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Economic Sciences

NaeHTUPUKaLMA N ypaBaIeHNE PUCKAMU B
NPOEKTax: COBPEMEHHbIN NOAXO/

Lo Amutpnin Anekceesuny

KazaxcTaHCcKo-bpuTaHckuit TexHuvecknin YHuBepcuteT, AnmaTbl, KasaxcTtaH
3akupos EnHyp Kasesynbl

KazaxcTaHCKO-bpuTaHCKni TexHn4ecknin YHmMBepcuTeT, Anmatsbl, KasaxcTaH

YnpasneHune puckamm B 061acCT1 CTPOUTENLCTBA NPEACTaBAAET CODOM BaXKHEMLLINIA acnekT
[N YCNelWHOW peanmsaumm MNpOoeKToB. B 3ToM cTaTbe OOCYXAAOTCA K/OYEBbIE PUCKY,
OKasblBalolMe BAMAHME Ha CTPOUTE/IbHbIE MPOLIECChl, @ TaKKe COBPEMEHHble MOAXOAbl K WX
BbIABNEHUIO M CHUMKeHUo. OueHMBaeTca BO3AeNCTBME KonebaHWM LeH Ha CTPOoWTe/bHble
MaTepuasbl, 3alepKeK B NMOCTaBKax, OLUMOOK B MPOEKTHOM AOKYMEHTaLUMN, aAMUHUCTPATUBHbIX
MNPenoHOB M MOroAHbIX YCNOBUIA. B paboTe Takske npeacTaBieHbl KaK KOMYECTBEHHbIE, TaK U
KauyeCcTBEHHble MEeTOAMKM OLLEeHKM PUCKOB, Takme Kak SWOT-aHanuns, meton [denbdu 1 meTos
OMOAEMON JeHexHon cToumoctn (EMV). B 3akntoueHne cTaTbn  CHOPMYIMPOBaHDI
cTpaTerMyeckme pexkomeHdauuu A1A MNOBbIWEHMA YCTOMYMBOCTU CTPOUTE/bHBIX MPOEKTOB M
YMEHbLLIEHWS BEPOATHOCTM BO3SHUKHOBEHMA CePbEe3HbIX YrpOo3.

KntoueBble C/10Ba: ynpaBieHUe pUCKamm, CTPOUTE IbHbIE MPOEKTbI, aHa/IU3 PUCKOB, PUCKY,
LuMdpPOBM3aLMA CTPOUTENLCTBA, MPOrHO3MPOBaHME pPUCKOB, BIM-mogennpoBaHue, BAUAHME
MOroAHbIX YCNOBUIA, CTPATErMSA MUHUMMU3ALMN PUCKOB.

YnpaBneHne CTPOUTENbHbIMM MPOEKTaMM HEBO3MOXKHO 6e3 yyeTa pPUCKOB, MOCKObKY
[laHHaA 0TPaC/Ib XapaKTepPM3yeTCsa 3HaUYNTENIbHOW CTENEHbIO HeonpeaeneHHOCTU. PaKTopbI, TakMe
KaK KonebaHWs LeH Ha CTpouTebHble maTepuabl, cbom B NOCTaBKax, M3MEHEHWA B HOPMATUBHO-
npaBoBoM 0a3e, MNPOEKTHble OWWOKM K HebnaronpuaTHble NOroAHble YCAOBWUS, MOryT
CYWECTBEHHO TMOBbLICUTb pPAcXodbl W 3aAepaTb BbiNosHeHMe paboT. HeobxoammocTb
NAAHMPOBAHMA U MUHUMM3ALMM ITUX PUCKOB CTAHOBMTCA KAOYEBLIM acmeKTom 3GdEKTUBHOIO
ynpaB/ieHNA NPOEKTOM. [TpUMEHEHNE COBPEMEHHbIX MOAXOA0B K OLEHKE M YNPaBAEHMIO PUCKAMU
MOMOraeT CTpoUTeNAM NpPeaBUAETb MOTEHUMaNbHble NPobAeMbl M MPUHUMATL Mepbl ANA UX
CHMXKEHMA. Taknm 06pas3om, rpaMoTHOE yrnpaB/eHMe PUCKamMM He TOJIbKO crnocobcTeyeT H6onee
3 deKTMBHOMY MCMOJIb30BAHMIO PECYPCOB, HO M CNOCOOCTBYET COBMOAEHMIO CPOKOB BbIMOIHEHNS
NPOEKTa, rapaHTUPyA ero ycrnewHoe 3aBepLieHue.

Mo paHHbiM McKinsey Global Institute (2023), 6onee 70% CTPOUTENbHbLIX MPOEKTOB
CTa/NKMBAOTCA C Nnepepacxoaom broaxkeTa, a 60% 3aBepLIatoTCA € 3aZePKKaMM. ITO yKa3biBaET Ha
HeobXx0AMMOCTb CUCTEMHOrMO NoAX0Aa K YNpPaBNeHUIO PUCKaMK, OCHOBAHHOIO Ha aHaIMTUYECKMX
MeToAax NPOrHO3MPOBAHMA N MUHMMM3ALMKN HETaTUBHbIX GaKTOPOB.

Llenb AaHHOW CTaTbM — NPOaAHaNM3MPOBaTb KIKOUYEBbLIE PUCKM CTPOUTENbHbIX MPOEKTOB U
NPeaNoXnTb NPaKTUYECKME pelleHnA, NO3BONAOLLME MUHUMUIMPOBATL X NOCAEACTBUA.
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Knaccuoukauma 1 aHanu3 KA4eBbIX PUCKOB
B npouecce peanmsaumm CTPOUTENbHbIX MPOEKTOB MOXHO BblAEINTb HECKONbKO Hanbonee
3HAYMMbIX PUCKOB, KOTOPble OKa3blBalOT Hambosbllee BAMAHME HA CPOKM W BloaxKeT
CTPOUTENIbCTBA.
1. POCT CTOMMOCTM CTPOUTE/IbHbIX MaTePMaNoBs
OAHUM 13 Hambonee paCNpPOCTPAHEHHbIX PWUCKOB ABAAETCA YBENWYEHWE LeH Ha
CTpoUTE/IbHbIEe MaTepuanbl. 3a nocneaHWe NATb NET CTOMMOCTb KAKOYEBbIX PECYPCOB, TaKMX Kak
LEMEHT, apMaTypa 1 MeTaNIOKOHCTPYKLUMK, yBenndmnace Ha 20-40%.
KonebaHua ueH Ha Cbipbe MOryT MpMBECTM K nepepacxody broakeTa Ha 10-15%, yto
KPUTMYHO ANA KPYMHbIX CTPOUTENbHbIX OO BEKTOB.
Mepbl MUHUMMU3ALNN:
® 3aKNt0YEeHME AONTOCPOYHbIX KOHTPAKTOB C GUKCMPOBAHHOW LLEHOM;
e [lnepcndurKaumMa NOCTABLLMKOB ANA CHUMKEHNA 33aBUCUMOCTM OT OAHOTO PbIHKA;
® lIcnonb3oBaHMe BUPKEBbLIX MHCTPYMEHTOB M CTPATEMMN XeAKMPOBAHMA LLEHOBbIX PUCKOB.
2. OWNBKM B NPOEKTHOM AOKYMEHTaLU MM
HenocTaTKM MPOEKTHOW AOKYMeHTaUMM MOTryT MPUBECTM K nepedesnke CTPOUTESNbHbIX
KOHCTPYKLIMIN, YBENYEHUIO CPOKOB M BO3HMKHOBEHWNIO AOMNOAHUTENbHbIX pacxoAos. 1o oueHKkam
3KCNEepTOB, MCNpaBieHMe OWMDOK Ha 3Tane CTPOMTENbCTBA YBEAMYMBAET 3aTpaTbl Ha 5-8% oT
oblLLer CTOMMOCTM NPOEKTa.
Mepbl MUHUMKU3ALNN:
e [lpoBeAeHME MHOTOYPOBHEBOW MPOBEPKW MPOEKTHOM AOKyMeHTauuu nepes Havyaaom
CTPOUTENBLCTBA;
e lcnonb3oBaHme BIM (Building Information Modeling) ana BbiAsBAEHUA BO3MOMHbIX
KONNM3UI Ha PAHHWUX CTaAMAX;
e BBefeHWe CTPOroro KOHTPO/A KayecTBa MPOEKTUPOBAHMA C y4acTMeM He3aBUCUMbIX
3KCMNepTos.
3. 3a4epKKM NOCTABOK M HEHAAEKHOCTb NOAPAAYMKOB
Cbon B MOCTaBKax CTPOMTENbHbLIX MATEPMANOB M HWU3KAA HALEKHOCTb MNOAPAAYMKOB
NPMBOAAT K CPbIBY rpadmka paboT. AHaNN3 CTPOUTENBbHBIX MPOEKTOB MOKa3blBaeT, YTO 0KoN0 50%
3a4epKeK CBA3AHO MMEHHO C MOCTaBLUMKAMM U NOAPALHBIMK OPraHM3aLMAMM.
Mepbl MUHUMWU3ALNN:
e KOHTpaKTHaA cMCTeMA C YETKMMM YCNOBUAMM MOCTABOK M LUTPAPHbBIMU CaHKLMAMM;
e (Co3aaHuMe pe3epBHOro 3anaca KPUTUYECKM BaXKHbIX MaTEPMaIOB;
e BHeapeHue UMPPOBBIX CUCTEM MOHUTOPMHIA PaboTbl NOAPAAYMKOB.
4. PerynaTopHble 1 BIOpOKpaTUUYECKME PUCKM
l3meHeHWe 3aKoHOAATeNbCTBA B chepe CTPOUTENLCTBA MOXKET NnoTpeboBaTb NnepecmoTpa
NPOEKTHON AOKYMEHTALUMWU M KOPPEKTUPOBKM MPOEKTHbIX peleHuit. 3a nocaeaHne naTb NeT B
CTpouTeNbHOM oTpacan BBeAeHo Honee 30 HOBbIX HOPMATMBHbBIX AaKTOB, YTO YCAIOXKHAET Npouecc
COrNacoBaHuA.
Mepbl MUHUMMU3ALNN:
e [lpoBeaeHue OPUANYECKOTO ayAMTa NPOeKTa 40 Havana pabor;
e B3aumopaencTsme C rocyLapCTBEHHbIMW OPraHaMmn Ha CTaaMM NPOEKTMPOBAHWA;
® /Icnonb30BaHMeE 3NEKTPOHHbIX CUCTEM AOKYMEHTOODOOPOTA ANA YCKOPEHMA COrNaCoBaHMM.
5. HebnaronpuATHble NOroaHble yCA0BMA
KanmaTmyeckme ycnoBMA OKa3blBAOT 3HAYUTENbHOE BAMAHME HA TEMMbI CTPOUTENLCTBA. B
3UMHWI Nepunoa B psAfe PerMoHoB CTpouTeNbHble PaboTbl MOryT BbITb MPMOCTAHOBAEHbI Ha 30—
40% pabo4yero BpemMeHm.
Mepbl MUHUMKU3ALNN:
e [lnaHunpoBaHue rpadmKa CTPOUTENLCTBA C YHETOM CE30HHOCTH;
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e [lpMMeHeHWe COBPEMEHHbIX TEXHONOTMIM, MO3BONAIOUIMX BECTM PabOTbl B CAOXKHbIX
KNMMaTUYECKMX YCA0oBMAX (Hanpumep, nporpes 6eToHa);
e Pa3paboTKa anbTepHATMBHbIX CLLEEHAapMEB BbINONHEHMA PaboT.
MeToabl OLEHKM PUCKOB
Ons 30PEeKTUBHOIO ynpasB/ieHUs PUCKaMW HeobXOAMMO MNPUMEHATb aHaaUTUYecKune
MeTO/1bl OLEHKWN X BEPOATHOCTM M MOC/NeACTBUM. B AaHHOM paboTe pacCMOTPEHbI TPU KIOYEBbIX
MmeToaa: SWOT-aHanms, metoa Jensdu u MeTos OXKUAAEMON AeHEKHON cToMmocTn (EMV).
SWOT-aHanms
SWOT-aHann3 no3BonseT BbIABUTb CUAbHbIE U cNabble CTOPOHbI CTPOUTENBHOTO NPOEKTA,
a TaKKe OLEHMTb NOTeHUMAbHbIE YIPO3bl M BO3MOXHOCTML.

dakTop Mpumepbl

CuNbHbIE CTOPOHDbI MpuMmeHeHWne undposbIx TEXHONOTUIA,
KOHTPO/1b KaYecTBa

Cnabble CTOPOHDI BbicOKaa 3aBMCMMOCTb OT  MNOAPALYMKOB,
PUCKM NOCTAaBOK

Bo3amoXKHOCTH [OCYyAapCTBEHHbIE cybenamm, HOBblE
TEXHONOTUM

Yrpossl POCT ueH, 3a4ep*KKM NOCTaBOK, MSMEHEHMA B
3aKOHOAATeNbCTBE

Metog denvdun

MeToa Jenbdu ncnonb3yeTca 410 OLEHKM PUCKOB NyTEM MNOYyYeHMA SKCNEPTHbIX MHEHU.
OH npumeHAeTca B CUTyauUMsX, KOrda HeAoCTaTOYHO CTaTUCTMYECKMX AaHHbIX UK TpebyeTcs
CyObEeKTMBHAA OLeHKa BEPOATHOCTM M NOCAeACTBUI PUCKOB. [laHHbIM MeToA, OCHOBbIBAeTCA Ha
aHOHWMHbIX OMpOCax rpynnbl 3KCNepToB, NPOBOAMMbBIX B HECKOJbKO 3Tanos, YTOObl AOCTUYb
MaKCMManbHO OObBEKTMBHbIX Pe3ynbTaToB. Hanpumep, BEPOATHOCTb HACTYyN/EeHMA HEKOTOpPbIX
PUCKOB OT/AM4YaeTcA. PocT ctoMmoct matepuanos npumepHo 70%, Owmnbkn B npoekte 50%,
3aaeprkka noctaBok 40%, MoroaHblie ycnosmna 60%

MeTtona enbdun ncnonb3yerca A1a OLEeHKM PUCKOB NyTEM 3KCNEePTHOro NPOrHO3MPOBAHMSA.
B pamKax AaHHOro MccnenoBaHWs AaHHbIM MeTod, Obin afanTMpoBaH Ha OCHOBE aHanM3a
OTPacNeBbiX OTYETOB, MNYDAMKAUMMA KOHCANTMHIOBbLIX KOMMAHWM W A3aHHbIX MEXAYHapoAHbIX
opraHm3aumin. BepoATHOCTHbIE OLEHKM PUCKOB OCHOBAHbLI Ha AMHAMWKE M3MEHEHW CTOMMOCTU
CTPOUTE/NIbHbIX MaTepPMasioB 3a NocaedHMe NATb NET, CTaTUCTUKE 3aJepPKeK NOCTAaBOK U aHaNMU3e
BAMAHMA  KAMMATUYECcKMX daKTopoB Ha CTpouTenbHble npouecchl. [loaxod —BKAOYaeT
KOMM/AEKCHYO 006paboTKy 3KCMEPTHbLIX MHEHWMM M CTATUCTUYECKMX [aHHbIX, YTO M03BONAET
0060CHOBaHHO ONpeaeNnTb BEPOATHOCTb BO3HMKHOBEHWS KAKOYEBbLIX PUCKOB M MX BAUSHWE Ha
peann3aumio CTPOUTESbHbBIX MPOEKTOB.

MeToz, oXKuaaemol AeHexXHon ctoumoctu (EMV)

EMV nosBonaeT paccymtatb noTeHumanbHble GUHAHCOBbLIE NMOTEPU NMPU BO3HUKHOBEHWM
PUCKOB.

MeToa OXMAAEMON AEHENKHOM CTOMMOCTM NPUMEHAETCS A8 KOANYECTBEHHON OLEHKM
PUCKOB, NMO3BOAA NMPOrHO3MPOBaTb NOTEHLUMAbHbIE PUHAHCOBbLIE NOTepPKU. PacyeT ocHOBaH Ha
[AHHbIX O BEPOATHOCTM BO3HWKHOBEHMA PUCKOB M OLEHKEe WX (GUHAHCOBbLIX MOC/AEeACTBUN,
NoJly4eHHbIX Ha OCHOBE aHaM3a B104KeTOB PEaIM30BaHHbIX CTPOUTE/IbHbIX MPOEKTOB. B pacyeTax
YUMTBIBAIUCb MPOTHO3UPYEMbIE M3MEHEHMA LEH Ha CTPOUTE/IbHbIE MaTepuasibl, BO3MOMKHble
3aTpaTbl Ha YyCTpaHeHue OoWMOOK TNPOEeKTUPOBAHWUSA, 3a[EpPXKM MNOCTaBOK W  BAUSAHKE
KAMMaTUYeCcKnx GakTtopos. [losiydeHHble 3HayYeHua Mo3BOAAIOT Oonpeaennts (GUHAHCOBYIO
YA3BMMOCTb CTPOUTE/IbHOTO NPOEKTa M pa3paboTaTtb CTPATEMMU MUHUMMU3ALMM PUCKOB.
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Puck BepoatHocTb (P) Motepwn (L), maH Tr EMV =P x L (mnH Tr)
Poct ctoumoctun | 0.75 180 135

maTepuanos

OwnbKM B NpoekTe 0.5 75 37.5

3aaepKa NOCTaBOK 0.4 30 12

MoroaHble ycnoBmA 0.6 20 12

CTpaTeruu ynpaBneHus puckamm
Ans 30PEeKTMBHOrO KOHTPONSA PUCKOB HEoBXoAMMO BHeApPATb KOMMAEKCHblE Mepbl

ynpaBaeHna:
1. TlpOrHO3MpoBaHME M MOHUTOPMHT — aHaM3 LUEH, MOCTAaBOK M HOPMATUBHbBIX MU3MEHEHUIA.
2. UndpoBuszaumsa npoueccoB — npumeHeHne BIM, aBTOMaTM3MPOBAHHbLIX CUCTEM

yrnpaBieHWs NpoeKTamMm.
3. ®uHaHcoBa# 3allMTa — CO3aHNe pe3epBHbIX GOHAOB M CTpaxoBaHMe.
4. KoHTpoAb NOAPAAYMKOB — CTPOrME KOHTPAKTbl, PEMTUHIOBbIE CUCTEMbI M HE3ABUCUMbIN
ayauT.

CTpouTenbHaa OTPaC/b XapaKTePM3YyeTCA BbICOKOW CTeMeHbtd HeonpeaeneHHOCTW, YTO
[enaeT ynpasneHue puckammn obA3aTeNbHbIM 31E€MEHTOM MPOEKTHOIO MeHeaKMeHTa. AHanus
K/IOYEBbIX YIPO3, NPUMEHEHNE COBPEMEHHbIX METOA0B OLLEHKM 1 CTpaTernyeckoe naaHMpoBaHme
NO3BONAIOT CHU3WUTb NOTEPU M NOBbICUTL YCTOMYMBOCTb NMPOEKTOB.

KomnaHun, BHeapsloWMe CUCTEMHbIM NoAXo4, K YNPaBAEHWUIO PUCKaMM, CNOCOOHbI
PEeann30BbIBaTb MPOEKTbl B CPOK, B paMKax OloJKeTa U C BbICOKMM YpOBHEM KayecTsa. ITO
NOATBEPKAAET, UYTO PUCK-MEHEAKMEHT ABNAETCA HEe TONbKO MHCTPYMEHTOM MWHUMU3ALMM
noTepb, HO M BaXHbIM GaKTOPOM KOHKYPEHTOCNOCOHBHOCTU B CTPOUTENBHO cdepe.

Mpenno)KeHHble MeToAbl OLEHKM PWCKOB MO3BOAAOT MOBbLICUTH MpPeacKasyemoCTb
CTPOUTENbHbBIX MPOEKTOB, CHU3UTb HEOoNpeAeNeHHOCTb M MWHUMMMUM3NMPOBATb MOTEHLMANbHbIE
yObITKM. [lpaKTUYecKaa peanmsauma TaKUX MHCTPYMEHTOB, Kak UMbpoBOe MNpOeKTUPOBaHME,
ONTUMM3ALMA NOTUCTUYECKMX NPOLLECCOB Y MPUMEHEHNE KOHTPAKTHbIX MEXaHW3MOB YNpaBaeHs
PUCKamK, CnocobCTBYeT NOBbIWEHWUIO YCTOMYMBOCTM CTPOUTENBHOM OTpacau. BHeapeHue
CMCTEMHOrO NOAX0Aa K YNPaBNEHUIO PUCKAMM NO3BONAET CTPOUTEIbHBIM KOMMNAHWAM AOCTUraTb
MOCTaBNEHHbIX Uene B pPaMKax 3aMnjaHMpOBaHHbIX CPOKOB W 6roaxkeTa, obecneymsas
CTabMNbHOCTb N 3PPEKTUBHOCTL peanmn3aLmMmn NPOEKTOB.
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3BOMOLMA KOHLENLMM KOMM/TAEHC-
MEHEIKMEHTA: OT HOPMATMBHOIO
COOTBETCTBMSA K CTPATETMYECKOMY
YIPAB/TEHWIO PUCKAMM
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AHHOTAUMA
MccnenoBaHue HanpasaeHO Ha 0DOCHOBaHME 3BOJIIOLMW KOMMAAEHC-MeHeaKMeHTa oT
HOPMAaTMBHOIO  COOTBETCTBMS K  CTPATernMyeckomy YMpaBAeHWUD  pUCKamu. [lpuMeHeH
CPaBHUTE/IbHbLIM aHa/M3 MOAXOA0B, M3y4YeHMEe MEeXAyHapPOAHbIX CTaHAAPTOB WM MPaAKTUYECKUX
KEMCOB POCCUMCKMX, Ka3axCTaHCKUX W 3apyberkHbIX KOMMNaHWn. BbiABNEHO, 4TO MHTerpauma
KOMMN/laeHca B CTpaTernyeckoe ynpasneHue obecneymBaeT YCTOMYMBOCTb OM3Heca, a PUCK-
OPMEHTUPOBAHHbIM NOAXOA NO3BOSET ONTUMM3MPOBATL PECYPChI M CHUMKATL Yrpo3bl. KomniaeHc
TpaHChOPMUPYETCH M3 M30MPOBAHHOM OYHKLMM B CTpaTerMyecknmin aktme, GOPMUPYIOLLNIA
KOPNopaTUBHYIO Ky/JbTYPY M KOHKYPEHTHOE MPenmyLLLECTBO.
ABSTRACT
The study aims to substantiate the evolution of compliance management from regulatory
compliance to strategic risk management. A comparative analysis of approaches has been applied,
along with a study of international standards and practical cases from Russian, Kazakhstani, and
foreign companies. It has been revealed that integrating compliance into strategic management
ensures business sustainability, and a risk-based approach makes it possible to optimize resources
and reduce threats. Compliance is transforming from an isolated function into a strategic asset that
shapes corporate culture and provides a competitive advantage.

KntoueBble  C€noBa:  KOMMAAEHC-MEHEAMKMEHT;  PUCK-OPUMEHTUMPOBAHHBLIN  MOAXOA,;
CTpaTerMyeckoe ynpasneHne puckamm.
Keywords: compliance management; risk-based approach; strategic risk management.

B ycnosusax TpaHchopmaummn AeN0BOKM Cpedbl PerynaTopHoe AaBneHne nepecrtano ObiTb
CTaTUYHbIM  GaAKTOPOM, NPEBPATMBLWINCL B AMHAMUYECKYID MepemMeHHyl. BbusHec-mozenm
YCNOXKHATCA, a reorpaduma AeaTeNbHOCTU PaCLLUMPAETCSA, YTO NOPOXKAAET HOBbIE, HETPUBMANbHbIE
YA3BMMOCTM. TPAAMUMOHHbBIA NOAXOA, K KOMMAAEHCY KaK K GYHKUMM «NOAYMHEHUAY» NpaBuaam
OobHapyKMBaeT CBOK HeaoCTaToyHoCTb. OH He MO3BOAAET MPOrHO3MpPoBaTb Yrpo3bl U
MHTErPUPOBATL 3aLUMUTHbIE MEXAaHM3MbI B CTpaTernto. Ha nepsbili NaaH BbIXOAUT HEOHOXOAMMOCTb
NepeoCMbIC/IEHNA KOMMIAeHCca Kak MHCTPYMEHTa Co34aHna CTOMMOCTW. MiccneaoBaHue Bbi3BaHO
3aMpoOCOM Ha MpPOaKTMBHble MOAENWN ynpaBaeHMsa, CnocobHble obecneynTb YCTOMYMBOCTb
opraHu3aumMn. B ycnosuax HeonpeaeneHHOCTM MaccMBHoe cobntogeHMe HOPM  CTaHOBMTCS
daKkToOpomM KOHKypeHTHoro pucka. Crpatermyeckuit noaxon cmellaet ¢doKkyc ¢ duKcaumm
HapyLWeHWI Ha ynpaBaeHWe COBOKYMHbIM NPpoduaem pUCKoB. ITo TpebyeT HOBOM METOA0/I0TUN 1
nepecMmoTpa Poan KOMMAaeHC-GyHKLMM B KOPNOPATUBHOM yNpaBAeHUN.
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B coBpeMeHHOW Hay4yHOW NuTepaType KOMMNAAEHC TPAKTYeTCA Kak KOMMAEKCHasa cuctema
nHMumatnB. Kak ykasbieatoT AA. Werah n A.E. ®upcos, - «4aHHAA CUCTEMA HanpaB/ieHa Ha
npeaynpexaeHve NpoTMBOMPABHbIX AENCTBUI cOTpyAHWKOB» [1, c.463]. OAHOBPEMEHHO OHa
obecneymBaeT BHeApeHME KOPNOPATMBHOM BU3HEC-3TUKM, Ba3MpytoLLenca Ha HEYKOCHUTENbHOM
cobnoaeHnn 3akoHa. feHepanbHOM Lenbld KOMMAAeHC-MEeHEAKMEHTA BbICTYNaeT BbIABAEHWNE U
npeaoTspalleHne oWKOOK M NpaBOHapyLIEHWI B AeATENbHOCTN Kopnopauumn. Peanmsaums aton
Len No3BONAET MUHMMM3NPOBATL MOTEHLMANbHBIA yulepb OT BO3HMKaWMX npobaem. Kpome
Toro, no mHenuto [.B./laHckoi, C.B. ®nbept n E.N. bapkanoBon, «KOMMJaeHC cnocobCTBYET He
TO/IbKO 3alUMTe, HO M yay4lWeHMo BU3HEC-NPOLECCOB N MEXAHM3MOB BHYTPEHHEro KOHTPOAA» (2,
c.11]. B ngeanbHOM COCTOSHUM AaHHaA cucTema obecnedymBaeT ynpas/ieHuMe opraHusauumen
NepCcoHaoOM Ha BCEX YPOBHSAX 63 MHLUMAEHTOB, CBA3aHHbIX C HecobtoaeHnem TpeboBaHMN.

OBOMIOLUMA KOMNAeHC-MeHeAXKMeHTa 3HaMeHyeT cobol CABMI OT BOCMPMATUA €ro Kak
obpemeHuTeNnbHOM GOPMANbHOCTM K MPU3HAHWUIO CTpPaTerMyecKMM aKkTMBOM. B ycnosumax
COBPEMEHHOM HecTabunbHOM cpeabl MNacCMBHOE CNefoBaHWE MNpeanucaHMAM MNepecTano
rapaHTMpoBaTb 6€30MacHOCTb.

KomnnaeHc-meHeAKMEHT MNpoLlen pasBuTMe OT TPAAMUMOHHOTO A0 COBPEMEHHOro
noaxoAa, pasnnyme AaHHbIX NOAX0A0B MOKa3saHbl B Tabanue 1.

Tabauuya 1.
CpaBHUTENbHAA XapaKTePUCTUKA STanoB 3BOJIIOLUN KOMMNIAaeHC-MeHeaKMEeHTa

Kputepuit
CpaBHeHWA

HopmaTuBHOe cooTBeTCTBUE
(TpagMuMOHHBIY Noaxon,)

CTpaTernyeckoe ynpasjaeH1e pUCKamu
(coBpemeHHbIt noaxon)

OCHOBHas Uenb

N3bexaHne  wTpadoB  u
tOPUANYECKMX CAHKLNNA.

3awmTa penyTaunm n
AONTOCPOYHOM CTOMMOCTMU.

co3paHue

Xapaktep
AencTeni

PeakTMBHbIN (pearvpoBaHue
Ha y¥Ke NPUHATbIE 3aKOHbI U
NHUMAEHTHI).

MpOaKTUBHbIN (MPOrHO3MPOBaHUE YrPO3 U
npeaynpexkaeHne cobbiTuin).

yKe COBepLEeHHbIX OLWMBOK.

Ponb B KOmnaHum | M3onmnpoBaHHas byHKUMA | VIHTerprpoBaHa B cTpaTernto W BCe
(topuanyecknin - otaen wnu | BUsHec-npoueccs.
6e30nacHoCTb).
O61beKT BHMMaHKMA | PopmanbHoe  cobntoaeHune | YnpaBneHne  COBOKYMHbIM — npoduiem
HYKBbI 3aKOHa. PUCKOB (penyTaLMOHHbIX, ONepaLMOHHbIX,
STUYECKMUX).
Mpumep YeK-/INCThI, npoBepkM | KomnnaeHc-aHanuTuKa Big Data, cnctemsl
NHCTPYMEHTOB NOKYMeHTalUMK, BHYTpeHHWe | NHGOPMMPOBAHMA 0 HapyLweHMAX
ayauThbl. (whistleblowing), ESG-oT4eTHOCTb.
OTBEeTCTBEHHbIE tOpuCThl, BHyTpeHHWe | KomnnaeHc-oduuepsl, Coset
mua ayanTopsl. AnpexTopos., Ton-meHeaKMeHT.
Pe3ynbTaTMBHOCTL | MUHMMM3aUMA  yulepba oT | MoBbilleHMe YCTOMYMBOCTM OU3Heca U

[0BEpUA CTENKXONAEPOB.

[.B. bop3akoB 1 M.B. KopcakoBa yKa3blBaeT, YTO «MHTErpaLmsa KOMMJAaeHCa B CUCTEMY
CTpaTermyecKkoro ynpaBieHua pUcKamm Mo3BONAET OpraHM3auUmMm He TONbKO 3alumuaTb cebs oT
noTepb, HO M GOPMMPOBATL YCTOMYMBYIO KOPNOPATUBHYI KynbTypy» [3, .28]. Takol noaxoa,
cnocobcTByeT  MOBbIWEHWK  MHBECTUMUMOHHOW  MPMBAEKATENbHOCTM M OMNepauyoHHOM
3pPEeKTUBHOCTHN, MNpeBpallas HOPMATMBHbLIE OrpaHuyeHua B QyHAAMEeHT A5 YCTOMYMBOro
PA3BUTUA U KOHKYPEHTHOIO NpenmyLLeCcTBa.
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CopneprkaTeNlbHOe HaNoMHEHWEe KOMMAeHC-MeHeAKMeHTa BapbMpyeTca B 3aBUCUMOCTH OT
KOHKpeTHOM Kopnopauun. Ero nmpeametHoe Mnosfe MOXKET BKAOYaTb COBAtOAEHME 3aKOHOB M
BHYTPEHHWUX HOPMATMBHbIX AKTOB B Pa3/IMyHbIX 061acTAX. K TaKOBbIM OTHOCATCA 3KONOrMYecKme
BOMPOCHI, TPYAOBOE 3aKOHOAATENbCTBO M MpasBmaa onnatbl Tpyaa. Ctoga »Ke BXOAAT BOMPOCHI
6e30MacHOCTM AaHHbIX, OXPaHbl 340P0OBbA U Tpyaa. He meHee 3HaYMMbIMKM acnekTaMm ABNAIOTCA
PaBHble BO3MOXHOCTM NpPU TPYAOYCTPOMCTBE, aHTMMOHOMONbHOE 3aKOHOAATENbCTBO M NpaBuaa
cbopa cpeacts. A.A. LibiBMHa yKa3biBaeT Ha CYLLLECTBOBAHNE PUCKA YPE3IMEPHON ANBEPCUPUKALNM
KomnaaeHc-nHmumatne [4, ¢.59]. OxBaT CAMWKOM MHOTMX 06s1acTelt 4acTo NPUHOCUT MEHbLINIA
Pe3ynbTaT Mo CPaBHEHMIO CO CTPOTO onpeaeseHHON chepon AeaTeNbHOCTH.

®yHKUMOHaNbHOE pacnpeaeneHue obA3aHHOCTEN B AaHHOM obnactu
amddepeHumpoBaHo. PUHAHCOBbLIM KOMMAAEHC TPAAMUMOHHO KOHTPONIMPYETCA ayaAMTOpamMu.
OnepaumMoHHbIM KOMMNIAEHCOM paHee YyNpPaBAsAM HOPUCTbI, CNeumanmcTbl MO BHYTPEHHEMY
KOHTPOMO M KOHCY/NbTaHTbl MO cTpaTernm. B coBpeMeHHOW NpaKTMKe OTBETCTBEHHOCTb 3a 3TO
HanpaB/ieHMe BO3/0XKEHA Ha KOMMNaaeHc-odmLepoB. [0CyAapCTBO BbICTYMAaeT OCHOBHbIM, HO He
€AMHCTBEHHbBIM MCTOYHMKOM HOPMATMBHbIX aKTOB. KoMnnaeHCc-MeHeaKMeHT B3aMMOAENCTBYET C
MHbIMW GOPMaMM PeryainpoBaHmnsa. K HUM OTHOCKUTCA BHYTPEHHAA KOPMNoOpaTMBHAsA MOMUTMKA U
CTaHAapTbl NpodeccnoHanbHbIX rpynn, Hanpumep, baszenbckoro KomuTeTa. TakKe y4MTbIBaAtOTCA
TpeboBaHMA OTPaC/NeBbIX acCoLMaLMA.

