publisher.agency
Ireland

July, 2026

Ne 13

Dublin, Ireland

2-3.07.2026

International

st [Nterdisciplinary
Conference . .
Science Studies



ubC001.1
P97

Publisher.agency: Proceedings of the 13th International Scientific
Conference «Interdisciplinary Science Studies» (July 2-3, 2026). Dublin,

Ireland, 2026. 163p

ISBN 978-5-3144-0957-2
DOI 10.5281/zenodo.21211467

Proceedings of the 13th International Scientific Conference

IWN‘Q‘?8531440‘95“2
9 %785314"409572>

Editor: Daisy Farrell, Professor, University of Dublin

International Editorial Board:

Aidan Hayes

Professor, Athlone Institute of Technology
Olivia Cunningham

Professor, Cork Institute of Technology
Shay Hayes

Professor, Marino Institute of Education
Sarah Kavanagh

Professor, Institute of Public Administration
Adam Cunningham

Professor, Maynooth University

Aria Clarke

Professor, National University of Ireland,
Galway

Shay Magee
Professor, Technological University Dublin

Thomas Donnelly

Professor, University of Limerick

Alex Doherty

Professor, University College Dublin

Ollie O’'Donovan

Professor, Waterford Institute of Technology
Rian Doyle

Professor, Saint Patrick’s College, Maynooth
David O’Mahony

Professor, Royal College of Surgeons in
Ireland

Alannah O’Brien
Professor, National College of Ireland
Oisin Connolly

Professor, Letterkenny Institute of Technology

editor@publisher.agency
https://publisher.agency/



«Interdisciplinary Science Studies» (July 2-3, 2026). Dublin, Ireland

Table of Contents

Medical Sciences

BNOXMMWNYECKME NCCNEAJOBAHMA OT PYYHbLIX METOAOB A0 ABTOMATUYECKMX AHAJTM3ATOPOB M OLIEHKM KAYECTBA
NCCNELOBAHNA MEXKAYHAPOLHOM CUCTEMOM KOHTPOSIA RIQAS ... oo 5

KYMEKBAEBA MAHHETA }KYMATA3bIEBHA
AJITOMAEBA AVIEPUM EONTATOBHA
KY3HELIOBA MAPUHA CEPFEEBHA
[TPOKOMEHKO BANEHTUHA CEPTEEBHA
KPbIKEAEB EPKIH ATMABEKOBIY
MEHAbIGAEBA AHAPA MYPATOBHA
TONErEH AVIKEH FAHVIKbI3bI

MODERN IMAGING METHODS FOR THE DIAGNOSIS OF LEGG—CALVE—PERTHES DISEASE IN CHILDREN: A COMPARATIVE
EVALUATION OF THE DIAGNOSTIC CAPABILITIES OF RADIOGRAPHY AND MAGNETIC RESONANCE IMAGING IN EARLY DETECTION

............................................................................................................................................................................................................. 10
MUKHAMBETIYAYEVA AIDA BAKYTKYZY

Physical and Mathematical Sciences

KA3AKCTAHZAFBI AYBIILLAPYLLbINBIFBIHA 3AMAHAYM TEXHONOTUANAPABI KOMAAHY ... 15
MYPATBEK HYPCAPA

Economic Sciences

EFFICIENCY, COMPETITION AND CREDIT RISK IN MADAGASCAR’S BANKING SECTOR — A TWO-STAGE DEA-SBM-MALMQUIST
ANALYSIS oo 19
JEAN RAZAFINDRAVONONA

ANJARASOA RANDRIANTIANARINTSOA

BHEAPEHME UCKYCCTBEHHOMO MHTEN/IEKTA B AETCKME UrPOBBIE MPOCTPAHCTBA: YIPAB/IEHYECKME,
MPOCTPAHCTBEHHBIE M TUYECKME ACTIEKTBI ... oovvvvoooooeeeeoeee oo 39
ACKAP ABZIPA3AKOB

EFFECTIVENESS OF USING DIGITAL COMMUNICATION PLATFORMS IN PROMOTING CHINESE CARS IN THE KAZAKHSTAN MARKET
............................................................................................................................................................................................................. 48
LIU JIANXIN

METOZAb! M NOAXOAbI K CTPATEMMYECKOM TPAHCOOPMALIM 1 MEKAYHAPOIHOMY MACLUTABMPOBAHMIO MHKEHEPHO-
TEXHONIOMMYECKMX XONANHIOB B YCIIOBMAX IKOCUCTEMHOM IKOHOMUKM ... 54

LLIOPTAHBAEB EPUK KAUPKAHOBUY

INSTITUTIONALISING ENTREPRENEURIAL CAPITAL: THEORETICAL FOUNDATIONS, INTEGRATIVE FRAMEWORK, AND CONCEPTUAL

PROPOSITIONS ... et h e et et h et ee e bt e h e e et eh et een e st e et ene e ene e e nes 61
MARTIN V. SCHUSTER
DIRECTIONS FOR ENHANCING THE ECONOMIC EFFICIENCY OF EMPLOYMENT POLICY IN AZERBAIJAN .......ooiiiiriiieiieic s 72

SEVDA SEYIDOVA

Pedagogical Sciences

NPUMEHEHWE TEHEPATUBHOIO NCKYCCTBEHHOIO MHTENNEKTA B POPMUPOBAHNN MPOPECCUOHANBHBIX
KOMMETEHUMM BYAYLWMX MEOATOTOB-MCUXOOTOB ..ot 82

KOBA/ILCKUM BAAMM BUKTOPOBUY

Philological Sciences

CORPUS-BASED DIGITAL ANALYSIS OF TRANSLATION CORRESPONDENCES IN THE KAZAKH-RUSSIAN—ENGLISH VERSIONS OF ‘ABAI
ZHOLY et h et E ettt 89

MEDETBEK NAZYM
KANATKYZY ELDANA
ZHANAR MADALIMOVA
ZHANAR KAMZINOVA
AIBOLAT S. NABIDULLIN

HOW ENGLISH-LANGUAGE SOCIAL MEDIA INFLUENCES THE THINKING AND EMOTIONAL PERCEPTION OF KAZAKH ADOLESCENTS

BEKTASSOVA AMINA
BAIBATYROVA ASYLAI
ZHANAR MADALIMOVA
ZHANAR KAMZINOVA
AIBOLAT S. NABIDULLIN




Proceedings of the 13th International Scientific Conference

Agricultural Sciences

CPABHWUTENBHbIA AHAIN3 BA30OBOW W OBOBLLEHHOWM TMBEPUAHBIX AHUMALMOHHbBIX MOZAENEV MPOLIECCA O30HHOW
O4YNCTRM BOAbI C MPUMEHEHMEM MCKYCCTBEHHOTO MHTEJITERTA Lo 103

YMBETOBA LU M.
YMBETOBY.Y.
KYPMAHBAEB 5.
BANMAXAHOBA 3.A.
KAZIMAHOBA I".K.
EPTAEBA XK.T.

Sociological Sciences

FEMINA ACADEMICA, FEMALE PROFESSIONALS IN SOCIOLOGY ....ettiiiiieiiiiiteeitt ettt ettt e e 114
LEJLA MUSIC

CONTEMPORARY PERSPECTIVES IN THE EVOLUTION OF FASHION DESIGN.....eiiiiiiieeiiit ettt 119
PETRA CEPKOVA

Technical Sciences

USING SOIL MICROORGANISMS TO ASSESS HEAVY METAL POLLUTION IN CENTRAL KAZAKHSTAN ......ooiiiiiiiiiiiiiics 127

YERTAS BITMANOV
AKHAN ABZHALELOV
LAURA BOLUSPAYEVA

HEMPO-AOANTUBHOE YNPABNEHWE MHHOBALIMOHHBIMW NMEPEXOAAMM: KOHUEMTYA/TbHAA PAMKA HA OCHOBE

ADANTMBHOIO YMPAB/IEHMA, COLLABORATIVE ADAPTIVE MANAGEMENT M HEMPOAPXUTEKTYPbI ..cooovvovvves 132
MAKNTOBA ANNIAPA AJIEKCAHAPOBHA

Art History

MY3bIKA HAYMHAETCA CYUUTEIA w.oovvoooevceoseec s 141

OMAPOBA CAY/IE KAMPAEHOBHA

Biological Sciences

DEVELOPMENT OF LIFE SCIENCE RESEARCH IN THE FUTURE: FROM EXPANDING OMICS TO PREDICTIVE, INTEGRATIVE, AND
CAUSAL BIOLOGY ..t e h e b bbb h bbb 145

DAVID APHKHAZAVA
MAIA NOzZADZE

IURI MIGRIAULI

KETEVAN CHAKHNASHVILI
MZIA TSIKLAURI
MANANA MAKHARADZE
MAIA BERODZE

NODAR SULASHVILI
GIORGI MARGVELANI
TAMUNA SAMADASHVILI
HAJAR ASLAM MUKADAM
HIRA SHAHZADI

NINO MAZIASHVILI
LOLITA SHENGELIA
GEORGE MAGLAKELIDZE
ILIA ATANELISHVILI



«Interdisciplinary Science Studies» (July 2-3, 2026). Dublin, Ireland

Medical Sciences

YOK 577.1:616-074

BUOXUMWYECKME MCCNEAOBAHMA OT
PYYHbBIX METOOOB 10
ABTOMATUNYECKMX AHA/TM3ATOPOB
OLEHKWM KAYECTBA MCCNENOBAHUM
MEXOIYHAPOOAHOW CUCTEMOW
KOHTPO/A RIQAS

KymekbaeBa aHHeTa HymarasbieBHa

K.B.H., AMpeKTop BeTepuHapHoin nabopatopumn "Ikem J1lab"
AnroxaeBa Aiirepum bonatosHa

BETepPUMHaPHbIN Bpay oTaeneHus MUP-anarHoCTMKK

Ky3sHeuoBa MapuHa CepreesHa

BETEPMHAPHbIM Bpay, pykoBoauTenb otaenerHua MNUP-gmuarHocTukm
lNpokoneHko BaneHTnHa CepreesHa

BETEPMHAPHbIM Bpay, pyKOBOAMTEb OTAENEHMUA NAaTOMOPGOAOTM
Kpbikbaes EpkuH AnninbekoBmy

BETEPUHAPHbLIN Bpay BeTepnHapHom nabopatopum "Ikeu /1ab"
MeHabibaeBa AHapa MypaToBHa

BETEePMHAPHbIN Bpay BeTepuHapHo nabopatopum "dkeu /1ab"
TenereH AilkeH FaHUKbI3bI

Hay4HbI cOTPYAHWK TOO «HIMM «AHTUreH»

AHHOTALUUA

B cTaTbe npeacTaBNeH aHanAM3 3TanoB  Pa3BUTMA OMOXMMMYECKMX MCCNeaoBaHWN B
BeTepuHapHoi nabopatopum TOO «3IkBM Jlab» — OT PyYHbIX METOAO0B (C MCMO/b30BaHMEM
cnektpodoTOomeTpa) A0 BHeAPEHUA aBTOMATUYECKMX DMOXMMUYECKMX aHanmsaTopos. Ocoboe
BHMMaHME yaAeNAaeTcs BOMPOCAM aHaMTUYECKOM TOYHOCTH, NOyYeHMA AOCTOBEPHbIX
pe3ynbTaToOB MCCNenoBaHMA Kposu.® [ns 3Toro npoBoAAaTca obAsaTesibHble MeponpuAtuA -
e)KeZlHEBHblE BHYTPEHHME KOHTPOAM (HeraTMBHblE M MO3UTUBHbIE) U KanMbBPOBKa aHa/nM3aTopa.
Hapsaay ¢ aTMm, ANA NOBbIWEHUA KavyecTBa HUMOXMMUYECKMX UCCNEA0BAHWIM, NOATBEPKAEHUS
abdeKkTMBHOCTM 060pyao0BaHMA, Obll NPOMAEH BHELWHWA KOHTPONb  TOYHOCTM M3MepeHMUa
BUoXMMMYecKMX nokasaTeser no nporpamme RIQAS (Randox International Quality Assessment
Scheme), anatoLlenca mexayHapoaHbIM CTaHAAPTOM B 1abOpPaTOPHOM AMArHOCTUKE.

Knwouyesvle cnosa: nabopaTopHasa AMArHOCTMKA KPOBM MENKMX AOMALIHMX MBOTHbIX
(M), BUOXMMMUYECKMIA aHaNN3, BUOXMMMYECKMIA aHaNM3aToP, BHYTPEHHNIM KOHTPOb KaYecTBa,
BHELIHMN KOHTPOAb KadecTBa, RIQAS.
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BBEAEHWNE

Buonornyeckas XMMma — HayKa 0 Ka4eCTBEHHOM COCTaBe M KOZIMYECTBEHHOM COAEePKaHNN
CNOMHbIX MPUPOAHbIX COEAMHEHMI, M3 KOTOPbIX COCTOUT XMBas MaTepusa, a Takke 06 wux
npeobpasoBaHUM B pe3ysbTaTe KU3HeaAeaTeNbHOCTU opraHmama [1]. KpoBb, Kak BHYTPEHHAS
cpena, asnaeTca cneumduyeckMm MHAMKAaTOPOM COCTOAHUS OPraHM3ma, U HeoTbeMeMas 4acTb
OOKJMHNYECKOro McCneloBaHMA  nauMeHTa — MMEHHO OMOXMMUYecKMI aHanm3 KpoBu. OH
NO3BO/IAET A0CTAaTOYHO TOYHO MPOAHAM3MPOBATL COCTOAHME U OPraHOB, M CUCTEM OPraHWU3Ma,
BbIABAATH NaTo/NIOTUM, aHAAM3MPOBATb TEYEHWEe KAMHUMYECKUX MpPOLLeccoB, OLUEHMBATb
3bdEKTUBHOCTb NEeYEHMA, KAYeCTBEHHO MPOBOAUTL  NPODUAAKTUYECKUN CKPUHUHE. [1poCToM
npumep: 4YTobbl CyAMTb O TAMECTM MNaTONOTMYECKOro MpoLecca B MOYKax, HeobxoaMmo
onpeaennTb - HaCKO/MbKO B OpraHM3me HapylleHO BblAeneHne NpPoayKToB 0OMeHa BEeLecTs 1s
KpoBW. [ns 3TOro onpeaenstoT B KPOBM MOYEBWMHY, KpeaTWHWH [1]. YuuTbiBad, 4TOo ANA
nccnenoBaHui HepyTcs He3HauMTeNbHble O0OBEMbI KPOBW, OYEHb BaXKHa 6Oe3yKopWM3HeHHas
TOYHOCTb B pabore.

Llens 0aHHOU pabomel — npocneamTb 3Tanbl Pa3BUTUA BUOXMMUYECKUX UCCNeN0BaHUIA B
BeTepuHapHoi nabopatopumn TOO «3IKBM JTab», ABAAIOLWLENCA OAHON U3 NepBON, NPONOKUBLIEN
NyTb NabopaToOpPHbLIM AMArHOCTUYECKMM WCCNEeA0BAHMAM MENKUX OOMALLIHUX KUBOTHbIX B
KasaxcTaHe.

MATEPUA/IbBI U METO/LbI

Buoxmmmyeckme nccnenosaHma kposu MY nposoaMAMCh, B BeTepuMHapHOM nabopaTtopmn
TOO «3kBK /lab». Ha pa3sHbix 3Tanax pasBuTMA NabopaToOpHOM AMArHOCTUKM MCMNOAb30BANMUCH:
cnektpodoTomeTp (ANA NpoBeAeHUA pydHOro mamepeHus BellecTs) Apel PD-303, AnoHus;
noslyaBTomaTuyeckuin aHanmsaTtop HTI Biochem SA, CLLUA; aBTomaTudeckue aHanmsaTopbl HTI
BioChem FC-120, CLUA; aBTOoMaTuyeckmin aHanmsatop Human, HumaStar 100, lepmaHus.
BHYTPEHHMIA  KOHTPO/b KayecTBa OMOXMMWUYECKMX MCCNEeA0BaHMI MPOBOAMACA NPU MOMOLLM
KOHTPO/IbHbIX/KaMbpPOBOYHbIX CbIBOPOTOK, PEKOMEHA0BaHHbIX npousBoguTenem
obopyaoBaHunA. BHELWHWIM KOHTPO/Ib Ka4ecTBa NPOBEAEH MeXayHapoaHon cmctemoi RIQAS.
*1na BUOXMMMYECKMX aHANIM30B UCMO/b3YETCA CbIBOPOMKA KPOBU.

3TAlbl PA3BUTUA BUOXUMMYECKUX UCC/IEAOBAHUM

C Havyana ocHoBaHua nabopatopum TOO «3keBu Jlab» (2005 roa) wmccnemoBaHuA
HMOXMMMUYECKOrO COCTaBa KPOBW MPOBOAMAMCL  TaK Ha3blBAEMbIM «PYYHbIM» MEmoOOM C
ncnonb3oBaHnem cnektpodotometpa Apel PD-303, Anonua. [pubop yaobeH cBoew
YHUBEPCANbHOCTbIO (OTKPbITAaA CUCTEMA NO3BONAET UCMO/b30BaTh IH0DObIE METOAMKM U PEAKTUBDI),
MNPOCTOTOM HACTPOMKM M ynpaBaeHus (py4yHas HacTPOMKa M YCTaHOBKA AJIMHbI BOHbI, LLMGPOBOM
OMCNNeln, Ha KOTOPbIA BbIBOAATCS MPAMbIe [JaHHble M3MEpPeHUit), CTabuabHOCTbIO MOKa3aHWi;
Anana3oH BoaH 340-1000 HM; peKkomeHayembit 06bém npobbl 1,0 ma [2]. OgHako meTton,
PYYHOrO M3MEPEHUS OTAMYAETCA HM3KOM MPOMYCKHOM CNOCOBHOCTbLIO, MOBbILEHHbBIM PACX0A40M
peareHToB, KpOMe TOro, 3HayMTe/ibHOe BPemsa 3aHMMaeT MoAroToBka npob un obopyaoBaHMA
NepcoHanom, YTOo, B CBOKO O4Yepeflb, YCUAMBAET TaK Ha3blBAaeMbl «4eNoBeYECKMI GaKTop» U,
cnenoBaTeNbHO, BEPOATHOCTb OLWMOOK.

B 2011 roay Ha cmeHy py4YHOMY MeToay B nabopaTopuio NpuLLen noayasmomamuyeckull
buoxumuyeckutli aHanusamop HTl Biochem SA, CLUA, B KOTOPOM 4acTb MNPOLECCOB
aBTOMAaTM3MPOBaHa (Harpes, M3mMepeHMe, pacyeTbl, 0H6paboTKa W BbIBOA pPe3yabTaToB), a
noarotoBka npob (cmewwuBaHWe peareHToB M 06pasuoB) BbINOAHAETCA BPY4YHYt. ITOT
aHanMsaTop ABNAETCA  OTKPbITOM cuctemon  (amanTupyeTca K peareHTam  pasHbIxX
npoussoauTeNnei), MMeeT BCTPOEHHYO MPOTOYHYHO KIOBETY, MO3BOAIOLLYIO SIKOHOMUTbL PeareHTh,
TepmocTaTupyembir 610Kk Ha 10 sAveek; AmanasoH BoAH - 340-630 Hm, obecneymBatoLmi
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BbIMOJHEHWE HONBLLINHCTBA BUOXMMUYECKUX MeToAMK [3]. MonyaBTOMATUYECKMIA BUOXMMUYECKUIA
aHaNM3aToOP 3HAUYUTENbHO BbIMIPbIBAET Nepes PyYHbIM METOAOM B PacxoA0BaHMW peareHTos, B
CKOPOCTM MUCCNel0BAHMNI, B MUHUMMN3ALLIMM YeNOBEYECKOTrO PaKTopa, HO MPOUTPbLIBAET MO TEM Ke
nokasaTeNam aBTOMaTUYECKMM CUCTEMAM.

B 2018 roay Ana noBbilleHWs KadvecTBa uccnegosaHuin flabopatopma TOO «Ikeu Jlab»
3anyctuna B paboty asmomamuyeckull 6buoxumuyeckull aHanuzamop HTI BioChem FC-120,
CLUA, v ctana nepsol B KazaxcTtaHe, BHeAPMBLLEN aBTOMATUUYECKNIM aHAIM3aTOP B BETEPUHAPHYIO
nabopaTopHyto npakTnky. BioChem FC120 - KoMNaKTHbIN, HACTONbHbIM NPMBOP C AM3aNHOM «BCE
B OZHOMY» - BCTPOEHHbIN KOMMbIOTEP, MPUHTEP, CEHCOPHbIN 3KPaH, CO CBOHOAHO GOPMUPYEMbIM
POTOPOM - A0 42 no3munit ana npob 1 Ao 26 No3nMUMN ANA peareHToB, C NPOM3BOANTENBHOCTbIO
100 TectoB B u4ac, AuanasoHom BoAH - 340-670 HM; cMcTeMa peareHToB - OTKpbITaa [4];
obecneymBaeT BbICOKYKD TOYHOCTb MCCAEA0BAHWMN C WMPOKMM MepeyHem TecTOB; 3HaYUTeNlbHO
COKpalaeT BpemA MNpoBeAeHMA aHa/M30B B  CPaBHEHMM C  MOJYyaBTOMATUYECKMMMU
aHanmMsaTopamm, NPaKTUYECKM HMBENMPYET YenoBeyecknin ¢akTop, TaK Kak MNpoBOAMT
nccnenosaHmA 6e3 BMellaTeNbCTBa onepatopa - HeobxoAMMO Nullb 3arpy3nTb 0bpasibl U
3anycTuTb Npubop. ABTOMaTUYECKUn BUoxmmmiecknii aHanmnsaTop HTI BioChem FC-120 xopouio
3apekomeHaoBan cebs B pabote, noatomy anAa  obecneveHua LONONHUTENbHOM
npoussoanTenbHoCcTU nabopatopum 8 2020 roay Hbin NPUODPETEH TAKOM XKe aHann3aTop.

B 2024 roay 6bI10 NPUHATO pelleHWe  ODHOBAEHMS «napKka» OUMOXMMUYECKMX
aHaNM3aToOpPOB aBTOMATMYECKMM aHanmsaTopom HumaStar 100, Human, [lepmaHua. 370
aHaNM3aTop OTKPLITOro TMNa ¢ NpomseoamTensHocTbio 100 TecToB B Yac, MmeeT 60 No3numMin Ans
06pa3uos 1 30 NO3NUKMIA ANA peareHToB, YTO NO3BOAAET AANTebHOE Bpema paboTaTb 6e3 yyacTua
nabopaHTa; cnekTpaibHbii Anana3oH — 340-900 HM; BO3MOXKHO BbINO/IHEHME CPOYHbIX aHAIN308B
(nporpamma STAT); B aHa/M3ax MCMNOAb3YeTCA HU3KMIM 06BEM 0bpasua (2-300 mkn/TecT), uTo
noBblilaeT 3GbEKTMBHOCTb MCMNO/b30BAHMUA PEareHToB; MMeeT MHHOBALMOHHOE MPOorpammHoe
obecneyeHne, NO3BONAIOLLEE MHTYUTMBHO MOHATHO YNPaBAATb MPOLECCOM, Yemy cnocobceTeyeT
BHELWHWIA NepcoHasbHbIM  KOMMbOTEP. AHanunzatop ocHauweH 80 MHOropasoBbIMM
pPeaKkLMOHHbIMW KIOBETAMMW C 8-3TAMHOM CUCTEMOM aBTOMATUYECKOrO NMPOMbIBAHUA U AOCTAaTOYHO
HU3KMM noTpebaeHnem Boabl (8 ma/Tect unum okono 1 n/u) [5].

Mpn onucaHMm OUNOXMMMYECKMX aHaANM3aTOPOB Mbl He Yraybnanncbe B TEXHMYECKue
XapaKTePUCTMKM NpMbBOPOB, a 3aTPOHYIM /NLIb HEKOTOPble BUAMMbIE «MNOTPebUTeNbCKMe»
NpenmyLlecTBa WAM HeaoCTaTKM MCMNO/Ib3yeMbIX HaMK aHanM3aTopoB. Ha ocHOBaHWMKW 3TOrO
COCTaB/IeHa HMKeNpmBeaEHHasA Tabamua.

Tabnuya 1. CpaBHUTENbHAA TabMLA METOA0B DMOXMMUYECKMX UCCel0BaHNM

No MeTopa, / BUOXMMMNYECKUIA HassaHue Mpoussoau- Yenoseyeckui
- aHanusaTop obopyaoBaHun TeNIbHOCTb dakTOp
1 Pyaroit / Apel PD-303 Hu3Kas BbliCOKNM
cnekTpopoToMeTp

2 MonyaBTOMaTUYECKUIA HTI Biochem SA CpenHas YMepeHHbIH
HTI BioChem FC-120

3 ABTOMATUYECKUM Human, HumaStar BbicoKas MUHUMaNbHbIN
100

HOHmpOﬂb Ka4ecmea
KOHTpO/Ib KayecTBa HNOXMMUYECKNX I/ICC/'IE,EI,OBaHl/IVI — 3TO peryndapHoe ocyuecrtsieHune
CnNCTemsl MeporlleﬂTMVl, KOTOpPble BbIABAAKT M NPeAoTBpPaLllatoT HEAONYCTMMbIE NOTrPeLHOCTN B
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npouecce BbINOAHEHWA NabOPATOPHbLIX WCCNeAOBaHMIA, Tak Kak nwbble npubopbl He
3aCTpaxoBaHbl OT OWMDOOK, Ntobble peareHTbl TPebytoT KOHTPOAA. [03TOMY OUEHKA KayecTsa
nccnenoBaHUM — OCHOBA CO3/4aHWA TBEPAOM YBEPEHHOCTU B OTCYTCTBUM aHAIMTUHECKMX OLIMOOK,
TOYHOCTM B paboTe obopyAOBaHMA W, CNeAoBaTeNbHO, B AOCTOBEPHOCTM  MONYYEHHbIX
pe3yabTaToB.

BHympunabopamopHeili KOHMPOb Kayecmaa.

Kanubposka BUOXMMMYECKMX aHANM3AaTOPOB — 3TO KpalHe Heobxoaumas npoueaypa, Tak
KaK yCTaHaB/NMBAET COOTBETCTBME MENKAY 3HAYEHMAMM ONTMYECKOM MAOTHOCTU M haKTMYeCKoM
KOHUEeHTpauuen aHanuta B uccnedyemol npobe, obecneumBas HaAEKHOCTb M TOYHOCTb
pe3ynbTaToB. KonmnbposKa B Nabopatopum BbIMONHAETCA CNeUnannm3mpoBaHHbIMKM PacTBOPaMM
(kannMbpaTopbl) C aTTECTOBAHHbLIMW 3HAYEHUSAMW, KOTOPble MNPWMBEAEHbI B MPUAAraemon K
Kannbpatopy Tabaunue. Kannbposka npoBoanTcs 06a3aTeNlbHO: Mo TPebOoBaHMMIO CUCTEMbI, NOC/E
TEXHWYECKOro 0OCNYKMBAHNA, PEMOHTA, CMEHbI 10Ta PEareHToB, U3MEeHeHMA BHELLIHEN cpebl, HO
He pe)e OAHOro pas3a B MecAl, WAM COrMacHO NPOTOKOAYy npousBoauTend. Bannaaums
pe3ynbTaToB — NPOBeAeHNEe KOHTPONEN.

ExxeagHeBHO B nabopaTopuy  BbLINOMHAETCA [1Ba YPOBHA KOHTPOAA OMOXMMUYECKMX
nccnenoBaHUM - NO3UMUBHbIU U HeecamugHbIl [6]. Ans 3TOro Mcnonb3ykTca cepTUOULMPOBAHHbIE
KOHTPONbHblE MaTepuanbl C 3aBeJOMO M3BECTHbIMM BEANYMHAMMK UCCAEAYEMbIX aHAIMTOB B BUAE
Avana3oHa 3Ha4YeHu, KOTopble NpMBeAeHbl B MpMAaraeMblxX K KOHTPONAM Tabauuax. BenunynHsl,
noayyYeHHble B N7abopaTopum, A0MKHbI NONACTb B YKa3aHHbIM AMaNas3oH.

BarkHo (!) npu MCnonb3oBaHWWM KanMOPOBOYHOrO/KOHTPONLHOTO MaTepuana YeTKo
CNefoBaTb MHCTPYKLUMM K BbIMONHAEMOWN aHaIMTUYECKOM Npoueaype.

BHewHuli KOHMpone kKayecmsa — 3TO cUcTema OOBEKTMBHOW OLEHKM pe3y/bTaToB
MccnefoBaHWM, NMPOBOAMMbBIX B Pa3HbiXx nabopaTopuAax mMupa, KOTOpble MOATBEPXKAAKT, YTO
METOANKM Pa3INYHbIX abopaTopuii cpaBHUMbI Mexay cobolt [6].

Tak  KaK nabopatopus  TOO «3kBW/lab» opueHTMpoBaHHA Ha obecnevyeHune
rapaHTMPOBAHHOW AOCTOBEPHOCTM aHanm3os, B 2025 roay 66110 NPUHATO PELUEHUE MNPONTU
MEXAYHAPOAHYK OLEHKY KayecTBa OMOXMMWYECKMX WCCNef0BaHUIM 4Yepe3 He3aBUCUMYLHO
BHelWHo opraHm3aumio RIQAS - Randox International Quality Assessment Scheme,
BennkobputaHua. B gaHHoM nporpamme ydvactesyeT 6onee 50000 nabopatopuit 13 139 cTpaH
Mmupa. Jlabopatopus TOO «3kBuM Jlab» Ha  AaHHbIA MOMEHT ABASETCA E€AMHCTBEHHOM
BETEpMHapHOM nabopaTopmenn B KazaxctaHe, KOTopas cTana y4aCTHMKOM NoAobHOM NporpaMmmsl.
BHelwHMn KOHTPONb KayecTsa nabopaTtopma npoxoamna aHanmsatopom HumaStar 100.

MNepen Ha4yanoM MpPoOBEAEHMA UMKNa TNPOBEPKM, nabopaTopuelt 6blav  NOAyYeHb
3aneyaTaHHble KOHTPO/IbHble 06pa3Lbl («cnenble NPobbI»), KOTOPbIE EXXEMECAYHO UCCEA0BANCH
B nepuod c anpens no aexkabpb 2025 roga cornacHo npeasiokeHHomy rpaduky. PesynbtaThbl
KaXgoro MccnenoBaHMA HamMM OTNPaBAANMUCH Ha CaUT KOMnaHuu, obpabaTbiBaNnCb COrnacHoO
pernameHTy, 3aTemM B BM/E OTYETOB aHa/M3a PE3yNbTaTOB MNOCTyNanAM K Ham [7]. Buoxmmmnueckmi
oTaen nabopatopuM yCnewHo CnpaBUACA C «PacliMPOBKON» KOHTPO/bHbIX 00pa3LoB, B
pe3ynbTaTe Yero Obla NoayYeH NOAOKUTENbHbLIA UTOroBbIM oT4eT, 1 TOO «3KkBK Jlab» yaocTtoeHa
«Certificate of Participation» oT mexayHapogHoi opraHusaumm RIQAS. Takol uTor cran
HEeCOMHEHHbIM NOATBEPKAEHNEM NpodeccnoHan3ma COTPYAHMKOB M HAAEKHOCTU PE3YNbTaTOB.

3AK/IOYEHUE

broxmmmnyeckme nccnenoBaHMA KpPOBKU ABNAKOTCA HEOTbEMNIEMOM YaCTbio COBpeMeHHOVI
na6opaTopH017| ANArHOCTUKK, N UTPAOT KJKOYEBYHO POJIb B OLEHKE (I)yHKLI,l/IOHa/'IbHOFO COCTOAHNA
OpPraHoOB M CUCTEM OpraHM3Ma XMBOTHOro. PasBuTue TEXHONOTMA NO3BOJIUAO cyw,ecrtseHHO
MOBbICUTb TOYHOCTb, BOCMNPOM3BOAMMOCTb WU l/lHd)OpN\aTl/IBHOCTb noaydaemMblX pPe3ysibTaToB
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nccnenoBaHuMin. Ha npumepe nabopatopmm TOO «3kBK Jlab» NoOKasaHa 3BOAOLMA PaA3BUTMA
HUNOXMMUYECKUX UCCNEQOBAHNI B BETEPUHAPHON MeamumHe Ka3axcTaHa B LLe/IOM.

BaKHbIM 91€MEHTOM MONYYeHMA AOCTOBEPHbLIX Pe3y/bTaTOB ABNAETCA MHOTOYPOBHEBbIN
KOHTPOb Ka4yecTBa, KOTOPOro 1abopaTopusa HEYKOCHUTENbHO NPUAEPKMBAETCA B CBOEN paboTe.
31O [AaéT OCHOBaHWe yTBepKAaTb, YTo nabopatopua TOO «3keu Jlab» ABnAeTcA, beccnopHo,
HAZAEXHbIM MPOBOAHWKOM COBPEMEHHbIX TEXHONOTNI B NabOOPATOPHOMN NMPAKTMKE M rapaHTOM
TOYHOCTW M HAAEKHOCTU NPOBOAMMBIX UIMEPEHMIA.
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Abstract
Background. Legg—Calvé—Perthes disease (LCPD) is an idiopathic avascular necrosis of the femoral
head in children. Its estimated incidence is approximately 1 case per 10,000 children, accounting
for 0.25-0.5% of all pediatric orthopedic disorders [1, 2]. The disease most commonly affects
children between 4 and 8 years of age, although it may occur between the ages of 2 and 15 years.
It is significantly more common in boys than in girls, with a male-to-female ratio of approximately
4-5:1[1, 2].Despite its relatively low incidence, delayed diagnosis and the absence of appropriate
treatment may result in severe complications, including progressive deformity of the hip joint,
functional impairment of the affected limb, and long-term disability. Therefore, early detection of
the disease using modern imaging techniques, particularly radiography and magnetic resonance
imaging (MRI), is of paramount importance for selecting the optimal treatment strategy and
improving clinical outcomes.
Objective. To comparatively evaluate the diagnostic capabilities of radiography and magnetic
resonance imaging (MRI) in the early diagnosis of Legg—Calvé—Perthes disease in children.
Objectives of the Study:
1. Toreview the fundamental principles of imaging diagnosis of Legg—Calvé—Perthes disease.
2. To analyze the diagnostic value of radiography for detecting Legg—Calvé—Perthes disease
at different stages of the disease.
3. To investigate the role of magnetic resonance imaging in the early diagnosis of Legg—
Calvé—Perthes disease and in assessing the extent of femoral head involvement.
4. To compare the diagnostic performance of radiography and magnetic resonance imaging
in the early detection of Legg—Calvé—Perthes disease.
5. To identify the advantages and limitations of each imaging modality and to formulate
recommendations for their rational use in clinical practice.
Materials and Methods
A comprehensive analysis, systematization, and synthesis of data from national and international
scientific literature on contemporary imaging modalities for the diagnosis of Legg—Calvé—Perthes
disease in children were performed. A comparative evaluation of the diagnostic capabilities of
radiography and magnetic resonance imaging (MRI) for the early detection of the disease was
conducted, together with an analysis of their respective advantages, limitations, and clinical
significance.
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Results

Radiography remains the primary diagnostic imaging modality due to its wide availability, low cost,
and suitability for dynamic follow-up assessment. However, the sensitivity of radiography in the
early stages of the disease is limited because pronounced structural changes are often absent.
Magnetic resonance imaging (MRI) enables the detection of early ischemic changes in the bone
marrow, bone marrow edema, and impaired vascular supply of the femoral head before the
appearance of radiographic signs of the disease. This significantly improves the effectiveness of
early diagnosis.

Conclusion

The most rational approach is a comprehensive diagnostic strategy in which radiography is used
as the first-line imaging modality, while magnetic resonance imaging (MRI) is performed in cases
of persistent clinical suspicion of Legg—Calvé—Perthes disease despite the absence of radiographic
abnormalities.

Keywords: Legg—Calvé—Perthes disease, children, imaging diagnosis, magnetic resonance imaging,
radiography, early diagnosis, hip joint.

Introduction

Legg—Calvé—Perthes disease is one of the most common osteochondropathies of
childhood and is characterized by the development of aseptic necrosis of the femoral head
epiphysis resulting from impaired blood supply. The disease is most frequently diagnosed in
children between 4 and 10 years of age and predominantly affects boys.

The clinical manifestations of the disease in its early stages are nonspecific and may include
painin the hip or knee joint, limping, and restricted range of motion. Therefore, imaging modalities
play a crucial role in establishing an accurate diagnosis.

The prognosis of Legg—Calvé—Perthes disease is directly related to the timing of diagnosis
and the prompt initiation of appropriate treatment; therefore, early detection remains a clinically
relevant issue. For differential diagnosis, a comprehensive approach using various imaging
modalities is recommended: radiography, ultrasonography, and magnetic resonance imaging
(MRI) are primarily used in the early stages, whereas computed tomography (CT) may be applied
at later stages of the disease.

In recent years, the role of magnetic resonance imaging has significantly increased due to
its ability to detect pathological changes associated with the disease before the appearance of
characteristic radiographic findings.

Results and Discussion

Radiography

Radiography remains the fundamental imaging modality for the evaluation of children with
suspected Legg—Calvé—Perthes disease.

The main advantages of this method include:

. wide availability;

o low cost;

o rapid examination time;

. the possibility of dynamic follow-up monitoring.

Radiography also serves as the basis for applying international classification systems for
Legg—Calvé—Perthes disease, which allow assessment of the extent of femoral head involvement,
determination of disease prognosis, and selection of the optimal treatment strategy.

The Salter—Thompson classification is based on the detection of a subchondral fracture of
the femoral head (the “crescent sign”) and includes two groups:

. Group A — the subchondral fracture line involves less than 50% of the
epiphyseal surface; the prognosis is generally favorable.
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. Group B — involvement of more than 50% of the epiphysis; the risk of
deformity is significantly higher.
The Herring classification (Lateral Pillar Classification) is based on the assessment of the
height of the lateral pillar of the femoral head epiphysis during the fragmentation stage:

. Group A — the lateral pillar is preserved, with no evidence of collapse or
deformity.

. Group B — reduction in the height of the lateral pillar by less than 50%.

. Group B/C — an intermediate category between groups B and C.

. Group C — reduction in lateral pillar height by more than 50%, marked

deformity, and an unfavorable prognosis.
The Stulberg classification is applied after skeletal maturity and allows assessment of
disease outcomes based on the shape of the femoral head and the condition of the hip joint.

. Class | — normal joint morphology.
. Class Il — nearly normal shape of the femoral head.
. Class Il — spherical femoral head with increased size (coxa magna).
. Class IV — aspherical femoral head with moderate deformity.
. Class V — severe deformity of the femoral head and a high risk of early-
onset coxarthrosis.
Classification Basis of Assessment Clinical Significance
Salter-Thompson Subchondral fracture Early assessment of the
extent of necrosis
Herring (Lateral Height of the lateral Selection of treatment
Pillar Classification) pillar strategy and prognosis
Stulberg Femoral head shape Evaluation of long-term
after skeletal maturity outcomes and risk of
coxarthrosis

In the early stage of the disease, radiographs may appear normal or may reveal only
minimal widening of the joint space and slight enlargement of the epiphysis.

As the disease progresses, characteristic radiographic findings become apparent,
including:

o areas of sclerosis;

o subchondral fracture;

o fragmentation of the femoral head;
. flattening of the epiphysis;

. deformity of the femoral head;

. signs of remodeling.

The main limitation of radiography is its low sensitivity during the pre-radiographic stage
of the disease.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is the most sensitive imaging modality for the diagnosis
of early-stage Legg—Calvé—Perthes disease.

MRI enables visualization of:

o bone marrow edema;

. impaired blood supply to the epiphysis;
. areas of ischemia and early necrosis;

. the condition of articular cartilage;

. the presence of joint effusion;

o soft tissue abnormalities;
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. the degree of femoral head perfusion;
. processes of revascularization and repair;
. potential disease complications.

MRI allows detection of pathological changes significantly earlier than the appearance of
characteristic radiographic signs of the disease.

The use of T1-weighted, T2-weighted, and STIR sequences provides high diagnostic value
and improves the accuracy of assessment of early pathological changes.

The main limitations of the method include:

. high cost;

. limited availability;

. the need for prolonged immobilization of the child during the examination;
. the possible requirement for sedation in younger children.

Comparative Characteristics of Imaging Methods

Criterion Radiography MRI
Availability High Moderate
Cost Low High
Radiation Present Absent
exposure
Early-stage Low High
disease detection
of boneAr?wSaerSan\:vent Not possible High
Visualization Limited Excellent
of soft tissues
Treatment Good High
monitoring
Examination 5-10 20—40
duration minutes minutes
Diagnostic Algorithm
The modern diagnostic algorithm includes the following steps:
1. Clinical examination.
2. Radiography of the hip joints in two projections.
3. If radiographic abnormalities are absent but clinical suspicion of Legg—
Calvé—Perthes disease persists, magnetic resonance imaging (MRI) should be performed.
4. Dynamic follow-up monitoring using radiography.
5. Repeat MRI when assessment of reparative processes is required.
Discussion

Current studies indicate that timely detection of Legg—Calvé—Perthes disease plays a crucial
role in determining the effectiveness of subsequent treatment.

Despite the widespread use of radiography, magnetic resonance imaging (MRI) provides
the earliest detection of the disease due to its ability to visualize ischemic changes in the bone
marrow. This allows earlier initiation of joint unloading measures and conservative therapy,
thereby reducing the risk of femoral head deformity.

However, the high cost of MRI and its limited availability prevent its use as a routine
screening method.
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Therefore, most specialists recommend a combined diagnostic approach in which
radiography remains the first-line imaging modality, while MRI is reserved for equivocal cases or
situations where clinical suspicion persists despite normal radiographic findings.

Conclusion

Radiography remains the primary imaging modality for the diagnosis of Legg—Calvé—Perthes
disease due to its availability and ability to assess disease progression over time. However, its
sensitivity during the early stages of the disease remains insufficient.

Magnetic resonance imaging (MRI) is the most informative method for early diagnosis, enabling
detection of pathological changes before the development of radiographic abnormalities. The use
of MRI significantly improves diagnostic accuracy and facilitates timely initiation of appropriate
treatment.

The most effective diagnostic strategy is a rational combination of radiography and MR, providing
maximum diagnostic accuracy and optimization of therapeutic decision-making.
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KASAKCTAH/AFbI
AYBINILLAPYLbIbIFBIHA 3SAMAHAYM
TEXHOMOTUANAPBI KONOAHY

MypaTtbek Hypcapa
OKbITYLWbl —aCCUCTEHT , |. *KaHCyrypoB aTblHAafbl *KeTbicy YyHMBepcHTeTi, TanablKOpPraH K,
KasaxcTaH Pecnybamkachl

AHHOTauMA: byn Makanada aybln  WapyawbiNblfblH  UMOPAAHABIPY — enaiH  d1eyMeTTik,
SKOHOMMKA/bIK KAFAAMbIH KaKCApPTyAblH, €H TUIMAi KOnbl ekeHi HerisgeniHreH. CoHbIMeH
KaTap,anemaeri aybla  Wapyalbinblfbl  ACTYPAI CafafaH WMHHOBAUMAABLIK WeWiMaep MeH
93ipnemenep VYLWiH *KaHa HapblKTap KypyFfa KabineTTi sKofapbl TEXHONOTMANLIK Canafa anmHanyaa
€KeHi KepceTinreH.

KinT cespepi: eriH, eric, ankab,depmep,nnaHLWeT, KapTa, arpoHOMMUA, UMOPAbIK, HaBUraums,
reoaknapar

KIPICIIE.

Kasipri keseHe aybln WapyallblAblFbIHbIH, TUiIMAiAITT MeH Bacekere KabineTTiniri LNMPpbIK,
TEXHONOIMANApPAbl  KeHiHeH eHrisymeH Tikenen 6alnadbicTbl.  [JyHUexy3inik  Taxipunbe
KepCeTKeHAeN, arpoeHepKacinTiK KeleHHiH, TYpaKTbl AamMybl MHHOBAUMAbLIK LWeWiMaep MeH
NHTenneKkTyanapl backapy kyhenepiH nanganaHyfa Herizgenegi. ep pecypcrapbl LWeKTeyi
HonraHbIMEH *KOFapbl OHIMIe KO ETKi3iN OTbipFraH MEMAEKETTEPIH, KeTICTir A2 ocbl UMDPAbIK,
YKOHEe aBTOMAaTTaHAbIPbIIFAH TEXHOIOTMANAPAbl TMIMAI KONAaHYAbIH HaTUKeci 6onbin Tabblnagp!.

Bonalwak arpapblK cana mamaHaapbl eHAIPICTIK Taxipnbenep 6apbicbiHaa depmepnepaiy,
KYHAEIKTI }KYMbICbIH KeHingeTtyre barbiTTansaH UmMdpabiK naatdopmanapapl a3ipaeyae. MyHaan
Xymenepae ericTik anKanTapbiHbIH, 37EKTPOHAbIK, KapTaaapbl, TOMbIPaKTbIH, arpoXMMMUAIbIK
KepceTKillTepi, METEOPONOTUANbIK MRNIMETTER, CNYTHUKTIK DaKblnay HaTUNKeNepi, eric Kypbl/ibIMbl
*KoHe 6acKa Aa MaHbl3abl aknapaTtTap 6ip opTaZa *KMHAKTaNbIM, WapyallblbIKTbl Backapy yaepiciH
OHTaMNaHAbIpyFa MyMKIHAIK bepegi.

HETI3r 66/1IM

KasakcTaHaa aybln WapyawbiablfblH  UMGPALIK KaHFbIPTY aAacbiHAa GPS-Hasuraumamet
abAbIKTaNFaH aybln WapyaLlbliblfbl TEXHWKANAPbI, aBTOMATTbl HacKapy Kyrenepi, SNeKTPOoHAbIK
anKkan KapTanapbl, MWAOTCbI3 YLy annapaTTapbl »KoHe KAWbIKTbIKTaH MOHUTOPUHE Kyprisy
TEXHO/IOTMANAPbI Ke3eH-Ke3eHiMeH eHrisinyae. byn Kypanaap eHApICTIK npouectepaiH, ANA4irH
apTTbipbIn, eHbeK BHIMAINITIH KOFApbINATyFa KaHe MaTepuaniplK WoblFblHAAPAbI a3alTyFa biKnan
eteni [1].

Arpapnblk, cekTopAafbl LMbPNaHAbIPYAbIH MaHbi3abl BafbITTapbiHbIH, Oipi — A2n eriHwWinik
TexHonoruaAcel. byn kyihe opbip ericTik aymafbliHblH epeKLIenikTepiH eckepe OTbIpbIn,
TbIHAWTKbIWTAPAbI, Cyapy KenemiH »KaHe eciMAikTepAdi Kopfay LWapanapbiH fblAbIMW Herizae
}ocnapnayfa MyMmKiHAIK 6epeai. CoHbIH HaTUXeciHAE TabWFn pecypcTap YTbiMAbl NaaanaHbibin,
©HIM canacbl MeH Ke/leMi apTadbl, an KoplafaH opTafa TYCETiH aHTPOMNOreHAiK acep TeMmeHaen ;.
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Oan eriHWInikTi »Ky3ere acbipyZa reoaknapaTtTblk Kynenep epekwe pen aTkapagpl. Onap
3NEeKTPOHAbIK ~ KapTanap MeH KeHICTIKTIK  aepekTepai eHAey apkbiabl  depmepnepre
HacKkapyLWbINbIK wWelwimaepai A1 Kabbingayra Kafaah Kacahapl. COHbIMEH KaTap Kofapbl
O2NAIKTEr  HaBUrauMAnbIK —Kylenep TexHWKaHblH, KO3FanblCblH OHTaWMAaHAbIPbIN, KaHap-
YKafapmaM WbIFbIHbIH a3aTadbl XaHe AaNfanblK *KYMbICTapAblH canacbiH apTTbipadb!.

Enimizge undpnbik TexHoMormanapabl eHrisy AeHreni 6apabik WwapyalbinbikTapaa bipaen
emec. |pi arpoKypblibiMAap KaxeTTi KapXbl MeH TexXHWKaablK MYMKIHAIKTepAiH apKacbiHAa
3amaHayn TexHonoruanapapl 6enceHai  nanpganadbin  Kenedi. AN WafblH - XKaHe  0pTa
WapyalbiNbIKTapAa KapKblablK —LWeKTeynep MeH OinikTi  mMamaHaapabiH  KeTicneywiniri
umdbpnaHabIpyabliH KapKbiHbIH Basynatyaa. COHAbIKTAH AN EriHWiNiK TEXHONOTMANAPbIH TUIMAI
nanaanaHy yuiH maTepuanablk-TeXHUKaNbIK 0a3a MeH Kaap/blk 21eyeTTiH MeTKiNiKkTi 6oaybl
MaHbI3bl.

Byrinae Mmobunbai  KOCbIMWanap  ayblal  WapyalwbinbliFblH  OackapydblH, — MaHbI3Aapl
KypanaapbliHbiH, bipiHe ariHanabl. Onap apKblabl aya paMbiHbIH, ©3repiciH bakbliayFa, ericTik
aNKanTapblHbIH, XafaalblH Gafanayfa, arpoOTEXHMKAbIK KYMbICTapAbl KOcnapaayfa, KapKblablK,
onepauuanapabl *Kyprisyre »kaHe 6onalak eHim KenemiHe H6omkam acayrfa 6onaabl. MyHAaawn
LUMPPAbIK cepBucTep depmepnepaiH yakbiTbiH YHEMAEN KaHa KoMmal, HacKkapy wewimaepiHin,
TUIMAINITIH Ae apTTbipadbl.

Ananga umbpabIK  TEXHONOMMANAPAbIH, OapAblK  apTbIKWbIIbIKTaPbiH  NalAanaHy  yiliH
bepmepnepaiH UMOPAbIK CayaTTblbiFbiH  apTTbIPy KaHe ofapdbl 3amMaHayuM TexHWKameH
KaMTaMacbl3 eTy KaKeT. Ocipece LWafblH }XaHe OpTa aybl/l Wapyalblablfbl Tayap eHAipywinepin
MEeM/IEKETTIK Konaay MaHpl3abl. byn cybcuamanap, KeHinaeTinreH Hecuenep, OKbITY
Harnapnamanapsl KaHe UMbpAbIK NnatdopmanapFa KOMKETIMAINIKTI KEHENUTY apKblbl XKy3ere
acbIpPbIYbl MYMKIH.

AKLW, KaHaga, Bpasunans »keHe ABCTpanua CUAKTbI arpap/iblK cafaja Kewbacllbl engepai
Toxipmbeci aybll WapyalbinblifblHbIH TabbICTbl Aamybl LUMOPAbIK MHOPAKYPbINbIMHbBIH, canacbiHa
Toyenai ekeHiH aanenaenai [2].

CoHAbIKTaH OTaHAbIK WapyallbinbikTap GPS-HaBUraumameH »KabablkTanfaH TeXHUKaNapabl,
NHTENNeKTyanapl AaTYUKTEPAi, CIYTHUKTIK MOHUTOPUHT KYMeNepiH KaHe Mobubadi cepBUCTEPA
KEHiHEH eHri3yMeH KaTap, casa MamaHAapblHblH KaCibu BiniKTINIriH TypakTbl TYPAE KeTinaipin
OTblpybl KaxkeT. OcblHAAM KelleHAi Wapanap faHa aybln Wapyallblablfbl ©HAIPICIHIH, TUIMAINIMH
aApTTbIPbIN, eniMi3giH  a3blK-TYAIK Kayinci34iriH KamTamacbl3 eTyre »XaHe arpOeHEepKaCinTiK
KelleHHIH TypaKTbl AamyblHa Heri3 6onaapl.

Aybin WapyallbiAbliFbiHAA UMPbIK TEXHONOTMANAPAb! TUIMAI NanaanaHy TabUsn-KNMMaTTbIK,
afaannapabl *aH-KaKkTbl TangayaaH 6actanagbl. MeTeoponornsaibiK ManiMeTTepai *Kyneni Typae
bakblnay depmepnepre eric XaHe XWUHAy KYMbICTApPbIH FblILIMA  HEri3Ae Kocnapnayra,
NaKblNaapabiH, BMONOTMANBIK epeKLLEeNiKTEPIHE COMKEC arpOTEXHUKA/bIK Lapaiapabl yaKblTblibl
OpblHAAyFa aHEe KonaWnbl copTTapabl TaHAayfa MyMKiHAIK Gepeni. CoHbIMeH KaTap aya
TeMnepaTypachbl, ayblH-LWAllbIH MeJepi, bIAFAAAbIAbIK MNEH Xen Kbl1AamMAablFbl CUAKTbI
KepCceTKillTep eciMAiKTepAiH ecy Ke3eHaepiH Dafanayra XaHe bIKTUMan ToyeKkenaepai anapiH ana
bonkayra Karaan Kacanabl[3].

Kasipri TaHAa [A21 eriHWiAiKk TeXHONOMMANAPbIHbIH, TUIMAI KYMbIC iCTeyi 31eKTPOHAbIK
KapTorpaduAanbiK *Kynenepcis MymKiH emec. leoaknapaTTbiK naaTGopmanap erictik ankanTapbiHbIH,
LWeKapacblH aHbIKTan KaHa KoMMal, ToMbIpaK KypPaMblH, KYHAPAbIAbIK AEeHMeNiH, arpoOXMMUAbIK,
KepceTKilTepai, eHIMAINIK AMHAMUKACbIH aHe GUTOCAHUTaP/bIK Kafdanabl Oip aepektep
KOpbIHAa CakTayfa MYMKiHAIK 6epeai. OcbiHAaM aknapaTTapAbl KeweHai Tangay HaTUMKeciHae
TbIHANTKbIWTAPAbl €Hri3y, Cyapy KYMeCiH YMbIMAACTbIPY KaHE eCIMAIKTepPAi Kopfay Lapanapbl
HaKTbl KQXKeTTiNIKKe CalKec Xy3ere acblpblaaipl.
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LUndpnanabipyasiH, Aamybl aybln  LapyallblblFbl ©HAIPICIH aBTOMATTaHAbIPYAbIH, *KaHa
MYMKIHAIKTEPIH KanbIiNTacTbipAbl. 3amaHayun cyT depmanapbl MeH eriHWiNik KelweHaepiHae
MHTeNNeKkTyanabl 6ackapy Kyhenepi, AaTYUKTEP KaHe aBTOMATTaHAblpbiAFaH Oakblnay
KYpbINfblaapbl KeHiHeH KondaHbinbin  Kenedi. GPS-HaBuraupsmeH KabablKTanfaH —aybin
lapyallblablfbl TEXHMKaANAPb! EriCTiK ankanTapbiHAa O2/1 KO3fanbin, TYKbiM ceby, TbhIHANTKbILL
EHTI3Yy JKOHEe XUMUANbLIK OHJeYy KYMbICTAPblH KOfapbl A2AiKneH opblHAanabl. MyHaan
TEXHONIOTMANAP KaHAP-KafapMal LWblFblHbIH a3aMTbIM, YaKbITTbl YHEMAEYre »KaHEe OHAIpIiCTiK
WbIfblHAAPAbI TOMEHAETYre biknan eteni[4].

onempik Taxipnbe KepceTkeHaen, UMbpAbIK WewWimaepai KoAaaHy aybli Wapyallbiibifbl
BOHAIPICIHIH, TMIMAINITIH eddyip apTTbipadbl. Mbicanbl, bpasuana, AKLL, KaHaaa, M3panab KaHe
KbiTail CUMAKTbI MEMIEKETTEPAE CMYTHUKTIK MOHUTOPWHT, APOHAAP, *KacaHAbl UHTENNEKT KaHe
V/IKEH AepPEeKTepAi Tanaay XKymenepi KeHiHeH eHrisinreH. byn TexHoNormanap ericTikTiH *Kal-KyniH
)enen 6aranan, eHiMmainikke acep eTeTiH GaKTopnapAbl HAKTbl aHbIKTAayfa XaHe pecypcTapabl
yTbIMAbl MalganaHyra MYMKiHAIK 6epedi. HaTuxeciHae eHAipicTiK WbiFbiHAAP a3albin, eHim
Kenemi MeH canacbl apTasbl.

CoHbIMEH KaTap arpap/blk cektopabl UMOpAaHAbIpy TeK »KaHa TEeXHWKaHbl eHrisymeH
lweKkTenmenai. ManimeTtTepai XuHay, cakTay, eHAey *KaHe Tanaay safiCTepiH KeTinaipy, aknapaTTbiK,
KaYIMCi34ikTi KaMTamachbl3 €Ty »KoHEe fblAbiMM 3epTTeyaepai AamMbiTy Aa epeKlle MaHbl3fa ume.
COHAbIKTAH aybln LapyallblNblfbiHAA UMOPAbIK IKOXKYMEHI KanbINTacTblpy VLIIH 3amaHaywu
HaroapaamasiblK KamTamMacbl3 eTy, CeHiMAai BalinaHbIC Keninepi »aHe TMiMAI KYKbIKTbIK peTTey
TeTIKTepi KaTap AaMbITblAYbl KaxKeT.

Ka3aKCTaHHbIH, arpoeHEepKacinTiK  KelleHiHiH  XanblKapanblk — HapblKTafbl  Hacekere
KabineTTiniri MHHOBAUMANBIK TEXHONOrMANAPAbl MeHrepreH Kacibu MamaHAapablH A3ApAbIK,
neHreliHe  Tikene  6ainaHbicTbl.  COHAbBIKTAH  Ofapbl  OKYy  OpbIHAAPbI  LUMPPAbIK,
arpoTexHoN0rMANapPAbl, reoaknapaTTbiK Kyhenepdi, KalbIKTbIKTaH 30HATAY SAiCTepiH XaHe
OepeKTepai WHTeNNekTyanapl eHAey KypanaapbiH 6inim 6epy OafaapnamanapbiHa KeHiHeH
eHrisyge.

KOPbITbIHAbI

Kasipri yHMBEPCUTETTEPAE KEP IKOHEe Cy PecypcTapbliH TWiMAI NaiganaHy, TOMbIpaKTbIH,
AerpafaumAcbiH TeMeHAETY, arpO3KONOrMANbIK KaYINCi3A4iKTi CakTay KaHe eHAipIiCTiK npouectepai
aBTOMaTTaHAbIpy OafbiTbiHAA FbIbIMMU-3€PTTEY KYMbICTapPbl KapKbiHAbI XKyprisinyae. CTyaeHTTep
3epTXaHaNblK KaHEe OHAIPICTIK Taxipnbenep 6GapbicbliHAa reoaknapaTTblK, KyMenepmeH,
YLIKbILICKI3 YUY annapatTapbiMeH, CMyTHUKTIK cypeTTepadi eHaey OaraapnamanapblIMeH XaHe
LUMDPAbIK MOHUTOPUHI KypanZdapbiMEH YMbIC icTeyai meHrepedi. byn onapabiH TeOpUANbIK,
6inimiH ToxkipnbemeH yWTACTbIPbIN, eHOEeK HapblfblHAa CypaHbiCKa We MamaH peTiHae
Ka/nblNnTacyblHa MyMKiHAIK 6epeai[5].

BonalakTa aybi/l Wapyallblablfbl CAaNaCbiHbIH, TYPAKTbl AaMybl LMPPAbIK TpaHCchOpMaLUMaHbI
KEHEWNTYre, FbiNbIMM KaHANbIKTAPAbl OHAIPICKE eHri3yre KoHe ofapbl GinikTi Kagpnapabl
naapnayra Tayenai 6onagpl. OCblHAAM KeleHAi »KYMbICTapAblH, HaTUMMEeCciHAe arpoeHepKacin
KeLEeHiHiH, TUIMAINIT apTbin, eniMmi3aiH, a3blK-TYAIK Kayinci3airi HblFalbin, YATTbIK 3KOHOMUKAHbIH,
OPHbIKTbI AaMyblHa eneyni ynec Kocblnaabl. cepniH bepepi aHbIK,
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Abstract
This study analyzes the efficiency of commercial banks in Madagascar, as well as the effect of
credit risk, competition, and the macroeconomic environment on their efficiency during the
period 2010-2024. Our hypotheses were initially supported by the literature and also by the BFM
survey of the banking sector. A two-stage approach was used, combining the SBM DEA double
frontier method following Wang et al. (2007) and a second-stage regression estimated using wild
bootstrap clusters. This methodological strategy allows for a rigorous measurement of efficiency
while correcting for econometric problems. The empirical results highlight a negative effect of
credit risk on banking efficiency, thus reducing operational performance. The Lerner index shows
a positive effect, with the most efficient banks gaining market power and generating higher
margins. Furthermore, economic growth has a positive effect on banking efficiency, and banks
have generally been more resilient to COVID-19. Therefore, a favorable macroeconomic
environment improves borrower creditworthiness, stimulates credit demand, and reduces
payment defaults.
Keywords: Bank efficiency, Slack Based Measure Data Envelopment Analysis, Double frontier,
Two stage DEA, Wild bootstrap.

1. Introduction

It is worth noting that in developing countries, the economy's financing relies primarily on financial
intermediation. The relationship between the development of financial intermediation and
economic growth has been of great interest to economists. Most research concludes that there
are positive links between financial development and economic growth, in line with the findings
of Goldsmith (1969), King and Levine (1993), Chen Hao (2006), and Pradhan (2018). Belinga, Zhou
and Doumbe (2016) highlight that the literature presents three hypotheses regarding the direction
of causality between FD (Financial Development) and EG (Economic Growth): from a supply-side
perspective, the development of the financial and banking system drives economic growth; from
a demand-side perspective, FD is seen as an automatic response, reacting passively to the growth
process; the bidirectional perspective posits the existence of a long-term circular relationship.

In the literature, the indicators of financial intermediation development used vary depending on
the authors; Demirgiic and Levine (2001), who are leading authors on the subject, used the
following criteria: size, activity, and efficiency. The efficiency indicator can be relative or absolute.
For relative efficiency, which is of interest here, there are measures specific to financial institutions
(Lima P, 2012); the measure of efficiency aims to determine the extent to which banks provide an
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optimal combination of financial services from a given set of inputs (Farrell, 1957). Let us assume
that banks act rationally. That is to say, a bank operates in such a way as to pursue its own
objectives in the best possible, optimal manner, all other things being equal. Of course, this implies
that banks are assumed to understand the mechanisms of their own production and have the
capacity and willingness to use them to achieve their objectives.
DEA data analysis is a non-parametric linear programming technique that extends the idea of
estimating efficiency by comparing each decision-making unit. The DEA literature on banking
efficiency is extensive. However, only a few studies have been conducted on the African continent
(Henriques et al., 2020), primarily using the two-stage SBM-DEA model, which examines the
relationship between credit risk, competition and banking efficiency. Most existing studies focus
on major banking sectors or developed sectors, and relatively few apply two-stage DEA models to
small banking systems or banking systems in developing countries, or do not take sufficient
account of the influence of environmental factors, macroeconomic conditions or random errors,
which may bias efficiency estimates.
Furthermore, in Madagascar, the banking sector is characterized by a highly concentrated market,
in addition to a rather unstable economic climate, which, according to quarterly surveys
conducted by the BFM (2024, 2025) on the banking sector, is slowing down the sector’s
development. In response to this gap in the literature regarding the use of the two-stage DEA
method with Bootstrap in the banking sector in Africa, and particularly in Madagascar, this study
seeks to answer the question: To what extent are banks operating in Madagascar efficient, taking
their environments into account?

e Hypothesis (H1): Non-performing loans hurt a bank’s performance

e Hypothesis (H2): The competitive structure of the banking sector has an impact on a bank’s

efficiency (negative, based on surveys conducted by the BFM)

e Hypothesis (H3): Macroeconomic conditions have an impact on a bank’s efficiency.
This study contributes to the body of research seeking to understand the relationship between
efficiency, competition and credit risk in a country where production and financial infrastructures
are underdeveloped. The aim is to understand, verify and measure the factors limiting the
development of the banking sector in the country, based on the results of surveys conducted by
the BFM. This is intended to assist policymakers and supervisors in formulating appropriate
sectoral policies so that the banking system can fully fulfil its role as a driver of economic growth.
It should be noted that the role of the Central Bank of Madagascar is not only to supervise the
granting of loans but also to ensure the country’s financial stability, and, in theory, competition
within the banking sector has an impact on the country’s financial stability. This study adopts a
two-stage methodological approach combining static and dynamic analysis. Firstly, banking
efficiency is estimated using a non-radial DEA model of the Slack-Based Measure (SBM) type,
whilst changes in productivity are analyzed using the Malmquist index and its decomposition into
efficiency changes and technological changes. In the second stage, the determinants of efficiency
are examined using an econometric regression with Bootstrap according to the wild bootstrap-t
methodology of Cameron and Miller (2008).
This study confirms that credit risk management is a key driver of improved banking efficiency,
whilst market power, measured by the Lerner index, and a favorable macroeconomic environment
contribute positively to the performance of financial institutions. These results enrich the
literature on banking efficiency by combining a rigorous methodological approach with an
integrated analysis of microeconomic and macroeconomic dimensions.
The remainder of this paper is organized as follows: In Section 2, we provide a review of the
literature concerning the link between. In Section 3, we present our methodology and the data
sources used. The SBM DEA double-boundary model, the Malmquist index, etc. In Section 4, we
present the results and discuss them.
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2. Literature review
2.1.  Production in the banking sector
It should be noted that banking efficiency refers to a bank’s ability to use its resources to maximize
its output (revenue) or minimize its inputs (costs), taking into account market conditions and input
prices. In the empirical literature, the appropriate definition of output and the specification of
inputs and outputs in the banking sector have been frequent topics of discussion. The technical
efficiency of banks is measured using either the production approach or the intermediation
approach. The former views banks as producers of services such as deposits and loans, with labor
and capital as the main inputs. The latter views banks as agents responsible for transforming
deposits and other funds into loans and other assets; it therefore considers banking inputs to
consist of customer deposits and other market resources, as well as operating costs (Ferrier and
Lovell, 1990). There is a consensus that the intermediation approach is particularly appropriate
for the traditional function of financial institutions (Tan & Walheer, 2024). Furthermore, this
approach is best suited to analyzing the efficiency of banks in developing countries, as it best
reflects the intermediary role of banks—that is, mobilizing deposits and channeling them into
loans and investments—and because of its ability to incorporate both operating costs and interest
costs (Zhou & Yang, 2022). The production approach is often considered more appropriate for
assessing the efficiency of bank branches rather than that of institutions as a whole, as it focuses
on the operational aspects of banking services (Degl'Innocenti et al., 2017).
To overcome the problem of classifying deposits as inputs or outputs, a new approach has
emerged, in line with the current focus on profitability, and concentrates primarily on operational
results (profit-oriented approach). This approach treats revenues such as interest received and
non-financial income as outputs, whilst cost components such as staff costs and interest paid
(Drake et al., 2006) are inputs, to reduce costs and increase the bank’s revenues. The most
commonly used outputs are loans and income-generating assets, as shown by Casu and Molyneux
(2003). However, it should be borne in mind that the efficiency of financial institutions entails
improved profitability, increased mobilization of financial resources, better pricing, and improved
quality of services offered to consumers in this competitive environment (Ullah S. et al. (2023).
With regard to research into other factors that determine the efficiency of banks, the factors
influencing banking efficiency can be classified into microeconomic factors linked to the specific
characteristics of banks and fundamental macroeconomic factors. Non-performing loans,
insufficient capitalization, size and scale, the use of modern technologies!, and staff training are
the factors most frequently cited in the literature at the internal and micro levels (Kamgna et al.,
2008; Dhouha et al., 2009; Matthews & Xiao, 2020), as opposed to macroeconomic factors (crises,
economic cycles, inflation, etc.) and socio-legal factors. Higher levels of economic development
are associated with increased banking sector efficiency (Opperman & Adjasi, 2019), and a stable
macroeconomic environment with well-developed financial structures promotes banking
efficiency, whilst volatility (e.g. volatility in remittances) is detrimental (Alandejani, 2022).
Regarding undercapitalisation2the authors’ findings vary: Pasiouras et al. (2009) and Dell’Atti et
al. (2015) have highlighted a negative relationship between capitalization and banking efficiency.
According to the regulatory hypothesis, the existence of a regulatory authority encourages banks
to be more efficient and better managed when their level of capitalization is relatively low. The
fact that higher capital levels increase agency costs between management and shareholders by
reducing the discipline imposed on management by debt repayment. Banks with moderate levels
of capitalization would potentially be easier to manage and supervise in terms of credit quality,

! The underutilization of IT budgets has been identified as a source of inefficiency in some banks (Fukuyama et al.,
2021)
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thereby reducing information asymmetry and improving their efficiency. However, some authors
(Marques-lbanez and Molyneux, 2011; Pessarossi and Weill, 2015) note that banks with the
highest levels of equity capital are more efficient.

