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Economic Sciences

VISUAL CHOICE ARCHITECTURE IN DIGITAL
MARKETING AS A FACTOR OF CONSUMER
PERCEPTION AND CHOICE

Nashkenova Ingkar Nurlubekkyzy
2nd-year Master's student in Marketing, Almaty Management University, Almaty,
Kazakhstan

Abstract. The article examines how the visual architecture of a digital environment covertly
shapes consumer choice. Drawing on recent scholarly publications (2022-2026), the study reveals
the mechanisms through which an interface influences cognitive load and the allocation of
attention. It is shown that the relationship between the salience of an element and the likelihood
of purchase is not linear, and that the concept of total minimalism often loses out to meaningful
visual complexity. The paper substantiates the idea that the visual environment functions as a filter
that sets the boundaries of decision-making, while aggressive nudges can provoke a rejection
effect. Special attention is paid to the hardware-based confirmation of these processes through
eye-tracking methods.

Keywords: visual marketing, choice architecture, consumer perception, consumer choice,
visual attention, cognitive load, digital nudges, e-commerce.

BU3YAJ/TIbHAA APXUTEKTYPA BbIBEOPA B UM®POBOM MAPKETUHIE KAK ®AKTOP
MOTPEBEUTE/TBCKOIO BOCMPUATHA N BbIBOPA

HalukeHoBa IHKap HypaybeKKbi3bl
maaucmpaHm 2 Kypca no cneyuansHocmu «Mapkemure», Almaty Management University, e.
Anmamel, KazaxcmaH

AHHOTauMA. B cTaTbe umccneayetca, Kak MMEHHO BM3yanbHaa apxuTekTypa umdpoBoin
cpeapl CKPbITO ynpaBaseT noTpebutenbckum Bblbopom. Onmpanacb Ha aKTyalbHble Hay4yHble
nybamkaumm (2022—-2026 rr.), paboTa packpbiBaeT MexaHW3Mbl BAUSHUA WHTepdelica Ha
KOTHUTMBHYIO Harpysky W pacnpeaeneHue BHUMaHUA. [TOoKa3aHo, 4TO 3aBUCMMOCTb MeXAay
3aMETHOCTbIO 3/1EMEHTa W BEPOATHOCTbIO MOKYMKU He ABAAETCH JIMHEeMHOW, a KOHUenuus
TOTANIbHOTO MWHMMaNM3Ma 3a4acTyto MPOMUTPbIBAET OCMbICIEHHON BWM3yasbHOM CNOXKHOCTWU. B
paboTe 06OCHOBLIBAETCA MbIC/Ib O TOM, YTO BM3yanbHasa cpeda GYHKLUMOHUPYET Kak GUabTp,
33/1a10LLIMIA FPaHULLbl MPUHATUA PELLEeHWNI, @ arpecCcMBHbIe NOATANKMBAHMA MOTYT BbI3blBaTb 3G dEKT
oTTop!KeHuA. OTaenbHoe BHMMaHWe yaeneHo annapaTHOMY MOATBEPMKAEHWMIO 3TUX NPOLLECcCoB
yepes MeTo/bl aNTPeKMHra.

KntoueBble CNnoBa: BM3yasbHbIA MapKETUHT, apxXWUTEKTypa Bblbopa, noTpebuTenbckoe

BOCNPUATME, NOTPEOUTENLCKMIA BbIOOP, BM3yasbHOE BHWMaHWE, KOrHUTMBHAA Harpyska,
LUMbpPOBbIE NOATANIKMBAHMA, SNEKTPOHHANA KOMMEPLMA.
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BeeneHue

Koraa notpebuTens OTKPbIBAET NPUIOKEHNE UAM CAlT MHTEPHET-MarasmnHa, emy KaxeTcs,
YTO OH NMOIHOCTbIO KOHTPOAMPYET NPOLECC NOKYMNKK. Ha aene ero nyTb 3apaHee CNpoeKTUPOBaH C
MOMOLLIbIO BM3YyaNbHON apPXMUTEKTYPbl BbiOOPa. KOMMOHOBKA 31€MEHTOB, LBETOBbIE aKLEHTbI,
CTPYKTypa CETOK M NO3ULMOHUPOBAHWE TOBAPOB BbICTYNAOT HEBUAMMbBIMU GUNLTPAMMK, KOTOPbIE
OTCEeMBalOT OAHM BapWaHTbl M BbIBOAAT Ha MepBbiii NaaH Apyrue. MNaBHbI UCCnea0BaTeNbCKUA
BOMPOC 3aK/tO4aeTCs He B TOM, NMPUBAEKAeT AW AM3alH BHMMAHWE, a B TOM, Kak MMEHHO
YyesioBeYeCKMn MOo3r obpabaTbiBaeT 3TU NPOCTPAHCTBEHHbLIE CTUMYJIbl M B KAaKOM MOMEHT
noJAco3HaTelbHanA peakuus Ha WHTepdelnc KOHBEepPTUPYEeTCA B peasibHOe 3SKOHOMMUYecKoe
pelieHme.

Nnnto3na csoboabl Bbibopa: Kak MHTepdenc PUNLTPYET aNbTepHaTUBDI

Ntoboin noTpebutenbckuii BbIBOP HaYMHAETCA C BM3yasibHOTO KOHTAKTa. Ecnu TOoBap
HaXxoAMTCA BHE 30Hbl BMAMMOCTM, ANA MNOKynaTens OH M3MYEeCKM He cyliectsyeT. VIMeHHO
NO3TOMY NEePBMYHAA HaBUIaLMA M aNTOPUTMbI MHTEPDENCa AENCTBYIOT KaK CTPOrMe NpmuBPaTHUKMK.
HecTaHaapTHas, BOBAEKaloLWas CTPYKTypa MeHt cnocobHa MrHOBEHHO BbIBECTWM YeNoBeKa M3
peXMma aBTOMaTMYECKOro CKPOIIMHIA, MOBbICMB €10 3MOLMOHAIbHYHO BOBNEYEHHOCTb B MPOLLECC
(Wu, Li, & Hu, 2022).

OAHaKo 3Ta BOBNEYEHHOCTb MMEET CMbICA ANLLb B COYETAHMU C aiTOPUTMaMM BblAAuM.
Mo3nums ToBapa B PaHKMPOBAHMM KECTKO NMMUTMPYET cam npolecc noucka (Honka, Seiler, &
Ursu, 2024). Monb3oBaTenb GU3NYECKM He CnocobeH CpaBHUTb BCE AOCTYMHble OMNUMW; OH
CPaBHMBAET NMLLIb TO, YTO BM3yasibHAsA apXMTEKTypa MO3BOMMAA eMY YyBMAETb 6e3 Ype3mepHbIX
KOTHUTMBHbIX YCUAWUA. Takum 06pa3om, NPOCTPAHCTBEHHAA MepapxmMa He CTONbKO Hanpsamyto
«NpoAaeT» TOBap, CKOMbKO GOPMUPYET Y3KWM, TLIATENbHO CMOAENMPOBAHHbINM KOpUAOP
anbTepHaTMB. BHYTpM 3TOro Kopmaopa nokynaTesb U COBepllaeT cBON «CcBOBOAHbLINY BbIGOpP, He
OCO3HaBas, YTO Cama MaTpuLa BapnaHTOB Obl/a 3a4aHa 3a Hero.

JloByLWIKa MMHMMaNM3Ma: Koraa BU3yasbHasa CAOXKHOCTb MAET HA NONb3y

[onroe Bpemsa HernacHbim ctaHgaptom Ul/UX-am3aliHa cYMTanocb MaKCMMasbHOe
ynpouieHue. Jlormka Kasanacb 6e3ynpeyHoi: Yem MeHblle 3/1eMEeHTOB Ha 3KpaHe, Tem ferye
NPpUHATL  pelweHne. OAHAKO COBPEMEHHble SMMUPUYECKME  [aHHble  [AEMOHCTPUPYIOT
napafioKcanbHYO KapTUHY — TOTa/IbHOE ynpolleHne paboTaeT AafeKko He Bceraa.

Hanpumep, npu BbibOpe 3KONOMMYHbLIX TOBApPOB 60s1ee CAOXKHbLIN, AETaNN3NPOBAHHbIM
[M3aliH MapPKMPOBKM BbI3bIBAET y MokKynaTtenei 6oblue A4OBEPUA W NMOBbIWAET UTOTOBYIO OLEHKY
npoaykTa. NaBHoOe ycnoBMe — 3Ta CAOXKHOCTb [0/IKHA /IerKO CYMTbIBATbCA Mo3rom (Donato &
Adigiizel, 2022). Moxoxuit apdeKT HabnoaaeTca B CTPEMUTENIbHO Pa3BUBAIOLLEMCA CErMeHTe
npaAmbIx npogax (live-streaming commerce). HacbllWeHHbIN, AMHAMUYHBLIMA 33a4HUA GOH He
OTB/IEKAET 3pUTENs, a, HanpoTUB, OPraHWYHO MOrpPy)KaeT ero B aTmochepy TPaAHCAALUN,
napafoKcanbHbiM 06Pa30M CHUMKaAA BHYTPEHHEe KOTHUTUBHOE HanpsxeHune (Tong et al., 2023).

Mpobnema BO3HMKAET NMLIb B TOM C/ly4ae, KOrda C/OMKHOCTb JIMWEHA CTPYKTYPbl U
npespallaeTcs B xaocC. EcAM nosnb3oBaTento BbIBA/MBAKOT AECATKM BapMaHTOB 63 YeTKux
BM3ya/ibHbIX aKLEHTOB, HAaCTynaeT neperpyska Bbibopom (choice overload), KoTopas napanunsyet
BOIIO M BefeT K OTKady OT nokynku (Jacob, Thomas, & Joseph, 2024). PasHuua KpoeTca B
OCMbIC/IEHHOCTM KOHTEHTA: CTPYKTYpPHAA CAOXHOCTb A006aBnfaeT HeobXOAMMbIN KOHTEKCT W
BOB/NEKAET, B TO BPEMA KaK OeccMcTeMHoe HarpoMoXKAeHWe KapToyek co3daeT ullb
MHPOPMALMOHHDBIN LLYM.

[paHMLbl MAaHUMNYAALMU: NOYEMY NPAMbIE NOATA/IKMBAHMA MOTYT HaBpPeauTb

CTpemacb MaKCMMM3MPOBaATb KOHBEPCMID, MAAaTOOPMbl 4acTO BHeAPSOT arpeccmsHble
BM3yasibHble CTUMyAbl (nudges): ApKMe CTUKepbl «XUT MPOAANK», KOHTPACTHble KHOMKMY,
npeaBapuTeNbHO BblOpPaHHbIE OMNUMM MO YMONYaAHUIO. BU3yanbHbIA KOHTEKCT AeNCTBUTENbHO
cnocobeH KapaMHaibHO MEHATb BOCNPUATUE BbIroAbl. APKMM NPUMEPOM CNYyKUT abdeKT nopaaka
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npeacTaBneHNs LEeH: eCv NOoKasblBaTb MOKyNaTento Npanc-amMcT no BO3PacTaHMto, OH C ropasao
Honblien BEPOATHOCTbIO BbIDEPET AELleBbI TOBAP, YeM ecn Dbl Te Ke camble Unbpbl WAK No
ybbiBaHuMto (Mukherjee, 2022). LiBeToBble METKM TaK»Ke A0Ka3a/M CBO BbICOKY 3ddEeKTUBHOCTb
NPy NOATANKMBAHUM AyaAMTOPUM K BbIOOPY 340POBOr0 MUTAHMA B OHMAMH-CynepMapKeTax
(Valencic et al., 2023).

Ho y 3Toro mMouwHOro MHCTpymMeHTa ecTb obpaTHas cTopoHa. CMCTeMATUMYECKUA aHanm3
NPUMEHEHMA TaKMX NOATANKUBAHWI BbISBUI TPEBOMKHYIO TEHAEHUMIO: eCn UHTEPdENC «AaBUT»
CULIKOM CWIbHO, MOKynaTenb HayMHaeT 0co3HaBaTb ¢akT manunynauum (Girotto & Nicolas,
2026). OTO HEMMHYEMO BbI3bIBAET MCUXOJIOTMYECKOE COMPOTUBAEHWE (peakTaHC) M peskoe
najgeHne AoBepus K naowaaxke. fopa3ao 6onee ycTonumBbi M Ge30nacHbIM pe3ynbTaT AatoT
HaTMBHble pelleHuns. K npumepy, rpaMOTHO BbICTPOEHHAA KOMMO3MUMA TOBAPHOIro n3006parkeHuns,
roe cbanaHcMpoBaHbl GOH M NepeaHMin NaaH, cCnocobHa OPraHNUYHO MNOBLICUTL TOTOBHOCTb KAMEHTA
NAaTUTb, HE Bbi3biBaA NPKW 3TOM ollyLleHuns HaBsasdmeocTh (Chaudhuri, Gupta, & Lim, 2026).

B3rnag M3HYTpU: CKpbITad MexaHMKa BUOMETPUYECKNX AaHHbIX

MOHATb MCTUHHbIE MOTMBbI MOKyNaTeNs 4epes KAACCMYECKMe OMnpoChbl MPaKTUYECKM
HEBO3MOXHO, MOCKO/IbKY OONbLWMHCTBO BM3YyaNbHbIX OLEHOK MPOMCXOAMT Becco3HaTenbHO, 3a
[ONW CeKyHApbl. IMEHHO No3TOMy McCnenoBaTenbckiii GOKyC CMelaeTca B CTOPOHY annapaTHbIX
MeTo08B UX-MccneaoBaHnii, B YaCTHOCTU aUTPEKUHTa (OTCAeXKMBAHUA ABUMKEHUI T1as).

BromeTpuyeckme AaHHble pa3pyLlatoT MHOrMe ycToaBlmMeca cTepeoTmnbl. OKasbiBaeTcs,
APKUIA KOHTPACTHbIN 3N1eMeHT AeNCTBUTeNbHO NEePBbIM MepexBaTbiBaeT B3rNA4 (MMHMMaNbHOe
BpemMA 40 nepsBoi dMKcaumMu), HO 3TO COBEPLUIEHHO HE rapaHTUPYEeT COBepLUEHWE MOKYMKM.
NCTUHHBIM TpUITepom GUHANbHOTO PEeLUEeHWA BbICTYNaeT BPemsa yAep:KaHuAa BHMMaHuA (dwell
time) Ha cmbicNOBbIX 60Kax WMHTepdelrca — Hanpumep, Ha Pa3BEPHYTbIX XapaKTepUCTMKax
NPOAYKTa WAM 30HEe coumanbHbiX Aokasatenscts (Mikalef et al., 2023). YenoBek cKaHupyeT
CTPaHMLY HEPaBHOMEPHO: CHa4ana OH MLLET BM3ya/ibHble «AKOpA» ANA 6a30BOM opueHTaumu, a
3aTeM QOKyC 3ameaNIAeTca Tam, rae Heobxo4MMO CHU3UTb NOTPEBUTENBCKYIO HEONPEeAENEHHOCTb.
AWTPEKMHI A,0Ka3bIBAET, YTO MyTb K MOKYMKe — 3TO LENOoYKa MUKPOPELLIEHWNN, TAe KaxKaan 30Ha
3KpaHa A0/KHA BOBPEMA MOAXBATUTb B3rAZ NOMb30BATENA M NNABHO NepesaTb ero Aanblle, K
3Tany KOHBEPCUMU.

3aknoueHue

LindpoBan cpeaa — 3TO He MPOCTO CTAaTUYHAA BUTPUHA, @ aKTUBHbIMA YYaCTHUK CAENKW.
ApxuTeKkTypa Bblbopa paboTaeT KaK HEBMAWMMbIA KOHCYNbTAHT, KOTOPbLIA nepepacnpenenaet
BHMMaHWe, [03MPYyeT KOTHUTMBHYK Harpysky M rMbKo ynpaBnfeT M3AepKaMu Ha MOWUCK
nHdopmaummn. OTKa3 OT MEXAHMYECKOTO MCMOMb30BAHUA APKUX TPUITEPOB B MO/b3Y r1yOOKOro
MOHMMAHMUA MCUXONOTUWN 3PUTENbHOTO BOCTMPUATMA NMO3BOAAET BpeHAam He TONbKO MOBbIWATb
CUMIOMUHYTHYIO KOHBEPCUIO, HO M BbICTPAMBATb A0/ArOCPOYHbIE OTHOLWEHWs ¢ noTpebutenem. B
YCJIOBMAX BbICOYANLLEN KOHKYPEHLMU BbIMIPLIBAIOT T€ NAAaTPOPMbI, KOTOPble CNOCObHbI CO3aaThb
MHTEpPdENC, KOTOPbIN MATKO HanpaBAseT NMoKynaTena, HO NPW 3TOM OCTaBASET emy OLLylleHue
MO/IHOTO KOHTPOAA HaZ CUTyaLMeEN.
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(abstract)
The paper reviews Georgia's first two sovereign Eurobond issues, USD 500 million at 7.5% in 2008
and USD 500 million at 6.875% in 2011. The second issue refinanced most of the first and extended
its maturity. It looks at the investor base, ratings, price dynamics and spreads over U.S. Treasuries.
The narrowing spread shows growing investor trust, but the funds went to budget spending
instead of energy projects, which raises doubts about the borrowing.
Keywords: Georgian Eurobonds, sovereign debt, external debt, bond yield, credit spread,
refinancing, EMBI index, London Stock Exchange

The First State Georgian Eurobonds — History and trends
Before reviewing the Georgian Eurobond market directly, it is worth briefly characterizing this
instrument and explaining its international significance. There are several types of international
bonds. On international exchanges, two instruments are the most in demand and the most
developed: Euro-bonds, i.e., Eurobonds, and Euro-notes (Dictionary of Finance and Investment
Terms, 1995: 167).

e Eurobonds are bonds that are placed simultaneously on the markets of several countries by
international syndicates and are denominated in a currency that is not the national currency
of either the borrower or the creditor. Euro-bonds are bearer securities that are deposited
with depositaries in trading systems. These unregistered securities are placed mainly in
developing countries. There is no need to reserve collateral behind them, which has made
their issuance easier for issuers.

e Euro-notes are registered securities, issued in countries with developed market economies.
Unlike Euro-bonds, the issuance of Euro-notes involves the creation of collateral.

In April 2008, Georgia placed debut Eurobonds worth USD 500 million on the London Stock
Exchange. The placement was for a five-year term and was carried out through two banks, JP
Morgan and UBS. The officially declared purpose of the Eurobond issue was to spend the funds
raised on the construction of a gas storage facility and on investment in high-voltage power
transmission lines.

The interest rate fixed on the Eurobonds was 7.5%(Reuters:
http://www.reuters.com/article/2011/04/07/georgia-bond-idUSLDE7361VC20110407), which
was adequate to the situation on the markets of the EU countries in this period (we reviewed the
bond interest rates of EU countries in the previous chapters). However, in the same period on
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world markets the yield on U.S. Treasury bonds was 2.75%
(http://www.bloomberg.com/quote/BUSY:IND/chart); that is, because of the risk, the Georgian
bond offered creditors an interest rate about three times higher.

Geographically, 47.8 percent of Georgia’s Eurobonds were bought by Great Britain, 16.4 percent
by the USA, 8.2 percent by the Netherlands, 6.9 percent by Germany, 4.6 percent by Denmark, 3.6
percent by France, 3.4 percent by Austria, 2.5 percent by Italy and 2.2 percent by Switzerland,
while other countries bought 4.4 percent of the bonds.

Country %
United Kingdom 47.8
USA 16.4
Netherlands 8.2
Germany 6.9
Denmark 4.6
France 3.6
Austria 3.4
ltaly 2.5
Switzerland 2.2
Other countries 4.4

(Source:
http://www.londonstockexchange.com/exchange/searchengine/search.html?lang=en&x=0&y=0
&qg=georgian+eurobonds)

(According to London Stock Exchange data, for the price formation and yield of Georgian
Eurobonds)

After the placement of the bonds, the Government of Georgia changed their intended use. Instead
of investing in energy projects, the funds were placed in the treasury account and in the so-called
"Future Fund" in order to accumulate them; during the 2008 war and in the wake of the
subsequent crisis, this resource was used to finance the current expenditures of the state budget.
It can be said that the funds received from the Eurobonds were used wastefully and resulted in
yet another increase in Georgia’s external debt.

The placement of Georgia’s sovereign Eurobonds on the London Stock Exchange was carried out
successfully; according to UBS (Union Bank of Switzerland), demand exceeded supply threefold.
The reasons named were the country’s successful economic reform, its successful credit history,
and the fact that the Eurobonds would be taken into account in the future when calculating the
JPMorgan EMBI index.

Second Eurobond Issue

In April 2011, the Government of Georgia issued 10-year bonds worth USD 500 million (Georgia
issued new 500-million Eurobonds: http://civil.ge/geo/article.php?id=23886), with the interest
rate fixed at 6.9%. The government refinanced the 2008 Eurobonds in the amount of USD 417
million; external debt increased by USD 83 million.
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To assess how successfully the Government of Georgia issued the new bonds, we should look at
the difference (spread), recognized in the financial literature, between risk-free interest rates and
the interest rates of the Eurobonds issued by Georgia. The interest rate on U.S. Treasury bonds is
considered the risk-free interest rate.

On the other hand, using this instrument and its data is convenient for this type of comparison
because it and the Eurobonds issued by Georgia are both denominated in dollars, which eliminates
currency risk.

Interest rate on U.S. government securities (%)

Date 5-year 10-year
7 April 2008 2.75 3.57
5 April 2011 2.28 3.50

It is noteworthy that the yield on the new bond was 6.875%, which was only about twice the rate
on U.S. 10-year government securities, indicating that trust in Georgia had increased compared
with 2008.

It should be noted that the issuance of the Eurobonds introduced Georgia to the international
capital markets and to many large institutional investors. In this respect, it was one of the key
elements of the strategy to encourage the inflow of diversified capital into Georgia.

As already noted, the first placement of the Eurobonds took place on 7 April 2008. The coupon
was 7.5 percent, paid twice a year; the maturity was to be 15 April 2013, with redemption in a
single payment; and the minimum denomination was USD 100,000.

The underwriting of these bonds was carried out by the investment banks UBS and JP Morgan,
and the bonds were registered on the London Stock Exchange (LSE). The rating agency Fitch
assigned these bonds a BB- rating; on 25 September 2008, Standard & Poor’s rated them B; and
according to Moody’s, on 6 October 2010 these bonds had a Ba3 rating.
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Below we present the price dynamics of the first issue of the Eurobonds issued by the Government
of Georgia:

\ / price
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(Source: London Stock Exchange, UBS)

As can be seen from the chart, the events of August 2008 significantly reduced the price of the
Eurobonds, but the price of the bonds subsequently rose. This was a precondition for Georgia
being able to move the maturity date of 83% of these bonds from 2013 to 2021, while the coupon
rate fell from 7.5% to 6.875%, although the maturity lengthened.

On 7 April 2011, the Government of Georgia issued new Eurobonds worth USD 500 million and
repurchased USD 417 million of the outstanding USD 500 million bonds with a 7.50% coupon due
in 2013.

This transaction was carried out in accordance with Rule 144A, which allowed Georgia to broaden
its investor base, in particular by attracting new investors from the United States. With this
offering, Georgia’s Eurobonds entered the index known as the EMBI benchmark, which is quite an
important event. To be included in this index, debt issued by a country must have a maturity of
more than one year, a value of more than USD 500 million, and meet strict trading requirements.
Investors use the figures of this index to compare bonds of this type with the figures of various
other financial instruments and, in general, to illustrate trends in the developing world.

ltis also important to note that these bonds issued by the Government of Georgia were purchased
by QIBs — qualified institutional investors. The latter include institutions, among them banks,
savings and loan institutions, insurance companies, pension funds and other institutions that
manage securities worth at least USD 100 million, or registered broker-dealers that manage
securities worth at least USD 10 million.

However, despite this successful debut, from the issuance of the Eurobonds to the present day
the question remains unanswered as to what the expediency of issuing Eurobonds was for Georgia
at a time when the state budget was running a surplus, and why the intended use of the raised
resources changed. It is also unclear why external debt of this size was taken on at a time when
the global financial crisis had already begun.
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(abstract)

This paper surveys the types of government securities circulating in Georgia: treasury bills (since
1997), treasury bonds (since 2006), National Bank of Georgia deposit certificates (since 2006) and
Eurobonds (since 2008). No municipal securities exist, which holds back the market and local self-
government. The paper traces the treasury bonds to the 2006 restructuring of the government's
debt to the National Bank. That restructuring ended direct central bank financing of the deficit and
set repayment through 2030. It then describes deposit certificates, which replaced short-term
deposit auctions as a liquidity tool open only to commercial banks. Their growing volumes and
2015-2016 issuance schedule show the banking sector's interest, but they are not accessible to
the general public.

Keywords: Georgia, government securities, treasury bonds, treasury bills, deposit certificates,
National Bank of Georgia, debt restructuring, open market operations, municipal securities.

Observation of State Obligations Market of Georgia and the Deposit Certificate of The National
Bank of Georgia — its issue and the purpose.

In reviewing the legal basis for the issuance of government securities, we examined the following
provisions: the 1997 Regulation "On the Issuance, Circulation, Accounting and Redemption of
Treasury Bills and Treasury Bonds by the Ministry of Finance of Georgia," and the 2006 agreement
between the Government of Georgia and the National Bank of Georgia, "On Measures for the
Repayment of the Debt of the Government of Georgia to the National Bank of Georgia." According
to these two provisions, two types of government securities circulate on the Georgian securities
market: the Georgian treasury bill (since 1997) and the Georgian treasury bond (since 2006).
However, the research we conducted identified other government securities that circulate on the
securities market. These are:

e Deposit certificates of the National Bank of Georgia (since 2006);

e Eurobonds issued by the Government of Georgia (since 2008).
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It was established that no municipal government securities circulate on the Georgian securities
market, which undoubtedly undermines the full-fledged development of the government
securities market. At the same time, this type of security is a key prerequisite for the development
of local self-government and for raising trust in municipalities.
We believe that in Georgia investment should be encouraged not only in government securities
issued by the central government, but also in municipal securities to be issued by local self-
governments in the future.
The absence of this type of security hinders local self-governments in strengthening their financial
position and in solving the tasks facing them.
As the analysis showed, the four types of government securities mentioned above differ from one
another by the following criteria:

1. The government body issuing the government security;

2. The date of issue of the government security;

3. The term of the government security to maturity;

4. The currency in which the government security is issued.
This fourth criterion concerns the Eurobonds issued by the Government of Georgia, which are
bought and sold in foreign currency. The other government securities are issued in the national
currency —the lari.
We have already discussed the legal aspects of the issuance and circulation of Georgian treasury
bills and treasury bonds. The following subsections discuss the deposit certificates issued by the
National Bank of Georgia and the Eurobonds.

Peculiarities of the Origin of Georgian Government Bonds

Since Georgia’s independence, the government’s debt to the National Bank grew steadily, and as
of 15 March 2006 it amounted to GEL 832,846,323.50 (National Bank of Georgia,
https://www.nbg.gov.ge/index.php?m=611).
Before directly reviewing the peculiarities of bond issuance in Georgia, we examined the method
by which the debt accumulated:
From 1994 to 2006 the Ministry of Finance of Georgia used loans from the National Bank of
Georgia to cover the budget deficit. That is, instead of the civilized path, which involves operations
on the open market and relations with investors, Georgia in effect engaged in monetary issuance.
On 20 March 2006, the Government of Georgia and the National Bank of Georgia concluded the
"Agreement on Measures for the Repayment of the Debt of the Government of Georgia to the
National Bank of Georgia," under which the debt was restructured so that each year one part of
the debt is converted into government bonds of various maturities for open market operations,
while the other part is converted into a one-year debt obligation held to maturity, renewed
annually.
On 15 May 2006, by order of the Minister of Finance of Georgia and the President of the National
Bank of Georgia (Order No444/138), the Regulation "On the Issuance, Accounting, Circulation and
Redemption of Government Bonds as a Result of the Restructuring of the Debt of the Government
of Georgia to the National Bank of Georgia" was approved.
This type of government security is based on the National Bank of Georgia’s "Rule and Special
Regulation on the Sale and Registration of Government Bonds" (Order #335 of the President of
the National Bank of Georgia). The regulation explains that a government bond is a coupon-
bearing, medium-term government security, denominated in the national currency and issued in
non-materialized form.
The debt will be fully repaid in 2030. The National Bank may use these bonds for open market
operations.
The annual coupon rate payable on the bonds was set at 13% for 2006, 2007 and 2008, while the
interest payable on the debt obligation was set at 7% per annum in 2006 and 6% in 2007 and 2008.
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For the years after 2008, the coupon rate on the bonds and the annual interest rate on the debt
obligations are set jointly by the government and the National Bank, taking market rates into
account.
Under this agreement, and through the issuances and redemptions of these securities, the debt
repayment schedule was fully laid out and the National Bank of Georgia acquired an important
instrument. That is, the debt, which until then had simply been recorded on the National Bank’s
balance sheet, acquired a very important weight and function.
Moreover, the bonds are not the only positive outcome achieved through the agreement between
the National Bank and the government. It also changed the relationship between the government
and the National Bank: from now on, the government is not financed directly by the National Bank;
government securities are issued instead. This was a milestone step, because financing of the
budget deficit by the central bank is not considered part of a stable macroeconomic environment
in any developed country. Conversely, when direct lending is prohibited, this is one of the
guarantees, established by legislation, that there will be macroeconomic stability in Georgia.
According to the Regulation "On the Issuance, Accounting, Circulation and Redemption of
Government Bonds as a Result of the Restructuring of the Debt of the Government of Georgia to
the National Bank of Georgia," a government bond is a coupon-bearing government bond issued
by the Ministry of Finance with a maturity of 16 to 60 months and a nominal value of GEL 1,000.
The coupon is the annual yield (interest income) received by the holder of the government bond
on predetermined dates during the life of the bond. The Monetary and Credit and Foreign
Exchange Policy Commission of the National Bank sets the maximum volume of bonds to be sold
and the maximum interest rate (that is, the rate above which the National Bank will not sell bonds).
In general, bonds are long-term (for example, the maturity of U.S. government bonds, already
discussed, reaches 30 years).
Under international practice, these securities are sold directly on the open market by the Ministry
of Finance; in our case, given the existing reality, a debt restructuring took place instead.
For the purposes of accounting, reporting and circulation of this instrument, a number of technical
appendices were approved.

Deposit Certificate of the National Bank of Georgia
On 5 September 2006, the National Bank of Georgia (NBG)
(https://www.nbg.gov.ge/index.php?m=557) developed, and on 18 September 2006 issued, a
new monetary instrument: the NBG deposit certificate with a maturity of up to one year, which is
more convenient and acceptable for banks and, at the same time, promotes the development of
the securities market. Deposit certificates are used to withdraw medium-term liquid funds from
the banking system.
Deposit certificates are sold through auctions. Only commercial banks have the right to participate
in the auction. Deposit certificates are issued in the national currency. The auction is based on the
multiple-price method. At deposit certificate auctions an interest rate ceiling applies, above which
a bid is not satisfied. At the current stage, the National Bank of Georgia offers commercial banks
three-month and six-month deposit certificates.
Chronologically, the auctions of deposit certificates is shown by the National Bank of Georgia:
(https://www.nbg.gov.ge/index.php?m=619&Ing=geo):
Before this instrument was introduced, the National Bank of Georgia used deposit auctions.
Holding deposit auctions is one of the instruments of the National Bank of Georgia’s monetary and
credit policy, but it was short-term (with a maturity from 1 day to 84 days). This instrument was
actively used by the National Bank in 2003—2006. The first deposit auction took place on 27
October 2003.
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The rate at one-day deposit auctions ranged from 1 to 2 percent per annum, although they were
held only in 2003 and 2004. The last one-day deposit auction took place on 2 August 2004
(National Bank of Georgia: https://www.nbg.gov.ge/index.php?m=512).

In 2004—-2006, other deposit auctions were held, with maturities of 27, 28, 35, 42, 43, 49, 56, 60,
70 and 84 days. The annual rate ranged from 5 to 10 percent.

Immediately before the introduction of deposit certificates, the situation was as follows: from June
to August 2006, 23 deposit auctions were held. The total volume of the auctions was GEL 56.85
million, which exceeded the corresponding figure of the previous year (GEL 32.4 million) by
75.46%. The average interest rate over the year was 9.62%. In September, this instrument was
replaced by the deposit certificate. At auctions of deposit certificates with maturities of one to
three months, the maximum rate was set at 12%. In September—December 2006, 67 auctions of
deposit certificates were held. The introduction of this instrument was quite a successful step. In
subsequent years the instrument showed a growing trend, and of the 52 auctions announced
during 2010, commercial banks purchased deposit certificates at everyone. During the vyear,
deposit certificates worth GEL 946 million were placed, and deposit certificates with a nominal
value of GEL 806 million were redeemed. During the first years, on the secondary securities
market, just 8 transactions in National Bank of Georgia deposit certificates were made, with a total
amount of GEL 12.5 million (National Bank of Georgia:
https://www.nbg.gov.ge/index.php?m=512).

Compared with 2010, in 2011 the number of transactions in National Bank of Georgia deposit
certificates on the secondary securities markets increased particularly sharply. In total in 2011, 52
transactions in deposit certificates were concluded on the secondary market, with a total amount
of GEL 199.1 million (in 2010 only 8 transactions worth GEL 12.5 million were carried out) (National
Bank of Georgia: https://www.nbg.gov.ge/index.php?m=512). The specific nature of the National
Bank’s deposit certificate, expressed in the limited scope of its purchase and use as collateral (an
instrument intended only for commercial banks), does not allow us to regard it as a security
accessible to the general public. Moreover, its function and purpose is to be only an open market
instrument in the arsenal of the National Bank of Georgia, and it can be bought and sold only
among commercial banks (National Bank of Georgia: https://www.nbg.gov.ge/index.php?m=512).
The development and improvement of this market in 2012-2014 enabled the National Bank to
prepare and publish the issuance schedule for 2015-2016 (National Bank of Georgia:
https://www.nbg.gov.ge/uploads/moneratypolicy/cd/30.09.2014_cd_calendar_2014_ weliiv_kva
rtali_2015w.pdf). The schedule provides for 50 (fifty) issues, with stable maturities of 91 and 182
days: 25 issues of GEL 20 million each, i.e., a total of GEL 500 million of 91-day deposit certificates,
and 25 issues of GEL 35 million each, i.e., a total of GEL 875 million of 182-day certificates. Analysis
of this schedule allows us to conclude that this type of government security enjoys the interest of
the banking sector and performs the functions assigned to it.
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Xulasa

Xarici borclanma dovlatin investisiya va bldca ehtiyaclarini maliyyalasdirmak imkani yaratsa da,
valyuta, faiz, yenidan maliyyalasdirma va sarti ohdalik risklarini artirir. Magalada bu risklarin
yaranma mexanizmlari vo idarsetma vasitalari Azarbaycan Uzra rasmi malumatlar asasinda
arasdirilir. 2025-ci ilin yekunlarina dair dovlat auditi hesabatinda xarici borcun hacminin azalmasi
ila yanasl, dayiskan faizli ohdaliklarin ylksak payl ve orta 6demsa muddatinin gisalmasi geyda
alinmisdir. Hamin gdstaricilar borcun dmumi mablaginin asagl didsmasinin bitin maliyys
risklarinin eyni vaxtda azaldigi anlamina galmadiyini gostarir. Valyuta va faiz soklarina dair sorti
hassaslig hesablamalari borc portfelinin strukturunun ayrica giymatlandirilmasinin ahamiyyatini
aydinlasdirir. Xarici borclanma gararlarinin orta muddatli strategiya, illik borcalma plani, bidca
prognozlari va doévlat zamanatlarinin monitoringi ile alagalandirilmasi taklif olunur.

Acar sozlar: xarici borclanma, dovlat borcu, valyuta riski, faiz riski, yeniden maliyyalasdirms, borc
dayanigligl.

Abstract

External borrowing can finance public investment and budget needs, but it also exposes the
sovereign to currency, interest-rate, refinancing, and contingent-liability risks. This article
examines the mechanisms behind these risks and the instruments used to manage them, drawing
on official data for Azerbaijan. The state audit report covering 2025 records a decline in external
public debt alongside a substantial share of floating-rate liabilities and a shortening average
repayment period. These developments indicate that a lower outstanding debt stock does not
necessarily imply an equivalent decline in every financial risk. lllustrative sensitivity calculations
for exchange-rate and interest-rate shocks clarify why debt composition requires separate
assessment. The article argues for linking external borrowing decisions with a medium-term debt
strategy, an annual borrowing plan, budget forecasts, and systematic monitoring of government
guarantees. The proposed approach places repayment capacity and portfolio resilience ahead of
short-term borrowing costs.

Keywords: external borrowing, public debt, exchange-rate risk, interest-rate risk, refinancing,
debt sustainability.

AHHOTauUuA

BHellHWe 3aMMCTBOBAHWMA MO3BOASAOT (GUHAHCMPOBATL T[OCYAAPCTBEHHbIE WHBECTULMU W
broasKeTHble  NOTPebHOCTM, HO  OAHOBPEMEHHO  CO34at0T  Ba/IlOTHbIE,  MPOLEHTHbIE,
pedUHAHCUPOBOYHbLIE PUCKM M PUCKM YCNOBHbIX 00A3aTenbCcTB. B cTaThbe paccmaTpuBatoTca
MEXaHM3Mbl BO3HWKHOBEHMA 3TUX PUCKOB WM MHCTPYMEHTbl YMNPaBAEHUA MMM Ha OCHOBe
obuUManbHbIX AaHHbIX A3epbanaKaHa. B 3akao4eHnn rocyaapcTseHHoro ayamta 3a 2025 rog
Hapsady C COKpalleHWMeM BHELIHEero rocyaapCcTBEHHOrO A0Ara OTMEYEeHbl 3Ha4YMTeNbHaa A0AA
06A3aTeNbCTB C NAaBatoLLEN NPOLEHTHOM CTaBKOW M YMEHbLUEHWEe CpeiHero Cpoka noraleHums.
3TM  W3MEHEeHMA MOKas3blBatoT, 4YTO CHMXeHne obuwero ob6béma [onra He 03HadvaeT
OZIHOBPEMEHHOTO YMEHbLLIEHMA BCeX GMHAHCOBbIX PUCKOB. YC/IOBHbIE PACYETbl YYBCTBUTENbHOCTM
K Ba/ItOTHbIM M MPOLEHTHbLIM LIOKAaM PACKPbIBAKOT 3HAYeHMe CTPYKTYpbl A0JIrOBOro noptodens.
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MpeanaraeTca COrNacoBbiBaTb pPEeLeHMA O BHELWHWMX 3aMMCTBOBAHUAX CO CPeaHeCcPOYHOM
[ONTOBON CTpaTernen, eKerogHbiM NAaHOM 3aMMCTBOBAHMI, OIOAMKETHbIMM MNPOrHO3aMKU WU
CUCTEMATUYECKMM  MOHUTOPWUHIOM  TOCYZ@PCTBEHHbIX rapaHTuiA. [1pUOPUTETOM  AO/IKHbI
OCTaBaTbCA NAATEKECNOCOOHOCTb M YCTOMUYMBOCTL AONTOBOrO nopTdhens.

Kntoyesble cI0Ba: BHELIHWE 3aMMCTBOBAHMA, rOCY/AapPCTBEHHbIM AOAT, BAa/IHOTHbINA PUCK,
NPOUEHTHbIN pUCK, pedUHAHCUPOBaAHME, J0rOBas YCTOMYMBOCTb.

GIRIS

Xarici borclanma dovlat maliyyasinin - mihUm alstlerindan biridir. O, bir tarafdan,
genismiqyasli infrastruktur va sosial layihalarin hayata kecirilmasina, digar tarafdan isa bldcanin
muayyan dovrlarda yaranan maliyya ehtiyaclarinin garsilanmasina xidmat edir. Bununla bels,
borcun calb edilmasi ile onun gaytariimasi arasinda illarla davam edan muddat mévcuddur. Bu
middatda valyuta mazannasi, beynalxalg faiz daracalari, kapital bazarlarina ¢ixis imkanlari va
bldca galirlari dayisa bilar. Buna géra borclanma gararinin keyfiyyati yalniz alds edilan vasaitin
hacmindan va ilkin faiz daracasindan asili deyil. Hamin gararin galacak blidca 6danislarine va
igtisadiyyatin mdmkin sarsintilara davamliligina tasiri da giymatlandirilmalidir.

Xarici borcun haddindan artiq artirilmasi risk yaradir, lakin asagi borc gdstaricisi da avtomatik
tahlikasizlik demak deyil. iki dlkanin xarici dévlat borcu UDM-a nisbatda eyni saviyyada ola bilar.
Borcun bir 6lkada uzunmuddatli ve sabit faizli, digar dlkada isa qisamiiddatli va dayiskan faizli
olmasi onlarin maliyya hassasligini farglandirir. Eyni forg valyuta tarkibi, kreditorlarin sayi,
odanislarin illar Gzra camlanmasi va dovlat zamanatlari ssbabindan da yaranir. Beynalxalg borc
idarsetma prinsiplari maliyyalasmanin orta va uzun muddatds mimkin gadar asagi xarcls, lakin
maqgbul risk saviyyasinda tamin edilmasina Ustlnlik verir [9, s.11].

Azarbaycan Ug¢ln movzunun aktualhgr igtisadiyyatin xarici giymat dayisikliklarina hassaslgi,
geyri-neft galirlarinin genislandirilmasi zarurati va dévlst maliyyasinda ehtiyatlarin mihim roluile
baghdir. Strateji valyuta ehtiyatlarinin mévcudlugu borca xidmat imkanlarini dastaklayir. Lakin
ehtiyatlarin yiksak olmasi borc portfelinin middat, valyuta va faiz strukturuna nazarati avaz etmir.
Neft-gaz galirlerinde mumkin dayisikliklar, dovlet muassisalarinin  ohdaliklari va maliyya
bazarlarinda giymatin dayismasi eyni dovrda bldca Gizarinda tazyiq yarada bilar. Hamin sababdan
borcun dayanighhgl takca bu glna deyil, bir ne¢a il sonraki 6danis cadvaline asaslanaraq
giymatlandirilmalidir. Magalanin magsadi xarici borclanma siyasatinda asas maliyya risklarini ayird
etmak, onlari 6lgmaya imkan veran gdstaricilari miayyanlasdirmak va Azarbaycan Uzra rasmi
statistik malumatlarin yaratdigl idarsetma naticalarini asaslandirmaqgdir. Tahlilde normativ
sanadlar, Hesablama Palatasinin illik rayinda darc edilmis 2024-2025-ci il gdstaricilari, 2026-cl ilin
rosmi borc malumatlari va beynalxalg metodoloji sanadler muigayisa edilir. NUmunavi
hesablamalar yeni empirik misahida kimi deyil, moévcud borc gostaricilarine miayyan sok
sartlarinin tatbiqi ila alinan hassasliq tasvirlari kimi tagdim olunur. Bela yanasma faktiki natica ila
ehtimal olunan ssenarini bir-birindan ayirmaga imkan verir.

9SAS HisSso

Dovlatin xarici borcu ila igtisadiyyatin i4mumi xarici borcu eyni anlayis deyil. Azarbaycan
Respublikasinin “Dovlat borcu hagginda” Qanununda xarici dovlat borcu dévlst adindan geyri-
rezidentlarla baglanmis mugqgavilaler Gzra 6hdalik kimi muayysan edilir. Bununla yanasi, dovlat
zomanati ila calb edilan borc ayrica hliqugi ve maliyya mazmunu daslyir. Dovlat yalniz zamanat
sortlari yarandigda hamin 6hdaliyin icrasina calb oluna bilar. Bu farq statistikanin sarhi Ggln
vacibdir. Masalan, geyri-rezident garsisinda 6hdaliyin olmasi onun mitlaq ABS dollarinda ifada
edildiyini géstarmir; xarici kreditor garsisinda milli valyuta il da borc yarana bilar. Elaca da 6zal
sektorun xarici borcu avtomatik olarag dovlet borcuna daxil edilmir [6]. Borc siyasatinin
samaraliliyi U¢ suala asaslanir: vasait hansi magsada calb edilir, hansi sartlarle gaytarilir va
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mumkin manfi dayisikliklar zamani 6danis hansi manbadan tamin edilacak? Birinci sual layihanin
igtisadi va sosial ssmarasini, ikinci sual 6danis profilini, G¢lincl sual isa maliyya dayanigligini shata
edir. Borcun ucuz gérinmasi onun faydali oldugunu stbut etmir. Masalan, dayiskan faizli kreditin
ilkin dayari sabit faizli kreditdan asag! ola bilar, ancaq bazar faizlari ylksaldikde hamin dstinlik
itir. Kreditin secilmasi zamani ddanisin mimkin dayisma intervali va bldcanin bu dayismani
garsilamaq imkani birlikde nazars alinmalidir.

Valyuta riski xarici borclanmanin an cox mizakira edilan taraflarindandir. Borc xarici valyutada
oldugda manatin hamin valyutaya nisbatan dayardan dismasi asas borcun va faiz édanislarinin
manat ifadasinda artmasina sabab olur. Bu tasir yalniz dévlatin birbasa borclari ila mahdudlasmir.
Dovlat zamanati olan, lakin galiri sasan manatla formalasan miassisanin borc yiikl da arta bilar.
Valyuta riski hesablanarkan borcun hansi valyutada ifads edildiyi, galirlarin valyuta manbalari va
odanislarin middati ayrica yoxlanmahdir. Uzun middat sabit galan mazannani galacak ddvrlar
Ugln dayismaz farziyya kimi gétirmak maliyya planlamasinda hassasligl gizladir. Azarbaycan
igtisadiyyatinda ixracdan xarici valyuta daxilolmalari  valyuta movgeyinin  Gmumi
giymatlandirilmasinda muhim rol oynayir. Lakin ixrac galirlarinin dovlat bldcasina daxil olma
mexanizmi ila ayri-ayri xarici borc ddanislari arasinda birbasa va dayismaz uygunlug movcud deyil.
Buna gora 6lkanin genis valyuta imkanlari ils konkret borc mugavilasinin valyuta riski fargli
saviyyalarda giymatlandirilmalidir. Ehtiyatlarin mévcudlugu borca xidmatin tahlikasizlik yastigidir,
amma hamin vasaitlarin hamisini har hansi 6danis tarixinda istifada edila bilan sarbast bidca
vasaiti kimi gabul etmak dlizglin olmaz. Aktivlarin likvidliyi, hGqugi rejimi va ehtiyatlardan istifads
sivasati da nazara alinmalidir.

Faiz daracasi riski borcun dayarinin vaxt kecdikca dayismasi ila baghdir. Sabit faizli mtqgavilada
kredit Uzra kupon va ya faiz 6danisi avvalcadan muayyan edilir, dayiskan faizli mlgavilada isa
odanis secilmis bazar géstaricisina baglanir. SOFR va EURIBOR kimi daracalarin yiksalmasi muvafiq
mugavilalarin ndvbati yenilanma tarixlarinds xidmat xarclarini artirir. Bu zaman risk yalniz kreditin
hacmina deyil, daracanin neg¢a aydan bir yenilanmasina ve muigqgavilada nazards tutulan alavaya
da baglidir. Masalan, eyni hacmdsa iki dayiskan faizli borcun yenilanmsa tarixlari fargli oldugda faiz
soku onlarin bldcaya tasirini mixtalif vaxtlarda gdstaracak. Faiz riskinin idara edilmasinda sabit va
dayiskan faizli borclar arasinda balans vacibdir. Dayiskan faizli 6hdaliklar hamisa daha alverissiz
deyil; faizlarin enmasi zamani onlarin xarci azala bilar. Sabit faizli borc isa prognozlasdirilan 6danisa
sarait yaradir, lakin ilkin giymati yUksak ola bilar. Optimal se¢im konkret 6lkanin bazara cixis
sartlari, blidca dozimlaltyld ve borc portfelinds mdvcud paylarla baglidir. Bir istigamata ifrat
Ustunluk verilmasi galacak cevikliyi azaldir. Beynalxalg talimat borcalma alstlarinin xarc va riskinin
ayrica ssenariler Uzra yoxlanmasini, borc strategiyasinin iss orta muddatli fiskal carcive ila
uygunlasdiriimasini tovsiys edir [10, s.11].

Yenidan maliyyalasdirma riski moévcud borcun gaytarilma vaxti catanda yeni maliyyalasma
manbayinin kifayat gadar minasib sartlarla tapiimamasi ehtimalidir. Borcun muiayyan bir ilda
boylk hissasinin 6ddanisa dismasi dovlatin bazar saraitindan asililigini giiclandirir. Dinya maliyya
bazarlarinda likvidlik azaldigda va ya investorlarin riske minasibati sertlasdikds borcun
yenilanmasi ¢atinlasa, yeni borcun giymati arta bilar. Bu sababdan borc galiginin asagi dismasiila
yanasi, middat profilinin neca dayisdiyi da asas gostaricidir. Odanislar illar (izra nisbatan barabar
paylandigda bir maliyya iline dlsan tazyig azalir. Yenidan maliyyalasdirma riskini
giymatlandirarkan orta 6dema middati, ndvbati 12 ayda 6danilacak asas borcun payi va illik
Umumi maliyyalasma talabi birlikda tahlil edilir. Orta 6dema muddati portfelin Gmumi istigamatini
gbstarsa da, takbasina kifayat etmir. Eyni orta gostariciya malik iki portfelda birinda boyik hacmli
6dama bir tarixa, digarinda isa bir nec¢a ila yayila bilar. Bu fargi mtayyan etmak G¢ln ayrica ddanis
grafiki lazimdir. Maliyya ehtiyacinin movsimi dayismasi de dnamlidir. Vergi daxilolmalarinin zaif
oldugu ayda iri borc 6danisinin comlanmasi gisamuddatli likvidlik garginliyini artira bilar.
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Likvidlik riski il yeniden maliyyalasdirma riski bir-birini tamamlayir, lakin eyni hadisa deyil.
Dovlatin uzunmiddatli 6dama qabiliyyati saxlanilsa bels, miayyan tarixds kifayat gadar sarbast
pul vasaiti olmaya bilar. Digar tarafdan, gisamiddatli likvidlik ehtiyati boyik oldugda da yiksak
borc yikinin davamli maliyyalasmasi problemli gala bilar. Buna gora xazinadarlig Uzra pul
axinlarinin prognozu borc édanis taqvimi ils uzlasdiriimalidir. investor tslabinin azaldigl dévrds
avvalcadan formalasdiriimis pul ehtiyati vaxtinda 6danisa kdmak eda biler, ancaqg bu ehtiyatin
saxlanmasi da miayyan xarc talab edir. Sarti 6hdaliklar xarici borclanma siyasatinin gdriinmayan
hissasini formalasdira bilar. Birbasa dovlat borcu mugavile baglanan andan geydiyyata alinir,
dovlat zamanatlari lGzra isa ddvlatin faktiki 6danisi miayyan sartin yaranmasindan asili olur. Borc
statistikasi hazirlanarkan birbasa borcla zamanatli borcu mexaniki sakilda toplamaq ikigat sayma
tahllikasi yarada bilar. Digar tarafdan, zemanat 6hdaliklarini Gmumiyyatla nazara almamagq risk
miqyasini kicilda bilar. Dizglin yanasma birbasa borcu ve zamanat portfelini ayrica gdstarmak, Gst-
Usta dliisan movgelari ayirmaqg ve mimkin bldca xarcini ssenarilar Gzra giymatlandirmakdir.

Olka va kreditor konsentrasiyasi da maliyya risklarinin vacib manbayidir. Borcun shamiyyatli
hissasinin bir valyutaya, bir ne¢a kreditora va ya misyyan maliyys alatina bagli olmasi eyni xarici
hadisadan yaranan tasirin glclanmasina sabab ola bilar. Masalan, bir kreditor grupunun
maliyyalasma siyasatini dayismasi yeni kreditlarin alda edilmasini ¢atinlasdirir. Digar tarafdan,
mixtalif manbalardan borc calbi hamisa ucuzlug demak deyil; hiiqugi sartler va alava komissiyalar
farqgli ola bilar. Magsad kreditorlarin sayini siini artirmag deyil, maliyyalasma imkanlarini mlgayisa
eda va alverissiz sartlardan asililigl azalda bilan portfel qurmaqdir.

Borcla maliyyalasdirilan layihalarin icrasi da maliyya risklari il baghdir. Layiha gecikdikda
kredit Uzra Odanisler baslasa da, nazards tutulan igtisadi fayda ve xidmat hacmi vaxtinda
yaranmaya bilar. Tikinti, satinalma va icaza proseslari ila bagh gecikmalar vasaitdan istifads ila
borca xidmat arasinda uygunsuzluq yaradir. Buna gora yeni xarici kredit Gzra garar yalniz maliyya
sortlari ila deyil, layihanin hazirlig saviyyasi, texniki-igtisadi asaslandirmasi va icragli qurumun
hesabatliligl ils birlikda gabul edilmalidir. investisiya layihasina calb edilan kreditin sosial faydasini
olgmak har zaman asan deyil, lakin 6danis cadvali va maliyya 6hdaliyi avvalcadan malum olmalidir.
idarsetma riskinin ayri giymatlandirilmasi do shamiyyatlidir. Borc miqgavilalarinin geyri-daqiq
geydiyyati, xarici va daxili borc hagginda malumatlarin ayri sistemlarda saxlanmasi, dovlat
zamanatlarina dair gecikmis hesabat va salahiyyat bdlglsinin aydin olmamasi risklarin vaxtinda
askarlanmasini ¢atinlasdirir. Beynalxalg DeMPA metodologiyasinda hlqugi ¢argiva, taskilati
gurulus, borc strategiyasi, audit, ucot, borc malumatlarinin hesabathligi va pul axinlarinin
prognozu ayrica giymatlandirma istigamatlaridir. Burada maqgsad ragamlarin coxaldilmasi deyil,
garar gabul edanlarin eyni malumati vaxtinda va uygun formada alda etmasidir [12, 5.8].

Borclanmanin blidca siyasatindan tacrid olunmus formada aparilmasi alava risk yaradir. Bidca
kasiri boyudikda va ya galirlarin daxilolma vaxti dayisdikde borclanmaya talabat gdzlenilandan
artig ola bilar. Homin dovrda bazar faizleri yiksalibsa, dovlat daha bahal maliyyalasma ila Gzlasir.
Buna gdéra orta middatli borc strategiyasi xarclerin va galirlarin prognozu, fiskal gaydalar va
makroiqgtisadi ssenarilarla eyni asas farziyyalardan istifada etmalidir. Borc idaraciliyinin dizgln
aparilmasi fiskal siyasatin problemlarini tam hall etmir, lakin onlarin borc xidmatina cevrilma
siratini va migyasini mahdudlasdira bilar.

Beynalxalq tacriibada risklarin dayarlandirilmasi Gcin borcun UDM-a nisbati, xarici borcun
Umumi dovlst borcundaki payi, dayiskan faizli 6hdaliklarin xtsusi ¢akisi, orta 6édema va faiz
yenilanma middatlari genis istifada edilir. Bununla yanasi, ilda calb edilacak yeni borcun migdari
ila hamin ilda gaytarilacag asas borcun cami, faiz 6danislari vo mimkin zamanat xarclari ayrica
izlanmalidir. Gostaricilar birga sarh olunanda daha faydalidir. Xarici borcun UDM-s nisbati azalsa
da, eyni vaxtda onun orta muddatinin gisalmasi borc riskinin butin komponentlarinin
vaxsilasmadigini gostara bilar. Maliyya risklarini idara etmak Ucln portfelin mévcud vaziyystini
dizgin tasvir edan malumat bazasi zaruridir. Har bir migavils lGzrs kreditin mablagi, valyutasi, faiz
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mexanizmi, ddanis tarixi, yenilanma tezliyi, kreditoru va zamanat statusu elektron ucotda vahid
gaydada gorlinmesalidir. Layihaya bagl kreditle bidca kasirinin maliyyalasdirilmasi Ggin alinan
vasaitlar eyni texniki sistemda izlana bilar, lakin onlarin igtisadi maqgsadi ayrica geyd olunmalidir.
Bela geydiyyat valniz illik hesabat Ucln deyil, faizlarin gozlanilmadan yiksaldiyi va ya valyuta
bazarinda garginlik yarandigi doévrda tacili hesablamalarin aparilmasi Gg¢ln lazimdir.

Dovlat borcunun idars edilmasina dair 2022—-2025-ci illar Uzra yenilanmis strateji carciva
Azarbaycan Ucln xarc va risk balansini, dovlat borcunun idarsolunan saviyyasini va yerli maliyya
bazarlarinin inkisafini mihim hadaflar kimi miayyan edirdi. Hoamin sanad yalniz yeni borcalmaya
deyil, mdévcud borc ve dovlet zemanatlari Uzra vaziyyats, godzlenilon risklara va gorilacak
tadbirlera da aid idi. Strategiyada hamcinin xarici borcun daxili borcla marhalali avazleanmasi va
valyuta riskinin azaldilmasi masalalari yer almisdi [5, s.2].

Gostarici 2024-ci ilin sonu 2025-ci ilin sonu 2026-ciil, 1 iyul

Birbasa xarici dovlat

borcu, min ABS dollari >129,7 4813,5 4616,8

Bi -
Irbasa xarici manbada farqgli tarix

borcun Gmumi dovlst . 31,5% 32,9%
Uzra
borcunda pay!
Dayiskan faizli xarici 49.3% 49.5% gym g.ost.arm
borcun pay taqdim edilmir
Xarici borcun orta 541 51 eyni gostarici

6doma middati tagdim edilmir

Cadval 1. Azarbaycan Uzra xarici dovlat borcunun segilmis gostaricilari

Manba: Hesablama Palatasinin 2025-ci il Uzra rayi, s. 125-127; Maliyya Nazirliyinin 2026-ci ilin |
yarimili Gzra Statistik Bulleteni.

2025-ci ilin yekunlari Gzra xarici dovlst borcunun mablagi 4 813,5 milyon ABS dollari taskil
etmisdir. Bu, avvalki ilin sonundaki 5 129,7 milyon ABS dollarindan 316,2 milyon dollar va ya
taxminan 6,2 faiz azdir. Hesablama Palatasinin rayinda azalma hamin il calb edilan 106,8 milyon
dollarlig vesaitle mlgayisade asas borc Uzra 472,8 milyon dollarlig 6danisin aparilmasi ile
alagalandirilir. Bununla yanasi, xarici valyutalarin ABS dollarina nisbatan méhkamlanmasi borcun
dollar ifadasina 49,8 milyon dollarlig artirici tasir gbstarmisdir. Burada giymatlandirma fargi ile
faktiki yeni borclanma bir-birindan ayrilmalidir [3, s.125].

Xarici dovlet borcunun azalmasi maliyya intizami baximindan musbat dayisiklikdir, amma
struktur gostaricilari daha mirakkab manzara yaradir. 2025-ci ilin sonuna xarici borcun 50,5 faizi
sabit, 49,5 faizi isa dayiskan faiz daracasi ila calb edilmis 6hdsliklardan ibarat idi. Dayiskan faizli
borcun mablagi avvalki ille migayisada azalsa da, onun xi{susi ¢akisi 49,3 faizdan 49,5 faize
yuksalmisdir. Faiz riskinin giymatlendirilmasi Gclin bels farg shamiyyatlidir. Borcun Umumi
mablagi azaldigi halda, galan portfelds faiz daracasinin dayismasina hassas hissanin payi artmisdir.
Demali, ragamin bir istigamatda dayismasi risklarin hamisinin eyni istigamatds harakat etmasi
anlamina galmir [3, 5.126].

2025-ci ilde xarici dovlet borcunun valyuta tarkibinds ABS dollari Gstin movgeyini
gorumusdur. Audit hesabatinda dollarla ifads edilan borcun 4 123,8 milyon ABS dollari ekvivalenti
va va portfelin 85,7 faizi oldugu gosterilir. Avro ils ifade olunan borcun pay! 6,4 faiz, xUsusi
borcalma hlquglari Gzra 6hdasliklarin payi 3,2 faiz, yapon yeni tzra 3,1 faiz, digar valyutalar Uzra
isa 1,6 faiz taskil etmisdir. Bu qurulusda dollarin payi yiksak oldugundan manatin dollar garsisinda
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muimkin dayar dayisikliyi bldcanin valyuta modvgeyi Ugln xUsusi ahamiyyat daslyir. Digar
valyutalar isa dollarla hesabat verilarkan alava giymatlandirma farqgi yaradir [3, 5.126].

Odanis middatlari ils bagh malumatlar risk giymatlandirmasinds ayrica diggat talsb edir.
2025-ci ilin sonunda bes ila gadar 6dama middati galan xarici borclar 2 802,0 milyon ABS dollari
taskil etmis, onlarin portfelds payi 58,2 faiza ylksalmisdir. 2024-cii ilds bu pay 49,0 faiz olmusdu.
Bes ildan on ila gadar 6dama middati olan borclarin payi isa 44,9 faizdan 36,1 faize enmisdir. Bu
dayisiklik portfelda yaxin ve orta middatli 6danislarin nisbatan artdigini gdstarir. Basqga sdzla, borc
gahgl azalsa da, yeni vasait calb etmadan qaytarilmali mablsaglarin zaman Uzra bolgilisi daha
diggatli planlama talab edir [3, 5.127].

Audit rayinds xarici dovlat borcunun orta 6dema middatinin 2024-ci ilin sonunda 5,4 ildan
2025-ci ilin sonunda 5,1 il disdiyU geyd olunur. Gostaricinin 0,3 il azalmasi takbasina boéhran
alamati deyil. Bununla bels, eyni anda bes iladak galan muddatli borclarin payinin yiksalmasi ila
birlikde gotlrtldikds portfelin galacak 6danis cadvaline diggsti artirir. Middat gdstaricisi yeni
borc mugavilalarinin baglanmasi, vaxtindan avval 6danislar va mdvcud borclarin tabii olarag
gaytarilma tarixina yaxinlasmasi naticasinda dayisa bilar. Hansi sababin Ustlin oldugunu bilmak
Ggcln mugavila saviyyasinda 6danis axinlari tahlil edilmalidir.

2025-ci ilda Azarbaycan hdékumatinin beynalxalg maliyys taskilatlari ila dayiskan faizli kredit
sazislari baglamasi da faiz riskinin aktual galdigini gbstarir. Hesablama Palatasinin sanadinds Diinya
Banki ila SOFR (zarina 1,04 faiz bandi, Asiya inkisaf Banki ils SOFR tzarina 0,5 faiz bandi, Avropa
Yenidanqurma va inkisaf Banki ila iss EURIBOR (zarina 1,0 faiz bandi alava edilan miigavilalar
gostarilir. Sazisin nominal daracasini miayyan edan gostarici dayisdiyindan gdzlanilan faiz xarci da
dayisir. Kreditorun institusional etibarlihgl bazar gostaricisina bagl faiz riskini avtomatik aradan
galdirmir [3, s.125].

2026-c1 ilin birinci yarisinin sonunda xarici dovlat borcu 4 616,8 milyon ABS dollari, Gmumi
dovlat borcu isa 23 830,6 milyon manat olmusdur. Rasmi yarimillik billetens géra, xarici borcun
Umumi dévlat borcunda payi 32,9 faiz taskil edib. Bu tarixa Gmumi borc portfelinda dayiskan faizli
ohdaliklarin payi 16,3 faiz olmusdur. Burada mihim metodoloji farg var: 2025-ci il g¢ln gostarilan
49,5 faiz yalniz xarici borc portfelinin, 2026-ci ilin yarimillik malumatindaki 16,3 faiz iss Gmumi
dovlat borcunun gostaricisidir. Bu iki ragami birbasa miqayisa edib faiz riskinin birdan-bira kaskin
azaldigini soylamak dogru olmaz [4].

Dovlat Statistika Komitasinin 30 sentyabr 2026-ci il Gzra malumatinda xarici dovlat borcu 4
509,5 milyon ABS dollari, strateji valyuta ehtiyatlari iss 89 380,7 milyon ABS dollari kimi
gostarilmisdir. Xarici dovlat borcunun 1 iyul gdstaricisi ile migayisada 107,3 milyon dollar asagi
olmasi hamin dovrds borc galiginin azalmasi demakdir. Lakin bu malumat édanis middatinin va
faiz strukturunun eyni dovrde neca dayisdiyini aciglamir. Buna gbéra son gostarici
giymatlandirilarkan avvalki audit hesabatlarinda askar edilmis struktur riskleri ayrica nazarat
mo&vzusu olaraqg galir [1].

2026-ci ilin maliyya gostericilarinda strateji valyuta ehtiyatlarinin xarici dovlat borcundan
dafalarla yiiksak olmasi 6lkanin xarici 6danis gabiliyystini dastaklayan amildir. Bununla yanasi,
ehtiyatlarin borca nisbatini birbasa dovlatin istanilan vaxt sarbast istifade edsa bilacayi bidcs
manbayi kimi sarh etmak olmaz. Ehtiyatlarin mdilkiyyat va idarsetma strukturu, investisiya
maqsadlari, likvidlik saviyyasi va istifada l¢ln nazards tutulan hlqugi mexanizmlar farglanir.
Hamin sababdan risk analizinda dévlatin Umumi maliyya ehtiyatlari va bir illik btudca likvidliyi ayri
gostaricilar kimi giymatlendiriimalidir. Beynalxalg Valyuta Fondunun Azarbaycan Uzra 2026-ci il
hesabatinda dovlat borcu Gzra Umumi stres riskinin asagl, uzunmuiddatli riskin isa orta saviyyada
oldugu vurgulanir. Hesabat igtisadiyyatin karbohidrogen galirlarindan asiliiginin tadricen
azaldilmasi, qgeyri-neft fiskal mdvqeyinin glclandiriimasi ve dovlet muassisalarinin maliyya
faaliyystina nazarstin genislandirilmasini vacib hesab edir. Bu natica xarici borcun yalniz buglnki
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xidmat xarclori asasinda deyil, bidca galirlarinin  uzunmiddatli dayanighgl c¢arcivasinda
giymatlandirilmasinin zaruriliyini tasdiglayir [8, 5.35].

Xarici borc gostaricilari arasindaki farglarin mihiUm hissasi statistik shata dairasindan yaranir.
Dovlat borcu, dovlst zamanatli borc, bitdvlikda dovlst sektoru borcu va olkanin Umumi xarici
borcu mixtalif kateqoriyalardir. Bir gostaricide mulkiyyat meyari, digarinda rezidentlik meyari,
ctinctids isa zemanatin hliqugi statusu ssas gotirila bilar. iki mixtslif ssnaddan gotirilsn
ragamlarin eyni cadvala yerlasdirilmasi yalniz vahid tarif ve tarixla mimkiin oldugda elmi mana
daslyir. 9ks halda artim ve ya azalma kimi goriinan farqg aslinda ugot ¢argivasinin dayismasi ola
bilar. Dovlat borcunun idars olunmasinda hesabatlilig bu ssbabdan riskin &élctlmasinin ilkin
sortidir.

Borc portfelinin strukturunu giymstlandirmak cln sads hassasliq hesablamalari faydali
baslangicdir. Burada igtisadi prognoz deyil, miayyan sart daxilinds hesablanan mimkin tasir
gostarilir. Masalan, 2025-ci ilin sonunda xarici dovlat borcunun manat ifadasinde mablagi 8 183,0
milyon manat olmusdur. Farz edak ki, hamin mablagin hamisi xarici valyuta mazannasinin manata
nisbatda eyni vaxtda 10 faiz ylksalmasine maruz qalir va digar sartlar dayismir. Bu halda borcun
manatla giymatlendirilmis galigl taqriban 818,3 milyon manat artardi. Bu regam yeni kredit va ya
illik slava 6danis deyil; yalniz mazanna dayisikliyinin borcun balans dayarina sarti tasiridir.

Faiz hassasligl lcln de oxsar gayda tatbig edile bilar. 2025-ci ilin sonunda xarici borc
portfelinda dayisken faizli ohdasliklar taxminan 2 381,4 milyon ABS dollari idi. ©@gar hamin
ohdaliklarin hamisina tatbiqg edilan istinad daracasi 2 faiz bandi artarsa va artim bitin il srzinds
tam sakilda qlivvada olarsa, illik alava faiz xarci tagriban 47,6 milyon ABS dollari alinar. Hesablama
2 381,4 x 0,02 amaliyyatina asaslanir. Real bldca tasiri isa faiz yenilanma tarixlari, kredit
gahglarininilboyu azalmasi, fargli istinad daracalari va migavils sartlari ssbabindan bundan basqa
ola bilar. Bu natica faktiki yaranmis xarc kimi tagdim edilmamalidir.

Valyuta va faiz ssenarilarinin paralel tatbigi risklar arasinda slagsni daha aydin gostarir.
Valyuta soku xarici borcun manat ekvivalentina, faiz soku isa dayiskan faizli kreditlarin xidmat
dayarina tasir edir. Har iki dayisiklik eyni vaxtda bas verarsa, blidca ham asas borc Uzra daha
ylksak manat mablagi, ham da alava faiz 6danisi ila garsilasa bilar. Bununla bels, ssenarilardaki iki
regamin sadaca toplanmasi dizgln olmaz. Onlar mixtalif 6lct vahidlarina va muxtalif maliyya
anlayislarina aiddir. Migayisa Ugln buttn édanislarin konkret illar Gzra vahid valyutada pul axinina
cevrilmasi, eyni anda borc galiginin da yenidan hesablanmasi talab olunur.

Sarti ssenarilar real prognozu avaz etmir, amma qgarar gabul edan saxs Ucln portfelin zaif
nogtalarini gorinan edir. illik bidca layihasi hazirlanarken baza ssenari ila yanasi, faizlarin
yUksaldiyi, xarici maliyyalasmanin gecikdiyi, valyuta daxilolmalarinin zaiflediyi ve iri dovlet
zoamanatinin isa disdlyl veziyyatlar yoxlana bilar. Ssenarilarin bir-birindan tam mdistaqil
gotlrilmasi da vyanilticidir. Neft giymsatinin enmasi ham bidca galirlarini azalda, ham da
investorlarin riska minasibatini sartlasdira bilar. Eyni sokun bir nec¢a kanal vasitasila tasirini nazara
almag maliyya dayanighiginin daha real giymatlandiriimasina sarait yaradir. igtisadi cshatdan
samarali risk idaraciliyi bitin risklerin sifira endirilmasi demak deyil. Bela hadaf ham mimkin
deyil, ham da ¢ox bahali maliyyslasmaya sabab ola bilar. Borcun daha uzun middats, sabit faizle
va mumkin gadar milli valyutada yerlasdirilmasi riskin bir hissasini azalda bilar, lakin faiz va
emissiya xarclari artarsa, bldca UGg¢ln Umumi natice fargli olacag. Mihim masala riska gora
odanilan alave xarcin na gadar asasl oldugunu muiayyan etmakdir. Borc idarsetma strategiyasi
buna gora yalniz segilon alati deyil, alternativlardan niya imtina edildiyini da sanadlasdirmalidir.

Dovlatin xarici borclanma siyasatini takmillasdirmak Ug¢ln orta muddatli strategiyanin har il
yenilanmasi magsadauygundur. Strategiyada magsad ve mahdudiyyatlar, borcun moévcud tarkibi,
alternativ maliyyslasdirma manbalari va risk gostaricilarinin hadaf diapazonlari bir-biri ila bagl
olmahdir. Diinya Banki va Beynalxalg Valyuta Fondunun metodologiyasi avvalca movcud portfelin
xarc va risk xsusiyyatlarinin miayyanlasdirilmasini, sonra isa alternativ borcalma strategiyalarinin
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eyni makroigtisadi farziyyalar altinda mlgayisasini nazarda tutur. Bu migayisa maliyyalasdirma
gararlarini yalniz bir kreditin faiz daracasina gora vermayin qarsisini alir [10, s.18].

Strategiyanin glndalik icraya kegirilmasi ayrica illik borcalma plani talab edir. Bela plan
muayyan il arzinda qaytarilacaqg asas borcu, faiz 6danislarini, blidca kasirini, nagd vasait axinlarini
va yeni kreditlarin nazarda tutulan vaxtini uzlasdirir. Bir illik plan orta middatli strateji hadaflari
dayismak Ucln deyil, onlariillik amaliyyatlara ¢evirmak tclindir. Quisamiddatli borc 6damalarinin
bir neca ayda toplanmasi va planlasdirilan kreditin vasaitinin gec daxil olmasi halinda alternativ
maliyyalasma Usullari avvalcadan miayyan edila bilar. Bu planin hazirlanmasi xazinadarligla borc
idarsetma qurumunun isini bir-birina baglayir [7, s.4].

Borcun vyerlasdirilmasi ila pul siyasatinin alagalandirilmasi da zaruridir. Dovlaet giymatli
kagizlarinin boyik hacmda eyni vaxtda bazara cixarilmasi bank sisteminda likvidliya tasir eds bilar.
Markazi Bankin eyni dévrda hayata kegirdiyi pul bazari amaliyyatlari ils uzlasma olmadigda bazar
istirakcilarinin vasaita talabi dayisar va yerlasdirmanin giymati arta bilar. Bu sababdan dovlstin
daxili borc bazarini inkisaf etdirmasi maliyya risklarinin miayyan hissasini azaltmagqgla yanasi, pul
bazari ile operativ koordinasiya talab edir. Xarici va daxili borc manbalarinin avazlanmasi barada
garar yalniz valyuta riskinin azalmasina gora deyil, daxili bazarin hacmi va maliyyalasma giymati
da nazara alinmagla giymatlandirilmalidir.

Yerli valyutada dovlat istigrazlari bazarinin genislanmasi uzun middatds xarici valyuta
borcundan asililigl azalda bilar. Lakin yerli bazarin inkisafi bir gararla bas vermir. Miintazem
emissiya tagvimi, aydin harrac prosedurlari, muxtalif middatli istigrazlar, formalasmis investor
bazasi va etibarli hesablasma sistemi lazimdir. Bazarda yalniz gisamiddatli alatlara talabat varsa,
xarici uzunmiddatli borcun siratle daxili gisamtddstli borcla avez edilmasi valyuta riskini
azaldarkan yenidan maliyyalasdirma riskini yUksalds bilar. Bu sababdan valyuta ve middat
gostaricilarinin birlikds optimallasdiriimasi daha asashdir [11, s.24].

Yeni xarici kredit secilorkan maliyya xarclarinin tam mablagi aciglanmalidir. Takca
mugaviladaki nominal faiz daracasi deyil, ilkin komissiya, istifads edilmamis vasaita géra ddanis,
valyuta cevrilmasi xarci, mimkidn htqugi 6hdaliklar va kreditin vaxtindan avval baglanmasi sartlari
da hesaba daxil edilmalidir. MUxtalif alatlari migayisa etmak lgln gdzlanilan pul axinlarinin eyni
giymatlandirma bazasina gatirilmasi vacibdir. Uzun muddstli glzastli kreditin nominal faizinin
asagl olmasi onun har saraitds sarfali oldugu manasini vermir; layihanin icra hazirlig va vasaitdan
istifada imkanlari da miayyanedicidir. Maliyya risklarinin idara olunmasi zamani dévlat zamanati
verilan qurumlarin faaliyyati ayrica nazaratds saxlanmalidir. Zamanat verilan muassisanin 0z
galirlariila asas borcu va faizlari garsilamaqg gabiliyyati yoxlanmali, miassisanin xarici valyuta galiri
olmadigl halda mazanna dayisikliklarinin ddanislera tasiri ayrica hesablanmalidir. Miqgavile
baglandigdan sonra monitoring dayandirila bilmaz. Mduassisanin xarclarinin artmasi, satis
galirlarinin zaiflamasi va investisiya programinin gecikmasi sarti dévlst 6hdaliyinin biidcs xarcina
cevrilma ehtimalini yiksaldir. Zsmanatlar (zra malumatlar birbasa dovlat borcundan ayrica darc
edilmali va giymatlandirmada Ust-Usta disan mablaglar ayird olunmalidir. Taminat va ehtiyat
mexanizmlari riska cavab vermak Ucln istifads oluna bilar. Lakin bels fondlarin mévcudlugu
mivaffaqiyyatsiz kredit va investisiya gararlarinin xarcini aradan qaldirmir. Dévlat zamanati verilan
layihanin galir prognozu qeyri-real oldugda ehtiyat fondu yalniz 6danisin vaxtinda hayata
kecirilmasini tamin eda bilar, layihanin igtisadi ssmaraliliyini barpa etmir. Bu sesbabdan zamanatin
verilmasi marhalasi, zamanat Uzra riskin dovri yenilanmasi va mimkin 6danis Ggln ehtiyatin
muayyan edilmasi vahid prosesin hissalaridir. Eyni nazarat mexanizmlari dévlatin yenidan borc
verdiyi miassisalara da tatbig edilmalidir.

Risk limitlari praktikada secilmis gdstaricilar Gzra muayyan edilmalidir. Xarici valyuta borcunun
Umumi borcdaki payi, névbati ilds 6danilacak asas borcun miqgdari, dayiskan faizli borcun ¢akisi va
zamanat (zra mUmkin xarclar ayrica izlana bilar. Lakin limitlar igtisadi veaziyyat dayisdikda
avtomatik yenilanmamalidir. Har bir dayisiklik izahli sakilde asaslandirilmali, strategiyanin hansi
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magqgsadina xidmat etdiyi gostarilmalidir. Bu gayda ham borc bazarinin etimadini, ham da maliyya
idarsetmasinin hesabatliligini glclandirir. Risk gostaricilarinin regamlari ila yanasl onlarin
hesablanma tsulunun aciglanmasi da vacibdir. idarsetma mexanizminin taskilati qurulusu saffaf
olmahdir. Kreditin calb edilmasina dair danisiglari aparan, onun xarc va riskini giymatlandiran va
odanis amaliyyatlarini icra edan funksiyalar arasinda qgarsiligh nazarat qurulmasi sahv ve
uygunsuzlug ehtimalini azaldir. Beynalxalg metodologiyada bu funksiyalar 6n ofis, risk tahlili va
arxa ofis kimi farglandirile bilar. Onlarin mustaqilliyi tam ayrilig manasina galmir; aksina, eyni
malumat bazasi (Gzarinda aydin salahiyyat va masuliyyat bolglsinin qurulmasini talab edir.
Hesabatin ictimaiyyat Ucglin nazards tutulan hissasi ila daxili risk hesabati da magsadina uygun
farglandirilmalidir [12, 5.18].

Borc  malumatlarinin  aciglanmasi  yalniz  Umumi ragamin elan edilmasi ils
mahdudlasmamalidir. ictimaiyyat Gciin darc edilan malumatda xarici va daxili borcun bélgis,
kreditor kateqoriyalari, faiz va valyuta qurulusu, middat profili, zemanatlar va secilmis risk
limitlarinin icrasi Uzra asas malumatlarin olmasi gararlarin giymatlandirilmasini asanlasdirir.
Bununla yanasi, maxfi kommersiya sartlari ila ictimai maraga aid toplu malumat arasinda tarazlig
saxlanmalidir. Bir gostarici dayisdikda onun sababinin izah edilmasi daha faydalidir. Masalan,
valyuta ile ifads olunan borc artiminin yeni calb edilmis kreditdenmi, yoxsa mazanna
giymatlandirilmasindanmi gaynaqlandigi gostarilmalidir.

Borc Uzra stres sinaglarinin naticalari bldca planlamasina daxil edilmalidir. Xarici faiz
daracalarinin yliksaldiyi saraitds alava xarclarin hansi illara disacayi, valyuta sokunda ise manat
ekvivalenti Uzra borc galiginin va ddanislarin neca dayisacayi hesablanmahdir. Bundan slavs,
layiha galirlarinin gecikmasi va dovlst zamanatinin isa diismasi eyni ssenarida giymatlandirila bilar.
Stres sinaginin magsadi mitlag bir dagiqg prognoz almag deyil, hansi haddan sonra mévcud pul
axinlarinin kifayat etmadiyini miayyanlasdirmakdir. Riskin yarandigi magam muiayysnlasanda
ehtiyat, borclanma limiti va slave tadbir barada garar da daha asasli olur. Maliyya soklarinin
giymatlandirilmasinda zaman amili nazardan gagcmamalidir. Faiz daracasinin artmasi bu gin
muayyan edila bilar, lakin onun migavile Gzra ndévbati yenilanma tarixina gadar real 6danisa tasiri
olmaya bilar. Eyni gaydada xarici valyutada borcun manat ekvivalentinin artmasi darhal alava
bidca ddanisi talab etmir; ndvbati 6danis tarixi yaxinlasdigda onun shamiyyati yiksalir. Buna gora
portfel riski illik orta regamlarle mahdudlasmadan riblik va mimkin oldugda ayhq pul axini Gzra
Olcilmalidir. Hassaslig hesablamasinda middat va yenilanma tezliyinin gostarilmasi bela yanlis
taassUratlarin garsisini alir.

Borc idaraciliyi Ggln yalniz maliyys gostaricilarina deyil, xarici kreditin istifada naticalarina da
baxmagq lazimdir. Dévlstin igtisadi mahsuldarhgi artiran layihaya calb etdiyi vasait galacak bldca
imkanlarini genislandira bilar. 9ksing, layihanin gecikmasi va ya xarclarinin ilkin hesablamadan cox
olmasi uzunmiddatli borc xidmatini slava yika cevirir. Layihanin Umumi faydasi ile birbasa pul
galiri fargli anlayislardir. Masalan, sosial infrastruktur layihasi galiri birbasa formalasdirmaya bilar,
lakin onun samarasi basga iqtisadi gdstaricilarla giymatlandirila bilar. Maliyya risklarinin idara
olunmasi borclanma sababinin da asaslandiriimasini talab edir. Muasir xarici borclanma
sivasatinde an mihUm secimlardan biri yeni manba calb etmak ile movcud borcu dayisdirmak
arasindadir. Dovlat miayyan dovrda yeni xarici borc gétlirmadan da movcud portfelin riskini idara
eda bilar. Vaxtindan avval 6danis, daha minasib sartle yenidan maliyysalasdirma, borcun
muddatinin uzadilmasi va uygun olduqgda faiz daracasinin dayisdirilmasi bu magsada xidmat edir.
Hamin amaliyyatlarin maliyya naticalari agiqg hesablanmalidir. Vaxtindan avval 6danis Gglin carims,
yeni kreditin komissiyasi va alternativ olaraq ehtiyatin saxlanmasinin faydasi nazars alinmazsa,
riskin azaldilmasi alava xarcla naticalana bilar.

Umumi maliyye dayanigligi baximindan neft-gaz galirlarinin dévlat biidcasinda ¢akisi ayrica
diggat talab edir. Xam neft giymatinin dlUsmasi va ya hasilatin azalmasi dovlat galirlarinin
gbzlanilan saviyyadan kanara ¢ixmasina sabab ola bilar. 9gar bels dovrda boyik xarici ddanislar
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da eyni vaxtda bas verarsa, borca xidmatin bldcada xUsusi ¢akisi ylksalar. Bu halda risk borcun
mablagindan daha cox galirler va ddanislar arasindaki uygunsuzlugdan yaranir. Buna gora qgeyri-
neft galirlarinin genislandiriimasi va xarclarin ortamiddstli gaydada planlasdiriimasi borc
dayanigligina xidmat edan Umumi iqtisadi tadbirlardir. Risklarin alagali xarakteri dovlatin aktivlari
il o6hdaliklarini birlikde nazardan kecgirmaya asas verir. Xarici valyutada aktivlar riskin miayyan
hissasini yumsalda bilar, lakin aktivle borcun valyutasi ve muddati eyni deyilsa, tam gorunma
yaranmir. Eyni s6z faiz mexanizmina da aiddir. Dayiskan faizli aktivlerin galiri ila dayiskan faizli
borcun xarci bazan eyni istigamatda harakat edir, lakin mablaglar, miqgavila gostaricilari va
yenilanma tarixlari farglidirss, alava risk qgalir. Dovlat aktivleri va 6hdalikleri arasinda bu
uygunlugun giymatlandirilmasi iri soklarin blidcaya xalis tasirini anlamagq tgln ahamiyyatlidir [9,
5.28].

Naticalarin izlanmasi lcln bir nega gostarici Uzra riblik nazarat cadvali magsadauygundur.
Valyuta konsentrasiyasl, dayiskan faizli borcun payi, bir il arzinds 6danilacak asas borc, borc
xidmatinin bldca xarclarinda payi va dévlat zamanatinin mimkun bidcs tasiri cadvalda ayrica yer
almalidir. Gostaricilardan har hansi biri hadda yaxinlasdigda bunun sababi, mimkin dizaldici
tadbir va tadbirin taxmini maliyya dayari tagdim olunmalidir. Bu taklifin mahiyyati yeni bir statistik
indikator icad etmak deyil; movcud malumatlari garar gabulunda istifads edilacak ardicil hesabat
formasina salmaqdir.

Risk istiqgamati

izlonacak gdstarici

Uygun idarsetma addimi

Valyuta

Borcun valyutalar tzra payi;
illik xarici valyuta 6danislari

Valyuta axinlarinin
uygunlasdiriimasi; sok ssenarisi

Faiz

Dayiskan faizli pay; novbati
yenilanma tarixi

Sabit ve dayiskan faizli alatlar
Uzra xarc-risk miqayisasi

Yenidan maliyyalasdirma

12 ayda 6danilacak borc;
orta 6dema muddati

Odanislarin illar Gzrs
yayillmasi; illik borcalma plani

Likvidlik

Aylig pul catismazhgi; likvid
vasait ehtiyatl

Xazina axininin
planlasdiriimasi; ehtiyat limiti

Dovlat zamanati

Zamanat verilan borc;
muassisanin 6danis gabiliyyati

Monitoring; sarti 6hdalik
Uzra ehtiyat ssenarisi

Cadval 2. Xarici borclanma Uizra asas maliyya risklari G¢clin monitoring ¢argivasi
Manba: MUsllif tarfindan taklif edilmisdir.

Taklif edilan monitoring c¢arcivasi borcun muxtalif risklarini eyni formada taqdim etmaya
imkan verir. Valyuta va faiz risklarinin bir gostarici ils, yenidan maliyyslasdirma va likvidlik
risklarinin basqga gostarici ils izlandiyi nazara alinir. Cadvaldaki meyarlar gararin gabulundan avval
va sonra miqayisa oluna bilar. Masalan, xarici kredit hesabina maliyyalasan yeni layiha Umumi
borc mablagini artirsa da, portfelin orta 6deama muddatini uzada bilar. Bela dayisiklik yalniz borcun
artmasi kimi taqdim olunmamali, onun risk profilina birga tasiri da sarh edilmalidir. Galacak
borclanma gararlarinda naticalarin izahi gadar onlarin nazaratda saxlanmasi da énamlidir. ilkin
planin faktiki icrasi ile miqayisasi zamani vasaitin na gadarinin calb edildiyi, hansi tarixlarda
odanisin aparildigl va orta faiz dayarinin neca dayisdiyi yoxlanmalidir. Borc planindan kanaragixma
hamisa manfi idaracilik demak deyil; bazan bazar saraitinda daha minasib sartlar yaranir.

Risklara nazarat mexanizminin faydasi yalniz doévlat budcasi Ucln deyil, igtisadi subyektlar
Ucln da ahamiyyat daslyir. Borcun magsadyonli idars edilmasi dovlst giymatli kagizlari bazarinda
prognozlasdirilanliq yaradir, uzunmuddatli faiz gostaricilarinin formalasmasina kémak eda va 6zal
sektor dgln giymat signali vera bilar. 9ksina, iri hacmli gdzlanilmaz borclanma amaliyyatlar
bazarin likvidliyina va maliyyalasma dayarina tasir eda bilar. Bu tasirin migyasi 6lkadan o6lkaya
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dayisir, ona gora yerli bazarin darinliyi va investor tarkibi nazara alinmalidir. Dovlat borcunun idara

edilmasi pul va fiskal siyasatdan ayri olsa da, onlarin naticalerina baghdir. Xarici borclanma

siyasatinda maliyya risklarinin ssmarali idarasi U¢cln borcun azaldilmasi, daha ucuz vasait tapilmasi
va yerli maliyya bazarinin inkisafi arasinda tarazlig qurulmalidir. Bu magsadlar bazan eyni
istigamata xidmat edir, bazan isa bir-biri ila ziddiyyata girir. Xarici borcun daha tez gaytarilmasi
galacak faiz yukinl azalda, amma xazinanin likvid ehtiyatlarini daralda bilar. Daxili borcun
artirilmasi valyuta riskini mahdudlasdira, amma yUksak yerli faizlar ssbabindan bldca xarclarini
yUksalda bilar. Dlzgln secim bu farglarin acig hesablanmasina va maliyya gararinin mimkin
soklar garsisinda yoxlanmasina asaslanmahdir.
NITICa

Xarici borclanma dovlatin maliyya resurslarini genislandiran alat olmagla yanasi, galacak illar

Gcln miayyan 6danis 6hdaliyi yaradir. Onun igtisadi ssmarasi yalniz borcun Gmumi hacmina va

ilkin faiz sartlarine gora giymatlandirila bilmaz. Valyuta qurulusu, sabit va dayiskan faizli borclarin

nisbati, @sas borcun gaytarilma muddati, likvidlik imkanlari ve dovlst zemanatlarinin sarti tasiri
birlikda nazara alinmalidir. Bu gostaricilarin birinds yaxsilasma digarlarinda riskin azaldigini hamisa
tasdiglemir. Azarbaycan Uzra 2025-ci ilin rasmi gostaricilarinda xarici dovlat borcunun azalmasi ila
yanasl, dayiskan faizli ohdaliklarin portfelds yiksak payl ve orta 6dems muddsatinin gisalmasi
musahida edilmisdir. Hamin dayisikliklarin birga giymatlandirilmasi borc siyasatinde mablag
gbstaricisinin ayrica va yekun meyar kimi gotlrtlmasinin mahdudlugunu Uza cixarir. Sarti valyuta
va faiz hassasligl hesablamalari da riskin borc strukturundan ve mugqgavila sartlerindan asili
oldugunu gostarir. Bu hesablamalar misahida edilmis itki deyil, mimkin tasirin giymatlandirilmasi

Gsuludur. Xarici borclanmanin idars edilmasinds orta middatli strategiyanin illik borcalma planina

cevrilmasi, 6danis taqviminin blidca va xazina axinlari il uygunlasdiriimasi, dovlat zemanatlarinin

ayri monitoringi va asas risk gostaricilarinin mintazem acgiglanmasi vacibdir. Yeni maliyyslasma
barada garar gabul edilmazdan avval onun takca ilkin giymati deyil, moévcud portfelin valyuta, faiz
va middat gdstaricilarina tasiri do yoxlanmalidir. idarsetmanin asas magsadi borcun miitlaqg
sifirlanmasi deyil, doévlatin maliyyalasma ehtiyaclarinin dayanigli gaydada ve magbul riskla
ddanilmasidir.
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YHNPABJIEHWNE BNSHEC-TTPOLUECCAMMW U
X LUNPPOBU3ALNA: NTOYEMY
TEXHOJIOTUHECKWE N3MEHEHINA HE
BCEIAA TTPUBOLAT K
OPTAHM3AUNOHHOMY PE3YJIbIATY

Eneycbizos E. A.
MarmcTpaHT EMBA, KazaxcTaHCKO-BpUTaHCKMIA TEXHUYECKNI YHMBEPCUTET, I. AAMaTbl,
KasaxcTaH

AHHOTauuA

Lndposmzaumsa 6HGM3HEC-NPOLLECCOB OTKPbIBAET HOBblE BO3MOMXKHOCTM AN MOBbILEHWSA
3bDEKTMBHOCTM OpraHn3aLmii, 0AHAKO BHEAPEHNE COBPEMEHHbIX TEXHOIOTUIA AANEKO He BCeraa
NPUBOAMT K YAYHLIEHNIO KOHEYHbIX PE3Y/1bTaTOB AeATEIbHOCTM. YCKOpPEHMEe OTAe/IbHbIX OnepaLmi
MOMET  COMPOBOXAATbCA  COXPAaHEHWEM  MPEeXHWUX  OPraHU3auUMOHHbIX  OrpaHMYEHUH,
nyb6AMpoBaHMEM YNPaBAEHYECKMX PeLleHNI 1 HECOrNaCOBaHHOCTLIO AEUCTBMIA NoApa3aeNeHn .
Bo3HMKaeT 3aKOHOMEPHbIN MCCNea0BaTeNbCKMN BOMPOC: MPU KaKMX YCA0BMAX TEXHOOMMYECKMe
M3MEHEHWNA AEeNCTBUTENbHO NpeobpasytoT CKBO3HOW OWM3Hec-npolecc, a He OorpaHWMYMBatoTCS
COBEPLLUEHCTBOBAHNEM OTAE/IbHbIX €r0 3/1eMeHTOB? B cTaTbe AaHHaA Npobaema paccmaTpmBaeTcs
Ha OCHOBE KPUTMYECKOro KOHLIENTYa/ibHOro aHa/mM3a Hay4YHbIX UccieloBaHMM, onyb6AMKOBaAHHbIX
33 2022-2026 rr. ConocTaB/eHMe CYLECTBYOWMX NOAX0A0B NO3BOAAET BbIABUTb PA3INYMA MEXOY
TEXHUYECKON YCMEeLHOCTb0 LMPPOBbIX MPOEKTOB, 3PENOCTbi0 MPOLLECCHOro YNpaBAeHWs U
bakTnyeckom Pe3ynbTaTUBHOCTbIO ~ OPraHM3auMOHHON  AesTeNbHOCTW. MNpeanaraeTca
paccmaTpuBaTb UMPPOBM3ALMIO Yepe3 B3aMMOCBA3b MPOLLECCHOW OnpeaeneHHOCTH, TyOUHbI
OpPraHM3auMOHHbIX MU3MEHEHWNIM, MEXOYHKLMOHANBHON MHTErpaLmmn 1 ynpaBaeH4eckomn obpaTHOM
cBasn. Ocoboe BHMMaHWE yAENAETCA CUTyauuMsam, B KOTOPbIX HEeJA0CTaTOYHaA COr/lacoBaHHOCTb
3TUX 2/1EMEHTOB NPENATCTBYET AOCTUKEHMIO OXKMAAEMbIX pe3ybTaToB. OBOCHOBbLIBAETCA TaKKe
BO3MOXXHOCTb 0OpPaTHOro BAMAHMA: LMOPOBbIE TEXHONOTMM CNOCOBHbI HE TO/IbKO ONMPaTbCA Ha
chopmmMpoBaHHble NPaKTUKK ynpasaeHna HBU3Hec-nNpoLeccamm, HO M Co34aBaTb MPEeAnoChIIKM
ONS UX AaNbHENWero pasBmTuS.

KnioueBble cnoBa: ynpasneHwe 6usHec-npoueccamu; BPM; uudbpoBm3aums; npoueccHas
3penocTb; MeXPYHKLUMOHANbHAA MHTErpaLUms; process mining; pe3ynbTaTMBHOCTb.

BeeneHue

Y umdpoBOro npoekTa, Kak MNpaBuIO, €CTb ACHbIN TEXHUYECKUN MPeameT - 3aMeHUTb
HyMaskHOe COrnacoBaHMe 31EKTPOHHbIM, UCKIOYUTL MOBTOPHbLIA BBOJ, CBEAEHWM, COKPaTUTb
BPEMA pPermcTpaumm 3aaBkM. MMIMEHHO Takme 3a4a4m Nerko BKAOUYMTb B DIOAKET M TeXHUYecKoe
3aflaHne. Ho npeanpusaTnme MOXKET BbINONAHUTb NPOEKT B CPOK, He NPMBAN3MBLLNCE K pe3ynbTaTy,
paZlM KOTOPOro 3aTeBaAINCh M3MEHEHMA. [lIOKyMeHT ObiCTpee NoCTynaeT K CeAyoWwemy y4aCTHUKY
- M NO-NpPEeXHeMY OXKMaaeT peweHua. [laHHble NnepeaatoTca aBTOMATUYECKM - U BCE KEe HECKOJIbKO
noapasfeneHnin  3anpallivBatoT  OAMHaKOBble noatBepxAeHMs. OOBACHATb 3TO  TO/bKO
HEeCoBEepLEeHCTBOM MporpamMmmHoro obecrnedeHnss 6b110 Obl OWIMOKON: WMCTOUYHMK 334EPMKKK
HepeaKo NeXUT B pacnpeaeneHn NnoNHOMOYMIA U B CAMOM YCTPOMCTBE COBMECTHOM paboTbl.
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Mo3aTomy HeobxoaMMO pa3BecTV ABa BOMPOCA, KOTOPble B MPAKTMKE ynpaBaeHMA 4YacTo
coeauHstoT. Mepsbln - 3apaboTano nm umMdpoBoe pelleHne B COOTBETCTBMM C TpeboBaHMAMMK?
BTtopol - cTan AM BeCb Mpouecc co3gaBaTb pes3ynbTaT ObiCcTpee, HaAeKHee U C MEeHbLMMM
NONHbIMM 3aTpaTaMmn? [ONOKMUTENbHbBIA OTBET Ha MEepPBbli BONPOC He npeapellaeT OTBETa Ha
BTOpOW. bonee Toro, ycKopeHue oTAeNbHOro AENCTBMA MHOMAA ANLLb NepemellaeT ovepeb Ha
cneaytouwmMit y4acTok. B Takom cayvae NoKasibHas MPOM3BOAMTENbHOCTb pPacTeT, TOraa Kak
NONOXeHWe NOTPebuTeNA OCTAETCA NPEKHUM.

YnpasneHne 6usHec-npoueccammn (business process management, BPM) nossonsaer
NOCTaBMTb 3TOT BOMPOC Ha YPOBHE CKBO3HOW AEATE/NIbHOCTU, @ HE OTAe/IbHOM GyHKLMK. OB30pbI
(Putra m Mahendrawathi, 2024) n (Moreira n Dallavalle, 2025) noatsepaatoT pasHoobpasue
cBazen BPM c undposbimm nHHOBaUMaMK [1; 2]. Ho nepeuncneHme opraHm3aumoHHbIX GakTopoB
He 0OBbACHAET, Ha Kakom 3Tane uMdpoBana BO3MOXKHOCTb TEPAET CBA3b C pe3yabTaToM. VIMeHHOo
3TOT 06bACHUTENbHBIM Npoben cocTaBnseT NpeaMeT CTaTbu.

OTctofla BO3HMKAET MCCnenoBaTeNbCKMIA BOMPOC: KakMe OpraHM3auMOHHbIE MeXaHM3Mbl
obecneymBatoT nepexoq OT LUMOPOBbLIX MIMEHEHWNI K NMOBbILEHNIO PE3YAbTAaTUBHOCTU CKBO3HOTO
Obu3Hec-npolecca, NPM KaKMX YCNOBMAX 3TOT Nepexos HapylwaeTca W Kakmm obpasom
UMdpoBM3aLMA CaMa BAUAET Ha Pa3BUTME NPAKTUK NPOLLECCHOro ynpasaeHma?

Llenb ctatbm 3akntovaeTcs B pa3paboTKe KOHUENTyaslibHOTO OObACHEHMA B3aMMOCBA3M
uMdpoBbIX  Npeobpa3oBaHWUt U PE3yNbTaTUBHOCTM  OM3HEC-NpoLeccoB C  y4eToM
OPraHM3aUMOHHbIX YC/A0BUIM, OMPeaenAtolnX XapakTep W MNOCNeACTBMA TEXHONOrMYEeCKmX
M3MeHeHnn. [lpyu 3TOM NpPOUECCHaa ONpeaeNneHHOCTb, OpPraHM3aLUMOHHO-TEXHOIOMMYEeCKan
WHTEerpauma n ynpasneH4yeckas obpaTHas CBA3b PaCCMATPUBAIOTCA HE KaK BMepBble BbIABNEHHbIE
daKTopbl, @ KaK B3aMMOCBA3aHHble 3/71eMeHTbl MexaHM3Ma (OPMMPOBAHMA MNPOLLECCHOro
pe3y/abTaTa.

Hay4HbIM MHTEepec NpeacTaBaAeT yCTaHOBAEHWE YCNIOBUM, MPU KOTOPbIX KaXKAbIM U3 3TUX
3/1EMEHTOB CNOCOBCTBYET AOCTUKEHMIO OXKMAAEMbIX UIMEHEHWUIN NMDO, HANPOTMB, OrPaHMNYNBAET
ux. TakoM NOAXOoA MO3BONAET MNeperTM OT KOHCTaTauuu npemmyLllects undpoBM3aumm K
0H6BACHEHMIO NPUYMH, NO KOTOPbIM NOBbIWeEHNE 3GPEKTUBHOCTM OTAENbHbLIX ONepaunin He Bceraa
COMPOBOXKAAETCA YNYULIEHNEM PE3YNbTAaTUBHOCTM OPraHM3aLmMmn B LLE/IOM.

MeToaonormsa

CraTbA BblINONHEHa B dopmaTe KPUTUYECKOrOo KOHLenTyanbHoro ob3opa. B aHanms
BK/IIOYEHbI BOCEMb LieNeHanpaBiAeHHO BblbpaHHbIX nybankaumin 2022—2026 rr.. asa ob3opa
B3aMmocaaA3n BPM n umdposbix MHHOBaUMM [1; 2], KOAMYECTBEHHOE MCCea0BaHMe NPOLLECCHOM
KynbTypbl [3], oTpacneBana paboTa o 3penioctu [4], ABa MCCnea0BaHUSA NepPenpoeKkTnpoBaHma [5; 6]
n age nybavkaumm o process mining [7; 8]. Takon cocTaB AaeT BO3MOMHOCTb COMOCTaBWUTb
pa3nnyHble 06bACHEHMA M cnocobbl M3MepPeHMa, HO He NpeacTaBaseT cobol McUePbIBAOLLYO
WK CTAaTUCTUYECKM penpe3eHTaTUBHYIO BbIBOPKY MTepaTypbl.

[na Kaxaoro nccnefoBaHMA PacCMaTPMBAIMCh YETbIpe BOMPOCA: YTO BbICTYMaeT 06beKTOM
M3MEHEHMA; KAKON MeXaHW3M MnpeanonaraeTca; Yem M3MepAeTcA pes3ynbTaT, Kakue BblBOAbI
No3BONAET cAenaTb WMCCNeAoBaTeNbCKM AM3aH. B 4acTHOCTWM, pasnmMyanmcb HOPMATMBHaA
MoZAeNb U GaKTUYecKoe UCNONHEHME, Pe3ynbTaT OTAEe/IbHOW Oonepauym U CKBO3HOrO Mpouecca,
HabntoJaemana CBA3b WM MNpPUYMHHOE ObbACHEHWe. [lONHOUEHHbIM NPOTOKOA MOMCKa No
bnbnmorpadmyeckum 6Hasam, perucTpauma KpUTEPMEB WCKAKOYEHMA W MeTaaHanuM3  He
npoBoaunucb.  [losTomy paboTa He  MMeHyeTcA  cucTemaTMyeckum  obHb3opom,  a
chopMyNMpOBaHHbIE Aanee NONOKEHNA MMEKOT CTaTyC r’MnoTes.

CnepnoBaTenbHO, rpaHMUA@ [A0Ka3aTenbCTB MPOXOAMT AO0CTAaTOYHO ACHO. Ha ocHOBaHWMM
BbIOpaHHbIX NybAMKaAUMIA  MOXKHO  YTOYHWUTb BO3MOMKHbIE  MEXaHW3Mbl W OOHAPYHKUTb
HEeCOOTBETCTBME MeXKAY CNOCObaMM M3MePEHMA; ONPeaeNnUTb YHUBEPCANbHYIO BENUUYNHY 3ddeKTa
uMdpPOBM3aLMM UAN YCTAHOBUTL MPUUYMHHYIO 33aBMCMMOCTb Henb3A. MIMeHHO no3aTomy Janee
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daKTuyeckme pesynbTaTbl MCCAEAOBAHWA OTAENEHbl OT WHTepnpeTauui, npeanaraembix B
HacToswen paborTe.

Junckyccua

BusHec-npougecc - He TO/IbKO NOCAeA0BaTeNbHOCTb paboT, n3obparkeHHasa Ha cxeme. OH
CYLLECTBYET TaK »Ke, Kak pacnpeaeneHue npaB MpuHMMaThL pelleHua, obmeH mMHdopmaumen,
CMCTEMA UCKIOYEHUI M OTBETCTBEHHOCTb 33 KOHEYHbIM pe3ynbTaT. JonoaHuMTenbHas NpoBepKa
MOXEeT  YBEeNWYMBATb  MNPOAO/IKMUTENBHOCTb  UMKAAQ,  OAHOBPEMEHHO  NpeaoTBpallas
[0POrocToALlyto oWwnbKy. HanpoTtue, ycTpaHeHne GOpPManbHO ANLLHErO Wara MOXKeT COKpPaTUTb
Bpems 06paboTKKM, HO NMOBLICUTL PUCK HapyLleHUs obs3aTeNbHbIX TpebosaHui. ChegoBaTesibHO,
KOZIMYECTBO AENCTBUM HE ABNAETCA CaMOCTOATE/IbHON MEPOM KadyecTBa yrnpaBaeHus.

Pa3rpaHuyeHne NOHATUM 34eCb UMEET NpaKkTUYeckmin cmbica. OumdpoBKa nameHseT bopmy
MHPOPMaLMKM; aBTOMATM3aUMA - CNOCOD BbINONHEHMA AeNCcTBUA;, UMPOBM3aALMA NpoLecca -
OpraHM3aumMio B3aMMOCBA3aHHbIX PaboT C Mcnonb3oBaHWem UMGPOBbLIX CpeacTs; UMdpoBas
TpaHchopmauma 3aTparvpaetr 6onee LWKMPOKMM cnocob co3gaHMa UeHHOCTM. ITo paboune
aHaMTMYECKMe OonpefieNeHns CTaTbM, @ He MPEeTeH3MA Ha eAuHY0 TEPMWHONOMMIO ANA BCEX
Hay4HbIX WKOA. WX 3ag4a4a - He A0NyCTUTb, YTOObI GaKT NpMobpeTeHNA CUCTEMbI BblAaBaACA 3a
M3MEHEHWE AEeATENbHOCTU.

MNpeAcTaBMM 31€KTPOHHOE CornacoBaHWe aorosopa. Ecnm BymarkHbli JOKYMEHT 3aMeHeH
uMdpoBbIM, Nepesaya CBeAEHMI CTAHOBWUTCA ObiCTpee W nydlle npocnexusaeTca. Ho Koraa
COXPaHAIOTCA Te Ke nocnefoBaTe/lbHble  paspeleHna  u  aybavpytowme  NPOBEPKMY,
OPraHM3auMOHHAA KOHCTPYKLMA NOYTU He meHaeTcA. MHoe aeno - nepecmoTp MOSHOMOYUNA,
BBEAEHWE eIMHOr0 NCTOYHWKA AaHHbIX M YCTPaHEeHWe NOBTOPHbIX PelleHni. TexHonorma B 06omx
CNyYanx MOXKeT OblTb OAMHAKOBOWM; pPas/MYaeTCcA ynpaBieHYeckoe BMellaTenbcTBo. [pumep
CAYKUT aHANUTUYECKOM WANKCTPaUMeRn U He ABNAETCA pe3y/bTaTOM aBTOPCKOro MOJIeBOro
nccnenoBaHuA.

HauaTb cneayeT ¢ napagokca dopmanmsaumm. HYem nydle OnmcaHbl rpaHuLLbl NpoLecca,
OTBETCTBEHHOCTb M KPUTEPUM pe3ynbTaTa, TEM ervye NoAroToBMTb Lndposoe BMellaTeNbCcTeo. Ho
$OPManN30BaHHbIN NPOLLECC MOXKET OCTaBaTbCA HeahPeKTMBHbIM. ECan 3penocTb namepatoT
HaAM4YMeM pernameHToB, a ycnex UMppoBM3aUMM - WX 3INEKTPOHHLIM  MUCMONHEHWEM,
nccnenoBaTeNb PUCKYET MPUHATL CXOACTBO MOKaszaTesnewn 3a yaydweHue pabotbl. OTpacnesas
meToamKka (KypHukoson n Eroposa, 2025) [4] obpaliaeT BHMMaAHWE Ha CneunduKy NpPOoeKTHO-
M3bICKATE/IbCKMX MPOLLECCOB. DTOT aKLEHT NPUHLMNMANEH: OAMHAKOBAA CTENEHb periameHTaumm
He MMeeT OAMHAKOBOW LLeHHOCTU ANA MaCCOBOW onepaumu 1 3aZayu, TpebytoLlen sKCnepTHOro
CYyXAOEHMA.

CTaHAapTM3aumsa Heobxoamma Tam, rae LeHa BapMaTUBHOCTM BbICOKA, @ UCKNOYEHMA PeaKM.
Ho ana peatenbHOCTWU, Tpebytouwler npodecCMOHaNbHOMO CYXKAEHWUS, YPE3MEPHO KECTKUR
MapLIpPYT MOXEeT CTaTb MCTOYHWMKOM 3aZep)KeK. M3 3Toro He cneayeT Npu3blB OTKA3aTbCA OT
npasua. bonee TOYHbIN BbIBOA, COCTOUT B HEOBXOAMMOCTMN COr1acoBaTh cTeneHb GOpManm3aLmm ¢
XapaKTepPOM 3aZa4M U PUCKOM OLIMOKKN. BONpoc 0 3penocTy N0STOMY Heb3A peLlaTb KONMYeCTBOM
MHCTPYKUMA: 3penolt MoxKeT 6ObiTb M cucTema, cnocobHas 060CHOBAHHO OTCTynaTb OT
CTaHA@PTHOrO CUEeHapus.

HackonbKo cyllecTBeHHa Ky/abTypa NPOLECCHOro ynpasaeHna? 3aecb None3Ho obpatnTbea
K KOMYECTBEHHbIM AaHHbIM, @ HE OrpaHNYMBATLCA HOPMATMBHbBIM TE3MCOM O HEODXOAMMOCTU
coTpyaHundectsa. (Distel, Plattfaut n Kregel, 2023) nccnepoBanu oteeTsbl 668 npeacTaBuTenen
MYHMLUMMNAbHbIX OpraHm3aumii Fepmanmm [3]. CBA3M OTAENbHbBIX KOMMOHEHTOB KyAbTypbl BPM co
CNOCOOHOCTbIO K UMDPOBLIM MHHOBALMAM OKa3a/MCb HEOAMHAKOBbIMM; YacTb OTHOLWIEHWUI
onocpeaosanack bapbepamu. s HACTOALLEM CTaTbM BaXKHO HE TO/IbKO HasiMYMe CTaTUCTUYECKUX
ceAzeit. MiccnepgoBatenn M3Mepaanm MHHOBALMOHHY CMOCOHOHOCTb, @ He COBOKYMHYK CTOMMOCTb
MW Ka4eCTBO MCNOJHEHWA CKBO3HOMO npouecca. [lepeHocHTb 3TOT pe3ynbTaT HeENOCPeACTBEHHO
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Ha 3KOHOMMYECKY0 3PPEKTUBHOCTb KOMMEPUYECKOrO NpeanpuaTnsa KasaxcTaHa Henb3s: MeHATCA
M MHCTUTYUMOHANbHAA cpeda, U 0ObeKT M3MepPEeHMA.

C MHOM CTOPOHbI Ty Ke npobaemy OOHaPYKMBAKOT UCCNEAO0BAHUA PENHXMHUPUHTAE. B
paboTe (XaceHoBol, MypatbekoBa u AbeHoBa, 2025) BPMN wucnonb3yerca Ans
nepenpoeKkTMpoBaHMA agMMHUCTPATUBHbIX Npoleccos [5]; (Rahmah un Suharso, 2026) npusoaAT
pPacyYeTHOE CcoKpalleHne BpemeHn bubnamnoteyHoro obcnykmsaHma ¢ 40,5 no 14,5 mMuHYTbI B
npeanokeHHonm moaenn [6]. B oboux cnyyanax pedb MAET O coAepKaTenbHbIX M3MEHEHMAX, HO
[0Ka3aTeNbCTBA OTHOCATCA K pa3HbiM  pe3yabTaTam. HoBas cxema MoKasbiBaeT, Kak
npeanonaraeTca opraHM3oBaTtb paboTy; pacyeT BpeMEHM XapaKTepm3yeT OAMH 13 ee NapameTpoB.
Hu TOT HM Apyron nokasatenb He oTBevyaeT 6e3 AONOAHUTENbHbIX AaHHbIX Ha BOMPOC, CKO/IbKO
OWMHBOK BO3HMKAET NOC/Ae BHEAPEHMSA, KAKOBa MOHAA CTOMMOCTb MPOLIECca MU COXPaHSAETCa Nu
abdeKkT. bonee Toro, NnpoBepKa, KOTOpana BbIMAAUT ANLIHEN Ha CXeMe, MHOorAa npeaoTBpallaeT
[OPOrocToAlnin cbor. YCKopeHue cneayetT CcyMTaTb YAyYlWEHMEM TONbKO MNOCAE OUEHKM
CBA3AHHbIX C HUM PUCKOB.

Process mining aobasnseT K obcyxaeHno dakTuyeckne cobbiTnitHble aaHHble. (Van der
Aalst, 2022) noKka3blBaeT, KaK No KypHanam MHGOPMALMOHHbIX CUCTEM MOYKHO PEKOHCTPYMPOBATb
HabloAaemble TPAEKTOPUM 1M 0OHAPYKMBATb OTKAOHEHWA [7]. OaHAKO *KypHan GUKCUMPYET ANLLIb
TO, 4TO ObINO 3aPErnCcTPMPOBAHO: MNEpPeroBopbl, HepopmanbHble peleHna U NPUYUHDI
MCKNOYEHNI MOTYT OCTaBaTbCA BHe Hero. Mo3Tomy HopmaTuBHaa moaenb BPMN u cobbiTuiiHas
aHaMTMKa He ABNAKOTCA KOHKypeHTamu. [lepBasa MNo3BonAeT ob6CyKAaTb AO/KHbIA NOPAAOK
NeNcTBMiA, BTOpaAa - NpoBepAaTb Habatogaemoe ucnonHeHue, obe TpebytoT 3HaHMA
OpPraHM3auyMoOHHOIO KOHTEKCTA.

Caman TpyaHana 4acTb M3MEHEHWUI HaYMHAETCA, NOXKaNyM, Nocae 0bHAPYKEHNA OTKNOHEHMS.
(Park 1 van der Aalst, 2022) cBA3bIBatOT process mining ¢ UHMLUUMPOBAHNEM AENCTBUIA, Pa3BMUBas
HanpasneHne action-oriented process mining [8]. OaHako pekomeHAauum CUCTEMBI
HeAoCTaTOYHO, ECIM PYKOBOAMTESb NPOLIECCA HE BMPABE M3MEHUTbL NOPAAOK COrNacoBaHUA UK
eC/N yCTpaHeHMe 3a4eprKKM MOBbIWAET PUCK ANA Apyroro noapasaeneHua. [narHocTmka
OTBEYAET Ha BOMPOC, YTO MPOM3OLLIIO; yNpaBAeHYecKoe AencTeue TpebyeT elle 0OBACHUTL
noyemy, BbIOpaTh 40OMNYCTUMOE BMELLATENbCTBO M NPOBEPUTL €0 NOCAEACTBUA. 34eCh TEXHOOTMUN
PaCLIMPSAOT BO3MOXKHOCTM BPM, HO He 3aMeHAIOT OTBETCTBEHHOCTb 3@ PELUEHMUE.

LeHTpanbHOe nNpeanonoXKeHWe CTaTbM COCTOMT B TOM, 4YTO mexay unbposoM
BO3MOXHOCTbIO M MPOLECCHbIM Pe3yNbTaTOM CYLECTBYIOT pa3Hble MO MPUPOAe paspbiBbl, a
MMEHHO:

MepBbl CBA3aH C MPOLIECCHOW OMpeaesieHHOCTbO: OpraHM3auMa He coraacosana, yTo
CYMTaTb Pe3y/IbTaTOM 1 KTO OTBEYAET 3a Hero.

BTOopoi BO3HMKaET M3-3a OrpaHUYeHHOM TAyOUHbI M3MEHEHWSA: yCKOpPeHa onepauusa, HO
COXpaHeHbl NpexHmne MexdyHKLUMOHANbHbIE 3aBUCUMOCTM.

TpeTnit OTHOCUTCA K MHTErpauymm: CUCTEMbl 0OMEHMBAIOTCA CBEAEHUAMM, TOTAa KaKk NpaBuaa
M NOSIHOMOYMA NoApa3AeNeHnn NPoTUBOPeYaT APYr APYry.

YeTBepTbii 0OHAPYXKMBAETCA MOC/AEe AMArHOCTUKM - Korda JaHHble He npeBpalatoTca B
pelleHune ¢ nposepsembim 3GPeKToM.

3T0 He NocneaoBaTe bHbIE CTAAMM, KOTOPbIe 06A3aTENbHO MPOXOAMT KaXKAblil MPOEKT, U He
yHMBEPCAbHaA LWKana 3penocTu. Pa3pbiBbl MOryT COYETATbCA, @ OAMH M3 HUX CNOCODEH CBECTU Ha
HeT NOo/b3y OCTa/lbHbIX M3MeHeHW. CMbIC/ TAKOro pasaeneHua NPoABAAETCA B MOrPaHUYHbIX
cuTyaumax. MoXHO MmeTb NoapobHYKD cxemy npolecca, HO He pacnonaraTtb AOCTOBEPHbIMM
[AHHbIMM O ero peanbHom xoae. MoXHO 06beaAnHNTb MHOOPMALIMOHHbIE CUCTEMBI, COXPaHMB
npoTmBopeymBble TpeboBaHWA noapasaeneHuin. MOXKHO CBOEBPEMEHHO OOHapyKMBaTb
3aePKKM, HO He AaTb BaAe/blly Npollecca NpaBa M3MEHUTb NOPAAOK COrnacoBaHua. Bo Bcex
Tpex cnyyasx TeXHONOrMM paboTatoT; CBA3b C KOHEYHbIM pPe3y/bTaTOM HapyLllaeTca No Pa3HbiM
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npuninHam. CnepoBatenbHO, 06 bACHEHWE AOMKHO MCKATb HE TONbKO CTeneHb LMdpoBmM3aLmm, HO
M KOHKPETHOEe MeCTO Pa3pblBa.

Takoe 0bbsACHeEHWE OTANYAETCA OT KNaccudUKaumMm HanpasaeHMn UMGPOBbIX MHHOBALMA Y
(Moreira n Dallavalle, 2025) [2] He nepeyHem GaKTOpoOB, a NpPeaMETOM BOMPOCA: MoYemy
JIOKaNbHbI TEXHONOTUYECKMI yCnex He CTAHOBUTCA CKBO3HbIM Pe3y/1bTaToM?

Nccneposanme (Distel, et.al., 2023) [3] nosBonsetr cyauTb O CBA3M KynbTypbl BPM ¢
MHHOBALMOHHON CMOCOOHOCTLIO; NMPEeANoXKeHHas 34eCb pamka, HanpoTue, TpebyeT OTAENbHO
M3MEPATb UTOr MCMNOAHEHWA. [1pM 3TOM HeNb3Aa CYMUTaTb, YTO HOBAA CXemMa MpPeBOCXOAUT
CYLLECTBYIOLLME MOAENM NO A0KA3ATEbHOM CUe: ee NPEeMMYLLECTBO NOKA /MW b aHAIMTUYECKOE,
a He SMOMPUYECKM YyCTaHOBAEeHHOe. BaXHO TaKKe O0TKa3aTbCA OT OAHOCTOPOHHEro
npeacTasneHua, 6yato umdpoBmsaLma BCeraa HauMHaeTca Nocae NOAHOIO ONMCaHWA NpoLecca.
HepeaKo MMeHHO HOBaA CUCTeEMa BMepBble AenaeT BUAMMbBIMW MOBTOPHbIE COTNACOBAHMA U
HedopManbHble MapLpyTbl. Toraa NpoueccHana onpeaeneHHOCTb BO3HWKAET B Xode LUMppoBoro
NpoeKTa.

Takum obpasom, BPM moxeT ObiTb ycnoBmem uUMdpoBM3aLMKM, €€ OpraHM3aLMOHHbIM
MEXaHM3MOM W pe3ynbTaTOM MOCNeayroWnX M3MeHeHM. HanpaBneHue cBA3M cneayeT
yCTaHaBAMBATb SMNUPUYECKM, @ HE 3a4aBaTb 3apaHee. M3 3TOM KOHCTPYKLMM MOXKHO BbIBECTU
yeTblpe rMnoTesbl, AoMnycKatowme onposep)keHue. CBA3b MNPOLECCHOM onpeaeneHHOCTU C
Pe3yNbTaTUBHOCTbIO A0/KHA 33aBMCETb OT BAapMATMBHOCTM 3aJa4: Ype3MepHaa pernameHTaums
cnocobHa 0cnabnaTb NONOKUTENbHbLIN 3OPEKT. BanaHme uUMdpPOBbIX M3MEHEHWUA Ha CKBO3HOM
pe3ynbTaT, BEPOATHO, CUAbHEE NpPU OAHOBPEMEHHOM COM/1aCOBAHMM CUCTEM W MOSHOMOYUMN.
[aHHble process mining AOMKHbI NPUHOCUTb BONbWKIA 3PDEKT Tam, rae CyLLecTByeT NpaKTUKa
MCNOIHEHMA W MNPOBEPKM KOPPEKTUPYIOWMX pelleHnin. HakoHewl, npoueccHas 3penocTb U
undpoBM3aLMA MOTyT BAMATb APYr Ha Apyra BO BPEMEHW, MOSTOMY WX B3aMMOCBA3b HE/Nb3A
nccnenoBaTb TONBKO B OAHOM BpeMeHHOM cpese. HM O4HO M3 3TMX NONOXKEHUW He cnenyeT
NPUHUMATL 33 JLOKa3aHHY 3aKOHOMEPHOCTb.

