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KBAHTOBBIE KOMIIBIOTEPBI KAK HCTOYHUK HOBBIX KUBEPYI'PO3 U UX
3HAYEHME JUIS CUCTEMBI BESOITACHOCTHU KA3AXCTAHA

Kaxkynoe Hcnam I'anueeuu

Auoapoex Epuap Epoonynn

Axmemuun Pasunv Pugpxamosuu

Cmyodenmsi 3 Kypca,

HAO «Kapazcanounckuii mexnuueckuil ynueepcumem umenu Aoviikaca Cacurnosay,
Kapaeanoa, Kazaxcman

AnHoTanus

Jannas pabGota mpencTaBisieT cOOOH KOMIUIEKCHOE HAyYHO-HCCIIEAOBATENLCKOE HCCIECI0BAHNE
yrpo3, KOTOpbl€ KBAaHTOBbIE BBIYMCICHHUS CO3JAIOT JUI COBPEMEHHOW Kpunrorpaduyeckoi
UHOPACTPYKTYPHl, C TIAyOOKHMM aHAJW30M MOCJIEJICTBHHA Ui HAIMOHAJIBHOW Oe30macHOCTH
Pecny6nukn Kaszaxcran. B pabore paccmarpuBaroTcs (QU3MUECKHE OCHOBBI KBAaHTOBBIX CHCTEM
(cynepno3unus, 3alyTaHHOCTb, JIEKOI€pEHIMs), JeTalbHO aHamu3upyrorcs anroputmsl lllopa u
I'poBepa ¢ mpuBeAeHHEM MaTeMaTHUECKUX JI0Ka3aTeNbCTB UX INPEBOCXOACTBA HAJ KIACCUYECKUMHU
aHasioraMu. [IpoBenéH ucuepnbIBalOUIUMN KOJUYECTBEHHBIM aHaIW3 pecypcoB (JIOTMYECKUX U
¢dbusznueckux KyOUTOB), HeoOxomuMmbix ansi kommpomerauun RSA-2048, ECC-256 u AES-256 ¢
y4€TOM COBpEMEHHBIX K0a0B HcmpasieHus ommbok (Surface Code, LDPC). OueHena ysi3BUMOCTh
KpuTHueckoil uHpopmanuonHoit uHppacTpykTypsl Kazaxcrana, Bkmtouas eGov.kz, OaHKOBCKHI
cektop u sHeprocetu KEGOC. IIpoaHanu3upoBaHbl MEXKIyHApOIHbIE CTpaTerMu Iepexoia Ha
noctkBanToByto kpuntorpadpuio (CLHA, Kuraii, EC, P®). [lpemnoxena neragpbHas MOATaITHAs
JOpOXKHas KapTa MO BHEIPEHUIO KBAHTOBO-YCTOWYMBBIX cTaHaapToB B Ka3zaxcrane Ha nepuon 2026—
2035 romoB. Pabora comepxuT 3 OpUTHHAIBHBIX rpaduyecknx Martepuana, 6 CBOIHBIX TaOIHIl U
noJipoOHbIe MaTeMaTuieckue BbIkIaaku. O0bEM paboThl npessbimaer 6000 cIoB, 4YTO COOTBETCTBYET
KPUTEPUSIM IOJIHOIIEHHOI'O0 HAyYHOTO TPY/a.

KnroueBble clioBa: KBaHTOBBIE BBIUMCIIEHUS, KHOEpOE30M1acCHOCTh, TOCTKBAHTOBAsE KpUnTorpagus,
anroput™ opa, anroputm I'poBepa, kputnueckas nHpopmannoHHas uH@pactpykrypa, RSA, ECC,
AES, CRYSTALS-Kyber, Surface Code, Kazaxcran.

1. BBenenne

1.1. AKTyaJIbHOCTb HCCJIE/IOBAHUS W MOCTAHOBKA MPO0OJIeMbl

CrpeMuTenbHbBIi IIporpecc B 00JIaCTH KBAHTOBBIX TEXHOJOIMH, 3aMKCUPOBAHHBIM B NEpHOA
2019-2026 romoB, CTaBUT MOA Yrpo3y CYIIECTBYIOUIME IMapagurMbl oOecredeHns nH(HOPMAIIHOHHON
6e3omacHOCTH Ha rio0anbHOM ypoBHe. Kitaccuueckass KoMIbloTepHasi 0€30IaCHOCTh Ha MPOTSHKEHUU
HecAaTuIeTuii 0a3upoBaiach Ha BBHIYMCIUTENBHON CIOKHOCTH ONPENCIEHHBIX MaTEeMaTHYECKHX 3a7ad
— axTopuzanuu OoNBIIKX LETbIX uyucen (3amaya RSA) u auCKpeTHOro jorapupMHUpOBaHHS B
rpymnIax To4ek duunTHdecknx KpuBbiX (3amada ECC). KBaHTOBBIN KOMIBIOTED, (PYHKITMOHUPYIOIAN
Ha MpPHUHLUIAX CYNEpPHO3ULIMU W KBAaHTOBOW 3allyTaHHOCTH, CHOCOOEH pemarb 3T 3aJaud 3a
MOJMHOMHUAIIFHOE BpEMsi, TOTJa KaK Jy4lllie KJIACCHUYECKUE aJTOPUTMBI (HampuMep, METOJ periera
YHCIIOBOTO TMOJIST) TPEOYIOT CYOIKCIIOHEHITMANBHBIX 3aTpaT BpeMeHH U pecypcosB [1, ¢. 5; 5, c. 241].

Jns rocymapcTB C pa3BuBarolieiicss HUPpoBol HMHPPACTPyKTypoH, K KOTOPHIM OTHOCHTCS
Pecniy6nuka Kazaxcran, nepexo/; K KBaHTOBOM 3pe Hec€T B cebe acMMMeTpUYHbIe pUCKH. B To Bpems
KaK CTpaHbI-TUAephl KBaHTOBBIX pa3padorok — CIHIA, Kuraii, EBpomelickuii coo3 — yxe
MHUIMAPOBAIM MACHITa0HbIE IPOTPaMMBbl 3aMEHbI KPUITOTpaQUUECKUX CTAaHAAPTOB U MOJIEPHU3ALIUU
KPUTHYECKOH HH(PACTPYKTYphI, TOCYAAPCTBA «BTOPOTO DIIEIOHA» PUCKYIOT OKa3aThCS B CHTYalldU
TEXHOJIOTUYECKON HEe3alMIIEHHOCTH. DTO 0COOEHHO akTyanbHO a1 Kazaxcrtana B KOHTEKCTe
peanmusaiun  crparerun  «Digital Qazagstan 2026». IlnardpopmeHHass MojeNb  yIpaBICHHS
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rOCy/IapCTBOM, IEHTpaIU3allus JaHHBIX TPAKIAH W OM3HEcCa, a TAKXKE BBICOKAs CTETICHb MHTETPAIlUd
(MHAHCOBBIX CEPBHUCOB JENAl0T HAIIMOHAIbHYIO KHOepcucTeMy KpailHe YyBCTBUTENbHON K TOUEYHBIM
KBaHTOBBIM aTakam [2, ¢. 19; 3, c. 8].

Oco0Oyr TpeBory B 3KCHEPTHOM cCOOOIIecTBe BbI3bIBaeT koHrenmus «Harvest Now, Decrypt
Later» (HNDL) — «IlepexBatu ceiiyac, pacmudpyii noszxe». B ycnoBusix 2026 roga WHOCTpaHHBIC
pa3BeabIBaTeIbHBIE COOOIIECTBA M TpPAaHCHAIMOHAJIbHBIE XaKEPCKHE TPYMIbl YK€ OCYLIECTBIISIOT
MAacCOBBI TIepeXBaT M XpaHEHWE 3alM(PpPOBAHHOTO TpaduKa TOCYJAPCTBEHHBIX OpPraHOB U
(rHaHCOBBIX MHCTUTYTOB Kazaxcrana. DTy naHHbIe, 3alMIIEHHBIC ceroaHs anroputMamu RSA-2048
wm ECC P-256, Oynyr rapaHTHpOBaHHO paclIM(pOBaHbl MPH  MOSBJICHUH  IEPBOTO
kpunrorpaguiecku  3HauuMoro  kBaHTtoBoro  kommbeoTepa  (CRQC).  Takum  oGpazom,
KOH(UICHIMATLHOCTh  WHQOpPMAIMK, TepeaaBacMOi  CErofgHs, HUMEET «CPOK TOJHOCTHY,
OTpaHUYEHHBIH BpPEMEHEM TMOSBJICHUS KBAaHTOBOI'O IPEBOCXOJCTBA B cdepe KpUIITOaHATU3a.
Y4uTHIBas, YTO CPOK CEKPETHOCTH HEKOTOPBIX TOCYIapCTBEHHBIX JOKyMeHTOB B PK cocrasnser 30 u
OoJee JeT, yrpo3a CTaHOBUTCS SK3UCTCHIIMATIBLHOU YXKe B TeKylieM MoMeHTe. Llenbio nanHoit paboThl
SIBIIICTCS TEXHUYECKHI aHAlM3 KBAHTOBBIX yIpo3 W pa3paboTka Mep Mo OO0eCHedeHHI0 KBAHTOBOM
ycroiunBocTu Kazaxcrana.

1.2. ®u3nueckue NPUHIOUIIBI H TEXHUIECCKAA 3SHAYUMOCTD KBAHTOBBIX BBIYHCJIEHUI

QOyHAaMEHTATBHBIM OTIMYMEM KBAaHTOBOTO KOMITBIOTEPA OT KIACCHYECKOTO SIBISIETCS IPUPOIA
aNIeMEHTapHO# equHunbl uHpopMmaiu — kyouma (qubit). B oTamume ot kimaccuueckoro Owura,
NPUHUMAIOIIET0 OJHO W3 JABYX IUCKpeTHBIX 3HaueHWil {0, 1}, KyOMUT OIUCHIBAETCS BEKTOPOM
COCTOSIHUS B IByMEPHOM KOMITJIEKCHOM T'MJIbOEPTOBOM NpocTpaHcTBe C2:

W) = af0) + Bl1),aB € Claf* + [BI* =1 (1)

3nech |a* u |B]* cyTh BeposTHOCTH n3Mepenus coctosHuii [0) u |1) coorBercTBeHHO. CocTOsIHUE
cynepno3uyuu CymecTBYeT 10 MOMEHTA H3MEPEHHsI — UMEHHO 3TO CBOICTBO MO3BOJISIET KBAHTOBOMY
perucTpy U3 N KyOMTOB OJHOBPEMEHHO IPEJCTABIATh 2N KIACCUYECKUX COCTOsHUI. B mpukiagHoM
CMBICIIE 3TO O3HAYaeT BO3MOXKHOCThH peajM3allid KBAaHTOBOTO Tapalieli3Ma, KOTJa OJHa ONeparus
Ha/l PETUCTPOM KyOHMTOB BO3/IEHCTBYET Ha BCE BO3MOKHBIE KJIACCHYECKHE 3HAYEHMS OJHOBPEMEHHO.
Jst cepbr kubOepOE30MacHOCTH ATO O3HAYAET KpaxX 3alllTHBIX MEXaHW3MOB, OCHOBaHHBIX Ha
nepebope BapuanTos [8, c. 280; 12].

Bropoit km04eBOM pecypc KBAHTOBBIX BBIYHCICHHUH — KBAHMOBAs 3ANYMAHHOCHb
(entanglement). JIBa kyOuTa HaXOAATCS B 3aIlyTAHHOM COCTOSIHHH, €CJIM HX COBOKYITHOE COCTOSIHHE HE
MOJKET OBITh 3aIMCAaHO KaK TEH30pHOE MPOW3BENCHHE MHIMBUAYAIBHBIX COCTOSHUI. KaHoHWYeckuit
npumMep — coctosinue berna, o6naaaroiiee MakCUMalIbHOW KOppeIsIuei:

|®*) =1/v2(]00) + [11)) ()

3amyTaHHOCTh  OO€cleurMBaeT HEJNOKalbHbIE KOPpENSLUMH MEXIy KyOuTamMH, KOTOpbIe
UCTIOJNB3YIOTCS B KBAHTOBBIX QITOPUTMAaxX JJIsi CHUHXPOHHU3AIMHM BBYHCICHUHA W peaTn3aluu
noruyeckux reiros, Takux kak CNOT. MIMeHHO 3amyTaHHOCTh MO3BOJISIET KBAHTOBOMY KOMIIBIOTEPY
MaHHITYJINPOBATh JAHHBIMU B MaciiTade, HeIOCTYITHOM KiaccudeckuM apxutektypam ®on-HelimaHa.
3TO CBOMCTBO JIGKUT B OCHOBE KBAaHTOBOTO IMapajlieNn3Ma, KOTOpbIi nenaetr anroput™ Illopa cronb
s dexruBaBIM IPpOoTHB RSA 11 ECC [9, ¢. 34; 12].

TpeTbe KpUTHUECKHM BaXKHOE SBIEHHE — OeKoeepeHyus. ITO TMPOIecC HEXEeNaTeIbHOTo
B3aUMOJICHCTBUSI KBAHTOBOM CHCTEMBI C OKpYyXarolehd cpemod (IIymMoM), B pe3yibTaTe KOTOPOTO
TepsroTCs (ha3oBble KOPPENSLUN U cynepno3unus paspymaercs. Ilo cocrostuuio Ha 2026 rox Bpemst
KOTEPEHTHOCTH CBEPXIPOBOIAIINX KyOuToB (ocHOBHas ruiatgopma IBM u Google) cocrasnser okoio
100-500 mxc. DTo TpeOyeT HCHOIb30BAHUS CIOXKHEHMIIMX CHCTEM KPHUOTCHHOTO OXJAXKACHUS H
pa3pabOTKH OTKA30yCTOWYUBBIX KOJOB HCIpaBlieHUs KBaHTOBBIX omuOok (QEC), Takmx Kak
noBepxHocTHbie koabl (Surface Code). Ins Kazaxcrana 3To O3Hadaer, 4yTo pa3BUTHE COOCTBEHHBIX
KBAaHTOBBIX MOIIHOCTEH TOTPeOyeT KOJIOCCATbHBIX WHBECTHIIMH HE TOJBKO B MaTeMaTHKy, HO M B
¢byHIaMeHTaIbHYO0 (PU3MKY MaTepHajIoB U KpUOTeHHYI0 TeXHUKY [10, c. 150].
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1.3. CocTosiHMEe KBAHTOBOI'0 NMPEBOCXOICTBA U KKBAHTOBasA roHka» 2026 rona

TepMuH «KBaHTOBOE TPEBOCXOJACTBO» (Qquantum supremacy) oOo3HadaeT CIHOCOOHOCTh
KBaHTOBOT'O YCTPOMCTBA PELIMTh KOHKPETHYIO 33J1auy CYIIECTBEHHO OBICTpee JyUIIero KJIacCHu4ecKoro
cymepkomibioTepa. Brepseie 3TOT pydex Obut gocturayt B 2019 roay mporeccopom Google
Sycamore (53 kyOuTa), KOTOPBIA BBIMOJHUN 3a1ady 3a 200 ceKyH/, Ha KOTOPYIO CyIepKOMIBIOTEPY
Summit morpeboramock 661 10 000 ner. B 2023 roay IBM mpencrasun mpoueccop Condor (1121
Kyout), a k 2026 romy MuUpoBas TOHKa CMECTUJIAch B CTOPOHY KadecTBa KyOWTOB W CHIDKCHUS
BEpOSATHOCTH oIMOOoK BeHTwiIehH. IBM mpencraBmia mpoueccopsl cepur Heron, rme TOYHOCTH
IBYXKYOUTHBIX BeHTHJIEH nocturia 99.9%, uro sBiseTcss KPUTHYECKUM IHOPOTOM ISl pealu3aluu
MIOJIHOLICHHON KOPPEKLIUHU OLIHOOK.

ITo cocrossnuto Ha 2026 roa HU OJHA M3 M3BECTHBIX CHUCTEM e€HIE HE JOCTUIVIA YPOBHS
kpunrorpadudecku 3HaunMoro kBantoBoro kommberoTepa (CRQC), ciocobnoro Bckpbith RSA-2048 B
peasibHOM Bpemenu. Onnako skcrieptabie onleHKH NIST u AHB CIIIA yka3piBaloT Ha BEPOSTHOCTH
MOSIBJICHUSI TaKoro ycrpoicTBa B ropuzoHTe 2028-2032 romoB. DTO COKpalleHHE CPOKOB (paHee
nporHosupoBayics 2035 rom) cBsizaHo ¢ npopeiBoM B oOmactu JLDPC-xom0B, KOTOpBIE TO3BOJISIOT
CO3/1aBaTh JIOTMUECKHUE KyOWUTHI MPHU TOpa3fo MEHbBIIUX 3aTparax (usmueckux pecypcoB. Kazaxcran
KaK aKTUBHBIM YYacTHUK MHU(pPOBOro phiHKa LleHTpanpHONH A3WM JTOMKEH YYUTHIBATH 3TH CPOKH B
CBOECH CTpaTeruu HallMoOHaNbHOM Oe3omacHocTH [1, c. 12; 5, ¢. 243].

1.4. Hean u 3a1aun padoThI

[lenpto nanHOM pabOTHI SABISETCS MPOBEACHUE TIMyOOKOTO TEXHUYECKOro aHalli3a KBaHTOBBIX
yrpo3 Uit KpunTorpadudeckoit nHdpacTpykrypsl Kasaxcrana u pazpaboTka KOMITIEKCHON JOPOKHOM
KapThl 110 MIEPEeX0/ly K KBAaHTOBOYCTONYMBBIM CTaHAApTaM 0€30MacHOCTH. {711 JOCTIKEeHUs 3TOi 1ienu
MOCTaBJIEHBI cieayromue 3anaun: (1) meranbHO pa3oOpaTh MaTeMaTHYECKUU ammapaTr ajJropuTMOB
lopa u I'poBepa; (2) mpoBecTH KOIWYECTBEHHBIN aHanu3 pecypcoB Juist atrak Ha RSA-2048, ECC-256,
AES-256; (3) ouenuth ysa3BumocTh kputuyeckux cucrem PK (eGov, KEGOC, O0aukwu); (4)
MPOAHAM3UPOBATh  MEXKIYHAPOJHBIH  ONBIT W CTPATETHMM  IOCTKBAHTOBOW  3amuTh, (5)
chopMyIIMPOBATh MPAKTUYECKUE PEKOMEHIAINH 110 BHEAPEHHUIO MOCTKBaHTOBBIX aroputMoB (PQC) B

uHoppactpykrypy PK.

2. O030p JuTepaTypbl

2.1. ®u3znyeckue U TEXHOJOTHYeCKHEe OCHOBbI KBAHTOBBIX BbIYHCJICHUH

@yHIaMEHTAIbHbIE TPUHLMUIBI KBAaHTOBBIX TEXHOJOTMH M TEPCHEKTUBBI HUX Pa3BUTHSA
BCECTOPOHHE paccMOTpeHbl B pabore Manuuenkoro I'. I'. [1]. ABTOp oOmHMCHIBa€T OCHOBHBIE
¢usnyeckre miaatopMel s peanu3aluu KyOUTOB: CBEpXIpoBOsIue cxeMbl Jxo3edcona, noHHbIE
JIOBYUIKU M (OTOHHBIE cucTeMbl. Kajkas U3 HUX UMEET CBOM MPEUMYIIECTBA U HEJOCTATKU B IUIaHE
MacIITabuPyeMOCTH, BPEMEHU KOT€PEHTHOCTH U TOYHOCTH omnepauuid. benocayanes H. B. U I'aes JI.
B. [9] ananm3upyroT apXuTeKTypHble perieHus nuaepoB peika (IBM, Google), momuepkuBas
3HaYMMOCTh TOYHOCTH JBYXKYOWUTHBIX BEHTHUJIEH I pealu3aldy ajlroOpuTMOB KpUITOAHAIU3A.
[Tnaronos C. B. [7] cucrematusupyeT 3BOJIOLNIO KBAHTOBBIX MPOLIECCOPOB, YKa3bIBask Ha MEPEX0] OT
«UIYMHBIX» cucteM mnpomexxyrouHoro macmraba (NISQ) k 0Tka30yCTOHYMBBIM apXUTEKTypam C
MIOJIHOM KOppeKIueil ommrOoK, YTO ABJISETCS KIIOYEBBIM YCIOBHEM Ui peanu3anuu ataku [llopa Ha
IIPAKTHKE.

WBanoB H. A. u MarsueBuu A. A. [10] nmeranbHO ONUCHIBAIOT WHKEHEPHbIE OTPAHUYEHUS
COBPEMEHHBIX YCTPOMCTB: JEKOTE€PEHINI0 M TpeOOBaHMA K HCIPABICHHIO OMIMOOK, YTO HAMPSAMYIO
BIIUSIET Ha CJIOXHOCTH peanu3anuu ataku lllopa. ['opmkos B. B. [8] maer ctporoe marematuueckoe
U3JI0KEeHHE KBaHTOBOI Teopuu MH(OpMAINH, BKIIOUast (hOpMaJIM3M ONEepaTOPOB U TEOPUIO KBAHTOBBIX
CXeM, 4TO HEO0OXOJMMO JI TMOHUMaHUs PaboThl KBaHTOBBIX BeHTHJEeH. JIyknuéB B. [12] ocBemraer
BONIPOCHI KBaHTOBOTO pacnpezenenus kiarouein (QKD), uro sBrnsercs ¢uznyueckoil anbTepHATHBOM
MaTeMaTH4eCcKOl MOCTKBaHTOBOW Kpuntorpaduu. JlaBuuc B. B. [11] paccmarpuBaeT s3KOHOMHYECKHE
aCTeKThl KBAHTOBBIX BBIUYMCIICHHH, TO3BOJISISL OLIEHUTH (DMHAHCOBBIE PUCKHU JUIsI GAHKOBCKOTO CEKTOpa
B cirydae kommpomeranuu cucteM SWIFT wimm HannoHaIbHBIX TUIATEXKHBIX cucTeM KaszaxcraHa.
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2.2. KpaHTOBBIC YIpo3bl Kpunrorpaguu u Kudepoe30nacHoCTH

Kanyctuna 0. A. u ®enorosa I'. B. [3] uccneayroT xubepbe3omacHOCTh WH(POPMAITMOHHOM
MHPPACTPYKTYPHl B YCIOBUSX KBAaHTOBOTO IMPEBOCXOJICTBA, BBOJS IMOHATHE «KPHUITOrpa(uyecKoro
aroKaJuIicucay u kiaccuuuupys OOBEKThl KPUTHUYECKOH HMH(PACTPYKTYpbl MO CTENEHU PHUCKA.
Hukonsckas K. FO. [4] akuentupyer BHuManue Ha ctparermun SNDL, koTopas menaeT KBaHTOBYIO
Yrpo3y akTyaJIbHOM YK€ CEroJiHsl JJIsl JaHHBIX C JUIMTEIbHBIM CPOKOM XpaHeHus. Bacunenko U. A. [5]
IIPOBOAMT JI€TAIbHBIA TEXHUYECKUM aHaIM3 KBAaHTOBBIX KuOepyrpo3 mnpumenurenbHo k KHUU,
CUCTeMATH3Hpysl HMX [0 KaTeropusM BO3JCUCTBUS Ha KOH(MUICHIMAIBLHOCTb, LEIOCTHOCTh U
noctynmHocTs nH(popMmanuu. Raheman F. [6] B MexkayHapOAHOM KOHTEKCTE PACCMATPUBACT IBOIIOLIUIO
crangaptoB NIST u mporecc orbopa MOCTKBAHTOBBIX anroputMmoB, Takux kak Kyber u Dilithium.
Jlumaros E. U. [13] ananusupyeT nmpuMEHEHHE KBAaHTOBBIX TEXHOJOTHM JJs 3agad 0e301acHOCTH
xKusHenesTeapHocTd, a CanaxoB I'. [2] onuchIBaeT reonoMTHYECKOE W3MEPEHUE KBAHTOBOM T'OHKHU
Mexnay CIIA wu Kuraem, uro mno3Bonser Ka3zaxcrany BbIOpaTh ONTHMAJIbHYIO CTPaTETHUIO
MEXIyHApOAHOIO COTpyIHUYecTBa B obnactu Mb.

2.3. Aaroputm llopa: maTeMaTH4yeckoe U3J10KeHHe U AaHATU3 3P PeKTHBHOCTH

Ausroputm Iutepa Illopa (1994) perraer 3agauy dakropusanuu nenoro yucia N 3a sBpems O((log
N)?), uTO sBIsETCS NOJMHOMHAIBHBIM IO JjMHE BXojaa. KiroueBol MareMaTH4eCKHl MOMEHT
anropuT™Ma — HaxoxaeHue nepuoza I pyukiuu fa(x) = ax mod N. Ecinu nepuon I HaiiaeH, AeTUTENN
N Beruucisroress kak HOJl(ar/2 + 1, N). KsantoBoe mpeoOpazoanue dypre (QFT) mosBomser
U3BJIEYb STOT MEPUOJA U3 CYIEPHO3UIMU COCTOSIHHHM C SKCIOHEHIHATbHON 3(()EeKTUBHOCTHIO IO
CPaBHEHHUIO C KJIACCUYECKUMH METO/IaMU:

QFT|x) =1/V2nYk=02n—1e2mi-xk/2n|k) (3)

Jis peannzanuu 3TOro ajaroputMa Ha INpakTHKE TpeOyeTcss KBAaHTOBBIM PErucTp, CIOCOOHBIN
MOJIICP>KUBAThH CYTEPIIO3UIINI0 U3 MUJUIMOHOB COCTOSHUN. TeXHHUYEcKas CI0XKHOCTH 3aKJIIOYAeTCs B
peanu3aluy onepalnuy MOIYJIbHOIO BO3BEJCHHUS B CTENEHb, KOTOPas TpeOyeT OrpOMHOI0 KOJIMYECTBA
kBaHTOBBIX BeHTWIEeH (B ocHoBHOM CNOT). B pabote [5] mokaszano, uto mis B3noma RSA-2048
Tpedyercss oxojo 20 MWUIMOHOB (HU3MYECKUX KyOUTOB MpPH HCMHONb30BAHUM CTaHJAPTHOTO
noBepxHocTHOro koja (Surface Code) u ypoBHs omubok 103, OnHako ¢ BHeapenuem (LDPC-konoB
3TO YHUCIIO MOXKET OBITh COKPAIIEHO J0 COTEH THICSY, YTO JIeJIaeT aTaKy peaJlCTUYHOH B Oirpkaiiiiee
JECATUIICTHE.

2.4. Anroputm I'poBepa: aMIJIMTyIHOE YCHJICHHE H CHMMETPHYHASI KPUNITOrpadus

Anroputm  I'poBepa  (1996) oOecreunBaeT  KBaJpaTU4YHOE  YCKOpPEHHME  IIOMCKa B
HECTPYKTYpHUpOBaHHOU 0a3e MaHHbBIX. J[7s B3j0Ma CUMMETPUYHOTO KIIouYa JAJMHOM N OuT Tpedyercs
~2n/2 omepanuii. 910 03HauYaeT, 4ro AES-128 craHOBUTCS yS3BUM JUIsl KBAHTOBOTO Tepedopa (ero
CTOMKOCTh CHHXaeTcs a0 64 o6ut), B To Bpemsi kak AES-256 coxpansier 128-OuTHBI ypOBEHBb
0€30MacHOCTH, YTO CYMTAETCA JOCTATOYHBIM ISl JoJrocpouHoi 3ammthl. Jlns Kaszaxcrama sto
O3HayaeT HEeoOXOJIMMOCTh HEMEMJIeHHOro mnepexoga Ha AES-256 Bo Bcex rocyaapcTBEHHBIX
nH(pOopMalMOHHBIX cucTeMax U 6a3ax gaHHbix KU yxe B 2026 rony [12; 6, c. 337].

3. O0beKT, Cy0OBEKT U MEeTObI HCCJICIOBAHNS

3.1. O0beKT M CyObeKT HcC/IeI0BAHUS

O0beKTOM Hcc/IeI0BAHMA SBISIOTCS HAllMOHAJIbHBIE CHCTEeMBbl knbepOe3zonacHoctu PecnyOinku
Kazaxcran, BkiIrouas: MHQPACTPYKTypy 3JCKTPOHHOTO MpaBuUTENbCTBa €GOV.KZ, MHpOpMaIMOHHbIC
cucreMbl 0aHkoB Broporo ypoBHs (BBY), ympasmstomme cetu KEGOC  (sHeprocucrema),
TOCYJJApCTBEHHBIE PEECTPHI MEPCOHATBHBIX JAaHHBIX M TUILIOMAaTHYeCKHe KaHaibl CBs3u. Cy0beKToOM
MCCJIeIOBAHMS BBICTYIIACT TEXHHUYECKAs YCTOHMYMBOCTH KpHITOrpadguyeckux npuMHUTHBOB (RSA,
ECC, AES, I'OCT 34.10) k KBaHTOBBIM aTakaM M METOJIbI HX TUIAHOMEPHOW MOJICPHU3AIINH.

3.2. MeToabl HCCIeNOBAHUS

B paGoTe mpuMeHEeHHI cieayone HayYHble METOIbI:

CpaBHHMTebHBII TexHU4YeckHil aHaamu3. CoNocTaBiIeHHE CIIOKHOCTH KJIACCHUYECKHUX aTak
(MeTon perieTa YuCI0BOro 1MoJjisi) M KBaHTOBBIX anroputMoB (Ilop, ['posep).
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PecypcHo-aHaiuTHYecKkoe MoJeJupoBaHue. Pacuér HeoOXOAUMBIX KyOWUTOB (JIOTHUECKUX U
(bu3nyecKnx) Ui BCKPBITHS KOHKPETHBIX KIIOYEH C ydeToM IMOCIEeTHUX TOCTHXKEHU B 00sacTu
gqLDPC-konoB u apxutektyp LDPC-Surface.

CueHapHoe NMPOrHO3MpoOBaHMe. AHaIU3 PUCKOB peTpocrekTuBHON aemudpanuu (SNDL) ms
rocynapctBeHHoOro cekropa PK Ha ocHOBe BpemeHHBIX ropu3oHToB mnosiBiieHnss CRQC.

Cunre3 pexomengauuii. dopMupoBaHME MHOTOJETHEH JIOPOKHOM KapThl Ha OCHOBE
mexayHapoanoro onbita (ctanaaptel NIST PQC, nupektBa CNSA 2.0).

3.3. Me:kayHapoaHbIii ONBIT U CTPATErnM KBAHTOBOI 0€3011aCHOCTH

CIIA (uepe3 nmporpammy NIST PQC u nupexruBy CNSA 2.0) u Kuraii (uepe3 HanuoHaIbHBIN
crangapt AigiS) THIUPYIOT B Mepexojie Ha MOoCTKBaHTOBYI kpuntorpaduio. AHB CIIA yrBepauio
obs3atenpHbid niepexoa Ha ML-KEM (Kyber) u ML-DSA (Dilithium) mis cucrem HanuoHaabHON
oeszonacHoct K 2035 romy. EBpormelickuii Ccoro3 JenaeT CTaBKy Ha THOPUIHBIE MOJIEIH,
oobenunstomue kinaccuueckyro (ECDHE) u kBanToByto (Kyber) kpunrorpaduro s MUHUMU3AIKUA
PHCKOB HE3PEIOCTH HOBBIX airopuTMOB. B pamkax EADC Ka3zaxcraH 0/mkeH yYuThIBaTh ONbIT PO no
anantauun cragaproB 'OCT k kxBaHTOBBIM yrpo3am (mpoektshl «KysHeunmk» u «Ctpubor» B
KBaHTOBOM KOHTEKCTE), TaK Kak MHOTUE cucTteMbl PK MHTErprpoBaHbl ¢ poccuiickuMu cepBrcamu [ 1;
3; 13].

4. Pe3yabTaThl HCCJIEJOBAHUS

B [1aHHOM pa3sjesie MpeACTaBJIEeHbl KOJMYECTBEHHbIE pe3yJbTaThl MOJAeJHPOBAHUSA
KBaHTOBBIX aTaK U OIIEHKAa UX MPUMEHUMOCTH K mudpoBomy danamadty Kazaxcrana. OcCHOBHOII yriop
ClIeJIaH Ha TEXHUYECKHE PACUYETHI PECYPCOB U OLIEHKY BPEMEHHBIX OKOH YS3BHMOCTH.

4.1. KoauvecTBeHHbII aHAJIN3 pecypcoB /Jisl KBAHTOBbIX aTaK

Hns B3noma RSA-2048 tpebyercsi oxono 4096 normueckux KyOutoB. IIpu wmcnonbp3oBaHuM
coBpeMeHHBIX JLDPC-komoB (2026 r.) aTo coorBercTByeT mpumepHo 300 000 dusnueckux KyOUTOB ¢
ypoBHeM omnbok 0.1%. Anroputm Illopa BckpsiBaer ECC-256 Bcero mpu ~2330 noruyeckux
KyOuTax. Ot 1udpsl noka3eBaroT, uTo ECC, moBceMecTHO HCIIOb3yeMbIi B MOOMIIBHOM OaHKWUHTE U
cucremax OUII rpaxnan Kaszaxcrana, ys3Bum BaBoe cuibHee RSA. Dro genmaer mepexon Ha
noctkBanToBbie noanucu (ML-DSA) npuoputeTHO# 3amaueit At GUHAHCOBOTO M TOCYJapCTBEHHOTO
cexTopoB PK.

Tabmuua 1. CpaBHuTENbHAs OLEHKA YCTOHYMBOCTU KPUNTOrpaMUecKHUX aIrOPUTMOB B YCIOBHSX
KBAHTOBBIX aTaK U TpeOOBaHUN K KyOUTaM

Anroputm | Jlor. Dus. Kyb6urs | ®u3. KyOutel | D¢d. CroiikocTb
Kyoutsr | (Surface Code) (gLDPC)

RSA-2048 | 4096 ~20,0 - 10° ~3,0 - 10° 0 6ur (B3710M)

ECC-256 2330 ~10,0 - 10° ~1,7 - 10° 0 6ur (B310M)

AES-128 2953 ~15,0 - 10¢ ~2,2 - 107 64 6uTt (HeOe30MmacHoO)

AES-256 2953 ~15,0 - 10¢ ~2,2 - 107 128 out (be3omacHo)

4.2. Anaau3 yrpo3sl HNDL s rocynaperBennbix cekperoB Kazaxcrana

Puck xommnpomeranuu nanHeix B PK pocturaer xpurnueckoit otmetkun 90% k 2032 roxy (cwm.
Pucynok 2). Jlns cucteM €O CPOKOM CEKPETHOCTH S M BPEMEHEM [0 IOSBICHUS KBaHTOBOTO
kommbioTepa Q, puck R(t) paccumtbiBaeTcst Kak BEpOSTHOCTh TOrO, 4TO QQ HACTYNMUT paHbIIe, YeM
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JAHHBIE TMOTEPSIOT CBOIO akTyanbHOCTh. Jlnms Kazaxcrana pacueTsl MOKa3bIBalOT, 4YTO JIaHHBIE,
MepexBavueHHbIC CETOAHS (HampuMmep, AUIUIOMAaTUYecKas Tepenucka), OyayT pacimudpoBaHbl C
BeposTHOCTBIO 50% yxe k 2030 romy. Dto TpeOyeT HEMEAJICHHOrO BHEApPEHHs] TMOpuAHbIX TLS-
KaHajoB 14 3anmthl KU

4.3. Y3BUMOCTH KOHKpeTHBIX cucTeM Kazaxcrana: netajabHbli pa3oop

Cuctema eGov u Hammonanenbiii ynoctoBepsromuii nentp (HYIL] PK) ucnons3yror RSA-2048
s Beigaun ceprudukaroB DI B ciydae ycneniHoi KBaHTOBOUM aTakH, 3JI0YMBIIIEHHUK CMOXKET
MOJJEeNATh MOANUCH JH00r0 Ipa)/JIaHWHa WIH FOCYAapCTBEHHOTO OpraHa, 4To MPUBEIET K MOTHOMY
rapaauyy rocyJapCTBEHHOTO YIIPABJICHHUS U MAacCOBOMY XHILEHHUIO aKTUBOB. bankoBckuii cextop PK
TaKke HaAxXOJIUTCA B 30HE pHCKa H3-3a TOBCEMECTHOrO wucnonb3oBanus TLS 1.2/1.3 06es
IIOCTKBAHTOBBIX paCIIMpPeHUN. YIiepOd OT yCIEeUIHOW aTaku Ha MeXOaHKOBCKHE IEPEBOJbI MOKET
coctaBuTh A0 15% BBII cTpansl B kpatkocpounoM niepuoze [11; 3].
Tabmuna 2. OueHka KBaHTOBBIX PUCKOB JUIS KIIIOYEBBIX OOBEKTOB LU(POBON HHPPACTPYKTYpPHI
Pecniy6nuku Kazaxcran

OOBeKT Texymmin KBaHTOBBIN puCK [ToTeHunanbHbIN yiiepo
CTaHJapT 3alllUThI

eGov.kz (OUIT | RSA-2048, TOCT | Kpurtnueckwuii VYTpara ¢ poBoi
IpaXKIaH) 34.10 CYBEpEHHOCTH
KASE [/ | ECC-256, TLS | Kpurnueckuit Komnnanc ¢punancoBoii cuctemsl

bankosckwuii cexktop | 1.3

KEGOC / | Ipsec VPN, RSA- | Bricokuii TexHoreHHbIe KaTacTpodbI
DHeprocucTeMsl 2048

I'ocynapcTBeHHbIE AES-128, RSA- | Cpeanuii/Boicokuit VYTeuka nepcoHanbHBIX TaHHBIX
peecTpsl 2048

4.4. Texumueckuii anaau3 aaroputmoB CRYSTALS-Kyber u CRYSTALS-Dilithium

Anroputm CRYSTALS-Kyber (crangapr ML-KEM) ocHoBaH Ha 3aiade 00y4ueHuUs ¢ OMIMOKaMu
B MoaynpHbIX pemérkax (Module-LWE). Ero mperMymiecTBO 3aKiIOYaeTcsi B BBICOKOH CKOPOCTH
BBITIOJIHEHUS] 1 OTHOCUTEIHHON KOMITAKTHOCTH KJIFOUeH 10 cpaBHeHUIO ¢ npyrumu PQC-anroputmamu
(manpumep, McEliece). B ycnoBusix Kazaxcrana Kyber-768 siBisiercsi onTHMalbHBIM BBIOOPOM TS
3am|Thl TLS-coennHennii B TOCYAapCTBEHHOM U KOPIIOPATHBHOM CEKTOpaX, TaK Kak OH 00ecreYnBaeT
OanaHc MexIy 6€30MaCHOCTBIO U HAarpy3Koi Ha CeTb.

Anroputm  CRYSTALS-Dilithium  (cranmapr ML-DSA) wucnone3yercs st TUPPOBBIX
noxnuceid. OH oOecrneynBaeT BBICOKYIO MPOU3BOJUTENLHOCTh MpPU (POPMUPOBAHMHM M TIPOBEPKE
MOAMMCEN, YTO KPUTHYHO JJIsi CHUCTEM C BBICOKOM Harpyskoi, Takux kak HVYI[ PK. Ilepexon nHa
Dilithium-3 mo3BoiUT COXpaHUTh TEKYUIYIO MPOMYCKHYIO CHOCOOHOCTH cucteM npoBepku DL mpu
KpaTHOM pOCTE€ YPOBHSI O€30MMacHOCTH MPOTHUB KBAHTOBBIX aTak. OTHAKO HEOOXOMMO YUUTHIBATh, YTO
pasmep moxamucu Dilithium 3HaumrensHO OGoNbIIE KJIACCHYECKUX AHAJIOTOB, 4YTO TOTpeOyeT
oOHOBJICHHS 0a3 TaHHBIX U MPOTOKOJIOB mepeaayu [6, c. 338; 3, c. 14].

5. O6cy:xxknenue

5.1. CpaBHeHUe MeTO/10B MOCTKBAHTOBOI 3aIIIMTHI: IPOU3BOIUTEIbHOCTH H MACIITA0

[Tepexon Ha ML-KEM (Kyber) yBenmuur pasmep kiroueii B 3-4 pasa no cpaBaenuto ¢ ECC. Oto
nmoTpeOyeT cephe3HON MOJEpHH3AIMU ceTeBor nHPpacTpyKkTypsl Kazaxcrana, 0COOEHHO B y/1aJe€HHBIX
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CENIbCKUX PETMOHAaX, I/Ie MPOIMYCKHAas CHOCOOHOCTh KaHAJIOB CBS3M orpaHuyeHa. Kak mokasaHo Ha
Pucynke 3, pasmeps! noanuceit ML-DSA Taxke 3HaYNTEIHLHO MPEBBIIAIOT KIACCUYECKUE CTAHIAPTHI.
OTO 03HAYaeT, YTO TOKYMEHTHI, oANMHcaHHbIe mocTkBanToBoi DL, OyayT 3aHMMare GoJblle MecTa,
4TO MOTpeOyeT paciiupeHusi MoIHocTel Xpanwuil faHHeIX B [IOHax u rocynapcTBeHHBIX apXHUBax
PK.

5.2. [IpakTHyeckas peaju3anus U IKOHOMHYECKAst 3P PeKTUBHOCTH MOAEPHU3AUM

Hns  PecniyOnmkm Kaszaxcran Hambonee palOHIBHBIM —TIOAXOJOM SIBJISIETCS BHEIpPEHHE
rHOpHIHBIX KpunTorpaguyeckux cxeM. B Takux cxemax oOmUNA CECCHOHHBIN KITFOY POPMUPYETCS
KaKk KOMOWHAIUsl pe3ylbTaToB Kiaccuueckoro (Hampumep, X25519) u mocTkBaHTOBOTO (Hampumep,
Kyber-768) aaroputmoB. D10 rapanTHpyeT 0€30MacCHOCTh Jaxke B ciydae, ecid B HOoBoMm PQC-
anroput™Me OyneT oOHapyKeHa CKpbITas MaTeMaTudeckas ysi3BUMOCTh. CTOMMOCTb MOJIHOM KBAaHTOBOM
moaepuuzanun KM Ka3zaxcrana ouneHuBaercst skcrepramu B auamna3zonHe 150-250 muH gosmapoB
CIOA. Dtu 3arpaThl BKJIIOYAIOT 3aMEHY almapaTHBIX Moxayieil OezomacHoctu (HSM), obnoBnenue
cepeepHoro I1O u oOydyeHre TEXHHYECKUX CHEeHHaTUCTOB. IHBECTUIIMN B KBAHTOBYIO YCTOMYHUBOCTh
SBJIAIOTCSL CTPATETMUYECKH OIpaBAAHHBIMHM, TaK KakK IMOTEHLMAJIbHBIA yliepO OT OAHON yCIELIHOU
KBaHTOBOH aTaku Ha (PMHAHCOBYIO CHCTEMY CTPaHbl MOXKET MPEBBICUTh MUJUIUAPABI foiIapoB [11; 4;
2].

5.3. HopmaTtuBHoe peryaupoBanne u «Kudepmur Kazaxcrana»

Ha rtexkymmuii MoMeHT B 3akoHoxmarenbcTBe PK oTCyTcTByeT mpsiMoe ynoOMHHAaHME KBAHTOBOM
ycroitunBocTu. HeobxoaumMo HHULIIMUPOBATh pa3paboTKy HanuoHanbHbIX crangaptoB CT PK Ha Gaze
MexyHapoaHbix ctangaptoB FIPS 203/204/205. ITporpamma «Kubepuut Kazaxcrana» nomkaa ObITh
JoroHeHa pa3zaenoMm «KBaHToBas yCTOWYMBOCTD KpUTHUYECKOU UHMPACTPYKTYphl». Perymnsartop B nuie
MOPUAII nomxen o0s3ate Bcex BiaaenbiieB KBOWKWM mpoBectn 00si3aTenbHBI ayAuT Ha
TOTOBHOCTh K MUTPALIMU Ha MOCTKBAHTOBBIE CTaHAAPTHI B iepuoa 10 2028 rofa.

5.4. KBantoBbie kommyHukanuu (QKD) B Kazaxcrane

B xadectBe amprepHatuBBl wWwin gomonHeHus k PQC, KazaxcraH [qomkeH paccMOTpETh
BO3MOXXHOCTh pa3BepThIBaHUA ceTell kBaHTOBOro pacmnpenenenus kiarouein (QKD). OnroBomokonHast
MarucTpaib «AnmaTel — AcTaHa» SBJISETCS WICAIbHBIM KAaHIUAATOM JUIsl CO3JAHUSI IIEPBOIO
HAIlMOHAJILHOTO KBAaHTOBOTO KaHaja CBSA3M JJIs TPaBUTEIbCTBEHHBIX HYX[J. Mcnoib3oBaHue
nporokosia BB84 obecrieunt 6e3yciI0BHYIO 3aIIUTy OT MEpexBaTa, KOTOPYIO HEBO3MOXKHO TPEOI0JICTh
Ja’)ke ¢ TIOMOIIbI0 OECKOHEYHO MOIIHOTO KBaHTOBOI'O KOMIIbIOTEpA. DTO HalpaBlieHHE TpedyeT
TECHOTO0 COTPYAHMYECTBA C aKaJIEeMUYECKUMH ILIEHTpamH, TakuMu kak HaszapbaeB YHuBepcuteT u
KasHV [12; 1, c. 25].

6. 3ak/r0ueHue

KBanToBas yrposa nisi Pecny0smku Kazaxcran siBiasiercst He THIIOTeTHYECKOM, a peajabHOM

TEXHOJIOTUIECKOHN MEePCIeKTHBON Onmkaiimero aecaTiiieTus. TpaauimonHsie anroputMel RSA u
ECC, Ha KOTOpBIX NMOCTpOEHa BCsSI COBPEMEHHasi IM(poBast )KU3Hb CTPaHbl, CTAHYT OECIOJIE3HBIMU B
teueHue 5—8 ner. KazaxcTan JOMKEH 3aHATh MPOAKTUBHYIO MO3ULIMIO B MEPEX0J€ Ha MOCTKBAHTOBBIE
CTaHJapThl, YTOOBI N30EKaTh CUTYAILIUH «IIM(PPOBOI 0€33aLUTHOCTIY.

OcHoBHble pexoMenaannu 1is Pecnnyoiuku Kasaxcran:

ITepexon na AES-256: HemeuieHHOE BHEIpeHHE BO BCEX T'OCYApCTBEHHBIX MH()OPMAIIMOHHBIX
cucTeMax M 0azax JIaHHBIX EPCOHAIbHBIX JaHHbBIX.

Bueapenue ruOpugnoro TLS: Baenpenue mnporokonoB TLS 1.3 ¢ MOCTKBaHTOBBIMHU
pacmpenusivu (X25519 + Kyber768) B GaHKOBCKOM cekTope M cucteme €GOV Ulst 3allMThl OT
SNDL-arak.

Murpanus HYI PK na ML-DSA: Pa3paGoTka m modramHas peanu3anusi IUIaHa 3aMEHBI
knaccndeckux DI rpaxiaH Ha KBAaHTOBO-YCTOWYMBBIE aHAJIOTH Ha 0a3e peIeTokK.

Co3naHne HAMOHAJBLHOIO0 KBAHTOBOI0 MOJMIroHa: GopMUpPOBaHHE HUCCIIEI0BATENBCKOMN Cpeibl
s Bamunanuu PQC-pemenunit u ceprudukanum Kpunrorpa@uyeckux CpeAcTB Ha COOTBETCTBUE
cranaapram PK.

Pa3puTne KagpoBOro moreHuuajga: BHeapeHue crenMaTIu3MpOBAHHBIX KYPCOB IO KBAHTOBOM
KPUNTOTPaQHH U TIOCTKBAHTOBBIM BBIYMCIICHHUSIM B BEYIIHX TEXHHUECKUX By3aX CTPaHbI.
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Peanuzanuss mpeIOKEHHON  TOPOKHOM  KapThl  OOECHEYUT  JIOJITOCPOUHYIO  HHU(PPOBYIO
cyBepeHHOCTh U Oe3omacHOCTh PecnyOmmku KazaxcTan B HacTymaroulyro MOCTKBAHTOBYIO 3IIOXY,
3aIuIIasl ”HTEPECH Tpak/aH, OM3Heca U roCyJapCcTBa OT HOBBIX TII00aIbHBIX KHOEPYTPO3.
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LEXICAL DEVELOPMENT FEATURES OF KAZAKH-SPEAKING CHILDREN:
A CORPUS-BASED ANALYSIS

Bashayeva Aknur, llskakova Gulgul
Kokshetau Shogan Ualikhanov University

Abstract. This study explores the lexical development features of Kazakh-speaking children
based on corpus data analysis. The research aims to identify patterns of vocabulary acquisition,
frequency of lexical units, and the structural characteristics of children’s speech at different
developmental stages. A child language corpus in the Kazakh language is utilized as the primary data
source, allowing for a systematic and quantitative examination of lexical growth.The analysis focuses
on word frequency, lexical diversity, and the use of grammatical categories in children’s speech.
Particular attention is given to the influence of linguistic environment, age-related factors, and
cognitive development on vocabulary expansion. The Findings show that lexical development in
Kazakh-speaking children progresses through recognizable stages. Characterized by gradual increases
in vocabulary size, complexity, and functional usage.Furthermore, the study highlights the role of
input frequency and interaction in shaping children’s lexical competence. The results contribute to the
understanding of child language acquisition in Turkic languages and provide valuable insights for
educators, linguists, and speech development specialists.

Keywords: Kazakh language, child language acquisition, lexical development, corpus
linguistics, vocabulary growth, language development, frequency analysis, child speech, linguistic
environment, Turkic languages

Introduction. Language acquisition in early childhood is a complex and dynamic process that
reflects the interaction between cognitive development, social environment, and linguistic input.
Among the various components of language development, lexical growth plays a central role, as
vocabulary acquisition forms the foundation for communication, comprehension, and further
grammatical development. Understanding how children acquire and use words at different stages is
therefore essential for both theoretical linguistics and applied educational practices.In recent decades,
corpus-based approaches have gained increasing importance in the study of child language acquisition.
Corpus linguistics provides researchers with large-scale, authentic datasets that allow for systematic
analysis of linguistic patterns in natural speech. By examining frequency, diversity, and contextual
usage of lexical items, corpus-based studies offer valuable insights into the mechanisms of vocabulary
development and language use in real-life communication. Such approaches are particularly relevant
for underrepresented languages, where empirical data remains limited.Despite the growing body of
research on child language acquisition, studies focusing on Kazakh-speaking children are still
relatively scarce. The Kazakh language, as a member of the Turkic language family, possesses specific
morphological and syntactic features that may influence the trajectory of lexical development.
Agglutinative structures, rich inflectional systems, and flexible word order create unique conditions for
vocabulary acquisition, which require targeted investigation.This study aims to explore the lexical
development features of Kazakh-speaking children based on corpus data. The research focuses on
identifying patterns of vocabulary growth, analyzing word frequency and diversity, and examining the
influence of linguistic environment on lexical acquisition. By utilizing a child language corpus, the
study provides a data-driven perspective on how children acquire and use lexical units in natural
communication contexts.The significance of this research lies in its contribution to both theoretical and
practical domains. From a theoretical perspective, it expands the understanding of language acquisition
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processes in Turkic languages. From a practical standpoint, the findings can inform educational
strategies, curriculum design, and speech development interventions for Kazakh-speaking children.

Literature review. The study of lexical development in early childhood has long been a central
topic in psycholinguistics, developmental linguistics, and applied language research. Vocabulary
acquisition is widely recognized as a fundamental component of language development, as it directly
influences children’s ability to comprehend and produce meaningful speech. [1] Researchers have
consistently emphasized that lexical growth is not only a quantitative increase in the number of words
but also involves qualitative changes in how words are structured, categorized, and used in context.
Early studies by Jean Piaget and Lev Vygotsky highlighted the close relationship between cognitive
development and language acquisition, suggesting that children’s vocabulary expansion is closely
linked to their conceptual understanding of the world and social interaction.

Subsequent research in child language acquisition has demonstrated that lexical development
follows identifiable stages, beginning with the pre-linguistic phase and progressing through the
emergence of first words, vocabulary spurt, and more complex combinatorial speech. Studies by Roger
Brown and Eve Clark have shown that children acquire words in a systematic manner, often starting
with concrete nouns and gradually expanding to verbs, adjectives, and function words. The
phenomenon of the “vocabulary explosion,” typically observed around the age of two, has been widely
discussed in the literature as a critical milestone in lexical development, reflecting rapid growth in both
receptive and productive vocabularies.In recent decades, corpus linguistics has emerged as a powerful
methodological approach for studying language acquisition. The use of large, structured collections of
natural language data allows researchers to analyze authentic speech patterns and identify statistical
regularities in children’s language use.[2] One of the most influential resources in this field is the
CHILDES database, which provides extensive multilingual corpora of child speech and caregiver
input. Corpus-based studies have enabled scholars to examine lexical frequency, diversity, and
contextual usage, offering a more empirical and data-driven perspective on language development
compared to traditional observational methods.Frequency-based theories of language acquisition,
supported by researchers such as Michael Tomasello, argue that children’s lexical development is
strongly influenced by the frequency and salience of linguistic input. According to this perspective,
words that occur more frequently in the child’s environment are acquired earlier and used more
productively. This aligns with usage-based models, which emphasize the role of interaction, imitation,
and pattern recognition in language learning. Similarly, research in distributional semantics suggests
that children are capable of extracting meaning from contextual co-occurrence patterns, gradually
building a network of lexical associations.Another important aspect of lexical development is lexical
diversity, which reflects the range of vocabulary used by a child. Measures such as type-token ratio
(TTR) and other corpus-based indices have been widely employed to assess vocabulary richness and
development over time. Studies have shown that lexical diversity increases with age and is influenced
by factors such as socio-economic background, parental input, and educational environment.
Moreover, the interaction between receptive and productive vocabulary has been identified as a key
factor in language development, with receptive vocabulary typically preceding productive use.[3]
Despite the extensive research conducted on Indo-European languages, particularly English, there
remains a relative lack of studies focusing on Turkic languages, including Kazakh. The Kazakh
language presents unique challenges and opportunities for the study of lexical development due to its
agglutinative morphology, rich system of suffixation, and flexible word order. These features may
influence how children acquire and process lexical items, as well as how they develop morphological
awareness. For example, the ability to recognize and manipulate affixes may play a crucial role in
expanding vocabulary and understanding word formation processes.Emerging studies on Kazakh-
speaking children suggest that lexical development in this linguistic context may follow both universal
and language-specific patterns. While the general stages of vocabulary acquisition appear to be
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consistent with those observed in other languages, the structural properties of Kazakh may affect the
pace and nature of lexical growth. For instance, the use of derivational and inflectional suffixes may
facilitate the formation of new words, thereby contributing to lexical expansion. At the same time, the
complexity of morphological structures may pose additional cognitive demands on young
learners.Furthermore, the role of the linguistic environment cannot be underestimated. Parental speech,
educational settings, and exposure to media all contribute to the quantity and quality of linguistic
input. Research has shown that interactive communication, such as dialogic reading and caregiver-
child conversations, significantly enhances vocabulary development. In the context of Kazakh-
speaking children, the influence of bilingualism or multilingual environments is also an important
factor, as many children are exposed to both Kazakh and Russian languages. This may lead to cross-
linguistic interaction and affect lexical acquisition patterns.Overall, the existing literature highlights
the importance of combining theoretical frameworks with empirical data to better understand lexical
development. Corpus-based approaches, in particular, provide valuable tools for analyzing large-scale
language data and identifying patterns that may not be evident through traditional methods. However,
further research is needed to explore the specific features of lexical development in Kazakh-speaking
children, taking into account the unique linguistic and socio-cultural context. The present study aims to
address this gap by utilizing corpus data to provide a comprehensive analysis of vocabulary acquisition
patterns in Kazakh child language.[4]

Materials and Methods. This study uses a corpus-based research design to examine the lexical
development in Kazakh-speaking children. It combines quantitative and qualitative methods for a
thorough analysis of vocabulary learning in natural settings. The main data source is a child language
corpus with transcribed speech samples from Kazakh-speaking children gathered in real-life
communication contexts. This corpus features interactions between children and caregivers, as well as
peer communication, providing a balanced sample of daily language input and output.

The dataset contains speech recordings from children aged 3 to 7 years, a vital period for quick
lexical growth and language learning. These recordings were transcribed and annotated following
recognized linguistic standards. To maintain consistency and accuracy, the transcription adhered to
specific guidelines for representing phonological differences, morphological forms, and syntactic
structures. Non-verbal cues like pauses, repetitions, and hesitations were also recorded, offering further
understanding of language use and processing.

To analyze lexical development, the study examines key variables such as word frequency,
lexical diversity, and grammatical category distribution. Word frequency analysis identifies the most
common lexical items in children’s speech and explores the link between input frequency and
vocabulary growth. Lexical diversity is assessed using indices like the type-token ratio (TTR), which
measures vocabulary range within a speech sample. The study also evaluates the use of content words
(nouns, verbs, adjectives) and function words (prepositions, conjunctions, particles) to determine the
structural complexity of children’s lexical repertoire.[5]

The analysis includes a developmental perspective by examining lexical patterns across various
age groups in the corpus. This method helps identify age-related differences in vocabulary size,
diversity, and functional use. Special focus is placed on the appearance of new lexical categories and
the greater use of abstract and relational terms as children age. The study also explores how
morphological processes, like suffixation, contribute to expanding children’s vocabulary, especially
considering the agglutinative characteristics of the Kazakh language.Data processing and analysis were
carried out using corpus linguistics tools and statistical software. Frequency counts, concordance
analysis, and collocation patterns were extracted to identify recurring lexical structures and usage
patterns. Descriptive statistics were used to summarize the data, while comparative analysis was
conducted to highlight differences between age groups and linguistic contexts. In addition, qualitative
analysis was employed to interpret contextual usage and to identify patterns that may not be captured
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through quantitative measures alone.To ensure the validity and reliability of the findings, several
methodological considerations were taken into account. The corpus data were carefully selected to
represent diverse communicative situations and to minimize sampling bias. Inter-annotator agreement
was assessed during the transcription and annotation process to ensure consistency in data coding.
Furthermore, the study acknowledges potential limitations, such as the relatively limited size of
available Kazakh child language corpora and the variability of linguistic input across different socio-
cultural environments.[6]

Ethical considerations were also addressed in the research process. All data were collected with
informed consent from participants’ guardians, and anonymity was maintained by removing any
identifying information from the corpus. The study adheres to ethical standards for research involving
children, ensuring that data collection and analysis were conducted in a responsible and respectful
manner. Overall, the methodological approach adopted in this study provides a robust framework for
analyzing lexical development in Kazakh-speaking children. By combining corpus-based techniques
with both quantitative and qualitative analysis, the research offers a detailed and data-driven
examination of vocabulary acquisition patterns in a linguistically and culturally specific context.

Results and Discussion. The results of the corpus-based analysis reveal several significant
patterns in the lexical development of Kazakh-speaking children. The findings indicate that vocabulary
acquisition progresses in a gradual and systematic manner, characterized by both quantitative growth
and qualitative changes in language use. One of the most notable outcomes of the study is the steady
increase in lexical diversity across different age groups. Younger children, particularly those in the
early stages of language acquisition, tend to rely on a limited set of high-frequency words, primarily
consisting of concrete nouns and basic verbs. As children grow older, their vocabulary expands to
include a wider range of lexical categories, such as adjectives, adverbs, and function words, reflecting
a more sophisticated use of language.

The frequency analysis of lexical items demonstrates that the most commonly used words in
children’s speech are closely related to their immediate environment and daily experiences. Words
referring to family members, common objects, actions, and routine activities dominate the early stages
of lexical development. This finding supports frequency-based theories of language acquisition, which
suggest that repeated exposure to certain lexical items facilitates their earlier acquisition and more
frequent use. Moreover, the data show that children are highly sensitive to the linguistic input provided
by caregivers, as reflected in the overlap between adult speech and children’s vocabulary.

Another important result concerns the development of grammatical categories in children’s
lexical repertoire. The analysis indicates that nouns are acquired earlier and used more frequently than
other parts of speech, which is consistent with previous research in child language acquisition. Verbs
begin to appear more prominently as children develop a better understanding of actions and
relationships between objects. The use of adjectives and adverbs emerges at later stages, indicating a
gradual increase in descriptive and expressive capabilities. Function words, although less frequent in
early speech, become more prominent as children’s syntactic structures become more complex.

The study also highlights the role of morphological processes in lexical development. Given the
agglutinative nature of the Kazakh language, children demonstrate an increasing ability to use suffixes
to modify and extend the meaning of words. The data show that older children are more proficient in
applying inflectional and derivational morphemes, which allows them to form new lexical items and
express more complex grammatical relationships. This finding suggests that morphological awareness
plays a crucial role in vocabulary expansion and overall language development in Kazakh-speaking
children.

In addition to quantitative growth, qualitative changes in lexical usage are observed. As children
mature, their speech becomes more contextually appropriate and functionally diverse. They begin to
use language not only for naming objects and actions but also for expressing emotions, intentions, and
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abstract concepts. This shift reflects the development of higher-level cognitive and communicative
skills, as well as increased exposure to varied linguistic input. The emergence of more complex
sentence structures further supports this observation, as lexical development is closely linked to
syntactic development. The comparative analysis across age groups reveals clear developmental
trends. Younger children exhibit repetitive patterns and limited variation in their lexical choices, while
older children demonstrate greater flexibility and creativity in language use. The increase in
type-token ratio (TTR) values across age groups confirms the growth in lexical diversity. However, it
is also observed that lexical development is not entirely linear, as individual differences and
environmental factors can influence the pace and nature of vocabulary acquisition.

The discussion of these findings emphasizes the importance of the linguistic environment in
shaping lexical development. Children who are exposed to rich and interactive language input tend to
demonstrate higher levels of lexical diversity and complexity. Caregiver-child interaction, including
conversation, storytelling, and shared reading, plays a significant role in enhancing vocabulary growth.
In the context of Kazakh-speaking children, the influence of bilingual or multilingual environments is
also noteworthy. Exposure to multiple languages may lead to cross-linguistic transfer, which can both
facilitate and complicate lexical acquisition.

Furthermore, the results underline the relevance of corpus-based approaches in studying child
language development. The use of authentic speech data allows for a more accurate representation of
children’s language use compared to experimental or elicited data. Corpus analysis provides insights
into natural linguistic behavior, including patterns that may not be observable in controlled settings.
This methodological advantage contributes to the reliability and ecological validity of the findings.At
the same time, certain limitations of the study should be acknowledged. The size and
representativeness of the corpus may affect the generalizability of the results. Additionally, variations
in socio-cultural background, educational environment, and individual cognitive development may
influence lexical acquisition patterns. Despite these limitations, the study provides valuable insights
into the lexical development of Kazakh-speaking children and highlights the need for further research
in this area.Overall, the results and discussion demonstrate that lexical development in Kazakh-
speaking children is a complex and multifaceted process influenced by linguistic, cognitive, and
environmental factors. The findings contribute to a deeper understanding of child language acquisition
in a Turkic language context and offer practical implications for education and language development
support.

Conclusion. The findings of this study provide a comprehensive understanding of the lexical
development patterns of Kazakh-speaking children, highlighting both universal and language-specific
features of vocabulary acquisition. The analysis demonstrates that lexical development is a gradual and
dynamic process characterized by a steady increase in vocabulary size, diversity, and functional usage.
Children initially rely on a limited set of high-frequency lexical items closely related to their
immediate environment, but over time, their lexical repertoire expands to include a broader range of
grammatical categories and more abstract concepts.

One of the key contributions of this research is the identification of the significant role played by
frequency and linguistic input in shaping children’s vocabulary development. The results confirm that
repeated exposure to commonly used words facilitates their acquisition and integration into active
speech. At the same time, the quality of interaction, particularly caregiver-child communication, plays
a crucial role in enhancing lexical diversity and promoting more complex language use. These findings
are consistent with usage-based theories of language acquisition, which emphasize the importance of
experience and interaction in the development of linguistic competence. The study also underscores
the importance of morphological processes in the lexical development of Kazakh-speaking children.
As an agglutinative language, Kazakh provides children with opportunities to expand their vocabulary
through the use of suffixation and word formation mechanisms. The increasing ability of children to
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manipulate morphological elements reflects the development of linguistic awareness and contributes to
more flexible and productive language use. This aspect distinguishes the lexical development of
Kazakh-speaking children from that observed in languages with less complex morphological systems.
Furthermore, the results reveal that lexical development is closely interconnected with cognitive and
communicative growth. As children mature, their language use becomes more contextually appropriate
and functionally diverse, enabling them to express not only concrete meanings but also emaotions,
intentions, and abstract relationships. This transition reflects the development of higher-order cognitive
skills and the increasing role of language as a tool for social interaction and knowledge construction.
From a methodological perspective, the study demonstrates the effectiveness of corpus-based
approaches in investigating child language acquisition. The use of authentic speech data allows for a
more accurate and ecologically valid representation of children’s language use, providing insights that
may not be captured through experimental methods alone. The combination of quantitative and
qualitative analysis further strengthens the reliability of the findings and enables a deeper
interpretation of lexical development patterns.

Despite its contributions, the study acknowledges certain limitations, including the size and
representativeness of the corpus and the potential influence of socio-cultural and individual factors on
language development. These limitations suggest the need for further research involving larger and
more diverse datasets, as well as comparative studies across different linguistic and cultural contexts.
In conclusion, the present study contributes to the growing body of research on child language
acquisition by providing a detailed analysis of lexical development in Kazakh-speaking children. The
findings have important implications for both theoretical linguistics and practical applications,
including language education, curriculum development, and speech therapy. By enhancing our
understanding of how children acquire and use vocabulary in a specific linguistic context, this research
supports the development of more effective strategies for fostering language development and
communicative competence in early childhood.
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KA3AKCTAH PECITYBJMKACBIHBIH KbIJIMBICTBIK IC )KYPI'I3Y ) KYUECIHJIET'T
COT CAPAIITAMACBI UHCTUTYTbI: AEMOHOITIOJIM3ALOUATAY MIOCEJIEJIEPI
7KIOHE BAJTAMAJIBI K¥KBIKTBIK HEI'I3JIEP

IHIpinxanoe /[yram Azamamynot
Typan ynusepcumeminiy 2 Kypc Ma2ucmpanmul,
Kazaxcman, Anmamot kanacol

Anaeea I'ynvnaz Typcynoena

Founvimu orcemexuti, 3.2.K, accoyupieneer npogeccop,
Typan ynueepcumemi,

Kaszaxcman, Anmamul Kanacwt

AngaTna. by Makanaja KbUIMBICTBIK iC JKYpri3y KYHECIHIETi COT capamnTaMachlHbIH Ka3ipri
Kail-Kyii, JaMy TeHIEHIUSIIAPhl )KOHE MEMJICKETTIK MOHOIOJMUSHBIH COT TOPENIriH XKY3€ere achlpyra
TUTI3ETIH ocepl KemIeHIi opi JKyHem Typae TaigaHaabl. ABTOp KBUIMBICTBIK —IPOIECTETI
KAPBICTIANIBUIBIK TIEH TapanTapAblH TEH KYKBUIBLUIBIFBl KaFUAATTApbIH TOJBIKKAHIBI ICKE aChIpyaarbl
HETI3T1 MHCTUTYIHOHAIIBIK, YHBIMAACTHIPYIIBUIBIK KOHE 3aHHAMAIBIK KEeIEpriiepai KapacThIpabl.
TMJI ennepinin (aran aiitkanna, bemapych >xone MonmoBa PecnyOnukanapbiHbIH) ToxipuOecine
CaITBICTBIPMAJIBI-KYKBIKTBIK TaJI/Iay JKacaid OTBIPBII, MaKajaJa jKeKe COT-caparntama WHCTHTYTBIH (TeK
KEKe TYJIFalap FaHa €MeC, COHBIMEH KaTap 3aHJbl TYJIFajap JACHreiliHAe /e) JaMBbITy KasKeTTUTiri
FBUIBIMH TYPFBIIaH TEpPEH HETI3ZeNTeH. 3epTTey HOTIDKECIH/IE KOPFAyIIbl TapanThlH KYKBIKTapBIH
KEeHEWTyTre, JoNenjeMenep >KMHAy MYMKIHIITIH apTTeipyFa >koHe Kaszakcran PecnyOnukachbiHbIH
KBUIMBICTBIK-TIPOIIECTIK KOJEKCIHIH HOpPMaJapblH JKETUAIpyre OarbITTadFaH HAaKThl YCHIHBICTAP
TYXKbIpbIMAanFaH. OTaHIBIK KYKBIK KYHECIH AeMOKpaTHsUIaHIBIPYy MaKCaThIHIA TOYEINICi3 capanTaMa
YUBIMIAPBIHBIH POJTi alKbIHIAJFaH.

Tipek ce3aep: coT capanTamachkl, MEMJIEKETTIK MOHOIIOJUS, >KapbICIAJIBUIBIK KaFUAAThI,
KOpFayIIbl Tapar, XeKe capanTaMa WHCTUTYTHI, KbUIMBICTHIK TPOIIECC, IEMOHOMOIH3ANNS, AJEIACY
MIPOLIEC], TOYEJICi3 capariibl.

Kasipri xahaHpIK TEXHOTOTUSIIBIK 1aMy 'KQHE KbIIIMBICTBIK 9pEKETTEp/I1H UHTEUIEKTYal Ibl, 9p1
aca JKachbIpbIH CHMIIAT alybl XKaFJaWbIHJIA COT TOPEIIriH Ky3ere achlpyJblH camachl MEH THIMIUIIT1
apHailbl FBUIBIMH OUTIMZEpAl KOJJaHy JeHreiiHe Tikened Toyenal Ooneinm oTblp. Kaszakcran
PecnyOnuKkachIHBIH KBUIMBICTBIK 1C JKYpri3y »kyHecinae [1] coT capantamachl OypbIHFbIIAN jkaif FaHA
TEXHUKAJIBIK HEMEce KOMEKI Kypajl eMec. ByriHri TaHjaa on ajaM TarablpblH IIEUIETIH, KYAIKTIHIH
KIHOILJIITIH HeMece KiHOCI3IITH OOBEKTUBTI TYp/ie allKbIHAaUTHIH, TPOIECCYaABIK MAHbI3BI 30p 1prei
JonenieMe Ke31He aiHanIpl. Anaiia, KYKbIK KOJIJaHy ToKipuOeci KepceTin OThIpFanail, OTaHAbIK COT
capanTaMachl MHCTUTYTBI o1 Je 0o0jca MEeMJIEKeTTIK MOHOIOJUSHBIH bIKHAIbIHIA KajlbIl OTHIP.
MemiekeTTiK ~ capanTaMa  OpPTaJbIKTapbIHBIH ~ €O3CI3  YCTEMIIrlT  KbUIMBICTBIK  ITPOLIECTET1
KApBICHAJIBIIBIK TI€H TapanTapAblH TEeH KYKbUIBUIBIFBl KaFUAATTapblH TOJBIKKAHIBI 1CKE achlpyFra
anTapnbikTaii  keaepri kentipyae [3,4]. Kopraymel Tapan Oamamanibl - capanTama  KYprizyzue
3aHHAMAJIBIK JKOHE TOKIpUOENIK IIeKTeyaepre yHeMi yublpaiiel. OcChl jKaFaiiap atanraH MOceleH1
FBUIBIMU TYPFBIIAH TEPEH 3€pTTEY/l, OTAaHABIK 3aHHaMaJaFbl KEMIIUTIKTEPAl aHbIKTay bl KOHE THICTI
KYKBIKTBIK peopMaiap/ibl YChIHYIbI Tajar eTell.

Cot-capanTaMa KbI3METiH YHBIMIACTHIPY JKOHE OHBIH KBUIMBICTBIK MPOIECTET] POl KONTereH
FAJIBIMAAP/ABIH  e€HOEKTepiHJe KaH-kKakThl TanganraH. Moacenen, E.P. Poccunckas [3], A.B.
Kynpssuesa [4], FO.K. OpnoB [5] capaniibl KOPBITBIHABICHIHBIH TdJIENIEMENIK KyIIiH 3epTrece, JI.O.
[TapamonoBa [6], b.M. Kypman6aes [7], C.III. Xam3una [8] >keke cOT capanTtaMachl MHCTUTYTHIH
JaMBITy MOCeNeNepiH, OHBIH IIIIHAE JEMOHOMOIM3ANMIAY KKETTUIIH alFa TapTajabl. 3epTTey/IiH
ofiCHAMANBIK HETI31H KYOBUIBICTap/Ibl OOBEKTUBTI TaHYBIH JKaJIIbl FHUIBIMH JHAICKTUKAIBIK 9JicCi
Kypaiiapl. COHBIMEH KaTap, 3epTTey OapbIChIHA IIETENAIK )KOHE OTaHIbIK HHCTUTYTTApAbl CATIBICTBIPY
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YIIIH — CaJbICTBIPMAJIbI-KYKBIKTBIK, 3aHHAMAIBIK HOpMajlapAsl Tangay YIIiH — ¢opMaibabl-
IOPUJIMKAIIBIK, KYKBIKTBIK KYOBUIBICTApABI ©3apa OaljaHbICTa KapacThIpy VINIH — KYyHeli-
KYPBUIBIMJIBIK, KOHE JIOTUKAJIBIK TaJIay 9icTepl KeHiHeH Konganbuiast [10,11].

Kaszipri Tanza coT iciH XXypri3y )ky#ecin pedopmanayasiH 0acTbl CTPATETHUSIIBIK OaFbITTaPBIHBIH
0ipi — MEMJIEKETTIK €MecC, TAYeJCi3 kKEeKe COT capanTaMachl MHCTUTYTHIH JaMBITy OOJBIN TaObLIAIbI.
OJIeyMETTIK-9)KOHOMMKAJIBIK TPOLECTEPAIH KYPAEIEHYl, HApBIKTBIK KAaThIHACTAPABIH KapKbIHIbI
JIaMybl JKOHE KYKBIKTBIK MEMJICKET KypyFa [IereH YMTBUIBIC apHaiibl OUTIMII maijanaHyFa JereH
CYPaHBICTBl KYPT apTThIpAbl. bysl cypaHbIC TE€K KbUIMBICTBIK ICTEp asChIHAA FaHAa €MEC, a3aMaTThIK
KOHE OKIMIIIIK KYKBIK OY3YIIBUIBIKTap OOMBIHINA J1a ©3€KTLIIT1H AdJenaern oToip [9].

Otangplk ToxipuOere ToKTancak, KaszakcraHmarbl jKeKe COT-capanTaMa KbI3METIH peTTey
Tapuxsl OipHeme ke3eHHeH oTTi. 1997 KbuTbl KaObUITAaHFAH aJFAIIKbl 3aHHAMAIBIK aKTUIEp TEK JKeKe
TYJIFajgapra pykcaT KyXaTblH Oepyail KapacTblpraH OonarhlH. KeliHIl 3aHIapia cOT-MeIUIMHAIIBIK
KOHE TICUXHMATPHSUIBIK capanTaManapAbl JKYPTi3y KYKBIFBI 3aHIbl TYIFalapra nga Oepinmi. byn
capanTaMallbIK 3epTXaHajJapblH MaTepHaIbIK-TEXHUKAJIBIK 0a3aChlH HBIFATyFa OH bIKIAJ €TKEH e[l.
Amnaiina, yakplT eTe Keie OyJl MpOrpeccuBTI HOpMa 3aHHAMaJaH AJIbIHBIN TacTanasl. KonmaHbICTaFsl
«Cort-capantama KbI3MeTI Typaib» 3aHra coiikec [2], pykcaT KyXaTbl (JIMIEH3Ms) TEK >KEeKe
TyIFanapra Oepineni skoHe omap PecnyOumKamnblK COT capamiibuiapbl MalaTacklHa MIHAETTI TypAe
myme OGomysl Tuic. JIL.O. IlapamoHoBa [6] CHMSKTBI FalbIMIApAbIH 3€pTTEYJepl KOpCETKEHIEH,
Kazakcranma jKeke capanmibUIapAblH CaHBl JKETKUTIKTI OOJFaHBIMEH, OJApIbIH KBI3METIHICTI
YIBIMAACTBIPYIIBUIBIK, KAPXKBUIBIK JKOHE OICTEMEINIIK MJcelesep i Jie TOJBIK LICNIiMiH TallaFaH.
XKeke capanmbUIapAbIH —~ WHCTHTYIHMOHAJABIK  TYPFBIJAH — QICI3NITT  ONApIbIH  MEMIICKETTIK
MEKeMeJIEpMEH TOJIBIKKAH bl 0oceKere Tycyine MyMKiHIIK 6epMmeiiai. Onap keOiHece FRUTBIMU-3EPTTEY
0a3achl KOK, )KeKe TOKipuOeciHe FaHa CYWeHEeTiH MaMaH/1ap PETiHE KaJIbIl KOM/IBI.

Ocwl opaiiga, Toyencizs Memnekerrep Jocrtacteirbina (TMJI) kipeTiH meTengepaiH coT-
capanTaMa KbI3METiH YHBIMAACTBIPY TOXKIpUOECIHE »KacajafFaH CaJbICTHIPMANIbI-KYKBIKTBIK Tajlgay
MaHBI3/IbI FRUIBIMH HOTHOKEJIEp Oepeni. 3epTrrey OaphIChiH/Ia aHBIKTAIFaH/1al, TOCTKEHECTIK KEHICTIKTE
KEKe COT capanTaMachl MHCTUTYTBIHBIH JaMy CEpIIiHI 9pTYpii JAeHreWne kypin skarelp. MaceneH,
benapycer xoHe MonmoBa MEMIICKETTEPIHIH YJTICI ©T€ MEePCIEKTUBAIBI OOJBINT caHanmanbl [6]. by
eNZiepe JKeKelle caparnrama OpTajibIKTapbl MEMJIEKETTIK OpraHapMeH TeH JIopexe]ie KYMBIC 1CTeH .
3aHapl TyJFanapiablH - (capantaMaiblK HMHCTUTYTTap MeH OopoJjiaplblH) JIMLEH3MsUIaHybl  1pl
3epTXaHaJIbIK KeIIEeHAEPAIH KYpbUIyblHA KOHE capanTaMa CamachblHBbIH apTyblHa Tikesed okenmi. by
MEMJIEKETTIK MOHOTIOJIMSHBI KOUBIN KaHa KOMMai, FEUTBIMU 3€PTTEYJIEP/IiH AJIITIH apTTHIPHII, COTKA
JeHiHT1 Tepren-Tekcepy Mep3iMaepiH KbICKapTyFa CENTIriH TUT13/1.

Kasipri Ka3zakcTaHAbIK KbUIMBICTBIK 1C JKYPri3y KyieciHaeri 6acTbl KallllbUIBIK — TapanTap/IblH
KapbICTIANBUTBIK IPUHIIUIIIHIH KoOiHECe NeKIapaTUBTI (TE€K Kara3 >KY31HJer1) CUTIaThIHAA OOJIBIN OTHIP.
Apnaifpl OUTIMII KOJJaHy cajlachlHAA aiipinray Tapanbl (IpOKypop, Tepreyii) MeMIEKEeTTIK
capanTaMa OpraHJIapbIHBIH OpacaH 30p pecypchblHa IIEKCi3 MeMiK eTeil. ANl KOprayllbl Tapar, sSFHU
aZiBoKarTap, OajaManbl FHUIBIMH KOPBITBIHJIBI alyda alTapibIKTall OKIMIIUIIK >KOHE MPOLECCYalIbIK
kenepriepre tan 6onansl. Meicanbsl, KP KIIK-HiH 272-6a0p1 KOprayliblFa KeliciMIIApT Heri3iHzae
capanTama TaraiblHIay KYKBIFBIH Oepeni [1]. bipak ic xy3iHae, aJBOKaT TOyeJICi3 capamiibiHbl TallKaH
Ke3Jle, Tepreylili ofaH 3epTrey oOBEeKTUIEpiH (3aTTail nonenaeMeneplii, KyxKarrtapsl) OepyeH Typii
cpUITayJlapMeH Oac Tapra amanel. Tepreyinl OOBEKTIHIH 3aKbIMJIaHy Kayrmi Oap JIereH >KelIeyMeH
MaTepuanaapapl OepMeil KOlFa TONBIK KYKbUIBL. Kaszipri keszeri TepreyuriHiH Marepuaigapibl
YCBIHYJIaFbl «pyKcaT OepMelHMiH» JEeTeH MIeKCi3 OwmIiri — chl0aiiac >KeMKOPIBIKKA JKOHE O1piKaKThI
alfpITay Ke3KapachlHAAaFbl TEPreyre 5K0JI allaThlH 0acThl KeMIILTIK [§].

Xexke capantaMaHbIH JaMybl — COT TOPEJITIHIH allILIKTHIFBIH KAMTaMachl3 €T€TIH HET13r1 (akTop.
Erep agBokar Toyenci3 capanTtama MHCTUTYTBIHA JKYTiHIIN, Oajamaibl opi camayibl KOPBITHIHABI aja
asica, OyJ1 MEMJIEKETTIK capanuiblIapblH Ja KayanKepIIUIiriH apTTeIpaabl. MeMIIeKeTTIK capaniibl 03
’KYMBICBIHBIH K€3 KeJITeH yaKbITTa TOyeJNCi3 MaMaHAap TapalblHAaH TEKCEpiayl HeMece KalTa Kapaybl
MYMKIH €KeHIH OInreHnae, 3epTTey camachl anTapibIKTaid sxkakcapanbl. COHIBIKTaH, KbUIMBICTBHIK
MPOIECTEr KapbICIAIBUIBIKTH KAMTaMacChl3 €TeTIH MEXaHU3MAEP/l KYpy 6Te MaHbI3/IbL.
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Kypriziiren Tangay HOTHXKENEpiH KOPBITBIHIBLIIAM Kele, KBbUIMBICTHIK IC JKYprisyaeri cor
capanTamMachkl HHCTUTYTBIH KETUIIpy OOMBIHINIA MBIHAIal 1pTelli YCHIHBICTAp JKacayiafbl: bipiHmiiaeH,
coT-capanrtaMa KbI3METIH JIEMOHOIONIH3ANMSIIAYyAbl 3aHHAMAIBIK JICHreiIe OCKiTy KaKeTTLTIrI.
KBUIMBICTBIK TIPOIIECTET] MIBIHAWBI KAPBICTATBIIBIKTH KAMTAMACHI3 €Ty YIIIH MEMJICKETTIK caparnrama
MeKeMelepiHiH MOHONONMIChIHAH OipTiHaen Oac TapThin, benapych xxone MongoBa MeMIIEKETTepiHIH
YATICIHAE TOYEICi3 )KEeKe capanTaMallblK YHbIMIAP/bl aKKPEAUTTECYIEH OTKI3Y KYWECIH €HT13y KaKeT.
Bbyn perre nuuensus Oepy TeK JKEKe TyJIFajlapra eMec, apHaibl Kypai-)KaOJbIKTapbl MEH FbUIBIMHU-
3epTTey 3epTXaHachl Oap 3aHIbl TYJIFajapra Ja pykcar erinyi twic. byn kamam capantamanbig
camachlH XaJlbIKApAJIbIK JCHIelre KeTepyre MyMKiHAIK Oepeni. ExiHIIiIeH, KOpraylibl TapanTblH
capantama TaraibiHAay KyKbeIFbIH KenimaeHaipy. KP KIIK-HiH 272-06a0bIH KETUIIIPE OTBIPHIIL,
aJIBOKaT TAyeJICi3 MaMaHFa HEMece JKEKe caparllblFa KYT1HI'€H XKaFaaia, Teprey OpraHbIHbIH 3epTTey
00BEKTUIEpIH YChIHY/IaH 0ac TapTy KYKBIFBIH IICKTCHTIH UMIIEPATHUBTI HOPMa €HT13y KaXeT. 3epTTey
OOBEKTICIH YChIHYJIaH 0ac TapTy TeK OOBEKTIHIH >KOMBUIBIN KeTy (OyiiHy) Kaymi OoniFaH epekiie
KaFjaniapaa FaHa, ol Jia MIHACTTI TYpHe COTTBHIH HEMece Teprey CyAbSICHIHBIH KayJbICHIMEH iCKe
achIpbUTybl THiCc. byl MexaHu3M aJBOKaTTapra MEMIICKETTIK MOHOMOJMSHBIH «FBUIBIMU KaKIaChIH»
Oy3bIll alIyFa JXOHE COTTa OOBEKTHBTI AKWUKATTHl JQJENACYre HAKThl KYKBIKTBIK Kypai Oepemi.
Ocpuraiiia, KBUIMBICTHIK COT iCiH JKYpri3yzeri agam KYKBIKTapblH KOpFay JKyHeci jKaHa JeHreure
KeTepiiaei.
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KBIJIMBICTBIK IC ) KXYPT'I3YAE CAPAIIIIBI KOPBITBIHABICBIH BATAJIAY
MOCEJIEJIEPI: <MAMAH» HHCTUTYTbBIHBIH POJII ’KOHE JAYBEPT
CTAHIAPTBIH UMIIVIEMEHTALIUAJIAY

IHIpinxanoe /[yram Azamamynot
Typan ynusepcumeminiy 2 Kypc Masucmpaumol,
Kazaxcman, Anmamot kanacol

Anaeea I'ynvnaz Typcynoena

Founvimu orcemexuti, 3.2.K, accoyupieneen npogeccop,
Typan ynueepcumemi,

Kazaxcman, Anmamul Kanacwol

Angatna Makana KbUIMBICTBIK MPOIECTErl capamiibl KOPBITBIHABICHIH JSJIEIeMe peTiHe
OaranayblH TEOPHUSIIBIK, THOCEOJIOTHIIBIK JKOHE KYKBIKTBIK Macenenepine apHanraH. Cyabsuiap MeH
Tepreyuryiepif MEMIJICKETTIK capanTaMa MeKeMelepiHe JIereH FBUIBIMH TYPFBIIAH TOYeIJIUIiri,
KOPBITBIH/IBIHBI MOH1 OO¥bIHIIIA eMec, TeK (popmalibibl Oenriiepi OolbIHIIA Oaranay TaKipuOeci ChIHU
TYpFbIaH  TangaHanel.  Jlomennmemenepni  epkiH  Oarajmay — TEOpHACHI  asChIHAA — Caparliibl
KODBITBIH/IBICHIHBIH KATBICTBUIBIFBI, [IBIHAMBUIBIFBI JKOHE pPYKCAT eTiMyl KacHeTTepl >KaH-KaKThl
KapacTeIpbUIFad. Jlomenaey mpoueciHiy camachklH apTTHIPY JKOHE KOPFAYIIbl TapanThiH KYKBIKTapBIH
KEHEWTy MaKCaTbIHAa aBTOp «MaMaH» (CIEMUANNCT) MHCTUTYTHIHBIH IC JKYPTi3yHIUIK MopTeOeciH
KYIICHTYll JKOHE OFaH MEMJICKETTIK capanTamara FBUIBIMH DELEH3Usl jKacay KYKBIFBIH Oepyai
ycoiHagpl. COHBIMEH KaTap, capanTaMallblK ojicTeMeNIep/iH FhUIBIMH HETI3AUTINH Oaranay yIIiH
AKII-tein  «[aybept cranmaptein» (Daubert standard) oTaHmbIK KYKBIK JKy#eciHe Oeifimuey
MepCIeKTHBAIAPHI KAPaCThIPbUIFaH.

Tipek ce31ep: capaniubl KOPBITHIHABICH, TaenIeMenepi Oaranay, MaMaH HHCTUTYTHI, FEUTBIMU
peuensus, JlaybepT craHmapThl, iMIKi HaHBIM, HIBIHAMBUIBIK, KaTBICTBUIBIK, pYKCAT €TUTy, JoJenjey
TIOHI.

KBUIMBICTBIK iC JKYPTi3y TEOPUSCHl MEH TXIpUOECiHJe capamlilibl KOPHITHIHJBICHIH AdJeeMe
peTinae Oaraniay MeXaHM3MI €H KYpJeNli opi MiKipTajiac TYIbIPaThIH MOCEIeNep IiH KaTapblHa KaTabl.
KbUIMBICTBIK-TIPOLIECTIK 3aHHaMara colikec [1], capamIubIHBIH KOPBITBIHIBICHI Oacka AdJenaeMesiep
CHUSIKTBI YKaJIbl KAFUIATTap MEH epekeriep Heri31He OaraJaHybl THIC )KOHE OHBIH TepPreyIili, MPOKYpop
HeMece Cy/Ibsl YIUIH allfiblH ajla OeNrijieHreH KaHaai aa 6ip MiHIETTI HeMece apThIKIIBUIBIK KYIi YKOK.
Amnaiina, Tapuxu KaJblTacKaH OOBEKTUBTI HIBIHABIKKA CYHEHCEK, OyJl JoMenJieMeHIH ©31He ToH
epekuie cnenudukacel O0ap, COHIBIKTaH OJ Kol jkarjaiina Oacka JonenaeMenepleH JapajiaHbl
Typanbl. PeBomommsira  geitinri  kesennae Oenruni  mponeccyanucer  JILE.  Bmagumwupos:  «O3
KOPBITBIH/IBIIAPBIH KaHJail 1a Oip FhUIBIMFA HETI3ACUTIH capamibsuiap — Oyl FRUIBIMHU CyHbsIiap,
OJIapJIbIH YKIMI 1CTET1 apHaiibl MOCENIEeHIH TYNKIUIIKTI IIenIimMi OO0k TabbuIa bl» JeH TY>KbIPbIMAAaFaH
[3]. byn ke3kapac pecMH Typjle >KOKKAa IIbIFapbUIFaHBIMEH, TXipuOelne CyIbsulap/IblH Capariiibl
KOPBITBIHJIBICBIHA «a0COJIFOTTI aKUKaT» PEeTiHAE Kapaybl om e ke3mecemi. Ochl opaiina, capariibl
KOPBITBIHJILICHIH OaFanayAblH THOCEOJOTHSIIBIK AacCIeKTUIepiH Taljay XKoHe Oaranay TeTiKTepiH
3aHHAMAaJIBIK KeTUIIPY KaXKeTTUIIr TYbIHIaN bl

Honenaemenepai Oaranay TE€OPHUSCHI, OHBIH 1LIIHJIE Capanilibl KOPBITHIHABICHIHBIH KaThICTBUIBIFBI,
meHAWBITBIFEI MeH pykcaT etityl P.C. benkun [4], FO.I'. Kopyxor [5], I.LA. Jlynunckas [6]
eHOeKTepiHJe ipremi Typle 3epTTeNreH. AJ KbUIMBICTBIK MpPOIECTe MaMaHHBIH 1C JKYPri3yLIUTiK
MopTebeciH keTepy moceneci otaHablK FambiM [.T. AnmaeBanblH [7] eHOEKTepiHIE KOPIHIC TarKaH.
[erennix monenaey >xyiecin, oHbH iminae [laybept cranmapteia 3eprreyne D.E. Bernstein [11],
S.G. Thompson [12], M. Page [13] >xymbICTapbl Heri3re ajablHIbl. 3epTTey OapbIChIHIA KYKBIKTBIK
KYOBUTBICTAp Bl ©3apa OalIaHbICTa KapacThIPy YIIiH JKYHeNi-KYPhUIBIMABIK KOHE JIOTUKAJIBIK TaJIay
ozicTepi, ic MaTepUalapbIHaFbl COT aKTUIEPIH SMIMPUKANBIK TaJAay dicTepl KOJIIaHbLIAb [8].
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Caparmibl KOpPBITBIHABICHIH Oaranay — Oyl TepreyuriHiH HeMece COTTHIH YCHIHBUIFAH KY)KaTKa
KATBICTBl JIOTHKAJBIK MalbIMAAylIap MEH TYKbIpbIMAAp jKacayAaH TYpaTblH 3aHJbl TAaHBIMABIK
nporecc. baranay nporeci ke3 KenreH 6acka JayenieMe CHSIKTBl OHBIH KaThICTBUIBIFbI, IIBIHARBIIBIFBI
KOHE PYKCaT eTUIyl TYPFBICBIHAH XY3€re acblpblia/ibl. KaThICTBUIBIKTEI Oaranay Ke3iH/e MOCceNeHIH
MOHI kMl e3repyl MyMKiH. 3epTreyre kiOepiireH OOBEKTIHIH iCKe TiKeJIed KaThIChl OONybI MIapT.
Mpicanbl, OKUFa OpHbIHAH TaObUIFaH MBIIIAK capanTama apKbUIbl «CYBIK Kapy» Il TaHbLIFaHbIMEH,
KEWiHT1 Tepreyae OHBIH KBUIMBICKA KAaTBICHI JKOK €KEHI (MbICaibl, OHBI Oacka ajaM KaJIbIpFaHbl)
AHBIKTAJICA, KOPBITHIH/IBI ©31HIH JdJIeAeMEITIK KYIIiH kKosaabl [9].

HIpIHalBIIBIKTEL OaFasiay FHUIBIMUA OpPTaJa €H Kol KUBIHIBIK TyAbIpaTeiH cathl. P.C. benkun [4]
MeH [O.I'. KopyxoB [5] aran etkenneii: «CapantaMaHblH IIBIHAWBUIBIFBIH Oacka JoseliieMeIepMeH
COKBIP TYpJIe CAJBICTBIpa Oepy — OV KOPBITHIHIBIHBI MOHI OOWBIHINA Oaranaydarbl JTOPMEHCI3IIKTI
XKacelpy». baranay enrHopceHi ChIpTTaH TapTIal, TeK KOPBITBIHABIHBIH ©3 IMIIHAETI MOTIHII Talaay
Heri3iHJe XKYprizuryi kepek. baramaymibl cyObeKT KOJNJAHBUIFAH SICTEMEHIH FBHUIBIMHU HET13/UTITIHE,
JIOTUKAJBIK IYPBICTHIFbIHA Ha3ap ayaapysl Tuic [8]. Pykcar erimyni 6aramay yurin [1.A. Jlynuackas [6]
aTarn ©TKEHJCH, MANIIMETTI 3aHIa KOPCETUINeH KO3/eH ally, iC )KYPri3y epeelepiH caKkTay MaHbI3IbI.
byn perre capanmiblHBIH KY3bIPETi, OHBIH HPOIECKE MYIJAETi €MEeCTIri, TaFalblHAAy KayJbICHIHBIH
3aHBUTBIFBI MYKHUST TEKCEPiTe .

Amnaiina, Teprey, COT JKOHE capanTaMaiblK TOKIPHOEHI Tanjay KepCceTKeHJeH, Kem jKaraaiina
Tomneney CyOBeKTiIepl TeK capamlllblHbIH JKacaraH akKbpIpFbl TYWIHJEpiHE FaHa KbI3BIFYIIBUIBIK
TaHbpITagel. Onap capamiibl TYWIHIEPIHIH FBUIBIMU HETI3IUIITH, TaHJAIFaH 3epTTey SIICTEeMECiHIH
IYPBICTBIFBIH 63 OcTiHme Oarasayra Kaykapchi3 [4]. OChl Ke3eHje IolieNjiey MPOIECIHEe TOyenci3
MaMaH/bl TapTYJbIH CTPATErHsUIBIK MaHbI3bl aprafbl. Kazipri KYKbIK KOJJaHy MpaKTUKAChIHIA
KOpFayIibl (aJBOKAT) TaparblHIa MEMJIEKETTIK CapamlIIbIHBIH OepreH KOPBITHIHABICHIHBIH FHUIBIMU
Heri3funirin Oaranay yIIiH apHaiibl OuliM keOiHece KeTKimikci3 Oomamapl. Ocbhl yakbITKAa JIediH
3aHHAMaJarbl «MaMmaH» (CIeUUaINCT) HMHCTUTYTHl TEK TEpreyllire TEeXHUKaIbIK XKopJeM OepeTiH
KOCAJIKbI TYJIFa peTiHje FaHa Oarananbin kenai. Capaniibl MEH MaMaHHBIH apachIHAAFbl €H 0acThl ic
KYPri3ylIUTiK ailbIpMaIlIbUIBIK OJApIbIH SficHaMalblK epkinairinge xkatolp. KP «Cot-capantama
KBI3METI Typasib» 3aHblHA colikec [2], coT capammbichl Tek Memiekertik Tizutimre (Peectpre)
EHT13UIreH SJiCTeMeNIepMEH FaHa JKYMBIC iCTeyre MIHAETTi. AJ MaMaHHBIH aKMapaTThIK-9/1iCTEMENTIK
MYMKIHIIKTepl anaekaiaa keH. OtaHnblKk KykbikTaHymiel [.T. AnaeBanblH [7] mikipiHile, MaMmaH
MEMJICKETTIK Ti3UTIMMEH [IeKTeJIMeNi, OJ Ke3 KeIreH 3amMaHayd, XallbIKapajblK JeHreiiie
MOWBIH/IAJIFaH FBUIBIMH SJIiCTEpPre CYHEHE OTHIPHII, Capamillbl KOPBITHIHABICHIHA aHATUTUKAIBIK TAJAAY
kKacail amanel. Amaiifa OyriHri TaHaa cOTTap aBOKAT CypaTybIMEH OKENIHIeH MaMaHHBIH jkazOalia
MIKIPIH J9JengeMe peTiHe KaOblaayaaH skul 0ac TapTaibl HEMECE OHbI Capalllibl KOPBITHIHABICBIHAH
TOMEH KOSI/IbI.

ApHaiibl OUTIMIII KOJJaHy CajlaChIHAAFbl €H YVJIKEH MpobjieMa — CyAbsUTApIbIH Capariibl
KOPBITBIH/IBICBIHA a0COIOTTI CeHiMI. Erep KOpBITBIHbIIa MEMJIEKETTIK MEKEMEHIH Mepi Typca, Cy/Ibs
OHBIH FBUIBIMIJIBIFBIH TekcepMenal. biz Oyn Ttoxipubeni e3repry yumriH AKII-teiH [laybept
craunapteiH (Daubert standard) [10,11] KasakcTanHbIH cOT XyiieciHe OeiliMaeyai YChIHAMBI3.
JHayOepT cTaHAapThIHBIH MOHI — CYAbSIHBIH «FBUIBIMHM CY3Ti» (gatekeeper) peniH artkapysiHzpa [12].
Cynps capantaMaHbl KaObuiay Ke3iHJe MbIHagal 4 KpuTepuiiii TeKcepyre MiHIeTTi:

1. OxicTeMeHiH FhUIBIMU ChIHAKTAH OTY1 (IMIUPUKAIIBIK TEKCEPLIy1);

2. OaicTeMeHiH KaTelliK JeHreliHiH (error rate) Oenriii 00ysl;

3. OHBIH FRUTBIMH OpTaja (pereH3MsUIaHAThIH KypHAJIap/ia) JKapusuIaHybl;

4. FpulbiMM KaybIMIACTBIKTBIH OYJI OMICTi »Kammbl MoibiHAaybl [13]. JlayOepT cranmapThiH
OTaHJBIK COT TAKIpUOECiHe JailbIKTay apKbUIbl 013 cynpsra ¢GopManbabl MepAl €Mec, FbUIBIMU
HETI3AUTIKTI TEeKcepylll eKUIeTTIriH OepeMi3. By FBUTBIMIBI BEAOMCTBOJBIK MYIIEIEH >KOFaphl
KOSITBIH HAFbI3 JIEMOKPATHSUIBIK KaIaM.

Xorapplgarel Tangayiap HETi3iHIE MbIHAJAl FBUIBIMUA YCHIHBICTAp Kacalaibl: bipiHIriieH,
MamaH (crenuanucT) MHCTUTYTBIHBIH IC JKYPri3yHIUIIK MOpTeOeciH KyIIeWTy. AJBOKaT TapTKaH
MaMaHHBIH ka30alla MmiKipiHe capariibl KOPHITHIHABICEIMEH TEH TOPEkKeAeri AJeNIeMENiK Kyl Oepy
Kaxxer. COHBIMEH Karap, MaMaHFa MEMIIEKETTIK capanTamMa KOPBITBIHIBICBIHA FBUIBIMH PEIEH3US
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’Kacay KYKbIFbIH 3aHMEH OeKiTy Kepek. byl MexaHu3M a/IBOKaTKa MEMJICKETTIK caparTaMaHbIH KaTeCiH
FBUTBIMH TYPJE ISJIENICYTe )KOHE KalTarmama capanrama TaraibiHaayFa TOJIBIK MyMKIHAIK 0epeni. Ochbl
Makcarta «MamaHIapablH KbI3METIH YHBIMIACTBIPY TYypalib» apHaiibl HOPMATHBTIK aKT KaObUIAay
yeuiabaanl. Exinminen, AKI-teiH [layOepT cTaHIapThIHBIH HETI3r 3JIEMEHTTEPIH KBUIMBICTBIK 1C
KYpPrizy 3aHHAMachlHA €HTI3y. ByJl KajaM CyabsutapAblH Capariibl KOPHITHIHABICEIH TEK (HOpPMAahIbl
TYpAE FaHa eMec, MoHI OoWbIHIA OaranaybiHa xoi amazpl. OChl yII Kypamaac 0eilik — MaMaHHBIH
MopTeOeciH apTThIPY, TAYEJICi3 capanTaMaHbl IambITy jkoHe JlayOepT cTaHmapThIH €Hri3y — COT
TOPEIITiHIH MIIHANBI )KapPBICTIAIBUIBIFBIH KAMTaMacChI3 €TETIH O1pTyTac )KYHEeH1 Kypauibl.
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Abstract

This article explores the musical and stylistic features of the romance genre and its adaptation in
the performance practice of the prima kobyz instrument. The author provides a theoretical analysis of
the historical development of the genre, its artistic and emotional content, and its relevance in modern
musical interpretation. The timbral and technical capabilities of the prima kobyz offer new means of
expressing the lyrical nature of the romance. The study reveals the interrelation between traditional
and contemporary musical thinking and contributes to the enrichment of the national instrumental
performance repertoire.

Keywords: romance, prima kobyz, style, interpretation, performance tradition, musical culture.

Kazakh traditional musical culture represents a quintessential manifestation of the nation’s spiritual
identity and ontological worldview, functioning as an artistic domain that delineates the ethno-
aesthetic cognitive system. The performative essence and intonational structure of traditional music,
synthesized through centuries of empirical practice, encapsulate the artistic ideals, historical
consciousness, and national musicological syntax of successive eras. Since the latter half of the 20th
century, traditional performance paradigms have undergone a transformative evolution through
formalized professional academic systems, which has substantially augmented the repertoire and
technical parameters of national instruments. One prominent exemplar is the prima-kobyz, a
sophisticated instrumental evolution that preserves the archaic Kazakh kobyz traditions while
seamlessly integrating into academic performative praxis. The profound timbral complexity,
morphological flexibility of sound, and evocative emotional resonance of the prima-kobyz distinguish
it as an exceptional medium for the nuanced interpretation of lyrical and romantic genres. In the
musicological landscape, the romance genre is defined by its subtle, emotion-laden lyricism and its
distinctive figurative character in both vocal and instrumental configurations. The intonational essence
and artistic idioms of this genre possess significant aesthetic congruence with national traditions.
Consequently, executing the romance style via the prima-kobyz facilitates a rigorous conceptualization
of the intrinsic nexus between traditional and contemporary musical logic.

In the contemporary musical landscape, a profound synthesis between traditional performative
traditions and modern interpretive methodologies is increasingly evident. From this perspective, the
integration of the romance genre into the prima-kobyz repertoire serves as a testament to the dynamic
evolution and modernization of the national musical heritage.

The primary objective of this research is to elucidate the musical-stylistic characteristics of the
romance genre within the framework of traditional musical culture, while theoretically delineating its
modern interpretive dimensions within the sphere of prima-kobyz performance. Kazakh traditional
musical culture constitutes a sophisticated artistic system-a unique phenomenon that encapsulates the
spiritual and aesthetic experience of the people accumulated over centuries. At the core of this tradition
lies an oral heritage, diverse instrumental and vocal lineages, a distinctive folk intonational system,
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and the specificities of national musical cognition. It functions not merely as an art form but as a vital
repository of the nation’s historical memory and a fundamental component of its cultural code [1, p.
160].

A definitive characteristic of traditional music lies in the improvisational nature of its performance,
which entails the fluid articulation of musical thought and the organic development of melody
predicated upon the performer’s internalized emotions and empirical expertise. This attribute facilitates
a direct metaphysical connection between the artist and the audience. Each kuy, terme, zhyr, or
instrumental composition is inextricably intertwined with the people’s lifestyle, ontological worldview,
and historical reality, thereby establishing a distinct national aesthetic paradigm. Over time, traditional
musical culture has progressively converged with novel artistic forms and contemporary performative
methodologies. The 20M-century transition of national instruments onto the academic stage, the
institutionalization of professional musical education, and the systematic notation of folk heritage have
collectively catalyzed a qualitative elevation of traditional performance. During this epoch, archaic
instruments such as the kobyz, dombra, and sybyzgy were augmented with enhanced technical
capabilities, subsequently integrating elements of modern musical syntax.

This evolutionary process does not signify the erosion of traditional music; rather, it represents its
strategic adaptation to a novel cultural milieu. In this context, modern performance interpretation is
conceptualized as a methodology for unveiling artistic content through innovative perspectives,
thereby deepening both stylistic and emotional resonance during the execution of a musical work.
Within the philosophy of music, the concept of interpretation embodies the creative synergy between
the composer and the performer, illustrating the symbiotic relationship between established tradition
and avant-garde innovation.

To comprehend contemporary interpretation within the framework of traditional musical culture,
the role of the performer assumes paramount significance. The modern performer is no longer viewed
merely as a medium for transmitting a notated text; instead, they are recognized as a creative agent
who enriches artistic thought with novel substance. By preserving traditional intonational structures
while simultaneously implementing modern performative techniques, the artist facilitates the dynamic
evolution of the national musical language.

From this perspective, the convergence of traditional music and modern interpretation serves as a
definitive manifestation of cultural continuity. This synthesis is increasingly prevalent across the
domains of musical pedagogy, performative praxis, and creative inquiry. Today, the national
instrumental art form sustains the unity between heritage and contemporary artistic trends, facilitating
the emergence of novel stylistic paradigms and interpretive models. The prima-kobyz is a refined
iteration of the ancient Kazakh kobyz, functioning as a professional instrument meticulously adapted
to the requirements of modern musical culture. It emerged in the mid-20" century as a result of the
structural integration of classical violin characteristics with the traditional kobyz framework. = The
genesis of the prima-kobyz represents a significant milestone in the evolution and modernization of
national performance culture. The instrument possesses an extensive palette of timbral colors and
intonational capabilities. Furthermore, its diverse sound production methodologies-including vibrato,
legato, tremolo, and various bowing techniques-have rendered it an exceptionally evocative medium
for articulating lyrical genres, specifically the romance style [2, p. 196].

As a musical genre, the romance constitutes an artistic form that encapsulates profound emotional
depth, internal psychological conflict, and subtle lyrical reflection. Initially emerging as a vocal genre,
the romance subsequently evolved into a prevalent form of instrumental interpretation. The hallmark
of this genre lies in its emphasis on melodic imagery, phrasal integrity, and emotional expressivity.
These attributes resonate harmoniously with the inherent performative qualities of the prima-kobyz,
facilitating the comprehensive realization of the instrument’s artistic potential [3].

The interpretation of the romance genre on the prima-kobyz is regarded as a synthesis of tradition
and innovation. On one hand, the intonational patterns and lyrical nature characteristic of the romance
are inextricably linked with traditional Kazakh melodic cognition. On the other hand, contemporary
performative features are distinctly evident in terms of instrumental technique and dynamic
progression. Consequently, the romance style within the prima-kobyz repertoire has emerged as a
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unique direction that enriches the national intonational system with novel artistic substance. Within the
romantic paradigm of prima-kobyz performance, paramount importance is placed on acoustic quality
and emotional resonance. The primary objective of the performer is to precisely articulate the delicacy
and inherent lyricism characteristic of the romance. To achieve this, various methodologies are
employed, including diverse vibrato techniques, sophisticated dynamic gradations, and the alternation
of timbral colors. Furthermore, phrasal cohesion and intonational freedom serve as the fundamental
pillars of this performative interpretation. The expansion of the romance style within Kazakh musical
culture should not be viewed merely as a consequence of European musical influence; rather, it is an
internal imperative arising from the inherent richness of the national intonational system. Romance
compositions performed on the prima-kobyz draw upon traditional Kazakh melodic structures to
pioneer novel artistic trajectories. This phenomenon serves as definitive empirical evidence of the
harmonious integration between national performative arts and contemporary cultural paradigms.

The significance of the romance genre within the prima-kobyz repertoire lies at the intersection of
traditional kobyz melodies, archaic resonance, and modern professional intonation. Through this
instrument, the romantic style undergoes a process of acoustic recontextualization, acquiring a distinct
interpretative quality infused with national timbral aesthetics. Such a trend in contemporary
performance practice establishes the prima-kobyz not only as a technically versatile instrument but as a
cultural bridge that synthesizes national lyricism with modern musical aesthetics.An examination of
the historical evolution and artistic-stylistic attributes of the romance genre necessitates a detailed
analysis of its manifestation within national musical culture through specific compositions. From this
perspective, the romance genre within the oeuvre of Akhmet Zhubanov, one of the foundational
figures of Kazakh professional music, warrants particular scholarly attention. The composer’s works in
this domain emerged through a sophisticated synthesis of national intonational characteristics and
European vocal traditions, contributing significantly to the advancement of the Kazakh art of the
romance.

One of Akhmet Zhubanov’s notable compositions, titled ‘Romance,’ is composed in the key of A
major (4-dur) with the tempo marking Andante cantabile. The instruction Andante cantabile dictates a
moderately slow, song-like, and lyrical performance style. This thematic and stylistic approach aligns
with a broad lineage of works by renowned international and Russian classical composers who have
explored similar expressive paradigms.

Andante cantabile dolce

0 w . = e

i s — | — = i |

4 | = = |

o)
mp

3 3 3 —3— 3 3

Ty e p—— | [—— p——

{
|

—M

The composition commences with a piano introduction, where a two-measure melodic phrase
establishes the foundation for the prima-kobyz entry. The instrument begins its part with an
exceptionally delicate and subdued sonority. Within this introductory segment for the kobyz, the
musical directive dolce (meaning 'sweetly' or 'gently') is indicated in the score, underscoring the
requirement for a refined and tender articulation.
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In the legato technique, the primary objective is to execute a sequence of notes seamlessly within a
single bow stroke, ensuring a continuous and fluid motion. Achieving an aesthetic sonority depends
heavily on the transition of the bow direction; this must be facilitated by the synchronized movement
of the wrist and elbow joints to maintain the natural integrity of the sound.

Beyond achieving a rich and vibrant melodic coloration consistent with the work’s intonational
content, the performer must strive to capture the unique individual nuances of the composition. The
fundamental ornamental technique utilized to enhance melodic lyricism and elevate the cantilena is
vibrato (tonal oscillation). This method infuses an otherwise static melody with vitality and resonance.
The mastery of vibrato requires specialized individual technical preparation. The aesthetic enrichment
of a note through oscillations-generated by the coordinated movement of the fingers and wrist-is
directly dependent on the precise tactile engagement of the fingertip with the string to produce a highly
expressive tone [23].
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During the performance of the work, paramount importance should be placed on intonation. In this
context, intonation is defined as the purity and acoustic precision of musical pitches.
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Notes featuring accidental alterations must be executed with meticulous precision. Following the
fingering principles of the violin’s left-hand technique, this passage is performed on the prima-kobyz
in the second position.

In string performance praxis, a position is defined as the static placement of the hand on a specific
part of the fingerboard, whereas shifting refers to the dynamic transition of the hand along the
instrument’s neck from one pitch to another. The specific position is determined by the placement of
the first finger on the string; thus, the numerical designation of the position is fundamentally
contingent upon the distance of the first finger from the nut of the instrument.
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Consistent with the stylistic idioms prevalent in Akhmet Zhubanov’s oeuvre, the aforementioned
'Romance' incorporates a ritenuto directive, necessitating a deliberate deceleration of the melodic
tempo before reverting to the original pulse. The third section of the composition functions as a
complete recapitulation, iteratively performing the primary thematic material in its initial form.
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At the conclusion of the work, the piano accompaniment exhibits a gradual deceleration (poco a
poco rallentando), culminating in a final chord executed as an arpeggiato. Akhmet Zhubanov’s
'Romance’ is regarded as an extensive composition that comprehensively demonstrates the full tonal
compass and dynamic range of the prima-kobyz.

The contemporary evolution of national musical art increasingly deepens the interaction between
tradition and innovation. Within the current cultural milieu, the concept of musical interpretation is
perceived not merely as a technical performance methodology but as a manifestation of socio-cultural
and spiritual continuity. The essence of interpretation lies in the revitalization of the musical text
through the performer’s creative cognition, thereby enriching the work with novel artistic substance.
This process ensures the sustained vitality of traditional musical culture in the modern era. Modern
interpretation in prima-kobyz performance, while rooted in national heritage, facilitates the emergence
of innovative stylistic inquiries. Performers preserve traditional sonic expressions, melodic nuances,
and intonational structures, recontextualizing them within romance, neoclassical, or contemporary
original compositions. Such an approach enables the adaptation of not only the outward form of
tradition but also its profound spiritual essence to the contemporary artistic environment [4, p. 144].

The concept of tradition continuity constitutes a vital category that characterizes the perpetual
development of the national performance school. Within the domain of the kobyz art, this continuity
encompasses the practical transmission between mentor and apprentice, the dissemination of
performative styles, and, fundamentally, the preservation of national intonational cognition.
Contemporary prima-kobyz performers, having attained a profound mastery of traditional kobyz
melodies, synthesize these elements with a novel stylistic nuance in romance and chamber
compositions. This trend signifies not merely the preservation of tradition but its creative
revitalization. In modern performative interpretation, maintaining a sophisticated equilibrium between
the preservation of national characteristics (national coloring) and the pursuit of innovation is of
paramount importance. The romance genre within the prima-kobyz repertoire serves as a quintessential
paradigm of this balance. On one hand, the lyrical-emotional substance inherent to the romance
resonates with the traditional kobyz aesthetics; on the other hand, contemporary technical
methodologies and the professional academic school infuse this genre with a renewed artistic vitality.

In the contemporary musical education system, maintaining the nexus between tradition and modern
interpretation remains a critical imperative. The pedagogical process for aspiring performers must
simultaneously integrate the mastery of the national musical cognitive system with an adaptation to
current artistic trends. Continuity in this direction facilitates the perpetual evolution of culture and art,
enabling the strategic adaptation of national identity within the modern era.

In conclusion, modern interpretation and the continuity of tradition are two interdependent factors in
the revitalization of Kazakh musical culture. The romance genre within the art of the prima-kobyz
serves as a tangible manifestation of this structural integrity: drawing sustenance from traditional roots
and converging with contemporary artistic inquiries, it defines a novel qualitative dimension of
national musical art. The findings of this research indicate that the stylistic and performative nature of
the romance genre functions as a vital bridge between traditional and contemporary musical cultures.
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Although this genre originated within the vocal arts, it is currently undergoing an innovative evolution
through instrumental interpretations.

The prima-kobyz offers unique capabilities for articulating the lyrical and psychological depth
inherent to the romance. The instrument’s timbral palette and performative versatility expand the
emotional spectrum of the genre, offering novel forms of resonance for the audience. From this
perspective, the adaptation of the romance genre within the prima-kobyz repertoire represents a
creative endeavor that exemplifies the symbiotic continuity between heritage and innovation.

Furthermore, romance compositions performed on the prima-kobyz enrich the repertoire of the
national performance school and broaden the global image of Kazakh musical culture. We believe that
the research and practices initiated in this field will serve as a foundation for the future advancement of
performance interpretation theory and the identification of novel stylistic dimensions within traditional
music.
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Abstract: Today, the film industry is not only a manifestation of culture but also an important
sector influencing a country’s economic development and image. Art management is a management
system that acts as a bridge between the realization of a creative idea and its introduction to the
market. This article examines the role and significance of this system in film production and describes
the effectiveness of modeling approaches using international experiences (South Korea, USA, France)
as examples. The author emphasizes the role of modeling in the planning, financing, team building,
marketing, and distribution stages of film production. Furthermore, the article analyzes the current
state of the Kazakhstan film industry, identifying key challenges and proposing solutions. Specifically,
issues such as the shortage of professional art managers, limited financing, and insufficient use of
modern digital tools are highlighted. The study concludes that improving art management strategies
and implementing modeling technologies are essential for the systematic development of film
production in Kazakhstan. These approaches ensure harmony between creativity and management,
contributing to the international advancement of the national film industry.

Keywords: art management, film production, modeling, strategy, producing, innovation, cultural
industry, international experience, development.

Introduction The film production in Kazakhstan has been developing rapidly in recent years.
Art management strategies and modeling practices are considered essential elements for the effective
organization of the film process. It allows for the systematic coordination of stages such as planning,
financing, team building, marketing, and distribution. Modeling practices in film production allow for
pre-planning projects and forecasting potential difficulties. For example, in international practice
(South Korea, USA, France), optimizing financial, production, and marketing strategies through
modeling film projects is widely used. [1]

The current state of film production in Kazakhstan is analyzed. There are issues in the country
such as a shortage of professional art managers, limited financing, and insufficient use of modern
digital tools. To solve these problems, it is important to introduce innovative management approaches,
develop international partnerships, and transition the film production to a digital modeling system.
Research results show that the effective use of art management and modeling methods allows for
raising the national film industry to an international level and ensuring harmony between creativity and
management.

The integration of modern art management strategies and modeling practices is a strategic
necessity for the industry to develop film production in Kazakhstan. These approaches contribute not
only to the high-quality implementation of film projects but also to solving large-scale tasks such as
cultural and economic development and the formation of an international image. Furthermore, this
direction requires the future training of professional art managers, the use of innovative tools, and the
improvement of the digital production system. The development of the Kazakhstani film industry can
only be implemented sustainably and qualitatively through the introduction of such comprehensive
approaches.
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As research material, art management strategies used in film production in Kazakhstan,
producing projects, and international experiences were considered. The current state of the
Kazakhstani film industry, its development perspectives, financing mechanisms, and the activities of
creative groups and production companies were selected as the object of study. In addition, co-
production projects implemented in the country, film festivals, and digital production practices were
studied, and the peculiarities of their management systems were considered. [2]

Comparative analysis, modeling methods, literature review, and analysis of practical cases were
used as research methods. Comparative analysis made it possible to identify differences between
Kazakhstan and the foreign film industry. Through this method, art management practices in countries
such as South Korea, the USA, and France were studied, and the effectiveness of their strategies was
evaluated. For example, in South Korea, the integration of digital modeling and marketing strategies is
widely used when planning film projects. In the USA, clear algorithms for teamwork, budgeting, and
market research are used in producing projects, while in France, there is experience in increasing the
quality of national cinema through a combination of creative freedom and state support.

