatdbopmanap maTtemMaTMKanblK YFbiIMAApAbl BM3yanusaumanayra KoHe WUHTepaKTMBTI
opTaga TyciHAipyre MyMmKiHAIK 6epegi. Uudpnabik  Kypangapabl nanganaHy  Kypaeni
MaTeMaTWKablK MpoLecTepi KepHeKi Typae Kepcetyre, OiniMm  anywblnapablH, NaHre
KbI3bIFYLLbIbIFbIH AaPTTbIPYFa KoHE 0N1apAblH, TaHbIMAbIK BeNCeHAINIrH KyLenTyre biknan etea,.
CoHAbIKTaH HBonalak MaTemaTuka MyfanimaepiH Aaspnay HapbicbiHaa UMOPAbIK pecypcTapabl
neaarornkanblk MakcaTTa KoAdaHy AafablnapbiH KaabinTacTbipy MaHbi3abl 601bin Tabblnaapl.

BeciHwi Heri3 —naHapanblk XaHe STEM nHTerpaumacel. Kasipri matematmkanbik 6inim bepy
MaTemMaTuKaHbl Backa fblnbiMaapmeH 6aliaHbICTbipa OKbITYAbl Tanan etedi. STEM 6afbiTbiHAAFbI
3epTTeynep MaTeMATUKaHbl TEXHO/IOTUA, WHXXEHEPWS KOHE KapaTblAbICTaHYy fblabiMAapbIMEH
bIKNaNAACTbIPa OKbITY Oinim anywblnapdblH, NPaKTUKaAbIK OWAaYbIH  AaMbITyFa  MYMKIHAIK
bepeTiHiH KepceTeai. OcbifaH 6OalnaHbICTbl dAiCTEMENIK Kylede KondaHbanbl ecentepa,,
MOZeNbAey TarncbipManapbiH KaHE MaHapanblK kobanapabl eHrizy KaxkeT. byn 6onalwak
MyFanimaepaiH, matemaTukanbik Binimai emipnik aroalnapmeH GannaHbiCTbipa any KabineTiH
KanbINTacTblpaabl.

Ocblnaniia, maTeMaTUKaHbl OKbITYAblH diCTEMENIK KYyMeciH KobanayablH Herisri
OANAAKTUKANbIK Heridgepi peTiHAe Ky3blpeTTifikke OafblTTanfaH OKbITY, KOHCTPYKTUBUCTIK Tacif,
3epTTeYWiNiK OKbITY, UMIPAbIK TexHosornanapabl nanganaHy xaHe STEM  wuHTerpaumace
aHbIKTanabl. byn Herizaep e3apa HannaHbICTa Ky3ere ackaH afdahga bonallak matemaTumka
MYFaniMmaepiHiH Kacibn AanpabIFbIHbIH TUIMAiNITT apTaabl.

AVOaKkTuKanbIK WapTTap4bl HaKTblnay

Bonallak maTemaTuKka MyfanimaepiH aaapnay OapbiCbiHA@ MaTEMATMKaHbl OKbITYAbIH,
aicTemeniK KyMeciHin, Tnimainiri 6enrini 6ip AMAAKTUKANAbIK LWaPTTapAblH, CakTasyblHa Tayenai
6onaapl. 3epTTey HaTUMKeciHAe aAicTeMenik KyMeHi »kobanaydbl KamTamacbl3 eTeTiH bipHele
Heri3ri AnMAaKTMKabIK WapTTap HaKTblAaHAbI.
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BipiHWI AMAAKTUKANbIK WapT — UMbpPbIK Oinim 6epy opTackiH yibimaacTbipy. Kasipri 6inim
bepy KafgalbiHOA@ UMOPPAbIK TEXHONOrMANAP MaTemaTuKanblk 6inim  HepyaiH  maHbI3abl
KOMMNOHeHTIHe alHanapl. CoHAbIKTaH Gonalak myfanimaepai aasapnay bapbicbiHAa UUDPAbIK,
nnatdopmanapdbl, WHTEPAKTMBTI  PECcypcTapdbl aHe  MaTemaTuKasblK — BM3yanm3aumsa
KypanaapblH kyheni kKonaaHy KaxeT. GeoGebra, Desmos cuAKTbl  Hafgapnamanap
MaTemMaTUKaNbiK 0ObEKTINepAi AMHAMUKANbIK TYPAe KepceTyre MyMKiHAK 6epeai. MyHaan opTa
CTYAEHTTEPAiH, abCcTpaKTiNi yrbiMAapabl TEPEH TYCiHYiHE KaHe MaTemaTuMKasblK MoAenbAepai
TangaybiHa biknan eteqi. CoHbIMeH Katap undpnblik opTa 6onalak myfanimaepdiH 3amaHayu
6inim 6epy TexHONOrMANAPbIH K3CibW KbI3MeTTe KoAAaHy AafablnapbiH KabiNTacTbipaab!.

EKiHWI AMOAKTUMKaNbIK WapT — Kacibu-barbiTTanfaH Tancelpmanapabl KonaaHy. bonawak
MaTemMaTnKa MYFaniMaepiHiH Kacibm Aanpablifbl TEOPUANLIK BiNiMAI MEHTEPYMEH FaHa LeKTeMeyi
Thic. OcblfaH BannaHbICTbl OKbITY DBapbICbiHAA NeaarorMKablk, KaFaanaTrap, cabak »kocnapnay,
baranay KpUTepUMAEPiH KYPacTbipy XaHe aJicTemenik Tanzay CUAKTbl Kacibu Tanceipmanapapl
EHri3y MaHbI3abl. AnekcaHap XyTOPCKOM Ky3bIPeTTiNik 6inimai HakTbl apekeT BapbiCbiHAA KOAaHY
apKbiabl  KanbinTacaTblHbiH  KepceTkeH. CoHAbIKTaH  Kacibu-barbiTTanfaH  Tancbipmanap
CTYAEHTTEPAIH, 4iCTEMENIK KY3bIPETTIANIMH KaHe neaarornkanbik wWeliMm Kabblngay kabineTiH
OaMbITyFa MyYMKIHAIK Bepea,.

YWiHWi AMAAKTUKAAbIK WapT — a4icTeMeniik skobafay apeKkeTiH eHrisy. bonawak, myFranim
OKbITY MPOLECIH YMbIMAACTbIPYAbl anAblH ana xobana anybl KaxkeT. OcblifaH 6HalnaHbICTbI
CTYAeHTTepre mateMaTWKaiblK TaKblpbiNTap OoMbIHWA cabak MoaenbAepiH KypacTbipy, OKpITY
2AiCTepiH TaHAAY KaHe UMdPAbIK Kypanaapabl MHTerpaumanay TancblpMmanapbiH 6epy maHbl3bl.
Bnaammump becnanbko neaarormMkanbik xobanayabl 6inim 6epy HaTUKeciHe HafblTTanfFaH Kymeni
9pEeKeT peTiHAe KapacTbipfaH. DaicTemenik skobanay apekeTi CTyAeHTTepAiH, neaarornkasbik
OMNayblH KaNbINTaCTbIpbIN, ONapAblH Honallak Kacibn KbiaMeTKe AalblHAbIFbIH apTTbipadbl.

TepTiHWI AMAAKTMKANbIK WapT — pebaekcns meH Kepi BalNaHbICTbl KamTamachl3 eTy.
Kasipri negarornkanslk 3eptreynepae pedaekcnsa 6inim anywbiHbIH, KaCiOM AaMyblHbIH, MaHbI3Apbl
KOMMNOHEHTI peTiHAe KapacTbipbliaabl. Pednekcma CTyaeHTTiH 63 dpeKeTiH TanaayblHa, OKbITY
HOTUMKeCiH BaFanayblHa XaHe Kacibu KMbIHAbIKTapAbl aHbIKTayblHA MyMKiIHAIK 6epeai. COHAbIKTaH
MaTeMaTMKaHbl OKbITy GapbiCcbiHAA ©3iH-63i Hafanay, TONTbIK TajnKblaay, Kepi OalNaHbIC KaHe
cabak Tangay aNeMeHTTEPIH XKyMeni eHrisy KaxkeT. byn 6onaluak myfanimaepaiH, CblHM onayblH
YoHe Kacibn pedneKkcHACchbIH AaMbITyFa biKkMnan eTes;.

beciHWI AMAAKTMKaNbIK WAPT — 3epTTeywinik opTaHbl KajbiNTacTblpy. MaTemaTuKaHbl
OKbITYy OapbicbiHAA 3epTTeyLWinik cunaTTafbl Tancblpmanapabl nanganaHy CTyAeHTTEepPAiH,
aHaA/IMTUKANbIK OHE LblFapMallblblK, OMAaYblH AaMbITyFa MyMKIHAIK 6epeai. xopax [Nona
MaTEMATMKAbIK ecen LWblFapy NPoLeciHAe MICeneHi Tangay MeH AsnengeyaiH MaHpl3biH aTtan
KepceTKkeH. OcblfaH HannaHbICTbl allblk, TUNTEr ecenTep, MaTeMaTUKa blK 3epTTey 3/1eMeHTTepI
oHe npobnemansbiK *KafaanTrTap bonallak MyFanimaepaid 3epTTeyLwifik Ky3blpeTTifiriH 4ambiTyFa
argan »kacangpbl.

TemeHae MaTemaTMKaHbl OKbITYAblH, —diCTEMENIK KyMeciH »obanayablH  Herisri
ANOAKTUKAbIK WapTTapbl MeH ON1apAblH, KYTIIETIH HOTMXeNnepi KepceTinai.
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Kecte 1.

OnpakTUKanbIK WapT KyTineTiH HaTUxe

Lndpnbik 6inim 6epy optacbiH ybimaacTblpy | Lndpabik Ky3blpeTTiNiKTiH KaabinTacybl

Kacibu-barblTTanfaH Tancbipmanap KonaaHy dAicTeMenNiK Ky3blpeTTiNIKTIH Aamybl
Meparorvkanbik — Kobanay  AafAblCbIHbIH,
KanbINTacybl

9aicTemenik sKobanay sapeKeTiH eHrisy

Pednekcus MeH Kepi HannaHbICTbI

. CbIHU KaHe pedNeKCcHBTi onnayabiH Aamybl
yMbIMOACTbIpY ped YABIR Aamy

AHaNINTUKANbIK KaHe 3epTTeyLlinik KabineTTiH,

3epTTeyuwinik opTa a ac
PTTEYLWINIK OpTaHbl KaabIiNTacCTbIpy namybi

BalikafaHbIMbI34an aHbIKTaAfaH AMAAKTUMKAAbIK WapTTap MaTemaTuKaHbl OKbITYAblH
aJicTemenik KyMeciH Tuimai kobanayra KoHe Oonallak MaTeMaTvKa MyfFaniMmaepiHiH Kacibu
NAAPAbIFbIH XeTinaipyre MymKkiHa ik 6epegi.

Tankbliay

3epTTey HaTWMxKesnepi Honallak maTteMaTuKa MyFaniMaepiH Jaspiayia maTteMaTUKaHbl
OKbITYbIH SICTEMENIK KYMECiH XKobanay KeNKOMMNOHEHTTI }KaHe XKyMeni ybiMaacTbipyabl KaxkeT
eTeTiHiH KepceTTi. 3epTTey DapbICbiHAA aHbIKTAAFaH ANAAKTUKALIK HEri3aep MeH LWapTTap Kasipri
negarornkanbik 6inim 6epy TanantapbiHa cankec Honallak, MyfaniMmaepaiH Kacibu aaspabiFbiH
xeTingipyre  GafbiTTanfaH. Ocipece  Ky3blpeTTinikke  OarbiTTanfaH  OKbITY,  UMPPAbIK
TEXHONOTMANAPAbI NakdanaHy »KoHe 3epTTeyLWifik Tacingepai KipikTipy maTemaTuKasbiK Oinim
Hepy Ma3MyHbIH aHapTyAblH MaHbI3Abl DafbiTTapbl PeTiHAE aHbIKTaAAbI.

3epTTey HaTuxenepi Bnagnmmnp becnanbko yCbiHFAH Neaarornkanbik »KyMeHi anabiH ana
»obanay umaeanapbiMeH canMkec Kenefi. fanbiM negarorvkasnbl MPOLECTIH, TUIMAINIMT OHbIH
MaKCaT, Ma3MyH »XoHe TexXHO/IOMMs KOMMOHEHTTEpPiHiH, e3apa OainaHbiCbiHA Tayeni eKeHiH
KepceTkeH. Ocbl 3epTTeyae Ae dAICTEMENIK MYMEeHIH KypblbIMAbIK KOMMOHEHTTEPIH ©3apa
HalnaHbICTa  YMbIMAACTbIPYAbIH,  MaHbI3AblAbIFbl  aHbIKTanAbl. COHbIMeH KaTap AnekcaHap
XYTOPCKOWM KapacTblpFaH Ky3blpeTTinikke bafbiTTanfaH TacinAaiH, Oonalak MyranimaepaiH, Kacion
dpeKeTKe AaAP/blfblH KanbINTaCTbIpyAafbl Pei HAKTbIAAHAbI.

3epTTey OapbiCbiHAa YCbIHbIAFAH MaHbI3Abl epekleniktepdid, 6ipi — maTemaTUKaHbl
OKbITYAbIH, 3icTeMENIK KyMeciH »obanayaa UMPPAbIK KoHe 3epTTeYWiNik KOMMNOHEeHTTePAiH,
e3apa HalnaHbICTa KapacTbipblaybl. KenTereH 3eptreynepae UMPpabIK TEXHONOTMANGP TEK OKbITY
Kypasbl peTiHAe cunaTtTanca, byn 3epTreyae onap nefarorvkanbik obanay meH agictemenik
[AApAbIKTbIH Kypamaac beniri peTiHae KapacTbipbingbl. Mbicanbl, GeoGebra »kaHe Desmos
KypangapblH NanaanaHy TeK BU3yanm3aLma eMec, COHbIMEH KaTap bonallak myfanimaepain, cabak,
KYPbINbIMbIH K0banay sKaHe maTemaTuKanblK MOAEeNbAeY AAFAbINAPbIH AaMbITy Kypanbl peTiHae
Herizgenai.

CoHbIMeH KaTap 3epTTeyAe MaTeMaTWKaHbl OKbITy GapbiCbiHAA 3epTTeywinik cunaTTafbl
TanNCbIpManapabl Kymeni KONAAHYAbIH, MaHbI3AbIbIFbl aHbIKTanabl. byn HaTuxe [Ixopax Nona
eHbeKTepiHaeri MaTeMaTuKabIK OMNayAbl ecen Wbifapy apKblibl AaMbITy UAEANAPbIMEH CaKec
Kenepdi. Anaiaa yCbiHbIIFAaH XYMbICTbIH, epeKLeniri — 3epTTeyLinik Tancelpmanapabl Tek 6inim
aNyWbIHbIH MaTeMaTUKabIK AaMblHAbIFbIH - AAMbITY Kypaibl emec, 6onalwak MyfFaniMHiH,
d4iCTeMEeNIK KY3bIPETTINIMH KanbINTAcTbIpy TETIir peTiHAe KapacTblipybliHAA.

3epTTeyaiH TeopusasbIK  MaHbi3bl MaTeMaTUMKaHbl OKbITYAblH —3IiCTEMENIK MKYMECIH
»}obanayaplH, AMAAKTMKAbIK Heridgepi MeH WapTTapbiH KyheneyiHae KepiHedi. YCbIHblAFAH
KypblnibiM  Donawak, MaTemaTuka MyFaniMaepiH AaApnay Ma3MyHblH  fbiIbIMKM - TypFblaaH
YMbIMAACTbIPYFa MYMKIHAIK 6epedi. An NpakTUKaAblK MaHbl3bl KOFapbl MNeAarornkasblK OKy
OpbIHAAPbIHAA MAaTEMATUKAHbI OKbITY 9A4iCTEMECI NOHAEPIH YbIMAACTLIPY 6apbICbIHAA YCbIHbINFAH
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AVOAKTUKANbIK WapTTapabl KOAAaHy MYMKIHANIMEH aHblKTanagpl. ATan aWTkaH4a, Kacibu-
HarblTTanFaH Tancbipmanap, UMdpabik naathopmanap »aHe aaictemenik »obanay apekeTTepi
Hbonallak MyFanimaepaiH Kaciom aaapabiFbiH KeTiN4ipyre biknan eted,.

3epTTey HaTUXKenepi MaTemaTMKaHbl OKbITYAbIH 94iCTEMENIK KyMeciH obanay bonaluak,
MyFanimaepain, Kacibu Ky3blpeTTifliriH KaabiNTacTbipydblH MaHbI3Abl NeJarorMkablk TeTIKTEPiHiH,
6ipi ekeHiH kepceTTi. Kasipri UMPPbIK *KaHe Ky3blpeTTiNikKke bafbiTTanfaH binim 6epy *KaraanbiHaa
MYH/1a }KYWEHI FblbIMW HEri3ae YMbIMAACTbIpy MmaTeMaTuKanblk 6inim 6epy canacbiH apTTbipyFfa
MYMKIiHAIK 6epea,.

KopbITbIHAbI

Kasipri 6inim bepy kyneciHaeri esrepictep 6onallak maTtematMka Myfanimaepid gaspnay
Ma3MyHbl MeH KypblJbiIMbIH KaHapTyabl Tanan etedi. OcbifaH 6alnaHbICTbl MaTeMaTUKaHbI
OKbITYZbIH, SA4iCTEMENIK MYMECIH fblNbIMM Herisge kobanay negarorvkanbik 6inim H6epyain
MaHbI3abl OarbITTapbiHbIH, OipiHe alHanbin oTbip. 3epTTey bapbicbiHAa 6onallak MaTemMaTuKa
MyFanimaepiH  Aaapnay KardarblHA@ — MaTeMaTUKaHbl  OKbITYAbIH — 3ZiCTEMENIK  KyMeciH
)obanayaplH Heri3ri AMAaKTMKaNbIK Heri3fepi MeH OHbl Xy3ere acblpy LWapTTapbl KapacTblpblAabl.

3epTTey HOTUMKECIHAE a4icTeMENIK KyMeHi obanayablH, Herisri AMAaKTUKabIK Heri3aepi
PEeTIHAE Ky3blpeTTiNiKke OafblTTa/ffaH OKbITY, KOHCTPYKTUBUCTIK TaCiA, 3epTTeyWinik OKbITY,
UMPPAbIK TEXHONOTMANAPAbl NainaanaHy »kaHe STEM MHTerpaumackl aHbIKTanabl. byn Herizaep
bonawak, Myranimaepain, NaHAiKk OiniMiH faHa emec, onapApblH, a4icTeMentiK, 3epTTeyLLinik KaHe
UMPPABIK  KY3bIPETTINIKTEPIH AamMbiTyFa OafbiTTanaTbiHbl  alKbiHAaNAbl.  COHbIMEH KaTap
MaTEMATUKAHbl OKbITYAbIH, 34iCTEMENIK KYMECIHIH TUIMAIINITIH KaMTamachI3 eTeTiH ANAAKTUKANbIK,
WapTTap HakTbinaHapl. ATan anTkaHaa, umMdpablk 6inim 6epy opTacbiH yMbIMAACTbIPY, Kacibn-
HafblTTaNfaH Tancbipmanapabl KONAaHY, saicTeMenik »obanay apeKeTiH eHrisy, pediekcma meH
Kepi 0ailnaHbICTbl KamTaMacbl3 €Ty KoHe 3epTTeylinik opTaHbl KaabinTacTblpy 6Oonallak,
MYFaniMaepaiH, Kacion AaapablfbiH KeTinaipyre MyMKiHAIK OepeTiHi aHbIKTanabl.

3epTTeyaiH, TeopuANblK MaHbi3bl MaTEMATUKAHbl OKbITYAbIH 3A4iCTEMENIK MKYMeciH
)obanayaplH AMAAKTUKANbIK HerisaepiH »KyreneyiHae KepiHedi. AN NpPakTUKaNbIK MaHbI3bl
YKOFapbl OKY OpbIHAaPbIHAA BoNallak MaTeMaTKa MyFaniMaepiH Aaspnay 6apbIiCbiHAA YCbIHbINFAH
OMAAKTUKANbIK WapTTapabl KOAJaHY MYMKiHAINIMEH cunaTTanagbl. YCbIHbIAFAH TYXbIPbIMAAP
MaTeMaTMKaHbl OKbITY JICTEMECIH KeTingipyre »aHe Oonalak MyfanimaepaiH, Kaciou
Ky3bIPEeTTifliriH AambITyfa Heris 6ona anaabl. bonawakTa maTemaTKaHbl OKbITYAbIH 84icTeMENiK
KYMeciH undpnbik 6inim bepy KafaanbiHaa Taxipnbenik TypsblaaH anpobaumanay »KaHe OHbIH
Kocibn Oaap/blK canacbiHa 9CEpPiH 3KCMEPUMEHTTIK 3epTTey e3eKTi barbiTTapabiH, bipi 60abIin
Tabblnagbl.
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dopmnpoBaHMe 3BaKyaLMOHHOIO KapKaca
AZIMaTbl B YC/I0BUAX CEMCMUYECKOrO PUCKA

HbinkamaHoB AligbiH Aibery bl

MarmncTpaHT Kadeapbl «ApXUTEKTypa», Kazaxckui HalMOHaNbHbIN MCCNeA0BaTENbCKUN
TexHn4ecknmn ynmsepcuteT um. K.M. Catnaesa, AnmaTtsl, KasakcTaH

EceHos XBangonna MeaHoBMY

accoummpoBaHHbIM Npodeccop Kadeapbl «KApPXUTEKTYpa», Kazaxckuit HaUMOHaNbHbIN
nccnenoBaTeNbCKUN TEXHMYECKMI YyHnBepcuTeT um. K.W. Catnaesa, Aamatbl, Ka3akcTaH

AHHOTaUuA

CraTbA paccmatpmBaeT GOPMMPOBAHME 3BAKYaLMOHHOIO Kapkaca AAmaTbl  Kak
CaMOCTOATE/IbHOTO FPaAOCTPOUTENBHOMO CN0A, KOTOPbIM AO/KEH CBA3bIBAaTb AOPOXKHYKO CeTb,
OTKpbITble MPOCTPAHCTBA, PaioHHble M ropoAcKuMe safe zones, cMCTeMy OMOBELLEHWA, @ TaKXe
MHCTUTYLLMOHA/IbHbIE MEXaHW3Mbl pearmpoBaHna. AKTyaNbHOCTb TeMbl 0OYCNOBAEHA COYETaHMEM
BbICOKOM CEMCMMUYECKON YA3BMMOCTMU ropoaa, NAOTHOM 3aCTPOMKM LLEeHTPAbHbIX U NPeAropHbIX
PaNoOHOB, OrPaHWYEHHON MPOHMLAEMOCTM PALA KBAPTA/NIOB M BEPOATHOCTU MOCTCEMCMMUNYECKMX
ONOKMPOBOK Ha MarncTpansax 1M3-3a 06/I0MKOB, MOXKAPOB, MOBPEKAEHUA NHKEHEPHbIX CETEN U
HeynpaBasemoro asToTpaduKka. MeToaMyeckn uccnefoBaHME  OMMPAeTca  Ha  aHaaus
oduUMaNbHbIX ANOHCKMX MaTepumanos no Earthquake Early Warning, aBakyaumMOHHbIM MecCTam,
[0poram M Mepam B OTHOLUEHWM «3aCTPABLUMX» MACCAXXMPOB, a TaKKe Ha COBPeMeHHble paboTbl
NO MOAEANPOBAHUIO NeWeXoaHON 3BaKyaunmn 1 QYHKLMOHMPOBAHMA TPAHCMOPTHbIX CETEN nocne
3eMNeTpsAceHnI. B KayecTBe KAtO4EBOro BbIBOAA 0OOCHOBbLIBAETCA, YTO ANA ANMaTbl paLMOHaneH
He eAVHbIN «MapWpPyT CNACeHWA», a TPEeXyYPOBHEBbIN KapKac: /NIOKalbHble Y3/bl NEPBUYHOrO
BbIXOJa M3 30Hbl NageHua, panmoHHble safe zones 10—15-MWHYTHOW AOCTYMHOCTU M rOpPoO/CKMe
xabbl 4NMTENBHOTO NPebbiBaHMA, CBA3AHHbIE Pe3epPBMPYEMbIMU MArUCTPaAbHbIMM KOPUAOPAMM.
MpeanaratoTca NpUopuTeTbl ANA peTpoduTa, N0rMKa BbIBOPa OTKPbITbIX MPOCTPAHCTB, OPUEHTUPSI
No BMECTUMOCTM, YNPaBAEHUIO NOTOKamK, Unudpoomy onoselleHuto n KPI peanmsaumm ao 2030
roga. [1], [3], [5], [8], [9], [13].