Ob6cyneHne

Kak nposepuTb NpeanoxeHHoe obbACHeHMe TaK, YUTOObl HE NONYYUTL 3apaHee OXKMAAEMbIN
oTBeT? [pexkae BCero Heab3a MCNOb30BaTb OAHM M Te e NPU3HAKM U A1A OLLEHKM NPeanoCbI/IOK,
W ONA OueHKW pesynbTata. OnpeneneHHOCTb MOSIHOMOYMIM, XapaKTep MeXPYHKLMOHANbHbIX
CBA3€eM, MNONHOTY COOBITUMHBLIX AAHHbLIX M MPAKTUKY YNpPaBAeHYECKOro pearMposaHuA cneayet
M3MEPATb OTAENIbHO OT MPOAO/IKUTENBHOCTM MOMHOMO LUMKAQ, YacTOTbl MOBTOPHOW paboTbl,
Ka4yecTBa M COBOKYMHbIX 3aTpaT. [MoTpebytoTca AaHHble A0 M NOCNe BHEeAPEeHWA, CONOCTaBMMbIe
NPOLLECCbl M YYeT OTPac/NeBbIX Pa3nMyMiA. KenaTenbHO TaKKe MNPOBEpPUTb a/ibTEPHATUBHOE
0b6bACHEHME: OpraHM3aLMm C AyYWMMKM pe3yabTaTaMu MOryT M3HayvanbHO 06n1azatb 6onbnMm
pecypcamm 1 NoTomy OZHOBPEMEHHO ycnellHee pa3BnBaTb BPM 1 BHeAPATb TEXHONOTUMN.

[na opraHnsaumit NPakTUYECKMI CMbICN NPeAIOXKEHHOrO NOAX0Aa COCTOUT NpeXxae BCero B
nopAgKe MNOCTaHOBKM 3adaun. Lo Bbibopa nnaTtdopmbl cneayeT onpenenntb KOHEYHOro
nonyyaTens pesynbraTta, BbIABUTb MEXBEAOMCTBEHHbIE NN MEXPYHKLMOHANbHbIE COrN1aCOBaHWA,
NPOBEPUTb HOPMATUBHYIO HEOBXOAMMOCTb KOHTPOIbHbIX ONepaLmii 1 3adprKCMpPOBaTb NCXOAHbIE
NoKasaTenn. 3aTeM HY>KHO OLLEHMBATb He TO/IbKO CTOMMOCTb INLLEH3MIA U CKOPOCTb 06PaboTKK, HO
M WHTErpaumio JaHHbIX, MNOAHOMOYMA BAafeNblA MNpoLecca, CTOMMOCTb COMPOBOXAEHMS,
Ka4ecTBO M PUCK UCKIKOYUTENbHbIX CAyYaeB. ITO peKoMeHAaumMn, BbiTEKAOWME N3 KOHLENUMM;
CTaTbA HE COAEPMT HaUMOHANbHOW BbIDOPKM, MO3BONAIOLLIEN OLEHWUTb PACMPOCTPAHEHHOCTb
COOTBeTCTBYtOLMX Npobnem B KazaxcTaHe. MNpeasorkeHHana pamKka, 04HaKo, OCTaeTcA HEMOHOMN.
Bocemb LeneHanpaBaeHHO OTOBPaHHbIX UCCNEeA0BAHMIA HE OTPaXKAOT BCEMO CNEKTPA IMTepaTypsl,
a pasNMuMAa UX MEeTOZ0B WMCKAOYAlOT KonmyecTBeHHoe obobuieHune. He nposepeHo M TO,
HACKOMIbKO CUAbHO KaXAbl M3 YeTbipex pa3pbiBOB BAMAET Ha pe3y/abTaT B 3aBUCMMOCTU OT
pasmepa OpraHuWsauuu, OTPAC/NeBOro  PeryiMpoBaHMA, KOMNETEeHUMM  COTPYAHWKOB U
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MHBECTULMOHHbIX BO3MOMXKHOCTEN. BO3MOXKHO, B OTAE/bHbIX NMPOLLECCaX PeLLaoLMM OKaXKeTcA He
COrNacoBaHWe MOJIHOMOYMIA, @ OrpaHuMyeHMe MPOMYCKHOM crnocobHOCTM 0B6OpYyAOBaHUA WM
HOPMATMBHO YCTAHOB/NEHHbIM CPOK. [103TOMY KOHUENUMA npegHa3HayeHa npexaie Bcero Ana
NOCTAaHOBKM MCCNe0BaTENbCKMX BOMPOCOB M MPOEKTMPOBAHMA MPOBEPKMU, @ He ANA rOTOBOrO
NpPOrHo3a oTAa4u oT UMPpoBM3aLMN.

3aKknoveHne

TexHmyecKas yCnewHoCTb M OpraHM3aLMoHHaA Pe3yIbTaTUBHOCTb - PA3HbIE XapPaKTEPUCTUKM
undposmsaumn. Mepsasa CBUAETENLCTBYET O paboTe pelleHns, BTopasd - O TOM, U3MEHWIOCH N
CO3/laHMEe LEHHOCTM B CKBO3HOM npolecce. Mexay HUMU  HaxoAaTcA  MOJHOMOYMS,
COrNacoBaHHOCTb MoApasAeneHnit, KavyecTtBOo WHPOpmMaLMM M CNOCOOHOCTbL  MPUHMMATb
KOppeKTMpyloLLMe pelleHns. Mx oTcyTcTBne 06bACHAET, MOYEMY aBTOMATM3aLMA MOXKET YCKOPUTb
NeNCTBME, HO HE U3MEHUTb UTOT.

Taknm obpasom, BarKHENLWMI pe3ynbTaT KOHLENTYaAbHOro aHaAM3a - NePeHOC BHUMAHMA C
KOZIMYecTBa BHEAPEHHbIX TEXHONOMMI Ha OPraHM3aUMOHHbIA MeXaHW3M MOJYYEHWUA LEHHOCTM.
BPM moxeT npealwecTBoBaTh UMbpoBM3aLmm, obecneymsaTb ee NpoBeAeHNe N OAHOBPEMEHHO
M3MEHATbCA NOJA BAMAHMEM HOBbIX [JaHHbIX. [Ns NPOBEPKM 3TOW B3aMMOCBA3M  HYXKHbI
nccnefoBaHMA C HE3aBUMCUMMbIMM NOKa3aTeNAMM YCNOBUIM U pe3ynbTaToB. 1o NOABAEHWUA TaKMX
[AHHbIX KOpPPEeKTHee roBOpMTb He O A0Ka3aHHOM 3GEKTMBHOCTU YeTbIpeX 31EeMEHTOB, a 00
0OBbACHUTENBHOM MOAENM, NO3BONAIOLLEN TOYHEE MNOCTaBUTb MPAKTUYECKUIA BONPOC: rAe UMEHHO
TepAaeTca sdPeKT uMbPOBOro NPOEKTa, 1 KTO CNOCODEH YCTPaHUTb 3TOT Pa3pbiB?
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Abstract. This article examines the institutional prerequisites for the emergence and
development of social entrepreneurship and the distinctive features of institutional models
established in different national contexts. The aim of the study is to systematize theoretical
approaches to explaining the institutional diversity of social enterprises and to identify directions
for adapting international experience to the conditions of Kazakhstan. The methodological
framework comprises comparative institutional analysis, the typological classification of
organizational models, and a critical review of academic literature and the legal and regulatory
framework. The study demonstrates that the sustainability of social enterprises depends not on
individual incentives or formal legal status alone, but on the coherence of legal regulation,
financial mechanisms, social norms, and patterns of interaction among the state, businesses, and
civil society. An analytical framework for assessing the institutional environment is proposed,
integrating legal, resource-related, organizational, and societal components. The study identifies
directions for improving the institutional conditions for social entrepreneurship in Kazakhstan. The
findings represent a theoretical and analytical synthesis and do not claim to provide empirical
validation of causal relationships.
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Introduction

Social entrepreneurship has gained a distinctive position in discussions on approaches to
addressing societal challenges, as it combines entrepreneurial initiative with a sustained
commitment to creating social value. Unlike traditional philanthropy, a social enterprise seeks to
establish a recurring source of revenue and develop structured management processes. At the
same time, unlike conventional commercial businesses, its performance cannot be fully assessed
in terms of sales volume and profit alone. This dual nature makes social entrepreneurship
particularly sensitive to the institutional environment, ranging from profit distribution rules to the
recognition of socially significant outcomes.

There is no universally applicable model of a social enterprise. In some countries, social
entrepreneurship has emerged from cooperative movements and traditions of mutual assistance;
in others, it has evolved from the nonprofit sector, which gradually adopted entrepreneurial
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approaches; while in still others, it has developed from private business initiatives with an explicit
social mission. Consequently, simply adopting a foreign legal form rarely makes it possible to
replicate its practical advantages. Instead, it is necessary to examine the conditions under which
a particular organizational form emerged and continues to operate.

In Kazakhstan, the relevance of this issue is associated with the establishment of a specific legal
framework for social entrepreneurship. The incorporation of relevant provisions into the
Entrepreneurial Code has provided institutional recognition of the sector. However, legal
recognition alone does not guarantee organizational sustainability. Equally important are the
quality of access to financing, opportunities for market entry, managerial competencies,
interaction with local communities, and the clarity of criteria used to assess social performance
[6].

The aim of this article is to synthesize the theoretical foundations of the institutional approach
and conduct a comparative analysis of international models of social entrepreneurship in order to
identify relevant directions for their application in Kazakhstan. To achieve this aim, the study
addresses the following objectives: examining the role of formal and informal institutions;
comparing the main models of social enterprises; identifying the limitations of mechanically
transferring foreign institutional arrangements; and proposing a coherent framework for
institutional development. The study is conceptual in nature and is based on published academic
literature and an analysis of legislation.

Theoretical Foundations of Institutional Analysis of Social Entrepreneurship

The institutional approach explains entrepreneurial behavior not only through individual
capabilities and available resources but also through established rules, expectations, and practices
within which economic decisions are made. For social entrepreneurship, the interaction between
formal institutions, including legislation, legal status, taxation regimes, and procurement
procedures, and informal institutions, such as trust, a culture of solidarity, societal perceptions of
corporate responsibility, and traditions of collective action, is particularly important.

In his work, J. Kerlin proposes examining differences among national models through
historically established combinations of institutional factors. This leads to an important
methodological implication: the definition of a social enterprise cannot be entirely separated from
the societal context in which it is applied. An organizational and legal form reflects a particular
history of relationships among the state, the market, and the nonprofit sector rather than
representing a neutral institutional arrangement that operates identically across countries [1].

The debate surrounding "institutional voids" is of particular interest. According to one
perspective, insufficient provision of public services creates opportunities for social initiatives.
However, the absence of institutional support simultaneously increases their costs and limits their
potential for expansion. A study by U. Stephan, L. Uhlaner, and C. Stride, based on data from 26
countries, highlights the importance of the interaction between formal and informal institutions,
as well as resource support, in fostering engagement in social entrepreneurship [2]. Therefore,
the existence of a social need should be distinguished from the presence of conditions that enable
a sustainable entrepreneurial response to that need.

From an institutional perspective, it is useful to distinguish three interconnected levels. At the
macro level, legislative frameworks, social policies, and broader cultural norms are established. At
the meso level, support institutions operate, including financial intermediaries, support
infrastructure organizations, business associations, universities, and local partnership networks.
At the micro level, managerial decisions within individual enterprises become evident, including
ownership structures, mechanisms for stakeholder participation, income distribution, and
performance evaluation. A lack of coordination between even two of these levels can undermine
the effectiveness of measures that may otherwise appear justified when considered individually.
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International Institutional Models: A Framework for Comparison

Comparative academic literature identifies several established organizational models that
cannot be fully explained by geographical distinctions alone. J. Defourny and M. Nyssens propose
a typology encompassing entrepreneurial nonprofit organizations, social cooperatives, social
businesses, and organizations emerging from public-sector activities [3]. This classification is
valuable because it enables researchers to examine not only the legal structure of an enterprise
but also the origins of its resources, governance mechanisms, and the nature of its social
commitments.

The cooperative model is based on stakeholder participation in collective governance. Its
potential stems from the fact that its social objectives often directly reflect the interests of its
members, including employees, service users, and local communities. However, democratic
governance does not automatically guarantee financial performance: decision-making processes
may be slower, while limited access to capital requires additional investment mechanisms. A key
strength of the cooperative model lies in its ability to embed social objectives into ownership
structures and rules governing the distribution of organizational outcomes.

The social business model is closer to conventional entrepreneurship in terms of operational
organization, customer acquisition, and cost management. lts distinguishing feature is the
prioritization of a measurable social problem that the enterprise seeks to address through market-
based offerings. When comparing such organizations, it is important to consider the extent to
which their social objectives are protected from being displaced by investors' interests, how profits
are distributed, and whether mechanisms of public accountability exist. The central issue is
therefore not the opposition between profit and mission but the effectiveness of their institutional
alignment.

A comparison of European and American experiences conducted by J. Defourny and M.
Nyssens demonstrates that national approaches to social entrepreneurship differ in the
importance assigned to collective governance, market-generated revenue, social innovation, and
individual entrepreneurial initiative [4]. European traditions are more frequently discussed in
relation to the social economy, cooperatives, and stakeholder participation, whereas American
academic discourse places considerable emphasis on entrepreneurial initiative and business-
oriented approaches. However, this generalization does not eliminate the internal diversity of
either system and should not be interpreted as a rigid division of countries into two fixed models.

Institutional Configuration as a Factor in the Sustainability of Social Enterprises

International experience suggests that the performance of social entrepreneurship depends
less on the choice of a particular organizational and legal form than on the compatibility of
different elements of the institutional environment. A well-developed legal framework without
effective financial intermediaries does not ensure access to investment resources. Accessible
financing without competent management does not guarantee service quality. Strong societal
demand for social solutions, combined with low levels of trust among stakeholders, increases
transaction costs.

On this basis, the study proposes examining an institutional model as a combination of four
components. The first is the legal and regulatory component, encompassing the conditions for
recognizing social enterprise status, applicable restrictions and obligations, and transparent
eligibility criteria for support measures. The second is the resource and economic component,
which includes access to credit, investment, procurement opportunities, consulting services, and
infrastructure. The third is the organizational and managerial component, covering decision-
making mechanisms, managerial competencies, and the assessment of social and financial
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performance. The fourth is the sociocultural component, incorporating trust, willingness to
cooperate, public recognition, and local community engagement.

The proposed classification is analytical in nature. In practice, these components are not
independent. For example, transparent reporting strengthens trust, trust facilitates access to
partnership-based resources, and adequate resources enable enterprises to demonstrate
sustainable performance. Conversely, complex requirements for confirming social enterprise
status, short-term financing, and limited managerial capabilities may create a negative chain of
effects in which the social mission becomes a source of additional obligations unsupported by
sufficient resources.

A managerial assessment of such an institutional configuration requires caution. The number
of registered social enterprises reflects the institutional recognition of the sector but does not
reveal its economic sustainability. Revenue indicates market activity but does not demonstrate
social impact. Similarly, the number of service beneficiaries cannot automatically be equated with
improvements in their quality of life. An accurate assessment therefore requires a comprehensive
set of indicators, including financial sustainability, employment stability, target group coverage,
service accessibility, and verified improvements in socially significant outcomes.

Opportunities for Adapting International Experience to Kazakhstan

For Kazakhstan, a fundamentally important priority is to move beyond viewing social
enterprises primarily as recipients of government support and toward recognizing them as
independent participants in economic relations. The existing provisions of the Entrepreneurial
Code define social entrepreneurship in terms of addressing social problems and provide for the
inclusion of eligible entities in the relevant register [6]. This establishes a formal institutional
framework for the sector and enables the development of targeted support mechanisms.
However, further development of the institutional environment requires aligning this framework
with market needs and regional characteristics.

The first direction concerns the predictability of regulatory requirements. Social enterprises
need to understand in advance the conditions for obtaining and maintaining their status, the
procedures for demonstrating their social orientation, and the practical implications of being
included in the register. The more transparent these rules are, the lower the administrative
uncertainty faced by small organizations. At the same time, formal criteria should reflect the
substantive characteristics of enterprise activities, since identical quantitative indicators may not
be equally appropriate for organizations engaged in employment integration, social service
provision, or environmental solutions.

The second direction involves expanding opportunities for market participation. Subsidies and
grants can help address the challenges of establishing an enterprise; however, long-term
sustainability generally requires a stable customer base and diversified revenue streams.
Facilitating participation in procurement procedures, developing partnerships with companies,
and increasing the market visibility of products and services can reduce dependence on one-off
support programs. Clear quality requirements and contractual payment terms are particularly
important, as cash flow gaps may pose a greater challenge for small social enterprises than the
nominal amount of financial support available.
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Discussion of Results

Consequently, academic comparisons should consider not only the formal organizational
structure of social enterprises but also the historical sequence through which their social and
economic mechanisms have emerged. Within the historical-institutional framework proposed by
Kerlin, identical legal instruments may produce different outcomes because they are embedded
in distinct systems of expectations, resources, and stakeholder interactions [1]. This consideration
is particularly important when developing public policies based on international models.

The proposed four-component analytical framework, comprising legal and regulatory,
resource and economic, organizational and managerial, and sociocultural dimensions,
systematizes these interdependencies and provides a basis for subsequent empirical validation.
Such research could compare regions in terms of access to procurement opportunities, availability
of advisory support programs, partnership networks, and the actual sustainability of social
enterprises. However, without primary empirical data, it is not possible to establish that any
particular factor exerts a statistically significant or determining influence. The present article is
therefore limited to providing a theoretical justification for future research directions. A more
recent study examining the role of institutional hierarchy also emphasizes the need to reconsider
simplified assumptions regarding institutional voids and support mechanisms [5].

Conclusion

The theoretical analysis conducted in this study confirms the need to consider social
entrepreneurship as an institutionally embedded form of economic activity in which commercial
methods are employed to achieve socially significant objectives. Differences among national
models emerge under the influence of historical conditions, the structure of government social
obligations, traditions of the nonprofit sector, characteristics of financial markets, and prevailing
societal norms.

The systematization of international experience has made it possible to identify four
organizational models: the entrepreneurial nonprofit model, the cooperative model, the social
business model, and the public-sector-related model. None of these can be regarded as universally
preferable.

Their advantages become evident when legal frameworks, financing mechanisms,
management practices, and societal expectations are effectively aligned.

For Kazakhstan, priority should be given not to the mechanical adoption of foreign legal
frameworks but to the development of a coherent institutional environment. Key priorities include
ensuring regulatory predictability, expanding market access, diversifying financial instruments,
strengthening regional partnerships, and developing a proportionate system for assessing social
performance. The proposed four-component analytical framework can serve as a foundation for
further comparative and empirical research. Such research should aim to identify which
combinations of institutional conditions are most strongly associated with the sustainability of
social enterprises and the effectiveness of their efforts to address social problems.
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Abstract. This article examines the role of marketing strategies in developing competitive
advantages for the products and services offered by social enterprises. The relevance of the study
stems from the need to reconcile market sustainability with the pursuit of socially significant
objectives amid limited financial, human, and organizational resources. The methodological
framework is based on comparative analysis, the systematization of findings from international
studies, and conceptual modeling. The study explores the specific features of social enterprises’
value propositions, consumer segmentation, positioning, pricing, marketing communications, and
distribution channels. It demonstrates that marketing performance cannot be reduced to sales
growth alone; rather, it should be assessed in terms of product accessibility for target groups,
consumer trust, and verifiable social impact. The article proposes an original conceptual model of
competitiveness development that integrates market orientation, marketing competencies,
perceived value, and the dual performance of social enterprises. Recommendations are
formulated for adapting marketing strategies to the evolving conditions of social entrepreneurship
in Kazakhstan. The study is theoretical and analytical in nature, and its findings require further
empirical validation.
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Introduction

Social entrepreneurship occupies a distinctive position in the modern economy, as it combines
the production of goods and provision of services with the pursuit of solutions to social problems.
A social enterprise seeks to generate sufficient revenue to sustain its operations; however, market
success is not its sole objective. Unlike a conventional commercial organization, it takes into
account the needs of population groups that often face difficulties in accessing quality products,
employment opportunities, and essential services. This combination of objectives creates a
distinctive competitive environment: offering an affordable price or communicating a charitable
mission is not sufficient. Products and services must meet actual market demand, while their social
orientation must be clearly communicated and supported by verifiable evidence. In international
academic literature, marketing in social enterprises is examined as a distinct field of research. In
their systematic review, C. Bandyopadhyay and S. Ray demonstrate that the marketing activities
of such organizations are complicated by the need to address the expectations of multiple
stakeholders under resource constraints [1]. Research conducted by G. Liu, T.-Y. Eng, and S. Takeda
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in the United Kingdom and Japan indicates that not all marketing capabilities are equally
associated with organizational performance; enterprises need to develop and prioritize
capabilities that align with their specific objectives [2]. These findings highlight the importance of
moving beyond fragmented marketing activities toward a coherent strategic system.
The aim of this article is to substantiate the role of marketing strategies in enhancing the
competitiveness of products and services offered by social enterprises and to propose a
framework for their practical application. To achieve this aim, the following objectives are
addressed: clarifying the concept of competitiveness in relation to social enterprises' products and
services; comparing findings from international studies; identifying key strategic marketing tools;
developing an original conceptual model; and outlining strategic priorities for social enterprises in
Kazakhstan. The object of the research is the marketing activities of social enterprises, while the
subject is the organizational and economic relationships between marketing strategies,
competitive advantages, and social outcomes.

Materials and Methods

The study is based on a qualitative analysis of six peer-reviewed international publications
addressing marketing approaches, market orientation, marketing capabilities, and social value
creation. The sources were selected based on their direct relevance to the research problem and
their suitability for comparing different national contexts. The study does not include an original
survey, a statistical sample, or an econometric assessment; its conclusions are derived from a
theoretical synthesis of existing scientific evidence. The research employs comparative analysis to
identify similarities and differences between commercial and social enterprise marketing
approaches; logical systematization to distinguish the stages involved in developing competitive
advantages; and conceptual modeling to construct a cause-and-effect framework. The
competitiveness of a social enterprise's products and services is defined as the ability of its offering
to remain preferable to available alternatives for target consumers while simultaneously ensuring
economic viability and adherence to its stated social mission. This definition represents the
authors' own analytical interpretation and is applied throughout the subsequent discussion.

Theoretical Approaches to Marketing in Social Enterprises

For a conventional commercial organization, market orientation involves systematically
studying consumer needs, assessing competitors, and coordinating activities across organizational
departments. A social enterprise operates within a more complex system of relationships.
Customers, beneficiaries of social assistance, partners, donors, and government institutions may
have different perceptions of organizational effectiveness. For example, a customer may expect
convenience and service quality, while a social partner may evaluate the accessibility of that
service to a vulnerable population group. A marketing strategy must reconcile these expectations
without reducing the social mission to a merely declarative advertising message.

L. da Silva Nascimento et al. propose distinguishing among commercial, social, and societal
approaches to strategic marketing in social enterprises [3]. The commercial approach focuses on
market exchange, customer satisfaction, and market sustainability. The social approach
emphasizes behavioral change and solutions to specific social problems. The societal approach
extends the analysis to the broader implications of enterprise activities for communities and
societal institutions. These approaches should not be regarded as mutually exclusive; their relative
importance depends on the nature of the social problem, the target groups, and the enterprise's
revenue model. In a study based on data from 164 social enterprises in the United Kingdom, C. R.
Bhattarai, C. C. Y. Kwong, and M. Tasavori identify a positive relationship between market
orientation and both economic and social performance [4]. However, the capability to significantly
reshape market rules was primarily associated with economic performance. This finding has
important methodological implications: innovation and increased market share do not
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automatically lead to improved social performance. Therefore, the assessment of competitive
advantages should examine economic and social outcomes separately.

Marketing Strategies as a Source of Competitive Advantages

The first strategic direction involves market segmentation and target audience selection. For a
social enterprise, it is advisable to distinguish between at least two groups: customers who pay for
a product or service and direct beneficiaries of the social impact generated. In some cases, these
groups overlap, for example, when affordable educational services are provided to a specific target
audience. In other cases, customers purchase products, while social outcomes are achieved
through the employment of workers or the allocation of part of the revenue to addressing a social
problem. Failure to distinguish between these groups leads to unclear positioning and ineffective
marketing communications. The second strategic direction concerns product strategy and quality
management. The competitiveness of a social enterprise's products does not arise merely from
their production by a socially oriented organization but rather from a combination of consumer-
oriented characteristics, consistent quality, and a well-substantiated additional value proposition.
For physical products, this involves monitoring product specifications and packaging, providing
clear information about composition and intended use, and responding to customer feedback. For
services, essential factors include convenient booking procedures, accessible service locations,
timely service delivery, and the professional competence of employees. Expanding the product
range is justified only when it responds to verified market demand rather than an intention to
produce as many product varieties as possible.

The third strategic direction involves pricing strategy. Social enterprises must consider
production costs and the need for financial sustainability alongside consumers' purchasing power.
A universal price reduction may stimulate short-term demand but simultaneously deprive an
organization of the resources necessary to fulfill its social mission. More appropriate approaches
include differentiated pricing, combining commercial and subsidized offerings, establishing long-
term contracts, and transparently communicating the cost structure. However, preferential
pricing arrangements require adequate financial support: without calculating cost coverage and
identifying sources of compensation, affordability becomes unsustainable.

The fourth strategic direction is a communication strategy based on credibility. A social
mission can potentially strengthen consumer trust, but excessively emotional advertising
unsupported by verifiable results creates reputational risks. Therefore, marketing
communications should provide clear product information and carefully formulated, verifiable
claims regarding social benefits. Instead of making abstract promises to "change lives," enterprises
should communicate specific information, including whom the service is intended for, how
accessibility is ensured, and which product characteristics have been verified. Customer
recommendations and partnership success stories can also be useful, provided that confidentiality
is maintained and participants give their voluntary consent.

International Experience: A Comparative Analysis of Research Findings

The experience of the United Kingdom and Japan examined by G. Liu, T.-Y. Eng, and S. Takeda
demonstrates that marketing capabilities should be developed selectively [2]. Some organizations
primarily require systematic needs assessment, while others need to improve their distribution
channels or sales management. A standardized set of marketing activities applied uniformly to all
social enterprises fails to account for differences in revenue models, target audiences, and stages
of organizational development. This leads to an important practical implication: before investing
in advertising and promotion, social enterprises should identify and assess the main constraints
affecting their competitiveness.
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A study of Mexican social enterprises conducted by J. Cavazos-Arroyo and R. Puente-Diaz,
based on responses from 118 managers, identified a relationship between marketing capabilities,
social innovation, and social value creation [5]. However, within the model examined, the authors
did not find evidence supporting a direct positive relationship between social innovation and
economic value. Consequently, it would be incorrect to assume that every socially oriented
innovation necessarily increases revenue. Marketing decisions should therefore be evaluated in
terms of both their social benefits and their capacity to generate demand and sustain
organizational operations [6].

Proposed Conceptual Model for Assessing the Impact of Marketing Strategies on
Competitiveness

Based on the theoretical approaches reviewed, the study proposes an original sequential
conceptual model: Assessment of consumer needs and competitors - Development of a
differentiated value proposition = Alignment of product, pricing, communication, and distribution
policies = Enhancement of perceived value and consumer trust = Strengthening of competitive
positions = Evaluation of economic and social outcomes. This model represents an analytical
hypothesis and should not be interpreted as an empirically established causal relationship.

For practical assessment, four groups of indicators are proposed. The market-related group
includes repeat purchases, customer retention, the proportion of successfully fulfilled orders, and
changes in revenue by product category. The product-related group reflects satisfaction with
quality, the frequency of customer complaints, service accessibility, and the extent to which the
offering meets the needs of the selected market segment. The marketing-related group covers
customer acquisition costs, channel effectiveness, inquiry-to-customer conversion rates, and
brand awareness, provided that appropriate measurement methods are available. The social
performance group characterizes the coverage of target populations, product accessibility for
their members, and verified changes associated with the organization's social mission.

Opportunities for Application in Kazakhstan

The introduction of regular marketing audits appears to be a promising approach. At the first
stage, an enterprise can identify its main customer groups and social beneficiaries. At the second
stage, it can compare its offering with available market alternatives in terms of accessibility,
quality, and price. At the third stage, it can select two or three priority areas for improvement. At
the fourth stage, it can assess changes using predetermined indicators. This approach does not
require extensive research infrastructure and contributes to greater transparency in marketing
decision-making.

Furthermore, future research in Kazakhstan requires empirical data. A promising direction
would be to compare social enterprises according to industry, region, years of operation, and
revenue model, while measuring the presence of marketing planning, the structure of marketing
channels, repeat sales, and social performance indicators. The proposed model could be tested
through interviews, surveys, and longitudinal analysis of economic data. Only after such empirical
validation will it be possible to draw well-founded conclusions about which combinations of
marketing tools generate sustainable competitive advantages under Kazakhstan's specific
conditions.

Discussion of Results

The analysis provides a clearer understanding of the role of marketing within the management
system of a social enterprise. Marketing should not be regarded as a peripheral function
concerned exclusively with advertising. Rather, through the identification of consumer needs and
the development of value propositions, marketing decisions influence product characteristics,
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service delivery, revenue structures, and the sustainability of social outcomes. This interpretation
is consistent with research findings emphasizing the need for selective development of marketing
capabilities [2] and the relationship between market orientation and the dual economic and social
performance of social enterprises [4].

Conclusion

Marketing strategies represent one of the key mechanisms for enhancing the competitiveness
of products and services offered by social enterprises. Their significance lies in their ability to
identify the actual needs of target audiences, improve the quality of value propositions,
strengthen consumer trust, and establish an economic foundation for sustaining the social
mission. However, the status of a social enterprise does not in itself guarantee a competitive
advantage. Sustainable market demand is primarily generated through a combination of reliable
products, well-justified pricing, convenient accessibility, and effective marketing communications.

The analysis of international research has demonstrated that there is no universally applicable
combination of marketing capabilities. Market orientation may be positively associated with both
economic and social outcomes; however, individual innovations and communication strategies
may produce varying effects. Therefore, the selection of marketing strategies should be selective
and tailored to the specific constraints of an enterprise, its target market segments, and its model
of social value creation.

The proposed conceptual model integrates needs assessment, the coordination of marketing
instruments, the development of perceived value, and the evaluation of dual economic and social
performance. For social enterprises in Kazakhstan, promising strategic directions include regular
market demand analysis, quality improvement, the development of partnership-based
distribution channels, and the use of verifiable social performance indicators. Future research
should focus on empirically assessing the impact of individual marketing instruments on
competitiveness, taking into account industry-specific and regional differences.
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FINTECH-ENABLED FINANCIAL LEASING IN
AZERBAIJAN: DIGITAL CREDIT ASSESSMENT,
RISK MANAGEMENT AND REGULATORY
REFORM

Nicat Nazim Allahverdiyev
Baku Business University, Baku, Azerbaijan

Abstract. Financial leasing can give Azerbaijani enterprises access to productive assets without
requiring the full acquisition price at the outset. Digital identification, transactional information
and automated payment monitoring may improve this instrument, but they do not eliminate
borrower, asset or operational risks. This article evaluates fintech-enabled leasing through the
existing legal framework, official credit statistics and evidence on alternative-data underwriting.
Attention is given to the financial leasing law adopted in 2026, whose provisions were not yet
effective in October 2026.

Keywords: financial leasing; fintech, Azerbaijan; asset finance; digital underwriting; credit risk;
regulation.

AZORBAYCANDA FINTEKS 9SASLI MALIYY® LiziNQi: ROQOMSAL KREDIT QiYMSTLONDIRILM3SI,
RISKLSRIN IDARS EDILMaSi V& HUQUQI iISLAHATLAR

Xilasa. Maliyya lizingi Azarbaycan miassisalarina aktivin tam alis dayarini avvalcadan édamadan
istehsal vasitalarindan istifada imkani yaradir. Ragamsal identifikasiya, amaliyyat malumatlari va
avtomatlasdiriimis 6danis nazarati bu alatin tatbigini asanlasdira bilar. Bununla bels, borcalan,
aktiv va amaliyyat risklari galir. Maqgalada finteks asasl lizingin hiqugi va igtisadi xtsusiyyatlari
rasmi kredit statistikasi va ragamsal giymatlendirma tacribasi ila alagalandirilir. 2026-ciilds gabul
olunmus, lakin oktyabr ayina gadar qlvvaya minmamis yeni ganunun tatbig perspektiviari da
giymatlandirilir.

Acar sézlar: maliyya lizingi; fintex; Azarbaycan, aktivlarin maliyyalasdiriimasi; ragamsal
giymatlandirma; kredit riski; tanzimlama.

®UHAHCOBbBIN N3UHT HA OCHOBE ®UHTEX-TEXHONOMMIA B ASEPBANAMKAHE: LINDOPOBAA
OUEHKA KPEOUTOCMOCOBHOCTW, YNPABNEHWUE PUCKAMU U NMPABOBAA PEGOPMA
AHHOTauMA. PUHAHCOBBLIN NM3MHT MO3BONAET npeanpuaTMam AsepbaitgkaHa MCNONb30BaTb
NPOW3BOACTBEHHbIE aKTUBbI 6e3 eAMHOBPEMEHHOM ONAATbl NOJIHOM CTOMMOCTH MX NpUOBpeTeEHMA.
Lindposan naeHTMdMKaLMA, AaHHbIE O TPAH3aKUMAX M aBTOMATU3MPOBAHHbIA KOHTPOb NAaTEXeN
CNOCOOHbI NOBbLICUTbL YAODCTBO 3TOMO WMHCTPYMEHTA, OAHAKO He YCTPaHAT KpeauTHble,
MMYLLECTBEHHbIE M OMEpPaLMOHHbIE PUCKU. PaccmaTpmBatoTCA 3KOHOMMUYECKME OCOHEHHOCTU
dUHTEX-NM3MHIA, AeACTBOBaBLUEE 3aKOHOAATENBCTBO M NPAKTUYECKME BO3MOXKHOCTM LMbPOBOW
OUEeHKM 3aemuwmros. OTaesibHOe BHMMaHMe yaeneHO npuHATOMy B 2026 roay 3akoHy O
d1HaHCOBOM apeHAe, OCHOBHbIE MONIOXKEHNA KOTOPOTO B OKTADpPE eLle He BCTYNUAM B CUAY.
Knroyessbie cnosa: puHaHcosbil Au3uHe, puHmex; AzepbaliOnaH, (hUHAHCUPOBAHUE AKMUBOS;
Yugpposoli CKopuHa; KpeOumHbIl pUCK, pe2ysnuposaHue.
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INTRODUCTION

A small firm can operate profitably and still be unable to purchase the equipment required for
a new contract. The difficulty often concerns the timing of financing rather than the commercial
usefulness of the asset. Financial leasing addresses this mismatch by allowing the business to use
an asset while paying for it over an agreed period. In Azerbaijan, the instrument is relevant to
enterprises that rely on vehicles, manufacturing machinery, agricultural equipment and other
identifiable fixed assets. Its development also raises questions about ownership, contract
enforcement, risk allocation and the cost of capital. Digital finance can simplify these processes,
but its value depends on how the technology changes the quality and expense of the underlying
transaction, rather than on the digital character of the application itself.

Fintech-enabled leasing combines a traditional contractual structure with digital elements
such as remote identity verification, electronic document processing, access to credit information
and automated collection. In a well-designed process, the client may submit an application
remotely, the provider can check the proposed asset and supplier, and installments can be
adjusted to the expected operating cash flow. The economic substance remains asset finance. A
digital portal does not transform leasing into an unsecured consumer loan, and a payment
application does not establish that the applicant can service an obligation. The contractual relation
among lessor, lessee and supplier continues to determine responsibilities when equipment is
defective, payments are late or the asset loses value.

Azerbaijan’s changing legal environment gives these issues immediate importance. The Law
on Financial Leasing (No. 412-VIIQ of 26 May 2026) was published on 25 June 2026 and was
scheduled to take effect six months after publication, on 25 December 2026. Consequently, as of
October 2026 it is not correct to describe all of the new registration and supervision requirements
as provisions already in force [2, Arts. 15, 24—25]. Distinguishing adopted rules from effective rules
is essential for interpreting the actual obligations of a leasing business, particularly where a digital
provider is planning new products during the transition period.

The assessment draws on Azerbaijan’s Civil Code, the new legislation and Central Bank financial
statistics, together with publicly available research on digital credit evaluation. It does not present
internal transaction records, client-level defaults or financial statements for a named private
leasing company, because such firm-specific evidence has not been made available. Instead, it
examines the operational decisions and risks that can be supported by the verified sources. The
result is a case-oriented assessment of fintech leasing as a financing model in Azerbaijan, rather
than an invented performance study of a particular company.

MAIN PART

The legal identity of a leasing transaction is a useful starting point. Under Chapter 38 of
Azerbaijan’s Civil Code, as reflected in the Central Bank’s published English version, a lessor is
obliged to make specified property available for use in exchange for payments and under agreed
contractual conditions. The provisions distinguish the lessor, lessee and seller or supplier, and
address the acquisition and use of the object [1, pp. 226—228]. That tripartite structure differs
from the disbursement of a general-purpose loan. The lessor’s exposure includes not only the
client’s willingness and ability to pay but also the cost, authenticity, condition and recoverability
of a physical asset. A digital customer interface can improve the administration of these duties,
yet it cannot replace their substance.

The 2026 Law on Financial Leasing develops a more explicit framework for the sector. Its
definition of a financial lease includes arrangements where an asset may transfer to the lessee at
the end of the term, where the lease term exceeds 75% of the asset’s useful life, where residual
value falls below 20% of initial market value, or where cumulative payments meet at least 90% of
the initial market value [2, Art. 1.1.3]. These are alternative statutory criteria within the adopted
law; they are not evidence that all contracts in the existing market followed the same structure.
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For an enterprise, the classification matters because an agreement described commercially as a
lease may have distinct tax, accounting and ownership consequences, depending on its
contractual terms and the legislation then in force.

Effective implementation will also change the position of leasing providers. Article 15 of the
2026 law provides for Central Bank oversight, an official register for eligible lessors, risk
management requirements and the submission of relevant information to credit reporting
systems. The act specifies a nine-month transition period after its commencement for existing
leasing businesses to align their operations with the new framework [2, Arts. 15, 24-25]. These
requirements were prospective in October 2026. It would therefore be inaccurate to evaluate a
provider’s 2025 performance against a registration obligation that had not yet entered into force.
The important policy issue is whether the new supervisory arrangements can improve information
quality and contractual reliability without creating disproportionate administrative costs for
smaller providers.

Leasing differs from a conventional business loan most visibly in the connection between the
financing agreement and the asset. A bank may take collateral over property owned by the
borrower, while a leasing provider acquires or controls the financed item under the lease
structure. Asset ownership can reduce some recovery obstacles, but it does not remove the
economic costs of repossession, repair, storage and resale. A specialized machine may have a high
acquisition price and little secondary-market demand. A vehicle can be easy to identify but subject
to high usage, maintenance and accident risks. The appropriate down payment, term and residual
value depend on these characteristics, as well as on the borrower’s capacity to generate revenue
from the asset.

Table 1. Functional differences between business lending and fintech-enabled leasing

Financing dimension Conventional business loan Fintech-enabled financial lease
) General or asset-specific | Financing the use of an identified
Primary purpose ) . .
business borrowing productive asset
" . Borrower, income and collateral | Borrower, supplier, asset
Initial verification ) ) " .
information condition and title

Lease payments linked to asset
and cash flow
Borrower default and collateral | Default plus asset repossession

Payment design Installments under loan contract

Main recovery concern

enforcement and resale value
. L Application, scorin and | Same functions lus asset
Digital contribution PP . 8 . p .
payment processing verification and monitoring

Source: Analytical comparison based on Azerbaijan’s Civil Code (Chapter 38), the 2026 Law on
Financial Leasing and CGAP (2024). This is not a survey or a measured performance table.

The comparison demonstrates that the economic evaluation of leasing cannot be confined to
a nominal annual financing rate. The relevant measure includes the down payment, all periodic
installments, fees, insurance, taxes where applicable, maintenance responsibilities and any final
transfer price. It should also reflect the timing of those payments. If a business receives most of
its income after harvest, fixed monthly installments may create avoidable liquidity pressure even
if the asset is profitable over the full year. Conversely, weekly installments may be suitable for a
frequently used commercial vehicle with steady verified receipts. Payment scheduling should
therefore be linked to the enterprise’s cash conversion cycle, not chosen primarily for convenience
of automated collection.

The capacity of digital assessment is often explained through the difference between a credit
record and a transaction record. A credit report describes past borrowing behavior, including
repayments and arrears. Transaction records can provide evidence of current commercial activity,
such as incoming customer payments, supplier charges, invoice settlement and operating costs.
When appropriately validated, the combination may help a lender understand a firm whose formal
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credit history is limited. Nevertheless, recorded sales are not identical to free cash flow. Rent, fuel,
employee pay, taxes and irregular purchases must be considered before deciding what installment
is affordable. A data-driven score that predicts whether an applicant has frequent receipts but
ignores their costs can overestimate repayment capacity.

International evidence supports the value of careful data combination while also showing why
local validation is necessary. A CGAP study of two Indian fintech providers, Fundfina and
Karmalife, found that transactional information offered meaningful predictive value and that
combining it with credit history improved model performance in the examined borrower groups
[5, pp. 1-3]. The study covers retail microenterprises and platform workers in India, not financial
leasing clients in Azerbaijan. The application to leasing is therefore conceptual: verified business
transactions could help estimate the capacity to service an asset-finance contract, but predictive
accuracy would need to be measured against actual local lease arrears, recoveries and losses.

Research on fintech lending provides an additional warning against assuming that technology
eliminates information risk. Using loans originated through two United States fintech platforms
before the pandemic, Cornelli, Frost, Gambacorta and Jagtiani found that platform assessments
could identify creditworthiness more effectively than conventional scoring measures in the
observed populations [6, pp. 1-5]. These results are not a performance estimate for Azerbaijan.
Leasing introduces a second source of information not present in a general-purpose small-
business loan: the market value and operational usefulness of the financed asset. A robust decision
should therefore combine borrower cash-flow assessment with supplier due diligence, asset
valuation, verification of title and a practical recovery scenario.

The current financial structure of Azerbaijan gives context to the potential scale of digital
leasing. By end-2025, banks held a loan portfolio of roughly AZN 30.1 billion, of which 53.6%
consisted of business loans. Non-bank credit institutions had a reported loan portfolio of about
AZN 1.05 billion within the Central Bank’s specified analytical perimeter; business loans accounted
for approximately AZN 265.6 million [3, pp. 13-14, 47-48]. These are not statistics on leasing
contracts, and no national digital-leasing market share can be derived from them. They show that
lending to businesses is established in the financial system, while specialized asset-based providers
would need to develop their own funding, underwriting and reporting capacity.

Portfolio quality is central to that development. In 2025, the Central Bank reported a 10.4%
non-performing-loan ratio for non-bank credit institutions and 6.1% for their business-credit
segment [3, p. 48]. These figures refer to institutions and loans covered by that report, not to the
leasing sector as a separate portfolio. Nevertheless, they establish why a new provider should
monitor arrears by contract vintage, asset type and customer segment rather than rely on
disbursement growth alone. A lease with temporarily delayed payment and a recoverable asset
differs from one where the underlying business has ceased operations and the equipment has
little resale value. A meaningful risk review combines borrower delinquency with expected loss
after possible asset recovery.

Digital processing introduces operational risks of its own. Identity fraud may arise when an
applicant presents false documents or obtains finance for an asset controlled by another person.
Supplier fraud may involve inflated purchase prices, fabricated delivery or duplicate invoicing. Data
errors can lead to incorrect credit decisions; automated messages or payment transfers may fail
during system outages. A leasing platform therefore requires independent confirmation of the
supplier and asset, secure storage of agreements, separation of approval authority and regular
reconciliation between supplier payment, asset delivery and the lease ledger. These controls are
not incidental administrative overhead. They preserve the integrity of the asset and the contract
that constitute the lessor’s economic protection.

Personal data protection is equally important when digital underwriting uses account,
payment or platform information. The fact that a record is technically obtainable does not imply
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that its use is appropriate for every credit decision. The provider should obtain the necessary
lawful authorization, limit collection to relevant purposes, retain a verifiable audit trail and make
it possible for an applicant to contest an incorrect record. An opaque approval system can be fast
while remaining difficult to correct. Where a scoring model is used, regular monitoring should
examine changes in input quality, rejection patterns and performance after approval. This is
particularly important when the model was developed under economic conditions different from
those faced by new borrowers.

Azerbaijan’s credit-information system offers a potential basis for more consistent
assessment. The Azerbaijan Credit Bureau’s Findoc portal allows individuals and entrepreneurs to
access credit histories and scoring reports and to dispute inaccurate information. The bureau also
reports collecting information from a range of entities that includes leasing companies [10, official
announcement of 16 January 2025]. These features can support a leasing process in which
applicants understand the information used in assessments and providers maintain reliable
reporting. The service is an institutional facility, however, not an indication that a particular leasing
company has integrated all of its data with the bureau. The actual coverage and performance of
an individual provider would require separate verification.

The wider fintech ecosystem is relevant primarily as enabling infrastructure. A 2024 report by
the Centre for Analysis and Communication of Economic Reforms, based on AzFina’s 2023 data,
classified 26% of reported fintech segments as online payments, 22% as payment aggregation,
20% as electronic wallets and 11% as e-commerce [7, p. 8]. Such infrastructure can facilitate
scheduled lease installments, digital receipts and merchant transaction histories. The classification
does not measure leasing penetration, customer defaults or the proportion of SMEs using asset-
based finance. It would be a mistake to treat the share of payment providers as the share of the
credit market financed by digital leasing. Payment activity supports the financing process but is
not a substitute for evidence of a suitable contract and a financed asset.

Tax treatment can materially affect the competitiveness of leasing. In January 2024,
Azerbaijan’s Ministry of Economy explained amendments intended to address unequal VAT
recovery opportunities between eligible leasing transactions and asset acquisitions financed by
conventional bank loans [7, official announcement of 10 January 2024]. The change sought to align
tax treatment under specified conditions rather than grant an unconditional tax advantage to
leasing. The appropriate calculation is therefore transaction-specific. A business should consider
the treatment of input VAT, the value of the financed asset, the lease payment structure and its
own tax status. A digital platform that compares products without addressing these factors can
present a misleading estimate of the true economic cost.

Financing risk also arises on the liabilities side of a leasing company. Even a carefully selected
portfolio can become expensive if the lessor raises short-term funding while contracts require
payments over several years. Currency mismatch is another concern if equipment is purchased in
foreign currency but the lessee’s revenue and installments are in manat. The Central Bank’s July
2025 announcement of a hedging instrument for eligible external borrowing of banks and non-
bank credit institutions identified credit and leasing to productive target groups as intended uses
of the support framework [8, official announcement of 22 July 2025]. The existence of this
instrument does not demonstrate that a privately operated fintech lessor is eligible or has used it.
Actual access depends on the institution’s legal form and applicable terms.

Practical monitoring should reflect the full life of a lease. Application and approval data reveal
who entered the process, but not whether the asset improved the client’s business. Contract-level
records should show financed asset type, acquisition price, down payment, term, payment
frequency, contractual fees, arrears, restructurings, repossessions and realized resale values. On
the customer side, it is useful to examine whether the equipment was delivered, remains
operational and generated the expected additional cash flow. Privacy-preserving aggregation can
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then show repayment performance by sector and asset category. Without such information,
optimistic statements about innovation and inclusion cannot be tested against financing
outcomes.

The World Bank’s B-READY 2025 assessment gave Azerbaijan a Financial Services score of 87
out of 100, with particularly high scores for the formal regulatory framework and public service
infrastructure [4, pp. 1, 26—29]. This provides a relevant institutional backdrop for digital contract
processing and access to credit information. It does not amount to a certification of any individual
fintech leasing business. A balanced assessment therefore distinguishes established enabling
conditions from the operational performance of lenders. Measurable improvement would involve
lower application costs, clearer contract terms, a greater share of financed productive assets and
acceptable credit-loss outcomes, rather than growth in app downloads or advertising visibility
alone.

Regulatory reform presents a practical opportunity to standardize minimum expectations
before the market becomes more complex. Upon entry into force, the 2026 leasing law’s register,
disclosure, risk-management and reporting provisions may improve comparability among
providers. But the value of supervision will depend on proportional implementation.
Requirements that are clear and consistently enforced can strengthen investors’ confidence in
leasing receivables, while unnecessary duplication can increase costs for smaller providers. Digital
submission and standard document formats could reduce this tension. Both providers and
borrowers would benefit from predictable processes for contract termination, dispute resolution
and asset return.

Afinancing arrangement should ultimately be judged by the relationship between the financed
asset and the borrower’s activity. If a vehicle, machine or agricultural implement supports
repeatable revenue and payments are structured around that revenue, leasing may improve
investment capacity. If operating conditions, maintenance costs or market demand make the cash
flow unstable, easier digital approval may increase exposure instead. Financial leasing and fintech
should therefore be evaluated as mutually supporting instruments only where underwriting,
contract design and asset management remain disciplined. The claim of greater financial inclusion
becomes meaningful when more viable businesses can obtain appropriate productive assets and
continue meeting their obligations.

CONCLUSION

Fintech-enabled leasing can widen productive asset financing in Azerbaijan by combining an
established financial-leasing structure with faster document processing, improved transaction
information and more consistent payment monitoring. Its economic advantage does not arise
from digitalization alone. The asset’s usefulness, the borrower’s repayment capacity, total
contract price, funding structure and enforceability of rights determine whether the arrangement
is commercially sustainable.

The legal context is undergoing an important transition. Azerbaijan’s 2026 financial leasing law
establishes a more explicit system of provider registration, oversight and credit-information
reporting, but these requirements were not yet in force in October 2026. Evaluation of existing
contracts should therefore distinguish the rules applicable at the relevant date from obligations
planned for implementation. The changes create opportunities for better transparency, although
their effects on financing volumes and default rates cannot yet be inferred.

Further empirical analysis requires auditable firm-level evidence on approval decisions,
contract pricing, arrears, recoveries and the productivity of leased assets. In the absence of such
records, regulatory and institutional analysis can identify necessary safeguards and plausible
benefits, but it cannot establish the performance of a particular private fintech leasing company.
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A credible assessment of the sector should connect digital accessibility with asset quality, financial
resilience and the measurable outcomes of financed businesses.
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Pedagogical Sciences

YK
MPHTW: 77.29.23
DO

METOLMKN TPEHNPOBOR /1A
HAYMHAKOLWNX N CEKPETbBI YCTTEXA
A3VIATCKOM LLKO/Tbl HACTO/TbHOTO
TEHHWCA

dxymaranves A.X.

Crapwmni npenogaBaTtenb, 3anagHo-KaszaxcTaHCKUM yHuBepcuTeT uMeHn MaxambeTa
YTemuncoBa, YpanbCk, KaszaxcrtaH

basapTtaes T.A.

MNpenoaaBaTenb, MarnucTp, 3anaaHo-KasaxcTaHCKMi yHMBepcuTeT MmeHn MaxambeTa
YTemuncoBa, Ypanbck, KazaxcTtaH

AHHOTaUMA. HacToNbHbLIA TEHHUC ABAAETCA OAHMM M3 Hambonee AMHAMWMYHBIX W
TEXHUYECKM CNOXKHbIX BUAOB CNopTa. B nocneaHve aecatunetTma AOMUHUPYIOLLEE NONOKEHWE B
MMUPOBOM HAaCTO/IbHOM TEHHMCE 3aHMMAET a3MaTCKas LWKOIa NOArOTOBKM CMOPTCMEHOB, 0COHEHHO
npeactasuteny Kutas, KOxkHoi Kopewn n AnoHunn. Ux ycnex obycnosneH adpdOeKTUBHOM CUCTEMOW
NOATOTOBKM, BbLICOKOM MHTEHCMBHOCTbIO TPEHWPOBOYHOTO Mpouecca M 0coboi MeToaMKoWn
PA3BUTUA TEXHUYECKMUX N GU3MYECKMX KAaYeCTB UTPOKOB.

B 4aHHOWM cTaTbe PacCMaTPMBAOTCA OCHOBHbIE METOAMKM TPEHMPOBOK A8 HAYMHAIOLLMX
CNOPTCMEHOB, a TaKKe aHanM3MPYyloTCcA KatoyeBble (GaKToOpbl ycnexa as3naTCKoOM LWKOAbI
HacToNbHOro TeHHuca. Ocoboe BHMMaHWe yAeNnaeTcs PasBUTMIO BbIHOCAMBOCTM, KOOPAMHALMM
[BWXKEHMI, CKOPOCTM  pPeakuMm W MNCUXONOTMYECKOM  YCTOMYMBOCTM. PaccmaTtpuBatoTcs
CoBpeMeHHble MoAXOAbl K OpraHM3auum TPEHMPOBOYHOrO MpPOLIecca, a TaKXKe MeToamyeckue
peKomMeHAaumMmM 419 CNOPTCMEHOB M TPEHEPOB.

Pe3ynbTaTbl MCCNeAOBaHMA MOKA3bIBAOT, YTO COYETaHWe TEeXHUMYECKOM MOATrOTOBKM,
BbICOKOM TPEHMPOBOYHOM AMCUMMNAMHBI M HAy4HOro MNOAXOAa K TPEeHMpPOBKamM M03BOAAET
3HAYUTENIBHO NOBLICUTL 3GDEKTUBHOCTL NMOATOTOBKM HaYMHAIOLWMX UTPOKOB.

KntoyeBble CNOBa: HACTONbHbIA TEHHWC, TPEHWPOBOYHbIMA MPOLECC, a3MaTcKaa LWKoNa,
BbIHOC/IMBOCTb, TEXHMKA UIPbl, CNOPTUBHAA NOArOTOBKA, KOOPAMHALMSA.

BsedeHue

HacTonbHbIM TEHHUC ABAAETCA OAHUM M3 CaMblX NOMNYASPHbLIX BUAOB cnopTa B mupe. OH
TpebyeT BbICOKOM CKOPOCTM peaKkumm, TOYHOCTU ABUKEHWNM, TAKTUYECKOTO MbILLIJIEHWUS U Pa3BUTON
dn3nyecKkoi BbIHOCAMBOCTU. HECMOTPA Ha CpaBHUTENbHO HEBONbLLIME Pa3MepPbl UTPOBOrO CTONA,
OMHAMUKa UrPpbl Ype3BbIUYaMHO BbICOKA, @ CKOPOCTb NoJIeTa MAYa MOXeT npesblwatb 100 Km/u.

B coBpeMeHHOM HaCTOJIbHOM TEHHMCE 0COH0Ee BHMMAaHWE yaenaeTca HaydHOMY MOoAX0Aay K
NOAroTOBKE CMOPTCMEHOB. TPEHMPOBOYHbLIM MPOLLECC BKAKOYAET pPa3BUTME TEXHUYECKMX,
TAKTUYECKMX, PU3MYECKMX U MCUXONOTUYECKMX KaYecTB UIPOKOB. BarkHbiM paKkTopom sBaseTca
TaKXKe CUCTEMHOCTb TPEHMPOBOK M NOCTENEHHOE YBE/IMYEHME HArPY3KM.
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Ha npoTaxeHnn nocneaHNX AeCATUNETUN AMANPYIOLLME NO3ULMKM B MUPOBOM HACTO/IbHOM
TEHHWCE 3aHUMAIOT NPEeACTaBUTENN a3MATCKMX CTPaH. OCODEHHO BblAENAETCA KMTAaMCKadA WKoaa
HACTO/IbHOrO TEHHWCA, KOTOPaA AEMOHCTPUPYET BblAAKOWMECA Pe3yabTaTbl HA MEXAYHAPOAHbIX
COpeBHOBAHMAX M OAMMOMMCKMX Wrpax. ITO OOBACHAETCA He TONbKO BbICOKMM YPOBHEM
MacTepCcTBa CMOPTCMEHOB, HO M YHUKA/IbHOW CUCTEMOM NOATOTOBKM.

A3naTcKaA LWKOMAA HACTONbHOrO TEHHWCA OCHOBAHAa Ha PaHHEM Hayane TPEeHWMPOBOK,
BbICOKOM MHTEHCUBHOCTM 3aHATWUNA, CTPOrON AUCUMNAMHE W AEeTa/bHON OTPaboTKe TEXHMYECKMX
anemeHToB. CnOpTCMEHbI yaenatoT 601blloe BHUMaHME Pa3BUTUIO CKOPOCTM, TOYHOCTN YAApPOB,
KOHTPOO MAYA M TaKTUYECKOMY MbILUAEHMIO.

Llenbto AaHHOM CTaTbW ABNAETCA aHAIM3 METOANK TPEHMPOBOK ANA HAYMHAKOLLMX UTPOKOB
1 n3ydeHne hakTopos, obecneymBatoLLmMxX ycrnex a3anaTcKoM LWKOIbl HACTO/IbHOMO TEHHMCA.

3a4a4yn uccaenoBaHmA:

®  13Y4YUTb OCOOEHHOCTM TPEHMPOBOYHOIO NPOLECCA HAYMHAIOLLMX CNOPTCMEHOB;

® PAcCMOTPEeTb MeTO/bl Pa3BUTUA GU3MYECKON BbIHOCAMBOCTU M KOOPANHALMM;

® pOaHaAM3nMpPOBaTb OCHOBHbIE MPUHLMMbI MOATOTOBKM CMNOPTCMEHOB B a3MaTCKOM

LLKONEe HAaCTONbHOIO TEHHMCA.
dusu4eckas N0020MOBKA U pa3sumue cheyuasibHbIX KaYecma cnopmcmeHos
®dunsnyeckan NoAroToBKa B HACTO/IbHOM TEHHMCE MMeET cneunduryeckyto HanpaBAeHHOCTb

M CYWECTBEHHO OTAMYAETCA OT NOArOTOBKM B APYrMX MIPOBbIX BMAAX CnopTa. ITO CBA3aHO C
0COBEHHOCTAMM UTPOBOM AEATENbHOCTM, KOTOPAs XapaKTepu3yeTcA BbICOKOM CKOPOCTbIO 0bMeHa
yAapamu, pe3kMMn nepemeLLeHNAMN U HeobXO0AMMOCTbIO MIHOBEHHO pearnpoBaTb Ha AeNCTBUA
ConepHuKa.

OAHMM M3 KNtoYEBbLIX GU3NUECKMX KaYeCTB ABNAETCA CKOPOCTb peaKkLmm. B npouecce nrpbl
CNOPTCMEH [O/IKEH MIHOBEHHO OUEHMBATb TPAEKTOPMIO NOJeTa MAYa, ero BpalleHue u
HanpasaeHue. Bpema Ha NPUHATME peLleHna YacTo COCTaBAAET MeHee OAHOWN CeKyHAbl. [ToaTomy
TPEHWPOBKM BKIKOYAIOT CneumanbHble yNpaxKHEHWA, HanpaB/ieHHble Ha pa3BUTME 3PUTENbHO-
MOTOPHOM peakumm 1 BbICTPOTbI ABMKEHUNA.

[nA pa3BMTUA CKOPOCTM PEaKLLMM MCMONb3YIOTCA CAeaytolwme ynpaKHEHNA:

* TPEHWPOBKA C HEOXKMAAHHBIMW NOAAYAMMU;

*  YNPaAXXHEHMA C TEHHUCHBIMW U PEAKLIMOHHBIMW MAYAMMK;

*  WUrpoBble 33ZaHNA C OFPAHNYEHHBIM BPEMEHEM Ha BbINONHEHWE YAAPa;
* yMNpaXXHeHMA Ha BbICTPble NepemelLeHNa BOKPYr CTONa.

He meHee BaKHbIM KOMMOHEHTOM MOArOTOBKM ABAAETCA KOOPAMHAUMA LOBUMXKEHWUMN.
HacTonbHbIM TeHHUC TPebyeT BbICOKOW TOYHOCTM paboTbl pyK, HOr M Kopnyca. Bo Bpema urpsbl
CNOPTCMEH BbINONHAET 60/1bLOE KOMMYECTBO TEXHNYECKM CNIOXKHbBIX ABUKEHWNI, KOTOPbIE AOMKHbI
ObITb CUHXPOHM3MPOBAHbI M BbIMONHATLCA C BbICOKOM TOYHOCTbIO.

[Ona pasBuUTMA KOOPAMHALMWM NPUMEHAIOTCA yNpaXKHEeHWA Ha BanaHc, nepemeleHuns ¢
M3MEHEHMEM HanpaBNeHMA ABUKEHMA, @ TAKXKe CnelmanbHble rposble KOMbUHaumm. Hanpumep,
CNOPTCMEH BbIMNONHAET Cceputo  yaapos GoOpxeHAOM W O3KXeHAOM C OAHOBPEMEHHbLIM
nepemelLeHMeM No AMaroHann cTona.

BaKHytO POAb MrpaeT TaKKe pa3BUTME CneumanbHOW BbIHOCAMBOCTM. HecmoTpsa Ha
KOPOTKME pPO3bIrPbIlLM MAYa, Urpa MOMKET MNPOoAO0/IKATLCA ANUTENbHOE BpPemMsa, OCODeHHO B
YCNOBMAX COPEBHOBATE/IbHbIX MaTyel. CNopTCMEH AO0/KEH COXPaHATb BbICOKYHD CKOPOCTb M
TOYHOCTb YAAPOB Ha NPOTAXEHUN BCEWN UTPbI.

[na pa3BUTMA BbIHOCMBOCTU MUCMONb3YIOTCA MHTEPBA/IbHbIE TPEHNPOBKM, MHOrOMAYEBas
noAa4a WM UrpoBble CEPUM C MOBbILIEHHON WMHTEHCMBHOCTBID. TakMe ynparkHeHMA MNO3BONAKT
YAYYWNUTb GYHKLUMOHAbHbIE BO3MOMKHOCTM OpraHM3ma M NOBbICUTb YCTOMYMBOCTb K YTOMIEHMIO.

Ocoboe BHMMaHWe yaenaeTcAa paboTe Hor. IPdeKTUBHOE NepemelleHne No UrPOBOWA
nNoWaZKe NO3BONAET CNOPTCMEHY 3aHMMATb ONTUMA/bHYO NO3ULMIO ANA BbINOAHEHWUA yAapa.
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TPEHNPOBKM BKAKOYAIOT pPa3nnyHble BUAbI NepemelleHnii: BOKoBble WarK, NepeKkpecTHble warwy,
HbICTpble BbINAAb! M BO3BPAT B UCXOAHYHO MO3ULUMIO.

PerynapHaa TpeHMpPOBKA 3STUX 3N1E€MEHTOB 3HAYMTENbHO MNOBbIWAET MOBMABHOCTb
CNOPTCMEHa 1 CNOCODCTBYET YAYULLIEHWIO TEXHUKM UTPbI.

Takmu4yeckaa No020Mo8Ka U aHasu3 Ueposoli desmensHocmu

TaKTnyeckana NoAroToBKa ABNAETCA BaKHOM YaCTbto COBPEMEHHOTO HACTO/IbHOMO TEHHMCA.
BbICOKMIN ypPOBEHb TEXHMYECKOro MACTEpPCTBA [O/KEH COYeTaTbCA C YMEHMEM MpPaBUIbHO
BbIOMPATb TAKTMKY UIPbl B 3aBUCUMOCTM OT AENCTBUIA COMEPHUKA.

TaKTMKa Wrpbl BKAOYaeT BbI6OP ONTUMaNbHbLIX YAAPOB, WM3MEHEeHMe Temna Wrpsbl,
MCNO/Ib30BAaHME PA3/IMYHbLIX BPALLEHMA MAYa W CO34aHWME BbITOAHbLIX WIPOBbIX CUTYaLMN.
CnopTCMeH A0MKEeH YMeTb BbICTPO a4anTMPOBATLCA K CTUIO UIPbl COMEPHMKA U KOPPEKTMPOBATb
CBOO CTPATEruio B NpoLecce matya.

OOHUM M3 KNOYEBbLIX 3/1EMEHTOB TaKTUKM ABASETCA MCMNONAb30BaHME BPaALLEHMA MAYaA.
PasnnyHble BMAbI BpalleHNs — BepxHee, HMKHee n 6oKoBOe — MO3BOAAKT YCAOKHUTL NPUEM
MAYa ANA CONEPHMKA M CO3AaTb MPEMMYLLLECTBO B PO3bITPbILLE.

B npougecce NnoAroToBKM CNOPTCMEHOB HO/bLIOE BHUMaHWE YAENAeTCA aHaAn3y UrpoBbIX
cUTyauun. [ns 3TOro MCNONb3yHTCA BWAE03aNMCKM MaT4yei, KOTopble MO3BOAAKT AEeTa/bHO
M3y4aTb TEXHUKY M TaKTUYECKME PeLlEHNA UTPOKOB. AHaNM3 COBCTBEHHbIX MTP MOMOTaeT BbIABNATb
OWNBKM 1 paspabaTbiBaTb 3PPEKTUBHbIE CTPATETMN UX YCTPAHEHUS.

Tak»Ke BaKHbIM 3/1€EMEHTOM ABNAETCA WM3y4YeHWe CTUAA WUIPbl COMEPHMKOB. AHaNM3Mpya
CUNbHblE N cnabble CTOPOHbI NPOTUBHUKA, CNOPTCMEH MOXKeT BblbpaTb Hanbonee addeKkTUBHYIO
TaKTUKY BEAEHWA UTPbI.

CoBpeMeHHble  TeXHONOMMW  3HAYUTENbHO  PACLIMPAIOT  BO3MOXHOCTWM  aHanaM3a.
Mcnonb3oBaHWe BWAEOAHANM3a, KOMMBLIOTEPHbLIX MNPOrpamm UM CTaTUCTUYECKMX MEeTO0B
nosgonset 6o/iee TOYHO OLEHMBATb SGPEKTUBHOCTb PA3NUYHBIX UTPOBbLIX AEUCTBUIA.

B pe3ynbTaTe CMCTEMATMYECKOW TaKTMYECKOW MOArOTOBKM CMOPTCMEH pasBuMBaeT
CNocobHOCTb  ObICTPO  MPUHMMATL  peleHns U 3GPeKTMBHO [AeNCcTBOBaTb B YC/IOBMAX
copeBHOBaTe/IbHOM HopbOHbI.

SKcnepumeHmassHoe uccnedosaHue 3(heekmusHOCMU MPEHUPOBOYHbLIX MEMOOUK

Ona oueHKM 3OPEKTMBHOCTM PA3NMYHbBIX TPEHMPOBOYHBIX METOAMK OblNo NpoBeAeHO
3KCNepPUMeEHTaNbHOEe NnccnefoBaHme cpean Ha4YMHAKOLWLMX UTPOKOB B HACTONbHbIN TEHHUC.

B nccnepoBaHum npuHAAKM ydactie 20 cnopTcmeHoB B Bo3pacTe 18—20 neT, UMetoLLMX Havya bHbIR
YPOBEHb MOArOTOBKM.

YyacTHMKN Bbln pasaeneHsl Ha Ase rpynnbl no 10 YyenoBek:

e KOHTpOAbHaA rpynna — TPEHMpPOBaNAChb NoO CTaHAAPTHOM METOAMKE, BKIOYAtOLLEN
6a30Bble YNPaXKHEHWA N UTPOBbIE TPEHNPOBKMU.

* DKCMepuMMeHTanbHaa rpynna — TPeHMpoBanacb C MCMNOAb30BaHMEM 3/1E€MEHTOB
a3MaTCKOM  LWKONMbl  MOATOTOBKM,  BK/IOYAA  MHOTOMAYEBbIE  TPEHMPOBKM,
yNpPaKHEHMA Ha CKOPOCTb PeaKkLMn U MHTEHCMBHbIE MHTEPBA/IbHbIE 3aHATUA.

MpoAOMKNTENBHOCTL 3KCNEPUMEHTA COCTaBMaAa 8 HedenNb, NPM 4acToTe TPEHMPOBOK 3
pasa B Hedent. llepen Ha4anoM M MNOC/Ae 3aBepLIeHMA 3KCNepumeHTa Obliv nposeaeHbl
TECTMPOBAHMA NO ceAyoWMM NOKa3aTeNsAM:

* CKOPOCTb peakuuu;

* TOYHOCTb Y/1apOB;

e CTabWIbHOCTb UTPbI;

* ypoBeHb GM3NYECKOW BBIHOCIMBOCTY.

Pe3ynbTaTbl 3KCMEpMMeEHTa MOKa3anu, YTO CMNOPTCMEHbI 3KCMEPUMEHTaNbHOM rpynmnbl
NPOAEMOHCTPUPOBaNM HoNee BblpaXKeHHbI NPOrpecc No BCEM MUCCeyeMbIM NOKA3aTeNAM.
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OcobeHHO 3ameTHOe yAaydlleHwe Habnt[anocb B CKOPOCTU peakumm M TOYHOCTH
BbINO/IHEHWA YAAPOB.

MonyyeHHble pe3yabTaTbl NOATBEPKAAT 3POEKTUBHOCTb MCMOMb30BAHUA SN1EMEHTOB
a3MaTCKOM TPEHMPOBOYHOM CUCTEMBI MPU NOArOTOBKE HAUYMHAKOLLMX CMOPTCMEHOB.

Tabnnua 1 — CpaBHeHMe 3dDEeKTUBHOCTU TPEHMPOBOYHbLIX METO0B
Mcnonb3oBaHMe AOaHHbIX METOAOB B KOMMJIEKCE MO3BOMIAET  3HAYUTENbHO  MOBbLICUTb
3¢ dEeKTUBHOCTb TPEHMPOBOYHOIO NpoLLecca.

MeToa TpeHMPOBKN OcHoBHa#A Uenb PesynbTat

MHoromayesble TPEHUPOBKM Pa3BuUTME CKOPOCTM peakuum u | YBeNMYeHWe CKOPOCTU peakumu
TEXHWKM YOAPOB Ha 25-30%

NHTepBanbHble TPEHNPOBKM PaszButme cneumanscHon | MoBbllieHWe  YCTOMYMBOCTM K
BbIHOC/IMBOCTM Harpyske

YnpasKHeHWe Ha nepemelleHna | YayduweHune paboTsl Hor MoBblleHMe MOBUNBHOCTM

NrpoKa

Nrposble cepun PasButme TaKTMYecKkoro | YaydueHne cTabuabHOCTU UTpbl

MbILLIEHMA

[Mcuxonoauyeckue acnekmel N0020MOBKU CNOPMCMEHO8

Mcmuxonormyeckan yCTOMYMBOCTb ABNAETCA BaKHbIM GAaKTOPOM YCNELWHOro BbICTYMN/EHMA B
HaCTO/IbHOM TeHHWce. Bo Bpema cCOpeBHOBAHMIA CMNOPTCMEH CTAa/IKMBAETCA C BbICOKMM YPOBHEM
SMOLMOHANBHOTO  HanpsXeHua, HeobXOAMMOCTbIO COXPaHATb KOHLUEHTpauuio W BbICTpO
NPUHUMATb peLleHmns.

OLHMM M3 KIHOYEBbIX KayecTB ABNAETCA YMEHWe KOHTPO/IMPOBATb 3MOLMOHANbHOE
COCTOAHME.

M3nuwHee BONHEHME WAW NOTepA YBEPEHHOCTM MOIYT MNPUBECTM K YBEANYEHMIO
KO/IM4eCTBa OLIMOOK U CHUXKEHMIO 3OPEKTUBHOCTM UTpPbI.

[na pasBUTMA MNCUMXONOTMYECKOW YCTOMYMBOCTM WCMONb3YIOTCA Pa3/MYHbleE METOAb
NOAroToBKM. OAHMM M3 HWUX ABNAETCA MOAEAMPOBAHME COPEBHOBATE/IbHbLIX YC/IOBUA BO BpeMA
TPEHMPOBOK. ITO MO3BOMIAET CNOPTCMEHY MPUBbIKHYTb K CTPECCOBLIM CUTYaUMAM W Hay4yMTbCA
COXPaHATb KOHLEHTPaLMIO.

TaKXKe LWMPOKO MPUMEHAITCA MeTOAbl MCUXONIOTMYECKOW CaMOoperynaumm, Takue Kak
AblXaTesbHble YNpPaXKHeHWA, BM3yaan3auma UrpoBbIX AENCTBUIA M KOHULEHTPAUMA BHMMAHMA Ha
BbINONHEHWNMN TEXHUYECKMX 3/1EMEHTOB.

BakHbIM daKTOpOM ABAAETCA TaKKe MOTMBAUMA CNOPTCMEHA. BbICOKMIA ypOBeEHb
BHYTPEHHeN moTmBaumm cnocobceteyeT bonee 3dPEKTUBHOM TPEHMPOBOYHOM AEATENBHOCTU U
CTPEMNEHMIO K MOCTOAHHOMY COBEPLIEHCTBOBAHMIO.

Takum 006pa3om, MCUXONOTMYECKAA MOATOTOBKA SBNAETCA HEOTbEMIEMOM YacTblo
TPEHMPOBOYHOIO NPOLLECCa M OKAa3bIBAET 3HAUYUTENBbHOE BANAHNE HA CNOPTUBHbIE PE3Y/IbTaTbl.

MemoduKa mpeHUpPOoBOK 018 HAYUHAOULUX U2POKO8

HayanbHbIM 3Tan MNOArOTOBKM CMOPTCMEHOB ABAAETCA Hambosee BaXKHbIM, MOCKObKY
MMEHHO B 3TOT nepuosd GOPMMPYIOTCH OCHOBHblE TEXHMYECKME HaBblKM U ABMraTesibHble
CNOCOBHOCTU. TPEHUPOBOYHbIM NPOLLECC A0/XEH ObiTb HAaNpPaB/JeH Ha MOCTENEHHOEe OCBOEeHMEe
6a30BbIX 3/1EMEHTOB UIPbl 1 Pa3BUTUE GUINYECKMX KAYeCTB.

OZHMM M3 TNaBHbIX 3/1EMEHTOB MOATOTOBKM ABASETCA 0byyYeHMe NpaBWUIbHOM CTOWMKe Wt
XBaTKe paKeTKW. HenpaBuabHaA TEXHMKA HA HaYa/IbHOM 3Tane MOXKeT NPUBECTU K GOPMMPOBAHMIO
YCTOMYMBLIX OLLIMBOK, KOTOPbLIE BNOCNEACTBUM DYAET CNOKHO UCMPABUTD.

B TpeHMpOBKax HaYMHAIOWMX WIPOKOB OONbWIOE BHMMaHWE yAenaeTca CAefytolmm
31eMeHTaM:

* MPaBW/IbHOWM CTOMKE CNOPTCMEHQ;
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* nepemelLeHMAM BOKPYT CTON3;
e 6a30BbiM yaapam (popxeHa 1 BakxeHa);
*  KOHTPO/O BPaLLEHNA MAYa.

PasBuTne KOOPAMHALMM ABUKEHUIM ABNAETCA Ba)KHbIM KOMMOHEHTOM MOAroToBKM. [nA
3TOr0 WMCMNO/MIb3YIOTCA CheuyanbHble YNPaXKHEHWA, HaMpaB/eHHble Ha y/AydlleHWe peakuum wu
TOYHOCTU ABUNKEHUN.

Mprmepsbl yNpasKHEHWIN:

1. MHorokpaTHble yaapbl No mady 6e3 owmnbku.

2. Wrpa Ha yaep»aHue mAava Ha CcTone.

3. TpeHWMpoBKa ObICTPbIX NepemeLLEHNN BOKPYT CTOA.
4. YnparKHeHWA ¢ noJadyaMm 1 NpMemom noaadm.

Kpome TexHuyeckon noAroToBKWM, 60MbliOe BHMMaHWE yAenseTcAa pasBuTuio obuiein
dun3nyeckon noaroToBKM. [NA HaYMHAIOLIMX CMOPTCMEHOB WMCMONb3YIOTCA YMNparKHEHMA Ha
Pa3BUTNE BbIHOCIMBOCTMN, CKOPOCTU N TMBKOCTL.

PerynsapHble TPEHMPOBKM CMOCOOCTBYIOT YKPEMNIEHWUO CepaevHO-COCyaNCTOM CUCTEMBI,
YNYYLWEHMIO KOOPAMHALMW M NOBbILLEHWNIO 06LLen paboToCcnocobHOCTM CNOPTCMEHa.

Cexkpemsbi ychexa a3uamcKoUl WKOosbl HACMOI6HO20 MeHHUCa

A3mnaTcKasA LWKoMa HACTONbHOMO TEHHMCA CYMUTAETCA OAHOM M3 CaMbIX CUAbHbLIX B MMUpE.
CnopTcmeHbl 13 Kutada, AnoHun n KOxHon Kopew perynapHO 3aHMMAlOT NpM30Bble MecCTa Ha
MEeXAYHAPOAHbIX TYPHUPAX.

OAHMM 13 KntodeBbIx GaKTOPOB ycrnexa ABNAETCA BbICOKAA MHTEHCMBHOCTb TPEHMPOBOK.
CnopTcMeHbl TPEHUPYIOTCA MO HECKO/IbKO YacoB B AeHb, yaensa ocoboe BHUMaHWE TEXHUYECKOM
NOArOTOBKe.

OCcHOBHble 0COBEHHOCTM a3naTCKOM CUCTEMbI MOATOTOBKM:

1. PaHHee Ha4yano TPeHUpPOBOK

Bo MHOrmMx crtpaHax A3mm AeTW HAYMHAIOT 3aHMMATbCA HACTONbHbIM TEHHUCOM YXKe B
BO3pacTe 5—7 neT. 370 N03BOAAET CGOPMMPOBATL MPABUIbHYIO TEXHMKY M PAa3BUTb HEOOXOAMMbIE
dun3nyeckme KavecTsa.

2. bonbuon obbem TpEHMPOBOK

MpodeccrmoHanbHble CNOPTCMEHbI TPEHMPYOTCA 4—6 4acoB B AeHb. TPEHMPOBKM BKAKOYAIOT

TEXHWYECKYIO MOATOTOBKY, GU3MYECKME YyNPAKHEHNA N TAKTUYECKYO NOATOTOBKY.
3. Wcnonb3oBaHMe MHOrOMAYEBOW TPEHUPOBKM

OAaHOM 13 cambix 3PGEKTUBHbBIX METOANK ABNAETCA MHOrOMAYEBaA TPEHUPOBKA. TpeHep
noaaet 6ONbLIOE KOAMYECTBO MAYEN NOAPAL, YTO MO3BOAAET CNOPTCMEHY OTpabaTbiBaTb TEXHUKY
y/1apOB M MOBbIWAaTb CKOPOCTb PeaKLMK.

4. BbICOKMI YPOBEHb ANCLMMINHBI

A3naTcKaa cucTema NnoaroTOBKM OCHOBAHA Ha CTPOrOM ANCLMMNIMHE U BbICOKOM MOTUBALMK
CNOPTCMEHOB.

5. HayuHbIn noaxon

TPEHWPOBOYHbIM MNPOLECC AKTMBHO WCMOMb3yeT COBPEMEHHblE HayyHble MeToAbl:
HUOMEXaHWNKY ABMKEHWIM, aHANN3 TEXHUKM UTPbl U CNOPTUBHYHO NCUXOIOTMIO.

Bnarogapa aTMm dakTopam a3MaTCKMe CMOPTCMEHbl AEMOHCTPUPYHOT BbICOKMI YPOBEHb
TEXHWYECKOro MacTepcTBa M GU3NYECKON NOATrOTOBKM.

lpakmu4yeckoe npumeHeHue MemooduK MPEeHUPOBOK

MeToAMKM a3MaTCKOM LWKO/bl HAaCTONbHOrO TEHHWCA MOTYT YCNELWHO MPUMEHATHCA U B
OPYrnx CTpaHax.

OOHAKO BaXHO Yy4YMTbiBaTb YPOBEHb MNOArOTOBKM CMOPTCMEHOB M adanTMpPOBaTb
TPEHWPOBOYHbIN NpoLecc.

[nA Ha4YMHAIOLLMX UTPOKOB PEKOMEHAYETCA MCNOAb30BaTb CAeAytoLLmMe NOAXOAbI:
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* peryasapHble TPEHUPOBKM;
* [OCTEMEeHHOe yBeAMYEHME HAlrPYy3KM;

*  pa3BUTME TEXHWKW YAAPOB;

* COBEpPLIEHCTBOBAHME KOOPAMHALMN ABUKEHWIA.

TPeHMPOBOYHbIM  MPOLECC  AO/KEH  BKAYaTb  pa3HoobpasHble  ynparKHeHus,
HanpaB/ieHHbIE Ha PAa3BMUTME BCEX KOMMOHEHTOB CMOPTUBHOM NOATOTOBKM.

MpaKTMKa MOKa3blBaeT, YTO WCMO/b30BaHME COBPEMEHHbIX METOAMK 3HAYUTENbHO
nosbiaeT 3GPEKTUBHOCTb TPEHMPOBOK K1 cnocobcTByeT 6os1ee HbICTPOMY PA3BUTUIO CMIOPTUBHOTO
MaCTepCTBa.

Cmamucmuyeckul aHaAU3 OOMUHUPOBAHUA A3UGMCKOU WKObI

JOMMHMpPOBAHME  a3MATCKMX CTPaH B HACTONbHOM  TEHHMCE MOATBEPXKAAeTcA
CTAaTUCTUYECKMMU AaHHbIMM MEXAYHapOAHbIX copeBHOBaHMI. o aaHHbIM International Table
Tennis Federation, cnopTcmeHbl 13 KnTaa Ha NPOTAXEHWW NOCAeAHUX AECATUNETUIA 3aHMMALOT
amanpytolmMe No3mumm B MMPOBOM PENTUHTE.

OcobeHHO fApKo 3To nposAsaseTcA Ha OAMMNUMMCKMX urpax. C MOMEHTa BKAOYEHMA
HaCTONbHOrO TEHHMCA B OJIMMMOMIMCKYID nporpammy B 1988 roay KuTamCcKMe CMOPTCMEHbI
3aBoeBanun H0see NoNOBUHbI BCEX 30/10TbIX Meaanen.

Hanpumep:

e Ha Oaumnunckmux mrpax 2016 roga KMUTaAMCKMe CnopTCMeHbl BbiMrpann 4 uns 4
30/10TbIX Medanem;

e Ha Onumnuickmx urpax 2020 roga npeactaBuTenn KuTaa TaKKe 3aHAM
amampytouime nosnumm.

3TO CBMAETENbCTBYET O BbICOKOM 3DEKTUBHOCTM CMCTEMbI NOArOTOBKM CMOPTCMEHOB B
CTpaHax A3nu.

B mmpoBom penTuHre ITTF TakKe AOMUHUPYIOT NpeacTaBUTENN a3MaTCKMX CTPaH. B nepsoii
[EeCATKE PENTMHIA PeryaspHo NpucyTcTByeT 6—8 nrpokos 13 Kutas, AnoHunn n FOxKHOM Kopeu, 4To
NOATBEPKAAET BbICOKMN YPOBEHb MX MOATOTOBKM.

CpaBHeHMEe €eBPOMENCKOM M a3MaTCKOM LKOA HACTO/IbHOMO TEHHWCA MOKa3blBaeT
cneayroue pasnmuna:

MapameTp A3naTckada WKona EBponenckan wKkona
MNHTEHCMBHOCTb TPEHMPOBOK Bbicokan CpeaHan

PaHee Hayano 3aHATUM 5-7 net 8-10 net

OCHOBHOM aKLEHT CKOpOCTb M TEXHMKA TaKTWKa 1 cTpaTerma
Ob6bem TPEHNPOBOK 4-6 4acoB B AeHb 2-3 4aca B AeHb

TakMum 06pa3om, CUCTEMHbIA NOAXOA WM BbICOKAA WMHTEHCUMBHOCTb TPEHMPOBOYHOIO
npouecca MoO3BOMAOT a3MaTCKMM CMOPTCMEHAM [AO0CTUraTb Hosee BbICOKMX pPe3ynbTaToB Ha
MeXAyHapoaHOM apeHe.

AHQANU3 3¢hchekmusHOCMU MpPeHUpPOoBOYHbIX MEMOOUK

Pe3ynbTaTbl 3KCNEPUMEHTA M aHa/IM3 MEXKAYHAaPOAHOr0 OMbiTa NOKa3bIBatoT, YTO Hanbonee
3QGEKTUBHBIMKU  ABAAIOTCA  KOMMJIEKCHbIE  TPEHWPOBOYHbIE — MPOTrPaMmbl,  CoYeTatoline
TEXHUYECKYI0, DU3NYECKYIO N NCUXONOTUYECKYO NOATOTOBKY.

Hanbonee 3HaumTenbHOe BAMAHME HA pPa3BUTME WIPOBbIX HABbIKOB OKa3biBalOT
cnepytouime GakTopbl:

*  perynapHoCTb TPEHMPOBOK;

*  1CNONb30BaHNE MHOTOMAYEBON METOAMKM;
*  pa3BUTME CKOPOCTU PeaKLmu;

e COBEepLWeHCTBOBaHME PaboTbl HOT.
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KoMbuHMpoBaHME 3TUX 3/NEMEHTOB MO3BOAAET 3HAYMTENbHO MOBbLICUTL YPOBEHb
NoAroTOBKM CNOPTCMEHOB 1 YCKOPUTb NMPOLIECC OCBOEHMA TEXHNUYECKUX HAaBbIKOB.

Kpome Toro, Ba*KHyt0 ponb UrpaeT MHAMBMAYANbHbIN NOAX0A K KaXKA0My CNOPTCMEHY. YyeT
ocobeHHOCTe GM3MYECKOro PasBUTMA M YPOBHA MNOATOTOBKM MNO3BOAAET ONTMMAAbHO
pacnpefenatb TPEHMPOBOYHYIO Harpysky M MoBblWaTbh 3PPEKTUBHOCTL TPEHMPOBOYHOTO
npouecca.

PexomeHOayuu
Ons nosbiweHns 3GGEKTUBHOCTM TPEHMPOBOYHOIO MpPOLLecca MOXHO MPeasioKUTb
cneayolme pekomeHaaumm:
1. HaumHaTb 0byyeHMe c ocBoeHMA 6Aa30BOM TEXHWUKM YAAPOB.
2. PerynapHo pa3BuBaTb GU3MUYECKYHO BbIHOC/AMBOCTL CMIOPTCMEHOB.
3. Ncnonb3oBaTb MHOTOMAYEBYHO TPEHMPOBKY.
4. Ynenatb BHMMaHWeE TaKTUYECKOM NOArOTOBKE UIPOKOB.
5. TpMMeHATb COBPEMEHHbIE METO/bl aHaM3a TEXHUKN UTPbI.

CobntopeHme aTnx pekomeHaaumim No3BOANT 3HAYUTENIbHO MOBbLICUTb YPOBEHb MNOATOTOBKM

HaYMHaOLLMX CMOPTCMEHOB.
3aKka4eHue

HacToNbHbIN TEHHUC ABNAETCA CAOMHBIM WM BbICOKOMHTEHCMBHBIM BMAOM CMOPTA,
TPebyoLMM BbICOKOrO YPOBHA TEXHWYECKOW, GU3NYECKOM W MCUXONOTMYECKOM MNoAroTOBKM.
3bbeKTMBHOCTb TPEHMPOBOYHOIO NPOLLEecca BO MHOMOM 3aBMCUT OT MPaBWUIbHON OpraHm3aumm
3aHATUI N NCNONb30BaHNA COBPEMEHHbIX METOAMK NOArOTOBKM.

A3naTcKkaa WKoNa HACTONbHOrO TEHHMCA [AEMOHCTPUPYET BbICOKYHD 3ddEeKTUBHOCTb
6narofapa CUCTEMHOMY MOAXOAY, PaHHEMY Havasny TPEHWPOBOK M BbICOKOM MHTEHCMBHOCTM
3aHATUN.

Mcnonb3oBaHWe [AaHHbIX METOAMK MO3BOASET 3HAYMTENbHO MOBbLICUTb YPOBEHb
NoAroTOBKMW CMOPTCMEHOB M A0OUTLCA BbICOKMX PE3Y/bTAaTOB B COPEBHOBAHMSAX.

Takmm obpa3om, NPUMEHEHNE COBPEMEHHbIX METOA0B TPEHMPOBKU M M3yYeHMEe OMbiTa
BEAyLMX CNOPTUBHbIX LLUKOA MMPa ABAAETCA BaXKHbIM GaKTOPOM Pa3BUTMA HACTONbHOMO TEHHMCA.
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Abstract. Table tennis is one of the most dynamic and technically challenging sports. In recent
decades, the Asian school of training, particularly China, South Korea, and Japan, has dominated
global table tennis. Their success is due to an effective training system, high-intensity training, and
a unigue methodology for developing players' technical and physical abilities.

This article examines the basic training methods for beginners and analyzes the key success
factors of the Asian table tennis school. Particular attention is paid to developing endurance,
motor coordination, reaction speed, and mental resilience. Modern approaches to organizing the
training process are discussed, along with methodological recommendations for athletes and
coaches.
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The study's results demonstrate that a combination of technical preparation, high training
discipline, and a scientific approach to training can significantly improve the effectiveness of
training for novice players.

Keywords: table tennis, training process, Asian school, endurance, playing technique,
athletic training, coordination.

AHAaTna. YCTen TeHHUCI — eH KapKbIHAbI }KOHE TEXHWUKAbIK KMbIH CMOPT TYPAEPiHiH Bipi.
CoHFbl OHXKbINAbIKTAPAA A3UANbIK AanbiHAbIK, MeKTebi, atan anTkaHaa Keitan, OHTYCTiIK Kopes
oHe anoHnAa anemfik ycrten TeHHUciHAe ycTemaik eTTi. OnapAblH KeTICTir TUIMAI KaTTblfy
YKYMECIHIH, »KOFapbl KapKblHAbl KATTblFyNapAblH KOHE OWbIHWbINAPAbIH, TEXHUKA/bIK MHoHe
dur3mKanbik KabinetrepiH AambITyabiH Biperei sgicteMeciHiH apKacbiHAa.

Byn mMakana »KaHafaH 6acTaylwblnapfa apHanfaH Heri3ri OKbITYy SAiCTEpiH KapacTblpadb!
oHe A3us ycTen TeHHUCI MeKTebiHiH TabbiCbIHbIH, Heri3ri dakTopaapbiH Tanaanabl. TesimainikTi,
KO3FaNblC KOOPAMHALMACBIH, pPeaKUMA KbINJaMAbIFbIH KIHE MNCUXMKAbIK TYPaKTbIAbIKTbI
OaMbITyFa epeKklle Hasap aydapbinagbl. CNopTWwbliap MeH KaTTbIKTbIpyllbliapFa apHaafaH
94iCTEMENIK YCbIHbICTAPMEH Bipre OKy-KaTTblFy NPOLECIH YbIMAACTbIPYAbIH 3aMaHayu Tacinaepi
TafNKblAaHaAabl.

3epTTey HaTUKesepi TeXHUKa/bIK AanblHAbIKTbIH, KOFapbl AaWbIHABIK ToPTiDiHIH, KaHe
YaTTbIFyFa Fbl/IbIMW KB3KAPACTbIH, YMIECIMI KaHaJaH KeAreH OMbIHLIbIAAP YLWiH KaTTbiFynapabiH,
TUIMAINITIH aUTapAbIKTalM apTTblPaTbiHbIH KepceTea,.

KinTTik ce3aep: yCTen TeHHWUCI, *KaTTblfy MNPOLECI, a3uaNbliK MeKTen, Te3iMAainiK, oMbliH
TEXHMKAChI, aTAeTUKaAbIK AalblHAbIK, KOOPAMHALMA.
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MoTnBauUMANbIK aaicTepai KoaaaHy
apPKblNbl CTYAEHTTEPAIH CabaKkKa KaTbICy
benceHainiriH apTTbIpy

Kutapos [.)K.

OKpbITyWbl, M.BTemicoB aTbiHAafbl baTbiC Ka3akCcTaH yHUBEPCUTETI
KnHakos A.C.

OKbITYyLWbI,MmarncTp, M.©TemicoB aTbiHAafbl baTbiC Ka3aKkCcTaH YHMBEPCUTETI

AHHOTauuA

Byn Makanaga Kofapbl OKy OpPbIHAAPbIHAA [eHe WbIHbIKTbIPY MNaHIH OKbITy 6apbicbiHAA
MOTUBAUMANBIK  SAicTepdi KOAAAHYAbIH, CTYAEHTTEpAiH, cabaKkka KaTtbicy ©OenceHainirid
apTTbipyAafbl MaHbI3bl KapacTbipbliabl. CTyLeHTTepAiH, iWKi KaHe CbIpTKbl MOTMBALMACHIH
Ka/1bINTaCTbIpy *KONAAPbl TaNAAHbIN, KeKke-DaFaapiaHFaH OKbITY, OMbIH KaHEe KapblC 3NeMeHTTepi,
3amMaHayn TexHoNormsnapabl nanaanaHy, MadakTay MeH Kepi 6ainaHbic bepy aaicTepi
YCbIHbINAAbI. 3ePTTEY HITUMXKENEPI MOTUBALMANDIK TICINAEPAIH AEHE WIHBIKTbIPY CabaKTapbIHbIH,
TUIMAINITIH apTTblpbIN, CTYAEeHTTepAiH, dW3MKanblK OenceHAainiri MeH canayaTTbl emip CanTbiH
Ka/IbINTACTbIPYFfa OH 3Cep eTeTiHIH KepceTeai.

TyWiH ce3aep: AeHe WbIHbIKTbIPY, MOTUBALMA, CTYAEHT, benceHainik, cabakka KaTbicy.

Kasipri »kahaHaaHy xafganbiHga 6inim Bepy xyhMeciHiH, bacTbl makcaTbl — 6acekere Kabinerri,
benceHai »koHe ©3iHAIK OW-NiKipi KanbinTackaH Tynafa Topbueney. Ocbl TypfblaaH anfaHaa,
CTyAeHTTepAiH cabakka KaTbicy HenceHainiri oky yaepiciHiH, canacbiH aMKbIHAANTbIH HETi3ri
KepceTKiwTepaiH b6ipi 6oabin Tabblnaapl. JereHmeH, Kofapbl OKYy OpblHAAPbIHAA CTYAEHTTEPAiH,
OKY MOTMBALMACbIHbIH, TOMeHaeyi, cabakka HemKypanabl Kapay, MNacCuMBTI KaTbiCy CUAKTbI
Macesienep *ui kesgeceqi. byn argan 6inim b6epy yaepiciHge TMiMAI MOTUBAUMANBIK d4icTepai
KONAaHY/AbIH 63€eKTiNIrNH apTTbipadbl. MOTUBALUMA — TY/FaHbIH, iC-OpEKETKE AereH ilKi KaxKeTTiniri
MeH KbI3bIfYLLUbIbIFbIH Ka/IbINTACTbIPaTbIH MaHbI34bl MCUXOIOTUABIK, GaKTOP. FbibiMK

eHbeKTepae MOTMBALUMA VFbIMbl KEHIiHEH KapacTblPbl/ibiM, OHbIH OKY MKETICTINMEH Tbifbl3
balinaHbiCcbl AanenaeHreH. ATan aWTKaHaa, Abpaxam Macnoy KaxKeTTiNiKTep WepapxXmAch
TEOPUACLIHAA aaMHbIH, 6e/ICeHINIM OHbIH, KaXKeTTINIKTEePIH KaHaraTTaHAbIpy AeHreniHe Tayenai
eKkeHiH KepceTce, ®penepuk Mepubepr eki GakTop/bl TEOPUACbIHAA MOTUBALMAHBI apPTTbIPATbIH
OHEe LUeKTeUTiH ¢akTopsapdbl arkbiHAan 6epreH. An JleB BbIrOTCKMIA OKbITY yaepiciHaeri
9/1eYMETTIK ©3apa 9pPeKeT MeH XKaKblH JaMy alMMafblHblH, MaHbl3blH epeKlle atan eTKeH. byn
Teopuanap 6inim bepy ToxipubeciHae MOTUBAUMAAbIK SAICTEepAi KyWeni Typae KOoAAaHyAblH,
FbIAbIMW  HerisiH Kypanabl. CTyaeHTTepAiH cabakka OenceHai KaTbiCybl TeK aKaaeMWANbIK,
y/irepimre faHa emec, of1apAblH Kacibm Ky3blpeTTiniriHiH, KaabinTacybliHa Aa Tikenen acep etea.
COHAbIKTaH OKbITYLIbIHbIH, 6acTbl MiHAETTEPIHIH, Bipi — OinimMm anywblnapabiH, LK XaHe CbIPTKbI
MOTMBALMACBIH 0ATa OTbIPbIN, cabaKkKa AereH Kbl3blFyLLbIAbIFbIH apTTblipy. IHTEpaKTUBTI aaicTepai
eHrizy, 0OafanayaplH bIHTaNAHAbIPYLIbl KYMECIH KanbIiNTacTblpy, Kepi 6GainaHbICTbl TUiMA
yMbIMAACTbIPY, UMOPAbIK TEXHONOIMANAPAblI NakaanaHy — ocbl DafbiTTaFbl MaHbI3Abl Kypanaap
H6onbin Tabbinaabl. Ocbl Makanaga MOTUMBALMANBIK S4iCTepai KONAaHY apKbl/bl CTYAEHTTEPiH,
cabakKka KaTbicy DenceHAiniriv apTTbipyablH TEOPUANbLIK Herizaepi MeH NpakTUKaNbIK Xonaapsl
KapacTblpblnadbl, COHAalM-aK, onapAblH OKy yAepiciHaeri TMimainiri TangaHaabl. MoTusauma —
CTYAEHTTIH OKy IC-9peKeTiHe JereH CaHanbl KaTblHACblH KaAbINTACTbipaTblH KOHE OHbIH
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HenceHAiniriH ankbIHAANTBIH KeTeKwWi dakTopnapabiH 6ipi. ofapbl OKy opbiHAapbiHAA Hinim bepy
YOEPICIHIH  HaTWxKeniniri  kebiHe CTYAEeHTTIH iWKi  bIHTACblHA, KbI3bIFYLbI/IbIFbIHA  XKOHE
MaKCaTTblNblfbIHA BalnaHbicTbl. COHABIKTAH MOTMBALIMANLIK SAICTEPAi *KyMeni api MmakcaTTbl TYpAae
KonaaHy — cabakka KaTbicy HenceHAinirin apTTbipyAblH, MaHbI3Abl WapTbl 60abIN Tabblnaabl.
FbinbIMM TYPFbIAAH anFaHaa, MOTUBALMA Teopuanapbl binim bepy TaxipnbeciHae HaKTbl aaicTepi
TaHJayfa Heri3 6onaabl. Abpaxam Macnoy yCbiHFaH KaXKeTTiNIKTeP nepapxmachbl TEOPUSACbIHA
COMKeC, CTYAEHTTiH, OKYy BenceHainiri oHbiH GM3MONOTNANBIK, KAYINCi3aik, 91eyMETTIK KaHe e3iH-
©3i JKy3ere acblpy KarKeTTiNIKTepiHiH, KaHafaTTaHAablpblaybiHa Tayendi. Ldemek, 6inim bGepy
opTacbiHAa KO/Malibl NCUXONOTUANBIK axyan KanbiNTacTblpy, KOAZAy KOPCETY KaHe CTYAEHTTIH,
METICTiriH MOMbIHAAY — OHbIH, cabaKKa bIHTACbIH aPTTbIPyAblH, aFblLLIAPTTAPSI. An ®penepuk
FepubeprTiH eKi GaKTop/ibl TeopMACbl MOTMUBALMAHBLI  apPTTbiPaTbiH  (KETICTIK, MOMbIHAAY,
ayanKkepLifik) s)kaHe WeKTenTiH (oKy Kafaansl, baranay a4inairi, KapbiM-KaTbiHac) dakTopaapab!
arkblpaTaabl. OCblfaH COMKEC, OKbITYLIbl TEK MaTepMandbl *KeTKi3ylli emec, CTYAEeHTTIH HeTiCTiriH
KO/ Aaylbl, 6afbiTTaywbl TyAFa 60aybl TMiC. Mbicanbl, CTYAEHTTEPAiH, *KEeTICTIKTEPIH Kapua Typae
atan eTy, »KeKke nporpecTi 6afanay, TaHday epkiHAairiH 6epy onapAablH, iWKi MOTMBALMACHIH
KyliernTedi. /leB BbIroTcKMIN eHbeKTepiHae KepCeTinreHaen, oKy yaepiciHaeri aneymeTTik e3apa
OPEKET MEeH «KaKblH JaMy aliMarbl» VFbIMbl CTYAEHTTEPAiH BenceHainirin apTTbipyaa MaHbI3abl
pen atkapadpl. TONTbIK KYMbIC, NiKipTanac, »Xobanblk Tancblpmanap apKbiabl CTyaeHTTep bip-
BipimeH Taxkipmbe anmachin, TaHbIMAbIK, OenceHainiriH apTTbipagbl. byn Tacinaep onapabiH, TeK
6inim anyblHa faHa emec, COHbIMEH KaTap KOMMYHMKATMBTIK aHe Kacibu aAarablnapbliHbiH,
Ka/blnTacyblHa biknan eteni. CTyaeHTTepaiH, cabakKka KaTbicy OenceHAiniriH apTTbipyda Keneci
MOTUBALMANBIK 3icTep TUIMAI HaTUKe bepeai:

NHTepaKkTMBTI OKbITY aaicTepi. [lebaT, Kelc-cTaan, penajik onbiHAaP, MUFa Wabybln aaicTepi
CTYAEHTTepAiH cabaKkKa Kbl3blFyLLbINbIFbIH OATaAbl *KaHE 0NapAblH, 6enceHai KaTbiCybliHa Kafaamn
Kacanabl.

BbafanayabliH bIHTaaHAbIPYLbI XyHeci. KanbinTacTbipylubl Hafanay, ©3iH-e3i KaHe e3apa
Hbaranay ajictepi CTYAEHTTIH ayanKepLwiniriH apTTblpbin, HOTUXKere BarbITTakabl.

eke 6inim TpaekTopuAckiH Konaay. CTyAeHTTiH Kbl3blfyLWblabliFbl MEH KabineTiHe calkec
Tancblpmanap YCbliHY OHbIH, ©3iHAIK AaMyblHa MYMKIHAIK Oepeai.

Undpnbik  TexHonorvanapabl navaanany. OxnanH-nnatdopmanap, WHTEPAKTUBTI
KOCbIMLLANap, MyabTUMeAMANbIK Kypanaap cabakTbiH Ma3MyHbIH }XaHAaHAbIPbIMN, 3aMaHaym Binim
aNyLblHbIH KaXKeTTiniriHe »kayan bepeg,.

Tuimpj kepi 6aiinaHbic. YaKTblAbl 2HE HaKTbl Kepi OGalnaHbIC CTYAEHTTIH KeTicTiriH
capanayfa, KaTenepiH Ty3eTyre »KaHe anjarbl MakcaTTapbliH alKkblHAayFa KemekTecedi. CabakKa
HbenceHai KatbiCy CTYAEHTTEPAIH TEK aKaAeMUANbIK YATePiMiH KaKcapTbin KaHa KoMmak, oiapablH,
KoCibW  Ky3bIPETTiNriH, KayankepuwiniriH KaHe e©3iHA4IK  Ke3KapacblH  Ka biNTacTbipajbl.
MoTMBaLMANBIK DAICTEPA XKyMeni KonaaHy apKbliabl 6ifim anylblnapablH, oKy YAepiciHe AereH oH,
KB&3KapacblH KaabINTaCTbIPyfa, ILKI KaXEeTTINITH OATYFa KaHe TYPaKTbl KbI3bIFYLWbINbIFbIH AaMbITYfa
bonaap!. Ocblnanila, MOTMBAUMA TeopusanapbiHa HerisaenreH 3amaHaym neaarormkasnsik,
Tocingep CTyaeHTTepAiH cabakka KaTtbicy benceHAiniriH apTTbipydblH, TMIMAI Kypasbl 60/bin
Tabblnaabl XaHe 6inim Hepy canacbiH apTTbipyfa OafbiTTa/ifaH MaHbI3[bl CTPATErMANbIK TETiK
peTiHAe KapacTbipblnadbl. MOTMBALMANBLIK a4iCcTepAi OKYy YAEPICIHE eHri3y Kyneni, fblbiMU
HerisaenreH KaHe MakcaTKa DafblTTaNfaH cMNaTTa Ky3ere acblpbiaybl TUIC. Byn peTTe OKpITyLbI
Tek OiniMm  MasMyHbIH  KeTKi3ylWi faHa emec, CTYAEeHTTiH TaHbiMAblK  HenceHainirid
YMbIMAACTbIPYLLbI, 6afbITTaylbl KaHe pedNeKCUMACbIH KanbiNTacTbipyllbl CyOGbeKT peTiHae
KapacTtblpblnaabl. OKy VAEpIiCiH TUiMA YMbIMAACTLIPY YWiH MOTUBAUMAHbLIH, WK (TaHbIMAbIK,
KbI3bIFYLLUbINbIK, ©3iH-83i AaMbITyfa YMTbINbIC, KaCiOM MaKcaT) »KaHe cblpTKbl (6afa, mapanar,
9NeyMeTTiK MOWbIHAAY) TypaepiHiH, e3apa 6alnaHbiCbiH eckepy MaHbl3abl. WK MOTUBALMAHDI
NAMbITy CTyAEeHTTIH 6inimre aereH TypakTbl KbI3blFyLWbIAbIFbIH KaNbINTacTblpadbl aHe y3ak,
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Mep3iMai HaTMKere KeTKizedi. byn 6afbiTTa Npobaemansik OKbITY, 3epTTEYLWIiNiK a4ic, *KobanbIK,
KYMbICTAp CUAKTbI Tacinaep TMimai 6onbin Tabblnaabl. CTyaeHT OKy MaTepuanblH AalblH
KyMiHAe Kabblnaayllbl eMec, MaceneHi WellyLwi, i3AeHyLWi peTiHae SpeKeT eTKeH Kafaanaa OHbIH,
TaHbIMAbIK 6encenainiri aptagpl. CoHbIMEH KaTap Kacibu barbiTTanfaH Tancblpmanapdbl KongaHy
6inim  MasmyHbiHbIH 6OoOnalWak MamaHablKneH ©OalnaHbICbiH - alKblHAAMN, OKY OpeKeTiHiH
MaHbI3/1bl/bIFbIH TYCIHYre MyMKiHAIK 6epedi. CbIpTKbl MOTUBALMAHBI YMbIMAACTbIPYAa OaranayabiH
aMKbIH, 94in »KaHEe allblK KpuTepuihnepiHe cyheHy KaxkeT. baranay »KyWeci CTyAeHTTIH TeK
KOPbITbIHABI HOTUXECIH emec, OKy DbapbicbiHAafbl BenceHaiNiri, WbiFapMallbliblK KO3KapacbiH,
bIHTACbIH A3 eckepyi TMic. KanbinTacTbipyllbl 6afanay anemeHTTepiH KOoA4aHy apKbliibl CTYAEeHT
©3iHiH, XETICTIKTEPIH Ke3eH-Ke3eHiMmeH Oakblnamn, OKy CTpaTervAcbiH Ty3eTy MYMKiHAiriHe wue
bonaabl. byn ©3 KeseriHae Kayankepwinik AeHreniH apTTbipbin, ©3iHAIK  peTTeyai
KanbinTacTbipaabl. CoHbIMeH KaTap 6inim 6epy opTacbiHbiH, NCUXONOTMANbLIK-NEeAarornmKkablK,
axyanbl MOTMBAUMAHbLIH, TYPaKTbIAblFbiHA Tikenen acep eTedi. bIHTbIMAaKTaCTbIKKa HeridaenreH
KapbIM-KaTbIHAC, akaAeMUANbIK KOAZay, ©3apa KYPMET NeH ceHim aTmochepachl CTYAEHTTIH OKy
yaepiciHe 6benceHai apanacyblHa Xafaan sKacanabl.

AKageMuUsabIK epKiHAIK neH nikip 6ingipy MyMKIHAIT e CTyAeHTTiH ©3iH/AiK Ke3KapacblH
Ka/bINTacTbipbin, cabakTafbl HenceHainirin kywenTteai. Undpnabik 6inim bepy pecypcTapbiH
OpblHAbI NaldanaHy na MOTMBAUMAHbLI apTTbIPYAblH, MaHbI3abl Kypanbl Honbin Tabblnaabl.
DNeKTPOoHABIK NaaTdopmanap, OHNAAMH-TECTINeY Kynenepi, NHTePaKTUBTI Npe3eHTauManap MeH
MYNbTUMEAMANBIK MaTepuanaap CTyAeHTTepAiH aknapatTbl KabblngayblH KeHinaeTin KaHa
KOMMal, onapAblH, OKYy VYAepiciHe AereH Kbi3blFyLWblAblFbIH apTThipadbl. Ananaa umMdpablK,
Kypanaapabl KoNaaHy neaarorMkasnblik MakcaTKa CaMKecTeHAipinin, masamyHMeH yinecimai 6onybl
Tvic. KopbiTa alTKaHA4a, MOTMBALMANLIK SA4iCTEPAI FbiAbIMM HEri3fe XaHe KelweHai Typae
KONJaHy CTyAeHTTepAiH, cabakka KaTbicy OenceHinirid apTTbipyablH, TMiMAP Xoabl ©o/bin
Tabbinaabl. MyHaan Tacin 6iniMm anywblnapabiH, TaHbIMAbIK AePOeCTiriH, Kacibn Ky3blpeTTiniriH
YoHe e3iH-63i AambITy KabineTiH KanbINTacTbIpbIn, }Xofapbl Hinim Obepy canacbiH KAMTamachI3 eTyre
MYMKiHAIK Oepeai. MyprisinreH Tangay KepceTKeHAeln, CTyAeHTTepAiH, cabakka KaTbicy
HenceHAiniriH apTTbipy Maceneci Kasipri *korapbl 6iim Bepy KyneciHiH bacbiMm BafbITTapbIHbIH, Bipi
H6onbin Tabblnagpl. Binim anywsbinapabiH OKY yAepiciHe Kyneni api caHanbl KaTbICybl 0NapablH,
aKadeMUANbIK KeTICTIKTepiHe, Kacibn Ky3blpeTTifiriHiH, KanbiNTacyblHa KaHe TYNFablK AaMyblHA
Tikenew acep etepi. Ocbl TypfbldaH anfaHaa, MOTUBALMALIK SAiCTEPAI MAKCATTbl }KaHE FblAbIMM
Herizge KondaHy — 6inim Bepy canacbiH apTTblipyAblH, MaHbl34bl TETIM peTiHAe KapacTblipblaaibl.
MoTurBaUMA — Ty/IFaHbIH, SpPEKeTKe AereH ilWKi KaHe CbIPTKbl TYPTKINIEPIHIH KUbIHTbIfbI. |LWKI
MOTMBALUMA CTYAEHTTIH TaHbIMAbIK Kbl3bIFyLbl/IbIFbIHA, ©3iH-63i AaMbITyfa AereH YMTbIbICbIHA
Heri3gence, CbIPTKbl MOTMBALMA MafaKkTay, Oaranay, aneyMeTTiK KO/4ay CUAKTbl dakTopsap
apKbiabl XKy3ere acagpl. OKy yaepiciHae ocbl eKi 6afbITTbl YAECIMAI TYpAe KONAAHY CTYAEHTTEPiH,
TYpaKTbl OenceHAinirin  Kamrtamacbis eTefi. 3epTreyiep KepceTKeHAel, TeK  CbIpTKbl
bIHTA/NlAHAbIPYFa CYMEHY KbiCKa mMep3imai HaTMxKe Bepce, an iWKi MOTUBAUMAHbLI KasbiNTacTbipy
y3aK Mep3imai api cananbl HaTuxKere keTkizedi. COHAbIKTAH OKbITYLUbIHbIH, 6acTbl MiHAETI —
CTYAEHTTIH OKYy O9pEeKeTiHe JereH iWKi KbI3bIFYLWblAbIFbIH OATY 3HE OHbl TypaKTbl AaMbITy.

MoTKMBaUMANBIK SAICTEPAIH TUIMAIANIMN OnapAplH MAa3MyHblHA faHa emec, KOoaAaHblay
Xymeniniri  MeH negarorvkanblk — webepnikke ae  6aliaHbicTbl.  VHTEpPaKTUBTI  OKbITY
TexHosorManapbl, *obanblK a4ic, NiKipTanac, Kenc-ctaam, TOMTbIK MKIHE KYMTbIK MKYMbICTap
CTyaeHTTepAiH cabakka benceHai KaTbiCyblHa biKknan etedi. byn sgictep 6inim anywblnapapi
MaccuBTI TbiHAAYLWbIAAH OKY VAepiciHiH, b6enceHai cybbekTiciHe alHanablpaabl. HaTuxeciHae
CTYAEHTTEPAIH, *KayanKepwiniri apTbin, 63 MiKkipiH Aanengey, CblHU OMNay, KOMMYHWUKATUBTIK
nafapinapbl aammabl.  COHbIMEH KaTap, »KyMeni XaHe cananbl Kepi 6alnaHbic bepy ae
MOTMBALMAHbI apPTTbIPYAbIH MaHbI3abl Kypanbl 60abiN Tabblnaabl. OKbITyLLbl TapanbiHaH 6epineTiH
HaKTbl, TYCIHIKTI »KaHe Ko/4aylbl cuMMaTTafbl Kepi OalnaHbiC CTYAEHTTIH, ©3 KETICTIKTEepiH
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HaranayblHa, KaTenepiH Ty3eTyiHe KaHe andarbl OKY SPEKETIH KocnapayblHa MyMKIHAIK 6Gepea;.
Bafanay KyMeciHiH, a4inairi MeH alWbIKTblFbl Aa CTYAEHTTEPAiH cabakKa TypaKTbl KaTbICyblHA OH,
acep eTefi. 3amaHaym UMDPAbIK TEXHONOTMANApPAbl KOAAAHY Ja MOTUBALMALIK OpTaHbl
KanbINTacTblpyda epeklle pen atkapaabl. OHNalH nnatdopmanap, MHTEPAKTUBTI Tancbipmanap,
MYAbTUMEAMNANBIK pecypcTap 6iniMm anyLblnapabiH Kbl3bIFyLIbIAbIFbIH aPTTbIPbIMN, OKY MaTepUabiH
Kabblnaayabl XeHinaetenq,.

ocipece UMPPAbIK OpTada ©CKEeH Kasipri CTyAeHTTep YLIiH TEXHONOTMANbLIK Kypanaapabl
TMiMAj NarganaHy onapdbiH oKy 6enceHainiriH apTTblpyablH MaHbI3Abl WapPTbl 60/1bIN TabblNaab!.
MoTuMBaUMANLIK a4icTepai KongaHyda CTYAEHTTEPiH, eKe epeKlenikTepiH ecKkepy Ae 63eKTi
Mmacesie. Op B6inim anywbiHbIH KabineTi, KbI3bIFyLWbI/bIFbl, TAHbIMAbIK CTU/I 9pTYpAi DONFAaHAbIKTAH,
capanaHfaH TancbipManap MeH XKeke Kongay KepceTy benceHainikTi apTTbipyFa MyMKiHAIK 6epesi.

bIHTbIMaKTaCTbIKKa HerisgenreH KafblMAbl MCUXONOTUAMBIK  axyan KaabiNTacTbipy
CTYAEHTTEPAiH 63 OMbIH epKiH bingipyiHe kaHe cabakKa TyYpaKTbl KaTbICyblHA Kafaan »acanapl.
annbl anfaHaa, MOTUBAUMANbLIK JAICTEPAI KyMeni, FbiAbIMM HETi3ge KaHe KeleHai Typae
KONJaHy CTyAeHTTepAiH, cabakka KaTbicy OenceHinirii apTTbipyablH, TMIMAI oAbl 00/bin
Tabblaabl. byn TacCin TeK KaTbiCy KepCEeTKIWTepiH KofapblaaTbil KaHa KoMmain, 6inim canacbiH
apTTbipyFfa, KaCibM Ky3bIPeTTiNiKTi JamMbiTyFa KoHe ©3iH-e3i xeTingipyre OafbiTTanfaH Ty/fa
Ka/abINTacTbipyFfa biknan eTedi. Ocblaniia, Kofapbl OKY OpbIHAAPbIHAA MOTUBAUMANBIK SAiCTepi
XeTingipy »aHe onapabl 6inim Hepy ToxipubeciHe KeHiHeH eHrizy — 3amaHaym b6inim bepy
TanantapbiHa Kayan 6epeTiH, 6enceHAi, *KayanTbl KoHe Oacekere Kabinerti MamaHzap
nanpnayablH, MaHbl3abl anfblllapTel 60AbIN Tabblnaapl.
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3anaaHo-KasaxcTaHCKWIM YHUBEPCUTET UMeHM M. YTemncoBsa
MoBblllEeHWEe aKTUBHOCTMU NOCeLLeHUA 3aHATUI CTYAEeHTaMKU NOCPEeACTBOM NPUMEHEHNA
MOTMBALMOHHbBIX METO/0B.

AHHOTauUuA
B AaHHOM CTaTbe pacCMaTpPMBAETCA 3HAYEHWE NPUMEHEHNA MOTUBALMOHHbBIX METOA08B B
npouecce npenoaaBaHna aANCUMNANHBI «PU3nyeckasn KyibTypa» B BbICWMX y4ebHbIX 3aBeAeHUAX
[ONA NOBbILWEHUA aKTUBHOCTM NOCELWEHNA 3aHATUI CTyAeHTaMK. [TpoaHanM3MpoBaHbl NyTH
bopMMpoBaHMA BHYTPEHHEM M BHELLIHEN MOTUBALMN CTYAEHTOB, NPeANOXKeHbl MeToabl
JIMYHOCTHO-OPUEHTMPOBAHHOIO 0BYYEHMA, MCNONB30BAHME UIPOBbLIX N COPEBHOBATENbHbIX
3/1EMEHTOB, COBPEMEHHbIX TEXHONIOTUI, @ TaKXKe NoOoLLpeHMA 1 0OpaTHOM CBA3N. Pe3ynbTaThl
nccnenoBaHMA NOKA3blBAKOT, HTO MOTMBALIMOHHbIE MOAX0AbI CNOCOOCTBYIOT NOBbIWEHMIO
3bDEKTUBHOCTM 3aHATUI NO GU3MYECKON KYNbTYPE, YBENUYEHNIO GU3MYECKON aKTUBHOCTM
CTYAEHTOB M GOPMMPOBAHMIO 340P0OBOro 06pasa KU3HM.
Kntouesble cnosa: dprsnyeckan KynbTypa, MOTUBALMA, CTYAEHT, aKTMBHOCTb, NOCEL,AEMOCTb
3aHATUNA.

Lecturer D.zZh. Kitarov
Lecturer, Master of Science A. S. Kinakov
West Kazakhstan University named after M. Utemisov
Enhancing Student Class Attendance Through the Use of Motivational Methods
Abstract
This article examines the significance of applying motivational methods in teaching the discipline
“Physical Education” in higher education institutions in order to increase student attendance and
engagement in classes. The study analyzes ways of developing both intrinsic and extrinsic
motivation among students and proposes student-centered teaching methods, the use of game-
based and competitive elements, modern technologies, as well as encouragement and feedback
strategies. The research findings demonstrate that motivational approaches contribute to
improving the effectiveness of physical education classes, increasing students’ physical activity,
and promoting a healthy lifestyle.
Keywords: physical education, motivation, student, activity, class attendance.
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Pa3BuTME KPUTUYECKOTO MblLL/IEHUA
yyalimxca 10 Knacca npu pelleHnm 3adau
MO XMMWNYECKOU KMHETUKE C
MCNONb30BaHMEM LIMPPOBOro Pecypca,
CO3aHHOrM0 C MOMOLLbIO reHepPaTUBHOIO
MCKYCCTBEHHOIO MHTE/IN1eKTa

XyaHTXaH Hypcepuk

MarmcTpaHT MaBA0AapPCKOro Neaarormyeckoro YyHMBepcuTeTa MmeHn 91ken MapfynaHa,
MaBnoaap, KazaxcraH

KeHec Mwupac beinbitynbl

MarucTpaHT

XaceHoBa Mapan TopraesHa

PhD, cTapwwuit npenogasatens [aBNoAapCKOro Negarormyeckoro YyHMBEpPCUTETa UMEHMN
onken MapfynaHa, Masnoaap, KazaxcraH

EpknbaeBa MepyepT KyaHabIKOBHa

KaHAMAAT XMMUYECKMX HaYK, A0LeHT NaB/1o4apCcKoro nefarorMyeckoro yHMBepcuTeTa
nMeHun onken MapfynaHa, MNasnoaap, KasaxcraH

AHHOTauuA

B cTaTbe npegnoKeHa MeToAMYEeCKas MOAENb Pa3BUTMA KPUTMYECKOro MbIWAEHMA
ydyawmxca 10 Knacca nNpu peweHun 3a4ay No XMMWUYECKOW KMHETMKe C MCNO/Ib30BaHMEM
aBTOPCKOro umdpoBoro pecypca. PaspaboTka npoaomkaeT paboTy Haa METOAMKON M3yveHuA
CKOPOCTM XMMWYECKMX PEaKUMM M CBA3bIBAET COAEprKaHWe Kypca obuwei n HeopraHMYecKown
XMMWN C COBPEMEHHbIMWU CcpeacTBaMu obyveHMA. FeHepaTUBHbIN MCKYCCTBEHHbIM WHTENNEKT
MCNONb3YeTCA NPU CO34aHMM LMPOBbLIX MAaTEPUANOB, KOTOPbLIE TPEDYIOT NPeaAMETHOM NPOBEPKM.
YU4ebHbIN UMK BKAOYAET NPOrHO3MpPOBaHMe, paboTy C MHTEPAKTMBHOM MOAENbIO, 0DBbACHEHME Ha
YPOBHe YacTumu, obocHoBaHMe cnocoba pelweHua 1 NpoBepKy oTeeTa. [peacTaBneHbl NpumMmepsl
PACYETHbIX WM NPOBNEeMHbIX 33aZaHWIM, CUEHapWM 3aHATUA W NPOEKT KPUTEPMEB OLEHKM
PaCCyKAEHWN C HabtoJaeMbIMM AECKPUNTOPAMM M YCNOBHBIM MPUMEPOM OLeHMBaHMA. PaboTa
MMeeT TeOPETUKO-METOAMYECKMNIA XapaKTep. E€ pe3ynbTaTom ABNAETCA ONMCaHMe opraHu3aumm
0by4YeHMa M MHCTPYMeHTapusa Ans nocieayouen anpobaumn. dGeKTMBHOCTb NPeaoKeHHOM
MOZAeNM NPeacToOMT NPOBEPUTL B Nearormyeckom MccaesoBaHum.

KntoyeBble cnoBa — XMMMUYECKAA KUHETUKA, KPUTUYECKOE MblLLNEHNE, METOAMKA 0DyYeHmA
XMMUK, LMGPOBOI pecypc, reHepaTUBHbIM MCKYCCTBEHHbIM MHTENNEKT, peLleHme 3aaau.