B kauecTBe nprumepa baszenbckoro ctaHAapTa B 06/1aCTN KOMMNAAEHC-MEHeAXMEHTa MOXKHO
NpUBECTM AOKYMeHT «PyKoBOACTBO MO KoMMnaeHC-QyHKUMM B BaHKax», onybankoBaHHoOe
BasenbcknMm KomuTeTom Mo B6aHKoBCKOMY Haasopy B anpene 2005 roga. [daHHbIA [AOKYMeEHT
3aKkpenaseT MNPUHUMNLI opraHm3aumm 3GOEeKTUBHOM  GYHKUMKM KOMMAaeHCca B  KPeauTHbIX
opraHmsaumax. B cooOTBETCTBMM C NPUHUMNOM 2: «ODYHKUMA KOMMNAaeHca Ao/KHa ObiTb
He3aBMcMmon. OHa AO0/MKHA MMETb NOHOMOYMA OTYMTBIBATLCA Nepes, BbICLMM PYKOBOACTBOM U
COBETOM AMPEKTOPOB. PyHKLIMA KOMMNNAEHCA A0MKHA PAaCcnNoaaraTb 4OCTAaTOYHbIMM pecypcamm Ana
30 dEKTMBHOIO BbINOMHEHWA CBOMUX 0bA3aHHOCTeM» [5]. B aTOM Ke AoKymeHTe basenbckui
KOMUTET NOAYEPKMBAET, YTO KOMMAAEHC-PUCK PACCMATPMBAETCA KaK CTPATErMYECKMI, a He TONbKO
onepauuoHHbIN. 3TO NepeknMKaeTca ¢ 0D03HAYEeHHOW Bbile 3BOMOUMEA OT HOPMATMBHOIMO
COOTBETCTBMA K CTPATErM4YECKOMY YNPABAEHWNIO PUCKAMM.

PaccmaTpmBaembli  GeHOMEH MpPaBOMEPHO WHTEPNPETMPOBaTb Kak 4acTb obuiero
nepexofa OT HOPMATMBHOIO NPABOMPUMEHEHMWA K CamoperyanposaHuio. CamoperynmpoBaHme
AEMOHCTPMpPYeT NPeMMyLLecTBa B CKOPOCTWU, TMOKOCTM M 3PPEKTMBHOCTM MO CPaABHEHUIO C
rocyaapCTBeHHbIM perynmposBaHnem. OHO NO3BONAET MPUMEHATb HAKOMNEHHbIe CYXAEHWA U
OTpPacneBOW OMbIT K BOMPOCAM, KOTOpble MPaBUTENbCTBY TPYAHO GOPManM30BaTb C MOMOLLbHO
YeTKMX MNpaBua. KnaccMyeckMm NPMMEPOM CaMOPEryIMpPYHOLLEroca MEeXaHW3ma BbICTynaeT
ceptnudukauma I1SO. B KayecTBe KMACCMYECKOro Mpumepa CaMOpPEeryIMpyoLleroca MexaHu3ma,
nommmo ceptudukaumm 1SO, moxkHo npueectn CraHgapt SO 37301:2021 «Cuctembl
MeHeXKMeHTa KomnaaeHca. TpeboBaHWA C PyKOBOACTBOM MO NpUMeHeHMuto».lTpumedaTensHo,
yto ISO 37301:2021 He npocTo GopmanmsyeT npouLeaypbl HOPMATMBHOIO COOTBETCTBMA, HO
WHTErpMpyeT KOMMAaeHC B OOyl CUCTEMY CTpaTernMyeckoro ynpasaeHWA OpraHu3aunen.
CTaHAapT TpebyeT OT BbiCWEro PyKOBOACTBA aKTMBHOIO Y4aCTMUA, OLLEHKM PUCKOB M MOCTOAHHOMO
YAYYlIeHWA, 4YTO MOJHOCTbO COOTBETCTBYET 3BOMIOLUMOHHOMY Mepexoay OT MNacCMBHOTMO
CnefloBaHMA  MpeanuMcaHMAM K NPOAKTMBHOMY CTPaTerMyeckoMy YNpPaBAEHWIO PUCKaMM.
CepTnduMKauma No AaHHOMY CTaHAAPTY CAYKUT ANA KOHTPAreHTOB M PeryasaTopoB CUrHasoOM O
3PEe/10CTM KOMMAaeHC-KY/IbTYPbl KOMMaHuu [6].

CnepyeT noAvepKHYTb, YTO rOCYAAPCTBEHHblE CTMMYbl ANA  CepTUOMUMPOBAHHbBIX
CyObEKTOB  ABAAKOTCA  3HAYMMOM  ABMXKYLLEM CWMAOM  AaHHoro npouecca. CTOPOHHMKMK
KOPNOpPaTMBHOIO CaMOPEry/IMPOBaHMA YKa3blBAtOT Ha CHUMKEHWe M3AepKeK npu obecneyeHunn

3KBMBANEHTHOrO YPOBHA 3aWmThl [7, ¢.150].
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KomnnaeHc npeactasnseT coboil OTHOCUTENIbHO HOBYKO OPraHW3auUMOHHY0 GYHKLMIO, U
MHOTME KOMMNaHMN He BAaAetoT eto B NoNHOM mepe. OpraHmn3aumMm CTaIKMBAOTCA C CEPbe3HbIMM
npobaemamm Npun cobNtoAeHUN MeXAYHAPOAHbIX HOPM. B CBA3M C 3TUM NOABUAMCH CNELMANCTI,
[LO/KHOCTHbIE NUQA, MEHEAKEPbI M MOCTABLLMKM YCAYT B AaHHOW o6aacTu. Cxema cneumanmcTos B
061aCcTM KOMNNAaeHC-MeHeA)KMeHTa NoKasaHa Ha pucyHKke 1.

Komnuaenc-ogunepsi CrennaJucThl 10 IOpucTsl 1 KOpHOpaTHBHBIE

(r1aBHbBIE) OT/eJIbHBIM HANPABJIEHUAM COBETHHKH

PykoBoasT Beeit cuctemoit > AHTHKOPPYIIIHOHHBINA » ObGecrieunBaloOT MPaBOBYIO

KOMIUIAa€HCa B OPraHU3ALUH. kominaeHe (FCPA, UK 3KCHEPTU3Y.

Otseuator nepes CoBeTom Bribery Act) WnTeprniperupyror
DUHAHCOBBIA KOMILJIAEHC HOPMATHBHBIC JKTBI.

MocTaBmMKH BHEITHUX (60pb6a c OTMBIBAaHUEM JICHET -

yeayr AML, KYC)

KoHcanTHHrOBBIEe KOMIIAHHH || - _ <«

(pa3paboTka cTpaTeruii) MIPOTPaMMBI JISI IEPCOHATIA. 3¢ (EKTUBHOCTU KOMILIACHC-

Aynutopckue Gupmbl [NoBbIIAIOT OCBEJOMIICHHOCTD MPOTpaMM.

(HEe3aBUCHMBIN MOHUTOPHHT) 0 KOMIUIa€HC-TIOJUTHKAX. OlEeHNBAIOT PUCKU

IT-BenOOpHI HecoOJTIoIeHusT TpeOOBaHU.

PucyHOK 1. Cxema cheuuanucmos 8 obnacmu KomnnaeHc-MeHeOXMeHma

MoABNeHWe WKMPOKOro CMeKTpa KOMMAAEHC-CNeLMaINCTOB OTPaXKaeT POCT CAOXKHOCTM
PerynaTopHOM cpeapl M 0CO3HaHME BU3HECOM KPUTUYECKOW Ba*KHOCTM AaHHOW GyHKUMK. Ecam
M3HaYaZlbHO  KOMMAAEeHC  OrpaHWM4YMBaNCA  KOPUCTamK, TO  CeroaHA  OH  Tpebyer
MYNbTUANCUMNIMHAPHOTO NOAX04a, OObeaMHAoWero npaBo, OWHAHCHI, PUCK-MEHEAXMEHT,
MHPOPMALMOHHbBIE TEXHONOTMM N YyNPaBAEHNE YeN0BEeYECKMMM pecypcaMn. PazHoobpasne pone
CBMAETeNbCTByeT O 3penocTu KOMNAaeHC-MeHeaKMEeHTa Kak CaMOCTOATENbHOM
npodeccnoHanbHoM obnactn. OQHAKO HanM4yme AOMKHOCTEN He rapaHTupyeT adpPpeKTMBHOCTL —
ycnex onpenenaeTcA peanbHOM WHTerpaumet KOmnaaeHca B CTpaTerMio M KOPMNOPATMBHYHO
KYNbTYPY.

Tem He meHee, ypoBeHb MHOOPMMPOBAHHOCTM O KOMMAAEHC-MEHEeAKMEHTe OCTaeTcA
HU3KMM. Henb3a roBopuTb O HaAMYMKM OBWMX 3HAHWN MAM MOBCEMECTHOrO MOHWMMAHMWA 3TOM
npobaembl. Ha cerogHAWHNI AeHb BONbLWINMHCTBO KOMMAHWM He BAAAEOT TEXHUKOM KOMMAaeHC-
KOHTPO/IA, YTO NOABEPTaeT UX 3HAUYMTENbHbIM pUckam [8, ¢.10].

B ocHOBe MOCTPOEHWS KOPMOPATUBHON KOMMIAEHC-KYAbTYPbl IEXKMUT KOMMNIEKC MEeTOoA08
«MATKOTro KOHTpONA». [pnopmUTETHOE 3HAYEHME Cpeayn HUX OTBOAMTCA 0BYYEHMIO U TPEHWHIAM ANA
NepcoHana, a TakKe pa3paboTKe U MMNAEMEHTaUMM KoAeKea 3TUKM [9, ¢.11]. KpuTnyeckm BarkHbIM
YyCNOBMEM BbICTyNaeT MNOAAEPKAHWE HEMPEPbIBHOTO KOHCTPYKTMBHOMO AManora Mexay
PYKOBOACTBOM W COTPYAHWMKaMW.  BHeapeHwe  UMOPOBbIX  TEXHONOMMIA  MO3BOANAET
COBEPLIEHCTBOBATb MOHUTOPUHT M OAHOBPEMEHHO CHWMKATb HArpy3Ky Ha KOHTpo/AMpylowme
opraHbl. [aHHbIA NOAXOA TaKKe CnocobCTBYET MOBbIWEHMIO MNPO3PaYHOCTU KOHTPOSbHOM
neAatenbHocT.  [IOMOAHUTENbHbIM ~ MHCTPYMEHTOM  BbICTYMaeT  PUCK-OPUEHTMPOBAHHOE
peryanpoBaHmne, KOTOpoe KOHLEHTPUPYET YyCMAMA Ha Hanbonee yasBMMbix obnactax. ViIMeHHO Tam
HapyLleHMa HOPM MOTyT NoBAeYb Hanbonee cepbesHblie NOCNeACTBUA.

AKTMBHOE NPUMEHEHME MATKMX METOA0B KOHTPOAA MpeaonpenenseT 3aKOHOMEPHbIN
nepexos K MoAenn pUCK-OopMeHTMPOBaHHOIO noaxoaa. JaHHaa TpaHchopmauma NpUMMeHnMma, B
YaCTHOCTW, K KOHTPONbHOM AEATeNbHOCTW ynpaBneHua aenamm  pervoHa. OHa byaer
cnocobcTeOBaThL H6e3bonesHeHHOMY 7z nocnenoBaTelbHOMY COBEPLUEHCTBOBAHMIO
KOpnopaTMBHOM KynbTypbl. CneayeT KOHCTAaTMPOBATb, YTO PUCK-OPUMEHTUPOBAHHbLIM MOAXOA
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NPUHUMNNANBHO OPUEHTMPOBAH Ha NPOOUNAKTMKY HapyWeEHWIM, a He Ha KapaTesbHble Mepbl.
Cuctema KoOMMNaeHca B 3TOM KOHTeKcTe dopmupyeT ocobyto cpeay, FAe OpraHu3aumm u
rocyapCTBEHHbIE OpraHbl AEeNCTBYIOT co3HaTenbHo. OHa nos3sonAeT cobntoaaTb HOPMbl U
CTaHA4apTbl Ha A0OPOBOALHON OCHOBE, MMHUMW3MPYA PUCKM M obecneymsan MpPO3pPavHOCTb.
KomnnaeHc B 4aHHOM Napagurme CTaHOBUTCA HEOTbEMIEMOM YaCTblO CTPATErnM ynpasaeHmsa. Ero
KNtoYeBOe HasHayeHue — NpeaynpexaeHne HapylweHun 40 MOMEHTA UX BO3HWKHOBEHMA. Takow
noaxon obecnedymsaeT pelleHmne Nnpobaem 6e3 NPUMEHEHMA KECTKMX CAHKLMIA, YTO COOTBETCTBYET
COBpeMeHHbIM cTaHAapTam 3GPEKTUBHOIO ynpasBaeHus.

B Tabnuue 2 npeactaBneHbl MNPUMeEPbl BHEAPEHWA KOMMAeHC-MEHeAKMEHTA B
KoMnaHusax. MNpeacTaBieHHble NPUMEPbI AEMOHCTPUPYIOT, YTO KOMMIAEHC-MEHEAXMEHT ABNAETCA
YHMBEPCANbHbIM MHCTPYMEHTOM, 3OPEKTUBHBIM KaK B KPYMHbIX KOPMOPaUMAX C Pa3BUTbIMMI
pblHKamu (Siemens, Walmart), Tak 1 B KOMNaHMAX C POPMUPYIOLLMMMNCA MHCTUTYTaMM YN paBAEeHNSA
(Poccusa, KasaxcTaH).

Tabauua 2.
PeanbHble npumepbl BHEAPEHUA KOMNAAEHC-MeHeKMeHTa B KOMMNaHUAX
KomnaHua KntoueBble KOMNAAEHC-MHULNATMBDI PesynbraT
MAO BHeapeHMe cncTemMbl aHTUKOPPYNLMOHHOTO | CHUMKeHue onepaunoHHbIX
«CbepbaHKk» | KOMNNaeHca, 0bOy4YeHWe  COTPYAHWMKOB, | PUCKOB, MOBbIWEHME [A0BepuA
UMOPOBOM  MOHUTOPUHI  TpaH3aKUMWK, | KAMEHTOB n PerynaTopos,
KoaeKc KopnopaTMBHOM STUKM. BK/IlOYEHMEe B NHLEKCDI
YCTOMYMBOrO Pa3BUTUA.

AO «Campyk- | BHeapeHMe cucTemMbl KOMMNAAeHC-KOHTPOA | [1oBbIWeHMe NpPO3pPavYHOCTH
KasblHa» BO BCEX  [OYEepHUX  OpraHM3auumax, | ynpasaeHums, CHUMXKeHne
obyyeHne TOoM-MeHeaKMeHTa, CO34aHue | KOPPYMLMOHHbIX PUCKOB,
KomuTteTa no 3TUKE M KOMMIAEHCY. yayyleHne  MHBECTULMOHHOIO

KAnmaTa.
Siemens AG MoNHbIA NepecmMoTp KoMMJaeHc-cucTemsl | BocctaHoBneHMe penyTauum,
nocse KoppynuumoHHoro ckaHaana (2006- | Bo3spalleHue aosepusa
2008), cosfaHue HEe3aBMCUMOrO | MHBECTOPOB " rocynapcTs,
KomnnaeHc-noapasaeneHmsa, rnobanbHble | NPU3HAHME OAHOM W3 CaMbIX
nporpammel obydeHma n «whistleblowing». | KomniaeHTHbIX KOMNAHUI MUPa.
Walmart Inc. | ThobanbHan nporpamma | YcnewHoe yperyamposaHume
aHTMKOPPYNUMOHHOrO KomnaaeHca (FCPA), | MHOrofieTHUX  pacc/ieoBaHnM,
MOHWTOPUHT NOCTaBLUMKOB M KOHTPAreHTOB, | CHMXKEHWE WTPadHbIX PUCKOB,
BHeApeHMe  UMPPOBbIX  MHCTPYMEHTOB | CTaHAapTM3auUmMsa KOHTpona B 28

KOHTpONA. CTpaHax.

BHeapeHMe KOMMNIAEHC-CUCTEM B POCCUIMCKMX M Ka3aXCTAHCKMX KOMMAHMAX MPOUCXOAMUT C
YYETOM MEMXKAYHapoAHbIX CTaHAapToB (BKAo4aa TpebosaHus OECD, FCPA, basenbckue
MNPUHLMNbLI), YTO NOATBEP)KAAeT rnobasbHY0 KOHBEPreHUmMo noaxoAoB. [Mpu 3ToM ycnelwHble
KeMcbl MOKa3blBalOT, YTO KOMMAEHC nepectaeT ObiTb MCKAKUYUTENbHO PEAKTMBHOM MepoKn U
npeBpalLaeTca B CTpaTernyeckmnin GakTop KOHKYPEHTOCNOCOBHOCTY.

MpUCYTCTBYET PErynaTopHana Npupoda KomnaaeHc-pucka. O4HAKo namepeHwe AaHHOro
PUCKa OCYLLECTBAAETCA MOCPEACTBOM Pa3/MYHbIX KOHLENTyasbHbIX MOAXOAOB. B 3TOM cBA3M
OPraHM3auUMAM KPUTUYECKM BAXKHO MAEHTUOULMPOBATb peneBaHTHble TpebOBaHNA KOMMIAeHca.
HaHHana unaeHTUOUKAUMA CAYKUT HeobxoaAMMbIM ycnoBuem Ansa 3OGEKTUBHOMO CHUMKEHUS
COOTBETCTBYOWMX PUCKOB. COBPEMEHHbIE NMOAXOAbl K CTPYKTYPMPOBAHMIO HOPMATMBHOM 6Hasbl
KOMM/aeHca akUeHTUpYoT npuoputeT pucka [10, c.431]. PUckn nognexkat paHKMPOBaAHMIO OT
Hanbonee KPUTUYHbIX A0 ONEPaALUMOHHbBIX U PenyTauMoHHbIX. K 4MCay KPUTUYHbBIX OTHOCATCA
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yrpo3bl 6830MacHOCTM OpraHM3aumm 1 obLLecTBa, a TakKe GMHAHCOBOM cTabmnbHOCTU. [oaobHas
KoHLenuma GoKycMpyeT BHMMaHWE Ha 3aKOHOAATE/bHbIX aKTax C HaMbONbLLIMM NOTEHLMATbHBIM
yuwepbom. OHa cornacyeTcs ¢ peKoMeHAaUmMamm BeayLmx PeEryisTopoB U OTPaXkaeT COBPEMEHHbIE
Hay4Hble B3rNsA4bl Ha Npupoay KomnnaeHca. CTpYyKTYpPUpPOBaHNME HOPMATUBHO-MPaBoBOM 6a3bl No
NPUOPUTETAM PUCKA AO0MKHO HOCUTb AMHAMMYHbBIN M PEryIApPHO NepecmaTpMBaEMbIil XapaKTep.
TakoM noaxond, MO3BOMAET OPraHU3aUMAaAM  LefeHanpaB/ieHHO  yNpaBasTb  BO3HMKAOLWMMM
yrposamu. B pesynbtate  MUHUMUBUPYIOTCA  MNOTEHUMasbHble  Yrpo3bl  3KOHOMWYECKOM
H6e3onacHoCcTM 1 obecrneynBaeTca yCTonuYnsoe passmtie komnavum [11, c.371].

B rpynne puMCKOB KOPPYMNUMU U B3ATOYHUYECTBA K/IOYEBLIMW AOKYMEHTAMM BbICTyNaoT
KoHBeHumss OOH npotue Koppynuum ot 31.10.2003 r. [12], KoHBeHuma O3CP o 6opbbe c
NOAKYMNOM  MHOCTPAHHbLIX  JO/MKHOCTHbIX /UL, MNPU  OCYWECTBAEHUM  MEXKAYHAPOAHbIX
KoMmmepdecknx onepaumin ot 21.11.1997 r. [13], a Takke 3akoH Pecnybamnku KasaxctaH ot 18
HoAbpa 2015 roga Ne 410-V «O npoTnBoAencTBUM Koppynummny [14]. HapyleHne AaHHbIX HOPM
B/I€YET Yro/I0BHO-NPaBOBble, aAMUHNCTPATUBHbIE, GUHAHCOBbIE M PENyTaLMOHHbIE NMOCNeACTBMA.
B 610Ke p1CKOB HapyLLEHWS NEePCOHANbHbIX A@HHbIX M Knbepbe3onacHOCTM OCHOBOMONAratoLLIMMM
aKkTaMu ABAALOTCA 3aKoH Pecnybankm KasaxctaH ot 21 masa 2013 roga No 94-V «O nepcoHasibHbIX
AaHHbIX 11X 3awwmTe» [15], 3akoH Pecnybankm KasaxctaH ot 2 ntons 2003 roga Ne 461-11 «O pbiHKe
LeHHbIXx bymar» [16], a Takxe O6WMA pernameHT MO 3aWuTe MNepPCoHasbHbIX AaHHbIX
Esponelickoro Coto3a (GDPR) [17].

CTpyKTypupOBaHMe  3aKOHOZATE/IbHbIX  [AOKYMEHTOB  MO3BOASET  OpraHM3aLMaAM
aKLEHTMPOBATb BHMMaHME Ha 3HAYMMbIX OCODEHHOCTAX KaKAo0M rpynnbl PUCKOB. ITO NOMOraeT
PYKOBOACTBY MWHMMM3IMPOBATb Yrpo3bl W  PaLMOHANbHO pacnpeaensTb pecypcbl  Anaa
bopmMMpoBaHMA HaAZEXHOM KomnnaeHc-cucteMbl. Kpome Toro, TakoM noaxod crnocobcteyeT
MOEHTUOMKAUMM NOTEHLMANbHbBIX YrPO3 W BbIABNEHWIO 30H MOBbILEHHOrO pucka. Co3aaHue U
aHann3 MaTPULbl PMCKOB MNPeaoCTaBNAeT PYKOBOACTBY HarnsaHoe npeactasneHue o6 ypoBHe
Yyrpo3 U BEPOATHOCTM MX peanusaummn. ITo obneryaeT NPUHATME YNPABNEHUYECKMX PELLIEHUI U
BbICTpaMBaHMe npuopuTeToB B paboTe C HopMaTMBHbIMKM TpeboBaHMAMMK. PerynapHoe
obHoBNEHMe HopmaTMBHOM 6a3bl M aganTauma noa cneundumky 6m3Heca obecneymBatoT rMOKOCTb
M aKTyanbHOCTb cucTemMbl. [laHHaA afanTMBHOCTb OCOOEHHO BaHa B YC/NOBMAX AMHAMMYHO
MEHSAIOLLErOoCs 3aKOHOAATeNbCTBA M BU3HEC-cpeabl.

Crctematmsauma 3aKkoHo4aTelbHOM 6a3bl B 3aBMCUMOCTM OT TPYMMbl PacCMaTpPMBAEMbIX
pUCKOB cnocobcTeyeT MNoBblWeHUIO 3GGEKTMBHOCTM ynpasaeHna puckamu. OHa CHUMKaeT
BEPOATHOCTb HapylleHnin n obecneymBaeT yCTOMUYMBOCTb OM3HECA B YC/NOBMAX BHELIHUX U
BHYTPEHHUX Yrpo3. B coBpemeHHbIX NMTepaTypHbIX MCTOYHMKAX MNPOCAEKMBAETCA TeHAeHUMA
BCTPamBaHMA paboTbl C puckamun B OBLLYIO CUCTEMY ynpaBaeHua npeanpuatnem. Knodesbim
MHCTPYMEHTOM METOA0/IOTMN AENCTBUM C PUCKAMM BbICTYNAET PUCK-OPUEHTMPOBAHHbIM NoAX0A.
OH no3BO/AET He TOMbKO BbIABAATL Y3KME MecTa [MPaBOBOrO pPEeryiMpoBaHua, HO U
LeneHanpasieHHO CTPYKTYpPMPOBaTb HOPMATUBHO-NPaBoByto Oasy. JlaHHOe CTPYKTypupoBaHMe
OCYLLECTBNAETCA B COOTBETCTBMM C YPOBHEM W  XapPaKTEPOM  KOHKPETHbIX PUCKOB,
NAEHTUOULUMPOBAHHBLIX Ha KaKAoM 3Tane 6u3Heca. [1OCTOAHHOE YC/IOKHEHWE PEeryiaTOPHOM
cpeapl U CTpemaeHne onNTMMM3NMPOBATb pecypcbl Ana obecnevyeHna COOTBETCTBMA TpeboBaHUAM
3aKOHa 06YyC/NOBMAM aKTyaNbHOCTb TaKoro noaxoda. HopmaTnBHO-nNpaBoByto Ha3y KomnaaeHca
HEBO3MOXHO BOCMPMHMMATb KaK COBOKYMHOCTb GopManbHbix 006sa3aTenbcTs. [aHHbIM nnacT
CMCTEMbI NO3ULIMOHUPYETCA HEPA3PbIBHO C OLEHKOM U PaHXMPOBAHMEM PUCKOB, YTO COCTaBAAET
€ro CYULHOCTHYIO XapaKTepUCTUKY.

BHyTpeHHME AOKYMEHTbl KOMMAHWM CAyXaT MHCTPYMEHTOM peasiM3almm HOPMaTUBHO-
NpaBoBOM Ha3bl KOMMIAEHCa, NO3BONASA MPUMEHATb CUCTEMHbIM NOAXOA, K YNPABNEHUIO PUCKAMMU.
PeecTp puckoB obecneymBaeT OMKCALMIO M CUCTEMATM3ALMIO Yrpo3, a TaKXKe peanusaumio
TpeboBaHW  3aKoHoAaTenbctBa. OnpeaeneHwe  MNPUOPUTETOB  PUCKOB  OMNTMMMU3IMPYET
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pacnpeneneHne pecypcoB M MO3BOMAET MPOrHO3MPOBaTb NPObAEMHble CUTyaumn. YCTaHOBKA
GaKTOpPOB PMCKa NpeacTaBAAeT KAYEBOW 3Tan ynpaBaeHWs ¢ y4eTOM OTPACAeBOMN CneunduKkm 1
BHELHMX YCN0BMI. Pa3bop NpaKTUYECKUX KEMCOB BbISABAAET MPUYMHbI HAPYLIEHWA U afanTupyeT
KOMM/IaeHC-CUCTEMY NOJ, aKTyalbHble HOPMbI.

ConocTaBneHne KOHTPOJIbHbIX Mpoueayp C MpaBoBbIMW TPebOOBAHMAMM pPaACKPbIBAET
COZEP!KaHME KaXKA0ro 3/1eMeHTa ynpasaeHua. JIoKasibHble aKTbl 3aKPenaAtoT NpoLeaypbl OLEHKM
PVUCKOB, YCTaHaBAMBAIOT CPOKM M MoKaszaTenn 3dPpeKTMBHOCTM. PeecTp dUKCMpyeT NpUYMHBI
HapyLWeHWI, UX YPOBEHb M OTBETCTBEHHbIX ML, AHANM3 UCTOYHMKOB PUCKOB GOPMMPYET OCHOBY
ONA  MPOAKTMBHOMO  ynpasBaeHuA. M3yyeHWe peanbHbIX CUTYyaUMiA NO3BOAAET  BbIABAATb
HEeCoOoTBETCTBMA M NOBbILWATL 3GEKTUBHOCTb KOHTPONA.

HopmaTnBHO-npaBoBas 6asza CAyXUT GyHAAMEHTOM CTpaTernin ynpaBieHUs PUCKaMM.
CyLLHOCTb PUCK-OPMEHTMPOBAHHOIO MOAXOAA 3aK/NYaeTCcA B CUCTEMHOM aHanm3e TpeboBaHuMi
3aKOHa C y4eTOM crneumduKkn AeaTenbHOCTU. TaKoM aHanu3 onpeaenaet KPpUTUYEeCcKMe 30Hbl U
NPUOPUTETbI  KOHTPOAbHbIX nNpoueayp. OH ONTUMM3MPYET pacnpeneneHne pecypcos W
obecneynsaeT rMbKOCTb CUCTEMBI B YCIOBUAX M3MEHAOLLErOCA 3aKoHOoAaTenbCcTBa. COOTHeceHMe
PUCKOB C KOHKPETHbIMW MPaBOBbIMW HOPMamu MO3BONAET LieNeHANpPaBNeHHO YNpPaBAATb
yrposamu. CoBpeMeHHble UCCNef0BaHNA NOATBEPKAAOT, YTO PUCK-OPUEHTUMPOBAHHbIN NOAXOL,
aflanTMpyeT HOPMATUBHOE PEryIMPOBaHME K peasibHbIM yCnoBmMAM BusHeca.

Cnucok nntepaTypbl:

1. Werain A. A., dupcos A. E. KoHUenuus KoMniaeHCc MeHeaXMeHTa B KomnaHuax //E-Scio. —
2022.—Neo. 9 (72).—C. 463-471.
2. NaHckaa [. B., ®dnbept C. B., bapkanosa E. N. KoHrnomepatMBHas MoaeNib CUCTEMbI

KOMMAaeHC-MeHeAKMEHTa B yNpaBAeHUM IKOHOMUYECKMMM npoueccamm //TocyaapcTBeHHoe m
MYHMUMNANbHOE ynpasseHme. YyeHble 3anmckn. —2025. — No. 2. - C. 11-19.

3. Bop3akos [l. B., Kopcakosa M. B. CoBeplueHCTBOBaHNE MeETOAMYECKOro obecrnedyeHus
NoAroTOBKM HedUHAHCOBOM OTYETHOCTM B 061acTM  KoMMnaeHc-meHeaskmeHTa //BecTHuWK
BOpOHEeXKCKOro rocyaapcTBeHHOro yHmsepcuteTta. Cepma: JKOHOMMKA U ynpasaeHune. —2022. — No.
1.—-C. 28-40.

4, LibibrHa A. A. KoMnnaeHc U cMeskHble NoHATUA //[HEBHMK HayKku. — 2020. — No. 11. — C. 59-
67.

5. Compliance and the compliance function in  banks April 2005 //
https://www.bis.org/publ/bcbs113.pdf

6. Crangapt I1SO 37301:2021 «Cuctembl MeHedXMeHTa KomnjiaeHca. TpeboBaHus C
PYKOBO/CTBOM M0 NnpumeHeHuto» // https://iso-certificate.ru/iso/iso-37301/

7. Kpenbiwea A. M., Ceprunesckas A. A., Ctopyesoi M. A. OnpeaeneHne 1 uUsmepeHmne pucka

B KOMM/aeHC-MeHeaxMeHTe //CTpaTermyeckne pelweHmsa u puck-meHeaskmeHT. — 2020. - T. 11. —
Ne. 2. —C. 150-159.

8. LisyHdaH J1. McTopmyeckasa 3BOMOLMA KOMNAAEHC-KOHTPOAA: OT DaHKOBCKOro KOMM1aeHca
K KopnopatusHomy //ObuwecTso. Cpeaa. Passutue (Terra Humana). — 2025. — No. 4 (77). — C. 8-12.
9. JobpoHpasos A. A. MeTtoabl WAEHTUOMKALUM NOAO3PUTEBHON [eATebHOCTM B

KOMMIaeHc-cucTeme opraHmnsaumm //AkTyansHble Bonpockl 6opbbbl ¢ npectynaeHuammn. — 2024, —
Neo. 2. —-C. 11-15.

10. MaTtkos J1.E. MexayHapoAHbI ONbIT NPUMEHEHMA PUCK-OPUEHTUPOBAHHOIO NoAxXoAa nNpwu
OCyLLeCTBNeHMM PUHaH-cOBOro KoHTpona // Haykocdepa. 2021.- Ne 6-1. C.- 431-435.
11. tOamHUeBa J1.A. Pa3paboTka KOHTPO/IbHbIX MNPOLEeAyp Kak 3/1eMeHT KOMMIaeHC-NOAUTUKK

opraHusaumn // Ynpas-neHuecknit yyet. 2024.- Ne 11.- C. 371-376.



I Proceedings of the 14th International Scientific Conference

12. KoHBeHumss Opranmsaumm OObeanHeHHbIX Haumii  npotms  Koppynuuu. [MpuHATa
pesontoumenn  58/4  TleHepanbHoM  Accambnem or 31  oktabps 2003 roga //
https://www.un.org/ru/documents/decl conv/conventions/corruption.shtml

13. KoHBeHumss O3CP o 6opbbe C NOAKYNOM WMHOCTPAHHbIX AO/MKHOCTHLIX AWML, NpU
OCYLLECTBNIEHUM  MEXKAYHAPOAHbIX  KOMMepYeckux onepauuin ot 21.11.1997 . //
https://www.vsrf.ru/files/15924/

14. 3akoH Pecnybnnkm KasaxctaH ot 18 Hosbpa 2015 roga Ne 410-V «O npoTnBoaencTBUM
Koppynuum» (C U3MEHEHMAMM W  AOMONHEHUAMM MO cocToAHuo Ha 13.08.2026 r.) //
https://prg.kz/document/?doc id=33478302

15. 3akoH Pecnybnmkn KazaxctaH ot 21 mada 2013 roga No 94-V «O nepcoHaibHbIX AaHHbIX U
Mx  3awmTe» (C M3MEHEHUAMU W AOMOMHEeHMAMM No coctosHuio Ha 12.07.2026 r.) //
https://prg.kz/document/?doc id=31396226

16. 3aKkoH Pecnybamkn Kasaxctan ot 2 ntona 2003 roga Ne 461-11 «O pbiHKe LeHHbIx Bymar» (c
M3MEHEHNAMM " JOMNO/IHEHNAMM no COCTOAHUIO Ha 01.07.2026 r.) //
https://prg.kz/document/?doc id=1041258

17. GDPR: Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April
2016 // Official Journal of the EU. 2016. L 119. P. 1-88.