Kntoyesble cnosa

CeMCMMYECKMIM  pUCK, Anmatbl, 3BaKyaUMOHHbIM Kapkac, safe zones, OTKpbITbie
NPOCTPAHCTBA, ropoAcKan YCTOMYMBOCTb, MapLIPYTbl 3BaKyauumn, peTpoduT, rpaaocTpomTeNnbHOe
nnaHMpoBaHMe, ANoHMUA.

BeseaeHue

ANMaTbl OTHOCKTCA K YMCAY TOPOAOB, YbA MPOCTPAHCTBEHHAA CTPYKTypPa MCTOPMYECKM
dopmmpoBanacb Noj BO3AENCTBMEM CU/bHbBIX 3EMNETPACEHNI: pa3pyLInTenbHble cobbiTna 1887
n 1911 roaos NoOKasaau, 4To Aaa NPearopHOro ropoJa onpeaenatoMmm CTaHOBATCA He TOJIbKO
CEMCMOCTOMKOCTb OTAENbHbIX 34aHMIA, HO N KOHOUIYPaLMA YKL, NAOTHOCTb KBApTaNoB, A0CTYN K
OTKPbITbIM MPOCTPAHCTBAM M BO3MOMKHOCTb HObICTPON MaCcCOBOM CaMO3BaKyauUyum 6e3 BTOPUYHbIX
notepb. N8 COBPEMEHHOr0 Meranoinmca 3To 03Ha4aeT, YTO BONPOC ceMcMob6e30nacHOCTU A0NKEH
PeLaTbCA He TO/bKO CTPOUTENbHbIMM HOPMamMMK, HO M CpeacTBaMM rpajocTpouTenscTsa. [11],
[12].

Cepua ouyTUMbIx ToN4koB 2024 roaa NpoAeMOHCTPMPOBANa, YTo AaKe Npu OTCYTCTBUN
KaTacTpodMUYECKUX paspyLlleHnn rMaBHbIM PUCKOM CTAHOBMTCA HEOPraHWM3oBaHHOE MnoBejeHue
HaceneHua: NtoaAM OAHOMOMEHTHO BblOEeratoT W3 37aHWM, NbITAOTCA yexaTb Ha JIMYHOM

238



«Foundations and Trends in Research» (May 28-29, 2026). Copenhagen, Denmark I

TpaHcnopTe, GOPMMPYIOT 3aTOPbI HA MArUCTPANAX M TEM CaMbIM yXyALWatoT AOCTyN cnacatenen u
MeAcnyK0b K oyaram noparkeHua. MMMeHHO TakoM paspbliB MeXay CeMCMMYeCKOM OMacHOCTbIO U
MNPOCTPAHCTBEHHOW TOTOBHOCTbIO ropoda AenaeT TeMy 3BaKyaUMOHHOro Kapkaca 0cobeHHO
npaKkThuyeckon. [14].

Llenb HactoAwwen ctatbn - obocHoOBaTb MNPUHLMNLI GOPMMPOBAHMA 3BAKYALIMOHHOIO
Kapkaca AnmMaTbl B YCI0BUAX CEMCMUYECKOTO PUCKA U NPeasIOKUTb MPOEKTHbIN Habop pelleHni
ANA NOPOXKHOM CETU, OTKPbLITbIX MPOCTPAHCTB, safe zones, MHCTUTYLUMOHANbHOTO YNpPaBAEHUA U
3TanoB peanu3aumn. MeToAO0NOrMYECKM WCCNe[0BaHME COYEeTaeT CPaBHUTE/bHbIM aHanu3
AMNOHCKMX OdMUMANbHBIX MPAKTUK, rAe 3BaKkyalMs [AaBHO BCTPOEHa B TOPOACKOW AWM3aMH, U
COBPEMEHHbIE Hay4Hble MOAENM, MOKa3blBalolWMe, Kak Aebpuc, 3ab6/10KMPOBaHHbIE MPOXOAb,
noBeAeHne TONMbl U HapylWeHWe TPAHCMOPTHbIX GYHKLMIA MEHSIOT MCXO4 3BaKyalmMM B nepsble
MWHYTbI M Yackl nocne Tondka. [1], [3], [4], [5], [6], [8], [9], [10], [13].

Mof 3BaKyaUMOHHbIM KapKacoM B J@HHOM CTaTbe MOHMMAETCA He Habop Pa3pO3HEHHbIX
YL, @ NPOCTPAHCTBEHHO-OPraHM3aLMOHHaA CUCTEMA M3 TPeX B3aMMOCBA3AHHbIX 3/1EMEHTOB:
He30MnacHbIX OTKPbLITLIX MAOWAA0K, MapLPyTOB NOAXOAA K HAM M NPaBMA NepeBosa HaceneHua ¢
NNOKA/IbHOTO YPOBHA HA PaMOHHbIN M TOPOACKON. B odmLManbHOM NpakTUKe TOKMO 3BaKyaLMOHHblEe
MeCTa TPAKTYIOTCA KaK KPYMHble OTKPbITble MPOCTPAHCTBA - MAPKW, 3€/1eHble 30Hbl, Xuible
KOMMANEKChI, LKObHbIE TEPPUTOPUK, - NpefHa3HayeHHble MNpexae BCero AnA 3almTbl OT
PaCWMPAOLWMXCA NMOXKAPOB NOC/AE 3eMNETPACEHNA; NPU STOM ANA HUX 3a4atoTcA TpebosBaHMA No
pagmycy oxeaTa, NoWAAN M NPUBA3KE K HAaCeeHUIO, @ 3BaKyaLMOHHbIe 0POrN PaCCMaTPMUBAOTCA
KaK cneumanbHble He3onacHble HamnpaBAeHMA ABWMKEHWA K TakMM naolagrkam. ITOT noaxon,
BaXKeH ANA AAMaTbl, r4e ONacHOCTb MCXOAUT He TOIbKO OT CaMOro TOMYKA, HO M OT NMOCAeAyLLMX
noxapos, nageHuAa dacagHbiX 3/1EMEHTOB, CTeKNa, HaPYKHbIX WHXEHEPHbIX YCTPOWUCTB W
NIOKaNbHbIX 3aBanos. (3], [4], [5].

ANOHCKMI ONbIT BaXKEH M B NOBEAEHYECKOM acneKTe. TOKMO NPAMO peKomeHayeT nocne
3eMNIeTPACEHNA HE HaYyMHATb XaOTUYHOE MepemelleHWe, a OCTaBaTbCcA B He3onacHOM MecTe,
MCNONb30BaTb OGULMANBHYIO MHOOPMALMIO, NPU HEODBXOAMMOCTM NEPEXOANTb BO BPEMEHHbIe
mMecTa npebblBaHMA M He CO34aBaTb BCTPEYHble MOTOKM Ha ceTU. [loNnOAHWTENbHOE 3HaYeHue
MMEET NPaKTMKa ynpaBaeHua «3acTpABLLIMMM» PabOTHMKaMM 1 NaccaxkMpamm: BMECTO TOTa/IbHOro
Mcxoda AOMOM ropo, roTOBUT BPEMEHHbIe MIOWAAKM, 3anackl U pernameHTbl ans 6usHeca. Ona
AnmMaTbl 3TO O3HaYaeT NPUHLMNMAAbHBIM OTKA3 OT MOAE/IM MAaCCOBOM aBTIBaKyaLMM Kak 6a3oBoro
CUEHapWA; NMYHbIA TPAHCMOPT JO/IKEH pPe3epBMPOBATLCA A/ CracaTe/bHbIX Onepauui,
CaHWTaPHbIX MEepPeBO30K M MaZOMODBUbHBIX FPYMM, TOrAa Kak OCHOBHOM MOTOK A0/KeH ObliTb
newexoaHbIM M KopoTKonaeymm. [laxke Ha ypoBHE OTAE/IbHbIX MAapKOB AMOHCKAA MPaKTMKa
MOKa3bIBAET, YTO OTKPbLITAs Jy}KaiKa, KapTa TEPPUTOPUM, AOCTYMHOCTb, KPYIIOCYTOYHbIN PEXKUM,
6a3oBble NAOWAAKMA ANA MOMOLWM UM BO3MONKHOCTb MCMO/Ib30BAHMA MapKa A8 crnacaTesibHo-
BOCCTAHOBUTE/IbHbIX PAbOT ABAAKOTCA 4YacTbl0 eAMHOM CUCTEMbI, @ He BTOPOCTEMNEHHbIM
6naroyctponcreom. [1], [3], [6], [7].

[na Anmatbl KntoyeBaa npobsema COCTOUT B TOM, YTO FOPOACKaA TKaHb MecTamu ctana
CAVWKOM NNOTHOM W HeoAHOPOAHOW. [lewexogHas KOPOTKAA 3BaKyalMA OCAOMKHAETCH
3aKPbITbIMM  IBOPAMM, Y3KMMW BHYTPUKBAPTA/IbHbIMM Npoe3aamu, AAMHHbIMKU - dacaaHbIMM
dpoHTaMM C TOProBbIMM BPE3KAMM, TOYEYHOM 3aCTPOMKOM, OMNOpPamMM HAPYKHOW PeKAambl,
NOTeHUMaNbHbIM NaleHneM CTeKNa U GparmeHToB 0B6AMLOBKM, @ TPAHCMOPTHAA - BO3MOMXKHbIM
CHUMKEHMEM MPOMYCKHOW cnocobHocTM u3-3a  aebpuca, HenpeacKasyemoro noseAeHus
BOAMTENEN, MOBPEXAEHWI 3CTaKal, MOCTOB W WMHMKeHepHbIx ceTel. COBpemMeHHble MoAenu
MOKa3blBAOT, YTO AOCTYMHOCTb OTKPbITbIX MPOCTPAHCTB M OTCYTCTBME DApPbepOB CYLLECTBEHHO
NOBbIWAOT AOMO NHOAEN, AOCTUratoLLMX Be30MacHOM 30HbI B NEPBbIE MUHYTbI; HANPOTMB, AaXKe
4acTMYHOE 3aKpbITME AO0CTYNa K Open spaces pesKo yxyAlaeT pesynbTaT. [oaTtomy Bonpoc Ana
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AnmaTbl 3BYYMUT He KaK «rae MnoCTPOUTb elle OAHY AOPOry», a KaK «KaKuMe y4yaCTKM CeTu
rapaHTMPOBAHHO OCTAHYTCA XOAO0BbIMM W YUTAaeMbIMKM CnycTA 5-15 MWMHYT nocne CUAbHOro
Tonyka». [8], [9], [10], [13].

B aToi normnke uenecoobpasHo GopMMPOBaTL TPEXYPOBHEBLIM KapKac. [1epBbiit YpoBEHb
- JIOKaNbHble y3/1bl MEPBUYHOrO BbIXOAA M3 30HbI NAAEHMA: ABOPbLI OTKPLITOrO TMNA, WKO/bHbIE
CTaAMOHbI, HebONbLUME CKBEPDI, BHYTPMKBAPTA/IbHblE N0WAAKM, 40 KOTOPbIX MOXKHO AOMTK 33 3—
7 MUHYT U TAe Ye/IOBEK BbIXOAUT M3-N04 pUcKa obpylieHns Gpacaaos. BTopolt ypoBeHb - panoHHble
safe zones 10—15-MWHYTHOM AOCTYNHOCTWU: KPYMHbIE MapKW, CNOPTUBHbIE AApa, NAOLWAAN,
YHUBEPCUTETCKME KaMMyCbl, KPYMHble WKOAbHbIE TEPPUTOPUK, TAEe BO3MOXKHO Pa3BEPHYTb
COPTMPOBKY MOTOKOB, MEPBYD MOMOLWb, CBA3b M yyeT. TpeTui ypoBeHb - ropoackue xabbl
ONUTEeNbHOTO nNpebblBaHMA M NOTUCTUKKM, CBA3AHHbLIE C  MArMcTpasbHbIMU  KOPUAOPAMMU,
pe3epBHbIM 31EKTPOCHAbKeHMEM, BOAOM, CAHUTAPHLIMW y31aMW U NPUOPUTETHLIM A0MYCKOM
cneucny»k6. Takas wuepapxus cornacyetca C AMOHCKMM  pPas/MyeHnem BpemeHHoro cbopa,
WMPOKMX 3BAKYALMOHHbIX MECT M NOCAeAyoUMX CLEHApPMEB pasMeLLeHNA, HO ana AnNMaTbl OHa
[0/KHA BbITb alanTMPOBaHa K NpeAropHomy penbedy 1 pUcKy 3aBasoB Ha NPOAOAbHbIX YANLAX.
[4], [5], [8], [9].

Tabnnua 1. YpoBHeBasa CTPYKTypa 3BaKYyaUMOHHOrO Kapkaca AnmaTbl B YC/I0BMAX
CEMCMMYECKOro pucKa.

YpoBeHb MpoCTpaHCTBEHHbI M PacueTHO€
OcHoBHas PyHKLMA
KapKaca DIeMeHT Bpemsa 40cTyna
JToKanbHbIM 4BOp, cKkBep, 3—7 MUHYT] BbIXOZ4 M3  30HbI
WKO/IbHAA NAOLLaAKa nageHuA, NepBuYHbIN cbop
PalOHHbIN napk, CTa[INOH, 10-15 nepepacnpeaeneHme
KaMnyc, KpynHasa naowaib |[MUHYT NOTOKOB, MeANOMOLLb, CBA3b
FfopoacKkown KPYMHbIM napk, 20-40 AAnTeNbHoe
CMOPTUBHbIN KnacTep,MUHyT nnnnpebbiBaHmKe, cHabxeHue,
NTOrMCTUYECKMI Xab OpraHM30BaHHbLIN  [KOOpPANHAUMA CyKO
noaso3

Kak npoekTHoe npeasioxeHne ana AnAMaTbl 3BaKyaLMOHHbIM KapKac cieayeT CTPOUTb Ha
Tpex noscax. HUKHUM NoAC - CeBEPHbIE M CeBEPO-LEHTPa/IbHbIE PalOHbl, OPUEHTUPOBAHHbIE Ha
LWMPOTHbIE MarmcTpanu ypoBHA Palbimbek 6aTblipa M PbiCKyN0Ba C BbIXOAOM K KPYMHbIM
He3acTpoeHHbIM 1MB0 cnabo 3acTpoeHHbIM NOLWAAKAM NOC/Ae UHKEHePHOro ayamTa. CpeaHuni
NoAC - LLEHTPaNbHbIA ropoa, rae OnopoK CTaHOBATCA Kopuaopbl Abas, Tone 6u, CatnaeBa M
mepuanoHanu CanHa, CendynnuHa, Po3bibakuneBa, *entokcaH, a B poan panoHHbIX safe zones
NOIKHbI PAaCCMaTPMBATLCA KPYMHble CNOPTMBHbIE M 0OLLIECTBEHHbIE NPOCTPAHCTBA, @ HE Masible
MCTOpPUYECKME CKBEPbI. BEpXHMI Nosc - toro-3anaa 1 tor, rae TpebytoTca 0COBEHHO OCTOPOXKHbIE
pelleHna: OTKPbITble NPOCTPAHCTBA YPOBHA napka [lepsoro [lpe3naeHTa, nepudepum
BoTaHW4yecKkoro cazla, YHMBEPCUTETCKMX KaMMyCOB M KPYMHbIX LWKOAbHbIX TEPPUTOPUIA MOTyT
paboTaTb KaK paloOHHble MyHKTbl, HO CaMW TFOPHble HanpPaBAEHWS W YLWENbA He AO0/XKHbI
TPAKTOBATbCA KaK LIe/IM MacCOBOW 3BaKyaLMM M3-32 PMCKA OMON3HEN, KAMHENAZ0B M NOKaIbHOM
H610KMPOBKK. B 3TOIN cxeme NPUHLMNMANBHO BaXKHbl KAK MMHMMYM [1IBE a/IbTEPHATUBbI BbIXOa 13
KaX[0ro MMKpopanoHa, 4Tobbl 0TKa3 04HOIo Kopuaopa He obpyLwnean Bcto cuctemy. [2], [9], [10],
[13].
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Tabnunua 2. MNMpocTpaHCTBEHHbIE Nosica AAMaTbl B CTPYKTYpe 3BaKyaLMOHHOrO KapKaca
NPY CEMCMUYECKOM PUCKE.

MNosc Mpepnaraemsole KangupaTol Ha Kniouesol
ANMaTbl [ONOPHbIE KOPULOPLI paloHHble safe zones pUCK
HuskHWiA Paibimber 6aTbIpa,KPYMHbIE LLKObHbIE TEPPUTOPUM,PKENEIHOA0POKHbIE
PbiCcKynoBa, CEBEPHbIEMPOMBILINEHHbIE naowaaknnepeceyeHms, y3KMe
MepuanoHanm nocne ayamTa, pe3epBHblenoabe3abl
TOrMCTUYECKME NOoNA
CpepnHuii|Aban, Tone 6w, Catnaesa,|leHTpanbHbIN CTaAMOH UNIOTHaA 3aCTpoliKa,
CaunHa, CendynnuHa,cnopTknacTep, nnowaabdbacaaHbli nebpuc,
Po3blbaKkmesa Pecnybamkn 1 npuneratoumepcTakabl
OTKPbITbIE NPOCTPAHCTBA,
Honblime WKONAbHbIE AApa
BepxHuit Anb-®apabun 1 cBA3aHHblenapk  [lepsoro  pe3naeHTa,NnoanopHbIe CTEHbI,
MepuaNOoHam VHUBEPCUTETCKUE KamMmnycbl,[ONON3HEBbLIE "
nepudbepnitHolie OTKPbITbIE[CKNOHOBbIE NPOLLECCHI
Tepputopun  boTcaga  nocae
ayamTa

MponyckHyto cnocobHOCTb safe zones B AMaTbl Pa3yMHO CYMTATb HE «MO OLLYLLLEHMIOY, A
OT NAOWAAM M CUEHapUA NONb30BaHUA. TOKMO UCNONb3YET MUHUMANbHbIA OPUEHTUP He MeHee 1
M? Ha 4YesnoBeKa [A1A LWMPOKMX 3BaKyaLMOHHbIX MECT, C/neaoBaTeslbHO, Mollaaka 5 ra
TEOpeTUYeckM BmellaeT okono 50 TbiC. YeNOBEK MO MUHMMA/NbHOMY Mnopory, a npu bHonee
PeasMCTUYHOM MIaHUPOBOYHOM peskume 1,5 m? Ha YesioBeKa - OKoo 33 Tbic. Yenosek. s
NPeAnpOeKTHON CTagMu 3TOrO0 AO0CTAaTOYHO, YTOObI OTOMpPaTb MIOWAAKM M COMOCTaBAATb WUX C
YUCNEHHOCTbIO KBAPTA/IOB, HE MOAMEHAA NOCAeAYOWMIA MHKEHEPHbIA pacyeT. OTctoga cneaytoT
M NpuopuTeTbl peTpoduTa: B LLEHTPAIbHOM MOACE NPENKAE BCErO HYKHO YCUAMBATb HE TONbKO
3[@HMA, HO U CaMW KOPWAOPbLI - YCTPAHATb HaBMcatloWwme anemeHTbl, obcnenosaTb NOAMNOPHbIE
CTEeHbl, MOCTbl M MNyTENpPOBOAbl, COKPALWLATb KOJMYECTBO Y3KMX MECT Yy TOProsbix (POHTOB,
OTKPbIBaTb 3amnepTble NPOXOAbl B KBapTaaax, NepeBoAUTb OTAE/bHbIE TYMMKOBbIE ABOPbI B PEXUM
CKBO3HOW NeLWexoAHON CBA3M M MApPKMPOBATb LWKO/bHbIE TEPPUTOPUM KaK Y3/bl KOPOTKOW
aBaKkyaumun. PeHoBauma 6e3 TaKoro «MNpPOCTPAHCTBEHHOro PeTpoduUTa» He Co3AacT peasibHOM
yctonumsocTtu. [2], [4], [9], [10].

ANropuTM ABUMXKEHMA HaceNeHua Nocae CUAbHOTO TOMYKa B AAmaThbl LenecoobpasHo
CTPOUTb He KaK ANMHHbIN Nepexos K OAHOMY «r1aBHOMY YOeXuLly», a Kak NocaeaoBaTelbHOCTb
KOPOTKMX W NOHATHbIX $a3: YKPbITUE, BbIXOA M3 30HbI MNALEHWA, JIOKaNbHbIM  cbop,
nepepacnpeaeneHne U ToNbKO 3aTeM - NepeBos, YacTu Ntoaen B paioHHbIN MO ropoAcKom xab.
TaKoM cueHapuit nydlle COOTBETCTBYET BO3IMOXKHOCTAM PeasibHOM CeTU U YMeHbLUAeT KOHOAMKT
MeXK 4y HaceneHmem un cneucaybamu. [1], [3], [6].

VIHCTUTYLMOHANbHO KapKac A0MKeH ObITb 3aKpenieH 3a MeXXBeA0MCTBEHHON MOAEbIO,
a He TosbKo 3a AYC. AKMmaT oTBeYaeT 3a BK/YeHMe Kapkaca B MMM, TpaHcnopTHbIM 610K - 33
NPOXOAMMOCTb W MPUOPUTET CNeLaBUNKEHUA, CNykbbl 61aroycTpoincTea - 3a MapKMPOBKY M
obopynosaHme open spaces, ynpasneHne ob6pa3oBaHMA - 33 AOCTYMHOCTb WKObHbIX NAOWAAOK,
onepaTopsbl CBA3M - 33 push-onoseLlleHme 1 pe3epBHble KaHabl, bu3Hec-LeHTPb! 1 TPL, - 33 naaHbl
yaepXaHua Nogen Ha mecte MO aHaNorMu C ANOHCKOM MPaKTMKOM Mep AN «3aCTPABLUMX»
naccakmpos un paboTHukoB. KPI peanmszaumm go 2030 roga Mmoryt ObiTb CAeayrOWMMMN:
nHeeHTapmsauma 100% noTeHUManbHbIX OPeNn spaces 1 BHyTPMKBAPTa/IbHbIX MPOXOA0B; MOKPbLITHE
He meHee 90% Xuntenemn NoKanbHbIM y310M B paanyce 500 m; NokpbITUe He meHee 70% HaceneHus
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paoHHoW safe zone B Nnpeaenax 10—15 MUHYT NEWKOM; MapKMPOBKA M HOYHAA HaBMraLLMA Ha BCEX
MPUOPUTETHBIX KOPUIOPAX; EXKErOAHbIE PANOHHbIE yYeHMs; 0bcneoBaHMe Ha NageHne dacaaHbix
3/1EMEHTOB M HaBeCHOro 060pPyA0BaHMA BAOb BCEX MPUOPUTETHBIX OCEl; 0becneyeHme KaxKaoro
PANOHHOroO MyHKTa BOAOM, aBTOHOMHbIM OCBELLEHWEM, CAHUTAPHbIM MUHUMYMOM U pe3epBHOW
ceasbto. [1], [3], [4], [6], [7], [13].