Modeling methods were one of the main tools of the study. Through them, the script, budget
costs, personnel, filming schedule, and marketing plans are pre-evaluated at each stage of film
production, and potential risks and problems are identified in advance. The use of modeling methods
facilitates making production decisions and increases the possibility of efficient resource use. By
transitioning Kazakhstani film projects to a digital modeling system, it is possible to systematize the
production process, budgeting, and optimize marketing strategies.

The literature review method provided information on the management system of film
production in Kazakhstan and world practice, the basic principles of art management, methods of
organizing producing projects, and modeling technologies. This method opened the way for the
researcher to form a theoretical base and develop practical recommendations. In addition, the analysis
of practical cases allowed for the consideration of specific projects in Kazakhstan and the evaluation of
the effectiveness of their art management approaches. For example, the projects of the “Kazakhfilm”
production center and experiences of participating in international festivals were studied, and the
strengths and weaknesses of the management strategies in them were identified. [8]

During the research, the possibilities of applying foreign experiences (South Korea, USA,
France) to the conditions of Kazakhstan were analyzed. Through this experience, ways to improve
national film production, introduce innovative art management methods, develop co-production
projects, and directions for establishing international partnerships were identified. Furthermore,
through the integration of research methods and materials, practical recommendations were developed
for the systematic development of film production in Kazakhstan.

Thus, the research material and methods allow for a deep understanding of the strategic
significance of art management in film production in Kazakhstan, the evaluation of the possibilities of
introducing modeling experience, and the making of practical recommendations. These approaches are
not limited to improving the production process but contribute to the national film industry reaching
the international level.

During the literature review, the theoretical foundations of art management in film production
were comprehensively considered. Art management theory is described as a system for managing the
process of bringing a creative idea to market, efficient resource allocation, and coordination of teams
and projects. International experiences have shown that systematic planning, effective financing
methods, team building, and marketing strategies play a decisive role in the successful implementation
of film projects. For example, in the South Korean film industry, a detailed business plan is made for
each production project, and the budget, personnel, marketing campaigns, and distribution stages are
modeled in advance. Hollywood projects in the USA demonstrate the experience of effective project
management and successful market entry through the use of innovative art management approaches. In
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France, the combination of state support and creative freedom allows for presenting national cinema at
the international level. [3]

The importance of digital technologies was specifically highlighted during the literature review.
Currently, pre-evaluation through digital modeling of scripts, budget costs, filming schedules, and
marketing plans is widely used in film production. This method allows for making effective production
decisions and saving time and resources. Furthermore, in international practice, co-production projects
are considered an important tool for the development of national cinema. Co-production projects open
the way to establishing cooperation with foreign companies, exchanging experience, and entering the
international market.

As Kazakhstani studies have shown, the shortage of professional art managers, financing issues,
and limitations in the use of modern digital tools remain relevant in the national film industry.
According to research, in some production projects in Kazakhstan, planning and marketing strategies
are not fully applied, and creative groups are limited in using their capabilities to the full. Furthermore,
because digital modeling and marketing analytics are not used, the visibility and financial efficiency of
projects at the international level may be low.

By comparing foreign and Kazakhstani literature, the possibilities of applying effective art
management practices in the national context were studied. For example, South Korea’s experience in
integrating digital modeling and market strategies can be used in Kazakhstan to improve co-production
projects and the digital production process. Methods of managing production teams and budget
planning in the USA can serve as a model for the effective implementation of commercial projects in
our country. The French experience can be used in the direction of increasing the quality of national
cinema in Kazakhstan by showing the combination of creative freedom and state support.

In addition, a list of the most effective strategies and methods obtained from international
experience was made through the literature review. They are:

1. Systematic planning — pre-planning all stages of the project, resource allocation, creating a time
schedule;

2. Effective financing methods — state grants, international co-production projects, attracting
private investors;

3. Team building and management — ensuring the harmonious work of creative groups, clear
distribution of roles and responsibilities;

4. Marketing and distribution strategies — market research, advertising, participation in festivals,
and reaching an international audience;

5. Use of digital technologies — pre-modeling the script, filming schedule, budget, and marketing
plans;

6. Co-production projects — cooperation with foreign companies, exchange of experience, and
entry into the international market. [4]

Thus, the literature review made it possible to identify the theoretical and practical foundations
of art management in the development of film production in Kazakhstan, as well as to consider ways to
improve the national film industry through the application of international experience. This research
forms an important theoretical base for improving management approaches in film production in
Kazakhstan, effectively organizing producing projects, and introducing a digital modeling system.

Research results show that the effective use of modeling methods at each stage of film
production significantly increases the success of projects. Modeling provides a clear vision for making
production decisions, creates the possibility for efficient resource allocation, correct scheduling, and
optimization of financial planning. For example, in some film projects in Kazakhstan, when all stages
from the script to distribution were modeled in advance, the filming process was completed on time,
and budget costs were saved. Furthermore, because the marketing strategies of the projects are
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developed based on specific forecasts, the possibility of attracting an audience and being successful in
festival screenings increases. [6]

Effective organization of film production in Kazakhstan is not limited to the introduction of
management strategies but also requires improving the institutional structure of the industry. Since the
art management system in film production is not fully formed at present, lack of systematicity is
observed in project management. This is especially evident in independent production projects, where
planning, risk management, and marketing analysis are carried out at an insufficient level. In this
regard, it is proposed to introduce an integrated management model in film production. This model
envisages combining art management, production management, and digital modeling into one system.
Such an approach allows for monitoring all stages of the project on one platform and increases
management efficiency.

Furthermore, it is important to form a cluster system for the development of the film industry in
Kazakhstan. Film clusters unite creative specialists, production centers, technical resources, and
educational organizations. This system accelerates the exchange of experience and contributes to the
emergence of new projects. The issue of digital transformation also requires special attention.
Currently, the world film industry widely uses technologies such as Big Data, artificial intelligence,
and audience analytics. Introducing these tools in Kazakhstan will allow for clarifying marketing
strategies, predicting viewer demand, and increasing the commercial success of films.

Another important direction is improving the educational system. The training of art managers
should not be limited to theoretical knowledge but should be implemented through practical cases,
international experience, and real projects. This will increase the professional level of future specialists
and affect the quality development of the industry. As Kazakhstani experience has shown, the
integration of art management ensures harmony between creativity and management. While the
director, screenwriter, and cinematographers focus on art and artistic decisions in the creative part of
the project, the art manager coordinates the resources, time, and financial aspects of the project. This
method increases the overall quality of film production and systematizes the team’s work. For
example, as a result of using art management approaches in commercial and documentary film projects
in Kazakhstan, filming schedules are not disrupted, budget limits are maintained, and creative
decisions are implemented without restriction. [7]

The role of the use of digital tools was specifically highlighted during the research. Digital
modeling programs allow for pre-visualizing the script, filming schedule, budget, and marketing plans.
This is especially important in co-production projects, as each partner company can clearly see its
responsibilities and resources. In addition, through digital tools, the possibility of analyzing audience
interest and market demand arises, which helps to direct marketing strategies toward a specific goal.

Developing international partnerships also contributes to increasing the quality of Kazakhstani
film projects. Cooperation with foreign producers provides the opportunity to bring national films to
the international market, exchange experience, and receive financial support through co-production
projects. For example, as the experiences of France and South Korea have shown, co-production
projects contribute to the international recognition of national cinema. Applying this experience in
Kazakhstan is aimed at increasing the quality of projects, expanding the possibility of participating in
international film festivals, and strengthening the country’s image.

Furthermore, as the study showed, the use of modeling methods increases the efficiency of
production decisions, ensures the harmony of creative groups, and helps to save resources and finance.
The integration of art management and digital tools systematizes the planning and implementation of
projects, while international partnerships provide the opportunity to enter new markets. By
systematically using these methods, the Kazakhstani film industry can take specific steps toward rising
to the international level and increasing the quality of national films.
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Research results prove that the combination of art management, digital modeling methods, and
international partnerships directly affects the stable development of domestic film production and the
commercial success of projects. The effective integration of these approaches allows for maximizing
creative potential and raising the film industry in Kazakhstan to a competitive level in the international
market.

Research results show that it is essential to improve art management strategies and introduce
modeling technologies to develop film production in Kazakhstan. The main task of art management is
to ensure a harmonious connection between creativity and management, i.e., to effectively coordinate
directorial, screenwriting, and cinematographic decisions with financial planning, team organization,
marketing, and distribution processes. This approach allows for implementing projects on time, using
the budget effectively, and increasing the quality of projects.

Modeling technologies, in turn, allow producers and art managers to pre-visualize all stages of
the project. For example, by modeling the filming schedule, budget, and marketing plan starting from
the script stage, each aspect of the project is planned specifically, and risks are reduced. This is
especially important in co-production projects, as each partner company can clearly see its
responsibilities and resources. The use of modeling methods in Kazakhstani film projects increases the
efficiency of production decisions and ensures the harmony of teams.

Furthermore, the introduction of innovative management approaches plays a decisive role in the
development of the national film industry. Through innovative management, modern technologies,
digital tools, and new marketing strategies are introduced into projects. Digital tools, for example, 3D
modeling, virtual planning programs, and audience analysis platforms, allow for managing projects
based on specific data. These methods ensure that the Kazakhstani film industry meets international
standards and increases the quality of films.

Developing international partnerships is also an important factor. Cooperation with foreign
producers provides the opportunity to implement co-production projects, exchange experience, and
receive financial support. In addition, international partnership facilitates the entry of national films
into the foreign market, increases the possibility of participating in festivals, and strengthens the
country’s image. Experiences of South Korea, the USA, and France have shown that such partnership
has a positive effect on the international recognition of national cinema. [5]

Research results can be used as a practical guide for producers, art managers, and managers in
the field of culture involved in organizing film production. The proposed strategies are aimed at
effectively managing film projects, reducing risks, and increasing the possibility of entering the
international market.

As identified in the conclusion of the research, improving art management strategies, using
modeling technologies, introducing innovative management, using digital tools, and establishing
international partnerships pave the way for the systematic development of film production in
Kazakhstan. These approaches ensure harmony between creativity and management and raise the
national film industry to the international level. Furthermore, the commercial success of projects
increases, the systematization of team work is optimized, and the possibility of attracting new talents
and professional personnel expands. [9]

In this regard, the following directions are proposed for the sustainable development of the
national film industry:

Systematic introduction of professional principles of art management;

Application of modeling and digital technologies in all production stages;

Introduction of innovative management methods into projects;

Development of international partnerships and expansion of co-production projects;
Training of professional personnel and improvement of the knowledge of art managers. [10]

M
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By implementing these recommendations, film production in Kazakhstan will develop in
accordance with modern requirements and become an effective tool for promoting national culture.
Furthermore, these approaches will allow for making the national film industry popular at the
international level, entering new markets, and increasing the quality and commercial efficiency of film
projects.

As the study showed, when art management, modeling technologies, innovative management,
digital tools, and international partnership are combined, it is possible to strategically develop
Kazakhstan’s film production and bring it to a competitive level in the international arena. These
approaches ensure harmony between creativity and management and ensure the sustainable
development of the national film industry.

In conclusion, the development of film production in Kazakhstan depends directly not only on
creative potential but also on an effective management system. By combining art management,
modeling technologies, and international experience, the national film industry can rise to a new level
of quality. If systematic work is carried out in this direction, Kazakhstan cinema will become an
industry capable of offering competitive products not only in the domestic market but also at the
international level.
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AHAJIN3 METOAOB PE3EPBHOI'O KOITIMPOBAHMS KAK CPEJICTBA
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Annoramus
B cratee paccMaTpuBalOTCS OCHOBHBIE METO/bI PE3EPBHOIO KOMMPOBAHUSA — IIOJHOE,
MHKpPEMEHTHOE H JuddepeHnnaIbHoe — Kak HHCTPYMEHTHI oOecneueHus HH(OPMAIMOHHON

0€30I1aCHOCTH OpraHu3alui. AHAIM3UPYIOTCA MPEUMYIIECTBA U OTPAHUYEHHUS Ka)XJI0ro Moaxoja C
TOYKU 3pEHHS HAACKHOCTU XPAHCHUSA U CKOPOCTH BOCCTAHOBJICHMS JaHHBIX. PaccMarpuBaroTcs
OpraHU3allMOHHBIE W TEXHUYECKHE MEpbl 3allUThl PE3EPBHBIX KOINMM, BKIIOYas IPUMEHECHHE
M30JIMPOBAHHBIX U HEM3MEHsAeMbIX XpaHwiuil. Oco0oe BHUMaHME YyJIENAETCsl Yyrpo3aM CO CTOPOHBI
nporpaMM-BeIMoratesneil. Jlemaercss BRIBOJI O HEOOXOAMMOCTH KOMIUIEKCHOTO MOJX0/1a, COUETAIOIIETO
pas3IUYHbIC CXEMbI KOITMPOBAHUS ¢ MEpaMH KMOep3aluThl.

Pa3Butne nudpoBbIX TEXHOJIOTHH U MOBCEMECTHas! HU(POBU3ALMS IEATEILHOCTH OpraHU3aui
00yCJIOBMWIM pE3KOE BO3pacTaHUE ILIEHHOCTH JaHHBIX KaK CTpaTeruuyeckoro pecypca. PesepBHoe
KOIIMPOBAaHUE BBICTyHaeT (hyHAAMEHTaJIbHBIM MEXAaHHW3MOM 3aLUThI, MO3BOJSIOLIMM BOCCTAHOBHUTH
aKTHBBl OpPraHU3aLMM I0CIE TEXHMYECKMX COOEB, CTUXMHUHBIX O€IACTBUN WIM IieJieHalpaBlIeHHbIX
kuOepaTtak. lccienoBaHus IOKa3bIBAIOT, YTO IOTEPS KPUTUYECKH BaKHOW HMH(GOpMAIMHM YacTO
IPUBOAUT K HEoOpaTHMMbIM (DMHAHCOBBIM M peNmyTalMOHHBIM HoTepsM. HecmoTps Ha mmpoxoe
pacnpocTtpaHeHue creuuanusupoBaHHoro IIO, MHorue opraHuzanMM HE HMEIOT  HAy4dHO

00OCHOBAHHOM CTpaTeruu 3alUThl JaHHbIX. Llenb cTaTbu — CHUCTEMaTU3UPOBATh MOIXOABI K
PE3epBHOMY KOMHMPOBAHUIO, BBIIBUTh UX OCOOCHHOCTH M PACCMOTPETh COBPEMEHHBIE apXUTEKTYpPHbIE
pelLIeHus.

MeTtoabl pe3epBHOTO KOMUPOBAHHS TPAJAUIIMOHHO KIACCHPHUIMPYIOT MO 00BbEMY COXpaHIEMBIX
JTaHHBIX U Joruke ux oopadotku. [TomHoe konupoBanue (Full Backup) co3gaér Tounyro xomnmo Bcero
Habopa aHHBIX, 00eCIeurnBas MAKCUMAIbHYIO HAaAEKHOCTh 1 MUHUMAIIBHOE BPEMS BOCCTAHOBJICHHUS,
HO TpeOyeT 3HAYUTENbHBIX JUCKOBBIX PECYPCOB U IIMPOKUX KaHAJIOB CBA3H. MIHKpEMEHTHBIH METO]
(Incremental Backup) ¢uxcupyer Tonbko Te OJOKM JaHHBIX, KOTOpblE H3MEHWIMCh C MOMEHTa
cozllaHus J1r000i npeapayIiel Komuu. 9T0 MUHUMU3HUPYET Harpy3ky Ha MHQPacTPyKTypy, OAHAKO
BOCCTAQHOBJICHHE CTAaHOBUTCS CIIO)KHBIM MPOIECCOM, TPeOyIOIUM HAJIWYAS BCEH IENOYKH
nocienoBarenbHbX OdkanoB. Juddepenunansueiii  merox (Differential Backup) 3anumaer
MIPOMEKYTOYHOE TTOJIOKEHUE: OH COXPaHSIET BCe M3MEHEHHSI C MOMEHTA TIOCIIEHETO TTOJIHOTO OJKara,
4TO JieNlaeT MpOoILEeaypy BOCCTaHOBJIEHHUs Oojiee MpefcKazyeMoll M OBICTpOM IO CpaBHEHHIO C
WHKPEMEHTHBIM TTOIXO0JIOM.

D¢ ¢dexkTuBHOCT,  BBIOPAaHHOIO  MeTOJa HANmpSAMYyK 3aBUCHUT OT KIIOYEBBIX  METPHUK
nernpepsiBHOCTH Om3Heca: RTO (Recovery Time Objective — 1eneBoe BpeMsi BOCCTAHOBJICHHS) U
RPO (Recovery Point Objective — nieneBas Touka BocctanoBiieHust). RTO omnpenenser MakCUMalibHO
JOMyCTUMBIN TIEPHOJI BPEMEHH, B TEUYSCHHE KOTOPOTO CHCTEMA MOXKET OCTaBaThCsl HEAOCTYITHOU IOCIie
c6os. RPO, B cBOO oYepenb, OrpaHUYMBAET JONMYCTUMBIA 00BEM MOTEPH JAAHHBIX, BHIPRKEHHBIH BO
BPEMEHHOM HHTEpBaJie (HampuMmep, MoTepsl JaHHBIX He Ooyiee 4yeM 3a MociegHue 15 MuHyT).
CoBpeMeHHasl MpaKTUKa BHEJPSET CHHTETHYecKoe monHoe konupoBanue (Synthetic Full Backup) u
MeTo]l «OeckoHeuHOro wuHKpeMeHTa» (Incremental-forever), xoTopble NO3BOJIAIOT OajaHCHPOBATH
MEXy TUMH METpHKaMH, (popMupys mojHble 00pa3sl Ha CTOPOHE CepBepa XpaHEeHHsI 0e3 MOBTOPHOM
nepeaayr HeM3MEHHBIX JJAHHBIX 110 CETH.
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OtpacneBoif CTaHHapT 3allMThl JaHHBIX Oa3upyercss Ha mnpaBwie «3-2-1», KoTopoe
MPENINUChIBAET XpaHEHHWE TpeX KOMUW Ha JByX pa3HbIX HOCUTENSX, OJHA M3 KOTOPBIX [OJDKHA
HAXOJUTHCS BHE OCHOBHOHM IUIOMIAIKU. B yCIOBHSX arpeccHMBHOTO pocTa KHOEpyrpo3 JaHHas
KOHIIeNHs TpaHchopMHUpoBajack B cxeMy «3-2-1-1-0». 3nech mobaBisieTcss 00s3aTeIbHOEC HAIMYWE
OJTHOW W30oMHMpoBaHHOW odnaitH-kommu (air-gapped) u TpeboBaHHME HYJIEBOTO KOJIHYECTBA OMIMOOK
(«0»), monaTBepKIAECHHOE aBTOMaTWueckon Bepudukarued. Bepudukanms nanaeix (Data Integrity
Check) craHOBUTCS KPUTHYECKHM BaXKHBIM 3TallOM, TaK KaK HaJIW4YWe MOBPEXKIECHHOrO OdKama B
CUCTEME 3alllUThl CO3/IaeT JOXKHOE YYyBCTBO 0€30MAaCHOCTU U MOXKET NMPUBECTH K MOJHOMY KOJIJIArcy
NT-undpactpyKTypsl IpU HOMBITKE BOCCTAHOBJICHHUS.

Hcnons3zoBanne oOnavnHblx XpaHuiaun U mMoxaenu BaaS (Backup as a Service) obecneunBaet
HE00X0IMMYIO reorpauuecKyro pacupeaeaEéHHOCTb, HO HAKJIaIbIBAET JOMOIHUTENIbHBIC TPEOOBAHUS
K Oe3omacHOCTU. JlaHHBIC MOJDKHBI MOJABEPraThCsl MUGPOBAHUIO Ha CTOpoHEe KiueHTa (end-to-end
encryption) 10 MOMEHTa UX Tepeiayn B 00J1aKko. YTpaBieHUE JOCTYIIOM B TAaKUX CHCTEMaX CTPOUTCS
Ha MojJenu HyneBoro noepus (Zero Trust) W mnpuHLMIIE MUHUMAIbHBIX HpuBHIeruil. Bce
aJIMUHUCTPATUBHbIC  JEUCTBHS  JOJDKHBI  MPOXOIWTH  4Yepe3  CHUCTEMBbl ~ MHOTO(AKTOPHOMN
ayreutupukauuu (MFA) u ¢ukcupoBarbcsi B HEUM3MEHSAEMBIX JXypHanax aynurta. Kpome Toro,
BHEJIPEHHE CUCTEM OdKama JO0JDKHO YYHUTHIBAaTh TPEOOBAHWS HAIMOHAIHHOTO 3aKOHOAATENbCTBA B
o0JacTi CyBEpEHHTETa JaHHBIX, YTO IUKTYeT HEOOXOIMMOCTh HCIIOJIb30BAHMS JIOKAJIbHBIX JaTa-
[EHTPOB VISl XpPAaHEHHUS TIEPCOHAIBHBIX JTaHHBIX.

Oco0yro  KaTeropur0  yrpo3  MPEACTaBISIOT  COBPEMEHHBIE  MPOTPaMMBbl-BBIMOTATENN
(ransomware), KOTOpbIC B TICPBYIO O4epe/Ib aTaKyloT HHPPACTPYKTypy pe3epBHOTO KOMUpoBaHus. JlJis
MPOTUBOACHUCTBUS TAaKUM aTakaM BHEIPSIIOTCS HEW3MeHseMble XpaHwimmia (immutable storage),
ucnonp3ytonme texnoaornro WORM (Write Once, Read Many). B aTom pexxnme naHHbIe, OTHAXKIBI
3aMMcaHHble B XpaHWIHUIIE, HE MOTYT OBITh yJaJeHbl WU 3amu(pOBaHbl JIaXke MOJIb30BATEIEM C
mpaBaMH Cylep-aJMHHHCTpaTOpa [0 MCTEUEHHUS YCTAaHOBIEHHOTO cpoka xpaHenus. CoderaHue
JIOTHYECKOW HM3OJISIMHM aKKayHTOB OdKama OT OCHOBHOW CITy>KObI KatanoroB (Active Directory) u
(bu3MUecKOro pas3pbiBa COENMHEHUH (air-gap) MO3BOJSIET CO3[aTh «IOCIEIHUNA pyOek OOOpPOHBI»,
TapaHTUPYIOUIMHA JOCTYI K YHCTHIM JAaHHBIM JakK€ MPH IMOJHOW KOMIIPOMETALMU KOPIIOPATUBHON
CeTH.

DKOHOMHUYECKasl 1eIecO00pa3HOCTh CHCTEM 3alIMTHl JTAHHBIX 00ECIEUMBACTCS TEXHOJIOTHUSMHU
AeyTIIMKAMK U ckatust. ['mobanpHas Je1yIuKaiys No3BoJsSeT UCKIIOYUTh XpaHEHUE WICHTUYHBIX
OJOKOB JIaHHBIX B MacmiTa0ax BCEW OpraHW3allH, YTO CHIKAET IOTPEOHOCTh B JTUCKOBOM
npoctpaHcTBe Ha 50-90%. OqHako cieayeT yUUThIBaTh apXUTEKTYPHbIE 0COOEHHOCTH: IeAyIUINKALUS
Ha CTOpPOHE MCTOYHMKA (source-side) HKOHOMHUT ceTeBOM TpaduK, HO Harpyxaer MpOLECCOPHI
CepBepoB, TOrjJa Kak JeAyIUIMKalus Ha CTOpOHe XpaHwiumia  (target-side) TpeOyer
BBICOKOTIPOU3BOJUTEIBHBIX  CIEIUATU3UPOBAHHBIX ~ KOHTpOJiepoB.  [Ipm  TpOEKTHpOBaHWUU
HEO0XO/IMMO YYHTHIBaTh, YTO BBICOKAs CTENEHb CXAaTWs M AEAYIUIMKAIlUd MOXXET YBEJIWYUTh BpeMs
BocctaHoBieHus (RTO) u3-3a He0OX0IMMOCTH TPOBEEHUS ONEpaLMi «peruapaTaln» JaHHbIX.

Takum oOpa3oMm, aHaJIM3 COBPEMEHHBIX METOJOB IMOKa3bIBa€T, YTO HU OJJHA TEXHOJOTHsS He
SBJIIETCS. YHUBEPCAJIBHBIM peiieHrueM. D()PEeKTUBHOCTh CTpaTernu MHPOPMAIMOHHON 0e30MacHOCTH
OIpeJIeNIAeTCs] KOMIUIEKCHBIM TOJXOJIOM: HHTErpalel pa3IuYHbIX CXEeM KOMHMPOBAaHUS, CTPOTUM
coOIIoIcHUEM TOJIUTUK >KM3HEHHOTo Iukia naHHbIX (Data Lifecycle Management) u peryiaspHbIM
TECTUPOBAHUEM IUIAHOB aBAPMMHOTO BOCCTaHOBJIEHHUSA. B smoxy ToTanbHON 1HMdpoBH3aLMU U
ABOJTIONMN KUOEPIPECTYMHOCTH HAJIMYWE 3alIUIICHHOW, HEM3MEHSIEMOW W TIPOBEPEHHON CHCTEMBI
PE3EpBHOTO KOMHMPOBAHUS CTAHOBUTCS HE MPOCTO TEXHUYECKOM 3ajgaueil, a QyHIaMEeHTalIbHBIM
YCIIOBHEM OOECTIeYeHHST HEMPEPHIBHOCTH W BEDKUBAHHS OM3HECa B JIFOOOW KPU3UCHOM CUTYAITUH.
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PA3PABOTKA TIPOI'PAMMHOI'O MOAVYJIA 1JIA ABTOMATU3UPOBAHHOI'O
PE3EPBHOI'O KOITMPOBAHUSA JAHHBIX C IPUMEHEHUEM AJII'OPUTMOB
HNNPPOBAHUA

/ly3oaee Ao3an /lanviuunanosuu

3woanoe Apmém Bnaoumuposuu

Kapenoe Apocrase Anamonvesuu

Cmyoenmot 3 kypca, epynnot CHB-23-8

Kapaeanounckuii mexuuueckuti ynusepcumem uumenu Aounxkaca Caeurosa,
Kapaeanoa, Kazaxcman

Annoramus
B coBpeMeHHBIX YCIOBUSIX CTPEMUTENIBHOTO Ppa3BUTUS HH(POPMALMOHHBIX TEXHOJOTHM
obecriedeHre OE30MaCHOCTH JTaHHBIX CTAHOBHUTCS OJHOW M3 KIIFOYEBBIX 3a/1a4 Kak JJIsi OpraHU3alui,
TaKk U JUId OTJAENbHBIX MoJjb3oBareneil. C KaxIpIM JHEM 00BEM cO3[aBaeMoOM, MepenaBaeMod U
oOpabartbiBaeMoil n(poBoit HH(OPMAIIMK YBETUUUBACTCS, YTO MIPUBOAMT K POCTY PUCKOB, CBS3aHHBIX
c ee yTpaToil min KomnpoMeranuen. Iloreps TaHHBIX MOKET MPOUCXOAUTH MO Pa3IMYHBIM IPUYKMHAM,
BKJTIIOYAsi IPOTpaMMHBIe COOH, amnmapaTHble HEHCIIPABHOCTH, JIEHCTBHS BPEJOHOCHOTO MPOTPAMMHOIO
obecrieyeHus, a Takke OMIMOKM IoJb30Barenei. B cBsa3u ¢ aTuM mpobnema 3amuTsl HTHPOPMALUU U
oOecriedeHnsT €€ COXPaHHOCTH TPUOOpETaeT O0COOYyI aKTyalbHOCTh. TpaJMIIMOHHBIE METOMIBI
PE3epBHOr0 KOIMPOBAHMSA, OCHOBAHHBIE HAa MPOCTOM KOMMPOBAHUHU (PaiijIOB Ha BHEUIHME HOCUTEIU
WU B O0JIauHbIe XpaHWIIMIIA, HE BCEr/la CIOCOOHBI 00ECIIEYUTh JIOJDKHBIA YPOBEHb Oe3omacHoCcTH. B
cllyuaeé HECAHKLIMOHUPOBAHHOIO JOCTyHa K HOCHTEII MJIM KOMIIPOMETalUu  OOJa4yHOMN
MHPPACTPYKTYPHI TaHHBIE MOTYT OBITh ITOXHUIIECHBI, H3MEHEHBI WJIM YHUYTOKEHBI. DTO MMOTYEPKUBACT
HE00XO/MMOCTh BHEJPEHUS JIONOJHUTEIbHBIX MEXaHU3MOB 3alIUThI, B YACTHOCTHU HCIIOJIb30BAHUS
KpUNTOTpaQHIECKUX METOIOB MH(POBAHUS, KOTOPBIE TO3BOJISIOT 00ECTIeYnTh KOH(DUICHIIMAIBHOCTh
U LEeJOCTHOCTh MHGpopMmauuu. B naHHO#l pabore paccMaTpuBaeTcs pa3paboTKa MPOrpaMMHOIO
MOIyJsi, OOBENUHSIOMEro (PYHKIUM  aBTOMATH3UPOBAHHOTO  PE3EPBHOTO  KOMHPOBAaHUS U
KpUnrorpapuueckoi 3amuThl JaHHBIX. Takoil MOAXOJ IMO3BOJISIET HE TOJIBKO YIPOCTUTH MPOLECC
CO3MIaHMsI PE3EPBHBIX KOMWW, HO ¥ 3HAYUTEIHHO TIIOBBICUTH YPOBEHb HX O€30IMacHOCTH.
ABTOMaTH3allMsl MCKIIOYAET BIMSHUE YelloBeueckoro (akropa, obecneunBas peryssipHOCTh
BBITIOJIHEHUS OTIEpAIlNid, a MCIIOJIb30BaHNE COBPEMEHHBIX aJlTOPUTMOB IM(poBaHus, Takux kak AES,
rapaHTUpyeT HaJeXHYI0 3allUTy HMH(OpMAIMM OT HECaHKLMOHUPOBAHHOro jaoctyna. OCHOBHOH
HENBI0 paboTHI SBISIETCS MPOSKTHPOBAHNE U Pa3paboTKa MPOTPAMMHOTO PEIIeHUs, KOTOPOE IMO3BOIUT
aBTOMaTHU3MPOBATh MPOLECC PE3EPBHOIO KOMMPOBAHUS MOJIb30BATENBCKUX IAHHBIX C OJHOBPEMEHHBIM
npuMeHeHHeM  J(PQEeKTHBHBIX  KpHUNTOrpauyeckux METOMOB  3amuThl. Jms  JoCTHKeHUs
MIOCTaBJIEHHOW LeNM HEeoO0XOAMMO pemuTh psl 3a7ad. B mepByro ouepens TpedyeTcs H3YUHUTh
CYIIECTBYIOIIME METOJbI PE3EPBHOTO KOMHPOBAHMS, a TAaK)KE OCHOBHBIC TPUHIIMIIBI U aJTOPUTMBI
CUMMETPUYHOTO MU poBaHMs JaHHBIX. J{anee He0OX0UMO pa3paboTaTh apXUTEKTYpy POrPaMMHOTO
MOJyJIsl, KOTOpasi o0ecneunT ymoOHOe B3aMMOJCHCTBHE ITOJIB30BATENsi C CHCTEMOH IOCPEICTBOM
rpadudeckoro uHTepgeiica. BaxkHbIM 3Tamom sBISETCS peaau3alys aaroputMa, 00beIUHSIOIIEro
nporiecchl ananm3a (Gaisios, ux GuiabTpanyu, MU(POBaHUS U MOCIEAYIONIEr0 COXPAHEHHS B LIEIEBYIO
JTUPEKTOPHIO. 3aBEPIIAIOIIMM 3TAallOM BBICTYNAET TECTUPOBAHHE Pa3pabOTaHHOTO MOJIYJS U OLEHKa
3¢ pexTUBHOCTH €ro paboThl B Pa3NHYHBIX ycIOBUSX. OOBEKTOM HCCIIEIOBAaHHS B JaHHOW paboTe
SBIISIIOTCSL TIPOIIECChl 0OpabOTKH, XPaHEHUS W 3aLIUTHl JAHHBIX B COBPEMEHHBIX BBIYMCIUTENbHBIX
crcTeMax.
BBE/JIEHUE
3ammTa JaHHBIX SBJSIETCS OJHOW W3 KIIOYEBBIX 3aJad COBPEMEHHOH HH(OpMarmoHHON
6e3onacHoctu. CornacHo craructuke IBM u Ponemon Institute, cpeHsiss CTOUMOCTD YTEUKH JAaHHBIX
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B 2024 rony cocraBuna 4,88 miH noiutapoB CIIA, mpu 3ToM 3HAYMTENTbHAS YacTh WHIUACHTOB ObLa
CBSI3aHA C OTCYTCTBUEM HAAEKHBIX PE3EPBHBIX KOMUM WJIM UX HECAHKIIMOHUPOBAHHBIM JTOCTYIIOM [1].

TpaguioHHBIE CUCTEMBl PE3EPBHOTO  KONMPOBAaHUS 3adacTyl0 He 00ecnedyuBaroT
JOCTaTOYHOTO YPOBHS KPUITOrpa(UUECKON 3alUThl: pe3E€pPBHbIE KON XPAHATCS B OTKPHITOM BHJIE
WM 3aiuieHsl ycrapesmumu anroputMamu (DES, MDS), 4ro CyliecTBEHHO CHUXAeT ypOBEHb
Oe3onmacHocTH Bcell MH(pOpMalMOHHOM cucTeMbl. [Ipu mepexBaTe WM Kpaxke HOCHUTENIEH J1aHHbIE
CTaHOBATCS MOJIHOCTBIO IOCTYITHBIMH 3JI0YMBIIIJICHHUKY .

AKTyanbHOCTb TE€Mbl  OOycCllOBIEHA pOCTOM O00BEMOB  00palbaThIBaéMbIX  JaHHBIX,
yxecToueHueM TpeboBanuii perymstopoB (GDPR, ISO/IEC 27001, TOCT P 57580), a Ttakxke
YBEJIMYEHUEM 4YMClIa aTaK Ha KOPIOPATUBHYIO MHPPACTPYKTYpPY, BKJIIOUas IPOrpaMMbI-BBIMOraTEIH
(ransomware), [EJCHANpPaBICHHO YHUYTOXKAIOMIME WM INUQPYIOIMIHE pe3epBHBIE  KOIUH.
CrnenoBarenbHo, pa3paboTKa MPOrpaMMHOTO MOAYJISl, COBMELIAIOIIEr0 aBTOMAaTHU3alMI0 PE3EPBHOIO
KOIMPOBAHUS C KpUNTOrpapHUECKON 3aLIUTOM, SBISETCA NPAKTUYECKH 3HAYMMOM 3a/1aueil.

Ienpto naHHOM paboTHI SIBIIETCS NMPOEKTUPOBAHHE W pealn3alus IPOrpaMMHOIO MOJIYJIS
SecureBackup Pro, obecneumBaromero aBTOMAaTH3MPOBAHHOE PE3EPBHOE KOMMPOBAHHE JAHHBIX C
IPUMEHEHUEM COBPEMEHHBIX QJITOPUTMOB INIH(POBAHUS M MPEAOCTABISIONIETO I10JIb30BATEIIO
rpadudeckuii uHTepdEnc s yIpaBIeHUs TPOIECCOM.

JUis  JOCTMOXKEHUS Lenud ObUIM IOCTaBJIEHBl CIEAYIOIIME 3a/auyd: I[POAHAIU3UPOBATH
CYIIECTBYIOIIME AITOPUTMBI MIM(POBAHUS; CIPOSKTUPOBATh APXUTEKTYPY MOMAYJS;, pPEaln30BaTh
IIPOIrPaMMHBIM  KOJ; IPOBECTH HKCIEPUMEHTAJIbHOE TECTUPOBAHME M CPABHUTEIBHBIA aHAIU3
IIPOU3BOUTEIILHOCTH.

AHAJIN3 AJITOPUTMOB HIN®POBAHUA

ITpu BeIOOpE aNrOpUTMOB IMK(POBAHUS JUIsI CUCTEMBI PE3EPBHOIO KOIMPOBAHUS HEOOXOIUMO
YUUTBIBATh PAJ KPUTEPHEB: KPUNTOrpauyecKyl0 CTOMKOCTb, CKOPOCTb pabOThl, MOAJIEPKKY
ayrentuukanuu coodbmenuii (AEAD — Authenticated Encryption with Associated Data) u mmpory
cTaHfapTH3anuu. B pamkax naHHo# paOoThl ObUIM pacCCMOTPEHBI YETHIPE OCHOBHBIX KaH/IHM/1aTa.
AES-256-GCM (Advanced Encryption Standard)

AES sBnsercs cUMMeTpUYHBIM OJIOUHBIM IIU(GPOM, MPUHATEIM B KauecTBe cranmapta NIST
(FIPS 197) B 2001 romy. Pexum GCM (Galois/Counter Mode) mpencraBiser coOOH pPEXUM
ayTeHTU(UIUPOBAHHOTO MH(PPOBaHUS, 00ECIIEUUBAIONINI OJHOBPEMEHHO KOH(UICHIUAIBHOCTh U
LIEJIOCTHOCTh JJaHHBIX. J[TMHa kitoya 256 OuT obecreyrBaeT yCTOMYMBOCTD K aTake Irpy0oil cHilbl Ipu
MCTOJIb30BAaHUH BCEX CYILECTBYIOLINX BBIYMCIUTEIbHBIX MOLTHOCTEH [2].

KimoueBeim  mpenmymniectBoMm  AES-256-GCM  siBiisiercst  BectpoeHHast moanepxkka MAC
(Message Authentication Code), uTo mo3BOJIIeT OOHApPYKMBaTh JIOObIE HECAHKIMOHUPOBAHHBIE
M3MEHEHHs B 3alM(pPOBaHHBIX JAHHBIX. AJTOPUTM MOAEPKUBACTCS allapaTHBIMA WHCTPYKIHSIMHU
AES-NI Ha coBpeMEeHHBIX Mpoleccopax, 4To 00eCNeunBaeT BBICOKYIO CKOPOCTh IIU(POBaHUSI — 10
3-5 I'b/c Ha coBpeMeHHOM 000PYAOBaHHH.

ChaCha20-Poly1305

ChaCha20-Poly1305 sBnsiercst anprepHatuBoit AES mns cpen 6e3 ammapaTtHOro YCKOPCHHSI.
Pazpabotan /[pauenom bepumreitnom, crangaptusupoBad B RFC 8439 u ucnone3yercs B mpoTOKOJIE
TLS 1.3. Anroput™m oGecrieunBaeT BBHICOKYIO CKOPOCTh B IMPOrPaMMHBIX peau3alusx, OCOOCHHO Ha
MOOMJIBHBIX M BCTPOEHHBIX YCTPOMCTBAaxX, NpU 3TOM OOJNajgaeT JI0Ka3zyeMoil KpHumTorpaduueckon
CTOMKOCTHRIO [3].

ITpouzBonnas ¢pynkuus kmoya PBKDF2

Jlia GezonmacHoOro npeoOpa3oBaHUs MOJIB30BATENIBCKOTO MApOJisi B KpUNTOrpadhUUYecKUil KoY
npumensiercs ¢yukuuss PBKDF2 (Password-Based Key Derivation Function 2) ¢ anroputmom
HMAC-SHA256 u guciiom ureparuii He meree 100 000. JlaHHBIN MOAXO0M CYNIECTBEHHO 3aTPYAHSCT
aTakl 1O CIIOBApI0 M DPagyKHBIM TaOIuIlaM, YBEIMYUBAash BpeMsl MPOBEPKH OJHOTO TMapois
3JI0YMBIIIJIEHHUKOM JI0 HECKOJIBKUX CeKyH[ [4].

Tabnuua 1 — CpaBHeHHEe ITOPUTMOB IIU(PPOBAHUS

Aaroputm JdonuHa kiaoya Pexxum Ckopocts (MB/c) AEAD
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AJroputm JdauHa kiaoya Pexxum Ckopocts (MB/c) AEAD
AES-256-GCM 256 6ur GCM 312 Ha
ChaCha20-Poly1305 256 6ut IToTounbIii 287 Ja
AES-128-CBC 128 out CBC 398 Her
AES-256-CBC 256 6ur CBC 341 Her

APXUTEKTYPA ITPOTPAMMHOI'O MOJVYJIA

Pa3paborannbiii  mporpammHbIA  MOaynb  SecureBackup Pro peammzoBan B BuIe
MHOTOYPOBHEBOM  apXWUTEKTYpbl,  COCTOSIIEN W3  YETBIPEX  OCHOBHBIX  KOMIIOHEHTOB:
noip3oBarenabckoro  uHTepdeiica (GUI), smpa  ympaBieHHst  pe3epBHBIM — KOIMPOBAHHEM,
KpHUITOrpaguyecKoro moAMOo/IyJIs U IUIaHUPOBIKKa 3a1a4 (Scheduler).

I'padmueckuii monp3oBarensckuil uHTEepdeiic (GUI) peannsoBaH Kak BeO-IIPUIIOKEHHE C
ucrnoib3oBaHueM coBpeMmeHHbIX TexHonorud HTMLS/CSS3/JavaScript. UnTepdeiic npenocrapinser
YeThIpe OCHOBHBIX paszzena: yIpaBieHUE pe3epBHBIM KOIIMPOBAHUEM, MOJ1yJIb
mdpoBanus/pacmndpoanus (aiaoB, HACTPOWKAa pPACIUCAHUS U MPOCMOTP HCTOPHUH OIEpAIlHiA.
Br160op maHHO# TEXHOJIOTHH 00YCIIOBIEH KPOCCIUIAT(OPMEHHOCTHIO M1 BO3SMOXKHOCTBIO BCTPAaUBAHHS B
m00YI0 ONepaluoHHyI0 cuctemMy nocpeactsoM Electron uinu aHanorugHsix ppeiiMBOpPKOB.

Snpo ynpaiieHus: pe3epBHBIM KOIIMPOBAHUEM OTBEUYAET 32 CKAHUPOBaHUE (PAisIOBON CUCTEMBI,
onpezaeneHue M3MEHEHHBIX (ailioB (MHKpEeMEHTaJdbHasi CTpaTerus), apXUBUPOBAHHUE U TMepenady
TaHHBIX B KpUNITOrpaduieckuii moaMoryiis. PeannzoBana mognepkka TpExX THIIOB PE3EPBHBIX KO
nonHas (Full Backup), uakpementansaas (Incremental) u muddepennmansuas (Differential).
CtpykTypa IaHHBIX U opMaThl (ailioB

3amupoBaHHbIN (ailll pe3epBHON KOMUH UMEET CIEAYIONIYIO CTPYKTYpY:

MAGIC (4 6aiir) VERSION (2 6Gaiit)
ALGORITHM _ID (2 6aiir) FLAGS (4 6aiir)

SALT (32 6aiir) IV/NONCE (12 6aiit)
ENCRYPTED_METADATA ENCRYPTED_DATA
(mepemeHHas JIMHA) (mepeMeHHast 1JIMHA)
AUTH_TAG (16 6aiit) SHA256_HASH (32 6aiir)

MeTtananHble apXuBa XpaHATCs B 3alIM(POBAHHOM BHJIE U COJEPKAT UHPOPMAIIHIO O COCTaBe
¢ailnoB, BpeMeHU CO3JaHMs, AITOPUTME I U(POBAHUS U KOHTPOJBHBIX  CyMMax  KaxJoro
BKJIIOUEHHOrO (paiiina. DTO TMO3BOJSET MPOBEPUTH IIEJIOCTHOCTh KaXKIOTO KOMIIOHEHTa apXuBa
HE3aBHCHMO.

Kpunrorpaduueckuii moaMoayib

Kpunrorpadgudeckuii moaMoayiip peaqnu3yeT CIeAYIOMUA MOPSIOK ONeparuil mpu CO3JaHuN
pE3EpBHOM KOMHHU:
— ['enepanus ciayvaitHon conu (salt) mmmHO# 32 GaiiTa ¢ UCHOIB30BAaHUEM KPUINTOTpaPUUecKH
CTOMKOTO TeHeparopa rncepaocaydainbix uncen (CSPRNG);
— JepuBanus kitoya MUQPPOBaHUSA U3 MOJB30BaTENbCKOr0 mapoiisi ¢ npumeneHuem PBKDF2-
HMAC-SHA256 (100 000 uteparuii, kirod 256 OuT);
— ['enepanus ciydvaitHoro BekTopa mHuImanu3anuu (IV/Nonce) nnuHoit 96 O6ut nns pexxuma
GCM;
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— HIudpoBanue naHHbIX BIOpaHHBIM anroput™MoM (AES-256-GCM wmimm ChaCha20-Poly1305) ¢
OJTHOBPEMEHHBIM BBHIUYMCIICHHEM TeTa ayTeHTH ()UK,
— Brruncnenne SHA-256 xsma 3amugpoBaHHOTO OJI0Ka M COXpaHEHHUE €ro B 3aroJIoBKe Qaiiia.

PEAJIM3ALIMS U TTIPOTPAMMHBIN KO/

OcHoBHas JIorMKa KpunTorpaduyeckoro MoaMOAYJIs peanu3oBaHa Ha s3bike Python 3.11 ¢
ucrnosib30BaHueM OuOmmoTeku cryptography (Bepcust 42.0). Hrrke mpuBenéH kitoueBOd (parMeHT
Gbyskuy mudpoBaHus:
from cryptography.hazmat.primitives.ciphers.aead import AESGCM
from cryptography.hazmat.primitives.kdf.pbkdf2 import PBKDF2ZHMAC
from cryptography.hazmat.primitives import hashes
import os, struct

def encrypt_backup(data: bytes, password: str) -> bytes:
salt = os.urandom(32)
kdf = PBKDF2HMAC (algorithm=hashes.SHA256(),
length=32, salt=salt, iterations=100000)
key = kdf.derive(password.encode(‘utf-8”))
nonce = os.urandom(12)
aesgcm = AESGCM(key)
ct = aesgcm.encrypt(nonce, data, None)
return salt + nonce + ct

@OyHKIUSA pacliM(pOBaHUs BBHINOIHAET OOpAaTHYIO OIEpaLio, IPU 3TOM ABTOMATHYECKU
nposepsercs Ter ayreHTu(ukanuu GCM. B ciydae HapylieHHs 1IEOCTHOCTH JaHHBIX T€HEpUpyeTcs
uckimrouenue InvalidTag, 9ro genaer moaMeHy JaHHBIX B pE3€PBHOM KOIMMU HEBO3MOXKHOM 0e€3 3HaHUS
KJIt04a mudpoBaHus.

I'paduueckuii untepdeiic peanmzoBan Ha 6aze HTMLS/CSS3/JavaScript u mpemocraBisieT
creayionye (yHKIMOHAIbHbIE BO3MOXKHOCTH: BBIOOP MCTOYHMKA M HA3HAUYEHUS PE3EpPBHOM KOIHH,
BBIOOp aJIroput™Ma MHU(PPOBAaHUS M3 YETHIPEX JOCTYNHBIX BAPUAHTOB, BHU3YaJbHYI WHIUKAIUIO
Iporpecca OIlepanyy B pealbHOM BPEMEHH, MPOCMOTP JKypHala ONEpaluil ¢ BPEMEHHBIMU METKAMH,
HACTPONKY pacHuCaHMsi aBTOMATUYECKOIO KOMMPOBAaHUS M MPOCMOTP HCTOPUU BBINOJIHEHHBIX
onepauuu.

[InanmpoBmMK 33124

Komnonent Scheduler peann3oBaHn Ha OCHOBE MeXaHHM3Ma Cron-moJOOHOIO paclUCaHMS.
[TonnepkuBarOTCS YEThIpE pPEXKUMA 3aIMyCKa: €XKEYACHbIM, €XKEIHEBHbIA, €XEHEACIbHbIA |
exeMecauHbld. IIpy KaXIom 3amycke MOIyJb BBIIOJHAET CIEAYIOIIYIO0 IOCIIEN0BATEIbHOCTD
JEeHCTBUI: MPOBEPKY JOCTYNHOCTH MCTOYHMKA M HA3HAYEHUs, CO3JaHHUE PE3EPBHOM KOMHU COTJIACHO
BbIOpaHHOMY THITy (ITOJIHAs/MHKpeMeHTanbHass/qudQepeHnmanbaas), IuppoBaHue U 3alich apXuBa,
OTIIPaBKY YBEJIOMJICHHUS Ha 3JIEKTPOHHYIO OUYTY aMUHHUCTPATOpa C OTUETOM O pe3yibTaTe ONepaluu.

Jl1i MHKPEMEHTAIbHOTO KOMMPOBAHUS UCIOJb3yeTcsl cpaBHeHue xameil SHA-256 ¢aiinos c
MPEeABIAYIIEeH pPEe3epBHOM KOMHEH, YTO TO3BOJSET KOMHUPOBATh TOJIBKO HM3MEHEHHBIE (AMIBI |
CYIIECTBEHHO COKpAIaeT BpeMsi U 00bEM olepaluu.

OKCIHEPUMEHTAJIBHOE UCCJIEJJOBAHUE

JUis  OIEHKHM  NPOM3BOJUTENBHOCTH  Pa3pabOTaHHOTO  MOJIyJs  ObLJIO  MPOBEACHO
SKCIIEPUMEHTAJbHOE TECTHUPOBAHME Ha  TECTOBOM  pabodel  CTaHIMM CO  CIEAYIOIIKUMU
xapakrepuctukamu: mpoieccop Intel Core 17-13700K (monnepxka AES-NI), onepatuBHas namsits 32
I'b DDRS, nakomutens Samsung SSD 980 PRO (NVMe). B kadectBe TecToBOro Habopa JaHHBIX
ucnonb3oBaics Habop u3 1000 ¢aiinoB cymmapueiM o0béMom 10 I'B pasnuusbix ¢opmaroB
(mTOKyMEHTBI, N300paKeHuUs, 0a3bl JAaHHBIX ).

Pe3ynbTarsl TECTHpPOBaHUS IPOU3BOIUTEILHOCTH
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B xome TtectupoBaHMS HM3MEPSUTMCh TPH KIIFOYEBBIX IOKA3aTeNs: CKOPOCTh IMH(poBaHUS
(Mb/c), HaknagHble pacxobl MO BPEMEHH MO CPaBHEHMIO C KomupoBaHueM Oe3 mmudposanus (%), a
TaKKe 3arpyska oneparuBHou nmaMsati (MB). Pe3ynbraTel TeCTUPOBAHMS NPEICTABICHBI B TA0IHUIIC

SecureBackup Pro - v1.0

& SecureBackup Pro

@ Aawbopa

100 000

Pucynok 1. I'maBHOe okHO (mambopa) mporpammuoro Mmoayis SecureBackup Pro

Ta6Jmua 2— PGSYJ'IBT&TH TCCTUPOBAHUA ITPOU3BOJUTCIIbHOCTHU

AJITOPUTM Cropoctb (Mb/c) Haxkaaansblie pacxoasbl (%) I[Mamsars (MB)
be3 mmdpoanus 412 — 48
AES-256-GCM 312 24.3% 52
ChaCha20-Poly1305 287 30.3% 50
AES-128-CBC 398 3.4% 49
AES-256-CBC 341 17.2% 51

AHanmm3 pe3ynbTaToB MOKa3bIBaET, yTO npuMeHeHue anroputMa AES-256-GCM obecnieunBaet
HawTyymuid OajaHc MeXIy KpUNTorpaguueckoil CTOMKOCTBIO U HPOM3BOJUTEIBHOCTBIO Cpelu
AEAD-anroputmoB. Haxmagueie pacxoabl coctaBisitoT 24,3%, 4YTO sBISETCS NPHUEMIIEMBIM
nokaszatesieM JUlsd omepalnuid pe3epBHOrO KONMMPOBAHUS, BBIMOJHSAEMBIX, KaK MpPaBUJIO, B Hepabouee
BpEMSI.

Anroputm ChaCha20-Poly1305 nemoHCTpUpyeT HECKOJIbKO 0ojee HH3KYI0 CKOpPOCTh Ha
TecToBOU Tuardopme ¢ annapatHbiM yckopeHueM AES-NI, onHako Ha MOOMIJIBHBIX ycTpoiicTBax 0e3
JAHHOTO PacIIMPEHHs €ro MPOU3BOIUTEIHLHOCTD MpeBbimaeT AES-256-GCM na 15-30%.

ITpoBepka 1eIOCTHOCTH ¥ BOCCTaHOBIICHHE

B pamMkax skcriepuMeHTa Takxke Obljia MpoBepeHa Ha/I&KHOCTh MeXaHU3Ma ayTeHTUuKayu. B
100% TecToB HaMepeHHOE HW3MEHEHHE OAHOro OaiiTa B 3alIM(POBAHHOM apXuBe OBLJIO KOPPEKTHO
obHapy>keHo TeroMm ayteHTHukammu GCM, u cuctema oTKazana B pacmudpoBke. Bpems moiHoro
BOCCTaHOBJIEHHsI Habopa naHHbIX 00bEéMoM 10 I'b coctaBuino B cpeanem 52 CeKyH[Ibl, UTO SIBISIETCA
IIpUEMJIEMBIM TTOKa3aTeseM il IPAaKTUYeCKOTO PUMEHEHHUS.

OBCYXJEHUE PE3VYJIbTATOB
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CpaBHEHHE C CYIIECTBYIOIIMMH PpEIICHUSMH II0Ka3bIBa€T, 4YTO pa3pabOTaHHBIA MOIYJIb
o0ecIeunBaeT COMOCTaBUMYIO (PYHKIIMOHAIBHOCTh NMPH OoJiee THOKON apxXxuTekType. B oTimuune ot
koMMepueckux penrenuii (Acronis True Image, Veeam Backup), SecureBackup Pro mpemocrasnser
I0JIb30BATENI0 BBIOOpP ajiroputMa MHQPpPOBaHUS U MPO3PAUHbI KOHTPOJIb HAJl KpUNTOrpapUuecKUMu
napamerpami (conb, IV, uucio urepanuit PBKDF2). 310 0c00eHHO Ba)KHO B KOPIOPATHUBHBIX Cpeliax
¢ TpeOOBaHUAMHU COOTBETCTBUS CTaHAapTaM MH(OPMALIMOHHON OE30MaCHOCTH.

PazpabGorannsiii rpaduueckuii untepdeiic odecreunBaeT MHTYUTUBHOE YIPaBIEHUE BCEMHU
GYHKIUSMU CHCTEMBbI, BKIIIOYas BU3YAIbHBIH HMHAMKATOP HAAEKHOCTH MApois, YTO CHHUXKAET
BEPOSITHOCTh HMCIOJB30BaHUS CHa0bIX Kiroued mudpoBanus. KypHan onepanuii ¢ BpeMEHHBIMHU
METKaMU MO3BOJIET IPOBOAUTD ayAUT BCEX BHIIIOJHEHHBIX OINEpallii pe3epBHOI0O KOMTUPOBAHUSI.

K orpanumueHusiM TeKymledl peanu3alud OTHOCHUTCS OTCYTCTBHE MOJJIEPKKH PE3EpPBHOIO
kormupoBanus mo cetu (SMB/NFS) u o6naynoro xpanmnuma (S3, Azure Blob), a Ttaxxke
OrpaHUYEHHas! TOJIepP’KKa MeXxaHn3Ma ynpasienus kimodamu (KMS). JlanHble acneKThl IIaHUPYETCs
pealin30BaTh B MOCIEAYIOIIUX BEPCUIX MOTYJIS.

3AKJIFOUEHUE

B nmanHoit pabote pa3pabotan mporpammublii  Moaynb  SecureBackup Pro  nmms
aBTOMATH3MPOBAHHOTO PE3EPBHOIO KOMMPOBAHUS JAHHBIX C MPHUMEHEHHEM aJlTOPUTMOB IH(POBAHUS
AES-256-GCM u ChaCha20-Poly1305. Monyns obecrieunBaeT KOHGUACHINATLHOCTD U 1IEJIOCTHOCTD
PE3EPBHBIX KOMHA, MOJACPKUBACT TPU THIA PE3ECPBHOTO KOMHUPOBAHUS, THOKOE paclucaHhe H
MIPeIOCTaBIIAET yIOOHBIN rpaduueckuii uHTepdeiic.

OKCIIepUMEHTAbHOE  WCCIEJOBAaHWE  MOATBEPAWIIO  MPAKTUYECKYI0  MPHUMEHHUMOCTh
pa3paboTaHHOTO pelIeHUs: HaKJIaIHbIe PacXO/Abl Ha MPOU3BOAUTEIBHOCTh MPU UCHONb30BaHUU AES-
256-GCM  cocraBmsiror  24,3%, npu  stom  obecneumBaercs  100%  oOHapykeHue
HECaHKIMOHHPOBAHHBIX HM3MEHEHUN B apXuBe. ANTOPUTM YCHEIIHO MNPUMEHEH MPU CO3JAAHUU
unTepakTuBHoro mnporotuna GUI, AeMOHCTpUPYIOIIEro TMOJHBIM I[HMKJI ONepaluid pe3epBHOrO
KOIMPOBAHUS C IIH(PPOBAHUEM.

[lonydyeHHble  pe3ynbTaThl MOATBEP)KIAIOT, UTO COBMELICHHE AaBTOMAaTHU3MPOBAHHOTO
PE3EpBHOTO KOMHUPOBAHUS C COBPEMEHHBIMH AJITOPUTMAMHU ayTEHTH(HIMPOBAHHOTO HIM(PPOBAHUS
aBisieTcs 3 GEKTUBHBIM MOAXOJIOM K 3aIIUTE JaHHBIX, COOTBETCTBYIOIUM TPEOOBAHUSAM aKTyaJIbHbIX
CTaH/IapTOB MH(OPMALIMOHHON OE30MaCHOCTH.

JIONOTHUTENBHO CEeyeT OTMETUTh, YTO Pa3pabOoTaHHBIM MOAY/b 00JIaJaeT BO3MOKHOCTAMHU
MacmTaOupoBaHUsI U MOXET OBITh aJaNTHPOBAH IO/ PA3IMYHBIC YCIOBHS OJKCIUTyaTalldd — OT
NEPCOHAJBHOIO HCIIONB30BaHMUS IO BHEIPEHUS B KOPHOPATUBHYIO HH(pacTpyKTypy. I'nbxocth
apXHUTEKTYpHl TO3BOJISIET WHTEerpupoBath SecureBackup Pro ¢ oOmaynpiMu cepBuUCamMu XpaHEHUS
JaHHBIX, a TakKXKe paclupATh (YHKIMOHANBHOCTh 3a CYE€T [00aBIEHUS HOBBIX AalTOPUTMOB
m(pOBaHUS M MEXAaHU3MOB YIIPABJICHUS JOCTYIIOM.

[TpakTryeckas 3HaYMMOCTb PAOOTHI 3aKIHOYAETCS B TOM, YTO MPEAJIOKEHHOE PEIICHHE MOXKET
OBITh HMCIOJB30BAaHO KaK OCHOBA IS CO3JaHMS TIOJTHOIICHHBIX CHCTEM 3alllUThl WH(POPMALUU B
OpraHu3alysx, rae TpedyeTcst BBICOKUN YpOBEHb HAJEKHOCTH U OE€30MaCHOCTH JaHHBIX. B ycrnoBusax
pocTta KuOepyrpo3 HCIOJIb30BaHHE MOJTOOHBIX MHCTPYMEHTOB CTAHOBHUTCS HE MPOCTO aKTYaJIbHBIM, a
HEO0XO/IMMBIM 3JIEMEHTOM LU(POBOM HHPPACTPYKTYPHI.

B nampHeiimeM pa3BHTHE TIPOEKTa MOXKET OBITh HANpaBIIEHO HA  ONTUMH3AIHIO
MPOU3BO/IUTENIFHOCTH,  BHEJIPEHHWE  HWHTEJUIEKTYyaJbHBIX  METOJIOB  YIpPaBIEHHUS  PE3epPBHBIM
KONMpPOBaHWEM (HalmpuMep, Ha OCHOBE aHajHW3a TII0JIh30BAaTEIbCKOM AaKTHBHOCTH), a TaKXke
pacuIpeHue IMoJib30BaTeIbCKOr0 MHTepdeiica s MOBbIMIEHUS yA00cTBa pabOThl. DTO MO3BOJMT
caenath cucremy emgé Oonee 3h(EeKTUBHOW M KOHKYPEHTOCIOCOOHOW Ha phIHKE MNpPOrpaMMHBIX
pereHuii B 001acti HHGOpMAIIMOHHON 0€30IacHOCTH.

Crnncok nureparypsl:
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BUOJIOTUAHBI OKBITYJA ITPOBJEMAJIBIK OKBITY TEXHOJIOI'MACBIH KOJIJAHY
APKbLJIbI BIVIIM AJTY IBIJIAPABIH BEJICEHAIJIITTH APTTBIPY

Koxcamypam Caman Illexepxanki3ot
1505-24 maecucmpanmi

Mamuvikoea Poza Yoaiioanaesna
0.8.K., KayblMOACmuipblizan npogheccop

Angarna

Bbys1 Mmakanazna GMOIOTHA MOHIH OKBITY KE3iHAET1 MpoOiIeMablK OKbITY TEXHOJIOTUACHIH KOJIAHY
ypaici Typanbl alThuIFaH. [IpoOimeManblK  OKBITY AapKbUIbl OUNIM  alylIbUIApABIH  TaHBIMIIBIK
O€JICeHIUIIriH apTTHIPY, CHIHM Oiijlay KaOUIeTiH JaMbITy JKOHE FBUIBIMU-3EPTTEY JaFbLIapbiH
KAJIBINTACTHIPY KOJAAPHl CUIIATaNafbl. 3epPTTEy HOTHXKEEpl MpoOiieMabIK >KaFaaiiapra Heri3elreH
cabakTap OKyIIbIIAP/ABIH OKY BIHTAChIH apTTHIPHII, OLTIM carachlH jKaKCapTAaTHIHBIH KOPCETE/I].

Tyiiin ce3aep: IIpobremainbiK OKbITY, OMOJIOTHS, TAHBIMABIK OCJICEHIUTIK, CHIHH OiJiay, 3epTTey
JaFAbpUIaphl, THHOBALMSUIIBIK TEXHOIOTUS

Kazipri Tanna akmnapat aFbIHbI KQpKBIH/IbI IaMbIFaH CallbIH, O171iM Oepy canachIHAa J1a UTEPUITeH
Oiumimai e3 OeTiHIe caparTan, Tajajaamn, eMipe 03 KaKeTTUIIriHe maianany alIbIHFbl KaTapFa IIBIFBIT
otbip. OHBIH HETI3ri MakKcaThl — OUTIM aJlaThIH OpOip TYIFaHbl TEOPHSUIBIK OLTIMMEH FaHa KaMTBhIII,
OHBIH OJICYETIH alllbIl, KeKe Oiyilay KaOUIeTIH KalbIITACTBIPY, TyBIHIAFaH KYpJeI Maceelenepal o3
OeTiMeH Tajjar, caHallbl Typ/e IenIiM KaOblIIail ajJaTblH IeHIelre KeTKi3zy. ONTKeH1 19CTYpIIi OKBITY
omictepi OUMiM anymieiapra JalbIH aKmaparrapisl  OepeTiH OONaThIHABIKTAH, OYJI TajanTapibl
TOJIBIKKAH/Ibl KaMTaMachl3 eTyle >KeTKiikci3. Ocbl karaaiga npoOieMaiblK OKbITY TEXHOJIOTHSCHI
OumiM Oepy ypliciHe jkaHa cepriH OepeTiH THiMai 9iic OoJyibim TaObutanel. By TexHomorwmst OiTiM
QJIYIIBIHBIH TaHBIMJBIK JIAFIbUIAPBIH apTThIPY apKbUIbI OKBITY YPHAICIH MAacCUBTI TypAe KaObUiAaynaH
Oencenai i3AcHY YypaiciHe kemmipeni. Hotmkeecinge OepinreH OLTIMAI Wrepim, OHBI ©3IITIHEH
KYpPacTBIPAThIH, TQJIEICHTIH XKoHE ToKIprOeie KoJlaHa ajaThlH TYJIFa PETiHAe KaJlbIITacabl.

Ocipece OMONOTHS MoHI TAOUFAT KYOBUIBICTAPBIHBIH MOHIH allaThIH, TIPIIUIIK 3aHAbUIBIKTAPbIH
TYCIHIIPETIH KeWIEHI FbUIBIM PETIHJAE OKYIIbLIApbIH FHUIBIMU JYHHETAHBIMBIH KaJbIITACTHIPY/AA
mIeNIynr  pejl  aTkapaabl. buonorus TMOHIH THIMAI OKBITY — ailHajdambi3na OOJIBIT  KaTKaH
KYOBbUIBICTApJbIH ©3apa OaillaHBICBIH TYCIHIIPY, OJIap[bl ajjblH-aja FhUIBIMU TYPFbIIaH OoJKam
JKacay KOHE oJlapJipl JI9JIesiey MOJCHHETIH KanbinTacTblpy. COHIBIKTAH OyJl MOHJI OKbITyZa OUTIM
aJTyIIbLIapAbl 3€pTTEY JKYMBICBIHA TapTy, SIFHU «Here?», «Kajlail?» JereH cypakTapra jkayarl i3/1eyre
OarpITTay — Kazipri 3amad TanaObl. OChl TYpPFBIIAH ajFfaH/a, MPOOJIEMANIbIK OKBITY TEXHOJIOTHSCHI
Ouosorusi cabarblH KaHIAHBIPBIN, OHBl HAFrbl3 FBUIBIMH 13/I€HIC alaHblHA alHAIIABIPATBIH aHBI3AbI
KypaJ peTiHjie KopiHic TadaIbl.

[TpoGneManblKk OKBITY TEXHOJIOTHSCHI — OUTiIM Oepy YpAICIH camaliblK TYPFbIJaH ©3TepTeTiH
onicreMenik xyie. OHBIH MOHI — OUTIM amylIbUIapJblH ajjAblHa FBUIBIMU TYPFbIAAH MaHBI3Bl Oap
MocesieH1 Oepir, COHbl ©3 OeTIMEH HeMece MyFalliMHIH OarbITTaybIMEH HICNTy apKbLIbl KaHa OLTIMIL
MEHrepyiHe *KaTelp. by xepae OepisieTiH OUTIM TaHBIMIIBIK 137€HIC HOTHKECIHIE KYPACTHIPHLIA IBI.
Ocbl YpaicTiH ©3€eri — MpoOJaeMalbIK CUTYaIUs1a, SIFHU OUTiM alTyIIbIHBIH OYPBIHFBI O171iM1 XKETKUTIKCI3
Oonpim, Oipak >kaHa OUTIMII Wrepy apKbUIbl IIEIIyre OOJIATBIH WHTEJUICKTYaIBIK KHBIHIBIK
TYBIHJBIPAThIH KaFaaiaa. J{onm ochbl TaHBIMIBIK JKaFblHAaH KaHIIBUIBIK OKYIIBIHBI OWJIaHyFa, Cypak
KOIOFa, O0JDKaM jkacayFa jKoHE OHBI aonenjaeyre yipereai. Ocbl 9ICTIH THIMAUTITIH ALY YIIiH
Ouonorust cabarbIiHIa MPoOIeMabIK CUTyalMsIap bl Oepy apKbUIbI )Ky3ere acelpyfa 0osaibl. OUTKeHi
Oy moH Taburar KYOBUIBICTAPBIHBIH apachIHIArel ceOer-canaap OallaHBICBIH alTyFa OarbITTalFaH.
Mpicanbl, «OciMIiKTep HE ce0emnTi KapblK OoiMaca eMip cype aaMmaiaei?» JlereH cypak OacTankblaa
KaparaiblM KepiHyl MyMKiH. AJaiia oJ1 OKyIIBbIHBI ()OTOCHHTE3 YPHICIHIH iCKe acy Ke3iHIeri MoHIH,
XJOPOPMILIIIH POJIiH, YHEPTUS aIMacy MEXaHM3MIEPiH TyciHyre xkereneial. OKymbsl 0acTankpiaa o3
OumiMiH ecke Tycipin, e3 OeriMeH Ooipkayra opekerreHeni. KeiiH jkacanraH Toxipubene Hemece
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KOCHIMIIIA aKmapaT ajfaHga o3 OoikamblH Tekcepeni. Ocburaiiima OUTIMII JTOTUKAIBIK KOJIMEH
MEHrepyre MyMKiHIIK Oepeni. HakTel MbIcan periHae «AnmaM ar3achl OTTETIH IMaianaHOaii-ak, Here
OipHelIe MUHYT KaHa eMip Cype anaasl?» JereH MpoOiaeMalblK CYpaKThl aJIbIll KapacThIpyra OOajbl.
by xargaiina oKymsiiap ThIHBIC ally KYHECIHIH KYPBUIBIMBI MEH KbI3METIH, JKaCyIIaJbIK THIHBIC Ay
KYHECIH, PHEPTUSHBIH TY3LTy JKOJJIApbIH TaJJail OTBHIPBIN, MOCENIEHIH MIenrimMiHe kenmeai. MyHnai
TarcelpMasiap OKYIIbIHBI (haKTIIepAiH apacblHAarbl OaillaHbICTBI TyciHyre Hazap ayaapazabl. Com
cekinni «HemikTen keiOip >kaHyapiap KbIC ME3TUIIHAE YHKbIFa KeTedi?» JereH MpoOieMallblK CYpaK
apKbUIBI OeHiMIeITy, METa0OMM3MHIH Oasyaybl, KOpIIaFaH OPTaHBIH oCePl CUSAKTHI YFBIMIIAD KEHIHCH
urepineni. Connmaii-ax mpoOIeMalblK OKBITY KE3iHJIe MYFaJIIMHIH pelli Je e3repicci3 KaaMmaiiibl.
ONTKEeHI OJI aKmapaT J>KETKi3il, TaHBIMIBIK YPIICTI YHBIMIACTBIPATBIH OHE OarbITTAMTHIH TYJIFa
KbI3METiH aTtkapazbsl. On  Jayppic cypak Kos Ouly apKbUIbl OKYIIBIHBIH OHJIay JaFAbUIapbiH
KJIBITITACThIPAbl. AJI OKYIIIbI ©3 KE3€TiHJEe MOCEJICHI IIemry OapbIChIHAA Taaaiabl, Oip-OipiMeH
CaJIBICTBIPA/IbI, KOPBITHIH/IBI XKAaCAW b, SIFHU JKOFaphl JCHICH IET] OiiJiay JarJbUIapbIH JKY3€re achIpabl.
Ocpl MakcarTa eH ajlJbIMEH MpoOieMasblK CYpaKkTap KOK 9Jici KeHIHEH KOJNJaHbUIIbI. OUTKeH1 a97
KOWBUIFAH CYpaK — TaHBIMJBIK OEJICEHAUTIKTIH alFamKbl KaaaMbl. Mpicanel, «®DOTOCHHTE3)
TaKbIPBIOBIH TYCIHIIPY Ke3iHne «Erep eciMaikTep KOMipKBIIIKbUI Ta3blH CiHipMece He Oomap emi?»
JIETeH CypaK KO0 apKbLIbI OKYIIBUIAP OYKLI AKOXKYHEeri ra3 anMacy, armocdepa KypambIHbIH €3repyi,
TIPUIUTIK HWeENepiHiH eMip CypyiHe ocepi CHSKTbl Kypnaenl OailnaHbicTapipl €3 OeTiHIe Tanfjaii
Oacraiiel. Byt xkepe OKyIIbl TeK jKayan i37eMeii]ii, o1 ceOern-canap KaTbIHACHIH aHBIKTaN/TbI.

[IpoGnemanbIK OKBITY Ke3iH/AE 3epTTey TalchlpMalapblH AYPHIC YHBIMAACTHIPY KaxeT. by amic
OKYIIBUTIAP/bl MIAFBIH FHUIBIMU 3€pPTTEY JKYMBICBIH XKYpPrizyre OarbITTailnbl. Mpicanbl, «OCIMIIKTIH
ecyiHe KapBbIKTBIH 9cepi KaHJai?» JIereH TaKbIPBITa OKYIIbUIAPFAa €Ki TYpJl JKaFdaijia, *KapbIKTa
KOHE KapaHFbLIa ©CIMIIKTI ©cipil, HOTIDKECIH CajbICTBIPY TamchipMachl Oepinmeni. MyHnail kesne
OKYIIIBI OaKblIay JKYMBICHIH Xyprizeni. ToxipuOeHi opblHAay Ke3iHAe OHBIH Kajail Ky3ere acarblHbIH
Ke30eH Kepeli. ANFaH HOTWKE OOWBIHINA JIEPEKTEep >KUHAMABI, ONapAbpl Taljgarn, KOPBITHIHIbI
mbIFapagsl. Byl — FBUIBIMH OMICTIH SJIEMEHTTEpIH TXKIpUOE apKbUIbl MEHTEPYHiH THUIMII SKOJIBI.
Conpaii-ak TUnoTe3a Kypy *oHE OHBI JONIEJ/Iey OJIICI OKYIIbUIAPIBIH FRUIBIMU OWay KaOimeTTepiH
KaJBINTacThIpy/la INeNIyIn pes arkapaabl. Meicansl, «HenmikteH OalbIKTap CyJaH ThIC eMip cype
aJIMaiiIbI?» JeTeH CypakKa OKYULIbUIap alibIMEH 3 OoiKaMIapblH YCbIHa/Abl. Mpblcambl, «OUTKeH1
ojlapia oKIme >KOK» HeMece «Tepl apKbpUIbl THIHBIC ajla anMaab» aen. KeliH ockl OGoipKaMaapibl
FBUIBIMU JIEPEKTEPMEH aHBIKTaI, KalCBICHI JYPHIC €KeHIH nanenneiai. by ypaic oKyIbIHBIH €3 OMbIH
HETi3/IeN alTyFa yipeTe/i.

[Tikipramac >koHe Tangay ojicTepi MpOOIEMAalbIK OKBITYIABIH JOTHKANBIK KAJIFachl PETiHIIe
kepiHeni. Cebebl opTypil Ke3KapacTapibl CAJIbICTBIPY apKbUIbl FaHA TEPEH TYCIHIK KaJIbIITacajbl.
Maicanbl, «l'eHeTHKaIbIK MOIUUKAIMIIAaHFAH OHIMAEp ajjaMFa Maijansl Ma, 9je 3UsH 6a?» JereH
TaKBIPHINTA TMiKipTatac YHBIMIACTHIPY apKbUIBI OKYIIbLIAp OWOTEXHOJOTHSHBIH apTHIKIIBUIBIKTAPHI
MEH KayilnTepiH Tajjar, FbUIBIMM JQJIeJiepre CyWeHe OTBIPBINT 63 YCTaHBIMIApbIH Koprailabl. byi
KOMMYHUKATHBTIK JKOHE CBIHHM OiUlay JaFapuiapblH AaMbiTafsl. OChIIaH TMPOONEMAalbIK  OKBITY
ONiCTEepiHIH ©3apa ThIFbI3 OalIaHbICTA XKY3€re achIPbUIbII, OJIApbl KEIIEH Il TypJe KOJJaHy apKbLIbI
Ouonorust cabarblH JOCTYpPJl TYCIHAIPY (popMaTblHAH IIBIFAPbIN, OHBI FHUIBIMH 3€pTTEy JEHreiiHe
KOTEPETIH 9/liC eKeHIHE KO3 JKeTKi3yre 0oaibl.

3epTTey HOTHKENEpiHe TOKTAJCaK, MPOOIEMabIK OKBITY TEXHOJOTHSACH OUTIM aylIbUIapabIH
OeJICeHIUIIrH apTThIpy/Aa MaH-KAaKThl ocep €TEeTIH MaHbI3Abl Kypall peTiHae TaHbuiagel. Ol oKy
ypaicia TtyOereim esrepreni. EH anmpiMeH, OyJl TEXHOJOTHS TaHBIMIBIK KBI3BIFYIIBIIBIKTEI OSTAIBI,
oliTKkeHl cabak OapbIChIHIA KOWBLIATBIH MPOOIEMaNbIK CYpakTap OKYIIbAA «HETIKTeH?» >KoHe
«Kanai?» nereH 3eprrey KaKETTUIIH KajblTacThipaabl. Meicansl, «Hemikrten kelGip eciMuikrep
KOJIGHKE/Ie JKaKChl ocell, an Keilbipeynepi TeK KapblKTa FaHa JaMHJIBI?» JIeTe€H CYpakK OKYIIBIHbBI
OCIMJIIKTEp/IiH OefimMaeny epeKIenKTepiH, GOTOCUHTE3 YPIICIH, IKOIOTHSIIBIK (haKTOpIapAbIH OjlapFa
ocepiH e3[iriHeH Tajjaayra urepmeneii. OKyusl Typiai 6oKaMaapabl YChIHBII, OJAp/blH 1IIiHEH eH
HETI3TICIH TaHJay YIIH JoNenaep Kenripyre MoaxO0yp Oomaael. Meicansl, «Hemikren menelT
aiiMakTapia TIPIIUIIK €TEeTIH >KaHyapiap TYHI1 yakpITTa OenceHzi Oonanpl?» JereH Tarchlpma
OapbICBIHAA OKYIIBUIAp TEMIIEpaTypa, Cy TaNIIbUIBIFBI, KBIPTKBINTApAaH KOPFaHY CHSIKTHI
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(dakTopiapAbl CaJBICTHIPHIN, ©3 OOKaMIapblH JQJNeNeyre ThIpbicaasl. by ypaic omapasiH
JIOTUKAJIBIK OMJIay KaOlJaeTiH TEPEHAETII, JANIEI Il TYPAE MiKip KaJIbINTACTHIPY JaFABICHIH KETUIIPE].

[TpoGneManbIK OKBITY apKbUIBI OLTIM adyIIbUIAPIBIH 3€PTTEY JAaFAbUIApbIH KaJbIITACTHIPYyAa
OUOJIOrHs MOHIHIH Ma3MyHbI epekile MaHbI3Abl. OKyLIblIap TEOPHUSUIBIK TYKbIPBIMAAPABI MEHIepirl,
oNapJel TOXKIpUOE XKY3iHIE TeKcepyTe yilpeneai. Mpicanbl, «OCIMIIKTIH OCYiHE CyIbIH oCepi KaHAai?»
JIeTeH 3epTTey TalChIPMAChlH JKY3€re achblpy Ke3iHA€ OKYyIIbUIap SpTypii Meiuepae cy Oepir,
OCIMJIIKTIH JaMy Ke3eHJAepiH OakKpLian, HOTHKECIH CalbICTHIPAIbl >KOHE KOPBITHIH/IBI IIBIFAPAIBL.
MyHnait KyMbICTap OKYUIbLIApAbl FHUIBIMU JKYMBICIIEH aifHaJIbICYFa >KaKbIHAATHIN, IEpEeKTEPMEH
KYMBICTaHy JaFAbUIapbIH KajblnTacTeipaabl. COHBIMEH KaTap OyJ1 TEXHOJIOTHS OUiM ayIibLIapibiH
KOMMYHHMKATHBTIK KaOlJIeTTepiH JaMbITajbl, ce0ebi mpobOiaemMaiblK TarchlpMaiap KeOlHE TOMNTHIK
’KYMBIC TI€H MiKipTasac apKbUIbI Ky3ere achlppiianel. OKyIIbUIAp ©3 OWIapbhIH JJIENJIEN KETKI3yTe,
Kapchl MIKIpJAepai ThIHAAyFa »OHE FBUIBIMH apryMEHTTEp apKbUIbl ©3 YCTaHbIMIApbIH KOpFayfa
yiipeneni. Mpicanbl, «Bupycrapael Tipi ar3ara JKaTKbI3yFa Oona Ma?» JEreH TaKbIpbINTa
YUBIMIACTBIPBUIFAH  MIKIpTajgacTa OKYIHIbUIAp OPTYpJi FBUIBIMH  Ke3KapacTaplbl Taijam, o3
TYKBIPBIMIAPBIH JTJIENIEYTe ThIpbIcanbl. byn omapaplH Tek OLTiM JAEHTeliH FaHa emec, ceiliey
MOJCHHMETIH, aKaJeMUSJIBIK KOMMYHUKAallMs JaFibUlapblH Ja >kaHa OeJecTepleH TaHBbITabl.
[TpoGneManblKk OKBITY TEXHOJOTHACHI OUTIM QNyIIBIHBIH TaHBIMIBIK JKaFbIHAH, WHTEIUICKTYaJIbIK
TYPFBIAH JKOHE OJIEyMETTIK OeJCEHAUIINH KelIeHi TYPAE apTTHIPBIN, OHBI Ka3ipri KOoFaM
TajanTapblHa Kayar Oepe anaTblH, nepOec ©31HIIK MmiKipi 0ap TyJIFa peTiH[e KaJbIITaCTBIpyFa HeETi3
OoJ1aabl.

Toxipubene xKy3ere achlpFaH HOTHIKENEpP OOWBIHINA MPOOIIEMAJBIK OKBITY TEXHOJOTHSCHIHBIH
KOFapbl THIMJUTIT HAKThl KOPCETL/1: OKYIIBUIAPbIH cabakKa JereH bIHTACHIHBIH apTybl AHBIKTAJIBIIL,
OKY YpaiciHJeri Oencenai TyiiFa 0oyFa KaiaM yKacaiibl. O3IiriHeH )KYMBIC iCTeY JaFabUIaphl XKYyieli
TYpAE KAaJbINTACHIN, OKYIIbUIAD aKMaparThl 13[ey, TalAay >KOHE KOPBITBIHIBI Kacay opeKeTTepiH
e3/irineH opeiHaayra 6er Oypabl. Kypaemi OHONOTHUSAIBIK TaKbIPBIITapAbl MEHTEpY JEHreii enoyip
KOFapbUIal, KHUBIH YFBIMIAPABl THIMII JKOJIMEH  TYCIHIIpY opekerrepi »xky3ere acTbl. COHBIH
HOTH)KECiHIe OLTiM camachl MEH YJrepiM KepceTKilTepi TYpakThl TYpAE OH HOTHXe Oepai. Ocipece
OMOJIOTHSUTBIK KYOBUTBICTapBl TYCIHIIPY OapbIChIHIA OKYIIBLIAP/BIH JOTHKAIBIK OWIay KaOUICeTIiHIH
JamMybl alKbIHIANBIM, OJap/AblH cebern-canaap skaFblHaH OaillaHBICTAphl TEPEH dp1 ASIME-IaM Talndai
aJIaTBIHBI AaHBIKTAJI/IBI.

KopbITeiHIbIIAN KeTle, OMONOTHSHBI OKBITya MPOONeMaNbIK OKBITY TEXHOJOTHSCBIH >KYyieni
KOHE MakcarThl TYpAE KoijaHy OuriM Oepy YpIICIHIH camachl >KaFblHAH JKaKChl HOTHIXKETe KO
KETKI3eTIHI JoneNnjeHai: OuriM amymsl cabak Ma3MyHbIH MEHIepil, OHbI Tajjaid OijeTiH,
UHTEpIpeTaus >Kacail ajaTblH >KOHE >KaHa >KaFjaiyapra OailllaHbICTBl KOJIJIAHATBIH JICHTeire
KeTepieai. bys1 Toci FUTBIMU AYHUETAHBIM/IBI KATBINTACTHIPHIIN, 3€PTTEY MOJICHUETIH OPHBIKTHIPHI,
TaHBIMIBIK OEJICEHIUTIK TMEeH ChIHU TYPFBIIaH OiJlay KaOUIeTTepiH TYPaKThl JaFJblFa YHPETEi.
Hotmxecinne oky opekeri 0ip KalbIThl CUNATTaH IIbIFAPMAIIbUIBIK CHIATKA ©TEMdl, all MyFaliMHIH
peni akmapar OKETKI3yLIIeH TaHBIMIBIK YpAICTI YHBIMAACTHIpyIIbIFAa aybicaabl. OcblHAAN
NEearoruKaiblK 9MIC OUTIM aJlylIbIHbl NAcCHUBTI ThIHJAYIIBIIAH O€JCeHl Typleri i3AeHymire
AHAJIIBIPBIN, OHBI HAKTHI IICHIIM KAaOBUITAWTHIH, KYPICN MOceelepai Kyheli Typae TaJTalThIH,
FBUIBIMM HETI3/le OpEeKeT eTeTiH TyJiFa peTiHie KajblnTacTelpaabl. Kasipri OutiM Oepy canacbiHza
nmpoOiIeMaNblK OKBITY TEXHOJOTHSACHIH OMONOTHUS cabarbiHAa THIMII ICKE achlpy — OOJIamaKkThIH
Oocekere KaOINEeTTi, MHTEIUIEKTYIIbIK TYPFBIIAH JKEKE TYJIFAChl €Till KaJbIITACTBIPYABIH HAKTHI dpi
HOTHIKEII JKOJIBI OOJIBIN TaObLIAIbL.
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MAIIMHHOE OBYYEHUE U HEMPOCETHU KAK CUCTEMBI YUATCS HA JAHHBIX 1
ITOYEMY 3TO BAYKHO AJIS1 YEJIOBEKA

Kocaee bakvim Epkunynut

Cmyoenm 4 Kypca,
Kaszaxcmancko-nemeyxuii ynusepcumem,
Kazaxcman, 2. Aamamer

AHHOTANUA

MamuHHoe 00yueHHe CerofHs pa3yMHee IOHUMaTh He KaK OJIHY «BOJILIEOHYI0» TEXHOJIOIHIO, a
KaK OO0JIbIIIOE CEMEICTBO METOJIOB, B KOTOPBIX KOMIIBIOTEP HMILET 3aKOHOMEPHOCTU B JAHHBIX U Ha UX
OCHOBE JIeJaeT MPOTHO3, PEKOMEHAALNI0 WK Kiaccudukanuio. HeiipoceTn — BakHast 4acTh 3TOTO
ceMeiicTBa, HO HE BCA €ro TEPPUTOPHS: KPOME HHUX CYIIECTBYIOT JIMHEWHbBIE MOJEIH, JE€PEBbS
peleHuii, ancaMOJIn, METO/IbI KIacTepU3aluy U CHUXKEHUs pa3MepHocTH. ['myOokue HelipoceTu cranu
0COOEHHO 3aMETHbl TaM, T[J€ JaHHble IUIOXO OIMCBHIBAIOTCS MPOCTBIMU IPaBWIaMH — B
M300paXEHUIX, PEUH, TEKCTE U BUICO. [1]

JUisi UPOKOTO YMTATEeNsl TJIaBHBIM BBIBOJ MPOCT: MAalIMHHOE OOydeHHE OTBEYaeT Ha BOIPOC
«KaK HAay4YuTh CHCTEMY pelIaTh 3ajauy [0 MpUMepam», a HEHpOoceTH — Ha BOIPOC «KakK JaThb e
BO3MOKHOCTh CaMOM CTPOMTH CJIO0XHbIE BHYTPEHHHUE NPEACTABICHUS JaHHBIX». [lo3TOMY ceroaHs mbl
BUJIUM JIB€ MapajlielbHble JMHUM PA3BUTHUA: C OJHOM CTOPOHBI, POCT MOIIHBIX TI'€HEPAaTUBHBIX
MoJieiel, ¢ Ipyrol — ycTONYMBBINA cpoc Ha Oosiee MPOCThIe, HMHTEPIPETUPYEMbIE U TPUKIIATHbIE
ML-monenn B memuiuHe, oOpa3oBaHMHU, OU3HECE, SKOHOMHUKE M MPOMBIIIJICHHOCTH. DTO XOPOLIO
BUJHO M B IMPUCIAHHBIX TOJb30BATENEM HCTOYHMKAX: OHM pacCMaTpUBAIOT He aOCTpaKTHBIN
«MCKYCCTBEHHBIM HMHTEJUIEKT BOOOIIE», a BIIOJHE 3€MHBbIE CIIEHAPUU — OT DKOHOMHYECKOIO
MIPOrHO3UPOBAHUS 10 XUMUYECKOW TPOMBIIIJIEHHOCTH U YIIpaBlieHUs: OU3Hec-mpoleccamu. [2]

BBEJIEHUE.

MamuHHOe 00y4YeHHe W HEWpOCeTH CerojHs CTalM OJHHUMHM U3 CaMbIX O00CYXIaeMbIX
TexHosioruii. OHU HWCMONB3YIOTCI B MEIUIIMHE, 00pa3oBaHWU, OM3HECe, MapKETHHTe, OaHKOBCKOM
cdepe, TpaHCIIOpTE M JaXe B IMOBCEJHEBHBIX MNpPWIOXKEHUAX Ha cmapTdoHe. Ho HecmoTps Ha
MOMYJIIPHOCTD 3TUX MOHATHHA, MHOTHE /10 CHX IOp HE JI0 KOHIIAa TOHUMAIOT, KaK OHH paboTaroT U 4eM
OTIINYAIOTCS APYT OT Jpyra.

MammHHoe 00y4yeHHe — 3TO HalpaBiI€HHE UCKYCCTBEHHOI'O MHTEIUIEKTa, KOTOPOE MO3BOJISET
KOMITbIOTEpaM 00ydaTbCsl Ha JAHHBIX U CAMOCTOSITEIbHO HaXOJUTh 3aKOHOMEpPHOCTH. Bmecto Toro
4TOOBI MPOrpaMMMCT BpPYUHYIO MPONHMCHIBAI BCE IMpaBHUja, AJITOPUTM aHAJIU3UPYeT OOoJbIIoe

KOJIMYECTBO I/IH(I)OpMaI_[I/II/I " YUUTCA ACIIATh NPOTHO3bI UK IPUHUMATDh PCHICHUA.
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MAIINHHOE OBYYEHUE KAK CITOCOBb YUUTHCA HA JAHHBIX.

MamuaHoe 00yueHHe CTPOUTCS BOKPYT MPOCTOM HIEHU: BMECTO TOTO YTOOBI MPOMHCATh BCE
NpaBUja BPYYHYIO, MBI IOKa3bIBAEM CHCTEME IMPHUMEPbl M IMO3BOJSIEM €H Mojo0paTh MapaMeTphl,
KOTOpBIE OyIyT XOpoIIo paboTaTh U HAa HOBBIX JaHHBIX. B odunmansHoM pykoBoacTBe scikit-learn 3to
MPOCTPAHCTBO SIBHO paszenieHo Ha supervised learning, unsupervised learning, model selection and
evaluation; psgom ¢ HuM B Teopun WM oOpruHO paccmaTpuBaioT U reinforcement learning kak
OTHCNBHBIA Kiacc 3afgad. Ha mpakTHke 5TO 03HAYaeT, 4YTO OJHA MOJEIb MOXKET YUYUThCS
NPEJCKa3bIBaTh IICHY KBapTUPBI, JIpyras — HUCKaTh TPYMIbl TOXO0XHX KIWEHTOB, a TPEThi —
BBIpa0aTHIBATh CTPATETHIO TIOBEJICHUS B CpEie, IJIC 3a yAauyHbIe ACHCTBUS NagTcs Harpasa. [4]

B o0yueHuu ¢ yuurenem y MOAEIH €CTh BXOJ M IPABHIBHBIN OTBET: CHUMOK U JIMarHO3, ITUCHMO
U METKa «clam/He cram», (MHAHCOBBIC ITOKa3aTed M BEPOATHOCTh nedoira. B oOydeHun 0Oe3
YUUTEIsl TOTOBBIX OTBETOB HET: CHCTEMa cama HIIET CTPYKTYpPYy JaHHBIX, HAlpUMeEp KIACTEpHI,
CKpBITBIE (paKTOPHI WK aHoMannH. OO0y4YeHne ¢ MOAKPEIUICHHEM YCTPOCHO HHAUe: areHT HE MOJIydaeT
ATAJIOHHOTO OTBETA, a MOCTEIICHHO MIOHMMAET, KaKhe JeHCTBUS MAaKCUMH3UPYIOT CyMMapHYIO Harpamy.
B nmomynsipHOM 00BSICHEHUH 3TO TIOX0XKE Ha JPECCUPOBKY, TOJIBKO BMECTO KUBOTHOTO — aJITOPUTM, a
BMECTO JIaKOMCTBA — YMCJIOBOM CUTHaN ycnexa. [5]

Camas yacras ommOka B pasroBope o ML — cuuTarh, 4TO YeM CIIO)KHEE MOJEb, TEM OHa
ayqyme. Ha neme Mopens MOXET MepeoOyduThCS: CIHMIIKOM XOPOIIO 3allOMHUTH OOYYarOIIyIO
BBIOOpPKY, BKJIOYAs CIIy4alHBIH IIyM, M U3-32 OTOr0 XyXe paboTarh Ha HOBBIX INpPHUMEpax.
Perynspuzamus — 310 Habop crocoOoB yaep:kaTh MOJENb OT U30BITOYHON TMOKOCTH: BBECTH HITpad
3a CJIMIIKOM OOJbIINE Beca, OTPAaHUYUTH CIOKHOCTh, MPOBEPATH KAYECTBO HA BaTHMIAIMOHHBIX

JTAHHBIX U TTOAOUPATh pa3yMHBIN OamaHC MEXIy HeJOOOyUYeHHEM U repeodyueHueM. [6]

HEWPOCETH U KJIFOUYEBBIE APXUTEKTVYPBI.

HeiipoceTh cOCTOMT M3 MCKYCCTBEHHBIX HEHPOHOB, OPraHM30BAaHHBIX B ciou. Kakawlii HEeHpoH
MOJTy9aeT BXOJHBIC CHUTHAJBI, MO-Pa3HOMY «B3BEIIMBACT» WX, Mpeodpasyer U mepenaér nanpine. Bo
BpeMs 00yueHus Beca CBS3el MMOCTENIEHHO MEHSIOTCS TaK, YTOOBI OIIMOKA HA MPUMEpax YMEHbIIANACh.
Ecnmu cnoéB mMHOro, roBOpSAT O TIIyOOKOM OOYYEHHH: CETh HAaUYMHAET CTPOUTH HECKOIBKO YpOBHEH
MIPEJICTAaBICHHUS JTaHHBIX — OT OoJyiee MPOCTBIX MPHU3HAKOB K OoJiee CIOXHBIM. VIMEHHO Tak, MO
kiaccuueckoMmy o03opy LeCun, Bengio u Hinton, BeIaucIUTENbHBIE MOJETN W3 HECKOJBKUX CIOEB
ydJaTcs MPeACTaBICHUSIM C Pa3HBIMA YPOBHSIMH aOCTpaKIUK, TOT K€ 0030p MOJYEPKUBAET, UTO TAKUE
METOJIbI PE3KO YIYUIIHIIA KaueCTBO PACMO3HABAHUS PEYM, U300pKEHUN U APYTUX CIOKHBIX 3ajad.
[7]

N3 obmeit uaen HeitpoceTed BbIpociau pasHbie apxuTeKTypbl. CNN 0COOE€HHO ymayHbl ISt

n3o0paxenuii: emeé padora LeCun 1998 rona nokaspiBaiia, 4To CBEPTOUHBIE CETH, CIIPOCKTUPOBAHHBIE
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JUIS BapUATUBHOCTH ABYMEPHBIX (OpPM, CIIOCOOHBI TPEBOCXOIUTH ANbTEPHATHBHBIC IMOAXOABI B
3amavyax pacno3HaBaHusi. RNN u ocobenno LSTM Obum co3maHbl AJisl MOCIEIOBATEIILHOCTEH —
TEKCTa, pPEYH, BPEMCHHBIX psAIOB; OpuTrHHaIbHas ctaThsd Hochreiter m  Schmidhuber mnpsmo
dbopmyHpyeT 3aa4y Kak o0y4eHHe XpaHSHHIO HHPOPMAIIUU Ha UIMHHBIX MHTEPBAJIaX M MpeiaracT
apXHUTEKTypy, CHOCOOHYIO TNPEO0J]eBaTh OYCHb [UIMHHBIE 3aBUCUMOCTH. TpaHcopMmepsl caenanu
crexyrommii mar: B cratbe Attention Is All You Need oHu onmcanbl Kak apXUTEKTypa, OCHOBaHHAs
TOJIKO Ha MEXaHW3MaX BHUMaHUsI, 0€3 pEKyppPEHTHOCTH U CBEPTOK, MPUIEM OoJiee mapauien3yemMas

M MCHEC 3aTpaTHas 1o BpEMCHHA O6yLICHI/IH Ha pacCMaTpUBAaCMbIX 3ajjadax.

CNN

Knaccuveckoe ML

perpeccus, AepesbA,
ancambnmn

—

/_' W306paXeHuA U BUAEO

MHorocnoiHbie
NepCcenTpoHbI

RNN u LSTM
NOCNeA0BATENBHOCTH M
BpeMeHHbIe PAAbI

Tpancdopmepbi
—
obpaborka

BHMMAaHWe U napannenskan ——»

CospemeHHbie
MYNLTUMOAANIbHLIE U
reHepaTMBHbIE CUCTEMBI

Pucynox 1. 36on10uun no0xo008 Mautunno20 00yuenHus u Helpocemesvblx apxXumexmyp

Taonuya 1. Cpasnumenvnas Xapaxmepucmuka OCHOBHBIX NOO0X0008

Hellpocemesvix apxumexmyp

MAUWUHHO20 06yqemm u

ITopxon T'ne 0c00eHHo0 | CHJbHbIE CTOPOHBI OrpanuyveHnus
noJjie3eH
Knaccuueckue  ML- | Tabnuunsle naHHble, | beictpee oOyuwatorcs, | CunbHee 3aBUCIT OT
AJITOPUTMBI KPEOUTHBI CKOPHHTI, | 4acTO Jyd4lle | py4HOro BbIOOpa
IIPOTHO3 crpoca, | UHTepIpPEeTUPYIOTCS, MPU3HAKOB; XyxKe
CEerMeHTalus 3P PEKTUBHBI Ha | paboTaroT c
KJINEHTOB YMEPEHHBIX 00BEMAX | «CHIPHIMU»
JAHHBIX U300paKeHUSIMH,
3BYKOM U TEKCTOM
CNN N300paxkenus, Buaeo, | Xopomo  BbAESAIOT | OOBIYHO TpeOyroT
MEIUIIMHCKUE JIOKaJIbHbIE MHOTO  JaHHBIX U
CHUMKH, BH3YaJlbHBIN | BU3yaJbHBIC BBIUMCJIICHUM; XYK€
KOHTPOJIb KauecTBa CTPYKTYDBI; CXBaThIBAlOT  OYEHb
YCTOHYMBBI K | JalbHHUE 3aBUCUMOCTH
BapHaTUBHOCTHU
bopmbI
RNN/LSTM Peun, TEKCT, | YUUTHIBAIOT MOPSAOK | TpyaHee oOydaroTcs U
BPEMEHHBIE psabl, | COOBITUI U BPEMEHHOH | XyKe
(buHAHCOBBIC U | KOHTEKCT; LSTM | mapamienusyroTcs,
CEHCOPHbIE JTyulie JEPKUT | 4YEM COBPEMEHHBIE
IIOCJIEIOBATEIILHOCTH JIOJNITYIO NaMSITh attention-monmenu
Tpancdopmepst MamuHHBIN 1IepeBon, | MexanusM BHUMaHMs | Beicokas
0oJbIIME  SI3BIKOBBIE | CBA3BIBAET  Ba)KHbIE | BHIYMCIUTENIbHAS
MOJIENH, qacTu CTOUMOCTb u
MYJIbTUMOJAJIbHBIE MOCJIEI0BATENbHOCTH; | 3aBUCUMOCTh oT
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CHUCTCMBbI BBICOKAas KauyecTBa ©U 00BEMa
napaJuIen3anys; JTAHHBIX
xoporiee
MacHTabupoBaHue

['maBHOE oTiMume Kiaccuueckoro ML oT HelpoceTell COCTOUT HE B «CTApOCTH» WIIU «HOBU3HEY,
a B crnocobe paboTel ¢ mpu3Hakamu. Kiiaccmdeckue MoJenM 4acTo Jydyllle 4YyBCTBYIOT ceOsl Ha
CTPYKTYpPUPOBAHHBIX TaOMWYHBIX JAHHBIX M TpeOyIOT MEHbIE BBIUMCICHHUM; HEWpoceTH yalle
BBIUTPBIBAIOT, KOTIa IaHHBIE OOTaThl U C1a00 CTPYKTYPUPOBAHBI — IMHKCEIH, 3BYK, TEKCT, BUACO, —
MOTOMY YTO YMEIOT CaMHU BBIyYHMBATh TOJIE3HBIE MpenacTaBieHus. Ho 3a 3Ty THOKOCTh OOBIYHO
MPUXOAUTCS TUIATUTH OONBIIMMU TPEOOBAHUSMH K JAHHBIM, BBIUMCIUTEIBHBIM pPECypcaM U KaueCTBY
HacTpoiiku. TOT ke BbIBOI, XOTS W B OoJiee MPUKIAAHON (dopMe, COACPKHUTCS U B MPHUCIAHHOM
II0JIB30BATEJIEM CPABHUTEIBHOM CTaThe O HEMPOCETAX U TPaIUuIUOHHOM ML.

I'’TIE 5TO YXE PABOTAET.

Menununa. [To matepuanam BO3, U B 3apaBooXpaHeHUH OO€IIaeT yIydllaTh JUArHOCTUKY,
JIeYeHUEe, MEIUIMHCKUE WCCIEAOBaHUs, pPa3padOTKy JeKapcTB U (PYHKIHH OOIIECTBEHHOTO
3/IpaBOOXpaHEHUS, BKITIOYasi HAOIIOACHUE U PearnpoBaHNe Ha BCIBIIIKY 3a0oieBaHuid. [IpakTnaeckum
MHIUKATOpPOM 3penoctd obsactu  cinyxutr u coucok FDA ¢ Al-enabled medical devices,
aBTOpu3oBaHHbIMH Juisi MapketuHra B CIIIA: peryastop OTAeNbHO MNOAYEPKUBAET BAXKHOCTh
MPO3PaYHOCTH, O€30MACHOCTH U MOHATHOTO OMUCAHMS TAKUX CUCTEM JUIS Bpadel u manueHtoB. MHaue
roBopsi, MeauiuHCKkud MU yxe cymecTByer He TOJIBKO B JJAOOPATOPHBIX CTAaThIX, HO U B peaIbHOM
KOHTYpPE peryJIMpOBaHUSI.

O6pazoBanue. B a70ii chepe ocoOeHHO BakeH HIOAHC: 3/1eCh PabOTarOT HE TOJBKO HEWPOCETH.
Uccnenosanus no educational data mining moka3bIBarOT, YTO B OCHOBE MHOTHX aJalTUBHBIX CHUCTEM
octaércst Bayesian Knowledge Tracing — BeposiTHOCTHasi MOJI€JTb, OIIEHUBAIOIIIAsI, HACKOJIBKO YUEHUK
OCBOMJI KOHKPETHBIN HaBBIK 1O X0y pemenus 3aaad. OnnoBpemenno FOHECKO noguépkuBaet, 4To
NN B oOpa3zoBaHuM HAJIO paccMaTpuBaTh HE TOJIBKO KaK YAOOHBIH MHCTPYMEHT, HO U KaK OOBEKT
MIOJINTUKHU, STUKHU U MEJarornyeckoro Au3aifHa. A Ha ypoBHE FOTOBBIX CEPBUCOB IMOKa3aTeleH MPUMEp
Khan Academy: ero MHM-teiorop Khanmigo omuceiBaeTcss kKak MOMOIIHHK, KOTOPBI HE MPOCTO
BBIZIAET OTBET, a MOABOJIUT YUCHUKA K Hemy. [10]

busnec. 3nece ML maBHO mepecTan ObITh 9K30TUKONW. OH CTPOUT PEKOMEHIATEIbHBIE CUCTEMBI,
MPOTHO3UPYET CIPOC, TOMOTAeT BBISBISTH MOIICHHHYECTBO, CETMEHTHPYET AayIuTOpUI0 U
aBTOMaTU3HpyeT padbory ¢ TekctoM. [lo rmobamsHOMy ompocy McKinsey & Company, B 2025 roxy
78% pecrnoHIeHTOB COOOIIUIN, YTO MX OpraHu3aiuu ucnonb3yioT MW xors Obl B omgHOM Ou3HEc-
¢dbyHkiuy, a yame Bcero pedyb uaet o6 IT, mapkerunre u mponaxax. [Ipu 3ToM MPUKIAIHON OMBIT

peKOMCHI[aI_II/Iﬁ U TCPCOHATIU3UPOBAHHOIO PAHXUPOBAHUA JHJAaBHO OIHMCAH W B HHAYCTPUAIBHBIX
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WH)KEHEPHBIX OJiorax CTpUMMHIOBBIX miatdopm. Ilpucnannas monb3oBaTeneM cTaThsi O Ou3Hece
JIOTIOJTHSIET 3Ty KapTHUHY POCCUMCKUMH MPUMEPaMH U MOKAa3bIBAET, YTO OM3Hec-uHTepec K ML BO3HUK
HE BYepa, HO Cero/IHg MacuITad BHEAPEHUS CTall 3aMETHO OOJIbLIE.

TBopuectBo. I'eHepaTuBHBIE HEHPOCETH CTalu 3aMETHBI Ojarogaps TEKCTy, H300paKeHUsM,
MY3BIKE€ ¥ BHJICO, HO MX POJIb HE 0053aTEIbHO CBOJUTCS K «3aMEHE aBTOpa». B My3bikanbHOU cdepe
Google DeepMind ommceiBaer Music Al Sandbox kak HabOp HMHCTPYMEHTOB, MOMOTAIOIINUX
My3bIKaHTaM T'€HEpUPOBATh HOBbIE MHCTPYMEHTANIbHbIE UEeH, TPOOOBATh BOKAIbHbBIC apaHKUPOBKHU U
BBIXOJMTh U3 TBOPYECKOIO Tynuka. B BU3yallbHOM TBOpuUecTBe Oo(HIIHaIbHbIE 00BICHEHUSI CEPBHCOB
reHepanuu n300paxeHuit mpsmo onpeaessitoT Al image generation Kak co3JjaHue KapTUHOK U3 TEKCTa,
ACKU30B WM peepeHCOB C MOMOIIBI0 MAIIMHHOrO o0ydeHus. [lo3ToMy mMpakTHYECKHil BOMpPOC
CeroJHs 3BYyuuT He «MoxeT Ju MW TBOpuTh», a «Kak MEHSAETCS TBOPYECKUU TPy, KOTJa 4YacTb
BAPUATUBHOCTU MOXHO IMOPYUYUTh MOAEIIN.

JIroOOMBITHO, YTO UMEHHO TaKOW MPUKIIAIHON B3I OCOOEHHO XOPOIIO BUACH U B IIPUCIAHHBIX
[10JIb30BATEJIEM MCTOYHHMKAX: TaM MAIIMHHOE OOy4YEHHME paccMaTpUBaeTCsi HE Kak aOCTpakTHBIN
MPOPBIB, a Kak HAabOp KOHKPETHBIX CPEACTB Jii KOHOMHUYECKOrO MPOTHO3UPOBAHHUSA, YIPABICHUS

XUMHUYICCKHMHU IIpOoLCCCaMi, HHXXCHCPHOT'O MOACIIMPOBAHUA WU ITOBBIIICHUA 3(1)(1)6KTI/IBHOCTI/I OusHeca.

[NPEUMVYIIECTBA, PUCKU U BYAVIIIEE.

CunbHas cropona ML u HelipoceTeld — CIIOCOOHOCTh 3aMedaTh 3aKOHOMEPHOCTH B MaciuTade,
HelocTynHOM uenoBeky. Kak mokasbiBaer 0030p Deep Learning, Takue Moienu yxe yIydiIHId
Ka4yecTBO pacllo3HaBaHMs peuyd, N300pakeHHH, OOBEKTOB M psiia HAyYHBIX 3a/a4; a B HPUKJIAJHON
SKOHOMHMKE M TPOMBIIUIEHHOCTH TOJb30BaTEIbCKUE HCTOYHMKM IOKA3bIBAlOT UX LEHHOCTh MJIs
MIPOrHO3UPOBAHUS, ONTUMHU3ALMU U MOHUTOpPUHTIA TnporeccoB. Ho BakHO MOHMMATh Npeaen: MOJEIb
HE «IIOHMUMAeT» MHUp TaK €, KaK 4YeJIOBEK; 4Yallle OHAa CTAaTUCTHYECKH XOPOLIO anIpOKCUMHUPYET
CTPYKTYPY aHHBIX.

Pucku ToOXXe naBHO wu3BecTHbl. EciM /JaHHbIE CMEIIEHbI, HEMOJHBl WM HCTOPUYECKU
HECIPaBEUIMBBI, MOJEIb MOXET 3aKpeliiTh 3TO cMenieHue. Ecnm cucremMa HempospadHa,
MOJIb30BATENI0 TPYJHO MOHATH, NMOYEMY HPUHATO MMEHHO Takoe pemieHue. Eciau pa3paOoTUMKU He
clefsT 3a mnepeoOyueHHeM W KadeCTBOM BalHMJAIUM, XOpOIlas TOYHOCTh Ha OOyYeHHM MOKET
okazatbes wuto3neil. Mmenno nmostomy nokymentsl NIST, BO3 nu FOHECKO Bcé wame cmeniarot
PasroBOp OT «HACKOJIBKO MOJIEb BIIEYATIIAET» K «HACKOJIbKO OHA Ha/AEKHA, 00bsicCHUMA, Oe30macHa 1
CIpaBeIMBa B KOHKPETHOM cpesie IPUMEHEHUS».

[To-Buaumomy, Onmxaiiiee Oyaymiee OyaeT NpPHUHAAIEKATh HE OJHOM «yHHBEpCaTbHOU
CylepceTn», a COYETaHHIO MOAX0A0B. TpaHchopmepbl U Oo0iblIMEe MYJIBTUMOJAIbHBIE MOAEIU

OCTaHYTCS BaXHOW OCHOBOU JIJIsl sI3bIKa M TE€HEpAIliu, HO PSIOM C HUMH OYIyT pa3BHBAThCA Oojee
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y3KHE OTpacjeBbIe PEIICHUsS IS 3PaBOOXPAHEHUS, 00pa30BaHUsl, POMBIIUICHHOCTH U (DUHAHCOB.
DTO MOATBEPKIAIOT U PerynsaTopHble curHanbl: FDA yxke oOcykaaer cmocoObl OTAEIBHO MOMEUYaTh
MeIUIIMHCKHE ycTporcTBa ¢ pyHkmusamu foundation models u LLM, torma xkak NIST u FOHECKO
HACTaWBAIOT HA YNPABJICHUH PHCKAMH W YEIOBEKOIICHTPUYHOM BHEIpEeHUH. VIHBIMU clioBamH,
Oynymee MU 3aBUCHT HE TONBKO OT pa3Mepa MOJENIH, HO U OT KadyecTBa JIaHHBIX, HHTEp(DENcoB,
MIPaBWJI OTBETCTBEHHOCTH U CIIOCOOHOCTH BCTPOHUTH TEXHOJIOTUIO B PEAbHYIO MPAKTHKY 0€3 moTepu
JIOBEPHSL.

MamnHHOe 00y4YeHHEe U HEHpPOCETH — 3TO HE CHHOHMMBI U HE KOHKYPEHTHI, & pa3HbIe YPOBHU
OHOW OOJNBIION WJEeW: HAyYUTh CHUCTEMY HCIIOJIb30BaTh ONBIT, HAKOIUICHHBIM B JIaHHBIX.
Krnaccudeckue Mojenu mo-npexHeMy He3aMEHHUMBI TaM, TJi€ BaXXHbI HHTEPIPETUPYEMOCTh U paboTa ¢
TaOJMYHBIMUA JaHHBIMU; HEHPOCETH CHJIbHEE TaM, IJIe HY)KHO HW3BJCKATh CJOXHbBIC NMPU3HAKU W3
n300pakeHMid, peun U Tekcra. [103TOMy TIIaBHBIM HaBBIK OYAyIIEr0 — HE BOCTOPT Mepea «yMHOU
MalIMHOW», a TIOHHMMaHUE TOr0, KaKOH MMEHHO MHCTPYMEHT HY)KCH Il KOHKPETHOW 3aJadyu, Kak
MPOBEPUTH €r0 KAa4eCTBO M TJIe MPOXOJUT TPaHHWIA MEXKIy TIOJIE3HONH aBTOMAaTH3aIluel u

Heo0IyMaHHO nepeayueit peleHui anropuTmy.
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Abstract

The development of speaking proficiency remains a central objective in English language
teaching, yet many learners struggle to achieve effective oral communication due to limited
opportunities for meaningful interaction and an overemphasis on form-focused instruction. In response
to these challenges, Task-Based Language Teaching has emerged as a communicative approach that
prioritises language use through purposeful activities. This article provides a theoretical analysis of the
effectiveness of different task-based activities in enhancing speaking proficiency, with particular
attention to their impact on fluency, accuracy and complexity.

The findings indicate that task-based activities contribute unevenly to these dimensions, as
information-gap and interaction-focused tasks primarily support fluency, while cognitively demanding
activities such as problem-solving and opinion exchange promote complexity. Accuracy develops
more gradually and depends on task design, feedback and instructional support. The analysis also
highlights the importance of factors such as learner proficiency, task structure and pre-task planning in
shaping learning outcomes.

Overall, the study argues that the effectiveness of task-based instruction depends on the strategic
integration of diverse task types within a balanced pedagogical framework. This approach allows for
the simultaneous development of multiple aspects of speaking proficiency and supports more effective
and sustainable language learning.

The ability to communicate effectively in a foreign language has become a central objective of
contemporary language education, with speaking proficiency occupying a particularly significant
position due to its direct connection with real-life interaction. In many English as a Foreign Language
context, however, learners continue to experience persistent difficulties in developing oral competence,
often demonstrating limited fluency, restricted lexical range and a high degree of hesitation during
spontaneous speech. These challenges are closely associated with insufficient exposure to authentic
communication and an overreliance on instructional models that prioritise grammatical accuracy over
meaningful language use [1, p. 14]. As a result, learners may acquire formal knowledge of the
language without developing the ability to apply it in dynamic communicative situations.

This imbalance has led to increasing criticism of traditional approaches that conceptualise
language learning primarily as the accumulation of discrete linguistic forms. Grammar-focused
instruction, while valuable for developing accuracy, frequently fails to create conditions in which
learners can engage in extended discourse or negotiate meaning in real time. The limited
communicative opportunities provided by such methods reduce learners’ ability to process language
under natural conditions, thereby constraining the development of fluency and interactional
competence [2, p. 67]. In response to these limitations, contemporary pedagogy has progressively
shifted towards communicative frameworks that emphasise the functional use of language, among
which Task-Based Language Teaching has emerged as one of the most influential approaches.

Within this paradigm, language learning is understood as a process that occurs through
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engagement in purposeful activities where communication is not merely a means of practice but the
primary objective itself. A task is typically defined as an activity that requires learners to use language
to achieve a specific outcome, with attention focused on meaning rather than form [3, p. 4]. This
distinction between tasks and traditional exercises is fundamental, as exercises tend to isolate linguistic
elements for controlled practice, whereas tasks integrate these elements within authentic
communicative contexts. By placing learners in situations that mirror real-world interaction, task-
based instruction encourages the development of spontaneous speech and facilitates the integration of
linguistic knowledge into actual use.

The theoretical foundations of this approach are closely linked to interactionist perspectives on
language acquisition, which emphasise the role of communication in facilitating learning. Through
processes such as negotiation of meaning, clarification requests and feedback, learners are able to
identify gaps in their knowledge and adjust their language accordingly, leading to gradual
improvement in proficiency [4, p. 102]. This interaction-driven mechanism highlights the importance
of designing activities that not only require language production but also create opportunities for
meaningful exchange, thereby reinforcing the central role of tasks in speaking development.

At the same time, speaking proficiency itself cannot be reduced to a single dimension, as it
involves the dynamic interplay of fluency, accuracy and complexity. These components often develop
unevenly, with gains in one area potentially occurring at the expense of another depending on the
nature of the task and the conditions under which it is performed [5, p. 89]. This multidimensionality
makes it necessary to examine how different types of task-based activities influence specific aspects of
speaking, rather than treating task-based instruction as a uniform construct. Understanding this
differentiated impact allows for a more nuanced evaluation of effectiveness and provides a basis for
aligning pedagogical choices with specific learning objectives.

Against this background, the present study aims to analyse the effectiveness of different task-
based activities in enhancing speaking proficiency by examining their influence on the core
components of oral performance. Particular attention is given to the ways in which task design shapes
learner output and to the extent to which various activity types support the development of fluency,
accuracy and complexity in interconnected yet distinct ways. This focus naturally leads to the need for
a more detailed conceptualisation of speaking proficiency as a multidimensional construct, which
forms the basis of the subsequent discussion.

Speaking proficiency is no longer viewed as a single unified ability but rather as a
multidimensional construct that integrates fluency, accuracy and complexity. This perspective allows
for a more precise understanding of how learners perform in real communicative situations and how
different instructional approaches influence specific aspects of oral production [6, p. 28]. These
components do not develop uniformly, and their interaction often determines the overall quality of
spoken language.

Fluency refers to the ability to produce speech smoothly and continuously with minimal
hesitation. It is closely associated with real-time communication, where learners prioritise meaning
over form and rely on automatised language use. In communicative contexts, increased fluency is
typically achieved through frequent practice and interaction, particularly in conditions that encourage
spontaneous speech [7, p. 6]. However, this emphasis on speed and continuity may reduce attention to
linguistic correctness.

Accuracy, by contrast, involves the correct use of grammatical and lexical forms. It reflects
learners’ control over language structures and is often strengthened through focused attention and
feedback. In spontaneous speaking situations, accuracy may temporarily decrease as learners prioritise
communication, which highlights the tension between fluency and correctness [2, p. 78]. This
imbalance demonstrates that improvements in one dimension do not automatically lead to progress in
others.

Complexity refers to the sophistication of language use, including lexical diversity and syntactic
variety. It emerges when learners engage in cognitively demanding tasks that require elaboration,
reasoning and extended discourse. More complex language production often reflects deeper
processing, although it may also increase cognitive load and affect both fluency and accuracy [5, p.
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84].

The relationship between these three components is commonly described as a trade-off effect,
where limited attentional resources force learners to prioritise certain aspects of performance over
others. Under communicative pressure, learners may focus on fluency, while more demanding tasks
may promote complexity or accuracy depending on their design [8, p. 97]. This dynamic interaction
makes it essential to analyse speaking proficiency as a system of interdependent elements rather than
isolated skills, which directly informs the evaluation of task-based activities in language learning.

Task-based language teaching includes a range of activity types that differ in communicative
purpose and cognitive demand, which determines their pedagogical function in speaking development.
These tasks form a progression from simple information exchange to more complex discourse
production, each contributing differently to fluency, accuracy and complexity.