«Academics and Science Reviews Materials» (August 20-21, 2026). Helsinki, Finland

Al-Driven Prediction and Resilience
Building in Tourism Risk and Crisis
Management

Zhen Li
Doctoral Student, Al-Farabi Kazakh National University

Abstract. Tourism systems are exposed to health, environmental, geopolitical, technological, and
operational disruptions. This conceptual study explains how natural language processing,
knowledge graphs, and time-series forecasting can be combined to strengthen early warning and
organizational resilience. It uses a structured integrative review and mechanism synthesis rather
than presenting original empirical estimates. The resulting framework connects heterogeneous
data inputs to signal detection, relational diagnosis, forecasting, human validation, coordinated
response, and post-event learning. Three propositions specify when artificial intelligence is most
likely to improve preparedness, supply-chain adaptability, and accountable emergency decisions.
The analysis also identifies limits involving data drift, rare events, multilingual bias, privacy,
cybersecurity, and automation bias. The paper contributes an auditable human-in-the-loop
architecture that treats artificial intelligence as decision support rather than an autonomous crisis
manager.

Keywords: artificial intelligence; tourism crisis management; early warning; resilience; natural
language processing; knowledge graphs; forecasting

1. Introduction

Tourism is unusually sensitive to disruption because mobility, perceived safety,
infrastructure, and coordinated service delivery are jointly required. A localized transport failure,
health alert, extreme-weather event, or political incident can therefore propagate across
accommodation, attractions, intermediaries, and destination organizations. The COVID-19 shock
illustrated the global reach and interdependence of such disruption (Gdssling et al., 2021). Crisis
research consequently treats preparedness, response, recovery, and organizational learning as
connected managerial functions rather than isolated emergency tasks (Faulkner, 2001; Ritchie,
2004).

Digital tourism produces large volumes of operational and behavioral traces. News, official
alerts, reviews, booking patterns, mobility indicators, and sensor feeds may reveal weak signals
earlier than conventional periodic reports. Yet data volume alone does not create resilience.
Smart-tourism research stresses that value arises when data are integrated with governance,
service ecosystems, and decision processes (Buhalis & Law, 2008; Gretzel et al., 2015). The
managerial problem is therefore how to combine complementary analytical techniques without
transferring unreviewable authority to an algorithm.

This paper asks: (1) how can natural language processing (NLP), knowledge graphs, and
time-series models jointly support tourism early warning; (2) through what mechanisms can they
strengthen supply-chain and destination resilience; and (3) what controls are required for
responsible emergency use? Its contribution is a mechanism-based architecture linking data,
analytical outputs, human validation, organizational action, and learning. No new dataset or
measured causal effect is claimed.
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2. Method and Scope

The study follows a structured integrative-review logic. It combines foundational tourism
crisis and resilience research with peer-reviewed work on smart tourism and the technical
foundations of NLP, knowledge graphs, and machine learning. Sources were selected for
conceptual relevance, publication traceability, and their ability to define mechanisms or
governance constraints. The synthesis proceeded in four steps: defining crisis-management
functions; mapping each Al family to an information-processing capability; identifying
organizational actions enabled by that capability; and specifying failure modes and safeguards.

The unit of analysis is an Al-assisted destination or tourism-enterprise decision system. The
framework is explanatory and propositional, not a systematic meta-analysis and not an empirical
evaluation. Accordingly, it does not report accuracy rates, economic losses, adoption shares, or
forecasts. Future testing should pre-register outcomes and compare Al-assisted decisions with an
appropriate baseline.
3. Theoretical Foundations
3.1 Crisis management and resilience

Faulkner (2001) distinguishes preparation, response, recovery, and resolution in tourism
disaster management, while Ritchie (2004) emphasizes strategic flexibility and learning under
turbulence. Resilience extends the objective beyond rapid restoration: a system should absorb
disturbance, adapt its configuration, and retain essential functions. At destination level this
requires redundancy, information sharing, distributed capability, and learning across public and
private actors (Hall et al., 2018).
3.2 Al as an information-processing capability

The three selected Al families solve different problems. NLP extracts entities, events,
topics, and sentiment from unstructured language. Knowledge graphs represent entities and
relationships so that dependencies can be queried and reasoned about. Time-series models
estimate temporal patterns and conditional forecasts. Deep learning can improve representation
of nonlinear relationships, but its performance remains dependent on training data and
distributional stability (LeCun et al.,, 2015). The techniques should therefore be treated as
complementary modules rather than interchangeable tools.
4. Integrated Predictive-Resilience Framework

Primary . N .
Layer . Tourism application Required control
y function PP g
Detect and - . Source ranking,
. Official alerts, news, complaints, o
NLP classify textual . . language validation,
. multilingual traveler discourse L .
signals false-positive review
Represent _ .
P . Links among hazards, transport ~ Versioned ontology,
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. nodes, hotels, attractions, provenance, role-
graph and propagation . .
suppliers, and agencies based access
paths
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Time-series demand, Bookings, cancellations, staffing, Rolling back-tests, drift
odels capacity, and inventory, mobility, and monitoring, prediction
recovery resource needs intervals
trajectories
Interpret trade- . . .
P Escalation, resource allocation, Named decision
Human offs and . o .
. . public communication, and owner, override log,
decision layer  authorize

intervention

service continuity

post-event audit



«Academics and Science Reviews Materials» (August 20-21, 2026). Helsinki, Finland

4.1 Signal detection through NLP

NLP can continuously classify incoming text by location, hazard, urgency, and affected
service. Entity extraction can connect a report to a destination or transport node; topic and
sentiment shifts can flag emerging anxiety or service failure. Because online content is strategically
manipulated, unevenly distributed, and multilingual, an alert should include source provenance
and confidence. Automated sentiment must not be treated as a direct measure of actual risk.
Human analysts should validate high-impact alerts against official bulletins and operational data.
4.2 Relational diagnosis through knowledge graphs

A knowledge graph converts separate alerts into a model of interdependence. A closed
airport, for example, can be linked to routes, tour operators, hotels, visitor segments, and
alternative transport. Graph queries can identify exposed nodes and possible substitutes. The
graph literature emphasizes explicit schemas, provenance, and reasoning over linked entities
(Hogan et al., 2021). In crisis use, every edge should therefore record its source and update time;
otherwise an apparently precise dependency map may be stale.

4.3 Dynamic forecasting and scenario comparison

Time-series models can estimate short-term bookings, cancellations, capacity needs, and
recovery paths. Their role is to present conditional scenarios, not a single certain future. Rolling-
origin validation, comparison with simple baselines, prediction intervals, and drift monitoring are
essential. Rare crises create structural breaks, so a model trained on normal periods may fail
precisely when needed most. Managers should combine model outputs with scenario
assumptions and stress tests.

4.4 From analytics to coordinated action

The framework closes the loop by connecting validated signals to predefined playbooks.
Alerts are triaged by severity and confidence; graph-based diagnosis identifies exposed actors;
forecasts estimate resource implications; and a named human owner selects and records the
intervention. Outcomes then update thresholds, data-quality rules, and response procedures. This
feedback loop converts one-off prediction into organizational learning.

5. Propositions and Managerial Implications

Proposition 1. Al-assisted early warning will improve preparedness when heterogeneous
signals are fused across complementary models and high-impact alerts are verified by accountable
human decision makers. A single channel may be fast but brittle; triangulation reduces
dependence on platform-specific noise.

Proposition 2. Knowledge-graph visibility will strengthen tourism supply-chain resilience
when dependency data are current and participating organizations have agreed escalation and
data-sharing protocols. Technical visibility without authority to act cannot reallocate capacity or
activate substitutes.

Proposition 3. Forecasting will support adaptive recovery when managers receive
uncertainty ranges, baseline comparisons, and model-drift warnings rather than point estimates
alone. Transparent uncertainty encourages contingency planning and limits false precision.

Implementation should begin with a narrowly defined decision, such as transport
disruption triage, rather than an enterprise-wide platform. Managers should specify the decision
owner, accepted data sources, threshold logic, fallback procedure, retention period, and audit
record before deployment. Performance should be evaluated using timeliness, false-alert cost,
service continuity, recovery time, and equity across traveler groups, not predictive accuracy alone.
6. Governance and Limitations

Tourism data can reveal location, identity, health status, or purchasing behavior. Collection
should follow purpose limitation, data minimization, access control, and retention rules.
Multilingual and regional imbalance may underrepresent smaller destinations or traveler groups.
Cybersecurity is also a resilience issue: a compromised alert pipeline can amplify disruption.
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Finally, automation bias may cause staff to accept model output despite contradictory evidence.
Mandatory review for consequential actions, documented overrides, and regular exercises are
therefore central design requirements.

This study is limited by its conceptual method. The propositions require empirical testing
across destinations of different size, institutional capacity, and data maturity. Comparative field
studies could evaluate whether the integrated architecture reduces detection delay or recovery
time, while simulation studies could examine behavior under missing or adversarial data.

7. Conclusion

Al can strengthen tourism crisis management when it reorganizes information processing
and coordination rather than merely automating existing routines. NLP detects weak textual
signals, knowledge graphs expose dependencies, and time-series models compare possible
trajectories. Their value depends on provenance, validation, uncertainty communication,
accountable authorization, and post-event learning. The proposed human-in-the-loop framework
offers a testable foundation for building predictive capacity without confusing algorithmic output
with managerial responsibility.
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Artificial Intelligence-Assisted
Management Decision-Making in the
Context of Digital Transformation

Zhen Li
Doctoral Student, Al-Farabi Kazakh National University

Abstract. Artificial intelligence changes managerial decision-making by redistributing prediction,
evaluation, and authorization between algorithms and organizational actors. This conceptual
paper develops a governance-oriented framework for Al-assisted decisions under digital
transformation. A structured integrative review links machine learning, knowledge-based systems,
and predictive analytics to three mechanisms: reducing information asymmetry, augmenting
bounded managerial cognition, and accelerating feedback-based organizational learning. The
framework distinguishes decision support, sequential hybrid decision-making, and constrained
delegation, and maps each mode to suitable task conditions and controls. Four propositions
explain how task structure, explainability, data quality, and accountability influence decision
quality. The study rejects claims of automatic performance improvement and specifies an
implementation cycle covering problem definition, baseline comparison, human review,
monitoring, and audit. Its principal contribution is a practical and testable model of responsible
human—Al decision architecture for service- and information-intensive organizations.

Keywords: artificial intelligence; managerial decision-making; digital transformation; human—Al
collaboration; governance; predictive analytics

1. Introduction

Digital transformation is an organizational change process in which digital technologies
reshape value creation, structure, and strategy rather than simply computerize existing activities
(Vial, 2019). Artificial intelligence (Al) is central to this process because it can classify observations,
predict outcomes, generate recommendations, and standardize repeated decisions. In logistics,
tourism, education, accounting, and other information-intensive sectors, such capabilities affect
resource allocation, risk control, performance evaluation, and service design.

The managerial consequences are not reducible to automation. Digital innovation is
distributed across actors and organizational boundaries (Nambisan et al., 2017), while algorithmic
systems alter who may initiate, justify, review, and revise a decision. Research therefore highlights
human—Al combinations, ranging from delegation to sequential or aggregated decision structures
(Shrestha et al.,, 2019). Raisch and Krakowski (2021) further show that automation and
augmentation are interdependent rather than mutually exclusive.

This paper asks how Al reshapes managerial decision-making, which task conditions favor
different human—Al arrangements, and what governance mechanisms preserve accountability. It
develops a mechanism-based framework and four propositions. The paper is conceptual: it does
not present primary data or claim that Al adoption by itself increases firm performance.

2. Method and Analytical Boundaries

A structured integrative review was used to combine research on digital innovation,
organizational decision structures, human—Al collaboration, algorithmic control, analytics
capability, and ethics. Sources were retained when their bibliographic identity was traceable and
they directly informed a construct, mechanism, or governance condition. The synthesis first
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separated the stages of a managerial decision, then mapped Al capabilities to those stages,
compared alternative allocations of authority, and identified controls for known failure modes.

The analysis focuses on organizational decisions supported by data-driven models. It
excludes autonomous physical systems and does not treat generative output as verified evidence.
“Decision quality” refers to a context-specific combination of accuracy, timeliness, consistency,
adaptability, fairness, and accountability. These dimensions may conflict; no single metric is
presumed sufficient.
3. Conceptual Foundations
3.1 Bounded cognition and algorithmic prediction

Managers operate with incomplete information, limited attention, and established
routines. Machine learning can expand pattern recognition and compare more alternatives,
thereby augmenting human cognition. Jarrahi (2018) describes a symbiotic arrangement in which
computational analytical capacity complements contextual and intuitive judgment. Learning
algorithms can also reshape expertise, occupational boundaries, coordination, and control (Faraj
et al,, 2018). However, prediction does not determine organizational objectives, acceptable trade-
offs, or responsibility for consequences.
3.2 Digital innovation and organizational learning

Digital innovation is recombinable and distributed, so models and data frequently cross
functional and organizational boundaries (Nambisan et al., 2017). Al outputs also become inputs
into new routines: managers act, observe outcomes, and revise thresholds or processes. This
feedback can enable learning, but it can also create self-reinforcing bias when decisions influence
the data later used for retraining. Learning therefore requires explicit outcome review rather than
automatic model updating.
3.3 The automation—augmentation tension

Automation promises speed and consistency, whereas augmentation preserves contextual
judgment. Raisch and Krakowski (2021) argue that prioritizing either pole can generate
unintended reinforcing effects. An augmented process may gradually become automated as
confidence grows; a highly automated process may require more human intervention after drift
or exceptional events. Decision architecture must therefore define both normal authority and
exception handling.
4. Al Capabilities and Managerial Mechanisms
4.1 Machine learning and information asymmetry

Machine-learning models identify patterns in operational, behavioral, or financial data.
They can support demand forecasts, anomaly detection, churn risk, or service prioritization. The
managerial mechanism is a reduction in information asymmetry: relevant patterns become visible
earlier and more consistently. Yet historical data encode past policies and unequal observation.
Before deployment, managers need a simple baseline, out-of-sample validation, subgroup
evaluation, and a definition of unacceptable error.
4.2 Knowledge-based systems and coordination

Rule engines and knowledge graphs make decision logic and relationships explicit. They are
suited to stable constraints such as eligibility rules, process dependencies, or escalation
requirements. Their managerial benefit is coordination: units can share terminology and apply
consistent logic. Their principal vulnerability is obsolescence. A named owner, version control,
provenance, and scheduled review are needed whenever regulations, products, or organizational
structures change.
4.3 Predictive analytics and adaptive control

Predictive analytics links forecasts to operational choices such as staffing, inventory,
budgets, or risk limits. Research on big-data analytics suggests that performance effects depend
on organizational capabilities rather than data possession alone (Wamba et al., 2017). Adaptive
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control therefore requires timely feedback, the authority to respond, and monitoring for drift.
Point predictions should be accompanied by uncertainty and scenario assumptions.
5. Human-Al Decision Architecture

Mode Suitable conditions Human role Core safeguard
Explanations,
. S Frames objectives, alternative
. Ambiguous, high-impact, . .
Decision support interprets output, and options,
or novel tasks : )
authorizes action documented
rationale
. . Escalation
) Moderately structured Reviews exceptions or
Sequential . . . thresholds,
) tasks with reviewable confirms model ) .
hybrid . sampling audit,
cases recommendation ) .
override analysis
Hard constraints,
Constrained High-volume, low-impact,  Sets limits and monitors rollback, drift
delegation stable, reversible tasks aggregate performance alerts, periodic

reapproval

Shrestha et al. (2019) show that task characteristics such as search-space specificity,
interpretability, speed, and replicability shape the appropriate allocation of human and Al
authority. Full delegation is therefore not a maturity endpoint. High-impact or poorly specified
choices generally require decision support; repeated and reviewable cases may suit a sequential
hybrid; only stable, reversible, bounded tasks are candidates for constrained delegation.

Proposition 1. Al assistance will improve decision quality more consistently when the
assigned task has a measurable outcome and the model is compared with a relevant human or
statistical baseline.

Proposition 2. Human—Al complementarity will be stronger when human reviewers
possess both domain authority and the information needed to challenge the model, rather than
serving as nominal approvers.

Proposition 3. The benefits of faster prediction will be reduced when organizational
routines cannot act on the output or when feedback arrives too late to evaluate the decision.

Proposition 4. Accountability will weaken as decision authority becomes more distributed
unless the organization names an owner for data, model performance, operational authorization,
and incident response.

6. Applications and Implementation

In logistics, forecasting can inform capacity and routing, but disruption decisions require
operational constraints and exception review. In tourism, demand estimates may guide staffing
while destination managers retain responsibility for safety and public communication. In
education, early-warning systems can prioritize support but must not convert correlations into
irreversible judgments about students. In accounting, anomaly detection can direct audit
attention while evidence evaluation and professional responsibility remain human functions.

A responsible implementation cycle contains six steps. First, define the decision, affected
groups, owner, and success criteria. Second, document the data source, lawful purpose, coverage,
and known gaps. Third, compare the model with a simple baseline and test performance across
relevant subgroups and time periods. Fourth, select a decision mode and specify escalation,
override, and rollback rules. Fifth, monitor outcomes, drift, overrides, complaints, and operational
failures. Sixth, conduct periodic reauthorization and retire systems whose benefits no longer
exceed their risks.
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7. Governance Risks

Algorithmic systems can reproduce bias, obscure responsibility, and enable intensive
surveillance. Mittelstadt et al. (2016) show that ethical concerns arise from opacity, evidence
quality, unfair outcomes, and traceability. Algorithmic control may also change worker autonomy
and the visibility of managerial power (Kellogg et al., 2020). Governance must therefore extend
beyond technical explainability to participation, contestability, access control, retention limits,
security, and meaningful remedies.

Automation bias and deskilling are additional risks. When reviewers rarely overturn a
recommendation, formal human oversight may not be substantive. Organizations should analyze
override patterns, rotate manual review samples, train staff on model limits, and run exercises for
system failure. A useful audit trail records model version, input provenance, output, uncertainty,
reviewer, action, and observed outcome without retaining unnecessary personal data.

8. Discussion and Limitations

The framework contributes by connecting Al capability to an organizational mechanism,
authority allocation, and governance control. It explains why identical technology can produce
different results across organizations: value depends on task definition, complementary capability,
feedback, and accountability. It also reframes “human in the loop” as an institutional design
question, not simply a button requiring approval.

The paper is limited by its conceptual scope and cross-industry abstraction. The
propositions should be tested using longitudinal field studies that compare decision modes while
measuring accuracy, time, reversibility, fairness, and accountability. Research should also examine
how regulation, professional norms, data maturity, and organizational power shape the practical
ability to challenge Al output.

9. Conclusion

Al-assisted management is most defensible when organizations treat prediction as one
component of a governed decision process. Machine learning can reduce information asymmetry,
knowledge systems can coordinate rules and dependencies, and predictive analytics can
accelerate feedback. These benefits require appropriate authority allocation, validated baselines,
uncertainty communication, human challenge, monitoring, and audit. The proposed architecture
provides a testable basis for achieving augmentation without abandoning managerial
responsibility.
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Abstract

Intercultural communicative competence (ICC) the ability to communicate effectively and
appropriately across linguistic and cultural backgrounds is a key goal of EFL instruction (Byram,
1997; Deardorff, 2006). This pilot quasi-experimental study examined teacher-mediated, Al-
supported roleplay among 30 B1-B2 EFL students in Kazakhstan. Over four weekly sessions, an
experimental group (n = 15) used generative Al, while a comparison group (n = 15) completed
parallel tasks without Al. Using pre/post questionnaires, roleplay rubrics, and student reflections,
the study found greater development in selected ICC dimensions among Al-supported students,
particularly adapting language, interpreting cultural differences, managing misunderstandings,
and tolerating ambiguity. Findings suggest that teacher-mediated Al can support ICC development
by expanding scenarios, linguistic input, and reflection opportunities, although Al content requires
critical verification.

Keywords: Intercultural communicative competence (ICC), Al, teacher education, EFL

Introduction

Intercultural communicative competence (ICC) has been recognized for over two decades
as a core outcome of foreign language education, extending beyond linguistic accuracy to
encompass the knowledge, skills, and attitudes required to communicate effectively across
cultural boundaries (Byram, 1997; Deardorff, 2006). As classrooms increasingly incorporate digital
tools, researchers have begun to examine whether and how technology-mediated practice can
support ICC development, including through virtual reality simulations (Taguchi, 2023), digital
games, and mobile-mediated interaction (Sykes & Dubreil, 2019).

Generative Al tools introduce a new possibility for this line of research: the ability to
provide EFL learners with on-demand, interactive roleplay partners for practicing intercultural
communication scenarios that might otherwise be difficult to arrange in a classroom setting.
However, empirical evidence on how such tools affect ICC development remains limited, and
almost no research has examined this question in Central Asian higher education contexts, where
English is typically the third language after Kazakh and Russian and where intercultural
competence has particular significance given the region's position at the crossroads of multiple
cultural and linguistic traditions.

This study extends prior classroom-based work on intercultural communicative
competence development among EFL students at a Kazakhstani university by examining, through
a pilot quasi-experimental design, the specific contribution of teacher-mediated, Al-supported
dialogue practice. The study addresses two research questions: (1) How, if at all, does students'
intercultural communicative competence differ between a group using Al-supported roleplay
practice and a comparison group completing parallel tasks without Al support? (2) How do
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students describe their experience of using Al tools to practice intercultural communication
scenarios, including their engagement with the accuracy and reliability of Al-generated content?
Literature Review

Intercultural Communicative Competence: Conceptual Foundations

Byram's (1997) foundational model of ICC identifies five components teachers should aim
to develop in learners: attitudes of openness and curiosity toward other cultures, knowledge of
one's own and other cultures, skills of interpreting and relating cultural phenomena, skills of
discovery and interaction in real-time communication, and critical cultural awareness. Deardorff
(2006) extended this work by developing a widely used process model of intercultural
competence, emphasizing that ICC develops iteratively through cycles of attitude, knowledge, and
skill, resulting in both internal outcomes (adaptability, empathy) and external outcomes (effective
and appropriate communication and behavior in intercultural situations).

Technology-Supported ICC Development

A growing body of research has examined how technology can create opportunities for
intercultural practice that are otherwise difficult to arrange, particularly in foreign language
contexts where learners have limited direct access to native speakers or authentic intercultural
encounters. Taguchi (2023) used immersive virtual reality to assess learners' ability to mediate
intercultural conflict, finding that VR-based simulation offered a viable method for both practicing
and assessing intercultural competence. Sykes and Dubreil (2019) reviewed a broader landscape
of digital tools including mobile-based games and simulations for developing intercultural and
pragmatic competence, arguing that technology-mediated practice can provide learners with low-
stakes opportunities to rehearse intercultural interaction before encountering it in real-world
settings.

Generative Al chatbots represent a further development in this line of research: unlike
fixed simulations, Al dialogue partners can respond dynamically to learner input, potentially
offering a more flexible and scalable form of intercultural roleplay practice. However, this
possibility remains largely unexamined empirically, particularly outside North American,
European, and East Asian contexts.

The Central Asian and Multilingual Context

English language teaching in Kazakhstan occurs within an officially trilingual context
alongside Kazakh and Russian (Ahn & Smagulova, 2022), positioning intercultural communicative
competence as a particularly salient pedagogical goal: students are routinely required to navigate
cultural and linguistic difference not only in relation to English-speaking cultures but within their
own multilingual national context. This study is situated within this broader context, extending
prior classroom-based work on ICC development among Kazakhstani EFL students to examine the
specific contribution of Al-supported practice.

Methodology
Research Design

This study employed a quasi-experimental pretest—posttest design with a comparison
group, supplemented with classroom observation and written student reflections, to examine
changes in intercultural communicative competence (ICC) following a period of Al-supported
roleplay practice. Given the study's exploratory, classroom-embedded scope, it is best
characterized as a pilot quasi-experimental study rather than a fully controlled experiment.
Participants and Setting

Thirty second-year undergraduate EFL students (approximately B1-B2 proficiency) at
Kazakh Ablai Khan University of International Relations and World Languages participated in the
study, divided into two groups of 15. The experimental group completed intercultural roleplay
tasks using generative Al tools, while the comparison group completed parallel tasks without Al
support. The study was conducted within undergraduate foreign-language instruction in which the
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instructor regularly employs communicative, problem-based, and interactive approaches, and had
begun piloting Al-assisted learning activities; this instructional context informed the design of the
intervention described below.

Intervention

Both groups completed four one-hour sessions over four weeks focused on intercultural
communication scenarios (e.g., negotiating a misunderstanding with a foreign colleague,
interpreting an unfamiliar communicative norm). The experimental group used ChatGPT and
Claude to generate and revise dialogues, scenarios, vocabulary, and alternative response options,
and used Gemini primarily to produce visual and illustrative materials supporting the scenarios.
Listening materials were deliberately varied to include different regional varieties and accents of
English as well as different communicative styles, rather than simply different speaker voices. Pair
and small-group work was used throughout both conditions and was deliberately structured to
keep students actively engaged rather than passively observing.

Students in the experimental group were explicitly instructed to verify Al-generated
content rather than accept it uncritically, since ChatGPT occasionally generated inaccurate or
culturally inappropriate information that required checking against reliable sources. Claude was
informally perceived by the instructor as somewhat more reliable for certain tasks over the course
of the intervention; this is reported here as an instructional observation rather than a systematic
or generalizable comparison between tools.

Instruments

ICC was assessed using a mixed-methods approach combining three sources of evidence:
(a) a pre/post ICC questionnaire; (b) instructor observation and rubric-based rating of student
performance during roleplay tasks, focused on five dimensions recognition of cultural differences,
ability to interpret a communication partner's perspective, appropriate adjustment of language
and register, management of misunderstanding, and tolerance of ambiguity; and (c) short written
reflections completed by students after each session, in which they described what they had found
difficult and how they had adapted their communication. In addition, a faculty administrator (the
department Dean) observed one of the roleplay demonstrations and provided an informal
evaluation of task quality and student engagement, offering a secondary, non-participant
perspective on classroom implementation.

Data Analysis

Pre/post questionnaire and rubric data were compared descriptively between the
experimental and comparison groups, given the small sample size and pilot scope of the study.
Written reflections were analyzed thematically, using the same five ICC dimensions from the
observation rubric as an initial coding framework, while remaining open to additional themes,
particularly regarding students' engagement with and evaluation of Al-generated content.
Findings

Consistent with the study's pilot, small-sample scope, findings are reported descriptively
and thematically rather than as precise numerical gains, and should be interpreted as suggestive
rather than conclusive. Table 1 summarizes the observed pattern of change across the five ICC
dimensions assessed via rubric-based observation.
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-gabiI:r\}ed Change Across ICC Dimensions, by Group (N = 30)
ICC dimension Experimental (n = 15) Comparison (n = 15)
Recognition of cultural differences Moderate—clear gain Slight gain
Interpreting a partner's perspective Clear gain Slight gain
Adjustment of language/register Clear gain Moderate gain
Management of misunderstanding Clear gain Slight gain
Tolerance of ambiguity Moderate—clear gain Minimal change

Note. Ratings reflect instructor rubric-based observation across four sessions rather than a
standardized numerical scale; they are reported qualitatively given the pilot scope and sample
size of the study.
Differences Between the Experimental and Comparison Groups

Students in the experimental group showed more visible development across several of
the five rubric dimensions over the course of the intervention, particularly in recognizing that the
same communicative behavior can carry different meanings across cultures, adapting language
and register to different interlocutors, managing misunderstanding, and tolerating ambiguity in
unfamiliar communicative situations. Students in the comparison group also showed some
improvement, consistent with the benefit of repeated structured practice with intercultural
scenarios, but changes in these more adaptive, interpretive dimensions of ICC were less
pronounced than in the experimental group.
The Role of Al: Variety and Verification

Generative Al tools were particularly useful for expanding the range of scenarios,
vocabulary, and alternative response options available to students, and for producing varied
listening materials reflecting different regional varieties and communicative styles of English.
However, Al use did not translate automatically into ICC development: several students' written
reflections and classroom performance indicated that the pedagogical value of the Al-generated
material depended on the instructor's mediation selecting, adapting, and framing Al output and
on students actively verifying content rather than accepting it uncritically. This verification
requirement, prompted by occasional inaccurate or culturally inappropriate Al output, appeared
to itself become a productive site of critical engagement with intercultural material rather than
simply a limitation of the tools.
Student Reflections

In their written reflections, students most frequently described difficulty in recognizing
when a misunderstanding had occurred and in adjusting their language to an unfamiliar
communicative style, and described adapting by asking clarifying questions, rephrasing, and
paying closer attention to context provided in the Al-generated scenarios. The Dean's observation
of one classroom demonstration offered a corroborating, non-participant perspective, noting the
quality of task design and the visible engagement of students during the roleplay activity.
Discussion

Rather than supporting the broad claim that Al improves intercultural communicative
competence, these findings support a more specific and defensible argument: teacher-mediated
use of generative Al can support the development of selected dimensions of intercultural
communicative competence by increasing the variety of communicative scenarios, linguistic input,
and opportunities for reflection available to students; however, Al-generated content requires
critical verification and pedagogical guidance to be pedagogically productive.
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This pattern maps onto Byram's (1997) and Deardorff's (2006) models in a specific way:
the dimensions that showed the clearest experimental-group advantage recognizing alternative
cultural interpretations, adjusting language to interlocutors, tolerating ambiguity correspond
closely to Byram's skills of interpreting and relating and Deardorff's emphasis on adaptability,
while more foundational attitudinal components appeared to develop similarly across both
groups. This suggests that Al-supported practice may be particularly well suited to developing the
more interactive, adaptive dimensions of ICC rather than functioning as a general-purpose
intervention across all of its components.

The finding that Al's pedagogical value depended on teacher mediation and student
verification also extends prior technology-and-ICC research. Where Taguchi (2023) and Sykes and
Dubreil (2019) examined largely fixed simulation and game-based environments, the present
study's generative Al tools were more flexible but also less predictable, introducing a verification
burden consistent with broader concerns raised in the critical Al literacy literature regarding
uncritical reliance on generative Al output (Aleman et al., 2025; Baran et al., 2026). Rather than
treating this verification requirement as a limitation to be engineered away, the findings suggest
it may itself function as a form of critical intercultural and Al literacy practice, worth deliberately
incorporating into future intervention designs.

Conclusion and Future Directions

This pilot quasi-experimental study offers early, classroom-based evidence that teacher-
mediated, generative-Al-supported roleplay practice can support selected dimensions of
intercultural communicative competence among EFL students in Kazakhstan, while underscoring
that Al-generated content requires active verification and pedagogical framing rather than
unmediated use. Future work should extend this pilot with a larger sample and formal statistical
comparison between conditions, examine which specific instructional practices most effectively
support students' critical evaluation of Al-generated intercultural content, and investigate how
these patterns generalize across other Central Asian higher education contexts.
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VHHOBALIMOHHbIE MOAXOAb! B
NOATOTOBKE YYUTENEM MY3bIKA B
YC/TIOBMSAX LIMDPOBM3ALIMM
OBPA30OBAHMA

EnemecoB XeHicbek AcbinKaHy bl

HAO «3anaaHo-KasaxcTtaHCcKM yHUBepcUTeT uMeHn M. YTemumncosa», GakynbTeT
KyNbTypbl M UCKYCCTBA, 06pa3oBaTe/ibHaA NpPorpamma No NoAroTOBKe yYMTeNnem My3blky,
r. Ypanbck, KasaxctaH

AHHOTauUuA

B cTaTbe paccmaTpuBalOTCA aKTyasbHble BOMPOCHI MOATOTOBKM OyaAyUMX y4yuTenen my3biku B
yCnoBuaAx unMdposmnsaumm obpasoBaHma. AHaIM3NPYIOTCA COBPEMEHHbIE TEHAEHLUMM MHTErpaLmm
MHOOPMALUMOHHO-KOMMYHMKALIMOHHbIX TEXHONOrU B My3blKa/IbHO-MeAarornyeckoe
obpasosaHue Pecnybankmn KasaxcraH. Ocoboe BHMUMaHMeE yaenaeTca MHHOBALMOHHbIM MeTO4aM
obyyeHuna, HanpaBieHHbIM Ha GOpmMpoBaHME MPOdGECCUOHASbHbIX KOMMNETEHLUMN CTYAEHTOB
My3blKa/ibHbIX CneumanbHocTen. Ha ocHoBe aHanM3a MNefarornMyeckoro onbiTa BblSABAAOTCA
spdeKkTMBHbIE MNoAxoAbl K  MOAepHWM3aumm obpasoBaTenbHoro npouecca. B pabote
0H60CHOBbIBAETCA HEOHXOAMMOCTb  BHeAPeHWMA  UMDPOBbLIX  MHCTPYMEHTOB B MPAKTUKY
My3blKa/ibHOrO 00pa3oBaHMA, 4YTO COOTBETCTBYET CTpPaTerMyeckMM 3aZayvyam  pPas3BUTMA
negarormyeckoro obpasoBaHmMA B KazaxcTaHe.

KnioueBble cnoBa: nefarornka MysblkM, UMdposmsauma obpa3oBaHMA, NOATOTOBKA yvuTenewn
MY3bIKM, WMHHOBALMOHHbIE MeToabl 06y4eHWs, My3blkanbHOe obpa3oBaHMe B KasaxcTaHe,
npodeccrMoHanbHble KOMNeTeHLMM, UMdPOBble TEXHONOTUN B 0OPa30BaHUN.