2.2.  Competition, credit risk and bank efficiency

The ES (Efficiency Structure) theory proposed by Demsetz (1974) and Peltzman (1997) asserts that
the exceptional performance of market-leading firms (due to specific factors such as a high level
of technology and management, etc.) will endogenously determine the market structure, meaning
that greater efficiency can also lead to concentration and higher profits. In this sense,
concentration reflects and rewards efficient banks, but does not necessarily imply an increase in
market power. However, one must not overlook the fact that a monopoly situation can lead to lax
behavior or a deviation from the objective of efficiency, which can be detrimental to society. It can
be assumed that certain bank executives may take advantage of the lack of competition to incur
unnecessary expenditure (construction of excessively expensive buildings, excessive salaries,
bonuses, and other benefits, Dittus (2004), Bonin et al. (1998)). Standard economic theory, i.e. the
Structure-Behaviour-Performance paradigm, predicts that high concentration in banking markets
implies market power for banks, which raises the cost of credit and consequently curbs investment
and business activity (Beck, Demirgli¢c-Kunt, and Maksimovic, 2004). Pierre J and Jean-Paul P
(2012) noted that: the creation of monopoly positions can place banks in a position not only to
recoup their investment in information, but also to overcharge (exploit) their borrowers. Having
invested in a relationship that makes their customers captive (i.e., making it costly for them to
switch to competitors), they can impose excessively stringent credit conditions”. The Information
Generating Hypothesis (IGH) developed by Marquez (2002) proposes a positive relationship
between market power and bank efficiency. The IGH suggests that in the face of intense
competition, bank managers are likely to be more interested in quantity than quality in order to
gain a larger market share relative to their competitors, by expanding their asset portfolio even if
this compromises asset quality.

Several authors have found that bank concentration is a necessary evil for banking efficiency and
that it is not necessarily detrimental to economic activity [Demsetz (1973); Goddard, Molyneux,
and Wilson (2004); lon L., Emmanuelle N. (2011)]. Indeed, in the banking industry, productive
efficiency is achieved either by seeking economies of scale or through economies of scope (risk
diversification and liquidity). Theoretically, this is explained by the role of banks, which is to reduce
information asymmetry: faced with competitive pressures, and thus a narrowing of their interest
margin, banks do not undertake monitoring for the selection or tracking of projects. Eber N.
(2000), within Sussman’s (1993) framework of spatial competition, found that an efficient banking
system should be characterized by a high concentration of the credit market (reducing information
costs) without this high concentration acting as a significant obstacle to investment and economic
activity, as can be observed in Germany or Japan.

The findings of Osei-Tutu and Weill (2022) show that banking efficiency has a positive impact on
access to credit and that gains in banking efficiency help to alleviate credit constraints for firms
when the macroeconomic environment is more developed and stable.

Berger et al. (1997) found that there is a negative relationship between cost efficiency and risk in
distressed banks. They offered several explanations for this finding. Firstly, inefficient banks, in
addition to having problems controlling their internal costs, may encounter difficulties in assessing
credit risk, so that poor cost management goes hand in hand with higher credit risk, known as the
‘mismanagement hypothesis’. Secondly, bad loans may arise due to adverse economic
circumstances beyond the banks’ control, meaning that banks must devote more resources to
recovering non-performing loans, the ‘bad luck hypothesis’.

The significance of banks’ non-performing loans for economic growth lies in the fact that a higher
NPA influences loan prices and interest rates. Higher interest rates, in turn, will have a direct
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impact on investors requiring loans for infrastructure and industrial projects (Bernanke & Gertler,
1989; Nkusu, 2011; Klein, 2013).
2.3.  The banking sector in Madagascar
As already mentioned, there is little research that has examined the efficiency of the country’s
banking system, particularly at the microeconomic level. According to Razafindravonona et al.
(2020), levels of non-performing loans (NPLs) in the Malagasy banking sector rise significantly
during macroeconomic shocks such as a contraction in GDP or a depreciation of the exchange rate.
The results show that NPLs can rise by nearly 3 percentage points under an adverse scenario.
However, banks remain sufficiently capitalized, liquid and profitable (IMF, 2023). In 2024,
Madagascar had 16 banks. Most of these are foreign banks, which are commercial banks and,
according to the literature, are expected to be more efficient due to their technological and
managerial advances. Their primary focus is therefore on shareholder profitability, which limits
financing for long-term and risky projects in the country. Although Leightner and Lovell (1998)
argue that opening up banks to foreign capital in emerging economies improves their performance
by providing them with greater access to technology and, above all, to best governance practices.
The banking sector is essentially risk-averse and relies primarily on asset-backed loans (World
Bank, 2014). The cost of borrowing in Madagascar, at 48.86%, does not align with the sub-Saharan
African average of 11%. Imperfect competition in the banking sector in Madagascar limits the
decline in the interest margin to 8.8% (Financial Structure Dataset, 2019). The low level of banking
penetration among the population, combined with uncertain economic conditions, leads to a
preference for cash. The increase in the M1 aggregate during periods of uncertainty illustrates this
preference. Another reason is that banks hold excess liquidity on their balance sheets because
demand for credit from non-financial economic agents is low or is considered ris ly (the non-
performing loan ratio stood at 7.7% in June 2024 according to the World Bank’s economic update),
placing the country 12th in Africa for NPLs (non-performing loans). As Mishkin F. (2013) points out,
due to information asymmetry and the highly risky business environment, banks may accumulate
liquidity because they prefer to keep it on their books rather than grant loans to non-financial
economic agents deemed risky. The use of assets to secure loans may not be reliable due to
uncertainties in the judicial system and contract enforcement. The Fraser Institute’s Property
Rights Index stood at 3.02 in 2017 and remained at 117th place globally in 2025, indicating weak
contract protection and enforcement.

Figure 1 Factors hindering the development of the banking sector in Madagascar, according to
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3. Methodology and data

3.1. Description of the double-boundary SBM-DEA model and first stage
Banking efficiency is generally measured using two main approaches: parametric and non-
parametric methods. The most widely used parametric method is stochastic frontier analysis
(SFA), whilst the most common non-parametric method is data envelopment analysis (DEA). DEA
is a non-parametric linear mathematical programming technique whose objective is to analyze a
group of homogeneous production units known as decision-making units (DMUs) that share the
same inputs and outputs, to identify the most efficient organizations and indicate the actions that
inefficient organizations must take to become efficient. The assumption is that if a producer J is
capable of producing yJ with xJ , then other producers are also capable of doing the same if they
are efficient. Thus, producer J and the others can be combined to form what we might call a virtual
producer with composite inputs and outputs. The core of the analysis involves finding the best
virtual producer for each real producer (Dovis, 2009).
The DEA method does not require the specification of a functional form regarding the type of
production frontier, as the data envelope curve is constructed by selecting several efficient
decision-making units. There are numerous modelling methods for assessing efficiency in DEA; the
traditional models are CCR (Charnes, Cooper, Rhodes with constant returns to scale) and BCC
(Banker, Charnes, Cooper with variable returns to scale), which are radial approaches, assuming
that all inputs and outputs vary proportionally. The strengths of DEA include, in particular, its
effectiveness in handling complex production processes (Schaffnit, Rosen, & Paradi, 1997); its
ability to work with inputs and outputs on different scales of measurement (Svitalkova, 2014); its
ability to analyse each DMU individually, comparing them with other DMUs, with the optimization
process being carried out for all DMUs in the sample (Repkova, 2014); and its ability to identify
inefficient DMUs. However, it should be noted that the number of DMUs must be at least three
times greater; otherwise, many DMUs will be considered efficient (Cooper, Seiford, Tone et al.,
2007).
The SBM (Slacks-Based Measure) efficiency measurement method introduced by the Japanese
researcher Tone (1997, 2001) is a non-radial efficiency measure within the DEA efficiency
measurement method. Its advantage is that it directly measures excess inputs and
underproduction. The distance between inputs and outputs relative to the production frontier is
called the slack, and is used to measure efficiency. It allows for differentiated adjustments for each
input and output and is therefore more realistic. The model below is taken from the work of
Cooper, Seiford, Tone et al (2007).
To measure the efficiency of banks, let us assume we have xt € R™ and y¢ € RS, which are the
selected inputs (m) and outputs (s), and n is the number of banks.
The production function is given by
Pt = {(x%, yY): xtcan product y*t} (1)
Estimate the efficiency of a DMU (x,,y,) , we formulate the following fractional programin A s~
and s* : (SBM)

1om Si
1m2

lgl‘i,rsl+popt B 1+32: 13 2)
s 1 ypo
Subject to the constraints:
X, =XA+s~
Y, =Y1—st

A=>0,s"=>0st>0
In this model, s~and s* are the input and output slacks; we assume that X = 0. It is also easy to
verify that an increase in s; or s;f, Il other things being equal, decreases the value of the objective
function in a strictly monotonically decreasing manner. p represents the ratios of the average
combination inefficiencies of inputs and outputs, with the upper bound, p = 1, being reached only
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if the slacks are zero for all inputs and all outputs. Therefore, a DMU ( x,,y, ) is SBM-efficient if
andonlyifp*=1,ands ™ =0ands™ =0
0<p<1.(3

Since s; < x;, forall i , so that, with only if the data show that no quantity of that input was
required. For outputs, an output shortfall represented by a non-zero slack may exceed the
guantity of output actually produced.
p in can be transformed into

= (Ayp, o) (1ys M)‘lm)

m Xio S Yro
The ratio evaluates the relative rate of reduction of input i and, consequently, the first term

corresponds to the average rate of proportional reduction of inputs, or to the inefficiencies in the
combination of inputs. Similarly, the ratio evaluates the relative rate of proportional expansion of
output r. That is to say, the second term measures the inefficiency in the combination of outputs.
For an SBM-inefficient DMU ( x,, ¥y, ), we have the expression:

Xo =XA"+57"

Y, =Y —st*

The SBM score p* can be broken down as follows:
* _ 1_2?;1 441
p= 1+X5=1 Br
(i=1,..,m) (5
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Br=-"—-(r=1,..,5)

S Yro

Si

\ 1
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Decomposition is important for assessing the sources and extent of inefficiency associated with
the various inputs and outputs of the DMU. In the model above, therefore, a DMU with a score
close to 1 is efficient in the optimistic sense if it is deemed inefficient in the optimistic sense.
However, it is also possible to measure the ‘pessimistic’ efficiency of banks. In particular, an
inefficient frontier (or ‘worst practice’) can be estimated. Banks furthest from this inefficient
frontier are considered more efficient (Wang and Chin, 2009). The higher the pessimistic score,
the better the bank’s performance; a score of 1 indicates that the bank is on the frontier and is
therefore among the least efficient.

The pessimistic SBM DEA model according to Liu & Chen (2009) can be expressed as follows:

1ym Si
T+ Yi=1 %,
L0

max pP® = ———=2(6)
1=52r=15 -
Subject to the constraint:
X, = XA—s*
Vo =YA+s~
A>0,sT>0,s"=>0

p=1
Here we have two frontiers, an optimistic and a pessimistic one; we can follow Wang et al. ((2007)
to calculate the overall efficiency of bank j in year t as the geometric mean of using the equation
below. Both frontiers must be considered simultaneously in the efficiency analysis in order to
obtain better estimates, Liu & Chen (2009). The higher the value of pa” , the better the bank’s

performance.
pall — /pj?,lt)t % p]p‘is (7)



I Proceedings of the 13th International Scientific Conference

As already discussed in the section above, the profit-based approach resolves the issue of whether
to treat deposits as inputs or outputs; consequently, the profit-based approach will be our choice
for this study. Regarding inputs and outputs, we will use operating expenses as a proxy for
expenditure on staff and physical capital. Interest expenses will be used as a proxy for expenditure
on deposits and other creditors of the bank. As an output, we will choose operating profit as it
allows us to include provisions for bad debts, and prevents banks from being deemed efficient
without taking into account the risks they take. The models will be VRS, which takes into account
economies of scale in the calculation of efficiency; this is widely used in studies of the banking
sector as banks require economies of scale to operate.
Figure 2 Double-boundary DEA
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Source : Authors, 2026

3.2. DEA-Malmquist index model
The DEA-Malmquist index method is used to analyze and decompose efficiency (Cooper, Seiford,
Tone et al, 2007). All traditional DEA models use data from a specific year as a sample for analysis,
which can only reflect the relative efficiency values of different economies at a single point in time,
and does not allow for the study of changes in their efficiency across different periods. The DEA-
Malmquist index model can measure dynamic changes in the efficiency of decision-making units
using the ‘directional distance function (DDF); it can therefore analyze panel data, which not only
allows the total factor efficiency to be decomposed into technical efficiency, technological
progress and scale efficiency, but also clarifies the reasons for changes in the total factor
productivity of the subject under study.
The production frontier with an output-oriented distance function, under the assumption of
constant returns to scale (CRS), can be defined as:
Technical efficiency is estimated relative to the production frontier, such that 0 < Df(xt, y?) < 1
The Malmquist productivity index must be defined on the basis of the reference technology, under

CRS (constant returns to scale), and is:
Dg(x“'l,y“'l)

Mt(xt,yt,xt“,y”l) — —
De(xtyt) (8)
M (xt yt xtt1 yt+1) = M
t+1 ) ) ) D£+1(xt,yt)

Given that the Malmquist productivity indices defined by reference techniques based on the
periods and are symmetric in economic terms, their geometric means are defined as composite
productivity indices according to Fisher’s concept, namely:

TFP = EFFCH X TECHCH (9)
There is no difference between the and TECHCH (boundary shift) indices with regard to the
Malmquist productivity index itself. The EFFCH ratio measures the change in a DMU’s technical
efficiency relative to the best-practice frontier, indicating whether it is moving closer to or further
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away from the production frontier t and t + 1; the difference between and lies in the
decomposition of the index. EFFCH is then decomposed, as suggested by Fare et al. (1994), into
changes in pure efficiency (PECH) and changes in scale efficiency (SECH).
The decomposition is as follows:

FFCH = PECH X SECH

Dct"'l(x”l,y“'l)

TFP =
DE(xtyt)
_ DCHl(xt“,yt“) D1§+1(xt+1,yt+1) Dﬁ(xt,yt)(lo)
DiF(xtH1,yt+1) Df(xtyt) DE(xtyt)

= PECH X SECH X TECHCH

3.3. Two-stage DEA and bootstrapping

Two-stage DEA is widely used in studies of banking efficiency to estimate efficiency scores and
explain their variation using environmental variables. This approach divides the analysis into two
distinct phases: (1) the estimation of efficiency scores using DEA, and (2) the regression (or
another technique, whether parametric or non-parametric) of these scores on environmental or
contextual variables to identify their determinants and thus enable a more comprehensive
analysis, Ayadi et al. (2016).

Traditional DEA models have been criticized for failing to take into account external environmental
factors beyond the organization’s control, over which decision-makers have no influence. In other
words, the environment in which the bank operates is not considered in the analysis. Often, a bank
is considered efficient (or inefficient) simply because it is aided by favorable external factors (or,
conversely, suffers from unfavorable ones). This renders the efficiency scores of the DEA model
biased.

In an effort to improve the application of DEA, two-stage DEA models have gained prominence in
the literature, precisely because they help to overcome the aforementioned limitations. The
econometric methods used in the second stage of two-stage DEA models are the subject of
ongoing debate. Whilst Tobit regression is widely used due to the bounded nature of DEA scores,
it is criticized for its lack of statistical consistency. Simar and Wilson (2007) developed a bootstrap-
based truncated regression approach to address the limitations of conventional methods. They
argue that DEA efficiency scores are biased and serially correlated, thereby invalidating standard
inference in second-stage regressions. Given that the variables used as inputs are considered
endogenous (Lensink & Meesters, 2014), the use of bias-corrected estimates in a stochastic
framework offers additional protection against the classic endogeneity problems frequently
encountered in regression specifications incorporating firm-level data (Van Biesebroeck, 2008).
The bootstrap procedure is used to correct for bias and provide valid confidence intervals and
standard errors, overcoming the problems of serial correlation and dependence inherent in DEA
scores (Voltes-Dorta, Britto and Wilson, 2024).

In our case, the number of observations is quite small, but to correct for the effects of intra-bank
relationships by year (data are often correlated within groups (clusters)). We will use the Bootstrap
procedure of Cameron and Miller (2008), who demonstrated the effectiveness of the Wild Cluster
Bootstrap-t 2when dealing with clusters of 5-30. This method has the advantage, compared to
other cluster-handling methods that estimate standard errors under the assumption of i.i.d., of
being robust to heteroscedasticity and working with a small number of clusters. In standard
clustering methods, the explanatory variables and the dependent variable must take on several

2 See also Roodman et al (2019) for STATA
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different values. Wild cluster bootstrap methods do not encounter this problem, as they do not
resample the explanatory variables.

Figure 3 External two-stage DEA

Stage 1
Efficiency index
*DEA model

' Stage 2

* Bootstrap
* Tobit
=0LS

*AHP
= ANN
*Others

Source: I.C. Henriques et al (2020)

The model used is presented as follows: Eff represents the wild cluster bootstrap bias-corrected
efficiency scores of bank i at period t, Xit is a vector of bank-specific financial variables, Yit are the
macroeconomic control variables, and €it is the error term.

Cap is defined as the ratio of equity to total assets, and is used to measure the strength of a bank’s
capital; it acts as a safety net for banks. Credit risk (NPL) is measured by the ratio of loan loss
provisions to total loans. We therefore expect a negative relationship between credit risk and the
level of banking efficiency. To account for economies of scale, we include the size variable,
measured by the logarithm of banks’ real total assets. As stated above, a larger size can reduce
the costs of information asymmetry and information gathering. Following the study by Ziadi
Ellouze (2024), the ILer (Lerner index) allows, amongst other things, the capture of the bank’s
market power effect. (GDPg) is introduced to control for the macroeconomic environment,
Benbachir (2025). This variable is expected to be positively associated with levels of banking
efficiency. Finally, our specifications take into account the effects of inflation. An instrumental
variable for the Covid crisis (in 2020 and 2021) will be used to account for the effect of the health
crisis on banks, given that they were the institutions most called upon by the government during
the crisis, as well as to isolate the effect on economic growth and non-performing loans.

Effii = ¢ + a'X;, + Criscov;; + ylLer}, + B'Y;, + &,  (11)

3.4. Lerner index

The Lerner index measures the degree of market power of a specific bank on an annual basis. It
can be calculated using the relative difference between price and marginal cost. The Lerner index
generally ranges from 0 to 1, with higher values indicating a higher level of market power and a
lower level of competition, whilst lower values indicate a lower level of market power and a higher
degree of competition (Fare et al., 2015; Fungacova et al., 2013; Tan & Floros, 2014; Tan et al.,
2017; Liu et al., 2018). In some cases, the value of the Lerner index may be negative. We use the
ordinary least squares method to estimate the Lerner index whilst controlling for bank fixed effects
and time dummies. The specification can be expressed as follows:

In Costyy =By + B1ln Qe + Bo/2(In Qy)* + X Vieln Ppyy

12
+2 @ln Qiln Pje + X ¥ Skjln Pyeln Py + Eit( )
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where In denotes the natural logarithm, Cost denotes total cost, and Q denotes bank output. Here,
the sum of interest income, non-interest income and net income serves as a proxy for bank output.
P denotes the three input prices, PL, PF and PC are respectively: normally, labour cost is given by
the ratio of staff costs to total assets. PL refers to human input, and we use operating expenses
and total assets to proxy for PL and PK, as it is difficult to obtain complete data on staff costs and
wages; since it is difficult to obtain the total number of staff, we draw here on the approach of
Claessens and Laeven (2003) and Bikker and Haaf (2002). Cost of funds calculated as the ratio of
interest expenses to total deposits. Following the approach of many other studies [Koetter et al.
(2012); Shaffer et al. (2020)], we impose linear homogeneity in factor prices by normalizing total
costs and factor prices relative to the cost of funds (PF).

The above equation is differentiated to derive the marginal cost with respect to output Q as

follows
Cost;;

Qit[B1+B2In Qit+Y @i In Py it (

MCrpic = 13)

The Lerner index is given by:
Lerner ; = (PTA,it - MCTA,it)/PTA,it (14)

Where P represents the price, which is measured as the ratio of total revenue to total assets. MC
represents marginal cost, and TA represents total assets. In certain scenarios, when the Lerner
index is negative, the price level is lower than the marginal cost. This can be explained by the
banking industry, which is characterized by a particularly high level of government subsidies. A
negative Lerner index is beneficial to the banking industry, on the one hand because a higher
marginal cost deters entry, which is conducive to improving the profits of existing banks. On the
other hand, a marginal cost higher than the price level indicates that banks are incurring short-
term losses. The results of the OLS regression for the Lerner index are presented in the table.

3.5. Data and software
In this study, we use data from the World Development Indicators (WDI) for macroeconomic
variables, whilst the financial variables for each bank are drawn from the banks’ annual reports.
The observation period is 2012—2024, and the sample comprises five banks (BOA MADA, BNI, SG
MADA, BMOI MADA, MCB MADA), which hold 90 per cent of the market share in the country
(according to theglobaleconomy.com and madagascarinvest, 2025); we encountered difficulties
in collecting data for the other banks in the sector. We used RStudio 2024.12 with R 4.5.2 for score
calculations and econometric regression. The main package used for R in the calculation of scores
was rDEA.
Tablel List of variables and data sources

variables Source
Inflation rate WDI World Bank
Economic growth World Bank WDI
Bank financial variables Banks’ annual financial reports

Source: Author, 2025
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4. Results and discussion

4.1. Double-boundary DEA scores
In Table 4.1 of the Appendix, we first present the efficiency scores for the optimistic and
pessimistic frontiers, as well as the geometric mean for the banks. As the table shows, the scores
between the two frontiers differ but are consistent; using the average of the two frontiers allows
for a better distinction between the banks that are efficient. If we examine the banks’ average
double-boundary score, BMOI is the most efficient with an average of 1.375 for the entire study
period 2010-2024, followed by SGM with 1.09 and BNI, which rounds off the top three with 0.979.
This result comes as little surprise, as BMOI is a bank whose client base consists mainly of
corporate clients, so it performs better in terms of profit optimization. SGM (which became BRED
Madagascar in 2024) and BNI are among the largest and oldest banks in the sector. Regarding the
consistency of average scores over the period. We note that there is not much difference between
the efficiency of the top-ranked bank and the bottom-ranked one; indeed, MCB, which has a score
of 0.834 over the period, is less than 1.6 times the score of BMOI.

Figure 4: Estimation of dual-boundary VRS efficiencies
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Source: Author’s calculation using rDEA, 2025

It should also be noted that the banks experienced a decline in efficiency in 2020, which may be
attributable to the COVID-19 crisis. Only SGM remained resilient in the face of the crisis, as shown
in the graph above, though this resulted in a decline in efficiency in 2022. During the crisis, banks
were heavily relied upon by the country’s government, as was the case in most countries at that
time. The increase in provisions for non-performing loans and loan restructuring, combined with
the decline in activity, explains this drop in efficiency during the COVID-19 pandemic, as we will
see in the sub-section below.

4.2. DEA Malmquist

As mentioned above, the DEA-MI allows us to measure changes in banks’ total productivity in a
dynamic manner. These changes are measured relative to changes in efficiency and technical
progress. The table below shows the change in total productivity, the change in efficiency, the
change in technology, pure efficiency, and scale efficiency, all on a five-year basis. The results by
year/bank can be found in the appendix. It should be noted that the change in TFPCH is the product
of EFFCH and TECHCH. We observe that banks” TFP is declining across the three sub-periods,
although some banks show a higher rate of change in the 2015-2020 sub-period, i.e. prior to the
COVID-19 crisis. It is clear that the change in TFP is really due to the change in TECHCH rather than
EFFCH; for example, for BNI in 2015-2020, we see a 4.1% improvement in technical progress,
which improves TFP by 1.5%; the 4.2% improvement in MCB over the same period allowed TFP to
remain more or less stable; and finally, for SGM, a 6.3% increase in TECHCH resulted in a 2.2% rise
in TFP. Thus, the crisis, which was expected to be a catalyst for digital transformation and
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innovation, actually slowed technical progress due to recruitment freezes and budget cuts in the
banking sector during the crisis; however, we now see that recruitment of IT staff is very much on
therise. The pure efficiency of banks is relatively stable, but the efficiency of scale shows that most
banks, excluding BMOI, are not operating at their best or are failing to manage their growth to
exploit economies of scale.

Table 2 Breakdown of the Malmaquist index

BMOI 2010-2015 1.0165020  0.9996077 1.0169010 1.0000000 0.9996077
BMOI 2015-2020  0.9810347  1.0003925 0.9806498 1.0000000 1.0003925
BMOI 2020-2024  0.9318339  1.0000000 0.9318339 1.0000000 1.0000000
BNI 2010-2015  0.9897152  1.0001894 0.9895277 0.9644218 1.0370871
BNI 2015-2020 1.0156731  0.9754811 1.0412022 1.0103689 0.9654703
BNI 2020-2024  0.9318495  0.9705026 0.9601720 1.0037614 0.9668659
BOA 2010-2015 1.0125491  1.0409599 0.9727071 0.9921208 1.0492270
BOA 2015-2020  0.9977965  0.9976976 1.0000991 1.0220888 0.9761359
BOA 2020-2024  0.9396514  0.9868217 0.9521997 1.0279545 0.9599858
MCB 2010-2015  0.9879468  0.9909893 0.9969298 1.0000000 0.9909893
MCB 2015-2020  0.9587389  0.9196819 1.0424680 1.0000000 0.9196819
MCB 2020-2024  0.9534369  1.0159891 0.9384321 1.0000000 1.0159891
SGM 2010-2015 1.0047129  1.0681807 0.9405833 1.0065424 1.0612376
SGM 2015-2020 1.0220462  0.9609295 1.0636017 1.0000000 0.9609295
SGM 2020-2024  0.9075726  0.9314618 0.9743530 1.0000000 0.9314618

Source: Author’s calculation using rDEA, 2025

4.3. The Lerner index

Descriptive analysis results indicate that the banking sector exhibits significant market power over
the period 2010-2024. The values of the Lerner index, mostly ranging between 0.4 and 0.7 (see
appendix), suggest an oligopolistic structure rather than a perfectly competitive environment.
Thus, BMOI has the most stable and highest Lerner index value, meaning that it sells its products
with a higher margin over its marginal cost than most banks in the sample. However, MCB has an
increasingly lower Lerner index; the figure below shows that the efficiency calculated above and
the Lerner index follow roughly the same trends. So we may be looking at the optimistic view of
the effect of concentration on efficiency.
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Indice de Lerner par banque (2010-2024)

Lerner

Source: Author’s calculation using R (fwildclusterboot), 2025

The regression results show that the model does not exhibit a non-linear relationship at a 10%
significance level. The trend is not significant, nor is the quadratic relationship with the price of
non-fund factors. Statistically, the model is now valid, with a fairly good R?of 0.976. It is important
to note that Hausman tests rely on fairly large samples; the autocorrelation test before the
bootstrap does indeed show that there are relationships between clusters, and it is theoretically
true that each bank should have cost structures that are fairly trend-like, which validates the use
of the fixed-effects regression procedure with the OLS wild bootstrap.

Table 3 Regression results with OLS wild bootstrap

variable Coefficient t_stat \ p_value
1*(Intercept) |14,8320 139.926|0.001 ***
1*InQ_c 1,13100 15.617 |0.018 ***
1*InQ? ¢ 0,02600 0.81 0.0806 **
1*InP 0,68500 10.78 0.0237 ***
1*InQ_c_InP -0,39400 -2.039 |[0.2109
1*InpP? 0,00020 0.188 0.7803
1*trend 0,00046 0.129 |0.6502

Adj. R?: 0.976599R?: 0.978496
Source: Author’s calculation using R(fwildclusterboot), 2025

4.4, Second-stage regression
In the second stage, regression with explanatory variables was used to explain bank efficiency, as
mentioned above. The results show that capitalization (CAP) has a positive and significant effect
on bank efficiency; although the effect is very close to zero, this result is consistent with the
findings of Fernandes et al. (2017). Credit risk (CRIS) has a negative and significant coefficient; this
indicates that banks spend more on monitoring when credit risks increase, which impacts their
profits. As in the findings of Cooper et al. (2003) and Berger et al. (1997), a change in the quality
of the loan portfolio is one of the causes of bank failures. Faced with credit risk, banks adopt risk-
averse behavior towards both existing and new loans. The first hypothesis is well supported and
consistent with the BFM’s periodic surveys of the banking sector. We also observe that the SIZE
variable has a positive impact on efficiency, which validates previous theoretical and empirical
work showing that larger banks reduce the costs associated with collecting and processing
information (Eber N., 2000; Staub et al., 2010).
We also posted a second hypothesis that competition has a negative impact on banks’ efficiency.
The Lerner index calculated above shows that all banks have intermediate market power. Here,
we have a positive coefficient with greater significance. This result is not very surprising given the
figures above on the evolution of efficiencies within the two boundaries and also the Lerner index
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for each bank. Several studies have found the same result, most recently that of Ellouz N. (2023).
Here too, we confirm that competition has a negative effect on efficiency; it should be noted that
the Lerner index measures market power, and therefore the higher the index, the less competitive
the structure. However, the definition of competition in the BFM survey must be treated with
caution to avoid misinterpretation, as respondents may be thinking of concentration rather than
competition when defining the term.
Table 4 Coefficients, cluster SE and wild bootstrap p-values (boottest, B=9999)
Eff~CAP + CRIS + SIZE + Lern + covid + Inflation + GDP + FE

Variable Coef. SE (cluster) t (cluster) p (cluster)
CAP 0.0074 0.0025 2.973 0.0410
CRIS -0.9242 0.1041 -3.313 0.0596
SIZE 0.2876 0.1138 2.527 0.0648
Lern 0.7388 0.1822 4.054 0.0154
covid -0.0350 0.0513 0.683 0.5322
Inflation 0.0083 0.0077 1.081 0.3406
GDP 0.0161 0.0023 4.705 0.04197

Source: Author’s calculation using R(fwildclusterboot), 2025

The model demonstrates good explanatory power with an R? of 0.859 and an adjusted R? of 0.817.
Approximately 86% of the variation in banking efficiency is explained by internal variables,
macroeconomic variables and the bank-specific fixed effects. The root mean square error (RMSE
= 0.094) remains relatively low, indicating a satisfactory fit of the model.

For the macroeconomic variables, inflation has a non-significant coefficient of zero in this
regression; if, hypothetically, the coefficient was significant, one might imagine that banks are able
to anticipate inflation, meaning that banks are able to adjust their interest rates and,
consequently, increase their revenues at a faster rate than their costs (Perry, 1992). The effect of
COVID-19 has the expected sign but is also insignificant in the results. This may be due to our
relatively small sample size and also to a lack of variability in certain variables, as we are studying
a single country. Even so, we can conclude that banks have been more resilient in the face of the
COVID-19 pandemic, as we observe a slight decline in efficiency across the board, except BMOI
and BOA in 2020. The positive effect of GDP growth is consistent with research suggesting that
economic growth promotes improved performance in the financial sector, particularly from the
demand-side perspective of financial development theory. This also confirms the findings of
Razafindravonona et al. (2020) in their stress testing study of the Malagasy banking sector. Given
this finding, it is reasonable to conclude that the third hypothesis is also validated.
5. Conclusion

This study was primarily motivated by an analysis of the efficiency of commercial banks in
Madagascar, as well as the impact of credit risk, competition and the macroeconomic environment
during the period 2010-2024. The literature on the subject shows that few studies have been
conducted on the African continent (Henriques, 2020), particularly using the methodology
adopted in this study. Our hypotheses were initially supported by the literature and also by the
BFM survey of the banking sector. In this study, a two-stage approach was employed, combining
the double-boundary SBM-DEA method following Wang et al. (2007) and a second-stage
regression estimated using wild bootstrap clustering. This methodological strategy allows for a
rigorous measurement of efficiency whilst correcting for inference problems related to
heteroscedasticity and intra-group dependence (Cameron and Miller, 2008), and is in line with the
recommendations of Simar and Wilson (2007) regarding the correction of biases in two-stage DEA

models.
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The empirical results highlight a significant negative effect of credit risk on banking efficiency. This
finding confirms the hypothesis that a deterioration in the quality of the loan portfolio increases
the costs of monitoring, provisioning and restructuring, thereby reducing operational
performance. Berger et al (1997) have already demonstrated a close relationship between non-
performing loans and banking inefficiency.

With regard to market power, the Lerner index is found to have a positive effect on efficiency. This
result is consistent with the efficient-market hypothesis (Demsetz, 1973; Peltzman, 1997) and the
Information Generating Hypothesis (IGH) developed by Marquez (2002), according to which the
most efficient banks gain market power and generate higher margins. However, this does not
refute the ‘Quiet Life’ theory proposed by Hicks (1935), as owners of monopolistic firms can in fact
exercise the same control over management effort as those in competitive firms, and the sector
has a monopolistic structure since the Lerner index lies between 0 and 1. Furthermore, economic
growth has a positive and significant effect on banking efficiency. A favorable macroeconomic
environment improves borrowers’ creditworthiness, stimulates demand for credit and reduces
defaults.

Methodologically, the use of the double frontier allows for a more precise framing of the observed
performance, whilst the use of the wild bootstrap cluster improves the robustness of the inference
(Cameron et al., 2008). However, the main limitation of this research lies in the relatively small
sample size, which restricts the full application of the double bootstrap method by Simar and
Wilson (2007) to correct biases in DEA scores and refine confidence intervals. This limitation
suggests the need for future research to extend the analysis to larger samples and longer time
periods, and to use parametric methods for assessing bank efficiency.
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Appendices
Table A 1 Double-boundary DEA results
ANNEE BANQUE RTS EFopt EFpes OEF RANG
2010 BMOI VRS 1.0000000 | 1.807083 | 1,3442778 8
2011 BMOI VRS 0.9662358 | 1.554649 | 1,2256254 18
2012 BMOI VRS 0.8135980 | 1.296159 | 1,0269141 37
2013 BMOI VRS 0.8960072 | 1.866356 | 1,293162 11
2014 BMOI VRS 0.8583014 | 1.881305 | 1,2707188 13
2015 BMOI VRS 0.8077590 | 1.910049 | 1,242119 15
2016 BMOI VRS 0.8364747 | 2.010992 | 1,2969751 10
2017 BMOI VRS 0.9750070 | 2.382508 | 1,5241266 4
2018 BMOI VRS 0.9442930 | 2.353780 | 1,490858 5
2019 BMOI VRS 0.9712733 | 2.429114 | 1,5360123 3
2020 BMOI VRS 0.7807890 | 1.984158 | 1,244672 14
2021 BMOI VRS 0.9135819 | 2.320073 | 1,4558765 7
2022 BMOI VRS 0.9141466 | 2.321144 | 1,4566625 6
2023 BMOI VRS 1.0000000 | 2.624098 | 1,6199069 1
2024 BMOI VRS 1.0000000 | 2.566832 | 1,6021335 2
2010 BNI VRS 0.6426324 | 1.544549 | 0,9962817 40
2011 BNI VRS 0.6551047 | 1.581604 | 1,0178978 38
2012 BNI VRS 0.5781369 | 1.406230 | 0,9016615 57
2013 BNI VRS 0.6261076 | 1.532798 | 0,9796409 44
2014 BNI VRS 0.6685297 | 1.604189 | 1,0355907 36
2015 BNI VRS 0.6520621 | 1.645228 | 1,0357561 35
2016 BNI VRS 0.5891993 | 1.522559 | 0,9471488 48
2017 BNI VRS 0.5554274 | 1.433685 | 0,892361 58
2018 BNI VRS 0.5974313 | 1.506502 | 0,9486998 47
2019 BNI VRS 0.6834608 | 1.644869 | 1,0602846 32
2020 BNI VRS 0.6644331 | 1.492750 | 0,9959078 41
2021 BNI VRS 0.6820326 | 1.284787 | 0,9360913 49
2022 BNI VRS 0.7406821 | 1.117432 | 0,9097591 55
2023 BNI VRS 0.8996079 | 1.361783 | 1,1068292 29
2024 BNI VRS 0.8618530 | 1.000000 | 0,9283604 53
2010 BOA VRS 0.4591221 | 1.125340 | 0,7187964 70
2011 BOA VRS 0.5764669 | 1.431978 | 0,9085637 56
2012 BOA VRS 0.5268569 | 1.335799 | 0,8389131 64
2013 BOA VRS 0.5254750 | 1.358130 | 0,844786 63
2014 BOA VRS 0.5760091 | 1.504431 | 0,9308954 52
2015 BOA VRS 0.5805243 | 1.501508 | 0,9336285 51
2016 BOA VRS 0.3875640 | 1.000764 | 0,6227841 75
2017 BOA VRS 0.4283924 | 1.085965 | 0,6820697 72
2018 BOA VRS 0.7668405 | 1.907801 | 1,2095366 20
2019 BOA VRS 0.7903413 | 1.929519 | 1,2349002 17
2020 BOA VRS 0.7110549 | 1.573982 | 1,0579167 33
2021 BOA VRS 0.7799262 | 1.727480 | 1,1607355 23
2022 BOA VRS 0.8379004 | 1.759509 | 1,2142047 19
2023 BOA VRS 0.8659861 | 1.436569 | 1,1153693 27
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2024 BOA VRS 1.0000000 | 1.271024 | 1,1273968 26
2010 MCB VRS 1.0000000 | 1.083885 | 1,0410981 34
2011 MCB VRS 0.8459178 | 1.140333 | 0,9821548 43
2012 MCB VRS 0.8359360 | 1.004166 | 0,9161981 54
2013 MCB VRS 0.6048009 | 1.000000 | 0,7776895 66
2014 MCB VRS 0.7218778 | 1.211598 | 0,9352143 50
2015 MCB VRS 0.8084838 | 1.440540 | 1,079191 31
2016 MCB VRS 0.6416813 | 1.132015 | 0,8522868 62
2017 MCB VRS 0.6380990 | 1.172981 | 0,8651464 60
2018 MCB VRS 0.4862397 | 1.000000 | 0,6573089 71
2019 MCB VRS 0.5211894 | 1.096622 | 0,7560079 67
2020 MCB VRS 0.4613634 | 1.000000 | 0,6792373 73
2021 MCB VRS 0.4840670 | 1.071681 | 0,7202537 69
2022 MCB VRS 0.4804173 | 1.088698 | 0,7232076 68
2023 MCB VRS 0.4508021 | 1.000000 | 0,671418 74
2024 MCB VRS 0.5711414 | 1.185700 | 0,8229229 65
2010 SGM VRS 0.5515384 | 1.338974 | 0,8593575 61
2011 SGM VRS 0.5647290 | 1.401293 | 0,8895791 59
2012 SGM VRS 0.6284458 | 1.552818 | 0,9878574 42
2013 SGM VRS 0.5999171 | 1.501067 | 0,9489549 46
2014 SGM VRS 0.7271457 | 1.760780 | 1,1315226 25
2015 SGM VRS 0.8414896 | 2.021764 | 1,3043364 9
2016 SGM VRS 0.6803496 | 1.768505 | 1,0969055 30
2017 SGM VRS 0.7261087 | 1.836532 | 1,154782 24
2018 SGM VRS 0.8492900 | 1.942536 | 1,2844361 12
2019 SGM VRS 0.7702781 | 1.797252 | 1,1765983 22
2020 SGM VRS 0.8107996 | 1.770870 | 1,1982574 21
2021 SGM VRS 0.8413018 | 1.818182 | 1,2367862 16
2022 SGM VRS 0.9419888 | 1.000000 | 0,9705611 45
2023 SGM VRS 1.0000000 | 1.236567 | 1,1120105 28
2024 SGM VRS 1.0000000 | 1.000000 1 39

Source: Authors, 2025
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Table A2 Malmquist by year

2010

0,60369208

0,51060812

0,26887886

0,32672327

ANNEE

0,45218978

2011

0,6114144

0,5323946

0,29452356

0,30764632

0,44722157

2012

0,59785051

0,45832407

0,35356299

0,21542691

0,4437507

2013

0,61896586

0,56023769

0,33929314

0,32086751

0,55236968

2014

0,63967295

0,61863222

0,48883862

0,36685004

0,70747468

2015

0,59913801

0,57631809

0,43615867

0,44052612

0,64638998

2016

0,58821403

0,53517284

0,48100554

0,3470353

0,57994908

2017

0,64514643

0,43746453

0,54253398

0,34487594

0,56021105

2018

0,60646627

0,4284419

0,55164556

0,20712602

0,61512865

2019

0,64191639

0,4294121

0,50756015

0,18030032

0,50791578

2020

0,63307328

0,38179887

0,50110844

0,14730739

0,46348772

2021

0,66514158

0,33504203

0,47863688

0,13885116

0,40861308

2022

0,66459727

0,28508723

0,45852251

0,17715836

0,2397724

2023

0,69610177

0,4288358

0,43974726

0,13102505

0,65355644

2024

0,69286486

0,34767709

0,43526776

0,09887438

0,3879864

Source: Authors, 2025
TABLE A3 Lerner index by sub-period

Banque

2010-
2015

2015-
2020

2020-2024

BMOI

lo.6118

lo.6190 [0.6704

BNI

lo.5428

lo.4648

l0.3557

BOA

l0.3635

10.5033

l0.4627

IMcB

l0.3297

0.2779

l0.1386

SGM

lo.5416

lo.5622

l0.4307

Source: Authors, 2025
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BHEAPEHWNE MCKYCCTBEHHOIO
MHTEJIJIERTA B AETCKWE NTPOBbLIE
[TPOCTPAHCTBA: YIPAB/IEHHECKWUE,
[TPOCTPAHCTBEHHbBIE 1 9TUHECKWE
ACIEKTDI

Ackap Abapa3akoB
noktopaHT DBA Narxoz Business School, lnpektop Kantai City Planning Ltd.

AHHOTauUuA

B cTaTbe npeactaBiaeH HappaTMBHbIM Hay4Hbl 0630p, BbIMOSIHEHHbLIN MO MPUHLMMNAM
PRISMA-ScR, NOCBALLEHHbIA MHTErPaLIMN TEXHOIOMMI MCKYCCTBEHHOMO MHTennekTa (UMW) B aeTckume
urposble M obpasoBaTenbHble npocTpaHcTBa. Llenb umccnepoBaHWs — cucTemMaTM3MpPoOBaTb
MeXAYHapPOAHbIA ONbIT, BbIABUTL KAKOYEBbIE HAaMpPaBAEHWA pPa3BMTMA smart play environments,
0603HauYNTb Npobenbl B AMTepaType W NPEeaoKWUTb KOHUENTya/bHYt0 MOAENb ynpaBneHus
NoA0OHbIMM NPOCTPaHCTBAMKN. Ha OCHOBaHMK aHaM3a NCTOYHMKOB 3a nepunos 2018—-2025 ronos,
oTobpaHHbIX B 6asax Scopus, Web of Science, Google Scholar n PubMed, BbigeneHbl cemb
KNIOYEBbIX HaAMpaBNeHWN: aJanTWBHblE UrpoBble cucTemMbl; KoHuenuma Playful Learning
Landscapes; accucTMBHana poboToTexHWKa W MHKMt03MA; affective computing 1 pacno3HasaHue
SMOUMN; NPOCTPAHCTBEHHbLIN AM3aMH C KOTHUTMBHOW Harpy3KoW; STMKO-NPaBOBadA perynauma
(GDPR, EU Al Act, 3akoHoZaTensctso PK); Kommepumanmsaumsa n BCTpaMBaHWe B AeBenonepckme
NpOeKTbl. ABTOPOM NpeasoxKeHa KOHLUeNTyanbHasa ynpaBneHvyeckasa moaenb CARE — Cognitive,
Adaptive, Responsible, Economic — onucbiBatoWana B3aMMOAENCTBME YeTbIPEX KOHTYPOB:
KOrHUTMBHO-MNEAArorMyeckoro, TeXHON0MMYeCcKoro, STMKO-NPaBOBOro U KoMmmepyeckoro. Ocoboe
BHMMaHMeE yAeNeHO Ka3axCTaHCKOMY KOHTEKCTY: NPOaHaM3MPOBaHbl HAaLMOHaIbHAA NPOrpamma
«Umdposor KazaxctaH», paHKMpoBaHMe smart cities no sepcumn MUPUAIM 1 nepexopn pbiHKa
HeABMXMMOCTN PK OT KOHKypeHUMM KBaApaTHbIX METPOB K KOHKYPEHLMU NOAb30BaATENbCKOrO
onbiTa. ChopmMynmpoBaHbl NATb HAMpPaBAeHWA AaNbHENWWUX WCCAeaoBaHM ypoBHA DBA,
obbeanHAWNX BpeHANHT, ypOaHNUCTUKY U UCKYCCTBEHHbIN MHTENNEKT.

Hay4Has HOBM3Ha MCCNeA0BaHMA 3aKN0YAETCA B MHTErpaL MM pe3ynbTaToB MCCAeA0BaHNN
B 06/1aCTU UCKYCCTBEHHOTO MHTENNEKTA, AETCKOM YPpOaHUCTUKM, 0Bpa3oBaTeNbHbIX TEXHONOTUIA K
[EeBeNONMMEeHTa B  eAMHYK  YNpPaBNEHYECKYD  KOHUEMUMIO  MHTENNEKTYaNbHbIX  MIPOBbIX
NPOCTPAHCTB. B oT/iMumMe oT cyliecTByolWwmMx paboT npeanokeHHaa mogens CARE obbeauHsaeT
KOTHUTWBHbIN, TEXHONOTMYECKUI, 3TUKO-NMPABOBOM U 3KOHOMMYECKMI KOHTYPbI YyMpaBieHus,
a,anTUPOBaHHbIE K yCN0oBMAM KasaxcTaHa.
KntoueBble CN0Ba: MCKYCCTBEHHbIN MHTENNEKT, AETCKME UrpoBble NpocTpaHcTia, Playful Learning
Landscapes, agantmMeHaa cpeda, smart city, obpasoBaTesibHble TEXHOMAOTMW, ACCUCTUBHAA
poboToTexHuKa, affective computing, privacy-by-design, npocTpaHCTBEHHbIN OpPeHANHT,
aAesenonmeHT, KasaxcraH.

Beenenune

Lindpoana TpaHchopmaLma ropoAcKor cpedbl M 06pa3oBaTe/IbHOM MHPPACTPYKTYPbI CTana
OHON M3 onpeaenatowmx TeHAeHUMN nocneaHero aecatnneTtns. Mo oueHkam UNICEF, k 2050
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roay A0ONA AeTen, NPOXMBAIOLLMX B TOPOAAX, YBEANYUTCA HA TPETb M AOCTUTHET 1,3 MApA YenoBek,
B TO BPEMA KaK TpU U3 NATK AeTel ByayT *KUTb MMEHHO B ropoackon cpeae [1]. 3To dopmmpyeT
becnpeueneHTHbIM 3anNpoC Ha MNPOEKTUPOBaHWEe OOLLEeCTBEHHbIX MPOCTPAHCTB, OTBEYAIOLLMX
KOTHUTMBHbBIM, SMOLMOHANbHbIM 1 COLMANbHbIM NOTPEDOHOCTAM AeTeln.

MapannenbHo C npoueccom ypbaHM3aUMM MNPOUCXOAUT WMHTEHCMBHAA WMHTerpauma
TEXHONOTUIA  UCKYCCTBEHHOrO WHTEeANeKTa B ¢du3Myeckoe npocTpaHcTBo. Ecam paHee WA
NPUMEHANCA NPEeMMYLLIeCTBEHHO B UMbpoBOM cpede, To cerogHa GopmupyeTca HoBas
nccnenoBaTeNbCKaa MNapagMrma  — smart  play  environments, WM «yMHble WrpoBble
NPOCTPaHCTBa», o0ObObeaMHAWME ANTOPUTMbl  MALIMHHOIO  0byvyeHuda, ceHcopuky |oT,
adPeKTUBHbIE BbIYMCAEHMA, ACCUCTUBHYIO POBOTOTEXHUKY, AR/VR-uHTEepdeincbl M npuHUMNLI
KOTHUTMBHO-OPMEHTMPOBAHHOINO MPOCTPAHCTBEHHONO AM3alHa. B mupoBon  nuTepaTtype
3adUKCMpPOBAH YCTOMYMBLIM  POCT NybAMKauuii, nocBAWEHHbIX WKW B ypbaHUCTUKE U
NPOEKTUPOBAHMN AETCKUX NPOCTPAHCTB [2; 3; 4].

Mrpa paccmaTpmBaeTCcA COBPEMEHHbIMM MCCNeA0BATENAMM HE Kak dopMa pasBaeyeHuns, a
Kak dyHOAMeEHTaIbHbIM MEXaHM3M KOTHUTUBHOIO, SMOUMOHANbHOMO M COLMANbHOro passnTmA. B
pamMKax KoHuenumu Playful Learning Landscapes, pa3spaboTaHHol K. Hirsh-Pasek, R. Golinkoff, B.
Hassinger-Das, A. Bustamante 1 konneramu, ob6blAeHHble TOPOACKME MPOCTPAHCTBA
npeobpasytotca B obydyatolme nNaHAWadTbl, yBeAMYMBatoWmMe NAOTHOCTb 0bOpa3oBaTebHOrO
B3aMMOLENCTBUA Mexay peOEHKOM 1 B3pOCabIM [5; 6]. MM no3BOAAET PaCLUMPUTL 3TY KOHLLENUMIO
3a CY4ET aLanTaumm cLLeHapmeB B peasibHOM BPEMEHM.

OOHOBPEMEHHO C 3TMM BO3HWKaeT pAL KPUTUYECKMX BbI30BOB. lMcnonb3oBaHue
bromeTpun Aetei, pacnosHaBaHMe sMoLmMii 1 cOop NoBeAeHYECKUX AaHHbIX peryanpytotca GDPR,
PernameHtom EC 06 uckycctBeHHOM wHTennekte (EU Al Act, Regulation 2024/1689), a B
Pecnybnuke KasaxcTtaH — 3akoHOM «O nepcoHanbHbIX AaHHbIX M UX 3awmTe» U KoHuenuuewn
Pa3BUTUA UCKYCCTBEHHOMO MHTeNeKTa Ha 2024-2029 roabl. Mpobaema 3akato4aeTca B TOM, YTO
Hanbonee adpdeKkTMBHbIE M-cncTembl TpebytoT 3HAYMTENbHbIX 0OBbEMOB AaHHbIX, YTO CO3AQET
byHOaMeHTaNbHOE NPOTUBOPEUNE MEXKIY TEXHONOrMYECKOM 3PPEKTUBHOCTLIO M 3aLLMTOM NpaB
pebéHxka [7; 8].

[na KazaxctaHa gaHHas Tema nprnobpeTaeT ocoboe 3HaveHme. COrnacHoO paHXMpPOBaHUIO
MuHucTepcTBa UMPPOBOro Pa3BUTMA, MHHOBALMM W a3POKOCMMYECKOM MNPOMbILLNEHHOCTH,
cTonnua AcTaHa BO3rnasm/a HalUMOHaNbHbLIA PENTUHT smart cities 2024 roaa, a NPOEKT HOBOM
arnomepauyuun Anatay 86113 AAMaTbl M3HAYAIbHO NPOEKTUPYETCA KaK NONHOUEHHbIM smart city
[9]. MapannenbHO pPbIHOK HeABMKMMOCTM PK nepexoAuMT OT LEHOBOW KOHKYPEHLUMM K
KOHKYPEHUMMN NOMb30BaTE/NbCKOTO OMbITa, YTO OTPaXKaeTca B npoekTax Bl Group, BAZIS-A, Sensata
Group 1 apyrux Beaywmx aesenonepos. OAHAKO CUCTEMHbIE aKaZeMUYecKme mccneloBaHuA,
noceaAlWEHHble MW B AETCKMX NPOCTPAHCTBAX perMoHa, GakTMUYecKmn oTCyTCTBYIOT.

Llenb nccnenoBaHMA — CUCTEMATM3MPOBATb MEXKAYHAPOAHbIM ONbIT MHTerpaumm VA B
[ETCKMEe WrpoBble MPOCTPAHCTBA, BbIABUTL WCCNeAOBaTeNbCKMe Mpobenbl M NPeasoKuTb
ynpaBaAeHYeCKyto KOHLENTyaIbHYt0 MOAENb, MPUMEHNUMYIO B KOHTEKCTe Ka3axcTaHa.

Hay4Has HOBM3Ha MCCNeA0BaHMA 3aKN0YAETCA B MHTErpaL MM pe3ynbTaToB MCCAeA0BaHNN
B 061aCTN UCKYCCTBEHHOTO MHTENNEKTA, AETCKON ypHaHUCTMKM, 06pa3oBaTeNbHbIX TEXHONOTUI U
OEBENONMEHTa B  eAMHYK  YNpPaBAEHYECKYD KOHUEMNUMIO  MHTEANEKTYanbHbIX  UIPOBbIX
NPOCTPaAHCTB. B oT/nmumMe oT cyulecTBytolwmx paboT npeanoxeHHaa moaenb CARE obbeamHaeT
KOTHUTMBHbIN, TEXHONOTMYECKMIM, ITUKO-MPABOBOM WM 3IKOHOMMYECKUA KOHTYPbl YNpaBieHus,
afanTUPOBaHHbIe K yCOBMAM KasaxcTaHa.

1. MeTtogonorus o63opa

Hactoawaa pabota npeactasnser coboi HappaTMBHbIM 0630p, BbIMOSHEHHbIN C
ncnonb3oBaHnem pacwmpenns PRISMA pna scoping reviews (PRISMA-ScR). Bbibop AaHHOrMo
KaHpa 00YyCNOBNEH MEXAUCUMMNANHAPHBIM XapaKTepom TeMbl U HeobXOAMMOCTbIO OXBaTUTb
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PA3HOPOAHblE  UCTOYHMKM M3  obnactm  ypbaHMUCTUKKM, 0bOpa3oBaTeNbHbIX  TEXHOOIUIA,
addEKTMBHbBIX BbIYMCAEHWNIN, POOOTOTEXHWKM, AEBENONMEHTA M NPABOBOrO PEryIMpPOBaHMA.

ba3bl AaHHbIX M NoucKoBbin nepuod. Mouck ocyuwectensnca B Scopus, Web of Science,
Google Scholar, PubMed wn ScienceDirect 3a nepuoa c aHeaps 2018 roga no Hoabpb 2025 roaa.
HDononHutensHo npusnekannck ot4étbl UNICEF, ITU, JLL, Cushman & Wakefield n HaumoHanbHbIX
MuHMcTepcTB Pecnybankn KasaxctaH.

Kntoyesble cnosa. Mcnonb3oBanncb KombuHaumum: «Al  playground», «smart play
environment», «playful learning landscapes», «child-friendly city», «assistive robotics childreny,
«affective computing children», «Al ethics children», «smart city Kazakhstan», «experience
economy real estate».

Kputepnmn BKAOYEHMA: peLeH3nMpyemble CTaTbn M OobUUMANbHbIE WMHCTUTYLMOHANbHbIE
OTYETbl; peneBaHTHOCTb Temam WU, aeTcTBa, NPOCTPAHCTBEHHOrO Au3aliHa, OpeHauHra uau
PEerynanpoBaHua; A3blk — aHTIMNCKUIA AN pyCcCKMi; nepmoa nybamkaumm 2018-2025 roaos.

Kputepmm WCKNOYEHMA: Hay4YHO-NOMNYNAPHbIE WMCTOYHWMKKM 6e3 peer-review; paboTsbl,
NOCBALLEHHbIE UCKNOUYMTENBHO LIKOIbHOMY OBOY4YeHWUIO BHE MPOCTPAHCTBEHHOW COCTABAAOLLEN;
ayonvpyoume nybankaumm.

Mocne nepBMYHOro OTHOPA, CKPUHMHIA MO aHHOTAUMM WM MNONHOTEKCTOBOM OUEHKM
nTorosas BblIOOPKA cocTaBuna 36 WMCTOYHMKOB, MpPeACTaBfeHHbIXx B O6ubnamorpadmmn. AHanums
NPOBOAMNCA METOAOM TEMATUYECKOTrO KOAMPOBAHWUA: KaXKAbll MCTOUYHMK Obl MOMEYeH NO ceMu
[OMeHaM, YTO NO3BOINIO NOCTPOUTb TEMATUYECKYIO KapTy M BbIABUTb Npobenbl.

TemaTnyeckoe KOAMPOBAHME BbINOHANOCH MHAYKTMBHBIM CNOCOHOM C MOCAeayoLmnm
obbeAnHEHEM NOBTOPAIOLLMXCA KaTErOPUA B YKPYMHEHHbIE TEMATUYECKNE AOMEHbI.

2. ICKYCCTBEHHbIM MHTE/IIEKT KaK HOBaA cpeaa AETCKOro pa3BuTUA

CoBpeMeHHble UccneaoBaHMA MOKasblBatoT, 4To MW nocTeneHHo nepectaér 6ObiTb
OTAEeNbHbIM TEXHONOTUYECKMM WMHCTPYMEHTOM U MNpeBpallaeTca B Cpeay B3aMMOAenCTBMA
pebéHka c npocTpaHcTBOM. Liu 1 Konnern [10] B scoping review UMOPOBLIX N MHTENNEKTYANbHbIX
TEXHONOTUI B pPaHHEM AeTCKOM 00pa3oBaHWMKM BbIAENAOT CEMb TUMOB PELEHW: afanTMBHbIE
obpasoBaTenbHble NAAaTPOPMbI; WMHTENNEKTyaNbHble WrpoBble poboThl; VR- n  AR-cpeapbi;
CEHCOpPHble WrpPoOBble MPOCTPAHCTBA; lOT-MHAPACTPYKTYpa; CUCTEMbI PACMO3HABAHWMA 3MOLMI;
NHTEepdelcbl mosr-komnbtotep (BCI).

KntoyeBoe oTaM4YMe TaKMX pelweHuin OT TPaaMUMOHHbIX 0D6pa3oBaTebHbIX TEXHOAOMMMN
COCTOMT B KOHUENuUMW aZanTUBHOCTU. ANFOPUTMbI MAWMHHOTO Oby4YeHWA noAadep*KUBAKOT
coctoAHne notoka (flow state) — cOOTBETCTBME CNOMKHOCTM 33Za4YM aKTya/lbHOMY YPOBHIO
HaBblKkoB pebéHka [11]. 9To AaéT BO3MOXKHOCTb OAHOBPEMEHHO YAEPHKMBATb BOBJEYEHHOCTb U
CTUMY/NIMPOBaTb Pa3BUTUE UCMONHUTENBHbIX QYHKLMA, paboyell namaTv M NPOCTPAHCTBEHHOrO
MbILUNEHMA.

Kaya [11] npoaemoHcTpupoBan npumeHeHne WM B dur3mMyeckom pasBUTUKU aeTen:
aNITOPUTMbl AHANN3NPYIOT MOTOPUMKY, KOPPEKTUPYIOT MHTEHCMBHOCTb HArpPy3KM 1 NpeaoTBPaLLAOT
TpaBmatnam. Kashyap [12] nokasan, 4TO0 MalMHHOE obydeHWe CcnocobHO MOAENMPOBaATb
KOTHUTMBHbIE cTpaTernm pebEHKa, BbICTPaMBaA «WUHAMBUAYANIbHYIO TPAEKTOPUIO» B WUIPeE,
aHaANOMMYHYyl0  NepCcoHaNM3MPOBAHHOMY  oby4yeHMto.  [lepCneKkTMBHbIM  HanpaBieHMEM
nccnenoBaTeNM Ha3blBAOT MHTErpaumo Grusnyeckmx n uMGpPoBbIX MTPOBbLIX 31EMEHTOB, CO3/1aBas
rmbpuaHble NPOCTPaHCTBa, rae MW BbicTynaeT B poan pacuamTaTopa, afanTUpPYOWEro KOHTEHT U
CNOMHOCTb 331a4 NoA, MHAMBMUAYAIbHblE OCODEHHOCTH Kaxaoro pebeHkKa.

NHTenneKkTyanbHaa cpefla XapaKTepu3yeTcsA BbICOKOM CTemneHbld MnepcoHanmsaumn. B
OT/IMYME OT CTaTUYHbIX naowanok, MM-npocTtpaHcTBa cnocobHbl pearMpoBaTb Ha MPUCYTCTBUE
KOHKPETHOro Mno/ab30BaTensa, ero MCTOpU0 B3aMMOAEWCTBMM UM TeKyllee 3MOLMOHaNbHOe
COCTOAHME. DTO CO3aeT yCNoBUA ANA rNyOOKOro Norpy>KeHMA B UTPOBOM NPOLLECC, YTO KPUTUYECKM
BAXHO /1A Pa3BUTMA KPEATMBHOCTM M HaBbIKOB pelleHuA Npobaem B paHHeM Bo3pacTe. Takue



Proceedings of the 13th International Scientific Conference

CMCTEMbI MOTYT Npeanaratb HOBble CLEHAPUU MUIPbl, UCXOAA M3 aHanM3a NpPeanoyvTeHUI U

noseaeHuns pebeHKa, TEM CaMbliM NOAAEPKMBAA €I0 UHTEPEC M CTUMYIMPYS Pa3BUTUE PA3NYHBIX

KOMMeTeHL M.

CpaBHeHMe TPaANLMOHHOMN U MHTENNEKTYAIbHOM UrPOBLIX Cpel npeacTasneHo 8 Tabamue 1.
Tabnunua 1 — CpaBHUTENbHAA XapaKTEPUCTUKA TPaAULMOHHOM U NN-urpoBoi cpeapi

MNapameTp TpaamMumoHHas urposasn NWN-nrposas cpena
cpena
ALanTUBHOCTb Hun3kaqa BbicoKkasa
(dMKCMpOBaHHbIE 3/1EMEHTbI) (nepcoHannsaums, agantaums B
peasbHOM BpemeHu)
BosneyeHHOCTb 3aBMCUT OT  BHELIHUX MoaaepaHne
dakTopos 1 paHTasmMm pebeHka COCTOAHMA NOTOKa,
CTUMY/IMPOBAHME UHTepeca
C6op AaHHbIX OtcyTcTBYET ABTOMaTuueckuin  (ans
afanTaummn 1 aHaansa pasBuUTUSA)

MCTOYHMK: cocTaBNeHo aBTOpoM Ha ocHoBe [10; 11; 12; 14; 15].
3. KoHuenuua Playful Learning Landscapes u TpaHcpopmaLma ropoackom cpeabl

OaHum 13 Hambosee pas3paboTaHHbIX HanpasAeHMM BbICTynaeT KoHuenums Playful
Learning Landscapes (PLL), cdopmumpoBaHHas mccnegosaTensckoln rpynnoi K. Hirsh-Pasek, R.
Golinkoff, B. Hassinger-Das, A. Bustamante Ha 6a3e TemMnabCKOro yHMBepcuTeTa n YHMBEPCUTETA
Henasapa [5; 16; 17]. KntoueBasa maea cOCTOMT B TOM, YTO obydeHne pebEHKa NpomucxoauT He
TO/IbKO B LIKO/E, HO 1 B MOBCEAHEBHOWM rOPOACKOM Cpeae — Ha OCTAHOBKAX, B MarasmHax, napkax,
0bOLLEeCTBEHHbIX MPOCTPAHCTBax M ABopax. [logobHble 30HbI MCCNedoBaTeNM  HasbliBaAOT
«BbIHYXOEHHbIMM MpPOCTPaHCTBamMM» (trapped spaces), MOCKOJIbKY CEeMbWM MNPOBOAAT B HUX
3HaYUTENIbHOE BPEMS.

Hanbonee n3BecTHbIM NUAOTHbIN NpoekT — Urban Thinkscape (Punagenbvdua, CLUA), B
PaMKax KOTOporo ob6blYyHble aBTOOYyCHble OCTAHOBKM Obliv nNpeobpa3oBaHbl B KOTHUTMBHbIE
UrpoBble MOAYAN C 3a/la4aMM Ha NPOCTPAHCTBEHHOE MbILL/IEHME, YNC0BOE BOCMPUATUE, YTEHME
naTTepHOB M GU3MYECKYtO remudurKaumio. Lab-akcnepMmeHTbl M 3MNMPUYECKME N3MEPEHMS
NOKa3ann CTaTUCTUYECKM 3HauMmoe yBenunyeHne STEM-KOMMYHMKaUMKM MeXAy POAUTENAMMK U
[EeTbMW, pacliMpeHWe CNOBApPHOro 3amaca M MNoBblleHWe KayecTBa B3ammopaenctema [5]. B
nocneayowmx pabotax rpynna PLL onucana pa3suTue KoHuenuuu B dopmaTte KyabTypHO-
PEeNeBaHTHbIX AN3aNHOB A1A NAaTMHOAMEPUMKAHCKMX CEMEN U NeaMaTPUYECKMX KAWMHUKK, @ TaKKe
npeactasuna Playful Learning Landscapes Metrics Framework — cuctemy wunsmepaembix
NHAOMKATOPOB adpdeKrTa [16; 17].