[lna MTOroBOM BEPCTKWM CTaTbM A PeKoMeHAyt aBe obasaTesibHble cxembl. lNepBas -
«TpexypoBHEBbI 3BaKyaLIMOHHbIM KapKac AMaTbI», rAe pasHbIMM LIBETaMM NOKa3aHbl TOKaAbHbIe
y3/bl, palioHHble safe zones M ropoackne xabbl, a TakKe OCHOBHAA M pe3epBHaa TPACCMPOBKA
KopnaopoB.. Bropas - «KapTa KOHGIMKTOB NIOTHOM 3aCTPOMKM», rAe OTAE/NbHO OTMEYEHbI Y4aCTKM
BEpPOATHOro aebpuca, y3KME MecTa, 3aKpbiTble [ABOPOBble MNpoxobl, dacagHble GPOHTbI C
BMTPaXKaMu, MOCTbI, MOAMNOPHbIE CTEHbl WM Y4aCTKM CO C/NOXKHbIM penbedom. be3 TakoM
KapTorpaduyeckon aHalUTUKM  OaXKe  CW/ibHble  OPraHM3auMOHHbIE  Mepbl  OCTaHyTCA
nexknapatusHbimu. [4], [5], [9], [13].

3aKkno4eHne

Takmm obpasom, dopmMpoBaHME 3BaKyaUMOHHOTO KapKkaca AnamaTtbl cineayet
paccMaTpuMBaTb Kak 3a/a4vy rpagoCcTpoMTeNbHOM PeopraHmM3aLmMn, a He Kak NPUAoXKeHMe K NaaHy
[O. YcTonumsbI ropo/l, B CEMCMOOMNACHOM 30He - 3TO ropo/, FAe OTKPbITbie MPOCTPaHCTBa 3apaHee
PaHXMPOBaAHbI MO POSIM, MAPLWPYThl K HUM pe3epBMPOBaHbI, HacefeHWe MOJSy4aeT CUMHaA M
MOHATHbIN CLIEHapWI NoBeAeHMA, a NJ0THaA 3acTPOMKa He nepepesaeT NyTM OTX0Aa B Mepsble
MWHYTbl MOCAEe TONYKA. AMOHCKMI OMbIT MOKa3biBaeT, 4TO 3ddEeKTMBHOCTb [AaeT He oJHa
«CYynepTexXHOIOrMA», a CBA3KA M3 KapTMPOBaHMA, KOPOTKOMeYel nelexoaHoM aBakyaumm, wide-
area evacuation places, 10pO*KHOM 1 NAaPKOBOM MHPPACTPYKTYPbI, 3aNacoB, Y4EHUA U AUCLMNANHDI
noseaeHua. [1na AamaTbl 3TO 0O3HA4YaeT MOBOPOT OT TOYEYHbIX MEP K MOAMLLEHTPMYECKOMY
3BaKyaLMOHHOMY KapKacy, BCTPOEHHOMY B AeNCTBYIOLLYIO JIOTUKY pa3suTua ropoaa. [3], [5], [8],
[9], [13].

OrpaHnYyeHnem HaCTOALLEero NCCNe0BaHMA ABAAGTCA TO, YTO NPAMbIE MAWMHOYMUTAEMble
GIS-cnon oduumanbHbix safe zones M aKkTyasbHble MyHMUMMNAAbHbIE KapTbl AnmaTtbl He Obln
[OCTYMHbI B MOJIHOTEKCTOBOM BU/E B PaMKax AaHHOM CECCUMN, MOITOMY NPeAI0KEHHbIE KOPMAO0PbI
M TOYKM cbopa cnedyeT paccmaTpuBaTb Kak OOOCHOBAHHYIO MPOEKTHYO rMNoTesy, TpebytoLlyto
nanbHenwen Bepudukaumm B GIS, HaTypHOro ayamTa M YBA3KM C  CENCMUYECKMM
MWKPOPAMOHNPOBAHMEM, KaZACTPOM OTKPbITbIX MPOCTPAHCTB M MNACNoOpTamu  KPUTUYECKOWN
NHbPaCTPYKTYpPbl. TeEM He MeHee cama /I0rMKa PeLleHns OCTaeTca YCTOMYMBOM: CHavana - KapTa
H6apbepoB M OTKPbITbIX MPOCTPAHCTB, 3aTEM - CETEBOM PaACHET M UCMbITAHNE YHEHUAMM, N TONbKO
noc/ie 3TOro - KanuTasbHble BNOXKEHMA B peTpoduT 1 peHosaumto. [8], [9], [10], [13].
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OKYLLBIIAPABIH KYKbBIKTbIK
MBAEHMETIH KAbINTACTbIPYAAFbI
TOPBUE KYMbICbIHbIH PO/

CyntaHos Maxmya, Baicosuy

TypkictaH obabickl, TypKicTaH Kanackl, «Abai ateiHAafbl Ne31 xannbl 6inim 6epeTiH
mekTen» KMM, Tapux naHi myfanimi, AnpektopapiH Topbue KyMbiCbl XKOHIHAETI
opbiHbacapsl

Kipicne

Kasipri *kahaHaaHy AsyipiHAe KOFaMHbIH, TYPaKTbl JaMybl MEH KYKbIKTbIK MEMIEKETTIH,
HblFatobl a3amaTTapablH, KYKbIKTbIK M3AEHWET AeHreimeH Tikenel 6HannaHbICTbl. KasakcTaH
PecnybamKacbiHbIH, CcTpaTerManblk Aamy 6afbiTTapblHA@ 3aH YCTEMAINH KamMTamacbi3 €Ty,
a3amaTTapAblH, KYKbIKTbIK CAHACbIH apTTbIPY KaHE KYKbIK OY3YLbINbIKTbIH, anAblH any macenenepi
bacbiMm  MiHAeTTepAiH, bipi peTiHAe alkbiHAanfaH. Ocbl TypfblgaH anfaHga 6binim  bepy
YMbIMAAPbIHbIH, anapiHAa TYPFaH MaHbI3abl MiHAeTTepAiH 6ipi — OKyWbINapablH  KYKbIKTbIK
M3EHMETIH KaNbINTaCTbipy, ONApAblH, KYKbIKTapbl MeH MIHAETTepiH TepeH TYCIHEeTiH, 3aH
TananTapblH KYPMETTENTIH, a3amaTTblK Kayankepuwiniri xofapbl Tyafa Topbueney 6osbin
Tabblnagpbl.

KasakctaH PecnybamnKkacbliHbiH KOHCTUTYLMACBIHAA aAam KYKbIKTapbl MeH BoCTaHAbIKTapbl
MeM/IEKETTIH, eH, KbiMbaT Ka3sblHacbl peTiHAe TaHblAfaH. CoHbIMeH Katap «binim Typanbi»
KasakctaH PecnybamKkacbiHbiH 3aHbl, «KasakcTtaH PecnybamkacbiHaarbl HGanaHblH KYKbIKTapbl
Typanbl»  3aHpl, «Kamenetke TOAMafaHAAp  apacbiHAAfbl  KYKbIK ~— Oy3yLblIbIKTAPAbIH,
NpoduNaKkTUKachl XaHe OananapAblH KaAafanaycbl3 »KoHE MaHacbi3 KaaybliHblH aniblH any
Typanbl» 3aHbl, COHAAM-aK Topbue KYMbICbIHA KaTbICTbl HOPMATMBTIK-KYKbIKTbIK KyXKaTTap
OCKesieH YpMaKTbliH, KYKbIKTbIK TopOueciHe epekLle Ha3ap ayaapyabl Tanan etesi. byn Ky»katrapaa
6inim Bepy yMbIMAAPbIHbIH, MiHAETI Tek canasnbl binim 6epy faHa emec, COHbIMEH KaTap 3aHApl
KYPMETTEMNTIH, KYKbIKTbIK M3AEHMETI OFapbl a3amaT Ka lbINTaCTbIPy EKEHAir HaKTbl KOPCETINreH.

FbinbiMK aaebureTTepae KYKbIKTbIK M3AEHMET YFbiIMbl KYKbIKTbIK OiniMaepaiH, KYKbIKTbIK,
CaHaHbIH, KYKbBIKTbIK KYHAbIbIKTAPAblH, *aHE KYKbIKTbIK MiHE3-KYAbIKTbIH MbIHTbIFbl peTiHae
KapacTbipbinaapbl. KyKbIKTbIK M3AEHWETI KanbiNTaCKaH Ty/afa 3aH, HopmanapbliH bineai, e3
KYKbIKTapbl MEH MiHAETTEpPIH TyCiHeAi, KOFaMablK TOPTINTI CaKTayfa rKayankepLinikneH Kapanabi
YKOHE KYKbIKTbIK KaTblHacTapfa caHabl TypAae KaTbicadbl. MyHAan KacMeTTep afgamMHblH TYAFablK,
NaMyblHa, 21eymeTTiK belimaenyiHe XaHe Kofamzaafbl HenceHai a3amaTTblK YCTaHbIMbIHbIH,
KanblNTacyblHa bIKkNan eTea;.

Kasipri TaH4a KOfamAafbl a/neyMeTTiK e3repictep, aknapaTTblK TexHOA0rManapabiH
KapKbIHAbI AaMYbl, ¥KacTapAblH MHTEPHET KEHICTIrH KeHiHeH NanaanaHybl KYKbIKTbIK Topbue bepy
MaCe/IeCiHiH, ©3eKTiNlirH bypbiHfbldaH Aa apTTbipa TycTi. COHAbIKTAH MeKTen KabblpfacbiHaH
H6acTan  OKyllblNapAblH — KYKbIKTbIK —~ M3AEHMETIH  KanbINTacTbipy KyWeni opi  MaKcaTTbl
YMbIMAACTbIPbINFAH TOPOHME KYMbICbIHbIH, MaHbI3/bl 6aFbITbl 60bIN TabblNaAb.
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MekTtenTeri Topbre }KyMbICbIHbIH KYKbIKTbIK MOAEHNETTI KaNnbINTacTblipyAafbl OPHbI

OKyLWbINapablH, KYKbIKTbIK M3AEHMETIH KanbiNTacTblpy yAepiciHae Toapbue KYMbIChbI
epeklue pen aTkapagpbl. Cebebi KyKbIKTbIK DifiMm TEK TeopuANnbIK aknapaT peTiHae 6epinin KaHa
KOMMaM, OKYLbIHbIH KYHAENIKTI @MipiHAe KONAaHbINATbIH TaxKipubenik Aafablfa aHanybl KaxeT.
Byn mMiHAETTI »Ky3ere acblpyda MeKkTenTeri Topbue KyMeci KYKbIKTbIK TopOUeHiH Heri3ri anaHpl
Hobin caHanagbl.

Topbue MyMbICbl apKbl/ibl OKYLLbINAP 63 KYKbIKTapbl MeH MiHAeTTepiH TaHbin bineai, 3aH,
TaNnanTapblHblH, MaHbI3blH TYCiHEA 3He KYKbIKTbIK HOPManapAbl CakTaydblH Ka*KeTTiAiriH
yFblHaAbl. KYKbIKTbIK Topbue oKyLLbINapablH 3aHFa AereH KYPMETIH KaabiNTacTblpblin KaHa KoMmal,
onapablH, 60MbIHAA SAINETTINIK, KayanKkepLwinik, aganablk *KaHe azamaTTblk BenceHaiNiK CUAKTbI
MaHbI3abl KaCMeTTepdiH AamyblHa biknana etefi. KyKbIKTbIK M3AEHMET KanbiMTacKaH OKyLbl
MEKTENTIH, iWKi TopTin epexenepiH caHanbl TypAe OpbiHAAWAbI, ©3 IdPeKeTTepiHiH, canaapbiH
Hbaranan anaapbl *KaHe KOFaM/bIK OpTada *ayanTbl MiHE3-KY/blK TaHbITadbl.

MekKTenTeri Topbue KYMbICbl KYKbIK Oy3yLbIIbIKTbIH,  anfabiH any 6afbiTbiHAAFbI
KYMbICTapMeH e  Tbifbl3  6alnaHbicTbl. KomeneTtke To/AMaraHAap apacbiHAAfFbl  KYKbIK,
OV3yWbINbIKTAPAbIH, Heri3ri  cebenTepiHiH, Oipi  KYKbIKTbIK  OiNiMHIH,  KeTKifiKci3airi  meH
ayankepwinik cesimiHiH, TemeHgiri 6onbin  Tabbinadbl. COHABIKTAH KYKbIKTbIK Tapbue
KYMbICTAPbIH KyMeni yMbIMAAcTbipy apKblabl OKyLIbINApAblH Tepic apekeTTepre Hapy KayniH
azanTtyfa 6onaabl.

Topbue KyMbICbl XeOHiHAeri AupeKkTopablH, OpbiHOacapbl OCbl  YAEPICTiH  Herisri
YANecCTipywici peTiHAe MaHbI3abl YMbIMOACTbIPYLWbIALIK, Kbi3MET aTKapadbl. OHblH MiHAeTiHe
KYKbIKTbIK Topbue OOMbIHWA KbIAAbIK Kocnap a3ipaey, npobunakTMKanbiK ic-wapanapapl
YMbIMAACTbIPY, CbIHbIM XETEKLWINEPiHIH, *KYMbICbIH YIANECTIpY, KYKbIK KOpFay OpraHaapbIMeH »KaHe
aTa-aHaNapMeH bIHTbIMAKTACTbIK OpHAaTy, Tayeken TobObiHa KaTaTblH OKYLLUbIAPMEH KeKe
YMbICTap Kyprisy Kipeai. COHbIMEH KaTap AMPEKTOpAblH, Tapbue ici XeHiHaeri opbiHOacapbl
KYKbIKTbIK TRPOMEHiH, TUIMAINIriH Tangan, MOHUTOPUHE SKYPTi3y apKblabl TOPOUE KYMbICbIHbIH,
CanacblH apTTbipyfa bIKNan eTea;.

©3 Toxipnbemae KyKbIKTbIK M3AEHMEeTTi KanbiNTacTblpyAblH, HaTUXKeNi 6onybl BapabIK,
nefarortepdiH, arta-aHanapblH KoHe JNeyMeTTiK cepiktecTepaiH, bipneckeH apekeTiHe
HannaHbICTbl eKeHAiriH H6ankaabiMm. Myneni ybIMAACTbIPbIIFAH KYMbICTAP OKYLLUbIAAPAbIH
KYKbIKTbIK CayaTTbl/IblFblH apTTbIPbIN KaHa KOMMal, onapablH, MiHE3-KY/IKbIHA [1a OH acep eTes;.

KYKBIKTbIK Tapbue BarbiTbiHAAFbI iC-LUapanapapbl YMbIMAACTbIPY TaXipubeci

MeKTen TaxipnbeciHae KyKbIKTbIK MSAEHMETTi KanbiNTacTblpy MakcaTbiHAA dPTYPAI
HarbITTafbl iC-LUapanap Xyneni typae xysere acblipbliazbl. MyHA@N }KYMbICTap OKYLLbIAAPAbIH, ¥ac
epeKLLeNiKTepiH eckepe OTbIPbIN YMbIMAACTbIPbIIFAH KafAanaa faHa KofFapbl HATUXKe Depeai.

KYKbIKTbIK CayaTTbl/bIK anTa/bIKTapbl OKYLWbIIAPAbIH KYKbIKTbIK DifiMiH KEHENTYAIH TUiIMA
dopmanapbiHbiH, Bipi 6oabin Tabblnaabl. AnTanblk 6apbiCbiHAa KYKbIKTbIK TaKblpbINTafbl allblK
TopbOKe caraTTapbl, MHTEANEKTYANAbIK CalbICTap, 3cce BanKkaynapbl, KYKbIKTbIK BUKTOPUHANAP MeH
Kepmenep eTkizineai. OcbiHAam ic-wapanap bapbicbiHA@ OKyLLIbINap Ka3zakcTaH PecnybinKacbiHbIH,
3aHHamManapbl Typanbl OiNiMaepiH TONbIKTLIPbIN, KYKbIKTbIK Macenenepre Kbl3blFyLWblbIK
TaHbITaabl.

Mikipcalbic  TypHMPAEpPi  KYKbIKTbIK ~ M3AEHMETTI  KanbINTacTblpydblH,  MaHbl3Apl
KypangapblHbiH, 6ipi peTiHae Taxipnbene e3iH »KaKcbl KepceTin Kenegi. KyKblK NeH MiHAEeT, 3aH,
MEH »KayanKkeplinik, as3amaTTblK KOfaM MeH KYKbIKTbIK MeMAeKeT TaKblpbliNnTapbiHAAfbI
nikipTanactap oKylbINapAblH CbiHM oinay KabineTiH AambITbin, ©3 Ke3KapacbiH Aanenai Typae
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XeTKisyre yrpeTea,. Mikipcaibic bapbiCbiHAa OKYLWbIIAP 3aH, HOpMaaapbiH Tanaan, HakTbl eMipAiK
araannapra KyKbIKTbIK TypFblaaH 6ara 6epyre mallbiKTaHadbl.

KYKbIK KOpFfay opraHaapbl ekingepimeH kesgecynep Ae Topbuenik maHbi3bl Xofapbl ic-
lWapanap KaTapblHa »kaTagpl. MeKtebimizge toBeHanabl MNOAMUMSA  MHCMNEKTOPAAPbIHbIH,
NPOKypaTypa KbIBMETKEPJIEPIHIH, 3aHrepaepdiH KaHe MeAaMaTopAapabiH, — KaTbiCybIMEH
Kesgecynep TypakTbl Typae oTkisinedi. MyHaan kesgecynep 6apbiCbiHA@ OKyLWbINAP KYKbIK,
6Y3YLWbINbIKTbIH, Candapbl, SKIMLLIINIK ¥OHE KbI/IMbICTbIK *KayanKepLifik macenenepi XeHiHae
HaKTbl aknapaT anadbl. [MpakTMKa KepceTKeHAeMn, KYKblK KOpfay cafacbliHbiH MamaHAapbiMeH
Tikenen AManor oKyllblfapfa epeklle acep eTefi XaHe onapAblH, KYKbIKTbIK Kayankepuinik
AeHreMniH apTTbipadb!.

CbiHbIN cafaTTapbl KYKbIKTbIK TopbUeHiH KYyHAENIKTi Ky3ere acblpblAaTblH Heri3ri
dopmanapbiHbiH, Bipi 6oabin Tabbinagbl. CbiHbIN KeTeKWinepi KyKbIKTbIK TaKblpbiNTapabl
TOPOMENiK KYMbIC KOCMapblHA KYyMeni eHrizy apKblibl OKyLWbIIAPAbIH KYKbIKTbIK CaHACbIH
KanbINTacTblpaZbl. Ocipece 6ana KyKblKTapbl, KameneTke ToAMafaHAapAblH KayankepLuiniri,
MHTEPHET Kayincisairi, 3aH, anablHAafbl TEHAIK XOHE KYKbIKTbIK 3TUKA MacenenepiHe apHaafaH
cabakTap/blH TopOMeniK bIKkNaabl Xofapbl.

ATa-aHanapmeH OipneckeH »KYMbICTap KYKbIKTbIK TOpPOMEHiH, HaTMXKeniniriH apTTbipyaa
MaHbI3abl OpblH anaapl. Cebebi HGanaHbiH KYKbIKTbIK M3AEHWETI TeK MeKTenTe faHa eMec,
otbacbiHAa [Aa Kanbintacadbl. Ocbl MakcaTTa aTa-aHanap KMHaNbICTAPbIHAA  KYKbIKTbIK
TaKbIPbINTAap TYPaKTbl TYpAe KapacTbipblabii, KyYKblK KOpfay OpraHAaapbliHbiH, MamaHAaapbl
WwakKblpblnaabl. CoOHbIMEH KaTap aTa-aHanapfa apHanfaH aknapaTTbiK OyKneTTep, ceMuHapnap
¥KoHe KeHec Bepy *KyMbICTapbl YbIMAACTbIPbINAAbI.

MpodUNaKTUKANBIK KYMbICTAPAblH HITUMKeciHAe MeKTenTe TapTin  Oy3yLWbIbIKTbIH,
TeMeHaeyi, cabakKka KaTbICy/[lblH *KaKCapybl *KoHE OKyLIbINAPAblH, KOFaMAblK ic-Llapanapfa
benceHai apanacybl 6alikanaapl. COHfFbl KblNAAPbl KYPri3iAreH MOHUTOPUHI HaTUXKenepi
KYKbIKTbIK TOpOME XKYMbICTaPbIHbIH, OKYLLbINAPAbIH MiHE3-KY/IKbIHA OH, bIKNan eTKEHAIrH KepceTTi.
dcipece Tayeken ToObIHAAFbI OKYLUbITAPMEH XKYPTi3iNreH KeKe XyMbICTap 0/apapblH, 91eyMeTTiK
BenimaenyiHe sKaHe KYKblk Oy3YLWbIIbIKTbIH, aadblH anyfa MYMKIHAIK 6epai.

BYynnuvHr, KWbepbynnUHT }KaHe NHTEPHET Kayincizairi macenenepiHiv, anablH anyaafbl Tapbue
YKYMbICbI

Kasipri keseHae 6inim bepy yinbimaapbl angplHaa TypFaH MaHbI3abl macenenepaid 6ipi —
BYNAMHT  NeH  KNbepbynnuHrTiH - andblH - any. AKNapaTtTblK,  TEXHONOMMANAPAblH - AaMybl
OKYyLWblNapAbiH, UMPPAbIK KeHICcTikTe benceHai OoNybliHA »Kafdal KacafaHbIMEH, WMHTepHeT
Kayinci3iriHe KaTbICTbl *KaHa KayinTepaiH nanaa 6onybiHa Aa ceben 6bonapi.

BYNAWHT — OKyLbIFa KyMeni Typae Ncuxonoruanbik Hemece GU3MKaAbIK KbICbIM KepceTy
apekeTi bosca, KMBEPOYANMHT SNeYMETTIK Keninep MeH 31eKTPOoHAbIK GalnaHbiC Kypanaaps
apKbl/bl Ky3€ere acblpblAaTblH KbiCbIM KepceTy Typi 60/bin Tabblnaapsl. byn KybbinbicTap 6anaHbiH,
NCUXONOTUANBIK KafdalblHa Kepi acep €eTin, OHblH OKY YArepimiHiH TemeHaeyiHe, aneymeTTiK
OKLLUAynaHyblHa }KaHE 3MOLMOHANABIK KyM3enicTepre anblin Keayi MyMKiH.

OcblHOaM afoalnapablH,  andblH - any  MakcaTblHA@ — MeKTenTe  TYCIHAIpy KaHe
NPOPUNAKTUKABIK KYMbICTAP KyWeni Typae yMbiMmaacTbipbiiadbl. OKyllblapMeH OTKi3ineTiH
TPEHWHITEPAE KAYiNci3 KapbiM-KaTblHAaC MaAeHMeTi, KaHxKanaapAbl 6enbiT KonmeH Lweuly
Oafablnapbl XaHe KypAacTap apacblHAAFbl CbIMAACTbIK Macenenepi Kapactbipblaadbl. COHbIMEH
KaTap aHOHWMMAj caya/iHaManap Xyprisy apKpl/ibl OKyLbIAap apacbiHAafFbl MCUXONOTUANBIK axyan
TypaKTbl 6aKblnayaa yctanaapi.

NHTepHeT Kayinci3airi bonbiHIWa ©TKi3ineTiH cabakTapAa OKylUbliapFa KeKke AepeKkTepi
KOpfay, MHTEPHET anafKTblKTaH CaKTaHy, Ka/ifaH aKnapaTTapdbl axKblpaTy XoHe aNeyMeTTiK
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}eninepai Kayincis nanganaHy macenenepi TyciHAaipineai. MNpakTUKanbIK Tancbipmanap apKblabl
Gananap HaKTbl eMipnik Kafaamnapabl Tangan, Kayin-katepnepaeH KopfaHy »KOAAAPbIH
meHrepea,.