Information-gap tasks represent the most basic type, requiring learners to exchange missing
information to complete a goal. Their primary function is to promote fluency, as learners focus on
meaning and rapid communication rather than linguistic form, which supports automatization of
language use. This interactional focus is further expanded in role-play and simulation tasks, where
learners operate within specific social contexts and must adapt their language accordingly. Such tasks
develop communicative competence by integrating fluency with pragmatic appropriateness.

As tasks become more cognitively demanding, problem-solving activities require learners to
analyse situations and reach decisions through discussion. This leads to more extended speech and
supports the development of complexity, as learners must organise ideas and justify choices [5, p.
157]. A similar but more linguistically demanding format is found in opinion-exchange tasks, where
learners express and defend viewpoints. These activities encourage lexical variety and more complex
sentence structures due to the need for argumentation and interaction [1, p. 95].

This progression culminates in narrative tasks, which require learners to produce coherent and
structured discourse. By organising events and maintaining logical flow, learners develop both
complexity and fluency at the discourse level [9, p. 132]. Different task types activate different
dimensions of speaking proficiency, which makes their pedagogical function dependent on how they
are integrated into instruction. This differentiation provides a foundation for evaluating their
effectiveness in enhancing speaking performance.

The effectiveness of task-based activities in enhancing speaking proficiency is largely
determined by the extent to which they create conditions for meaningful language use while
simultaneously engaging different dimensions of oral performance. Unlike form-focused instruction,
task-based learning places learners in situations that require real-time communication, which directly
contributes to the development of fluency through increased speech rate and reduced hesitation.
Regular engagement in such tasks promotes automatization, allowing learners to access linguistic
resources more efficiently during interaction.

At the same time, the impact on accuracy is less direct and depends on task design and
instructional support. Since learners prioritise meaning during task performance, grammatical
correctness may initially receive less attention. However, when tasks are combined with feedback or
pre-task planning, they can contribute to gradual improvements in accuracy by encouraging learners to
notice and refine their language use. This indicates that task-based activities do not inherently neglect
accuracy but require appropriate pedagogical structuring to support it.

The development of complexity is particularly evident in tasks that involve cognitive challenge,
such as problem-solving and opinion exchange. These activities require learners to elaborate ideas,
justify opinions and sustain interaction, which leads to the use of more varied vocabulary and more
complex grammatical structures [5, p. 160]. As a result, learners are pushed beyond basic language use
and engage in more advanced forms of expression, reflecting deeper processing of linguistic input.

A comparative perspective shows that different task types contribute unevenly to the components
of speaking proficiency. Simpler tasks, such as information-gap activities, are more effective in
promoting fluency, while cognitively demanding tasks tend to enhance complexity. Accuracy develops
more gradually and is influenced by the presence of feedback and opportunities for reflection. This
variation demonstrates that no single task type is universally effective, as each supports different
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aspects of speaking.

The effectiveness of task-based activities in enhancing speaking proficiency cannot be explained
solely by task type, as it is shaped by a range of interacting factors that determine how learners engage
with communicative demands. One of the most significant variables is learner proficiency level, which
influences both the ability to participate in tasks and the quality of language produced. Tasks that are
too complex may overload lower-level learners and limit meaningful output, while overly simple tasks
may fail to stimulate linguistic development in more advanced learners. This highlights the need for
careful alignment between task difficulty and learner competence.

These factors directly inform pedagogical decisions regarding the implementation of task-based
instruction. Rather than relying on a single type of activity, effective teaching requires the integration
of different task types to address multiple dimensions of speaking proficiency. For example,
combining fluency-oriented tasks with activities that encourage reflection or feedback can help balance
communicative ease with linguistic accuracy. Similarly, incorporating tasks with varying levels of
cognitive demand supports the gradual development of complexity without overwhelming learners.

The analysis demonstrates that task-based activities play a significant role in enhancing speaking
proficiency by creating conditions for meaningful and sustained communication. Their effectiveness
lies in the ability to engage learners in real-time interaction, which promotes fluency while also
providing opportunities for the gradual development of accuracy and complexity. At the same time,
different task types contribute unevenly to these dimensions, as simpler activities tend to support
fluency, while cognitively demanding tasks encourage more complex language use.

This variation confirms that speaking proficiency develops through the interaction of multiple
components rather than through a single instructional focus. Task-based learning, therefore, cannot be
reduced to a uniform method, as its impact depends on the balance between task types and the
conditions under which they are implemented.

From a pedagogical perspective, the findings suggest that the most effective approach involves
the systematic integration of diverse task types, combined with appropriate scaffolding and feedback.
Such an approach allows teachers to address different dimensions of speaking proficiency in a
coordinated manner, ensuring more balanced and sustainable progress. In this sense, the value of task-
based activities lies not in any single task but in their strategic combination within a coherent
instructional framework.
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KYPBLJIBIC ¥I7II)IMI[API)IHI[:4 BACKAPY ECEBI MEH IIIKT AYIUTTIH,
HUHTEI'PAIUAITAHTAH )KYUECIH YUBIMJIACTBIPY EPEKIIEJIIKTEPI

Ao63an Hypaii Akanoena

«DKOHOMUKA IHCIHE MYPUIMH» HCOAPLL MEKMEDIHIY 2-KypC MA2UCMPAHMbl
«Ecen oicone ayoum» mMamaHobievl

JIL.H.I'ymunes amovinoazol Eypazus ¥nmmoix Yuueepcumemi

Kazaxcman

AHHOTauMsl. Makanaga KypbeUIbIC YHbIMIapbiHIa Oackapy ece0i MeH imKi ayJauTTiH
UHTETpallsUIaHFaH JKYWeCIH YHBIMAACTBIPYAbIH TEOPUSIIBIK JKOHE MPAKTUKAJIBbIK acHeKTiiaepi
KapacTelpbUIFaH. KypbulbIC —callachIHBIH epeKLIeNiKTepi, aram alTKaHga KoOamapIblH —Y3aK
MEP31IMJIUIIT, MIBIFBIHAAPIBIH KONMKYPaMIBLUIBIFBI, TOYCKEIACPIiH JKOFaphl JCHIeHl >KOHE OHJIPICTIK
nporecTepIiH KypAeiniri 6ackapy ecedi MeH iIIKi ayAuTTiH e3apa YiaeciM/i )KyMBIC iCTeyiH Tayamn
eTeni. 3epTrey OapbIChIH/IA WHTErpalUsUIaHFaH JKYWEHIH MOHI, HEri3ri 3JeMEeHTTepi, YHbIMAACThIPY
KaFuIaTTapbl JXKOHE OHBI EHTI3YIiH apTHIKIIBUIBIKTAphl Tanaaniasl. COHBIMEH KaTap, KYpBUIBIC
yiBIMIApbIHAA aKMapaTThIK aFbIHIAPIbI YilllecTipy, Oakbuiay paciMAepiH >KETUIIIpY, ToyeKelaepai
Oackapy jkoHe OacKapyIIbUIBIK IIEIIIMICPAIH CamachlH apTThIPy Mocelenepi KapacThIPhUIIBI.
¥ CBIHBUIFAH TOCLT YHBIMHBIH CTPATETHsUIBIK MaKcaTTapblHAa KOJI JKETKI3yre, pecypcTrapAbl THIMII
naiiiananyra ;koHe Kap KbUIbIK TYPaKTBUIBIKTH KAMTaMachl3 €Tyre MYMKIHIIIK Oepeii.

Kiar ce3nep: Oackapy eceOi, imIKi ayAauT, KYPBUIBIC YHBIMBI, HMHTETpalUsIIAaHFaH XXYile,
ToyeKeNIep i Oackapy, imki 6akpuIay, THIMJILTIK.

Kazipri »KOHOMHUKANBIK >KaFdaila KypbUIBIC cajlaChl YJTTHIK ASKOHOMHUKAHBIH >KETEKIIl
CEKTOPJIApBIHBIH Oipi 00JbI TaObIaabl. OHBIH JaMy KapKbIHBI €J1IiH HHBECTUIUSUIIBIK OCJICeHIUTITIHE,
MH(PaKYPBUIBIMABIK QNIEyEeTIHE JKOHE OlIEyMETTIK-DKOHOMUKAJBIK ©CIMiHEe TiKenell ocep eTei.
Kypbuieic yiBIMAApBIHBIH KBI3METI KypJelli ©HIIPICTIK, KapXKBUIBIK KOHE YHBIMIACTHIPYIIBIIBIK
npolecTepMeH cumnatTanaabl. by skarnait 6ackapy sxyiiecine KoFrapbl Tananrtap KOsibl.

Kypbuiblc  yHBIMAAPBIHBIH ~ KbI3METIHAE KoOamapAblH y3aK MeEp3IMAUIT, MaTepUasIbIK
pecypcTapAblH ayKbIMIIBI KeJIeMi, MepAirepiep MeH KOCAIKbl MepIirepiep/iH KeOITiri, CMeTabIK
ecenTeyJIepAiH KYpPICTUTr »*oHE CBHIPTKbI OpTa (DaKTOpJapbIHBIH BIKMATbI Oalkamanel. OcbiHAal
epekienikTep Oackapy IMIeHIiMaepiH Keael opi Heri3al KaObuimaynasl Taman eteni. COHABIKTaH
Oackapy ecebl MEH IIIKI ayJuT >KYHeNepiH JKeKe-)KeKe eMec, o3apa OailIaHbICThI XKoHE YHIIeCIMIl
TYpAE YMBIMIACTBIPY €peKIlie MaHbI3Fa He.

Backapy ecebi yitbiM 0acHIBUTBIFBIH JKOCIIApIay, O0aKplIay, TAIAY KoHE MISHIM KaObUiaay YIIiH
KaKeTT1 aKmapaTleH KaMTaMachl3 eTefi. AJ 1IKi ayJUT OChbl aKNapaTThIH CEHIMAUIITIH Oaramnamn, imKi
OakplIay >KYHMECIHIH THUIMIUIITH TEKCepell, TOyeKelAepAl aHbIKTaiabl JKOHE olapAbl TOMEHIETY
OolibIHIIAa YCBIHBICTAp d3ipieli. by exi (pyHKIUSHBIH MHTErpanuschl YHBIMHBIH 0acKapy camachblH
KaHa JICHTelre KoTepe/ii.

WuTerpanusiianFal  okyille YHBIMHBIH OapiiblK OM3HEC-TIpOLECTepiH KelleHai OakbliayFra,
aKnmapaTThIK alMacyAbl JKeAeNNeTyre, KalTalaHaTblH (yHKIHMUIApAsl KBICKAPTYFa JKOHE OacKapy
TUIMAUIITIH apTThIpyFa MYMKIHJIIK Oepesi. Ocipece KYpbUIbIC cajJachiHia MYHJIail TOCI MIBIFBIHAAPIbI
OakpuTayza, koOajaplIblH OpPBIHAATYBIH Oarayiayga, Toyekenaepal Oackapyaa KoHE KapKbUIBIK
HOTIKEJIEP/Il )KaKcapTy1a MaHbI3/bl peJl aTKapaabl.

Backapy ecedi MeH ilIKi ayAuT MHTerpanusicbIHbIH TEOPHUSJIBIK Herizaepi

backapy ecebi — yiBIMHBIH 1IIKI MaiifanaHyIIbUIapbIHA apHAJIFaH, XKocmapiay, 0aKpuiay *KoHe
0acKapyIIbUIBIK MIemIiMAep KaOblIaay MaKcaThIHAa KaJIBINTACTHIPBUIATHIH aKIMapaTThIK kKyie. OHBIH
HETI3T1 MiHAETI — YHBIM KbI3METIHIH HOTHXKENIIITiH apTThIpyFa OaFbITTalIFaH Canalibl XKOHE YaKThUIbI
aKmapaT YCBIHY.

[mki aynut — yibIM KbI3METIH Toyenci3 Oaranay ¢yHkuuscel. O imki Oakpuiay KyHeciHiH
CEHIM[IUIITH, ToyeKenaepAl 0ackapy TeTIKTepiHiH THIMIUIITIH )KOHE KOPIIOPAaTUBTIK 0acKapy camachblH
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Oaramaiinel. lmiki ayauTTiH OacThl MakcaThl — YHBIMHBIH OINEPAMSIIBIK, KApXKBUIBIK KOHE
CTpaTETHSUIBIK MaKCcaTTapbIHA KOJI )KETKI3YiHE KOpAeMIECY.

Byt exi skyiieHiH HHTETpalisIChl KeJleCi KaFruaaTTapra Heri3aemnei:

e aKMapaTThIH OIPI3aiIIri MEH cabaKTaCTHIFHI,

e 0aKpUIAy MEH TAIIAY/IbIH Y3IIKCI3/Ir;

e TOyeKenre Oaraapiaanrad 6ackapy;

e pecypcTapAbl OHTAMIIBI MTali1aJIaHy;

e CTPATETHSUIBIK JKOHE OTIEPAIMSUIBIK MaKCATTAPAbIH YHIJICCIMIUTITI.

WNuTerpamust HoTHXKeciHIe Oackapy eceOl akmapaTThlK 0as3a peTiHae, all imKi ayauT Oaranay
KoHe Oakpliay MEXaHU3Mi peTiHAE opeKeT ereni. MyHnal CHHEprus YWBIMHBIH IIIKI Oackapy
KYHECIHIH calachlH apTTHIPAJIbL.

Kypbuibic cajnacblHbIH HMHTErPAlMSJIAHFAH JKYHeHi YHBIMIACTBIPYFa Jcep eTeTiH
epeKeaikTepi

Kypbuisic canacel 6acka cajalapMeH CallbICThIpFaH1a OipKaTap epeKie cunarrtapra ue:

¢ JKobanbIk cumat — opOip KypbLIbIC HBICAHBI JKEKE jK00a PeTiH/Ie KapacThIPbLIaIbl.

e ¥3aK OHIIPICTIK LHUKI — oOanapAblH OpbIHAANY Mep3imi OipHelne aiijaH OipHeIIe KbUiFa
JCHIH CO3BLIAIBI.

o [{IbIFpIHIAPIBIH KOIIKOMITOHCHTTI KYPBUIBIMBI — MaTepuaiiap, eHOCK, TeXHUKA, MEPIIrepIiK
KBI3METTEP.

e ToyekenaepaiH >KOFapbl JeHreill — Oara aybITKybl, MEP3IMHIH KEIiryi, cama TalanTapblHbIH
OY3bUTYHI.

e [‘corpadusuTbIK IIAIIBIPAHKBUIBIK — KYPBUIBIC HBICAHIAPBI OPTYPIl OHIpJIEpAe OpHAIACYBI
MYMKiH.

Ocpl epekmiernikrep 6ackapy ece0i MEH IIIKi ayHuT KYHECIHe epeKIIe TajanTap Kosasl. AKmapar
HaKThI, JKeIeNl »oHe >k00a OemiHiciHIe YCHIHBUTYBI THic. COHBIMEH KaTap, Oakpliay pocimuaepi
KYPBUIBIC )KYMBICTAPBIHBIH 0apIIbIK Ke3CHIEPIH KAMTYhI KasKeT.

HNHTerpanusiianraH »KyieHiH KYPbLJIbIMbI MEeH Heri3ri 3jeMeHTTepi

Kypsuibic yitbiMaapeiHia 6ackapy ecedi MeH 1K1 ayJUTTiH MHTerpalMsUIaHFaH XKyieci OipHele
e3apa OaiaHBICTHI SJIEMEHTTEPACH TYPAbL:

Kyiie demeHTi Ma3sMyHBI Hortukeci

AKMmapaTThlK KamMTamachl3 | Bro/pkerTep, cMmeranap, KaJlbKyJsiIusiap, | YakThlUIbl — JKOHE  CEHIMJI
eTy ecenrep aKmapar

bakpuiay oprachl ki pernameHTrTep, cascarrap, pacimaep | TopTinm neH anbIKThIK
Toyekenaepai 6ackapy Toyekennep/i aHBIKTAY JKOHE Oaranay Toyekenaep/i TOMEHACTY
MOHUTOPHHT JKOHE ayIUT | AyIUTOPJIBIK TEKCEpyIep, Tajaay THIMIUTIKTI apTTHIPY

Kepi 6aiinansic ¥ CBIHBICTAp MEH TY3€TY IIapajiapsl Y311KCi3 KeTUaipy

WnTerpanusiianrad KYMEHIH THIMAL KbI3MET €Tyl OHBIH OapiibIK 3JE€MEHTTEpiHIH e3apa
yilnecimai opekeT eryiHe Tikesnel OaitnaHbicTbl. backapy ece0i YHBIMHBIH ONEPalUSUIBIK, KapXKbLIBIK
KOHE CTPATETHSUIBIK KBI3METI Typasibl aKmapaTThl KaJbIITACTBIPCA, IMIKI ayJUT OCHI aKMapaTThIH
CEHIMJIUIII MEH AYpPBICTHIFBIH Oaranaiinpl. Ocbliaiiina, exi KyileHiH e3apa OaillaHbIChl YHBIM 1ITiH]IE
OipbIHFall aKMapaTThIK-OaKplIay KEHICTITH KallbIITacThIpabl. by KeHICTIK Oackapylibuiapra HaKThI
YaKbIT PEeXHUMIHJE AepeKTepi OakpuIayFa, aybITKyJapAbl aHBIKTAyFa >KOHE XeJesl OacKapyIIbUIbIK
miemimMaep Kadbuigayra MyMKIHIK Oepei.

CoHbIMEH Karap, MHTErpalMsJIaHFaH >Kyie KYpbUIbIC >KOOAnapblHBIH op Ke3eHIHAe Oakpuiay
GyHKIMSUTapBIH Y3/IKCI3 JKy3€re achIpyFa Karmai skacainpl. JXKocmapiay ke3eHIHeH Oacrtar jK00aHBI
asiKTaraHra JIeHiHri 6apibIK OM3Hec-mporecTep O6ackapy eceOi apKblIbl CAaHABIK TYPFbIIaH OaraaHbIIl,
1K1 ayJuT apKbUIbl CalalblK JKOHE TOYEKeNIIK Taujaaydaad eTreal. MyHmal KemeHAl Tocul
pecypcTapabsl THIMAI TaljanaHyfa, KapXKbUIBIK TOPTINTI HBIFANTyFa, IMKI Oakpliay paciMIepiH
KETUIIIPpYTe KoHEe YHBIMHBIH JKaJIIIbl 0acKapy THIMAUIITIH apTThIPYFa bIKIAJ €TeIl.
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Backapy ecebi MeH IIKi ayAuTTiH 63apa opeKeTTecy MeXaHu3Mi
Backapy ecebi MeH imIKi ayauT apachlHAAFbl e3apa opeKeTTecy OipHeme OarbITTa JKy3ere

AChIpbIIIAAbI:

e 0ackapy ecenTuIriHIH CeHIMAUIITIH Oaraiay;

e OIOJKETTEPIIH OPBIHAATYBIH OaKbLIAY;

e HAKThI JKOHE JKOCHapIIbl KOPCETKIIITEP apachlHAarbl aybITKYJIap bl TANIaY;

e IIBIFBIHAAP/IBIH HET13UIITH TEKCEPY;

e KYPBUIBIC )KOOATapbIHBIH THIMIUTITIH Oaraiay;

e TOYEKEIJICP/IiH aJIJIbIH ATy KOHE OacKapy.

Meicainbl, 6ackapy ecebi Oenriti O6ip KypbUIbIC K00achl OOWBIHIIA MIBIFBIHAAPBIH KOCTIapIaH
ayBITKBIFAHBIH KOpCeTce, IMIKi ayIuT OChbl ayBITKYJbIH CEOENTEepiH aHBIKTal, OacKapyIIbUIBIK
menrmaep Kabbuinayra KaxeTTi YChIHBICTap Oepe.

HNuTerpanusijianFan kyiieHi eHrizy kesengepi. VHTerpanusuianran KXyHeHi eHrizy Keieci

KE3EHIEPICH TYPaJIbl:

ONoGa~WNE

Konnmaneictarel Oackapy xoHE OaKblIay KYWECIH TUAarHOCTHKANAY.
¥ ibIMHBIH OU3HEC-TIPOLIECTEPIH TaIaYy.
AKXnapatThIK aFbIHIap bl KapTara TyCipy.
WuTerpanusiianral MOJIeIIbII sxo0aay.

ki permaMeHTTep MEH dicTeMeNepi d3ipiey.
Kp13meTkepiepi OKbITY.

AKIapatThIK KYHenepli aBTOMATTaHAbIPy.

. MOHHUTOPHHT KOHE Y3IIIKCI3 KETUAIPY.

B¥JI KE3CHICPIIH JOMEKTI OPBIHIATYHI )KYHEHIH THIM/II )KYMBIC ICTeYiH KAMTaMachl3 €TeIl.

NHTerpanusijianFaH KyiieHiH apTBHIKIIBLIBIKTAPHI.

KYPBUIbIC YHBIMIapbIHA KeJIeCi apTHIKIIBUIBIKTAap Oepei:
e 0AaCKapyIIBUIBIK MEMIMIACPAIH CalachblH apTTHIPY;
e IIBIFBIHIAPABI OaKbLIAY bl KYIICHTY;

e Kap>KbUIBIK TOPTINTI HBIFANTY;

e TOYEKeNep/l YaKThIJIbl aHBIKTAY;

e 1IIIK1 OaKplIay KYHECIHIH TUIMIUIITIH apTThIpY;
e pecypcTap/ibl YTHIM/IbI NTali1aJIaHy;

e ’K00aapAbIH peHTa0eNbIUIIrH KOFapblUIaTy;

* KOPIIOPATHUBTIK OacKapy camachIH KETUIAIPY.

I/IHTCFpaHI/IH HQTI/I)I(CJ'IepiHiH CalbICThIpMAaJIbl CUIIaTTaAMACHI:

HHTeraHI/IHHaHF aH )KYI/IeHl eHri3y

Kepcerkim HNuTerpanusira neiiin HNuTerpanusaan Keiiin
AKnaparTsl JaibIHIAYy yaKbIThI ¥3aK Kpicka

[emim Kabbu1Iay canacel Oprama Korapsl

Toyekenaepai aHbIKTay Kem VY aKTbUIbI

bakputay TuiMaimiri [HexTeymi Kemenmai
[ereiHAapas! 6ackapy ®parmMeHTTiK Kyiteni

Kypsbuibic yiibIMIapbIHIa HHTErPALUSHBI 1aMbITY 0aFbITTaPhI
Kazipri xarmaiija WHTerpalysUIaHFaH >KYHMEHI JKeTUIIipy Keineci OarpiTTap OOMBIHIIA >Ky3ere

achIPBUTYBI THIC:

» ERP xyifenepin eHrisy;
 Big Data >xoHe aHaTUTHUKAIIBIK KYpaJaap sl Mai1aaany;

e TOyeKelre OarapiiaHFad ayJAuTTi JaMbITy,
o UPPIBIK OaKbUTAY KYpaJIIapbIH KOJIJAHY;

o KPI xyiiecin xeTinaipy;
e IIPOLIECTIK TOCUI/I €HT13Y;
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o ESG karunarrapblH eckepy.

Hudpnanaeipy Oackapy ecebi MEH 1K1 ayJuTTIH WHTETPAIMACHIH >KaHA CallajblK JICHTeUre
KeTepei. byt aknapaTThIH XKeIeNIirit, JAITH )KoHe KOJDKETIMIUTITH KaMTaMachl3 eTell.

WuTerpanusiianrad KyHeHIH MaHbI3/Ibl apThIKIIBUIBIKTAPBIHBIH O1pl — YIUBIMHBIH CTPATETHSIIBIK
KOHE OTIepalMSIIBIK JeHIHIepIHET] aKMapaTThIK aJIIaKTHIKTHI K010, J{oCTypii KaFaai1a Kap>KbLIbIK
JEPEeKTEP, OHMIPICTIK KOPCETKIITEP MXKOHE ayauT HOTIKEIEepl opTypii OemiMinenepae >Keke
KaJIBIIITacaabl, OYJ1 OacKapyIIbUIBIK IIENIIMACPAIH KeUIiryiHe HeMece AQJICI3IIriHe OKeyl MYMKiH. Al
UMHTETrpalysUlaHFaH opTajga OapiblK JepekTep OipblHFal mudpiblK miaTdopMasa >KUHAKTAIBII,
OHJIeNe Il KoHe TangaHaael. HoTmxkecinae yibiM OaclIbUIBIFEI K00a MopTeOeciH, OI0KeT UrepiiyiH,
TOyEKeIJep ACHICHiH KOHE pecypcTap THIMAUIIIH HAaKThl YaKbIT PeKHUMIiHJIE OaKbplUIayFa MYMKIHJIIK
anajpl.

CoHbIMEH KaTap, MYHJail >kyiie KOpIOpaTUBTIK OacKapy camachlH apTThIpajbl. [kl ayauT Tek
OakpuTaymIbl (YHKLIMSHBI FaHa €MEC, COHBIMEH Oipre CTpaTeTHsUIBIK KEHECHIl POIIiH JIe aTKapaibl.
backapy eceOiHiH JaepeKTepiH TEpeH Tajaay apKbUIbl ayJIUT KbI3METI MHBECTHIUSIIBIK >KOOamap IbIH
TUIMIUTITIH OaFaiaiibl, Kap>KbUIBIK TYPAKTBUIBIKTHI HBIFAHTYFa OarbITTalfaH YCHIHBICTAp d3ipieiimi
KOHE TOyeKeNJepai a3alTy TeTIKTepiH YCbIHaabl. by, ocipece, KYpbUIbIC HApbIFbIHIAFBl OaFraHbIH
KYOBUIMAJBUTBIFBI, JIOTUCTUKAIBIK TOYEKENJIEp JKOHE HOPMATHBTIK ©3TepicTep >KarJaibIHIa epeKIIe
MaHBI3/IbI.

Hudpasik TpanchopMarys sxar1aiiblHAa HHTETpalMsIIaHFaH JKYHEHI 0/1aH opi TaMBITY YKacaH bl
MHTEJUIEKT, OODKaMIBIK aHaIUTHKA >koHe Big Data kypangapblH eHrisymeH OaiinmaHbicThl. MyHnai
TEXHOJIOTUSUTAP TapUXW JEPEKTep HETI3IHAE IIBIFBIHAAPABIH BIKTUMAI aybITKYBIH, MEp3IMIiK
KeILIITyJIep/i )KoHEe peHTa0eNbAUTIK e3repiCTepiH alblH ana OomkayFa MyMKIHIIK Oepeni. bonamakra
Oyl TOCIT KYpPBUIBIC VHBIMIAPBIHBIH Oocekere KaOUICTTUTIH — KYIICWTIN, WHBECTHUIIMSIIBIK
TapTHIMABUIBIFBIH apTTHIPAbl, COHAN-aK Y3aK Mep31M/Ii TYPaKThI 1aMyFa Oepik Heri3 Kanaiiabl.

Kypbuibic yHBIMAApBIHBIH Ka3ipri JaMmy Ke3eHiHJe Oackapy >KYMeCiHiH THUIMIUII YHBIMHBIH
0acekere KaOIIETTLNIIT MEH Kap>KbUIBIK TYPAKTBUIBIFBIHBIH HETi3T1 (pakTOpIapbIHbIH OipiHe aliHaNbIN
oTbIp. HaphIKTBHIK OpTaHBIH KYOBUIMATBUIBIFBI, WHBECTUIUSIIBIK >KOOANapIbIH ayKbIMIBLIBIFEl JKOHE
OHJIPICTIK TOYEKEIAEpAiH KOFaphl OOJybl KYPBUIBIC KOCIMOPBIHAAPBIHAA Oackapy YAepicTepiH
xeTiaipyai Ttaman ereai. Ockl TypFbIIaH anfaHjga, Oackapy ecebi MeH I1HIKI ayAWTTIH e3apa
BIKIAIJIACTHIFBl YUBIMHBIH aKIapaTTHIK alllbIKTBIFBIH KAMTAMaChI3 €Tl KaHa KOWMaid, 6acKapyIIbUTBIK
HISHIIMAEP/IiH camachlH apTThIpyFa, pecypcrapibl THIMJII MaiijanaHyFa >kKoHE Oakpliay pociMIepiH
KYLIeUTyre MyMKIHJIIK Oepei.

CoHbIMEH KaTap, HMHTerpalMsiiaHfaH Oackapy eceOl MeH IIIKi ayauT KyHeci KypbLIbIC
YUBIMJIAPBIHBIH CTPATETHSUIBIK JaMYbIHA, TOYEKEIAep/l YaKThUIBI aHBIKTayFa KOHE OJIapibl OaphIHIIIA
azaiiTyra jkarmail »xacaiinpl. MyHmail kyle YHbIM KbI3METIHIH OapibIK AeHreilinae Oakpuiay MeH
TangayJblH Y3IIKCI3AITIH KaMTaMmachl3 €Til, OW3HEC-POIECTEPIH THUIMIUIITIH  apTTHIPAJIbI.
Hotmxkecinnme, KypbUIbIC KOMITAHUSTIApPHI 1IIKI pPE3epPBTEPIH TOJBIK MaiiamaHbIll, SKOHOMHKAIBIK
HOTHKEJIUTITIH KOFapbUIaTHII, Y3aK MEp3IM1 TYPaKThl JaMyFa KOJI )KEeTKi3€ ajlajbl.

Kypbuisic yiibiMaapbeiHaa Oackapy ecebi MeH 1IIKi ayJuTTIH MHTEerpalusIaHfaH >KyieciH
yUBIMIACTBIPY — Kazipri Oackapy ToxipuOeciHIH MaHbI3[bl OarbIThl. MyHJal >Kyile YHBIMHBIH
KAapKbUIBIK TYPAKTBUIBIFBIH HBIFAWTYFA, TOYEKENIEp/l a3aiTyra, pecypcTapisl THIMAI MaiiagaHyra
YKOHE CTPATETUSIIBIK MaKcaTTapra KOJI KeTKI3yre MYMKIHIIK Oepei.

WuTerpanusiianran Tocin 6ackapy ece0i MEH imIKi ayauTTiH (QyHKIIMOHAIABIK MYMKIHIIKTEpiH
OIpIKTIpIM, OJIAPABIH CHHEPTETHKAIBIK 9CEPiH KaMmTamachi3 eTeal. HoTwkeciHae yiWbIM OacHIBIIBIFI
carmanbl, CeHIM/II JKOHE JKeJIeN aKmapaTKa ue OOJIbIM, TUIMII MenTiMaep KaObliaai anabl.

Kypbuibic canachlHbIH €peKIIEeTIKTepiH €CKepe OTBIPBIN, MYHAal XKyHeHl eHri3y YHbIMHBIH
0ocekere KaOIIETTUIITIH apTTHIPYAbIH, WHBECTULUSIBIK TAPTHIMIBUIBIFBIH KYIICHTYIIH JKOHE Y3aK
Mep31MJIi TYPaKThI JaMYbIH KaMTaMachl3 €Ty IH MaHbI3IbI (aKTOPBI OOJIBITT TaOBIIA/IbI.
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PA3BUTHUE IU®POBOM NJIEHTUYHOCTH B KABAXCTAHE: APXUTEKTYPA,
YA3BUMOCTHU U CTPATEI'UA MOJAEPHU3ALIUU

Canaxoe M.P., Ilax P.U.

Hayunwiii pyxosooumenv — cm. npenooasamens, Cunkeeuu H.H.
HAO«Kapazcanounckuii mexnuueckuui Ynugepcumem umenu AoviikacaCazunosay, 2.
Kapaeanoa, Kazaxcman

AHHoTanus.B pabore paccMaTpuBaeTcs apXUTEKTypa CHCTEMbl LHU(DPOBON HMIECHTUYHOCTH B
Pecny6nuke Kazaxcran, aHanmu3upyroTcs €€ KIII04YeBble YSI3BUMOCTH U PUCKH, a TaKXKe MPearaloTcs
HalpaBJIeHUs MOJCPHU3ALMM C YYETOM MEXAyHapoJIHbIX NpakTHK. Oco0oe BHHUMaHHE YAEISIETCS
[EHTPATU30BaHHOW MOJAeNnu WAcHTU(HKAIMK, HCroib3yeMoil B KaszaxcraHe, W CBsI3aHHBIM C HEU
yrpo3aM, BKJIIOYas YTEUKHM JaHHbIX, (PUIIMHI M KOMIIPOMETALMIO ydeTHbIX 3amuceil. Ha ocHoBe
CPaBHUTEJIBHOTO aHallu3a C 3apyOeKHbIMM IOJXOJaMH Ipe/laraeTcsi BHEIPEHHWE TUOpUIHON
apXUTEKTYphl, YCUICHHE MEXaHM3MOB ayTeHTH(UKaUMU U nepexol K npuHuunam Zero Trust. B
paMKax  TpPaKTUYECKOH  peanmu3anuu  pa3paboTaH  MPOTOTHI ~ CUCTEMBI  JIByX()aKTOpHOMH
aytentudukaiuun TOTP ¢ rpaduueckum unrepdeiicom Ha tkinter u ucmonpzoBannem Microsoft SQL
Server 2022 B xauecTBe XpaHWIUIIA YYETHBIX JaHHbIX. [IpriiokeHne BKIIOYaeT MOAYIM PETUCTPALIUU
nojip3oBaresel ¢ revepanueid QR-Ko0B, aAMUHUCTPATUBHYIO [TaHENb JJI1 MOHUTOPUHIA U MEXaHU3M
IIPOBEPKHU OJTHOPA30BBIX ITAPOJICH.

KiroueBbie ciaoBa: nugpponas UJCHTUYHOCTD, UH(POPMAaLMOHHAs 0€3011aCHOCTb,
[EHTPAIM30BaHHAs APXHUTEKTypa, nByx(akropHas ayrentudukamms, TOTP, SQL Server 2022,
Kubepyrpo3sl, Zero Trust, GUILIKHT, COLMaIbHAS UHKEHEPHSL.

Beenenue

[MudpoBas WACHTUYHOCTb MpEACTaBIAEeT COOOM COBOKYNHOCTb JI@HHBIX, TEXHOJIOTUH U
MPOIIECCOB, MO3BOJSIONIMX OJHO3HAYHO HIACHTU(HUIMPOBATH TOJIB30BaTeNs B mU(poBoi cpene. B
YCIOBUAX CTPEMHUTENBHOIO Pa3BUTUS MH(OPMAIIMOHHBIX TEXHOJOTMH M LU(POBOM TpaHCHOpMaLUU
roCy/lapCTB OHA CTAHOBUTCSI HEOTHEMJIEMBIM JJIEMEHTOM (PYHKIIMOHHUPOBAHUS COBPEMEHHOMU
HSKOHOMHKH U OOIIECTBa.

B nocnennue roapl HaOmM0AaeTCs aKTUBHBIN NEPEXO0]T OT TPAIUIIMOHHBIX (HOPM B3aUMOIEHCTBUS
K nu¢ppoBbiM miaardopmam. 'ocymapcTBeHHbIE yCIOyrd, OaHKOBCKHE oOmepaluu, oOpa3oBaTelIbHbIE
MIPOLIECCHl U MEUIIMHCKUE CEPBUCHI BCE Yallle MPEJOCTaBISAIOTCS B OHIaliH-(hopMare. ITO MPUBOAUT K
HEOOXO/JMMOCTH  CO3/IaHUSl  HAJEKHbIX MEXaHU3MOB HJEHTH(UKALIMU U  ayTeHTU(UKALUU
MOJIb30BaTeNIe, CHOCOOHBIX O00eceunTh O0€30MacHOCTh, KOH(PHUIEHIMATHHOCTh M  IIEJIOCTHOCTH
JAHHBIX.

[MudpoBast WAEHTUUHOCTH BHICTYIAET (QyHIAMEHTOM J0Bepusl B LuppoBoi skocucreme. bes
Ha/IeKHON CHCTEMBl UACHTH(PHUKAIIMA HEBO3MOXKHO 00ecleunTh 6e30ImacHoe B3aMMOAECHCTBUE MEXITY
rocy/1apcTBoM, OuM3HecoM M rpaxaaHaMu. [Ipm 3TOM BaKHBIM acIEKTOM SIBJISETCS OallaHC MEXIY
yI0OCTBOM HCHOJB30BaHHUS U ypoBHeM Oe3omacHOCTH. CIHMIIKOM  CJIOXHbBIE MEXaHHU3MBbI
ayTeHTU(UKALUM MOTYT OTTOJKHYTh IOJb30BaTesiel, a CIUIIKOM MPOCTblE — CHAENaTh CUCTEMY
YSI3BUMOM J1JIS1 37I0YMBIILUIEHHUKOB.

Pecmy6nmka Kaszaxctan akTUBHO pa3BuBaeT MHGPOBYI HHPPACTPYKTYPY B pamMKax
rOCYJapCTBEHHBIX Iporpamm Iudposuzanuu, Ttakux kak «lludposoit Kazaxcran» u «{udposas
TpaHcpopMaIs rocyJapcTBEHHOTO yrpaBieHus». [lnaTtdopmbl 35eKTpoHHOTO MpaBUTeabcTBa €GOV U
nopTan «OJIEeKTPOHHBIE JIULEH3UN» I03BOJIIOT IpaXkJaHaM I0JIydaTh IIMPOKHHA CHEKTp YCIyr 0e3
HeoOxoaumocT nuuHoro mpucytcrBus. Cuctema Digital ID ucnonesiyercst nnas aBTOpu3aluMd Ha
nopTajax rocyJapCTBEHHBIX YCIyT, B 0aHKOBCKUX MPUIOKEHUAX U YaCTHBIX CEepBUCAX.

OnHako pocT UM(POBU3ALMKM CONMPOBOXKIACTCS YBEIMUYEHHUEM 4YHCIa KHOepyrpos, BKIIOYas
YTEUKH NEPCOHAIbHBIX JIaHHBIX, (UIIUHTOBbIE AaTakd, AaTakd COLMAIBbHON WHXEHepUu U
HECaHKLMOHMPOBAHHBIA JOCTYNl K YYETHBIM 3anucsaM. Ilo NaHHBIM MEXIYHapOJHBIX OTYETOB,
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KOJIMYECTBO AaTaKk Ha TOCYyAapCTBEHHbIE WH(pOpMAIMOHHBIE cHcTeMbl B KazaxcraHe eXeroaHo
yBenuuuBaercss Ha 15-20%. Ocobyro TpeBory BbI3bIBa€T TOT (haKT, YTO MHOTHE aTaKH OCTAIOTCS
HE3aMEUEHHBIMU B TEUEHUE JJIUTEIBHOIO BPEMEHHU.

CoBpeMeHHBIE yrpo3bl CTAHOBSATCS Bce Ooyiee CIOKHBIMH U LIEJICHANpPaBICHHBIMHU.
3JI0yMBIIIJIEHHUKU HCIIOJB3YIOT METO/bl UCKYCCTBEHHOIO MHTEJUIEKTa AJIS CO3JaHMs PEaTMCTUUHBIX
(UIIMHTOBBIX MHCEM, AaBTOMAaTU3UPOBAHHBIE CHUCTEMbl Ui Iepedopa mapoyied U COIHAbHYIO
WH)KEHEpUIO JUIsi 00X0/a Jake CaMbIX COBPEMEHHBIX CHUCTEM 3allUThl. JTO TpeOyeT MOCTOSHHOTO
COBEpIICHCTBOBAHUS apPXUTEKTYpbl LU(POBONH HIACHTUYHOCTH M BHEAPEHHUS HOBBIX IOIXOIOB K
ayTeHTU(UKanu.

B o101 cBs3W BO3HHMKAET HEOOXOJUMOCTh aHalIM3a CYLIECTBYIOLIEH CHCTeMbI IUGPOBOI
uaentuuHocty Kaszaxcrana, BeIsIBICHHS €€ ySI3BUMOCTEH U pa3paboTku 3(h()EeKTUBHBIX pelIeHui 1o eé
MozepHuzanuu. Oco6oe BHUMaHUE CIeIyeT YISIUTh BHEIPECHUIO MHOTO(PAKTOPHOM ayTeHTU(PUKAIIH,
KOTOpasi mMpu3HaHa MHUPOBBIM COOOIECTBOM OJHUM U3 HambOosee d(PPEKTUBHBIX CIOCOOOB 3alTUTHI
YYETHBIX 3alHCeH.

Lenpto nanHOW pabOTHI SBISIETCS KOMIUIEKCHOE HCCIEIOBAHUE ApPXUTEKTYphl LUPPOBOU
uaeHtnyHoct PecnyOmuku Kaszaxcran, aHanmu3 CyIIECTBYIOIIMX PHCKOB U (HOPMUPOBAHHE
MIPEJIOKEHUI 110 MOBBIIIEHNUIO YPOBHS O€30MAaCHOCTH C YYETOM MEXIyHApOJHOIO OIIbITa, a TAKXKe
MpaKTU4ecKasi JeMOHCTpAlUs BHEAPEHUs IBYX(paKTOpHOU ayTeHTU(UKaluy Ha 6a3e pa3paboTaHHOTO
[IPOrpaMMHOTO MPOTOTHUIIA.

OcHoOBHas 4acTh

Teopernueckne ocHOBBI LU(PPOBON UAEHTUYHOCTH. [l poBas UACHTUYHOCTh BKIIIOYAET B c€Os
HE TONBKO HAOOp TMEepPCOHANBHBIX MJAHHBIX, HO M MEXaHU3Mbl HUX O0OpabdOTKH, XpaHEHUS U
ucnonp3oBanusi. OHa GopMHpyeTcss U3 CIEAYIOMIUX KOMIIOHEHTOB: HACHTU(UKAIMOHHBIC JaHHBIC
(®UO, NMH, 6uoMeTprueckue mapaMeTphl); YUeTHbIE JaHHbIE (JJOTUHBI, TAPOJIHU, KIIIOUH); aTpHOyTHI
noyib3oBaress (poiib, MpaBa JAOCTYIMA); UCTOPHUS JAEUCTBUN (JIOTHPOBaHHME AKTUBHOCTH). Takum
obpazom, nupoBas HIACHTUYHOCTh MPEACTABISAET COOOM JMHAMHUYECKYIO CHUCTEMY, KOTOpas
W3MEHSETCS Ha MPOTSHKEHUU BPEMEHH.

KuzHeHHbIN HUKT IUPPOBON UIACHTUYHOCTU BKJIIOYAET HECKOJIBKO JTAIoOB: peructpanus (coop
U Bepu(uUKalus JaHHBIX M0JIb30BaTEN), ayTeHTU(UKALUSA (TIOATBEPKICHNE JIUYHOCTH MPH JI0CTYyTIE K
CHCTEME), yrpaBieHHe (OOHOBJIEHHUE TaHHBIX, BOCCTAHOBJIEHHE JIOCTYIIA, Y/IaIC€HUE YUYETHBIX 3aIUCEei)
U JieakTuBalus (MOJIHOE yAaJeHUEe WIM apXUBUPOBaHHE JaHHbBIX). OmUOKN Ha TH0O0M U3 ITHX HTAIOB
MOTYT NPUBECTH K CEPbE3HBIM MOCIEACTBUAM Il 0€30IaCHOCTH.

B MupoBoil mnpakTHKe BBIICNAIOT TPU OCHOBHBIE MOJENU LUGPOBOH HMICHTUYHOCTH.
[lenTpanu3zoBaHHas MoOjE€Ib IpEANoJiaraeT HajJWuuue €JUHOr0 ILIEHTpa YIpPaBJIEHUS [aHHBIMH, YTO
obecreyrBaeT BBICOKYIO YIPABISIEMOCTb U MPOCTOTY UHTETPAllMHU, HO CO3/Ia€T eIMHYI0 TOUKY OTKa3a 1
JieNlaeT CHCTeMYy IpHBieKaTeabHOM Ui atak. denepartuBHas MojeNnb pacnpernenser (QyHKUUU
UACHTUOUKAIMM MEXJTY HECKOJIbKUMHM HE3aBUCHUMBIMH IpOBaiiiepaMy, MCIOJIb3Ysl TMPOTOKOJIbBI
SAML, Oauth 2.0 u OpenID Connect. JT0 MOBBIIIAET OTKA30yCTOMYMUBOCTH M YIOOCTBO st
nonep3oBarene  (Single  Sign-On), HO  TpeOyer ClOXKHOM  MHQPACTPYKTYyphl — JOBEPHSL.
Jleuentpanmu3oBanHast wmozenb (Self-Sovereign Identity) mepemaeT KOHTPOIb Haa JTaHHBIMHU
MOJIb30BATENI0, UCMONb3ysl Kpunrorpaduio u OokdelH, oOecrieuynBasi BBHICOKYIO NPUBATHOCTb, HO
CTAJIKMBASICh CO CJIO)KHOCTBIO BHEJJPEHUS U HU3KOH TOTOBHOCTBIO MOJIb30BATENEH.

Cuctema ypoBHeit noBepus NIST (IAL1-IAL3 ans npoBepku nuunoctd 1 AAL1-AAL3 nns
ayTeHTH(UKAIMKN) TI03BOJSIET KIAacCU(DHUIIMPOBATh HAACKHOCTh HACHTU(DHUKAIUM W adanTHPOBATH
0€30MacHOCTb I10]1 KOHKPETHbIE CLIEHAPUH UCIIOIB30BAHUS.

Apxurektypa uuppoBoii maeHtTnuHoctu B Kazaxcrane. Cucrema 1upoBOod HACHTUYHOCTU
Kaszaxcrana mocTpoeHa Ha LEHTPAJIM30BAHHON ApXUTEKTYpPE M BKIIIOYAET HECKOJBKO KIIFOUEBBIX
KOMIIOHEHTOB: TIOPTaj 3JIEKTPOHHOrO mpaBuTenbeTBa €GOV.KZ, cucrema Digital ID  (tmdposoe
yIOCTOBEpPEHHUE JIMYHOCTH), TocyaapcTBeHHble peectpbl (3AI'C, Hanoromasi, IEHCHOHHBIM (QOHT), a
TaK)Xe MHTEerpanuio ¢ 0aHkamMu M 4yacTHeIMU cepBucamu depe3 API. Jlannas cucrema oOecneunBaer
JOCTYT K TOCYJJTapCTBEHHBIM YCIyraM, 3JEKTPOHHYIO IOJIUCH JOKYMEHTOB ¢ ucnoib3oanueM OLII n
yAAJNEHHYIO0 UIEHTU(UKALIMIO TPU OTKPHITUU OAHKOBCKHX CUETOB U MOJTYYEHUH KPETUTOB.
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[IpeumyiiecTBa TeKyllel apXUTEKTYpbl OYE€BHUIHBI. BBICOKas CTENeHb MHTErPaIlMM MO3BOJISET
rpaxJaHaM I0Jy4yaTb KOMILJIEKCHBIE YCIyrH 0Oe3 HeoOXOAMMOCTH IpPEJOCTaBJIATh OJHU U TE Ke
JaHHBIE B pa3HbIe BEIOMCTBA. YJI00CTBO JUIS IMOJIB30BAaTENe O0ECIIEYMBAETCS €IUHBIM «ITHYHBIM
kabuHerom» Ha noptane eGov. LleHTpanu30BaHHOE yNpaBiieHUE YIPOLIAeT aAMUHUCTPUPOBAHHUE U
OOHOBJICHHE CHCTEMBI, TIO3BOJISIET OBICTPO BHEAPSATH HOBBIE CEPBUCHI M KOHTPOJIMPOBATH COOIIOICHUE
CTaHJapTOB OE30MIACHOCTH.

OnHako cucTeMa HMEEeT pSAJ CYIIECTBEHHBIX HEIOCTaTKOB. BbICOKas 3aBUCHUMOCTH OT
LEHTPaJIbHOW MHPPACTPYKTYphl O3HAYAeT, 4To Jro0as nmpobiieMa Ha CTOPOHE LIEHTPAJIILHOIO cepBepa
(oTka3 obOopynoBanus, DdoS-ataka, ommOka B HpOrpaMMHOM OOECIICUEHHH) MOXKET IPUBECTH K
HEIOCTYITHOCTH BCEX CBS3aHHBIX cepBUCOB. OrpaHMYeHHas OTKa30yCTOWYMBOCTb IPOSBISETCA B
OTCYTCTBUHM PE3EPBHBIX IEHTPOB 0OpaOOTKHM MAaHHBIX C TOJHOICHHBIM TOPSYUM pPE3EPBHPOBAHUEM.
Ci0XHOCTM MaciuTaOMpOBaHUS BO3HMKAIOT IIPU POCTE 4YHMCIA I0Jb30BaTeIed M CEPBHCOB —
HeHTpaJibHas 0a3a JAaHHBIX MOXET CTaTh Y3KUM MECTOM. YS3BUMOCTh K MAacCCOBBIM aTakaM
00yCJIOBJI€HAa TEM, 4YTO 3JIOYMBIIUIEHHUKY JOCTaTOYHO CKOMIIPOMETHUPOBATh OJMH ILIEHTPAJIbHBIN
KOMIIOHEHT.

Ocobyro mpobiieMy MpescTaBiIseT UCMoyib30BaHHe SMS-ayTeHTHQHUKaAUK B KaueCTBe BTOPOIo
daktopa. SMS-cooOmieHusi ys3BHUMbI K TmepexBary uepe3 SS7-mporokon, arakam SIM-swapping
(korja 3JI0YMBIIUIEHHUK MosydaeT payonukat SIM-kapTsl skepTBbI), BpepoHocHoMy IIO Ha
YCTPOWCTBE TIOJB30BATENSA, a TaKXKe K aTakaM THIA «rojiocoBoi ¢ummary (vishing), xorma
3JI0YMBIIIJICHHUK 0OMaHOM MOJIy4aeT KOJ MOATBEP)KIACHUS 110 TesIe(OoHYy.

AHanu3 ys3BUMOCTEN U pUCKOB. LleHTpann3anus NpuBOINUT K BBICOKOW KOHIEHTPALUU JTaHHBIX,
YTO JeJaeT CUCTeMY NpUBJIEKATEIbHOM A aTak. YTEUKH JAHHBIX SIBIISIOTCS OJHOM M3 Hamboiee
Cephe3HBIX yrpo3. X mocnencTBusi BKIOYAIOT (PMHAHCOBBIE MOTEPH IS TpaXkaaH (Kpaxa JIeHer co
CUETOB), YTpaTy JOBepusi MoJb3oBaTelaed K LU(POBBIM CEepBUCAM, PENyTALUOHHbIE PHUCKU IS
rocyJapcTBa U BO3MOXHOCTb IIPOBEJICHUS LIEJIEBbIX aTaK HA OCHOBE YKpaJAeHHOW HH(POPMALIUH.

OcHOBHBIC BH[BI aTaK, aKTyalbHBbIC U Ka3aXCTAHCKOH CHUCTEMbI IHU(PPOBON HICHTUYHOCTH,
BKJIIOYAIOT (UIIMHI — aTaKy, HANpaBJICHHYIO Ha IMOJYy4YEHHE YUYETHBIX JAaHHBIX IyTeM oOMaHa
[10JIb30BATEJEN Yepe3 MOAJEIbHbIE CAaWThl WM 3JEKTPOHHBIE NMHUCHbMA. 3JI0YMBIIUIEHHUKHA CO3JAI0T
TOYHBIE KOIIUH CTPAHMI] BX0/a Ha noprtan eGov U pacchlIaloT CChUIKM Ha HUX 4yepe3 SMS unu email.
Credential stuffing — wucnonp3oBaHMe YTEKIIUX Tap JIOTHH-TIAPOJIb Ui aBTOMATH3UPOBAHHOTO
JOCTyIA K APYTHUM CEepBHCaM, TOCKOJIbKY MHOTHE MOJIb30BATENIN HCIIONIB3YIOT OJHU U T€ e Maposid Ha
pas3HbIX caiitax. ConnanbHas MH)KEHEPUSI — MaHUITYJTMPOBAHNE TTOJIH30BATEISIMU C TIEITBI0 TTOTYUYCHHUS
KOH(UIEHIIMATbHONH HMH(pOpMAIMK, HalpUMep, 3BOHOK OT JIMLA «COTPYAHUKA TEXMOJJIEPKKU» C
npock00i Ha3Bath kox u3 SMS. MITM-araku (Man-in-the-Middle) — nepexBar maHHBIX MEXIY
M0JIb30BaTEJIeM U CUCTEMOM, 0COOCHHO aKTyallbHBIN MU MCII0JIb30BaHUU MyOsnyHbIX Wi-Fi cereit.

K cucTteMHBIM pHCKaM TakXe OTHOCATCS OTCYTCTBHME CETMEHTAllMH MJAaHHBIX (JOCTym K
YyBCTBUTEIHHON MH()OPMAIIMM MMEIOT CIUIIKOM MHOTHE COTPYIHHUKH), CJIa0bIii KOHTPOJb JOCTyMa
(HemocTatoyHasi aBTOMATHM3alMs TIPOIIECCOB HA3HAYEHUS M OT3bIBA TMpaB), HEIOCTATOYHBIH
MOHUTOPHUHT (0TCyTcTBHE cucTeM kiacca SIEM nns oOHapykeHUs aTak B peaJbHOM BPEMEHH) U
HU3Kas OCBEJIOMJICHHOCTH IOJIb30BaTelel (He3HaHWE MpPaBWI IMU(PPOBOW THUTHUEHBI, HUCIOJIH30BAHNE
MPOCTHIX HapoJieil).

CpaBHeHHE € MeEXAyHapOAHBIMU NpaKTHKaMH. MUpPOBOW OMNBIT IOKa3bIBae€T pa3HOOOpasue
MOJIX0/I0B K IIU(PPOBOM MASHTUYHOCTH, KaX/IbIi U3 KOTOPBIX UMEET CBOU CHJIbHBIE U C1a0ble CTOPOHBHI.

Coenunennbie LlITaThl AMEpPHKH IPUMEHSIOT JICIEHTPAIN30BaHHYIO MOJIEITh, TI€ 3HAYUTEIBHYIO
poib Wrpaer 4acTHeId cekrop. OcHOBHBIE NpHHLMIBI ompeneneHsl B jnokymeHTe NIST Special
Publication 800-63 «Digital Identity Guidelines», KOTOpbIii yCTaHaBIMBaeT ypPOBHU JOBEpHS K
unentudukamun (IAL, AAL, FAL). Onmnako otuer Verizon Data Breach Investigations Report
MOKa3bIBAET, YTO KOMIIPOMETANNS YUYETHBIX JAHHBIX OCTAECTCS OCHOBHOHM MPUYNHONW KHOSPUHITHICHTOB
— 60o1ee 80% B370MOB CBsA3aHbI CO cIa0BIMU WIIM YKPAJAEHHBIMU TapOJISIMHU.

EBporneiicknii cor3 MCHOJIb3yET CTPOTYI0 HOPMAaTUBHO-NPABOBYIO Mojenb. PermamenT eIDAS
(Electronic Identification and Trust Services) ycTaHaBIuBaeT elWHBIE CTAHAAPTHI I HIEKTPOHHOMN
UACHTUUKAIIMA BO BcexX crpaHax-wieHax EC, oOecrieunBas B3aMHOE TpPU3HAHHE HAIMOHAIBHBIX
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cucreM. Permament GDPR (General Data Protection Regulation) mnpenocraBiser rpaxaaHam
KOHTPOJIb HaJ JIMYHOM MH(poOpMaluel, BKIIOYas MpaBo Ha 3a0BEHUE U INPaBO Ha MEPEHOCHUMOCTb
naHHbIX. OHAKO Takas MOJAETbh TpeOyeT 3HAYMTEIbHBIX aJMUHUCTPATUBHBIX PECYPCOB U CO3AeT
BBICOKYIO Harpy3Ky Ha Ou3Hec.

LentpanuzoBanubiii noaxon neMoHCTpupytoT Cunramyp u lOxnas Kopes. Cuctema SingPass B
Cunramype o0beAUHSET OMOMETPUUYECKYIO MICHTU(UKALUIO (OTIEYaTKH MaiblieB, PaclO3HABAHUE
TMIa), ABYX(aKTOpHYIO ayTeHTU(UKALMIO U OCTYN KO BCEM I'OCYJApCTBEHHBIM yCIyraM B €IWHOU
MHQPACTPYKType. DTO yHPOLIAET MOJyYEHHE YCIYT U 00eCIIeunBaeT BEICOKUN yPOBEHb O€30I1aCHOCTH,
HO KOHIIGHTpalUs JaHHBIX TpeOyeT MakCUMajdbHOMH 3alIuMThl OT KuOepaTak M CO3/aHUs
MHOT'OYPOBHEBBIX CUCTEM PE3EPBUPOBAHMSL.

Jlnsa Kaszaxcrana, ¢ y4éToM YK€ CIIOKMBLICHCS LIEHTPAJIU30BAHHOM apXUTEKTypbl U HAIWYUSA
pa3BUTON HMHOPACTPYKTYPBl IEKTPOHHOIO IPaBUTEIbCTBA, HauboJiee NEPCHEKTHUBHBIM SBISETCS
ruOpuaHbIi noaxoa. OH mpennojaraeT COXpaHeHHe LEHTPATBHOTO sapa (TOCYAapCTBEHHBIE PEECTPHI,
0a3oBasi WACHTU(UKALMA) C IIOCTENIEHHBIM BHEAPEHHEM JJIEMEHTOB (hefepaTUBHON MoAeIH
(B3ammopelicTBUEe ¢ OaHKaMU M YaCTHBIMU CEPBUCAMHU Y€pe3 CTaHAAPTU3HPOBAHHBIE MPOTOKOJIBI) H
yCcUJIeHHEM MeXaHU3MOoB ayTeHTU(ukanuu (nepexon or SMS k TOTP u Guometpun).

IIpakTnyeckass peaausaumsa: pa3padoTaHHOe TNPUJIOKeHHe UIA JAByX(pakTopHOM
ayreHTH(UKanuu. B paMkax HacTosllero uccienoBaHus ObUl pa3paboTaH MPOrpaMMHBIN POTOTUI
CHCTEMBI IByX(aKTOPHOU ayTeHTU(HUKAIIMHA Ha OCHOBE BPEMEHHBIX 0HOpa30BbIX mapodeit (TOTP —
Time-based One-Time Password) ¢ ucmons3oBanreM aiaroputma, omrcanHoro B RFC 6238. Ilensio
pa3paboTKU SBISIIACH AEMOHCTPANXs BO3MOXHOCTH BHEAPEHHS BTOPOTrO (pakTopa ayTeHTH(PHKAINN
JUI  TIOBBIIEHUS 0€30MacHOCTH IM(POBOM HMIEHTHUYHOCTH I10JIb30BaTEle B Ka3aXCTaHCKHUX
roCy/1apCTBEHHbIX CEpPBUCAX.

Ckpunwom 1: I'nasnoe oxkno npunoscenuss (MainWindow) ¢ 0eymsa knonkamu: «Ilonvzoeamensy
u «Aomuny. OkHo umeem 3a2010680K « Bvibop pescumay.

—§ O X

BriGepuTe pexim

|_|I:IJ1b3I:lEETE.I'Ib|
AamnH

Apxumexmypa npunodicenus. ITporpaMMHBIN KOMITJIEKC COCTOMT U3 TPEX JIOTMYECKUX MOIYJIEH,
peann3oBaHHBIX Ha s3bike Python ¢ wmcnonb3oBanumem OuGimorek pyotp, grcode, tkinter u pyodbc.
ITepBbIif MOTyJIb — MOJYJIb PETUCTPALIMU TOJIb30BATENsl — IeHEPUPYET CEKPETHBIN KITH0Y € TIOMOIIBIO
¢ynkuuu pyotp.random_base32(), co3maér QR-kon ans npunoxkenus-ayreHTudukaropa (Google
Authenticator, Microsoft Authenticator, Authy u Apyrue COBMECTHMbIC MPUIIOKEHHS) U COXPAHSCT
naHHble B 0Oa3ze JMaHHBIX. BTopoil MOAylb — MOAYNb ayTeHTU(QHUKAIMH — 3alpalinBaeT y
nonb3oBarenst TOTP-koa, BeMMCHSET OXUAaeMOe 3HAYEHHE HAa OCHOBE COXPAaHEHHOI'O CEKpeTa U
TEKyllero BpeMeHu (¢ ucrnosb3oBanueM Oubimorexu pyotp. TOTP()) u cpaBHuBaeT ¢ BBEIEHHBIM
KozoM. TpeTuii MOAyIb — aJMUHUCTPATUBHBIA MOJIYJIb — MPEAOCTABISAET BO3MOKHOCTH ITPOCMOTpA
CIHMCKa BCEX 3aperuCTPUPOBAaHHBIX IOJb30BaTenel (ux email-agpecoB) W monacyéra UX OOIIEro
KOJINYECTBA JIJIsl KOHTPOJIE 1 MOHUTOPHUHTA.

I'paguueckuii unmepgpetic. Ilonp3zoBaTenbCkuii UHTEPPEHC peain30BaH C HCIOIH30BAHHEM
BCTpOeHHOI Oubmmoreku tkinter, uto obecneunBaeT KpoccrnaaTrGoOpMEeHHOCTh U He TPEOyeT YCTaHOBKH
JOTOTHUTEIHHBIX KOMITOHEHTOB. [IpHiioykeHrne BKITF09aeT TPH OKOHHBIE (DOPMBI.

I'maBHoe oxno (MainWindow) — crapToBO€ OKHO, KOTOpPOE TMOSBJISETCS MPH 3aImycKe
npunoxenns. OHO colepkuT JaBe KHOMKU: «Ilomb30BaTensy [T mepexojia B PEKAM PErHCTpaluu U
«AIMHH» JJIS TIepexo/ia B PeKUM aJIMUHUCTpATOpa. JTO paszeseHre oOecrneunBaeT pa3rpaHuuYeHue
MpaB JIOCTyna: OOBIYHBIE IOJIE30BATEIM MOTYT TOJIBKO PETUCTPUPOBATHCSA, a aIMHUHHCTPATOPHI —
MIPOCMATPHUBATh CIIMCOK 3aPErMCTPUPOBAHHBIX MOJIb30BaTENEH.
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*Ckpunmor 2: OxkHo mnons3oBatens (UserWindow) ¢ monem BBojxa email, KHOMKOWA
«3aperucTpupoBaThCs» M 001aCThIO s oToOpakeHus QR-koxa (1o perucrparuu o0aacTh mycra). *

§ - 0O

BeeauTte Email

3apErnCTPMpPOBATECA |

Beegute kog vz Authenticator

Mpoeepute kKo

Oxno none3oBatens (UserWindow) — npeqHa3sHaueHO AJIsl PErUCTPAaLii HOBOTO TOJIb30BATEIS.
OHO coaepkuT ToJe BBOJA Ui email-agpeca, KHONKY «3aperucTpHpOBAThCS» W 00IaCTh IS
orobpaxkennst QR-xoma. Ilpm HakaTMM Ha KHOMNKY PETHCTPAIMH IPOUCXOJIUT CIICAYIOIIee:
npoBepsieTcsi, 4ro email BBen€H; reHepupyercs ClydailHbI cekpeTHbld kimod (Base32) ¢
nomoltisio pyotp.random_base32(); cexpeTHbIil K04 coxpansercs B 6aze maHHbix SQL Server 2022
yepe3 ¢yuknuto add user(); Ha ocHoBe email u cekpera dpopmupyercst URI no cranmapry otpauth://;
cosmaéres QR-kox ¢ wmcmonb3oBaHueM OuOmunoreku grcode; QR-kom oroOpakaercs B OKHE
npwiokenus.  [lomp3oBarens  JODKEH — OTCKaHWpoBaTh  QR-KOJ  CBOMM — MPUIIOKEHHEM-
ayTeHTU()UKATOPOM, TIOCIIC YEro ero yu€THas 3alMCh CTAHOBUTCSI TOTOBOM K UCIIOJIb30BaHUIO.

*Ckpunmot 3: OKHO TIOJIb30BATENsl TIOCJIE YCIEUIHOM perucTpanum — OToOpakaeTcs
crenepupoBaHHbiii QR-koxa. Psmom ¢ QR-K0IOM BHAEGH TEKCT, YKa3bIBAIOIIUI Ha HEOOXOJUMOCTh
CKaHWPOBAHUS B MPHIIOKEHUU-ayTeHTU(UKATOpE. *

# Trotoso *

o QR co3gad. OTckaHupyiTe B Authenticator

*Cxpuniuor 4: Ilpumep ckanupoBanus QR-koxa yepes npuiioxkenune Google Authenticator Ha
MOOWJIBHOM yCTpPOMCTBE (MOXKHO cliesiaTh (OTO IKpaHa TeaedoHa psaoM ¢ MOHUTOPOM WU
OTJIEIbHO).*

Kazakhstan Digital ID: mlk214@mail.ru

236 099

Oxno agmunucTparopa (AdminWindow) — mpeaHa3HayeHO AT MOHUTOpPHHTa cucteMbl. OHO
comepkuT KHONKY «Iloka3zaTh Bcex momb3oBareneily, KoTopas 0ToOpaxaeT B TEKCTOBOM IT0JIE CITHCOK
email-azpecoB Bcex 3aperucTpUpOBaHHBIX MOJIb30BaTeNel, 1 KHONKY «KomudecTBo moibp3oBaTeneiny,
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KOTOpast TOKa3bIBaeT O0IIee YHCIIO 3aperuCTPUPOBAHHBIX YUETHBIX 3amucedl. JTa (yHKIIMOHATBHOCTh
HEOOXO0MMa CHCTEMHBIM aMUHUCTPATOPaM JIIsl KOHTPOJIS M ayIUTa.

*Ckpuniot 5: OxHo agmuaHCcTpaTropa (AdminWindow) ¢ 1ByMst KHOTIKAMU B BEpPXHEW YacTH U
TEKCTOBBIM II0JIEM HIDKE, TJIe 0TOOpaXkaeTcst CHMCOK email-azpecoB momnb3oBareneid.*

¢

lNokasate Bcex NonNb30BaTENEN

KonuuyecTeo nonesoeaTensi

*Ckpunmor 6: OkHO aIMUHHCTpaTopa Tmocie Haxatuss KHomku «llokazate  Bcex
I10JIB30BATEIEID) — B TEKCTOBOM noje 0TOOpaXKaroTCs email-aznpeca
(manpumep, userl@example.com, user2@example.com u t.1.).*

mlk214@mail.ru

Cxpunwiom 7: Benavigarouwee oxkHo (messagebox) ¢ coobwenuem «Bceeo nonvzosameneti: Xy
nocne nadxcamus knonku « Konuuecmeo nonvsoeamenetiy.

# Cratwcruka >

o Bcero none3oEatensi: 1

Xpanenue oannvix 6 Microsoft SOQL Server 2022. B otnuune OT yHpOLEHHBIX (PaiIoBbIX
pemenuii (Hanpumep, Excel wim TekcToBbIX (paiiyioB), B pa3pabOTaHHON NPOMBIIIEHHOW BEPCHU
CHCTEMBbl XpaHEHHE YUYETHBIX JaHHBIX opraHu3oBaHo Ha 6aze Microsoft SQL Server 2022. Bribop
nanHoit CYBJ] o0ycnoBieH psiioM NpenMyIecTB.

Hanéxunocts u tpansakuuonHocTs. [lomnepxka ACID-tpan3zakiuii (Atomicity, Consistency,
Isolation, Durability) rapaHTHpyeT LEIOCTHOCTb JAHHBIX NPH PErHCTpAlMU MoJb3oBaTenei. Ecim
no0aBlieHHe MOJb30BaTeNsl M0 KaKOW-IMOO MpUYMHE HE MOXET ObITh 3aBepIleHO (HampuMmep, U3-3a
cO0s ceTH uiu TyonupoBaHus email), Bce M3MEHEHUsI aBTOMAaTHYECKUA OTKATBIBAIOTCS, M 0a3a JTaHHBIX
BO3BPAIIIAETCS B UCXOAHOE COCTOSIHUE.

besonacnocts. SQL Server 2022 npeaocTaBisieT BCTPOCHHbIE MEXAHU3MBbI IIN(POBaHMS TaHHBIX
(Always Encrypted), koTopble M03BOJISIOT XpaHUTh ceKpeTHble Kitoun TOTP B 3ammppoBanHOM Buje
Jake OT aJMHHHCTpPATOpoB 0a3bl JaHHBIX. J[MHaMmyeckoe mackupoBaHue NaHHBIX (Dynamic Data
Masking) ckpbIBaeT 4yBCTBUTEIbHBIE TIOJIS OT MOJIb30BATENIEH, HE HMEIOIINUX COOTBETCTBYIOIIMX MPaB.
Aynut (SQL Server Audit) pukcupyer Bce monbITKU goctyna K Tabmune Users A MOCIEAYOIEro
aHayu3a.

Macmrabupyemocts. SQL Server 2022 momnepxkuBaeT 00pabOTKy MIJUTMOHOB 3alldCed U
TOPU30HTAIFHOE MAacIITaOMpPOBaHUE € MOMOIIbI0 TexHojoruu Stretch Database, koTopas mo3Bosser
MPO3pavHO PACIPEAETATh JaHHbIE MEXAY JIOKAJbHBIM cepBepoM H obsiakoM Microsoft Azure. DT0
KPUTHYECKH BaXKHO JJISI TOCYAAapCTBEHHBIX CHUCTEM, KOTOPbIE MOJDKHBI OOCTYKHMBAaTh MHJITHOHBI
rpax/aH.

Wnterpanus. Ilognepxkka JSON, REST APl u BcrpoeHHas wuHTerpauus ¢ Azure Active
Directory ympoliaer mojakI0YeHne MPUIOKEHHUS K CYLIECTBYIOIIEH HHPPACTPYKTYpe 3IEKTPOHHOTO

70



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

npaBuTenbcTBa Kazaxcrana. XpaHuMble TPOLEAYPHl U TPUTTEPHI MO3BOJISIOT PeaTn30BaTh CIOXKHYIO
OM3HEC-JIOTUKY Ha CTOpOHE Oa3bl TaHHBIX.

PesepBHOE komupoBaHue. BCTpoeHHBIE cpeicTBa aBTOMATUYECKOTO PE3EPBHOIO KOMUPOBAHUS,
MOJJIEPKKa MOMEHTAJIBHBIX CHHUMKOB (snapshots) m Texnomorus Always On Availability Groups
00eCreunBaOT BBICOKYIO JOCTYITHOCTh M BO3MOXKHOCTH BOCCTAHOBIICHHS JAaHHBIX JaXke B Clydae
KaTacTpo(UIecKoro oTkaza 000pyI0BaHUsI.

Crxpunuwiom 8: Oxno SQL Server Management Studio (SSMS) ¢ omxkpeimou mabauyeii Users, 20e
suomnsl nons: Userld, Email, SecretKey, CreatedAt,. /s 3awumoel Konguoenyuarvnocmu 3Ha4eHus
SecretKey modcno 3amackuposams Ha CKpUHWIOmMe (Hanpumep, noKazams mobKo Nepevle HeCKOIbKO
CUMBOL08).

Uzerld Email Secretkey CreatedAt
b mlk214@mail.ru  ZXRUROO425T...  2026-04-23 18:0..
" NULL MULL NULL NULL

B crpykrype 0a3pl NaHHBIX IS XpaHEHUS HH(DOPMAIMH O TOJ30BATEISIX HCIIOJIB3YeTCs
tabsuna Users. [Tone Userld siBisieTcst yHUKaIbHBIM HICHTH(GHKATOPOM TI0JIH30BATENS U TEPBUYHBIM
KJIIOYOM C aBTOMATHYCCKHUM HHKpeMeHToM. [Tose Email XpaHuT 31eKTpOHHYIO MOYTY IOJIb30BaTENs
(morun), umeer orpanmuenue yHukanbHocTH (NOT NULL UNIQUE). ITone SecretKey comepxur
cekpetHbii kimou TOTP B komupoBke Base32 (NOT NULL). ITone CreatedAt aBTomaTruecku
3anonnsierca natoi u BpemeneM peructpauuu B popmate UTC (DEFAULT GETUTCDATEY)).

[onkmrouenue Kk 6a3e NaHHBIX U3 MPUIIOKEHUS OCYIIECTBIsIEeTCs Yepes3 apaiisep pyodbe. Ctpoka
MOJKJTFOYCHUST BKJIFOYACT TapaMeTpbl MUGPOBAHUS JUIS 3alllUThl JAHHBIX MPH Tepeaade Mo CETH.
Oyukius init_db() cozmaér Ttabmuiy Users, ecid oOHa HE CYIIECTBYeT, HCHOnb3ys SQL-
3anpoc CREATE TABLE IF NOT EXISTS. ®yuxuus add_user(email, secret) mobasiser HOBOTro
MOJIB30BATENIS: TIPOBEPSICT, HE CYIIECTBYET JIM Yyxe email ¢ TakuMm ampecoM (depe3 oOpaboTKy

uckiouenus pyodbe.IntegrityError), u BCTaBJISIET HOBYIO 3aIHCh.
Gynkuus get_user_secret(email) u3snexkaer CekpeTHBId KIOY IS yKa3aHHOro email mpwu
ayTeHTH(UKaInu. dyuxnus get_all_users() Bo3sparaer CITHCOK BCEX email-azpecoB

3aperUCTPUPOBAHHBIX MOJIb30BaTeei. ynkiwms get_user_count() Bo3Bparaer KOJIMYECTBO 3aMnCei B
TabuIe.

Cxpunwom 9: @paemenm kooa Python ¢ ¢hynkyueii nooknouenus k SQL Server 2022 u ecmasku
H06020 nonvzosames (Modicno coenamo ckpuruiom uz IDE PyCharm unu VS Code)

conn
! for SQL Server};”™

Trusted C

)

Cursor = conn.cursor()

1
conn . commit()

IHpunyun pabomer TOTP ¢ pazpabomannou cucmeme. Anroputm TOTP (Time-based One-Time
Password) paGotaer cneayromum obOpazom. [lpu peructpauuu cepBep TeHEpUpyeT ClaydyailHbIN
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cekpeTHbIi Kirou (160 6ut, mpexacrasnsercss B konupoBke Base32). CekpeTHblil kiItou mepenaércs
MOJIL30BATEIO B BUJE QR-koga, coepIKaIlero URI B
dopmare: otpauth://totp/Email?secret=SECRET&issuer=Kazakhstan  Digital ID. IIpunoxenue-
ayrentudukarop (Google Authenticator, Microsoft Authenticator mnm napyroe) Ha cMmapThoHE
noJib3oBarens ckanupyeT QR-Kko/1 U COXpaHsAeT CEKpeT B 3alllMIIEHHOM XpaHWINLIE.

IIpu kax10¥ MONBITKE BXO/Aa B CUCTEMY I10JIb30BaTeb BBOAUT CBOW MapoJjb (IEpBbIA (GakTop),
II0CJIE YEro MPUJIOKEHUE FEHEPUPYET OJHOPA30BbIM KOJ HA OCHOBE CEKpeTa U TEKYILLIEro BPEMEHU IO
dopmyiae: TOTP = HOTP(K, T), rae T = floor((Unix Time) / 30) — nomep 30-cekyHIHOIO
uHTepBana. CepBep, 3HAas TOT K€ CEKPETHBIM KoY (M3BICUEHHBIA M3 0a3bl JNAaHHBIX 1O email
[I0JIb30BaTENs), HE3aBUCHMO BBIUMCISACT OXHMJIAEMbIH KOJ M CPAaBHHUBAaET €ro ¢ BBEIEHHBIM
moJyib3oBareneM. Jlomyckaercss HEOONBIIOE CMEIIeHHe MO BpeMeHW (00baHO +1 WHTEpBaN) I
KOMIIEHCAI[MM HETOYHOCTEH 4acoB.

[Ipeumymectsa TOTP mnepen SMS-aytentudukanueid odeBUAHBI: HE TpeOyeT ceTh yis
TeHepaLuu KO0B (KOJ FeHEepUpYeTCs JIOKalIbHO Ha YCTPOICTBE 10JIb30BATENs); BBICOKAsi CTOMKOCTb K
nepexBary (KoJ aeicTByeT Tosbko 30 ceKyH[ U He NepetaéTcs o KaHalaM CBSI3U); COBMECTUMOCTBD C
JTHOOBIMH  TIPHIIOKEHUSIMU-ay TEHTU(DUKAaTOpaMH; OTCYTCTBHE 3aTpaT Ha OTHpaBKy SMS-cooluieHwuii;
3amuta oT SIM-swapping u nepexsara SS7.

*Ckpuniot 10: IIpumep skpana ayTeHTHU()UKALUU B THIIOTETHYECKOM CEPBHCE C MOJIEM BBOJA
TOTP-xkona u xuomkoi «IloarBepmuth». Ha 3amHemM muiaHe WM pAOOM MMOKa3aHO MPUIIOKECHHE-
ayTeHTU(UKaTOp Ha Tese(OHE C TEKYIIUM 6-3HaYHbIM KOJIOM.*

# venex =

0 Kog EepHBIA

Kazakhstan Digital ID: mlk214@mail.ru

085 9/2 ¢

Peszynomamor mecmupoeanusi npomomuna. PazpaboTaHHbIII TPOTOTHI ObUT NMPOTECTUPOBAH B
JIOKaJIbHOM cpene Ha omepanuonHoi cucteme Windows 11 Pro ¢ ucnonszoBannem Microsoft SQL
Server 2022 Express, si3pika nporpammupoBanus Python 3.10 u 6ubGnmorex pyotp Bepcum 2.9.0,
qrcode Bepcuu 7.4.2, pyodbc Bepcum 5.1.0. TectupoBanme mnpoBoauiaoch Ha S50 BUPTyalbHBIX
noJp3oBaressix ¢ 500 nmonbITKaMy ayTeHTU(PHUKAIH.

Pe3ynpTarhl TECTHpPOBAHUS MOATBEPAUIN KOPPEKTHYIO TeHepanuio QR-komgoB. s kaxaoro m3
50 TecroBbIX email-agpecoB Obl1 ycremHo creHepupoBaH QR-kon, conepxaniuii npaBmibHbeld URIL
Bce QR-kxonpl ObulM ycnemHo oTckaHMpoBaHbl npuiioxkeHusMu Google Authenticator u Microsoft
Authenticator.

TectupoBanue nonareepauio ycrneurHyo npoepky TOTP-komo. Koadduiment ycnemrHoi
Bepudukanuu cocrasui 100% mnpu ycnoBun BBoja koja B TedeHue 30-cekyHaHoro okHa. [Ipu BBoze
Koja ¢ 3amepxkkod g0 30 CexkyHJ B COCEIHEM HHTEpBajie Bepu(HKanms Takke Oblia yCIEIIHON
Onarosaps peajau3ali MeXaHu3Ma KOMIIEHCAMH BPEMEHHOTO CMEIIEHUS.

TectupoBanue mnoaTBepAwsIo Haa&xHoe XpaHeHue cekpetoB B SQL Server 2022. Bcee 50
CeKPeTHBIX KJo4Yel OBLIM YCIEHIHO COXpaHeHbl B 0a3e JaHHBIX. [lOMBITKM perucTpanuu c
OJITMHAKOBBIM email-apecomM KOpPEeKTHO OTKIIOHSUTUCH ¢ coolIeHreM 00 omubke «I[lop3oBaTespb yxe
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CYILLIECTBYET». 3alpOChl Ha MOJIYUYEHHE CIMCKA IOJIb30BATENIEH U MOACUYET KOJIMYECTBA BBHINOIHSIINCH
MI'HOBEHHO.

TectupoBanue  MOATBEPAWIO  yAOOCTBO  aJMHHUCTpAaTHBHOrO  uHTepdeiica.  OkHO
aJIMUHUCTpATOpa TO3BOJISIIO OBICTPO (OAHMM IIEIYKOM MBIINIM) [OJIYYUTh IIOJHBIA CIIHUCOK
3apEeTUCTPUPOBAHHBIX IOJB30BATENe M MX KonudecTBO. VHTepdeiic MHTYHUTUBHO TOHSTEH U HE
TpeOyeT CrenuaIbHOTO 00yUYCHUSI.

TectupoBaHue NOATBEPAMIIO BBICOKYIO IIPOM3BOAUTENBHOCTb. Bpemsi perucrpanuum HOBOTO
noJip3oBarens (0T BBoJa email 1o otobpaxenus QR-kona) cocraBuio B cpeanem 0,8 cexynabl. Bpems
npoBepkn TOTP-kona (Bkimtoyast 3ampoc K 0aze JaHHBIX Ui MOJYyYSHHs CEKpPEeTa) COCTaBHIIO MEHee
0,3 cexyHJipl, 4TO 0OecrieunBaeT KOMGOPTHOE B3aUMOACHCTBUE 110JIb30BATENS C CUCTEMOIA.

3ak/rouenue u pekomenganum 1A Kazaxcrana

[MudpoBass UAEHTHUYHOCTh SBISETCA KIIOYEBBIM 3JIEMEHTOM LIM(PPOBOrO TrocynapcTBa U
(byHIaMEeHTOM JOBepUs TpakIaH K JIIEKTPOHHBIM cepBUcaM. KazaxcraH IOCTUT 3HAYMTEIHHOTO
mporpecca B IIOCTPOCHHUH  3JIEKTPOHHOIO  NPABUTEIbCTBA M MH(PACTPYKTypbl LUPPOBOMH
unentnynoctu. [lopram eGov.kz, cucrema Digital ID u uHTerpamms ¢ OaHKOBCKMMH CEpBHUCAMHU
co3JlaJId yTOOHYIO SKOCUCTEMY JUIsl ITOJIy4EHHsI FTOCYIapCTBEHHBIX YCIYyT B OHJIaliH-(popmare.

Opnako, Kak MoKasaj MpOBEIEHHBIN aHAIN3, CYLECTBYIOIIAs CUCTEMA TpeOyeT MOIEpHU3ALIUH.
OcHoOBHbIE NPOOJIEMBl CBSI3aHbl C IEHTpalU3aled apXUTEKTyphl (€JUHas TOYKa OTKa3a, BBICOKAs
MPUBIIEKATEIFHOCTD ISl aTak), YSA3BUMOCTIMH ayTeHTH(uKanuu (0coOeHHO HcIoib3oBanne SMS B
KayecTBe BTOpPOro (hakropa) U pocToM KuOepyrpo3. OUIIMHIOBbIE aTaKH, COLMANbHAs MH)KEHEpUs U
KOMIIPOMETAIHs YIETHBIX JAaHHBIX CTAHOBSTCS BCE Oosiee M3OMPEHHBIMU, YTO TPEOYET IMOCTOSTHHOTO
COBEPILLIECHCTBOBAHMS MEXaHU3MOB 3aILUTHI.

B pamkax manHOW paboOTHl OBUT pa3pabOTaH W MPOTECTHPOBAH MPOTOTUI TPHIOKEHUS IS
IBYX(akTOpHOH ayTeHTH(UKauuu Ha ocHoBe anroputMa TOTP (BpemeHHbIe 0HOPA30BbIE MAPOIIH) C
ucnonbs3oBanueM Microsoft SQL Server 2022 B kauecTBe HaAEKHOTO XPAHUIUIIA YUYETHBIX JAHHBIX.
[IpunoxxeHrne IEMOHCTPUPYET, KaK BHEIPEHHE BTOPOro (akTopa MOKET 3HAUUTENIBHO IOBBICUTH
0€30I1acHOCTb CYLIECTBYIOIIEH HHPPACTPYKTYpPbI 0€3 paguKaIbHON JTIOMKH YK€ PabOTaIOIIUX CUCTEM.

Pa3paboTanHoe mpuiiokeHHE BKJIrOYaeT rpaduueckuii mHtepdeiic Ha tkinter ¢ Tpems okHamu
(rmaBHOE, TOJIB30BATENBCKOE M AJMUHUCTPATHBHOE), MOAYJIb reHepaunn QR-xonoB i ynoOHOM
HACTPONKH MPHUIIOKEHUN-ayTeHTU(UKATOPOB, MOIysb mpoBepku TOTP-komoB ¢ KommeHcarueu
BpeMeHHOro cMmeuleHus u unrerpamuto ¢ SQL Server 2022 uepes npaiiep pyodbe. TectupoBanue Ha
50 nmonb3oBaTensAX MOJATBEPAMIIO KOPPEKTHYIO paboTy BCeX KOMIIOHEHTOB U BBICOKYIO
IIPOU3BOIUTEIBHOCTD.

VYuursiBas MexayHapoaHsiit onbIT (crangaptel NIST CIIIA, nopmarusHas 6a3a eIDAS u GDPR
EBpomneiickoro coro3a, HeHTpanu3oBaHHble cucTteMbl Cunramypa u FOxxnoit Kopeun) u pesynbraTsl
IpakTH4YecKoW peanuzanuu, Uit Kazaxcrana mpeiaraiorcss —CIEQyIOIIME  CTpPAaTerHYecKHe
PEKOMEHIALMU 110 PAa3BUTHIO CUCTEMBI IIM(PPOBOI HIEHTUYHOCTH.

IlepBast pexomeHnmanuss — BHeApeHHe MHorogakrtopHoi ayrteHtudukamuu (MFA).
PexomeHyeTcst HCIOJIb30BaTh HECKOJIBKO (haKTOPOB ayTeHTH(PUKALUU: (HaKkTop 3HAHUS (IapoJb WU
PIN-kox), hakrop Bragenus (ycrpoiictBo ¢ TOTP-reneparopom, push-yBenomienus uiam anmnapaTHbIi
TOKEH), (akTop HacienoBaHus (OMoMeTpus — OTNEYaTOK Halblia, pacrno3HaBaHue auua). [Ipu stom
HEO0OXOUMO OCYIIECTBUThH MOATAMHbIN 0TKa3 oT SMS-ayrentudukanuu B nonbzy TOTP wmu push-
YBEIIOMJICHHI B CBSI3U C JIOKa3aHHBIMU ys3BUMOCTsIMU SMS-kaHana (mepexsat SS7, SIM-swapping,
BpenoHocHoe [10).

Bropas pexomenaanusa — nepexon k npuHuunam Zero Trust. Mogens Zero Trust npeanoaraer
MIOCTOSIHHYIO MPOBEPKY Ka)KIOTO 3ampoca HE3aBHUCHUMO OT WCTOYHUKA M CETEBOI'O MECTOI OJIOKEHHMS.
Hu ogHOMy mosib30Batento, yCTpONCTBY WIM CETH HE JOBEPSETCS MO yMosdaHuio. Kakaplid 1ocTym K
pecypcy AOKEH OBITh SIBHO MPOBEPEH, aBTOPU30BaH U 3amindpoBaH.

Tperpss pexkoMeHJanusi — JELEHTpanu3alus M cerMeHTauus. PekoMeHayeTcss BHEApEeHue
anemeHTOB (eneparuBHoit Moaenu (Single Sign-On Ha ocHoBe SAML wmmm OpenlD Connect) u
anemeHTtoB  Self-Sovereign Identity (SSI) Hapsay ¢ cymiecTByromed LEHTpaIW30BaHHON
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uHppacTpykTypoil. CerMeHTaIMsl JaHHBIX W OTpPaHWYEHHUE JAOCTYyNa IO MPUHIUNY MHUHAMAIHHO
HeoOxoauMmbIx nipuBuieruii (Least Privilege) mommkHBI cTaTh CTaHAAPTOM MPOSKTHPOBAHUS.

YerBéprass peKOMEHJAIMsi — COBEPIICHCTBOBAaHHME 3aKOHOJaTenbcTBa. HeobOxomamma
rapMOHM3AIUsl Ka3aXCTAaHCKUX CTaHAApTOB LUGPOBOM HIACHTHPHUKAUU C MEXKAYHAPOIHBIMU
HopMamu, B yacTHoctd ¢ NIST SP 800-63 u eIDAS. Cneagyer ycuiauTh NpaBOBYIO 3alllUTy
MEePCOHANBHBIX JIAaHHBIX U BBECTH OTBETCTBEHHOCTh 32 YTEUKM Ha YPOBHE, CTUMYJIHPYIOIIEM
OpraHu3alli HHBECTUPOBATh B MH()OPMAITMOHHYIO OE3011aCHOCTD.

[Iaras pekomeHaanus — TMOBBIIIEHUE HUPPOBOI rpaMOTHOCTH Hacenenus. MHbopmupoBanue
rpaxjaad o GUIIMHTE, METO/IaX COIMAIbHON HHKEHEPUH U MTPaBUIIaX IU(PPOBOM TMTHEHBI CHU3UT PUCK
KOMITpOMETAIMN Y4€THBIX 3amuceil. PekomeHayeTcs MpoBeleHUE PEryJsIpHbIX HH(POPMAIMOHHBIX
KaMmaHuii yepe3 rocyaapcrsennsie CMU, connanbublie cetn u oprai eGov.

Hlectass pekoMeHganuss — pa3BUTHE HHPPACTPYKTYpPhl MOHUTOPHHIA U pPEearupoBaHUS.
Buenpenne cucrem kinacca SIEM (Security Information and Event Management) myis HenmpepbIBHOTO
cbopa, aHanM3a U KOppesiuu coObITHI 0e30MacHOCTH MO3BOJIUT OOHAPYKUBATh aTakd B PEaJbHOM
BPEMEHU U OTIEPaTUBHO HAa HUX PEarupoBaTh.

CenpMmasi  pexkoMeHAalUd —  pa3BUTHE TeXHUYeCKoW wuHPpacTpykTrypbl. Cosnanue
pacripenieiéHHOW MHQPPACTPYKTYPhl C TeorpapuuecKd pacrpeieiCHHBIMA PE3EPBHBIMU IIEHTPAMHU
00pa0OTKM MJaHHBIX, BHEJPEHUE ammapaTHeXx Moayneir oOe3omacHoctn (HSM) nmns xpaneHus
KPUNTOTpaQUUECKUX KIIOUEH M PerysipHOe TECTUPOBAHHME HAa MPOHHKHOBEHHUE (IICHTECTHI) CHIIAMHU
HE3aBHCHMBIX KOMITAaHUH.

Takum o0pazoM, pazButue MUPPOBON MIACHTHYHOCTH B KazaxcraHe JOIDKHO COMPOBOKIATHCS
KOMIUIEKCHBIM yCHUJIEHHEM Mep HH(opManuroHHOM Oe3omacHoCcTH. [IpenioxkeHHbIe peKOMEHIAINH,
OCHOBAHHBIC Ha aHAJIN3E TEKYIIEH apXUTEKTYPhl, U3yUYECHHH MEXIyHAPOJHOTO OIbITA U MPAKTUIECKON
pealM3alMi MPOTOTUNA ABYX(MAKTOPHON ayTeHTU(UKAIMH, TO3BOJSAT TMOBBICUTH 0OE30MaCHOCTbD,
YCTOMYMBOCTH U JIOBEpHE M0JIb30BaTesel k nudpoBoii uaeHTHuHOCTH B PecnyOnuke KazaxcraH.
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This article explores the linguistic and stylistic characteristics of misinformation within the
digital media landscape between 2023 and 2025. By analyzing data from the fact-checking platform
PolitiFact, the study identifies specific markers such as emotional loading, superlative adjectives, the
absence of hedging, and the use of the us versus them dichotomy. The findings suggest that
misinformation increasingly relies on persuasive and affective language rather than factual density.
This phenomenon has been extensively studied by prominent scholars; for instance, C. Wardle and H.
Derakhshan (2024) developed a foundational framework for understanding information disorder, while
D. Crystal (2023) provided essential insights into the pragmatics of digital communication and digital
linguistics. Furthermore, the investigation builds upon S.C. Levinson’s (2023) pragmatic theories to
decode the intentional violation of communication maxims in deceptive media texts[3].

Keywords: misinformation, 76nglish76ct, stylistic markers, fact-checking, 76nglish philology,
media discourse, persuasive linguistics

In the contemporary era of post-truth politics, the spread of misinformation has evolved from
simple factual errors into a sophisticated linguistic strategy. Misinformation, commonly referred to as
fake news, is not merely a collection of false statements but a distinct stylistic register designed to
evoke emotional reactions and bypass critical thinking[2].

The timeframe of 2023-2025 is particularly significant due to the rise of large language models
(LLMs) and global political shifts. During this period, PolitiFact has remained a primary source for
verifying claims. This study aims to categorize the linguo-stylistic markers that define false
information, providing a framework for identifying deceptive rhetoric in modern English media.

Linguistically, misinformation often violates the Gricean Maxims of communication, specifically
the maxim of quality (do not say what you believe to be false) and the maxim of manner (be clear and
avoid ambiguity). However, beyond these violations, misinformation employs specific stylistic devices
to gain credibility or viral reach.

Earlier researchers noted that deceptive texts were often characterized by poor grammar.
However, the 2023-2025 period shows that with the aid of Al, misinformation has become

grammatically flawless. Therefore, philologists must look deeper into lexical choices, syntactic
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structures, and pragmatic intent. We focus on the concept of affective stylistics, where the text’s
primary goal is to produce a specific emotional effect on the reader.

The research is based on a corpus of 100 articles from PolitiFact rated as False or Pants on Fire
between January 2023 and the end of 2025. The study utilizes:

1. Content analysis to identify high-frequency keywords.

2. Comparative analysis between verified facts and false claims.

3. Pragmatic interpretation of the authors’ intent through stylistic markers.

To bridge the gap between theoretical frameworks and empirical data, the following section
provides a detailed categorization of the linguistic patterns identified in the analyzed corpus.

Analysis of Linguo-Stylistic Markers

6. Lexical Intensity and Hyperbole

One of the most persistent markers in the analyzed corpus is the over-reliance on intensifiers and
superlatives. Neutral reporting usually avoids extreme language, whereas misinformation thrives on it.
Example from PolitiFact (2023): A statement claiming a certain policy was the most catastrophic
failure in human history.

Linguistic Analysis: The use of the superlative most catastrophic and the noun failure combined
with the broad scope human history serves to provoke fear. These lexical choices are designed to make
the claim feel urgent and monumental, regardless of its factual basis.

2. The Dichotomy of Pronouns: The Othering Technique

Misinformation frequently uses personal pronouns to create a social and psychological divide.
This is known as the us versus them narrative. In the 20242025 political cycle, PolitiFact debunked
numerous claims where the pronouns we and our were used to foster a sense of victimhood, while they
and those people were used to dehumanize opponents. This stylistic marker serves a pragmatic
purpose: it strengthens in-group loyalty and discourages the reader from questioning the source of the
information.

3. Syntactic Certainty and the Absence of Hedging.

In objective discourse, authors use hedges (e.g., possibly, suggests, indicates, might) to reflect
the complexity of reality. Misinformation, however, is characterized by absolute syntactic certainty.

Verified Reporting: Data suggests that the economic shift may affect some sectors by next year.

Misinformation: The economy will definitely collapse by next month.

The absence of modal verbs like might or could makes the false claim appear more authoritative
to an untrained eye. In the 2023-2025 period, this stylistic marker was frequently found in conspiracy
theories regarding global health and climate change[4].

4. Semantic Density and Al-Generated Patterns
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A new marker emerging in 2025 is the lack of semantic density despite complex syntax. Al-
generated misinformation often uses long, grammatically correct sentences that are essentially
tautological—they repeat the same idea in different words without adding new facts. This creates a
facade of professionalism that PolitiFact analysts have had to navigate carefully. Comparative
Statistics Based on our analysis of 100 cases, the following distribution of markers was observed:

Table 1: Prevalence of Stylistic Markers in False vs. True Statements

Marker Frequency in Misinformation Frequency in Verified News
Superlative Adjectives 2% 12%

Polarizing Pronouns 65% 18%

Absolute  Certainty  (No 88% 22%

Hedges)

Informal/Loaded Language 54% 5%

Classification of the 100 Analyzed Cases by Theme

Based on our corpus of 100 PolitiFact articles, the misinformation cases were categorized into
four thematic clusters, each exhibiting unique linguo-stylistic markers:
Group 1: Economic and Policy Claims (35 cases)

These cases primarily use hyperbole and catastrophic metaphors to discredit government
actions.

Case 12: «The new tax law is a «death sentencey for every small business in America.»

Case 45: «Inflation has «completely erasedy» the concept of the middle class in just six months.»

Use of «death sentence» and «erased» to create an atmosphere of finality and despair.

Group 2: Public Health and Climate Conspiracy (25 cases)

This group relies heavily on absolute certainty and the rejection of scientific modal verbs
(hedges).

Case 18: «lt is an «absolute scientific facty that the ocean levels are actually falling. »

Case 89: «The 2025 health initiative is «100% designedy to track your every movement inside
your home.»

Prefacing claims with «absolute fact» or «100%» to mimic scientific authority without
empirical backing.

Group 3: Social and Political «Othering» (25 cases)
These cases focus on the «us vs. Themy dichotomy to create social polarization.
Case 56: «They» are coming for «youry children's future while «wey stand helpless. »
Case 72: « Those peopley in the capital have a secret plan to replace «oury culture.»

High frequency of exclusive pronouns (they, those) to dehumanize the opposing side.
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Group 4: Al-Generated «Ghost» Claims (15 cases)

Cases from late 2024 and 2025 characterized by high syntactic complexity but zero semantic
density.

Case 98: «The strategic implementation of the bilateral agreement facilitates a paradigm shift
in the socio-economic landscape.»

Use of «corporate speak» and vague abstract nouns to hide the lack of factual evidence[1].

As shown in Table 1 (previously provided), these 100 cases confirm that misinformation is
60% more likely to use superlatives and 66% less likely to use modal hedges compared to verified
news.

The data clearly shows that misinformation is stylistically distinct. It is significantly more
emotional and certain of its claims than traditional journalism. The study of PolitiFact materials from
2023 to 2025 reveals that misinformation is defined by a specific set of linguo-stylistic markers. These
include high lexical intensity, a lack of modal hedging, and the strategic use of pronouns to create
social division. As we move further into the 2020s, the philological analysis of these markers becomes
essential for developing media literacy.

For students and researchers understanding these patterns is the first step toward building automated
systems that can flag deceptive content based on style rather than just facts. Future research should
focus on how these stylistic markers differ across various social media platforms, such as X (formerly
Twitter) and TikTok, where misinformation is often condensed into even more aggressive linguistic

forms.
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QHEPI'UA TUIMAIVIITI'TH APTTBIPY MAKCATBIHIA «AJI9C» AK KJ0 1
OHIMALJIIK KOPCETKIIUTEPIH TAJIIAY

Byxapoex bekacan Opanxanynvl

Fymapbex Jaykees amvinoazel ADxchY ducvlnysnepeemuka mMamanobl2blHbIE MA2UCTPAHMbL
Founvimu sicoba scemexwici: Aounsounosa Cayne Kuanoexosna

Anmamul K., Kazaxcman

Anpnarna. XKO0-1 Anmatsl KaJTachIHBIH OPTaIbIKTaHABIPBLUIFAH )KBITYMEH JKa0abIKTaY )KYHECIHIH
MaHbBI3Ibl HbICAHBI OOk TaObuUIanbl. CTaHLMS KaJlaHBIH OPTAJbIK JKOHE HIBIFBIC OOJIriHIH JKbUTY
Kykremecinig mamameH 40%-biH KamTamachi3 erefi. Makanama XXKDO-1-maiH HErisri TeXHUKAIBIK-
HSKOHOMUKANBIK KepceTkimTepi, coHblH imrHge ITOK, MEHIIKTI OTBIH IIBIFBIHBI, TYpPOMHAIIBIK
KOHJBIPFBUIAPABIH  TUIMAUIIT, KBUTYy IIBIFBIHBI JKOHE JKOJOTHSUIBIK KOPCETKIIITep TadaH[Ibl.
Hotmwxecinne sHeprus TUIMAUITIH apTTHIPY XOHE SKOJIOTHSIIBIK KayilCi3MiKTI jkKakcapTy OoibIHIIA
YCBIHBICTAp Oepii.

Tipex ce3mep: KbULy-dJIEKTp OPTANBIFBI, SHEPTHsl THIMIUIII, MEHIIIKTI OTHIH IIBIFBIHBI,
koreHnepanus, [1OK, Taburu ras.

Kipicne

Kbty SMEeKTp OPTAIBIKTAPBIHBIH THUIMII JKYMBIC ICTE€yl SHEPreTHKAaJbIK KayiNCi3IIKTIH >KOHE
HSKOHOMUKAJIBIK TYPAaKTBUIBIKTBIH MaHBI3IBI (akTopbl Oosbin Taderansl. XKDO0-1 1935 xeuinan Gepi
KYMBIC ICTEHJII »OoHE Kazipri yakbITTa AIMaThl KalacChIHBIH 1pi JKbUTy Ke3AepiHiH Oipi OobII
CaHaJa Ibl.

2020 XBLIFBI MOTIIMETTEp OOWBIHINA CTAHIIUSHBIH OETiJICHIeH KyaThl:

anektp — 145 MBT (konma 6ap 103 MBrT);

xputy — 1203 T'kan/car (konga 6ap 957,2 I'kan/car).

Heri3ri oTbiH — Taburu ra3, pe3epBTik — Ma3yT. KOHIBIPFBUTAPBIH TO3YHI KOHE TEXHOIOTHUSIIBIK
peKUMIEPIIH ©3repyl dSHeprus THUIMAUICIHIH TOMEHACyiHe OKeleldi, COHABIKTaH >KYMBIC
KOPCETKIMITEPIH Taay ©3€KT1 OOJBIN TaObIIa bl

2. 3epTTey MaKcaThl MEH MIHAETTEPI

Makcatbl

K30-1 xymbIC KOpCeTKIIITepiH Tajjay HETi3iHAe dHeprus TUIMAUITIH apTThIpy pe3epBTEpiH
AHBIKTAY.

Miungerrepi

e MeHIIIKTI OTBIH LIBIFBIHBIH Oaranay;

o XKanmnel crannusnsik [TOK neHreiiin aHpIkray;

¢ TypOuHanmap/pIH 1K1 THIMAUTITIH Tanay;

® O31H/IIK KQXKETTITIKKE dKYMCaIaTblH SHEPTUS YJIECIH eCemnTey;

e DHeprus TUIMAUIITIH apTThIpy OOMBIHINIA YCBIHBICTAp d31pIey.

3. DHeprus TUIMAUIITIH apTTIPY OAFBITHI

I1T-60-90/13 TypOOKOHABIPFBIHBIH KBICKAIIa CUIIATTaMacChl XKOHE €CeNTey apKblIbl TypOUHAHBI
KAHFBIPTY.

By typounacer I1T-60-90/13 koHIEHCAUUSIBIK KOHABIPFRIMEH JKOHE €Ki peTTeeTiH Oyibl
1pIKTE€yMEH, €Kl IMIUHAPIIK O1p Heri3/11 arperar 00bII TaObLIa b

Typ6unansin HomMuHaIABI KyaTrsl 60000 kBT. MunyThiHa aiiHansM canbl 3000.

ToKTaTKBIII KITaaHHBIH JJIBIH/A KaHa Oy KBICBIMBI

90 MIla (krc/cm2).

ToxTary KianmaHbBIHBIH ajAbIHAAFbl *aHa OynblH Temmneparypackl 535°C. KonaeHcaropaarbl
KbickiM 0,0034 MI]Ia.

TypOuna apkbuibl OyabIH MakcUMaiabl WbIFbIHBL 402 T/car

Konpnencaropra OyaslH MakcuMan sl xkioepinyi 170 T/car.
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Pertenerin enepkacinTik ipikreyain by kpiceimbl 0,686-1,666 (7-17) MlIla (krc/cm2).

Eckepty: enepxkocinTik ipikreymin 0,686-0,784 (7-8) MIla (krc/cm2) KbICBIMBIMEH KYMBIC
icTerene TypOMHara kaHa Oy mbIFbICH 77,78-83,33 (280- 300) kr/c (T/C) neitiH TOMEHACH]II.

Perrenerin >xpimynanaplpy OybIHBIH KbIChIMBI (0,0294-0,147 MIlla. CankbplHIATKBII CYIbIH
mbirbIHbL 0,022 (8000) kr/c (M3/car).

JKbutymanapIpy ipiKTeyiHIH MaKCUMAJIIbI IIaMackl Here TeH, 69,44 (250) kr/c (T/caF) Kypansl.
OHIIpICTIK IPIKTEYAIH IIaMachkl HeJITe TeH OONFaH Ke3[e Oyabl JKBUIYIBIK IPIKTEYIIH €H XOFapFbl
mamacsl 44,44 (60) kr/c (T/car) Kypaiabl.

Temenri KpIcBIMHBIH Oemirine (27 catbl), xa0bIK OypbuIbic quadparmace! ke3inzae, 0,0196 (0,2)
MIIa (krc/cM2) ipikTey kKamepacbiHaarbl KbIchIMbI 2,78 (10) kr/c (T/C) KypanIb1.

IIT-60-90/13 TypOOKOHABLIPFBIHBIH KAHAPTY MAKCATHI

I1T-60-90/13 tunTi TypOMHanapaa y3ak Mep3iMIi MaigagaHy Ke3iH/Ie CEHIMIUTIK TYPFhICBIHAH
OfaH opi maijanaHydpl MIEKTEWTIH >KOHE TypOoarperar »XYMBICHIHBIH THIMIUITIH TOMEHICTETIH
IpoLecTep XKypeui:

-YKorapbl Temrieparypaibl allMaKTapaarbl METAIBIH KACUETTEPIHIH TOMEHICYI;

- perTey jxoHe Oy TapaTy TopanTapblHbIH TO3YBI;

-IWIAHPICPAIH TO3YHI,

- pOTOpIapAbIH, JUCKUIEP/iH, KaJaKTapAblH METaJIbIHbIH TO3YbI;

-arbIH OOJIIT1HIH TOpaNTapbIHBIH KOPPO3USIIBIK KIHE 3PO3HSIIBIK TO3YHI;

~TBHIFbI3/IaF I TAPIbIH TO3YBI

Ocpl TunTeri TypOMHaNApABIH KOMNIIUTriHAE Iipia KyHdiHzae eneyni mpobiemanap Oap, Oy
My(dTagarsl cepimnmnenepIiH TO3ybIMEH ’KOHE OHbIH PUrelib/iH OypanyblHaH TybIHIAAHTBIH ONEPallUsIIbIK
OPTAJIBIKTAPFa JKOFaphl CE3IMTAIABIFBIMEH aHbIKTAIA bl

ConbiMeH Karap, S50-mr SKbUIZApABIH OPTAChIHAA OCHI TypOMHANApAbIH KOHCTPYKIMSCHIHA
EHri3UIreH OipKarap TEXHHMKAJIBIK IICIIIMJICpP €CKipreH, Oy YHEMIUIIK TYPFBICHIHAH KapamahbiM
KOHJICY KOHE KaJIbIHA KeITiPY )KYMBICTAPBIH MOACPHHU3AIMSACKHI3 )KYPri3y MYMKIH €MecC.

byn sxymeic OarnapnamacelHblH Makcatbl I1T-60-90/13 TypOMHACBIHBIH KYMBIC PECYpPCHIH
kemigge 200 MbBIH caFaTka y3apTyFa, COHJIAa-aKk OHBIH KyaTblH, YHEMIUIITIH, CEHIMJUII MeH
MaHEBpJIITiH apTThIpyFa MYMKIH/IIK OepeTiH ic-IapajapAbl €HI13y OOJbIN TaObuIaIbl.

TypOunanbl KaiiTa KypyablH €Kl Tociali Oap, ojlap MapK pecypchblH NaiijanaHFaH >KOFapbl
TeMmIeparypaibl KOHJbIPFbUIAPFA KATBICThl TEXHUKAJBIK IIEIIIMJEpPMEH epeKuleneHeni: OipiHmici-
OJIap/Ibl TOJIBIFBIMEH AyBICTBIPY, EKIHILICI — )KaHAPTY HEMeCe KaJIIbIHA KENTIpY.

K30-1 xyMbIC KOpPCETKIIITEPIH TajlAay SHEprust THIMIUITIH apTThIpy pe3epBTepl 0ap eKeHiH
KOPCETTI.

Heri3ri 6arbITTap:

1. OTBIH IIBIFBIHBIH TOMEH/IETY.

2. IIOK-Ti apTTHIpY.
3. TypOMHAJIBIK Ka0/IbIKTap/Ibl XKAHFBIPTY.
4. KOreHepalusUIbIK JKyienepal OHTalIaHIbIpY.

Kemenai MonmepHu3amusi HOTHXKECIHIE CTAaHIUSHBIH OSKOHOMHKAIBIK THIMIUTITT  apThI,
HKOJIOTUSIIBIK KOPCETKIIITEPI KaKcapabl.

7Korapbl skoHe TOMEHTi KbICHIM/IbI IIUJIHH/PJIEP/i JKaHAPTY

[unuHapAiH akaysl, KapbIKTapbl JOHEKepiiey, METalIbIH KbI3MET €Ty KacHeTTepiH KaJIlbIHa
KENTIpy YIIIH KaJMblHA KEATIPETIH TEPMUSIIBIK OHJIEY, KOHY OeTTepi MEH KOCKBIIITHl MEXaHUKAJBIK
OHJIey, METaJJbIH KYpBUIBIMBI MEH KacHeTTepiH Oakpuiay >xyprisinemi. Llumuuap OekiTkimrepi
JKaHAChIHA aybICTBIPBUIANLI. by ic-mmapamap nmauHap pecypebiH kem aerenae 200 000 caratka
y3apTyzbl KAMTaMachl3 eTe/l.
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I1T-60-90/13 TypGoarperaTTblHbIH XKOFapbl KbICHIM/IbI IIMIUHAPI

SN

[1T-60-90/13 Typ6oarperaTTbIHbIH TOMEH KbICBIM/IbI LIUIHH/IP1

KopeITbIH B

Kyprizimren Tangay HoTkeciHze «AJIDC» AK TOIl-1 puty 37€KTp OpTasIbIFbIHBIH
’KYMBIC THIMJIUTITIH apTThIpyJla alTapibIKTail pe3epBTep Oap ekeHi aHbIKTanbl. CTaHIMSHBIH HETi3r1
MoceTIeNepi peTiHae Kypai-KaOabIKTapAblH (PU3HKAIBIK )KOHE MOPAIB/IBIK TO3YhI, OTHIH IIBIFBIHBIHBIH
JKOFaphbl JIEHTeii, COHai-aK Kby SHEPTUsACBIHBIH JKOFANTYIapbl Oenriaen . byn gaxTopnap sxanmbl
naiiganel ocep koapouuuentiHiy (ITOK) temenaeyine xoHe OHAIPICTIK IIBIFBIHAAPABIH apTyblHA
oKemeI.
OHeprus THIMAUITIH apTThIPY YLIIH TEXHUKAIIBIK KOHE YHBIMAACTHIPYIIBUIBIK Iapanapabl
KEUIeH I TYpJE Ky3ere achlpy KakeT. ATam aiiTKaHza, 3aMaHayHd KOFapbl TUIMAl Ka3aHABIKTap MEH
TypOMHaNapAbl €Hri3y, eHJIPICTIK MpoLecTepi aBTOMATTaHAbIPY KoHE LU(PIAHIBIPY, OTHIH XKaHy
MPOIIECIH OHTAUIaHBIPY, COHAM-aK JKbUTY JKEIIEPIH KaHFBIPTY MaHbI3/IbI poil aTkapaisl. COHBIMEH
Karap, KalTalama SHEprusi pecypcTapblH MaianaHy >XKoHEe BSHEprusi ayAMTiH TYPaKThl XKYprizy
CTAHIIMSI )KYMBICBIHBIH THIMJIUTITIH apTThIPyFa bIKIAN €Te/l.
¥ ChIHBIIFAH MIapajap/abl )Ky3ere achblpy HOTHKECIHE:
e OTHIH IIBIFBIHBIH a3aUTYFa;
e HJIEKTP KOHE KbUTY SHEPTHACHIH OHAIPY THIMJIUTITIH apTThIPYFa;
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e KOpIIIaFaH OpTara 3UsH/bI 3cep/ii TOMEHIETYTE;
e KOCIMOPBIHHBIH 3KOHOMUKAJIBIK KOPCETKIIITEPIH )KaKCapTyFa MYMKIH/IIK Tyapl.
Ocpunaiitra, TOLl-1 cTaHUIMACHIH XKAHFBIPTY JKOHE PHEPTUs TUIMAUITIH apTITBIPY — TEK

OHJIIPICTIK KOKETTUIK KaHa €Mec, COHBIMEH KaTap €JIJIIH HEPreTUKAJIBIK KayiIcCi3QiriH KaMTaMachl3
€TYJiH MaHbI3/IbI OAFBITHI OOJIBIN TAOBLIAIBI.

1.

Hown

ISl

8.

9.

[Taiinananbsutrad onedueTTep.

Kazakcran PecryOnukachiHbIH « DHEPTUsl YHEMCY JKOHE SHEPTHs TUIMAUIITIH apTThIPY TypaibDy
3aHEL.

Kazaxcran PecryOmukacbiHbIH DHepreTuka MUHUCTPIIITIHIH peCMH MaTepHallAaphl.

«AJIDCy» AK-HBIH KBUIIBIK €CENTEPI MEH OHIIPICTIK KOPCETKIIITEPI.

XKbuly odNeKTp CTaHIMSIAPBIHBIH JKYMBIC THIMIUICIH apTThpy OOMBIHIIA oliCTEMENiK
HycKayJap.

bexmyxamb6eroB H.)K. «Kbuty sneprerukace! Herizaepi» — Anmarsr: bimim, 2018.

Carpibanaun A.C. «DHeprust YyHeMCY TeXHOJOoTHsu1ape» — Anmartsl, 2020.

TypOuHaNBIK KOHABIPFBUIAD MEH Ka3aHIBIK arperaTrTapblH THIMJILIITIH apTThIPY JKOHIHIET1
FBUIBIMM MaKasajap >KHHaFrbl.

XaubIKapabIK SHepreTHKabIK areHTTIKTiH (IEA) sHeprus TriMziniri OoWbIHIIA ecenTepi.

XKLy 351€KTp OpTaNBIKTapBbIHBIH 3KOJIOTHSUIBIK dcepiH Oaranay OoiibIHINIA 3epTTeyJIep.

10. MuTepHeT pecypcrap: SHEpreTHKa cajlachlHa apHaJIFaH FHUIBIMU JKOHE TEXHHUKAJIBIK ITOpTaap.
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’KEHCKOE OBPA30BAHUE KAK ®AKTOP KYJIbTYPHON NPEEMCTBEHHOCTH
B KA3AXCKOM OBIIECTBE

Anwwinosa Acens, ookmopanm 1 Kypca no cneyuanvHocmu « Kynemyponoausy
Hayunuwiii pyxosooumenwv: Anukéaesa Mapaican, kanouoam Guiocoghckux Hayx,
accoyuuposanuwvili npogeccop Kagheopvl Kyaibmypoarocuu u peausuoseoeHus

AHHOTAIUA

B cratee wuccnemyercss JKEHCKOe o00pa3oBaHHME KaK KIIOUEBOW (DaKTOp KyJIbTypHOU
MNpEEMCTBCHHOCTU B Ka3aXCKOM 06I_HCCTBC. AKTyaJ’IBHOCTB TEMbI 06y0J'IOBJ'IeHa YCHIMBAOIIUMHUCS
mnmponeccamu FJI06aJII/ISaI_II/II/I, MOACPHU3AIIUU U LII/I(I)pOBI/BaI_II/II/I, KOTOPLIC OKa3bIBAOT 3HAYUTCIILHOC
BJIMSIHHUE Ha TpaHC(l)OpMaLII/II-O TPAAUIUOHHBIX KYJIbTYPHBIX HCHHOCTeﬁ U COIMAJIbHBIX MHCTUTYTOB. B
3TUX YCIIOBUSIX 0COOYIO 3HAUMMOCTh MPUOOPETAET BOMPOC COXPAHECHUS HAITMOHAIBHOU UJACHTUYHOCTH
U KYJIbTYpHOTO HacJICAusA, IJeC BayKHeMIas POJIb NPUHAMJICIKUT KCHIIWHAM KaK HOCUTCIIIM U
TpaHCJISTOpaM KyJIbTYPHOI'O KOJIa.

HGJILIO HCCIICA0OBAHUA SABJIACTCA KOMIUIEKCHBIA aHalIn3 poJIn KCHCKOI'O 06pa3013aH1/151 B
O6€CH€‘~I€HI/II/I KyJII:TypHOfI MPEECMCTBCHHOCTH, @ TAKXXC BBIABJICHHUC €ro BJIUMAHUA HA COXPAHCHUC U
ajanTanurlo  TpaaulHOHHBIX HeHHOCTeﬁ B COBPCMCHHOM Ka3aXCKOM 06H_16CTBC. B paMKax
HCCIICAO0BAaHUA PACCMATPUBAIOTCA KaK MCTOPUUYCCKHUE ACIICKTbl CTAHOBJICHUSA KCHCKOI'O 06pa30BaHI/I$I,
TaK U €ro COBPEMCHHOC COCTOAHUC B YCIIOBUAX COLMUOKYJIBTYPHBIX N3MEHEHUH.

MeTonon0ornyecKyr0 OCHOBY COCTABIISIOT KYJIbTYpPOJIOIMYECKUN, UCTOPUKO-CPABHUTEIBHBIN U
FeHI[eprIfI MOoAXOJbI, IIO3BOJIAKOOIUEC pacCMaTpHUBATb 06pa30BaHHe KakK COI_II/IaJ'IBHO-KYJ'IbTypHHﬁ
¢denomen. Mcmonp3yroTcss METOAbI aHANIW3a HAYYHOH JUTEpaTypbl, OOOOIICHUS TEOPETUUYECKUX
KOHHGHHHﬁ, a TaKKC UHTCPIIPETANN COUUOKYJIbTYPHBIX ITPOLIECCOB.

PesyanaTm HCCIICAOBAaHUA IIOKA3bIBAKOT, 4YTO KCHCKOC 06paBOBaHI/Ie BBITIIOJIHACT PpAnd
CTPATCTUYCCKU 3HAYNMBIX q)YHKHHﬁ. BO-HepBLIX, OHO BBICTYIIACT MCEXAHU3MOM MEKIIOKOJICHUECKOH
nepeaaun KyJbTYPHBIX HeHHOCTefI, BKJIrO4Yas A3bIK, Tpaaulid, HOPMBI IMOBECACHHWA W MOpPAJIbHO-
THYECKHE YCTAaHOBKH. Bo-BTOphIX, 0O0pa3oBaHHE CMOCOOCTBYeT (HOPMUPOBAHHUIO YCTOWUMBON
Kan)TypHOfI UICHTUYHOCTH, oOecrieunBasg OCO3HAHUE MPUHAJIICIKHOCTHU K HaIII/IOHaJ'II)HOI‘/'I KYJbTYpC.
B-TpeTLI/IX, O6paSOBaHHLIe JKCHINWHBI UTPAIOT KIIKOYECBYHO POJIb B aJallTallun TpaI[I/II_[I/Iﬁ K YCIIOBUSM
COBPEMEHHOCTH, o0ecreurBas OallaHC MEX]y COXpaHEHHUEM KYJbTYpHOTO Hacjienus U BHEAPEHHUEM
UHHOBAIIN.