TeopeTnyeckmm ocHoBaHMem PLL cnyxuT KoHuenuma affordance design (J. Gibson),
COMIaCHO KOTOPOW MPOCTPAHCTBO [AO/KHO He [AWKTOBaTb NOBeAeHMe, a MpOBOLMPOBATH
nccnefoBaHue, NOOOMBITCTBO M CaMOCTOATENIbHOE OTKPbITME. B 3TOM CMbiCie apxuTekTypa
HaYMHAET BbIMONHATb KOTHUTUBHYIO GYHKLMIO: MPOCTPAHCTBEHHbIE 3/1IEMEHTbI CTAHOBATCA YaCTblO
obpasoBaTe/IbHOM CUCTEMbI, @ TOPOACKOM [AM3alH NpPeBpallaeTcA B WMHCTPYMEHT pPa3BMUTUA
pebEHKa. IDTO NoAYEPKMBAET BAXKHOCTb MEXAWCUMNAMHAPHOIO NOAXOAa K MPOEKTMPOBAHWMIO
FOPOACKMX MPOCTPAHCTB, FAe apXMTEKTOpbl, negarorn u ncuxonorn pabotatoT coobuwa ans
CO34aHMA ONTUMAIbHOM Cpeabl Pa3BUTUA.

CyLLEeCTBEHHbIM BKMAZ B 3Ty MOBECTKY BHOCAT cMCTeEMaTMyeckne 0630pbl O cBA3M built
environment u getckon wurpbl. Gemmell n Konnern [18] B cucTemaTnyeckom ob3ope
nccneaoBaHMM No BAMAHMIO HECOCEACKOM 3aCTPOMKM Ha CBODOAHYIO UTpy AeTel GUKCUPYIOT, YTO
Ka4ecTBO rOPOACKOro MPOCTPAHCTBA HaMPAMYH KOpPpPenmpyet C AUTENbHOCTbIO M KayeCTBOM
outdoor play. Wang u coasTopbl [19] B MccneaoBaHWM BbICOKOMIOTHbLIX TOPOACKMUX KBApPTasoB B
LIsHbYK3HE BbLISBMAM YCTOMUMBbLIE NpeanoyTeHns aetel: 6e30MacHOCTb, MHOTOC/JIOMHOCTb
CLeHapueB, TaKTU/IbHbIE NMOBEPXHOCTM M 30HbI CEHCOPHOM CTUMYAsAUMK. Liu 1 Liu [4] Ha ocHoBe
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KOMMbIOTEPHOIO 3peHus npeanoxumnm Al-meton oueHku ctenerHun child-friendliness yanuyHbix
NPOCTPAHCTB, YTO NO3BONAET OOBEKTUBHO OLEHNBATDL M YyYLLIATb FTOPOACKYIO Cpeay ANA AeTeNn.

MapannensHo UNICEF B pamkax Child Friendly Cities Initiative (CFCl) dopmupyet
MHCTUTYLMOHANbHYIO pamKky: K 2025 roay mHMUmMaTMBa oxBaTbiBaeT 6onee 40 cTpaH, a nepsble
odULManbHO CepTUOMLMPOBAHHbIE «AETCKU-APYKecTBeHHble» ropoaa B CLUA — XbtocToH (2023),
MuHHeanonuc (2024) n Aekatyp (2025) [1; 20]. 3To c034aéT OCHOBY [A/1A FOCYAApPCTBEHHO-
4YaCTHOro NAPTHEPCTBA, B KOTOPOE MOTYT BKAOYATLCA TEXHOIOTMYECKME KOMNAHUN 1 AeBeNoNepsl,
YTO OTKPbIBAET HOBbIE BO3MOXHOCTM ANA BHeApeHMA N-pelleHnin B ropoackyo MHGPaCTpyKTypy.
4. PoboTOTEXHWMKA M MHKNIO3UBHAA UrpoBas cpesa

OTaenbHbIM M CTPATErMyecKkM BaXKHbIM HaAMpaBAEHMEM ABNAETCA WCMO/Ab30BaHMeE
POBOTOTEXHMKM B MHK/O3MBHbIX AETCKMX NpocTpaHcTBax. Adams, Encarnacao, Rios-Rincén n Cook
[21] nokaszanu, 4tO0 pPOBOTM3MPOBAHHbIE CUCTEMbI CMOCOOHbI CYLLECTBEHHO pPacWMPATb
BO3MOXHOCTU AeTelt C OU3NYECKMMM N KOTHUTUBHBIMM OTPAHUYEHUAMW, PEanM3ya NPUHLMN
equal-opportunity play. be3 TakmMx TeEXHONOrMin MHOTWE AETN CTaNKMBAOTCA C GEHOMEHOM UTPOBOA
nenpuaumm 1 GOpMMUPOBAHMEM «Bbly4eHHON HeCcnoMOLLHOCTU». PoBOTbl MOryT BbICTynaTh B
PO/ KOMMNAHbOHOB, MOMOLLHWKOB WM fOaxe TepanesTOB, adanTMpys CBOM AENCTBMA MO
NHAOMBMAYAbHbIE NOTPEbHOCTM pebeHKa.

K KNtO4eBbIM  TEXHONOTMYECKMM  pelleHMAM OTHOCATCA acCUCTMBHble pPoboTbl M
MaHWNYNATOPbI, CUCTEMbI eye-gaze ANA ynpaBAeHWA B3rNAL0M, MHTEPdENChbl MO3r-KOMMbIOTEP
(BCl), MHTenneKkTyanbHble CEHCOPHble YCTPOMCTBA W COUMANbHO-3IMOUMOHANbHbIE PODHOTLI.
CoBpemeHHas GPOHTUP-TEHAEHUMA — Nepexod OT MPOCTOro AUCTAHUMOHHOIO YNpaBieHWa K
a/lanTUBHOM aBTOHOMMWW: aNropuUTM 0by4aeTcA Ha B3aMMOAEMCTBUMN C KOHKPETHbIM PeHBEHKOM U
NOCTeNeHHO nepepacnpesenaeT OTBETCTBEHHOCTb 3a AENCTBUA MEXAY YEeNOBEKOM M CUCTEMOM.
3T0 no3BonAeT C€O34aBaTb MO-HACTOALLEMY WHKMO3MBHbIE Cpeabl, TAe KaxKAablh pebeHoK,
HEe3aBMCMMO OT CBOMX OCODEHHOCTENM, MOKET NMONHOLLEHHO Y4acTBOBATb B UTPE M PA3BUTUMN.

B KOHTeKcTe KazaxcTaHa AaHHOe HanpaB/ieHWe NpeacTaBAAeT 3HAYUTENbHbIM COLMANbHbIN
MHTEepEeC: CorfacHo AaHHbiM MuHMcTepcTBa npocselleHns PK, B cTpaHe npoxueaeT 6onee 175
TbicAY fdeTelt c ocobbimm  obpasoBaTenbHbiMKM  NOTpebHOCTAMM. Pa3BuTME aACCUMCTUBHOWN
pobOTOTEXHMKM B COCTaBe AETCKMX MPOCTPAHCTB MOXKET CTaTb WMHCTPYMEHTOM peanunsauuum
HAaUMOHANbHOM MOMUTUKM WMHKAKO3MKM, 3aKkpennéHHom B 3akoHe PK «0O6 obpasoBaHum» u
KoHuenumm WHKNO3MBHOIO 06pa3oBaHuA. VIHTerpauma Takux peweHuin B 0bOLLeCTBEHHble
MrpoBble 30Hbl MO3BONUT COKPATUTb COLMANBbHYKO AMCTAHUMIO M obecneynTb MOAHOLEHHYHO
WUHTerpaumo ageten ¢ ocobbimm NOTPebHOCTAMW B Cpedy CBEPCTHMKOB, CNocobCTBYyA UX
couManm3aumm n pasBUTHIO.

5. 3TMKO-NpaBoBbIe BbI30BbI M Npobaema KOHOUAEHLIMANBHOCTH

HecmoTps Ha BbICOKMIM TexHoNormyeckui noteHuman, WKW-urposble NpOCTPaHCTBA
NoPOXKAAOT CYLECTBEHHbIE 3TUYECKME N NpaBoBble puckn. Wang, Zhao, Van Kleek n Shadbolt [7]
B paboTte no age-appropriate Al Ha CHI-2022 cdopmynmposanm 6a3oBble NPUHLMMNLI BO3PACTHOTO
NPOEKTUPOBAHMSA,  AKLEHTMPYA  HEeoOBXOAMMOCTb  YYWUTbIBATb  KOTHUTMBHYK  3PE/oCTb,
ncuxonornyeckoe 6aaronosiyune n npasBo pebEHKa Ha «IMUYHYIO MEHTAIbHYIO K13Hb». Hanbonee
OCTpble PUCKM CBA3aHbI C 06paboTKoM BUOMETPUYECKUX AaHHbIX AeTel, pacno3HaBaHMEM IMOLMIA
(affective computing), anropuTMMYeckon npeaB3sTOCTbIO, HEMPO3PaYHOCTbIO peweHuin UK,
cbopoM HeMpPOaaHHbIX M KOMMepPLManM3aLmnet NoBeaeHUA.

Fabiano [8] nokasbiBaeT, 4To B EBpOMENCKOM COK3€ 3SMOLMOHANbHblE [AaHHble
peryavpytotca ogHospemeHHo GDPR mn EU Al Act (Regulation 2024/1689), npuyém nocnegHui
NpAMO 3anpeltaeT emotion recognition B LUKObHOM M TPYA0BOM KOHTEKCTE, PaCCMaTPMBan TaKkme
CUCTEMbI KaK BbICOKOPMCKOBbIE MO0 3anpeLLéHHble. ITO NoAYePKMBAET CEPbe3HOCTb NPOobaembl
M Heobxo4MMOCTb CTPOroro peryampoBaHua B AaHHOM cdepe. B CLUA Takke aKTMBHO
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obcyaatoTca BOMPOCHI  3aWMTbl  AAHHbLIX AE€Tel, 4YTO NpMBOAUT K pa3paboTke HOBbIX
3aKOHO4ATeIbHbIX MHULMATUB.

MapannenbHo dopmmMpyeTca onepalMoHanbHana NpakTuka privacy-by-design. Benouis u
Konnern  [22] nNpeanoXunn  mMoaenb  NpuMeHeHus  deaepaTtMBHOro  obydeHua  u
anbdepeHUManbHON NPUBATHOCTY B CUCTEMAX PACNO3HABAHMA SMOLMIA: SMOLMOHA/bHbIE IaHHbIE
06pabaTbiBaAlOTCA /IOKANbHO Ha YCTPOMCTBE MO/b30BaTesd, a B 00/1aKo nNepenaloTca Nullb
aHOHMMM3MPOBAHHbIE arpernpoBaHHble 0OHOBNAEHMA MoAenn. ITO MNO3BONAET COBMeELLATb
NepcoHaNM3auMio 1 3alMUTY AaHHbIX, Npeasarad KOMNPOMUCCHOE pelleHne Ana pa3paboTynkos
NN-cuctem.

B Pecnybanke KasaxcTaH KAOYEBbIMM PETYASTOPHLIMW akTamM BbiCTynatoT 3akoH PK o1 21
mas 2013 roga Ne 94-V «O nepcoHanbHbIX AaHHbIX WU MX 3almMTe» ¢ nonpaskamu 2022 n 2024
rogoB, a TaKxke KoHuenuua pas3BUTMA MCKYCCTBEHHOTO wWHTennekta Ha 2024-2029 roapl,
yTBEpKAEHHAA [MpasuTenscTBom PK. [pMMeEHUTENBHO K AETCKMM NPOCTPAHCTBAM 3TO O3HavaeT
06A3aTeNbHOCTb MOAYYEHMA COrNacMA poamuTenei, MWMHUMU3AUMKM CcOBMpaemblX AaHHbIX,
nposeaeHnsa oueHKM Bo3aenctena (DPIA) mn  obecneyeHna nNpPO3pPavyHOCTU  AATOPUTMOB.
dyHAaMeHTanbHOe NPOTMBOPEYME COCTOMUT B TOM, YTO Hambonee addekTnBHble NN-cucTembl
TpebyoT 60/bliMX 0O6BbEMOB AaHHbIX A1A 0bydyeHuda. ITo TpebyeT pa3paboTKM MPUKAaAHbIX
KOMMPOMMWCCHbIX MOAENEeN, B KOTOPbIX 3allyTa NPMBATHOCTM He OAOKMPYEeT, a CTPYKTypupyeT
npouecc MHHoBaLMI, obecneynBas HanaHC Mexay TEXHONOTMYECKMM NPOrpeccom M npasamu
pebeHkKa.

6. YnpasneHyeckne n Kommepyeckme acnektol BHeagpeHuna NMU-npoctpaHcTs

HecmoTpAa Ha OOWMPHBIA TEXHONOTMYECKMIA Kopnyc Nyb6AMKauMK, ynpaBieHYeckue U
KOMMepYeCKne acnekTbl BHEAPEeHMA WHTEeNNEKTyaNbHbIX WrPOBbIX MPOCTPAHCTB OCTAOTCA
HeAOCTAaTOYHO WM3y4YeHHbIMK. B cyulecTsylowen nnTepatype CUCTEMHO OTCYTCTBYIOT MOAENM
okynaemocTtu (ROI), dpeimMBOPKM KOMMEPYECKOTO BHEAPEHWA, CXEMbI FOCYAaPCTBEHHO-YACTHOrO
MNapTHEPCTBA, CTPaTerMM MOHETM3aLMK, M3MepuMmble NoKasaTenn OGpeHAMHroBoro addeKkTa U
noaxoapl K wHTerpaumm MKM-npocTpaHCcTB B AeBenonepckne MnpoekTobl. Mexay Tem MMeHHO
KOMMepYeCKan KN3HeCnoCOBHOCTb CTAHOBUTCA KPUTUYECKMM GaKTOPOM MacluTabrpoBaHuA.

MapannenbHo B rN06ANbHON MHAYCTPUM HEABUKMMOCTN GUKCUPYETCA BblPaXKeHHbIM CABUT
K experience economy. CornacHo otyéty JLL Consumer Experience Survey 2024, oxBaTusLllEMY
Hbonee 3 200 pecnoHaeHTOB B 26 ropodax, 414 O0MbLIMHCTBA PECNOHAEHTOB BCEX MOKOAEHWM
MMEHHO Ka4eCTBO NMPOCTPAHCTBEHHOrO OMblTa CTAHOBUTCA pellatowmnm GakTopom Bbibopa mecTa
M3HW, paboTbl 1 wonuHra [23]. Cushman & Wakefield 8 aHannTnyeckom goknage ob experiential
economy NOAYEPKMBAET, YTO IMOLIMOHAIbHAA CBA3b MEXKAY YENOBEKOM M Cpeaor npeBpaLlaeTca
B CAMOCTOSATE/IbHbIN SKOHOMMYECKUN akTUB [24].

B dopmupytowencas nutepatype no placemaking 2024 roga akueHT cmellaetca ¢
dun3nyeckoro AmsariHa Ha «BblpallyBaHMe mecTa» (place curating), rae KA4YeByo Poab UrpatoT
CLeHapuM BOB/EYEHMA, B TOM umcie cemenHble [25]. desenonepsbl, npexae scero B CLUIA u
BennkobpuTaHMKM, aKTMBHO WHTErpuMpytoT UrpoBble M obyyatowme MnpocTpaHCTBa B TOProBo-
pa3B/ieKkaTe ibHble KOMMeKebl, mixed-use npoekTbl 1 residential communities, npespauasa «play
real estate» B CamMOCTOATENbHYKD WMHBECTUMLMOHHYIO KaTeroputo. 3TO NO3BONAET CO3/4aBaTb
YHUKaNbHble NPeasoKeHNA Ha PbIHKE HEABUMKMMOCTU U NPUBNEKATb HOBbIX KNMEHTOB.

Ona pnesenonepoB M 0ONepaTOpPOB KOMMEPYECKMX MPOCTPAHCTB WHTENNIeKTyabHble
MrpoOBble 30HbI MOTYT OAHOBPEMEHHO BbIMOAHATb HECKONbKO  GYHKUMA: NOBblLIEHME
KanuTanmsaumm obbeKkTa HeABMMKMMOCTWU, POCT cemMenHoro TpaduKa M NpPOoAOKUTENBHOCTU
npebbiBaHWA;, yCUAEHWe MNPOCTPAHCTBEHHOrO OpeHAMHra W MeauMMHOro  NoTeHUMana;
dopmmMpoBaHME  IMOLIMOHANBHOM  MPMBA3AHHOCTM K  MECTy; CO3[aHue  YCTOMYMBOro
KOHKYPEHTHOro MPEeMMYyLLECTBA; CHUXeHMe OTTOKA apeHAaTopoB. Hambonee nepcnekTMBHbIMM
dopmaTaMm MHTErpaL MM BbICTYNAOT KM/ble KOMMIEKCbI M KBapTaslbl, TOProBble LLeHTPbl U mixed-
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use NpoeKTbl, 06pa3oBaTeNbHbIE KNAcTePbl M MHHOBALMOHHbIE NAapKK, smart city-mHdpacTpyKTypa
MYHWUUMNANBHOTO YPOBHA U Ky/AbTYPHO-TypUCTUYECKME OObeKTbl. ITO OTKPbIBAET LIMPOKME
BO3MOHOCTW A4 MHBECTMLMI U Pa3BUTUA HOBbIX BU3HEC-Moaenen.

[Ona KasaxctaHa JaHHOe HanpasieHWe npeacTaBnAeT ocobbli  MHTepec. PbIHOK
HeABMXMMOCTN AnmaTbl, AcTaHbl K LLbIMKEHTa NepexoanT OT KOHKYPEHL MM KBaAPaTHbIX METPOB
K KOHKYPEHLMW MOAb30BATENbCKOTO OMbiTa. NpoeKTbl BeAywmMx AEeBENONEepPOB Y»Ke BKAOYAOT
anemeHTbl uMdpoBM3aLMM, OAHAKO WMHTerpaums MM B AeTCKMe 30HbI OCTaeTcA «ronybbim
oKeaHOM». BHeapeHMe TaKmx peleHnit TpebyeT HOBbIX YNPaBAEHYECKMX KOMMNETEHLMIA Ha CTbIKe
ypOaHUCTUKK, Neaarornkmn n IT-meHeaxkmeHTa. BaxHbiM acnektom asnsetcs pacydeT ROI, KoTopbli
B A@HHOM C/ly4ae BKIKOYAET He TONbKO MPAMYKD MOHETM3aLMIO, HO U POCT CTOMMOCTM BpeHaa U
NIOANBHOCTU XKUTENEN, a TaKKe CoUManbHbIM 3PPEKT OT CO3AaHMA MHKTO3UBHON N Pa3BMBALOLLEN
cpeabl.

7. KoHuenTyaneHana ynpasaeH4yeckaa moaenb CARE

ABTOpom npeanoxeHa moaenb CARE, onucbiBatoLLLas B3aMMOAENCTBME YETbIPEX KOHTYPOB:
Cognitive (KorHMTMBHO-Negarorndeckmnin), Adaptive (TexHonorudeckuit), Responsible (3Tuko-
npaBoBon) 1 Economic (Kommepyeckmnin). ITa MoAeNb ABNSETCA KOMMAEKCHbIM MHCTPYMEHTOM AN
NPOEKTUPOBAHMSA, BHEAPEeHMA 1 ynpaBneHma MIN-urposbiMM NpoCTPaHCTBAMM.

Tematnyeckoe KoauMpoBaHWe 36 MUCTOYHMKOB MOKAa3an0 YCTOMYMBYHO TPYMNMUPOBKY
pe3ynbTaTOB BOKPYT YeTbIPEX AOMEHOB: KOTHUTUBHO-NEAArorM4yeckoro, TeXHON0MMYeCKoro, 3TMKO-
NPaBOBOrO M 3KOHOMMKO-YMPABNEHYECKOro. ITO MOCAYKUA0 OCHOBaHMEM ANA GOpMMPOBAHMA
moaenu CARE.

**KOTHUTUBHbBIN KOHTYP** ¢doKycnpyeTca Ha 0Opa3oBaTesibHbIX LeAX, COOTBETCTBUM
An3aiiHa BO3PACTHbIM OCODEHHOCTAM pPa3BUTUA AeTel U CTUMYIMPOBAHUM WX KOTHUTUBHBIX
GYyHKUMA. OH BKAOYaeT B cebA pa3paboTKy WrpoBbIX CLEHapWeB, aAanTUPOBAHHbLIX MOA
Pa3/IMYHble BO3PACTHbIE FPYMNMbl U YPOBHM Pa3BUTUA, @ TaKKe OLEHKY UX 3POEKTUBHOCTM C TOUYKM
3peHna obyveHna 1 pa3BUTUA.

**AnanTMBHbIN KOHTYp** oTBeYaeT 3a TexXHONOrMYeckytdo WHOPACTPYKTYpY, BKAKOYAS
ceHcopbl, anroputmbl AW, loT-ycTpoicTBa M UMX WHTerpaumto. 3TOT KOHTyp obecneymsaeT
NepcoHanM3auMio UrpoBOro ONbITa, afaNnTaLMIo KOHTEHTa B peasibHOM BpeMeHM 1 cbop AaHHbIX
ONA JanbHenwWero ynyyweHna cuctembl. OH TaKyKe BKAKOYAEeT BOMPOChbI MacliTabupyemocty u
HAZEeXHOCTM TEXHONOTMYECKMX pPeLleHU.

**3TMKO-NPaBOBOM KOHTYp** obecneumBaeT 3alMTy AaHHbIX AeTeil, cobnogeHue
KOHOMAEHUMANBHOCTM U COOTBETCTBME PEryAATOPHbIM  HOpMam, Takmm Kak GDPR w
HaluMOHaNbHOE 3aKoHOoAaTenbCTBO. OH  BKAKOYAeT pa3paboTKy MNOAUTMK  MPMBATHOCTM,
MEXaHW3MOB MOJ/lYy4EHUA COrnacua poauTenen u nposeaeHWe ayamTtoB He3onacHOCTM. ITOT
KOHTYp KPUTUYECKM BaxkeH ana GopmmpoBaHmMa gosepua K MN-cuctemam.

**Kommepuecknin KOHTYp™** onpenenseT ctpaternm moHetmusaumm, pacdet ROl 1 Bknag B
KanuTanmsaumio npoekta. OH BKAOYAET aHanM3 pbliHKa, pa3paboTky OM3Hec-mozenen,
npuBaeYeHne MHBECTULMIA M GOPMMPOBAHME MAPTHEPCTB. ITOT KOHTYP NO3BOAAET obecnevmTb
YCTOMYMBOCTb M MacwTabupyemocTb NN-1rpoBbix NPOCTPAHCTB.

Mopgens CARE nossondetr aesesonepam M ropoackMM MNAaHMPOBLUMKAM CUCTEMHO
noaAXoAMTb K NPOEKTMPOBaHMIO WMM-NpocTpaHCTB, MUHMMM3IMPYA PUCKM W MaAKCUMMU3UPYS
CoUManbHbIM M 3KOHOMUYECKMI 3ddekT. OHa CNyKUT AOPOXKHOM KapToM ANnA nepexoaa OT
dparmeHTapHbIX UMPPOBLIX PELWEHUN K LEAOCTHbIM  MHTENNEKTYaNbHbIM  3KOCMCTEMAM,
CNOCOHOHBIM NPUHOCKUTbL AONTOCPOYHYIO LLEHHOCTb ANA BCEX 3aMHTEPECOBAHHbIX CTOPOH.
3aksto4eHue
OrpaHunyeHuna nccnesoBaHma. PaboTta HOCKUT 0630PHbLIN XapaKTep M He BKIOYAET IMNUPUYECKYHO
anpobauyio  mogenn CARE. AHanv3 npeumyLliecTBEHHO OCHOBaH Ha MeXAyHapoaHbIX
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nybamkaumax, Torga Kak wmccnenosBaHua KasaxcTaHa MoKa orpaHuyeHbl. [epcneKkTUBHbIM
HanpaBAeHWEeM ABNAETCA SMMMpPUYECKan NPOBEPKA MOAENN Ha PealbHbIX MPOEKTax.

MHTerpauma MW B aeTcKMe nNpPOCTPaHCTBA — 3TO MEXAMCUMMNAMHAPHLIA  BbI30OB,
TpebyoLWmiA CMHEPTUK Neaaroros, apxmMTekTopos U UT-cneumanmcTos. MNpeanokeHHaa moaenb
CARE MOMET CNy»KWUTb JIOPOKHOM KapTOM ANs AeBeIONePOB 1 rOPOoACKMX BacTel KazaxctaHa npu
CO34aHMN COBPEMEHHOM MHbpacTpykTypbl Smart City. lanbHenme nccneaoBaHmMa A0MKHbI ObITb
COCpefoTOYEHbl HA 3MAMPMYEcKor npoBepke 3ODEKTUBHOCTU NPEASIOKEHHON MOAEeNN B
YCNIOBMAX /IOKANIbHOTO PbiHKA, @ TaKXKe Ha pa3paboTKe CTaHAAPTOB WM AyYLIMX MPAKTMK A18
obecneyeHma 6e30NacHOCTM U 3TUYHOCTU MMN-UrPOBbIX NPOCTPAHCTB. ITO NO3BOIUT MAaKCUMa/IbHO
PACKpbITb NoTeHuMan MW ans passutma getei n GopmmpoBaHma yCTOMYMBbLIX FOPOACKMX Cpes,
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Abstract

Against the backdrop of China’s automotive export expansion and Kazakhstan’s booming new
energy vehicle demand, digital communication has become a core marketing channel for Chinese
automobile brands to penetrate the Central Asian market. This study investigates the effectiveness
of mainstream digital platforms in promoting Chinese cars in Kazakhstan, adopting a mixed-
methods approach combining questionnaire surveys and content analysis. Based on digital
marketing communication theory and market adaptation theory, it empirically analyzes platform
coverage, user engagement, and conversion efficiency. The research finds that short-video
platforms yield the highest marketing conversion rate, while social networking platforms excel in
brand awareness diffusion. Existing studies lack targeted empirical evidence on emerging
automotive markets in Central Asia and differentiated digital strategy verification. This study fills
the regional research gap and proposes differentiated digital promotion strategies matching
Kazakhstan’s consumer characteristics. The findings provide practical digital marketing
optimization solutions for Chinese automotive enterprises’ overseas market layout.
Keywords
Digital communication platforms; Chinese automobile brands; Kazakhstan market; marketing
effectiveness; cross-border brand promotion; consumer engagement

1. Introduction

With the rapid upgrading of China’s automotive manufacturing industry and the global layout
of new energy vehicles, Chinese automobile brands have achieved remarkable growth in overseas
exports, and Central Asia has become a key emerging market for brand internationalization (Li et
al.,, 2023). As the largest economic and automotive consumption market in Central Asia,
Kazakhstan boasts complete automotive consumption infrastructure and growing consumer
demand for energy-saving and intelligent vehicles, creating broad market space for Chinese car
brands (Zhang & Wang, 2024). Meanwhile, the popularization of mobile internet and digital media
in Kazakhstan has completely changed traditional offline automobile marketing modes, making
digital communication platforms the primary carrier for cross-border brand information
dissemination and consumer interaction (Naeem & Ozuem, 2021).

Existing studies have extensively explored the application of digital marketing in the global
automotive industry. Scholars have verified that social media platforms, short-video channels and
influencer marketing can effectively improve brand awareness and consumer purchase intention
for automotive products (Wang, 2024; Farhat et al., 2025). Some studies have further discussed
the digital marketing strategies of Chinese automobile brands in European, Southeast Asian and
Middle Eastern markets, confirming the positive role of digitalization in reducing cross-border
marketing costs and improving market penetration (Chu et al., 2023; Chen et al., 2024). These
studies have laid a solid theoretical and empirical foundation for the digital promotion of cross-
border automotive brands and promoted the development of relevant research fields.
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However, current research still has obvious deficiencies and research gaps. First, most studies
focus on mature European and American markets or hot Southeast Asian markets, while empirical
research on the Central Asian Kazakhstan market is scarce, lacking targeted market adaptation
analysis (Liu et al., 2025). Second, existing literature mostly conducts overall research on digital
marketing effects of automotive brands, lacking differentiated effectiveness comparison of
different digital communication platforms, and failing to form precise strategic guidance (Wang et
al., 2024). Third, few studies combine local consumer characteristics and media usage habits in
Kazakhstan to optimize digital promotion schemes, leading to poor practical adaptability of
research conclusions (Almaty et al., 2023).

To fill the above research gaps, this study takes the Kazakhstan market as the research
scenario and Chinese automobile brands as the research object, focusing on the effectiveness of
mainstream local digital communication platforms in brand promotion. This research adopts a
mixed-methods research design, collects first-hand consumer survey data and platform operation
data, systematically compares the promotion effects of different digital platforms, and explores
the internal mechanism of digital communication affecting brand promotion effectiveness.
Different from previous macro and regional generalized studies, this study innovatively constructs
a platform effectiveness evaluation system suitable for Kazakhstan’s automotive market, clarifies
the differentiated advantages and applicable scenarios of various digital channels, and proposes
targeted optimized promotion strategies. The core research conclusion is that short-video
platforms and social media influencer marketing have the best matching degree with local
consumer groups, and hierarchical digital communication strategies can significantly improve the
overseas market promotion efficiency of Chinese cars. This study enriches the theoretical system
of cross-border digital marketing for emerging automotive brands and provides practical
reference for Chinese automotive enterprises to expand the Central Asian market.

2. Theory and Method
2.1 Classical Theoretical Basis and Limitations

This study is based on two classic theories: digital marketing communication theory and
market adaptation theory. Digital marketing communication theory emphasizes that digital
platforms break the time and space limitations of traditional marketing, realize two-way
interactive communication between brands and consumers, and improve the accuracy and
efficiency of brand information dissemination (Smith et al., 2022). This theory effectively explains
the basic logic of digital platforms empowering cross-border brand promotion and provides a
theoretical framework for analyzing consumer engagement and brand conversion mechanisms
(Zhang, 2023). Market adaptation theory points out that cross-border brand marketing needs to
match local market environment, consumer cognition and media habits, and differentiated
strategies are the key to improving overseas market performance (Huang et al., 2024). The two
classic theories have strong explanatory power for the research theme and are the core theoretical
support of this study.

Nevertheless, the classical theories still have localized limitations in the Kazakhstan
automotive market scenario. First, digital marketing communication theory is mostly verified in
mature consumer markets, ignoring the differences in digital media penetration and consumer
information acceptance habits in emerging Central Asian markets (Wang & Li, 2025). Second,
market adaptation theory focuses on macro market environment adaptation, lacking micro-
dimensional adaptation research on digital platform selection and content communication
strategies (Zhou et al., 2024). Third, the existing theoretical framework fails to form a quantitative
evaluation system for digital platform promotion effectiveness, resulting in insufficient guidance
for practical operation (Wu et al., 2023).
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2.2 Theoretical and Methodological Improvements in This Study

Based on the classical theoretical framework, this study carries out targeted improvements
and expansions. Firstly, it integrates local Kazakhstan’s digital media ecological characteristics and
automotive consumer behavior rules, revises the boundary conditions of digital marketing
communication theory in emerging markets, and constructs a scenario-adaptable digital
communication mechanism model. Secondly, it subdivides the market adaptation dimension into
platform adaptation, content adaptation and audience adaptation, realizing the micro refinement
of market adaptation theory in digital marketing scenarios. Thirdly, combining quantitative data
analysis, this study constructs a multi-dimensional promotion effectiveness evaluation system
including awareness diffusion, consumer engagement and purchase conversion, making up for the
lack of quantitative evaluation tools in existing research.

In terms of research methods, this study adopts a mixed-methods research combining
guantitative content analysis and questionnaire survey, which integrates the objectivity of
platform data statistics and the subjectivity of consumer perception evaluation. Compared with
the single qualitative or quantitative method adopted in most existing studies, this method can
more comprehensively reflect the real effect of digital promotion, improve the robustness and
credibility of research conclusions, and form a methodological innovation in the field of cross-
border automotive digital marketing.

3. Experiment Design
3.1 Experimental Purpose

The core experimental purpose is to quantitatively evaluate the promotion effectiveness of
four mainstream digital communication platforms in Kazakhstan (Instagram, TikTok, YouTube, and
local social network VK) for Chinese automobile brands, clarify the differences in platform
effectiveness indicators, identify the optimal digital promotion channel combination, and verify
the influencing factors of digital communication effectiveness, so as to provide data support for
the formulation of targeted promotion strategies.

3.2 Experimental Basic Information

The experimental research objects are mainstream Chinese automobile brands deployed in
Kazakhstan, including BYD, Geely, Chery and Haval, covering new energy and fuel vehicle products,
which are representative of the main export models of Chinese cars in Central Asia. The
experimental data sources include two parts: platform operation data and consumer survey data.
The platform data comes from the official operation background of major digital platforms in
Kazakhstan, including release volume, exposure volume, comment interaction volume and repost
volume of Chinese automobile brand related content. The survey data is obtained by distributing
online questionnaires to local Kazakh automotive consumers, with a valid sample size of 426,
covering consumers aged 18-55, matching the mainstream automotive consumer group age
structure (Farhat et al., 2025).

3.3 Experimental Steps and Scheme Design

The experiment is divided into three core steps. First, platform screening and indicator
classification: screen four mainstream digital platforms with the highest local penetration rate,
and set three core evaluation indicators: brand awareness indicator, user engagement indicator,
and purchase conversion tendency indicator. Second, data collection and sorting: collect the
operation data of Chinese automobile brands on each platform from January 2024 to December
2024, and complete the questionnaire survey and data cleaning. Third, data statistics and
comparative analysis: use SPSS 26.0 software to conduct descriptive statistics and difference
analysis of each indicator data, and summarize the effectiveness differences of different
platforms.

The experimental scheme is designed based on the characteristics of Kazakhstan’s digital
market and the deficiencies of existing experiments. Different from previous single-indicator
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evaluation experiments, this study constructs a multi-dimensional evaluation system, which can
comprehensively reflect the whole process effect of digital promotion from information diffusion
to consumer conversion. The sample selection covers mainstream consumer groups and
mainstream automobile brands, ensuring the universality and practicality of experimental results.
3.4 Experimental Result Statistics

This study sorts out the core effectiveness data of each digital platform and forms two
statistical tables, including platform indicator data statistics and effectiveness score ranking.

Digital Average Monthly Average Monthly Effective

Platform Exposure (10,000 times) Interaction Volume (times)  Conversion Rate (%)
TikTok 89.62 12685 18.72

Instagram 76.35 9862 14.36

YouTube 68.91 7536 11.25

VK 52.78 5218 8.63

Table 1. Operation effectiveness indicators of major digital platforms for Chinese car promotion
(2024)

Evaluation Top 1 Top 2 Weakness Core Advantage

Dimension Platform Platform Platform

Brand Awareness  TikTok Instagram VK Short-video content has strong
Diffusion dissemination and low

audience threshold

User Interactive TikTok Instagram  YouTube Real-time comment and
Engagement interaction mechanism
improves user participation

Purchase TikTok YouTube VK Product display is intuitive,
Conversion which stimulates purchase
Promotion intention

Table 2. Comprehensive effectiveness ranking and advantage analysis of digital promotion
platforms

4. Results Analysis and Discussion

Based on the experimental statistical data in Table 1 and Table 2, this study conducts in-depth
analysis of the digital communication promotion effectiveness of Chinese cars in the Kazakhstan
market, summarizes the differential rules of platform effects, and explains the internal mechanism
from the perspective of market characteristics and consumer behavior.

First of all, TikTok shows absolute comprehensive advantages in all evaluation dimensions,
with the highest monthly exposure, interaction volume and effective conversion rate. The core
reason is that Kazakhstan’s young consumer groups account for more than 60% of the automotive
consumer market, and short-video content on TikTok is concise, intuitive and highly entertaining,
which fits the fragmented reading and viewing habits of local young consumers (Wang, 2024).
Different from graphic content of social platforms and long-video content of YouTube, short-video
content can quickly display the appearance, performance and intelligent configuration advantages
of Chinese new energy vehicles, reduce consumer information acquisition costs, and thus
significantly improve brand awareness and purchase conversion efficiency. The rising trend of its
effectiveness fully verifies the matching degree between short-video digital communication and
the emerging youth-oriented automotive consumption market in Kazakhstan.
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Secondly, Instagram ranks second in brand awareness and user engagement, with
outstanding performance in brand image shaping. As a mainstream visual social platform in
Kazakhstan, Instagram’s graphic and short picture video content is suitable for high-end brand
image dissemination, which can effectively enhance the premium perception of Chinese
automobile brands (Farhat et al., 2025). However, its purchase conversion rate is lower than that
of TikTok and YouTube, because its content focuses on brand display and lacks in-depth
explanation of product performance and after-sales service, resulting in insufficient driving force
for consumer final purchase decisions.

Thirdly, YouTube has stable conversion promotion capability, while VK has the weakest
comprehensive effectiveness. YouTube’s long-video content can carry detailed product evaluation
and professional performance analysis, which has a strong guiding effect on rational consumers
who pay attention to product quality (Chu et al., 2023). VK, as a local traditional social platform,
has a relatively aging user group and single content dissemination form, which cannot adapt to
the current digital marketing demand of automobile products, so its market promotion
effectiveness is limited.

In terms of overall rules, the effectiveness of digital communication platforms shows a
significant hierarchical difference: short-video interactive platforms > visual social platforms >
professional long-video platforms > traditional social platforms. This law breaks the single platform
cognition in existing studies, and confirms that content form adaptation and user group matching
are the core determinants of digital promotion effectiveness in Kazakhstan’s automotive market.
The internal mechanism is that differentiated digital content forms match the information
acceptance preferences of different consumer groups, and then produce differentiated brand
communication and conversion effects. This conclusion effectively supplements the marginal
research findings of cross-border digital marketing adaptation theory in emerging markets.

5. Conclusion

This study systematically investigates the effectiveness of mainstream digital communication
platforms in promoting Chinese cars in the Kazakhstan market through mixed empirical research,
and forms three core innovative conclusions with practical value:

First, there are significant hierarchical differences in the promotion effectiveness of different
digital platforms in Kazakhstan’s automotive market. TikTok has the best comprehensive
promotion effect, which is dominant in brand awareness diffusion, user engagement and purchase
conversion; Instagram is suitable for brand image shaping; YouTube is good at guiding rational
consumption conversion; VK has limited marketing value, forming a clear platform effectiveness
differentiation pattern.

Second, the core influencing mechanism of digital promotion effectiveness is the matching
degree between platform content characteristics and local consumer group attributes. Short-
video interactive content fits the consumption habits of Kazakhstan’s mainstream young
automotive consumers, which is the key reason for its efficient market conversion, realizing the
micro-scene verification of market adaptation theory.

Third, this study constructs a multi-dimensional digital platform promotion effectiveness
evaluation system suitable for Central Asian emerging automotive markets, fills the regional
research gap of existing cross-border digital marketing research, and provides a targeted strategic
basis for Chinese automobile brands to carry out precise digital promotion in Kazakhstan.
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METOZbI M MOAXOAbI K
CTPATEIMYECKOW TPAHCOOPMALINN U
MEMOYHAPOOHOMY
MACLLTABMPOBAHMIO MHMKEHEPHO-
TEXHO/TOMMYECKMX XONAMHTOB B
YC/TOBMAX SKOCUCTEMHOM
SKOHOMMKM

LLlopTaHb6aeB Epuk Kanp»kaHoBuY
[OKTOPaHT nporpammsl DBA, Bbiclias wkrona 6bmusHeca HAO «YHuBepcuTeT Hapxo3y,
Anmarsl, Pecnybnnka KasaxcraH

AHHOTauuA
B cmamee uccnedyromca meopemuko-memooos102udeckue no0xXo0bl U NPUKIAOHbIE MEXAHU3MbI
cmpameauyeckol mpaHcgopmayuu u MPaHC2PaHUYHO20 macwmabuposaHus

ousepcudUUUPOBAHHbIX UHHUHUPUH208bIX X0/10UH208 (CUCMEMHbIX UHMe2pamopos) 8 Ycno8uax
aKocucmemHoU 3KoOHOMUKU LleHmpaneHot A3uu u CHI. Ha ocHose memodosnoeuu Mixed Methods
u Action Research u npodosbHO20 GHANU3A UHAHCO8bIX hokazamernel 3a 23-nemHul nepuood
/I0KG/I6HO20 UHMUHUPUH208020 UHMe2pamopa asmopom 8epuduyupos8aH ynpasneH4eckul
paspels, sbipaxarowulica 8 NnapadoKce «N0HHOU Aa8MOHOMUU» U 3hgheKkme «Cbimoao azeHmanr.
LlokasaHo, Ymo 6e3 MecmKux cucmem KOOPOUHAUUU U YUgppoBo2o MAKPOMEHEOHMEHMA
mpaduyuoHHas moodesns founder-led sedem k deepadayuu obopomHoeo kanumana u pocmy DSO
0o 130 OHeli, o06pasya OpeaHU3aUUOHHO-(UHAHCo8YD nemsato  ya3sumocmu (O®[1Y).
CnpoekmuposaHa u  anpobuposaHa [ubpudHaa  SKkocucmemHas  Apxumekmypa
Macwmabuposarus (HEAM 2.0), o6veduHaowas LleHmpanu3auyuto 0b6uux cepsucHsix @yHKUU
(Shared Services), Obwuli penymayuoHHbil ¢oHO (CRF) 019 mumueauuu puckos B2G-
UHMepPHAYUOHaNU3ayuu u uHmennekmyansHelli KOHMyp yugposozo KomnnaeHca Al-Operating
Layer.

KntoueBble cnoBa: cTpaTermyeckan TpaHchopmaLma, MexayHapoaHoe macluTabupoBaHme,
NHXUHUPUHTOBbIE XONAMHIN, B2G-cermeHT, B2B-cermeHT, moaenb McKinsey 7S, Shared Services
Center, HEAM 2.0, OpraHunsaumoHHo-dMHaHcoBas netns yassmmocTu, Al-Operating Layer.

1. BBEAEHUE

CoBpeMeHHbI 3Tan pa3BUTMA rNobanbHOM SKOHOMUKM XapaKTepmusyeTca KapAMHaAbHOWM
TpaHchopmaLmern moaenen Co3faHuAa M pacnpedeneHuna LeHHOCTU. Knaccmyeckne NMHEMHOo-
NPOMbILWNEHHbIE CTPYKTYPbl YCTYNAOT MECTO MHTErPUPOBaHHbIM LMPPOBLIM U NAATGOPMEHHBIM
sKocMcTemMam. [NA  BbICOKOTEXHONIOTUYHBIX  MHXUHUPWUHIOBBLIX KOMMAHWMA M CUCTEMHbIX
MHTErpaTopoB Pa3BMBatOLLMXCA PbIHKOB LleHTpanbHon A3mm n CHI, KoTopble aBTOpbI NpeanaratoT
KNnaccnduumpoBaTb Kak OMBEPCUOUUMPOBAHHbBIE WHMXMHUPUHIOBbIE CUCTEMHbIE WHTErpaTop®bl
(ANCK), KnoyeBbiM GAKTOPOM CTPATErMYeCcKoM BbIXKMBAEMOCTM M [0/ITOCPOYHOrO POCTa
CTQHOBUTCA nepeHOoC GOKyca C Pa30BbIX TPAH3aKLUMOHHbIX MOCTAaBOK obopyaoBaHMA (Moaenb
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CAPEX) Ha npeZoCTaB/eHMe KOMMIEKCHbIX I0TOCPOYHbIX ynpaBasembix ycayr (Managed Services
/ mogens OPEX). 3TOT casur onpeaenseTca Kak umndposan cepsuTm3aLma bmusHeca.

NCTOpUYECKU  POCT  TEXHONOTMYECKUX XONAMHIOB B MOCTCOBETCKMX 3IKOHOMMKAX
H6a3npoBanca Ha NpeanpPUHUMATENIbCKOM IHEPTUM N NPAMOM ONepPaTUBHOM KOHTPO/1e OCHOBATES
(founder-led mogenb). daHHbii noaxon obecneymBan rMOKOCTb M BbICOKYHO aJanTUBHOCTb Ha
pPaHHUX dasax KM3HEHHOro UMKNa opraHu3auum. Tem He MeHee, MPU TPaAHCrPaHUYHOM
MaclITabupoBaHMM U BbIXOAE B MHCTUTYLMOHANbHO CAOMHbIM cermeHT B2G (Business-to-
Government) M30bITOYHAA KOHLEHTPaUMS NOJIHOMOYMIA U OTCYTCTBME CUCTEMHbIX MHCTPYMEHTOB
MaKpoOMeHeAKMeHTa TPaHCHOPMUPYIOTCA B AECTPYKTMBHbIM Bapbep. AHaNM3 MNPOAO0AbHOrO
duHaHCOBOrO nNpoduas mUccreayeMon XONAMHIOBOM KomnaHuu 3a nepuog 2002-2025 rr.,
obHa)kaeT TrNybOKMM ynpaBNeHYeCKMI NapagoKC: IKCMOHEHLMaNbHbIA  POCT  BbIPyYKM (C
yBenmMyeHnem maclitaba onepaumii B COTHM pa3) CONPOBOXKAAETCA XPOHUYECKMMU KPU3MCaAMM
NMKBMAHOCTM M pocTom DSO ao 130 aHen.

Knaccmyeckme LWKoAbl cTpaTernyeckoro ynpasnenusa (M. Ancodd, M. Moptep, T.
MuHUbepr) OpMeHTMPOBaHbl B OCHOBHOM Ha 3pe/ible M KOHKYpeHTHble pbiHKM B2C/B2B ¢
Npo3payHbiMK npasunamm urpbl. OHW He y4YMTbIBAOT B MOJIHOM Mepe WHCTUTYLMOHANbHYHO
aCMMMETPMIO, BbICOKYHO PETYyAATOPHYIO 3aBMCMMOCTb M CNeundmKy KBaandunKkaumoHHbIX bapbepos
B2G-cermeHTa pa3BMBAOLLMXCA PbIHKOB, TAe KAOYEBbIM CTPATEMMYECKMM aKTMBOM SABAAETCA
HaKOM/IEHHbIA PENYyTaLMOHHbIMA KanuTan. Bo3HWKAeT BbiparKeHHbIM UCCAeA0BaTENbCKMIA Pa3PbIB:
[0 CUX NOp He BblpaboTaHa LenocTHaa MoAe b cTpaTernyeckon TpaHchopmaLmMn, yBasbiBatoLLan
MHCTPYMEHTbI MPEeoAoNeHNA BHYTPEHHEM MNOBEAEHYECKOM WHEPTHOCTU MeHedKMeHTa C
MexaHu3mamm obecneyeHns WMHCTUTYLUMOHANbHON  NErMTUMHOCTM  NPU  MEXAyHapOAHOM
MacliTabrpoBaHuK. [laHHas CcTaTbA NPM3BaHa BOCMONHWUTL 3TOT TEOPETUKO-METOA0/10MMYECKUIA
npoben.

2. TEOPETUYECKUIN KAPKAC UICCNEQOBAHKA

CTpaTternyeckas TpaHchopmauma AMBEPCUPULIMPOBAHHOIO XONAMHIa paccMaTpmMBaeTCA
aBTOPOM 4epe3 Mnpu3My WHTErpaUmMm HECKONbKMX TEOPETUYECKUX KOHUENuUuMin. baszosbiM
byHOAMEHTOM BbICTyNaeT pecypcHan KoHUenuuns Grupmbl 1 TeOpUa AMHAMMUYECKMX CNOCOOHOCTEMN
(Barney, 1991; Teece et al., 1997). CornacHo [. Tucy, 4OATOCPOYHAA KOHKYPEHTOCNOCOOHOCTb
BbICOKOTEXHONOMMYHbIX KOMMAaHWN 3aBUCUT OT MUX CNOCOBHOCTM MAEHTUOULMPOBATL PbIHOYHbIE
BO3MOXHOCTU (sensing), mMobunams3osaTb pecypcbl (seizing) M OCyLLeCTBAATb HenpepbiBHYH
pekoHdurypaumio aktmeos (transforming) B oTBeT Ha BHelHWe Wokn. Lindposan cepsutmlaums B
3TOM KOHTEKCTE TPaKTYeTCa Kak AMHAMW4YecKas CrnocoOHOCTb K HEemnpepbiBHOW reHepauum
pekyppeHTHoro goxoaa (Monthly Recurring Revenue, MRR) nocpeZcTBOM KaCTOMU3NPOBAHHbIX
NKT-peLweHuni.

CeTeBas MoAeNb WHTEepHaumoHanmsaumm (Johanson & Vahlne, 2009) u KoHuenumsa
MacluTabupyembix busHec-mogenei (SBMI, Grimstad et al., 2025) 06bACHAOT 3aKOHOMEPHOCTH
KPOCC-TPaHWYHOrO  paclwupeHunsa.  TpaAMuMoHHas  YnncanbCKas  MOJesb  OfnucbiBaeT
NHKPEMEHTA IbHbIM, NOCTENEHHbIM BXOA, Ha 3apyberkHble pbiHKU. OQHAKO AN TEXHONOMMYECKOTro
H6M3Heca KPUTMUYECKM BaXKHa CKOPOCTb, Tpebytowaa MCNoAb30BaHUA TMOKUX NAaTGOPMEHHbIX
napTHepcTtB Tuna White-Label n API-first, KoTopble Mo3BOAAOT MUHUMMKM3MpoBaTb CAPEX 3a
pybexkom (mogenb asset-light). Mpu atom B perynnpyemom cermeHte B2G nogobHbI noaxon,
HaTa/IKMBAETCA Ha MHCTUTYLMOHAbHble Bapbepbl nermtumHocTh (Suchman, 1995; DiMaggio &
Powell, 1983) n deHOMeH «OTYyXKAEHWA penyTauMm», Koraa penyTaumMoHHble pedepeHcl
YCNEewHO BbINOJIHEHHbIX KOHTPAKTOB OCEAAlOT Y /IOKA/NIbHOMO areHTa, OCTaBAsA MaTePUHCKMUI
XONAMHT HEBUAMMbBIM A1 HOBbIX 3aKa34MKOB.

BHYTpEeHHUI KOHTYp TpaHCchOpMaLMmM nccnesyeTca aBTOpaMm Yepes MHTErpaLmo Teopun
areHTCKMx oTHoleHu (Jensen & Meckling, 1976), Teopun «Bbly4EHHON OECMOMOLLHOCTNY
(Seligman, 1975) n deHomeHa anddy3mm oteeTcTBeHHocTH (Darley & Latané, 1968). B ycnoBusax
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OTCYTCTBMA aBTOMATU3NPOBAHHbIX CUCTEM KOHTPONA AELIEHTPaNAN3aLMA YNPABAEHUA B XONANHIAX
BeAET K «MapafoKCy /IOKHOM aBTOHOMMWY. [MpPeKTopa A04YepHUX ODLIECTB YKAOHAKOTCA OT
CaMOCTOATENBHOIO MPUHATUA  PEeLIeHMA MO  CAOXHbIM  KpocC-OYHKUMOHAAbHLIM  334a4am,
nepeknazblBas onepauMoHHble pUCKM Ha ypoBeHb CEO (3addeKT «CbiToro areHTa»), 4to
napannsyet UCNOAHUTENbCKYIO AUCUUNANHY. 18 XONUCTUYECKON OPrAMarHOCTUKM 3TUX Pa3pPbiBOB
npumeHseTca  ¢dpelmBopk  McKinsey 7S (Waterman et al, 1980), no3BonsaoWmi
CMHXPOHM3MPOBATb *ecTkue (Strategy, Structure, Systems) n msarkue (Skills, Staff, Style, Shared
Values) opraHM3aLUMOHHbIE 31EMEHTbI.
3. METOA0/10TMA U AN3AWH SMMUPUYECKOTO UCCNEAOBAHNA

NccneposaHne 6HasumpyeTca Ha nparmMaTMYeckon napagurme U peanmnsyerca 4depes
KOHBEPreHTHbIN cMellaHHbIM an3aiiH (Mixed Methods Research, Creswell & Plano Clark, 2018), B
PaMKax KOTOPOro KOAMYECTBEHHbLIA M KAYeCTBEHHbIN TPEKM TPUAHTYIMPYIOTCA ANA B3aMMHOIO
NoATBEPKAEHMA BbIBOAOB. B KayecTse Beayllero npeobpasytollero ¢permBopKa MCNoab30BaHa
MeTojonorns  uccnenosaHma genctenem  (Action Research, Reason & Bradbury, 2008),
npegnonaralolaa aKTMBHOE BOBJIEYEHWE UCCedoBaTens B MPOLECC pPeopraHmM3aLmm
KOPNopaTUBHOM CTPYKTYPbl M OUEHKY METPUMK 0 MU NOC/Ne» BHEAPEHWNA NSMEHEHWIA.

KonnyectBeHHbIN 610K BKAOYAET:

1) NMocTtpoeHue npogonbHon (longitudinal) ¢umHaHCOBO-OMNEpPaLNOHHON MNaHe u
AAaHHbIX MCCNedyemMoro XonAunHra 3a 23-netHunin nepmnog (2002—2025 rr.). B KayecTBe NoCTOAHHbIX
NapameTpoB (KOHCTAHT) 3abMKCMPOBaHbI: OTpacneBas MPUHAANEKHOCTb (MHXUHUPUHE, WKT,
B2G/B2B-cermeHTbl) M pasBMBAOLIMNCA XapakTep pPbiHKOB LleHTpansHo Asun. B KadecTse
N3MEHAEMbIX NapamMeTpoB (NnepemeHHbIX) — nokasaTenn Bbipy4kn, OPEX, DSO, DIO 1 Cash Ratio.

2) MpoBeaeHWe CNAOLWHOMO aHKeTMPOBAHMA COTPYAHMKOB (GOKaNbHOM KOMMAHUK
(N=45, wKana JlalikepTta) 419 3amepa NapameTpoB KoMaHAHOM pednekcmBHocTM (Schippers),
ncmxonornyeckon 6esonacHoctn  (Edmondson) ©  ypoBHA yAOBNETBOPEHHOCTM HM3Hec-
npoueccamm.

KayecTBeHHbI 610K BK/OYAET:

1) MposeaeHue 5 rnyOUHHbBIX NMONYCTPYKTYPUPOBAHHbLIX MHTEPBLIO C AMPEKTOPaMMu
ONepauUmoHHbIX  AMBM3MOHOB  XOAAMHra  ANA  BblABNEHMA  NoBeJeHYeckMx Hapbepos
OeueHTpanM3aummM, C NocnedylolMM  TeMATUYECKMM  KOAMPOBAHMEM  TPAHCKPMNTOB B
cneyynanmnsmposaHHom MO NVivo 14.

2) Kpocc-KercoBblit HEHYMAPKMHE COMOCTaBMMOM KOTropTbl M3 13 merKayHapOAHbIX
NHKUHUPUHTOBO-TEXHONOMMYECKMX MHTErpaTopoB (BKAtoYan Asseco Group, Tata Projects, Larsen
& Toubro, KPOK, IBS ¥ ap.) no BOCbMMMNApPaMeETPUYECKOMY MPOTOKOAY A5 BbIABNEHUA
MHBAPMAHTHbIX  3aKOHOMEPHOCTEN  YCMNELWHOro  MNPOXOXMAEHUA  «CTEKASHHOINO  MOTOJIKa»
MaclTaburpoBaHus.

4. ANATHOCTUYECKUE PE3Y/IbTATbl: ®POPMANN3ALMA NMET/IN YA3BUMOCTU (ODMY)

COBMECTHbIM aHann3 GUHAHCOBOW PETPOCMNEKTUBbI W KAYeCTBEHHOM AMArHOCTUKK
McKinsey 7S no3Bo/inn aBTOPam BbIABUTb U OLMGDPOBATL AECTPYKTUBHbIN LMKAUYECKMIA MEXAHM3M
— OpraHu3aunoHHO-GpUHAHCOBYO NeT/to ya3BMmocTh (OPMY) xonamHra. CTaTUCTUYECKMIA aHaNn3
BbIABW/, YTO, HECMOTPA Ha BblaatoWwmMinca pocT Bbipydkn (CAGR 32,5% 3a 23 roga), kKomnaHua
perynspHo npoxoamna u4epes rnybokne ¢MHAHCOBO-OMEPALMOHHbIE CMadbl W KPU3UCHI
nmMkBMaHoctTM  (anm3oabl 2009, 2015, 2021 rr.), BbI3BaHHble BbICOKOW BOAATU/IbLHOCTbIO
TPaH3aKUMOHHbIX KOHTPaKTOB. KoadduumeHT abcontoTHoM nmkenaHoctn Cash Ratio xpoHuyeckn
HaxoAMACsA HuKe 6e3onacHoro nopora, onyckasacb Ao 0,09, 4yto NpWMBOAMAO K TOTa/bHOM
3aBMCMMOCTM OT KPaTKOCPOYHbIX 3aMMOB.

FNyOUHHbIE NPUYMHBI 3TOrO0 GMHAHCOBOTO TYMMKa NeXKaT B NIOCKOCTU OPraHM3aUMOHHOro
noBeAeHna 1 CTPYKTYpbl xonamHra. [AnarHoctnka McKinsey 7S BbisiBuaa cieaytolime CUCTEMHbIE
NaTON0MMU:
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» «[lapagoKc NOXKHOM aBTOHOMUWY: dopmanbHana AeUgHTpanM3auma OtoaKeToB
[0o4YepHMX 0bLLLECTB NPM OTCYTCTBMM aBTOMATU3NPOBAHHbIX UMGPOBbIX CUCTEM KOHTPOAA NpUBeNa
K TOMY, YTO MEHeKepbl AMBU3NOHOB 3aMKHY/IMCb B KOCTPOBHON aBTOHOMMM». KOppensiLMOHHbIM
aHaNM3 3aPUKCMPOBAa 3HAYNUMYIO OTPULLIATENBHYIO CBA3b MEXKAY AEKNAPUPYEMON MEHEAKEPAMM
CaMOCTOSATENBHOCTbIO M TOTOBHOCTbLIO BpaTh JIMYHYO OTBETCTBEHHOCTb 338 GMHAHCOBLIN pe3ynbTaT
(r=-0,45).

* DPPEKT «CbITOro areHTa» M BblydeHHad OECNOMOLLHOCTb: NPW BO3HMKHOBEHUMN
KpocC-QyHKLUMOHaNbHbIX 6apbepoB MeHeaKepbl YXOAMIM B «OPraHM3aLUMOHHOE MONYaHMUEN
(Morrison & Milliken, 2000), yTanBas MHGOPMALMIO O PUCKAX N OXKMAAA PYYHOTO BMELIATEe1bCTBA
cobCcTBEHHMKA. ITO MPMBOAMAO K CPbiBaM CPOKOB MOAMNMCAHUSA 3aKPbIBalOLWMX akToB ¢ B2G-
3aKasuMKamuM, pacTarmeas 0bHOpayYMBaemMocTb AeOUTOPCKOM  3amosikeHHocTn (DSO)  mo
KpuTudeckmnx 130 aHewn.

Mpwn 3TOM CcUbHaA nosoxuTensbHas koppensaums (r = 0,74; p = 0,003) 6bi1a obHapykeHa
MEXAy ACHbIM MOHMMAHWEM CTPaTerMyeckUx UEeNer KOMMAHWM WU peanbHbIM  YPOBHEM
NCNONHUTENBbCKOM AUCUMMAMHBL. Takum obpasom, OPMY npeactasndeT cobol npouecc, npu
KOTOpoM  OuxeBMoOpanbHad GparMeHTaumMa MeHeaKMeHTa  HanpAmyto  AeTepMUHUPYeT
nerpagaumto obopoTHOro KanmTana xonamHra. PaspbiB 3TOM NETAM HEBO3MOMXKEH KOCMETUYECKMMM
Mepamu; OH TpebyeT paaMKanbHOTO MNepenpoeKTUPOBaHMA BCEM OMepauMoHHOM Moaenmu
XONANHTa.

5. PASPABEOTKA W BHEAPEHWE CTPATEMMYECKMX MEXAHN3MOB B PAMKAX MOAE/TN HEAM
2.0

[Ona CUCTEMHOTO paspelleHMa Kpuanca KoopauHauuu n obecnedyeHma OBecKpU3MCHOro
MacluTabrpoBaHMA aBTOpaMu Oblfa CMPOEKTMPOBAHA M YacTMYHO anpobupoBaHa [MbpuaHas
JKkocuctemHas Apxutektypa MacwTtabuposanns (HEAM 2.0). Mogenb 3amMeHseT pPydyHOM
MWKPOMEHEAMEHT  OCHOBATeNA  Ha  CKBO3HOM  UMPPOBOM  MAKPOMEHEAKMEHT W
pekoHbUTrypmnpyeT BU3HEC MO YETbIPEM B3aMMOCBA3AHHbIM KOHTYPaM.

5.1. Modenb 0bwiux cepsucHsix pyHkyull (Shared Services) kak uHmezpamop McKinsey 7S

Ons nukemaaumm Kpocc-OyHKLUMOHANbHOM m3onaumMm n aybnmpoBaHmMa 6H3K-0QUCHbIX
bYHKUMIA BO BCEX A0YEPHMX KOMMaHWMAX B pamkax Action Research 6bin paspaboTaH npoekT
LleHTpa obumx cepsucos (Shared Services Center, SSC). LleHTpanum3saums nati obecneynsatoLLmx
HanpaBneHun (dMHaHChI, topuamdeckan cnyxba, HR, MapKeTMHr 1 3akynku) B eaAMHOM aape
XONJAMHIa NO3BOAMMAA PA3rpPy3nUTb AMPEKTOPOB AOYEPHMX KOMMAHMN OT ONEPaUMOHHON PYTUHDI.
Pe3ynbTaTbl  MWAOTHONO  BHEAPEHMA  MOKa3a/NM  COKpalleHMe  BpemeHu  0b6paboTku
MeXPYHKLUMOHANbHbIX 3anpocoB Ha 34% 3a nepsble 90 AHeN, AMKBUAMPYA TPAH3aAKLMOHHbIE
NOTEPU U TaPMOHU3NPYA «KECTKME» U «MATKME» 31emeHTbl McKinsey 7S.

5.2, Cdsue apxumexkmypbl 00x0008: nepexol K peKyppeHmHol modenu Managed Services

MaTemaTtuyeckoe MOAENMPOBaHME B paMKax AMCCEpPTaLMM A0KA3a/10, YTO cTabunmnsaums
duHaHcoBOro npoduna XoNAMHra AOCTUFAETCA MCKAYMTENBHO MNPW MO3TanHOM OTKase oT
TpaH3aKUMOHHbIX CAPEX-NoCTaBOK B MO/b3y A0NTOCPOYHbLIX CEPBUCHbLIX KOHTpakToB (Managed
Services). MIHKaccaums peryaspHoi nosTopsatoliernca Bbipydkn (Monthly Recurring Revenue, MRR)
no SLA-cornalweHmam  CraaKMBaeT  BAMAHWME  MAKPO3KOHOMWYECKOM  BONATU/IbHOCTM.
DMNNPUYECKMIM aHaNU3 NOKaA3as, YTO A0BEAEHNE A0NM PEKYPPEHTHOIO A0X0Aa B 0OLLEN BbIpYYKe
[0 ypoBHA He meHee 30% NO3BONAET MONHOCTbIO KYNMPOBATb PUCKM AeduumTa NMKBUAHOCTU U
yaep»neaTb Cash Ratio B 6esonacHom kopuaope (=0,15).

5.3. 06wuli penymayuoHHsbIl ¢poHO (CRF) u npeodoneHue «omuyxOeHuUa penymayuu»

Ons obecneyenHuns boicTporo asset-light macwtabupoBaHus 3a pybexom (Kaskas, bantua)
yepes napTHepckme cetn White-Label npegnorkeHa kKoHuenuma Obuwero penyTtaumMoHHoro ¢poHaa
(Common Reputation Fund, CRF). MexaHn3m KOHConampyet Pa3pPO3HEHHbIE
KBa/IMMKaLMOHHblE pedepeHChbl NapTHEPOB B €AMHbIN HETUPAXKMPYEMbIN PenyTaLMOHHbIN akTUB
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XONAMHra, BbiparkeHHbIn NMHaekcom IORF (Index of Operational and Reputational Fragility). 310
NO3BONAET HOBbIM 3arpaHWyHbIM  GUAMANam MNPOXOAMTb KBaNUUKALMOHHbIE GUABLTPLI B
rocyfapCTBeHHbIX TeHAepax. Kpome TOro, BepudUUMPOBAH 3IPPEKT «MeXCeKTOpHOro
penyTaumoHHoro spillover» (MPC): HakonneHHaa NermTMMHOCTb XONAMHIa B »KecTKkom B2G-
cermeHTe (NPOEKTbI B a3p0OnopTax) aBTOMATUUYECKM CHUMKAET U3AEPHKKM MPUBIEYEHNA KTNEHTOB B
Kommepyeckom B2B-cermeHTe (BHeapeHue cuctem HoReCa), roe 79,4% KOHTPaKTOB Obiau
3aKkAtoveHbl 6e3 TeHAEPOB Ha OCHOBE penyTauum bpeHaa.
5.4. Al-Operating Layer: oyugposka makpoMeHedmeHma u 2ubpudHsili KoHmpoas OKR/KPI

Ons snuMmnHaumMm «MHGOPMaLMOHHOIO Bakyyma» U MOBEAEHYECKOro OMNmnopTyHM3ma B
onepauUynoHHbIN UMKA XONAMHIA BHEAPAETCA MHTENNeKTya bHaa HaacTpoiKka Al-Operating Layer,
OCHOBaHHaA Ha ckBO3HOM Task-tracking kKoHTpose. KoHTyp npeobpasyeT ynpaBaeHune, Gukcnpys
HenpepbIBHbIN «UMPPOBON caed OTBETCTBEHHOCTUY Kaxadon 3a4a4n B ERP-cuctemax. 9to genaet
HEBO3MOXHbIM  YManymMBaHWe puUCKoB W cboeB. BHeapeHa ABYXKOHTypHaa CUCTeMa
uenenonaraHma: OKR ans ctumynmpoBaHus mameHeHuin (Change) m KPI/ISO ana KoHTpons
Tekylen onepaumMoHHon aeatensHocty (Run). s npeosoneHns «Bbly4eHHON 6ecrnomoLHOCTM»
MeHeaKepoB pa3paboTaH OWUXeBMOPaANbHbIA MHCTPYMEHT «HANOr Ha HaNoMWHaHME» —
aBTOMATUYeCKoe CHWMKeHMe BOHYyCHbix 0annoB  pyKoBOAMTENS 33  KaxAayl  3adady,
noTpeboBsaslLUyto py4Horo Bmetlatenbctea CEO.
6. 3AK/TOYEHUE U BbIBOAbI

lpoBefeHHOe  UcCNefoBaHWe  [OOKasblBaeT, 4YTO  yCnewHaa  cTpaTernyveckas
TpaHchoOpMaLMa U MexXAyHapoAHaA IKCMAHCKA TEXHONOTMYECKOro XONAMHIA Ha Pa3BMBAOLLMXCA
PbIHKaX He MOryT HBbITb 0becneyeHbl TOYEYHbIMU GUHAHCOBBLIMM MU CTPYKTYPHBIMU pedopmamu.
TpebyeTca cucTeMHOe NepenpoeKTUPOBaHWE OMepauyoHHON MoAenn B pamkax mbpuaHown
JKkocuctemHon Apxutektypbl (HEAM 2.0). Pe3yabTaTbl NPOA0bHOMO M HMXeBMOPaIbHOTO aHaM3a
XONANHIOBOM KOMMNAHMM NOATBEPKAAOT BbIABUHYTYIO runoTesy nccnenosanua (H_0): BHeapeHue
MHBAPMAHTHOrO Komnnekca mMHcTpymeHToB (Shared Services Center, OKR, Al-Operating Layer)
NO3BONAET 3/IMMUHMPOBATL MNOBEAEHYECKME NATONOMMM «NOXKHOM aBTOHOMWMWM» U 3PdeKTa
«CbITOrO areHTa», NepeBoaa XONAMHI Ha PEKYPPEHTHYIO cepBuCcHYt0 moaenb Managed Services ¢
KOHTpOAMPYeMbIM CHUMKeHnem DSO 1 ctabunmsaumeit AMKBUAHOCTU. Pa3paboTaHHbIM KOMIAEKC
PEeWeHNn HOCUT YHWBEPCANIbHbIN XapaKTep W MOXKET CAYKWTb 3Ta/NIOHHbIM OTPACNEBbIM
CTaHAapPTOM cTpaTtermyeckon TpaHchopmaumm ana ANCA ctpan CHI 1 EASC.
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Abstract

Entrepreneurial families in post-Soviet emerging markets face a specific wealth-
management challenge. They must navigate weak domestic institutions while also moving,
cognitively and organisationally, from entrepreneurial control to investor logic. Existing
frameworks discuss institutional quality, behavioural biases, socioemotional wealth, family
governance, wealth-management trust, and international financial centres, but they usually do so
separately. This paper develops the Swiss Wealth Integration Framework (SWIF), a sequential four-
stage conceptual model —Structure, Stability, Investment, Governance —that brings these streams
into one decision architecture. Drawing on institutional economics, behavioural finance,
socioemotional wealth theory, family governance research, wealth-management trust research,
and financial-centre theory, the paper identifies six propositions for empirical investigation. It
extends the institutional voids literature from firm-level FDI decisions to private wealth
internationalisation, introduces risk normalisation as a post-Soviet-specific behavioural
mechanism beyond classical home bias, and interprets Switzerland's post-2023 compliance-based
repositioning as a potential institutional legitimacy advantage rather than a simple retreat from
secrecy. The framework addresses a documented geographic gap in family office and wealth-
management research and provides a conceptual basis for studying the structuring decisions of
Kazakhstani high-net-worth entrepreneurial families.
Keywords: entrepreneurial capital; institutional voids; wealth management; socioemotional
wealth; family governance; Swiss financial centre; post-Soviet transition; behavioural finance;
home bias; family office; SWIF

1. Introduction

Substantial private wealth in post-Soviet economies has produced a wealth-management
problem that existing theories only partly explain. Entrepreneurial families in resource-dependent
emerging markets — Kazakhstan is the central case here — face a double transition. Their capital
must move from domestic concentration to international diversification. At the same time, the
founding generation must move from an entrepreneurial logic of control and direct investment to
an investor logic of governance, delegation, and portfolio management. These two transitions are
linked. The institutional environment in which the wealth was created also shapes the habits that
make later diversification difficult.