Topbue KyMbICbIHbIH, TUiIMAI a4icTepiHiH, Bipi — OKyLWbINAPAbl KYKbIKTbIK *KafaaaTTapbl
Tangayfa TapTy. KeMlc-ctagu, pendik OMbiHAAP, KYKbIKTbIK TPEHUHITEP »OHe CUTYaUMANbLIK
Tancblpmanap apKbl/ibl OKYLbIIAP 63 9PEeKeTTepPiHiH, KYKbIKTbIK CanAapblH TYCiHYre MyMKiHAIK
anagbl. MyHAalM o4icTep KYKbIKTbIK ayanKepuwifik ce3iMiH  KanbiNTacTbipbin, KYKbIKTbIK
HOpManapAbl CaHanbl TYpAe Kabblngayfa biknan eteai.

CoHbIMEH KaTap OKyLIblnapAablH, ©3iH-03i Backapy yMbIMAapbIHbIH KYMbICbiIHA ©BenceHai
KaTbiCybl ONapAblH a3amaTTblK *KayankepLinirii - gambiTyra MyMKiHAIK  bOepepgi. MekTten
NapnamMeHTi, epiKkTiiep KO3fasbiCbl KaHe TypAai a/eyMeTTiK Kobanap aAcbiHAa OKylbliap
KOFaMabIK MaHbI3bl 6ap macenenepai wWwewyre KaTbiCbiM, ©3 KYKbIKTapbl MeH MiHAEeTTepiH
ToXipmbe Xy3iHae Ky3ere acbipajbl.

KopbITbIHAbI

KVYKbIKTbIK M3AEHMUETI »Oofapbl TY/IFa KaAbINnTacTbipy — 6ifiM Oepy »yMeciHiH, faHa emec,
BVKiN KOFaMHbIH, CTpaTerMAAbIK MiHAETTEpPiHIH, Bipi. KYKbIKTbIK M3AEHNET afaMHblH 3aHFfa JereH
KYPMETIH, a3aMaTTblK ayankepuwiniriH, aneymeTTik DenceHiniriH »aHe Kofamaarbl 63 OPHbIH
OYpbIC TYCiHYIH KamTamacbl3 eTedi. COHAbIKTAH OKyWbIAApAblH,  KYKbIKTbIK ~ MaAeHMeTIH
Ka/bINTaCTbIpy YKYMbICTapbl MeKTeNnTiH Topbue »KyheciHae 6acbim bafbiTTapablH, Oipi peTiHae
KapacTblpbl/lybl Ka*KeT.

Topbue KyMbICbl KYKbIKTbIK 6inim OepymeH wWeKTenmen, OKyLblNapablH, KyKbIKTbIK
CaHACbIH, KYKbIKTbIK MIHE3-KY/KbIH K3HEe KYKbIKTbIK KYHAbIAbIKTApblH  KaablNTacTblpyfa
HafbITTanybl TMic. OCbl MaKCaTTa KYKbIKTbIK CayaTTbl/blK anTanblKTapbl, MiKipcanbICTap, KyKbIK
KOopfay oOpraHaapbl eKinaepimeH Kesaecynep, CbiHbIN cafaTTapbl, aTa-aHanapmeH bipneckeH
KYMbICTAP *KaHe NPodUNaKTUKaANbIK ic-llapanap KelweHAi TypAe yMbIMAACTbIpbIAFaH XKafaanaa
YKOFapbl HOTUNKEre KON XKeTKizyre bonaapi.

Topbue KYMbICbl  KOHIHAeri  AMPEeKTOpAblH — OpbiHOAcapbl  KYKbIKTbIK — TopOMEHI
YMbIMAACTbIPYLLbI 9pi YMNecTipywi peTiHae byn yaepicTiH, TabbICTbl Ky3ere acyblHa epeKlle yaec
Kocaabl. Myneni »KocnapsaHfaH »KoHe Taxipubere OafblTTanfaH MYMbICTAap OKYyLbIIAPAbIH,
KYKbIKTbIK CayaTTbl/blFblH apTTbIPbIM, KYKbIK OY3YLbIAbIKTbIH, aaAblH anyfa MyMKiHAIK 6epea;.

KopbITbiHAbIAN Kenle, 3aH4bl KYPMETTENTIH, ©3 KYKbIKTapbl MeH MiHAeTTepiH 6ineTiH,
KOFaMZblK KayankepLliniri »ofapbl ac ypnak Topbueney — KYKbIKTbIK MeMEKeT KypyZbliH
MaHbI3abl  anfbiwapTbl. COHAbIKTAH MeKTenTeri Topbue KYMbICbl KYKbIKTbIK M3AEHMWETTI
KanbINTacTblpyAblH, TUIMAI Kypasbl PeTiHAe YHeMi KeTinagipinin, 3amaH TanabbiHa cal KaHa
Ma3MYHMEH TONbIKTbIPbIAbIN OTbIPYbl KaXKET.
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MHPOPMATHKaHbI OKbITYAAfbl
HENPOKOMMbIOTEP/IK TEXHO/IOTMANAP:
aJanTuBTI BeO-KyMeHi obanay *KaHe
eHri3y

TenereH EpHa3 Epkeluynbl
MHDOPMaTMKa KadeapacblHbiH MarncTpaHTbl: LLlokaH YannxaHoB aTbiHAafbl, KekleTay
YHUBepcuTeTi, KasaKcTaH

Kipicne
Undbpnbik Binim 6epy TexHONOrMANapbiHbIH, 3amaHaym Aamybl OipblHFAl OKbITY
aAicTepiHeH KekeneHaipinreH 6inim Oepy TpaekTopuAnapbiHa Kewyai Tanan etedi. EH
nepcrnektTuMBanabl OarbiTTapabliH, H6ipi-6iniMm  anylbiHbIH KEKe epeKLlenikTepiHe CaMKec OKy
MaTepmanbiHbiH, Ma3MyHbl MEH KYPAENiNiriH asBToMaTTbl TYpAe peTTeyai Ke3aenTiH benimaenriw
OKbITY.

Byn Tacin MHGopMaTUKaHbl 3epTTey KesiHAe epeklle e3eKTiNlikke ne bonaapl. CtyaeHTTEp
JPTYPANI AalbIHABIK OAEHrennepiHe, Matepuanapl MEHrepy KblAAaMAbIFbIHA KOHE aNroOpUTMAIK
ecenTepai wewy AafablnapbiHa me. HatmkeciHae 6apnblk 6inim anywbinap yiliH bGipbiHFal
Tancblpmanap MMWbIHTbIFbIH MaldanaHy opKallaH Kofapbl OKYy TWIMAININIHE KON KeTKisyre
MYMKIiHAIK Bepmenai.

OcblfaH HarnaHbICTbl 9p TYpPAi AeHrenaeri TancblpManapAbl aBTOMaTTbl TypAe TaHAayFa
’KOHEe OKy TancblpManapblH OpblHAAY BapbiCbiHAA MHTENNEKTYaNabl KONAAY KepceTyre apHaafaH
MHOOPMATUKAHbI OKbITYAbIH, BED-KYIeci *acanapl.

ApanTtueTi Beb-XyieHi obanay

HyieHi asipney KesiHAe nalganaHylwblfa H6afbITTaNfaH TACIN KONAAHbINAbI, OFaH CalKec
OKYLUbIHbIH, GaFaapnamanbiK 6HIMMEH ©3apa SpeKeTTecyiHiH biHFalAbIbIFbiIHA Gaca Hasap
ayfapbinagbl. HKobanay nenarorvKkanblk »KaHe TeXHWKaNbIK TananTapbl eckepe OTbipbin
Kyprisinai.

yle gepekTep AeHremiH, 1orMka AeHreniH »KaHe nanganaHyllbl UHTepPenciH KaMTUTbIH
YW [AeHrenni apxuTekTypafa HerizgenreH. [lepektep AeHreniHae Tancbipmanap OaHKi KaHe
3UATKEPIK HYCKAyNap XMbIHTbIFbI Bap. JIorvka AeHreni Tancblipmanapabl TaH4ayablH aAanTUBTI
aNTOPUTMIH KaHe KayanTapabl Oafanay MexaHW3MiH Ky3ere acblpadbl. [laiganaHyuwbl
nHTepdenci Beb-WONFbIW apKblabl BiNiM anylWbiHbIH XyMeMeH 63apa apeKeTTecyiH KamMTamachi3
eTea.

Bafgapnamanbik eHiMmAi icke acbipy ywiH Python 6afgapnamanay Tini skeHe Streamlit
weHbepi TaHaanabl. byn wewim anapiHFbl KaTap/bl AamyAblH KypAeni TexHONoruanapbiH
nanganaHbanm WHTEPAKTMBTI BeD-KOCbIMLIAHbI Kypyfa MOHE KYWeHiH Kpocc-naathopmachiH
KaMTamacbI3 eTyre MyMKiHAiIK Bepai.
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KomnoHeHT ®yHKUMA
Tanceipmanap 6asacsl OKy maTepuanaapbiH cakTay
AOanTWBTI aATOPUTM Kypaeninikti petrey
Hyckaynap moayni Konpgay kepcety
Session State CTyaeHT KyMiH caKkTay
NHTepdeitc MaganaHylwbiMeH e3apa apekeT

Kecte 1 — AQanTuBTI OKbITY KYMECiHiIH, HEri3ri KoMnoHeHTTepi

HYMeHiH, Heri3iH KanafaH neaarorMkanbik NPUHLMNTEP

AJanTUBTI XYyMeHi skobanay KesiHae OHbIH, KYMbIC iCTeyiHiH, neJarorMkanbik HerisgepiHe
epeklle Hazap aygapbinabl. JamyabiH Herisi J1. C. BbIFOTCKMIAIH *KaKblH Aamy alMafblHbIH
Teopuackl, b. BaymHblH, Mastery Learning Ty*KblpbIMAAMacCbl 3HE KOHCTPYKTMBUCTIK OKpITY
npuHUMNTEpPi BoNabI.

MaKkblH JaMy alMafblHbIH TEOPMACbIHA CaMKec, TancblpMaHblH, KypAeninik AeHremi
OKYLUbIHbIH, Kasipri MYMKIHZIKTEPIHEH C3/ acbin KeTKeH Kafganda OKbITy Tvimai 6onagbl.
COHAbIKTAH 33ipaeHreH anroputMae andplHfbl  TancCblpManapAplH,  C3TTI OpPbIHAANYbIHA
HalNaHbICTbl TaNCbipManapabliH KYPAENiNiriH AMHaMUKaNbIK apTTblipy *KaHe TeMeHAeTy MexaHU3Mi
¥Ky3ere acblpblaaapl.

Mastery Learning Ty»KblpbiMAamacbl Kypaeni TakplpbiNTapfFa Kewnec 6ypbiH maTepuanibl
TYPaKTbl TYCiHYre KON XXeTKi3yai KamTuabl. benimaeny xyneciHae 6yn npuHLMN TancbipManapablH,
GipTiHAeN KypAeeHyi apKblabl aFbiMAarbl KUbIHABIK AEHTEeNiH CaTTI Urepydi KOPCeTKeHHEH KeMiH
faHa Xy3ere acblpblaadbl.

Ocbl NeaarornKkanblk TaCiNAePAi KONAaHY XYMEHiH TeXHUKanblK belimaenyid faHa emec,
COHbIMeH bipre OHbIH, a4icTeMenik Heri3AiNiriH KaMTamachI3 eTyre MyMKiHAIK 6epai.

Tanceipmanap 6aHKiH yMbIMAACTbIPY

Benimaenyani KamTamacbi3 eTy yWiH 6apablk Tancbipmanap YW KWbIHAbIK AeHreniHe
beniHa,.

BipiHWIi AeHren Heri3ri yfbiMaap MeH TepmuHaepai 6inyre apHanfaH Tancbipmanapabl
KaMmTuapbl. EKiHWI AeHrei 3epTrenreH anropuTmMAaepdi KondaHyfFa oHe TUNTIK MPaKTUKabIK,
Tancblpmanapbl opbiHaayra barbiTTansaH. YWiHWI AeHren anropuTMAiK Wwelimaepai Tangayas,
OHTaMNaHAbIPyAbl KoHe Kobanayabl KaxkeT eTeTiH KypAenifiri »Kofapbl Tancbipmanapapl
KaMTWUAapbl.

MyHzal 6eny 6iniMm anylblHbIH, HaTUXKeNepiHe GannaHbICTbl TancblpManapdbiH Keke
TPAEKTOPUACBIH KabINTacTbipPyFa MYMKIHAIK bepeai.

ALanTUBTI OKbITY anropuTmi

HyMeHiH Heri3ri KOMMNOHEeHTI Tanceipmanapapl berimaen TaHaayfa apHaafaH afropuTm
H6obin Tabblaabl.

ANTOPUTMHIH, KYMbICbl KYPAENINIKTIH AMHAMWKANbIK ©3repy MNPUHUUNIHE HEeri3genreH.
Binim anylbl *KyMbICTbl HacTanKkpl AeHrenaeri TancblpmaaaH bactanapl. Jypbic XKayan 6onfaH
Kafdanaa Kyhe Keneci TancbipmaHblH, KYPAENiNik AeHreniH apTTbipadbl. Erep kayan aypbic
H6onMaca, KMbIHAbIK AeHreli TomeHaena,.

ANTOPUTM HaKTbl YaKbIT PeXMMIHAE KYMbIC iCTEMAI KaHe ap KayanTaH KeriH Keneci
apeKeTTepai opblHAANAbI:

- YKayanTblH AYPbICTbIFbIH TEKCEpeai;
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- HOTMXKEHI caKTanabl;

- KYPAENiNiKTiH Keneci AeHreniH aHbIKTalabl;

- YKaHa TancblpmaHbl KaabiNTacTblpadbl;

- KayKeT DoNFaH Karaanaa MHTeNNeKTyanabl keHec bepea,.

MyHZaM MexaHU3M KYPAENiNiKTIH OHTaM/Ibl AeHIeMiH yCTan TypyFa *KaHe TbiM Kapananbim
TancblpmanapAbliH CcangapblHaH LWamadaH TbhIiC KYKTEME MEH MOTUBALUMAHbLIH, *KOFaaybIH
bonablpmayra MyMKiHAIK Bepeai.

AJAnNTUBTI aATOPUTMHIH, *KYMbIC CUEHapWii

ApantmeTi anroputm bipHelle e3apa balnaHbICTbl Ke3leHaepaeH Typaabl. AngbiIMeH
CTYAEHT »KyMere Kipin, 6actankpl AeHrenaeri TancbipMmaHbl opbiHAanabl. Mayan aypbic 6onfaH
afdanaa Keneci TancblpMaHbiH KypAeninik AeHreni »ofapblnaTbliaabl. Erep xkayan kate 6onca,
KyMe KypaeninikTi TemeHAeTin KaHa KoMMal, KOCbIMLLA 3UATKEPAIK HYCKaY YCbIHAAbI.

Opbip *KayanTaH KemiH CTyAEeHTTiH, afbiMAasbl AeHTelMi, AYPbIC KIHE KaTe »KayanTap CaHbl,
HYCKay/lapZbl NanaanaHy *uiniri *)xaHapTblabin OTbipadbl. by aknapat Keneci TancsbipmaHbl TaHaay
KesiHAe nanganaHbinagpl.

Ocblnanilia airopuUTM HaKTbl YaKblT PEXUMIHAE MKYMbIC iCTEM, OKbITY MpoueciH bBinim
aNnyLWbIHbIH afbIMAAfbl AaNbIHABIK AeHreliHe y3iKci3 belimaen oTbipabl.

Heke 6inim 6epy TpaeKTOpUACLIH KanbiNTacTbipy

O3ipaeHreH aITOPUTMHIH, 6acTbl apTbIKLWbIAbIKTAPbIHbIH, Bipi-6ifiM anyLWbiHbIH, Keke binim
Hepy TPAaEKTOPMACHIH KanbiNTacTblpy MyMKiHAiM. Bap/blk NnanaanaHybinap bipaei Tanceipmanap
MUbIHTbIFbIH - @naTblH  A9CTYPAi TecTineyaeH anlblpMallbiiblfbl, Oenimaeny MmexaHu3mi OKy
dpEKEeTTEPIHIH KeKeneHAaipinreH peTTifiriH KamTamachi3 eTes;.

Binim anywbiHbIH, apbip »ayabbl ogaH api TecTiney cueHapuiine acep eteai. Ocblnanula,
Xyre benrini 6ip nanganaHyLlWbiHbIH, aFbIMAafbl AaWbIHAbIK AeHreliHe cankec KeneTiH biperei
Tancbipmanap TisberiH Kypanabl.

MyHAal TaCin TaHbIMAbIK 6enceHainik NneH oKy MOTUBAUMACHIH CaKTayFa biKnan eTeTiH TbiM
KypAeni Hemece TbIM KapanalbiM TancblpManapAblH naiga 601y KafdalnapbiH a3aiTyFa
MYMKIHAIK 6epea,.

3UATKEPANIK HYCKay/lap MeXaHU3MI.

O3ipNEHTEH KYMEHIH, HETI3M epeKWwenikTepiHiH 6ipi — 3MATKePiK HYCKaynap MexaHW3mi.

JacTypni 3neKTPOHAbl CbIHAKTapAaH anbipMallblibIFbl, Xye KaTte nanaa bonfaH kesae
nanbiH Kayan 6epmenai. OHbIH, OpHbIHA BiniM anywbiFa Aypbic WeliMmre o3 OeTiHWe Kenyre
MYMKIHAIK 6epeTiH HYCKaybIKTap YCbiHblAaAb!.

Op Tancbipma yuwiH bipHelle aeHrenaeri Hyckaynap bepinreH. bipiHwi aHbIKTaMaaa WeLlim
Tabyfa apHanfaH annbl HyCcKaynblK 6ap. EKiHWici naimbimaay OafbiTblH HaKTblAaWAbl. YLWiHLLIC
ayanTbl TiKeen awnan-ax WwewyaiH AypbIC 94iCiH aHbIKTayfa KemeKkTece,.

Byn TocCin KOHCTPYKTMBMWCTIK MedarorMka KafuaaTTapblHa COMKeC Kesefdi  KaHe
OKYLUblNAPAbIH, ©3iHAIK OMNaybiH AaMbITyfa bIKNan eTeq,.

bafgapnamanslK KacaKTaMaHbl iCKe acblpyAblH, epeKwenikrepi

MaganaHylbiHbIH KYWiH cakTay yuwiH Streamlit weHbepiHiH, Session state mexaHU3mi
narganadblngsl. byn 6ip naiganaHyllbl CECCUACbIHbIH, Oeniri peTiHAe afbiMAasbl KMbIHABIK,
OEHreMiH, *Kayan TapuxblH XaHe TecTiney HaTuMxKenepiH bakblnayra MyMKiHAIK Bepai.

yle aypbic XaHe OypbiCc KayanTapAblH CaHblH, OPbIHAANATbIH TancbipManapablH,
KMbIHAbIK AEHTeMiH KaHe HyCKaynapabl nanganany *KuiniriH asTomatTbl Typae Tycipeai. AnbiHfFaH
LepeKkTepai KeniHri neaarormkanblk Tanaay yuwiH CSV dopmaTbiHA@ 3KcnopTTayFa bonaapi.

O3ip/IeHreH LWellim KocbiMila bafaapnamanbik »KacakTamaHbl OpHATyAbl KaxeT eTnenai
*KoHe OHbl KapananbiM BeD-LIONFbILL apKblabl KONAaHyFa 60naabl, Oy oHbl 6inim 6epy npoueciHe
EHrisyai XeHinaetea,.
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Streamlit nhaTdopmackiH NanganaHyabiH, apThiKLbIAbIKTaPbI

Streamlit-ti  pamy nnatdopmachbl peTiHae TaHgay bipkatap  apTbIKLWbIAbIKTAPFa
H6annaHbICTbl. BipiHWIAEH, aKTay Kocbimlia Beb-33ipaey TEXHONOMMANAPbIH KarKeT eTrnecTeH
Python TifiHiH KEMeriMeH TOJbIK *KYMbIC iCTEMTIH BeO-KOCbIMLIANapAbl *Kacayra MyMKiHAIK bepeai.

EkiHwigeH, Streamlit 6inim 6epy »KynenepiH *Kblagam NpoToTMNTEYAI KaMTamachi3 eTef,
H6yn nesarorvkanblK 3epTTeynep MKYPri3y KoHe OKbITYZAbIH *KaHa oAiCTepiH CblHAKTaH OTKi3y
KesiHae eTe MaHbi3abl.

YwiHwineH, Beb-apxMTeKTypaHbl NanganaHy KyMeHiH, nanganaHyllbiHbiH ONepaumaibik,
YYMeCiHeH Tayeci3airiH KaMTamachI3 eTeli }KaHe a3ipaeHreH welwimai aepbec KomnbloTepaepae
ae, Mobunbai KypblAFblnapaa Aa nanganaHysa MyMKiHAaiK bepea,.

OcbIHbIH, apKacbiHAa AamblFaH aganTUBTI KyMeHi 6inim Hepy npoueciHe anTapbliKTaM
TEXHWKaNbIK, WbIFbIHAAPCHI3 OHAM eHri3yre 6onaagpl.

KopbITbIHAbI

93ipaeHreH »kayan bepeTiH Beb-Kyie 3amaHayn baraapaamasnbik TEXHOAOTMANAP apKblbl
KEKeNeHAaipinreH OKbITy NPUHUMATEPIH MPAKTUKAAbIK ICKe acbipy MYMKIHAIMNH KepceTea,.
Tancbipmanap MeH 3MATKEPAiK HyCKaynapAabl TaHAAYAblH, af4anTWBTI aAropuTMiH  KOA4aHy
CTYAEHTTEPAIH YKeKe epeKLWenikTepiH eckepyre XaHe OKy MaTepuanblH TUIMAIpeK urepyre
MYMKIHAIK 6epea,.

Opi Kapal gamy nepcnexkTMsacbl HifiM anywblnapdblH, AalbIHAbIK AeHreniH aanipek
HonKay KoHe eke binim Gepy TpaeKTopWANapbiH Kypy VWiH MalWHANbIK OKbITY SiCTepiH
WHTerpaumanay 6onbin Tabblnagp.
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Abstract

This study examines the methodological foundations and practical implementation of electronic
educational tools (EETs) in secondary school physics education. The research focuses on the
integration of virtual laboratories, interactive simulations, problem-based learning, and digital
assessment tools within the framework of Technological Pedagogical Content Knowledge (TPACK)
and the STEAM approach. Unlike previous studies that mainly described individual technologies,
this research proposes a comprehensive methodological model that combines digital tools,
pedagogical strategies, and subject-specific content. Empirical evidence obtained through the
implementation of the “Physics and Ecology” electronic educational tool demonstrates
improvements in student engagement, conceptual understanding, research skills, and functional
scientific literacy. The findings indicate that multimodal learning environments, virtual
experimentation, and formative assessment significantly enhance learning outcomes in physics
education.

Keywords: Physics education, electronic educational tools, virtual laboratories, TPACK, STEAM
approach, digital simulations.

Introduction

The modern world requires a new perspective on every detail in the field of education, especially
in the natural sciences. Physics, as the theoretical basis of modern technology, plays a crucial role
in developing scientific literacy and critical thinking. However, traditional teaching methods, which
primarily rely on frontal presentation and passive reception of information, often fail to motivate
students or explain complex, abstract phenomena effectively.

The integration of electronic educational tools (EETs) and innovative pedagogical technologies is
no longer an option but a necessity to meet 21st-century competencies. These tools allow for the
visualization of processes that are either too small (atomic physics), too fast, or too dangerous to
perform in a standard classroom. Methodological aspects of using these tools focus on
transforming the student from a passive listener into an active researcher who can formulate
hypotheses, conduct virtual experiments, and analyze results.
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Methodological Classification of Electronic Tools
Teaching physics involves a combination of oral, demonstrative, and practical methods. Electronic
tools enhance each of these categories:
1. Oral Methods: Information is supplemented by digital presentations, e-textbooks, and
online resources that provide a narrative structure to the lesson.
2. Demonstration Methods: Use of video techniques, 3D models, and interactive animations
to show physical laws in action.
3. Practical Methods: Virtual laboratory work, computer-based testing, and problem-solving
software where students apply theoretical knowledge.
The effectiveness of these methods depends on the teacher's Technological Pedagogical Content
Knowledge (TPACK), which is the intersection of technology, pedagogy, and domain-specific
physics knowledge.