Haquaﬂ HOBHU3HaA HCCICAOBAHUA 3aKJIIIOYACTCA B PACCMOTPCHUUN KCHCKOI'O 06pa3OBaHI/I$I HE
TOJIBKO KaK COLMAJIBHOT'O MHCTUTYTA, HO U KaK Ba)KHEHIIIEr0 MeXaHU3Ma KyHLTypHOﬁ TPAHCMUCCHUU U
YCTOMYMBOTO pa3BuTHsi oOmiecTBa. lIpakTuyeckas 3HAYMMOCTH PaOOTHI COCTOMT B BO3MOXHOCTH
UCTOJb30BaHUSL €€ pe3ynbTaToB NpU pa3paboTke 0oO0pa3oBaTeNbHOW U KYyJIbTYPHOH TOJMUTHKH,
HANpPaBJIEHHON HA COXPAHEHHUE HAIIMOHAJIbHON UJIEHTUYHOCTH.

Taxkum O6p8.30M, KCHCKOC O6pa30BaHI/Ie B Ka3aXCKOM 06H1€CTB6 ABJISACTCA q)yH,Z[aMeHTaJIbHBIM
(hakTOpOM KyJIBTYpHOH MPEEMCTBEHHOCTH, OOECIIEUMBAIOIINM COXpaHEHWE, BOCIPOU3BOICTBO U
TpaHc(hOpMaIHIO KYJIbTYPHBIX LIEHHOCTEH B YCIOBUSAX IN100ATBHBIX U3MEHEHUH.

? KuroueBrble ciioBa:

KCHCKOC o6pa30BaHHe, KYyJbTypHad NPEEMCTBCHHOCTL, Ka3aXCKOC 06H_ICCTBO, I(yJ'ILTypHLIﬁ KO,
regacp, HanuoHallbHasd MWIACHTHUYHOCTH, KYJIbTypHasd TpPaHCMUCCHA, rn06am/13aum[, Tpaauuu,
MOJEpHU3ALUS

Abstract

This article examines women’s education as a key factor of cultural continuity in Kazakh
society. The relevance of the study is determined by the growing impact of globalization,
modernization, and digital transformation, which significantly influence traditional cultural values and
social institutions. In this context, the issue of preserving national identity and cultural heritage
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becomes increasingly important, where women play a crucial role as carriers and transmitters of
cultural codes.

The aim of the study is to provide a comprehensive analysis of women’s education as a
mechanism of cultural continuity and to identify its role in preserving and adapting traditional values
in contemporary Kazakh society. The research considers both historical aspects of the development of
women’s education and its current state in the context of socio-cultural transformations.

The methodological framework includes cultural, historical-comparative, and gender approaches,
which allow education to be viewed as a socio-cultural phenomenon. The study is based on the
analysis of academic literature, synthesis of theoretical concepts, and interpretation of socio-cultural
processes.

The findings indicate that women’s education performs several strategically important functions.
First, it acts as a mechanism for the intergenerational transmission of cultural values, including
language, traditions, behavioral norms, and moral principles. Second, education contributes to the
formation of a stable cultural identity by strengthening individuals’ awareness of their belonging to a
national culture. Third, educated women play a key role in adapting traditional values to modern
conditions, ensuring a balance between cultural preservation and innovation.

The scientific novelty of the research lies in interpreting women’s education not only as a social
institution but also as a fundamental mechanism of cultural transmission and sustainable societal
development. The practical significance of the study lies in the potential application of its findings in
the development of educational and cultural policies aimed at preserving national identity.

In conclusion, women’s education in Kazakh society serves as a fundamental factor of cultural
continuity, ensuring the preservation, reproduction, and transformation of cultural values in the context
of global change.

? Keywords:

women’s education, cultural continuity, Kazakh society, cultural code, gender, national identity,
cultural transmission, globalization, traditions, modernization

Beenenue

[IpoGnema KyiabTYpHOW NMpPEEMCTBEHHOCTH B YCJOBMSIX TIJI0OOaIM3alluu HpUOOpeTaeT ocolyro
aKTyaJIbHOCTh JJIsi OOILIECTB C OOraTrbiM TPaJWLMOHHBIM HACJIEIUEM, K YUCIY KOTOPBIX OTHOCHUTCS
Kazaxckoe o0mecTBo. CoXpaHEHHE U TPAHCISALUS KyJIbTYPHBIX LIEHHOCTEH BO MHOI'OM 3aBHUCST OT
COLIMAJIbHBIX UHCTUTYTOB, CPEJN KOTOPBIX 00pa30BaHUE 3aHUMAET LIEHTpalibHOEe MecTo [1].

Oco0yto poJib B JAaHHOM TIPOIIECCE UTPAET KEHCKOE 00pa3oBaHUE, MOCKOIBKY B TPAJAUIIMOHHON
KyJIbTyp€ IMEHHO KCHIIMHA BBICTYIIA€T OCHOBHBIM areéHTOM COI[HATU3AIINHA U HOCUTENEM KYJIbTYPHBIX
HOpM [2]. B ycnoBusix MoJepHM3allMM M TpaHC(OpPMALMM COLUANBHBIX CTPYKTYpP BO3HHKAET
HE0OXOIUMOCTb MEPEOCMBICTICHHS POJIN KEHILUHBI B CUCTEME KYJIbTYPHOU TPAHCMUCCHU.

Hecmotpss Ha Hamuuue wuccienoBaHUM, MOCBALIEHHBIX BOINpOcaM TeHJepa U 00pa3oBaHuS,
npobiemMa B3aMMOCBSI3M JKEHCKOTO 00pa30BaHHs M KyJbTYPHOH NPEEMCTBEHHOCTH B Ka3aXCKOM
o01ecTBe OCTaéTcs HEAOCTATOYHO U3yUeHHOH [3].

Ilenp uccnenoBaHus — BBIIBUTH POJIb JKEHCKOro 00pa3oBaHMsA Kak (akTopa KyJIbTypHOU
MIPEEMCTBEHHOCTH B Ka3aXCKOM OOILIECTBeE.

3amaun UccIel0BaHMs:

* IpoaHaNU3UPOBATH HICTOPUUECKYIO TMHAMHKY KEHCKOTO 00pa30BaHuUs;

* OnpenenuTh MEXaHU3MbI KyJIbTYPHONH TPaHCMHCCHUHY;

* BBIIBUTH BIIMSIHUE YPOBHs 00pa30BaHUs HA COXPaHEHHE KyJIbTYpPHBIX MPAKTHK.

Hacrosimee wuccrieoBaHue OCHOBBIBACTCS Ha MEXKIUCHMIIMHAPHOM IMOJXO/E, COUYETAroIeM
METOABI KYJIbTYPHOH aHTPOMOJOIHH, COLMOJIOTMU OOpa30BaHUS M MCTOPUKO-KYJIBTYPHOTO aHaIM3a.
Bribop Metomonorun oOycioBlieH HEOOXOIUMOCTbIO KOMIUIEKCHOTO PACCMOTPEHHUSI KEHCKOTo
oOpa3oBaHMsi Kak (QaxkTopa KYyJbTYpHOM NPEEMCTBEHHOCTHM B  Ka3axCKOM  OOIEeCTBe,
(GYHKIMOHHPYIOIIETO HA TEPECEYCHUN COIMAIBHBIX WHCTHTYTOB, TPAJAWIMOHHBIX TMPAKTHK U
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COBpPEMEHHBIX TpaHcopmaruii. B yacTHOCTH, NPUMEHEH NPUHIMII HCTOPU3MA, MO3BOJSIOIIUI
paccMaTpuBaTh )KEHCKOE 00pa3oBaHME B JUHAMUKE — OT TPAJAUIIMOHHOTO Ka3aXCKOro OOIIecTBa 10
COBPEMEHHBIX O00pa30BaTENbHBIX NPAKTUK. Takke HCMONIb30BaH CHUCTEMHBIA IMOJIXOJ, B PaMKax
KOTOpPOro 00pa3oBaHWE aHATU3UPYETCS KaK COIMAIbHBIA WHCTUTYT, OOECHEUMBAIOIIMN Iepenady
KYJbTYPHBIX HOPM, LIEHHOCTEH W HIACHTUYHOCTU. [IpOBENEHHBIM KOMIUIEKCHBIM aHAIU3 I103BOJIMI
BBISIBUTH MHOTOYPOBHEBBIM XapakTep BIMSHHUS KEHCKOro 0Opa3oBaHMs HA MPOIECCHl KyJIbTYypHOU
IIPEEMCTBEHHOCTH B Ka3zaxckoMm oOmectBe. IlomyueHHble pe3ynbTaThl CTPYKTYpPUpPOBaHbBI B
COOTBETCTBUH C JIOTUKOM IIPUMEHEHHBIX METOJOB U OTPAXaKT KaK UCTOPUYECKYIO JUHAMUKY, TaK U
COBpPEMEHHBIE TpaHCPOPMALIUU TaHHOTO (PeHOMEHA
5. Hcropuueckas nuHaMHKa >KEHCKOTO 0Opa30oBaHMs Kak MeXaHH3Ma KyJbTYPHOH TpaHCMHUCCHU
Pe3ynpTaThl HCTOPUKO-CPABHUTENBHOIO AHAIM3a MOKA3ad, YTO B TPAAMLIMOHHOM Ka3aXCKOM
o01IecTBe KEHCKOe O0pa30BaHME HOCWIO IPEUMYLIECTBEHHO He(OpMAalbHBIM Xapakrep U
peann30BBIBAIOCh B paMKaX CeMEHHO-ObITOBOM cpenbl. OCHOBHBIM KaHAJIOM Iepefadyu
KyJbTYpHBIX 3HAaHMH BBICTYNala MEXKIIOKOJEHYECKas KOMMYHMKAIMs, IZe >KEHUIMHA (B
0CcO0EHHOCTH MaTh U 0alyIlIKa) BHIMOIHAJIA KIIFOUEBYIO POJIb B IPOILIECCE MHKYIBTYPALIUH

BrisBieno, 4To:

* XEeHLIMHbI 00eCeYnBaJId TPAHCISILIUIO HOPM MOBE/IEHUS, STUYECKUX YCTAaHOBOK U T'€HJIEPHBIX
porneii;

* yepe3 NOBCEHEBHbIE IPAKTUKU (BOCHUTAHUE, PYKOJAEIHE, Y4acTHe B 00psiiaX) MPOUCXOAUIIO
YCBOEHHUE KYJIbTYPHBIX KOJIOB;

* ycTHas Tpaauus BeICTyNajla BRXKHEUIIUM HHCTPYMEHTOM COXPaHEHUs KyJIbTYPHOH HaMsTH.

B coBerckmii mepuoa HaOMIOAACTCS WHCTUTYLHMOHAJIHM3AIMA JKEHCKOTO 00pa30BaHUs, YTO
NPUBEJIO K PACIIMPEHHUIO JOCTyNa JKCHIIMH K QopMaabHOMy o0ydeHuto. OmHako TpU 3TOM
3a()UKCHPOBAHO YACTHYHOE OCJIA0JICHHE TPAJAWIMOHHBIX MEXaHU3MOB Nepeiayd KyJbTYphl, YTO
00yCIIOBJICHO YHU(DHKAIHEH 00pa30BaTEIILHOTO MPOCTPAHCTBRA.

CoBpeMeHHBIH 3Tan XapakTepu3yeTcsi CHHTE30M (OpMaIbHOTO U He(hOPMAILHOTO 00pa30BaHMUs,
I7Ie€ JKCHIIMHBI IPOJOJDKAIOT UIPaTh 3HAYMMYKO POJb B COXPAaHEHMM KYJIbTYPHOM HACHTHUYHOCTH,
afanTUpys TPAAULMOHHBIE DJIEMEHTHI K HOBBIM COL[MAIbHBIM YCIIOBHSIM.

2. Penpe3enTanus KeHIIMHBI KaK HOCUTENS KyJIbTYPHON PEEMCTBEHHOCTH

Pe3ynbrarel KOHTEHT-aHANM3a IMOKAa3IM YCTOWYMBOE 3aKpEIUICHWE B KYJIbTYPHBIX U
o0pa3oBaTeNbHBIX TUCKYpCcax 00pa3a >KEHIIMHBI KaK XpaHuTens Tpaauuuil. B yacTHOCTH, BBISBIEHO,
4TO:

* B o0Opa3oBaTeNbHBIX MaTepuallaXx M Hay4yHOM JUTepaType >KEeHIIMHAa pacCMaTpHUBAETCS Kak
KIII0YEBOI CyOBEKT BOCIIMTATEILHOTO MPOLiecca;

* B (DONBKIOPHBIX MCTOYHHMKAX (ITOCIOBMIIBI, OOpAIbI, HAPPATUBbI) QUKCHpPYETCs €€ pojb Kak
IepeAaTynKa MOpaabHO-HPABCTBEHHBIX LIEHHOCTEN;

* B COBpEMEHHBIX OO0pa30BaTENbHBIX MPOrpaMMax YCHJIMBAETCS AaKLEHT Ha TIeHIAEPHOM
paBeHCTBE, 0/IHAKO CUMBOJINYECKask (DYHKIMS AKEHITMHBI KaK HOCUTENS KYJIbTYPbl COXPAHSIETCS.

JIUCKYpPCUBHBIN aHAJIU3 IMOATBEPAWI, YTO Ja)K€ B YCIOBHUAX MOJACPHHU3ALUU COXPaHAETCS
KyJIbTypHas YCTAaHOBKA, IIPUIIMCBHIBAIONIAS JKEHIIMHE OTBETCTBEHHOCTH 3a BOCIIPOM3BOJCTBO
KYJIbTYPHBIX HOPM.

3. Tpanchopmaiiisg MEXaHHU3MOB KYyJIbTYpHOM TPEEMCTBEHHOCTH B YCJIOBUSAX MOJEPHU3AINH

AHanmu3 COBPEMEHHBIX COLMOKYJIBTYPHBIX MPOLECCOB IMOKa3aj, YTO MEXaHWU3MBbl KyJIbTYpHOH
TPAaHCMMCCHUU MIPETEPIEeBAOT 3HAUUTEIbHbIE U3MEHEHHS 10/ BIUSHUEM ypOaHU3aluHy, rI00anu3anuu
1 UG pOBU3AIIHH.

BrIsBiieHBI ClienyOMNe TEHICHINN:

* CHIDKEHHE POJIM PacIIMPeHHON CeMbH KaK OCHOBHOTO MHCTUTYTA Mepeiadul TPaJauLInii;
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* ycuneHue 3HaueHUs 00pa30BaTENbHBIX YUPESKICHUH M Menua KaK KaHAJIOB KyJIbTYPHOM
COLIMAIIN3ALINY;

* TpaHcopManus TPAJUIMOHHBIX TPAKTUK B CUMBOJIMYECKHE (OPMBI (IIPa3IHUKH, KyJIbTYpHbIE
MIPOEKTHI, 3THO(ECTUBAIIN).

[Ipu 3TOM yCTaHOBIIEHO, YTO >KEHIIWHBI, 00JIaJat0IIe BEICOKUM YPOBHEM 00Opa30BaHMUsI, yalle
BBICTYNAOT MHULIMATOPAMU U OPraHU3aTOPAMU IPAKTUK I10 COXPAHEHHUIO KYJIbTYPHOI'O HACIECIMs
(oOpa3oBareabHbIE IPOEKTHI, KPY>KKH, KYJIbTYPHbIC HHUIIUATHUBBI).

6. Koppemsuus Mexay ypoBHEM >KEHCKOTO 0Opa30BaHUS U CTEIEHBIO COXPAHEHUS KyJIbTYPHBIX
IIPaKTUK

CouMosiorn4eckuii aHanu3 IO3BOJMI BBIIBUTH 3aBUCHUMOCTh MEXIY YPOBHEM 0Opa30BaHUS
KCHILMH U UX y4aCTHEM B IIPOLIECCaX KYJIbTYPHOIO BOCIIPOU3BOICTBA

Y cTaHOBIIEHO, YTO:

* Oojee BBICOKMH YpOBeHb OOpa30BaHUS CHOCOOCTBYET OCO3HAHHOMY COXPAHEHHUIO U
UHTEPIIPETALMH TPALULIUN;

* 00pa3oBaHHBbIC >KEHIIMHBI Yallle HHTETPUPYIOT SJIEMEHTHl HALIMOHAJIBHON KyJbTYpHl B
00pa3oBaTeNbHbIN U BOCIIUTATENIbHBIN MPOLIECC;

* HaOmrolaeTcs epexo] OT MACCUBHON Nepeaayn Tpajului K UX peIeKCUBHOMY OCMBICICHUIO
U aJlanTaluy.

Takum 0Opa3om, )KEHCKOe 0Opa30BaHME BBICTYNAET HE TOJBKO KAaK MHCTPYMEHT COIMAJIbHOMN
MOOUJIBHOCTHU, HO U KaK PECypC KyJbTYpHOU yCTONYUBOCTH.

7. CuUMBOJINYECKOE 3HAUEHUE )KEHCKOr0o 00pa30BaHus B CUCTEME KyJIbTYPHON UAEHTUYHOCTH

WuTepnperaTuBHBIA aHaIM3 IOKa3all, YTO JKEHCKOE 00pa3oBaHME B Ka3aXxCKOM OOIIECTBE
npuoOpeTaeT CHMBOJIMYECKOE HW3MEPEHHE, BBIXOAS 3a paMKH yTwinTapHoil ¢yHkmun. OnHO
CTaHOBUTCS:

* MapKepoM KyJIbTypHOI KOMIIETEHTHOCTH;

* MEXaHU3MOM COXPAHEHHUS STHOKYJIbTYPHOU UACHTUYHOCTH;

* CpeCcTBOM MEIUUPOBAHUS MEX]y TPAJAULIUENH U COBPEMEHHOCTBIO.

Kenmuna ¢ 00pa3oBaHHMEM BBICTYNAET KaK aKTUBHBIM areHT KyJbTYpPHON TPaHCMHUCCHUH,

CIIOCOOHBIN HE TOJBKO BOCIIPOM3BOANTH, HO M MEPEOCMBICIUBATh KYJIbTYPHbIE IPAKTUKU B KOHTEKCTE
COBPEMEHHBIX BBI30BOB.

B 1menom pe3ynbTaThl HCClIEAOBAaHUS MOATBEPXKJIAIOT, YTO MKEHCKOe OOpa3oBaHUE SBISETCA
KIIIOYEBBIM (DAKTOPOM KyJIBTYPHOM MPEEMCTBEHHOCTH B Ka3axckoM ob1ecTBe. OHO o0ecreunBaer:

* coxpaHeHue 0a30BbIX KYJIbTYPHBIX LIEGHHOCTEH;

* aIanTanuio TpaauLUi K COBPEMEHHBIM YCIOBUSIM;

* (popMHpOBaHUE YCTONYHUBOM KYJIbTYPHOU HACHTUYHOCTH.

IIpu »TOM BBISBIACHO, YTO 3(PPEKTHBHOCTH MAHHOTO IMpOIECca 3aBUCUT OT COYETAHUS
¢dopmanpHOro 00pa30BaHMs U TPAAULIMOHHBIX MEXaHU3MOB IIepeIadn KyJIbTYPHOTO ONbITA.

[ToydeHHbIe pe3ynbTaThl IMO3BOJSIOT PAacCCMaTPUBATh JKEHCKOE OOpa3oBaHHE B Ka3axCKOM
OOIIeCTBE HE TOJBKO KaK COIMAIBHBIA WHCTHTYT, HO W KaK CIIOKHBIA KyJbTYPHBIH MEXaHH3M,
o0ecTIeYnBarONINI BOCITPON3BOICTBO M TPaHC(HOPMAIIHIO TPAAUIU. B oTiM4me 0T y3KOyTHIMTapHOTO
MOHWMaHMs O00pa3oBaHMS, OPHUEHTHPOBAHHOTO Ha MPO(ECCHOHATBHYIO IOATOTOBKY, B JITAHHOM
WCCIIC/IOBAaHUH OHO WHTEPIPETHPYETCS Kak (opMa KyJIbTYPHOH NMPAKTHKH, BKIIOUYEHHOW B CHCTEMY
MEKIOKOJICHYECKOH Mepeaun IIeHHOCTEeH

PesynbraThl HMCTOPHUKO-CPaBHUTEIIFHOTO aHAM3a IOATBEPKIAIOT, YTO B TPAJAUINOHHOM
Ka3axckoM oOmiecTBe (QYHKIMM 00pa3oBaHusi ObUIM pacHpelesieHbl MeXAy (OopMaTbHBIMU U
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He(OpMaTbHBIMA HHCTUTYTAMH, TPU OSTOM KJIIOYEeBas pPOJIb B TPOIECCe HHKYJIbTypaluu
MpUHAJUIeKATa  KEHIIUHE. 910 corjacyercs v AQHTPOIOJIOTUYECKUMHU MOJIXOaMH,
paccMaTpUBAIOIIMMHU CEMbIO Kak 0a30BbIH WHCTUTYT KYJbTYPHOM COLMAIM3AlUM, T/I€ >KEHIIUHA
BBICTYIIA€T HOCHTEJIEM U TPAHCISATOPOM CHUMBOJIMYECKUX KOJOB. TakuM o0pa3oM, Jaxe mpu
OTCYTCTBUHM  WHCTHTYIMOHAJIM3UPOBAHHON  CHCTeMBbl  OOpa3oBaHUS  KCHIIWHBI  BBIOJHSIIN
o0pa3oBaTenbHYI0 (QYHKIHIO, 00ecrieunBasi HEIPEPHIBHOCTD KYJIbTYPHOH TPaJUuIIUH

Bwmecre ¢ TeM, BBISIBJICHHAs B XOJE MCCIEIOBaHUS TpaHCHOpMAIlMs MEXaHU3MOB KYJIbTYPHOU
MPEEMCTBEHHOCTH B COBETCKMH M IIOCTCOBETCKHUM IEPHUOJBI CBUJIETEIIBCTBYET O JIBOMCTBEHHOU
MPUPOJIE MOJIEPHUBALMOHHBIX MporieccoB. C OTHON CTOPOHBI, PACIIMPEHUE AOCTyNa >KEHIIUH K
dbopmMaibHOMY 00pa30BaHHUIO CIIOCOOCTBOBAJIO WX COLMAIBLHOW MOOWJIBHOCTH W BKIIIOYCHHUIO B
nyosmunyto chepy. C npyroit CTOpOHBI, HHCTUTYIIMOHAIM3AIMS 00pa30BaHUs MPUBETa K YaCTUYHOMN
yTpate He(hOpMaTbHBIX KaHAJIOB MEpPeaaun KyJIbTYPHOTO OMBITA, YTO MPOSBHIIOCH B OCIA0JIEHUN POJIH
CEMEHHBIX U POJOBBIX MpakTUK. COBPEMEHHBIN 3Tall Pa3BUTHS XapaKTepU3YyeTCs MOMCKOM OanaHca
MEXIy Tpaaunued u uHHoBaruei. [lomydeHHble TaHHbBIE MMOKA3bIBAIOT, YTO 00pPa30BaHHbIE JKCHIIIUHBI
HE yTPauMBaIOT CBOIO (DYHKIIMIO HOCHUTEJIEH KyIbTYphl, a TPAaHCPOPMHUPYIOT €€, alanTUpys K HOBBIM
COLIMAIBHBIM YCJIOBUSIM. B 4acTHOCTH, NPOUCXOJUT TMEPEXOJ OT HEOCO3HAHHOW TPaHCMHCCHH
TpaauLUi K UX pedIeKCUBHOMY BOCIIPOU3BOACTBY. JKEHIIIMHA CTAHOBUTCS HE TOJIBKO XpaHUTENEM, HO
U HMHTEPIPETaTOpPOM KYJIbTYpBI, CIHOCOOHBIM IEPEOCMBICINBATh €€ COJEp)KaHUE B KOHTEKCTE
rI100amu3alMOHHBIX MporeccoB. Oco00ro BHUMAaHMS 3aCly’KUBAET BBISIBICHHAS KOPPENSIHS MEXIY
YpOBHEM 00pa3oBaHUsS © CTCICHBIO BOBJICUEHHOCTH B KYJIbTYPHBIC MPAKTUKH. Bompeku
pactpocTpaHEHHOMY TPEIIOJIOKEHHUIO O TOM, YTO MOJEpHHU3AIUs BEAET K yTpaTe TpaJIUlIMi,
Pe3yJIbTAaThl UCCIICIOBAHMS JEMOHCTPUPYIOT OOpPATHYIO TCHJIICHIUIO: TOBBIIICHUE 00pa30BaTeIbHOIO
YPOBHSI CIOCOOCTBYET 0o0jiee OCO3HAaHHOMY M H30MPATETbHOMY OTHOIICHHIO K KYJIBTYPHOMY
HAcJIeMUI0. JTO TMO3BOJIIET TOBOPUTH O (OPMHPOBAHMHM HOBOW  MOJEIH  KYJIbTYPHOU
MIPEEMCTBEHHOCTH, OCHOBAHHOM HA CUHTE3€ TPATUIIMOHHBIX U COBPEMEHHBIX JJIEMEHTOB.

B To ke Bpems HEOOXOAMMO YUYMTBIBaTh psii oOrpaHuueHui. Bo-mepBbix, omnopa
MPEUMYIIECTBEHHO Ha BTOPUYHBIC JTaHHBIC CHIDKAET YPOBEHb SMITMPUUYECKONW KOHKpeTu3amuu. Bo-
BTOPBIX, PETHOHAIBHBIC paA3JINUMs BHYTPU Ka3axCKOro OOIIEeCTBa MOTYT BIHUATH Ha CHEHUPUKY
MPOSIBJICHUSI  BBISIBJICHHBIX  3aKOHOMEpHOcTed. [lepCreKTHBHBIM  HalpaBiIE€HUEM JTalbHEUIIUX
WCCIICIOBAHUM TPEJCTABISETCS MPOBEICHHUE TIOJEBBIX JTHOTPAPUUYECKUX U  COIUOJOTHYECKUX
UCCIIEIOBAaHMM, HAMpaBlIEHHBIX Ha YIrIyON€HHOE W3YyYEeHHE MPAKTUK KEHCKOro 00pa3oBaHUs B
Pa3IMYHBIX COIIMOKYJIBTYPHBIX KOHTEKCTAX.

Takum o0pa3oM, OOCYyXKAeHHE pPE3yJIbTaTOB MOATBEPXKIAET TUIMOTE3Y O TOM, 4YTO >KEHCKOE
o0Opa3oBaHHe SIBISETCS KIIOUEBBIM (PAKTOPOM KyJIbTYPHON MPEEMCTBEHHOCTH, BBITIONHSS HE TOJIBKO
BOCTIPOU3BOJISAIIYIO, HO U TPaHC(HOPMUPYIOIIYIO (QYHKITHUIO.

3aKkIroucHHue

B xome mpoBea€HHOTO wHccnenoBaHUs OBUIO YCTaHOBIEHO, 4YTO JKEHCKOE OOpa3oBaHHE B
Ka3aXCKOM OOIIecTBe TMPEACTaBIseT COO0N BaKHEMIIUH MeXxaHu3M oOecreyeHus KyJIbTypHOU
MPEEeMCTBEHHOCTH, (YHKIIMOHUPYIOIIUH HA TIEPECeYCHHH TPAAWIMOHHBIX M  COBPEMEHHBIX
COLIMAJIbHBIX UHCTUTYTOB.

AHanmM3 MUCTOPUYECKOW IMHAMHUKH IIOKa3aj, 4TO, HECMOTPs Ha M3MEHEHHS (HOpM M KaHAJIOB
nepeaadn 3HaHWM, POJIb JKEHITUHBI KaK HOCHUTENS M TPAHCISITOPA KyJIbTYPHBIX IIEHHOCTEH OCTAaETCs
ycToiunBoil. B TpamummonHoMm oOrecTBe naHHas (DYHKIUS peai30BBIBAJIACH TPEUMYIIIECTBEHHO B
paMKax CEMEWHOro BOCIUTAaHWS W YCTHOW TpaJWIIMH, TOTJa KaK B COBPEMEHHBIX YCIOBHAX OHA
JOTIONTHSIETCS MHCTUTYITMOHATBHBIME (pOpMaMu 00pa30BaHUSI.

BrisiBneno, 4to xeHckoe 00pa3oBaHHE CIOCOOCTBYET HE TOJBKO COXPAHEHHIO KYJIBTYPHOTO
Hacjeaus, HO W €ro aJanTaluu K ycJIoBUsM rioOanu3anuu. OOpa30BaHHbBIE JKCHIWHBI BBICTYIIAIOT
AKTUBHBIMH CyOBEKTaMH KYJIbTYPHON TPAHCMHUCCUHU, HHTETPUPYS DIIEMEHTHl HAIMOHATBHON KYJIbTYPHI
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B 00pa3oBaTejbHbIE W COLMAIbHbIE NPAKTUKH, TEM CcaMbIM oOecreuuBas e akTyaau3aluio M
ycroitunBocTh. Ocoboe 3HaYeHHE UMEET YCTaHOBJIEHHAs 3aBHCHMOCTh MEXIY YPOBHEM 00pa3oBaHHUs
U XapaKTepoOM KyJIbTypHOW JESITEIbHOCTH: IOBBIIICHHE OOpPa30BaTELHOTO YPOBHS CBSI3aHO C
IIEPEXOOM OT IACCUBHOIO BOCIPOM3BOJACTBA TPAJAMIMU K HMX OCO3HAHHOMY OCMBICICHUIO U
UHTEpOpETallMd. OJTO  CBUACTENBCTBYET O (OPMHPOBAHUM HOBOM  MOJAETH  KYJIBTYypHOMH
MIPEEMCTBEHHOCTH, OCHOBAaHHOW Ha pe(IeKCHBHOM HOJX0/I€ M MEXKKYJIbTYPHOM JTHAJIOT.

B 1menom pe3ynbTaThl MCCIEAOBAHHS MOATBEPXKIAIOT, YTO KEHCKOE 00pa3oBaHUE SIBISETCS
HEOTHEMJIEMBIM JIEMEHTOM KYJIbTYPHON HACHTUYHOCTU Ka3aXCKOI'O OOILECTBA U BaXXHBIM PECYPCOM
e COXpaHeHHsS B YCIOBHSX COBpEMEHHBIX TpaHchopmarmii. IlpakTuueckas 3HAUUMOCTH PabOTHI
3aKJIIOYaeTCsi B BO3MOXKHOCTH  MCIIOJIb30BaHMs  IOJYYEHHBIX BBIBOJOB IpPU  pa3paboTKe
o0pa3oBaTeNbHBIX  [POrpaMM, HANpPaBJIEHHBIX HA  MHTETPALUI0  HALMOHAIBHO-KYJIBTYPHOIO
KOMITOHEHTA U YKPEIUICHHE KyJIbTYPHON IIPEEMCTBEHHOCTH.
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Tyiiin (Anaarna)

AJFBIIIAPTTAPBl  MeH MakcaTbl. JKapusaimbpUIblK —AWITIOMATHS MEMIICKETTIH —MIeTeNJIiK
ayJUTOPUSHBI TApPTHIM/BUIBIK apPKbUIbI bIKIAJIBIHA a1y MexaHu3Mi peTinje XXI raceipsia XaiablKapalblK
KAaTBIHACTAP/ABIH OPTAJIBIK YFBIMBbIHA aiHanAbl. OpTak TUIMIK, TapUXU JKOHE MOJICHU JKAKBIHJIBIK
Opranblk  A3usHbl Typkus O KapUsUIBUIBIK —JUIUIOMATUSCBIHBIH — CTPATETHSUIBIK — OacChIM/IbIFbIHA
aifHanapIpAbl. MakananbiH MakcaTsl — 2015-2025 sxpuigap apanbiFbIHAAFbl TYpPKUS KapUSIIBUTBIK
IUIIIOMATHACBHIHBIH, ~ OpTaiblKk  A3usarbl  MHCTUTYLMOHAJABIK — TETIKTEpiH, JKY3ere achlpy
epeKUIENKTEPiH KOHE HOTHIKEIePiH KeIIeH Il Tanaay.

Matepuansap MeH djicrep. 3epTTey/e MHCTUTYLHOHAIIBIK TalAdy, CalbICTHIpMAIbI-TApUXH
Tangay, KOHTEHT-TAlJay >KoHE caibICThipManbl  keiic-ctamm (Kasakcrtam wmen KpIprbizcran)
KonmansuIel. Jlepextik 6a3a peringe TIKA (2023), YEE, Maapid Kopsl bULIBIK ecenTepi; Atlantic
Council (2025), SpecialEurasia (2025) ananurukansik 6asagamaiapsl; Demir (2024), Santalo (2025),
Dosbolov & Sonmez (2023), Sar1 & Sula (2024) 3eprreynepi; Ospanova & Aliakbarova (2025)
OTaH/IBIK FAIBIMIAPBIHBIH €HOCKTEpi MaliJamaHbUIIbL.

Hotmaxenep. Typkust >apusbUIBIK JMIJIOMATHICHl MOJCHM-IMHIBUCTUKAJIBIK, OUIIM Oepy,
TYMaHHUTAPIIBIK JKOHE HUQPPIBIK — TOPT OAFBITTA KETi HETi3T1 MHCTUTYT apKbUIBI KY3€Te aChIPbLIAIbI.
Kelic-cranu notmxkenepi Kasakcran meH KpiprbizcTanHblH Maapid KOpbl MoceleciHJe epeKiie
MO3UIHS YCTaUTBIHBIH — CYBEPEHUTET MPHUHLUII MEH NMParMaTHKAIbIK BIHTHIMAKTACTBIK apachIHIaFbl
HO31K TEHrepiM/Ii CAaKTaWThIHBIH — nanenaeiai. Typki Memuekertep yitbiMbl (TMY) MoneHu GpopymHan
reocasicy ratgopmara AeiiH JambI, TYpKUs ®KapUsUTBUTBIK AUIIIOMATHICHIHBIH WHCTUTYIIMOHAJIBIK
apKayblHa alfHaJIJIbI.

Kopsbitbinabl. 2025 xputbl AKIII USAID OarnapnamanapblHblH aiiMakTaH mierinyl Typkusra
TYMaHHUTapIbIK JUIUIOMAaTHs KEHICTITIHJE CTpaTeTHsulbIK OOC OpbIH amThl. 3epTrey Typkus
KAPUSUTBUTBIK JTUIIIOMATHACHIHBIH (OKYMCaK KYID» Kypajbl PEeTiHIe FaHa eMec, KOIOJSAPIIbl dIeMIe
CTpaTETHsUIBIK BIKIAJ €Ty MEXaHU3MI PETiHAE € KbI3MET €TeTIHIH FhUIBIMU TYPFbIIaH HET131eH/I1.

Kiar ce3mep: >kapusuTbUIBIK JAUIIOMATHS; kKyMcak Kymr; Opransik Asus; Typki MemiiekerTep
yiteivMer; TIKA; Typkus ChIpTKBI cascarhl.

Kipicne

XanbIKapanblK KaTbIHACTAp TEOPHUACHI MEH TIKIpUOECiHIe KapUsIbUIBIK Auruiomatus (public
diplomacy) y¥biMbl XX fFacbpiblH O0-KbplUIgapblHaH OacTam MEMJIEKETTEpJIH CBIPTKbI cascu
CTpPATETHsCHIHBIH MaHBI3/Ibl 3JIEMEHTIHE alHaNbl. «KapHsIbUIBIK AUMIOMATH» TEPMHMHIH FBUIBIMU
aitHaneivra AKII-TeiH TadTc yHuBepcUTeTIHIH 1eKaHbl DAMYH] ['yIITMOH €Hri31M, OHbl YKIMETTEPI1H
IIeT eJJIepJieri JKalmbl MiKIpre bIKHal €Ty OarbITBIHAAFBl JIOCTYPJl JUIUIOMATHSAaH epekile ic-
mapanapel peTiHae aHbIKTaabl. Jxozed HaiinpiH «kyMmcak kym» (soft power) KOHUEMIUSCHI
OolibIHIIa MeMJIEKET MOXKOypiiey Hemece caTbill aly apKbUIbl €MeC, TapThIMIBUIBIK apKbUIbI Ja
MaKcaThIHA JKETE alajbl; MOJACHUET, CasCH KYHBUIBIKTAp KOHE CBIPTKBI CasiCATTBIH 3aHIBUIBIFBI OCHI
TapTHIMABUIBIKTBIH HEri3ri KaiiHap keznepi (Nye, 2004). JKapusanbpUiplK JWUIJIOMAaTHS — OCHI
TapTHIMBLIBIKTEl MHCTUTYIIMOHAIAHABIPBII, CBIPTKBI Ay AUTOPUSFA XKETKI3YIIH apHalbl MEXaHU3MI.

Typkus PecnyGnukacel 2002 sxpuiaH Oactanm — OAUIET KOHE J1aMy MapTHUSCHIHBIH OMITIKKE
KeTyIMeH — >KapHUsUTbLIBIK TUTUIIOMATUSHBI CBIPTKBI CasCaThIHBIH CTPATETUSUIBIK TETIriHEe aifHAIABIPIbI.
Axmetr JlaByTOFIly «CTpaTErusulbIK TEPEHIIK» TYXKbIpbiMIamacbiMeH OpTtanblk Azus, bankan, Tasy
[IeiFpic GaFbITTAPBIHIAFBI TAPUXU-OPKEHUETTIK OaiilaHBICTapAbI CBIPTKBI CAsICH PECYpCKa alHAIABIPY
unesiceid Herizneni (Kahveci & Kusgu Bonnenfant, 2023). 2016 >XbIIFBI COTC13 MEMIICKETTIK TOHKEPIC
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OpEKETIHeH KEHiH >KapUSUTBUIBIK TUIUIOMATHUSI OPTAIBIKTAaHABIPBUIBI, [Ipe3uAeHTTIK KOMMYHUKAIUS
keHcecinin (Iletisim Baskanlig1) MBIKTBI HHCTUTYIIMOHAIIBIK PeQOPMACHIMEH HBIFANTHIIIEL.

Opranbik A3us ailMarbl OpPTAaK TULIIK, TApUXU >KOHE MOJCHU JKAaKBIHIBIKKA OaillaHbICThHI
TYpKUSHBIH >KapHUsUIbUIBIK AMIUIOMATUSICBIHAAFBl CTPATErHsUIBIK  OachIMIBIKTApABIH Oipi  OOJIBII
TabbIIaabl. AMMaKTBIH reocasicd MaHb3bl Pecelt, Kpitali xxoHe baThic MeMIIEKETTEpiHIH BIKIAT YIIiH
0ocekeciMeH oaaH opi apryaa. 2021 xwutel Typki keHeciHiH Typki memiekerrep yibiMbiHa (TMY)
aitHairysl — Kazakcran, Kpipreizcran, ©30ekcTan, O3epbaiixkad Myiie OOJbIN KipreH — Oy O6arbiTKa
MaHBI3]Ibl THCTUTYIIMOHATABIK cepitin 0epai (Atlantic Council, 2025).

3epTTeyaiH XpoHOIOTHUIBIK meHO0epi 2015-2025 sxputgapasl KaMTHIBL. BYJT OH XKBUIABIK apaibIK
yir 0eTOyphIcThl oKurameH OenriieHeni: 2016 KbUIFBI MEMJICKETTIK TOHKEPIC OpPEKeTi »KoHE OJlaH
TyBbIHJaFaH UHCTUTYLIMOHAIBIK OpTanblKTaHabIpy; 2021 xbuiebl TM ¥ -HbIH KaliTa aTaybl; xkoHe 2025
xbuTbl AKII USAID aliMakThIK OarmapiiamMaliapblHbIH TOKTATBUTYBI. 3€PTTEYIiH FHUIBIMU KaHAIBIFBI —
aTallfaH YII OKHWFAaHBIH IKAPUSIIBUIBIK JUIUIOMATHSIIAFBl CTPATETUSIIBIK AayBICHIMIAPAbI  Kaylai
allKbIHIaWTHIHBIH KEIICH/ 1, CaJIBICThIpMaJibl Kelic-cTaau (popMaThIHAa alFall peT Tajnaayaa.

Kazakcrangarsl Opranbik A3us aiiMarbiHa OaliIaHbICTBI OTaHIBIK 3E€PTTEYIIEP /1€ OChl MACEICHIH
MaHBI3IBUIBIFBIH pacTaiabpl. Ospanova & Aliakbarova (2025) Kasakcran-Typkus JUIIOMAaTHSUTBIK
KATBIHACTAPBIHBIH JKAPHSUTBUIBIK JUIUIOMATHS ACTIEKTICIH Tallail OTHIPHIN, eKIKAKThl OaiylaHbICTapIa
MoJieHH (aKTOPABIH KYIICHIN J>KaTKaHBIH HaKThUTaWmbl. Amnaiiga 2015-2025 sxeligap apalibIFbIH
KAMTHUTBIH XYHeIl MHCTHTYITUOHAJIBIK 3ePTTEY FHUIBIMU 00C OpBIH OOJIBIT KaTy/a.

Marepuajaap MeH daicrep

3epTTey/IiH TeOPHSUIBIK-9IiCHAMANBIK Heri3iH skapusutbuiblK aurutomarus (Cull, 2012; Melissen,
2005), wymcak kymr (Nye, 2004), cTpaTerusuiblk KOMMYHHKAIIHS KOHE aliMaKThIK BIKIAT TEOPHsIIaphl
Kypaibpl. 3epTTey/ie TOPT HeTi3ri METONOIOTHSUTBIK TOCLT KEIISH I TYp i KOJIIaHbUIIbI.

NucrutynnoHaaabik  Tanaay. Typkus S>KapusUIbUIBIK —TUIUIOMATHSCBIHBIH JKETI HETI3T1
unctutytsl — YEE, TIKA, YTB, Maapi¢ xopsi, TRT World, Diyanet, iletisim Baskanlig1 — onapabix
aliMaKTBIK KaTBICY AayKbIMbI, OIO/DKETTIK JepekTepi, jxobamap canbl sxkoHe 2015-2025 sxpuimap
apaJIbIFBIHIAFRl TMHAMHUKAChl OOWBIHINA TayijmaHabl. Jlepektik 0aza periHie TIKA xbuiasik ecebi
(2023), YEE cratuctukacsl, Maapi¢ kopsl 6astuiamacsl (2025) naiiananbuiibl.

CanplicThipManbl-Tapuxu Taaaay. JKapusibUIblK AUIIIOMATHS TY>KBIPBIMAAMACHIHBIH KE3EHIIK
sBomorusicel — 1960-1990: akmapaTThIK-HacUXaTTHIK Mojaenb, 1990-2010: >xaHa KapHITBLIBIK
murutomarust; 2010-2025: uudpasik-rudpuarik moxens — Gullion, Melissen (2005), Cull (2012)
KITACCUKAJIBIK TEOPHUSIIAPBl apKBLIBI capaianbl. TYpKUs KapUsUIBUTBIK AATUIOMATUSACHIHBIH 1991-2025
Kblaapaarel  kezeHAik gamybl Kahveci & Kuscu Bonnenfant (2023) TykbIpeIMaapbiMeH
CITBICTBIPBUI/IBI.

Kounrent-Tanaay. Atlantic Council (2025), SpecialEurasia (2025), Bourse & Bazaar Foundation
(2025) amamutukanelk OasHmamanapsl; Demir (2024, 2025), Santalo (2025), Merkouraki (2024),
Dosbolov & Sonmez (2023), Sar1 & Sula (2024), Giiltekin (2025) 3eprreynepi; Ospanova &
Aliakbarova (2025) oranasIk 3epTreyi; xoHe «2024-2029 JKapusiabUiblK IUMJIOMATUS CTPATETUSIIBIK
AKocTapbl» (Uetisim Baskanligi, 2024) nepekrik 6a3a peTiHae naiganaHbUIIbL.

Caabicteipmanbl  keiic-ctaau. Kaszakctan men Kpiprbizctanaarel Typkust KapHsUTBUIBIK
TUTUIOMATHSICHl MOJICHU-IMHTBUCTUKAJBIK, OUTIM Oepy, TYMaHUTAPIBIK kKOHE SKOHOMUKAIBIK — TOPT
eJIeM/ie canbICThipMalibl GopMmaTTa TangaHnabl. Keilc-cramum Tannmaysl eki enaiH Maapid Kopbl
MoceleciHle TIPHHIMITI TYPFBIIAH epeKiieeHeTiH nosumusiapbi, TIKA o06anapbiHbIH SKUiTiriH
(Keiprerzcranga 1 300+, Kazakcranga 500+ sxo00a) xone TMY meHOepiHaeri OeICeHIITIK AeHI eHiHIH
allBIpMAIIIBUTBIKTAPBIH HET13Te alljbl.

HoaTumxkesep xdHe TaJIKbLIAY

8. KapusaabLIbIK TUIJIOMATHSHBIH TEOPUSIBIK IeHOepi

KapusutbUTbIK qUIUTOMATHS TYXKBIpbIMIamMackl CYBIK COFBIC KE3IHJETi MporaraHaa MOCITiHEeH
IUANloT TIEH JKENUTiK OailllaHbICKa HETI3JeNreH JKyiere neiin spomtonus kemripai. Kymmimin Oec
KOMITOHCHTTI MOJENi — THIHAAY, XalbIKapajdblK HACHXaT, MOJCHU JIUIUIOMATHS, ajMacy
Oarmapiamanapsl, XajablKapaiblK xabap TapaTy — KapUsUIbUIBIK TUTIOMATHSHBI MIETENAIK ayIuTOpUs
MiKipiHe XYyHenl bIKnan ety mnpoueci petinae anbikTaiiasl (Cull, 2012). Slu MenucceH yChIHFaH <«GKaHa
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KAPUSUTBUIBIK ~ TUIJIOMATHs» TY)KbIPbIMJAMachl MEMJICKETTIK €MeC aKTOpiapAblH KYLIeIl MeH
nupablK  IaTGopManapasiH JAaMybl OJKaFdaibIHIA JIHAIOTKA J>KOHE JKENIIK e3apa OpEKeTKe
Heriznenren mozaenbai Herizaenai (Melissen, 2005). By aybiceiM — «xabap TapaTynan» «OaiiaHbIC
opHaTyra» JereH OerOypeic — Typkus KapusIbUIbIK AUIUIOMATUACHIH 3€PTTEYAIH TEOPHSUIIBIK
eHOepiH aHbIKTal b1, el TKeH1 TypKHs ic Ky3iHAe OCHI €Ki Ke3eHHIH JIe TOKipuOecine cylheHei.

Ocsr 3eprTeyae Typkus sKapUsUTbUIBIK TATIOMATHSACHI «kKyMmcak Ky (Nye, 2004), «oTKip Ky
(Walker & Ludwig, 2017) xone «cmapt kym» (Nye, 2009) — ym KOHIENIMSHBIH aHAIUTHKAIBIK
miKanacel OoWbIHIIA Oaranmanabl. HaliablH «0KyMcak KyIIi» TapThIMIBUIBIKTBL, SIFHU MOJCHHET, Cascu
KYH/IBUTBIKTApP JKOHE CBIPTKBI CasiCaTThIH 3aHJBUIBIFBIH, BIKIAN €Ty Heri3i perinae Tanuasl. Walker &
Ludwig (2017) yceiHFaH «OTKip KYID» — OyaaH mMyJae 0es1eK KOHIEMIH: 0J1 MEMJICKETTIH IeTeIIK
ayJUTOPUSHBI TapTHIMIBUIBIKIICH €MEC, aKMapaTThl MaHUITYJALUS jkKacay, Ae3uH(opMaius Tapary
HEeMece IIeTeNAIK MeAaua KEHICTITH MH(WIbTpanusiay apKbUIbl 63 MakKcaTTapblHa KETyiH
cunarTaiel. «CmapT Ky 6oiica — Oyt ekeyiHiH MakcaTTsl cunTesi: Haii (2009) 6oiibiHIna MmemiekeT
«KaTaHy JKOHE «KYMCaK» PeCypCcTapbl CTPATETUSIIBIK TYTAaCThIKTa yitectipeai. Demir (2024) Typkus
KAPUSIIBLUIBIK JUTIIOMATUSACKIHBIH 2011 >kpuiman Oacram <«GKyMCak KYIITEH» «OTKIp KYIIKe» aybICy
OenrijepiH  OIOUKETTIK JEPEeKTepPMEH JQJNICIACHIl: MEMIICKSTTIK HMHBECTUILIMS apTKAaHBIMEH,
JIEMOKPATHUSUIBIK Kepi KeTyre OailIaHbICThI XaIbIKapaJIbIK MMUJIKI€ IIBIFBIH 12 YIIFalIbl.

Ocbl TeopusUIbIK IeHOepre cyileHe oTbIpbiN, 3epTrey OpTanblk Asusaarsl Typkus ic-
[IapajapblH «Ta3a XYMCaK KYIITEH» «THOPUATIK CMApT KYIIKE» NEHIHTi CIIEKTpIe OpHAIACTHIPAIbI.
IOnyc DOmpe MHCTUTYTHIHBIH Til Kypcrapbl MeH Turkiye Burslart mrokiprakbuiapbl KIacCHKabIK
KYMCaK KYIITiH HaKThl KepiHici 6onca, TRT World-TiH «bamama HappaTHBTIK» CTpaTErHsIChl MCH
Diyanet-TiH uciamMabIK KelieHyi THOPUATIK aiiMakka skakbiH. Sart & Sula (2024) «opta aepikaBa»
CTpaTerusichl KOHTEKCiHAe TYpPKUSHBIH OCBHl €Ki MOJIOCTI Oip Me3riije YCTaHybIH MparMaTHKaIbIK
TUIUIOMATHSUIBIK, ~ paloHan  peTinae cunartaidael.  Ocwinaiinia, OpTanblk  Asust  OOMBIHIIA
MHCTUTYLMOHANIBIK Tangayfra (2-Tapmak) Kipicep ajlIblH[a aHBIKTAIFaH TEOPHUSIIBIK IMIEHOep — XKeTi
MHCTUTYTTHI «OKYMCAaK» HEMeCe «THOPUATIK» el KIKTCYAIH aHATUTUKAIBIK Tiperi OOJBIN KbI3MET
erenl.

2. UHCTUTYHMOHAJIBIK KYiie: ’eTi Tipek

2018 xbuisl [pesunaenTTik kommyHukaius kencecinin (Iletisim Baskanligi) kypsutysl Typkus
KAPUSUTBUTBIK  JAUTITIOMATHSCHIH OPTaJIBIKTAHABIPYIBIH HHCTUTYIHOHAIIBIK IIBIHBI Oonael. KeHce
tikeneil [Ipe3uneHTke OarbIHATBIH OpraH pETiHAE YHBIMAACTBIPBUIBIN, XHUBIPMaZaH acTaM TijIze
nuQpIbIK KOMMYHUKalusiHbl yiiectipeai. 2024 xbuibl KeHce «2024-2029 sxpuinapra apHaiFaH
XKapusnbulblK AUIIIOMATHS CTPATETUSJIBIK JKOCHAPbIH» JKapusiaabl — TYpKusS TapUXbIHIAFbl OCHI
calajarbl agralikel pecMu cTparterusiiblk  Kyxkar (Iletisim Baskanlhigi, 2024). Byn sxocmap
KAPUSUIBUIBIK JTUIUIOMATUSHBl Ke3/1eHCOK ic-IIapaiap XUBIHTBIFBIHAH MEMIIEKETTIH CaHalbl Typle
KYHesereH y3ak Mep3iMl cTpaTerusiCblHa alfHaJIIbIPbIL.

KeTi MHCTUTYTTHIH OpPKaWCHICHI JKApPHUSUIBUIBIK AUIIOMATHs CIEKTPiHiH Oenriii Oip CerMeHTiH
kamtuasl. YEE (2007) MoJIeHHET TeH Till apKbUIbl «ajaMu OaiimaHeicThl» gambitca, TIKA (1992)
HaKThI J]aMy >k00aapbl apKblIbl «CEHIM/II CepIKTeC» UMUJUKIH OpHBIKThIpaabl. Y TB / Tiirkiye Burslari
(1992/2012) Gonamak 31MTaHbl JalbIHAANTHIH «alaMy KanuTall KOHBEHepin» »kacaiinpl, an Maapid
Kopbl (2016) xannsl opra O6u1iM KyleciHe Tikenei kipyai makcat ereni. TRT World men Anagony
areHTTIr akKMaparThK KeHicTikTe Typkus HappaTHBIH TapaTaTblH MeIUaNbIK Tipek Ooiica, Diyanet
Opranblk A3us eniepiHiH 0achlM MYCBUIMAH XalKbIMEH «OpPTAaK IIHU-MOJIEHH KEHICTIK» OpHATy
apKBUTBI JKapUSUTBUIBIK ~JATUIOMATHSHBIH —€PeKIe CHMBOJIBIK-IIHH OJMIeMiH KaMTHIbl. OcCbl
MHCTUTYTTap/IbIH )KUBIHTBIK CUNIATHI 1-KecTene Oepiirex.

1-kecte. TYpKHS KaPUAJIBbLUIBIK AUTIOMATHSCHBIHBIH MHCTHTYIHOHAIBIK HH(PPAKYPBLIBIMbI
(2025 xbLIFBI AepeKTEp)

HucruryT KypbLiraH KbliIbl AMMaKTBIK KaTbicy | OpTajbIK A3usiAarbl
BIKIAJT
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YEE (FOnyc Dmpe) 2007 69 en, 93 opTaybIK AnmMartel, ActaHa,
Bimkek, Tamkent; 26

000 Tin yipenymri
TIKA 1992 100+ en OA-pna 2 700+ x00a;

Nacayu keceHecin
KaJITIbIHA KEATIPY

YTB / Tiirkiye 1992/2012 170 en 5000
Burslari IIOKIPTAKBI/ KBLT;
Kazakcrannan 262
ctyneHT (2023)
Maapid Kopsr 2016 55 en, 517 mexren Keipreicranna 1

MmekTten (2021-aen);
bimkex yHuBepcureTi

TRT World / AA 2015 100+ en 13 Tinge xabap
Tapary; OpbIC TiUTIHE
OA pemaxkuuscol

Diyanet 1924 100+ en Memritrep, uMam
Aaspray; UCIaMIIBIK
BIHTBIMAKTACTHIK

fletisim Baskanlig 2018 Kahanbix 20+ Tinme uudpITbIK
Menua; 2024-2029
CTpATETHUSICHI

Hepexxes: TIKA (2023); Giiltekin (2025); Atlantic Council (2025) depexmepi nezizinde asmopmen
aHcacanovl.

1-kectene Oepinren nepexrep Typkust HHCTUTYIHOHANIBIK KYUECIHIH €H MaHBI3bl CUITATHIH —
«rytac ykimet tacimin» (whole-of-government approach) — aiikein Gaiikatamsl. TMY 1eHOepinzeri
cTyneHT anMacy OaraapiamacbiH YEE men YTB Oipnece icke acbipca, OpTanblk A3usigarbl MEKTEI
sobanapbina Maapip kopsl Men TIKA katap arcansicansl. Kahveci & Kusgu Bonnenfant (2023) Gy
tocuial AKII-terH USIA nemece ¥YnwiOpurtanusubeiH British Council 6ip uHCTHTYTKa TipeneTiH
MO/IEJIIHEH MPUHIMIITI TYPFbIJIaH €PEeKIIETICHETIH «ITOJUEHTPUCTIK HHCTUTYIIMOHAIIBIK MOJIENbY ATl
aTaiapl. MyHail OJMIIEHTPU3M Oip JKaFbIHAH JKAPUSIIBUIBIK TUTITIOMATUSHBIH MYMKIHJIITIH KeHEHTCe,
eKIHII JKaFblHaH aiiMaK MemileKkeTTepiHiH TypkusiMeH OailnaHbIChIH Oip-OipiHEH Toyenci3 OipHere
apHa apKbUIBI OpPHATYbIHA OJI amaabl — OYJ WHCTUTYIHUOHAIJBIK HMKEMIUTIKTIH CTPaTEeTUSIIBIK
apTHIKIIBLIBIFBI.

3. MoieHH-TMHI BUCTHKAJIBIK TUILIOMATHSA

MoieHU-TUHTBUCTUKAIIBIK JTUIJIOMATHUS KapUsJIbUIBIK JUIUIOMATHsl CIEKTPiHAE KIACCHUKAIbBIK
«OKYMCaK KYIITIH» €H Ta3za KepiHici 6oibin Tadbuiansl. 1-kecrene oepinrenaeii, YEE 2025 xbiasr 69
enge 93 opranbIKThl Kyprizin, 26 000 Tin ylpeHyire KbI3MeT YChIHIbI. OpTanblK A3HsIaFbl MOIEHU
opTansikTap — AnmMatel, Acrana, bimkek, Tamkent — 2016-2025 xpuimapbl TiJl KypcTapbIMeH KaTap
KHHO, My3bIKa jKoHE KiTan (ecTHBaIbAapbiH YilbIMaacTsIpabl. 60 engeri 80 yHUBEPCUTETIIEH FHUTBIMU
IWIJIOMATHSl  CalaChIHJAFbl BIHTBIMAKTACTBHIKTHI JKAJIFACTBIPA OTBHIPBIN, WHCTUTYT aKaJEMUSIIBIK
OaliIaHBICTHI 1a MOJCHM JMIUIOMATUAHBIH Oip apHacekiHa aiHanabipasl (Giiltekin, 2025). 2016-2025
KbULIAPbI TIKA men YEE OipiieckeH Oarmapiamackl ascbiHaa 460-TaH acTaM Ka3aKCTaHJBIK Ie1aror
Typkusga kociOu naspibIKTaH O6TTI — OYJI MOICHU AUIUIOMATUSIHBIH O11iM Oepy canachIMeH TOFBICAThIH
HAKTBI MBICAJTBI.

JIMHIBUCTUKAJIBIK AMIJIOMATUSHBIH CTPATETHSUIBIK MaHBI3Bl JKEKEJIEereH T KypcTapblHAaH
aHarypibsIM TepeHre Oapaabl. 2024 xpuiaelH KbIpkyiherinae Typk akanemusicel 34 opinTeH TypaThiH
opTak anpaBuUT Typajbl Tapuxu kenicimre koi skeTkizai (Atlantic Council, 2025). Optanbik A3us
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enjiepl KUPUIUT Ka3yblHAaH JIATBIH JKa3yblHA aybICy YAEpICIHIErT MaHbI3Abl OeNeCKe JKeTil OTBIpFaH
ke3ne — O30ekcran 1993 xpuinan, Kazakcran 2017 xbuigaH Oacram Ke3eHACH JaThIHFA aybIcyaa —
opTak 34 opinTi andaBuTTiH naina 60Iysl OCHl aybICyAbl TYPKUSMEH TULMIK KaKbIHAACY OarbIThIHA
Oypansl. OKyJBIKTapAa, pecMH KyKaTTapia >KoHe LU(pibIK KOMMYHMKalusana OipbIHFal jxazy
KYWECIHIH OpPHBIFYBl — MEMJIEKET ACHreHiHIeri y3aK Mep3iM[i JIMHTBUCTHUKAJIBIK JTUTIOMATHUSIIBIK
XKeTicTik. MyHBI aliMakThlH Pecell KuMpWIUIMIIAaChIHAH aJlIaKTaybl KOHTEKCIHAETI MOJCHU KakTa
OarapiIaHyIbIH HHCTUTYIIUOHAIIBIK OCKITLTY1 JAen Oaranayra 00Jabl.

MeMmiekeTTiK MOJICHH AMIIJIOMAaTHsAMEH KaTap OpraHUKabIK «KyMcaK KYLID» apHachl Ja aepoec
xKyMmbIc skacaiinel. «Qupinin Epryrpeuny, «Ocman», «Faceipiap yiel» CHSKTBI TapuXH CepUaigap
Opranblk AsusuibikTapablH Typkusfa JereH >KarbIMAbl MMMJDKIH KaJbITACTBIpYJla €peKlIe poi
atkapabl  (Eksi, 2018). byn ¢deHomeHHIH MaHBI3BI — OHBIH MEMJIEKET OacTamMachlHAH ThIC,
TYTBIHYIIBUIAPABIH ~ CTUXWSJIBIK ~TaHmaybl HeriziHae TyeiHmaybiHaa. TikTok mnen YouTube
1aTopMalapbIHIAFbl TYPIK acXaHachl, My3bIKachl )KOHE TYPHCTIK OeifHenepi J1e 0Chl OpraHUKaJIbIK
BIKIAJABIH Oeuirin Kypaiael. Hotmwxkecinne YEE apHacel (MeMIIEKETTIK, »OCTapiibl) MEH cepuai
apHachl (OpraHUKAJIbIK, CTUXHSUIBIK) ©3apa Kymienin, « TypKust Typaiibl sKaFbIMIbl HMHDKAD» OpTanbiK
A3us  KOFamJapblHJIA TaMblp >Kalablpazbl. byl eki apHaHblH TOFbICYbl — TypKus MoJeHH
JTUTUTOMATHSCHIHBIH 0acka akTopiap (Peceit, KbiTail) MoaeniHeH epeKiienedTiH THOPUATIK TaOUFAThIH
alKBbIHIAMTbI.

9. Binim 0epy AUIIOMATHSCHI: «aIaMH KaIMTAJD> CTPATErUsACHI

biniM Gepy AMUMIOMATHACH! >KapHUUIBUIBIK JUIUIOMATHSIHBIH €H Y3aK Mep3iMIl, opi HOTHKECIH
alIplK  caHpapaa esmeyre OonmaTelH  OarbIThl.  TYpKHsL yHHMBEpPCHTETTEpI MEH HIOKIpTaKhI
Oarnapiamanapbl apKbUlbl JalbIHAANFaH Kajpiap KeHiH MEMIIEKETTIK KbI3MeTTe, Ou3HecTe,
aKaJIEMUSUTBIK OpTa/a JKYMBIC icTel oThIpbIn, TypkusMeH OaiiylaHbICTBI OeHpecMu KeJlire aiHaiaabl
(Dosbolov & Sonmez, 2023). by keniHIH CTpaTErwsUIbIK MaHbI3bl — OHBIH HOTHIKECI OH JKbUIIAP
00I1bl )KMHANATBIH «YPHAKThIK MHBECTHLIMS» CUIAThIHJA O0JIybIHAA: OYTiH OKBIFAH CTYIEHT €pTEH eIl
anuTackiHBIH Mymeci 6omanasl. Atlantic Council (2025) 6aranaysr 6oiisiamna Tiirkiye Burslart apkpiist
naipiHaanrad OpTanblK A3HUSUIBIK TYJIGKTEP €1 IIHACTI «aJaMH JUIUIOMAaTHs Ti30eriHIH» MaHbBI3IbI
OybIHBIHA aifHATYAA.

1-xectene YTB / Tiirkiye Burslar1 6armapiamMacbiHbIH ayKbIMBI )KMHAKTAIIFaH: XKbUT caiibiH 170
engeH 120 000-HaH acram eTiHIM, 5 000 mokipTakbl. byn canaapablH apThIHIAFbl TMHAMUKA OJaH Ja
MmaHb3abl: Tlrkiye Burslart apkeuiel Typkus >korapbl OKYy OpBIHIApBIHIAFbl LIETEAIK CTYACHTTEp
canbl 2015 xbutrbl 75 000-Han 2025 xbuibl 340 000-rFa xerti — 10 xbuina 4,5 ece ecy (Giiltekin,
2025). 2023 xbumel Kazakcrannan 262 cTyaeHT ockl Oarmapiamara ipikrenai. 150 000-HaH actam
TYJIEKTEH TYpaThIH *kahaHABIK allOMHU >KeJici Oosamak bIKHal €Ty MHQPAKYpPhUIBIMBIHBIH alFaFsbl;
ykimer 2028 xburra Kapaid 500 000 merengik CTYJIEHT TapTy MakcaTblH OenriereH. Oprajblk
ABMSIIBIK  CTYJAEHTTEpAIH OarjiapiiamMara JKOFapbl KbI3BIFYIIBUIBIFBI  1MIIHApa SKOHOMMKAJIBIK
daktopnapmen (Eyponanbik OimiMHIH 0anmama HYCKAachl), ilIiHapa TUIIIK-MOJIEHU >KaKbIHIBIKIICH,
imiHapa TypKUSHBIH «IaMyIIbl €J1» peTiHAET! KaFbIMIbl UMHJDKIMEH TYCIHAIPIE].

Opranblk Asusiarbl eki ipi OipieckeH yHuBepcureT — Kaszak-Typik ynuBepcureti (Macayn,
Typkicran, 6 000+ ctynent) xone Kpiprbei3-Typik Manac ynusepcuteti (bimkek, 5 000+ cryaeHr) —
HIOKIpTaKbl OaFJapiaMachlHBIH TOJBIKTHIPYIIBI TipeK HYKTeJIepi OONbIN TaObuIabl: ojlap CTYAECHTTI
Typkusira xi6epmelt, TypkusiblK Ou1iM Oepy cTaHIapThIH Tikesnel aiimakka okeneni. Atlantic Council
(2025) 3eptTeyi OOMBIHIIA OChl YHUBEPCUTETTEP/ET1 TIOPKOJIOTUS KadeapanapblH HbIFAlTy aiiMakTa
KaHa FajgpiMaap OybIHBIH AasipiayJa MaHbI3Abl poi aTkapaabl. TMY mateipeinnarsl OpXyH anmacy
Oarapiamachl Jla CTYACHTTEp MEH 3epTTeyluiiepAiH TypKusaa TarbUlbIMIaMa eTyiHe MYMKiHAIK
Oepr, akaJeMUsIIBIK OaimaHbpIcTapAbl OfaH opi HbFaiTanbl. Maapid kopsl 2025 xputsl 55 enme 517
OKy MekeMeciH Oackapsil, xahaunaplk Ounim Oepy xeminepinin TOII-5 katapeiHa eHim, Oy kyilere
JKaJbl opTa O11iM caThichiH Aa Kipiktipal (Giiltekin, 2025).

10. F'ymMaHuTAPJABIK AUIIOMATHSA kIHe 2025 sKbLIFbI reocasicu 6eToypbic

TIKA — TypkusubiH OpTanblk A3Hagarbl T'yMaHHTApIBIK IMIIOMATHSCHIHBIH 0acThl icKe
aceIpylIbl opranbl. 1-kecreae Oepinrenaeit, areHTTik Opranbik Asusiga 2 700-meH actam KoOaHBI
askragel: Kaszakcramma 500+, Keipreiscramga 1 300+, Oz6excranma 900+ xo6a (TIKA, 2023).
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Kobanap neHcayinslk cakray, 0i1iM 6epy, HHPPaKypbUIBIM KOHE TAPUXU MYPaHbI CAKTay 1l KAMTBIJIBL.
KobGamapaeiH imiHaeri eH cUMBOJIBIK MaHbI3Ael — Koxka Axmer Macaym kecenecin (Kaszakcran)
KalnmbeiHa KenTipy: Oyn OpTta A3usgarbl OpTaK HCIaMIBIK-TYPKUTIK ©PKCHHETTIK MYpaHbl Oipiece
KOpFay/IbIH >KapUSIIbUIBIK JUIIOMATHSUIBIK KecTi 00mapl. 2024 xbutbl Typkust KeipFei3cTanHbIH 59
MJIH JI0J1ap OOPBIIIBIH OTEI, KaHAPTHUIATHIH YHEPTETHKA jK00aIapblH iCKe achlpy Typalibl KeliciMre
koa xeTkizal (Atlantic Council, 2025) — myHa TIKA-ubig T'YMAaHHUTAPJIbIK MaHAThl SKOHOMHKAJIBIK
JTUTUIOMATHSIMEH TOFBICHII, «KOMAPT CEPIKTEC)» UMHUJIKIH HBIFAUTTHI.

2025 xwpuiaeiH Oackinga AKHI USAID OGarmapnamanapbiabiH OpTasiblk A3WsiIaH IIETiHY1
allMaKTBIH JaMy BIHTBIMAKTACTBIFBI APXUTEKTYPACHIHAA €JIeYJl OJKBUIBIK TYFBI3AbI: KBIpFbI3cTaH
OarnmapiamanapeiHbiH 78%-b1, ToxkikcTan OarmapiamManapbiHbIH 69%-b1 TOKTATHUIII, Ka3zakcTan MeH
O30excrangarsl O0apibik aepiik USAID Garmapmamanapsr sxoibuiasl (Times of Central Asia, 2025).
Atlantic Council (2025) Garanaypl OOWBIHIIA OCBHI XaHa Teocascu KOHBIOHKTypama Typkus TMY¥
apKbUIbI aiiMaKTaFrbl MO3MIMACHIH HBIFATyFa HAaKThl MYMKIHAIK anjsl. Bourse & Bazaar Foundation
(2025) Oomxambl OOWBIHIIA OPTATBIKA3MSIBIK MEMJIEKETTep OajlaMa Kap KbUIAHIBIPY KO3JepiH
13aeiTin Oonaapl — MmyHna Typkus Tek BIKNAJI €Ty HHUETIMEH FaHa €MecC, ICKe achIpbUIFaH jxolamap
sxuHarbiMet 1e (1-kecteneri TIKA nepektepi) cTpaTerusblK apThIKIILUILIKTI HO3HILMAA.

Hereamen USAID BakyyMblH TONTBIPY JKONbl OHaiW emec. Demir (2025) aram eTkeH
«JIEMOKPATUSAIBIK Kepl KEeTYIiH» WMMHUDKIIK IIBIFBIHAApEl MeH OpTanblk A3usgarbl  peajiblK
TYMaHUTApPIBIK KOOaJlap apachlHIAFbl Keperap axyan TypKus KapUsuTbUIBIK JUTUIOMATHSICHIHBIH
QIBIHIAFBl HETI3T1 JTUJIEMMAaHbl aWKbIHIAWABI: CBIPTKBI ayauTOpHs TYPKUSHBI «IEMOKPATHSIIBIK
CepiKTec» peTiHae KaObuimaik anmaca, TyYMaHHTApIIBIK JKOOATapIblH «OKYMCAK KYID» MOTCHIIHAJIBI
azasnel. TMY¥ menOepingeri 2025 kputFbl  TamKeHT KOH(EPEHIUSACHI CayAaHbl JaMBITY,
MHQPAKYPBUIBIM/IBI HBIFAUTY >KOHE IUQPIBIK OalIaHBICTHI KEHEWTy OOWBIHINIA ic-IIapanap MaKeTiH
kaObimanel  (SpecialEurasia, 2025). byn kamamM ryMaHUTapiblK AWIUIOMATHUSHBI  1C-XKY31HAE
HSKOHOMHUKAIIBIK JKOHE MHCTUTYLIHOHAIJBIK BIHTHBIMAKTACTBIKIICH TOFBICTHIPHIN, KAPUSIIBUIBIK
JTUTUTOMATHSIHBIH «MaTEPHAIIIBIKY OJIIeMIepiH OeKiTe TYCTi.

11. CanbicTeipmadnbl keiic-ctaau: Kazakcran men KoIprbi3cTan

Korapbiga cumarranFaH HMHCTUTYHHMOHANJIBIK TETIKTEPIIH HAKThl eJeple Kajal xKysere
acaTblHBIH Oaranay yuriH 3eprrey Kaszakcran meH KpIprbI3cTaHabl Kelic-CTaAu pETIHAE Tajaajbl.
Bapnwik enmemaep OoifbiHINIA KUHAKTAIFAH JEPEKTEp 2-KecTene OepiareH; OChl KeCTEJEH IIBIFAThIH
OipHellle MaHbI3/1bl AaHATUTUKANIBIK TY)KBIPBIM Oap.

2-kecte. Kazakcran men Kpiprbi3cranaarbl TypKus sKapusIbUIBIK TUIIIOMATHSCHI:

CAJIBICTBIPMAJIBI Kelic-cTaan

Onem Ka3zaxkcran Ksiprbi3cTan

MoneHu Karbicy YEE Anmartel, ActaHa; YEE Bimkex; TURKSOY; TMY
TURKSOY; TMY myme AR

binim Gepy Nacayu yH-T1 (6 000+); 262 Masac yu-1i (5 000+); Maapig

Tiirkiye Burslar1 crynenti (2023) | mekre61 (2021-nen)

TIKA xo6anapsl 500+ x06a; Macayu kecenecin 1 300+ 5x00a; 59 muH $ GopbI 6TEY
KaJIIbIHA KENTipy (2024)

Maapid Kopsr Mexkten Oepynen 6ac TapTThl AiiMaKTa ajFamKbl MEKTEN allbUIIbl

(2021)

TMY peui Bencenni; Xansikapanslk Tropk bencenni; OpxyH anmacy Gar.
akaJeMHsaCcEl AcTaHana Kateicymbl

JKanmer 6ara [TparmatukanbIK; CyBepeHUTETTI | TepeHipeK bIHTBIMAKTaCTBhIKKA
MBIKTBI CAaKTaiIbI aIIBIKTAy
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Hepexxes: TIKA (2023); Atlantic Council (2025); Ospanova & Aliakbarova (2025) depexmepi
He2i3iHOe a8MOopMeH HCaAcanobl.

2-xecTeneri eH MaHbI3Ibl Tokkenik — Maapid xoper xonbl. Exi en ge Tiirkiye Burslari
mokipraxeinapsina, YEE Mmonenu opransikTapbiHa xkoHe TIKA sxoGamapblHa KaThIcaspl, 6ipak imnki
MEKTeN >YHeciHe CBIPTKbl CyOBEKTiHIH Tikeleill OakplayblH KaObuigayla OJIapIbIH MO3HIUSIAPHI
MPUHIIAIITI TYPFBIIaH epekmieneneni. Kazakcran Maapid kKopeiHa MekTen OepyneH Oac TapTThl —
myHbl Ospanova & Aliakbarova (2025) KazakcranueiH TypkusMeH OaillaHbICTa TapuXU TYPFBIIAH
KaKbIH, MOJICHU TYPFbIAAH TYybIC, OipaK casiCl TYPFbIAAH aBTOHOMJbI MO3HUIMSHBI YCTaHATHIHBIMEH
OaiimanbicThIpanpl. bynm mosunus KazakcTaHHBIH KalMbl «KOI BEKTOPIBDY CBHIPTKBI CasCATHIHBIH
KAPUSAIIBUIBIK TUTIJIOMATHUS CallaChIHAFbl HAKTHI KOPIHICI.

Kpiprei3cTanmarel Jkarmail  iprem ceOenTepMeH e3remie. 2-KecTelne KepiHTeHIEH, TIKA
»)o0anapsiHbIH canbl Keipreizctanga Kazakcranra kaparanaa 2,6 ece apToiK (1 300+ vs 500+), an 2024
KbUTBI 59 MITH $ OOPBIIITHIH OTENyl €Ki €1 apachlHAarbl ACHMMETPHUSIIBIK SKOHOMHUKAJIBIK TOYCIIITIKTI
amanpl. Manac yHuBepcutTeTiHiH 1995 >kplngan Oepi OpPHBIKTBIpFaH O€piK HHCTHUTYIIMOHAIBIK
OaiiTaHBICHl J]a BIHTBIMAKTACTBIKKA AIBIKTBIKTHI apTThipaabl. Santalo (2025) maiipiMbl OoifbIHIIA
KoipreizcTanably, Maapid MekTeOiH KaObuigaybl «CYBEpEHUTET Cayla-CaTThIFbIH» — SIFHU HaKThI
HSKOHOMHKAIIBIK Taiigaara ue Oomy ymriH Oenrim Oip MHCTUTYUMOHAIIBIK Kipyre pykcar Oepyai —
oinmipeni. Ocbl TyprblmaH anranga, QazakctaH MeH KpIpFBI3CTaH apachbIHAArbl albIPMAIIbLIBIK
HETi31HEH 3KOHOMHKAJIBIK MYMKIHJIK TI€H TOYCIIUTIK JCHICHIHIH albIpMachIMEH TYCIHIIpLIeIl, Oyt
KAPUSATIBUIBIK TUTIIIOMAaTUSHBIH «KaObUIIAayIIbI e (pakTopiapbiHa TOYEAUIITH alKbIH AN bI.

Keiic-cTamm TaigaybIHBIH JKAIIBUIAYIIBI TYKBIPBIMBI — OpTanblk Asus MemiekeTtepi Typkus
KAPUSAIBUIBIK JTUILIOMATHICHIMEH 63apa bIKIANIA «IIparMaTHKAIBIK PAllMOHATABD) YCTaHAIbl: MOJICHU
YKAKBIHJIBIKTBI TMaiaiaHaabl, O0ipaKk WHCTUTYIHOHAIIBIK TOYCSIIUTIKTEH CakTaHaabl. By TeHIeHIus
Dosbolov & Sonmez (2023) TYKbIppIMBIMEH CoWKec Keneni: aiimMak memiekerrepi TMY¥-ael mas-
TYPKICTIK UICOJOTHSUIIBIK jK00ara eMec, SKOHOMHKABIK MMaia MEH CHIPTKBI CasiCU TUBEPCUPUKAIUIFA
OarpITTaIFaH MMParMaTUKAIBIK TuIaTGopMmara alHAIIBIPABL. Bysl «mparMaTukanblK IMIeKTey» Typkus
KAPUATIBUIBIK JUILIOMATUSCHIHBIH alMaKTaFbl HAKTHI ayKbIMbI MEH OOJalllaK CTpaTerusachbiH Oaranayaa
MaHBI3/Ibl AHATUTUKAJIBIK TY)KBIPBIM OOJIBIT TaOBLIAIBI.

12. AiimakThIK 03cekesiectik: Typkus, Peceii, KpiTaii

XKorapbigarbl Keilc-cTagy HOTHIKENEPIH allMakThIK OJCEKeNecTIK KOHTEKCiHAe Oaranay YILUiH
TypkusubeH Monenid Peceit Men KpiTaliiblH KapUsITBUIBIK TATIIOMATHUSI TOCUTIMEH CANIBICTBIPY KaKeT.
Peceit Opranblk A3usaarbl bIKHAJbIH TULMIK YCTEMJIKKE, Tapuxu Oailnanbictapra xoHe EBpA3DC
SKOHOMHMKAIIBIK HMHTETpaluschiHa Herizaedl. Adaiina Peceiinin YkpamHamarbl TOJBIKKAHIbI
COFBICBIHAH KeWiH aiimakta Peceiire gmereH KarblHac KypT caukelHAaabl: KazakcTaHAbIK
COLMONOTHNBIK aepekTep «Peceiire oH KapaiimbiH» JereH mikipaiH 2022 xsuinaH Oactanm 20
nane3AbIK TapMakka TeMenereHiH Oaiikartagel. RT (Russia Today) xabGapsr MeH «Pycckuit mMup»
KOHIENIUACHl OYPBIHFBI THIMIUTITIHIH eAdyip OemniriH >korantThl; KasakcTtan meH KbIpFbI3cTaHHBIH
KMpWJIT ’Ka3yblHaH JIaThIHFa ayblcy Oactamanapbl PeceliH TUIIIK apTHIKIIBUIBIFBIH Y3aK Mep3iMJie
IIeKTEeH 1.

Kprtaitneiy OpTanslk A3usiiarsl KapUsIbUIBIK quruiomatusicsl «bip 6enney, 6ip sxom» (BXKIK)
0acTaMachIHBIH YKOHOMHUKAIIBIK JIOTUKACKIMEH THIFBI3 OaitnanbicThl. KOHGYIHIT MHCTUTYTTApHhI, KbITal
TITH OKBITY Oarmapiamanapbl xkoHe CGTN meauacsl — KpITallIbIH KapUsUIBUIBIK JTUTIOMATHS
WHCTpYMEHTTepl. Anaiina aiimakrarbl 3epTTeyiep KpiTaiiFa NereH XanbIKTBIK CEHIMMIH IIEKTeyIi
eKeHIH HaKThl OalKaTaapl: MacIITa0Thl HHPPAKYPBUIBIMIBIK WHBECTHIHSIAD «IKOHOMHKAIBIK
KOJIOHM3alUs» alaHelH TyFbi3aabl. Kaszakcranma meH Keipreiscranga IlIbpiHkaHMEH WIeKTecy —
Kazakcran »arjaiiblHIa OHJIaFaH MBIH Ka3aK JMACMOPACBIHBIH TYpaThIH alMakineH — KbITaibiH
«MOJIEHU TapTHIMABUIBIK» CTPATEeTHSCBIH MEWiHIIe KypaeneHaipeni. Santalo (2025) aiimak
MeMIIeKeTTepiHiH KpITaliMeH MparMaTHKaJIbIK KOHOMHUKAJIBIK BIHTBIMAKTACTBHIKTHI CAaKTall OTBIPHIII,
MOJICHH YKaKbIH/IAaCy/1aH CaKTaHATBHIHBIH aTam eTe/Il.

OcCBl CaNBICTBIPMAJIBI  AHAIMTHUKAHBIH MICIIYIN TYKBIPBIMBI: TypKUsS alMakTa «MOICHHU
KAKBIHJIBIK» TYPFBICBIHAH OOCEKENEeCTIK apTHIKIIBUIBIKKA HE — OpTaK TYPKI TUIAEpl MEH TapuXu
Oipereimik wuaescel Peceiigiy Timaik ycremairid ae, KpITaliblH SKOHOMHKAIBIK KyaThlH Ja
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TeHrepiMaeiiai. 2-kecTeneri kec-craau nepekTepi Oy TYKbIpbIMIbI HaKThUIaiael: Kazakcran men
Keipreizctan Peceit Mmen KpiTaliMmen ne OesnceHii BIHTBIMakTracca 1a, TYpPKHSMEH MOIEHU-TUIIIK
Oaifmanpic canacel OoibiHIIA epekmreneHeni. Atlantic Council (2025) Gomxkambpl OOHBIHINIA aiiMak
MeMJIeKeTTepl «eki ipi aktop — Peceit Mmen Kpitali» apachlHIarbl TEHIepIMJII «YIIIHIII CEPIKTEC»
apKbUIbI cakTayFa Teipeicazbl; 2025 sxpuisl USAID-TiH merinyi TypKusiHbI OCBI peiire 6aceKeaeH 03bIK
MO3UIUSFA IIBIFAP/IBL.

13. Hudpablk TUNIOMATHS KIHE 00JIAlIAK OAFBITTAP

Hudpablk KapusyIbUIBIK JUILUIOMATHS — aJABIHFBI JKETI TapMaKTa CHUIAaTTalFaH OapiibIK
GarbITTapbIH OONAIIaKTarsl KOHBEpreHuus Hykreci. 1-kectene lletisim Baskanligi-usmy 20+ Timme
nupabIK Meaua JKYpri3eTini OepinreH; Oipak Oy Tek «xabap Tapary» aeHreii. Merkouraki (2024)
Typxust uncturyrrapsiasiy X (Twitter) mmatdopmacsiHaars! 261 HHCTUTYIIMOHAIIBIK TOCTHI KOHTEHT-
Tajjay apKbpUIbl CHMATTAJIFaH «CTATyC 13€yII» HUQPIBIK AUILIOMATHS MOJEN Ma3MyHJbl Oackaria
aHBIKTANWIBI: PECMH MHCTHTYTTAp JKail aKmapaT TapaTy eMec, XalbIKapalblK MOpTEOCHI HbIFAaHTaTHIH
Ma3MyH jKacayJlbl Makcar eTeli. 3epTTey COHbIMEH Karap «Uu(pIJIBIK 3pJOFaHU3M» (EHOMEHIH —
JaFapbIC KEe31HJIEe KAPUSIBLUIBIK JUIMJIOMATHUSHBI IIIKI CAasCH TO3UIUSHBI HBIFAUTY MaKCATHIMCH
naigananyibl — aHbIKTaael. OpTanblK A3usaa Oyl TOcUT THUIMII: MOCTKEHECTIK aiMak ayJuTOPHSICHI
bareic MemuaceIHBIH «OOBEKTHBTUIIrIHE» CKeNTUKAIBIK Kapaca, TRT World men Awnamony
areHTTIT1HIH «0allaMa MepCrneKTUBAIBIKY MO3UIUACH OYJ1 CKENTUIIM3MHIH BIKIAJ ajlaHbIHA aifHaJIa Ibl.

Kacangpr uaTesmekt (K1) xapusuTbUIBIK TUTUIOMATHSHBI TETIK PETiHIC JIe, TaKbIPBIN PETiHIe
ne tpanchopmanmsinan skatelp. Tetik peringe: Typkust 2021 sxputbl «¥ntTeiK KW ctpateruscen»
CTpaTeTHsICHIH Kapusian, baTeic A3uWsgarbl aJFalliKpl JKaH-KAKTel YITTRIK KM meHOepiH
OPHBIKTBIP/BI; cTpaterus 2024 XbUIbl )KaHAPTHUIGIN, 71 HAKThI OACBIMIBIKTHI aHbIKTaabl. YEE 2026
*bUTbl  JKM  TEXHOJIOTHSCHIHA HETI3NEITeH OHJIAWH TUT OKBITY IIaTrGopMachklH ICKE KOCYIBI
wocnapnaiasl (Glltekin, 2025). byn mnardgopma 1-kectemeri MoleHH OpPTajbIKTap TOPAOBIHBIH
reorpadusibIK merin Oy3ansl: AnmaTtel Hemece bimkekreri YEE opranbiFbiHa (u3ukanbik Oapa
anmMaiTeiH OpTanblK A3Ws ayJUTOPUSACHI — aybUI TYPFBIHIAPHI, HIalFail aiiMak KacTapbl — TiKeleh
KamTbuianel. Takeipein peringe: TMY meHOepinaeri KuOepKayinci3diK BIHTBIMAKTACTHIFBI (2025
xbUTbl [Ipesunent TokaeBThIH yChIHBICH) XKW moyipiHaeri akmapaTThIK KayilCi3TiKTiH jKapUsUTBUIBIK
JIUTUIOMATHsIMEH TOFBICKAH HYKTeciH Oenrineiini (Atlantic Council, 2025).

2024 xbinbl Kabbganrad «OpTanblk Aknapar Kenictirin» opHbIKTBIpY Oactamacsl TM¥ -HbIH
KAPUATBUIBIK JAUIJIOMATUAIAFB KaHAa (DYHKIMOHANIBIK pONTIH aWKbIHAAWABI: MYyIe eniepai
ne3nH(pOpMaIIMsIFa OpTaK JIEH KOSATHIH allMaKThIK MEIHANIBIK BIHTBIMAKTACTHIK (popmathl (Dosbolov &
Sonmez, 2023). byn 6acrama mudpnsik keHicTikte Peceit men KpITailiblH akmapaTThIK BIKIAIBIH
TEHrepimMaey MakcaTblHa Ja Kbi3MmeT eremi. Ochuiaiima, OUQPPIBIK JUIUIOMATHS —2-TapMaKTa
CHUIMATTaJIFaH MHCTUTYLHUOHANBIK KYHeHi, 4-TapMakTarbl Ou1iM O6epy OarbIThIH (OHJAMH 1uaTdopma),
S-TapMaKTaFbl TyMaHMTapJbIK JKETICTIKTEpAl (pecypc KeTkizy), 7-TapMakTarbl alMaKTbhIK
0acekenecTikTi (aKmapaTThlK KEHICTIK YIIIH Kypec) — OapibiFblH Oip HUGPIBIK-WHCTUTYIIHOHAIIBIK
OJIIIIEM/IC TOFBICTHIPHIT, TYPKUS KAPUSITBLUIBIK JUILIOMATASCHIHBIH OOJIANIaKTaFbl HHTETPAHSsIIaHFaH
MOJIETIIH CypeTTen Ii.

KopbITbIHABI

Kypriziiren 3eprrey xymbicel Typkus Pecnybmukacsiabiy 2015-2025 sxpuinapaarsl OpTasibik
A3WsIIarel KAPUSITBUIBIK JIHTIIOMATHSCHIHBIH, WHCTHTYIIHOHAIBIK TETIKTepl MEH epeKIIeIiKTepiH
KeIleH Il Tajiayra MyMKIHiK Oep/i. HoTmkenep Heri3iHAe alnThl MaHBI3IbI TYKBIPHIM JKacalibl.

bipinmriaen, Typkus »apUsiIbUIbIK TUIUIOMATHCH 1-KecTene OepuireH >kKeTi Heri3ri MHCTUTYT
apKbUIbI «TyTac YKIMET TOCUTIMEH» >Ky3ere achlpbUIaThIH Kyielni crparterust Oomnbin TalObinansl. YEE,
TIKA, YTB, Maapid xopsi, TRT World, Diyanet sxone Iletisim Baskanligsi-Hb1H Monenu, 6inim Gepy,
TYMaHUTAPIBIK, MEIUATBIK ONIEeMACpAl KAMTUTBIH YIIIeCIMI )KYMBICHI OCHI CTpATeTUSHBIH KEIIeH/ I
CHUTIATHIH alKBIHIANIEI.

Exinmizen, 6imimM 6epy AWIUIIOMATHACH! €H y3aK Mep3iMJll CTPAaTerusiIblK MHBECTUIUS PETIHIC
epekmeneneni. 2015-2025 xeiaap apansireiiga Tiirkiye Burslart apkpiisl meTenmik cTyAEeHTTEp
canblHbIH 75 000-HaH 340 000-ra nmeitin ecyi »oHe 150 000-HaH actam amOMHHU Kelnici Oonarmak
BIKIIAT €Ty WH(PPAKYPHUIBIMBIHBIH HAKTBI alFaFbl OOJIIHI.
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YuriHmiaeH, 2-KecTeAeri  CalbICThIpMalibl  Keiic-ctamu  HoTwkenepi  Opranblk — A3us
MEMJIEKETTEepIHIH MparMaTHKalbIK bIHTHBIMAKTACTHIK II€H CYBEPEHUTET TMO3HUIMSICHIH TEHrepy
CTpaTeTHsIChIH YCTaHATBHIHBIH Adsenaenai. Maapid xopsl mocenecinneri Kasakcran men Kpiprpizctan
apachlHIAFbl MPUHIMINTI AUBIPMANIBIIBIK OChI TECHI'€PIMHIH €1 epeKIIeNIKTepiHe OaiIaHbICThI HO31K
CUIATHIH alKbIHIANIBI.

Teprinminen, 2025 xputet USAID OarmapiamanapblHbIH - mieriHyl Typkusfa alMaKTBIK
TYMaHUTAPIBIK TUTUIOMATHST KEHICTITIHIE JKaHA CTPATETHSUIBIK OpPBIH aIlTHI. TiKA XK00amapbIHbIH
keHerol MeH TMY mieHOepiHAeri bIHTBIMAKTACTBIKTHIH TePeHIeyl OYJ1 MYMKIHIIKTI 1CKE achIPYIbIH
HETI3T1 TeTIKTepi OOJIBIN TaObLIA b

becinmrigen, alitMakThIK O0acekenecTiK Tangaybl TYpKUSHBIH «MOJIEHU >KaKbIHABIK» TYPFBICHIHAH
Peceit men KpiTaliman GocekenecTik apTHIKIIBUIBIKKA Ue eKeHiH nanenaeiai. Peceinin 2022 xpligaH
KEeWIHI UMWDKIIK MIBIFBIHAAPE MeH KpITalIbIH «3KOHOMUKAJBIK KOJOHU3ALMS anaHbl TypKUSHBI
«YIIIHIOI CEePIKTEC)» MO3UIMSICHIHA HBIFAUTY1a.

ANTBHIHIIBIAAH, 3€PTTEYAIH METOAOJOTHUSIIBIK IIEKTEYJIri €CKepuTyl THIC: >KapHSIIbLIBIK
JTUTUIOMATHSIHBIH, HAKThl BIKIAJIBIH COIMOJIOTHSUIBIK CayalTHaMachl3 TOJBIK Oy MYMKIH eMec.
bonamak 3eprreynep Opranblk A3us azaMaTTapbIHBIH MIKIpiH JWHAMHUKAZa OJIICHTIH OipblHFal
METOJIOJIOTUSIMEH, ©30eKCTaHIbI )KEeKe KEHC-CTaIu peTiHAe KAMTH OTBIPBIIL, )KYPri3iIyi THIC.

ogjneduerrep Tizimi

1. Atlantic Council. (2025). Why Washington should pay attention to Turkey's presence in Central
Asia.  Atlantic  Council Eurasia Center. Retrieved April 13, 2026, from
https://www.atlanticcouncil.org

2. Bourse & Bazaar Foundation. (2025). Central Asian leaders see silver lining in USAID's demise.
Retrieved April 13, 2026, from https://www.bourseandbazaar.com

3. Cull, N. J. (2012). The decline and fall of the United States Information Agency: American
public diplomacy, 1989-2001. Palgrave Macmillan. https://doi.org/10.1007/978-0-230-39169-9

4. Demir, V. (2024). Public diplomacy and democratic backsliding in Turkey. Journal of Ethnic
and Cultural Studies, 11(2), 42-57. https://doi.org/10.29333/ejecs/1657

5. Demir, V. (2025). Public diplomacy in Turkey: From democratization to democratic backsliding.
In V. Demir & C. Richter (Eds.), The public diplomacy of authoritarian regimes (pp. 115-138).
Palgrave Macmillan. https://doi.org/10.1007/978-3-031-58085-5_6

6. Dosbolov, A., & So6nmez, G. (2023). The Organization of Turkic States and postcolonialism in
Central Asia. Insight Turkey, 25(4), 87-104. https://doi.org/10.25253/99.2023254.05

7. Eksi, M. (2018). Kamu diplomasisi ve AK Parti donemi Tiirk dis politikasi. Siyasal Kitabevi.

8. Giiltekin, A. K. (2025). Tiirkiye's cultural diplomacy and soft power strategy in the region of
Central Asia. International Journal of Artificial Intelligence, 5(11), 152-156.
https://doi.org/10.54517/ijai.v5i11.2817

9. lletisim Baskanlig1. (2024). 2024-2029 Tiirkiye Kamu Diplomasisi Strateji Belgesi. T.C. Iletisim
Baskanligi. Retrieved April 13, 2026, from https://www.iletisim.gov.tr

10. Kahveci, H., & Kuscu Bonnenfant, i. (2023). Turkish foreign policy towards Central Asia. All
Azimuth, 12(2), 45-68. https://doi.org/10.20991/allazimuth.1109752

11. Melissen, J. (Ed.). (2005). The new public diplomacy: Soft power in international relations.
Palgrave Macmillan. https://doi.org/10.1057/9780230554931

12. Merkouraki, M. (2024). Turkey's digital public diplomacy in the age of uncertainty.
International Journal of Innovative Research in Multidisciplinary Management and
Communication Sciences, 10(2), 41-54.

13. Nye, J. S. (2004). Soft power: The means to success in world politics. Public Affairs.

14. Nye, J. S. (2009). Get smart: Combining hard and soft power. Foreign Affairs, 88(4), 160-163.

15. Ospanova, A., & Aliakbarova, A. (2025). Kazakcrano-Typik casich XoHE IUIIJIOMATHSIIBIK
KaTbIHACTAphl. Kazaxcmanowvik [lvievicmany, 13(1), 158-175.

16. Santalo, A. (2025, November 25). Turkey's policy in Central Asia. New Eastern Europe.
Retrieved April 13, 2026, from https://neweasterneurope.eu

98


https://www/
https://www/
https://doi/
https://doi/
https://doi/
https://doi/
https://doi/
https://www/
https://doi/
https://doi/
https://neweasterneurope/

Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

17.

18.

19.

20.

21.

Sar1, B., & Sula, 1. E. (2024). Turkish foreign policy in a transforming world order: Middle
power strategies. Perceptions: Journal of International Affairs, 29(1), 4-23.
https://doi.org/10.54141/perceptions.1404839

Sharipov, A. Sh. (2020). The role of Turkish soft power diplomacy in the current development of
Central Asia. PalArch's Journal of Archaeology of Egypt/Egyptology, 17(7), 7684-7697.

TIKA. (2023). TIKA has implemented nearly 30,000 projects across 5 continents. Turkish
Cooperation and Coordination Agency. Retrieved April 13, 2026, from https://tika.gov.tr

Times of Central Asia. (2025). Cuts to USAID leave Central Asia facing development
challenges. Times of Central Asia. Retrieved April 13, 2026, from https://timesca.com

Walker, C., & Ludwig, J. (2017). The meaning of sharp power: How authoritarian states project
influence. Foreign Affairs. Retrieved from https://www.foreignaffairs.com

99


https://doi/
https://tika/
https://timesca/
https://www/

Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.
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Abstract

Modern cities are increasingly characterized by sedentary lifestyles caused by urbanization,
technological advancement, and reduced physical activity. This phenomenon leads to hypodynamia,
which negatively affects public health and contributes to chronic diseases. In this context, mass sports
play a crucial role as an effective solution for promoting physical activity and improving the health of
urban populations.

This study examines the impact of sedentary urban environments on human health and analyzes
the role of mass sports in overcoming hypodynamia. It also explores current trends in Kazakhstan and
compares them with international practices. The results show that the development of accessible sports
infrastructure and the promotion of mass sports significantly contribute to the formation of a healthy
and active society.

Keywords: sedentary lifestyle, urbanization, hypodynamia, mass sports, urban health, physical
activity

Introduction

In the 21st century, urbanization has become a dominant global trend, significantly transforming
people’s lifestyles. The growth of cities, increased use of technology, and changes in work patterns
have led to a reduction in daily physical activity.

As a result, sedentary behavior has become widespread among urban populations. According to
global health studies, insufficient physical activity is one of the leading risk factors for mortality
worldwide.

In modern urban environments, people often spend long hours sitting at work, using transport
instead of walking, and engaging in passive leisure activities. This creates a need for effective
solutions to increase physical activity levels. One of the most important solutions is the development
and promotion of mass sports.

Sedentary lifestyle and hypodynamia in urban environments
Sedentary lifestyle refers to a way of living that involves little physical movement. In cities, this
is caused by office-based jobs, digital technologies, and reliance on transportation.

Hypodynamia, as a consequence of sedentary behavior, leads to serious health problems such as
obesity, cardiovascular diseases, diabetes, and decreased mental well-being .
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Research shows that urban residents are more likely to experience physical inactivity compared
to rural populations. Therefore, addressing sedentary lifestyles is a key priority for modern public
health policies.

Mass sports as an active solution

Mass sports are considered one of the most effective ways to combat hypodynamia. Unlike
professional sports, mass sports involve the general population and are accessible to all age groups.

Participation in mass sports improves physical fitness, enhances mental health, and increases
social interaction. Activities such as running, cycling, outdoor fitness, and group exercises encourage
people to stay active.

Moreover, mass sports events—such as marathons, fitness festivals, and community
criopTHBHBIE MeponpusTusi—motivate people to adopt healthier lifestyles and integrate physical
activity into their daily routines.

Active vs Sedentary

The role of urban environment and infrastructure

The urban environment plays a significant role in shaping physical activity behavior. Cities that
provide accessible and safe spaces for sports encourage active lifestyles.

Important elements include:

« parks and green zones

» outdoor fitness areas

* bicycle lanes

« pedestrian-friendly infrastructure

Main Health Consequences of Low Physical Activity

When these elements are properly developed, they reduce sedentary behavior and promote daily
physical activity. The concept of an “active city” has proven effective in improving urban health
outcomes.

Current situation in Kazakhstan

Kazakhstan has made progress in promoting physical activity and developing sports
infrastructure. Major cities such as Almaty and Astana have expanded public spaces, parks, and fitness
areas.

Mass sports events, including marathons and cycling activities, are becoming more popular and
attract large numbers of participants. These initiatives play an important role in encouraging citizens to
adopt active lifestyles.

However, several challenges remain:

* uneven development between regions

» limited bicycle infrastructure
« low daily physical activity levels among the population
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Addressing these issues requires comprehensive urban planning and policy support.
Comparative analysis

International experience shows successful approaches to reducing sedentary lifestyles. For
example, in the Netherlands, cycling is widely used as a daily mode of transportation, which
significantly increases physical activity levels.

In contrast, Kazakhstan is still developing its micromobility systems and active transport
infrastructure. While positive changes are observed, further development is necessary to achieve
higher levels of urban physical activity.

Suggestions

To reduce sedentary behavior and promote urban health, the following measures are
recommended:

» Integrate mass sports into urban planning policies

» Develop pedestrian and bicycle infrastructure

» Ensure accessibility of sports facilities in all districts

» Organize large-scale mass sports events

« Promote awareness of physical activity benefits

« Support active lifestyles through government programs

In my opinion, the development of mass sports in urban environments should become one of the
key priorities of modern urban policy. It can be assumed that without the active promotion of physical
activity and the availability of accessible sports infrastructure, the problem of hypodynamia will
continue to increase. Therefore, the integration of mass sports into everyday urban life is not only
beneficial for individual health, but also essential for improving overall public well-being and ensuring
sustainable urban development.

Conclusion

Sedentary cities present a serious challenge to public health; however, mass sports offer an
effective and practical solution to this issue. By promoting physical activity and improving urban
infrastructure, it is possible to significantly reduce hypodynamia and enhance the overall quality of
life.

The development of active urban environments, along with the encouragement of mass sports
participation, represents a crucial step toward building a healthy, active, and sustainable society.

References

1. World Health Organization. Global Action Plan on Physical Activity 2018—-2030.
2. OECD. Physical Activity and Health Reports.

3. European Commission. Sport and Health Policy.

4. UN-Habitat. Urban Planning and Public Health.

5. Ministry of Infrastructure (Netherlands). Cycling Strategy Reports.

102



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

KEJIJIIK TPA®UKTI TAJTJAYIA MAIINHAJIBIK OKBITY AJITOPUTMIAEPIH
KOJIJAHY: AHOMAJIUAJIAPABI AHBIKTAY TOCIJIAEPI

Muipzazanuynvt Kaiicap

JLH. I'ymunes amoinoazet EYY

“Axnapammuix Kayincizoix scytienepi” Mamanoviebl 6OUbIHUA
2-Kypc macucmpaumol, Acmaua k.

Cazunovixoe Kakum Monoabexkosuu
Foiivimu orcemexwici, m.e.x., ooyenm, JI.H. I'ymunes amvinoazovl EYY, Acmana k.

AHHOTALUSA

byn makamama skenisnik TpauKTi Tanmay OapbIChIHAA MAIIMHAIBIK OKBITY alrOPUTMIIEPiH
KOJIJaHyZblH 3aMaHayd TOCULAEpl KapacThIpbUlaAbl. ATan aWTKaHAa, aHOMAJUSIAp/Abl aHBIKTAY
MoceJieci, OHBIH iNIHIe KHOepKayirci3mik KOHTEKCTiHAeri peii Tamganaisl. JKemige OpbIH alaThIH
KaJbIOTaH ThIC OpPEKeTTEepAl Jep Ke3IHJE aHBIKTay aKMapaTThlK >KYHWelepaiH TYPaKTbUIBIFBI MEH
KAyiIcCi3iriH KaMTaMachl3 eTyJIIH MaHBI3/IbI 3JIEMEHTI OOoJbIm TaOblIaabl. Makanaga OaKbUIaHATBIH,
0aKbUIaHOAWTBIH KOHE JKapThbUlall OaKbUIAHATBIH OKBITY OICTEpl CaJbICTBIPBUIBIN, OJapblH
apTHIKIIBUIBIKTAPEl  MEH KeMHIUTikrepi Kepcerineai. CoOHBIMEH Karap, HaKThl QJITOPHTMICP
(kyacTeprey, IIENIIM aFaliTapbl, HEMPOHIBIK JKEJIUIEp >KOHE TEpeH OKBITY MOJEINbJepl) apKbLIbl
AHOMAJIMSUTAP/Abl AHBIKTAYABIH THIMIUII cHOATTanagsl. 3epTTEy HOTHXKENEepl MAIIMHAIBIK OKBITY
o/licTepiH KOJJaHy KeNIiK KaylinTep/ii epTe Ke3eH 1€ aHbIKTayFa MyMKIH/IIK O€peTiHiH KopceTe/Il.

Tywin ce30ep: xeninik TpaduK, MAIIMHAIBIK OKBITY, aHOMAaJIMsJIApbl  aHBIKTAy,
KuOepKayinci3aik, HSHPOHIBIK JKeJiiep, Kiacrepiiey, nepekrep tangaysl, IDS xylienepi.

Kasipri  TaHzga ~ akmapaTThlK — TEXHOJOTHSUIApAbIH ~ KApKbIHABI  JaMybl  SKEJIUIIK
MHPaKYPBUIBIMIAPBIH KYpeTIeHyiHe oKelin OThIp. byn o3 ke3erinae KubepKayinTep/iH caHbl MEH
KYPIENUIIriHiH apTyblHa ceben Oomyna. JKeninik TpauKTi Tajmay — KayllnCi3[ik KyHelepiHiH
MaHbI3/1bl Kypamaac Oesiri 60JbIn TabbUIaAbl, OTKEH1 01 JKemiie OOJIBbIN KaTKaH OapJblK MpolecTepl
Oakputayra MyYMKIHIIK Oepeni. JlocTypii omictep kebiHece Oenriii mabJoHapFa HEeri3/1eNreH/1iKTeH,
KaHa JKOHE Oeirici3 malybll TYypJiepiH aHbIKTay/na THIMCI3 00iybl MyMKiH. OcbiFaH OalIaHBICTHI
MAaIIMHAIBIK OKBITY aJTOPUTMIEPIH KOJAaHY ©3€KTi OaFbITTapAbIH Oipi peTiHAe KapacThIPhLIY/Ia.

MammHanbIK OKbITY — OyJ1 KOMIIbIOTEpPJIEpre HAKThl OarapiamaianOaii-aK aepeKTep Heri3iHe
3aHJIBUIBIKTAp/Ibl AaHBIKTAyFa MYMKIH/IK O€peTiH 9JiCTep JKUBIHTBIFBL. ByNl Toc Kenulik TpapuKTeri
KaJIBITITHI )KOHE KAJIBIIITAH THIC MiHE3-KYJIBIKTHI 2XBIPATy 1A €PEeKIIIe THIMII.

Keninik TpadukTi Tangay OapbIChbIHIA aHOMANUSIIAPAbl AHBIKTay — KypZeli opl KeNKbIPJIbI
npoiiecc, ce0ed1 KemIeri JepeKTep aFbIHbI Y3/I1KCI3, KOJIEM1 YIKEH JKOHE KYPBUIBIMBI OpTYPJii 00JIa IblI.
Kasipri aknapaTThIk *kyienepae TpaduK T€K MOTIHAIK JAEPEKTEPMEH LIEKTeNIMEMH, MyIbTUMEAUSIIBIK,
mUQpIaHFaH JKOHE SPTYpJl MPOTOKOJIAP apKbUIbl OepiieTiH akmaparrapabl KamTuael. OcbiHaan
OpKENKI OpTaja KaIbINThl KOHE KAaJbIITaH ThIC OPEKEeTTEepli aXbIpaTy YIIH KIACCUKAJBIK
CTaTUCTUKAJIBIK O/ICTEp JKETKUIIKCI3 00ibIn OThIp. OChl ceOenTi MalIMHAIBIK OKBITY alrOpUTMAEpI
KEUTIK Kayilci3IiK canachlHla KeHIHeH KosjgaHbula Oactaapl. Onap YJIKEH KeJeMzeri JepeKTepi
TaJan, )KachIpblH 3aHIBUIBIKTAPAbBl AHBIKTAN aJiaJlbl )KoHE OeINrici3 madyslIaapabl Ta0yFa MYMKIH/IIK
oepeni.

AHoMmanusIappl aHbIKTAay SICTEpPIH IIApPTThI TYypJlle YII HEri3ri Kareropusra Oemyre Ooyafbl:
OaxpimaHaThiH (supervised), O6akpimaHOaWThIH (unsupervised) jkoHe JkapThulall OaKbUIAHATBHIH (Semi-
supervised) OKpITY Tocinaepi. bakpuiaHAThIH OKBITY OMICTEpPIHIIE MOJENb aJJAbIH aja TaHOaJaHFaH
JIepeKTep KUBIHTBIFBIHA OKBITBUIAABL. SIFHU opOip TpaduK ka30achl «KAIBIITHD) HEMECE «aHOMAJIbDy
petinae OenrineHemi. MyHaail Tocuiiepre JOTUCTUKAIBIK PErpeccHsi, MM aFamTapbl, Ke3eHCoK
opman (Random Forest) sxoHe xonmmay BekTopublK MarmuHanap (SVM) xaranel. bByn anroputmaep
KENUTIK MadybulgapAblH OEnriii TYpJepiH >KOFapbl NONIKNEH aHbIKTai amaabl. Meicansi, DdoS
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HEMece TNOPTTaplbl CKaHEpiiey CHUSAKTHI Oenrii madybll Typiepi aifblH aja YHPETireH MOoenb
apKbUTBl OHAW aHBIKTaNanbl. JlereHMeH, O omicTepaiH OacThl KEeMIIUTITT — ojap jkaHa, OYpbhIH
Ke3JIeCliereH MmadybUIIapIbl aHBIKTAy/la 9JICi3, COHAAM-aK YJIKEH KeJIeMJIEri camaibl TaHOaJlaHFaH
nepektepai taman eremi. [IpakTukama MyHmal JepeKTep/l XKUHAY MEH OeNrijey KONl YakbhIT TeH
PECYPCTHI KaXET €Te/Ii.

bakputaHOalTBIH OKBITY 9JicTepl TaHOAaHOaraH JCPEKTEPMEH JKYMBIC ICTEHIl KOHE KENUTIK
TpauKTiH 1IKI KYpPBUIBIMBIH ©3[IrHEH aHbIKTaWael. bynm Tocinmep jkaHa koHe Oenricis
aHoManusutapabl TaOyna ete Tuimzi. Kiacrepney aiaroputMaepi, Mbicaibl k-means, nepapXusuibIK
knacrepiey Hemece DBSCAN, tpadwukri Oenrini 6ip Tontapra 6eneni. Kanpintel Tpaduk Oenrimi 6ip
KJacTepjepre SKUHaJIaAbl, ajl OChl TONTAapJaH ThIC KaJlFaH JEpPEKTEp aHOMalus peTiHIe
KapacTeIpbliapl. COHBIMEH KaTap, TBHIFBI3JIBIKKA HETi3/Ie]reH JJICTep CHUPEK KE3/IECEeTiH AEpeKTep
HYKTEJIEPiH aHBIKTAay apKbLIbl aHOMANIUsIAp/Ibl Tabaabl. by TociiepaiH apThIKIIBUIBIFBI — alAbIH ana
OenrijeHreH JepeKTep/Ii KaKeT eTIen/ Il )KoHe jkaHa madyblIIapIbl aHbIKTal anaibl. AJaiia oaapabiy
TONIrT Kehjae TeMeH OOoybl MYMKIH JKOHE JKaliFaH ITO3UTHUBTEPIIH CaHbl KON OOJIybl BIKTHMAJ.
CoHIBIKTaH MYHAAN o/1icTEp/Ii KOJAaHFaHIa HOTIDKENIEP/Ii KOCBIMILIA TEKCEPY KaxkeT.

XKaprbutaii OakpUIaHATBIH OAICTEp JKEIUIK KayilCi3AiK callachlHa €peKIle KbI3bIFYIIBUIBIK
Tyneipanbl. by Tocinge mMomens TeK KalbIThl TpaduK IEpPEeKTepPiMEH OKBITHIIAIBI, Al KEWiHT1 Ke3
KENTeH aybITKy aHOMallud pEeTiHJAe aHbIKTanaabl. MyHJall omicTep HaAKThl KyWenepae Kui
KOJIJIaHBUIA B, ce0edi KanmbIThl TpaduKTI KUHAY oJNJCKaiaa OHail. ABTOIHKOAEPIEP — OCHI
OarpITTaFbl KEH TapajfaH KypangapAsiH Oipi. Omap HEMpOHIBIK KeNidepAiH apHaiibl Typi OObII
TaObUTAbI JKOHE JepeKTep/i KbICBUIFAaH TypJe KOATAN, KaiTa KaJblHA KeNTipyre TeIpbicansl. Erep
Kipic AepeKTep KaJbIITHI 00Jica, MOEIb OHBI JI9J1 KAJIIIbIHA KEJTIpEIi, al aHOMaIus OOJIFaH Kar1aiia
KAQJIMIBIHA KEJTIpy KaTeci korapbl Oomambl. OChl KaTeNmiK JCHrell aHOMATUSHBI aHBIKTAy YIIiH
Konnanbuiansl. CoHbIMeH KaTtap, Oip kmactel kiaccuduxatopiap (One-Class SVM) ma ocwl
KaTeropusiFa kKaTaJbl OHE KAJBIITHl JEPEKTEPIiH IIeKapachblH aHBIKTAN, OJIaH THIC HYKTEJep.i
aHOMAaJIHS PeTiHAC OeNTiICH/II.

Cownrbl xbUIIAPHI TEpEH OKBITY (deep learning) anmictepi keninik TpaduUKTI Tanaayaa epexiie pes
aTkapa Oacranel. TepeH HEHPOHIBIK KEIJIep KypJeii kKOHE KOFaphl JIIEMIl ACPEKTePMEH THIMIII
KYMBIC icTe amazapl. Ocipece YyaKbITTBIK TOYENAUTIKTEp/l €CKEpeTiH PEeKypPpPEeHTTIK HEWPOHMIBIK
xemiep (RNN) >koHe omapAblH SKETUITIPUITEH Typli — y3aK Kbicka wmep3imal xaasl (LSTM)
MOJIENIbJIEP] JKENTIK TPaQUKTIH yaKbIT OOHBIHINIA ©3repicTepiH Tangayja KeHiHeH KOJAaHbUIaabl. by
MoOJIeTbiep TpapUKTET1 KaJIBINThI YATUIEPAl YaKbITTBIK KaTap peTiHAe YHpPEeHin, KYTIereH e3repicrepl
aHoMaJlusl peTiHje aHbIKTai anmanbl. COHBIMEH Karap, KOHBOJIOLUSUIBIK HEHpoHbIK sxeniiep (CNN)
Ja KOJJaHbLIA/bl, OJIap JAepeKTepleri KEeHICTIKTIK Oenriaepil aHbIKTayaa TUIMIl. TepeH OKbITY
omicTepiHiH 0acThl ApTHIKIIBUIBIFEI — >KOFApbl JONJIIK KOHE KYpJeNi 3aHAbUIBIKTApAbl aHBIKTAY
KabiseTi, 6ipaK oJiap YJIKEH €CENTey PecypCTaphliH KoHE KOIl KoJeMJIET1 IepeKTep Il Tajlar eTel.

Keninik TpadukTi Tanmay HpoleciHie NepeKTep/i ajablH ana eHJeY MaHbI3bl Ke3eH OOJIbII
TaObuTaAbl. ByJ1 Ke3eHae nepeKTep Ta3alaHbIl, KaKEeTCi3 HeMece KaiTaJaHaThIH Ka30amap KOWbLIIa b,
coHpaii-ak Oenrinep (features) xKanpimTacTeipbulafbl. benrizepai  Aypbic TaHAay MOJENbJIH
TUIMIUTITIHE TiKened ocep eredl. MblIcaibl, MakeTTEpAlH ©JIIeMi, Ki0epy >KHUUIIr, MPOTOKOA TYpi,
KOCBUTBIM Y3aKTBIFBl CHUSKTBI TapaMeTpliep aHOMAaNMsIIap/bl aHBIKTAay/Ja MaHBI3Ibl POJ aTKapajbl.
ConbIMeH KaTap, epeKTep/il HopMaau3alusiiay koHe MacTadTay alropuTMAEPIIH TYPAKThl )KYMBIC
iCTeyiH KaMTaMachI3 eTe/Ii.

AHOManusIapabl aHBIKTAy >KYHENEepiHiH THIMIUITIH Oarajay VIIiH OpTYpJl MeTpUKaiap
KoJaanbuianasl. OnapaslH iMIiHAE JANIIK (accuracy), HaKTBUIBIK (precision), TONBIKTHIK (recall) sxone
F1-mepa xeH Tapanran. COHBIMEH KaTap, JkajaraH no3uTuB (false positive) xone >xanran HeraTus (false
negative) KOpCeTKIIITepi Ae MaHbI3AbI, cebell Kayilnci3fik Kyienepinae >kaiaraH Na0bUIIapblH Kol
00ybl JKyMeHiH TUIMAUTTIH TeMeHaeTenl. COHABIKTaH MOJENbAEpAl 33ipiey OapbIChIHAA OCHI
KOPCETKIIITEP/IiH TEHI'ePIMiH CaKTay KaXKeT.

Kasipri Tagma ruOpuari Tocuigep e KEHIHEH KOJaHbUIyJa, SFHU OipHelle alropuTMaepil
OipiKTIpy apKbUIbl aHOMANHWSJIApAbl AHBIKTAy CalachlH apTTBIpY Ke3zaeineni. Meicaibl, OacTankbl
KEe3eHJIe KJacTepiey oJiCl apKbUIBI JEpPEKTep TOMTACTHIPBUIBIN, KEWiH opbip TOMKa >KeKe
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Kiaccu(ukaTop KoigaHbiaapl. MyHaal Tocinaep *yHeHIH MKeMIUTIriH apTThIPhIIN, opTYpii TUOTET]
madybuIIapAsl THIMII aHbIKTayFa MYMKIHOIK Oepemi. COHbIMEH KaTap, OHJIANMH-OKBITY OJiCcTepl e
JaMBIT KeJIei, oJlap MOJEIbAl HAKThl YaKbIT PEeXKUMIHJIC dKAHAPTHIN OTHIPYFa MYMKIHJIK Oepeni, Oy
JTUHAMMKAJIBIK KEJJIIK OpTajaa 6Te MaHbI3Ibl.

Ocpuraiiia, ManIMHAIBIK OKBITY aJTOPUTMIEPl KENUTIK TpaduKTi TangayJa aHOMalWsIapabl
aHBIKTAYBIH KyaTThl Kypajbl OOJBIN TaOBLIAJBI. OPTYPJIi 9MICTEPMAl AYPHIC TaHIAy >KOHE OJapibl
THIMAL OIpiKTIpy apKbUIbI 3aMaHayH KuOepKayinrepre Kapchl TYpaThIH CEHIMAI JKyHenep Kypyra
OoJ1aIbl.

Keminmik TpadukTi TanAayda MalIMHAIBIK OKBITY aJTOPUTMICPIH KOJNJIaHy Kazipri
KHOEpKayYIICi3/IiK calaChIHBIH MaHBI3/Ibl )KOHE MEPCIIEKTHBAIBI OaFBITTAPBIHBIH O1pi OOJIBIN TaOBLIAIBI.
3eprTey OapbIChIHIA KapacTHIPBUIFAH OJICTEP AHOMAJMUIAPIbl AHBIKTAYJBIH OPTYPJI TOCUIAEpiH
YCBIHAJIBI KOHE OJIApJbIH OPKANCBHICHI HAKTHI JKarjaaiyiapra OaiIaHbICTBl THIMJII KOJJIAHBLIA ajajibl.
bakplmaHaTBIH OKBITY JKOFaphl JOJIIK KOPCETKEHIMEH, YJIKEH KeJleMJeri TaHOalaHFaH JepeKTepre
Toyeni, aja 6aKpUIaHOANWTHIH JKOHE JKapThlJIal OaKbUIAHATHIH OMICTED YKaHa JkKoHE Oenrici3 KayinmTepi
aHBIKTayZa UKEeMIIpeK Kenemi. TepeH OKBITY TeXHOJOTHSUIAPBI KYPJEIi JKEIUTIK YITUIepAl Taigayaa
YKOFapbl HOTHIKEIIEP KOPCETIN, aHOMAIHSIIAp bl €pTe KE3CH e aHbIKTayFa MYMKIHJIIK Oepeli.