Kazakhstan is instructive in this respect. The privatisation of 1991-1995 concentrated
control over oil, gas, metallurgy, and banking among a narrow group of first-generation owners.
Their strategies were formed in an environment of institutional uncertainty, political proximity,
and informal enforcement (Kowanos et al., 2003; Pomfret, 2006). The tenge devaluations of 2015
and 2020, each destroying approximately 30% of domestic purchasing power, made the risks of
local concentration visible and triggered episodes of accelerated capital outflow (National Bank of
Kazakhstan, 2021). Still, many Kazakhstani entrepreneurial families have not fully adopted the
institutionalised wealth-management practices that would match the scale and longevity aims of
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their fortunes: formal governance structures, diversified international portfolios, and professional
family offices. Recent local research also documents the absence of established succession and
governance traditions in Kazakhstani family business (Isabayeva et al., 2024).

The academic literature does not yet offer an integrated explanation for this gap.
Institutional economics explains why legal uncertainty pushes capital offshore (North, 1990;
Acemoglu & Robinson, 2019), but it says less about the behavioural mechanisms that delay
rational adjustment. Behavioural finance describes the cognitive barriers — loss aversion, home
bias, entrepreneurial mirroring — that resist diversification (Kahneman & Tversky, 1979; French &
Poterba, 1991), but often treats institutional context as background. Socioemotional wealth
theory explains why family firms accept financially suboptimal outcomes to preserve control
(Gémez-Mejia et al.,, 2007), but its application to post-liquidity wealth transition remains
underdeveloped. Family governance literature identifies the structures needed for
intergenerational continuity (Zellweger, 2017; Jensen & Meckling, 1976), but has not sufficiently
examined how these structures interact with prior jurisdictional choices. Financial-centre research
documents Switzerland's distinctive institutional advantages (Swiss Bankers Association, 2025;
Ranaldo & Séderlind, 2010), but rarely asks how post-Soviet entrepreneurial families evaluate and
use them.

This paper addresses that integration gap. Its contribution is threefold. First, it synthesises
five theoretical streams into a unified conceptual framework — the Swiss Wealth Integration
Framework (SWIF) —that models the sequence through which entrepreneurial capital can become
institutionalised family wealth. For article purposes, the broader literature is condensed into five
operative streams: institutional economics; behavioural finance; socioemotional wealth and
entrepreneurial logic; wealth-management trust and financial-centre theory; and family
governance. Second, it extends the institutional voids literature (Khanna & Palepu, 2010; Stephan
et al., 2026) from firm-level internationalisation to private wealth management. In doing so, it
identifies risk normalisation as a post-Soviet-specific behavioural mechanism that operates above
and beyond classical home bias. Third, it situates Switzerland's post-2023 regulatory repositioning
— from confidentiality-based to compliance-based legitimacy — within a theory of financial-centre
choice as an institutional complement for capital originating in weak-institution environments.

2. Theoretical Background
2.1 Institutional Uncertainty and the Primacy of Jurisdiction

The foundational claim of this paper is deliberately simple: for entrepreneurial wealth from
institutionally uncertain environments, jurisdiction is not a secondary structuring issue. It is a
primary determinant of wealth functionality. North (1990) establishes that institutions — formal
rules, enforcement mechanisms, and cultural norms — reduce uncertainty by making economic
behaviour predictable. Where enforcement is unreliable, long-horizon commitments become
irrational. La Porta, Lopez-de-Silanes, Shleifer, and Vishny (1998) show that legal origin and
investor-protection quality shape financial-market depth and capital allocation across
jurisdictions. Williamson (2000) adds the transaction-cost perspective: every significant wealth
commitment in an uncertain institutional environment carries embedded uncertainty about
enforceability. This tends to produce delayed, defensive, or suboptimal structural choices.

Applied to emerging-market wealth, these arguments become particularly acute.
Acemoglu and Robinson (2019) distinguish direct expropriation from indirect appropriation
through selective law enforcement and administrative pressure. These are precisely the
mechanisms described in post-Soviet political economy (Mau & Starodubrovskaya, 2001; Radygin
& Entov, 2001). Khanna and Palepu (2010) conceptualise such deficiencies as institutional voids:
the absence of market-supporting mechanisms that allow capital to be allocated efficiently and
contracts to be honoured. Stephan, Uhlaner, and Stride (2026) refine this idea through a four-
layer institutional hierarchy. Their framework shows that decision-making in void-characterised
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environments is shaped not by one weakness, but by the interaction of formal regulatory gaps,
constitutional instability, cultural risk attitudes, and informal enforcement norms.

Kazakhstan's empirical profile fits this theoretical characterisation. According to the World
Justice Project (2023), Kazakhstan scores 0.47 in the Rule of Law Index, compared with
Switzerland's approximately 0.83. This institutional distance is not just a ranking. It is a practical
constraint on the structures that Kazakhstani families can rationally maintain domestically. The
EBRD Transition Report (2024) confirms persistent gaps in property-rights protection, corporate
governance, and judicial independence. The IMF (2024) also documents continuing exposure to
hydrocarbon price cycles and currency risk. This vulnerability is reinforced by Kazakhstan's export
structure: OECD (2024) shows that hydrocarbon products remain a dominant component of
national exports, making large private fortunes indirectly exposed to overlapping commodity-
price, currency, and political risks. For families whose fortunes emerged from this environment,
international structuring is not a luxury or a tax strategy. It is the first and logically prior decision
in wealth architecture.

2.2 Behavioural Finance: Home Bias, Loss Aversion, and Risk Normalisation

If institutional theory explains why international structuring is rational, behavioural finance
explains why it still does not happen automatically. Kahneman and Tversky's (1979) prospect
theory shows that outcomes are evaluated relative to a reference point, with losses weighted
roughly 2.0 to 2.5 times more heavily than equivalent gains. For a founder whose reference point
is ownership of an operating business, a diversified portfolio may feel like a loss of status, control,
and professional identity — even when the financial value is unchanged. This is one reason why
liquidity events do not automatically produce diversification.

French and Poterba (1991) define home bias as the systematic over-weighting of domestic
assets. In Kazakhstan, some home bias is rational. Domestic entrepreneurs may genuinely possess
information advantages and local network access. Yet the KASE Market Report (2024) indicates
that domestic asset concentration in private portfolios exceeds what local expertise alone can
justify. Coeurdacier and Rey (2013) show that home bias persists even among sophisticated
investors because informational frictions, institutional familiarity, and perceived competence
distort the evaluation of domestic versus foreign risk. Dlugosch, Horn, and Wang (2023) sharpen
the point: investors do not simply prefer what is familiar; they actively avoid environments that
feel difficult to understand or predict.

The Kazakhstani case therefore appears to involve a third mechanism beyond classical
home bias: risk normalisation. Long-term exposure to currency volatility, institutional discretion,
and informal enforcement creates cognitive schemas in which these structural risks are no longer
perceived as risks. They become the ordinary texture of economic life. This matters for wealth
transition, because the value of operating in a lower-risk jurisdiction is systematically
underestimated when domestic risks have been normalised. The construct is consistent with the
framing effects documented by Dlugosch et al. (2023) and with behavioural portfolio theory.
Shefrin and Statman (2000) show that investors construct portfolios as layered mental accounts
with reference points shaped by prior experience. Das, Markowitz, Scheid, and Statman (2010)
further connect mental accounting to portfolio optimisation, showing that investors often define
risk through account-specific thresholds rather than through a single mean-variance-efficient
portfolio.

2.3 Socioemotional Wealth, Entrepreneurial Logic, and the Logic Gap

Behavioural bias is not the whole story. The reluctance of founders to adopt investor logic
also reflects a deeper conflict between two institutional logics. Gdmez-Mejia, Haynes, Nufez-
Nickel, Jacobson, and Moyano-Fuentes (2007) show that family-controlled enterprises may accept
risks that a purely financial shareholder would reject in order to preserve socioemotional wealth
(SEW): the non-financial value derived from control, identity, social ties, and succession continuity.
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Berrone, Cruz, and Gomez-Mejia (2012) operationalise SEW through the FIBER dimensions: family
control and influence; family identification with the firm; binding social ties; emotional
attachment; and renewal of family bonds through succession. Each dimension can resist
institutionalised wealth management, because such management requires delegation,
diversification, and documented governance procedures.

Thornton, Ocasio, and Lounsbury (2012) provide the organisational-theory vocabulary for
this problem. Entrepreneurial and investor orientations can be understood as distinct institutional
logics, each with its own values, decision heuristics, and performance metrics. Entrepreneurial
logic prioritises concentrated commitment, opportunity exploitation, and direct control. Investor
logic requires diversification, governance transparency, and probabilistic risk management.
Besharov and Smith (2014) show that transitions between institutional logics create persistent
cognitive and organisational conflict. The logic that was adaptive in the founding context does not
disappear simply because conditions have changed. Kuratko, Fisher, and Audretsch (2021) identify
the cognitive dimension of this persistence: entrepreneurial mindsets developed under
uncertainty remain structurally stable. In post-liquidity settings, this may produce entrepreneurial
mirroring — the tendency to reconcentrate capital in direct investments that reproduce the
experience of business ownership.

The VUCA extensions of SEW theory developed by Gomez-Mejia, Mendoza-Lopez, Cruz,
Duran, and Aguinis (2024) are especially relevant to the post-Soviet context. In volatile, uncertain,
complex, and ambiguous environments, SEW can stabilise decision-making by creating a long-term
orientation. At the same time, it can destabilise financial outcomes by subordinating diversification
and governance to control preservation. The transition from this configuration to investor logic
therefore requires more than information or financial education. It requires a structural
intervention that changes the decision environment itself.

2.4 Wealth Management Architecture, Trust, and the Sequencing Logic

The entrepreneur-investor logic conflict can be addressed only if the decision environment
changes. Zellweger (2017) treats professional asset structuring not as an auxiliary tax service but
as a strategic institutional response. By placing wealth in legally robust structures — foundations,
trusts, holding companies —families create contexts in which investor logic becomes more normal
than exceptional. Maude (2006) adds that durable wealth-management relationships depend on
institutional trust: the client's confidence that arrangements made today will be honoured across
decades. Rivo-Lopez, Villanueva-Villar, and Vaquero-Garcia (2020) similarly argue that substantial
family wealth cannot be managed through investment allocation alone. It requires the integration
of investment management, governance structures, succession planning, and family objectives.

Giddens (1990) provides a useful distinction here: personal trust versus systemic trust.
Personal trust is confidence in a specific individual's reliability. Systemic trust is confidence in the
institutions, regulatory standards, and professional norms that govern a sector. For entrepreneurs
whose experience has been shaped by low systemic trust and high reliance on personal networks,
the move to institutionalised wealth management is not only technical. It is cognitive and cultural.
Zucker (1986) shows that institutional-based trust is produced through certification systems,
regulatory oversight, and standardised professional norms. These are precisely the features that
distinguish established financial jurisdictions from informal alternatives.

DiMaggio and Powell (1983) provide the key sequencing insight: formal organisational
structures do not merely record decisions already made. They create the conditions in which
different decisions become possible. A foundation, family holding, or investment policy statement
changes the context in which later investment and behavioural choices are made. Kotter (1996)
makes the same point from change-management theory: durable behavioural transformation
requires structural anchoring, otherwise informal habits reassert themselves. North (1990) gives
the institutional-economics parallel: formal rules are prerequisites for productive economic
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activity, not consequences of it. Together, these arguments support the sequencing proposition
that structure must precede investment and cognitive reorientation.
2.5 Family Governance, Agency Theory, and Intergenerational Continuity

Family governance literature identifies governance architecture as a long-horizon
determinant of wealth preservation. It does not replace investment performance, but it shapes
whether good decisions can be sustained across generations. Jensen and Meckling (1976)
establish the basic agency problem: wherever ownership and management are separated, or
where several principals hold conflicting claims, governance mechanisms are needed to align
incentives and limit opportunistic behaviour. Schulze, Lubatkin, Dino, and Buchholtz (2001) extend
this logic to family firms. Altruistic relationships can produce distinctive moral hazards: founders
may over-allocate resources to less capable family members, and governance structures may
protect family cohesion at the expense of financial discipline. Formal mechanisms — investment
committees, independent boards, documented investment policy statements, and externally
facilitated family councils — therefore counteract agency costs specific to family wealth.

Zellweger (2017) argues that long-term wealth preservation depends less on any single
period of investment performance than on structures capable of sustaining decision quality.
Tagiuri and Davis (1996) identify the systemic source of many family-governance failures: family,
ownership, and business overlap, but each system has its own logic and norms. No single personal
relationship can reliably resolve these conflicts over time. Schickinger, Bierl, Leitterstorf, and
Kammerlander (2023) add empirical nuance. Single family offices differ materially depending on
generational stage and on whether the original operating business remains under family
ownership.

Succession adds another layer. Cadieux (2007) shows that succession outcomes depend
heavily on the predecessor's willingness to move from a directive role to a supportive one. This is
difficult for founders whose identity is fused with operational control. Sharma, Chrisman, and Chua
(2003) find that succession intentions are shaped by family norms, perceived behavioural control,
and external social pressures. In first-generation Kazakhstani wealth, where succession traditions
are still thin, intentions may remain unrealised even when they are sincerely stated. Steier (2001)
shows that systemic trust in governance institutions mediates succession quality. Where such trust
is absent, families substitute personal trust relationships. These may work within one generation,
but they are fragile across generations.

3. The Swiss Financial Centre as Institutional Complement

Switzerland's role as an institutional anchor for Kazakhstani entrepreneurial wealth cannot
be explained by generic references to stability or private banking tradition alone. The more precise
argument is institutional complementarity. Switzerland offers institutional attributes that
correspond directly to weaknesses in the country of wealth origin: legal predictability, treaty
protection, monetary credibility, regulatory continuity, and a dense wealth-management
infrastructure.

Switzerland manages approximately one quarter of the world's cross-border private wealth
(Swiss Bankers Association, 2025). Zucman (2013) argues that this concentration reflects
accumulated institutional legitimacy rather than regulatory arbitrage alone. Switzerland's share of
global offshore assets remained structurally important even as information-exchange obligations
expanded. The Global Financial Centres Index 39 (Z/Yen Partners & China Development Institute,
2026) confirms Switzerland's continuing position among leading financial centres. Compared with
Luxembourg, Singapore, DIFC, and ADGM, Switzerland offers a distinctive combination: treaty
protection for Kazakhstani capital, CHF monetary independence, deep private-banking expertise,
and long regulatory continuity. Competing centres may offer some of these features, but the full
combination is difficult to replicate.
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The bilateral investment treaty between Switzerland and Kazakhstan, signed in 1994 and
ratified in 1998 (Agreement between the Swiss Confederation and the Republic of Kazakhstan,
1994), provides the primary legal architecture for this complementarity. Gabriel (2013)
characterises the treaty as transforming Swiss structuring from convenient into legally justified: it
guarantees most-favoured-nation treatment, protects against direct and indirect expropriation,
and grants access to ICSID arbitration. The subsequent updating of the double tax agreement
(Kaeva, Zhursunov & Zhukov, 2023) extends this architecture to income treatment. The Astana
International Financial Centre (AIFC), operating under English common law within Kazakhstan's
civil-law jurisdiction, supported by a dedicated AIFC Court, and offering a Family Office Framework
since July 2024 (AIFC Court, n.d.; Astana Financial Services Authority, 2024), may serve as a
domestic institutional precursor. It gives families a staging environment in which governance
structures can begin before capital is placed in international arrangements.

Swiss wealth management has also changed materially since 2023. Palan, Murphy, and
Chavagneux (2010) argue that financial centres built on confidentiality face a repositioning
imperative as multilateral information exchange expands. Switzerland's response — including the
AML dispatch of 2024, LETA, the revised AMLA, CRS 2.0, and the Crypto-Asset Reporting
Framework — marks a move from confidentiality-based to compliance-based institutional
legitimacy (Swiss Federal Council, 2024, 2026). On 12 June 2026, the Federal Council set 1 October
2026 as the entry-into-force date for LETA and the revised AMLA. LETA establishes a centralised
federal transparency register of beneficial owners accessible to designated authorities and AMLA-
subject persons, but not to the general public (Swiss Federal Council, 2026). For Kazakhstani clients
facing reputational and compliance risk, this shift may strengthen Switzerland's attractiveness
rather than weaken it.

The currency dimension adds another layer of complementarity. Ranaldo and Soéderlind
(2010) show that Swiss franc-denominated assets attract safe-haven flows during periods of global
stress, reflecting institutional quality and monetary-policy credibility. Many leading Swiss equity
issuers generate most of their revenues outside Switzerland. They therefore provide globally
diversified economic exposure within a CHF-denominated institutional framework. Core-Satellite
portfolio construction using SMI, SLI, and SMIM constituents (SIX Group, 2022; Union Bancaire
Privée, 2025) may help entrepreneurial families reduce idiosyncratic risk while retaining a familiar
institutional and currency anchor. The CHF is not a substitute for diversification. It is a potential
monetary and institutional anchor within the broader move from entrepreneurial concentration
to investor logic.

4. The Swiss Wealth Integration Framework: Architecture and Propositions
4.1 Conceptual Architecture

The preceding synthesis shows that the institutionalisation of entrepreneurial capital is not
a single decision. It is also not merely a portfolio-optimisation problem. It is a staged
transformation across legal, behavioural, investment, and governance domains. Each stage
depends, to some extent, on what has already been completed. The Swiss Wealth Integration
Framework (SWIF) is proposed as a conceptual architecture for this process.

SWIF contains four ordered dimensions. Structure is the foundational dimension: the
establishment of robust holding and ownership structures in a jurisdiction that provides
enforceable property rights, treaty-based investment protection, and independent dispute
resolution. Stability concerns behavioural and perceptual risk: risk normalisation, home bias, and
the movement from personal to systemic trust. Investment operationalises investor logic within
the structural and behavioural environment already created. It addresses portfolio construction,
currency management, and entrepreneurial mirroring. Governance formalises intergenerational
continuity through family governance documents, succession plans, investment policy
statements, and next-generation education.
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The sequence — Structure -> Stability -> Investment -> Governance — is not only
pedagogical. It follows from the theory. Structure must precede Stability because behavioural
recalibration is easier in a changed decision environment (DiMaggio & Powell, 1983; Kotter, 1996).
Stability must precede Investment because portfolio decisions made under unaddressed bias
often reproduce entrepreneurial mirroring instead of diversification. Investment policy must
precede full Governance formalisation because governance documents are coherent only when
investment logic, risk boundaries, and delegation principles have been clarified. At the same time,
preliminary governance mechanisms, such as advisory mandates or decision protocols, may be
needed earlier to prevent founder discretion from overriding the sequence. In this sense, the
model is sequential but not mechanically rigid.

4.2 Theoretical Propositions

The six propositions below are derived from the literature synthesis. They are stated as
testable propositions for empirical investigation, not as confirmed findings. This distinction is
important: the article proposes a framework that the dissertation's interview-based research can
later assess and refine.

No. Proposition
P1 In institutionally volatile emerging markets, legal-
institutional quality rather than risk-adjusted return
expectations constitutes the primary determinant of
international wealth structuring decisions among
entrepreneurial  families.  Jurisdictional  choice
functions as a prerequisite for, rather than a
component of, investment strategy.
P2 Switzerland may function as a dual institutional anchor
for  Kazakhstani  entrepreneurial  families
simultaneously providing legal-structural certainty|
through bilateral treaty architecture (BIT, DTA, ICSID
access) and investment-strategic capability through
CHF-denominated assets — a conjunction that
competing financial centres find difficult to replicate in
full.
P3 Long-term embeddedness in institutionally volatile
environments generates a risk normalisation
mechanism that operates as a behavioural mediator in
wealth transition decisions, distorting the perceived
risk-return profile of domestic versus international
investments above and beyond the classical home bias|
documented in developed-market populations.
P4 Swiss equity exposure may serve as one investment
mechanism through which entrepreneurial families
operationalise investor logic within a trusted
institutional and currency environment, combining
defensive sector composition, global revenue
diversification, and CHF monetary stability without
implying that Swiss assets alone resolve the
diversification challenge.
P5 Formal legal and institutional structures must be
established prior to investment policy formulation and
cognitive reorientation towards investor logic, because
structural frameworks alter the decision environment
within which behavioural change becomes sustainable

across generations.
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P6 Formal family ~ governance  architecture

individual preferences.

Table 1. Theoretical Propositions of the Swiss Wealth Integration Framework. Source: compiled by
the author.

5. Discussion
5.1 Theoretical Contributions

This paper contributes to entrepreneurial wealth-management research in three ways.
First, it extends the institutional voids framework (Khanna & Palepu, 2010; Stephan et al., 2026)
from firm-level FDI decisions to private wealth internationalisation. This establishes institutional
voids as a household-level mechanism, not only a firm-level one. It also reframes private wealth
internationalisation from emerging markets as a political-risk response, rather than only a tax or
return strategy. This matters for the normative framing of offshore wealth research (Harrington,
2024; Zucman, 2013), because not all cross-border structuring has the same motivation.

Second, the concept of risk normalisation adds an emerging-market-specific channel to the
home-bias literature. Classical home-bias theory emphasises informational frictions, familiarity
preferences, and ambiguity aversion (Coeurdacier & Rey, 2013; Dlugosch et al., 2023). Risk
normalisation adds another mechanism: the adaptation of cognitive risk schemas to environments
of chronic institutional uncertainty. The result is an underestimation of domestic risk and an
undervaluation of institutional-quality differentials. This is not simply unfamiliarity with foreign
assets. It is a distortion of risk perception produced by long exposure to a specific institutional
environment. For this reason, qualitative interviews are especially appropriate. Normalised risk is
difficult to measure if respondents have never been asked to define the baseline against which
they judge risk.

Third, SWIF offers an integrated model of how wealth-transformation decisions may need
to be ordered. Its sequence is grounded in DiMaggio and Powell's (1983) institutional isomorphism
theory, Kotter's (1996) change-management research, and North's (1990) institutional economics.
The proposition that structure precedes investment and behavioural change challenges the
common advisory tendency to begin with portfolio construction and address governance later.
5.2 Practical and Policy Implications

For advisors working with Kazakhstani and CIS entrepreneurial families, the central
practical implication is sequencing. Advisors who begin with portfolio construction before legal
structures and behavioural stabilisation are in place work against the logic of sustainable wealth
transformation. The same applies when governance documents are formalised before investment
logic, family objectives, and delegation boundaries have been clarified. The likely result is familiar:
portfolio decisions are later overridden by founder discretion, or governance documents remain
unused. Practitioner literature reports these patterns repeatedly (Dorig, n.d.; Minder, 2024). This
does not imply one universal organisational solution. Family offices and related structures must
be adapted to family goals, ownership configuration, and generational stage (Wessel et al., 2014).

For policy, the AIFC Family Office Framework (Astana Financial Services Authority, 2024) is
theoretically significant. It creates a domestic precursor institutional environment that operates
under English common law within Kazakhstan and is supported by a dedicated dispute-resolution
architecture (AIFC Court, n.d.). In practical terms, it may allow entrepreneurial families to begin
governance institutionalisation before full internationalisation. This could reduce the cognitive

encompassing investment policy documentation,
family council mechanisms, agency-cost-limiting
oversight structures, and succession planning -
constitutes a core determinant of intergenerational
wealth continuity, mediating the long-term effects of
investment performance and founding-generation
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distance involved in moving from personal trust to systemic trust in foreign institutions. Whether
Kazakhstani families actually use the AIFC in this way remains an empirical question.
5.3 Limitations and Future Research

This paper is theoretical in nature. Its propositions are conceptual derivations, not
empirically validated findings. The literature base is broad, but it still reflects the documented
concentration of family business and wealth-management research in North America and Western
Europe (Hayoz, Ge & De Massis, 2025). SEW theory, agency theory, and family-governance models
may therefore require contextual adjustment when applied to post-Soviet entrepreneurial
families. The risk normalisation construct also requires empirical operationalisation distinct from
classical risk aversion and home-bias measures.

Future empirical work should use semi-structured interviews with Kazakhstani
entrepreneurial families, Swiss private bankers, and AIFC-based wealth advisors to assess and
refine the six propositions. Comparative research on other post-Soviet jurisdictions — Ukraine,
Georgia, Azerbaijan — could test the generalisability of the institutional-complementarity
argument. Finally, quantitative analysis, especially currency portfolio simulations using CHF/USD
return decomposition, would help evaluate Proposition 4 on the investment-strategic role of Swiss
equities in emerging-market family portfolios.

6. Conclusion

Entrepreneurial families in post-Soviet emerging markets face a wealth-management
challenge that existing frameworks explain only in fragments. A more adequate account requires
the integration of institutional economics, behavioural finance, socioemotional wealth theory,
wealth-management trust research, financial-centre theory, and family governance. The Swiss
Wealth Integration Framework (SWIF) offers such an integration. It models the institutionalisation
of entrepreneurial capital as a sequential four-stage process grounded in six propositions.

The paper's principal contributions are threefold. It extends institutional voids to private
wealth internationalisation. It identifies risk normalisation as a post-Soviet-specific behavioural
mechanism distinct from classical home bias. And it grounds the sequencing proposition — that
structure must precede investment and behavioural reorientation — in institutional isomorphism
theory and organisational change research. Switzerland's post-2023 regulatory repositioning is
interpreted not as a weakening of its advantage, but as a transition toward compliance-based
institutional legitimacy. For the target client population, that legitimacy may be more durable and
more valuable than the earlier confidentiality-based model.

The research gap is therefore practical as well as academic. A growing cohort of first-
generation Kazakhstani entrepreneurs is approaching wealth transition without established
succession traditions, deep family-office infrastructure, or sufficiently diversified capital bases. The
SWIF framework is offered as a theoretical foundation for the empirical research programme
needed to assess, refine, and, where necessary, revise it.
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Abstract: Employment is one of the key macroeconomic indicators characterizing a country's level
of socio-economic development, while also playing a crucial role in improving public welfare,
reducing poverty, and ensuring social stability. In the contemporary period, structural
transformations in the labour market, the acceleration of digitalization, global economic changes,
and demographic trends have necessitated the development of employment policies based on
new approaches. In recent years, Azerbaijan has implemented significant institutional and legal
reforms aimed at regulating employment, increasing labour market transparency, reducing
informal employment, enhancing the economic participation of socially vulnerable population
groups, and promoting sustainable employment.
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Introduction
Employment is widely recognized as one of the fundamental indicators reflecting a country's level
of economic development, social welfare, and the efficiency with which human capital is utilized.
An efficiently functioning labour market constitutes not only a prerequisite for sustainable
economic growth but also a key determinant of social stability, equitable income distribution, and
improvements in the overall quality of life. In the context of globalization, rapid technological
advancement, the expansion of the digital economy, and the transformation of labour relations,
employment policy has undergone significant conceptual changes. Traditional employment
models are increasingly being replaced by more flexible labour market mechanisms, new
occupations are emerging, while others are gradually becoming obsolete. Consequently,
contemporary employment policy extends beyond the objective of reducing unemployment and
has become an important instrument for fostering human capital development, enhancing labour
productivity, and strengthening national economic competitiveness. In recent years, the Republic
of Azerbaijan has attached particular importance to the development of employment relations
within the broader framework of economic diversification. Reducing dependence on the oil sector,
promoting the development of non-oil industries, and creating sustainable employment
opportunities have become strategic priorities of the country's socio-economic policy. To achieve
these objectives, a number of significant institutional and legislative reforms have been
implemented, including the adoption of the revised Law on Employment, the expansion of the
activities of the State Employment Agency, the introduction of the Electronic Labour Contract
System, the implementation of active labour market programmes, and the extension of self-
employment initiatives. These reforms have contributed to strengthening labour market
institutions, increasing transparency, and improving the accessibility and effectiveness of
employment services. According to official statistics, by the end of 2024, Azerbaijan's economically
active population had reached approximately 5.3 million people, while the number of employed
persons approached 5 million, resulting in an unemployment rate of 5.8%. Although these
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indicators demonstrate the overall stability of the labour market, several structural challenges
remain unresolved. These include the persistence of informal employment, relatively high
unemployment among young people, regional disparities in employment opportunities, and the
mismatch between the qualifications produced by the education system and the skills demanded
by the labour market. Such challenges indicate that quantitative improvements in employment
must be accompanied by qualitative enhancements in labour market performance. Employment
regulation should therefore be regarded not only as an economic policy instrument but also as a
fundamental component of social policy. Developments in the labour market have direct
implications for household incomes, the financial sustainability of the social protection system,
and the fiscal capacity of the state. In particular, the widespread prevalence of informal
employment reduces social insurance contributions, weakens the long-term sustainability of the
pension system, narrows the tax base, and limits public revenues. Consequently, the formalization
of employment relations and the digitalization of labour market governance have become key
priorities of public policy in Azerbaijan. The primary objective of this article is to provide a
comprehensive scientific assessment of the current state of employment regulation in Azerbaijan,
evaluate the outcomes of the government's employment policy, identify the major structural
challenges affecting the labour market, and propose evidence-based policy recommendations
aimed at enhancing the economic efficiency of employment policy. The research is based on a
comparative analysis of national legislation, official statistical data, reports published by
international organizations, and relevant contemporary academic literature.
Main Body

1. Theoretical and Legal Foundations of Employment Regulation

In economic theory, employment refers to the engagement of the working-age population in
socially productive activities and is regarded as one of the fundamental components of
macroeconomic equilibrium. While representatives of the classical school of economics argued
that employment is primarily regulated through market mechanisms and the interaction of labour
supply and demand, the Keynesian approach, which emerged in the twentieth century,
emphasized the necessity of government intervention to maintain full employment and
macroeconomic stability. Contemporary economic theories further broaden this perspective by
linking employment to human capital development, innovation capacity, institutional quality,
labour market flexibility, and sustainable economic growth. Accordingly, employment is no longer
viewed solely as a labour market outcome but also as a strategic determinant of national
competitiveness and long-term economic development. The legal framework governing
employment relations in the Republic of Azerbaijan consists primarily of the Labour Code of the
Republic of Azerbaijan, the Law on Employment, the Employment Strategy of the Republic of
Azerbaijan (2020-2025), and other legislative and regulatory acts concerning labour relations and
social protection. These legal instruments establish the institutional foundations of the national
employment policy, regulate labour relations, provide legal guarantees for unemployed
individuals, define the implementation mechanisms of active labour market programmes, and
ensure equal access to employment opportunities. Their adoption has significantly contributed to
improving labour market governance, enhancing institutional coordination, and strengthening the
legal protection of employees and job seekers. The principal institutional responsibility for
implementing employment policy rests with the Ministry of Labour and Social Protection of
Population and its subordinate State Employment Agency. These institutions are responsible for
monitoring labour market developments, registering job seekers, organizing vocational training
programmes, conducting employment fairs, implementing active labour market measures, and
coordinating self-employment initiatives. In recent years, the expansion of e-government services
has substantially transformed the delivery of employment services. The digital integration of
employment-related services has simplified administrative procedures, increased transparency,
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reduced bureaucratic barriers, and improved citizens' access to labour market information and
public employment services. One of the major priorities of Azerbaijan's employment policy has
been the expansion of active labour market programmes. These programmes include vocational
education and training, career guidance services, public works programmes, employment fairs,
entrepreneurship support measures, and self-employment initiatives. Among these instruments,
the self-employment programme occupies a particularly important position due to its contribution
to promoting micro-entrepreneurship among socially vulnerable population groups. Within the
framework of this programme, beneficiaries receive productive assets, equipment, and other
start-up resources necessary to establish sustainable income-generating activities. By supporting
entrepreneurial initiatives rather than providing temporary financial assistance, the programme
aims to create long-term employment opportunities and reduce dependence on social transfers.
According to official statistics, approximately 17,000 individuals benefited from the self-
employment programme in 2024, demonstrating the government's continued commitment to
strengthening inclusive labour market participation and promoting sustainable economic
empowerment.

2. Statistical Analysis of the Current Employment Situation in Azerbaijan

In recent years, the implementation of comprehensive macroeconomic reforms and economic
diversification policies in the Republic of Azerbaijan has contributed to positive developments in
the labour market. The expansion of the non-oil sector, government support for entrepreneurship,
large-scale infrastructure investments, and the implementation of regional development
programmes have collectively facilitated the creation of new employment opportunities.
Nevertheless, despite these favourable trends, several structural challenges continue to affect the
quality and sustainability of employment. These challenges include the persistence of informal
employment, regional disparities in labour market opportunities, the mismatch between
vocational education and labour market demand, and relatively high unemployment among young
people. According to the State Statistical Committee of the Republic of Azerbaijan, the
economically active population reached approximately 5.3 million by the end of 2024, while nearly
5 million individuals were employed, resulting in an unemployment rate of 5.8%. Although these
indicators suggest overall labour market stability, aggregate unemployment figures alone do not
provide a comprehensive assessment of labour market performance. A thorough evaluation also
requires consideration of qualitative indicators such as labour productivity, employment quality,
the level of formalization of labour relations, sectoral employment distribution, wage dynamics,
and workforce skills. Statistical data for mid-2024 indicate that the total number of wage
employees amounted to approximately 1.749 million. Of these, around 893 thousand were
employed in the public sector, while approximately 856 thousand worked in the private sector.
These figures demonstrate that the public sector continues to occupy a dominant position within
Azerbaijan's labour market. In contrast, in most developed market economies, the majority of
employment is generated by the private sector. The relatively high share of public employment in
Azerbaijan reflects the structural characteristics of the national economy, particularly the
significant role of publicly financed sectors such as education, healthcare, public administration,
and defence. An analysis of employment by economic activity further reveals the structural
composition of the labour market. The education sector accounts for approximately 18.9% of total
employment, followed by wholesale and retail trade together with motor vehicle repair activities
at 18.6%. Industrial activities represent 12.8% of total employment, while healthcare and social
services account for approximately 8.4%. Construction, public administration, defence,
transportation, and other service industries also constitute important sources of employment.
This sectoral structure indicates the predominance of service-based activities within the national
economy while simultaneously demonstrating that knowledge-intensive, high-technology, and
innovation-driven industries continue to account for a relatively limited share of total
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employment. Another significant development has been the continuous increase in the number
of registered labour contracts. The introduction of the Electronic Labour Contract Notification
System, combined with strengthened labour inspection mechanisms and enhanced administrative
oversight, has substantially contributed to the formalization of employment relations. Between
2018 and 2025, the number of registered labour contracts increased by more than 40%, with the
majority of newly registered contracts originating from the private sector. This trend reflects the
effectiveness of government policies aimed at reducing informality, increasing transparency, and
improving compliance with labour legislation. Despite these positive developments, informal
employment remains one of the most significant structural weaknesses of Azerbaijan's labour
market.

3. Development Directions for Women's and Youth Employment

From the perspective of achieving inclusive economic growth, increasing the participation of
women and young people in the labour market has become one of the fundamental priorities of
employment policy. International experience demonstrates that higher labour force participation
among women contributes directly to economic growth by expanding the productive workforce,
increasing household incomes, reducing poverty, and enhancing overall social welfare. Moreover,
greater gender equality in employment promotes more efficient utilization of human capital,
strengthens labour productivity, and improves long-term economic competitiveness. Recognizing
these benefits, the Government of Azerbaijan has implemented a range of policy measures in
recent years aimed at promoting gender equality, strengthening women's economic
independence, and expanding equal access to employment opportunities. According to official
statistics, approximately 2.2 million women were employed in Azerbaijan in 2024, while the
economically active female population reached around 2.4 million. Despite this progress, women
continue to face significant challenges in labour market participation, particularly due to the
prevalence of informal employment. Approximately 28% of employed women work in the informal
sector, limiting their access to social insurance, pension benefits, and other labour rights
guaranteed under formal employment relationships. To address these issues, various initiatives
have been introduced, including the establishment of Women's Resource Centres, support
programmes for female entrepreneurship, preferential financing mechanisms for women-owned
businesses, and self-employment projects specifically targeting socially vulnerable women. These
initiatives have not only expanded women's participation in economic activity but have also
contributed to regional development and poverty reduction by encouraging entrepreneurial
activity and income generation among disadvantaged groups. Youth employment represents
another critical component of Azerbaijan's labour market policy. Young people constitute one of
the most vulnerable groups in the labour market due to limited work experience, skill mismatches,
and the continuously changing requirements of employers. Each year, more than one hundred
thousand young people enter the labour market, creating a growing demand for sustainable and
high-quality employment opportunities. At the same time, the existing education and vocational
training systems have not always fully aligned with the evolving needs of the economy,
contributing to relatively higher unemployment rates among young people. Official statistics
indicate that the unemployment rate among individuals aged 15-24 remained considerably higher
than the national average in 2024, highlighting the persistence of structural barriers to youth
employment. In response, the State Employment Agency has expanded vocational training
programmes, career guidance services, employment fairs, internship schemes, and self-
employment initiatives designed specifically for young job seekers. Thousands of young people
have participated in vocational education programmes and received productive assets to establish
their own businesses, thereby improving their employability and entrepreneurial capacity.
Nevertheless, further policy improvements remain necessary. Strengthening cooperation
between higher education institutions and employers, expanding dual education systems,
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integrating practical training into university curricula, and supporting innovation-driven start-ups
are likely to enhance the transition of graduates from education to employment while
simultaneously improving labour market efficiency and productivity.

4. The Role of Digitalization in Employment Regulation

The rapid development of the digital economy has fundamentally transformed labour markets
worldwide by creating new forms of employment, increasing labour market flexibility, and
improving the efficiency of employment services. The application of modern information and
communication technologies has significantly enhanced the administration of labour relations,
making employment governance more transparent, efficient, and responsive to labour market
dynamics. In Azerbaijan, digital transformation has become one of the key pillars of employment
policy, contributing substantially to the modernization of labour market institutions and the
formalization of employment relationships. One of the most significant digital reforms has been
the introduction of the Electronic Labour Contract Notification System, which enables the
electronic registration and monitoring of labour contracts. This system has played a crucial role in
reducing informal employment by ensuring greater transparency in employer—employee relations
and facilitating more effective enforcement of labour legislation. In parallel, the Employment
Subsystem has expanded citizens' access to employment services by allowing job seekers to
register online, search for vacancies, receive career guidance, and apply for government
employment programmes through digital platforms. By the beginning of 2025, the number of
electronically registered labour contracts had exceeded 2.1 million, while hundreds of thousands
of job seekers had registered through the Employment Subsystem. These developments
demonstrate the government's commitment to building a modern, technology-driven labour
market management system capable of responding more effectively to changing labour market
conditions. However, the impact of digitalization extends well beyond improvements in
administrative efficiency. The widespread adoption of artificial intelligence, big data analytics,
automation technologies, cloud computing, and digital platforms is fundamentally reshaping
labour demand by creating entirely new occupations while simultaneously transforming or
eliminating many traditional professions. Consequently, digital skills have become one of the most
valuable forms of human capital and are increasingly regarded as a key determinant of
employability and labour market competitiveness. In this context, employment policy should not
merely focus on adapting to technological change but should actively support the development of
digital competencies across all segments of the workforce. Investments in digital education,
lifelong learning programmes, reskilling and upskilling initiatives, and innovation-oriented
vocational training are therefore essential for ensuring that the labour force remains competitive
in an increasingly technology-driven global economy. Accordingly, the continued development of
human capital through digital transformation should remain a strategic priority of Azerbaijan's
employment policy, contributing not only to higher labour productivity but also to sustainable
economic growth and long-term national competitiveness.

5. Economic and Social Consequences of Informal Employment

Informal employment is widely recognized as one of the most significant structural challenges
facing contemporary labour markets. It refers to employment relationships that are not formalized
in accordance with legal regulations, including the absence of employment contracts, non-
payment of social insurance contributions, and failure to comply fully with tax obligations. As in
many developing economies, informal employment remains a persistent structural issue within
Azerbaijan's labour market. Although substantial institutional and legislative reforms have been
implemented in recent years to promote labour market formalization, further policy efforts are
still required to significantly reduce the scale of informal employment and strengthen labour
market governance. One of the most serious consequences of informal employment is its adverse
impact on the social protection system. Individuals employed without formal labour contracts



«Interdisciplinary Science Studies» (July 2-3, 2026). Dublin, Ireland I

generally do not make social insurance contributions, preventing them from accumulating
adequate pension entitlements and limiting their eligibility for unemployment benefits, disability
insurance, healthcare coverage, and compensation for occupational accidents. Consequently,
informal workers face greater economic vulnerability and a higher risk of poverty throughout their
working lives and during retirement. In the long run, the widespread prevalence of informal
employment contributes to growing social inequality by reducing access to comprehensive social
security mechanisms and weakening the inclusiveness of the welfare system. Another significant
consequence concerns the fiscal capacity of the state. Since informal workers and employers
frequently evade income tax and social insurance obligations, government revenues are
substantially reduced. A narrower tax base constrains public expenditure on education,
healthcare, infrastructure development, and social welfare programmes, thereby limiting the
government's ability to finance long-term socio-economic development. Furthermore, the
existence of a large informal sector complicates the accurate measurement of economic activity,
leading to distortions in official labour market statistics and reducing the effectiveness of
evidence-based economic policymaking. The widespread use of informal labour arrangements
also weakens the protection of workers' rights. Employees working without formal contracts are
often excluded from legally guaranteed benefits, including paid annual leave, sick leave,
occupational health and safety protections, minimum wage guarantees, and legal mechanisms for
resolving labour disputes. As a result, informal workers become increasingly dependent on
unilateral decisions made by employers and face significantly greater employment insecurity. The
absence of formal contractual relationships undermines labour standards and contributes to
precarious working conditions that negatively affect both individual welfare and overall labour
market efficiency. Informal employment also has important implications for labour productivity
and human capital development. Enterprises operating outside the formal economy generally
invest less in employee training, professional development, technological modernization, and
innovation. Consequently, workers employed in the informal sector often experience slower skill
development and lower productivity growth, reducing the overall competitiveness of the
economy. Since modern economic development increasingly depends on highly skilled,
innovative, and productive human capital, the persistence of informal employment represents a
significant obstacle to sustainable economic growth and structural transformation.

These considerations demonstrate that reducing informal employment should not be viewed
solely as a component of social policy but rather as an integral element of fiscal policy, tax
administration, labour market regulation, and national economic development strategy. Achieving
this objective requires the implementation of comprehensive policy measures, including tax
incentives for employers to formalize employment relationships, further expansion of the
Electronic Labour Contract System, strengthening labour inspection mechanisms, improving
regulatory enforcement, and enhancing public awareness regarding labour rights and social
insurance obligations. Such measures would contribute to greater labour market transparency,
increased fiscal sustainability, stronger social protection, and improved economic
competitiveness.

6. Major Challenges and Future Prospects for Employment Regulation in Azerbaijan

Despite the positive developments observed in Azerbaijan's labour market during recent years, a
number of structural challenges continue to hinder the effectiveness and long-term sustainability
of employment policy. Addressing these issues is essential for improving labour market efficiency,
increasing productivity, and ensuring inclusive economic growth. One of the most significant
challenges is the mismatch between the education system and labour market demand. Graduates
of higher education institutions and vocational schools frequently possess qualifications that do
not correspond to the skills required by employers, resulting in simultaneous labour shortages in
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certain sectors and unemployment among qualified graduates. This structural imbalance reduces
labour market efficiency and weakens the country's human capital utilization. To overcome this
challenge, Azerbaijan should establish a comprehensive labour market forecasting system capable
of identifying future skill requirements, strengthen cooperation between universities and
businesses, expand work-based learning opportunities, and further develop the dual education
model that combines academic instruction with practical workplace experience. A second major
challenge concerns regional disparities in employment opportunities. Economic activity remains
heavily concentrated in Baku and the Absheron economic region, resulting in significant
geographical imbalances in labour demand. Many regions continue to experience limited
industrial activity, insufficient infrastructure, constrained investment opportunities, and relatively
low job creation rates. Consequently, internal labour migration toward the capital continues to
intensify. Promoting balanced regional development through the establishment of industrial
parks, agro-parks, logistics centres, technology hubs, and innovation clusters would contribute to
creating sustainable employment opportunities outside the capital while supporting broader
regional economic diversification. Another increasingly important challenge is preparing the
workforce for the digital transformation of the labour market. The rapid advancement of artificial
intelligence, automation, robotics, and digital platforms is expected to transform or replace many
existing occupations while simultaneously creating demand for new digital professions. Under
these conditions, continuous learning, lifelong education, digital literacy, and workforce reskilling
have become essential components of modern employment policy. Strengthening digital
competencies across all age groups will enhance labour productivity, improve adaptability to
technological change, and increase the competitiveness of Azerbaijan's human capital in the global
economy. In addition to these structural challenges, enhancing the economic efficiency of
employment policy requires greater emphasis on employment quality rather than merely
increasing the number of jobs. Future policy should prioritize the creation of high-productivity,
innovation-oriented, and knowledge-intensive employment capable of generating sustainable
income growth and long-term economic resilience. This objective can be achieved through
stronger support for entrepreneurship, expanded investment in research and innovation,
improved labour market flexibility, and the development of a highly skilled workforce capable of
meeting the demands of a modern digital economy.

7. Directions for Improving the Economic Efficiency of Employment Policy in Azerbaijan

Under contemporary conditions of economic development, the primary objective of employment
policy extends beyond merely reducing unemployment. It increasingly focuses on establishing a
sustainable labour market capable of supporting economic growth, enhancing labour productivity,
and ensuring the efficient utilization of human capital. Consequently, improving the economic
efficiency of employment policy in Azerbaijan requires the implementation of comprehensive
institutional, fiscal, structural, and innovation-oriented reforms. Although substantial legislative
and institutional changes have been introduced in recent years to modernize labour market
governance, the ongoing processes of global economic transformation, digitalization,
demographic change, and rapidly evolving labour market skill requirements necessitate the
continuous adaptation and improvement of existing employment policies. The economic
efficiency of employment policy largely depends on the optimal allocation of labour resources and
the continuous improvement of labour productivity. In this regard, increased investment in human
capital remains one of the most effective policy instruments for achieving sustainable economic
development. Modern labour markets increasingly demand highly skilled workers equipped with
advanced technical, digital, and analytical competencies. Therefore, strengthening vocational
education and training systems, aligning educational curricula with labour market needs, and
fostering closer cooperation between educational institutions and employers are essential
prerequisites for enhancing workforce competitiveness. Existing structural mismatches indicate
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that Azerbaijan's vocational education system does not yet fully satisfy the growing demand for
qualified specialists in high-technology industries, the digital economy, renewable energy,
logistics, advanced manufacturing, and innovation-driven sectors. Consequently, updating
vocational education programmes based on medium- and long-term labour market forecasting,
expanding dual education models that combine theoretical instruction with practical workplace
experience, and promoting lifelong learning initiatives would significantly improve both labour
market adaptability and employment policy effectiveness. Another strategic priority involves
reducing informal employment and promoting the formalization of labour relations. Expanding
the coverage of the Electronic Labour Contract Notification System, improving tax administration
and social insurance mechanisms, and introducing fiscal incentives for small and medium-sized
enterprises to formalize employment relationships could substantially reduce the size of the
informal economy. Such measures would increase social insurance contributions, strengthen the
fiscal sustainability of public finances, and improve compliance with labour legislation. At the same
time, the formalization of employment would enhance workers' social protection, strengthen legal
guarantees, improve working conditions, and contribute to higher labour productivity through
greater investment in employee training and professional development. A more transparent
labour market would also improve the accuracy of official employment statistics and facilitate
evidence-based policymaking. Increasing the economic efficiency of employment policy also
requires a more balanced utilization of regional economic potential. Currently, the concentration
of employment opportunities in Baku and the Absheron economic region has contributed to
persistent regional socio-economic disparities and increased internal migration. Addressing these
imbalances requires targeted regional development policies aimed at stimulating private
investment, industrial diversification, and entrepreneurship outside the capital region. The
establishment of industrial parks, agro-parks, logistics centres, tourism clusters, and innovation
hubs can accelerate job creation while supporting sustainable regional economic development. In
particular, large-scale reconstruction programmes implemented in Azerbaijan's liberated
territories—including the development of "Smart City" and "Smart Village" projects, renewable
energy zones, and modern transport infrastructure—provide a unique opportunity to establish a
new model of high-productivity employment based on advanced technologies, environmental
sustainability, and digital infrastructure. These initiatives are expected to create substantial
employment opportunities while simultaneously strengthening the long-term competitiveness of
regional economies. The continued expansion of the digital economy represents another strategic
direction for increasing the effectiveness of employment policy. Digital labour market platforms,
electronic employment services, artificial intelligence-based job matching systems, and big data
technologies reduce information asymmetries between employers and job seekers, thereby
improving the allocation of labour resources and increasing labour market efficiency.
Furthermore, digital transformation has fundamentally altered the structure of labour demand by
generating entirely new occupations and transforming traditional professions. As a result, digital
literacy, advanced technological competencies, and continuous professional development have
become essential determinants of employability in the modern economy. Public policy should
therefore prioritize investments in digital education, workforce reskilling, and lifelong learning to
ensure that employees possess the competencies required in an increasingly technology-intensive
labour market. Fiscal policy also plays a crucial role in enhancing the economic efficiency of
employment policy. Investment incentives, tax preferences, wage subsidies, and public-private
partnership mechanisms can encourage business expansion and stimulate the creation of
sustainable employment opportunities, particularly within the non-oil sector. Fiscal support
directed toward labour-intensive industries, innovative start-ups, high-technology manufacturing,
export-oriented enterprises, and research-intensive businesses can simultaneously increase
labour productivity and expand the availability of high-quality jobs. Moreover, strengthening
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entrepreneurship support programmes and facilitating access to finance for small and medium-
sized enterprises can further diversify employment opportunities while improving economic
resilience. An equally important aspect of an efficient employment policy is the promotion of
inclusive labour market participation. Expanding active labour market programmes that support
women, young people, persons with disabilities, internally displaced persons, and other vulnerable
social groups contributes not only to greater labour force participation but also to more efficient
utilization of national human capital. Inclusive employment policies reduce income inequality,
strengthen social cohesion, and increase the productive capacity of the economy by integrating
previously underutilized labour resources into formal economic activity.
Conclusion

The findings of this study indicate that the institutional and legislative reforms implemented in
Azerbaijan over recent years have contributed significantly to improving labour market
performance and strengthening the country's employment governance framework. The adoption
of the revised Law on Employment, the introduction of the Electronic Labour Contract Notification
System, the expansion of the activities of the State Employment Agency, the implementation of
active labour market programmes, and the acceleration of digital transformation have collectively
enhanced labour market transparency, promoted the formalization of employment relationships,
and improved access to employment services. These reforms have also strengthened the
institutional capacity of public employment services and created more favourable conditions for
sustainable labour market development. Despite these achievements, the analysis demonstrates
that several structural challenges continue to limit the overall effectiveness of employment policy.
The persistence of informal employment, regional disparities in employment opportunities,
relatively high unemployment among young people, the mismatch between educational
outcomes and labour market requirements, and the profound changes associated with digital
transformation remain significant obstacles to improving labour market efficiency. These
challenges highlight the necessity of continuously adapting employment policy to changing
economic conditions and technological developments while strengthening institutional
coordination and evidence-based policymaking. The study suggests that future employment policy
should focus not only on increasing the quantity of employment but also on improving its quality.
Sustainable economic development requires the creation of productive, innovative, competitive,
and socially protected employment capable of generating long-term economic value. Achieving
this objective will require greater investment in human capital, modernization of vocational
education and training systems, wider integration of digital technologies into labour market
governance, development of new occupations associated with the green economy and the digital
economy, and further reduction of informal employment through effective institutional and fiscal
measures. At the same time, strengthening cooperation between educational institutions,
employers, government agencies, and private-sector stakeholders will be essential for improving
workforce adaptability and labour market responsiveness. Furthermore, enhancing the economic
efficiency of employment policy should be viewed as an integral component of Azerbaijan's
broader strategy for sustainable economic growth and economic diversification. Policies aimed at
increasing labour productivity, encouraging innovation, promoting entrepreneurship, supporting
regional development, and improving workforce skills will simultaneously strengthen national
competitiveness and increase the resilience of the labour market to future economic shocks. In
this context, employment policy should increasingly emphasize lifelong learning, digital
competencies, innovation-driven job creation, and inclusive labour market participation as key
drivers of long-term economic prosperity. In conclusion, effective employment regulation
represents one of the fundamental pillars of Azerbaijan's sustainable socio-economic
development. A modern, inclusive, and productive labour market not only contributes to higher
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living standards and improved social welfare but also enhances the efficient utilization of human
capital and strengthens the country's long-term economic competitiveness.
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MPUMEHEHWE TEHEPATMBHOMO
MCKYCCTBEHHOIO MHTEN/IEKTA B
GOPMMPOBAHMM MPODECCMOHATBHBIX
KOMMETEHLMM BYAYLLMX NEAATOTrOB-
MNCUXO/0rOB

KoBanbckunii Baanum Buktoposuy

[OKTOPaHT 2 Kypca obpa3oBaTenbHOM Nporpammsl «leaarorvka n NCUXonorua,
KokLueTaycKkuin yHMBepcuTeT MMeHn Abas Mbip3axmeToBa, . KokuweTay, Pecnybamka
KasaxcTaH

AHHOTauuA. B cTaTbe paccmaTpuBaloTCA MeTOAMYECKME BO3MOMKHOCTUM NPUMEHEHUA
reHepaTMBHOIO MCKYCCTBEHHOIO WMHTeNNeKTa B npouecce GOpMUPOBaHMA NPOdGEeCcCHOHaNbHbIX
KomneTeHumMI Byayuwmx negaroros-ncuxonoros. O6ocHoBaHa LenecoobpasHoCTb MCNONb30BAHMA
reHepaTMBHbIX A3bIKOBbIX MOAENEN KaK CpeACTBa OTPAbOTKM ANArHOCTUHECKOWN, KOHCY/IbTaTUBHOWM
M KOPPEKLMOHHO-pa3BMBatoWen KkomneTeHunn. ONmMcaHbl TP METOANYECKMX NPUMEMA - aHaNn3
y4ebHbIX KeWcoB, CUMYNAUMA KOHCYNbTAaTMBHbIX [AMANOTOB M reHepauma KOPPEeKUMOHHO-
Pa3BMBAOLWMX CLeHapmeB, pa3paboTaHHbIM ANATHOCTUYECKMI MHCTPYMEHTAPUA M YPOBHEBbLIE
Aeckpuntopbl. [peactaBneH OMbIT OpraHM3auMM  OMNbITHO-3KCMEPUMEHTaIbHOW  paboTbl €
ydactmem 30 MaruMcTpaHTOB BTOPOro Kypca obpas3oBaTenbHOM nporpammbl «lleparorvka m
ncMxonorna» B nepmod ¢ ceHtabpa no aekabpb 2025 roga. NpueeaeHa AMHaMMKA YPOBHEN U
cpeaHnx nokasaTenen chopmmpoBaHHOCTM NPOGECCUOHANbHbBIX KOMMNETEHUMIM, NOATBEPKAEHHAA
MeTOAaMM CTaTUCTUYECKOrO aHanm3a, pesy/nbTaTbl aHaaAM3a No noAarpynnam m pedaekCMBHOro
onpoca. Obo3HayYeHbl AMAAKTUYECKME U STUYECKME OTPAHNYEHNA MPUMEHEHUA TEXHONOTUN.

Kntoyesble C€NOBa: reHepaTMBHbLIA  WMCKYCCTBEHHbIN  MHTENNEKT, MNeaaror-ncuxonor,
npodeccnmoHanbHble KOMMETEHUMM, AMArHOCTMKA, MNCUXONOTMYECKOe  KOHCY/bTUPOBAHME,
KOppEeKLUMOHHO-pa3BmMBatowas paboTa, y4ebHbIN Kelc, Cumynauua Auanora, Bbicllee
obpasoBaHue.

Lndposan TpaHchopmalms cucTemMbl Bbicllero obpasosaHua Pecnybauku KasaxcTaH
aKTyaNM3npyeT TOWCK HOBbIX CPeacTB NPodecCcMoHanbHOM  MOArOTOBKM  CMELManncTos
nomoratolmx npodeccuin. Ocoboe MecTo cpean HUX 3aHMMaeT NoAroToBKa Neaaroros-
NCMXONOroB,  AEeATeNbHOCTb  KOTOPbLIX  NpeanonaraeT  BAadeHUMEe  AMArHOCTUYECKMMM,
KOHCYN1bTaTUBHbIMM U KOPPEKLIMOHHO-Pa3BUBAIOLLMMM KOMMIETEHUMAMNU. DOpMMUPOBaHME JaHHbIX
KOMMeTeHUMI TPaAMLUMOHHO TpebyeT 3HauMTeNbHOro 0ObEMa MPaKTUKM, 0BpPaTHOWM CBA3M WU
pasbopa 60MbLIOrO YMcna NPOGECcCMOHANbHbBIX CUTyaLMiA, YTO B YCAOBMAX OrpaHMYeHHOro
ayJUTOPHOrO BPEMEeHM U [0CTyna K peanbHbIM KAWEeHTaM MNpeacTaBAfeT CyLLeCTBEHHYHO
MeToAMYeCKyto npobaemy.

[eHepaTMBHbIN UCKYCCTBEHHbIM MHTENNEKT (Aanee - reHepaTuBHbIA M), OCHOBaHHbIM Ha
60/bLWINX A3bIKOBLIX MOAENAX, OTKPbIBAET BO3MOMKHOCTM A8 YaCTUYHOrO pelleHus 3ToM
npobnemsbl. CnocoBHOCTb TaKMX CUCTEM MOPONK/AATb CBA3HbIE TEKCTbl, BECTW AMANor,
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MOZeNnpoBaTb NoBeaeHne cobecegHnKa M GOPMYNIMPOBATL COAEPKATENbHYIO 0OPATHYIO CBA3b
NO3BONAET WCMONb30BaTb WX B KayecTBe y4ebHOro WMHCTPYMEHTa Ans  oTPaboTKu
npodeccnoHanbHbIX AeNCTBUI Byayliero neaarora-ncmxosora 8 6e3onacHomn, BOCNPOM3BOANMON
“ ynpaBasemon cpeae.

Llenbto HacToswen paboTbl ABAAETCA OnMcaHWe W anpobauma MeTOAMKM NPUMEHEHUS
reHepaTtnsHoro M ana popmmpoBaHmns npodeccMoHasibHbIX KOMNETEHLUMA ByayLLIMX Neaaroros-
MNCMXONOroB. B OCHOBY METOAMKM MOMOMKEHbI TPU B3aMMOCBA3AHHbIX MPUEMA: aHaNN3 y4ebHbIX
KencoB, CUMyAALMSA KOHCY/bTaTUBHbIX [AMAZOrOB WM reHepaumsa KOPPEKLUMOHHO-Pa3BMBAOWMX
cueHapwes.

TeopeTnyeckue NpeanocbiKu

Moa npodeccMoHanbHbIMM  KOMMNETeHUMAMM MeJarora-ncuxonora B MCCAEA0BaHMM
MOHMMAETCS COBOKYMHOCTb 3HAHWN, YMEHMI U roTOBHOCTEN, obecnedmBatolinx 3dpdeKkTMBHOE
BbINO/IHEHME  AMArHOCTMYECKOW,  KOHCY/NbTaTMBHOM M KOPPEKLMOHHO-Pa3BMBatOLLEN
[eATenbHOCTU. [JMarHOCTMYeCKan KOMMNeTeHUMA NpeanoiaraeT yMeHMe BbiABMIaTb M NpoBepsTb
NCMXONOro-nearormyeckme rmnoTesbl, NoAbMpPaTb METOAMKM, UHTEPNPeTUPOBaTb PEe3y/bTaTbl.
KoHcynbTaTMBHAA KOMMETEHUMA CBA3aHa C YCTAHOB/NEHMEM KOHTaKTa, BeZeHuem beceppl,
dopmynMpoBaHMEM BOMPOCOB W pedaekcmein cobcTBeHHOM no3numn.  KoppeKuMoHHO-
Pa3BMBAlOWIAA KOMMETEeHUMA BK/IOYAET MNPOEKTMpOBaHME Mporpamm MomollM, noabdbop
yNpaxKHEHUM N OLEeHKY UX 3PGEKTUBHOCTM.

leHepaTuBHbIK M B 0bBpa3oBaTe/lbHOM MpOLECCe PAacCMaTPMBAETCA He KaK 3ameHa
npenogasatend WAWM CynepBM3opa, a KaK [AOMNOHUTEeNbHOE CPeacTBO, paclimpstollee
MNPOCTPAHCTBO y4ebHOW MPaKTMKM. A3bIKOBas MOAENb BbICTyNaeT 0OHOBPEMEHHO reHepaTopoM
y4ebHOro maTepurana, NnapTHEPOM MO AMANOTNY U UCTOYHUKOM BapMaTUMBHOM 06PaTHOWM CBA3M, YTO
COOTBETCTBYET [AEeATe/IbHOCTHOMY W MPaKTUKO-OPUEHTMPOBAHHOMY MOAXOAAaM K MOAroTOBKe
CNeumanmcTos.

OpraHusauma n metoabl paboTbl

OnbITHO-3KCNEepMMeHTanbHaa  pabota  nposBoaunace Ha  Hase  KoKweTaycKoro
yHUBepcuTeTa MeHn Abas Mbip3axmeToBa ¢ ceHTABpA no Aekabpb 2025 roga v BKAtOYana Tpu
nocnenosaTenbHbIx 3Tana. Obwaa Norvka n coaepaHme 3Tanos NpeactasneHsl B Tabavue 1.

Tabnmua 1 - 3Tanbl U coaepKaHne OnbITHO-3KCNEPUMEHTaIbHOM PaboTbl

dopma

ST1an Cpoku OcHoBHOe coaepaHue paboTbl
ANArHoCTUKM

BxoAHasa AMarHOCTMKa, 3HaKOMCTBO C

. ceHTabpb MHCTPYMEHTamMu reHepatmsHoro MW, | BxogHoe
MoAroToBUTENbHbIN

2025r. MHCTPYKTaXK MO 3TUKE U TecTMpoBaHue
KOHOMAEHLUMANBHOCTH
Peanusaumna TpeEx NPMEMOB: aHa/In3
OKTABpb — | y4ebHbIX KeNCoB, cMMyIALMSA Tekyuwasn
OcHoBHOW HOABPb 2025 | KOHCY/IbTATUBHbIX AMAN0T0B, 3KcCnepTHan
r. reHepaLma KOPPEKLMOHHO- OLEeHKa 3aaHuni

pa3BMBatOWMX CLeHapmnes

NTorosaa AMarHOCTUKa,

. MTorosoe
. | AeKkabpb 2025 | pedaeKcmMBHbIN ONpoc,
3aKIYUTENbHbIN TECTUPOBaHME,
r. cTaTUcTMYecKan obpaboTka
aHKeTMpoBaHue
pe3y/bTaToB




Proceedings of the 13th International Scientific Conference

B pabote npuHaaM ydacTve 30 MaruMcTpaHTOB BTOPOro Kypca 06pa3oBaTenbHoM
nporpammbl «legarormka u ncmxonorusy». ObobLWEHHaN XapaKTepuCcTMKa BbIBOPKM NpeacTasieHa

B Tabanue 2.

Tabnuua 2 - XapakTepucTnKa y4acTHMKOB nccneagosaHma (n = 30)

XapaKkTepucTuKa BbibOpKK

3Ha4yeHune

ObLLee YMCNo y4acTHUKOB

30 yenosek

YpoBeHb 1 Kypc 0byyeHuns

MarucTpaTtypa, 2 Kypc

Ob6pasoBaTtesnibHas nNporpamma

«[legarormka v NCUXosaorna»

®dopma 0by4eHus oYHasn
CocTaB no noAay (eH./myx.) 22/8
CpeaHnin Bo3pacT 24,3 rona

Nmenu onbIiT paboTbl ¢ reHepaTUBHbIM NI

11 yenosek (36,7 %)

MeToanKa peann3oBbiBafacb B pPamKax MPAKTUYECKMX 3aHATUI M CaMOCTOATE/IbHOM
paboTbl obydyatowmxcs. E€ copeprkaHme, COOTHECEHHOE C GOPMUPYEMbIMU KOMMNETEHLMAMKU U
06BbEMOM y4ebHbIX 3a1aHM, NpuBeaeHo B Tabanue 3.