Developing Grade 10 Students’ Critical Thinking in Chemical Kinetics Problem Solving Using a
Digital Resource Created with Generative Artificial Intelligence

Abstract. This methodological paper proposes an instructional model for developing Grade
10 students’ critical thinking through chemical kinetics problems supported by a digital learning
resource developed with generative-Al assistance. Generative artificial intelligence assists in
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developing materials that require subject-specific review. The learning sequence combines
prediction, interaction with a simulation, particle-level explanation, justification of the solution
method, and answer checking. The paper presents calculation and reasoning tasks, a lesson
scenario, and a proposed rubric with observable scoring criteria and an illustrative scored
response. Its contribution is an instructional design and a framework for future classroom
evaluation. The effectiveness of the model remains to be tested empirically.

Keywords — chemical kinetics, critical thinking, chemistry education, digital learning
resource, generative artificial intelligence, problem solving.

BeeneHue

Mpn  M3y4eHMM  CKOPOCTM  XMMWYECKMX  peaKkuui  yydalwmeca  BCTpeyarTca ¢
HeobxoaAMMOCTbo O0B6BACHUTL Habnwgaemoe ABNEHME UM BbIPA3UTb €ro  KOJMYECTBEHHO.
MpaBuabHaAA NOACTAHOBKA YMcen B GopMyny eLLé He NOoKa3blBAeT, MOHMMAET N YYEHMK YCNOBUSA
eé npumeHeHuA. Ana yyntena cywecTBEHHbI U ApyrMe BOnpockl. lloyemy BbibpaH MMEHHO 3TOT
cnocob peweHnAa? Kakue BeNMUYMHbI HEobxoAMMO cpaBHMUTL? CornacyeTca M pesynbtaT C
XMMMWYECKMM CMbICIOM 33241 ?

O630p MccnenoBaHWn MO 0BYYEHMIO XMMUYECKON KMHETMKe Bain n Towns nokasbiBaeT
3HAYMMOCTb KaK MOHUMAHMA NOHATUIM, TaK U MaTeMaATUYECKOM CTOPOHbI TeMbI [1]. B npeanaraemoit
pa3paboTKe 3TN CTOPOHbI CBA3bLIBAIOTCA Yepes Nocae0BaTeNbHOCTb Yy4eOHbIX AENCTBUA. YUEHUK
CHayvana BbICKa3blBaeT MpeanosioKeHMe, 3aTeM pacCMaTpMBaeT MoZenb npouecca, obbACHAET
M3MEHEHME CKOPOCTM W NPOBepPAET PAcyET. TaKOW NOPALOK NO3BONAET CAENATb XOL PACCYKAEHNA
[OCTYNHbIM ANA 0B6CYKAEHMUA.

Pa3paboTka BXOAMT B TEKyWMIA aBTOPCKMIA MPOEKT MO MeTOAMKE M3YYEeHWA CKOPOCTU
XMMWYECKMX pPeakunin W npeacTaBAAeT HavaAbHbIM  MEeTOAMYECKMIM 3Tan  MarmcTepcKoro
MCCNenoBaHMA O PA3BUTUM KPUTUYECKOrO MbIWAEHMA NPU PELLEHNN CAOXKHbIX 33434 MO XMMUK C
Mcnonb3oBaHMeM MHCTpymeHToB W, Lenb cTaTb — onumcaTb Modenb NpUMeHeHUA LmMbpoBoro
pecypca B 10 Knacce v NPeasoXKnTb 3aaHNA U KPUTEPUK, C MOMOLLBIO KOTOPbIX BNOCNEeACTBMM
MOHO MN3Yy4UTb Ka4eCTBO PACCYKAEHWNMN YHaLLMXCA.

[na LOCTUKEHMA LLeAN BbINONHEHbBI aHAIM3 METOANYECKON NUTepPaTypbl, NPOEKTMPOBaHME
y4yebHOro umkna, pas3paboTka NPUMEpPOB 33a4aHWMN M PACYETHAA MNPOBEPKA NPUBEAEHHbLIX
pelweHnin. SMNMpUYECcKana NpoBepKa BAMAHMA pecypca Ha pes3ynbTaTbl 0Oy4YeHWMA OTHOCKTCA K
cneaytouemy stany paboTbl.

MeToamnyeckme oCHoBaHMA pa3paboTku

B paboTe noa KPUTUYECKMM MblWAEHMEM MNOHMMaeTcA OOOCHOBAHHOE CyXKAeHWe,
npeanonaratoulee aHanmM3 uHOOPMaLMK, OLEHKY [A0B0AO0B, (GOPMy/MPOBaHWE BbIBOAA M
nepecmoTp COBCTBEHHOTO pelleHnA. Takoe NoOHMMaHMe ONMPAETCA HA MONIOXKEHUA IKCMNEPTHOro
oT4éTa noa pykosoacTBOM P. Facione [2]. [nAa Tembl XMMMYECKOM KUHETUKM OHO
KOHKpeTM3npyeTca B AOCTYMHbIX HabAOAEHMIO AENCTBMAX — BblAENEHMW AaHHbIX, Bblbope
3aBUCMMOCTN C OObACHEHMEM €€ NPUMEHMMOCTM, MPOBEPKE BbIYMCAEHMIA K ObCyKAeHUM
OrpaHMYeHWn BbIBOAA. YeTblpe KpUTEpPUA HUXKe ABAAOTCA aBTOPCKOW adanTauuen and
npeAMeTHbIX 3a4a4. AHanM3 nposasaseTca B oTbope AaHHbIX, OLEeHKa — B 0OOCHOBAHWM METOAa,
0b6bACHEHME — B YCTAHOBAEHWM XMMWYECKMX MPUYMH, CaMOpPerynsumMa — B MPOBEPKeE W
nepecmoTpe BbiBOAA. ITW KPUTEPWUM OXBATbIBAKOT OTAE/bHbIE MPOABAEHUA KPUTUYECKOrO
MbILLNEHNA N TPEDYIOT NPOBEPKM COAepPKaTeNbHOM BaINAHOCTM.

MeToanyeckas MoAeNb CBA3bIBaeT Habatogaemble M3MEHeHWA, NpeacTaBAeHUA O
YyacTuMuax M CUMMBOAMYECKYHD 3anucb. [lpobnema cornacoBaHuMAa ypoBHEM nNpeacTaBaAeHMA
XMMMYECKOTro 3HaHMA paccmaTpusaetca B pabote A. H. Johnstone [3]. Hanpumep, npwu
obCcyKaeHUM TemnepaTypbl YY4EHUK AOMKEH CBA3ATb M3IMEHEHME CKOPOCTM C pacnpeaeneHnem
3HEeprui 4acTuu, a 3aTem OOBACHUTL, KaKMe YCN0BMA NO3BONAIOT MCMOIb30BaTb NPaBMUAO BaHT-

Fropda nnun ypasHeHne AppeHunyca.
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OnbIT pa3paboTKM MHTEPAKTUBHbIX CPEACTB ANA XMMUYECKOro 06pa3oBaHNA NpeacTaB/eH,
B YacTHOCTK, B paboTe o cumynaumax PhET [4]. B npeanaraemoit mogenn umbpoBoe HabntogeHme
BK/ItOYEHO B 33a4y, TpebyoLLyo MMCbMEHHOrO NPOrHo3a 1 06bACHEHMA. MI3MeHeHWe NnapameTpa
CTQHOBWUTCA MOBOAOM [A/18 MPOBEPKM WMAEWN YYEeHUKA. Pe3ynbTaT MNPOrpamMMHON  MOAEeNM
MHTEPNPETMPYETCA C Y4ETOM 3a/10XKEHHBIX B HEE YNPOLLEHUIA.

3aja4a  HactosAwen pas3paboTkM — KOHKPEeTU3MpOoBaTb PaboTy yuuTens Mexay
HabalAeHMeM MOZENW M OLEHKOM OTBeTa yveHMWKa. lpeanaraeTca CBA3aTb KaXApld 3Tan c
MUCbMEHHbIM NMPOAYKTOM — MPOrHO30M, 0OBACHEHWEM, PACYETOM UM MCMPABIEHMEM BbIBOAA.
MPaKTUYEeCKMN BKNAZ COCTOMT B COM/1acOBaHMM 3TOM MOCNeA0BATENbHOCTM C 3aZaHWAMM MO
KMHETUKE N KpUTEPUAMM MX NpoBepKn. OnncaHHbIM BapuaHT TpebyeT anpobaumm, a cpaBHeHMe
ero aGpdGeKTMBHOCTA C APYTMMM METOAMKAMM BbIXOAMT 32 PAMKM HACTOALLEN CTATbMU.

Lindposoir pecypc 1 ponb reHepatmsHoro M

Y4yebHbIn pecypc «XMMUANbIK Peakumsa KblAAaMAapblFbl» NpeaHa3HavyeH ANs M3yYeHun
XMMmMyeckoln kuHeTnkm B 10 Knacce. Ero agpec npmBeaéH B CNMCKe UCTOYHMKOB [5]. PaspaboTka
obbeaMHAET MHTEPAKTMBHOE NpeAcTaBAeHMe NpoLecca, TEOPeTUYEeCKne NOACHEHMA, 3a4aHMA U
cpeactea camonpoBepKku. MaTepmasnbl NpeaycMOTPEHbI Ha Ka3aXxCKOM, PYCCKOM M aHTIMMCKOM
A3blKax. [1pyn opraHn3aLmMm 3aHATUA YUMTENb BbIOMPAET A3bIK M 0OBEM MaTepmana B COOTBETCTBUM
C NoAroToBKOM y4yalimxca. OnncaHme oTHocUTCA K Ny6anMyHOM Bepcuu pecypca, AOCTynHon 4
HoAbpa 2026 roga. MNepes anpobaumeit HeOOXOAMMO COXPaHWTb WMCMOAb3yEeMYD BEPCUIO
OTAEeNbHO, MOCKO/IbKY COAEPKAHME CaiiTa MOXeT OOHOBNATHCA.

Moea npeaMeTHOro COAEep)KaHWA cBA3aHa C paboTon XyaHTxaHa HypcepuKka Haz
METOAMKOM M3y4YeHUA CKOPOCTM XMMWYECKMX peakumi. KeHec Mupac beinbitTyabl npeanoxmn
MCNONb30BaTb BO3MOXHOCTU MW Ansa co3gaHma canta v BbINOAHWA €10 TEXHUYECKYHO peannsaumio.
Takoe COTPYAHWMYECTBO NO3BONAET COEAMHWUTb NefarorMyeckMini 3ambicen C MPOrPaMMHbIM
BOM/IOLLEHNEM. B cTaTbe paccMmaTpuBaeTCcA NpUMeEHeEHWE roToBOro y4ebHOro pecypca, Co34aHHoro
npu coaemncTsmm reHepaTnsHoro K.

MIHTEPAKTMBHAA YacCTb BKAKOYAET MOAENb [ABMMKEHMA W B3aMMOEMCTBMA YacTul, C
M3MEHEHMEM NapaMeTpPoB, a TaKKe rpaduyeckme NpeacTaBAeHUA KUHETUYECKUX 3aBUCUMOCTEN.
TemaTnyeckoe coaeprkaHMe OXBaTblBAaeT CKOPOCTb pPeaKlyi, CTONKHOBEHWMA 4acTul, SHEepruto
aKTMBaLMK, aKTOPbl M3MEHEHMA CKOPOCTM, KUHETUYECKME YypaBHEHWA, TemnepaTypHble
3aBMCMMOCTU W KaTanm3. [na 3a4a4 NoOBbILEHHON CAOKHOCTU yYMTeNb OTAENbHO onpeaenset
HeobXxoAMMble NpeaBapUTENbHbIE 3HAHUA.

YyebHaa Moaenb YacTuL, MCNOb3YyeTCa ANA KaYeCTBEHHOrO 0HCYKAEHNA CTONIKHOBEHMI 1
BAMAHMA NapameTpoB. E& NoKasaHWA Henb3Aa NEPEHOCUTb Ha KOHKPETHYHO XMMMUYECKYID CUCTEMY
6e3 ycTaHOBAeHMA MacwTaba BPEMEHW, eaWHWL, NapaMeTPoB W MPOBEPKW anroputma. B
npeasaraeMom 3aHATUM HabatoAeHWe MOAEAN CAYXKMUT NoBoAoM A8 GOPMYyIMPOBaHUA W
0bCyKAEHNA TMNOTe3bl, @ KOIMYECTBEHHbIE PACYETbI BbINOJHAOTCA MO SABHO 3aZaHHbIM YC/IOBUAM
3a4a4m.

B paHHOM paboTe NOATBEP)KAEHO WMCMNONAb30BaHWe reHepaTuBHoro MW npu cosgaHum
pecypca. Ero noteHumansHble GYHKUMKU NMpU danbHellwen AopaboTke BKAKOYAOT MNOArOTOBKY
YEepHOBMKOB OObBACHEHWI, BAapMAHTOB 3a4aHUM M NepeBoAoB. KOHKPETHble WMHCTPYMEHTbI W
onepauum cnenyet GUKCMPOBATb B KypHane pa3paboTku. [pu NoAroToBKe pyKonucwu
nepecymTaHbl NpMBeAEHHbIE B HEM YMCNOBble MpUMepbl. [oNHas NpoBepKa BCeX NepeBoaos,
PACYETHbIX BUAKETOB M GU3MYECKOM aAeKBATHOCTU CUMYAALMW OCTAETCA OTAE/bHOM 3aaadven
nepep anpobaumen.

Mpn NpoBepKe coAepKaHMA O0CODEHHO BayKHbl HECKONbKO pa3rpaHMyeHuin. Nokasatenm
CTeneHen B 3KCMEPUMEHTANIbHOM KMHETUYECKOM YPaBHEHWW YCTAaHABAMBAKOT MO AAHHbIM WMAK
NPUHMMAIOT U3 YCNOBMA 334341, [INA CYMMapHOM peaKkLmMm OHW He OnpeaensatoTca aBTOMATUYECKN
CTEXMOMETPUYECKMMIN  KO3bdUUMeHTaMK.  KaTanm3aTop pacCMaTpUBAETCA Kak  CpPeacTBO
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M3MEHEHMA NYTU PEaKLMKU N e€ CKOPOCTU NPU COXPAaHEHUN TEPMOANHAMUYECKMX XapPaKTEPUCTUK
MCXOAHOMO M KOHEYHOIr0 COCTOAHMNA.
OpraHu3sauma y4ebHoi aeaTenbHOCTH

Mpeanaraemblit LMKA CTPOUTCA BOKPYr OAHOrO BOMpoca AWM 3agadn. o paboTbl C
PECYPCOM Y4YEHMK 3amnucbiBaeT MPOrHO3 W KpaTKoe 0O6OCHOBaHWe. 3aTem WM3MeHsieT OAuH
napameTp Moaenn, GuKcuMpyeT HabnlogeHWe W COoMocTaBasieT ero C MNporHosom. [locne
00CYyKAEHNSA MeXaHM3Ma N3MEHEH M CKOPOCTM OH BbIOMPAET PacyETHOE COOTHOLLEHME, NoayYaeT
OTBET N MPOBEPAET €ro CMbICA. B 3aKNt0YEeHME YYEHUK OTMEeYaeT, Kaknme OCHOBaHMA MO3BOUIU
COXPaHUTb UM U3MEHMUTb MepBoHavasbHOe MHeHue. B Tabnavue 1 npuBeaéH NPOEKT OAHOro
3aHATMA O BAUAHMM TemnepaTypbl. [lo Hayana ypoka y4uTeslb OTKPbIBAET HYMHbIA 3KpaH Ha
[OCTYMHbIX YCTPOWCTBAX MM rOTOBMT 0OLLYO AeMOHCTpauumio. Ha atane pacuyéta ncnosbsyerca
3aZ1a4a 1, a Npu npoBepKke — OLWMOOYHbIN OTBET «B AEBATH Pa3». Bpems BKAOYaeT nepexoapl 1
MOMOLLLb YYUTENA B Npeenax KaxKaoro atana U yTouHAeTcA Npy npobHOM NpoBeAeHMMN.
Tabnunua 1. NMpoeKT 3aHATUA 0 BAUSHMM TEMNEPATYpPbl Ha CKOPOCTb peaKLmm

Bpems YyebHoe peicrame PesynbTaT paboTbl y4eHMKa

Yuutesb 3a4aET YCA0BUA
3a/a4m 1, y4eHuKN

0-5 muH MporHo3 1 obbACHEHME ero OCHOBaHMA
NPOrHO3MPYIOT U3MEHEHME
CKOpOCTU
YUeHUKM MeHAIoT

513 M TemnepaTypy Moaenn npu OnuncaHne n3MeHeHMA CTONKHOBEHUI M BONPOC K
OCTaNbHbIX PUKCUPOBAHHbIX Mmoaenu
napameTpax
YunTtenb obcyKaaeT cBA3b

13-21 TemnepaTypbl, SHEPrUit

Ak 4ACTULL 1 S BEKTUBHbIX MncbMeHHOe XMMMnYeckoe 0bbACHeHWe
CTO/IKHOBEHMI

21-35 YueHmkn pewaror saaady 1, PacyéT n obocHoBaHMe TPEX TEMNEPATYPHbIX

YYMTESb YTOUHSET YC/IOBUA
MWH aros
NPUMEHEHKs NpasBma

YUYeHUKN aHaN3npYLoT OTBET

35-42

Ak «B AE€BATb Pa3» M Npeaes McnpaBneHue oWnbKM C apryMeHTOM
BbIBOJA
YUYeHUKN COnoCTaBNAoT

42-45 OcHoBaHMe CoOXpaHeHMA NN USMEHEHWA
BbIBO/, C MUCXO4HbIM

MWH nporHo3a
NPOrHO30M

Mocne ypoKa pecypc MOMKET MCMo/b30BaTbCA A1 CAMOCTOATENIbHOTO MOBTOPEHUA U
NOAroTOBKM BONPOCOB. [INCTaHUMOHHOE 0b6CyKAeHWe B ZoOm NpeanaraeTca Kak 40NoHUTebHadA
dopma conpoBOXKAEHMA. Yuyawmeca OOBACHAIT BblOpPaHHOE peleHne W KOMMEHTUPYIOT
apryMeHTbl ApYr Apyra, a yuYuTenb 3a4aéT yTOYHAoWMEe BONPOCHI. JANTENbHOCTb U COAEPKaHNe
TaKMX BCTpey cneayeT duKcuposaTb Npu Byayuwein anpobaumm, NOCKOAbKY A0MNONHUTENbHAA
MOMOLLb MOKET BANATb Ha Pe3ynbTaT 0byyeHus.

B nocnenoBaTenbHOCTb 3aHATUIA MOTYT BXOAMTb LWECTb TEM — OnpeaesieHne CKOPOCTU U
yTeHue rpaduKoB, TEOpPMA CTOIKHOBEHWM, (AKTOPbl M3MEHEHWA CKOPOCTW, KUHETUYecKoe
ypaBHeHMeE, TEMMNePATyPHbIE 3aBMCMMOCTM M KaTans c 0600LLeHeM. ITO NPOEKT pacnpeaeneHuns
MmaTepunana. Ero HeobXxoAMMO COOTHECTU C KOHKPETHOM y4yebHOM nporpammolnt, AOCTYMHbIM
BPEMEHEM N YPOBHEM NOATOTOBKM Kaacca.
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3agaHuA ans pa3suTna 060CHOBAHHOIO PaCCyKAEeHUS

MpuBeAEHHbIE HWMXe 33aJaHMA ABAAIOTCA METOAMYECKMMM NpUMepamu. Yncnosble
3Ha4YeHMA 3aJaHbl 4NA pacyéTta. [pM MCNOAb30BaHMN B KNacce y4mTenb OLEHMBAEeT He TOJIbKO
OTBET, HO 1 0bbsicHeHWe BbIBpaHHOTo cnocoba pelleHma. JonoaHUTeNbHblE BONPOCHI NepeBoaaT
BbIYMCUTENBHYIO 3a4a4y B 0OCY»KAEHME YCN0BUIN, A0KA3aTeNbCTB 1 rpaHuL, BbiBOAA. 3adaHna 1 m
2 paccyuTaHbl Ha NPUMEHEHMEe 3a[aHHOM 3aBUCMMOCTU U ODCY»KAeHWe yCcnoBuii. 3agaHue 3
OTHOCMTCA K [AOMOJSIHUTE/NIbHOMY YPOBHIO W Npeanonaraer 3HaKOMCTBO C Jsiorapudmamu,
9KCMNOHEHTON M KOHCTAHTOM CKOPOCTM. 3agaHne 4 HanpaBieHO Ha OUEHKY owwubo4yHOoro
obbacHeHMAa. CooTBeTCTBME BblOpaHHOW nporpamme 10 Knacca onpegenaeTca yduTenem o
NpoBeAeHNs 3aHATUN.
3apaHue 1. Boibop dopmynbl n npoBepKa pesynbTaTa

Ycnosue. TemnepaTypHblh KOIOPUUMEHT CKOPOCTM peakumm paseH 3. Onpeaenute
M3MEHEeHWe CKOPOCTU MpPKU MNoBblleHnn TemnepaTypbl ¢ 20 o 50 °C. CumtanTe KOapPUUMEHT
MOCTOAHHbIM Ha PAaCCMATPMBAEMOM MHTEpPBAJe, OCTajbHble YCI0BUA — OAMHAKOBbIMU.

PeweHune. Mo npasuny BaHT-Todda va/vi = yA((t2 - t1)/10) = 3% = 27. CkopocTb
yBEeNMUMBAETCA B 27 pa3. YUEHMK A0MKEH NOACHUTL, 4To MHTepBan 30 °C coaep»KUT TpU Wwara no
10 °C v Ha Ka*Ka0M Lare CKOPOCTb YMHOaeTcs Ha 3.

Bonpoc ana obeyxaeHua. lpyro y4eHMK NOAYYM yBEANYEHME B AEBATL Pa3, YMHOXMB 3
Ha 3. OObAcHUTe oWWBKY W nNpeanoxute npoBepky. OXMAaemoe paccyKaeHne —
nocnefoBaTesibHble M3MEHEHMA MMEeOT MHOXUTenn 3 x 3 x 3. [paBMAO MCNOAb3YeTCA KakK
NPUBAMKEHHOE COOTHOLLIEHME ANA 3aaHHOM0 MHTEPBana, rae Y NPMHUMAETCA NOCTOSHHbIM.
3agaHue 2. AHaAN3 yCnoBMA 3a4a4M O BpEMEHU peaKkummn

Ycnosue. Mpu 50 °C AOCTUKEHME 3a4aHHON CTENEHM NPEeBPaALLEHNA 3aHMMAET 16 MUHYT.
TemnepaTypHbIi KoadduUmMeHT paeH 2. OueHUTe Bpema AOCTUMKEHMA TOW Ke CTeneHu
npespatleHma npm 80 °C. B pacyE€THOM MOAENN CUMTAEM, YTO MPU KaXKa0M CTENEHM NpeBpaLLeHMA
CKOPOCTb YBE/IMYMBAELTCA B OJMHAKOBOE YMCNO Pa3, a MCXOAHbIN COCTaB M MEXaHU3IM peakumm
coxpaHstoTca. Toraa Bpems AO0CTMXKEHMA BblIOPaHHOM CTeneHn NpeBpalleHMa COKpPallaeTca BO
CTO/IbKO e pas3.

PeweHune. OTHOWEHME CKOPOCTEH paBHO 23 = 8, no3Tomy T, = 16/8 = 2 muH. MpoBepKa
MOKa3blBaeT, YTO YCKOPEeHMe npouecca COOTBETCTBYET YMEHbLUEHMIO BpemeHu. B oTseTe
HeobOXOAMMO COXpPaHUTb OroBOpKYy 06 OAMHAKOBOM CTENEHM NPEBPALLEHMA M MNPUHATON
3aBMCMMOCTM BPEMEHM OT CKOPOCTH.

Bonpoc ans obcyxaeHma. [locTaToyHO i COODLIEHMA «peaKkuns cTana boicTpee, YToObI
BbIYMCINTL BPEMA €€ OKOHYaHMA? YUYeHMK [O/KEH Ha3BaTb HeAoCTalolMe CBeAeHUs —
KOIMYECTBEHHOE U3MEHEHME CKOPOCTU, KPUTEPUIM OKOHYAHMA N CONOCTAaBMMOCTb YCA0BUI. Takoe
YTOYHEHME YUUT NPOBEPATL MNOJTHOTY YCAOBUSA [0 BbIYNCAEHWNIA.
3azaHue 3. CpaBHeHWe TeMMNepaTypPHbIX 3aBUCUMOCTEN

Ycnosue. dHeprua aktmeaumm pasHa 50 KAx/Monb. HalguTe OTHOLWEHME KOHCTaHT
ckopocTth npu 298 1 308 K, cumTasa sHepruo akTMBaLMM U NPeasKCNOHEHLUMANbHbIA MHOXNTE b
NOCTOAHHbIMW Ha 3TOM MHTepBane. CpaBHUTE pe3ynbTaT C OLLEHKOM Nno npasuay Bant-Nfodda npu
Y = 2 418 TOTO e M3MEHEeHMA TeMnepaTypbl.

PeweHune. O6o3Haunm ky = k(298 K), k, = k(308 K). Mo ypaBHeHuto AppeHnyca In(ky/kq) =
(50 000/8,314) x (1/298 - 1/308) = 0,65523, nostomy kp/ki = 1,92558 = 1,93. dHEeprus aktmeaLmm
nepeseaeHa 13 50 kdx/monb 8 50 000 Ax/monb, R = 8,314 [Osx/(monb-K). OueHKa cy = 2 Ans
NoBbllEeHMA TemnepaTypbl Ha 10 rpaaycoB AaET MHOXUTENL 2. OTHOCUTENBHOE NPEBbLILLEHMNE 3TOM
OLEHKM Haf, pe3ynbTaTomM no AppeHunycy pasHo (2 - 1,92558)/1,92558 x 100% = 3,86%, unu 3,9%
NPW OKPYrAeHMn 40 AECATbIX.

Bonpoc ana obeyxaeHna. MOXKHO M Ha OCHOBAHWM 3TOr0 pPasnmyma ob6baBUTbL OAHY M3
dopmyn HeBepHon? [lnAa 0OOCHOBAHHOrO OTBETA YYEHWK [O/KEH COMOCTaBUTb MCXOAHble
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NpeanonoXeHunsa. 3HavyeHne y = 2 ABASETCA MPUHATOM OLEHKOM, a BblpaXeHue AppeHuyca
MCNONb3YeT 3aJaHHYKD 3HEPrM akTueauuu. Pasnmume pe3ynbTaToOB MOKa3biBAaeT pPoJb
napameTpoB M NpubanKeHnn. [1na cpaBHEHMA MMEHHO CKOPOCTEM AOMNOAHUTENbHO HYMKHbI
OZIMHAKOBbIE KOHLEHTPALUMM U COXPaHEHME KMHETUYECKOrO ypaBHEHMA. 3HadyeHne y = 2 31ecb
33aHO OTAENbHO M HEe BbIBEAEHO M3 MPUHATOM 3HEPTrMM akTMBaUMK. [ToaToMy conocTaBsieHme
NANIOCTPUPYET YYBCTBUTENIBHOCTb OLIEHKMN K MCXOAHbLIM NPEeANON0KEHNAM.
3apaHue 4. OugeHka owmnboyHoro obvACHeHMA

Ycnosme. B yyebHOM OOBACHEHMM CKa3aHO, YTO KaTa/M3aToOp YCKOPSET peaKkuuto,
MOCKO/IbKY  YBE/MUMBAET CPEAHION KUHETUYECKYID 3JHEPruio  4acTul, Npu  HEU3MEHHOWN
TemnepaType. OUeHUTE YTBEPKAEHWE N UCNPABLTE €ro, UCMNO/b3YA IHEPTETUYECKYIO AMarpammy.

Oxnpgaemoe obbAcHeHMe. [lpM HeMaMeHHOW TemnepaType MoBbllleHne cpeaHel
KMHETMYECKOM 3HEeprumM He ABNAETCA MNPUYMHON KaTa/IMTUYECKOro YCKOPeHWs. KaTtanumsatop
obecneymnBaeT NHOM MexaHU3M C Bonee HU3KUM 3PPEKTUBHbIM sHepreTuyecknum bapbepom. Ha
AMarpamme cnefyeT COMOCTaBWUTb MyTWM PeakuMuM M MNoKa3aTb OAMHAKOBble 3HepreTMyeckume
YPOBHM MCXOAHbIX BELLeCTB M NPOAYKTOB. [nAa obpaTMMoro npouecca KaTanmsaTop yckopsaeT
[OCTUXKEHWE PaBHOBECKA, COXPAHAA ero NoNoXKeHMe Npu 3a4aHHOM TeMnepaType.

3aZlaHMe MOMKHO MCMONb30BaTb MNpK  ObCYKAEHWUW CneumanbHO MNOAroTOBAEHHOMO
OWMOOYHOro TEeKCTa, MOXOKEero Ha OTBET reHepaTMBHOM MoAenn. YUYeHuKy npeanaraerca
BbIAENUTb HEBEpHOE YyTBEpPXKAeHWe, 0ObACHUTL OCHOBaHME WMCNpPaBAeHMA U cHOPMYNMPOBaTbL
CcOBCTBEHHbIM OTBET. MICTOYHMK OWMOKM B J@HHOM C/ly4Yae 3alaH B y4ebHbIX Lensx.
Kputepum oueHKM 1 NpoekT anpobaunmn

Ona HabntogeHMa 3a XOAOM PaACCy)KAEHWUA npeanaraeTcs aHanuTMYeckas pybpuKka m3
yeTblpéx Kputepme K1-K4 (1abn. 2). Kaxabit kputepuit oueHmsaetca oT 0 go 2 6annos.
MpoBePAIOLIMA OTMEYaeT KOHKPETHbIM dparmMeHT OTBETa, COOTBETCTBYHOLWMI AECKPUNTOPY.
OwnbKa B OAHOM KPUTEPUM HE [AO0MKHA aBTOMATUYECKM CHMXKATb BCE OCTajlbHble OLEHKM.
Makcmym 8 6annoB NPUMEHAETCA TONbKO K KOMM/IEKCHOM 3a4a4e, B KOTOPOW SIBHO 3amnpoLLleHsbl
BCE YeTblpe AeNCTBUA.
Tabnnua 2. MpoeKT pybpMKM OLEHKN PACCYyKAEHNN

Kputepwui 0 6annos 1 6ann 2 6anna
OCHOBHbIE BEIMYMHDI
MponyuleHo BbliaeneHbl HyXKHble
BblAeIeHbl, HO 0AHO
K1 AHanus ycnosue, 6es BE/IMYUHBI U CYLLLECTBEHHbIE
CYLLEeCTBEHHOE
OAHHbIX KOTOPOro pelleHune A0NyLLEeHNA, yKasaHa 1x
aonyuieHune
HeBepHO POb
NPONyLLEHO
BbibpaHa 3aBMCUMOCTb BEPHa,
K2 . HasBaHa 3aBUCMMOCTb U
HENPUMEHMMAA HO eé CBA3b C
Ob6ocHoBaHWe 06bACHEHO, NOYEMY YCNOBUS
33aBUCMMOCTb UN YCNOBUAMMU HE .
MmeToaa N03BONAIOT €€ NPUMEHUTL
BbIbOp OoTCYyTCTBYET  0bObACHEHa
MpnynHa
N3MeHeHMA HanpasneHune BbICTpoeHa Xxmmmyeckm
K3 XuMmmnyeckoe CKoOpoOCTH N3MEHEHMA Ha3BaHO KOpPeKTHaA NPUYMHHAA
obbAcHeHMe obbAcHeHa BEPHO, HO NPUYMHHAA  LEenoYyKa AnA
HEeBEPHO M/ He CBA3b HEMNO/HA paccmaTtpuBaemoro daktopa
yKa3aHa
Mcnonb3oBaHbl ABa
[NpoBepKa
BbinonHeHa ogHa HEe3aBMCUMbIX OCHOBAHMA
K4 MpoBepka OTCYTCTBYET U/IN
coaeprKaTesibHas NpOBEPKMK, NpU
BblBOAA COCTOUT B
nNpoBepKa OTBETA HeobX0AMMOCTU MCMpaBeH

NOBTOPEHWM OTBETA
BbIBO/,
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PybpuKa npeaHasHayeHa ANA OLEHKM PACCyKAEHWIM B 3a4a4aX MO XMMUYECKON KMHETUKE.
E€ BaMAHOCTb M BOCMPOWM3BOAMMOCTb OUEHWMBAHMA MNPEACTOUT M3yunTb. Obwmin  Bann
XMMWYECKOro TecTa 1 6ann no aTon pybpurKe cnedyeT aHaAM3MPOBaTb Pa3ae/lbHO, MOCKObKY OHM
XapaKTepU3YHOT Pa3Hble CTOPOHbI BbINOAHEHMA PaboTbI.

PybpuKa npumeHseTcs ¢ Yy4ETOM codepKaHusa 3adaHumsa. B 3apaHumax 1 n 2 mcxogHo
oueHuBatotca K1, K2 n K4, makcumym — 6 6annos. Y1obbl oueHMBaTh K3, nobasnsaetca Bonpoc o
CBA3W TEMMNEPATYPbI C IHEPTUAMM YacTuL, M Aonen 3bdeKTUBHbIX CTOIKHOBEHWI. B 3aaaHum 3 6e3
TAKOro Bonpoca TakxKe oueHmBatotcAa K1, K2 n K4, B 3agaHnm 4 oueHmBaroTca K3 n K4, makcumym
— 4 6anna, npuuém ans K4 yyeHUK O0KEH COMOCTAaBUTbL MCMpaB/ieHHoe 06bsACHeHWE C ABYMS
NpuM3Hakamu  AuMarpaMmbl.  MIToroBble  CyMMbl  3aZl@HWMM  C  PasHbIMM  MAKCMMyMamu
HenocpeaCTBEHHO He CPAaBHMBAKOTCA.

YCNOBHbIN NpUMep MNpUMeHeHUA pPyObPMKM OTHOCMTCA K 3adaHuio 1, AONOSHEHHOMY
BOMPOCOM O YacTULax M TpeboBaHMEM NPOBEPUTL OTBET ABYMA cnocobamu. OH coCTaBneH ANs
MOACHEHUA KPUTEPMEB N He ABAAETCA Pe3y/IbTaTOM peasnbHOro yyeHuka. OtBeT — «TemnepaTtypa
Bbipocsa Ha 30 °C, ato Tpu wara no 10 °C. Mpn NOCTOAHHOM Y = 3 CKOPOCTb YBEAMUYMTCA B 3 x 3 x 3
= 27 pa3. Bbibupato npasuio BaHT-Todda, notomy 410 KOIGOUUMEHT 3adaH U MNPUHAT
NOCTOAHHbIM. [lpM  HarpeBaHUM yBEAMYMBAETCA JONA YacTul, CNOCOOHbIX NpeoaoneTb
aHepreTnyeckmit bapbep. OTBET B0/blIE €ANHMLbI, YTO COrNacyeTcs C yckopeHnem. ELé nposepto
nocnenosaTenbHo — 3, 9 1 27 pa3 OTHOCUMTENbHO UCXOLAHOM CKOPOCTM Y.

OueHKa ycnoBHoro oteeTa cocTasnser K1 — 2 6anna 3a BblaAeNeHMe MHTepBana W
ponyuieHmns, K2 — 2 3a obocHoBaHMe 3aBucMmocty, K3 — 2 3a ob6bACHEHWE Yepes sHepruto
Yyactuu, K4 — 2 33 npoBepKy HanpasaeHWUA M3IMEHEHWA N HE3aBMCKMMbIA NOLIATOBbIA Nepecyer.
Bcero 8 6annos. OTBeT «27 pa3 no dopmyne» npu OTCYTCTBMM AaNbHEMLIMX NOACHEHWI He
noATBep)KAaeT BCe 4YeTblpe aercteua. na K2 oH cootseTctByeT 1 Hanny, ANA OCTaNbHbIX
KpUTEepMeB A0KA3aTENbCTB B 3aMUCKU HEAOCTAaTOYHO. YCTHbIE MOACHEHMA YYNTbIBAIOTCA TO/IbKO NPU
3apaHee yCTaHOBNEHHOM M OAMHAKOBOM A1A BCEX NOPAAKe UX GUKcaLmK.

Mepen anpobaumert ABa NPOBEPAKOLMX AOMKHBI HE3AaBUCMMO OLEHUTb Habop yy4ebHbIx
npumepos, 06CYAUTb PACXOXKAEHMA W YTOYHUTbL AecKpuntopbl. Ha peanbHbix paboTax
HeobxoAMMO OTAENbHO OUEHWUTb COrNACOBAHHOCTb MpoBepAtowmx. OCHOBHbIM MAAHUPYEMbIM
NOKa3aTeNleM MOXEeT CTaTb M3MeHeHne 6annoB Mo KPUTEPUAM Ha COMOCTAaBMUMbIX KOMMAEKCHbIX
3a/1aHNAX, @ NPaBUIbHOCTb BbIMMCAEHWUIN CneayeT y4nTbiBaTb AONONHUTENBHO. KpuTepumn, Cpokm
OLEHWBAHMA M NpaBuaa 06paboTKM NPONYCKOB 3aKpenaaTca 40 cbopa AaHHbIX.

Ha cneaytowem stane naaHupyeTca anpobauma B AOCTYMNHbIX 418 nccnefoBaHmaA yyebHbix
rpynnax. [Jo eé Ha4yana HeobxoaAnMMOo onpeaennTb COCTaB y4aCTHMKOB, COr1acoBaTb NpoLeaypy co
LWKONOM M 0OPOPMUTL HEODXOAMMbIE coriacka. Y1CNeHHOCTb BbIBOPKM M CPOKM ByayT OTparkaTbea
no dakTnyeckn npoBeAEHHOM paboTe. peanonaraetca NoOAroTOBUTb BXOAHblIE WM UTOrOBble
3a/1aHNA CONMOCTAaBMMOM CNIOXKHOCTM M 3apaHee 3aKpenunTb KPUTEPUN OLLEHUBAHMA.

[Ons npoBepKu pesynbTaTa UenecoobpasHo coxpaHaTb 0b6e3nnyeHHble OTBETbI M Hansibl No
KaX4oMy KPUTEPUIO, YYUTbIBaTb NOCEW,AEMOCTb, Bpems paboTbl C pecypcom 1 0H6bEM NOMOLLM
yuntena. Bropol npoBepstowmin No3BOAUT OLEHWTb COr1acoOBAaHHOCTL BbiCTaBneHuA 6annos. MNpu
HebonbWwoW rpynne cneayet yAennMTb BHUMaHME M3IMEHEHMAM B aprymeHTaumm OTAEeNbHbIX
yyalwmxcsa u nsberaTb WMPOKNX 0600 LWEHNI.

Echm HyaneT opraHM30BaHO CpaBHEHMe rpynn, HeobxoAMMO OnMcaTb WMCXOAHYHO
NOArOTOBKY, A3blK 0Oy4YeHUA, coAepKaHMe 3aHATMI M yCA0BMA A0CTyna K nomouwm. Pasnmuns
MeXAy TOTOBbIMM KNacCaMW OrpaHWYMBAlOT MPUYMHHYIO WHTepnpeTaumto. AHann3 A0/ KeH
Y4YUTbIBATb, YTO CaAMT, CAaMOCTOATENbHAA MNPaKTUKa M AMCTAaHUMOHHOE COMPOBOXAEHME MOryT
OZlHOBPEMEHHO BAMNATb Ha y4ebHYHO AeATEeNbHOCTb.
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ObcyaeHue 1 3akaueHne

MeToanyecKknin Bknaa, pa3paboTkmM 3aKNt04aeTca B coegnHeHM LMGPOBOM BM3yanm3aLumm
Cc TpeboBaHMem 0OOCHOBbIBaTb pelleHune. YuuTento npegnaraetca NocaeaoBaTeNbHOCTb
0eVCTBMIA, NPUMEpPbI BOMPOCOB U KPUTEPUM, KOTOPbIE AeNat0T PACCYKAEHME YHeHNKA NpeaMeToM
HabnoaeHna. CanT CAyXUT CPeacTBOM OpraHM3aumMmn 3Tol paboTbl, @ poab reHepaTusHoro M
CBA3aHa C NOAroTOBKOM M COBEPLIEHCTBOBaHMEM LIMGPOBOro CoOAepKaHumA.

PaboTa orpaHnyeHa 3Tanom MeTOAMYECKOro NPOEKTMPOBaHMA. [TpeacTaBNeHHble 3a4aHNA
n pybpuka TpebytoT anpobaLumnn, a 4OCTYNHOCTb OTAE/bHbIX TEM NOBbILLIEHHON CIOXHOCTA A0XKHA
ObITb NpoBepeHa NPUMEHUTENbHO K KOHKPETHOMY Knaccy. M3 coaepkaHuna pa3paboTkm Henb3s
BbIBECTU BE/IMUYMHY OXKMAAEMOro NpmMpocTa HannoB UM rapaHTMPOBaATb PA3BUTME KPUTUHECKOTO
MbILUNEHMA.

MpeanoxeHHaa moAenb NO3BOASET BbICTPOUTb M3yYeHME XMMUYECKON KMHETUKMU BOKPYT
NPOrHo3a, 06BbACHEHWUA, pacyéTa M NPoBepku BbiBoAa. OHa 3a4aéT OCHOBY ANA AaNbHeNWero
MarncTepcKoro UccaeoBaHNA, B KOTOPOM MOXHO MPOBEPUTL KAYECTBO apryMeHTaL MM yHaLLLMXCA
Ha CNIOXKHbIX 3aa4ax. CneaytoWwmin sTan BKAKOYAET yTOYHEHWe UMPPOBOro pecypca, CornacoBaHme
npoueaypbl anpobauum 1 cbop peanbHbIX y4ebHbIX MaTepManoB NO 3apaHee YCTaHOBEHHbIM
KpUTEPUAM.

CseneHua 0 noarotoske paboTol

®uHaHcupoBaHWe. BHelwHee ¢MHAHCMPOBaHME pPa3paboTKM M NOATOTOBKWM CTaTbM
OTCYyTCTBYET.

Cratyc uccnepoBanma. CtaTbs NpeacTaBnAeT MEeTOAMYECKYI0 Pa3paboTKy M MpoekT eé
nocneayowen npoBepkn. KonnmyecTBeHHble pe3ynbTaTbl MeAarorM4yeckoro 3KCnepuMeHTa B
HacToAlen paboTe He npeacTasBneHbl. CornacoBaHue byayuiero nccnegoBaHua n opopmaeHme
COrNacuii OTHOCATCA K NOArOTOBKe anpobauunm.

icnonb3oBaHWe WCKYCCTBEHHOrO WHTennekta. [eHepaTusHblin MW npumeHanca npu
co3zgaHmn umdposoro yyebHoro pecypca. Mpn Noarotoske 3aTol pedakumm pykonmcu ChatGPT
MCNONb30BANCA ANA CTPYKTYPUPOBAHMA W PEAAKTMPOBAHMA TEKCTa, YTOYHEHMA MEeTOAMNYECKMX
GOPMYNIMPOBOK WM MOATOTOBKM a@HIAMMCKOM aHHOTauuKn. CoaepskaTesbHble MNONOXKEHMA W
OKOHYaTeNbHaA peaKkLmMA NoAneKaT NPOBEPKe aBTOPaMM.
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Abstract

This article proposes a functional instructional model for developing universal learning
activities in primary school students. These activities are understood as transferable processes
that enable children to set learning goals, select strategies, cooperate with others, and evaluate
their progress. The model connects learning objectives, task selection, classroom interaction, and
formative assessment within a recurring instructional cycle. It combines teacher modelling, guided
practice, collaborative work, and individual reflection. Particular attention is paid to selecting tasks
that require students to explain their reasoning and apply familiar strategies in new situations. A
classroom example illustrates how the model can be incorporated into primary science lessons.
The article is conceptual and does not report experimental findings. It outlines observable
indicators and a research design for evaluating the model in classroom practice.

Keywords: primary education, universal learning activities, instructional model, self-
regulated learning, formative assessment, learning tasks.

Introduction

Primary education provides the foundation for how children approach learning. Completing
an exercise correctly is one outcome of a lesson, but it does not necessarily show whether a
student understands the task, can explain a decision, or knows how to overcome a difficulty.
Instruction therefore needs to address the processes through which children organise and
evaluate their work.

In this article, universal learning activities refer to learning actions that can be used across
subjects, including planning, comparing information, explaining reasoning, monitoring
understanding, and evaluating results. Their transfer between subjects should be supported
through instruction rather than assumed. A child who checks a calculation may still need help
learning how to check an interpretation of a reading passage.

The purpose of this article is to propose a functional instructional model that connects these
activities with everyday classroom tasks. The model is intended to help teachers identify what
students should learn to do independently and determine which forms of support they need.

Theoretical Background

The proposed model draws on research into self-regulated learning, formative assessment,
and the gradual release of responsibility. Panadero (2017) describes self-regulated learning as
involving cognitive, metacognitive, motivational, behavioural, and emotional processes. This
perspective suggests that classroom instruction should address how students plan and monitor
their learning alongside subject knowledge.

Black and Wiliam (1998) examine how classroom assessment can contribute to learning.
Within the proposed model, assessment is used to identify a learner’s next step: for example,
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whether a child needs to reconsider a strategy, provide evidence, or revise an explanation.
Feedback must be followed by an opportunity to act on it.

Fisher and Frey’s (2008) instructional framework provides a basis for organising support
through teacher demonstration, guided instruction, collaborative learning, and independent work.
These arrangements help structure the transition towards greater student responsibility.

The present article brings these perspectives together in a conceptual model. It does not
claim that their combination has already been validated or that the proposed sequence
constitutes a new theory of learning.

Structure of the Functional Instructional Model

The model links five functions: identifying a learning goal, selecting a task, organising
support, monitoring performance, and reflecting on transfer. Each function addresses a practical
instructional question.

First, the teacher identifies both a subject objective and a learning-process objective. In
mathematics, students may learn to compare quantities while also learning to explain why a
comparison strategy is appropriate. Expressing the second objective in accessible language helps
children recognise what successful learning involves.

Second, the teacher selects a task that makes the intended learning action observable. Tasks
should require a meaningful decision, permit explanation, and provide evidence that students can
use to check their answers. Suitable formats include comparing alternative solutions, identifying
an error, sorting objects according to a justified rule, and choosing evidence for a conclusion. Tasks
should remain manageable in relation to students’ prior knowledge and language skills.

Third, the teacher organises support. A short demonstration can make an otherwise hidden
thinking process visible. Guided practice then gives students an opportunity to use the process
with prompts. Pair work allows them to compare explanations, while individual work shows what
each learner can accomplish. Support should respond to observed difficulties; students may need
to return to guided practice after attempting a task independently.

Fourth, the teacher monitors both the answer and the process used to produce it. Questions
such as “How did you decide?” and “What could you check?” reveal information that a correct
response alone cannot provide. Students should receive time to revise their work after feedback.

Finally, reflection connects the completed task with future learning. Students identify a
useful strategy, explain when it helped, and consider where else it might apply. The teacher can
subsequently introduce a related task in another subject to examine whether students recognise
and use that strategy.

Classroom Application

A primary science lesson on material properties illustrates the model. Students are asked to
investigate which available material would be suitable for protecting a paper object from water.
The subject objective concerns material properties; the learning-process objective concerns
planning a comparison and using evidence to justify a choice.

Before testing, children predict an outcome and suggest how the materials could be
compared fairly. The teacher demonstrates how to record an observation without providing the
final answer. Working in pairs, students test the materials, record what happens, and discuss
whether their initial predictions were supported.

Each student then writes or orally presents an individual recommendation. The teacher asks
for evidence and invites revision where an explanation relies only on preference. A short reflection
asks students which part of their plan helped them reach a conclusion.

This example is a proposed teaching scenario, not a report of an implemented intervention.
Its purpose is to show how subject learning and transferable learning actions can be addressed
within the same task.

Assessment and Further Research
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Evaluation should examine specific behaviours rather than assign a single broad label such
as “independent learner”. Relevant indicators include stating a goal, selecting a strategy,
explaining a choice, checking an answer, and revising work after feedback. Observation records,
student work, and brief interviews can provide complementary evidence.

A future classroom study could compare the proposed model with usual instruction using
initial, final, and delayed assessments. Tasks should include familiar activities and new situations
to distinguish practice effects from transfer. Differences in prior attainment, language proficiency,
and teacher implementation should be considered when interpreting results.

Conclusion

The proposed model offers a way to incorporate universal learning activities into ordinary
primary lessons. Its practical focus is the relationship between a learning objective, an observable
student action, and appropriate teacher support. Classroom research is needed to establish
whether repeated use strengthens students’ independent performance and their ability to apply
learning strategies across subjects.

References

Black, P., & Wiliam, D. (1998). Assessment and classroom learning. Assessment in
Education: Principles, Policy & Practice, 5(1), 7-74.
https://doi.org/10.1080/0969595980050102

Fisher, D., & Frey, N. (2008). Better learning through structured teaching: A framework
for the gradual release of responsibility. Association for Supervision and Curriculum
Development.

Panadero, E. (2017). A review of self-regulated learning: Six models and four directions
for research. Frontiers in Psychology, 8, Article 422.
https://doi.org/10.3389/fpsyg.2017.00422



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026

PEDAGOGICAL STRATEGIES FOR
DEVELOPING CRITICAL THINKING AMONG
PRE-SERVICE TEACHERS THROUGH THE
USE OF GENERATIVE ARTIFICIAL
INTELLIGENCE

Zhumasheva S.S.

Candidate of Pedagogical Sciences, Associate Professor, Abai Kazakh National
Pedagogical University, Kazakhstan, Almaty

Bitleuov A.A.

PhD student in “International Relations” at the Sorbonne-Kazakhstan Institute of Abai
Kazakh National Pedagogical University, Kazakhstan, Almaty

Abstract

The integration of generative artificial intelligence into higher education has raised
guestions about its relationship with students' critical thinking and the pedagogical conditions
under which these technologies are used. This study examines the associations between reflective
GenAl use, perceived pedagogical guidance, and self-reported critical thinking competencies
among pre-service teachers in Kazakhstan. A quantitative cross-sectional survey was conducted
between September and October 2026, involving 293 students from five higher education
institutions. The research instrument comprised 20 items organized into five scales measuring
reflective GenAl use, passive reliance on Al-generated responses, digital competence, pedagogical
guidance, and critical thinking. Data were analysed using descriptive statistics, Cronbach's alpha,
Spearman's rank-order correlations, and ordinary least squares regression. The scales
demonstrated acceptable internal consistency (a = 0.803—0.856). Reflective GenAl use was
positively associated with self-reported critical thinking (p = 0.542, p < .001), while perceived
pedagogical guidance was positively associated with reflective Al-use practices (p = 0.427, p
< .001). Both relationships remained statistically significant after adjustment for selected
individual characteristics. Passive reliance on Al-generated responses was negatively associated
with critical thinking (p = -0.311, p < .001), whereas the frequency of GenAl use was not a
significant independent predictor in the adjusted regression model. The findings suggest that
students' reported critical thinking is more closely associated with the cognitive strategies
accompanying Al use than with its frequency. The study contributes to research on Al-supported
teacher education by distinguishing reflective engagement from passive reliance and identifying
perceived pedagogical guidance as a correlate of students' evaluative learning practices. The
results support the consideration of instructional approaches that encourage independent
verification, critical evaluation, and reasoned interpretation of Al-generated information.

Keywords: generative artificial intelligence; critical thinking; pre-service teachers;
reflective Al use; pedagogical guidance; teacher education; Kazakhstan.

Introduction

The integration of generative artificial intelligence (GenAl) into higher education has
introduced new possibilities for organizing learning activities, constructing knowledge, and
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developing students' intellectual competencies. Unlike earlier educational technologies, which
primarily facilitated access to information and supported the delivery of instructional materials,
contemporary generative Al systems can produce explanations, formulate arguments, generate
alternative interpretations, and simulate dialogue in response to complex academic questions.
These capabilities have implications for teacher education, where the development of
professional competence requires not only the acquisition of disciplinary knowledge but also the
ability to evaluate information, justify pedagogical decisions, and reflect critically on instructional
practices. Kasneci et al. (2023) argue that large language models offer opportunities for
personalized learning and educational support while simultaneously introducing challenges
associated with misinformation, reliability, and the potential weakening of independent cognitive
engagement. The educational significance of generative Al cannot, however, be determined solely
by its technological capabilities. Its contribution to learning depends on the purposes for which
students employ these systems, the cognitive demands embedded in educational tasks, and the
extent to which instructors encourage independent reasoning. Generative Al may support
students in examining competing explanations, identifying weaknesses in arguments, and
reconsidering initial assumptions. Conversely, when students use automatically generated
responses as substitutes for independent analysis, the technology may reduce opportunities to
practise the intellectual operations associated with critical thinking. Tlili et al. (2023) emphasize
that the educational application of conversational Al involves both pedagogical opportunities and
concerns regarding the reliability of generated information, academic integrity, and students'
engagement with learning processes. These considerations are particularly relevant to pre-service
teacher education. Future teachers are expected to develop the capacity to assess the credibility
of information, interpret educational evidence, evaluate competing pedagogical approaches, and
make reasoned instructional decisions. Their engagement with generative Al therefore has
implications beyond their immediate academic performance. The practices they acquire during
university training may subsequently influence how they organize classroom activities, evaluate
students' work, and introduce digital technologies into school education. Research on artificial
intelligence literacy suggests that effective engagement with Al requires an integrated set of
competencies encompassing conceptual understanding, practical application, critical evaluation,
and ethical awareness (Ng et al., 2021). Accordingly, preparing future teachers to use generative
Al involves developing their ability to interrogate algorithmically generated information rather
than merely increasing their familiarity with digital tools.

The relationship between generative Al and critical thinking has become an important area
of contemporary educational research. Critical thinking is generally associated with the capacity
to analyze information, evaluate evidence, identify assumptions, construct justified conclusions,
and regulate one's own reasoning. Within Al-supported learning environments, these processes
acquire additional complexity because students must distinguish between plausible linguistic
formulations and empirically substantiated knowledge. A coherent Al-generated explanation may
appear authoritative even when it contains factual inaccuracies, unsupported generalizations, or
misleading interpretations. The systematic review conducted by Labadze et al. (2023)
demonstrates that educational chatbots can support learning through explanations, feedback, and
individualized assistance, although their effective integration requires attention to technological
limitations and pedagogical conditions. Recent empirical syntheses further suggest that the
educational outcomes associated with generative Al depend on how the technology is
incorporated into instructional activities. Deng et al. (2025), in a systematic review and meta-
analysis of experimental studies, report positive overall effects of ChatGPT-supported
interventions on academic performance and higher-order thinking outcomes. Nevertheless, the
authors identify methodological limitations concerning assessment practices and the
measurement of sustained learning effects. These findings indicate that improvements in
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educational performance should not automatically be interpreted as evidence of corresponding
improvements in independent reasoning. The distinction is particularly important in teacher
education, where students must develop transferable analytical competencies that remain
applicable beyond Al-assisted assignments. From a pedagogical perspective, generative Al can be
incorporated into learning through different forms of cognitive engagement. One approach
emphasizes efficiency-oriented practices, including generating summaries, producing preliminary
answers, and completing routine academic tasks. Another approach involves reflective and
evaluative practices, such as questioning Al-generated claims, comparing alternative explanations,
verifying information against independent sources, and revising arguments on the basis of
evidence. Although both approaches involve interaction with the same technological systems,
they differ in the intellectual demands placed on students. The systematic mapping review by
Yusuf et al. (2024) identifies pedagogical enhancement, academic assistance, and professional
development among the major applications of generative Al, while also drawing attention to
limitations in experimental research and the examination of educational practices across different
cultural contexts. The distinction between productive cognitive support and excessive reliance on
automated outputs raises a broader question concerning the organization of learning in
technology-rich educational environments. Generative Al may function as a resource for
intellectual exploration when students remain responsible for evaluating information and
constructing conclusions. However, its pedagogical value becomes more uncertain when students
transfer essential analytical operations to automated systems. This concern is consistent with the
human-centred approach advanced by Miao and Holmes (2023), which emphasizes the need to
preserve human agency, ethical responsibility, and meaningful learning within Al-supported
educational environments. For teacher education institutions, the challenge is therefore not
simply to introduce generative Al into university curricula but to establish pedagogical conditions
under which its use contributes to independent judgment and reflective professional learning.

Research Gap

Despite the expansion of research on generative Al in higher education, several limitations
remain in understanding its relationship with critical thinking among pre-service teachers. A
substantial proportion of the literature examines students' attitudes towards Al, perceptions of its
usefulness, patterns of adoption, and general educational outcomes. Although these dimensions
provide valuable information about technological integration, they do not sufficiently explain how
different strategies of Al use are associated with students' analytical and evaluative competencies.
In particular, the distinction between reflective engagement with Al-generated content and
reliance on automatically produced answers requires further empirical examination (Labadze et
al., 2023; Yusuf et al., 2024). A second limitation concerns the relationship between pedagogical
organization and students' cognitive engagement with generative Al. Existing research has
established that Al tools can provide feedback, explanations, and instructional assistance, yet the
presence of these technological functions does not necessarily indicate that students employ
them in intellectually productive ways. The extent to which students critically evaluate generated
information may depend on instructional expectations, opportunities for reflection, and the
pedagogical strategies adopted by university instructors. Consequently, research needs to
distinguish between the availability of Al-supported learning resources and the educational
practices through which students are encouraged to question, verify, and interpret their outputs
(Kasneci et al., 2023; Tlili et al., 2023). A further gap concerns the institutional and geographical
contexts in which generative Al is studied. International reviews indicate that research on Al-
supported education encompasses diverse disciplinary settings, but culturally situated
investigations of pedagogical practices and teacher preparation remain comparatively limited
(Yusufetal., 2024). Within this broader research landscape, Kazakhstan provides a relevant setting
for examining how pre-service teachers engage with generative Al during their university studies.
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However, findings obtained in other educational systems cannot be assumed to describe the
relationship between Al use and critical thinking among students enrolled in Kazakhstan's teacher
education programmes. Context-specific empirical evidence is therefore needed to examine
whether reflective Al-use practices and pedagogical guidance are associated with students'
reported critical thinking competencies. The present study addresses these gaps by distinguishing
between the frequency of generative Al use and the cognitive strategies through which students
interact with Al-generated information. Rather than treating technological adoption as an
inherently beneficial educational outcome, the study examines whether reflective engagement
with generative Al is associated with critical thinking and whether pedagogical guidance is related
to students' adoption of such practices. This approach positions critical thinking as an educational
competence that must be examined in relation to specific learning behaviours and instructional
conditions.

The research object is the educational use of generative artificial intelligence among pre-
service teachers enrolled in higher education institutions in Kazakhstan.

The research subject is the relationship between reflective strategies of generative Al use,
pedagogical guidance, and self-reported critical thinking competencies among pre-service
teachers.

The aim of the study is to examine how reflective engagement with generative Al and
pedagogical guidance are associated with critical thinking-related learning practices among pre-
service teachers in Kazakhstan. To address this aim, the study is designed around a quantitative
survey framework involving 293 pre-service teachers. The proposed analytical model
differentiates reflective Al use, passive reliance on Al-generated responses, perceived pedagogical
guidance, and self-reported critical thinking. These constructs allow the investigation to move
beyond descriptive measures of Al adoption and consider the cognitive and instructional
conditions associated with students' engagement with generative technologies.

Research Hypotheses. Drawing on the literature concerning Al literacy, critical thinking, and
pedagogically structured technology use, the study proposes two hypotheses.

H1. Reflective use of generative artificial intelligence is positively associated with self-
reported critical thinking competencies among pre-service teachers.

This hypothesis assumes that students who regularly verify Al-generated information,
compare alternative explanations, question automated responses, and independently evaluate
arguments are more likely to report stronger critical thinking competencies than those who
engage less frequently in such practices.

H2. Perceived pedagogical guidance in the use of generative artificial intelligence is
positively associated with reflective Al-use practices among pre-service teachers.

This hypothesis assumes that students who receive instructional guidance concerning the
evaluation, verification, and responsible interpretation of Al-generated information are more
likely to adopt reflective strategies when using generative Al for academic purposes.

The theoretical framework integrates three complementary perspectives: constructivist
approaches to learning, self-regulated learning, and artificial intelligence literacy. Together, these
perspectives provide a conceptual basis for explaining why the educational implications of
generative Al depend on students' cognitive engagement and the instructional conditions under
which the technology is used. The first perspective draws on contemporary constructivist
interpretations of Al-supported learning, according to which knowledge development requires
active engagement with information rather than its passive reception. From this standpoint,
generative Al becomes pedagogically relevant when students use generated explanations as
objects of inquiry, comparison, and critical examination. Its contribution to learning therefore
depends less on the availability of automatically produced answers than on the cognitive activities
through which students interpret and evaluate them. Kasneci et al. (2023) discuss the educational
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opportunities of large language models in relation to individualized assistance, learning support,
and the need to maintain critical engagement with generated information. This perspective
supports the assumption that reflective interaction with generative Al may be associated with
stronger critical thinking competencies. The second perspective concerns self-regulated learning,
particularly the processes through which students monitor their understanding, evaluate
information, and adjust their learning strategies. In generative Al-supported environments, self-
regulation includes recognizing the limitations of automated explanations, determining when
independent verification is necessary, and maintaining responsibility for academic judgments.
Students who engage in these processes may use generative Al as a resource for evaluating their
reasoning rather than as a substitute for it. The concerns regarding reliability, overreliance, and
responsible educational use discussed by Tlili et al. (2023) and Miao and Holmes (2023) provide a
contemporary basis for examining these regulatory practices. Within the present study, reflective
Al use is therefore conceptualized as a set of learning behaviours involving verification,
comparison, and critical evaluation. The third perspective is grounded in the concept of Al literacy.
Ng et al. (2021) conceptualize Al literacy through interconnected dimensions involving
understanding Al, applying Al technologies, evaluating their outputs, and addressing ethical
considerations. This framework is particularly relevant to teacher education because future
teachers require not only operational familiarity with Al systems but also the ability to assess their
educational suitability and limitations. Al literacy thus provides a conceptual connection between
technological competence and the critical evaluation of algorithmically generated information. In
the present study, this perspective informs the distinction between general engagement with
generative Al and reflective practices requiring independent intellectual judgment. These
perspectives are integrated through a conceptual model in which reflective Al use is expected to
be positively associated with self-reported critical thinking, while pedagogical guidance is expected
to be positively associated with reflective Al-use practices. The model does not assume that
generative Al independently produces improvements in cognitive competence. Instead, it treats
students' learning strategies and instructional experiences as relevant conditions for
understanding differences in their reported critical thinking. Given the cross-sectional design, the
proposed relationships are interpreted as associations rather than causal effects.

The theoretical significance of the study lies in its differentiation of generative Al adoption
from reflective cognitive engagement. Existing discussions frequently consider the educational
potential of generative Al in terms of accessibility, efficiency, individualized assistance, and
academic performance. The present study extends this discussion by examining the learning
strategies through which students interact with Al-generated information and by relating these
strategies to self-reported critical thinking competencies. By integrating constructivist learning,
self-regulation, and Al literacy, the research provides a framework for investigating generative Al
as a component of pedagogically organized intellectual activity rather than merely as an
educational technology. The study also contributes to research on teacher education by examining
the relationship between perceived instructional guidance and reflective Al use. This distinction is
theoretically relevant because the educational outcomes associated with technological tools
cannot be separated from the practices through which students are encouraged to use them. The
proposed framework therefore allows pedagogical guidance to be considered as an institutional
and instructional dimension of Al-supported learning, complementing individual-level
explanations centred on students' technological familiarity and attitudes.

The practical significance concerns the design of teacher education programmes in
Kazakhstan. The proposed findings may inform the development of instructional activities that
encourage pre-service teachers to evaluate Al-generated explanations, compare competing
arguments, verify sources, and justify pedagogical decisions. They may also provide a basis for
reviewing how university instructors communicate expectations concerning responsible Al use
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and independent academic reasoning. Such applications are consistent with international
recommendations emphasizing human agency, critical evaluation, and pedagogically appropriate
integration of generative Al (Miao & Holmes, 2023). At the same time, the interpretation of the
study will depend on the methodological characteristics of the empirical data. A cross-sectional
survey based on self-reported measures can identify associations between Al-use strategies,
pedagogical guidance, and perceived critical thinking, but it cannot establish whether these
practices produce measurable improvements in cognitive performance. The study should
therefore be understood as an investigation of reported competencies and educational practices,
with subsequent experimental or longitudinal research required to assess changes in critical
thinking over time.

Literature Review

Recent research on generative artificial intelligence in higher education has increasingly
examined the relationship between Al-supported learning and higher-order cognitive
competencies. Walter (2024) conceptualizes Al literacy, prompt engineering, and critical thinking
as interconnected dimensions of contemporary educational practice, arguing that effective
engagement with Al requires learners to understand both the possibilities and epistemic
limitations of automated systems. Empirical evidence, however, suggests that the relationship
between Al use and cognitive development is not uniform. In an experimental study involving 125
undergraduate students in Ghana, Essel et al. (2024) examined differences in critical, creative, and
reflective thinking between students using ChatGPT and those relying on conventional information
resources. Their findings indicated measurable differences in cognitive outcomes associated with
the instructional use of ChatGPT. A broader meta-analysis by Chen and Cheung (2025),
synthesizing 57 studies, identified positive effects of generative Al on higher-order thinking but
found no statistically significant overall effect on metacognition. This distinction suggests that
improvements in task performance and analytical outcomes do not necessarily coincide with
improvements in students' capacity to monitor and regulate their reasoning. Similarly, Zhao et al.
(2025), drawing on 29 experimental and quasi-experimental studies, reported a moderate positive
effect of generative Al on higher-order thinking, with stronger outcomes associated with problem-
solving and critical thinking than with creativity. Their analysis also indicated that intervention
duration and self-regulated learning influenced the observed effects. Taken together, these
studies suggest that the cognitive implications of generative Al should be examined through the
organization of learning activities rather than inferred from technology use alone.

The distinction between reflective engagement and cognitive dependence has received
particular attention in recent investigations. Sardi et al. (2025), reviewing 38 studies, found that
generative Al frequently supported self-regulated learning through personalized feedback,
metacognitive assistance, and opportunities for reflection. Nevertheless, the authors also
identified concerns that excessive reliance on automated responses could limit students'
independent intellectual engagement. Comparable conclusions emerge from the systematic
review by Liu et al. (2025), which examined 15 studies of generative Al and critical thinking in
English as a foreign language education. Their synthesis demonstrated that Al-supported activities
may facilitate analytical reasoning when learners actively evaluate generated content, whereas
uncritical acceptance of automated explanations can undermine the educational value of such
interactions. Daniel et al. (2025), reviewing 158 studies on academic skills development, similarly
identified reported improvements across cognitive, technical, and interpersonal domains,
although the heterogeneity of research designs complicates conclusions about the durability of
these outcomes. Fischer et al. (2024) provide a complementary perspective by comparing
students' accounts of generative Al use with assessors' evaluations of academic assignments. Their
findings suggest that students may concentrate on Al-assisted text production without fully
engaging in the analytical processes expected within higher education. These findings collectively
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indicate that the frequency of Al use is an insufficient indicator of critical thinking. Greater
analytical attention should be directed towards the purposes of Al interaction, the verification of
generated information, and the degree of independent judgment retained by students.

Research focusing specifically on pre-service teachers introduces an additional dimension
because future educators must develop competencies for both their own academic learning and
subsequent classroom practice. Bae et al. (2024) investigated pre-service teachers' perceptions of
generative Al through discussions conducted in asynchronous online courses. Their findings
indicated that exposure to ChatGPT increased participants' awareness and foundational
knowledge while reducing anxiety, although relatively few students expressed definite intentions
to incorporate the technology into their future teaching. This suggests that technological
familiarity does not automatically translate into pedagogical readiness. Dayagbil et al. (2025),
examining 515 pre-service teachers in the Philippines, further investigated students' knowledge,
perceptions, and experiences of Al-supported educational activities, demonstrating the relevance
of teacher preparation as a distinct context for Al integration. From an instructional design
perspective, Choi et al. (2024) examined the strengths, weaknesses, opportunities, and threats
associated with generative Al in developing educational materials. Their analysis indicates that
automated content generation offers instructional possibilities but requires professional
evaluation of its pedagogical appropriateness. These studies highlight a conceptual distinction
between knowing how to operate generative Al and knowing how to employ it in educationally
defensible ways. For future teachers, reflective engagement involves evaluating the accuracy,
relevance, and instructional implications of generated content, while pedagogical guidance may
help establish the conditions under which such evaluation becomes a regular learning practice.

The literature also provides evidence that structured instructional activities can influence
how students evaluate Al-generated information. King and Lopour (2025) developed classroom
exercises in biomedical engineering education intended to expose students to the strengths and
limitations of ChatGPT in scientific reasoning and writing. Their approach illustrates how
deliberately designed tasks can require learners to identify inaccuracies and critically examine
automated suggestions instead of accepting them as authoritative. The relevance of instructional
organization is also apparent in the findings of Fischer et al. (2024), who demonstrate that the
integration of Al into assessment requires reconsideration of how independent reasoning is
encouraged and evaluated. At a broader level, the synthesis by Chen and Cheung (2025) identifies
variation in educational outcomes according to learner characteristics, instructional
arrangements, and contextual conditions. However, evidence from general university populations
and discipline-specific interventions cannot be transferred uncritically to teacher education.
Moreover, much of the available research examines Al literacy, acceptance, academic
performance, or the effects of particular interventions, whereas the relationship between
everyday reflective Al-use practices, perceived pedagogical guidance, and self-reported critical
thinking remains less clearly established among pre-service teachers. The present study addresses
this issue within Kazakhstan's higher education context by examining two theoretically connected
relationships: the association between reflective generative Al use and critical thinking
competencies, and the association between pedagogical guidance and reflective Al-use practices.

Research Methodology

The study employed a quantitative, cross-sectional research design to examine the
relationships between generative artificial intelligence (GenAl) use, perceived pedagogical
guidance, and self-reported critical thinking competencies among pre-service teachers in
Kazakhstan. Data collection took place between September and October 2026. The research
focused on students enrolled in undergraduate teacher education programmes, with particular
attention to the ways in which they evaluated Al-generated information, incorporated automated
responses into their academic activities, and experienced instructional guidance concerning the
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responsible use of generative technologies. A survey-based approach was selected because the
research questions concerned individual learning practices, perceived instructional conditions,
and differences in self-assessed cognitive competencies. Rather than evaluating the effectiveness
of a particular Al intervention, the study examined naturally occurring patterns of GenAl
engagement within the context of university education. This distinction was relevant to the
proposed hypotheses, which concerned associations between educational practices rather than
experimentally established changes in learning outcomes. The analytical framework distinguished
reflective GenAl use from passive reliance on Al-generated responses. Reflective use was
conceptualized as a set of practices involving independent verification, comparison of
explanations, identification of inaccuracies, and reconsideration of personal arguments. Passive
reliance referred to the acceptance or reproduction of automatically generated content without
substantial independent evaluation. Perceived pedagogical guidance was examined as an
instructional dimension potentially associated with students' reflective engagement, while self-
reported critical thinking represented the principal outcome variable.

The analytical dataset comprised 293 student records representing five higher education
institutions in Kazakhstan offering teacher education programmes: Abai Kazakh National
Pedagogical University, Kazakh National Women's Teacher Training University, Margulan
Pedagogical University, South Kazakhstan Pedagogical University, and K. Zhubanov Aktobe
Regional University. The institutional distribution included 53 students from Abai Kazakh National
Pedagogical University (18.1%), 72 from Kazakh National Women's Teacher Training University
(24.6%), 58 from Margulan Pedagogical University (19.8%), 62 from South Kazakhstan Pedagogical
University (21.2%), and 48 from K. Zhubanov Aktobe Regional University (16.4%). Participants
were aged between 18 and 24 years and represented all four years of undergraduate study. The
dataset included 75 first-year students (25.6%), 84 second-year students (28.7%), 69 third-year
students (23.5%), and 65 fourth-year students (22.2%). Regarding gender, 66 participants were
coded as male (22.5%), 224 as female (76.5%), and three as other or undisclosed (1.0%). The
respondents represented five fields of teacher preparation: primary education, language
education, science, technology, engineering and mathematics (STEM), humanities, and preschool
education. This disciplinary distribution provided an opportunity to examine GenAl-related
learning practices across different areas of pedagogical preparation. The sample covered students
from institutions situated in different geographical areas of Kazakhstan. Nevertheless, the findings
should be interpreted within the institutional and demographic characteristics of the surveyed
group rather than generalized automatically to the entire population of pre-service teachers in the
country.

The research instrument was a structured questionnaire comprising demographic questions,
a measure of GenAl-use frequency, and 20 statements organized into five four-item scales. The
guestionnaire was designed to distinguish between different forms of engagement with
generative Al and to examine their relationships with instructional experiences and self-reported
cognitive practices. The first scale measured reflective GenAl use (REF1-REF4). Its items addressed
the verification of Al-generated information through independent sources, comparison of
alternative Al-generated explanations, identification of limitations and errors, and the use of Al-
generated content to reconsider one's own arguments. Higher scores indicated more frequent
endorsement of reflective approaches to Al-supported learning. The second scale assessed passive
reliance on GenAl (PASS1-PASS4). The statements examined the use of Al-generated answers
without substantial modification, acceptance of automated responses without additional
verification, delegation of academic tasks to Al instead of independent analysis, and reproduction
of Al-generated conclusions in academic work. Higher scores indicated greater reliance on
automatically generated content. The third scale measured self-reported digital competence
(DIG1-DIG4). The items concerned students' perceived ability to formulate effective prompts,
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verify factual information in Al-generated responses, recognize technological limitations and
potential algorithmic biases, and maintain confidentiality when interacting with generative Al
systems. This measure captured perceived competencies rather than performance demonstrated
through practical assessment. The fourth scale examined perceived pedagogical guidance (PED1-
PED4). Participants assessed whether their instructors discussed the limitations of Al, required
justification of Al-supported conclusions, encouraged comparisons between Al-generated
information and scientific sources, and assigned activities involving critical evaluation of Al-
generated content. The scale therefore represented students' perceptions of instructional
practices rather than independently observed teaching behaviour. The fifth scale assessed self-
reported critical thinking competencies (CT1-CT4). Its statements addressed the evaluation of
arguments before making decisions, verification of evidence supporting contested claims,
consideration of alternative perspectives, and justification of source credibility. These items
operationalized critical thinking through students' reported evaluative practices. Consequently,
the measure should not be interpreted as a standardized assessment of objectively demonstrated
critical thinking ability. All 20 statements were measured using a five-point Likert-type response
format ranging from 1 (strongly disagree) to 5 (strongly agree). Composite scores were calculated
as the arithmetic mean of the four items belonging to each scale, producing five indicators ranging
from 1 to 5. Higher values represented stronger endorsement of the respective construct. In
addition to these scales, participants' frequency of GenAl use was represented by a five-category
variable ranging from 1 (never) to 5 (daily). Demographic variables included age, gender, year of
study, university, and field of teacher preparation. The measurement framework was informed by
contemporary research on Al literacy, reflective learning, and the pedagogical integration of
generative technologies (Ng et al., 2021; Kasneci et al., 2023; Walter, 2024). The questionnaire
operationalized these theoretical concepts through context-specific statements addressing
students' reported educational practices.

Data Preparation and Statistical Analysis

The dataset contained 293 observations and no missing values in the recorded variables.
The five composite indicators were calculated from their corresponding four-item scales. Prior to
hypothesis testing, the internal consistency and dimensional structure of the measures should be
examined to determine whether their items provide sufficiently coherent representations of the
intended constructs. Descriptive statistics, including frequencies, percentages, means, and
standard deviations, were selected to characterize the sample and summarize responses to the
guestionnaire. Internal consistency should be evaluated using Cronbach's alpha, with additional
reliability indicators considered where appropriate. Exploratory factor analysis may be used to
examine whether the questionnaire items reproduce the proposed five-dimensional
measurement structure. The first hypothesis (H1) concerns the relationship between reflective
GenAl use and self-reported critical thinking competencies. This association can be examined
through correlation analysis and regression modelling, with the critical thinking composite score
treated as the dependent variable and reflective GenAl use as the principal explanatory variable.
The second hypothesis (H2) concerns the relationship between perceived pedagogical guidance
and reflective GenAl-use practices. For this hypothesis, reflective GenAl use constitutes the
dependent variable, while perceived pedagogical guidance serves as the principal explanatory
variable. Additional regression specifications may incorporate age, gender, year of study, field of
teacher preparation, university affiliation, frequency of GenAl use, passive reliance, and digital
competence to examine the robustness of the principal associations. The inclusion of covariates
should be guided by the conceptual framework, the distribution of the variables, and diagnostic
assessments of the regression models. The interpretation of statistical findings should consider
the ordinal origin of the questionnaire items, the properties of the composite scales, and the
assumptions underlying the selected analytical procedures. Effect sizes and confidence intervals



Proceedings of the 15th International Scientific Conference

should be reported alongside statistical significance tests. Given the cross-sectional and self-
reported nature of the data, the analysis can identify statistical relationships but cannot establish
causal effects. In particular, an association between reflective Al use and critical thinking does not
demonstrate that generative Al improves students' cognitive competencies. Similarly, an
association between pedagogical guidance and reflective engagement does not establish the
direction of influence between these variables.

Methodological Limitations

Several methodological considerations should inform the interpretation of the study. First,
the cross-sectional design does not permit conclusions about changes in critical thinking over time.
The institutional coverage and demographic composition of the sample limit the extent to which
the results can be generalized to all pre-service teachers in Kazakhstan. These considerations do
not preclude an examination of the proposed relationships but establish the boundaries within
which the empirical findings should be interpreted.

Results and Discussion

The analytical dataset comprised 293 observations representing pre-service teachers from
five higher education institutions in Kazakhstan. The participants differed in their institutional
affiliation, year of study, gender, and field of teacher preparation. The distribution of respondents
is presented in Table 1.

Table 1. Sociodemographic and educational characteristics of respondents (N = 293)

Characteristics n %
University

Abai Kazakh National Pedagogical University 53 18.1
Kazakh National Women's Teacher Training University | 72 24.6
Margulan Pedagogical University 58 19.8
South Kazakhstan Pedagogical University 62 21.2
K. Zhubanov Aktobe Regional University 48 16.4
Gender

Male 66 22.5
Female 224 76.5
Other/undisclosed 3 1.0
Year of study

First year 75 256
Second year 84 28.7
Third year 69 235
Fourth year 65 222
Field of teacher preparation

Primary education 48 16.4
Language education 59 20.1
STEM education 77 26.3
Humanities education 51 174
Preschool education 58 19.8

Note. Percentages may not total exactly 100% because of rounding. Source: Authors'
calculations based on the supplied dataset.
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Female students accounted for approximately three-quarters of the sample (76.5%),
whereas male students represented 22.5%. This distribution should be considered when
interpreting the findings, particularly because the study did not employ population-based
weighting to adjust for differences in the demographic composition of teacher education
programmes. The distribution across years of study was relatively balanced. Second-year students
constituted the largest group (28.7%), followed by first-year (25.6%), third-year (23.5%), and
fourth-year students (22.2%). The sample also included students from five fields of teacher
preparation, with STEM education representing the largest disciplinary category (26.3%). This
composition provided variation in educational backgrounds, although it did not establish statistical
representativeness at the national level. The frequency distribution indicated that generative Al
had become a commonly reported component of students' academic activities. Of the 293
respondents, 82 (28.0%) reported using GenAl daily, while 103 (35.2%) indicated frequent use.

n %
Never 3 BES
Rarely | RIKS
Sometimes B os
Often | B
0

Figure 1. Frequency of generative Al use among pre-service teachers

Note. Percentages are rounded. Source: Authors' calculations based on the supplied dataset.
Another 57 students (19.5%) used these technologies occasionally, 35 (11.9%) rarely, and 16
(5.5%) reported never using them (Figure 1).

Taken together, 63.1% of respondents reported using generative Al either frequently or
daily. This finding suggests that automated content-generation systems were familiar to a
substantial proportion of the surveyed students. Nevertheless, frequency of use alone provides
limited information about the intellectual activities accompanying Al-supported learning. Students
may interact with the same technologies for substantially different purposes, ranging from
obtaining ready-made answers to evaluating competing explanations and examining the reliability
of information. This distinction is central to the present investigation. The analytical model
therefore treats the frequency of GenAl use separately from reflective engagement, passive
reliance, and perceived digital competence. The internal consistency of the five scales was
examined using Cronbach's alpha. All scales demonstrated acceptable reliability, with coefficients
ranging from 0.803 to 0.856. Descriptive statistics and reliability estimates are reported in Table
2.

Table 2. Descriptive statistics and internal consistency of the research constructs

Construct [tems Mean SD Cronbach's a
Reflective GenAl use 4 2999 0.820 0.816

Passive reliance on GenAl 4 3.215 0.758 0.803

Digital competence 4 3.187 0.807 0.825

Pedagogical guidance 4 3.022 0.893 0.856
4

Self-reported critical thinking 3.059 0.805 0.815
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The highest mean score was observed for passive reliance on GenAl (M =3.215, SD = 0.758),
followed by digital competence (M = 3.187, SD = 0.807). Reflective GenAl use had a mean score
of 2.999 (SD = 0.820), while pedagogical guidance was assessed at 3.022 (SD = 0.893). Self-
reported critical thinking demonstrated a mean score of 3.059 (SD = 0.805). The proximity of these
mean values to the midpoint of the response scale suggests that the respondents did not
uniformly endorse either reflective or passive approaches to GenAl-supported learning. Rather,
both types of engagement were present within the surveyed population. The somewhat higher
mean for passive reliance warrants attention, although the difference between scale means
should not be interpreted as statistically significant without a corresponding paired comparison.
Pedagogical guidance demonstrated the highest internal consistency (a = 0.856), indicating
relatively coherent responses across items concerning instructors' expectations, verification
practices, and critical engagement with Al-generated content. Reflective GenAl use (a = 0.816)
and self-reported critical thinking (a = 0.815) also demonstrated acceptable reliability for the
subsequent analysis of their relationship. An examination of the overall item correlation matrix
produced a Kaiser—Meyer—0Olkin measure of sampling adequacy of 0.865. Bartlett's test of
sphericity was statistically significant, x*(190) = 2379.31, p < .001. These results indicate that the
inter-item correlations were suitable for factor-analytic investigation. However, they do not
independently establish the proposed five-factor structure, which would require examination of
factor loadings and dimensionality. Spearman's rank-order correlation coefficients were
calculated to examine the associations between the five composite scales. This approach was
selected to assess the direction and strength of monotonic relationships while accommodating
the ordinal origins of the questionnaire responses (Table 3).

Table 3. Spearman's correlation matrix for the principal research constructs

Construct 1 2 3 4 5
1. Reflective GenAl use  1.000
2. Passive reliance -0.243*** 1.000
3. Digital competence 0.305***  0.015 1.000
4. Pedagogical guidance 0.427***  -0.015 0.063 1.000
5. Critical thinking 0.542***  —0.311*** 0.286*** 0.327*** 1.000

The strongest positive association was observed between reflective GenAl use and self-
reported critical thinking (p = 0.542, p <.001). Students reporting more frequent verification of Al-
generated information, comparison of alternative explanations, and independent evaluation of
automated responses also tended to report stronger critical thinking practices. This association
was moderate in magnitude and consistent with the theoretical expectation that reflective
engagement with generative technologies is related to evaluative learning behaviours. Perceived
pedagogical guidance was positively associated with reflective GenAl use (p = 0.427, p < .001).
Students who reported greater instructional emphasis on verifying Al-generated information and
justifying academic conclusions also tended to report more reflective interaction with generative
Al systems. This result supports the relevance of instructional practices when examining
differences in students' approaches to Al-supported learning. A negative association emerged
between passive reliance on GenAl and self-reported critical thinking (p = -0.311, p < .001).
Respondents who more strongly endorsed the uncritical acceptance or reproduction of Al-
generated answers tended to report lower levels of evaluative and analytical engagement. Passive
reliance was also negatively associated with reflective GenAl use (p = -0.243, p <.001), although
the magnitude of this relationship was comparatively modest. Digital competence demonstrated
positive associations with reflective GenAl use (p = 0.305, p <.001) and critical thinking (p = 0.286,
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p < .001). These relationships suggest that students who perceived themselves as more capable
of operating and evaluating Al systems also tended to report stronger reflective and critical
practices. Pedagogical guidance was positively associated with critical thinking (p = 0.327, p
< .001). However, its correlations with passive reliance (p = -0.015) and digital competence (p =
0.063) were not statistically significant. These findings indicate that perceived instructional
guidance was more closely associated with reflective engagement than with students' general
perceptions of technological competence or their passive reliance on Al-generated content (Table
4).

The first hypothesis proposed that reflective use of generative artificial intelligence would
be positively associated with self-reported critical thinking competencies among pre-service
teachers. The correlation analysis identified a statistically significant positive relationship between
the two constructs (p =0.542, p <.001). To examine the relationship further, ordinary least squares
regression was estimated with critical thinking as the dependent variable and reflective GenAl use
as the explanatory variable.

Table 4. Regression analysis of reflective GenAl use and self-reported critical thinking (H1)

Predictor B 95% CI p
Constant 1.441 [1.158,1.725] <.001

Reflective GenAl use | 0.539 [0.447,0.632] <.001

Reflective GenAl use was positively associated with critical thinking (B =0.539, 95% C| [0.447,
0.632], p <.001). A one-point difference in the reflective-use composite score corresponded to an
estimated 0.539-point difference in self-reported critical thinking. The model accounted for
approximately 30.2% of the observed variance in the outcome variable. To examine whether this
association persisted after accounting for other characteristics, an additional regression model
included passive reliance, digital competence, frequency of GenAl use, age, and year of study
(Table 5).

Table 5. Adjusted regression model predicting self-reported critical thinking

Predictor B 95% Cl p
Reflective GenAl use 0.436 [0.336, 0.536] <.001
Passive reliance -0.222 [-0.327,-0.116] <.001
Digital competence 0.176  [0.081, 0.272] <.001
Frequency of GenAl use | —=0.049 [-0.119,0.021] .169
Age -0.049 [-0.124,0.026] .198
Year of study 0.062 [-0.036,0.161] .216

The association between reflective GenAl use and critical thinking remained statistically
significant after adjustment (B = 0.436, p < .001). Passive reliance was negatively associated with
the outcome (B = -0.222, p < .001), whereas digital competence demonstrated a positive
association (B = 0.176, p < .001). In contrast, the frequency of GenAl use was not statistically
significant in the adjusted model (p = .169). Neither age nor year of study demonstrated
statistically significant independent associations with the critical thinking composite score. The
adjusted model accounted for 37.4% of the variance in self-reported critical thinking. These
findings provide statistical support for H1 and indicate that reflective engagement remained
associated with critical thinking after adjustment for the selected covariates.
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The second hypothesis proposed that perceived pedagogical guidance in the use of
generative artificial intelligence would be positively associated with reflective Al-use practices.
Spearman's correlation analysis demonstrated a statistically significant positive association
between pedagogical guidance and reflective GenAl use (p = 0.427, p <.001). A regression model
was subsequently estimated to examine the magnitude of this relationship (Table 6).

Table 6. Regression analysis of pedagogical guidance and reflective GenAl use (H2)

Predictor B 95% Cl p
Constant | 1.782 [1.482,2.083] <.001

Pedagogical guidance \ 0.403 [0.308,0.498] <.001

Pedagogical guidance was positively associated with reflective GenAl use (B = 0.403, 95% Cl
[0.308, 0.498], p < .001). The model accounted for approximately 19.2% of the variance in
reflective-use scores. An adjusted model was estimated to determine whether this association
persisted after controlling for passive reliance, digital competence, frequency of GenAl use, age,
and year of study.

Table 7. Adjusted regression model predicting reflective GenAl use

Predictor B 95% Cl p
Pedagogical guidance | 0.381 [0.297, 0.465] <.001
Passive reliance -0.274 [-0.378,-0.170] <.001
Digital competence 0.312 [0.215, 0.410] <.001
Frequency of GenAl use | 0.040  [-0.035,0.115] .299
Age -0.032 [-0.104,0.040] .388
Year of study 0.027 [-0.074,0.128] .597

The positive association between pedagogical guidance and reflective GenAl use remained
statistically significant (B =0.381, p <.001). Digital competence was also positively associated with
reflective engagement (B = 0.312, p < .001), whereas passive reliance demonstrated a negative
association (B = -0.274, p < .001). The frequency of GenAl use, age, and year of study were not
statistically significant in this model. The explanatory variables collectively accounted for
approximately 35.5% of the variance in reflective GenAl use. These results provide statistical
support for H2. They indicate that students reporting stronger pedagogical guidance also tended
to demonstrate higher levels of reflective engagement with Al-generated information, even after
adjustment for the selected individual characteristics. Both hypotheses received statistical
support. Reflective GenAl use demonstrated a moderate positive association with self-reported
critical thinking, while perceived pedagogical guidance was positively associated with reflective
GenAl-use practices. The relationships remained statistically significant in regression models
incorporating selected individual-level covariates.

The findings contribute to the literature on generative artificial intelligence in teacher
education by distinguishing between the frequency of technology use and the cognitive practices
through which students engage with Al-generated information. The results suggest that students'
reported critical thinking is more closely associated with reflective engagement than with the
frequency of Al use alone. This distinction is relevant to ongoing discussions about whether
generative Al functions as a resource for independent reasoning or encourages dependence on
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automatically produced academic content. The positive association between reflective GenAl use
and self-reported critical thinking is consistent with the conceptual position advanced by Walter
(2024), who emphasizes the relationship between Al literacy, critical evaluation, and responsible
engagement with automated systems. It also corresponds to the broader educational concerns
identified by Kasneci et al. (2023), particularly the need to preserve independent intellectual
judgment when students encounter plausible but potentially unreliable Al-generated
explanations. The present results add context-specific evidence from pre-service teachers in
Kazakhstan, showing that verification, comparison, and reconsideration of Al-generated
arguments are associated with students' reported analytical practices. Nevertheless, this
association should not be interpreted as evidence that generative Al independently improves
critical thinking. Students who already possess stronger evaluative dispositions may be more
inclined to question Al-generated responses, while reflective interaction with these systems may
also provide opportunities to practise such behaviours. The cross-sectional design does not permit
these alternative explanations to be distinguished. Moreover, both constructs were measured
through self-report, creating the possibility that their association partly reflects shared response
tendencies or conceptual overlap between questionnaire items.

The negative relationship between passive reliance and critical thinking introduces an
additional consideration. Students who reported greater dependence on ready-made Al-
generated answers tended to report weaker evaluative practices. This finding is consistent with
the concerns discussed by Sardi et al. (2025), whose systematic review identifies the potential
limitations of excessive dependence on automated assistance for self-regulated learning.
Comparable concerns appear in Fischer et al. (2024), who demonstrate the importance of
distinguishing Al-supported academic production from the independent cognitive work expected
in higher education. The present findings suggest that reflective and passive approaches should
not be treated as interchangeable indicators of generative Al adoption. Both involve technological
engagement, but they differ in the degree of responsibility students retain for evaluating evidence
and constructing conclusions. At the same time, the modest negative correlation between the two
scales indicates that they are not simply opposite ends of a single continuum. Students may use
generative Al reflectively in some academic situations while relying on automatically generated
responses in others. The second hypothesis concerned the relationship between pedagogical
guidance and reflective GenAl use. The positive association observed in the correlation and
regression analyses suggests that students who perceived stronger instructional expectations
concerning verification, justification, and critical examination of Al-generated information were
more likely to report reflective engagement. This result is consistent with the pedagogical
perspective presented by King and Lopour (2025), whose instructional approach emphasizes the
deliberate examination of Al-generated content rather than its uncritical acceptance.

The findings also complement the arguments advanced by Choi et al. (2024) concerning the
importance of professional judgment when generative Al is incorporated into educational
activities. Although automated systems can facilitate content production and instructional
preparation, their educational appropriateness depends on the ability of users to evaluate the
relevance, accuracy, and limitations of generated materials. For pre-service teachers, this
requirement extends beyond immediate academic tasks because the practices developed during
university education may inform their subsequent professional decisions. An important distinction
concerns the measurement of pedagogical guidance. The present study assessed students'
perceptions of instructors' practices rather than directly observing teaching strategies or
evaluating the implementation of a structured instructional intervention. Consequently, the
findings indicate an association between perceived pedagogical guidance and reflective Al use,
but they do not establish that particular teaching strategies caused students to adopt reflective
behaviours. Longitudinal and intervention-based research would be required to examine this
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possibility. The role of digital competence provides further insight into the relationships under
investigation. Its positive associations with reflective GenAl use and critical thinking suggest that
students' perceived ability to formulate prompts, identify technological limitations, and verify
generated information is relevant to their broader evaluative practices. This finding corresponds
to the conceptualization of Al literacy developed by Ng et al. (2021), which integrates
technological understanding, application, evaluation, and ethical considerations. However, the
present digital competence measure was based on self-assessment and should not be interpreted
as an independently validated test of Al literacy. The absence of a statistically significant
association between frequency of GenAl use and critical thinking in the adjusted model is also
noteworthy. It suggests that differences in the amount of reported Al use were not independently
associated with the outcome once reflective engagement, passive reliance, digital competence,
and demographic characteristics were considered. This result reinforces the argument that
technological adoption and educationally productive engagement should be examined as
analytically distinct dimensions. Taken together, the findings support an interpretation of
generative Al as a learning resource whose educational significance depends partly on how
students engage with its outputs and how instructors communicate expectations concerning their
use. The results do not justify a simple distinction between beneficial and harmful Al use. Rather,
they suggest that the relationship between generative Al and critical thinking is differentiated by
the cognitive and instructional practices accompanying technological engagement. For teacher
education programmes, the findings point towards the potential relevance of activities that
require students to compare Al-generated explanations with scholarly evidence, identify
unsupported claims, justify their interpretations, and reflect on the limitations of automated
responses. Such activities may provide opportunities to integrate Al literacy with existing
expectations concerning independent academic reasoning. Their effectiveness, however, remains
a question for subsequent experimental or longitudinal investigation.

The interpretation of these findings is subject to several limitations. The sample was restricted to
five higher education institutions, and the observed demographic composition limits
generalization to the wider population of pre-service teachers in Kazakhstan. The use of cross-
sectional self-reported measures introduces possible common-method variance and does not
permit causal inference. Furthermore, the critical thinking measure assessed perceived analytical
practices rather than objectively demonstrated performance. Future studies could address these
limitations by combining validated performance-based assessments, classroom observations,
longitudinal measurement, and experimentally evaluated pedagogical interventions.

Conclusion

This study examined the relationships between reflective generative artificial intelligence
use, perceived pedagogical guidance, and self-reported critical thinking competencies among 293
pre-service teachers from five higher education institutions in Kazakhstan. By distinguishing
reflective engagement from passive reliance on Al-generated responses, the research sought to
clarify how different patterns of technological use are associated with students' evaluative
learning practices. The findings suggest that the educational significance of generative Al cannot
be adequately understood through the frequency of its use alone. Greater analytical attention is
required to the cognitive activities students undertake when interpreting, verifying, and applying
automatically generated information. The results provided statistical support for both research
hypotheses. Reflective GenAl use demonstrated a moderate positive association with self-
reported critical thinking (p = 0.542, p < .001), indicating that students who more frequently
reported verifying information, comparing alternative explanations, and critically examining Al-
generated responses also tended to report stronger analytical and evaluative practices. This
relationship remained statistically significant after adjustment for passive reliance, digital
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competence, frequency of GenAl use, age, and year of study (B =0.436, p <.001). The findings are
consistent with the theoretical assumption that reflective engagement with generative
technologies is associated with the intellectual practices underlying critical thinking. Nevertheless,
the observed relationship should not be interpreted as evidence that Al use independently
improves cognitive competence. The second hypothesis was also supported. Perceived
pedagogical guidance was positively associated with reflective GenAl use (p =0.427, p <.001), and
the relationship remained significant in the adjusted regression model (B = 0.381, p < .001).
Students who reported greater instructional emphasis on evaluating Al-generated information,
verifying sources, and justifying academic conclusions were more likely to describe their own Al
use as reflective. This finding suggests that instructional expectations are relevant to
understanding differences in students' engagement with generative technologies. However,
because pedagogical guidance was measured through students' perceptions, the results cannot
establish the effectiveness of particular teaching strategies or determine whether instructional
practices directly produced changes in learning behaviour.

An additional finding concerns the distinction between reflective engagement and passive
reliance. Passive reliance was negatively associated with self-reported critical thinking (p = -0.311,
p <.001) and remained a significant negative predictor in the adjusted regression model. Digital
competence, by contrast, demonstrated positive associations with both reflective Al use and
critical thinking. These relationships indicate that students' engagement with generative Al
involves several analytically distinct dimensions. Technological familiarity, independent
evaluation, and dependence on automated responses should not be treated as interchangeable
indicators of educational technology use. The absence of a statistically significant independent
association between GenAl-use frequency and critical thinking in the adjusted model further
supports this distinction. The theoretical contribution of the study lies in connecting constructivist
approaches to learning, self-regulated learning, and Al literacy within an empirical framework
focused on pre-service teacher education. The findings are consistent with the proposition that
students' reported critical thinking is associated not simply with access to generative technologies
but with the ways in which they evaluate and incorporate Al-generated information into their
academic reasoning. The relationship between pedagogical guidance and reflective engagement
also extends this perspective by drawing attention to the instructional context in which individual
learning practices develop. Within the context of Kazakhstan's higher education system, the study
provides evidence relevant to understanding how future teachers perceive and use generative Al
during their professional preparation. From a practical perspective, the findings suggest that
teacher education programmes should consider integrating structured activities requiring
students to examine the accuracy of Al-generated explanations, compare automated responses
with scholarly sources, identify unsupported arguments, and justify their academic decisions. Such
activities could be incorporated into coursework, independent assignments, and instructional
discussions concerning responsible Al use. The objective would not be to discourage engagement
with generative technologies but to maintain students' responsibility for evaluating evidence and
constructing reasoned conclusions. The effectiveness of these approaches, however, requires
direct assessment rather than inference from the associations observed in the present study.

Several limitations should be acknowledged. The cross-sectional design prevents
conclusions about causal relationships or changes in critical thinking over time. The reliance on
self-reported measures introduces potential common-method bias and limits the interpretation
of critical thinking as an independently demonstrated cognitive competence. Furthermore, the
institutional and demographic composition of the sample restricts the generalizability of the
findings to the broader population of pre-service teachers in Kazakhstan. Future research should
employ longitudinal and experimental designs, incorporate performance-based measures of
critical thinking, and examine how specific instructional strategies influence students' ability to
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evaluate Al-generated information across different educational contexts. The study indicates that
reflective engagement with generative Al and perceived pedagogical guidance are positively
associated with the critical and evaluative learning practices reported by pre-service teachers. Its
principal implication is that the educational integration of generative Al should be considered not
only in terms of technological accessibility or frequency of use but also in relation to the
intellectual responsibilities retained by students and the instructional expectations established by
educators. For teacher education, this distinction provides a basis for developing pedagogical
approaches that combine the practical possibilities of generative Al with the continued cultivation
of independent academic judgment.

References

Bae, H., Hur, J., Park, J., Choi, G. W., & Moon, J. (2024). Pre-service teachers' dual
perspectives on generative Al: Benefits, challenges, and integration into their teaching and
learning. Online Learning, 28(3), 131-156. Article

Chen, S., & Cheung, A. C. K. (2025). Effect of generative artificial intelligence on university
students learning outcomes: A systematic review and meta-analysis. Educational Research
Review, Article 100737. https://doi.org/10.1016/j.edurev.2025.100737

Choi, G. W., Kim, S. H., Lee, D., & Moon, J. (2024). Utilizing generative Al for instructional
design: Exploring strengths, weaknesses, opportunities, and threats. TechTrends, 68, 832-844.
https://doi.org/10.1007/s11528-024-00967-w

Daniel, K., Msambwa, M. M., & Wen, Z. (2025). Can generative Al revolutionise academic
skills development in higher education? A systematic literature review. European Journal of
Education, 60(1), Article e70036. https://doi.org/10.1111/ejed.70036

Dayagbil, F. T., Boholano, H. B., & Sumalinog, G. G. (2025). Are they in or out? Exploring pre-
service teachers' knowledge, perceptions, and experiences regarding artificial intelligence (Al) in
teaching and learning. Frontiers in Education, 10, Article 1665205.
https://doi.org/10.3389/feduc.2025.1665205

Deng, R, Jiang, M., Yu, X, Lu, Y., & Liu, S. (2025). Does ChatGPT enhance student learning?
A systematic review and meta-analysis of experimental studies. Computers & Education, 227,
Article 105224. https://doi.org/10.1016/j.compedu.2024.105224

Essel, H. B., Vlachopoulos, D., Essuman, A. B., & Amankwa, J. O. (2024). ChatGPT effects on
cognitive skills of undergraduate students: Receiving instant responses from Al-based
conversational large language models (LLMs). Computers and Education: Artificial Intelligence, 6,
Article 100198. https://doi.org/10.1016/j.caeai.2023.100198

Fischer, I., Sweeney, S., Lucas, M., & Gupta, N. (2024). Making sense of generative Al for
assessments: Contrasting student claims and assessor evaluations. The International Journal of
Management Education, 22(3), Article 101081. https://doi.org/10.1016/].ijme.2024.101081

Kasneci, E., Sessler, K., Kichemann, S., Bannert, M., Dementieva, D., Fischer, F., Gasser, U.,
Groh, G., GUnnemann, S., Hullermeier, E., Krusche, S., Kutyniok, G., Michaeli, T., Nerdel, C., Pfeffer,
J., Poquet, O., Sailer, M., Schmidt, A., Seidel, T., ... Kasneci, G. (2023). ChatGPT for good? On
opportunities and challenges of large language models for education. Learning and Individual
Differences, 103, Article 102274. https://doi.org/10.1016/].lindif.2023.102274

King, C. E., & Lopour, B. A. (2025). Fostering critical thinking during use of generative Al: A
novel learning module for ideation in biomedical engineering design. Biomedical Engineering
Education, 5, 397-413. https://doi.org/10.1007/s43683-025-00192-8

Labadze, L., Grigolia, M., & Machaidze, L. (2023). Role of Al chatbots in education: Systematic
literature review. International Journal of Educational Technology in Higher Education, 20, Article
56. https://doi.org/10.1186/s41239-023-00426-1

100



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026 I

Liu, J., Sihes, A. J. B., & Lu, Y. (2025). How do generative artificial intelligence (Al) tools and
large language models (LLMs) influence language learners' critical thinking in EFL education? A
systematic review. Smart Learning Environments, 12, Article 48. https://doi.org/10.1186/s40561-
025-00406-0

Miao, F., & Holmes, W. (2023). Guidance for generative Al in education and research.
UNESCO. https://unesdoc.unesco.org/ark:/48223/pf0000386693

Ng, D. T. K, Leung, J. K. L., Chu, S. K. W., & Qiao, M. S. (2021). Conceptualizing Al literacy: An
exploratory review. Computers and Education: Artificial Intelligence, 2, Article 100041.
https://doi.org/10.1016/].caeai.2021.100041

Sardi, J., Darmansyah, Candra, O., Yuliana, D. F., Habibullah, Yanto, D. T. P, & Eliza, F. (2025).
How generative Al influences students' self-regulated learning and critical thinking skills? A
systematic review. International Journal of Engineering Pedagogy, 15(1), 94-108.
https://doi.org/10.3991/ijep.v15i1.53379

Tlili, A., Shehata, B., Adarkwah, M. A, Bozkurt, A., Hickey, D. T., Huang, R., & Agyemang, B.
(2023). What if the devil is my guardian angel: ChatGPT as a case study of using chatbots in
education. Smart Learning Environments, 10, Article 15. https://doi.org/10.1186/s40561-023-
00237-x

Walter, Y. (2024). Embracing the future of artificial intelligence in the classroom: The
relevance of Al literacy, prompt engineering, and critical thinking in modern education.
International Journal of Educational Technology in Higher Education, 21, Article 15.
https://doi.org/10.1186/s41239-024-00448-3

Yusuf, A., Pervin, N., Roman-Gonzalez, M., & Noor, N. M. (2024). Generative Al in education
and research: A systematic mapping review. Review of Education, 12(2), Article e3489.
https://doi.org/10.1002/rev3.3489

Zhao, Y., Yue, Y., Sun, Z., Jiang, Q., & Li, G. (2025). Does generative artificial intelligence
improve students' higher-order thinking? A meta-analysis based on 29 experiments and quasi-
experiments. Journal of Intelligence, 13(12), Article 160.
https://doi.org/10.3390/jintelligence13120160

101



Proceedings of the 15th International Scientific Conference

EMONOMMAHBI AR/VR TEXHO/TOTMAIAPD!
APKbI/Tbl OKbITY SAICTEMECIHIH
TUIMAINITIH 3EPTTEY

CaHnpayfaw Egijre

MarncTpaHT, «brnodunsmka, bBomeanumHa KaHe HeMpOFbIAbIM» Kadeapacsl, «bnonorua
oHe bruotexHonorma» dakynbteTi, 91 Papadbu atbiHAarFbl Ka3YyY, AamaTbl, KasakcTaH
folabIMu HemeKwi:

KeHxeeBa XK.K.

PhD

AHHOTaLuA.

Buonorma naHiHiH, KenTereH TaKblpbiNTapbl Ke3re KepiHOEeMTIH KypblibiMaap MeH
AMHAMMKaNbIK NpoLecTepai cMnaTTanTbiHAbIKTAH, 0Napabl ASCTYPAI KOPHEKI Kypanaap apKbibl
TyCiHAipy oHah emec. Ocbl MacefieHi Lwewy MmakcaTbiHAa 6i3 8-CbiHbIN  OMONOrMACHIH
TONIbIKTbIPbIAFAH XaHe BUPTyanap! WbiHAbIK (AR/VR) TexHoNorManapbl apKblabl OKbITY 94iCTEMECIH
93ip/ien, OHblH, OKYLWbIIApAblH MNOHAIK XETICTINiHE 9CepiH 3KCNepUMEHT XY3iHAe TeKcepaik.
3epTTey Hakblnay Tobbl Hap KBa3MaKCNEPUMEHTTIK AM3aliH BoMbIHLA »KypPridinin, oraH 60 oKyLbl
KaTbICTbl. JKcnepumeHTTiK Ton (n = 30) ceriz anta 6oibl 5E moaeniHe HerisgenreH AR/VR
aaictemeci H6oMbIHWA OKbica, Oakbliay Tobbl (n = 30) con TakblpbiNTapAbl ASCTYPAI aicneH
MeHrepai. AnabliH ana TecTineyae TOnTapAblH, AeHreni bipaer 6onbin weikTbl (p = 0,201), an
bacTankbl AeHrenai eckepeTiH koBapuauuanbik Tangay (ANCOVA) sKCnepuMeHTTiH, COHbIHAA
9KCNEPUMEHTTIK TOMTbIH, HOTUXKECI MIHAI TYPAE *KOFapbl eKeHiH KepceTTi (Ty3eTifireH opTallanap
70,5 woaHe 66,2 6ann; F(1, 57) = 4,70; p = 0,034; n?p = 0,076). OrywslnapabiH, 6inim ecimi
9KCNEePUMEHTTIK TONTa opTa ecenneH 9,8 6annabl, 6akbinay TobbiHAa 5,5 6annabl Kypaasl (Hedges
g = 0,58), an »ofapbl AeHrenre xKeTkeH oKylibinap yaeci 10 %-gaH 43 %-fa genid apTTbl. byn
HOTUKEeNep MMMEPCUBTI TEXHONOTMANAP CabaKTbiH SAiCTEMENiK KypblabIMbiHA KyMheni Typae
eHrisinreHae 6MonornabIK Binimai MeHrepy TMiMAiNiri apTaTbiHbIH KepceTes,.

TyliH ce3gep: TONbIKTbIpbINFaH LWbIHAbIK, BUPTYyandpl WbIHABIK, OWMONOTMAHBLI OKbITY
34iCTEMECI, MMMEPCUBTI OKbITY, NOHAIK ETICTIK, KBA3MIKCMNEPMMEHT.

1. Kipicne

*apaTbibIiCTaHy NaHAEPIH OKbITYAa MYFaNiMAEP Ui Ke34eCeTiH KMbIHAbIKTapAbIH, Oipi —
OKylUblnapfa Tikenen Hakblnayra KeAMeNTIH 0OBbEKTINep MeH npouecTep Typasbl TyTac TYCiHIK
KanbinTacTblipy. buonornsaga 6yn macene epekiie 6ankanaabl, cebebi NoH Ma3MyHbIHbIH, eadyip
HeniriH Xacylla KypblbiMbl, KaH alHaNbIMbl, TbIHbIC any MEH XXyMKe peTTenyi CUAKTbI KeHICTiKTe
OTETIH KoHe YaKbIT OoWblHWA e3repeTiH KyObinbicTap Kypanabl. OKyAblKTafbl eki enwemi
CYpPETTep MEH CTaTUKa/bIK MyasxKaap byn KyObiabicTapablH, KYPblAbIMbl MEH ANHAMMUKACLIH TONbIK,
KEeTKi3e afiMmanabl, HaTMXKEeCiHAe OKyllblNapAa TYKbipbIMAamasnblK KaTenikTep KanbinTackin
KaTaapl.

OcblHAAM ONKbINLIKTbIH OPHbIH TOATbIPYFa MMMEPCUBTI TEXHONOTUANAP KaHA MYMKIHAIK
bepeni. TONbIKTbIPbIAFAH WbIHALIK (AR) HaKTbl OpTaHbIH, YCTiHE UMbPAbIK YW enwemaj
obbekTinepai KabattacTblpadpbl, an BMPTyandpl WbIHAbLIK (VR) naiganaHylbiHbl TOAbIKTaAM
¥acaHabl opTafa eHrizeai (Azuma, 1997; Milgram & Kishino, 1994). EKi TeXHONOrMAHbIH, 4@ OpPTaK,
apTbIKLWbIIbIFbl — OKYLUbl KEHICTIKTIK MOAENbAEPMEH TIKeNel apeKeTTecin, onapapl ap KblpblHaH
KapacTblpa anadbl }oHe 94eTTe *aCblpPblH XKYPETIH npouecTepai 63 KesimeH Kepeai. KazakcTaHda
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binim bHepyni unmdpnaHablpy afacbiHAa@ MEKTENTEPAiH TeXHMKabIK XKabablKTanybl Kakcapbin
Kenepi, ananga 6yn kypangapabl 6uonorna cabafbiHa Kanam TWIMAI eHTi3y KepeKTiri oTaHablK,
FblNbIMM 24e6UMETTE BN HKETKINIKTI 3epTTENMErEH.

XanblKapanblK Taxipmnbere XKyriHCek, meTaTanaaynap MMMEPCUBTI TEXHONOMMANAPAbIH OKY
HaTMXKenepiHe OH acep eTeTiHiH pacTaiabl, bipak byn acepAiH, Wamackl TEXHONOTUA TYPiHE KaHe
OHbl KO/IAAHY »KafdalblHa Kapal anTap/ibikTain e3repin oTbipaabl. MaceneH, Cromley xaHe T.6.
(2023) STEM naHAaepi 6boMbiHWwa VR-AbIH, *annbl acepiH g = 0,33 aen 6afanan, eH, »ofapbl HITUXKE
benceHai okbITy ToCinAepi KonaaHblAFaH 3epTTeynepae bakanaTbiHbiH atan eTTi. Coban kaHe T1.6.
(2022) ummepcumBTi VR VLLIiH OCbIFaH KaKblH HaTUxe anabl (g = 0,38). TONbIKTbIPbINFAH WbIHAbIKKA
KenreHae KOPCeTKilTep a/4eKanaa XKofFapbl: XKapaTblablCTaHy NaHAepi meH buonornsa 6oMbiHLIA
15 3epTTeyai TangaraH Faria meH Miranda (2024) oKy HaTuskenepi yiiH d = 1,13 MaHiH aHbIKTaCa,
Barcenas neH Prudente (2026) opTa meKkTen oKyLblAapbl borbiHWwa g = 0,98 kannbl acepai Tipkeai.
CoHsbl aBTOpAap AR-abl 6—8 anTa 6oMbl KonaaHyabiH 1-3 anTanbik KOAAaHYAAH 8a4eKalaa TMiMmaj
eKeHiH ae kepceTTi (g = 1,63 koHe g = 0,72). MekTen BMoN0rMACbIHA KaTbICTbl 3epTTey/1ep Ae OChl
YPAICTi pacTanbl: »acylaHblH, 6eniHyiH okbiTyAa VR, MHTEPaKTUBTI TaKTa KaHe A3CTyp/i a4icTi
CaNbICTbIpFaHAa MMMePCUs AeHreli }oFapbl TONTbIH HITUXKECI eH, oFapbl bonfaH (Neiroukh xaHe
1.6., 2025).

[lereHMeH MMMepPCUAHbIH, ©3i OKy HITWUMKECIH aBTOMaTTbl TypAe *Kakcapta bepmeia;.
Makransky »aHe T.6. (2019) nmmepcus OeHreni sKorFapbliaraH caliblH OKYLUbIHbIH, KaTbiCy Ce3imi
KyllenreHiMeH, KOTHUTUBTIK KYKTEMe e apTbin, COHbIH, canaapblHaH Binim meHrepy TemeHaeyi
MYMKIiH eKeHiH aHblKTadbl. JleMeK TeXHONOTUAHbBIH, TUIMAINIT OHbIH, CabaKTblH, Kal Ke3eHiH4e sKaHe
KaHOaM MakcaTneH KonaaHblAaTbiHbIHA Tikenen 6ainaHbIiCTbl. bi3 yCbiHbIN OTbIpFaH aaicTeme Ae
OCbl TYXKbIPbIMFa CYMeHe/i: OHbIH TEOPUAAbIK HETi3iH MyNbTUMEAMANbIK OKbITYAblH KOTHUTUBTIK
Teopuackl (Mayer, 2014), KOrHUTUBTIK XYyKTeme TeopuAckl (Sweller xaHe T1.6., 2011) xoHe
MMMEPCUBTI OKbITYAbIH KOrHUTMBTI-addekTinik mogeni (CAMIL; Makransky & Petersen, 2021)
Kypalabl. ATanfaH TyXblpbiMaamanapfa cavikec AR/VR Kypangapbl cabakTbiH 6enrini 6ip
Ke3eHiH4e faHa KOAN4AHbIbIN, afiblHFAaH 3Cep MyfafiMHIH TYCIHAIPYI MeH OKylWbl1apablH,
pedieKCUAChl apKblabl BeKITINYi KaxeT.
9aebuneTke KacanfaH WoNy Tafbl Bip MaHbI3Abl ONKbIIBIKTLI KepceTeai. 3epTreynepaiH, 6acbim
Heniri »Kofapbl OKYy OpblHAapbiHAA Hemece bipHelwle cabaKneH LWEKTENETIH KbiCKa Mep3imAi
NHTepBEeHUMA TypiHae XyprisinreH. AR meH VR TexHonormsanapblH bip aaicTemenik yhere
HipikTipin, OHbl MeKkTen Oardapnamacbl anacbiHAa bGipHewe anta 60Mbl CblHAKTaH ©TKi3reH
KYMbICTAp caHay/bl, an KasaK TiNiHOe OKMTbIH MEeKTen OKylbliapbl 6GOMbiHWAE MyHAAN
JKCNEPUMEHTTIK AepeKTep iC JKy3iHAEe KOK. 3epTTeyidiH ©3eKTiniri ge ocbl Kafgamer
anKbIHOaNaabl.

OcbifaH b6alfiaHbICTbl 3epTTeydiH, MakcaTbl peTiHae 8-CbiHbIM BUONOTrMACBIH OKbITYFa
apHanfaH AR/VR HerisiHaeri aaictemeHi a3ip/ien, OHbIH, OKYLbINAPAbIH, MaHAIK METICTiriHe acepiH
3KCNepuMMeHT apkbinbl 6afanay benrineHai. Ocbl MaKkcaTKa »KeTy YLWiH 6i3 eki cypakKka ayan
i3nenik. bipiHwiaeH, 6actankpl AeHrenai eckepreHge AR/VR apictemeci 6oMbiHWA OKblfaH
OKYLUbINAPAbIH, KOPbITbIHAbI HITUMECI ASCTYPAI 9A4iCNeH OKblfaH KYPAacTapblHbIH, HITUMKECIHEH
epeklweneHe me? EKiHWigeH, eki Tonta 6inim ©CIMiHIH LWaMacbl aHe OKYLUbINapAbIH, *KEeTiCTiK
AeHrennepi boMbiHWa Tapanaybl Kanak esrepeai? bisaiH 601KaMbiMbl3 OOMbIHLLIA, SKCNEPUMEHTTIK
TONTbIH, KOPbITbIHAbI HITUKeCi meH binim ecimi Bakbliay TOObIHAH »ofapbl 6onaabl (H1), an
YKOFapbl AEHTenre KeTKeH OKyLUblNapablH yaeci byn Tonta kebipek apTaabl (H2).
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2. Matepuangap MmeH agictep

2.1. 3epTTey AM3aiHbI X3HE KaTbicyLiblnap

3eptTey 6akblnay TOObI 6Gap, andblH ana »KoHe KOPbITbIHAbI TecTineyai KaMTUTbIH
KBA3M3KCNEPUMEHTTIK AM3ailH BOMbIHLLIA YbIMAACTbIPbINAbl. MEeKTEeNTiH OKY KecTeci oKyl bliapabl
TONTapfa Xekenen benyre MymKiHAIK BepmereHikTeH, cbiHbINTap OyTiHAEM anbiHbIN, Kepebe
apKblabl SKCNEPUMEHTTIK KaHe baKblaay TonTapbiHa 6eniHai. Tayencis anHbiManbl PeTiHAE OKbITY
94ici, an Tayenai anHbIManbl PeTiHAe OKyLblAapAblH MOHAIK TECTTEH KMUHAFaH Banbl anblHAbI.

dKcnepmeHT AnmaTtbl KanacbiHaafsl L. K. bepkimbaeBa aTbiHAafbl Kbi3gap MeKTen-
Nnuen-nHTepHaTbl 6asacbiHaa oTTi. OfaH Kasak TiniHge 6inim anaTbiH 8-CbIHbINTbIH, 60 OKyLbI
KbI3bl KaTbICbIM, 071ap TeH, eKire 6eniHai: 30 oKyLbl 3KcnepuMeHTTiK TonKa (3T), 30 oKyLubl 6aKbinay
TobbIHa (BT) eHAi. BapabIk KaTbiCyLblAap ekKi TecTineyaeH Ae 6TKeHAIKTEH, TanAay TO/bIK TaHdama
boMbiHWa Kyprizinai. Hatmxkere myraniMmHiH Keke webepniri acep etneyi yuwiH eki TonTafbl
cabakTapabl 6ip myranim xyprizai. TaHgama kenemin G*Power 3.1 6argapaamacbiMeH aablH ana
ecentereHae (Faul skaHe 1.6., 2009) KoBapuHauuManbIK Taagayda optawa acepai (f =0,25; a = 0,05;
1 - B = 0,80) aHbiKTay YWiH KemiHae 128 KaTbICylbl Ka*KeT eKeHi aHblkTanabl. COHAbIKTaH byn
3epTTeyai NUNOTTbIK, KYMbIC PeTiHAE KAapacTbipFaH KeH.

2.2. OKbITy aaicTemeci

JKCNepUMEHTTIK OKbITY Ceri3 anTafa Co3blAJbl: anTacbiHa eki cabak, 6bapnbiFbl 16 cabak,
apKancbicbl 40 mMHYTTaH. OKy Ma3MyHbl 8-CbiHbIMKA apHanfaH OWONOrMAHbLIH, YATIAIK OKY
HafoapnamacbiHaH anblHbIN, KaH KaHE KaH alHaAbiMbl, TbIHbIC any »KaHEe XyMKe KyMeci
TaKbIPbINTAPbIH KaMTblabl. Op cabak 5E okbITy MogeniHiH, (Bybee »aHe T.6., 2006) KeseHaepiHe
coMkec Kypbinapl. Cabak 6acbiHA@ Myfanim npobaemanblk Cypak KoMbIM, OKYLUbINAPAbIH,
KbI3bIFYLLbINbIFbIH OATTbl (5 MUHYT). OpaH KewniHri 3epTTey KesdeHiHae (12 MWHYT) OKyLiblaap
ynTacbin, naaHweTTeri AR KOCbIMLIAChI apKblibl Myllenep MeH XacylWanapdbiH, v eawemai
MoaenbaepiH 3epaeneni, an VR rapHUTypacbl apKblibl KaHHbIH Tamblpaap 60MbIMEH alHaNybl
Hemece »KymKe WMMYAbCiHIH, Tapanybl CUAKTbl npouecTepai 6aKkplnagbl. acecnipimaepain,
KayinciaairiH eckepin, 6ip VR ceaHcbl 10 MWHYTTaH acnadbl, an rapHUTypanap cTaHumanap
HolblHLIA Ke3eKneH NanganaHbinabl. 3epTTeyaeH KeliH MmyFaniMm oKyl blnapabliH, 6akbliaynapbiH
FbIAbIMWU YFbIMAAPMeEH BalnaHbICTbIpbIN TYCIHAIPAI (8 MMHYT), an OKyLUbINAP KYNTbIK Tancblpma
opblHAAY apKbiabl anfaH binimaepiH TepenaeTTi (10 muHyT). CabaK KbiCKa KanbiNTacTblpyLLbl
H6aranay meH pednekcuameH asktangsl (5 MuHyT). AR/VR KypangapbiHbiH TEK 3epTTey Ke3eHiMeH
LeKTenyi Kipicnede aTasifaH KayinTi, AFHW TEXHONOMMANBIK OPTaHbIH, apTblK KOTHUTUBTIK KYKTeme
TYAbIpybIH BonabipmayFfa barblTTanapi.

BaKkpbliay TOObl 4271 cON TaKblipbinTapabl 6ipaen KypbiabiMmaarbl cabakTapaa meHrepa,,
albIPMaLLIbINbIFbI TEK 3ePpTTEY KeseHiHae 60aAbl: OCbl Xepae oKyLbinap AR/VR opHbIHA OKY/bIKTbI,
naaKkatTap MeH MyasKaapAsl navganaHasl. Ocblnalwa TonTap apacbiHAasbl alblPMaLLbINbIKTbI
cabak KypblaibiIMbIHA EMEC, TIKeNeN KePHEKINIK KypanaapblHbIH TYPIHE MKaTKbI3yFa MYMKIHAIK Ty abl
(Clark, 1994).