Table 1: Innovative Methods and Effectiveness Assessment Criteria

Method/Direction

Interactive
Methods

Definition and Essence

Pedagogical methods
ensuring active

Application in Physics
Education

Deep understanding
through "Quick Q&A",

Effectiveness
Assessment Criteria

Student participation,
active discussion, and

"Group Problem-Solving", retention levels
and "Role-Playing"
Transforming theory into
practical skills through

interdisciplinary projects

student participation
STEAM Approach Project quality,
understanding
connections, and

Interdisciplinary
integration: Science,
Tech, Engineering,

Arts, Math practical skill
development
Digital Virtual labs, Safe and effective Number of
Technologies simulations, execution of experiments
interactive programs experiments; visual conducted;
analysis of complex proficiency in using
phenomena technology

Practical Application: Virtual Laboratories and Simulations
Virtual laboratories are essential when physical equipment is lacking or when experiments pose a
risk to human health. For instance, in "Mechanics", electronic complexes combine didactic and
technical tools to allow students to observe quantum mechanical parameters and prove physical
laws through modeling.
In the "Electrodynamics" section, specialized software such as Yenka Electricity and Magnetism
and Crocodile Technology revolutionized teaching. These programs allow students to:

e Assemble 3D electrical circuits and measure quantities with virtual multimeters.

e Observe the volt-ampere characteristics of conductors.

e Model Kirchhoff's laws and calculate current forces in complex branched circuits.

Model of Using ICT in Laboratory Training (Description: The model involves software systems like
electronic textbooks and virtual labs. It focuses on high visibility, free management of results, and
individual approaches to learners, providing opportunities for education without the constant
participation of a teacher.)
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In "Optics", tools like PhET simulations provide dynamic visualization of light refraction, reflection,
and diffraction. For example, a laser experiment can be virtually modeled to show total reflection
at the critical angle, which is often difficult to demonstrate precisely with basic school equipment.

Methodological Aspects of Problem-Based Learning
Electronic tools are most effective when used within a problem-based learning (PBL) framework.
Instead of simply following instructions, students are presented with a "task-problem".

e Step 1: The teacher sets a problem (e.g., "How does temperature affect resistance?").

e Step 2: Students use software to collect data and formulate hypotheses.

e Step 3: Avirtual experiment is performed (e.g., using a digital simulation of a heating coil).

e Step 4: Students analyze graphs and draw conclusions.
This approach fosters independent thinking and prepares students for higher education by aligning
with the scientific method of reasoning (analogy, induction, and deduction).
One of the important strengths of the present study is the inclusion of empirical evidence obtained
during the implementation of the “Physics and Ecology” electronic educational tool in secondary
school physics classes. Unlike purely theoretical studies, this research evaluates the pedagogical
effectiveness of electronic educational tools through classroom-based experimentation.

Technological
Pedagogical Content
Knowledge
(TPACK)

Technological Te%‘g;':ﬁt'cal
Knowledge Knowledge

Technological
Pedagogical
Knowledge
(TPK)

(TK) (TCK)

Pedagogical
Knougioe%ge
(PK)

Pedagogical
Content
Knowledge
(PCK)

.. _ Contexts _- £

Figure 1. The Technological Pedagogical Content Knowledge (TPACK)
Framework. Reproduced by permission of the publisher, © 2020 by
tpack.org. [10].

e Content Knowledge (CK): Content knowledge is about learning and teaching the subject
matter in the field to be taught;

e Pedagogical Knowledge (PK): Teacher knowledge of instructional methods, strategies,
and techniques used in the classroom;

e Technological Knowledge (TK): Teacher knowledge of educational technologies and
technical infrastructures (software, hardware, internet). Technology knowledge refers to
the information and skills that teachers should have with regard to using technology;

e Pedagogical Content Knowledge (PCK): Teacher knowledge of the effective use of
teaching methods and techniques to teach the course contents. The teacher knows how
students learn and how to measure and evaluate their learning outcome;

e Technological Content Knowledge (TCK): Teacher knowledge of the use of appropriate
educational technology for teaching the course content;
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e Technological Pedagogical Knowledge (TPK): Teacher knowledge of effective pedagogical
use of educational technology. Technological pedagogical knowledge refers to knowledge
of tools and their functionalities and of the interrelation between tools and tasks;

e Technological Pedagogical Content Knowledge (TPACK): Teacher knowledge of the
effective combination of pedagogy and educational technology for teaching
mathematical content.

TPACK has been successfully used as a framework to analyze and improve science and

mathematics teaching in higher education [11,12].

In this paper, we aim to explore teaching approaches and technology-related pedagogical
competencies among mathematics teachers involved in the ITEM project to be able to prepare
well-tailored training programs for mathematics teachers within ITEM. The research questions of
this study were:

Q1: Which teaching approaches are applied by mathematics teachers in higher education?

Q2: From the perspective of TPACK, which content-related and technological knowledge do
the mathematics teachers show?

Q3: Based on the results from Q1 and Q2, which areas should be covered in the workshops
for ITEM teachers to better prepare the mathematics teachers for student-centered teaching?

Research Participants and Procedure
The pedagogical experiment was conducted in secondary schools in Astana and involved 8th-grade
students participating in the elective course “Physics and Ecology.” The electronic educational tool
consisted of 34 lessons organized into four thematic modules: Energy World, Air, Water and Soil,
and Ecology of Kazakhstan. The course integrated PhET simulations, Wordwall interactive
activities, Google Forms assessments, multimedia content, and problem-based learning tasks.
The study employed a mixed-method research design combining quantitative and qualitative
approaches. Data collection methods included:

e Pre-test and post-test assessments;
Classroom observations;
Student questionnaires;
Motivation surveys based on a Likert scale;
Analysis of learning achievements;
Evaluation of practical laboratory tasks.
The effectiveness of the electronic educational tool was assessed according to several criteria,
including academic achievement, functional literacy, motivation, digital confidence, technological
usability, and readiness for future professional application.
The results demonstrated a significant improvement in students’ conceptual understanding and
problem-solving skills. During the implementation of the “Almaty Air Quality” case-study task, 71%
of students in the experimental group successfully completed all analytical activities, whereas only
34% of students in the comparison group achieved the same level of performance. The task
required students to analyze real AQI (Air Quality Index) data and explain atmospheric inversion
using physical laws and digital simulations.
The findings indicate that digital simulations enhanced students’ ability to connect theoretical
concepts with real-world environmental problems. Most students correctly explained the physical
mechanisms of atmospheric inversion, while only a small proportion experienced difficulties
applying Stokes’ law to practical situations. Visualization through PhET simulations substantially
reduced these difficulties.
The analysis identified six major pedagogical mechanisms contributing to the effectiveness of the
electronic educational tool:
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Pedagogical Mechanism Effect Size (Cohen’s d)
Context-based learning 0.55

Scaffolding and differentiated instruction 0.65

Research skills development 0.60
Multimodal learning 0.82
Formative assessment and feedback 0.72
Affective engagement 0.67

The highest effectiveness was observed for multimodal learning (d = 0.82), demonstrating the
benefits of combining text, diagrams, simulations, and interactive assessment tools within a single
learning environment. Formative assessment supported by Google Forms and immediate
feedback also showed a strong positive impact on learning outcomes (d = 0.72).

Meta-analysis of Educational Interventions: Cohen's d Effect Sizes.
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The study also considered teachers’ readiness to integrate digital technologies into physics
education. Previous survey data from five major cities in Kazakhstan showed that only 38.3% of
teachers actively use electronic educational tools in their teaching practice, while 46.1% are
familiar with such technologies but rarely use them, and 15.6% have no practical experience.
These findings suggest that successful implementation of electronic educational tools depends
not only on technological infrastructure but also on teachers’ pedagogical and digital
competencies. Therefore, professional development programs focused on TPACK competencies
should be considered a key factor in educational modernization.

The diagrams presented in this study provide visual evidence of the effectiveness of digital learning
environments. The chart illustrating the distribution of pedagogical effect sizes demonstrates that
multimodal instruction and formative assessment produce the strongest educational outcomes.
Similarly, the graphical representation of electronic educational tool usage across Kazakhstan
highlights the gap between technological availability and actual classroom implementation.
Overall, the empirical findings confirm that electronic educational tools significantly enhance
students’ motivation, engagement, conceptual understanding, and research skills when integrated
into physics instruction through a well-designed pedagogical framework.
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The successful implementation of EETs is directly related to the teacher's professional competence
and self-efficacy. Research shows that while many teachers have high general technology
knowledge, they may feel only "moderately" confident in teaching specific complex topics like
optics using digital tools.

Digital technology experience is a cumulative learning process. Teachers with over 7 years of
experience in using digital tools show significantly higher TPACK levels. Therefore, continuous
professional development and access to diverse electronic resources are critical for
modernization.

Unlike previous studies that primarily focused on describing the advantages of individual digital
technologies in physics education, this research proposes an integrated methodological
framework for the effective implementation of electronic educational tools (EETs) in secondary
school physics. The study combines the Technological Pedagogical Content Knowledge (TPACK)
framework with the STEAM approach and problem-based learning strategies to create a
comprehensive model that supports both conceptual understanding and practical skill
development.

The scientific novelty of the research lies in the systematic integration of virtual laboratories,
digital simulations, and interactive software into a unified pedagogical model designed specifically
for physics education. While previous studies have examined these technologies separately, this
work demonstrates how their combined use can enhance students' cognitive engagement,
experimental competence, and scientific reasoning skills.

A distinctive feature of the proposed methodology is the transformation of students from passive
recipients of information into active participants in the learning process. Through virtual
experimentation, hypothesis generation, data analysis, and independent problem-solving
activities, learners are encouraged to adopt inquiry-based scientific thinking. The study therefore
extends traditional approaches to physics instruction by emphasizing learner-centered digital
environments.

Another innovative aspect of the research is the methodological classification of electronic
educational tools according to oral, demonstrative, and practical teaching methods. This
classification provides teachers with a structured framework for selecting appropriate digital
resources depending on lesson objectives, content complexity, and students' learning needs. Such
a systematic approach is insufficiently represented in existing literature.

The research also contributes to the modernization of laboratory instruction in physics. The
proposed model enables the implementation of experiments that are difficult, expensive,
dangerous, or impossible to conduct in conventional school laboratories. Through the use of
software environments such as Yenka, Crocodile Technology, and PhET simulations, students can
investigate complex phenomena in mechanics, electrodynamics, and optics with greater accuracy
and flexibility.

Furthermore, the study addresses an important gap in the literature concerning the
methodological preparation of physics teachers for digital instruction. By highlighting the role of
TPACK competencies and teacher self-efficacy, the research establishes a connection between
technological readiness and successful implementation of electronic educational tools in
classroom practice.

The practical significance of the study is reflected in the development of recommendations for
integrating digital technologies into secondary school physics curricula. The proposed
methodological framework can serve as a basis for designing digital learning environments,
improving laboratory activities, and enhancing teacher professional development programs.
Therefore, the originality of this research lies not only in examining electronic educational tools
but also in proposing a comprehensive methodology that integrates technological, pedagogical,
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and subject-specific components into a coherent system for improving the quality of physics
education in the digital era.

Conclusion

Teaching physics using electronic educational tools elevates the quality of education to a new
level. These tools not only solve technical issues like equipment poverty but also stimulate
students' interest through visual and interactive engagement. By integrating virtual labs, 3D
simulations, and the STEAM approach, educators can move beyond traditional boundaries, making
physics a "live" and accessible science. Future efforts should focus on the systematic training of
teachers to master these digital methodologies and ensuring equal access to technology for all
students.
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Historical Sciences

Y/IK 305-055.2(574)(091)

KA3AKCTAH TAPUXbIHOAFb!
SMENAEPAIH PO/I: CUCTEMATUKABIK
Lony

Kababiwesa MNynHyp KamanKkbisbl
Meparornka fblnbiMaapbiHbiH MarnucTpbl, C.XK.AcheHANAPOB aTbiHAaFbl Ka3aK ¥ATTbIK,
MeAMLUMHANBIK YHUBEPCUTETIHIH, aCCUCTEHTI

AHHOTAUMA

MakanaZa cuctemaTrKanbiK Wwony (systematic review) agicimeH KasakcTaH TapuxbiHAAFbI
anenaepaiH, peniHe apHaafaH fblbIMW eHOeKTep KeleHai TangaHadbl. 3epTtreyre 1990-2024
XblAAap apanblFbiHaa skapuanaHfaH 42 fbinbimm eHbek ipiktenai. Jepekrepai isgey Scopus, RSCI,
elibrary, Google Scholar 6a3anapbiHaa *Kyprisingi. Tangay HaTUXeciHae KasaKcTaH TapuxbIHAAFbI
anenaepaiH peni 6ec Tapuxm KeseHse — Aana Aayipi, Pecein oTaplbinablfbl, KEHECTIK Ke3eH,
TOYE/CI3/iK KblAAapbl *KaHEe Kasipri 3aMaH — KapacTbipbl/iabl. 3epTTey reHaepnik Tapux 6ombiHLWa
OTaHAbIK, FblIbIMHbIH, AaMyblH Oafananabl »KaHe 6onalwak 3epTreyiep ViliH 60c opbiHAAPAb!
aHbIKTaNAbI.

KinT cesaep: aienaep Tapuxbl, reHAepnik 3eptreynep, KasakcraH, cuctematmkanblK WOy, Aana
AYipi, KEHECTIK Ke3eH, Toyencisaik.
KIPICNE

FfeHAepnik Tapux — TapuxX fbibIMbliHbIH XX facbipAblH, €KiHLWI »KapTbicbiHAH ©GacTan
KapKblHAbI AambifaH 6afbiTbl. PEMUHUCTIK FbIIbIMU  OWAbIH  AaMybl Tapuxu 3epTTeynepae
anenaepaiH OpHbiH KanTa 6afanaydbl Tanan eTTi. KasakcTaH Tapuxbl KOHTEKCTiHAe Oyn BafbIT
Toyenci3ik *bingapbiHaH bactan 6enceHpi 3epTtrenyae [1].

Anapa KasakcTaHOafbl reHAepik-Tapuxm 3epTTeynepaiH, UbIHTbIK, CanblCTbipMasibl
Tanpaybl OyriHre geniH cuctemaTuKanblk Wwony dopmaTbiHAa KyprisisimereH. Ocbl ONKbIIbIKTbI
TONTbIPY MaKCaTbIHAA KYPri3inreH 3epTTey HaTUKeNepi ocbl Makanaaa baaHaanaap.

3epTrey MaKcaTbl: Kas3akcTaH TapuxblHOAfbl aMenaepaiH peniHe apHanfaH fblbIMU
eHbeKTepre cucteMaTuKablK LLOAY Kacay, Heri3ri TeHaeHUMANapAbl aHblKTay XaHe 6onallak,
3epTTey bafrbITTapbiH benriney.

3EPTTEY o4ICI (METHODOLOGY)
3epTtreyae PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
HYCKaY/IbIFbl Heri3iHAe cuUCTeMaTUKabIK Woay Kyprisingi [2]. 13gey ctpatervacbl HGoMbiHLWA
nepektep 6asanapbiHaa «KasaKCTaH Tapuxbl + aenaep», «KeHulmHbl KaszaxctaHa + uctopumay,
«women Kazakhstan + history» KinT cesgepi KongaHblaabl.
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Kecme 1. Ipikmey kpumeputinepi (PRISMA HeziziHOe)

Kputepuit EHri3y wapThbl ’ LbiFapy WwapTol

MapuranaHbIM XKblbl 1990-2024 1990 Kblnfa AEeniHri
Tin Kasak, opbIC, afbl/LLbIH backa Tingep
B K,a3aK'CTaH,D,a+'I')I anenaep Mannbl reHaepnik
peni 3epTTeynep

Scopus, RSCI, eLibrary,

Hepekrep basace Google Scholar

TeKkcepinmereH Ke3aep

FbiNbIMM MaKana, [a3eT, byKapablk,

v :
akana Typi MOHOrpadus MaKananap

BacTankbl i3aey HaTuxKeciHae 187 eHbek Tabbinapl. [ybnnkaTrapabl anbin TacTafaH COH,
134 eHOEeK CKPUHMWHT caTbiCbiHa ©TTi. TaKblpbin MeH aHHoTauma OoMbiHwa 89 eHOeK asnblHbIM
TacTtanabl. TONAbIK MSTIHIH OKbIM, cananbik bafanaygaH eTkeH 42 eHOeK KOpbITbiHAbI TasaayFa
eHrising,.

HOTUMXENEP XXOHE TAJTIOAY

1. Nana payipiHaeri (epte opTa facbip — XVIII £.) aenmiH opHbl

Llonyra eHrisinreH 8 eHbeK Aana KoFaMblHAAFbl 9MeNfiH KoFapbl MapTebeciH gpnengenai.
Cak gayipiHaeri «kama3oHKa» ayblHrep-anenaepaid, KopraHaapbl apXeonornsaiblK AepekTepmeH
pactanfaH [3]. beksaT neH baikaHoB (2019) 3epTTeyiHAe KbiMWaK, KaH/abl TalnanapbliHAAFbI
anenaepadiH pynblk KeHecTepae aaybic 6epy KyKblFbl 60MFaHAbIFbl APXMBTIK AepekTepMeH
nanenperred [4]. Ocbl KeseHaeri Tomupuc naTwambiMm, AlfaHbiM XaHLLIA CeKindi TyAfanapabiH,
TapuXTafbl OpPHbl MeH OJlapfa apHanfaH 3epTTeynepaiH, CaHbl COHFbl OHXXbIAAbIKTA YW ecere
apTKaH.

2. Pecei oTapubinapbifbl KeeHiHaeri (XIX — XX £. 6ac.) e3repictep

6 eHbek Oyn KeseHaeri anen KafdanmbliHbiH Kapama-Kanlibl e3repictepiH 3epTTenai. bip
YafblHaH, OTAPLWbINAbIK KyMeci ASCTypAi Kalak KofamblHAafbl anenaiH mapTtebeciH LweKkTeai;
eKiHWi afblHaH, OpbIC MaAeHMEeTIMeH OalnaHbiC Kenbip arapTylWbINbIK MAesnapabl TapaTTbl.
Noparumosa (2020) 3epTtTeyiHae XIX facbipAa Kasak, PyaapbiHblH, ep MenikTepiHe KaTbiCTbl
haynapfa anenaepai Kyarep peTiHae TaHybl Tapuxu NpeleaeHT peTiHae TanaaHfaH [5].

3. KeHecTik KeseHgeri (1917-1991) «eki Xy34i» amaHcunaums

Wonyaarbl eH Ken eHbeKk — 14 3epTrey — ocbl Ke3eHre apHanfaH. KeHecTik «KeHoTaen»
cancaTbl Kasak oaWenaepiH cayaTCbi3AblKTaH LWbIFAPbIN, KOFamAablK emipre TapTTbl. 1930-50
XblnJapaa anennep Aspirep, Myfanim, MHXKeHep, NapTus HaclibiCbl peTiHAe Kannan eHbekke
TapTbinabl. Anaraa HyptasmHa (2021) KymbicbiHA@ By «3MaHCUNAUMAHBIHY MaXKOypai cunaTsbl
MEH aybl/l LWapyalWbl/blfbl KOANEKTUBMU3AUMACBIHbIH, HITUXKECIiHAEe TyblHAAFaH allapWblablK,
KeseHiHae (1931-1933) anengepaid epeklle 3apAan WeKKeHi atan eTiareH [6].

KeHec AayipiHaeri TaHbIMan Tynfanap — fapblwikep AnapiH AlibiIM6eToB aHacbl Kynsuw
BaliceliToBa (XanblK apTuci), akagemuk Paxuns bypabaeBa — ocbl Ke3eHHiH pesngik yarinepi
PeTiHAE reHAepAiK 3epTTeynepae Xui capanaHaabl [7].

4. Tayenci3aik *blngapbiHgarbl (1991-2010) TpaHchopmaums

8 3epTTey HapbIKTbIK SKOHOMWKAra ©Ty Ke3deHiHaeri arien mapTebeciHiH KallblabIKTbl
@3repiciH KapacTbipadbl. JKOHOMMWKaNbIK AafdapbiC Ke3iHae KenTereH oTtbacblnapaa  Killi
6usHecneH, 6asap caydacbiIMeH LIYFbIAAAHFAH dMengep «3KOHOMWKaAbIK TipWifik mneciHe»
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anHangbl. CoHbiMeH b6ip mesrifge caacu ekinaik AeHreni cannay sKymeciHaeri esrepictepre
HannaHbICTbl aUTapAbIKTal TomeHaeqi [8].

5. Kasipri keseHaeri (2010—-2024) reHaepAnik cascaT

6 eHbek KasakcTaHaafbl 3amaHayu reHZepnik cascaTTbl — reHAepnik TeHAiK Typasnsbl
3aHHamaHbl, 30% KBoTa TaxipnbeciH, #MeToo KO3FanbICbiHbIH, XKePrifiKTi KOHTEKCTIH — 3epTTen ;.
akcbibekoBa (2023) 3epTTeyiHae KasakcTaH napnameHTiHaeri aenaep yneciHii 2023 Kbifbl
27,5%-Fa weTKeHi, 6ipaKk aTKapyLbl 6uaikTeri yneciHiH 12%-a0aH acnaiTbiHbl aTan eTiarex [9].

TANKDBIJIAY (DISCUSSION)

CuctemaTuKanbiK, LONYAbIH, HaTUXKenepi KasakcTaHOafbl reHaepnik-Tapmxm
3epTTeynepaiH bipHelwe maHbI3abl YpAiciH KepceTeai. bipiHWigeH, KeHEeCTiK KeseHre apHanfaH
3epTTeynepaid, 6aceim 6onybl (33%) pana A9yipi MeH OTapLUbINAbIK Ke3eHiHiH MeTKinikcis
3epTTenreHid ganengenai. EKiHwiaeH, ayblnablk anMakTapaasbl, LWanfan eHipnepaeri snenaepmit,
Tapuxmn TaxKipnbeci 3epTrey HbiCaHbiHA CUMPEK asibiHFaH. YWiHWiAeH, NaHapanblk 3epTTeynep —
Tapux NeH COLUMONOTMA, aHTPOMONOTMA, MCUXONOTUAHbIH TOFbICYbl — KeTKinikciz [10].

[LlonyablH LWeKTeynepi: Tek yu Tinaeri (Kasak, OpbIC, afbl/liblH) eHOeKTep KamTbinabl;
auccepTaumnsnap meH baaHgamanap ipiktenmeai; canasblk 6aranayga cyObeKkTUBTINIK MYMKIHAT
YKOK Jen aiTa aIMaiMbI3.

KOPbITbIHAbI

MyprizinreH cuctematmkanblk Wony KasakcTaH TapuxblHAAfbl aWenaepaiH  peniHe
apHanfaH 3epTTeynepAiH COHfbl OTbI3 XblAAa CaHAbIK Ta, canasjblK Ta KafblHaH aMTap/blKTal
NaMblfaHblH KepceTeai. ereHMeH 3epTTey KeHicTiriHae 6ipKaTap ONKbINbIKTAp aHbIKTanAbl: Aana
A2Yipi MeH oTaplWbIAbIK Ke3eHiHiH a3 3epTTesyi; alMMaKTbIK KaHe ayblAAblK AeHrenaeri Tapuxm
TOKIpUOEHIH, »KeTKiNiKci3 capanaHbaybl; NaHapaiblk 3epTTeyaepaiH, TanwbiibliFbl. bonawakTa
aybi3wa Tapux (oral history) aaicimeH XunHanfaH aepekkesaepai KeHiHeH KONaaHy, MypafaTTbIK,
3epTTeynepai TepeHaeTy KaHe XanblKapasblK CasblCTblPMasibl 3epTTeyAep XKyprizy KaszakcTaHaarb!
reHaepaik-Tapuxm 6inimai 6anbiTab.