Tabnunua 3 - CoaepxaHne mMeToamkn NpUMeHeHns reHepatMeHoro M

i dopmupyemas . Kon-8o
MNpném CopepraHue y4ebHbIx 3aaaHni o
KOmMeTeHuuA 3a4aHn
[eHepauyMa NCMxoaoro-
AHann3 yyebHbIX neaarormyeckmx cuTyaum,
N Y JnarHocTnyeckas A yaul 8
Kencos BblABMXEHME TMnoTes, noabop
MEeTOAMK, MHTepnpeTauma
Cumynauns dnanor c moaenbto B pOaM KAMEHTa,
KOHCYNbTaTUBHbIX | KOHCYNbTaTMBHaA CTPYKTYpMpOBaHHan obpaTHas CcBA3b 6
AManoros no TexHWKe beceabl
[eHepauma
[MpoeKTMpOBaHME NPOrPaMm
KOpPEeKLUMOHHO- KoppeKumoHHo- .
nomoLyM, oT6op ynparKHeHN, 6
Pa3BMBaAOLLMX pa3BMBatoLLaA
KpuTnyeckan aopaboTka
CueHapunes

MepBbl NPMEM - aHanU3 yd4ebHbIX KelcoB. MarmcTpaHTbl GOPMYAMPOBAAM 3aMpPOChl K
A3bIKOBOM MOJENAN Ha FreHepaumio ONMcaHuUn NCUXooro-NneaarorMyeckmux CUTyauuin pasiniHom
CNIOYKHOCTW, MOCAE Yero CaMoCTOATENbHO BblABMIanM AMArHOCTUYECKUE TMNoTesbl, noadupanm
METOAMKM M CONOCTaBNANN COOCTBEHHbIN aHANN3 C BapMaHTaMM, NPeaIOKEHHbIMM CUCTEMOM.

BTopoi npmém - cMmynsuma KOHCYAbTaTUBHbIX ANANOrOB. A3bIKOBOM MOAENN 3a4aBanach
PO/Ib YCNOBHOMO KAMEHTa C onpeAenéHHbIM 3anpocomM M 3MOLMOHANbHbIM COCTOAHMEM, a

MarmcTpaHT

BbICTyMNan B

posn

KOHCY/IbTUPYHOLLLETO

cneunanncta,

CTPYKTYPMPOBaHHY 0BpaTHYO CBA3b NO TexHWKe becebl.
Tpeth npuém - reHepaums KOPPEKLMOHHO-pasBMBalOWMX CueHapueB. Ha ocHoBe

OMMCaHHOro

cnyyan

MarncTpaHThbl

coBmecCTHO C

cucTemom

nony4yas

pa3pabaTbiBaaM

3atem

BAPMaHThI

KOPPEKUMOHHO-Pa3BMBatOLLMX MPOrpamm, oTOMpanu ynpaxkHeHUs U KpUTUYeCcKn aopabatbiBanm
NpeasioXKeHHble BapmaHTbl C ONOPOIN Ha NPodeccmoHabHble TpeboBaHMA.
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OueHka

YPOBHSA

chopMMpoOBaHHOCTH

KOMNeTeHLU MR

ocyuwecTtsnAnacb

Ha OCHOBe

YPOBHEBbIX AECKPUMNTOPOB, NPEACTAaBNEHHbIX B Tabmue 4. YpoBeHb ONpeaenanca skcnepTamm no
TPEXYPOBHEBOW LIKaNe 1 nepesoanacs B 6annbl No AecatMbanibHOM WKane.

Tabnunua 4 - YpoBHeBble A4eCKPUNTOPbI CHPOPMMPOBAHHOCTN KOMMNETEH LM

KomnoHeHT Hunakui yposeHb CpenHuit ypoBeHb BblCOKMIA ypOBEHb
[MnoTessbl [MNOTe3bl B LE/IOM [MNOTe3bl TOYHbI,
[dwnarHocTn- NOBEPXHOCTHbI, BEPHbI, UHTEPNPETALMNS | METOAMKM 0BOCHOBAHDI,
YeCKnn MeTOANKM NoaobpaHbl | C OTAENbHbIMK NHTepnpeTaums
6e3 060cHOBaHMSA owmnbKamm KOppEeKTHa
. KOHTaKT ycTon4ms,
KOHTaKT HeyCcToOn4YmB, KOHTaKT yCTaHOBNEH,
KoHcynbTa- BOMPOCHI YMECTHbI,
o BOMPOCHI 3aKPbITbIE, TEXHWKA BOMPOCOB
TUBHbIN dokyc beceapl
dokyc beceabl TepAETCA |4aCTMYHO OCBOEHA
yaepKnBaeTcs
Mporpamma Mporpamma LenocTHa,
porp [Mporpamma Norn4yHa, porp “
KoppeKun-oHHO- | dparmeHTapHa, N ynpasHeHuA
. YacTb YNpParKHEeHN M
Pa3BMBaA-tOLLMIA | yNpaxKHEHUs cnabo afeKBaTHbI, pe3y/abTaTbl
TpebyeT 40paboTKM
CBA3aHbI C LIeNbto PeaNNCTUYHbI

BakHbIM ycnosmem paboTbl ObiN0 0b6A3aTeNIbHOE KPUTUYECKOe OCMbICIEHME NPOAYKTOB,
NOlYYEHHbIX C MOMOLLbIO reHepaTuBHoro M: obyyatoumecs He NPUHUMANN OTBETbI CUCTEMbI KaK
OKOHYaTe/bHbIE, @ MPOBEPSAAN M KOPPEKTUPOBAM UX.

Pe3ynbTaTbl M 0bBCyKAEHNE

CpaBHeHMWe pe3ynbTaToB BXOAHOM M UTOTOBOM AMArHOCTUKM MOKA3aa0 MOMOXKUTENbHYIO
AVHAMMKKy MO BCEM TPEM KOMMOHEHTam nNpodeccMoHaibHOM KOMMNETEHTHOCTU. PacnpeaeneHne
0byYatoLMXCA MO YPOBHAM B abBCOMOTHbIX 3HAYEHUAX M NPOLLEHTaxX NpeacTaBaeHo B Tabamue 5.

Tabnunua 5 - AnHamunka yposHel chopmMMPOoBaHHOCTM KomneTeHunn (n = 30)

KOMMNOHEHT KOMMNETEHTHOCTH Beicoku Cpearini Huskui
yen. /% yen. /% uen. /%

[OnarHoctnyeckunin (oo) 5/16,7 15/50,0 10/33,3
[unarHoctuyeckuin (nocne) 14 / 46,7 13 /43,3 3/10,0
KOHCYNbTaTUBHbIM (40) 4/13,3 14 /46,7 12 /40,0
KoHcynbTaTUBHbIN (nocne) 12 /40,0 15/50,0 3/10,0
KoppeKLMOHHO-Pa3Bm1BatoLLMIA 3/10,0 13/433 14/ 46,7
(40)
" ] -

OPPEKLMOHHO-Pa3BUBAIOLLNIA 11/36,7 15 /50,0 4/133
(nocne)

Kak BMAHO M3 Tabauubl 5, ona obyyvatowmxca C BbICOKMM YyPOBHEM AMArHOCTUYECKON
KomneTeHuMn Bo3pocna ¢ 16,7 % po 46,7 %, KoHcynbTaTMBHOM - ¢ 13,3 % ao 40,0 %,
KOppeKUMoHHOo-pa3smBatoweit - ¢ 10,0 % no 36,7 %. Oa4HOBPEMEHHO CyLLECTBEHHO COKpaTUAaCh
[0NA MarucTpaHTOB C HWU3KMM ypoBHeM. Hambonee BblparKEHHbIE M3MEHEHUA OTMEYeHbl B
AMArHOCTUYECKOM KOMMOHEHTE, YTO 06bACHAETCA BONbLIMM YMCAOM BOCMPOM3BOAMMBIX Y4eOHbIX
CUTyauni.
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Ona noaTBep:KAEHWSA [OCTOBEPHOCTU W3MEHEHWIM MPUMEHSACS aHanu3  CcpeaHux
nokasaTenen n T-kputepuit BUAKOKCOHa AN1a CBA3aHHbIX BbIOOPOK (Tabaumua 6).
Tabnuua 6 - CpeaHue nokasatenn n cTaTUCTMYeckan 3Ha4MMOCTb M3MEHEHUI
KomnoHeHT M 1o (o) M nocne (o) Mpupoct | Tamn p

JdnarHocTn4ecKkmit 4,8 (1,6) 7,1(1,3) +2,3 68 <0,01
KOHCYNbTaTUBHbIN 4,5 (1,5) 6,8 (1,4) +2,3 74 <0,01

K -

OPPERLIMORHO 42(1,7) 6,5 (1,5) 123 81 <0,01

pa3BMBaOLWNMA

Mo Bcem TPEM KOMMNOHeHTaM 3adMKCUPOBAH CTaTUCTUUYECKM 3HAYUMbIV MPUPOCT CPeaHMX
nokasatenen (p < 0,01). CokpalleHWe CTaHOAPTHOrO OTK/JAOHEHMS CBUAETeNbCTBYeT O
BbIPAaBHMBAHMM YPOBHA MOATOTOBKM BHYTPM rpynnbl. C  UEAbl0  YTOYHEHWMS  BAMAHMA
npeaLlecTBytoLLero onbita paboTel ¢ MM 6bin NpoBeAEH CpaBHUTE/IbHbIM aHaAM3 Mo NoArpynnam,
pe3ynbTaTbl KOTOPOro NpMBeAeHbI B Tabauue 7.

Tabnunua 7 - AMHaMMKa MHTerpa bHOro Nokasartes no noArpynnam

Moarpynna M no M nocne MpupocTt
Mmenn onbIT pabotbl ¢ N (n=11) 5,1 7,2 +2,1
He nmenu onbita pabotsl ¢ MW (n = 472 6.6 424
19)
Mo BblbOpKe B Lenom (n = 30) 4,5 6,8 +2,3

[aHHble TabauLbl 7 MOKa3blBAOT, YTO MNONOKUTEIbHAA AMHAMMKA XapaKTepHa Aaa obenx
noarpynn. O6y4yatolimMecs, paHee He WMeBlIME OnbiTa pPaboTbl C reHepatuBHbiM UMW,
NPOAEMOHCTPUPOBAIMN HECKONBKO BONbLIMIA NPUPOCT (+2,4 NpoTUB +2,1), YTO CBUAETENLCTBYET O
[OCTYMHOCTU METOAMKN HE3aBMCMMO OT MCXOHOIO YPOBHA LIMGPOBbIX HABLIKOB.

JononHuTenbHo NpoBoanaca pedeKkcnsHbIM onpoc obydatowmxcs (Tabanua 8).

Tabnunua 8 - Pe3ynbTaTthbl pedsiekcMBHOro onpoca oby4vatowmxea (n = 30)

He cornacHbl /
YTeepXaeHue roaHocTbio Cropee 3aTPyAHAIOCH
XA cornacHsbl, % cornacHsbl, % py,c(l’./ ’
0
Pab nn
abotac nomorna I'IVOHFITbvﬂOFl/IKy 56,7 333 10,0
npodeccrnoHanbHbIX AENCTBUIA
CuMynAUMS AManoros CHM3I/IJ'IaU 50,0 36,7 13,3
TPEBOXKHOCTb Nepes, NPaKkTUKoM
NN noneseH ana reHepaunm ] 633 30,0 6.7
Pa3HO0bpPa3HbIX y4ebHbIX CUTYaLIMA
OTBeTbl M TpebytoT 0ba3aTensHon 66,7 26,7 66
NPOBEPKM CreLmanncTom
r nn 7
oToB(a) rlpwv\eHﬂTla B OyayLlen 46,7 400 13,3
npodeccmoHanbHON AeATEIbHOCTH

BonbWMHCTBO 0BYyYatoWMXCs OLEeHUAM paboTy ¢ reHepaTuBHbIM M Kak cnocobcTaytolyto
NOHMUMAHMIO IOTUKM NPOPECCUOHANBbHbIX AENCTBUIA U CHUKEHUIO TPEBOXKHOCTM Nepes, peanbHown
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npakTnkon. OgHOBpPEMEHHO 66,7 % pecnOHAEHTOB NONHOCTBIO COMNACKMANCH C HEOBXOANMMOCTbIO
06A3aTeNIbHOM MNPOBEPKM OTBETOB CUCTEMbI, YTO CBMAETENbCTBYET O CHOPMMPOBAHHOCTM
KPUTMYECKOM NO3MLMN.

MonyyeHHble pe3ynbTaTbl CAeAyeT WHTepnpeTMpoBaTb C  YY4ETOM  OrPaHUYEHUN
nccnenoBaHMA: HebONbWOro 06bEMa BbIOOPKNU, OTCYTCTBUSA KOHTPO/IbHOM FPyMMbl M OMNOpPbl Ha
SKCMEPTHYI OUEHKY. Tem He mMeHee COBOKYMHOCTb KOJIMYECTBEHHbIX M Ka4eCTBEHHbIX A3aHHbIX
MO3BO/IAET PaCCMATPMBATb MNPEOIOKEHHYID METOAMKY KaK MepCrneKTUBHOE [OMOJIHEHWE K
TPAANUMOHHBIM dOpMam NOArOTOBKM NeAaroroB-ncmMxonoros.

OrpaHn4eHua n sTUYeCcKne acneKThbl

NMpumeHeHne reHepatnsHoro UM B NoAroToBKe MNeaaroroB-ncuMxo0roB COMPAXEHO C
PAOAOM OrpaHuyeHuit. FeHepaTuMBHble MoZenun cnocobHbl MOPOXKAaTb NpPaBAoNoOA0bHbIE, HO
GaKTMYeCKM HEeTOoYHble CBEAEHMA, a TaKKe BOCMPOWM3BOAMTL CTEPEOTUMbI, coaep:Kalimeca B
obyyaloLlmx AaHHbIX. B chepe ncmxonormyeckon nomolum sto TpebyeT 0coboin OCTOPOKHOCTY.
Heobxoanmo cobatogate NPUHUMNLI KOHOUAEHUMANBHOCTU: HEeAONYCTUMO BHOCUTb B CUCTEMY
peanbHble MepPCOHaNbHble  AaHHble  KAMEeHTOB. Mcnonb3oBaHWMe  TeXHONOrUWU  AOJIKHO
CONpPOBOXAATLCA GOPMMPOBAHMEM Y ODYYaOLLMXCA OTBETCTBEHHOMO M KPUTUYECKOTO OTHOLLIEHWA
K e€é pe3yabTaTaM, a TaKKe ACHbIM NMOHMMaHMEM TOr0, YTO reHepaTMBHbIN VW He 3aMeHAET MBOTO
npodeccMoHanbHOro B3aMMOAENCTBUA U CynepBM3nm.

3aknioueHue

MpoBeaéHHas paboTa Nokaszana, YTO reHepaTUBHbLINA MCKYCCTBEHHbIN MHTENNEKT MOXKET
BbICTYNaTb 3PPEKTUBHBIM METOAMYECKMM CpeacTBOM  GOPMMPOBAHMA MNPOdGECCUOHANbHbIX
KOoMneTeHUMIi Byaywmx neaaroroB-ncMxonoros. Mpruémbl aHanmsa y4yebHbIX Kecos, CMMyNALnm
KOHCY/NbTaTMBHbIX  AMAZIOTOB U FeHepauuMm  KOPPEeKLMOHHO-Pa3BMBAOWMX  CLEeHapues
obecneymBatoT BapuaTMBHYIO M 6e30NacHyt0 NPaKTUKY AMArHOCTUYECKMX, KOHCYAbTaTUBHbLIX U
KOPPEKLMOHHO-Pa3BMBaOWMX AencTBMiA. Anpobauma meToamkmn ¢ yqactnem 30 MarMcTpaHToB
BTOPOro KypCa BbIABMAA CTAaTUCTUYECKMU 3HAYMMYIO MONOKUTENBHYIO AMHAMWUKY YPOBHEMN U
CcpeaHux nokasatenei CHPOPMMPOBAHHOCTM BCeX TPEX KOMMOHEHTOB MNpPOodEecCroHaNbHOM
KOMNETEHTHOCTM, YCTOMYMBYIO ANA Obyyalowmxca C pasHbIM MCXOAHbIM YPOBHEM LMPPOBbLIX
HaBblKOB. [lasbHenwmne nccnefoBaHma LenecoobpasHo HanpaBUTb Ha paclUMpeHme BbIDOPKM,
BBEAEHME KOHTPO/IbHOW rpynnbl M pa3paboTKy KpUTepMeB OLEHKM KayeCTBa B3aMMOAENCTBUA
obyyatoLmxca ¢ reHepaTmsHbIM VN,

CNUCOK UCTOYHUKOB

1. locyndapcTBeHHas nporpamMmma passuTusa obpasoBaHus M Hayku Pecnybankm KasaxcTaH Ha
2020-2025 roabl. — ActaHa, 2019.

2. UNESCO. Guidance for generative Al in education and research. — Paris: UNESCO, 2023.-44
p.

3. Kasneci E., Sessler K., Kichemann S. et al. ChatGPT for good? On opportunities and
challenges of large language models for education // Learning and Individual Differences. —
2023.—-Vol. 103. — Art. 102274.

4, Dwivedi Y.K., Kshetri N., Hughes L. et al. "So what if ChatGPT wrote it?" Multidisciplinary
perspectives on opportunities, challenges and implications of generative conversational Al
for research, practice and policy // International Journal of Information Management. —
2023.—Vol. 71. — Art. 102642.

5. Crompton H., Burke D. Artificial intelligence in higher education: the state of the field //
International Journal of Educational Technology in Higher Education. —2023. —Vol. 20. — Art.

22.



10.

11.

12.

Proceedings of the 13th International Scientific Conference

Zawacki-Richter O., Marin V.I.,, Bond M., Gouverneur F. Systematic review of research on
artificial intelligence applications in higher education // International Journal of Educational
Technology in Higher Education. —2019. — Vol. 16. — Art. 39.

Lo C.K. What is the impact of ChatGPT on education? A rapid review of the literature //
Education Sciences. —2023. — Vol. 13, No. 4. — Art. 410.

Cooper G. Examining science education in ChatGPT: An exploratory study of generative
artificial intelligence // Journal of Science Education and Technology. — 2023. — Vol. 32, No.
3.—P.444-452.

Tlili A., Shehata B., Adarkwah M.A. et al. What if the devil is my guardian angel: ChatGPT as
a case study of using chatbots in education // Smart Learning Environments. — 2023. — Vol.
10. — Art. 15.

Chan C.K.Y., Hu W. Students' voices on generative Al: perceptions, benefits, and challenges
in higher education // International Journal of Educational Technology in Higher Education.
—2023.-Vol. 20. — Art. 43.

Kuhail M.A., Alturki N., Alramlawi S., Alhejori K. Interacting with educational chatbots: A
systematic review // Education and Information Technologies. — 2023. — Vol. 28, No. 1. — P.
973-1018.

Chiu T.K.F. Future research recommendations for transforming higher education with
generative Al // Computers and Education: Artificial Intelligence. — 2024. — Vol. 6. — Art.
100197.



«Interdisciplinary Science Studies» (July 2-3, 2026). Dublin, Ireland

Philological Sciences

CORPUS-BASED DIGITAL ANALYSIS OF
TRANSLATION CORRESPONDENCES IN THE
KAZAKH—RUSSIAN—ENGLISH VERSIONS OF
“ABAI ZHOLY”

Medetbek Nazym

11th Grade Student, Gymnasium No. 159 named after Y. Altynsarin
Kanatkyzy Eldana

11th Grade Student, Gymnasium No. 159 named after Y. Altynsarin
Supervisors:

Zhanar Madalimova

Teacher-Researcher of English

Zhanar Kamzinova

Teacher-Researcher of English

Co-supervisor:

Aibolat S. Nabidullin

PhD, Abai University, Almaty, Kazakhstan

This study presents a corpus-based digital analysis of translation correspondences across the
Kazakh original, Russian, and English versions of Mukhtar Auezov's epic novel Abai Zholy, one of
the most significant works of twentieth-century Kazakh literature. Despite the novel's canonical
status and its multiple translation histories, systematic corpus-driven comparison of how culturally
embedded lexical items transfer across the three languages remains limited. This research
compiles a trilingual parallel corpus aligned at the sentence level and applies digital corpus tools,
including AntConc, Sketch Engine, and the Natural Language Toolkit, to investigate translation
correspondences in two semantically rich lexical domains: color terms and animal names, both of
which carry dense cultural, symbolic, and steppe-pastoral connotations in Kazakh literary
discourse. Using frequency analysis, concordance examination, and collocational profiling, the
study quantifies patterns of direct equivalence, semantic shift, omission, and compensatory
paraphrase across the Russian and English translations relative to the Kazakh source text. Findings
indicate that the Russian translation demonstrates higher lexical fidelity for animal terminology,
reflecting shared pastoral-cultural proximity between Kazakh and Russian literary traditions,
whereas the English translation shows a markedly higher rate of domestication and explicitation
strategies, particularly for color terms carrying symbolic rather than purely descriptive meaning.
The study further identifies systematic loss of connotative nuance in color-term translation into
English, with culturally specific shades frequently neutralized into broader, less marked
equivalents. These findings contribute empirical, corpus-driven evidence to translation studies
scholarship on culturally embedded lexis, offering methodological implications for digital
humanities approaches to literary translation analysis and practical implications for future
retranslation projects seeking to preserve the cultural specificity of Kazakh literary heritage in

global circulation.
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Introduction

Mukhtar Auezov's Abai Zholy occupies a foundational position in Kazakh literature, both as
a historical-biographical epic chronicling the life of the poet and philosopher Abai Qunanbaiuly
and as a repository of nineteenth-century Kazakh steppe culture, oral tradition, and pastoral
lifeworld. The novel's translation into Russian, undertaken during the Soviet period, and
subsequently into English, has played a central role in extending the international reach of Kazakh
literary heritage. Yet translation across these three typologically and culturally distinct languages,
Kazakh as a Turkic, agglutinative language deeply rooted in nomadic pastoral culture, Russian as a
Slavic language with its own distinct literary register, and English as the dominant language of
global literary circulation, inevitably involves processes of semantic negotiation, cultural
mediation, and, at times, irrecoverable loss.

Traditional translation criticism of Abai Zholy has relied predominantly on qualitative,
example-driven comparison, often focusing on isolated passages selected by the critic to illustrate
translation strategies or shortcomings. While such approaches yield valuable interpretive insight,
they are inherently limited in their capacity to establish systematic, corpus-wide patterns of
translation correspondence. The emergence of digital corpus linguistics tools, including
concordancers, collocation analyzers, and natural language processing libraries, has opened new
methodological possibilities for literary translation studies, enabling researchers to move beyond
anecdotal example selection toward statistically grounded, exhaustive analysis of how specific
lexical and semantic categories are rendered across an entire parallel text.

This study addresses this methodological gap by constructing a sentence-aligned trilingual
parallel corpus of Abai Zholy in its Kazakh original, Russian translation, and English translation, and
applying digital corpus analysis to two lexical domains selected for their cultural density and
translational difficulty: color terms and animal names. Both domains are particularly salient in
Kazakh literary discourse because of the centrality of pastoral life, livestock, and the steppe
landscape to traditional Kazakh culture, meaning that color and animal vocabulary in the source
text frequently carries symbolic, idiomatic, or culturally specific connotations that extend well
beyond literal denotation. Color terms in Kazakh, for instance, are often embedded in fixed
expressions describing horse coats, emotional states, or social status, while animal names
frequently function metaphorically within proverbial and descriptive passages reflecting nomadic
worldview.

The central research questions guiding this study are threefold. First, to what extent do color
terms and animal names in the Kazakh source text find direct lexical equivalents in the Russian and
English translations, as opposed to undergoing semantic shift, omission, or paraphrase? Second,
do systematic differences emerge between the Russian and English translations in their handling
of these culturally embedded lexical domains, and if so, what translation strategies,
domestication, foreignization, explicitation, or compensation, account for these differences?
Third, what do these patterns reveal about the broader challenges of translating culturally specific,
pastoral-rooted vocabulary into typologically distant target languages, and what implications
follow for future translation and retranslation efforts?

By grounding this investigation in reproducible, digitally implemented corpus methods,
including AntConc-based concordance and frequency analysis, Sketch Engine collocational
profiling, and custom natural language processing scripts developed using the Natural Language
Toolkit, this study aims to contribute both empirical findings specific to Abai Zholy and a
methodological model applicable to corpus-based translation analysis of other culturally rich
literary works originating in underrepresented languages. The remainder of the article reviews
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relevant literature on corpus-based translation studies and the translation history of Abai Zholy,
describes the study's corpus construction and analytical methods, presents and discusses findings
across the two lexical domains, and concludes with implications for translation theory and
practice.

Literature Review

Corpus-based translation studies emerged as a distinct subfield within translation studies
following Mona Baker's foundational proposal that machine-readable corpora could be used to
identify systematic features of translated language and translation strategy that remain invisible
to traditional, intuition-based analysis. Baker's framework distinguished between comparable
corpora, which compare translated and non-translated texts within the same language, and
parallel corpora, which align source texts with their translations, enabling direct examination of
translation correspondences at the lexical and syntactic level. This study draws primarily on the
parallel corpus tradition, constructing a sentence-aligned trilingual corpus that permits direct
comparison of how specific source-language lexical items are rendered across two distinct target
languages.

Within this tradition, scholarship on culturally specific lexis has consistently identified color
terminology and culturally embedded vocabulary as particularly resistant to straightforward
equivalence. Kay and Berlin's influential cross-linguistic research on basic color terms established
that languages organize color categorization according to differing perceptual and cultural
salience hierarchies, a finding with significant implications for translation, since a color term that
is basic and unmarked in one language may correspond to a marked, peripheral, or entirely absent
category in another. Subsequent corpus-based translation research has demonstrated that
translators frequently resolve such mismatches through strategies including generalization, where
a specific source-language color term is rendered with a broader, less precise target-language
equivalent, and explicitation, where additional descriptive language compensates for a lexical gap.
These findings provide a direct theoretical foundation for the present study's investigation of
color-term correspondence patterns between Kazakh, Russian, and English.

Animal terminology presents a parallel but distinct translational challenge, particularly in
literary texts originating from pastoral or nomadic cultural contexts. Scholarship on culture-
specific items in translation, building on Aixeld's typology of culturally bound elements, has shown
that animal vocabulary in pastoral literatures frequently encodes social, economic, and symbolic
meaning beyond zoological reference, such that a literal translation, while lexically accurate, may
fail to convey the connotative weight carried by the term in its source culture. In the Kazakh
context specifically, scholarship on the cultural semantics of the Kazakh language has documented
an extensive, finely differentiated vocabulary for livestock, particularly horses, reflecting the
centrality of pastoral economy to traditional Kazakh life, with terms distinguishing animals by age,
color, sex, and function that frequently lack single-word equivalents in Russian or English.

The specific translation history of Abai Zholy has received attention primarily within
Kazakhstani and post-Soviet literary scholarship, with most existing analysis adopting qualitative,
comparative-literary methods rather than corpus-based quantitative approaches. Existing
commentary has noted that the Soviet-era Russian translation, produced within an institutional
context that prioritized ideological and stylistic conformity with socialist-realist literary normes,
occasionally smoothed over culturally specific nuance in favor of accessible, standardized Russian
literary prose. Commentary on the subsequent English translation has similarly noted instances of
domestication, the strategy, following Venuti's influential distinction between domestication and
foreignization, of adapting source-culture specificity toward target-culture norms of readability,
though systematic, corpus-wide documentation of this pattern has been lacking.

Methodologically, this study is informed by recent developments in digital humanities
approaches to corpus construction and analysis, including the use of open-source concordancing
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software such as AntConc for frequency and keyword analysis, web-based corpus platforms such
as Sketch Engine for collocational and statistical analysis, and programming-based natural
language processing using libraries such as the Natural Language Toolkit for custom alignment,
tokenization, and pattern-extraction tasks. These tools have increasingly been applied to literary
corpus analysis in major world languages, yet their application to Kazakh-language literary
corpora, and to trilingual Kazakh-Russian-English parallel corpora specifically, remains in an early
stage of development. This study contributes to closing this gap by demonstrating a reproducible,
multi-tool digital methodology applied to a canonical work of Kazakh literature, situating its
findings within the broader corpus-based translation studies literature on culturally specific lexis
while extending that literature into an underrepresented language pairing.

Methods and Discussion

Corpus Construction

The trilingual parallel corpus underlying this study was constructed from the Kazakh original
text of Abai Zholy, its established Russian translation, and its published English translation. Digital
editions of all three versions were obtained, cleaned of formatting artifacts, and segmented into
chapters consistent with the source text's structural divisions. Sentence-level alignment across the
three language versions was performed using a combination of automated alignment scripts
developed with the Natural Language Toolkit and manual verification, given that literary
translation frequently involves sentence splitting, merging, or reordering that automated aligners
alone cannot reliably resolve. Manual alignment verification was conducted by two bilingual
researchers with reading competence in all three languages, achieving a sentence-
correspondence agreement rate of 94 percent prior to resolution of remaining discrepancies
through discussion. The resulting parallel corpus comprised approximately 38,000 aligned
sentence triples drawn from a representative selection of chapters spanning the novel's major
narrative arcs, balancing descriptive-pastoral passages, dialogic scenes, and narrative exposition
to ensure adequate representation of both lexical domains under investigation.

Lexical Domain Selection and Extraction

Two lexical domains were selected for focused analysis: color terms and animal names. Color
terms were identified in the Kazakh source text through a combination of a predefined lexicon of
basic and compound Kazakh color terms, informed by prior cross-linguistic color-term research,
and corpus-driven keyword extraction using AntConc's keyword list function, which compared the
novel's word frequency profile against a Kazakh reference corpus to identify color-related terms
occurring with markedly elevated frequency, indicating their thematic salience within the pastoral-
descriptive register of the text. Animal names were identified through a parallel procedure,
combining a predefined lexicon of livestock and wildlife terminology relevant to the steppe
pastoral setting with corpus-driven frequency and keyword analysis. In total, 47 distinct color-term
types and 63 distinct animal-name types were identified in the Kazakh source text, yielding several
thousand individual token occurrences across the aligned corpus.

Analytical Procedures

For each identified Kazakh lexical item, all aligned sentence triples containing that item were
extracted, and the corresponding Russian and English translation segments were manually
examined to classify the translation correspondence according to a coding scheme adapted from
established translation-shift typologies. Four primary categories were applied: direct equivalence,
in which the target-language term corresponds precisely in denotation and connotation to the
source term; semantic shift, in which the target term diverges in specificity, connotation, or
category from the source term while remaining lexically present; omission, in which the lexical
item is not rendered in the target text; and compensatory paraphrase, in which the translator
employs descriptive language to convey meaning not captured by a single lexical equivalent.
Concordance analysis in AntConc was used to examine each occurrence in its immediate textual
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context, while Sketch Engine's collocation and word-sketch functions were employed to analyze
the broader distributional and collocational profile of key terms across the corpus, identifying
systematic patterns in how specific color and animal terms co-occurred with surrounding
descriptive language across the three language versions. Two independent coders classified a
subset of 400 sentence triples to establish coding reliability, achieving a Cohen's kappa of .83, after
which coding proceeded across the full extracted dataset.

Results and Discussion

Quantitative analysis of animal-name correspondences revealed a markedly higher rate of
direct equivalence in the Russian translation, at 71 percent of occurrences, compared with 52
percent in the English translation, with the remaining occurrences distributed across semantic
shift, omission, and compensatory paraphrase categories. This pattern is consistent with the
cultural and historical proximity between Kazakh and Russian pastoral-literary traditions
established in the literature review, as Russian, through extensive historical contact with Central
Asian steppe cultures, retains a comparatively rich lexicon of livestock and pastoral terminology
capable of approximating Kazakh source terms with relatively high specificity. By contrast, English,
lacking comparable historical-cultural contact with Central Asian pastoral life, frequently required
either generalization, rendering finely differentiated Kazakh terms for horses of differing age,
color, or function with a single broad English equivalent such as "horse" or "mare," or
compensatory paraphrase, introducing descriptive modifiers to approximate distinctions the
Kazakh source term encoded lexically.

Color-term analysis revealed a distinct but related pattern. Across both translations, color
terms used in purely descriptive, non-symbolic contexts, such as describing the color of clothing
or landscape features, demonstrated relatively high rates of direct equivalence, exceeding 80
percent in both Russian and English. However, color terms embedded within symbolically or
idiomatically marked contexts, particularly those describing horse coats, a domain carrying
significant social and economic connotation in traditional Kazakh culture, or those used
metaphorically to describe emotional or moral states, showed substantially lower direct-
equivalence rates, with the English translation showing the most pronounced divergence at only
38 percent direct equivalence for symbolically marked color terms, compared with 56 percent in
the Russian translation. Concordance analysis revealed that the English translation frequently
resolved these symbolically dense color terms through neutralization, substituting a culturally
specific shade term with a generic, broadly applicable color word, effectively flattening the
connotative richness present in the Kazakh source text.

Collocational analysis using Sketch Engine further illuminated these patterns, revealing that
in the Kazakh source corpus, color terms applied to horses co-occurred significantly with terms
denoting social status, ownership, and narrative significance, a collocational pattern substantially
attenuated in the English translation, where corresponding color terms co-occurred
predominantly with purely descriptive, non-evaluative vocabulary. This finding provides corpus-
based quantitative confirmation of the qualitative observations noted in prior literary-critical
commentary regarding the English translation's tendency toward domestication, while extending
this observation through systematic, corpus-wide collocational evidence rather than isolated
example citation. These findings collectively suggest that translation correspondence in Abai Zholy
is not uniform across lexical domains but is instead shaped by the differential cultural and historical
proximity of the target language to the source culture's pastoral-symbolic worldview, with
implications extending beyond this specific novel to the broader challenge of translating culturally
embedded literary vocabulary from underrepresented source languages into globally dominant
target languages.
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Conclusion

This study applied a digital corpus-based methodology to systematically examine translation
correspondences for color terms and animal names across the Kazakh, Russian, and English
versions of Mukhtar Auezov's Abai Zholy. By constructing a sentence-aligned trilingual parallel
corpus and applying concordance, frequency, and collocational analysis through AntConc, Sketch
Engine, and Natural Language Toolkit-based scripting, the study moved beyond traditional
example-driven translation criticism toward statistically grounded, corpus-wide documentation of
translation strategy. The findings demonstrate that the Russian translation achieves higher lexical
fidelity for culturally embedded animal terminology, reflecting historical and cultural proximity
between Kazakh and Russian pastoral-literary traditions, while the English translation shows a
pronounced tendency toward generalization, neutralization, and domestication, particularly for
symbolically marked color terms associated with horse description and social-status connotation.

These findings carry meaningful implications for translation theory, providing corpus-based
empirical support for the proposition that cultural and historical proximity between source and
target languages substantially shapes the feasibility of lexical equivalence for culturally embedded
vocabulary, independent of translator skill or stylistic choice. For translation practice, the findings
suggest that future retranslation efforts aimed at English-language audiences might benefit from
greater attention to compensatory strategies, such as explanatory framing or paratextual
annotation, capable of preserving the symbolic and connotative density of pastoral-cultural
vocabulary that direct lexical translation alone cannot adequately convey. For digital humanities
and corpus linguistics more broadly, this study demonstrates a reproducible, multi-tool
methodological model for trilingual literary corpus analysis applicable to other culturally
significant literary works originating in underrepresented languages.

Several limitations warrant acknowledgment. The analysis focused on two lexical domains
selected for their cultural salience, and findings may not generalize to other semantic categories
within the novel. Additionally, the manual classification of translation-shift categories, while
subject to inter-coder reliability verification, retains an interpretive dimension that purely
automated approaches cannot fully eliminate. Future research extending this corpus-based
methodology to additional lexical domains, such as kinship terminology or proverbial expression,
and to additional translated editions of Abai Zholy, would further enrich understanding of the
translation history of this foundational work of Kazakh literature and contribute to the broader
development of corpus-based translation studies methodology applied to underrepresented
language pairs.
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The rapid expansion of English-language social media platforms such as Instagram, TikTok,
and YouTube has reshaped the cognitive and emotional landscape of adolescents in non-
Anglophone societies, including Kazakhstan. This study examines how sustained exposure to
English-language digital content influences the thinking patterns, identity formation, and
emotional perception of Kazakh teenagers aged 14 to 17. Grounded in sociocultural theory and
the concept of linguistic relativity, the research adopts a mixed-methods design combining a
survey of 180 adolescents from three secondary schools in Almaty with semi-structured interviews
of 24 participants and focus-group discussions with teachers and parents. Quantitative results
indicate that adolescents who spend more than three hours daily consuming English-language
content demonstrate measurably higher rates of code-switching, increased preference for
English-language emotional expression in moments of stress or excitement, and a tendency to
evaluate personal achievement through globally circulated, English-mediated standards of
success. Qualitative findings reveal that English-language social media functions simultaneously as
a tool of cognitive enrichment, broadening adolescents' vocabulary, critical thinking, and cross-
cultural awareness, and as a source of emotional ambivalence, contributing to comparison-driven
anxiety, body-image concerns, and a perceived tension between Kazakh cultural values and
globally dominant Anglophone norms. The study further identifies a generational divide in
emotional vocabulary, with adolescents increasingly borrowing English affective terms that lack
direct equivalents in Kazakh, subtly restructuring how they articulate internal states. The findings
carry implications for language education policy, digital literacy curricula, and parental guidance
in Kazakhstan, suggesting that schools should integrate critical media literacy and bilingual
emotional-vocabulary instruction to help adolescents navigate English-language digital spaces
without compromising cultural and linguistic identity. The article concludes with
recommendations for further longitudinal research tracking these effects across adolescence into
early adulthood.

Keywords: English-language social media, Kazakh adolescents, emotional perception,
digital literacy, linguistic relativity, identity formation
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Introduction

The global diffusion of English-language social media has created an unprecedented
linguistic and cultural environment in which adolescents from non-English-speaking countries
spend a substantial portion of their daily lives consuming, producing, and reacting to content
authored predominantly in English. In Kazakhstan, a multilingual society where Kazakh, Russian,
and English coexist within an evolving trilingual education policy, the penetration of platforms such
as TikTok, Instagram, and YouTube among teenagers has introduced a fourth, largely unsupervised
channel of language exposure: the algorithmically curated, peer-driven world of global digital
media. Unlike formal English instruction delivered in classrooms, this exposure is informal,
emotionally charged, and deeply embedded in adolescents' identity-construction processes,
raising urgent questions about how it shapes not only linguistic competence but also patterns of
thought and emotional expression.

Adolescence is widely recognized as a developmental period of heightened sensitivity to
social comparison, peer validation, and identity experimentation. When this developmental stage
intersects with constant exposure to English-language digital content, produced largely within
American, British, and other Anglophone cultural frames, the resulting influence extends beyond
vocabulary acquisition into the domain of cognitive schemas and emotional regulation. Scholars
working within sociocultural and linguistic relativity traditions have long argued that the language
through which an individual processes experience can shape categories of thought and the
granularity of emotional labeling available to that individual. Applied to the Kazakhstani context,
this raises a critical question: as adolescents increasingly default to English-language frameworks
for expressing excitement, sadness, aspiration, or self-worth, what happens to their capacity to
articulate these same states in Kazakh, and what cognitive and emotional consequences follow
from this shift?

This question carries particular weight in Kazakhstan, where state language policy actively
promotes Kazakh-language revitalization alongside trilingual competence, and where rapid
urbanization and global connectivity have made English-language social media nearly universal
among urban teenagers. Anecdotal and pedagogical observations from secondary education
settings suggest that adolescents now routinely insert English lexical items, particularly affective
and evaluative terms, into Kazakh and Russian conversation, a phenomenon that English-language
teaching professionals have noted with both interest and concern. Yet despite the visibility of this
trend, empirical research examining its cognitive and emotional dimensions within the Kazakhstani
adolescent population remains limited, with most existing scholarship focusing either on
language-learning outcomes or on general digital media effects without attention to the specific
intersection of language and emotion.

The present study addresses this gap by investigating how English-language social media use
influences the thinking patterns and emotional perception of Kazakh adolescents. Specifically, the
research pursues three interrelated objectives. First, it seeks to document the extent and nature
of English-language social media consumption among Kazakh teenagers, including platform
preferences, time investment, and content categories favored. Second, it examines how this
consumption correlates with self-reported patterns of cognitive processing, including critical
thinking, cross-cultural awareness, and code-switching behavior. Third, and most centrally, it
investigates how English-language digital content shapes adolescents' emotional vocabulary, self-
evaluation, and affective well-being, attending to both enriching and potentially destabilizing
effects.

By combining quantitative survey data with qualitative interviews and focus groups, this
study aims to produce a nuanced account that avoids both uncritical celebration of global
connectivity and reflexive alarm about cultural erosion. Instead, it situates the findings within the
lived realities of Kazakh adolescents navigating a genuinely multilingual, digitally saturated
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environment. The implications of this research extend to language education policy, digital literacy
curriculum design, and family communication strategies, offering evidence-based guidance for
stakeholders seeking to support adolescents in developing healthy, culturally grounded
relationships with English-language digital media. The article proceeds with a review of relevant
theoretical and empirical literature, followed by a description of the study's mixed-methods
design, presentation and discussion of findings, and concluding recommendations.

Literature Review

Research on the cognitive and emotional effects of second-language media exposure draws
on several interconnected theoretical traditions, including sociocultural theory, linguistic
relativity, and the social comparison framework central to contemporary social media studies.
Vygotsky's sociocultural theory, foundational to understanding language as a tool of cognitive
mediation, posits that the linguistic resources available to an individual shape the structure of
higher-order thinking. Building on this tradition, more recent scholarship on bilingual and
multilingual cognition has demonstrated that individuals who operate across two or more
languages often experience language-specific patterns of emotional processing, a phenomenon
documented extensively in studies of bilingual emotional expression. Pavlenko's influential work
on bilingualism and emotion established that bilingual speakers frequently report differing
emotional intensity and directness depending on which language they use to discuss personal or
affective topics, a finding with direct relevance to adolescents navigating Kazakh, Russian, and
English across different communicative contexts.

The linguistic relativity tradition, associated with the Sapir-Whorf hypothesis and
substantially refined by contemporary cognitive linguists, provides a complementary lens. Rather
than asserting strict linguistic determinism, current scholarship favors a moderate relativist
position in which language habitually directs attention toward certain conceptual distinctions,
including those relevant to emotion categorization. Lindquist and colleagues' research on the
social and linguistic construction of emotion has shown that the emotional lexicon available in a
given language shapes the granularity with which speakers can identify and differentiate internal
states, a process termed emotional granularity. For adolescents increasingly exposed to English-
language affective vocabulary through social media, this body of research suggests that new
conceptual categories for emotion may be imported even when direct equivalents in the
adolescent's first language are imprecise or absent, potentially altering both expression and
internal experience.

A second major strand of literature addresses the psychological effects of social media use
during adolescence, independent of language. Twenge's extensive research on digital media and
adolescent mental health has documented associations between heavy social media use and
increased rates of anxiety, depressive symptoms, and body dissatisfaction among teenagers,
attributing much of this effect to social comparison processes intensified by curated, idealized
content. Festinger's classic social comparison theory, frequently invoked in this literature, explains
how individuals evaluate their own worth relative to others, a process that social media platforms
amplify through algorithmically prioritized, aspirational content. When such content is produced
predominantly in English by creators from culturally distant, often wealthier contexts, Kazakh
adolescents face a doubled comparison burden: evaluating themselves not only against peers but
against an idealized, linguistically and culturally foreign standard of success and attractiveness.

Within applied linguistics, scholarship on translanguaging and code-switching offers a third
relevant perspective. Garcia and Wei's foundational work on translanguaging reframes bilingual
and multilingual practice not as deficient or fragmented language use but as a dynamic, integrated
communicative repertoire. This framework is useful for understanding the frequent English-
Kazakh-Russian code-switching observed among Kazakhstani adolescents, suggesting that such
mixing may reflect sophisticated communicative flexibility rather than linguistic erosion. However,
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translanguaging scholarship has been applied primarily to balanced bilingual or multilingual
communities with sustained intergenerational transmission of all languages involved, raising
guestions about its applicability to a context where English is acquired largely through asymmetric,
adolescent-driven digital exposure rather than home or community transmission.

Research specific to Central Asian and Kazakhstani contexts remains comparatively sparse
but growing. Studies on Kazakhstan's trilingual education policy have documented the structural
and attitudinal challenges of promoting Kazakh, Russian, and English competence simultaneously,
often noting that English carries strong associations with global mobility, modernity, and economic
opportunity among Kazakhstani youth. This prestige association may intensify adolescents'
motivation to adopt English-language media not merely for entertainment but as a marker of
aspirational identity, a dynamic that has been observed in other postsocialist and developing-
economy contexts where English functions as a gateway language to global belonging. Despite
these contributions, existing Kazakhstani scholarship has rarely combined cognitive, emotional,
and linguistic analysis within a single empirical study of adolescent social media use, leaving the
specific mechanisms by which English-language digital content shapes thinking and emotional
perception underexplored. The present study addresses this gap by integrating these three
theoretical strands, sociocultural cognition, linguistic relativity and emotional granularity, and
social comparison, within an empirically grounded investigation of Kazakh adolescents' lived digital
experience.

Methods and Discussion

Research Design

This study employed a convergent mixed-methods design, integrating quantitative survey
data with qualitative interview and focus-group data to capture both the breadth and the depth
of English-language social media's influence on Kazakh adolescents' thinking and emotional
perception. The convergent design was selected because the research questions required
statistically generalizable patterns of media use and self-reported cognitive-emotional indicators
alongside rich, contextualized accounts of how adolescents themselves interpret and narrate
these influences. Quantitative and qualitative strands were collected concurrently and analyzed
separately before being integrated during the interpretation phase, allowing triangulation
between numerical trends and lived experience.

Participants and Sampling

Participants were recruited from three secondary schools in Almaty, Kazakhstan, selected to
represent variation in socioeconomic catchment and language-of-instruction profile, including one
predominantly Kazakh-medium school, one Russian-medium school, and one trilingual program
school. The quantitative sample consisted of 180 adolescents aged 14 to 17, recruited through
stratified convenience sampling balanced for grade level and gender. From this pool, 24
adolescents were purposively selected for semi-structured interviews based on maximum
variation in reported daily social media use, ranging from light users to heavy users exceeding five
hours daily. Additionally, two focus groups were conducted, one with eight English-language and
homeroom teachers and one with ten parents, to provide adult-observer perspectives that
contextualized adolescent self-reports. Informed consent was obtained from all participants and,
for minors, from parents or legal guardians, with the study protocol reviewed and approved by
the affiliated university's research ethics committee.

Instruments and Procedures

The quantitative survey, administered in Kazakh and Russian with adolescents free to choose
their preferred language, comprised four sections: demographic and platform-use information; a
modified version of an emotional granularity self-report scale adapted to capture bilingual
emotional-labeling preferences; a critical-thinking and cross-cultural-awareness self-assessment
battery; and a social-comparison and well-being measure adapted from established adolescent
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social media research instruments. Cronbach's alpha values for the adapted scales ranged from
.78 to .87, indicating acceptable to good internal reliability. Semi-structured interviews, lasting
between 35 and 50 minutes, explored participants' platform habits, language choices for
emotional expression, perceived changes in self-evaluation since increased social media
engagement, and reflections on tension or harmony between Kazakh cultural values and English-
language digital content. Focus groups with teachers and parents explored observed behavioral
and linguistic changes in adolescents over recent years. All interviews and focus groups were
audio-recorded with consent, transcribed verbatim, and translated into English for analysis where
necessary, with back-translation checks performed to preserve semantic accuracy.

Data Analysis

Quantitative data were analyzed using descriptive statistics, correlation analysis, and
multiple regression to examine relationships between daily English-language social media use and
the cognitive and emotional outcome measures, controlling for age, gender, and school language-
medium. Qualitative data were analyzed using thematic analysis following an inductive-deductive
hybrid coding approach, with initial codes derived from the theoretical framework, sociocultural
cognition, emotional granularity, social comparison, and translanguaging, supplemented by codes
emerging inductively from participant narratives. Two researchers independently coded a subset
of transcripts to establish inter-rater reliability, achieving a Cohen's kappa of .81, before
proceeding to code the remaining data collaboratively.

Results and Discussion

Quantitative results indicated that adolescents reported a mean of 3.4 hours of daily English-
language social media consumption, with TikTok and Instagram identified as the dominant
platforms and entertainment, lifestyle, and peer-content categories favored over educational
content. Regression analysis revealed that daily English-language media exposure significantly
predicted increased self-reported code-switching frequency and cross-cultural awareness scores,
supporting the cognitive-enrichment dimension anticipated by sociocultural theory. Adolescents
with higher exposure also reported greater comfort using English-language vocabulary for
nuanced emotional states, such as terms denoting specific shades of anxiety, excitement, or
aspiration, that interview participants frequently described as lacking precise Kazakh equivalents.
This finding aligns closely with prior research on emotional granularity and bilingual lexical
borrowing, suggesting that English-language social media functions as a genuine, if informal,
vocabulary-expansion mechanism with potential benefits for emotional self-awareness.

However, the same regression models revealed a significant positive association between
heavy English-language media use and elevated social-comparison-related distress, consistent
with established findings on social media and adolescent well-being. Interview data illuminated
this pattern: numerous participants described comparing their appearance, lifestyle, and
achievements unfavorably against English-language content creators perceived as embodying
globally validated standards of success, a comparison process several participants explicitly
distinguished from comparisons made against local Kazakh-language peers, describing the former
as more intense and less attainable. This supports the doubled comparison burden hypothesis
drawn from social comparison theory, extended here to account for the cultural and linguistic
distance between Kazakh adolescents and predominantly Western content creators.

A particularly salient qualitative theme concerned identity negotiation between Kazakh
cultural values and Anglophone digital norms. Several adolescents described a sense of code-
switching not only linguistically but also behaviorally and emotionally, presenting a more
individualistic, self-promotional persona when engaging with English-language platforms while
maintaining more collectivist, family-oriented modes of self-presentation in Kazakh-language
family and community contexts. Teachers in the focus group corroborated this observation, noting
increased classroom use of English-derived slang and affective expressions, alongside some
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concern that students appeared to default to English when discussing emotionally charged topics,
potentially avoiding the more direct, less euphemistic emotional vocabulary available in Kazakh
and Russian. Parents expressed similar observations, with several describing difficulty
understanding their children's hybrid linguistic and emotional expression, suggesting an emerging
generational and linguistic gap in family emotional communication.

Taken together, these findings suggest that English-language social media exerts a genuinely
dual influence on Kazakh adolescents. On one hand, it appears to function as a cognitive and
linguistic enrichment tool, expanding emotional vocabulary, fostering cross-cultural awareness,
and supporting flexible translanguaging practice consistent with Garcia and Wei's framework. On
the other hand, it introduces emotionally destabilizing comparison processes and may contribute
to a gradual narrowing of adolescents' fluency in expressing complex emotional states within their
heritage languages, a pattern with implications for intergenerational communication and cultural
continuity. These findings extend existing social media and adolescent well-being literature by
specifying language as a critical moderating variable shaping both the cognitive benefits and
emotional risks of digital media exposure, a dimension largely absent from prior, predominantly
monolingual research conducted in Anglophone contexts.

Conclusion

This study set out to examine how English-language social media shapes the thinking and
emotional perception of Kazakh adolescents, integrating sociocultural, linguistic relativity, and
social comparison frameworks within a mixed-methods investigation conducted in Almaty
secondary schools. The findings demonstrate that English-language digital media exposure carries
a genuinely dual character for Kazakh teenagers, simultaneously enriching cognitive flexibility,
cross-cultural awareness, and emotional vocabulary while introducing intensified social
comparison, identity tension, and a gradual shift in the language adolescents prefer for expressing
complex emotional states. These results extend the applicability of bilingual emotion research and
social comparison theory to a multilingual postsocialist context that has received limited prior
empirical attention, while also illuminating the specific dynamics of Kazakhstan's trilingual
sociolinguistic environment.

The implications of these findings are practically significant for several stakeholder groups.
Educators and curriculum designers may consider integrating critical digital media literacy
explicitly into English-language instruction, helping adolescents critically evaluate the comparison-
inducing content they encounter rather than passively absorbing it. Such curricula might also
incorporate structured opportunities for bilingual emotional-vocabulary development,
encouraging adolescents to build robust emotional expression in Kazakh alongside their expanding
English repertoire, thereby supporting cultural continuity without foreclosing the genuine
cognitive benefits of multilingual digital engagement. Parents and family educators may likewise
benefit from guidance on bridging the emerging linguistic and emotional communication gap
identified in this study, fostering family environments where adolescents feel equipped to discuss
emotionally significant experiences regardless of language.

This study is not without limitations. The sample, while diverse across school type, was
drawn exclusively from an urban setting, and findings may not generalize to rural Kazakhstani
adolescents with different patterns of language exposure and digital access. The cross-sectional
design also precludes strong causal inference regarding the direction of relationships between
media use and emotional outcomes. Future research employing longitudinal designs would be
valuable in tracking how these cognitive and emotional patterns evolve as adolescents progress
into early adulthood, and comparative studies across urban and rural, or across different Central
Asian, contexts would help clarify the generalizability of the dual-influence pattern identified here.
Despite these limitations, the present study offers an empirically grounded foundation for
understanding a phenomenon of growing significance in Kazakhstan's educational and digital
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landscape, contributing both theoretical insight and practical guidance for supporting adolescents
as they navigate an increasingly English-mediated global digital environment.
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AHHOTaumMA. Pa3paboTka uMdpOBLIX ABOMHWKOB MNPOLECCOB BOAOMOArOTOBKM TpebyeT
NPUMEHEHMA MaTeMaTUYecKMx moaenen, obecneumBatoWmMX OAHOBPEMEHHO U3MYECKYHO
afleKBAaTHOCTb,  BbIYUC/IUTENbHYIO  3POEKTMBHOCTL M BO3MONKHOCTb  WMHTErpaumm ¢
WHTENNEKTYaNIbHbIMW aNTOPUTMaMM ynpasieHusa. B paboTe BbINONHEH CPaBHUTENbHbIA aHaAU3
OBYX BapuWaHToB UMOPOBOro OMNMCaHMA Npouecca O30HHOM O4YMCTKM BOAbl: ©a30BOW
aHMMALMOHHON MOAENU C ABYMS OCHOBHbIMW MNEPEMEHHbIMW COCTOAHMA M 0DOO0OLWEHHOM
rmMopuaHOM MOAENW, YYMTbIBAIOWEN CyMMapHble 3arps3HMTeNIn, OPraHWYecKMe BeLLecTBa,
CoefIMHEeHMs »Kenesa M MapraHua, OaKTepumanbHyt Harpysky, KWUCAOTHOCTb cpeapl (pH) u
TemnepaTypHbIN pexunm. MccnegosaHme NpoBeeHO Ha OCHOBE YMCIEHHOTO MOZENMPOBAHMA C
MCNONb30BaHMEM €4MHOTO MHTENNEKTYAIbHOTO KOHTYpa ynpasaexHma MPC-nogobHoro Tmna, 4yto
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obecneymno CONOCTAaBMMOCTb pPe3y/abTaTOB M MNO3BOAMAO OOBEKTMBHO OLEHWUTb BAMAHWE
CTPYKTYpPbl MaTEMATUYECKON MOLENN HA KaYeCTBO yNpaBaeHMA.

YcTaHOBNEeHO, 4TO 6a30Bafd  MOAeNlb  XapaKTepu3yeTca MEeHbWWMMKM  3HAYeHUAMM
CpeaHEeKBaApPAaTUYECKOM M MHTErpasbHOM OWWDOOK perynvpoBaHMA, a Takke 6Honee HU3KUM
WHTErpanbHbIM  PacxoAOM  ynpaBaAloWero  Bo3denctsua  6narogapAa  ynpowEéHHOMY
NpeacTaBfeHUIO 3arpsa3HAOLWEN Harpy3kn. B cBoto oyepenb, 0b60bWEHHAn rmbpuaHas moaenb
obecneynBaet 6osee nNOMHOE ONUCaHME MpoueccoB noTpebneHma 030Ha, YYUTbiBaAET
MHOFOKOMMOHEHTHbIM  COCTaB  MCXOAHOW BOAbl WM BOCMPOM3BOAUT  QU3MKO-XMMUYECKME
3aKOHOMEPHOCTM 030HMPOBaHMA C DONee BbICOKOM CTEMEHb AOCTOBEPHOCTM. [MOKaszaHo, 4YTO
yBe/MYEHME pacxoZa 030Ha WM OWMBOK PeryanpoBaHWs Mpu MUCNoAb30BaHUN 0OO6LWEHHON
Mmoaenn obycnoBNEHO He CHUMKeHMeM 3PPEKTUBHOCTM MHTENNEeKTYyabHOro ynpasBaeHus, a
YCNOXHEHWEM MaTeMaTM4YeCcKoro onucaHmA obbeKTa M nepepacnpeneneHMeM 030Ha Mexay
HECKOIbKMMM KaHanaMm OKMCAEHMA.

Hay4yHas HoBM3Ha paboTbl 3aKkN4aeTcA B CPAaBHMTENbHOM WccnenoBaHMM HGa30BON U
0600LWEHHON TMHPUAHBIX MOoAeNen npouecca O30HHOW OYMCTKM BOAbI MPWM MCNOb30OBAHMM
eaQMHOM  CTPYKTYpPbl MNPOrHO3MPYOUWEro ynpaBieHUsA, 4YTO MO3BOAMAO BbIAENUTb BAMAHME
MCKNOUYMTENBHO MaTEMATUYECKOM MOAENN Ha XapPaKTEPUCTUKM MHTENNEKTyasbHOM CUCTEMBI.
MpaKTMyeckaa 3HaYMMOCTb Pe3yNbTaToB COCTOMT B OOOCHOBaHMWM NMpUMeHeHMA 060OLLEHHOM
MOZENN B KayecTBe BbIMMCAUTENbHOTO fAA4pa UMPPOBOro ABOMHMKA W WHTENNEKTya/NbHOro
aHMMaUMOHHOTO MHTepdeinca BOAOOYMCTHOM YCTAaHOBKM, NpeAHa3HayYeHHbIX A8 aHanu3a,
NPOrHO3MpPOBaHMA K ONTUMM3ALNMN TEXHONOTMYECKNX PEXMMOB.

KnioueBble c€noBa. 030HHAA OYUCTKA BOAbl, UMDPOBON  ABOMHUK, TMOpUAHAA
MaTeMATUYECKaa MOZEe/b, aHWMALMOHHAA MOAENb, WHTENNeKTyanbHoe ynpasneHwe; Model
Predictive Control (MPC), WCKYCCTBEHHbI WHTENNEKT, MMUTALMOHHOE MOLEeNNPOoBaHME,
NporHo3mpytoLlee ynpasaeHne, BOAONOATOTOBKA, 030HMPOBAHME, MHTENNEKTYalbHble CUCTEMDI
ynpasaeHums.

BeeaeHue. CoBpemeHHble CUCTeMbl MOATOTOBKM NUTLEBOM BOAbI MOCTENEHHO NepexoanT
OT TPAAMUMOHHOIO aBTOMATU3NPOBAHHOTO YNPABAEHUA K MHTENNEKTYabHbIM LMDPOBLIM
nnaTdopmam, OCHOBAHHbIM Ha TEXHOIOTUAX MCKYCCTBEHHOIO MHTENNEKTA, UMPOBbIX AIBOMHMKOB
M NporHosupytoLlero ynpasaeHmna. OaHMm ns Hambonee addeKTUBHbLIX METOA0B rNyOOKON
OYMCTKM BOAbI ABNAETCA 030HNPOBaHME, obecneynBatolee 04HOBPEMEHHOE OKUCNEHNE
OPraHNYECKMX N HEOPraHWMYECKMUX 3arpsasHeHM, obe33aparkMBaHWe 1 yaydlleHne
OpraHoNenTMYeckmx CBOMCTB BoAbl. OAHAKO 3GdEKTUBHOCTL NpOLLecca ONpPeaenseTcs COXKHbIM
B3aMmoaencTamem 601bLIOro KoanyecTsa GU3NKO-XMMNYECKNX GaKTOPOB, YTO CYLLECTBEHHO
3aTpyAHAET NOCTPOEHME aZleKBATHbIX MaTEMATUYECKMX MOoAeNeN U pa3paboTKy
WHTENNEKTYa IbHbIX aAITOPUTMOB YNpPaBAEHMS.

B nocnegHue roabl ocoboe BHMMaHMeE yaenseTcs pa3paboTke UMPPOBbIX ABOMHMKOB
TEXHOMIOMMYECKMX MPOLLECCOB BOAOMOArOTOBKM, MO3BOMAKOWMX 0ObEAMHUTL MaTEMATMYECKYHO
MoZenb 06beKTA, AaHHbIE U3MEPEHWI, CPEACTBA BU3Yann3aLMM U MHTENNEKTYaIbHbIE aITOPUTMbI
NPUHATUA PeleHnn B eaMHY0 NporpammHuyto cpeay. MNpu aTom UnMbpoBON ABOMHUK O0MKEH
obecneynBaTtb He TONIbKO BOCMPOM3BEAEHNE AMHAMMUKM OOBEKTa, HO M BO3MOXKHOCTb aHa/M3a
Pa3/INYHbIX PEXMMOB pPaboTbl, MPOrHO3MPOBAHMA KayecTBa O4YWUCTKM, ONTMMM3AUMM Pacxona
peareHTOB M NOAAEPKKM onepaTopa NPU NPUHATUN PeLIEHUI.

BONbWMHCTBO CyLLECTBYIOLLMX MOZENEN O30HHOM OYMCTKM BOAbl CTPOATCA HA OCHOBE
YNPOWEHHOrO NPeACTaBNEHNA 3arpA3HAIOLLEN HArpyskm B BMAE OAHOTO WHTErpasbHOro
nokasaTtenda. Takol noaxon obecneynBaeT BbICOKYO BbIYUCANTENbHYIO 3GDEKTUBHOCTL U ya00eH
npu peannsaumm aaropuTMOB yNpaBaeHUA peanbHOro BpemMeHn. BmecTte ¢ TemM OH He No3BonAeT
YYUTbIBATb Pa3INYMA B KUHETUKE OKUCAEHMA OTAENbHbIX 3arpA3HAWMX KOMMOHEHTOB, YTO
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OrpaHMYNBaAET MPUMeEHeHWe NoA0OHbIX MOAeNen NpU NPOEKTMPOBAHUM UMPPOBbIX ABOMHUKOB
COBPEMEHHbIX BOAOOYMUCTHbIX KoMnaekcos [1, 9-13].

cnonb3oBaHMe MeTOA0B WMCKYCCTBEHHOIO WHTENNEKTa, BKAKYAA MNpOrHosmpytouiee
ynpasnerHune Model Predictive Control (MPC), no3BonseT cyLlecTBEHHO NOBbICUTb 3GEKTUBHOCTb
[03MPOBAHMA 030HA 33 CYET YYETA AMHAMUYECKMX OrpaHUYEHMUI TEXHONOMMYECKOro npoLecca,
NPOrHO3MPOBAHMA M3MEHEHMA KAYeCcTBa BOAbl M ONTUMKU3ALMM YyNPaBASIOLLMX BOo3AencTemi [2,3].
OaHako 3bdeKTUBHOCTL MOoA0OHbLIX aNrOPUTMOB BO MHOFOM  OMNpeaenseTcs MNoAHOTOM
MaTeMaTUYeCKOro ONMcaHnA obbeKTa ynpaBaeHus.

Taknm obpasom, nosbliweHne TpeboBaHMI K MHTENNEKTYalbHbIM CMCTEMAM YNPaBAEHWA
BOZIOOYMCTKON 0OYCNOBAMBAET HEOOXOAMMOCTb MPUMEHEHUA MaTEMATUYECKMX MOEenen,
CNocobHbIX OAHOBPeEMEHHO obecrneunmBaTb BbIYUCAUTENBHYIO 3PPEKTUBHOCTL, GU3UYECKYIO
[OCTOBEPHOCTb M BO3MOXHOCTb MHTErpauumM B COCTaB UMPPOBOro ABOMHWMKA. [N OUEHKM
NPEeMMYLLECTB pPas3/IMyHbIX NOAXOA0B B HACToAlWleM paboTe BbINOJHEHO CPaBHUTENbHOE
nccnenosaHme 6a3oBon M 0606WEHHON TMOPUAHBIX MOAENEN NPOoLLecca 030HHON OYMCTKM BOAbI.
CpaBHeHMe NpoBeeHO B OAMHAKOBbIX YCAOBMAX MOAENMPOBAHMA C MCNO/b30BAHMEM €AMHOM
CTPYKTYpbl WMHTennektyanbHoro MPC-nogobHoro perynatopa, 4Tto MNO3BOAMAO OOBEKTUBHO
OLUEHUTb BAWAHME CTPYKTYpPbl MaTemaTM4yeckolM MOoAeNu Ha KayecTBO yMNpaBAeHMA W
XapaKTEPUCTUKM NpoLLEeCcCa 030HMPOBAHWA.

MaTtepunanbl U MeToAbl NCCNen0BaHuUA

B 6a30BOIM MNOCTaHOBKE MNpPOLLECC OMNWUCLIBAETCA ABYMA MNepeMeHHbIMU COCTOAHUA:
KOHUEeHTpaunewn 3arpasHuTens Cp M KOHLEeHTpaLmen pacTBOPEHHOro 030Ha Cos. Takaa CTPyKTypa
yAoOHa AN aHMMaUMK, NOCKO/IbKY NO3BONAET HAaNPAMYIO CBA3ATb LBETOBYH MHAMKALLMIO MOTOKA,
PEXMM [03MPOBAHMA 030HA WM KAYeCTBO oumlleHHON Boabl. O60bWEHHaA Moaenb pacwupaeT
BEKTOP COCTOAHMA W AONONHUTENBbHO YYMTbIBAET CyMMapHble 3arpasHuTenmn Cpoll, opraHnyeckme
Bewectea Corg, xene3zo Cre, MmapraHey, Cun, OakTepuanbHyto Harpy3ky Cbac, a Takke pH u
TemnepaTypy T. COOTBETCTBEHHO, aHMMALMOHHOE NpeacTaBneHue noayyvaet Honee bHoratyro
NPUYUHHO-CNEeACTBEHHYIO MHTepnpeTauuto [1,9,10].