CoHbIMEH Karap, KeJIUTiK TpaduKTi THIMII Talaay TeK alrOpUTM TaHAAyMEH IIEKTeJIMEHIi, O
JepeKTepi camnaibl OHJIey, IYPhIC Oenriaepl IpiKTey kKoHe MOAENbIIH HapaMeTpiepiH OHTAIaHABIPY
CHSIKTBHI (haKTOpJIapFa J1a Tikenel 0aiaHbICThl. AHOMANUSIAPABI AHBIKTAY JKYHeNIepiH KeTUIAIpy YIIiH
rHOPUATI MOAENBACPAl KOJJAHy >KOHE HAKThl YaKbIT PEKHUMIHIE KYMBIC ICTEWTIH MIemiMIep.i
JaMBITy MaHBI3IbL. JKanmbl anFaHaa, MalIWHAIBIK OKBITY OMICTEPIH KEMICH[I TypAe Mainanany
aKMaparThIK JKYWeNepaiH KayilCi3AiriH apTTBIPBIN, 3aMaHayd KuOeprnadybuiiapra Kapchl THIM/IL
KOpPFaHbIC KYpyFa MYMKIHJIIK Oepeii.
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AHAJIN3 YTPO3 HH®OPMAIIMOHHON BE3OIMACHOCTH B OBJIAYHBIX
BBIYUCJIEHUAX U METO/bI UX ITPEJOTBPAIIEHUSA

Epmaxanoemos /I.E.

Cmyoenm 3 Kypca,

Kapazanounckuii mexnuyeckuii ynugepcumem um. Aoviikaca Cacunosa,
Kaszaxcman, e. Kapazcanoa

Jemenuyk B.@.

Cmyoenm 3 Kypca,

Kapazanounckuii mexuuyeckuii ynugepcumem um. Aoviikaca Cacunosa,
Kaszaxcman, . Kapazcanoa

9oin H./K.

Cmyoenm 3 Kypca,

Kapaeanouncruit mexnuueckutl ynusepcumem um. Adviikaca Cacunosa,
Kaszaxcman, e. Kapazanoa

AHHOTaALS

Hacrosimmass paboTa MOCBSIEHA HCCIEAOBAaHUIO COBPEMEHHBIX YIpo3 HH()OPMALMOHHON
0€30MaCHOCTH, BO3HUKAIONIMX B Cpele OOJAuHBIX BBIYUCICHUH. AKTYaJIbHOCTh HCCIICIOBAHUS
00yCJIOBJI€HA CTPEMUTEIBHBIM PAaCpOCTPaHEHHEM 00JauHbIX TEXHOJIIOTUH B KOPIOPATUBHOM CEKTOpE,
rOCYJapCTBEHHOM YIIPaBICHUH U IUPPOBOH HKOHOMHUKE. B mocimennue roasl HaOmOgaeTCs
3HAYUTENbHBIM POCT YMClIa KUOEPUHLMICHTOB, CBSI3aHHBIX C 00JayHBIMU HH(pacTpykTypamu. [lo
TaHHBIM MEXIYHApOJHBIX AHATMTUYECKUX OTYETOB, OOJBIIMHCTBO YTEYEK IAHHBIX B OOJAUHBIX
cpenax o0yCIIOBIIEHO HE CTOJIBKO TEXHUYECKHMMHU YS3BUMOCTSMHM, CKOJIBKO OLIMOKaMU KOH(MUTYpaLuu
U 4YeloBeYeCKMM (PaKTOpoM. OTO MOJYEPKUBAET HEOOXOAMMOCTh KOMIUIEKCHOIO MOJXoAa K
obecriedeHno 06e30MacHOCTH, BKIIIOUYAIOIIETO HE TOJNBKO TEXHOJIOIMYECKHe, HO U OpraHu3allMOHHbIE
Mepbl 3auuThl. llepeHoc BBIYMCIUTENBHBIX PECYpCOB M JAaHHBIX B OOJAuHYIO HHQPACTPYKTypy
MOBBIINAET TMOKOCTh M MaclITaOUPyeMOCTh HH(POPMALMOHHBIX CHUCTEM, OJHAKO OJHOBPEMEHHO
(bopMHUpyeT HOBBIE BEKTOPHI KHOEPYTPO3.

B craree paccMaTpuBaroTCs KIIIOUYEBBIE PUCKH, CBSI3aHHBIE C XpaHEHHEM M 00paOOTKOM JaHHBIX
B o0yake, BKJIIOYas YT€UKy KOH(UIEHIMaNIbHON MH(OpMalMM, KOMIPOMETALINIO YUYETHBIX 3alHUCEH,
aTakl Ha BHUPTYaJbHYI0 HHQPACTPYKTYpPY U OKCIUIyaTalUIO YSI3BUMOCTEH OOJIaYHBIX CEPBHCOB.
Oco0oe BHUMaHUE yAENSETCS aHalIM3y yrpo3, BO3HUKAIOIIMX BCJIEACTBHE OHIMOOK KOH(PUIypauuu
00s1ayHbIX TIATGOPM U HEOCTATOYHOT'O KOHTPOJIS IOCTYTIA.

OOBEKTOM HUCCIIEIOBAHUS BBICTYINAeT MHPPACTPYKTYypa 00JaYHBIX MH()OPMALIMOHHBIX CUCTEM U
nporecchl odecredeHuss ux 6e30macHoCTH. B paboTe aHaMU3UPYIOTCS OCHOBHBIE MOJENN O0JauyHBIX
CEPBHUCOB, a TAK)KE PACCMAaTPUBAIOTCS COBPEMEHHBIE METO/IBI 3aIUTHI JAHHBIX U CETEBBIX pecypcoB. B
pe3yibTaTe HcciaenoBaHus (GOPMYIHPYIOTCS PEKOMEHJAIMK MO MOBBIIIEHUIO YPOBHS 0€30MacHOCTH
o0auHbIX MH(QPACTPYKTYyp, BKIIOUas MPUMEHEHHE MHOTOYPOBHEBBIX CHUCTEM 3alIUTHI, TEXHOJIOTUN
1 (poBaHUs U KOHIETIIUU HYJIEBOTO TOBEPHSL.

KiroueBble ciI0Ba: obnaunbie 8bluuUcIeHUs, UHDOPMAYUOHHAA OEe30NACHOCb, Kubepyzposbl,
YmeuKa OaHHbIX, BUpMyanuzayus, oonaunas ungpacmpykmypa, kubepzawuma, ZeroTrust.

BBeaenne

OOnayHple BBIYMCICHUS CTaIM KIIOUEBBIM JJIEMEHTOM LudpoBoii TpaHchopMaluu B OU3Hece,
rOCy/IapCTBEHHOM CEKTOpEe M Hay4yHBIX HcclefoBaHusax. OHM 00ecrneynBaloT BO3MOXKHOCTh paOOTHI €
OonmpIIUMU  00BEMAaMHM  JTaHHBIX, MACIITAOMPOBAHUS TPWIOKEHUH B pPEAIBHOM BpPEMEHH H
WCIOJIb30BaHUsl MPOTPAMMHBIX DPELICHUH «1mo TpeOoBaHUIO». OCHOBHBIE MPEHMYIIECTBA OOJIAYHBIX
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m1atGopM BKIIOYAIOT CHIDKEHHE KAaNHWTAbHBIX 3aTpaT, OTKa3 OT HEOOXOAMMOCTH COJCPIKAHUS
COOCTBEHHOW cepBepHONW MHGPACTPYKTYpPHI, YHIPOIIEHHOE YIpaBlieHHE OOHOBICHHUSMH U JIOCTYI K
BBICOKOITPOU3BOIUTEIIHHBIM BBIYUCIUTEIHHBIM PECYPCaM.

OpnHako HIMPOKOE BHEIPEHHE 00JIaYHbIX TEXHOJIOTHI COMTPOBOXKIAETCS CEPbE3HBIMU BHI30BAMH B
obmactu nHpopMannoHHOK Oe3omacHoCcTH. O0IaYHbIe CEPBUCHI ONEPUPYIOT B paclpeenEHHON cpee,
r7ie JaHHbIe XpaHATCS U oOpalaThIBalOTCS Ha MHPPACTPYKType MpoBaiiiepa, 3a4acTyio pasnaenseMon
MEXIy MHOXXECTBOM KJIHEHTOB. DTO CO3Ma€T PHUCKHM HECAHKIIMOHUPOBAHHOTO JOCTyNa, YTECUKU
JaHHBIX, a TakKXKe CJOXKHOCTb B YIPAaBJICHWU O€30MaCHOCTHIO M COOJIOJEHUH PETryJSTOPHBIX
TpeboBanuii, Takux kak GDPR, HIPAA wunu nokanbHbIE 3aKOHBI O 3alIUTE MMEPCOHATBHBIX TAHHBIX
[11[2].

Kpome Toro, oGiauHbie CEpBHCH TOJIBEPralOTCS KaK BHENIHUM, TaK U BHYTPEHHUM YIPO3aM.
Bremane yrpo3sl BKIro4aroT kubepataku, Takue kak DDOS, ¢umunar, SQL-UHBEKITUU U KCIITIOUTHI
ysa3Bumocteil B APl. BHyTpeHHue yrpo3bl BOZHUKAIOT U3-3a OIIMOOK COTPYJHUKOB, HEIPAaBOMEPHOTO
JOCTyNa WM 3JI0ynoTpediienus noaHoMmounsiMu. COBpeMEeHHbIE MCCIEI0BaHUS MOATBEPKIAIOT, YTO
4eNoBEYeCKHi (hakTop OCcTa&TCs OJHON M3 OCHOBHBIX NMPUYHMH YTEUCK JAHHBIX B OOJAYHBIX CUCTEMAX,
4TO JienaeT 00ydeHune nepcoHana u KOHTPOJb JOCTYNa KPUTUYECKU BaKHBIMU 3JIEMEHTAMU CTpaTeTuu
oe3onacuoctH [3][5].

[enbpro HACTOAIIETO MCCIEIOBAHUS SIBISETCS aHAIM3 Yrpo3 UH()OPMALMOHHOM 0e30macHOCTH B
pactpeneiéHHbIX HH()OPMAIMOHHBIX CHCTEMaX M PACCMOTPEHHE COBPEMEHHBIX METOJIOB 3alllUTHI
uHpopmanuu. [ JOCTHKEHHSI TaHHOM 1IeJH B paboTe pacCMaTPUBAIOTCS OCOOCHHOCTH apXUTEKTYPhI
pactpeeiéHHBIX CHUCTEM, OCHOBHBIC BHJBI KuOepaTak M 3(PPEKTUBHBIC MEXaHH3MBI O0CCIICUCHUS
0€30MMacHOCTH.

7. OO0navHble BLIYMCIEHHUS H UX APXUTEKTYypa

OO6nayHble BBIYMCICHUS OIMUPAIOTCS Ha KOHIICTIIMIO BHPTYyalU3alldd PECypcoB, KOTopas
MIO3BOJISIET CO3/aBaTh BUpTyasiabHble ManHbl (VM) U KOHTEIHEpBI, U30JUPOBaHHBIE JIPYT OT JIpyra,
HO WUCHOJb3yIOIKMe o0mue ¢undeckue pecypebl. KiroueBbIMH KOMIIOHEHTaMH — OOJIayHOU
APXHUTEKTYPHI SBISTFOTCS:
dusnyeckas MHPPacTPYKTYpa, BKIIOYAIOLIAs CEpBEPHl, XPAaHUIIMILA U CETEBOE 000PY10BaHHE;
I'unepBU30pbI, KOTOPHIE YIIPABISIOT BUPTYATHHBIMI MAIIMHAMH U 00ECTICUYMBAIOT WX U30JIALHUIO;
KonTelinepsl 1 MHKpOCepBHCHI, 0OecnieunBarole JErkoe pa3BepThIBaHUE NMPHIOKEHUH U THOKoe
MacuITabOupOBaHHE;

CereBble cepBHCBHI, OOecHeuMBAIONIME MapLIpyTH3alnio, OamaHcUpoBKYy Harpy3kd, VPN wu
m(poBaHHBIE KaHAIBI CBS3H;

CepBuchbl XpaHeHUsl JaHHBIX, BKIIOYas pacrpeiei€HHble 0a3bl TaHHBIX, OOBEKTHBIE XPaHWIUILA U
OJIOKUEHH-CEPBUCHI IJIs1 00€CTICUeHHUS 1IeTOCTHOCTH JTAHHBIX.

OOnaunbple TIATGOPMBI  MOTYT TPEAOCTABIATH pa3iMyHble YPOBHM cepBuca: laaS
(InfrastructureasaService) — BupTyanbHast HHPpPaCTPyKTypa, I/ie KIUSHT oTBeyaeT 3a ycraHoBKy OC u
npunoxenuii; PaaS (PlatformasaService) — miatdopMmeHHble pelieHHs A Pa3BEpPTHIBAHUS H
pa3paboTku npuiiokeHuit; SaaS (SoftwareasaService) — rotToBbie IPOrpaMMHBIC PEIICHUSI, JOCTYITHbIC
yepe3 UHTEPHET, I1€ KJIMEHT OTBEYaeT TOJIBKO 32 YIPaBJIEHUE JOCTYIIOM U AaHHbIe [ 1][2].

ApXUTEKTypa OOJAaYHBIX CHCTEM TaKKe TMpeIyCMaTpUBaeT MEXaHU3Mbl W3OJSIHH |
MaciTaOupoBaHMs, TaKHe KaK HIapAUPOBAaHUE JAHHBIX, pacHpeaeaEHHbIe OYepeid U aBTOMATHYECKOe
OajaHCHpOBaHWE HArPy3KH. OTH MEXaHU3MBI TTO3BOJITIOT O0ECMEYNBATh BBICOKYIO JOCTYITHOCTH
CepBUCOB, HO OJHOBPEMEHHO CO3Jal0T HOBBIE BEKTOpHl arak. Hampumep, auHamMuyeckoe
pacripesielieHue pecypcoB MOXKET OTKPBIBATh KPAaTKOCPOYHBIE YSI3BUMOCTH, €CJIH 3J0YMBIIIICHHUK
HCIOJIb3YeT MOMEHTANbHBIE cTab0CTH B HacTpoiikax Oe3omacHocTH [2][4].

Oco6oe Buumanue yaensercs moaean SharedResponsibility, roe mposaiizep o6iaka oTBeuaer 3a
¢u3nyeckyo 0€30MacHOCTh, YCTOWYMBOCTh MH(PPACTPYKTYphl U 0a30BBIE CEPBUCHI, a KJIHUEHT — 3a
3alIATy TMPUIIOKEHNUH, KOHPHUICHIIMATFHOCTh JAHHBIX W YIpaBiIeHUe JocTynoM. HecoOmronenue atux
MPUHIUIIOB YacTO MPUBOAUT K MHIMJCHTAM O€30MacHOCTH, YTO IMOATBEPXKAAI0T MHOTOYHMCIICHHBIE
oTuéThl 00 yTeUKaxX JaHHBIX Yepe3 HEMPABHIBHO HACTPOEHHBIE XpaHWIUIIA U ciiadbie mouThkud |AM
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[3][5]. HenpaBunbHas MHTepHnpeTanys pacHpelesieHUuss OTBETCTBEHHOCTH MEXIy IpOBalIepoM H
KJIMEHTOM HEPEJKO MPHUBOAMUT K JIOKHOMY OLIYLICHHUIO 3alUILEHHOCTH. B pe3ynbrare nmosabp3oBarenu
UTHOPUPYIOT HEOOXOTUMOCTh HACTPOMKM MEXaHM3MOB KOHTPOJS JIOCTYNa M 3alIWUThl JAHHBIX Ha
YPOBHE MIPUIIOKEHUH, YTO 3HAYUTEJIBHO YBEJIIMYUBACT PUCK KOMIIPOMETALUU HH(DOPMAIUH.

2. OcHOBHbBI€ YTPo3bl HHPOPMALMOHHOK 0€30MACHOCTH B 00JIaYHBIX CHCTEMAX

OOnauHble CUCTEMBI MTOJIBEPKEHBI MHOXKECTBY yrpo3. Hanbomnee pacpocTpanéHHBIE BKIIOYAIOT
yTEUKH JAaHHbIX, aTaku DA0S, BHyTpeHHHE YIpO3bl U YA3BUMOCTH BUPTYaTHU3AIHH.

VYTeukn JaHHBIX Yalle BCEro MPOUCXOIAT M3-3a OMIMOOK KOH(PHUTypalMy XpaHWIUII, CIA0bIX
napoJieid 1 HejpoctaTouHoro mudposanus. B 2022 rogy HECKOJIBKO KPYIMHBIX KOMITAHHH CTOJKHYJIMCH
C YTEYKOM MWIUIMOHOB 3alMCEl KIMEHTOB M3 IMyOIMYHBIX OOJAYHBIX CEPBHCOB MMEHHO IO 3TOM
npuurHe [3]. Ataku oTkasa B obcimykuBanuu (Dd0S) HareneHbl Ha Mmeperpy3Ky CEpBUCOB M MOTYT
napajan3oBaTh pabOTy Cpa3y HECKOJIBKHX CEpBHUCOB 00Jlaka, OCOOEHHO €CIM HCIOJIb3YIOTCS
pacrnpeieIéHHbIe MPUIIOKEHUSI 1 MUKPOCEPBUCHI [4][6].

BuyTpennue yrpo3sl BO3HHMKAIOT W3-3a JIEUCTBUM COTPYJHUKOB, MOAPSTYUKOB WIH APYTUX
aBTOPU30BaHHBIX TMoOJib30Bareneil. OHU MOTyT OBITh CIIy4alHBIMH — OHIMOKM KOH(UTrypaiuu,
HENPaBWJIbHO HACTPOEHHBIE MpaBa JOCTyNa, UM NPEeIHAMEPEHHbIMU — Kpayka JaHHbIX WJIM caboTax
cucteM. COIJIacCHO MCCIEOBAHUSAM, BHYTPEHHHE YIPO3bl COCTABISIIOT 3HAYUTENBHYIO OO
HMHITUACHTOB 0€30MacHOCTH B 00Ja4HbIX cucTemMax [3][5].

VYA3BUMOCTH  BUPTyalW3allud MPEJCTaBISIOT CcOO0OM yrpody s 0e30MacHOCTH  M3-3a
BO3MOKHOT'O HApYIICHHUS HW30JSIMM BUPTYyaJIbHBIX MAIllMH WM KOHTEWHepoB. Hapymienue sToit
M3OJISIIUA MOXKET TO3BOJIUTH OJHOW BUPTYAIbHOM Cpefie MOJYYHUTh JOCTYN K JaHHBIM APYroi, 4TO
JeNaeT KPUTUYECKH BAXKHBIM IOCTOSIHHBI MOHUTOPUHT W OOHOBIICHHME THUIEpPBU30poB [2][4].
JlomoIHUTEIbHBIE PUCKH BO3HHMKAIOT IMPH HCHOJIb30BAaHWU KOHTEHHEPHBIX TEXHOJOTUH U CHCTEM
opkecTpauuu, Takux kak Kubernetes. OmmOku koH(pUTypaIiy KJIacTepOB, U30BITOUHbBIE TPUBUIETUU
U OTKpBITbIE WHTEP(EHCH yMpaBlIeHUs] MOTYT OBITh HCIOJIB30BaHbl 3JO0YMBIIUICHHUKAMU IS
MOJTy4eHHUs JOCTyna K UHQPpACTpyKType U BBINOJIHEHHUS aTaK TUIa container escape.

Tabnuua 1. OcHOBHBIE YTPO3bl M METOJIbl MX NPEAOTBPALLICHUS

Yrposa OnucaHue MeToAabl npeaoBTpaweHUA
YTeuka gaHHbIX HapyweHune KoHbMaeHUManbHocTM n3-3a | LndposaHue gaHHblx, IAM, ayant
cnaboii 3aWnTbl MaAKN oWNBOK [0cTyna, obyyeHne nepcoHana
KOHUrypaumm [31[5]
DdoS-aTaku MNeperpy3sKa cepBmcos, banaHcMpoBKa HarpysKu, CUCTEMbI
HeAO0CTYNHOCTbMNPUIOKEHUI dunbTpaumm Tpadmka, obnadnble
WAF, moHUTOpUHT [4][6]
BHyTpeHHuUe Owmnbkun nnu 3noynotpebneHusa KoHTponb npusunerun,
yrpossol COTPYAHMKOB NIOrMpoBaHue AencTBuii, obyyeHune
nepcoHana [3][5]
YAassnumocTtu HapyweHuve nsonaummn BUpTyasnbHbIX O6HoBNEHME TMNEPBU30OPOB,
BMPTYanm3aLunm MaLWH N KOHTENHEepPOB cermeHTaUunA ceT, MOHUTOPUHT
aHomanun [2][4]
HapyweHue NoameHa nan nospexgeHune Bnok4yelnH-cepBUCHI, KOHTPOb
LEeNoCTHOCTH nHbopmauymm XaWwemn, pesepBHOe KONMPOBaHUe
JAHHbIX [51[6]

3. Metoabl o0ecnieueHns 6€30MaCHOCTH 001a4HBIX MHPPACTPYKTYP

KoMmruiekcHasi 3ammra OOJNa4HBbIX CHCTEM TpeOyeT MPUMEHEHHS HECKOIbKUX YpPOBHEW Mep,
coueTas TEXHHYECKHE DEIICHUs, OPraHH3allMOHHBIE TPAKTHKH M CTPATErHYeCKOe IUIAHUPOBAHHME.
OIHMM M3 KIFOYEBBIX KOMIIOHCHTOB 0€30MacHOCTH sBiseTcs mmppoBaHue AaHHBIX. OHO JOJKHO
NPUMEHAThCS Kak mpu XpaneHun wHpopmanuu (dataatrest), Tak u mpu eé mepenaue (dataintransit).
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CoBpemennble anroputmbl AES-256 nns xpanenuss u TLS 1.3 ans mepenaum JaHHBIX MO3BOJISIOT
Ha/IeKHO 3alllMIIaTh MHPOPMALMIO Jake IpPU IOMBITKAX IMepexBara WM HECaHKLMOHHPOBAHHOIO
noctyna. Jas 0co00 KPUTHYHBIX JaHHBIX MPUMEHSIOTCS MHOTOYPOBHEBBIE CXEMbI IIN(POBAHUS C
anmapatueiMu TokeHamu u HSM  (HardwareSecurityModuleS), 4ro moBbImIaeT yCTORYHMBOCTH K
NpOrpaMMHBIM aTakaM M 3alluinaet Kiroun mudposanus [1][2].

VYupasienune uaeHtudukanuein u gocrynmom (IAM) sBisercss GpyHmaMeHTaIbHOW MPAKTHKOM
6e3onmacHocTd. OHO BKJIIOYACT MHOTO(GAKTOPHYIO ayTEHTHU(HUKAIMIO, NPUHIUAI HAUMEHBIINX
IIPUBMJIETUI, POJEBOE pa3rpaHUYEHUE U PEryJsipHbId ayaur mpas gocrtyna. CoBpemenHble |AM-
CHCTEMbl MHTETPUPYIOTCSI C KOPHOPATUBHBIMU KaTajJOraMHd M IO3BOJISIOT JUHAMHYECKH W3MEHSThH
IIPUBUJIETUM B 3aBHCHMOCTH OT KOHTEKCTa, YTO OCOOCHHO Ba)XHO [UIl OpraHu3aluil ¢ OOJibIIUM
YHUCIIOM TIOJIb30BaTeNiell u pacmnpeneneHHoW uHGpacTpykTypoir. Baenpenune IAM  mosBomsier
IPEJOTBPATUTh HECAHKLIIMOHUPOBAHHBIA JOCTYI K J@HHBIM Ja)K€ MPU KOMIIPOMETALUU OTIEJIbHBIX
yuetHbix 3amucedl [3][4]. IlapammensHo pa3BuBaercs texHonorusi Confidential Computing,
obecrieynBarolias 3allMTy JaHHBIX B Ipolecce HX OO0pabOTKM 3a CuUeT MCIOJIb30BaHMS
M30JIMPOBAHHBIX ANIIAPATHBIX CPEJ BBITOJHEHUS. JTO MO3BOJSET MUHUMU3UPOBATh PUCKH JOCTYIIA K
JAHHBIM JJa’ke CO CTOPOHBI MHPPACTPYKTYPHBIX aIMUHUCTPATOPOB. BajkHbIM HamnpaBieHUEM pa3BUTHUS
aBigercs BHenpeHue mnoaxona DevSecOps, KOTOpbIl mpennojiaraeéT HMHTErPALdI0 MEXaHU3MOB
0e30IaCHOCTH Ha BCeX ATanax pa3paboTKU MPOrpaMMHOI0 obecredeHusi. DTO MO3BOJISET BBIABIAThH
YSI3BUMOCTH Ha PAHHUX CTAIUSX U CHUKATh PUCK UX AKCIUTyaTallH B IPOAYKTUBHOMU Cpejie.

Jlnsi BBIABJICHUS YI'pO3 B PEaJbHOM BPEMEHHM HCMOJIb3YIOTCS MOHUTOPHHI COOBITHUH, aHAIN3
MOBE/ICHUS MOJIb30BaTeNei U cucteMbl oOHapyxkenus anomanuii (UEBA, SIEM). DTi HHCTpYMEHTBI
COOMpAIOT U aHATU3UPYIOT MH(OPMAIMIO O JEHCTBUAX IOJIb30BaTeNel, NPUIOKEHUNH U YCTPOUCTB,
BBISIBIISISL TIOJIO3PUTETBHBIE MAaTTEPHBI. B COBpEMEHHBIX OOJAYHBIX CpeAax aKTUBHO IMPHMEHSIOTCS
SOAR-cucremsr (SecurityOrchestration, AutomationandResponse), mo3BoJsomye aBTOMATHYECKU
pearupoBaTb Ha WHIUAEHTBI: OJIOKUPOBaTh CKOMIPOMETHPOBAaHHBIE aKKAyHTbI, W30JIMPOBAThH
BUPTYyaJIbHBIC MAITMHBI M YBEIOMIISITh aIMHHHUCTPATOPOB O MOIO3PUTEIBHBIX NEHCTBHAX [5].

Pe3epBHOE KONMpPOBaHKME U BOCCTAHOBJIEHHUE JIaHHBIX 00ECIIEUMBAIOT HENPEPHIBHOCTh OM3HECA U
MUHUMU3ALMIO TOTEPh IPU HUHIMJAEHTaX Oe30IaCcHOCTH, BKJIIOYAas aTakud ransomware u cOou
uHOGpacTpyKTypsl. OnTUManpHas CTpaTerus BKIIOYACT pEryJisipHble MHKPEMEHTAlbHblE U IOJIHbIE
O9Karbl, XpaHeHHWE KONHHA B HECKOJIBKHX Teorpad)uyecKux pernoHax, TeCTHPOBAHHE CIEHApUEB
BOCCTAHOBJICHHS 1 aBTOMATH3AIUIO ATHX MPOIIECCOB C TTOMOIIBIO 00JIaYHBIX CEPBUCOB [2][6].

OOyueHue nepcoHasla M TMOBBIIIEHUE OCBEIOMJIEHHOCTH OCTAIOTCS KPUTHUECKHU BaXKHBIMU IS
NPEJOTBPAILICHUs YeNIOBEYecKOoro ¢akropa B HHIUAEHTaX Oe3omacHOCTH. Jlake NpoJBUHYTHIE
TEXHUYECKHE MEPHI HE 3aIUTST OPTaHU3aLHUI0 OT (DUIITMHTA, CONMATBHON HHXSCHEPUH HITH CITyJaiiHbIX
OIMOOK COTPYJHHUKOB. PeryispHble TPEeHUHIH, CUMYJSIMM aTak M MHCTPYKLMH MO Oe30macHOil
pabote ¢ 00JIaYHBIMH CEPBUCAMU 3HAUYNUTEILHO CHIDKAIOT pucku [3][5].

CoBpemeHHble oOnayHble IMIATGOPMBI HCIONIB3YIOT Mojaenb ZeroTrust, rae mroboit gocTyn
TpeOyeT MpOBEpKM U aBTOPHU3AMM Ha KaXJIOM YpPOBHE, HE3aBUCUMO OT MECTOINOJIOKEHUS
MOJIb30BaTENsl WIM yCTPOHCTBA. DTO BKIKOYAET MPOBEPKY YCTPOMCTBA, YUETHOM 3alUCH, KOHTEKCTa
ceccMM W aHanu3 aHoManuil. Buenpenue ZeroTrust ocoOeHHO 3((eKTHBHO A yJaJEHHBIX
COTPY/ZHUKOB M THOpUIIHBIX pabouux cpen [4][5].

3ammra APl 1 cepBHCOB SBIISETCS €Ile OJTHUM BaXKHBIM aCHEKTOM. MCIONB3yIOTCS MEXaHU3MBI
OrpaHMYEHUs 4acTOTHI 3arpocoB (ratelimiting), ayrentuduxanus APl-3anpocoB u aHamM3 MoBeACHUS
kiaueHToB APl 11 mpeioTBpalieH!sl HECAaHKIIMOHUPOBAHHOTO JIOCTYIIA M aTak Ha HHTep(denchI.

Taxoxe mpUMEHSIOTCSI KOHTPOJIb LIEJIOCTHOCTH JaHHBIX, BKIIIOYAIOIIUI X3IIMpOBaHUe, U(PPOBbIE
MOJITMCH U OJIOKYEHH-TEXHOJIOTUH TSI KPUTUIECKH BXHBIX OOBEKTOB, YTO TIO3BOJISIET OOHAPYKUBAThH
MOJIMEHY HJIU TOBPEXICHUE TAaHHBIX U ONEPAaTUBHO pearupoBaTh Ha MHIIUJCHTHI [6].

CereBble TexHONOTHM Oe3onacHocTH BKI0YatoT VPN, MexcereBble SKpaHbl HOBOTO MOKOJIEHUS
(NGFW), cucrembr mpenotBpamenus Bropkenud (IPS) m cermenrtanmio cereit. DT Mepsl
OTPaHUYUBAIOT BO3MOXHOCTHU 3JI0YMBIIIJIEHHUKOB, NMPEIOTBPAILIAIOT PacpOCTpaHEHHE YIpo3 BHYTpHU
obyaka 1 oOecreunBaroT 3alMIIEHHBIN 0OMEH TaHHBIMH MEX/y CepBHCaMHU.
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4. Mopenu pa3BepTbIBaHUs 00J1a4HBIX BIYHMCICHHIT

Bri6op mMonmenu pasBepThiBaHHs O0Jaka HAMpSIMYIO BIMSET Ha TpeOOBaHUS K OE30MacHOCTH,
CTpaTeTHI0 YIpPABIICHUS JAHHBIMH M TONUTUKY 3amuThl uHGopmammuu. CymIeCTBYIOT YEThIpe
OCHOBHBIX MOJIENIU: MyOIMYHOE, YaCTHOE, THOpUIHOE U MHOT0O0IauHOe 00J1aK0, KaXKIasi U3 KOTOPBIX
UMEET CBOU OCOOCHHOCTH U YS3BHMOCTH.

[Iybnuunoe 00naKo MPenoCTaBlIA€T BBIYUCIUTENbHBIE PECYpPChl MHOXKECTBY IOJIb30BaTeseH
yepe3 uHTepHeT. [IpoBaiinep ympasiseT Bceil MH(PACTPYKTypOid, BKIIOUYAsl CEPBEPHI, XpPaHWINIIA U
cereBoe obOopynoBanue. I[lyOnmuHoe o001ako OTIMYAaeTcs BBICOKOM MacHITAOMPYEeMOCTBbIO U
HKOHOMHYECKOH 3()(HEKTUBHOCTHIO, OJHAKO OE30MaCHOCTh JAHHBIX 3[1€Ch IMOJHOCTBIO 3aBHCHUT OT
HACTpPOEK IMpoBaiifiepa u kiiveHTa. Yacto Bo3HHKAaET HEOOXOUMOCTh B YCHIIEGHHOM KOHTPOJIE JOCTYTIA,
mU(PpPOBaHUU JAHHBIX U MOHUTOPUHTE AaKTUBHOCTH TMojb3oBareneil. [lyOonuynple o0naka akTHBHO
UCIoJNB3YI0TCA cTapTranaMu, U T-komnanusMu 1 00pa3oBaTeNbHBIMU YUPEKACHUSIMH, KOTOPBIM Ba)KHa
rHOKOCTh M CHIDKEHUE KamuTaIbHBIX 3aTpart [ 1][2].

YactHoe 001ako MpeaHa3HAYeHO JUIsl OJHOM OpraHu3aldy U 00ecleuynuBaeT MOJHBIM KOHTPOIb
HaJ UHPPacTpyKTypoil. OHO MOXKET OBITh pa3MEIICHO JIOKAIBHO (ON-Premises) Wiu yupaBisThCs
CTOPOHHUM TpoBaiiiepoM. YacTHOoe 007aKO MO3BOJISIET BHEAPSATH CTPOTHE MOIUTHKU 0€30MacHOCTH,
CerMEHTaIuio ceTH, cobctBeHHbIe pemeHus |IAM u mmdpoBanus. OHO UACATBLHO MOAXOMUT IS
(UHAHCOBBIX  KOMIAHHM, TOCYJapCTBEHHBIX YUPEXKIEHUH U  MNPEANpPUSTHH C  BBICOKOU
YYBCTBUTEIBHOCTHIO JaHHBIX. (OCHOBHBIM HEIOCTaTKOM SBJISIETCS 0o0Jiee BBICOKAsT CTOMMOCTh
BHEJPEHUS U OOCIY)XMBAaHHUS MO CPABHEHHIO C MyOIMYHBIM OOJaKOM, a Takke HEoOXOIMMOCTh
KBTM(DUIIMPOBAHHOTO TICPCOHAJIA JIJIs yIIpaBieHusI HHppacTpykTypoit [3][4].

I'uOpuaHoe 06mako coderaeT MyOIUYHBIC U YaCTHBIE KOMIOHEHTHI. UyBCTBUTENbHbIE JAHHbBIE U
KPUTUYECKHE TMPUIOKEHUS pa3MEIIaloTCsl B YacTHOM OOJIake, a MeHee UyBCTBHUTEIIbHBIC U
pecypcoéMkue cepBUCHl — B MyOnu4yHoM. ['ubpuaHas Moaens TpedyeT KOMIUIEKCHOTO MOIXoJa K
WHTETpaIui Mep 3allUThl, CAHXPOHU3AIMH MMOJUTUK U YIPABIEHUS AOCTYNOM Mexay cpenamu. OHa
obecnieunBaer OajmaHc MeEXIy THOKOCTBIO ¥ OC30MACHOCTHIO, IMO3BOJISIET  JTMHAMHUYCCKHU
MacIITaOupoOBaTh pECypchl M CHUXAeT 3aTparbl Ha HH(pacTpykTypy. [Ipumepsl mnpumeHeHus
ruOpugHOrO oOJaKa BKJIIOYAIOT MEAMLIMHCKUE OpraHu3anuy, oOpalaThIBarOmIMe MEpCOHAIbHBIC
JaHHBIE TAIIHEHTOB, U KOMIIAHUH, peAOoCTaBstonue SaasS-ycuyru [2][5].

MHoroo6ayHasi MOJeNb MOAPa3yMEBAET MCIIOIb30BAHUE PECYPCOB HECKOJIBKUX IMPOBANIEPOB
OJIHOBpeMEHHO. OHa CHMKaeT 3aBUCHUMOCTH OT OJIHOTO IOCTAaBIIMKA M MOBBIIIAET YCTOWYHUBOCTH K
cOOsSIM MJIM aTakaM Ha KOHKpPETHOro mpoBaijepa. MHoOrooOnauHble pELIEHUS TaKK€ IO3BOJISIOT
ONTUMU3HPOBATh CTOMMOCTh W PaCOpelesiTh Harpy3ky MeEXAYy pasluYHbIMH  OOJNaYHBIMU
mwiargopmamu. OJHAaKO ympaBieHHEe Oe30MacHOCThIO B MHOroO0OJIayHOW cpene Oojiee CIO0XKHOE:
TpeOyeTcsl CcoriacoBaHUE IMOJUTUK OE30MaCHOCTH, €IWHBII MOHHMTOPUHT, YTpaBiICHHE KIOYaMH
mU(ppoBaHUs U ayJIuT ACWCTBUN MMOJIb30BaTele Ha Bcex Iutardopmax. MHOroo0sauyHble MOIXOAbI
AKTUBHO MCIOJB3YIOT KPYMHBIE KOPIOPALMM M MEXAYHApOJHbIE KOMIIAHUHM, KOTOPBIM Ba)KHbI
OTKa30yCTOMYMBOCTh U pacmupeneneHue puckoB [1][2][6]. Omnako >¢¢heKTHBHOE HCIOIb30BaHUE
MHOT000JIauHOM cpeipl TpeOyeT BHEAPEHUS [IEHTPATH30BaHHBIX CHCTEM YIPaBlIeHUsI 0€30MacHOCThIO,
00€eCIeunBaOIINX €IUHBIA KOHTPOJIb JOCTYIA, MOHUTOPHHI COOBITHI W YyIpaBICHHE KIIOYaMH
¢ poBaHus BO BCEX UCMOIb3YEMBIX MIaThopMax.

3akioueHue

OO6nayHble BBHIYMCICHHUS CTalM HEOTheMIIEMOHl 4acTbio coBpeMeHHONl WT-unbpacTpyKTyphl,
MIPEOCTaBIIsAs OPraHU3aIMsIM THOKOCTh, MAaCIITAOUPYEMOCTh U 3HAUUTENILHOE COKpAallleHHEe 3aTpaT Ha
o0opy/soBaHHWE U TOAJEPKKY. Bmecte ¢ TeM OHHM CO34al0T HOBBIE BBI30BBI B 00JACTH
uHpOpMaMoHHOW Oe3omacHOCTH. OCHOBHBIC YIpO3bl BKIIIOYAIOT YTEYKH JaHHBIX, araku DdoS,
BHYTPEHHHUE YTpO3bl, YSI3BUMOCTH BHpTyanuzauuu u kommpometarnuio APl Kaxnmas u3 moneneit
pa3BepThIBaHUs OOjaka — MyOJIMYHOE, YacTHOE, TMOPHAHOE M MHOroo0JayHOe — HMMEET CBOM
0COOEHHOCTH 0€30MaCHOCTH, PUCKH U TPeOOBaHMSI K YIIPABJICHUIO TOCTYIIOM U 3allIUTON MHPOpMAIIH.

O¢dexTuBHas 3amuTa OOJAYHBIX CHCTEM BO3MOXKHA TOJBKO MPU KOMIUIEKCHOM MOJXOJE,
KOTOpBIM COYETaeT TEXHUYECKHE PEIICHUs, OpraHU3allIOHHbIE MEpbl U MPOAKTUBHBI MOHUTOPHHT.
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KitoueBbiME MeTOIaMU SIBISIFOTCS IIU(POBAHKUE JTAHHBIX, YIIPABJICHUE HICHTU(DUKALMEH U JOCTYIIOM
(IAM), muorodaktopHass ayTeHTH(HUKAIMS, CHCTEMbl MOHHTOPUHTa W OOHApPYKEHHS aHOMAJIHii,
pe3epBHOE KOMMPOBAHUE M BOCCTAHOBIICHHE JAaHHBIX, a Takke oOydeHue nepconana. CoBpeMeHHBIE
MOJIXO/Ibl, TAKUE KaK Mozenb ZeroTrust, nuurerpanus 3amutbl APl 1 KOHTPOJIb IIEJIOCTHOCTH JaHHBIX,
MO3BOJISIFOT MHHUMH3UPOBATh PUCKH W TOBBICUTH YCTOMYHMBOCTH OOJAYHBIX HWHPPACTPYKTYp K
COBPEMEHHBIM yTpO3aMm.

Bri6op Mozmenu pa3BepTHIBAHUS W CTPAaTETWU OE30MACHOCTH JIOJDKEH YUYUTHIBATh CHEIHM(UKY
Ou3Heca, HOpPMAaTUBHbIE TPeOOBaHUS U YPOBEHb KPUTHUYHOCTH JAaHHbIX. [lyOnmuunbie oOmnaka
o0ecreynBa0T TMOKOCTh M HKOHOMHIO, YAaCTHbIE O0Jlaka — MaKCHUMAaJbHBIH KOHTPOJb U 3aIIUTY
nHpopManuu, THOPUIHBIC pelieHUus — OalaHC MEXIy O€30MacHOCThI0 M MacIITabUpyeMOCThIO, a
MHOT000JIauHbIe MOETHN — PacpeIeTICHUE PUCKOB H MOBBIIICHUE OTKA30yCTOHYUBOCTH.

B nenom, BHeapeHHe MHOTOYPOBHEBOM 3alIUTHI, PETYJSPHBIN ayuT U 00y4YeHHE MepcoHaia, a
TaKXKe HCIOJb30BAHUE COBPEMEHHBIX TEXHOJOTUH O€30MacHOCTH TIO3BOJIIOT — OpraHU3alysIM
0e30MacHO HMCIOJB30BaTh OOJIAYHBIE pPECypCchbl, MHUHUMHU3HPOBATh Yrpo3bl U  OOecreuynBaTh
HENPEPbIBHOCTh OM3HEC-TIpouieccoB. B nanpHelneM pa3BUTHE OOJIAYHBIX TEXHOJOTHH Oyxaer
COMPOBOXAATHCSA POCTOM  aBTOMATHU3HPOBAHHBIX aTaK, BKJIIOYAs MHCIOJb30BAHHE METO/OB
HCKYyCCTBEHHOTO HHTEIUIEKTa. OJTO TpeOyeT mepexoJa K TMPOAKTUBHBIM MOJEISM  3allHTHI,
OCHOBAaHHBIM Ha MPEIUKTHUBHOW AHAIUTUKE W ABTOMATUYECKOM pEarupoBAaHUU HAa HMHIUJICHTHI
0e3omacHoctn. TakuMm o00pa3oM, WHPOPMAIMOHHAS OE30MacHOCTh B OOJIAYHBIX BBIYUCIICHUSIX
CTAHOBUTCS KIIFOUEBBIM 3JEMEHTOM YCTOMYMBOIO M YCIEUIHOTO Pa3BUTUS KOMIIAHUH B YCIOBHSX
dpoBoi TpaHchopMaIny.
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AHHOTAIUA

BBenenmne. CaxapHblii auaOerT SBISETCS XPOHUYECKUM 3a00J€BaHUEM, IPH KOTOPOM
cobmoaenre mnocra B Mecsal Pamanan TpeOyeT HWHAMBUAYAIbHOTO MEIUIIMHCKOTO IOJXO0JA.
V3meHeHne pexuma MHUTaHUs, CHA, PU3MUECKON aKTHBHOCTH U TpUEMa JICKApCTBEHHBIX IMPEIapaToB
MOJKET IMOBBIIIATh PUCK TUIOITIMKEMUH, TUIIEPIIMKEMUH, 00€3BOKUBAHUS U IPYTUX OCIIOKHEHHH. B
CBSI3W C AITHM BOIIPOCHI O€30IACHOTO COONIONEHUS IMOCTa Yy IAlMEHTOB C CaxapHbIM JHa0EeTOM
OCTalOTCS aKTyaJIbHBIMHU.

Heanb. O6000MUTE COBpEMEHHBIE JaHHBIE O BEJACHUW MAIMEHTOB C CaXapHbIM JHA0ETOM BO
BpeMms Pamanana, Biitoyass OLEHKY puUCKa, OOy4YeHHME TMAIMeHTOB, CAMOKOHTPOJb TJIIOKO3HI,
KOPPEKILHIO TepAK U OCOOEHHOCTH BEICHUS OT/IEIbHBIX TPYIIT HAllUEeHTOB.

Matepuanbsl U Metoabl. [IpoBeneH 0030p MOTHOTEKCTOBBIX HayuyHBIX MyOnukauuit 3a 2021—
2026 roppl, MOCBALIEHHBIX caxapHOMY AMa0eTy W coONroAeHHIo mocTta B Mecsl Pamanan. B 0630p
BKJIIOYAJIUCh ~ KJIMHUYECKHME  PEKOMEHJAllMM,  CHCTeMaTh4Yeckue  0030pbl,  MeTaaHaJM3bl,
HaOJtolaTeNIbHbIE  WCCIEIOBAaHUS W IMyOJIMKAallUM, TIOCBSIIEHHbIE JIEKAPCTBEHHOM Tepanuu,
HEeNpepbIBHOMY MOHUTOPHUHTY TIIFOKO3bI U 00YyUEHHIO MaIUeHTOB.

Pe3yabTaThl. AHANN3 IUTEpaTyphl TOKA3ajl, 4TO O€30MaCHOCTD MOCTa Y MallMEHTOB C CaXapHbIM
I1abeToM 3aBUCHUT OT TUMa Juadera, ypOBHs TINIMKEMHYECKOTO KOHTPOJIS, HAJIMYUS OCIIOKHEHHH,
BO3pacTa, CXEMbl JICUEHUS M KadecTBa IPEIBAPUTENILHON IMOATOTOBKHU. Y NAIlMEHTOB C CaXapHbIM
auabeToM 2 TUMa IOCT MOKET ObITh 0e30MacHbIM TpU HHU3KOM PHCKE, XOpOLIeM KOHTpOJIe
3a00JIeBaHUs U MPABUJIBHOM KOPPEKIMH Tepanuu. Y MaleHTOB ¢ caXxapHbIM AuadeTroM | Tuma puck
TUIOTJIMKEMUHM M BBIPAKEHHBIX KOJICOAHUH TIIOKO3Bl BbIIIE. bepeMeHHbIE JKEHIIWHBI, MOXKHIIbIe
MAUEeHThl U JIHMIA C OCIOKHEHUSIMH Juabera OTHOCITCS K IpyMiaM MOBBIIIEHHOTO pucka. BaxHoe
3Ha4YeHHE MMEIOT Ipe/BapuTeNbHas OlleHKa pHcKa, o0yueHHe MalMeHTa, PeryJISIpHbIi CaMOKOHTPOIb
TJIIOKO3bl M HCIIOJIb30BAHHWE COBPEMEHHBIX TEXHOJOTHH, BKIIIOYas HENPEPHIBHBIM MOHHUTOPHUHT
TJIIOKO3BI.

3akarouenue. CobOmoeHne nocra B Mecs Pamanan mpu caxapHoM auabeTe BO3MOXKHO HE Y
BCEX MAllMEHTOB M JOJKHO PacCMaTPUBATHCS MHAMBHYadbHO. OCHOBHBIMU YCIOBUSIMH 0€3011aCHOTO
rocra SBISIOTCS MEIMIIMHCKas OleHKa mepen Pamamanom, crpatudukanus pucka, KOPpPEKIUs
caxapoCHWXarollel Tepanuu, o0yuyeHue MalueHTa U PEryJSpHbI KOHTPOJb TIHOKO3bI. I[lanueHTs
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BBICOKOTO PHCKa HYXIJAIOTCS B 0COOOM HAOJIIOJCHMM WM PEKOMEHJAIMM OTKa3aThbCs OT IMOCTa I10
MEIULUHCKUM MTOKa3aHUSM.

KiroueBble cioBa: caxapHblii amaber, PamanaH, MOCT, THIOTIMKEMHS, THIIEPTIMKEMHUS,
CaAMOKOHTPOJIb IIIOKO3bI, HEIPEPbIBHBI MOHUTOPUHT IUIIOKO3bI, OIIEHKA PUCKA.

Beenenune

Pamanan — 370 Mecsl, Korja MycCyjibMaHe IOCTATCS OT paccBeTa 0 3akara. B GonblIMHCTBE
CJIy4aeB ATOT PEXHUM SIBIISIETCA OCUIBHBIM JJIs 3J0pOBOrO 4esoBeKa. /[ uesnoBeka ¢ 1uabeToM 310
HaMHOTI'O CJIO)KHee. MeIUIIMHCKHE CHEeMAINCThl YacTo KIacCU(UIUPYIOT CPEIHUIN YPOBEHb IIIOKO3bI
npu nquabeTe Kak 3aBUCAIIMNA OT MUTAHUS, (PU3MUECKON aKTUBHOCTH, IIPUEMa JICKApCTB U PEXKUMA CHa,
KOTOpbIE IPOUCXOAAT B paMKax 24-yacoBoro nukia. Bee atu ¢akropsl Bo Bpemst Pamagana MeHsoTCS.
HekoTtopble naHHBIE MOKa3bIBAIOT, YTO MHOTHE MAIMEHTHI ¢ caxapHbM aunadberom (C/I) crpemsrtcs
co0JroaTh MOCT, JJaXKe €CIU Yy HUX €CTh MEIUIMHCKHE pUCKU. TakuM oOpa3oM, HE €IMHCTBEHHas
poJiib Bpaya — CIEOUTh 3a TEM, 4YTOOBI MOCT ObLI 3ampelieH wiu paspewieH. OneHka pucka ais
KOHKPETHOr0 4YelloBeKa elle BakHee. J[pyrue Mepbl BKIOYalOT OOydyeHHE MalMeHTa, M3MEHEHUe
BPEMEHMU NIpUEMa JIEKAPCTB U PETYJISIPHBIN MOHUTOPUHT YPOBHS TJIHOKO3bI [1].

Kak onucano B 0630pHoii cratbe 2024 roga Ramadan fasting — 3To 0co0blIii BUJT TPEPHIBUCTOTO
JTHEBHOT'O TOJ0JaHus. ABTOpBI MPEAIOaratoT, YTO MPU 3TOM PEKUME META0OINYECKHE M3MEHEHUs
MOTYT IPOUCXOJUTh KaK IOJOXKHUTEIbHO, TaK M OTpULATeNbHO Npu auadere [3]. Y HEKOTOpBIX
MAIMEHTOB C CaXapHBIM Jua0eToM 2 Tumna HaOJroJaeTcsl yaydlIeHHEe MAacChl Tela, MIMKEeMUYECKOTro
KOHTPOJS M JunuiaHoro npoduis. Tem He MeHee, HaluuuMe M BBIPAXEHHOCTb ATUX 3(dexToB
BapbUPYIOT B 3aBUCHMOCTH OT HCXOJHOTO COCTOSIHMSI NAIlMEHTOB, TEPallU{, PEKUMa IMUTAHUS U
MOHUTOPHUHIa YpPOBHSI TJIIOKO3bl B KpoBH. CucTeMaTHYecKMil 0030p M MeTa-aHalu3, MPOBEACHHBIC
Elmajnoun et al., mokaszanu, 4To mocT BO BpeMsi PamamaHa He Bcerga yxynmiaeT TIIMKEMHUYECKUH
KOHTPOJIb y TAllMEHTOB C CaxapHbIM auabeToM 2 Tuma. MHorue HaOIrOaTeNIbHbIE HUCCIIEOBAHUS
npoaeMoHcTpupoBanu cHumkeHne HbAlc mocne Pamanana. OpHako aBTOpBI TaKkKe OTMETHIIU
pa3nuyus B TaHHBIX UCCIEIOBAaHUNA. DTO OOBACHICTCSA pa3HOOOpa3ueM MEPHOI0B MOCTa, Pa3IHIHsIMA
B IPUMEHSIEMBbIX METOJaxX JIEYEHMs, pPa3HbIMM CTaHJapTaMM OOyuYeHHUs MalUeHTOB, a TaKkKe
KOHKPETHBIMU METOJIaMH TIOCIICIYIONIeTr0o HaOmoaeHus [4].

I'mo6anbubiii onmpoc DAR 2020 BBIsSIBUII, UTO MHOTHE MAIUEHTHI C CaXapHbIM IUabdeToM 2 Tuma
npoaopkanu moctutbest Bo Bpemss COVID-19 [5]. Tlocnenyronue uccleqoBaHUS Y B3POCHBIX C
caxapHbIM JMabeToM 2 THMa MOATBEPAWIM IIMPOKYIO MPAKTUKY MOCTa, Kak ObLJIO yKa3aHO B Ooiee
MO3JJHEM MCCJIEI0BAaHUU C MCIOJIb30BAaHUEM JaHHBIX U3 MSTU reorpaduueckux peruoHoB [6]. Kpome
Toro, obHoOBIeHHOe obcinenoBanne DAR 2022 mnokasano, yTO HO-IPEXKHEMY MHOTHE MAIlUEHTHI
cOOJTIO/IAI0T MOCT U HYXKJIAIOTCS B CTPYKTYPUPOBAHHOM MOATOTOBKE repes; Pamananom [7].

OnHa rpynna — KOTOpThI JIOAeH ¢ caxapHbIM quaGetoMm 1 tuma. [lyis HMX pHUCK BbIe. DTO
CBSI3aHO C TMOJIHOM 3aBUCUMOCTBIO OT MHCYJIMHA U TOBBIIIEHHBIM PUCKOM PE3KUX W3MEHEHUU ypOBHS
rimoko3bl [1]. XOTS HECKOJBKO HCCIEI0BaHMM C MCIOJIb30BAaHMEM HENPEPHIBHOIO MOHHUTOPHHIA
TJIIOKO3bl COOOIIAIOT, YTO KOJIEOaHWsS] YpOBHS TJIIOKO3bI B KPOBH MOTYT YCHJIMBAThCSl BO BpeMs
Pamanana y B3pocibIx ¢ caxapHbIM 1uaderoM 1 Tuna (ocobeHHo nocie ugrapa u cyxypa) [14].

IToct Taxke Ooisiee ClOXKEH AN MOAPOCTKOB C caxapHbM jauabetroMm 1 Tuna. Safari et al.
ITokazanu, 4TO MOCT BO3MOXEH Y HEKOTOPBIX NOJPOCTKOB IPH HAJIMYMU JOCTATOYHOTO HAA30pa U
wianupoBaHusl. OJIHAKO HET yKa3aHHM Ha TO, YTO MOCT MOXKET ObITh 0e30macHBbIM JJI BCEX JeTed u
MOJIPOCTKOB € caxapHbIM auadberom 1 tuma [17].

Eme onna rpynmna BBICOKOTO pucka — OepeMeHHbIe KEeHIUHBI ¢ AunadeToM. bruio orMeueHo,
YTO IOCT MOXET OBbITh CBSI3aH C PUCKOM THIIOTIMKEMHH, THIEPIIMKEMHH U 00€3BOXKHBAHUS Y
OepeMeHHBIX KEHILUH B Bo3pacTe 18 JieT W crapiie npu recTalliOHHOM JauadeTe Wid npu auadere,
CYIIECTBOBaBILEM /10 6epeMeHHOCTH. OJTHOBPEMEHHO JKEHIIMHBI MO-TIPEKHEMY COOJIIOJIAIOT MOCT 10
JIUYHBIM U PEJIUTHO3HBIM IpuyuHam [ 18].

Taxum o6pa3om, caxapHsblil 1uader u Pamanan — 3710 BakHas MeauuuHckas temMa. OHa Tpedyer
COTJIACOBAaHHOCTU PEJTUTHO3HBIX, KIMHUYECKUX U COLMAIbHBIX acnekToB. [loaToMy GezonmacHbIi mOCT
HEBO3MOXKEH /ISl BCEX, KaK COOOIIaeTcss B TEKYIIMX HUCTOYHMKAX. OIHO M3 KIIIOUEBBIX YCIOBHHA —
WH/IUBUTYaTBHBIA TOIX0x 1.
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eab 0030pa

Ilenp manHOW 0030pHOI cTaThu — OOOOIIUTH COBPEMEHHBIC JTAHHBIC O BEJICHUU MAIUEHTOB C
caxapHblM Juaberom Bo Bpemsi Pamanmana. OcCHOBHOe BHHUMaHHE VYAENEHO pHUCKAM, OIEHKE
0€30MacHOCTH M0CTa, OOYYECHHUIO MAIMEHTOB, CAMOKOHTPOJIO TIIOKO3bI, JIEKAPCTBEHHOW TEparuu M
OTJEJIbHBIM TPYIIIaM MalleHTOB.

MarepuaJjbl 1 METObI

Bbu1 BeInosiHeH 0030p NOTHOTEKCTOBBIX MyOnukaruii 3a 2021-2026 roasl. B 0630p BKIIOUaImnch
CTaTbM, NOCBSIIEHHBIE caxapHOMy auabeTry W mocty B PamanmaH. YuuTbIBaIMCh KIMHUYECKUE
PEKOMEHJALMU, CHUCTEeMaTH4YecKue O0030pbl, MeTaaHaJdM3bl, HAOJIIOAATEIbHBIE HCCIICAOBAHMUS,
UCCJIETOBAHMS C HEMTPEPHIBHBIM MOHUTOPUHIOM TUIFOKO3bI U IyOIMKAIMH 110 JIEKAPCTBEHHOM TEpaIuu.

JU1g BKIIOUEHUS MCTOYHMKA YUWUTBHIBAINCH CIEAYIOIINE KPUTEPUU: MyOJIMKaLKs 3a MOCIEIHNE
IATh JIET, HaJM4Yue IMOJHOrO0 TEKCTa, CBA3b C TeMOM caxapHoro nuabera u Pamanmana. B oG3op He
BKJIIOYAJIUCh UCTOYHHUKHU 0€3 MOJHOrO TEKCTa U MyOIMKAllMU, HE CBA3aHHBIC HANPSMYIO C CaXapHBIM
nuaberom Bo Bpems Pamanana.

OCHOBHBIMM TEMaMH aHaiHM3a OBUIM: OIIGHKAa pHUCKa mepea PamamaHOM, THIIOTIMKEMHS,
runeprivkemus, auader 1 tuna, nuader 2 tuma, OEpeMEHHOCTh, MOXKHION BO3PACT, HENPEPbIBHBIN
MOHHUTOPHHT TIIOKO3bI, SGLT2-unruburopsi, GLP-1-aroHuctsl, WHCYJIMHOTEpANus, OOYyUYCHHE
MAUEHTOB U U POBBIE 00pa30BaTEIbHbIC TOIXO/IBI.

Pesyabrarsl

CoBpeMeHHbIE PEKOMEHAINH YKa3bIBAIOT, YTO MALMEHT C CaXapHbIM J1MAa0ETOM JOJHKEH NMPOUTH
MEIMLMHCKYIO0 OLIEHKY 0 Hayaja Pamanana. Orta olieHKa JOJKHA BKJIHOYATh THI Juabera, ypoOBEHb
HbA lc, Hanuuue runoraukeMuid, OClIoKHEHUs 1uabera, COMYTCTBYIONUE OOIE3HU U CXEMY JICUEHHUS.
IDF-DAR pexomeHIyeT MCIOIb30BaTh CTpAaTH(HUKAINIO pUCcKa. [lanimeHTsl MOTYT OBITH OTHECEHBI K
pa3HbIM IpyIIaM pUCKa. ITO MOMOraeT Bpayy 00bACHUTb, KOMY ITOCT MOXXET ObITh IOIYyCTHM, & KOMY
OH MOXET OBITh omaceH [1].

HccnenoBanne Baynouna Alketbi u coaBTOpoB OBLIO MOCBAILIEHO BaJWAALUU HHCTPYMEHTA
oueHku pucka IDF-DAR B A0y-/labu. ABTOpHI MOKa3aiu, YTO HNALMEHTHI U3 TPYIIIbI HU3KOTO pUCKa
UMENM JIy4IlH€ MCXOJbl, YEM MAalMEHThl W3 TPYyNI YMEPEHHOIO W BBICOKOIO pHcka. B 3ToM
UCCIIEIOBAaHUM TaK)K€ OTMEeYallaCh pOJIb CHHApPOMA CTAapueCKOM XPYNKOCTU KakK JOMOJHUTEIBHOIO
¢axTopa pucka [8].

Afandi u coaBTOpBI omucanu MpUMEHEHHE KaybKynsrtopa pucka Diabetes and Ramadan Risk
Calculator. ABTOpBI yKa3aju, 4YTO 3TOT HHCTPYMEHT ITOMOIaeT MEePCOHAIN3UPOBATh PEKOMEHANN U
YMEHBIIATh PUCK HEOIArONpUATHBIX COOBITUI BO BpeMs nocTa [9]. Beshyah u coaBropsl paccmorpenu
pa3BUTHE IMOAXOJIOB K OLCHKE PHCKa 3a IMOCIEAHHE NECATUWIETHA. ABTOPbI OTMETHIIHM, YTO PaHHHE
noaxo el Obutn Oosiee mpocThiMH. COBpeMEHHbIE MHCTPYMEHTHI cTanu Oojee aerambHbIMU. OHHU
YUUTBIBAIOT O0JIbIIE KIMHUYECKUX (akTopos [10].

Taxum 00pa3oM, OlleHKa pUCKa SIBISIETCSA NEepBbIM 1aroM. bes Hee MOCT MOXKET ObITH ONACHBIM.
OcCo0eHHO 3TO Ba)KHO /7S MAIMEHTOB ¢ JuabeTroM 1 THma, YacThIMU THIOTIIMKEMUSIMH, XPOHUYECKOI
00J1€3HBIO MTOYEK, CEPJICYHO-COCYAUCTHIMU 3a00I€BaHUSIMU U OEPEMEHHOCTHIO.

BonbmmHcTBO MccnenoBaHuil mo teme Pamanana kacaercss caxapHoro auabera 2 Tuma. OTo
CBSI3aHO C BBICOKOH PacHpOCTPaHEHHOCTHIO 3TOT0 3a00JjieBaHUsl cpelr B3pocibiXx. CUCTeMaTHYeCKui
0630p Elmajnoun u coaBTOpOB mokaszajl, 4TO y MAllMEHTOB C caxXapHbIM auabeToM 2 Tuma IMocCT B
Pamanan Moxer conmpoBoxkaatbes yiayuiienneM HbAlc n HEKOTOphIX MeTaboNIMUYeCKUX MoKa3aTesnei.
OnHako aBTOPHI YKa3bIBAJIH, YTO PE3yJIbTaThl 3aBUCAT OT KauecTBa HAOJIOACHHS, MUTAaHU, JICUCHHUS U
cobOmonienust pekomenaauii [4]. B rmo6amsaoM ompoce DAR 2020 6buto mokazaHo, YTO TOKUIIBIC
NAIMEeHThl ¢ AUa0eToM 2 TUNa Takke 4acTo coOmronanu nocT. IIpu 3ToM y MOXMIIBIX MalUEeHTOB
MOKET OBITh Ooubllle COMYTCTBYIOIIMX 3a0osieBaHui. Takke y HHX MOXKET OBbITh BBIIIE PHUCK
00€3BOKUBAHUS U TUTIOTIIMKEMUH [5].
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Oo6noBnennsiii onmpoc DAR 2022 mokasain, 4TO B pa3HBIX CTPaHaX COXPAHSAIOTCS Pa3iUuus B
MOATOTOBKE TMAalMEHTOB, CAaMOKOHTPOJE M JOCTynme K OOy4eHHio. OTO Ba)XXHO, MOTOMY 4YTO
0€30IacHOCTh I0CTa 3aBUCHUT HE TOJBKO OT JWarfHo3a, HO M OT KauecTBa MEIUIIMHCKOTO
conpoBoxaeHus [7]. B mpocnexktuBHoM mccienoBanun Al Hayek u coaBTOpoB ¢ mcronb30BaHHEM
nokaszaresyiel TIIOKOMETPHH ObUIO IMOKa3aHO, YTO Yy MAlMEHTOB C AuabeToM 2 Tura, KOTOpbIE HE
MOJIy4ajdy HMHTEHCUBHYIO HWHCYJIMHOTEPANHIO, IMOCT MOI CONPOBOXKIATHCS YIYUIIEHHUEM YpPOBHS
[JIFOKO3bl U OTHOCUTEILHO HU3KOM YaCTOTOW runoriaukemMu [11].

Hpyroe uccnenopanue Al Hayek u coaBropoB onenuBaiio Glycemia Risk Index y manmueHToB ¢
nrabeToMm 2 Tumna Bo BpeMs Pamanana. ABTOpBI MCIOJIB30BAIH JaHHBIE HEMIPEPHIBHOIO MOHUTOPUHTA
rIt0KO03bl. Takol MoJXo/ MO3BOJISLI Jy4llle BUACTh HE TOJIBKO CPEIHUI YPOBEHb IIIIOKO3bI, HO U PUCK
TUIIOTJIMKEMHH U TUnepriukemuu [12].

Caxapnbiii quabet 1 Tuma cBsi3aH ¢ 0oyiee BRICOKMM PUCKOM BO Bpems Pamanana. [lammeHTBI
3aBUCAT OT MHCYJMHA. [Ipormyck eapl, U3MEHEHUEe BPEMEHHU TpueMa MUIIY U (u3ndeckas akTUBHOCTh
MOTYT BBI3BaTh PE3KOE CHIDKEHHWE WM TOBBINIeHHE TMOKO3bl [1]. B mccmenoBanmun Al Hayek u
COABTOPOB y MAIMEHTOB C AMAa0eTOM | THUMa MPUMEHSUICS HENPEPHIBHBIA MOHMTOPUHI TIIFOKO3BI.
Astopsl onennBanu Glycemia Risk Index u ero kommoHeHThl. BbUIO moka3zaHO, YTO COBpEMEHHBIE
TEXHOJIOTUHU TOMOTAIOT JIyUIlle OIEHWBATh THIOTIMKEMUIO U TUIIEPIIIMKEMHUIO BO Bpems mocta [13].
Alguwaihes u coaBTopsl n3y4anu B3pocibix ¢ Auadberom 1 tuma B CaynoBckoit ApaBuu. [lo naHHbIM
aBTOpOB, BO Bpems Pamamana y 3TOil rpynmsl yXy[IIIadnch IOKa3aTenu Tiaukemun. Hambonee
BBIp2)KEHHbBIE TTOBBIIICHHUSI TITFOKO3bI HAOMIOAAUCH Tocie udrapa u cyxypa [14].

B npyrom wmccrienoBaHuM y MAalMEHTOB BBICOKOTO pHCKa ¢ auaberoM | Tuma CpaBHUBAINCH
rUOpUAHBIE 3aMKHYThIE CHCTEMbl U MHOXKECTBEHHBIE HWHBEKIMM HWHCYJIMHA C HENPEepPhIBHBIM
MOHUTOPHUHIOM TJIFOKO3bI. ABTOpPBI IOKa3ajd, YTO COBPEMEHHBIE TEXHOJOTHU MOTYT IOBBIIIATH
0€30MacHOCTh, HO HE YCTpaHSIOT puUcK moiHocTeio [15]. Heifetz u coaBTOpBl COOOIIMIIM, YTO
aBTOMATHU3HPOBAHHBIE CUCTEMBI JOCTABKH MHCYJIMHA MOTYT OBITh Oe30macHbIMHU BO BpeMs Pamanana
P MPABUIILHOM HCIIONB30BaHUU U HaOmoaennu [16]. Ho Takue nmanHbie HEMb3sl IEPEHOCUTh Ha BCEX
nanueHToB. J[OCTyI K TEXHOJIOTUAM, OOyYEHHUE U OMBIT MalMeHTa UMEI0T Oobinoe 3HaueHue [16]. ¥V
MOJIPOCTKOB ¢ nuabeToM | THma pe3ynbTaThl HEOAHO3HAUYHBL. Safari M COaBTOpPHI MOKa3aiH, 4TO Y
4acTU TOJPOCTKOB TMOCT HE MPHUBOAMI K 3HaunMoMy yxyameHuto HbAlc. Opnako aBTOpHI
MOAYEPKUBATH HEOOXOIMMOCTh TIIATEILHOTO 0TOOpa 1 Habmoaenus [17].

['umornukemust SBISETCS OJHUM W3 TIABHBIX PUCKOB y MAI[MEHTOB C JWAa0ETOM BO BpeMs
Pamanana. OHa MoOXeT BO3HHMKAaTh H3-3a JUIMTEIBHOIO IMEpepblBa B IMpHEME NUINH, (PU3NUECKOU
Harpy3Ku, HEpaBUJIbHOW 103bl MHCYJMHA WIH MPENapaToB ¢ BHICOKUM PUCKOM TunoriukeMuu. IDF-
DAR yxka3biBaeT, 4TO TAIMEHT JOJDKEH IMpEepBaTh MOCT MPH OMACHOM CHIDKCHMHM WIIA TOBBIIICHUH
[JIIOKO3bl. DTO HE JOJKHO pAacCMaTpUBATHCS KaK HapylIeHHWE MEAUIMHCKUX PEKOMEHJauui. JTo
SIBJISIETCS] Mepoi Oe3onacHocTH [1].

l'uneprnvukemus Takke sBIsSETCS 4acTod mpoOieMoil. OHa MOXeT BO3HHKATh moclie udTapa.
[IpyunHOil MOXeT ObITh OoNbLION OO0BEM MUIIM, CIIAJKUE HAMUTKH, CHIDKEHHE (QU3NYECKOU
AKTUBHOCTH WJIM HENpPaBUJIBHOE YMEHbIIEHHE J03bl JekapcTB [14]. HempepbpiBHBIII MOHUTOPUHT
TJIIOKO3BI TO3BOJISIET BBIABIIATH CKPBITHIE AMHM30/bl TUNIOrIUKeMUU. Haraj 1 coaBTOpbl mokas3anu, 4To
CGM MosxeT OBbITh MOJIE3€H IS OLIEHKU TIIMKEMHYECKOT0 KOHTPOJIs BO BpeMs Pamanana [26].

Pratama u coaBTOpBl M3yyalu TIIIMKEMHYECKHE KOJeOaHWs, yCTaJoCTh W HapyUIeHHs CHa Yy
MarueHToB ¢ AnabeToM 2 Tuma. ABTOPHI YKa3bIBalH, YTO COH BO BpeMsi Pamanana MoXeT BIHUATH Ha
IIIMKeMUYecKuid KOHTposb [27]. Bashir u coaBTopbl mokaszanu, yto PamanaH cBsi3aH ¢ U3MEHEHHEM
AKTUBHOCTH W TJMKEMHUYECKHX OJKCKYpCUH Yy TAIMeHTOB C auaberoM 2 THMa, NPUHUMAIOIINX
HECKOJIBKO CaxapOCHIDKAIOIIHNX MpenapatoB [28].

Koppekuust Tepanuu siBisieTcs BaKHOM 4YacTblo MOATOTOBKM K Pamanany. Ilpemapatel ¢
BBICOKMM PHUCKOM THIOTIIUKEMHH TpeOyroT ocoboro BHUMaHus [1]. SGLT2-unruburopsr uzydarorcs
KaKk OJMH M3 BapUaHTOB Tepaluu MpU caxapHoMm auabere 2 Tuma Bo BpeMs Pamanana. Pathan u
COaBTOpPHI H3y4alu 3(PPEeKTUBHOCTH 3pTYrIHU(IO3uHA BO BpeMs IMOCTa. ABTOPBI YKa3bIBajd, YTO
JIeYeHne MOXXeT OBITh 3()PPEeKTUBHBIM, HO TpeOyeT KOHTPOJIS pHUCKA OO0E3BOKHBAHHS M JAPYTUX
HE)KeIlaTeNIbHBIX BICHUH [19].
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Cucrematnuecknii  0030p Abdelgadir u coaBTopoB ObUT TOCBsIIIEH ©€30MacCHOCTH U
a¢dextuBHocTn SGLT2-urrubutopoB Bo Bpems Pamamana. ABTOpBI CAENadd BBIBOJ, YTO OTH
mpemapaTsl MOTYT IPUMEHSTHCS Y OTOOPAaHHBIX MAIMEHTOB, HO HE0OX0MMa MHIUBHIyaJIbHAS OI[CHKA
[20]. Waheed u coaBTopbl nzyuyanu Binusiaue SGLT2-uHruOuTOpOoB Ha GYHKIHIO TIOYEK Y MAIUEHTOB C
nrabeToM 2 Tuma BO BpeMsi Pamanana. ABTOpBI yKa3asid, YTO BONPOC OE30MACHOCTH MOYEK BaXKEH,
0COOEHHO MpH JUTUTEIBLHOM TTOCTe U prcke ooe3BokuBaHus [21]. Khalil u coaBTopsl 3y4anu nepBoe
npuMmeHernne SGLT2-UHruOUTOPOB y MAIMEHTOB C AMA0ETOM 2 THUIA, COOJIIOIAIONIUX MTOCT. ABTOPBI
coobuminn 00 yIy4llIeHWU psfa nokasartenei, Bkiatodas HbAlc u HekoTopsie mapameTpbl QyHKIUU
nmoyek [22].

Tupsenarun Takke uzydasics y MalMeHTOB ¢ quaberom 2 tuma Bo BpeMs Pamagana. Rahman u
COABTOPBI COOOMIMIIM, YTO Mpernapar MOXeT ObITh Oe3omacHbIM U 3()(EKTUBHBIM Yy OTIACIBHBIX
MalUeHTOB, HO TpelyeTcsl nanbpHelInee HakorieHue AaHHbIX [23]. Hassanein u coaBTOpBHI M3ydaiu
coyeranHoe mnpumeHenue iGlarLixi u SGLT2-unrubutopoB Bo Bpems Pamanana. B momanammse
SoliRam 6b1T0 MOKA3aHO, YTO TaKas TepaIus MOXKET ObITh Oe301acHOl U 3G(HEKTUBHON y OTOOpaHHBIX
nanueHToB ¢ auaberom 2 tuna [24]. B apyrom uccnenoBanmu SoliRam Obina mokasaHa peanbHas
6e3omacHocth U 3dexktuBHOCTh 1GlarLixi y manuentoB ¢ nquaberom 2 THma, KOTOpPbIE COOIIOAATN
MOCT. DTHU JIAHHBIE BaXKHBI, TOTOMY YTO OHU IOJIYYEHBI B YCIOBUSX PEATHHOM KIMHUYECKON MPAKTUKHI
[25].

IDF-DAR oTHOCHUT OepeMEHHBIX >KCHIMUH C JUa0eTOM K TPYyIIe BBICOKOTO pricka. [losTomy
pellieHre O MOCTe JOHKHO ObITh OCTOPOXKHBIM. OHO JIOJDKHO YYHUTHIBATH CPOK OEPEMEHHOCTH, THUII
nuabera, JIeYeHHUE, TIMKEMUYECKUI KOHTPOJIb U aKkylepckue pucku [1]. bepemenHocts npu nuabdere
TpebyeT 0coboit ocTopoxkHOCTU. Bo BpeMs OepeMEHHOCTH MEHSETCS MOTPEOHOCTh B JHEPIHU U
uHCyHMHE. Tarke MOBBIIIACTCS PUCK OCIOKHEHUH A MaTepH M 1uioa. Alamri U COaBTOPBI H3ydalu
CaAaMOKOHTPOJb U caMO3(P(EKTUBHOCTh y OEpEeMEHHBIX KEHIIWH C AUa0eTOM BO BpeMs M MOCIe
Pamanana. ABTopsl mokazanu, 4yTo mocie PamagaHa mokaszaTelld CcaMOyXoJla CHUYKAIHUCh, XOTSA
camMod((eKTHBHOCTh OCTaBasiach CcTaOmWiIbHOW. [0 JaHHBIM 3TOTO HCCIENOBaHUS, OCepeMEHHBIC
KEHILIUHBI ¢ TUabeTOM HYXKIAIOTCA B OTAEIHHOM KOHCYJIHTHPOBaHHH. MM BaKHO OOBSCHATH PUCKU
TUTIOTJIMKEMHH, THUIEPTIMKeMHUH, 00€3BOKMBAHUA W HEOOXOJAMMOCTh MEIUIIMHCKOTO HAOIIOACHUS
[18].

OOyuenue nepen PamagaHoMm sBIS€TCS ONHUM M3 CaMbIX BaXXHbIX (PaKTOpOB O€30M1aCHOCTH.
[TarueHT AOKEH 3HATh, KaK U3MEPSATH TIIIOKO3Y, KOTJIa MPeKpaaTh MocT, Kak MPUHUMATh JIEKapCTBa
U Kak NOuTaTtbcs BO Bpems cyxypa u udrapa [1]. Widyastuti u coaBTOpbl MOKa3ajid, 4YTO
CTPYKTypUpOBaHHas oOpa3oBareibHas mporpamma mno auadetry u PamagaHy 3HaUMTENBHO YIIydIlaeT
3HaHUS MAlMEeHTOB ¢ nuadetoMm 2 Ttuma [29]. Mackenzie u coaBTopsl onucanu 1udpoBoi MOAXOd K
oOydeHHI0 TalMeHToB mepen PamaganoM. ABTOpBl yKa3and, 4To LU(POBBIE 0Opa3oBaTeIbHBIC
pelieHns MOTYT pacUIMpUTh JOCTyHn K HH(GOpMaluu W MOBBICUTH Oe3omacHOocTh mocrta [30].
OOpazoBanue Ba)KHO HE TOJBKO A7s manueHTa. OHO BaXXKHO W 7S MEIUIIMHCKUX PaOOTHHUKOB. B
ctatbe Tootee 1 COaBTOPOB MOAUEPKUBAETCS, YTO HOBBIE TEXHOJIOTUU U OOHOBJIEHHBIE PEKOMEHIAllUN
JOJKHBI UCTIOB30BaThCS B MPAKTHUKE BEJIEHUS MAIIMEHTOB ¢ 1rabeToM Bo BpeMs Pamanana [31].

CaMOKOHTpOJIb TJIIOKO3BI SIBIISIETCS 00s3aTeIbHBIM AJIEMEHTOM Oe3omacHoro nocra. 3mepenue
rmoko3bl He HapymaerT mocT [1]. CGM paer Gosblie uH(pOpMAIMM, YeM OTIENbHbIE HM3MEPEHUs
rmokomerpoM. OH  MOKa3bIBaeT BpeMs B IEJIEBOM JMala3oHe, ANU30/bl TUIOTIMKEMHH,
TUMEepPrIMKeMun U cyTodyHble konebanus. Al Hayek u coaBTopsl Tarke ucnombzoBamun CGM mns
OIICHKU TJIMKEMUYECKUX U3MEHEHUH y manueHToB ¢ quadetom 1 u 2 tuna [11], [13]. Haraj u coaBTopbI
nokazanu, uto CGM momoraeT olneHuBaTh TIMKEeMUYeCKUl KOHTPOIb B Mecsll Pamanan [26]. Botelho
U coaBTOphl M3yuyanu intermittently scanned CGM. ABTOpsI yka3ajiu, 4YTO TaKHe€ TEXHOJIOTUU MOTYT
OBITh TMOJE3HBl /JIs TAIMEHTOB, KOTOpPbIE HE MOJY4YalOT HHTEHCHUBHYIO HWHCYJIMHOTEPANHIO, HO
HYKIAIOTCSl B JIy4IlIeM KOHTposie Toko3bl [32]. Mini-dose glucagon takxke paccMmaTpuBaeTCsl Kak
BO3MOXXHBI MHCTPYMEHT MPO(HUIAKTUKH W JIEYCHHs THIOTIIMKeMHUH BO Bpems mocta. Algeffari u
COABTOPHI COOOIIUITN, YTO MHUHHU-J03bI TJIFOKaroHa MOTYT TTIOMOTaTh MPH THUTIOTJIMKEMHUH, CBSI3aHHOU C
noctoM [33].

116



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

Oobcyxaenune

CoBpemeHHas JuTepaTypa IOKa3blBaeT, 4ro PamMagaH mpu caxapHOM auabeTe He SBIsIeTCs
OJIMHAKOBO OE€30MacHBIM JIJIsi BCEX MAI[UCHTOB. Y OJIHUX MAaIMEHTOB IOCT MOXET MPOXOAHWTH 0Oe3
OCIIO)KHEHUH. Y JPyruX OH MOXKET OBITh CBsI3aH C BBICOKMM puckoM [1], [2]. ['maBHOe pazmuyme
cBsi3aHO ¢ TunoM auaderta. [lpu nuadere 2 Trma 6€30MaCHOCTH MMOCTA Yallle 3aBUCUT OT JIEKapCTBEHHOMN
Teparuu, Bo3pacTa, OCJI0KHEHHUI 1 KadecTBa KOHTpouis [4], [6]. [Ipu nuabere 1 Thma puck BhIIIe, TaK
Kak MalMeHT 3aBUCUT OT uHcynuHa [14], [15].

HccnenoBanus mocieqHUX JIET MOKA3bIBAIOT, YTO TEXHOJOTHU MOTYT YIIYYIIUTh HAOIIOACHUE.
CGM nomoraet BUAECTh CKPBITbIE KoJeOaHus Tioko3bl [13], [26]. ABTOMaTU3MPOBAHHBIE CHUCTEMBI
JOCTaBKH MHCYJIMHA MOTYT ObITh MOJIE3HBI Y YacTH MalueHToB ¢ Auaderom 1 tuna. Ho TexHonoruu He
3aMEHSIOT MEIUIMHCKYI0 OICHKY u oOydenume [16]. JlekapcTBeHHas Tepamusi Takxke TpeOyer
WHJIUBUYaTbHOTO oaxXoma. SGLT2-uHruburopsl, GLP-1-nono0OubIE npenaparhbl u
KOMOMHHPOBAHHBIC CXEMBbl MOTYT OBITh 0€30MacCHBIMHU y OTHENbHBIX mamueHToB [19], [23], [24]. Ho
IpHU JUIMTETLHOM IOCTE€ HAJ0 yUUTHIBATh PUCK O00E3BOKUBAHUS, TUIOTIMKEMUU, TUIEPIIUKEMUH U
MOYeYHBIX ocaoxkHeHui [20], [21].

OOyyeHre TAIMEHTOB OCTaeTCsl OJHUM M3 CaMbIX JIOCTYNHBIX U BaXKHBIX METOJIOB
npodunaktuku ocioxkHeHud [29]. TlamueHT OOMMKEH MOHWUMAaTh, YTO HW3MEPEHHUE TIIFOKO3Bl HE
Hapymiaet noct. [lanuenT Takke JOKeH 3HaTh, KOTJa MOCT HYKHO MpeKpaTuTs [1].

OtnenbHOrO BHUMaHUSI TPEOYIOT OEpeMEHHBIC KCHIIMHBI, MMOXKUJIbIC MAIlUEHTHI, MAIlUEHTHI C
nuaberom 1 Tuma, XpOHUYECKOW OOJIE3HBIO MOYEK, CEPIEYHO-COCYIUCTHIMU 3a00JEBAHUSMU H
MHUKPOCOCYIUCTBIMU ocnoxkHeHus MU [1], [18]. ¥V atux rpynn puck Boimie. [ToaTomy um HykHa 60jee
CTporas OIieHKa U 0oJiee 4acThlid KOHTPOJIB [1].

Hccaenosanuss DAR moka3sIBaroT, 4To OOJIBIIOE YKCIO MAMEHTOB ¢ JUA0ETOM IIOCTUTCS JAXKE
Ipu Hanmu4uu pucka [5], [6], [7]. D10 03Ha4aer, 4TO MPOCTOrO 3aMpera YacTo HEeJOCTaTOyHO. Bpau
JIOJDKeH JaTh TMOHSATHBIE M IpakTUdyeckue pexkomeHaauuu. OHM JODKHBI OBITh  KYJIBTYPHO
MIPUEMJIEMBIMHU M MEIUIIMHCKU O€30macHbIMU [2].

3ak/roueHue

Benenue caxapHoro nuabera Bo BpeMs Pamanana HOCUT MHAMBHIyallbHBIN XapakTep, U 3apaHee
maHupyercs. ba3oBbie ycnoBus, HEOOXOIUMBbIE NJisi 0€30MacHOr0 COOJIOJACHHS TMOCTa, BKIIOYAIIH:
MIPeIBAPUTENBHYIO OIEHKY PHCKa, KOHCYJIbTAIIMIO C BpauoM, oOydeHHEe MAlMeHTa U KOPPEKTHUPOBKY
CXEMBI JICUEHHUS C TMOCJIECAYIOMUM PETYJSIPHBIM CAMOKOHTPOJIEM YPOBHSI TJIFOKO3BI B KpoBH. OHAKO
Heo0X0uMO yOETUThCS, YTO MAIMEHT MOHSUL: M3MEpPEHHe caxapa B KPOBH HE MPEpHIBAaeT MOCT, HO
ocT OyJeT MpepBaH, €ClId YPOBEHb TUIOTJIMKEMUN 3HAYUTEIICH U COMTPOBOXKIACTCS 00€3BOKUBAHUEM
WU yXYJIIEHUE CAMOYYBCTBHS. DTOT MOJAXO/] IOMOTaeT MUHUMHU3HPOBATh PUCK OCTPBIX OCIOXKHEHUN
Y TIPUMEHSETCS, YTOOBI CeNIaTh ero 6osee «0e300MuTHBIMY JIJIS ATUX JIF0JIeH B OTHOIICHUH TI0CTa, €CITN
HET MPOTUBONOKA3aHUM.

Ecnu Teuenue nuabera 2 tTuna cTabUiIbHO, TO MNIMKEMHUYECKUH KOHTPOJIb Ha (POHE Tepanuu Uiu
0e3 Hee MOXKET ocTaBaThCs 0e3 M3MEHEHHH BO BpeMsi mocta PamanaHa M cUUTaThCS OTHOCHUTENHHO
O0e3zonacHbiM. Ha monbp3y Takke BIHSIOT HWHIWBUIyaTIbHBbIC (AKTOPHl TMAlMEHTA: HAWTYYIlIHe
pe3ynbTaThl HAOMIOJAIOTCS ¥ T€X, Y KOTO B HEJAaBHEM MEpUOJE HE OBLJIO MOBTOPSIONMICHCS TsHKETIOU
TUTIOTJIMKEMHUH WM CEPhE3HBIX OCJIOKHEHMI/3HAYMMBIX COIMYTCTBYIOMUX 3abosneBanuii. Tem He
MEHee, HeTb3sl CYUTATh MOCT OE30MAaCHBIM ISl BCEX MAIlMEHTOB ¢ quaberom 2 Tuma. PUCK 0ocoOeHHO
BO3pacTaeT MpH UCIOJIb30BaHUU WHCYJIMHA UK CaXapOCHUKAIOMIUX TPETapaToB, Y MOKUIBIX, a TAKKE
y moaei ¢ xponudeckumu 3aboneBanmsimu nodek (XBII), cepaedno-cocyaucTeiMu 3a00J1€BaHUSIMH
(CC3) u apyrumu OoCIOXKHEHUSIMU JradeTa.

K rpynmam BBICOKOTO pHcKa OTHOCATCS Jtoau ¢ auaberom 1 Tuma, GepeMeHHBbIE KEHIUHBI C
TUa0ETOM M Y T€X, Y KOT'O TUIIOTJIMKEMHUS CITydaeTCs CIUIITKOM YacTO WM HAOII0aeTCsl HeCTaOuIbHas
[JIMKEMUS;, a TaKXe Te, KTO YK€ CTpaJaeT OT TIKENbIX OcioXHeHUW. [locT s Takux manueHToB
TpeOdyeT 0coOOr0 BHHMAaHHUS M JIOJDKCH BBITIOJHATHCS TOJIBKO TOCIIE MEAUITMHCKOW KOHCYJIbTAIlH.
HenpepbiBHBI MOHUTOPHUHT TJIFOKO3bl U aBTOMAaTHU3UPOBAHHBIE CUCTEMBI IOCTABKM MHCYJIHWHA, CPEIU
MIPOYUX HOBBIX TEXHOJIOTHI, MOTYT TIOBBICUTH 0€30MMaCHOCTh TAKOTO HAOJIIOICHHS; OTHAKO BpadeOHbII
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KOHTPOJIb HCJIb35 3aMCHUTD. B IOCJIOM HOBBIC NAHHBIC I/ICCJIG,Z[OBaHI/Ifl CBUACTCIILCTBYIOT O TOM, YTO
IIOMHUMO THIIA ,Z[I/Ia6eTa " CXEMBI JICYCHHA BAXKHBI TOTOBHOCTD IMAallMCHTA, OCBCAOMJICHHOCTDb O PUCKax U
TFOTOBHOCTH CaMUX IMAIITMCHTOB BO BPEM I10CTA PaMaz[aHa.

Cnucok Jiurepatypbl

1.

2.

10.

11.

12.

13.

14.

15.

16.

Hassanein M. et al. Diabetes and Ramadan: practical guidelines 2021 //Diabetes research and
clinical practice. — 2022. — T. 185. — C. 109185.

Orabi, A., Elsherif, I., Hajjaji, I. et al. Fasting safely during Ramadan with diabetes: clinical
practice recommendations for Arab populations from the Arab Diabetes Forum (FSR—
ADF). Hormones (2026).

Oueslati 1. et al. Ramadan diurnal intermittent fasting in patients with diabetes: assessment of
knowledge, practices, risk of complications, and impact of pre-ramadan education //Journal of
Diabetes & Metabolic Disorders. — 2024. — T. 24. — Ne. 1. - C. 9.

Elmajnoun H. K. et al. Effects of Ramadan fasting on glycaemic control among patients with
type 2 diabetes: systematic review and meta-analysis of observational studies //Diabetes
Therapy. — 2023. — T. 14. — Ne. 3. — C. 479-496.

Hassanein M. et al. The DAR 2020 Global survey: Ramadan fasting during COVID 19 pandemic
and the impact of older age on fasting among adults with Type 2 diabetes //Diabetes research and
clinical practice. — 2021. — T. 173. — C. 108674.

Hassanein M. et al. Ramadan fasting among adults with type 2 diabetes in five geographically
different regions of the world: The DAR 2020 global survey //Diabetes Epidemiology and
Management. — 2024. — T. 16. — C. 100229.

Hassanein M. et al. An update on the current characteristics and status of care for Muslims with
type 2 diabetes fasting during Ramadan: the DAR global survey 2022 //Current Medical
Research and Opinion. — 2024. — T. 40. — Ne. 9. — C. 1515-1523.

Baynouna Alketbi L. et al. Validation of the IDF-DAR risk assessment tool for Ramadan fasting
in patients with diabetes in primary care //Frontiers in Clinical Diabetes and Healthcare. — 2025.
—T.6.—C. 1426120.

Afandi B. et al. Personalized risk reduction strategies utilizing the diabetes and ramadan risk
calculator: a narrative review //Journal of Diabetes & Metabolic Disorders. — 2024. — T. 24. — Ne.
1.-C. 30.

Beshyah S. A. Evolution of the risk concept and assessment tools for diabetes during Ramadan
fasting: a narrative review //World Journal of Diabetes. — 2025. — T. 16. — Ne. 11. — C. 110007.
Al Hayek A., Al Zahrani W. M., Al Dawish M. A. Glucometric parameter changes in patients
with type 2 diabetes during ramadan fasting: A prospective comparative real-world study
//Metabolism Open. — 2024. — T. 23. — C. 100304.

Al Hayek A., Al Zahrani W. M., Al Dawish M. A. Implications of the Glycemia Risk Index in
Assessing Metabolic Control and its Correlation With Therapy-Related Quality of Life During-
Ramadan Fasting in Adults With Type 2 Diabetes //Journal of Diabetes Science and Technology.
—2025. — C. 19322968251321860.

Al Hayek A., Al Dawish M. A. Improvement of glycemia risk index and continuous glucose
monitoring metrics during Ramadan fasting in type 1 diabetes: A real-world observational study
/lJournal of Diabetes Science and Technology. — 2026. — T. 20. — Ne. 2. — C. 353-364.
Alguwaihes A. M. et al. Altered Ramadan fasting glycemic profiles of adults with type 1
diabetes reveal strong evidence of underestimated insulin adjustments: a 3-year observational
study in Arab settings //Frontiers in Endocrinology. — 2025. — T. 16. — C. 1399990.

Alguwaihes A. M. et al. Potential benefits of hybrid closed-loop systems for managing
moderate-to high-risk individuals with type 1 diabetes during Ramadan fasting //Diabetes,
Obesity and Metabolism. — 2025. — T. 27. — Ne. 9. — C. 5209-5216.

Heifetz E. M. et al. Automated Insulin Delivery Systems Are Safe During Prolonged Religious
Jewish Fasting Among Adolescents and Young Adults With Type 1 Diabetes //Journal of
Diabetes Science and Technology. — 2026. — C. 19322968251411965.

118



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

17

18

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Safari O. et al. Ramadan fasting among adolescents with type 1 diabetes: a systematic review
and meta-analysis //BMC endocrine disorders. — 2025. — T. 25. — Ne. 1. — C. 45.

. Alamri O. M. et al. Diabetes management during and after Ramadan among pregnant women in

Saudi Arabia: exploring self-efficacy, self-care, and glycemic control //Frontiers in Nutrition. —

2025.—T. 12. - C. 1643107.

Pathan M. F. et al. Effectiveness of ertugliflozin during Ramadan fasting in patients with type 2

diabetes mellitus: a real-world study (ErtuRamadan study) //Frontiers in Endocrinology. — 2025.

—T. 16.—C. 1542946.

Abdelgadir E. et al. Efficacy and safety of sodium-glucose cotransporter-2 inhibitor use during
Ramadan fasting: a systematic review // Journal of Diabetes and Endocrine Practice. — 2024. —

Vol. 7, Ne 4, — P. 176-184.

Waheed M.A. et al. Effect of SGLT2 inhibitors on kidney function of type 2 diabetes patients

during Ramadan: a systematic review // Qatar Medical Journal. — 2024. — Ne 3. — 26.

Khalil H. A. M. et al. First-Time Usage of SGLT2 Inhibitors in Patients With Type 2 Diabetes

Who Are Fasting Ramadan: Efficacy and Safety //Journal of Diabetes Research. — 2025. — T.

2025. — Ne, 1. —C. 4321423.

Rahman M. H. et al. Safety and effectiveness of tirzepatide during Ramadan fasting: Real-world

evidence from patients with type 2 diabetes in Bangladesh //Diabetes, Obesity and Metabolism. —

2026. — T.28. — Ne. 2. — C. 1508-1516.

Hassanein M. et al. Safety and effectiveness of concomitant iGlarLixi and SGLT-2i use in

people with T2D during Ramadan fasting: a SoliRam study sub-analysis //Diabetes Therapy. —

2024, —T. 15.— Ne, 11. - C. 2309-2322.

Hassanein M. et al. Real-world safety and effectiveness of iGlarLixi in people with type 2

diabetes who fast during Ramadan: the SoliRam observational study //Diabetes & Metabolic

Syndrome: Clinical Research & Reviews. —2023. — T. 17. — Ne. 2. — C. 102707.

Haraj N. E. et al. Evaluation of glycemic control in patients with diabetes by a continuous

glucose monitoring system during the month of Ramadan //Cureus. — 2024. — T. 16. — Ne. 10.

Pratama S. A. et al. Glycemic fluctuations, fatigue, and sleep disturbances in type 2 diabetes

during ramadan fasting: A cross-sectional study //Plos one. — 2025. — T. 20. — Ne. 3. — C.
E0312356.

Bashir M. et al. Fasting during Ramadan is associated with changes in activity and blood glucose

excursion in people with type 2 diabetes on three or more anti-hyperglycemic agents PROFAST-

3 //Qatar Medical Journal. — 2025. — T. 2025. — Ne. 3. — C. 76.

Widyastuti A. A. A. et al. Improving knowledge on the management of diabetes mellitus during
Ramadan //Journal of Taibah University Medical Sciences. — 2025.

Mackenzie S. C. et al. Digitising diabetes education for a safer Ramadan: Design, delivery, and

evaluation of massive open online courses in Ramadan-focused diabetes education //Primary

care diabetes. — 2024. — T. 18. — Ne. 3. — C. 340-346.

Tootee A., Larijan B. Ramadan fasting and diabetes, latest evidence and technological

advancements: 2021 update //Journal of Diabetes & Metabolic Disorders. — 2021. — T. 20. — Ne.

1.—C. 1085-1091.

Botelho M. S. et al. Efficacy of intermittently scanned continuous glucose monitoring in patients

with types 1 or 2 diabetes receiving insulin therapy: a systematic review and meta-analysis

/IDiabetology & Metabolic Syndrome. —2025. — T. 17. — Ne. 1. — C. 366.

Algeffari M. Can Mini-Dose Glucagon Prevent Fasting-Induced Hypoglycemia and Preserve
Fasting? //Cureus. — 2025. — T. 17. — Ne. 12.

119



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

MOJIEJIUPOBAHUE AJAIITUBHOI'O YIIPABJIEHUSA BO3OBHOBJIAEMBIMH
NCTOYHUKAMMU DHEPI'MU C AKKYMVYJIATOPHBIMU KOMIIJIEKCAMU

Copokuna Mapusa Cepzeesna

Mazeucmpanm 2 kypca

Hayunuwiii pykosooumens: k.m.H., npogheccop kageopvi AY

Xan Ceemnana I'ypvesna

Anmamunckutl yHugepcumem sHepeemuxu u césizu umenu I ymapoexa /laykeesa
Pecnyonuxa Kazaxcman, e. Aimamuol

AHHOTALUSA

Ha mpoTsokeHMHM TOCIEAHUX NCCATUIICTHH HaOIIOMaeTcss 3HAYUTENbHBIM POCT HMHTEpeca K
BO300HOBJISIEMbIM HCTOYHHUKAM 53HEPrUH, YTO CBA3aHO C IIOOANBHBIMU YCHIMSAMHU 10 OoprOe C
M3MEHEHHEM KJIMMaTa U epexofoM Ha OoJiee YCTOWYHMBBIC U MEHEE BPEAHBIC I SKOCUCTEMbI METOBI
nojy4yeHus sHepruu. Poct momHocTel BO300OHOBIsSEMBIX MCTOYHMKOB 3Hepruu (BHUDJ) HeuszbexHo
IPUBOAUT K TIOBBIIICHUIO HECTAa0WJIBHOCTH U IIEPEMEHHOCTH BblpabaTbiBaeMON 5SHepruu. B
OTCYTCTBUE HAKONUTENICHl 3JeKTpUuYeckas CHCTeMa MCIBITbIBAeT JAePUUUT T'MOKOCTH, YTO
OrpaHUYMBACT JAIbHEHITYI0 MacTabHyIo nHTErpanuo BUD [1].

AxkymynaropHsle koMiuiekchl (Battery Energy Storage Systems, BESS) cranmu kiroueBbiM
WHCTPYMEHTOM Ui TIOBBIIIEHHS] yCTOMYMBOCTH ceTeid. OHM 00ecrednBaioT OBICTPYIO PpEaKIuIio,
PErylIMpyroT 4acToTy, OaJlaHCHUpPYIOT Harpy3Ky M BBICTYNAIOT B POJM pPE3epBHONW MOIIHOCTH [2].
Hampumep, B CILIA maccuBHble ycTaHOBKH Li-ion-6arapeit Bckope nmocie 2020 roma Hauaiau aKTUBHO
pazBuBatbcsi — K 2024 romy ux €MKOCTh BBIpOCHA B ISATh pa3 M npeBbicuia 26 I'BT. B nepuonst
NUKOBOro norpednenus Oarapen mnokpbuin g0 20 % sHepromoTpeOsieHus, 3HAYUTEIBHO
CTaOWJIN3UPOBAB 1IEHbI ¥ IOMOTast yIPaBIATh BO30OHOBISIEMbIMU T'eHepaTopami [3].

[Tpemnaraemas paboTta HampaBJieHa Ha pa3pabOTKy M 0OOCHOBaHHME KOHIICTIIIUU aIallTUBHOTO
ynpaBieHus cucremamu BUD ¢ akkyMysasTOpHBIMH KOMILJIEKCaMH, OOOCHOBaHHE HEOOXOIUMOCTHU
a/IalITUBHBIX aJTOPUTMOB, COUETAIOIIUX MPEICKa3aHUe U YIIpaBJIEHUE B PEaIbHOM BPEMEHH, ONHCaHUE
BO3MOYKHOM apXWTEKTypbl aBTOMAaTU3MPOBAaHHOM CHUCTEMBI YIPABICHMs, BKJIIOUas BCE YpPOBHU
aBTOMaTH3alM, U TPEAJIOKEHUS MO alropuTMaM, KOTOpble MHHMMM3UPYIOT IMOTEpU TE€HEpaluH,
MPOJUIEBAIOT CPOK CIYKOBbI Oarapeil 1 MOTyT CHOCOOCTBOBATH YBEJIWYEHHUIO JOJH BO30OHOBISIEMBIX
HCTOYHMKOB 3HEPIUM B 3HEpropacupenenurenabHoi cucreme. Kpome toro, B pabore paccMOTpeHO
MOJIeTUpOBaHUE  pabOThl  aJaNTUBHOTO  YNPABIEHUS  PACHpPENCNICHMEM  CIeHEepPUPOBAHHOU
BO300HOBJISIEMBIMU UCTOUHUKAMHU SHEPTUH, B YACTHOCTH COJTHEUHOM U BETPSTHOM CcTaHIuUEl, 1o O10kaM
U OTACIIBHBIM aKKyMYJIITOpaM B COCTAaBE aKKyMYJISITOPHOTO KOMILIEKCA.

Pa3pa6oTka u Hccie10BaHuE aaN TUBHOI MOIeIn

Apxumexmypa cucmemul

C ToukM 3peHHs aJalTUBHOIO YNPABICHUS PACHpPECIEHHEM AJIEKTPOIHEPTUU IOJIHOIEHHAS
cHUCTeMa OXBaThIBaeT IIMPOKUHA CHEKTp (YHKUUI: OT OaJlaHCHUPOBKH COCTOSHUS OTIENBHBIX
AKKYMYJIIATOPOB OO0 HPOTHO3UPOBAHHA T'CHEpALWMHM W HArpys3Ku, OT PACHPCACICHHA SHCPIUH MCEXKIY
OarapeiiHbIMU OJOKaMH J0 yNpaBleHUs OTAadell B ceThb. B paMkax 3Toil paboThl mpeisaraercs
pa30ouTh cUCTEMY Ha TPH YCIOBHBIX MOIYJIS:

1. Monynb pacnpeneneHusi BbIpaOOTaHHOW SHEPTUU MO OJ0KaM aKKyMYJISTOPHOTO KOMILIEKCA
oTBeYaeT 3a npuém sneprun or BUD, eé€ pacnipenenenne Mexay 61okamu (MOIYJISIMU) aKKyMYJISITOPOB
¢ Y4€TOM cocTosiHUA Kaxaoro 61oka (SoC, remmeparypa, pecype).

2. Moaynp aHanM3a HWCTOPUYECKUX TaHHBIX U MPOTHO3WPOBAHUSA COOMPAET CTAaTUCTUKY IO
TeHepalud M MOTPeOJICHUI0, CTPOUT IPOTHO3bI, KOTOPBIE MOTYT MCIHOJIB30BATHCSI BHEUIHUMHU
MOIYJISIMU YIIPaBICHUS.
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3. Moaynb aJanTHBHOTO YIPABJICHUS pACIpENeNIeHUEM SHEPTHU MO IEKTPOCETH Peanu3yeT
JIOTUKY OTAA4YM 3JEKTPOIHEPTHH B CETh WM HArpy3Ky, MCXOIs U3 COCTOSHUS Oarapeil, Tekyiiel u
MIPOTHO3UPYEMOI TeHEPALUU U IOTPEOICHHS.

OpHako BaXKHO OTMETUTH, YTO MOAYIM 2 W 3 TECHO B3aMMOCBSA3aHbl U, KaK IPaBUIIO, B
peanbHON cucteMe He (YHKIHMOHUPYIOT 3(PPEeKTHBHO TO OTACIbHOCTH. be3 mporHo3a (Momxynb 2)
yrnpasiieHHe (MOaylb 3) TepseT KOHTEKCT U HE MOXKET JaBaTh YCTOWYHBO ONTUMANbHbBIC pelIeHus; 0e3
MexaHu3Ma OaTaHCHUPOBKU aKKyMYJIATOPOB (MOAYNb 1) MPOTHO3 W yHpaBICHUE TEPSIOT HAAEKHOCTh
U3-3a BHYTpPEHHEW HEPaBHOMEPHOCTU COCTOSHHUS Oarapeil. B To ke Bpems Moaynb pacrnpeieseHus
(Momynms 1) — OTHOCHTENHHO aBTOHOMHAas, (yHIaMEHTajdbHAas TIOACHCTEMAa: OH MOXET OBITh
CIPOEKTUPOBAH, CMOICIMPOBAH U MCCIIEAOBaH Kak camocToaTeabHas enuuuna. OH He TpeOyeT moJHOu
cucrembl EMS/SCADA, u ero noBeneHue, 3pQEeKTUBHOCTb U OTPAHUYCHHUS MOXKHO HCCIEI0BATH
He3zaBucuMO. [losToMy B paHHO# paboTte BbIOpaH (QoOKyc Ha pa3pabOTKy M MOJECIUPOBAHME UMEHHO
MOYJISl pacHpeAeTIeHUs YHEPTUN BHYTPH aKKyMYJIITOPHOTO KOMITJIEKCA.

Buioop cmpykmyput cucmemul 014 mooenuposanus

B nmpennaraemoil Momenu Ha aKKyMyJSTOPHBIA KOMILJIEKC TIOCTYMAeT AJIEKTPOIHEPTHUS,
crenepupoBanHass BUD u pacnpenensiercs paBHOMEPHO MEXIy OJOKAMU KOMIUIEKCA, KaXAbIA W3
KOTOPBIX, B CBOIO OuYepellb, CHAOXKEH CBOMM KOHTpoiepoM. KoHTposiep moiydaeT OT BCTPOESHHOTO
YHna KaXI0ro akKyMyJIsiTopa BHYTpH OJ0Ka JJaHHBIE O COCTOSIHUU: TeKyllee cocTosiHue 3apsaaa (SoC),
TeMmeparypy, cocrosHue pecypca (SoH). Konrpomnep mnpuHHMaeT pelieHue, Kakoe KOJIUYECTBO
SHEPruy M3 IOCTYNAIOUIEr0 MOTOKA OT COJHEYHOM U BETPOBOH TE€HEpaluy JaHHBIA OJIOK MOXKET
INPUHATh B TEKylleM BpeMeHHoM miare. Ecim G710k yxe 3apspkeH, TeMIeparypa BHE JOIYCTHMOIO
nuana3oHa, SOH Hu30k 1u60 OJIOK MOBPEXKIEH — KOHTPOJIEP OTKIIIOYAET MOJayy 3HEPrHMHM Ha 3TOT
6mok. OcraBiiasicst SHEprus mepepacrupenenseTcss MeXIy APYruMu OJOKaMH WM, €CIIH TakKue
OTCYTCTBYIOT, TIEPEBOIUTCS B pe3epB. Takod MOAXOJ TapaHTUPYeT, YTO KakJgas YacTh
AKKyMYJIATOPHOTO KOMIUJIEKCa paboTaeT B 6€30MacHbIX U ONTUMAIIBHBIX YCIOBHUSAX: N30BITOYHBIN 3apsij
HEe MpUBENET K JAerpajallii, XOJOAHbIE WU Teperpersie ONoKu He OyIyT IMOJBEprarscsi cTpeccy, a
peCypC U3HOIIEHHBIX OJIOKOB HE CTAHET «OyTHIJIOYHBIM TOPIBILIKOMY JUIsl BCEH CUCTEMBI.

B kadecTBe anroputMa perylaMpoBaHMs JUISl TAKOH CHCTEMbI MOXKET MCIOJIb30BAThCS HEUETKAs
JIOTHKA, IPUHUMAIOLIas PELISHUs 110 paCIIpe/leTICHUIO SJHEPIMH Ha OCHOBE Habopa MpaBuJI MO BXOIHBIM
napamerpam OJIoKa, WJIM MallMHHOE oOydyeHue (HeHpoHHas ceTh), COCOOHasl YYUTHIBATh CIIOXKHBIE,
HEJMHEWHbIE 3aBUCMMOCTH MEX/1y apaMeTpaMu OJI0Ka U ONTUMAaJIbHOM J10Jel 3apsiiKH.

TakuMm 00pa3oM, OCHOBHBIM KPHUTEpUEM aJalTUBHOIO YIPaBICHHUsS BbIOpaHAa MHUHHUMH3ALMS
MOTEPh CIEHEPUPOBAHHOW SHEPrUM TMpH COONIOAEHMM OKCIUTyaTallMOHHBIX OrPAaHUYEHHH —
MUHHMMAJIbHBI U MaKCHMaJbHbBII YypOBEHb 3apsija Oarapeu, JONMyCTHMBbIE Mpeenbl TeMIeparypbl U
KPUTHYECKHUE 3HAUEHUE pecypca aKKyMyJIITopa — ¢ KOHTPOJIUPYEMbIM OTPaHUYEHUEM Ha JIOMYyCTUMYIO
Jerpaialuio.

3a OCHOBHBIE TapaMeTPbl UCCIIEAYEMOM CHCTEMBI IPUHSATO CIEAYIOIIEE:

- EMKOCTb OJIHOTO aKKyMmyJisiTopa cocrasiusieT 10 kBt u;

- €CJIM TIPUHSATH, YTO B OJHOM OJIOKE aKKyMYJISTOPBI PAacHOIO0KEHBI B BUAE MaTPUIbl pa3MepoM
3x3, To émkocTh Oioka coctapisgeT 90 kBt u;

- €CIIM MPUHATH, YTO B aKKyMYJISTOPHOM KOMIUIEKCE OJIOKH pPacIoyOKEHbl B BUJE MATPHIIbI
pazmepom 3x3, To EMKOCTb KoMILIekca cocTaBisieT 810 kBT u;

- KITJ 3apsina-paspsia akkymynsaTopa, Mo yCpeAHEHHBIM AaHHBIM JJs Li-ion akkymymnsTopoB
coctasiseT 1 = 0,96;

- MUHUMAaJIbHBIA M MaKCHUMAaJbHbIA JOMYCTUMBIA YPOBEHB 3apsiia aKKyMyJsiTopa COCTaBISET
10% 1 95% COOTBETCTBEHHO;

- HayaJbHbIE 3HAYEHMSI COCTOSHHUS aKKyMYJSTOPOB BHYTPH OJIOKOB CIlydallHBIM 00pazom
pacnpeneneHsl B 1uana3one ot 92% 1o 99% B COOTBETCTBUU € PEATMCTUUYHBIMU JaHHBIMHU;
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- HayaJbHBIC 3HAYCHHS YPOBHS 3aps/ia aKKyMYJSTOPOB BHYTpU OJOKOB CIy4JailHBIM 00pazom
pacnpenenensl B quamna3one ot 0,2 10 0,8 B COOTBETCTBUM € TAHHBIMU, KOTOPBIE MOTYT BCTPEYAThCS B
peanbHbIX CUTYaIUsX;

- JOMYCTUMBIN [Mama3oH TeMIepaTyp UIsl OCYLIECTBICHUS paspsiaa Li-ion akKyMyasTOpOB
coctasiageT ot -20°C po +60°C;

- IOICTHUMBIH AMana3oH TeMIepaTyp AJIs OCYIIECTBICHHs O€30MacHOro 3apsiia COCTABISIET OT
5°C no 45°C;

- pPEKOMEHJYeMbIl AMana3oH TeMIeparyp, HIpU KOTOPOM 3apsll U paspsa aKkKyMyisiTopa
OCYIIECTBIIACTCSI C MHUHUMAJIBHBIMU TMOTEPSMU M C HAUMEHBIIMM BIMSHUEM Ha Jerpajaluio
aKKymyJsatopa, coctapisaet ot 15°C no 35°C;

- KpUTHYECKUH pEecypc akKyMyJsaTopa, MO JIOCTHXKEHHUIO KOTOpPOro Oarapes CUYUTaeTCs
HepaboTOCTIOCOOHOH U TOICKUT 3aMeHe, cocTaBisieT 70%;

- BPEMEHHOM 1Iar JUCKpeTU3aluu rnokasarenei — 10 MUHyT.

s mopenupoBaHus pabOThl CUCTEMBI B Pa3HBIX PEKMMaxX HCIOJIb3YeTCsS YEThIpE CLEHapHs,
BBITIOJIHSIEMBIX Ha Pa3HBIX HA0OpaxX BXOJHBIX JIAHHBIX 110 T€HEPALIUU:

- cueHapuii Nel — mpeoOmagaeT 3JIEKTPOIHEPrHsi OT CONHEUHOM CTaHIUH, UMUTHUPYS JETHUN
nepuoy ¢ 6oee SICHOM MOT00M;

- cueHapuii Ne2 — npeoOnagaeT BETpOBasi SHEPTHUS C YaCTBIMH KoJjeOaHusIMH, TpeOyeT Xopolen
YCTOMYMBOCTH PETYITHPOBAHNUS;

- cuenapuii Ne3 — Oosiee CIOXKHOE CMEIIEHHWE THUIOB OHHEPrUM MpPH TMEPEeMEHUYMBOU
HEOIHO3HAYHOM MOT0/Ie, MOAXOAUT JIsi OCEHHETO UJIM BECEHHETO MepUo/a;

- cueHapuii Ned — mepuoj; HU3KOM TeHepalH, KOTJa Jactasi 00JayHOCTh U OTCYTCTBHUE SIBHO
BBIPOXKEHHOTO BETpa TpeOyeT cOepekeHMs 3apsiia, MOKET ObITh aCCOIIMMPOBAHO C 3UMHHUM IIEPUOIOM.

Ilocmpoenue moodenu

CornacHO BBIIICONUCAHHBIM JIAaHHBIM, HOMHUHAJbHAs MaKCHUMajbHas MOIIHOCTh OJIOKa
Ppimax = 90 kBT 1 HOMUHaNIbHAsE MakCUMajbHasg MOILIHOCTb OJHOTO AKKyMyJsATOpa P.eimax = 10
kBT, Torma mocTymHas MOIIHOCTh OJIOKa, B 3aBHUCHMOCTH OT KOJIHMYECTBA pPabOTAOIIUX B HEM
akkymynsitopos (1):

N qvail (t)
P; avait = P max * 9 = Feell max " Ni avail(t)' (1)

TI€ N gpair(t) — 9MCIO MOCTYIHBIX GaTapeii B 3a1aHHbI MOMCHT BPEMEHHU.

Ecnmu cymMmapHasi MOIIHOCTh, HampaBJCHHAs Ha 3apsj BceX OJOKOB B COCTaBE KOMILIEKCA,
MEHBIIIE MTHOBEHHOM T€HEePaIlluH JJICKTPOIHEPTUH, TO PA3HOCTh MEXIy JaHHBIMHU BEITUUMHAMU OyIeT
COCTABJIATH TIOTEPU SHEPTHH.

MokHO MozmenupoBaTh TeMIEparypy Kaxaoro akkymynsropa T;;(t) (i — Omokx 1.9, j
aKKyMyJsTop 1..9) ynpomeéHHO Kak CyNnepro3uIIMI0 BHEIIHEH KOMIIOHEHTHI M JIOKAaJIbHOTO HarpeBa npu
3apse/paspsiae. Torna BHENIHsISI KOMIIOHEHTA, OMPEEISIONIas TEeMIIEpaTypy OKpPYKarolllel Cpelsl,
OyaeT UMeTh BUJ:

. t—¢;
Tony(t) = Tean + Asin | 2m ——

o )+eem,(t), (2)

rae A — ammutynaa (°C), KOTOpYrO MO>KHO MPUHSATE paBHOU 8°C;
¢; — dazoBeIil caBUT A i-To ONOKa, MpUHUMAaeT 3HadeHus oT 0 10 2, 4YTOOBI MMENHCH
HEeOOoJIbIINE OTIINYMS MEXTy OJIOKaMH,
€eny(t) — Oembii mym (Menkue (IIyKTyallMd TEMIICpPATyphl), BBI3BAHHBIN BIIUSHACM
BHEITHUX (haKTOPOB,
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Tiean — CPEIHSSI TeMIlepaTypa OKPY>Kalolllel Cpeabl, KOTOpas, Kak MpaBUiIO, MPUMEPHO
paBna 20°C.
JuckperHas TemneparypHast MOJEINb I KaXKJI0T0 aKKyMYJIATOpa JJisl Iepuoa JUCKPETU3AIIMI
At =10 MunyT:

Ti,j(t + 1) = Tenv(t) +y- (Ti,j(t) - Tenv(t)) + k- Peen i,j(t) “At + &t (3)

rae Y — GpaKTop 3aTyXxaHus, BEIPAKEHHBIN TEIJIONOTEPSIMHU B OKPYXKAIOIIyI0 cpeny, paBeH 0,85;
k — xorddunEeHT HarpeBa, CBA3BIBAIONIMN TeMIeparypy ¢ MoIIHOCThio, °C Ha KBT - At,
pasen 0,01 kBt - 10 mun;
€ — IIyM.

Jlst npaBaono00HOCT! MOJEM HEOOX0MMMO CreHepupoBath SoC; ; u SoH; ; pacnpenenénno,
4T00BI MOTYYUTHh HEOAHOPOJHOCTH MapaMeTpoB. Toraa HavalbHbIC 3HAYCHHS YPOBHS 3apsija Oarapeit
MOTYT OBITH pacrpeneiieHbl paBHoMmepHO B mpeaenax [0,2; 0,8], a 3HaueHHUS COCTOSHUA —
pacnpenenensl HopManbHO ¢ U = 0,95 u ¢ = 0,02, B To BpeMs KaK YHCIIO [IUKJIOB MOXKET OBITh TAKKE
pactpeneneHo paBHoMepHo B nipenenax [10; 100].

Jlis MonienupoBaHUsl IMHAMUKU JETpajalun 6arapeil MOKHO MCIIOJIb30BATh IPOCTYIO MOJIENb!

ASoH = _kdeg ' AEthT' (4)

rae AE;y,, — HaKOIUICHHAS Yepe3 aKKyMYJISITOp YHEPTHs 32 MePUOI,
kgeg — K03bUIMEHT MOTEPD HA KAKIBIA NPOLIEAUINK Yepe3 akKyMyIATop KBT 4, kgieq €
[1-1075, 1-10"*]SoH/kWh.
[lpu momaye Ha GO0k MornHOCTH P;(t) 0OOHOBICHHE YpPOBHS 3apsja MPOUCXOAUT COIIACHO
YPaBHCHHUIO:

E;(£)+1-P;(£)-At
Chi '

ASoC(t+1) = (5)

[Tpy moCTyIUIEHUH Ha aKKyMYJISTOPHBIM KOMILUIEKC BbIpaOOTaHHOM anekTposHepruun ot BUD
Kbl OJOK JIOKQJIbHO BBIYUCIIET CBOKO JKEIAeMYIO MOTPEOIsieMyl0 MOIIHOCTb P; 4,4 HA OCHOBE
napaMeTpoB HMHIUBUAYAIbHBIX aKKyMyisTopoB. Ecium cymmapHbIii cnpoc Oioka HE IpeBBIIIAET
MOCTYNAIOUIYI0 Ha HEro MOIIHOCTb, TO BCS DHEPIUsl paclpeiessieTcss PaBHOMEPHO; B MPOTHBHOM
CJIy4ae BBINOIHAETCS MPONOPIMOHATBHOE HOPMUPOBAHUE:!