Beenerune
CoBpemMeHHas cucTeMa BbICWEro negarormyeckoro obpasosaHma B Pecnybamke KasaxctaH
nepeXknBaeT 3Tan aKTMBHOW MOJepHM3auuuK, 00yCcnoBAeHHOM rnobanbHbIMK MNpoLeccamm
umdpoBM3aUMM U M3MeHeHneM TpeboBaHWA K MNpPodeccroHasbHOW MOAroTOBKe MNeaaroros.
MoAroToBKa yuuTenei My3blkKM 3aHMMaeT ocoboe MecTo B CTPYKType neaarornyeckoro
obpasoBaHMA, NOCKOAbKY coyeTaeT B cebe Kak obueneparormyeckme, Tak u cneunduyeckune
XYZOXKECTBEHHO-UCNONHNTENbCKME KOMMOHEHTI.
B ycnosuAx CTpeMuUTeNbHOTO PasBUTUA MHOOPMALMOHHbBIX TEXHONOMMIA nepes My3blKa/lbHO-
negarormyeckumm dakynbteTamMm By30B KasaxcTaHa CTOMT 3aZaya NOArOTOBKM CMeLManncTos,
CNocobHbIX 3bDEKTUBHO MCNONb30BaTb ULUDPOBLIE WMHCTPYMEHTbI B  MPOdECcCMOHabHOM
neAtenbHocTM. Kak OTmevaeTcA B  WMCCNeAOBaHMAX KA3axCTAaHCKMX YYeHblX, WHTerpauma
MCKYCCTBEHHOrO MHTENNeKTa W  UMOPOBbLIX TEXHONOTMM B  My3blKanbHO-NeAarornyeckoe
0bpasoBaHMe OTKPbIBAET HOBbIE BO3MOXKHOCTM ANA NEPCOHAIM3MPOBAHHOIO 0by4YeHMA, Pa3BUTUA
TBOPYECKOro NoTeHuUMana CTyaeHToB U GopMMpoBaHns LMGPOBON KOMMNETEHTHOCTY .
Llenbto HacToAwero mccnefoBaHWa ABNAETCA aHa/IM3 COBPEMEHHbIX MOAXOAOB K MOAroTOBKE
yyntenem mysblkM B yCnoBMmax uUmMdpoBM3aLMmM 0bpa3oBaHMA W onpeaeneHune NnepcrneKkTUBHbLIX
HanpaB/ieHWA COBEPLUEHCTBOBAHMA 0Opa3oBaTeNbHOro npouecca Ha GaKynbTeTe KynbTypbl U
MCKyCCTBa 3anaaHo-Ka3axcTaHCKoro yHmBepcuteTa umeHn M. YTemumcosa.
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OCHOBHa#d YacTb

1. CoBpemeHHOe COCTOfIHME My3blKabHO-NeAarornyeckoro obpasosaHusa B KasaxcraHe
Cuctema NOAroTOBKM yunTenen Mysblikm B KazaxctaHe umeeT rnyboKme NcTopmyeckne Tpaamumm.
dopmmpoBaHMe M pa3BUTME My3blKaNbHO-NeAarormyeckoro obpasosaHMA B CTpaHe MNpoWwo
ONNTENbHBIA MYyTb, B XOAE KOTOPOro 6blinv BbipaboTaHbl 3GPEKTUBHbIE METOAMKN 0by4veHus,
CO34aHbl HaUMOHaNbHble NeAarornyeckme WKob .

B HacToAulee Bpems MOArOTOBKA y4YMTenel My3blKM OCYLLECTBAAETCA B pAAe BeAyllMX By30B
CTpaHbl, BKAto4as KaszaxCKMM HaUMOHANbHbIM MeaarorMyeckuii yHMBepcuTeT umeHu Abas,
Ka3axcKui HauMOHaNbHbIM YHUBEPCUTET UCKYCCTB, @ TAaKXKe pernoHaabHble YHUBEPCUTETLI, Cpeau
KOTOPbIX 3HAa4YMMOEe MeCTO 3aHMmaeT 3anagHo-KasaxCTaHCKMM yHUBepcUTeT uMeHn M.
YTemumcosa.

CoBpemeHHble TpeboBaHMA K MOArOTOBKE yuMTener My3blkM onpeaensatoTca HeobXOAMMOCTbIO
COYeTaHMA TPAAMUMOHHbLIX MNeaarorMyecknx noAxoAoB8 C MHHOBALMOHHBIMW  TEXHONOTMAMM
obyyeHMA. Kak MOKa3blBalOT MCCAeA0BaHWA, YCNEWHOCTb NPOpecCcMOoHaNbHON AeATeNbHOCTU
yYnTeNA MY3blKM BO MHOFOM 3aBUCUT OT €ro CcrnocobHOCTM WHTerpmMpoBaTb UMbpPOBbIE
MHCTPYMeHTbI B 06pa3oBaTe/IbHbIN npoLecc .

BaXKHbIM acCnekTOM ABNAETCA Pa3BUTME MHKAO3MBHOIO My3blKaibHOro 0b6pasoBaHmMA. M3meHeHKs,
npoucxoaawme 8 obpasosaTenbHoM cucteme KasaxcTaHa, NpeabaBAAOT HOBble TpeboBaHMA K
COBPEMEHHOMY Meaarory My3blKW, BK/AOYAA FOTOBHOCTb K paboTe C AeTbMu C 0CObObIMM
obpasoBaTeNibHbIMK NOTpebHOCTAMK . My3blKaibHOE BOCMWUTAHME LUKONbHUKOB B YCAOBUAX
WHKO3UN ABNAETCA YHUKANbHBIM CPeACTBOM GOPMUPOBAHMA 3HAYMMBbIX CTOPOH MbICIUTENbHOWM
NEeATeNbHOCTM WM TBOPYECKMX CMoCOOHOCTEN, pPa3BUTUA XYAOMKECTBEHHOTO OTHOLIEeHMA K
OKpYyXKatoLwemy mmpy.

2. UudpposusaLma Kak GpakTop TpaHCPopMaLmmM My3blKaibHOro 06pa3oBaHma

LUndposmzauma obpa3oBaHMA ABNAETCA NPUOPUTETHBIM HaMNpaBAeHWEM TOCYAapPCTBEHHOM
obpasoBaTenbHOM NoAUTUKKM Pecnybnmkm KasaxctaH. BHeapeHue uUMOPOBbLIX TEXHONOTMA B
npouecc MNOAroTOBKM OyAyLIMX y4YUTENEeNn My3blKM OTKPbIBAET LWMPOKME MNEePCneKTUBbl A4
NOBbIWEHMA KayecTBa 06pa3oBaHUA .

Cpean OCHOBHbIX HaMpPaBNEHWA MNPUMEHEHUA UMPPOBbLIX TEXHONOTMIA B  My3blKa/lbHOM
06pa3oBaHMM MOXKHO BblAENUTb:

e CO3/aHMe afanTMBHbIX 0byYatoWmMX NAAaTOOPM ANA MHAMBUAYANM3ALUMM 0OYyYeHUA;

e  1CNO/b30BaHME BMPTYaIbHbIX TPEHAXKEPOB A1 My3blKa/IbHOM NOArOTOBKMY;

e MPUMEHEHME UHTENNEKTYAIbHbIX CUCTEM OLEHKM YYEOHbBIX AOCTUNKEHWNN;

e NHTErpaums reHepaTMBHbIX My3blKasibHbIX MOAeNei B 06pa30oBaTe/IbHbIN NpoLEeCe;

e pa3paboTKa 3N1EKTPOHHbIX 06Pa30BaTE/IbHbBIX PECYPCOB MO AMCLUMNANMHAM My3bIKa/IbHOrO UMK/A.

cnonb3oBaHue MHOOPMALMOHHO-KOMMYHMKALIMOHHbIX TEXHONOTU cnocobcTByeT
nepcoHanmsaumMm obpas3oBaTeNbHOro npouecca, nosbilaeT 3QPEKTUBHOCTb MNPAKTUYECKON
NOArOTOBKM M pPa3BMBAET HaBblkM pPaboTbl C UMOPOBLIMM MHCTPYMEHTAMM, HeobXxoaMMble
COBPEMEHHOMY YYUTESHO MY3bIKM .
B TO e BpemAa uccnepoBaTenn 06pallatloT BHMMAHME Ha TEXHUYECKME, MeToAMYecKue W
3TUYECKMEe BOMPOCHI, TpebylollMe peleHna npu  MHTerpaumm  UMPpPoBbIX TEXHONOMMA B
My3blKa/IbHO-Neaarornyeckoe obpasoBaHme. BaxkHO COXpaHATb BanaHC MeX Ay MCNOb30BaHMEM
MHHOBAUMOHHbIX CPeacTB 0by4eHUs M TPaaMUMOHHBIMW METOAAMM My3blKa/lbHOTO BOCMMTAHUA,
OCHOBAHHbIMM Ha }KMBOM MCMONHNUTENBCKOM KOHTAKTE M 3MOLIMOHAIbHOM B3aMMOAENCTBUMN.
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3. NHHOBaLUMWOHHbIE MeToAb! O6y‘-IeHMﬂ B NOAroToBKe quTeneﬁ MY3bIKK

MoAroToBKa y4uTenen MysbikM TpebyeT NMpUMeHeHMA pPasHOoobpasHbiX MeToAoB 0byyeHus,
HanpasaeHHbIX Ha GOPMMPOBaHME KaK 0bLLEeNeaarormyeckmx, Tak 1 cneumanbHbiX My3blKasbHbIX
KomneTeHUMn. B asTom KOHTekcTe ocoboe 3HayeHme npuobpeTaeT  MCMNOJb30BaHME
WHHOBALMOHHbIX METOA0B, CMOCOOCTBYHIOLLMX PA3BUTMIO TBOPYECKOTO NOTEHLMANA CTYAEHTOB.
CoBpemeHHble MccneaoBaHWA B 061acTU My3blKasbHOM Neaarormkin KasaxctaHa noadepKmBatoT
BAXHOCTb MHTErpauum npomusBeAeHMI OTeYeCTBEHHbIX KOMMO3MTOPOB B y4ebHbIM npouecc .
icnonb3oBaHMe NPomn3BeaeHNIn COBPEMEHHbIX M HALLMOHAIbHbIX KOMMO3MTOPOB B My3blKa/IbHbIX
lwKonax cnocobcrTeyeT GOPMUPOBAHMIO Y CTYAEHTOB NMOHUMAHMA HALMOHANIbHOM MY3blKa/bHOM
TPAANUMMN B KOHTEKCTE MMPOBOIO My3blKa/IbHOrO MCKYCCTBaA.

Ha dakynbTeTe KynbTypbl M nckyccTBa 3KY mmeHn M. YTemuncoBa B pamkax obpa3oBaTesnbHOWM
Nporpammbl Mo NOArOTOBKE yYUTENEM MY3bIKM aKTUBHO BHEAPAOTCA MHHOBAUMOHHbIE METOAMKM,
BK/ItOYatOLLME:!

MpoekTHOe 0by4eHWe, Npeanonaratollee pa3paboTKy M peanmsaumo CTyaeHTamu cOBCTBEHHbIX
My3blKa/IbHO-NeAarormyeckmnx NPOEKTOB.;

NHTerpmpoBaHHble 3aHATUA, CoYEeTatoUME M3ydeHMEe TEOPETUYECKUX ANCUMMINH C MPAKTUYECKOM
MCNONHUTENBCKOM AEATENBHOCTbIO;

icnonb3oBaHMe WMHTEPAKTMBHbBIX MeToA0B OOy4YeHWA, BKIKOYAA OMCKYCCUMM, KPYrible CTO/bI,
MacTep-Kaacchl BeAyLINX NearoroB-My3blKaHTOB;

MpumeHeHWe uMdpPOBbIX 0OPA30BaTENbHbLIX PECYPCOB, BK/IKOYAA 3/NEKTPOHHbIE Y4ebOHUKM,
obyyatoLLme NporpaMmmbl U My3blKa/lbHble PeAaKTopbl;

OpraHu3aumo nefarormyeckon NPakTUKM C MCNONb30BAaHMEM COBPEMEHHbIX 0Opa3oBaTebHbIX
TEXHONOTUIA.

BasKHbIM HanpaBneHMeM ABNAETCA Pa3BUTME Y CTYAEHTOB HAaBbIKOB MCCNeA0BaTENbCKOM PaboThbl.
YyacTme B HayYHO-MPaKTUYECKUX KOHEepeHUMAX No3BoAAET DyayLLMM Neaaroram-my3blKaHTam
OCBaMBaTb COBPEMEHHYID METOAONOTNI0  HAy4YHOro Mo3HaHMA B 06/1acTM  WMCKycCTBa M
obpasoBaHus .

4. TpaKTU4eCcKuM oNnbIT NOArOTOBKK yuutenen mysbikm B 3KY nmenun M. Ytemucosa

3anaaHo-KasaxcTaHCcKMIM  yHMBepcuTeT umeHn M. YTemucoBa umeeT bHoratble Tpagnumm
NOArOTOBKM  Mefarormyeckmx  Kagapos. ®daKynbTeT  KyabTypbl W WCKYCCTBa  peanmsyeT
obpasoBaTesibHyt0 MPOrpamMmy Mno  MOAroTOBKE  y4yuUTeNel  My3blKM, COOTBETCTBYIOLLYHO
COBpPeMeHHbIM TPebOoBaHMAM M YUNTbIBAOLLYO PErMoHaibHble 0COBEHHOCTY.

B y4yebHOM npougecce aKTUBHO MCMONb3YHOTCA MEXANCUMNANHAPHbIE MOAXOAbl, NO3BOAAIOLIME
cTyaeHTam  dopmmpoBaTb  LENOCTHOe MnpeacTaBAeHWe O  My3blKaZlbHOM  KyabType W
negarormyeckon aeAatenbHoctM. Ocoboe BHWMMaHWE yAenAeTcaA NpPaKTUYEeCKOM MNOAroToBKe
OyAyLMX yunuTeNnen My3sblkK, BKAOYAKOWEN NeaarorMyeckyo NpakTMKy B WKOAAX U My3blKabHbIX
yypesRaeHuAx permoHxa.

OpraHun3auma y4ebHOro npoLecca CTPOUTCA C Y4eTOM COBPEMEHHbIX TpeboBaHNM K 0bopMaeHMIO
Hay4HbIX M y4yebHO-meToamuveckmx matepuanos. CTyaeHTbl OCBamMBAtOT HaBbIKM MOArOTOBKM
MeTOANYECKMX Pa3paboToK, HayyHbIXx CcTaTerm M y4yebHbix nocobuir, uTo cnocobcTByeT
bopMMpOBaHMIO NCCNEeN0BATENBCKOM KOMMNETEHUMN.

BaXHbIM 371eMeHTOM npodeccMoHaNbHOM MOArOTOBKM ABAAETCA y4vacTMe CTYAEHTOB U
npenosasatener B HayYHO-MPAKTUYECKUX KOHPEPEeHUMAX Pa3NMYHOro YPOBHA. TeMaThKa TaKkux
KOHbEepeHLMIM OXBaTbIBAET aKTya/lbHble BOMPOCHI My3blKaJlbHOM Neaarormkun, UCMONHUTENBCKOTO
MCKYCCTBA, KY/NbTYPONOTMN U UCKYCCTBOBEAEHWA . OTO MO3BOAAET OyAyWMM YUUTENAM MY3bIKK
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3HaKOMUTbCA C COBpeMeHHbIMK  TeHAeHUMAMKW  PaA3BUTUA N\y3bIKaﬂbHOl\/ll KyAbTypbl  ¥“
I'Ie,LI,aI'OI'l/ILIeCKOl\/'I HaYKW.

3akaouyeHune

MoAroToBKa yuymTenemn Mysbikn B yCa10BMAX LMdpoBM3aLMmM 0bpa3oBaHma TPebyeT KOMMNJIEKCHOTO
NOAX0Aa, YYUTHIBAIOWETO KaK COXpaHeHMe NyYlinx TPaamumin My3bikafibHOM Neaarormkun, Tak m
BHeApeHWe NMHHOBALMOHHbIX TEXHONOMMIA 0by4YeHmnA. Ha ocHOBe NpoBeAEHHOro aHaan3a MOXKHO
caenatb cneaytolime BbIBOAbI:

CoBpemeHHas cucTeMa MOArOTOBKM yuMTeNnei My3blkM B KasaxcTaHe aKTMBHO pa3BMBaeTcA B
HanpaBAEHUM UHTErPaALUMM LUMDPOBLIX TEXHONOTMIA, YTO COOTBETCTBYET CTPATEMMUYECKMM 3a43a4am
MoZepHM3aLmMm 0bpa3oBaHMA B CTpaHe.

SddeKkTnBHAA NoAroToBKa DYAYLIMX y4MTenein My3blki NpeanonaraeT codeTaHne TpaanLUMOHHbIX
METOAMK My3blKaZlbHOrO BOCMUTAHWMA C WMHHOBALMOHHBIMW TEXHONOTMYECKMMWN PELLEHUAMM,
BK/IO4AA afanTuBHble obyyatolme nnaTGopMbl, BUPTYaNbHble TPEHAXKEPDLI U MHTENNEKTya lbHble
CUCTEMbI OLLEHKM.

Ha dakynbreTe KynbTypbl M uckycctBa 3KY mmenn M. YTemucosa cosgaHa obpasoBaTenbHas
cpefa, cnocobeTsytollan GOpMUPOBaHMIO NPOGECCMOHANBHBIX KOMNETEHLMI ByayLLMX yunTenen
My3blKM  4Yepe3 WCMNO/Ab30BaHME MNPOEKTHOro OOYyYEeHWA, WHTErPUPOBAHHbLIX 3aHATUIA U
MHTEPAKTUBHbIX METO/I0B.

[anbHelwee coBepLIEHCTBOBAHME MOArOTOBKM yuuTenel mysblki TpebyeT pa3BUTUA Hay4HO-
nccnefoBaTeNbCKOW  [eATeNbHOCTM CTYAEHTOB W NpenogaBaTesniell, aKTMBHOrO y4yacTua B
KoHbepeHUMAX M NyOAMKALUMOHHOM aKTUBHOCTW, YTO CNOCOOCTBYET MHTerpauum B MMPOBOE
Hay4HO-0bpa30BaTeNlbHOE NPOCTPAHCTBO.

MepcnekTUBHbIMW  HaMpPaBAEHUAMM  AaNbHENWINX  WUCCNeAOoBaHUIM  ABNAOTCA  pa3paboTKa
METOANYECKMX PEKOMeHAAUMM No 3PPEeKTUBHOMY MCNONAb30BAHWUIO LMPPOBbLIX TEXHONOTMN B
My3blKa/lbHOM 06pa3oBaHWMK, CO3JaHME SNEKTPOHHbIX 0Opa3oBaTe/IbHbIX PECcypcoB Mo
cneumanbHbiM AUCUMNAMHAM, @ TaKKe M3yYeHMe BO3MOMKHOCTEN MCKYCCTBEHHOIO MHTENNEKTA B
nepcoHanm3aunm obyveHns mysbike.
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Fransiz dilinda ingilis dili mansali sdzlarin
islanmasi va onlarin leksik-semantik
xususiyyatlori

Rafiyeva Xuraman oli qizi
Bas musallim, Azarbaycan Doévlat Pedaqoji Universitetinin Saki filiali, Orcid 0000-0001-
9887-4619

Acar sozlor: fransiz dili, ingilis mansali sdzlar, alinma sozlar, leksik-semantik xisusiyyatlar, dil
alagaleri, globallasma, dil siyasati, neologizmlar, anglisizmlar, leksikologiya.

Girig :

Muasir dovrda dillararasi garsiligh tasir globallasma, informasiya texnologiyalarinin siratli inkisafi
va beynalxalg Unsiyyatin genislanmasi naticasinda daha da intensiv xarakter almisdir. Xisusila
ingilis dilinin beynalxalg Unsiyyat vasitasina ¢evrilmasi onun digar dillarin leksik sistemina tasirini
ahamiyyatli daracads artirmisdir. Bu tasirdan an ¢cox pay alan dillardan biri da zangin tarixi va adabi
ananalara malik olan fransiz dilidir. Fransiz dili uzun middat beynalxalg diplomatiya, elm va
madaniyyat dili kimi movgeyini gqoruyub saxlasa da, XX asrin ikinci yarisindan baslayaraq ingilis
dilinin tasiri naticasinda onun leksik tarkibinda shamiyyatli dayisikliklar bas vermisdir. ingilis dili
mansali sozlarin fransiz dilina daxil olmasi mixtalif ictimai, siyasi voa madani amillarla baghdir.
informasiya-kommunikasiya texnologiyalarinin inkisafi, igtisadi minasibatlarin
beynalmilallasmasi, sosial sabakalarin genis yayllmasi va beynalxalg marketing faaliyyati ingilis
mansali sOzlarin istifadasini stratlondirmisdir. Bu sézlar, asasan, komputer texnologiyalari, biznes,
idman, moda, musiqgi va reklam sahalarinda daha intensiv sakilda isladilir. Fransiz dilinda ingilis dili
mansali sdzlara minasibat birmanali olmamisdir. Bir tarafdan, bu sozlar dilin zanginlasmasina va
yeni anlayislarin ifadasina xidmat edir, digar tarafdan isa dilin milli xtUsusiyyatlarinin gorunmasi
baximindan miayyan narahathqglar dogurur. Fransada dilin safliginin gorunmasi istigamatinda
gabul olunmus ganunvericilik aktlari va dovlst qurumlarinin faaliyyati bu masalanin aktualligini bir
daha tasdiq edir. Magalanin magsadi fransiz dilinda islanan ingilis dili mansali sézlarin yaranma
sabablarini, onlarin leksik-semantik xsusiyyatlarini, funksional imkanlarini ve miasir fransiz dilinin
inkisafindaki rolunu miayyanlasdirmakdan ibaratdir.

Fransiz dilinda ingilis dili mangali s6zlarin yaranma sabablari dillarin garsiligl tasiri onlarin
inkisafinin tabii naticalarindan biridir. Fransiz dilina daxil olan ingilis mansali sozlarin aksariyyati
ictimai inkisafin talabatindan irali galir. MUasir dovrds yeni texnologiyalarin meydana ¢ixmasi bir
cox anlayislarin ilk dafs ingilis dilinda formalasmasina sabab olmusdur. Naticada hamin terminlar
basqga dillara, o ciimladan fransiz dilina da kecmisdir. ingilis mansali sézlarin fransiz dilina daxil
olmasinin asas sabablari asagidakilardir: - globallasma prosesinin sdratlanmasi; - informasiya
texnologiyalarinin inkisafi; - beynalxalg igtisadi minasibatlarin genislanmasi; - sosial media va
katlavi informasiya vasitalarinin tasiri; - ganclarin dilinde beynalxalg ifadslardan istifadanin
artmasi; - reklam va marketing sahasinda ingilis terminlarinin Gstlnlik taskil etmasi. Fransiz dilinda
islonan "internet", "marketing", "email", "week-end", "software", "business", "podcast",

"streaming", "manager" kimi sdzlar artiq glindalik istifadada genis yayillmisdir. Bu sdzlarin bir gismi
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muayyan fonetik va morfoloji dayisikliklara maruz galsa da, aksariyyati orijinal formasini goruyub
saxlamisdir.

ingilis mansali sdzlarin leksik xsusiyyatlari  fransiz dilinds islanan ingilis mansali
sozlar muxtalif leksik xUsusiyyatlara malikdir. Onlarin aksariyysti terminoloji xarakter daslyir va
muayyan sahalar Gzrs islanir.

Leksik baximdan bu sdzlari bir nega grupa bdélmak mimkinddr:
1. Tam sakilda manimsanilan sozlar;
2. Fonetik dayisikliklara ugrayan sozlar;
3. Semantik dayisikliklara maruz galan sézlar;
4. Hibrid sozlar;
5. Qusaldilmis ainmalar.

Tam sakilde manimsanilan sozlara "week-end", "marketing", "podcast”, "chat",

"parking" kimi nimunalar daxildir. Bu sozlar fransiz dilinin leksik sisteminda sabitlasmis va genis
istifade sahasi gazanmisdir. Fonetik uygunlasmaya maruz qalan sézlar isa fransiz dilinin fonetik
xUsusiyyatlarina uygun sakilda talaffliz edilir. Masalan, "football" s6zU fransiz dilinde "futbol"
manasinda islanir va talaffliz baximindan miayyan dayisikliklara ugrayir. Bazi sézlar isa semantik
dayisikliklara maruz galir. Bela sézlardan biri "parking" sézidir. ingilis dilinds bu sdz asasan "park
etma prosesi" manasini ifads etdiyi halda, fransiz dilinds "avtodayanacag" manasinda islanir. Bu
isa semantik transformasiyanin maragli nimunalarindan hesab olunur. ### ingilis mansali sdzlarin
semantik xUsusiyyatlari Semantik baximdan alinma sézlarin istifadasi dilin inkisafinda mihim rol
oynayir. Fransiz dilinda islenan ingilis mansali sozlerin semantik xUsusiyyatleri asagidaki
istigamatlardas 6zlnU gostarir :
- mana genislanmasi;
- mana daralmasi;
- metaforik istifads;
- terminoloji funksiyanin gliclanmasi; - sinonim munasibatlarin yaranmasi.
Masalan, "coach" s6zU ingilis dilinds muxtalif manalarda isladildiyi halda, fransiz dilinde ham
idman masqgcisi, ham da pesakar maslahatci manalarinda istifada olunur. "Leader" s6zU da siyasi,
igtisadi va sosial sahalarda genis semantik imkanlara malikdir. Digar maragli nimunalardan biri
"relooking" s6zUdUr. Bu s6z fransiz dilinda xarici goérintsin dayisdirilmasi manasinda islanir va
moda sahasinda genis istifada edilir. Halbuki hamin séz ingilis dilinds eyni semantik mazmunda
genis yayllmamisdir. Bels hallarda alinma sdzlarin yeni semantik xUsusiyystlar gazanmasi
musahida olunur. Bazan isa fransiz dilinds movcud olan garsiliglarin olmasina baxmayarag, ingilis
mansali sdzler daha genis istifada edilir. Masalan, "courriel" termini "email" sézindn fransiz
garsihgr kimi taklif edilsa da, glindalik Gnsiyyatda "email" sdzUnin istifadasi Gstlnlik taskil edir.
Fransiz dilinin gorunmasi siyasati va anglisizmlar Fransiz dilinda ingilis mansali s6zlarin haddindan
artig islenmasi dil siyasati baximindan mihim problemlardan biri hesab olunur. Fransada dilin
gorunmasl magsadile muxtalif dovlet qurumlari faaliyyat gbstarir va yeni terminlarin fransiz
garsiliglart hazirlanir. Dil siyasatinin asas magsadlari asagidakilardir: - fransiz dilinin beynalxalg
movgeyinin gorunmasi; - alinma sozlarin istifadasinin tanzimlanmasi; - yeni terminlarin fransiz
dilinin daxili imkanlari hesabina yaradilmasi; - resmi sanadlarda fransiz terminlarinin istifadasinin
tamin edilmasi. Bu istigamatda hazirlanmis terminlar arasinda "logiciel" (software), "ordinateur"
(computer), "courriel" (email) va digar s6zlar xUsusi yer tutur. Maraghdir ki, bazi terminlar ugurla
manimsanilmis, digarlari isa genis istifada imkanlari alds eda bilmamisdir. Muasir fransiz dilinda
dil siyasati ile glndalik dil praktikasi arasinda muayyan farglar moévcuddur. Xisusila ganclarin
nitginda va sosial media platformalarinda ingilis mansali sdzlarin istifadasi daha intensiv xarakter
dasiyir. ingilis mansali sdzlarin funksional xususiyyatlari Fransiz dilinda ingilis mansali sdzlar
mixtalif funksiyalari yerina yetirir.
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Onlarin asas funksiyalari asagidakilardir :
- nominativ funksiya;
- kommunikativ funksiya;
- ekspressiv funksiya;
- terminoloji funksiya;
- Uslubi funksiya.
Nominativ funksiya yeni anlayislarin adlandiriimasi ila baglidir. Masalan, texnologiya sahasinda
yaranan yeni terminlarin aksariyyati ilkin olaraq ingilis dilinde meydana galir ve daha sonra basga
dillars kegir.

Fransiz dilinda ingilis dili mansali sdzlarin manimsanilmasi takca semantik dayisikliklarla
mahdudlasmir. Bu proses morfoloji saviyyada da 6zUnU godstarir. Alinma sozlar fransiz dilinin
grammatik ganunlarina uygunlasdirilarag yeni sézlarin yaranmasinda istirak edir. Bels sozlar
isim, sifat va hatta feil formasinda islanarak dilin aktiv leksik fonduna daxil olur.

Masalan, "scanner" s6zi ham isim, ham da fel kimi ("scanner un document") isladilir. Eyni
zamanda "liker", "poster", "twitter", "bloguer" kimi sézlar fransiz dilinda fel sakilcilari gabul
edarak grammatik baximdan fransiz dilinin normalarina uygunlasdiriimisdir. Bu cir uygunlasma
alinma sozlarin dil sistemina ugurlu inteqgrasiyasinin gostaricisidir.
Morfoloji baximdan anglisizmlari asagidaki gruplara bélmak olar:

e sada alinma sozlar (week-end, manager, podcast);

e toroma sozlar (blogueur, influenceur, twittos);

e hibrid sozlar (e-marketing, cyberattaque va s.);

e fransiz sakilcilari gabul etmis sozlar (liker, coacher, scanner).
Muasir fransiz dilinda xUsusila "-er" sakilgisi vasitasila fel yaradiciligi genis yayilmisdir. Bu, alinma
sozlarin dilin daxili inkisaf ganunlarina uygun sakilde manimsanilmasinin gdstaricisidir. Dilcilik
baximindan bels proseslar leksik adaptasiya ve morfoloji integrasiya kimi xarakteriza olunur.

ingilis mansali sézlarin fransiz dilinda islanmasi onlarin sintaktik xisusiyyatlarinda da

muayyan dayisikliklar yaratmisdir. Bela sdzlar cimlada muxtalif sintaktik funksiyalar yerina
yetirarak mibtada, tamamliq, xabar va tayin vazifasinda ¢ixis eda bilir.
Masalan:

e Le manager organise la réunion.

e Nous avons téléchargé un podcast intéressant.
Ce logiciel est tres pratique.
Il faut scanner ce document immeédiatement.

Bu nimunalar gdstarir ki, alinma soézlar artiq fransiz dilinin sintaktik sisteminda sarbast
sakilda islanmak imkanina malikdir. Bazi hallarda isa ingilis dilinin tasiri naticasinde miayyan
sintaktik konstruksiyalarin istifadasi de misahida olunur.

Mdasir reklam matnlarinda va sosial media diskursunda "best seller", "low cost", "live
streaming", "smart working" kimi birlasmalar genis yayilmisdir. Bu sdz birlasmalarinin aksariyyati
fransiz dilinda tarciima edilmadan isladilir ki, bu da onlarin beynalxalg xarakter dasimasi ila
alagadardir.

Muasir fransiz mediasinda ingilis mansali sdzlarin islanmasi xiisusils diggati calb edir. internet
portallari, reklam materiallari va sosial sabakalar alinma sozlarin yayilmasinda mihidm rol
oynayir. Ganclarin dilinda "selfie", "hashtag", "follower", "story", "
"post" va "challenge" kimi sdzlar genis sakilds istifada olunur.
Sosial media platformalarinin beynalxalg xarakter dasimasi alinma sozlarin daha slratla
yayllmasina sabab olmusdur. Fransiz dilinda bu sozlarin aksariyyati tarcima edilmadan isladilir
va glndalik nitgin tarkib hissasina cevrilir. Bu xlsusiyyat xtsusila ganclarin nitginds 6zUni daha
gabariqg gostarir.

streaming", "live", "podcast",



«Academics and Science Reviews Materials» (August 20-21, 2026). Helsinki, Finland I

Bazi dilgilar bu prosesi dilin tabii inkisafi kimi giymatlandirsalar ds, digarlari bunu fransiz dilinin
milli xGsusiyyatlari Gglin mlayyan tahliks hesab edirlar. Bu baximdan dil siyasati ila dilin tabii
inkisafi arasinda tarazligin gorunmasi xtsusi shamiyyat kasb edir.
Fransiz dilinda islanan ingilis mansali sozlari istifadasina gbra asagidaki gruplara ayirmaq
mumkandar:
Texnologiya sahasinds islanan sozlar:

e software;

e podcast;

e streaming;

e smartphone;

e scanner.

2. lgtisadiyyat va biznes sahasinda:

e manager;

e marketing;

e business;

e leader;

e sponsor.

3. idman terminologiyasinda:
e football;

e coach;

e match;

e challenge;
e champion.
4. Moda ve reklam sahasinda:

e look;
e fashion;
e design;

e relooking;
e top model.
5. Sosial media terminologiyasinda:

e post;
e hashtag;
o selfie;
o follower;
e story.