B KauecTBe MHCTPYMEHTa UHTEANEKTYaIbHOro YNpaBAeHUA MCNOAb30BaH NPOrHO3MPYOLW M
perynatop MPC-noao6bHoro Tnna, dopmupytowmii ynpasastollee BO34eNCTBME HA OCHOBAHWUM
NPOrHO3a M3MeHeHMA COCTOAHMA OBbeKTa Ha KOHEYHOM FOpPM30HTE ynpasaeHua. Mpu pacyéTe
yNpaBAAOLLErO BO3AENCTBMA YYUTLIBAINCL OTPAHUYEHMNA HA CKOPOCTb M3MEHEHMA NOAAYM 030Ha,
AO0MNYCTUMble 3HAYeHMA KOHUEHTPALUMM PaCcTBOPEHHOrO 030HaA M TpeboBaHWMA MO AOCTUMKEHUIO
HOPMAaTUBHOIO KayecTBa Oo4MlleHHOM BoAbl. [MoaobHbIM noaxon obecnednmBaeT KOMMPOMMCC
MexXay rnyOuHOM OYMCTKM, YCTOMYMBOCTBIO PEryaMpoBaHMA M SKOHOMUYHOCTbIO PacXxoA0BaHMWA
peareHTa [15].

CpaBHeHMe npoBOAMNOCL (PUCYHOK 1) MO nOKasaTendm: MTOroBas KOHLEHTpaums
3arpA3HAOLLMX KOMMOHEHTOB, KOHLEHTPauMsa PacTBOPEHHOrO 030Ha, CpeAHeKBaapaTUyecKas
owmnbKa perynnposaHma RMSE, nHterpanbHaa abcontoTHas ownbKa IAE, nHTerpanbHbI pacxos
yNpaBAAlOWEro  BO3AENCTBMA M MMKOBAA  KOHUEHTpauuMa  030Ha.  Jlono/NHMTENbHO
aHaNM3MPOBaANNCh TPadUKM BPEMEHHbIX 33aBMCMMOCTEM W pacnpeneneHue KOMMOHEHT B
obobwéHHon moaenn [17, 18].
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CpaBHeHue 6a3oBoii 1 0606LEHHON Moaenei

—— basosas mogens: C_p

—— 0606WWEéHHas Mogesnb: C_poll

—— bBa3sosas mogens: C_0O3

—— 0606wénHas mopens: C_03

=== BX0AHas KOHLUEHTPaUMs 3arpasHuTens

1.6 T i

144

1.2

KoHueHTpauus, mr/n
4 g
® o

o
o

0.4

0.2 4

0.0 q

0 1 2 3 4 5 6 7 8
Bpems, 4

PucyHok 1. CpaBHEHME TPAaeKTOPUIA 3arpA3HNTENA N PACTBOPEHHOTO 030Ha A4 63a30B0OM U
0600WEHHOM Moaenen

YnucneHHoe MOAENMPOBAHME BbINOAHAAOCL NMPU OAMHAKOBbLIX HAYas/lbHbIX YCAOBUAX A5
obenx moaenen, 4To o0beCneyYnmno KOPPEKTHOCTb CPaBHWUTENbHOrO aHanm3a. Bo  Bcex
3KCMepMMEHTax MCMOb30Ba/IMCb OAMHAKOBbIE MAapPaMeTpbl pPerynaTopa, WAEHTUYHbIA - war
MHTErpUpPoOBaHMA U OAMHAKOBAA MPOAO/IKUTE/IbHOCTD MOAEAMPOBAHUA. 3TO MNO3BOAMAO
MCKMOUNTb  B/IMAHME MapamMeTpoB  BbIMMCAMTENbHOM  Mpouedypbl M COCPeaOTOoYMUTLCA
MCKNOUYMTENBHO Ha Pa3nmymax, 0OyCNoBNEHHbIX CTPYKTYPOM MaTeMaTUYECKMX MOAEeNeN.

Mo pe3ynbTaTam YMCAEHHOrO 3KCnepumeHTa Ha3oBas moaenb obecneymna GUHaNbHYHO
KOHUEHTpauuto 3arpsasHutena 0,366 Mr/n, a dMHaNbHYO KOHLEHTPALMIO PAaCTBOPEHHOTO 030Ha
0,252 mr/n. na ob6obUWEHHOM MOAENN MTOroBas KOHLEHTPaLMA CyMMapHbIX 3arpssHuTenei
coctasuna 0,736 mr/n, a dMHaNbHAA KOHLUEHTPaLUMA pacTBOPEHHOro o3oHa — 0,100 mr/n. Mpu
3TOM NPSAMOE COMNOCTaBAEHME KOHEYHbIX NMOKa3aTe el 3arpA3HEHHOCTM A0/IKHO PacCMaTPUBAThCA
KaK YyC/IOBHOE, MOCKO/IbKY Ha30BaA MOie/1b OTPaXKaeT OAMH arpernpoBaHHbI 3arpA3HUTENb, TOrAa
Kak 0000l EHHaA yunTbiBaeT Dosiee WUMPOKNIM Habop KOMMOHEHT M TeM camMbiM 3aaéT bosee
KECTKME dM3MYECKMe YyCNoBMA ANA YNpaBAEHUA.

Ona  KoAM4yecTBeHHOW OLEHKM IPPEKTUBHOCTM yMNpaBAeHUA WMCNONb30BAIMCL  KaK
TPAAMUMOHHbIE MOKa3aTeNu KayecTBa aBTOMaTUuyeckoro peryamposaHusa (RMSE, IAE), Tak u
TEXHONOTMYECKME  MOKaszaTe/M  MpoLecca  O30HMPOBAHWA,  XapaKTepM3ylollMe  pacxoq,
yNpaBAAOLWEro BO3AENCTBMA, OCTATOYHYHO KOHUEHTPAUMIO 3arpAsHEeHMA U AMHAMUKY
pacTBOPEHHOro 03oHa. CpaBHeHMe OWNMOOK peryanpoBaHmMa NoKkasano, 4to Ana 6a3oBoi moaenm
RMSE coctasuna 0,493 mr/n, a IAE — 3,707 mr-4/n. Ana o60OWEHHON MOAENN 3TU MOKa3aTenu
Bo3pocan Ao 0,780 mr/a un 6,215 mr-y/n cooTBeTCTBEHHO. MHaye rosops, Npu nepexode K
MHOFOKOMMNOHEHTHOMY onucaHntio RMSE ysennumnach Ha 58.1 %, a MHTerpanbHaa ownbKa — Ha
67.7 %. PocT ownboK He O3Ha4aeT yxyAlWeHWe CaMOW KOHLENUUM WHTENNEKTyaIbHOro
yNpaBAeHUs; HanpoTMB, OH OTPaXaeT YC/AoXKHeHWe obbekTa W Honee peanncTUYHoe
pacnpefiesieHne 030Ha MeX 1y HECKOIbKMMM KaHanamm notpebnerns [2, 3].

NHTerpanbHbIA pacxod ynpasieHua B 0H606wéHHON moaenn goctur 4,751 oTH. ea.-u
npotme 2,616 OTH. ea.4 B 0a30BOM MOAENM, YTO COOTBETCTBYET yBeanuveHuto Ha 81.6 %.
OHOBPEMEHHO MMKOBas KOHLEHTpaLMA PaCTBOPEHHOTO 030Ha CHM3MAack ¢ 0,458 no 0,176 mr/n,
TO eCcTb Ha 61.6 %. PM3MYecKM 3TO O3Ha4YaeT, YTo B 0OOOLWEHHON MOAenM MoAaHHbIA O30H
MHTEHCMBHEE pacXoAyeTcA Ha OKWC/NEeHME OPraHWKWM, Kenesa, MapraHua m 6GakTepuanbHoOM
Harpysku, NosaTomy Jaxe npu Oosbliel CyMMapHOM nopade B XuAkon ¢ase Habnogaetcs
MeHbLINK cBoboaHbIN ocTaTok O3 [9, 10].
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Tabnnua 1. CBoaHoe cpaBHeHMe MeTpuK 6a3oBol M 0606LLEHHOM TMOPUAHON Mmoaeneit

MNokasaTtesnb basosasa moaenb 0600WEHHaA moaesnb CpaBHeHune
NTorosasn rpAmas
) 0,366 (C_p) 0,736 (C_poll) COMOCTaBUMOCTb
3arpPA3HEHHOCTb, M/
yC/ioBHa
NTorosbin
PaCTBOPEHHbI 030H, 0,252 0,100 Hu»ke Ha 60,4 %
Mr/n
RMSE, mr/n 0,493 0,780 Bbiwe Ha 58,1 %
IAE, mr-u/n 3,707 6,215 Bbiwe Ha 67,7 %
MIHTerpanbHblv pacxoa 2,616 4,751 Bbiwe Ha 81,6 %
ynpasieHua
Mukosbit Oz, Mr/n 0,458 0,176 Huke Ha 61,6 %

Cneanyetr OTMETUTb, 4YTO YyBesndeHue 3HadyeHun RMSE u |AE npu umcnonb3oBaHMK
00OOWEHHON MOZeNM He SABAAETCA MNPU3HAKOM  CHUXKEHMS 3OPEKTUBHOCTM  anroputma
ynpasaeHuna. HanpoTune, AaHHbIA pe3yabTaT OTpaxKaeT yBennyeHne MHGOPMALMOHHOM EMKOCTH
moaenu. [pu nepexoge K MHOTOMEPHOMY OMMCAHUIO PEryaaTop HauyMHaAeT y4MTblBaTb
nepepacnpeneneHme 030Ha MeXAYy HECKONbKMMW He3aBUCMMbIMW KaHanamu notpebneHuns,
KaKabl M3 KOTOPbIX XapaKTepmnayeTca COBCTBEHHON KMHETUKOM peakuumm.

C MHXEeHEepHOM TOYKM 3peHMA 3TO O3HaYaeT nepexond, OT YMNpaBAeHWUA HEKOTOPbIM
YCNOBHbIM WHTErpanbHbIM 3arpAsHUTENEM K YMNPaBAEHUIO pPeasbHbIM MHOTOKOMMOHEHTHbIM
npoueccom. IMeHHO NO3TOMY MOJIlyYeHHbIE NOKa3aTeIM XapaKTepPM3YIOT He yXyAlleHne MOAeNu,
a NoBbILEHNE CTENEHN eé PU3NYECKON aZleKBAaTHOCTM.

MofobHbIA BbIBOA, XOPOLWO COrNAcyeTca C COBPEMEHHbIMW MCCNefoBaHUAMU LMOPOBbIX
[BOMHMKOB TEXHO/IOTMYECKUX OOBEKTOB, B KOTOPbIX MOBbILIEHNE PA3MEPHOCTM MOAENN
PacCMaTPMBaETCA Kak HEOOXOAMMOe YCN0BME NOBbIWEHMA 4OCTOBEPHOCTM NPOrHO3MPOBaHMA [1].

MpadrKM KOMNOHEHT 0OOOWEHHOW TMOPUAHON MOAENN MOKa3blBAOT, YTO CyMMapHOe
3arpA3HeHMe B NpoLecce MoAeNMPOBaHMA PACKNaAbIBAeTCA Ha HAOOP YAaCTHbIX KOHLEHTPaLWN,
KOTOpble MO-pa3HOMYy B3aMMOAENCTBYIOT C 030HOM. Hanbonee 3HaYMMbIM BKAag, B OCTaTOYHOE
3arpAsHeHMe K KOHLY pacyéTa BHOCUT OPpraHuWyecKkas COCTaBAAIOLLAA, TOrAa Kak Keneso u
MapraHeL, CHUXatoTca BbicTpee (pPUCYHOK 2). 3TO NOATBEPKAAET, YTO 060OLWEHHAA moaenb AAET
He TO/IbKO MTOrOBOE 3Ha4YeHMe KauyecTBa BOAbl, HO M 0OBbACHAET BHYTPEHHIOK CTPYKTYpY NpoLiecca,
YTO O0CODEHHO BAXKHO [N1A WHXEHEPHOW WHTepnpeTauum U HACTPOMKM  aHMMALMOHHOrMO
nHtepdelica [4, 5, 7, 8].
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PucyHoK 2. MNoBeaeHMe KOMNOHEHT 0606LLEHHON TMOPUAHOM MOAENN: CYMMapHbIe
3arpsAsHUTENIN, OPraHmMKa, eneso, MapraHel, n 6akTepunasbHas Harpyska

CpaBHeHWe ynpaBaaoLnx Bo3aencTamin B 6a3osoi M 0600WEHHOM TMOPUAHBIX MOAeNsAx

npueBeaeHa Ha pucyHke 3. 13 aHann3a ynpasaatoumx BO3AeMCTBUIM cneayeT, 4To bazoBas Moaesb
bopmmpyeT Honee sKOHOMUYHBIM PEeXKMM NoJauM 030Ha, OAHAKO 3TOT pPe3yNbTaT A0CTUrAeTCs 3a
CYET YNPOLLEHHOrO NPeACTaBNAeHMA 3arPA3HALOLWLEN Harpy3Kkn. B 0600LWEHHON MoaeNn perynsTop
BbIHY)K/AEH MNoAAep»KMBaTb HONee BbICOKMI MHTErpanbHbI pacxos, 030Ha, MOCKO/bKY AO/KEH
KOMMeHCMpoBaTb MHOrOKaHasbHoe noTpebneHne peareHta. CneaoBaTenbHO, €CAM 3a4a4va
COCTOWUT B CO34aHNN AEMOHCTPALMOHHON AN y4ebHON aHMMaUMK, 6a30Bas MOAENb MOXKET ObITb
nocTtaTtodyHon. Ecnm ke TpebyeTcs UMPPOBOM [ABOMHWUK, MPUIOAHbLIA ONA WMHTEpnpeTaumm
peanbHOr0 MHOTFOKOMMOHEHTHOro COCTaBa BOAbl, Npeano4YTUTenbHa 00600WEHHAs TMHBpUaHAs

mozens [2, 3].

CpaBHeHMWe ynpaBnsioLLMX BO3AENCTBUN

—— ba3sosast Moens: U

—— 0606WeéHHas Moaens: Q_03
—— 0606wWéHHan Moaens: N_mix
—— 0606LéHHan Mmonens: V_valve
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PucyHok 3. CpaBHeHMe ynpaBastowmx Bo3aencTemnin B 6a3oBoi 1 0606LEHHON

Moensx.

[Mony4yeHHble 3aBUCMMOCTM NOATBEPKAAIOT, UTO O606LLI,éHHaﬂ Moaenb N3MEHAET XapaKTep

pa6OTbI CUCTEMbI aBTOMATMYECKOro ynpasseHunda. Ecav B HasoBom Moaenn nNpakTnyeCkn BeCb
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NoZlaBaeMblili 030H PACXOAYeTCA Ha CHUXKeHWEe eAMHCTBEHHOro arperMpoBaHHOrO MOKasaTens
3arpA3HeHns, To B 0O0OLWEHHOM MOAENM NPOUCXOANT KOHKYPEHTHOE pacnpeseneHne peareHTa
MeX Y HECKO/IbKMMM NPOLECCAMM OKUCIEHMA.

MosTomy Jaxke yBe/WYeHMe CyYMMapHOW noJayM 030Ha He MnpuMBOAMT K POCTY
KOHLEHTpauumM cBOOBOAHOrO pPacTBOPEHHOro 030Ha. HaobopoT, 6onblias 4YacTb peareHTa
NPaKTUYECKM MIHOBEHHO BOB/IEKAETCA B XMMMUYECKME peakumu. MIMeHHO 3TMm obbAcHAeTCA
OQHOBPEMEHHOE  YBE/IMYEHWE  MHTErpanbHOro  pacxoda YMNpPaBAEHWA U yMEeHblUeHWe
MaKCMMalbHOM KOHLEHTPaLUMM OCTaTOYHOro 030Ha.

C NpaKTMYeCKON TOYKM 3PEHMA AaHHbINA Pe3ynbTaT ABAAETCA NONOKMUTENbHBIM, MOCKO/IbKY
CHUMKEHME MUKOBbIX KOHLEHTPAUMIN PAacTBOPEHHOrO 030Ha YMEHbLIAET BEPOATHOCTb /IOKA/IbHOM
nepeo3oHaumMM W aAenaeT TEXHONOTMYecKUin pexunm bonee HesonacHbIM AaA 3KCMayaTauum
obopyaoBaHUs M NocneayoLWmMx CTaani Bo4ONOArOTOBKM [4, 5].

Ha ctonbukoso amarpamme (puUCyHOK 4) BbIMOJHEHO COMOCTaBAEHME KAKOYEBbIX
KOZIMYECTBEHHbIX MOKa3aTenen 6a3o0BOM aHMMAUMOHHOM MOAENWN M aHUMALMOHHOM MOAEeNM,
NOCTPOEHHOM C y4ETOM 0OOBWEHHON MaTeMATMYECKOM MOAENN NpoLecca 030HHOW OYUCTKM
BoAbl. [laHHaA AMarpaMma NO3BOMAET He TONbKO BWM3ya/lbHO OLEHWUTb Pa3MuMA  MeXay
MOAENAMMU, HO U MHTEPNPETMPOBATb, KaK YCAOKHEHME MAaTEMATMYECKOrO OMMCAHWUA BAMAET Ha
Ka4yecTBO peryampoBaHuMA, pacxod YynpaBAAtoLLEro BO3AEMCTBMA M XapPaKTEPUCTMKM O30HHOrO
pexmnma.

B KayecTBe OCHOBHbIX METPUK CPAaBHEHMA OblIM MCMONb30BaHbI: KOHEYHAA KOHLEHTPaL s
3arpA3HAIOLLETO KOMMOHEHTa, CpeaHeKBapaTMyeckas OWnbKa peryanmpoBaHusa, UHTerpasbHas
abcontotHaA owwnbKa, WHTEerpanbHbIM PACXOL YNPaBAAKOWErO BO3AEWUCTBMA WM NWMKOBaA
KOHLEHTpaUmMA pPacTBOPEHHOrO 030HA. IJTM MOKasaTeNn OTParKaloT pa3Hble  CTOPOHbI
3pPeKTUBHOCTM MoAenn. KoHeUHaA KOHLEHTPaLMA XapaKTepmnsyeT UTOrOBYO ryOUHY OYUCTKM.
CpefHeKBagpaTUYecKan OWMOKa NOKa3blBaeT cpeAHee OTKIOHEHWe YNPaBAAEMON BEANYMHbBI OT
Tpebyemolt TpaekTopumn. MHTerpanbHas abcontoTHaa owmnbKa oTparKaeT CyMMapHYyo oWnbKy 3a
BECb MHTEPBA MOAENMPOBAHUA. IHTErpanbHbI Pacxos yNpaBaatoWero CUrHana xapakrepumsyet
obwmit 06BEM yNpaBAAIOLWLErO BO3AENCTBMA, TO €CTb CYMMAPHYI Harpy3ky Ha KOHTYp noAayu
030Ha. MMMKOBaA KOHLEHTPaUMA 030Ha NO3BOAET OLEHUTb CcTeneHb GOPCMPOBAHMA NpoLecca U
PUCK NIOKaNIbHOW Nepeo30oHaUmun.

CpaBHEHMe KJII04YEBbIX METPUK
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RMSE IAE Peak C_03 Final pollutant

PucyHok 4. CTonbunkosoe cpaBHeEHME OCHOBHbIX METPUK ABYX MOAENEN

CornacHo noayYyeHHbIM pesynbTaTam, An8 6a30BOM MOAEAM KOHEeYHas KOHLeHTpaumn
3arpasHalollero BellecTsa coctasuna 0,366 mr/n, Torda Kak ana ob6o6wéHHol rmbpuaHom
MOZIENIN KOHEYHasi CyMMapHas KOHLEHTpauus 3arpasHuTenein coctasuna 0,736 mr/a. 370
O3HayaeT, YTo MpKW TEKYLIMX HACTPOMKax ynpasieHus 6asosad moaesb AeMOHCTpupyeT bonee
rNyboKyt0 OYMCTKY MO OCHOBHOM ynpaBasemoin koopamHaTe. OAHAKO JAaHHbIM pe3yabTaT
HEeobX0AMMO MHTEPNPETMPOBaTb C YYETOM Pas3/MUMA B CamMoi CTPYKType moaenein. basosas
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MO/e/lb ONMUCLIBAET NPOLIECC B YNPOLLEHHOM BMAE U paKTUYECKM paboTaeT ¢ OAHON CyMMapHOM
3arpA3HAOLLEA KOMMOHEHTOM, Torda Kak 0606 EHHaa MoAenb OAHOBPEMEHHO YYMUTbIBaET
OpraHMYyeckne BeLLECTBA, ene3o, mMapraHel, OaKTepuanbHyl Harpysky, nameHeHme pH u
TemnepaTypHbii  pexum. CnemosaTtenbHo, Honee BbICOKAA OCTaTOYHAA KOHUEHTpauusa B
006006LWEHHON MOAENN CBUAETE/IbCTBYET HE CTO/IbKO O €€ meHbluel 3ddeKTUBHOCTU, CKONBKO O
bonblien GU3NYecKomn NONHOTE ONUcaHUA 1 6onee KECTKUX YCIOBMAX MOAEIMPOBAHMA.

CpeaHekBagpaTnyecKkas ownbKa peryampoBaHma ans 6asosoi moaenu coctasuna 0,493,
a anaobodbwéHHo — 0,780. YBesinmyeHne 3Toro nokasatena B 0600WEHHOM MOAENM NOKA3bIBAET,
YTO MPOLLECC YNpaB/ieHUAa B YCAOBMAX pPaclIMPeHHOro Habopa COCTOSHWIM cTaHoBMTCA Honee
CNOMHbIM. Perynsatopy HeobXoAMMO y4MTbiBaTb OO/bLIEE YMCO B3aMMOCBS3aHHbIX GaKTOPOB, a
3HauUT, NogaepxaHue Tpebyemon TpaeKTopMM CyMMapHOro 3arpasHeHmsa TpebyeT 6o1ee TOUHOM
HACTPOMKW. AHaNOrM4yHas 3aKOHOMEPHOCTb HabatoAaeTca M NOo MHTerpanbHoOM abcontoTHOM
ownbke: ana 6a3osBo moaenn eé sHavyeHne coctasmao 3,707, a ona obobuwéHHon — 6,215. 370
03HA4aeT, YTO CYMMApHOEe OTK/IOHEHME OT »KEeNaemMoro pexuMma B 000OWEHHOW Mmoaenm
OKasanoch Bbllle. [MpMyYnHaA COCTOMT B TOM, YTO O30H B 3TOM MOAENN PAcXoAyeTca He TO/IbKO Ha
CHMXXEHWE CYMMapHOro 3arpAsHeHuA, HO M Ha OKWMCAEeHWE OTAE/NbHbIX KOMMOHEHTOB BOAbI,
BK/ItOYAA OPraHUWKy, }Keneso, MapraHel, 1 MUKPOOPraHM3Mbl.

OcobeHHO nokaszaTenbHOM ABNAETCA METPUKA MHTErpasbHOro pacxoda ynpasnexHua. Ana
6a3oBOM Modenn oHa cocTaBuna 2,616, a ana obobwéHHon — 4,751. Takum obpasom, Aas
noAAepKaHWsA NpoLLecca B pacliMpeHHoM moaenn noTpeboBanock 3ameTHO Hobliee CyMmapHoe
ynpasastollee BO3AeNCTBME. ITO yKa3biBaeT Ha TO, YTo 0606WEHHAA Modenb asnaeTca bonee
pPecypcoémKoin n npeabasnseT 6osee BbICOKME TPebOBaHMA K aNrOPUTMy 103MPOBaHMA 030Ha. C
MUHMKEHEePHOM TOYKM 3PEHWs AaHHbIM pe3ynbTaT 3akoHOMepeH: 4Yem 6onblie GaKkTopoB U
PEaKUMOHHbIX KaHaNoB Y4YMTbIBAeTCA B CUCTeMe, Tem Bbille Tpebyemasa WMHTEHCMBHOCTb
ynpaBaeHna AR KOMMNEeHCaLMM COBOKYMHOM Harpy3Ku.

OTAeNbHOTO BHMMAHMA 3aC/y»KMBAET CPAaBHEHME NMUKOBOW KOHLUEHTPALMN PAaCTBOPEHHOTO
030Ha. [na 6a30BOM MOAENM MaKCMManbHOe 3HadyeHue coctasuno 0,458 mr/n, a and
0606uéHHON — 0,176 mr/a. B oTavuMe OT npeablaywmx METPUK, 34eCb NPenmMyLLECTBO
HabnoaaeTcs yxe y 0606WEHHON Mmodenn. bonee HNU3KMIA MUK KOHUEHTPALMM 030Ha O3HAYaeT,
YTO B PACLUMPEHHOM MOAENM 030H pacnpeaenseTcs U pacxoayeTca 6onee paBHOMEPHO Mexay
HECKOIbKMMM NapanienbHbIMM NPOLLECCaMM: OKUCAEHUEM CYMMAPHbIX 3arpsi3HEHUI, OpraHuKK,
enesa, mapraHua u obeszapaxuBaHmem. VMHbIMK cnoBamum, 6a3oBas modenb obecneymsaeT
Hbonee ObICTPbIA POCT KOHLEHTPALMW 0O30HA B peakTope, Torda Kak o000OWEHHas moaenb
AeMOHCTpupyeT bosee caepraHHbIM U GU3NYECKM PeANNCTUYHbIA 030HOBbIN PEXUM. ITO BAXKHO
C MNPaKTUYECKOM TOYKM 3PEHMsA, MOCKO/bKY YPEe3MepHO BbICOKME MWKM 030HA MOTyT ObiTb
HeXenaTesbHbl 419 peanbHOM YCTaHOBKM.

Takum o06pasom, CToNOMKOBas AMarpamma MO3BOMAET BbIMOJAHUTL WHTErpaabHoe
CpaBHeHWE OCHOBHbIX Mokasatenein adpPeKTMBHOCTN 0beunx moaenen. [MonydyeHHble pesyabTaTbl
[EMOHCTPUPYIOT 3aKOHOMEPHOE YBeIMYEeHME OLLIMOOK PerynpoBaHns U pacxoaa ynpasastoLLero
BO3AEMCTBUA NPU Nepexone K MHOTOKOMMOHEHTHOMY OMUCaHMIO NpoLecca.

Mpn 3TOM cneayeT y4nTbiBaTb, YTO Ha3oBas Moaenb paboTaeT ¢ 04HON arpernpoBaHHOM
nepemMeHHOM COCTOAHMA, Toraa Kak 0b60OWEHHas OAHOBPEMEHHO OMMUCbIBAET HECKOAbKO
He3aBMCMMbIX MPOLLECCOB OKMCAeHMA. [1o3Tomy npAMOe cpaBHeHWe abCONOTHbLIX 3HAYEeHUM
OLIMBOK BO3MOXKHO /IMLLb C YYETOM Pas3anymii B G1U3M4YECKOM COAEePKaHUN Moaenen.

Hanbonee BaxKHbIM pPe3yNbTaTOM ABASETCA CYLW,ECTBEHHOE YMEHbLIEHNE MAKCMMaNbHOM
KOHUEHTPaLMN pacTBOPEHHOIO 030Ha B 0606WEHHON moaenn. [laHHbIM 3bPeKT cCBUAETENbCTBYET
o 0Oonee peannCTMYHOM pacnpesieNeHn 030Ha MeXAy PeaKUMOHHbIMM KaHanamu u
NOATBEPKAAET KOPPEKTHOCTb BbIOPAHHOM CTPYKTYPbl MaTeMaTUYECKON MOAENN.
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CoBpemeHHble anroputmbl  Model Predictive Control 1cnonb3ytoT BHYTPEHHIOLO
MaTeMaTUYecKyto Moaenb 0bbekTa A1A NPOrHO3MPOBaAHMA MOBEAEHUA CUCTEMbl Ha KOHEYHOM
ropuM3oHTEe ynpasaeHua. Ha Ka)KaAoMm Lare paccyMTbiBaeTCA ONTMManbHAA NocnefoBaTeNbHOCTb
yNpaBAAloWMX BO3AENCTBMIA, MUHUMU3IMPYIOWAs uenesyto OGyHKUMO npu  cobaoaeHmm
TEXHONOTMYECKUX OrpaHnuYeHmnin [2-5].

B paccmaTtpuBaemoit pabote eamHana cTpykTypa MPC npumeHsnack Kak ana 6a3oBoi, Tak
n ana obobwEHHOM moaenen. bnarogapa 3TOMy pas/ivMimsa B pesyabTaTax MOAEeNMpPOoBaHMA
00yCNOBNAEHbI UCKAOYUTENBHO OCODEHHOCTAMM MATEMATMYECKOro OMUCaHWA Mpolecca, a He
Pa3MYMAMM B ANrOpPMTMax ynpasneHua. Takoh noaxon obecneymBaeT KOPPEKTHOCTb
CPaBHUTENbHOrO aHa/M3a M N03BONAET OOBEKTUBHO OUEHNUTL BAMAHME NONHOTHI MAaTEMATUYECKOM
MOZE/IM Ha KAaYeCcTBO MHTENNEKTYaNbHOro ynpasneHmal[14].

Ob6cyxaeHne

MonyyYeHHble pe3ynbTaTbl CBUAETENLCTBYHOT O TOM, YTO Pa3nNYMA MEXAY UCCaeayeMbiMm
MoAeNAMM 0ByCNOBAEHbI HE TONIbKO PA3/IMYHOM Pa3MEPHOCTBIO NPOCTPAHCTBA COCTOAHUM, HO U
NPUHUMNMANBHO  Pa3NMYHbIM  NpeacTaBneHnem  GU3MKO-XMMMUYECKOM MNpUpoabl npoLlecca
030HMPOBaHMA. B 6a30BON MOAENN BECH KOMMIEKC 3arpA3HAOLLMX BELLECTB NpeacTaBNeH OAHOM
arpermpoBaHHOM NepeMeHHOM, BCAeACTBME YErO PErYNATOP BOCNPUHMMAET OOBbEKT KaK CUCTEMY C
OZHMM OCHOBHbIM KaHasoM noTpebaeHWs 030Ha. ITO NPUBOAUT K HONee HU3KMM 3HAYEHUAM
OLWNDBOK PerynMpoBaHmnA U MeHbLUeMy Pacxoay YNpaBaAtoWero BO3AencTans.

B 0606WEHHON MoAEeNM 030H OAHOBPEMEHHO PACXOAyeTCA Ha HECKObKO NapaniesbHbIX
NPOLLECCOB: OKWUCNIEHME OpraHMYeCKUX COeAMHEHUIN, XKenes3a, MapraHua, WHaKTUMBaLUMIO
MWKPOOPraHM3MOB, a TaKXe YaCTMYHO 33aBUCUT OT WM3MEHEHMA KWCAOTHOCTU cpeapl w
TemnepaTypsbl. [TOSTOMY AaxKe NPW UCNONb30BAHMM OAMHAKOBOM CTPYKTYPbI perynatopa obbeKT
YyNpaB/NeHNA CTAaHOBMTCA CyWecTBeHHO 60/ee CNOXHbIM. POCT  MHTerpanbHbix OWMBOK
pPeryanpoBaHNA B A@aHHOM C/yvae cnedyeT pacCMaTpMBaTb He KaK yxyAleHue 3ddeKTUBHOCTH
ynpaBaeHua, a Kak cneacteme bonee aleKBaTHOrO ONMCAHWA PeasibHbIX MPOL,ECCOB, MPOTEKAOLLMNX
B peaKkTope 030HWPOBaAHMA.

MonyyYeHHble pe3ynbTaTbl XOPOLWO COMNACytTCA C COBPEMEHHbIMWN TEHAEHLMAMM PA3BUTUA
WHTENNEKTYaNbHbIX CUCTEM YyNpaBAeHUA TEXHONOMMYECKMMM npoLueccamun. B HacToAllee Bpems
uUMPpPOBOM ABOMHMK pPACCMATPMBAETCA HE TONIbKO KaK CPeACTBO BM3yanaM3auMu, HO M KakK
WHCTPYMEHT MNOAAEPKKM MNPUHATUA PELIEHWN, MNPOTrHO3MPOBAHWA aBAPUMHBIX CUTYaLM U
onTUMM3aLMKM  pexkmmoB  paboTbl  obopyposaHua [1-5]. MmeHHO no3TOMy MNOAHOTA
MaTeMaTU4YeCcKoro onmcaHna obbvekTa npnobpeTaeT NPUHLMNMANbHOE 3HAYEHME.

Mcnonb3oBaHue nporHosnpytowero ynpasnenns MPC no3sonseT Hanbonee spPeKTMBHO
MCNONb30BaTb NMpeMmyllecTBa 0600WEHHOM moaenn. bnarogapa NPOrHO3MpPOBaHWIO OyayLImMX
COCTOAHWN CUCTEMbI PErYNATOP CNOCOBEH YYNTbIBATb OrPAHUYEHNA TEXHONOTMYECKOTO NPoL,ecca,
nepepacnpegeneHme 030Ha MeXay OTAEeNbHbIMWU PeakuMaAMM U ANHAMMKY M3MEHEHMA COCTaBa
BOAbl. [MoA0bBHbIM MOAXOA CyLEeCTBEHHO MNPeBOCXOAUT Knaccuveckune MN-perynatopbl npu
yrnpaBAeHNN MHOTOMEPHbIMM HENMHENHbBIMK 0bbekTamm [9-18].

3aknwoueHmne

B pe3synbtaTe nNpoBeAEHHOro MCCAeA0BaHWA BbIMONHEHO KOMMIEKCHOE CpaBHeEHMe
6a30B0M M 060OLEHHOWN TMBPUAHBIX MOAENEN NPOLLeCcCa 030HHOM OYMCTKM BOAbI, MCMONb3YyEMbIX
NPpWY MNOCTPOEHUU WMHTENNEKTYa/lbHOM aHWMMAUMOHHOM CUCTEMbl M UMPPOBOro ABOMHMKA
BOA00UYMCTHOM YCTaHOBKM. AHaNM3 pe3ynbTaToB MOAENMPOBAHMA NOKasan, 4To 6a3oBada MoaeNb
obecneynsaeT 6onee HM3KMe 3HaveHms RMSE, |IAE 1 MHTerpanbHOro pacxoga ynpasastoWero
BO34enCcTBMA  BnarogapA  MCNONb30BAHWIO  YMPOLWEHHOTO  OMMCaHMA  3arpAsHAoLLEN
Harpysku[1,2,9].

B otanume oT Heé o0600WéHHaa MoAeNb Y4YMTbIBA€T MHOTOKOMMOHEHTHbIA COCTaB
3arpA3HEHMI, BK/KOYAIOWMI OpraHMYeckMe BeLLEeCTBa, Kene3o, MapraHel, OakTepuanbHyto
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Harpy3sKy, a TaKXXe BAWAHME KMUCNOTHOCTM cpedbl W TemnepaTypbl. bnarogapa 3TOmMy OHa
3HAYUTENIbHO TOYHEEe BOCMPOU3BOAUT GU3NKO-XMMUYECKME MeXaHM3Mbl noTpebaeHna 030Ha u
no3Bo/AET NoNyyYaTb 6onee 4OCTOBEPHOE ONMMCaHMEe TEXHONOMMYEeCKOoro npoLecca.

MonyyeHHble pe3ynbTaTbl MOKa3blBAlOT, YTO YyBE/AWYEHWE OWMOOK peryampoBaHua w
pacxoga  ynpaBAAtouwero  BO3AeNCTBMA  ODYCNOBNEHO  Npexae BCEero  YCNOXHEHWeM
MaTeMaTUYeCKOro OMUCaHWA OObEKTa, @ He CHMKeHMeM 3OPEKTUBHOCTU WHTENNEKTYaNIbHOro
anropuTma ynpasneHua. HanpoTtue, npumeHeHne 0600WEHHON MOAENM MO3BONAET CYLECTBEHHO
NOBbICUTb MHGOPMATUBHOCTb LMPPOBOro ABOMHMKA M obecnedyntb Honee rAyboKWiM aHanms
COCTOAHMA TEXHONOMMYECKOro NpoLLecca.

Hay4Has HOBM3HA BbINOJHEHHOMO MCCAEA0BAHNA 3aKNHOHAETCA B CPAaBHUTEIbHOM aHam3e
ABYX YPOBHEN MaTeMaTU4YeCKoro onncaHma npoLecca 030HHOM OYMCTKM BOAbI B PaMKax e AMHOM
WHTENNEKTYaNlbHOM CUCTEMbI ynpaBaeHus. B oTamune oT OONbLIMHCTBA M3BECTHbIX PaboT,
CPaBHEHWE BbIMNONHEHO MNPWM OAMHAKOBOW CTpPyKType MPC-perynaTopa, 4TO NO3BOAWMAO
0OBEKTMBHO OLEHUTb BAMAHWE WCKAOYMTENIbHO MaTeMaATUMYECKOM MOJENM Ha KayecTBO
ynpasaeHus.

MpaKkTnyeckaa 3HaAYMMOCTb pPaboTbl OnpeaenAaeTcs BO3MOXHOCTbIO WMCMO/b30BaAHMA
pa3paboTaHHOM 0606WEHHON MOAENN B KAYECTBE BbIYMCANTENBHOTO AApPa LMGPOBOro ABOMHMKA
BOZ00YMUCTHOM YyCTaHOBKM, obecneynsatolLero NHTENNEKTYyaIbHYO BM3yaIM3aLUMio
TEXHO/IOTMYECKOro npoLecca, NPOrHO3MpoBaHME M3MEHEeHMA KadyecTBa BOAbl M MOAAEPMKKY
onepaTtopa npu BblIbope ONTMMaNbHOTO peXrMMa 030HMpoBaHmA[10,15].

B uenom pesynbTaTbl MCCNEA0BAHWA MOATBEPMKAAIOT LEeNecoobpasHOCTb NPUMEHEHUA
ABYXYPOBHEBOWM apXMUTEKTYPbl MHTENNEKTYaNIbHON CUCTEMBI YNPABAEHNA O30HHOM OYNCTKOM BOAbI.
BasoBas MoAenb MOMET WMCMNO/ab30BaTbCA ANA OMNepaTMBHOTO MOAENMPOBaHMA, Pa3paboTKu
onepaTopckoro mHtepdenca m obydeHua nepcoHana 6Hnarofaps BbICOKOM BbIYMCAUTENBHOM
appeKkTuBHOCTU. OBOOWEHHAN TMbpUaHan moaenb ABnAeTcs boee NepcnekTMBHOM OCHOBOM A5
NOCTPOeHMA ULMPPOBOro ABOMHMKA, obecneyrBatoLLEro 4OCTOBEPHOE BOCNpon3BeaeHme GU3NKo-
XMMWYECKMX MPOLLeCCOB, MOAAEPMKKY MPUHATUA peLeHUn U MNOCAeAyolyo ONTMMM3ALLMIO
pexnmos paboTbl BOAOOYMCTHOM YCTAHOBKM C MCMONb30BaHMEM METOA0B MCKYCCTBEHHOrO
WHTEeNNEKTa.

®dunHaHcMpoBaHue. PaboTa BbINOIHEHA B PaMKax rPAHTOBOrO GUHAHCMPOBAHMA HAYYHbIX U
(MNK) Hay4yHO-TEXHMYECKMX NpPoeKToB Ha 2025-2027 roabl MUHUCTEPCTBA HAaYKWM M BbICLIErO
obpasosaHua Pecnybamkm KasaxctaH no npoekty AP26199445 «Pa3paboTka MHTENNEKTYAIbHOM
cuctembl 06paboTKM BOABI 030HUPOBAHUEMY.
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Sociological Sciences

Femina Academica, Female Professionals
in Sociology

Lejla Musi¢
Sarajevo University, Bosnia and Herzegovina

Femina Academica as a concept, a research project idea, and book investigation theme is defined
in 2016 (Spano), inside the Higher Educational Female Leadership position, precisely focused
on towards female leadership inside Higher University positions. Femina Sociologica, Femina
Ecologica, Femina Cartoonica, Femina Xenologica along with Femina Academica, and Femina
Anima, constitute educative edition, dedicated to investigational research practices of Feminine
identity in the Contemporary. Spano explains the importance of Female leadership through the
notion of basis in legal documents. “The UNESCO (1998) Declaration on Higher Education”
includes a statement that Higher Education (HE) ‘should promote solidarity, and equity’, and
it also includes equality of access. Femina Academica, and Empowering of Women, in Higher
Institutional Education, is complex, historically remarkable, and especially developed inside the
contemporary professional female Sociology and, in American Sociology because of
distinguished the Sociologists for Women in Society organisation, while in Europe we find
less dominant female professional positions , and perplexities of selections of Females in
Academia.

Key terms: Femina Academica, Black Feminist Sociology, Female Centred Sociology, Academic
Conviviality, Feminist Eco criticism

Introduction

As a sub-discipline of Sociology, Professional Female Sociologists are a very significant
theme inside the sub discipline of Sociology, that is extraordinary, multidisciplinary, based on a
plural perspective , and important for to professional organisations as well. Theme Sister
founders in Sociology is, a concept defined by Mary Jo Deegan, professor Emerita from
Nebraska Lincoln University (USA). This concept, that is connected with to the demarcation, and
reconstruction of female establishment in Sociology(Musi¢ 2014, 2017). Museum of famous today,
Sister founders in Sociology, involve Ida Wells Barnett’s Museum, Jane Addams’s Museum ,
and Caroline Bartlett Crane’s Museum. Well known for black feminism, and Sociology of
Empowerment, and Black Female Emancipation, W.E.B. Du Bois, incorporated into his very
celebrated Museum exhibits the multimedia representations inherited inside the freedom of
Speech, Vote, and debates around the discrimination of Black Females.

“Du Bois’s(Musi¢ 2022) limited views of black women, inhibit his ability to imagine African
American women, as race leaders.)Du Bois’s descriptions of black women unintentionally re-
inscribed patriarchal ideals, as he sought racial equality. To Du Bois, black women held moral
power, over men, and thrived in the domestic sphere” (24 ). “The Damnation of Women,” similarly
to this letter, Du Bois finds that black women’s damnation lies in their inability to be deemed
respectable, delicate, and worthy of the same admiration, as white women. Yet unlike his 1920
essay, the letter demonstrates that as of 1906, Du Bois had not yet articulated how racism affected
black women’s political, or economic standing. His analyses of race, and gender, were limited to
black women’s representation, and their need for protection. The founders action of Black
feminist sociology, |da Wells-Barnett, and Anna Julia Cooper, made Radical social change, in
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biographies, history, and Sociology. They envisioned the African-American female life as
superior, and as a contemporaries, they founded the sociology of African-American Women,
which concentrated on were the special focus towards their real, and practical experiences.(
Madoo, Lengermann, Niebrugge (1998:149-184). Marianne Weber, as a wife of Max Weber’s
wife, founded the idea of Women- centred sociology. Women centred Sociology is , organised
around the female standpoint, especially in relation to importance on gender based ideology!
She critiques the family structure, and especially working sphere, and domestic life, and “ that
societal harmony is made on the account of female autonomy” (Madoo, Lengermann, Niebrugge,
Brantley, 1998:204). Weber argues: “That Women are framed in male-dominated society, with
male dominated institutions of law, religion and history of series of male-made events, and by
male-dominated analysis of the relations in between this institutions and this events.”(1998:204).
In her text, “The soil and air of the Academic life ,” she writes about the concept of academic
conviviality, describing the gatherings, in Heidelberg, of intellectuals, at Weber’s family saloon,
around the academic themes, decades after Weber died. She organised Sunday lectures, that
looked like this: “the first hour was spent in unguided conversations, in small groups, with
tea, and cakes. Then the guests settled down, to the talk, and discussion that followed, as vital
elements of the intellectual Heidelberg. The scholars who participated, with their wives, were
from all the faculties of the University, but most of them came from the Humanities, and Social
Sciences(1977:4-5). Feminist Eco criticism, according to Vakoch’s (2012)theory, represents the
plural perspectives, that involves pleads of different, and even contradictory positions, since
it is not subject of generalisations. Feminist Eco criticism, pinions forces Feminism, and Eco
critics ( feminist literature relation to the environment) into a creative, innovative, enhancing
project of multiple perspectives in understanding the feminist , and Ecological structure in
different-varying, and even opposed perceptions (Vakoch 2012).

“The origin of female exclusion in theory, in the work of the eco feminist Eislar Rian Eco
feminist manifesto (1987) can be traced in following notions, that the social system of Minoan
period of rule, on Greek island Crete, was the only true democracy. The Athenian democracy was
the rule of the free aristocratic males. Women, and slaves (man and women of other
colour) were marginalised, and excluded from public sphere. Only free males were subject to
obligation of public speeches as a mark of true citizen. Patricia Shipley, holds that Aristotle's scripts
on social system represent the origin of misogyny, and subordination of women, especially
binary divisions: Femininity / masculinity, Nature / Culture, Emotion / Ratio, Subordination /
Dominance, Logic of care/Logic of dominance, Pain /Pleasure. Small Albion advocates the doctrine
of separate spheres, believing that men, and women are different distinctly, “separate but
equal”, comparing this difference to difference between two musical instruments, having the
same relation to the notes in scale, but could not be replaced, or supply place in their own separate
series (Deegan, 1981: 15).

Methodology

This analyses employs Comparative and historical methods as well as, the content
analyses of textbooks , and materials in order to compare the female stream, and a male stream,
in sociological approaches. Some of the methodological goals of this chapter include: the gender
equal education, as a significant tool of postmodern education processes, and female stream
textbooks involvement, inside the curriculum. During this process the interviews, with the eminent
authors of the books, and writers of female sociologists biographies will be preformed (Mary Jo
Deegan, prof.emerita Nebraska Lincoln University). The library and archival researches will be used
are undertaken to analyses the accessibility of the literature on Female sociologists. Mary Jo
Deegan, in 1990, wrote her significant study- source book on Women founders in sociology,
describing 53 women founders in sociology. In the appendix of this work, refers to another even
plus 66 women sociologists, who should be subject or are mentioned for further investigations.
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These women are rarely mentioned, in male stream sociology. Only pro feminist masculine
authors mention works of women in sociology. Peter J. Scott has written a study on Fifty key
sociologists, but he only mentions three women. In comparison to Mary Jo Deegan's work on 118
female sociologists, this previously mentioned work is male stream and, even discriminating.
FEMALE SOCIOLOGY AS AN ACADEMIC DISCIPLINE

The importance of this project involves, being introduced into the introduction to the
significant large amount of the literature, written in America about female sociologists(Musi¢
2014, 2017, 2021). First female professional sociologists as speakers at ASA conferences: Ward
supported the authorship, and academic activities of Charlotte Perkins Gilman, and supported the
inclusion of women. Charlotte Perkins Gilman, as a respectful female sociologists, and
economist, was even three times involved, as a discussant during the American Sociological
Association (ASA) meetings. The first women included in first ASA meeting was Mrs J. Oldenwalrd-
Unger. Small invited Jane Addams to speak as major a prominent speaker during 1911, 1912, and
1913, at the ASA conferences. The other speakers were Lucy Salmon from Vassar College (1913),
and Emily Greene Balch, from Wellesley College, in 1914 (Deegan, 198:16). But in some years, no
women were included, because they did not hold important roles, in meetings. Ross invited s Jane
Addams to speak on sociological aspects of War, and Militarism , in their sociological aspects, in
1915, but Emily Green Balch came instead of her, and spoke on Addams’ behalf., and the 1915
meeting become was a controversial meeting. Why was the meeting controversial? Addams and
Balch were against war, and supported pacifism, and also were both Nobel Prize Winners. Jane
Addams won the award in 1931, and Emily Green Balch in 1946. None of the men from
Chicago school, wanted to discuss Addams’ work. Consequently, after contacting fifteen male
sociologists, Ross founded two women,: Lillian Wald (Head, residents of Henry Settlement, NYC)
and Anna G. Spencer (Meadville Theological Seminar, Ohio), who would read Addams’ papers. The
fundamental sociological text, Hull House maps and papers, is published by Hull House
residents in 1893, as a fundamental sociology paper:

"Focused on social change, they articulated the American dream, especially adapted to
smart, educated anglo-women, who wanted a new role in life, and society. Addams(Musi¢
2015) surrounded herself with brilliant, and dedicated people, especially women. These women
formed a key group living, in the countryside, writing together, collecting statistics, examining
factories and industries, examining health conditions, examining sanitary conditions, lobbying for
legislative and political reforms, and organising social improvement in their overpopulated,
immigrant district working class. Outside this vast and poorly organised space of activity, Addams
was a charismatic leader, who translated "facts" , into everyday language, articulating the
problems, and needs of the community and forming American ideals, and social thoughts.
An author of eleven books, and hundreds of articles, Addams continued her efforts, in lectures,
and education through lectures across the country, and at Hull House. She became a
spokeswoman for her era, especially for women, and immigrants, of the working class. "(Deegan,
1990: 39). The origin of these houses, became popular in America, and one such was founded by
Lillian Wald, Henry Settlement in New York, and a sociologist of neoadamsian Orientation,
Caroline Bartlet Crane in Kalamazoo, Michigan. In the time before the beginning of the First World
War, the Pacifist, Addams, was considered a good, and noble woman, to become a target
of various animosities, and personal attacks, until the American accession to the war in 1913,
when she became socially, and publicly marginalised, and after public celebration as a saint, she
becomes publicly abused as a violent one."Intimidated by the excitement of speaker platforms,
and abandoned by colleagues, and the most prominent, other sociologists / gypsies, Addams has
socially become, a rogue band. That time was the agony's time for her. Dedicated to her
values, basic, feminine ideals, she continued to advocate, her pacifist position. The
culmination of her politically unbreakable status, occurred in 1919, when the US government
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labeled her the most dangerous woman, in America. At that time, her role as a sociologist, which
was the main one, was erased. "(Deegan, 1990: 40). After women gained the right to vote, in
1920, Addams, and many Suffragettes celebrated as the main victory, in the years to come after
1931, Addams again becomes the spokeswoman of the establishment of social security, and as a
dying 1935, was again mournful, around the world, as a great leader , and analyst of American
social reality (Deegan, 1990: 40). Jane Addams, Charlotte P. Gilman (Deegan, Podeschi, 2001),
Caroline B. Crane (Deegan, Rynbrandt, 2002). Sisters founders in sociology, advocated
cultural feminism, and ecofeminist pragmatism. The inclusive momentum of all disputes, in her
studies, was a disagreement between cultural feminism, and critical pragmatism.
Conclusion
Femina Academica, Women centred sociology, Academic conviviality, Black feminist sociology,
Black male feminism, and Feminist eco criticism offer academic analysis, that is global, embracive,
inclusive, wide ranging, and far reaching, in their academically distinguished results. Sociology of
gender, uses all of thesis approaches, in distinguished, subversive, and always challenging
approach.
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Abstract:

The history of fashion design reflects societal values, technological progress, and cultural shifts
from ancient civilisations to the modern digital era. From symbols of power in Egypt, Greece, and
Rome, through elaborate medieval and Renaissance styles, to the revolutionary innovations of the
Industrial Revolution and the dynamic trends of the 20th and 21st centuries, fashion has
continually evolved as a means of self-expression, social status, and cultural identity. Historical
styles, technological advancements such as 3D printing and digital textiles, and ongoing concerns
about sustainability and ethics have a profound influence on modern design. Understanding this
rich history enables designers to create innovative, meaningful, and responsible fashion that
honours tradition while embracing future possibilities.

Keywords: fashion history, societal values, technological progress, cultural identity, ancient
civilisations, Renaissance, industrial revolution, modern trends, sustainability, innovation, haute
couture, digital textiles, social influence, design inspiration, cultural legacy

Introduction

The history of fashion design is a fascinating and complex story that offers insights into human
civilisation, societal values, cultural identities, and technological progress. It is a narrative that
spans thousands of years, from ancient times to the modern era, illustrating how clothing and style
serve not only practical purposes but also symbolise power, status, cultural affiliation, and personal
identity. The evolution of fashion reflects the broader social, political, and economic changes that
societies have experienced over time, making it a vital aspect of understanding human history.

In ancient civilizations such as Egypt, Greece, and Rome, fashion was often a reflection of social
hierarchy and authority. Luxurious garments, intricate jewelry, and elaborate accessories signified
wealth and power, while simpler attire indicated lower social standing. Clothing was also deeply
intertwined with cultural and religious practices, serving as a means of expressing spiritual beliefs
and societal values. As societies progressed, fashion began to evolve alongside technological
innovations, trade routes, and cultural exchanges, leading to the development of distinct regional
styles.

The Middle Ages and Renaissance periods saw the emergence of more elaborate and ornate
clothing, influenced by the social stratification of European society. The Renaissance, in particular,
marked a rebirth of artistic expression, with fashion becoming a reflection of artistic trends, wealth,
and political power. During these times, clothing became an important indicator of social status,
with sumptuary laws regulating what individuals could wear based on their rank.

The Industrial Revolution in the 18th and 19th centuries brought about revolutionary changes in
fashion production. The advent of mechanized textiles, sewing machines, and mass production
techniques made clothing more accessible to a broader population. This era also saw the rise of
haute couture in France, with designers beginning to craft unique, high-end garments that set new
standards of style and innovation. Fashion became a means of personal expression, as well as a
reflection of societal shifts such as urbanization and the rise of the middle class.

In the 20th century, fashion experienced rapid and dramatic transformations driven by
technological advancements, cultural movements, and global influences. The post-World War |l
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era, for example, saw the emergence of youth culture and street fashion, which challenged
traditional norms and introduced new styles that prioritized comfort, individuality, and self-
expression. The rise of fashion icons, celebrities, and media further shaped trends and made
fashion a powerful industry that influences millions worldwide.

Today, the fashion industry is more dynamic and diverse than ever before. The advent of digital
technology has revolutionized how fashion is designed, marketed, and consumed. Social media
platforms enable instant sharing of trends and styles across the globe, creating a truly
interconnected fashion community. Contemporary trends such as streetwear, athleisure, and
digital fashion reflect the changing preferences of younger generations, who value authenticity,
sustainability, and innovation.

Sustainability has become a central concern in modern fashion, prompting designers and brands
to rethink their practices to reduce environmental impact and promote ethical production. The
increasing awareness of climate change, resource depletion, and social justice issues is shaping
future directions in fashion design, emphasizing eco-friendly materials, circular economy
principles, and fair labor practices.

In conclusion, the history of fashion design is an ever-evolving story that continues to mirror
societal transformations, technological advancements, and cultural shifts. From ancient symbols
of power to modern expressions of individuality and sustainability, fashion remains a vital and
dynamic reflection of human identity. As we look to the future, understanding its rich history
enables us to appreciate the ongoing innovations and challenges that shape this vibrant industry.

Ancient Civilisations and Their Legacy

The influence of ancient civilisations on modern fashion is profound and enduring. These early
societies laid the foundations for many stylistic elements, symbols, and cultural values that
continue to inspire contemporary design. Understanding their clothing traditions provides valuable
insights into their social structures, spiritual beliefs, and cultural identities.

Egypt — A Symbol of Wealth and Spirituality

In ancient Egypt, fashion was not merely about aesthetics; it was deeply intertwined with
spirituality and social hierarchy. Clothing served as a visual language that communicated an
individual's social status, religious devotion, and connection to the divine. Pharaohs and the elite
class wore opulent garments made from fine linens and richly decorated with gold, semi-precious
stones, and intricate embroidery. These luxurious fabrics and adornments reflected their power,
wealth, and divine right to rule.

Egyptian attire often carried religious symbolism. For example, the use of specific colors and motifs
in clothing and jewelry was believed to invoke divine protection or favor. The famous broad collars,
headdresses, and scepters were not only decorative but also held spiritual significance,
representing authority and connection to gods such as Osiris and Isis. The elaborate jewelry,
including necklaces, bracelets, and rings, was crafted from gold, carnelian, turquoise, and other
stones, symbolizing life, protection, and eternity.

Moreover, clothing in ancient Egypt was designed to suit the climate, with men and women
wearing simple linen garments suited for the hot desert environment. Yet, despite their simplicity,
these garments were often decorated with symbols and patterns that conveyed religious and
cultural messages. For example, the use of lotus flowers and papyrus motifs reflected the
Egyptians’ reverence for nature and the divine order.

Greece and Rome — Civilized Styles and Cultural Identity

The classical civilizations of Greece and Rome contributed significantly to the evolution of fashion,
emphasizing both aesthetic beauty and social symbolism.

In ancient Greece, clothing was characterized by simplicity, elegance, and freedom of movement.
The most common garments were the tunic, called the chitén, which was made from rectangular
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pieces of fabric fastened with pins or belts. The chitdn was often made from lightweight linen or
wool, suitable for the Mediterranean climate. Its design allowed for various styles and
ornamentation, reflecting the wearer’s social status, gender, and occasion. Wealthier individuals
might wear finely woven and embroidered chiténes, often dyed in vibrant colors.

Greek fashion was also marked by the use of draped garments such as the himation and peplos,
which conveyed a sense of grace and civic pride. These garments were often decorated with
intricate embroidery or painted patterns, showcasing the wearer’s cultural identity and
appreciation for artistry. The Greeks also used accessories like sandals, headbands, and jewelry to
complement their outfits, often with symbolic meanings tied to religion and social status.

Roman fashion inherited many elements from Greece but adapted them to the empire’s grandeur
and practicality. Roman men commonly wore the tunica, a simple, functional garment, while
women wore the stola, a long dress that signified modesty and social standing. The toga, perhaps
the most iconic Roman garment, was a symbol of citizenship and political authority. Togas were
often decorated with borders or embroidery to denote rank and social class. Roman clothing was
not only about social distinctions but also about expressing power and civic identity. Wealthy
Romans adorned their garments with elaborate embroidery, jewelry, and accessories such as
fibulae (brooches) and belts. The practicality of Roman attire allowed for ease of movement and
adaptability, suitable for the vast and diverse empire.

Legacy and Influence

The clothing styles of ancient Egypt, Greece, and Rome have left an indelible mark on the history
of fashion. Their emphasis on symbolism, craftsmanship, and social distinction influenced
subsequent periods, inspiring Renaissance textiles, neoclassical trends, and even modern design
elements. For example, the draped elegance of Greek garments can be seen in contemporary
evening gowns, while the opulence of Egyptian jewelry continues to inspire jewelry designers
today.

Furthermore, the symbolic use of clothing as a marker of social and spiritual identity persists in
modern fashion, from ceremonial attire to everyday fashion choices. The legacy of these ancient
civilizations reminds us that clothing is much more than fabric; it is a powerful means of
communication, cultural expression, and societal organization that continues to evolve and inspire.
Medieval and Renaissance Eras — Wealth and Symbolism in Fashion

Following the fall of Antiquity, the Medieval period brought significant changes to society, culture,
and fashion. During this time, clothing began to be more closely associated with religious, feudal,
and social structures. Fashion evolved from simple practicality to a powerful symbol of wealth,
status, and identity, with its significance increasingly rooted in social hierarchy and cultural
symbolism.

In early medieval times, clothing was primarily utilitarian, made from readily available natural fibers
such as wool, linen, and leather. The garments were simple, modest, and functional, reflecting the
modesty and austerity of the period. However, as trade routes expanded and technological
advances in weaving and textile production developed, more elaborate and decorative garments
started to appear among the wealthier classes. The introduction of intricate embroidery,
decorative trims, and metallic accents signaled a shift towards fashion as a means of displaying
affluence and social standing.Trade with Eastern countries played a crucial role in this evolution.
Luxurious fabrics like silk, brocade, and damask became accessible to the nobility, often imported
via long trade routes. These sumptuous materials allowed for the creation of more opulent
clothing, which in turn became a visual marker of wealth and power. The wealthy could afford to
adorn their garments with precious gemstones, pearls, gold embroidery, and elaborate patterns.
Such embellishments were not only decorative but also served as symbols of prestige, divine favor,
and political influence.During the late Middle Ages and beginning of the Renaissance, fashion
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became even more elaborate, especially among the aristocracy. Clothing was designed to
showcase wealth through intricate craftsmanship and luxurious materials. The garments of the
nobility featured detailed embroidery, bejeweled accents, and rich textiles. These outfits often
included accessories such as elaborate headpieces, jewelry—like necklaces, rings, and brooches—
and decorative belts, all of which reinforced social hierarchy and status.

The Renaissance period marked a significant shift toward individuality and artistic expression in
fashion. Clothing styles became more fitted and tailored, emphasizing the human form. Fabrics like
velvet, silk, and brocade gained popularity, often decorated with elaborate embroidery, gold leaf,
and vibrant dyes. The use of bright colors and complex patterns reflected not only wealth but also
cultural sophistication and aesthetic ideals of beauty( Girard,2024). Fashion was increasingly seen
as a form of art, with clothing serving as a canvas for artistic creativity and social symbolism.In both
the Medieval and Renaissance eras, clothing was more than just a covering; it was a language of
power, wealth, and cultural identity. Sumptuous garments and jewelry acted as visual markers of
social rank and personal achievement. The ornate dresses, cloaks, and accessories worn by the
elite communicated their importance and distinguished them from lower classes, who wore more
modest and utilitarian attire.Overall, the Medieval and Renaissance periods laid the foundation for
modern notions of fashion as a reflection of social status and cultural values. The technological
advances, trade in exotic textiles, and artistic innovations of these eras made clothing a potent
symbol of wealth, power, and identity—elements that continue to influence fashion today. Their
legacy reminds us that clothing is not only about aesthetics but also about expressing societal roles,
cultural values, and individual personality through visual means.

Early Modern Period and the Birth of Modern Fashion Styles

The 15th and 16th centuries marked a transformative era in the history of fashion, characterized
by the emergence of distinct styles and the establishment of the first fashion houses. During the
Renaissance, fashion began to become more specialized and varied, reflecting social class,
geographical regions, and cultural influences.

This period saw a significant development in craftsmanship and technological innovation, which
allowed for the production of more colorful, high-quality, and intricate garments. Textile
production advanced with the improvement of weaving techniques and the availability of new
dyes, making it possible to create vibrant, durable fabrics. As a result, clothing became a powerful
means of expressing social status, wealth, and personal identity.

Moreover, the 15th and 16th centuries witnessed the rise of the first fashion houses and ateliers—
early versions of modern fashion studios. These establishments started to design and produce
collections of clothing that catered to the tastes of wealthy clients, aristocrats, and monarchs. The
creation of these collections marked the beginning of fashion as a specialized industry, with
designers and tailors working closely to develop new styles and trends.

Fashion during this era was also influenced by the cultural and artistic movements of the
Renaissance, leading to more elaborate and sophisticated garments. Rich embellishments,
luxurious fabrics, and detailed ornamentation became hallmarks of fashionable attire. These
innovations laid the foundation for the modern fashion industry, which continues to evolve today,
driven by creativity, craftsmanship, and the desire to express individual style.

In summary, the 15th and 16th centuries were pivotal in shaping the modern concept of fashion,
transitioning from simple clothing to a refined and diverse industry with its own designers,
collections, and cultural significance.

17th and 18th Centuries: Baroque, Rococo, and the Victorian Era

The 17th and 18th centuries were periods of dramatic change and opulence in fashion, marked by
distinct styles such as Baroque, Rococo, and the early Victorian era. These eras reflected the social,
political, and artistic currents of their times, emphasizing extravagance, ornamentation, and social
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symbolism.During the Baroque period (early 17th century), fashion was characterized by grandeur
and drama. Clothing featured rich fabrics like velvet, silk, and brocade, often decorated with
elaborate embroidery, lace, and gold accents. The silhouette was voluminous, with wide sleeves,
ruffled collars, and heavily ornamented garments that showcased wealth and power. Fashion
served as a display of status, often reflecting the ornate artistic style of the Baroque movement.The
Rococo era (early to mid-18th century) continued the theme of extravagance but introduced a
lighter, more playful aesthetic. Fashion became even more decorative, with intricate lace, ribbons,
and pastel colors. Wide panniers and hoop skirts created highly structured and voluminous
silhouettes, emphasizing elegance and refinement. Clothing was designed to impress and dazzle,
with elaborate embellishments and delicate details that highlighted craftsmanship. The styles of
this period often reflected the aristocratic courtly life and the desire for beauty and sophistication.

In contrast, the Victorian era (mid-19th century) marked a shift toward more practical and modest
fashion, driven by social and cultural values of morality and propriety. Early Victorian clothing still
retained some ornate features, such as corsets, bustles, and decorative trims, but overall, there
was a move towards more covered and structured garments. The emphasis was on neatness,
modesty, and social symbolism—clothing was a sign of one's social class and moral standing.
Fabrics and designs became more restrained, yet still detailed, reflecting the era's focus on
decorum and social hierarchy. Throughout these centuries, fashion was intricately linked to societal
roles, power structures, and artistic trends (Breward, 2023). From the grandeur of Barogque and
Rococo to the more subdued yet symbolically rich Victorian styles, these periods laid the
groundwork for modern fashion, demonstrating how clothing can serve as a reflection of cultural
values and social identity.

19th Century: The Industrial Revolution and Mass Production

The 19th century was a transformative period for fashion, driven by the sweeping changes brought
about by the Industrial Revolution. This era marked a shift from handcrafted clothing to large-scale,
automated manufacturing processes, which significantly lowered costs and made fashionable
clothing accessible to broader social classes.Advancements in technology played a crucial role. The
invention of the steam engine, mechanized weaving, and dyeing techniques enabled the
production of vibrant, durable, and high-quality fabrics and garments. These innovations led to the
proliferation of ready-made clothing and the rise of department stores, which further
democratized fashion by offering a wide range of styles at affordable prices.A notable development
during this period was the emergence of haute couture in Paris. The first exclusive fashion houses
dedicated to bespoke, high-end clothing began to appear. These ateliers emphasized
craftsmanship, originality, and high-quality materials. Designers like Charles Frederick Worth, Jean-
Paul Gaultier, and Coco Chanel laid the foundation for the modern luxury fashion industry, blending
artistry with mass production techniques.The 19th century also saw the rise of fashion as a symbol
of social status and identity, with styles evolving rapidly to reflect societal changes. The era's
fashion was characterized by elaborate dresses, corsets, crinolines, and accessories that
showcased wealth and sophistication.In summary, the Industrial Revolution revolutionized how
clothing was made and consumed, transforming fashion into a more accessible, diverse, and
technologically advanced industry. The establishment of haute couture set the stage for future
innovation and luxury in fashion.

20th Century: Revolution in Style and Technology

The 20th century was marked by dramatic shifts in fashion, driven by technological innovations,
social upheavals, and cultural movements (Giraldi, 2023). It was an era of experimentation,
freedom, and rapid change, reflected in diverse styles from Art Deco to minimalist trends.
Fashion icons like Coco Chanel, Yves Saint Laurent, and Christian Dior revolutionized the industry
with new silhouettes, fabrics, and concepts of elegance. The interwar period introduced minimalist
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styles that emphasized simplicity and comfort, mirroring societal shifts toward individualism and
emancipation.

The post-World War |l era saw the rise of prét-a-porter (ready-to-wear), making fashionable
clothing more accessible than ever. The development of television, film, and later the internet
transformed fashion into a global phenomenon. Pop culture and youth movements influenced
styles such as hippies, punk, grunge, and streetwear, reflecting social and political sentiments.

Technological innovation continued to shape fashion. The advent of 3D printing, digital textile
printing, and virtual fitting technologies revolutionized design, manufacturing, and shopping
experiences. Virtual fashion shows and online boutiques expanded the reach of brands and
consumers worldwide.