2.3. Bwey Kypanol KaHe 3epTTey pacimi

OKyLWblNapAblH, NIHAIK MKETICTIrH e/lley VWiH aBTopaap oKy OafaapnamacbiHbiH TUICTI
benimaepiH KaMTUTbIH TecT a3ipaeai, oHbiH HaTuxkeci 0—100 Gannablk LWKanafa KenTipingi.
Tanpayabl *KeHinaeTy VIliH OKyLIbIAap K1UHaraH 6an/biHa Kapal yw gerrenre 6eniHai: tomeH (0—
49 6ann), opTa (50—74 6ann) »kaHe »ofapbl (75—100 6ann). TecTTiH, Ma3MyHAbIK BaAUATIAINIH NaH
MyFfanimaepi capantaipl.

TecT eKi peT eTKi3iNAi: anablH ana TeCcT aKkcnepuMeHT 6acTanap anapiHAa, KOpbITbiHAGI TECT
Ceri3 anTafblK OKbITYAaH KeWiH. ANAbIH ana TECTTEH KeWiH 3KCMePUMEHTTIK TONTbIH, OKYyLWblAapbl
AR/VR KypanaapbiMeH anablH ana TaHbICTbl, Oy TEXHUKANbIK KMbIHABIKTAPAbIH, Heri3ri cabakTapra
acep eTneyiH KaMTamacbl3 eTTi. JKcnepmumeHT DbapbicbiHAa cabakTapabiH, bip 6eniriHe Tayencis
capanlubl KaTbICbIM, 0ONapAblH *OCnapfa calKec eTyiH 6aKplnay naparbl 6oMbIHIWA 6aFanaabl. TecT
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YKYMbICTApPbIH OKYLLbIHbIH, Kail TONTa eKeHiH BinmelnTiH Tekcepylwi 6aranagpl, 6yn 6aranayaarbl
H6enTapanTbIKTbl KAMTamachl3 eTTi.

2.4. lepeKTepai CTaTUCTUKANBIK eHAeY

HepekTep Python optacbiHaa SciPy »kaHe statsmodels KiTanxaHanapbiHbIH KemerimeH
eHAenai, maHainik aeHreni a = 0,05 gen anbiHAbl. Tangayabl 6actamac 6ypbiH 6i3 TaH4a FaH
9AiCcTepiH, anfblllapTTapblH TEKCEPAIK: ©CIM KepPCeTKIWTEPIHIH, KanbinNTbl Tapanybl Shapiro—Wilk
KpuTepuiimeH, aucnepcusnapabiH,  OipTekTiniri  Levene KpuTepuiimeH, an  perpeccua
KenbeynepiHiH, 6ipTeKTINIr Ton NeH anablH ana TECTTiH, ©3apa dpPeKeTTecyi apKplibl baranaHabl.
TonTapapblH, 6actankbl AeHreni Welch t-kputepuini 6onbiHLA CanbICTbIPbIAAbI.

BipiHWwi 6omkamapl (H1) TekcepyaiH Herisri aaici peTiHAe KOBapuauUMANbIK Tanaay
(ANCOVA) TaHaanabl: Moaensre anfbiH ana tect 6annbl KOBapuaT peTiHae eHrisinin, acep wamachl
iWiHap getepmuHauma KospduumeHTtimeH (n?p) BaranaHabl. HoTMXKEHIH, CeHiMAainiriH apTTbipy
YLWiH TONTapAblH ecimaepi KocbimLia Typae eki TaciimeH — Welch t-kKputepuii »kaHe napameTpik
emec Mann—-Whitney U KpuTepuini apKblibl — CanbICTbipblNAbl, an acep Wwamacbl Hedges g
KoaddMUMeHTI meH 95 %-AblK CEeHIM apasiblfbl apKblibl CUNATTaAAbl. P TOMNTLIH, ilWiHAeri e3repic
YMTACKaH t-kpuUTEepUniMmeH Tekcepingi, coHaan-ak bactanksl AeHrenaiH acepid eckepy ywid Hake
(1998) ycbiHFaH HOpManaHfaH apTbIKWbIIbIK KepceTkiwi ecentenai. ExkiHwi 6omkamabl (H2)
TeKcepy YLWiH OKyLWbINApAbIH XKETICTiK AeHrennepi 6onbiHLIa Tapanybl SKCNEPUMEHTTIH, 6acbl MeH
COHbIHAA CaNbICTbIPbIAALI.

2.5. 3epTTeyaiH 3TUKaNbIK acnekTinepi
JKCNepUMeHT MeKTen aKIMLLIAITIHIH, pYKCaTbIMeH XYpri3ifin, ofaH AeliH aTa-aHanapaaH *asbalwa
Kenicim, OKyLblNapaaH epikTi Kenicim anbiHAbl. "MHaNFaH AepeKkTep aHOHMMAEHAI. VR ceaHCcTapbl
MYFaniMHIH YHEMI KaaafanaybIMeH OTTi }KaHe OKyllblAa 6ac alnHany Hemece XKypeKk aHy CUAKTbI
Knbepaypy benrinepi 6alikanca, ceaHc aepey TOKTaTblIAAbl. DKCNEPUMEHT asKTanfaHHaH KeWiH
6akbliay TobbIHAAFbI OKYLWbIAAP Aa AR/VR cabakTapbiHa KaTbica anabl.

3. Hatuxenep

3.1. TonTapapiH 6acTanKkpl cMnaTramachl

AnapiH ana TecTiney HaTUKeci 6oMbIHLIA SKCNEPUMEHTTIK TONTbIH, OpTalla 6annbl 62,33 (SD
= 10,06), 6aKkpinay TobbIHbIH opTatla 6annbl 59,10 (SD = 9,30) 6onabl. TonTap apacbiHAafbl 3,23
Hannablk, alblpma CTAaTUCTUKANbIK TypfblaaH MaHAi emec (t(57,6) = 1,29; p = 0,201), 6yn
TonTapApblH, 6acTankel AaMbiHAbIFbl CaNbICTbipManbl Typsblaa bipaen exkeHiH kepceteai. CofaH
KapamacTaH 6acTankbl AeHrenaeri azgaraH ablpMmaHbiH acepiH benTapanTay MakcaTbiHAa Heri3ri
Tangay KoBapmaumAiblK MOAENb apKbl/ibl Xyprisingi.

KoBapuraumanbiK TangayablH anfbllapTTapbl OpbiHAAAAbl. OCiM KepCeTKilTEePiHiH Tapanybl
eKi TonTa A4a KanbINTbl TapaayaaH MaHAj aybiTKaH Kok, (Shapiro—Wilk: 3T ywin W =0,978,p=0,777;
BT ywin W = 0,941, p = 0,099), aucnepcusnap biptekTi (Levene F = 0,18; p = 0,673), an TOoN neH
anablH ana TecT apacblHAafbl ©3apa apekeTTecydiH MaHai 6onmaysl (p = 0,775) perpeccus
KenbeynepiHiH, 6ipTeKTiniriH pactanab.

3.2. TaHAiK XKETICTiKKe acep

AnabliH ana Tect 6annbiH BaKblnay apKbl/ibl KYPri3iAreH KoBapuauuanbik Tangay OKbITy
DAICIHIH, KOPbITbIHAbI ETICTIKKe CTaTUCTUKAMbIK TYPFbldaH MaHAi acepiH aHblikTadbl: F(1, 57) =
4,70; p = 0,034; n%p = 0,076. TyseTinreH opTalla MaHAEP 3KCNepMMeHTTIK TonTa 70,5 6annabl,
bakblnay TobbiHAa 66,2 Bannapl Kypadbl. AnablH ana TecT 6anibl KOPbITbIHAbI HITUMKEHIH, KYLLTI
6onkamaaybllwbicel 6onabl (F(1, 57) = 100,09; p < 0,001), 6yn KOBapuUaTTbl EHTi3yAiH Heri3ainiriH
KepceTeai. TonTapablH Heri3ri kepceTkiwTepi 1-kecTene bepinreH.
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1-kecTe. MoHAIK TECT HOTUNKENEPIHIH CMNATTaMaNbIK KaHe MHbepeHUMANbIK cTaTUcTMKachk! (0—100
6ann; op Tonta n = 30)

KepceTkiLw oT BT Albipma CTaTUCTMKaANbIK,
KpUTEPU
AnapiH ana Tect, M (SD) 62,33 (10,06) | 59,10 (9,30) 3,23 t(57,6) = 1,29; p =
0,201
KopbiTbiHab! TecT, M (SD) | 72,17 (12,84) | 64,57 (12,01) | 7,60 t(57,7) = 2,37, p =
0,021
KopbITbIHAGI TecT, | 70,5 66,2 4,3 F(1, 57) = 4,70; p =
Ty3eTiareH M 0,034; n*p = 0,076
©cim, M (SD) 9,83 (7,30) 5,47 (7,68) 4,37 t(57,8) = 2,26; p =
[0,49; 0,028; g=0,58
8,24]
Bcim, bacTankbl | 15,8 9,2 6,5 —
aeHrenaeH %
HopmanaHfaH 0,26 0,13 0,13 —
apTbIKLWbINbIK (g)

Eckepmy: 3T — aKkcnepumeHTTiK Ton, BT — 6akbinay Tobbl; t — Welch Kputepuiti; TyseTinreH
opTallanap anaplH ana TecTTiH Xannbl opTalacsl (60,72) 6oiMbiHWa ecenTenai; Tik »aklaga —
anblpmaHblH, 95 %-AblK CeHIM apasibifbl.

©cCiM KepceTKilTepiH CanbICTbipy Aa YKCAc HaTuKe bepai: aKCNepuMMEeHTTIK ToMTafbl
opTalla ecim bakpinay TobbiHaH 4,37 Gannfa »ofapbl Honabl, byn opTalla Wamanafbl acepre
conkec kenepni (Hedges g = 0,58). AnbiHFaH HaTuxke napameTpaik emec Mann—Whitney U
KpuTepuii boMbiHwa aa pactangsl (U = 601; p = 0,026). HopmanaHfaH apTbiKLWbIbIK,
KepCeTKIiWiHiH 3KCMepMMEeHTTIK ToNTa eki ece wofapbl 6oaybl (0,26 »aHe 0,13) okyWwblnapably,
HacTankbl AeHreniHaeri aMblpMallbINbIKTbl ecKepreHae A€ apTbIKWbIAbIKTbIH, CaKTaNaTbIHbIH
kepceTteai. Ocblnaniwa, ipiHwi 6omkam (H1) pactanabl.

3.3. Ton iwiHAggeri e3repicTep *kaHe KeTICTiK AeHrennepi

Eki TONTa Aa 3epTTey Ke3eHiHAe CTaTUCTUKANbIK TYPFblAaH MaHAI OH e3repicTep bankanapl,
analga onapAablH, anKbliHAbIFbI epeKlieneHai: sKkcnepnuMeHTTiK TonTa t(29) = 7,38 (p < 0,001),
6akblnay TobbiHAa t(29) = 3,90 (p < 0,001). DKCNEPUMEHTTIK TOMTa HITUXKeCi TemeHaereH
OKYLUblNAp caHbl ywey 6osca, 6akbinay TobbiHAa ceriz 6onab!.
OKyLWblNapAblH, *KETICTIK AeHrennepi boMnbIiHLLIE Tapanybl 2-KecTeae KenTipiareH. dKCnepumeHTTiK
TONTa XOofapbl AeHrenaeri okywbinap yneci 10 %-aaH 43,3 %-fa AeliH apTbin, TOMeH aeHrenaeri
OKyLUblNAp TO/bIKTalM OpTa HeMece »Kofapbl AeHrernre aybiCTbl. bakblnay ToObliHAA Kofapbl
neHrenaid yneci 3,3 %-gaH 20 %-ra AeliH ecTi, an eki oKylbl TOMEH AeHrenae Kanapl. AnbIHFaH
nepekTep ekiHwi bomkamapl (H2) pactanap.
2-kecTe. OKyLUbINapAbIH XKETICTIK AeHrernepi 6oMblHLA Tapanybl, OKyLbl caHbl (%)

Ton »KaHe enlley KeseHi TemeH (0—49) Opta (50-74) orapsl (75-100)
3T, anablH ana Tect 4 (13,3) 23(76,7) 3(10,0)
3T, KOPbITbIHAbI TECT 0(0,0) 17 (56,7) 13 (43,3)
BT, anapiH ana tect 3(10,0) 26 (86,7) 1(3,3)
BT, KOpbITbIHAbI TECT 2(6,7) 22 (73,3) 6 (20,0)
4. Tankblnay

3epTTey HaTMKenepi BMONOrMAHbI OKbITYAa TONbIKTbIPbINFAH KaHe BUMPTYandbl WbIHABIK
TEXHONIOTMANAPbLIH KYWeni Typae KoadaHy 8-CbIHbIM OKYLUbIAAPbIHbIH, NaHAIK KeTiCTiriHe OH, acep
eTeTiHiH KepceTTi. bacTankbl AeHren eckepinreH xafaanaa 3KCNePUMEHTTIK TONTbIH, KOPbITbIHAbI
HaTUKeci BaKplnay TobbiHaH 4,3 Hannfa *Kofapbl 6onabl, an ecimaep 6oMbIHLLIA ecenTenreH acep

106



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026 I

wamacbl (g = 0,58) opTawa aeHrenre caikec kenegi. AnbiHFaH MaH VR GoMbliHLLIA XKypri3inreH
MeTaTangaynapaa aHblKTansaH kepceTkiwTtepaeH (g = 0,33-0,38; Cromley xaHe 1.6., 2023; Coban
*oHe T.6., 2022) xofapbl, an 6uonorMa MeH »apaTbiabicTaHy naHaepiHaeri AR 6oibiHLIA
KMHaKTanfaH aepektepaeH (d=1,13; g =0,98; Faria & Miranda, 2024; Barcenas & Prudente, 2026)
TOMEH. OCep LWaMacblHblH, aTanfaH apasblKkTa OpHanacybl VYCbIHbIAFAH o4icTeMene  eKi
TEXHONOTUAHbIH, BiPIKTIPININ KONAAHbIIYbIMEH TYCIHAIPINYI MYMKIH.

Hatmxenepai TyciHaipyae 6akpinay TOOblHAAFbl MaHAi ecimai Ae HaslapAaH TbiC Kanablpmay
KarkeT. EKi TonTafrbl cabaktap 5E moaeniHe calikec bipaeln KypblabiMaa OTKIi3INreHAIKTeH, benceH i
OKbITYAbIH ©3i Binim AgHreMiHiH, apTyblHa biKNaa eTKeHi alkblH. COHAbIKTAH TOMTap apacbiHAafbI
anbIPMaLLbINbIKTbI UMMEPCUBTI KBPHEKINIKTIH, KOCbiMLLA yeci peTiHae 6afanayra Heri3 6ap. byn
TYXKbIPbIM TEXHOIOTMAHbIH, TUIMAINITT 0AaH repi OHbIH, a4icTeMeNiK Kanan nanaanaHblaaTbiHbIHA
Toyenai gerex keskapacneH (Clark, 1994; Makransky & Petersen, 2021) yinecega,.

HeTicTik aeHrennepi boMbiHWa Tanaay aA4iCTeEMEHIH, acepi TeK opTalla KepCeTKilTepmeH
LWEKTe/IMENTIHIH KepCeTTi. IKCNEePUMEHTTIK TONTa TOMEH AeHrenaeri okyLblaapabiH 6api *Kofapbl
OeHrennepre aybICbiN, XOfapbl AeHrengeri OKyllbliap yAeci TepT ecedeH acTaM apTTbl, an
HOTUKeCi TOMeHAEereH OKylLblNap caHbl HaKplnay ToObiHA KapafaHaa alTapabiKTan a3 6onabl. byn
YW elWeMai BU3yain3aLmaHbIH, KEHICTIKTIK beliHeneyae KMbiHAbIK KepeTiH OKyLbliapFa epekile
KONJay KepceTeTiHiH bingipyi MymKiH, ananga 6yn 60kam apHalbl TeKcepyai Tanan eteji.
CoHpgan-aK ceri3 anTafblK MHTepBEHUMA HaTUKenepi Barcenas neH Prudente (2026) aHbikTafaH
3aHAbINbIKKA, AFHM MMMEPCUBTI TEXHOIOTMANAPAbl Y3aK MepP3iM KOoAAaHYAblH TUIMAINIT *KOFapbl
H6onaTbIHbIHA Kallbl Keamena,.

CoHbIMEH KaTap, afiblHFaH HITMXKeNep CakTbIKNeH TyciHAipinyi Thic. TaHAama KenemiHiH,
WafblHAbIFbIHA OaMaHbICTbI ©CIM alblPMaLLbIIbIFbIHbIH, CEHIM apanblfbl KeH, (0,49-8,24 6ann), an
KBa3M3KCNEPMMEHTTIK AM3alH KaHe Bip MeKTen Has3acbiHAa XKypri3inreH 3epTrey HaTUXKenepai
annblnay MyMKiHAriH wektenai. CoHAan-ak TaH4ama TeK Kbl3AapAaH KypaafaHablKTaH, afblHFaH
HaTUXenepai apanac CbiHbINTapfa KOAAAHY KOCbIMLIA TEKCepyAi Tanan eTedi.

5. KopbITblHAbI

3epTTey bapbiCbiHAA 8-CbIHbIN BMONOIMACLIH OKbITYFa apHanfaH, 5E moaeniHe Herizaenrex
AR/VR opictemeci o3ipneHin, OHbIH TUIMAININT  KBAa3WIKCMEPUMEHT apKblabl  TEKCeping,.
DKCNEPUMEHT HITUXKeNepi YCbIHbIFAaH daicTeme OoMbiHWA 6iniM  anfaH OKyLUblNapAbIH,
KOPbITbIHAbI *KETICTiri MeH Binim ecimi A3CTYPAI 84iCNeH OKblFaH OKYLLbINAPAbIH KBpCeTKIlTepiHEH
CTAaTUCTUKANbIK TYPFblAaH MaHAi Typae »ofapbl ekeHiH kepcetTi (F(1, 57) = 4,70; p = 0,034, g =
0,58). AnbiHFaH [epeKkTep MMMEPCUBTI TEXHONOrMANAPAbIH, TUiMAiNIri onapApiH CcabaKTbiH,
aJicTeMeniK KypblibiMblHa MaKCaTTbl TYPAE €HridifyiHe Tayenai ekeHiH pactangbl. ¥CblHbIAFaH
aaicteme mMeH cabak yAriciH kannbl 6inim bepeTiH mekTenTepdiH, 6uonorua myranimaepi oky
npoueciHae KongaHa anaabl.
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Abstract

The teaching of stylistic terms is an essential component of linguistic and literary education
because it enables students to understand how language functions in different communicative
contexts. Stylistic devices such as metaphor, simile, personification, irony, hyperbole, euphemism,
metonymy, and repetition contribute to the expressive, emotional, and aesthetic dimensions of
language. However, students frequently encounter difficulties distinguishing these termrs,
identifying their functions, and applying theoretical knowledge to authentic language examples.
This article examines effective approaches to teaching stylistic terminology through examples
drawn from literary texts and colloquial speech. It explores the relationship between theoretical
explanation, contextual analysis, comparative learning, and practical exercises. Particular
attention is paid to demonstrating how the same stylistic device may function differently in literary
and everyday communication. The study employs descriptive, comparative, contextual, and
analytical methods to investigate the pedagogical value of authentic examples. The findings
suggest that integrating literary language with colloquial expressions enhances students'
understanding of stylistic concepts, develops linguistic awareness, and improves their ability to
interpret expressive meaning. The article argues that contextualized and example-based
instruction provides an effective framework for teaching stylistics and developing students'
communicative and analytical competence.

Keywords: stylistics, stylistic terms, literary language, colloquial speech, language teaching,
stylistic devices, figurative language, contextual analysis.

1. Introduction

Stylistics occupies an important position in the study of language because it investigates
the ways in which linguistic resources are selected and organized to achieve particular
communicative, expressive, and aesthetic effects. Unlike approaches that concentrate exclusively
on grammatical structures or lexical meanings, stylistics examines how language choices
contribute to the creation of meaning in different situations. It considers the relationship between
linguistic form, communicative intention, context, and the individual characteristics of speakers
and writers.

The teaching of stylistics is particularly important in higher education, where students are
expected not only to recognize linguistic phenomena but also to explain their functions and
interpret their effects. Knowledge of stylistic terminology enables learners to understand literary
texts more deeply, recognize expressive features in everyday communication, and develop their
own writing and speaking skills.

One of the main challenges in teaching stylistic terms is the abstract nature of many
concepts. Students may memorize definitions of metaphor, metonymy, irony, hyperbole,
personification, and other stylistic devices without fully understanding how these phenomena
operate in actual communication. For instance, a learner may know that metaphor involves
transferring meaning on the basis of similarity but may have difficulty identifying the metaphorical
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function of an expression such as a storm of emotions. Similarly, students may understand the
definition of irony but fail to recognize it when it appears in an ordinary conversation.

According to Leech and Short (2007), stylistic analysis involves examining linguistic choices
and their contribution to the interpretation of literary texts. Such an approach demonstrates that
stylistic terminology should not be taught as an isolated collection of definitions [3]. Instead,
theoretical explanations should be accompanied by contextual examples that demonstrate how
particular linguistic structures produce meaning.

Wales (2011) also emphasizes the importance of understanding stylistic concepts in
relation to actual language use. Stylistic analysis is concerned with the expressive potential of
linguistic forms and the ways in which they function in different contexts [4].

Literary language provides a particularly rich source of examples for teaching stylistic
terminology. Novels, short stories, poetry, and dramatic works contain numerous instances of
figurative language, sound patterns, repetition, and syntactic variation [12]. Authors deliberately
employ these resources to construct characters, establish atmosphere, communicate emotions,
and influence readers.

At the same time, colloquial speech offers valuable opportunities for demonstrating that
stylistic devices are not restricted to literature [1]. Everyday communication frequently includes
metaphors, exaggerations, comparisons, euphemisms, rhetorical questions, and ironic
expressions. Phrases such as I'm drowning in work, He's as stubborn as a mule, and That's just
wonderfull may illustrate stylistic processes in ordinary communication, depending on their
context.

The comparison of literary and colloquial examples is therefore particularly effective
because it allows students to recognize the relationship between language and communicative
purpose. A metaphor in a literary text may create an aesthetic image, whereas a metaphor in
everyday speech may make an explanation more vivid or emotionally expressive.

The present study aims to investigate effective methods of teaching stylistic terms through
examples taken from literature and colloquial speech [6]. It focuses on the following research
guestions:

1. How can literary and colloquial examples facilitate the understanding of stylistic
terminology?

2. What teaching techniques are most appropriate for explaining major stylistic devices?

3. How does the comparison of literary and everyday expressions develop students' ability to
identify stylistic functions?

4. How can practical exercises improve students' application of stylistic terminology in
communication and textual analysis?

The central argument of the study is that stylistic terminology is most effectively taught
through a combination of theoretical explanation, contextual interpretation, comparative analysis,
and practical application.

2. Methods

The research is based on a qualitative, descriptive-analytical approach to the teaching of
stylistic terminology. It combines linguistic analysis with pedagogical interpretation to identify
effective ways of presenting stylistic concepts to students.

Four principal research methods are employed.

2.1. Descriptive method

The descriptive method is used to explain the definitions, linguistic characteristics, and
communicative functions of major stylistic devices. The study considers the following categories:

e Lexical stylistic devices: metaphor, simile, personification, metonymy, hyperbole, irony,
and euphemism.
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e Syntactical stylistic devices: repetition, parallelism, rhetorical questions, inversion, and
ellipsis.

e Phonetic stylistic devices: alliteration, assonance, onomatopoeia, and rhythm.

e Semantic stylistic devices: ambiguity, contrast, paradox, and oxymoron.

2.2. Comparative method

The comparative method is employed to examine how the same stylistic device appears in
literary texts and colloquial communication. This approach makes it possible to demonstrate
similarities and differences in the functions of stylistic expressions across different registers.

2.3. Contextual method

The contextual method examines stylistic expressions within their surrounding linguistic
and communicative environments. Particular attention is given to the speaker's intention,
emotional condition, relationship with the listener, and the overall situation.

2.4. Analytical method

The analytical method is used to investigate the expressive and educational functions of
stylistic devices [9]. Examples are examined to determine how they contribute to meaning,
emotional impact, characterization, and communicative effectiveness.

The illustrative material consists of selected examples from well-known literary works and
constructed examples representing ordinary conversational situations. The examples are used to
demonstrate teaching procedures rather than to establish statistical frequencies. Consequently,
the findings are qualitative and pedagogical rather than experimental.

3. Results

The analysis identifies several teaching approaches that can facilitate the acquisition of
stylistic terminology. The most effective approach is to introduce each term through a clear
definition, followed by literary and colloquial examples, contextual interpretation, and practical
exercises.

3.1. Teaching lexical stylistic devices through literary and colloquial examples

Lexical stylistic devices are particularly suitable for example-based instruction because
their meanings can frequently be demonstrated through familiar expressions [16].

Metaphor

Metaphor is a stylistic device based on an implicit comparison between two phenomena
that share certain characteristics. It transfers meaning from one conceptual domain to another.

Literary example:

William Shakespeare's famous expression from As You Like It (Act I, Scene VII):

"All the world's a stage."

In this metaphor, the world is represented as a stage, while human life is compared to a
theatrical performance. The expression communicates the idea that people perform different
roles throughout their lives.

Colloquial examples:

e "I'mdrowning in work."
e "She has a heart of stone."
e '"Timeis money."

In everyday communication, these expressions make abstract experiences more vivid. The
first example communicates an overwhelming amount of work, while the second describes an
emotionally insensitive person.

Teaching recommendation: Students can be asked to identify the literal and figurative
meanings of each expression and explain why the speaker chooses a metaphor instead of a direct
statement.
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Simile

Simile is a figure of speech in which two different objects, people, or phenomena are
explicitly compared, usually through words such as like or as.

Literary example:

In Shakespeare's Sonnet 18, the speaker begins:

"Shall | compare thee to a summer's day?"

The comparison with a summer's day establishes the poem's central discussion of beauty
and permanence.

Colloquial examples:

e "Heisasbraveasalion."
e "She runs like the wind."
e "ltisascoldasice."

These expressions demonstrate how similes contribute to ordinary communication by
making descriptions more understandable and expressive.

Teaching recommendation: Teachers can ask students to transform ordinary sentences
into similes. For example:

e Ordinary: "He is very strong."
e Figurative: "He is as strong as an ox."

This exercise helps students understand the relationship between direct description and
figurative comparison.

Personification

Personification involves attributing human characteristics, emotions, or actions to non-
human objects, animals, or abstract concepts.

Literary example:

William Wordsworth's poem | Wandered Lonely as a Cloud contains the expression:

"Fluttering and dancing in the breeze."

The description of daffodils as dancing creates a lively image of nature.

Colloquial examples:

e "My alarm clock hates me."
e "The wind is whispering."
e "The sunis smiling."

These expressions illustrate the use of human characteristics to describe natural
phenomena and everyday objects.

Teaching recommendation: Students can be encouraged to describe ordinary objects as if
they were human beings. This activity develops imagination and demonstrates the expressive
potential of personification.

Hyperbole

Hyperbole is an intentional exaggeration used to emphasize an idea, emotion, or situation.

Literary example:

In Shakespeare's Macbeth, the expression:

"Will all great Neptune's ocean wash this blood
Clean from my hand?"

uses an exaggerated image to communicate Macbeth's overwhelming guilt.

Colloquial examples:

e "l've told you a million times."
e "I'mdying of hunger."
e "This bag weighs a ton."

In these examples, exaggeration communicates emotional intensity rather than factual

information.
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Teaching recommendation: Students should distinguish between literal and exaggerated
meanings. They can also identify situations in which hyperbole is appropriate, such as informal
conversations, humorous stories, and emotional descriptions.

lrony

Irony occurs when the intended meaning differs from the literal meaning of an expression
[2]. It frequently depends on context, tone, and shared knowledge between speakers.

Literary example:

In Jane Austen's Pride and Prejudice, the opening sentence states:

"It is a truth universally acknowledged, that a single man in possession of a good fortune,
must be in want of a wife."

The statement is ironic because it humorously reflects the social expectations and
marriage-related concerns of the society depicted in the novel.

Colloquial examples:

e "Wonderful weather!" said during heavy rain.
e '"Great job!" after someone makes an obvious mistake.
e '"That's exactly what | needed!" when something unpleasant happens.

Teaching recommendation: Teachers should emphasize that irony cannot always be
identified through vocabulary alone. Students must examine the situation, speaker's intention,
and tone of voice.

3.2. Teaching syntactical stylistic devices through authentic communication

Syntactical stylistic devices demonstrate how sentence structure can contribute to
expressiveness and emphasis.

Repetition

Repetition involves the intentional recurrence of words, phrases, or grammatical
structures.

Literary example:

In Martin Luther King Jr.'s speech | Have a Dream, the repeated expression "l have a dream"
creates rhythm, emotional intensity, and rhetorical emphasis.

Colloquial examples:

e "Never, never, never give up!"
e "l called you and called you."
e "Why, why, why did you do that?"

Repetition is frequently used in everyday conversations to express frustration, excitement,
insistence, or emotional involvement.

Teaching recommendation: Students can compare a sentence containing repetition with
its non-repetitive equivalent.

For example:
e "l wantyou to listen."
e "l wantyou to listen, listen carefully!"

This comparison illustrates how repetition strengthens emphasis.
Rhetorical guestion
A rhetorical question is a question that does not necessarily require an answer because its
purpose is to emphasize an idea or influence the listener.
Literary example:
In Shakespeare's The Merchant of Venice, Shylock asks:
"Hath not a Jew eyes?"
The question emphasizes shared humanity and challenges discriminatory attitudes.
Colloquial examples:
e "Who doesn't want to be successful?"
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e "Dollook like | have unlimited time?"
e "What could possibly go wrong?"
Teaching recommendation: Students should identify whether a question requests
information or performs an expressive and persuasive function.
Ellipsis
Ellipsis refers to the omission of elements that can be understood from the context.
Literary example:
In Ernest Hemingway's prose, concise dialogue and the omission of explanatory material
often require readers to infer meaning from context.
Colloquial examples:
e "Coming?"
e "Want some coffee?"
e "Seen him lately?"
These expressions demonstrate how speakers frequently omit grammatical elements in
informal communication without losing the intended meaning.
Teaching recommendation: Students can reconstruct the complete grammatical forms of
elliptical expressions and compare them with their shortened conversational equivalents.
3.3. Teaching phonetic stylistic devices through sound patterns
Phonetic stylistic devices are especially important in poetry, advertising, slogans, and
expressive everyday language.
Alliteration
Alliteration is the repetition of identical or similar consonant sounds at the beginning of
neighboring or closely connected words.
Literary example:
The opening line of Samuel Taylor Coleridge's The Rime of the Ancient Mariner contains:
"The fair breeze blew, the white foam flew."
The repetition of the /b/ and /f/ sounds contributes to the musical organization of the line
and reinforces its descriptive quality.
Colloquial examples:
e "Big brown bear."
e "Peter Piper picked a peck of pickled peppers."
e "Busy bees buzz."
Assonance
Assonance involves the repetition of similar vowel sounds within nearby words.
Literary example:
In Edgar Allan Poe's The Raven, the repetition of long vowel sounds contributes to the
poem's musicality and atmosphere.
Colloquial examples:
e "Goslow."
e "Tryto find the right time."
e "The rain in Spain stays mainly in the plain."
Onomatopoeia
Onomatopoeia refers to words that imitate or suggest natural sounds.
Literary examples:

° IIBUZZII

e "Hiss"

e "Crash"

e "Whisper"
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Colloquial examples:

e "The door went bang!"
e "The phone went beep."
e "The water splashed."

Teaching recommendation: Students can listen to examples, identify repeated sounds, and
explain how sound contributes to meaning. Audio materials, pronunciation exercises, and short
recordings of everyday conversations can make this activity more effective [8].

3.4. Comparative analysis of literary and colloquial stylistic expressions

One of the most productive ways of teaching stylistic terminology is to present literary and
colloquial examples side by side. This method enables students to understand that stylistic devices
are not exclusive to literary texts.

The following table illustrates how selected stylistic devices function in different
communicative environments.

Stylistic device

Literary example

Colloquial example

Metaphor

"All the world's a stage."

"I'm drowning in work."

Simile

Comparison with a summer's day in
Shakespeare

"He is as brave as a lion."

Personification

Daffodils dancing in Wordsworth

"My computer hates me."

Hyperbole Macbeth's image of Neptune's ocean "I've told you a thousand
times."

lrony Opening sentence of Pride and | "Wonderful weather!" during a
Prejudice storm

Repetition "l have a dream" "l called and called."

Rhetorical "Hath not a Jew eyes?" "Who doesn't want success?"

guestion

Alliteration "The fair breeze blew" "Busy bees buzz."

Onomatopoeia Sound-imitative words in poetry

The comparison reveals that the same stylistic
communicative functions depending on the context.

In literary texts, stylistic devices frequently contribute to characterization, symbolism,
atmosphere, thematic development, and aesthetic organization [14]. In colloquial speech, their
principal functions often include emotional expression, emphasis, humor, persuasion, and
interpersonal communication [10].

This distinction is important because students should not merely identify a stylistic device
but also explain why it is used in a particular situation.

3.5. Teaching euphemism and metonymy through everyday communication

In addition to commonly taught figurative devices, euphemism and metonymy deserve
particular attention because they demonstrate the relationship between language, culture, and
social interaction.

Euphemism

A euphemism is a mild or indirect expression used instead of one that may be considered
unpleasant, embarrassing, or socially inappropriate.

Literary examples:

e "Passed away" instead of "died."
e "Restingin peace" as a respectful reference to death.

Colloquial examples:

e "Between jobs" instead of "unemployed."
e '"Letgo"instead of "dismissed."
e "Alittle overweight" instead of a more direct description.

"The door went bang!"
device can perform different
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Teaching euphemisms helps students understand politeness, social conventions, and the
influence of cultural expectations on language [15].

Metonymy

Metonymy is a stylistic device in which an object or concept is referred to through the
name of something closely associated with it.

Literary example:

In Shakespeare's Julius Caesar, the expression "lend me your ears" refers to giving
attention rather than physically lending one's ears.

Colloquial examples:

e "The crown issued a statement." (The monarchy or monarch.)
e "The press reported the incident." (Journalists or news organizations.)
e "Hollywood is changing." (The American film industry.)

Teaching recommendation: Students should identify the relationship between the literal
expression and the intended referent. This activity strengthens their understanding of semantic
associations and figurative meaning.

3.6. Practical teaching activities and classroom exercises

The results of the pedagogical analysis suggest that stylistic terminology should be
introduced through activities that require active student participation.

The following classroom techniques can be incorporated into stylistics courses.
Activity 1: Identify the stylistic device
Students receive a collection of sentences and identify the stylistic devices used in them.
Examples:
"The stars danced in the sky."
"I'm so hungry | could eat a horse."
"Life is a journey."
"She sells seashells by the seashore."
"What a beautiful day!" (said during a terrible storm.)
Expected answers:
Personification.
Hyperbole.
Metaphor.
Alliteration.
[rony.
Activity 2: Literary versus colloquial language
Students compare two expressions containing the same stylistic device.
Example:
e Literary: "The moon was a ghostly galleon tossed upon cloudy seas." (Alfred Noyes, The
Highwayman).
e Colloquial: "My mind is a complete mess."
Students discuss the similarities and differences in their expressive functions.
Activity 3: Complete the metaphor
Students are provided with incomplete expressions and asked to create meaningful

ik wN e

ik wN e

metaphors.
Examples:
e Knowledgeis ...
e Timeis...
e Lloveis..

e Educationis ...
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Possible answers include:
e Knowledge is a key.
e Timeis a thief.
e Loveisajourney.
e Educationis a bridge.
Activity 4: Transform ordinary sentences into figurative expressions
Students are asked to rewrite ordinary sentences using different stylistic devices.

Ordinary sentence Possible transformation

The weather is very cold. It is as cold as ice.

He is very angry. He is boiling with anger.

She is very beautiful. She is a ray of sunshine.

The wind is blowing strongly. | The wind is roaring through the streets.
| have a lot of work. I'm drowning in work.

Activity 5: Analyze a short literary passage

Students select a short paragraph from a novel, poem, or short story and identify the
stylistic devices used by the author.

They should explain:

Which stylistic devices are present?

What linguistic features indicate their presence?

What meanings do they communicate?

How do they influence the reader?

Could the same devices be used in everyday conversation?

This activity encourages students to move beyond memorizing definitions and develop
independent analytical skills.

4. Discussion

The findings demonstrate that teaching stylistic terminology requires an approach that
combines linguistic theory with practical language analysis. Traditional methods that rely
exclusively on memorizing definitions may provide students with basic theoretical knowledge, but
they do not necessarily develop the ability to recognize stylistic devices in authentic
communication.

The integration of literary and colloquial examples offers several pedagogical advantages.

First, it makes abstract linguistic concepts more accessible. Students often understand
stylistic devices more easily when they encounter them in familiar conversational expressions
before analyzing more complex literary examples. For instance, the expression I'm drowning in
work provides an accessible introduction to metaphor before students examine Shakespeare's All
the world's a stage.

Second, comparative teaching improves students' understanding of register. Literary and
colloquial language differ in their communicative purposes, structural characteristics, and degrees
of conventionality. Biber and Conrad (2009) emphasize the importance of examining language
variation in relation to register, genre, and communicative context [5]. This perspective supports
the inclusion of different language varieties in stylistics instruction.

Third, contextual analysis encourages students to understand the relationship between
linguistic form and communicative intention. lrony, euphemism, hyperbole, and rhetorical
guestions cannot always be interpreted accurately through isolated sentences. Their meanings
frequently depend on situational circumstances, cultural knowledge, and the relationship
between participants [11].

The importance of contextualized stylistic analysis is also supported by Leech and Short
(2007), who demonstrate how linguistic choices contribute to literary interpretation [13]. Their

AR S
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approach indicates that stylistic devices should be examined in relation to their textual functions
rather than treated as independent decorative elements.

Another important aspect is the development of students' interpretative abilities. Literary
texts offer opportunities to examine how writers use language to construct characters, express
emotions, and establish particular perspectives. Penny (2011) argues that applied stylistic
approaches can help learners understand the relationship between linguistic choices and literary
interpretation.

|1research.org+1

Similarly, Simpson's (1992) research on teaching stylistics demonstrates the educational
value of practical activities that require students to reconstruct and analyze narrative organization
[17]. His approach illustrates that active engagement with literary texts can provide insights into
linguistic structure and function that may not emerge through traditional explanation alone.

Paul Simpson, 1992+1

The present study also highlights the importance of colloquial speech as a teaching
resource. Everyday expressions provide authentic opportunities to examine how stylistic devices
function in spontaneous communication. For example, hyperbole is frequently used to
communicate strong emotions, while metaphors can simplify abstract ideas and make
descriptions more vivid.

Nevertheless, teachers should avoid presenting every figurative or expressive expression
as a stylistic device without considering its context. Some metaphors and idiomatic expressions
have become conventionalized in everyday language. Their original figurative character may be
less noticeable to speakers. Therefore, students should be encouraged to distinguish between
conventional expressions and deliberately expressive language.

Furthermore, teaching stylistic terminology should take into account differences in
students' linguistic proficiency. Beginners may benefit from simple examples and visual
explanations, whereas advanced students can analyze longer literary passages, compare different
registers, and investigate the interaction of several stylistic devices within a single text.

Digital resources can also strengthen the teaching process. Short videos, audio recordings,
electronic literary texts, online dictionaries, and linguistic corpora provide opportunities to
examine stylistic phenomena in different communicative environments. Such materials are
particularly useful for analyzing pronunciation, intonation, repetition, and other features of
spoken language.

An additional consideration concerns the relationship between stylistics and
communicative competence [18]. Students who understand stylistic devices can make more
appropriate linguistic choices depending on their communicative objectives. They become more
aware of how expressions may influence listeners, create emotional responses, and establish
interpersonal relationships.

The proposed approach therefore treats stylistics not merely as a theoretical branch of
linguistics but also as a practical means of improving language awareness, interpretation, and
communication.

However, the study has certain limitations. It presents a qualitative pedagogical analysis
rather than an experimentally tested teaching intervention. No controlled classroom experiment
or quantitative measurement of learning outcomes was conducted. Further research could
compare traditional definition-based instruction with contextualized, example-based instruction
among different groups of language learners. Such research would provide empirical evidence
concerning the effectiveness of the proposed methods.
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5. Conclusion

Teaching stylistic terminology through literary and colloquial examples represents an
effective approach to developing students' linguistic awareness and interpretative competence.
The study demonstrates that stylistic devices become easier to understand when theoretical
definitions are accompanied by examples that illustrate their functions in different communicative
contexts.

The analysis identifies several important pedagogical principles. First, stylistic terms should
be introduced through clear definitions and accessible examples. Second, literary and colloquial
expressions should be compared to demonstrate how the same linguistic device can perform
different functions. Third, contextual interpretation should be emphasized because stylistic
meaning frequently depends on communicative intention and situational circumstances. Finally,
practical exercises should encourage students to identify, analyze, and independently produce
stylistically expressive language.

The investigation also confirms the educational value of combining lexical, syntactical,
semantic, and phonetic stylistic devices within a unified teaching framework. Activities such as
identifying figurative expressions, transforming ordinary sentences, comparing literary passages,
and analyzing conversational examples can make stylistics instruction more interactive and
meaningful.

In conclusion, stylistic terminology should not be taught simply as a collection of
theoretical definitions. It should be presented as a practical system for understanding how
language creates meaning, communicates emotions, and produces aesthetic and rhetorical
effects. The integration of literature and colloquial speech provides students with a broader
understanding of stylistic variation and helps them apply theoretical knowledge to real
communicative situations [7].
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A Contrastive Approach to Teaching
Persian Ezafe to University Beginners in
Azerbaijan

Salman Aliyev
Nakhchivan State University

Abstract This article proposes two lessons on Persian Ezafe for first-year university students whose
first language is Azerbaijani. It focuses on singular nouns ending in a consonant, followed by an
attributive adjective or an overt nominal possessor. In the corresponding Azerbaijani phrases, the
adjective or possessor precedes the noun, whereas in Persian it follows the noun and is linked to
it by the vowel -e. The vowel is usually unmarked in ordinary writing. The lessons use these
differences to guide listening, comparison of the two languages, reading aloud, and a paired task
in which students identify lost items and their owners. A proposed assessment distinguishes word
order from the oral realization of Ezafe and checks whether learners can apply the patterns to new
combinations of familiar words. The article presents an instructional design and a protocol for its
classroom evaluation.

Keywords Persian as a foreign language, Ezafe, Azerbaijani-speaking learners, form-focused
instruction, university language teaching

Introduction

A beginning learner who encounters »xw wUS in a Persian text has to supply the vowel that
links the two written words. To say ‘green book 'from a picture, the learner also has to choose the
order of those words. Reading a phrase and producing one from a visual cue therefore place
different demands on the learner. This distinction matters in a university class where the students
already recognize basic Persian words and can benefit from practice in combining them into
phrases.

Ezafe links a noun to a following adjective or nominal possessor in the constructions
considered here (Samvelian, 2007). The corresponding Azerbaijani phrases provide a useful point
of comparison because they express familiar relationships in a different order and, in possessive
phrases, with different morphology (Garibova & Aliyeva, 2024). An instructor can use these
contrasts to decide which forms to model, which errors to distinguish in feedback, and which tasks
to use when checking progress. The contrast also allows the teacher to give the explanation using
familiar Azerbaijani examples while keeping the classroom task in Persian.

The question guiding this article is how differences between the two languages can inform
a lesson sequence for reading and producing Persian adjective and possessive phrases. The
intended learners are first-year university students in Azerbaijan at the end of an introductory Al
course who can read basic Persian script. The proposed materials assume a small vocabulary of
objects, colors, and personal names. A description of the target structures precedes the design of
two 45-minute lessons and a short classroom assessment.

Persian and Azerbaijani Noun Phrases

In the Iranian Persian patterns taught here, the head noun comes first. In s ©US ketdb-e
sabz’ green book’, the adjective sabz follows the noun ketab. In e %;US ketab-e Maryam
‘Maryam’s book’, the name follows the noun denoting the possessed object. Both phrases contain
the same linking vowel -e. The adjective and the possessor are distinguished by their grammatical
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function and meaning, while the position and pronunciation of the linker are the same (Samvelian,

2007).
Table 1
Adjective and Possessive Phrases in Persian and Azerbaijani
Construction Persian Azerbaijani English
) LS
Adjective S yasil kitab green book

ketab-e sabz

e LS

Possessive _
ketab-e Maryam

Maryamin kitabi Maryam’s book

In the Azerbaijani equivalent yasil kitab, the adjective precedes the noun. In Maryamin
kitabi, the possessor Maryam-in precedes the possessed noun kitab-i. The genitive suffix -in marks
the possessor, and the third-person possessive suffix -1 marks the possessed noun (Garibova &
Aliyeva, 2024). Placing these forms beside the Persian examples makes it possible to ask two
different questions about an attempted Persian phrase. Where did the learner place the head
noun? Did the learner pronounce -e after it? Reversed order is a plausible transfer error, although
the structural comparison alone cannot establish its frequency or its cause in a particular class.

In ordinary Persian spelling, short vowels are generally omitted. After a consonant, Ezafe
can be shown with a kasre in teaching materials, as in uz)lzf. In an unmarked text, jaw wUS
represents the same phrase (The University of Texas at Austin, n.d.). Learners therefore need
experience reading both versions. The class also distinguishes an attributive phrase from a short
predicative clause, as in _aw Lz)bf ketab-e sabz' green book ‘and ¢l nw S ketab sabz ast’ the
book is green’. This comparison sets a boundary on the classroom rule and gives the teacher a way
to check whether a learner extends -e to every sequence of a noun and an adjective.

The lesson uses a single dependent per noun phrase and keeps all head nouns consonant-
final. Persian also has other realizations and longer sequences of linked elements (Samvelian,
2007). Restricting the examples to these two patterns allows the class to work with one
pronunciation and one position for the linker while comparing two grammatical relationships.
Pedagogical Rationale

Form-focused instruction in this design means planned attention to a grammatical feature
during a sequence that includes a communicative task. Explicit comparison serves an immediate
purpose in this setting. Students already know the concepts of description and possession in
Azerbaijani, so the teacher can use that knowledge to direct attention to the corresponding
Persian word order. Modeling the Persian phrases before showing the spelling gives students an
opportunity to hear a vowel that ordinary print may leave implicit. Guided production then
requires them to retrieve the pattern with a reason to use it.

Ellis (2006) discusses how grammar instruction can be integrated into a communicative
curriculum. Spada and Tomita (2010) report advantages for explicit instruction across the English
grammatical features included in their meta-analysis. These studies inform the choice to give a
short explanation before students use the forms to exchange information. The broader account
of Persian materials and assessment by Shabani-Jadidi and Sedighi (2018) provides a context for
adapting this choice to a specific group of learners and a feature of Persian script.
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Naghizade and Sahraei (2026) examined Persian Ezafe with Iragi Arabic-speaking learners
using tasks that included reading aloud and sentence completion. Their study provides a
precedent for examining the same feature through more than one task. The present design uses
the comparison between Azerbaijani and Persian to determine the content of instruction and
separates reading aloud from prompted oral production. It treats word order and pronunciation
as observable features that can develop at different rates.

Classroom Sequence

The teacher prepares pictures of familiar objects, loose Persian word cards, and two
versions of a short phrase sheet. The first version marks Ezafe with a kasre, and the second uses
ordinary spelling. The teacher can provide spoken models live or record them in advance. Students
should already recognize words such as wUS ketab’ book’, &> daftar’ notebook’, slie medad
‘pencil’, and &S kif' bag ’in isolation. The teacher checks familiarity with the objects, colors, and
names in isolation before the baseline assessment. To reserve the combinations in Table 2 for
assessment, classroom practice uses black and white objects and the names Mina and Hamed
alongside the two examples in Table 1.

The First Lesson

The first lesson begins with a five-minute vocabulary check using pictures. In the next eight
minutes, the teacher says pairs such as ketdb and ketab-e sabz without showing the text. Students
signal when they hear -e, then identify the word after which it occurs. A second pair, ketab and
ketab-e Maryam, lets them check that the same sound occurs in a phrase expressing ownership.

The teacher spends the next ten minutes displaying the Persian phrases alongside their
Azerbaijani equivalents. Students point to the noun being described or possessed in each phrase
and explain where it occurs. The teacher states the classroom rule in terms of the patterns in Table
1. The following ten minutes are devoted to assembling and saying phrases using separate noun,
adjective, and name cards. Learners place the noun first, read the pair aloud, and exchange cards
to make another phrase. A brief predicative example gives the class a chance to decide whether
the sound belongs in a given context.

In the final twelve minutes, students read a short set of phrases first with and then without
kasre. The second sheet changes the order of the items so students have to read the phrase they
see. The teacher can then show a new picture and ask for the corresponding phrase without
providing a written model. If the words appear in the target order but the vowel is missing, the
teacher points to the boundary after the noun and asks the student to say the phrase again.

The Second Lesson

The first five minutes are used to retrieve the patterns from pictures and names. During
the next eight minutes, the teacher models a lost-property exchange. Student A has numbered
pictures showing a black book, a white book, a black bag, and a white bag. Student B has a record
that connects each item to an owner. In one version, Mina owns the white book and black bag,
and Hamed owns the black book and white bag. The record uses icons and names so it can be
consulted without reading a complete phrase. Because two items share each object type and two
share each color, the description must specify both the noun and its adjective for an accurate
match.

The pairs have twenty minutes to complete the exchange and switch roles with a second
set. Student A identifies an item by saying, for example, déw _;)L;S ketab-e sefid" white book’.
Student B consults the record and answers with an ownership phrase such as Lue %US ketab-e
Mina‘ Mina’s book’. Student A records the owner beside the correct picture. The teacher asks
students to name the object in both turns so that an isolated color or personal name does not
replace the target phrase. A word bank provides individual nouns, colors, and names when
needed. The exchange requires students to use both target structures for a single purpose and
gives them a record they can check at the end.
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In the last twelve minutes, the class checks the matches and revisits a few phrases drawn
from the activity. The teacher responds to reversed order by asking which word denotes the item
and having students place it first. When -e is missing in a correctly ordered phrase, the teacher
prompts students to repeat the noun with the linker before completing the phrase. If a prompt
fails to elicit a repair, the teacher models the whole phrase and asks the learner to apply the
pattern to a different item.

Classroom Assessment

The proposed checks take place before the first lesson, immediately after the second
lesson, and one week after the second lesson. Each check includes four phrases to produce orally
from pictures and ownership cues and four phrases to read aloud in unmarked script. Each task
contains two adjective phrases and two possessive phrases. A colored object cues the adjective
phrase, and a picture of an object beside a personal name cues the possessive phrase. The teacher
asks the student to respond with a complete noun phrase in Persian and presents the production
cards before the reading sheet so the printed phrases do not model the structure immediately
before elicitation. Table 2 varies the combinations of familiar words across the three checks.
Table 2
Sample Items for Three Classroom Checks

Check Reading in unmarked Persian script Cues for oral production
A alolS | 508 A8 yellow pencil, green bag
deodle | @y as Sara’s book, Reza’s notebook
5 30,8 OUS | 9y s green pencil, blue bag
ol | hle caS Reza’s book, Ali’s notebook
c oS | e 8 blue pencil, red bag
hlwsle | Loy as Ali’s book, Maryam’s notebook

The teacher presents one item at a time and uses the same instructions at each check. For
a classroom evaluation of the sequence, the teacher defers feedback on the assessment items
until after the delayed check and records any practice with Ezafe between checks. In reading
aloud, the teacher records whether -e is audible after the noun and before the dependent. In
prompted production, the teacher first records whether the learner places the noun first. For
responses in the target order, the teacher then records whether the linker occurs in the expected
position. An item that elicits a bare noun, a response with different target words, or no response
is recorded separately from an item with a word order error. A bare noun and a short predicative
clause can be added as unscored checks for overuse of the linker.

For each check, the teacher reports the number of reading items with Ezafe, the number
of interpretable production responses in the target order, and the number of correctly ordered
responses with Ezafe, with their respective denominators. An optional count of fully correct
production responses out of four retains a common denominator for a descriptive comparison
across occasions. Recording both the item type and the response makes it possible to see whether
a learner handles adjective and possessive phrases differently. With two items of each type per
task, such differences are diagnostic observations for follow-up practice.
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Interpretation and Limitations

Alearner who reads -e accurately but omits it during prompted production may need more
practice retrieving the form without a written cue. A learner who repeatedly reverses word order
may benefit from reconstructing examples with cards. Results from these short tasks would
describe performance on the two target structures. The forms should be piloted for comparable
difficulty. In a study with several groups, their order can be rotated so each form serves at different
time points. A delayed check with new combinations tests whether learners can extend the
pattern beyond the practiced phrases, though repeated exposure to the task may itself influence
performance. Evidence of sustained use in spontaneous speech would require additional tasks. A
comparison with another teaching sequence would be needed to estimate any advantage
attributable to this design.

Conclusion

The proposed sequence uses a specific difference between Persian and Azerbaijani to
organize classroom instruction. It makes -e audible before students encounter it in ordinary print
and gives them a reason to use both target phrases in a short exchange. Separate scores for word
order and the spoken linker give teachers a basis for deciding which part of the construction
requires further practice. The sequence and its assessment provide a starting point for classroom
evaluation with Azerbaijani-speaking university beginners.

References

Ellis, R. (2006). Current issues in the teaching of grammar: An SLA perspective. TESOL Quarterly,
40(1), 83-107. https://doi.org/10.2307/40264512

Garibova, J., & Aliyeva, S. (2024). A grammar of contemporary Azerbaijani. INCl Group of
Companies JSC Publishing House.

Naghizade, M., & Sahraei, R. M. (2026). The acquisition of the Persian Ezafe by Iraqi Arabic
learners: Testing MOGUL framework in second language acquisition. Persian Language
International Teaching Studies, 11(21), 149-164.
https://maz.journals.miu.ac.ir/article_10504.html

Samvelian, P. (2007). A (phrasal) affix analysis of the Persian Ezafe. Journal of Linguistics, 43(3),
605—645. https://doi.org/10.1017/50022226707004781

Shabani-Jadidi, P., & Sedighi, A. (2018). Teaching Persian to speakers of other languages. In A.
Sedighi & P. Shabani-Jadidi (Eds.), The Oxford handbook of Persian linguistics (pp. 388—
408). Oxford University Press. https://doi.org/10.1093/oxfordhb/9780198736745.013.16

Spada, N., & Tomita, Y. (2010). Interactions between type of instruction and type of language
feature: A meta-analysis. Language Learning, 60(2), 263-308.
https://doi.org/10.1111/j.1467-9922.2010.00562.x

The University of Texas at Austin. (n.d.). Ezafe 1. Persian Online: Grammar & Resources.
https://sites.la.utexas.edu/persian_online_resources/language-specific-grammar/ezfe/

Khafayat Aliyeva Muzaffar, Gultaj Muradova Huseyn, & Zeynab Mammadova Ramiz. (2026). The

usage of technology in scientific-epistemological limits of the possibilities of mixing quantitative

and qualitative methods in pedagogical research. International Journal of Computer Information

Systems and Industrial Management Applications, 18(10s), 1273-1776.

https://doi.org/10.70917/ijcisim-2026-3713

Khafayat Aliyeva. (2026). LINGUISTIC FACTORS SHAPING READING COMPREHENSION IN ARABIC
AS A FOREIGN LANGUAGE: VOCABULARY, MORPHOLOGICAL AWARENESS AND DIACRITICS.
Foundations and Trends in Modern Learning, (14). Retrieved from
https://ojs.scipub.de/index.php/FTML/article/view/9366

125




I Proceedings of the 15th International Scientific Conference

Khafayat Aliyeva. (2026). AUTHENTIC AND ADAPTED TEXTS IN TEACHING ARABIC READING TO
NON-NATIVE LEARNERS: PRINCIPLES OF TEXT SELECTION. Deutsche Internationale Zeitschrift Flr
Zeitgendssische Wissenschaft, 138, 27-28. https://doi.org/10.5281/zen0d0.23559533

126



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026 I

SUNI INTELLEKTLD HUQUQI TORCUM®SDD
AXICILIQ VO MONA DaQiQLiYi

Zeynab Mammadova
Naxcivan Dovlat Universiteti

Abstract

Generative artificial intelligence can produce fluent Persian drafts of Azerbaijani legal sentences,
but fluency alone does not establish that legal meaning has been preserved. This theoretical article
develops a clause-level contrastive reading procedure for examining that distinction. It draws on
legal translation scholarship and translation quality assessment frameworks, without testing any
particular system. The analysis focuses on five relations that may be altered without making the
Persian sentence ungrammatical: obligation and permission, the roles of legal actors, the order of
events, negation, and the scope of a restrictive expression. Five short Azerbaijani—Persian pairs
constructed for this article compare a meaning-preserving formulation with a fluent alternative
that expresses a different rule. These pairs are analytical illustrations rather than recorded Al
outputs, so they support no claim about the frequency of model errors. The proposed procedure
begins by identifying the actor, action, modal force, condition, negation, and restriction in the
Azerbaijani source. The reviewer then checks whether the same relations hold in the Persian draft
before considering stylistic naturalness and terminology. The article's contribution is a limited and
teachable way to distinguish target-language fluency from source—target meaning
correspondence. It can structure the review of Al-assisted legal translation drafts and classroom
discussion, while leaving full-document interpretation and empirical model evaluation to further
work.

Keywords: artificial intelligence; legal translation; fluency; meaning accuracy; Azerbaijani; Persian

Giris

Sini intellektls tarclima alatlari hliqugi matnin farsca ilkin variantini gisa middatda hazirlaya
bilir. Bu, xdsusan oxucuya Azarbaycan dilindaki sanad hagginda Umumi tasavvir vermak lazim
galdikda faydaldir. Lakin tarcimani oxuyan adamin gordiyd ilk keyfiyyat ¢ox vaxt cimlalarin
tabiiliyidir. Farsca matn dlzgin yazilibsa va fikirlar rahat izlanirss, onun manba ila daqgig uygun
galdiyi duslinula bilar. Hiqugi matn Ugln bels naticaya takca axicilig asasinda galmak olmaz.
Cumlanin grammatik baximdan qlsursuz olmasi onda kimin hiquga malik oldugunu, kimin hansi
vazifani dasidigini va ya sartin na vaxt qlvvaya mindiyini géstarmir.

Tutaq ki, Azarbaycan dilinda bir tarafin miayyan sanadi taqdim eda bilacayi yazilib. Farscada
hamin fikir tabii saslenan, lakin teqdimati macburi gdstaran climls ila avaz edilirss, oxucu
tarciimanin dilinda problem gérmaya bilar. Bununla bels, manbadaki icaza va hadaf matndaki
ohdalik eyni hliqugi mana dasimir. Oxsar farg inkarin itmasi, isci ila isegotlranin yerinin dayismasi,
yaxud «yalniz» s6zUnln shate dairasinin dayismasi zamani yaranir. Bu magqgalenin predmeti
tarciima sathinda gérinmayan hamin mana farglaridir.

Hlqugi tarcimanin keyfiyyati hagqginda genis adabiyyat movcuddur. Prieto Ramos (2015)
hidqugi matnin tarciimasini magsad, hidqugi mihit, matn novi va terminoloji secimla birlikda
dayarlandirir. Bajc¢i¢ va Golenko (2024) boyik dil modellarinin hiiqugi tarcimads tatbigina dair
arasdirmalarin, xtsusan terminologiya va mixtalif dil citleri baximindan, genislandirilmasina
ehtiyac oldugunu gostarirlar. Bu nazari is hamin muzakirani dar bir suala yonaldir: axici farsca
cimla hansi hallarda Azarbaycan dilindaki hiiqugi minasibati basqa sakilds ifads eda bilar?
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Azarbaycan—fars istigamatinin secilmasi yalniz iki dil arasindaki s6z farglari ila izah olunmur.
Azarbaycan dilindaki hliquqgi gayda farsca oxucuya catdirilarkan onu basga bir 6lkanin ganunu kimi
deyil, manba sistemina aid malumat kimi taqdim etmak lazimdir. Bu zaman fars dilinin tabii ifada
imkanlarindan istifade etmak olar, amma Azarbaycan matnindaki sart ve hlqugqi tarafler
dayismamalidir. Masalanin markazinds buna gbra hazir bir termin siyahisi yox, manbada ifads
olunan munasibatin hadaf matnda gorunmasi dayanir. Asagida verilan nimunalar da har iki dili
ohata edan bu oxu vardisini izah edir.

Magalanin magsadi Azarbaycan—fars istigamatinda hiiqugi tarciimaya baxarkan axiciligl va
mana dagqigliyini ayrica yoxlamagin sababini izah etmakdir. isds iran hiququ ils Azsrbaycan
hiqugu mugayisa edilmir; fars dili yalniz hadaf dil kimi gotirdltr. Burada institusional masuliyyat
modeli deyil, cimla saviyyasinda yoxlanila bilan bes mana alagasi diggat markazindadir. Tahlilda
magqala G¢ln qurulmus gisa nimunalardan istifads olunur; har hansi modelin sahv tezliyi 6lgGImr.
9dabiyyat icmali va nazari asas

TarclUmada axicilig hadaf dil matninin grammatik va Uslubi baximdan tabii saslanmasina aiddir.
Mana daqiqgliyi iss manba ile hadaf arasinda qurulan minasibatdir: harakat, taraf, sart va natica
dayismadan oturdlibmad? Bu xUsusiyyastlari eyni meyar kimi dayarlandirmak metodoloji sahv
yaradir. Multidimensional Quality Metrics (MQM) ¢argivasinda terminologiya, manba—hadaf
uygunlugu va hadaf dilin lingvistik normalari ayrica xata 6l¢ularidir (MQM Council, n.d.). Bu bolgi
maqgalanin baslangic noqgtasidir: oxucu yalniz farsca matni gérmakla onun Azarbaycan dilindaki
manbaya sadagatini tam muayyanlasdira bilmaz.

Hlgugi mana takca ayri-ayri terminlardan ibarat deyil. Miayyan sozlarin ciimls daxilinda
gurdugu alags da 6namlidir. «Borcludur» ohdalik bildirir; «eda bilar» isa kontekstdan asili olarag
hiqug, salahiyyst va ya imkan ifads eda bilar. @maliyyatin bas vermasi Ucln «agar» ila baslayan
sart qoyula, «yalniz» vasitasila hamin sartin dairasi mahdudlasdirila bilar. Biel (2014) tarcima
olunmus hiqugi dilde deontik modalligi arasdirmaqgla macburiyyat va imkan bildiran formalarin
hdqugi matna maxsus bir tahlil sahasi oldugunu gostarir. Onun tadqgigati Azarbaycan—fars
cUtldylna dair natica vermir; burada modalliga ayrica diggat yetirmayin nazari asaslarindan biri
kimi istifada edilir.

Hlqugi tarcimanin Umumi keyfiyyatini dayarlandirarkan matnin magsadi va hliqugi konteksti
da nazars alinmalidir. Prieto Ramos (2015) terminlarin adi ikidilli [igat garsiligl ile mexaniki avaz
edilmasini yetarli saymir; termin secimi konkret hlquqgi alaganin va istifada saraitinin icinda
giymatlandirilmalidir. Hazirki magala hamin genis yanasmadan yalniz mana gorunmasi ila bagli
hissani gotlrlr. Belalikla, gurumlarin masuliyyati, riska gora is bolglsl va sanadin resmi tasdiqi
kimi masalalar burada ayrica model saklinda arasdirilmir.

Bu magalada «hiiqugi mana» ifadssi ayrica bir sozin ligat manasina endirilmir. drizanin
verilmasi, bildirisin gdndarilmasi, raziligin alinmasi kimi harakatlar cimlada miayyan istirakcilar
arasinda vyerlasir. Hamin harakatlardan biri macburi, icazali va ya gadagan edilmis ola bilar;
birindan avval basqa hadisanin bas vermasi talab edils bilar. Demali, mana sozlarin toplandigi an
yox, bu alagaler birge oxunanda muayyanlasir. Tarcimaci bir termini dizgln secib climlanin
mahdudiyyatini itirarsa, ayrica termin dizgln olsa bels, blutdév hdékm dayisir. Bu sababdan
terminoloji nazarat ve climla saviyyasinda mana nazarati bir-birini tamamlayir.

Sini intellekt va hliiqugi tarcima movzusunda aparilmis tadgiqatlar bir-birindan fargli alatlari,
matnlari va dil citlarini ahata edir. Moneus va Sahari (2024) arab—ingilis hliqugi matnlari (zarinda
insan va sini intellekt tarcimalarini mlgayisa edirlar. Giampieri (2023) isa italyan—ingilis mtqgavila
parcalarinda masin tarciimasini arasdirir. Bu islarin alat va dil citlari eyni deyil; naticalari birbasa
Azarbaycan—fars istigamatina koclrmak olmaz. Yeni dil cutliyl hagqinda faktiki natica yalniz
ayrica sinagla alda edils bilar.

Freitag va hamkarlari (2021) masin tarcimasinin insan tarafindan giymatlandiriimasinda
konkret xata yerlarinin isaralanmasini tatbig edirlar. ISO 5060:2024 isa insan, redakta edilmis
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masin va redaktasiz masin tarcimasi mahsulunun xata novlari ile analitik giymatlandirilmasina
dair Gmumi gostarislar verir (International Organization for Standardization, 2024). Bu manbalar
Azarbaycan—fars istigamatina aid tacriba naticasi deyil; onlar manba ila garsilasdirilaraq
askarlanan farglari adlandirmagin metodik asasini dastaklayir.

Generativ sini intellektls ilkin tarciimanin yoxlanmasi

BoyUk dil modelina hiiqugi cimlani farscaya cevirmak tapsirildigda, natica butov bir hadaf
matn kimi taqdim oluna bilar. Oxucu onun Gzarinda «dlzgln tarcima» etiketi ila ayrica tasdiq
gormdr; yalniz hazirlanmis ciimlani gorir. Bajéi¢ va Golenko (2024) generativ alatlarin hiquqi
terminologiya va matnlar Ucln potensialini muzakirsa etmakle yanasi, mixtalif dillar va matn
novlari Uzra alava tadqgigatin vacibliyini vurgulayirlar. Bu magala hamin tadgigatlarin yerini tutmur.
Onun suahl daha mahduddur: ilkin variantin axicili§i manba cimladaki hiiqugi alaganin saxlanib-
saxlanmadigini ayrica yoxlamaga mane olmamahdir.

Cavab tarciimani sdzbastz matna qaytarmaq deyil, har iki cimlada eyni alagalari ayrica
gbstarmakdir. Manbada avvalca tarafler, harakat, 6hdalik va ya imkan, zaman sarti, inkar va
mahdudiyyat muayyanlasdirilir; sonra bunlarin farsca variantda galib-galmadigi yoxlanir. Bela oxu
insanin yazdigl variant Ggln da yararlidir, lakin generativ alatin slratle tagdim etdiyi salis ilkin
matnla islayarkan ayrica shamiyyat gazanir. Bu, alatin konkret sashva meylli oldugunu stbut edan
empirik iddia yox, mana miqayisasini taskil etmak Gclin taklif olunan nazari prosedurdur.
Metodologiya

Magala nazari va keyfiyyat xarakterli kontrastiv tahlildir; sistematik adabiyyat icmali va ya
model sinagl deyil. Birinci addimda hlqugi tarcima va keyfiyyat giymatlandirmasina dair movzu
ils birbasa bagli manbalar secilir. ikinci addimda Azarbaycan dilinda hiiqugi miinasibati ifads edan
gisa ciimlalar qurulur. Uclincii addimda har ciimla Giclin manani gqoruyan farsca ifads va grammatik
baximdan normal olsa da, hiiqugi minasibati dayisan alternativ ifads garsilasdirilir. Tahlil vahidi
ayrica soz yox, taraf ila harakat, sart ila natica ve normativ qivva arasindaki alagadir.

Nimunalar bu magalanin izah magsadi U¢ln qurulmusdur. Onlar Azarbaycan Respublikasinin
9mak Macallasindan sitat, har hansi real migaviladan gixaris va ya slni intellekt sisteminin faktiki
cixist deyil. «Sahv variant» ifadasi burada konkret models aid iddiani yox, agar bels yazilsa, hansi
mananin dayisacayini gdstaran dislnca tacribasini bildirir. Buna gdra da nimunalardan tarciima
keyfiyyati Uzra ragamlar, sahv tezliyi va ya modellar arasinda Gstlnlik naticasi ¢ixariimir.

Tahlil Ggln bes yoxlama noqtasi secilir: normativ qlvvs, taraflarin rolu, zaman va sart, inkar,
mahdudlasdiricinin ahatasi. Bu secim hiqugi matnin bltlin xdsusiyyatlarini ahata edan yeni
standart kimi taqdim edilmir. Magsad oxsar saslanan iki hadaf clmlasinin niya eyni hiquqi
informasiya vermadiyini nimayis etdirmakdir. NUmunalardaki «isci» va farsca «,S§»
garsilasdirmasi da terminoloji norma miayyan etmir; haqigi sanadda termin secimi, hiquqi
anlayis va tasdiq talablari ayrica yoxlanmalidir.

Bu secim bir mihim metodoloji mahdudiyyat da qgoyur. Nimunada hansi farsca variantin
manani saxladigini gdstara bilmak, sini intellektin praktikada hansi varianti se¢acayini avvalcadan
bilmak demak deyil. dlava olaraqg, ayri cimlanin daxilinda qurulmus dizgiin tarciima bitlin sanad
Ucln yetarli olmaya bilar: basga maddada eyni termina verilan tarif va ya avvalki bands gdndaris
nazara alinmalidir. Buradaki Gsul tarcima keyfiyyatini yekun giymatlendirma iddiasi dasimir. O,
muimkin dayisikliklarin ciimla saviyyasinda hansi sualla tutulacagini gostarir.

Axicilig va mana dagigliyinin ayrilmasi

Axicihg bir cimlanin 6z daxilinds dayarlandirile bilar. Oxucu farsca s6z sirasinin va fel
formasinin tabii olub-olmadigini ¢ox vaxt Azarbaycan dilindaki manbani gbrmadan da muayyan
edir. Mana daqigliyini yoxlamag Uciin isa iki matn birlikda oxunmalidir. Manbadaki «kim na edir?»
sualinin cavabi hadafds dayisibsa, farsca matn mikammsal saslansa bels, hiiqugi minasibat
dayismis sayilir. Bu farg sads gorinir, lakin praktik oxu zamani axici matn yoxlayicinin diggatini
forma Uzarina ¢aka bilar.
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Yaxsl tarcimsa yalniz sozlarin Ust-Usta dismasi demak deyil. Azarbaycan va fars dillarinda eyni
manani tabii ifada etmak Ucln cimlanin qurulusunu dayismak mimkindir. Burada yoxlama
obyektini mahz buna gbra s6z-s6z eynilik deyil, minasibatlarin sabitliyi taskil edir. Azarbaycan
dilinda iscinin hansi hiquga malik oldugu farscada basga sintaksisla verila bilar; vacib olan hiiquq
sahibinin va harakatin statusunun dayismamasidir. Bu yanasma sarbast ifada ile mana itkisini
farglandirmaya kdmak edir.

Mana dayismasi har zaman diggatcakan sdzle bas vermir. «Yalniz»in «hamcinin» kimi
verilmasi, «sonra»nin «avval»a cevrilmasi, yaxud inkar hissaciyinin dismasi hadaf climlani
grammatik cahatdan pozmur. 9ksina, naticada tamamila oxunagl yeni bir ciimla alinir. Tarcimagi
Gcln c¢atinlik mahz buradadir: Gslubun rahathg hamin kicik vahidlarin yaratdigi naticani gizlada
bilar.

Axicihgin sahva sabab oldugunu iddia etmak da dogru olmazdi. Suni intellekt ham manba
manasini saxlayan, ham da tabii saslenan cimla qura bilar. Burada tahlil edilan masals
giymatlandirma Usuludur: hadaf matni tak oxuyaraq verilan misbat hokm manbaya uygunlug
hagqginda hale malumat vermir. iki sual ardicil gqoyulmalidir. Svval farsca climlanin 6z dilinds
basadUsllan olub-olmadigl sorusulur. Sonra onun Azarbaycan matnindaki gaydani ifads edib-
etmadiyi mlgayisa yolu il arasdirilir. Bu suallarin cavablari tasadifan eyni da ola bilar; onlar
mantigi baximdan yena iki ayri meyardir.

Azarbaycan ve fars dillerinda izahedici niimunalar

Birinci nimunada o6hdalikle imkan arasindaki farg goérintr. Manba cliimla bels qurulur:
«isagdtiran sanadiisciya tagdim etmalidir». Manani qoruyan farsca variant « ;S 4 i b b 8
aS 451 J» ola bilar. «s b g SuS 6l S8 4 |yaiw Kl g» climlasi da tabii farscadir, lakin «bilmak / eda
bilmak» manasi isagotiranin tagdimat vazifasini onun seca bilacayi bir harakata cevirir. Problem
s6zUn saslanmasinda yox, isagdtiirandan na talab olundugunun dayismasindadir. Hagigi senadda
daha uygun farsca termin secimi matnin kontekstina gora dagiglasdiriimalidir.

ikinci nimuna teraflarin yerini yoxlamaga imkan verir: «isci isagdtirans yazili bildiris
gondariry. «g Jle ) o g 5 1) o8 el S¥uS» ctimlasinda gondaran iscidir. « 1y oS aeMbl b g S
< Jlo) SK auS» cimlasinda ise gondaran isagdtiran olur. Farsca variantlarin ikisi da aydindir.
Bununla bels, ikinci variant manbadaki gdndaranla alanin yerini dayisir. Burada «bildiris» dgin
secilmis farsca ifada real sanadin terminoloji halli kimi yox, taraflarin rolunu gdstaran nimuna kimi
islanir.

Ucilincli nimunada harakatin zaman sarti dayisir: «Taraf bildirisi aldigdan sonra ssnadi tagdim
eda bilar». Uygun farsca ifads « s 4l ¢l p 3l w b basS 451 |y diw Ll g» saklinda qurula bilar.
€ wedbl cabp J e G basS @) 1) wiw Llgn cumlasindaki «l Lau» grammatik baximdan
dizglndur, lakin «aldigdan sonra» mazmununu «almazdan avval»a gevirir. Senadi tagdim etmak
imkaninin hansi hadisadan sonra yarandigi belslikla iki cimlada fargli olur.

Dérdiinct nimuna inkara aiddir: «iscinin raziligi olmadan malumat aciglana bilmaz». « oledb|
Cougs Ladl L S colsy o climlasi gadagani saxlayir. «cwsl Ladl bl S8 cols) osh @leMboly
ifadasi isa cimlanin galan hissasini qorusa da, son inkardan imtina etdiyi g¢ln aks mana yaradir.
Mana daqigliyini giymatlandiran saxs takca «razilig» termininin garsiligina deyil, «mimkain deyil»
manasinin cimla sonunda galmasina da baxmalidir.

Besinci nimuna mahdudlasdirici sézln ahatasini gostarir: «Yalniz yazili miraciat asasinda
sanadin surati verila bilar». «cwl &1 b oS ol wlal » lasd diw caaggm cimlasi yazili
miiraciati zaruri sart kimi tagdim edir. «cwel 1J bl w5 (oS ol gz p (olal p Lw i g3 9» isa yazili
muraciati mUmkin yollardan biri kimi gostarir. «Jaaé» ila « w» arasindaki farg cimlanin saslanisini
korlamir, lakin muraciatin hdqugi rolunu dayisir. Bu nimunalar gostarir ki, zahiran ¢ox kicik bir
avazlanma bitln cimlanin ifads etdiyi gaydani yenidan qura bilar.

Bes nimunani birlikde gotirdikds mixtalif dayisikliklarin eyni naticaya aparmadigi gérinr.
Birinci cimlada harakatin macburi olub-olmamasi, ikincida harakati kimin etmasi, Gglinclida onun
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na vaxt mumkin olmasi, dordiinctda gadaganin mévcudlugu, besincida isa sartin istisna xarakteri
dayisir. Bunlari Umumi «s6z sahvi» adi altinda birlasdirmak tarcimani dizaldan saxsa az komak
edar. Har bir halda avvalca mana alagasinin hansi hissasinin pozuldugunu goéstarmak, yalniz
bundan sonra daha minasib farsca ifadani segmak mimkuinddr. Farglarin ayri-ayri goéstarilmasi
onlarin migayisasini asanlasdirir.

Nimunalarin har birinda farqgli s6z secimlari hadaf dilde grammatik cehatdan mimkindir. Bu
misahida hec bir sistemin hagigaten hamin sahvi etdiyi barade malumat deyil. Onun nazari
naticasi budur: hadaf dilda dlzgiinllik yoxlamasi ile manba—hadaf miinasibatinin yoxlanmasi ayri
amaliyyatlardir. ikinci amaliyyat aparilmayanda axici ciimlanin basqa bir gayda yaratdigini gérmak
¢otinlasa bilar.

Birinci va besinci nimuna birlikds oxunanda modal felin dizgiin secilmasinin niya takbasina
kifayat etmadiyi da gérindr. «Verila bilar» farscaya uygun imkan formasi ils kegirilsa bels, «yalniz»
s6zU dlsarss, imkanin yaranma sarti genislanir. 9ksina, «yalniz» saxlanib imkan ¢hdalikls avaz
olunsa, bu dafa harakatin hlqugi glcl dayisir. Belslikla, cimlanin dagigliyi bir sézi dizgin
cevirmakla tamin edilmir; bir nega kicik vahidin eyni gayda daxilinda neca alagalandiyina baxmag
lazimdir. Bu alags xUsusan daha uzun va bir nec¢a sarti birlasdiran cimlalards diggat talab edir.

Ikinci va Uciincl nimunalar isa climlani sadslasdirarksn hansi malumatin its bilacayini
gostarir. «Bildiris gdndarilir» kimi saxssiz ifads, manbada gdndaran agiq gostarilmissa, hamin tarafi
gériinmaz eda bilar. «Sanad taqgdim oluna bilar» ifadasi da bildirisin alinmasi sartini ¢ixararsa,
manbanin icaza verdiyi anla farsca matnin bildirdiyi an farglanar. Bu clr gisaltmalar bazan hadaf
dili daha hamar gostarir. Onlarin gabul edils bilmasi isa ifadanin nec¢a sdzls yazilmasindan deyil,
manbadaki zaruri malumatin saxlanib-saxlanmamasindan asihdir.

Nazari tahlilin naticalari

Kontrastiv nimunalardan birinci natica ¢ixir: hiiqugi cimlanin manasi an azi U¢ suala ayrilarag
yoxlana bilar. Harakati kim edir, harakat hansi glice malikdir va hansi sartls bas verir? «Taqgdim
etmalidir» ila «tagdim eda bilar» arasindaki farg ikinci suala, isci ila isagodtiranin yerinin dayismasi
birinci suala, bildirisdan avval va ya sonra harakat etmak isa lglncl suala aiddir. Bu suallar s6zlik
garsiligindan avval cimlanin skeletini gormaya komak edir.

ikinci natica ondan ibaratdir ki, axiciligla daqiglik arasinda mantigi ziddiyyst yoxdur. Tarciima
ham axici, ham da dagiqg ola bilar. Problem axiciligin dagigliya sibut kimi gotirtlmasidir. 9slinda
farsca saslanisin yaxsi olmasi cUmlanin fars dili baximindan ugurlu quruldugunu gostarir;
Azarbaycan dilinda verilmis gaydanin gorundugunu isa ayrica garsilasdirma gostarmsalidir. MQM
Council (n.d.) tarafindan keyfiyyat olcllarinin ayrilmasi bu fargi tesvir etmak lgln muinasib
terminoloji imkan yaradir.

Uclincti natice niimunalarin tatbig ssrhadina aiddir. Magalada qurulmus ciimlslar ssbab—
natice minasibatini gortnan edir, lakin real hlqugi sanadin ¢coxmaddali qurulusunu, ayrica
tariflarini va institusional terminologiyasini avaz etmir. Demali, burada taklif olunan oxu Gsulu tam
hiqugi ekspertiza deyil. O, ilkin tarcimaya baxarken nazardan gaca bilen mana noqgtalarini
sistemlasdiran sada analitik vasitadir.

Dordlincl natica baxisin ardicilligina aiddir. Farsca cUmlanin avvalca Uslubunu cilalamag
oxucunu manbadan uzaglasdira bilar, clinki har dayisiklikdan sonra artiq dizaldilmis, daha salis bir
hadaf matn yaranir. Ona gbra da avval mana alagalarinin yoxlanmasi, sonra ifadanin rahathginin
takmillasdirilmasi tdvsiya olunur. Burada sart mexaniki tarcimsa taklif edilmir: mana gorundugu
middatda farsca qurulus rahathgla dayisdirile bilar. Sohbst hamin dayisiklik zamani hlqugi
minasibatin yenidan qurulmamasina diggat yetirmakdan gedir.

Mizakira va takliflor

Nazari tahlil tarcimani yoxlamagin oxu ardicilli§ina dair praktiki taklif verir. 9vval Azarbaycan
dilindaki cimladan hiqugi minasibatin gisa sxemi cixarilmalidir: taraf, harakat, icaze va ya
ohdalik, sart, inkar va mahdudiyyat. Sonra farsca ciimlada eyni elementlarin hansi sozlarla ifads
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edildiyi muaayyanlasdirilmalidir. Yalniz bundan sonra farsca UGslubun tabiiliyi va terminlarin
uygunlugu ayrica nazardan kecirila bilar. Bu ardicillig farsca Uslubu shamiyyatsiz saymir; onun
mana yoxlamasinin yerini tutmasina imkan vermir.

Masalan, manbada «yalniz yazili mdiraciat asasinda» vyazilibsa, yoxlayici avvalca vyazil
mdiraciatin macburi sart olub-olmadigini miayyan etmalidir. Daha sonra farsca cimlads «la3é»
s6zUndn hamin sarta baglandigini yoxlamalidir. Cimls farsca daha rahat saslensin deya sozlarin
yeri dayisdirila bilar, amma mahdudlasdiricinin ahatasi dayismamalidir. Eyni Usul «etmalidir» va
«eda biler» farging, elaca da «avval», «sonra», «olmadan» va «deyil» kimi kicik vahidlara tatbiq
olunur.

Bu oxu gaydasi hliqugi tarcima tadrisinda da yararli ola bilar. Talabaya manba cimla ila yanasi
iki tabii farsca variant taqdim edildikda ondan «Hansi variant daha g6zal saslanir?» yox, «Hansi
variantda hlqugi minasibat dayismir?» sualina cavab vermak istana bilar. Bela tapsiriq dil biliyi ila
mana tahlilini ayirir. Eyni zamanda nimunalardan faktiki sini intellekt bacarigl hagginda hokm
cixarilmamalidir: buna ayrica matn secimi, real sistem cixislari va mistagil giymatlandiricilar talab
olunur.

Yoxlama vardisini gliclandirmak Gg¢ln gisa matn Uzarinds tars istigamatli sual da verila bilar:
farsca cimlani oxuyan saxs hansi harakatin macburi, hansinin mimkun oldugunu basa disacak?
Cavab manba cUmlani oxuyan adamin ¢ixardigl natica ile tutusdurulur. Bu Usul avtomatik geri
tarciimanin naticasina kor-korana inanmag demak deyil. Magsad oxucunun garsisina ¢ixan iki
mixtalif gaydani ayrica ifade etmakdir. Masalan, «sanadi vera bilar» va «sanadi vermalidir»
cUimlalarinin eyni vaziyyatda tarafdan eyni davranisi talab etmadiyi darhal gbrinr.

Bu metodun talim va redakta Gg¢ilin uygunlasdirilmasinin bir yolu, har nimunani iki ayri rang va
va isara ila yoxlamaqgdir: manbada normativ qlvvae bildiren hissa va farscada onun qgarsilig;
manbada taraf bildiran hissa va farscada hamin taraf. Bu sada isaralama tahlilin naticasini gdriinan
edir. Yena da yoxlayicinin hiiqugi anlayisi bilmasi vacibdir; isaralema 6zU termin secimini hall etmir.
XUsusan manbadaki «bilar» séztndn fiziki imkan, hiqug va ya salahiyyat bildirdiyi konteksta
baxilmadan muiayyan olunmursa, hadaf cimlanin uygunlugu barada tez garar vermak olmaz.

Taklif edilan yanasmanin bir basqga tarafi geyri-muayyanliyi saxlamasidir. Manba cimls birdan
cox oxunusa acglgdirsa, tarciima onu sababsiz olaraq tak manaya endirmamalidir. Bazan tarcimagi
aidiyyati sanadin basqa bandlarini yoxlayarag manani dagiglasdira bilar; bazan isa alava hlquqgi
izah talab olunur. Burada secilmis gisa nimunalar bela real geyri-muayyanliyi tam aks etdirmir. Bu
sababdan maqalanin taklifi «har cimla bir dlstura salina bilar» kimi yox, tarcimaginin hansi
munasibatlari sorgulamal oldugunu gostaran mahdud bir oxu vasitasi kimi basa disidlmalidir.

Bu yanasma sUni intellektin istifadasina dair gati manfi natica ¢ixarmir. Stni intellekt ilkin farsca
varianti hazirlamaqda, alternativ ifadalar taklif etmakda va takrar olunan hissalari gostarmakda
kdmak eda bilar. Tarcimanin mana baximindan yoxlanmasi isa alstin tagdim etdiyi son ctimlani
manba clmla ile tutusdurmagi talab edir. ISO 5060:2024-{n insan va masin mansali mahsullari
xata novleri asasinda giymatlandirmayi mimkin saymasi da mahsulun mansayindan asili
olmayaraq konkret farglarin gériinmasinin shamiyyatini gdstarir. Maqgalanin taklifi alatlar arasinda
secim yox, bela farglari daha asan ifadse edan bir oxu ardicilhigidir (International Organization for
Standardization, 2024).

Movzunun sonraki tadgigi Ggln an sada empirik sual da muayyanlasir: pesakar yoxlayiciya
valniz axicl farsca matn gosterildikde ve har iki dil yanasl tagdim edildikds askarlanan mana
sahvlari farglanirmi? Bu sual hazirki yazida cavablandiriimir. Ona cavab vermak Ugln avvalcadan
miayyan edilmis sanad toplusu, real model ¢ixislari, giymatlandirma meyarlari va istirakgilarin
faaliyysti hagginda malumat lazimdir. Nazari yazinin dayari hamin sinagin naticasini avvalcadan
soylamasinda deyil, yoxlanilmasi mimkin olan farziyyani ve nazardan gagan mana ndoqtalarini
aydin adlandirmasindadir.
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Natico

Sitniintellektin hazirladigl va ya onun komayi ila redakta edilmis hliquqgi tarciimani yalniz hadaf
dilin tabiiliyina asasan giymatlandirmak yetarli deyil. Azarbaycan dilindan fars dilina tarcimada
eyni daracada axici gériinan iki ciimls fargli hiiqugi miinasibatlar ifads eds bilar. Ohdalik imkan
kimi, bildirisi gobndaran teraf gabul edan taraf kimi, harakatin baslanma serti isa aks zaman
ardicilhgr ils gostarila bilar. inkar va «yalniz» kimi mahdudlasdirici vahidlarin itmasi ds matnin
dmumi oxunaqgligini azaltmadan mazmunu dayisa bilar.

Magalanin tohfasi bu fargi bes qisa, izah Ucln qurulmus Azarbaycan—fars nimunasi ila
gbdstarmasi va ilkin tarcimani yoxlamagq tgin taraf, harakat, normativ qlivva, sart, inkar va ahata
ardicilhgini taklif etmasidir. Bu, genis risk idaraciliyi modeli deyil, ¢ixis cimlasinin manba ila
mugayisasi tciin mahdud bir oxu Usuludur. Nimunalar empirik model sinagi sayilmir; sahvlarin
tezliyi barada natica vermir. Galacakda bu sual real matnler voa model c¢ixislari (zarinda ayrica
sinagdan kegirila bilar.
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La communication en tant que
phénomene de discours et les differents
composants de la communication

ANA APRIDONIDZE
PhD en linguistiques romanes et germaniques. Professeur de Francais a L'Université
d'état Akaki Tsérétéli de Koutaissi, Géorgie

La linguistique est la discipline s’intéressant a I'étude du langage au niveau de I'écrit, oral, les
aspects syntaxiques et grammaticaux. Elle est une science humaine basée sur : |'observation,
I'expérience et le résultat; ce résultat n’est pas exact, n’est pas figé mais évolutif. Elle se distingue
de la grammaire, dans la mesure ou elle n'est pas prescriptive(ne donne pas des normes) mais
descriptive (elle décrit I'état de ’'hnomme) Les écoles leurs principes et démarches ? La langue de
18e siecle et de 19e siecle ? Au 18eme siecle : séparation des pouvoirs et d’églises = liberté
d’esprit, linguistique est une séance Au 19eme siecle : un systeme colonial, découverte de
plusieurs civilisations et continents Comparaisons entre les écoles linguistiques ? Quand la
linguistique est apparait ? La linguistique est apparait avant Platon, avec 'apparition de I'écriture
avec les phéniciens a cause de la diversité et selon le besoin de la communication surtout dans le
domaine de la commerce. lere écriture était un découpage par des unité sonore (transcription
phonétique) chaque son correspond a un symbole (écriture symbolique) développée par la suite
par les grec qui ont ajouté les voyelles Définition de la linguistique : Introduction : « la linguistique
est un savoir trés ancien( un acquis, un apprentissage : lire et écrire depuis I'antiquité), mais c’est
une science trés jeune ( théorie basée sur I'observation, I'expérience et resultat) ». Selon le point
de vue ou se place la linguistique est née vers le 5eme siécle avant jésus ou 19 eme siecle avec
grand comparatif, ou en 1916 avec Ferdinand de Saussure. Les réflexions sur les langues ne sont
pas récentes, depuis I'antiquité elles ont en effet suscité I'invention des écritures et plusieurs
analyses des structures des langues : les hindous, les phéniciens, les grec et les arabes ont jeté les
premieres bases d’une analyse linguistique, toutefois la linguistique autant que science autonome
ne s’est constitués qu’au cours du 19 eme siecle. Le Moyen Age : Le moyen age a connu de grandes
réformes de |'orthographe activés par I'invention de I'imprimerie. Ceci va stimuler jusqu’au 16
eme siecle I'étude de la phonétique (pas de blanc, et création de la ponctuation). C'est I’age grace
auquel et grace au contacte avec d’autres langues. C'est I'age des premieres comparaisons entre
les langues, et la formation des premieres classifications des langues .En s’appuyant
essentiellement sur une approche historique. L’historisme est une théorie idéologique explicative
qui tente d’analyser et d’expliquer tout les phénomeénes linguistiques mais aussi politiques
sociologiques psychologique ...Par référence a I'histoire. Etudier une langue c’est se référer
obligatoirement a I'histoire, c’est tenter de trouver sa forme primitif (étymologie) On veut
lorsqu’on étudie le francais se référer en latin, on décrivait le francais selon les structures du latin,
or le latin est une langue casuelle : « une langue a cas elle a la particularité de voir la fin des mots
changés selon leurs fonctions ».Alors que le francgais est une langue a réaction « c'est-a-dire c’est
I'ordre syntaxique des mots qui est important et qui indigque la fonction des mots. » (la langue
Francaise n’est pas une langue a cas) Les années qui ont suivit la renaissance ont servit a collecter
des données pour la linguistigue comparative tel que : Dictionnaires, texte, etc.... La linguistique
du 18 eme et du 19 eme siécle : L'approche historique a dominé jusqu'a le sanscrit (d’origine
indien) par le contacte de I'Europe et de I'inde, la réflexion sur les langues entre dans |'age de
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I"'approche comparée. A la suite du courant philologique qui étudie les textes écrits a des fins de
descriptions historique le langage devient un objet d’observation pour lui-méme.

Chez les grammairiens comparatistes au 19 eme siecle les grammairiens ont essayés d’expliquer
les langues en rétablissant des comparaisons entre les langues. Louis Ferdinand de Saussure lui-
méme initie a cette démarche (comparative) va se révolter contre la conception historique des
faits linguistiques, dans son ouvrage « cours de la linguistique général » il va souligner I'aspect
structural de la langue. La langue selon lui est un systéme dont le signe linguistique est I'élément
fondamental. |. De Saussure et le structuralisme : Louis Ferdinand de Saussure de sa jeunesse a
I'école des néogrammairiens (grammaire comparatiste) a fait ses premiers recherches
linguistiques sur I'indo européen il a essayé de trouver le systeme phonétique de I'indo-européen
dans sa mémoire intitulé « mémoire sur le systeme vocalique en indo européen » sur le systeme
vocalique en indo européen. Saussure a utilisé un raisonnement structural a propos d’une étude
historique cet ouvrage constitue le lien entre I'ancien théorie grammaticale historiciste et le
nouveau raisonnement structural Le raisonnement structural a été développé dans I'ouvrage «
cours de linguistique générale » la base de linguistique moderne dans laquelle Saussure va se
révolter contre la conception historique des faits linguistiques et souligner 'aspect structural de
la langue Saussure a concu plusieurs concepts grace auquel le structuralisme va naitre 1. La notion
de signe linguistique : Le signe linguistique selon Saussure est une entité double qui annonce un
signifiant ( face acoustique ) et un signifié ( face conceptuelle ) L’association entre le signifiant et
signifié est arbitraire c a d : que le signifiant n’a aucune attache réelle de la réalité par rapport au
signifié, mais conventionnelle Le signifiant estimposé par la communauté linguistique il ne dépend
pas de libre choix des individus pour cela qu’il est conventionnelle La langue selon Saussure est un
systeme de signes linguistiques qui entretiennent entre eux des relations d’opposition et de
complémentarité sur deux axes : L'axe paradigmatique : (I'opposition, les neufs parties de
discours) L'axe syntagmatique : (complémentarité) La langue est découpée en unité segmentale,
discret car le quantiniume est linéaire (grammaire= gramma= lettre) 2. La notion de la linéarité de
signifiant : (orale) C’est la deuxieme loi dégagée par Saussure le signifiant linguistique
contrairement aux autre signifiant se démoule dans une dimension spatio-temporel il se présente
tout a I'oral qu’a I'écrit par un choix d’éléments successifs, a I'oral il s’agit de la succession des
sons et a I’écrit il s’agit de la succession des lettres cette mot fondamentale de linéarité débauche
sur la notion fondamentale d’articulation : la 1 et la 2eme articulation (grammaire lexique) 3. La
langue et la parole : Saussure fait la dichotomie (opposition binaire) entre la langue et la parole :
La langue est un fait social conventionnel, abstrait, collectif alors que la parole est un fait réel
concret individuel et accidentel (dépend de la situation) grace a cette dichotomie plusieurs
branches de linguistique vont naitre : 4. Etudes diachronique/synchronique de Saussure : Saussure
introduit une dichotomie fondamentale entre des faits linguistiques, le linguiste selon le cas peut
opter pour une étude diachronique de la langue en s’intéressant de son évolution dans le temps
il va étudier les facteurs extérieurs et intérieurs qui provoquent cette évolution (les guerres la
diversité des cultures, (s= 7- hopital= hospital) Ces linguistes choisiront d’étudier I'aspect
synchronique de la langue c a d : ils s’intéresseront a un état stable de la langue par exemple :
étudier le francais contemporain 5. La valeur de signe linguistique : Langue= systéme=loi cl6t et
indépendant Selon Saussure la langue constitue un élément indépendant et cl6t (on n’est pas
besoin de I'histoire de religion de I'histoire de I'idiologie, la sociologie, pour expliquer c’est quoi la
langue il suffit a luiméme) elle est constituée de signe chaque signe a une valeur a l'intérieur de
systeme Il. COMMANTAIRE D’UN TEXTE LINGUISTIQUE [ Introduction : Préciser la thématique Plan
+ questions B Développement : Dégager les idées principales Il faut se documenter & Conclusion :
Donner une synthése : Texte de Saussure fait a classe Le passage nous présente une évolution
dans la réflexion linguistique dans deux époques différentes depuis I'antiquité jusqu'a Saussure on
va expliquer deux parties d’une part une relative d’étude avant Saussure et d’autre part une
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relative avec Saussure distinguent les transformations qui sont ajoutés a la démarche linguistique
et précise les caractéristiques de chaque époques lere partie : avant Saussure La recherche
linguistique avant Saussure était fondé seulement sur des théories imposés de facons aléatoire
sans aucune démarche analytique et scientifique on rend compte seulement de la langue écrite
cette étude s’est limité sur la segmentation des unités grammaticales et s’est focalisée sur les
parties de discours d’une maniere plus ou moins globale, il s’est attaché a la comparaison avec les
autres langues la grammaire c’est le travail sur la lettre ( gammaire= gramma = lettre) ; n’est pas
récente Le travail sur la notion de la structure n’est pas récent depuis I'antiquité la linguistique
c’est un savoir ancien et c’est une science moderne méme de maniére inexacte et aléatoire pas
scientifique. En se fondant sur la langue écrite.

Rapportée a l'espace global de la communication, notre exemple aura voulu montrer que
la dynamique de la communication (qui implique a la fois émergence, fonctionnalisation et
distanciation des codes — de tous les codes, linguistiques ou non — dans le procés, toujours
contingent, de mise en signification des énoncés dans les échanges langagiers) induit le
renouvellement des codes et leur multiplication. Il suggére aussi que la variation nait non pas d’un
‘raté’” communicationnel qu’il s’agit de résorber mais comme l'adjonction d’un surplus de
signification (une mise en signification supplémentaire) qu’il s’agit d’introduire et de négocier dans
I'interaction. L'éventualité d’un raté n’est évidemment pas exclue car il s’agit aussi d'un
phénomene normal. Mais le raté signifie, il est a la fois disfonctionnel et fonctionnalisé : par sa
contextualisation et son incidence méme, la matérialité du raté s’inscrit de facto dans le
‘répertoire non-fini’ des actualisations possibles. A travers sa mémorisation la différenciation ainsi
constituée peut se développer en tant que norme puis, le cas échéant, en souscrivant aux
contraintes structurales, cognitives et sociales, s’introduire et éventuellement se cristalliser dans
la langue aux différents niveaux que sa nature particuliere lui permet d’atteindre : sémantique,
lexical, phonétique, etc. A partir de la on retiendra que la mise en contact continuelle des codes
et la génération de la variation est la donnée normale de la communication, ce qui a pour
corollaire que, sauf cas particulier, la situation canonique pour I'étude de la dynamique des
langues et du langage ne saurait se définir dans un cadre de monolinguisme qui n’est qu’un cas
limite (un cas d’école) parmi les situations de communication. Dans le méme temps, on retient
gue la notion de ‘code’ telle que je Iai utilisée par licence d’écriture, a besoin d’étre éclaircie et
problématisée: elle renvoie a une stabilité qui semblerait aller de soi, dotée d’'une homogénéité
suffisante pour gqu’on puisse en faire une description ; or cela pose probleme car cette
représentation homogene est un construit. Le fait qu’elle semble aller de soi alors que les
phénomeénes saisis dans leurs contextes attestent une hétérogénéité et une variabilité dont
la nécessité et la fonctionnalité sont constitutives ‘du linguistique’ lui-méme est un probléme
de dynamique et d’émergence de formes qu’il importe de traiter. Nous avons probablement
touché a I'une des dimensions premiéres, actives dans la dynamique du langage. Transformation
des formes linguistiques et normes langagieres, élaboration des styles : autant de dynamiques qui
mettent en jeu des langues, des codes et les regles de leurs constructions. Il devient alors
intéressant de croiser cette problématique avec celle initiée par Fr. Gadet qui pose aussi que le
répertoire est une notion non opérationnelle qui « risque de dissimuler la créativité du locuteur,
constamment renouvelée et ne s’appuyant pas seulement sur des ressources répertoriées et
listables » (2006 : 2), tandis que le style est une ressource pour |'usager. De fait, s’intéressant a la
variation et au style, mais d’une fagcon qui n’est ni celle d’un sociolinguiste variationniste ni celle
d’un ‘stylisticien’, elle oriente la recherche versla « [mise] ajour [des] pratiques localement
saillantes a travers lesquelles les usagers catégorisent le langage, les autres usagers, le monde »
(2004 : 110) et on retrouve dans son approche la méme tension dans la recherche
d’explication « autour de I'idée que le discours se module au fur et a mesure qu’il s’accomplit, en
tant que co-construction des participants (locuteur et audience) » (2004 : 106). Dans la
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perspective qu’elle brosse le style est a la fois différenciation, écart et norme, contrainte.
C'est la manifestation de l'individualité dans un jeu de réles, un écart maltrisé par rapport
aux regles du groupe et la manifestation de la force collective dans la nécessaire prise en
compte de cette dynamique de recomposition qu’implique tout écart. Elle ouvre alors le débat
en posant la question : « Pourquoi y a-t-il de la variation dans les langues ; et pourquoi y a-t-il du
style ? » (2006 : 4). Pour y répondre, elle abandonne le pré carré des linguistes pour celui des
sociologues interactionnistes (Goffman 1964, 1981) desquels elle retient la pertinence de
I'intrication de trois phénomeénes donnés pour fondamentaux qu’elle rappelle : ritualisation (les
distinctions doivent étre suffisamment ritualisées, ou conventionnalisées, pour apparaitre
pertinentes pour 'autre) ; cadre de participation (tout ce qui concerne les relations entre les
protagonistes et la situation) ; enchassement (nous parlons constamment avec les paroles
des autres; cf. l'interprétation occidentale de la polyphonie de Bakhtine). Dans le méme
temps la question de la construction de ’lhomogene est posée30 : cela va se faire « a travers
I'intervention d’un certain nombre de processus idéologiques de la part des locuteurs tels
gue gommage 31, ré-analyse, réallocation de variantes, iconisation32» (Gadet 2006 : 5). La
dimension de la variabilité ainsi cernée est fondatrice dans la préhension et la compréhension de
ce qui caractérise, de facon essentielle ‘le linguistique’. Cela ne conduit pas a I'abolition de la
notion de langue mais, par la problématisation qu’elle en fait, Fr. Gadet permet de la restructurer,
de la démythifier a travers la reconnaissance des jeux, stratégies, élaborations et autres
dynamiques qui, dans un espace anthropologique a redéfinir, lui donne sens en tant qu’objet
construit / constructible et non plus en tant que cadre transcendant.

Dans |'approche communicative, la compétence est défi nie comme la capacité a utiliser un
langage approprié dans des situations et des dispositifs de communication variés (Bachman, 1990
:16). Il distingue « la compétence langagiere, organisatrice et pragmatique [...] de la compétence
stratégique consistant a évaluer, planifi er et exécuter (la mafitrise de la langue doit étre
transformée en acte) » (cité par Figueras, 2007 : 20). En fait, cette défi nition est a mettre en
perspective avec d’autres défi nitions.

La notion de compétence en linguistique apparalt chez Chomsky qui la distingue de la
performance — la performance étant la manifestation de la compétence. Cette notion va étre
utilisée et enrichie par D. Hymes pour qui une compétence de communication est a la fois d’ordre
linguistique (Chomsky) et d’ordre socioculturel, ouvrant ici un nouveau paradigme pour
I’enseignement des langues. Comme I'écrit C. Springer : « La didactique des langues ne peut pas
se contenter d’une approche purement linguistique de la compétence » (2000 : 69). En 1983, P.
Charaudeau propose trois composantes : linguistique, situationnelle, et discursive. Canale et
Swain (1980) en distinguent quatre : grammaticale, sociolinguistique, discursive etstratégique. En
reprenant cette évolution, Springer dessine une « marguerite » de la compétence de
communication comprenant les aspects suivants :

La marguerite de la compétence de communication (C. Springer, 1999)

Conversationnelle

Discursive

Stratégique

Linguistique

Sociolinguistique

Socioculturelle

La compétence de communication ne peut donc se réduire a des savoirs ( connaissances
linguistiques) ou des savoir-faire (maitrise fonctionnelle). L'approche communicative mise en
place dans les années 1980 en France ne prend pas encore en compte toute la complexité du
concept. Finalement ce sont les travaux du Conseil de I'Europe et la perspective actionnelle du
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Cadre européen commun de référence pour les langues qui vont modéliser la compétence de
communication autour de trois composantes : linguistique, sociolinguistique, pragmatique.

La composante linguistique est celle « qui a trait aux savoirs et savoir-faire relatifs au lexique, a la
phonétique, a la syntaxe et aux autres dimensions du systeme d’une langue, pris en tant que tel,
indépendamment de la valeur sociolinguistique de ses variations et des fonctions pragmatiques
de ses réalisations » ( CECRL, 2001 : 17).

La compétence sociolinguistique « renvoie aux parametres socioculturels de I'utilisation de la
langue. Sensible aux normes sociales (régles d’adresse et de politesse, régulation des rapports
entre générations, sexes, statuts, groupes sociaux, codification par le langage de nombre de rituels
fondamentaux dans le fonctionnement d’une communauté), la composante sociolinguistique aff
ecte fortement toute communication langagiére entre représentants de cultures diff érentes,
méme si c’est souvent a I'insu des participants eux-mémes » ( CECRL, 2001 : 18). La compétence
pragmatique recouvre « |'utilisation fonctionnelle des ressources de la langue (réalisation de
fonctions langagieres, d’actes de parole) en s’appuyant sur des scénarios ou des scripts
d’échanges interactionnels. Elle renvoie également a la maitrise du discours, a sa cohésion et a sa
cohérence,

au repérage des types et genres textuels, des eff ets d’ironie, de parodie [...] » ( CECRL, 2001 : 18).
Cette compétence de communication dans la perspective actionnelle est a replacer dans un
ensemble plus large de compétences générales reposant sur « des savoirs, des savoir-faire, des
savoir-étre et des savoir-apprendre »

L’ensemble des connaissances, des habiletés et des dispositions qui permettent d’agir. Ne sont
pas propres a la langue mais sont celles auxquelles on fait appel pour des activités de toutes
sortes, y compris langagieres

Composantes :— savoirs,— savoir-faire,— savoir-étre,— savoir-apprendre

>Compétence a communiquer langagierement. Mise en ceuvre des compétences dont on dispose
dans des contextes et des conditions variées et en se pliant a diff érentes contraintes afi n de
réaliser des activités langagiéres ( production, compréhension, interaction et médiation)
permettant de traiter des textes [..] dans des domaines (personnel, public, professionnel,
éducatif) en mobilisant des stratégies qui paraissent le mieux convenir a I'accomplissement de
taches a eff ectuer

Composantes :— linguistique— sociolinguistique— pragmatique

On remarque que le CECRL utilise le terme de compétences de maniere générique, intégrant les
connaissances.

-Le terme «communication » a été dérivé du latin « communicare » cela signifie « commun ».
Ainsi « communiquer » signifie « faire commun » ou « faire connaltre » ou « partager ». -La
définition de la communication est « tout acte par lequel une personne donne a ou recoit d'une
autre personne des informations sur ses besoins, ses désirs, ses perceptions, ses connaissances
ou ses états affectifs ». -Elle s’agit d’un processus de transmission d'informations ou de données,
d'idées, de pensées, de sentiments, d'émotions par la parole, I'écriture, les gestes, les mimiques,
les yeux et méme les signaux non verbaux. En d’autres termes, la communication est un processus
d’établissement de contacts et de développement de relations entre des personnes. Les éléments
de la communication La communication se base sur 6 composants : un émetteur, un récepteur,
un contexte, un message, un canal et un feedback.

L’émetteur ou destinateur : Celui qui transmet le message « oralement ou par écrit », il peut s’agir
d’un individu ou d’un groupe « firme, entreprise, systéme ». Le récepteur ou destinataire : Celui
qui recoit le message, ce peut étre un individu, un groupe, une machine, etc.

Le contexte : Toute communication se déroule dans un contexte. Cela a un impact sur tout ce que
nous disons et sur la maniere dont nous le disons. Elle comporte au moins quatre aspects
indépendants et interactifs : la culturelle (modes de vie, valeurs), la physique (environnement
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tangible ou concret ; par exemple, on ne parle pas de la méme maniere dans une salle de réunion
ou une cafétéria), le socio-physiologique (le caractére formel ou informel de la circonstance, les
relations de statut, etc.) et le temporel.

Le message : C’'est I'information transmise au cours d’une communication.

Le canal : C'est le moyen technique utilisé par I'émetteur pour assurer I'acheminement de son
message vers le destinataire (face a face, téléphone, courrier...).

Le feed-back : Ce terme peut étre traduit « rétroaction ». Le feed-back est tout commentaire
réponse, réaction ou information donnée par le destinataire d'un message a |'émetteur. Le
feedback est essentiel a une communication efficace car il aide I'émetteur a vérifier que son
message a été compris et a modifier sa stratégie de communication si nécessaire. Le feedback est
crucial dans la

communication bidirectionnelle pour renforcer les liens de confiance et les relations entre
I'émetteur et le destinataire et également pour garantir que les deux parties sont sur la méme
longueur d’onde et peuvent éviter les malentendus ou la confusion. Le malentendu est
essentiellement le contraire de la compréhension. En cas de malentendu, le destinateur et le
destinataire d'un message se comprennent mal ou ne se comprennent pas du tout.

Un bon feed-back doit étre : -Spécifique plutét que général -Impersonnel (les commentaires
doivent étre liés au travail, le récepteur ne doit critiquer personne). -Au bon moment (il doit
commencer lorsqu’il est réellement nécessaire ou lorsque le destinataire le recherche
activement).

Communication -Orienté vers I'objectif de I'émetteur (les commentaires doivent se concentrer
uniquement sur les domaines, actions et comportements sur lesquels le destinataire exerce un
controle personnel). - Compris par le destinataire (utilisez des compétences de questionnement
et d’écoute efficaces pour vous assurer que vos commentaires peuvent étre classés comme une
communication significative).

Emetteur Message Récepteur
Codage/décodage Feed-Back Décodage/ codage

Représentation simplifier de la communication.
Vers 1960, A.D. Chandler a donné la premiere définition de la stratégie : « La stratégie est le
processus d'identification des buts et des objectifs fondamentaux a long terme d'une
organisation,suivi de la sélection des modes d'action et de l'allocation des ressources qui
permettront d’atteindre ces objectifs et buts ».

Les types de la communication
La communication verbale : La communication verbale est un type de communication dans lequel
nous utilisons les mots parlés et écrits pour transmettre notre message et nos informations a
I'autre personne. La communication verbale est I'expression d'informations a travers un langage
composé de mots et de grammaire.
La communication non-verbale : En général, le langage corporel fait référence a un ou plusieurs
comportements non verbaux (par exemple, la posture, le regard, le toucher, I'expression faciale)
qui signalent vraisemblablement quelgue chose sur les traits de personnalité, les relations, les
motivations, les états momentanés et, finalement, leur véracité. On pensait souvent que le
langage
corporel des gens, bien qu’indirect, transmettait plus de vérité a leur sujet que leurs paroles.
La communication para-verbale : La communication para-verbale est également connue sous le
nom de langage vocal. Il s'agit d'un niveau de communication plus profond et les informations
codées sont envoyées a travers la prosodie et les éléments vocaux accompagnant le mot et |a
parole.
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Les signaux para-verbaux sont des signaux vocaux qui peuvent étre détectés en interne lors du
comportement vocal et font référence aux messages que nous transmettons a travers la hauteur,
le rythme et |le ton de notre voix.

La communication interpersonnelle : La communication interpersonnelle est l'interaction verbale
et non verbale entre deux (ou parfois plus de deux) personnes interdépendantes. Bien que de
nature largement dyadique (a deux), la communication interpersonnelle est souvent étendue pour
inclure de petits groupes intimes tels que la famille.

Elle est également la communication qui a lieu entre des personnes qui sont d'une maniére ou
d'une autre « connectées ». Non seulement les individus sont simplement « connectés », mais ils
sont également interdépendants : ce que fait une personne a un impact sur I'autre. Les actes d’une
personne ont des conséquences sur l'autre.

La communication de groupe : La communication de groupe est la communication entre un petit
groupe de personnes partageant un objectif commun, ressentant un sentiment d'appartenance
au groupe et exercant une influence les unes sur les autres. La communication de masse : La
communication de masse consiste a envoyer un seul message a un groupe. Cela nous permet de
communiquer notre message a un grand nombre de personnes, mais nous sommes limités dans
notre capacité a adapter notre message a des publics, des groupes ou des individus spécifiques.
La communication externe : La communication externe consiste a amener les informations de
I'extérieur de l'organisation. Dans la communication externe les informations circulent dans
I'environnement extérieur de l|'organisation. Les entreprises échangent constamment les
messages avec leurs clients, fournisseurs, distributeurs, concurrents, investisseurs, journalistes,
représentants des structures étatiques et autres.

La communication interne : La communication interne est un échange d'informations et d'idées
au sein de l'organisation. Les informations de la communication interne se transmettent de haut
en bas, horizontalement et en diagonale dans la structure organisationnelle. Une communication
efficace ne se limite pas a I'’échange d’informations. Une communication efficace est la capacité
d’avoir une conversation avec une autre personne d’'une maniere engageante, ciblée, cohérente
et offrant de la valeur. En plus d'étre capable de transmettre clairement un message, vous devez
également écouter de maniére a saisir tout le sens de ce qui est dit et a faire en sorte que l'autre
personne se sente entendue et comprise.

Communiquer efficacement implique deux personnes ou plus qui peuvent exprimer clairement
leur intention et comprendre I'objet ou le but de la conversation, tout en permettant a chaque
personne de faire passer son message.

Les facteurs influencent I'efficacité du message

Les facteurs para verbaux

*Le volume : Le volume de notre voix doit étre suffisamment fort pour se faire entendre par
I'ensemble des auditeurs et assurer une écoute agréable de notre message.

*Le rythme : (débit de paroles) lors d’une présentation publique, I'auditeur doit saisir les mots
sans avoir besoin de les réentendre.

De ce fait, parler trop vite nuit a la compréhension de notre message. Par ailleurs, un débit trop
important est souvent une maniere de traduire le trac que nous ressentons quand nous prenons
la parole en public et risque de nous faire perdre le fil de nos idées.

Réduire la vitesse de nos paroles correspond a une amélioration de la compréhension de notre
message, mais aussi a la gestion du stress inhérent a la situation.

*Le ton : Le ton sur lequel une phrase est énoncée détermine fortement le sens qui lui est
attribué (affirmatif, interrogatif, agressif, autoritaire par exemple). L'intonation utilisée doit donc
correspondre a la signification que nous souhaitons donner a nos paroles.

*[’articulation et la prononciation : La maniére dont nous énongons les mots est également a
prendre en considération. Pour se faire comprendre, il s’agit d’articuler distinctement, sans
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exagérer, les sons qui composent les mots. Quant a la prononciation, elle varie dans |'espace et
dans le temps. Elle contribue notamment aux accents régionaux. A cet égard, avoir un accent
particulier n’est pas une tare. Nous devons toutefois étre attentifs a l'impact de notre
prononciation sur la compréhension des mots, surtout si notre auditoire est composé de
personnes issues d’autres régions.

Les facteurs non verbaux

*Le regard : Bien plus que regarder notre public, il s’agit d’établir avec lui un contact visuel. |l
indigque l'intérét que nous portons a nos auditeurs, capte et maintien leur attention. Ce contact
permet également de contrdler les réactions du public face a nos propos.

*Les silences : Quand nous prenons la parole en public, nous avons souvent tendance a ne pas
laisser s’exprimer les silences. Soit parce que nous voulons dire trop de choses en trop peu de
temps, soit parce que nous voulons combler ce vide qui nous fait peur.

Or, s’ils sont respectés, ces silences ont souvent une fonction positive. Avant de prendre la parole,
le silence permet de solliciter I'attention du public. En cours de présentation, il peut donner le
temps nécessaire aux auditeurs pour assimiler ou pour réfléchir a une information importante que
vous venez de leur donner.

Les gestes : Nos gestes expriment toujours quelque chose. Ils peuvent traduire ce que nous
essayons de cacher : notre nervosité, notre géne par exemple en manipulant un stylo ou des
lunettes, en se pincant le menton. Il s’agit la de gestes parasites qui viennent perturber notre
présentation ; ils attirent |'attention de notre auditoire au détriment de son écoute et peuvent
vite devenir agacants.

Eviter de se figer en s"appuyant sur la table, en mettant les mains en poche ou en croisant les bras,
cela renforcerait une attitude non naturelle, rigide portant préjudice a la transmission, et de ce
fait a la compréhension de notre message. A l'inverse, les gestes peuvent renforcer, appuyer,
notre message verbal ; ils rythment, illustrent, s’accordent avec notre discours et animent la
présentation.

Les mouvements : Le fait de bouger, de se déplacer donne un certain dynamisme a la présentation.
Toutefois, mieux vaut ne pas étre constamment en mouvement ou faire des mouvements trop
prévisibles. Les premiers risquent de monopoliser 'attention des auditeurs, alors que les seconds
deviennent vite une source de monotonie et d’ennui pour I'auditoire. A I'inverse, éviter de rester
statique, ce qui peut donner I'impression d’un orateur craintif ou distant.
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Annotation. The skin effect is a phenomenon in which an alternating electric current is not
distributed uniformly throughout a conductor but instead flows primarily within its surface layers.
The skin effect is significant in electrical engineering because it increases resistance in high-
frequency power transmission lines, leading to energy losses. This paper examines a practical
example and calculates the skin depth for a copper conductor at a specific temperature. It also
compares alternating current (AC) and direct current (DC) power transmission systems, evaluating
the impact of the skin effect on energy losses and economic costs. Based on the practical example,
energy losses in transmission lines are calculated, and the potential annual economic benefit of
using a DC line instead of an AC line is demonstrated.
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Introduction
The skin effect is a phenomenon in which an alternating electric current is not distributed
uniformly throughout a conductor, but instead flows primarily within its surface layers [1]. The
higher the frequency of the alternating current, the more the electrons are pushed from the
central part of the conductor toward its surface [2]. This effect does not occur with direct current,
as direct current is distributed uniformly across the entire cross-section of the conductor [3].
Comparing high-voltage alternating current (AC) transmission with high-voltage direct current
(DC) transmission systems reveals the impact of the skin effect on both energy losses and
economic costs [4].
Main Part
In an alternating current (AC) system, the skin effect causes current to become more
concentrated near the surface of the conductor [5]. Consequently, resistance and electrical losses
increase. In a steady-state direct current (DC) system, the current is distributed almost uniformly
across the conductor's cross-section; therefore, the skin effect has practically no impact [6]. The
relationship between the skin effect and current frequency can be stated as follows: the higher
the frequency, the more pronounced the skin effect (Table 1).
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Table 1
‘ Current Frequency H Skin Effect ‘
‘ 0 Hz — Direct current, steady-state H Virtually non-existent ‘
50 Hz — AC power grid Present; depends on the conductor material,
diameter, and other conditions

The skin effect depends on the conductor's material, its diameter, and other conditions [7].
Alternating current generates an alternating magnetic field, which influences the distribution of
current within the conductor [8]. As the frequency increases, the current becomes more
concentrated in the outer layer of the conductor [9]. The relationship between the skin effect and
the conductor's diameter can be stated as follows: for a given material and frequency, the larger
the conductor's diameter, the more pronounced the skin effect becomes [10]. With a smaller
diameter, the current distribution across the cross-section is more uniform [11]. In the case of a
large diameter, the current density toward the center of the conductor can decrease significantly,
as the current flows primarily through the outer layer [12]. It is worth noting that a conductor with
a larger diameter typically has a lower resistance to direct current (DC). In an alternating current
(AC) system, the skin effect is influenced by the conductor material (e.g., copper, aluminum, etc.)
and its corresponding electrical resistivity [13]. To estimate the depth of the skin effect, the
classical formula (1) is used, denoted by &:
&§=V(p/(m-f-Ho- k) (1)
where: § is the skin effect depth (m); p is the electrical resistivity of the conductor (for copper at
a temperature of 20°C, p = 1.72 x 1078 Q-m); mis 3.14; f is the current frequency (in this case, 50
Hz); Wo is the magnetic permeability of a vacuum (4n x 1077 H/m) [14]; and W, is the relative
magnetic permeability of the material (for copper, py, = 1) [15].
Substituting these values into formula (1) yields the skin effect depth in meters:
5 =V((1.72x1078) / (m x50 x (4 x 3.14 x 1077) x 1)) = 0.00933 meters, or 9.33 mm.

Thus, for a copper conductor at a frequency of 50 Hz, the skin depth is approximately 9.33 mm.
It should be noted that as the frequency increases, the skin effect becomes more pronounced
[16]; similarly, as the conductor diameter increases, the impact of the skin effect generally
becomes more noticeable [17]. Conversely, in steady-state direct current (DC) systems, the skin
effect is practically non-existent. In a direct current (DC) transmission line, the established current
is constant; therefore, it lacks the fixed frequency characteristic of conventional alternating
current (AC)-such as the 50 Hz frequency found in AC systems [18]. However, AC components and
harmonics of varying frequencies can arise within DC converters [19]. It is precisely these
components that can give rise to the skin effect. While the actual resistance and losses of a
conductor must be evaluated at the 50 Hz AC frequency, in the case of DC, it is also necessary to
assess the impact of transient processes and harmonic components [20].

The skin effect influences both power losses and economic costs in DC and AC systems. Using
a practical example, we will compare the losses in the conductors of 100 km-long AC and DC
transmission lines and determine the potential annual economic impact [21]. The initial data are
presented in a table (Table 2).
In the first stage, the DC resistance of a 100 km-long copper conductor is calculated using the
following formula:

Roc = p L/A = (1.72 x 1078) * (100,000 / (300 x 10°¢)) = 5.73 Q
In the second stage, the losses for an AC system are calculated, accounting for the skin effect;
compared to the DC system, the resistance increases by approximately 10%:
Rac=1.10 * RDC=5.73 *1.10=6.30 Q.
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Table 2
LLine length IIL = 100 km (100,000 m) |
‘Conductor material HCopper (Cu) ‘
‘Conductor cross-section HA =300 mm? (300 x 107® m?) ‘
‘Current HI =1000 A ‘
Resistivity lb=172x10%Qm |
‘Effective increase in conductor resistance in an AC system HIO% ‘
‘Electricity price HSO USD/MWh ‘

The active power losses of a three-phase AC line are calculated using expression (2):

Phvac = 3* |2 *R (2)
Substituting the data into formula (2) yields:

Phvac = 3 * 1000% * 6.30 = 18.92 MW.