NAMOANAHBINFAH OAEBUETTEP
1. KenxkeaxmeTynbl C. KasakCTaHAafbl reHAEpiK 3epTTeynepaiH Kanbintacysl // OTaH Tapuxbl. —
2018. —Ne2.—b. 34-41.
2. Moher, D, Liberati, A, Tetzlaff, J., Altman, D.G. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement // PLOS Medicine. — 2009. — Vol. 6, No. 7. —
e1000097.
. Jawkosckuit MN.K. *eHLWHbI-BOUTENbHULIbI B CKMPO-CAKCKOM MUpPE: HOBblE AaHHble // BeCTHUK
AnTaicKkoro rocyaapcTBeHHoro yHusepeuteta. — 2017. — Ne4, — C. 22-29.
4. beksaT XK., baxkaHoB H. Kbinwak aayipiHaeri aengid, pyabik 6ackapygasbl opHbl // KasakcTaH
Tapuxbl macenenepi. —2019. — Ne3. — b. 18-26.

5. MbparnmoBsa 3./. HeHuHa B Ka3axckom obliecTse B nepmnod KosoHmnsauum (XIX — Hayano XX
BB.) // UeHTpanbHOa3naTCcKmit uctopuyeckuin cepsep. — 2020. — Nel. — C. 55-68.

6. HyptasmHa H.[. KeHec aayipiHaeri Kasak sMeniHiH, «MaOypai amaHCUMNaumachl»: Tapuxu-
aHTpononornanbik Tangay // KasYyY xabapubicbl. Tapux cepusacbl. —2021. — Ne4 (103). — b.
44-53,

7. CenitoBa 3.C. CoBETCKas 3M0OXa M Ka3aXCKME KEeHLMHbI: MeXy 3MaHcMnaumen n Tpaamumen. —
Anmarbl: dank-Mpecc, 2020. — 212 c.

8. Annbekosa A.X. PbiHOYHasA TpaHchopmaLma 1 reHaepHoe HepaBeHCTBO B KasaxcTtaHe (1991—
2005) // Counonormnyeckme nccnegosanms. —2018. — Ne7. — C. 88-97.

. 'KakcblbekoBa . KasakcTaHaafbl reHAEepiKk KBOTA CascaTbl: MKETICTIKTEP MeH wekTeynep //
CaacaTraHy macenenepi. — 2023. — Ne2. — b. 60-70.

w

No]

262



«Foundations and Trends in Research» (May 28-29, 2026). Copenhagen, Denmark I

10. Corcoran-Nantes, Y. Gender and politics in Kazakhstan // Central Asian Survey. — 2019. — Vol.
38, No. 2. —P. 213-229.

PACK]



I Proceedings of the 13th International Scientific Conference

Biological Sciences

Duchenne Muscular Dystrophy: Molecular
Mechanisms of Disease and Gene Therapy
Strategies

David Aphkhazava

PhD, Professor, University of Georgia, Thilisi, Georgia. Orcid: https://orcid.org/0000-
0001- 6216-64

Maia Nozadze

PhD, Professor, University of Georgia, Thilisi, Georgia

Levan Gulua

PhD, Professor, Head of bachelor program of Biomedicine at University of Georgia, Thilisi,
Georgia

Mzia Tsiklauri

PhD, Affiliated Professor of the Medical Programs of Gr.Robakidze University,
Microbiology, Immunology, Virology, Infection Control. Invited Professor of the Medical
Programs of Alte University, Thilisi, Georgia. Invited Professor of the Medical Programs of
Caucasus International University, Laboratory Medicine, Thilisi, Georgia. Member of the
Georgian Immunologists Association, Member of the Accreditation Council of the Quality
Development, Center of the Ministry of Education of Georgia

Manana Makharadze

Prof. David Agmashenebeli University of Georgia, Thilisi, Georgia

Maia Berodze

Assistant Professor at Caucasus International University, Thilisi, Georgia

Nodar Sulashvili

MD, PhD, Doctor of Pharmaceutical and Pharmacological Sciences In Medicine, Invited
Lecturer (Professor) of Scientific Research-Skills Center at Thilisi State Medical University;
Professor of Medical and Clinical Pharmacology of International School of Medicine at
Alte University; Professor of Pharmacology of Faculty of Medicine at Georgian National
University SEU, Associate Affiliated Professor of Medical Pharmacology of Faculty of
Medicine at Sulkhan-Saba Orbeliani University; Associate Professor of Medical
Pharmacology at School of Medicine at David Aghmashenebeli University of Georgia;
Associate Professor of Biochemistry and Pharmacology Direction of School of Health
Sciences at the University of Georgia. Associate Professor of Pharmacology of Faculty
Dentistry and Pharmacy at Thilisi Humanitarian Teaching University; Tbilisi, Georgia;
Orcid: https://orcid.org/0000-0002-9005-8577.

Giorgi Margvelani

Prof. European University, Thilisi, Georgia

Tamuna Samadashvili

University of Georgia, Thilisi, Georgia

264



«Foundations and Trends in Research» (May 28-29, 2026). Copenhagen, Denmark

Nino Maziashvili

Associate Professor, University of Georgia, Tamar Gagoshidze Neuropsychology Center,
Thilisi, Georgia

Lolita Shengelia

PhD, Invited lecturer of Georgian National University, Thilisi, Georgia; Invited lecturer of
Georgian American University, Thilisi, Georgia

Madiha Thasneem

University of Georgia, Thilisi, Georgia

Rania Thowfeeq Shaikh

Ivane Javakhishvili Thilisi State University, Thilisi, Georgia

George Maglakelidze

PhD, Professor, University of Georgia, Thilisi, Georgia

llia Atanelishvili

Medical University of South Carolina, Charleston, SC, USA

Corresponding Author: Prof. David Aphkhazava

Abstract

Duchenne muscular dystrophy (DMD) is a severe X-linked neuromuscular disorder caused by loss-
of-function mutations in the DMD gene and the consequent absence or major truncation of
dystrophin. The disease is fundamentally a disorder of membrane instability: without dystrophin,
the sarcolemma becomes mechanically fragile during contraction, allowing abnormal calcium
influx, mitochondrial dysfunction, protease activation, oxidative injury, and chronic inflammatory
signaling. Repeated myofibre damage eventually exhausts regenerative capacity and drives
progressive fibrosis and fatty replacement, producing the characteristic trajectory of skeletal
muscle weakness, loss of ambulation, respiratory insufficiency, and cardiomyopathy. Recent
therapeutic development has shifted from supportive management alone toward direct molecular
intervention. Mutation-specific exon skipping seeks to restore the reading frame and convert a
Duchenne-like transcript into a Becker-like transcript that yields internally truncated but partially
functional dystrophin. AAV-mediated micro-dystrophin gene replacement addresses the
challenge of the large native DMD coding sequence by delivering engineered miniaturized
constructs that preserve essential functional domains. Genome-editing approaches, particularly
CRISPR/Cas9-based strategies, pursue permanent correction at the DNA level through exon
excision or splice-site reframing. Together, these approaches illustrate a transition from symptom
modulation to mechanism-directed therapy. Their promise, however, is balanced by major
translational challenges, including limited dystrophin restoration with first-generation exon-
skipping agents, immune barriers to viral delivery, uncertain long-term durability of episomal
expression, inability to re-dose AAV efficiently, and unresolved delivery and safety issues for
genome editing. This focused article synthesizes the molecular basis of DMD and the principal
gene-therapy strategies currently shaping the field.

Keywords: Duchenne muscular dystrophy, dystrophin, molecular pathogenesis, exon skipping,
micro-dystrophin, AAV gene therapy, CRISPR/Cas9, genome editing.

265




I Proceedings of the 13th International Scientific Conference

1. Introduction

Duchenne muscular dystrophy is one of the most devastating inherited muscle diseases of
childhood. It arises from pathogenic variants in the DMD gene, a locus of extraordinary size on the
X chromosome that encodes dystrophin, a 427-kDa cytoskeletal protein central to muscle-fibre
integrity. In the absence of functional dystrophin, the mechanical stress of ordinary muscle
contraction is converted into cumulative structural damage, setting in motion a chronic cycle of
degeneration and incomplete repair. Historically, treatment was largely limited to corticosteroids
and multidisciplinary supportive care, which slowed decline but did not correct the underlying
molecular defect.

The contemporary therapeutic landscape is markedly different. Advances in RNA therapeutics,
viral vector engineering, and genome editing have created realistic opportunities to intervene
upstream in the disease cascade itself. These strategies do not all operate at the same biological
level: some act at pre-mRNA splicing, some replace a functional coding sequence, and others
attempt direct genomic correction. Yet they share a common logic—restoration of dystrophin
function, whether partial or permanent, before irreversible fibrofatty remodeling dominates the
tissue environment.

Figure 1

*ig. 1 | Molecular pathogenesis of Duchenne muscular dystrophy and major therapeutic intervention points

Normal (with dystrophin) Contraction-induced stress

) ) (eccentric contraction) Myofibre necrosis Progressive fibrosis Skeletal muscle
; DMD gene Diptiogyes ' AN L4 i — L, S + Progressive weakness
4 £ Sarcoglycans ~=H A LR D=sn. = = - S 2 £« Loss of ambulation
'_‘,.F’ L e Tl ,i’ Bl | - (R | w) > 3 ) + Contractures
L =AY e i 3
Dystrophin . 3 -
—~ o
P e 0® ,% 4
/ elloflent 0 o0 o* v ¥ Heart
wre PSR = ="/ — Macrophages  Neutrophils + Dilated cardiomyopathy
Mutation 4 2 + Arrhythmias
(deletion, duplication, DMD (absent/truncated dystrophin) o'e @ ® YJ * Heart failure
nonsense, splice-site < @ ca® influx >’
or smallvariant) A4 @ ¢ &

Respiratory system
+ Reduced vital capacity

= — = w
Xp21.2 mﬁ 1 Intracellular Ca* ) ole o/:
. @ ¥

1 Calpain activation

i i ' T cell
: :(I)!;ca}::’n’d‘rgl dysfunction @ (& Tcells et
i ioiance: Kilkiiaid : Bl e s ) IL-1B, TNF-q, IL-6 and other « Respiratory failure
Inheritance: X-linked recessive. S Rt cytolines
Absent or abnormal dystrophin DMD mutations disrupt dystrophin Loss of membrane integrity Repeated cycles of necrosis and Fibrosis and is replace
production is initiated. expression, leaving the dystrophin- causes calcium overload and inflammation drive ongoing muscle functional myofibres, reducing leads to loss of independence
glycoprotein complex unstable. activation of destructive pathways. damage. muscle mass and quality. and reduced lifespan.
n Restore dystrophin expression Provide functional Address the root cause | Reduce inflammation Monitor and manage Optimize outcomes
E Newborn and by ion-specific appt i | at the DNA level and slow disease multisystem disease through systems
] %) genetic testing L | progression Cardhe i respiratony, o'f care
; b ) _Exon skipping | Nonsense read-through | | AV micro-dystrophin CRISPR/Cas9 surveillance Registry and
3 *NBs(@ ) | gene transfer gene editing Corti i I
= « Confirmatory genetic | ataluren) (prednisone/
z testing deflazacort)
>
o
i
=
F

(Aligned to mechanism)

multidisciplinary care
. 20000
2 > s
‘ o UGA UAG UAA /;&‘ .} S Gt ﬁ % CRCBDDD
+ Carrier testing & Exon: ->[EHEY-51-52 @ @ @ </ / FE ; « National DMD registry
genetic counselling | \ 7 «+ Multidisciplinary clinics
‘/\ (| A ( * Echocardiography, ECG, Holter PEnary

+ Physical therapy &

| \
Y R“dvtmugh ‘ ‘\x/ >®_ _m + Inflammation *Pulmonary function tests orthoses
Exon: [ 52 ? 4 Myofibre necrosis * Sleep studies « Nutrition & bone health
) @@ t Muscle strength & + Vaccination & infection | Fejchosacial spport
) ) | function ) prevention + Transition to adult care

B Genetic cause B Molecular defect [l Cellularinjury [l Inflammation B Structural remodeling [l Clinical outcomes

* NBS: newborn screening; CK: creatine kinase; IL: interleukin; TNF: tumour necrosis factor; ROS: reactive oxygen species; NO: nitric oxide; AAV: adeno-associated virus; CRISPR: Clustered Regularly Short Palindromic Repeats; ECG:

Fig. 1 | Molecular pathogenesis of Duchenne muscular dystrophy and major therapeutic
intervention points.

The figure is retained from the source article and re-titled for this focused version. It summarizes
the causal cascade from DMD-gene mutation to dystrophin loss, sarcolemmal fragility, calcium
overload, myofibre necrosis, chronic inflammation, fibrosis, and multisystem clinical decline, while
also mapping the major mechanistic intervention points discussed in this article.

2. Molecular Mechanisms of Disease

The pathogenesis of DMD is rooted in the architecture of the dystrophin-glycoprotein complex.
Dystrophin links the intracellular actin cytoskeleton to transmembrane and extracellular matrix
components at the sarcolemma, thereby functioning as a mechanical stabilizer during repeated
cycles of contraction and stretch. When dystrophin is absent or severely truncated, this bridge is
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lost. The sarcolemma becomes fragile, particularly during eccentric contraction, and develops
microtears that compromise ion homeostasis and membrane integrity.

One of the earliest and most consequential consequences of membrane instability is calcium
influx. Excess intracellular calcium activates proteolytic systems such as calpains, perturbs
mitochondrial function, and amplifies reactive oxygen species production. Energetic failure and
oxidative injury further sensitize the fibre to necrosis. Damaged muscle fibres then recruit
inflammatory cells, including macrophages and other immune effectors, which release cytokines
and sustain a chronic inflammatory microenvironment. What begins as a structural defect thus
evolves into a self-reinforcing network of membrane injury, metabolic stress, innate immune
activation, and tissue remodeling.

The regenerative capacity of muscle is substantial but not limitless. Satellite cells can repair and
replace damaged fibres for a period, but continuous injury gradually exhausts this reserve. As
regeneration fails to keep pace with degeneration, contractile tissue is progressively replaced by
fibrosis and fat. This fibroadipose conversion is not merely a histologic endpoint; it alters the
biological terrain in ways that reduce the effectiveness of later interventions by limiting viable
target cells and impairing force generation even when some dystrophin restoration is achieved.
Clinically, these molecular and cellular events manifest early in childhood with delayed motor
milestones, waddling gait, calf pseudohypertrophy, and Gowers' sign. Over time, the disease
extends beyond limb musculature to involve the diaphragm, accessory respiratory muscles, and
myocardium. Progressive restrictive lung disease and dilated cardiomyopathy are therefore
intrinsic consequences of the same primary molecular lesion rather than secondary complications
detached from skeletal-muscle biology. An effective therapeutic strategy for DMD must
consequently be systemic and durable enough to reach skeletal, respiratory, and cardiac muscle.
3. Mutation Spectrum and Therapeutic Stratification

The DMD mutational spectrum is highly heterogeneous. Large deletions account for the majority
of cases, duplications account for a smaller but important fraction, and the remainder consists of
nonsense variants, splice-site alterations, and small insertions or deletions. This diversity is
clinically meaningful because therapeutic eligibility depends on mutation class and genomic
context. The well-known reading-frame rule explains much of the biology: out-of-frame mutations
typically abolish dystrophin expression and produce classic Duchenne muscular dystrophy,
whereas in-frame alterations may allow synthesis of a shorter but partially functional protein
associated with Becker muscular dystrophy.

This genotype-phenotype relationship provides the conceptual foundation for several gene-based
therapies. Exon skipping deliberately manipulates splicing to convert an out-of-frame transcript
into an in-frame transcript. Genome editing may excise or reframe a pathogenic segment of DNA
with the same functional goal. Even gene replacement strategies, though not mutation-specific in
the same way, are developed in response to the impossibility of fitting the full native DMD coding
sequence into standard viral vectors. In DMD, molecular diagnosis is therefore not simply
confirmatory; it is the gateway to rational therapeutic selection.

4. Exon Skipping and Nonsense Suppression

Exon skipping was the first gene-directed strategy to achieve regulatory success in DMD. Antisense
oligonucleotides are synthetic nucleic acid analogs designed to bind pre-mRNA and sterically alter
splice-site recognition. By masking selected exons during splicing, these agents can skip over a
mutation or restore the downstream reading frame. The resulting mRNA encodes an internally
shortened dystrophin that resembles the partially functional proteins observed in Becker muscular
dystrophy. This strategy is elegant because it leverages endogenous gene architecture rather than
inserting a new transgene.

Clinically deployed exon-skipping agents currently target exons such as 51, 53, and 45, together
covering a substantial but still limited subset of patients. Their major strength is mechanistic
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precision: they are directly matched to a patient's mutation pattern and intervene upstream of
protein synthesis. Their major limitation is biological magnitude. First-generation
phosphorodiamidate morpholino oligomers typically restore only low absolute levels of
dystrophin, and the functional benefit observed in trials has generally been one of slowed decline
rather than dramatic reversal of disease. Thus, exon skipping has validated the therapeutic
principle of transcript repair, but it has also exposed the challenge of achieving enough protein in
enough muscles for long enough to transform long-term outcomes.

A related mutation-specific concept is nonsense suppression, in which premature stop codons are
pharmacologically read through to allow continued translation of dystrophin. This approach
applies only to the subset of patients with nonsense variants and depends on the ribosome
bypassing an aberrant stop signal without intolerable off-target consequences. Together, exon
skipping and stop-codon read-through exemplify a broader category of precision RNA
therapeutics: they are biologically rational, comparatively targeted, and clinically important, but
their efficacy is constrained by delivery, tissue penetration, and the level of functional protein
ultimately restored.

5. AAV Micro-Dystrophin Gene Replacement

Gene replacement has emerged as the most transformative recent development in the field
because it attempts to provide functional dystrophin independent of a patient's exact mutation.
The principal obstacle is physical: the wild-type DMD coding sequence is far too large for packaging
into adeno-associated virus (AAV), whose carrying capacity is roughly 4.7 kilobases. To solve this,
investigators designed micro-dystrophin constructs that compress the protein to its essential
domains, typically preserving the N-terminal actin-binding region, a shortened rod domain, and
the cysteine-rich domain needed for assembly of the dystrophin-glycoprotein complex.

Systemic AAV delivery of micro-dystrophin has shown that widespread transduction of skeletal
and cardiac muscle is achievable and that transgene expression can be associated with clinically
meaningful improvement relative to expected natural-history decline. This has turned gene
replacement from a theoretical objective into a genuine therapeutic platform. In contrast to exon
skipping, which is mutation-restricted and incremental, micro-dystrophin therapy offers a broadly
applicable strategy that can potentially address many patients with a single mechanistic
framework.

Nevertheless, the limitations of AAV-mediated replacement are substantial. The delivered
transgene remains largely episomal rather than integrating into the genome. In a tissue
undergoing ongoing degeneration and regeneration, episomal DNA may be diluted over time as
damaged fibres are lost and newly generated fibres arise from satellite cells that were never
permanently corrected. Durability therefore remains one of the central unanswered questions.
Even if early expression is robust, the persistence of benefit across many years of muscle turnover
is uncertain.

Immunology adds a second layer of complexity. Pre-existing neutralizing antibodies can limit
eligibility for treatment, and the first exposure to a systemic AAV vector generally induces humoral
immunity that prevents straightforward re-dosing with the same capsid. This creates a high-stakes
therapeutic model in which a single administration is expected to provide lasting benefit despite
uncertain durability. It also means that vector choice, dose selection, and treatment timing are
inseparable from biology: intervention must occur early enough to preserve target muscle, yet at
a stage when sufficient muscle mass remains to justify systemic delivery and when inflammatory
risk can be managed safely.

6. CRISPR/Cas9 Genome Editing

Genome editing offers perhaps the most conceptually powerful route in DMD because it aims to
repair the endogenous gene itself. CRISPR/Cas9-based strategies typically use guide RNAs to direct
the nuclease to specific genomic sites so that mutant exons can be excised or splice-disrupting
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regions can be reframed. The goal is not to add a replacement gene but to create a permanent
DNA-level correction that restores production of an in-frame, Becker-like dystrophin from the
native locus. In principle, this addresses the durability problem more directly than episomal gene
transfer because corrected sequences can be retained in daughter cells after satellite-cell division.
For DMD, this permanence is particularly attractive. Muscle is a dynamic tissue, and any therapy
that fails to keep pace with regeneration risks gradual erosion of benefit. A successful genomic
edit could, at least in theory, establish a stable reservoir of corrected myogenic cells and thereby
produce more sustained dystrophin restoration across the lifespan. Moreover, editing the
endogenous locus preserves natural promoter context and tissue-specific regulation in ways that
exogenous transgene expression cannot fully replicate.

Yet genome editing currently inherits many of the same bottlenecks that affect gene transfer.
Delivering bulky CRISPR components systemically to skeletal muscle, diaphragm, and heart
remains extremely challenging and often still depends on viral vectors. At the same time, editing
introduces its own safety concerns, including off-target cleavage, large genomic rearrangements,
unexpected repair outcomes, and immunogenicity related to bacterial nucleases. The promise of
a one-time, permanent correction is therefore balanced by the technical demand for
extraordinarily precise and safe delivery across a vast amount of tissue.

7. Therapeutic Timing, Durability, and Translational Challenges

Across all platforms, one principle is constant: advanced molecular therapies work best before
extensive muscle loss has occurred. Once fibrosis and fatty replacement dominate, the number of
viable target fibres declines and the biological ceiling for benefit is lowered. The timing of
intervention is therefore not a logistic detail but a mechanistic determinant of outcome. Earlier
treatment means more salvageable muscle, a larger pool of transducible fibres, and a better
chance that restored dystrophin can stabilize tissue before irreversible remodeling becomes
entrenched.

Durability remains the key point of divergence among current strategies. Exon skipping usually
requires repeated administration and depends on continued transcript modulation. AAV micro-
dystrophin therapy offers broader applicability but faces uncertainty related to episomal
persistence and inability to re-dose efficiently. Genome editing promises permanence but has not
yet solved the combined problems of systemic delivery, editing efficiency, and safety assurance.
These are not merely regulatory obstacles; they are direct extensions of DMD biology, muscle
turnover, vector immunology, and the scale of tissue that must be reached for true disease
modification.

A practical understanding of DMD therapy therefore requires integration of molecular pathology
with platform-specific strengths and weaknesses. Exon skipping is the clearest example of
mutation-stratified precision medicine. Micro-dystrophin replacement is the leading example of
platform-level translational success in systemic gene delivery. CRISPR-based editing remains the
field's most compelling long-horizon strategy for durable correction. The future of treatment will
likely depend not on a single universally superior method but on better delivery chemistry,
improved vector engineering, next-generation editing systems, and careful matching of
therapeutic mechanism to mutation class, disease stage, and tissue biology.

8. Conclusion

Duchenne muscular dystrophy is a paradigmatic genetic disease in which the chain from mutation
to clinical decline can be traced with unusual mechanistic clarity. Loss of dystrophin destabilizes
the sarcolemma, initiates calcium-dependent injury, activates inflammatory and fibrotic cascades,
and progressively destroys skeletal, respiratory, and cardiac muscle. That same mechanistic clarity
has enabled a new therapeutic era in which treatments are designed not simply to palliate
symptoms but to restore dystrophin function at the RNA, gene-transfer, or genomic level.
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Exon skipping, micro-dystrophin gene replacement, and CRISPR/Cas9-based genome editing
should therefore be viewed as complementary responses to a common biological problem rather
than isolated technologies. Each approach illuminates a different solution space within the
constraints imposed by DMD gene size, muscle physiology, immune biology, and the need for
durable systemic correction. Continued progress in DMD will depend on improving the quantity,
distribution, and longevity of dystrophin restoration while intervening early enough to preserve
the tissue substrate on which these therapies act.