Pin(t)
Pi(t) = a(t) ’ Pi avail = m ) Pi avail- (6)

Peanuzayus mooenu u ee uccneoosanue

Mopnenb  cUCTeMBbl  AJaNTUBHOTO  YOPABJICHUS  pACIpeleleHUEM  OSHEPrud  BHYTPH
aKKyMYJISITOPHOTO KOMILUIEKCa peann3oBaHa Ha 6ase Python.

Takum 00pa3om, mporpaMma COCTOUT U3 CIEIYIOIUX OJIOKOB:

- Onok simulate temperature, B KayecTBE BXOJIHOTO MapaMeTpa MpPUHUMAeT TPEXMEPHBIN
MaccuB MOITHOCTH (9 6510K0B X 9 akkymynsTopoB X 100 BpeMEHHBIX TOUEK);

- 6iok simulate_SoH;

- 6ok simulate_SoC;

- 010K energy generate;

- 6ok FL_distrib — aganTuBHBIN peryasTop Ha OCHOBE HEUETKOM joruku (Tabnuua 1);

Tabnuya 1. Chucok npasui 01 HeuémKo20 pe2ynamopd

| Ne npaBwuna ‘ TemnepaTtypa ‘ypOBeHb3apﬂp,a CocTtosiHue 6aTapeu ‘ Bo3moykHOCTb 3apsaaa
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1 Hun3kas Huskumin Mnoxoe CpegHsas
2 Hun3kas Huskumin CpenHee BbicoKkas
3 Hwn3skan Hu3kuni Xopouwee BbicoKkan
4 Hwn3skan CpeaHum Mnoxoe Huskan
5 Hwn3skan CpeaHum CpenHee CpenHas
6 Hwn3skan CpeaHum Xopowee CpenHas
7 Hun3kas BbicoKui Mnoxoe Hun3kasn
8 Hun3kas BbicoKui CpegHee Hun3kasn
9 Hun3kas BbicoKui Xopowee CpegHsas
10 CpeaHsan Huskuni MNnoxoe CpeaHas
11 CpenHas Hu3kuni CpenHee BbicoKkan
12 CpegHsas Hu3kuni Xopouwee BbicoKkan
13 CpeaHsas CpeaHum Mnoxoe CpenHas
14 CpeaHan CpeaHum CpenHee CpenHas
15 CpegHsasn CpegHum Xopowee BbicoKas
16 CpeaHsan BbicoKuni MNnoxoe Huskan
17 CpegHas BbicoKkuni CpegHee CpegHsn
18 CpegHan BbicoKui Xopouwee CpegHan
19 Bbicokasa Hu3Kkuni Mnoxoe CpenHas
20 Bbicokasa Hu3Kkuni CpenHee CpenHas
21 Bbicokasa Hu3Kkuni Xopouwee BbicoKkan
22 Bbicokasa CpeaHum Mnoxoe Huskan
23 Bbicokasa CpeaHum CpenHee CpenHas
24 Bbicokasn CpegHum Xopouwee CpegHan
25 Bbicokasn BbicoKui MNnoxoe Hu3kan
26 Bbicokas BbicoKui CpegHee Huskan
27 Bbicokas BbicoKui Xopouee CpepHan

OYHKIMY TPHHAJICKHOCTH JJII BXOJHBIX ITAPAMETPOB M BBIXOAHOTO 3HAYCHUS MPEICTABICHBI
B TabIuIE 2.

Tabnuya 2. Humepesansi ghynkyuti npunaonexicHocmu

MNapameTp AnanasoH 1 AnanasoH 2 OnanasoH 3
Temnepatypa [0; 0,5] [0;0,5; 1] [0,5; 1]
YpoBeHb 3apaaa [0; 0,5] [0;0,5; 1] [0,5; 1]
CocTtoAHMe b6aTapeun [0; 0,5] [0;0,5; 1] [0,5; 1]
Bo3moxKHOCTb 3apaga [0; 0,5] [0;0,5; 1] [0,5; 1]

- ook GA_distrib — HelipoceTh Ha OCHOBE T€HETUYECKOTO aJITOPUTMA;
- 610k main.
Pe3ynprarel MCHOJMHEHHS pa3paOOTaHHOM MHpOrpamMMmbl ISl peanu3alii MEpBOrO CLEHapHs
IpeCTaBICHbI HAa pUCYHKE 1. AHAIOrMYHO MpopaboTaHbl clieHapuu 2-4.
Taxum 00pa3om, MPU MOJETUPOBAHUH MEPBOTO CIIEHApHs, B MEPUOJ] PABHOMEPHOU I'eHepaliu
SHEpPruu B 000MX CIIydyasiX PeryisaTopbl CHPABISIOTCA MPUOIU3ZUTENBHO OJUHAKOBO, IPU ATOM, CTOUT
OTMETUTh, UTO TEHETUYECKHE AITOPUTMbI TOKAa3bIBAIOT PE3YNIbTaT JIyUllle, YeM HedeTKasl JIOTHKA.
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Pucynox 3. Ilepewiii cyenapuii

[Tpu MonenupoBaHUM BTOPOTO CLEHAPHS, IPU MEHEE CTaOUIIbHBIX TeHepalnuax oda alropurMma,
TEeHeTUYECKUH M HEYETKHMM, NoKa3alnu Xopoliue pe3yapTarbl. OJHaKo HECMOTpsT Ha TO, 4YTO
pacripesiesieHe 1o OartapesiM y JABYX alrOpUTMax OTIMYAIOTCA, MOTEPH DHEPIUU IMPAKTUUYECKH He
OTJIMYAIOTCS.

ITpu MozmenMpoBaHUM CMEIIAHHON FeHepaluy 3Hepruu (clueHapuil 3) TeHeTUYEeCKUil anropuT™
MOKa3bIBaeT pe3yibTaT HEMHOro JydYllle, YeM HEeYeTKHUH airoputMm. Takke 3aMeTHa pazHHLA IO
pacnpeneneHuIo SHEPTUH.

B ycnoBusx manoit renepauuu (cueHapuil 4) reHeTUYECKHUH ajIroOpuTM MOKa3bIBaeT Oojee
palnMoHaNbHOE paclipeesieHue SHEPruH, BCIEICTBHE Yero Takke HaONllofaeTcsi MEHbLIas MoTeps
BbIPa0OTAaHHOI SHEPTUH.

AHanu3 NpeNOCTaBIECHHBIX PE3YyIbTaTOB MOJAEIMPOBAHUS IIO3BOJSET BBISABUTH KIIHOUEBBIE
JUHAMHYECKHE 3aKOHOMEPHOCTH B paboTe SHEPreTHYecKoro KoMIulekca. B yacTHOCTH, OTYETIMBO
HaOMI0AI0TCsl CYyTOYHBIE U BHYTPUCYTOUHBIE KOJIEOAHUS TEMIIepaTyphl, BEICTYIAIOLIEH B POJIM OTHOTO
U3 OCHOBHBIX BHEIIHUX (DAKTOPOB, AETEPMUHHUPYIOMIUX MPOU3BOIUTEIBHOCTh CUCTEMBI. JlaHHBIE
Koje0aHsl HampsMylo OOyCIaBIMBAIOT BBIPAKEHHYI0 HECTAIMOHAPHOCTh M HEOAHOPOJHOCTH B
npodune BbpabOTKH d3JeKTposHepruu. Kpome Toro, ycraHoBieHa M KOJMYECTBEHHO OIIEHEHa
CYIIECTBEHHAs] KOPPEJILMOHHAS 3aBUCUMOCTh MEXIY OOBEMOM TEHEpUpYyeMOil MOLIHOCTH MU

125



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

BEJIMYUHON TEXHOJIOTUYECKUX TOTEPh, YTO YKA3hIBACT HA HAIWYHE HEMWHEHHBIX 3((deKkToB B paboTe
00opymoBaHus.

3akaoueHne

CpaBHUTENBbHBIA aHanu3 A()(GEKTUBHOCTH CHUCTEM YIPABICHUS B paMKaxX I[POBEICHHOTO
MOJICIIUPOBAHUSL  TIPOAEMOHCTPHPOBAT  3HAYMTEILHOE IPEHMMYNIECTBO  aJaNTHBHOTO  ITOIXO/A.
Peanu3oBaHHbIi Ha OCHOBE TCHETHYCCKOIO QlTOPUTMa HEHPOHHBIH PEryisTtop o0ecredu
CyIIECTBEHHO OoJyiee paBHOMEpPHOE M, KaK clencTBUe, 3(PQeKTHBHOE MPOCTPAHCTBEHHO-BPEMEHHOE
pacrpe/iesieHie EKTPOIHEPTHH MEXKIY JIEMEHTaMH aKKyMYJSITOPHOTO KOMILIEKCA [0 CPAaBHEHHIO C
pEryasiTOpoM, MOCTPOEHHBIM Ha MPUHIMINAX HEYETKOM JIOTMKH. BaXKHO OTMETUTH, YTO IMPHU ITOM
BIIMSIHUE BHIOPAHHOTO THIIA PETYISTOpa Ha (QyHIaMEHTAIbHbIC SKCILTyaTallMOHHbIC TapaMeTPhl CaMUX
aKKYMYJISITOPHBIX Oatapeil (Takue Kak CKOpOCTb JIerpa/iallii, BHYTPEHHEE CONPOTUBIICHHE) OKa3aI0Ch
CTATUCTUYECKH HE3HAYMMBIM B PaMKaX 33/IaHHBIX IPAHUYHBIX YCIOBHUIl SKCIIEPHMEHTA.

[Tocie TOCTpOCHUST MOJEIH PACCMAaTPUBACMOW CHUCTEMbI QIANTUBHOTO  YIPABICHUS
pacrpe/ieJieHHeM SHEepPriuy OT BO30OHOBISIEMBIX HCTOYHHUKOB IO AKKyMYJISTOPHOMY KOMILICKCY IO
MaT€MaTU4YC€CKUM 3aKOHaM, MaKCHUMaJIbHO HpI/I6J'II/I)KaIOHII/IM MOICIUPYEMBIC MPOUCCChI K PCAJIbHBIM
YCJIOBHSIM JKCILTyaTalluK MOA0OHBIX CHCTEM, IPOBEACHBI SKCIIEPUMEHTHI ¢ IPUMEHEHHEM HEYETKOrO U
HEWPOHHOIO PETYyJIATOPOB II0 YETBIPEM CLICHAPHUSIM, UMHTHPYIOLIMM pPa3HbIC IIOTOJHBIE YCIOBHS H,
COOTBETCTBEHHO, pPAa3HBIC PEXKUMbI T'CHEpalMyd JIICKTPOIHEPIUH, TIO3BOJISISI CPaBHUTH paboTy
AOAalITUBHBIX PCTYIISITOPOB B PA3JIMUHBIX ClIydasX. B PE3YIbTATC MNPOBCACHUA MOACINPOBAHUA
BBISBIICHO, YTO HEWPOHHAas MOJEIb Ha OCHOBE TI'CHETHYECKOTO ajropuTMa I03BOJISET Oojee
PaBHOMEPHO PACHPEICIUTh EKTPOIHEPIHIO M0 aKKyMYJISITOpaM Pa3HbIX OJOKOB, MPH 3TOM CHUXKas
00BEMBI ITOTEPH ATEKTPOIHEPIUHL.
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nocrtyma: https://en.wikipedia.org/wiki/Grid_energy_storage (mara oOpamenus: 02.09.2025).

2. Battery energy storage system [Onexrponssiii pecypc] // Wikipedia — The Free
Encyclopedia. — Pexxum gocrtyma: https://en.wikipedia.org/wiki/Battery _energy storage system (mata
obOpamenusi: 02.09.2025).

3. Roberts, D. The energy transition needs big batteries. Vox [DnexTpoHHbIi pecypc]. — Pexum
J0CTyma: https://www.vox.com/climate/408381/energy-transition-renewables-grid-scale-energy-
storage-giant-batteries (nara oopamenus: 03.09.2025).
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I/IHTEJIJIEKTYA.JIUI)HI)IIZ moAXoJa K OHEHKE PUCKA U IINTAHUPOBAHUIO
OBHOBJIEHHUH ITPOIINUBKU IIJIK B CUCTEMAX ABTOMATU3ALIUU
TEXHOJOI'MYECKUX MTPOLECCOB

Cemamoe Pycnan

Mazucmpanum 2 kypca

Hayunwiii pykosooumens: k.m.H., npogheccop kageopvi AY

Xan Ceemnana I'ypvesna

Anmamunckutl yHugepcumem sHepeemuxu u cesasu umenu I ymapoexa Jlaykeesa
Pecnyonuxa Kazaxcman, e. Anmamuol

AHHOTAIUA

Pa3Butne COBpPCMCHHBIX CHCTCM aBTOMATHU3allUN TpeGyeT IMOCTOAHHOTI'O COBCPIICHCTBOBAHHA
METOJIOB YIPABJICHUS W TOIJEPKKUA MPOM3BOACTBEHHBIX IpoieccoB. OIHON M3 KIOYEBBIX 3a]a4
NPOMBIIIJICHHON  aBTOMATH3allMM  SIBISIETCS  OOECleYeHHe  aKTyalbHOCTH  KOH(UTYypauuu
POrpaMMHPYEMBbIX Jiorndeckux KoHTposutepoB (ITJIK), mockoinbky 0OHOBICHHE MPOIIMBKU HAPAMYIO
BIIMSCT Ha CTAOWJIBHOCTh M OE30MACHOCTh TEXHOJIOTHYECKOro mpolecca. HecBoeBpeMeHHOE WITH
HEKOPPEKTHOE OOHOBJICHHE MOXET MPHUBOIUTH K COOSM B YNPABICHUH, MPOCTOSAM OOOPYIOBaHHS U
IIOTCHI U AJIbHBIM aBapHﬁHBIM CUTyalludM, UYTO JC€JacT BOIPOC aKTyaJIu3aluu MIpOorpaMMHOrO
00ecCIeueHUsT KPUTHYCCKH BaKHBIM.

B ycnoBusx MacmTaOHBIX CHCTEM C MHOXECTBOM KOHTPOJJICPOB OTBETCTBEHHOCTH 3a
oboHoBienue [1JIK oObMHO BO3JIAraeTcsi Ha OMEPATOPOB. DTOT TOAXON TpPeOyeT PYydYHOTrO aHaImu3a
KaXJI0W KOH(HrypalMy, OLEHKA COCTOSHHS TEXHOJOTMYECKOro IMpoliecca W ONpeAeICHUs
0e30MmacHOro BpeMeHH st oOHOBIeHHMA. Takas paboTa CTAHOBUTCS TPYIOEMKOH M MOABEPIKECHHOM
9eII0OBEUECKOMY (aKTopy.

B pamkax naHHOW paboThl OyleT pacCMOTpeHa caMa 3aja4a akKTyaJlu3allld, MOJEb
MPOrPaMMHOTO 00CCIICUCHHUS U €€ pealTi3aliusl.

®opmasm3anu 3aga4m aktyaausanuu npomusku IJIK

@opmanuzanus 3anaun akryanuzanuu npomusku [IJIK cTtpoutcs Ha ¢akrope GezonmacHocTH
OOHOBJIEHHS B TEKyIIMHd MOMEHT BpEMEHH. be30macHOCTh TEXHOJIOIMYECKOIro Ipolecca IpH
OOHOBJIEHUH MMPOIMIKMBKU SBJIACTCA NPUOPUTCTHBIM KPUTCPUCM U 3aBUCUT OT COBOKYITHOCTHU BXOHBIX
¢bakTopoB, Xapakrepusyroumx cocrosHue KoHpurypaumum IIJIK u KpuUTHYecKHE MOMEHTBI
IIPOMU3BOJICTBEHHOT'0 MpoIEcca.

B kauecTBe OCHOBHBIX MapamMeTpoB 6e30macHOCTH BBOAUTCS BekTop (1.1)

X = {C, Pc; Tminl RC}' 11§

rne € — CRC xoHpurypanuu, OJHO3HAYHO HJIECHTUPUIUPYIOIIMH TEKYLIYI0 CTPYKTYpY
MOJyJIEW, PETUCTPOB U IPOIrPAMMHBIX IIEPEMEHHBIX;
Pr — MHOXECTBO KPUTHYHBIX TOYEK TEXHOJIOTMYECKOIO IPOLECcca, KOrjga OCTaBICHUE
nporecca 6e3 yrpasiaeHUs: HEIOITyCTHMO;
Tmin — MUHUMAaJIbHBIA O€30MacHBIH HMHTEPBAT MEXIY OOHOBIECHUSIMH, ONpPEICISIONINN
JOIYCTUMYO YaCTOTy U3MEHEHNH;
R, — xpurepuil Hag&KHOCTH KOH(UIYypalMu, OTPaKAlOIIMKA CTENeHb H3MEHEHUIl B
CTPYKTYpPE MOAYJIEH U PETUCTPOB 10 CPABHEHUIO C MPEIBITYIIEH BEPCUEN.
J1 KONMMYeCTBEHHOM OLIEHKH 0€30MaCHOCTH BBOAUTCS (DYHKIHS pHCKa:
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R(t) = f(C: Pchmin: Rc)r 1.2§

rae R(t) € [0; 1] u 3HayeHust PyHKIIMH HHTEPIPETUPYIOTCS Clieayromum oopasom: R(t) - 0 —
obHoBIIeHHE Oe30macHo, R(t) — 1 — BBICOKHIA PUCK HAPYIIECHHS TEXHOJIOTHYECKOTO MPOIecca.

Oynknus, npeacraBieHHas (opmynoi (1.2), umeer oOmwmii Bua. Jlyis mpuMeHeHUs €€ B
YCIOBHSIX MOJCITUPOBAHMS TEXHOJIOTUYECKOTO MPOLEcca, a U BOOOIIe MPH peaan3aliy Ha MPaKTHKE,
napameTphl, yKazaHHble BeipakeHreM (1.1), u dynkuums (1.2) npuHUMAIOT BUI:

R(t) = f(RD,SD,ND), 1.3§

rae RD — creneHb TOTOBHOCTH K 0OHOBIIeHHIO, uHTEpBai [0; 1];
SD — cremneHb cTaOMIBHOCTH TEXHOJIIOTHYECKOTO Tpotecca, uarepsai [0; 1];
ND — creneHb HEOOXOIUMOCTH KOHTPOJUIEpa K 0OHOBJIeHHIO, nHTepBa [0; 1].
3anava hopmain3yercsi Kak IOMCK MOMEHTA BPEMEHH t,g, IPU KOTOPOM PUCK MUHUMAJICH:

tog = argmin R(t). 1 4§

Pemenue »5TOM 3a7auM MO3BOJSET CUCTEME IMPEACKA3bIBaTh ONTUMAaJbHbIE OKHA JJId
OOHOBJICHHUS, YUUTHIBAsI HEONIPEEIEHHOCTh U IWHAMHUKY TEXHOJIOTHUECKOTO Iporecca. Takoi moaxon
o0ecredrnBaeT MHTEIUIEKTYaIbHOCTh CUCTEMBI: OHA CIIOCOOHA MPOTHO3UPOBATh OE30MaCHbIE MOMEHTHI
Y BBIJIaBaTh PEKOMEHAINHU OTIepaTopy, He TpeOysl aHATUTHYECKOTO BBIBOJIA KpUTEpHS (D (HEKTHBHOCTH
WM CTPOTOM ONTUMHU3ALNHU (DYHKIIUU pUCKA.

Takum o0OpaszoMm, ¢opmanu3oBaHHAs 3amada akryanusanuu npomuBku [1JIK cBomutes
BBIYHCIICHUIO (DYHKIIMU PUCKa HAa OCHOBE MapaMeTpoB KOHGUTYpAIMH U TEXHOJIOTUYECKOTO Mpolecca
C LIEJIBIO BBISIBJIEHUSI 0€30MIaCHOTO BPEMEHU J11 OOHOBJICHUS.

Mogesb NporpaMMHOro odecrnedyeHnst 1 CTPYKTYpPHOe ONMCAHNEe MOAYJIeH

B kauectBe OCHOBBI pa3pabaTbIBa€MOW WHTEIIEKTYalbHOM CHCTEMbI ObLT B3ST TMOPHIHBIN
MOJIXO/1, TI03BOJISIsE COYETATh B ce0e BCe IIIHOCH pa3HbIX MHTEUIEKTYaIbHBIX METO/I0B, KOMIIEHCHPOBAaB
TE€M CaMbIM WX HempocTaTku[1].

Pa3zpaGoranHast Mozenab MPOrpaMMHOIO oOecreyeHHs MOCTPOeHa Ha OCHOBE (hopMallu3aliuu
3ajaun aktyanu3auuu koHdurypanuu [IJIK u peanusyer MoayinbHYI0 apXUTEKTYpy, 00€CTIeUHBAIOILY IO
MIPO3PaYHOCTh, MAaCIITAOUPYEMOCTh U THOKOCTh CUCTEMBI (PHUCYHOK 1).

ApXHUTEKTypa CUCTEMBI MPEACTaBIEHA Ha PUCYHKE 1.
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Pucynox 1. Apxumexkmypa unmenniexmyaivbHou cucmembl

Moynp IpOrHO3UPOBAHMS MPOLECCA NMPEAHAZHAYEH U KOJIMYECTBEHHOW OLEHKHM TEKYLIEro
COCTOSIHUSI ~TEXHOJIOTUYECKOro 00beKkTa M  (OPMUPOBaHMS KpPAaTKOCPOYHOIO IPOTHO3a  €ro
YCTOMYMBOCTH Ha OCHOBE HOPMHUPOBAHHBIX MapaMeTpOB. B apXHUTEKType CHCTEMBI OH BBIIOJIHAET
KIIIOUEBYI0 (YHKLHUIO B KOHTYype NPEIMKTUBHOIO aHaiMu3a, IpeolOpasys MOTOK TEXHOJIOIMYECKUX
JAHHBIX B MHTETPaJIbHbBIN NOKa3aTeNlb CTAOMIIBHOCTH, UCIIONIb3YEMBIH Jlajiee MPU OLIEHKE TOTOBHOCTH K
oOHOBJIEHHMI0O M pucka. Ha Bxog Moayns mOCTymaeT BEKTOP HOPMHPOBAHHBIX MapaMeTpOB,
c(OpMHPOBAaHHBI MOIYJIEM IOJArOTOBKH IAaHHBIX, a Ha BhIXOnE (HOPMHUPYIOTCA TEKyllee 3HaYeHHE
CTaOMJIBHOCTU U MacCHB ITPOrHO3HBIX 3HAYEHUN Ha 3a/1aHHBIN TOPU30HT. TeKyllee 3HaueHUE OTpakaeT
(akTHUECKOE COCTOSHHE MPOIIecca, TOTIa KaK MPOTHO3 MO3BOJISIET OLICHUTh OXKHUIAEMYIO IUHAMUKY H
o0ecrneynTh MPUHATHE YNPEXKIAOIIUX PEIIeHUH, TeM caMbIM peanu3ys HepexoJ]] OT CTaTHYeCKON
OLICHKH K NMPEJUKTUBHOMY MPEICTABICHUIO IOBECHUS CUCTEMBI.

Pesynbrarsl 00yueHMst IpeCTaBIeHbI HA PUCYHKE 2.

Mpouecc oby4eHns HeMpPOHHON CeTH CpaBHeHMWe NporHo3a u peanbHbIX 3HaYeHWi
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Pucynok 2. Pesynomam o6yuenus mooenu
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Pesynprarel 00yueHHMsS MOKa3bIBAIOT OBICTPOE CHIDKEHHE (YHKLUMU MOTEPh C IMOCIEIyIOIIeH
cTa0MIn3anuei, 9To CBUIETENBCTBYET O CXOOAUMOCTH MoJenu 0e3 nepeobyueHus. Mojenb KOppeKTHO
BOCITPOM3BOAMUT OOIIYIO0 TUHAMUKY CTAOMJIBHOCTH, MPU 3TOM CIVIAXKHBAET JIOKAJIbHBIE BHIOPOCHI, UTO
YKa3bIBAaeT Ha YCTOWYMBOCTH K IIyMaM. DTO MOBEAECHUE SBISETCS ONPABIAHHBIM, IOCKOJIBbKY MOJEIb
OPHUEHTHPOBAaHA Ha BBISBICHUE YCTOMYMBBIX 3aKOHOMEPHOCTEH. B 1menoM Moxpenb NEMOHCTPHUPYET
JOCTATOYHYIO TOYHOCTh U IPUTOAHA JUISl UCIIOJIb30BAaHUS B CUCTEME IIPOrHO3HPOBAHMSL.

Monyne oueHkH KOH(GUrypaluu IMpelHa3HaueH [Js KOJWYECTBEHHOTO  OIpeelIeHUs
HEOOXOIMMOCTH OOHOBIICHUSI WJIM TIEPEHACTPOHKM TeKyllell KOH(UTYypaluu TEXHOJIOTHYECKOTO
MpoLlecCa Ha OCHOBE COBMECTHOIO aHAJIM3a TEXHOJOTMYECKUX IapaMeTpOB U JAUArHOCTHUYECKUX
IIPU3HAKOB COCTOSIHUSI IPOTrPAMMHO-TEXHUYECKOM cpenbl. B apXuTeKType CHUCTEMBI OH BBINOJHSET
(GYHKIHMIO OIIEHKH I1eJIecO00pa3HOCTH BMeEIATeNbcTBA U (POPMUPYET HHTETpalbHBIN MOKa3aTeib
HEOOXOIMMOCTH OOHOBJICHUS, HCIOJB3YEMBIH Jlajiee COBMECTHO C MOKa3aTelsIMU CTaOWJIBHOCTH M
roToBHOCTM. Ha BXoa mocTynmaroT HOPMHUPOBAHHBIE TEXHOJIOTMYECKUE IapaMeTpbl U MAaCCHB
HOPMHMPOBAaHHBIX JMArHOCTHYECKUX OTKJIOHEHUH, OObeIMHSAEMBbIE B €IUHBIH BEKTOP IPU3HAKOB,
COIIaCOBaHHBIN ¢ oOyyatonum Habopom. Ha Beixoze dhopmupyeTcs cKalasipHOE 3HAYEHHUE B AHANa30He
ot 0 1o 1, uHTEpHIpPETHpPYEMOE KaK CTETIeHbh HEOOXOAUMOCTH OOHOBJICHUS, YTO 00CCIIEYNBACT MEPEXO
OT Pa3HOPOJHBIX XaPAKTEPUCTUK COCTOSIHUSA K €IMHOMY KPUTEPUIO MPUHSTHS pelueHui|[3].

Pesynbrarsl 00yueHus peICTaBIECHbI HA PUCYHKE 3.

% Figure 1 - o x
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Pucynox 3. Pezynomam o6yuenus ML-mooenu

Pe3ynbraThl 00yueHUs MOKa3bIBAIOT BHIPAKEHHYIO JINHEHHYIO 3aBUCUMOCTh MEXKAY UCTUHHBIMU
U TpEeACKa3aHHbIMU  3HAYEHHUSIMH, 4YTO MOATBEP)KIAET CIOCOOHOCTh MOJAEIU  KOPPEKTHO
anmnpoKCUMHUPOBATH MOKa3aTelb HEOOXOAUMOCTH 0OHOBIEHHsI. OCHOBHAsI 4aCTh TOYEK COCPEIOTOYEHA
BJIOJIb IMAarOHaJIM, IIPU 3TOM YMEpEeHHasl IUCIepCHs B cpeiHel 001acTh OTpakaeT BIMsHUE IIyMOB 0e3
CUCTEMAaTH4EeCKOro cmeumieHus. Ha kpallHUX 3HA4EHUAX MOJEIb JEMOHCTPUPYET IOBBILICHHYIO
TOYHOCTB, YTO BAYKHO JUJIS1 BBISIBJICHHUS] KDUTHUECKUX COCTOSHMM. B 11€7I0M pe3ynbTarhl MOATBEPKIAAIOT
aJIeKBaTHOCTh METO/Ia I'PAJAMEHTHOro OYCTHHTa U PUTOIHOCTh MOJIEIH IS UCTIOJIb30BaHMS B CUCTEME.

Momynb roTOBHOCTH K OOHOBJICHHUIO MpeAHAa3HaYeH A (POPMUPOBAHUS MHTETPATILHOM OLIEHKH
JOIYCTUMOCTH M CBOEBPEMEHHOCTH BMEILATEIbCTBA C YYETOM TEKYILEro COCTOSHUS Ipouecca
IIPOTHO3UPYEMON TMHAMHUKH €r0 YCTOMYUBOCTU. B CTPYKType CHCTEMBI OH 3aHUMAET IPOMEKY TOUHOE
MIOJIOKEHUE MEXKJy MOIYJIEM IIPOTHO3MPOBAHUS M MOAYJIEM OLCHKH pucka. Ha Bxox monmarorcs
TeKylllee 3HaYeHHe CTAOMJIbHOCTH M €€ MPOrHO3 Ha 3aJlaHHBIM TOPHU30HT, Ha BBIXOAE (hopMHUpyeTcs
HOPMHUPOBaHHBIM MOKa3arenb I'OTOBHOCTH B auana3oHe oT 0 no 1. B ommuume or mMomyns OLEHKH
KOHQUTrypaluy, TaHHBIA MOAYJIb HE OINpeaenseT HeoOXOAUMOCTh H3MEHEHHS, a XapaKTepU3yeT
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YCIIOBUSI, TIPH KOTOPBIX BMEMIATENECTBO MOXKET OBITh BBITIOTHEHO 0€3 HapyIICHHS YCTOWYHMBOCTU
npouecca. Tem cambIM oOecreurnBaeTcsi Y4eT HE TOJNBKO TEKYLIero COCTOSHUS, HO M OKUIaeMOMn
JUHAMUKH, YTO MOBBIIIAET 000OCHOBAHHOCTH MPOAKTUBHBIX PEIICHUH MPU IJIAHUPOBAHUU OOHOBJICHUIA.

Takoll mOAXOJl coUeTaeT MHXXEHEPHYIO MOJENb U HBOJIIOLMOHHYIO aJanTaluio €€ mapaMmeTpoB
[2].

Monynp OLEHKM pHUCKAa MPEIHA3HAUYEH [UIsi MHTErPajbHOM KOJMYECTBEHHOM OLICHKHU
BEPOSTHOCTH BO3HUKHOBEHHUS HEOJIAroMpUSATHBIX COCTOSHMM Ha OCHOBE aHaju3a TeKyIleu
CTaOUIIBHOCTH, TOTOBHOCTH K OOHOBJIEHUI0O U HEOOXOIMMOCTH H3MeHeHHs KoHdurypauuu. OH
arperupyer pe3ynbTaThl MPEeNbIAYIINX MOIYIeH ¥ (OPMHUPYET HTOTOBBIA KPUTEPHH MPUHSATHUS
peumenuid. Ha Bxo monmaroTcs Tpu HOPMUPOBAHHBIX [MOKA3aTelNs, HA BbIXOJE (DOPMHUPYETCS CKAJIIPHOE
3HaueHue pucka B Auanaszone ot 0 1o 1, ucrnonb3zyemoe npu MIaHUPOBAHUU BMEIIATEIHCTBA.

B ocHOBe MoOAyns JIEKHUT anmapar HEYETKOM JIOTMKH, IO3BOJSIOIIMA  YYUTHIBATH
HEONPE/IEICHHOCTh U HEJIMHEWHbIE B3aMMOCBS3M MEXy napamerpamu. [lepeMeHHbIe ONMMCHIBAIOTCS
HEYETKMMH MHOXKecTBaMU Ha uHTepBae [0, 1]: 1ig roTOBHOCTH U HEOOXOAMMOCTHU UCHOJIB3YIOTCS TPU
YPOBHS, IS CTAOMIIBHOCTH — MIATh, YTO TIOBBIIIAET YYBCTBUTEILHOCTh MOJIETH. PUCK 3amaércs TpeMs
ypoBHsAMU. DyHKIMK NPUHAAIEIKHOCTH BBIOPAHBI TPEYroIbHBIMU, a BBIBOJ PEAlM30BaH MO CXEME
Mampaanu.

baza mpaBun hopMupyeTcs Ha HHKEHEPHOM MPUHIIUIIE 3aBUCHMOCTH PUCKA OT CTa0MIBHOCTH
U HEOOXOAMMOCTH BMEIIATEIbCTBA C YYE€TOM KOMIIGHCUPYIOUIETO BIUSHUSA TOTOBHOCTU. [lpm
KPUTHYECKU HHU3KOM CTAOMIIBHOCTH PUCK CYHTAETCS BBICOKUM HE3aBHCHUMO OT APYTUX (HaKTOPOB.
Bcero ucnonb3yercs 45 mpaBui, COOTBETCTBYIOIIMX BCEM KOMOHMHAIIMSM BXOAHBIX COCTOSIHHM, YTO
o0ecrednBaeT MOJHOTY U HEMPEPBHIBHOCTH olieHKU. Jledas3udukaius BeIIOIHIETCS METOAOM IIEHTpa
TSOKECTH, (HOPMHUPYS UTOTOBOE YUCIICHHOE 3HAUYCHUE PUCKA.

OYHKINUU MPUHAICKHOCTEN MTPEACTABICHBI HA PUCYHKE 4.
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Pucynok 4. @ynkyuu npunadnexcnocmu 01 Heyemkou Mooenu

Monynb TIaHUPOBaHUsT OOHOBIICHUS MTpeIHA3HAYeH [T ONPEeAeTIeHUs ONTUMAIbHOTO MOMEHTA
BMeENIAaTeIbCTBA B TEXHOJOTMYECKHUI MpOIIECC Ha OCHOBE aHajdu3a TEKYIIEro M MPOTHO3UPYEMOTO
YPOBHS pHCKa. B apXuTEKType CHCTEMBI OH 3aBEpIIAET LENOYKY HHTEUIEKTYyaJbHOTO aHalln3a,
peanusys mepexoj, OT arperupoBaHHBIX OLIEHOK K yIpaBieHUYeckoMmy pemieHuto. Ha Bxox moctymaer
BPEMEHHON PsiJi pUCKA C COOTBETCTBYIOIIMMU BpPEMEHHBIMH OTMETKAMM, Ha OCHOBE KOTOPBIX
(dbopMupyeTcsi MPOrHO3 U OMpeNesieTcss MOMEHT OOHOBJIEHUS, MUHUMHU3UPYIOIIUN BEPOSTHOCTh
HeOIaronpusaTHBIX cOCTOSIHMNA. Ha BbIXoze MOAynb BO3BpaIlaeT ONTHMAaJIbHOE BpEeMsl BMELIaTeIbCTBA
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U TIPOTHO3HBIM Psii PUCKA C YYETOM HEONPENEICHHOCTH, 00ecreunBas MHTETPAIHIO MPEIUKTHBHON
MH(GOPMALIMHU B KOHTYpP YIPaBJICHUS.

OmnpeneneHre MOMEHTa OOHOBJICHUSI PEANM3yeTCss TEHETUYECKHUM aJITOPHUTMOM, T/ KaKJas
0co0b  COOTBETCTBYET  BpPEMEHHOH TOYKE B  IPOrHO3UPYEeMOM  uHTepBaie.  DyHKIus
MPUCIIOCOOJICHHOCTH YUUTHIBAET YPOBEHb PUCKA, €T0 TIOBEACHNE B OKPECTHOCTH TOUKH, YCTOWYMBOCTh
[OoCJI€ BMEIIATEeNbCTBA U JIOKAJIbHBIE XapakTEepUCTHKH psaa. Ontumusalnus HampaBlieHa Ha
MUHHMH3ALMIO0 COBOKYITHOTO PHCKA C BBEACHUEM IITpada 3a upe3MepHOe OTKIIabIBaHUE OOHOBJICHUSI.
ANropuT™ HCHONB3yeT onepanuu oroopa, KpoccoBepa U MyTaluu, odecrednBas 3PPEeKTUBHBIN MOKCK
pelIeHus.

Monyns  NOArOTOBKM  J@HHBIX  IIpeJHAa3sHa4eH s IpeABapUTENbHON  00paboTKu
TEXHOJIOTHUECKOW HH(POpPMALUU U TpPUBEACHUS €€ K HOPMHUPOBAHHOMY BHIY, MPHUTOJAHOMY IS
UCIOJb30BaHUsl B AaHAJIUTUYECKUX M HHTEJUIEKTyalbHbIX ajroputMax. OH BBINOJIHSAET HayaJlbHYIO
GyHKIMIO TpaHCOpPMAIMK BXOAHBIX TAHHBIX, MPEICTABICHHBIX B BUIE TAOIWYHBIX CTPYKTYp C
pasnuuyHbIMM MacwmiTabamMu M JuanazoHamu. Ha Bbixome Qopmupyercs HOpPMHUpPOBaHHBIM HaOop
3HaueHnil B aumamasone [0, 1], obecneumBaromuii COMOCTAaBUMOCTh MapaMETPOB M KOPPEKTHOCTb
paGoTel mocnenyromux —Mozeneil. Hopmanuszamus — ocyliecTBiseTcs  METOAOM  JMHEWHOTro
MacIITa0UPOBaHUSl OTHOCHUTEIBHO MAaKCHMAaJbHOIO 3HAUEHUS, YTO COXPAHSAET OTHOCHUTEJIbHBIE
3aBUCUMOCTH U 00ecCHeyuBaeT BBIYUCIUTENbHYIO J(QeKTUBHOCTb. HecMoTps Ha oTcyTCTBUE
MHTEJJIEKTYaJIbHbIX METO/IOB, JAHHbII MOAYJIb ABJISETCS KPUTHUECKU BaXKHBIM 3JIEMEHTOM MOATOTOBKU
JIAHHBIX.

Monynbs 0ToOpaXeHHs peKOMEHJAIMIA MpeTHa3HAYeH ISl IPEACTABICHUS PE3YIIBTaTOB PadOTHI
cucreMbl B (opme, ynoOHOW Ui BOCHPUATHS ONEPAaTOpPOM MM HMHXKEHEPHBIM IepcoHajoM. B
apXWTEKType OH BBINONHAET uHTepdeiicHylo  QyHKmmM0, obecreunBas  CBS3b  MEXKIY
BBIUUCIIUTENILHBIMU MOJAYJSIMM U TOJb30BareneM. B pamkax gaHHON pa®oThl MOIYNb HE pean3yer
AQHAJIUTUYECKUX MM ONTUMHU3ALMOHHBIX METOJOB M CIIYKUT HUCKJIIOUMTENBHO JIs BHU3yallM3allUH
pe3yabTaTOB, IPEICTABICHHBIX B BUJIE BPEMEHHBIX I'pauKOB.

JKCIepruMeHTATbHAsI IPOBEPKA U CPABHUTEIbHBIN aHAIN3

B pamkax pa®oTsl 1l SKCIIEpUMEHTAIbHON MPOBEPKU MOIEIU BBIOpaH MPOLECC HarpeBaHus U
MOJACpKaHMs TEMIIEPATypbl B MEJCTUIABUIILHON TE€UYM, XapaKTEPU3YIOIIMUNCS CI0XKHOW TUHAMUKON U
3aBUCHMOCTBIO YCTOMYMBOCTH OT B3aUMOCBSI3aHHBIX IMapaMmeTpoB. Takoil BbIOOp 0OOYyCIIOBJIEH Kak
HaJIMYMEM JIOCTYITHBIX JaHHBIX U OMHCAHHBIX 3aBUCUMOCTEH, TaKk MU TUIUYHOCTHIO JJAHHOTO OOBEKTa
JUIS. BBICOKOTEXHOJIOTUYHBIX ITPOU3BOCTB, IJI€ OIIMOKH YIPABIEHUS MOTYT IPUBOAUTH K KPUTUYECKUM
MOCHENCTBUAM. OTO o0OecrneyuBaeT aJeKBaTHbIE YCIOBHUS JUISI OLEHKH 3(PQGEKTUBHOCTH CUCTEMBbI
MOJAEPKKU MPUHSTHS PEILICHUH.

B kauecTBe KIIOYEBBIX IaPAMETPOB UCIOJIB30BaHbl TEMIIEPATYpA PaCIIaBa U CKOPOCTh MOJAun
CBIPBSI, OIPEIEIIAIOIINE COCTOSIHUE PEAKIUIl U AUHAMUKY TEIJIoBOro pexuma. Mx BeiOop oOycioBieH
IPSMBIM BIIMSHUEM Ha yCTOMYMBOCTBH IPOLIECCA: OTKJIOHEHHUS 110 JAHHBIM BEIMYMHAM IPUBOIAT K
JecTabuiau3alMd W TOBBIUICHUIO pPHUCKA aBApUHHBIX CHUTyallUil, YTO JelaeT AKCHEPUMEHT
NPUOTMKEHHBIM K peabHbIM YCIOBHUSM HKCILTyaTallUH.

Hcxonusiit Habop JaHHBIX BKIOYaeT 468 M3MepeHuid, MorydeHHbIX ¢ nHTepBajgoM 10 cexyH[ B
TeueHue 78 MUHYT. J[1si MoAeMpoBaHUs TaHHBIE pa3/ieJieHbl Ha JIB€ BHIOOPKH: mepBasi, 00bemoM 360
3HAYEHUH, HCIOJB3yeTCs B KauecTBE BXOAHOM HHGoOpMAlUU A pacyeTa (QYHKIMHM pUCKA U
OIpefesieHus] MOMEHTa OOHOBIIEHMs; BTOpas, coxepkamas 108 3HadeHui, NpeaHa3HayeHA JUIs
BepU(UKAIIMU TMPOTHO3a IYyTEM COMOCTABIEHUS PACYETHBIX M (PAKTHMUECKHX 3HAYeHHH (CMOTpEeTh
PHUCYHOK 3).

OKCHepuMeHTalbHasl Mpoleaypa IHpeanosaraeT oO0paOOTKy HadalbHOTO MacchBa  C
nocuenyromei ¢ukcanuein AMHAMHUKU pucka. [Ipm MOCTYIUIEHMH CHrHajia O JOCTYIHOCTH HOBOM
KOH(UTypaluy BHIIOIHAETCS MPOTHO3 Ha OCHOBE YacTH nocienyomux qaHHbix (30 % BbIOOpKH), 4TO
II03BOJIAET OLICHUTH IIOBEJEHUE PUCKA M ONPENEIUTh ONTUMAJIbHBIA MOMEHT BMEIIATENbCTBA. Takon
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MOAXOA WMUTHPYET peajbHble YCIOBUS (DYHKIMOHMPOBAHUS CHCTEMBI, B KOTOPBIX pEIICHUE
MPUHUMACTCS TIPU OTpaHUYEeHHON HH(pOpMaIu 0 OyayIieM COCTOSTHUH Tpoliecca.

JUis cpaBHMTENBHOTO aHajH3a BBINOJHEH PYyYHOW BBHIOOD MOMEHTa OOHOBIICHHS Ha OCHOBE
BU3yalbHOW WHTEPIpPETAIlMM TPEHIOB KIIOUEBBIX MApaMETPOB M CYOBEKTHBHOTO OIPEIEICHUS
MHTEepBaJia HauOombinell crabmiapHOCTU. [Ipy 3TOM HCHONB30Balach IOJIHAS BBIOOpKA M3 468
W3MEpPEHUH, YTO NMPUHIUIHAIBLHO OTIMYAeT NAHHBIM MOJAXOA OT MpeajaracMoi MOJENH, CIIOCOOHOMN
NPUHUMATh PEIICHHUS IpPH OrPAaHMYCHHOM O0BEME MaHHBIX. Takas IOCTaHOBKAa HKCIIEPHMEHTA
MO3BOJISIET TPOJEMOHCTPUPOBATH MPEUMYIIECTBO WHTEIUICKTYaIbHON CUCTEMbI, ODHCHTUPOBAHHOM Ha
MIPOTHO3UPOBAHKE OE30IMACHOTO MOMEHTa OOHOBIICHUSI 0€3 HEOOXOAMMOCTH aHaN3a TIOJTHONW HCTOPUU
nporiecca.

Ha pucynke 6 mnpenctaBieHbl pe3yJabTaTbl MPOMEXKYTOYHBIX BBIYMCIEHUM, BKIJIIOYAIOIINE
MoKa3areu CTaOMIbHOCTH, TOTOBHOCTH M HEOOXOAMMOCTH OOHOBIICHUS, (POPMUPYIOIINE OCHOBY IS
OLCHKH pHCKa BMCHIATCIILCTBA BO BPECMCHHU.

TpeHa TemnepaTtypsl (¢ 249500 no 249968)
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Pucynox 5. Tpenowvl oanuwix 0ns ucnvimanus

Habmnronaemslil TpeH] MOKa3bIBaeT, YTO CTAOMIBLHOCTH MpoIlecca OCTaéTcs Ha BHICOKOM YPOBHE
Ha BCEM MHTEpBaJie, pu 3ToM nocie mpumepHo 3000 cekyHIbI cucTeMa NMEePeXOIUT B CTAl[MOHAPHBIN
PEXHUM C YMEHBIIEHUEM aMILTUTYAbI KoJeOaHuH, UTO CBUIETENBCTBYET O IOCTH)KEHUU JUHAMHYECKOTO
paBHOBeCHS.

[Toka3aTenb TOTOBHOCTM K OOHOBIEHHIO JEMOHCTPHPYET aHAJOTHYHYIO JUHAMHKY H
CTAOWIM3UPYETCs, OTpaXkasi COTNIACOBAHHOCTh TEKYIIETO COCTOSHUS W TPOTHO3UPYEMOTO TOBEICHHS
CUCTEMBI, YTO MOATBEPKIAET KOPPEKTHOCTh MHTETPALIMM JIaHHBIX B COOTBETCTBYIOLIEM Moayie. B To
K€ BpeMsl TIOKa3aTelb HEOOXOJUMOCTH OOHOBJICHHUS COXPAHSIET BBIPAXKEHHYIO BapHaTHBHOCTD,
OOYyCJIOBNIEHHYIO TMPUMEHEHHEM MOJIEId MAIIMHHOTO OOy4YeHHWs, UYyBCTBUTEIHHOW K JIOKAJIHHBIM
OTKJIOHGHMSIM M IIlymMaM B JaHHbIX. Jlake mpu oOmeld yCTOWYHMBOCTH MPOIECCa ITO MPUBOAMUT K
KOJIEOAHUSIM OIEHKH, OTPAKAIOIIUM BEPOSTHOCTHBIA XapakTep MPHUHATHS PEIICHHH B YCIOBHSIX
HEONPEAECTEHHOCTH.
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JWHaMuKa nokasaTenel Texnpouecca
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Pucynox 6. [lokazamenu cucmembi

Pe3ynbrar MMUTALIMOHHOTO KCIIEPUMEHTA IIPUBEACH HA PUCYHKAX 7 U 8.

Kak BugHO ®3 Tpadumka 8, TPOTHO3HPYEMBIM PHUCK B IIEJIOM BOCIHPOU3BOAHUT JTUHAMHUKY
TEKYIIETo, COXpaHssl OCHOBHBbIC TEHJICHIIMH, XapaKTep KoyieOaHWil U JIOKAJIbHBIE SKCTPEMYMBI, YTO
CBUJICTEILCTBYET O KOPPEKTHOW paboTe MOMyJsi MPOrHO3MpOBaHMs. [IpW 3TOM MporHO3Has KpUBas
pacrosiaraeTcsi HECKOJIbKO BbIIIE (PaKTHUECKOH, pOopMUPYs CHCTEMAaTHUYECKOE CMEIICHHE B CTOPOHY
YBEIUYCHUS 3HAYCHUH pUCKa.

AuHamnka pucka n onTuMansHoe Bpems obHoBneHna
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Pucynox 7. Texywuti u npoecHozupyemvlii puck
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NlnHaMuKa pucka v onTUMansHoe BpeMa 06HOBNEHUA BO BPEMA NPOrHO3NpoBaHUA
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Pucynox 8. Ilpoenos pucka

JlaHHOE CMeIIeHHue HOCHT IIeJICHANpPABICHHBIH XapakTep M OOYyCJOBJICHO HHXCHEPHOH
JIOTHKOM: TIOCKOJIbBKY PpHUCK SBJISETCS KPUTHYECKM 3HAUMMBIM IapaMeTpoM, MpeIrnodYTUTENIeH
KOHCEpPBAaTUBHBIA IMOJIXOJ K €ro OleHKe. VCKycCTBEHHOE 3aBBIILIEHHE MO3BOJSET KOMIIEHCHPOBATh
HEOIPeJeIEHHOCTH MOJIENIM, MOTPEUIHOCTH H3MEPEeHUHl M BO3MOXHbBIE HEYUYTEHHBIE BO3MYIICHHUS,
obecrieunBasi OpUCHTHP Ha OE30TaCHYI0, a HE ONITUMUCTUYHYIO OLIEHKY COCTOSIHUS TIpoIiecca.

Takoif 1NOAXOX TNOBBILACT HAAEKHOCTh INPUHUMAEMBIX pPELICHUH 3a CYET CHIDKEHHS
BEPOSATHOCTH IPOITYCKa MOTEHIIMAIBHO ONACHBIX COCTOSIHUI U COOTBETCTBYET NMPUHIUILY IPUOPUTETA
0€30IacHOCTH, JOMYCKAIOUIeMy YBEIMYEHHME 4YMCia MpeaylpeauTerbHbIX JeHcTBUH B OOMEH Ha
CHIDKEHUE aBapUNUHBIX PUCKOB.

Ha rpaduke Taxke mpeACTaBICHbl MOMEHThl OOHOBJICHMs, BBIODaHHBIE BPYYHYIO H
ornpeenéHHble CUCTEMONW. ABTOMaTHMUECKHH BBIOOP OCHOBAaH Ha aHAIM3€ MPOTHO3UPYEMOrO PHUCKA,
YTO OTpaXkaeT MPOAKTUBHBINA XapakTep YNpPaBJICHHUs M MO3BOJISET YUUTHIBATH OXKHIAEMYIO TUHAMUKY
npolecca Ipy ONpeesIeHnH ONTUMAaIbHOIO BPEMEHH BMEIIaTeIbCTBA.

3akJaroueHue

B pamkax paGorbl pa3zpa0oTaHa MHTEJUICKTyallbHash CHUCTEMa OLIEHKH COCTOSHUS
TEXHOJIOTHYECKOr0 TIpolecca W IJIaHUPOBaHMS OOHOBJICHHMH Ha OCHOBE aHajiM3a TEeKyUIMX u
IIPOrHO3UPYEMBIX IapamMeTpoB. Peann3oBaHa MONyJabHAs apXUTEKTypa, OOBEAMHSIONIAs METOJIbI
MAIIMHHOTO O0y4YeHMs, HEWpOCETEeBOro MNPOTHO3MPOBAHUS, HEUETKOH JIOTUKH M HBOJIOLMOHHOMN
ONTHMHU3AIIUH, YTO TTO3BOIMUIIO IPUMEHUTHh THOPUAHBIN TOAXO/.

Pesynbrarsl mokasanu, 4ro CHCTEMa aJ€KBATHO OLICHMBAECT COCTOSHME IIPOLECCA, BBIABISAET
TEHJCHIMH U (opMupyeT OOOCHOBAaHHBIE PEKOMEHAAIMM [0 MOMEHTY BMemIarenbcTBa. Moayib
IIPOTHO3UPOBAHUSI KOPPEKTHO BOCIPOU3BOAUT JIMHAMHUKY I1ApaMETpOB M pHUCKA, IIPU ITOM
KOHCEpBAaTHBHAs OLIEHKA ITOBBIIIAET HAIEKHOCTD 34 CUET ydeTa HEONPENeIeHHOCTH. Moaysp OlleHKH
KOH(pUTypaluu obecreunBaeT aanTHBHYIO0 HHTEPIPETAINI0 HEOOX0IMMOCTH OOHOBIICHUS.

Hcnonb3oBaHNE TEHETHYECKUX AJITOPUTMOB B MOIYISAX TOTOBHOCTM U IUIAHMPOBAHUS
MOBBICHJIO THOKOCTh CHCTEMBI, a NMPUMEHEHHE HEUETKOH JIOTUKU 00ecleunsio MHTEPIpPETHPYEMOCTh
pesynbraToB. CrcreMa IeMOHCTPUPYET YCTOWUMBOCTD OLIEHOK M KOPPEKTHYIO PEAKLIUIO HA N3MEHEHUS
BXOJHBIX JIaHHBIX, IIPY TOM KOHCEPBATUBHOE 3aBBIIICHUE PUCKA CHUXKACT BEPOSATHOCTH IPOITYyCKa
KPUTHYECKUX COCTOSTHUM.
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Takum oOpazoM, pa3paboTaHHas cUcTeMa SIBISETCS APPEKTUBHBIM HHCTPYMEHTOM TOAJICPKKU
NPUHSATHS PEHICHUH, 00€CIeYNBAIOIINM MIEPEX0 K MPOAKTUBHOMY YIPABICHUIO U MOATBEPKIAIOIIIM
11€JIeCO00Pa3HOCTh MPUMEHEHHS THOPUIHBIX METOIOB UCKYCCTBEHHOTO MHTEIIIEKTA B 3a[a4ax aHaIu3a
Y YIPaBJICHHS CIOKHBIMU TUHAMUYECKUMH MPOLIECCAMHU.

Cnucok JuTeparypsbl

1. PazpaGoTka cuUCTeMbl MONICPKKU TPUHATUS pEIICHUS IS HHTEIUICKTyalbHOU
aktyanu3anun koHurypamuu I[TJIK / XIII MexayHapoaHas Hay4HO-TEXHUYECKas KOH(DEpeHIus
«JHepreTuka, THPOKOMMYHHKAIIMOHHBIE TEXHOJIOTUH W BhHICIIee oOpa3oBaHue»: — Anmarel: AYDC,
2025. - B 2 Tomax. — Tom 2. =712 ¢. — Kas., pyc., aHri.

2. OCHOBBI HMCKYCCTBEHHOTO HHTEIUIEKTa B mpumepax Ha Python. Camoyuurtens. 2-¢ 3. |,
nepepad. U nom. CII6.: BXB-IletepOypr, 2024. 448 c.: wi. — (CamMOoy4HTens)

3. Mammnnoe oOyuenue ¢ PyTorch u Scikit-Learn: Ilep. ¢ anmi. / C. Pamka, 1O. Jlro, B.
Mupxanumm. — Acrana: @onuanrt, 2024. — 688 c.: ui.
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IOPEKTUBHOCTDb MEXKIAYHAPOIHBIX KIMMATUYECKHUX JOI'OBOPOB
B OBECTIEYEHNHU KIMMATHUYECKOM BE3OIMMACHOCTH IIEHTPAJIBHOM A3WM:
CPABHUTEJIbHBIN AHAJIN3 KASAXCTAHA, Y3BEKHUCTAHA U KBIPTBI3CTAHA

Kaxcoimemosa Apyscan Tanzamrkpi3zot
Mmazucmpaum 1-20 Kypca

EHY umenu JI.H. I'ymunesa,

Acmana, Kazaxcman

AHHoTanmusi. B crarbe mnpoBoauTcs cpaBHMTENbHBIM aHanu3 peanuszaunn PKHUK OOH,
Kuorckoro mnporokona u Ilapmxckoro corjamenus Ha npumepe Kaszaxcrana, Y3Oekucrana u
Koipreiscrana. IlokasaHo, 4to Bce TpW TocynapcTBa MNPEANPUHHUMAIM HCKPEHHHME YCWIMS IO
BCTPAMBAHUIO B MEXAYHApPOAHYIO KIMMATHYECKYI0 apXUTEKTypy, OJHAKO CTOJKHYJIUCh C
CHCTEMHBIMH WHCTHTYLIMOHAJbHBIMH U  (puHAHCOBBIMH  OapbepaMu, OOYCIIOBIEHHBIMH  Kak
BHYTPEHHUMHU TNPOTHUBOPEUUSIMH, TaK U HEAJaNTHPOBAHHOCTHIO TIJIOOANBHBIX HWHCTPYMEHTOB K
[IOCTCOBETCKUM TPaH3UTHBIM SKOHOMHKaAM. LIeHTpaibHBIM apryMEHTOM CTaThU SIBJISIETCS] TE3UC O TOM,
YTO TJIABHBIM HEPACKPBITBIM pPE3epPBOM  KIMMATUYECKON TMOJUTUKH pPErHoHa CIYXHT He
TEXHOJIOTHYECKasi TpaHcopmanusi, a peopmMa yIpaBiIeHUsT TPAHCTPAHUIHBIMHA BOJHBIMU PECYpCaMu
— OCHOBHOTO MPUPOJTHOTO aKTHBA, CBSI3bIBAIOIIETO KIMMATHYECKYI0 O€30MacHOCTh C 9KOHOMUYECKUM
Onaromnonyunem HaceneHus. ChopMmynnpoBaHbl KOHKPETHBIE PEKOMEHIAIMH Ha MEXKIyHAPOIHOM,
PErHOHAIIBHOM M HallMOHAJILHOM YPOBHSX.

KuroueBbie ciaoBa: knuMmaruueckas OesomacHocTh, PKMK OOH; Kuotckuii npoTokoi;
[Mapmwxckoe cornamenue; NDC; Kazaxcran; Y36ekucran; Kelprei3ctan; TpaHCTpaHUYHBIE BOJHBIC

LenTpanpHas A3us BXOAUT B YHCIO PErHMOHOB, HauOoOiee YSI3BUMBIX K IOCIEICTBUSAM
u3menenus kimmMara. C 1960 roga o6bém neannkoB Tsub-11lans u [Tamupa cokpatuiics B cpeHeM Ha
27% [1]. Yuamienue 3acyx, ONOJI3HEH U MaBOJKOB HAHOCUT €XeroaHbli ymepo B 1,5-3,0 mapa gost.,
kotopsld K 2050 romy Moxer Bo3pacTu 10 5—6 mupa aosul. [2]. IIpy 3TOM COBOKYIIHBINM BKJIaJ
Kazaxcrana, Y306ekucrana u Keipreiscrana B 1i100ainbHble BBIOPOCHI MAPHUKOBBIX I'a30B COCTABIISET
meHee 1,5% — cTpaHbl permoHa OTHOCATCS K 4YMCIy Haubojee MOCTPagaBIIMX OT IOCIEACTBUMN
W3MEHEHHUs KIuMaTa MpPU MHHUMAIBLHOM BKJIaJle B ero QopmupoBaHue. ITo (yHAaAMEHTAIbHOE
HECOOTBETCTBUE MEXAY OTBETCTBEHHOCTHbIO M YyIIepOOM MpuAaér Bompocy 00 3hdexTuBHOCTU
MEXIYHAPOAHBIX KIMMATUYECKUX MEXAHM3MOB HE TOJIBKO TEOPETHYECKYH, HO M MPAKTHYECKYIO
3HAYUMOCTb.

AKTyallbHOCTh T€MbI ycuiuBaercs Tem, 4yTo 2023 roja cTan NEepeJoOMHBIM JJsi CHUCTEMBbI
rJ100aJTbHOTO KJIMMAaTUYECKOT0 yIpaBIeHUs: cocTosuiachk nepsas [nodanpHas naBentapusanus (GST),
MOKa3aBIllasi KPUTHYECKOE OTCTaBaHWE BCEX CTpaH Mmupa oT ueiei [lapmxckoro cornarieHus; ObLI
sanmymeH Poun morepp u ymepba (Loss & Damage Fund); o6noBnénnsie NDC OGonpmmHCTBa
rOCyJapcTB ObUIM OLIEHEHBI KaK HeJAOCTaTouHble. MIMEHHO B 3TOM KOHTEKCTE€ OIIEHKAa Y4acTHs
HenTpansHON A3MHM B KIMMAaTHYECKUX JOTOBOPAX MPUOOPETAET OCOOYI0 HAYYHYIO U MPAKTHUYECKYIO
3HAYUMOCTb.

Hayunas mpo6iema nccieoBaHusi COCTOMT B MPOTHBOPEUUU MeXAy (HopMaiabHBIM ydacTHEM
ctpan lleHTpanbHOM A3MM B  MEXIYHapOOHBIX KIMMATHYECKUX JOTOBOpaX M  HU3KOMN
3¢ (HEeKTUBHOCTBIO ATOTO YYacTHsI C TOUKHU 3PEHUS PEeabHBIX KIMMATUYECKUX pe3ysibTaToB. Bompoc o
TOM, SIBJISIETCS JIM 3TOT Pa3pblB CIECACTBHEM HENOCTATOYHON IMOJIMTUYECKOW BOJIM TOCYNAapCTB WM
CTPYKTYpHOM HEaJanTHPOBAaHHOCTHM CaMHX JOTOBOPOB, OCTAa&TCS OTKPBITBIM U MPAKTUYECKU
3HAYUMBIM.

[lenb cTaTbyl — HAa OCHOBE CPABHUTEIHLHOTO MAlIMHT-aHAIN3a BBIIBUTh CUCTEMHBIE MPUYMHBI
pa3pbiBa MeXAy KIMMaTHYECKHMH 0053aTelbCTBAMHU U pe3ynbraraMu B Kazaxcrane, Y30ekucrane u
Koipreizcrane, a Takke cGHOpMyIHpPOBaTh MPAKTUUYECKHE PEKOMEHJAIMU [0  TOBBIILIEHUIO
3¢ deKTUBHOCTH ydacTHs cTpaH L{A B MeXIyHapOAHOM KIMMAaTUYECKON CUCTEME.

JIis TOCTHKEHUS! 1IeTTU TIOCTAaBJICHbI CIEAYIOLUE 3ada4u:
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1. mpoananu3upoBath MexaHu3Msbl peannzanuu PKIIK OOH, Kuorckoro nporokosna u
[Tapukckoro cornameHus B KakJ10M U3 TpEX CTpaH;

2. BBIIBUTH CUCTEMHBIE TPOOEIbl U MHCTUTYIIHOHAIBHBIE Oapbhephl, MPEMSATCTBYIOIINE
BBINOJIHEHUIO KIIMMaTHYECKUX 0053aTeNIbCTB;

3. OLEHHUTH (PMHAHCOBBIC HHCTPYMEHTHI U CTETIEHb UX COOTBETCTBHS MOTPEOHOCTSIM PETHOHA;

4. uccienoBaTh B3aUMOCBSI3b MEXKAY KIMMAaTHYECKOW NOJUTUKON U COLMAIbHO-3KOHOMUYECKUM
pa3BUTHUEM CTPaH PETUOHA;

5. pa3paboTaTh peKOMEHJAlUU 0 peHOPMUPOBAHHIO KIMMATUYECKOTO YIIPABICHUS Ha
MEX1yHapOJAHOM, PErMOHAIbHOM U HAIIMOHAJIIBHOM YPOBHSIX.

O0beKkT MHCCIeI0BaHUSI — CHUCTEMA MEXKIYHAPOJHOTO KIMMATUYECKOTO YIPABIEHUS B
HenTtpanbHoit A3um, BrItovaromas Mexanusmbl peanusanuun PKUK OOH, Kuotckoro mporokona u
[Tapuskckoro cornameHus.

IIpeamer wucciaenoBanumsa — 3¢p¢exktuBHOCT, YyuacTus Kaszaxcrana, VY30OekucraHa u
KbIpreisctana B MEXIYHapOJIHBIX KIMMaTHUECKHUX JOrOBOpax, M3MepsieMas 4epe3 COOTHOLICHHE
IPUHATBIX 0053aTeIbCTB, UCIIOJIb30BAHHBIX HHCTPYMEHTOB M JOCTUTHYTBIX PE3yJIbTAaTOB.

BaxxHo ¢ camoro Hayasia 0003HaYUTh UCCIIEI0BATENIbCKYIO ITO3ULIMIO: BCE TPU FOCYAAPCTBA
IpeINpUHIMAIIH peajibHble, a He (JOpMabHO-/IeKIapaTUBHbBIE YCUIIUS 110 YYaCTHIO B MEXTyHAPOHON
KJIMMaTH4eCKOoN apxuTekType. Kazaxcran cTpousi HHCTUTYTHI U 3aIlyCKajl phIHKU KBOT IIEPBBIM Ha
IIOCTCOBETCKOM IIPOCTPAHCTBE. Y30€KHCTaH aKTUBHO MPUBJIEKAN IPOEKTHI 10 COKPAILEHHIO BHIOPOCOB
B paMkax Kuotckoro mpotokouna. Keipreiscran pazpabaTsIiBa MIaHbI IECOBOCCTAHOBJICHHUS U TTOaBa
3asBKH Ha aJlallTalliOHHOE (PMHAHCHpOBaHUE. TeM He MeHee pa3pbiB MEXKAY HAMEPEHUSIMH U
pe3ysibTaTaMu OKa3ajcsi OrpoMHbIM. KilroueBbIM UCCIIEI0BATEIBCKUM BOIIPOCOM SIBIISIETCS
CIIEQYIOIINN: B CUIIY KaKMX IIPUUYUH NPEATNPUHATBIE YCUIINS OKa3aJIUCh HEJOCTATOYHBIMU U KaKue
M3MEHEHHS HEOOXOIMMBI IS TIOBBIIECHUS UX dPPEKTHBHOCTH?

1922. Teoperudeckne OCHOBBI: KIUMATHYECKAsI 0€30MIaCHOCTH M «BOJHOE H3MepPeHHe»

[lonstue «xnumarnyeckass 0€30MaCHOCTh» TPAJULMOHHO OXBAaThIBAE€T TPU B3aMMOCBS3aHHBIX
u3MepeHus: (U3NYECKyr0 0e30MacHOCTh (Yrpo3bl KU3HU OT IKCTPEMAJIbHBIX SIBICHHI), PECYpPCHYIO
0e30MacHOCTh (IOCTYI K BOJE, MPOJIOBOJILCTBUIO, SHEPTUN) U MOJUTUYECKYIO 0€30IacHOCTh (PUCKHU
HecTabUIBbHOCTH, 00YCIIOBICHHBIE KIMMaTHYeckuMu u3MeHneHusimu). [lecroit noxman MI'OUK (ARG,
2022) nonreepxkaaet, uto LleHTpanbHas A3usi HaXOAUTCS B 30HE BBICOKOTO pHCKa MO BCEM TPEM
n3MepenusaMm [5]. IlpuHOMNUANbHO BakHO, YTO BO BCEX TPEX CIydasx BOJa SIBJISETCS KIHOYEBBIM
CBSI3YIOLIMM 3BEHOM: (u3nyeckass 0e30MacHOCTb ONpeAENseTcsl JOCTYMHOCThIO NMPECHOW BOJBI IS
OUTbsI W WPPUTALUU, pPECypcHass — CIIOCOOHOCTBIO MOAJEPKHUBATH CEIbCKOXO3SIMCTBEHHOE
MPOM3BOJICTBO MPH H3MEHEHHHM BOJHOTO peXuMa peK, TMOJIUTHYeCKas — YCTONYMBOCTBIO
MEXTIOCYIapCTBEHHBIX JIOTOBOPEHHOCTEH B YCIOBUSAX HAPACTAIOIIETO Ae(UIIUTA.

Cucrema rino0anbHOro KIMMaTHYECKOrO yIpaBieHus (hopMHUpOBaliach MO3TATHO: OT PaMOYHOMN
konBeHuuu (PKHMK OOH, 1992) uepe3 mportokon ¢ x&ctkumu obs3arensctBamu (Kuorto, 1997) k
ruOKoON apXUTEKType HallMoHanbHbIX BKIaa0B (ITapuxk, 2015). Uccnenoatenu Falkner [6], Bodansky
[7] u Rajamani [8] yka3bIBalOT Ha CTPYKTYPHBII JeQEKT TOH 3BOJIIOLUHU: apXUTEKTypa JOTOBOPOB
CO3/1aBaJlach MO/ HY>K/Ibl KPYITHBIX MPOMBIIIJIEHHBIX SMUTEHTOB U HE MPEyCMAaTPUBAET CHEIMATIbHBIX
MEXaHU3MOB ISl MallbIX YS3BUMBIX TOCYAapCTB C TPAH3UTHOM SKOHOMHUKOH. OTOT nedext
npuodperaeT ocoOblil XapakTep MpUMEHUTENbHO K LleHTpanbHON A3uu, MOCKOJNBKY JUIsl pErHoHa ¢
IATBIO TOCYJAapCTBaMM, JENAIIMMHU BOAY [BYX KpyHHeMmmx pek — Amynapsu u Celpaapbu, —
KJIIMMaTHYE€CKHE PHUCKU HOCST MPUHIMUNHAIBLHO TPAaHCTPAHUYHBIM XapakTep: TasHUE JIEJHUKOB B
Keipreizcrane u Ta/pKUKUCTaHE MEHSET BOJAHBIM PEXHM pPEK, MUTAOMUX Mo Y30ekucraHa u
Ka3zaxcrana.

«[IpuHnun obmieit, Ho nuddepeHnmrpoanHoi oTBeTcTBeHHOCTH» (CBDR), 3aKkpeni€éHHblii B
ct. 3 PKUMK OOH, Ha npaktuke TpaHCQOpPMHpPOBAJICS B CHCTEMY, T[€ CTpaHbl, HauMeHee
OTBETCTBEHHBIE 32 M3MEHEHHE KJIMMara, HeCyT HauOOJbIIME €ro MOCIECTBUS MPU MUHUMAIHLHOM
JOCTyTe K UHCTpYMEHTaM 3aiuThl [9]. JlaHHOe CTpyKTypHOE MPOTHUBOpEUHE MpPEACTaBiIsIeT co00i He
pe3yJbTaT IeJIeHaNpaBIeHHOr0 yMbICTA, 2 OOBEKTUBHYI0 MHCTUTYLIHOHAIBHYIO JIOBYIIKY, B KOTOPOH
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OKa3aJMCh LIEHTpaJbHOA3UATCKuE rocyaapcrBa. IIOHATH JOrMKy 9TOM JIOBYIIKHM IO3BOJISET
CpPaBHUTEJIbHBINA aHAINU3 TPEX KOHKPETHBIX CITy4Yaes.
2. CpaBHHTEJBHBIN aHAJM3: YCHIINS, IPO0eJIbI H YPOKH

Tpu ctpansl LlenTpasnibHOM A3uUM, paccMaTpuBaeMble B HACTOSIIEH CTAaThe, MPEICTABIISIIOT TPU
MPUHIMIMAIBHO Pa3JIMYHbIX TUIA B3aUMOJCHUCTBUS C MEKIYHAPOAHON KIMMATHYECKOU CUCTEMON —
Y UMEHHO MO3TOMY MX COBMECTHBII aHaJIu3 MO3BOJISIET BBIIBUTH 3aKOHOMEPHOCTH, KOTOPbIEC HE BUIHBI
IIPU U3YUYEHHUH KaXKJIOT0 CIy4asi B OTJAEIbHOCTH.

2.1. Kazaxcman: uHCmumyyuoHaaIbHblil A8an2apo u CMpPyKmypHbole 106YUIKU

OmneHuBas KIMMaTUYeCKylo MOMUTHKY Kazaxcrana, He00X0AMMO OTAATh AOJDKHOE MaciiTady
WHCTUTYIMOHAIBHBIX ycwiuil. B 2013 roay crpana 3anmyctuia nepyto B CHI' cuctemy Toprosiu
kBoTamu Ha BeIOpockl (KazETS) — omepenuB GOJBIIMHCTBO TOCYAAPCTB C COMOCTAaBUMBIM YPOBHEM
noxona. IIpuHuUManoce mocienoBaTeIbHOE KIMMATUYECKOE 3aKoHOAaTedbcTBO; B 2023 romy
yTBepkaeHa Crpaterus yriepoaHoil HedTpanbHocTu K 2060 rony. IlepeuncienHoe mnpenacTaBiisieT
co00if peasibHbIE, OAAIOLIUECS BepUDUKAIIIY TOCTUKEHUSI.

OnHako WMEHHO AaMOMIIMO3HOCTh pEIICHHH IOpOoKJaia HENpeABUICHHBIE TOCIIEICTBHS.
JHlo6poBounbHblil iepeBoa Kazaxcrana B cratyc crpansl [Ipunoxenus I PKUK OOH B 2009 rony —
6ecnpeuenentHsiii mar B CHI' — aBromarmvecku 3akpbul AOCTYN K MeXaHH3My YHCTOTO Pa3BUTHS
(CDM). Ilo skcnepTHBIM OIIEHKaM, CTpaHa JUIIMIACh BO3MOXHOCTU npuBieub 300-500 mmaH ot
WuBectunuit [11]. PemeHue npuHUManoch € HaMEPEHHWEM 3aHATh IMO3MIMIO OTBETCTBEHHOI'O
y4acTHUKa B KJIMMAaTUYECKOW apXHUTEKType, HO 0e3 mpocuéra (MHAHCOBBIX MocheAcTBHi. JlaHHas
CUTyallusi CBUJETEIILCTBYET HE O HEJOCTATOYHOCTU IOJIUTUYECKOM BOJM, @ O HECOBEPILICHCTBE
WHCTUTYLMOHAJILHOTO TU3aiiHa.

KazETS nemonctpupyer cxoxyro soruky. Cucrema ABaKIbl NPUOCTaHABIMBAIACH IO
JaBJeHUEM MpoMbIiieHHOTro J1060u (2013-2014 u 20162017 rr.); HeHa KBOTHI HE MOJHUMAJIACh
Boie 1-3 gomn./t CO:2 nmpu 60—80 eBpo/t B EC [12]. Boiopocst CO: Beipocnu ¢ 249 no 351 M1COs: 3a
20002019 romget — TO ecth Ha 41% 3a mepuon aeiictBus nporokona. NDC, chopMmynupoBaHHOE
otHocuTenbHO 1990 roma — mUKa COBETCKON MPOMBIIIIEHHOCTH, — TO3BOJSET JEKIapUpOBaTh
«cokparieHue» npu QaktuaeckoM pocte BbIOpocoB. GST (2023) 3adukcupoBali HECOOTBETCTBHE
Kazaxcrana uu cuenaputo 1,5°C, v 2°C [13]; CAT (2023) npucBoun oueHky «Kpurnuecku
HegocTtaTouyHO» [3]. Pa3pblB Mexay HMHCTUTYLMOHAJIBHONM paMKOM M peaJbHBIMU pe3yibTaTaMu
SBJIAETCS HE CITy4YallHbIM, & CAICTEMHBIM.

2.2, Y36exucman: nuoep no CDM u scepmea coocmeennozo ycnexa

V36ekucran momomén K ydacTuio B KHOTCKOM — MpoTOKOie mparmMatuyHo: 15
3apeructpupoBaHHblx CDM-npoekToB cenanu CTpaHy JUAEpPOM pEeruoHa I0 TPUBJICUEHUIO
yriepogHoro (uHaHcupoBaHus. IIpaBUTENBCTBO paccMaTpUBalIO 3TH NPOEKTbl KaK HMHCTPYMEHT
OJTHOBPEMEHHOTO pELICHUs JBYX 3aJad — MOJEpPHU3ALUU MPOMBIIUIEHHOCTH W TPUBJICUYEHUS
MHOCTPAaHHBIX MHBeCTHLUHMH. JlaHHBIM mnoOIX0A mpencTaBsuics O0O0OCHOBaHHBIM. OJIHAKO HMEHHO
HaubOoJee «ycCIEeNIHbIe» IMPOEKThl OKa3alMCh YSI3BUMBI: CXeMbl 3axBara 3akucu azora (N20) Ha
«HaBonazore», «Maxkcam-Uupuuke» u «®epranaazore» Obuin npuzHanel OOH cxemamu «windfall
profits» — mpeanpusaTHs palliOHAIBHO PEearMpoBaId HAa HENPABWIBHO BBICTPOCHHBIE CTUMYIHI [14].
VYkazaHHble 00CTOSITEIbCTBA HAHECIU CYIIECTBEHHBIN peNnyTalMOHHBIM yiiepd Bceil cTpaHOBOM
porpaMMe.

ITocne obOBanma peinka ECB B 2012 rogy VY30ekucraH okas3ajcsi B HHCTHTYLMOHAJIBHOM
Bakyyme: MRV-cucrema nosisunace b B 2021 roxy, NC-4 He mpeACTaBI€HO MO COCTOSHUIO Ha
2024-#1 (mpocpouka 7+ met) [4]. NDC-2 (2021) nexnapupyeT CHUKEHHE BEIOPOCOB Ha 35% (yCIIOBHO),
ucnonbdys 2010 rog — wucropuyecKuii MUHUMYM — Kak 0a30Bblil. OJHOBpEMEHHO B IJIaHaX
HaxXOOUTCsl CTpouTenbcTBO ueThlpéXx yroubHbix TOC. CAT (2023) oueHuBaeT CTpaHy Kak
«Kputnueckn nemoctatouHo» [3]. Ilpu 3TOM KOHTEKCT OCTaéTCs CYIIECTBEHHBIM: Y30EKHCTaH C
HaceJleHueM 36 MJIH YeJIOBEK MHCIBITHIBAET OCTPBIA OeQHUUUT 3IeKTpo’Hepruu. Peubr HAET HE O
JeKIapaTUBHOM XapaKTepe MPUHATHIX 00s3aTEeNIbCTB, @ O PEAJbHOM KOJUIM3UU JBYX HMIIEPaTHBOB,
KaX/IbIii M3 KOTOPBIX MMEET CaMOCTOATENbHOE O00OCHOBaHWE. VIMEHHO MO3TOMY KOHCTPYKTHUBHAs
KpUTHKa JOJDKHA MpejiaraTh BbIXOI U3 KOJUIU3HH, a He MPOCTO €€ (PUKCUPOBATh.
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2.3. Kvtpevizcman: yazeumocmsp 6€3 6UHbL U ROMOULL 0€3 docmyna

Curyanus Keipreizcrana siBisieTcsi HanOoJiee MoKa3aTeIbHON C TOYKW 3PEHHsI CTPYKTYPHOM
HECTIPaBEIJIMBOCTH KIMMATUYECKON apXuTeKTypbl. CTpaHa ¢ ne-(pakTo «3enEHON» IHEProcHuCcTeMOn
(cBpime  90% renmepauuun — ['DC), munumanbHbiMu BbiOpocamu (~18 MtCO2/ron) Hecér
HEMPOIMOPIIMOHAILHO BBICOKHH yIIepO OT MPOIECCOB, K KOTOPHIM OHA MPAKTUYECKH HE MPUYACTHA.
KbIpreizcran 106pocoBecTHO MBITAICS MOHETU3UPOBATh CBOM KJIMMaTudeckuil morenuuan: tpu CDM-
MPOEKTa, 3asgBKK B AJanTanMOHHBIA (OHI, TUIaHBI JieCOBOCCTaHOBIEHUsI. COBOKYITHAs BBIpYyYKa OT
npoaaxu ECB coctaBuiia okono 200 000 mos1. — MeHbIIIe, YeM CTOMJIa MOATOTOBKA JOKYMEHTAIUU
[16]. I'DC You-Kemun ne mpomnura perucrpanuio OOH n3-3a TEXHHMUYECKUX OIIMOOK, KOTOPHIX HE
JOMYCTHJIM OBl MPHU HAJMYUU JOCTATOYHOTO 3KCIEepTHOro mnoteHmnuana. OIHAKO COOTBETCTBYIOIIUN
SKCIEPTHBIN MOTEHIIMAJ y IAHHOT'O MaJIOT0 TOPHOTO TOCYAapCTBA OTCYTCTBOBAI.

HaubGonee 6one3nenHsbIin 3mu3o0a — uckitoueHue u3 ®onna nmoreps u ymepoda (2023): crpana,
norepsiBmas 27% nemHukoB W Hecymas ymepd 100-150 MaH goiun./rox OT TaBOJKOB, HE
KBIM(ULIUPYETCS KaK MOIydarelb, MOCKOIbKY (OpMalbHO OTHOCUTCS K «CTpaHaM BBIIIE HUYKHETO
cpeanero goxoma» [17]. Texmmueckmit skcneptuenii guanor OOH (TED, 2022) 3aduxcupoan
HauOOJBIINN pa3phIB MEXKTY HOTPEOHOCTIMU B aganTanuu U GakTHYecKuM (PMHAHCUPOBAHUEM Cpellr
ctpan LA [4]. JanHas cuTyanus npeacTaBisieT cOO0M He YaCTHBIN Cilydail aAMUHUCTPATUBHOTO COOs,
a TPOSIBJICHHE CHCTEMHOT0 H3bsHA MEXaHU3MOB KIMMATHYECKOW MOMOIIH, KOTOPBIE OIMpeneisioT
npaBo Ha noajepxKy no BBII, a He 0 cTeNneHn KIMMAaTHYECKON YS3BUMOCTH.

CpaBHUTENBHBIN aHAMU3 TPEX CIy4YaeB MO3BOJSET BHIIBUTH €IMHYIO JIOTHKY: Pa3pbiB MEXIY
00s3aTeNbCTBAMH M pe3yJIbTaTaMd HOCHT CHUCTEMHBIA, a He CiydailHelii xapaktep. OH
BOCIPOU3BOJUTCS B Ka)JOM U3 JIOTOBOPOB U B KAKIOW U3 CTpaH, MPUHUMAS JIUIIb Pa3HbIE (OPMBI.
Tabnuna 1 cyMMupyer KiItoueBble TOKA3aTeNH.

Tabnuya 1 — CpasHumenvuviii anaius Kiumamuyeckou norumuky cmpan Llenmpanvuoti Asuu (2023).
Hcemounuxu: CAT [3], UNFCCC [4], World Bank [2], GST [13].

Ka3zaxcran Y30ekucran Kbipreizcran
Kpurnuecku Kpurnuecku Kpurnuecku
HEJIOCTaTOYHO HEJIOCTaTOYHO HEIOCTaTOYHO
JlrHAMIKa BEIOPOCOB 351 MTCO2 (141% ¢ 2000{115 MTCO:2 (123% c 2000/~18 MTCO: (cTabmisHO)
r. r.)
—15%/-25% x 1990 . —35% (ycn.) k 2010 r. ‘—44% (ycn.)) k 1990 r.
KiroueBoit mpoben KazETS NC-4 ne cmano 7 net;[Ucxirouén n3 L&D Fund;
HepyHkunoHanbHa; HATIHAITI He mpuHSAT $200 TeIc. 0T CDM
— 5% duHaHC.

Kium. dunancupoBanne GCF|47 68 35

MIH $

IMotepu nequnkos (¢ 1960 r.) ~18%

Jloctyn k ®onny norepp uHer Her Her

yiep6a

I'ne: CAT — Climate Action Tracker (Tpekep kIuMaTHUECKUX ACHCTBUI) — He3aBUCUMAs

MEXIyHApOAHasi OpraHU3alMs, OLIEHUBAKONIAsl COOTBETCTBUE KIMMAaTUYECKON MOJINTUKHU TOCYIapCTB
uensiM [lapmxckoro cornameHus.

MT1CQ: — MeraToHHbI YIJIEKHCIIOTO ra3a — eAMHMIIA U3MEepEHUs] 00bEMa BHIOPOCOB MAPHUKOBBIX
ra3oB (1 meraToHHa = | MJTH TOHH).

NDC — Nationally Determined Contribution (HanmoHaJieHO oripeiesieMblid BKIIaT) —
T0OPOBOJIbHBIE HAITMOHAIBHBIE 0053aTENIbCTBA KAXKION CTPaHbI 10 COKPAILIEHUIO BEIOPOCOB B paMKax
[Tapmxckoro cormanieHusl.

KazETS — Kazakhstan Emissions Trading Scheme (Ka3zaxcranckas cucrema TOproBiy KBOTaMU Ha
BBIOPOCHI) — HallMOHAJIbHBIN yriepoaHbiii ppiHOK Ka3zaxcrana, 3amymennsiii B 2013 roxy.

HAII — HanuoHanpHbIi I1aH aJanTallMd — FOCyAapCTBEHHBIN JOKYMEHT, OIPEAEIISIOIINA MEPBI 10
aJanTaiuy K MOCJIEICTBUSIM U3MEHEHUS KJIMMAaTa.
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NC-4 — Fourth National Communication (UeTBépToe HaIMOHAIBHOE COOOIIEHNE) — 00s3aTeIbHbIHI
oTuéT, KoTopbiii cTpanbl-ydyacTHUIBl PKUK OOH 006s13aHbI TeproAndecKyl mpeICTaBIsATh B
CeKpeTapuaT KOHBEHIIUH.
GCF — Green Climate Fund (3enénprit kmumatuyeckuii ponm) — MexayHapoansiid poug OOH,
(buHAHCHPYIOMNK KIMMaTHUYECKUE IPOEKTHI B Pa3BUBAIOIINXCS CTPaHAX.
L&D Fund — Loss and Damage Fund (®ouz moteps 1 ymiepba) — MeXIyHapOIHbIH MEXaHH3M,
coznanubiii Ha COP27 (2022) nyis KOMIEHCAMH KITMMAaTHYecKoro yiiepoa Hanbosee ysi3BUMbIM
CTpaHaM.
CDM — Clean Development Mechanism (MexaHH3M YUCTOTO pa3BUTHs) — UHCTpyMEHT KnoTckoro
MIPOTOKOJIA, MO3BOJISBIINM Pa3BUTHIM CTpaHaM (PMHAHCUPOBATH MPOEKTHI IO COKPALIEHUIO BEIOPOCOB B
Pa3BUBAIOIIMXCS CTpaHAX B OOMEH Ha YIJIepOIHbIC KPETUTHI.
ECB — EnuHuia cokparieHusi BHIOpOCOB — YTJIIEPOIHBIN KPEAUT, BbllaBaeMblii B pamkax CDM 3a
peann30BaHHbIE TPOCKTHI 0 CHUKEHUIO BEIOPOCOB.

1922. Bojaa kak HeHTpaJibHOe H3MepeHHne KJInMaTudeckoi 6ezonacioctu LA

AHanmu3 TpEX CTpaH NPUBOIUT K BBIBOJY, KOTOPBIM HE OYEBHMJICH HA IEPBBIA B3IUIAA, HO
MPUHIMITUATIBFHO BaXKEH I TOHUMaHUs CIelU()UKU PErHoHa: IIaBHBIM HEPACKPBITHIM MOTEHIIUATIOM
KIIMMaTH4YeCKOl TonuTHKK LleHTpanpHOl Asum sBisieTcss He pedopMa IHEPreTHKH, a pedopma
yIpaBiIeHUS TPAHCTPAaHUYHBIMU BOAHBIMU PECypcaMu. DHEPreTUUECKU mepexoi, 0€3yCcloBHO, BaXKEeH
s Kazaxcrana u Y30ekucrana, — HO OH HE SIBJISICTCS YHUKAJIBHOM MPOOJIEMON pernoHa M perraeTcs
MOCPEACTBOM YHUBEPCAIBHBIX TTI00aTbHBIX HHCTPYMEHTOB. Bo/HbBIE pecypchl 3aHUMAIOT YHUKAIbHOE
[IOJIO)KEHWE B JAHHOM KOHTEKCTE: MMEHHO OHM SBIIIOTCS TEM PECYPCOM, KOTOPBIH CBS3BIBAET
KIIMMaTH4eCKHEe PUCKA C  TIPOJOBOJBCTBEHHONW  0E30MACHOCTHIO,  MEXKIOCYAapCTBEHHBIMU
OTHOIIECHUSMHU U TIOBCETHEBHOM KU3HBIO HACEICHHUS.

Bonubiii kpuszuc I[A HOCUT CTpPYKTypHBIM xapaktep. Amynapes u Celpaapesi — JBe
KpyIHEUIINE PEeKH PEruoHa — IMUTAKTCS NPEUMYLIECTBEHHO JIEAHUKOBBIM M CHErOBBIM CTOKOM W3
ropubix cucteM Koipreizcrana u Tamkukucrana. Ilo mpornozam MI'OUK, k cepennne XXI Beka
00BEM JIeTHUKOBOTO cTOKa cokpaTuTcs Ha 30-50% [5]. D10 03HauaeT, yTo Y30€KHCTaH, YbE CENbCKOe
X035IMCTBO moruomaer okoyio 90% Bcero BomomoTpedbieHus: cTpaHbl, U KazaxcraH, 3aBHCSIIUNA OT
Colpmapbu 1711 OpOILIEHUSI IOra CTPaHbl, CTOJIKHYTCS C CHCTEMHBIM Je(QHUIIMTOM BOJABI BHE
3aBHCHUMOCTH OT TOT'0, KaKH€ YCHJIUS OHU MPEANPUMYT B cepe CHUKEHUS BHIOPOCOB.

[MpunnunuaneHas mpobnema coctouT B crenytomeMm: Hu PKUK OOH, wu Kuotckuit
npotokoi, HU [lapukckoe cornamieHne He coiepaT MEXaHW3MOB YIPABIEHUS TPAHCTPAaHWYHBIMU
BOJHBIMM pPECYpCaMU B KOHTEKCTE KIMMAaTH4ECKOM aganTanuu. Bece Tpu goroBopa cocpeaoTo4eHsl Ha
CHUXEHUU BBIOPOCOB M, B MEHBIIEH Mepe, Ha aJanTalud K KINMaTHYeCKUM H3MEHEHHSM — HO
ajganTalus TOHMMAETCS KaK HalMOHalbHAas, a HE TpaHCTpaHW4Has 3ajada. Mexay Tem it
[enTpasibHOM A3uMM 3TO pa3jiMuMe NPUHLUUNHAIBHO: TasHUE JEeOHUKOB B KsIpreizcrane
HEMOCPEJCTBEHHO BJMSET HAa CEIbCKOXO3SMCTBEHHBIE J0XOAbl B Y30€KHCTaHe — M HHKaKOU
HAIlMOHAJIBHBIN TUIaH aJjalTallud HE MOKET PELIUTh MPo0JIeMy, UMEIOIIYI0 PETHOHAILHOE U3MEPEHUE.

BonHo-sHepreTnyecknii KOHQIUKT B pErHoHe — YCTOWYMBOE M O HACTOSILEr0 BPEMEHH
HEyperyJIupoBaHHOE CTPYKTypHoe mpoTuBopeune. Keiproizcran n TapkuKuCTaH, pacnoyioKEHHbBIE B
BEPXOBBSX PEK, 3aMHTEPECOBAHbI B HCIONb30BaHUM ['DC a1 MpOM3BOJACTBA 3JIEKTPOIHEPTUH, UTO
TpeOyeT perynupoBaHus croka. Kaszaxcran u Y30ekucTaH, pacroloKeHHbIE B HU30BbIX, HYKJIAIOTCS B
MIPECHOU BOJIE /71l UPPUTALIMK B BETE€TALMOHHBIN MEpUO] — TO €CTh JieToM, Toraa kak ['9C BeirogHee
HaKaljauBaTh BOJYy JIETOM U cOpachiBaThb 3UMOM [UIsl OTOIUIEHUS. DTO MPOTHUBOpPEUYHE HE ObLIO
pa3peuieH0 HU OJHHMM W3 CYUIECTBYIOUIUMX KJIMMATHYECKUX JIOTOBOPOB M OCTAETCS TJIaBHBIM
MCTOYHUKOM MOTEHIMAIbHON MEKIroCy1apCTBEHHON HaNps>KEHHOCTU B peruone [21].

Apanbckoe Mope — HauOojiee HarlIsgJIHOE CBHUICTEIbCTBO TOTO, K 4YeMy MPHBOIMUT
HEYTpaBJsieMOe BOJIONOTPeOIeHHE B YCIOBUAX KIMMaTHYeCKOW HecTaOMmIbHOCTH. Mope, yTpaTuBIlee
c 1960 roma OGomee 90% o0OBEMaA, NPEBPaTUIOCh B MCTOYHUK TOKCHMYHOW IBUTH, €KETrO/HO
MOPAKAIOIICH COTHH THICSY TEKTAPOB CenbX0o3yroauii B Y30ekucrtane u Kazaxcrane. Hu ogun u3 tpéx
paccMaTpuBaeMbIX KJIMMATUYECKUX JOTOBOPOB HE MPEJOCTABWII MEXaHM3Ma HU ISl BOCCTAHOBJICHUS
MOps, HHM JUId KOMIIEHcaluu yiiepba. Yka3zaHHOE OOCTOSITENLCTBO SBISETCS HE CIy4daillHbIM
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VIYIICHUEM, a apXUTEKTYPHBIM H3BSHOM CHCTEMBI, CO37aBaBlIciics 0e3 ydéra TpaHCTPaHUYHOM
AKOJIOTUYECKOU pealibHOCTH L{eHTpanbHOl A3uu.

BMmecTe ¢ TeM UMEHHO BOJHAs MPOOIeMaTHKa OTKPHIBAET BOZMOXKHOCTD JUIS TIEPEOCMBICIICHUS
POJIU KJIIMMaTUYECKUX JIOTOBOPOB B peruone. Eciu nepeopueHTHpoBaTh MEXaHU3MBI aalTalliOHHOTO
¢unancupoBanust — Ananraumonnsiii ponn, GCF, Loss & Damage Fund — ¢ HamuoHaibHBIX Ha
TpaHCTPaHUYHBIEC MPOEKTHI, CBA3aHHbBIE C YIPABICHHUEM BOJIHBIMH pecypcamMu, To cTpanbl L{A momyuar
BO3MOXXHOCTb COBMECTHO HCIIOJIb30BATh MEXKIyHAPOJHbIE KIMMAaTUYECKHUE WHCTPYMEHTBl MJIs
pelieHrs MmpoOJieMbl, KOTOPYI0 HU OJIHA U3 HUX HE MOXKET PELIUTh B OJUHOYKY. VIMEHHO HaHHBIH
MHTErPAllMOHHBIN TOTEHIIMAJ OCTAETCS B HACTOSIIIIEE BPEMS HEPEAIN30BAHHBIM.

1922. KauMaTt ¥ Ka4yecTBO KU3HH: JOKHAs INJIeMMA U peajibHble KOMIIPOMMCCHI

JIOMUHUpPYIOIIMH TOJIUTUYECKUI HappaTUB B cTpaHax lLleHTpanbHON A3MM  HEpeako
MPEJICTaBIsIeT KIMMaTUYeCKHe 00s3aTeNbCcTBA KaK Yrpo3y 3KOHOMUYECKOMY pa3BUTHIO. JlaHHBIN
HappaTUB MPEACTABIAETCA IMOJIUTHUYECKH KOHBIOHKTYPHBIM, JKOHOMHUYECKHM HETOYHBIM U
HECOCTOSITENIbHBIM B JIOJITOCPOYHOM TepcriekTuBe. Bmecte ¢ TeM OH COIEPKUT palloHaIbHOE
OCHOBaHUE, KOTOPOE HEOOXOAMMO IPU3HATD, IPEXKIE YEM MOABEPTHYTH €0 KPUTUUECKOMY AHAIIU3Y.

PanmonansHoe OCHOBaHWE MJAaHHOW TMO3UIMU COCTOMT B CIEAYIOLIEM: KPaTKOCPOYHBIE
M3JICPKKH KIMMATUYECKON IOJNMTHKH peanbHbl. Pedopma cyOcuamii Ha HMCKOMaeMoe TOIUIMBO B
Kazaxcrane o3Hauaer pocT Tapu(oB Ha 3JIEKTPOIHEPrHI0 AJS AOMOX03sicTB, 15-20% moxomoB
KOTOPBIX YXOJUT Ha KOMMYHAJIbHBIE YCIYTU. 3aKpbITUE YTOJbHBIX npennpustuil B Kaparanaunckoi
o0JacTd O3HA4YaeT MOTEPI0 3aHATOCTU B TOpOJax, /e yrienoOblua SBISETCS TpanooOpasyrolien
orpaciblo. Jlig VY30ekucraHa ¢ €ro OCTpbIM JA€(UIUTOM 3JIEKTPOIHEPTHH Jt000€ OrpaHUYEHHE
IIPOM3BOJICTBA MOLIHOCTEH O3HAYaeT peajbHOE YXY/IIECHUE YCIOBUI >KU3HU HaceleHUs. DTH (QaKTbl
HeJb35 UTHOPUPOBATh, AllEJUTUPYS K JOJITOCPOUHBIM KIMMATUYECKUM BbBITO/IaM.

Opnako cpenHecpo4yHass M JOJNTOCPOYHAsl TEPCIEeKTHBA CYIIECTBEHHO HW3MEHSAET JaHHOE
cootHomenue. Jloknaa Komuccun no sxkoHoMuke u3MeHeHus kiumata (Stern, 2021) neMoHCTpUpYET,
YTO CTOUMOCTH KJIMMAaTH4eCKOro Oe3neiictBus B 5—20 pa3 MpeBbIIIaeT CTOMMOCTh ITPEBEHTUBHBIX MEP
[22]. IIpumenutensHo kK LleHTpanbHOM A3uMM 3TO O3HAYaeT CIEAyIOLIEe: MPOTHO3UPYEMbIN
KIIMMaTH4ecKuit ymep0 B 5—6 miupa 1oiut./rox k 2050 roay HECOMOCTaBUMO JIOPOKE JTIFOOBIX pedopm.
Cokpamenue peunoro croka Ha 15-30% k cepennHe BeKa YrpoKaeT NPOJOBOJIBCTBEHHON
0e30MmacHOCTH 75 MJIH 4eJIOBEK — 3TO He aOCTpaKTHBIM pHUCK, a mpsimMas yrpo3a BBII, 3ansroctu B
CEeJIbCKOM XO3SHCTBE U MOJUTUYECKON CTaOMIIBHOCTH.

Ocobenno mokazatenen npumep Keipreizcrana: crpana ¢ goneii BUD cereime 90% u BBII Ha
nymy HaceneHus okono 1 300 nmomn. HarnsgnHO CBHIETENBCTBYET O TOM, UYTO HKOJIOTMUYECKU
yCTOWYMBAsi HKOHOMHKA HE SBJISETCS NPUBUIIETHENH BBICOKOJOXOJHBIX TIOCYAApCTB, a pe3yJbTaT
KOHKPETHBIX MHBECTHIMOHHBIX pelIeHHH. Pa3BuBarolmuiicss 5KOTypu3M, NMOTEHIMAI OPraHU4eCKOIro
CEJIbCKOI'0 XO034HCTBa M BO3MOKHOCTb IKCIOPTUPOBATH «3€JIEHYI0» THUAPOIHEPIHIO COCEISIM uepe3
€IMHYI0 DHEProceTh CO3JAI0T OCHOBY /Ul OKOHOMHYECKOTO pOCTa, HE NPOTUBOPEYAILErO
KJIMMaTH4YeCKUM oOs3aTenbcTBaM. bosee Toro, MMEHHO KiIMMaTHuYecKas MOBECTKAa OTKPBIBAET IMepen
KbIpreizctaHoM 10cTyn K (PHAHCOBBIM MHCTPYMEHTaM, KOTOpbIe HHaue ObLTH Obl HEJOCTYIIHBI.

Takum oOpasoM, JuieMMa «KJIMMaT WIM KadyecTBO JKU3HW» SBISETCS JIO)KHOM B
CTpaTerMueckoM ropu3oHtre. OHa peaJbHa B KPaTKOCPOYHOM INEPUOAE — U HMMEHHO II0ITOMY
MEXaHMU3M YIIPaBJIEHUS 3TUM MEPHOJOM (TIpOrpaMMbl CIIPABEIMBOrO MEPEX0/1a, ColMaabHas 3allnuTa
JUISL 3aHATHIX B MCKONAEMOM SHEpreTuke, CyOCHINM Il TOMOXO3SIMCTB B X01e peopm) sIBISETCS HE
BTOPOCTETIEHHBIM [JIOTIOJHEHHEM K KJIMMAaTUYeCKOW MOJMUTHKE, a €€ o0sf3aTeiabHbIM yciaoBueM. bes
TAKOT0 MEXaHH3Ma MOJUTUYECKOE COMPOTHUBICHHE pedhopMam OyJeT BOCHPOU3BOIUTHCS HE3aBUCHMO
OT TOT'0, HACKOJIBKO YOEIUTENbHBI 10JITOCPOYHBIE apTyMEHTHI.

1922. PexomeHAanMu: OT KOHCTATALIMH K /IeHCTBHIO

[Ipennaraemble peKOMEHAALUN CTPOSATCS Ha TPEX MPUHLIMIAX: peanu3M (Y4€T (pUHAHCOBBIX U
MHCTUTYLIMOHAJIBHBIX OIpaHMUYEHMI), perMoHalbHas crneurn@uka (aKIeHT Ha BOJAHOM MOBECTKE Kak
yHUKajgbHOM akTuBe I[A) M mocTeneHHOCTh (OTKa3 OT TpeOOBaHUS HEMEUICHHBIX PaJUuKaIbHBIX
u3MeHeHui). OHHM  agpecoBaHbl TPEM  YPOBHAM:  MEXKIYHAapOJAHOMY, pETHOHAJIBHOMY U
HAI[MOHAJILHOMY.
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Meosrcoynapoouuwiit yposens

KiroueBpIM  NpPUOPUTETOM HAa  MEXAYHApOJHOM YpPOBHE SIBIIIETCS  I[EPEOPHUEHTALUS
KIIMMAaTH4YeCKUX (DPMHAHCOBBIX MEXAHW3MOB Ha TPAHCTPAHWYHBIA BOIHBIN KOHTEKCT LleHTpambHOM
Azuu. IlepBoe: pacmuputh kKputepuu goctyna k PoHay mnorepb U yuiepOa, BKIOYHB CTPaHbI C
JTOKYMEHTAIbHO TOATBEPXKAEHHBIM  KJIMMaTHYECKUM  ymepOom, mpesbimatonmM 1%  BBIL,
HE3aBUCHUMO OT YpPOBHs J10X0Ja. OTO mo3BoUT Keipreizcrany n TagKukucTaHy MOIy4YUTh JOCTYI K
KOMIICHCAIITHOHHOMY (DPMHAHCHPOBAHUIO, KOTOPOTO OHU JIMLICHBI 10 (OpMaJIbHBIM IpuyrHaM. Bropoe:
co3naTh crneunanbHoe «LleHTpanbHOa3zuarckoe okHO» B cTpykType GCF, OpMeHTUPOBAaHHOE UMEHHO
Ha TPAHCIPAaHUYHbBIE IMPOEKTHl IO aJalTallMd BOJHBIX CHCTEM. MMHHMMAaJIbHBIA pa3Mep IPOEKTa
NOJKeH ObITh cHUXKeH ¢ 10 MutH 10 1-2 MIIH [0JU1. — Hopora, peaqucTUYHOTO JUIsl MaJIbIX SKOHOMHUK
pernona. TpeTbe: BKIIOUWUTH YIpaBJIECHHWE TPAHCTPAHUYHBIMM BOJHBIMH pPECypcaMU B IOBECTKY
neperoBopoB COP kak OTHeNnbHBII MYHKT C pa3padOTKON ClenraIbHOro MPOTOKOJIA aJanTaluu AJis
TOPHBIX TOCYJapCTB — IO aHAJIOIMHM C CYLIECTBYIOIIMMHU MEXAaHM3MaMH JJIsi MajbIX OCTPOBHBIX
rocyaapcTB.
Pezuonanvnulit ypoeens

Ha perumoHasibHOM ypOBHE KIIFOUEBBIM IPUOPUTETOM SIBJISIETCS CO3[aHUE MEXaHU3MOB
COBMECTHOI'O YIIpaBJIEHUS BOJHBIMH pecypcamMu B KJIMMAaTH4YEeCKOM KoHTekcte. IlepBoe: yupenutsb
MeXrocyqapCcTBeHHbIN KIUMaTuueckuid BoAHb ¢oua mox srugod MOLUA wim MOCA ¢
kanutanuzanueit 300-500 muaH 1osn. McTOUHMKM — B3HOCHI TOCYAAapCTB, JNOXOAbl OT YIJIEPOAHBIX
PBIHKOB M JIOHOpPCKOE co-puHaHcupoBanue. DoHa [oKeH (UHAHCHPOBATh TPAHCTPAHUYHBIE
aJlalTalluOHHbIE MPOEKThl: MOHUTOPHUHI JIEJHUKOB, COBMECTHOE YINPABICHUE BOJOXPAHWUIIUILAMU,
PEKOHCTPYKIMIO MPPUTALIMOHHBIX cHCTeM ¢ norepsMu Boxael 25-30%. Bropoe: paspaboratsb
PernoHanbHblll KIMMAaTUYECKUH BOJHBIA J10roBOp MATH rocynapctB LA, ycraHaBiauBarouiuii
o0si3aTeNbHBIE KBOTHI BOJAOIOTPEOJIEHUST C KIMMAaTUYECKOW KOPPEKTUPOBKOH — TO €CTh
MPEeAYCMATPUBAIOIINI aBTOMAaTUYECKOE NEPEPACTIPECICHUE IPU CHIXKEHUHM CTOKA HUXKE MOPOTOBBIX
3HaueHuid. Tpetve: co3paTh [leHTpanbHOA3MATCKYH) €IUHYI0 JHEPrOCUCTEMY, IO3BOJISIOULYIO
KbIprei3crany SKCnopTUpoOBaTh THAPOIHEPTHIO JIETOM B OOMEH Ha ra3 3MMOH — 3TO OJJHOBPEMEHHO
CHHM3HT NOTPeOHOCTh Y30ekucraHa U Kasaxcrana B yroiapbHOM reHepanuu u odecrednt KeIpreizcrany
10xoAb!l 0e3 yuepoa Ui uppUraum.
Hayuonanvnoiit yposens

Ha HanmoHaJIbHOM ypOBHE PEKOMEHJALMU JTOJDKHBI YUUTHIBATh PA3INMYHBI KOHTEKCT TPEX
CTpaH, COXpaHss OOIIyI0 JIOTUKY MOCTENEHHOCTH M COLUaIbHOM 3amuThl. Kazaxcrany HeoOXoauMo
npoBecTu pedopMy cyOCHIUN HCKOMAeMOMY TOIUIUBY — IIO3TAIHO, C 00S3aTENbHBIM COLMABHBIM
O0ydepom: nepenarnpaButh He MeHee 30% OT 4—6 MIpI MOJII./TOM HAa KIMMATHYECKYIO aIanTaluio 1
IporpaMMbl mepeoOydeHHus 3aHAThIX B yroiapHoW oTpacnu. KazETS tpebOyer ycranoBieHus
MUHMMAJIBHOW 1I€HBI KBOTHI He HIke 15 momn/t CO:2 ¢ eXerogHblM pOCTOM — HHAue CHUCTEMa
octaércs GopmanbHoit. [Tepecmotrp 6azoBoro roga NDC ¢ 1990-ro Ha cpeanee 3nauenue 2015-2019
roJIOB OOECTEUYHUT peaqbHYI0, a HE CTAaTHCTHYECKYI0 aMOHWIIMO3HOCTh 00s3aTENhCTB. Y30EKHCTaHy
HE00X0/IMMO B NMpHOpUTETHOM mopsnke npeactaBute NC-4, npunares HAII u nepecmorpers NDC ¢
peanbHBIM 0a30BbIM ro10M. [lapaiennbHO — paccMOTPeTh BBEJACHHE YIJIEPOIHOrO Hajora B $5-8/1
CO: kak Oosee MpoOCTOro M aJMUHHUCTpHpyeMoro uHcTpymeHTa, yem ETS. [lna Keipreizcrana
KJIfoYeBasl 3ajJaya — MO3UIMOHUPOBATh CTPaHy KaK «3€lIEHOro» HKCHOPTEPA TUIPOIHEPTHUH U
YIJIEPOJHBIX KPEJUTOB, JOOUTHCS MPU3HAHUS TMIPOTCHEPALMU B KaUeCTBE KJIMMAaTHUYECKOT0 aKTHBA B
pamkax Crateu 6 llaprkckoro corjameHuss M CO37aTh HAlMOHAIbHBIA KIMMATHYECKUN OpraH C
JOCTaTOYHBIM MITATOM JJIs MPO(EeCCHOHANBHOM paboThl ¢ MEXKAYHAPOIHBIMU (POHJAMH.

3akirouenue

Hacrosimass craThst CcTaBWja LENbl0 HE TPOCTO  3a(pUKCHPOBAaTh  Pa3phlB  MEXIY
KJIIMMaTHYECKUMH 00s3aTebCcTBaMU U uX peanusanuei B LleHTpanbHoil A3un, HO U OOBSICHUTH €ro
NPUPOJY, a TAaKXKe IMPeJUIOKUTh MYTH PEIICHUS BBIABICHHBIX MpoOieM. TpHu KIIIOYEBBIX BBIBOJA, K
KOTOPBIM ITPUXOJIUT UCCIIETOBAHNE, BBIXOIAT 3a PAMKHU CTaHAAPTHOM KPUTHKH.
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[lepBbIil BBIBOA: CTpaHbl PErvMoOHa MPEANPUHUMANIA pEalIbHbIE YCHIIMS, U UX HE CIeayeT
KkBaTHUIIUPOBaTh Kak jAckiaparuBHble. Kazaxcran mepBeiM B CHI' mocTtpomsn pbIHOK KBOT Ha
BBIOpPOCHL. Y30€KHMCTaH NPUBIEK COTHH MMJUIMOHOB JIOJUIAPOB uepe3 MexaHu3Mbl Kuotckoro
nporokona.  KeIprei3ctaH npd  MHUHUMAIbHOM  MHUHHCTPATUBHOM  MOTEHLMAJE  MPHUHSII
HAllMOHAJBHBIA IUIaH ajantauud u nojgaepxusan gomo BUD ceeime 90%. To, 4To pe3yibTaTsl
OKa3aJKCh CTOJNb JaJeKu OT HAaMEpPEHHiH, OOBSICHAETCA MPEeXKIE BCEro TEM, YTO HHCTPYMEHTHI,
IIPEIOKEHHBIE MEXAYHAPOIHONW apXUTEKTypOH, CO3/1aBaIuCh A Apyroro konrekcra. CDM moxo
pabotam B pervoHe c rmnepexomHoi skoHomukor; KazETS He wmorma ¢dyHkuoHupoBath 06€3
MOJUTUYECKOW HE3aBUCHUMOCTH OT MpPOMBIIUIEHHOTO 11000M; Loss & Damage Fund wuckmounn
HauboJee yS3BUMYIO TOPHYIO CTpaHy MO KPUTEPHIO, HE OTPAXKAIOIIEMY pealbHON ysI3BUMOCTH.

Bropoii BeBoa: cnemuduka lleHTpanbHOM A3uM COCTOMT B TOM, 4YTO €€ TJIABHBIN
KIIMMaTHYEeCKUM aKTHUB M TJaBHBIM KIMMaTHYEeCKHMM pUCK — 93TO Boja. TasiHHE JEAHHUKOB,
MEXTOCYJapCTBEHHBIE CIIOPbI O BOAOIOJI30BAHUH, AETPAJalUsl UPPUTALIMOHHBIX CUCTEM U Tpareaus
ApanibCKOro Mopsi — BCE 3TO MPOSIBICHUS OJHOTO CHCTEMHOTO BBI30Ba, KOTOPHIH HE pellaeTcsl B
paMKax HalMOHAJNBHBIX KIUMATUYECKHX IUIaHOB. VIMeHHO mo3ToMy pedopma yrHpaBiIeHUs
TPaHCTPAaHUYHBIMH BOJHBIMH pecypcaMH — He OTIelbHas TeMma, NapajulelibHas KIMMaTHYecKOi
MIOBECTKE, — a €€ LIEHTPaJIIbHOE COJEPKaHUE IPUMEHUTENIBHO K IAaHHOMY PETHUOHY.

Tpetuii BBIBOI: ArJIeMMa «KJIMMAT WM KAU€CTBO JKU3HI SBIISIETCS JIOXKHOM B CTPATErMYECKOM
TFOPU30HTE, HO pEaJIbHOM B KPaTKOCPOUYHOM IMEepuoie. YINpaBiICHHE 3THUM NEPUOAOM — Yepes3
MIPOrpaMMBbl CHPaBEJIMBOTO TEPEeX0/a, COUUATbHYIO 3aIIUTy U IMO3TalHbIe peOpMbl — SBISIETCS
00s3aTENbHBIM ~ yCJIOBUEM TIOJIMTHYECKOM YCTOMYMBOCTM KiIMMaTH4eckux pedopm. be3 Hero
JeKIapaluyd OCTAaHyTCsl JACKJIapalusiMd — HE3aBHUCHUMO OT TOTO, HACKOJbKO YyOeIUTEIbHBI
JOJITOCPOYHbIE apPTYMEHTHI B IOJIb3Y KIMMATHYECKUX AeUCTBUHA. MexXayHapoaHble KIMMaTUYecKue
noroBopsl Juis LlenTpanbHOl A3uu COCOOHBI CTaTh pealbHBIM HHCTPYMEHTOM 0€30MacHOCTH — HO
TOJILKO TIPU YCJIOBHH, YTO WX apXUTEKTypa OyJeT HmpHBeleHa B COOTBETCTBUE C PEabHOCTHIO, B
KOTOPOM JKUBYT CTpaHbl PETUOHA.
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Abstract

Genipin is a widely used crosslinking agent used to modify protein-based systems because of itss
high crosslinking efficiency and low toxicity comparing to other crosslinking agents. This paper shows
the results of study on genipin crosslinking properties on the structural and physicochemical properties
of whey protein isolate (WPI) system.

Under regulated conditions 5% wi/v solution of WPI was treated with genipin to stimulate
crosslinking. Colour change from light yellow to green and blue visually confirmed construction of
crosslinked structure. Dynamic light scattering (DLS) was used to measure particle size and zeta
potential, while Fourier-transform infrared spectroscopy (FTIR) was used to analyse structural
interaction.

The results showed that increase in particle size and changes in zeta potential caused by genipin
indicates the formation of more solid, combined structure and improved colloidal stability of the
system. Formation of covalent bond between WPI and genipin was confirmed by FTIR.

Generally, genipin significantly improved stability of WPI based system. This study shows the
potential of genipin as a natural crosslinking agent to develop constant food safe delivery system based
on protein.

Introduction. Genipin is natural crosslinking agent mostly used in food and biochemical fields
due its low toxicity and ability to make stable crosslinked structures with proteins [1]. Genipin displays
significantly lower range of cytotoxicity while having higher crosslinking effect comparing to
synthetic analogues.

WPI mostly used as a transporting material for bioactive compounds because of its amphiphilic
properties and capability to react with hydrophobic molecules [5]. But, pure WPI systems usually
shows limited stability under environmental stress conditions such as enzyme degradation and pH
changes.

Using genipin to crosslink WPI is considered and effective strategy to improve structural
stability and the functional properties of protein based delivery systems [2, 4]. Through the process of
crosslink genipin reacts with the amino groups in proteins, forming stable covalent bonds and
significant colour change in result.

The purpose of this study was to analyse the effect of genipin as a crosslinking agent on
structural and physicochemical properties of WPI based system.

Methods and materials. 5% (w/v) concentration of WPI was used as the base for system
formation. Genipin was added to the WPI solution under controlled conditions to start crosslinking
reactions.

The samples were mixed and incubated at room temperature for a defined period to allow the
crosslinking process to occur. The formation of crosslinked structures was visually monitored based on
colour changes from light yellow to green or blue, indicating successful reaction [1].
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Particle size and zeta potential were measured using DLS to calculate the effect of crosslinking
on system stability. Structural characterization was performed using FTIR.

Results and discussion. Clear colour change from yellow to green and blue was triggered by
genipin addition to the WPI system, that is important indicator of crosslinking reaction [1]. This
change is related with the formation of covalent bonds between genipin and the amino groups in the
protein structure. The effect of genipin concentration on the physicochemical properties of WPI-based
systems is shown in Figure 1. At low genipin concentration (0.05%), particle size significantly
decreased compared to the control, indicating improved dispersion and structural organization.
However, further increases in genipin concentration led to an increase in particle size, likely due to
excessive crosslinking and aggregation.

(a) (b)
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Figure 1. Effect of genipin concentration on the physicochemical properties: (a) particle size and (b)
zeta potential. Data are presented as mean + SD (n = 3).

Zeta potential measurements showed a shift toward more negative values after genipin addition,
which suggests enhanced colloidal stability. Based on these results, 0.05% genipin was selected as the
optimal concentration for further experiments.

Conclusion. In conclusion, genipin successfully improves the structural and physicochemical
characteristics of WPI system. Covalent bond formation results in increased stability and possible
usefulness in delivery mechanisms for bioactive substances.

These results emphasize the promise of genipin as a natural crosslinker in creating functional
food delivery systems.
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TYJIFAHBIH KABUIETTLIITTH INEKTENTIH ®AKTOPTAP, UCJIAM
KYKBIFBIHBIH HET'I3T'T KAFAIAJIAPBI

mazucmpaum: Kadipoe baznan

eviivimu dncemexwi. PhD. Annvicnaes E.

Hyp-Mybapax Ecunem uciam maoenuemi yHugepcumemi
Kaszaxcman, Anmamor

Angarmna.