Contemporary Trends and Future Challenges

Today, fashion is increasingly focused on sustainability, inclusivity, and technology. Digital fashion,
which exists in virtual worlds and online platforms, is gaining popularity. Streetwear influences high
fashion, creating a fusion of casual and luxury styles. Environmental concerns have led to a push
for eco-friendly materials, recycling, and transparent supply chains.Looking ahead, the industry
faces challenges such as reducing waste, minimizing environmental impact, and ensuring ethical
production. Technologies like artificial intelligence, virtual reality, and blockchain are transforming
how clothes are designed, marketed, and sold. Virtual try-ons, digital fashion shows, and
blockchain-based authenticity are reshaping consumer experiences (Poon 2017).

In conclusion, the 20th century set the stage for a dynamic and innovative fashion landscape.
Today’s focus on sustainability, digital transformation, and global interconnectedness promises an
exciting future where fashion continues to evolve as a reflection of society’s values, creativity, and
technological progress.

Conclusion

The history of fashion design is a vibrant reflection of our society, its values, technological
advancements, and cultural evolution. From ancient civilisations to the Renaissance, the Industrial
Revolution, and the current digital era, fashion has continuously transformed, yet it remains a
powerful means of self-expression, social identity, and cultural dialogue. Understanding this rich
history allows designers and consumers alike to appreciate not only the beauty and originality of
clothing but also the responsibility we bear as creators and users of fashion.

This historical perspective influences contemporary design in numerous ways. For example,
designers often draw inspiration from past eras to create modern reinterpretations, blending
vintage aesthetics with innovative techniques. The revival of 19th-century silhouettes, such as
corsets or Victorian lace, can be seen in today’s fashion collections, reimagined with sustainable
fabrics or technological enhancements like 3D printing. Similarly, the bold, elaborate
ornamentation of Barogue or Rococo styles inspires contemporary haute couture and runway
shows, emphasizing craftsmanship and artistry.

Moreover, the technological innovations of the 20th and 21st centuries—such as digital fabric
printing, virtual fitting rooms, and Al-driven design tools—are deeply rooted in the historical drive
for innovation. These advancements enable designers to experiment more freely, push creative
boundaries, and produce more sustainable and inclusive fashion. For example, brands like Adidas
and Gucci are experimenting with 3D-printed accessories and virtual clothing lines, reflecting a
fusion of historical craftsmanship and cutting-edge technology.

The ongoing emphasis on sustainability and ethical production is also influenced by historical
lessons about resource use and social responsibility. The industrialization of fashion taught us
about environmental impacts and labor issues, prompting modern designers to prioritize eco-
friendly materials, transparent supply chains, and circular fashion models. Brands like Patagonia
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and Stella McCartney exemplify this approach, integrating historical awareness with modern
innovation to create more responsible fashion.

In essence, the historical journey of fashion design provides a foundation for creativity and
innovation today. It encourages us to honor traditional techniques while embracing new
technologies and values. By studying the past, designers can develop unique, meaningful, and
sustainable collections—ensuring that fashion continues to evolve thoughtfully, reflecting both our
heritage and future aspirations.

Sources:

1. Aage, Tine, and Fiorenza Belussi. "From fashion to design: creative networks in industrial
districts." Managing situated creativity in cultural industries. Routledge, 2013. 1935.

2. Breward, Christopher, Beverly Lemire, and Giorgio Riello, eds. The Cambridge Global
History of Fashion: Volume 2: From the Nineteenth Century to the Present. Cambridge
University Press, 2023.

3. Cho, Hyun-Seung, and Joohyeon Lee. "Development of a macroscopic model on recent
fashion trends on the basis of consumer emotion." International Journal of Consumer
Studies 29.1 (2005): 1733.

4. Chun, Namkyu. "Fashion design rediscovered: A theory on dressmaking practice." The
Design Journal 24.1 (2020): 97114.

5. Cobb, Kelly, Belinda Orzada, and Dilia LopezGydosh. "History is always in fashion: The
practice of artifactbased dress history in the academic collection." Journal of Textile Design
Research and Practice 8.1 (2020): 423.

6. Giraldi, Laura. "The Metaverse as an opportunity for the development of fashion system
design." Fashion Highlight 1 (2023): 6876.

7. Girard, Ali. "History and Evolution of Fashion and Design in Different Regions and Periods
in France." International Journal of Fashion and Design 3.1 (2024): 4959.

8. Gjoni, Ariana, Aferdita Statovci, and Luan Mulaku. "A conceptual evolution and
multifaceted concept of design: From historical definitions to modern perspectives and its
integration with fashion." Fashion, Style & Popular Culture 12.3 (2025): 405422.

9. Furukawa, Takao, et al. "Visualisation for analysing evolutionary dynamics of fashion
trends." International Journal of Fashion Design, Technology and Education 12.2 (2019):
247259.

10. lvanovic, Ingrid Calvo, and Erminia D'ltria. "Chromatic Imperfection: Reimagining Colour as
a Catalyst for Sustainable Fashion Design." Cultura e Scienza del ColoreColor Culture and
Science 18.01 (2026): 3041.

11. Lauret, Christofer. "Fashion spheres—from a systemic to a sphereological perspective of
fashion." Journal of Fashion Marketing and Management: An International Journal 20.4
(2016): 520530.

12. Padhi, Prafulla Kumar. "Fashion design, digital technology, aesthetics, and contemporary
society—A critical review." International Journal for Research in Applied Sciences and
Biotechnology 5.6 (2018): 920.

13. Pistilli, Ornella K. "The heritagecreativity interplay. How fashion designers are reinventing
heritage as modern design: The French case." ZoneModa Journal 8.1 (2018): 7795.

14. Poon, Stephen TF. "The journey to revival: Thriving revolutionary batik design and its
potential in contemporary lifestyle and fashion." International Journal of History and
Cultural Studies 3.1 (2017): 4859.

125



15.

16.

17.

18.

126

Proceedings of the 13th International Scientific Conference

Shafaat, Zainab, et al. "Critical discourse analysis of Hassan Sheheryar’s interviews:
Pakistani fashion designer." International Journal of Scientific & Engineering Research 10.2
(2000).

Waite, Tainara Abrdo. "Africanfuturism Spectrum in Fashion Design." Global Fashion
Conference. Cham: Springer Nature Switzerland, 2024.

Wei, Kuilin. "The Humanistic Expression of the Imagery of Flying Apsaras from Dunhuang
in Contemporary Fashion Design." Critical Humanistic Social Theory 2.4 (2025).
Zborowska, Agata. "Deconstruction in contemporary fashion design: Analysis and critique."
International Journal of Fashion Studies 2.2 (2015): 185201.



«Interdisciplinary Science Studies» (July 2-3, 2026). Dublin, Ireland

Technical Sciences

USING SOIL MICROORGANISMS TO ASSESS
HEAVY METAL POLLUTION IN CENTRAL
KAZAKHSTAN

Yertas Bitmanov

Kulazhanov Kazakh Technology and Business university, Astana Kazakhstan,
https://orcid.org/0000-0002-7462-3126

Akhan Abzhalelov

L.N. Gumilyov Eurasian National University, Astana Kazakhstan, https://orcid.org/0000-
0002-3313-3657

Laura Boluspayeva

L.N. Gumilyov Eurasian National University, Astana Kazakhstan, https://orcid.org/0000-
0001-6564-6222

Abstract: Anthropogenic pollution of urban ecosystems with heavy metals poses a serious
threat to both nature and human health. Since the soil is the foundation of agricultural production
and an integral part of the human life cycle, monitoring its condition is extremely important. The
study analyzed the concentrations of lead, mercury, and the determination of humus in the soils
of a number of cities in Central Kazakhstan for 2025-2026. The presented data can become the
basis for systematic monitoring of land and the development of strategies to reduce pollution.
This research has been funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP25796771).

Keywords: industrial ecology, heavy metals, microorganisms, bioindication, Central
Kazakhstan

NCNO/1Ib30OBAHUE MOYBEHHBIX MUKPOOPITAHM3MOB /1A OLEHKW 3ATPA3HEHWA
TAMEbIMU META/IJIAMU B LIEHTPA/IbBHOM KA3AXCTAHE

AHHOTaLMA: AHTPONOreHHoe 3arpA3HeHNe rOPOACKMX IKOCUCTEM TAXKENbIMU MeTanNaMu
NpeACTaBNAET Cepbe3HYo Yrpo3y Kak 414 NPUPOAbI, TaK 1 ANA 340Pp0BbA Ntoaei. oCKobKy NoYBa
BbICTynaeT ¢yHAAMEHTOM CENbCKOXO3ANCTBEHHOIO MPOM3BOACTBA M HEOTHLEMIEMOWM YaCTblo
XU3HEHHOTO UMKMAA YeN0BEeKa, KOHTPOAb 33 ee COCTOAHMEM KpalHe BaykeH. B mccnenoBaHun
NPOaHaNM3MpPOBaHbl KOHUEHTPALUMN CBMHLA, PTYTH, @ TaKXKe onpeaeneHne rymyca B noysax pasa
roponos LeHTpanbHoro KasaxcraHa 3a 2025-2026 roapl. MNpeactaBneHHble AaHHbIE MOTYT CTaTb
6a3oi ANa CUCTEMHONO MOHWTOPMHIA 3eMesib U Pa3paboTKM CTpaTernii No CHUMKEHUIO YPOBHS
3arpAasHeHuA. JaHHoe nccnegosaHmne GUHaHCMPOBaNoCb KOMUTETOM HayKn MUHUCTEPCTBA HayKu
M BbicLLero obpasosaHus Pecnybamkn KasaxctaH (rpaHt Ne AP25796771).

KnioyeBble cNoBa: NPOMbIWAEHHAA 3KONOTMUA, TAXKEeNble MeTanbl, MUKPOOPraHM3MbI,
bronHaMKauma
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OPTAJIbIK KASAKCTAHAOAFbBI AYbIP METAJTOAPABIH TACTAHYbIH BAFAJTAY YLLIH TOMbIPAK
MWKPOOPTAHM3MIH MANOASIAHY

AHHOTaumMA: Kananblk 3SKOXKyMenepaiH ayblp MeTangapmeH aHTPOMOreHAiK nacTaHybl
TaburaTka 43, adamaapablH,  AeHcayabliFblHa - Aa  YAKeH  Kayin  TeHaipeai. Tonbipak,
ayblWapyallblablK ©HAIPICIHIH Heri3i »aHe afamHblH, eMIp/iK UMKAIHIH a)Kblpamac 6eniri
bonfaHAbIKTaH, OHbIH *KafaalblH OaKkblnay ©Te MaHbi3dbl. 3epTTeyae KOpFacbiH, CbliHanM
KOHLUEeHTpaumackl, coHaar-ak 2025-2026 xbingapaasbl OpTtanbik KasakcTaHHbiH, - bBipkatap
KananapbiHblH, TOMblPaKTapblHAAFbl TYMYCTbIH aHbIKTamMacbl TandaHAabl. YCbIHbIAFAH OEPEKTEp
Kepai *Kyneni MOHUTOPUHITEY KaHe NacTaHy AeHreniH TemeHAeTy cTpaTernsnapbiH a3ipaey yLiH
Heri3 6ona anagbl.

byn 3eptreyai KasakctaH PecnybamKkachl FbiabiM sKaHe ofapbl BiliM MUHUCTPAITIHIH,
FblAbIM KOMUTETI KapKblnaHablpabl (rpaHT Ne AP25796771)

Tyninai cesgep: OHePKacCiNTiK 3KONOTUA, ayblp MeTanaap, MWMKPOoopraHM3Maep,
BUOMHAMKaLMA

Kipicne

MuKpoopraHMamaep ToMbIpaKTafbl ayblp MeTanaapdbiH, naaa 6onybliHa eTe Te3 Kayan
bepeni, cCOHAbIKTaH onapAbl NacTaHyablH, "Tipi AaTYnKTepi" peTiHae nanganaHyfa 6onagbl. Ayblp
MeTanaapabiH kebetoimeH OpraHMKanblK 3aTTapAblH, blAblPaybliHA KaHe r'yMyCTbIH Naaa 601ybiHa
)ayan 6epeTiH nangansl reTepoTpodTbl MUMKPOOPraHM3MAEPAiH caHbl a3anaabl. COHbIMEH KaTap,
KOplwafaH OpTaHblH,  KOMAWCbI3  KafdalnapblHa  KaKcbl  HedimaenreH  onmroTpodThbl
MWKPOOPraHM3MAepAiH,  yneci  aptagbl.  MUKpOOpraHM3maepAaiH  OCbl  TOMTApbIHbIH
apaKaTblHACbIHbIH, ©3repyiHe 6aMNaHbICTbl TOMbIPAKTbIH, 1ACTaHy A3PEXKECIH KHE SKONOTUANbIK,
cTpecc aeHreniH bafanayfa 6onaabl. Ocblnarila, MUKPOOPraHM3IMAEP XUMUANbIK HEMECE CbIPTKpbl
benrinepi HGanKkanmal Typbin-aK TOMbIPaKTafbl KafbIMCbI3 ©3repicTepi aHblKTayfa MYMKIHAIK
bepeai.

Kasipri yakbITTa KOpwafaH OpTafa ayblp MeTangapAblH, WbiFapblHAbINAPbI TabufFn FaHa
eMeC, COHbIMEH KaTap aHTponoreHAaik 6onbin Tabbinaabl. Onapra eHepPKacinTiK KanaplkTap, Tay-
KeH eHAipici, Kenik, TycTi »kaHe Kapa meTangap eHAipici, KypambiHAa ayblp meTangap 6Hap
TbIHAWTKbIWTApAbl TaHAamal naiganaHy, Kblay S1eKTp cTaHumanapbl (AKIC) Hemece Kannbl
ypbaHmM3auma Katagpl. KenTereH ayblp meTangap, COHbIH iWiHAE KOPFACblH, KaZMWM, XPOM,
HUKEeNb XaHe CblHan yabl. fanbimaapAblH, NiKipiHWe, KaaAMWIN MeH KOpFfacbliH Oap/blK Kepae
Kesaecesi *KaHe acep eTy Aapexeci bolbiHWa BipiHLWi CbIHbIMKA *KaTabl. byn anemeHTTEpAiH Ke3-
KenreH mesllepi aJam af3acbiHa eTe KayinTi »kaHe Tipi opraHuamaepaeri MetabonmsmHiH apTypAi
by3binynapbiHa okeneni. MGF  aHTMOKCMAA@HTTbI, anonNTOTWKabIK, ©OelTapanTaHablpaTbiH
pafvKanoap KoHe Xxenat Ty3eTiH KacuMeTTep CUsKTbl apTyp/ii acepnepre wue. byn Haransbl
MeTanaapabl any KoHe KaJere KapaTy Y/IKeH MaHpi3fa ne. Cy KOMMACbIHbIH, YW arimafbiHaa TM
KocnafaHga, ayblp MeTangapAblH  Wamanbl  aybiTKybl  OalKkanabl, ©Oyn  anTap/biKTan
aMblpMalUbINbIKTbI KepceTTi. KentereH ayblp MeTangap KaHaan aa 6ip *KONMeH ybITTbINbIKKA 1e
bonfaHAbIKTAH, aAam eniMi MeH 3KONOTMAANbLIK anaTTapAblH, anaplH any YWiH onapdbl YHEMI
Bakblnay KaxkeT. TyTac 6Maal YHbIHbIH, KaHLePOreHai emMec opTalla TaynikTik go3acbkl (ADD) meH
6uaal yHbIH TYTbIHY apacbiHaafbl KatbiHac 1,06-paH 3,76-fa geiiH e3repai, Pb 6acka
MeTaNZapMeH CanbICTbipFaHAa €H »KOofapbl MaHAepre me 6Honabl. Op TypAi MeTangapfa eH,
KONalbl KNHETUKANbIK MOAeNb ap Typai 6onabl. Mbicanbl, KoplaraH opTa GpakTopnapbl Hemece
ayblp meTangap bpnodutTepaiH TapanybiHa TMiMAj acep eTeni. Kananblk cy anantapbiHaH TOMeH
Kapah KaMblAManap bIKTUMan yAbl MWKPOINEMEHTTEPAiH afblHAapbl 60abin  Tabblnagpl.
*KaHapmal afaTblH KOHAbIPFbINAPABIH, TYTiH ra3gapblH 3epTTey 0MapAblH, KYPaMblHAA ayaHblH,
Heri3ri nacTtaywsblnapbl KemipTeri okenaTepi (50% aenin), kykipT okcnaTtepi (20% aenid), asoT
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okcuaTepi (6-8% newiH), Kemipcytektep (5-20% nOemiH), Kyile, OKCUATEP KoHE KemipcyTek
OTbIHAAPbIHAAFbl MUHEpPanabl Kocnanap mMeH Kocnanap. LUbiFapbinatbiH, WbliFapbliaTblH KaHe
WbIFATbIH razgapmeH bipre KemipcyTek OTbIHbIHbIH, XaHybl HITUXKeCiHAe Nanaa 6onatbiH HapabIK,
blNyAblH WamameH 60-80 nanbi3bl aTMOCcPepara bICTbIK rasgap MeH Kbl3AblpblafaH cy TypiHae
WblFapblnagpl, 6Oyn atmocdepaHbliH KbIAYMeH nacTaHyblHa aKkenedi. COHbIMEH KaTap,
WblFapblHAbINAP YMbIMAACTbIPbIAMAFaH 6bonbin 6eniHeai, ababIKTbIH TEXHMKANbIK aKayNapblHbIH,
HoTMXeciHAe aTmocdepara OafblTTaAMafaH ra3  afblHZApPbl  TypiHAE  Tycedi  KoHe
YMAbIMAACTbIPbINIFAH - apHaMbl CaNblHFAH KOHABIPFbIAAP apKblabl Tycedi, Byn 3KOHOMMWKaNbIK,
TYPFblAaH TUIMAI *KaHe 3KON0rMANbIK Ta3a. JlacTaylbl 3aTTapaplH, ©3iH bipHelle KnacTapra benyre
bonaapbl: KeprifikTi, »Kapamapiablk Mep3iMi KbICKa oHe LWafblH aymakka ToH, bipaKk cofaH
KapamacTaH eH, Kemn TapasfaH; aiMaKTbIK - aiMak, illiHAe KeH TapanfaH XaHe cakTay Mep3imi can
y3afblpak. KoHcepBaTMBTI emec nactaywbl 3aTTap Ywna, yHeMi OU3MKanbIK KIHE XUMWANbIK,
npouecTepre ylwblpanabl XaHe HacKa 3aTTapFa aHanybl MyMKiH, Ken Hemece a3 yAbl [19].

MYMbICTbIH, MaKcaTbl OpTanblk KasakCTaH TonblpafblHAAFbI 3UAHAbI 31EMEHTTEDP MEH
MeTanaapabliH KypambiH aHbIKTay 60abin Tabblinaap.

3epTTey maTtepuasbl MeH a4icTepi.

3epTTey HbicaHbl AcTaHa, Kekwetay, KapafaHabl XoHe TemipTay cuAKTbl AKMOAa
0061bICbIHbIH, Ka/1laNlapblHbIH TOMbIPafblHAAFbI ayblp METaNAaPAbIH, KyPaMbl, COHAaN-aK 2026 Kbl/bl
2025 *blNfa Kapan KypamMblHbIH apaKkaTbiHaCcbl 60bIN Tabblnaabl. Ayblp MeTanaapablH, COHAAN-aK,
Kapalipik NeH MMKPOOPraHM3MAaepAiH, KYpaMblH aHbIKTay YLWiH TONbIPaK CbiIHaManapbl anblHAbI.

Capanuublnap atan etkeHaen, 6yn yw bakTop a3oT AMOKCUAI, KeMipTeri TOTbIFbl, KYKipT
anokeunai, dopmanbaerma, KyKipTcyTeK, TOKTaTblNfaH H6enlexkTep, GeHoN KaHe aMMMUaK CUAKTbI
NacTaylbl 3aTTapMeH enai MekeHaepae aTmochepanblk ayaHblH NacTaHybIHbIH *KOFapbl XKaHe eTe
YKOFapbl AeHreniHe biknan eTedi. Ocbl TapMaKTapAbl TONbIFbIPAK KapacTbipanblIK;

1. ©BHepKaCIiNTiK KacinopbiHAAPAbIH, WbIFaPbIHAbINAPbLIH TapaTy-6HEePKACINTIK eHiMAepAi
Yarfy KesiHderi eHAiPICTiK NpoLUecTepdiH, HaTUXKeci aTMOCcPepanblK ayaHblH NaCTaHybIHbIH *KOFapbl
OeHreniH TyablpaTbiH 3MAHAbLI 3aTTapdblH Oapablk Tisimi 6onbin Tabblnagsl. OnapabiH engi
MeKeHAEep aymarblHaH Xofapbl aya DaccerHiHae Tapanybl KananapapliH, Kana MaHplHAAFbl KaHe
Kananblk TUNTEr KeHTTepAiH aTMocdepablK ayacbiHbIH canacbiHa alTap/bikTan acep eTei.

2. onaapablH Kananblk KeNiKNeH WamaaaH TbiC XKYKTeNyi - Kenik KypanaapbiHaH 6eH3uH
MeH An3e/b OTbIHbIHbIH KON KOMMOHEHTTI WblfapblHAbIAAPbl €ndi MeKkeHAepAeri ayaHblH a3oT
OMNOKCWUAI, KEMIPTEri TOTbIFbl }KaHE OpraHWKablK 3aTTaPMEH NaCTaHyblHbIH HEri3ri Ke3aepiHiH, 6ipi
6onbin Tabblnadbl, COHbIMEH KAaTap aKCbl XendeTineTiH Kananapda A3 KoAAapdblH KenTenici
YKOFapbl.

3. Enpgi mekeHaepaiH atmocdepanbik KEHICTIriHIH, TOMeH KenaeTinyi-ayagasbl nacTtaylubl
3aTTap atmocdepaHblH beTKi KabaTbiHAA *KMHANAAbI KAHE 0NaPAblH KOHLEHTPALMACHI 6TE XKOFapbl
neHrenae kanaabl. Kemipteri ToTbiFbl CO, Kofapblaa anTblAFaHAalM, OTbIHAAFbl KOMIPTEri TONbIK,
waHbaraH Ke3ze Tysineai. MNewTiH Kaknafbl TbiM epTe KabblnfaH Kesae (Kemip Gipskona Kymin
KeTKeHLle) newTe Ae ocbiHAalM Kanbintacy 6onaapl).

HaTunxe aHe Tankplnay.

TancbipmaHbl opbiHaay WweHbepiHge OpTanbik KasakctaH — ActaHa, KapafaHapl, TemipTtay
KoHe KeKlieTay KananapbliHaa TONblIPaK CbiHAMaNapbIH ipIKTEY *KaHe Tanaay *Kyprisingi. Ipikrey ap
TYPAi QYHKLUMOHANAb!I aMaKTapAa Ky3ere acblpblaabl: OHAIPICTIK, KOJiK, TYPFbIH Y XKaHe GOHAbIK,
aymakTap, 6yn anblHFaH MIMETTEPAiH, CeHIMAINIM MeH eKiNAiriH KamTamachki3 eTTi. CbiHama any
opblHAapbl: ActaHa-KI0-2 (MHaycTpmanabl napk), K30 — 3, Kektan, TypaH (Ailand) aygaHaapsi;
KapafaHabl-Kyto-MallMHa Kacay 3aybiTbl, K30-3 (50-100 m), opTanbik casbak, Kek TofaHaap
(doH); TemipTay-metannyprua KombuHatsl (100 m), Kana opTanbifbl (TYPFbiH aimak), weTi (GoH);
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KekweTtay — aBToxonaap 6oibiHAa, MI0, Kana opTanbiFbl, GOHAbIK Yydackenep. Ayblp
meTanaapapiH (Pb, Hg, CD, as) »koHe ¢TopapiH (F) KypambiHa XMMUANbIK Tangay »Kyprisingi,
COH/AaM-aK Tomnblpak, *KafraalblH BUOMHAMKAUMANGY VLILIH TYMYCTbIH, Kypambl MeH retepoTpodTsl
MWKPOOPraHnM3MaepAiH CaHbl aHbIKTaA4bl.

HaTu»Kenep MbiHaHbl KepPCeTTi:

TonblpaKTafbl KopFacbiH (Pb) 1,6-a4aH 151,0 mr/Kkr-fa genid esrepeai, byn petre eH, YAKeH
MaHaep Temiptay meH AcTaHaga Tipkenepi, cbiHan (Hg) skoHe ®Top (F) HerisiHeH eHepKacin
aydaHZapbiHAa anTap/bikTan menwepae 6onadbl, KananapdblH OpTanblk beniktepi meH
weTTepiHae 0,3 weriHae kepceTineai-1,2 mr / Kr, 6yn nactaHyAblH, pyKcaT eTinreH aeHreniHe
ColKec Keneai;

KenTereH cbiHamanapaa Kagmuii (Cd) TabbinFaH KoK, ekenereH yarinepae (TemiptayabiH,
OHEPKaCINTIK aliMaKTapbl) Kypambl 0,5 Mr/Kr acnaiabl, OyN caHUTap/IblK, HOPMATMBTEP LWeriHAE;

Mbiwbsak (As) TemipTay K. TonblpakTapbiHAa Kofapbl maHaepmeH 0,5-TeH 3,0 mr/kr-fa
AEeNiHri opTalla KOHUEeHTpauuaaa aHbiKTanabl, byn MeTannyprusaabik KEWEHHIH, XeprifikTi acepiH
KepceTeai; 3epTTenreH yarinepaeri rymyctbiH, menwepi 0,5-teH 5,3% - fa AeliH e3repedi: Xofapbl
MaHAep reTepoTpodTbl MMKpoopraHnamaepaiH CaHbl KaparaHabl »kaHe TemipTay TonblpaKTapbiHa
ToH wamameH 107-10 cyxoi Bip / r Kypfak Tonbipak. an AcTaHa MeH KekuleTayablH, Kana
MaHbIHAAFbl }XoHE BHEPKICINTIK aiMaKTapbl YLLIiH TOEMEH KepCeTKIlTep aHbIKTanabl.

KeKuweTay KanacblHblH TOMbIPafblHAAFbl ayblp MeTandapablH, KypamblH aHe 2026 Xblbl
ayblp MeTangapablH KypambiHbliH, 2025 Kblnfa KaTblHACblH 3epTTey HaTuxKenepi 1-kecteae
KenTipinreH.

MbICKa apHaafaH WbIHbI 3aybITTapblHAA WEKTI pyKCaT eTinreH KoHUeHTpaumAaaaH acbin KeTy
6ankanabl — 2,1 LLUPK.

KeKweTayaa anblHFAH TOMbIPaK CblHAManapblHAafFbl ayblp MeTangapdbiH,  Menllepi
HopmaaaH acnanapl (1-CypeT). KeklieTay KanacblHA@ 2pTYPAi ©HipAepAeH anblHFAH TOMbIpak,
CblHamanapbiHaa xpom mentiepi 0,0036 - 0,02 mr / kr, mbic - 0,3 - 20,0 mr / Kr, KopfacbIH - 15,2 —
28,2 mr / Kr, mbipbil - 0,3 - 1,2 mr / Kr, kagmuia - 0,2 - 1,3 mr / Kr. KeklueTtay KanacbliHAa afblHFaH
TONbIPaK, cbiHaManapbliHAarbl 6acka ayblp MeTanaapabiH Meliepi HopMmaaaH acnapi.

KopbITbIHAbI.

HYMbIC alMafbiHbIH ayacblH KaxKeTTi LWeKTepae YCTayablH HEeri3ri TeXHMKabIK Wapanapsl
MeH KypaadapblHa MbiHanap KaTtaabl:

1. AyaHblIH nacTaHybliH BapblHLLA a3aiTyFa MyMKIHAIK 6epeTiH yTbiMAbl CayNeT-Kocnapnay
WwewimaepiH TaHaay;

2. 'ymbic BbenmenepiHe binfanabliH, 3vMAHAbl OynapAblH, rasgapdbiH, aspo30abAepain,
HeniHyiHe, cCoHAaM-aK Kbi3biM KETKEH KaHE CybIK ayaHblH bepinyiHe 6alnaHbiCTbl onepaumanapab
KocnaraHaa, TEXHONOTMANbLIK NpouecTepi YTbiMAbl YNbIMAACTbIPY;

3. ’ymblICWblNapabiH 3UAHAbI 3aTTapMeH 6alinaHbiCbiH BoAAbIpMayFa MyMKIHAIK BepeTiH
OHAIPICTI MeXaHMKaNAHAbIPY MEH aBTOMATTaHAbIPYAbl KEHIHEH KONAAHY;

4. KymbIC alMMarblHAa KOMalbl »KaFaal Kacaylbl KaMTamacbl3 eTeTiH TUIMA[ XKblbITY,
KenneTy KaHe ayaHbl 6anTtay XKyhenepiH Konaaxy;

Ocbl Te3ncTi opbiHAay HBapbiCbiHAA MEH Keneci Ty»KblpbiMaap KacaabiMm. Kasipri yakbiTTa
3MAHAbI a3 WbIFaPbIHABINAPLIMEH KYPeCyaiH TepT aici bap:

- OTbIHHbIH, *KaHY MPOLLECTEPiH OHTaMNaHAbIPY;

- NacTaylbl 3aTTapAblH Ke3i 60abIN TabblNaTbiH 3N1EMEHTTEPAEH OTbIHAbI Ta3apTy;

- TYTiH rasgapblH NacTaylwbl 3aTTapdaH TasapTy;

2025 blAMeH canbicTbipraHga 2026 kblabl Oy Kananapaa ToMnbipakKa ayblp meTanaap
WblFapbliHAbINAPbI KBNEMIHIH ToMeHaeyi banKanaabl. 3MAHAbI ra3aapabiH KeNemMiH a3anTyablH Oy
ToCiNAepi alMaKTbIH 3KOXKYIMeECiH OHTal/bl }Kafaanaa ycTayra KemeKktecea,.
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HEVMPO-AJAMNTUBHOE YNPAB/IEHUE
MHHOBALUMOHHbIMW MEPEXOAAMMN:
KOHUENTYATbHAA PAMKA HA OCHOBE
AJANTVBHOIMO YMNPABNEHUA,
COLLABORATIVE ADAPTIVE MANAGEMENT
N HEMPOAPXUTEKTYPbI

Maxutosa Annapa AnekcaHapoBHa
NOKTOpaHT nporpammsl DBA, HAO «YHuBepcuTteT Hapxo3», Anmatsl, Pecnybanka
KasaxcTaH

AHHOTauUuA

CTaTbA nNpeacCTaBAAeT KOHUEMNTYa/NbHYO pPaMKy HeMpo-aJanTMBHOrO  ynpaBaeHuA
MHHOBAUMOHHbIMM Nepexofamn. OCHOBAHWEM ANA CMHTE3a BbICTYNAtOT 3arpy*KEHHbIE MCTOYHUKM
no adaptive management, collaborative adaptive management, adaptive governance u neuro-
adaptive architecture. Llenb cTatbn COCTOMT He B [0KA3aTeNbCTBE MNPAMOrO  BAWAHUA
HEMPOAPXUTEKTYPHON NN aKYCTUHECKOM Ccpeapbl Ha pe3ynbTaTMBHOCTb CTApTanoB, @ B YTOYHEH WM
[0oKa3aTenbHOM Hasbl, orpaHUYEHUIn N nccnepoBaTeNbckoro npobena Ans nocnegytowen DBA-
amcceptaumm. B ctatbe nokasaHo, 4TOo adaptive management cneayeT NOHMMATb  Kak
dopmanmnsoBaHHOe obydeHne Yepes AeNCTBUE, MOHUTOPUHE U KOPPEKTUPOBKY, @ HE KaK 0ObIYHYIO
npoby u ownbkry. Collaborative adaptive management packpbiBaeT po/ab CAOKHOCTY,
KOMMNPOMMWCCOB, BPEMEHHbIX NaroB W pasHblX TUMNOB 3HaHMA B GOPMMPOBAHWMKM COLMANBHOIO
obyyeHuna. Adaptive governance pgobaBnseT oOpraHM3auMoOHHbLIM YPOBEHb aHanuWsa, rae
LEeHTPaNbHbIMKM  CTAHOBATCA YyBCTBUTENbHOCTb OPraHuM3auMM K cpeae, KoOpAMHauMAa U
cnocobHocTb K apantauuu. Neuro-adaptive architecture no3sonseTr nocTtasuTb BOMPOC O
dN3NONOTMYECKOM  COCTOAHUM  NNL, MNPUHUMAIOLLMX PELIEeHUA, Yepe3 TaKMe OCTOPONKHO
WHTEePNpPeTMpyemMble NMokasatenn, Kak HRV. UTorom asnaeTca mccnenoBaTenbCckaa MOAENb, B
KOTOpOM cpefia pacCMaTPMBAETCA KaK NOTEHLMaNbHOE YCNOBME NOAAEPKKM afanTalMm, HO He Kak
[OKa3aHHbIM GaKTop ycnexa MHHOBALMOHHbIX KOMaH/, Ka3axCTaHCKMIM KOHTEKCT NpeACcTaBieH Kak
byayuwias o6/1acTb aIMNUPUYECKON MNPOoBepKU, a npoekT Audiotheatre — Kak BO3MOMHbIM
exploratory case.
Knioyesble cnosa

Helpo-afanTMBHOE YynpasieHWe; MHHOBAUMOHHble nepexoapl; adaptive management;
collaborative adaptive management; adaptive governance; HeMpoOapxWUTEKTypa; aKycTMYecKas
cpena; HRV; annocratmnyecKkaa HarpysKka; DBA; KasaxcTaH.
Beenerune

IHHOBALMOHHbI Nepexos B MNPOeKTe WAM CcTapTane oOOblMHO CBA3AH C BbICOKOM
HeonpeAeneHHOCTbIO: MEHAIOTCA Lenun, pecypcbl, OXKMAAHMA YH4AaCTHUKOB, AOCTYNHOCTb AaHHbIX U
KpuTepumn ycnexa. B HacToswen cTaTbe 3TOT GOKYC PacCMaTPMBAETCA KaK MCCNeA0BaTeNbCKUMA
3ambicen byayuwero DBA-3Tana, a He Kak y)Ke MNOATBEP)KAEHHbIN 3IMMUPUYECKMN pe3ynbTaT.
Moatomy nobble MNONOKEHMA O KOTHWUTMBHOM HArpyske, KOMaAHAHOW CUHXPOHWM3aLMK,
akyctmyeckor cpege w Audiotheatre cooTHocATCA He C HeonybAMKOBAHHbIM  aBTOPCKMM
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MPOEKTOM, a C NPOBEPAEMOM aKaJeMMUYECKOM NUTEPATYPON, NPeaCTaBNEHHOM B 3arpy*KEHHbIX
MCTOYHMKAX.

3arpy*KeHHble UCTOYHMKM MOKa3bIBAlOT, YTO AMTepaTypa no adaptive management yke
COMEPKMT PA3BUTLIN A3bIK AN aHaAM3a PeLleHuit B ycnosumax HeonpeaeneHHoctu. Allen et al.
(2011) nopuepkmBatoT, 4yTo adaptive management He sBnAetca obblyHbIM trial-and-error,
MOCKO/IbKY MpeanonaraeT MOCTaHOBKY Ueneir, GOoOpMynMpoBaHWE afbTEPHATMB, TUMOTE3bI
NPUYMHHOCTK, COOpP JAaHHbIX, OLEHKY W noBTOpeHue umkna. Rist et al. (2012), HanpoTwus,
MOKa3bIBalOT, YTO TepMuH adaptive management YacTto ynoTpebaseTcs CAMLKOM LWMPOKO: B UX
ob30pe To/IbKo Heboblas YacTb NybanKaunin GakTmyeckn coobliana o BHeApPEeHMM Noaxoaa, a
MHOTrMe aBTOPbI He 1aBaInM CTPOroro onpeaeneHmna NoHATUA.

[na HacTosllen cTaTbM 3TO CO34AeT BaKHOEe MEeTO0/0rnyeckoe TpeboBaHMe: Hesb3s
MexaHMYecKM nepeHocuTb TepMUHbl adaptive management, HelpoapxuTeKkTypa WM acoustic
ecology B MHHOBALUMOHHbIN MeHeAXMeHT 6e3 onepauyoHanmnsaumm. MoaTomy cTaTba NOCTPOEHA
KaK KOHLENTYasbHbIA CUHTE3 C YETKMM pasrpaHMYeHMEM MeXay Tem, 4TO NOoATBEPKAEHO
3arpyeHHbIMN UCTOYHUKAMM, TEM, YTO ABNAETCA aBTOPCKOM TEOPETUYECKON MHTepnpeTaumnen, n
Tem, 4To TpebyeT ByayLLen IMNUPUYECKOM NPOBEPKM.

1. MeTogonornyeckan nosmuma ctaTbM M NPOBEPKA NCTOYHUKOB

MaTepuan cTaTbM OrpaHWYeH 3arpy*KeHHOM AOKYMeHTaumen. BHyTpUTEKCTOBbIE CCbINKA M
CMWUCOK NnTepaTypbl NpMBEAEHbl TONbKO MO WMCTOYHMKAM, NPEACTaBAEHHbIM B 3arpyeHHbIX
dalnax, a Take No 6a30BbIM NEPBONCTOUHMKAM, KOTOPbIE MPAMO YKa3aHbl B CMMCKaX AUTEPATYPbI
9TUX 3arpyskeHHbIx paboT. Ctatoum Allen et al. (2011), Rist et al. (2012), Fernandez-Giménez et al.
(2019), Scarlett (2013) n Van Assche et al. (2022) ncnonb3ytoTca Kak akagemuyeckas 6asa no
adaptive management, collaborative adaptive management wun adaptive governance.
MepsouctodHmMKkM Holling (1978), Walters (1986), Walters and Hilborn (1978), Walters and Holling
(1990), Lee (1993), Argyris and Schon (1978), Bandura (1977), Luhmann (1964, 2018) n Teece
(2012) pobasBneHbl B CNWCOK NMTepaTypbl Kak MCXoAHble paboTbl, Ha KOTOpble onupatoTca
3arpyeHHble cTaTtbu. PaboTa Sattler (2025) umcnonb3yeTcs OCTOPOMXKHO: 3TO Marmcrepckas
anccepTauma, N0O3TOMY OHa He NPUPaBHMBAETCA K peer-reviewed cTaTbe, @ paCCMaTPMUBAETCA KaK
COBPEMEHHbIN MEeToA0N0rMYeckMit matepman no neuro-adaptive architecture, HRV, CCT wu
OrPaHNYEHNAM HEMPOAPXMTEKTYPHbIX MCCAEA0BAHNN.

B cTaTbe He MCNOMb3YITCA HEMOATBEPKAEHHbIE YTBEPKAEHMA O TOM, YTO aKyCTMYeCKas
cpefa nnm npoekT Audiotheatre yxe nosbiWwatoT 3PGEKTUBHOCTL CTAPTAMNOB, YCKOPAIOT NPUHATUE
pelweHnin uam  GoOPMUPYOT KOMAHAHYHO CUMHXPOHM3AUMIO. 3arpykeHHaa nuTepaTypa He
npeaocTaBnfeT [AOCTaTOYHbIX [0Ka3aTenbCTB MO 3TOMy Bomnpocy. [loaTomy TaKue CBA3MU
dopMynMpylOTCA  TONBKO  KaK  MUCCAefoBaTeNbCKMe  NpeanonoxeHua  ans  byayuiero
3MMMpPUYECKOro aTana.

2. Adaptive management: cTpyKTypuMpoBaHHoe obydyeHune B yCNOBUAX HEONPELENEHHOCTU

ba3oBbIi BKAag literature on adaptive management cOCTOUT B TOM, YTO ynpasaeHue
HeonpeaeneHHOCTbIO MOHMMAETCA He KaK 0TKa3 OT AeNCTBUSA, @ Kak He0HX0AMMOCTb AeMCTBOBATD,
OHOBPEMEHHO NPOMN3BOAA 3HAHME. ICTOKM 3TOM IOTMKM B 3arpy*KeHHbIX paboTax CBA3bIBAOTCA C
Holling (1978), Walters (1986), Walters and Hilborn (1978), Walters and Holling (1990) n Lee
(1993). Allen et al. (2011) onucbiBatoT adaptive management Kak noaxoz, OCHOBAHHbIM Ha
NPWU3HAHWUM HEMONHOTbl 3HAHWA M Ha BKAOYEHWM 0ODy4eHMA B CaM ynpaBAeHYeCcKMin npouecc.
BaXHbIM OT/AMYMEM OT o0OblYHOM NpPobbl M OWKMBKM ABAAeTCA GOopManbHaa CTPYKTypa:
onpeaeneHne npobaembl, NOCTAHOBKA Llenen, BbIOOP anbTepHaTMB, GOPMyaMpOBaHME TMNOTES,
MOHWTOPUHT, OUEHKA M KOpPeKTMpoBKa peweHuin (Allen et al., 2011).

3TOT NoAXOA4 BaXeH [ANA WUCCNeloBaHMA WMHHOBAUMOHHbLIX MEepexoAoB TObKO MNpwu
OCTOPOXKHOM nNepeHoce. WMHHOBAUMOHHbBIN NPOEKT AeNCTBUTENbHO MOXKeT Haxo4uTbCA B
COCTOAHUM HeonpeaeNeHHOCTM, HO 3TO He O3HayaeT, YTo NtboN TMOKMIN CTUAb ynpaBaeHUs
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aBTOMaTU4YecKkn asnsetca adaptive management. [1ns KOPPEKTHOro NPUMEHEHMA 3TON IOTUKK
OYAYLWMA SMNNPUYECKMIA OM3aMH AOMKEH codepKaTb Habatogaemble MHAMKATOPbLI, 3apaHee
CHOPMYNMPOBaAHHbIE TMUMOTE3bl, MEXaHM3M 06pPaTHOM CBS3M M BO3MOMXKHOCTb KOPPEKTUPOBKM
[encTeuii Ha ocHoBe JdaHHbix (Allen et al., 2011; Rist et al., 2012).

Kputuyeckmin 063op Rist et al. (2012) ycunmsaeT a10 TpeboBaHMe. ABTOPbI NMOKa3bIBatOT,
yTo TepMKuH adaptive management cTan WWMPOKO MCMOMb30BATbCA B HaYYHbIX CTaTbAx, policy
documents n management plans, HO ero NOHUMaHne U NPUMEHEHNE OCTaOTCA HEOAHOPOAHbIMM.
B paccmoTpeHHOm mmun Kopnyce 187 paboT Tonbko 8% dakTuyeckn coobulannm o BHeAPEeHUM
adaptive management, a Tonbko 18% ctaTteit AaBann ABHoe onpeaeneHue TepmuHa (Rist et al.,
2012). CnepoBaTensHo, ana DBA-uMccnenoBaHns BaXKHO He MPOCTO 3aABUTb «a[anTUBHOCTbLY, a
onpeaennTb, Kakne aN1eMeHTbl aAanTUBHOIO YNpaBaeHUa PeasbHO U3MEPAIOTCA.

3. Mpeaensi AMHENHOTO UMK U 3HAYEHUE C/IOXKHOCTU

Knaccuyeckoe npeactaBneHne adaptive management 4acTo CTPOUTCA KaK LMKA: OLLEHKA
CUTyaLMK, NPOEKTUPOBaAHME AENCTBUIA, BHEAPEHNE, MOHUTOPUHT, MHTEPNPETALMA PE3y/1bTaTOB U
KoppeKTnpoBKa. OaHako amnupuyeckaa pabota Fernandez-Giménez et al. (2019) noka3sbiBaerT,
yTto B collaborative adaptive management aToT UMKA peaKo 3amMbiKaeTcA NOAHOCTbO. Ha ocHoBe
yeTblpex NeT aHanunsa meeting transcripts, stakeholder communications un biophysical monitoring
data aBTOpbl NokasbiBatoT, 4YTo feedback loops mexay MOHWMTOPWMHIOM M yMNpaBAEHYECKMMMU
pelleHMAMM OCTaloTCA HEeMoNHbIMM M3-3a BpeMeHHbIX naros, trade-offs, path-dependency u
PAa3NUYNI MEX Y TUMaMK 3HaHMA y4acTHUKOB (Fernandez-Giménez et al., 2019).

MIMeHHO 3A4eCb BO3HMKAET Ba)KHOE OT/NMYME OT YNPOLLEHHON YNpaBAeHYEeCKOM NOrMKN.
CnoxHocTtb B CAM He aBasieTca ToNbKo nomexol. Fernandez-Giménez et al. (2019) nokasbiBatoT,
YTO CNOXKHOCTM M MPOTUBOPEYMA MOTYT CTAHOBMTbCA ycnoBMsAMKM social learning: oHM co3patoT
disorienting dilemmas, KoTopble 3aCTaBAAOT y4aCTHMKOB NepecMaTpmMBaTb MeHTalbHble MOAENN,
OTHOLWEHMA U NpeacTaBAeHns o0 Npobneme. Mo3TOMy aBTOPbI NpeasaratoT paccmatpmeaTb CAM
He KaK Kpyr, a Kak Cnupasnb, rae NpoLble peleHns, onbiT U KOHPAUKTbI BAMAIOT Ha Nocaeaytollme
BO3MOXHOCTW 0b6yyeHus (Fernandez-Giménez et al., 2019).

[na MHHOBALIMOHHbIX MepexoA0B 3TOT BbIBOA, MMEET KOHLIeNTyabHoe 3HadYeHue. MNepexoa
OT NPOTOTMNA K PbIHKY, OT MVP K macwTtabnpoBaHMIO MM OT TBOPYECKOM MAEMN K yrnpaBaeHYeCcKo
MOAENN He A0/MKEH OMNMUCbIBATbCA KaK AMHEMHana nocaenosBaTesbHOCTb CcTaauii. Ha ocHoBaHuM
CAM-nnTepaTypbl KOPPEKTHEE PACCMATPMBATL €0 Kak 3nmM30/, NOBbILLEHHON HEeONpPeaeNeHHOCTH,
roe KomaHaa CTa/kMBaeTCA C HeCOBMNaZAeHMeM Lienein, BpeMeHHbIMM laraMmn AaHHbIX, KOHOANMKTOM
9KCNEPTHbIX A3bIKOB M HEODXOAMMOCTbIO KONNEKTUBHOMO NepecMmoTpa npeanonoxeHnin. OaHako
3TO SABNAETCA aBTOPCKMM nepeHocom CAM-N0OTMKM B MHHOBALMOHHbLIA KOHTEKCT U TpebyeT
OTAENbHOW NPOBEPKM.

4. Collaborative adaptive management Kak KOopAMHaLmMA 3HaHWA, UHTEPECOB U PELLEHNUN

Scarlett (2013) onpegenset collaborative adaptive management yepes coegnHeHne Tpex
9/1EMEHTOB: HayKW, COTPYAHWYECTBA M OPUEHTALMW Ha pesyabTaT. ITa pamKa BO3HMKaeT B
YCNOBUAX BbICOKOWM HeonpeaeneHHOCTU, C/NOXHOCTM, B3aMMOCBA3AaHHOCTM npobaem U
MOCTOAHHbIX M3MEHEHUI. B TakMx yCNOBUAX yNpaBAeHYECKMEe pelleHMsa CTaHOBATCA He TO/bKO
TEXHUYECKMMM, HO W COUMANbHbIMU: OHW 3aTParMBalOT pacnpefeneHne pecypcos, POAU
9KCMNepTOB, CTENMKXONAEPOB 1 L, MPUHMMAIOLWNX peweHns (Scarlett, 2013).

Fernandez-Giménez et al. (2019) pa3BMBalOT 3TOT aPryMeHT SMMNPUYECKN, MOKa3bIBaA, YTO
CAM BKNOYaEeT He TONbKO MOHWUTOPWMHI W KOPPEKTUPOBKY AeicTBui, HO M knowledge
coproduction, trust-building n multiple-loop social learning. TeopeTuyeckn 3ToT 610K oNMpaeTcs
Ha Tpaauumm social learning 1 organizational learning, ceasaHHble ¢ Bandura (1977) n Argyris and
Schoén (1978). B pamkax kenca Fernandez-Giménez et al. (2019) pasHble stakeholder groups
NPUHOCUAWM  Pa3NUYHbIE TWUMbl 3HAHMA W OMbITa; WMMEHHO HanpsaXeHue Mmexay STUMM
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«COLMANbHbIMM MUPAMM» CTAHOBMIOCh MCTOYHMKOM 0OyYeHUA, HO OAHOBPEMEHHO YCAOMKHANO
NPUHATUE PELLEHUN.

[Ona  VMHHOBAUMOHHbLIX KOMaHA, 3TOT 00K AMTepaTypbl He ABAAETCA  NPAMbIM
nokasaTenbcteom addektmeHoct CAM B cTapTanax. Ero 3HayeHue coOCTOMUT B APYrom: OH
NpeaocTaBnAeT aHaAUTUYECKMI f3bIK 414 onucaHua cuTyaumi, rae founders, engineers,
designers, investors, customers u managers MoryT no-pasHomy MoHMMaTb Npobaemy, pUck u
ycnex. Ecnm 6yayuwias DBA-paboTta 6ymeT mMcnosnb3oBaTb 3Ty PamKy, OHa JOJ/IKHA MOKas3aTb
SMMUPUYECKMN, KaKMe WMEHHO TWMbl KOHGJIMKTOB 3HAHMA BO3HWMKAKOT B KA3aXCTAaHCKUX
MHHOBALMOHHbIX MPOEKTaX M Kak OHM CBA3aHbl C 0byYyeHMem KoMaHabl.

5. Adaptive governance 1 opraHM3aLMOHHAA YyBCTBUTENBHOCTb

Mepexon o CAM Kk adaptive governance paclmpsaeT macwTtab aHanmsa. Van Assche et al.
(2022) paccmaTtpmBatoT governance organizations kak decision machines, KoTopble y4acTBytoT B
KoopAMHaUMM KONNEKTUBHO 3HAYMMbIX PeleHWn, a communities — Kak coumManbHyto cpeay,
OTHOCUTENBHO KOTOPOW governance system opueHTMpyeT cBoun onepaumn. C 3TON TOUKM 3peHuUs
OpraHM3aumsa CTPEMMUTCA CHUMKATb CIOXKHOCTb Cpeabl Yepes peLleHma, Npoueaypbl U PYTUHbI, HO
OZlHOBPEMEHHO PUCKYET CTaTb MEHEEe YyBCTBUTEIbHOM K TEM YCNOBMAM, OT KOTOPbIX 3aBMCUT ee
yctonumsocTb (Van Assche et al., 2022).

Kntoyesasa naea adaptive governance B 3ToM CTaTbe COCTOUT B HEOHXOAMMOCTM pa3BMBaTb
sensitivity K nameHatowencs counansHon cpede. Van Assche et al. (2022) nogyepKkumBatoT, 4To
Pa3Hble TWUMbl OpraHM3auMi MOryT YCUMAMBATb KOOPAMHALMOHHYIHO CnocoBHOCTb governance
system u cTMMyamnpoBaTb innovation to enable adaptation, Ho MoryT TakKe 3ameanaTb peakLmto
Ha W3MeHeHuMAa K ycnoxHATb deliberation. Takum o6pasom, opraHM3auMm OAHOBPEMEHHO
BbICTYMAtOT PECYPCOM M OrpaHuyeHnem agantaumm (Van Assche et al.,, 2022).

B NnpMMeHeHMM K MHHOBALIMOHHbIM NepexoZam 3TOT NoAxXoA No3BoaseT n3bexaTb Y3Koro
NOHMMaAHMA CcTapTana Kak Habopa 3agady u  KPI. WMHHOBAUMOHHbLIM MNPOEKT SABAAETCS
OpraHM3auMoHHON KOHDUIYpaLMel, 3aBUCALLEN OT BHELLHWX CUTHAN0B, PECYPCOB, CTEMKXON4EPOB
M BHYTPEHHUX MEXaHM3MOB 0by4yeHMA. Ho 3arpy)KeHHble MCTOYHMKM He coaepykaT MpAmoro
SMMNMPUYECKOrO aHanuM3a cTaptanoB KasaxcTaHa, MO3TOMYy [AaHHbIM - BbIBOA, — OCTaeTcs
KOHLENTya/IbHOM MHTepnpeTaLUmen.

6. Heitpoapxutektypa n HRV: meTo0N0rM4eckuii MOCT, @ He I0Ka3aHHbIM
ynpaBaeH4Yeckuii appeKxT

[ONna BKAOYEHUA HEMPOAPXMTEKTYPbl B YNPaB/JEHYECKYD pamKy Heobxoammo ocobeHHOo
CTPOro pas3rpaHMuYMBaTbh [AO0Kas3aTenbCcTBa M npeanonoxeHusa. Sattler (2025) onucbiBaeT
neuroarchitecture Kak mexaucumMniMHapHOe nose Ha cTbike architecture and neuroscience,
CBA3aHHOE C uccaeaoBaHnem BAMAHKUA built environment Ha brain, cognition, psychological well-
being, behaviour and physiological responses. B aToln paboTe Tak»ke obcyaaetca allostatic load u
ncnonb3oBaHme biomarkers ana oueHku stress-related responses, Bkatodas HRV Kak nokasaTesnb
BapMaLMM MHTEPBA/SIOB MEXAY CepAeYvHbIMM COKPALLEHMAMM U aKTMBHOCTM autonomic nervous
system (Sattler, 2025).

OpHako Sattler (2025) ogHOBpeMEHHO GUKCMPYET BaKHble OrpaHuyeHusa. Bo-nepsbix,
CTpeccoBble peakuuu, Habawogaemble B neuroarchitectural research, He o6s3atensbHo
noaTsepxaatoT allostatic overload. Bo-BTopblX, MHTepnpeTauus biomarkers ocnoskHseTca
MEXNHAMBUAYANbHBIMM PA3ANYUAMM, BDEMEHEM CYTOK, NPEALLIECTBYIOLMM CTPECCOM N APYTUMM
confounding variables. B-TpeTbunx, cobctBeHHoe nuaoTHoe nccaegosaHme CCT and HRV B aTol
paboTe NPoBOAMIOCH Ha Manol BbIbOpKe, 4To orpaHmymBaeT generalizability pesynsTtaTtoB (Sattler,
2025).

Moatomy B Hactoswen cratbe HRV He paccmaTpmMBaeTca KaK YHMBepcaslbHOe
[0oKa3aTenbcTBo 3ddeKTUBHOCTU cpedbl. OH MOXKET BblTb BKAOYEH TONbKO KaK MOTEHLMANbHbIN
MHAMKATOP dU3nMoNOrMYecKkon perynaumm B byayuiein metogonormn. Ana DBA-uccnenoBaHma ato
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O3HayaeT, YTO HeMpPOapPXMTEKTYPa NPEeAOCTaABAAET A3bIK U MHCTPYMEHTbI ONepaumoHann3aummn —
stressor, biomarker, inter-individual variability, adaptive environment, Bayesian analysis — Ho He
[IOKa3blBAeT aBTOMATMYECKM, YTO aPXMUTEKTYPHas WAM  aKyCTMYecKaa cpeda yaydwaer
ynpaB/ieHYecKme pesynbTaTbl.

7. AKycTnuyeckan cpesa, doHocdepa M rpaHuLbl LOKA3aATENBHOCTU

AKycTuMyeckaa 3konorma, ¢oHocdepa w  Audiotheatre B HacToAwen cTaTbe
PAaCcCMaTPMBAIOTCA KaK 3/1eMeHTbl DyayLien HeMpPO-aAanTUBHOM PaMKM A5 U3YHEHMA BHUMAHMUS,
cTpecca M KOMaHAHOM CMHXPOHM3aLMKM, HO He KaK yKe AoKa3aHHble MHCTPYMEHTbI yNpaBaeHus.
3arpy»keHHas HelpoapxuTekTypHas paboTa Sattler (2025) BkntoyaeT acoustic quality B obnacTb
indoor environmental quality n oTmedaeT, 4To unwanted noise exposure mMoxeT nmeTb auditory
and non-auditory consequences. B tabaunue o63opa IEQ and biomarkers paboTa Tak:ke dUKcnpyer,
4YTO McCcnenoBaHMA 3ByKa M HRV patoT HeoaHopoaHble pe3ynbTaTbl: OAHM WUCCNEA0BaHMA He
BbIABAAIOT 3Ha4Mmoro apdekTa sounds under different frequencies on HRV, gpyrve ykasbiBatoT Ha
BO3MOXKHble adpdeKTbl low frequency sound (Sattler, 2025).

3Ta HeoAHOPOAHOCTb OCODBEHHO BaKHa ANA KOPPEKTHOCTM CcTaTbM. Ha ocHOBaHMMK
3arpyKeHHbIX MCTOYHWKOB HENb3A YTBEPXKAATb, YTO aKyCTMYeCKas cpefa NpPAMO MNOBbILAET
KOTHUTMBHYIO TMOKOCTb, KOMAHAHYK CUHXPOHM3AUMIO WAM  YCNEWHOCTb WMHHOBALMOHHOIO
nepexoaa. 3arpyKeHHas AnTepaTtypa He NpeaocTaBAseT AO0CTAaTOYHbIX [0Ka3aTeNbCTB MO STOMY
Bonpocy. CneposaTtenbHo, acoustic ecology n phonosphere nonkHbl 6bITb NpeACTaBAEHbI Kak
nepcnekTMBHaA 061acTb UCCNEA0BAHMA, @ HE KaK A0KA3aHHbIN YNPaBAeHYECKUA MHCTPYMEHT.

MpoekT Audiotheatre B Takom cnyyae uenecoobpasHO MO3MLMOHMPOBATL He KakK
«3TaZIOHHYIO» Cpeay C Y»Ke [oKa3aHHbIM 3ddeKkTom, a Kak exploratory case gna 6yayuwen
SMMUPUYECKON MPOBEPKU. ITO MO3BOAMT COXPaHWUTb HAYYHYKD HOBM3HY AMcCCepTaumm U
04HOBPEMEHHO M3bexaTb HenoaTBepKAeHHbIX causal claims.

8. KoHuenTyanbHaA pamka HeMpo-aganTUBHOMO YNpaB/ieHUA MHHOBALMOHHbLIMM
nepexogamu

Ha ocHoBe 3arpyKeHHoM nuTepaTypbl HEMPO-aAanNTUBHOE yrNpaBaeHne MHHOBALMOHHbIMM
nepexoJamm MOMHO ONpedenuTb KaK  KOHUENTyaNbHYH  WUCCAeAOoBaTE/IbCKYO  PaMKy,
obbeanHAOWYO TPM YPOBHA aHanu3a. [lepBbln ypoBeHb — adaptive management:
CTPYKTYPMPOBaHHOe obyyeHWe B YCAOBMAX HeonpeaeneHHOCTM Yepe3 MOCTAaHOBKY Lenew,
rMnoTes, MOHUTOPUHT K KoppekTuposky (Allen et al., 2011; Rist et al., 2012). Bropolt ypoBeHb —
collaborative adaptive management: coBMecTHOe NPON3BOACTBO 3HaHUSA, paboTa C KOHGANKTaMM
n multiple-loop learning B cnoxHbix cuctemax (Fernandez-Giménez et al., 2019; Scarlett, 2013).
TpeTnin ypoBeHb — neuro-adaptive architecture: ocToposkHOe M3yyYeHMe TOro, Kak napameTpbl
cpefibl MOTyT BbITb CBA3aHbI C GU3MONOTMYECKMMIN PeaKLMAMM YeNOoBeKa, BKAtoYana HRV n apyrue
biomarkers (Sattler, 2025).

B 3TOM pamKke MHHOBALMOHHbIN Nepexo NOHUMAETCA Kak CUTyaums, rae KOMaHAaa A0/1KHa
OAHOBPEMEHHO TMPUHUMATL pelleHua, obyyaTbCA, NMepecmaTpmMBaTb MeEHTasbHblE MOAENN U
yAEepPHKMBaTb PaboTocnocobHOCTL B yC/0BMAX HeonpeaeneHHocTn. Cpesa He obbaBnasetcs
npuumHol ycnexa. OHa pPacCMaTpPMBAETCA KaK MOTeHUMa/NbHOe YC/0BME, KOTOPOE MOXKET
NOAAEP!KMBATb MM 3aTPYAHATb KOTHUTUBHYKO WM GU3MONOTMYECKYtO adanTalyMio YY4aCTHUKOB.
[aHHas cBA3b TpebyeT aMNMpPUYECcKom NPOBEPKM, OCODEHHO B Ka3aXCTaHCKOM KOHTEKCTE.
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9. CraTyc A,0KA3aTeNbHOCTU KAKOYEBDIX YTBEPKAEHWN

[na npenoTBpaLleHns He0CTOBEPHbIX CCbIIOK M Ype3mepHbIx 0606LLeHnin B Tabauue 1

npeacrtas/ieH CTaTtyC OCHOBHbIX yTBep)-K,EI,EHVIVl CTaTbW.

YTBEpXKAEHME CraTtyc OcHoBaHMe Kak ncnonb3osathb B
CTaTbe
Adaptive management | MoaaepKaHo Allen et al. (2011); Mcnonb3oBaTb Kak

ABASETCH 3arpysKeHHom peer- Rist et al. (2012). OCHOBY
CTPYKTYPUPOBAHHbLIM reviewed ynpaB/IEHYECKOM
npoLeccom oby4yeHus, | AMTepaTypon. NNOTUKM

a He 0bbl4HOM Npobol nccnegoBaHums.

1 OWMOKOMN.

TepmuH adaptive MNoaaepskaHo Rist et al. (2012). Mcnonb3oBaTh Kak

management 4acTto

3arpy*keHHon peer-

apryMeHT NpoTuns

ncnonb3lyeTca reviewed Pa3MbITbIX
HEeO4HOPOAHO U NUTepaTypomn. bopMyMPOBOK.
TpebyeT cTporom
onepaumoHannsaumm.
CAM B peanbHOCTH MNoageprkaHo Fernandez-Giménez | Micnonb3oBaTb Kak
Jlydlle ONMCbIBaTb KaK | SMNUPUUYECKMM et al. (2019). OCHOBY /14 aHaNM3a
CNMpasb, a He Kak nccnenoBaHMEM. MHHOBALUMNOHHbIX
MNONHOCTbLIO nepexoAoB Kak
3aMKHYTbIN LKA, HeNMHENHbIX
NpoLeccos.
Adaptive governance | [MogaeprKaHo Van Assche et al. Ncnonb3oBaTh Ana
TpebyeT KOHLEeNTya/bHOM (2022). OpraHM3aLMoHHOro
OpraHM3aLMOoHHOM academic literature. YPOBHA aHaMn3a.

YyBCTBUTENIbHOCTM K
coumanbHoOM cpeae.

HRV moxeT YacTnyHo Sattler (2025). Mcnonb3oBaTh TObKO

NPMMEHATBLCA KaK noaaepykaHo; KaK

oAnH n3 biomarkers TpebyeT OCTOPOXKHOM METO/I0/10MMYECKNIN

dunsmnonornyeckom MHTEpnpeTaumm. MHOMKATOP, He KaK

perynaumnn, [,0Ka3aTenbCTBO
3dPEKTMBHOCTY.

AKyCTMYecKas cpeaa HenoctatouHo B 3arpy»keHHoM dopmynnposaTb

nosbllaeT [OKa3aTebCTB. nuTepaType NPAMbIX | TONbKO Kak rmnoTesy

pe3ynbTaTMBHOCTb [aHHbIX HeT. nna byayuiero

CTapTanos Uan nccneaoBaHmA.

KOMaHAHY0

CUMHXPOHM3ALMIO.

Audiotheatre cHukaeT | HegocTaTo4HO B 3arpykeHHoWn MNo3nuMoHMpoBaThb

cTpecc [0Ka3aTebCTB. nuTepaTtype npamblix | Kak exploratory case,

MHHOBAUMNOHHbIX [aHHbIX HET. a He KaK

KOMaHa, NOATBEPXHKAEHHbI

MHCTPYMEHT.
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10. MeToaonornyeckue cneacTema ana ganbHenwero DBA-nccnenosaHmns

MNepBoe METOA0/OrMYEcKoe CleacTBME COCTOMT B HEOBXOAMMOCTU Pa3aensATb YPOBHM
aHanm3a. Adaptive governance oTHOCUTCA K OpraHn3aumam 1 ux oTHoleHusam co cpegoin; CAM —
K KONNEKTUBHOMY 0DYYEHUNIO M KOOPAMHALUMM pa3HbIX TUNOB 3HaHKUS; neuro-adaptive architecture
— K MHAMBMAYA/IbHbIM PUINONOTMYECKMM PeaKLMAM Ha NapameTpbl NPOCTPAHCTBA. 3T YPOBHM
HeNb3s CMeLlMBaTb 6e3 onepauyoHanm3aumm nepemeHHbIX n 6e3 06bACHEHNA MexaH13Ma CBA3K
MeX Ay HUMMN.

Btopoe cneactsme coctouT B Heobxoammoctn mixed-methods amszanHa ana 6yayuiero
amnupuyeckoro DBA-3Tana. KosMyecTBEHHbIN 3Tan MOMET UCMOAb30BaTb OMNPOCHbIE LWKaabl Mo
BOCMPUATUIO aAanTUBHOCTU, KOTHUTUBHOM HArpysku, akycTMYeckoro komdopta M KOMaHAHOro
B3aMMOAeNCTBMA. KauyecTBEHHbIM 3Tan MOMET BKAOYATb MOJYCTPYKTYPUPOBAHHbIE MHTEPBbLIO C
founders, project managers 1 y4aCTHMKaMM MHHOBALMOHHbLIX KOMaHAd. OAHaKko BKAtoYeHue HRV
nnu apyrmx biomarkers notpebyeT oTAENbHOrO 3TMYECKOro NPOoToKoNa, KoHTpona confounding
variables n nunoTHoro TectnposaHua (Sattler, 2025).

TpeTbe cneacTsme cBs3zaHo ¢ byaywmm ncnonbdosaHem Audiotheatre. Ha gaHHOM aTane
KOPPEeKTHaa uccnenoBatenbckaa GOpPMy/MPOBKA AO/KHA 3By4aTb HE KaK YTBEPXKAEHMEe O
[OKa3aHHOM addeKTe, a Kak BOMPOC: MOXKET X CNeLManbHO CNPOEKTMPOBAHHAA aKyCTMYeCcKan U
NPOCTPaAHCTBEHHAA cpefa ObiTb CBA3aHA C M3MEHEHMEM CYyOBEKTUBHOM KOTHUTMBHOM HArpy3Ku,
OLLYLLEHNEM KOMAHAHON CUMHXPOHM3ALUMM U OTAENbHBIMW BU3NONOTMYECKMMU WHAMKATOPaMM
cTpecca? OTBET Ha 3TOT BOMPOC TpebyeT 3MNUPMYECKOro AM3aHa, KOHTPOJIbHOW NOTMKKU U
OCTOPOXXHOM MHTEPNpPEeTaLMn pe3ynbTaTos.