Bu tasnifat gdstarir ki, ingilis dili mansali sozlarin istifadasi mlasir fransiz dilinin demak olar ki,
buttn funksional Uslublarini shats edir.

ingilis dili mansali sozlarin fransiz dilinds islanmasi yalniz alinma prosesi kimi deyil,
ham da dilin inkisaf mexanizmlarindan biri kimi giymatlandirilmalidir. Yeni texnologiyalar va
ictimai munasibatlar yeni terminlarin yaranmasini zaruri edir. Fransiz dili de bu prosesdan
kenarda galmir.
Bir sira terminlarin fransiz garsiliglari yaradilmasina baxmayarag, onlarin praktik istifadasi hamisa
ugurlu olmur. Bunun asas sabablarindan biri beynalxalg kommunikasiya proseslarinds vahid
terminologiyanin dstlnltk taskil etmasidir. XUsusila elm va texnologiya sahasinda ingilis
terminlarinin istifadasi daha genis yayilmisdir.
Bununla yanasi, fransiz dilinin zangin s6z yaradicihgl imkanlari yeni anlayislarin milli terminologiya
vasitasila ifadasina da sarait yaradir. Bu isa dilin 6zinamaxsus xisusiyyatlarinin gorunmasina
xidmat edir. Miasir dovrda asas magsad alinma sozlarin istifadasini gadagan etmak deyil, onlarin
magsadauygun va normativ istifadasini tamin etmakdan ibaratdir.
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Belalikla, ingilis mansali sozlarin fransiz dilinda islanmasi ham dilcilik, ham da sosial-lingvistik
baximdan mihim tadgiqgat istigamatlarindan biri hesab olunur. Onlarin leksik, semantik,
morfoloji va sintaktik xUsusiyyatlarinin éyranilmasi muasir fransiz dilinin inkisaf meyillarinin
muayyanlasdirilmasi baximindan xtsusi shamiyyat dasiyir.

Kommunikativ funksiya isa beynalxalg Unsiyyat prosesinde vahid terminologiyanin
formalasmasina xidmat edir. Bu xUsusiyyat xUsusila elm, igtisadiyyat va informasiya texnologiyalari
sahasinda 6zUnU daha gabariq gostarir. Ekspressiv funksiya reklam va marketing dilinda daha ¢ox
misahids edilir. ingilis mansali sozlarin istifadasi muiayysn hallarda muasirlik, prestij va
beynalmilallik tasiri yaratmaga xidmat edir.

Tadgigatlar gostarir ki, mlasir dévrda ingilis dilinin fransiz dilina tasiri davam etmakdadir.
XUsusila sUni intellekt, regemsal texnologiyalar va sosial media ile bagh terminlarin boytk
aksariyyati avvalca ingilis dilinds formalasir. Bununla yanasi, fransiz dilinin zengin s6z yaradiciligl
imkanlari yeni anlayislarin milli terminologiya asasinda ifadasina da sarait yaradir. Dil siyasatinin
uguru yalniz ganunvericilik mexanizmlarindan deyil, ham da hamin terminlarin camiyyat
tarafindan gabul olunmasindan asilidir. MUasir yanasmalar gdstarir ki, alinma sézlarin tamamils
garsisinin alinmasi mimkdn olmadigr kimi, onlarin geyri-mahdud istifadasi de magsadauygun
hesab edilmir. 9sas maqgsad dilin tabii inkisafi il onun milli xisusiyyatlarinin gorunmasi arasinda
tarazligin tamin edilmasidir.

Natico

Fransiz dilinda ingilis dili mansali sdzlarin islanmasi miasir dilcilikds aktual problemlardan biri
hesab olunur. Qloballasma va beynalxalg Unsiyyat proseslari bu sozlerin istifadasini daha da
genislandirmisdir. ingilis mansali sdzlar fransiz dilinin leksik sistemini zanginlasdirsa da, onlarin
haddindan artiq istifadasi milli dil xGsusiyyatlarinin gorunmasi masalasini da giindeama gatirmisdir.
Arasdirmalar gostarir ki, bu sozlar mixtalif leksik va semantik dayisikliklara maruz galaraq fransiz
dilinin daxili ganunauygunluglarina uygunlasir. Onlarin bir gismi terminoloji xarakter dasiyir, digar
gismiisa glndalik Unsiyyat vasitasina cevrilmisdir. Mlasir fransiz dilinda alinma sézlarin funksional
imkanlarinin genislanmasi dilin dinamik inkisafinin gostaricilarindan biridir. Belalikla, ingilis dili
mansali sozlarin fransiz dilinda isleanmasi yalniz leksik zanginlasma prosesi deyil, ham da dil
siyasati, semantik inkisaf ve beynalxalg dil muinasibatlarinin  mihim tarkib hissasi kimi
giymatlandirilmalidir.
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Abstract. This article examines the role of public spaces in promoting sustainable
development in small settlements under arid and semi-arid climatic conditions. Small settlements
are understood as small towns, rural settlements, and transitional rural-urban territories. These
types of settlements are considered together because they face similar analytical challenges:
limited social and recreational infrastructure, the need for multifunctional public spaces, the high
importance of local social ties, and restricted resources for the maintenance and operation of public
areas. Public space is understood not only as an element of environmental improvement, but also
as social-spatial infrastructure that connects the physical environment, everyday practices, natural
processes, local identity, and governance mechanisms. Based on a thematic analysis of academic
literature, five factors of public space sustainability are identified: social accessibility, functional
viability, environmental and climate adaptability, cultural identity, and management sustainability.
Particular attention is given to the relationship between thermal comfort and the social use of
public space. The article argues that in arid climates, heat and insufficient shade may restrict
outdoor stays, reduce the intensity of space use, and weaken social interaction. The proposed
model is universal in character but can be adapted to specific regions, including Kazakhstan.

Keywords: public space, sustainable development, small settlements, arid climate, semi-
arid climate, social sustainability, climate adaptability, local identity, public participation.

Sustainable development of settlements requires the coordination of social,
environmental, economic, and spatial interests. Academic research commonly associates
sustainability with the rational use of resources, environmental quality, social equity, and the
ability of territories to adapt to change. However, sustainability is shaped not only by major
engineering and transport infrastructure. Everyday places where residents communicate, rest,
participate in public life, and interact with the natural environment also play an important role.

Public spaces include squares, parks, waterfronts, streets, courtyards, community gardens,
school grounds, cultural centres, and other areas connected with social infrastructure. In small
settlements, these spaces often perform several functions simultaneously. They serve as places
for recreation, communication, celebrations, local trade, cultural activities, and everyday
movement.

The importance of public spaces is reflected in Sustainable Development Goal 11.7, which
calls for universal access to safe, inclusive, green, and accessible public spaces, especially for
women, children, older persons, and persons with disabilities [1]. At the same time, the existence
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of a landscaped area does not automatically make it sustainable. A space may have an attractive
appearance but remain underused, inaccessible, or too hot for regular use.

This article focuses on small towns, rural settlements, and transitional rural-urban
territories located in arid and semi-arid climatic conditions. These settlement types are united by
several characteristics. They often have a limited number of social and recreational facilities,
require the multifunctional use of public spaces, depend strongly on local social networks and
cultural resources, and have restricted possibilities for the long-term maintenance of public areas.
At the same time, these settlements are not identical. Therefore, the proposed model should be
adapted to the particular social, spatial, cultural, and climatic context of each territory.

The arid climate increases the importance of public spaces. High temperatures, intense
solar radiation, water scarcity, and thermal stress directly affect the possibility of staying outdoors.
Research on hot and dry climates shows that shading, spatial configuration, vegetation, wind
direction, and surface properties significantly influence pedestrian thermal comfort [2].

The aim of this article is to identify the role of public spaces in the sustainable development
of small settlements under arid and semi-arid climatic conditions.

The object of the study is public spaces in small towns, rural settlements, and transitional
rural-urban territories located in arid and semi-arid climates.

The subject of the study is the factors and characteristics that determine the sustainability
of public spaces, including social accessibility, functional viability, environmental and climate
adaptability, cultural identity, and management mechanismes.

The working hypothesis is that the sustainability of public space is determined not by
individual landscaping characteristics, but by the interaction of five groups of factors: social
accessibility, functional viability, environmental and climate adaptability, cultural identity, and
management sustainability.

The methodological basis of the article is a thematic analysis of academic publications
concerning public spaces in different types of small settlements and different regions of the world.
The analysis includes research on urban, rural, and transitional rural-urban territories that
addresses social sustainability, climate adaptation, green infrastructure, local identity, and public
participation. The study is not intended to be a statistical meta-analysis. Its purpose is to identify
recurring concepts and mechanisms and to use them to construct a theoretical model applicable
to different settlement contexts.

The methodology included four analytical stages. First, the scope of the study was defined
by identifying three types of settlements and two relevant climatic conditions, namely arid and
semi-arid environments. Second, the selected publications were examined according to their
research focus, type of settlement, geographical context, methods, and key findings. Third,
thematic coding was used to identify repeated characteristics of public spaces. The coding unit
was a statement describing a spatial quality, a social or environmental mechanism, a use pattern,
or a governance condition. Fourth, the initial codes were grouped into broader analytical
categories through comparison across studies.

The first group of codes included accessibility, safety, inclusiveness, and the possibility of
interaction. These codes were combined into the category of social accessibility. The second group
included diversity of activities, intensity of use, flexibility, and seasonality. These characteristics
were combined into functional viability. The third group included shading, thermal comfort,
vegetation, water management, and adaptation to heat. These codes formed the category of
environmental and climate adaptability. The fourth group included place memory, heritage, local
materials, and attachment to place. These characteristics were grouped under cultural identity.
The fifth group included public participation, maintenance, financing, and responsibility for
management. These elements were combined into management sustainability.
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The five factors were therefore not selected arbitrarily. They were obtained through the
grouping of recurring characteristics that appeared across studies of different settlement types
and regions. The model also distinguishes between characteristics that are often combined in
existing research. For example, social accessibility describes who can use the space, functional
viability describes how intensively and diversely it is used, and management sustainability
describes whether the space can retain its qualities over time.

The main contribution of the article is the development of an integrated model that
connects public space quality with the specific conditions of small settlements and arid climates.
Existing approaches often focus on only one dimension of the problem. Some studies evaluate
design quality through accessibility, safety, inclusiveness, and spatial organisation [3]. Other
studies examine public spaces through social sustainability and community interaction [4].
Reviews of green spaces focus primarily on environmental and recreational values [5].

The proposed model differs from these approaches in four ways. First, it is designed for
comparison across small towns, rural settlements, and transitional rural-urban territories rather
than for large cities alone. Second, it treats climate adaptability as a central factor of social use,
not only as an environmental performance indicator. Third, it identifies cultural identity and
management sustainability as independent dimensions alongside design and ecological
characteristics. Fourth, it connects the five factors through a common mechanism in which spatial
quality influences the possibility of staying outdoors, the intensity of use, social interaction, and
the long-term resilience of the settlement.

Public space can be defined as a social-spatial system in which the physical environment,
residents, local communities, natural processes, and governance mechanisms interact. This
definition makes it possible to understand a square, park, or waterfront not only as a physical
object, but also as a place where social ties, cultural practices, and environmental behaviour are
formed.

Studies of public space quality show that sustainability depends not only on architectural
form. The connection with the surrounding built environment, pedestrian accessibility, the
diversity of users, the availability of different activities, and public participation are also important
[1].

For small settlements, public spaces perform several specific functions. First, they
compensate for the limited number of specialised social and recreational facilities. Second, they
make it possible to combine different activities within one territory. Third, they support local social
networks and cultural identity, which may be particularly important for small communities.

Public space in a small settlement should therefore be considered multifunctional
infrastructure that combines social, environmental, and cultural processes. Under arid climatic
conditions, climate adaptability becomes an additional essential function.

Social accessibility is the basic condition of sustainability. Public space should be suitable
for children, young people, adults, older persons, and people with disabilities. This requires
convenient routes, lighting, places for rest, safe surfaces, and the absence of physical barriers.

A systematic review of studies on social cohesion shows that accessibility, mixed land use,
street furniture, perceived safety, and place attachment may influence the intensity of social
interaction [6]. This means that public space should be assessed not only according to its physical
availability, but also according to the quality of the social relationships it enables.

Functional viability refers to the ability of public space to support different activities at
different times of day and in different seasons. Multifunctionality is particularly important in small
settlements. One square or park may be used for recreation, sports, fairs, cultural events,
children’s games, and everyday movement.

A study of public spaces in traditional settlements found that their attractiveness was
related to the availability of facilities, the possibility of holding different activities, and public
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accessibility [4]. The functional viability of a public space can therefore be assessed through the
variety of activities, the diversity of users, the intensity of use, and the ability of the space to
operate under different seasonal conditions.

In arid and semi-arid climates, environmental and climate adaptability becomes a
fundamental condition for the use of public space. High temperatures and intense solar radiation
may limit the time people can spend outdoors. Insufficient shade and thermal discomfort reduce
pedestrian activity and the intensity of space use.

This produces the following relationship: heat leads to thermal discomfort, thermal
discomfort reduces the duration of outdoor stays, reduced duration of stays lowers the intensity
of space use, and lower intensity of use weakens the social function of public space.

Climate adaptability is therefore both an environmental and a social characteristic. Key
climate-sensitive design measures include the use of trees and canopies to create shade, the
formation of shaded pedestrian routes, the installation of wind-protection elements, the selection
of drought-resistant vegetation, the reduction of water consumption, the use of permeable
surfaces, and the creation of local evaporative cooling zones where water use is carefully
controlled.

Research on hot arid climates identifies air temperature, wind speed, mean radiant
temperature, and physiological equivalent temperature as important parameters of outdoor
thermal comfort [7]. A review of heat-mitigation strategies highlights the importance of shading,
vegetation, urban geometry, surface materials, and water elements [8].

Cultural identity connects public space with a particular settlement. A historic square,
riverbank, old garden, cultural centre, or traditional route can function as a form of collective
memory. Research on traditional settlements shows that the preservation of the physical
landscape contributes to a sense of belonging, social ties, and cultural sustainability [9].

For small settlements, it is important to avoid universal design solutions that erase local
characteristics. Planning should take into account the natural landscape, local materials, the
history of the territory, traditional activities, symbolic places, and seasonal celebrations. Research
comparing rural and urban communities also indicates that rural residents may develop stronger
affective and evaluative forms of place identity, which makes the cultural dimension especially
important in rural settings [10].

Management sustainability determines whether public space will retain its functions after
redevelopment has been completed. It includes regular maintenance, repairs, financing, event
organisation, and the ability to adjust the space in response to changing public needs.

Public participation should not be limited to discussing a completed project. It should
include the identification of problems, joint design, participation in implementation, and
subsequent evaluation of the space. A study of sustainable rural community development in China
shows that residents’ participation in mapping, design, construction, and management improved
the physical environment and strengthened social relations [11].

In arid settlements, public participation can also contribute local knowledge about climate.
Residents can identify areas where shade remains during the hottest hours, the direction of
prevailing winds, places where water accumulates after rainfall, and the most comfortable
pedestrian routes. Such knowledge can complement technical calculations and help avoid the
formal application of universal solutions.

Landscaping and public space redevelopment can have not only positive but also
contradictory consequences. One risk is the unequal distribution of high-quality public spaces.
Central areas may receive more investment, while peripheral and remote parts of a settlement
remain without accessible and comfortable environments.

Another risk is commercialisation. If a public space is used primarily for advertising, trade,
or paid events, its openness and accessibility may gradually decline.
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Particular attention should be paid to green gentrification. The creation of a park or the
redevelopment of a waterfront can improve environmental quality, but it may also increase land,
housing, and service costs. As a result, low-income residents may be displaced from an area that
originally required environmental improvement [12].

Research in European and North American cities also demonstrates that the development
of green infrastructure may be associated with subsequent gentrification processes in some urban
contexts [13]. Therefore, environmental redevelopment should be combined with social
protection, the preservation of affordable housing, and the meaningful participation of local
residents. Public space sustainability requires not only environmental improvement, but also the
fair distribution of its benefits.

Public space can be a significant element of sustainable development in small towns, rural
settlements, and transitional rural-urban territories under arid and semi-arid climatic conditions.
Its role extends beyond landscaping and the visual improvement of an area.

The proposed model is based on five dimensions: social accessibility, functional viability,
environmental and climate adaptability, cultural identity, and management sustainability. These
dimensions are interconnected. For example, a space that is not adapted to the climate may
become too hot for long stays, which reduces its functional attractiveness and weakens social
interaction.

Multifunctionality, local identity, public participation, and the ability to operate with
limited resources are particularly important for small settlements. In arid territories, these
conditions are complemented by shading, thermal comfort, water conservation, drought-resistant
vegetation, and adaptation to seasonal climatic pressures.

The proposed model is universal in character, but it does not imply the use of identical
solutions in all territories. The set of indicators and their priorities should be adapted to the
specific climatic, social, cultural, and spatial context. The model can be used to analyse public
spaces in small towns and rural settlements in Kazakhstan, where thermal comfort, efficient water
use, vegetation, and the seasonality of outdoor activities are especially important.

The contribution of the article lies in connecting these factors within one analytical
framework. The model shows that public space sustainability is not the result of landscaping alone.
It emerges from the interaction of social accessibility, functional use, climate adaptation, local
identity, and long-term governance.

Sustainable public space should therefore be understood as the result of interaction
between the physical environment, natural processes, the local community, and the governance
system. It should be accessible, multifunctional, climate-adaptive, culturally meaningful, and
capable of preserving its public functions over the long term.
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Abstract

Receptor tyrosine kinases (RTKs) constitute one of the most important classes of cell-surface
enzymes governing proliferation, migration, survival and metabolism in multicellular organisms.
Aberrant signalling through these receptors is now recognised as a unifying molecular feature of
cancer, fibrosis, metabolic disorders and chronic inflammation. Over the last three decades small-
molecule kinase inhibitors and monoclonal antibodies directed at RTKs have become cornerstone
agents of modern precision medicine. The present review summarises the biology of the major
RTK families, the molecular mechanism of action of clinically important inhibitors, the structural
basis of inhibitor binding, and the spectrum of diseases in which these drugs are deployed. Special
emphasis is placed on the molecular pharmacology of imatinib, gefitinib, erlotinib, osimertinib,
lapatinib, neratinib, trastuzumab, bevacizumab, sunitinib, sorafenib, crizotinib, ceritinib, alectinib,
brigatinib, capmatinib, selpercatinib, pralsetinib, larotrectinib, entrectinib, erdafitinib,
pemigatinib, ruxolitinib, tofacitinib, nintedanib and vemurafenib. Approximately 8,600 words are
distributed across twenty sections, each of roughly 430 words, following the structure described
below.

Key Concepts at a Glance

» Receptor tyrosine kinases (RTKs) are single-pass transmembrane receptors; aberrant RTK
signalling drives cancer, fibrosis, metabolic and inflammatory disease.

* Inhibitor classes: type | (ATP-competitive, active conformation), type Il (DFG-out), type llI/IV
(allosteric) and covalent irreversible inhibitors.
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e Clinically established small-molecule RTK inhibitors include imatinib, gefitinib, erlotinib,
osimertinib, lapatinib, crizotinib, alectinib, brigatinib, capmatinib, selpercatinib, pralsetinib,
larotrectinib, entrectinib, erdafitinib, pemigatinib, ruxolitinib, tofacitinib, nintedanib and
vemurafenib.

e Monoclonal antibody and antibody—drug conjugate approaches: trastuzumab, pertuzumab
and ado-trastuzumab emtansine/trastuzumab deruxtecan (HER2), and bevacizumab (VEGF-A).
e Resistance to RTK inhibitors arises through gatekeeper (EGFR T790M, ABL T315l), solvent-
front (ALK G1202R, TRKA G595R, RET G810R) and bypass (MET amplification, KRAS/BRAF
mutations) mechanisms, motivating next-generation and combination strategies.

1. Introduction to Receptor Tyrosine Kinases

Receptor tyrosine kinases are single-pass transmembrane glycoproteins possessing an
extracellular ligand-binding domain, a short transmembrane helix and an intracellular tyrosine
kinase domain that catalyses the transfer of the gamma-phosphate of ATP to tyrosine residues on
substrate proteins (Zwick et al., 2001). Approximately 58 RTKs are encoded in the human genome
and they are grouped into 20 subfamilies based on the architecture of the extracellular region, the
sequence of the kinase domain and the identity of the preferred cognate ligand (Ebrahimi et al.,
2023). The ErbB family, the VEGFR family, the PDGFR family, the FGFR family, the insulin receptor
family, the MET family, the TRK family, the RET family, the ALK/ROS1 family and the KIT receptor
are the most extensively pharmacologically exploited to date (Montor et al., 2018).

Activation of every RTK follows a common conceptual framework: ligand binding induces receptor
dimerisation or a conformational rearrangement of a pre-formed dimer, the intracellular kinase
domains then adopt an asymmetric or symmetric active conformation, trans-autophosphorylation
of tyrosines in the activation loop and the C-terminal tail creates docking sites for Src-homology-
2 (SH2) and phosphotyrosine-binding (PTB) domains, and downstream adaptor and effector
proteins propagate the signal through the principal cascades RAS-RAF-MAPK, PI3K-AKT-mTOR,
phospholipase-C-gamma (PLCgamma) and, in some families, JAK-STAT (Metibemu et al., 2019).
Because each step in this cascade is drug-tractable, an unusually large chemical space has been
mapped onto a relatively small number of protein targets. Although early work on RTKs focused
almost exclusively on oncology, the same receptors contribute to pathological angiogenesis in age-
related macular degeneration, to fibroblast activation in idiopathic pulmonary fibrosis, and to
inflammatory cytokine amplification in rheumatoid arthritis and myeloproliferative neoplasms
(Wollin et al., 2015). The pharmacology of RTK inhibition thus provides a unifying conceptual and
mechanistic vocabulary for several medical subspecialties.



«Academics and Science Reviews Materials» (August 20-21, 2026). Helsinki, Finland

LIGAND

( RAS-RAF-MAPK | (PI3K-AKT-mTOR| [ PLCy |

NUCLEUS
gene expression

Figure 1. Canonical receptor tyrosine kinase (RTK) signalling cascade. Ligand binding induces
receptor dimerisation and trans-autophosphorylation of the intracellular kinase domains; the
activated receptor engages the RAS-RAF-MAPK, PI3K-AKT-mTOR and PLCy pathways, which
converge on nuclear gene expression.

2. Classification and Overall Architecture of RTKs

RTKs share a tripartite structure consisting of an extracellular region responsible for ligand
recognition, a juxtamembrane region often containing regulatory serine or tyrosine
phosphorylation sites, an intracellular tyrosine kinase domain of approximately 250 to 300
residues, and a flexible C-terminal tail that contains multiple autophosphorylation sites (Zwick et
al., 2001). The kinase domain can be subdivided into a small N-lobe that binds ATP, a large C-lobe
that binds the substrate peptide, and an activation loop whose conformation usually dictates
whether the enzyme is in an active or inactive state (Vlahovic and Crawford, 2003). Within the
kinase domain, a conserved lysine in the beta-3 strand coordinates the alpha- and beta-
phosphates of ATP, a Glu-Ala-Pro | motif straddles the hinge and forms hydrogen bonds to the
adenine ring of ATP, and an Asp-Phe-Gly (DFG) motif at the N-terminus of the activation loop
adopts either an in or out orientation depending on whether the aspartate side chain points into
or away from the ATP-binding pocket. These structural features lie at the heart of how small-
molecule inhibitors are classified (Roskoski, 2007). Type | inhibitors bind the active conformation
in which the DFG motif is in and the activation loop is open (DFG-in/active), type Il inhibitors bind
the inactive DFG-out conformation, type Il inhibitors are non-ATP competitive and bind an
allosteric site adjacent to the ATP pocket, and type IV inhibitors bind a remote allosteric site.

The ErbB family, sometimes referred to as the HER family, comprises four members
(EGFR/HER1/ErbB1, HER2/ErbB2, HER3/ErbB3 and HER4/ErbB4) and is the prototypical RTK family
in which receptor heterodimerisation expands biological signalling beyond what any homodimer
would produce (Hsu and Hung, 2016). The VEGFR family contains VEGFR-1 (Flt-1), VEGFR-2
(KDR/Flk-1) and VEGFR-3 (FIt-4), which mediate endothelial cell proliferation, migration and
vascular permeability in response to VEGF-A, -B, -C, -D and placental growth factor (Patel et al.,
2023). The PDGFR family contains PDGFRalpha, PDGFRbeta and the related KIT receptor that
drives mast cell and melanocyte biology (Heinrich et al., 2003). The FGFR family comprises FGFR1,
FGFR2, FGFR3 and FGFR4, all of which undergo alternative splicing of the third immunoglobulin-
like domain to determine ligand specificity (Saborowski and Lehmann, 2020). The insulin receptor
family includes IR-A, IR-B and IGF-1R together with hybrid receptors formed between IR and IGF-
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1R hemireceptors (Belfiore et al., 2009). MET, RON, AXL, MER, TYRO3 and the TRK receptors (TRKA,
TRKB, TRKC) form additional subfamilies of therapeutic relevance (Liang and Wang, 2020) (Fig 2).

Structural Classification of Small-Molecule Kinase Inhibitors
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Figure 2. Structural classification of small-molecule kinase inhibitors.

Schematic representation of the kinase catalytic domain illustrating the major inhibitor binding
modes. Type | inhibitors bind the active kinase conformation (DFG-in), whereas Type Il inhibitors
recognize the inactive conformation (DFG-out). Type Il inhibitors occupy an allosteric pocket
adjacent to the ATP-binding site, while Type IV inhibitors bind a more distant allosteric region.
Covalent inhibitors form an irreversible bond with a reactive cysteine residue near the ATP pocket.
Key structural elements including the N-lobe, C-lobe, hinge region, aC helix, activation loop, DFG
motif, and ATP pocket are indicated for orientation.

3. EGFR Signalling and Pharmacology

The epidermal growth factor receptor is a 170 kDa protein consisting of a 622 amino acid
extracellular region, a single transmembrane helix and an intracellular kinase domain. Ligands of
the EGF family, including EGF itself, transforming growth factor alpha, amphiregulin, betacellulin,
epigen, epiregulin and heparin-binding EGF, bind the extracellular region and induce homo- or
heterodimerisation with another ErbB receptor (Hsu and Hung, 2016). Upon dimerisation, the
intracellular kinase domains adopt an asymmetric dimer configuration in which the C-lobe of one
kinase domain allosterically activates the N-lobe of its partner by inducing the alpha-C helix into
an in position. This asymmetric dimer model, established for EGFR by X-ray crystallography,
explains why EGFR mutants with intact dimerisation interfaces remain sensitive to ATP-
competitive inhibitors (Li et al., 2023).

Approximately 10 to 15% of Caucasian patients and up to 50% of Asian patients with non-small
cell lung cancer (NSCLC) harbour activating EGFR mutations, most commonly the exon 19 deletion
(del19) or the exon 21 L858R point mutation (Li et al., 2023). First-generation reversible ATP-
competitive inhibitors gefitinib and erlotinib were the first drugs to demonstrate that molecularly
selected populations of NSCLC patients have superior outcomes when treated with a small-
molecule kinase inhibitor compared with chemotherapy. Both drugs occupy the ATP-binding
pocket through hydrogen bonds with the hinge Met793 residue and a hydrophobic interaction
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with the gatekeeper Thr790 (Du et al., 2021). Almost all patients eventually relapse through the
emergence of a secondary gatekeeper mutation, T790M, in which a bulky methionine side chain
sterically clashes with the anilinoquinazoline scaffold of the first-generation inhibitors (Li et al.,
2023). Second-generation inhibitors, including afatinib and dacomitinib, were designed as
irreversible inhibitors that carry a Michael acceptor warhead able to alkylate Cys797 at the lip of
the ATP pocket, providing partial activity against T790M but losing potency against the wild-type
receptor and producing clinically significant skin rash and diarrhoea. Osimertinib, a third-
generation pyrimidine-based covalent inhibitor, was purposefully engineered to fit the T790M-
mutated pocket while sparing wild-type EGFR, and this molecular selectivity translates into
improved central nervous system penetration and a superior safety profile (Du et al., 2021). The
most frequent resistance mutation to osimertinib is the cis-C797S disruption of the covalent bond
with Cys797, which is being addressed by fourth-generation EGFR inhibitors in clinical
development (Yang et al., 2018). EGFR amplification also defines a small fraction of glioblastoma,
and second-generation EGFR inhibitors have been investigated in this disease with limited single-
agent efficacy.

4. HER2 Pharmacology and Breast Cancer

HER2 is an orphan receptor: it has no known soluble ligand and signals through heterodimerisation
with ligand-bound EGFR, HER3 or HER4 (Gajria and Chandarlapaty, 2011). Approximately 15 to
20% of breast cancers are driven by amplification of the HER2 gene on chromosome 17q12, and
HER2-amplified tumours are more aggressive but also sensitive to HER2-directed therapy.
Trastuzumab, a humanised IgG1 monoclonal antibody directed at the extracellular domain IV of
HER2, was the first targeted therapy in solid tumours and the prototype of a successful antibody-
drug strategy. Its mechanism of action is multi-modal and includes inhibition of homo- and
heterodimerisation, antibody-dependent cellular cytotoxicity (ADCC) through Fc-gamma-Rlll
engagement on natural killer cells, inhibition of HER2 ectodomain shedding, and induction of
internalisation and degradation (Hsu and Hung, 2016). Pertuzumab binds a different epitope
(extracellular domain II) and sterically blocks heterodimerisation with HER3, providing
complementary benefit when combined with trastuzumab (Roy and Perez, 2009). Ado-
trastuzumab emtansine (T-DM1) and trastuzumab deruxtecan (T-DXd) couple the antibody
backbone to cytotoxic payloads (DM1 and a topoisomerase | inhibitor, respectively) and achieve
objective responses in HER2-low tumours that are not eligible for single-agent trastuzumab.
Small-molecule HER2 tyrosine kinase inhibitors occupy the ATP-binding pocket of HER2 and, in
some cases, also EGFR. Lapatinib is a reversible type | inhibitor of EGFR and HER2, neratinib is an
irreversible pan-ErbB inhibitor that alkylates the conserved Cys residue of each receptor, and
tucatinib is a HER2-selective reversible inhibitor that achieves high central nervous system
penetration (Le Du et al., 2021). These small-molecule agents are approved for combinations with
capecitabine, with trastuzumab, or as extended adjuvant therapy after trastuzumab. Resistance
to HER2-directed therapy emerges through p95-HER2 expression (a constitutively active truncated
form lacking the antibody epitope), through HER2 kinase domain mutations such as L755S, and
through compensatory signalling from FGFR, MET or IGF-1R (Gajria and Chandarlapaty, 2011).
HER2 kinase domain mutations are particularly common in HER2-mutant, non-amplified NSCLC, in
which tucatinib and pyrotinib have demonstrated clinical activity.

5. VEGF and VEGFR in Angiogenesis and Disease

VEGFR-2, also known as kinase insert domain receptor (KDR) or fetal liver kinase (Flk-1), is the
dominant signalling receptor for VEGF-A, the principal pro-angiogenic ligand in solid tumours and
in choroidal neovascularisation (Gotink and Verheul, 2010). VEGFR-2 contains seven extracellular
immunoglobulin-like domains, of which domains 2 and 3 are responsible for ligand binding, and a
split intracellular kinase domain that is unusual among RTKs because it is interrupted by a kinase
insert of approximately 70 residues. VEGF-A binding induces dimerisation and trans-
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autophosphorylation of tyrosines 951, 996, 1054, 1059, 1175 and 1214; phospho-Tyr1175 serves
as the docking site for phospholipase-C-gamma, phospho-Tyr951 for T-cell-specific adaptor
(TSAd), and phospho-Tyr1214 for NCK adaptor proteins (Patel et al., 2023). Bevacizumab, the first
anti-angiogenic monoclonal antibody approved in oncology, binds VEGF-A with high affinity and
prevents its interaction with VEGFR-1 and VEGFR-2, depriving endothelial cells of their principal
survival signal (Roskoski, 2007). Bevacizumab is approved in combination with chemotherapy for
metastatic colorectal cancer, non-squamous NSCLC, glioblastoma, renal cell carcinoma, ovarian
and cervical cancer. Ranibizumab and aflibercept are derived anti-VEGF agents used in
ophthalmology to treat neovascular (wet) age-related macular degeneration, macular oedema
following retinal vein occlusion and diabetic macular oedema.

Small-molecule VEGFR inhibitors include sunitinib (which inhibits VEGFR-1, VEGFR-2, VEGFR-3,
PDGFR, KIT, FLT3, RET and CSF1R), sorafenib (VEGFR-2, PDGFR, RAF, KIT, FLT3), pazopanib (VEGFR-
1, -2, -3, PDGFR, KIT), axitinib (VEGFR-1, -2, -3), regorafenib (VEGFR-1, -2, -3, PDGFR, KIT, RET,
BRAF), lenvatinib (VEGFR-1, -2, -3, FGFR, PDGFR, RET) and tivozanib (VEGFR-1, -2, -3) (Gotink and
Verheul, 2010). These agents are used in renal cell carcinoma, hepatocellular carcinoma,
gastrointestinal stromal tumours, thyroid cancer and several other malignancies. The combination
of anti-VEGF therapy with immune checkpoint blockade has emerged as a powerful strategy that
normalises tumour vasculature and facilitates T-cell infiltration (Prager et al., 2012). Resistance to
VEGF inhibition arises through upregulation of alternative angiogenic factors such as angiopoietin-
2, FGF, PDGF, and through recruitment of myeloid-derived suppressor cells.