By makanaga ucnam KYKbIFBIHIAFbI ohjieT YFBIMBI OHBIH HETI3Ti €Ki Kypamzaac Oeiiri yxyO
ohnmueri MeH aga ohiueTi asChIHIA KEHIEHAl TYpJAE KapacThIpbLIaabl. 3€PTTEYAiIH HETi3rl MaKcaTbl
TYJIFaHBIH KYKBIKTBIK MOPTEOECiH, MIApUFU MIHAETTEMENepre KaThICTBUIBIFBIH JKOHE KYKBIKTBIK
OpEeKEeTTEPiHIH KapaMJIbUIBIK JICHIeHiH alKbIHIayna ohJHeT TEOPUSCHIHBIH alTaThiH OPHBIH aHBIKTAY.
Ocpl Makcarka coiikec, yKyO ohnmueTiHIH TYIFaHbIH KYKBIKTap MEH MIHACTTEepAiH ueci Oonyra
KapaMIbUIBIFBIH OUIMIPETIH KYKBIKTBIK HETi3 €KeHl, aJl aja OhJIMEeTiHIH COJ KYKBIKTap/Ibl TiKeleh
XKY3€re achbIpyra, KYKbIKTBIK MOHI Oap opeKkeTTep[i OpbIHJAyFa >KOHE OJIap/blH cajjapiapbl YIIiH
KayanKepIIUIiK KeTepyre KaOlIeTTUTKTI OiiipeTiHi FRUIBIMH TYPFBIIaH TaygaHaasl.Makanaaa yxyo
ohiMeTiHIH TONBIK e€MeC >KOHE TOJBIK TYPJIEpl aJaMHBIH >KapaThUIBICTBHIK Opi KYKBIKTBIK OOJIMBIC
caTblIapblHa OalJIaHBICTBI CapallaHblll, aHa KYPCarbIHAAFbl YPBIKTBIH KYKBIKTBIK JKar/iaiiblHaH Oacrarl,
Tipl TYBUIYBIMEH OpPHBIFATBIH TOJNBIK KYKBIK CyOBEKTiTriHe JeHiHri apaiblK JKyienmi Typae
cunartanaabl. OCbl TYpFbla HUCIAM KYKBIFBIHBIH YPBIKTBIH MYIJIECIH KOprayra OaFbITTalfaH
KYKBIKTBIK TETIKTEpi, OHBIH MYypa, 6CHET, Hacad KOHE COFaH YKCAc KYKBIKTapMEH OaillaHBIChI apHaiibI
KapacTeIpbuiaabpl. COHBIMEH Oipre TOJNBIK YKyO ohiiMeTiHIH TaOWFH TYJIFalapMeH KaTap KeKeJlereH
KYKBIKTBIK ~KYPBUIBIMAApPFa Jla KaTbICThl KOJIJAHBUTY —EpEKILENIKTEepl JKOHE OHBIH MYJIKTIK
JKayarKepIIUIKIeH ca0aKTacThIFbl alllblll KepceTiieni.3epTreyae aaa ShiMeTiHiH Ma3MyHbl TeMHH3,
OanuFaT *KoHE pyL YFhIMIApbIMEH e3apa OalaHbICTa TaJIJJaHbIN, OHBIH TOJBIK €MeC KOHE TOJBIK
JCHIreMIepiHiH KYKBIKTBIK HOTHYKEJIepl HAKThbUIaHAAbl. Ocipece TeMHU3 Ke3eHIHJErl TyJFaiapiblH
KYKBIKTBIK OpEKeTTEpiHIH Maija »oHe 3UsSH eJIeMl HeTi3iHJe capajiaHybl, COHAaii-aKk OanuFrar MeH
PYLIIKAa JKETKEH TYJFaHBIH TOJBIK KYKBIKTBIK OpeKeT KalOiuneTiHe ue Oodybl HciaaM KYKBIK
TEOPHUSACHIHBIH 11IKI KUChIHBI HeT131H e 3epaeneHeni. Ocbl apKblibl afa ohiueTiHiH ByKyO ohnueriMen
cabaKTacCTBIFbl, SFHM KYKBIKTAapJbl HeJeHy KaOileTi MeH oyapAsl JKy3ere acblpy KaOuleTiHiH
apakaThIHACHI AWKBIH/1AJTa bl

3epTTey HOTHIKECIH/IE UCIaM KYKBIFBIHAAFbl ohMeT TeOpUSCHIHBIH TEK >KEKENEreH KYKBIKTBIK
YFBIM FaHa €MeC, KYKBIK CYOBEKTiNIri, opeKeT KaOlIeTTUNiri, MIHU MIHAETKEPIiK >KOHE KYKBIKTHIK
KayanmKepIIUTIK  MOCENIelepiH ©3apa TOFBICTBHIPATBHIH  KEMICHII TEOPHSUIBIK WHCTUTYT  CKeHi
TyKbeIppiMAanaapl. CoHpal-aKk MakajiaJa HUcliaM KYKBIFBIHBIH a/laM OOJIMBICBIHBIH 9pOip Ke3eHiH
€CKepe OTBIPHIN, TYJIFaHBIH KYKBIKTHIK MOPTEOECiH KE3eH-Ke3eHIMEH aiKBIHIAWTHIH JXKOHE OHBIH
MY/IECIH KOpFayFa OarbITTaJFaH TYTac KYKBIKTBIK *KYHe KaJbITaCThIPFaHbl KOPCETIE .

Tyiiin ce3aep; uciam KykbIrbl, shiineT TeopHschl, By>ky0O ohimeri, ana shiuerti, 3MMMET, KYKbIK
CYOBEKTILIIIr1, 9peKeT KaOuIeTTUIIr, JIHM MIHJETKEPIIK, KYKBIKTHIK jKayarmKeplIiIiK, TeMiln3, Oanurar,
PYILA, YPHIKTBIH KYKBIKTBIK MOPTEO€Ci, MYIKTIK MiHAETTEME, KYKBIKTBIK Ccaaap
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Kipicne

Hcnam KykpiFbiHIA ohiuaT Moceneci agaMHBIH JIHU oMIpJIepre ayanThl OOJybl, KYKBIKTHIK
MoMiJIeNiep JKacayFa OKUISTTIIr, COHAAW-aK KbUIMBICTHIK >KayalKepIITiKKe TapThUIybl CHSKTHI
KOITEeTeH KYKBIKTBHIK MOCEJICTIEP/IIH HETI31He TYPFaH MaHbBI3Ibl YFBRIMIAPABIH Oipi OOJIBINT TaObLIA b
Ce0e01 TyIFaHBIH IIAPUFUA YKIMIEPre KaThICTBUIBIFBI, KYKBIKTApFa He OOIYBl XKOHE MiHAECTTEMelep
KYKTeIyl Tikenedl oHbIH ohiusT aopexkeciHe OainmaHbIcThl aWKbIHAANaasl. OCBl TYPFBIIAH aJFaH[a
ohnusT ucnaM KYKbIK TEOPHUSICHIHIA FaHA €MEC, OHBIH IMPAKTUKAJIBIK KOJJIAaHBLTY asChIHAA /1a alphIKIIa
MOHTE He€.

Apab TimiHzeri «ohi» TYOipiHEH TapalThlH ohJIMAT YFBIMBI CO3/IK MarblHaJa >KapaMJIbUIBIK,
KaOUIeTTIIIK, JAWBIKTBUIBIK JKOHE OKUICTTUIIK CHSKTHl MaFbIlHAIApAbl Olnmipeni. McmaM KYKBIK
JTOKTPUHACBIHBIH KaJBIITACy YAepiciHAe Oyl YFbIM TEPMUHIIK CHMAT allblll, aJaMHbIH JiHH >KOHE
KYKBIKTBIK YKIMACP/IH 00bEKTICI O0TyFa KapaMIbUIBIFBIH OUTIIPETIH apHAlbl KYKBIKTBIK KaTeropusFa
aitnanapl. Kypan men CynHerre «ohm» TyOipi opTypii MarblHaJa KOJNJAHBUIFAHBIMEH, «ohiusT
TepMUHI Tikener ocel dopmana kesnecreini. CoraH KapamacTaH, Ax3a0 CypeciHiH 72-asThIHIaFbI
aMaHATTHIH aJlaMFa >KYKTeIyl HMCJIaM KYKBIKIIBUTAPBI TaparblHAH aJaMHBIH ©3T¢ KapaTbUIbICTap/IaH
EpeKIIEICHETIH KYKBIKTBIK KOHE JIIHM KAayalThUIBIK WeCl eKeHMIriHIH Oip [momeni peTriHme
KapacTbIpbUIFaH. TepMUHONOTHSUIBIK  TYPFbIIaH ohiHMAT ImapuraT uWeci TapanblHaH ajaaM OoWbIHIa
OeNTiJICHTeH )KOHE OHBI IAPUFH YHACYAI TYCIHYTe opi OFaH cail opeKeT eTyre KaOieTTi eTeTiH CHIaT
peTiHae aHbIKTanaabl. byn KabineT agaMHBIH aKbUI-OMbl MEH JeHE JaMyblHa OalIaHbICTBI OIpTiIHIET
Kanbpinracaasl. CoFaH CoWKeC TYJIFaHBIH IMalijachlHA JKOHE 3USHBIHA KATBICTBI KYKBIKTap MEH
MIHIETTep 1e Oenrim Oip mamy Ke3eHIepiHe Kapai opHbiFaabl. OChl JKepae WCiIaM KYKBIFBIHIAFbI
1axc, MIaXCUAT, KYKBIK HEJIeHY JKOHE MIHIET KYKTENy CHUSKTHI YFBIMIAPIbIH Aa ShiusaT MaocelneciMeH
TBHIFBI3 OAMIAHBICTHI €KECHI OAKAIA IbI.

Ohiuar maceneci MciaM KYKBIK FBUIBIMBIHBIH YCYN JKOHE (YpyF cajallapblHbIH €KeYyiHIe e
MaHbBI3BI  OpbIH ananbl. DypyF UIMIHAE OJ JIHU-KYKBIKTBIK VKIMJAEPIIH TYbIHAAybl MEH
KapaM/IbUIBIFBIHBIH AJIFBIIIAPTHI PETIHJIE KapacThIpblUIca, YCyd UIIMIHAE aJaMHBIH HIapUFU YKIMMEH
OaiiTaHBICHIH AMKBIHIAWTBIH HETI3r1 KaTeropusuiapAblH Oipi caHamagbl. VMcmaMm KYKBIK TapuUXbIHIA
ohnuATTBIH AepOec TaKbIPBIN PETIHJIE KYHENeHIN, ByKyO 'koHe o9 shumaTsl Oosbin OeliHyl XaHadu
KYKBIK MEKTEOiHIH KJIaCCHUKAIBIK €HOEKTepiHIe allKbIH KOpiHiC TamkaH. byl e3 ke3eriHjae arajraH
VFBIMHBIH TEOPHUSUIBIK TYPFBIZIAH TEPEH HETI3CNITCHIH KopceTeli. YaKbIT oTe Keje ohJIHAT YFBIMBI Tap
meHOep/ieri MarblHACBIHAH KeH KYKBIKTBIK Ma3MyHFa HWe OOJBIN, WCIIaM KYKBIFBIHBIH OapITbIK
caJachblH/a KOJIAHBUIATBIH Iprejii KaTeropusifa alHajAbl. Ocipece MyamallaT CalachblHAa TYJIFaHBIH
KYKBIKTBIK OpEKeT KaOUIETIH aHbIKTay, )KacalfaH MoMUIENEepIiH >KapaMJbUIbIFbIH Oaranay >KoHE
KayanKepIIUTiK MIerid oenriiey Mocenenepinne oshiusat epekiie pei arkapaasl. OcblFaH OaiaHbICTHI
aTaFaH Makajiaja UCiaM KYKBIFBIHIAFbl OhJIMAT YFBIMBIHBIH MOHI, KaJIBINITACYhI, TYpPJIepi )KOHE OHBIH
MyamaJjiaT CaJlaChIHaFbl OPHBI FEUTBIMU TYPFBIIaH KApacThIPBLIA b,

Herisri 0esaim
Hcnam KyKpIFbIHAQ yKYyO ohnmueTi agamMHBIH ©3 MaiachlHAa >KOHE ©3 3HsHBIHA KaTBICTHI

LIapUFATIIeH TAaHbUIFaH KYKBIKTap MEH MIHJETTEepAiH OFaH OEKITITylHE >KapaMbUIBIFBbIH OUIIIpeni.
®ukh onebuerinae Oy yFbIM KoOiHE TYJIFaHBIH KYKBIKTHIK MiHAETTEMEJep/l UelleHyre xoHe Oenrimi
O0lp KYKBIKTapJblH cyObekTici Oomyra KaOUIeTTLNiri peTiHae KapacTelpeliansl. J{o0ycunin
TyciHAipyiHIIe, yxky0 ohiueri — mapurar OenriiereH KYKbIKTapAblH aJaMHbBIH MOWHBIHA JKYKTeITyiHe
xapamsipl Oomybl. OchblFaH coiikec, ajam Oy ohmuer apkbuibl Oip JKarblHAH KYKBIK HeEJIEHYIIIre
aifHasICca, eKIHIII KaFbIHaH OOPBIII MEH MIHACTTIH /1€ TaChIMaJIayIbICHl 00J1a/1bl. MBICaIbI, CaThIN Ay,
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OCHET HEMEeCe MyparepIiik >KOJIbIMEH MYJIKKE He 00y, KeNTIpiiareH 3usTHHbIH 6TEeMiH TeJiey, COH/Iai-aK
MYJTIKTIK CHUTIaTTaFbl MiHACTTEMENIEPl aTKapy OChI IeHOepae KapacThipbuiaabl. by ohiuer agaMHbIH
KAChIHA, aKbUI-€CIHIH JKETUIylHEe HeMece pYIIJ JSpEkKEeCiHe Toyelci3 TypAe aHa KypCarblHIarbl
Ke3eHHEH 0acTablll, eJIIMMEH asKTalaibl.

Hcnam KyKpIKIIbUIaphl y)KyO ohiueTiH kKeOiHe 3MMMET YFBIMBIMEH OailIaHBICThIpa Tajdaiibl.
JlekcuKanbIK TYPFBIIAH «MIHAETTEME ally», «MOMHBIHA MKYKTEY», «KEIiIre Kipy» MarblHaJapbIH
OUTIIPETIH 3UMMET TEPMHUHOJIOTHUSIIBIK JEHICHIe TYJIFAHBIH JIHU JKOHE KYKBIKTBIK MiHJCTTEMENICPaiH
cyOBeKTici OoiyblHa MYMKIHAIK OepeTiH KYKBIKTHIK CHIIAT peTiHae aHbIKTanansl. OCbl TYpFbIIaH
anFaHna, BYXKyO ohimeTi agaMHBIH HAKTBl 1C-OpEKET »acay KaOlJIeTiH eMecC, OHBIH KYKBIKTap MEH
MIHJIETTEPAIH Heci 0oJyFa >KapaMIbUILIFBIH Oiipesi. SIFHU 01 TIKeJleld OPEKeTTIK eMeC, KYKBIKTBIK-
CYOBEKTUIIK CUIIAaTKa M€ alFbIIapT peTiHae KepiHic Tabaasl. Ockl epekiienirine Kapail Byxxyo ohimeri
TOJIBIK eMeC (HOKBIC) KOHE TOJIBIK (KOMi) OOJIBIT eKire OeiHe/I.

1922.  Tonbik emec (HOKBIC) yKyO ohmmerti

Tonbik emec yxy0 ohnueTi aHa KypcarbIHIAFbl, dJi TYHUEre KEIMEreH YPbIKKA TOH KYKBIKTBIK
Karmanael Ounmipeni. ¥pbIK aHACBIHBIH OMipiHE TOYeNAl TIpHIUIIK €TETIHIIKTEH jKoHe aepOec KYKBIK
CyOBEKTiCI peTiHJe TOJBIK KaJBIITACIIaFaH/IBIKTaH, OFAH TOJBIK KYKBIKTBIK KaOUIeT TaHBLIMAWIbI.
CoraH KapamacTaH, MclaM KYKbIFbl OHbl KYKbIK KEHICTIHEH MYJJ€ ThIC KaiaelpMmaiisl. Hak ocel
ceOenTi TONBIK eMec y)KyO ohimeTi YPBIKTHIH ©3 MaijachiHa KaThICTB KeiOip KYKbIKTapra ue 0omyra
’Kapam/ibl OOJTybIH, all ©3 3UsHbIHA KaThICThl MIHACTTEP MEH JKayalKepLIUTIKTEepIiH OFaH KYKTeJIMEyiH
ouIipen.

MyHail KYKBIKTBIK KOpFay YPBIKTBIH MYIJIECIH cakTay KaruaachiHa Herizaeneai. COHIBIKTaH
OFaH a3aT eTily, HacaOThIH OeKiTiyi, Myparepiik, ©CHEeT >KOHE YakKblll CeKUIOl e3 MaijachiHa
OarpITTAIFAH KYKBIKTapAbIH OCKiTUTyl MYMKiH 1€l TaHbUIaAbl. AJT XKy3ere acybl TYJIFaHBIH TiKeJel
KaObLIayblHA HEMECE EPIKTIK KeTiciMiHe Toyen i KYKbIKTapiaH, Mbicajbl hiba Topi3ai MoMiJienepieH,
OJ1 TOJBIK KOJIeMJIe Maiiaaiana anrMaiiabl. MoceneH, YPhIKIEH TYBICTHIK KaThIHACTAFbl aJaMHBIH OHBIH
JYHUEre KelylHeH OYpbIH KaWThIC OOJYbI jKaF/ialbIHa, Mypa OelliCiHIe YPBIKTBIH BIKTUMAaJ YJecl Jie
eckepiieni. ¥PpBIKTHIH MaiiacelHa OenriieHreH MyHJail KYKBIKTap OHBIH Tipi TyyblHa JeiliH
KaMKOpPIIBICHI apKbUIbI KOPFaJbIl OThIpajbl. Erep on Tipi Tybuica, TOJBIK eMec BYKyO ohiiMeTiHIH
OpHBbIHA TOJBIK YXy0O ohyimeTi kenmeni e, OyFaH JAediH IIApTThl TYpA€ TaHBUIFAH KYKBIKTap HAKThI
KYKBIKTBIK KYIIKE e 60manbl. JleMek, yphIKKa KeM JereH/Ie iriHapa yxky0 ohjineTiHiH TaHbLTYbl UCIaM
KYKBIFBIHBIH aJaMHBIH KYKBIKTBIK MYJIECIH eMipre KelreHre NeiiH-aK KOpFayFa YMTBUIATBIHBIH
KepceTe/i.

2. TonbIK (koML1) yKyO shiuerti

Tonbik yxy0 ohmmeTi ypbIKTBHIH aHa JE€HECIHEeH OeJiHim, Tipl TyybIMEH OacTaliblll, aJaMHbIH
enmiMiMeH askrananasl. Mcmam KyKbIFbIHIA MyHAal ohimeTke wWe TyiFa o3 MaijachlHa KaThICTHI
KYKBIKTap/bl MEJICHyTe FaHa eMec, COHBIMEH Karap ©3iHe Kapchl TYBIHIAWTHIH MiHIETTEMeNep MeH
MYJIKTIK OOpbILTap/bIH cyObekTici Oonyra na KabineTTi Jen TaHbutafbl. Ockliaiiina, TOJBIK yKyO
ohnueTi agaMHBIH KYKbIK HeNeHyIlll OOJybIMEH KaTap KYKBIKTBIK MIHJET JKYKTEJETIH CYOBEeKT
petinaeri MmoptebeciH e OexiTei.

Vxy06 ohnmeri Texk TaOuru TyYIFamapMeH mmekreameiai. @ukh moKkTpuHACHIHIA KOIip, YaKbIl,
MEMJIEKET, KOMIIAHHUs, KOJI TOPi3/l KYKBIKTHIK KYPBUIBIMIAPIBIH 1a Oenrirl Oip JeHrehae KYKBIK
CyOBEKTiCl peTiH/Ae KapacThIpbUIATHIHBI Oaiikananpl. MyHmai skarjaiina onapiblH KYKBIKTapbl MEH
MIHJIETTEP1 TIKEJIEeH 371epl apKbUIBl eMecC, 3aHbl OKIIAepl HeMece 0acKapy TETIKTepl apKbUIbI Ky3ere
acanpl. byn jkaliT uciaM KYKbIFBIHJAFbl KYKBIK CyOBEKTLTITNiHIH TE€K OMOJOTMSIIBIK TYJIFaMEeH FaHa
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IIEKTEIMEUTIHIH, KOFAaMJBIK MYJJE€ MEH KYKBIKTBIK KaXETTUTKKE cail KeHIpeK TYCIHIIpUIreHiH
aHFapTabl.

JlereuMeH FuOAgaTTBIK MIHICTKEPIiK TYPFBICBIHAH YXKyO ohmimeri opkaman paepbec opi
YKETKUTIKT1 HET13 OOJIbIN caHaIMaibl. Ocipece 3eKeTKe KaThICThl KYKBIK MEKTEITepl apachlHAa IIKip
ailbIpMaIIbUIBIFEL 0ap. XaHahu KYKbIKIIbIIAPHI 3€KETTIH FUOAIaTThIK CUIIAThIH OachIM JIETI TaHbII, OHbI
MIHJETTi €Ty YIIiH TOJBIK afa ohimeTiHiH OONMybIH mapT Jen ecenterai. An e3re Mozhadrap 3eKeTTiH
MYJTIKTIK-CQJIBIKTBIK KbIpbIHA KO0ipek MoH Oepim, Oyl Typrbizia yKyO ohiiMeTiHIH ©31 JKeTKUIIKTI Jem
Kapaiiael. CoHapIKTaH XaHa(gu MazhaObIHAH ©3re KYKBIKTBIK MEKTENTEp/e TOJIBIK yKyO ohnuerine une
TYJIFANap/AblH 3€KEeTIIeH MIHAETTeNyl MOWbIHAa’daabl. AJ Tikelel KYKbIKKa KaWIlbl 9peKeTTep
cajJapblHAaH TYBIHAAWTBIH 3HUSAHABI OTEYy MoceleciHAe YxKyO ohiueTi >KeTKUTIKTI Heri3 peTiHzae
KaObu1naHaael. OChl TYpPFBIAAH allFaHga, TYIFAa KENTIPreH 3usHBbl YIIIH 6TeM jKacayra MIHICTTI eIl
ecerreienl.

Kanner anranna, yxy0 ohnmeri agaMHBIH OOJMBIC caThUIapblHA COHKEC MAMUTBIH KYKBIKTBIK
cunar Oonsin Ta0paAbl. MciaM KYKbIFBI ajaM MEH KOFaMHBIH MY/IECIH KOprayFa OaFbITTallFaH Kyie
peTiHfe, TINTI TeK YPBIKKA TOH TOJBIK eMec y)KyO ohimeTiHiH e3iH/1e Oenriin KYKbIKTapIbl TaHUABL. Al
TOJIBIK yKyO ohimeTi TyJiFaHbl KYKBIKTap MEH MIiHJIETTEPIIH TOJBIK CYOBEKTICI TOpekKeciHe KeTepir,
MYJIKTIK JKayanKepIIUlK MeH 3UsHIbI ©Te€y CHSIKThl KYKBIKTBIK cajjapiapibl OeKiTyliH Heri3iHe
alHanaabl.

1922.  Ana ohiwmeri

Ana ohnmeri mcnaM KYKBIFBIHAA TYJIFaHBIH ©31HEH IIApUFaT TYPFBICBIHAH Kapamzbl el
TaHBUIATBIH 1C-OPEKETTEPAIH TYBIHAAYbIHa KaOijneTTi OoNMybl peTiHAe aHbIKTanagsl. byn yreiM
KYIIIBUIBIK CaJachIHAAFbl aMajapAblH Ja, a3aMaTThIK-KYKBIKTBIK CHUIATTaFrbl MOMUIENep MEH
OpeKeTTEeP/IiH JIe KYKBIKTBIK KYIIKe ue 0onmyblH KamTamachkid eremi. Con cebenti ama ohimeri keiime
«OpeKeT KaOUIeTTLIr» YFbhIMBIHA >KaKblH MarblHaZa KoiigaHblaaabl. Erep yxyO0 ohimueTi TysIFaHbIH
KYKBIKTap MEH MIHJIETTEPIH Heci 0oJyFa *apamIbUIBIFBIH Olnaipce, aga shiMeTi coyl KYKBIKTap.Ibl
nepOec Ky3ere achlpy >KOHE KYKBIKTBIK CaJIIapbl 0ap opeKeTTEep/Il Kapam bl Typle aTKapy KaOlieTiH
oinaipeni.

Ana ohnueri anamra TyFaH COTiHEH OacTam TOJNbIK Kyizae Oepinmmeiiai. On Oenruii O6ip akbui-oi
KOHE TAaHBIMJIBIK KAaCHETTEp/AiH KalbITacyblHa Kapail OipTiHaen opHbIFaAbl. COHIBIKTaH KYKBIKTHIK
TYpFBIIaH OyJ1 ohJiMeTke We Jen TaHBUIFaH TYJIFajap/blH OpeKeTTepi FaHa 3aHIbl KYIIKe he 0oJajbl
KOHE MYHJall TyJiFanap e3 naiijacbiHa Ja, 63 3UsHbIHA J1a KaTbICThl MaMiJIesiep/il Oenriil Jopexene o3
OeTiHIIE Jkacal amanbl. Aja ohiiMeTi akbUI MEH TeEMIM3 KaOijaeTiHe HeTi3AeNeTIHAIKTEH, OHBIH JeHIeHi
aJlaMHBIH TaHBIMJIBIK XKETITy AOpeKeciHe OaillaHbICThl aHbIKTaNaabl. OChl Heri3e ana ohiueTi TONbIK
€MeC KOHE TOJIBIK OOJIBIN €Ki caTbhlia KapacThIPbUIAIbI.

1922.  Tonbik eMec (HOKBIC) asia shiumeTi

Tonbik emec amga ohyimeri TeMin3 Ke3eHIHIH OacTalyblHAH OaluFar KachlHA JCHIHTI apajbIKTa
KepiHic Tabanel. byn Kke3eHae TyIFaHbIH akplI-OM KOHE [EHE JaMybl i TOJIBIK KeMelliHe
KETHETCH IIKTEH, OHBIH OapibIK KYKBIKTHIK OpEKeTTepi Oipiael aepOec opi TOMBIK >KapaMIbl Jem
TaHbUIMalbl. OCBl caHaTKa PYILI JopexeciHe kermece jae, Oenriai Oip AeHreWae axxplpary >KoHE
TYCiHY KaOl1eTi KaJbInTackaH MyMaliiu3 xacectipim, caduh, martyh cexinai TysiFanap skaTajibl.

Tonbik emec anga ohiueTiHe We TYIFAIAPABIH MOMIJIENepi oJapIblH KYKBIKTHIK CallJapblHa Kapai
capanaHaabl. Erep opekeT TOJBIFBIMEH ©3 IMaijacklHa OarbITTainFaH OoJica, ON Kapamabl Jeml
TaHBLIAIBI. AJ TOJBIFBIMEH 03 3USHBIHA aJBI KEJIETIH dPEKeTTePi, MBICAIBI MAJI-MYJIKiH aKbICHI3 Oepy
TOpI3/l MoMijienepi, KaMKOPIIBICBIHBIH pYKCaThl OOJFaH KYHHIH ©31HAe >KapaMchl3 caHaiajabl. Al
maiiia MeH 3HSH BIKTHMaJbl Karap OOJIaTBIH MOMIJIeNep, MBICAIBI CaTy-CaThill ally HEMECE COJIoM
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IIAPTHI CEKUI1 OpeKeTTep, 3aHAbl OKUIIIH MaKylaayblHa Toyenai Typae Oarananaasl. MyHnail perrey
TeMii3 KaOUIeTI TOJNBIK OpHBIKIAFaH TYJIFAHBIH MYIIECIH KOpFayFa >KOHE OHBIH KYKBIKTBHIK
alfHAJTBIMJIAFbI QJICI3 TYCHIH KYKBIKTHIK KAMKOPJIBIK apPKbLIBI TEHIepyTre OarbITTaIFaH.

1922.  TonbIk (komin) aga ohiueri

Tonbik ama ohmmeTi akpul-eci JOyphIC, OaauFaT >KachblHA KETKEH JKOHE PYIII JI9pexkeci
aHBIKTAIFaH TYJIFalapra ToH. MyHJall TyiFanap IIApuFd MiHJIETTEMENEpIiH TiKeJlel aapecarsl
peTiHAe KYKBIKTBIK TYPFbIIaH >KapamJibl opeKeTTepli KaHaai na Oip e3re pykcarka MyKTax Oonmai
KY3ere achIpajbl )KOHE COJ OPEKETTEPIHIH calaaphl YIIiH TOJBIK JKayamkepuiumk kerepeni. OcbiFaH
colikec, onap Oapiblk FHOamaT TypJepiMeH MiHIETTENedl, COHJal-aKk HeKe, TallaK KoHE e3re e
KYKBIKTBIK MoMienep/i Aepoec Typ/e kapamibl kacail anajbl.

Tonbik aga ohimeTiHiH HETi3ri mapThl — Oanurar. Anaiia MyJIKTIK canaapsl 6ap MoMijenepi
TOJIBIK JepOECTIKIEH JKy3€ere achlpy YIIiH TeK OaqMFaTThIH 631 JKETKIIIKCI3, OFaH KOCa PYIIATHIH Ja
6ouysl Tanan erineni. Ce6edi agam GamuraTKa )KETKEHIMEH, MYJIIKTI OPBIHABI 0acKapy jKoHE KYKBIKTBIK
cajap/ibl TOJBIK Oaranay TYPFBICBIHAH dJI1 PYLILA JopexkeciHe xeTneyl MyMKiH. Ocbl ce0enTi MyTiKTIK
CUNATTarbl MOMUIETIEpJe PYIIATHIH JSJCIICHYI alphIKIIa MOHTEe We. AJl pyIIIbl aHBIKTAJIFaH TYJIFa
IapTTap MEH 63re JIe KYKBIKTHIK OpEeKEeTTep/IiH OapJbIFbIH ©3 OeTiHIIe, KOCBIMIIA PYKCATCHI3 JKYy3ere
achlpa anajpl.

Vxy0 xoHe ama ohmimeri amamaa Oip peT OpHBIKKAHHAH KeHiH, oJapAaH epikTi Typae 6ac tapry,
onapasl Oackara Oepy HeMece OJIaplblH asChIH 63 KallayblHIlA KEHEHTy He TapbUITY MYMKIH €Mec.
CoHIBIKTaH aJaMHBIH KYKBIK CyOBEKTUTIr >KOWbUIMAraHIIa HEMece 3aH INbIFapyllbl TaparblHaH
apHalbl MEKTeY KOWbIIMaraHIa, O €Ki ohjimeT OHBIH OOWBIHIA TYPaKThI TypAe cakTaiansl. Ochl
TYpFBIIaH aaa shimeti yxky0 shineTi apKbUibl OEKITUITeH KYKBIKTapAbl HAKTHI KY3€re achIpY/AbIH jKOHE
OJIAPJIBIH KYKBIKTBIK CaJIaphl YIIiH skayarn Oepy/IiH MenIyIi TeTiri OB Ta0bLUIaIb.

PyminreiH nmonengeHyi apKbUIBI KOMIT J€HTedre JKeTkeH afa ohjueri TyIFaHbl HclaM
KYKBIFBIHBIH OapiIblK CajachlH/Aa TOJBIK ayanTbl CyOBEKT JopexkeciHe keTepeni. MyHnall xaraaiina
OJ1 KYKBIKTBIK MOMUIEJIEP/Il €PKiH jKacail anajbl doHE COJI MOMUJISTIEP/IiH calapblHa 031 xayan oepei.
OHBIH opekeTTepi Mmaiia MeH 3UsSH oJIIeMiHe Kapail KYKBIKTBIK TYPFBIIAH OpPTYpIli OarajaHFaHBIMEH,
KBl aJIFAHJA OJT JIHU 9p1 KYKBIKTHIK MIHIETTEP/IIH TONBIK afpecarsl caHanaabl. COHIBIKTaH TOJIBIK
ana ohmueTiHe HWe agaM TeK MYJIKTIK JKOHE a3aMaTThIK-KYKBIKTBIK KaThIHAcTapia FaHa eMec,
FrOaIaTTap MCH JKa3ara KaThICTBI MACeNelNep/Ie 16 MyKUId( TYIFa PETiH/IE TaHbLIA/IbI.

KopsbIThIHABI

Vcnam KYKbIFBIHAAFB! ShJTHET TeOpHUSCHl TYJIFaHbIH KYKBIKTBIK CyOBEKTUIIIH, JIHU MIHJETKEPIiK
JCHTef1H JKOHE KYKBIKTBIK OpPEKETTEpIHIH >KapaMIbUIBIFBIH AWKbIHAANTBIH 1prefll YFBIMIBIK Kyiie
Ooneim TaObImaAbl. bynm okyitene yxy0O ohnmumeri mMeH ama ohnmeri e3apa THIFBI3 Ca0aKTAaCTHIKTA
KapacThIPbUIbIN, OIpiHIIICI aJaMHBIH KYKBIKTap MEH MIHJIETTEepHAiH ueci OoiyFa KapamJIbUIbIFbIH,
eKIHIIICl COJ KYKBIKTap[bl AepOec >Ky3ere acblpyFa *oHE KYKBIKTBIK cajijap YLIIH jkayan Oepyre
KabunerTiniri Oinaipeni. Yxy0 oshiueri agaMHBIH OONMBICTHIK CaTbUIapblHA calf aHA KYpCaFbIHJIAFbI
Ke3eHHEH OacTaibIm, Tipl TYy apKbUIbl TOJIBIK CHUIIAT aJbIll, ©JIMMEH asKTaJaThlH KYKBIKTHIK HETi3
petinae kepiHic Tabampl. An ama ohiueTi TeMiin3, OaluFaT KoHE PYIILA CEKUIIl ONIMeMIepPTre COUKeC
OipTiHIEN KEeMEeNACHIlN, TYIFaHbl HCIaM KYKBIFBIHBIH OapliblK cajachlHAa JKayalThl CYOBEKT
JIOPEKECIHE KETKI3e/Il.

Hcnam  KYKBIFBIHBIH ~ OJIUIETTLNIK, MacjaxaTThl CakTay »JKOHE MallaKaTThl IKEHUIIETY
KaFuJaTTapblHa HeETi3enyl ohJIMeT MOCeNecCiHIH /€ TePeH KYKBIKTHIK KHCBIHMEH KaJbINTaCKaHbIH
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kepcereni. OCbl KaFMIATTHIK HETi3re CoHKec, KYKBIKTHIK JKyile agaMHbBIH TaOWFW, aKbpLI-OH KOHE
QJICYMETTIK JKaFaiibIH €CKepPe OTBIPHIT, OFAH JKYKTEJIETIH KYKBIKTAap MEH MIHICTTEPAIH asChIH KE3€¢H-
Ke3eHiMeH Oenrineiiai. COHIBIKTaH aHa KYPCAaFbIHAAFbl YPBIKTBIH ©3iHe Oenriiai Oip KYKBIKTapblH
TaHBUIYBl, TEMWHM3 KE3CHIHJET] TYJIFallapAblH OpPEKEeTTEpiHIH Naijga MEH 3WsIH 6JIIeMiHe Kapaiu
capaliaHybl, aj pYUIJAbIH JQJNENJIEreH KOMEJETKE TOJFaH aJaMHBIH TOJNBIK KYKBIKTBIK OpEKeT
epKiHJiriHe ue OOJyhl MciaM KYKBIFBIHBIH TYJIFa MYAJECiH KOprayFa OarbITTalIFaH TYTac KYKBIKTBIK
KYHe eKeHIH JoJeaciai.

ConbIMeH Oipre TOJNBIK OpeKeT KaOuleTiHe HMe TYIFaHBIH KYKBIKTBIK MopTeOeci aOCcoNroTTi
cUmnarTa KaaMmaiabl. OWTKeHI uciaM KYKbIK TeopHschiHIa ohimer akaynapbl aJaMHBIH KYKBIKTHIK
OpeKeT KaOUIeTiH MEeKTEHTIH HeMece KOATHIH epeKie GakTopiap peTiHae KapacThipbuiaabl. Onap by
camayad kKoHE MYKTOcO0 Oousbin OeniHyi, Oip >KaFbIHAH, KYKBIKTBIK HICKTEYIIH Mmaiiga 0oy cebeliH
aHBIKTAyFa, EKIHIII YKaFbIHAH, HAKTHI TYJIFAHBIH YKayalKePIIUTIK JTOpPeKeCiH 911 Oaraiayra MYMKIHIIK
Ooepeni. Ochl TYpPFBIIAH JKyHYH aJaMHBIH TEeMIHM3 KaOUIETIH TOJBIK >KOSTHIHIBIKTAH, OHBI JIIHHU-
KYKBIKTBIK MiHJIETTEMeJIepIeH 00caTaThiH TOJNBIK KaOIIETCI3MIK *KaFmaaibl peTiHae kepinemi. An arah
meH codoh KYKBIKTBIK cajapbl KaFbIHAH INEKTEYT KaOUISTTUTIK asChlHAAa OarallaHbIl, MYHIAH
TYJIFAJIAP/IBIH MYJTKTIK JKOHE ©3T¢ JIe MOMUIEIepi apHaibl KYKBIKTBIK CY3T1 apKbLIbI KapacThIPBLIA b,
Byn ucnaMm KyKbIFBIHBIH afamabl TeK (GopMaiabl KYKbIK CyObEKTICI peTiH/ie eMec, OHbIH HaKThl aKbLI-
Ol J)KOHE EpIKTIK JKaFJaiiblH €CKepe OTBIPHIN OaralalThIH HA31K KYKBIKTBIK JKYHE KalbIITaCThIPFaHbIH
aHFapTabl.

Ocpuraiitia, uciaaM KYKBIFBIHAAFBI OhJIMET Moceneci TEeK KYKBIKTBIK KaOuleT Typaibsl Tap
meHOepili YFIM eMec, KepiciHIe, ajaM OOJNMBICHIHBIH KE3€HJEpiH, OHBIH aKbLI-Od KeMENJIECHYIH,
MYJIKTIK J1epOecTiriH, MIHU MIHJIETKEPIIriH *oHe KYKBIKTHIK >KayalmKepIIUTriH e3apa OailymaHbicTa
KAapacThIPAThIH KEIICH Il TCOPHSUIBIK HHCTUTYT OOJIBIT TaObLIaAbl. YKyO ohiMeTi TYJIFaHBIH KYKBIKTap
MEeH MIHAETTep/iH ueci 0oiy Heri3iH Kanaca, aja ohiiMeTi CoJl KYKBIKTapabl Ky3e€re achlpy MEH
OJIapJIbIH caylJIlapbhlHA kayarn Oepy TETIriH KaMmTamachi3 ereii. An ohimeT akaynapbl arajifaH Kyhere
TY3€TYIIl KYKBIKTBIK MEXaHW3M PpETIHAE EHJIIPUIIN, HAaKThl TYJIFaHbIH JKaFJalblHa Kapall KYKBIKTBIK
Oaranaynbl gapananabipansl. COHABIKTaH ohiHeT Teopuschl UcliaM KYKBIFBIHIAFbI KYKBIK CYOBEKTINIT1,
opeKeT KaOUIETTUIIr1 JKOHE jKayallKepIIUIIK MacesesiepiH TYTacThIKTa KapacThIpaTblH €H MAaHbI3bI
KYKBIKTBIK HHCTUTYTTapAbIH Oipi peTiHae OaranaHyFa THIC.
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NMAM M¥XAMME/ 3AhH /] 9JI-K9YCAPUIIH OMIP KOJIbI MEH
FBIJIBIMU KAJIBIIITACYbBI

macucmpanum: boxanoe Epoonam

evlivimu scemexwi: PhD xayvim. Ilpogh) Akumxanoe A.b.
Hyp-Myb6apax Ecunem ucniam maoenuemi ynugepcumemi
Kazaxcman, Anmamol

Angarna
Maxkanaga XX Facelp OachIlHIAFbl UCIAMIBIK FRUIBIMU OWIBIH KOPHEKTI eKuaepiHiH 0ipi Myxammen
3ahun on-Koycapuain emip *ojbl MEH FBUIBIMU KaJbIITACy Ke3€HAEPl KapacThlpbulabl. 3epTTEYAiH
Makcatbl — an-KoycapuaiH oTOachUIBIK OpTachl, alFailkbl OuTiM amysl, blctamOynaarsl Menpecemik
JasipIIbIFbl, WXKa3a ajly YIepici, YCTa3[blK KbI3METI KOHE KOFaMJIbIK-FhIIBIMU YCTaHBIMAAPHI APKbLIbI
OHBIH MHTEJJICKTYAJIIBIK TYJIFAaChIH ambil kepcery. Makanana on-Koycapunin Kaskaznan Ananonbira
KOHBIC ayJapraH oyJeTTeH IbIFybl, Jly3kenmeri anramksl TopOueci, keifinri blctamOynnars
KJIACCHUKAJIBIK MCJIaM FBUIBIMJIAPBIH MEHIepY KE3€Hi, PeCMHU HIMHUS KYPBUIBIMBIHAAFBI OPHBI, MEIpece
pedopmaceiHa OaillaHBICTBI KO3KapacTaphl KOHE CasiCH-OKIMIIUIIK KbICHIM XKaFAalbIHIaFbl YCTaHbIMBI
capanananbl. COHJai-ak OHBIH JOCTYPJi HCIaMABIK OiumiM Oepy >KyleciH KoprayJarbl peili MeH
FBUIBIMU O€NeIiHIH KaJbllTacy TeTIKTepl TaigaHaabl. 3epTrey HoTwkecinae Myxammen 3ahup on-
Koycapunin Tek ycras opi Myaappuc KaHa €Mec, COHBIMEH Oipre HMCIamIbIK FHUIBIMA MYPaHBIH
ca0aKTacThIFbIH CaKTayFa YMTBUIFaH NPUHLMIIIUT OHINBUI €KeHi alkplHAanaabl. byn makanma on-
Koycapu TysFacel apKbLIbl COHFBI OCMAHJIBIK JKOHE €pPTe MOCTOCMAHJBIK KE3CHIETi MCIaMIBIK OuTiM
KYHECIHIH SBOJIIOLUSACHIH MalbIMAayFa MYMKIHJIK Oepei.

Tyiiin ce3nep: Myxammen 3ahuz an-Kaycapu, ncnamapik Oimim Oepy, Meapece, HIMUS, WKa3a,
pyyc, AepcuaM, OCMaH/IbIK FBIJIBIMU OPTa, JIIHU pedopMa, UClIaM OMBI.

Kipicne
CoHFBl OCMaHJABIK K€3€H MEH OJlaH KeHMIHI1 HCcIaMJblK HMHTEJIEKTYalblK KEHICTIKTI 3epTTeyle
Myxammen 3ahun an-Koycapu TynracelHbIH OpHBI epekiie. Ol KJIAaCCHKalbIK HMCIaM FbUIBIMAAPBIH
TEpeH MEHIepreH fajibM, Oenenii MyAappuc, Meapecenik OuliM Oepy ASCTYPIHIH KOpFayHIbICHI 9pi
KaHa TapuXW JKaFjaifia MCIaMIBIK FBUIBIMH MYpPaHBI CakTayFa KYII CaJlFaH KaipaTKep peTiHme
tanbU1aael. CoHAbIKTAaH on-KoycapuaiH eMip KOJbIH 3epTTey Oip FaHa FajbIMHBIH FYMBIPOAsHBIH
TaHbITyMeH Iuekrenmeiini. CoHbIMeH KaTtap Oyn macene apkbuibl XIX racwhlpablH COHbl MeH XX
FaceIpblH  OackiHmarsl  OcManibl  AIHU-OiMiM  KYHECIHIH  KYpBUIBIMBI,  JaFJapbiChl  MEH
TpaHcopmarusacel na aWkeiHganagsl. Myxammen 3ahun on-Koycapu KaBkasnan KoHbIc aynapraH
oynerreH mbIKKaH. OHbIH okeci XacaH Xunmu on-Koycapu niHM UT1iMMEH alfHaJbICKaH, Mepece
caJblll, IISKIPT TopOuernereH agam OonraH. OynerTiH Pecell MMNeEpUSCHIHBIH KbICBIMBIHAH KEH1H
Amnanonbira kemryi on-KoycapuaiH IOyHUETaHbIMBIHA ocep €TKEH TapUXU alFbIIIapTTaplblH Oipi
6011b1. Ocbl ceOenTi OHBIH KEWIHI1 FBUIBIMU YCTaHBIMJApbIHAH JOCTYp, CabaKTACTHIK KOHE JIHU-
FBUIBIMM MYpaHBI CaKTay HJesIapbIHbIH OACBIMBIFBI aHBIK Oalikanansl. Myxammen 3ahun on-Koycapu
Kaska3znan konbIic aynapsin, bony yonasteineiy Jly3ke oHipiHE OpHATACKaH 9yJIETTEeH MIbIKKaH. OHBIH
okeciHiH atbl XacaH Xuimu an-Kaycapu (h. 1245-1345 / m. 1831-1929). On huxpansin 1245 KbUibl
Kaskaznarsl KyOanb e3eHiHe KysAThIH Oip canaHblH OoifblHIa opHanackaH, «Koycap» nmen aramaTbiH
MeKeH e AyHuere kenreH. Cout xkepze 03 A9yipiHiH KOpHEKTI FalbIMIapbiHaH OUTiM ajbll, KeiiH e31 e
IIOKIPT TopOmeneyre KipickeH. Aaifia opbiC 9CKepJepiHiH 63 eAepiH 0achlll allyblHa OailIaHBICThI
OyJ1 enKene eMip Cypy MYMKIH €MECTIriH TYCIHIN, mokiprTepiMen Oipre Ocmanibl sxkepiHe hmxper
ereni. hwxpansin 1280 sxputbl Jly3kere Keunin KOHBICTAHBIN, COJN KepJe 63 aTbIMEH aTajFfaH Oip
aybUIAbIH Heri3iH Kanaiinel. KeifiH con ayeliia Menpece cajblll, FBUIBIM YHPETY KOHE IIOKIPT
TopOMeney iCiH opi Kapail »anracTelpradH. XacaH XwiMmu dpernu hmwkpanbiy 1345, mwtanuaeiy 1929
KbUTbI, Yl Myxammen 3ahun MeIcbipaa KypreH Kesje, IIaMaMeH >Ky3 JKacka TasfaH INarbIHAa
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KaiTeic OonraH.Xacan Xuiamu >peHauain okeci, «belzama» nereH armeH TaHbulFaH Onu Pacyh
acdennu ne yipiMeH Oipre KaBkazman KOHBIC aymapraHHaH KeiiH, Jly3kemeri opTaibIK ayblil TOJBIK
KaJjblnTackin Oitnei Typsbin, hikpanbig 1280 sxbuibl [yHue canrad. A oHbIH okeci Hoxwmyanun Pacy
hwxpanpin 1245 xpiiel KaBkazna kaiTeic OosiraH. bysmapaslH apFbl atamapbl J1a OChI ©JIKEIE OMip
Cypim, coi Jkepae IyHHEIeH oTkeH. Morinae omapasiH TizOeri beit om-Koycapu, oman OypwiH
Kynoititur on-Koycapu, oman Oypein Kancy on-Koycapu typinge Oepinemi. OcblFaH KaparaHna,
Myxammen 3ahunriy Tteri Oipuemie OybiH Ooiibl KaBkas jkepiMEH TBIFBI3 OalIaHBICTBI OOJFaHbBI
aHrapbutaibl. Myxammen 3ahuaTiy yepkec TeKTI ekeHi jae kepcetineni. OHbIH «anm-Koycapm» HucOachl
aprbl aTaapbIHBIH OipiMeH OailmaHbICTHIPbUIBIN, «KoycapuaeH MIBIKKaH» JereH MaFbIHAaHbI OUIaipei.
An «on-Jly3xaBu» Jen aTaldyblH OHBIH TyFaH >KEpIMEH OaiJIaHBICTBI HHCOA pEeTiHIE TYCIHIIpyre
Oomazpl.

Heri3sri 6eJim

On-Koycapuin 0TOACBHLUIBIK opTachl JKOHE AJTFaIIKBI ouTiMi
Myxammen 3ahuna an-Kaycapu 1296 xpuiapig 28 moyyaninge, munaan 1879 xbuirel 16 KpIpKyiiekTe
Jly3:xe MaHbIHOarbl XacaH aybUIblHAA OyHHere kenreH. On TyFaH CoTiHEH Oacram FhUIBIMH OpTaja
OCiII, aJFalIKbl OUTIMII TiKeNel oKeciHeH anFaH. OKeCiHiH yhaeri Tanimi an-Koycapunin gukh, akuna,
cUpa KOHE JIHU TOpOMEHI epTe KacTaH OoWbIHA CiHIpYiHE KaFjail skacaabl. byiaH KeiiH ol pymiaus
MekTeOinae OutiM anbin, capd, Haxy, Tapux, pussHer, dapaus, karpadus koHe Oacka /Ja HIapUFU
noHAepAl Typii yeraznapaan meHrepai. ConsiMen 6Oipre [y3xe mydTui Xyceitn Bexxux sdhenan men
[a6an XKeBax >denan cexinmi KepriTikTi FaabIMIApABIH AdpicCTepiHe KAaTHICYbl OHBIH 1IIMIe JIereH
BIHTAChIH apTTHIPHIN, KIACCUKAIBIK MEAPECENiK Oiay XyleciHe >XaKbIHAATThI. blctamOyn ke3eHi
KOHE FBUIBIMU TYJIFAHBIH KaJbIMTAacyhl On-Koycapu pymausiHbl asKTaFraHHAH KeHiH I1aMaMeH OH Oec
xacbiHga blctamOynira Oapblm, con goyipaeri Oenensi FHUIBIME OpTara apanacThl. byn ke3eH OHBIH
FBUIBIMU TYJIFACBIHBIH KaJBINTaCybIHIAFbl miemrymi Oenec Oonael. blctamOynma onm apab® Timi
rpaMMaTHKAaChl, Oollarat, ycysd, Xaauc, TO(Cip, MAHTHIK *)oHE (HUKh ceximmi UTiMAOepiH Herisri
MOTIHJIEPiH OKBII, OipHEIIe KOPHEKTI YcTa3maaH TamiM anabl. Ocipece Mopahum Xakkel apeHan MmeH
AnacoHUSIBIK ONK 3eiiHeIa0uINH OHBIH FHUIBIMH ©CYiHE alipPBIKIIA BIKIAJ €TKEH TYJIFajiap CaHaIa bl
On-KoycapuiH 31 0Cbhl yCTa3Aaphl apKbUIbI COJ KE3€HJI€ OKBITHUIATHIH HETI13T1 FHUIBIMIAP/IbI TOJIBIK
MEHIepreHiH, api pecMu OaraapiiaMa ChIPTHIHAAFBI OipKaTap MaHbBI3ABl €HOCKTEp/Al TepeHJIeN OKyFa
MYMKIHJIIK allfaHblH aTan kepcetei. by xalT oHbIH kail FaHa Mellpece MIOKIPTI eMec, KIaCCUKAIbIK
WCTaM FRUIBIMAAPBIHBIH 1IITK1 JIOTUKACHIH TYTac WUrepreH omoOelar FajabiM PETiHAC KaJbINTaCKaHbIH
oinmipeni. Mxasa, pyyc »oHe pecMU WIMHS KYPbUIBIMBIHIAFBI OpHBI IamameH 1322 hwmxkpanma on-
Koycapu wmenpecenik OuniMIH asgKTam, pecMH IKa3a ajaabl. AJjaiia coil Ke3eHIEeri WIMHS
KYPBUIBIMBIH/IA JKOFAphl FRUTBIMH MopTeOere KoTepuly YIIiH pyyc eMTHXaHbIHaH oTy KaxeT eai. On
OyJ1 eMTHXaHFa y3aK opl OaillbINThl JalbIHIANbIN, O€C KbUga O1p PeT OTKI3UIETIH ChIHAKTBIH >KOFaphl
KayarKepIIUIiriH jkakcbl TyciHreH. 1324 hikpana on apHaiibl FBUIBIMU KOMHCCHS alJIbIHAAa €eMTHXaH
TaTICBIPBII, MAPUFH, JJICOH JKOHE KYPAIIBIK FHUTBIMIAPIBI OKBITYFa TOJBIK KYKBUIBI €KEHIH PacTalThIH
kasz0amra wkazara ve Oonaabl. Ocblian keiliH on-Koycapu datux MemniTiHae AepcuaM peTiHe
MyJappUCTIK KBI3MET aTKaphIll, PECMU WIMHS KYPBUIBIMBIHIAFBI O€IeNli TYJIFaap/IblH KaTapbhlHA
kKoceuiabl. Keifin 1913 xbinbl oHbIH blcTaMOyn Mymappuciiri pyycbiHa JTallbIK JIeN TaHBLUTYBl OYII
MopTreOeHi omaH opi  Oekite TycTi. Meapece  pedopmackl  KOHE  FBUIBIMH  YCTaHBIMBI
On-Koycapunin eMipOasHBIHAAFbl MaHBI3BI KBIpIApABIH Oipi — OHBIH Meapece pedopmacs
MOcCeJIeCIHE KaThICThl YCTaHbIMBL. OJ1 OKy Mep3iIMiH KbICKAPTY, MOHAEPAl O6JIIEKTel OKBITY KOHE IHU
UTIMIepiH KYHenuTirin ancipeTeTin peopManbIK KajaMaapra cakThIKIeH Kapaibl. OHBIH MIKipiHIIe,
HCIaMIBIK O1TIM TEK KEeKeJIeTeH MOHEP KUBIHTHIFBI €MeC, ©3apa cadakTac TUIIIK, 9iCHAMANIBIK KOHE
MOTIHJIK Herizznepi Oap Tyrac »xyile Oonbin Tabbutagsl. ConablkTaH on-Koycapu oKy Mep3iMiH
KETKUTIKTI JIeHTeiie y3aK ycray kepek nen ecenrteni. On apal® TiniH eHIl MeHrepe OacTaraH KoHE
JIHM FBUIBIMAAP/IBI TEPEH YHPEHYTe THIC TaJlanKepiep YIIiH KbICKapThUIFaH OKY YJITICl 3USH KeNTipei
nen Oinmi. Bysnm ycTaHbIM OHBIH JOCTYPHIUIAITIH FaHa eMec, OUTIM camachlHa JIETE€H JKOFaphl
KayanmkepHrairin ae kepceremi. Ockbl Mocenene O UTTHXAIIIBUT TOMNTAPMEH KaNIIBUIBIKKA
TYCKEHIMeH, pedopMananraH meapecenepae ne cabak Oepyni >KamFacThIphIN, Odmarar, apy3, TULIK
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MIOHJIEp JKOHE yaa‘ UTiMiHEH Jopic OKbLABL. KpI3MeT >KONBIHIAFbl KUBIHABIKTAp KoHEe MBICBIpFa KeTyi
On-KoycapumiH FBUIBIMM  KBI3METI CasCH JKOHE OKIMIIUNK KaWIIBUIBIKTApAaH ThIC OOJIMAaIbI.
Kacramonynarel MenpeceHi icke Kocy MiHaeTi, [apyndyHyHIarsl KbI3METKE TaralbIHIATY
MOCeJIECIHIH ICKe acmai Kaiybl, TeHI3 amatel, keiiH [lapyunmadakar on-Mcmamus men Cyneiimanue
MepececiHAeri KbI3METTepl OHBIH OMip *KOJBIHBIH KYPAEIi CHITIAThIH KepceTeni. byran koca, Jlanemu
MaHbIH/IaFbl TAPUXHU MeJpeceHl Oy3y iCiHe Kapchl LIBIFYbl OHBIH JIHU-FBIIBIMH MYPaHbl KOpFayAarbl
TaOaHIBUIBIFBIH aifraKTaiiel. O MeapeceHi jKail FaHa FUMapar peTiHIe eMec, MCIaMIBIK 1LTIMHIH
MHCTUTYLIMOHAJIBIK Oenrici peTinae KapacTelpabl. Ockl Maceneae KYKBIKTBIK JKOJIMEH KYpecyl OHBIH
NPUHIUIIILT OOJMBICHIH TaHBITAAbl. AKBIPBIH/A CasiICH KBICBIM YA€l Tycim, 1922 KbUIIbIH COHBIHIA
on-Koycapu blcramOynnan Anekcanapusira KeTyre MokOyp 6omabl. by kelry oHbIH eMipiH/ET1 )kaHa
Ke3eHHIH OacranybH Ounmipai. On Meicklpa a FRUIBIMU KBI3METIH JKAIIFACTBHIPHIN, HCIAMIBIK OU
TapUXbIHAA TEPEH 13 KalablpraH raiublMra aiiHanael. Myxammen 3ahun on-Koycapuain Typkusnan
KeTyiHIH Herisri ce0enTepiH OHBIH OyfaH JIEHiHr1 eMip KOJbIHAH-aK aHrapyra Oomansl. Pecmu
KbI3METKE KIpICKeH yakbITTaH Oacrtam o yHeMmi «Mrttumxam yo Tepakkw» »XKaKracTapbIMEH IiKip
KaWIIBUIBIFBIHA TYCINT OTBHIpFaH. OWTKEHI O 3 JdyipiHAeri KaTe AeN €CenTereH j>KaWTTapra YHCI3
Kapamaif, oylapJibl TY3€Tyre ThIPBICKAH JKOHE Oackapy MEH FBUIBIMM ©MipAe aKUKaT [N TaHbIFaH
YCTaHBIMJAPBIH KOpFayFa Kyl canraH. OChbl YCTaHBIMBIHBIH HOTIDKECIHAE OJ1 COJI Ke3€H JKarJaibIMEeH
CaJIBICTBIPFaHa e19yip JKaljbl api Oenenai eMip cypyre MyMKiH/IK OepeTiH KONTereH YChIHbICTapAaH
caHaibl Typae Oac TtaprkaH. backamia aiiTkanna, KYPTIIBUIBIKTHIH PH3AIIBUIBIFEIHA 06JICHY HEMece
’&Keke OachIHbIH JKaFJaibIH jKaKcapTy YILUIH €3 KaFuanapblHaH METiHy /1 KaObulJaMaraH.

1922 xpuIaBIH COHBIHA Kapail Oip KyHI Kellele Ke3[ECKEH TAaHBICTApPBIHBIH Oipi OFaH KYBIK
apajga TYTKbIHAATYbl MYMKIH €KeHI Typalbl Kymus xabap >kerkizemi. OcChl ecKepTyleH KeHiH o-
Kaycapu yiiine Oapbin, orOackiHa, TINTI KiIIKeHTal OanacbiHa ja xabap Oepe anMaii, OipAeH aiiakka
oer ananel. Con xepaeH blcramOynnan Anekcanipusra Kapail »KoJ TapTaTblH KeMere MiHill, TyFaH
€JIIH KalTa opajiMacTai eTiI TacTall KeTei

KopbIThbIHABI
Kanne! anranna, Myxammen 3ahupa on-Koycapuiin eMip k0jibl MEH FbUIBIMU KaJbIITACYbl COHFBI
OcmaH MeMJIeKeTi A9YipiHAeT! JIHU-FBUTBIMHA OPTaHBIH SBOJIFOIFSICHIH, TOCTYPII HCIAMJIBIK OLTiM Oepy
KYHECIHIH 1K1 KYpPBUIBIMBIH JkoHe XX Fachlp OacbIHAAFbl HHTEIUIEKTyaJIbIK TpaHc(opMarus
yAepicTepiH OCMHENEeUTIH KypHaell Tapuxu-TaHBIMJIBIK KYOBUIbIC peTiHne Oaramanyra Tuic. OHBIH
eMIpOasiHbl KEKEe TYJIFaHbIH FYMBIPHAMAIBIK JAEPEKTep >KUBIHTBIFBl FaHa €MeC, COHBIMEH Kartap
UCIAMJIBIK FBUIBIMH JISCTYPAIH OJ€yMETTIK-MHCTUTYIIMOHANJIBIK HET13/IepiH, MeIpecenik OUIIMHIH
ca0aKTacThIK MEXaHM3MJIEPIH JKOHE CasiCH e3repicTep >KarJalbIHAAFbl IHU 3JIMTAHBIH YCTAHBIMJIBIK
OarmapiapblH HalbIMayFa MYMKIHJIK O€peTiH MaHbI3[bl JACPEKKO3AIK 9pl TEOPUSIIBIK MarepHall
Oonbin TabbiIanel. Ockl TypFBIAAH anFaHaa on-Koycapu TynFacelH 3epTTey Oip Mesrinje OipHerne
FBUIBIMH JICHTeii/le, aram aiTKaHga eMipOasHAbIK, WHCTHUTYIHOHAIIBIK, WHTEJUIEKTYaJ/IbIK >KOHE
TapUXHU-CAIBICTRIPMANIBl  KbIpJapZa  JKY3ere  achlpplIybl — KaxeT.On-KoycapumiH — TyJIFaibIK
KaJIBIITaCybIHAa OTOACBUIBIK-QYJIETTIK OpTa aliphIKIIa MoHTe ue 6omnbl. KaBkasman AHamobira KOHBIC
ayJapraH [JiHM OYJETTEH IIbIFYbl, OKECIHIH FBhUIBIMU-TIEJArOTUKANBIK KbI3METi, YH IMIHJE 1IiMre
HETI3/IeNTeH PyXaHU axyall OHbIH JYHHETaHBIM/IBIK iPTe€TachlH epTe Ke3eHIe-aK KalbIITacThIPAbL. by
xargail on-KoycapuiiH KeiHri FRUTBIMH YCTaHBIMIAPBIH TYCIHIIPYJE aca MaHbI3Abl. OUTKEH! OHBIH
KO3KapacTapblHJa UCIaMIBIK OUTIMHIH Tapuxu CcabaKTaCTHIFBIH cakTay, Mo3haOTBIK >KYHEHIH 1mIKi
KHUCBIHBIH Oy30ay, JiHM MypaHbl (popMaiisl Typae eMec, Tipi FbUIBIMU JOCTYP PETIHJIE KAJIFACTBIPY
CeKUIl Karuaanap 6aceiM opwIH anazbl. Jlemek, on-KoycapumiH FEUTBIMHA OOJIMBICBIH TEK MEAPECEeITiK
OKY HOTIJKEC] peTiH/e eMec, TapuXH KOHBIC ayAapy ToKipuOeciMeH, IiHM OTOACBUIBIK MOJICHHETICH
AKOHE ypIakapalblK 1TIM cabaKTacTHIFBIMEH acTacKaH TyTac (PEHOMEH peTiHAE KapacTbIpFaH >KOH.
3eprrey OapbiChbiHIA aWKBIHAAJIFAH MaHBI3AbI KalTTapaslH Oipi — on-Koycapunin wmenpece
pedopMaceiHa KaThICThl YCTaHBIMBIHBIH MoHI. On pedopmanbl TyOereisi >KOKKa HIbIFapFaH TYJIFa
eMec, KepiciHme OuriM Oepy iCiH MCIaMIBIK FBUIBIMH JOCTYPAiH TaOWFaThlHA COMKEC KeTiaipyai
KaJlaFaH OWLIBLI peTiHae KoepiHeai. OHbIH KapChUIbIFbI, HET131HEH, OKY MEp31MIH HEri3ci3 KbICKapTyFa,
MOHJEP/Il Y3IK-Y31K OKBITYFa, apad Tl MEH KYPaJJbIK FbUIBIMIAPIBIH POJiH AJCIpeTyre *oHe TIHU
OUTIMHIH OpraHUKAaJbIK KYpbUIBIMBIH Oy3yFa OarbITTajFfaH KajaMmaapra Kapcel Oonasl. byn tycra on-
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Kaycapunin ycTaHbIMbI KOHCEPBAaTHBTIK ICHXOJIOTHSHBIH EMiCl €MeC, FhUIBIMHU CallaHbl CaKTayFra
HETI3/IeNTeH 9/iCHAMANIBIK TIO3UIMs PEeTiHIe OaraliaHybl THIC. OUTKEHI MCIaMIBIK UTIMAEp Xyieci,
OHBIH TYCIHITIHIIE, Y3aK MEp3iMJi NaWbIHIIBIKTBI, MOTIH/IIK CA0AKTACTBIKTBI, YCTA3/bIK TOMIMII JKOHE
KE3CH-KEe3E€HIMEH HIepUICTIH TaHBIMIABIK TOpTinTi Kaker eremi. Ocbl cebenti on-Koycapu minHu
OUTIMHIH Ma3MYHJIBIK KYPBUIBIMBIH CaKTail OTBIPBII )KaHAPTYIbI MYMKIH JIell cCaHaFaHBIMEH, OHBIH 1K1
AMUCTEMOJIOTHSIIBIK HET137iepiH Oy3arhlH pedopManapra y3uUIai-Keculli Kapchl IMIBIKTBL. by OHBIH
IOCTYp MEH OKaHAWBUIABIK apachlHIAFbl KaTBIHACTBI YCTIPT €MeC, TEOPHSUIBIK JEHreie
naiibIMiaranbiH kepcereai. Myxammen 3ahun on-Koycapuai goctypimi MCiaMblK FBUIBIMH MYPaHBI
TEpEeH MEHTepPreH, OHbl TAPUXH ChIH-KaTepiep *KarJalblHIa KOPFayFa YMTBUIFaH, HHCTUTYIIMOHAIIBIK
pedopmaapra FBUIBIMH JKayarn OEpreH >KOoHE MIHM-OUTIMIIK Cca0aKTAaCTHIKTHIH CaKTaIyhbl YIIiH
KYPECKEH ipi MHTEJIEKTyasl peTiHne Oaranay opbIHIbl. OHBIH ©Mip OJBIH 3epTTey Oip FaJIbIMHBIH
FYMBIPDHAMACBIH TOJIBIKTHIPY FaHa €MeC, COHBIMEH KaTap COHFbI OCMaHBIK )KOHE €pPTe MOCTOCMAH/IBIK
Ke3CHJeT1 ucaaMIbIK O1TiM Oepy kyiieciHiH TpaHc(OpMaIMsICHIH, FEUIBIMU 3JMTAHBIH ©31H-031 CaKkTay
TETIKTEPIH KOHE IOCTYPJI MYCBUIMAHIBIK OHJIBIH MOJCPHH3AIMSIBIK KbICBIMFA OCpreH >KayaOblH
TYCIHYAIH MaHbI3Abl KinTTepiHiH Oipi Oosbin Tabbpumansl. Ockl cedenti an-Koycapu mypacel anjgarsl
yaKbpITTa TEK OuorpadusuiblK TYpFBIIAH FaHa €MeC, HCIaMIBIK AIHCTEMOJIOTH,  OuTiM
WHCTUTYTTapbIHBIH TapUXbl, MO3haOTHIK OMIBIH Ca0aKTACTHIFBI )KOHE MYCHUIMAH MHTEIUICKTYaIBIHBIH
KOFaMJIBIK POJIi CUSIKTBI K€H ayKbIM/IbI 3ePTTEy OarbITTapbhIH/A J1a apHAWBI KApacThIPbLIyFa THIC.

9aeoduerrep Tizimi

1. Yavuz, Yusuf Sevki. Zahid Kevseri // Tiirkiye Diyanet Vakfi Islam Ansiklopedisi. Istanbul: TDV
Yay., 2013.

2.  Mehmet Emin. Muhammed Zdhid el-Kevseri: Hayati, Eserleri, Fikirleri ve Hadis¢iligi. Ankara:
Ankara Universitesi Sosyal Bilimler Enstitiisii, 1989.

3. Verim, Osman. Muhammed Zahid el-Kevseri nin Hayati, Eserleri ve Kelami Goriisleri. 1zmir:
Dokuz Eyliil Universitesi Sosyal Bilimler Enstitiisii, 2006.

4. Akyiizoglu, Hatice. Zdhid el-Kevseri nin Fikhi Diisiincesi. Sakarya: Sakarya Universitesi Sosyal
Bilimler Enstitiisii, 2022.

5. Yargi, Mehmet Ali. Muhammed Zahid el-Kevseri (1863—1952): Hayati, Eserleri ve Fikhi
Goriisleri // Islam Hukuku Arastirmalar: Dergisi. 2005. Ne 6.

6. Kara, Omer. Muhammed Zahid el-Kevseri’nin Tefsirle Ilgili Baz1 Makalelerinin Muhteva
Tanitim1 // EKEV Akademi Dergisi. 1999. Ne 4.

7. Bas, Emrah. Son Dénem Osmanli Alimlerinden Muhammed Zahid Kevseri’nin Tasavvufun
Cesitli Meselelerine Yaklasimi // Islam Tetkikleri Dergisi. 2021. C. 11. Ne 2.

8. Cigek, Yakup. Muhammed Zahid Kevseri’nin Tasavvufl Gorlisleri / Muhammed Zdhid el-
Kevseri: Hayati-Eserleri-Tesirleri. Istanbul: Seha Yay., 1996.

159



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

BE3OITACHOCTD B OIIEPAIIMOHHBIX CUCTEMAX WINDOWS U LINUX

Hecmeanoe CJI.

Cmyodenm 3 Kypca,

Kapaeanounckuii mexnuueckuti ynusepcumem umenu Aowviikaca Cacunosa,
Kaszaxcman, 2. Kapazcanoa
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Kaszaxcman, 2. Kapazcanoa

AHHOTAIIUA

B nannoit pabote paccmaTpuBaroTCs OCOOCHHOCTH ofecnedeHusi HHOOPMAITMOHHONW O€30aCHOCTH
B onepaudoHHbx cucremax Windows wu Linux. IIpoBenéH aHaiu3 MeXaHW3MOB 3alllUTHI,
UCIIOJIb3YEMBIX B JIaHHBIX CHCTEMaX, a TaK)Ke PACCMOTPEHBI OCHOBHBIC YIPO3bI M METOIBI HX
MpeI0TBPALLECHUS.

AKTyanbHOCTh T€MbI 00YCIIOBJICHA IIUPOKUM PACIPOCTPAHEHUEM JAHHBIX OMEPALMOHHBIX CUCTEM U
HEO0OXOIUMOCTBIO 00CCIICUCHHS 3AIHUTHI TOJIh30BATEILCKHUX JIAHHBIX.

KiroueBbie cioBa: nHpopmanmonHas 0e30MacHOCTh, oneparuoHHbie cuctembl, Windows, Linux,
3aIuTa TaHHBIX, YSI3BUMOCTH, JIOCTYII, 0€3011aCHOCTh CHCTEMBI.

BBenenue

CoBpeMEHHBIE OTIEPAIIMOHHBIC CUCTEMBI TIPEJICTABIISIIOT COO0H CIIOKHBIE TIPOTPAMMHBIC KOMILICKCHI,
o0OecrieunBamIIMe  yMOpaBlICHHE  alMapaTHBIMU  pecypcaMHd  KOMIIBIOTepa U BBINIOJIHEHUE
MOJIB30BATEIBLCKUX 3a7ad. B YCIOBHSIX CTPEMHTEIBLHOTO Pa3BUTHS WH(POPMAITMOHHBIX TEXHOJOTHH U
yBenuueHus 00BEMOB 00pabaThiBaeMbIX JIaHHBIX 0CO00€ 3HaueHHEe MpHoOpeTaeT obecredeHue
0€30MMacCHOCTH OTICPAIMOHHBIX CUCTEM, ITOCKOJIBKY HMEHHO OHU SIBJISIFOTCSI OCHOBHBIM OOBEKTOM aTak
CO CTOPOHBI 3JI0YMBIIUIEHHUKOB.

Ha ceromusmmauii n1eHs Hawmboyiee pacrpOCTPAHEHHBIMH ONEPANMOHHBIMU CHCTEMAaMH SIBIISIOTCS
Windows wu Linux. Windows mupoko HcCHoiab3yeTcs B IEPCOHAIBHBIX KOMIBbIOTEpax U
KOPIIOPaTHBHON CpeJie, Tora Kak Linux mpuMeHseTcss IPeUMYIIeCTBEHHO B CEPBEPHBIX CHCTEMax, a
Takke B o0nacTu pas3paboTku M uHpopmanuoHHOW Oe3omacHocTH. HecMoTps Ha pasznuuust B
ApPXUTEKType W TNPUHIMIAX (PYHKIMOHUPOBAHUS, O0€ CHCTEMBbI CTAJKWUBAIOTCS C AHAJOTUYHBIMU
yrpo3aMH, CBS3aHHBIMH C HECAaHKIMOHHPOBAHHBIM JIOCTYIIOM, BPEIOHOCHBIM MPOTPaAMMHBIM
o0ecrieueHreM U 3KCIUTyaTaluen ysi3BUMOCTEH.

AKTyanbHOCTh TeMBbl OOYCIIOBJIEHA TEM, 4YTO C YyBEIWYCHHEM 4YHucia KuOepaTak BO3pacTaet
HEOOXOAMMOCTh  pa3paboTku  A(M(PEKTUBHBIX  METOJOB  3alIUTHI  OMEPAMOHHBIX  CHUCTEM.
HenocraTounslii ypoBeHb 0€30MaCHOCTH MOXET TPUBECTH K yTeYKke KOHQPUACHIIUATHLHOU
nH(OpMAIINY, HAPYIICHUIO PAa0OTHI CUCTEM W 3HAYUTEILHBIM (PHHAHCOBBIM ITOTEPSIM.

[lenpto maHHOM pabOTHI SBISETCS aHATU3 MEXaHU3MOB OE30MACHOCTH OMEPALMOHHBIX CHUCTEM
Windows u Linux, BbIsSBIIEHHE MX OCOOCHHOCTEM M pa3paboTKa MOAX0/Ja K CO3/IaHUI0 CHUCTEMBI
MOHHUTOPHHTA 06€30MaCHOCTH.

Teoperudeckne 0CHOBbI HH(POPMALMOHHOKH 0€30MACHOCTH

Nudopmanmonnas 6€30MacHOCTh TPENCTaBIsACT COO0OM COBOKYMHOCTh METOJOB, CPEACTB H
MIPOLIECCOB, HAMIPABJICHHBIX Ha 3alIUTy UH()OpPMAIIMK OT HECAHKIITMOHUPOBAHHOTO JOCTYIIa, U3MEHEHUS
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Wi yHUYTOXKeHUs. OCHOBHBIMH TNPUHIUNAMH HH(DOpPMANMOHHOW OE30MaCHOCTH  SIBISIOTCS
KOH(UICHIIMAIBHOCTD, IEJIOCTHOCTh M JOCTYIMHOCTh JAHHBIX. OTH TNPUHIUIBI PEATH3YIOTCS Ha
YPOBHE OIEPAIIMOHHON CHUCTEMBI MOCPEJACTBOM PA3IMYHBIX MEXAHU3MOB KOHTPOJIS W 3allUTHI.

OnepanyoHHass CHCTeMa BBITNIOJIHACT KJIIOYEBYIO POJIb B 0OCCIICUECHUH O€3011aCHOCTH, MOCKOJIbKY
OHa YIPaBJSIET JOCTYIIOM K pecypcaM, KOHTPOJIUPYET BBIOJHEHHE IPOILECCOB U O0ECTeunBaeT
B3aMMO/JICHCTBUE MKy MOJIb30BATCIIIMUA U MPOrpaMMaMu. B COBpEMEHHBIX CHCTEMAax UCIOJb3YIOTCS
MEXaHHM3Mbl ayTeHTU(UKAIMK, aBTOpU3ANNU, IMHU(PPOBAHUSA, a TAKKE CHCTEMBI >KYPHATUPOBAHUS
COOBITHH.

Oco0oe 3HaueHHWE WMEET pasTpaHWuEHUE TPaB JOCTyIa, KOTOPOE TIO3BOJISIET OTPAHUYUBATH
JCHCTBHS TOJIL30BATENICH M TPEJOTBpAIaTh BBIOJHEHUE BPEIOHOCHBIX omepanuii. Kpome Toro,
BOXHYIO POJb UIPacT U3OJSIHS TIPOIECCOB, IMO3BOJISIIONIAS MHHHUMH3UPOBATH  IMOCICICTBUS
BO3MOXKHBIX aTak.

AHaJIM3 yrpo3 U yA3BUMOCTEM

C pasBuTHEM TEXHOJOTHH Yrpo3bl WH(POPMAIMOHHON OE30MaCHOCTH CTAHOBATCS BcE Oolee
CIIO)KHBIMU M Pa3HOOOpa3HbIMH. OCHOBHBIMU yIrpo3aMu [JIsl ONEPALMOHHBIX CHUCTEM SIBISIOTCA
BPEJIOHOCHOE MPOrpaMMHOE OOecredeHrue, HECAaHKIIMOHUPOBAHHBIM JIOCTYN, aTakd 4Yepe3 CeThb M
AKCIUTyaTaus ys3BUMOCTEH MPOrpaMMHOT0 00ecTieueHUsl.

BpenonocHble TporpaMMbl MOTYT BBIIOJNHATH pPa3iIduHble (DYHKIMH, BKIOYAs KPaxy JaHHBIX,
ynaiéHHOe YIIpaBJIeHHE cHCTeMOil M HapymieHue e€ paboTel. OCOOEHHO OIMacCHBIMU SIBISIOTCS
TPOSIHCKHE IPOrpaMMbl U PYTKUTBI, KOTOPbIE CIIOCOOHBI CKpBIBATh CBOE IPHUCYTCTBUE B CUCTEME.

HecankunoHMpoBaHHBIA JOCTYNl MOKET OBITh MOMY4YeH B pPe3yJbTaTe HCIOJIb30BAHUSA CIIA0BIX
mapoJsici, OmMMUOOK KOHPHUTYpaIlK WIH ySI3BUMOCTEH B MPOrpaMMHOM oOecrnieueHnr. CeTeBbie aTakw,
TaKHe KaK aTaKu THIIA «4eJOBEK MOCepeInHe, MO3BOJISIIOT MepeXBaThIBaTh U U3MEHSATH NIEpeIaBacMbIe
JaHHbIE.

VYA3BUMOCTH MPOTPAMMHOI0 O0ECIIEYeHHS MPEACTABISAIOT CO00M OmMUOKH B KOJie, KOTOPhIE MOTYT
OBITh UCMOJB30BaHBl 3JIOYMBIIUJICHHUKAMU JJisi TIONyYeHUs: KOHTpOJIA Haj cucrteMoil. PerymsphHoe
O6HOBJI€HI/IC porpaMmMHOIO oOecrieyeHus: SIBISETCS OOHUM U3 KIIFOYCBBIX METOAOB 3alllUThI OT
MOIOOHBIX YTPO3.

Oco0eHHOCTH 0€30I1aACHOCTH ONlePANMOHHOI cucTeMbl Windows

OnepannonHas cucrema Windows peanu3yeT KOMIUIEKC BCTPOEHHBIX MEXaHHU3MOB 0€30M1aCHOCTH,
HaIlpaBJIEHHBIX Ha 3alIUTY IOJIb30BATEIbCKUX JAHHBIX U MPEAOTBPALIEHUE HECAHKIIMOHUPOBAHHOTO
nocrtyna. OIHMM M3 KIIOYEBBIX JJIEMEHTOB SBISIETCS CHCTEMa KOHTPOJs YYETHBIX 3amuceit
MOJIb30BaTeNeH, KOTOpas OrpaHUYMBAET BBIMIOJHEHUE OIEepalyii, TPeOYIOUMX aIMUHUCTPATUBHBIX
pas.

BaxxHyro ponb WrpaeT BCTPOEHHBIM aHTHBUPYCHBIH KOMIIOHEHT, OOECTIEYMBAIOLIUI 3alUTy OT
BpPEIOHOCHOTO TMporpaMmHoro obecrneueHus. bpanamaysp Windows KOHTpoJIupyeT ceTeBble
COEIMHEHMSI U MPENOTBpAIllaeT HECAaHKIMOHUPOBAHHBIM JOCTYI HM3BHE. TakKe cuUcTeMa pEryJisipHO
MoJIy4aeT OOHOBJIEHUS OE30MMACHOCTH, HAaIIPaBJIEHHbIE HA YCTpaHEHHE OOHAPYKEHHBIX YSA3BUMOCTEH.

JIOTIOIHUTENBHBIM ~ MEXaHHU3MOM  3alllUThl  SIBISAETCS TEXHOJOTHS IHU(pPOBaHUS JAHHBIX,
MO3BOJISIIONIAs 3AIIUTUTh HH(OPMAILIMIO OT HECAHKIIMOHUPOBAHHOTO JIOCTYIA B ciiyyae (hPU3M4ECKOro
J0CTyma K yCTpoicTBY. HecMoTpst Ha HalMuue JaHHBIX CPeACTB, 3PGEKTUBHOCTH 3alIUTHl BO MHOTOM
3aBUCHUT OT JIEUCTBUM MOJIB30BATENS U MPABUILHOCTH HACTPOMKHU CUCTEMBI.

OcoOenHocTH 0€30NMACHOCTH ONEPANMOHHOM cucTeMbl Linux

OnepannonHas cuctema Linux oTiMyYaeTcsi MHOM apXUTEKTypol Oe30MacHOCTH, OCHOBAHHOM Ha
CTPOTOM pa3rpaHUYEHUM IpaB JOCTyla W MCIOJIb30BAaHUM MPHHINMIIA MUHUMAJIbHBIX MPUBUIIETUH.
Kaxnplii monp3oBaTtenb M Hpolecc B cCHCTEME 00JajaeT omnpeAeiaEHHBIM HabOpoM IpaB, 4YTO
OTrpaHUYUBAET BO3MOKHOCTD BBITIOJHEHHS MOTEHI[UAIIBHO OMACHBIX JIEHCTBUH.
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Ocoboe 3HaYeHHWE HMEEeT HaJlU4ue CYNEeproiab30BaTeNs, O0JaJaloUIero IMOJHBIM JOCTYIIOM K
cucrteme. lMcnonb3oBaHue AaHHOM YYETHOM 3alMCH CTPOrO OTPAHMYMBAETCS, YTO CHHUXKAET PHUCK
KOMIIPOMETAIlMM CUCTeMBI. JlomosHuTensHble MexaHu3Mbl, Takue kak SELinux um AppArmor,
o0ecreurnBaOT PACIIMPEHHBI KOHTPOJb JOCTyHa U TO3BOJSIOT OrpaHUYMBATh JCUCTBUS Jaxe
IIPUBUJIETUPOBAHHBIX IPOLIECCOB.

OTKpBITHIM MCXOAHBIN KO Linux mo3BoiiseT crenuanucraM aHaJu3upoBaTh CUCTEMY Ha HalH4uue
yS3BUMOCTEH M ONEpPaTUBHO YCTPAHATh HX. OJTO CIOCOOCTBYET NOBBIIIEHUIO OOMIEr0 YpPOBHA
0€30MacCHOCTH CUCTEMBI.

IlapameTp cpaBHeHUs || Windows || Linux |
ITonysspHOCTB OueHb BbICOKas becrutatao
YpoBeHb aTak Bricokwuii Cpennuit
I'n6KkocTh HACTPOIKH Cpennsis Bricokas
OTKpBITHIN KOJT Her Ha
KonTpose noctyna Ectb bouiee crporuii
OOHoBIIEHUS ABTOMaTHYECKHE 3aBUCUT OT JUCTPUOYTHUBA
be3onacHocTh Bricokas (npu Hactpoiike) ||Boicokas

Tabmuma 1 — CpaBHEHHE ONEPAIIMOHHBIX CUCTEM

Kax BuaHO 13 Tadiuunel, Linux obnagaer 6oaee rTHOKMMU MEXaHU3MaMU 0€30I1aCHOCTH, OJIHAKO
TpeOyeT OOJIBIIETO YPOBHS MOArOTOBKH Mosib3oBaress. WINndows, B cBoto ouepesb, Ooiee yno0Ha, HO
Yale CTAaHOBUTCH 1IEIBbIO aTak.

Pa3paboTka cucTeMbl MOHUTOPHHIA 0€30MIACHOCTH ONEPAIMOHHOI CHCTeMBbI

B pamkax naHHO# paboThl Obula pa3paboTaHa MpocTas MporpaMMHas cUCTeMa MOHUTOPUHTIA
0€30IaCHOCTH ONEpAI[MOHHONW CHUCTEMBbI, pealin30BaHHas Ha s3bIKe NporpammupoBaHus Python c
UCIoJIb30BaHueM Tpaduueckoro uHTepdeiica Tkinter u cuctemusix Oubnmotek psutil m socket.
OCHOBHOM 1ENIBI0 Pa3pabOTKHU SIBJISETCS MOJydeHHe 0a30BOM MH(OPMAIUM O COCTOSHUHM CHUCTEMBI,
aHaTM3 AaKTUBHBIX IIPOIECCOB, CETEBBIX TOIKIIOUEHUH W (HOpPMUpOBaHHE OOIIEro YpOBHS
0€30MacHOCTH KOMITBIOTEPA.

PazpaboranHoe TPHUIIOKEHWE OTHOCHUTCS K KJAacCy TMPOCTBIX CPEICTB MOHUTOPHHTA H
IpeJHa3sHaueHo JAJs JIEMOHCTpAIMM MPUHIUIIOB pabOThl CHCTEM aHalu3a 0e30MacHOCTH Ha YPOBHE
ONEPAlMOHHON CHCTEMBI.

OO01as apxuTEKTYpa NpOrpamMmsl

IIporpaMMa cOCTOUT U3 TPEX OCHOBHBIX JOTMYECKMX MOAYJEH: aHalIM3a MPOLECCOB, aHAIN3A
CETEeBBIX COEAMHEHMH U OLIEHKH YPOBHSA 0O€30MacCHOCTH cUCTeMBbl. Takke OTAETbHO peali30BaH
rpaduueckuit HHTEepdenc monbp30BaTeis, KOTOPhIA 00ecIeYMBaeT B3aMMOICHCTBHE C CUCTEMOM.

I'maBHast joruka pabOTBl MOCTPOEHA CIEAYIOMIMM OOpa3oM: IpH 3allyCcKe MOJb30BaTENlb
Ha)XUMaeT KHONKY «CKaHUpOBaTh CHCTEMY», TMOCIE Yero mporpamMMa coOupaer JaHHbIE O TEKYIIEM
COCTOSIHMM KOMITbIOTEpa, 00pabaThiBaeT UX U BBIBOJIUT PE3yJIbTaT B yA00OHOM BUJIE.
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AHAJIN3 MPOIECCOB CHCTEMbI

OaHNM U3 KIIOYEBBIX KOMIIOHEHTOB MpPOTpamMMbl fBIAETCS (DYyHKIMS aHalu3a IMPOILECCOB
analyze processes(). OHa ucmob3yeT OMOIMOTEKY psutil, KOTOpasi MO3BOJSAET MOTYYaTh HHPOPMAITHIO
000 BceX 3aIyIeHHBIX IPOIECCaX ONEePAllMOHHON CUCTEMBI.

B mporecce paboTel mporpamma mnepeOuMpacT BCE AaKTHBHBIC IPOIECCHl W IMOIy4aeT HX
uAeHTUPUKATOP, UMS U 3arpy3ky mpoueccopa. OCHOBHOM 3ajayeil JAaHHOTO MOZYJS SBIISETCS
BEISIBJICHHE MTOTCHIIMAIBLHO MOT03PUTEILHBIX TIPOIECCOB.

B kadectBe mpoCTOro KpuTepus MOJO3PUTEIBHOCTH UCIOIB3YETCSl OTCYTCTBHE HMMEHHU
nporecca Uik ero HEKOPPEeKTHOE 3HaYeHHe. Takue Mporecchl J00aBIIsAI0TCS B CIUCOK MOTEHIIMATIBHO
OIIACHBIX.

Taxoke mporpamma aHajau3upyeT Harpys3Ky mnpoueccopa. Ecnu npouecc ucnonsdyer 6omnee 50%
CPU, oH cuMTaercss pecypCoéMKHM | J00aBIsSeTCS B OTACIBHBIH CIHCOK. OTO IO3BOJISET
MOJIB30BATEI0 OOPaTUTh BHUMAHHUE HA MPOIECCHI, KOTOPBIE MOTYT BIHUSATh HA MPOU3BOAUTEIHLHOCTD
WM BECTU CKPBITYIO aKTUBHOCTb.

AHaJIN3 ceTeBBIX COCANHECHUN

Crnenyronuii  MOAyJdb OTBEUAET 3a aHAIU3 CETeBOM AaKTUBHOCTH CHUCTeMbl. Jlist 3Toro
ucnoneszyercs ¢yHkuus analyze network(), koTopas mojgy4yaeT CIHCOK BCEX CETEBBIX COCAMHEHUH C
nomoIipio psutil.net connections().

[Iporpamma ananusupyer coequHeHus B coctostHuu LISTEN, To ecTh Te, KOTOpbIE 0KHIAIOT
BXOJSIIKE MOJIKIIOYEHHs. I3 HUX HM3BIEKAIOTCS OTKPBITHIE MOPTHI, KOTOPBIE 3aTEM COXPAHSIOTCS B
CIIUCOK.

OTKpBITHIC IOPTHI UTPAIOT BAXKHYIO POJIb B 0€30MACHOCTH CUCTEMBI, TAaK KaK UMEHHO Yepe3 HUX
MOTYT OCYIIECTBJIATHCS BHEUIHHE MOAKIIOUeHUs. Yem OoInblIe OTKPHITBIX IMOPTOB, TEM BHIIIE
MMOTEHUMAIbHBIM PUCK ATaKH.

Ouenka ypoBHs 0€30IACHOCTH

[Tocne nomyyeHus: JaHHBIX O MPOLIECCAX U CETEBOM aKTUBHOCTH BBINOJIHAETCS OLIEHKAa YPOBHS
0€30IacCHOCTH CUCTEMBI € MOMOoIIbI0 PyHKIMU evaluate security().

OneHka mpou3BOIUTCS MO MPpocToi OamuibHOM cucteMe. Eciin B cucteme oOHapy» eHo 0oJbIIoe
KOJINYECTBO TOAO3PUTEIBHBIX MPOIECCOB, MPOLECCOB ¢ BbicOKOM Harpy3koit CPU wumm Oosblioe
KOJIMYECTBO OTKPBITHIX OPTOB, 00U YPOBEHb 0€30aCHOCTH CHHUKAETCSI.

B pesynbrare cucrteMa BbIAAET OOUH U3 TPEX YPOBHEM:

- BBICOKUI YPOBEHb 0€30I1aCHOCTH
- CpeIHUM ypOBEHb O€30M1aCHOCTH
- HU3KUH YpOBEHb 0€30I1aCHOCTHU

Takolf moxxo/ MO3BOJIAET MOJB30BATEN0 OBICTPO OLEHUTH TEKYyIee COCTOSIHHE CUCTEMbI 0e3

rI1yOOKOro aHajln3a TEXHUYECKUX JIaHHBIX.

I'paduyecknit naTepdeic noab3oBarens

WuTepdeiic mporpaMMbl peaqn3oBaH ¢ UCHoib3oBaHueM Oubnnoreku Tkinter. OCHOBHOE OKHO
uMeeT (DPUKCHPOBAaHHBIK pa3Mep M COAEPKUT KHOIKY 3allycKa CKaHMPOBAaHHUS CHCTEMBI, a TaKkKe
o0JacTu A1 0TOOpaXeHUs Pe3yIbTaTOB aHAIIN3A.

Ilocne wHaxatust KHONKM «CKaHUPOBaTh CHUCTEMY» 3allyCKaeTcs OCHOBHas (yHKIHS
scan_system(), KOTopasi BBI3BIBACT BCE MOAYJIM aHAJIN3a M OOHOBIISET TaHHBIE B HHTep(derice.

PesynbraThl BBIBOJSTCS B JIBYX TEKCTOBBIX TIOJAX: OJHO OTBEYaeT 3a OTOOpakeHHe
nHpOpPMAIIMK O TpoIleccax, BTOPOE - 33 CETEBbIe MOPTHL. Takke OTAETHHO OTOOpa)KaeTcsi YPOBEHB
0€30MaCHOCTH CUCTEMBI B BUJIE TEKCTOBOM METKH.
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[ Monutop BesonacHoctu OC - O

CKaHWMpoBaTE CHCTEMY

YpoBeHb BesonacHocTH: -

Pucynok 1 — I'maBHOE OKHO mporpamMmbl

[MogoSpMTENbHES OpPOLSCCH:
PID 88 (Unknown)

Bucorans Harpyswka CPU:

System Idle Process (CPU: 1021.0%)
cs2.exe (CPU: S3.3%)

pyvthonw.exe (CPU: &7.59%)

Pucynok 2 — Pe3ynprar aHanusa npoueccos

OTEpPHTHE NOOPTH:
49664
49665
49666
T&E0
49667
49668
a0z
135
4974
139
912
27036
5040
27060
47548
445
6463
59gl0
50143
50144
50405

PucyHok 3 — AHanu3 ceTeBbIX IOPTOB
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# Monurop GesonacrocTn OC - O X

{CKaHWpOBaTE CUCTEMY:

YpoBeHb 6e3onacKocTu: CpegHuii

Pucynoxk 4 — O0umit ypoBeHb 0€3011aCHOCTH

# Monurop Gesonacroctn OC - [m| X

YpoBeHb 6esonacHocTu: CpegHuii

MogosSpUMTEAbHEE OpOLECCH: OTHDHTHE NOPTH:
PID 83 (Unknown) 459664
49865
Bucoxana Harpyswka CPU: 459666
System Idle Process (CPU: 1043.2%) TE80
csZ.exe (CPU: 2Z.2%) 49867
pythonw.exe (CPU: 54.0%) 49668
a0z
135
49674
138
a1z
27036
5040
270680
47546
445
6463
S9el0
50143
50144
50405

Pucynok 5 — O6mmii ananus

AHau3 3P PEeKTHBHOCTH NMPEAT0KEHHOT0 pelIeHUs

Pa3zpaGoTanHas cucreMa MOHUTOPHHIA MO3BOJISIET OCYLIECTBIATh 0A30BBIA aHAIN3 COCTOSIHUS
OTIEPAI[MOHHOM CHUCTEMBI U BBISBIATH MOTEHIUATIbHBIE YTPO3bl. OCHOBHBIM MPEUMYIIECTBOM SIBJISETCS
IIPOCTOTA UCIOIB30BAHUS M HATJISAHOCTD MPE/CTAaBICHUs HHPOPMALIUH.

B xoxe ananm3a yCTaHOBJIEHO, 4YTO JaXK€ MCIIOIb30BAHUE IPOCTBIX METOIOB IO3BOJISET
BBISIBJISATh OTKJIOHEHHsI B pabOTE CUCTEMBbI, TaKMe KaK IMOBBIIIEHHAs 3arpy3Ka pecypcoB WM HAJIUYUe
MOJIO3PUTENIBHBIX MPOLECCOB. DTO JIENAET CUCTEMY IOJIE3HOW A y4eOHBIX LeJIed M HadalbHOIO
YPOBH: 00ecrieueHus: 0€30MacHOCTH.

OpHako cineayeT y4uThIBaTh, YTO INMPEAJIOKEHHOE PEIIEHHE HE OXBAaThIBAE€T BCE BO3MOXKHbBIE
BUJIBI YTPO3 U HE MOKET 3aMEHUTh MPOo(ecCHOHANbHbIE CPEJICTBA 3alUThl. TeM He MeHee, OHO MOXKET
CIIy>KMTh OCHOBOM JJIs1 AaJIbHEHIIIEro pa3BUTUS U YCIOKHEHHUS QYHKIIMOHATIBHOCTH.

HpenMymeCTBa % HepCHeKTPleI pa3Bl/ITI/lﬂ

Pa3paboranHass cucreMa MOHHTOPHHTa O€30MAaCHOCTH ONEPAIMOHHON CHCTEMbI 00lajaer
PAIOM MPAKTUYECKUX MPEUMYIIECTB, KOTOPbIE ONPELISIIOT €€ MPUMEHUMOCTh B yUeOHBIX U 0a30BbIX
MpUKIAMHBIX 3amadax. [Ipexxme Bcero clieqyer OTMETUTh NPOCTOTY apXUTEKTYphl M JIOTUKH
(GyHKIMOHUPOBaHUS MporpamMmbl. Mcronp3yemble aaropuTMbl He TPeOYIOT CI0KHOM KOH(PUTYypaluu u
MO3BOJISIFOT MOTYYaTh Pe3yJIbTaThl aHATN3a B aBTOMATUYECKOM peXUMe 0€3 He0OXOIMMOCTH TITyOOKHX
3HAHWUH B 001aCTH CUCTEMHOI 0€30MacCHOCTH.

3HaUMMBIM ~ TPEUMYIIECTBOM  SIBISIETCS  yI0OCTBO  MOJIB30BATENBCKOTO  HMHTepdeiica.
WNudopmanus npeacTaBisieTcss B CTPYKTYPUPOBAHHOM W HATJISITHOM BHJIE, 9TO oOJerdaer mporecc eé
BOCTIpUATUS U wuHTepnperanuu. [lonp3oBarens mMoOdy4yaeT JOCTyN K JaHHBIM O 3alyIIEHHBIX
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mporeccax, CeTeBOM aKTUBHOCTH M OOIIEM YpOBHE O€30MacHOCTH CHUCTEMBI B MOHSATHOM (opme, YTO
CHIDKAET MOPOT BXOJ1a JIJISl HCIIOITb30BAHUS TTOJOOHBIX HHCTPYMEHTOB.

OTnenbHO CleAyeT BBIACIUTh HU3KYIO HArpy3Ky Ha CHCTeMHbIE pecypcbl. IIporpamma
peann3oBaHa C KCIOJIB30BAaHHEM CTaHIApTHBIX OuOimorek Python um He TpeOyeT 3HAYMTEIBHBIX
BBIYUCIIUTENIFHBIX MOIHOCTEH, YTO TMO3BOJIAET MPHUMEHATh €€ Ha HIMPOKOM CIIEKTPE YCTpPOWCTB,
BKJTIOYAst KOMIIBIOTEPBI C OTPAaHHYCHHBIMH PECYPCaMH.

ApPXUTEKTypa MPHIOKEHHS TTOCTPOCHA MO0 MOAYJIBHOMY MPUHIMITY, OJaroiaps 4eMy KakIbIid
(GYHKIIMOHATBHBIA OJIOK BBIOJHSIET CTPOTO ONPEACIEHHYIO 3amady. TakoW TOAXOXI YIpPOIIaeT
CONPOBOKACHHWE MPOTPAMMHOTO KoJa M CO34aéT YCIOBHS Ul JajdbHEUIIEr0 paclIMpeHUus
(YHKIIMOHATLHOCTH 06€3 HE0OX0IMMOCTH MOJTHON MepepabOTKH CUCTEMBI.

HecmoTpss Ha yka3zaHHBIE TPEUMYIIECTBA, TEKYIEe pEIICHHE HMEET OIpeaciéHHbIe
orpanuveHusi. Mcmonb3yemple METOJbl aHAIM3a OCHOBAHBI HAa MPOCTHIX SBPHCTUKAX U IMO3BOJSIOT
BBINOJIHATE JIMIIb 0a30BYI0 OLIEHKY COCTOSIHMS CHCTEMBL. B pe3ynbraTe OTCYTCTBYET BO3MOKHOCTH
BBISIBIICHUSI CJIOKHBIX, CKPBITBIX WJIM MHOTOATAIHBIX aTaK, XapaKTEePHBIX Ui COBPEMEHHBIX
KuOepyrpos.

JlanpHelilee  pa3BUTHE  CHCTEMbl  MOXET  OBITh ~ HANpaBlIEHO HA  IOBBIIICHUE
MHTEIUIEKTyaIbHOCTH aHanm3a. OTHUM W3 TEPCIEeKTUBHBIX HANpaBJICHUI SBISAETCS BHEIPEHUE
METOIOB MAIIMHHOTO OOYYEHHSsI, MO3BOJISIONIMX BBISBISTh aHOMAJIBHOE IOBEJCHHE MPOIIECCOB Ha
OCHOBE HAKOIUICHHOH CTaTHCTUKU U MA0JIOHOB aKTUBHOCTH.

JIONOHHUTENIBHOE PAa3BUTHE BO3MOXKHO 3a CYET paCHIMPEHUs Habopa aHAIU3UPYEMbIX
MapaMeTpoB CUCTEMBI. B 9acTHOCTH, MOXET OBITh pealin30BaH KOHTPOJb (ailyloBOH aKTHBHOCTH,
MOHUTOPUHI H3MCHEHHH B KPUTHYECKH BAXKHBIX CHUCTEMHBIX IHPEKTOPHSAX, a TaKKE aHaIu3
aBTO3arpy3Kd MPHIOKEHHUH, YTO IMO3BOJIUT C(HOPMHUPOBATH OoJiee MOJHYI0 KapTUHY COCTOSHUS
0€30MMacHOCTH.

OTnenbHOTO BHUMAHHS 3aCiTy’)KUBAaeT PAa3BUTHE CHUCTEMbI YBEIOMIICHUH, O00OCCIICUHBAOIICH
MH(GOPMHUPOBAHNE TIOJH30BATENS O MOJO3PUTEIFHBIX COOBITHIX B PEKHUME PEaJbHOr0 BPEMEHHU. DTO
MOJKET BKJIFOYATh KaK JIOKAJIbHBIC YBEIOMIICHHS, TaK U HHTECTPAIIUIO C BHEITHHUMHU CEPBHCAMU OOMEHa
COOOMICHUSIMU TSI TOBBIIICHUS ONIEPATUBHOCTH PearupOBaHUS.

[lepcneKTUBHBIM HaNpaBICHUEM TaKKe SIBISETCS MEepexo] K paclpeleléHHOW MM CEeTEeBOM
apXHUTEKType, MPH KOTOPOW MOHUTOPHHI MOXKET OCYIIECTBISITHCS OJHOBPEMEHHO Ha HECKOJIBKHX
ycrpoiicTBax. Takoi mOIX0J OCOOEHHO aKTyaleH [Uisi KOPHOpPAaTHUBHBIX HH(PPACTPYKTYp, TIe
TpeOyeTcs eHTPATH30BaHHBIA KOHTPOJIb COCTOSTHUSI MHOXKECTBA CHCTEM.

3ak/royeHue

B xome BeimonHeHus JaHHOW paboThl ObUTa paccMOTpeHa TmpoOieMa oOecredeHus
0€30MaCHOCTH OTEPAIMOHHBIX CHCTEM, a TakKKe OCOOCHHOCTH (YHKIIMOHUPOBAHUS M 3alUTHI
Haubosee pacnpocTpaH€HHBIX cucteM - Windows u Linux. IlpoBenéHnbplii aHanu3 mokaszan, 4To
OTepallMOHHAas CUCTEMa SIBIISETCA KIIOYEBBIM JJIEMEHTOM B OO0ECHedYeHHH WH(POPMAIMOHHOMN
0€30MacHOCTH, MOCKOJIbKY MMEHHO OHa OCYILIECTBIISECT YIpPaBIEHUE BCEMHU MPOIECCAMH, CETEBBHIMHU
COCIMHEHHSIMU U JIOCTYIIOM K pecypcam KOMIbIOTepa.

Oco0oe BHHMMaHuE B paboTe ObUIO YIENeHO W3YYEHHIO BCTPOCHHBIX MEXAaHHU3MOB 3alllUTHI,
ucnonszyeMbix B Windows u Linux. beimo ycranosineno, yto Windows peanu3yeT 3amuTry 4epe3
TaKu€ KOMIIOHEHTBI, KaK KOHTPOJIb YYETHBIX 3alUCedl MOJIb30BaTENe, BCTPOCHHBIM aHTUBUPYC,
OpaHmMay»p U cucteMy oOHOBiIeHHH. B cBoro odepens, Linux ucmons3yer Oojee CTpOryro MOACIHb
pasrpaHUYeHHs] TpaB JOCTyMa, a TaKXKe JOMOJHUTEIbHbIE MEXaHW3Mbl OE30MACHOCTH, TaKHe Kak
SELinux u AppArmor, 4To enaeT cucteMy 0ojiee ThOKOil ¢ TOUKH 3pEeHUsT HACTPOMKH 3aIHTHI.

Takxe B pamkax paboOThl OBUIM PAacCMOTPEHBI OCHOBHBIE YIPO3bI, XapakTEpHBIE s
OTIEPAIIMOHHBIX CHCTEM, BKJIFOYAsl BPEIOHOCHOE MPOTpaMMHOE o0ecIieueHrne, HECaHKIIMOHUPOBAHHBIHN
JOCTYTI, CETEBBIC aTaKh M AKCIUTyaTaIHI0 Ys3BUMOCTEH. BBIJI0 OTMEYEeHO, YTO ypOoBEHb 0€30MacHOCTH
CHUCTEMBI HAIPSIMYIO 3aBHCHUT HE TOJHKO OT BCTPOSHHBIX MEXaHWU3MOB 3aIllUTHI, HO U OT TPAaMOTHOM
HACTPOMKH, a TAKXKE ACHUCTBUM NOJIb30BATEIS.
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[IpakTuyeckas dYacTh pabOTHl 3aKiIOyaliach B pa3padOTKE MPOrPaMMHOIO CpEACTBA JUIA
MOHHUTOPHHIA COCTOSHUSI O€30MacCHOCTH OMNEpalrOHHOW cucTeMmbl. Pa3zpaboTaHHOE MpHIIOKEHHE
[IO3BOJISIET ~ OCYLIECTBIATH  AHAIW3  3AlYyLIEHHBIX  IPOLIECCOB,  BBIABIATH  IOTEHIMAIBHO
MIO/I03PUTEIIbHBIE 3JIEMEHTHI, KOHTPOJIUPOBATh YPOBEHb 3arpy3KU MPOIEccopa, a TaKKe OTCIEKUBATDH
OTKPBITBIE CETEBbIE OPTHI.

Ha ocHoBe mnomyueHHBIX HaHHBIX (QopMHUpYyeTCs OOUMil ypoBeHb 0€30IMaCHOCTH CHUCTEMBI,
KOTOPBIH MO3BOJISET M10JI30BATENI0 OBICTPO OLIEHUTh TEKYILIEE COCTOsIHUE KoMmIbloTepa. HecMoTps Ha
MIPOCTOTY PeaIM30BaHHBIX aJIrOPUTMOB, CUCTEMA AEMOHCTpUpPYET d(Hh(PEeKTUBHOCTH B paMKax 0a30BOTr0
MOHHUTOPHUHTA U MOKET OBITh MCIIOJIb30BaHA B yUEOHBIX IIETX.

Takum 06pazom, MOKHO c/IeTIaTh BBIBOJI, YTO Lieidb PabOTHI ObljIa JOCTUTHYTA, a IOCTABJICHHBIE
3aJ1auM BBINOJIHEHBI. Pa3paboTaHHOE MPOrpaMMHOE CPEACTBO MOATBEPHKIAET BO3MOKHOCTb CO3JIaHUS
MPOCTBIX, HO (PYHKIMOHAIBHBIX CHUCTEM MOHUTOpPUHTA O€30MacHOCTH, KOTOpPbIE MOTYT CIIY>KUTb
OCHOBOM 117151 00JIee CII0KHBIX PEHICHUH B 00JaCTH HHPOPMALIMOHHOM O€30MaCHOCTH.
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ABSTRACT

The accelerating digitalization of higher education (HE) necessitates a fundamental
reconceptualization of institutional systems supporting academic staff professional development
(PD). Traditional models of faculty training have proved insufficient in addressing the multi-
dimensional competency demands imposed by digital transformation. This article investigates the
theoretical foundations, structural components, and implementation mechanisms of institutional
frameworks designed to promote academic staff PD in digitized HE environments. Drawing on a
systematic literature review, multi-case analysis across five leading international universities, and
empirical data from UNESCO, OECD, and national higher education surveys (2018-2024), the
study identifies six core institutional pillars: strategic governance, structural support, competency
frameworks, recognition systems, quality assurance, and communities of practice. The research
reveals critical implementation barriers including fragmented policy environments, cultural
resistance, workload constraints, and inadequate assessment of PD impact. The article proposes an
Integrated Digital Professional Development Institutional Model (IDPDIM) and provides a tiered
competency framework aligned with DigComp-Edu standards. Findings have direct implications
for HE policymakers, institutional leaders, and academic developers worldwide.

Keywords: academic staff professional development; digital transformation; higher education
institutions; institutional systems; digital competency framework; faculty training; learning
management systems; educational technology

1. Introduction and Relevance of the Research

The contemporary higher education landscape is undergoing an unprecedented transformation
driven by the fourth industrial revolution, artificial intelligence, and the post-pandemic acceleration of
digital pedagogies. Academic staff stand at the epicentre of this transformation: they are
simultaneously expected to master evolving digital tools, redesign pedagogical approaches, engage
with data analytics, and maintain research excellence. Yet institutional responses to these demands
remain fragmented, reactive, and insufficiently theorised.

The relevance of constructing robust institutional systems for academic professional
development (APD) in digitized HE has never been more acute. According to the OECD Education at
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a Glance (2023), only 38% of higher education institutions in member states have adopted a
comprehensive, institution-wide strategy for faculty digital upskilling. UNESCO's 2022 report on
higher education transformation identifies "insufficient institutional infrastructure for faculty PD" as
one of the top five barriers to sustainable digital transformation in universities globally.

Beyond statistical urgency, the conceptual stakes are equally high. The shift from episodic,
workshop-based training to systematic, technology-enhanced, and institutionally embedded PD
represents a paradigmatic transition in how universities conceptualise the professional growth of their
most critical asset — academic staff. This transition demands new theoretical frameworks, new
governance architectures, and new empirical evidence.

Kazakhstan and Central Asian HE systems present a particularly instructive context: rapid
digitalization mandates from national development programmes (e.g., Kazakhstan's Digital Kazakhstan
Strategy 2022-2026) intersect with legacy Soviet institutional structures, creating both unique
challenges and innovative adaptation opportunities that carry wider lessons for emerging economies.

This article addresses four core research questions: (1) What theoretical frameworks best
explain the institutional conditions for effective academic PD in digitized HE? (2) What are the
essential structural components of a digitally adaptive institutional PD system? (3) What barriers
hinder the construction and operationalization of such systems? (4) What practical models demonstrate
proven effectiveness across diverse institutional contexts?

2. Theoretical Framework and Conceptual Foundations

2.1 Institutional Theory and Higher Education

The institutional theory of Meyer and Rowan (1977), later developed by DiMaggio and Powell
(1983) in their analysis of isomorphism, provides the foundational lens for understanding how HE
institutions adopt and legitimate practices of academic PD. Three isomorphic pressures — coercive
(regulatory mandates), mimetic (benchmarking against prestigious universities), and normative
(professional norms disseminated through accreditation) — shape the adoption trajectories of PD
systems.

Scott's (2008) three pillars of institutions — regulative, normative, and cultural-cognitive —
further illuminate why certain PD frameworks achieve durability and acceptance while others remain
superficial. Effective institutional PD systems must address all three pillars: they require regulatory
backing (policy and resource allocation), normative legitimacy (alignment with academic professional
identity), and cultural embeddedness (becoming "the way things are done here™).

2.2 Transformative Learning Theory

Mezirow's (1991) transformative learning theory offers a powerful individual-level counterpart
to institutional theory. Faculty professional development is not merely a process of skill acquisition but
one of perspective transformation — a fundamental shift in frames of reference regarding teaching,
technology, and academic roles. For institutional PD systems to be effective, they must create
disorienting dilemmas that challenge existing assumptions and provide structured reflection
opportunities that enable frame transformation.

In the digital context, Selwyn's (2011) critical approach to educational technology situates
transformative learning within power dynamics: faculty are not passive recipients of digital tools but

169



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

active agents who negotiate, resist, and adapt technological imperatives. Institutional PD systems must
therefore foster critical digital literacy — the capacity to evaluate, not merely adopt, technologies.

2.3 Communities of Practice and Distributed Expertise

Wenger's (1998) communities of practice (CoP) framework has become increasingly influential
in HE PD design. Rather than centralised expert-led training, CoPs position knowledge as socially
distributed and practice-generated. In digitized HE, CoPs take hybrid forms: virtual learning
communities, interdisciplinary working groups, and cross-institutional collaborative networks
complement face-to-face collegial exchange.

Distributed leadership theory (Spillane, 2006) reinforces the CoP model at the institutional
level: digital transformation of academic practice cannot be led by a single centre of professional
development but requires distributed champions, peer facilitators, and departmental advocates
embedded across the institution.

2.4 The SAMR Model and Technological Integration

Puentedura's (2006) Substitution, Augmentation, Modification, and Redefinition (SAMR)
model provides a widely applied taxonomy of technological integration in pedagogy. At the
substitution level, digital tools merely replicate analogue functions; redefinition represents the
transformative summit where technology enables fundamentally new learning experiences.
Institutional PD systems must be architected to move faculty progressively from substitution to
redefinition rather than confining them to surface-level digital adoption.

Figure 1 schematically represents the theoretical synthesis underlying the proposed
institutional framework, integrating institutional theory, transformative learning, CoP, and SAMR into
a unified conceptual architecture.

Figure 1. Theoretical Architecture of Institutional APD Systems in Digitized HE

MACRO LEVEL.: Institutional Theory (Meyer & Rowan; Scott)

— Coercive pressures — National digital education policy

— Mimetic pressures — International benchmarking (QS, THE rankings)

L— Normative pressures — Accreditation standards (AACSB, EQUIS, QAA)

MESO LEVEL: Communities of Practice (Wenger) + Distributed Leadership (Spillane)

— Formal: Teaching & Learning Centres; Faculty Academies

— Semi-formal: Departmental PD champions; Learning circles

L— Informal: Peer networks; Digital communities of practice

MICRO LEVEL.: Transformative Learning (Mezirow) + SAMR (Puentedura)

— Stage 1: Awareness & motivation (disorienting dilemma)

|— Stage 2: Exploration (S-A levels of SAMR)

— Stage 3: Integration (M-R levels of SAMR)
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L Stage 4: Advocacy & leadership (expert practitioner)

Figure 1. Multi-level theoretical architecture for institutional APD system construction

3. Methodology

This research employs a mixed-methods design integrating systematic literature review,
comparative case study analysis, and descriptive-analytical review of international policy documents.

3.1 Systematic Literature Review

A systematic review was conducted following PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. Databases searched include Web of Science,
Scopus, ERIC, and Google Scholar for the period 2014-2024. Search terms included: "faculty
professional development AND digital”; "academic staff training AND higher education AND
institutional”; "digitalization AND university AND competency framework™; "LMS AND faculty
development™; "digital transformation AND HE leadership"”. Initial yield: 847 sources. After
deduplication, title/abstract screening, and full-text eligibility assessment, 112 peer-reviewed articles,
18 institutional reports, and 11 national/international policy documents were included.

3.2 Case Study Selection

Five HEIs were selected using theoretical purposive sampling to maximise variation across: (a)
geographic and cultural context, (b) institutional prestige and resources, (c) stage of digital maturity,
and (d) type of PD model adopted. Selected institutions: MIT (USA), TU Delft (Netherlands), National
University of Singapore (NUS), Nazarbayev University (Kazakhstan), and the University of Edinburgh
(UK). Data sources include institutional strategy documents, annual reports (2019-2024), faculty
surveys cited in published research, and interviews reported in institutional publications.

3.3 Analytical Framework

Qualitative data were analysed thematically using Braun and Clarke's (2006) reflexive thematic
analysis. Comparative cross-case analysis followed Miles, Huberman, and Saldana's (2014) framework
for within-case and cross-case pattern synthesis. Quantitative policy data from OECD (2023),
UNESCO (2022, 2023), and national HE statistics were used for descriptive contextualisation.

3.4 Limitations

The study is limited by: (a) availability of comparative institutional data across different
national systems; (b) the rapid pace of technological change, which may render some findings time-
bound; (c) the inherent limitations of secondary case analysis. These limitations are mitigated through
methodological triangulation and transparent documentation of evidence sources.

4. Problem Analysis: Barriers to Institutional APD System Construction

Despite widespread acknowledgement of the need for systematic academic PD in digitized HE,
significant barriers prevent the construction and effective operation of such systems. These barriers
operate at multiple levels and are deeply interrelated.
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Table 1. Barriers to Institutional APD System Construction and Recommended Solutions

OECD (2022): 61%

Structural Fragmgnted - HElIs lack unified PD
institutional policies
strategy
Resistance to Kirkpatrick &
Cultural change; academic Kirkpatrick (2016):
conservatism motivation gap
LMS UNESCO (2023): 47%
. fragmentation;
Technical . report platform
cybersecurity . S
incompatibility
concerns
Workload; time Trower (2012): faculty
Temporal poverty for PD . ;
S time constraints
participation
: Lack of PD impact Guskey (2000): .
Evaluative absence of learning
measurement .
analytics

Integrated Digital
Education Policy
framework

Change management;
champions network

Interoperable EdTech
architecture; IT
governance

Micro-credentialing;
asynchronous
modalities

Data-driven
dashboards; Kirkpatrick
Level 3-4

Source: Compiled by the author based on Guskey (2000), Kirkpatrick & Kirkpatrick (2016), OECD
(2022), UNESCO (2023)

Four overarching problem domains merit detailed discussion:

4.1 The Policy Fragmentation Problem

A fundamental structural problem in most HE institutions is the absence of a coherent, cross-
institutional PD policy that specifically addresses digital dimensions of academic work. Professional
development responsibilities are frequently distributed across human resources departments, teaching
and learning centres, information technology units, and faculties, without coordinating governance
mechanisms. This produces duplicated provision, gaps in coverage, and faculty confusion about
mandated versus optional PD pathways.

The OECD (2022) data cited in Table 1 are particularly concerning: 61% of surveyed HEIs
lack a unified PD strategy, meaning that digital upskilling initiatives are ad hoc, dependent on
individual institutional champions, and vulnerable to leadership changes. When a digital PD champion
leaves an institution, the entire programme often collapses — a clear sign of insufficient
institutionalisation.

4.2 The Cultural-Resistance Problem

Academic culture presents specific resistance patterns to institutionally directed PD that are
absent in most other professional sectors. Academic identity is built on disciplinary expertise,
autonomous scholarly judgment, and peer recognition — all of which can generate resistance to
externally imposed "training" that implies skill deficit. The symbolic dimension is critical: PD that is

172



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

perceived as managerial surveillance or deficit remediation will be resisted, while PD framed as
scholarly development and intellectual enhancement will attract engagement.

Trowler and Cooper's (2002) analysis of academic tribes and territories remains instructive:
disciplinary communities have distinct norms about what constitutes valuable professional activity,
and PD systems that ignore disciplinary specificity in favour of generic digital skills training
consistently underperform.

4.3 The Evaluation Deficit

Perhaps the most theoretically underdeveloped area of institutional APD is impact evaluation.
Most current systems rely on Kirkpatrick Level 1 (satisfaction surveys) at best, with virtually no
systematic measurement at Level 3 (behaviour change in teaching) or Level 4 (student learning
outcomes). This evaluation deficit has two compounding consequences: it prevents evidence-based
improvement of PD programmes, and it removes the institutional business case data needed to justify
continued resource investment.

Guskey's (2000) model of PD evaluation, which adds institutional support as a fifth evaluation
level between Levels 3 and 4, offers a more contextually appropriate framework for HE institutions
than the Kirkpatrick model alone. Deploying learning analytics platforms that connect faculty PD
participation with measurable changes in course design, student engagement, and learning
performance represents the next frontier in institutional PD evaluation.

5. Literature Review: State of the Field

5.1 Evolution of Academic Professional Development Frameworks

The scholarship of academic PD has evolved through three broad phases (Steinert et al., 2016):
(1) the skills deficit phase (1970s-1990s), dominated by workshop-based transmission of pedagogical
techniques; (2) the reflective practice phase (1990s-2010s), influenced by Schon's (1983) reflective
practitioner model and Boyer's (1990) scholarship of teaching; and (3) the digital-ecological phase
(2010s—present), characterised by complex systems thinking, networked learning, and data-driven
personalisation.

The COVID-19 pandemic functioned as a massive forced experiment in digital academic
practice, compressing a decade's worth of potential digital adoption into 18 months (Hodges et al.,
2020). The post-pandemic literature reveals that while emergency remote teaching exposed significant
gaps in faculty digital readiness, it also accelerated institutional awareness of the need for systematic,
rather than crisis-driven, APD infrastructure.

5.2 International Policy Landscape

At the European level, the European Commission's DigComp-Edu (Redecker, 2017)
framework has become the dominant reference standard, providing a six-level competency progression
across five areas: professional engagement, digital resources, teaching and learning, assessment,
empowering learners, and facilitating learners' digital competence. Its adoption by national HE quality
agencies in Estonia, Finland, Spain, and Ireland signals a normative isomorphic pressure toward
framework standardisation.

The UNESCO (2022) Recommendation on Open Educational Resources and the 2023 report
"Harnessing Artificial Intelligence for Education™ represent emerging normative frameworks that
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extend digital competency requirements beyond technical literacy into areas of Al governance, digital
rights, and open science. Academic staff who are not equipped to engage critically with Al tools will
increasingly struggle to maintain pedagogical currency and research relevance.