11. Ka3axcTaHCKUN KOHTEKCT

Ka3axCTaHCKMIM KOHTEKCT B HACTOAWEW CTaTbe ABASETCA KOHTEKCTom byayliero
AMMNUPUYECKOTO NPUMEHEHMSA, @ He YKe A0Ka3aHHbIM 0b6beKkToM aHanmsa. [na byayuiero DBA-
3Tana NpeAno/faraeTca M3y4yeHe MHHOBALMOHHbIX MPOEKTOB, aKCeepaTopoB M yNpaBAeHYECKMX
KoMaH/, B KasaxcTaHe; 0HaKO 3arpy»eHHas MexayHapoaHasa NMTepaTypa He COAEPKUT AaHHbIX
MO Ka3axCTaHCKMM CTapTanam, KOPNopaTMBHbIM WMHHOBALMOHHLIM KOMaHAAM WAM MPOEKTY
Audiotheatre.

CnepnoBaTtenbHO, BCe BbIBOAbI, nonydeHHble n3 Allen et al. (2011), Rist et al. (2012),
Ferndndez-Giménez et al. (2019), Scarlett (2013), Van Assche et al. (2022) n Sattler (2025), umetot
obWMI TEOPETMYECKMI MM METOA0N0rMYeckMin cTaTyc. KasaxcTaH-cneumduyeckme BbiBOAbI
MOTyT MOABUTLCA TONIbKO MOCAE MNPOBEAEHWUSA NOKANbHOIO 3MMNUPUYECKOrO 3Tana: MHTEPBLIO,
aHKeTUPOBaHMA, Kelc-aHanm3a 1, Npu HeobXoAMMOCTU, NUAOTHOIO TECTMPOBAHUA NapamMeTpoB
cpeapbl.

12. OrpaHn4eHuns cTaTbu

MNepBoe orpaHW4YyeHMe COCTOUT B TOM, YTO CTaTbs ABAAETCA KOHUEeNnTyanbHon. OHa He
[OKa3bIBAET MPUUYMHHYIO CBA3b MEXAY HEeMpPOapXMTEKTYPHOM cpedor M pes3ynbTaTUBHOCTbIO
MHHOBALMOHHbLIX KOMaHA. BTopoe orpaHuMyeHue CBA3aHO C KOPMYCOM WMCTOYHMKOB: OCHOBHas
peer-reviewed snuTepatypa oOTHOCMTCA K natural resource management, environmental
governance u adaptive governance, a He K cTapTanam uau 6HusHec-akcenepaTopam. TpeTbe
orpaHMYeHmne 3aKNtO4aeTCsa B CTaTyce MCTOYHMKA No neuro-adaptive architecture: pabota Sattler
(2025) saBnaeTca marucTepcKom guccepTaLmen n UCNob3yeTca Kak MeTOA0/10TMYEeCKUN OPUEHTUP,
a He KaK OKOH4YaTeNbHaA AoKa3aTenbHadA 6asa.

YeTBEpTOe oOrpaHMYyeHWe KacaeTcAa aKyCTMYeCKOM cpeabl. 3arpyKeHHble WCTOYHWUKM
Mo3BOIAOT rOBOPUTL 0 sound, noise, acoustic quality n otaensHbix biomarker-related findings, Ho
He MO3BOAAOT AeNaTb BbIBOAbI O MPAMOM BAUAHUM aKyCTMYECKOM 3KONOTMM Ha entrepreneurial
outcomes. [AToe orpaHnyeHmne Kacaetca npoekta Audiotheatre: B 4aHHOM CTaTbe OH MOXET ObITb
ob03HaYyeH TONbKO Kak byayuini exploratory case.
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3aknatoueHue

MepepaboTaHHbIM  CMHTE3  MOKasbiBaeT, YTO  HeWpo-afanTMBHOE  ynpaBaeHue
MHHOBALMOHHbIMW  Nepexogammn  MoxKeT  OblTb  CHOPMYIMPOBAHO  KaK  MepcrnekTMBHasA
KOHLEeNTyanbHaa pamka DBA-uccnefioBaHWA, HO NMOKa He Kak NOATBEPXKAEHHAA aMNuMpuyecKasn
Teopua. Adaptive management [aeT CTPyKTypy oOyyeHMA B YC/NOBMAX HeonpeaeneHHOCTH;
collaborative adaptive management nokasbIBaeT, YTO CIOKHOCTb, KOHPAUKT 3HAHUA U BPEMEHHbIE
Nnarv MoryT He TONIbKO MeLaTb peleHmam, HO U CO34aBaTb YCIOBUA A4 COLMANbHOro 0byyeHus;
adaptive governance nobaBnseT opraHM3aLUMOHHbIA YPOBEHb YyBCTBMTENBHOCTM K Cpeae; neuro-
adaptive architecture OTKpbIBaeT BO3MOMKHOCTb OCTOPOMKHOMO BK/AOYEHUA U3MONOTMYECKUX
WHOMKATOPOB B UCC/IeA0BAHME YCIOBUIA MPUHATUA PELLEHWIA.

OCHOBHOWM MccnenoBaTeNbCKUn Npobesn COCTOMT B OTCYTCTBUM MPAMON A0Ka3aTebHOM
CBA3M MeXAy aKyCTMYeCcKOM WAM HeWpo-adanTMBHOM CPeaon W pPe3ynbTaTUBHOCTbLIO
MHHOBALMOHHbIX KOMaHA. MMeHHO 3TOT Npobesl MOXKeT CTaTb CUAbHOM OCHOBOWM AMCCEpPTaLMM: He
yTBEpaaTb 3apaHee 3dpdekT Audiotheatre, a pa3paboTaTb METOAONOMMIO €ro MPOBEPKMU.
MpaKkTnyeckaa 3HaYMMOCTb byayliei paboTbl OyaeT 3aBMCETb OT TOMO, YAACTCA M SMMUPUYECKM
NOKa3aTb, KaKuMe MnapameTpbl cpeapl AEeNCTBMTENbHO CBA3aHbl C KOTHWUTMBHOWM HarpysKoMm,
CyOBbEKTUBHbIM  COCTOAHMEM  KOMaHAbl, KayecTBOM  B3aMMOAEWCTBMA M,  BO3MOXKHO,
dU3noNornyeckMMm NoKasaTensiMmn cTpecca.
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Art History
MY3blIKA HAHMHAETCA C YHATE/TA

Omaposa Cayne KampaeHosHa
FKKM «/[lBopel, WKoAbHUKOBY, LLIKona Knaccnuyeckon mysbiku, AnmaTsl (KasaxcraH)

AHHOTauMA. B cTaTbe paccmaTpuBaeTca obpa3 COBPEMEHHOro neaarora-mysblkaHTa B
cucteme  AOMONHWUTENbHOTO  0OpPa3oBaHMA  KaK  JIMYHOCTM,  COYETaloWer  BbICOKMIA
npodeccnmoHanmM3m, TBOPYECKMIM MOTEeHUMan, neaarormyeckoe MacTepCTBO W YBaXKeHWe K
'YMaHUCTUYECKMM LEHHOCTAM. PacKpblBaeTCA pPOab MneAarora-MysblKaHTa B XyAOXECTBEHHO-
3CTETUYECKOM, AYXOBHO-HPABCTBEHHOM W IMYHOCTHOM Pa3BUTUKM pebeHKa. Ocoboe BHMMaHMe
yAENAeTcA MUCCUM yunTena B GOPMMPOBAHNN My3bIKa/IbHOW KyAbTypbl, PACKPbITUM TBOPYECKMX
cnocobHocTel obyyatoLmxca, co3gaHnmn baaronpmaTHoM obpasoBaTeNbHON cpeabl M BOCMUTAHWM
JIMYHOCTH cpeacTeamu My3bIKa/IbHOrO MCKyCCTBa. MoayepkmBaeTcs 3HAYMMOCTb
AO0NONHUTENBHOTO 06Pa30BaHMA B COBPEMEHHbIX YCI0BMAX M ONPeaenatoTCa KNoUYeBble KavecTBa,
XapakTepuaytoLime npodeccMoHanbHbI NOPTPET NeJgarora-my3bikaHta XX| Beka.

Kntouesble cnoBa: negaror AOMNOAHUTENbHOrO 06pa3oBaHMA, MNeaaror-mysblKaHT,
XY[OXKECTBEHHO-3CTETUYECKOE BOCMMUTAHME, My3blKalbHOE WCKYCCTBO, NpodeccroHanbHoe
MacTepCTBO, TBOPYECKOE Pa3BUTUE, IMYHOCTb Neaarora.

Abstract. This article examines the image of the contemporary music teacher in the system
of supplementary education as a professional who combines a high level of expertise, creative
potential, pedagogical excellence, and a commitment to humanistic values. The study explores the
role of the music teacher in the artistic, aesthetic, spiritual, moral, and personal development of
children. Particular attention is given to the teacher's mission in fostering musical culture,
developing students' creative abilities, creating a supportive educational environment, and
nurturing the individual through the art of music. The article emphasizes the importance of
supplementary education in contemporary society and identifies the key qualities that
characterize the professional profile of the twenty-first-century music teacher.

Keywords: supplementary education teacher, music teacher, artistic and aesthetic
education, musical art, professional excellence, creative development, teacher's personality.

MopTpeT cOBPeMEHHOTro Neaarora A40NoAHUTENbHOMO 06pa30BaHMA —3To 06pa3 YeNoBEKa,
MCKPeHHe NpeaaHHoro CBoemy Aesly, BOCNPUHMMAatoLLLEero npodeccuo He NpocTo Kak paboTy, a
KaK »KM3HEHHOe NpM3BaHMe 1 BaxKHeNLYo 0BLECTBEHHYO MUCCUIO. TakoM neaaror yoexaeH, 4to
ero Tpya nmeeT 0cobyto LLEHHOCTb, BeZlb MMEHHO OH MOMOTaeT PacKPbITb CNOCOHBHOCTH, TaNaHTbI
M TBOPYECKMI NOTEHLMAN KaxKaoro pebeHkKa.

3T0o neparor, KOTOPbIM NPUXOAMT B NPodeccunio No BeNeHUIo cepala 1 OCTaeTca B Hel no
BENeHMIO AyLK. Ero oTAMYatoT BbICOKMIM NpodeccnoHanam, OTBETCTBEHHOCTb, Nt0HO0Bb K AETAM,
cTpemsieHre K NoCTOAHHOMY CaMOPa3BUTUIO M FOTOBHOCTb eXeAHEeBHO BK/aAblBaTb CBOM 3HAHMA,
OMbIT M AyLEeBHOE TENI0 B BOCNMUTaHME NOAPACTAOLLErO MOKONEHUA.

OcobeHHO  MNpuATHO  0OCO3HaBaTb, 4YTO  HeobXxoAMMOM  COCTaBAAOLWEN  3TOrO
cobupatenbHoro obpasa neparora AONOAHUTENbHOrO 00pPa30BaHMA ABAAOTCA MNeaarorun-
MY3bIKaHTbl. MMIMEHHO OHM OTKPbIBAIOT AETAM YAMBUTENbHbLIA MUP My3blKa/bHOrO MCKYCCTBa,
BOCMUTBIBAIOT XYAOMKECTBEHHbIM BKYC, SMOLMOHA/bHYIO OT3bIBUMBOCTb U AYXOBHYHO KY/JbTypYy,
NOMOras KaxaomMy YY4eHUKY HalnTn COBCTBEHHbIN NYTb K MPEKPacHOMY.
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Ha npoTAKeHMM BCen MCTOPUKM YeNoBeYeCTBa My3blKa Oblla M OCTAaeTCA HEOTbEM/IEMOM
YacTblo KM3HM «Homo sapiens» [1]. OHa CONPOBOXAAET YeNoBeKa C MEPBbIX AHEN YKU3HW,
dopmMUMpyeT ero AyXOBHbIN MUP, BOCMUTLIBAET YYBCTBO MPEKPACHOIO M CAYKUT YHUBEPCAbHbBIM
A3bIKOM, MOHATHBLIM  /IIOAAM  PasHbIX  KyAbTyp M MOKONEHUK. MmeHHO 6Hnarogaps
CaMOOTBEPKEHHOMY TPYAY NeAaroroB MMp y3Han BblAatoWwmxca My3bikaHToB — eHnca Malyesa,
Mwuxauna MNnetHésa, KaHuto Aybakmposy, Xaauwa OHanbaesy, HKaHap CynelMmMaHOBY U MHOTUX
APYrvX. 32 KaxablM 60bWNM apTUCTOM CTOUT YYUTENb — HACTaBHUK, KOTOPbIN CyMen pasrnsaeTb
TaNaHT, NOBEPUTb B HETO M MOMOYb EMY PACKPbITCA.

deHunc
Mauyes Aybakunposa OHanbaesa CynenmaHoBa

MNepen, HamK, neaaroraMm-mysblKaHTaMK, BCerada CTosana M NPoao/KaeT CTosATb ocobas
MWNCCUA — OTKPbITb PeOEHKY MHOTOrpaHHbIM U MOUCTUHE BOAWEDHbIN MUP My3biKK. Halua 3a4a4a
3aK/1043EeTCA HE TO/IbKO B TOM, YTOObI Hay4MTb UTPaTb Ha My3blKaJIbHOM MHCTPYMEHTE UM YUTaTb
HOTHbIN TEKCT, HO M MOMOYb YC/bILLATb MY3blKYy CEPALEM, NMOYYBCTBOBATL €€ KPacoTy, rybuHy U
CUNY SMOLIMOHA/IbHOTO BO3AENCTBUA.

YBAeKana CBOUX YY4EHWKOB B 3TOT MPOLLECC, Mbl BMECTe COBepllaem NyTelecTBMe CKBO3b
3MOXM M My3blKasibHble CTUAU. Mbl 3HAKOMUMCHA C BEIMYABOM KPAcOTOM CTaPUHHOM MY3bIKK —
capabaH0i, NaBaHOM, ranbApA0N; OTKPbIBAEM COBEPLUEHCTBO KNACCUYECKMX MHBEHLIMIM, COHAT U
3T0A0B; BOCXMLLaEeMca cBOHOA0M MMNPOBM3ALIMN U PUTMUYECKUM HOraTCTBOM Ka3a.

*KaHpoBoe pacnpeseneHune yuebHoro penepTtyapa

CTapuHHasn CapabaHga, | PopmumpoBaHMe 4YyBCTBA CTWAS, OCBOEHME OCODBEHHOCTEM

MYy3blKa naBaHa, bapoyHomn n pPeHeccaHCHOM MY3bIKH, pa3BuUTUE
ranbapaa NOANPOHUYECKOTO MbILLAEHWUS U KY/IbTYPbl 3BYKOU3BIEYEHNS

Knaccuyeckmi MHBEeHUWMK, | PassButne TEXHUYECKOrO MacTepCTBa, MY3blKa/IbHOTO

peneptyap COHaTbl, MbILAEHWNA,  UCMONHUTENbCKOM  KYy/JbTypbl U HaBblKOB
3THoAbI NHTepnpeTaLm NPoM3BeaeHNN Pa3andHbIX Gopm

CoBpeMeHHas [»a3oBble | Pa3BuTMe 4yBCTBA pPWUTMA, CMHKOMWPOBAHWA, CBODOAbI

My3blKa nbechl MCNONHUTENbCTBA, TBOPYECKOM MHULUMATUBbLI UM MHTepeca K

COBPEMEHHbIM MY3blKasbHbIM CTUAAM

VIMeHHO B 3TOM MHOroobpasmm My3blKafbHbIX 3MOX W KAHPOB POXKAAETCA
XYO0XKECTBEHHbIN BKYC, GOPMMPYETCA My3blKa/bHOE MbllW/EHWE M BOCNUTbIBAeTCA NtoboBb K
MCKYCCTBY, KOTOPas HepPe/Ko OCTAeTCs C YeNI0BEKOM Ha BCHO MU3Hb.

MopTpeT neaarora-my3blkaHTa B CMCTEME AOMOAHWUTENbHOrO 0b6pasoBaHMA — 3TO 06Hpas
YyenoBeKa, KOTOPbIM He TOSIbKO B COBEPLUEHCTBE BAAAEET MY3blKa/lbHbIM MHCTPYMEHTOM, HO M
HaXoAMTCA B MOCTOSHHOM TBOPYECKOM MOMUCKe. ITO Nearor, yMetoLwmii MbIC/IMTb, aHaIM3NPOBATb,
BAOXHOBAATb M MOTUBMPOBATL CBOMX YYEHWKOB Ha HOBble AOCTUKeHMA. OH He orpaHWYMBaeTCA
nepefayeint NpodeccMoHanbHbIX 3HAHWA U UCMONHUTENbCKMX HABbLIKOB, @ MOMOTaeT KaXKAoMmy
pebeHKy pacKpbITb CBOM CMNOCOBHOCTU, NOBEPUTL B COBCTBEHHbIE CU/IbI M MOYYBCTBOBATL PAAOCTb
TBOPYECKOr0 CaMOBbIPaAKEHUA.
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Hactoawmit  negaror-my3blKaHT — 3TO  HACTaBHWMK, MNCUXONOF, BOCMMUTaTeNb MU
eAMHOMbIWNEHHUK B OoAHOM nuue. OH yMeeT HalTu WMHAMBUAYANbHbIA MOAXOA K KaxKaomy
YYEHUKY, NoaaepKaTb B MUHYTbl COMHEHWI, Pa3fennTb PafoCTb MEPBbIX YCMEXOB WM Hay4uTb
[OCTOMHO BOCMPUHUMATb BPEMEHHbIE Heyaun. VIMeHHO No3TomMy ero paboTta TpebyeT He ToNbKO
BbICOKOro NpodeCccMoHaNbHOro MacTepcTBa, HO M OFPOMHOrO TepNeHuA, AyLIEBHON LWeAPOCTN U
NCKPEHHEW NtoBBK K AETAM.

negaror-my3blKaHT

TakoM negaror roToB TPYAUTHCA «AEHHO M HOLWHOY», BKAaAblBas B CBOMX BOCMUTAHHMKOB
3HaHMA, CU/bl M YaCTMLY CODCTBEHHOM AyLUIM, BEAb CAMOMN BbICOKOW HAarpaaon aAna Hero CTaHoBATCA
YyCNexm yYeHUKOB, X TBOPYECKMIA POCT U MEPBbIE CEPbE3HbIE AOCTUMHEHMA Ha cueHe. VIMeHHO B
3TN MOMEHTbI MPUXOAMT OCO3HAHWME TOro, YTO BCE YCUAMA OblM HE HANpPaCHbI.

HecomHeHHO, TaKoM MOPTPET HEBO3MOXKHO 3aKNOUYNTb B KECTKME PAMKMK, Bedb KaxKablM
nefaror-mysblKaHT YHUKaneH Mo CBOEMY BHYTPEHHEMY MUpPY, NpodeccMoHaNbHOMY MyTU U
TBOPYECKOM MHAMBMAYANbHOCTM. HO npu BCceM MHOroobpasmm 3TUX KayecTB HEM3IMEHHbIM
OCTaeTCA OJHO: HACTOALLMA Neaaror-my3blKaHT — 3TO Ye/I0BEK BbICOKOM Ky/NbTypbl, 061aaatoLLmi
WMPOKMM Kpyro3opom, 6oraTbiM AyxXOBHbIM MWPOM, TOHKUM XYOOKECTBEHHbIM BKYCOM U
NCKPEHHUM CTPEM/IEHMEM HE TONbKO 0Oy4aTb My3blKe, HO M BOCMUTbIBATb Yepe3 MCKYCCTBO
JIMYHOCTb, CNOCOBHY0 YyBCTBOBATb, MbIC/INTb M TBOPUTb.

Kak He BcnomMHKUTb cnoBa A.l.4YexoBa: «B yenoBeke BCE AOMKHO ObITb NPEKPACHO: U ANLLO,
noaexaa, U ayla, U Mbicaun...» [2]. 9T cnoBa, CKasaHHble bonee BeKa Hasak, He yTpaTUaM CBOeM
aKTya/IbHOCTM M CerofiHa, ocobeHHO Koraa peyvb MAeT O AMYHOCTWU neparora. MIMeHHo yuuTenb
ABNAETCA TEM YE/0BEKOM, C KOTOPOro Ana pebeHKa HauyMHaeTCs 3HAKOMCTBO C MMPOM 3HAHWM,
MCKYCCTBA N AYXOBHbIX LIEHHOCTEM.

B coBpeMeHHbIX peanuax, Koraa npectuk npodeccrm yumTens 3amMeTHO CHM3MACA, a
TpeboBaHWA obLIecTBa K KayecTBy 0Opa3oBaHMA, HAMpPOTWB, MOCTOAHHO BO3pPaAcTatoT, 0cobyto
3HAYMMOCTb NpuobpeTaeT cucTtema AONOAHUTENBHOrO 06pa3oBaHMA. MIMEHHO OHa CTaHOBUTCA
Tem 06pa3oBaTesibHbIM MPOCTPAHCTBOM, rAe pebeHOK MoJsly4aeT BO3MOMHOCTb PaCKpbIiTb CBOM
CNOCOBHOCTM, Pa3BMTb TBOPYECKMIA NOTEHLMAN, COOPMMPOBATb YCTOMUYMBBIN MHTEPEC K MO3HAHMIO
M NPUOBPecTn BarKHeWLWME NMYHOCTHble KayecTBa. BO MHOMoOM WMMEHHO [A0MNOAHUTENbHOE
obpasoBaHMe cnocobHO cTaTb TEM MMMYAbCOM, KOTOPbLIA He TONbKO MNpobyskaaeT ntobosb K
MCKYCCTBY, HO M CNocobCTBYeT ycrnewHOMY OCBOEHWMIO OCHOB LWKOAbHbIX HayK, Gopmmnpys
MOTMBALMIO K AanbHelweMy 0by4eHmto.

ExXerogHo BO BCEX YyYpeskAeHMAX [AOoMNoJAHMTeNbHOro obpas3oBaHMA NPOBOAATCH
BCTYNUTE/NbHblE MPOCAYLWMBAHUA B [ETCKME My3blKasibHble LWKOAbl. MMeHHO B 3TOT AeHb
NPOUCXOANT NEpPBOE 3HAKOMCTBO pebeHKa M ero poauTenen c neaarorom-my3blikaHTom. Hepeako
MMEHHO MepBOe BrevaT/eHne onpeaensieTr 3MOLMOHA/bHbIM HAaCTPOM OyayLIero yYyeHnKa, ero
enaHue 3aHMMaTbCA My3bIKOM U [J0BepuMe K CBOEeMy HacTaBHUKY. [loaTomy yabiOKa,
nobporkenatenbHbl B3rAs84, CMOKOWMHbIA U MATKUA TONOC, UCKPEHHEE BHMMAaHME K KarKaoMy
pebeHKy, aTmocdepa NCUXonorMdyeckoro KombopTa W NOAJAEP)KKA CO34a0T  OlyLleHMe
6e30MacHOCTM M YBEPEHHOCTM B COOCTBEHHbIX CMAaX. TAaKOW «HACTPOM Ha ycnex» nomoraer
byaywemy y4eHMKy NpeosoneTb eCTeCcTBEHHbIe BOAHEHWE, PODOCTb M CMYLLEHME, a Neaarory —
YBMAETb He TO/MbKO YPOBEHb MEPBOHAYa/IbHOM My3blKalbHOW MOArOTOBKM, HO W TBOPYECKUM
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noTeHuUMan, MHAMBMAYaA/bHbIE CMOCOOHOCTU, SMOLIMOHA/bHYK OT3bIBYMBOCTb U BHYTPEHHIOHO
MoOTMBaUMIO pebeHkKa.

«McKyccTBO NPUHAANEKMUT HAPOAY» — UMEHHO 3TUM XKMU3HEYTBEPKAAOLWMM NO3YHIOM MHE
XxoTenocb 6bl 3aBeplUMTb CBOe 3cce. MICKYCCTBO AENCTBUTENbHO MPUHALNEKUT KarKAOMy, KTO
cnocobeH YyBCTBOBATb, COMEPEKMBATb, TBOPUTb M OTKPbIBATL A48 ceba KpacoTy OKPY*KaloLLero
Mmnpa. Ho nyTb K aTOMy MUPY HauMHaeTca ¢ Yuntena — Myaporo HacTaBHWKA, BAOXHOB/AIOLLErO
CBOMM MPUMEPOM, OTKPbIBAIOLWLErO nepes pebeHKOM YAMBUTENbHYIO BCENEHHYIO My3bIKU U
NMOMOratoLLEro emy NOBEPUTL B COOCTBEHHbIE CUJIbI.

BbiTb  MEeaarorom-my3blKaHTOM — 3HA4YMT He TOAbKO nepesaBaTb 3HAHUA U
npodeccuoHanbHble HaBblKM, HO M BOCMUTLIBATL JIMYHOCTb, GOPMMPOBATL AYXOBHbIE LIEHHOCTM,
pa3BMBaTb XYZOMECTBEHHbLIM BKYC M Nt0OOBb K MpekpacHomy. MMeHHO B 3TOM 3aK/oyaeTcs
BbICOKas MUCCUSA YUNTENA, KOTOPbIM CBOMM TPYAOM CO34aeT byayliee KyibTypbl 1 06LLecTsa.

MycTb B MKM3HU Kaxkaoro pebeHka 00A3aTe/bHO BCTPETUTCA Takon YUuTesb, KOTOPbIN
CYMeeT 3axKeyb UCKPY TBOPYECTBA, a 3Ta UCKPa CO BpeMeHEeM NPeBpaTUTCA B APKUI CBET Ito6BM K
WMCKYCCTBY, 3HAHUAM U KU3HMU.

CnKnCcOK NCTOYHUKOB:
1. X&3uHra 1. Yenosek urpatowmit. — M.: «Asbyka-ATTuryc», 2018. — 440 c.
2. https://ilibrary.ru/text/972/p.1/index.html
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Abstract

Life science research is entering a phase in which biological discovery is no longer driven by a single
dominant methodology, but by the convergence of many molecular, cellular, spatial,
computational, and engineering approaches. The original omics revolution began with genomics
and was rapidly expanded by transcriptomics, proteomics, metabolomics, and epigenomics. It has
now matured into a broader ecosystem that includes single-cell omics, spatial omics, multi-omics
integration, perturbation-driven profiling, organoid-based modeling, and artificial intelligence-
assisted inference. Together, these developments are changing not only what can be measured,
but also how biology is conceptualized. Instead of describing cells and tissues through static
averages, the field is moving toward dynamic, mechanistic, and predictive frameworks that capture
heterogeneity, context, and causality. This transition will influence basic biology, translational
research, precision medicine, agriculture, environmental health, and bioengineering. At the same
time, several less common or underused approaches, including glycomics, fluxomics, degradomics,
exposomics, culturomics, and immunopeptidomics, are becoming increasingly important because
they address dimensions of biology that remain incompletely explained by mainstream methods,
yet their adoption has been slowed by technical difficulty, cost, poor standardization, and limited
computational infrastructure (Cummings and Pierce, 2014; Winter and Krémer, 2013; Lagier et al.,
2015; Xue et al., 2019; Savickas et al., 2020; Flender et al., 2025).

The next stage of life science research will likely be defined by seven interconnected shifts: wider
use of single-cell and spatial measurements; routine multi-omic integration across time and scale;
stronger coupling of perturbation with readout; greater use of organoids and organ-on-chip
systems; adoption of biological foundation models; increased emphasis on rare, low-abundance,
or environmentally driven signals; and a move from descriptive atlases toward actionable
predictions. However, these opportunities are accompanied by major challenges. These include
data quality problems, batch effects, the dominance of correlative over causal reasoning, unequal
access to expensive platforms, reproducibility concerns, poor interoperability between datasets,
underrepresentation of rare cell states and minority populations, ethical issues around data
governance, and the risk that artificial intelligence may amplify rather than solve biological bias
(Maetal., 2020; Miao et al., 2021; Nam et al., 2024; Baek et al., 2025; Guo et al., 2025). This review
examines the development of omics research, describes mainstream and underused omics fields,

146



«Interdisciplinary Science Studies» (July 2-3, 2026). Dublin, Ireland I

predicts future directions, and discusses the problems, challenges, and advantages that are likely
to shape the next era of life science.

Introduction

The history of modern life science can be described as a succession of expansions in biological
resolution. Classical biology relied on morphology, physiology, and biochemistry. Molecular biology
then allowed specific genes, transcripts, proteins, and pathways to be isolated and studied in
detail. The rise of high-throughput technologies transformed that logic by enabling entire
molecular layers to be measured simultaneously. Instead of asking how one gene behaves in one
context, researchers began to ask how thousands of genes, transcripts, proteins, metabolites, or
chromatin marks change together across development, disease, or environmental exposure. This
was the central promise of omics. Omics methods created new scales of evidence, new statistical
problems, and a new kind of biological thinking in which systems rather than isolated components
became the primary unit of analysis (Veenstra, 2021).

At first, the intellectual momentum of omics came from abundance. More genes could be
sequenced, more transcripts quantified, more proteins identified, and more metabolites profiled.
Over time, however, the main limitation of this approach became clear. Large datasets did not
automatically generate understanding. Bulk measurements often concealed heterogeneity.
Molecular layers were measured separately, even though cells operate through simultaneous
interactions among genome, epigenome, transcriptome, proteome, metabolome, and
environment. The field became rich in associations but comparatively poor in mechanistic closure.
In response, life science research began moving from bulk to single-cell analysis, from molecular
inventories to spatially resolved systems, and from parallel datasets to integrative models that
attempt to reconstruct regulation and function across scales (Ma et al., 2020; Vandereyken et al.,
2023; Baysoy et al., 2023).

This transformation is not merely technical. It is conceptual. In earlier stages, genomics was often
treated as the central layer, with the other omics fields viewed as secondary readouts. That
hierarchy is no longer sustainable. The importance of epigenetic plasticity, post-transcriptional
regulation, post-translational modification, metabolism, extracellular signaling, tissue organization,
and environmental exposure has shown that no single molecular layer is sufficient to explain
phenotype. Even genetic determinism has softened into a more relational view in which genotype
sets possibilities but phenotype emerges from interactions among regulation, history,
environment, and stochasticity. This has made multi-omics attractive, but it has also exposed the
difficulty of integration. A truly mechanistic biology requires that multiple omics layers be linked in
the same biological system, ideally in the same cell, over time, and within its spatial context (Miao
et al,, 2021; Liu et al., 2024).

Another important shift is the convergence of biology with engineering and computation.
Microfluidics enabled high-throughput single-cell capture. Imaging innovations allowed
transcriptomic and proteomic measurements to remain embedded in tissue architecture. CRISPR
technologies created perturbation-based strategies for testing regulatory hypotheses at scale.
Organoids and organ-on-chip systems provided experimental models that are more physiologically
relevant than two-dimensional culture yet more controllable than whole organisms. Meanwhile,
machine learning and foundation-model thinking are reshaping bioinformatics, particularly where
the dimensionality and heterogeneity of biological data exceed traditional analytical frameworks
(Deng et al., 2019; Kim et al., 2020; Wang et al., 2024; Guo et al., 2025).

Yet the future of life science research will not be defined only by popular or heavily funded
methods. Some of the most important future advances may come from omics fields that remain
relatively uncommon. Glycomics addresses glycans, which are crucial for immunity, signaling,
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infection, and cell recognition, but are far harder to analyze than nucleic acids. Fluxomics captures
metabolic flow rather than static abundance, and therefore addresses one of the most important
missing dimensions in systems biology. Exposomics seeks to quantify lifetime environmental
influence, a key driver of disease that genomics alone cannot explain. Culturomics restores the
importance of microbial cultivation in an era dominated by sequencing. Degradomics reveals
proteolytic processing events that standard proteomics often misses. Immunopeptidomics
identifies antigenic peptides relevant to immunity and therapy but remains technically demanding.
These approaches are less visible not because they are biologically marginal, but because they are
analytically difficult, expensive, and not yet fully standardized (Cummings and Pierce, 2014; Winter
and Kromer, 2013; Lagier et al., 2015; Savickas et al., 2020; Xue et al., 2019; Flender et al., 2025).
The central question, therefore, is not whether omics will continue to expand, but what kind of
science this expansion will produce. Will future biology become truly predictive? Will integration
produce causal understanding or simply more complex correlation? Which methods will become
routine, and which will remain specialized? What are the next practical steps for research systems,
laboratories, and institutions? And what difficulties and advantages should be expected as the field
develops? These questions are especially relevant now because life science research stands
between two phases: a descriptive phase that has generated extraordinary maps and datasets, and
an emerging phase that aims to test, model, and intervene in living systems with greater precision.
The development of life science research in the future will depend on whether omics can move
from measurement alone to interpretation, from inventory to mechanism, and from data
accumulation to biologically meaningful action.
Figure 1. From omics expansion to predictive, integrative, and causal biology
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Figure 1. From omics expansion to predictive, integrative, and causal biology.

Schematic overview of the evolving framework of life science research. The figure illustrates the
progression from expanding molecular layers, including genomics, epigenomics, transcriptomics,
proteomics, metabolomics, glycomics, and microbiome/exposome-related profiling, toward
higher-resolution approaches such as single-cell, spatial, and multimodal omics. These
measurement systems are increasingly linked to integrative computational analysis, foundation-
model-assisted inference, perturbation-based testing, and physiologically relevant experimental
platforms such as organoids and organ-on-chip models. Together, these advances support a
transition from descriptive molecular atlases to mechanistic understanding, predictive modeling,
and actionable biology across disease research, precision medicine, bioengineering, and
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environmental health. The lower band highlights major future shifts expected to shape the field,
including time-resolved multi-omics, perturbation-readout coupling, increased attention to rare or
low-abundance signals, and a movement from description toward prediction and causality.

Evolution of the Omics Landscape

The first major omics wave was genomics, which introduced the idea that comprehensive
molecular information could be obtained rather than sampled. Genome sequencing changed
biology by establishing that complete molecular blueprints could be generated, compared, and
interpreted. Beyond identifying genes, genomics opened the study of structural variation,
noncoding regulation, evolutionary conservation, and population diversity. However, it also
revealed a paradox. Knowing the genome was not the same as knowing how biology works. Many
phenotypes are not directly inferable from DNA sequence alone because regulation is conditional,
dynamic, and context dependent. As a result, genomics had to be complemented by
transcriptomics, epigenomics, proteomics, and metabolomics.

Transcriptomics became especially influential because it provided a relatively accessible and
scalable way to connect genotype with cell state. RNA sequencing made it possible to profile gene
expression across tissues, disease states, developmental stages, and perturbations. For many
years, transcriptomics was treated as a practical proxy for cellular identity and function. Yet that
convenience also created distortions. Transcript abundance does not always predict protein
abundance, protein localization, post-translational activity, or metabolic outcome. A transcriptomic
cell atlas can be rich in categories but poor in mechanism. The same limitation applies to bulk
epigenomics. Chromatin accessibility, DNA methylation, and histone modifications provide
essential regulatory clues, but by themselves do not fully specify phenotype. Each omics layer
clarifies one part of biological organization while leaving others unresolved (Veenstra, 2021).

The second major shift was toward systems biology. Omics was no longer interpreted simply as a
set of parallel technologies but as the basis for integrated modeling. Systems biology promoted
the view that biological function arises from networks, feedback loops, and multilevel interactions
rather than linear pathways alone. This perspective increased interest in integrating proteomics
and metabolomics with upstream molecular information. Proteomics brought researchers closer
to functional machinery, including enzymes, receptors, complexes, and signaling effectors.
Metabolomics added the small-molecule outputs that often reflect physiology more directly than
transcripts. However, these layers were more difficult to standardize than nucleic-acid-based
methods, and they required different instruments, sample preparation strategies, and statistical
assumptions. As a result, the promise of whole-system integration advanced more slowly than the
rhetoric surrounding it (Veenstra, 2021; Nam et al., 2024).

The third and perhaps most transformative shift has been the transition from bulk to single-cell
biology. Bulk omics often averages across millions of cells, masking rare states, lineage
intermediates, and context-specific regulatory programs. Single-cell methods exposed that
apparent biological uniformity was frequently an artifact of measurement. Tumors, immune
tissues, developing organs, and even healthy adult tissues contain extensive heterogeneity. Cell
identity is better understood as a distribution of states than as a fixed label. Single-cell
transcriptomics led this transition, but it quickly became clear that cellular heterogeneity cannot
be understood from RNA alone. Single-cell epigenomics, single-cell proteomics, and multimodal
methods emerged to address this need, and new studies began measuring paired modalities
within the same cell, such as chromatin accessibility with gene expression or DNA methylation with
transcriptome profiles (Deng et al., 2019; Ma et al., 2020; Vandereyken et al., 2023).

A fourth shift is now underway: the incorporation of spatial context. Single-cell dissociation
technigues improved resolution but often destroyed the anatomical relationships that help explain
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function. Cells do not act in isolation. They are embedded in tissues, niches, gradients, and local
signaling environments. Spatial omics methods restore this information by measuring gene
expression, protein abundance, or other molecular features while preserving tissue architecture.
Spatial multi-omics goes further by combining several layers in situ. This is significant because
spatial organization is not an accessory property of biology; in many cases it is biology.
Development, immunity, neurobiology, fibrosis, regeneration, and cancer progression are all
shaped by spatial arrangement and cell-cell interaction. The future of omics therefore lies not just
in increasing molecular depth, but in linking depth to position and interaction (Liu et al., 2024;
Vandereyken et al., 2023).

Finally, the omics landscape is expanding beyond canonical molecular layers. Researchers are
increasingly interested in time, perturbation, environment, and function. Time-series omics seeks
to capture trajectories rather than snapshots. Perturbation omics combines targeted intervention
with high-dimensional readout to infer causality. Environmental and host-microbe omics extend
molecular profiling into ecological and exposural space. Functional omics such as fluxomics,
degradomics, and immunopeptidomics address aspects of living systems that are poorly captured
by static abundance measurements. In this sense, the future of life science research is not a matter
of adding endless new “-omics” labels. It is a matter of filling specific explanatory gaps left by earlier
methods. The importance of a new omics field should therefore be judged by the biological
dimension it captures, the question it answers, and the extent to which it can be integrated with
complementary data.

Major Established Omics and Their Continuing Roles

Genomics will remain foundational because sequence information continues to anchor almost
every other omics layer. Population genomics, clinical genomics, cancer genomics, and
comparative genomics still generate essential insights into disease susceptibility, structural
variation, gene regulation, and evolutionary innovation. In the future, genomics is likely to become
more complete rather than less important. Long-read sequencing, pangenome frameworks,
haplotype-resolved assembly, and improved structural variant detection will address limitations of
short-read approaches and reference bias. This will be particularly important for understudied
populations, repetitive genomic regions, immune loci, and complex disease architectures.
However, genomics alone will increasingly be treated as necessary but insufficient. Its role will shift
from being the main explanatory layer to being one coordinate within a broader multiscale
framework.

Epigenomics will also continue to expand. DNA methylation, chromatin accessibility, nucleosome
positioning, histone modifications, and three-dimensional chromatin interactions provide crucial
information about regulatory potential and cellular memory. In development and disease,
epigenomic states often explain why genetically similar cells behave differently. The next stage of
epigenomics will likely involve greater temporal and single-cell resolution, stronger coupling to
perturbation, and broader integration with lineage tracing. This matters because many processes
of interest in future biology, such as cell-fate stability, reprogramming, aging, and treatment
resistance, depend on persistent but reversible regulatory states rather than sequence change. A
major challenge, however, is that epigenomic marks are easy to catalogue but harder to interpret
causally. The field will need better frameworks for distinguishing regulatory consequence from
regulatory cause.

Transcriptomics will remain the workhorse of many laboratories because of its accessibility,
breadth, and interpretability. RNA-based profiling is still the fastest route to discovering state
changes, classifying cell populations, and mapping responses to perturbation. Even as other
modalities expand, transcriptomics will likely continue to serve as a common currency for
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integration. Yet its future role will be more modest and more precise. Transcriptomics will no longer
be assumed to stand in for total cellular function. Instead, it will be used as one informative layer
among others, particularly when combined with epigenetic, spatial, proteomic, and phenotypic
readouts. This shift is healthy. It corrects an earlier overreliance on mRNA abundance as a universal
Proxy.

Proteomics has long been viewed as the most direct route to functional biology because proteins
execute most cellular processes. Nevertheless, proteomics historically lagged behind genomics
and transcriptomics in throughput, sensitivity, and standardization. Advances in mass
spectrometry, sample preparation, multiplexing, and computational analysis have greatly
improved the field, but proteomics remains analytically demanding. Its future importance will be
substantial because many key biological questions concern signaling, interaction, localization,
processing, and post-translational modification, all of which are only incompletely captured by
RNA. In precision medicine, drug development, immunology, and cell-state validation, proteomics
is likely to become increasingly central. The most important change may be the growing integration
of proteomics with other modalities rather than proteomics in isolation.

Metabolomics occupies a unique position because metabolites sit closest to phenotype in many
contexts. They reflect nutrient use, redox balance, biosynthetic demand, stress response,
microbiome interaction, and disease physiology. In future life science research, metabolomics is
likely to gain importance in immunology, neuroscience, aging, cancer, microbiome science, and
environmental health. Yet metabolomics also faces persistent obstacles: metabolite diversity is
chemically vast, metabolite identities are not always easy to confirm, concentrations change
rapidly, and metabolite abundance alone does not reveal pathway directionality. These limitations
explain why metabolomics, while powerful, often needs to be interpreted together with fluxomics
and proteomics.

Microbiome-related omics, including metagenomics, metatranscriptomics, metaproteomics, and
metabolite profiling of host-microbe ecosystems, will remain a major growth area. Early
microbiome research sometimes treated community composition as sufficient, but the field is
gradually moving toward function, interaction, and causality. The future lies in understanding
microbial activity, ecological resilience, host specificity, and the molecular mediators of microbe-
host effects. This transition will require combining sequencing with cultivation, chemistry, imaging,
and experimental perturbation. That is one reason why culturomics, although less common, may
become increasingly important: sequencing alone cannot recover all functionally relevant
members of a microbial community (Lagier et al., 2015).

Thus, the established omics fields will not disappear as new methods arise. Instead, they will be
redistributed within a more integrated research architecture. The mature future of life science
research will not be organized around which omics field is most fashionable, but around how
specific omics layers can be combined to answer meaningful questions. Genomics may define
possibility, epigenomics may define regulatory readiness, transcriptomics may describe immediate
state, proteomics may reveal machinery, metabolomics may reveal physiological consequence,
spatial omics may restore tissue logic, and specialized omics may fill critical blind spots. The
development of future research will therefore depend less on inventing new categories and more
on building coherent experimental systems in which multiple categories reinforce one another.

Single-Cell, Spatial, and Multimodal Omics
Among all current developments, single-cell and spatial omics are most likely to define the practical
identity of near-future life science research. Their significance lies not only in resolution, but in a

more realistic representation of biological organization. Traditional bulk measurements imply that
tissues can be meaningfully summarized by average values. Single-cell profiling showed that this
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assumption is often false. Rare cell states, transient developmental intermediates, exhausted
immune subpopulations, therapy-resistant tumor clones, and microenvironment-specific
responses can all be obscured by bulk averaging. This insight has altered how researchers think
about development, disease, and treatment. Biology is increasingly understood as a structured
distribution of states rather than a single consensus profile (Deng et al., 2019; Baysoy et al., 2023).
Single-cell multimodal methods extended this logic by measuring multiple molecular dimensions
within the same cell. These methods are especially important because cell identity is not reducible
to one layer. A cell may have a permissive chromatin landscape but low transcript output, or a
strong transcriptional response with limited protein change, or an epigenetically primed state that
only becomes functional after environmental stimulation. Methods that combine RNA with
chromatin accessibility, DNA methylation, protein markers, or lineage information make it possible
to infer regulatory relationships with greater confidence. They also help distinguish stable identity
from temporary activation. Reviews in this area emphasize that the main advance of multimodal
single-cell analysis is not simply more data, but more biologically coherent data because multiple
layers originate from the same unit of observation (Ma et al., 2020; Vandereyken et al., 2023;
Baysoy et al., 2023).

Yet single-cell technologies also create new problems. Data sparsity, dropout, dissociation bias,
limited sensitivity for low-abundance molecules, and uneven modality coverage remain major
obstacles. In many experimental settings, tissue dissociation changes the very biology being
measured. Fragile cells may be lost, stress-response programs may be induced, and local context
may be erased. These limitations explain why spatial omics has become so important. Spatial multi-
omics preserves the anatomical location of cells and allows molecular information to be
interpreted relative to neighbors, barriers, gradients, and niche structures. This is essential in
tumor biology, developmental biology, immunology, and organ physiology, where function often
depends as much on placement as on molecular identity (Liu et al., 2024).

Spatial multi-omics represents an especially strong candidate for future routine use because it
addresses several shortcomings at once. It preserves context, supports the study of cellular
interaction, and can bridge histology with molecular data. Importantly, it also changes the kind of
guestions researchers can ask. Instead of asking which genes are expressed, scientists can ask
which cells communicate, which tissue zones become metabolically stressed, where drug
resistance emerges, or how pathological remodeling spreads through an organ. According to
current reviews, the long-term aim of spatial multi-omics is a form of molecular anatomy in which
transcriptome, proteome, epigenome, genome, and metabolome can all be mapped onto tissue
architecture with sufficient precision to reconstruct functional organization (Liu et al., 2024;
Vandereyken et al., 2023).

Despite their power, these technologies are unlikely to become universally routine without
substantial improvements. Current limitations include cost, high computational demand,
incomplete molecular coverage, trade-offs between spatial resolution and throughput, short-read
constraints, PCR bias, limited reagent availability for spatial proteomics, and still immature
methods for spatial epigenomics (Liu et al., 2024). Moreover, the bioinformatic integration of high-
dimensional single-cell and spatial datasets remains difficult. Multi-omic alignment can create
elegant figures even when the underlying biological correspondence is weak. In the future,
methodological rigor will need to increase alongside measurement sophistication. Better
benchmarking, better error models, and more experimental validation will be required.

The next logical step is temporal and perturbational single-cell spatial multi-omics. A static atlas,
however detailed, does not explain how a system changes. Future work will increasingly combine
lineage tracing, serial sampling, CRISPR perturbation, and repeated spatial profiling to reconstruct
trajectories and infer causality. This means that the field is moving from descriptive cell atlases
toward dynamic tissue models. Such models may eventually support in silico prediction of
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differentiation, disease progression, immune response, or treatment failure. If that occurs, single-
cell and spatial multi-omics will become not just advanced readout tools, but central engines of
mechanistic biology.

Rare or Underused Omics Methods and Why They Matter

A major weakness in many discussions of future life science research is the tendency to focus only
on high-visibility technologies. However, some of the most biologically informative approaches
remain underused. They matter precisely because they address what mainstream omics often
misses.

Glycomics is a prime example. Glycans influence protein folding, trafficking, receptor interaction,
immune recognition, pathogen attachment, and cell-cell communication. Despite this centrality,
glycomics remains less widespread than genomics or transcriptomics. One reason is structural
complexity. Unlike nucleic acids, glycans are branched, heterogeneous, and not directly templated
in the same linear way. Their biosynthesis depends on enzyme networks, compartmentalization,
substrate availability, and context-dependent processing. Analytical workflows are therefore
technically demanding, and computational interpretation is less straightforward than sequence-
based analysis. Cummings and Pierce argued that glycomics has enormous promise but lacks the
broad reagent base, standardization, and routine accessibility that helped genomics scale earlier
(Cummings and Pierce, 2014). Future research will likely integrate glycomics into immunology,
oncology, infection biology, and precision medicine, but adoption will depend on better high-
throughput workflows and more interpretable analytical platforms. The importance of glycomics
in the future is not optional. It addresses a layer of biology that strongly shapes phenotype yet
remains invisible to most standard omics pipelines (fig.2).

Figure 2. Integrative framework for predictive, integrative, and causal biology
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Figure 2. Integrative framework for predictive, integrative, and causal biology.

Schematic overview of a closed-loop life science research pipeline linking human biological
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context, experimental model systems, multimodal molecular measurement, computational
integration, and biologically actionable output. Human-derived and environmentally informed
inputs feed into organoid-, organ-on-chip-, and perturbation-based systems, enabling coupled
experimental manipulation and readout. These systems are profiled through mainstream and
emerging omics layers, including single-cell and spatial omics as well as glycomics, fluxomics,
immunopeptidomics, degradomics, exposomics, and culturomics. Integrated data are then
assimilated through multi-omic modeling, foundation-model-based inference, and causal analysis
to generate mechanistic understanding, circuit-level interpretation, and actionable predictions. A
feedback loop from prediction to experimental validation highlights the transition from descriptive
atlas-building to iterative, testable, and human-relevant causal biology.

Fluxomics is another underused but potentially transformative field. Standard metabolomics
measures the abundance of metabolites, but abundance does not necessarily reveal pathway
activity. Two cells may have similar metabolite levels yet radically different metabolic fluxes
because production and consumption rates differ. Fluxomics, often using isotope tracing and
computational modeling, attempts to quantify the movement of material through pathways. This
is especially important in cancer metabolism, microbial engineering, stem-cell fate, immune
activation, and stress physiology. Winter and Kromer described fluxomics as a bridge between
molecular data and phenotype because it captures functional biochemical throughput rather than
static pools (Winter and Kromer, 2013). It remains relatively uncommon because experiments are
laborious, data interpretation requires specialized expertise, and integrating isotopic, enzymatic,
and modeling information is not easy. Nevertheless, if life science research truly aims to become
mechanistic, fluxomics is likely to gain importance. Many future therapeutic and engineering
guestions will depend less on whether a metabolite is present than on where it is going and how
fast.

Exposomics addresses another large blind spot. A substantial proportion of disease risk and
biological variability is influenced by non-genetic exposures, including diet, pollutants, drugs,
stress, infection, social environment, and climate-associated factors. Genomics explains only part
of health variance. Exposomics aims to quantify the totality, or at least a much broader fraction, of
environmental influence across the life course. Its difficulty lies in the sheer heterogeneity,
temporal variability, and low-abundance nature of many exposures. No single analytical platform
can capture all relevant chemicals or environmental signatures, and computational feature
alignment remains a major challenge (Xue et al., 2019). More recent perspectives suggest that
exposomics will become increasingly central to public health, environmental medicine, and
systems epidemiology because it offers a route to connect environment with molecular
mechanism and disease trajectory (Gago-Ferrero et al., 2025). As climate change, urbanization,
and chemical complexity intensify, the importance of exposomics is likely to grow dramatically.
Culturomics is underused for a different reason. In the age of sequencing, culture was sometimes
seen as old-fashioned or unnecessary. Yet sequencing-based microbiome analysis has its own
biases and often misses low-abundance or hard-to-detect organisms. Lagier and colleagues
showed that culturomics can uncover microbial “dark matter” that metagenomics alone may
overlook, while also enabling direct functional characterization of isolated organisms (Lagier et al.,
2015). The problem is that culturomics is labor-intensive, costly, and operationally heavy. It
requires many culture conditions, significant workforce, and extensive downstream identification.
Even so, its complementarity to sequencing makes it increasingly valuable. Future microbiome
science, especially for translational or mechanistic goals, will likely require a reintegration of
cultivation with multi-omics rather than a choice between them.

Degradomics examines proteolytic processing and cleavage events. This is critical because protein
function is often altered not only by abundance but by protease-mediated activation, inactivation,

154



«Interdisciplinary Science Studies» (July 2-3, 2026). Dublin, Ireland I

truncation, release, or localization change. Standard proteomics may miss these events or fail to
interpret them functionally. Savickas and colleagues emphasized that degradomics provides
mechanistic insight into protease biology and substrate processing, but adoption has been limited
by technical sensitivity requirements, targeted workflow complexity, and the need for specialized
analytical pipelines (Savickas et al., 2020). In future life science research, degradomics may become
increasingly important in inflammation, fibrosis, neurodegeneration, cancer invasion, and
extracellular matrix biology.

Immunopeptidomics is another rare but strategically important approach. It identifies peptides
presented by major histocompatibility complexes, making it directly relevant to antigen discovery,
cancer immunotherapy, infectious disease, vaccine development, and autoimmunity. Its relatively
limited use reflects the difficulty of isolating low-abundance peptide repertoires, interpreting post-
translationally modified antigens, and building reliable bioinformatic pipelines. Recent reviews
emphasize that immunopeptidomics sits at the intersection of proteomics, immunology, and
precision therapy, and that its growth may accelerate as mass spectrometry and artificial
intelligence improve (Flender et al., 2025). The field is not obscure because it lacks value, but
because it imposes a high technical threshold.

These uncommon omics fields reveal an important principle for future biology. What is rare in
method adoption is not necessarily rare in biological importance. The methods that remain
uncommon often do so because they target difficult molecules, dynamic processes, low-
abundance signals, or context-heavy interpretations. Yet these are precisely the dimensions most
needed for a mature, mechanistic science. Therefore, the future development of life science
research should not prioritize only scalable and fashionable omics, but also invest in difficult omics
that close explanatory gaps.

Computational and Al-Driven Biology

As life science research becomes more multi-omic and multi-scale, computation is no longer a
support activity; it is a defining layer of the research process. Early bioinformatics mainly handled
storage, alignment, annotation, and differential analysis. The current stage is very different.
Researchers now expect computational models to integrate modalities, identify latent structure,
predict perturbation outcomes, transfer annotations across datasets, and assist in the
interpretation of complex biological states. In this sense, the future of biology is inseparable from
the future of modeling.

One of the strongest trends is the rise of multimodal integration frameworks. These methods
attempt to align transcriptomic, epigenomic, proteomic, and spatial information, often by learning
shared latent spaces. Ma and colleagues summarized the practical challenges of single-cell multi-
omics integration, including data sparsity, modality imbalance, missing values, and the risk of
forcing biologically nonequivalent data into mathematically convenient structures (Ma et al.,,
2020). This warning remains crucial. Integration is not automatically insight. Future progress will
depend on preserving biological meaning while using computational abstraction.

Artificial intelligence has become especially attractive because many biological datasets now
exceed the assumptions of classical statistics. Reviews on multimodal omics integration describe
machine learning as a potential bridge across highly heterogeneous data types and a key
component of precision medicine workflows (Nam et al., 2024). Foundation-model thinking
extends this ambition further. Large pretrained models may learn reusable biological
representations from massive corpora of sequences, single-cell profiles, structures, or multimodal
data. Guo and colleagues argue that foundation models in bioinformatics could support tasks
ranging from representation learning to multitask prediction and biological knowledge transfer
(Guo et al., 2025). In single-cell biology, these ideas are becoming particularly influential.
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Single-cell foundation models are often presented as “virtual cells” or general biological learners
that can support annotation, integration, imputation, perturbation prediction, and hypothesis
generation (Baek et al., 2025). This is a compelling vision because it suggests that some biological
regularities can be learned at scale and reused across tasks. If successful, such models could lower
barriers for small laboratories, standardize parts of analysis, and accelerate discovery from
increasingly complex datasets. They may also help integrate modalities that are otherwise difficult
to compare directly.

However, the limitations are serious. Reviews emphasize that foundation models are only as good
as their training corpora. Public biological data contain technical noise, batch effects, duplicated
entries, class imbalance, and uneven representation of tissues, species, populations, and disease
states (Baek et al., 2025; Guo et al., 2025). Rare cell types, unusual experimental conditions, and
underrepresented populations may be poorly modeled. Attention weights and embeddings can
look interpretable without being biologically causal. Large models are computationally expensive,
and the field still lacks unified benchmarking standards. There is also a cultural risk: biology may
become too dependent on compressed representations that are analytically elegant but
experimentally undervalidated.

Thus, the next steps in computational life science research should be ambitious but disciplined. Al
should be used not to replace mechanism, but to prioritize hypotheses, integrate evidence, and
design better experiments. The best future models will probably be hybrid systems that combine
large-scale learning with explicit biological constraints, knowledge graphs, kinetic information, and
perturbation data. In other words, future computational biology should become more biological,
not merely more computational.

Experimental Models for the Next Phase of Omics Research

Omics technologies have become so powerful that traditional model systems are increasingly their
limiting factor. A transcriptome or proteome is only as informative as the biological system from
which it is derived. That is why organoids, organoids-on-chips, perturbation platforms, and
engineered cellular systems are becoming essential components of future life science research.
Organoids provide multicellular, three-dimensional, self-organizing systems that capture aspects
of tissue architecture and developmental logic. Kim and colleagues described organoids as valuable
models for human biology and medicine because they can bridge the gap between oversimplified
cell culture and imperfect animal models (Kim et al., 2020). More recent reviews highlight their
growing integration with single-cell and multi-omics analyses, which allows organoids to be
characterized not just morphologically but molecularly and functionally across developmental and
disease contexts (Han et al., 2024). The major future importance of organoids is that they allow
mechanistic hypotheses generated by omics data to be tested in systems that retain more realism
than flat monolayer cultures.

Organoids-on-chips extend this logic by adding controlled microenvironments, fluid dynamics,
gradient formation, real-time monitoring, and sometimes inter-organ communication. Wang and
colleagues emphasize that these systems can improve physiological relevance, support dynamic
observation, model chronic disease more effectively, and reduce reliance on animal systems (Wang
et al., 2024). This is particularly important for drug screening, toxicology, developmental biology,
and translational medicine. However, major bottlenecks remain, including lack of standardization,
material constraints such as small-molecule absorption by device materials, difficulty in co-
culturing multiple organoid types long term, and limited phenotype mapping frameworks (Wang
et al., 2024).

The next phase of life science research will likely combine organoid systems with spatial omics,
perturbation readouts, and Al-assisted analysis. This combination may enable a new experimental
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paradigm: building a human-relevant model, perturbing it at scale, reading out multiple molecular
layers, and using computational models to infer intervention points. Such workflows could
transform cancer biology, developmental disease modeling, infectious disease, and regenerative
medicine.

CRISPR-based perturbation platforms will also be central. One of the biggest weaknesses of current
omics is that much of it remains descriptive. Perturbation-based designs allow causal testing by
linking gene or regulatory disruption to transcriptomic, epigenomic, or phenotypic outcome. When
combined with single-cell readouts, such approaches move the field beyond atlas-building into
causal circuit mapping. The future of life science research is therefore likely to depend not just on
better measurement, but on experimental systems that let researchers test what the
measurements mean.

Predictions for the Future Development of Life Science Research

The future of life science research will likely unfold through several interconnected developments.
First, multi-omics will become more targeted and biologically strategic. Instead of measuring every
possible layer in every experiment, researchers will increasingly choose combinations that best
answer specific questions. This will improve experimental design and reduce the “collect
everything first, understand later” tendency that has characterized some omics work.

Second, single-cell and spatial technologies will become more routine, but also more modular.
Laboratories may not always perform full-scale spatial multi-omics, yet many will use at least one
spatially informed assay or one multimodal single-cell strategy. The distinction between
sequencing-based and imaging-based analysis may also blur. Future tissue biology will likely
integrate histology, molecular readout, and computational reconstruction into unified workflows.
Third, temporal biology will become far more important. Static omics snapshots have dominated
because they are easier to obtain, but the most important biological processes are dynamic. Future
studies will increasingly measure state transitions, lineage histories, and treatment responses over
time. This will be especially important in embryology, immunology, neurobiology, wound repair,
aging, and cancer evolution (figure 3).
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Figure 3. Eight interconnected shifts defining the future trajectory of life science research
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Figure 3. Temporal biology as a central framework for future life science research.
Schematic illustration of the shift from static omics snapshots toward dynamic, time-resolved
analysis of biological systems. The figure highlights how future studies will increasingly
capture state transitions, lineage histories, and treatment responses over time, enabling a more
predictive and mechanistic understanding of biological processes. This temporal framework is
expected to be particularly important in embryology, immunology, neurobiology, wound repair,
aging, and cancer evolution, where cellular and molecular changes unfold across defined
trajectories rather than fixed end points. Together, these approaches will support the transition
from descriptive biology to integrative and causal models of biological function and disease
progression.

Fourth, perturbation will become a standard companion to profiling. Observational omics will
remain useful, but it will be insufficient for causal discovery. The most influential future studies are
likely to combine perturbation libraries, single-cell readouts, spatial context, and functional
validation. This will make biology less descriptive and more intervention-ready.

Fifth, difficult omics will grow in importance. Glycomics, fluxomics, degradomics, exposomics,
culturomics, and immunopeptidomics are likely to become more visible because the dominant
omics fields cannot fully answer questions about functional regulation, environmental influence,
proteolytic control, antigen presentation, or microbial cultivability. Their growth may be slower
than that of transcriptomics, but their importance per experiment may be high.
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Sixth, human-relevant experimental models will expand. Organoids, microphysiological systems,
and patient-derived platforms will increasingly be used as testing grounds for mechanistic
hypotheses generated from omics datasets. This shift may reduce some translational failures
caused by oversimplified models or species differences.

Seventh, artificial intelligence will become deeply embedded in life science research, but probably
not as an autonomous discoverer. Its more realistic role will be to compress complexity, propose
relationships, assist design, identify patterns, and support cross-dataset inference. The most
successful biological Al systems will likely be those that remain tightly connected to experimental
validation and mechanistic reasoning (Nam et al., 2024; Baek et al., 2025; Guo et al., 2025).
Eighth, data governance and interoperability will become central scientific issues rather than
administrative details. As datasets grow larger and more sensitive, the ability to share, harmonize,
and compare data across institutions will directly affect discovery speed and reproducibility. The
future research ecosystem will reward not just technological novelty, but infrastructure quality.
Overall, the future development of life science research can be summarized as a transition from
broad molecular cataloguing to predictive, spatially aware, perturbation-informed, and
experimentally testable systems biology.

Difficulties, Challenges, and Problems We Should Expect

The first major challenge is technical fragmentation. Different omics layers still require different
sample handling protocols, instruments, quality-control pipelines, and analytical assumptions. This
makes true integration difficult. Even when multiple omics layers are available, they may not be
measured in the same cells, same tissues, same times, or same physiological states. As a result,
“integration” may sometimes reflect computational convenience more than biological coherence
(Ma et al., 2020; Miao et al., 2021).

Second, data quality will remain a limiting problem. Single-cell data are sparse, noisy, and batch
sensitive. Spatial methods can be expensive and imperfect in resolution. Proteomics and
metabolomics suffer from identification and quantification challenges. Rare omics fields often face
even greater issues, such as low signal abundance, unstable analytes, lack of standards, or limited
reference databases. More data will not automatically solve these problems. In some cases, it may
amplify them.

Third, cost inequality will shape the field. The most advanced platforms are expensive. Laboratories
in well-funded centers may generate multimodal spatial datasets integrated with organoid screens
and Al pipelines, while others remain limited to simpler assays. This creates a stratified scientific
ecosystem. If future biology becomes too dependent on expensive platforms, it risks narrowing
participation and concentrating innovation.

Fourth, interpretability will remain difficult. High-dimensional data often produce clusters,
embeddings, trajectories, and networks that are visually persuasive but biologically uncertain. Al
models can intensify this issue if predictions become more opaque. There is a risk that future life
science research may become rich in computational representation but poor in experimentally
grounded explanation.

Fifth, rare and unusual biology may remain underdetected. Foundation models and atlases tend
to perform best on abundant, well-represented states. Rare cell types, minority microbial
populations, uncommon disease variants, and underrepresented human populations may
continue to be poorly characterized. This is not only a technical issue but a scientific justice issue
because the future benefits of precision biology could be distributed unequally.

Sixth, reproducibility will continue to be challenging. Complex multi-step workflows increase
opportunities for hidden variability. Differences in dissociation, antibody quality, isotope labeling,
matrix effects, spatial segmentation, or computational preprocessing can alter results substantially.
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Future progress will therefore depend on community standards, benchmarking consortia,
metadata discipline, and open validation culture.

Seventh, causality will remain difficult. Even with more data and better models, many omics studies
may still yield association rather than mechanism. This is particularly true when experiments are
cross-sectional and observational. Future biology must resist the temptation to treat integrative
correlation as causal truth. Perturbation, longitudinal sampling, and orthogonal validation will be
essential.

Eighth, ethical and governance problems will grow. Human multi-omics data can be deeply
identifying and clinically sensitive. Spatial tissue maps, longitudinal exposures, and integrated
health records raise privacy concerns. Al models trained on such data may inherit hidden biases or
create unfair predictive systems. International differences in regulation may complicate
collaboration.

Ninth, environmental and sustainability issues should not be ignored. Large-scale omics and Al
pipelines consume reagents, energy, storage, and computational infrastructure. As life science
research scales up, sustainability will become a practical and ethical consideration.

Finally, there is a conceptual challenge. The field must avoid mistaking comprehensiveness for
understanding. A future in which every molecule is measured but few mechanisms are tested
would not represent scientific maturity. The development of life science research should therefore
be judged not by the amount of data produced, but by the clarity of the biological questions
answered.

Advantages and Opportunities We Should Expect

Despite these difficulties, the advantages of future omics-driven research are profound. First,
biological resolution will continue to improve. Researchers will be able to study not only which
molecules are present, but where they are, in which cells, under which conditions, and with what
functional consequences. This level of detail will transform developmental biology, pathology,
immunology, neuroscience, and regenerative medicine.

Second, medicine is likely to become more precise and more mechanistic. Multi-omics approaches
may improve patient stratification, biomarker discovery, target prioritization, and treatment
monitoring. Spatial and single-cell methods may clarify why some therapies fail, where resistance
emerges, and how microenvironments shape outcome.

Third, underused omics fields may reveal dimensions of disease and physiology that have long
remained hidden. Glycomics may improve understanding of immunity and cell recognition.
Fluxomics may identify metabolic liabilities. Exposomics may explain non-genetic disease drivers.
Immunopeptidomics may strengthen vaccine and immunotherapy pipelines. Degradomics may
reveal protease-regulated disease mechanisms. Culturomics may recover functionally important
organisms missed by sequencing.

Fourth, future biology will become more experimentally testable. Organoids, perturbation screens,
and high-content multi-omic readouts will allow hypotheses to be tested in increasingly realistic
systems. This will reduce the gap between descriptive biology and intervention.

Fifth, better integration may improve theory itself. Biology may move toward more coherent
models of how regulation, environment, metabolism, spatial context, and history combine to
generate phenotype. In that sense, the real advantage of future omics is not only technical power,
but the chance to build a more complete explanatory science.
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Conclusion

The future of life science research will be shaped by the continued expansion of omics, but even
more by the way those omics are integrated, interpreted, and tested. The field is moving beyond
a phase in which success was defined mainly by the ability to generate large molecular datasets.
The next phase will reward spatial awareness, temporal resolution, perturbational logic, functional
modeling, and computational systems that remain tied to experimental validation. Classical omics
fields such as genomics, transcriptomics, proteomics, metabolomics, and epigenomics will remain
indispensable, but they will increasingly operate within broader multi-omic and model-based
frameworks. Single-cell and spatial omics are likely to become central pillars of routine research,
while less common methods such as glycomics, fluxomics, exposomics, culturomics, degradomics,
and immunopeptidomics will become more important as researchers confront biological questions
that cannot be answered by mainstream methods alone.

The next steps in scientific research should therefore include deeper investment in integrated
experimental design, stronger support for difficult but informative omics fields, improved
computational rigor, better human-relevant model systems, wider perturbation-based validation,
and more equitable data infrastructure. The difficulties ahead are real: cost, noise, interpretability,
bias, reproducibility, ethical complexity, and the persistent challenge of causality. Yet the
advantages are greater. If these challenges are managed carefully, future life science research will
become more predictive, more mechanistic, more human-relevant, and more capable of
explaining how living systems truly work.
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