Note on Scope

This Word version was deliberately narrowed to the user-requested topics of Duchenne muscular
dystrophy molecular mechanisms and gene therapy strategies. Policy, health-system, ethics,
financing, and Georgia-specific implementation material from the source article were removed.

Figure 2. Comparison of Gene-Based Therapeutic Strategies in Duchenne Muscular Dystrophy
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Figure 2. Comparison of gene-based therapeutic strategies in Duchenne muscular dystrophy
(DMD). This figure compares four major therapeutic approaches for DMD—exon skipping,
nonsense suppression, adeno-associated virus (AAV) micro-dystrophin replacement, and
CRISPR/Cas9 genome editing—across key translational dimensions, including biological target
level, mechanism of action, mutation suitability, advantages, limitations, durability, delivery
challenges, and clinical status. Exon skipping acts at the pre-mRNA level to restore the reading
frame in selected deletion mutations, whereas nonsense suppression targets mRNA to enable
readthrough of premature stop codons in nonsense variants. In contrast, AAV micro-dystrophin
replacement provides a mutation-independent gene replacement strategy through delivery of a
shortened dystrophin transgene, while CRISPR/Cas9 aims to directly edit genomic DNA for
potentially permanent correction. Overall, the figure highlights the distinct balance between
mutation specificity, breadth of applicability, durability, delivery complexity, and safety
considerations that define the current landscape of gene-based therapies for DMD.
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Expanded Review Sections

The following sections expand the original article to review length while preserving the focus on
molecular pathogenesis and gene-based therapeutic strategies. Figure 1 from the source
manuscript is retained in the original portion of the document above.

Expanded scope and article aim

The original manuscript already provided a concise and accurate overview of Duchenne muscular
dystrophy (DMD) as a dystrophin-deficient disorder of membrane instability. To convert it into a
fuller review-length article, the discussion can be broadened in three directions: first, by adding
more mechanistic detail on dystrophin biology and the downstream cascade linking membrane
fragility to myonecrosis; second, by expanding the treatment discussion to include the clinical
logic, limitations, and safety barriers of exon skipping, AAV micro-dystrophin transfer, and genome
editing; and third, by integrating how disease stage, target tissue, immunology, and biomarker
selection shape therapeutic success. This expansion keeps the article focused on pathogenesis and
gene-based therapy, but develops each theme in sufficient depth for a longer academic review
(Duan et al., 2021; Guiraud et al., 2015; Mercuri et al., 2019).

A central concept across the modern DMD literature is that the disorder is not caused simply by
the absence of one structural protein. Rather, dystrophin loss destabilizes a mechanically and
biologically active signaling platform at the sarcolemma, disorganizes nitric oxide signaling,
sensitizes the fibre to calcium entry, perturbs mitochondrial homeostasis, amplifies sterile
inflammation, and ultimately alters the regenerative ecosystem of muscle. Because these
abnormalities unfold over time, DMD is best understood as a progressive systems disease of
skeletal, respiratory, and cardiac muscle rather than a static monogenic lesion. This systems
perspective also explains why partial dystrophin restoration can be beneficial, yet why late
treatment often yields smaller gains than early intervention before fibrofatty replacement has
become dominant (Allen et al., 2016; Gao & McNally, 2015; Duan, 2018).

9. Dystrophin architecture and the dystrophin-associated protein complex

Dystrophin is frequently described as a molecular shock absorber, but that shorthand understates
its structural sophistication. The full-length muscle isoform spans the inner surface of the
sarcolemma, binding cortical F-actin through its amino-terminal actin-binding domain and linking
that cytoskeletal network to beta-dystroglycan and, indirectly, laminin in the extracellular matrix
through its cysteine-rich and carboxy-terminal regions. This linkage distributes mechanical stress
laterally across the fibre surface during contraction and stretch. When dystrophin is absent, the
problem is not merely weaker muscle; it is loss of a tension-buffering system that normally
prevents focal force concentration at the membrane. Repeated loading then produces
microscopic tears, especially during eccentric contraction, with cumulative structural injury over
time (Hoffman et al., 1987; Gao & McNally, 2015; Duan et al., 2021).

The dystrophin-associated protein complex is also a signaling hub. It includes dystroglycans,
sarcoglycans, sarcospan, syntrophins, dystrobrevins, and associated proteins such as neuronal
nitric oxide synthase (nNOS). This complex helps organize membrane domains involved in ion
handling, mechanotransduction, and nitric oxide signaling. In dystrophin-deficient muscle,
disassembly of the complex mislocalizes nNOS from the sarcolemma, reducing activity-dependent
nitric oxide signaling and impairing exercise-induced vasomodulation. Functional ischemia may
therefore compound mechanical vulnerability, particularly during exertion. These signaling
defects help explain why DMD pathology cannot be reduced to a passive membrane-tear model
alone; the disease also reflects the loss of a dynamic molecular scaffold that coordinates perfusion,
signaling, and mechanical stability (Gao & McNally, 2015; Guiraud et al., 2015; Lai et al., 2009).
The reading-frame rule provides the conceptual bridge between genotype and phenotype in
dystrophinopathies. Out-of-frame deletions, duplications, or nonsense variants usually eliminate
functional dystrophin and produce classic DMD, whereas in-frame rearrangements may vyield
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shorter but partly functional proteins more consistent with Becker muscular dystrophy. This
principle is foundational because it explains why internally truncated dystrophins can still preserve
important function if critical binding domains remain intact. It also underpins both exon-skipping
therapy and the design of micro-dystrophin constructs. In other words, the structural biology of
dystrophin is not merely descriptive; it has become the basis of therapeutic engineering (Monaco
et al., 1988; Aartsma-Rus et al., 2006; Duan et al., 2021).

Mutation heterogeneity further shapes treatment strategy. Global mutation databases show that
large deletions account for most DMD-causing variants, followed by duplications and smaller
sequence changes. This distribution matters because some therapeutic platforms are mutation
specific, such as exon skipping or nonsense suppression, whereas AAV micro-dystrophin transfer
is comparatively genotype agnostic. The clinical consequence is that molecular diagnosis now
serves not just to confirm DMD, but to stratify patients into distinct therapeutic pathways.
Precision medicine in DMD therefore begins with the mutation report and extends to downstream
guestions about residual dystrophin production, antibody status, organ involvement, and disease
stage (Bladen et al., 2015; Mah et al., 2014; Mercuri et al., 2019).

10. From sarcolemmal injury to calcium overload and mitochondrial dysfunction

A defining downstream event in DMD is calcium dysregulation. Once the sarcolemma becomes
mechanically unstable, abnormal calcium entry can occur through microtears, stretch-activated
channels, and other dysregulated membrane pathways. Elevated cytosolic calcium activates
calpains and additional proteolytic machinery, disrupts excitation-contraction coupling, and
increases energetic demand in already stressed fibres. Calcium overload is therefore both a
marker and a driver of injury. Importantly, calcium excess is not only an acute toxic event; it also
changes transcriptional programs, stimulates inflammatory signaling, and promotes chronic
deterioration of the contractile apparatus (Allen et al., 2016; Duan et al., 2021; Dowling et al,,
2023).

Mitochondria are central amplifiers of this damage cascade. In dystrophic muscle, calcium
overload and reactive oxygen species destabilize mitochondrial membrane potential, impair
oxidative phosphorylation, and increase susceptibility to permeability transition. The result is
reduced ATP availability precisely when damaged fibres need energy for ion pumping, repair, and
survival. Mitochondrial dysfunction also feeds forward into oxidative stress, further injuring
proteins, membranes, and nucleic acids. This reciprocal relationship between calcium overload
and mitochondrial injury helps explain why DMD pathology is so self-reinforcing: once the injury
program is established, metabolic rescue becomes progressively harder even if upstream gene
restoration is later achieved (Allen et al., 2016; Guiraud et al., 2015; Duan et al., 2021).

Oxidative injury further worsens membrane fragility. Reactive oxygen species modify lipids in the
sarcolemma, alter calcium channel behavior, and potentiate inflammatory transcriptional
programs including NF-kappaB signaling. In preclinical work, the combination of calcium
dysregulation, nitric oxide dislocation, and reactive oxygen species has repeatedly emerged as a
central pathological triad in dystrophin-deficient muscle. The implication for therapy is important:
dystrophin restoration is necessary, but it may not immediately reverse the full secondary biology
of established disease. That is one reason why adjunctive treatment strategies targeting
inflammation, fibrosis, oxidative stress, or membrane integrity may remain relevant even in the
age of gene therapy (Allen et al., 2016; Houang et al., 2018; Duan, 2018).

The heart illustrates this cascade especially well. Cardiomyocytes continuously endure mechanical
loading, and dystrophin deficiency in the myocardium causes chronic membrane injury, abnormal
calcium handling, cell death, and replacement fibrosis. Over time, this contributes to ventricular
dysfunction, arrhythmogenic risk, and dilated cardiomyopathy. The fact that membrane sealants
such as poloxamer could mitigate dystrophic cardiac injury in preclinical models reinforced the
view that mechanical membrane failure is a therapeutically meaningful target. It also highlighted
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that a successful DMD therapy must reach cardiac tissue effectively rather than improving skeletal
muscle alone (Yasuda et al., 2005; Duan et al., 2021; Birnkrant et al., 2018).

11. Inflammation, innate immunity, and the transition to fibrosis

Inflammation in DMD is not a simple bystander reaction to tissue destruction. Necrotic fibres
release damage-associated molecular patterns that activate innate immune pathways, recruit
neutrophils and macrophages, and establish a chronic inflammatory milieu that persists because
new damage continuously occurs. Early infiltrates can be beneficial in acute injury because they
clear debris and support regeneration, but in DMD the persistence of muscle breakdown prevents
orderly resolution. Instead, prolonged cytokine signaling, aberrant macrophage polarization, and
repeated immune activation convert a repair program into a chronic tissue-remodeling state
(Tidball & Villalta, 2010; Villalta et al., 2015; Sciorati et al., 2021).

The macrophage compartment is especially important. Classically activated inflammatory
macrophages contribute to cytotoxic signaling, whereas alternatively activated macrophages can
support repair but also stimulate profibrotic pathways when chronically engaged. Transforming
growth factor beta and related mediators drive fibro-adipogenic progenitors toward fibroblast and
adipocyte lineages, promoting endomysial scarring and fat deposition. Thus, the same immune
network that initially responds to necrosis gradually reshapes muscle architecture in ways that
decrease elasticity, impede force transmission, and reduce the amount of viable target tissue
available for later genetic rescue (Zhou & Lu, 2010; Klingler et al., 2012; Mogharehabed & Czubryt,
2023).

Recent work has also emphasized the role of adaptive immunity in DMD pathogenesis and
therapy. T cells can recognize muscle-derived antigens, and defects in immune tolerance may
contribute to sustained inflammation. This matters clinically because gene therapy introduces
additional immunological variables: viral capsids, newly expressed dystrophin epitopes, and
editing nucleases can all become targets of host immunity. In other words, inflammation is not
only a feature of untreated DMD; it is one of the major determinants of whether advanced
molecular therapies can be safely delivered and durably maintained (Sciorati et al., 2021; Kumar
et al., 2023; Hakim et al., 2021).

Fibrosis is the cumulative histological signature of failed regeneration. Collagen deposition, matrix
cross-linking, and progressive replacement of contractile tissue by scar and fat alter the physical
and biological environment of muscle. Fibrotic tissue transmits force poorly, interferes with
normal myofibre regeneration, and may reduce vector distribution or effective cellular targeting.
As a result, fibrosis is both an outcome of long-standing disease and a major barrier to therapeutic
reversal. This is why early treatment is repeatedly emphasized across DMD trials: preserving tissue
can be at least as important as restoring dystrophin once tissue has already been lost (Zhou & Lu,
2010; Klingler et al., 2012; Mogharehabed & Czubryt, 2023).

12. Satellite cell dysfunction and exhaustion of regenerative capacity

Skeletal muscle has an unusual capacity for regeneration because satellite cells can activate,
proliferate, and differentiate into new myogenic progenitors after injury. In DMD, however,
regenerative demand is relentless. At first, satellite cell activity partially compensates for
degeneration, but repeated cycles of damage eventually erode regenerative efficiency. Muscle
then shifts from a state of active, though incomplete, repair toward chronic failure in which new
myofibre formation cannot keep pace with ongoing loss. This transition is a pivotal moment in
disease progression because it marks the point at which restoring dystrophin becomes less able
to reconstruct tissue that no longer exists (Duan et al., 2021; Dowling et al., 2023; Mercuri et al,,
2019).

Dystrophin also appears to have a direct role in satellite cell biology. Work in experimental systems
suggests that dystrophin contributes to cell polarity and asymmetric division. When dystrophin is
absent, satellite cells may show altered polarity signaling and impaired generation of committed
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myogenic progenitors. The implication is that DMD is not solely a disease of mature fibres; it also
involves dysfunction in the stem-cell compartment required for sustained regeneration. This helps
explain why chronic degeneration eventually outpaces repair despite early evidence of
regenerative activation (Dowling et al., 2023; Duan et al., 2021; Guiraud et al., 2015).

This regenerative biology has major therapeutic implications. Episomal AAV-mediated expression
may stabilize transduced mature fibres, but if satellite cells are not effectively corrected, newly
formed fibres arising during subsequent degeneration-regeneration cycles may lack therapeutic
dystrophin. Genome editing is especially attractive in this context because permanent correction
of stem or progenitor populations could, in principle, maintain benefit through tissue turnover.
The challenge is that efficient and safe delivery to satellite cells remains technically difficult, and
muscle-specific promoters that work well in mature myofibres may be less active in the stem-cell
niche (Min et al., 2019; Chemello et al., 2023; Fatehi et al., 2023).

13. Clinical progression in skeletal, respiratory, and cardiac muscle

The natural history of DMD reflects the cumulative expression of these molecular events across
multiple organ systems. In early childhood, proximal weakness, delayed motor milestones,
frequent falls, and Gowers' sign signal that skeletal muscles are already failing under mechanical
stress. Later, loss of ambulation reflects the combined effects of myofibre loss, contracture,
fibrosis, growth-related biomechanical burden, and declining respiratory reserve. Improved
standards of care have extended survival, but the biology of progressive tissue injury remains
central even in the era of multidisciplinary management (Mah et al., 2014; Birnkrant et al., 2018;
Duan et al., 2021).

Respiratory decline is not simply a complication of immobility. The diaphragm is among the most
severely affected muscles in dystrophin deficiency because of its lifelong repetitive loading.
Progressive inspiratory and expiratory muscle weakness reduces cough effectiveness,
compromises airway clearance, increases infection risk, and culminates in nocturnal and then
daytime ventilatory insufficiency. Once ventilatory reserve is limited, intercurrent illness can
trigger acute decompensation. For this reason, a therapy that improves limb function but
inadequately treats the diaphragm may have only partial effect on long-term survival (Birnkrant
et al., 2018; Duan et al., 2021; Mercuri et al., 2019).

Cardiomyopathy has become increasingly prominent as survival has improved. Replacement
fibrosis, ventricular remodeling, and arrhythmic risk accumulate gradually, often with a period of
subclinical dysfunction before overt symptoms appear. Cardiac involvement therefore has two
implications for gene therapy development. First, systemic delivery platforms must efficiently
transduce the heart. Second, outcome assessment in DMD cannot rely solely on short-term motor
endpoints if the therapy aims to alter long-term morbidity and mortality. The most compelling
disease-modifying approaches will need to protect both skeletal and cardiac muscle across many
years (Yasuda et al., 2005; Duan, 2018; Birnkrant et al., 2018).

14. Exon skipping: mechanistic elegance and practical limitations

Exon skipping was the first dystrophin-restoration strategy to achieve broad clinical recognition
because it directly exploits the reading-frame logic of dystrophinopathies. Antisense
oligonucleotides bind dystrophin pre-mRNA and mask selected splice elements so that the splicing
machinery excludes a target exon. If the exon is chosen correctly, the transcript is reframed and
an internally deleted but partly functional dystrophin can be synthesized. Conceptually, this
transforms a Duchenne-like transcript into a Becker-like transcript. The strategy is particularly
compelling because it uses the endogenous gene rather than introducing a foreign coding
sequence (Niks & Aartsma-Rus, 2017; Aartsma-Rus, 2023; Goyenvalle et al., 2004).

Clinical translation, however, has exposed a central quantitative challenge: low-level dystrophin
restoration may confirm target engagement without delivering dramatic functional rescue.
Approved exon-skipping therapies demonstrated that regulatory pathways would accept
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dystrophin restoration as a meaningful biomarker, but they also highlighted the modest
magnitude of protein increase typically achieved with first-generation chemistries. Frequent
repeat dosing, variable tissue penetration, limited cardiac delivery, and mutation specificity
further constrain the platform. Even so, exon skipping remains historically important because it
validated the principle that transcript repair can alter the molecular output of the DMD locus in
patients (Niks & Aartsma-Rus, 2017; Aartsma-Rus, 2023; Roberts et al., 2023).

The future of exon skipping likely depends on persistence, breadth, and efficiency. Viral vectorized
exon-skipping systems, improved oligonucleotide chemistry, and multi-exon strategies are being
pursued to increase dystrophin expression and expand mutation coverage. Multiexon skipping is
especially attractive because a limited set of cocktails might help a much larger fraction of patients
than single-exon approaches. Yet each increase in complexity brings manufacturing, dosing,
regulatory, and safety challenges. Thus, exon skipping remains one of the clearest examples of
DMD precision medicine, but also one of the clearest examples of how biologically elegant
therapies can be constrained by delivery pharmacology (Aartsma-Rus, 2023; Chamberlain &
Chamberlain, 2017; Duan et al., 2021).

15. AAV micro-dystrophin gene replacement: promise, design logic, and barriers

AAV-mediated micro-dystrophin replacement emerged because the full dystrophin coding
sequence is far too large for conventional AAV packaging. The solution was rational protein
engineering: remove large portions of the rod domain while preserving the most critical functional
regions required for actin binding, membrane association, and assembly of a protective complex
at the sarcolemma. The resulting micro-dystrophins are not equivalent to the native protein, but
preclinical and clinical work indicates that carefully designed constructs can provide substantial
functional benefit. This strategy is attractive because it can, in principle, treat a broad range of
DMD mutations with a single platform (Duan, 2018; Chamberlain & Chamberlain, 2017; Wasala et
al., 2023).

Large-animal studies provided critical translational confidence. Durable expression and functional
benefit in canine models showed that long-term systemic delivery could improve a severe
dystrophic phenotype beyond what was seen in the relatively mild mdx mouse. Early human
studies then demonstrated that systemic delivery of rAAVrh74.MHCK7.micro-dystrophin could
produce transgene expression in muscle biopsies and was associated with encouraging functional
trajectories relative to natural history. These findings helped establish micro-dystrophin transfer
as the most advanced broadly applicable gene-replacement strategy in DMD (Le Guiner et al.,
2017; Mendell et al., 2020; Chamberlain et al., 2023).

Nevertheless, the limitations of AAV therapy are profound. High systemic doses are often required
for muscle transduction, raising risks of liver toxicity, complement activation, thrombocytopenia,
thrombotic microangiopathy, and other serious adverse events. Pre-existing anti-AAV antibodies
exclude some patients from treatment, and treatment-induced humoral immunity makes
straightforward re-dosing difficult or impossible. In addition, newly expressed dystrophin or micro-
dystrophin epitopes may be immunogenic in patients who have never tolerated those sequences
immunologically. These barriers mean that gene replacement in DMD is not just a vector problem;
itisanimmune-management problem as well (Kumar et al., 2023; Verma et al., 2023; Duan, 2018).
Durability is another unresolved issue. AAV genomes persist mainly as episomes, so expression
may diminish as fibres are lost during disease progression or as uncorrected progenitors
contribute new fibres. This concern is particularly relevant in young children, whose muscles are
still growing and in whom disease-related turnover remains active. The field therefore faces a
strategic tension: treat early, before fibrosis and muscle loss become extensive, but recognize that
early treatment occurs in tissue that may later remodel and dilute episomal benefit. Long-term
follow-up will determine how much this issue affects real-world durability (Duan, 2018; Wasala et
al., 2023; Wasala et al., 2023b).
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Capsid engineering offers one route forward. New myotropic AAV variants seek higher skeletal
and cardiac transduction at lower doses while reducing liver exposure and immunotoxicity.
Directed evolution and structure-guided capsid design have already generated variants with
improved muscle tropism in preclinical systems. If these advances translate safely to humans, they
could meaningfully widen the therapeutic window for muscle-directed gene transfer, not only in
DMD but in neuromuscular gene therapy more broadly (Liu et al., 2023; Tabebordbar et al., 2021,
Duan et al., 2021).

16. CRISPR and next-generation genome editing

Genome editing is conceptually the most ambitious DMD therapy because it attempts to
permanently repair the endogenous locus. CRISPR/Cas systems can be used to excise one or more
exons, disrupt splice sites, correct point mutations, or potentially restore a therapeutic reading
frame through several different repair strategies. In principle, the approach combines the logic of
exon skipping with the durability of DNA modification. Unlike exon skipping, which requires
repeated transcript-level intervention, a successful genomic edit could persist in daughter cells
and newly regenerated fibres (Min et al., 2019; Chemello et al., 2023; Fatehi et al., 2023).
Preclinical studies have shown impressive restoration of dystrophin expression in cells and animal
models, and editing of muscle stem cells has been demonstrated experimentally. These findings
are important because they suggest a route toward durable correction in a regenerating tissue.
However, the translational hurdles are formidable. Efficient systemic delivery remains difficult,
large editing systems often still depend on viral vectors, and off-target or unintended on-target
genomic changes remain major safety concerns. For a disease that requires body-wide treatment
of post-mitotic and progenitor cells, the technical bar for clinical editing is exceptionally high (Min
et al., 2019; Chemello et al., 2023; Fatehi et al., 2023).

Immune responses complicate CRISPR approaches even further. Patients may harbor pre-existing
immunity to bacterial nucleases such as Cas9, and delivery platforms can independently provoke
vector-specific immune toxicity. In canine DMD models, Cas9-specific immune responses have
compromised both local and systemic AAV-CRISPR therapy, underscoring that editing success
depends on immunologic compatibility as much as on molecular design. These observations
temper early enthusiasm and reinforce the need for transient delivery systems, immune-evasive
editing components, or nonviral platforms such as lipid nanoparticles and virus-like particles
(Hakim et al., 2021; Kumar et al., 2023; Chemello et al., 2023).

Newer platforms such as base editing and prime editing offer theoretical safety advantages for
certain mutation classes because they can make precise sequence changes without introducing
the same type of double-strand break used in conventional CRISPR nuclease editing. For DMD,
these approaches are especially appealing for nonsense mutations or small sequence defects that
could be corrected at the nucleotide level. Their present limitation is delivery complexity: larger
editors are harder to package and distribute to skeletal and cardiac muscle. Even so, the field
increasingly views DMD as a proving ground for a broader family of programmable genomic
medicines rather than a single CRISPR modality (Fatehi et al., 2023; Chemello et al., 2023; Duan et
al., 2021).

17. Biomarkers, patient selection, and therapeutic timing

Because DMD progresses over many years, the relationship between molecular correction and
clinical benefit is not instantaneous. Biomarkers therefore play an unusually important role in
development programs. Muscle biopsy measures of dystrophin or micro-dystrophin expression,
serum creatine kinase trends, imaging of muscle composition, and functional outcomes such as
timed motor tests all capture different parts of the treatment response. No single marker fully
substitutes for long-term benefit, but together they help define whether a therapy is biologically
active and whether that activity is plausibly large enough to matter clinically (Chamberlain et al.,
2023; Mendell et al., 2020; Birnkrant et al., 2018).
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Patient selection is equally decisive. Younger patients generally have more salvageable muscle and
less fibrosis, making them better candidates for therapies that stabilize existing tissue. Yet younger
age can also mean a more dynamic landscape of muscle growth and turnover, which may affect
durability of episomal gene replacement. Older patients may have more established
cardiomyopathy, respiratory compromise, and scarring, all of which reduce the biological ceiling
for benefit. For this reason, the future of DMD therapeutics will likely involve stage-specific
treatment algorithms rather than a one-size-fits-all approach (Duan, 2018; Mercuri et al., 2019;
Duan et al., 2021).