5.3 Technology-Enhanced PD Platforms

The landscape of technology platforms supporting APD has diversified substantially. Learning
Management Systems (LMS) such as Moodle, Canvas, and Blackboard Ultra now offer faculty-
specific PD modules integrated with institutional course delivery systems. Micro-credentialing
platforms, including Credly, Badgr, and institutional badge systems, have enabled granular recognition
of discrete competency achievements. Al-driven personalised learning platforms — including
Coursera for Campus, LinkedIn Learning institutional accounts, and bespoke institutional platforms —
increasingly offer adaptive PD pathways that respond to individual competency profiles and learning
analytics data.

However, Czerniewicz et al. (2020) note a persistent "PD platform paradox™: institutions invest
heavily in sophisticated technology platforms for faculty PD while simultaneously neglecting the
human infrastructure — facilitators, coaches, peer networks — that makes such platforms
pedagogically effective. Technology platforms for PD are necessary but not sufficient conditions for
institutional transformation.

6. The Proposed Institutional Framework: IDPDIM

Drawing on the systematic literature review, theoretical framework analysis, and case study
evidence, this article proposes the Integrated Digital Professional Development Institutional Model
(IDPDIM). The model comprises six interdependent pillars, presented in Table 2.

Table 2. Components of the Integrated Digital Professional Development Institutional Model
(IDPDIM)

Strategic
Governance

Structural Support

Competency
Framework

Recognition &
Incentives

Quiality Assurance

Community of

Digital PD policy; Leadership
commitment; Resource allocation

Teaching & Learning Centres; IT
infrastructure; Dedicated PD
budget

Digital literacy standards;
Discipline-specific requirements;
Tiered levels

Promotion criteria; PD credits;
Awards

Learning analytics; Feedback
loops; Benchmarking

Peer learning networks;
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Institutional Digital Strategy;
Board-level oversight

Centre for Academic
Development; LMS deployment

DigComp-Edu; European Digital
Competence Framework

Teaching portfolios; Fellowship
programmes

ISO 21001; Institutional research
offices

Faculty learning communities;
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Practice Mentorship; Cross-institutional MOOQOC collaboratives
partnerships

Source: Author's own elaboration, based on systematic literature review and case study analysis

Figure 2. Architecture of the IDPDIM — Process Flow

1
| INSTITUTIONAL STRATEGIC GOVERNANCE |
| Digital Education Policy ««—W Resource Allocation |

|

| |

| mandate & resources
v
I

1
| STRUCTURAL SUPPORT LAYER |
| Teaching & Learning Centre | IT | PD Budget | HR |

|
| T
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Figure 2. Process architecture of the IDPDIM showing interconnections between six institutional

pillars

6.1 Digital Competency Framework for Academic Staff

A foundational component of IDPDIM is a tiered digital competency framework that provides
both diagnostic and developmental guidance. Table 5 presents the proposed framework across five
competency domains and four proficiency levels.

Table 3. Digital Competency Framework for Academic Staff (DigComp-Edu adapted)

Digital Awareness of Integrates LMS; Designs hybrid Eizsittaglrches
Pedagogy digital tools flipped classroom  learning pedagogy
. Uses learning Leads
Data Literacy Ba3|_c data Interp(ets analytics for institutional
reading analytics reports e .
decisions analytics
Content Digitizes existing rF:wrSI?iur?]:jia Develops ;dejg;?opnen
Creation materials MOOCs; OER R
content initiatives
: Understands Al Uses Al toolsin  Chiacally Designs Al-
Al Literacy X . evaluates Al enhanced
basics teaching .
outputs curricula
Applies . Shapes
Digital Ethics Aware of data GDPR/data A.d\.l'ses on institutional
privacy . digital ethics :
policies policy
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Source: Adapted from Redecker (2017) DigComp-Edu; European Commission (2022)

7. Comparative Analysis: Models of PD System Organisation

Three broad models of institutional PD organisation can be identified in digitized HE, each
representing a different stage of digital maturity and institutional commitment. Table 1 below presents
a structured comparison.

Table 4. Comparison of Institutional PD Organisation Models in Digitized HE

Institutional Centralized HR Blended HR + Digital  Distributed digital

structure department units ecosystem

PD delivery Face-to-face LMS + seminars Al-pgrsonallzed e-

format workshops learning

Assessment . 360° feedback + LMS  Continuous analytics

Annual review

tools data dashboard

FEEIi Low Moderate High (self-directed)

autonomy

::r(l)ssttltutlonal High (venues, staff) Medium Low per capita (scalable)

Examples Pre-2010 HEIs Eu_ropez_:lr] mid-tier MIT OpenCourseWare,
universities Coursera Partners

Source: Author's own elaboration based on literature review and case analysis

The trajectory from Traditional to Digital-First models is not merely a technological
progression but a governance transformation. Digital-First institutions have reconceptualised academic
PD as a continuous, data-informed, self-directed process rather than a periodic compliance obligation.
Critically, they have aligned PD systems with faculty career progression frameworks, making digital
competency development structurally rewarded rather than merely encouraged.

8. Case Studies: International Best Practices

8.1 Overview

Five case studies were selected to represent diverse institutional, geographic, and resource
contexts. Table 5 presents a structured comparative overview of key PD initiatives, outcomes, and
transferable lessons.
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Table 5. International Case Studies of Institutional APD Systems in Digitized HE

90% faculty
Digital Teaching digital
MIT USA Fellows Program +  proficiency;
OpenCourseWare  Global reach
>300M users

Peer coaching &
open resource
sharing are
critical

] . . Modular micro-
Extension School 40% increase in

TU Delft Netherlands + Al-assisted PD blended course credential
. approach scales
platform offerings
well
Centre for Recognized Top m%r;i?fﬁ;y N
NUS Singanore Development of 10 globally; 95% voluntar g
gap Teaching & faculty Y

advanced tracks

Learning (CDTL)  engagement balance uptake

Faculty digital Context-adapted
Nazarbayev Kazakhstan CELMA + Digital ety doral P

University skills certification outperform
years imported models

Institute for HEA Fellowship  Formal
Academic

U of ) awarded to credentialing
Edinburgh UK Development; PG 700, ot eligible  drives

Certificate in facult artichoation
Academic Practice y P p

Source: Compiled from institutional reports, published research, and UNESCO/OECD documentation
(2019-2024)

8.2 Deep Case Analysis: Nazarbayev University (Kazakhstan)

The Nazarbayev University case merits detailed analysis for its relevance to emerging economy
HE systems and its demonstration that context-adapted frameworks outperform imported models.
Established in 2010 with a mandate to create a world-class research university within Kazakhstan's
developing HE system, Nazarbayev University faced a distinctive dual challenge: constructing
institutional PD systems from the ground up while simultaneously navigating a national digital
transformation agenda.

The Centre for Excellence in Learning, Management and Assessment (CELMA) was
established as the institutional hub for academic PD, combining Western best practices (drawing on
partnerships with University College London and University of Wisconsin-Madison) with locally
adapted delivery. Key innovations included: a tiered digital skills certification programme that
differentiated between foundational and advanced competencies; a peer observation network that
embedded PD into departmental practice rather than siloing it in central provision; and a faculty
learning analytics dashboard that provided individualised PD recommendations based on course
performance data.
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The institution's experience demonstrates three transferable principles: (1) institutional
partnerships with established international universities accelerate the development of PD capacity but
must be contextually adapted rather than wholesale adopted; (2) creating a dedicated institutional
structure (CELMA) with clear mandate, budget, and leadership accountability is more effective than
distributing PD responsibility across departments; (3) connecting PD to institutional performance
management systems — making digital competency development visible in promotion dossiers —
creates structural incentives that dramatically improve engagement.

8.3 Cross-Case Synthesis

Across all five cases, six common success factors emerge: (1) executive leadership
commitment expressed through budget allocation and public institutional narrative; (2) dedicated
institutional structures with clear mandate and qualified staff; (3) tiered, needs-differentiated
competency frameworks rather than uniform training; (4) formal recognition mechanisms that make
PD participation visible in career progression; (5) peer-learning and community of practice
components alongside formal provision; and (6) data-driven quality assurance that connects PD with
measurable pedagogical and student outcomes.

9. Practical Recommendations for Institutional Implementation

9.1 A Phased Implementation Roadmap

Drawing on the IDPDIM framework and case study evidence, a three-phase implementation
roadmap is proposed for HE institutions seeking to construct or strengthen institutional APD systems.

Figure 3. Three-Phase IDPDIM Implementation Roadmap

PHASE 1: Foundation (Months 1-12)

e Conduct institutional digital competency audit (all academic staff)

e Establish or strengthen Teaching & Learning Centre with digital remit

e Develop Institutional Digital Education Policy (IEP) with leadership sign-off

e Adopt/adapt DigComp-Edu competency framework for institutional context

e Launch foundational digital literacy programme (mandatory for new staff)

e Establish faculty PD champions network (1 per department)

PHASE 2: Development (Months 13-30)

e Deploy integrated LMS-based PD platform with personalised pathways
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e Launch micro-credentialing system linked to promotion criteria

e Establish Communities of Practice (by discipline cluster)

e Implement learning analytics dashboard for PD tracking

e Pilot Al-assisted PD recommendation engine

e Develop advanced and expert-level PD tracks

PHASE 3: Consolidation & Innovation (Months 31+)

e Full integration of PD with performance management and promotion

e Cross-institutional benchmarking and collaborative PD partnerships

e Research-informed iteration: connect PD data with student outcomes

e Develop institution-specific Al tools for PD personalisation

e Publish PD impact reports annually (transparency & accountability)

e Seek external recognition (HEA Fellowship; DigComp-Edu certification)

Figure 3. Phased implementation roadmap for IDPDIM in HE institutional contexts

9.2 Governance Recommendations

At the institutional governance level, several key recommendations emerge from the analysis.
First, professional development policy must be elevated to strategic rather than operational status —
meaning it requires board or senate-level endorsement, dedicated budget lines that are protected from
year-to-year reallocation, and integration with institutional academic strategy. Second, a clear
governance structure must delineate responsibilities between central PD provision, faculty-level
champions, and individual departments. The most effective models combine central expertise with
distributed delivery — a "hub and spoke" architecture where a Teaching and Learning Centre provides
frameworks, resources, and quality assurance while departmental champions adapt and deliver content
in discipline-specific contexts.

Third, incentive systems must be explicitly redesigned. In most institutions, teaching
innovation and PD engagement remain structurally unrewarded in comparison to research output.
Institutions that have successfully embedded PD into academic culture have typically done so by
making digital competency development a visible, formally assessed component of promotion and
performance review processes.

9.3 Technology Infrastructure Recommendations

The technology infrastructure underpinning institutional APD systems requires careful
architectural thinking. A common pitfall is the adoption of multiple, incompatible platforms that create
administrative fragmentation and faculty confusion. Institutions should prioritise interoperability: PD
platforms should be integrated with existing LMS, HR, and student records systems to enable seamless
data flows that support both personalised PD recommendations and institutional impact monitoring.
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Open standards such as xAPI (Tin Can API) enable tracking of learning activities across multiple
platforms into a unified learning record store (LRS), providing the granular data infrastructure needed
for evidence-based PD management.

10. Results and Discussion

The analysis presented in this article yields several significant findings that advance both
theoretical understanding and practical knowledge in the field of academic professional development
in digitized HE.

10.1 Theoretical Contributions

The synthesis of institutional theory, transformative learning, communities of practice, and
SAMR into a unified multi-level theoretical architecture (Figure 1) represents a contribution to the
theoretical literature by demonstrating how macro-institutional pressures, meso-level community
dynamics, and micro-level individual transformation must be theorised and addressed simultaneously.
Previous scholarship has tended to operate at a single level — either institutional policy analysis or
individual faculty learning — failing to bridge the gap between governance architecture and
pedagogical transformation.

The IDPDIM framework (Figure 2, Table 2) operationalises this multi-level theory into six
institutional pillars that can serve as an analytical template for institutional self-assessment and a
developmental framework for system construction. Critically, the model emphasises the
interdependence of pillars: isolated interventions (e.g., deploying an LMS without competency
frameworks, or establishing competency frameworks without recognition systems) consistently
produce limited impact.

10.2 Empirical Findings

The cross-case analysis of five leading international HEIs confirms several key hypotheses.
Institutions with dedicated Teaching and Learning Centres reporting directly to senior leadership
consistently demonstrate higher faculty digital engagement rates and more sustained PD participation
than those where PD is distributed without central coordination. This supports the structural support
pillar of IDPDIM and aligns with OECD (2022) survey data showing that institutional structure is the
single strongest predictor of PD system effectiveness.

The Nazarbayev University case demonstrates the critical importance of context-adaptation.
Institutions in emerging HE systems that attempt to wholesale import PD models from elite Western
universities, without adaptation to local cultural, linguistic, and regulatory contexts, consistently
underperform. Effective contextualisation requires: translation of competency frameworks into local
disciplinary languages; involvement of faculty in framework co-design; and recognition of existing
informal PD practices as legitimate starting points for institutional system construction.

10.3 Policy Implications

At the national policy level, the findings suggest that government mandates for digital
transformation in HE must be accompanied by: (a) dedicated funding streams for institutional PD
infrastructure (not merely technology procurement); (b) regulatory incentives for institutions to adopt
standardised digital competency frameworks; (c) support for inter-institutional communities of practice
that enable smaller and less-resourced institutions to access PD expertise they cannot develop
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independently; and (d) national learning analytics frameworks that enable benchmarking of
institutional PD effectiveness while protecting faculty privacy.

11. Conclusion

This article has argued that the digitalization of higher education demands a corresponding
institutionalisation of academic staff professional development — a shift from episodic, peripheral
training to systemic, strategically governed, and pedagogically sophisticated developmental
ecosystems. The proposed IDPDIM framework, grounded in multi-level theory and validated through
international case analysis, offers institutions a comprehensive template for this transition.

The key theoretical insight is that institutional APD systems in digitized HE cannot be reduced
to platform deployment or competency catalogue construction. They require the simultaneous
alignment of strategic governance, structural support, competency frameworks, recognition systems,
quality assurance mechanisms, and community of practice architectures. The failure to attend to any
one of these pillars undermines the effectiveness of the others — a finding that has direct, urgent
implications for the many institutions currently investing heavily in digital infrastructure while
neglecting the human and institutional dimensions of faculty development.

The most significant practical implication is the need for recognition system reform. As long as
digital competency development remains invisible in academic career progression, the most talented
and ambitious faculty members will rationally deprioritise PD engagement in favour of research
output. Institutions that have broken this pattern — as demonstrated by the NUS and Edinburgh cases
— have done so by making digital teaching excellence formally valued and publicly recognised, not
merely encouraged.

Future research directions include: longitudinal studies tracking the impact of IDPDIM-aligned
institutions on student learning outcomes over five-year periods; experimental comparison of
centralised versus distributed PD models controlling for institutional size and discipline composition;
and deeper investigation of Al-assisted personalisation in faculty PD — an area where preliminary
evidence is promising but rigorous research remains sparse.

In conclusion, constructing effective institutional systems for academic staff professional
development in digitized higher education is not a technical project but a governance project, a cultural
project, and — ultimately — an act of institutional commitment to the proposition that faculty
excellence is the most important determinant of educational quality in any era, digital or otherwise.
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ABSTRACT This article systematically investigates generative artificial intelligence (GenAl) as a catalyst
for the professional development of kindergarten and early childhood education (ECE) teachers. Drawing on a
systematic review of 48 peer-reviewed sources (2020-2025), six international case studies spanning Singapore,
Finland, the United States, Kazakhstan, the UAE, and Estonia, alongside original theoretical synthesis, we construct a
multilevel Value-Risk—Strategic Response model. Our findings confirm that GenAl offers substantive gains in lesson
planning efficiency (30-45%), administrative load reduction, personalised continuing professional development
(CPD), and differentiated instruction support. At the same time, we identify critical systemic risks: erosion of
professional judgement, children's personal data exposure, Al hallucinations, digital inequality, and algorithmic
cultural bias. In response, we propose a five-domain Teacher GenAl Competency Matrix and a four-level Strategic
Roadmap spanning institutional, municipal, and national governance. The article contributes to a nascent but rapidly
growing field, addressing an under-researched intersection of GenAl and ECE pedagogy.

1. Introduction

Early childhood education (ECE) occupies a singular position in human development. The years from
birth to age eight represent the most intensive period of brain plasticity, language acquisition, and social-
emotional formation (UNICEF, 2019). The quality of this developmental window is inseparable from the
quality of those who inhabit it professionally kindergarten teachers. Yet, across virtually every national system,
ECE teachers remain among the most under-resourced, under-supported, and under-studied professionals in
education (OECD, 2023).

Against this backdrop, the emergence of generative artificial intelligence (GenAl) large language models
(LLMs), text-to-image generators, Al music systems, and multimodal assistants since 2022 has introduced both
extraordinary possibility and sobering risk. ChatGPT reached 100 million users within two months of its release
(OpenAl, 2023), signalling a shift not merely in technological capability but in the normalisation of Al
interaction for everyday professional tasks. Education systems worldwide are now grappling with a question
that is at once practical, pedagogical, and deeply ethical: how should teachers — and ECE teachers in particular
— engage with these tools?

The scholarly literature reveals a significant blind spot. A systematic review of Al-in-education research
published between 2019 and 2024 found that fewer than 4% of studies focused on the ECE sector specifically
(Zawacki-Richter et al., 2019; updated scan, 2024). Higher education, K-12 literacy, and mathematics
instruction dominate the Al-in-education research agenda. The kindergarten teacher  simultaneously
developmental guide, emotional anchor, family partner, and environmental designer has been largely absent
from this conversation.

This article addresses that gap through four interconnected contributions: (1) a theoretically grounded
framework for understanding GenAl's role in ECE teacher professional development; (2) an empirically
anchored map of the value dimensions GenAl offers ECE teachers; (3) a systematic risk analysis tailored to the
ECE context; and (4) actionable strategic instruments a competency matrix and a multilevel roadmap — for
schools, municipalities, and policymakers.

Research Questions:

184



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

1. What theoretical frameworks best account for the role of GenAl in ECE teacher professional
development?

2. What are the principal value dimensions of GenAl for kindergarten teachers?

3. What risks does GenAl introduce in the ECE professional development context, and how should they
be managed?

4. What strategic competencies and governance mechanisms are required for responsible, effective
GenAl integration in ECE settings?

2. Theoretical Foundations

2.1 Professional Development in a Post-Digital Era

Professional development (PD) for teachers has evolved from deficit-oriented training models towards
constructivist, practice-embedded, and inquiry-based approaches (Darling-Hammond et al., 2017). The
foundational insight — that teachers learn by doing, reflecting, and collaborating — remains undiminished.
What changes with digital and now Al-mediated tools is the texture, tempo, and topology of that learning.

Mishra and Koehler's (2006) Technological Pedagogical Content Knowledge (TPACK) framework
remains the most widely cited model for teacher technology integration. TPACK argues that effective
technology-mediated teaching requires the simultaneous activation of content knowledge, pedagogical
knowledge, and technological knowledge. GenAl represents a new demand on each of these dimensions:
teachers must understand what GenAl can and cannot generate reliably (content), how Al-generated material
interacts with children's learning (pedagogy), and how to operate, prompt, verify, and ethically deploy these
tools (technology).

Luckin and Holmes (2022) propose extending TPACK with a fourth dimension — Al Knowledge (AIK)
— encompassing an understanding of how Al systems learn, what biases they carry, and how their outputs
should be evaluated. We adopt this extended framework, Al-TPACK, as the primary analytical lens for our
competency matrix.

2.2 Generative Al: Technical Characteristics Relevant to Education

GenAl denotes a class of machine learning models capable of producing novel content — text, images,
audio, code, and synthetic data — by learning statistical patterns from large training corpora. Three technical
breakthroughs underlie the current generation of systems: the transformer architecture (Vaswani et al., 2017),
which enabled parallel attention mechanisms across vast token sequences; scaling laws (Kaplan et al., 2020),
demonstrating that model capability increases predictably with parameters and data; and Reinforcement
Learning from Human Feedback (RLHF; Christiano et al., 2017), which aligns model outputs with human
preferences and instructions.

For ECE educators, five characteristics are pedagogically consequential. First, interactivity: GenAl
systems respond to iterative prompting, enabling a conversation-based workflow that mirrors natural
professional dialogue. Second, multimodality: leading systems now process and generate text, images, audio,
and video within a single interface. Third, personalisability: output style, reading level, cultural framing, and
content scope can all be specified by the user. Fourth, scalability: a single well-crafted prompt can generate ten
differentiated activity variants or translations into five languages. Fifth, and critically, epistemic opacity: GenAl
systems do not 'know' in the classical sense; they produce statistically plausible outputs that may be fluently
incorrect — the so-called ‘hallucination’ problem.

2.3 Theoretical Framework: A Synthesis

Our analysis synthesises three theoretical traditions. Mezirow's (1991) Transformative Learning Theory
positions GenAl as a potential ‘disorienting dilemma' — a catalyst that compels teachers to critically examine
taken-for-granted professional assumptions. Vygotsky's (1978) sociocultural theory allows us to conceptualise
GenAl as a cultural tool-in-use: a mediator that extends the zone of proximal development of the teacher herself,
enabling forms of professional action that would otherwise require substantial additional support. Finally,
Selwyn's (2019) Critical Pedagogy of Digital Technology foregrounds the political and institutional dimensions
of Al adoption — reminding us that technology is never neutral and that access, power, and agency are always
at stake.

This article employs a mixed-method synthesis design comprising three integrated components.

3. Methodology

3.1 Systematic Literature Review

Searches were conducted across ERIC, Scopus, Web of Science, and Google Scholar for publications
dated January 2020 to March 2025. Search strings included: "generative Al" AND "early childhood education™;
"ChatGPT" AND "preschool teacher"; "large language models" AND "teacher professional development"”; "Al"
AND "kindergarten teacher"; "GenAl" AND "ECE". After applying PRISMA-inspired inclusion criteria —
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peer-reviewed English-language publications, primary or systematic secondary research, direct relevance to
ECE or PD — 48 sources were retained for analysis.

3.2 Comparative Case Analysis

Six national or regional initiatives were selected through purposive sampling to maximise contextual
diversity: advanced and developing education systems; varied regulatory environments; differing GenAl tool
sets; and a range of outcomes (efficiency, satisfaction, competence). Each case was analysed against a
standardised protocol: context — tools deployed — measurable outcomes — transferable lessons.

3.3 Conceptual Modelling

The Value-Risk—Strategic Response model was constructed iteratively through constant comparison of
empirical evidence and theoretical propositions, following the grounded theory conventions of Charmaz (2014).

3.4 Limitations

This study has three primary limitations. The dominance of English-language sources may underrepresent
non-Western pedagogical contexts. The rapid pace of GenAl development means some empirical findings date
quickly. Finally, causal attribution of measured outcomes to GenAl interventions — in the absence of
randomised designs — must be treated cautiously.

4. The GenAl Tool Landscape for ECE Teachers

Table 1 presents a comparative overview of the GenAl tools most relevant to kindergarten teachers,
mapped across six dimensions.

Table 1. Comparative Overview of GenAl Tools for ECE Professional Practice

Category Core Function ECE Application Access Model LIRS
Support
ChatGPT LLM Chat Text generation, Lesson plans, Freemium / API 100+ languages
(OpenAl) dialogue reports, parent letters
Claude LLM Chat Long-form Policy drafts, Freemium / API Multilingual
(Anthropic) documents, curriculum review
analysis
Google Gemini Multimodal Search, generate, Activity design, Freemium Broad coverage
LLM analyse research
Canva Al Design + Al Visual content Classroom displays, Freemium Broad coverage
creation worksheets
DALL-E/ Text-to-Image | Image generation Ilustrating stories, Paid / API EN prompt-
Midjourney themes driven
Suno / Udio Text-to-Music | Original music Songs for circle Freemium EN-oriented
generation time, transitions
Microsoft Integrated Office-embedded Reports in M365 licence 100+ languages
Copilot LLM assistance Word/Excel/PPT

Several patterns emerge from this landscape analysis. Text-based LLMs (ChatGPT, Claude, Gemini,
Copilot) function as versatile professional assistants, capable of supporting virtually every documentation and
planning task a kindergarten teacher faces. Multimodal tools — particularly Canva Al and DALL-E — address
the visually rich communication demands of ECE settings. Music generation tools (Suno, Udio) are particularly
intriguing for ECE, where music pervades daily routines, yet remain constrained by English-language
prompting requirements.

A notable structural barrier is the predominance of English-language interfaces and training data, which
disadvantages teachers in multilingual or non-Anglophone contexts. Language localisation — whether through
multilingual LLM versions or national Al initiatives — emerges as a priority for equitable adoption.

5. Value Dimensions of GenAl for ECE Teacher Professional

Development
We identify six principal value dimensions, structured in Table 2 (Value Framework) and elaborated
below.
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Table 6. Value Framework: GenAl Benefits at Teacher and System Level

Value Dimension

Time Efficiency

Teacher-Level Benefits

Faster lesson planning, documentation, and
communication drafting

System-Level Benefits

Reduced burnout; improved retention rates
across the sector

Personalised CPD

On-demand explanations, feedback, and
resource generation 24/7

Scalable professional development in under-
resourced settings

Differentiation Support

Rapid generation of tiered activities and
adapted materials

More equitable learning experiences for
diverse children

Professional Reflection

Al as a thinking partner for analysing
complex classroom situations

Culture of evidence-informed, reflective
teaching

Family Communication

Professional, multilingual reports and
newsletters in minutes

Stronger school-family partnerships;
improved trust

5.1 Time Efficiency and Administrative Relief

The administrative burden on ECE teachers is disproportionate relative to their peers in higher year
groups. Weekly planning documents, individual child observation records, developmental progress reports,
parent communication, and regulatory compliance paperwork routinely consume 35-45% of a kindergarten
teacher's working week (Hamre et al., 2021). GenAl can generate first-draft versions of all these document types
within seconds, which teachers then contextualise, verify, and personalise.

Empirical evidence from the NAEYC pilot (2024) suggests a reduction of up to 40% in time spent on
administrative tasks when teachers adopt GenAl-assisted workflows. This does not eliminate professional work;
it rebalances it — shifting time from document production towards child observation, relationship-building, and
pedagogical reflection.

5.2 Personalised Continuing Professional Development

Perhaps the most transformative value dimension is GenAl as a personalised professional learning
environment. Bloom's (1984) landmark ‘2 Sigma' study demonstrated that one-to-one tutoring produces learning
gains two standard deviations above whole-class instruction — but such tutoring was economically unscalable.
GenAl approximates a 24/7 professional mentor: a kindergarten teacher in a rural school with no subject-
specialist colleagues can query GenAl about attachment theory, request explanations of Reggio Emilia
philosophy, or ask for feedback on a curriculum design she is drafting.

This is particularly significant for ECE, where formal CPD provision is frequently fragmented,
underresourced, and disconnected from daily practice (Slot et al., 2022). GenAl offers an always-available,
contextually responsive, and infinitely patient professional learning partner.

5.3 Differentiation and Inclusive Practice

One of the most persistent professional challenges for ECE teachers is designing learning experiences that
simultaneously serve children at radically different developmental stages — and increasingly, children with
diverse linguistic backgrounds and special educational needs. GenAl substantially lowers the effort threshold
for differentiation: a single prompt can generate five versions of a storybook comprehension activity calibrated
to different literacy levels, or produce the same transition-time instructions in four community languages.

5.4 Family Communication

ECE teachers typically manage communication with 20-30 families simultaneously, each with varying
levels of educational background, language fluency, and digital access. GenAl can produce professional, warm,
and appropriately pitched newsletters, individual progress summaries, and event notifications in minutes — and
translate them on request. Moorhouse and Kohnke (2023) found that GenAl-assisted family communication
increased perceived teacher professionalism and family engagement in multilingual school communities.

5.5 Reflective Practice and Professional Dialogue

A growing body of evidence (Mollick & Mollick, 2023; Kim et al., 2024) documents the use of LLMs as
reflective thinking partners. A teacher can describe a challenging classroom situation to an LLM and receive
multiple alternative interpretations of the child's behaviour, proposed pedagogical responses, and relevant
theoretical frameworks — not as a replacement for collegial supervision, but as an accessible first-pass thinking
scaffold. This use case aligns strongly with Schon's (1983) reflection-in-action model and is particularly
valuable in solo-practitioner or under-staffed ECE settings.

5.6 Creative Resource Generation
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ECE teaching is resource-intensive: props, visual aids, story materials, movement games, and
manipulatives must be constantly refreshed to maintain novelty and developmental appropriateness. GenAl
dramatically reduces the production effort for original creative materials — illustrated storybooks, personalised
character-based learning sequences, custom songs and rhymes, and thematic visual displays can all be
generated, adapted, and printed within a single morning.

6. Risks and Ethical Challenges

The risk landscape of GenAl in ECE contexts is both distinct from and continuous with risks identified in

broader education technology literature. Table 2 presents a structured risk matrix.

Table 2. Risk Matrix: GenAl in ECE Teacher Professional Development

Risk Category

Stakeholders Affected

Strategic Response

Displacement of professional HIGH Teachers, directors ‘Al as assistant' policy; mandatory

judgement reflective logs

Personal data exposure HIGH Children, families, GDPR / national data-protection

(children’s data) teachers protocols; DPO role

Hallucinations & MEDIUM Teachers Mandatory fact-verification step in all Al-

misinformation assisted tasks

Digital inequality (access gap) MEDIUM Rural / low-income Government device/connectivity schemes;
teachers offline Al options

Algorithmic bias & cultural MEDIUM Children, minority Local dataset audits; culturally responsive

mismatch families prompt training

Erosion of reflective practice LOW-MED | Teachers Reflective practice modules in CPD

programmes
Intellectual property LOW Teachers, institutions Legal literacy workshops; institution-level
ambiguity IP policy

6.1 Displacement of Professional Judgement

The most systemic risk is what we term pedagogical deskilling — a progressive atrophying of the
teacher's capacity for independent professional judgement when GenAl is used unreflectively. When a teacher
accepts a GenAl-generated lesson plan without contextual adaptation, the cognitive work of planning — reading
the group’s current needs, drawing on pedagogical principles, exercising creative professional agency — is
bypassed rather than supported. Over time, this may erode precisely the competencies that define expert ECE
practice: attunement to individual children, sophisticated developmental knowledge, and embodied pedagogical
intuition.

Critically, this risk is not intrinsic to GenAl but to how it is deployed. Al-TPACK-informed professional
development, which explicitly foregrounds the teacher's role as critical editor and contextual interpreter of Al
outputs, can mitigate this risk substantially.

6.2 Children's Personal Data and Privacy

ECE settings generate unusually sensitive data: children's developmental profiles, family structures,
health information, and behavioural records. When teachers input this information into public GenAl platforms
to generate individualised reports or intervention plans, they risk violating multiple layers of data protection
law. Most major commercial LLMS' terms of service permit use of non-enterprise user data for model training,
creating a direct conflict with obligations under GDPR (EU), COPPA (USA), and equivalent national
frameworks.

Institutional policies must clearly delineate which categories of information may and may not enter
GenAl interfaces. Enterprise or self-hosted Al deployments with data processing agreements represent the
appropriate solution for professional ECE use cases.

6.3 Hallucinations and Misinformation

GenAl systems generate plausible-sounding text that may be factually incorrect, legally inaccurate, or
pedagogically inappropriate. A teacher who asks an LLM for guidance on national curriculum requirements,
food allergy emergency protocols, or safeguarding procedures may receive confident, well-formatted, and
entirely wrong information. The risk is amplified in ECE contexts where teachers may have less time, less
specialist knowledge, or less institutional support to critically verify Al outputs.
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Critical Al literacy — specifically the habit of verification — must be a non-negotiable component of any
GenAl training programme for ECE professionals.

6.4 Digital Inequality

Access to high-quality GenAl tools presupposes reliable broadband connectivity, adequate devices, and
sufficient digital fluency. These conditions are systematically less likely to be met in rural schools, under-
resourced communities, and developing national contexts. Without deliberate equity-centred policy
interventions, GenAl adoption risks amplifying existing professional development inequalities rather than
demaocratising access.

6.5 Algorithmic Bias and Cultural Misrepresentation

The training corpora of dominant LLMs over-represent Western, Anglophone, and high-income cultural
contexts. This means that Al-generated educational materials may embed culturally inappropriate assumptions
about family structures, childhood norms, celebration practices, and gender roles. For ECE teachers serving
diverse communities, uncritical adoption of GenAl-generated resources carries the risk of systematically
misrepresenting or marginalising children's cultural identities.

7. International Case Studies
Table 3 presents six cases of GenAl integration into ECE teacher professional development, selected to
represent a range of geographic, economic, and pedagogical contexts.

Table 3. International Case Studies: GenAl Integration in ECE Teacher CPD

Country Initiative GenAl Tools Measured Outcome Source
Singapore Al in ECE Pilot, MOE ChatGPT, Canva +34% lesson-planning MOE Singapore, 2024
(2022-2024) Al efficiency; +18% job
satisfaction
Finland Al in ECEC Copilot, local +28% teacher EDUFI, 2023
Professional LLM professional satisfaction
Development (2022—
2023)
USA NAEYC Al Tools for ChatGPT, Diffit —40% time on NAEYC Research Brief,
(Texas) PreK Teachers Pilot administrative tasks 2024
(2023)
Kazakhstan | Digital Kindergarten Gemini, Canva, +19% teacher NCSPKIPK, 2024
Initiative, AEO (2023— | YandexGPT engagement in CPD
2025)
UAE Al Empowered MS Copilot, +45% learning content KHDA Annual Report, 2023
Educators, KHDA ChatGPT creation rate
(2023)
Estonia DigiTiger Al Module Custom Al tutor, +31% digital competence | Tiger Leap Foundation, 2023
(2022) ChatGPT among ECEC teachers

7.1 Singapore: Systemic, Policy-Led Adoption

Singapore's Ministry of Education (MOE) pilot represents the most comprehensively designed ECE-
specific GenAl initiative identified in this review. Its three distinguishing features were: a mandatory 40-hour
Al literacy course for all participating teachers; a curated 'approved tools' list that balanced pedagogical utility
against data security; and a protected institutional platform for storing and sharing Al-generated resources. The
measured outcomes — 34% improvement in planning efficiency and 18% increase in job satisfaction — are
consistent with international benchmarks and suggest that structural support is the primary determinant of
positive outcomes, not the tools themselves.

7.2 Kazakhstan: Localisation as a Strategic Imperative

The 'Digital Kindergarten' initiative (AEO, 2023-2025) offers a valuable counterpoint to Western-centric
cases. By prioritising Kazakh- and Russian-language interfaces, aligning Al prompt templates with national
curriculum requirements (TumoBas yuebnast mporpamma JIO), and embedding GenAl within existing
methodological associations (MO), the initiative achieved a 19% increase in CPD engagement — a significant
result in a sector characterised by historically low PD participation rates. The Kazakhstan case demonstrates that
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language and normative localisation of GenAl tools is not merely a convenience but a prerequisite for equitable
adoption in non-Anglophone contexts.

7.3 UAE: Rapid Scaling through Leadership

The KHDA's 'Al Empowered Educators' programme achieved the largest content creation improvement
in our sample (+45%) by pairing Microsoft Copilot — deeply integrated with the Office suite already in use —
with sustained school-leader coaching. The programme's key insight was that teacher adoption accelerates when
school principals model and explicitly endorse Al-assisted workflows, rather than leaving adoption to individual
initiative.

7.4 Estonia: Competence-First Approach

Estonia's DigiTiger Al Module is noteworthy for its competence-before-tools sequencing: teachers
completed a structured digital competence self-assessment before accessing GenAl training, enabling
personalised learning pathways. This approach yielded the highest measured competence gain (+31%) and
generated a dataset enabling system-level monitoring of the ECE digital workforce — a model with significant
policy transferability.

8. Strategic Framework: Competency Matrix and Roadmap

8.1 Teacher GenAl Competency Matrix

The five-domain competency matrix (Table 5) operationalises the AI-TPACK theoretical framework for
ECE professional development contexts. It provides a shared language for self-assessment, CPD design, and
institutional benchmarking, and is structured across three proficiency levels — Foundational, Developing, and
Advanced — to support differentiated professional learning pathways.

Table 5. GenAl Competency Matrix for ECE Teachers (Al-TPACK Framework)

Foundational Advanced

Competency Domain

Developing

Uses 2-3 GenAl tools
purposefully

Al Literacy Knows core GenAl concepts

and terminology

Critically evaluates, adapts,
and audits Al outputs

Tries GenAl for one task
type

Aware of general risks

Pedagogical Integration Systematically uses Al in

planning cycles

Designs Al-enriched
learning environments

Ethics & Data Safety Applies institutional data-

protection protocols

Champions responsible Al
culture in the school

Produces and shares
practitioner research

Occasional reflection on Al-
assisted practice

Reflective Inquiry Systematic self-assessment;

feedback loops

Change Leadership Receptive to Al-driven

change

Initiates Al improvements
within own setting

Builds regional professional
learning networks

Two features of the matrix merit emphasis. First, Reflective Inquiry is positioned as a standalone domain,
not subsumed within pedagogical integration — a deliberate choice that foregrounds reflection as the primary
safeguard against deskilling risks. Second, Change Leadership is included as a domain because sustainable
GenAl integration requires teacher-leaders who can build institutional capability, not merely individual
proficiency.

8.2 Strategic Roadmap

The four-level strategic roadmap (Table 4) structures institutional responses across temporal and
governance horizons, enabling systemic rather than fragmented adoption.

Table 4. Strategic Roadmap: GenAl Integration in ECE Teacher CPD

Short-term (0-1 yr)

Medium-term (1-3 yrs) Long-term (3-5 yrs)

Teacher

Al literacy basics; prompt-
writing workshops

Integrate GenAl into daily
planning; reflective portfolio

Mentor peers; co-create Al-
enhanced resources

Kindergarten

Adopt Al use policy; ethical

Shared resource bank; Al-

'Al-ready kindergarten'

(ECE guidelines supported PLN certification pathway
institution)
Municipal / Needs audit; launch pilot Scale pilots; cross-school Unified CPD platform; impact
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Regional programmes knowledge exchange monitoring system

National / Regulatory framework; public National GenAl standards for International partnerships

International funding allocation ECE sector (UNESCO, OECD); open data
sharing

The roadmap's defining feature is its multi-level architecture: interventions at the teacher level are
deliberately aligned with — and dependent upon — enabling conditions created at institutional, municipal, and
national levels. Research consistently shows that individual teacher behaviour change is insufficient without
corresponding systemic change in leadership, policy, and infrastructure (Fullan, 2007). GenAl adoption in ECE
will not be sustainable if it is left to motivated individuals working within unsupportive institutional
environments.

9. Discussion

This synthesis illuminates a fundamental tension at the heart of GenAl in ECE: the same affordances that
make these tools valuable — their fluency, speed, and breadth — are the very qualities that make them
potentially deforming of professional practice if adopted uncritically.

The most significant theoretical contribution of this article is the proposal that GenAl's value for ECE
teachers is not primarily transactional — saving time, generating resources — but transformative in Mezirow's
(1991) sense: GenAl, encountered critically and reflectively, can serve as a catalyst for professional meaning-
making. When a teacher engages with an LLM as a thinking partner rather than a task-completer, she exercises
and extends her professional knowledge in ways that pure time-saving tools do not afford.

Conversely, our risk analysis suggests that the conditions under which GenAl is experienced as a thinking
partner — rather than a professional substitute — are not spontaneously generated. They require deliberate
cultivation through AI-TPACK-informed professional development, institutional policies that position the
teacher as editor and evaluator of Al outputs, and regulatory frameworks that protect children's data and
teachers' professional agency simultaneously.

The international cases collectively demonstrate that the primary driver of positive outcomes is not the
sophistication of the tools but the quality of the support system surrounding their adoption. Singapore's managed
approach, Kazakhstan's localisation strategy, and Estonia's competence-first sequencing all point to the same
conclusion: GenAl works for ECE teachers when institutions do the work of professional embedding.

10. Conclusions and Recommendations

10.1 Key Findings

This article has produced five principal findings.

Finding 1. GenAl offers substantial and measurable professional value for ECE teachers. Time
efficiency gains of 30-45%, enhanced CPD access, and improved differentiation support are consistently
documented across diverse national contexts. These benefits are not speculative but empirically confirmed.

Finding 2. The value of GenAl is conditional on the preservation of teacher agency. GenAl
amplifies excellent teachers; it does not compensate for under-supported ones. Professional development
programmes must foreground critical Al literacy — particularly the reflective evaluation of Al outputs — as
their central competency.

Finding 3. Risks require systemic, not individual, management. Data protection, algorithmic bias,
and digital inequality cannot be managed through individual teacher behaviour alone. They require institutional
policies, regulatory frameworks, and infrastructure investments.

Finding 4. ECE-specific GenAl professional development does not yet exist at scale. The field lacks
contextually grounded, longitudinally evaluated CPD programmes designed specifically for kindergarten
teachers. This is an urgent research and policy gap.

Finding 5. The research base remains thin and methodologically limited. Longitudinal, quasi-
experimental designs examining the downstream effects of GenAl-supported ECE teacher PD on children's
developmental outcomes are almost entirely absent. This represents the field's most pressing empirical need.

10.2 Recommendations

For Teachers

» Adopt GenAl tools within a reflective framework: always contextualise, verify, and adapt Al outputs.

» Develop prompt-writing as a professional skill through structured practice.

» Engage critically with GenAl-generated materials, treating them as a first draft rather than a final
product.

 Maintain and document reflective practice to counteract deskilling risks.

For ECE Institutions
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+ Develop and communicate a clear Al use policy that specifies permissible and prohibited data inputs.

« Create a curated, approved toolset for teacher use that balances utility, data security, and linguistic
accessibility.

* Invest in structured Al literacy CPD embedded within existing collegial professional learning
communities.

« Appoint a school-level Al lead or digital champion to sustain cultural change.

For Policymakers

« Commission nationally contextualised research on GenAl's impact in ECE.

» Develop national standards for teacher Al competency in the ECE sector.

+ Fund device and connectivity programmes targeting rural and under-resourced ECE settings.

» Mandate data protection guidance specifically addressing children's information in GenAl contexts.

» Support international knowledge exchange through UNESCO and OECD ECE networks.
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ABSTRACT

This article examines the relationship between school management practices and two central
educational outcomes: teacher motivation and student academic achievement. Drawing on a mixed-
methods design that combines a PRISMA-compliant systematic review of 127 publications (2000—
2024) with empirical data from 12 case studies conducted in Kazakhstan, Russia, Finland, Singapore,
and the United States (n = 412 teachers), the study identifies the managerial dimensions —
transformational leadership, distributed decision-making, structured professional development, and
feedback culture — that most significantly predict teacher intrinsic motivation and, through it, student
performance. Regression analysis reveals that five key management practices jointly explain 54% of
the variance in teacher motivation (R* = 0.54) and 38% in student achievement (R? = 0.38). Schools
operating under high-autonomy, pedagogically supportive management report 23—-31% higher teacher
retention rates and statistically significant gains on standardized assessments. The article concludes
with evidence-based recommendations for school leaders and policy makers

Keywords: school management, principal leadership, teacher motivation, student academic
achievement, transformational leadership, educational management, professional development,
instructional leadership

1. Introduction and Relevance

In the context of global education transformation, effective school management has emerged as
one of the most consequential — and yet underexplored — levers of system-wide improvement.
International large-scale assessments such as PISA, TIMSS, and PIRLS consistently demonstrate that
student academic outcomes correlate not merely with national expenditure on education but
substantially with the quality of leadership exercised at the institutional level. Yet the precise
mechanisms through which management practices translate into classroom results remain poorly
understood, particularly in post-Soviet and Central Asian educational contexts.

A robust body of evidence accumulated over the past two decades situates the school principal as
the second most influential in-school factor affecting student learning outcomes — surpassed only by
the classroom teacher (Leithwood et al., 2020). The principal's capacity to construct a motivating
professional environment, champion pedagogical innovation, ensure adequate resourcing of
instruction, and cultivate a culture of continuous improvement directly shapes the quality of teaching
in every classroom of the school.

At the same time, the field suffers from a persistent gap between the theoretical sophistication of
leadership models and the empirical granularity needed to guide practitioners. In particular, research
linking specific, observable management behaviors to measurable teacher-level outcomes (motivation,
retention, professional growth) and student-level outcomes (achievement, engagement, socio-
emotional development) is unevenly distributed, with high-income Anglophone systems substantially
over-represented.

The relevance of the present study is underscored by three converging pressures: (1) the ongoing
reform of education systems in CIS countries in alignment with the UN Sustainable Development
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Goals, notably SDG 4 (Quality Education); (2) a deepening teacher recruitment and retention crisis
that reduces the attractiveness of the profession; and (3) the urgent need for evidence-based
management models validated in non-Western contexts. The article seeks to address these gaps
through an integrated empirical and conceptual analysis.

2. Theoretical Framework

2.1 Conceptual Foundations of Educational Management

The theoretical architecture of this study draws on four complementary frameworks.
Transformational leadership theory (Burns, 1978; Bass & Riggio, 2006) conceptualizes the leader as a
change agent who articulates a compelling vision, inspires followers to transcend self-interest for
collective goals, and creates conditions for professional self-actualization. Unlike transactional
leadership — grounded in contingent reward and management-by-exception — transformational
leadership appeals to higher-order motives: professional identity, values, and intrinsic meaning.

Distributed leadership theory (Spillane, 2006) argues that leadership is not the property of a
single individual but a practice stretched across multiple actors and their interactions with tools and
routines. When school leaders distribute decision-making authority to teacher teams, they
simultaneously build organizational capacity and engender a culture of shared accountability for
student outcomes — a configuration strongly associated with school improvement in systemic reviews
(Harris, 2013).

Self-Determination Theory (Deci & Ryan, 2000) provides the micro-level psychological
mechanism linking management to motivation. The theory posits that sustained intrinsic motivation
arises when three basic psychological needs are met: autonomy (the experience of volition in one's
work), competence (the experience of effectiveness), and relatedness (meaningful connection to
others). Managerial behaviors that support need satisfaction predict higher intrinsic motivation, greater
well-being, and lower burnout among teachers (Pelletier et al., 2002; Roth et al., 2007).

Professional Capital Theory (Hargreaves & Fullan, 2012) frames the teaching profession in
terms of three interdependent capitals — human capital (individual talent and skill), social capital
(collegial trust and networks), and decisional capital (accumulated professional judgment).
Management environments that invest purposefully in these capitals through coaching, collaborative
inquiry, and reflective practice generate the conditions for self-sustaining professional growth.

2.2 Teacher Motivation: A Managerial Perspective

Contemporary scholarship treats teacher motivation as a multi-tiered construct encompassing
extrinsic incentives (salary, career status, working conditions) and intrinsic determinants (professional
vocation, self-efficacy, community belonging). Longitudinal research consistently shows that intrinsic
factors are more robust predictors of sustained pedagogical effectiveness and career persistence than
extrinsic rewards alone (Skaalvik & Skaalvik, 2018).

Bandura's (1997) self-efficacy theory identifies four sources of efficacy beliefs: mastery
experiences, vicarious learning, verbal persuasion, and physiological states. School leadership directly
mediates all four sources: by structuring opportunities for success (mastery), showcasing expert peers
(vicarious), providing affirming feedback (verbal), and managing workload to prevent chronic stress
(physiological). Principals who purposefully work across these four channels produce measurable
shifts in teacher professional self-concept.

2.3 The Management—Achievement Nexus

Hattie's (2009) synthesis of over 800 meta-analyses, encompassing data from more than 80
million students, established that teaching quality accounts for approximately 30% of the variance in
student learning outcomes. Because school management directly shapes teaching quality — through
professional development, observation and feedback, workload structuring, and resource allocation —
the principal operates as a high-leverage multiplier in any strategy to raise student achievement.

Leithwood et al.'s (2020) Four Paths model describes the routes through which leadership
influences student outcomes: (1) the Rational Path (setting direction through shared goals and high
expectations); (2) the Emotional Path (developing people through recognition, support, and intellectual
stimulation); (3) the Organizational Path (restructuring conditions and culture); and (4) the Family
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Path (engaging the wider community). Each path is operationalized in specific, observable leadership
behaviors amenable to measurement and development.

Robinson, Lloyd, and Rowe's (2008) meta-analysis of 27 studies found that instructional
leadership — direct involvement in curriculum design, teacher observation, and learning-focused
dialogue — has an effect size of d = 0.42 on student outcomes, nearly three times the effect size of
transformational leadership in isolation (d = 0.11). This finding anchors the present study's focus on
the pedagogical dimension of management.

3. Methodology

3.1 Research Design

The study employs a convergent mixed-methods design (Creswell & Plano Clark, 2018),
integrating a PRISMA-compliant systematic literature review with a multi-site comparative case study.
This approach combines the breadth of coverage offered by the systematic review with the depth of
contextual understanding provided by in-depth field inquiry.

The systematic review searched Scopus, Web of Science, ERIC, and Google Scholar for
publications from 2000 to 2024 using the following term clusters: (school management OR principal
leadership OR instructional leadership) AND (teacher motivation OR teacher well-being OR teacher
retention) AND (student achievement OR academic performance OR educational outcomes). After de-
duplication, title-abstract screening, and full-text eligibility assessment, 127 sources were retained, of
which 84 served as primary references.

3.2 Data Collection Instruments

The empirical component deployed four instruments. Semi-structured interviews were conducted
with school principals (n = 36, 3 per school) using a protocol organized around leadership behaviors in
four domains: vision and goal-setting, teacher professional development, feedback practices, and
workload management. Teacher surveys utilized an adapted Multifactor Leadership Questionnaire
(MLQ-5X; Bass & Avolio, 1995) for leadership perception and the validated Teacher Motivation Scale
(TMS; Fernet et al., 2012) for motivation measurement (Cronbach's o. = 0.87 across the sample).

Document analysis examined strategic development plans, professional learning community
(PLC) schedules, mentoring program descriptions, and internal quality-assurance records. Academic
achievement data were drawn from national standardized testing databases and, where available,
international assessment participation records. All data collection received institutional ethics approval
and informed consent from participants.

3.3 Sample and Geographic Scope
Table 1. Sample Characteristics by Countr

Country Schools (n)  Teachers School Type Observation
(n) Period
Kazakhstan (NIS) 2 82 Autonomous / 2021-2023
Nazarbayev IS
Kazakhstan (State) 2 60 Public 2021-2023
Russia 2 87 Public 20222023
Finland 2 68 Municipal 2021-2022
Singapore 2 61 Public (MOE) 2022-2023
United States 2 54 Public / Charter 2021-2023
TOTAL 12 412 — 2021-2023

Table 1. Sample characteristics across the six national contexts (n = 412 teachers, 36 principals)
3.4 Analytical Strategy
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Quantitative data were analyzed using SPSS 27.0. Pearson correlations examined bivariate
associations between management practices and outcome variables. Multiple linear regression
identified the independent predictive contributions of each management practice while controlling for
school size, country, and sector. A supplementary ANOVA tested for significant between-country
differences in motivation and achievement indices. The significance threshold was set at a = 0.05 with
Bonferroni correction for multiple comparisons.

Qualitative data from interviews were processed using reflexive thematic analysis (Braun &
Clarke, 2006) in NVivo 14. An initial codebook was developed deductively from theoretical
constructs, then refined inductively through iterative reading of transcripts. Member-checking with six
principals and inter-rater reliability (Cohen's k = 0.81) were employed to enhance trustworthiness.
Case studies were compared using a structured cross-case matrix aligning conditions, management
practices, and observed outcomes.

4. Literature Review

4.1 The Evolution of School Management Concepts

The intellectual history of school management reveals a trajectory from administrative-
bureaucratic models (Taylor, 1911; Weber, 1947) toward pedagogically centered approaches that
gained momentum in the late twentieth century. For much of the mid-twentieth century, the school
principal was conceived primarily as an organizational administrator tasked with ensuring institutional
functioning within a hierarchical system. The paradigm shift toward the principal as instructional
leader was catalyzed by the effective schools movement (Edmonds, 1979) and accelerated by the
standards-based reform era of the 1980s-1990s.

The concept of instructional leadership, elaborated by Bossert et al. (1982) and Hallinger and
Heck (1998), repositions the principal as an active participant in the educational process — shaping
curriculum decisions, observing and supporting teaching, and creating a school-wide climate of high
expectations. Robinson et al.'s (2008) meta-analysis provides the strongest quantitative evidence to
date that this orientation yields the largest effect sizes on student outcomes among all leadership
models studied.

More recently, the literature has moved toward integrated or 'balanced' leadership frameworks
that recognize both the instructional and transformational dimensions as necessary and mutually
reinforcing. Hallinger (2018) argues that effective principals in high-performing systems seamlessly
combine vision-setting, people-development, and direct engagement with the learning process — a
synthesis reflected in the managerial practices identified in our own data.

4.2 Management Factors and Teacher Motivation

The systematic review identified three clusters of management factors robustly associated with
teacher motivation. The first cluster — autonomy support — is the most extensively documented.
Reeve (2009), Roth et al. (2007), and Pelletier et al. (2002) converge on the finding that teachers who
perceive their principal as autonomy-supportive report significantly higher intrinsic motivation, greater
job satisfaction, and stronger intentions to remain in the profession. Critically, autonomy support does
not require relinquishing standards; rather, it involves offering rationales for requirements,
acknowledging teachers' perspectives, and minimizing controlling language.

The second cluster — professional development and learning — reflects the finding that high-
quality, job-embedded professional learning produces the most durable gains in both teacher
motivation and instructional competence (Darling-Hammond et al., 2017). Management practices that
protect time for collaborative inquiry, lesson study, and peer coaching — and that position the
principal as a participant rather than an auditor — signal genuine investment in teacher growth and
activate intrinsic motivational processes.

The third cluster — organizational culture and psychological safety — draws on research
showing that trust-rich, open school climates sustain higher levels of collective teacher efficacy (Hoy
& Miskel, 2012). Donohoo et al. (2018) identify collective efficacy as having an effect size of d = 1.36
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on student achievement in Hattie's updated synthesis — the largest of any school-level factor —
providing a compelling argument for management practices that build rather than erode collegial trust.

4.3 Pathways from Management to Student Achievement

A central methodological challenge in this literature is disentangling the direct from the mediated
effects of leadership on student outcomes. Direct effects — through resource-allocation decisions or
curriculum structuring — are modest. Mediated effects — operating through teaching quality,
organizational conditions, teacher motivation, and school climate — are substantially larger and more
educationally meaningful (Leithwood & Jantzi, 2006).

Sun and Leithwood's (2015) meta-analysis of 79 studies demonstrates that both ‘rational’
leadership paths (goal clarity, performance expectations) and ‘emotional’ paths (inspiration,
interpersonal support, identity affirmation) independently predict student outcomes, with combined
models explaining the largest shares of variance. The implication is that management development
programs must attend to both cognitive-strategic and relational-emotional dimensions of leadership
practice.

Emerging research on teacher retention as a mediating mechanism strengthens this chain further.
Schools with lower rates of teacher turnover demonstrate better continuity of learning relationships,
stronger collaborative cultures, and higher student achievement gains over time (Ronfeldt et al., 2013).
Since management practices are among the strongest organizational predictors of retention intent,
addressing management quality is simultaneously an investment in workforce stability and student
learning.

5. Findings

5.1 Key Management Practices and Their Effect Sizes

Analysis of survey and interview data across all twelve schools yielded a coherent set of five
management practices demonstrating the most consistent and statistically significant associations with
both teacher motivation and student academic achievement. Table 2 presents Pearson correlation
coefficients and significance levels.

Table 2. Correlations Between Management Practices and Educational Outcomes

Management Practice r with Teacher  r with Student p-value
Motivation Achievement

Autonomy-supportive 0.67 0.48 <0.001
leadership
Constructive, learning-focused 0.61 0.52 <0.001
feedback
Structured professional 0.58 0.44 <0.001
development
Teacher participation in 0.54 0.39 <0.01
decisions
Recognition and public 0.49 0.31 <0.01
acknowledgment
Administrative burden on -0.53 -0.41 <0.001
teachers

Table 2. Pearson correlations between management practices and outcomes (n = 412). All significant
values survive Bonferroni correction.
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5.2 Regression Analysis

Multiple linear regression with teacher motivation as the dependent variable confirmed that the
five management practices jointly explain 54% of motivational variance (R* = 0.54, adjusted R? =
0.53, F(5, 406) = 95.3, p < 0.001). The standardized coefficients reveal that autonomy-supportive
leadership is the single strongest predictor (p = 0.31, p < 0.001), followed by constructive feedback (3
= 0.27, p < 0.001). Administrative burden carries a significant negative coefficient (B = —0.22, p <
0.001), confirming its demotivating role. A parallel regression for student achievement explains 38%
of variance (R?> = 0.38, F(5, 406) = 49.8, p < 0.001), consistent with the mediated nature of
management's influence on learning outcomes.

Path analysis using structural equation modelling (SEM) corroborated a partial mediation model
in which teacher motivation mediates 64% of the total effect of management practices on student
achievement (indirect effect: p = 0.31, 95% CI [0.24, 0.38]), with the remaining 36% attributable to
direct organizational pathways — primarily curriculum structure and resource allocation.

5.3 Cross-Country Comparative Analysis
Table 3. Comparative Indicators Across National Contexts

Country / School Teacher Achievement (% of Management
Type Motivation Index National Norm) Support
(0-100) Index

Finland 82.4 107% 88.1
Singapore 79.1 112% 84.7
Kazakhstan — NIS 74.6 104% 78.3
USA — Charter 71.3 98% 74.2
Schools

Kazakhstan — State 58.2 89% 59.7
Russia 55.8 91% 57.1

Table 3. Comparative educational outcome indicators by country and school type (2021-2023)

The cross-country data reveal two clusters. High-motivation, high-achievement contexts
(Finland, Singapore, Kazakhstan NIS) share investment in professional development as a structural
priority, genuine pedagogical autonomy, and low administrative burden — despite markedly different
governance philosophies. Low-motivation contexts (Kazakhstan State, Russia) share high
administrative burden on teachers, infrequent pedagogically focused feedback, and limited time for
collaborative learning. The between-cluster gap in motivation index (82.4 vs. 55.8) is statistically
significant (F(5,6) = 14.3, p < 0.01).

6. Case Studies

Case 1 — Nazarbayev Intellectual School (NIS), Kazakhstan

The Nazarbayev Intellectual Schools represent Kazakhstan's flagship experiment in institutional
autonomy and evidence-informed management. Unlike standard state schools, NIS institutions enjoy
substantial independence in curriculum design, staffing policy, and resource deployment, enabling a
management culture substantively different from the mainstream.

Key management practices

« Institutionalized horizontal mentoring (peer coaching) with scheduled protected time

« Mandatory teacher action-research projects presented at annual in-house conferences

199



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

« Structured Professional Learning Communities meeting weekly for collaborative lesson
planning

« Transparent, competency-based career progression pathways with salary differentiation

« Feedback conversations focused on pedagogical growth, not administrative compliance

Outcomes: NIS teacher motivation index reached 74.6 (vs. 58.2 in state schools), with teacher
retention at 91% (vs. 68%). Students consistently outperform national standardized-test averages by
15-22% in mathematics and natural sciences, with particularly strong gains in higher-order thinking
domains assessed by criterion-referenced instruments.

Case 2 — Municipal Comprehensive School, Helsinki, Finland

The Finnish model exemplifies trust-based governance at its most fully realized. The Helsinki
school studied operates within a national framework that deliberately minimizes external inspection,
standardized testing, and prescriptive curriculum mandates — choices reflecting an institutional
confidence in teacher professionalism seldom found elsewhere. The principal's role is primarily
facilitative: clearing organizational obstacles, securing resources, and supporting teacher-initiated
innovation.

Distinctive features: No mandatory lesson observations for evaluation purposes; principal joins
PLCs as a co-learner; teachers design their own professional development plans in dialogue with
leadership; administrative workload reported at under 12% of working time.

Outcomes: The highest teacher motivation index in the sample (82.4) and PISA-level results
consistently exceeding OECD averages by 7-12 percentage points. In interview, teachers described the
management culture as one of ‘radical trust,’ attributing their sustained commitment to the profession
partly to feeling treated as expert professionals rather than managed workers.

Case 3 — Public Secondary School, Singapore

The Singapore model represents the most sophisticated example of a standards-driven, high-
investment approach to teacher management. The Ministry of Education mandates a minimum of 100
hours of structured professional development annually for every teacher — a commitment backed by
dedicated state funding — while simultaneously providing a highly articulated framework of
pedagogical and leadership standards.

Unique structural feature: The "Teacher Growth Model' offers three equal-status career tracks
— Teaching Track (mastery of pedagogy), Leadership Track (administrative and policy roles), and
Senior Specialist Track (curriculum and research) — enabling every teacher to advance professionally
within their area of strength, without requiring a move into management.

Outcomes: The highest achievement index in the sample (112% of national norm) alongside a
strong motivation index (79.1). Despite a demanding professional culture with high workload,
motivation remains elevated — attributable, in teacher interviews, to robust public recognition of
teaching as a prestigious profession and a management style that consistently acknowledges individual
contribution.

Case 4 — State Comprehensive School, Kazakhstan (Contrasting Case)

Included as a deliberate contrast, the two standard Kazakhstani state schools studied exhibit the
archetypal administrative management model: high formalization, limited pedagogical autonomy, an
emphasis on compliance and documentation, and infrequent learning-focused interaction between
principal and teachers.

Problematic patterns identified: On average, teachers reported spending 34% of their working
time on documentation and non-pedagogical administrative tasks. Feedback from the principal
occurred on average 1.2 times per semester and was predominantly evaluative rather than
developmental. Collaborative professional learning structures were absent or nominal. Teacher
motivation index: 58.2; retention rate: 68%; student achievement: 89% of national norm.

Quialitative analysis of principal interviews in these schools revealed a pattern the research team
termed 'involuntary transactional leadership': principals expressed a genuine desire to support teachers
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but described feeling trapped by regulatory compliance demands, reducing the proportion of time
available for pedagogical dialogue and instructional support.

7. Discussion

7.1 Synthesis of Findings

The convergent findings from quantitative and qualitative strands of this study present a coherent
and empirically grounded account of how school management shapes teacher motivation and, through
it, student academic achievement. Three overarching insights deserve emphasis.

First, the relational dimension of management — specifically the degree to which principals
communicate trust, afford autonomy, and provide growth-oriented feedback — emerges as the most
powerful predictor of teacher intrinsic motivation across all five national contexts. This finding is
consistent with Self-Determination Theory (Deci & Ryan, 2000) and extends it by demonstrating that
autonomy-supportive management operates as a motivational amplifier even in systems with relatively
high external accountability pressures.

Second, the contrast between NIS Kazakhstan and standard state schools within the same
national system underscores that management culture — rather than funding level or national policy
framework alone — is the decisive variable. The NIS schools operate with substantially more
institutional autonomy but within the same national curriculum and labor-market context. Their
superior outcomes on every measured dimension point to management practice as the mediating
mechanism.

Third, the Singapore case complicates simplistic narratives that equate autonomy with quality.
Singapore's management model is arguably more directive than Finland's, yet produces comparably
high outcomes. The common factor is structural investment in teacher professional development and
systemic recognition of teacher expertise — regardless of whether the overall management philosophy
tends toward trust-based or standards-based governance.

7.2 Theoretical Contributions

This study makes three contributions to the theoretical literature. It provides cross-national
empirical evidence for the mediated model of leadership influence, documenting that teacher
motivation accounts for 64% of the total effect of management on student achievement — a finding
that strengthens the theoretical primacy of the Emotional Path in Leithwood et al.'s (2020) Four Paths
model. It extends Self-Determination Theory to the organizational level by demonstrating that need-
supportive management climates — not just individual teacher-student interactions — predict intrinsic
motivation. Finally, it establishes that the autonomy-feedback dyad (autonomy-supportive leadership
combined with frequent constructive feedback) constitutes the most potent management lever across
diverse cultural and governance contexts.

8. Conclusions and Recommendations

8.1 Principal Conclusions

1. School management practices are statistically significant predictors of teacher motivation
(R? = 0.54) and, through a mediated pathway, of student academic achievement (R* = 0.38). The
principal functions as the key organizational lever for sustainable improvement in both outcomes.

2. Autonomy-supportive leadership and learning-focused feedback are the most powerful
individual management predictors of teacher intrinsic motivation (B = 0.31 and 0.27 respectively) —
and both are low-cost, immediately actionable by any school leader.

3. High-performing educational systems, despite differing governance philosophies (trust-
based Finland vs. standards-based Singapore), share one structural commonality: systematic, well-
resourced, embedded professional development as an institutional priority.

4. Administrative burden on teachers is a robust negative predictor of motivation (p = —0.22)
and an indirect drag on student achievement. Reducing non-pedagogical tasks is therefore not merely
an efficiency measure but an educational equity intervention.

5. Within Kazakhstan, the NIS-state school gap across all measured dimensions signals
systemic management deficits in the mainstream system that policy reforms must address.
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8.2 Evidence-Based Recommendations for School Principals

« Implement structured monthly learning conversations with every teacher, focused on
professional growth goals rather than administrative compliance — replace inspection-oriented
observation with coaching-oriented dialogue.

- Establish formal Professional Learning Communities with protected, timetabled time
(minimum 60-90 minutes weekly) for collaborative lesson design, data inquiry, and peer observation.

« Conduct an administrative workload audit and systematically eliminate or digitize
documentation tasks, targeting a reduction of non-pedagogical time to below 15% of teachers' working
week.

« Transition from lesson observation as evaluation to 'learning walk' formats followed by
collegial debrief, repositioning observation as a tool for shared professional learning.

« Delegate meaningful pedagogical decisions — choice of instructional methods, assessment
formats, project themes — to teachers and teacher teams within the framework of national standards.

« Create differentiated career pathways that allow high-performing teachers to advance
professionally without leaving the classroom, modeling the Singapore Teacher Growth Model.

« Publicly and specifically acknowledge teacher professional contributions in staff meetings,
newsletters, and community communications — recognition costs nothing and yields measurable
motivational returns.

8.3 Recommendations for Policy Makers

« Revise principal training and certification programs to weight instructional and people-
leadership competencies equally with administrative management skills.

 Introduce mandatory minimum allocations for embedded professional development
(minimum 80-100 hours annually, as in Singapore) backed by dedicated budget lines.

« Design teacher evaluation systems that explicitly reward autonomy-supportive, growth-
oriented management behaviors at the principal level.

« Establish cross-school learning networks enabling state-school principals to learn from NIS
management practices within the Kazakhstani context.

8.4 Limitations and Future Directions

The present study carries several limitations that qualify the generalizability of its findings. The
cross-sectional design of survey components prevents causal inference; future research should employ
longitudinal designs with randomized management development interventions. The sample sizes
within individual countries (2 schools each) limit country-level precision; a larger-scale replication
with 10+ schools per context is warranted. Self-report measures of motivation are susceptible to social
desirability bias, notwithstanding the anonymity assurances provided.

Priority future directions include: (1) a randomized controlled trial of a structured autonomy-
support intervention for school principals; (2) development and psychometric validation of a
Kazakhstan-specific Management Practice Observation Scale; (3) investigation of the moderating role
of national accountability culture on the management-motivation relationship; and (4) longitudinal
tracking of student cohorts across schools with contrasting management profiles.
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Abstract

The accelerating digitalization of higher education (HE) necessitates a fundamental reconceptualization of
institutional systems supporting academic staff professional development (PD). Traditional models of faculty
training have proved insufficient in addressing the multi-dimensional competency demands imposed by digital
transformation. This article investigates the theoretical foundations, structural components, and implementation
mechanisms of institutional frameworks designed to promote academic staff PD in digitized HE environments.
Drawing on a systematic literature review, multi-case analysis across five leading international universities, and
empirical data from UNESCO, OECD, and national higher education surveys (2018-2024), the study identifies
six core institutional pillars: strategic governance, structural support, competency frameworks, recognition
systems, quality assurance, and communities of practice. The research reveals critical implementation barriers
including fragmented policy environments, cultural resistance, workload constraints, and inadequate assessment
of PD impact. The article proposes an Integrated Digital Professional Development Institutional Model
(IDPDIM) and provides a tiered competency framework aligned with DigComp-Edu standards. Findings have
direct implications for HE policymakers, institutional leaders, and academic developers worldwide.

Keywords: academic staff professional development; digital transformation; higher education
institutions; institutional systems; digital competency framework; faculty training; learning management
systems; educational technology.

1. Introduction and Relevance of the Research

The contemporary higher education landscape is undergoing an unprecedented transformation
driven by the fourth industrial revolution, artificial intelligence, and the post-pandemic acceleration of
digital pedagogies. Academic staff stand at the epicentre of this transformation: they are
simultaneously expected to master evolving digital tools, redesign pedagogical approaches, engage
with data analytics, and maintain research excellence. Yet institutional responses to these demands
remain fragmented, reactive, and insufficiently theorised.

The relevance of constructing robust institutional systems for academic professional
development (APD) in digitized HE has never been more acute. According to the OECD Education at
a Glance (2023), only 38% of higher education institutions in member states have adopted a
comprehensive, institution-wide strategy for faculty digital upskilling. UNESCQO's 2022 report on
higher education transformation identifies “insufficient institutional infrastructure for faculty PD" as
one of the top five barriers to sustainable digital transformation in universities globally.

Beyond statistical urgency, the conceptual stakes are equally high. The shift from episodic,
workshop-based training to systematic, technology-enhanced, and institutionally embedded PD
represents a paradigmatic transition in how universities conceptualise the professional growth of their
most critical asset — academic staff. This transition demands new theoretical frameworks, new
governance architectures, and new empirical evidence.

Kazakhstan and Central Asian HE systems present a particularly instructive context: rapid
digitalization mandates from national development programmes (e.g., Kazakhstan's Digital Kazakhstan
Strategy 2022-2026) intersect with legacy Soviet institutional structures, creating both unique
challenges and innovative adaptation opportunities that carry wider lessons for emerging economies.
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This article addresses four core research questions: (1) What theoretical frameworks best explain
the institutional conditions for effective academic PD in digitized HE? (2) What are the essential
structural components of a digitally adaptive institutional PD system? (3) What barriers hinder the
construction and operationalization of such systems? (4) What practical models demonstrate proven
effectiveness across diverse institutional contexts?

2. Theoretical Framework and Conceptual Foundations

2.1 Institutional Theory and Higher Education

The institutional theory of Meyer and Rowan (1977), later developed by DiMaggio and Powell
(1983) in their analysis of isomorphism, provides the foundational lens for understanding how HE
institutions adopt and legitimate practices of academic PD. Three isomorphic pressures — coercive
(regulatory mandates), mimetic (benchmarking against prestigious universities), and normative
(professional norms disseminated through accreditation) — shape the adoption trajectories of PD
systems.

Scott's (2008) three pillars of institutions — regulative, normative, and cultural-cognitive —
further illuminate why certain PD frameworks achieve durability and acceptance while others remain
superficial. Effective institutional PD systems must address all three pillars: they require regulatory
backing (policy and resource allocation), normative legitimacy (alignment with academic professional
identity), and cultural embeddedness (becoming "the way things are done here™).

2.2 Transformative Learning Theory

Mezirow's (1991) transformative learning theory offers a powerful individual-level counterpart
to institutional theory. Faculty professional development is not merely a process of skill acquisition but
one of perspective transformation — a fundamental shift in frames of reference regarding teaching,
technology, and academic roles. For institutional PD systems to be effective, they must create
disorienting dilemmas that challenge existing assumptions and provide structured reflection
opportunities that enable frame transformation.

In the digital context, Selwyn's (2011) critical approach to educational technology situates
transformative learning within power dynamics: faculty are not passive recipients of digital tools but
active agents who negotiate, resist, and adapt technological imperatives. Institutional PD systems must
therefore foster critical digital literacy — the capacity to evaluate, not merely adopt, technologies.

2.3 Communities of Practice and Distributed Expertise

Wenger's (1998) communities of practice (CoP) framework has become increasingly influential
in HE PD design. Rather than centralised expert-led training, CoPs position knowledge as socially
distributed and practice-generated. In digitized HE, CoPs take hybrid forms: virtual learning
communities, interdisciplinary working groups, and cross-institutional collaborative networks
complement face-to-face collegial exchange.

Distributed leadership theory (Spillane, 2006) reinforces the CoP model at the institutional level:
digital transformation of academic practice cannot be led by a single centre of professional
development but requires distributed champions, peer facilitators, and departmental advocates
embedded across the institution.

2.4 The SAMR Model and Technological Integration

Puentedura's (2006) Substitution, Augmentation, Modification, and Redefinition (SAMR) model
provides a widely applied taxonomy of technological integration in pedagogy. At the substitution
level, digital tools merely replicate analogue functions; redefinition represents the transformative
summit where technology enables fundamentally new learning experiences. Institutional PD systems
must be architected to move faculty progressively from substitution to redefinition rather than
confining them to surface-level digital adoption.

Figure 1 schematically represents the theoretical synthesis underlying the proposed institutional
framework, integrating institutional theory, transformative learning, CoP, and SAMR into a unified
conceptual architecture.

Figure 1. Theoretical Architecture of Institutional APD Systems in Digitized HE
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MACRO LEVEL.: Institutional Theory (Meyer & Rowan; Scott)

— Coercive pressures — National digital education policy

— Mimetic pressures — International benchmarking (QS, THE rankings)

L— Normative pressures — Accreditation standards (AACSB, EQUIS, QAA)

MESO LEVEL: Communities of Practice (Wenger) + Distributed Leadership (Spillane)

— Formal: Teaching & Learning Centres; Faculty Academies

— Semi-formal: Departmental PD champions; Learning circles

L— Informal: Peer networks; Digital communities of practice

MICRO LEVEL: Transformative Learning (Mezirow) + SAMR (Puentedura)

|—— Stage 1: Awareness & motivation (disorienting dilemma)

— Stage 2: Exploration (S-A levels of SAMR)

— Stage 3: Integration (M-R levels of SAMR)

L Stage 4: Advocacy & leadership (expert practitioner)

Figure 1. Multi-level theoretical architecture for institutional APD system construction

3. Methodology

This research employs a mixed-methods design integrating systematic literature review,
comparative case study analysis, and descriptive-analytical review of international policy documents.

3.1 Systematic Literature Review

A systematic review was conducted following PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. Databases searched include Web of Science,
Scopus, ERIC, and Google Scholar for the period 2014-2024. Search terms included: "faculty
professional development AND digital”; "academic staff training AND higher education AND
institutional"; "digitalization AND university AND competency framework™; "LMS AND faculty
development”; "digital transformation AND HE leadership”. Initial yield: 847 sources. After
deduplication, title/abstract screening, and full-text eligibility assessment, 112 peer-reviewed articles,
18 institutional reports, and 11 national/international policy documents were included.

3.2 Case Study Selection

Five HEIs were selected using theoretical purposive sampling to maximise variation across: (a)
geographic and cultural context, (b) institutional prestige and resources, (c) stage of digital maturity,
and (d) type of PD model adopted. Selected institutions: MIT (USA), TU Delft (Netherlands), National
University of Singapore (NUS), Nazarbayev University (Kazakhstan), and the University of Edinburgh
(UK). Data sources include institutional strategy documents, annual reports (2019-2024), faculty
surveys cited in published research, and interviews reported in institutional publications.

3.3 Analytical Framework

Qualitative data were analysed thematically using Braun and Clarke's (2006) reflexive thematic
analysis. Comparative cross-case analysis followed Miles, Huberman, and Saldana's (2014) framework
for within-case and cross-case pattern synthesis. Quantitative policy data from OECD (2023),
UNESCO (2022, 2023), and national HE statistics were used for descriptive contextualisation.

3.4 Limitations

The study is limited by: (a) availability of comparative institutional data across different national
systems; (b) the rapid pace of technological change, which may render some findings time-bound; (c)
the inherent limitations of secondary case analysis. These limitations are mitigated through
methodological triangulation and transparent documentation of evidence sources.
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4. Problem Analysis: Barriers to Institutional APD System Construction

Despite widespread acknowledgement of the need for systematic academic PD in digitized HE,
significant barriers prevent the construction and effective operation of such systems. These barriers
operate at multiple levels and are deeply interrelated.

Table 1. Barriers to Institutional APD System Construction and Recommended Solutions

Barrier Category

Specific Challenge

Evidence (Source)

Recommended Solution

Structural Fragmented OECD (2022): 61% HEIs Integrated Digital Education
institutional policies lack unified PD strategy Policy framework
Resistance to change; Kirkpatrick & Kirkpatrick Change management;
Cultural . . ) i :
academic conservatism  (2016): motivation gap champions network
. 0,
. LMS fragmentation; UNESCO  (2023):  47% Interoperable EdTech
Technical . report platform : )
cybersecurity concerns . - architecture; IT governance
incompatibility
T Workload; time poverty Trower (2012): faculty time  Micro-credentialing;
emporal VI . .
for PD participation constraints asynchronous modalities
Evaluative Lack of PD impact Guskey (2000): absence of Data-driven dashboards;
measurement learning analytics Kirkpatrick Level 3-4

Source: Compiled by the author based on Guskey (2000), Kirkpatrick & Kirkpatrick (2016), OECD (2022), UNESCO
(2023)

Four overarching problem domains merit detailed discussion:

4.1 The Policy Fragmentation Problem

A fundamental structural problem in most HE institutions is the absence of a coherent, cross-
institutional PD policy that specifically addresses digital dimensions of academic work. Professional
development responsibilities are frequently distributed across human resources departments, teaching
and learning centres, information technology units, and faculties, without coordinating governance
mechanisms. This produces duplicated provision, gaps in coverage, and faculty confusion about
mandated versus optional PD pathways.

The OECD (2022) data cited in Table 1 are particularly concerning: 61% of surveyed HEIs lack
a unified PD strategy, meaning that digital upskilling initiatives are ad hoc, dependent on individual
institutional champions, and vulnerable to leadership changes. When a digital PD champion leaves an
institution, the entire programme often collapses - a clear sign of insufficient institutionalisation.

4.2 The Cultural-Resistance Problem

Academic culture presents specific resistance patterns to institutionally directed PD that are
absent in most other professional sectors. Academic identity is built on disciplinary expertise,
autonomous scholarly judgment, and peer recognition — all of which can generate resistance to
externally imposed "training™ that implies skill deficit. The symbolic dimension is critical: PD that is
perceived as managerial surveillance or deficit remediation will be resisted, while PD framed as
scholarly development and intellectual enhancement will attract engagement.

Trowler and Cooper's (2002) analysis of academic tribes and territories remains instructive:
disciplinary communities have distinct norms about what constitutes valuable professional activity,
and PD systems that ignore disciplinary specificity in favour of generic digital skills training
consistently underperform.

4.3 The Evaluation Deficit

Perhaps the most theoretically underdeveloped area of institutional APD is impact evaluation.
Most current systems rely on Kirkpatrick Level 1 (satisfaction surveys) at best, with virtually no
systematic measurement at Level 3 (behaviour change in teaching) or Level 4 (student learning
outcomes). This evaluation deficit has two compounding consequences: it prevents evidence-based
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improvement of PD programmes, and it removes the institutional business case data needed to justify
continued resource investment.

Guskey's (2000) model of PD evaluation, which adds institutional support as a fifth evaluation
level between Levels 3 and 4, offers a more contextually appropriate framework for HE institutions
than the Kirkpatrick model alone. Deploying learning analytics platforms that connect faculty PD
participation with measurable changes in course design, student engagement, and learning
performance represents the next frontier in institutional PD evaluation.

5. Literature Review: State of the Field

5.1 Evolution of Academic Professional Development Frameworks

The scholarship of academic PD has evolved through three broad phases (Steinert et al., 2016):
(1) the skills deficit phase (1970s-1990s), dominated by workshop-based transmission of pedagogical
techniques; (2) the reflective practice phase (1990s—2010s), influenced by Schon's (1983) reflective
practitioner model and Boyer's (1990) scholarship of teaching; and (3) the digital-ecological phase
(2010s—present), characterised by complex systems thinking, networked learning, and data-driven
personalisation.

The COVID-19 pandemic functioned as a massive forced experiment in digital academic
practice, compressing a decade's worth of potential digital adoption into 18 months (Hodges et al.,
2020). The post-pandemic literature reveals that while emergency remote teaching exposed significant
gaps in faculty digital readiness, it also accelerated institutional awareness of the need for systematic,
rather than crisis-driven, APD infrastructure.

5.2 International Policy Landscape

At the European level, the European Commission's DigComp-Edu (Redecker, 2017) framework
has become the dominant reference standard, providing a six-level competency progression across five
areas: professional engagement, digital resources, teaching and learning, assessment, empowering
learners, and facilitating learners' digital competence. Its adoption by national HE quality agencies in
Estonia, Finland, Spain, and Ireland signals a normative isomorphic pressure toward framework
standardisation.

The UNESCO (2022) Recommendation on Open Educational Resources and the 2023 report
"Harnessing Artificial Intelligence for Education™ represent emerging normative frameworks that
extend digital competency requirements beyond technical literacy into areas of Al governance, digital
rights, and open science. Academic staff who are not equipped to engage critically with Al tools will
increasingly struggle to maintain pedagogical currency and research relevance.

5.3 Technology-Enhanced PD Platforms

The landscape of technology platforms supporting APD has diversified substantially. Learning
Management Systems (LMS) such as Moodle, Canvas, and Blackboard Ultra now offer faculty-
specific PD modules integrated with institutional course delivery systems. Micro-credentialing
platforms, including Credly, Badgr, and institutional badge systems, have enabled granular recognition
of discrete competency achievements. Al-driven personalised learning platforms - including Coursera
for Campus, LinkedIn Learning institutional accounts, and bespoke institutional platforms -
increasingly offer adaptive PD pathways that respond to individual competency profiles and learning
analytics data.

However, Czerniewicz et al. (2020) note a persistent "PD platform paradox": institutions invest
heavily in sophisticated technology platforms for faculty PD while simultaneously neglecting the
human infrastructure - facilitators, coaches, peer networks - that makes such platforms pedagogically
effective. Technology platforms for PD are necessary but not sufficient conditions for institutional
transformation.

6. The Proposed Institutional Framework: IDPDIM

Drawing on the systematic literature review, theoretical framework analysis, and case study
evidence, this article proposes the Integrated Digital Professional Development Institutional Model
(IDPDIM). The model comprises six interdependent pillars, presented in Table 2.
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Table 2. Components of the Integrated Digital Professional Development Institutional Model

(IDPDIM)

Framework
Component

Strategic Governance

Structural Support

Competency
Framework

Recognition
Incentives

Quality Assurance

Community of Practice

Key Indicators

Digital PD  policy; Leadership
commitment; Resource allocation

Teaching & Learning Centres; IT
infrastructure; Dedicated PD budget

Digital literacy standards; Discipline-
specific requirements; Tiered levels

Promotion criteria; PD credits; Awards

Learning analytics; Feedback

Benchmarking

loops;

Peer learning networks; Mentorship;
Cross-institutional partnerships

Implementation Mechanisms
Institutional Digital Strategy; Board-level
oversight

Centre for Academic Development; LMS
deployment

DigComp-Edu; European Digital
Competence Framework

Teaching portfolios; Fellowship
programmes

ISO 21001; Institutional research offices

Faculty learning communities; MOOC
collaboratives

Source: Author's own elaboration, based on systematic literature review and case study analysis

Figure 2. Architecture of the IDPDIM — Process Flow

INSTITUTIONAL STRATEGIC GOVERNANCE

Digital Education Policy «¢—W Resource Allocation |

| mandate & resources

v

STRUCTURAL SUPPORT LAYER |

Teaching & Learning Centre | IT | PD Budget | HR |

| delivery infrastructure

v

COMPETENCY FRAMEWORK (DigComp-Edu adapted) |

| Foundation — Intermediate — Advanced — Expert (Table 5 below) |

| personalised pathways
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| RECOGNITION &

| | COMMUNITY OF PRACTICE |

| INCENTIVE SYSTEM

| | Peer networks | Mentors |

| Promotion | Badges | | Cross-inst. collab. |

| QUALITY ASSURANCE & IMPACT |

| Learning Analytics | Feedback Loops | Benchmarking |

Figure 2. Process architecture of the IDPDIM showing interconnections between six institutional pillars

6.1 Digital Competency Framework for Academic Staff

A foundational component of IDPDIM is a tiered digital competency framework that provides both
diagnostic and developmental guidance. Table 5 presents the proposed framework across five

competency domains and four proficiency levels.

Table 3. Digital Competency Framework for Academic Staff (DigComp-Edu adapted)

Competency
Domain

Digital Pedagogy

Data Literacy

Content Creation

Al Literacy

Digital Ethics

Foundation Level

Awareness of digital
tools

Basic data reading

Digitizes existing
materials
Understands Al
basics

Aware of data
privacy

Intermediate Level

Integrates LMS;
flipped classroom

Interprets
reports

analytics

Produces multimedia
content

Uses Al tools in
teaching
Applies GDPR/data
policies

Advanced Level

Designs hybrid
learning

Uses learning
analytics for
decisions

Develops MOOQCs;
OER

Critically evaluates
Al outputs

Advises on digital
ethics

Expert Level

Researches digital
pedagogy

Leads institutional
analytics

Leads open
education
initiatives
Designs Al-

enhanced curricula

Shapes
institutional policy

Source: Adapted from Redecker (2017) DigComp-Edu; European Commission (2022)

7. Comparative Analysis: Models of PD System Organisation

Three broad models of institutional PD organisation can be identified in digitized HE, each
representing a different stage of digital maturity and institutional commitment. Table 1 below presents

a structured comparison.

Table 4. Comparison of Institutional PD Organisation Models in Digitized HE

Criteria Traditional Model Hybrid Model Digital-First Model
Institutional Centralized HR BI(_ended HR + Digital Distributed digital ecosystem
structure department units

PD delivery format  Face-to-face workshops LMS + seminars Al-personalized e-learning
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Criteria
Assessment tools

Faculty autonomy

Institutional cost

Examples

Traditional Model
Annual review

Low

High (venues, staff)

Pre-2010 HEIs

Hybrid Model Digital-First Model

360° feedback + LMS data Continuous analytics
dashboard

Moderate High (self-directed)

Medium Low per capita (scalable)

European mid-tier MIT OpenCourseWare,

universities Coursera Partners

Source: Author's own elaboration based on literature review and case analysis

The trajectory from Traditional to Digital-First models is not merely a technological progression
but a governance transformation. Digital-First institutions have reconceptualised academic PD as a
continuous, data-informed, self-directed process rather than a periodic compliance obligation.
Critically, they have aligned PD systems with faculty career progression frameworks, making digital

competency development structurally rewarded rather than merely encouraged.

8. Case Studies: International Best Practices
8.1 Overview

Five case studies were selected to represent diverse institutional, geographic, and resource
contexts. Table 5 presents a structured comparative overview of key PD initiatives, outcomes, and

transferable lessons.

Table 5. International Case Studies of Institutional APD Systems in Digitized HE

Institution Country
MIT USA

TU Delft Netherlands
NUS Singapore
Nazarbayev Kazakhstan
University

U of Edinburgh UK

Source: Compiled from institutional reports, published research, and UNESCO/OECD documentation (2019-2024)

PD Initiative Key Outcomes

Digital Teaching Fellows 90% faculty digital

Program + proficiency; Global

OpenCourseWare reach >300M users

Extension School + Al- 40% increase in

assisted PD platform blended course
offerings

Centre for Development of

Recognized Top 10

Teaching &  Learning globally; 95% faculty
(CDTL) engagement
CELMA + Digital skills Faculty digital index
certification +35% in 3 years
Institute  for  Academic HEA Fellowship
Development; PG awarded to 70%+ of
Certificate in  Academic eligible faculty
Practice

Lessons Learned

Peer coaching &
open resource
sharing are critical

Modular micro-
credential approach
scales well

Mandatory
onboarding +
voluntary advanced
tracks balance
uptake

Context-adapted
frameworks
outperform
imported models

Formal
credentialing drives
participation

8.2 Deep Case Analysis: Nazarbayev University (Kazakhstan)

The Nazarbayev University case merits detailed analysis for its relevance to emerging economy
HE systems and its demonstration that context-adapted frameworks outperform imported models.
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Established in 2010 with a mandate to create a world-class research university within Kazakhstan's
developing HE system, Nazarbayev University faced a distinctive dual challenge: constructing
institutional PD systems from the ground up while simultaneously navigating a national digital
transformation agenda.

The Centre for Excellence in Learning, Management and Assessment (CELMA) was established
as the institutional hub for academic PD, combining Western best practices (drawing on partnerships
with University College London and University of Wisconsin-Madison) with locally adapted delivery.
Key innovations included: a tiered digital skills certification programme that differentiated between
foundational and advanced competencies; a peer observation network that embedded PD into
departmental practice rather than siloing it in central provision; and a faculty learning analytics
dashboard that provided individualised PD recommendations based on course performance data.

The institution's experience demonstrates three transferable principles: (1) institutional
partnerships with established international universities accelerate the development of PD capacity but
must be contextually adapted rather than wholesale adopted; (2) creating a dedicated institutional
structure (CELMA) with clear mandate, budget, and leadership accountability is more effective than
distributing PD responsibility across departments; (3) connecting PD to institutional performance
management systems — making digital competency development visible in promotion dossiers —
creates structural incentives that dramatically improve engagement.

8.3 Cross-Case Synthesis

Across all five cases, six common success factors emerge: (1) executive leadership commitment
expressed through budget allocation and public institutional narrative; (2) dedicated institutional
structures with clear mandate and qualified staff; (3) tiered, needs-differentiated competency
frameworks rather than uniform training; (4) formal recognition mechanisms that make PD
participation visible in career progression; (5) peer-learning and community of practice components
alongside formal provision; and (6) data-driven quality assurance that connects PD with measurable
pedagogical and student outcomes.

9. Practical Recommendations for Institutional Implementation

9.1 A Phased Implementation Roadmap

Drawing on the IDPDIM framework and case study evidence, a three-phase implementation
roadmap is proposed for HE institutions seeking to construct or strengthen institutional APD systems.

Figure 3. Three-Phase IDPDIM Implementation Roadmap

PHASE 1: Foundation (Months 1-12)

e Conduct institutional digital competency audit (all academic staff)

e Establish or strengthen Teaching & Learning Centre with digital remit

e Develop Institutional Digital Education Policy (IEP) with leadership sign-off

e Adopt/adapt DigComp-Edu competency framework for institutional context

e Launch foundational digital literacy programme (mandatory for new staff)

e Establish faculty PD champions network (1 per department)

PHASE 2: Development (Months 13-30)

e Deploy integrated LMS-based PD platform with personalised pathways

e Launch micro-credentialing system linked to promotion criteria

e Establish Communities of Practice (by discipline cluster)

e Implement learning analytics dashboard for PD tracking

e Pilot Al-assisted PD recommendation engine

® Develop advanced and expert-level PD tracks
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PHASE 3: Consolidation & Innovation (Months 31+)

e Full integration of PD with performance management and promotion

e Cross-institutional benchmarking and collaborative PD partnerships

e Research-informed iteration: connect PD data with student outcomes

e Develop institution-specific Al tools for PD personalisation

e Publish PD impact reports annually (transparency & accountability)

e Seck external recognition (HEA Fellowship; DigComp-Edu certification)

Figure 3. Phased implementation roadmap for IDPDIM in HE institutional contexts

9.2 Governance Recommendations

At the institutional governance level, several key recommendations emerge from the analysis.
First, professional development policy must be elevated to strategic rather than operational status —
meaning it requires board or senate-level endorsement, dedicated budget lines that are protected from
year-to-year reallocation, and integration with institutional academic strategy. Second, a clear
governance structure must delineate responsibilities between central PD provision, faculty-level
champions, and individual departments. The most effective models combine central expertise with
distributed delivery — a "hub and spoke" architecture where a Teaching and Learning Centre provides
frameworks, resources, and quality assurance while departmental champions adapt and deliver content
in discipline-specific contexts.

Third, incentive systems must be explicitly redesigned. In most institutions, teaching innovation
and PD engagement remain structurally unrewarded in comparison to research output. Institutions that
have successfully embedded PD into academic culture have typically done so by making digital
competency development a visible, formally assessed component of promotion and performance
review processes.

9.3 Technology Infrastructure Recommendations

The technology infrastructure underpinning institutional APD systems requires careful
architectural thinking. A common pitfall is the adoption of multiple, incompatible platforms that create
administrative fragmentation and faculty confusion. Institutions should prioritise interoperability: PD
platforms should be integrated with existing LMS, HR, and student records systems to enable seamless
data flows that support both personalised PD recommendations and institutional impact monitoring.
Open standards such as xAPI (Tin Can API) enable tracking of learning activities across multiple
platforms into a unified learning record store (LRS), providing the granular data infrastructure needed
for evidence-based PD management.

10. Results and Discussion

The analysis presented in this article yields several significant findings that advance both
theoretical understanding and practical knowledge in the field of academic professional development
in digitized HE.

10.1 Theoretical Contributions

The synthesis of institutional theory, transformative learning, communities of practice, and
SAMR into a unified multi-level theoretical architecture (Figure 1) represents a contribution to the
theoretical literature by demonstrating how macro-institutional pressures, meso-level community
dynamics, and micro-level individual transformation must be theorised and addressed simultaneously.
Previous scholarship has tended to operate at a single level either institutional policy analysis or
individual faculty learning failing to bridge the gap between governance architecture and pedagogical
transformation.

The IDPDIM framework (Figure 2, Table 2) operationalises this multi-level theory into six
institutional pillars that can serve as an analytical template for institutional self-assessment and a
developmental framework for system construction. Critically, the model emphasises the
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interdependence of pillars: isolated interventions (e.g., deploying an LMS without competency
frameworks, or establishing competency frameworks without recognition systems) consistently
produce limited impact.

10.2 Empirical Findings

The cross-case analysis of five leading international HEIs confirms several key hypotheses.
Institutions with dedicated Teaching and Learning Centres reporting directly to senior leadership
consistently demonstrate higher faculty digital engagement rates and more sustained PD participation
than those where PD is distributed without central coordination. This supports the structural support
pillar of IDPDIM and aligns with OECD (2022) survey data showing that institutional structure is the
single strongest predictor of PD system effectiveness.

The Nazarbayev University case demonstrates the critical importance of context-adaptation.
Institutions in emerging HE systems that attempt to wholesale import PD models from elite Western
universities, without adaptation to local cultural, linguistic, and regulatory contexts, consistently
underperform. Effective contextualisation requires: translation of competency frameworks into local
disciplinary languages; involvement of faculty in framework co-design; and recognition of existing
informal PD practices as legitimate starting points for institutional system construction.

10.3 Policy Implications

At the national policy level, the findings suggest that government mandates for digital
transformation in HE must be accompanied by: (a) dedicated funding streams for institutional PD
infrastructure (not merely technology procurement); (b) regulatory incentives for institutions to adopt
standardised digital competency frameworks; (c) support for inter-institutional communities of practice
that enable smaller and less-resourced institutions to access PD expertise they cannot develop
independently; and (d) national learning analytics frameworks that enable benchmarking of
institutional PD effectiveness while protecting faculty privacy.

11. Conclusion

This article has argued that the digitalization of higher education demands a corresponding
institutionalisation of academic staff professional development a shift from episodic, peripheral
training to systemic, strategically governed, and pedagogically sophisticated developmental
ecosystems. The proposed IDPDIM framework, grounded in multi-level theory and validated through
international case analysis, offers institutions a comprehensive template for this transition.

The key theoretical insight is that institutional APD systems in digitized HE cannot be reduced to
platform deployment or competency catalogue construction. They require the simultaneous alignment
of strategic governance, structural support, competency frameworks, recognition systems, quality
assurance mechanisms, and community of practice architectures. The failure to attend to any one of
these pillars undermines the effectiveness of the others — a finding that has direct, urgent implications
for the many institutions currently investing heavily in digital infrastructure while neglecting the
human and institutional dimensions of faculty development.

The most significant practical implication is the need for recognition system reform. As long as
digital competency development remains invisible in academic career progression, the most talented
and ambitious faculty members will rationally deprioritise PD engagement in favour of research
output. Institutions that have broken this pattern as demonstrated by the NUS and Edinburgh cases —
have done so by making digital teaching excellence formally valued and publicly recognised, not
merely encouraged.

Future research directions include: longitudinal studies tracking the impact of IDPDIM-aligned
institutions on student learning outcomes over five-year periods; experimental comparison of
centralised versus distributed PD models controlling for institutional size and discipline composition;
and deeper investigation of Al-assisted personalisation in faculty PD an area where preliminary
evidence is promising but rigorous research remains sparse.

In conclusion, constructing effective institutional systems for academic staff professional
development in digitized higher education is not a technical project but a governance project, a cultural
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project, and — ultimately — an act of institutional commitment to the proposition that faculty
excellence is the most important determinant of educational quality in any era, digital or otherwise.
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ABSTRACT

The digital transformation of higher education (HE) represents one of the most significant systemic challenges facing
universities in the 21st century. This article presents a comparative institutional analysis of the mechanisms
supporting professional development (PD) trajectories of academic staff in the context of digital transformation in
Kazakhstan and China — two countries that, despite significant differences in scale, share strategic commitments to
HE modernization and have developed distinct but partially convergent institutional responses to the challenge of
faculty digitalization. Drawing on comparative policy analysis, systematic review of regulatory frameworks, and
synthesis of empirical literature (2018-2024), the study identifies key institutional actors, policy instruments, digital
platforms, and competency frameworks shaping faculty PD in both countries. Findings indicate that China has
achieved a higher degree of institutional systematization — particularly through national MOOC ecosystems
(XuetangX, iCourse) and Al-integrated faculty certification — while Kazakhstan demonstrates rapid reform
momentum anchored in the National Programme for Digital Education Development (NSDEP 2021-2025) and the
Bologna Process. A three-level institutional framework (macro—meso—micro) is proposed to systematize the analysis,
and a five-stage Digital Maturity Model is applied to benchmark the two systems. The study concludes with
comparative SWOT analyses and evidence-based policy recommendations for enhancing bilateral educational
cooperation, particularly within the SCO educational network framework.

Keywords: digital transformation; higher education; professional development; academic staff; Kazakhstan; China;
institutional mechanisms; EdTech; MOOC; SCO educational network

1. Introduction

The accelerating digitalization of higher education has fundamentally reconfigured the roles,
competencies, and career trajectories of academic staff worldwide. The COVID-19 pandemic acted as a forcing
function, compressing what might have been a decade-long digital transition into a compressed 18-month
period, exposing pre-existing structural deficits in institutional readiness and faculty digital competency
(UNESCO, 2023). In the post-pandemic landscape, the question is no longer whether universities should
embrace digital transformation, but how effectively institutional mechanisms can support faculty in navigating
this transformation in a sustained, equitable, and pedagogically coherent manner.

Kazakhstan and China offer a particularly instructive comparative case for examining these institutional
dynamics. Both countries occupy strategic positions within the Eurasian knowledge economy: China as a global
HE superpower undergoing deliberate transition toward Al-driven educational innovation; Kazakhstan as an
ambitious emerging economy whose HE system is engaged in simultaneous modernization across quality
assurance, internationalization, and digitalization fronts. Both are members of the Shanghai Cooperation
Organisation (SCO) educational network, which provides a formal multilateral channel for educational
cooperation. And yet their institutional contexts — in terms of system scale, political economy, regulatory
architecture, and technological infrastructure — differ profoundly.

The central research question guiding this study is: What institutional mechanisms have been developed
in Kazakhstan and China to support the professional development trajectories of academic staff in the context of
digital transformation, and how do these mechanisms compare in terms of design, scope, coherence, and
effectiveness?

To address this question, the article is structured as follows: Section 2 presents the theoretical
framework and literature review; Section 3 outlines the research methodology; Section 4 offers a comparative
institutional analysis across macro, meso, and micro levels; Section 5 presents SWOT analyses for both
countries; Section 6 discusses findings through the lens of a Digital Maturity Model; Section 7 draws
conclusions and offers policy recommendations.
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2. Theoretical Framework and Literature Review
2.1 Digital Transformation in Higher Education: Conceptual Dimensions

Digital transformation in HE extends well beyond the deployment of information and communication
technologies (ICT). As Selwyn (2022) argues, it entails a fundamental reimagining of educational relationships,
institutional cultures, and epistemic frameworks — a process that is simultaneously technical, pedagogical,
organisational, and political. Huang et al. (2020) distinguish between digitization (converting analogue content
to digital formats), digitalization (integrating digital technologies into processes), and digital transformation
(systemic organisational change driven by digital logic), and argue that most HE systems are still navigating the
transition from digitalization to transformation.

The TPACK framework (Mishra & Koehler, 2006) has become a foundational reference for
understanding the knowledge demands placed on faculty in digitally transformed environments. It posits that
effective digital pedagogy requires the simultaneous and integrated development of technological, pedagogical,
and content knowledge — not as separate components but as a dynamic, context-specific synthesis. This
framework has been applied in both Kazakhstan (Nazarbayev University pilots, 2022) and China (national
teacher certification reform, 2020) as a diagnostic and developmental tool.

2.2 Institutional Mechanisms for Professional Development: A Multi-Level Perspective

Institutional mechanisms for PD can be conceptualized across three levels: macro (national policy
frameworks), meso (institutional strategies and platforms), and micro (individual learning trajectories and
communities of practice). Fullan and Langworthy (2014) emphasize that effective PD requires coherent
alignment across these levels — a condition that is frequently absent in reform-driven systems experiencing
rapid change.

At the macro level, the European DigComp 2.2 framework (European Commission, 2022) has emerged
as a globally influential reference, delineating five competence domains: information and data literacy,
communication and collaboration, digital content creation, safety, and problem-solving. Both Kazakhstan (NQF
adaptation, 2022) and China (national digital competency standard for educators, 2020) have developed
localized adaptations of this framework, though with significant differences in implementation scope and
institutional coherence.

At the meso level, Wenger's (1998) Communities of Practice (CoP) model provides a theoretical lens
for understanding how universities can foster collaborative, peer-driven professional learning. CoPs have been
applied in the Nazarbayev Intellectual Schools network in Kazakhstan and in the Qianren Plan academic
communities in China, though their digital instantiations differ substantially.

2.3 Comparative Higher Education Policy: Kazakhstan and China

Kazakhstan's HE system has undergone significant restructuring since independence, accelerated by the
Bologna Process accession (2010), the establishment of Nazarbayev University (2010), and successive national
digitalization programmes (Digital Kazakhstan 2020, NSDEP 2021-2025). Zhiyenbayeva et al. (2021)
document the growth of e-learning infrastructure, while Kozhakhmetova (2023) offers a critical policy analysis
of the institutional capacity constraints limiting digitalization at regional universities.

China's HE digitalization trajectory has been shaped by a series of high-level strategic interventions: the
Internet+ Education initiative (2015), the New Generation Al Development Plan (2017), and the China
Education Modernization 2035 agenda (MOE PRC, 2019). Li and Zhang (2022) analyze faculty development
trajectories in the context of these policies, documenting both the scale of Chinese MOOC infrastructure and the
persistent quality assurance challenges in rapid digital expansion. Zou and Chen (2021) examine institutional
mechanisms for Al-driven faculty development in Chinese HElISs, identifying the Double First-Class Initiative as
the primary policy driver for elite institutional transformation.

3. Research Methodology

This study employs a comparative qualitative research design, integrating three methodological
components: (1) systematic literature review; (2) comparative policy document analysis; and (3) institutional
mapping.

The systematic literature review covered publications from 2018 to 2024, sourced from Web of Science,
Scopus, Google Scholar, and institutional repositories of the Ministry of Education of Kazakhstan (MES RK)
and the Ministry of Education of the People's Republic of China (MOE PRC). Search terms included
combinations of: 'digital transformation’, 'higher education’, ‘faculty professional development’, ‘academic staff’,
'Kazakhstan', 'China’, 'institutional mechanisms', 'EdTech’, 'MOOC', 'digital competency'. A total of 187 sources
were initially identified; 68 were selected for detailed analysis following quality screening using the PRISMA-
adapted protocol.
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The comparative policy document analysis examined 24 primary policy documents: 11 from
Kazakhstan (including the NSDEP 2021-2025, the Law on Education amendments 2022, and the National
Qualifications Framework) and 13 from China (including NEP 2035, the Higher Education Law 2023, and the
Opinions on the Deep Integration of Al and Education 2023). Documents were coded using a thematic
framework aligned with the macro—meso—micro analytical structure.

Institutional mapping was conducted through structured review of organizational websites, annual
reports, and OECD/UNESCO country profiles, supplemented by secondary analysis of existing empirical
studies. The Digital Maturity Model (5-stage) was applied as a comparative benchmarking tool, adapted from
established frameworks in organizational digital maturity assessment (OECD, 2023).

4. Comparative Institutional Analysis
4.1 Overview: Kazakhstan vs. China — Key Indicators

Table 1 presents a structured comparison of key institutional indicators across the two national systems,
spanning regulatory frameworks, digital platform infrastructure, PD systems, Al integration, and budgetary
allocations.

Table 1. Comparative Institutional Profile: Kazakhstan and China
Kazakhstan

Criterion

Digital education strategy

Key regulatory documents

Institutional bodies

Teacher PD system

Digital platform infrastructure

Al integration in HE

International benchmarking

Budget allocation (% GDP,
approx.)

Faculty digital competency
framework

Digital Kazakhstan 2020-2025,
NSDEP

Law on Education (2007, am. 2022),
NQF

MES RK, National Testing Centre,
NCPD

MoodleKZ, eSmart, teacher attestation
every 5 years

Bilim, NIS e-learning, limited LMS
diversity

Pilot projects; limited
institutionalization

QS ranking participation, Bologna
process

3.8% (2023)

Developing (pilot since 2022)

Internet+ Education 2015, 14th Five-
Year Plan for Education

Higher Education Law (2023), NEP
2035, Opinions on Deep Integration of
Al and Education

MOE PRC, China Education Online,
CERNET

Rain Classroom, Xuetang X,
mandatory 360 h/5 years CPD

MOOC.cn, iCourse, XuetangX (>60 m
users)

National Al curricula, 35+ Al colleges,
AloT labs

Double First-Class Initiative, SCO
education network

4.0% (2022)

DigComp-adapted national standard
since 2020

Source: Compiled by authors based on MES RK (2021), MOE PRC (2019, 2023), OECD (2023), World Bank (2022)
4.2 Macro Level: National Policy Frameworks

At the macro level, both Kazakhstan and China have articulated comprehensive national strategies for
digital HE, but with markedly different institutional genealogies and implementation architectures. Kazakhstan's
NSDEP 2021-2025 establishes targets for full LMS integration, digital content development, and faculty
retraining, but implementation capacity at regional universities remains constrained by resource asymmetries
and institutional inertia (Kozhakhmetova, 2023; World Bank, 2022). The attestation system — requiring faculty
to undergo professional development every five years — provides a regulatory lever for PD, but the content and
quality of digital competency components within attestation remain inconsistently specified.

China's macro architecture is considerably more elaborate, encompassing the Double First-Class
Initiative (which concentrates resources and incentives in elite institutions), the Al integration mandate
(requiring Al curricula across all HEIs by 2025), and the provincial-level cascade model through which national
policy is translated into institutional programmes. The MOE's annual quality monitoring reports — covering
over 2,900 HEIs — provide a systemic accountability mechanism absent in Kazakhstan's current regulatory
framework.

4.3 Meso Level: Institutional Platforms and Digital Infrastructure
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At the meso level, the contrast between the two systems is most pronounced in the domain of digital
platform infrastructure. China's MOOC ecosystem is globally exceptional in scale: XuetangX (Xuetang Online)
hosts over 60 million registered users and 3,000+ courses; iCourse (China MOOC) integrates content from 200+
leading universities; and Rain Classroom — a smart classroom tool — has been deployed across 2,500+
institutions (Chen & Zheng, 2023). Faculty PD is integrated into these platforms through mandatory 360-hour
CPD requirements per five-year cycle, with digital competency modules constituting a growing proportion of
required content.

Kazakhstan's meso-level infrastructure is more nascent. The eSmart platform offers 100 hours of
mandatory online PD modules; the Bilim platform provides blended learning resources; and the NIS
(Nazarbayev Intellectual Schools) e-learning system serves as a model for quality digital pedagogy. However,
LMS diversity at regional universities remains limited, and the absence of a national MOOC platform constrains
the scalability of digitally mediated PD.

4.4 Micro Level: Individual PD Trajectories and Communities of Practice

At the micro level, individual agency in PD trajectory construction is shaped by institutional incentives,
available tools, and peer learning cultures. In China, the Qianren Plan (Thousand Talents Program) has created
elite academic communities with embedded digital collaboration norms, while the national e-portfolio system
(piloted in 20 provinces as of 2023) supports structured individual PD documentation. Digital badging —
micro-credentialing for specific competencies — is integrated into several provincial CPD systems.

In Kazakhstan, micro-level PD support is concentrated in flagship institutions. Nazarbayev University's
Faculty Development Centre offers structured individual PD consultations, peer observation protocols, and
research mentoring; KazNU (Al-Farabi Kazakh National University) has piloted e-portfolio systems for faculty.
However, these practices remain institutionally siloed and have not been systematically scaled to regional
universities.

Table 2. Professional Development Models and Frameworks: Application in Kazakhstan and China

Model / Framework Key Features Application in KZ Application in CN

Technological,

TPACK (Mishra & Pedagogical, Content

Used in pilot digital courses  Integrated into national

Koehler) Knowledge integration (Nazarbayev Univ.) teacher cert. system
5 domains, 21 . Customized as Chinese
European DigComp 2.2  competencies, 8 proficiency ';‘g;;ted ot IR Sl Digital Competency
levels Standard

Regional IRO (Institute for

Advanced Training) Province-level Teacher

Development Centres

Trainer-of-trainers,

CPD Cascade Model multiplier effect

network
Communities of Collaborative, peer-driven Nazarbayev Intellectual Qianren Plan academic
Practice (Wenger) learning networks Schools network communities
. Online modules + face-to- eSmart platform (100 h Rain Classroom + Offline
Blended / Hybrid PD face workshops online) Bootcamps

Source: Compiled by authors based on literature review

5. Proposed Institutional Framework

Drawing on the comparative analysis, the study proposes a Three-Level Institutional Framework for
Supporting Academic PD Trajectories in the Digital Age (Figure 1). The framework integrates macro, meso,
and micro institutional levels within a vertical policy cascade and horizontal accountability feedback loop, and
includes an international cooperation layer representing SCO and bilateral KZ-CN educational partnerships.

Figure 1. Three-Level Institutional Framework for Academic Professional Development in the Digital Age

Institutional Framework for Supporting Academic PD Trajectories in the Digital Age

MACRO LEVEL
» National Digital Education Strategy

» Legal & Regulatory Framework
» National Qualifications Framework
» State Funding Mechanisms

< Feedback Loops & Accountability Mechanisms — | { Vertical Alignment & Policy Cascade
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KZ: MES RK — University — Faculty SCO / International Cooperation CN: MOE — Province — University —
Layer Faculty
Source: Developed by authors

The macro level encompasses the national regulatory, strategic, and funding architecture that defines the
boundaries and incentives for institutional PD systems. The meso level represents the university as the primary
site of PD institutionalization — encompassing policy, infrastructure, and programme design. The micro level
captures the individual faculty member's PD trajectory as shaped by institutional affordances, peer networks,
and personal agency. The vertical alignment between levels — and the feedback loops through which micro-
level evidence informs macro-level policy revision — is identified as a critical success factor for systemic
digital transformation.

6. SWOT Analyses: Kazakhstan and China
6.1 Kazakhstan

Table 3a. SWOT Analysis: Kazakhstan

SWOT Analysis — Kazakhstan

STRENGTHS WEAKNESSES
* Strong state commitment (Digital Kazakhstan, NSDEP) e« Fragmented institutional support structures
* Nazarbayev University as innovation hub » Low LMS diversity in regional universities
* Growing ICT graduate pipeline * Lack of unified digital competency standard for faculty
* Active Bologna Process integration * Insufficient research output in EdTech
OPPORTUNITIES THREATS
* SCO educational network partnerships * Brain drain of digitally skilled faculty
* Al-powered adaptive learning pilots * Cybersecurity vulnerabilities in online platforms
* Collaboration with Chinese EdTech platforms * Unequal regional access to digital infrastructure
» World Bank / ADB funding for HE reform * Rapid change outpacing institutional regulation
Source: Compiled by authors
6.2 China
Table 3b. SWOT Analisis: China
STRENGTHS WEAKNESSES
* Massive scale MOOC infrastructure (XuetangX, * Centralized model limits institutional flexibility
iCourse) « Urban-rural digital divide in HE access
« National Al education strategy since 2017 * Overreliance on domestic platforms (limited
* Double First-Class Initiative driving top-tier R&D interoperability)
* High government EdTech investment « English-language barriers in global EdTech integration
OPPORTUNITIES THREATS
* BRI (Belt and Road) knowledge diplomacy * Geopolitical tech restrictions (chip war, data
+ Al-driven personalized learning at scale sovereignty)
* Exporting EdTech platforms to Central Asia * Algorithmic bias in Al education tools

« Joint research with Kazakhstan under SCO framework * Demographic pressure on HE system
* Quality control challenges in rapid MOOC expansion

Source: Compiled by authors
7. Digital Maturity Benchmarking
The Digital Maturity Model (Figure 2) benchmarks the two national HE systems across a five-stage
scale from ‘Initial' (ad-hoc digital tool use, no systematic policy) to 'Optimising' (Al-personalized PD
trajectories, continuous innovation ecosystems). The model is adapted from established organizational digital
maturity frameworks and calibrated to the specific context of HE faculty PD.

Figure 2. Digital Maturity Model for Academic Professional Development: Kazakhstan and China Benchmarking

Level ‘ Stage Characteristics Kazakhstan

Ad-hoc use of digital tools; no  Most regional HEIs

1 Initial pOl ICy (2018—2020)

Pre-2010 era

- Developing Basic LMS; sporadic CPD; Regional universities Non-DFC universities

220



Me:xnyHapoansblii HayuHblil )kypHaa AKAJTEMHUK Ne 2 (302) 2026 1.

pilot digital courses (2021-2023) (current)
3 Defined gg&:%%gr:g;t?:aﬁ&?rig; (F,Lagfflggzlwli})ersities LI\I/rl1cl)3te ﬁsrict)i\(/eisncial
DA vorages DOl gty s usoen)  Sple s
5 Optimising fr\alujsstrg?igz;l iéggtrr::)uous Aspirational (2030+) Ty Chliz=s lnl=

. . (2023-2025)
Innovation

Source: Developed by authors based on OECD (2023) and comparative analysis

The benchmarking analysis reveals that Kazakhstan's HE system occupies an intermediate position
between Stage 2 (Developing) and Stage 3 (Defined), with flagship institutions (Nazarbayev University,
KazNU) approaching Stage 3 while most regional universities remain at Stage 2. China's system demonstrates
greater internal differentiation: elite Double First-Class universities are at Stage 4 (Managed) and approaching
Stage 5, while non-Double First-Class provincial universities generally occupy Stage 3. The national target
trajectory for Kazakhstan (NSDEP 2025) aligns with Stage 3—4 ambitions, representing a significant but
achievable aspiration given current reform momentum.
8. Discussion: Convergences, Divergences, and Lessons
8.1 Convergences

Despite their differences in scale and institutional heritage, Kazakhstan and China exhibit notable
convergences in their approaches to digital HE transformation. Both have adopted national competency
frameworks grounded in international models (DigComp); both have mandated CPD requirements linked to
digital competency development; both have invested in MOOC-based content delivery as a scalable PD
mechanism; and both have positioned HE digitalization within broader national development strategies that link
educational modernization to economic competitiveness and geopolitical positioning.
8.2 Divergences

The most significant divergences relate to scale, institutional systematization, and the role of Al in PD.
China's system benefits from the institutional density created by 2,900+ universities, a mature national MOOC
ecosystem, and a decade-long head start in Al integration. Kazakhstan's system, while reform-oriented, faces
challenges of institutional fragmentation, regional inequality, and limited research and innovation capacity in
EdTech. These divergences are not simply a product of resource asymmetry; they reflect different institutional
logics: China's state-directed, cascade-model architecture versus Kazakhstan's more decentralized, project-based
reform approach.
8.3 Lessons for Bilateral Cooperation

The SCO educational network provides a formal institutional channel for knowledge transfer and
capacity building between Kazakhstan and China. The study identifies three priority areas for enhanced bilateral
cooperation: (1) platform interoperability — enabling Kazakhstani faculty to access Chinese MOOC content
through localized gateways; (2) joint digital competency certification — developing a shared KZ-CN
framework for recognizing faculty digital credentials; and (3) collaborative EdTech research — establishing
joint R&D centres focused on Al-driven personalized learning within the Eurasian educational context.

9. Conclusions and Policy Recommendations

This comparative study has demonstrated that both Kazakhstan and China have developed substantial
but asymmetric institutional frameworks for supporting the professional development trajectories of academic
staff in the context of digital transformation. China's system is characterized by greater scale, systematization,
and Al integration; Kazakhstan's by reform momentum, international orientation, and growing institutional
capacity.

The proposed Three-Level Institutional Framework and the Digital Maturity Model offer analytical
tools applicable beyond the KZ-CN dyad, providing a generalizable conceptual architecture for comparative HE
policy analysis in the digital transformation domain.

Based on the comparative analysis, the study advances the following evidence-based policy
recommendations:

1. Kazakhstan should accelerate the development of a unified national digital competency framework for HE faculty,

anchored in the NQF and aligned with DigComp 2.2, with mandatory implementation timelines for all accredited
universities.
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2. Both countries should invest in interoperable digital PD platforms that enable cross-institutional and cross-border
credit recognition for faculty CPD activities within the SCO educational network.

3. Kazakhstan should establish regional Faculty Digital Development Centres modelled on China's provincial
Teacher Development Centres, with dedicated resources for supporting faculty at regional universities.

4. China and Kazakhstan should jointly develop an Al-enhanced adaptive learning pilot for faculty PD within the
SCO framework, leveraging China's platform infrastructure and Kazakhstan's reform laboratory context.

5. Both countries should strengthen research capacity in the EdTech and educational data analytics domains, fostering
bilateral academic exchange through joint doctoral programmes and research grants.

6. Policy accountability mechanisms should be enhanced through annual national digital education monitoring
reports, with disaggregated data enabling benchmarking at institutional, regional, and system levels.

The transformative potential of digital HE can only be fully realized when institutional mechanisms are
sufficiently robust, coherent, and equitably distributed to support every member of academic staff — not only
those in elite institutions or early-adopter roles. The comparative KZ-CN experience offers lessons for
policymakers and institutional leaders across the Eurasian educational space and beyond.
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