In the third stage, the losses for an HVDC system are calculated for a bipolar HVDC line,

which consists of two conductors—one for the positive pole and one for the negative pole [22].
Under steady-state conditions, the skin effect is practically negligible; therefore, the resistance for
each pole is taken as 5.73 Q. For a bipolar DC line with two conductors, the loss formula is as
follows:

Povoc =2 * I *R (3)
Accordingly, by substituting the data into formula (3), we obtain:

Puvpc = 2 ¥ 1000% * 5.73 = 11.47 MW

Comparison of Results and Calculation of Economic Impact

To calculate the economic impact, it is necessary to determine the average price of electricity
[23]. In Georgia, electricity pricing is differentiated; there are distinct rates for residential
consumers, prices within the wholesale market, and an overall average market value for electricity
[24]. Since 1 MWh = 1,000 kWh, the price per MWh is obtained by multiplying the price per kWh
by 1,000. According to data from the Georgian National Energy and Water Supply Regulatory
Commission (GNERC), the residential electricity tariffs effective from July 1, 2026, are as follows
(Table 3).

Table 3

Monthly Consumption Price, GEL/kWh Price, GEL/MWh
0-101 kWh 0.197-0.203 197-203
101-301 kWh 0.237-0.241 237-241
Over 301 kWh 0.282-0.285 282-285

According to data from the Electricity Market Operator, the official exchange rate as of October
24, 2026-1 US Dollar = 2.5971 GEL - is used to calculate these prices in US dollars (Table 4).
The price in the wholesale electricity market differs from the residential tariff. According to data
from the Electricity Market Operator (ESCO), the weighted average price of balancing electricity
in September 2026 was 16.0685 tetri/kWh. This corresponds to approximately: 0.161 GEL/kWh;
160.68 GEL/MWh; $0.062/kWh; and $61.85/MWh.
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Table 4
Electricity Price GEL/kWh || USD/ kwh | GEL/MWh USD/MWh
Average tariff for residential 0.24 S0.092 240 S92.41
consumption
Average tariff for commercial 0.285 $0.110 285 $109.73
consumption

For the initial economic calculation in this study, we can use 240 GEL/MWh as a benchmark
based on the retail tariff, or approximately 161 GEL/MWh, based on the balancing market price
from September 2026. However, to assess economic efficiency, it is preferable to use the actual
wholesale purchase price while accounting for transmission losses, capital expenditures, and
operational costs. For the purpose of this analysis, let us assume a unified average price of
$80/MWh for all types of electricity transactions in Georgia [25]. As shown in the report, losses for
alternating current (AC) are 18.92 MW, while losses for direct current (DC) are 11.47 MW. The
difference in losses is:

AP =1892-11.47 =7.45 MW.

Assuming the power transmission line operates continuously throughout the year, the annual
savings would be:

AE =7.45* 8760 = 65,289 MWh.

If the assumed price of electricity is $80/MWh, multiplying the annual energy savings by this
price yields:

S =65,289 * 80 = $5.22 million/year.

Thus, using a DC line results in annual savings of $5.22 million. It should be noted that this
represents an estimated economic difference derived solely from a simplified comparison of
losses in the conductors, rather than the full investment advantage of a DC line. Furthermore, the
comparison between a three-conductor AC system and a two-pole DC system does not imply that
the systems operate at the same power and voltage levels. For a comprehensive economic
assessment, it is necessary to consider scenarios with equivalent power transmission capacities
and corresponding voltage conditions [26].

Conclusion

In an AC system, the skin effect increases the effective resistance of the AC conductor. In a DC
system, under steady-state DC conditions, the current is distributed almost uniformly across the
conductor's cross-section. In this example, AC losses were found to be higher when accounting for
the skin effect; however, this difference is not solely attributable to the skin effect, as the number
of conductors also varies. To determine the true economic advantage of a DC system, it is
advisable to compare the costs of converter substations, as well as the capital and operational
expenditures for the transmission line.
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MCKYCCTBEHHbIV MHTENTEKT KAK
MHCTPYMEHT N OBbEKT KMBEPATAK:
BbI3OBbI AJ1TA MOHUTOPUHTA
MHOOPMALMOHHOW BE3OMNACHOCTV B
SOC

KalpaTtoBa AKHYp MepeKeKbi3bl

MarmcTpaHT 2 Kypca, EBpasninckmii HaumoHanbHbIM yHMBEPCUTET MMeHW J1.H. T'ymnnésa, r.
AcTaHa, KasaxcTtaH

CekceHbaesa Ailia KypmaHbeKkosHa

KaHAMAAT PUIMKO-MATEMATUYECKNX HAYK, AOLEHT, AOLEHT Kadeapbl MHGOPMALMOHHOM
6e3onacHOCTK, EBPa3nMCKMN HaLMOHaNbHbIN YHUBEpcUTeT umenn J1.H. l'ymnnésa, r.
AcTaHa, KasaxcTtaH

AHHOTaUMA. [eHepaTMBHbIN WUCKYCCTBEHHbIN WHTennekt (UMW) 3a 2024-2026 roabl
NpeBpaTUACA M3 BCMOMOraTeNbHOrO CPeACTBa 3/10YMbIWAEHHUKOB B MCNONHUTENA aTak, a UU-
areHTbl B KOPMOPATMBHOM cpefe CaMu CTaan OObEeKTOM aTaK. B cTaTbe Ha OCHOBE aHa/M3a
OTPacNeBbIX OTYETOB, 3aJOKYMEHTUPOBAHHbBIX MHUWAEHTOB M SKCNEPUMEHTANbHbIX UCCNeA0BaHMIA
npeanoxeHa knaccudurauma MN-yrpos no ponn UM B atake: MM Kak yckoputenb (NoMck u
aKCN/yaTauma yA3BMMOCTEW, reHepauusa BpeaoHOCHOro kKoaa), MW Kak cpeacTBo obmaHa
(nepcoHann3nMpoBaHHbIn GUWKHE, aundenkn) u MU Kak uenb (prompt injection, nepexsat
areHToB, aTakM Ha Lenoyky noctasok M), na Kaxkaoro Knacca onpeaeneHo BAMaHWe Ha rpynnb
nokasaTtenen apPekTnBHOCTM MoHUTOPKHra SOC 1 npeanoxeHbl mepbl agantaumm. C NOMOLLbIO
MMUTALUMOHHOM Moaenn 06paboTKM ONOBELLEHNI NOKA3aHO, YTO COKpaLleHMe BPEMEHM aTakn A0
15 MUH CHWXaeT AON0 MCTUHHbIX ONOBELLEHWI, KBaANDULUMPOBAHHbIX A0 3aBepLIEHMA aTaku, C
99,9 % no 20,8 % B 6a3oBon KoHdUrypaumm SOC; KombMHaUMA Mep aBTOMATM3aLMK NOBbILWAET
3Ty Aonto A0 68,3 %. CaenaH BbiBOA, YTO OTBET Ha MM-yrpo3bl TpebyeT He TONbKO HOBbIX NPaBu/
0bHapy)KeHMA, HO M COKpALLEHMA BPEMEHW peakuMM [0 MAWWHHOTO MacwTaba, a TaKxke
BK/ItOYEHMA MN-areHToB B MEPUMETP MOHUTOPMHTA KaK HeYeN0BeYeCKMX YYETHbBIX 3anncen.

Kntouesble cnoBa: MCKyccTBeHHbIM uHTennekt, SOC, WMW-areHTbl, prompt injection,
amnderkn, duwmHr, MITRE ATLAS, MOHUTOPUHT MHPOPMALMOHHOM He3onacHOCTM.

Beeaerune

FeHepaTuBHbIM UM M3MeHUN 3KOHOMUMKY KubepaTak. Mo gaHHbim Check Point Cyber
Security Report 2026, B 2025 roay opraHu3aumMm B cpeaHem noasepraanmcb 1968 aTakam B
Heaento, 4To Ha 70 % B6oblue, yem B 2023 rody; KOMNaHMA CBA3bIBAET POCT C aBTOMaTU3aLMeEN K
ncnonbloBaHnem MW 3noymbiwneHHkamm [1]. B otyéte Check Point Al Security Report 2026
caenaH bonee cunbHbIM BbiBOA: MV nepelén oT poan NOMOLLHMKA Npyu NOAroToBKe aTak K ponu
McnonHMUTENA ataku [2]. MepsbiMm NyHANMYHO OMMCAHHBIM Cy4aeM TaKOro pojia CTasna KaMnaHus
GTG-1002, pacKkpbiTad KomnaHuel Anthropic: no eé oueHke, VMMN-areHT BbinoaHun 80-90 %
TaKTUYEeCKMX onepaunin KnbeplunmoHaxa npotre NnpumepHo 30 opraHmsaumi [3].

OAHOBPEMEHHO OpraHM3alUmMmM MaccoBo BHeApAtoT MM-areHToB, KOTOpble YMTAOT MOMTY,
obpaulatotca K dannam, TMKETaM M 0BAaYHbIM pecypcam OT MMEHU COTPYAHWMKOB. Moaenun He
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BCeraa pasfenatoT AaHHble U MHCTPYKLMKM, NOSTOMY COAEPKMMOE, MONaBLLEE K areHTy, CNoCcobHO
M3MEHWUTb ero noseaeHune [2, 8]. IT0 CO34aET HOBbLIM KAACC aTaK, B KOTOPbLIX Lie/iblo ABNAETCA He
no/sib3oBaTesb U He cepsep, a cam N-areHT.

[Ona UeHTPOB MOHUTOPMHIa MHbOoPMaLMoHHOM 6e3onacHocTn (SOC) [13], ponb KOTOPbIX B
Pecnybnmnke KasaxcTaH 3akpenneHa 3akoHom «O06 uHdopmaTtmsaumm» [15], oba npouecca
03HAYalOT OAHO: MpEeXHWe npaBuna OOHaAPYXEHWA, WUCTOYHUKM TeNneMeTpum M HOPMATWBbI
BPEMEHM peaKuMn nepecTatoT COOTBETCTBOBATb yrpo3am. B pamKax mccnefoBaHMA aBTOpPamM
pa3paboTaHbl METOAMKA MHTErPasAbHON OLLEHKN 3PPEKTUBHOCTM MOHUTOPUHIA U MMUTALMOHHAA
Mmoaenb 0bpaboTtkm onoselleHnin B SOC. HacTodllan ctatba npumeHsieT ux K MA-yrposam.

Lenb cTaTh — cMCTEMATM3NMPOBATb Yrpo3bl, CBA3aHHble ¢ W, n onpeaennts TpeboBaHMA K
aflanTaumm npoueccos moHuTopuHra Mb B8 SOC. 3agaun: 1) knaccudumumposatb MN-yrpossbl no
ponn MW B aTake; 2) oUEHUTb UX BAMAHME Ha TPynnbl nokasatenen sadpdektuBHocTn SOC; 3)
KONMYECTBEHHO OLEHUTb BAWAHME COKPaALLEHMA BPEMEeHM aTakM Ha cnocobHocTb SOC
pearnpoBaTb BOBPeMs; 4) NpeasoKMUTb Mepbl aAanTauym MOHUTOPUHIA.

O630p nuTepaTypbl

NN B noncke M 3aKkcnayaTaumu yasBMMOCTEN. Fang n coaBT. [4] noKasanu, YTO areHT Ha
ocHoBe GPT-4 npn Hann4mm onmcanma yassmmocti ns CVE ycnewHo sakcnayatmposan 87 % ns 15
nccnenoBaHHbIX YA3BMMOCTEN «0AHOTO AHAY; 6e3 onucaHMa AoNA ycnexa CHMKanacb Ao 7 %. Mo
naHHbIM Check Point, MW ncnonb3yeTtca Ans co3gaHMA roToBbIX K MPUMEHEHWIO BPeAOHOCHbIX
nporpamMmm W Uenbix GpenMMBOPKOB: B OAHOM C/yvae pa3paboTymk C nomoLlbto cpeapl M-
nporpammmpoBaHns cosaan dpermBopk ynpasaerHns VoidLink o6bvémom 88 000 cTpoK meHee yem
3a HeZento [2]. 9TO CHWMXKAeT Nopor BxoAa B Pa3paboTKy CAOMKHbIX MHCTPYMEHTOB W 3aTpyaHAET
aTpmbyumio.

MU Kak cpenctBo obmaHa. Heiding n coasT. [5] B akcnepumeHTe co 101 y4yacTHMKOM
CPaBHMAN GUWMHIOBbIE MUCbMa Pa3HbIX TUMOB: A0NA NePexoA0B NO CCblIKe cocTaBmNa 12 % Ans
KOHTpOAbHOM rpynnbl, 54 % anAa nucem 3KkcnepTtoB-ntogen M 54 % [na NOAHOCTLIO
aBToMaTM3npoBaHHbiX NU-nucem. CobpaHHble M cBeaeHMA O UENAX OKa3a/MCb TOYHbIMU M
nonesHbiMn B 88 % cnyvaes, a aBTOMaTM3auMA, NO OLEHKe aBTOPOB, MNOBbIWAET NPUOLINBHOCTbL
duwmnHra go 50 pa3. B 2024 roay coTpyAHMK KOMNaHMK Arup B TOHKOHre nepeBén OKoao 25 MAH
nonnapos CLUA nocne BnaeokoHdepeHUMM, B KOTOPON GUMHAHCOBLIN ANPEKTOP M KOANern Bbian
anndenkamm [6]. Check Point oTmMeyaeT, 4To ronoc, MU0, AOKYMEHTbI U KMBOE BUAEO Tenepb
NoAAEeNbIBAOTCA AOCTAaTOYHO AEWEBO, M BUPTYabHAA MAEHTUYHOCTb NEPECTAET ObITb HAAEKHbBIM
ocHoBaHMem ana gosepua [2]. O630p MeToA0B cO34aHMA M OOHapyXKeHua Aundenkos
npeacrasneH 8 [7].

NN Kak uenb aTaku. Greshake m coaBT. [8] onncanm KOCBEHHYHD MHBEKUMIO MPOMMTOB
(indirect prompt injection): 310yMbILLUNEHHUK Pa3MeLlaeT UHCTPYKLUUN B AaHHbIX, KoTopble M-
NPUNOXKeHNEe 3aTem Kn3BneKaeT M obpabaTbiBaeT. OWASP OTHOCUT MHBEKLMIO MPOMMTOB K
rNaBHOMY PUCKY LLM-npunoxeHuin, a M3ObITOYHbIE MONHOMOYMS areHToB (excessive agency)
BblAENAET B OTAE/bHbIN pUCK [9]. TakTUKKM aTaK Ha cnuctembl M cuctematmamnpoBaHbl B MaTpuLe
MITRE ATLAS [10] u TakcoHommm NIST Al 100-2 [11]. [AnA OUEHKM YCTOMYMBOCTU aAreHTOB K
MHBEKLMAM NPeanoXKeHbl CneumannmsnpoBaHHble cpeabl, Hanpumep AgentDojo [12]. [aHHble
Check Point noaTBep:KAatOT nepexon 3TUX aTak B MPAKTMKY: YMCNO OOHAPYMKEHUM ANMHHBIX
BPeAOHOCHbIX payload'oB KOCBEHHOW MHBEKLMM BbIPOCIO NPMMEPHO B 5 pa3 ¢ MapTa no main 2026
roga v npubamsmnnocet K 1 % Habnwogaembix npomntos [2]. Mo oueHke Lakera, cnabbie mecta
6e3sonacHocTM HanaeHbl y 40 % 13 10 000 nposepeHHbIx cepsepos Model Context Protocol (MCP),
yepes KOTOpPble areHTbl MOAK/IYATCA K MHCTPYMeHTam [1].

O630p noKasblBaeT, YTO OTAeNbHble Knaccbl MW-yrpo3 xopowo M3y4yeHbl, HO WX
NoCNeacTBMA ANA NPoLLeccoB MOHMTOPMHIa SOC — KaKme NokasaTenm yxy4LatoTca U Kakme mepbl
HY*KHbl — pacCMaTpMBatOTCA GparmMeHTapHo.
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MaTtepuanbsl U MeToAbl

NccneposaHue BbINOMHEHO B TpW 3Tana. Ha nepBom 3Tane nNpoBeAEéH KOHTEHT-aHanu3
oTpacneBbix oT4é€ToB 2025-2026 roaos [1-3], akcnepnMeHTanbHbIX UccneaosaHuin (4, 5, 8, 12] u
onucaHuin nHumMaeHToB [3, 6]. Yrpo3bl crpynnupoBaHsbl No poan MW B aTake M coOnocTaBaeHbl C
TakTMkamum MITRE ATT&CK [14] n MITRE ATLAS [10].

Ha BTOpom 3Tane AnA Kax40oro Knacca yrpos onpeaeneHo, Ha Kakme rpynnbl NoKasaTenen
NHTerpaabHon oueHKkn apdpekTnBHocTM SOC oH BAnseT: K1 — NoKkpbITME TeEXHUK aTak, K2 — nosHoTa
TenemeTpuu, K3 — TouHocTb 0bHapyeHua, K4 — onepaTnBHOCTb, K5 — Harpyska Ha aHa/IMTUKOB.

Ha TpeTbem aTane ¢ NoOMOLLbIO ANCKPETHO-COBLITUMHON UMUTALLMOHHOM MOAENN NEPBOM
AmHuMM SOC ouUgeHEHO, Kak CcoKpalleHue BPEeMEHW aTakm BAMAeT Ha cnocobHoctb SOC
oTpearmpoBaTtb BoBpema. Mogenb onucbiBaeT SOC Kak CMCTEMY MacCOBOro obcny»KumBaHus ¢ 4
aHaNUTUKammM, noTokom 20 oOnoBeleHMn B 4Yac W J0Ner NOXHbIX onoseweHun 85 %.
PaccumTbiBanacb A0NA UCTUHHbIX OMNOBELLEeHWIM, KBaMdMKaLMA KOTOPbIX 3aBepLUEHa He Mo3Ke
BpemeHM T, — BpemMeHW OT nepBoro OOHaAPYXMBAEMOro AEWCTBMA 3N10YMbIWAEHHMKA A0
OOCTVNKEHMA UM Lenu:

P(Ta) =P(W+S<T,) (1)

roe W — BpemA OXWAaHWA OMNOBEeLlLeHMA B oyepean, S — Bpemsa ero KeaimduKauumm
aHA/IMTMKOM. 3HayeHna T, = 240 n 120 MWMH COOTBETCTBYIOT TeMMy aTakW, ynpaBAAemoM
4yenoBekoMm, 3Ha4YeHma 30 1 15 MUH — aTake C «MaLUMHHOW CKOpOCTbio». CpaBHMBaANCL 6a3oBan
KoHourypauma SOC (S0), npuoputnsauma no pucky (S4) n kombuHauma mep asTomaTmsaumm (S5):
COKpallleHWe NOTOKa NI0XKHbIX onoBeLleHn Ha 40 %, SOAR-oborallleHWe ¢ COKpalleHeM BpeMeH!
KBannduKaumm Ha 30 %, aBTomaTnyeckoe 3akpbiTre 50 % NOKHbIX ONoBEeLLeHNM ¢ oWwnbKon 1 % u
NPMOPUTM3aLLMA NO PUCKY; ANA KaXKA0W BbiNoAHeHO 10 nporoHos no 30 cyTok.

Pe3ynbTathl

Knaccuoumkauma UN-yrpos. Yrposbl pasgeneHbl Ha Tpu Knacca (Tabauua 1). MNepsblie ABa
Knacca ycunmBatoT m3secTHble TexHWMKM ATT&CK, TpeTnin obpasyeT HOBYHO MOBEPXHOCTb aTakwy,
onucbiBaemMyto maTpuuein ATLAS.
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Tabnunua 1 — Knaccndukauma yrpos, cBsa3aHHbIX ¢ A

BbinosiHeHo MW [3]

Knacc Yrposbl MNoareepkgatoume Taktuku ATT&CK /
AaHHble ATLAS
A. N kak MoucK 1 akcnayaTauma 87 % ycnelwHbIx Reconnaissance,
YCKOPUTENb aTaKku YyA3BUMOCTEN; aKcnyaTaumin npm Initial Access,
reHepaumsa Haanumm CVE [4]; Execution, Lateral
BPeaoHOCHOrO KoAa; dpermBopk 88 000 Movement
aBTOHOMHOE CTPOK MeHee 4YeMm 3a
BbINOJIHEHMWE 3TanoBs Heaento [2]; 80-90 %
BTOPKEHUSA onepauunm

b. M Kak cpeacTso
obmaHa

MNepcoHann3npoBaHHbIN
OULWNHT; TONOCOBOM
duwnHr M-areHTamu;
amnderkn ronoca
BMAEO

54 % nepexonoBs
npotme 12 % [5];
nepesoa OKoso 25
M/H ZIONA. nocne
amndenk-
BUIEO3BOHKa [6];
ClickFix +500 % [1]

Reconnaissance,
Phishing (T1566),
Impersonation
(T1656)

B. WM KaK uenb aTakmu

MpAMas 1 KOCBEHHaA
NHDBEKLMA MPOMNTOB;
nepexeaT areHToB
Yepes oTpaB/IeHHble
OaHHble K
KOHUrypaumm;
yAazBumoctn MCP-
CepBePOB U LEemnoYkn
noctasok N

PocT obHapyKeHui
MHBbEKLUNM B 5 pa3 3a
2 mecaua [2]; 40 % u3

10 000 MCP-
cepBepoB Co
cnabbimum mectamm [1]

ATLAS: LLM Prompt
Injection
(AML.TO051), LLM
Jailbreak
(AML.TO054), Al
Supply Chain
Compromise
(AML.T0010)

Bauarnune Ha nokaszatenu apdekTnBHOCTU SOC. Kaxabli1 Knacc yxyalaeT HECKONbKO rpynn
nokasatenen (tabnuua 2). Hanbonee yassmma rpynna K4 «OnepaTMBHOCTbY, TaK Kak Knacc A
COKpalllaeT Bpems, 0TBeAEHHOE Ha peakumto. Knacc B co3naét npoben B rpynne K2: aencrama M-
areHToB — MPOMMNTbI, BbI30Bbl MHCTPYMeHTOB, obpauleHns K MCP-cepBepam — 0OblYHO He
noctynatoT B SIEM.
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Tabnunua 2 — Bananune knaccos NM-yrpos Ha rpynnel nokasatenen SOC

lpynna nokasatenemn

Knacc A

Knacc b

Knacc B

K1 MNMokpbiTe TEXHWUK

bbicTpoe nosasneHne
HOBbIX BapWaHTOB
KoZa CHUXaeT
3 dEKTUBHOCTb
CUMHATYPHbIX NPaBua

O6x04 NpoBEPKM
JIMYHOCTM MO FrON0CY M
BMAEO HE NMOKPLIT
npasuaamm

TexHukn ATLAS
OTCYTCTBYIOT B
KaTanorax npasun

K2 MonHoTa
TenemeTpum

[onocoBble KaHanbl U
MecCceHKepbl BHE
SIEM

ypHanbl areHTos,
npomnTtos 1 MCP He
cobupatoTcs

K3 ToyHOCTb

ATaKM MaCKMpYoTCA
noA4 NermTUMHYIO
aBTOMaTU3aLMIO

MepcoHann3mMpoBaHHble
nNMCbMa NPOXoAAT
dUNbTPLI

BpeaoOHOCHbIe
AencTBns areHTa
BbIFNAAAT KaK
WTaTHanA paboTa

K4 OnepaTnBHOCTb

Bpemsa aTaku
COKpalllaeTca Ao
MWUHYT

Yuwepb HacTynaeT 3a
OZHY Ceccuto 3BOHKa

AreHT BbINOAHAET
aencrens bes
y4acTna YyenoBeka

K5 HarpysKa

PocTt uncna aTak
yBen4YMBaeT NOTOK
onoBseLeHnin

PocT uncna obpatleHui
Mo NOA03PUTENbHbIM
nMcbMam

HoBble UCTOYHMKMU
cobbITUM
yBe/IMYNBAIOT NMOTOK

BavAaHne BpemeHM aTaknm Ha peakupmto SOC. Pesynbtathl pacyéta no dopmyne (1)
npuseaeHsbl B Tabauue 3. Mpu Temne ataku, ynpasasemon yenosekom (T = 4 4), 6a3osbin SOC
ycrneBaeT KBaimdpunumposatb 99,9 % UCTUHHbIX OnoBeLLeHNI. Mpu «MalHHOM ckopocTu» (Ta =15
MWH) 3Ta gons nagaet 4o 20,8 %.
Tabnunua 3 — Jona UCTUHHbIX ONOBELWEHUI, KBaIMPUUMPOBAHHbLIX A0 3aBepLIeHns aTaku, %

KoHpurypauma SOC Ta=15MuH | Ta=30MKH | Ta =60 MUKH Ta=120 Ta=240
MWH MWH

SO basoBas (4 20,8 47,4 79,4 97,1 99,9

aHa/IUTUKa)

S4 Mpunoputmsayma no 36,1 67,3 87,7 96,7 99,8

PUCKY

S5 KombuHaums mep, 68,3 90,5 98,5 99,8 100,0

4 aHaNUTUKa

S5 KombuHaums mep, 54,8 82,7 96,3 99,6 100,0

2 aHaNUTUKa

KomburHauma mep aBTOMaT13aLLMM NOBbILLAET 010 CBOEBPEMEHHO KBaIMULIMPOBAHHbIX
onoselleHnit npun Ta = 15 muH B 3,3 pasa (c 20,8 1o 68,3 %). Aas S5 A0an paccymTaHbl 6e3 y4éTa
0KoNo 1 % WCTUHHbIX OMOBELLEHWM, OWMOOYHO 3aKPbITbIX aBTOMATMYeCKW. [laxe B nydllein
KOHQUrypaLmm NoYTn TPeTb aTak C MaLLUMHHOM CKOPOCTbIO 3aBEPLLAETCA paHblle, YEM aHaNUTUK
3aKaH4YMBaEeT KBAaMPUKALIMIO.
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ObcyneHune

Pe3ynbTatbl Tabauupl 3 MOKa3bIBAKOT, YTO MPW aTakaX C MALMHHOM CKOPOCTbIO Y3KMM
MECTOM CTaHOBMUTCA He ODHaApy)KEeHMWE, a BpeMA MeXay OMNOoBelLeHWEeM U pelleHMemM YenoBeKa.
[axke npu OTCYTCTBUM 0Yepean KBanndUKauma NCTUHHOMO ONOBELLEHNA aHAIMTUKOM 3aHMMAET B
mogenu s cpegHem 14—20 mmnH, 4TO CONOCTAaBMMO CO BCEM BpemeHeMm aTaku. CneanoBaTenbHo, AN1A
4YaCTW CLEHapUeB CAEPXKMBAHWE [AOJ/IKHO 3aMyCKaTbCA aBTOMATMYECKM — W30aAUMA Y3/3,
H610KMPOBKA YYETHOM 3aMMCK, OT3bIB TOKEHA areHTa — C Nocaeaytollert NPoOBEPKON YET0BEKOM.
JTOT BbIBOA, cornacyerca ¢ pekomeHaaumern Check Point ctaBuTb nNpenoTspalleHue Bbille
pearnposaHus [1] 1 c no3umumen Anthropic o HeobxoanmocTn NpumeHsTs UM ana asTomaTnsaumm
SOC v pearnpoBaHma [3].

Mo pe3ynbTaTam aHaAM3a NpeaoKeHbl Mepbl aAanTaLMnm MOHUTOPMHIA MO KAacCaM yrpos:

1) anAa Knacca A — noBedeHYecKMe MpaBuaa OOHAPYKEHMA BMECTO CUIHATYPHbIX,
COKpalleHne OKHa Mexay nybnukaumen CVE M ycTaHOBKOM WMCNpaBAeHWMM, aBTOMaTU4YecKoe
cAepXKMBaHWe ANA NPaBW BbICOKOM TOYHOCTH;

2) ana knacca b — BHeNonocHoOe NOATBEP!KAEHWE NAATEXHbIX U KaZpOBbIX onepauuin no
3apaHee M3BECTHOMY KaHasy, OTKa3 OT rosioca M BUAEO KaK eAMHCTBEHHOrO daKkTopa NpoBeEpPKM
IMYHOCTK, c6op COObITMIA TONOCOBLIX KAHANOB M MECCEHAKEPOB;

3) ana knacca B — yuéT WMM-areHTOB KaK He4YenOBeYEeCKMX Y4YETHbIX 3anmcen ¢
MWUHUMANIbHBIMWU  MOJIHOMOYUAMM, XKYPHANMPOBAHWE NPOMMTOB, BbI30BOB WHCTPYMEHTOB U
obpaueHnin kK MCP-cepsepam c nepegadeit B SIEM, noatsepaeHne 4eoBeKOM HeobpaTUMbIX
AencTBui areHTa, AONO/IHEHME KaTasiora npasua TexHnkamm MITRE ATLAS.

Mepbl kKnacca B cBAzaHbl ¢ rpynnoi K2 «[onHoTa TenemeTpumn»: NoKa AENCTBMA areHToB
He nonafatoT B SIEM, HWKaKkMe npaBmaa He CMOTYT X OOHaPYXWTb. [10STOMY XKypHaAMpoBaHue
areHToB CnefyeT paccMaTpuBaTb KaK MepBOOYepefHOM LWar, a npaBuaa OBHapyKeHWA — Kak
BTOPOMW.

OrpaHunyeHma nccnenoBaHma: oTpacsesble OTYETHI [1, 2] Ny6AMKYHOTCA NPOU3BOANTENAMM
CpPeacTs 3aWMTbl M He MNPOXOAAT HE3aBMCMMOTO PEeLEeH3MPOBAHMA; IKCNepumeHTbl [4, 5]
BbIMO/IHEHbI Ha OrpaHMYeHHbIX BblIOOPKAx; MapamMeTpbl MMWUTALMOHHOM MOAENN ABNAKOTCA
aonyuweHnamun. BbiBoabl cnenyeT YyTOYHATb MO Mepe MNOABAEHMA HEe3aBMCMMOWM CTAaTUCTUKM
NHUMOEHTOB.

3aknioueHue

B cTaTbe npeanoxeHa knaccudukaums yrpos, ceasaHHbix ¢ MW, no poan U B aTakKe:
yCKOpUTENDb, CPeacTBO obMaHa U Lenb. [lepBble ABa KNacca YCMAMBAKOT M3BECTHbIE TEXHUKM U
npexae BCero yxyAwatoT OnepaTMBHOCTb M TOYHOCTb OOHAPYKEHMA; TPETUIM KNAcC CO34aET HOBYHO
NOBEPXHOCTb aTakM, KOTOpas He MoKpbiTa TenemeTpuer u npasunamm bonbwmHctea SOC.
MogagenmpoBaHmMe MoKasano, YTO COKpalleHMe BpemMeHn aTakh ¢ 4 4 go 15 MUH CHUXKaeT 4ot
CBOEBPEMEHHO KBAaMPUUMPOBAHHBIX MCTUHHBIX onoselLeHuii ¢ 99,9 % no 20,8 % B 6azosom SOC;
aBTOMaTM3aLMA NoBbIWaeT eé A0 68,3 %, HO He ycTpaHAeT pa3pbiB NoAHOCTbIO. OTCloAa cneaytoT
Tpu TpebosaHua K SOC: aBTOMaTU4YeECKOe CAEPKMBAHME A1 MNPaBWUA BbICOKOM TOYHOCTH,
BHEMO/IOCHaA MpoBepKa onepauui, ya3BumbIx Ana avndenkos, M BKAYeHue WM-areHToB B
NeEPUMETP MOHWUTOPUHIA KaK HEYeNOBEYECKMX YYETHbIX 3aMUCEN C KYpHa/AMPOBaAHMEM WX
nenctemin. JanbHenwne nccnenoBaHna HanpasaeHbl Ha pa3paboTKy npasua obHapyXeHns ana
TexHuK MITRE ATLAS n nx nposepKy Ha cTeHae ¢ MIN-areHTamu.
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Abstract. Timely detection of road surface defects is a prerequisite for proactive road
maintenance, yet manual visual inspection remains slow, costly and subjective. Deep neural
networks make automated detection from vehicle-mounted cameras and smartphones feasible,
but detector families differ substantially in computational cost, and the model that is most suitable
for a server is rarely suitable for an edge device. This paper analyses the deployment trade-offs of
three representative detectors, YOLOV5s (single-stage), Faster R-CNN (two-stage) and Mask R-
CNN (instance segmentation), for road damage detection on the RDD2020 dataset. An analysis of
the dataset (21,041 images, eight damage types) shows a strong class imbalance of about 186:1
between the most and the least frequent class. Published results under the protocol of the Global
Road Damage Detection Challenge show that single YOLOvV5 and Faster R-CNN models reach
comparable F1-scores (0.47-0.54). Inference measurements on an Apple M1 Pro laptop show that
YOLOvV5s processes 36 FPS on the integrated GPU and is 3.8 and 11.5 times faster on CPU than
Faster R-CNN and Mask R-CNN, respectively, while having about six times fewer parameters. Based
on these findings, a two-stage edge-server framework is proposed in which a lightweight detector
performs real-time screening on the edge device and a region-based model performs detailed
assessment on a municipal server. A deployment decision matrix and practical recommendations
for cities of Kazakhstan, such as Almaty, are presented.

Keywords: road damage detection, deep neural networks, real-time object detection,
YOLOvV5, Mask R-CNN, edge computing, smart city, infrastructure monitoring.

1. Introduction

Road infrastructure is one of the most valuable public assets of any country, and its
condition directly affects traffic safety, vehicle operating costs and logistics efficiency. Cracks and
potholes that are not repaired in time grow rapidly under traffic load and weather exposure, so
the cost of repair rises sharply the later a defect is detected. In most cities, however, road
condition is still assessed by periodic manual surveys, which are labour-intensive, infrequent and
dependent on the experience of individual inspectors.

Kazakhstan faces this problem in a particularly acute form. Its road network extends over
a vast territory with a sharply continental climate, and large daily and seasonal temperature
differences together with repeated freeze-thaw cycles accelerate the deterioration of asphalt
pavement. Automated, camera-based monitoring therefore offers clear practical value: municipal
vehicles, public transport and even private drivers equipped with smartphones could continuously
collect road imagery at almost no additional cost.

Advances in deep learning, and in convolutional object detectors in particular, have made
such monitoring technically feasible [1, 2]. The practical difficulty lies elsewhere: detectors differ
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substantially in accuracy, speed and hardware requirements, and the architecture that performs
best in a benchmark is not necessarily the one that can be deployed on a smartphone or an in-
vehicle computer. The purpose of this paper is to quantify the computational cost of
representative detector families under identical conditions and to propose a deployment-oriented
framework that combines the strengths of different architectures instead of choosing a single
model.

The contributions of the paper are as follows: (1) a reproducible measurement of the
inference cost of three representative detector families on laptop-class hardware; (2) an analysis
of the class composition of RDD2020 and its implications for training; (3) a two-stage edge-server
framework and a deployment decision matrix that map operational constraints to the choice of
model.

2. Related work

Maeda et al. [1] demonstrated that road damage can be detected and classified from
smartphone images using deep neural networks and released one of the first large public datasets
for this task. This work led to the Global Road Damage Detection Challenge and to the multi-
national RDD2020 dataset, which contains images from Japan, India and the Czech Republic
annotated with longitudinal cracks, transverse cracks, alligator cracks and potholes [3]. Its
successor, RDD2022, extended the data to further countries and confirmed that models trained
on one country do not transfer perfectly to another [4], which is directly relevant to regions such
as Central Asia that are not represented in existing datasets.

Three families of detectors are commonly applied to the task. Single-stage detectors of the
YOLO family [5, 6] predict boxes and classes in one pass and are optimised for speed. Two-stage
detectors such as Faster R-CNN [7] first generate region proposals and then classify them, which
usually improves localisation accuracy at the cost of latency. Instance-segmentation models such
as Mask R-CNN [8] additionally predict a pixel mask for each object, enabling estimation of the
damaged area. This information is valuable for repair planning but computationally expensive.
More recent approaches, including EfficientDet [9] and transformer-based real-time detectors
such as RT-DETR [10], aim to improve this trade-off further. Arya et al. [2] showed that solutions
to the road damage challenge are typically evaluated on accuracy alone, while deployment
constraints such as model size, latency and memory receive considerably less attention. The
present work addresses this gap.

3. Materials and methods

Dataset. The study uses the training part of the RDD2020 dataset [3], the only part released
with annotations: 21,041 images captured by vehicle-mounted smartphones in Japan (10,506),
India (7,706) and the Czech Republic (2,829). Eight road damage types annotated in the dataset
were used: longitudinal crack (D00), longitudinal construction joint (DO1), transverse crack (D10),
transverse construction joint (D11), alligator crack (D20), pothole (D40), crosswalk blur (D43) and
white line blur (D44). Manhole covers (D50) were excluded because they are road furniture rather
than damage. The images were split at random into training, validation and test subsets in the
ratio 80/10/10 with a fixed seed (16,832, 2,104 and 2,105 images, respectively). In parallel, more
than 3,000 additional images of road damage are being collected in Almaty for subsequent
adaptation of the models to local conditions.

Models. Three architectures representing the main detector families were compared:
YOLOv5s [6] (single-stage, small variant), Faster R-CNN [7] (two-stage) and Mask R-CNN [8]
(instance segmentation). Both region-based models use a ResNet-50-FPN backbone. All models
were configured for the eight damage classes.

Metrics. Efficiency was measured by inference latency (mean and 95th percentile),
throughput in frames per second (FPS), number of parameters and model size on disk. Detection
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accuracy will be evaluated on the held-out test subset with mAP@0.50 and mAP@0.50:0.95
following the COCO methodology [11].

Inference benchmark. Inference efficiency was measured on an Apple MacBook Pro with
an M1 Pro chip and 16 GB of unified memory (macQS, PyTorch 2.8, torchvision 0.23). This laptop-
class hardware without a discrete GPU was chosen deliberately as a proxy for edge devices. All
models were evaluated with a single 640x640 input (batch size 1) after warm-up runs; latency was
averaged over 100 runs on the integrated GPU (Metal Performance Shaders backend) and over 20
runs on the CPU. Faster R-CNN and Mask R-CNN were implemented with a ResNet-50-FPN
backbone and default torchvision post-processing (up to 100 detections per image), so their
timings include region proposal, non-maximum suppression and, for Mask R-CNN, mask
prediction. For YOLOV5s, the forward pass of the network was timed. Because inference cost
depends on the architecture and input size rather than on the values of the weights, these
measurements characterise the deployment cost of the trained models.

4. Results and analysis

Inference efficiency. The measured inference cost is summarised in Table 3. YOLOv5s has
7.0 M parameters against 41.4 M and 44.0 M for Faster R-CNN and Mask R-CNN; its FP32 weights
occupy 28.4 MB (about 14 MB in the half-precision checkpoint format used by YOLOV5). On the
integrated GPU of the M1 Pro, YOLOv5s reached 36 FPS (27.7 ms per frame, 95th percentile 30.5
ms), which is sufficient for real-time processing of a typical 25-30 FPS dash-camera stream. On the
CPU, YOLOvV5s ran at 9.2 FPS, whereas Faster R-CNN and Mask R-CNN reached only 2.4 and 0.8
FPS. Thus, YOLOV5s is the only one of the three models suitable for real-time processing on
resource-constrained hardware, while the region-based models require server-class GPUs or
offline processing.

Dataset characteristics. The eight classes contain 31,120 annotated objects in total, but
their distribution is highly uneven (Table 1). Alligator cracks (26.9%), longitudinal cracks (21.2%)
and potholes (18.1%) dominate, whereas construction joints are almost absent: transverse joints
(D11) account for only 45 objects, i.e. 0.1% of all annotations, which gives an imbalance ratio of
about 186:1. In addition, about one third of the images contain no damage of the eight types. For
training this means that rare classes will be learned poorly regardless of the architecture unless
class-balanced sampling, loss re-weighting or additional data are used, and that per-class metrics
must be reported alongside the overall mAP, because the latter is dominated by the frequent
classes.

Table 1. Class distribution in the annotated part of RDD2020 (21,041 images)

Code Damage type Objects Share, %
D00 Longitudinal crack 6,592 21.2
D01 Longitudinal construction joint 179 0.6
D10 Transverse crack 4,446 14.3
D11 Transverse construction joint 45 0.1
D20 Alligator crack 8,381 26.9
D40 Pothole 5,627 18.1
D43 Crosswalk blur 793 2.5
D44 White line blur 5,057 16.2
Total 31,120 100.0

Reported detection accuracy. Published results on RDD2020 obtained under the protocol
of the Global Road Damage Detection Challenge 2020 (four damage classes D00, D10, D20 and
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D40; F1-score on two hidden test sets) are summarised in Table 2. Single models of both families
reach comparable accuracy: a single YOLOv5s achieved an F1-score of 0.47-0.49 and Faster R-CNN
with ResNet-50 to ResNeXt-101 backbones 0.51-0.54 [14, 15], while the best result, 0.67, was
obtained by an ensemble of YOLOV5 models with test-time augmentation [13]. Thus, the accuracy
difference between the light single-stage detector and the heavier two-stage detector is small
compared with the difference in computational cost reported below (Table 3), and it can be
reduced by ensembling and tuning. These values are not directly comparable with the eight-class
setting of the present study and serve as a reference point.

Table 2. Published detection accuracy on RDD2020 (GRDDC 2020 protocol, four classes)

Model Source F1, test 1 F1, test 2
YOL le +TTA (1
OLOVS ensemble + TTA (1st Arya et al. [13] 0.675 0.666
place)
Cascade R-CNN ensemble (3rd Arya et al. [13] 0.629 0.622
place)
YOLOv5¥, single model Arya et al. [13] 0.568 0.571
Faster R-CNN, ResNet-101 V'Shwaﬁz]“a etal. 0.537 0.534
Faster R-CNN, ResNet-50 V'Shwa'ﬁz]na etal. 0.529 0.543
Faster R-CNN, ResNeXt-101-FPN Pham et al. [15] 0.510 0.514
YOLOVSs, single model V'Shwaﬁz;‘a etal 0.486 0.470
Table 3. Inference efficiency on Apple M1 Pro CPU (input 640x640, batch size 1)
Size, MB CPU latency
Model P M ' ’ PU FP
ode arams, (FP32) ms CPU FPS
YOLOV5s 7.0 28.4 108.5 9.2
Faster R-CNN R50-FPN 41.4 165.9 412.5 2.4
Mask R-CNN R50-FPN 44.0 176.4 1248.2 0.8

Practical implications. Two consequences follow. First, the choice of model should be
driven by the operating scenario: real-time screening and detailed assessment are different tasks
with different constraints. Second, because only a minority of video frames contain damage, a fast
lightweight model can handle the high-volume first stage of monitoring, while slower region-based
models, which are generally reported to localise objects more precisely [7, 8], can be reserved for
the comparatively small number of frames that actually contain damage.

5. Proposed two-stage edge-server framework

Based on the above analysis, a two-stage framework is proposed (Fig. 1). In the first stage,
a lightweight detector (YOLOV5s) runs directly on a smartphone or an in-vehicle computer and
processes the video stream in real time. Frames in which damage is detected with sufficient
confidence are tagged with GPS coordinates and time and uploaded to the server; all other frames
are discarded. This substantially reduces the volume of transmitted data and allows monitoring
over ordinary mobile networks. The measurements in Table 3 also show why the filtering is
necessary: Mask R-CNN on a CPU processes about 0.8 frames per second, i.e. roughly 2% of a 36
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FPS stream, so a server can keep up with a vehicle only if the edge stage forwards a small fraction
of frames.

In the second stage, the municipal server applies a region-based model to the uploaded
frames: Faster R-CNN for precise localisation and classification or, once mask annotations are
available, Mask R-CNN to obtain pixel-level masks, from which the damaged area and a severity
level are estimated. The results are aggregated on a GIS map and in the road registry and are used
to prioritise repairs. Repeated passes along the same road make it possible to track how defects
develop over time and to schedule maintenance before minor cracks turn into potholes.

Stage 1: Edge (vehicle / smartphone) Stage 2: Municipal server
i
i
s i
i
Dash camera / YOLOv5s Confidence filter | Mask R-CNN Damage area & GIS map /
smartphone screening + GPS / time ! instance severity b it igt
video stream (36 FPS on M1 Pro) tagging ! segmentation estimation gistry
i
1
i
i
i

L

Upload only frames
with suspected damage
(bandwidth saving)

Repair prioritisation and
maintenance planning

Figure 1. Architecture of the proposed two-stage edge-server framework
The choice of model for different operating scenarios is summarised in the deployment
decision matrix (Table 4).
Table 4. Deployment decision matrix

. . . Recommended ,
Scenario Main constraint Rationale
model
Mobil d .
scfeeI:irf edge Real-time speed, small 36 FPS on laptop GPU,
& memory, no stable YOLOV5s 9.2 FPS on CPU; 6x fewer
(smartphone, dash
network parameters
camera)
. Region-based localisation
Municipal server Balance of accuracy Faster R-CNN or &
analysis and processing cost Mask R-CNN on a small share of
y P & frames; GPU available
Detailed / forensic Maximum accurac Pixel masks for area
assessment (repair y Mask R-CNN estimation; highest
. . damage area required .
planning, claims) computational cost
. . . Two-stage . .
City-wide continuous . - Combines real-time
monitoring (e Coverage, bandwidth, | pipeline: coverage with accurate
glee cost YOLOvVS5s + Mask g‘
Almaty) R-CNN server-side assessment

6. Discussion and limitations

The framework is deliberately architecture-agnostic: the edge detector can be replaced by
a newer lightweight model and the server model by a stronger segmentation network without
changing the overall design. Further acceleration on the edge can be obtained through integer
guantization of the network [12], which typically reduces model size and latency with a small loss
of accuracy.
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The main limitation of the present study is that the accuracy comparison relies on
published results obtained under the four-class challenge protocol; the per-class accuracy of
YOLOv5s and Faster R-CNN on the eight-class split described above will be presented in future
work. Training Mask R-CNN additionally requires pixel-level annotations, which RDD2020 does not
provide, so masks will have to be produced for a subset of the data. A second limitation is the
domain gap. RDD-2020 does not include roads of Kazakhstan, where snow cover, de-icing
materials, dust and low winter sun produce visual conditions that differ from those in the training
data. The locally collected images will be used for fine-tuning and for evaluating how well the
models generalise to these conditions. In addition, the inference measurements were obtained
on a single laptop platform; smartphones and embedded boards may differ, and the measured
YOLOv5s time does not include image decoding and post-processing. The recall of the screening
stage, the share of forwarded frames and the end-to-end latency of the proposed pipeline still
need to be measured in field tests on real vehicles. Finally, area estimates derived from masks in
perspective images are approximate unless the camera is calibrated.

7. Conclusion

The paper analysed the deployment trade-offs of single-stage, two-stage and instance-
segmentation neural networks for road damage detection. Measurements on a laptop-class
device showed that YOLOvV5s is the only one of the three models capable of real-time inference
without a discrete GPU (36 FPS on the Apple M1 Pro GPU) and that it is 3.8 and 11.5 times faster
than Faster R-CNN and Mask R-CNN on CPU. Published results on RDD2020 show that single
YOLOvV5 and Faster R-CNN models differ only moderately in Fl-score (0.47-0.54), so for edge
deployment the computational cost becomes the decisive factor. The analysis of RDD2020
revealed a class imbalance of about 186:1, which makes per-class evaluation and imbalance-aware
training necessary. Instead of selecting a single “best” network, a two-stage edge-server
framework was proposed in which real-time screening on the edge is combined with detailed
region-based analysis on a server, together with a decision matrix for different deployment
scenarios. Future work will report the per-class detection accuracy of the models, fine-tune them
on road imagery from Kazakhstan and validate the complete pipeline in field tests in Almaty.
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Abstract. Fraud detection models must start working when only a few confirmed fraud

labels exist, and they must score each payment within the time budget of card
authorisation. This paper describes the software design of a real-time fraud scoring service that
meets both requirements. The risk model was selected on a validation period, without using test
data, from candidates that included self-supervised representations; the selected model is a
random forest on 31 decision-time features. The self-supervised component is kept as a separate
novelty indicator. On 284 807 real card transactions, a model trained on the labels of only the first
three hours of operation reached an area under the precision—recall curve of 0.770 on
transactions more than 33 hours later. The service has authenticated REST endpoints, schema
validation, checksum-protected model artifacts and mid-rank calibration of scores, and its 99-th
percentile HTTP latency was 9.6 ms.

Keywords: fraud detection, real-time scoring, cold start, random forest, self-supervised
learning, REST API.

Introduction. Payment fraud is a large and growing problem. Worldwide card fraud losses
were estimated at 33.83 billion US dollars in 2023 [3], and in Kazakhstan the National Bank created
an Anti-Fraud Centre in which each bank and payment organisation remains responsible for its
own detection decisions [10]. Research on fraud detection usually concentrates on model
accuracy, measured on large labelled datasets with random splits [1]. A deployed system faces
two additional constraints. First, labels are scarce and delayed: a transaction is confirmed as fraud
only after a complaint and an investigation [5], so a new product or a new institution must start
with very few labels. Second, the score is needed synchronously, while the payment is being
authorised, so the whole pipeline must run in milliseconds.

This paper reports the software engineering part of a master’s thesis on early fraud
detection. It answers three practical questions: how to choose the risk model honestly when labels
are scarce, how to use a self-supervised representation in production without harming detection,
and how to package the model as a secure, low-latency service.

Data and model selection. The study uses the public card-transaction dataset of the
Machine Learning Group of ULB [6], obtained from OpenML (ID 1597) [11]. It contains 284 807
transactions over two days, with 492 frauds (0.17%). Each transaction is described by 28
anonymised principal components, log(1 + amount) and the hour of day encoded as sine and
cosine, i.e. 31 features available at authorisation time. The data are split strictly by time: the first
60% of transactions form the training period, the next 10% the validation period and the last 30%
the test period, which imitates deployment and avoids leakage from the future [8].

Several candidate scoring layers were compared on the validation period only: a random
forest [2] and XGBoost [4] on raw features, forests that also receive embeddings of a self-
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supervised encoder, linear probes on the embeddings, a nearest-labelled-fraud score and a self-
training variant. The random forest on raw features had the highest validation AUPRC at every
labelling budget and was therefore selected; the test period was used only to report its
performance. The self-supervised encoder, trained without labels on the training period with a
combined contrastive and reconstruction objective, did not improve the risk score, but its
embedding is used for the novelty indicator described below.

The selected model is especially useful at the start of a deployment. When labels were
taken only from the first H hours of operation, the random forest reached a test AUPRC of 0.770
with H =3 hours (25 labelled frauds) and 0.822 with the complete 33.5-hour history (Table 1). Thus
94% of the final quality is available after three hours of labelled operation.
Table 1 — Test AUPRC when labels come only from the first H hours of operation (mean over five
seeds)
Labelled
history
Labelled
frauds
Random
forest, raw
features
XGBoost, raw
features

3h 6h 12 h 24h 33.5h

25 55 146 281 360

0.770 0.779 0.801 0.812 0.822

0.724 0.648 0.745 0.791 0.807

Service architecture. The software consists of an offline pipeline and an online service
connected only by versioned artifacts (Figure 1). The offline pipeline trains the encoder and the
random forest and exports them; the online service, written with FastAPI, loads the artifacts once
per process and scores requests. Because PyTorch and XGBoost bundle conflicting OpenMP
runtimes on macOS and crashed when used in one process, the offline pipeline runs them in
separate processes and exchanges data through files.

< payment authorisation system
Online: scoring service (FastAPl, NumPy)

Offline: training pipeline (PyTorch, scikit-learn, XGBoost)

REST API: /health, /v1/score,
/v1/score/batch (API key)

-

Pydantic validation
(31 bounded fields, batch = 1000)

embed_encoders.py
(process 1: torch)

-

run_experiments.py
(process 2: trees)

'

export_artifacts.py /
BN folding, checksums

data.py
features, chronological split

Versioned
artifacts
+ SHA-256
random_forest
encoder.npz

ssl_models.py
DAE, VIME, SCARF, CR-SSL

v

FraudScorer: RF risk score +

scoring.py, metrics.py CR-SSL kNN novelty (NumPy)

Figure 1 — Software architecture: offline training pipeline, versioned artifacts with SHA-256
checksums, and the online scoring service

Three design decisions make the service suitable for production. First, the encoder does
not require PyTorch at inference time: each linear layer and its batch-normalisation layer are
folded into one affine transformation, and the resulting NumPy encoder matches the original
network to within 1.1 - 107°. Second, scores are calibrated with a mid-rank empirical distribution
function computed on the validation period, r(s) = %2(|{s' < s}| + |{s' <s}|) / n. A plain distribution
function assigned a misleading percentile of 0.91 to a typical legitimate payment, because many
validation transactions receive a forest probability of exactly zero; the mid-rank version gives 0.455
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for the same payment. The calibrated score is mapped to three levels: HIGH above the 99.9-th
percentile of legitimate validation scores (about 0.1% false positives), MEDIUM above the 99-th
percentile, and LOW otherwise. Third, the self-supervised component is reported separately as a
novelty percentile, the rank of the mean distance from the transaction to its ten nearest
neighbours among 20 000 unlabeled training transactions in the embedding space. Mixing this
unsupervised score into the risk score lowered AUPRC in the thesis experiments, which agrees
with findings that self-supervised representations do not improve tabular anomaly detection over
raw features [9]; as a separate signal it helps analysts and can reveal data drift.

Interface and security. The service exposes GET /health, POST /vl/score for one
transaction and POST /v1/score/batch for up to 1 000 transactions. Each response contains the
risk score, the risk level, the forest probability, the novelty percentile and the model version.
Scoring endpoints require an APl key that is read from an environment variable and compared in
constant time; the service refuses to score if no key is configured. The request schema forbids
unknown fields and bounds every input, so malformed requests are rejected before they reach
the model. Because the random forest is stored with joblib, which uses Python pickle, the service
checks the SHA-256 checksum of every artifact before loading it and refuses to start on a
mismatch. The log records only the risk level, never the transaction features, in line with the Law
of the Republic of Kazakhstan on personal data [7].

Testing and performance. The project was developed test-first: 19 unit tests cover feature
engineering, chronological splitting, metrics, corruption and loss functions, and 9 API tests cover
authentication, validation, batch limits, tampered artifacts and tie handling in calibration; all 28
tests pass. Latency was measured on a laptop with an Apple M4 processor while other
experiments were running (Table 2). Setting the forest to single-threaded inference halved the
single-request latency, because starting a thread pool for every request dominated the cost.

Table 2 — Measured latency of the scoring service

Measurement p50, ms p95, ms p99, ms
Scorer, one transaction 6.93 7.38 7.66
Full HTTP request 9.08 9.48 9.64
Batch of 2 000, per 0.26 — -
transaction

Conclusion. A fraud scoring service for the early phase of a deployment was designed,
implemented and tested. Selecting the risk model on a validation period produced a random forest
that reaches 94% of its final quality after three hours of labelled operation. The self-supervised
encoder is used where it is helpful, as a separate novelty indicator, and not where it reduced
guality. Folding batch normalisation, mid-rank calibration, checksum-protected artifacts and
validated, authenticated endpoints give a service with a 99-th percentile latency below 10 ms that
can be called synchronously during card authorisation. Future work includes evaluation on data
with raw transaction features and integration with an analyst feedback loop for frequent
retraining.
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Background. The joint processing of coal sludge and cattle waste is considered a means of
producing briquetted fuel from secondary raw materials. Formulation selection requires
consideration of both energy performance and resistance to mechanical stresses. Moisture
content, feedstock preparation, and compaction conditions influence the quality of the resulting
fuel [1].

Objective. To compare the energy and mechanical properties of briquettes produced from
Saran coal sludge and from a blend of this sludge with cattle waste as the biomass component.

Materials and Methods. Two formulations were considered: C-1 consisted of Saran coal
sludge without added biomass, whereas C-2 contained 70% Saran coal sludge and 30% cattle
waste by mass of the fuel blend. The coal component was sludge from the Saran coal preparation
plant. The 70:30 ratio describes the blend formulation; conversion to a dry-mass basis requires
the moisture content of each component at the time of proportioning.

The process comprises feedstock preparation and proportioning, mixing, forming,
conditioning, and drying. The comparison was based on the test results reported in the source
materials for samples No. 1 and No. 2, designated C-1 and C-2, respectively, in reports issued by
the testing laboratory of NPTS Ugol LLP on 19 January 2026 [2, 3]. The properties assessed were
moisture content, ash content, volatile matter, sulfur content, calorific value, and drop resistance.
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Table 1. Properties of the investigated briquettes [2,3]

Property C-1 C-2
Total moisture content, as-received basis, % 18.14 8.61
Ash content, dry basis, % 47.66 48.59
Volatile matter, dry, ash-free basis, % 35.77 33.31
Total sulfur conent, dry, ash-free basis, % 1.41 1.46
Gross calorific value, dry, ash-free basis, MJ/kg 31.857 31.400
Net calorific value, as-received basis, MJ/kg 12.752 13.988
Drop resistance, % 67 63

Results and Discussion. The net calorific value of C-2 on an as-received basis was 13.988
MJ/kg, exceeding that of C-1 by 1.236 MJ/kg, or 9.69%. However, the moisture content of C-2 was
9.53 percentage points lower. The observed difference therefore cannot be attributed solely to
the incorporation of 30% cattle waste: the effects of composition and moisture content must be
evaluated under comparable conditions. The ash content of C-2 exceeded that of C-1 by 0.93
percentage points, while its total sulfur content was 0.05 percentage points higher. Thus, in these
tests, biomass addition was not accompanied by a reduction in either ash or sulfur content. The
gross calorific value of C-2 on a dry, ash-free basis was 0.457 MJ/kg lower. These findings
demonstrate the need to distinguish between calorific values expressed on an as-received basis
and those expressed on a dry, ash-free basis.

Drop resistance was 67% for C-1 and 63% for C-2. Although the cattle-waste blend exhibited
a higher net calorific value on an as-received basis, its drop resistance was 4 percentage points
lower than that of the coal-sludge-only formulation. Formulation selection therefore requires a
combined assessment of calorific value, moisture content, and briquette integrity during
transportation and storage.

Conclusions. Formulation C-2, comprising 70% Saran coal sludge and 30% cattle waste,
merits further investigation as an approach to the joint processing of coal and livestock wastes.
The reported results indicate a higher net calorific value on an as-received basis for C-2, whereas
C-1 exhibited greater drop resistance. Repeated tests at the same moisture content and under
uniform forming and drying conditions are required to confirm any advantages of the blend. The
available results do not establish the 70:30 ratio as optimal.
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XULAS®:Maqgalads dasinmaz amlakin kiitlavi giymatlandirilmasi prosesinin nazari va metodoloji
asaslari arasdirilir, manzillarin bazar dayarinin miayyan edilmasinda miasir riyazi modellarin va
masin oyranmasi algoritmlarinin tatbigi imkanlari tahlil olunur. Tadgigat g¢argivasinda hedonik
reqgressiya, Random Forest va Gradient Boosting metodlarinin giymatlandirma prosesinda istifada
xUsusiyyatleri nazardan kecirilir. Bu magsadla Baki saharinda yerlasan manzillarin  asas
xarakteristikalarini ahata edan 500 musahidadan ibarat sintetik malumat bazasi formalasdirihir.
Malumatlarin emali, modellarin qurulmasi va naticalarin mugayisali tahlili MATLAB R2023b
program  muhitinde  hayata  kecirilmisdir.Modellarin  prognozlasdirma  keyfiyyatinin
giymatlendirilmasinda orta mutlag xata (MAE), orta kvadratik xata (RMSE) va determinasiya
amsali (R?) gostaricilarindan istifada edilir. Tadgigatin magsadi dasinmaz amlakin kutlavi
giymatlandirilmasinda muxtalif algoritmlarin tatbig imkanlarini miayyanlasdirmak va onlarin
naticalarinin miqayisali giymatlandirilmasidir.

Acgar sozler: dasinmaz amlak, kitlavi giymatlendirma, hedonik reqressiya, Random Forest,
Gradient Boosting, masin dyranmasi, MATLAB.

METHODS AND ALGORITHMS FOR MASS APPRAISAL OF REAL ESTATE

Abstract: The article examines the theoretical and methodological foundations of mass real estate
appraisal and analyzes the applicability of modern mathematical models and machine learning
algorithms in determining the market value of residential properties. The study considers the
application of Hedonic Regression, Random Forest, and Gradient Boosting methods in the
appraisal process. For this purpose, a synthetic dataset consisting of 500 observations and
covering the main characteristics of residential properties located in Baku is developed. Data
processing, model development, and comparative analysis of the results are intended to be
carried out using the MATLAB R2023b software environment. The predictive performance of the
models is evaluated using Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), and the
coefficient of determination (R?). The aim of the study is to identify the applicability of different
algorithms in mass real estate appraisal and to conduct a comparative evaluation of their
performance.

Keywords: real estate, mass appraisal, hedonic regression, Random Forest, Gradient Boosting,
machine learning, MATLAB.

GiRiS:Miasir dévrds dasinmaz smlak bazarinin inkisafi, ssharsalma proseslarinin genislanmasi va
manzil fondunun strukturunda bas veran dayisikliklar amlak obyektlarinin bazar dayarinin dizgin
muiayyan edilmasini mihim igtisadi masalalardan birina ¢evirmisdir. Manzillarin giymatina
yerlasma movqgeyi, Umumi sahasi, otaglarin sayi, binanin texniki vaziyyati, tikinti ili va nagliyyat
infrastrukturuna yaxinliq kimi muxtalif amillar tasir gostarir. Bu amillarin garsiligh alagasi
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giymatlandirma prosesini murakkablasdirir va coxsayli dasinmaz amlak obyektlarinin eyni
metodoloji yanasma asasinda giymatlandirilmasini zaruri edir.
Dasinmaz amlakin kitlavi giymatlandirilmasi coxsayli obyektlarin dayarinin vahid malumat bazasi,
statistik Usullar va riyazi modellar asasinda miayyan edilmasina imkan veran sistemli yanasmadir.
Bu prosesda hedonik regressiya modeli amlakin giymati il onun asas xarakteristikalari arasindaki
alagalarin muayyanlasdiriimasi Ucln genis tatbiq olunur. Bununla yanasi, masin dyranmasi
metodlarinin inkisafi Random Forest ve Gradient Boosting kimi algoritmlarin giymatlandirma
prosesina tatbigi imkanlarini genislandirmisdir. Bu algoritmlar coxsayli dayisenlar arasindaki
mirakkab asililiglarin  6yranilmasi ve qiymat prognozlarinin formalasdiriimasi baximindan
ahamiyyat kasb edir.
Dasinmaz amlakin giymatlandiriimasinda muxtalif modellarin naticalarinin migayisasi onlarin
prognozlasdirma daqigliyinin va tatbiq imkanlarinin miayyan edilmasi G¢clin mihim shamiyyat
daslyir. Bu baximdan malumatlarin statistik tahlili, modellarin qurulmasi va naticalarin
giymatlandirilmasi prosesinde MATLAB program muhitindan istifades magsadauygun hesab
olunur. Tadgigatda Baki saharinda yerlasan manzillarin asas gdstaricilarini shata edan sintetik
malumat bazasi asasinda hedonik regressiya, Random Forest ve Gradient Boosting algoritmlarinin
muqayisali tahlilinin apariimisdir.
Dasinmaz amlakin kiitlavi giymatlandirilmasinin mahiyyati va asas prinsiplari

Dasinmaz amlakin kitlavi giymatlandirilmasi coxsayli amlak obyektlarinin dayarinin vahid
metodoloji yanasma, statistik malumatlar va riyazi modellar asasinda miayyan edilmasini nazarda
tutan giymatlandirma prosesidir. Fardi giymatlandirmadan fargli olarag, bu yanasmada har bir
obyektin ayrica va uzunmiddatli arasdirilmasi avazina, oxsar xlsusiyyatlara malik amlak gruplari
(zra Umumi ganunauygunluglar miayyan edilir. Bu, xisusila boylk saharlards yerlasan manzil
fondunun, torpag sahalarinin va digar dasinmaz amlak obyektlarinin giymatlandirilmasi zamani
mUhUm shamiyyat dasiyir[1].
Kitlavi giymatlandirmanin asas magsadi dasinmaz amlakin bazar dayarini obyektiv gdstaricilar
asasinda miayyan etmak, giymatlandirma prosesinda subyektiv yanasmanin tasirini azaltmaq va
naticalarin mugayisa edila bilmasini tamin etmakdir. Bu metoddan amlak vergitutmasinin taskili,
dovlat va baladiyya amlakinin idara edilmasi, investisiya gararlarinin gabul edilmasi, ipoteka
amaliyyatlari va saharsalma planlasdiriimasi kimi muxtalif sahalards istifada olunur.Dasinmaz
amlakin dayari bir sira fiziki, igtisadi va cografi amillarin garsiligh tasiri naticasinda formalasir.
Manzilin Umumi sahasi, otaglarin sayi, yerlasdiyi martaba, binanin tikinti ili, tamir vaziyyati,
naqliyyat infrastrukturuna yaxinhgi va sahar markazina olan masafasi giymata tasir gdstaran asas
gostaricilar sirasindadir. Bu amillarin har biri amlakin bazar calbediciliyine mixtalif saviyyada tasir
edir. Buna gora da kitlavi giymatlandirma zamani yalniz bir gdstariciya asaslanmaq deyil, bltln
ahamiyyatli parametrlarin birga tahlilini aparmaq talab olunur[2].
Kitlavi giymatlendirma prosesinin etibarhhigl ilk ndévbadsa istifade edilan malumatlarin
keyfiyyatindan asilidir. Malumat bazasinda giymatlandirilan obyektlarin xUsusiyyatlari dlzgiin va
ardicil sakilde aks etdirilmali, catismayan va uygunsuz gostaricilar muayyanlasdirilmalidir. Eyni
zamanda, malumatlarin migayisa edila bilan formatda tagdim olunmasi va giymata tasir edan
amillarin diizglin secilmasi modellarin prognozlasdirma gabiliyyatina birbasa tasir gostarir.Kitlavi
giymatlandirmanin asas prinsiplarindan biri vahid yanasmanin tatbigidir. Bu prinsipa asasan, oxsar
xUsusiyyatlara malik obyektlar eyni giymatlandirma meyarlari vo metodoloji gaydalar asasinda
tahlil edilmalidir. Digar muhim prinsip malumatlarin obyektivliyi va naticalarin yoxlanila
bilmasidir. Qiymatlandirma modeli real bazar minasibatlorini mimkin gadar dizglin aks
etdirmali, alda edilan naticalar isa statistik gdstaricilar vasitasila giymatlandiriimalidir. MUasir
soraitda kitlavi giymatlandirma prosesinin avtomatlasdiriilmasi ve komplter modellarindan
istifada edilmasi xisusi shamiyyat kasb edir. Statistik regressiya modellari va masin éyranmasi
algoritmlari coxsayh gostaricilar arasindaki alagalarin miayyan edilmasina, giymat dayisikliklarinin
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tahlilina va prognozlasdirma prosesinin takmillasdirilmasina imkan verir. Bu baximdan hedonik
reqgressiya, Random Forest va Gradient Boosting metodlari dasinmaz amlakin giymatlandirilmasi
Ucln tatbig oluna bilan asas yanasmalar hesab edilir.

Belalikla, dasinmaz amlakin kitlavi giymatlandirilmasi malumatlarin sistemlasdirilmasi,
giymata tasir edan amillarin mUayyanlasdirilmasi, uygun riyazi modelin secilmasi va naticalarin
statistik giymatlendiriimasi marhalalarindan ibarat kompleks prosesdir. Bu marhalalarin ardicil v
dizgln taskili dasinmaz amlak bazarinin tahlili va giymatlarin prognozlasdiriimasi Gglin etibarli
metodoloji asas yaradir[13].

Dasinmaz amlakin dayarina tasir edan asas amillar va onlarin riyazi modellasdirilmasi
Dasinmaz amlakin bazar giymati bir sira fiziki, makan va keyfiyyat gostaricilarinin garsilgl tasiri
naticasinds formalasir. Kutlavi qgiymatlondirma prosesinds bu gostaricilarin - dizgiln
muayyanlasdiriimasi, sistemlasdiriimasi  va riyazi dayisenlar saklinds ifads olunmasi
giymatlandirma modellarinin etibarliligini tamin edan asas sartlardandir. Manzillarin bazar
dayarinin muayyan edilmasinda yalniz onlarin fiziki xUsusiyyatlari deyil, hamginin yerlasma
movqgeyi, nagliyyat alcatanligi va texniki vaziyyati da nazara alinmahdir[12].
Tadqigat ¢argivasinda dasinmaz amlakin giymatina tasir edan amillar (¢ asas grupa bolindr:
1. Fiziki gostaricilar:

e S—manzilin Gmumi sahasi (m?);

e R —otaglarin sayi;

e Y —binanin tikinti ili;

e F—manzilin yerlasdiyi martabs;

e N —binanin tmumi martaba say!.

2. Makan gostaricilari:

e Dm — metro stansiyasina olan masafa (km);

e Dc—sahar markazina olan masafa (km);

e L—manzilin yerlasdiyi rayon.

3. Keyfiyyat gostaricilari:

e Q—manzilin tamir vaziyyati;

e B-—binanin novd.

Sadalanan gostaricilardan asili dayisan kimi manzilin bazar giymati (P) gabul edilir. Bu gdstaricilarin
garsihigl alagasi dasinmaz amlakin giymatinin formalasmasini izah edan funksional model
vasitasila ifada oluna bilar[7].

P=f(S,R,Y,F,N,Dm, Dc, L, Q,B) (1)
Burada P — manzilin bazar giymatini, f isa giymatin mistagil dayisanlardan asiliigini ifada edan
funksiyani gdstarir.
Dayisanlarin riyazi modela hazirlanmasi
Riyazi modelin qurulmasi zamani gostaricilarin kamiyyat va keyfiyyat xarakteri nazara alinmalidir.
Manzilin sahasi, otaglarin sayi, tikinti ili, martabasi ve masafa gostaricilari kemiyyat dayisanlaridir.
Rayon, tamir vaziyyati va binanin névi ise kateqorik dayisanlar hesab olunur.
Kateqorik gostaricilarin regressiya modelina daxil edilmasi lgln indikator dayisanlardan istifada
edilir. indikator dayisanlar miisyyan kategoriyanin mévcudlugunu 1, digar kateqoriyaya aid olmani
ise2 0 giymati ila ifads edir[8].

Masalan, manzilin tamir vaziyyatinin (¢ kategoriyadan ibarat oldugunu gabul edak:

Qi =1 —tomirli manzil; Q, = 1 — orta tamirli manzil; Qs = 1 — tamirsiz manzil.

Har bir manzil Gglin bu gostaricilardan yalniz biri 1, digar ikisi isa O giymatini alir. Lakin reqgressiya
modelinda mikammal xatti asihligin yaranmasinin garsisini almag UGgln G¢ indikator dayisandan
yalniz ikisi modela daxil edilir. Uclincii kateqoriya istinad kateqoriyasi kimi gabul olunur.
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Eyni gayda rayon va binanin ndviu gostaricilarine da tatbiqg edilir. Bela yanasma kateqoriyalar
arasinda suni kamiyyat ardicilliginin yaranmasinin garsisini alir va modelin statistik baximdan
dizgln qurulmasina imkan verir.
Hedonik reqgressiya modelinin qurulmasi.Dasinmaz amlakin giymatina tasir edan amillarin
kemiyyat baximindan giymatlandirilmasi cln hedonik reqressiya modelindan istifada olunur. Bu
model amlakin bazar giymatini onun ayri-ayri xdsusiyyatlarinin funksiyasi kimi teqdim edir.
Tadgigatda istifads edilacak modelin Gmumi xatti formasi asagidaki kimi ifada olunur:
Pi=Bo + B1Si + B2Ri + BaYi + BaFi + BsNi + BeDmi + B7Dci + 2BsgjLij + ZPokQik + 2ZB1omBim + &1 (2)
P; —i-ci manzilin bazar giymati;
Bo — modelin sarbast haddi;
B, B2, ..., Bz — keamiyyat dayisanlarina uygun reqgressiya amsallari;
Bsj — rayon indikatorlarinin reqressiya amsallari;
Bok — tamir vaziyysti indikatorlarinin regressiya amsallari;
Biom — binanin n6vl indikatorlarinin reqressiya amsallari;
Li;, Qix, Bim — mivafiq kateqoriyalari ifads edan indikator dayisanlar;
€; — modelin tasadifi xatasi;
i —musahidanin sira némrasidir.
Burada j, k va m indekslari mivafiq olaraqg rayon, tamir vaziyysti va bina novi kateqgoriyalarini
gbstarir. Har bir kateqorik gostarici Uzra bir kateqoriya istinad kateqgoriyasi kimi modeldan kanarda
saxlanihr[3].
Reqgressiya amsallari digar gostaricilar sabit galdigda mivafig dayisanin manzilin giymatina tasirini
xarakteriza edir. Masalan, 1 amsali manzilin imumi sahasi bir kvadratmetr artdigda giymatds bas
veran orta dayismani gostarir. Kateqorik dayisanlarin amsallari iss mivafig kateqoriyanin istinad
kategoriyasi ile mUqgayisada giymat fargini ifads edir.
Model parametrlarinin an kicik kvadratlar metodu ila giymatlandirilmasi
Hedonik reqgressiya modelinin parametrlarinin  muayyanlasdirilmasinda an kicik kvadratlar
metodundan istifada edilir. Bu metod faktiki giymatlarle model tarafindan prognozlasdirilan
giymatlar arasindaki farglarin kvadratlari caminin minimumlasdiriimasina asaslanir.
Metodun magsad funksiyasi asagidaki kimi ifada olunur:
SSE = ¥(i=1-dan n-3) (Pi-= P)2 > min  (3)

Burada:
SSE — kvadrat xatalarin cami;
P — manzilin faktiki bazar giymati;
P — model tarafindan prognozlasdirilan giymat;
n —musahidalarin Gmumi sayidir.
on kicik kvadratlar metodunun matris formasinda ifadasi asagidaki kimidir:

B=(XX)"X"P (4)
Burada:
B — regressiya amsallarinin giymatlandirilmis vektoru;
X —miustaqil dayisanlardan va sarbast hadd situnundan ibarst dizayn matrisi;
XT — X matrisinin transpozisi;
(X™X)™" — muvafig matrisin tars matrisi;
P —manzillarin faktiki giymatlarini aks etdiran vektordur.
Bu dustur X™X matrisinin tarsinin mévcud oldugu hallarda tatbiqg edilir. Praktiki hesablamalarda
MATLAB program muhitinds matrisin tarsini birbasa hesablamaq avazins, adadi baximdan daha
dayanigli hall Gsullarindan istifads edilmasi magsadauygundur.
Malumat bazasinin formalasdirilmasi va ilkin emal ardicillig
Tadgigatda Baki saharinda yerlasan manzillarin asas xarakteristikalarini ahata edan 500 sintetik
misahidadan ibarat malumat bazasindan istifads edilmasi nazarda tutulur. Har bir musahida
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ayrica manzili, malumat bazasinin sttunlari iss hamin manzilin fiziki, makan va keyfiyyat
gostaricilarini aks etdirir.
Malumatlarin modellasdirmaya hazirlanmasi asagidaki ardicilligla hayata kegirilir:

1. Msalumat bazasinin formalasdiriimasi;
Qiymata tasir edan gostaricilarin secilmasi;
Malumatlarin yoxlanilmasi va ilkin emali;
Kateqorik dayisanlarin indikator dayisanlara cevrilmasi;
Malumatlarin talim va test segcmalarina ayrilmasi;

6. Riyazi modellarin qurulmasi va giymatlandirilmasi.
Belalikla, dasinmaz amlakin giymatina tasir edan gostaricilarin sistemlasdiriimasi va riyazi model
soklinda tagdim edilmasi kitlavi giymatlandirmanin metodoloji asasini taskil edir. Secilmis
dayisanlar va qurulmus hedonik reqressiya modeli sonraki marhalads Random Forest va Gradient
Boosting algoritmlarinin eyni malumat bazasi asasinda tatbigi ve muqgayisali tahlili Ugln asas
yaradir.
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Sakil 1. Dasinmaz amlak giymatlarinin saha va metroya masafadan asililiginin modellasdirilmasi.
Sakilda dasinmaz amlakin giymatinin manzilin sahasi va metro stansiyasina olan masafadan asililig|
Ucdlcllt grafik formasinda tasvir edilmisdir. Modellasdirma Gclin Baki saharinda yerlasan
manzillari xarakteriza edan 500 misahidadan ibarat sintetik malumat bazasinin formalasdiriimasi
nazarda tutulmusdur. Qrafikds manzilin sahasi 40-180 m?, metro stansiyasina masafa iss 0—-6000
m intervalinda gostarilmisdir. Qiymat gostaricilari min manatla ifads edilmisdir. Qara ndgtalar ayri-
ayri musahidalari, rangli sath isa hedonik regressiya modeli asasinda hesablanan prognoz
giymatlarini aks etdirir. Bu naticalarin alda edilmasi Ugln ilkin malumatlarin formalasdiriimasi,
dayisanlarin secilmasi va reqgressiya modelinin qurulmasi marhalalari nazarda tutulur. Belalikls,
grafik manzilin sahasi artdigca giymatin yiksalmasi, metrodan masafs artdiqgca ise digar sartlor
sabit galmagla giymatin dayismasi meylini vizual sakilde nimayis etdirir[11].
Random Forest algoritminin nazari va riyazi asaslari

Dasinmaz amlakin kitlavi giymatlendiriimasi prosesinda giymata tasir edan amillar arasinda
murakkab ve geyri-xatti asililiglarin moévcudlugu ananavi reqressiya modellarinin  tatbiqini
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muUayyan hallarda mahdudlasdira bilar. Bu baximdan masin dyranmasi metodlarindan biri olan
Random Forest algoritmi coxsayli gostaricilar arasindaki alagalarin miayyanlasdirilmasi va giymat
prognozlarinin formalasdiriimasi Ggln alverisli yanasma hesab olunur.
Random Forest (Tesadufi Mesa) coxsayli garar agaclarinin birlasdiriimasi asasinda faaliyyst
gbdstaran ansambl dyranma algoritmidir. Metodun asas xUsusiyyati mixtalif secmalar asasinda
gurulan garar agaclarinin naticalarini birlasdirarak daha sabit ve Umumilasdirilmis prognoz alds
edilmasidir. Har bir garar agaci malumatlarin tasadufi secilmis alt coxlugu va giris dayisanlarinin
mUayyan kombinasiyasi asasinda formalasdirilir.
Random Forest algoritminin isloma prinsipi asagidaki ardicilligla hayata kecirilir:
1. ilkin malumat bazasindan tasadiifi secma Usulu ila bir neca alt malumat coxlugu yaradilir.
2. Her bir alt coxlug asasinda ayrica garar agaci qurulur.
3. Qorar agaclarinin budaglanmasi zamani giris gostaricilarinin tesadifi secilmis alt grupu
nazardan kegirilir.
4. Har bir agac mustaqil sakilda prognoz giymati formalasdirir.
Reqgressiya masalasinda bitiin agaclarin prognozlarinin adadi ortasi hesablanir.
6. Alinmis orta giymat modelin yekun prognozu kimi gabul edilir.

U

TOSADUFi MES®© MODELI

(Random Forest)

( Qorar agaci 1 j ( Qerar agaci 2 j [ Qarar agaci 3 j ( Qorar agaci 4 ) [ Qarar agaci 5 )

>[ Orta (yekun) natica ]4

Sakil 2. Random Forest algoritminin is prinsipi.

Sakil 2-da Random Forest algoritminin asas is prinsipi tasvir edilmisdir. Sxemdan goérindiyd kimi,
ilkin malumatlar asasinda muxtalif garar agaclari formalasdirilir va har bir agac mustaqil sakilds
prognoz naticasi alda edir. Reqgressiya masalasinda ayri-ayri agaclarin verdiyi giymatlar adadi orta
Gsulu ila birlasdirilarak yekun prognoz miayyan edilir. Bu yanasma ayri-ayri garar agaclarinin
naticalarinda yaranan dayiskanliyin azaldilmasina va daha sabit giymatlandirma naticasinin alda
edilmasina imkan verir[16].

Random Forest modelinin Gmumi riyazi ifadasi asagidaki kimidir:

P RF(X)=(1/M)x2T m(X),m=1,2,..,M (5)
Burada:
M — qurulan garar agaclarinin Gmumi sayi;
T_m(X) —m-ci garar agacinin X giris gostaricilari asasinda verdiyi prognoz;
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X —dasinmaz amlak obyektinin xarakteristikalarini aks etdiran giris dayisanlari;

P_RF(X) — Random Forest modelinin yekun giymat prognozudur.

Tadgigatda manzillarin giymatlandirilmasi tG¢ctn 500 muisahidadan ibarat sintetik malumat
bazasindan istifada edilir. Malumat bazasinda manzilin sahasi, otaglarin say, tikinti ili, martabasi,
binanin idmumi martaba sayl, metroya va sahar markazine masafs, yerlasdiyi rayon, tamir
vaziyyati va bina novi asas giris dayisanlari kimi gabul olunur.

Random Forest algoritminin hesablama prinsipini izah etmak lcln bir manzil lzra bes garar
agacinin asagidaki prognoz giymatlarini verdiyini farz edak:

Ta(X) = 145 000 AZN;

T2(X) = 148 000 AZN;

T3(X) = 142 000 AZN;
Ta(X) = 150 000 AZN;
Ts(X) = 145 000 AZN.

Bu halda yekun prognoz asagidaki kimi hesablanir:
P_RF(X) = (145000 + 148000 + 142000 + 150000 + 145000) / 5
P_RF(X) = 730000/ 5
P_RF(X) = 146000 AZN  (6)
Belalikle, bes garar agacinin prognozlarinin birlasdirilmasi naticasinde manzilin hesablanmis
giymati 146 000 AZN taskil edir. Bu ragam algoritmin isloma mexanizmini gostaran sarti
hesablama nimunasidir va eksperimental natica kimi gabul edilmir.
Random Forest metodunun muhUm GstlnlUklerindan  biri  ayri-ayri  garar agaclarinin
prognozlarinda yaranan dayiskanliyin Umumi naticays tasirini azaltmasidir. Eyni zamanda,
algoritm mixtalif tipli giris gbstaricilarini emal eds, geyri-xatti alagalari miayyanlasdira va coxsayli
dayisanlarin garsiligh tasirini nazara ala bilir. Bu xUsusiyyatlar onun dasinmaz amlakin kutlavi
giymatlandirilmasi masalalarinds tatbigini magsadauygun edir[13].
Gradient Boosting alqoritminin nazari va riyazi asaslari
Gradient Boosting dasinmaz amlakin giymatinin prognozlasdirilmasi dcln istifads edilan digar
ansambl masin dyranmasi metodudur. Random Forest algoritmindan fargli olarag, bu yanasmada
garar agaclari paralel va mistaqil sakilda deyil, ardicil marhalalarla qurulur. Har yeni agac avvalki
marhalada alda edilmis prognozlarin xatalarini azaltmaga istigamatlandirilir.
Gradient Boosting metodunun asas ideyasi ilkin prognoz modelinin yaradilmasi va sonraki
marhalalarda hamin modelin naticalarinin  tadrican yaxsilasdiriimasidir.  Algoritm avvalki
prognozla faktiki giymatlar arasindaki farglari miayyan edir va novbati garar agacini hamin
farglarin azaldilmasi istigamatinda 6yradir.
Algoritmin Gmumi hesablama ardicilligl asagidaki kimidir:
1. ilkin prognoz giymati misyysn edilir.
Faktiki giymatlarla prognozlasdiriimis giymatlar arasindaki farg hesablanir.
Movcud xatalari izah edan yeni garar agaci qurulur.
Yeni agacin naticasi avvalki models misyyan amsalla alava edilir.
Proses miayyan edilmis iterasiya sayina gadar takrarlanir.
6. Son marhalada bitln agaclarin naticalarini birlasdiran yekun prognoz aldas edilir.
Gradient Boosting modelinin Umumi riyazi ifadasi asagidaki kimi taqdim olunur:
Fnx) = F_(m-1)(X) + n x h_m(X)  (7)

vk W

Burada:

F_m(X) — m-ci marhalada formalasan yekun prognoz;
F_(m-1)(X) — avvalki marhalanin prognozu;

h_m(X) — m-ci marhalada qurulan yeni garar agacinin naticasi;
n — oyranma siratini ifade edan amsaldir.
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Modelin optimallasdiriimasi zamani faktiki va prognozlasdirilan giymatlar arasindaki farglarin
kvadratlari cami minimumlasdirilir:
J(F) =2(P_i- F(X_i))> > min  (8)

Burada:
J(F) — modelin magsad funksiyasi;
P_i—i-ci manzilin faktiki giymati;

F(X_i) — modelin hamin manzil Gc¢ln hesabladigl prognoz giymati;
n —musahidalarin sayidir.
Gradient Boosting algoritminda har yeni marhalanin qurulmasi zamani avvalki modelin qgalig
xatalari nazara alinir. Kvadratik xata funksiyasi Gcln bu qaliglar asagidaki kimi ifads olunur:
r i=P_i-F_(m-1)(X_i) (9)
Burada r_i avvalki marhalada i-ci misahida Uzra yaranmis prognoz fargini gostarir. Yeni qarar
agaci hamin farglari 6yranarak modelin ndvbati marhalada takmillasdiriimasina xidmat edir.
Masalan, har hansi manzil Ggln ilkin modelin prognozu 130 000 AZN, faktiki giymat iss 150 000
AZN olarsa, ilkin prognoz xatasi asagidaki kimi hesablanir:
r = 150000 - 130000 = 20000 AZN.
9gar ndvbati garar agacl bu xata Uzra 15 000 AZN dizalis miayyan edarsa va dyranma siratin =
0,1 gabul olunarsa, yeni prognoz bels hesablanir:
F4(X) = 130000 + 0,1 x 15000
F4(X) = 131500 AZN  (10)

Belalikla, yeni marhalada prognozlasdirilan giymat 130 000 AZN-dan 131 500 AZN-a yiksalir va
ilkin prognozla faktiki giymat arasindaki farg azalir. Bu nimuna Gradient Boosting metodunun
marhalali dyranma mexanizmini izah edir.
Gradient Boosting algoritminin asas UstlUnliylU mirakkab geyri-xatti asililiglari 6yranmak va avvalki
marhalalarda yaranmis xatalari ardicil sakilds azaltmaq imkanina malik olmasidir. Bununla yanasi,
oyranma siratinin va garar agaclarinin sayinin dizgin secilmasi mihim shamiyyat daslyir.
Parametrlarin uygun secilmamasi modelin haddindan artig dyranmasina va yeni malumatlar tzra
prognozlasdirma qgabiliyyatinin zaiflamasina sabab ola biler[6]. Random Forest va Gradient
Boosting metodlarinin miiqayisali xtisusiyyatlari

Har iki algoritm garar agaclari asasinda qurulsa da, onlarin dyranma mexanizmlari va
prognozlarin formalasdirilmasi prinsiplari farglenir. Random Forest muxtalif garar agaclarinin
naticalarini birlasdirarak yekun giymat alds edir. Gradient Boosting isa ardicil qurulan agaclar
vasitasila avvalki marhalalarin prognoz xatalarini azaltmaga calisir.Random Forest modelinda
yekun natica agaclarin prognozlarinin orta giymati asasinda formalasdigi halda, Gradient Boosting
modelinda har yeni agac avvalki modelin naticasina miayyan dizalis alava edir. Bu farg onlarin
hesablama slratina, modelin sabitliyine ve prognozlasdirma keyfiyyatina tasir gostara bilar.
Dasinmaz amlakin giymatlandirilmasi baximindan har iki metodun tatbigi manzilin fiziki, makan va
keyfiyyat gostaricilari arasindaki mirakkab slagalarin dyranilmasina imkan verir. Bununla bels,
hansi algoritmin daha yUksak prognozlasdirma daqigliyine malik oldugunu avvalcadan miayyan
etmak dizgin deyil. Bu masala eyni malumat bazasl ve eyni test segmasi asasinda aparilan
eksperimental hesablamalarin naticalarina géra muayyan edilmalidir.
Belalikls, Random Forest ve Gradient Boosting algoritmlarinin riyazi va metodoloji
xUsusiyyatlarinin arasdiriimasi onlarin hedonik reqressiya modeli ile mugayisali giymatlandirilmasi
G¢ln nazari asas yaradir[7].
Eksperimental tadqigatin taskili va malumat bazasinin hazirlanmasi

Nazari olaraq arasdirilmis modellarin tatbiq imkanlarini giymatlandirmak magsadils MATLAB
R2023b program muhitinda eksperimental tadgigat apariimisdir. Tadgigat Uclin Baki saharinda
verlasan manzillarin asas fiziki, makan va keyfiyyat gdstaricilarini ahata edan 500 misahidadan
ibarat sintetik malumat bazasi yaradilmisdir. Qeyd etmak lazimdir ki, istifads edilan malumatlar
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real dasinmaz amlak elanlarindan va ya rasmi bazar statistikasindan gottrilmamis, modellarin
gurulmasi vae mugqayisasi magsadila slini sakilda formalasdiriimisdir. Malumat bazasina manzilin
Umumi sahasi, otaglarin sayi, binanin tikinti ili, manzilin yerlasdiyi martaba, binanin Gdmumi
martaba sayl, metro stansiyasina va sahar markazina olan masafa, yerlasdiyi rayon, tamir vaziyyati
va binanin novu daxil edilmisdir. Asili dayisan kimi manzilin giymati (AZN) gabul olunmusdur.
Sintetik giymat gostaricisinin formalasdiriimasinda manzilin sahasi ve digar xarakteristikalari ila
yanasl, tasadifi xata komponenti de nazara alinmisdir. Modellarin obyektiv miigayisasini tamin
etmak Uclin malumat bazasi talim va test segmalarina ayriimisdir. Umumi 500 muisahidanin 80%-
ni taskil edan 400 musahids modellarin dyradilmasi, galan 20%-ni taskil edan 100 muisahids isa
test maqgsadila istifads edilmisdir. Tasadifi segmanin takrarlana bilmasi G¢cliin MATLAB miihitinda
tasadifi adadlar generatorunun baslangic vaziyyati sabitlasdirilmisdir. Belalikla, har (ic model eyni
talim va test misahidalari asasinda giymatlandirilmisdir. Eksperiment c¢arcivasinda (g
giymatlandirma modeli tatbiq edilmisdir: hedonik xatti reqressiya, Random Forest va Gradient
Boosting. Hedonik reqgressiya modeli fitim funksiyasi vasitasile qurulmus, Random Forest
algoritminda 200 garar agacindan istifada edilmisdir. Gradient Boosting modeli iss LSBoost
metodu asasinda 100 oyranma marhalasi va 0,05 Oyranma slrati ile formalasdiriimisdir.
Modellarin parametrlari onlarin test segmasinda prognozlasdirma naticalarinin migayisa edilmasi
maqsadile mUayyan edilmisdir[14].
Modellarin prognozlasdirma keyfiyyatinin giymatlandirilmasi
Modellarin naticalarinin migayisasi Uclin orta mitlag xata (MAE), orta kvadratik xatanin

kvadrat koki (RMSE) ve determinasiya eamsali (R?) gostaricilarindan istifads edilmisdir. Bu meyarlar
faktiki giymatlarle modellarin hesabladigl prognoz giymatlari arasindaki farglari muxtalif
aspektlardan giymatlandirmays imkan verir.
Orta mUtlaq xata asagidaki disturla hesablanir:

MAE = (1/n) x 2|Pi = Pi| (11)
Orta kvadratik xatanin kvadrat kokU isa asagidaki kimi ifada olunur:

RMSE =V[(1/n) x Z(P; - P:)2]  (12)
Determinasiya amsali modelin asili dayisandaki variasiyani na daracada izah etdiyini gostarir:

R?=1- [Z(Pi - ﬁi)z/z(Pi - p)z] (13)
Burada n — test musahidalarinin sayi, P; — faktiki giymat, P; — modelin prognozlasdirdigi giymat, P
isa faktiki giymatlarin orta giymatidir. MAE ve RMSE gdstaricilarinin kigik olmasi modelin prognoz
xatalarinin az oldugunu gostarir. R? gostaricisinin 1-a yaxinlasmasi iss modelin malumatlardaki
dayiskanliyi daha yaxsi izah etdiyini ifade edir. Manfi R? giymati modelin test se¢masinda orta
giymata asaslanan sada prognozdan bels zaif natica gostardiyini bildirir[13].
Eksperimental naticalarin miigayisali tahlili
MATLAB R2023b program mihitinda aparilmis hesablamalarin naticalarina asasan, modellarin
test secmasinds alda etdiyi gostaricilar farglanmisdir. Hedonik regressiya modeli MAE Uzra 12 104
AZN, RMSE (zra 15 029 AZN va R? tizra 0,8030 naticasi gbstarmisdir. Bu gostaricilor modelin test
malumatlarinda manzil giymatlarinin dayismasini nisbatan ylksak saviyyada izah etdiyini nimayis
etdirir.Random Forest modelinde MAE 30 258 AZN, RMSE 36 150 AZN, R? isa -0,1397 olmusdur.
Manfi determinasiya amsali bu modelin istifade edilmis test secmasinde ganaatbaxs
Umumilasdirma naticasi alde etmadiyini gdstarir. Gradient Boosting modelinda iss MAE 28 518
AZN, RMSE 33 258 AZN va R? 0,0354 taskil etmisdir. Bu natice Random Forest modeli ils
migayisada muayyan yaxsilasma gostarsse da, hedonik regressiya modelinin naticalarindan xeyli
asagidir.
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Cadval 1. Modellarin test se¢masi Gizre miqayisali giymatlandirma naticalori

Qiymatlandirma meyari Hedonic Regression Random Forest Gradient Boosting
MAE (AZN) 12104 30 258 28 518
RMSE (AZN) 15029 36 150 33258
R2 0,8030 -0,1397 0,0354

Cadval 1-don gorindiyl kimi, tadgigatda istifade edilmis sintetik malumat bazasi va segilmis
model parametrlari saraitinde an yaxsi natice hedonik regressiya modeli tarsfinden alds
edilmisdir. Random Forest va Gradient Boosting modellarinda xata gostaricilarinin daha ylksak
olmasi onlarin bu eksperiment c¢arcivasinds test malumatlarina uygun prognoz vermak
imkanlarinin mahdud oldugunu gostarir. Modellarin giymatlandirma gostaricilarinin vizual
migayisasi Sakil 3-da tagdim edilmisdir
Modellarin mlgayisali giymatlandirilmasi asagidaki ardicilligla apariimisdir:
500 sintetik misahide = 400 talim va 100 test malumati = 3 giymatlandirma modeli > MAE,
RMSE va R? gostaricilari = miqgayisali naticalar.
Tatbiqg edilmis modellar:

Hedonic Regression | Random Forest | Gradient Boosting
Qiymatlandirma meyarlari:

MAE {, | RMSE ¢, | RZ
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Sakil 3. Dasinmaz amlakin kitlavi giymatlandirilmasi tGzra reqressiya modellarinin migayisasi.

Sakil 3-da taqgdim olunan grafikds dasinmaz amlakin kitlavi giymatlandiriimasi Ugln tatbiq
edilmis Hedonic Regression, Random Forest va Gradient Boosting modellarinin test segmasi Uzra
naticalari MAE, RMSE va R? gostaricilari asasinda mugayiss edilmisdir. Qrafikdan aydin gérindr ki,
hedonik regressiya modeli har iki xata meyari Uzra digar alqoritmlarle migayisads daha asagi
natica gostarmisdir. Bela ki, modelin MAE gostaricisi 12 104 AZN, RMSE gostaricisi isa 15 029 AZN
taskil etmisdir. Determinasiya amsalinin 0,8030 olmasi iss modelin test malumatlarinda manzil
giymatlarindaki dayiskanliyin taxminan 80,3%-ni izah etdiyini gdstarir. Bu naticaler hedonik
reqressiya modelinin tadgigatda istifada olunan sintetik malumat bazasinin strukturuna daha yaxsi
uygunlasdigini tasdiglayir. Random Forest algoritmi Gzre MAE 30 258 AZN, RMSE 36 150 AZN, R?
iso —-0,1397 olmusdur. Manfi determinasiya amsali modelin test segmasinda prognozlasdirma
gabiliyyatinin zaif oldugunu va faktiki giymatlarin orta gostaricisina asaslanan sada yanasmadan
daha yaxsi natica vermadiyini gdstarir. Gradient Boosting modelinde MAE 28 518 AZN, RMSE 33
258 AZN, R? isa 0,0354 taskil etmisdir. Bu naticaler Gradient Boosting modelinin Random Forest
ile mugayisada muayyan Ustlnldys malik oldugunu gostarsa da, onun prognozlasdirma keyfiyyati
hedonik reqressiya modelindan ahamiyyatli daracada asagidir. Belalikls, eksperiment ¢arcivasinda
masin dyranmasi algoritmlarinin tatbigi gdzlanilan Ustlinliyl tamin etmamis, an yaxsi natica
ananavi statistik model vasitasils alda olunmusdur[12].

Dinya tacribasinda dasinmaz amlakin kitlavi giymatlandirilmasi zamani hedonik regressiya
modellari ila yanasi, garar agaclari, ansambl dyranma metodlari va digar masin dyranmasi
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yanasmalarindan da istifade edilir. Bu metodlarin tatbigi xdsusila genis malumat bazalarinda,
coxsayll giymat amillari arasinda geyri-xatti alagalarin mévcud oldugu hallarda shamiyyat kasb
edir. Beynalxalg tacribada muxtalif modellarin migayisasi zamani onlarin UstinlGyd yalniz
algoritmin névl ils deyil, malumatlarin hacmi va keyfiyyati, amlak bazarinin xdsusiyyatlari, giris
dayisanlarinin dizgln secilmasi va model parametrlarinin optimallasdiriimasi ila alagalandirilir.
Buna gbra da bir 6lkanin va ya saharin dasinmaz amlak bazarinda ugurlu natica gostaran modelin
digar bazarlarda da eyni daqiqgliyi nimayis etdiracayi svvalcadan gabul edila bilmaz[15].

Aparilmis tadgigatin naticaleri do bu yanasmani tasdiglayir. Bela ki, sintetik malumat
bazasinda manzil giymatinin formalasmasi saha, yerlasma, tamir vaziyyati va digar gostaricilarla
muayyan edilmis ganunauygunluglar asasinda modellasdiriimisdir. Hedonik regressiya modeli bu
asihiliglari test secmasinda daha ugurla aks etdirmisdir. Random Forest va Gradient Boosting
modellarinda isa ylksak talim naticalarina baxmayarag, test gostaricilarinin zaif olmasi modellarin
yeni misahidalar Gzra Umumilasdirma imkanlarinin mahdudlasdigini gostarir. Bu farg masin
oyranmasi modellarinin giymatlandiriimasinda yalniz talim malumatlari Gzra yiksak uygunlasma
gbstaricilarina asaslanmagin kifayst etmadiyini, mistagil test segmasinin naticalarinin de nazars
alinmasinin vacibliyini ortaya qoyur. Natica etibarils, alda edilmis eksperimental gostaricilar
asasinda hedonik reqressiya modeli tadgigatda istifads olunan sintetik malumat bazasi Gi¢lin daha
magsadauygun yanasma kimi miayyan edilmisdir. Bununla bels, alinmis naticalari Baki saharinin
real dasinmaz amlak bazarina birbasa aid etmak dizgliin olmazdi. Modelin praktik tatbig
imkanlarinin daha dagiq muayyanlasdirilmasi Ucln real satis giymatlari, amlak elanlari va digar
etibarll bazar malumatlari ssasinda alava sinaglarin aparilmasi, hamcinin masin dyranmasi
modellarinin parametrlarinin optimallasdirilmasi talab olunur. Bu baximdan aparilmis eksperiment
dasinmaz amlakin kutlavi giymatlendiriimasinds miuxtalif metodlarin mugayisasi Ucln ilkin
hesablama va metodoloji asas yaradir [10, 11].
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ObHapy*KeHMe HOBbIX PULLINHIOBbIX
CaMTOB MO NPU3HaKamM agpeca u
COAEPHMMOTro CTPAHULLbI METOAaMM
MaLLMHHOIo oby4eHmsn

Mak Matden MBaHOBMY
cTyAaeHT rpynnbl MC-24-5p, KaparaHAMHCKMIA HaLlMOHaAbHbIN NCC1e40BaTENbCKUIA
YHUBEPCUTET MMEHM aKaaemumKa E.A. byKkeToBa

AHHOTaUMA. YNCNo PUILMHIOBBLIX aTakK Ha MNo/b3oBaTenet MHPOPMALIMOHHBLIX cUcTeEM BbICTPO
PACTET, @ YEPHbIE CMMUCKM, KOTOPbIE AOMKHbI OT HMX 3aWMLIaTb, OBHOBAAIOTCA C 3a4EPKKOM U
HWUYEro He 3HatOT O TOJIbKO YTO CO3AaHHbIX caiTax. Llenb paboTbl - NOCTPOUTL MOAENb MALLMHHOMO
obyyeHua, KoTopasa BbIABASET PULLIMHIOBbLIE CAlTbl MO NPU3HaKam Beb-agapeca W COAEPKMMOro
CTPaHULbl, U CPAaBHUTb €€ C NPOBEPKOM MO YEPHOMY CMMCKY. CAy4anHbIN IeCc N rpagmneHTHbIN
BYyCTUHr 0by4YeHbl Ha OTKpbITOM Habope Phishing Websites (penosutopuin UCH): n = 11 055
3anuncen, M3 Hux 4 898 PUILIMHIOBLIX; BblIbOpKa pasdeneHa Ha oby4valollylo M TECTOBYIO B
cooTHoweHunn 80 K 20. Ha TecToBol BbibOpKe 13 2 211 3anucein caydaliHbliii 1ec Nokasana TOYHOCTb
97,7 % v nonHoty 96,7 %, rpaaneHTHbI BycTuHr - 95,0 % 1 93,8 %, a NpM3HaK YEPHOTO CNMCKa U3
TOro »e Habopa aan 56,7 % n 16,8 %. MAaTUKpaTHas NepeKkpEecTHaa NpPoBepKa Aasa y Cay4arHoro
neca 97,0 £ 0,3 %, a UCKAOYEHME NMPU3HAKA YEPHOTO CMMCKA M3 BXOA0B MOAENN TOYHOCTb He
nameHnno. Pa3spbiB B 41 NPOLEHTHbIA MYHKT OTHOCWUTCA MMEHHO K 3TOMY MPW3HAKYy, a He K
NPOMbIWNEHHbIM CAyKb6am O0KMPOBKKM; MPOBEPKA Ha CBEXWUX aZpecax OCTAéTca 3aJadvel
cnepytollero atana. Moaenb NpUroHa Kak BTOpon pybex 3almTbl, KOTOPbIA aMUHUCTPATOP
MHPOPMALMOHHOM CUCTEMbI CTaBUT NOC/E CMMUCKOB.

Kniouesble cnoBa: PULIMHIOBbIE CaliTbl; OBHapy:KeHne GULLIMHIA;, MallMHHOe 0bydyeHune; 3alnuTa
OT GULLIMHIOBbIX aTakK; MOAENb KnaccubuKaumu.

1. BeegeHue

YEpHbIM cnncoK Haweén 165 ¢mwmnHrosbix cantos n3 980. OcTanbHble 815 gowan 6bl 4o
nonb3oBaTens 6e3 eAMHOro npeaynpexaeHua. Tak BbIMAAMT NPOBEPKA MO CMMCKY Ha Hallewn
TeCTOBOW BbIODOPKe, 1 Cpa3y OroBOPUMCA: KCMMUCOK» 34€eCb - OAMH U3 NPU3HAKOB MCCNeayeMOoro
Habopa, a He MpomblWwneHHas cnykba Bpoae Google Safe Browsing. YTo 370 MeHAeT, Mbl
pasbepém B obcyaAeHUN. Cam Ke MeXxaHM3M MpoBasa OT OTOBOPKM He 3aBWUCUT: CMMCOK 3HaeT
TO/IbKO TO, YTO KTO-TO YXKe 3aMeTMA U 3anuncan.

Mexay nossneHvem QUIWMHIOBOrO CaMTa M 3anMUCblo O HEM MPOXOAMUT BPEMA, U B 3TOT
NPOMENKYTOK CalT HMYEM He orpaHmyeH. Moaens, KOTopasa cyauT MO CaMOMy CalTy - NO aapecy,
cepTMdMKaTy, CCbIZIKaM Ha CTPaHMLE, - OT TAaKOM 3a4E€PHKKN HE 3aBUCHT.

Moaxoapl 3TOrO0 poAda onucaHbl. EBAOWEHKO W JIeXHWHA CTPOAT KaaccudumKaTop
BPEAOHOCHbIX aapecoB Ha TF-IDF-npu3HaKkax n NOrMCTUYECKOM PErPEeCcCUn; B UX pe3yabTaTax ecTb
261 noxkHoe cpabaTtbiBaHWe, M aBTOPbI NPUXOAAT K BbIBOAY, YTO OAHON MOAENN HeAOCTAaTOYHO,
HY>KeH KoMnieKcHbIM noaxon [1]. CyntaHoBa cpaBHMBAET NATb a/ITOPUTMOB Ha TOM e OTKPbITOM
Habope, YTO B3AAN U Mbl, 1 NOAYy4aeT OKoNo 97 % y cnyvaiHoro neca [2]. Ta »e 3ag4a4a Ha ypoBHe
NOMEHHbIX UMEH pa3bupaeTcs B 3apybekHol nntepatype [3]. Yero mbl He HaWAM B AOCTYMHbIX
PYCCKOA3bIYHbIX paboTax, Tak 3TO NPAMOro CONOCTaBAEHNA MOAENM C MPOBEPKOM NO CMMUCKY Ha
OZHMX M TeX Xe 3anucax. Ty NyCcTOTy M 3aKpbiBaeT Hawa pabora.
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Llenb - paspaboTaTb MoAesb MAWMHHOTO ObyyeHMa Ana 0bHapy)KeHWA HOBbIX
GULIMHTOBbLIX CAMTOB M CPABHWUTL €€ TOYHOCTb C MPOBEPKOI MO YEPHOMY CIMCKY. 1A 3TOTO HY}KHO
caenatb YeTbipe Bellyn: 0630p MeTo0B, 0TOOP MPU3HAKOB agpeca M COAEPKMMOTo CTPaHMULbI,
obyyeHune 1 NpoBepKa moaenel Ha OTKPbITOM Habope, cpaBHEHME CO CMUCKOM.

2. MaTepuanbl n metToabl

HaHHble - Habop Phishing Websites 13 penosutopua UCI [4]. B HEm 11 055 3anumceit: 4 898
duLMHrosbix (knacc -1) u 6 157 nermtumHbix (knacc 1). Kaxkagas 3anmcb onvcada 30 npusHakamm
aipeca M COAEPMKMMOro CTpaHuubl. BaxHaa AeTanb: caMWMX aapecoB B Habope HEeT, TONbKO
rOTOBble 3HAYEHMA MPM3HAKOB, MOITOMY MOAENb HMKOTAA HEe BMAMT CTPOKY aZpeca, a BUAUT eé
onucaHue.

BbIBOpKY pasaennam cnyvaimHo, Ho C coxpaHeHnem gonei knaccos: 80 % Ha obyyeHme (8
844 3anuncu), 20 % Ha npoBepky (2 211 3anucei, n3 HMx 980 duwMHroBbIX 1 1 231 NernTMmHas).
[leneHne BbINONHEHO OAMH Pa3, C PUKCMPOBAHHBIM 3€PHOM CYYaNHbIX YMCEN.

Oby4yanu ABa anropnTma: caydarHoiii nec s 200 aepesbes [5] v rpagmMeHTHbIN OycTuHr [6].
OcTanbHble NapameTpbl OCTaBM/IM MO YMOJYaHUO bubnanotekn scikit-learn [7]; pacyétbl wan B
Python B cpene Google Colab. KauectBo mamepsnn Tpemsa YMcnamm: TOYHOCTb ([018 BEPHbIX
OTBETOB), MONHOTA (4014 HANAEHHbIX GULLIMHIOBbLIX CAaTOB) M NPEUM3NOHHOCTb (4017 HAaCTOALLMNX
GULWMHIOBbLIX Cpeam Tex, YTO MOAENb Ha3BaNa GULLIMHTOBLIMM).

YEpHbIA CNMCOK Mbl NpeacTaBnAM Npu3Hakom Habopa statistical_report: oH noka3sbiBaeT,
YUCAUTCA NN CalT cpeamn M3BECTHbIX QULIMHIOBLIX AOMEHOB M afpecos. 3HayeHue -1 cumtanu
BEPANKTOM «OULLMHI» U OLLEHMBANM NPU3HAK KaK CAaMOCTOATENbHbIM KnaccudMKaTop Ha Tex XKe 2
211 3anucax. B oCHOBHOM 3KCNepuMeHTe 3TOT NPM3HaK OCTaIcA Cpean BXoa08 0benx moaenei;
41O ByAeT 6e3 Hero, NPOBEPUNN OTAENBHO.

YTobbl  OUEHWTb  YCTOMYMBOCTb,  AOMONHUTENbHO  BbIMOAHUAW  MNATUKPATHYHO
CTPaTMOMLMPOBAHHYIO NEPEKPECTHYIO NPoBepKy Ha Bcex 11 055 3anumcax (3epHO CaydarHbIx Ymcen
42) v noBTOPUAM €€ Noce yaaneHusa ns BXxoA0B NpmusHaka statistical_report. NMpueoanm cpeaHo
TOYHOCTb MO NATU PA3OMEHNAM U CTAaHAAPTHOE OTKNOHEHME.

3. Pe3ynbTathl
O6a anropntma ¢ 60/1bLKMM 3anacom 000K CNINCOK (Tabn. 1).
Tabnuvua 1. KayecTBo Ha TecToBOWM BbibOpKe (2 211 3anucen)

MeTtog, TOYHOCTb NMonHoTa [Mpeun3noHHOCTb JI0XHble
Tpesoru /
NpPOMycKu
Cny4anHbI nec 97,7 % 96,7 % 98,0 % 19/32
FpPaAneHTHbI OYCTUHT 95,0 % 93,8 % 94,9 % 49 /61
YEpHbIN CANCOK 56,7 % 16,8 % 53,6 % 143 /815
(statistical_report)

CnyyalHbii nec otBeTm BepHo B 2 160 cnydanax n3 2 211 v owmnbea 51 pas: 19 nerutumHbIX
CaMTOB Ha3Ba/l PULLMHIOBLIMW U 32 GULLIMHIOBBLIX NponycTua. byctuHr ownbea 110 pa3. Cnucok
npaBuabHo onpeaennn 1 253 3anucu, nponyctun 815 GUWMHIOBLIX canToB M3 980 M NOXKHO
nomeTtnn 143 nerntuMHbIX. MpUpoCcT TOYHOCTKU fleca Haf CnMcKom - 41,0 NpoLEHTHOrO MNyHKTa,
6yctuHra - 38,4. 3asBneHHble B Liesv 10 NyHKTOB NPeB30MAeHbI C MHOTOKPATHbIM 3aMacom.

PacnpeaeneHmne BaxKHOCTM NPU3HAKOB B IECY NOYYMI0Ch PE3KO HepaBHbIM (Tabn. 2). [1Ba
nepBbIX NpU3HaKa HecyT 57,4 % BCcei BaXKHOCTU, TPM NEPBbIX - NOYTK ABe TPeTH. [pr3HaK YEpHOro
CMMCKa OKa3anca 3a npefenamm NnepBon AeCATKU.
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Tabnmua 2. MNATb CaMbIX BasKHbIX NPU3HAKOB Cy4aitHOro feca

MpusHak BaXkHOCTb
sslfinal_state (cocTosHMe 3aWMWEHHOrO COeANHEHMA) 0,325
url_of anchor (001a AKOPHbIX CCbIIOK, HE BeAyLIMX Ha 0,249

CODCTBEHHbIN IOMEH)

web _traffic (nocewaemocTb calita) 0,074
having_sub_domain (4yncno nognomeHoB) 0,063
links_in_tags (CCbINKM BHYTPW CAYKeOHbIX TEFOB CTPAHMLbI) 0,042

MepeKpécTHan NnpoBepKa NoATBeEpPANAa NOPAAOK BeNNYMH (Taba. 3). CpeaHAa TOYHOCTb NO
nAaTu pasdbureHmam: 97,0 % y neca n 94,9 % y 6yctuHra, pazbpoc He Bbiwe 0,4 NyHKTa. VIckntoueHne
MPWU3HAKa YEPHOro CMMCKa TOYHOCTb HE WM3MEHWI0: Pa3HMLA B COTble A0AM NPOLEHTa NeXuT
BHYTpM pasbpoca.

Tabnumua 3. TOYHOCTb NPU NATUKPATHOMN NepeKpPECTHOM NpoBepKe (cpeaHee + cTaHAapTHOE

OTK/IOHEeHMe)
Mogenb Bce npu3Haku bes statistical_report
Cny4aiHbI nec 97,01+0,27 % 97,04 + 0,30 %
FpPaAneHTHbI OYCTUHT 94,85+ 0,37 % 94,91+0,42 %

4. ObcyvaeHune

Ha oaHom aeneHnm nec obowén ByCcTUHI Ha 2,7 NyHKTa, NPy NepeKkpECTHON NPOBEpPKe - Ha
2,2, a pasbpoc mexay pasdbuerHnamm coctasnaet 0,3-0,4 nyHKTa. 3HaUnUT, B Npedenax Hallmx natu
pa3bueHnin NpenmyLLECTBO Jleca YCToOMYMBO. Ho napameTpbl 6ycTMHra He noabupannce, 1 BbiBOA,
OTHOCMUTCA K ero CTaHAAPTHbIM HAaCTPOMKaM, a He K BycTuHry Boobue. TBEPAO MOXKHO yTBEPKAATb
n apyroe: oba anropmMTMa C 3aNacom NPeBoCXoAAT CIMCOK, @ UX TOYHOCTb MO NOPAAKY BENUUYNHDI
coBnajaeT ¢ Tem, YTo nosydnna CyntaHoBa Ha TOM e Habope [2].

Cambl Heyao6HbIM BONPOC K HalleMY CPAaBHEHMUIO - HE NOACMATPUBAET N MOLENb B TOT
CaMbllh NpM3HaK, C KOTOPbIM eé cpaBHMBALOT. [poBepKa oTBeTMNa: HeT. bes statistical_report nec
0aét 97,04 % npotns 97,01 % co Bcemu npusHakamm, byctuHr - 94,91 % npotms 94,85 %; pasHuua
NeXnT BHYTpM pasbpoca. Moaenb onmpaeTca Ha Cam CaiT, @ He Ha 3anucb B CMIUCKE, U Pa3pbiB B
471 NyHKT He 0OBbACHAETCA STUM NMPU3HAKOM.

Bonblie roBOpUT CTPYKTYpa oWwmnbokK. Jlec nponyckaeT ULWIMHE (32) Yalle, Yem KneselleT
Ha YecTHble caiTbl (19). [AnAa 3auWmTbl 3TO HENPUATHAA aCUMMETPMA: NPOMYCK 06X0ANTCA A0POKE
NOXHOM TpeBorn. EE MOXHO CABMHYTb MOPOrOM BEPOATHOCTM LIEHOM pPOCTa  JIOXHbIX
CpabaTblBaHWA; TAKOM IKCMEPUMEHT Mbl HE CTaBWAW, HO HanpasaeHne AcHO. CNMCoK olwnbaeTcs
MHaYye: MONYUT TaM, F4e HYXKHO NpeaynpeamnTb, 1 Npu STOM BCE paBHO AAET 143 NOXKHble TPEeBOry.
[axe 3anucb B HEM, Kak BUAHO MO Hallemy Habopy, He paBHa NPUroBOpY.

Mpr3HaKM NOACKA3bIBAOT, HAa YEM MOAENb AepKUTCA. MMmuTaTop 6e3 Tpyaa KonupyeT BUA
CTPaHMLbI, HO MJOXO NOAAenbiBaeT TO, YTO TpebyeT penyTaumun: AENCTBYOWMA CepTUPUKAT,
NOoCeLaemMoCTb, YACTYIO CCbIIOYHYIO CTPYKTYPY. ITO rmnoTesa. Mepa Ba*KHOCTM MOKa3blBaeT, YTO
Npu3HaK paboTaeT, U HUYEro He roOBOPWUT O MPUUYMHE, TaK YTO MPOBEPATb OOBACHEHME el
npeacTouT.

FpaHMUbl pe3ynbTaTa ONPeaenatT 4YeTbipe OOCTOATENbCTBA, M KaXKAOEe €ero Cy)Kaer.
MepBoe: NepeKkpEcTHas NpoBepKa AAET cpeaHee M pa3bpoc, HO He 3aMeHAeT He3aBMCMMOM
BbIOOPKMK, BeAb BCE 3anNUCK NMPUHAANExaT ogHOMY Habopy M ogHOMy nepuoay. Bropoe: Habop
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cocTasnieH B cepeamnHe 2010-x, 4aCTb NPU3HAKOB, HaMPMMeEp NOCEL,AEMOCTb, 3aBUCUT OT BHELLIHMX
CepBMCOB, a CaM GULLIMHT C Tex Mop M3MeHWNCA. TpeTbe: «CMMCOK» B Hallem 3KCNepumeHTe -
NpubanKeHne, 1 41 NyHKT pa3pbiBa U3MepeH OTHOCUTENBHO HEro, @ He OTHOCUTEIbHO HACTOsALLEN
CnyKbbl H6/OKMPOBKKM, KOTOpasa Mor/na Obl MoKasaTb pe3ynbTaT Aydlle. YeTBépToe: mMoaenb
paboTana c rotToBbIMW NPU3HaKaMM; YTOObI MPUMEHUTb €€ K KMBOMY aZpecy, Hy»KeH OTAebHbI
MOZY/1b, KOTOPbIV 3TU MPU3HAKM BbIYUCNT.

5. BbiBOAbI U cneayowmii war
Ons agMMHUCTPaTOPa BbIBOA, NpakTUYecknin. Moaenb Ha npu3Hakax cata CTOUT CTaBUTb
BTOPbLIM PyHeKoM Nocae CNMCKOB, @ HE BMECTO HUX: CMUCKN AELEBbI M ObICTPbI, MOAEb SIOBUT TO,
YTO OHW He ycnenm 3anmncaTb. HacKoNbKO MMEHHO OHa MX MPEBOCXOAMT, NMOKa CKasaTb Heb3a; 41
MYHKT - BEPXHAS OLEeHKa, CHATaA C NPUBAMMKEHHOTO 3TanoHa. YTobbl 3aMeHUTb ero HacToALWMM,
HY*KHbl CBEXafA BblI6OpPKa aApecoB ¢ COOCTBEHHbIM BbIYMCAEHMEM MPM3HAKOB M CONOCTaBAEHME C
peanbHOMN cNyKboM HAOKMPOBKKM. ITO M €CTb Creaytowmin 3Tan paboTbl.
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Abstract

The paper presents the theoretical foundations of a galvanically isolated analog amplifier built on
the HCNR20O high-linearity analog optocoupler and the OPA354 operational amplifier. The
transfer coefficient is derived for the input feedback loop and the output transimpedance stage,
and the frequency response of the transimpedance stage is analyzed using a second-order model.
Calculations performed in the MATLAB environment with the parameters taken from the
manufacturers’ datasheets show that increasing the feedback resistor from 10 kQ to 1 MQ raises
the transimpedance by 40 dB, while the -3 dB bandwidth decreases from approximately 5.9 MHz
to 0.77 MHz. A procedure for selecting the compensation capacitor is given.

Keywords: optocoupler, analog galvanic isolation, transimpedance amplifier, bandwidth.

Introduction

Galvanic isolation of analog signals is widely used in industrial automation, medical devices,
and the feedback circuits of power converters. Linear analog optocouplers make it possible to
solve this problem; however, the speed of an amplifier built on them depends on the optocoupler
itself, on the frequency properties of the operational amplifiers, and on the photodiode
capacitance.

The aim of this paper is to derive the transfer coefficient of an isolation amplifier based on
the HCNR200O optocoupler and the OPA354 operational amplifier, to analyze the frequency
response of the output transimpedance stage, and to evaluate the influence of the feedback
resistor and the compensation capacitor on the bandwidth using the parameters given in the
manufacturers’ datasheets. [1,3]

1. Problems of Transmitting Analog Signals with Galvanic Isolation (Problem Statement)

In industrial automation, medical devices, and power electronics systems, the measured
signal must be galvanically separated from the control part. Digital optocouplers transmit only a
two-level signal. For the transmission of an analog signal, the main indicators are the linearity of
the optocoupler’s transfer characteristic, its temperature and time stability, and its speed. In
optocouplers, the relationship between the current of the light-emitting diode (LED) and the
current of the photodetector is nonlinear and varies with temperature and time. In addition, the
level of the output signal is very small. For these reasons, their direct use for transmitting analog
signals is limited.

To solve this problem, optocouplers consisting of one LED and two identical photodiodes
(for example, the HCNR200/201) are used. One of the photodiodes is connected to the feedback
circuit and the other to the output circuit [1].
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2. Transfer and Matching Coefficients of the Optocoupler
Let us denote the LED current by Ir and the photocurrents of the first and second
photodiodes by lp1 and lpy, respectively. Then the transfer coefficients are defined by the following
expression:

1 1 K 1
K1 = —Pl’ KZ = —PZ’ K3 =2 P2 (]_)
Ip Ip K1 Ips

Here K1 and K; are the current transfer coefficients of the optocoupler. Individually, they are
nonlinear and temperature-dependent. However, because the photodiodes are exposed to the
radiation of the same LED, their current variations are approximately the same, and therefore the
ratio of the currents, the matching coefficient K3, remains practically constant. This property forms
the basis of the accuracy of an analog isolation amplifier. The nominal value of Kz is 1.00; the
permissible deviation is £15% for the HCNR200 and +5% for the HCNR201; the typical value for K3
and Kz is 0.5% [1].

3. Operation of the Input Stage

In the input stage, the operational amplifier U1 drives the LED, and the current of the
photodiode PD1 is returned to the noninverting (+) input of U1, while the inverting (=) input is
grounded (Fig. 1). The input voltage Vin is applied to the same node through the resistor Rj.

INPUT SIDE (GND1) Isolation barrier OUTPUT SIDE (GND2)
| G
' | |
' [
| R;
HCNR200 | S VATA ’
: — - Vuul
v, NI 0
|
= ! \ 6 inly
| -
GND1 . | \‘ oD
v ! d
PDI ., I j__
I -
4
| GND2
=+ |
|

Fig. 1. Electrical schematic diagram of an analog isolation amplifier based on the HCNR200
U1, U2 — operational amplifiers (OPA354); R1 — input resistor; R, — feedback resistor of the
transimpedance stage; Cr— compensation capacitor; LED — light-emitting diode; PD1, PD2 —
feedback and output photodiodes; GND1, GND2 — ground connections of the input and output
sides.