6. BCR-ABL and Imatinib in Chronic Myeloid Leukaemia

The BCR-ABL fusion oncogene is generated by the t(9;22)(g34;g11) translocation, producing the
Philadelphia chromosome (Ren, 2005). The resulting fusion protein combines the oligomerisation
domain of BCR with the tyrosine kinase domain of ABL1, causing constitutive activation through
forced tetramerisation. BCR-ABL phosphorylates a wide set of substrates including CRKL, CBL,
p130CAS, STAT5, and the SFKs, leading to clonal expansion of myeloid progenitors (Marcucci et
al., 2003). Before the kinase-inhibitor era CML was treated with busulfan, hydroxyurea, interferon-
alpha and allogeneic stem-cell transplantation; the introduction of imatinib in 2001 transformed
a fatal disease into a chronic, manageable condition. Imatinib (formerly STI571) was discovered in
the laboratory of Brian Druker and Alexander Matter through rational optimisation of a
phenylaminopyrimidine starting point (Weisberg et al., 2007). The drug binds the ATP-binding cleft
of ABL in an inactive conformation in which the activation loop is closed and the bound
conformation resembles type Il inhibition despite the absence of a DFG-out pharmacophore.
Critical binding interactions include six hydrogen bonds between the drug and the hinge Met318,
an aliphatic contact with the gatekeeper Thr315, and a polar interaction with Glu286 in the alpha-
C helix (Weisberg et al., 2007). BCR-ABL cannot phosphorylate its substrates while the kinase is
locked in this inactive conformation. Imatinib was the first drug rationally designed against a
constitutively active kinase and the prototype for the entire modern era of targeted cancer
therapy (Van Etten, 2004).

Approximately 50% of patients fail imatinib through resistance mechanisms that map onto five
categories: BCR-ABL kinase domain mutations, BCR-ABL gene amplification, overexpression of
drug-efflux pumps such as P-glycoprotein, activation of BCR-ABL-independent survival pathways
such as SRC family kinases, and persistence of quiescent leukaemic stem cells that do not rely on
BCR-ABL for survival (llimer et al., 2004). The most clinically important resistance mutation is the
gatekeeper T315l, which abolishes a critical hydrogen bond between imatinib and Thr315 and
sterically blocks the drug. Second-generation inhibitors dasatinib, nilotinib, bosutinib and
ponatinib were developed to address these limitations; ponatinib is the only clinically available
inhibitor that retains potency against T315I through a triple-bond linkage in its alkyne-containing
scaffold (Quintas-Cardama et al., 2009).
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7. KIT, PDGFR and Connective Tissue / Myeloid Disorders

KIT (CD117) is the type Ill RTK that drives mast cell development, melanocyte migration and
interstitial cells of Cajal in the gut. Gain-of-function mutations in KIT are found in approximately
80% of gastrointestinal stromal tumours (GISTs), in systemic mastocytosis and in core-binding-
factor acute myeloid leukaemia (Heinrich et al., 2003). The most common KIT mutation in GIST is
an in-frame deletion in exon 11 that disrupts the autoinhibitory juxtamembrane region; a second
hotspot in exon 9 produces an extracellular missense alteration, while in mastocytosis the D816V
mutation in the activation loop renders KIT constitutively active and resistant to imatinib (Heinrich
et al.,, 2006). Imatinib is active in KIT-driven GIST but secondary mutations in the ATP-binding
pocket or the activation loop account for acquired resistance in roughly half of patients within two
years (Serrano et al., 2019). Second-line sunitinib and third-line regorafenib inhibit both KIT and
VEGFR and address common secondary mutations, while fourth-line ripretinib inhibits a broad
spectrum of KIT mutations including D816V (Bauer et al., 2007). Avapritinib is approved specifically
for D816V-mutant systemic mastocytosis and for PDGFRA D842V-driven GISTs.

The PDGFRA D842V mutation produces a particularly imatinib-resistant receptor and represents
the molecular hallmark of a subset of inflammatory myofibroblastic tumours and of 5 to 10% of
GISTs (Joensuu et al., 2017). PDGFRB is similarly targeted by imatinib in a rare clonal eosinophilic
disorder with the FIP1L1-PDGFRA fusion, which is highly imatinib-sensitive, and in
dermatofibrosarcoma protuberans where the COL1A1-PDGFB t(17;22) translocation drives
autocrine PDGFR signalling (Lopes and Bacchi, 2010). The mechanistic lesson of these diseases is
that imatinib's narrow spectrum reflects the precise geometry of the activation-loop pocket;
precise mutation mapping is required to predict response.

8. ALK and ROS1 in Non-Small Cell Lung Cancer

Anaplastic lymphoma kinase (ALK) is a 1,620-amino-acid type | RTK containing an extracellular
ligand-binding region, a transmembrane region and an intracellular kinase domain; under
physiological conditions it is expressed primarily in the developing nervous system. Chromosomal
inversion inv(2)(p21;p23) fuses the N-terminal portion of echinoderm microtubule-associated
protein-like 4 (EML4) with the ALK kinase domain, producing a constitutively active EML4-ALK
fusion in approximately 3 to 7% of NSCLC (Addeo et al., 2018). ROS1 is a phylogenetically related
orphan RTK and CD74-R0OS1, SDC4-ROS1 and other fusions occur in approximately 1 to 2% of
NSCLC.

Crizotinib, originally developed as a MET inhibitor, was found to inhibit ALK (IC50 of approximately
24 nM) and ROS1 by virtue of conserved ATP-pocket geometry. Crizotinib occupies the ATP-
binding cleft through two hydrogen bonds to the hinge Met and hydrophobic interactions with
the gatekeeper Leu (Testa et al., 2024). The PROFILE 1014 trial established crizotinib as first-line
therapy for ALK-positive NSCLC, and a parallel study extended activity to ROS1-positive disease.
Resistance to crizotinib emerges through secondary ALK mutations such as L1196M (gatekeeper),
G1269A (hinge), C1156Y (alpha-C), F1174L (activation loop) and G1202R (solvent front) (Beardslee
and Lawson, 2018). Second-generation ALK inhibitors ceritinib, alectinib and brigatinib were
designed for improved CNS penetration and broader coverage of crizotinib-resistant mutations;
alectinib and brigatinib are now preferred first-line agents in many guidelines. Lorlatinib is a third-
generation macrocyclic ALK/ROS1 inhibitor engineered to remain potent against the recalcitrant
G1202R solvent-front mutation (Ma et al., 2021). Entrectinib is a multi-kinase TRKA/B/C, ROS1 and
ALK inhibitor used as a first-line therapy for ROS1 and as a histology-agnostic therapy for NTRK
fusion-positive cancers (Liu et al., 2018).

9. MET and HGF/MET Axis

The MET proto-oncogene encodes a heterodimeric receptor composed of a 50 kDa extracellular
alpha-chain disulfide-bonded to a 145 kDa transmembrane beta-chain. The ligand hepatocyte
growth factor (HGF) is secreted as an inactive single chain that is cleaved into a two-chain active
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form by extracellular serine proteases (Liang and Wang, 2020). HGF binding induces MET
dimerisation and phosphorylation of tyrosines 1234 and 1235 in the activation loop, tyrosines
1349 and 1356 in the C-terminal multifunctional docking site that recruits the adaptor GRB2, the
ubiquitin ligase CBL, and the kinases SRC and PLCgamma. MET amplification occurs in
approximately 3 to 5% of NSCLC as a primary oncogenic driver and in up to 20% of EGFR-TKI-
resistant NSCLC as an acquired bypass mechanism.

Crizotinib was the first clinically deployed MET inhibitor (Baltschukat et al., 2019). Capmatinib is a
highly selective type Ib MET inhibitor that binds the inactive ATP pocket in a manner analogous to
type Il inhibitors and is approximately 30-fold more potent than crizotinib. Tepotinib and
savolitinib are additional type Ib MET inhibitors. All these compounds were designed to treat MET
exon 14 skipping mutations, which produce a truncated receptor that lacks the ubiquitin-mediated
degradation signal encoded by exon 14, leading to receptor stabilisation and prolonged signalling
(Recondo et al., 2020). Type la MET inhibitors (crizotinib) interact with the solvent-front G1163
residue, while type Ib inhibitors (capmatinib, tepotinib) avoid this position and retain potency
against the most common exon 14 skipping alterations (Santarpia et al., 2021).

10. FGFR in Cholangiocarcinoma and Other Malignancies

Fibroblast growth factor receptors 1-4 dimerise upon binding of FGF ligands, with alternative
splicing of the third immunoglobulin-like domain (lllb or llic) providing tissue-specific ligand
preferences (Saborowski and Lehmann, 2020). FGFR2 fusions, most commonly FGFR2-BICC1,
FGFR2-PPHLN1 and FGFR2-MGEAS, are found in 10 to 16% of intrahepatic cholangiocarcinomas.
Activating point mutations in FGFR2 (e.g. N549H, K659E) and FGFR3 (e.g. R248C, S249C, G372C,
K652E) drive bladder cancer, endometrial cancer and some lung squamous carcinomas. FGFR1
amplification is a recognised oncogenic event in approximately 7% of squamous lung cancers.
Pemigatinib, infigratinib and futibatinib are FGFR-selective reversible ATP-competitive inhibitors
that target FGFR1-3 with reduced activity against FGFR4 (Neureiter et al., 2023). Pemigatinib was
the first FGFR inhibitor to gain regulatory approval, specifically for previously treated,
unresectable, locally advanced or metastatic cholangiocarcinoma with FGFR2 fusion or
rearrangement. Erdafitinib gained accelerated approval for FGFR-altered urothelial carcinoma.
The major resistance mechanism to ATP-competitive FGFR inhibitors is the emergence of
secondary kinase domain mutations in the gatekeeper (V564F in FGFR2, V555M in FGFR3) or in
the molecular brake (N549), as well as the gatekeeper plus N549 compound mutations that abolish
drug binding (Kawashima et al., 2025). Futibatinib, an irreversible inhibitor that covalently modifies
a conserved cysteine near the ATP pocket, retains activity against many of these resistance
mutations (Erul et al., 2026).

11. NTRK Fusions and TRK Inhibitors

The TRK family comprises TRKA (encoded by NTRK1), TRKB (NTRK2) and TRKC (NTRK3), which are
activated by neurotrophin ligands (NGF, BDNF/NT-4, NT-3 respectively). Across diverse tumour
types, gene fusions involving the 3' kinase domain of an NTRK gene and a 5' partner gene produce
chimeric receptors that are constitutively dimerised and signal through RAS-MAPK, PI3K-AKT and
PLCgamma (Harada et al., 2021). Examples include ETV6-NTRK3 in secretory breast carcinoma and
infantile fibrosarcoma, TPM3-NTRK1 in colorectal cancer and LMNA-NTRK1 in lung
adenocarcinoma. Although each individual NTRK fusion is rare, collectively they are found in
approximately 0.3% of all solid tumours.

Larotrectinib is a highly selective pan-TRK inhibitor with nanomolar activity against TRKA, TRKB
and TRKC; its compact structure was designed to fit the ATP pocket of TRKC even in the presence
of the gatekeeper mutation F589L (Laetsch and Hong, 2021). Larotrectinib gained the first
histology-agnostic approval by the FDA in 2018 for any solid tumour with an NTRK fusion.
Entrectinib is a multi-kinase inhibitor of TRKA/B/C, ROS1 and ALK with better CNS penetration than
larotrectinib due to distinct physicochemical properties (Federman and McDermott, 2019). Both
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drugs deliver objective response rates of approximately 50 to 75% in TRK fusion-positive cancers.
On-target resistance emerges through solvent-front mutations (e.g. G595R in TRKA, G623R in
TRKC), gatekeeper mutations (F589L in TRKA, F617L in TRKC) or activation-loop mutations that
distort the drug-binding pocket. Second-generation TRK inhibitors selitrectinib and repotrectinib
were designed with macrocyclic or compact scaffolds to retain potency against these resistance
variants (Harada and Drilon, 2022).

12. RET and Medullary Thyroid Cancer

RET is a 1,114-amino-acid RTK containing a cadherin-like extracellular domain, a cysteine-rich
region, a transmembrane helix and an intracellular kinase domain. Germline gain-of-function RET
mutations cause multiple endocrine neoplasia type 2A and 2B and familial medullary thyroid
carcinoma, while somatic RET fusions (KIF5B-RET, CCDC6-RET) occur in 1 to 2% of NSCLC and
somatic RET point mutations (most commonly M918T) drive approximately 50% of sporadic
medullary thyroid carcinomas (Thein et al., 2021). Vandetanib and cabozantinib were the first
multi-kinase inhibitors approved for medullary thyroid cancer; both engage the RET ATP pocket
but their activity against other kinases (VEGFR, EGFR) produces substantial off-target toxicity.
Selpercatinib and pralsetinib are highly selective RET inhibitors developed through structure-
based design of a constrained macrocyclic framework that wraps around the kinase and avoids
the gatekeeper methionine (Hamidi et al., 2025). Selpercatinib was approved in 2020 for RET-
altered medullary thyroid cancer and RET fusion-positive NSCLC; pralsetinib followed shortly
afterwards. Both drugs produce objective response rates of approximately 70% in treatment-naive
RET-mutant medullary thyroid carcinoma and over 60% in previously treated disease. Solvent-
front mutations such as G810R/S/C/A in RET emerge as on-target resistance mechanisms that are
addressed by next-generation RET inhibitors in clinical development (Angelousi et al., 2022; Zhang
et al.,, 2024). RET is also a relevant target in the paediatric context: children with RET-mutant
medullary thyroid cancer, multiple endocrine neoplasia type 2B or TRKC fusion-positive infantile
fibrosarcoma can benefit from selective RET inhibition. The development of selective RET
inhibitors illustrates the iterative nature of kinase inhibitor design and the value of ATP-pocket
structures obtained by crystallography or cryo-electron microscopy.

13. JAK-STAT Pathway and Inflammatory Disease

Janus kinases (JAK1, JAK2, JAK3, TYK2) are non-receptor tyrosine kinases that are constitutively
bound to cytokine receptors lacking intrinsic kinase activity, including those for interferons,
interleukins and colony-stimulating factors (Banerjee et al., 2017). When a cytokine binds, the
receptor subunits undergo a conformational change that brings two JAKs into proximity, allows
trans-phosphorylation and activation, and enables phosphorylation of STAT transcription factors.
Phosphorylated STATs dimerise, translocate to the nucleus and drive expression of target genes.
JAK2 is mutated in approximately 50 to 60% of polycythaemia vera and 30% of essential
thrombocythaemia, most commonly as a V617F point mutation in the pseudokinase domain that
produces constitutive kinase activity.

Ruxolitinib is an ATP-competitive JAK1/JAK2 inhibitor that produces rapid and durable reductions
in splenomegaly and constitutional symptoms in myelofibrosis and reduces phlebotomy
requirements in hydroxyurea-resistant polycythaemia vera (Aittomaki and Pesu, 2014). Baricitinib,
fedratinib, pacritinib and momelotinib are additional JAK2 inhibitors. Tofacitinib is a JAK1/JAK3
inhibitor used in rheumatoid arthritis, psoriatic arthritis, ulcerative colitis, ankylosing spondylitis
and polyarticular juvenile idiopathic arthritis, where it reduces synovial JAK-STAT signalling and
downstream cytokine production (Boyle et al., 2015). Filgotinib, upadacitinib and baricitinib are
JAK1-selective inhibitors that aim to retain anti-inflammatory potency while limiting the anaemia
associated with JAK2 inhibition. JAK inhibition modulates over 50 cytokines simultaneously, and
consequently the safety profile includes anaemia, neutropenia, lymphopenia, hyperlipidaemia,
infections (including herpes zoster reactivation) and thrombosis (Malemud, 2018). Topical
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ruxolitinib is approved for atopic dermatitis and vitiligo, illustrating that RTK-pathway inhibition is
relevant beyond oncology. TYK2-selective inhibitors such as deucravacitinib exploit the
pseudokinase domain of TYK2 to achieve allosteric inhibition while sparing JAK1/2/3 and offering
an improved safety profile in psoriasis and psoriatic arthritis (Ciobanu et al., 2020).

14. Insulin Receptor, IGF-1R and Metabolic Disease

The insulin receptor (IR) is encoded by a single gene (INSR) but alternative splicing of exon 11
produces two isoforms: IR-A, which is predominantly expressed in fetal tissues, the brain and many
cancer cells, and IR-B, which is the predominant isoform in the liver, muscle and adipose tissue
and is responsible for the metabolic effects of insulin (Belfiore et al., 2009). IR-B signals through
IRS1/2 into the PI3K-AKT-mTOR axis to control glucose uptake via GLUT4 translocation. IGF-1R is
highly homologous to IR and signals through the same axis; hybrid IR/IGF-1R receptors composed
of an IR hemireceptor and an IGF-1R hemireceptor are commonly found in many tissues (Pollak,
2012).

In Type 2 diabetes the molecular pathology of insulin resistance involves serine phosphorylation
of IRS-1 by stress-activated kinases (JNK, IKK, mTOR), reducing its ability to propagate insulin
signalling. SGLT2 inhibitors, GLP-1 receptor agonists and DPP-4 inhibitors act through metabolic
pathways rather than RTKs. However, a number of IGF-1R/IR inhibitors have been developed for
oncology and have illuminated the central role of this receptor family in cancer cell survival (Singh
et al., 2014). Figitumumab, an IGF-1R monoclonal antibody, and linsitinib, a small-molecule IGF-
1R/IR inhibitor, were evaluated in NSCLC and Ewing sarcoma; both programmes ultimately failed
to demonstrate survival benefit, although they did confirm that IGF-1R inhibition produces
hyperglycaemia as the most prominent on-target adverse event (Ekyalongo and Yee, 2017).
Mechanistically, the failure of IGF-1R blockade in solid tumours is illustrative: cancer cells readily
amplify IR-A, which binds IGF-2 with high affinity, providing a bypass mechanism that sustains
PI3K-AKT signalling (Pollak, 2012).

15. RAF and MEK Inhibitors in BRAF-Driven Melanoma

Although RAF kinases (ARAF, BRAF, CRAF/RAF1) are technically cytoplasmic serine-threonine
kinases rather than RTKs, they are obligate downstream effectors of RTK signalling and are
included here because their pharmacology is intimately tied to RTK activity (Menzies et al., 2012).
Approximately 50% of cutaneous melanomas carry a BRAF V600OE mutation in which a glutamic
acid substitutes for the wild-type valine at position 600 in the activation loop. This mutation
produces a constitutively active kinase that signals through MEK1/2 to ERK1/2 and drives cell
proliferation. Vemurafenib was the first selective BRAF V600E inhibitor, designed to fit the active
conformation of the mutant kinase and approved in 2011 on the basis of overall survival benefit
over dacarbazine in metastatic melanoma (Kugel and Aplin, 2014).

Dabrafenib is a related selective BRAF V600 inhibitor with a different scaffold; both drugs occupy
the ATP-binding pocket of the active kinase and produce a paradoxical activity in BRAF wild-type
contexts (reactivation of MAPK signalling in cells with upstream RAS activation) (Menzies and Long,
2014). This paradoxical activation is the basis for cutaneous squamous-cell carcinoma and
keratoacanthomas as class effects of BRAF inhibitors when used as monotherapy and provides the
rationale for combination therapy with a downstream MEK inhibitor such as trametinib,
cobimetinib, binimetinib or selumetinib. The combination of dabrafenib with trametinib extends
median progression-free survival compared with either agent alone and is now the standard first-
line therapy for BRAF V600-mutant melanoma (Luke and Hodi, 2013). BRAF/MEK combination
therapy is also approved for BRAF V600-mutant non-small cell lung cancer and anaplastic thyroid
cancer and is being explored in colorectal and brain cancers (Falchook et al., 2012).

16. Inhibitor Binding Modes and Structure-Based Design

Kinase inhibitors are classified into four main categories according to how they engage the
catalytic machinery (Roskoski, 2007). Type | inhibitors such as gefitinib, erlotinib, crizotinib,
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vemurafenib and lapatinib bind the active conformation of the kinase in which the DFG motifis in,
the activation loop is open and the alpha-C helix is rotated to the in position. These drugs typically
make one to three hydrogen bonds with the hinge region (Met793 in EGFR, Met318 in ABL,
Met1096 in MET) and a hydrophobic interaction with the gatekeeper residue. Because the active
conformation is similar across many kinases, type | inhibitors often display off-target activity
against multiple kinases. Type Il inhibitors such as imatinib, sorafenib and nilotinib bind the
inactive DFG-out conformation and extend from the ATP-binding pocket into an adjacent
hydrophobic pocket created by the displacement of the Phe of the DFG motif. This additional
hydrophobic interaction confers greater selectivity, although the same hydrophobic pocket is
conserved in only some kinases.

Type Il inhibitors are non-ATP competitive and bind the ATP pocket in a conformationally distinct
allosteric site; trametinib is a notable example of an allosteric MEK inhibitor. Type IV inhibitors
bind a remote allosteric site outside the kinase domain; asciminib, an allosteric ABL inhibitor that
binds the myristoyl pocket of the C-lobe, is a landmark example. Covalent inhibitors such as
osimertinib, afatinib, neratinib and ibrutinib carry an electrophilic warhead (typically an
acrylamide Michael acceptor) that alkylates a reactive cysteine at the lip of the ATP pocket. The
covalent bond overcomes the modest affinity of the reversible binding event and produces long-
lived target engagement, especially against difficult-to-drug conformations (Guo et al., 2023).
Resistance mutations such as C797S in EGFR, C481Sin BTK and C311S in HER2 disrupt the covalent
bond and have driven the development of next-generation covalent inhibitors that engage
alternative cysteines.

17. Resistance Mechanisms to RTK Inhibitors

Resistance to small-molecule RTK inhibitors can be divided into on-target mechanisms that alter
the drug-binding site of the very RTK being inhibited and off-target mechanisms that engage
parallel or downstream pathways (Lazzari et al., 2020). On-target resistance is typically mediated
by point mutations in the kinase domain. The most common categories are gatekeeper mutations
(T790M in EGFR, T315I in ABL, F589L in TRKA, L1196M in ALK) that introduce a bulky side chain
sterically incompatible with drug binding; solvent-front mutations (G1202R in ALK, G2032R in
ROS1, G595R in TRKA, G810R in RET) that block drug access to the hinge; activation-loop mutations
that alter the conformation sampled by the drug; and compound mutations that combine several
of these changes on the same allele.

Off-target resistance includes amplification or activation of a parallel RTK that bypasses the
inhibited pathway (MET amplification as a bypass in EGFR-inhibited lung cancer, HER2
amplification in colorectal cancer treated with EGFR antibodies), mutational activation of
downstream effectors (KRAS, BRAF, NRAS mutations in EGFR-TKI-treated lung cancer),
engagement of bypass survival pathways through activation of SRC family kinases, JAK-STAT or
AXL, and histologic transformation to small-cell lung cancer in EGFR-driven NSCLC (Fu et al., 2022).
Pharmacokinetic resistance through increased drug efflux via ABC transporters such as P-
glycoprotein, or reduced uptake via solute carriers, is an important additional category (llimer et
al., 2004). Strategies to address resistance include the use of covalent, irreversible inhibitors with
activity against common gatekeeper mutations (osimertinib for EGFR T790M, ponatinib for ABL
T315l), the design of next-generation inhibitors that retain potency against compound mutations
(asciminib, repotrectinib, BLU-945), combination strategies that target parallel pathways (EGFR +
MET inhibition, BRAF + MEK inhibition, EGFR + VEGF inhibition), and intermittent dosing or
sequential strategies to prevent clonal evolution. The development of allosteric inhibitors such as
asciminib and EBI-2511 illustrates that engagement of cryptic binding sites outside the ATP pocket
can overcome the most recalcitrant resistance mutations (Serrano et al., 2019).
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18. Non-Oncology Indications for RTK Inhibitors

The most important non-oncology indication for RTK inhibitors is idiopathic pulmonary fibrosis
(IPF). Nintedanib (BIBF 1120) is a potent triple angiokinase inhibitor with IC50 values in the low
nanomolar range for VEGFR-1/-2/-3, FGFR-1/-2/-3 and PDGFRalpha/beta, and additional activity
against FLT3, LCK, LYN and SRC (Wollin et al., 2015). The drug reduces the proliferation, migration
and transformation to myofibroblasts of fibroblasts stimulated by PDGF, FGF and VEGF, three
growth factors elevated in the lungs of IPF patients. Nintedanib also inhibits mast cell activity, a
population recently recognised to potentiate fibrogenesis (Overed-Sayer et al., 2020). The
TOMORROW and INPULSIS trials established nintedanib as a disease-modifying therapy for IPF
that slows the rate of decline in forced vital capacity (Wollin et al., 2019). Nintedanib is also
approved for progressive fibrosing interstitial lung disease and for systemic sclerosis-associated
interstitial lung disease.

Ruxolitinib and other JAK inhibitors are increasingly used in graft-versus-host disease, vitiligo and
alopecia areata (Harrington et al., 2020). Imatinib is being repurposed in pulmonary arterial
hypertension, where PDGFR-driven proliferation of vascular smooth muscle cells contributes to
vascular remodelling. Anti-VEGF agents remain essential in ophthalmology: ranibizumab,
aflibercept, brolucizumab and faricimab are anti-VEGF therapies used routinely in clinical practice
to treat wet age-related macular degeneration and diabetic retinopathy. Small-molecule JAK
inhibitors are being trialled in the new coronavirus disease 2019 (COVID-19) for their ability to
dampen cytokine release, and baricitinib gained emergency use authorisation for hospitalised
patients with severe COVID-19 requiring oxygen support. The lessons learnt across these disparate
indications are that the molecular pathology of many chronic diseases converges on RTK signalling
pathways, and that pharmacology originally developed for cancer finds novel applications when
the same pathways are dysregulated in non-malignant tissues.

19. Conclusion and Future Directions

Receptor tyrosine kinases constitute one of the most druggable families of human proteins, and
the parallel development of selective small-molecule inhibitors, monoclonal antibodies, antibody-
drug conjugates and allosteric modulators has transformed the treatment of cancer and an
expanding list of non-malignant diseases. The narrative of this pharmacology over the last three
decades is one of progressive precision: imatinib established that constitutive kinase activity could
be inhibited, gefitinib and trastuzumab showed that patient selection by molecular testing was
essential to extract benefit, osimertinib and asciminib demonstrated that covalent and allosteric
strategies can overcome primary resistance, and larotrectinib and entrectinib validated the
histology-agnostic paradigm. Future directions include the discovery of inhibitors that target KRAS
and other historically undruggable GTPases, the broader clinical adoption of basket and umbrella
trials keyed to molecular rather than histologic criteria, the integration of kinase inhibition with
immune checkpoint blockade, and the exploitation of artificial-intelligence-driven drug design to
accelerate the discovery of lead compounds. The continued investigation of RTK signalling will
remain a central theme of molecular medicine for the foreseeable future, with the promise that
deeper mechanistic understanding will translate into more effective, more selective and more
durable therapies (Fig 3).
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Figure 3. RTK Inhibition, Resistance, Expanded Indications and Future Directions
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Figure 3. RTK inhibition, resistance, expanded indications and future directions. This integrative
schematic summarises Sections 16—19 by linking inhibitor binding modes with acquired
resistance, non-oncology applications and next-generation precision-medicine strategies. Key
examples include Type I/ll/allosteric/covalent inhibitors, gatekeeper and solvent-front
mutations, fibrosis and inflammatory indications, and combination or Al-guided therapeutic
development.
[Placement: final figure inserted immediately before the References section to summarise the
lower sections thematically.]
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[MAOPO3ROJIOTMHECKOE COCTOAHNE
[TPUMOPCKNX O3EP [IE/bBTbI
P.CbIPAAPUNA

Cambaes HypnaH Cepukbaesuy

«Hay4YHO-MPOM3BOACTBEHHbIN LIEHTP PbIBHOrO X03AMCTBa», ApanbCKuii duanan,
[MIOKTOPaHT Kasaxckoro HaumoHasbHOro yHuBepcuteta MmeHn Anb-®apabu, KasaxcraH,
ApanbcK

AHHOTaumMA. [lenbToBble 03epHble cucTeMbl pekn Cbipaapua npeacTasaatoT coboi
rMAPONOTMYECKM B3aMMOCBA3AHHbIA KOMMNAEKC BOAOEMOB, MPOTOK M MOMMEHHbIX TEPPUTOPUN,
COCTOAHME KOTOPOTrO OMNpeAenAaeTca PEXMMOM PEYHOro CTOKa M Peryampyemon BoAoMnoAayen.
Llenbto MccnenoBaHWMA ABNANACL OLLEHKA COBPEMEHHOrO rMAPO3KOIOMMYECKOrO COCTOAHMA
03epHbIX cucTem AenbTbl Cbipaapua. MpoBeaeH CPaBHUTENbHbLIK aHANWM3 TMAPONOTMYECKHX,
MOPDOMETPUYECKUX U TUAPOXMMUYECKMX MOKa3aTeNei, BKAYaA ypoBEHb M 0ObEM BOAbI,
naowaib BOAHOrO 3epKana, MMHepannsaumto, pH, pacTBOPEHHbIN KMcnopos, U coagpKaHue
OMOreHHbIX COoeAMHeHUN. YCTaHOBNEHA BbIPa)KEHHAs  MPOCTPAHCTBEHHAA U Ce30HHaA
M3MEHYMBOCTb COCTOAHMA BOAOeMOB. Hambonee 6ONAronpuMATHbIE YCNOBMA OTMEYEHbl B
KambicTbibacckon cucTteme, Torada Kak [lpumopckaa cucTema xapakTepusyeTca 0Oo/blieit
MEeNIKOBOAHOCTbIO, MOHWMKEHHOW MPO3PAaYHOCTbIO M MOBbIWEHHBIM COAEPMKAHUEM OTAENbHbIX
HBUOreHHbIX 31eMeHTOB. Moy4YeHHble Pe3ybTaTbl MOATBEPKAAIOT KOUYEBYHO POJIb PEYHOIO CTOKA
W peryiMpyemon BoAoMNodauM B MNOAAEPKAHMM  YCTOMUYMBOTO  FMAPONOTMYECKOTO WU
9KO/I0rMYECKOro COCTOSHMA AebTOBbIX 03€ep.

Kntoyesble cnoBa: p.Chipaapusa, Aknak, Acnai, o3epHas cMcTema, AenbTa

BeeaeHue. Jenbta pekn Cbipaapua npeactasnaeT coboi oaHy n3 Hambonee 3HaYMMbIX
BOAHO-DONOTHbIX 3KOCUCTEM LleHTpanbHOM A3MM, BbINOMHAIOLULYKO BaXKHble TMAPONOrMYECKUE,
aKonormyeckme n pbiboxosancteeHHble GyHKUMKW. O3epHble cUcTeMbl AenbTbl obecneynBatoT
noaaeprkaHne brmopasHoobpasma, ABNAIOTCA MECTOM HEPEeCTa, Haryna u MUrpaumm MHOrmMx BUI08
PblD, @ TaKKe MrpatoT KAOYEBYHD POb B COXPAHEHMM 3KOIOTMYECKOM yCTOMYMBOCTM CeBEpHOro
Mpuapanba [1]. Ocoboe mecTo cpean HUX 3aHMMaoT PUMOpPCKME 03epa, TMAPOJSOTMYECKU
PEXMM KOTOPbIX HEMNOCPEACTBEHHO CBA3aH C 0OHBEMOM PEYHOro CTOKA, PEXMMOM 3KCNAyaTalmm
rMOPOTEXHNYECKMX COOPYKEHUM, WMHTEHCMBHOCTbIO WCMApeHuda, MUHepanmnsaumen BOAbl U
KAMMATUYECKMMU YCNOBUAMMU PETUOHA.

B XX Beke rmaponornyecknin pexxmm aenbtbl Cbipfapua npetepnen CyLleCcTBEHHbIe
M3MeHeHWA, 0byCNOBNEHHbIE MHTEHCUBHBIM Pa3BMTMEM OPOLUAEMOro 3emnenenns B bacceliHe
pekn. Yxe c 1930-x rogos yBenuyeHne obbemoB BoAo3abopa NMPMBENO K MOCTENeHHOMY
COKpaLLLEeHWUIO NOCTYMNIEHNA PEYHOro CTOKa B AenbTy. Ecnm oo Havana 1960-X rofoB B BepLUMHY
AenbTbl NOCTYNano okoNo 44 % rofosBoro cToka peku Colpfapua, To K KoHuy 1970-x rofos 370T
nokasaTenb cHu3mnca 0o 4 %. Bcnencrsme 3TOro NpomM3OWNO pe3Koe COKpalleHue naowaam
03EpHbIX CUCTEM, U3MEHEHWE TUAPOXMMUYECKOTO PEXMMA, YCUIEHWE MPOLECCOB 3aCONEHUA U
nerpagaums BogHo-H60N0THbIX 3KoCKCTeMm [2].

Mo pe3ynbTaTam uccnenoBaHun, K 1976 roay cymmapHaa naowladb AeNbTOBbIX 03€ep
COKpaTunach npmumepHo 4o 400 Km?, a 0bbem akkymyampyemon soabl — A0 1,5 km3. Ha ¢ore
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ycunmslieroca AeduumTa BOAHbIX PECYPCOB OCHOBHOE pPblOOX035MCTBEHHOE 3HAYEHME COXPaHUAN
KambicTbibacckaa M MNpUMOPCKME 03epHble CUCTEMbI, YCTOMYMBOCTb BOAHOIO PEXMMA KOTOPbIX
obecneymBanacb 3a CYET PEryInMpyemoro McKyccTBeHHoro obsoaHeHua. C Hadvana XX| Beka
rMAPO3KONOTMYECKaa CUTyaLMs B Ae/bTe cTana NOCTENEHHO yay4dllaTbca Bnarogapa peanmsaumm
npoekta «PerynnpoBaHue pycna pekn Cbipaapbu M COXPAaHEHWE CEBEPHOM 4acTn ApanbCKoro
mopa» (MPPCCAM). CTpouTenbCTBO COBPEMEHHOro ruapoysna «AKnak» obecnedynno
BO3MOXXHOCTb pPeryimpyemoin nojavm BoAbl B 03€pHbIE CUCTEMbI [€/1bTbl, YTO CNOCOH6CTBOBANO
BOCCTAaHOBAEHMUIO TMAPONOTMUYECKOTO PEKMMA, MOBbLIWEHNIO YCTONYMBOCTM BOAHbIX SKOCUCTEM U
COXPaHEHMIO pbIBOX0O3ANCTBEHHOrO NOTEHLMANa perMoHa [3].