A further layer of selection arises from immunological readiness. Neutralizing antibodies to AAV
capsids can preclude entry into gene-replacement trials, while pre-existing T-cell responses to
dystrophin or Cas proteins may alter safety or efficacy. As advanced therapies expand, baseline
molecular and immunologic profiling is likely to become a routine part of DMD treatment planning.
In effect, the field is moving from genotype-based precision medicine toward multi-dimensional
precision medicine that includes mutation class, tissue status, biomarker profile, and immune
phenotype (Verma et al., 2023; Kumar et al., 2023; Hakim et al., 2021).

18. Combination strategies and future therapeutic direction

Although dystrophin restoration remains the central objective, the future of DMD therapy will
probably be combinatorial. One can imagine genotype-specific exon skipping in some patients,
broad micro-dystrophin replacement in others, and eventual genome editing in selected settings,
all layered onto optimized corticosteroid-sparing anti-inflammatory regimens, cardiac protection,
respiratory support, and perhaps antifibrotic or membrane-stabilizing adjuncts. Combination logic
is biologically compelling because dystrophin restoration addresses the initiating defect, whereas
secondary therapies may improve the tissue environment in which gene correction must operate
(Houang et al., 2018; Guiraud et al., 2015; Duan et al., 2021).

Another likely direction is platform improvement rather than platform replacement. Exon-skipping
chemistry will probably improve incrementally; micro-dystrophin constructs will be refined to
maximize function while minimizing immunogenicity; and delivery systems for editing will become
more targeted and potentially less toxic. Importantly, progress in DMD will influence many other
inherited neuromuscular disorders, because the disease has become the principal test case for
body-wide muscle gene therapy. Lessons about dose, tissue targeting, immune management, and
biomarker interpretation in DMD are therefore shaping the field far beyond dystrophinopathies
(Liu et al., 2023; Chamberlain & Chamberlain, 2017; Duan, 2023).

The most realistic medium-term outlook is not a single cure that fits all patients, but earlier
diagnosis, better stratification, safer delivery, and more durable partial correction. In a disease
where even moderate slowing of decline can preserve ambulation, respiratory independence, or
cardiac function for clinically meaningful periods, the threshold for success is not complete
normalization. Nonetheless, the ultimate benchmark remains durable systemic protection of
skeletal, respiratory, and cardiac muscle across the lifespan. Achieving that goal will require
integrating molecular engineering with a deep understanding of DMD pathobiology (Mercuri et
al.,, 2019; Duan et al., 2021; Roberts et al., 2023).

19. Expanded conclusion

Duchenne muscular dystrophy remains one of the clearest examples in medicine of how a single-
gene defect can unfold into a complex multisystem degenerative disorder. Loss of dystrophin
destabilizes the sarcolemma and dismantles the signaling architecture of the dystrophin-
associated complex, leading to calcium overload, mitochondrial injury, oxidative stress, sterile
inflammation, progressive fibrosis, and ultimately failure of regeneration. These secondary events
are not peripheral details; they define the terrain on which all therapies must act. The success of
modern treatment therefore depends not only on restoring dystrophin, but on doing so early
enough, broadly enough, and durably enough to interrupt the downstream cascade before the
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tissue becomes irreversibly remodeled (Allen et al., 2016; Duan et al., 2021; Mogharehabed &
Czubryt, 2023).

Gene-based strategies have transformed the field because each tackles the core genetic lesion
from a different angle. Exon skipping reframes the transcript, AAV micro-dystrophin provides an
engineered replacement protein, and genome editing seeks permanent endogenous correction.
Each strategy has delivered major conceptual advances and each faces platform-specific
constraints in magnitude, delivery, immunogenicity, or durability. The next phase of progress will
depend on combining these molecular technologies with improved vector design, immune
management, earlier diagnosis, and clinically meaningful biomarkers. DMD has not yet been fully
conqguered, but it has already become a template for mechanism-driven precision therapeutics in
neuromuscular disease (Aartsma-Rus, 2023; Duan, 2018; Chemello et al., 2023).
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Architecture

Landsaft dizayni

Bagirov Vagif Rafail oglu
magistrant, Azarbaycan Dovlst igtisad Universiteti, Dizayn va texniki estetika

Xilasa

Magalada landsaft dizayninin elmi, praktiki ve nazari asaslari strafli sakilda tahlil edilmisdir.
Arasdirmalar stbut edir ki, landsaft dizayni yalniz agig makanlarin estetik taskili ile mahdudlasmir,
hamcinin ekologiya, torpagsilinaslig, memarlig, botanika va saharsalma kimi mixtalif elmi
sahalarin qarsiligl integrasiyasina asaslanan kompleks faaliyyat istigamatidir. Toadgigat zamani
landsaft dizayninin tarixi inkisaf marhalalari, kompozisiya prinsiplari va makanin inkisaf etdirilma
rolu arasdiriimisdir.

Magalada landsaft dizayninin sosial, igtisadi va ekoloji funksiyalari tahlil olunmus, vyasillig
sahalarinin insan saglamligina tasiri giymatlandirilmisdir. Hamginin bitki ortlylinin secilmasi,
relyefin taskili, torpaq xUsusiyyatlarinin hesaba alinmasi, iglim faktorlarinin layihalandirilma
marhalasinda ahamiyyati miayyan edilmisdir. Landsaft dizayninda kompozisiya ganunlari, forma,
tekstura, faktura, rang palitrasi, migyas va s. makanin vizual keyfiyyatlarinin formalasmasinda asas
rol oynadigi geyd edilmisdir.

Tadgiqatlarin arasdirilmasi naticasinda ortaya cixmisdir ki, miasir dévrda landsaft dizayni ekoloji
problemlarin halli, dayanigli inkisaf, yasil infrasturkturun formalasdirilmasi baximindan strateji
onam dasiyir. Yasil damlar, agilli suvarma sistemlari, saquli baglar, yagis baglari, inkliziv dizayn
prinsiplari mdasir landsaft memarliginin asas istigamatlari kimi dayarlandirilirdi.

Naticada, landsaft dizayninin tabist va insan arasinda olan harmonik alaganin yaradilmasinda,
ekoloji barabarliyin gorunmasinda vea estetik, ergonomik cahatdan dayanigh makanlarin
yaradilmasinda 6namli rol oynadigi naticasina galinmisdir

Acar sozlar: landsaft dizayn, memarlig, davamli inkisaf, rang harmoniyasi, dizayn.
Summary

This article provides a comprehensive analysis of the scientific, practical, and theoretical
foundations of landscape design. Research findings demonstrate that landscape design is not
limited solely to the aesthetic organization of open spaces; rather, it represents a complex field of
activity based on the integration of various scientific disciplines, including ecology, soil science,
architecture, botany, and urban planning. The study examines the historical stages of landscape
design development, its compositional principles, and its role in spatial development.

The article analyzes the social, economic, and ecological functions of landscape design and
evaluates the impact of green spaces on human health and well-being. Furthermore, the
significance of plant selection, landform organization, soil characteristics, and climatic factors
during the design process is determined. It is also emphasized that compositional principles, form,
texture, color palette, scale, and other design elements play a fundamental role in shaping the
visual qualities of space.

The investigation reveals that, in the contemporary era, landscape design possesses strategic
importance in addressing environmental challenges, promoting sustainable development, and
establishing green infrastructure. Green roofs, smart irrigation systems, vertical gardens, rain
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gardens, and inclusive design principles are identified as the primary directions of modern
landscape architecture.

As a result, it is concluded that landscape design plays a significant role in establishing a
harmonious relationship between humans and nature, preserving ecological balance, and creating
aesthetically pleasing, ergonomic, and sustainable environments.

Keywords: landscape design, architecture, sustainable development, color harmony, design.
Giris

Mdasir dovrds urbanizasiya proseslarinin sliratlanmasi, insan sixliginin artmasi va atraf mihitin
problemlarinin artaraq globallasmasi vacib masalalardan birina c¢evrilmisdir. Mahz bels saraita
gbra, aclg makanlarin ssmarali taskili, ekoloji tarazli§in gorunmasi kimi bir sira faktorlara géra
landsaft dizayninin rolu daha da artmisdir. Landsaft dizayn tabii elementlarin garsiligh slagasini
nazara alaraq estetik, funksional cehatdan dayanigll makanlarin formalasmasini tamin edan
sahalardan biridir.

Landsaft dizayni yalniz yasillig sahalarinin yaradilmasi va ya bazadilmasi ile mahdudlasmir. Bels ki,
bu saha torpaqg ortlyunin xtsusiyyatlari, relyfein qurulusu, iglim amillari, hidroloji sarait kimi har
bir detali 6zlinda camlasdirir. Mahz bu xUsusiyyatlora gbéra landsaft dizayni ekologiya,
torpagslinasliq, memarlig, saharsalma kimi bir sira sahalarinin sintezi naticasinda formalasmis
elmi-praktiki sitgamat hesab edilir.

Tarixi baximdan landsaft dizayninin formalasaraqg inkisaf etmasi gadim sivilizasiyalar dovrina
tasadif edirdi. ilk bag va park nimunalaring, insanlarin tabisti idare etmak va yasayis mihitini
daha yaxsi formaya salmaqg magsadila yaratdiglari makanlar olmusdur. S6zsiz ki, zaman kecdikca
landsaft dizayni fargli madaniyyastlari, dinlari, memarlig va dizayn madaniyyatlarinin tasiri altina
disarak daha darin inkisaf etmisdir. @sasan XXI asrda ciddi iglim dayisiklari, havanin girklanmasi,
torpaqg deqgradasiyasl, su qithgr va vasillig sahalarinin azalmasi kimi bir sira problemlar mahz
landsaft dizaynina yeni yanasmalarin formalasmasina takan vermisdir. “Abseronun landsaft
xUsusiyyatlarina uygun bag dizayni, ham tabista uygun olmag, ham da istifadacilarin rahathgini
tomin etmak magsadi gldur” Mansurov, T. (2019). Tadgigat c¢argivasinda landsaft dizayninin
formalasmasina tasir edan prinsiplar, memarlig ve bitki amillarinin garsiligh alagasi, hamcinin
muasir landsaft memarliginda tatbig olunan yenilikci yanasmalar atrafli giymatlandirilmisdir.
Landsaft dizayni muasir dovrda yalniz estetik makanlarin meydana galmasi ila kifayatlanmayan,
insan, memarliq va tabist arasindaki garsiligh alagalari sistemli sakilde tanzim edan faaliyyat
sahasidir. Bu sahads aciqg makanlarin layihalandirilmasi, teskili, idara olunmasini 6ziinda
birlasdirarak ekoloji, igtisadi va sosial amillari vahid sistem altinda tamin edir. Landsaft dizayn
anlayisl, aksar hallarda bagcilig ve ya yasillasdirma kimi basa dusulir. 9slinds onun faaliyyat sahasi
daha genisdir. Bels ki, landsaft dizayni sahanin mdvcud tabii xlsusiyyatlarinin, iglim saraitinin,
hidroloji vaziyyatinin, torpaq xUsusiyyatlarinin bir kompozisiyada birlasdirilmasina asaslanir. Mahz
bu sabablardan landsaft dizayni ham yaradici sanat, ham ekoloji planlasdirma, ham da memarliq
vasitasi hesab edilir.

Mdasir saharlasmanin slratlomasi prosesi, ahali sixliginin artmasi yasilligin azalmasi va ekoloji
catinliklarin darinlesmasi landsaftin shamiyyatini daha da artirmisdir. 9sasan da, XXI asrda
landsaft dizayni sahar ekologiyasinin barpasi, iglim dayisikliklarina uygunlasma va insan
saglamliginin gorunmasi baximindan strateji shamiyyat dasiyan faaliyyat kimi gabul edilir. Dinya
bag madaniyyatinin asasi olan madaniyyata nazar yetirsak, ilk Qadim Sargi misal kimi geyd etmak
olar. Bela ki, bazi xalglar bagi yasamagq Gg¢lin uygun bir mihita gatirarak, orani ev kimi istifads edir.
Mahz bu algoritmani edanlara Qadim Romalilari nimuna kimi gdstarmak olar. Mahz bu név
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uslublarin inkisafini dastaklayan dévrlardan biri da intibah dévridir. 9sasan bu dévrds baglarin
yUksak saviyyada inkisafini misahida etmak mimkunddr.

Klassik Uslub- Bu Uslubu Klassik va yaxud da formal olarag adlandirmag mimkinddr. Landsaft
memarhginin an gadim va nufuzlu Gslublarindan biri hesab edilir. Bu Gslubun an asas prinsiplari
simmteriya, nizam-intizam, daqiqglik ve kompozisiya bltovltyd taskil edir. Mahz bu Gslubda olan
baglar, asasan 6ncadan planlasdiriimis layihalar asasinda yerlasdirilir ve har bir nGans Gmumi
kompozisiyanin ayrilmaz hissasina ceuvrilir. Dz xatlar, saligali sakilde budanan agaclar, handasi
formali kompozisiyalar, favvaralar, hovuzlar va s. kimi nimunaler bu Uslubun xarakterik
xUsusiyyatleri hesab edilir. Klassik baglarda insanin tabiat lzarinds diggati ve homkranligi aciq
formada hiss edilir. Bu sababdan formla Uslub tarix boyunca saraylarin, dovlet shamiyyatli
memarliq komplekslarinin atrafinda genis yayilmisdir.

ingilis Gslubu- ingilis landsaft Gslubu XVII asrds asasan Avropada formalasaraq formal baglarin sart
kompozisiya gaydalarina alava variant kimi meydana galmisdir. Bu Uslubun asas hadafi tabistin
gbzalliyini maksimum daracads gorumag ve makani insan mudaxilasi hiss olunmadan taskil
edilmasidir. ingilis baglarinda daha cox ayri yollar, sarbast bdyliyan agaclar, genis yasilliq ve tabii
gbrinusa sahib gollari misahids etmak mimkindir. Mahz bu Uslub, relyefin tabii xUsusiyyatlarina
xalal vermadan goruyur. Bu stil insan va tabiat arasindaki harmoniyani yaradarag onu makana
tasvir edir.

Fransiz Uslubu- Landsaft dizaynin bu Uslubu Avropa bag sanatinin an tantanali va ecazkar
istigamatlarindan biri hesab edilir. Bu Gslub taxminan XVII asrda inkisaf etmis va sonraki dévrlarda
bir sira 6lkalarin bagcilig ananalarina tasir etmisdir. Fransiz baglarinda genis imkan, simmetrik
kompozisiyalar va monumental elementlar Ustlinlik taskil edir. Makanda mdévcud olan har bir
detal ciddi handasi gaydalara uygun formada taskil edilir. Bu Uslubun asas hissasini favvaralar,
dekorativ hovuzlar, heykaltaraslig nimunalari taskil edir. Mahz bu Uslub glicln, zanginliyin va
estetik gérintstn ifadasi kimi gabul edilir.

Yapon Uslubu- Serqg falsafasinin va gadim bagcilig ananalarinin mahsulu olarag hesab edilan
Uslublardan biridir. Bu stilde magsad tabiatin sadalasdirilmis va simvolik nimunasini yaratmaqdir.
Bu Uslubda olan har bir detal miayyan falsafi mana daslyir va tasadifi sakilda yerlasdirilmisdir. Su
omrin davamhhgini, daslar daglari, korpilariss insanin manavi inkisaf ve takaml yolunu simvoliza
edir. Bu baglarda minimalizm prinsipina daha ¢ox dstlnlik verilir va artig, lazimsiz elementlardan
istifadea edilmir. 9sasan makanin harmoniya va sakitlik hissi yaratmasi asas hadaf hesab edilir.
Yapon baglari takca estetik deyil, ham da psixoloji va ruhsal tasir gliciine malikdir.

Cin Uslubu- Sarq bagcilig madaniyyatinin an asas istigamatlarindan biridir. Cin baglarinin tabist va
insasn arasindaki barabarliyi asas prinsip kimi hesab edilir. Burada sini tapalar, su hovzalari,
gayalar va muxtalif bitki gruplari harmonik formada birlasdirilir. Cin baglarinda tabiatin muxtalif
detallari arasinda garsiligh alaganin yaradilmasi xtsusi nam dasiyirdi. Bu stilda bag yalniz istirahat
makani kimi deyil, hamcinin falsafi dislncalar va ruhsal takmillasma muhiti kimi gabul edilir.
Aralqg danizi Uslubu- asasan isti va quraq iglim saraitine uygunlasmis landsaft dizayn istigamati
kimi formalasmisdir. Bu Uslub asasan italiya, ispaniya, Yunanistan va digar Aralig danizi élkslarinin
bagcilig ananalarina asaslanir. Aralig daniz baglarinda terraslar, das orttklar, dekorativ elementlar,
guragliga davamli bitkilar va s. predmetlar genis istifada edilir. @sasan zeytun, lavanda, rozmarin
tipli bitkilar bu Gslubun édnamli komponentlarindan sayilir. Mahz bu tip baglar estetik gértnisdan
savayl, su ehtiyatlarindan digqgatli istifada etmalidir.

Mdasir vo modern landsaft Gslubuna nazar yetirdikds isa, XX asrin ikinci yarisindan etibaran daha
genis yayllmaga baslamisdir. Bu stil sadalik, minimalizm va funksionallig prinsiplarina asaslanir.
Mdasir baglarda artiq dekorativ elementlarin migdari minimuma endirilir va arazinin istifadaya
vararhligl 6n plana cixarilir. Dizgin secilmis handasi formalar, acig srazilar, texnoloji hallar va
muasir materiallar mahz bu Uslubun asas predmetlarindandir. Miasir landsaft dizayninda ekoloji
cohatdan dayaniglihg, su ehtiyatlarinin gorunmasi va enerjiya ganaat kimi masalalar xisusi
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diggatda saxlanilir. Umumiyyatla son illara nazar yetirilsa, ekoloji landsaft Gslubu cox genis
yayllmisdir. Bu yanasma tabii ekosistemlarin gorunmasina, yerli bitki novlarinin istifadasina va
atraf aloma manfi tasirlarin an asagl saviyyaya endiriimasina tekan verir. “Suyun samarali
istifadasi, Abseron baglarinin miasir dizayninda asas faktorlardan biridir” Mustafayeva, N. (2020).
Ekoloji baglarda kimysvi maddalardan istifadanin minimuma endirilmasi, yagis sularinin xtsusi
gurgularla toplanmasi, yasil damlarin yaradilmasi va tabii yasayls muhitlarinin gorunmasi asas
prinsip sayilir. “Abseron baglarinin dizayninda muasir ekologiya talablari va vyerli sartlors
uygunlasdirma asas ahamiyyat kasb edir” Mammadov, E. (2020).

Landsaft dizayni tatbig edan saxsa isa landsaft dizayneri deyilir. Mahz bu saxs aciqg makanlarin,
estetik, ekoloji va an asasi funksional baximdan taskili ile masgul olan mitaxassisdir. Bu pesakarin
asas vazifasi siini va tabii elementlari bir araya gatirarak insan talabatlarina cavab veran makan
yaratmaqdir. isinda pesakar olan landsaft dizayneri, ilk névbada giicli analiz gabiliyystina malik
olmaldir. Bela ki, 0 makana daxil olan zaman beyninda miayyan bir gedisat hazirlamalidir va ilkin
eskizi ¢okib tagdim etmayi bacarmalidir. S6zslz ki, makanlarda miayyan ndvlara ayrilirlar. Yani
bazan sifir makan olur, dizayner an balaca detaldan hesablayaraqg bdylik bir layiha planlasdirir.
Bazan isa miayyan vaziyyat olan bir araziya daxil olur dizayner va hamin arazini 6zinln an yaxsl
versiyasina cevirir. 9lbatta ki, ikinci variant daha ¢atindir. Clinki hazir makani inkisaf etdiran zaman
dizgin planlama va analiz gabiliyyatlarine sahib olmaqg lazimdir ki, hansi predmeta toxunub,
hansina toxunmayacagini bilasan. Bazan arazida illarla kok salmis yasilliglar mdvcud olur, tovsiyya
olunan budur ki, hamin yasilliglari goruyaraq onlarin da, daxil oldugu bir layiha meydana galsin.
Bunu balans prinsipide adlandirmaq olar. Bela ki, landsaft dizaynin asas prinsiplarindan biri
kompozisiyanin  bitovliyind temin edan fundamental gaydalardir. Bu prinsiplarden an
onamlilardan biri balans prinsipi adlanir. Balans makan daxilinds va ya xaricinda moévcud olan
elementlarin vizual agirliginin tarazlasdirilmasi demakdir. 9@sasan simmetrik va ya assimetrik
formada hayata kecirila bilir. Digar 6namli prinsiplardan biri isa proporsiya prinsipidir. Bela ki,
makani taskil edan elementlarin bir-biri ils va ya imumi muhitle ol¢l uygunlugunu, balanshgini
tamin edir.

Natica

Aparilmis arasdirmalar nUmayis etdirir ki, landsaft dizayni miasir dévrda yalniz acig makanlarin
estetik toskili il kifayatlonmayan, tabiat, insan va memarlig arasinda qarsiligh alagani
formalasdiran kompleks faaliyyat sahasi sayilir. Landsaft dizayninin asas magsadi insan vea tabiat
arasinda dizgln harmoniya yaratmaqdir. Bela ki, yasilliq sistemlari, relyef xtsusiyyatlarini, su
elementlarini va s. birlasdirarak ham estetik, ham da praktiki cahatdan funksional makanlar
formalasdirir. 9lava olarag geyd etmak lazimdir ki, dlzgin layihalandirilmis landsaft sahalari
havanin keyfiyyatinin daha yaxsi olmasina, torpaqg eroziyasinin gabaglamaga va istilasmanin
azaldilmasina mihidm tohfa verir. Eyni zamanda bu makanlar insanlarin ham psixoloji, ham da fiziki
saglamliginin  yaxsilasdiriimasina sarait yaradir. Mdiasir dévrda landsaft dizayninin inkisaf
istigamatlarinin tahlil prosesi, nimayis etdirir ki, davamli inkisaf prinsiplari va s. bu sahanin galacak
inkisafinin asas prioritetlarini taskil edir.

Natica etibarila geyd etmak lazimdir ki, landsaft dizayni mUasir cemiyyatin sosial, estetik va ekoloji
taleblarine cavab veran mihim faaliyyat sahasi olmagdan savayi, galacak saharlarin
formalasdiriimasinda strateji shamiyyata malikdir. Mahz bu sababa gora da landsaft dizayninin
elmi asaslarinin daha detalli manimsanilmasi, innovativ yanasmalarin tatbig edilmasi dayanigli
inkisafin tamin edilmasi baximindan xtsusi shamiyyat dasiyir.

paz
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istinad

Mansurov, T.(2019). “Abseronun landsaftini barpa etmak va bag dizayni”.
“Abseronun landsaft xlsusiyyatlarina uygun bag dizayni, ham tabiata uygun olmag, ham
da istifadacilarin narahathgini tamin etmak magsadi gidir”.

2. Mustafayeva, N. (2020).“Abseron baglarinda istifads olunan suvarma sistemlari”.
“Suyun samarali istifadasi, Abseron baglarinin miasir dizayninda asas faktorlardan biridir”.

3. Mammadoyv, E. (2020). “Abseron baglarinin muasir dovr talablarina uygun inkisafi”.
“Abseron baglarinin dizayninda muasir ekologiya talablari va yerli sartlara uygunlasdirma
9sas ahamiyyat kasb edir”.
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