Owing to the high gain of the operational amplifier, the potential at the noninverting input
node is kept close to zero (the potential of the grounded inverting input), and since the algebraic
sum of the currents entering the node is zero, the following expression can be written for the PD1
current:

= Ip, (2)

189




Proceedings of the 15th International Scientific Conference

Thus, U1 adjusts the LED current so that the PD1 current is always equal to Vin/R1. The
nonlinearity and temperature drift of the LED are compensated through the feedback, because
the feedback tracks the change in K1 and changes the LED current accordingly.

4. Output Stage and Overall Transfer Coefficient

In the output stage, the current of the photodiode PD2 is converted into the output voltage

by the transimpedance amplifier U2 (Fig. 1). Ry is the feedback resistor:

Vout = Ipz2 " R (3)
Taking into account that lp; = K3-lp1 and equality (2), we obtain:
R
Vour = K3 R_j “Vin (4)

This expression shows that the overall transfer coefficient of the analog isolation amplifier
is determined only by the matching coefficient Kz and the ratio of the resistors. The nonlinearity
of the transfer coefficients K1 and K, of the optocoupler does not affect the result. When signal
inversion is required, the corresponding circuit variant is chosen.

5. Frequency Response of the Transimpedance Stage

The bandwidth of the device is limited by two factors: the speed of the feedback loop in the
input stage (the response time of the LED, the capacitance of the photodiode PD1, and the
frequency properties of the operational amplifier (op-amp) U1) and the bandwidth of the output
transimpedance stage. This section analyzes the output stage.

Let us describe the operational amplifier by a single-pole model:

A(s) = % w, =21 - GBW (5)

With the input capacitance Ci, (the sum of the capacitances of the photodiode PD2 and the
input capacitance of the op-amp) at the input, and Rf and Ct connected in parallel in the feedback
circuit (here R = Ry), the transfer function is obtained as follows:

Z(s) = Tout = _ B
(s) Iin 1+S(Rfcf+wit)+szwnt+cf)
This is a second-order system. Its natural frequency wo and quality factor Q are:

(OF 1
W = _—, = 7 7
0 1’Rf(cinﬂ‘f) ¢ wo(Rfcf+wit) )

When Cris small, the quality factor Q is large, peaking occurs in the amplitude—frequency
response (AFR), and the system approaches the stability limit. As Csis increased, Q decreases. For
a maximally flat AFR (Butterworth response, Q = 0.707), Cris chosen approximately as:
2Cin

(6)

Cr = Jom; (8)
In this case, the -3 dB bandwidth is:
GBW
fzap = 2mR;Con (9)

This expression shows that to increase the bandwidth, an op-amp with a higher GBW (Gain-
Bandwidth Product), a smaller Rs, and a smaller Ci, should be chosen. However, decreasing R also
changes the transfer coefficient (R2/R1) and the signal-to-noise ratio; therefore, a compromise is
required in the design.

6. Design Findings and Recommendations
1) The transfer accuracy is determined by the stability of the matching coefficient K3 and by
the accuracy of the resistors.
2) The speed depends on GBW, R¢, and Cir in the output stage, and on the speed of the feedback
loop in the input stage. The overall bandwidth is limited by the smaller of the two.
3) The capacitor Cs determines the shape and stability of the AFR; choosing its optimal value is
one of the main stages of the design.
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4) The theoretical estimates are verified by calculation in the MATLAB environment in the next
section.
7. Calculation Parameters and Methodology
The calculations were performed in the MATLAB environment (Control System Toolbox,
MATLAB R2026b) on the basis of transfer functions. The operational amplifier is described by a
single-pole model defined by the GBW (5), and the LED of the optocoupler by a first-order element

with a -3 dB frequency fiep:

Hopt(s) = H;s (10)

2nfLED
The overall transfer function of the output stage is taken as the product of the transfer

function of the transimpedance stage (6) and that of the optocoupler:
Ziorar(s) = Z(s) - Hopt(s) (11)

The parameters used in the calculations are given in Table 1. The capacitance Ci, is taken as
the sum of the HCNR200 photodiode capacitance and the differential and common-mode input
capacitances of the OPA354; the parasitic capacitance of the PCB is not taken into account.
Because the noninverting input of the op-amp U2 is grounded, the photodiode PD2 operates in a
mode close to zero bias; therefore, the photodiode capacitance value specified for Vepp =0 V is
used. The capacitance Cs is calculated using formula (8). The values 10 kQ, 47 kQ, 100 kQ, and 1
MQ are selected for Rs.
Table 1. Parameters used in the calculations

Parameter Value Source
OPA354: GBW 100 MHz (2]
OPA354: input capacitance 2pF+2pF=4pF (2]
(differential + common-mode)
HCNR200: photodiode capacitance 22 pF (1]
Cep (VPp=0V)

Cin=Cpp + 4 pF 26 pF calculated

HCNR200: LED bandwidth fiep (Ir = 10 9 MHz (1]
mA)
HCNR200: K3 (nominal; permissible 1.00 (0.85—1.15) [1]
range)

8. Results and Discussion
The calculation results are given in Fig. 2 and Table 2. In the table, fria is the bandwidth of
the transimpedance stage alone, and fiotal is the bandwidth at the -3 dB level with the LED
bandwidth also taken into account.
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Fig. 2. Amplitude—frequency response of the output transimpedance stage for different values of
Rf (based on the OPA354, with the HCNR200 LED bandwidth taken into account)
Table 2. Calculation results for different values of R_{f}

R, kQ Zo, dBQ Cr, pF fria, kHz frotal, kHz
10 80.0 2.88 7405 5883
47 93.4 1.33 3515 3286
100 100.0 0.91 2429 2347

1000 120.0 0.29 777 774

The following can be seen from the results.

First, there is a trade-off between gain and speed. Increasing Rs from 10 kQ to 1 MQ (by a
factor of 100) increases the transimpedance by 40 dB and reduces the bandwidth by
approximately a factor of 7.6 (from 5883 kHz to 774 kHz). In accordance with formula (9), the
dependence of the bandwidth on Rfis approximately inversely proportional to the square root of
Rt.

Second, the Cr selected by formula (8) ensures the absence of peaking in the AFR in all cases
(Fig. 2). The bandwidth calculated by formula (9) differs from the MATLAB results by no more than
6%; the difference increases as Rf decreases, because the formula assumes Cf to be small
compared with Cin.[5]

Third, the bandwidth of the optocoupler LED (9 MHz) plays a significant role only at small
values of Re: for Re= 10 kQ), the overall bandwidth is approximately 21% smaller than the bandwidth
of the transimpedance stage; for Rt = 100 kQ the difference falls to 3.4%, and for R = 1 MQ to
0.4%. Thus, at large values of Ry, the speed is limited not by the optocoupler but by the output
stage.

Fourth, for large R¢ the required Csis very small (0.29 pF for Rf = 1 MQ). The manufacturer’s
datasheet for the OPA354 recommends subtracting the parasitic capacitance of the resistor,
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approximately 0.2 pF, from the calculated Cr [2]; in this case, the actual Cris approximately 0.1 pF
and is difficult to realize accurately in practice.

The results obtained should be assessed with the limitations of the model in mind. The
model does not take into account the input feedback loop (U1, the capacitance of PD1, Ri);
therefore, the calculated bandwidth should be regarded as an upper limit for a real system. The
manufacturer’s datasheet specifies a bandwidth of approximately 1.5 MHz for the high-speed
application circuit [1]; this figure refers to a different circuit (amplifiers built with discrete
transistors) and should not be compared directly with our calculation. In addition, the op-amp is
assumed to be single-pole, and noise and nonlinearity are not taken into account.[4]

9. Conclusion

1) The transfer coefficient of an isolation amplifier based on the HCNR200 optocoupler is
determined only by K3 and the ratio Ry/R1 and does not depend on the nonlinearity of the
LED.

2) With the manufacturers’ parameters of the OPA354 and HCNR200 (GBW = 100 MHz, Cin =
26 pF, fiep = 9 MHz), increasing Rs from 10 kQ to 1 MQ raises the transimpedance from 80
dBQ to 120 dBQ and reduces the -3 dB bandwidth from 5.9 MHz to 0.77 MHz.

3) The Crselected by formula (8) ensures stable operation of the AFR without peaking.

4) The bandwidth of the LED noticeably limits the overall bandwidth only at small values of R¢
(below approximately 100 kQ).

5) In future work, the input feedback loop should also be taken into account, and the results
should be verified by SPICE simulation or experiment.
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Abstract. The quality of machine learning based intrusion detection in 5G networks
depends directly on the data used to train it. The widely used CIC-IDS2017, UNSW-NB15 and BoT-
loT datasets were collected in conventional IP networks and therefore contain no GTP-U
tunnelling, no NGAP signalling and no network slices. This paper describes a 5G standalone testbed
built in VirtualBox from the Open5GS core and the UERANSIM gNB/UE simulator. It presents the
benign and attack traffic scenarios, packet capture on the N3 and N6 interfaces, GTP-U
decapsulation, flow labelling from an experiment manifest, and a data split that prevents leakage
between training and test sets. The methodology is used in a doctoral study to build a dataset for
training and validating a hybrid, explainable IDS model.

Keywords: 5G, intrusion detection system, dataset, Open5GS, UERANSIM, GTP-U, network
slicing, machine learning.

Introduction

Fifth-generation mobile networks deliver eMBB, URLLC and mMTC services over a shared
infrastructure by means of network slicing. The 5G core follows a service-based architecture: AMF,
SMF, UPF, NRF, AUSF and other network functions communicate over the HTTP/2-based SBI [1].
Virtualisation, open interfaces and the large number of loT devices widen the attack surface. The
ENISA report shows that a considerable share of 5G threats concerns core network functions, the
control plane and the virtualisation layer [2].

Most studies of machine learning based intrusion detection systems (IDS) use the CIC-
IDS2017 [3], UNSW-NB15 [4] and BoT-loT [5] datasets. These were collected in enterprise or loT
networks and contain no GTP-U encapsulation, no NGAP or PFCP signalling and no slice identifiers.
The 5G-NIDD dataset [6], captured on a real 5G network, partly fills this gap, but its scenarios and
topology are fixed, so a researcher cannot add a new attack type or slice configuration. Labelling
errors are also known to occur in public IDS datasets [7], which makes it important to be able to
verify how labels were assigned.

For these reasons, running controlled experiments on one's own testbed and assigning
labels from the experiment log is a justified approach. The aim of this paper is to describe how a
5G SA testbed is built with the open-source Open5GS [8] and UERANSIM [9] tools and how a
labelled attack detection dataset is produced on it. The work is part of a doctoral dissertation on
the research and development of a method for ensuring information security in 5G/6G networks
using an intelligent attack detection and prevention system.
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1. Comparison of existing datasets

Table 1 lists the properties of datasets commonly used in IDS research with respect to the
5G environment.
Table 1 — Comparison of datasets

Dataset Year | Capture environment | 5G traffic Limitations

CIC-IDS2017 [3] | 2017 Enterprise LAN No No GTP-U or slices; labelling
errors reported [7]

UNSW-NB15 2015 IXIA PerfectStorm No Synthetic traffic, no mobile

(4] generator core

BoT-loT [5] 2019 Virtual loT network No Severe class imbalance, no 5G
signalling

5G-NIDD [6] 2022 Real 5G testbed Yes Fixed scenarios, no slice-level

(Oulu) labels

Conventional datasets lack the protocol layers specific to 5G, and 5G-NIDD cannot be
extended. The proposed testbed is not meant to replace these datasets but to complement them
and to allow models to be tested across different environments.

2. Testbed architecture

The testbed runs on Ubuntu virtual machines under the VirtualBox hypervisor. The first
machine hosts the Open5GS core (AMF, SMF, UPF, NRF, AUSF, UDM, UDR, PCF, NSSF) and the
MongoDB subscriber database. The second machine runs UERANSIM gNB and UE instances; after
registration each UE obtains a uesimtun virtual interface and reaches the data network (DN)
through a PDU session. The third machine plays the role of the data network on the N6 side and
hosts a web server, an iperf3 server and services used as attack targets. Clocks are synchronised
with chrony, which is required to match timestamps during labelling.

To separate slices, several S-NSSAI values are configured in the core and the UEs (SST=1
for eMBB, SST=2 for URLLC, SST=3 for mMTC), each with its own IP pool. The slice of any flow can
therefore be determined from the UE address. The main testbed interfaces are given in Table 2.
Table 2 — Testbed interfaces and capture points

Interface Nodes Protocol Role in the dataset

N2 gNB — AMF NGAP / SCTP (38412) | Control plane: registration,
session signalling

N3 gNB — UPF GTP-U / UDP (2152) Tunnelled user traffic; main
capture point

N4 SMF — UPF PFCP / UDP (8805) Session rules; monitoring inside
the core

N6 UPF—-DN [P Traffic after the tunnel;
additional capture point

SBI Core functions HTTP/2 Interaction between core
network functions
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3. Traffic scenarios

Benign traffic is generated by several UEs: TCP and UDP iperf3 flows (eMBB), short latency-
bounded request-response exchanges (URLLC), small periodic messages resembling loT devices
(mMTC), and HTTP downloads with curl and ICMP requests. Attack traffic is sent from a separate
compromised UE, so benign and malicious traffic are not mixed on one UE. The attack types were
chosen to be comparable with the categories in 5G-NIDD (Table 3).
Table 3 — Attack scenarios on the testbed

Attack class Tool Target Plane

ICMP / UDP flood hping3 DN servers User plane

TCP SYN flood hping3 DN web server User plane
Slow HTTP attack slowloris DN web server User plane
(Slowloris)

TCP SYN / UDP scan nmap DN network, other UEs | User plane
Registration storm UERANSIM (many | AMF Control plane

UEs)

Each experiment is numbered EXP-xxx and covers one attack type with its parameters
(rate, duration, ports) and slice. Benign traffic runs continuously before and after the attack phase,
so the model can observe both the start and the end of an attack.

4. Data collection and labelling methodology

The dataset is produced in the following stages.

1) Experiment manifest. For each experiment a JSON manifest is written containing the
experiment number, attack start and end times, the attacking UE's IP address, the target address,
the tool and its parameters, and the slice. The manifest is filled in automatically by the launch
script, so timestamps are never entered by hand.

2) Packet capture. tcpdump runs simultaneously on the N3 and N6 interfaces and writes
pcap files. NGAP messages on the N2 interface are captured separately for control-plane attacks.

3) GTP-U decapsulation. The outer IP/UDP/GTP-U headers of packets captured on N3 are
removed, the inner UE packets are restored, and the TEID value is kept as an additional field.
Without this step flow analysis tools see all traffic as a single UDP flow between the gNB and the
UPF.

4) Feature extraction. Bidirectional flows are built from the inner packets and their
statistical features are computed (packet and byte counts, duration, inter-arrival times, TCP flags).
In addition, aggregate per-UE features are computed over a fixed time window, for example the
number of distinct destination ports and the share of SYN packets. Such features help to detect
scanning and flooding that are not visible in individual flows.

5) Labelling. A flow is assigned to an attack class if its source is the attacking UE address
from the manifest and its time lies fully within the attack interval. Flows crossing the boundary of
the attack interval receive a separate label and are excluded from the main experiments. Traffic
from the attacking UE outside the attack interval is labelled benign. Each flow also receives a slice
label (eMBB, URLLC, mMTC).

6) Quality checks. After labelling, each experiment is checked for class distribution,
unlabelled flows, duplicate records and agreement between manifest and pcap timestamps. An
experiment that fails the checks is excluded and repeated.

7) Train/test split. A random split of flows places highly similar flows from the same
experiment into both training and test sets, which inflates model performance [10]. The split is
therefore made at the experiment level: all flows of one EXP belong to one part only. As an

196



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026 I

additional protocol, a leave-one-attack-out setting is considered, in which one attack type appears
only in the test set, to evaluate the detection of previously unseen attacks.

5. Discussion

The main advantage of the approach is that every label is tied directly to the experiment
log, so its origin can be verified. Because the testbed configuration and scripts are preserved,
experiments are easy to repeat and new attack types are easy to add. The slice label makes it
possible to evaluate model quality separately for eMBB, URLLC and mMTC.

The methodology also has limitations. UERANSIM does not model the radio channel, so
physical-layer attacks such as jamming are not covered. Throughput in a virtual environment is
lower than in a real network, and synthetic benign traffic does not fully reproduce real user
behaviour. For this reason the testbed data are planned to be used together with real-network
data such as 5G-NIDD, with models trained in one environment and tested in the other.

Conclusion

The paper described how a 5G SA testbed is built with Open5GS and UERANSIM and how
an attack detection dataset is produced on it. The methodology combines an experiment manifest,
traffic capture on the N3 and N6 interfaces, GTP-U decapsulation, flow and window features,
manifest-based labelling and an experiment-level split. The resulting dataset will be used in the
doctoral study to train a hybrid, explainable attack detection model, to evaluate it per slice and to
test its robustness to unseen attacks. The next stage is the development of a software prototype
in an SDN/NFV environment.
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MACAHIbI MHTENNEKT NEH
HEMPOHbIK *KENINEPAIH
MEAMUMHANBIK TEXHONOTMANAPABIH
NAMYbIHA SCEP|

CyntaHoBa AxkaH MaKCcaTKbI3bl

«Cemen meanumHa yHmBepcuteTi» KeAK «KofamaplK AeHcayabiK cakTay» binim bepy
HaraapnamacbiHbiH 2 Kypc cTyaeHTi, Cemen Kanachl, KasakcTtaH Pecnybimkacel
KagbipXaH Mupaoc KaabipKaHy bl

«Cemelt meamumHa yHmBepcuTeTi» KeAK «KofamabliK AeHCaynblK cakTay» binim bepy
HafaapnamacbiHbiH 2 Kypc cTyaeHTi, Cemen Kanacol, KasakctaH PecnybanKacsl

FbIbIMM XKETeKLWI:

MycaTtaeBa MioHrynb CynxKaHOBHA

neaarorunka fblAbiMAapblHbIH KaHAMAaTbl, «Cemen meanumHa yHuBepcuteTi» KeAK HBBI
KadpeapacbiHbiH afa OKbITYLbICbI, Cemen Kanackl, KasakcTtaH Pecnybamkacsi

AHpatna. Makanaga MmeauMumMHada KacaHAbl WHTENNEKT MNeH HeNpOoHAbIK —Keni
TEXHOOTMANAPbIH KONAaHyAblH  HEriri BarbITTapsbl KapacTbipbliabl. Aypynapabl
AMArHOCTUKaNay, MeanUMHaNbIK KecKiHaepAi Tanaay, KAMHUKANbIK Wewimaepai Kongay XaHe
eMmaeyai KekeneHaipy MyMKiHAikTepi cmnattanadbl. COHbIMEH KaTap MeanUMHAbIK YaepicTepa
aBTOMATTaHAbIPYAbIH apTbIKLWbIALIKTAPbI, aATOPUTMAEPAIH, ASNA4irHE, AEPEKTEP CanacbliHa, KeKe
aKnapaTTbl KOpfayfa MoHe 3TUKanblKk Macenenepre 6OannaHbICTbl LWeKTeynepi TanaaHagbl.
acaHabl WHTENNEKT KyWenepiH KAWMHUKANbIK TEeKCepyhiH KaHe MeAMUMHANbIK LWeLlim
Kabblnaayaa Aspirepid XeTeKLi peniH cakTayablH MaHbi3bl/bIFbl KEpCeTinea;.

TyliH ce3aep: KacaHAbl WHTENNEKT, HEMPOHAbIK Keninep, meauumHa, AMArHOCTUKA,
MalLMHaNbIK OKbITY, LMOPAbIK AEHCAYNbIK CaKTay.

O3ekTifiri. AKNapaTTbiK TEXHOOTMANAPAbIH, Ka3ipri 3amMaHfbl Aamybl KOFaMAbIK 6MipaiH,
9PTYPAi cananapbiHa, COHbIH, iliHAE AEHCAY/bIK CaKTay XyMeciHe ae eneyni biknan etyae. CoHFbl
KblNdapbl MeAWLUMHANbIK YibiMAap MNaUMeHTTEPAiH AEHCayAbIK Kafdalbl Typanbl aknapaTThbl
CaKTay, eHAey »oHe Tangay YwiH uMbpAablK TeXHONOrMANapAbl Wi KongaHa OHactaabl.
MeanumHanblk, Mekemenepae KyH CalblH 3epTXaHaiblK Tanaay HITUMXKeNepiH, 3/MeKTPOHAbIK,
MeMLUMHANbIK KapTanapbl, PEHTreHONOMMANbIK KecKkiHaepai, yNbTpadblObICTbIK 3epTTey,
KOMMbIOTEPNIK ~ KOHE  MArHUTTIK-PE30HAHCTbIK ~ Tomorpadma  AepekTepiH,  CoHAan-ak,
NauMeHTTepAiH, XafaalblHAAFbl ©3repicTep Typanbl MINIMETTEPAI KAMTUTbIH Y/IKEH Kenemaeri
aKnapaT KanbinTacaabl.

MyHAaM aknapaT KenemiH eHaey alnTap/biIKTal yaKkbiTTbl, MeAMUMHAE Kbl3METKEpPAEpiHIH,
YOfapbl BINIKTINIMH XoHe AepeKkTepai TanjayabliH 3aMaHayu aicTepiH KoagaHyabl Tanan etea.
OcblfaH 6ainaHbICTbl }KacaHabl MHTENNEKT NeH HENMPOHAbIK, *Kei TEXHONOrMANaPbl MeaNLMHANbIK
KOMEKTI XKeTinaipyae epekwe maHbi3dfa ne 60abin oTblip. Onapapl NanganaHy AMarHOCTUKAHbIH,
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TUIMAINITIH apTTbipyfa, MeAuUMHA MNepcoHaNbiHbIH »KYMbICbIH OHTaWMNaHAbIpPyFa XaHe emaey
YAEPICiH YMbIMAACTbIPYAbI }KETINAIPYre KOCbIMLLIA MYMKIHAIKTEP allabl.

HKacaHabl nHTennekT (MKW) — KOMNbOTEPIK XKyMenepre aknapatTbl Tangay, benHenepai
TaHy, AepeKkTepai KiKkTey, 3aHAblAblKTapabl aHblKTay »aHe HaTuxkenepdi 60Kay CUAKTHI
MiHOETTEPAI opblHAAYyFa MYMKIHAIK BepeTiH aaicTep MeH TEXHONOTMANAP MKUbIHTbIFbL. HKacaHabl
NHTENNEKTIHIH MaHbi3Abl OafbITTapbiHbIH, Oipi — MalMHaAbIK OKbITY. bya Tacinge KomnbloTeEPAIK
KyMe KenTereH Mmblcangap HerisiHae oKblTblibin, 6enrini 6ip miHaeTTepai opblHAAY canacklH
6ipTiHAen )akcapTab!.

HelpoHabIK »Keninep acaHAbl WHTENNEKTiHIH, Heri3ri KypangapbiHbiH,  6ipi 60Abin
Tabbinaabl. Onap OWMONOTMANBIK  HEUPOHAbLIK KyMenepaiH yMbimaacy epekllenikrepiHe
HerisgenreH ecentey MoAenbaepi peTiHAe KapacTbipbliadbl. Mbicangap apKblabl  OKbITY
KabifeTiHiH, apkacbiHAa HEWPOHAbIK Kefinep VYAKeH aKnapaT MaccuBTepiHaeri Kypaeni
3aHAbINbIKTapAbl aHbIKTan anaabl. KenkabaTTbl HEMPOHAbIK XKeninepai nanaanaHyfFa Herisgenrex
TEPEH OKbITY MeAMUMHANbIK KeCcKiHAepAi, MITIHAIK AepeKkTepdi KaHe GU3NONOTUANDIK,
CUTHaNdapAbl eHAeyAe KeHiHeH KonaaHbinaabl [1, 2].

Byn TaKblpbINTblH, ©3eKTiAIN MeAMUMHANbIK AMAarHOCTUKAHbIH, AA4irN MeH KeaenairiH
apTTbipy KaXKeTTinirimeH e 6annaHbICTbl. [aTONOTMANBIK ©3repicTepai yaKTbilbl aHbIKTAy
NauMeHTTi api Kapal TeKCepy KaHe emaey TaKTUKacbiH besriney ywiH MaHbi3abl. MHTenneKkTyanabl
KyMenep aknapaTtTbl KbICKa YaKbIT illiHAe Tanaan, MaMaHHbIH KOCbIMLLIA H6afanayblH KaxKeT eTeTiH
benrinepre Hasap ayaapTa anasbl.

OyHUeKy3iniKk  AeHcaynblK CakTay YWbIMbl KacaHAbl WMHTENNEKTIHIH, AMarHoCTUKaaa,
emaeyae, MeduUMHANbIK 3epTTeynepae »aHe AeHCay/blK CakTaydbl YMbIMAACTbipyda eneyni
aneyetTi 6ap ekeHiH atan KepceTeai. COHbIMEH KaTap MyHAaW TexHO/MOrManapabl KonaaHy
Kayinci3aik, albIKTblK, SA4iAAIK, NaUMEeHTTEPAiH KYKbIKTapblH KOpfay MaHe meauuMHa
KbI3METKepPNEepiHiH XayankepLwiniri KarnaaTTapbliH CaKTayMeH KaTap *Kypyi Tumic [3].

Ocblnaniia, MmeamumHaaarbl XKacaHabl UHTENNEKT MYMKIHAIKTEPIH 3epTTey ©3eKTi bafbiT
H6onbin Tabblnagbl, 6UTKEHI UMOPAbIK TEXHONOIMANAPAbl €Hri3y 3amaHayu AeHcay/blK cakTay
KYMECIHIH AaMyblHa KaHe MeAMLUMHANbIK KOMEKTIH, canacbliH apTTbipyFfa biKMan eTyi MyMKiH.

MaKanaHblH, MaKcaTbl — MeauMuUMHaaa KacaHAbl WMHTENNEKT MNeH HEeMpPOHAbIK Keni
TEXHONOTMANAPbIH NandanaHyablH Heri3ri 6afbiTTapblH KapacTbipy, 0AapAblH, apTbIKLWbIAbIKTAPbI
MeH LUEeKTeyNepiH aHblKTay, COHAAM-aK MHTEANEKTYaNdbl Kyhenepai NpakTUKablK AeHCaY/bIK
CaKTay caflacblHa, OHbIH, iWiHAe KasakcTaH PecnybaukacbiHAa eHrisy nepcnekTnBanapbiH
cmnaTTay.

3epTTey HaTuXKenepi.byn XKymbiC AeHCay/blK CaKTay CanacblHAA *KacaHAbl MHTENNEKTIHI
KONJaHyFa  apHanfaH  fblAbIMM  XKapusaiaHbIMAap  MeH  XafiblKapaiblK — yMbIMaapablH,
YCbIHbIMAAPbIHA aHANMUTUKANbIK WOy 6obin Tabblnaapl. Tangay 6apbiCbiHAa MAlINHANbIK XKaHe
TepeH OKbITYAbIH HEriari MyMKIHAIKTEPI, MeAMUMHANbIK aKnapaTTbl eHAeyAe HeNpOoHAbIK,
}eninepai nanganaHyablH - epeKkweniktepi, CoHAan-ak WHTeNNeKTyandbl TexHo/ornsanapabl
EHri3y4iH apTbIKLLbIIbIKTAPbl MEH bIKTUMAN ToyeKenaepi KapacTbipblaabl.

fbinbiMM AepeKkke3aepai Tangay *acaHabl MHTENNEKTiHI KonaaHyablH OipHelle Herisri
DafbITbIH aHbIKTayFa MyMKIHAIK bepai: aypynapabl AMarHoCTMKanay, MeamumHanblk KeckiHaepAai
eHaey, KAMHWUKAMbIK LWelWimaepai Konaay, emaeyai *KekeneHgaipy, Adpifik npenapaTrapabl
93ip/ey KaHe MeJMUMHANBIK KYXKaTTaMaHbl aBTOMATTaHAbIPY.

XWU-ai aypynapapl AMarHOCTMKaNayga KoagaHy

acaHabl WMHTENNeKTiHi KonaaHyablH eH nepcnektuBanbl  6GafbiTTapbliHbiH, - Bipi  —
MeaMUMHANbIK AMArHOCTMKA. 3amaHaym HEeMPOHAbIK Keni anroputMmaepi MeauumMHanbliK
KeCcKiHAepAiH apTypAi TypaepiH Tanaan, 6enrini 6ip NaTonornaAnbIK e3repicTepai aHbIKTan anaapl
KOHEe MamMaHJapFfa 3epTTey HITUXKeNepiH TYCIHAIpyre KemekTtecea,.

Caynenik AMarHOCTMKaAa *KacaHAbl WMHTENNEKT anroputmaepi peHTreHorpammanapas,
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KOMMbIOTEPIK AHE MArHUTTIK-PE30HAHCTbIK, TOMOrpaMmanapabl eHaey ywWwiH KongaHblaadbl.
Onap KYMaHAI aiMaKkTapAbl aHbIKTayfa, NaTONOMMANbLIK Ty3iNicTepAaiH enwemaepid benrineyre,
TiHAEP KYPbIAbIMbIHAAFbI ©3repicTepi TabyFfa KaHe aBTOMATTbl e/lWeynep }Kyprisyre kKemektece
anaabl. MyHAaM MYMKIHAIKTEP MeAMUMHANbIK KeCKiHAepAiH Ken MeJllepiH 3epTTey KesiHae
epeKwe MaHbl3abl, OATKEHI anApblH ana Tanaayapl XKeaenaeTin, anblHFaH HITUKeNepai Kyneneyre
MYMKIiHAiK 6epea,.

Mblicanbl, Keyae KyblCbl af3afapblHbIH PEHTFEHONOTMANBIK KeCKiHAEePiH Tanday KesiHae
NHTENNEKTYaNdbl XKyhenep ekne TiHIHAEr NaToNorMaANnbIK e3repicTepaiH, benrinepiH aHbliKTayfa
KemekTece anaabl. KomnbtoTepnik Tomorpaduana anropuTmaep MamaHHbIH MYKMAT KapaybiH
Ka)KeT eTeTiH alMaKkTapdbl benriney ywiH nanaanaHblaybl MyYMKiH. Anainga HaTuskenepai TynKiniKTi
TYCIHAIPY KAMHMKaNbIK KepiHic neH Hacka AMarHOCTUKabIK AePEKTEPi eCKepe OTbIpPbIN, Aspirep
TapanblHaH Xyprisiayi Tuic.

HelpoHAbIK eni TexHonornanapbl yabTPaablObICTbIK AMArHOCTMKaAa Aa MaHbl34bl OPbIH
anagbl. YNbTpaablObICTbIK, 3€pTTey KOJIKETIMAINIM, MHBA3UBTI eMeCTIri XaHe ilWKi ar3anapabiH,
KafOamblH HAKTbl YaKbIT PEXMMiIHAE DBaKblnay MyMKiHAiriHe 6anaHbICTbl MeANUMHAHbIH 9PTYpPAI
cananapbiHAa KeHiHeH KondaHblnadbl. byn peTTe 3epTrey canacbl KebiHECE MaMaHHbIH,
ToxipubeciHe, [OaTYMKTIH OpHaNacyblHa »aHe »Kabablk MapameTp/aepiH Aypbic TaHJayfa
HalnaHbICTbI.

YNbTpaablObICTbIK, AMArHOCTMKAAA KaCaHAbl MHTENNEKT aHaTOMMUANbBIK KypblabiMaapabl
TaHy, CTaHZAPTTbl KECKIHAEPAI aHbIKTaY XaHe e/weynepli aBTOMaTTaHAbIPY YLWiH KOAAAHbIAYbI
MYMKiH.  MbIcanbl, 3XOKapamorpadua KesiHAe WHTeNNeKTyandpl aAropuTMAEpP  Kypek
KYbICTapbIHbIH ©/leMaepiH, MUOKapA KabblpFanapbliHbIH, KaNblHAbIFbIH KaHE XKYPeK Kbl3METiHiH
KeKenereH KepceTKilwTepiH Gafanayfa KemekTece anadbl. byn anbiHFaH KeckiHAepAi enaeyai
KeHinaeTin, enweynepai CtTaHaapTTayfa biIknan eTeai.

[onnneporpadunaga HEMPOHAbIK e TEXHONOTMANAPbl CNEKTPAIK KUCbIKTapAbl Tanaay,
KaH afbIMbIHbIH, CMMAaTTaManapblH Bafanay KoHe KekenereH esweynepai aBToMaTTaHAbIpy YLWiH
KONAaHblAybl MyMKiH. MyHA@N Kypanaap MamMaHHbIH *KYMbICbIH KeHiNAeTKEHIMEH, HaTUXKeNep i
Kacibn Baranay KaxKeTTiNiriH *)onmmanapl, OUTKEHI yNbTPaAbIObICTbIK 3ePTTEY 3epTTENETIH alMaKTbI
AYPbIC TaHAQYAbl }KOHE AMATHOCTMKANbIK XKababIKTbl TUICTI AeHreiae banTayabl Tanan etes;.

MeauumHaHbIH, 6acka cananapbiHAa KaCaHAbl MHTENNEKT 3/1eKTpoKapaMorpammanapabl
Tangay, kes Tybi KeckiHAepiHeH AnMabeTTiK peTuHonaTuA DenrinepiH aHbIKTay *KaHe 3epTXaHasblkK,
AepeKTepai eHaey YLWiH KondaHblnaabl. HeMpoHAapbIK *Keninep meanumMHanblk aknapaTTarbl benrini
Bip 3aHAbINbIKTAPAb! aHbIKTAM anaapl, 6yn NaToONOrMANbIK e3repictepai epTe KeseHae Tabyfa
KemeKTecyi MYMKIiH. [ereHmeH anroputm MKYMbICbIHbIH HITUMXenepi HaKTbl KAMHMKANbIK
NpaKTMKara CaMKeC araannapaa tekcepinyi tvic [1, 2].

KAnHmKanbiK Wewimaepai Konaay yilin XXU-ai nanaanany

acaHapl WHTENNeKTiHi KongaHydblH Tafbl 6ip MaHbI3Abl 6afbiTbl — KAMHUKAbIK
wewimaepai kongay. KyHoenikTi Toxipubene aAspirep naumeHT Typasibl KenTereH aknapatTbl
Tandanabl: WAFbIMAAPbLIH, aypy aHaMHe3siH, 3epTXaHa/iblK »KoHe acnanTblk 3epTTeynep
HOTMXKENEPiH, KaTap XYPETiH aypynapbl MeH Kabblngan »KypreH Apinik npenapatrapb! Typanbl
ManimeTTepAai.

NHTennekTyanabl »Kymenep ocbl MajimetTepai 6ipikTipin, Tangayfa, 6enrini 6ip Kayin
baKTopnapblH aHbIKTAayfa XoHe KOJaWMCbi3 KaFdannapAblH, Aamy bIKTUManabiFblH 6afanayra
KemeKkTece anafdbl. OHAENreH AEepeKTep HeridiHae anropuTtMaep KOCbIMILG YCbIHbIMAAP
Ka/AbINTaCTbIPbIN, 0apAbl MeAnLUMHA MaMaHbl 9pi Kapanfbl TEKCEPY TaKTUKAChIH aHbIKTay Ke3iHAe
nanaanaHa anaapl.

MbIcasibl, 3/IEKTPOHAbIK, MeAMLUMHANbIK KapTaHbl Tafgay KesiHae »Kyhe bipHelle Kkayin
GaKTOpbIHbIH, KaTap Ke3gecyiHe Hasap aydapybl Hemece 3epTxaHasblk KepceTKiwTepaiH
OMHAMMKACbIHAAFbl ©3repicTepli aHbIKTaybl MYMKIH. byn Aspirepre yakeH kenemaeri aknapatTbl
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XKblngam bargapnayfa KoHe NaumeHTTiH KafdanbiH Oafanay KesiHAe KOoCbIMLa ManimeTTepAai
ecKepyre kemektecegi.

Anaaa MyHAQM Kynenep MmamaHHbIH KaTbICybIHCbI3 TYMKINIKTI AMarHo3 Komaybl Hemece
eM TafalblHAaMaybl TWic. KAMHWKANbIK LWewWiMm nNauMeHTTiH, afdalblH, af3acbliHblH Keke
epekLenikTepiH, aHaMHEe3IH XoHe TeKCepy HaTUXKeNepiH KelleHai Tanaayasl Tanan eteai.

[epbecTeHaipinreH meanLUMHa KaHe KacaHabl UHTENNEKT

HepbecTeHaipinreH meanumHa —3amaHaym MeanLUMHabIK TEXHONOTMANAPAbl AaMbITYAbIH,
Tafbl B6ip nepcnekTuBanbl OarbiTbl. OHbIH, Heri3ri MakcaTbl — NPOPUNAKTUKAIK KIHE eMJiK ic-
lapanapAabl TaHAafaH Ke3ae NaunmeHTTiH XKeKe epeKLLenikTepiH eckepy.

EmaeyaiH, 49CTypAi Tacinaepi kebiHece Kannbl KAMHMKANbIK YCbiHbIMAAPFa Herisaenenq;,
ananpa apTypai naumeHTTepdiH bipaen emaey agictepiHe peakuMAchkl e3relle 60ybl MYMKIH.
EMHIH TMiMmAiniriHe »Kac, TYKbIM KyanayLblNblK, KaTap XYPETiH aypynap, 3aT aIMacy epekLlenikrepi
*KoHe Hbacka Aa bakTopaap acep eTyi bIKTMMan.

MalWWHaNbIK OKbITY aNrOPUTMAEPI KAMHUKANbIK, TEHETUKANbIK KIHE 3epTXaHaliblK,
OepeKTepai Tangayfa, emaey HaTUKeNepiH CanbICTbIpyFa XKaHEe FblibIMM 3epTTeynepae nanaanl
60nybl MYMKiH 3aHAbINbIKTAPAbl aHbIKTayFa MYMKiHAIK Oepeni. MyHaal TexHonormanapapl
NanaanaHy MauueHTTEPAiH *KeKe epeKWenNiKTepiH TepeHipeK 3epTTeyre XaHe MeanuMHaNbIK,
KBMEK KepPCEeTY TaCiNAepiH XKeTinaipyre »oa awaabl.

COHbIMEH KaTap »KacaHAbl WHTENNeKT AJPiNiK npenapatrapdbl 93ipaey KesiHae
KONOaHblNaabl. KOMMObKOTEPNIK MoAeNbAEp MOAEKYNANbIK KypblabiMAapdbl 3epTTeyre, apTypAi
KOCbINbICTapApblH, ©3apa 9pPeKeTTecyiH Tanjayfa »KaHe api Kapalh 3epTreyre nepcrnekTMBabl
3aTTapdbl aHbIKTayFa KemeKTece anafpbl. byn fblAbIMU-3epTTeY KYMbICbIHbIH, XKeKefereH
Ke3eHAepiH OHTalNaHabIpyFa biIKNan eTyi MyMKIH.

CoHbIMeH bBipre KOMMbOTEPAIK MoAeNbAey HITUMKENepi *aHa npenapaTTbl KOAAaHYyFa
METKINIKTI Heri3 60/1bIN caHaIManabl. ANbIHFaH AepeKTep KeMiHri 3epTxaHablK, KAMHUKaFa AeMiHTi
OHE KNMHWUKANbIK TeKkcepynepaeH eTyi Tuic. Ocblnaniua, *KacaHabl MHTENNEKT MeAMUMHANbIK
oHe apMaKoNornANbIK 3epTTeynepaiH, ASCTYPAi SA4iCcTepiH TONbIKTbIPATbIH KOMEKLLI Kypan
peTiHAEe KbI3MeT eTeai [4].

MeauvumHanbIK yaoepicTepai aBToOMaTTaHabIpY

HacaHabl MHTeNNeKTiHI Koa4aHy aypynapdbl AMArHOCTMKANay »KoHe emaeyMeH faHa
WwekTenmenai. MeamumMHanbiK MeEKEMENEPAiH, SKIMLINIK XKaHe YMbIMAACTbIPYLWbIAbIK YAepicTePIH
aBTOMaTTaHAbIPY canacbiHAa a akTapablKkTal MyMKiHAKTep Bap.

3amaHayn WHTEeNNeKTyanapl Kynenep meauUMHanblK MITiHAepAi eHael anafbl,
»asbanapabl KypblabiMAanabl, KOPbITbiHAbIAAPAbIH, OacTankel HYCKaNapbiH »Kacaldbl MoHe
INEKTPOHAbIK  MeAMUMHANbIK KapTanapdaH KaskeTTi aKknapaTTel Oenin  anagbl. MyHaan
TEXHONOTMANAP MeAMLMHANbIK Ky*KaTTamaHbl AanblHAAY, 3€pTTeY HOTUMKENEPiH XKyheney xaHe
NauMeHT Typa/bl aknapaTtTbl i34ey VWiH nanaanaHbiiybl MyMKIH.

KyHAenikTi KahTanaHaTblH MiHAETTEPAI aBTOMATTaHAbIPY MeAMLUMHA Kbl3METKepaepiHiH,
YaKbIT WbIFbIHbIH @a3alTyfa MyMKiHAIK 6epeni. HaTuxKeciHae MamaHaap naunmeHTTepMeH Tikenem
KapblM-KaTblHACcKa, TEKCEPY/IEP KYPri3yre kaHe em HaTUKenepiH baranayra kebipek KeHin bene
anagpl.

MeauumHanbiK  ynmbimaapapl  H6ackapyda — KacaHapl  MHTENNEKT  anroputmaepi
beniMmwenepre TYyCETiH XYKTeMeHi Tanzay, Kabblngay KecTeciH Kocnapnay, MeamuuHanbiK
KabablKKa KaXKeTTiNiKTI B6oKay KoHe pecypcTapabl TMimAi 6eny ywiH KoAaaHblybl MYMKIH.
KOofamablK OeHCay/blK CakTay CanacblHAQ MAWWHANLIK OKbITY 3AiCTepi 3NMAEMUONOTUANbIK,
AepekTepai Tanaay, CbipKaTTaHYLWbIIbIK, AMHAMMKACbIH 3epTTey kaHe benrini 6ip ypaictepa
aHbIKTaY YLWIiH NanaanaHblaybl bIKTUMAJT.

eke bGafbiTTapablH, bipi MeauMUMHanbIK aKknapaTTbl eHJey VWiH TiA4IK moaensaepai
KonaaHymeH 6annaHbicTbl. MyHAal Kyenep KyKaTTapApblH HacTanKkbl HyCcKanapblH KacayFa,
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MITIHAIK AepeKTepai KOpbITbIHAbINAYFA KaHe JpTYp/i AepeKKe3aepaeH anblHFaH MaNiMeTTepA
Kyreneyre kemektece anaapl. Anaaa aBToMaTTbl TYPAE KacanfaH MaTiHAEeP MeH YCbiHbIMAAPAb!
MeauLUMHa MamaHbl MIHAETTI Typae Tekcepyi Tvic. Tingik mogenbsaep GpakTinik Katenep xibepyi,
aKnapaTTbl AypbiC TyCiHAipMeyi Hemece HacTanKbl AepeKkTepmMeH pacTasimaraH KOpbITbIHAbIAAP
*Kacaybl MYMKIH.

CoHAablKTaH MeAMUMHaNbIK yAepicTepdi aBTOMaTTaHAblpy Kacibu 6Hakblnay MeH
MamMaHAapAblH, *KayanKkepLiniriH cakTam OTbIPbIN KY3ere acblpbliybl KEPEK.

MeanunHaaasbl HEMPOHABIK XKeNi TEXHONOTMANAPbIHbIH, APTLIKLWbIAbIKTapbl

acaHabl MHTENNEeKTIHI nNaiganaHy AeHCaynblK caKkTay KyMeciH KeTingipyre 6ipkatap
MYMKiHAIK ©6epeai. Herisri apTbiKWbIAbIKTAPbIHbIH, Oipi — aknapaTtTbl eHAeyAiH Kofapbl
KblIAaMAbIFbl. KOMNBIOTEPAIK aNropuTMAEP YAKEH Kenemaeri AepeKkTepai canbliCTbipmabl Typae
KbICK@ YaKbIT ilWiHAe Tangan anafbl, Oyn acipece MeAMUMHANbIK KECKIHAEPMEH KaHe
3/IEKTPOHAbIK, MEAMLMHABIK KapTanapMeH XYMbIC iCTey Ke3iHAe MaHbI3abl.

Tafbl 6ip apTbIKWbIAbIFbI — MeAMUMHANbIK aKNapaTTblH KypAeni *KUbIHTbIKTapblHAAFbI
3aHAbINbIKTapAbl aHbIKTay MYMKIiHAir. HeMpoHAbIK Keninep KenTereH Mmbicangap HerisiHae
OKbITbIIbIN, AePeKTepdi anablH ana XikTey MeH Taaay YWiH KoagaHblnaTteiH benrini 6ip benrinepi
TaHW anagpl.

MW KonaaHyablH HEri3ri apTbIKLWbIIbIKTapblHA MblHANAP XaTaabl:

— MeANUMHANbIK KECKIHAEP MEeH 3epTTey HaTUXKeNepiH eHaeyAai Keaenaety;

— KaWTanaHaTblH  MIHAETTepPAi KaHEe MeAMUMHANbIK — KyKaTTaMaHblH KeKefnereH
yAepicTepiH aBTOMaTTaHAbIPY;

— KNMHMKANbIK aKNapaTTblH Y/IKEH KBJIEMIH Tanaay MyMKIHAIr;

— IMArHOCTMKANbIK MaHbI3bl bap benrinepai aHbIKTayfa KOAJay KepceTy;

— Kayin dakTopnapblH baranayra KaHe KeKenereH Karaannapapl 6oKayra KEMeKTecy;

Kenbip AMarHOCTUKANbIK KaHe YMbIMAACTbIPYLbINbIK YAepicTepai cTaHaAapTTay AeHreniH
apTTbIpy.

NHTennekTyanapl TEXHONOTMANAPAbI AYPbLIC EHTI3Y MeAMLMHANbIK YbIMAAP HYMbICbIHbIH,
TUIMAINITIH apTTbIpyFa XKaHe Konda bap pecypctapdbl YTbiMAbl NaindanaHyra biknaa eTyi MyMKiH.
Byn peTTe onapAablH NPakTUKaNbIK Nakgacbl  anropuTMAEpPAiH,  canacbiHa, nanaanaHy
afaannapbiHa *KaHe MeauLUMHa KbI3METKepAepiHiH AalbIHAbIK AeHreniHe 6alinaHbICTbI.

*KacaHabl MHTeNNeKTiHi KoNAaHYAbIH, LLeKTeynepi MeH macenenepi

Eneyni nepcnekTnBanapbiHa KapamacTaH, MeauLUnHaAa *KacaHabl MHTENNEKTIHI Naganany
bipraTap WeKTeyNepMeH KaTap Kypedai. Herisri macenenepain, 6ipi — anropnuTm canacblHblH, OKbITY
nepektepiHe Tayenginiri. CeHimai HaTWKenep any YWiH HENPOHABIK Keninep MKeTKiNiKTi
Kenemaeri, cananbl }aHe penpe3eHTaTMBTI aknapaT MacCMBTEPI Heri3iHAe OKbITbINYbI THIC.

Erep naumeHTTepaiH, 6enrini 6ip TonNTapbl OKbITY ipiKTEMECIHAE MKETKIMIKCI3 KamTblaca,
aNrOPUTMHIH, COM TONTAP VLLUIH KYMbIC ANAINT TOMeHAeYi MyMKIH. Byn KyMeHi oKbITy KesiHae
nanaanaHblifaH AepeKkTepaeH epeklleneHeTiH cnnaTtamanapsl bap naumeHTTepre KoadaHraHaa
HOTUMXKeNepAiH, CeHIMAiNIr TemeHaey KayniH Tyfbl3abl.

Tafbl Bip macene — KaTe OO/KaMZap Kacay KoHe HaTuxKenepai Aypbic TyciHAipmey
bIKTMMaAAblFbl. TiNTi 3aMaHayu anroputmaep Ae abconoTTi Aanaikke Keningik bepe anamanabi.
Hyle natonornanbik e3repictepai bankamam Kanybl, aypyablH 6ap-KoFblH KaTe aHbIKTaybl Hemece
KANMHUKANbIK Kaf4anfa COMKeC KeJIMENTIH YCbIHbIM KabINTaCTbIPybl MYMKIH.

CoHbIMEH KaTap Kenbip HEeMpOoHAbIK MOAeNbAePAiH TyCiHAipMeniniri weTKinikcis. byn
MaMaHFfa KyWeHiH, 6enrini 6ip HaTUKeHI HaKTbl KaHaal benrinep HerisiHae KanbinTacTblpFaHbiH
aHbIKTayabl KMblHAATaAbl. MeaAnumHanbik NpakTMKaaa byn MmaceneHiH, MaHbl3bl epekLle, ONTKeHI
AMATHOCTUKAbIK aHe eMAiK Welimaep NauneHTTepaiH, AeHcaynblifbl MEeH Kayinci3airiHe Tikenemn
HalNaHbICTbI.

Keke aKknapaTTbl KOpfay Aa MaHbi3abl macene 6onbin Kana bepeai. MeamumHanbik,
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AepeKTep Kynua aknapaTKa *KaTadbl, COHAbIKTAH ONapAbl KMHAY, CaKTay KaHe eHAey 3aHHama
TananTapbiHa COMKEC Ky3ere acblpbliybl TWic. UHTeNNeKTyandpl Kynenepai edrisy kesiHae
3NEKTPOHAbIK MeANLIMHANBIK KapTanapabl, TEKCEPY HITUKENEPIH KaHe NaUMeHTTep Typaabl 6acka
MINIMeTTepPAi KOpFayabl KAMTaMacbl3 eTy KaxKeT.

DTUKaNbIK aCnekTiepre e epeKkwe Hazap aydapy Kepek. rRacaHabl WMHTENNEKTIHI
nanaanaHy nauuMeHTTepAiH, KYKbIKTapbliH LWeKTeyre, MeauUMHaNbIK KOMEKTIH KO/IKeTiMAainiriH
TOMEHEeTYyre HemMece XasfblKTblH YeKenereH TONTapblH KeMCiTyre akenmeyi Tumic. AyHnexysinik
[EeHCay/bIK CakTay YMbIMbl AE€HCAY/blK CaKTay cajacbiHAa WUHTENNEeKTyanapl »Kymenepai asipney
YKOHE eHri3y KesiHAe allbIKTbIKTbI, KaYIiMCi3AiKTi, *KayanKepLinikTi }KoHe a4iNAiKTi KamTamacol3 eTy
Ka*KeTTiriH aTan kepceteai [3].

Ocblnaniua, *KacaHabl MHTEANEKTIHI TUIMAI KONAAHY anropuTMAEPAi Tayencis Tekcepyai,
ONapAblH, *KYMbIC CanacblH TypakTbl GaKblnayabl, MeamuMHa KbI3METKepepiH OKbITYAbl KaHe
nepbec nepeKktepai KopFay KaFrnaaTTapblH cakTaydbl Tanan eTeai.

KasaKCTaHHbIH, AeHCaynblK CaKTay cafacblHO@ *KacaH4bl WHTENNEKTIHI OaMbITyOblH,
nepcnekTnsanapsl

KasakcTaH Pecnybnukachl yuWiH KacaHAbl WMHTENNEKTIHI eHri3y AeHCcayablK CcakTayabl
UMPPNAHAbIPY KOHE 3aMaHayM AMArHOCTUKAbIK TEXHONOTMANAPAbl AAMbITY TYPFbICbIHAH YNKEH
KbI3bIFYLIbIAbIK TyAblpaabl. IHTeNAeKTyanabl XKyenepai nanaanaHy meamumHanblk yMbIMaapasiy,
KYMbICbIH KeTinaipyre, AMarHOCTUKANbIK KecKiHAepAai eHaey TUIMAINITIH apTTbipyfa KaHe
MeANUMHANbIK KYXKaTTaMaHbl aBTOMATTaHAbIPYFa bIKkNaa €Tyi MYMKIH.

MyHAal TeXHONOrMANAPAbl KONAaHY AMArHOCTUKANbIK Benimuwenep, 3epTxaHanap KaHe
Y/IKEH Kenemaeri aknapaTneH XyMbIC iCTENTIH MeAMUMHANbIK YNbIMAAP YLiH epeKlle MaHbi3abl
60ybl bIKTUMaN. MHTeNNeKkTyanapl aAropuTMaep 3epTTey HaTUXKeNepiH Tanaay KesiHae KoCbiMLLa
Kypan peTiHAe KbI3MET eTin, meaAnUMHa MamMaHAapblHa AepeKTePAi Kyeneyre KemeKTece anapl.

Byn peTTe YATTbIK AEHCAy/blK CaKTay KYMECiHiH epeKlenikTepiH eckepy KaxkeT. Onapfa
3aMaHayun KabapblKTapablH KO/LKETIMAINIM, MeAMUMHANbIK aKnapaTTblK KyhenepaiH canacsl,
UMbpAblK MHOPAKYPLINBIM  AEHTeNi KaHEe MeAMUMHANbIK KyXKaTTamMaHblH, TiAAiK apTypAiniri
aTaapbl. *acaHabl MHTEANEKTIHI TUIMAI KONAAHY YWiH NanaanaHblNaTblH aArOPUTMAEP HKEPTINIKTI
MeANUMHANbIK NPaKTUKaHbIH epeKLLeiKTePIH ecKepyi MaHbI3bl.

NHTenneKkTyanapl *Kymenepai KeHiHeH eHrizbec 6ypbiH onap KasaKkcTaHHbIH MeanUMHanbIK,
YMbIMAAPbIHAAFbI XKYMbIC XKafaannapbliHa COMKeC KeNeTiH AepeKTep HerisiHae Tekcepinyi Tmic. byn
onapAblH HaKTbl KAMHWKANbIK Kafdainapaa Aa04irH, CEHIMAINITIH KaHe NPaKTUKabIK KONdaHYFa
apamabinblFbiH Baranayfa MyMKiHAIK bepeai.

MeanumHa Kbi3MeTKepaepiH Aaspaay Aa MaHbi3abl barbiTTapabiH, 6ipi 601bin Tabblnagpl.
3amaHaym mamaH Kacibn meamumHanbik binimmeH Katap UMPPAbIK TEXHONOMMANAPAbIH KYMbIC
iCcTey KafumaaTTapblH, »acaHAbl WHTEANIEKTIHIH, MYMKIHAIKTEPI MeH aBTOMATTaHAbIPblAfaH
TangayAblH WeKTeynepiH TYCiHYi Kepek.

MeanumHanslk 6inim Bepy canacbiHAa 3amaHaym aknapaTtTbiK Kyrhenepgi, AepekTep
eHAeY HEeri3fepiH XaHe MHTeNNEeKTyaNabl TEXHONOrMANaPAbl Kayinci3 nanganaHy KafnmaaTrapbiH
3epaeneyre e KeHin 6enreH »keH. byn 6onawak mamaHgapra Kacibm KpiameTiHae undpibiK
KypandapMeH TUIMAj KYMbIC icTeyre MyMKiHZAiK 6epei.

Ocbinanwa, KasakCTaHHbIH, AEHCay/blK CaKTay KyWMeciH AaMbITyAblH, MepCrnekTMBabl
HaFbITbl — FbIbIMW HETI3AINIKKE, KAMHUKANbIK TEKCEPYTe KaHe Kacibm BaKblnayfa cymeHe OTblpbIn
YKaCaHAbl MHTENNEKTIHI EHTi3y.

HacaHapl MHTeNNeKTTi KoNAaHy KesiHgeri aapirepaiH, peni

NHTennekTyanabl TEXHONOTMANAPAbIH, AaMyblHa KapamMacTaH, AMarHOCTUKA KaHe emaey
yAepiCiHAeri XeTeKwWwi pen meamumMHa MaMaHbliHAa Kaaybl TMIC. KacaHObl MHTENNEKT KeKenerex
aHaMTMKaNbIK MiHAETTepAi OpbiHAAMN, aknapaTTbl 8HAEMN, KAMHUKANbIK Kafaanabl baranayabiH,
KOCbIMLLA HYCKanapblH YCbiHa afadbl, ananaa on NaumeHTTiH XeKe epeKLlenikTepiH ToNbIKKaHAabI
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TyCiHE anmanapl.

JapirepaiH *KyMbICbl TEK 3€pTTEY HITUMNKENEPIH TanaayMeH Wwekteamenai. On naumeHTneH
KapblM-KaTblHaAC *Kacayabl, lafbiMaapbiH 6afanayabl, aHaMHesiH 3epaeneyai, PUsnKanbik Tekcepy
KYPrisydi »kaHe KkenTereH dakTopaapabl eckepe OTbIpbIN WelliMm Kabblnaayabl KamTuabl. Kenbip
KAMHUKaNbIK afdannap aBTOMATTaHAbIPbIAFAH AepeKkTepdi eHAey apKblibl TO/bIK a/JMacTbipy
MYMKIH eMec eKe TacCinai Tanan eteai.

CoHAbIKTaH »KacaHAbl WMHTENNEKTiHI nanganaHydpiH eH TWiMai mogeni — meauumHa
MamaHbl MeH MHTENNEKTYaAdbl YMEHIH, bIHTbIMAKTACTbIFbl. ANTOPUTM KOCa/Kbl aHaNUTUKANbIK,
MiHOETTEPAI opbiHAAWAbI, an A2pirep anbiHFAaH HaTuxKenepai 6afanan, onapabl KAMHUKANbIK
NEePEKTEPMEH Ca/bICTbIPaAbl XaHe TYMKINIKTI WweLim Kabblnaanab.

MyHaan Tacin  Kacibn meamuMHa  KbI3METKEPiHiH, Kayankepuiniri mMeH naumeHT
KayincisairiH cakTal OTbIpbiN, 3amMaHayM TEXHONOTMANAPAbIH apTbIKLWbIAbIKTAPbIH NalaanaHyfa
MYMKIiHAiIK Oepeai. bonaliakTa agaM MeH »KacaHAbl MHTEN/IEKTiIHIH, ©3apa apeKeTTecTir UMPp/bIK,
MeaMLUMHAHbI AaMbITYAbIH Heri3ri 6arbITTapbiHbIH, HipiHe alHanybl MyMKiH [4].

KopbITbIHAb!

*acaHapl WMHTENNeKT MNeH HeWpOoHAbIK Kesi TexHOo/NorManapbl Kasipri meauuyHaHbl
0AMbITYAblH MaHbI3abl 6afbITTapblHbiH, Oipi 6onbin Tabbinaabl. Onapabl KonaaHy aypynapabl
AMarHOCTUKanayabl *eTingipyre, MeanMuUMHaNbIK KeCKiHAepAi Tanaayfa, KIMHUKaNbIK Wewimaepai
KONOayfa, eMAeyAai KekeneHaipyre »aHe MeauMUMHANbIK yaepicTepdi aBTOMaTTaHAbIpyFa
KOCbIMLLA MYMKIHAIKTEP allapbl.

NHTenneKkTyanapl XKymenepai KoAAaHyAblH eH nepcnekTMBabl CajnanapbiHa Caynenik
LMArHOCTUKA, YNbTPablObICTbIK 3epTTeyaAep, 3N1eKTPOoKapAMorpaMmanapasl eHAeY, 3epTXaHaNbIK,
OHEe KAMHWKa/bIK AepekTepdi Tanjay, coHaan-ak Oenrini 6ip kayin ¢akTtopnapbiH Oonxay
KaTaabl. HelpoHAplk KeninepAi narganaHy aknapaTTbl eHAeyAi *Keaenaetyre, Kekenerex
vaepictepai CTaHOapTTayfa aHe MeAMUMHA MNepCcOHanbl YMbICbIHbIH, TUIMAIAIMIH apTTbipyFa
bIKMaN €TYi MYMKIH.

CoHbIMeH Bipre MHTENNEKTYaNAbl XKyMenepadiH NPaKkTUKabIK Naiaachkl OKbITY AePEKTEPIHIH,
canacblHa, anropuTMAEPAiH AdNAiriHe, onapAbl KONAAHY KafdannapbliHa KaHe KAMHUKaAbIK
Hakblnayapl yibiMaacTbipyfa 6ainaHbICTbl. HKeke aknapaTtTbl Kopfay, bargapnamansik Kyenep
KYMbICbIHbIH, HITMKEIePiH TEKCEPY KaHe 3TUKabIK KafnaaTTapabl CaKTay epeKlle MaHbI3fa me.

HacaHapl MHTeNNEeKT Aapirepadi TONbIK a/IMACTbipaTblH Kypan peTiHae KapacCTbipblamaybl
THIC, BUTKEHI ANArHO3 KOO KaHe em/iey TaKTUKACbiH TaHA4ay NaUMEeHTTIH KafaalblH, OHbIH, XeKe
epeKLLeNiKTepi MeH KNMHUKANbIK Kafaanapl KelweHai 6aranayasl Tanan eTes;.

Jemek, fbiabiMKM  A2Nennepre, KAMHWUKaNbIK TEKCepyre aHe Koacibu HakblnayFa
Heri3genreH HeMPOHAbIK eni TEeXHONOTMANAPbIH KayankepwinikneH eHrisy meamumHanbiK,
KOMEKTIH, canacbliH apTTbipydblH, aHe UMPPAbIK AeHCAy/NblK CakTaydbl OfaH api AaMbITydblH,
MaHbI3abl WAPTTapPbiHbIH, Oipi 60na anaabl. EH nepcnekTuBaibl TaCin — »KacaHAbl MHTENNEKT
CEeHIMj KemeKLWi Kypan peTiHAe KOoA4aHblAbIN, Wellim Kabblnaayda MeanumHa MamaHbl KeTeKLi
PeiH CakTalTbiH MOAENb.
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1. Abstract and scope

Hypoxia is a reduction in oxygen availability relative to cellular demand. It is not a uniform insult:
oxygen tension, duration, intermittency, temperature, nutrient supply, workload, and
reoxygenation determine whether cells adapt, become dysfunctional, or die. This review
compares human tissues with naturally hypoxia-tolerant organisms, emphasizing molecular
mechanisms rather than treating all low-oxygen states as equivalent. (Lee et al., 2020; Semenza,
2012)

The central argument is that survival emerges from coordinated control of oxygen sensing, ATP
demand, substrate use, redox balance, ion homeostasis, protein synthesis, vascular supply, and
cell fate. In most mammalian cells, oxygen-dependent prolyl hydroxylases regulate hypoxia-
inducible factor alpha (HIF-a). When oxygen is sufficient, hydroxylated HIF-a is recognized by von
Hippel-Lindau protein and degraded by the proteasome. (Kaelin & Ratcliffe, 2008; Lee et al., 2020)
During hypoxia, hydroxylation falls, HIF-a accumulates, dimerizes with HIF-13, and activates genes
involved in glycolysis, angiogenesis, erythropoiesis, iron handling, and survival. Yet HIF signaling is
only one layer. AMPK, mTOR, unfolded-protein responses, autophagy, mitochondrial remodeling,
nitric oxide, and microRNAs shape tissue-specific outcomes. (Semenza, 2012; Jiang et al., 2021)
Human brain, heart, kidney, liver, skeletal muscle, placenta, and vascular endothelium face
different oxygen landscapes and have distinct energetic priorities. The brain requires continuous
ATP to maintain ion gradients and synaptic activity; the kidney medulla operates physiologically at
low oxygen; the placenta develops along steep oxygen gradients; and skeletal muscle experiences
repeated local hypoxia during contraction. In contrast, turtles, crucian carp, diving mammals, and
naked mole-rats have evolved systemic and cellular strategies that permit survival under oxygen
levels that would injure most humans. (Jiang et al., 2021; Burton et al., 2021)

This is a narrative comparative review, not a systematic review or meta-analysis. It synthesizes
established mechanisms and selected PubMed-indexed studies. Evidence from animal models is
distinguished from direct human evidence, and mechanistic hypotheses are not presented as
proven therapies. (Lee et al., 2020)

The comparison highlights both shared biochemical modules and evolutionary innovations,
including profound metabolic depression, ion-channel suppression, antioxidant preparedness,
and fructose-supported glycolysis. These principles may inform future approaches to ischemia,
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stroke, myocardial infarction, organ preservation, and critical illness, but translation requires
careful attention to species differences and the hazards of reoxygenation. Importantly, oxygen
tension should be interpreted alongside perfusion, substrate availability, temperature, and
metabolic workload. (Larson et al., 2014; Park et al., 2017)

Measurements from whole tissue can conceal opposing responses among epithelial, stromal,
immune, and vascular populations. An adaptive molecular signature does not necessarily
demonstrate improved survival; functional recovery remains the decisive endpoint. Responses are
shaped by exposure duration, oxygen cycling, developmental stage, sex, nutrition, and prior
physiological conditioning.

Reoxygenation experiments should therefore reproduce clinically relevant timing and measure
both early injury and delayed recovery. Comparative evidence is strongest when molecular
observations are paired with physiological measurements and perturbation of candidate
pathways.

Keywords: Hypoxia; anoxia tolerance; comparative physiology; hypoxia-inducible factor (HIF);
tissue-specific adaptation; metabolic depression; mitochondrial adaptation; reoxygenation injury.

2. Oxygen availability and the cellular problem

Oxygen reaches cells through a cascade: atmospheric partial pressure, alveolar ventilation,
pulmonary diffusion, hemoglobin loading, cardiac output, microvascular distribution, diffusion
through interstitium, and mitochondrial consumption. Failure at any level can create tissue
hypoxia. High altitude lowers inspired oxygen pressure, whereas anemia lowers oxygen-carrying
capacity, ischemia restricts blood flow, and respiratory disease impairs gas exchange. (Brezis &
Rosen, 1995; Lee et al., 2020)

These conditions may produce similar intracellular oxygen deficits but differ in carbon dioxide, pH,
nutrients, hormones, and waste removal. At the cellular level, oxygen serves as the terminal
electron acceptor of the mitochondrial respiratory chain. Complex IV reduces oxygen to water,
allowing electron flow, proton pumping, and ATP synthesis.

When oxygen becomes limiting, oxidative phosphorylation slows, NADH oxidation is constrained,
and ATP generation increasingly depends on substrate-level phosphorylation. The challenge is not
simply a lack of fuel: glycolysis yields far less ATP per glucose than complete oxidation, while
lactate accumulation and associated acid—base disturbances may develop when production
exceeds clearance. Cells must therefore reduce ATP demand, preserve essential gradients, and
selectively maintain biosynthesis.

The severity of hypoxia is context dependent. A moderate fall in oxygen can activate adaptive
transcription without collapsing ATP levels. Severe ischemia, by contrast, combines oxygen
deprivation with inadequate glucose delivery and impaired metabolite clearance. (Hausenloy &
Yellon, 2013; Hausenloy & Yellon, 2016)

Reperfusion restores oxygen but can provoke reactive oxygen species, calcium overload,
inflammation, and mitochondrial permeability transition. Thus, survival requires not only
tolerating low oxygen but also managing the transition back to oxygenated metabolism. Oxygen
gradients are normal features of many tissues.

The renal medulla, intestinal mucosa, bone marrow niches, and developing placenta contain
physiologically low-oxygen regions. Stem cells may use these niches to limit differentiation and
oxidative stress. A low oxygen value is therefore not synonymous with pathology. (Brezis & Rosen,
1995; Colgan & Taylor, 2010; Burton et al., 2021)

The relevant variable is the relationship between local oxygen supply and cellular demand,
interpreted in the context of the tissue's evolved operating range. Comparative physiology adds
an important distinction between hypoxia and anoxia. Hypoxia means reduced oxygen; anoxia
means near-complete absence.
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Many mammals tolerate hypoxia transiently but cannot sustain ATP-dependent function during
prolonged anoxia. Some ectothermic vertebrates survive anoxia by suppressing metabolism
dramatically, while naked mole-rats can transiently use unusual anaerobic fuels. These organisms
reveal that oxygen dependence is biologically adjustable, but only within limits imposed by
temperature, energy stores, and the capacity to suppress expensive functions (Storey, 2007; Park
etal., 2017) (Fig.1).

Figure 1. Integrated framework for hypoxia survival across human tissues and hypoxia-tolerant organisms.
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Figure 1. Integrated framework for hypoxia survival across human tissues and hypoxia-tolerant
organisms.

Hypoxia survival is determined by the interaction between oxygen supply, cellular oxygen demand,
tissue identity, exposure conditions, and the capacity to manage reoxygenation. The left panel
illustrates the oxygen-delivery cascade from inspired oxygen and ventilation through blood flow,
hemoglobin-mediated transport, microvascular distribution, cellular diffusion, and mitochondrial
oxygen utilization. Hypoxia may arise from high altitude, anemia, ischemia, respiratory disease, or
increased metabolic workload, and its severity depends on the magnitude and duration of the
supply—demand mismatch, as well as temperature, nutrient availability, and reoxygenation.

The central panel contrasts normoxic and hypoxic oxygen sensing. Under normoxia, prolyl
hydroxylase domain enzymes hydroxylate hypoxia-inducible factor alpha (HIF-a), enabling von
Hippel-Lindau (VHL)-dependent recognition and proteasomal degradation. Under hypoxia,
reduced hydroxylation stabilizes HIF-a, permitting dimerization with HIF-1B and activation of
hypoxia-responsive transcription. HIF signaling integrates with metabolic remodeling, reduced
ATP demand, redox and mitochondrial quality control, ion and proteostasis regulation, vascular
and systemic support, and signaling pathways involved in memory and repair.
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The upper-right panel summarizes tissue-specific outcomes in the human brain, heart, kidney,
liver and intestine, skeletal muscle, placenta, and vascular system. Because these tissues operate
within distinct oxygen landscapes and have different energetic priorities, hypoxia may result in
adaptation, dysfunction, or cell death. Reoxygenation represents a second injury phase that may
involve reactive oxygen species generation, calcium overload, inflammation, and mitochondrial
damage.

The lower-right panel presents evolutionary solutions in hypoxia-tolerant organisms, including
metabolic depression and lactate management in turtles, ethanol production in crucian carp,
fructose-supported anaerobic glycolysis in naked mole-rats, oxygen storage and blood-flow
redistribution in diving mammals, and hypometabolism with temperature reduction in
hibernators. The bottom panel emphasizes the overarching principle of matching cellular demand
to oxygen supply while preserving membrane gradients, maintaining mitochondrial quality,
controlling reoxygenation, and accounting for cell identity. These adaptations are mechanistically
diverse and involve trade-offs; therefore, functional recovery rather than an isolated molecular
signature remains the decisive outcome. Representative mechanisms are synthesized from the
accompanying review and prior work on hypoxia signaling, tissue adaptation, and comparative

physiology

3. Canonical oxygen sensing: PHD-VHL-HIF

The best characterized mammalian oxygen sensor is the prolyl hydroxylase domain protein—von
Hippel-Lindau—hypoxia-inducible factor pathway. PHD1, PHD2, and PHD3 are 2-oxoglutarate-
dependent dioxygenases that use molecular oxygen, ferrous iron, and 2-oxoglutarate to
hydroxylate specific proline residues on HIF-a. Hydroxylated HIF-a binds the VHL E3 ubiquitin
ligase complex, becomes polyubiquitylated, and is degraded by the proteasome. (Kaelin &
Ratcliffe, 2008; Lee et al., 2020)

Because hydroxylation requires oxygen, PHD activity falls as oxygen becomes limiting and HIF-a
protein accumulates. HIF-1a and HIF-2a share HIF-1B, also called ARNT, but have partly distinct
expression patterns and target programs. HIF-1la often drives acute metabolic adaptation,
including glucose transporters and glycolytic enzymes. (Semenza, 2012; Jiang et al., 2021)

HIF-2a is prominent in selected cell populations, including renal erythropoietin-producing
interstitial cells and some endothelial and parenchymal cells, where it contributes to
erythropoietin regulation and vascular biology. HIF-3a comprises multiple isoforms that can
modulate HIF signaling. The outcome depends on cell identity, chromatin accessibility,
coactivators, oxygen history, and the balance of HIF isoforms. (Lee et al., 2020; Semenza, 2012)
A second oxygen-dependent modification is asparaginyl hydroxylation by factor inhibiting HIF
(FIH), which limits recruitment of transcriptional coactivators such as p300/CBP. FIH and PHD
enzymes have different oxygen sensitivities, creating a graded response rather than a binary
switch. Metabolites also influence the pathway. (Kaelin & Ratcliffe, 2008; Lee et al., 2020)
Succinate and fumarate can inhibit 2-oxoglutarate-dependent enzymes when they accumulate,
while iron availability, reactive oxygen species, nitric oxide, and inflammatory signaling modify HIF
stability or activity. HIF target genes include SLC2A1/GLUT1, glycolytic enzymes, lactate
dehydrogenase A, pyruvate dehydrogenase kinase 1, vascular endothelial growth factor,
erythropoietin, and enzymes of pH regulation. PDK1 inhibits pyruvate dehydrogenase, restricting
pyruvate entry into the tricarboxylic acid cycle. (Lee et al., 2020)

This reduces mitochondrial oxygen demand and can limit electron leakage, although it also
constrains oxidative ATP production. VEGF supports vascular remodeling, while EPO increases red-
cell production through erythroid progenitors. HIF activation is adaptive only within a suitable
range.
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Excessive or prolonged signaling can promote pulmonary hypertension, erythrocytosis, fibrosis,
tumor progression, or maladaptive vascular remodeling. Conversely, insufficient signaling can
impair oxygen delivery and tissue repair. Human high-altitude adaptation illustrates this balance:
variants in EPAS1 and EGLN1 alter the HIF axis and can limit excessive hemoglobin elevation.
(Lorenzo et al., 2014; Petousi & Robbins, 2014)

Oxygen sensing is therefore a control system whose benefit depends on tissue, dose, and time.
Importantly, oxygen tension should be interpreted alongside perfusion, substrate availability,
temperature, and metabolic workload. Measurements from whole tissue can conceal opposing
responses among epithelial, stromal, immune, and vascular populations.

4. Mitochondria, redox balance, and metabolic remodeling

Mitochondria are both oxygen consumers and signaling platforms. Under oxygen limitation,
electron transport becomes constrained, the NADH/NAD+ ratio rises, and mitochondrial
membrane potential may change. Depending on substrate supply and respiratory-chain state,
mitochondria can generate signaling reactive oxygen species, particularly at complex Ill. (Lee et
al., 2020; Chandel et al., 2000)

These oxidants can influence HIF stabilization, phosphatases, kinases, and inflammatory pathways.
However, reactive oxygen species are not uniformly harmful: low, localized signals participate in
adaptation, whereas excessive oxidation damages lipids, proteins, DNA, and mitochondrial
membranes. A common adaptive response is to reduce mitochondrial oxygen consumption.
(Chandel et al., 2000)

HIF-induced PDK1 inhibits pyruvate dehydrogenase, shifting pyruvate away from acetyl-CoA
formation and toward lactate. HIF can also induce enzymes that support glycolysis and lactate
export. Mitochondrial content, cristae structure, respiratory-chain composition, and substrate
preference may be remodeled. (Lee et al., 2020)

Mitophagy, mediated through pathways including PINK1-Parkin and receptor proteins such as
BNIP3 and NIX, removes damaged mitochondria. This quality-control response can reduce oxidant
production, but excessive mitophagy risks depleting the organelle pool needed for recovery. AMP-
activated protein kinase (AMPK) senses cellular energy stress through changes in adenine
nucleotide ratios and upstream kinases. (Lee et al., 2020)

AMPK suppresses energy-consuming anabolic processes and can promote glucose uptake, fatty-
acid oxidation when oxygen permits, and autophagy. In parallel, mTOR complex 1 integrates amino
acids, growth factors, and energy status. Hypoxia can inhibit mTORC1 through REDD1, AMPK, and
other mechanisms, reducing protein synthesis and conserving ATP. (Lee et al., 2020)

The integrated effect is a shift from growth toward maintenance. Redox defense includes
glutathione, thioredoxin, superoxide dismutases, catalase, peroxiredoxins, and NRF2-regulated
genes. Cells also limit iron-catalyzed radical chemistry by controlling labile iron and ferritin.
During reoxygenation, antioxidant capacity becomes especially important because rapid oxygen
restoration can produce a burst of reactive oxygen species. The magnitude of injury depends on
prior hypoxic duration, mitochondrial integrity, calcium loading, and inflammatory cell
recruitment. Different tissues tune these mechanisms differently. (Hausenloy & Yellon, 2013)
Skeletal muscle can remodel mitochondria and tolerate repeated transient oxygen deficits.
Neurons have limited glycolytic reserve and high ATP demand, so even modest mitochondrial
failure can disrupt membrane potential. Renal medullary cells already function at low oxygen and
rely partly on glycolytic metabolism.

The adaptive objective is not to eliminate mitochondrial respiration, but to match oxygen
consumption to available supply while retaining sufficient capacity for recovery. Importantly,
oxygen tension should be interpreted alongside perfusion, substrate availability, temperature, and
metabolic workload. Measurements from whole tissue can conceal opposing responses among
epithelial, stromal, immune, and vascular populations (Fig. 2).
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Figure 2. Hypoxia—reoxygenation as a two-phase determinant of cellular survival and functional
recovery.

The figure illustrates the sequential cellular events that determine whether oxygen deprivation is
followed by adaptation, reperfusion injury, or functional recovery. During oxygen deprivation or
ischemia, reduced oxygen availability limits oxidative phosphorylation and promotes ATP
depletion, NADH accumulation, loss of mitochondrial membrane potential, impaired calcium
extrusion, and reduced blood flow. The severity of this initial injury is influenced by the extent and
duration of ischemia, substrate availability, metabolic demand, tissue identity, temperature, and
prior conditioning.

Within a temporary adaptive window, hypoxia-inducible factor signaling and associated responses
support glycolytic ATP production, suppress energy-intensive processes, promote metabolic
depression, maintain autophagy and organelle quality control, and enhance antioxidant
preparedness. These responses may preserve cellular viability when the duration and severity of
oxygen limitation remain within the tissue’s adaptive capacity.

Reoxygenation restores oxygen delivery and electron flow but occurs in a metabolically disturbed
cellular environment. The resulting increase in reactive oxygen species, together with matrix
calcium accumulation, phosphate excess, and mitochondrial permeability transition, can cause
mitochondrial membrane-potential collapse, failure of ATP synthesis, organelle swelling, and cell
death. Reperfusion injury is further amplified by endothelial swelling, reduced nitric oxide
bioavailability, leukocyte adhesion, platelet activation, microvascular obstruction, and
inflammatory mediator release. Neurons and cardiomyocytes are particularly vulnerable because
of excitotoxic calcium entry and calcium-dependent contractile stress, respectively.
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The final outcome depends on ischemic duration, the metabolic state at reoxygenation, and
tissue-specific vulnerability. Controlled recovery is associated with preserved mitochondrial
function, restored ATP production, limited inflammation, microvascular reperfusion, and
functional recovery; persistent injury is associated with oxidative damage, mitochondrial failure,
inflammation, cell death, and impaired tissue repair. The lower panel summarizes potentially
protective principles observed in hibernators, diving mammals, and turtles, while emphasizing that
these mechanisms are species-specific and cannot be assumed to translate directly to human
therapy. Thus, hypoxia tolerance should be defined by both survival during oxygen deprivation
and functional recovery after reoxygenation

5. Brain and neurons: protecting electrical function

The mammalian brain is highly vulnerable to oxygen deprivation because neurons maintain steep
sodium, potassium, and calcium gradients and sustain energetically expensive synaptic
transmission. Na+/K+-ATPase activity consumes a large fraction of neuronal ATP. When ATP falls,
membrane depolarization develops, glutamate release increases, and glutamate receptor
activation permits calcium influx. (Larson et al., 2014)

Calcium activates proteases, phospholipases, endonucleases, and nitric oxide synthase, while
mitochondrial calcium loading can trigger permeability transition and cell death. Ischemic injury is
therefore an interaction between energy failure and excitotoxic signaling. HIF signaling can
promote neuronal adaptation by increasing glucose transport, glycolytic capacity, vascular
support, and survival-associated pathways. (Larson et al., 2014)

Astrocytes are more glycolytically flexible than neurons and can provide metabolic support
through lactate shuttling. Astrocytes also regulate extracellular potassium, glutamate uptake,
water balance, and blood—brain barrier function. Endothelial cells and pericytes influence cerebral
perfusion and barrier integrity. (Larson et al., 2014)

The brain response is thus multicellular: neurons, astrocytes, microglia, oligodendrocytes, and
vascular cells contribute distinct functions. Yet HIF alone cannot explain survival. A critical
protective strategy is suppression of neuronal activity and ion flux.

Lowering synaptic transmission reduces ATP demand and delays anoxic depolarization. Hypoxia-
tolerant vertebrates show unusually strong control of excitability, neurotransmitter release, and
ion-channel function. In turtles, adenosine signaling contributes to coordinated reductions in
neuronal activity, while enhanced inhibitory tone and reduced excitatory drive protect ionic
homeostasis. (Larson et al., 2014; Storey, 2007)

Such mechanisms preserve ATP for essential maintenance rather than high-frequency
computation. Naked mole-rat brain tissue displays remarkable tolerance compared with typical
rodents. Hippocampal slices maintain synaptic function longer during oxygen deprivation and can
recover after prolonged anoxia. (Larson et al., 2014; Park et al., 2017)

This phenotype is associated with intrinsic neural adaptations and a capacity for profound
metabolic suppression. During anoxia, naked mole-rats can use fructose-driven glycolysis,
involving high expression of GLUTS and ketohexokinase, bypassing the phosphofructokinase
control point that constrains conventional glucose glycolysis. The mechanism is striking but should
not be generalized to humans, whose brain does not possess equivalent systemic fructose-based
anoxia tolerance. (Larson & Park, 2009; Park et al., 2017)

Reoxygenation adds a second injury phase. Restored perfusion can generate oxidants, activate
microglia, disrupt the blood—brain barrier, and initiate delayed neuronal death. Therapeutic
strategies inspired by tolerant species may include transiently reducing excitability, stabilizing ion
gradients, supporting astrocytic metabolism, and controlling oxidative stress. (Hausenloy & Yellon,
2013)
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Translation is challenging because prolonged suppression of neural activity can impair
consciousness and function. Neuroprotection must preserve viability without abolishing essential
brain operations. Importantly, oxygen tension should be interpreted alongside perfusion,
substrate availability, temperature, and metabolic workload.

6. Heart and cardiomyocytes: continuous work under oxygen stress

The myocardium has exceptionally high mitochondrial density and relies predominantly on
oxidative metabolism to support continuous contraction. Cardiomyocytes consume oxygen to
generate ATP for actomyosin cycling, calcium reuptake by SERCA, ion pumping, and cellular
maintenance. Coronary flow is tightly coupled to metabolic demand, and interruption of perfusion
rapidly creates ischemia. (Hausenloy & Yellon, 2013)

Unlike some skeletal muscle fibers, cardiomyocytes have limited capacity to sustain contractile
work through anaerobic glycolysis alone. During acute ischemia, ATP depletion impairs SERCA and
Na+/K+-ATPase, producing cytosolic calcium accumulation, sodium loading, cell swelling, and
contractile failure. Anaerobic glycolysis increases but cannot fully meet ATP demand, and lactate-
associated acidosis alters enzyme function and ion transport.

Mitochondria become depolarized and may open the mitochondrial permeability transition pore
during reperfusion, contributing to cell death. Calcium overload and reactive oxygen species
reinforce one another, while endothelial dysfunction and inflammation expand injury beyond the
initially ischemic zone. Adaptive responses include rapid reduction of contractility, activation of
AMPK, HIF-dependent metabolic changes, and coronary vasodilation. (Hausenloy & Yellon, 2013;
Hausenloy & Yellon, 2016)

Ischemic preconditioning describes the phenomenon in which brief, nonlethal ischemic episodes
make myocardium more resistant to a subsequent prolonged insult. Signaling mediators include
adenosine, bradykinin, nitric oxide, protein kinase C, mitochondrial potassium channels, and
prosurvival kinase pathways. These signals can preserve mitochondrial function and reduce
permeability transition, although the relative contribution of each pathway varies by species,
experimental model, and clinical context. (Hausenloy & Yellon, 2016)

Chronic hypoxia also produces structural remodeling. Capillary density, mitochondrial function,
substrate use, and expression of contractile proteins can change. HIF-driven angiogenic signaling
may support oxygen delivery, but persistent pulmonary vascular hypoxia increases right
ventricular afterload and can cause hypertrophy and eventual failure.

Thus, an adaptive response in one compartment may impose stress elsewhere. Comparative
animals provide unusual models. Diving mammals tolerate repeated episodes of bradycardia and
peripheral vasoconstriction while maintaining perfusion of the brain and heart. (Ponganis, 2011;
Storey, 2007)

Turtles reduce heart rate and cardiac output dramatically during anoxia, matching energy supply
to suppressed demand. Naked mole-rats exhibit low resting metabolic rates and unusual tolerance
of severe hypoxia; their cardiac and neural adaptations are being investigated for relevance to
ischemic injury. These species do not simply possess stronger hearts: they coordinate systemic
oxygen delivery, metabolic depression, and cellular protection. (Storey, 2007)

For human cardioprotection, the key lesson is that survival depends on reducing ATP demand,
preserving mitochondrial integrity, limiting calcium overload, and controlling reperfusion injury.
Any intervention that increases oxygen delivery without controlling downstream redox and
calcium disturbances may be insufficient. Conversely, metabolic suppression must be carefully
timed because the heart must restore effective pumping when perfusion returns (Fig. 3).
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Hypoxic memory is context-dependent, reversible in some settings, and potentially maladaptive in others.

Figure 3. Hypoxia-induced cellular memory through the integration of oxygen sensing,
metabolism, microRNAs, and epigenetic regulation.

Hypoxic responses are shaped not only by the immediate oxygen deficit but also by the metabolic
and regulatory history of the cell. The left panel illustrates three major hypoxic exposure
patterns—acute hypoxia, chronic hypoxia, and repeated hypoxia—reoxygenation—together with
contextual influences including oxygen availability, perfusion, nutrient supply, temperature,
metabolic workload, and prior exposure. Hypoxia and anoxia are distinguished as biologically
different states.

The central panel depicts the integrated cellular-memory network. Oxygen sensing and
transcriptional regulation involve hypoxia-inducible factor alpha (HIF-a) stabilization, HIF-a/HIF-
1B dimerization, and activation of hypoxia-responsive gene expression. In parallel, hypoxia alters
the metabolic state through glycolytic activation, mitochondrial remodeling, changes in the
NAD*/NADH ratio, accumulation of succinate and fumarate, and altered acetyl-CoA availability.
These metabolic changes interact with microRNAs or hypoxamirs, including miR-210, which can
regulate mRNA stability, translation, angiogenesis, metabolism, inflammation, and cell-cycle
progression. Epigenetic regulation provides an additional layer through changes in DNA
methylation and histone modifications mediated by oxygen- and 2-oxoglutarate-dependent
enzymes, including TET enzymes and Jumonji C-domain histone demethylases. Bidirectional
interactions among these pathways allow hypoxic history to reshape subsequent cellular
responses.

The re-exposure panel shows a first hypoxic challenge, a recovery interval, and a second hypoxic
challenge. Retained changes in HIF responsiveness, antioxidant capacity, and mitochondrial state
may support preconditioning or acclimatization; however, excessive intensity, inadequate spacing,
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tissue vulnerability, or insufficient recovery may promote cumulative injury and maladaptive
inflammation.

The cell-specific outcomes panel emphasizes that a shared hypoxic environment can produce
divergent responses among epithelial, endothelial, immune, neuronal, and cardiac cells. Adaptive
metabolic suppression, vascular remodeling, inflammatory amplification, and high energetic
vulnerability may therefore coexist within the same tissue, and whole-tissue averages may conceal
these opposing responses. The translational framework highlights the integration of single-cell
transcriptomics, spatial profiling, metabolomics, and functional measurements to identify
adaptive and injured cell populations, develop cell-specific biomarkers, and guide exploratory
strategies involving metabolic modulation, mitochondrial protection, inflammation control, and
timed reoxygenation. These concepts are not presented as established therapies. Molecular
adaptation does not necessarily indicate improved survival;, functional recovery remains the
decisive endpoint. Hypoxic memory is consequently context-dependent, reversible in some
settings, and potentially maladaptive in others

7. Kidney: physiological hypoxia and selective vulnerability

The kidney receives a large fraction of cardiac output, yet oxygen distribution within it is highly
heterogeneous. The cortex is relatively well oxygenated, while the outer medulla operates at low
oxygen tension because of countercurrent vascular architecture and the high ATP demand of
sodium reabsorption. Thick ascending limb cells consume substantial ATP to drive Na+/K+-ATPase
and coupled transport. (Brezis & Rosen, 1995)

The renal medulla therefore functions near the edge of oxygen supply even under normal
conditions. Tubular epithelial cells adapt through glycolytic capacity, altered transport activity, and
oxygen-sensing pathways. When oxygen becomes limiting, HIF signaling can induce glucose
transporters, glycolytic enzymes, and genes that support cell survival. (Brezis & Rosen, 1995; Lee
et al., 2020)

HIF-1a is expressed in several renal cell types, whereas HIF-2a is prominent in interstitial
fibroblast-like cells and endothelial populations. Renal interstitial cells are major sources of
erythropoietin, linking local oxygen sensing to systemic red-cell production. This is an example of
tissue-level sensing influencing whole-body oxygen transport. (Lee et al., 2020)

Acute kidney injury often follows ischemia—reperfusion, sepsis, or nephrotoxic exposure. Proximal
tubule cells are vulnerable because of high transport demand and relatively limited glycolytic
reserve in some segments. Ischemia disrupts ATP-dependent transport, cytoskeletal organization,
cell polarity, and tight junctions. (Brezis & Rosen, 1995)

Reperfusion may generate oxidants and inflammatory signals, while endothelial injury impairs
microcirculation. Injured epithelial cells can dedifferentiate, proliferate, and restore the tubular
lining, but maladaptive repair may produce fibrosis. HIF activation can be protective by improving
metabolic adaptation and supporting vascular responses, yet chronic HIF signaling may contribute
to fibrosis or pathological remodeling depending on the cell type and disease stage.

The balance between HIF-1a and HIF-2a is important. Erythropoietin-producing interstitial cells
respond to oxygen availability, while endothelial cells regulate perfusion and barrier function. This
compartmental organization explains why a single whole-kidney measurement can obscure
opposing cell-specific effects.

The kidney also illustrates the importance of oxygen consumption rather than oxygen delivery
alone. Reducing tubular sodium transport can lower ATP demand and oxygen consumption,
potentially preserving tissue viability. However, excessive reduction in filtration or transport
compromises homeostasis. (Brezis & Rosen, 1995)

Comparative anoxia-tolerant animals use much more profound metabolic depression, but humans
cannot safely reproduce this state across a complex organ that must continuously regulate fluid,
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electrolytes, and acid—base balance. Therapeutic research therefore explores targeted HIF
modulation, mitochondrial protection, improved microvascular perfusion, and strategies to
reduce tubular energy demand. The challenge is to protect vulnerable segments without
disrupting erythropoietin regulation, renal hemodynamics, or normal transport.

Kidney physiology demonstrates that some cells are adapted to chronic low oxygen, while
neighboring cells remain susceptible to acute oxygen collapse. Importantly, oxygen tension should
be interpreted alongside perfusion, substrate availability, temperature, and metabolic workload.
8. Liver and intestine: oxygen gradients, metabolism, and barrier function

The liver receives dual blood supply from the portal vein and hepatic artery, creating oxygen
gradients across the hepatic lobule. Periportal hepatocytes encounter relatively oxygen-rich blood
and support oxidative metabolism, gluconeogenesis, and urea synthesis. Pericentral hepatocytes
experience lower oxygen and express metabolic programs suited to their local environment,
including many cytochrome P450 enzymes. (Kietzmann, 2017)

Zonation is therefore a physiological adaptation to oxygen gradients rather than evidence of tissue
failure. Hepatocytes have substantial metabolic flexibility. They can switch among glucose, fatty
acids, amino acids, and ketone-related pathways, while HIF signaling modifies glycolysis, lipid
metabolism, and stress responses.

During ischemia, ATP depletion impairs membrane transport and bile secretion, while
mitochondrial dysfunction promotes oxidative stress. Reperfusion can intensify injury through
reactive oxygen species, Kupffer-cell activation, endothelial dysfunction, and inflammatory
cytokines. Sinusoidal endothelial cells and stellate cells influence microcirculation, inflammation,
and fibrotic repair. (Kietzmann, 2017)

The intestine also contains steep oxygen gradients. Oxygen diffuses from the richly perfused
mucosa toward the relatively anaerobic lumen, shaping epithelial metabolism and microbial
ecology. Intestinal epithelial cells, particularly colonocytes, use substantial butyrate oxidation
when oxygen is available. (Colgan & Taylor, 2010)

HIF signaling in epithelial cells supports barrier integrity by regulating tight junctions, mucins,
antimicrobial peptides, and nucleotide metabolism. Physiological hypoxia can therefore reinforce
epithelial defense, whereas severe ischemia compromises barrier function and permits microbial
products to enter the circulation. Cell-specific HIF actions are important in both organs. (Colgan &
Taylor, 2010)

Hepatocyte HIF can alter metabolic and inflammatory programs, while endothelial and immune-
cell HIF affects vascular responses and inflammation. In the gut, epithelial HIF may be protective,
but chronic hypoxia and inflammation can create conditions that support pathological remodeling
or tumor growth. Oxygen gradients also influence stem-cell niches and differentiation,
demonstrating that the same pathway can maintain homeostasis or contribute to disease
depending on context.

Liver and intestinal adaptation differ from the strategies of anoxia-tolerant vertebrates. These
mammalian organs do not generally survive prolonged complete oxygen deprivation by
suspending metabolism. Instead, they exploit zonation, substrate flexibility, and coordinated
vascular regulation.

Their resilience depends on maintaining microcirculatory flow and rapidly restoring epithelial or
hepatocyte integrity after injury. These systems also emphasize interactions between host cells
and microbes. The gut microbiota consumes oxygen and produces metabolites that alter epithelial
signaling.

Butyrate can support colonocyte energy metabolism and influence histone deacetylases, while
microbial products activate innate immune pathways. Hypoxia thus operates within a multicellular
ecosystem rather than as an isolated stimulus. Future work should distinguish beneficial
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physiological oxygen gradients from pathological ischemia and identify which cell-specific
responses preserve barrier and metabolic function. (Colgan & Taylor, 2010).

9. Skeletal muscle: repeated hypoxia and fiber-specific responses

Skeletal muscle experiences transient reductions in oxygen availability during intense contraction
because oxygen consumption rises rapidly and intramuscular pressure can restrict perfusion.
Unlike the brain, skeletal muscle can tolerate substantial short-lived oxygen fluctuations, partly
because it stores phosphocreatine and glycogen and contains fibers with different metabolic
profiles. Type | oxidative fibers have high mitochondrial density and capillarity, whereas type |l
fibers rely more heavily on glycolysis and can generate force rapidly with lower oxidative capacity.
(Lundby et al., 2009; Favier et al., 2015)

HIF-1a participates in the muscle response, but its abundance and activity are time dependent.
Skeletal muscle may express appreciable HIF-1a under normoxic conditions, and systemic hypoxia
does not always produce a large sustained increase. HIF target genes regulate glucose transport,
glycolysis, angiogenesis, and pyruvate oxidation. (Favier et al., 2015)

PDK1 can reduce pyruvate entry into mitochondria, while changes in mitochondrial dynamics and
mitophagy influence reactive oxygen species. Chronic hypoxia may inhibit fatty-acid oxidation and
alter mitochondrial function, but the effects depend on exposure severity, exercise, nutrition, and
training status. Muscle adaptation is also governed by AMPK, calcium-dependent signaling, PGC-
1la, and mechanotransduction.

AMPK senses energetic stress and can stimulate glucose uptake and mitochondrial quality control.
PGC-1a coordinates mitochondrial biogenesis and oxidative phenotype, although hypoxia can
alter its regulation. Repeated exercise-induced hypoxia is not identical to sustained environmental
hypoxia: contraction supplies calcium signals and mechanical cues, and the muscle receives
intermittent reperfusion between bouts. (Favier et al., 2015; Lundby et al., 2009)

Capillary remodeling and myoglobin content influence oxygen diffusion and intracellular storage.
VEGF can promote angiogenesis, but human studies of chronic altitude exposure do not
consistently show increased muscle capillarity or oxidative enzyme capacity at rest. Severe
prolonged hypoxia can reduce muscle mass and performance. (Lundby et al., 2009)

Thus, skeletal muscle is relatively tolerant of episodic oxygen limitation but not immune to chronic
oxygen deficit. At the cellular level, myofibers must preserve sarcolemmal integrity, calcium
cycling, and ATP supply. Satellite cells contribute to repair, while fibro-adipogenic progenitors and
immune cells shape regeneration and fibrosis.

Hypoxia can affect these populations differently, and excessive HIF activity may alter
differentiation. Mitochondrial fission and mitophagy remove damaged organelles, while fusion
supports metabolic complementation; the balance is important during recovery. Comparisons
with turtles and diving mammals show that muscle can be adapted for oxygen conservation and
anaerobic work.

Diving mammals redistribute blood flow away from locomotor muscles during dives, reducing
peripheral oxygen consumption. Turtles suppress muscle metabolism during anoxia. Humans
instead rely on short-term phosphagen stores, glycolysis, and cardiorespiratory acclimatization.
These differences caution against assuming that mechanisms in naturally tolerant species operate
identically in human muscle. Importantly, oxygen tension should be interpreted alongside
perfusion, substrate availability, temperature, and metabolic workload. This comparative
framework supports careful interpretation.

10. Placenta and development: hypoxia as a normal signal

Early embryonic development occurs at oxygen tensions lower than those encountered in many
adult tissues. The placenta develops within a dynamic oxygen environment, and oxygen availability
influences trophoblast differentiation, vascular development, nutrient transport, and
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mitochondrial function. Physiological hypoxia is therefore a developmental signal. (Burton et al.,
2021; Jiang et al., 2021)

Excessively high oxygen exposure during early gestation can also be harmful, illustrating that
normal development requires regulated oxygen rather than maximal oxygenation. Trophoblast
populations respond to oxygen through HIF signaling. HIF-1a and HIF-2a regulate transcriptional
programs involved in glycolysis, angiogenic signaling, invasion, and differentiation. (Burton et al.,
2021)

As placental perfusion develops, oxygen exposure changes and trophoblast cells remodel their
metabolism. Placental mitochondria are not merely ATP generators; they participate in redox
signaling, steroid metabolism, apoptosis, and adaptation to fluctuating substrate and oxygen
availability. At high altitude, maternal hypobaric hypoxia challenges placental oxygen delivery.
Yet outcomes differ across populations and individuals. Placental adaptation may involve reduced
oxygen consumption, altered mitochondrial respiration, vascular remodeling, and changes in
nutrient transport. Reduced placental oxygen use can help preserve fetal oxygen availability, but
it may come at the cost of lower energy-dependent transport and fetal growth. (Tissot van Patot
et al., 2010; Ahrens & Singer, 2025)

High-altitude pregnancy is therefore a balance between conserving oxygen and sustaining nutrient
delivery. The maternal vascular system and placenta interact. Endothelial function, nitric oxide
signaling, uterine blood flow, and angiogenic factors influence perfusion.

Excessive HIF activation or abnormal angiogenic balance may contribute to preeclampsia and fetal
growth restriction, although the mechanisms are multifactorial. Some highland populations show
relative protection from adverse pregnancy outcomes, associated with long-term genetic and
physiological adaptation. Tibetan and Andean populations do not use identical strategies, and
population-specific findings should not be generalized to all high-altitude pregnancies (Ahrens &
Singer, 2025; Getu et al., 2026)

Developmental hypoxia also shapes stem-cell behavior. Low oxygen can preserve an
undifferentiated state, alter epigenetic enzymes, and influence cell-cycle progression. Oxygen-
sensitive dioxygenases use oxygen and 2-oxoglutarate, so hypoxia can change DNA and histone
modification indirectly through altered enzyme activity (Jiang et al., 2021).

These effects link oxygen sensing to developmental gene regulation beyond HIF. The placenta
differs from adult kidney or muscle because oxygen gradients are integrated with maternal-fetal
exchange and developmental timing. The key adaptive outcome is not simply cell survival but
coordinated growth of two organisms.

Comparative studies in high-altitude mammals and human populations can clarify how oxygen
sensing, mitochondrial metabolism, and vascular architecture interact. Clinical interpretation
must distinguish normal developmental hypoxia from placental insufficiency, which involves
inadequate perfusion and nutrient exchange. Importantly, oxygen tension should be interpreted
alongside perfusion, substrate availability, temperature, and metabolic workload.

11. Vascular endothelium, blood, and systemic oxygen delivery

Endothelial cells form the interface between blood and tissues and actively regulate oxygen
delivery. They sense shear stress, oxygen tension, metabolites, inflammatory mediators, and
growth factors. HIF signaling can induce VEGF and other angiogenic mediators, while nitric oxide
synthase regulates vascular tone. (Semenza, 2012; Lee et al., 2020)

Nitric oxide activates soluble guanylate cyclase in smooth muscle, increasing cyclic GMP and
promoting relaxation. During hypoxia, nitric oxide bioavailability can change through altered
synthesis, scavenging, and nitrite reduction. Angiogenesis is a major response to sustained tissue
hypoxia.

Endothelial cells proliferate, migrate, and form new vessels under VEGF and other signals. Not all
new vessels are functionally effective: pathological angiogenesis can be leaky, disorganized, or
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poorly perfused. Pericytes and smooth-muscle cells stabilize vessels, while extracellular matrix
remodeling determines vessel maturation. (Jiang et al., 2021)

HIF-regulated angiogenesis is therefore a coordinated tissue process rather than a single-gene
effect. Blood provides a second level of adaptation. Renal HIF-2a stimulates erythropoietin
production, which promotes survival and differentiation of erythroid progenitors in bone marrow.
Red-cell mass and hemoglobin concentration can increase during chronic hypoxia, raising arterial
oxygen content. However, excessive erythrocytosis increases blood viscosity and may impair
microvascular flow. Iron availability, hepcidin, transferrin, and erythroferrone regulate the
capacity to produce hemoglobin. (Petousi & Robbins, 2014; Getu et al., 2026)

The adaptive benefit of increased red-cell mass depends on the balance between oxygen content
and viscosity. High-altitude human populations show divergent solutions. Many Andean
highlanders exhibit higher hemoglobin concentrations, whereas Tibetans often maintain
comparatively lower hemoglobin and higher ventilation or blood flow. (Petousi & Robbins, 2014;
Getu et al., 2026)

Genetic variation in EPAS1 and EGLN1, central components of the HIF pathway, contributes to
Tibetan adaptation. Ethiopian highlanders show yet other patterns. These differences
demonstrate that natural selection can tune oxygen delivery at several points in the cascade rather
than maximizing one variable. (Lorenzo et al., 2014; Petousi & Robbins, 2014)

Nitric oxide and nitrite also feature in hypoxia-tolerant animals. Under low oxygen, nitrite can be
reduced to nitric oxide by deoxyhemoglobin, myoglobin, and other proteins, potentially
supporting vasodilation and cellular signaling. Diving mammals redistribute blood flow through
bradycardia and peripheral vasoconstriction while preserving central organs. (Ponganis, 2011)
Turtles use metabolic depression and vascular adjustments during anoxia. These systemic
strategies complement cell-autonomous mechanisms. The endothelium can also be injured by
ischemia—reperfusion, inflammation, and oxidative stress.

Barrier leakage, leukocyte adhesion, and microvascular obstruction may persist even after large-
vessel flow is restored. Effective adaptation must therefore preserve microvascular function, red-
cell deformability, and tissue-level distribution of oxygen, not merely arterial oxygen saturation.
Importantly, oxygen tension should be interpreted alongside perfusion, substrate availability,
temperature, and metabolic workload.

12. Turtles and crucian carp: metabolic depression and anoxia tolerance

Freshwater turtles such as painted turtles and red-eared sliders can survive prolonged winter
anoxia in cold water. Crucian carp also tolerate extended periods without oxygen. Their survival is
not based on maintaining normal aerobic activity without oxygen. (Storey, 2007; Warren &
Jackson, 2008)

Instead, they reduce metabolic rate dramatically, suppressing ATP demand until anaerobic
pathways and stored fuels can support essential functions. Low temperature further reduces
reaction rates and energy requirements, making prolonged survival possible. In turtles, the brain,
heart, and skeletal muscle undergo coordinated metabolic depression. (Storey, 2007)

Protein synthesis, cell-cycle progression, and other energy-intensive processes are suppressed.
lon-channel activity and neurotransmission are reduced, conserving ATP needed to maintain
membrane gradients. Adenosine signaling, inhibitory neurotransmission, and changes in gene
expression contribute to neural quiescence.

These responses delay anoxic depolarization and preserve cellular integrity. Anaerobic glycolysis
provides ATP, but it produces lactate. Turtles manage this burden through buffering and, in some
species, sequestration of lactate as calcium lactate in the shell and skeleton. (Storey, 2007; Warren
& Jackson, 2008)

The shell is therefore not merely a protective structure; it participates in acid—base management
during prolonged anoxia. The capacity to tolerate lactate accumulation is a major difference from
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mammals, in which severe lactic acidosis rapidly compromises function. Molecular regulation
includes stress-response transcription factors, FoxO, heat-shock proteins, NF-kB, p53-related
pathways, and chromatin modifiers. (Jackson, 2004; Warren & Jackson, 2008)

The exact contribution of individual regulators varies by tissue and experimental condition.
Suppression of transcription and translation reduces ATP use, while chaperones and antioxidant
systems protect macromolecules. Nitric oxide and nitrite signaling may coordinate vascular and
metabolic responses.

Reoxygenation after anoxia requires restoration of normal metabolism without overwhelming
antioxidant defenses. Crucian carp use a different but complementary strategy. During winter
anoxia, they convert lactate to ethanol through a modified pyruvate decarboxylation pathway and
release ethanol across the gills.

This avoids the extreme accumulation of lactate that would otherwise cause fatal acidosis. The
pathway involves duplicated enzymes and specialized regulation that evolved in cyprinid fishes. It
illustrates how evolutionary innovation can solve a metabolic waste problem rather than simply
increase ATP production. (Fagernes et al., 2017)

These vertebrates provide powerful models for ischemia research because they reveal that cellular
survival can be achieved by lowering demand, stabilizing ion gradients, managing acid load, and
limiting oxidative injury. However, their strategies are inseparable from cold tolerance, ecological
history, and whole-organism physiology. Human organs cannot simply adopt turtle-like anoxia
tolerance without coordinated systemic changes.
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13. Naked mole-rats: mammalian hypoxia and anoxia adaptations

The naked mole-rat, Heterocephalus glaber, lives in crowded subterranean colonies where oxygen
can become extremely low and carbon dioxide high. It is unusually tolerant of hypoxia for a
mammal. Reported adaptations include low resting metabolic rate, high-affinity hemoglobin,
suppression of physiological activity, intrinsic neural tolerance, and the ability to use fructose-
supported anaerobic glycolysis during anoxia. (Amoroso et al., 2023)

These traits form an integrated response to a chronic ecological challenge. A landmark study
demonstrated that naked mole-rats can survive a period of complete oxygen deprivation by
switching to fructose metabolism. Their tissues express the fructose transporter GLUTS and the
enzyme ketohexokinase. (Park et al., 2017; Amoroso et al., 2023)

Fructose enters glycolysis downstream of phosphofructokinase, a major regulatory step that can
inhibit glycolytic flux when ATP and citrate accumulate. This pathway allows continued substrate-
level ATP production under conditions in which conventional glucose glycolysis is constrained.
Lactate is produced, but the animal's systemic response and low energy demand help maintain
viability. (Park et al., 2017)

The brain is a particularly informative tissue. Naked mole-rat neurons maintain synaptic
transmission longer than mouse neurons during hypoxia and can recover after prolonged anoxia
in experimental preparations. Reduced neuronal activity and altered ion-channel regulation
conserve ATP. (Larson & Park, 2009; Larson et al., 2014)

MicroRNA responses also modify translation, proliferation, inflammation, and metabolic
pathways. Hypoxia and anoxia do not necessarily evoke identical programs: fructose utilization is
especially associated with anoxia, whereas severe hypoxia can involve different glycolytic and
regulatory patterns. Cardiovascular adaptations include low heart rate and reduced activity during
severe oxygen limitation, limiting whole-body oxygen consumption. (Chan & Loscalzo, 2010;
Nallamshetty et al., 2013)

High-affinity hemoglobin can support oxygen loading at low partial pressure, although oxygen
unloading to tissues must also remain effective. The animal's tolerance of carbon dioxide is linked
to altered sensory responses to acidosis, demonstrating that hypoxia adaptation is embedded
within acid—base physiology. Naked mole-rats are not uniformly protected in every context.
Responses can vary with tissue, developmental stage, social caste, and reproductive status. Recent
experimental work found that acute hypoxia altered glycolytic and glucose-regulatory responses
differently in subordinate animals and queens. These findings caution against describing the
species as having a single fixed metabolic switch and should not be conflated with the distinct
fructose-supported pathway reported during anoxia. (Ojaghi & Pamenter, 2025)

The translational value is conceptual rather than immediate. Human neurons and cardiomyocytes
do not normally express the same fructose-utilization program at comparable levels. Nevertheless,
the study suggests possible avenues: bypassing rate-limiting glycolytic control, reducing energy
demand, stabilizing ion homeostasis, and coordinating systemic responses. (Park et al., 2017)
Any therapeutic manipulation must avoid severe acidosis, hypoglycemia, and loss of essential
organ function. Importantly, oxygen tension should be interpreted alongside perfusion, substrate
availability, temperature, and metabolic workload. Measurements from whole tissue can conceal
opposing responses among epithelial, stromal, immune, and vascular populations (Fig. 4).
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Figure 4. Comparative strategies and trade-offs in hypoxia survival
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Figure 4. Comparative strategies and trade-offs in hypoxia survival. Across humans and other
organisms, survival under oxygen limitation involves three partially overlapping strategies: limiting
cellular hypoxia through increased oxygen acquisition or redistribution, as illustrated by high-
altitude adaptation and oxygen storage and blood-flow redistribution in diving mammals;
tolerating low oxygen by reducing energy demand, as in the metabolic depression of turtles and
hibernators and the adaptation of renal medullary cells to physiological hypoxia; and sustaining
ATP production under severe oxygen limitation through specialized anaerobic pathways, including
ethanol production in crucian carp and fructose-supported glycolysis in naked mole-rats (Petousi
& Robbins, 2014; Brezis & Rosen, 1995; Kooyman & Ponganis, 1998; Storey, 2007; Fagernes et al.,
2017; Park et al., 2017). These strategies entail context-dependent trade-offs, including increased
blood viscosity, reduced performance, and dependence on species-specific physiology and
substrate availability. Despite their mechanistic diversity, they converge on the need to match
oxygen supply with energy demand, preserve ion homeostasis and mitochondrial quality, and
control reoxygenation to achieve functional recovery. Comparative adaptations therefore provide
transferable physiological principles rather than directly interchangeable therapeutic solutions.
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14. Diving mammals and hibernators: oxygen management at the organismal scale

Seals, whales, and other diving mammals experience repeated cycles of apnea, hypoxemia, and
reoxygenation. Their survival depends on oxygen stores, cardiovascular control, and selective
perfusion. Large blood volumes, elevated hemoglobin, and high muscle myoglobin concentrations
increase oxygen storage. (Kooyman & Ponganis, 1998; Ponganis, 2011)

During dives, vagally mediated bradycardia reduces cardiac work, while peripheral
vasoconstriction redistributes blood toward the brain and heart. Locomotor muscle perfusion can
fall markedly, limiting oxygen consumption in less immediately essential tissues. Myoglobin binds
oxygen within muscle and can facilitate intracellular oxygen transport as well as serve as an oxygen
reserve. (Ponganis, 2011)

Diving mammals often have high myoglobin concentrations and structural adaptations that
support its solubility. Hemoglobin properties also influence oxygen loading and unloading. The
dive response is therefore a systems-level strategy that complements cellular tolerance: oxygen is
conserved and allocated to organs with high priority. (Kooyman & Ponganis, 1998; Ponganis, 2011)
Repeated ischemia and reperfusion would be damaging in many mammals, yet diving species
show adaptations in antioxidant defenses, nitric oxide signaling, and inflammatory regulation.
Nitrite may serve as a reservoir for nitric oxide under hypoxic conditions, influencing vascular tone
and mitochondrial function. However, the precise contribution of nitrite and other pathways
differs among species and remains an active research area.

Hibernating mammals, including arctic ground squirrels, undergo profound reductions in body
temperature, heart rate, ventilation, and metabolic rate. Cooling reduces ATP demand and slows
biochemical reactions. During torpor, blood flow and oxygen consumption are greatly reduced,
but essential cellular functions are maintained. (Williams & Ponganis, 2021)

Periodic arousals restore normal temperature and metabolism. These transitions create repeated
oxidative challenges, and hibernators display adaptations that limit oxidative damage and
inflammation. Brain protection in hibernators includes altered neurotransmission, ion-channel
regulation, and preservation of synaptic structures during torpor. (Williams & Ponganis, 2021)
Some changes are reversible, allowing rapid return to normal neural function during arousal. This
reversibility distinguishes physiological metabolic depression from pathological injury. Cells are
not simply damaged and repaired; they enter a regulated low-energy state.

Human clinical care sometimes uses controlled temperature reduction to lower metabolic
demand, but the magnitude and coordination achievable in hibernators are not currently
reproducible in humans. Cooling can cause arrhythmias, coagulopathy, infection risk, and other
complications. Likewise, inducing peripheral vasoconstriction or bradycardia without precise
control could compromise organ perfusion.

The comparison emphasizes that successful oxygen management is hierarchical. Blood oxygen
stores, circulation, tissue priorities, mitochondrial metabolism, and cell signaling must be
coordinated. A cell-autonomous therapy may fail if systemic delivery remains inadequate, while
improved oxygen delivery may not prevent injury if cells cannot manage calcium, redox balance,
and reoxygenation.
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15. Cell death, autophagy, and repair under oxygen limitation

When adaptive mechanisms fail, hypoxia can trigger cell death through apoptosis, necrosis,
necroptosis, ferroptosis, and other regulated pathways. The dominant outcome depends on
severity, duration, cell type, and inflammatory environment. Severe ATP depletion impairs
membrane pumps and causes swelling and membrane rupture, producing necrotic injury. (Lee et
al., 2020; Zhou et al., 2022)

More moderate stress may activate apoptosis through mitochondrial cytochrome c release,
caspases, and pro- and anti-apoptotic BCL-2 family proteins. Autophagy recycles damaged
organelles and macromolecules, providing substrates and removing potentially harmful
structures. During hypoxia, AMPK activation and mTORC1 inhibition can promote autophagy. (Lee
et al., 2020)

Selective mitophagy removes dysfunctional mitochondria, limiting reactive oxygen species and
preserving mitochondrial quality. Yet autophagy is context dependent: insufficient clearance
allows damaged organelles to accumulate, whereas excessive self-digestion can contribute to cell
loss. The timing and extent of autophagy are therefore critical. (Lee et al., 2020)

Ferroptosis is an iron-dependent form of regulated cell death driven by phospholipid peroxidation.
It is influenced by iron availability, glutathione, glutathione peroxidase 4, and lipid composition.
Hypoxia can alter iron metabolism and redox pathways, potentially changing ferroptosis
susceptibility. (Zhou et al., 2022)

During reperfusion, iron release and oxidant generation may amplify lipid damage. Ferritin
storage, iron export, and antioxidant systems can influence whether cells cross this threshold. The
unfolded protein response is activated when endoplasmic reticulum stress disrupts protein
folding. (Zhou et al., 2022)

PERK signaling can reduce global translation through elF2a phosphorylation while selectively
increasing stress-response proteins such as ATF4. IRE1 and ATF6 activate additional adaptive
programs. Initially, these pathways restore proteostasis, but prolonged unresolved stress can
promote apoptosis. (Lee et al., 2020)

Oxygen limitation can affect disulfide bond formation and ATP-dependent protein folding, linking
hypoxia to endoplasmic reticulum stress. Repair requires coordinated actions by surviving
parenchymal cells, stem or progenitor cells, endothelial cells, fibroblasts, and immune cells.
Macrophages can adopt inflammatory or reparative states, although the binary M1/M2
classification is an oversimplification.

Angiogenesis restores perfusion, while extracellular matrix remodeling supports tissue
architecture. Excessive or persistent repair signaling can lead to fibrosis. Hypoxia-tolerant animals
often avoid activating catastrophic injury pathways by suppressing metabolism and stabilizing
cellular homeostasis.

In humans, the goal is often to prevent irreversible cell death during a finite ischemic interval and
then support orderly repair. Therapeutic manipulation of autophagy, ferroptosis, or unfolded-
protein signaling is promising but challenging because these pathways are essential in normal
physiology and have different roles across tissues. Importantly, oxygen tension should be
interpreted alongside perfusion, substrate availability, temperature, and metabolic workload.
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16. Reoxygenation injury: the second half of the problem

Restoring oxygen is essential after ischemia, but reoxygenation can itself damage cells. During
oxygen deprivation, electron carriers become highly reduced, mitochondrial membrane potential
may collapse, calcium accumulates, and antioxidant systems can become depleted. When oxygen
returns, electron flow resumes in a disturbed metabolic environment, generating reactive oxygen
species. (Hausenloy & Yellon, 2013; Hausenloy & Yellon, 2016)

These oxidants damage mitochondrial DNA, proteins, membrane lipids, and signaling complexes.
The severity of reperfusion injury depends on the duration of ischemia and the metabolic state at
the moment of oxygen restoration. Mitochondrial permeability transition is a central event in
many models of reperfusion injury. (Hausenloy & Yellon, 2013)

High matrix calcium, oxidative stress, and phosphate can promote opening of a high-conductance
permeability pathway, causing loss of membrane potential, ATP synthesis failure, swelling, and
potentially cell death. The exact molecular composition and regulation of the permeability
transition pore remain debated, but its functional importance in ischemia—reperfusion is well
established. Calcium handling is another critical determinant. (Hausenloy & Yellon, 2013)
Ischemia impairs ATP-dependent calcium extrusion and sequestration. During reperfusion, rapid
restoration of pH and ion gradients can activate sodium—hydrogen exchange, increase intracellular
sodium, and drive reverse-mode sodium—calcium exchange. This can worsen calcium overload.
(Hausenloy & Yellon, 2013)

Cardiomyocytes are especially vulnerable because calcium cycling is central to contraction, while
neurons are vulnerable because glutamate receptor activation and depolarization increase
calcium entry. Endothelial cells and immune cells contribute to reperfusion injury. Endothelial
swelling, reduced nitric oxide bioavailability, leukocyte adhesion, platelet activation, and
microvascular obstruction can prevent uniform tissue reperfusion. (Hausenloy & Yellon, 2013)
Neutrophils and macrophages release oxidants, proteases, and cytokines. Complement activation
and damage-associated molecular patterns amplify inflammation. Thus, successful restoration of
large-vessel flow does not guarantee restoration of microvascular oxygen delivery. (Hausenloy &
Yellon, 2013)

Natural hypoxia-tolerant species provide models of controlled transitions. Hibernators repeatedly
rewarm from torpor without the same degree of oxidative damage seen in nonhibernators. Diving
mammals experience repeated oxygen fluctuations, while turtles reoxygenate after prolonged
anoxia. (Williams & Ponganis, 2021; Storey, 2007)

Their antioxidant capacity, mitochondrial regulation, and inflammatory control may contribute to
protection. These adaptations are not fully understood and may differ among species. Clinical
strategies include rapid reperfusion when indicated, limiting ischemic duration, controlling
temperature and metabolic demand in selected contexts, and investigating agents that stabilize
mitochondria or modulate inflammation.

However, delaying reperfusion to avoid oxidants is generally not appropriate in acute ischemic
disease. The challenge is to restore oxygen while minimizing downstream injury. Hypoxia tolerance
should therefore be defined by both survival during oxygen deprivation and functional recovery
after reoxygenation.
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17. MicroRNAs, epigenetics, and cellular memory of hypoxia

The hypoxic response extends beyond transcription factors to post-transcriptional and epigenetic
regulation. MicroRNAs are short noncoding RNAs that bind target messenger RNAs and alter their
stability or translation. Hypoxia-regulated microRNAs, sometimes termed hypoxamirs or oxymiRs,
can influence angiogenesis, metabolism, apoptosis, inflammation, and cell-cycle progression.
(Chan & Loscalzo, 2010; Chan et al., 2012; Nallamshetty et al., 2013)

miR-210 is a well-studied HIF-responsive microRNA that can regulate mitochondrial metabolism
and iron—sulfur cluster assembly. Other microRNAs may alter endothelial behavior, neuronal
activity, or metabolic enzyme abundance. In naked mole-rat brain, hypoxia-responsive microRNAs
have been associated with suppression of energy-expensive translation and proliferation,
alongside changes in neuroprotective and inflammatory pathways. (Chan et al., 2012;
Nallamshetty et al., 2013)

Importantly, the molecular profile during hypoxia differs from that during anoxia, and the use of
fructose is not necessarily the dominant fuel in every oxygen-deprivation condition. These
observations illustrate how post-transcriptional regulation can fine-tune metabolism beyond the
canonical HIF response. Epigenetic enzymes are also oxygen sensitive.

Ten-eleven translocation enzymes that modify DNA and Jumonji C-domain histone demethylases
require oxygen and 2-oxoglutarate. Reduced oxygen can alter their catalytic activity, potentially
changing DNA methylation and histone marks. Histone acetylation is influenced by acetyl-CoA
availability and histone deacetylase activity. (Jiang et al., 2021; Lee et al., 2020)

These changes can modify chromatin accessibility and the persistence of hypoxia-responsive gene
expression. Metabolic intermediates connect mitochondrial function to epigenetics. Succinate
and fumarate can accumulate when tricarboxylic acid cycle flux is altered and inhibit 2-
oxoglutarate-dependent dioxygenases. (Lee et al., 2020)

Changes in NAD+/NADH can affect sirtuin activity, while acetyl-CoA availability influences histone
acetylation. Thus, hypoxia can alter gene regulation through both oxygen sensing and shifts in
cellular metabolism. Repeated hypoxic exposure may create a form of cellular memory.