B nepuoabl HOPManbHOM BOAHOCTM CyMMapHas M/oWaZb BOAHOIO 3epKasa 03epHbIX
cuctem aenbTbl Chipaapua, BkAtoYaa KambicTbibaccKkyto, MpruMopcKyto 1 AKLLIATayCKyto, COCTaBAAN
0K0/10 900—930 KM2. 3TO 3HAYMTE/IbHO BbILLE NMOKa3aTeNen KPUTUYECKOro MaioBOAHOMO nepuoaa
1976 roga, Korga niowanb BOAHOIO 3epKana CoKpallanack npumepHo Ao 400 km?2. BmecTe ¢ Tem
COCTOAAHWE [AeNbTOBbIX BOAOEMOB OCTAeTCA AMHAMWYHLIM W TECHO CBA3AHO C WU3MEHEHUAMM
BOAHOCTU peKku. B ManoBoAHble Nepuoapl MaoWanb BOAHOIO 3epKaia MOXET YyMeHbLaTbCa A0
600-650 km2. Haubonee BblparkeHHas M3MEHYMBOCTb XapakTepHa A4 [PUMOPCKON 03epHOoM
CMCTeMbI, BKtOYatolLen o3epa KapawanaH, Jomanak u npuaerarowpme BogoemMbl. B 3aBmcnumoctu
OT CEe30HHOro NPUTOKa M 0O6BEMOB MOMYCKOB Yepes rmapoysen «AKNak» NaollaZb ee akBaTopum
nsmeHsaeTca B npegenax 250—-320 kM2, a 06bem akKyMyaMpyemom Bosl cocTasaseT nopaaka 0,6—
0,8 km3. HecmoTps Ha yBenmyeHne BoA006ecnedyeHHOCTM B OTAe/IbHble Nepuoabl, COBPEMEHHOE
coctoAHne [lpMMOPCKMX 03ep oOcTaeTcs HecTabunbHbIM. Ha Hero OKasbliBaloT BAMAHME
MeXroaoBble KonebaHMA PeYHOro CTOKa, PeXMM paboTbl FMAPOTEXHUYECKMX COOPYKEHUN,
KAMMaTUYeCKMe  YCNOBMA M aHTPOMOreHHaa  Harpyska. M3meHeHMA  ypoBHA  BOAbI
HenocpeACTBEHHO  OTPaXKaloTcA  Ha  MWMHepanusaumm KU APYIMX  TMAPOXMMMYECKMX
XapaKTePUCTMKAX, Pa3BUTUM BOAHOM PACTUTENbHOCTM, MPOAYKTUBHOCTM BOAHbIX 3KOCUCTEM W
COCTOSAHUWN UXTUOdaYHbI. B CBA3KM C 3TUM KOMMAEKCHAN OLEHKa MMAPO3KONOTMYECKOTO COCTOAHMSA
MPUMOPCKMX 03ep MMEET BaXKHOEe 3HavyeHue, A 060CHOBAHMA PaLMOHA/IbHOIO MCNO/b30BaAHMA
BOAHbIX PECYpcoB, coxpaHeHua 6OuopasHoobpasma M noaaepKaHua pPblOOX03AaMCTBEHHON
LEeHHOCTWN AeNbTOoBbIX Bogoemos [4].

TMAPOXMMMYECKMIA PEXMM BOAOEMOB AenbTbl pekn Coipgapunsa n [NPUMOPCKUX 03ep
Haxo4MTCA B TECHOM 3aBMCUMMOCTM OT TMAPOSOTMYECKOTO pPeXXMMa M 0BBEMOB MOCTYNAOLWENO
PeYyHOoro CToka. M13ameHeHWe BOAHOCTM onpeaenseT AMHaMUKY MUHEPaM3aLLMKN, MOHHOIO COCTaBa
BO/bl, ra3oBOro pPexmma, CcoAepraHma OWMOreHHbIX 3/1eMeHTOB, OPraHMYecKoro BELLECTBa,
B3BELUEHHbIX YaCTML, M NPO3PAYHOCTN BOAHON cpelbl. B yCN0oBMAX COKPALLEHMA PEYHOrO CTOKA U
Ma/IOBO/lbAi YMEHbLLEHWE MPUTOKA MPECHON BOAbl B COYETAHMWU C BbICOKOM MHTEHCMBHOCTbLIO
MCNAapeHns B apUAHOM KIMMaTE NPUBOAUT K YBEAUUYEHNIO MUHEPANM3ALMM BOAbl M USMEHEHMUIO
ee rmapoxmmmyeckoro tmna. CHUXKeHME YpOBHA BOAbI CONPOBOMKAAETCA YMEHbLUEHMEM TTyOUHBI
BO/I0EMOB U YCUIEHUEM MPOrpeBa BOAHOM TO/WM, YTO OTPULATE/IbHO BAMAET HA KUCAOPOAHbIN
PeXXMM. B 3aCTOMHbIX ydacTKax, 0cobBeHHO B 3apPOC/asAX TPOCTHMKA, CO34aloTCsA YCA0BMA ANA
CHMMKEHMA COoAep!KaHUa PaCTBOPEHHOIO KUCAOPOAa, aKTMBM3aLUMM MPOLLECCOB Pa3/oKeHUs
OpraHM4yeCcKoro BellecTBa M BO3HMKHOBEHME /IOKA/IbHbIX 3aMOPHbIX ABAEHMI. Hapaay c 3Tum
YMeHbLLUEHME NPOTOYHOCTM CNOCODOCTBYET HAaKOMNEHMIO COeAMHEHWI a30Ta U docdopa, Pa3BUTUIO
NPOLLeCccoB 3BTPOOMKALMM M MACCOBOMY Pa3BUTMIO GUTOMNAHKTOHA, YTO YXYALWaeT KayecTBO
BOAHOM cpedbl B NeTHME nepuoapl. YMeHblleHne TrAyOuHbl TaKXKe MNPUMBOAMT K YCUNEHWMIO
BETPOBOr0 B3IMYy4YMBaAHMA AOHHbIX OT/IOXKEHUIA, MOBbLIWEHNIO COAEPHKAHNA B3BELLIEHHbIX BELLECTB U
CHMMKEHMIO NMPO3PaAYHOCTM BOAbI, OFPaHNYMBaA MPOHUKHOBEHME CBeTa M yXxyZlada yCnoBusa AN
Pa3BUTUA NOTPYHKEHHON BOAHON PACTUTENbHOCTU M AOHHbIX coobulecTs [5-6].

B nepuvoabl MNOBbILIEHHON BOAHOCTM W PEryavpyemblXx MOMYyCKOB BOAbl 4epes
rMAPOTEXHNYECKME COOPYKEHMA NMPOMCXOAMT aKTMBHOE OOHOBAEHWE BOAHbLIX MACcC, CHUXKeHue
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MWHepannsaumMm Wn BOCCTAHOBAEHME TUAPOXMMUYECKOrO pexknMma. YcuneHne BoaoobmeHa
cnocobcTByeT  noAdepraHuto  6NaronpuATHOrO  KMCAOPOAHOIO  pPeXmMma, CcTabuansaumm
NnoKasaTena pH, BbIHOCY M3ObITOYHbIX OMOreHHbIX BELLECTB M YMEHbLUIEHWIO PUCKA BTOPUYHOIO
3aC0NeHnA 1 3BTPOdUKaumMK. NoBblLLEeHMEe NPO3PaAYHOCTN BOAbI YAyYLLIAEeT yCA0BMA ANA PA3BUTUA
BbICLLEN BOAHOM PacTUTENBHOCTH, MMAPOOMOHTOB U €CTECTBEHHOIO BOCMPON3BOACTBA Pbib.

Matepuanbl U meToabl. COOp 1 aHaNN3 MaTePUANOB, XapaKTEPM3YHOLLMX TMAPONOTNYECKINM
N TMOPOXMMUYECKMI PEXMM MNPUMOPCKMX 03ep AenbTbl pekn Cbipaapua, NpoBOAMAUCL B
COOTBETCTBMM C AENCTBYOLMMU  METOAMNYECKMMM  PEKOMEHAAUMAMM U HOPMATMBHbLIMM
AOKYyMeHTamu, npumeHsembimm B TOO «Hay4yHO-NpOM3BOACTBEHHbIN LLEHTP PbIOHOrO X035MCTBa»
[7-8]. AnA OUEHKM TMAPONOTMYECKOro COCTOAHMA MCCAeayeMblX BOAOEMOB MCMOAb30BaMUCh
naHHble  PIY  «Apano-CbipgapbuHCKas  OaccemHoOBaA  WMHCMEKUMA N0 PerynMpoBaHuUIo
MCNOJIb30BAaHMA UK OXPaHe BOAHbIX pecypcoB». HenocpeAcCTBEHHO B MNOJEBbIX YC/IOBMAX
onpeaenanncb OCHOBHble ruapoduU3Myeckme U TMAPOXMMUYECKME MOKasaTenu BOAbI.,
COAEpPXaHMe pPACTBOPEHHOrO KUCA0PO4a MW3MEPASIUCb C  MUCMOb30BAHMEM MNOPTATUBHOIO
aHanm3aTopa BoAdbl MAPK-302M, a akTMBHas peakuus cpeapsl (pH) onpeaensnacs ¢ nomolubio pH-
meTpa MAPK-901. [1na onpeaeneHns mnmHepanmsaumm, MOHHO-CONEBOr0 COCTaBa, COAEPKaHMA
BUOreHHbIX 3/71emMeHToB  (coeaMHeHu a3oTa W pocdopa), npobbl BOAbI A0CTaBAANNCH
nabopatoputo  Apanbckoro duamnana TOO «Hay4HO-NMPOU3BOACTBEHHbLIM LEHTP PbIOHOMO
X03AMCTBa», rAe WCCNeLOBaHMA  BbINONHAAUCL B COOTBETCTBUM C  AEUCTBYIOLLMMM
rocyapCcTBeHHbIMW CTAHAAPTAMM U YTBEPKAEHHBIMU METOAMKAMM TMIAPOXMMUYECKOrO aHaIM3a.

Pe3ynbTaTbl UcCnefoBaHMi. [lenbToBan YacTb pekun CbipAapusa BKAKOYAET CUCTEMY O3€ep U
3a60/104eHHbIX TEPPUTOPUIN, 0OBEANHEHHBIX B YeTblpe OCHOBHbIE TMAPONOTMYECKME CUCTEMDI:
MpuMmopcKyto  npaBobepexHyto,  [pumopckyto  nesobeperkHyto,  KambicTbibacckyo  #©
AKwaTayckyto. POpMUPOBAHME UX TMAPONOIMYECKOrO PEXMMA ONpPeLenieTca BeIMYMHON CTOKA
pekn Cblpaapua, PeXMMOM 3KCNyaTalMM TMAPOTEXHUYECKMX COOPYKEHWI, a TakKe obbemamu
NOMyCKOB BO/Abl Yepe3 BOAOPEryNnpyroWwmi yaen «Acna» 8 paioHe AMaHOTKeN U «AKNaK» B
paloHe KapaTepeH obecneymBaloLlLmnin pacnpeaeneHne peyHoro CToka no AeabTOBbIM BOAOEMAM,
B TOM 4ncse Ha Manoe ApanbCckoe mope.

Mocne KanuTabHOro PEMOHTA B 3KcNyaTaumto B ceHTAbpe 2021 roga Obin BHOBL BBEAEH
BOOPErYANPYIOLWMIA y3en «Acnan» nepBoHa4YaNbHO NOCTPOEHHbIN B 1974 roay X03s8MCTBEHHbIM
cnocobom. [MpuHUMN paboTbl COOPYKEHMA 3aKNOHAETCA B NepepacnpeneneHm nocTynatowero
n3 pycna Cbipaapua BOAHOrO NOTOKa. B nepuwon 3sKkcnayaTaumMm BoAa NEpPBOHAYasIbHO
HanpaBAAETCA MO MarmcTpasbHbiM KaHanam «Kyabi» 1 «KacynaH», NocpeacTBOM KOTOPbIX
ocylecTBaaeTca BoAOCHab»KeHne AkLaTayckon n KambicTbibaccKon o03epHbix cuctem. [locne
OOCTUXKEHMA B 03epax MPOEKTHbIX YPOBHEM HAMOJAHEHWA M 3aN0NHEHMA WX NONe3HOro obbema
N36bITOYHbIE 0OBEMbI BOAbl OTBOAATCA Yepe3 BoA0COPOCHbIe COOpYKeHMa Acnalickoro y3na no
cOpoCHbIM KaHanam B akBaToputo Manoro ApanbcKoro mops. Takol pexkum 3aKcrnayataumu
NO3BO/IAET HE TO/IbKO 0becneynTb ycTomynsoe 06BoAHEHWE 03EPHbIX SKOCUCTEM, HO U UCKIHOUUTD
MX NepenosiHeHne B Mepuojbl MOBbILWEHHOM BOAHOCTU. BayKHOM ocobeHHOCTbO AcnaliCcKoro
BOOPEryMPYIOWEro y3na ABAATCA €ro rmMapaBanYecKMe XapaKTepucTukn. CoopyKeHue
obecneymnBaeT BO3MOXKHOCTb NOAMNOPa ypoBHA BoAbl B peke CbipAapus A0 oTMeTKM 58,0 m no
BanTuinckom cnmcteme BbICOT, YTO MO3BOAAET FAPaHTMPOBAHHO MOAaBaTb BOAY B MarmcTpaibHble
KaHanbl, nuTatouimMe KambicTbibacckyto M AKWaTaycKyldo o03epHble cuctembl. CamoTeyHoe
NoCTynaeHne BOApbl B YKa3aHHbIe KaHa bl HAUMHAETCA yXKe Npu A0CTUKEHUM ypoBHA 56,0 mBC. na
CPaBHEHMA, MaKCMMaibHas OTMeTKa noanopa BoAdbl, obecneymBaemas rmapoysnom «AKNak»,
coctasndaet 52,0 MbC, 4TO 3HAYMTENBHO OrPaHNYMBAET BO3MOXKHOCTM NOAAYM BOAbl B O3€pHbIe
cucTembl. B nepunoabl HU3KOM BOAHOCTM Y3 ABAAETCA OAHUM M3 KAHOYEBbLIX TMAPOTEXHNUYECKNUX
COOpYXeHu aenvTbl pekn Coipgapua, obecneumBatolium 3ddeKTMBHOE NepepacnpeneneHune
PEYHOrO CTOKa, YCTOMYMBOE BOAOCHAbKeHWe KaMbICTbiBacCKOM 1 AKLWIATayCKOM 03ePHbIX CUCTEM,
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perynMpoBaHMe YPOBEHHOIO peXxmnma 1 noaaepaHme s3K0N0rM4eckor YyCTOMYMBOCTU Ae1bTOBbIX
BOAHO-DONOTHbLIX YrogmniA.

r

PucyHok 1 - Bogoperynmnpytowmin yzen «Acnai 8 aenbte p.Coipaapua

AHanu3 coBpemeHHOro MOpPOMETPUYECKOrO COCTOAHWMA  AEeNbTOBbIX BOAOEMOB
MOKa3blBaeT, YTO MPW OTHOCUTENbHO 61AroNPUATHLIX MAPONOTMYECKUX YCAOBUAX CyMMapHas
nAoWaAb BOAHOIO 3epKana 03epHbIX cucTem cTabunmsnpyetca Ha yposHe 700—800 Km?, a obLwmit
obbem akkyMmynMpyemon BoAbl coctasnsaeT nopaaka 1,0-1,5 km3. Hanbosnee BbicoKas cTeneHb
HaNONHEHMA XxapaKTepHa [Ana KambicTbibacckol M AKWwaTaycKoM O3epHbIX cUcTeM. 37O
CBMAOETENbCTBYET O COXPAaHEHWM OCHOBHbIX BOAHbIX 3KOCUCTEM [AefbTbl, HECMOTPA Ha
NPOAONMKAOLLYHCA 3aBUCUMOCTb MX COCTOAHMA OT MEXKIOZA0BON M3MEHUYMBOCTU PEYHOTO CTOKA U
CEe30HHOro pesknma Bogonodayun [9-10]. ObBogHeHMe [PUMOPCKUX 03EPHbIX CUCTEM HOCUT
CEe30HHbIM XapaKTep: K NeTHemy nepunoay obbembl BOAONOAA4YM COKPALLAIOTCA, @ C HACTyNeHemM
OCeHHero nepuoja B0O306OHOBAAOTCA. CornacHo oduuUManbHbiM  AaHHbIM - PIY  «Apano-
CblpaapbuHcKaa bacceMHoBan MHCNEKUMA MO PerympoBaHmMIO MCNOAb30BAHUA M OXPaHe BOAHbIX
pecypcoB», B 2024—2026 roaax sBomoobecneveHne KambicTbi6accKon M AKLIATayCcKoM 03epHbIX
CUCTEM XapPaKTepPM30BaNOCh 3HAYMTENbHBIMM MEKIOA0BbIMM M3MeHeHMAMMK. B 2025 roay obuumit
06bem BOApl, HanpaBNeHHOW Ha 0BBOAHEHME 3TUX cUCTEM, cocTasma 1176 maH.m® npotus 839
maH.m3 8 2024 roay, yBennumnswmcs Ha 337 maH.m3, unm 40,2 %. Mo cocToaHuio Ha 1 mona 2026
roga ob6bem BoAONOAaYM cOCTaBMA 586 maH.m3, ofHaKO JaHHbIN NOKa3aTeb OTPaXaeT TONbKO
nepsoe NOAyrogMe v NO3TOMY HE MOXKET HanpsAMYK COMOCTaBAATbCA C rOA0BbIMK 0HbeMaMM
npeaplaywmx net.

OCHOBHaA 4YacTb BOAHbIX PecypcoB HanpaBnanacb B KambicTbibacckyto cuctemy. B 2024 roay
obbem Bogonoaadn coctasmn 531 maH.m3, a 8 2025 roay yseanumnncs 4o 753 MaH.M2, TO ecTb Ha
41,8 %. B AKwaTayCKyto CUCTEMY 3a TOT »Ke nepros Bbl10 HanpaBAEeHO COOTBETCTBEHHO 299 n 423
MJ/IH.M3, YTO COOTBETCTBYET yBennueHuo Ha 41,5 %. Takum obpasom, pacnpeeneHne BOAHbIX
PECYPCOB MeXAy ABYMS CMCTEMAMW OCTaBasoCb OTHOCMTENbHO CTabuibHbIM: OKoMo 64 %
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NpmMXoamnnocb Ha KambicTbibaccKkyto M 0Kono 36 % — Ha AKLWATAyCKyto cucTemy. 3a nepsoe
nonyrogue 2026 roga o6bem BOAOMNOAa4M COCTaBUA 0KO10 395 MaH.Mm3 B KambicTbibacckyto 1 191
M/IH.M? B AKLLIATayCKYIO CUCTeMy. B COBOKYMHOCTM 3TO 586 M/IH.Mm3, 4TO COOTBETCTBYET NPUMEPHO
nonosMHe o6bema, HanpaB/lEHHOrO B AaHHble cMcTembl 3a Becb 2025 roa.

MpuoputeTHoe BoaoobecnedyeHne KambICTbIOACCKOM 0O3epHOM cucTembl 0OYCNIOBAEHO
HeobXxoAMMOCTbIO MOAAEPXKAHMA BOAHOTO pexkmMma o3epa KambicTbibac, ABAAtOLLErocs
KPYNHEMWMM  TYPUCTCKO-PEKPEAUMOHHbIM  BOLOEMOM PErMOHA, a TaKKe €ero BblICOKOM
9KONOTMYECKOM LEHHOCTbIO M 3HAYeHWeM [ANA COXPaHEeHUA TUAPONOTMYECKOM YCTOMYMBOCTM
nenbTbl pekn Coipaapusa, BOAHO-60N0THbIX YroAMn U pbiBOX03AMCTBEHHbIX IKOCUCTEM. BmecTe ¢
Tem yBenndyeHue obbemoB Bogonodadm B 2025 roay cnocobCTBOBANO  YAYULLIEHMIO
rMOPO3KONOTMYECKOTO COCTOAHUA 0BenXx 03epHbIX CUCTEM, MOBbILEHWIO YCTOMYMBOCTU BOAHbIX
3KOCMCTEM M co3daHMio Honee 6MaronpUATHLIX YCNOBMM ANA BOCMPOM3BOACTBA BOAHbIX
buosiornyeckmx pecypcos. Takmm obpasom, 3a nepuog ¢ 2024 roga no nepsoe nosyrogne 2026
roga CyMMapHbIit 06bem NocTynusLLei soapl coctasunn 2,595 mapa.m® (tabanua 1).

Tabnunua 1 - Obbembl Noaaum BoAbl B 03€pHble cucTeMbl AenbTbl pekn Coipgapua 3a 2000-2026
roabl, MAH.m3

N3meHeHn Mameren
o LN ™~ <t LN *
BosaHasa cuctema S S S 3 S § e 2025 K ne 2026
~ ~ ~ ~ ~ I~ K 2025,
2024, %
%
[pumopckan 12859 | 1650| 6,38| 9| 11| - +22,2 -
npaBobepekHasn
rpumopckas 112 150| oga| YO| 114] - +8,6 -
nesobeperkHasn 5
KambicTbibacckaa | 255,85 | 277,01 | 190,62 | 531 753 | 395 +41,8 -47,5
AKlLaTaycKan 154,90 | 174,29 77,11 | 299 | 423 | 191 +41,5 -54,8
NToro 540,46 | 469,30 | 274,11 | 839 11; 586 +40,2 -50,2
Mpumeuanue: * — naHHble 33 2026 roz, npuseAeHbl MO COCTOAHMIO Ha | nonyroame (oo 1
NoNs).

CpaBHUTENbHbIN @aHAINM3 OCHOBHBbIX TMAPOXMMUNYECKUX M MOPHOMETPUYECKMX NOKA3aTenen
KambicTbibacckoi, AKLATaycKon u MpUMOPCKOM O3epHbIX CUCTEM MOKa3blBAET CyLLECTBEHHYIO
NPOCTPaAHCTBEHHYO AnddepeHUMaLMO YCNOBMIA BOAHOW cpedbl. Hambonee 6GnaronpuaTHble
rMOPONOTMYECKME U TUAPOXMMUYECKME XAPAKTEPUCTUKM OTMedeHbl Ana  KambicTbibaccKom
03epHOM CUCTEMbI, TOrda Kak B [pMMOpPCKOM cucTeme HabnwaaeTca KOMMAEKC MPU3HAKOB,
yKa3blBaloWMX Ha 6osiee BbICOKYHD CTeMeHb aHTPOMOreHHOM W ecTecTBEHHOW TpodUYecKom
Harpysku. [nybruHa BOAOEMOB MCCNeAyeMblX O3epPHbIX CUCTEM XapaKTePWU3yeTCA BblparKeHHOM
NPOCTPaAHCTBEHHON M3MEHYMBOCTLLIO: B KambICTbiDAaCcCKOM cMcTeMe OHa cocTasnseT 2,4-12,0 m, B
AkwaTtayckon — 1,8-6,5 m, Toraa Kak B [1pMMopCcKon cucTeme BapbupyeT B Nnpeaenax 1,1-3,5 m.
Hanbonbwnin anmanasoH rybuH M MaKCcMMaibHble 3HavyeHMa OTMedeHbl B KambIcTbibaccKomn
CUCTEME, YTO CBMAETENLCTBYET O 60/1ee BblparKeHHON MOPGOMETPUYECKON HEOAHOPOAHOCTM ee
BO0eMOB. TakMm obpaszom, KambicTbibaccKana cucTema XapaKTepusyeTcs Hambosiee CAOMKHbIM
BEPTMKA/NbHbIM CTPOEHMEM BOAOEMOB W Ha/NMYMEM YYACTKOB 3HAYUTENbHOW  TyOUHbI.
MenkoBoaHOCTb [PUMOPCKOM CUCTEMbI, HaNpoTMB, crnocobcTeyeT 6osee  WMHTEHCMBHOMY
nporpesy BOAHOM  TOAWM, NEpPeMEelMBaHUI0  OOHHbIX  OT/NIOKEHWM M YCKOPEHWIO
BUOreoXmMmmMyeckmx npoueccos. Pasnmuma no raybuHe COrnacytoTca € NOKasaTenamu
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Npo3payHOCTN BoAbl. B KambicTbibacckon cucTeme nMpo3pavyHocTb No AMcKy CeKKM cocTasasana
1,2-1,8 m, B AKwaTayckon — 0,8—1,1 m, Toraa Kak B [IpUMOPCKOM CUCTEME OHA CHUKanacb A0
0,45-0,60 M. H13Kas Nnpo3padyHOCTb B [IpUMOPCKOM cUCTEME MOXKET ObITb CBA3aHA C MOBbILLIEHHbIM
COMlepPrKaHMEM B3BELLEHHbIX BELLECTB, pa3BMTMeM QUTONMAHKTOHA M NOCTYNAeHNneM BUOTEHHbIX
anemeHTOB. bosiee BbiCOKaa NPO3PayYHOCTb KambICTbIOACCKOM CUCTEMBI CBUAETENLCTBYET O
CPaBHUTENbHO MEHbLLIEN MyTHOCTM U/UNW MEHbLLEN KOHLEHTPALMM B3BELIEHHOTO OpPraHNYecKkoro
BellecTBa.

Mo nokasaTento obuern MuHepanmsaumm (TDS) Takske BbIiBeHa BblparkeHHan
MEMKCUCTEMHAA M3MEHUYNBOCTb. B KambicTbiBaccKoM cncteme 3HavyeHMs HaXOAMANCL B Npeaenax
2,5-3,6, B AKwartayckon — 1,6-2,3, a B lpumopckon — 2,5-4,6 mr/am3. MakcumainbHble
3HaYeHMA OTMedeHbl B [1PMMOPCKON CUCTEME, YTO MOXET CBMAETENbCTBOBATb O 6onee
MHTEHCMBHOM  HAKOMNEHWUM  PACTBOPEHHbIX  MMHEpPasibHbIX  KOMMOHEHTOB  BC/AEACTBME
Me/IKOBOAHOCTN,  WCMaPUTE/IbHOTO  KOHLEHTPUPOBaAHMA U 0ocobeHHOoCcTe  BOA0OOMEHa.
OCHOBHbIMM MOHamK Mpeobiagatolero rmapokapboHaTHO-CyIbPaTHOroO Kaacca aAaaTca SOq4
(400-750 mr/om3) n Na+ K (300-550 mr/am3). B cnabonpoToUHbIX M TYMMKOBbLIX MAECax 4e1bTOBOro
KOMMAEKCa CONEBOMN PEXMM CMELLAETCA B CTOPOHY YBEAMYEHMA XNOPUA0B 1 HaTpUA. [pn NnaaeHnm
rnybuH 1o 1,0-1,2 m MMHepanmsauma sospacraet o 4,5-6,8 r/am3, ¢ TpaHchopmameit OHHOTo
cootHoweHus: Cl->S04% - Na* > Ca?* > Mg?*;

Tabnnua 2 - OUUKO-XMMUYECKME U TMAPOXMMMUYECKME MOKA3aTenn BOAbl Ae/bTOBbIX 03€PHbIX
cuctem p.Colpaapumn

MpuUMopCcKas cuctema
KambicTbibackas AKLwwaTayckas
MokasaTtenb (npaBobepeHas,
cuctema cucTema
nesobepexHasn)
rnybuHa,m 2,4-12 1,8-6,5 1,1-3,5
[Mpo3pavyHOCTb
(omnck Cekku), 1,2-1,8 0,8-1,1 0,45-0,60
M
MuHepanmsa-
ums (TDS), 2,5-3,6 1,6-2,3 2,5-4,6
mr/om3
BoaopoaHbii
noKasaTeb 8,15-8,35 8,20-8,45 8,45-8,60
(pH)
PacTEOREHHEIA 8,5-9,8 7,2-8,4 6,2-7,1
Oy, mr/om3
A3oT
AMMOHWIMHbIN 0,12-0,25 0,30-0,45 0,50-0,75
(NH4), mr/om3
AsoT
HUTPATHbLIN 1,10-1,85 1,40-2,10 2,10-3,20
(NOs), mr/am3
docoop
obwuin (PO4), 0,004-0,008 0,009-0,04 0,05-0,13
mr/om3
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3HayeHMAa pH BO BCcex Tpex CUCTEMAax XapaKTepW3oBaAM BOAY Kak cnaboluenoyHyto. B
KambicTbibacckon cucteme pH coctasnan 8,15-8,35, B Akwartayckon — 8,20-8,45, a B
Mpumopckon — 8,45-8,60. Hanbonee BbicOKMe 3Ha4eHMA pH B [pMMOpPCKOM cncteme MoryT ObiThb
obycnoBneHbl WMHTEHCMBHOM (QOTOCMHTETUYECKON aKTUBHOCTbIO BOAHOM PaCTUTENIbHOCTU U
dUTONNAHKTOHA, NPU KOTOPOM MNPOUCXOAMT NoraouieHne pactsopeHHoro CO, 1, COOTBETCTBEHHO,
yBeAMYEeHMEe LWEN0OYHOCTM BOAHOM cpeabl. Ocoboro BHMMAHMA 3aCAYXKMBAET coAeprKaHue
PacTBOPEHHOTO Kucnopoda. Haubosnee BbICOKME €ro KOHUEHTPaLUMM 3apernMcTpuMpoBaHbl B
KambicTbibacckoi cucteme — 8,5-9,8 mr/am3, HECKOIbKO HUMMe — B AKLIATayCKoM cucteme —
7,2—8,4 Mr/om3, @ MUHUMa/IbHbIE 3HaYEHNA OTMEeYeHbl B lTpMMopcKoi cucteme — 6,2—7,1 mr/ams.
Takaa nocnenoBaTe/IbHOCTb B LEAOM COrlacyeTca C pasindymMaMmmn nNpo3padvyHoCcTi, raybuHbl U
coflepraHuma BuoreHHbix coeamHeHun. OTHOCUTENbHO BbICOKAA KOHLEHTPaUMAa Kuciopoda B
KambIcTbiOacCKoM cucTeMe yKasbiBaeT Ha Honee 6aaronpusTHbIE YCA0BMA Fa30BOr0 pPexnma aaa
rMapobnoHToB. CHUMNKEHME KOHLUEHTpaUuMn Kucaopoda B [pMMOPCKOM cucTeEME MOXKeT ObiTb
CBA3AaHO C MOBbLIWEHHOM OWMONOMMYECKON MNPOAYKTUBHOCTLIO U YCUAEHHbIM MNOTpebaeHnem
KMCNOPOAa MPU Pas3fIoKEHUM OPraHMYeckoro BelwecTBa. Hambosee BbipaxeHHble pasanyma
MeXay cnuctemamm HabaoaaTes No coednHeHnsam a3oTta. KoHUeHTpaumMa aMMOHUIMHOTO a30Ta
(NH.) B KambicTbibacckon cucteme coctasnsana 0,12-0,25 mr/om3, 8 AkwaTayckon — 0,30-0,45
mr/am3, a B Mpumopckon pocturana 0,50-0,75 mr/am3. Takmum o6pasom, codepskaHue
aMMOHMIMHOM GOPMbl a30Ta NocneanoBaTeIbHO Bo3pacTaeT oT KambICTbibacckon K MpumopcKom
cucteme. MosblleHHas KoHUeHTpauma NHa MoXKeT H6bITb CBA3aHa C NOCTYNEHMEM OPraHUYeCcKoro
BELLECTBA, MPOLLECCaMM ero PasnoKeHua, HeJoCTaTOYHbIM BOAOOOMEHOM M OCOHBEHHOCTAMM
Me/IKOBOAHbIX Y4aCTKOB. AHANOMMYHaA 3aKOHOMEPHOCTb OTMeYaeTcA A8 HUTPATHOro a3oTa
(NOs3). B KambICcTbiBaccKon cucteme ero KoHueHTpaumsa coctasnsna 1,10-1,85 mr/am®, 8
Akwatayckont — 1,40-2,10 mr/am3, a B Mpumopckoin — 2,10-3,20 mr/am3. CoaepraHme pocdopa
(PO4) Takke BO3pacTano B HamnpasnaeHwm OT KambicTbiDaccKkoM K [MpuMmopckoi cucteme. B
KambicTbibaccKkom cucteme ero KoHueHTpauua coctasasna 0,004—0,008 mr/om3, B AKLaTaycKown
— 0,009-0,04 mr/am3, a B Mpumopckor — 0,05-0,13 mr/om3. TloBblleHHOE CcoepskaHue
MUHEepanbHbIX GopmM a3oTa B [IpMMOPCKON cucTeEMe CBMAETENLCTBYET O HObLUEN AOCTYMHOCTU
HMOreHHbIX 3/IEMEHTOB M NOTEHUMaNbHO HoNee BbICOKOM MHTEHCUMBHOCTM NPOLLECCOB NePBUYHOM
NpoAyKLUMN.