Prior exposure can alter HIF responsiveness, antioxidant defenses, mitochondrial function, and
inflammatory signaling during subsequent challenges. This phenomenon is often described as
preconditioning or acclimatization, but it is not universally protective. Repeated exposure can also
cause cumulative injury, vascular remodeling, or maladaptive inflammation. (Hausenloy & Yellon,
2016)

The effect depends on intensity, spacing, tissue, and recovery. These regulatory layers may explain
why identical oxygen tensions produce different responses in different cells. Chromatin state,
microRNA abundance, metabolic history, and differentiation state shape the available response.
Future studies combining single-cell transcriptomics, spatial profiling, metabolomics, and
functional measurements will help identify which cell populations adapt and which are injured
within the same tissue. Importantly, oxygen tension should be interpreted alongside perfusion,
substrate availability, temperature, and metabolic workload. Measurements from whole tissue
can conceal opposing responses among epithelial, stromal, immune, and vascular populations.
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18. Comparative synthesis: shared modules and evolutionary solutions

Across humans and other organisms, several recurring modules support survival under oxygen
limitation. First, oxygen sensing changes gene expression through HIF and associated pathways.
Second, energy demand is reduced through suppression of translation, proliferation, contractility,
or neuronal activity. (Lee et al., 2020; Semenza, 2012)

Third, metabolism shifts toward pathways that require less oxygen or can produce ATP without
oxidative phosphorylation. Fourth, redox defenses and organelle quality control limit damage.
Fifth, vascular and systemic responses redistribute oxygen toward essential tissues.

The relative importance of each module differs. Human skeletal muscle can tolerate repeated
transient hypoxia partly because it has phosphocreatine stores, glycolytic fibers, and adaptive
signaling. The renal medulla is chronically exposed to low oxygen and is specialized for local
metabolic conditions. (Favier et al., 2015; Brezis & Rosen, 1995)

Neurons and cardiomyocytes are vulnerable because their ATP demands and electrical or
contractile functions cannot be suppressed indefinitely without loss of function. The placenta uses
oxygen gradients as developmental cues, while endothelial cells coordinate oxygen distribution.
Turtles demonstrate extreme metabolic depression and management of lactate burden. (Larson
et al.,, 2014; Burton et al.,, 2021)

Crucian carp evolved ethanol production to avoid lethal lactate accumulation. Diving mammals
store oxygen and redistribute blood flow. Hibernators combine hypometabolism with
temperature reduction and protection during arousal. (Fagernes et al., 2017; Kooyman &
Ponganis, 1998; Storey, 2007)

Naked mole-rats add mammalian adaptations including fructose-based anaerobic glycolysis and
unusual neural tolerance. These strategies are not interchangeable; each solves a distinct
ecological problem. A key distinction is between tolerance and avoidance. (Park et al., 2017;
Amoroso et al., 2023)

Some organisms avoid cellular hypoxia by increasing oxygen stores, ventilation, or perfusion.
Others tolerate low oxygen by reducing demand. Still others maintain ATP production through
unusual anaerobic pathways.

In practice, successful species combine several approaches. Human high-altitude populations
primarily alter the oxygen cascade and its regulation, while naturally anoxia-tolerant species can
profoundly suppress cellular demand. The evolutionary comparison also reveals trade-offs.
(Petousi & Robbins, 2014; Getu et al., 2026)

Increased hemoglobin raises oxygen content but can increase viscosity. Angiogenesis improves
supply but may produce fragile vessels. Glycolysis supports ATP generation but yields less energy
and can acidify tissues.

Mitochondrial suppression limits oxygen use but may impair recovery if prolonged. Metabolic
depression conserves energy but reduces performance and responsiveness. No adaptation is cost-
free.

The most transferable principles are therefore systems-level: match demand to supply, preserve
membrane gradients, maintain mitochondrial quality, control reoxygenation, and tailor responses
to cell identity. It is unlikely that a single molecular target will reproduce the resilience of a
naturally tolerant animal. Instead, future therapies may need combinations of transient metabolic
modulation, vascular support, and cell-specific protection.
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19. Human disease and therapeutic implications

Hypoxia contributes to myocardial infarction, ischemic stroke, acute kidney injury, peripheral
arterial disease, chronic lung disease, anemia, high-altitude illness, and solid tumor biology. In
each condition, oxygen deprivation interacts with inflammation, nutrient supply, vascular
structure, and tissue demand. A therapy that is beneficial in one disease may be harmful in another
because HIF, angiogenesis, glycolysis, and cell death pathways have context-dependent effects.
(Lee et al., 2020; Hausenloy & Yellon, 2013)

HIF prolyl hydroxylase inhibitors are used or investigated to stimulate endogenous erythropoietin
and improve anemia in selected settings. Their effects extend beyond erythropoiesis because HIF
regulates iron metabolism, angiogenesis, and glycolysis. The therapeutic window depends on
disease context and safety monitoring. (Lee et al., 2020)

Chronic activation of HIF could be undesirable in malignancy or pathological vascular remodeling.
Conversely, local or transient HIF activation may support tissue repair in some ischemic settings.
Metabolic interventions aim to reduce oxygen demand or improve ATP generation.

Potential strategies include modulating mitochondrial substrate use, AMPK, mTOR, pyruvate
dehydrogenase, and autophagy. However, inhibiting oxidative metabolism can impair organ
function if glycolytic capacity is insufficient. Fructose-supported glycolysis in naked mole-rats is a
compelling evolutionary discovery, but introducing this pathway into human tissues would require
rigorous evaluation of enzyme expression, substrate availability, acid—base consequences, and
systemic metabolic effects.

Neuroprotective approaches inspired by tolerant species include reducing excitotoxicity,
stabilizing ion channels, supporting astrocyte-neuron metabolic exchange, and controlling
inflammation. Cardioprotection focuses on limiting calcium overload, preserving mitochondrial
function, and reducing reperfusion injury. Kidney protection may involve reducing tubular oxygen
consumption, preserving microvascular flow, and promoting adaptive epithelial repair. (Larson et
al., 2014; Hausenloy & Yellon, 2013; Brezis & Rosen, 1995)

Placental research aims to distinguish physiological hypoxia from impaired perfusion and to
understand population-specific high-altitude adaptation. The timing of intervention is crucial.
Acute ischemia, chronic hypoxia, preconditioning, and reoxygenation represent distinct phases.
(Burton et al., 2021; Ahrens & Singer, 2025)

A treatment that suppresses metabolism during ischemia may be beneficial briefly but harmful if
continued during recovery. Similarly, antioxidant therapy may be ineffective if administered too
late or may interfere with physiological redox signaling. Cell-specific delivery and biomarkers of
tissue oxygenation could improve precision.

Translation from animal models requires attention to body temperature, metabolic rate, life
history, and species-specific pathways. Turtles and hibernators are ectothermic or seasonally
hypometabolic; naked mole-rats have evolved specialized metabolism; diving mammals possess
unusual oxygen stores. Human clinical trials must test whether a mechanism is both feasible and
safe in the relevant organ. (Storey, 2007; Park et al., 2017; Ponganis, 2011)

Comparative biology offers principles and targets, not ready-made treatments. Importantly,
oxygen tension should be interpreted alongside perfusion, substrate availability, temperature, and
metabolic workload. Measurements from whole tissue can conceal opposing responses among
epithelial, stromal, immune, and vascular populations.
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20. Conclusions

Survival during hypoxia is a coordinated property of cells, tissues, and whole organisms.
Mammalian oxygen sensing through PHD-VHL-HIF signaling provides a conserved molecular
framework, but its consequences depend on cell identity, metabolic state, oxygen history, and
systemic physiology. HIF regulates glycolysis, angiogenesis, erythropoiesis, and survival, while
AMPK, mTOR, mitochondrial remodeling, autophagy, redox systems, and epigenetic regulation
shape the final response. (Kaelin & Ratcliffe, 2008; Lee et al., 2020; Semenza, 2012)

Human tissues illustrate diverse strategies. Neurons and cardiomyocytes are vulnerable because
they require continuous ATP to sustain electrical and contractile function. Renal medullary cells
are adapted to physiological low oxygen but remain susceptible to severe ischemia. (Larson et al.,
2014; Brezis & Rosen, 1995)

Liver and intestine use zonation and barrier-associated responses, skeletal muscle tolerates
repeated transient hypoxia, and placenta uses oxygen gradients as developmental signals.
Endothelial and blood-cell responses coordinate oxygen delivery across the organism. Naturally
tolerant animals reveal additional solutions. (Kietzmann, 2017; Colgan & Taylor, 2010; Favier et
al., 2015; Burton et al., 2021)

Turtles and crucian carp survive prolonged anoxia through metabolic depression and specialized
management of anaerobic end products. Diving mammals conserve oxygen through storage and
redistribution. Hibernators suppress metabolism and protect tissues during torpor and arousal.
(Fagernes et al., 2017; Storey, 2007; Ponganis, 2011)

Naked mole-rats combine low metabolic demand, unusual neural resilience, and fructose-
supported glycolysis during anoxia. These mechanisms demonstrate that oxygen dependence can
be modified by evolution, but they are inseparable from each species' ecology and physiology. The
comparison yields a unifying principle: cells survive when energy demand, ATP production, ion
homeostasis, redox balance, and tissue oxygen supply remain matched. (Park et al.,, 2017;
Amoroso et al., 2023)

Increasing oxygen delivery alone may not prevent injury if mitochondrial and calcium disturbances
are uncontrolled. Conversely, reducing metabolism without preserving essential function may be
harmful. Reoxygenation must be considered part of the hypoxic insult because it can initiate
oxidant production, inflammation, and mitochondrial injury. (Hausenloy & Yellon, 2013; Zhou et
al., 2022)

For human medicine, the most useful lessons are likely to be modular rather than wholesale
imitation of tolerant species. Carefully timed metabolic suppression, mitochondrial quality control,
improved microvascular perfusion, and cell-specific signaling modulation may improve outcomes
in ischemia and chronic hypoxic disease. Translation requires direct testing in human-relevant
systems and clinical trials.

The field's central challenge is to convert comparative biological insight into interventions that
protect tissue while preserving normal function. Importantly, oxygen tension should be
interpreted alongside perfusion, substrate availability, temperature, and metabolic workload.
Measurements from whole tissue can conceal opposing responses among epithelial, stromal,
immune, and vascular populations.
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Abstract. The article examines how European practices of cultural heritage management can be
adapted in Kazakhstan. It compares the approaches of France, Italy and Germany to the
management of UNESCO World Heritage properties and museums. The article focuses on
management plans, the assessment of management effectiveness with the Enhancing Our
Heritage Toolkit 2.0, participatory management, public-private partnership and digitalization.
With reference to the Mausoleum of Khoja Ahmed Yasawi, the Petroglyphs of Tamgaly and the
Rock Mosques of Mangystau, the article formulates recommendations for modernizing the
institutional system of heritage protection and use in Kazakhstan.

Keywords. Cultural heritage, museum management, UNESCO World Heritage properties,
European experience, management plan, Kazakhstan, participatory management, heritage
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Introduction

For Kazakhstan, cultural heritage is a basis of national identity and a resource for the
development of its regions [13]. The country accepted the Convention concerning the Protection
of the World Cultural and Natural Heritage in 1994. Seven properties on its territory are now
inscribed on the World Heritage List [12]. The four cultural properties are the Mausoleum of Khoja
Ahmed Yasawi (2003), the Petroglyphs within the Archaeological Landscape of Tamgaly (2004),
the Chang’an-Tianshan Corridor of the Silk Roads (2014, jointly with China and Kyrgyzstan) and the
Rock Mosques and Associated Sacred Sites of Mangystau, inscribed in 2026 [11]. The three natural
properties are Saryarka, the steppe and lakes of Northern Kazakhstan (2008), the Western Tien-
Shan (2016, jointly with Kyrgyzstan and Uzbekistan) and the Cold Winter Deserts of Turan (2023,
jointly with Turkmenistan and Uzbekistan). This article deals with the cultural properties and with
the museums that store, research, interpret and present heritage.

Climate risks, urbanization, growing tourist flows and digitalization have exposed the limits
of a purely administrative model of heritage management. European countries that have
implemented the 1972 Convention for decades have developed tested tools for this situation.
Among them are management plans fixed in national legislation, regular assessment of
management effectiveness, involvement of local communities and public-private partnership.

The aim of the article is to analyse the French, Italian and German experience in managing
UNESCO properties and museums and to identify how it can be adapted in Kazakhstan. The study
is based on a comparative analysis of the normative documents and guidelines of UNESCO and its
Advisory Bodies, decisions of the World Heritage Committee and the heritage legislation of France,
ltaly, Germany and Kazakhstan.
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European Experience in Managing World Heritage Properties and Museums

The Operational Guidelines require each World Heritage property to have adequate legal
protection, clearly defined boundaries and, where necessary, a buffer zone. Each property also
needs an appropriate management plan or other documented management system that specifies
how its Outstanding Universal Value (OUV) will be preserved, preferably through participatory
means [1, paras 97 to 118]. In European practice the management plan serves as a tool for
strategic planning, adaptation and monitoring and is revised as conditions change [3; 4].

The Enhancing Our Heritage Toolkit 2.0, published in 2023 by UNESCO, ICCROM, ICOMQS
and IUCN, contains 12 tools for the self-assessment of management effectiveness. It reveals
weaknesses in protection, monitoring, resources and stakeholder participation and s
recommended for use before a management plan is reviewed or updated [2].

The three countries organize this work differently. In France, the Ministry of Culture acts
through its regional directorates (DRAC), and responsibility for World Heritage properties is shared
between the State and local authorities. Since the Law of 7 July 2016, article L612-1 of the Heritage
Code has required a management plan and a buffer zone for every French World Heritage property
[5]. In ltaly, Law No. 77 of 20 February 2006 provides for management plans for Italian UNESCO
sites and for state funding of their preparation and of visitor services [6]. In Germany, monument
protection falls within the competence of the sixteen Lander, each with its own monument
protection law, and the Standing Conference of the Ministers of Education and Cultural Affairs
(KMK) coordinates World Heritage matters at the national level [7]. These national rules follow the
approach of the Operational Guidelines and the Toolkit, which treat a heritage place together with
its social, economic and environmental setting and with the participation of local communities [1;
2].

European museums have moved towards professional and more independent
management. In Italy this was done through the reform of the Ministry of Culture. Decree of the
President of the Council of Ministers No. 171 of 29 August 2014 granted special autonomy to
twenty museums, archaeological areas and monumental complexes of national importance, which
until then had been offices of the superintendencies without their own directors. These
institutions received organizational, scientific and financial autonomy, and their directors were
selected through an international public competition in 2015 [14]. European museums have also
developed museum education, digitized their collections, opened their data and created virtual
exhibitions. They pay growing attention to visitors and to the social role of the museum and
combine public funding with grants, sponsorship and their own income from services.

Current State of Cultural Heritage Management in Kazakhstan

The legal framework consists of the Law of the Republic of Kazakhstan “On Culture” of 15
December 2006 No. 207 [9], the Law “On the Protection and Use of Objects of Historical and
Cultural Heritage” of 26 December 2019 No. 288-VI [8] and the international conventions ratified
by Kazakhstan. Responsibility for heritage protection lies with the Ministry of Culture and
Information, local executive bodies and specialized museum-reserves.

Several problems persist in practice. Many sites lack current and functioning management
plans, and the number of trained heritage managers is small. Coordination between levels of
government and with other stakeholders remains weak. Tourism puts pressure on the Mausoleum
of Khoja Ahmed Yasawi in Turkistan and on Tamgaly. Museum collections and documentation are
still insufficiently digitized. Recent years have nevertheless brought progress in the form of
international internships for museum staff, exhibitions abroad, digitization projects and
restoration work with international experts. The nomination of the Rock Mosques and Associated
Sacred Sites of Mangystau, inscribed at the 48th session of the World Heritage Committee in
Busan in July 2026, was submitted together with a management plan for the property [11].
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Directions for Adapting European Experience

1. Management plans should be prepared and regularly updated for all UNESCO properties
and key museum-reserves with the help of the Enhancing Our Heritage Toolkit 2.0 [2]. Each plan
should set clear objectives for maintaining the OUV and include a monitoring system, tourism
management measures, an assessment of climate and anthropogenic risks and mechanisms for
community participation.

2. Kazakhstan needs a national coordination centre for World Heritage. Such a centre, with
regional branches, could also serve as the secretariat of the National Commission of the Republic
of Kazakhstan for UNESCO and ISESCO. German experience shows how a national body can
coordinate World Heritage work when responsibility for monuments is divided among several
levels of administration. In Germany this role is performed by the KMK [7].

3. The Operational Guidelines recommend preparing management plans through
participatory means [1]. For Kazakhstani properties this means involving local residents, holders
of traditional knowledge and civil society in drafting and monitoring the plans. At the sacred sites
of Mangystau the key partners are the shyrakshy, the traditional custodians who maintain the
pilgrimage tradition.

4. Kazakhstani museums need unified digital catalogues of their collections, and heritage
sites need 3D documentation. Open data and virtual exhibitions would make heritage more
accessible and simplify monitoring.

5. Staff training should become systematic. It can build on the regional UNESCO/ICOM
trainings in museum management already held in Kazakhstan [10], add internships at European
heritage institutions and introduce standards for museum management and site protection. For
the largest national museums, the Italian practice of selecting directors through open international
competitions deserves study [14].

6. Heritage financing should draw on public-private partnership, grant programmes, trust
funds and tourist levies directed to the protection and interpretation of heritage. The Italian
practice of dedicated state funding for management plans can serve as a model [6].

Conclusion

European experience offers Kazakhstan principles and tools that can be adapted to
national conditions. The French and Italian practice of making a management plan a legal
requirement for each World Heritage property, regular assessment of management effectiveness
with the Enhancing Our Heritage Toolkit 2.0 and the German model of national coordination are
the most relevant of them. Community participation, digitalization and staff training are the
conditions under which these tools work.

Adapting these approaches will improve the protection of UNESCO properties and
museums and strengthen their contribution to the development of the regions where they are
located. The next steps are applied research and pilot projects at individual sites, beginning with
the newly inscribed Mangystau property.
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Abstract. The article considers small modular reactors (SMRs) as a promising direction of
nuclear energy development, characterised by enhanced passive safety and lower up-front
investment compared with conventional large nuclear units.

A comparative analysis of leading designs, including RITM-200N, ACP100, BWRX-300 and
the NuScale Power Module, is carried out on the basis of IAEA data, with particular attention to
the operating experience and safety of Rosatom technologies. The economic part covers capital
costs, the levelised cost of electricity (LCOE) and scenarios of its variation.

Using an aggregated techno-economic model and the provisions of the Strategy for the
Development of the Nuclear Industry of the Republic of Kazakhstan until 2050, approved by
Presidential Decree No. 1233 of 15 April 2026, the study assesses the prospects of SMRs for
replacing ageing combined heat and power (CHP) plants. The base-case LCOE of a generalised 300
MW SMR plant is estimated at 65—70 USD/MWh, which is comparable with that of new large
nuclear plants.

The study concludes that SMRs are a flexible complement to large power units and an
element of the future energy system of Kazakhstan.

Keywords: small modular reactors, SMR, RITM-200N, ACP100, BWRX-300, techno-
economic analysis, nuclear energy of Kazakhstan, nuclear industry development strategy.

Introduction

The global energy transition requires simultaneous decarbonisation of the economy,
reliable energy supply and reduced dependence on fossil fuels. Under these conditions SMRs
attract growing attention as a technological solution that combines the advantages of nuclear
generation with greater flexibility, lower investment risk and adaptability to diverse operating
conditions.

According to assessments by the International Atomic Energy Agency (IAEA) and the OECD
Nuclear Energy Agency (NEA), SMRs make it possible to shorten construction schedules, reduce
up-front capital investment and serve smaller grids and non-electric applications [1, 2].

For the Republic of Kazakhstan, which holds some of the world’s largest uranium resources
and accounted for 43% of world uranium production in 2022 [3], the development of nuclear
energy, including small and medium-sized reactor technologies, is of strategic importance.

The 2024 national referendum demonstrated substantial public support for the
construction of nuclear power plants [4]. An important step towards implementing this choice was
Decree No. 1233, signed by President Kassym-Jomart Tokayev on 15 April 2026, which approved
the Strategy for the Development of the Nuclear Industry of the Republic of Kazakhstan until 2050.
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The Strategy provides for a techno-economic analysis of SMR applications, including the
modernisation of existing CHP plants [5—7].

The aim of this article is to examine the technological features, economic characteristics
and deployment prospects of SMRs in Kazakhstan.

Definition and Classification of Small Modular Reactors

The IAEA defines SMRs as reactors with an electrical capacity of up to 300 MWe whose
main components are manufactured in factory conditions as modules and then assembled on site
[1]. This approach is intended to improve manufacturing quality, shorten construction and reduce
up-front investment [1, 2].

The main advantages of the technology are modular design allowing capacity to be added
in stages, passive safety systems and reduced site infrastructure requirements. By coolant type,
SMRs include pressurised water and boiling water reactors, high-temperature gas-cooled reactors,
liquid metal-cooled fast reactors and molten salt reactors. Water-cooled designs represent the
most mature technology, since most power reactors in operation today are water-cooled [8].

Comparative Analysis of Leading SMR Technologies

The most advanced SMR projects are being developed and implemented in Russia, China,
the United States and Canada [8]. Table 1 compares four water-cooled designs at an advanced
stage of development.

Table 1. Key parameters of leading water-cooled SMR designs

Parameter RI(TRI\S;;OE]())N ACP100 (China) BWRT;(;?])(USA' l\li/lljjgillz F(’S\;V:)r
Capacity, MW(e) 55 125 300 77 per module
Reactor type integral PWR integral PWR BWR integral PWR
Refuelling interval 6 years 24 months 12-24 months 18 months
Design life, years 60 60 60 60
Status in the IAEA under

detailed design* detailed design | detailed design

Catalogue construction**
RITM-200
Operating prototype reactors on none none none
P &P P icebreakers
since 2020

Sources: [8, 9, 11, 12]. * Under construction in Uzbekistan since 2026 [15, 16].
tests in 2026 [10].

** Hot functional

According to the IAEA Small Modular Reactor Technology Catalogue 2024, close to a
hundred SMR designs are known worldwide, of which about 70 active designs with demonstrated
sustained development were selected for the Catalogue [1, 8]. Only a few of them have reached
operation. Among water-cooled SMRs, the Catalogue lists the Russian KLT-40S as the only design
in operation; the operating gas-cooled units are the Chinese HTR-PM and HTR-10 and the Japanese
HTTR test reactor [8].

The Russian Federation is represented in the Catalogue by 13 designs, second only to the
United States, and is the only country with a water-cooled SMR in operation (Table 2) [8]. Its
distinguishing feature is continuity of technology. The RITM series of JSC Afrikantov OKBM is a
family of integral pressurised water reactors based on one design and built in versions for
icebreakers, floating power units and land-based plants [12, 13]. The series rests on about 400
reactor-years of operating experience with small reactors in the Russian icebreaker fleet [12].
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RITM reactors are in serial production. Fifteen RITM-200 units have been completed and thirteen
more are in production [14].

Table 2. Russian SMR designs in the IAEA Small Modular Reactor Technology Catalogue 2024

. Output, .
Design MW(e) Type Designer Status
KLT-40S 2x35 Floating PWR | JSC Afrikantov OKBM In operation
RITM-200N 55 PWR JSC Afrikantov OKBM | Detailed design*
RITM-200M 50 Floating PWR | JSC Afrikantov OKBM | Detailed design
ABV-6E 9 Floating PWR | JSC Afrikantov OKBM | Detailed design
VBER-300 325 Floating NPP | JSC Afrikantov OKBM | Detailed design
GT-MHR 288 HTGR JSC Afrikantov OKBM Basic design
MHR-100 87 HTGR SC Afrikantov Okgm | concePtual
design
MHR-T 205.5 HTGR 1SC Afrikantov OKgm | concePtual
design
BREST-OD-300 300 | tead-cooledfast NIKIET Jnder
reactor construction
SVBR-100 100 Lead-bismuth JSC AKME Detailed design
fast reactor Engineering
SHELF 10 Integral PWR NIKIET Basic design
UNITHERM 6.6 PWR NIKIET Conceptual
design
ELENA 0.068 PWR NRC K.urchftov Conce.ptual
Institute design

Source: [8]. * Status as given in the Catalogue (3rd edition, June 2025); construction of the first
RITM-200N unit in Uzbekistan started in 2026 [15, 16].

Project Implementation and Safety Performance

SMR safety is based on the defence-in-depth principle, which comprises several
independent levels of prevention and mitigation of possible accidents. SMR designs implement it
through passive residual heat removal systems relying on natural coolant circulation and gravity,
and through a smaller inventory of nuclear material in the core compared with large reactors [1].
For the RITM-200N reactor plant, the design targets are a total probability of severe accidents
below 107° per year and a probability of a major accidental release below 1077 per year. The plant
combines inherent safety properties with a balanced use of active and passive safety systems and
can follow load in the range of 20—100% of rated power [12].

In the Russian Federation, eight RITM-200 reactors operate on four Project 22220 nuclear
icebreakers, Arktika (commissioned in 2020), Sibir (2021), Ural (2022) and Yakutia (2025) [11]. The
commissioning of the fifth icebreaker, Chukotka, has been moved to early 2027 [17]. The
Akademik Lomonosov floating nuclear power plant in Pevek, equipped with two KLT-40S reactors
of 35 MWe each, has been in commercial operation since May 2020. It reached its first billion
kilowatt-hours of electricity in January 2025 and had generated more than 1.2 TWh by 2026 [18,
19].
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In the People’s Republic of China, the HTR-PM high-temperature gas-cooled reactor has
been in commercial operation since December 2023, demonstrating the commercial operation of
a Generation IV technology [20].

Of direct relevance to Central Asia is the construction of Uzbekistan’s first nuclear power
plant in the Jizzakh Region. A construction licence for the first RITM-200N unit was issued in June
2026, first concrete was poured in the same month, and the unit is scheduled to reach criticality
in late 2029. The plant combines two 55 MWe RITM-200N units with two VVER-1000 units, with a
total capacity of more than 2.1 GW, and is a direct precedent for Kazakhstan [15, 16].

This experience confirms the technical maturity and safety of the water-cooled SMRs in
operation and justifies their consideration for Kazakhstan.

Economic Analysis of Small Modular Reactors

The economic feasibility of SMRs is determined by capital costs, operating expenses, the
fuel component and long-term cost reduction through serial production and learning effects.
Specific capital costs of SMRs are higher than those of large nuclear power plants because of the
loss of economies of scale, which modularisation and serial production are expected to offset [2].
A bottom-up assessment of a light-water SMR plant gives a mean overnight cost of 5,233 USD/kW
(90% interval 4,254-6,399 USD/kW) and a construction period of 3.4—6.0 years [21].

As a reference point for the cost of electricity, the median LCOE of new large nuclear plants
at a 7% discount rate is 69 USD/MWh [22]. The fuel component accounts for a small share of the
total costs of nuclear generation, which is an advantage for Kazakhstan as a uranium-producing
country [3].

The authors’ simplified techno-economic model considers a generalised 300 MW SMR
plant consisting of several modules. With capital costs of 1.8 billion USD (6,000 USD/kW, within
the range given in [21]), a capacity factor of 90%, a service life of 60 years and a discount rate of
7%, the base-case LCOE is 65—70 USD/MWh. Operating and fuel costs are taken from generalised
international data. The result is comparable with the median LCOE of new large nuclear plants
[22]. Table 3 shows the sensitivity of the result to capital costs and construction time.

Table 3. Scenario analysis for a generalised 300 MW SMR plant (authors’ calculations)

Scenario LCOE, USD/MWh
Base 68
Optimistic (20% capital subsidy) 55

Pessimistic (construction delays and 20% higher

. 85
capital costs)

The estimates are aggregated. Project decisions require site-specific data on costs, tariffs
and financing.

Thorium-containing fuel is not included in the calculations and is considered a long-term
research direction. The authors’ earlier work addresses the techno-economic assessment of
thorium recovery from monazite ores and REE tailings under Central Asian conditions [23] and
partial thorium loading of VVER-1000/1200 reactors [24].

Prospects for SMR Deployment in Kazakhstan

Kazakhstan has several advantages for deploying SMRs. Its uranium resource base and
production capacity provide a basis for localising stages of the fuel cycle [3].

Kazakhstan also possesses thorium-bearing resources associated with uranium deposits.
According to the authors’ estimates, thorium resources in Kazakhstani uranium tailings exceed
15,000 t Th, and integrating thorium recovery into existing hydrometallurgical circuits could
reduce marginal extraction costs to 80—-120 USD/kg ThO, [23].

The Strategy for the Development of the Nuclear Industry until 2050 emphasises the
diversification of nuclear technologies and considers SMRs one of the instruments for modernising

240



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026 I

CHP plants and improving the overall efficiency of the energy system [5, 6]. SMRs combine reliable
baseload generation with heat cogeneration, which is relevant for industrial enterprises and urban
infrastructure.

Cooperation with two or three leading international vendors (Rosatom, China National
Nuclear Corporation, GE Hitachi or NuScale) would reduce technological and political risks, ensure
competition and allow the selection of technical solutions suited to the climatic and industrial
conditions of Kazakhstan.

Among these vendors, Rosatom has the most extensive operating experience (Table 2).
The RITM-200N belongs to a reactor family in serial production and operation, and its first unit is
under construction in neighbouring Uzbekistan [15, 16]. In addition, Rosatom leads the project for
Kazakhstan’s first large nuclear power plant [25]. This makes the RITM-200N a natural reference
technology for a Kazakhstani pilot project, as it would allow shared personnel training, supply
chains and regulatory practice with the Uzbek project and the large nuclear power plant.

Mastering SMRs will support new scientific and engineering fields in Kazakhstan, including
localisation of equipment manufacturing, cogeneration systems, digital control systems and
research on thorium fuel [23, 24].

Discussion and Conclusions
Several SMR designs, primarily water-cooled, have reached technological maturity. Russia
operates KLT-40S and RITM-200 reactors, China operates the HTR-PM, and Uzbekistan has begun
construction of a RITM-200N plant in conditions close to those of Kazakhstan.
The authors’ estimates give a base-case LCOE for a generalised 300 MW SMR plant that is
comparable with that of new large nuclear plants. The result is highly sensitive to capital costs and
construction time. Because the model is aggregated and does not use site-specific data, the cost
risk of first-of-a-kind units remains the main uncertainty.
In Kazakhstan, SMRs can complement large power units. They reduce the up-front
investment of each project, increase the flexibility of the energy system and provide heat
cogeneration for industry and municipal services. The Strategy for the Development of the Nuclear
Industry until 2050 provides the policy basis for such projects [5, 6].
The analysis points to the following next steps.
1. A detailed techno-economic assessment of replacing ageing urban CHP plants with
SMRs on the basis of site-specific data, including cogeneration and full life-cycle costs.

2. Selection of a reference technology and a site for a pilot project. Given its operating
basis on the RITM-200 icebreaker reactors and the regional precedent in Uzbekistan,
the RITM-200N is a natural candidate.

3. Further development of the national regulatory framework in line with IAEA standards

and localisation of fuel cycle stages, including long-term research on thorium fuel.

4. Development of financial mechanisms, such as state guarantees and tax incentives,

that reduce the cost of capital for SMR projects.

SMRs are energy systems of the future. Modularity, passive safety and the ability to supply
both electricity and heat make them suitable for remote areas, smaller grids and industrial heat
consumers [1, 2]. As the first units in Russia, China and Uzbekistan accumulate operating
experience, Kazakhstan, with its uranium resource base and long-term nuclear strategy, has the
conditions to include SMRs in the future structure of its energy system.
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MANAGEMENT PROBLEMS OF MUNICIPAL
WASTE IN AZERBAIJAN
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Abstract. Waste generation inflicts severe damage on the environment, human health, and
ecosystems. However, this issue can be minimized through proper management and shifts in
individual habits. Plastic waste dumped into oceans and forests causes the deaths of millions of
marine animals and birds each year. Animals ingest plastic, mistaking it for food, or perish after
becoming entangled in it. Research indicates that the solution to this problem should not be
confined solely to the actions of government agencies and relevant enterprises, but must
encompass all segments of society. Raising public ecological awareness, reshaping consumption
culture, reducing the use of single-use plastic products, and sorting waste at its source are vital
steps in this direction. In particular, integrating the “3Rs” principles — Reduce, Reuse, and Recycle
— into daily life can decrease waste volume and enable a more efficient utilization of natural
resources.

Keywords: household waste, ecosystem, debris, recycling, waste separation

Waste management in Azerbaijan has emerged as one of the state's core priorities,
particularly in recent years. Currently, significant infrastructure initiatives are being undertaken
across both the capital city of Baku and the regions to align waste management practices with
European standards.

Waste generation inflicts severe damage on the environment, human health, and
ecosystems. However, this issue can be minimized through proper management and shifts in
individual habits.

Plastic, battery, and chemical wastes do not decompose when buried in landfills. The toxic
substances they contain leach into groundwater and soil, contaminating agricultural products.
Furthermore, the decomposition of organic waste accumulated in landfills releases methane (CH-.
4), a potent greenhouse gas. Additionally, the incineration of waste emits carbon monoxide and
carcinogenic substances into the atmosphere.

Plastic pollution is one of the most serious environmental challenges facing the world
today. Every year, enormous quantities of plastic waste enter oceans, forests, rivers, and other
natural ecosystems, causing devastating and often irreversible damage. Millions of marine animals
and birds die as a result of plastic pollution. Animals frequently mistake plastic for food and
swallow it, leading to injury, starvation, and death, while others become entangled in plastic waste
and are unable to escape.

The environmental impact does not end there. Over time, larger plastic materials break
down into tiny particles known as microplastics. These particles contaminate water, soil, and
ecosystems and can enter the food chain, eventually reaching the human body. As a result, plastic
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pollution is not only a threat to wildlife and the environment but also a growing concern for human
health.

Addressing this global crisis requires urgent and coordinated action at both national and
international levels. Governments, businesses, and individuals must work together to reduce
plastic consumption and improve waste management. The internationally recognized “3R”
principle — Reduce, Reuse, Recycle — should become a fundamental part of environmental policy
and everyday life. By reducing unnecessary consumption, reusing materials whenever possible,
and ensuring effective recycling, we can decrease the amount of waste entering the environment
and help protect ecosystems for future generations.

Measures at the Government and Industrial Levels

e Establishment of Recycling Plants: Recycling paper, glass, metal, and plastic and
reintroducing these materials into the production cycle.

e Introduction of a Deposit-Return System: Establishing collection points where
people can return plastic and glass containers in exchange for a monetary refund. This
system encourages people to sort and recycle their waste rather than dispose of it
improperly.

e Biodegradable Materials: Banning single-use plastic containers and replacing
them with packaging made from cardboard or starch-based materials that decompose
naturally and more quickly in the environment

What Can We Do?

e Developing the Habit of Waste Sorting: Separating household waste into different
categories — plastic, paper, glass, and food waste — and placing them in the appropriate recycling
or waste-sorting bin.

e Reducing Plastic Use: Using reusable cloth bags (eco-bags) instead of plastic shopping
bags and reusable thermoses or travel mugs instead of disposable coffee cups.

e Composting: For people with a garden or backyard, converting food scraps and fruit and
vegetable waste into natural fertilizer (compost)

Waste management in Azerbaijan has become one of the government’s key priorities,
particularly in recent years. Significant infrastructure measures are currently being implemented
both in the capital, Baku, and across the regions to bring the country’s waste management system
closer to European standards

Volume of Waste Generated: According to official figures, more than approximately 4.4
million tonnes of waste are generated annually in Azerbaijan. Around 73.5% of this consists of
municipal solid waste (household waste), while the remainder consists of industrial waste
generated by enterprises [2].

To coordinate waste management through a centralized system, the State Agency for
Waste Management under the Ministry of Ecology and Natural Resources has been established,
and a new National Strategy covering the period 2027-2030 is currently being developed [1].

In the city of Baku and the surrounding settlements, the disposal and management of
municipal solid waste are primarily carried out by “Tamiz Shahar” JSC. Within this framework,
several large-scale waste management and treatment facilities are in operation

Baku Municipal Solid Waste Incineration Plant (Balakhani): The plant is one of the largest
and most modern facilities in Eastern Europe and the CIS, built using fourth-generation (4G)
technology. Its annual processing capacity is 500,000 tonnes of municipal solid waste and 10,000
tonnes of medical waste.
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The waste incineration process generates approximately 200-222 million kWh of
electricity annually. This amount of energy is sufficient to fully meet the electricity needs of
approximately 100,000 households. The plant is operated by the French company PAPREC
Energies, drawing on international expertise.

The waste delivered to the plant is sorted according to its type, including plastic, paper,
glass, ferrous metals, and non-ferrous metals

The main objective is to reduce the overall volume of waste, separate recyclable materials,
and create an affordable raw material supply for other recycling facilities in Baku. The plant has an
annual processing capacity of 200,000 tonnes.

The Balakhani Industrial Park (Recycling Facilities) was established near the Balakhani
landfill. A number of privately owned recycling companies operate within the park. Here, sorted
plastic containers, used engine oils, paper and cardboard products, and rubber tyres are recycled
and transformed into new products.

The Waste Management Centre LLC (Hazardous Waste Landfill), operating under the
Ministry of Ecology and Natural Resources, is also in operation. With the exception of radioactive
materials, the centre ensures the environmentally safe treatment and disposal of drilling mud, soil
contaminated with oil and chemicals, expired food products, and special medical and toxic waste.
These materials are subsequently disposed of in designated landfill sites.

Although waste management in Baku has been centralized, waste sorting and separation
systems in the regions are not yet fully operational, and waste disposal sites largely remain open
landfills. However, the government has introduced the Public-Private Partnership (PPP) model to
address this challenge.

For example, according to approved regional projects, plans are underway to establish a
modern sanitary landfill and waste transfer stations in the Guba-Khachmaz economic region, with
the capacity to manage 170,000 tonnes of waste annually. Similar projects are also planned for
other economic regions of the country.

The Nakhchivan Autonomous Republic is currently undergoing a period of fundamental
reforms in the field of waste management. For many years, waste in the region was primarily
transported to open landfills for disposal. However, in recent years, modern green technologies
and waste management models implemented in Baku have also been introduced in Nakhchivan.

According to official information, approximately 151,000 tonnes (631,000 cubic metres) of
municipal solid waste and medical waste are generated annually in the Nakhchivan Autonomous
Republic [2].

A special landfill project for the disposal of hazardous waste is being implemented on a
nine-hectare site in the village of Boyukduz, Kangarli District. Topographical surveying work is
currently underway at the site.

To promote a culture of recycling among the population, environmental campaigns such
as “Exchange Waste for Saplings” are organized in the region. Residents hand over collected plastic
and glass waste, as well as used batteries, and receive various tree saplings in return.

Major infrastructure projects have been launched in Nakhchivan with the aim of
significantly improving environmental conditions and ensuring the efficient use of waste
resources.

The Ministry of Ecology and Natural Resources of the Nakhchivan Autonomous Republic
plans to construct a municipal solid waste processing and waste-to-energy plant. This facility is
expected to serve as a regional counterpart to the Balakhani Waste Incineration Plant in Baku.

As part of the project, design and cost-estimation documentation is being prepared for the
construction of one central waste landfill that fully meets modern sanitary standards, as well as
four regional waste transfer stations, each covering an area of one hectare, to collect waste from
different districts of the autonomous republic.
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At the initial design stage, plans include the installation of modern sorting lines at the
future facility to separate paper, glass, and plastic materials for recycling.

Special regional sanitary and hygiene regulations have been approved in Nakhchivan to
govern the collection and transportation of waste. Under these regulations, the temporary storage
and transportation of waste, as well as the regular disinfection of waste containers in multi-storey
residential buildings, military facilities, and hospitals (medical waste), are subject to strict
supervision.

The management, collection, sorting, transportation, and disposal of medical waste in the
Nakhchivan Autonomous Republic are regulated in accordance with Decision No. 213 of the
Cabinet of Ministers of the Republic of Azerbaijan on the “Requirements for the Management of
Medical Waste” and applicable regional environmental and sanitary standards.

The Public Health Service, operating under the Ministry of Health of the Nakhchivan
Autonomous Republic, regularly conducts inspections and monitoring to ensure compliance with
these regulations.

The Rules and Specific Requirements Governing Safe Waste Disposal and Treatment
(Neutralization) Are as Follows:

1. Classification of Medical Waste (Categories)

All waste generated in healthcare and medical institutions is divided into four main
categories according to its level of hazard. Mixing waste from different categories is strictly
prohibited.

e Class A (Non-Hazardous): Waste from hospital wards that has not come into contact with
patients suffering from infectious diseases, including paper and food waste. It is collected in white
bags.

e Class B (Hazardous): Biological fluids (blood, serum), human body parts, and waste
generated by surgical and infectious disease departments. It is collected in yellow bags.

eClass C (Extremely Hazardous): Waste generated by tuberculosis dispensaries,
laboratories, and departments working with pathogenic microorganisms belonging to Groups 1-
4. It is collected in red bags.

e Class D (Industrial-Type Waste): Expired medicines, mercury-containing devices (such as
thermometers), and chemical disinfectants.

2. Packaging and Waste Sorting Regulations

e Leak-Proof Packaging: Biological and infectious materials belonging to Classes B and C
must be placed exclusively in strong, hermetically sealed, leak-proof bags. Once the bags are filled
to a maximum of three-quarters (3/4) of their capacity, they must be securely sealed.

e Sharp and Cutting Instruments: Syringes, needles, ampoules, and scalpels must never be
disposed of in ordinary waste bags. They must be collected in specially designed puncture-
resistant yellow plastic containers (sharps boxes).

e Labelling: Each filled bag or container must be provided with a label indicating the
department name, waste category, date, and signature of the person responsible.

3. Temporary Storage and Transportation Procedures

e Time Limits: Medical waste may be stored within the healthcare facility for a maximum
of 24 hours at room temperature (under normal environmental conditions), or for up to 48 hours
in specially designed refrigeration units at temperatures of up to +5°C.

e Location Requirements: Temporary waste collection areas or designated outdoor storage
sites must be located at least 50 metres away from the main healthcare building. Access to these
areas by unauthorized persons is strictly prohibited.

e Specialized Transportation: Waste must be transported exclusively using specially
designated vehicles that are disinfected, fully enclosed, and hermetically sealed. During
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transportation, any direct contact between waste and workers' hands or bodies must be
completely avoided.

4. Methods of Waste Treatment and Disposal

The direct disposal of medical waste, particularly Class B and Class C waste, in municipal
landfills is prohibited by law. Pathogenic waste collected from healthcare facilities is neutralized
using the following methods:

1. Thermal Treatment (Incineration): Waste is completely burned at high
temperatures in specialized incinerators and converted into ash.

2. Chemical and Steam Sterilization (Autoclaving): Waste is treated using chemical
disinfectants or high-pressure saturated steam to eliminate pathogenic microorganisms
and render it safe for further disposal.

3. Waste Picking (Scavenging): The practice of people searching through waste at
landfills or in municipal waste containers, often referred to as “scavenging” or informal
waste picking, represents a serious socioeconomic, public health, and environmental
challenge. This phenomenon is observed in many developing countries around the world,
including, to some extent, Azerbaijan.

4. The causes of waste picking, the risks it creates, and possible solutions can be
grouped as follows:

Factors That Force People to Scavenge Through Waste

e Economic Hardship and Poverty: Low-income or unemployed individuals collect
recyclable materials (plastic bottles, cardboard, metal, and aluminium cans) and sell them on
informal raw material markets to earn a living and support themselves.

e Food Supply: In some cases, homeless or socially vulnerable individuals search through
waste bins near supermarkets and restaurants in an attempt to collect discarded food that still
appears suitable for consumption.

e An Unregulated Informal Sector: The lack of waste separation at the source (households)
creates a kind of informal workplace for these individuals. They sort through waste, recover
valuable materials, and sell them through unofficial or illegal channels.

Dangers and Risks Associated with This Practice

1. Risks to Human Health

o Infectious Diseases: In addition to household waste, waste bins sometimes contain
improperly disposed of medical waste (needles, dressings) or animal carcasses. Contact with such
materials exposes waste pickers to serious infections, including Hepatitis B, Hepatitis C, HIV/AIDS,
tuberculosis, and severe skin diseases.

¢ Poisoning: Consuming expired food products or coming into direct contact with
hazardous chemical waste can lead to acute poisoning.

e Physical Injuries: Broken glass, sharp metal objects, and rusty nails can cause serious
physical injuries and increase the risk of tetanus infection.

2. Environmental and Social Problems

e Scattering of Waste into the Surrounding Environment: People searching through waste
containers often tear open rubbish bags and scatter their contents on the ground. This creates
unsanitary conditions, contributes to street pollution, causes unpleasant odours, and encourages
the proliferation of rodents, particularly rats.

e Social Marginalization: Individuals engaged in this activity, particularly children and
adolescents, are often excluded from education and normal social life, further increasing their
vulnerability to poverty and social isolation.
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Solutions and Measures to Address the Problem

Addressing this problem requires both social assistance programmes and improvements in
waste management systems.

e Mandatory Waste Separation at Source: If paper, plastic, and glass are collected
separately in designated household bins, valuable recyclable materials will no longer be mixed
with general waste. This would reduce the incentive and perceived need for people to search
through rubbish containers.

e Smart and Enclosed Waste Containers: Installing underground waste containers or
specially designed, secure bins with restricted access, as implemented in European countries and
on some central streets of Baku, would prevent unauthorized access to their contents and
discourage people from rummaging through waste.

e Social Support and Formal Employment: Individuals who collect plastic and other
recyclable materials from waste containers could be officially registered and provided with social
assistance or recruited by recycling plants (such as the Balakhani Waste Sorting Plant) as formally
employed workers. They should be provided with safe working conditions and appropriate
protective equipment, including masks and gloves.

e Establishment of Food Banks: A formal food donation system (Food Banking) should be
established, allowing supermarkets to donate unsold food products that are still safe for
consumption to shelters and people in need rather than throwing them away.

Some of the world's most successful models for integrating waste pickers (scavengers) into
the formal labour market and organizing them into cooperatives have been implemented in Brazil,
Colombia, and Pune, India. By formalizing the informal waste collection sector, these countries
have significantly increased recycling rates while providing thousands of low-income citizens with
stable incomes, health insurance, and safer working conditions.

International organizations, including the World Bank and the WIEGO (Women in Informal
Employment: Globalizing and Organizing) network, recommend these models as important
examples of green economy practices that can be adopted by other developing countries.

The Brazilian Model: The “Catadores” Movement

Brazil was one of the first and most advanced countries to formally integrate street waste
pickers, locally known as catadores, into the national waste management system.

« Official Recognition as an Occupation: In 2001, waste picking was officially included in
Brazil's national occupational classification system.

e Establishment of Cooperatives: Workers organized themselves into strong associations
and formally registered recycling cooperatives.

e Municipal Service Contracts: Under the relevant legislation, municipalities can enter into
direct service agreements with waste picker cooperatives to manage municipal waste, rather than
relying exclusively on private monopoly companies.

 National Policy (2010): Under the National Solid Waste Policy adopted in 2010, the
participation of informal waste workers in recycling activities is legally protected, and producers
are required to cooperate with them.

The Colombian (Bogota) Model: Legal Recognition and Stable Remuneration

In Bogotd, the capital of Colombia, the struggle of waste pickers achieved a significant
victory at the level of the Constitutional Court.

e Court Ruling: Colombia's Constitutional Court imposed an obligation on the municipality
to formally include waste pickers in the city's sanitation and waste management planning.

e Payment for Services: The Bogota city administration has established formal agreements
with waste picker organizations. Workers receive official payments at fixed rates from the
municipal budget for every tonne of recyclable materials they collect.
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e Occupational Safety Support: Workers are provided by the government with official
uniforms, protective masks, gloves, and specialized vehicles for transporting collected materials.

The Indian (Pune) Model: The “SWaCH” Cooperative

The model implemented in Pune, India, is based on direct cooperation between informal
waste workers and local residents.

e Door-to-Door Collection: Workers collect waste directly from households and officially
charge residents a small service fee.

e Municipal Support and Benefits: The Pune Municipal Corporation provides workers with
designated enclosed waste-sorting facilities, official identification cards, and free health insurance.

e Economic Growth: As a result of this system, the municipality's waste transportation
costs have decreased significantly, while the monthly incomes of waste pickers have increased
approximately 2.5 times.

The South African (Johannesburg) Model

In Johannesburg, partnership centres have been established to promote cooperation
between informal waste workers and the government.

e Joint Recycling Centres: Special recycling centres have been established as collaborative
projects between the municipality and waste picker associations.

o Infrastructure and Facilities: The government provides modern warehouses and
conveyor-based sorting lines, moving workers away from hazardous open dumpsites and enabling
them to work in cleaner and safer conditions.

According to official statistics and environmental monitoring reports, Sadarak District is the
cleanest administrative district in Azerbaijan in terms of air pollution, with no recorded emissions
of pollutants into the atmosphere [3].

More broadly, regions with fewer large industrial facilities, lower traffic density, and a
higher proportion of green spaces are considered among the most environmentally clean areas of
the country. These include Eastern Zangazur, the mountainous parts of Karabakh, the border areas
of Nakhchivan, the Shaki-Zagatala region, and the Guba-Gusar region.

Based on air quality, low levels of industrial emissions, and the criteria established by the
World Health Organization (WHQO), the following areas are identified as having some of the
cleanest environmental conditions in Azerbaijan [7]:

1. Districts with the Cleanest Atmospheric Air (Official Statistics)

According to reports published by the State Statistical Committee of Azerbaijan, the
districts with the lowest levels of air pollutants released by industrial enterprises are ranked as
follows:

e Sadarak District: The only district in the country where industrial emissions into the
atmosphere are recorded at O tonnes.

e Fuzuli District: Annual emissions of just 0.3 tonnes.

¢ Kangarli District: Annual emissions of 0.4 tonnes.

e Yardimli District: Annual emissions of 0.8 tonnes.

e Zardab District: Annual emissions of 1.4 tonnes.

e Tartar District: Annual emissions of 1.6 tonnes [4].

2. The Cleanest Regions from a Geographical and Environmental Perspective

According to international environmental reports (such as the WHO's interactive air quality
maps), the city of Shusha and the Lachin District stand out for their exceptionally high air quality,
based on the concentration of microscopic pollutants per cubic metre of air. Overall, the following
mountainous districts rank among the areas with the cleanest air in the country:

e Yardimli and Gadabay: Their clean air quality is largely attributed to extensive forest
coverage and the absence of major industrial facilities.

¢ Gusar and Gakh: These areas benefit from high-altitude mountain ecosystems.
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e Lachin, Kalbajar, and Shusha: These regions are distinguished by natural spring waters,
extensive forests, and limited exposure to industrial pollution.

3. Environmental Conditions Around Baku and in Major Cities

Among Azerbaijan's major cities, the capital, Baku, experiences the highest levels of
pollution due to heavy traffic and dense urban development. However, certain suburban areas
benefit from favourable air circulation and relatively clean atmospheric conditions.

For example, on the Absheron Peninsula, Bilgah, Mardakan, Novkhani, and Pirshagi are
considered some of the cleanest residential and garden areas, as they are directly influenced by
the northerly Khazri winds from the Caspian Sea.

Research indicates that addressing the waste management problem should not be limited
to the activities of government agencies and relevant enterprises; rather, it must involve all
segments of society. Raising public environmental awareness, changing consumption habits,
reducing the use of single-use plastic products, and sorting waste at its source are essential steps
in this direction [5; 6].

In particular, applying the “3R” principle — Reduce, Reuse, Recycle — in everyday life can
help decrease the overall volume of waste and promote more efficient use of natural resources.

Thus, improving the efficiency of Azerbaijan's waste management system is of great
importance for ensuring environmental safety, preserving natural resources, and achieving
sustainable development goals. The implementation of a comprehensive government policy in this
field, the improvement of legislative mechanisms, the expansion of modern waste processing
infrastructure, and the promotion of environmental responsibility can significantly reduce the
negative impact of waste on the environment in the future.
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ANTROPOSEN DOVRU: INSAN oLl IL3
YARADILAN RELYEF FORMALARI VO
ANTROPOGEN GEOMORFOLOGIYA

Safaq aliyeva Mammad qizi
Azarbaycan Dovlat Pedaqoji Universitetinin Saki filial,maallim

Xulasa

Bu magqgalada insanin yer kiirasinin geoloji va geomorfoloji proseslarina gostardiyi global
tasirlar Antroposen paradigmasl kontekstinda tahlil edilir. Klassik cografiyada relyefamalagalma
proseslari yalniz tabii endogen va ekzogen qlvvalarin faaliyyati kimi 6yranilss da, miasir dovrda
insan faaliyyati texnogen relyefin formalasmasinda aparici amila c¢evrilmisdir. Tadgigat
corcivesinda Dubaydaki Palma adalari kimi sdni strukturlasdiriimis sahil relyef formalar,
Niderlandin polder sistemlari va daniz saviyyasindan asagi salinan bandlari, nahang karyerlar va
dag-madan faaliyystinin vyaratdigi antropogen depressiyalar, hamcinin okeanlarda plastik
tullantilarin akkumulyasiyasi naticasinda yaranan "yeni gitalar" (masalan, Boyik Sakit Okean Zibil
burulgani) kompleks sakilds arasdirilir. insanin geomorfoloji bir giivva kimi tabii relyef dinamikasini
Ustalemasi va "Yeni Cografiya" anlayisinin formalasmasi maqgalanin asas elmi istigamatini taskil
edir.

Acar sozlar: Antroposen, Yeni Cografiya, Antropogen Geomorfologiya, Suni Adalar,
Polderlar, Texnogen Relyef.

Giris

XIX asrin sonlarindan etibaran sanayelasmanin siratlanmasi, urbanizasiya ve demografik
artim basariyyatin tabist Gzarindaki tasir imkanlarini misilsiz daracada genislandirmisdir. Cografiya
elminda uzun onilliklar boyu hakim olan klassik yanasmaya gora, yer sathinin relyefi — daglar,
daralari, cay sabakalari va duzanlikler — daxili (endogen) va xarici (ekzogen) tabii glvvalarin
coxasrlik garsiligh tasirinin mahsuludur. Lakin XXI asrin elmi paradigmasi yer kirasinin tamamila
yeni bir geoloji epoxaya — Antroposen (insan asri) dévriina gadam goydugunu gsbul edir. Nobel
mukafati laureati Paul Krutzen tarafindan elmi dovriyyaya daxil edilan Antroposen termini, insanin
artig sadaca bioloji bir nov deyil, ham da global geoloji va geomorfoloji dayisikliklara sabab olan
super-quvvaya cevrildiyini ifada edir.

Bu kontekstds "Yeni Cografiya" ve ya Antropogen Geomorfologiya istigamati
formalasmaqgdadir. MUasir dovrda insanlarin har il yerini dayisdirdiyi sixur, grunt va ¢okintularin
hacmi, bitdn dinya ¢aylarinin va tektonik harakatlarin dasidigl materialin Gmumi hacmindan gat-
gat coxdur. insan faaliyyati tabii relyef formalarini transformasiya etmakls yanasi, tabistds
analoqu olmayan yeni, stni relyef vahidlari yaradir. Bu magals, insan ali il yaradilan irimigyasl
geomorfoloji strukturlari tahlil edarak, Yeni Cografiyanin landsaft arxitekturasini va onun galacak
fasadlarini elmi aspektda isiglandirmagi hadaflayir.

= Sahil Geomorfologiyasinin Texnogen Transformasiyasi: Dubay Siini Adalari

insanin daniz va okean akvatoriyalarinda relyefomalagalma proseslarine miidaxilasinin
an bariz va vizual nimunasi Birlasmis 9rab @mirliyinin Dubay saharinda hayata kegirilan irimigyasli
siini adalar layihalaridir. Xtsusila "Palma Cumeyra" (Palm Jumeirah) va "Diinya adalarn" (The
World) kimi mega-strukturlar antropogen akvatoriyal relyefin zirvasi hesab olunur.

Bu adalarin insasi daniz dibindan milyonlarla kubmetr qum va das materialinin x{susi
gamilar (drajlar) vasitasila cixarilmasi va geodezik kordinatlara uygun olaraqg yenidan ¢okdirilmasi
prosesina (land reclamation) asaslanir. Bu proses tabii litodinamik axinlari, sahilboyu dalga rejimini

252



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026 I

va sedimentasiya (cokma) balansini kdkindan dayisdirir. Stni olarag yaradilan bu geomorfoloji
vahidlar sahil xattini onlarla kilometr uzadir va daniz ekosistemina yeni relyef elementlari alava
edir. Lakin bu cUr sini relyef formalari yliksak daracada qeyri-sabitdir; onlar tabii erroziyaya va
daniz carayanlarinin dagidici tasirina garsi davamliligi saxlamagq Ug¢ln daimi mihandis nazarati va
stini barkitma tadbirlari talab edir. Bu da 6z ndvbasinda relyefin "canli", daimi antropogen asililigda
olan bir sistema cevrildiyini stbut edir.

= Daniz Saviyyasindan Asagl Landsaftlarin Yaradilmasi: Niderlandin Polder Sistemlari

ogor Dubayda insan danize dogru iraliloayarak misbast relyef formalari yaradirsa,
Niderlandda proses tam aksine — daniz saviyyasindan asagida manfi ve hamar antropogen
landsaftlarin formalasdiriimasi saklinds bas verir. Niderland arazisinin taxminan 26%-i daniz
saviyyasindan asagida yerlasir va bu arazilar silsile mihandis-texniki bandlar, kanallar va nasos
stansiyalari vasitasila qurudulmus koérfaz va bataqgliglardir ki, bunlara "polderlar" deyilir.

Simal danizinin hidrodinamik tazyiginin garsisini alan nahang bandlar (masalan,
Zuiderzee layihasi vo Delta Plani) regional geomorfoloji strukturu tamamila dayismisdir. insanlar
minilliklar boyu davam edan daniz sedimentasiyasini dayandirmis, ke¢mis daniz dibini kend
tasarrifatl va urbanizasiya Ucln antropogen dizanliklara cevirmislar. Bu proses geomorfoloji
baximdan unikal fenomen yaradir: tabii olaraq su altinda galmali olan depressiyalar insan faaliyyati
sayasinda quru relyefi kimi faaliyyat gostarir. Bu landsaftlarin gorunmasi antropogen mihandislik
faaliyystinin fasilasizliyindan birbasa asihdir.

» |itosferda Acilan Yaralar: Nehang Karyerlar vo Dag-madan Relyefi

insanin litosferin Ust gatina birbasa mexaniki tasiri dag-madan sanayesinda va faydali
gazintilarin aciq Gsulla hasilatinda 6zind blruzs verir. Dinyanin an bdyik texnogen manfi relyef
formalari mahz karyerlardir. Masalan, ABS-daki "Bingem Kanyonu" (Bingham Canyon) mis
karyerinin darinliyi 1.2 kilometrdan, eni isa 4 kilometrdan ¢oxdur. Oxsar sakilda Sargi Sibirdaki
"Mir" almaz karyeri yer gabiginda nahang bir qif formasi yaratmisdir.

Bu clir meqga-karyerlarin gazilmasi tabii dag massivlarinin geomorfoloji strukturunu mahv
edir, yamaclarin dayanighgini pozur va strtsma, ucqun kimi ekzogen proseslari sini sakilda
aktivlasdirir. Karyerlarla yanasi, hasilat prosesinda cixarilan tullanti stixurlarin Ust-Gsta galanmasi
naticasinda musbat relyef formalari — stnitapalar olan "terrikonlar" yaranir. Belalikls, dag-madan
rayonlarinda tabii geomorfoloji landsaft tamamila siradan cixaraq, yerini kaskin parcalanmis
texnogen sirk va amfiteatrlara, terraslasdiriimis siini yamaclara verir.

= QOkeanlarda Antropogen "Yeni Qitalar": Plastik Tullantilarin Akkumulyasiyasi

Antroposen dovrinlin an acinacagl va geyri-adi ekoloji-geomorfoloji tazahurlarindan
biri diinya okeanlarinda formalasan plastik tullanti adalaridir. Okean carayanlarinin (subtropik
burulganlarin) tasiri ile markaza dogru toplanan milyonlarla ton plastik tullanti, geomorfoloji
manada litoloji deyil, "plastik" tarkibli yeni izan massivlar formalasdirir. Bunun an boylik nimunasi
"BoyUk Sakit Okean Zibil Burulgani"dir (Great Pacific Garbage Patch). Bela sahalarin Umumi sahasi
bazi gite va ya boylk dévlatlarin arazisini Ustalayir.

Bu strukturlari serti olarag "yeni qitaler" adlandirmag elmi baximdan okean
sedimentasiyasinda yeni bir litoloji gatin — plastiklarin, ¢oklntl stxurlari ilsa birlasarak
"plastiglomerat" adlanan yeni slxur névinin yaranmasi ile alagadardir. Sahil relyefinda va okean
dibinda toplanan bu materiallar galacayin geoloji gatlarinda insanin izi kimi galacaqgdir. Okeanin
hidrodinamikasina birbasa quru relyefi kimi tasir etmasalar das, glinas stalarinin udulmasini va
buxarlanma rejimini dayisdirarak lokal okean-atmosfer garsiligli tasirina tasir gdstarirlar.

= Natica vo Galacak Perspektivier

Tahlil edilan nimunalar gdstarir ki, Antroposen dévrinda relyefemalagalma artiq yalniz
tabiatin kor tabii qlvvalarinin deyil, ham da insan aglinin va texnoloji gliciinln idara etdiyi bir
prosesdir. insan ali ila yaradilan siini adalar, polderlar, nahang karyerlar va plastik sedimentasiya
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sahalari geomorfologiya elminin sarhadlarini genislandirarak "Yeni Cografiya" anlayisini zaruri
manimsamsa obyektina ¢cevirmisdir.

Lakin bu texnogen relyef formalarinin yaradilmasi cox vaxt tabii ekoloji va geomorfoloji
tarazligin pozulmasi ila musayiat olunur. Qlobal iglim dayisikliyi va diinya okeaninin saviyyasinin
galxmasi fonunda muhandislik asilligl olan bu relyef formalarinin (xtsusila polderlarin va sini
adalarin) galacak davamliligi ciddi sual altindadir. Basariyyat yer sathini yenidan formalasdirarkan
tabiatin fundamental ganunlarini nazara almali, antropogen geomorfologiyani ekoloji dayanigllig
prinsiplari ila uzlasdirmalidir.
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Architecture

MHTEMPALLMA TEOMHOOPMALMOHHbBIX U
BIM-TEXHO/1IOT M KAK
METOOO/I0TMYECKAA OCHOBA
ONTUMW3ALUMU TPALAOCTPOUTE/NbHbIX
PELLIEHWI

LLlereHoBa Mapwusaw CabutoBHa
MaructpaHT, Kasaxcknit HaumoHanbHbIn MiccnenoBatenbCknin TeXHUYeCKnin YHUBEpPCUTET
nmenn K.M.Catnaesa, r.Anmatbl, KasaxctaH

AHHOTaLMA. B cTaTbe pacCMaTPMBAOTCA BO3MOXKHOCTU MHTEMPALMMN reOMHPOPMALMOHHbIX
cuctem (TUC) n TeXHONOMMI MHPOPMALIMOHHOTO MOAEANPOBAHNA 34aHNK (BIM) ans obocHoBaHMS
rpafoCTPOUTENbHBIX pPeleHnin. Ha ocHOBe aHanu3a HayyHbiX NybaMKauui, UMPpPoBbIX
WHCTPYMEHTOB W CTaHAAPTOB OOMeHa [AaHHbIMW Npea/IoXeHa LWeCTUCTaAUMHAA MeTOAMKa,
obbeanHAOWAA NPOCTPAHCTBEHHbIM  aHaAW3  TeppuTopuM, GOPMMPOBAHME  MPOEKTHbIX
anbTepHaTmB, BIM-moaenvMpoBaHne M MHOTOKPUTEPMANbHYIO OLLeHKyY. PazpaboTaHa cuctema 13
WeCTM rpynn KpUTEPUEB, BK/IOYAIOLLAA TPAHCMOPTHO-NEWEXOAHYH AOCTYNHOCTb, O3e/eHeHMne,
COOTBETCTBME MAPAMETPOB 3aCTPOMKM, YHKUMOHANbHYID COBMECTUMOCTb, WHMKEHEPHYI U
coumanbHyto obecneyeHHOCTb. Ha yCNIOBHOM NpMMepe NOKasaHa /I0rMKa pacyeTa MHTErpasbHOro
noKkasatena M HeobXxoAMMOCTb aHanM3a YyBCTBMTENbHOCTM K BECOBbIM Ko3ddUUMEHTAM.
YCTaHOBNEHbI METOAMYECKME TMNPEUMYLLECTBA W OrPAHUYEHMA WHTErpaumun, CBA3aHHbIE C
COBMECTMMOCTbIO A@aHHbIX, TOYHOCTBbIO TEOMPUBA3KM WM KAYEeCTBOM WCXOAHOM MHbOPMaLMK.
MccnepoBaHmne HOCUT TeOPETUKO-METOAO0/NIOTMYECKMA XapakTep UM GOpMUpPyeT OCHOBY ANA
OanbHERLLEN NpakTUYecKom anpobalymm Ha ropoaCKON TEPPUTOPUN.

Kntouesble cnosa: TMC, BIM, rpagoctponTensHoe NpoeKkTMpoBaHmMe, NPOCTPAHCTBEHHDbIN
aHaNuM3, MHTerpauma AaHHbIX, MHOrOKpUTEpUanbHaa OLUEHKa, LMdpoBOe MOAENMPOBAHME.

BeeneHue

CoBpemMeHHOe TrpafoCTPOUTENbHOE MPOEKTMPOBAHME CBA3AHO C HeobXoAMMOCTbIO
cornacoBaHma 60abWoro Yncaa GakTopos, ONpeaenatoLmnX Ka4ecTBO M YCTOMUYMBOCTb TOPOACKOM
cpedbl. MNpun BbIBOPE MecTa pas3melleHns obbekTa Uan pas3paboTke NAaHMPOBOYHON CTPYKTYPbI
HeobXoAMMO Y4YMTbIBATb CYLLECTBYHOLLYIO 3aCTPOMKY, TPaHCMOPTHble CBA3M, pacnpeaeneHue
HaceneHua, MHXEeHEePHY0 MHOPACTPYKTYPY, O3eNeHeHMEe M YCTAHOB/EHHbIE TEPPUTOPMANbHbIE
OrpaHMYeHmns. ITU CBEAEHMA CO3[at0TCA PasHbIMW OPraHM3aUMAMM, XPAHATCA B PA3/INYHbIX
dopmaTax n HepeaKo UCNONb3YHOTCA Pa3AenbHO. B pe3yanbTaTe gaxe NPy HaMYMM 3HAYUTENBHOTO
obbema MCXOAHbIX AaHHbIX MPOEKTUPOBLUMK He BCerda Noay4vaeT LesoCTHoe npeacTaBNeHne O
TEPPUTOPUM M NOCNEACTBUAX NPeaNaraemMbix peleHmnin.

TpaAMUMOHHbLIM  TPafOCTPOUTENbHbBIA  aHaAAM3  OCHOBbLIBAETCA  Ha  WM3YYEHWUU
KapTorpaduyeckmx MaTepuanos, TEKCTOBOM [AOKyMEHTaUMW, HaTypHbIX 0OCAefoBaHUAX U
CpaBHEHUWN rpaduyecknx BapmaHToB. [aHHble MeToAbl COXPAHAKT NMPaKTUYECKYKD 3HAaYMMOCTb,
OOHAKO py4yHOE COMOCTaBNAeHME PA3HOPOAHbIX MATepuanoB 3aTPyAHAET CBOEBPEMEHHOE
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obHoBNEeHME MHbOPMALIMK, MPOBEPKY MPOCTPAHCTBEHHbIX B3aMMOCBA3EN U OLLEHKY HECKOJIbKMUX
CUEHapMeB pPasBUTUA TEppUTOpPUM MO eauHbIM  KpuTepuam. OCOBEHHO 3aMeTHbIMK  3TU
OrpPaHMYEHNA CTAHOBATCA B YC/IOBMAX CNOMKMBLLENCS FOPOACKOM 3aCTPOMKWM, raoe WM3MeHeHue
OZIHOrO MapameTpa MOXEeT BAMATb Ha AOCTYNHOCTb OOLLEeCTBEHHbIX OOBEKTOB, Harpysky Ha
NHMKEHEPHbIe CETU U COCTOAHME OTKPbITbIX MPOCTPAHCTB.

MepcneKkTUBHbLIM HamnpasBAeHUEM peLleHMa [JaHHOM npobnembl ABAAETCA WHTerpauma
reoMHdopMaLMoHHbIX cnctem (TMC) 1 TexHoNOrMin MHGOPMALIMOHHOTO MOAENMPOBAHMUA 34aHWNN
(Building Information Modeling, BIM). TWUC obecneunBatoT aHaAn3 TepputopuM B ee
reorpadmyeckom un OYHKLMOHA/NBHOM KOHTEKCTe, Toraa Kak BIM nossonseT npeacraBuTb
NPOEKTUPYEMbIE 3[1aHMA N COOPYKEHUA B BUE CTPYKTYPUPOBAHHbIX MHOOPMALIMOHHbLIX MOAENEN.
Mpn COBMECTHOM MCMONb30BAHUM 3TU TEXHONIOTMM CO3AAKT NPEeAnochbiKM A8 nepexoaa oT
Pa3pPO3HEHHOTO aHaM3a K COr/lacoBaHHOM cnucteme 0b60CHOBAHMSA rPaA0CTPOUTENbHbIX PELIEHNI
[2-4].

B npeablaylwem ucciefoBaHMM, MOCBALWEHHOM anropUTMUYECKOMY MPOEKTUPOBAHMIO,
PAaCcCMaTPMBAJINCb BO3MOMHOCTM KAMMATUYECKU OPUEHTUPOBAHHOIO $opmoobpa3oBaHUA Ha
YPOBHE OTAENbHOrO apXuMTeKkTypHoro obbvekta [1]. Hactoswasa paboTa passuBaeT 06LLytO
npobaemMaTnky LMPPOoBON ONTUMMU3ALMM, HO MEPEHOCUT aKLEHT Ha TePPUTOPMabHbIN MaclwTab,
BOMPOCHI COBMECTMMOCTI MPOCTPAHCTBEHHbIX AaHHbIX U NPoLLeAypbl BbiIOOpa rpafoCcTpoUTENbHbIX
anbTepHaTMB. TakMm 0bpasom, NpeameT UccaenoBaHns He Ayb6AnpyeT meToabl MHCONALMOHHOTO
M BETPOBOro aHaNu3a, NpeAcTaBieHHble paHee.

Llenb ctatb — pa3pabotatb M TeopeTmyeckn o0HOCHOBATb MNOC/AeA0BaTENbHOCTb
nuTerpaumm TMC- 1 BIM-gaHHbIX A1A KOMMJIEKCHOM OLEHKM M Bblbopa rpagoCcTpoUTENbHbIX
PeLleHMn Ha paHHMX CTaauax MNPOeKTUpPoBaHMA. [NAa AOCTMMKEHMSA Leanm paccMaTpuBatoTCs
aHaANMTMYECKME BO3MOXKHOCTM LUMPOBbLIX NaaTdopm, GOPMYANMPYHOTCA NPUHLMMBLI OpraHn3aLmMm
eanMHOM MHGOPMALIMOHHOM OCHOBbI M NPeaiaraeTca CUCTEMA KPUTEPMEB MHOTOKPUTEPNANbHOTO
CPaBHEHMA NNAHMPOBOYHbIX aNbTEPHATMB.

O6beKTOM  UCCNeoBaHMA  ABASETCA  Mpouecc  MNoAroToBKM M 0BOCHOBaHMA
rpafoCTpOUTENbHbIX  pelleHni. TpeameT UCCNefoBaHWA —  METOAMYEeCcKMe  MPUHLUMMbI
COBMECTHOTO MCMNOb30BaHNA reoMHGOPMALIMOHHbIX M BIM-TeXHO0rMin Npu aHann3e TeppmuTopmm
M OLEHKe anbTepHaTB. MeTo0/10rMYeCcKyto OCHOBY COCTaBAAOT aHaIM3 HAYYHON NUTEePaTyPbl U
OTKPbITbIX TEXHUYECKMX CTaHAAPTOB, COMOCTaBAEHME QYHKLUMIA MNPOrpamMHbIX CPeacTs,
cMcTeMaTm3almsa NPOCTPAHCTBEHHbIX MOKa3aTenel n KoHLEeNTyanbHoe MoAeMpoBaHne npoLecca
NPUHATUA pelleHnit. MiccneqoBaHMe HOCUT TEOPETUKO-METOA0N0TMYECKMI XapaKTep: peasbHble
NPOEeKTHble JaHHble He obpabaTtbiBainCcb, a NPEeACTaBAEHHbIA HUXKE UYMCAOBON NpPUMEP
npeaHa3HauYeH UCKIYUTENbHO A7 NOACHEHUS PAaCYETHOMN TOTUKMU.

1. UndpoBsble MHCTPYMEHTbI rPaiO0CTPOUTENBHOIO aHan3a

FeoMHbOPMaLIMOHHbIE CUCTEMbI MpeHa3HauYeHbl 419 XpaHeH s, CONoCcTaBeHus, aHaAns3a
M BM3yanu3alUMM CBEAEHWMN, CBA3AHHbIX C KOHKPETHbIMUK reorpadmMyeckMmm KoopamHatamu. B
rpagoCTPOUTENIbHOM NMPOEKTUPOBAHUN UX OCHOBHOE NMPENMYLLECTBO 3aK/H0YAETCH HE B CO34aHNM
LMPPOBOM KapTbl Kak TAaKOBOM, a B BO3MOMKHOCTM PacCMaTpMBaTb OTAE/IbHbIE XapPaKTePUCTUKM
TEPPUTOPUM B BUAE B3aMMOCBA3AHHbLIX TEMATUYECKMX CNoeB. K TaKMM C/I0SIM OTHOCATCS TpaHULbl
YYaCTKOB, CYLLECTBYOWME 34aHUA, YAWYHO-AOPONKHAA CEeTb, OCTAHOBKM OOLLIECTBEHHOMO
TPaHCNOpPTa, OOLECTBEHHbIE YUPEKAEHMWA, 38/1eHbIE HACAKAEHMUA, MHKEHEePHbIe KOMMYHMKaLLMK
1 30HbI C OCODLIMK YCAIOBUAMM MCMOb30BAHMS.

QGIS oTHOCUTCA K AOCTYMHbIM reoMHGOPMALIMOHHBIM M1aTGOPMaM C OTKPbITbIM MCXOAHbIM
Kogom. Mporpamma no3BosAeT paboTaTb C BEKTOPHbLIMU U PACTPOBLIMWU AaHHbIMW, BbIMOIHATb
NPOCTPAHCTBEHHbIE 3aMpochkl, NepecedyeHmna u bydpepmsaumo 06bEKTOB, PACCYMUTLIBATL NMAOLLAAN
M PACCTOAHMA, @ TaKKe CTPOUTb TemaThyeckme KapTbl. [1a aHann3a 4oCTYNHOCTM 06 bEKTOB MOryT
MCNO/Ib30BATbCA MHCTPYMEHTbI CETEBOrO aHan3a: onpeaeneHne KpaTyanllmx MapLlpyToB 1 30H
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0OCNYKMBAHMA C YYETOM [AOPOMKHOW CeTU M 33a4aHHOW CTOMMOCTM MepemelleHuda, Hanpumep
PAcCTOAHMA UAM BpemeHu [8]. ITO NPUHUMAMANABHO OT/AMYAeTCA OT MPOCTOro MOCTPOEHMSA
OKPYXXHOCTM BOKPYr 0ObeKTa, MOCKOAbKY daKTMyeckaa newexoaHas AOCTYMHOCTb 3aBMCUT OT
KOHPUIypaLmm yanL, M HAANYMA NPOXOA0B.

ArcGIS Pro npeactaBnsieT cobol KOMMAEKCHYIO cpedy MNPOCTPAHCTBEHHOrO aHanu3a, B
KOTOPOM AOCTYMHbI MHCTPYMEHTbI 06paboTKM reoiaHHbIX, TPEXMEPHON BU3YaAn3aLMM U OLLEHKK
NPUroAHOCTM TEPPUTOPUIM ANA PA3AUYHBIX BWAOB MCMONb30BaHMA. B 4acTHOCTM, MeToA
B3BELUEHHOrO Ha/loXeHus TemaTtudeckmx cnoes (Weighted Overlay) nossonser npuBectu
HEeOAHOPOAHbIE MOKA3aTeM K COMOCTaBMMOW OLEHOYHOM LWKane U 0bbeaAMHUTb MX C y4eToM
OTHOCUTENBHOMN 3HaYMMOCTK [9]. [InA rpaoCTPOUTENbHOrO UCCNeA0BaHMA 3TOT NOAXOA MOMKET
OblTb MPUMEHEH NpW NpPeaBapUTENbHOM BbISBAEHMWM YYACTKOB, OTBEYAMOLLMX COBOKYMHOCTM
TPAHCMOPTHbIX, IKONOTMYECKUX U DYHKLMOHANbHbIX TPeOOoBaHMI.

B otanume ot TWUC, BIM-cpega npexae BCEro OpPUEHTMpPOBaHa Ha noapobHoe
npeacTaBneHue 34aHui U coopyeHuit. B Autodesk Revit nHpopmaumoHHaa moaens BKAtOYAET
31EMEHTbl C FeOMETPUYECKMMU N aTPUOYTUBHBIMW XapPaKTEPUCTUKAMM: 3TAaXKHOCTb, NAOWAAM,
0H6BbEeMbI, KaTeropnn NOMeLLeHWI, NapaMeTPbl KOHCTPYKUMI 1 Apyrne ceeleHunsa, Heobxoammble
ONA NPOEKTHOM KoopAmMHaumu. [aHHble NapameTpbl MOTYT M3MEHATbCA BMECTE C MPOEKTHbIM
pelleHmMeMm, 4To NO3BOIAET MCMNONb30BaTb MOAENb HE TONbKO ANS BbiMNyCKa YepTEXKeEM, HO U ANs
NPOBEPKM 0OBEMHO-NNAHMPOBOYHBIX BapMaHToB. OAHaKo camu no cebe cBeAeHUA O 34aHUN He
PACKPbIBAOT €ro MNOJI0XKEHNE B CUCTEME TOPOACKMX CBA3EN, ecn He obecneyeHo conocTasneHne
C TEPPUTOPUANBHBIMW AAHHBIMMU.

VIHTerpauma cTaHoBMTCA Hanbonee cofepaTeNbHOM B Tex CAyYanx, Koraa AaHHble 13 MNC
33[1at0T KOHTEKCT M OrpaHWyYeHna NpoekTMpoBaHuA, a BIM no3BOAAET YyTOYHATL MapameTpbl
KOHKpPeTHbIXx 0bbeKkToB. Hanpumep, MC-aHann3 MOXKeT BbIABMTb YY4aCTOK C HeAO0CTAaTOYHOWM
obecneyeHHOCTbIO COLMANbHBIMM YUPEKAEHNAMM U NPUEMNEMOM TPAHCNOPTHOM AOCTYMHOCTbIO.
3aTem BIM-moaenb BO3MOXKHOIO 06LECTBEHHOrO 34aHMA NOMOraeT OLLEHUTb ero pasmelleHune,
OPWEHTMPOBOYHYKD BMECTMMOCTb, MI0OWaAb 3aCTPOMKM W B3aMMOAENCTBME C Mpuaeratoem
Tepputopuen. Pe3ynbTaTbl yTOYHEHMA BO3BPALLAIOTCA B MNPOCTPAHCTBEHHYHD MOAENb W
MCNONb3YOTCA A8 NOBTOPHOMN OLEHKM panoHa.

[na coBmecTHOM paboTbl BayKHbI HE TONBKO GYHKLMM NPOrpaMm, HO M OTKPbITbie GopmaTsl
obmeHa. CraHaapT Industry Foundation Classes (IFC), noaaepkmBaemblit buildingSMART un
onybnnkoBaHHbIM B cemencTtee ISO 16739, npeaHasHayeH Ana CTPYKTYpPMpPOBaHHOro obmeHa
nHbopmaumein o6 obbeKkTax ctpoutensctea [6]. CtaHaapT CityGML, pa3pabaTtbiBaembiit Open
Geospatial Consortium (OGC), onucbiBaeT TpexmepHble FOpOACKMe OOBEKTbl, MX CBOWMCTBA U
NPOCTPAHCTBEHHbIe OTHOWeHMA [5]. 3TM noaxoabl AONOAHAT APYr Apyra, HO He ABAAKTCA
NONIHOCTbIO B3amMmo3ameHAaembiMU: |[FC opneHTMpoBaH Ha NOAPOOHYO NMPeaAMETHY CTPYKTYpy
cTpouTenbHOro obbekTa, Toraa Kak CityGML — Ha reonpocTpaHCTBEHHbIM KOHTEKCT U MOAENN
ropozCcKon cpeapl.

HaydHble wnccnenoBaHMA NOAYEPKMBAKOT, YTO nepedadva AaHHbix mexay BIM n TUC
COMPOBOXKAAETCA PUCKAMM NOTEPU FTEOMETPUYECKON AeTanN3aLMM N CMbICIOBbIX XapaKTEPUCTUK
o6bekToB. B 0630pe Y. Tan 1 cOaBTOPOB CMCTEMATU3NPOBAHbI NPobaemMbl NpeobpasosaHua IFC B
CityGML, cBA3aHHbIE C PA3NNYNAMM YPOBHEN AETAaNM3ALNK, TEOMETPUYECKMX NPEACTABEHNI U
cemaHTukM [2]. H.l. Senol n T. Gokgoz paccmaTtpuBatoT npeobpasosaHue IFC B CityJSON u
OTMEYaloT 3HAYMMOCTb COXpaHeHMA OOBEKTHbIX CBA3eM npu nepegadye uHbopmauum [3].
CnepnoBaTtenbHoO, MHTerpaums TpebyeT He NpocToro obbeaAMHeHUA MoAeNein Ha 0AHOM 3KpaHe, a
3apaHee CornacoBaHHbIX MPaBMI NOArOTOBKM M MPOBEPKM AAHHbIX.
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Tabnuuya 1. PyHKUUOHAMbHAA POsb YUpPOoBbIX UHCMPYMeHmMos 8 npedsaazaemoli memoouke

UHCTpyMeHT / o
OcHoBHbIe 33aa4m Ponb B NpUHATUM pelleHni
CTaHAapT
TemaTnyeckme KapTbl, | BbiaBneHune ocobeHHoCTel
QGIS NPOCTPAHCTBEHHbIE 3anpochl, | TEPPUTOPUN U pacyeT noKasaTenemn
CceTeBoMn aHanu3 AOCTYMHOCTH
MHOrocnoMHbIN aHanus,
ConoctaBneHve  MPOCTPAHCTBEHHbIX
ArcGIS Pro TpexmepHble CLEeHbI, oueHKa
aNnbTepHaTMB No Habopy KputTepmes
NPUroaHOCTH
. YTouHeHue XapaKTEPUCTUK
Revit / BIM- | MHbopmaumoHHaa mMoaens 3aaHus, P P
npeanaraembix 06 bEKTOB M BapMaHTOB
cpesa naowaam, napameTpbl 06bEKTOB .
3aCTPOMKM

CTpyKTypupoBaHue U1 nepejada
IFC / CityGML | 06beKTHbIX "
reonpoOCTPAHCTBEHHbIX AaHHbIX

Opl'aHl/IBaLl,l/lﬂ COrNacoBaHHOro obmeHa
cBeAeEHNAMN MeXay MOoAeNTAMN

2. Metoponorua nHterpaumn N'c wn BIM

B pamkax HaCToAWEro MWCCNeaoBaHWMA  npeasaraeTcA  NosTanHaa  MeTOAMKa,
obbeAnHAOWAA TEPPUTOPUANBHBINA aHANN3, MOAENMPOBAHNE APXUTEKTYPHbLIX OOBEKTOB M OLLEHKY
NNAHMPOBOYHBIX aNbTePHATMB. Ee MCXOAHbBIM MPUMHLMM 3aKNO4aeTca B TOM, YTO MHbOpmaLmA
[ONXKHa NepenaBaTbCA MeXAay CTaAnAMM He TONbKO B BMAE M30OpaKEHWIN N YepTexen, HO 1 KaK
nposepaemble UMOPOBbIE AAHHblE C YCTAaHOBAEHHbIMW MCTOYHMKAMW, KOOPAMHATAMM, AaTamu
0BbHOBNEHMA M 3HaYeHUAMM aTpMOYTOB. Tako Noaxoa cornacyerca c 0bLen NormMKon ynpaBaeHns
MHbopMaLMen Ha NPOTAXKEHUN KMU3HEHHOTO LIMKAA 0OBbEKTOB, M3n0KeHHOM B ISO 19650-1:2018
[7].

MepBbI 3Tan — MNOCTAHOBKA MPOEKTHOW 3a4auu M onpegeneHue rpaHuL, aHanmsa. o
cbopa AaHHbIX HEOOXOAMMO YTOUHUTL, KaKoe pelleHne npeacTout ob6OCHOBATbL: pasmelleHune
OOLLeCTBEHHOTO 34aHWA, PEKOHCTPYKUMIO KBapTana, Pa3BUTME KWAoM Tepputopumn nmbo
n3meHeHmne GYHKUMOHANbHOIO MCNONb30BaHMA y4acTKa. MacwTab nccnenosaHuA 3a4aeT CTeNeHb
AeTanmsaumm moaenu. [Ina ropoackoro pamoHa AOCTaTOYHO CBeAeHWMn 06 OCHOBHbIX 3[4aHWAX,
yanuax n obbekTax 0bCcny»KMBaHMA, TOrAa Kak Ha ypOBHE yvacTka TpebytoTca TOUYHbIe rpaHumLbl,
BbICOTHbIE OTMETKM, MapaMeTpPbl COCeAHEN 3aCTPOMKM N UHKEHEPHbIE OrPaHUYEHMA.

Btopon atan — dopmmpoBaHme reonHOOPMaLUMOHHOM OCHOBbLI. B Hee pekomeHayeTcs
BK/IIOYATb: KaZaCTPOBble M MNAHWMPOBOYHbIE TPAHMLbI; CYLLECTBYHOLWIME 34aHMA C MNAOWAAbIHO
3aCTPOMKM M 3TAKHOCTbIO; TPAHCMOPTHbIE M MelexoaHble CBA3M; OCTAaHOBKM; 0buiecTBEHHble
yYpexXaeHWa; O3eNeHeHHble TeppuTopun; penbed; CBeAEeHMA O CeTAX M MNNAHMPOBOYHbIX
orpaHunyeHuax. s Kaxaoro cnos GUKCMPYOTCA MCTOYHMK, AaTa NOYYEHMA, CUCTEMA KOOPAMHAT,
NoNHOTAa M Npeanonaraemad  TOYHOCTb.  [lpM  OTCYTCTBMM  [OCTOBEPHbLIX  CBEAEHUM
COOTBETCTBYIOWIMIA MOKa3aTeb [AO0/KEH OTMeYyaTbCA KaK Tpebylowmin yTouHeHMA, a He
aBTOMATUYECKM 3aMEHATLCA NPEANON0KMUTENbHBIM 3HAYEHNEM.

TpetTun 3tan — npeaBapuTENbHbIA MNPOCTPAHCTBEHHbLIM aHanm3. Cpeactsamu [UC
onpeaendeTca CTPYKTypa 3€M/Eenonb30BaHWA, BbIABNAOTCA TeppuTopuanbHble OHapbepsl,
PACCYMTBIBAIOTCA AOCTYNHbIE MAPLLPYTbI M NOKANMN3YHOTCSA 30Hbl BO3MOMXKHOTO KOHPANKTA GYHKLMIA.
Pe3ynbTaTbl NpeacTaBnAlTcA B GOPME  aHANUTUMYUECKMX KapT W Tabauy, No3BONAIOWMX
dopmynnpoBaTb MPOEKTHble OrPaHUYEHMA M NOTEHLMaNbHble HanpaBAeHWA Npeobpas3oBaHuA
TeppuTopun. Ha 3TOW CTaAMM MCKAKOYAKOTCA BapMaHTbl, MPOTMBOpeYalimMe 0bHA3aTeNbHbIM
OrPaHUYEHMAM: Hanpumep, 3aTparvBatolimMe 30Hbl, rAe pasmelleHMe 33a4aHHOro 0HbeKTa He
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ponyckaetca. HOpuaMYeckylo M HOPMATMBHYIO AOMYCTMMOCTb HeobXxoAMMO NpPOBEPATb MO
AeVCTBYOWEN AOKYMEHTALMM M YCTAaHOBNEHHbIM NpoLeaypam, @ He TONbKO No LMdpoBoM KapTe.

YeTBepTbit 3Tan — noarotoska BIM-moaenein nepcnekTMBHbIX OOBEKTOB MAM
YKPYMHEHHbIX 06beMHO-MPOCTPAHCTBEHHbIX BAapWaHTOB. [JAA paHHen cTaguu LenecoobpasHo
OrPaHMUYNTLCA XapPaKTEPUCTUKAMM, AENCTBUTENBHO BAMAIOLLMMM Ha rPaaoCTPOUTENbHbIN BbIBOp:
NATHOM 3aCTPOWMKM, BbICOTOM, 3TAaXKHOCTbO, Ha3HAYeHWeM, BXOAHbIMW rPynmnamu, CBA3AMM C
YIULEN, NPUMEPHOM BMECTUMOCTbBIO M NOTPEBHOCTLIO B 06C/y»KMBaHWM. N36bITOYHAA NpopaboTKa
dacanoB M BHYTPEHHWUX 3N1E€MEHTOB Ha AaHHOM CTaguM YBENMUYMBAET TPYAOEMKOCTb, HO He
06A3aTeN1bHO NOBbLIWAET AOCTOBEPHOCTb TEPPUTOPMANBHOIO PeLLEHMA.

MATbI 3Tan — cOrnacoBaHWe KOOPAMHATHOM U MHPOPMALMOHHON CTPYKTYPbI. Paznnuns
NIOKaNbHbIX MPOEKTHbIX W reorpaduyeckmx KoopAuMHaT MOryT MPMBOAMTL K CMeleHutio BIM-
MoAenei OTHOCUTENbHO y4YacTKa. Kpome Toro, npu nepeHoce O0ObEKTOB BaXKHO COXPaHATb WX
yCTOMYMBblE MAEHTUOMKATOPbI, HA3HAYEHMA W KONMYECTBEHHble mnoka3atenn. [lpobnema
reonpueaskn BIM-mopnenein noapobHO paccmaTpuBaeTca B MccaeaoBaHnn P. Azari 1 cOaBTOPOB
[4]; npuKNaZHble MHCTPYKLMM NO NO3MLMOHNMPOBaHKIO CAD- 1 BIM-aaHHbIX Tak»Ke npeacTaBaeHsbl
B AOKymeHTauum ArcGIS Pro [10]. B pamKkax npeasaraemon MeToanMKn KoOopAMHaTHanA NpoBepKa U
KOHTPONb CMbIC/IOBOTO COOTBETCTBMA 31EMEHTOB PACCMATPMBAOTCA KaK 0bsA3aTenbHble
CaMOCTOATEIbHbIE NPOLLeaypbl.

LLlecTo aTan — pacyeT OLEHOYHbIX MOKa3aTenemn n cpaBHeHWe anbTepHaTMB. [oayveHHble
GIS- n BIM-paHHble CBOAATCA B eAMHYIO0 Tabauuy KputepueB. Kaskabli BapuaHT [OJ/IKEH
aHaM3MPOBATLCA MO OAMHAKOBLIM MpPaBWMIaM, B OAHOM TepPpPUTOPMANIbHOM KOHType U npwu
COMOCTaBMMOM  YpOBHe AeTanu3aumu. [locne CpaBHEHWA  BO3MOXKHA  KOPPEKTMPOBKA
PACMNONOXKEHWNA M NapameTpoB 06bEKTa C Nocaeay LM NOBTOPHbIM pacyeToM. MITepauMoHHOCTb
obecneynBaeT CBA3b MeXAy TEPPUTOPUANBHBIMU OFPAHUYEHUAMM N APXUTEKTYPHbBIM PeLleHUEM,
He NpeBpaLas UMPPOBY CUCTEMY B aBTOHOMHbI MexaHW3M Bblibopa.

BaXHOe MeCTO 3aHMMaeT ynpaBiAeHWe WM3MeHeHWAMW. Ecnm B NpoekTe yTouyHAeTcA
3TAXHOCTb 3[aHWA, MEHAETCA CxeMa Npoes3aa MaM OBHOBAAETCA CNOM MHMKEHEPHbIX CeTen, 3T0
OO/KHO  OTpaKaTbCA B COOTBETCTBYKOLWMX pacyeTax W AOKYMeHTauuu. [na  KOHTponA
PEKOMEHAYIOTCA eAnHbIe NAEHTUPUKATOPLI OOBEKTOB, KYPHAN BEPCU, NepeyeHb 06A3aTeNbHbIX
aTpnbyTOB W pacnpegeneHne OTBETCTBEHHOCTM 3a OOHOBNEHMEe AaHHbIX. MeToanKa He
npegnonaraeT, 4TO BCe MpPOrpaMmHble MNPOAyKTbl 06A3aHbl paboTaTb B oAHOM 6ase:
NPUHLMINANbHBIM ABAAETCA BOCMPOU3BOANMBI 0BMEH COrnacoBaHHOM MHPOPMaLMEN.
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6. MHOTOKpUTepHaabHas OLleHKa, BHIOOP ¥ KOPPEKTHPOBKA pelieHHs

[MpumeyaHue: pa3pabomaHo 8 PAMKAX HACMOAU,E20 UCCAEO0BAHUA.

MpeanoxeHHas MnocnenoBaTeNbHOCTb MOMET MPUMEHATbLCA Kak B paMKax OZAHOM
NPOEKTHON OpraHM3auuu, Tak WM NpPU B3aMMOAENCTBUWM TPALOCTPOUTENEN, APXMTEKTOPOB M
CNeuManncToB NoO MHKEHEPHOM MHOPACTPYKTYpe. Mpn STOM KayecTBO pe3y/bTaTa 3aBUCUT He OT
KO/IM4ecTBa MOAKAOYEHHbIX MPOTrPAaMMHbIX NMPOAYKTOB, @ OT MOMIHOTbI MCXOAHOM MHGOPMaUMK,
NPaBUAbHOCTM NOCTAHOBKM 334a4M M COrNAaCOBAHHOCTM UCMOb3YEMbIX KPUTEPUEB.

3. MHOroKpuTepmraabHana OLLEeHKa rpagoCTPOUTE/IbHBIX PELLEHUI

lpafocTpouTeNbHble pelleHns pefAKo MOryT 6biTb 0O6OCHOBaHbI OAHWM MOKa3aTesneMm.
BapuaHT, obecneymBatowWmii BbICOKYHD WHTEHCMBHOCTb WCMONb30BAHWUA TEPPUTOPUM, He
06A3aTeNIbHO ABAAETCA ONTUMANbHBIM C TOYKM 3PEHUA AOCTYMHOCTM 3e/eHbIX 30H, Harpy3KM Ha
WHXXEHEpPHble CeTU WAM yaobcTBa MNOBCeAHEBHbIX NepemelleHnin. [MosaTomy npeanaraerca
MCNONb30BaTb CUCTEMY B3aMMOCBA3AHHbBIX KpUTepuMeB, 0ObeAMHAIWMX MNPOCTPAHCTBEHHbIE,
GYHKUMOHANbHbIE U MHPPACTPYKTYPHBIE XapPaKTEPUCTUKMN.

MepBaa rpynna nokasaTenel XapakTepuayeT TPaHCMOPTHO-NELWEeXOAHY AOCTYMHOCTb.
34ecb paccMaTpUBAOTCA BPeMA WMAM MPOTAKEHHOCTb GaKTMYECKOro MaplipyTa A0 OCTaHOBOK
0bULECTBEHHOrO TPAHCMOPTA M MOBCEAHEBHbIX 0OBEKTOB 0OCNYKMBAHWSA, CBAZHOCTb Y/IMYHOM CETU
M Hanuume newexoaHblx BapbepoB. PacyeT pekomeHAyeTca NPOBOAMTL MO CETUM AO0CTYMHbIX
NPOXo40B C YY4ETOM HAMPaBAEHWA ABUMMKEHWUA U OrPaHUYEHUN, @ HE MUCKIOYMTENbHO MO
NPAMOMHENHbBIM paccToaHMUAM [8].

BTopas rpynna OTHOCKUTCA K O3e/1IEHEHMNIO M OTKPbITbIM MPOCTPAHCTBAM. 115 NONHOUEHHOM
OUEHKM CneflyeT y4yuTbiBaTb HE TO/MbKO [O/H0 3e/1EHbIX TEPPUTOPUIM, HO U KX GaKTUYECKyto
[OCTYMHOCTb, HEMNPEepbIBHOCTb MelWexoAHblX MapWpyToB, XapakTtep 6naroyctpoicrtea w
BO3MOMHOCTM MOBCEAHEBHONO WCMOMb30BaHMA. 3HauyMTeNbHaA M/OWAAb O3e/eHeHns 3a
rpaHuUEen AOCTYNHOro MapupyTa He paBHO3HaAyHa HebO/bWOMY, HO XOPOLO CBSA3aHHOMY
06LLLeCTBEHHOMY NPOCTPAHCTBY BHYTPW KWUI0N TEPPUTOPUN.

TpeTbA rpynna onucbiBaeT COOTBETCTBME NapaMeTPOB 3aCTPOMKM NNaHMPOBOYHOM 3a4a4e.
B Hee moryT BXOAMTb MNOTHOCTb 3aCTPOMKM, 3TaXKHOCTb, MNAOWAAb 3aCTPOEHHOM MOBEPXHOCTY,
pacnpefeneHne OTKPbITbIX Y4YaCTKOB M COOTHOWeHWe OYHKUMOHANbHbBIX 30H. BaKHO, 4TO
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MaKCMMaNbHOE 3HAYeHMe NIOTHOCTM CaMo Mo cebe He PacCMaTPMBAETCA KaK MOMOMKUTE/bHbIM
pe3ynbTaT: OLEHWMBAETCA COOTBETCTBME BbIOPAHHOTO peleHMA LEeNEeBbIM XapaKTepUCTMKam
TeppuTopum, ee MHGPACTPYKTYPHON EMKOCTM M YCTaHOBAEHHbBIM OFPaHUYEHUAM.

YeTBepTad rpynna packpbiBaeT JYHKUMOHANbHYO COBMECTMMOCTb. Peuyb MnaeT o
COrNaCoOBAHHOCTM pa3mellaembiX QYHKLUMIA C CyLLECTBYIOLMM OKPYXKEHMEM, HaAUYnmM yaoOHbIX
CBA3EN MEXAY MUNbeM, Paboymmm mectamm, obLLEeCTBEHHbIMM 0O6bEKTAMM N PEKPEALMOHHbIMM
MPOCTPAHCTBAMM, a TaKKe MNpeaoTBPaLlLeHMM KOHOAMKTOB MEXAYy BWAAMWM WMCMONb30BaHMA
TeppuTopuun. [ATaa rpynna oOTparkaeT npeABapuTenbHytd 06ecneyeHHOCTb UHXEeHEepPHOW
NHDPACTPYKTYPON M BO3MOXMHOCTb  MOAK/OYEHMA HOBbIX 0ObekToB. Llectaa rpynna
XapaKTepm3yeT AOCTYNHOCTb COLMANbHOM MHPPACTPYKTYPbI, BKAOYAA yYpeKaeHs obpasoBaHms,
34paBOOXPAaHEHNA 1 NOBCEAHEBHOrO 06C/YKMBAHMA.

Tabnuua 2. [pednazaemas cucmema Kpumepues OUeHKU 2pa00CmMpPoumMenbHbLIX aabmepHamueg

Kputepuit Bo3mMOXXHbI NOKaszaTesb NCTOYHMK AaHHbIX
TpaHCnopTHO-
Bpema mapuipyta A0 OCTaHOBOK W | YANMYHO-AOPOXKHAA CeTb,
newexoaHas
KAtOYeBbIX O0OBEKTOB; CBA3HOCTb CETU | MPOXO/bl, OCTaHOBKM, [MC
AOCTYMHOCTb
O3eneHeHne n .
OTKPbITbIE JocTynHaa naowaab WM CBA3HOCTb | CNOM 3eNeHblX HaCaXKAeHWn,
3e/1eHbIX TEPPUTOPUIA 06LLIeCTBEHHbIX NPOCTPAHCTB
MNPOCTPaHCTBA
CooTBeTCcTBME DTa)KHOCTb, MAOTHOCTb W MNaOWAAb
. MMNaHMPOBOYHbIE OOKYMEHTHI,
napameTpos 3aCTPOMKM OTHOCUTENbHO LENeBoro
. BIM-napameTpebl
3aCTPOMKM pexmnma
®OYHKUMOHaNbHAA CooTBETCTBME Ha3HayeHWa obbekTa | PyHKUMOHANbHOE
COBMECTUMOCTb OKpYXKatoLWweMy 3eM1enoNb30BaHNIO | 30HUpoBaHuKe, [NC
Hanuume Toyek noaknodeHma u | CBeAeHWs BNaAe/blLEB CETEN,
VIHxeHepHas eflBapuTenbHan OLLEHKA | MHXXeHepHble asgensl
n Ten Nb
obecneyeHHOCTb peABap . H P Pash,
A0NYCTUMOM Harpy3km NpOoekKTa
OCTYMHOCTb MapuwpyTHaa OCTYMHOCTb
Hocry N PUIpY N AoCTY AfpecHble AaHHble
coumManbHoOM yypexaeHum C y4yeTom nx o
. yupexageHun, M’C
MHPPACTPYKTYPbI baKTMYecKom MOLHOCTM

[Ons aHanUTUYeCKoro CpaBHEHMUSA 3HAYeHMA Nokalatenen TpebyeTcs nepesectu B 0bLLyLO
WKany, MNOCKOJbKY MCXOAHble eAMHWUbl WM3MEpPeHWs pasnuuyatoTca. B npocteiem cayyae
ncnonbsyetca wkana or 1 go 5, rae 1 o3HayaeT HaumeHee HBnaronpmAaTHoe, a 5 — Hanbonee
H6naronpuATHOE COCTOAHME MO KOHKPETHOMY KpuTeputo. [lpaBuMna MNpPUCBOEHMA OLLEHOK
YCTaHaBAMBAKOTCA [0 CPaBHEHWA BApPWAHTOB W [AO/IKHbI OAMHAKOBO MPUMEHATHCA KO BCEM
anbTepHaTMBam. Mpu HaANMYMM AOCTATOYHbIX KONNYECTBEHHbIX @dHHbIX BOSMOXHO HOPMMUPOBAHME
MO YCTaHOBEHHbIM NOPOram MO0 OTHOCUTENBbHO LIeNIeBOro AnanasoHa. [pun aTom oba3aTenbHble
rpafoCTpoOUTENbHbIE OrpaHMYeHUA He cnefyeT 3aMeHATb HU3KMM Hannom: HeaonycTMmble
BapUWaHTbl AO/IKHbI UCKNHOYATLCA 4,0 UTOTOBOrO PaHXMPOBAHUA.

[lna cBOAHOM OLLEHKM NpeanaraeTca aganTMBHas modens: |j =2 (w; x s;), rae | — ntorosas
OUEHKa j-ro BapuaHTa, Wi — BeC i-ro Kputepma (cymma BecoB paBHa 1), Sj — HOPMMPOBAHHaA
OUeHKa BapuaHTa j no KpuTeputo i. Mogenb yaobHa ana NepBoHaYabHOro CpaBHEHMA, OAHAKO
npegnonaraeT YacTUUYHYO KOMMEHCUMPYEMOCTb KPUTEpPWEB: BbICOKME Oanabl NO  OAHOMY
MOoKasaTeNto MOryT MNepeKkpbiBaTb HU3KME 3HayeHuA Apyroro. [103TOMy WHAEKC O0MKEeH
[OMONHATLCA NPOBEPKOM KPUTUYECKMX OrPaHMYEHUI M aHAaIM30M OTAebHbIX MOKa3aTenen [9].
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BecoBble KOIQPUUMEHTbI ONPEeaeNaoTCA B COOTBETCTBMM C LenaMK npoekTa. X MOXKHO
NONYYUTb IKCMNEPTHLIM COrNACOBAHMEM, C Yy4acTMEM 3aMHTEpPeCOBaHHbIX CTOPOH WAM Yepes
dopMann3oBaHHbIE METOAbl MPUHATUA PelleHnn. BaxkHbIM yCa0BMEM ABAAETCA NPO3PAYHOCTb
npoueaypbl: aBTOpP MCCNeA0BaHWA AO/KEH YKas3aTb, MOYEMY OTAE/bHble KPUTEPUM MPU3HAHDI
b6onee 3HaYMMbIMM, KaKMe CBEAEHMA MCMNONb30BAMCb M KakMm 06pa3oM M3MeHeHWe BecoB
BAMAET Ha WTOroBbli BbIOOP. [MOCKONbKY YHWBEPCANbHOrO pacnpeneneHua BeCcoB ANA BCex
TEPPUTOPUI HE CYLLECTBYET, B KaXA0M NPOEKTE 3HAYEeHMA cneayeT YTOUHATb MPUMEHUTENbHO K
MECTHbIM YC/IOBUAM.

HakoHel, npuM  oOueHKe  HeobxoaMMO  pas3nmMyaTb  Mokas3aTenu,  AO0CTOBEPHO
paccunTbiBaemble cpeactsamn, TMC n BIM, 1 xapakTepucTukn, Tpebytolime A0NOJHUTENbHbIX
obcnenoBaHuii. Hanpumep, noTeHuManbHoe pasmelleHne obbekTa BHAN3U NHKEHEPHOW CETU He
[0Ka3bIBaeT HaAM4mMa CBOOOAHOM MPOMYCKHOM cnocobHOCTU. AHaNOrMYHO, KapTorpaduyeckas
6/M30CTb WKOAbI He MNOATBEP)KAAET HaAMuMe MEeCT ANA HOBbIX KuTenel. Takue cBeAeHUs
NPOBEPAIOTCA Y OTBETCTBEHHbIX OPraHM3aLMii, @ NPU UX OTCYTCTBMM OTPAXKAIOTCA KaK OrpaHUYeHNs
[OCTOBEPHOCTWN UCCNeN0BaHMA.

4. PesynbTaTbl M 0bCyKaeHne

OCHOBHbIM  pe3ynbTaTOM HacTosleh paboTbl ABAAETCA KOHLENTyanbHaa CXxema
COrnacoBaHHoro wucnonb3oBaHma [MC u BIM Ha paHHUX CTaamMax rpagocTPOUTENbHOMO
NPOEKTUPOBAHWNA. B oTamumne OoT noaxoda, NpM KOTOPOM KapTa TEPPUTOPUM M MOAENb 3L4aHUA
CO34al0TCA  HEe3aBMCMMO  Apyr  OT  Apyra, NPeajoXKeHHas  CXema  YyCTaHaB/AMBaeT
NOCNenoBaTeNbHOCTb  MEepPexofoB  MeXAy MNPOCTPAHCTBEHHbIMM  AAHHbIMKM,  MPOEKTHbIMU
napameTpamm M OLEHOYHbIMM MOKasaTenamu. ITO NO3BONAET CAenNaTb OCHOBaHMA Bblbopa
pelweHna bonee ABHbIMM M NMPUTOAHBIMM ANA MOBTOPHOM NPOBEPKM NPU KOPPEKTUPOBKE NPOEKTA.

[Ona pemoHcTpaumm paboTbl MHOrOKpUTEPMANbHOM MOZENW PACCMOTPEH YCAOBHbIM
npMmep CpaBHEHWA Tpex ClUeHapueB pas3BWUTMA ropoAackon Tepputopun. CueHapuin A
OPMEHTMPOBAH Ha Bonee WMHTEHCMBHYIO 3aCTPOMKY M YCUMAEHWE TPaHCMOPTHOW AOCTYMHOCTM;
cueHapuh b npeanonaraeT cbanaHCMPOBAHHOE pPa3BUTME OOBEKTOB M OOWECTBEHHbIX
NPOCTPAHCTB; CUeHapuit B oTAaeT NpuopuTET 03eN1eHEHNIO U YHKLMOHANbHOMY Pa3HO0bpa3mio.
[aHHbIN Npumep ABnseTcA yv4ebHO-meToaMveckon mantocTpaumen. MNpreeaeHHble OLEHKM He
NoNy4YeHbl B pe3y/abTaTe pPacyeToB A/1A PEeanbHOro yyacTka, He ABAAKTCA HOPMATMBHbIMM
BE/IMYMHAMM N He NpeaHa3HaYeHbl 418 060CHOBAHWA KOHKPETHOrO NPOEeKTa.

Tabauya 3. UnarocmpamugHaa Mampuua MHO20KPUMEPUQAs16HO20 CPABHEHUA MPEX cueHapues

Kputepuii Bec, gons A b B
TpaHcnopTHaA 4OCTYMHOCTb 0,25 5 4 3
JoCTynHOCTb 03eN1eHeHMS 0,20 2 4 5
MapameTpbl 3aCTPONKM 0,20 5 4 3
CoBMECTMMOCTb GYHKLNM 0,15 3 4 5
NH»eHepHas obecnevyeHHOCTb 0,10 4 4 3
CoumanbHaa MHPPaCTPyKTypa 0,10 3 4 4
NUTorosbi MHAEKC ; 1,00 3,80 4,00 3,80

Mpw BbIOPaHHbIX YCNOBHbIX BeCax cleHapuit b nonyyaet utorosyto oueHky 4,00 6anna, a
cueHapum A n B — no 3,80 6anna. JaHHOE COOTHOLIEHWE HE CBMAETENLCTBYET O J0Ka3aHHOM
NPeBOCXOACTBE ONpeaeeHHOro rpafoCTPOUTENBHOIO PeLleHNA: OHO NLLb NOKA3bIBAET, KaKMM
0b6pasom MpUHATaA CUCTEMa NPUOPUTETOB BAMAET HA PaHXMPOBaHWE BapuWaHToB. Ecnm and
PAacCMaTPMBAEMOM TEPPUTOPUN BoNee 3HAUMMbBIM OKAXKETCA, Hanpumep, COXPaHEeHWe 3eNneHblX
MPOCTPAHCTB, YBE/AMYEHWEe BeCa COOTBETCTBYIOLLErO KPUTEPMA MOMKET W3MEHUTb MOPALOK
npeanoyTeHns  cueHapues.  [losTomy  BbibOp  cnedyeT  COMPOBOXAATb  aHAM30M
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YyBCTBUTE/NBHOCTWU, B KOTOPOM BeCa MOCNeA0BaTe/IbHO M3MEHAKTCA B 3apaHee OroBOPEHHOM
AnanasoHe.

B peanbHOM MpoeKTe Kaxablin 6ann gonkeH onmpaTbes Ha HabatodaeMblt MoKasaTesb U
yTBEPKAEHHOEe NpaBuao npeobpasoBaHMA. Tak, OLEHKY AOCTYMHOCTM MOMHO MNOAYYUTb M3
pacyeTa nelwexoAHblX MapLIPyTOB, MNoOKasaTesib 3aCTPOMKM — M3 Naowaan ydactka n BIM-
reoMmeTpuK, a A0/H0 03e/IeHEHNA — M3 MPOBEPEHHOTO NPOCTPAHCTBEHHOTO CN0A. [10 pe3ynbTatam
KOPPEKTUPOBKM BbIOPAHHOM aIbTEPHATUBbI MOBTOPHO PACCUYMTBIBAKOTCA 3HAYEHWA KPUTEPUEB, YTO
Aenaet npouecc 060CHOBAHMA PeELLEHUI MPOC/EXMBAEMbIM.

Mpeanaraembll NOAX04, MUMEET HECKO/IbKO MOTEHUMA/bHbBIX MPEMMYLLLECTB. Bo-nepBbIx, OH
MOMOTAET BbIABNATb NPOTUBOPEUMA MEXKAY TEPPUTOPUANbHBIMU N OB BEKTHBIMM NapameTpamm 40
yrny6aeHHOM apxXMTEKTYpHON NpopaboTkun. Bo-BTOpbIX, 0becnednsaeT eamHbIi HAbOp KpUtepmen
ONA CONOCTaBNEHMA anbTepHATMB, YMEHbLIas 3aBMCMMOCTb OOCYXAEHMA OT pPa3pPO3HEHHbIX
rpaduyeckmx matepmanos. B-TpeTbhX, cO343ET BO3IMOXKHOCTb OOHOBNATbL OTAENbHbIE AAHHbIE U
NOBTOPATb OLEHKY, He HayMHaAa BeCb aHa/nM3 3aHOBO. BmecTte c Tem nepeyvncineHHble
npeumyllecTBa nNpeacTaBnAlOT coboi  MeToAoNOorMYeckn ODOCHOBAHHbIE OXUAAHMA; ANSA
[0Ka3aTeNbCTBa COKPAlLeHMA Tpy/a03aTpaT MAWM MOBbIWEHWA KavyecTBa pelleHui Heobxoamma
oTAeNbHas NpakTuyeckaa anpobaums.

Cpeay oOrpaHuMYeHu WHTerpaumm ocoboe 3HaYeHWe MMEKT HecoBMaAgHWe CUCTeM
KOOPAMHAT, PasinMuma B CTENeHW AeTann3aumm moaenen, notepun aTpmbyTUBHBLIX AAHHbIX NPU
KOHBEpPTaUMM W OTCYTCTBME €AMHbIX MPaBWA MMEHOBaHUA O0OBEeKTOB. YKalaHHble npobiembl
OTpa)KeHbl B COBPEMEHHbIX WccnenoBaHmax B3ammocsasm IFC, CityGML wn GIS [2-4].
JononHUTenbHble TPYAHOCTM CBA3AHbI C HEMONHOTON MYHULMNAAbHBIX U UHXEHEPHbIX AaHHbIX,
OPraHN3aLMOHHBbIMW OrpaHMYEHUAMMW A0CTyNa, HEeOBXOAMMOCTbIO 0OYy4YeHWA CneumanncTos U
pPasIMuMAMM B MHOOPMAUMOHHBIX TPebOBaHMAX YYaCTHMKOB MpoekTa. Jlaxke TexHUYecKu
KOPPEeKTHaA CoOBMeLLLeHHaa Moaenb He obecneynsaeT 4OCTOBEPHOrO pe3yabTaTta, eCn UCXOAHblEe
CBEAEHWA yCTapenn nam NpoTmsopedaT Apyr Apyry.

OTtaenbHoro obcyxaeHna TpebyeT poab NPOEKTUPOBLLMKA. MHOrOKpUTEPUANbHbI MHAEKC
He cnocobeH MONHOCTBIO OMMCaTb WCTOPMKO-KYNbTypHbIE, COLMANbHbIE M KOMMO3MLUMOHHbIE
0CODEHHOCTM rOpOACKON cpeapbl. HeKkoTopble KayecTBa TPeOYKOT 3KCNEPTHOM WMHTepnpeTaumu.
Moatomy undpoBble cpeacTBa LenecoobpasHo pacCcMaTpMBaTb KaK CUCTEMY MNOAAEPIKKM
PEWEeHU: OHU CTPYKTYPUPYIOT MHQOPMALMIO M MNOMOratoT aprymMeHTMpPOBaTb MPOEKTHYHO
NO3MLMI0, HO OKOH4YaTe/bHbIA BbI6OP OCTAaeTcA 3a cneuvanmncTaMm U NPUHUMAETCA C y4eToM
AeNCTBYOWMX HOPM N 0BLLECTBEHHbIX MHTEPECOB.

MNepcnekTMBbl AafbHENILIUX WUCCNeA0BaAHMIA CBA3aHbl C anpobauue MeToAMKU Ha
KOHKPETHOM rOpoACKON TEPPUTOPUN, COMOCTaBAEHNEM LMPPOBOro MU TPAAULMOHHOIO aHaM3a,
NPOBEPKON YCTOMUYMBOCTM BECOBbIX KO3bDMUMEHTOB U dOpmMMpOBaHMEM pernameHTa obmeHa
AaHHbIMM. [TpaKTUYECKMI SKCNEPUMEHT AO/IXKEH BKAOYATb reonpuBA3aHHble MCXOAHbIE AaHHbIE,
[OKYMEHTMPOBAHHbIE NPaBWaa pacyeTa, CONOCTaBMMbIE aIbTEPHATUBbI U HE3AaBUCUMYO MPOBEPKY
KNoYeBbIX MOKasaTenen. ITO MNO3BOAMT  OLLEHMBATb TOYHOCTb, BOCMPOM3BOAMMOCTb U
TPYAOEMKOCTb NpoLecca NPOeKTUPOBaHMA.
3aksto4eHue

MpoBeaeHHOE  TEOPETMKO-METOM0/NI0rMYeCcKoe  MCCAe0oBaHWe  MOKasblBAeT,  YTO
nHTerpaumto T’MC 1 BIM uenecoobpasHo paccmaTpmBaTb He Kak MexaHW4yeckoe obbeamHeHue
[BYX TMMOB NPOrpamm, a Kak OpraHusaumio nocaeaoBaTeslbHOro obMeHa NPOCTPAHCTBEHHbIMM,
0O6BEKTHBIMU M OLEHOYHbIMM AaHHbIMKW. MIC NO3BONAIOT BbIABNATL OCOOEHHOCTM TOPOACKOM
TEPPUTOPUM WU PaACCUMTLIBATL MOKasaTenn ee YHKUMOHMPOBaAHMA, Torda Kak BIM yTouyHsaeT
NnapameTpbl PacCMaTPMBAEMbIX APXUTEKTYPHbIX OOBEKTOB M dopMMpyeT MHOOPMALMOHHYHO
OCHOBY AN19 NPOBEPKM NPOEKTHbIX aIbTEPHATUB.
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B KauecTBe OCHOBHOrO pe3yabTaTa NPeA/IOKeHa LWeCcTUCTaauMHaA  MEeTOAMKa,
BK/ItOYalOWanA  MOCTAHOBKY  3afdauyM,  dopmmupoBaHuMe  reonHOOPMAUMOHHOM  OCHOBBI,
MNPOCTPAHCTBEHHbIM  aHanAW3, NoAroToBKy  BIM-BapuaHTOB, COrnacoBaHWe  [AaHHbIX WU
MHOrOKpUTEPUaNbHOE cpaBHeHWe peweHuin. ChopmyampoBaHa cucTeMa M3 LWECTM Tpynn
KpUTepMeB, 0XBaTbIBaOWAA TPAHCMOPTHO-NEWEXOAHYIO AOCTYMHOCTb, O3e/IeHEHME, NapaMeTpbl
3aCTPOMKM, YHKLMOHANbHYKO COBMECTMMOCTb, MHKEHEPHYIO M COLMabHYO 06ecneyeHHOCTb.

YCNOBHbIM NpUMep pacyeTa NoKasas SIOrMKy CONOCTaBNEHUA aNbTEPHATMB NPU 334aHHbIX
BeCax, OAHOBPEMEHHO MNPOAEMOHCTPMPOBAB 3aBMCMMOCTb MTOrOBOM OLEHKM OT BblOPaHHbIX
npuoputeToB. OH He 3aMeHAeT HaTypPHbIX 06Ccnen0BaHMIA M PACcYETOB A4/19 KOHKPETHOro NPOoeKTa.
Ob6A3aTeNibHble OrpaHWYEHUA AO/KHbI NMPOBEPATLCA OTAENbHO OT MHTErpasbHOro WHAEKca, a
KayecTBO BbIBOAOB OMNPeAenAeTca MOSHOTOM, aKTya/lbHOCTbIO M MPOBEPAEMOCTbIO MCXOAHOWM
MHGOpPMaLMN,

Takum 06pasom, NPeaIoKEHHbIN NOAXOA MOXKET CAYXWUTb METOAMYECKON OCHOBOW ANA
[anbHelwen pa3paboTkiM UMOPOBbIX MPOLLECCOB B ApPXMTEKTYPHOM W rpagoCTPOUTENBHOM
NPOEKTMPOBaHMW. Ero mpakTM4ecKkaa LEeHHOCTb 3aKIK4aeTcA B BO3MOXHOCTM CAenaTb Bblbop
NPOCTPAHCTBEHHbBIX peleHuit bonee Npo3pavHbIM, NOCAeA0BaTENbHbIM U BOCMPOU3BOAUMbIM.
Cnefylowmm 3Tanom WCCNeaoBaHMA AO/KHA CTaTb anpobauma MeTOAMKM Ha peasibHOoM
TEPPUTOPUM C UCNONb30BaHMEM conocTaBMmbIX MIC- 1 BIM-aaHHbIX 1 nocneayowen oueHKon
pe3yNbTaToB.

CnNUCOK UCTOYHUKOB

1. WereHoBa M., MayneHoBa [., CyntaHoBa A. ANropuTmMmUYeckoe MPOeKTUPOBaHME KakK
MeToA010rMYyecKkas OCHOBa ONTUMM3ALIMM MHCONALMK M BETPOBbLIX MOTOKOB Ha 3Tamne 3CKM3HOro
apxuTekTypHoro popmoobpasosanma // Eurasian Journal of Applied Engineering and Technology.
2026. Ne 2(155). C. 109-127. DOI: 10.32523/3136-3385-2026-155-2-109-127.

2. Tan Y., Liang Y., Zhu J. CityGML in the Integration of BIM and the GIS: Challenges and
Opportunities // Buildings. 2023. Vol. 13, no. 7. Art. 1758. DOI: 10.3390/buildings13071758.

3. Senol H. I., Gokgoz T. Integration of Building Information Modeling (BIM) and Geographic
Information System (GIS): A New Approach for IFC to CityJSON Conversion // Earth Science
Informatics. 2024. Vol. 17. P. 3437-3454. DOI: 10.1007/s12145-024-01343-1.

4. Azari P., Li S., Shaker A., Sattar S. Georeferencing Building Information Models for BIM/GIS
Integration: A Review of Methods and Tools // ISPRS International Journal of Geo-Information.
2025. Vol. 14, no. 5. Art. 180. DOI: 10.3390/ijgi14050180.

5. Open Geospatial Consortium. CityGML Standard — 3D Urban Data Model & Exchange Format.
URL: https://www.ogc.org/standards/citygml/ (nata obpauweHua: 02.11.2026).

6. buildingSMART International. Industry Foundation Classes (IFC). URL:
https://www.buildingsmart.org/standards/bsi-standards/industry-foundation-classes/ (nata
obpaueHns: 02.11.2026).

7. 1SO 19650-1:2018. Organization and digitization of information about buildings and civil
engineering works, including building information modelling (BIM) — Information management
using building information modelling — Part 1: Concepts and principles. Geneva: ISO, 2018.

8. QGIS Documentation. Network analysis. QGIS User Guide. URL:
https://documentation.qggis.org/3.44/en/docs/user_manual/processing_algs/qgis/networkanalys
is.html (nata obpauieHmna: 02.11.2026).

9. Esri. How Weighted Overlay works // ArcGIS Pro Documentation. URL:
https://doc.esri.com/en/arcgis-pro/latest/tool-reference/spatial-analyst/how-weighted-overlay-

works.html (aata obpauieHmna: 02.11.2026).

264



«Modern scientific technology» (November 5-6, 2026). Stockholm, Sweden, 2026 I

10. Esri. Geospatial position of CAD and BIM data // ArcGIS Pro Documentation. URL:
https://pro.arcgis.com/en/pro-app/latest/help/data/revit/geospatial-position-of-cad-and-bim-
data.htm (gaTa obpauieHma: 02.11.2026).

265



Proceedings of the 15th International Scientific Conference

THE DIALECTICS OF INTERACTION OF
ARCHITECTURAL FORMS OF VARIOUS
TERRITORIAL AND TEMPORAL ORIGIN

Konstantin Samoilov

Doctor of science (Architecture), Department of Architecture professor, Institute of
Architecture and Construction named after T.K.Basenov, Satbayev University, 22
Satbayev Str., Almaty 050000, Kazakhstan

1 Introduction

Any phenomenon with a specific name a priori implies a degree of uniqueness, allowing it
to be identified by that name. Moreover, when it comes to culturally and geographically specific
phenomena, this unigueness encompasses, to varying degrees, most processes, including, of
course, the formation of forms for life processes. Accordingly, interest arises in specifying the
components of this uniqueness, and the administrative-territorial concept of "region" in the
context of architecture acquires a specificity based on the factors that shape this type of cultural
materialization.

The phenomenon of organizing space for life based on a complex of factors related to
natural and climatic conditions, the specifics of economic activity, the way of life and worldview
of residents, the administrative and political structure of the country, and the availability of local
and imported building materials. Moreover, each of these factors, taken separately, can serve as
the basis for grouping examples for analysis. However, only in combination with historical-
territorial specification does the combination of these factors, which have their own hierarchy of
significance in different periods of their existence, allow us to begin searching for distinctive
features (including architectural and artistic forms) in the complexly structured system of
architectural regions and subregions. Various aspects of the problem have been analyzed in the
works of |.LA.Azizyan, A.V.lkonnikov, A.V.Ryabushin, K.I.Samoilov, K.Frampton, V.L.Khait, S.0.Khan-
Magomedov, and others [1-8].

2 Methods

The research method employed is a general scientific dialectical approach to cognition,
from observation through generalization to practice. The following were applied:

- an integral-differential approach, which allows for the division of a body of architectural
and artistic forms into a multitude of themes characteristic of each period based on their similarity,
and for their unification into areas reflecting the specific characteristics of one or more stages;

- a formal approach, which allows for the tracing of the development of various
architectural and artistic forms;

- an iconographic approach, which allows for the exploration of the manifestation of
features of various prototypes in architectural and artistic forms;

- a structural-semiotic approach, which allows for the modeling of the development of
architectural and artistic forms.

3 Materials

One of the characteristic features of the modern understanding of the development of
artistic forms is their consideration not in an isolated, "easel" form, but from the perspective of
their utilitarian, historical, cultural, and specific environmental determinacy. This implies an
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increased importance of factors involved in analysis, relating to a number of initial functional
aspects, the spatially organizing role of a given work, and the processes of form-generation itself,
which collectively determine a number of parameters of syntheticity.

Equally important is the consideration of the processes by which the architectural and
artistic forms of a work adapt to varying degrees of change in the building's function and
spatiotemporal context. This implies the methodological importance of examining the history of
the creation of the analyzed form and the processes of its physical and semantic transformation
as it undergoes active use. In this regard, museification can be considered a sort of final stage,
isolating the architectural and artistic form from its spatial and semantic context for passive use
without the physical modifications conventionally excluded by periodic restorations.

Of particular importance in such an interpretation is the a priori universality, within certain
limits, of a number of architectural and artistic forms and of the work as a whole, opening up the
possibility of a very broad range of its exploitation (adaptations) both physically and semantically.
Indicative here is the possibility of conducting a retrospective analysis, emphasizing the stages of
natural-historical "loss of knowledge" or its deliberate concealment, which subsequently lead to a
dramatic shift in the utilitarian-semantic interpretation of form. Equally interesting in this context
are periods of "restoration of historical memory," returning a form either to its original form or to
one of its historically emerged or intentionally imposed definitions, depending on the ideological
commitment of the stage that included it in active exploitation. A.V.Ryabushin notes: "Although
the semantic content of architectural images is fluid and their content is reinterpreted over time,
one cannot, however, discount the author's initial assumptions and ideological positions — for
whom and why they created, what exactly they created. This primary authorial position practically
forever colors the imagery of architecture, despite all its dynamics and historical reinterpretations"
[3, p. 311].

A significant aspect is also the inherent difficulty in attributing artistic forms by type from
spatial-parametric and operational-semantic perspectives. For each time, it is necessary to
establish difficult-to-justify criteria for isolating a particular element from an essentially synthetic
work.

And although it is, in principle, possible to distinguish periods of "syntheticism" and
"easelization" of forms, such a distinction is highly arbitrary, as it pertains more to the
particularities of the era's worldview and self-assessment, while the role of "evolved" forms is
occupied by appropriately interpreted "pure" forms. At the same time, there is a desire to solve
the entire complex of problems either in isolation within the framework of a "budding" form or
proto-forms purified of "accidental" accretions, or, conversely, to model new types of unity at the
level of creating integral architectural and artistic forms. .A.Azizyan writes: "Architecture interacts
with all, and not just the spatial, arts of its era, assimilating the leading ideas and figurative
concepts crystallized in other arts." In turn, certain features of artistic consciousness, which have
received their most vivid embodiment in architecture, spread under its influence to other forms
of art within the integrity of the historical and cultural era” [1, p. 11].

Viewing architectural and artistic forms from such perspectives proves highly productive
under certain conditions, as emphasizing the subjective approach to the process is also important.
This, in turn, determines the definition of architectural and artistic forms from the perspective of
eras and their corresponding application: as revered rarities in religious or museum memorials; as
elements actively used "for their intended purpose"; as adaptations consciously or spontaneously
reinterpreted relative to their original function or meaning; as elements spontaneously or
deliberately dismembered through natural or artificial destruction. Such processes are very clearly
manifested in the spatial and semantic transformations of architectural and artistic forms and the
works themselves as a whole upon a change of ownership, in the transfer of elements to spatial
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and semantic contexts of different significance, in the restoration or reconstruction of artifacts
from past eras significant to the current period, and in much more.

Architectural-regional-temporal differentiation implies the presence of components
adequate to the specifics of a particular type, which, when fixing time frames, leads to the need
to define archetypes for a given region.

The classification of an architectural and artistic form as "local" is based, firstly, on its
specificity to a given area, and secondly, on established parameters. However, these criteria are
somewhat meaningless without a time specification, since each form has its own period of origin,
and any introduced form, after regional assimilation over a given period, provided there is a
sufficient time gap for subsequent periods, can also be classified as local. As S.0.Khan-Magomedov
notes, "every innovation transforms over time into a more or less stable tradition, and every
tradition begins its existence as an innovation" [8, p. 18]. Another important aspect of local forms
is that their areas are often not limited by administrative-territorial boundaries, since the latter
are historically significantly more dynamic than some architectural formations. Over the course of
their existence, local architectural and artistic forms evolve to one degree or another.

The phenomenology of other-regional architectural and artistic forms is directly linked to
processes of ethnic interaction based on natural or artificially stimulated population migration
within varying quantitative limits. Differentiating the term "other-regional" with respect to a
specific group of components of the general concept of "architectural form" represents the
process of identifying a specific accentuation of architectural form-creation ideas by migrants or
local residents imbued, for various reasons, with their worldview in a situation initially unsuitable
for the expression of these ideas. Moreover, this applies to most of the basic or derived
parameters of regional distinctiveness. A difference in even one parameter, which, in principle,
allows for the discussion of at least sub-regional characteristics, accordingly allows for the
classification of a form as other-regional.

A complex system of mutual assumptions permeates the distinction between a other-
regional form and a local one, for in a number of cases, only the relative historical proximity of the
emergence of a given model in a given territory precludes its being considered local. And for some
forms clearly classified as "local," the possibility of retrospective analysis revealing the adaptive
transformations of the initially foreign inclusion is quite obvious. The existence of other-regional
forms in an environment different from that which gave rise to them is impossible without some
degree of adaptive transformation of both individual elements and the structure as a whole.

Trans-regional architectural and artistic forms, not directly linked to population migration,
are attributed to the architectural universals of a particular time and, depending on the diverse
orientation of the comparative self-assessment of local culture, have varying degrees of
prevalence in each period. The totality of trans-regional architectural forms overlaps to some
extent with the sphere of non-regional forms. This raises the problem of temporal separation and
the definition of archetypes. The dilemma of direct and indirect borrowing of form-creating ideas
also has a certain degree of conventionality. However, the most important criterion for attributing
an architectural form as "trans-regional" is its immutability or very slight transformation when
manifested in different regional conditions.

The evolution of local architectural forms, the adaptation of other-regional ones, and the
emergence of trans-regional ones collectively define a process of interaction that generates
uniquely transformed patterns. Coexisting within a single regional cultural space, forms of diverse
origins gradually begin to synthesize. At the same time, techniques characteristic of forms of one
origin enrich the palette of forms of another. This diffusion is observed in different periods and
manifests itself with varying degrees of intensity. Initially, the other-regional form manifests itself
in its "pure form," and only after a certain period of time do its individual elements, on the one
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hand, begin to be replaced by elements of local forms, while, on the other hand, elements of non-
regional innovation appear within local forms.

Asimilar interpretation seems possible in the sphere of definitions of specific, time-specific
architectural and artistic forms.

The definition of an architectural and artistic form as "contemporary" implies, along with
the presence of established parameters, its specificity to a given period of time. Here, the temporal
specification of its origin is also essential, for the totality of modern forms includes not only
"momentary" innovations, but also a number of other-time forms. After a specific-temporal
adaptation over a given period, given a sufficient time gap from the period of origin for a given
period, these forms also acquire the quality of contemporary: historicism, according to
A.V.lkonnikov, manifests itself not as "the name of a specific direction in the practice of a certain
time, but a tendency that runs through all periods of architectural development," which "is
determined by an appeal to the culture of the past (as a rule, one with which its time no longer
maintains direct continuity) to solve the problems of the present" [2, p. 7]. In the context of
emerging contemporary forms, it's also important to note that periods of their active use are
sometimes not limited to socio-historically significant time periods. Despite the transformation of
the underlying system or its transfer to another, a multifaceted rethinking of their characteristics
allows these forms to be perceived as contemporary in the context of a new cultural phenomenon.
Throughout their existence, modern architectural and artistic forms evolve to varying degrees.

The emergence of otherworldly architectural and artistic forms is directly linked to both
the processes of rethinking modernity in the context of history or place in culture, and to the
processes of population migration, which to a certain extent stimulate this rethinking. The
differentiation of the term "otherworldly" in relation to a certain group of components of the
general concept of "architectural form" represents the process of identifying a kind of
accentuation of historically established ideas of architectural form-making by migrants or local
residents in a situation that is initially unnecessary for the manifestation of these ideas. Moreover,
each of the attracted forms implies its own degree of justification for application and the active
promotion of its use. Thus, for a number of modern cultures, as V.L.Khait notes, "the next appeal
to the classics does not require explanations and justifications, whereas the revival of regional
historical architecture and, especially, the birth of new figurative structures always requires
targeted declarations in verbal form, accompanied by the advancement of ideological and artistic
[...] professional concepts" [6, p. 164].

A complex system of mutual assumptions permeates the difference between a form of
another time and a modern one, since in a number of cases only the relative historical proximity
of the appearance of a particular example in the totality of architectural forms of a period prevents
it from being considered modern. Analyzing the specifics of the process, S.0.Khan-Magomedov
writes: “The old can be the basis for the creation of a new style when it is perceived by
contemporaries as new, when what it replaces seems outdated, moribund. The reasons for turning
to the past when creating a new style can be very diverse — social, national, purely professional.
But under all conditions, an artistic novelty in the perception of old forms is necessary. A certain
time gap, a change of generations is required for the revived old to be perceived freshly and in a
new way. The proximity in time to the legacy of the past, which is being reintroduced into life,
forces us to perceive it as a restoration of the past, as conservatism” [8, p. 30]. It's significant here
that for some forms clearly classified as "modern," the possibility of retrospective analysis is quite
evident, revealing adaptive transformations of an initially other-time inclusion. The existence of
other-time forms in a spatio-temporal continuum distinct from the one that gave rise to them is
impossible without some degree of adaptive transformation of both individual elements and the
structure as a whole.
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Transtemporal architectural and artistic forms, not directly linked to generational change
or population migration, are identified within the realm of architectural universals of a particular
time and, depending on the diverse vectors of comparative self-assessment of contemporary
culture, have varying degrees of prevalence in each period. The totality of transtemporal
architectural forms overlaps to some extent with the realm of other-time forms. Here, the
problem of temporal separation and the definition of a kind of proto-time also arises. The dilemma
of direct and indirect borrowing of form-creating ideas also has a certain degree of
conventionality. However, the most important criterion for classifying an architectural form as
"transtemporal” is its immutability or very slight transformation when manifested in different
historical conditions.

The emergence of contemporary architectural forms, the adaptation of other-time forms,
and the emergence of trans-temporal forms collectively define a process of interaction that
generates uniquely transformed patterns. Coexisting within a single regional cultural space, forms
of diverse origins gradually begin to synthesize. At the same time, techniques characteristic of
forms of one origin enrich the palette of forms of another. This diffusion is observed in different
periods and manifests itself with varying degrees of intensity. Initially, the other-time form
manifests itself in its "pure form", and only after a certain period of time do its individual elements,
on the one hand, begin to be replaced by elements of modern forms, while, on the other hand,
elements of other-time innovation appear within modern forms.

4 Results and Conclusion

The process of natural lag in the "unique-mass" and "center-periphery" systems clearly
reflects the evolution of architectural and artistic forms, and periods of transition acquire
importance in terms of the creative direction of architectural activity. Moreover, there is not only
a change in the types of "unique" examples of imitation and themes of interpretation, but also a
shift, rearrangement, or replacement of "centers" with a corresponding reorientation of the
vectors of innovation dissemination. Architectural and artistic forms, depending on a range of
factors, are used in various combinations. Their entire diversity, implying not only the uniqueness
of individual sets of components but also nuanced intra-formal differences, constitutes a totality
that, with a certain degree of conventionality, can be structured in one way or another. The
interpenetration of form-making techniques, combined with the reflection of period-specific
cultural foundations, gives rise to the phenomenon of a specific architectural and artistic form,
possessing, regardless of its origin, an original appearance unique to a given region and time.
These forms, having undergone historical selection, can evolve into local and contemporary forms
for the subsequent period, evolving depending on its particular characteristics in one aspect or
another within the context of a new wave of other-(trans)regional and other-(trans)temporal
inclusions. The emergence and development of such forms gives rise to an architecture clearly
classified as "specific-temporal regional."

Evolving local and contemporary, adapting other-regional and other-temporal, as well as
emerging trans-regional and trans-temporal architectural and artistic forms, interacting to
generate specific-temporal regional phenomena, coexist in a specific manner throughout
individual periods.
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Abstract

Artificial intelligence now supports or shapes news gathering, verification, production, ranking,
translation, and audience engagement. These uses can expand reporting capacity, but they also
redistribute editorial power and create risks involving privacy, discrimination, false or synthetic
evidence, opaque decisions, worker autonomy, and unequal access to reliable news. This
conceptual article develops a risk-proportionate framework for newsroom governance by
connecting journalism ethics with the principles visible in the Global MOOC on the Ethics of Al and
with international guidance and recent research. It argues that ethical performance depends less
on a generic label for Al than on the task, data, degree of editorial influence, affected people, and
remedies available when harm occurs. The proposed approach requires a public-interest purpose,
data and rights review, task-level risk controls, meaningful human editorial authority, context-
sensitive disclosure, and continuous monitoring with correction and appeal. Three original figures
translate these principles into a news-lifecycle map, a task-risk guide, and an accountability loop.
The central conclusion is that newsroom Al should be governed as editorial infrastructure: its use
must remain answerable to professional judgment, pluralism, human rights, and the public's ability
to question and correct journalism.

Keywords: artificial intelligence; journalism ethics; newsroom governance; transparency;
accountability; fairness; editorial responsibility

1. Introduction

Artificial intelligence is no longer confined to experimental newsroom projects. Automated
transcription, translation, data analysis, search, summarization, headline drafting, image
generation, and personalized distribution can all enter ordinary editorial workflows. A single
newsroom may use several tools built by external providers, each with different data practices
and different levels of influence over what is reported, how it is framed, and who sees it. This
makes Al ethics a question about institutional choices as much as about model outputs.

Pattern recognition can help reporters examine large document collections; speech tools
can make interviews searchable; translation can widen access to sources; and repetitive
production tasks can be completed faster. Yet efficiency is not equivalent to public benefit. A
system that saves time may also expose confidential material, reproduce stereotypes, fabricate
plausible details, narrow the range of voices in a story, or make an editor dependent on a vendor
whose design and data practices are difficult to inspect. The Council of Europe therefore treats
adoption itself as an editorial decision and calls for mission alignment, risk assessment,
accountable ownership, and ongoing review (Council of Europe, 2024).

Journalism has longstanding duties of accuracy, independence, fairness, privacy
protection, and accountability. Al does not remove those duties; it complicates how they are
fulfilled. A newsroom cannot delegate responsibility to a model, a vendor, or a disclosure label. It
must be able to explain what the system did, who reviewed its contribution, what evidence
supports the published claim, and how affected people can seek correction.
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This article makes a practical argument: ethical Al journalism requires governance across
the whole news lifecycle, with controls proportionate to the stakes of each task. The decisive unit
is not the technology category but the editorial function. A language model used to normalize
punctuation presents a different risk from one used to identify a confidential source, rank political
news, or create a realistic image of an event. The paper first links course principles to journalism's
public role, then reviews risks across reporting, production, distribution, and work, and finally
proposes an implementable governance framework.

2. Ethical foundations and analytical scope

The course outline for the Global MOOC on the Ethics of Al presents a useful set of
connected principles: safety and security; fairness, non-discrimination, and inclusion; privacy and
data governance; transparency, explainability, and accountability; environmental sustainability;
proportionality and avoiding harm; and human autonomy and meaningful work (UNESCO, n.d.).
These ideas can be translated into journalism without treating the newsroom as an ordinary
technology user. News organizations exercise editorial power, handle sensitive sources, distribute
public information, and help shape the conditions for democratic debate.

UNESCOQO's Recommendation on the Ethics of Artificial Intelligence gives this translation a
rights-based foundation. It links human dignity and human rights with fairness, transparency,
accountability, privacy, diversity, environmental stewardship, and the impact of Al on labour and
communication (UNESCO, 2021). In journalism, these values apply both to internal Al use and to
reporting about Al. The first concerns how the newsroom gathers, creates, and distributes news;
the second concerns whether journalism independently examines the power, benefits, and harms
of Al systems in society. UNESCO's handbook for journalism educators stresses the second role:
coverage should explain Al's wider social effects, including unequal benefits and human-rights
risks, rather than simply repeat product claims (Jaakkola, 2023).

Sector-specific guidance adds institutional detail. The Council of Europe places the decision
to implement Al within a newsroom's editorial mission and recommends systematic, participatory
risk assessment, responsible procurement, and regular monitoring. It also distinguishes repetitive
tasks from work requiring expert judgment, creativity, or discretion, which calls for stronger
human oversight (Council of Europe, 2024). Research on Al ethics in journalism likewise finds that
principles are easier to publish than to embed in system design and daily practice; their
enforcement remains under-studied (Porlezza & Schapals, 2024).

3. Method and conceptual approach

This is an integrative conceptual analysis, not a systematic review, newsroom audit, or
empirical experiment. It brings together peer-reviewed research, international guidance, and the
course principles described above to identify recurring ethical pressure points and convert them
into operational controls. Sources were selected for direct relevance to journalism, Al governance,
or the social conditions under which Al-supported news is produced and received. The article
makes no claim that the selected sources exhaust the field.

The three figures are original conceptual syntheses. They organize principles and proposed
controls; they do not display measurements, survey results, or estimated effect sizes. The
framework is intended as a decision aid for editors, reporters, product teams, and small
newsrooms that need practical rules before adopting a tool.

4. Ethical pressure points across the news lifecycle

Al can enter journalism before an article is drafted and after publication. A lifecycle view
prevents policy from focusing only on generated text while ignoring procurement, source
handling, story selection, recommendation, and response to audience complaints. Figure 1 maps
these stages to safeguards that should remain visible throughout the process.
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4.1 Newsgathering and data stewardship

Al-assisted search, transcription, translation, face or object detection, and document
analysis may help reporters find leads in large collections. The same functions can expose people
who never agreed to be profiled, transform public information into sensitive inference, or send
confidential material to an external service. A source's name, voice recording, location, or
unpublished documents can create harm even when the final story does not reveal them. Privacy
review must therefore cover the input, the provider's retention and reuse terms, access controls,
and what happens to material after the task is complete.

Data quality also shapes representation. News archives may overrepresent powerful
institutions and speakers who were historically treated as authoritative. A system trained on or
prompted with such material can make that imbalance appear natural. Reporters should record
where a dataset came from, which populations are missing, and whether a result can be
independently checked. A model's confident answer is a lead for verification, not a source.

4.2 Production, verification, and representation

Generative tools can draft summaries, headlines, captions, and translations, but fluent
language can conceal unsupported claims. A newsroom's verification standard must apply to each
factual proposition, quotation, image, and attribution, not merely to the text as a whole. Editors
should distinguish facts supported by documents or interviews from assertions generated from a
model's learned patterns. When the system cannot show provenance, its output should not be
treated as evidence.

Bias can arise from training data, prompt design, output filters, or the choice of what to
summarize. Research comparing several generative systems on journalism-related content makes
clear that representational bias is a tool-specific issue that can be examined rather than assumed
away (Castillo-Campos et al., 2024). Reviewers should ask whose perspective is foregrounded,
whose is omitted, whether a translation changes tone or uncertainty, and whether a description
relies on stereotypes. A human check is meaningful only if the reviewer has time, subject
knowledge, access to original evidence, and authority to reject the output.

Disclosure should follow the role Al played. A spelling correction that leaves meaning
unchanged may not warrant a public label. Al-created imagery, synthetic audio, substantial
drafting, or automated selection that materially affects a story's meaning or visibility ordinarily
calls for clear, specific disclosure. A generic badge is insufficient when readers need to know
whether Al generated, edited, translated, or ranked content. Newsroom policies increasingly
emphasize human oversight, verification, transparency, and data or copyright protection,
although written rules alone do not demonstrate consistent implementation (Sanchez-Garcia et
al., 2025).

4.3 Distribution, recommendation, and pluralism

Recommendation systems decide which journalism becomes visible and to whom. Their
ranking criteria may optimize clicks, time spent, subscription conversion, or predicted relevance.
Those goals can conflict with editorial commitments to civic importance, geographic coverage,
viewpoint diversity, and access to unfamiliar subjects. A system can be accurate at predicting
individual engagement while narrowing the public's shared field of attention. Its ethical
performance should therefore be reviewed at both the individual and population levels.

Fairness in this setting is not a single statistical score. Editors need to examine whether
groups and regions receive comparable opportunities for coverage, whether certain topics are
systematically downranked, and whether readers can understand or adjust personalization.
Studies of public attitudes toward Al in news also find that perceptions vary with institutional trust,
media trust, and political attitudes; audiences should not be treated as a uniform group that will
respond to one disclosure formula (Araujo et al., 2023).
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A newsroom audit can compare the stories a recommender displays with the stories
editors consider important, then ask which subjects, communities, and locations lose visibility.
Metrics should be reviewed alongside editorial judgment because an engagement measure can
reward familiarity and emotional intensity while overlooking public value. Readers should be able
to reset or broaden recommendations, and editors should retain a way to surface urgent or
underrepresented coverage. These safeguards make personalization compatible with editorial
pluralism rather than allowing a platform metric to define it.

4.4 Work, sustainability, and institutional dependence

Automation can reduce repetitive work, but it can also compress staffing, weaken
apprenticeship, and transfer skilled tasks to systems whose failure modes journalists cannot
inspect. Interviews with journalists suggest that professionals respond by redefining expertise
around human judgment, contextual knowledge, and other forms of craft that are difficult to
reduce to text production (Mgller et al., 2025). Responsible adoption should include workers in
decisions, specify which roles change, provide training, and monitor whether productivity gains
are accompanied by reduced editorial capacity.

Access to tools and technical expertise is uneven. Small, local, and less-resourced
newsrooms may face pressure to adopt systems without the procurement, testing, or legal
support available to large publishers. Research on the global Al gap in journalism cautions that
calling this a lag to be closed can obscure structural differences and the question of whose model
of progress is being promoted (Schaetz & Schjgtt, 2026). Vendor dependence can also create lock-
in, limit audit access, and shift bargaining power away from news organizations. Environmental
costs, licensing terms, copyright, and the effect on freelancers and creative workers belong in the
same assessment.

A responsible business case should identify who benefits from saved time and who bears
the transition costs. If automation removes routine work, managers should consider how junior
journalists will learn source evaluation, editing, and data skills. Training should include the limits
of tools, privacy practices, verification, and the ability to challenge a system's recommendation.
Newsrooms should also consider the energy and infrastructure demands of repeated model use
and prefer a smaller or simpler system when it meets the editorial need.

ETHICAL CHECKPOINTS ACROSS THE NEWS LIFECYCLE

Al can enter at every stage; review should follow the decision it changes.

1 PURPOSE 2 SELECT 3 REPORT 4 PRODUCE 5 DISTRIBUTE

Define a Check vendor Protect sources. Verify claims. Review ranking,
public-interest » terms, data use, » Test evidence, » Preserve editorial #* disclosure,
need. Keep security, and provenance, and judgment. audience effects,
judgment-led system limits. representation. and correction.

choices human.

CROSS-CUTTING SAFEGUARDS

Fairness and inclusion | Privacy and security | Human autonomy | Transparency and accountability | Proportionality and no harm

Conceptual synthesis; stages and safeguards are not quantitative measurements

Figure 1. Ethical checkpoints across the news lifecycle. Conceptual synthesis informed by the
course outline, UNESCO (2021), and Council of Europe (2024).
5. A risk-proportionate governance framework
A workable policy should be short enough for routine use and strong enough to govern
high-stakes cases. The framework proposed here has six controls: establish a public-interest
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purpose; classify risk by task and context; preserve accountable human judgment; protect data
and test fairness; disclose material involvement; and monitor outcomes with a route to correction.
The controls are cumulative. A disclosure cannot compensate for an unsafe input, and a human
sign-off cannot repair a workflow that gives the reviewer no time or evidence.
5.1 Assess purpose before selecting a tool

The first question is what public-interest problem the newsroom is trying to solve.
“Because the tool is available” is not a sufficient reason. Editors should define the task, the
intended beneficiaries, the alternatives, and the consequence of not adopting Al. A proportionality
test asks whether the use is suitable for the stated purpose, whether a less intrusive option is
available, and whether expected benefits justify foreseeable harms. If a manual or simpler method
can achieve the same result with less risk, it should remain an option.
5.2 Classify the task, not the brand name

Risk depends on the combination of task, data sensitivity, editorial influence, audience
reach, and reversibility. The same transcription tool may be low risk for a public press conference
and high risk for an interview with a vulnerable source. Figure 2 offers three illustrative tiers.
Lower-risk uses still require approved tools and basic checks; moderate-risk uses need source
verification and editorial approval; high-risk uses should be prohibited by default or allowed only
after senior authorization, documented review, and a clear public-interest justification.

MATCH THE CONTROL TO THE TASK'S RISK

Risk depends on sensitivity, editorial impact, audience reach, and reversibility.

LOWER RISK MODERATE RISK HIGHER RISK

TYPICAL TASKS TYPICAL TASKS TYPICAL TASKS
® Spell-checking ® Translation or summaries ® Synthetic media
® Formatting public data ® Research leads ® Source profiling
® Headline drafts ® Model-written claims
® Recommendation ranking ® Automated judgments
MINIMUM CONTROLS MINIMUM CONTROLS MINIMUM CONTROLS
® Use approved tools ® Compare with sources ® Prohibit by default
® No sensitive input ® Test language and group effects ® Senior written authorization
® Staff member checks output ¢ Editor approval ® Independent evidence check
® Disclose material role ® Document rights and harm

¢ Editor owns final decision

No material change to facts or judgment Meaning or visibility can change High impact, deceptive, or hard to
reverse

ITllustrative tiers for newsroom deliberation; classification must be reassessed in context.

Figure 2. lllustrative task-risk tiers and minimum controls. The categories are a newsroom
decision aid, not a quantitative risk score.

5.3 Preserve human editorial authority

Human oversight is not a ceremonial click. The responsible editor must understand what
the model can and cannot establish, be able to inspect the source material, and have enough time
and authority to challenge the output. The final editor remains accountable for publication, even
if a vendor supplied the model or a product team configured the workflow. For claims about
identifiable people, sensitive events, or public safety, an independent source check should be
mandatory. No generated quotation, citation, image, or factual allegation should pass solely
because it appears plausible.

Oversight can fail when staff are pressed to approve large volumes of output or when a
system's confident tone discourages independent checking. A newsroom should set review limits,
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train staff to identify common failure modes, and make rejection an ordinary outcome rather than
a sign of poor productivity. Where human review cannot be performed with adequate context and
time, the task should be narrowed or suspended. The accountable editor should be able to
describe the checks completed, not merely attest that a person was present.

5.4 Protect privacy and test fairness

Before use, the newsroom should know what data the tool receives, whether those data
are retained or used for training, where they are processed, and who can access them.
Confidential sources, unpublished notes, personal data, and copyrighted materials should not be
entered into unapproved services. Data minimization, access controls, retention limits, and
documented deletion are practical safeguards. When a provider cannot answer basic questions,
the newsroom should avoid sensitive use or choose another process.

Fairness review should examine how outputs differ across languages, communities, and
subject areas that matter to the newsroom. This includes not only checking for biased language
but also checking whether people and places appear, disappear, or are framed differently. In
translation and recommendation, reviewers should compare outputs to the source and assess
who gains visibility. Findings should lead to changes in prompts, configuration, or use restrictions,
and not merely to a statement that bias is possible.

5.5 Disclose meaningful involvement and provide remedy

Transparency should answer a reader's practical questions: what was automated, what
remained under human control, and how a significant error can be corrected. Disclosure is
especially important when Al generates realistic media, substantially drafts factual claims, makes
an editorial selection, or personalizes what readers see. The scope of the disclosure should match
the system's influence. Audiences should have an accessible channel to report errors, request
clarification, and receive a response. Corrections should identify the affected material and explain
what was changed.

A layered disclosure can keep routine notices concise while making detail available on
demand. A short note can identify Al's role, and a linked explanation can describe the task, the
human review, and any important limitations. For synthetic visual or audio material, the notice
should appear where the content is encountered and should not rely on a reader opening a policy
page. Disclosures should be consistent enough that audiences can compare uses across stories
without implying that every Al-assisted item has the same level of risk.

Figure 3 summarizes the framework as a continuous cycle, linking purpose, impact review,
procurement, authorization, editorial review, disclosure, and remedy.

AN ACCOUNTABILITY LOOP FOR NEWSROOM Al

A tool remains accountable only when decisions, evidence, and remedies are traceable.

1 DEFINE 2 ASSESS 3 PROCURE

Public-interest purpose e Affected people, rights, ) Data, privacy, security,

and task owner and foreseeable harms limits, and vendor terms

6 RESPOND 5 REVIEW 4 AUTHORIZE

Disclose, correct, hear e | Verify and edit; human e Risk tier, allowed uses,

complaints, and remedy editor retains final and escalation rule
authority

Monitoring and newsroom learning feed back into the next decision.

Figure 3. Accountability loop for newsroom Al. Proposed operating model informed by Council of
Europe (2024), Diakopoulos (2015), and Sdnchez-Garcia et al. (2025).
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5.6 Assign ownership and monitor the system

Every recurring Al use should have a named editorial owner, an approved purpose, a record
of the system and data involved, and a review date. Procurement review should address security,
provenance, retention, copyright, auditability, accessibility, and exit options. Teams should log
incidents and near misses, assess whether harms fall unevenly on particular groups, and pause a
tool when performance or provider terms materially change. The Council of Europe treats
adoption as a circular decision that should be revisited as system performance and ethical
conditions change (Council of Europe, 2024). As Figure 3 shows, monitoring should inform the
next decision.

6. Discussion: governance as public-interest infrastructure

The framework treats governance as part of editorial infrastructure. It links ethical
principles to decisions that newsrooms already make: commissioning, source protection, editing,
ranking, procurement, correction, and workforce planning. This helps avoid two common errors.
The first is to reduce ethics to a list of principles with no assigned owner. The second is to treat
disclosure as a cure-all, although a reader label cannot undo privacy exposure, discriminatory
selection, or an unverified claim.

This approach also keeps the distinction between assistance and delegation visible. Al may
help a journalist find patterns or transform material, but editorial judgment includes deciding what
matters, whose testimony counts, and what the public should know. When systems influence
these choices, their design and operating assumptions should be open to scrutiny. Algorithmic
accountability reporting offers a complementary public role: journalists can investigate how
computational systems distribute power, shape opportunities, and conceal responsibility
(Diakopoulos, 2015).

The framework is deliberately adaptable to different newsroom sizes. A small outlet may
not have a separate Al ethics officer, but it can assign a problem owner, maintain a simple register
of tools, restrict sensitive data, require editor approval for material generated content, and use a
correction protocol. Shared training, procurement templates, and independent technical support
can reduce the burden on under-resourced outlets. Ethical governance should not become
another advantage available only to well-funded publishers.

Finally, news organizations should include journalists and affected communities in
implementation. This is not only a matter of workplace consultation. Reporters understand how
tools interact with sources and editorial routines; audiences can identify what information they
need to assess Al involvement; and communities can challenge assumptions that standard
datasets treat as neutral. Meaningful participation makes risk review more accurate and
strengthens the legitimacy of resulting decisions.

Governance also protects editorial independence in the supply chain. Procurement terms
should state whether prompts and uploads are retained, whether the provider may train on
newsroom data, how system changes are communicated, and what access is available for
investigation after an incident. Contracts should preserve an exit path so that a newsroom can
change tools without losing its own archives or production capacity. Where these terms cannot
be negotiated, editors should limit the system to work that does not require confidential inputs or
unreviewable editorial influence.

7. Limitations and directions

This article offers a normative framework rather than evidence that a specific control will
reduce harm by a measured amount. The selected literature is interdisciplinary and fast-moving,
and the cited research does not cover every language, legal setting, newsroom type, or Al
application. The risk tiers are illustrative; they must be tested against local editorial practice and
should be revised when tools, provider terms, or audience expectations change.
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Future research should examine how written policies are enacted during deadline
pressure; whether disclosure helps readers understand different kinds of Al involvement; how
recommendation systems affect local and minority-language coverage; and how newsroom Al
changes training, employment, and editorial independence over time. Comparative research
should include small and non-English newsrooms, where the cost of technical testing and the risk
of linguistic underrepresentation may be especially consequential. Studies should also investigate
procurement and vendor dependence, areas that receive less public attention than the content
generated by a model.

8. Conclusion

Al can support journalism, but it cannot assume its obligations. Ethical use requires a
public-interest purpose, understood data and effects, retained human editorial authority, and
ways for audiences and affected people to contest and correct its contribution.

Newsrooms should govern Al by task across the lifecycle. Routine assistance may proceed
with safeguards; systems that shape meaning, visibility, or decisions about people require stronger
review. Deceptive or high-stakes automation should be barred by default, with any exception
documented and authorized. Editors own decisions, vendors meet clear terms, workers
participate, and monitoring continues after deployment. This makes transparency, fairness,
privacy, proportionality, and accountability practical controls.
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Philosophical Sciences

ALAM BOJIMBbICbIHbIH 'YMAHWCTIK
BACTAYJIAPbI

AnnmyxamegoBa Junappy3s Cobutkman

2 Kypc marmctpaHTbl, Abait aTbiHAaFbl Ka3ak ¥ATTbIK NeaarorMkaibik YHUBEPCUTETI,
®dunocodms mamaHAablFbl AnMaThl, KasakcTaH

FblNbIMK XKeTeKLWi:

Paxmmosa ynbHapa [lyinceHoBHa

b.F.K.

AHgatna. byn makanaza afam HONIMbICBIHbIH, TYMaHUCTIK HacTaynapbl GuAocoduanbik,
aHTPOMONOrMA, 3TUKA KaHe Tyafa GuNocoduAckl TYPFbICbIHAH TanZaHadbl. 3epTTeyaiH, Herisri
HasapblHAa aZamabl Tek OUONOrMANbIK He dNeyMeTTiK KyDbiabic peTiHae eMec, O3iHAIK
KYHAbIbIFbI, €PKIHAIM, sayankepLwiniri aHe 6acka agamFa KaTblHacbl apKbl/ibl alKbIHAANATbIH
TyTac HoAMbIC peTiHAe TYCiHY Maceneci Typ. ['YMaHWU3MHIH, Ma3MyHbl afamabl abcoNtoTTeHaIpYMEH
LIEKTE/IMEN, OHbIH, Kalip-KacKeTiH, ap-0XKAaHblH, TaHAay ePKIHAITH XaHe 63 apeKeTiHiH canaapbIH
MoMbIHAQY KabineTiH GipnikTe KapacTblpy apKbiabl alwbinadbl. MaKanaga rymaHucTiK bHactay
TY/faHbIH ilIKi aBTOHOMMACHI, IMNATUA, AMANOT, ©3reHi MakcaT peTiHae Kabbingay, MopanbablK,
YKayankepLUinik *KaHe mMafblHa/bl ©BMIp KYPY YCTaHbIMAApbIMeH BalNaHbICTbIpbIAbIN TyCiHAipineai.
KaHTTbIH Ty/Fa Kadipi Typanbl naesnapsl, M. bybepai ananorteik dmnnocoduncel, 3. PpoMMHbIH,
F'YMaHMCTIK 3TUKachl, B. ®paHKNabiH MafblHaFa YMTbINY TYKbIPbIMbl XaHe ADaiabiH agamrepLlinik
Typa/ibl OMNapbl CanbICTbiPManbl TYPAE KapacTblpblnaapl. HaTuxeciHAe rymaHucTik 6actay agam
TaburaTbliHa JalblH Kyiae 6epinreH Kacnet emec, MafieHneT, Binim, MopanbablK TaXipnbe xaHe
CaHaNbl TaHAay apKblabl AAMUTbIH 3K3UCTEHUMANABIK-ITUKAAbIK MYMKIHAIK AereH Ty»KblpbiM
YCbIHbIAAAbI.

TyniH ce3aep: agam 60AMbICHI, 'YMaHM3M, Kadip-KacueT, epKiHAIK, *ayanKepLwinik, Ananor.

Kipicne

Kasipri Kofamaafbl TEXHONOTMANBIK KbINAAMAbIK, aKkMNapaTTbiK KbICbIM XoHE 2/1eYMETTIK
bannaHbICTapablH, e3repyi agam Typasabl  GUAOCOPUANABIK CypaKkTapAbl eKiHWi KaTapfa
bIFbICTbIPMaNAbI, KEPICIHLIE ONapAblH MaHbI3bIH KyllenTeani. AAamHbIH MYMKIHAIT apTKaH calblH
OHbIH, epKiHAIrN MeH »KayankepuiniriHiH, apakaTblHacbl, ©3re aJamfa KaTblHACblHbIH, CMUNaThI,
OMIp/iH, MaFblHAaCbl MEH KaAip-KacueTTiH enwemaepi OypbiHFblAaH Ada alikblH KepiHeai. Ocobl
TYPFblAaH anfaHAa ryMmaHM3m TeK MOpanbAblK YPaH Hemece i3ri HUET KUbIHTbIFbl emec. On
aAaMHbIH KiM eKeHi, 83iH KaHe e3reHi KaHaal enleM apKbl/ibl TAaHWUTbIHbI, EPKiH TaHAaybIH KaHaa M
KYHAbIbIKTAPMEH LEKTEeMNTIHI }eHiHaeri ipreni dunocodpusanbik baraap 6onbin Tabblnagp!.

Anam  BOAMBICbIHbIH,  TyMaHWUCTIK  BacTaynapblH  Tanday  aZamHblH, - TabufaTbiH
naeanmnsauManayabl eMec, OHbIH, KaMLWbIIbIKTbl KYPbIAbIMbIH MOWbIHAAYAblI KaxeT eTedi. AJam
MenipiMmre [e, KaTbiresfikke [e, Kayankepllifikke [e, HeMKypahabiiblkka [Aa KabinetTi.
CoHAbIKTAH ryMaHWUCTIK BacTay aZlamHblH, OOMbIHAAFbl @aBTOMATTbl TypAe »Ky3ere acaTblH Tabuin
KacmeT aen emec, benrini 6ip KyHAbINAbIKTbIK OafaapAbl TaHAayfa, CaKTayfa KoHe KyHAEeNiKTi
apekKeTTe BekiTyre MyMKiHAIK 6epeTiH ilKi aneyeT Aen KapacTbipblifaHbl XeH. MyHAan TYCiHIK
rymaHuamzi abCTpaKTiNi ONTMMWM3MHEH aKblpaTbil, OHbl HaKTbl MOPaNbAblK TarKipnbemeH
HannaHbICTbIpaabl.
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MaKanaHblH, MaKcaTbl agam O60NMbICbIHbIH TYMaHWUCTIK GacTaynapbiH epKiHAiK, Kadip-
KaCWEeT, »KayanKepLwinik, Ananor, aMnaTns }aHe MafblHa YFbiMAapbl apKblabl Kyneni Typae awy
H6onbin Tabbinagpl. Ocbl MakcaTKka canKkec dpunocoduanbiK aHTPOMONOrMAAAFbl HEri3ri naeanap
CaNbICTbipblNaAbl, ONapAblH, adamabl TyTac cybbekT peTiHAe TyCiHAipyaAeri MyMKIHAIKTepi
anKblHAANaAb! *KoHE T'YMaHUCTIK BafaapablH, Kasipri TyaFanblk Taxipnbeaeri MmaHbl3bl KepceTinea,.

[YMaHUCTIK OMAblH, ©3eriHae agamibl Kypan emec, e3iHAIK makcaT peTiHae Kabblngay
Kafmaacbl »atblp. . KaHTTbIH Mopanb puaocodumacbiHaa agam Kaaip-KacueTi oHblH baracbiMeH
emec, aepbec mopanbapbik cyobekT 6oay KabineTimeH TyciHAipineai. AlamHbIH ©3iHAiK KYHAbIbIFbI
OHbIH 2/1eyMeTTiK MapTebeciHe, naigacbiHa, HinimiHe Hemece e3refiepre KaHLWaAbIKTbl KOAaNbI
eKeHiHe Tayenai emec. byn Kafmaa ryMmaHUCTIK aHTPOMNOAOMMSA YLWiH WeLlyLWi MaHre e, enTKeHi
afambl CoIpTKbl GYHKLUMANAP KUbIHTbIFbIHA AEMiH KbICKapTyFa Kapcbl Typaabl [1, c. 276-278].

AZlaMHbIH, KaAip-KacMeTiH MOWbIHAAY TY/AfaHblH AapanblfblH [a, OHbIH, 91eyMEeTTIiK
TabuFaTblH [a KaTap eckepyai Tanan eteni. [Japanbik OKliaynaHymeH TeH emec. KepiciHwe,
aflaMHblIH, Biperenniri oHbIH, 63 TaHAayblHa Kayan bepy KabineTimeH, KyHAbINbIKTapAbl CaHa bl
NUrepyimMeH »KaHe e3reMeH KaTblHaC OpHaTy TaciniMeH albliadbl. AJam e3iH TeK ilWKi pednekcma
apKblNbl faHa emec, Hacka agamaapmeH KapbiM-KaTblHac YCTiHAe Ae TaHuAabl. COHAbIKTaH
'YMaHUCTIK BosmbiCc e3iHe barbiTTanfaH epKiHAiK NeH e3reHi MOWbIHAAYAbIH Tene-TeHiriHe
Herizaenea,.

Ocbl TypfblAaH anfaHAa afaMHblH, 63iHAIK KYHAbINbIFbl €Ki KbipAdaH KepiHeai. bipiHuwici,
TY/IfaHbIH, iWKi aBTOHOMMACHI. Adam 83 eMipiHiH, MaHIH TONbIKTAM CbIPTKbl HOPManapaaH Hemece
Kenwinik 6aracbliHaH anyfa MiHAEeTTi emec. ERiHwWici, TyaFa ©3iH e3re a4aMHblH, €PKiHAIMN MeH Kagip-
KacMeTiH MOMbIHAQY apKblibl faHa TOAbIK Ky3ere acblpajbl. Erep epkiHAiK TeK »Keke MyaaeHi
YKy3€ere acblpy KypasblHa alHanca, 0N TYMaHWUCTIK Ma3MyHblH *KofanTaabl. COHAbIKTAaH ajam
HONMBICbIHbIH, TYMAHWUCTIK Herisi epKiHAiKTIH ©e3iHAiK WeKkTey KabifneTimeH, AFHU MOPasbAblK,
enleMMEH TONbIKTbIPbIAAbI.

AZaMHbIH, Kaip-KacheTi OHbIH /CI3A4ir MeH LEeKTeYNINITH *KOKKa Wbifapmanabl. KainTa,
FYMaHMCTIK YCTaHbIM afaMHblH KaTenecyi, KyM3enicke Tycyi, emipnik gafaapbIiCTbl BacTaH Kewipyi
MYMKIH eKeHiH Kabblngai oTblpbin, OHblI TEK CITCI3Air apKblabl Hafanamayapl kesgenai. MyHaa
afamfa KYPMET OHbIH JKETICTiriHe emec, agamiplk, MmapTtebeciHe Herizgenedi. byn TyKblpbim
2N1eyMETTIK KapbIM-KaTblHacTa, 6inim 6epy KeHIcTiriHae XaHe Kacibun aTMKaaa epeklle MaHpl3fa ne.

[YMaHM3M epKiHAIKTI aJlaMHblH, HETi3ri cMnaTTapbiHbIH, Oipi peTiHAe KapacTbipadbl, ananaa
EePKIHAIK KayanKepLWinikTeH axblpaTblAfaH Kafdalga On adamMHblH ©3iH Ae, e3renepai ae
2NCIpeTeTiH KYLIKEe alHanybl MyMKiH. IK3MCTEHUMANUCTIK dnnocodus agamapl AalblH MaHre ne
H60AMbIC eMec, ©3 SPEKeTi apKbl/ibl ©3iH KanbiNTacTblpaTbiH CybbeKT peTiHae TyciHaipeai. M .-.
CapTpaplH, NikipiHWe, agam TaHaay »KacamaydaH Aa TOAbIKTal Kallbin KYTblaa aaManibl, ONTKeHI
apekeTci3aik Te benrini 6ip nosunuma 6onbin Tabbinagpl [2, p. 22]. Ocbl TypFblAaH epKiHAIK TeK
MYMKIHAiIK eMEC, *KayanKepLinik *KYKTeNTiH }Kafaan.

B. ®paHKk agam emipiHiH 6acTbl KO3fFayLbICbl PETIHAE MafblHaFa YMTbIIbICTbI €peKLle aTtan
KepceTeai. OHbIH Ke3KapacbiHAa aflaM Ke3 KereH Karaanabl epKiH e3repTe ajimaybl MyMKiH, Bipak,
CON KaFdanfa e3iHiH KaTblHacbiH TaHAayfa benrini 6ip aeHrenage kabinerti [3, c. 10]. byn naes
'YMaHUCTIK aHTPOMOMIOMMA  VILIH MaHbI3abl, cebebi agam cybbekTinirii  wekcis 6akbliay
NANI03UACBIHA EMEC, KafaaiFa xKayan bepyaiH, ilKi MyMKiHAiriHe Herizaenai. EpKiHAiKTiH ocbiHAaM
TYCiHir ailaMHbIH, LWWEKTeYNEePiH Ae, Kadip-KacueTiH e KaTap MOMbIHAANAbI.

ayankepwinik agam apekeTiHiH HOTUXKEeCIH anablH ana Tyren 6iny geredHai 6ingipmenai.
On e3 TaHAayblHbIH CanAapblH MOMbIHAAYFA, KaxKeT BoNfaH »Kafaanaa KaTeniriH Ty3eTyre »KaHe
H6acka aZlaMHbIH, MyAJeciH ecenke anyfa AalblH 6onyabl bingipeai. byn xepae »Kayankepuwinik
KOPKbIHbILWKA Hemece as3afaH Kallyfa Heri3genreH CbipTKbl TopTin emMec, TyAfaHblH 63iHAjiK
MOpasbAblK NO3ULMACBIHA allHanaapbl. [YMaHUCTIK Ty/1Fa YLLIH «MafaH He pyKcaT?» AereH cypakTaH
repi « MeHiH apeKeTiM aflaMaplK, Kadip-KacMeTKe CaMKeC Kee Me?» AereH cypak MaHpbl3ablpak.
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EpKiHAOIK NeH »ayankepLlinikTiH 6ainaHbiCbl aflaMHblH, ©3iH-63i LWeKTey KabineTiH ae
KepceTeai. TeK CbIpTKbl ThibiIMAap apKblibl PETTENETIH MiHE3-KYNbIK TYAfaHbIH iLIKi YMaHMUCTIK
XeTinyiH 6ingipmenai. [WKi aSTUKaNbIK ©ALLEM KanbiNTackaHda agam 63 MYMKIHAIrHIH, 6apablfblH
YKy3ere acblpy MIiHAETTI eMec eKeHiH TyciHeai. Kelbip »afaainaa e3reHi Kopfay, ceHimai cakTay,
2/1Cci3re 3uaAH KenTipMmey Hemece afjifeTci3 nanganaaH bac TapTy epKiHAIKTIH eH, })KoFapbl KepiHiciHe
anHanaabl.

Anam BONMbICbIHbIH, 'YMaHUCTIK CMMNaTbl €H aKbIH TYpAe e3re aflaMMeH KapbiM-KaTbiHacTa
KepiHeai. M. bybepaiH, «MeH—CeH» KaTblHACbl Typasibl TYXKblPbIMbl OCbl M3CE/IEHI TEPEH, allajbl.
BybepaiH nanbimaayblHLIa, agam e3reHi 0O6beKT, KbI3MET HeMece Kypas peTiHae KabbingaraHaa
«MeH—On» KaTblHacbl KanbiNTacabl, an ©3reHi TyTac Ty/1fa peTiHAe MOMbIHAAFaHAa FaHa LblHAMbI
Ananor MymKkiH 6onagabl [4, ¢. 23]. Byn albipmallblibiK KYHAENIKTI KaTblHACTapAblH MOPanbabliK
canacblH 6afanayaa MaHbl3/bl 94iCHAMA bIK MaHTe Me.

OManorTbiH ryMaHUCTIK TabWFaTbl NiKipAiH MIHAETTI TYpAe CarKec KenyiHe Tayenai emec. Eki
agam b6ip macenere Kapama-Kapcbl Keskapacta 6ona oTbipbin Ta 6ip-OipiH KypmeTTeyi MyMKIH.
Jemek, TYMaHU3M KeNiCIMHIH, »OKTbIfblH Kay/blKKa TEHeMeydi, afaMHbIH, Ke3KapacCblH OHbIH,
TY/IFabIK, KYHAbIbIFbIHAH aXkblpaTta b6inyai Tanan etedi. MyHAal ycTaHbIM acipece MopaancTiK
KOFaM KafaaMblHAQ MaHbI3Zbl, 6UTKEHI Bip KEHiCTiKTe apTyp/i AYHMETaHbIMAbIK, M3AEHMN KaHe
MOpPanbApblK YCTaHbIMAAP KaTap emip cypeai.

dMnaTmMa Aa ryMaHUCTIK 6acTay KypblabiMbiHAA epekile opbiH anadbl. On e3reHiH KyMiH
MeXaHUMKanblK TypAe KahTanay emec, OHblH, TaxipubeciHe KypmeTneH XaKblHaay Kabineri.
dMnaTna aZlamfFa e3 MiKipiH yaKbITLa WeTKe bIfbICTbIPbIM, HACKA alaMHbIH, KaFaalblH TyCiHyre
MYMKIHAK Bepeai. Ananaa amnaTus MOPasbAblK 61WEMHIH OPHbIH TOMbIK 6aca anmanabl. ©3reHi
TYCiHY OHbIH, 6ap/bIK 9peKeTiH akTay AereH ce3 emec. COHABIKTAH N'YMaHMUCTIK KaTbIHAC TYCIHY MeH
NPUHUMNOWINAIKTIH, *aHaLWbIPAbIK MEeH *KayanKkepLwinikTiH, yneciMmiH KaxeT eTea;.

3. JleBMHAC e3re afaMHblH, KY3iH MOpanbAblK sKayankepLifikTiH, 6acTankbl Taxipubeci
peTiHae KapacTbipabl. OHbIH, dunocodumAcbiHAa 3TUKA TeopUANblK BinimHeH OypbiH KeneTiH
KaTblHacC peTiHae kepiHeai [5, c. 290]. byn naes anam 60MbICbIHbIH, T'YMaHUCTIK HETI3iH TeK iLLKi
KacMeTTePMEH LLIEKTEMEN, TYNFaHbIH ©3reHiH anabiHAa Kayan bepyiHeH TyblHAAWTbIH KaTbIHACTbIK,
cMnaTneH TONbIKTbIpadbl.

YMaHM3MHIH MaHbI3abl Kblpbl aAaMHbIH TeK KYKbIKTap MecCi faHa emMec, e3iH e3repTtyre
KabineTTi pyxaHuM cyObeKT eKeHAiriH MoMblHAAyAaH KepiHedi. 3. Ppomm ryMaHMCTIK 3TMKada
aAaMHbIH, i3TiNiriH OHbIH eMipAi AamMbITy, OHIMAI SPEKET eTy, CYMICNeHWiNiKk NeH akblafa cymeHy
KabineTimeH BalnaHbicTbipaabl [6, ¢. 12]. OHbIH Ke3KapacbiHAa aaam TaburaTbl TONbIK asKTaAFaH
Kypblibim emec. On e3iHAiK MyMKiIHAIKTepAi »Ky3ere acblpy OapbicbiHAa KanbinTacadbl. Ocbl
MafblHaZa ryMmaHM3m agamHbiH, 6apablk KanayblHa pyKcaT bepy emec, OHbIH aJamMablK 21eyeTiH
TepeHaeTeTiH eMip CanTbliH TaHAay.

PyxaHUW KemenaeHy e3iH MiHCi3 aen »apusanayaaH bactanmanabl. On afiaMHblH, ©3iHiH, iLKi
KaWLLbINbIKTAPbIH, 9ACI3AirH »aHe e3iMWinairii 6aikan, onapmeH caHafbl XYMbIC icTeyiHeH
b6actanaabl. COHAbIKTAH 'YMaHUCTIK @My ©3-63iHe CbIHM KaTbIHACTbl Aa KaMTuAbl. Ty 1Fa ©3iH YHEMI
aKkTal bepmei, e3 apeKeTiHiH OacKka agamfa Kanam acep eTKeHiH baranan anfaH Kesae MopasnbablK,
pednekcma nanga bonaapl.

Kasak dunnocodumanbik oMbiHAA A3 aAaMHbIH, aAamrepLuinik *eTinyi cblpTKbl MapTebeaeH
YOFapbl KOMbIAFaH. ADalablH, «TOMbIK agam» Typasbl OMMapbl aKblal, KanpaT »KoHE KYPEeKTiH,
TYTaCTblfblHa cyMeHeai. Aban ywiH agamaplk kemengeHy 6inimmeH faHa enweHbenai, enTKeHi
BiNiMHIH, ©3i ap-yAT NeH aA4iNeTTeH axKbipafaH »afdalaa agamabl i3ri ete anamanabl [7, 117-119
66.]. byn Kafmaa Kasipri rymaHuCTiK dunocoduameH yHaeceni. TynFaHblH 3UATKEPAIK MYMKIHAIT
MeH MOpPabablK KayankepLiniri bipaikte 6onfaHaAa FaHa agam 3 HOMbICHIH TO/bIK, XYy3ere acbipa
anaapl.
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Ocbl Herizge afgam HOAMbICbIHbIH, T'YMaHUCTIK BacTaynapbiH bipHelle e3apa 6aliaHbICTbI
e/leM apKblibl KepceTyre 6onaabl.

Kecte 1 — Agam 60/1MbICbIHbIH T'YMaHWUCTIK BacTaynapblHbIH, HEri3ri eawemaepi

onwem ®dunocoduAnbIK Ma3MyHbl TyNfanbiK KepiHici
Kapip-kacueT Ap,aymu Ue3iH,£I,iK MmakcaTt G?iH OHe e3reHi Kypanfa
peTiHae MoMbIHAAY anHanablpmay
Eokinik CaHanbl TaHAay aHe iWkKi | KyHAbIAbIKKa CyMeHin wewim
PKIRA aBTOHOMMUS Kabblngay
- T IKTi
MayankepLinik al-l,u,El,ay,EI,bII-L cangapblH | Katenikti  TyseTyre  XaHe
MOMbIHAAY *Kayan bepyre oanapblK,
Nnanor ©3reHi gepbec Tynfa peTiHae | ToiHAay, nikip
Kabblnaay anbIPMaLLbIIbIFbIH KYPMETTeyY
O3reHiH, ToxipunbeciHe anallbIp/IbIK nex
Smnatuma . MOpanbablIK, yCTaHbIMAbI
cesimTanablk, . .
ynnecTipy
OMion 6 omiod »
Marbina MipJIiK afbIT neH | ©Mipaj TeK nanagameH
KYHAbINbIKTbIK TYTACTbIK, enuemey

1-kecTeqe KepCeTINreH eslemaep rymaHucTik Hactay Oip faHa amouMANbIK i3rifikneH
LIEKTENMENTIHIH KepceTedi. OHbIH, KYPbIAbIMbl TYAFaHbIH ilUKi aBTOHOMMACbLIH A3, ©3re ajam
anablHAaFbl MOpanbAblk, MIHAETIH Ae KamTuabl. COHAbIKTAH TYMaHUCTIK KeMengeHy afamHbiH,
«©3iH »Ky3€ere acblpybl» MeH «©3reHi MoMblHAAYbI» apacbiHAaFbl YMAECIM apKblAbl KanbinTacagpl. K.
Poaskepc TyNFaHblH, albIKTbIK, ©3iH Kabblagay »aHe Taxipnbere ceHim apTy KabineTiH eTinrex
TY/FaHbIH, MaHbI3abl benrici peTiHae KapacTbipca [8, c. 170-171], A. Macnoy e3iH-e3i »y3ere
acblpyabl afaMHbIH, KOFapbl MYMKIHZIKTEPIH AambITy yaepicimeH 6OalnaHbicTbipaabl. byn
Ke3KapacTap ryMaHU3MHIH TY/IFafiblK ecyre BafbITTafaH KblpblH aiKbiHAAMAbI.

Kasipri aneymeTTiK KeHICTIKTe T'YMaHUCTIK B6acTay afaMHblH, eKe Mopasbablk KacueTimeH
faHa LWeKTeAMeN, KOFaMJAbIK KaTblHACTapAblH, CanacblH aHbIKTAUTbIH eallemre anHanagbl.
Undpablk, KOMMYHUKALMA afamHblH, 6ip-bipimeH ©OainaHbicy MYMKIHAIMH KeHenTTi, 6ipak,
COHbIMeH bipre TynfaHbl Aepek, Npoduab, ayaAUTOPUS Hemece CTAaTUCTMKA/bIK KepceTKill
neHreriHae Kabbinaay KayniH KywenTti. MyHAal »Kafdalga ryMaHUCTIK 6afaap aflamHbIH,
apTbiHAa KanTanaHbac Taxipmnbeci, cesimi, emipaik Tapuxbl 6ap cyObEKT TypFaHbIH eCKe canagpbl.
Byn Kafuaa acipece afleyMeTTiK Xenigeri nikipTanac, Kacibn opTagafbl baceke »aHe binim bepy
yaepiciHaeri 6afanay KesiHAe MaHbI3Abl. Adamabl TEK HITUMKECIMEH eJilley OHbIH, Ty/AfanblK
TYTACTbIfblH HAa3apAaH TbIC Kanablpaabi.

[YMaHMCTIK YCTaHbIM 91eYMETTIK 34iNeTTiNiK MaceneciHe ae Tikenemn KaTbICTbl. Adam Kaaip-
KacneTiH moWMbiHAay OapnbisbiH Oipaen ety aereHai Gingipmenai, 6ipak agamHbIH,  HEri3ri
KYKbIKTapbl MeH Mopanbablk mapTebeci aneymeTTiK Kafaalfa Tayenai 6onmayra THic AereH
Tanantbl 6ingipeai. Ocbl TypFblAaH FYMaHM3M 9ACI3 TONTapFa KAaMKOPAbIKTbl TEK aHaLbIPAbIK,
PeTiHAe emec, onapAplH, CyObEeKTINIrNH KaHe Aepbec TaHAay KyKblFblH MOWbIHAAY PeTiHAE
KapacTblpaabl. AnbbepT LBenuepaiH, emipre KYPMeT Kafuaachl [a afamrepLuinikti abcTpakTini
epexeneH Tipi 60/IMbICKA KayanTbl KaTblHACKa Kelwipedi. byn npuHUMN agamfFa faHa eMmec,
afamHbIH TaburatneH HannaHbICbiHA 4@ 3TMKabIK e1lem bepeai.

binim Gepy KeHicTiriHae rymaHucTik 6acTtay 6inim  anywbiHbl  AalblH - aknapaTTbl
KabblnaanTbiH O6BbEKT emec, ©3iHAIK OMbl MeH KayankepLiniri 6ap Tyafa peTiHAe KapacTblpyadaH
KepiHeai. MyHaa myfanimHiH miHAeTI Tek b6inim 6epy emec, aJamHblH, ©3 NiKipiH Aanengeyre,
KaTesnecyre, KalTa KapayFra aHe e3reHiH Ko3KapachlH ThiHAayFa MyMKIHAIK 6epeTiH mageHn opTa
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KanbiNTacTblpy. [YMaHMUCTIK OiniMm TynfaHblH aBTOHOMMWACBIH KyLIENTE OTblpbiM, OHbl OpPTaK,
KayankepLinikteH axkbipaTnaapl. COHAbIKTAH €epKiH oMfay TapTINCi3gikneH, an Tanan Koto
TY/IFaHbl KEMCITYMEH TeHECTipiaMeyre TUic. Adamabl KYpMeTTey HaKTbl TananTapdbl KO eMec, COJl
TanantapAbl TyAfaHblH, Kadip-KacMeTiH caKTal OTbIpbin YCbiHY MaaeHWeTiH Binaipeai. OcblaaH
FTYMaHM3MHIH, Ka3ipri MaHI aAaMHbIH, MYMKIHAIMH WEeKCi3 MaAaKTaydaH eMec, OHbIH 9/1Ci3Airi MeH
KayankepLuinirii Katap MoMbiHAayAaH KepiHedi. TexHoNorua, HapbliK HEMece aneyMeTTiKk beaen
agam  eMIpiHiH, KyHAbINbIFbIH  aHbIKTANTbIH  COHFbl enwem 6ona anmanabl. [YMaHMUCTIK
drnocodmAHbIH, TYPaKTbl MaHbI3bl 4@ OCbIHAA: O ©3repMeni KoFfamablK KafaannapabiH iwiHae
afaMHbIH agamfa KaTblHACblH HEri3ri MopasnbiblK CbiHAK peTiHae cakTanapbl. TyAfaHbliH, LbIHANbI
eTinyi e3iHiH MYMKIHAIrNH KebelTyMeH faHa emec, CON MYMKIHAIKTI KaHAan MaKcaTKa oHe
KaHZal MopanbApblK LWeKapa iWiHae nanaanaHaTbiHbIMEH e/lleHen;.

HyprizinreH drunocoduansik Tanaay agam 60AMbICbIHbIH T'YMaHMUCTIK 6acTaynapbiH 6ip faHa
MOpPanbApblK KacveTneH TYCIHAIPY XETKINIKCi3 ekeHiH kepceTedi. lyYMaHM3M afamMHbIH, 63iHAiK
KYHAbINbIFbIH MOMbIHAAYAAH BacTanfaHbIMEH, OHbIH, Ma3MyHbl ePKIHAIK, KayanKepLinik, Ananor,
3MNaTKA, ap-OXAaH *KaHEe MafblHafa YMTbIy apKblibl TOMbIK awblinaabl. byn anemeHTTep bip-
DipiHEH aKblpaTblNfaH Kafdalaa ryMaHWCTIK 6afrdap e3iHiH TyTacTblfblH OfanTaabl. EpKiHAIK
YKayanKepLifikcis e3iMmWinaikke, smnatMa MNPUHUMNCI3 XKYMCAKTbIKKA, an e3iHAIK KaaipAi
MOMbIHAAY ©3reHiH KaaipiH enemeyre aHanybl MYMKIH.

ANaMHbIH, 'YMaHUCTIK TabuFaTbl AalblH KaHEe ©3repMenTiH KacueT peTiHae emMec, XKy3ere
acbIpbIYFa TUIC MYMKIHAIK peTiHAe KapacCTblpblafaHbl OpbiHAbI. TyAfa ©3iHiH afamapblK canacbiH
opbip HaKTbl TaHAAyda, KapbiM-KaTblHACTa »KaHe MopanbbliK Lelimae 6ekiteai. CoOHAbIKTAH
r'YMaHM3MHIH emiplieHAiri abcTpakTini geknapaumanapfa emec, ajaMHbliH, Oacka agamfa Kanian
KapanTbIHbIHA, OUAIK NeH MYMKIHAIKKe e 6onFaHaa ©3iH Kalal WeKTenTiHiHe, a/ci3i KepreHae
KaHOaM yCTaHbIM TaHAaMTbiHbIHA 6alnaHbicTbl. Ocbl TYPFblAaH agam HONMbICbIHbIH TYMaHUCTIK
HacTaynapbl TYIFaHblH, iWKi ePKiHAINT MeH 91eyMETTIK *KayanKepWwiniriHiH, TOFbICKAH KepiHeH
KepiHedi. Adam e3iH KypmeTTeil OTbIpbiN ©3reHi Ae MaKcaT peTiHAe KabblnaaraHaa, e3iHiH,
epKiHAiriH 6acka aflaMHblH, Kafdip-KacMeTimeH YHAecTipreHAe »KaHe eMip MaHIH TeK XXeke
narMgameH esflleMereHae rymaHUCTIK 6afaap HakTbl MasmyHfa ue 6onaabl. CoHAbIKTAH
rymaHmsmai agam TabusaTbl Typanbl ONTUMMUCTIK TE3UC pPeTiHAe emec, afamHbiH agam 6osbin
KanyblHa MYMKIHAK 6epeTiH caHanbl, Y3A4iKCi3 *KaHe KayanTbl pyxaHu Taxipnbe peTiHae TyciHAaipy
HeFypabIM Heri3ai 6onbin Tabblnagpl.
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LINDP/IBIK KOFAMOAFbI EHBEK
OUTOCOPUACHI: lAHA MYMKIHIIKTEP
MEH KYHObI/TBIKTAP

KanbcuHa [uaHa

cTyaeHT, CakeH CendynnmH aTbiHAaFbl Ka3ak arpoTexHuKanbiK 3epTTey YHUBEPCUTETI,
AcTaHa, KasakcTtaH

FbIbIMM XKeTeKWi —

Mebip3afyn Hasepke 9aMypaTKbI3bl

OKbITYLWbI, FYMAaHUTaPAbIK FblNbIMAAP MArncTpi

AHOamna. byn makanada eHbek KyHObIblFbIHbIH Ka3ip2i KOFamoarbl OpHbI MeH a0aMHbIH
HEKe mynFassiK 0amy cunamelHOAGFrbl KAAbINMACYbIHA acepi Kapacmeipblnaos!. LlugpaaHosipy,
anieymemmik-3KOHOMUKANbIK — e32epicmep  waroalibiHOarsl  eHOeK  KyHOblAbIFbIHbIH — a0am
eMipiHOe2i OpHbI MeH MaHbI30bIAbIFbl MandaHadasl. EHOeK KYHObIIbIFbIHbIH a0aM emipiHoe2i
Kacibu e3iH-e3i 0ambimysbl, WelFapMawWsiaelik Kabinemi MmeH mynaFasnsiK aaeyemiHiH #y3e2e aceipy
macesnesnepi Kapacmeoipblnaosl.

TyliH ce30ep: eHbeK, uuppPbIK KOFAM, YaKbim, UU@DPAbIK MexXHO102UANap, HACAHObI
UHMesnsneKkm

Kasipri undpnbik Asyip agamsaT eMmipiHiH caH anyaH canacblH e3repTin, eHbek neH
YaKbITTbIH KaAipiHe AereH Ke3KapacTbl }KaHalla narbiMaayFa *KeTenen oTbip. *acaHabl MHTENNEKT,
aBTOMATTaHAbIPY Kyhenepi meH UMOpAbIK TexHoNornanap bypbiH easyip Kyw NeH y3aK yaKbITTbl
KasKeT eTKeH MiHAeTTepPdi KbiICKka Mep3iMae OpbiHAayFa MyMKIHAK bepeai. AKnapaTka KO/l KeTKi3y
XeHingen, Oinim KekKueri KeHewin, aJaMHblH, MaKkcaTKa XeTy »Kosgapbl ga e3repyge. Ocbl
TYpFblAaH anfaHaa, UMOP/blK KOFaMHbIH 6acTbl MYMKIHAIKTEPIHIH, Bipi — yakbITTbl yHemaey.
OWUTKeHi aKlWadaH anbipblacaH, benrini 6ip AYHMEHHEH alblpblaacbiH, an YaKbITTbl KOFANTCaH,
FYMbIPbIHHbIH, KanTbin Kenmec 6ip GenweriH »ofantacbiH. Analga yaKkblTTbl YHEMIEY OHbIH,
KadipiH TepeH TYCiHiM, OHbl caHanbl NakganaHa binymeH spaalbim ywTaca ma? TexHosornsnap
aflaMHblH MYMKIHAIKTEPIH KeHeMTKeH CaWblH, OHbIH, ©3 YaKbITbiHA, eHDeriHe XaHe pyxaHu
AamyblHa AereH Ke3Kapacbl Kanar esrepin Kkeneai?

YaKkblT — aJamM emipiHAeri opHbl TOAIMAC acbil KYHAbIAbIKTapAblH, Oipi. ©UTKeHi eTKeH
WAKTbl Kepi KanTapy MYMKIH emec; an yakbITTbiH, Ka/llal 6TKeHi afaMHblH, eMipAaik TasxkipubeciHe,
6iniMmiHe »KaHe TyAFajblk KasbinTacybiHa acep eTeni. Aban KyHaHbaly/ibiHbIH, «FYMbIp ©3i afbim
YKaTKaAH Cy CMAKTbI, TOKTAMaK XOK» AereH €e3i Ae TipWiniKTiH 6TKIHWIAIrH aHFfapTbin, 9p CaTTIH,
MaHiH bafanayra yHAeNa,.

LUndpnblk TexHonornanap KenTereH MiHAETTI OpblHAAyFa KETEeTiH yaKbITTbl KbICKApPTyFa
MYMKiHAiIK 6epepi. BypblH OipHelle cafaTKa CO3blNaTbiH KyMbIC OyriHAoe anaeKkanaa *Kblagam
opblHAanaabl. byn agamra e3re icTepre AeH Kotofa, aHa Oinim urepyre, WblFapMallblibiKNeH
aMHanbICcyfa »kaHe KabineTiH WbiHAayFa XoAn awadbl. [lereHMeH yaKbITTblH YHEMAENyi OHbl
MIHOETTI TypAe YTbIMAbl ManganaHyra akenmenai. Kenge TexHONOrmaHbIH, KemerimeH 6ocal
TYCKEH YaKbIT 2/1eyMeTTiK Xeninepae y3ak akTapyfa Hemece akMmapaTTbl MaKCaTCbl3 TyTblHYfa
)ymcanaabl. CenTin, agamHblH AamMybliHa KbI3MET eTyi TMIC MYMKIHAIK 2Mn-caTTe eTe LWbIKKaH
YaKbITKa alHanybl bIkTMan. CoHAbIKTaH UMDPAbIK KOFamaarbl MaHbl34bl M3Cene — YaKbITTbl
YHEMIEYMEH LIEKTe/IMEN, OHbIH KaAdipiH VYFblHbIN, OHbl CaHalbl KapaTy MIAEHMETIH
KanbINTacCTbIpy.
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Byn macene Kal yakbIT apanblfbiHAa O0ONCLIH ©3 MaHbI3blH XOMMaabl, 6UTKEHI 0/ agam
HONMBICBIHbIH, EeTiyiMeH Tbifbl3 BannaHbICTbl. OHbIH, MaHIH Ka3ak OMLLbINAAPbIHbIH MypacbiMeH
cabakTacTblpa KapacTbipyfa 6onaabl. Abait KyHaHbalynbiHbIH OTbI3 HipiHWI Kapa cesiHae
ecTireHZi ecTe cakTay, OM eneriHeH OTKi3y »KoHe aKbll MeH fblibiMFa Kedepri KenTipeTiH
24eTTepAeH apblny maceneci Kosfanaabl. Onwwbin 6binan aen kasaabl: «On Kecenaepi: yanbiMcbI3
CaNFbIPTTbIK, OMbIHLLIbI-KYAKIWINAIK, 8 O6ip Kalfbifa canbiHy, s 6ip Hopcere KymapablK nanga 6oy
cekingi. byn Tept Hapce — KyA/i akbll MEH FbiIbIMAbI TO3AbIPaTYFbIH Hapcenep» [1]. AbanabiH, byn
narbiMblH Kasipri UMPPAbIK KOFam »KafdalbiHAa [a »KaHala 3epaeneyre 6onaabl. byriHae
aflaMHblH, Ha3apblH ©3iHe TapTaTblH aknapaT Ke3Aepi eTe Ker. 9/IeYMETTIK Keninep, KplCKa
HeMHepoIMKTEP MEH Y3/iKCi3 »aHapbin OTbipaTblH aknapaT afbliHbl YaKbITTbl faHa emec, 3eMiHAj
LWOFbIPNAHAbIPLIM, TEPEH OMNAHYFA KAXET iLKi ThIHbILWTLIKTbI 42 MKYTYbl MYMKIH. OpuHe, AbaabiH,
By NiKipiH BYriHri a1eyMeTTiK Keninepre Tikenen KaTbICTbl aiTbINFaH TYXKbIpbIM Aen KabblnaayFa
bonmanapl. lereHMmeH oiFa Tycay O0aTbiH 94eTTep KeHiHAer OHbIH NanbiMbl Ka3ipri a4aMHbIH,
YaKbIT NeH 3eniHai nanganaHy maJeHuWeTiH TangayFfa Heris 6ona anagpl. Erep agam 3 HasapblH
caHanbl TypAae backapa anamaca, TEXHONOMMA YCbiHFAH MO MYMKIHAIK T€ OHbIH, AaMyblHa TO/bIK,
KbI3MeT eTe anmanapl. emek, umbpabiK Asyipae yakblTTbl Hafanay — OHbl YHEMAEY FaHa eMec,
oWfa, binimre aHe pyxaHu ecyre opbiH bepy.

AbBal KyHaHbaly/IbiHbIH, OTbI3 eKiHLWi Kapa Ce3i Je OCbl Mace/ieHi TeEPEHIPEK TYCiHyre o
awaapl. Onwbln 6iNiM MeH FbinbIMAbl MEHrepyAiH, WapTTapblH capanan, Tajan neH V34iKci3
i3[eHiCTiH, MaHbI3blH KepceTedi. On: «binim — FoiAbIM ypeHbeKkKe Tanan KblaylbliapfFa ayeni
6inmeKk KepeK. TananTbiH, ©3iHiH O6ipa3 wapTTtapbl bap. Onapabl binmek kepek. Onapabl 6inmen,
i3gereHmeH Tabblimacy [2], - Aen »asagbl. byn ol Kasipri UMdPAbIK KOoFamaasbl Y3/4iKci3 gamy
yFbIMbIMeH cabakTac. byriHae TexHonormanap »acrapfa 6inim anyfa, Toxipnbe KMHaKTayFa KaHe
6enrini 6ip HaTUKere OYPbIHFbIAAH XbINAAMbBIPAK KEeTyre MyMKiHAIK bepedi. Ananaa »blagam
METICTIK afaMHbIH, Aamy XKobl aaKTanabl gereHai 6ingipmenai. KepiciHwe, apbip 6enec »aHa
MIiHOETTEP MEH MYMKIHAIKTEPAIH DacTaybl. bip MaKkcaTKa *KeTKEeH COH, KeNeci MaKkcaTTbIH TyblHAAYbI
— AamyapiH Tabuin kanfacbl. CoHAbIKTAH Binim meH eHbeKTi benrini Hip HaTUXKere XeTKi3eTiH
Kypan faHa emec, FyMblp DOMbI XKanfacaTblH TaHbIM MEH i34EHIC }0bl PETIHAE KAPaCTbIpFaH XKeH.

EHOEeK — adamHblH, MiHEe3iH WbiHAaM, TyAfanblK 60MbICbIH KanbliNTacTblpaTbiH eMip/ik
MmekTen. Ocbl MeKTENTe afam 63 MYMKIHAIMH TaHbIiN, KaTeniriHeH cabak anaapl, *KayankepLlinikTi
cesiHefi XaHe KMbIHAbIKTbI eHcepyre yihpeHeai. OHblH KYHAbIAbIFbl TEK COHFbl HITUXKEMEH
enuweHbenni, eNTKEHI CON HITUKEre KeTy Ko/blHAA afaMHblH ©3i e e3repin, Tonblcapl.
TexHonormaAnap Kembip opeKeTTi KeHNAETIN, YyaKbITTbl YHEMAEreHIMeH, eMipiK TaxkipmbeHi,
TabaHAbINbIKTbl KOHE ©3 iCiHe AereH »KayankepLluinikTi TONAbIFbIMEH a/nmacTbipa anmanab.
TexHONOrMA yaKkbITTbl YTbIM/bl YbIMAACTbIPYFa KOMEKTecce, eHHeK COM yaKbITTbl MafblHas bl icKe
apHayfa yhpeTeni. XanblK AaHanblfbiHAafbl «EHOEK afamHbIH KepKi, afam 3amaHHbIH KepKi»,
«EHberi kenTiH, eHberi Ken.» gereH makan-maTtengep agan eHoekTiH, TabaHabIbIK NeH TO3IMHIH,
MOHIH TaHbITaAbl. ALam ©3i XKaKCbl KOPETIH KaHEe ©3iHe ¥aKblH *KYMbICMNEeH alnHaAbiCKaHaa, OHbIH
MiHaeTTemeci KyaHbllw akeneqi. OHbIH ©3iHe faHa emec, backa agamaapra Aa, KoFamFa aa, enre
Ae nanaacbliH TUri3in, eHereni yari KepceTeTiHi aHblk. CoHaan-aK, eHOeK afam eMipiHiH, Heri3ri
KepceTKilwi aen antyra 6onagbl. Cebebi, agam o3iHiH YAbIbIFbIH, KOPKEMAIK MiHE3iH TeK eHbek
apKblNbl FaHa KepceTeni. Aoam apKallaH KymbicneH 6ainaHbicTa 6onaabl, COHABIKTAH 9pKiM 63
YaHbIHbIH, CYMiKTI iciMeH alHanbicbin, agan eHbek etyi kepek. CoHbiMeH bipre on e3iHe faHa emec,
Kofamsa, byKin agamsaTka nanaacbiH TUriseai.

Abain KyHaHbaMynblHbIH, OMNapblHa KalTa opanbin, eHBEeKKe KaTbICTbl Ke3KapacblHa
TepeHipeK YHINCeK, OHbIH, MaHIH eKi TYp/li KbipblHaH TaHyFa 6onaapl. bipiHLici — afaMHbIH, TeK 83
HacbiHbIH KaMbl MEH MaTepuaablK NanaacbiH Ke3aenTiH eHbek. Abait: «O3iH yLWiH eHbeK KblicaH,
©3i YWiH OTTafaH xalyaHHblH bOipi 6onacbiH», — J4en, eHOEeKTi KYHKepiCc MeH Xeke nanaa
WeHbepiHae WeKTenreH TYCiHIKTI KepceTeai. EKiHWICi — afamLUbliblK OOpbIWbIH 6Teyre, Kofam
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MeH aZlaM3aT UrifiriHe KbiameT eTyre 6afbiTTanfaH eHbek. ONbINAbIH « ALAaMLLbINbIKTbIH Kapbl3bl
YLWiH eHBEeK KblaicaH — ANnaHblH CyMreH KyblHbIH Bipi bonacbiH» aereH ce3i eHOEKTIH MopanbablK
9pi PyXaHM MaHiH alKbiHOANAb!.

Aban KyHaHbalynbiHbIH «ALL KapblH *XybaHa Ma Maibl ac XKeMel?» aTTbl 6/1eHiHAE:

EHOEK »KOK, XapeKeT »KOK, Ka3akK Keaen,

Tamak aHabin KanTeai TeHTipemen?

ET neH KbIMbI3 CbIKbIAbl aC *KOK, Aeni,

On HeMeHe KOKTbIKTbIH acepi emel? [5, 223 6.] - aen, XanbIKTbIH *KafaanbliH cMNaTTanasbl.
©neH, }KongapbiHaH KepiHin TypfaHaan, eHbeK eTney afamibl a3fblHAbIKKA, TaMak, KyJanayfa
wetenenai. EHOeK eTnereH agam A2yNeTTiH, A9MiH TaTa anmangpl. AbanabiH, «FbiabiM Tannamn
MaKTaHba» eneHiHae Tanan neH eHbek agamabl Kemengikke 6acTaiTbiH 6ec acbin icTiH KaTapbiHAA
atanapl. AKbIH:

«Tanan, eHbeK, TepeH, o,

KaHaraT, pakbiM, oinan Kon» - aen, agam 60MbiHAa 60/1ybl KaXKeT Heri3ri KacneTtepai Tisin
anTbin KeTkeH. MyHaafbl Tanan — b6ifiMmre ymTbiabic 60s1ca, eHbek — con Binim meH KabineTTi icke
acblpyablH, *Konbl. KasaK AyHMEeTaHbIMbIHAA afan eHbeK afaMHbIH, PyXaHW KaHe MaTepuanipik
TYPFbIAaH KeTilyiHe biknaa eTeTiH MaHbI3abl KYHAbIIbIK peTiHae baranaHaabl. byn naea Abanabiy,
«TOJIbIK, al@aM» TYMKblpbIMAaMacbiMeH 6alnaHbICTbl, BUTKEHI KeMeikke KeTy binimai, KanpaTtTsl
YKoHe afaMrepLUinikTi @3apa ynnecTipyai Tanan eteai. Kasipri TexHonornanap agaMHbliH KYMbICbIH
XeHinaeTyi MyMKIH, ananga eHDEeKTiH MaKCaTblH 3He OHbIH, aJam MeH KOfam YLWiH MaHiH
anKbIHAAY XKayanKkepLwiniri aaamHbiH, 63iHAe KanaTblHbliH YMbITNAYbIMbI3 THIC.

KacaHabl MHTeNNeKkT aayipiHae 6yn oMablH, MaHbI3bl apTa Tycedi. *KacaHabl MHTENNeKT
oHe T.06. WMHHOBAUMANbLIK TexHonormanap  Henrini 6ip KYMbICTbl KblAJaM OpbliHAAYFa
KeMeKTecKeHiMeH, Binim »KuHay, i3geHy, Toxipmbe apKbiabl YMPEHY KaHe ©3 apeKeTiHe kayan
bepy CUAKTbI yaepicTepAi TOAbIK anmacTbipa anmanabl. COHAbIKTAH KACaHAbl WMHTENNEKTiHi
eHOeKTeH KanTapydblH amanbl emMec, adaMHblH MYMKIHAIMIH KeHeMTeTiH Kypan peTiHae
naraanaHfaH *eH. YakblTTbl YHEMAEY aJaM COA YaKbITTbl CaHa bl MaKkcaTTapra barbiTTaFraHaa faHa
LbIHAWbI MaHre ne 6onaabl.

byn macene Lakapim KyaanbepaiynbiHbiH, puaocodumanbik mypacbiHAa KapacTblipcak..
OHbIH, «YLW aHbIK» eHberiHae agam 6ONMbIChI, ap-Y*KAaH XKaHe pyXxaHu-aZamrepLlinik macenenepi
TepeH Ko3fanaabl. LUaKapim y)KAAHHbIH, adam emipiHAeri MaHbl3blH aTan KepceTin, OHbl «Hblcar,
24ineT, Menipim» yfbimaapbimeH bainaHbicTbipaapl [4]. byn naibimapl Kasipri Kofamaarbl eHOeK
MeH KETICTIK maceneciH Tangayaa Aa OaclbibiKKa ana oTbipbin HOAbIN KaTKaH Macenepdi
Tanganbik.. byrinae Koramaarbl eneyni esrepictepdid 6ipi — »KacTtapabiH 6enrini 6ip HaTUXKere
KbICKa Mep3iMage KON KeTKi3y MyMKIHAIrHIH apTybl. Ananaa byn ypaic earesiepMeH canbICTbipydbl
KYLIEMTIN, YHEMi anfa yYMTblAyFa AereH KbiCbIM TyAblpafbl. ONEYMETTIK Keninepae e3reHiH,
eTicTiriH Bakblnay Kenge agamibl ©3iHiH Jamy XoablH OafanayaaH repi, bipeyaeH Kasnbin
KoMmayra Tblpbicyra utepmeneingi. CoHblH canaapblHaH y34iKCi3 MKETICTIKKE YMTbI/Y KaH AyHUEHI
Ka)KblTbIM, aJaMHblH, ©3 eMmipiHAeri KapanambiM KyaHbllTapAbl Ce3iHyiHe Kedepri KenTipyi
bIKTMMan. Ocbl TycTa Abait KyHaHbanybIHbIH:

«OnFa TYCTiM, TONFAHAbIM,

©3 MiHIMAI KoNFa anabim» - AereH eneH XOoA4apbl anpbikila MmaHre me. byn »onaap
aflaMHblH, ©3iHe CblH Ke3b6eH Kapamn, KeMUWIiniriH TaHbIn, e3repyre Ta/MblHYbIHbIH, MaHbI3blH
aHfapTaZbl. ©3reNepMeH KapbICbil, ONapAblH, HITUMKECIHE KeTyre TbipbICKaHHAH repi, e3
H6ONMBICbIHA VHiNiM, Kelweri KYyHMeH casnbicTbipraHga Oyrid 6ip kagam 6onca ga inrepineyre
YMTbINIFaHbI }6H. by MIHAETTI TYpAe V/IKEH MKETICTIKKe KeTy JereH ce3 eMec: }KaHa Hapce YMpeHy,
KaTenikteH cabak any Hemece e3iHe yakblT beny ae gamyabiH, 6ip 6eniri. OUTKeHI ap aJaMHbIH,
OMIP }O/bl MEH BCY KapKblHbl 9PTYpAi. Hafbi3 AaMy — e3reZeH 03bIN WbIfy eMec, Kelleri e3iHHeH
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acbin, KyH calbliH a3 aa 6osnca kemengeHe Tycy. ReTiCTiKKe YyMTbIY agamibl ©3 60AMbICbIHAH
anblcTaTnan, KepiciHle, 83iH TePeHipeK TaHyblHA *KaHe eMIpiH caHa bl KYPYbIHA KO allybl KEPEK.

KasaKk oaaebuetiHaeri eHOeK MNeH TEXHONOTMANbIK inrepiney maceneciH ce3 eTKeHAEe,
bl6blpait ANTbIHCAPUWHHIH, afapTyLWbINbIK MypPacbiHa A3 Ha3ap ayaapfaH KeH. OHbIH «OHep-6inim
bap KypTTap» ONeHiHAe FblIbIM MeEH TeXHWKaHbIH adam MYMKIHAIINH KeHenTeTiH KyaTbl
beliHeneHei. AKbiH:

«AMLWbINBIK anbiC XKepaepaeH,

Ke3iHAi albln-*KyMfaHLLa,

Hbingam xabap anfbizapl» [3], — Aen, TEXHUKaNbIK *KaHabIKTapablH TipWifikke aKeneTiH
e3repictepiH cypeTTeinai. blbbipat AnTbiHcapuH 6yn eneHiHae o3 AdyipiHAeri FblAbIMK-
TEXHMKANbIK, AaMyablH MYMKIHAIKTEPIH TaHbITCA, OHbIH, WAEACbIH OVYriHr UMdpablK Kofam
KaFdamblHA@  KaHA  KblpblHaH  NanbiMAafbiM  Kenin  Typ. Kasipri  TexHonornanapabi,
MYMKIHAIKTEPIHIH apkacbiHAa ajamaapMeH xeden OalnaHbiC opHaTy Xedingeai. MaceneH,
aNbICTa XKYPreH »KakblHAAPbIMbI3Fa Ke3 Ke/ireH yaKblTTa KOHbIpay LWanbin, Xan-*afaanblH b6ine
anambi3. Anaaa myHOanm MyMKIHOIKTEPAIH KYHAENIKTI emipiMmiare eHyi Kernae onapablH, KagipiH
cesiHben Kanybimbi3fa Aa aKkeneqi. Kenae xabapnama ibepymeH LeKTenin, KakblHAapbiMbl3Fa
KOHbIpay LWanyfa HeMece acbliknal, LWbIHAMbl dHriMenecyre yakblT 6Henmenmis. byn
TEXHONIOTUAHBIH, AaMybl KapbIM-KATbIHACTbIH, CcanacbiHa ©34iriHeH Kenin 6ona anMalTbiHbIH
aHfFapTadbl. COHAbIKTAH  UMOPAbIK  MYMKIHAIKTEPAI  TMIMAI  nanganaHymeH  KaTap,
aKblHOAPbIMbI3Fa KeHin 6enin, onapablH, KagipiH 6inyimiz KaxeT. OUTKeHi TexHonorus
afamaapabl 6annaHbicTbipa anaapl, Oipak onapblH apacbiHAAFbl LbIHAMbI KbIAbIAbIK MNeH
bIKblNACTbl a/IMacTbipa anmanabl. TEeXHONOrMANbIK MPOrPEecTiH, MaHI OHbIH MYMKIHAIKTEPIHIH,
MO/IAbIFbIHAAE FaHa emMec, CON MYMKIHAIKTepAi afamrepLuinikneH api opbiHAbI NalgdanaxHa binyae.
KopbITbiHAbINAN Kene, aBTOMaTTaHAbIPYAbIH 6epep MyMKIHAIMHIH, Ken, 01 MYMKIHAIKTEp e34iriHeH
icke acnanapl: 6api agamHbIH, TaHAayblHA, 9AETiHE KOHe YaKbITTbl NanaanaHy MaAgHWeTiHe
HannaHbICTbI.
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Y/IK 82.333 (032)

KA3AK IYHUETAHBIMbIHAAFbI ADAM
MEH TABUFAT YMTECIMI

TyTkaban AHap *aHblBeKKbI3bl

C.CeidynnnH atbiHAaFbl Ka3aK yATTbIK arpoTeXHUKANbIK 3€PTTeY MHCTUTYTbIHbIH,
«brnoTexHonorMA» MaMaHAbIfbIHbIH, 2 KyYpC CTyAeHTi, AcTaHa, Ka3akcTaH
OpblHb6aeBa Airepim Mblp3axaTKbI3bl

C.CetdynnnH atbiHAaFbl Ka3aK YATTbIK arpoTeXHUKaANbIK 3€PTTeY MHCTUTYTbIHbIH,
«bnoTtexHonorma» MamaHZapblfblHbIH, 2 KypC CTyAeHTi, AcTaHa, Ka3aKcTaH
FblNbIMK XKeTeKLWici —

Mebip3afyn H.o.

TyniHoeme. MakanaZa KasaK Xa/NKblHblH A3CTYPAI AYHMETaHbIMbIHAAFbI aAamM MeH
TaburaTTbiH, ©3apa OalnaHbICbl KapacTbipbliaabl. TabuFaTTbiH KeLwwneni emip canTblHAaFbl OPHbI,
TyfaH Kepre AereH KYPMeT, Xa/blKTblK CanT-A3CTYPAEep MEH HaHbIM-CEHIMAEPAiH 3KONOTUANbIK,
Ma3MyHbl TanaaHadbl. Ata-6abambi3ablH, 6i3re AeniHri agam mMeH TabusaT yinecimiH Kanan
CaKTafaHblH, Kanal nanganaHfaHblH KO3falTbiH Honadpl. Aoam meH TabufaT yinecimi albik,
KepceTinea,.

Kint ce3nepi: Anam, TaburaTt, *Kep-aHa, AyHWETaHbIM, KeLlneni MaeHNET, Kne meH oban,
Taburat Tene-TeHairi.

KasakK xankbl exengeH Tabusat neH agam ynnecimainirin cakran kenegi. Kne meH obangpl
aHbIK KePCeTY apKpl/ibl TaburaTbl Kagipni kepceTeai. epai emipaiH 6actaybl eTin KOPCETY apKbibl
ofaH AHa pereH atbl benickeH. Hep-aHa ce3iH ecTireH apbip Kasak HOanackl Kepai e3iHiH, aHackl
peTiHae Kepin Kue TyTaabl. Kewneni mageHuneTimizae TaburatneH Tene TeHAK cakTay apKblibl
HapaTblH HEMECEe KeKTiH XO/blH A2/ aHblK binreH. Taburat Tene TeHAIreH cakTan Keaep ypnaka
Mypa eTin KanabipfaH. Kasak xankbl TabusaTka KenreHae Kme meH obasnfa aca KaTTbl MaH bepreH,
TaburaT ynecimainirine Kayin TeHaipmey ywiH 6apbiH canfaH, XalaaH Kal aH aTnafaH Hemece
Tenaey KesiHAe aHfa WbiKNafaH erep MyHAalM Kafdanaa KMeci ypaabl Aen agamaapabl MyHAam ic
opeKeTepAeH cakTaraH. Kue ce3iH KonZaHy apKblibl XaH *KaHyap mapTebeciH apTTbipFaH. An oban
apKblnbl onapapl 6octaH 60CKa KblpyablH, anablH anfaH, OCbl CO3AEPAI  XaAKbIMbI3AblH KaHbIHA
CiHAIpY YWiH MakangapMeH aHbl3 aybl3 aaebuetepmeH 6abagaH ypnakka KeTki3in OTblpfaH.
AKKyZabl aTna

“ATna, 4OCTbIM, ONnapabl,

by3ba TObbIH OnapabiH,

Tay 6ynbynbl conapabiH,

MeH ¥bipblHa KyMmapmblIH.” [1. 599 6.]

TaburaT NeH afam apacbiHAafbl HalNaHbIC eKiKaKTbl cMnaTka me. bip KafblHaH, TabuUFK
OpTa aflaMHbIH, 6MIp CYypy *afdalblH KanbiNnTacTbipadbl. KnmMmat, Tonblpak, cy, eCiMaikTep mMeH
aHyapnap AyHWeCi wWapyalwbliablkK Typ/aepiHe, KOHbICTaHY epeKWenikTepiHe »KaHe KofaMablK,
namyFa acep etenj. EKiHLLI *KaFblHaH, afaM eHDOEK, FblIbIM KaHe TEXHWKA apKbl/ibl TabUFK opTaFa
biknan eteai. On Kepai eHAenAdi, cy pecypcTapbiH NandanaHadbl, Kananap MeH eHAipic
OpbIHAApPbIH canadpl. MyHAalM apeKkeTTep KOFaMHbIH, AaMyblHa MYMKIHAIK BepreHimeH, Tabusu
Tene-TeHAIK eckepinmece, KopllafaH opTafa 3UAH KeNTipyi MyMKIH.

durnocodumanbik TypFblAaH anfaHaa, ymaecim agamHbiH TabuUFaTKa YCTEMAIK KYpridyi emec,
OHbIH 3aHAbINbIKTaPbIH TYCiHIM, CON 3aHAbINbIKTapFa Cail 9peKeT eTyi apKbl/ibl KanbinTacadbl. Adam
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TaburaTTblH, Meci eMec, OHbIH Oip Oenwleri ekeHiH cesiHreHAe faHa KayanTbl KapblM-KaTblHAC
opHanabl. Ka3zak onlublngapbiHbiH eHOeKTepiHAe Ae TaburaT NeH aaam KaHblHbIH YHAECTIri, TyFaH
epre cyMicneHWinik XaHe KopllaraH opTaHblH agam H0AMbICbIHA 3Cepi KEHiHEH KapacTblpblafaH.
MaceneH, Abait WbiFapmanapbiHaa TabuFaT KepiHiCTePi aAaMHbIH, KOHiN KYWiMeH, eMip canTbiMeH
oHe AyHMeHI TaHybIMeH cabakTacTbipblia cypeTteneai [2, 176-177 66.].

TabufaT agamsa Tek MaTepuanbik Urinik 6epin KaHa KonMmanasl. On acTeTUKaNbIK 1933aT
cblnan, afamMHblH, OM-epIiCiH KeHenTeni, pyxaHW AyHueciH GanbiTadbl. TayablH, aCKaKTbIfbl,
AanaHblH, KEeHJAIri, ©3eHHiH afbiCbl MEH OPMaHHbIH TbIHbIWTbIFbI adamAaa CYAYAbIKTbl CE3iHy
KabineTiH KanbinTacTbipadbl. COHAbIKTAH TabUFaTTbl KOPFay — TEK LWWAPYaLLbIIbIK HEMECE KYKbIKTbIK,
MIHOET emec, COHbIMEH KaTap afaMrepLlinik XaHe Ma4eHM ayankepLinik.

Ka3aK XanKblHblH AYHMWETaHbIMbIHAA «Kep-AHa», «kaTaMeKEeH», KTyFaH Kep», «Cy — TipLWiniK
Ke3i» CUAKTbI YFbIMAap TePEH MafblHafa ne. Hepai aHara TeHey TabufaTKa AereH KYPMeTTi, OHbIH,
afam emipiHAeri OpHbIH KaHEe OHbl KOpFay KaxkeTTiriH bingipeai. TyFaH epre gereH cymicneHLwinik
Tek bGenrini 6ip meKkeHre 6alfaHbin Kany emec, COM KepaiH TaburaTbiH, TapWXblH, CYblH,
YKaMbINbIMbIH aHe TipLWinik nenepiH Kaaipney AereH ces.

Kewneni wapyalwblnbikTa TabWUFK pecypcTapabl MayCcbiIMFa Kapan nanaanaHy Taxkipnbeci
Ka/binTacTbl. Manuwbinap *anbinbiMasl Oip Kepae y3ak yakbIT NanganaHbayfa, Manibl KOKTEMTI,
’a3fbl, Ky3ri KoHe KbICKbl KOHbICTapfa Kelipyre maH bepreH. MyHaal Taxipnbe *KanblNbIMHbIH,
Ka/nblHa KesyiHe )afaan »acan, Tabusm pecypcTapabl TMiMAI NainaanaHyfa KemeKkrtecTi. Taburat
KyOblnbICTapbliH BaKblNay apKblabl XanblK aya palbiH 6onxKay, cy Ke3aepiH Taby, ecimaikTep meH
YKaHyapnapAblH epeKWenikTepiH axKblpaTy KeHiHAe MO TaXKipnbe KMHaKTaabl.

XanblKTbIK TbIMbIM CO34EpP MEeH CanT-A3CTypaep Ae SKONOTUANbIK ToPOUMEHIH KbI3MeTiH
aTkapabl. «bynak kepceH, ke3iH al», «Cyra TyKipme», «Kek wenTi Kynma», «KycTbiH yAcbiH 6y36a»
[ereH Hakblngap TabufaT HblCAHAAPbIHA *KaHALWbIPAbIKNEH Kapayfa yHAenai. byn Karfuaanap
apKbINbl XKac ypnakKa CyAbl NacTamay, ©CIMAIKTEPAl OPbIHCBI3 KyAMay, KaHyap/iapfa 3MAH
KenTipmey CUAKTbl Kapananbim, Bipak MaHbI3abl epexenep ynpeTinai. Kasipri 3epTreynepae Kasak,
MaeHuneTiHaeri «Hep-AHa» TYCiHIr, Xep-cyfa KaTbICTbl HaHbIMAAP MeH TabufaTTbl Kopfay
TbIMbIMAAPbl 3KONOTUANBIK STUKAHbIH, M3AEHM Heri3aepi peTiHAe KapacTbipblnaabl [3, 36—38 6.].

JacTypni AyHMETaHbIMHbIH, KYHAbINbIFbI — TabWFaTTbl afaMHaH 6enek Kybbinbic peTiHae
eMec, OpTak TipWIiNiKTiH, Heri3i peTiHAe KabblngayblHaa. byn Keskapac OVriHri Kofam yuWwiH ae
MaHbI3abl. ONTKeHI TabufaTTbl KOpfay TEK MEMJEKETTIK MEeKeMenepiH Hemece 3Konor
MamaHAapAablH MiHAETI eMec, apbip afaMHbIH, KYHAENIKTI eMipiHeH bacTanysl THic.

Kasipri keseHae agam MeH TaburaT apacbiHAaafbl yiinecimre Bipkatap Kayin TeHin oTbIp.
OHepKaCcinTiH, AamMybl, KO/iK CaHblHbIH, Kebeloi, TYPMbICTbIK KanablKTapblH apTybl, OpMaH
aNKanTapblHbIH a3atobl, Cy MEH ayaHblH flacTaHybl dKOXKYMenepaiH TYPaKTblbIFbiHA acep eTeq,.
KnnmaTTblH,  e3repyi,  WenenTTeHy,  TOMbIPaK ~ KYHap/blAblFbiHbIH ~ TOMeHAgyi  »aHe
61oanyaHTYPAINIKTIH a3atobl Aa ©3eKTi Macenenepre aHanabl. byn KyObiabicTap TaburaTka faHa
eMecC, aJaMHblH AeHCay/bIFbiHA, SKOHOMMKAFA XKIHE 9/1IeYMETTIK KafaanFa Aa biknan eTei.

KasaKkcTaH YyLWiH cy pecypcTapbiH cakTay, Apan eHipiHiH 3KONOrMANbIK Kafaaibl,
OHEPKICINTIK aimaKkTapAarbl aya canachl, *Kep/aiH, To3ybl MeH TYPMbICTbIK KanablkTapabl 6ackapy
Macenenepi epeKkwe MaHbl3fa ne. Tabufn pecypcTapabl WEKTEH TbiC NalganaHy Kbicka mepsimae
3KOHOMMKANbIK Nainaa aKkenyi MyMKiH, anainga y3aK mMep3imae KoFamsa VAKEH LWbIFbIH KenTipea,.
CoHAbIKTaH TabuFaTTbl NanganaHy KesiHae OVriHri KaXkKeTTiNiKneH KaTap KeneweKk YPnakTbiH
MYAOECI Ae eCKepinyi Kepek.

DKOMOMMANBIK  AafAapbICTbiH, cebenTepiHin, 6ipi — agamHbiH  TabwufaT  anablHAAFbI
ayankepLuinirid KeTKinikTi cesinbeyi. Kasipri akonornansik punocodma tabusatneH ynnecimai
eMip cypyai FblibiIMKW BiNiMMEH FaHa emec, MOopasbAblK YCTaHbiIMAapMeH ae H6aiaHbICTbipaabl.
TaburaTKa KaTbICTbl Wewimaep KabblinaaraHaa OHbIH y3aK Mep3iMmai canaapblH Hafanay, fbiabiMu
LepeKkTepre cymeHy KaHe Tabufu 3aHAbINbIKTapAbl eckepy KaxeT. 2026 Kbinfbl 3epTTeyae Ae
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3KONOTMANBIK, AafAapbICTbl €HCEPY VLLiIH TaburaTneH ynaecim, A3CTYpAi KaHe FbiabiMK BiNiMHIH
cabaKTacTblfbl, COHAAM-aK aam3aTTbiH MOPanbAbIK KayankepLiniri MaHbl34bl €eKeHi KepceTineai
[3,38-4166.].

Agam MeH TabufaT yMAeciMmiH cakTayda 3KOMOMMANbIK MIAEHMETTI KafbliNTacTblpyabliH,
MaHbI3bl 30p. IJKONOMUAMbIK M3AEHWET — adaMHblH TabufaT Typanbl Oinimi, ofaH Jered
KYHAbINBIKTbIK KO3Kapachl »KaHe KopllafaH opTafa 3MAH KenTipmen apeKkeT eTy dafabicbl. On
oTbacbiHaa, Hinim 6epy yMbiIMaapbiHAa, KOFaMAblK 0pTaAa KaHe byKapanblk aknapaT Kypanaapsi
apKblabl KanbinTacazbl. MeKTen nex »Kofapbl OKY OpblHAaPbIHAA KONOTUANLIK Binim Bepy Tabusm
pecypcTapabl KopfayabliH cebentepi MeH »KONJ4apblH TYCIHAIpYre, XayanTbl a3aMaTTbIK, YCTaHbIM
KaNbINTacTblpyFa KBMEKTeceai.

KyHaenikti emipae ap afam CyAbl XaHe 3N1eKTP SHEPrMACbIH YHEMAEY, KOKbICTblI CypbInTay,
bip peT KonAaHblNaTbiH 3aTTapAbl a3aWTy, afall OTbIPFbI3y, KOFaMAbIK OpbliHAapAbl Ta3a ycTay
CUAKTbl 9peKeTTep apKblabl TabuFaTTbl KOpFayfa ynec Koca anaapl. CoHbiMeH bipre eHAipic
OpbIHAAPbl  3KONOTMAALIK TananTapAbl CakTam, KandblkTapAbl as3alTyfa KoHe Kayincis
TEXHONOTMANAPAbl eHridyre MiHAEeTTi. MemnekeT Tabufu aymaKTapabl KOpPFay, 3KONOTMANbIK,
3aHHaMaHbl KEeTINAIPY KaHE XaNblKTblH SKONOTUANBIK CayaTTbl/IbIFbIH aPTTbIPy BafbiTbiHAA KyNeNi
KYMbIC KYPri3yi KaxeT.

TypaKTbl Aamy Kafuaackl ocbl MiHaeTTepai bipikTipedi. OHbIH MOHi — SKOHOMMKA/IbIK ©CY/,
2N1eYMETTIK 2/1-ayKaTTbl }KaHe KopluafaH OpTaHbl KOopFayapbl ©3apa yinecTipy. Tabusn 6ainbiKTapab!
BVriHT YPNaKTbIH, KaskeTiHe »apaTa OTbIPbIN, ONapablH, KenelweK Ypnakka Aa *KeTKiNiKTi 601ybiH
KaMTamacbI3 eTy — afJamM3aTTbiH, 0pTaK miHaeTi [3, 41-43 66.].

Anam maceneci, OHbIH, iliHAE LWbIFy Teri, MaHi , TabUFaTTaFbl OHbIH, OPHbI }KOHE KOFaMJbIK,
eMipAeri OHbIH, peni macenenepi dyHaameHTanabiK GUIocoPUANLIK TakbipbiNnTapabiH Hipi 6oabIn
Tabblnaabl. PunocoduaHbiH Nainaa bonFaHaH Kasipri yakblTKa AeiiH alam OHbIH 6acTbl Ha3apbiHaa
6onabl, an OYriHri KyHAEpi afam apeKeTiHiH apTypAi Kbip/lapblH 3epTTeyai Heri3ri makcaT TyTaTbiH
@3re fie fblbiIMM cananap nanga 6onapl. [4, 145 66.]

KopblTa allTKaHAa, afiamM mMeH TabufaT yMnecimi — epKeEHUETTI KOFaMHbIH eMip CypyiHiH,
Heri3ri wapTTapbliHbiH, Oipi. TaburaT agamsa TipWinik HerisiH 6epeai, an aJam OHbIH, CaKTaNybliHa
YKayanTbl. Kasak Xa/KblHblH, O3CTYpPAi AYHMETaHbiMblHAAfFbl MKep-AHa YfbIMbl, TyFaH KepAai
KacTepnaey, cy MeH eCiMAiKTi Kopfayfa OarbITTanfaH TbibiMaap OVriHM 3KONOTMANbIK M3AEHUET
YLWiH MaHpbI3abl pyxaHn mypa 60bin Tabblnaabl.

Kasipri aKONIOTMANbIK Mmacenenepai Wwewy yWwiH £bl/ibiM MeH TeEXHOIOTUAHbIH, *KeTICTIKTepPIH
nanaanaHy »KeTKifiKci3; COHbIMEH KaTap adamHblH TabufaTKa AereH Ke3Kapachl e3repyi Kepek.
Opbip azamaT Tabusn pecypcTapdbl YKbINTbl NaraanaHbin, KoplaraH opTafa KayankepLlifikneH
Kapaydbl KYHAENIKTI AafAblfa alHaNAblpFaHbl *KeH. TabufaTneH yinecimai emip cypy — TeK OyriHri
KYHHIH Tanabbl emec, 6onalwak ypnak anablHAafbl agamrepllifik napbis. TaburatTbl Kopfay
apKblabl a4am e3 emipiH, AeHCayblfbiH XaHE KenelleriH Kopfanapl.
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Kazakhstani designers on global runways

AcaHoBa C. XK.

TEXHWKA FblNIbIMbIHbIH, AOKTOPbI, NPodeccop, akaaeMunk, KazakCTaHHbIH eHOeK CiHipreH
KanpaTkepi, «CbiMbaT» AN3alH XKaHe TeXHONOIMA MHCTUTYTbl AIMaTbl Kanachbl
Tyskbaesa A. L.

eHepTaHy AoKTopbl PhD, «CbiMbaT» AM3alH KaHEe TEXHONOTUA UHCTUTYTbl ANMaThbI
Kasacol

AcaHoBa A.E

TEXHMKA FbINbIMbIHbIH, KAHAMAATbI, AOUEHT, «CbiIMOAT» AM3aMH KaHEe TEXHONOrmA
MHCTUTYTbl AZIMaTbl Ka/siacbl

AHpaTna: Kasipri Kasak CoHi — KelineH4iepaiH Tapuxmn Mmypacsl, 3amaHaym )ahaHablk Kele cTuAi
KOHE MUHMMANU3MHIH, YiinecimAai ToFbicybl. ON XKal FaHa KMiM AeHreniHeH KeTepinin, YATTbIK KaHe
MadeHM biperennikti b6ingipeTiH Tiare alHandbl. TemeHAe TaHbICTbIPbIIbIMFA apHa/ifaH
KYPbIIbIMAbIK $KOCNap MeH Heri3ri cunatramanap Tisimi bepinreH. MpakTuKaabik MaHi: Kuimaep
aTKa MiHyre biIHFanAbl HONYbI }KOHE LWYFblA KOHTUHEHTTIK KNMMATTaH (Aana *Kenaepi, KaTTbl bICTbIK,
NneH as3 ToH) Kopfaybl YLWiH »KacanfaH. Matepuanaap: Tabusn BbinFapbl, KWi3, Tepi, *KyYH mMaTa,
HapKbIT KaHe XKibeK. OneyMeTTiK MapTebe MaHbI3Abl Pen aTKkapFaH: Knim agamHbIH KacbiH, TeriH
YKoHe KofaMaafbl OPHbIH 91 KepceTeTiH 6ofaH (Mbicanbl, 6alt epHEKTeNreH KanblHAbIK 6ac KMimi
— CoyKesie Hemece epnepaiH A3CTYPAi CbIPT KMiMi — WwanaH).
TyniH ce3aep: [InzaiH, matepmanaap, bpeHa, MHHOBALUMANbIK MaTepmanaap.

AHHOTauMA: KasaxCTaHCKaa Mo4a CerogHa — 3TO APKUN CMHTE3 KOYEeBOro MCTOPUYECKOTO
Hacneams U COBPEMEHHOrO rnobanbHOro CTpUTCTamna U MMHUManmama. OHa npeBpaTUaach 13
NPOCTO ofeXAbl B fA3blK HALMOHANBHOM M Ky/AbTYPHOW WMAEHTUYHOCTWU. HuKe npeactaBiaeH
rOTOBbIM  CTPYKTYPMPOBAHHbLIM MAAH W KAOYEBblE XAPAKTEPUCTUKWM  ONA  Mpe3eHTaumu.
YTunutapHocte: Ogexkaa cosgaBanacb Ans yaobcTBa BEpXOBOWM e34bl M 3alMTbl OT PesKo
KOHTUHEHTAZIbHOTO KAMMaTa (CTEeMNHbIe BETPbI, *Kapa M MOpOo3bl). MaTepuanbl: HaTypanbHasa Koxa,
BOWM/IOK, MeX, CYKHO, HapxaT W LWesK. 3HAaKOBYID PO/b Mrpan CTaTyc: KocTiomM TOYHO OTparkasn
BO3PacCT, PO/, 1 COLMAaNbHOE NOMOKEHMEe YenoBeka (Hanpumep, 6oraTo yKpaLleHHbI cBaaebHbIN
rO/IOBHOM yHOP — cayKese UM MYXCKOM YanaH).

Kntouesble cnosa: lnzaiiH, matepmansl, 6pera, MHHOBAaLMOHHbIE MaTepuansl.

Abstract:  Contemporary Kazakh fashion is a vibrant synthesis of nomadic historical
heritage, modern global street style, and minimalism. It has evolved from mere clothing into a
language of national and cultural identity. Below is a structured outline and a list of key
characteristics for a presentation. Utilitarianism: Garments were designed for comfort while
horseback riding and for protection against a sharply continental climate (characterized by steppe
winds, intense heat, and freezing cold). Materials: Natural leather, felt, fur, wool cloth, velvet, and
silk. Status played a significant role: Attire precisely indicated an individual’s age, lineage, and
social standing (for example, the richly decorated bridal headdress known as a «saukele», or the
traditional men’s robe, the «chapan»).

Keywords: Design, materials, brand, innovative materials.

295




Proceedings of the 15th International Scientific Conference

Kazakhstani designers are actively entering the international stage, presenting their collections at
fashion weeks in Paris, Milan, New York, and Seoul.

Contemporary Kazakhstani fashion represents a unique synthesis of a nomadic cultural code,
traditional craftsmanship, and current global trends—such as minimalism, street style, and
sustainability.

Key Trends

The collections of Kazakhstani designers blend ethnic motifs—such as traditional ornaments, felt,
handcrafted elements, and stylized features of national dress—with a minimalist urban or avant-
garde aesthetic. This fusion has sparked keen interest among international critics and fashion
buyers.

Defining Characteristics of Contemporary Kazakhstani Fashion

e Integration of the national identity: Designers actively incorporate traditional Kazakh ornaments,
recognizable silhouettes, and motifs into both everyday and high-end apparel, moving beyond
their traditional use in stage costumes or festive attire.

Reimagining traditional attire: Elements of historical costume—such as the «chapan» (robe),
«kamzol» (vest/jacket), stylized waistcoats, or wrap-style cuts that fasten on the left—are being
adapted to the rhythm of urban life.

A balance between minimalism and ethnic influence: Clean lines, simple contemporary
silhouettes, and a neutral color palette are often complemented by striking hand-embroidery,
leather, felt, or unique, original prints.

Functionality and ergonomics: The influence of a nomadic past is reflected in a focus on
practicality—garments are designed to be comfortable, loose-fitting, and well-suited to sharp
climatic shifts.

Sustainability and a zero-waste approach: A traditional, conscientious attitude toward materials—
where patterns are crafted to minimize fabric scraps—is central to the philosophy of local brands.
Growing global recognition: Kazakhstani brands are making an increasingly confident mark on the
international stage, blending a profound sense of national identity with a sophisticated aesthetic.
Notable examples of participation on the global stage:

e Aida KaumeNOVA — one of Kazakhstan’s most renowned fashion houses (founded in 2006),
whose collections consistently blend national character with contemporary trends on
international platforms, including Milan Fashion Week.

e NUR-SHAH — a brand that has showcased its creations at the prestigious Paris Haute Couture
Week.

e Atelier Arunaz — a participant in fashion shows held as part of Paris Fashion Air.

e Malli, Kamalini, and ShakerBaY — brands that have represented Kazakhstani fashion on
international runways in Milan.

e Raushan Anuarbekova, Sabina Volskaya, and Timur Tursunkulov — designers who presented
their work in New York as part of the Unique Fashion Show project.

Aya Bapani — a designer who received a gold award for original design in Milan.

Ainur Turisbek — a well-known designer who has presented her collections on international
runways (including Ukrainian Fashion Week, among others).

Designers on the runway in Seoul — the Dongdaemun Design Plaza in South Korea hosted fashion
shows by Kazakhstani brands, accompanied by both traditional and contemporary music.
Kazakhstani Designers Present Their Collections in New York

New York, September 13, 2026 — As part of the international "Unique Fashion Show" project,
collections by three Kazakhstani designers—Raushan Anuarbekova, Sabina Volskaya, and Timur
Tursunkulov—were showcased in New York.

The runway featured a diverse range of styles from the Kazakhstani fashion scene, including
garments with traditional national motifs, contemporary womenswear, and elegant classic pieces.
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Each collection showcased a distinct style and unique creative vision, highlighting the richness of
Kazakhstan’s cultural heritage blended with modern trends.

The participation of Kazakhstani designers and models in the Unique Fashion Show served as a
significant milestone, introducing an international audience to the national aesthetics, creative
potential, and distinct identity of Kazakh fashion.

On September 13, the event showcased three distinct styles: traditional attire incorporating
authentic cultural elements, contemporary womenswear, and elegant classic fashion. Each
designer employed a unique approach to tailoring while preserving key aspects of their cultural
heritage.

Experts note that a modern approach to design generates sustained interest among international
buyers even before a brand enters the market directly.

Kazakhstani fashion is no longer just a local phenomenon. Increasingly, the names of homegrown
designers are appearing on Parisian runways, in the display windows of American department
stores, and on the pages of international publications. We take a look at which of our compatriots
have already conquered the global industry—and what sets their work apart from the typical
offerings of mass-market fashion.

Malli

Manshuk Kuanysheva, known by the brand name Malli, became the first Kazakhstani designer to
have a collection featured at the iconic American department store Saks Fifth Avenue. This marked
a major breakthrough for the local industry, as securing a spot with such a retailer is an immense
challenge—even for European brands.

The designer draws inspiration from the glamour of Old Hollywood, blending it with the aesthetic
of Kazakhstani women—an approach that feels both traditional and contemporary. Kuanysheva
received her education at an institute for fashion, design, and merchandising in Italy, a background
clearly reflected in the quality of her tailoring and the presentation of her collections.

NUR-SHAH at Paris Haute Couture

The Kazakhstani brand NUR-SHAH presented a collection titled "Luned'Or" during Paris Haute
Couture Fashion Week. The name translates to "Golden Moon" and alludes to a folk legend about
Princess Altyn Ay, the daughter of the Creator of the Heavens.

A key element of the collection is a bespoke print, developed from traditional Kazakh ornaments.
This approach demonstrates that Kazakh culture can speak the language of high fashion without
losing its own distinct identity.

Arunaz Atelier and Participation in Paris Fashion Air

Designer Nazym Karpikova showcased her atelier, Arunaz, at the Paris Fashion Air event. The
collection features an all-black palette—a striking contrast to the vibrant ethnic motifs typically
associated with Kazakhstani brands.

This minimalist approach demonstrates that Kazakhstani designers are equally adept at working
with both traditional national ornaments and the clean, understated silhouettes that resonate
with the European market.

Aya Bapanova’s Felt Fashion

Designer Aya—a member of the renowned Bapanov family of felt artisans—deserves special
attention. Her handmade dresses are highly acclaimed and draw inspiration from the traditional
attire of women from the Great Steppe.

A key strength of Kazakhstani designers is their willingness to experiment with their national
cultural code. Traditional ornaments, felt, Saka-era motifs, and nomadic aesthetics are
transformed into modern silhouettes that resonate with the global market.
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At the same time, the younger generation does not rely on a single formula. Some find inspiration
in futurism and dark aesthetics, others embrace minimalism, while some develop capsule
collections in collaboration with international partners.

KAZAKHSTANI DESIGNERS PRESENTED THEIR NEW COLLECTIONS AT MILAN FASHION WEEK

As part of Milan Fashion Week SS27, a series of runway shows took place at the Leonardo da Vinci
Museum of Science and Technology in Milan, bringing together designers from Central Asia and
Europe, alongside representatives of the international "modest fashion" movement.

Kazakhstani designers opened the fashion week. The runway featured Kazakhstani brands Aida
Kaumenova, Kamalini, and ShakerBaY, as well as REVE (from Saint Petersburg), SA_Marail, Puti
Tenk, and Aynaeva. The event served as a platform for cultural dialogue, introducing an
international fashion audience to a contemporary interpretation of Central Asian traditions.

A special place in the program was held by the collection showcases from designers representing
Kazakhstan Fashion Week. Aida Kaumenova presented a contemporary reinterpretation of
traditional Kazakh forms and headwear. The show opened with a performance by Kazakhstani
cellist and conductor Eldar Sapaar, who played a piece by composer Kuat Shildebayev. This musical
accompaniment served as a symbolic link between contemporary art and the cultural heritage of
Central Asia.

ShakerBaY presented a contemporary take on the layered style of traditional nomadic attire. Mira
Shakerbay spoke about her collection and her approach to working with national motifs: "l drew
inspiration from the inner strength of women. For me, it’s not just about incorporating national
elements and ornaments; it’s about reimagining them through modern design, a light-handed
approach, distinct silhouettes, and natural fabrics. This is how garments are created—pieces that
speak to our identity in the language of global fashion."

The collections blended elements of Kazakhstan’s cultural heritage—such as ornaments,
embroidery, traditional techniques, materials, and the aesthetics of nomadic culture—with
modern silhouettes and international trends.

"We are proud that our country’s top designers are represented in Milan—the very heart of
international fashion," noted Sayat Dosybayev, General Director of Kazakhstan Fashion Week.
"The Milanese press has noted that brands from Kazakhstan are not only distinctive and imbued
with a national DNA, but they also compellingly reflect seasonal trends and fit seamlessly into the
context of one of Europe’s most renowned fashion weeks. They are being tipped for a bright future
at Milan Fashion Week," said Nadezhda Kozhevnikova, founder of the Paris-based B2B showroom
New Couture.

The participation of Kazakhstani brands in Milan Fashion Week demonstrates the development of
the national fashion industry and its commitment to international dialogue. Today, Kazakhstan is
shaping its own professional fashion landscape through fashion weeks, competitions, and
specialized platforms in Astana and Almaty.
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