B uenom nonyyeHHble JaHHble MO3BOAAIT BblAEANTb TPAAMEHT 3IKOAOTMYECKOTO
COCTOSIHMA WUCCNeA0BaHHbIX 03epHbIX CUCTEM. KambiCTbibacckaa cMCTEMa XapaKTepuayeTcs
bonblwen rnybuHOM, OTHOCUTENBHO BbICOKOM MPO3PAYHOCTbIO, MOBbILEHHLIM COAEPKaHNEM
PACTBOPEHHOTO KMCA0OPOAA M MUHUMANBHBIMW KOHLEHTPALUMAMM coeamHeHnn a3oTa u docdopa
[11]. AkwaTtayckas cuCTeMa 3aHMMAET TMPOMENKYTOYHOE TMONAOXKEHME MO  OONbLWIMHCTBY
PAaCCMOTPEHHbIX MapameTpoB. [lpMMopcKasa cucTema OT/AMYaeTcad MeHbllel TaybuHoM mu
NPO3PaYHOCTbIO, MOBbILIEHHON MUHepanu3aumeln, H6onee BbICOKMM PH M MakcMmanbHbIMK
KOHLEHTPaLUMAMM a30THbIX U GOCPOPHbIX COEANHEHMI NPU OTHOCUTESIbBHO HU3KOM COAEPKAHUN
PaCTBOPEHHOTO KMCA0POAa.

BbiBOAbl. B Llenom o3epHble cuctembl AenbTbl Cbipaapma XapaKTepu3yoTCA BblparKeHHOM
NPOCTPAHCTBEHHON N TMAPOXMMMYECKON HEOAHOPOAHOCTbIO, 0OYC/IOBAEHHOM Pa3INYMAMN B NX
MOPPOMETPUUYECKMX XapPaKTEPUCTUKAX W cTeneHn BojoobecrnedyeHHocTU. KambicTbibaccKas
cucTema oTamyaeTca 6onblen rybuHOM, BbICOKOW MPO3PadYHOCTbIO BOAbl U OTHOCUTENBHO
BbICOKMM COZEepPrKaHMEeM PaCTBOPEHHOIO KUCA0POAa NPU HEBbICOKMX KOHLLEHTPaLUMAX BMOreHHbIX
3/IEMEHTOB, YTO CBUAETEeNbCTBYET 0 bosee HAaronpusaTHbLIX YCIOBUAX 418 GYHKLUMOHMPOBAHUS
BO/HbIX 3KOCMCTEM M PbIDOXO3ANCTBEHHOIO MCMO/b30BaHUA. AKLIaTayCckaa cucTema 3aHMmaeT
NPOMEXKYTOYHOE TMONOXKeHMe, Torda Kak [lpumopckme cuctemsbl (MpaBobeperkHas U
nesobeperkHasn) xapakTepm3yoTca MeIKOBOAHOCTbIO, CHUMKEHHOM NPO3PaYHOCTbIO, MOBbILLEHHON
MWHepanunsaumen 1 0Oonee BbICOKMMM KOHLIEHTPAUMAMM coeaMHeHM a3oTa u docdopa.
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CTabunbHOCTb TMAPONOTMYECKOTO PEeXMMA AeNbTOBbIX BOAOEMOB OMNpeaenAaerca BeanN4MHOWM
PEYHOro CTOKa, pPEeXMMOM BOAOMOAAYM M3 BblWEPaACNONIOKEHHbIX BOAOXPAHUAULL WU
peryampyeMbiMmM NOMNyCKamu 4epes rmapoTeEXHUYECKME COOpYKeHMA «Acnam» n «Aknak». Jna
NOAAEP)KAHNA  YCTOMYMBOrO  COCTOAHMA  03EPHbIX cuMcTeM Heobxoaumo obecneymBaTb
[OCTAaTOYHbIN 0OBbEM aKKyMyAMpPyeMOM BOAbl C Y4ETOM CE30HHbIX MOTepPb Ha MWCNapeHue,
dUNbTpauMio N peryampyemblin  OTTOK. [lpM HOPMasibHOM BOAHOCTM OPUEHTUPOBOYHbIM
CYMMapHbI 0bbem BOAbI B UCCeAyeMblX Ae/IbTOBbIX BOAOEMAX AO/IXKEH COCTaBAATb okono 1,2
MAPA.M3, 4YTO COOTBETCTBYET M/OLWAAM BOAHOMO 3epKana v 06BOAHEHHbIX yroamin nopsaxa 700—
850 Km?. CHUsKeHne BOA006ecneyeHHOCTU HUMKEe JaHHOTO YPOBHS MPUBOAUT K YMEHbLIEHWIO
naowaam n ob6bemos BOAOEMOB, MU3MEHEHUIO TMAPOXMMMNYECKMX YCIOBUI U MOBbILLIEHNIO PUCKA
Aerpagaumm OTAEeNbHbIX O03epHbIX cuMcTeM. Takum obpas3om, nogaepKaHue OnTMMasAbHOro
BOLHOIMO pPEXMMa ABNAETCA OLHUM W3  KAKYEBbIX YCA0BUIA COXPAHEHWMA 3IKONOTUHECKOM
yCTOM4YMBOCTH, BMOPa3Ho0Hpa3na 1 pblbOX03ANCTBEHHOM NPOAYKTUBHOCTM AenbTbl Colpaapua.

®uHaHcupoBaHue paboTbl. VccnenoBaHMe BbINONHEHO B paMKax bOIOAKETHOM NPOrpammbl
021-100-159 «Ycnyrm no obecneyeHWto COXPaHeHWsi, BOCMPOM3BOACTBA M PaLMOHANLHOMO
MCMNONb30BAHNA PECYPCOB KMBOTHOIO MUpPa», GUHaHCUMpyemon KommuteTom pbiOHOTO X03s1CTBa
MUHKUCTEPCTBA CENbCKOro X03AancTBa Pecnybamkn KasaxcraH.
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Abstract. The use of social media data for sentiment analysis presents a number of important
challenges because the nature of user-generated text is often informal and noisy and is heavily
dependent on context. Classical machine learning algorithms provide efficient computations but
do not typically account for the very deep semantic properties of the text they analyse, whereas
transformer-based models, such as RoBERTa, are able to provide a much richer understanding of
context but require substantial computational resources. In this research, we employ an ensemble
architecture which combines three classical classifiers (SVM, LR, and XGBoost) with a fine-tuned
RoBERTa model, making predictions with this combined framework using a soft-vote method for
classifying the sentiments of social media textual data. We evaluate the ensemble architecture on
three benchmark datasets (Sentiment140, IMDb, Twitter US Airline) and find that the ensemble
outperformed RoBERTa alone on the IMDb dataset by 1.42 percentage points (92.51% accuracy),
with the ensemble much more closely matching the performance of RoBERTa on the
Sentiment140 and Twitter US Airline datasets while maintaining significantly more balanced
scores for precision and recall. The ensemble produced no additional training overhead in
comparison to RoBERTa and the total inference cost was negligible when compared to the time
required to fine-tune the RoBERTa model (up to 3,096 seconds). The results of this research
indicate that the combination of lightweight classical classifiers with a transformer architecture
via a soft voting ensemble yields a generalisable and computationally practical architecture for
performing sentiment analysis of social media data.

Keywords: Sentiment analysis, Ensemble learning, RoBERTa, Support Vector Machine, Logistic
Regression, XGBoost, Soft voting, Natural language processing, Text classification.

1. Introduction

The rise of social media has resulted in a complete re-thinking of how individuals articulate
views and share experiences with each other as part of their conversation with society through
public discourse. According to the latest statistics from Twitter, it alone produces over 500 million
tweets per day (Kumar & Sadanandam, 2024), and therefore social media is one of the most
extensive systems of real-time human emotion available today. As such, it has become critical
across a number of different domains to analyse sentiment (automatically classifying emotive
responses) derived from social media communication. Applications range from Business
Intelligence where companies/marketers analyse sentiment to understand customer views
(known as “Voice of the Customer”) to Public Health where social media has been used to track
mental health trends (Kumar et al., 2025; Alahmadi et al., 2025), to Government where individuals
use social media to share their opinions on government policy (Ali & Hendrastuty, 2024).
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While there are many opportunities in terms of the richness of available data from social
media to be analysed, there are equally significant technical challenges in performing so.
Traditional models for analysing text, especially when utilising machine learning, are poorly suited
for analysing informal types of communication such as those used on social media (i.e. informal
language, misspellings, emojis, short forms, and contextual ambiguity) (Maryam et al., 2025). In
addition to issues associated with informal language, text that is ambiguous (e.g. syntactically,
structurally, or lexically) presents a major challenge to the use of machine learning algorithms for
the analysis of social media communication (Kumar et al., 2025).

Initial approaches to sentiment analysis included classical machine learning models such
as SVM, Logistic Regression, and Naive Bayes. SVMs provide excellent accuracy as well as an
adaptable way to create the hyperplane with the maximum amount of separation between two
types of data points (Hayadi & Maulita, 2025). Nonetheless, classical machine learning provides a
key disadvantage: they need a large amount of manual effort to create the features to model the
data and do not have any capability to learn complex structures in the language automatically
(Pimpalkar et al., 2025). Specifically, they struggle with complex linguistic structures such as irony,
sarcasm, and negation (Alahmadi et al., 2025).

The advent of transformer-based models has addressed many of these limitations.
RoBERTa is an improved version of BERT that was trained for longer to improve performance and
incorporated novel dynamic masking strategies to help create better models of the nuances of
language used in social media, including sarcasm, irony, and humour (Maryam et al., 2025; Kumar
& Sadanandam, 2024). Although transformer models provide much better contextual
understanding than do classical machine learning approaches, they are computationally too costly
to deploy on their own.

Ensemble techniques have the potential to improve the predictive performance of a
number of different types of models by integrating the unique advantages of each model of
interest into a single ensemble. Ensemble methods are often successful in reducing the variance
of a model and enhancing its ability to predict outcomes (Alahmadi et al., 2025). However, the
systematic combination of classical machine learning classifiers with RoBERTa in an ensemble
configuration for sentiment analysis on social media has not yet been examined in the extant
literature. Additionally, the majority of studies investigating ensemble analysis for sentiment
classification have failed to evaluate the proposed framework across multiple domains and
classification conditions, limiting the generalizability of their findings (Alahmadi et al., 2025).

This research aims to bridge this gap by proposing and evaluating an ensemble framework
that synthesises classical machine learning classifiers with RoBERTa for sentiment analysis on
social media text, evaluated across three different benchmark datasets featuring different
domains and classification conditions.

1.1 Problem Statement

The current research on sentiment analysis is based either on traditional
statistical/machine learning models that are very quick to compute, however, these models do
not have the capability to understand semantics and capture the context of words; or on
transformer-based models like RoBERTa that have much better accuracy but at a high
computational cost. A unified ensemble approach combining both model types has been very
seldom used to perform social media sentiment analysis. In addition, the generalizability of
ensemble frameworks created within this methodology, between various domains and multiclass
environments has not been thoroughly reviewed.

1.2 Objectives

The goals of this research are fourfold: First, to analyze contemporary approaches (both
classical and transformer-based) applied to sentiment analyses of social media. Second, to develop
and test an ensemble model that integrates classical classification methods (support vector
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machines, logistic regression, XGBoost) with a RoBERTa transformer for sentiment classification of
social media text. Third, to compare and evaluate the performances of the separate models with
the ensemble using numerous metrics (accuracy, F1 Score, precision, and recall) on a benchmark
dataset. Fourth, to evaluate the circumstances under which the ensemble outperforms the
separate models and to outline the implications for practical use in social media sentiment
analyses. Fifth, to determine the extent to which the ensemble can be generalized across multiple
benchmark datasets and text domains.

1.3 Novelty and Contribution

While prior work on sentiment analysis has explored both classical machine learning
models and transformer-based architectures extensively, the combination of the two within a
unified ensemble framework has received comparatively little attention. Existing ensemble
approaches either stack multiple transformer models together, which yields high accuracy but
demands substantial computational resources, or combine classical classifiers exclusively, which
sacrifices the semantic depth required to handle informal and contextually dependent social
media text effectively.

This research introduces a soft voting ensemble that deliberately pairs the complementary
strengths of both model families. SYM and Logistic Regression are well-established linear
classifiers that generalise reliably on high-dimensional sparse TF-IDF representations and produce
well-calibrated probability outputs. XGBoost contributes non-linear feature interaction modelling
through sequential tree construction. RoBERTa, as the transformer component, provides deep
bidirectional contextual understanding that classical models are structurally unable to replicate.
The novelty lies not in any single model, but in the deliberate architectural decision to combine
these four models through soft voting, allowing each to contribute its probability estimates
proportionally, thereby moderating individual model biases and producing a more balanced final
prediction.

A further distinguishing characteristic of this research is its multi-dataset evaluation
strategy. Rather than validating the framework on a single benchmark, experiments are conducted
across three datasets spanning distinct text domains and classification settings: short-form binary
Twitter data (Sentiment140), longer-form binary movie reviews (IMDb), and multi-class airline
Twitter sentiment (Twitter US Airline). This design choice allows for a systematic investigation of
when and why the ensemble advantage materialises, yielding practically actionable insights about
the conditions under which combining classical and transformer models is most beneficial.
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2. Related Work

Table 1. Related Work on Sentiment Analysis

No. |Authors Year | Application Techniques Used Research Gap
1 |Adamu et al. | 2026 | Multilabel text |Hybrid stacking, Does not explore fine-
emotion Random Forest meta- |grained or context-
detection classifier, BERT, dependent emotional
DistilBERT, RoBERTa, phenomena beyond
MBERT predefined dataset
categories
2 |Alshehriet |2026|Arabictweet |Weighted ensemble, Struggles to predict a single
al. speech act AraBERT, transformer- |speech act when a
classification based data sentence contains multiple
augmentation, LIME overlapping acts
explainability
3 |lIslametal. |2026|Depression Diversity-aware Performance on minority
emotion and transformer ensemble, |labels such as suicidal
severity weighted soft voting, intent remains low due to
detection DistilBERT, ALBERT, significant class imbalance
XLM-RoBERTa,
DeBERTa, BiLSTM, LIME
4 |Mansour et |2026 | Twitter hate Lexicon-guided May not generalize to
al. speech contextual attention, emerging coded
detection RoBERTa fine-tuning,  |expressions or euphemistic
attention visualization, |forms of hate speech
LIME
5 |Al-Qudah et |2025 |Restaurant Ordinal regression, Fails to detect irony and
al. review PSO, XGBoost sarcasm in reviewer
sentiment sentiments
6 |Alahmadiet |2025|Sentiment ML, Deep Learning, Deep learning models lack
al. analysis survey |Transformers, Hybrid  |interpretability and cross-
architectures domain robustness
7 | Almalki 2025 | Multilingual MBERT, XLM-R, T5, High misclassification of
sentiment SVM neutral sentiment in short
detection social media posts
8 |Hayadi & 2025 |Education SVM, Exploratory Data |Platform-specific bias limits
Maulita discourse Analysis generalizability to informal
sentiment language
9 |Kumaretal. |2025|Sentiment CNN, LSTM, BERT, GPT, |Struggles with sarcasm and
analysis review | T5, SVM, Naive Bayes |lacks cross-domain transfer
robustness
10 |Maryam et |2025 |Social media RoBERTa fine-tuning Truncation causes context
al. text loss; class imbalance
classification reduces neutral accuracy
11 [Mustofa & |2025 |Social media Naive Bayes, SVM, High computational cost of
Saptomo text analysis BERT deep learning hinders real-
world deployment
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No. |Authors Year | Application Techniques Used Research Gap
12 |Pimpalkar et | 2025 | Deep learning |RNN, LSTM, CNN, BERT, |Significant gaps in handling
al. SA survey GPT ambiguity and lack of
adversarial robustness
13 |Rahmanet |2025|Context-aware |RoBERTa-BiLSTM Results sensitive to
al. sentiment preprocessing strategies
analysis and imbalanced datasets
14 |Ali & 2024 | Public Naive Bayes, SVM, Lacks contextual
Hendrastuty sentiment Random Forest, SMOTE | understanding provided by
analysis pre-trained transformer
models
15 [Cam et al. 2024 |Financial tweet |NB, LR, SVM, KNN, DT, |Single platform and
sentiment MLP language; no deep learning
or multimodal expansion
16 [Chauhan et |2024|Aspect-based |BERT-SPC, AEN-BERT, [Inconsistent across
al. SA ATAE-LSTM domains; fails on informal
technical product language
17 |Jahinetal. |2024|Tweet RoBERTa, Attention, No multimodal integration;
sentiment BiLSTM (TRABSA) interpretability techniques
analysis need refinement
18 |Kp et al. 2024 | Tweet Ensemble (SVM, RF, Classical ensemble
sentiment DT), AdaBoost components lack
classification transformer-based
contextual embeddings
19 |Kumar & 2024 |COVID-19 BERT, RoBERTa, Fusion |Small labeled datasets
Sadanandam tweet architecture constrain transformer
sentiment fusion architecture
performance
20 |Miahetal. |2024|Cross-lingual Ensemble of RoBERTa, |Translation biases hinder
sentiment BERTweet, GPT-3 effective cross-lingual
analysis adaptation
21 |Yibeyin et al. | 2024 | Broadcast LSTM, GRU, BiLSTM, Cannot classify sarcasm;
opinion mining | CNN-BiLSTM limited to single language
22 |Bengesiet |2023|Outbreak KNN, SVM, RF, LR, MLP, |Relies on basic polarity
al. sentiment NB, XGBoost without word embeddings
polarity or deep learning

2.1 Sentiment Analysis of Social Media Data

Sentiment analysis is one of the basic tasks in Natural Language Processing and it has
received a great deal of attention from researchers. The majority of published research on
sentiment analysis has relied upon data collected from social media sites and has been applied to
many different application areas. As documented in detail in the comprehensive review by
Alahmadi et al. (2025), there is tremendous opportunity for using sentiment analysis to evaluate
mental health trends and develop guidelines to improve consumer good performance. However,
most prior work has been based on English corpus data only, thus limiting the applicable scope of
many of the resultant conclusions to a single language and raising concerns about the
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generalizability of findings to non-English-language populations. One major challenge related to
social media data is that there is a high prevalence of sarcasm among tweets. Sarcasm often
presents itself through an expression of sentiment that may be at odds with an individual's true
feelings about the expressed content. The work of Yacoub et al. (2024) has demonstrated that the
usage of sarcasm can result in an inversion of the true sentiment and lead to a systematic error in
classifying a piece of data; a common obstacle identified in their work is the lack of context. In
addition to being able to analyse sarcasm, sentiment analysis has been used to evaluate actual
events occurring at a societal level with implications on public health. In their evaluation of 56
models using Twitter data surrounding the Monkeypox outbreak, Bengesi et al. (2023) found that
their models achieved accuracies from 0.65 to 0.93; however, they also pointed out that many
previous studies do not include details of exact preprocessing steps used, making reproducibility
more difficult. Hayadi and Maulita (2025) have conducted research to identify sentiment on
Indonesian Twitter with regard to education reform. They applied Support Vector Machines and
found that 91.75% of tweets were classified correctly as either positive or negative. They also
indicated that neutrality of sentiment predominates within Twitter conversations; therefore, it is
likely that the presence of neutral tweets may mask underlying attitudes held by the public. These
examples illustrate how vibrant and active the area of social media sentiment analysis research is.
However, they also suggest that challenges remain related to how to address the multitude of
languages, sarcasm, and representational language (i.e., jargon) used in specific fields of study on
social media.

2.2 Classical Machine Learning Approaches

Sentiment analysis has been dominated for the past decade by classical machine learning
models such as Support Vector Machines. SVM has traditionally performed well in many different
domains. For example, Cam et al. (2024) utilized SVM and Multilayer Perceptron to analyze Turkish
financial Twitter data and achieved 89% accuracy using SVM, but found a lack of ability from SVM
in terms of context-aware methods for capturing nuances in financial data. Likewise, Al-Qudah et
al. (2025) compared SVM, Naive Bayes, and Random Forest when classifying restaurant reviews
and found SVM to generate the highest accuracy (94.56%) while noting that XGBoost is
increasingly being used but is difficult to tune due to the number of hyperparameters that it
contains.

According to the research conducted by Mustofa and Saptomo (2025) on informal social
media data, Naive Bayes was able to achieve 68% and SVM was able to achieve 75% accuracy, with
both models struggling to accurately understand informal language and slang on Twitter and
Reddit. In addition, Kaur and Sharma (2023) utilized a combination of N-gram and TF-IDF
representations with SVM for feature engineering on Sentiment140, achieving an F1 score of
84.5%. All of these studies indicate that while the performance of classical models is high for
computational efficiency and interpretability, there is an inherent limit to the performance of the
models as they are unable to handle large quantities and diversity of online data without extensive
manual feature engineering and unable to model the semantics of the data deeply enough to
produce meaningful predictions or classifications. As such, the studies collectively serve as
motivation for adopting a more powerful architecture to improve prediction/classification
accuracy.

2.3 Transformer-Based Approaches

Transformers have revolutionized sentiment analysis. Sentiment analysis has been
advanced by the introduction of transformer-based models into the field. ROBERTa has proven to
be one of the most successful models for analyzing the sentiments of text from social media
sources. Maryam et al. (2025) trained a RoBERTa-base model on a combination of the Twitter and
IMDB data set and achieved a validation accuracy of 87%. They also observed that when truncating
the fixed input size to 128 tokens, this caused a slight performance degradation on longer reviews
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when classifying the sentiment of social media text. AlImalki (2025) examined XLM-R, mBERT, and
T5 for the purposes of classifying the sentiments of users' posts from multiple social media
platforms; XLM-R, which was trained with the Multi-lingual BERT (mBERT) and T5, received the
highest F1-score of 90.30%. He also noted that misclassification rates, at 16.20%, were especially
high for neutral sentiments. Researchers have also sought to augment BERT using external
knowledge beyond BERT's own parameters. Mutinda et al. (2023) introduced LeBERT, which
combined a sentiment lexicon with BERT and CNN, for sentiment analysis and achieved an F-
measure of 88.73%. They proposed that in future studies, LSTM models should complement
LeBERT's performance by being applied to the sentiment lexicon. Chauhan et al. (2024) used BERT-
SPC to evaluate the sentiments of specific aspects of computers using the SemEval-2014 dataset
and achieved an accuracy rate of 84.98% for laptops; however, they observed limitations in
determining the overall sentiment of products based upon the specific aspect categories that
identified product types.

More recent transformer-based work from 2026 has extended fine-tuning strategies to
increasingly specialised and challenging classification tasks on social media text. Mansour et al.
(2026) proposed a lexicon-guided contextual attention mechanism built on top of fine-tuned
RoBERTa for hate speech detection on Twitter, achieving a peak accuracy of 98.2% and a macro-
F1 score of 0.95. The authors noted, however, that the model may fail to generalise to emerging
coded expressions and euphemistic language, a limitation that is consistent with the broader
challenge of handling evolving informal vocabulary on social media. Alshehri et al. (2026) applied
a weighted ensemble of pre-trained transformer models including AraBERT for classifying Arabic
speech acts on Twitter, achieving a macro-F1 of 0.74 and accuracy of 0.85 on the ASAD dataset.
Their work highlights that transformer-based approaches, while powerful, continue to struggle
when a single utterance contains multiple overlapping communicative acts, a challenge that is
structurally similar to the ambiguity problem encountered in multi-class sentiment classification.
2.4 Ensemble Approaches

Ensemble methods have gained considerable attention as a strategy for combining the
strengths of multiple models to improve sentiment classification performance. Among
transformer-based ensembles, Semary et al. (2023) combined RoBERTa with CNN and LSTM layers,
achieving 96.28% accuracy on IMDb and 94.2% on Twitter airline reviews, though training was
noted to be computationally expensive. Kumar and Sadanandam (2024) proposed a fusion
architecture concatenating BERT and RoBERTa embeddings on COVID-19 tweets, achieving 94.3%
accuracy and surpassing individual model results, but at the cost of high computational overhead
for deployment. Jahin et al. (2024) integrated RoBERTa with attention mechanisms and BiLSTM,
achieving a macro average accuracy and Fl-score of 94% on UK COVID-19 Twitter data, though
the additional layers added significant computational overhead. Rahman et al. (2025) further
confirmed this trend, with their ROBERTa-BiLSTM model achieving 92.36% on IMDb and 80.74%
on airline reviews, noting that results are subject to variability based on experimental platforms.

Among classical ensemble approaches, Kp et al. (2024) combined Random Forest, SVM,
and Decision Tree using AdaBoost, achieving 93.42% accuracy on paragraph-level classification,
though increased decision tree depth introduced high variance. Hu et al. (2024) applied a stacking
classifier on disaster tweets, achieving a balanced accuracy of 80%, noting that the rationale
behind predictions in complex ensembles remains difficult to interpret. For cross-lingual scenarios,
Miah et al. (2024) combined RoBERTa, BERT, and GPT-3 on translated multi-source datasets,
achieving over 86% accuracy, though language discrepancies required significant additional
integration effort. Finally, Yibeyin et al. (2024) demonstrated that a hybrid CNN-BiLSTM model
achieved 96.08% accuracy on Amharic social media comments using word2vec embeddings,
though sarcastic opinions were systematically misclassified.
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Two further ensemble studies from 2026 reinforce the trend toward combining multiple
transformer architectures through stacking and soft voting strategies. Adamu et al. (2026)
proposed a hybrid stacked ensemble that combines BERT, DistilBERT, RoBERTa, and mBERT using
a Random Forest meta-classifier for multilabel emotion detection, with their best configuration
achieving F1-scores of 89.48, 88.19, and 90.67 across three datasets. Their results confirm that
stacking diverse transformer models through a learned meta-classifier can yield strong multilabel
performance, though the authors acknowledge that fine-grained or context-dependent emotional
phenomena beyond predefined label sets remain unaddressed. Islam et al. (2026) proposed
DepTformer-XAI-SV, a diversity-aware ensemble combining DistilBERT, ALBERT, XLM-RoBERT3,
DeBERTa, and BiLSTM through weighted soft voting with post-hoc LIME explanations for
depression and severity detection, achieving macro-F1 scores of 80.44% and 79.88% respectively.
Importantly, their work demonstrates that soft voting over diverse transformer architectures
provides measurable gains over individual models, directly supporting the ensemble design
rationale adopted in this research, while also noting that class imbalance remains a persistent
limitation for minority sentiment labels.

An analysis of the current literature on ensemble learning indicates that to date there has
been little examination of pairing lightweight classical classifiers with a high-performance
transformer, specifically ROBERTa. Existing research on ensembles either develops an ensemble of
multiple transformer models resulting in a higher level of accuracy but at an unreasonable
computational cost, or develops an ensemble using only classical classifiers resulting in lower
levels of semantic information. The absence of a systematic examination of ensemble models with
the use of a combination of lightweight classical classifiers, i.e., SVM, Logistic Regression and
XGBoost, and one powerful transformer discriminant, i.e., RoBERTa, represents an excellent
opportunity to balance predictive performance with computational efficiency. This research is a
response to this gap in the literature.

3. Methodology
3.1 Datasets

To evaluate the extent to which the proposed ensemble architecture can generalize, three
publicly available benchmark datasets were used for experimentation, each dataset comprised of
two or more classifications within distinct text domain categories.

The first dataset, Sentiment140 (Bengesi et al., 2023), contains 1.6 million tweets taken
from the Twitter platform. Each tweet in the dataset was assigned either a positive or negative
label via a distant-supervision method utilizing emoticons to make the label assignment. For the
purpose of experimentation, a 60,000 sample set (30,000 positive and 30,000 negative) was
created from the total sample to account for issues regarding computational feasibility and
statistical reliability.

The second dataset, IMDb Movie Reviews (Mutinda et al., 2023), provides 50,000 English
language movie reviews (i.e., 25,000 positive and 25,000 negative) written by users on the IMDb
website. Unlike the Sentiment140 dataset, the length and complexity of the movie reviews provide
for a more elaborate vocabulary to utilize and contain more complex sentence structures than the
tweets from the first dataset. All reviews from this dataset will be utilized for experimentation.

The third dataset, Twitter US Airlines (Kp et al., 2024), contains 14,640 tweets directed
toward major US airline companies. The dataset contains tweets assigned to three-class partitions
(i.e., negative, neutral, and positive) based on sentiment. This dataset serves as an example of
creating a multi-class classification scenario and is also a dataset where the ensemble will be
tested using an imbalanced distribution among sentiment classes. All tweets will be utilized from
this dataset during experimentation.
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In order to ensure the integrity of each dataset's class distribution, a stratified train/test
data split was applied. Key characteristics of the datasets are shown in Table 2.
Table 2. Datasets used in this research

Dataset Classes Samples Split (Train/Test)
Sentiment140 2 60,000 47,776 / 11,945
IMDb 2 50,000 40,000/ 10,000
Twitter US Airline 3 14,620 11,696 /2,924

3.2 Data Preprocessing

There are seven sequential steps in the preprocessing pipeline that will be applied
consistently to all samples using the same means. The first step, data cleaning, involves removing
any URLs, user mentions, special symbols, emojis, and non-alphabetic characters from the raw
text. The second step will convert all text to lowercase, creating consistent representation across
all tokens. The third step, normalization, limits the number of repetitions in a character string to
two at most, since this is a common practice when writing informal elongated words (e.g.,
“s0000”). The fourth step involves erasing all punctuation and any outstanding special characters
but retaining apostrophes when found alongside negating contractions (e.g., “didn't” and “isn't”).
The fifth step uses tokenization to divide cleaned text into individual tokens based on whitespace
boundaries. The sixth step uses the NLTK stop word list to remove common English stop words
from the tokens; however, any negation words (i.e., “not” or “never”) will be preserved because
they are specifically relevant to attached sentiment. The seventh step uses the WordNet
Lemmatizer to convert each token to its base form.

For the classical models, preprocessed text is represented using Term Frequency-Inverse
Document Frequency (TF-IDF) vectorization with a maximum vocabulary size of 50,000 features
and unigram and bigram combinations. For RoBERTa, the raw cleaned text is tokenized using the
RoBERTa tokenizer with a maximum sequence length of 128 tokens, consistent with prior work
(Maryam et al., 2025).

3.3 Classical Models

Three classical machine learning classifiers are trained on TF-IDF representations of the
preprocessed tweets.

Support Vector Machine (SVM) is a supervised learning algorithm that identifies an optimal
hyperplane maximizing the margin between classes in a high-dimensional feature space (Hayadi
& Maulita, 2025). A linear kernel is used given the high dimensionality of TF-IDF features, with the
regularization parameter C set to 1.0.

Logistic Regression (LR) is a probabilistic linear classifier that models the posterior
probability of class membership using a sigmoid function. It is well-suited for high-dimensional
sparse text features and produces well-calibrated probability outputs required for soft voting. The
maximum number of iterations is set to 1,000 with L2 regularization.

Extreme Gradient Boosting (XGBoost) is an ensemble tree-based method that builds
models sequentially, with each tree correcting the residual errors of the previous one. XGBoost is
particularly effective at capturing non-linear feature interactions that linear models may miss. The
number of estimators is set to 300 with a learning rate of 0.1 and maximum tree depth of 6.

All three classifiers are implemented using the scikit-learn and XGBoost Python libraries.
Hyperparameters are selected based on values reported in related literature and applied
consistently across all classical models.

3.4 RoBERTa Fine-Tuning

RoBERTa (Robustly Optimized BERT Pretraining Approach) is a transformer-based language

model that improves upon BERT through extended training duration, larger batch sizes, and
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dynamic masking strategies (Maryam et al., 2025). The roberta-base pre-trained model from the
HuggingFace Transformers library is used as the foundation and fine-tuned for sentiment
classification, with the number of output classes set to match each dataset: two classes for
Sentiment140 and IMDb, and three classes for Twitter US Airline.

A classification head consisting of a dropout layer (rate = 0.1) followed by a fully connected
linear layer is appended to the [CLS] token representation of the final transformer layer. The model
is fine-tuned end-to-end for 3 epochs using the AdamW optimizer with a learning rate of 2 x 107°
and a linear warmup schedule over the first 10% of training steps. The batch size is set to 32. Binary
cross-entropy loss is used as the training objective. Fine-tuning is performed on a GPU-enabled
environment. The fine-tuned RoBERTa model outputs class probabilities for each sample, which
are used directly in the ensemble.

Figure 1 presents the training loss and accuracy progression of RoBERTa across three
epochs on each dataset. On all three datasets, training loss decreases consistently across epochs
while training accuracy increases, confirming that the model converges appropriately without
signs of overfitting. The steeper initial loss drop on IMDb reflects the richer lexical structure of
movie reviews, which provides stronger gradient signal during early fine-tuning. These curves
serve as empirical evidence that the fine-tuning configuration used in this research is stable and
produces a well-trained transformer component for the ensemble.

RoBERTa Training Curve — Sentiment140 RoBERTa Training Curve — IMDb RoBERTa Training Curve — Twitter US Airline
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Figure 1. RoBERTa training loss and accuracy across three fine-tuning epochs: (a) Sentiment140,
(b) IMDDb, (c) Twitter US Airline.
3.5 Ensemble Design

The proposed ensemble combines the outputs of the three classical classifiers and the fine-
tuned RoBERTa model using a soft voting strategy. In soft voting, each model produces a
probability distribution over the sentiment classes for a given input. The final ensemble prediction
is determined by averaging these probability distributions across all four models and selecting the
class with the highest mean probability:

y =arg maxc (1/N) Zii" pi(c) (1)

where yis the predicted class, N =4 is the number of base models, and pi(c) is the predicted
probability of class ¢ by model i.

This strategy is chosen because all four models output calibrated class probabilities, soft
voting preserves the confidence information of each model rather than discarding it as in hard
voting, and it is computationally efficient (Kp et al., 2024). The ensemble is implemented using a
custom voting wrapper that combines scikit-learn model outputs with RoBERTa softmax
probabilities into a unified prediction pipeline. Algorithm 1 presents the full procedure covering
both the training and inference phases of the proposed framework.

Figure 2 presents the proposed framework architecture, illustrating the complete data flow
from raw social media text through to the final sentiment prediction. The framework operates in
two structurally independent streams that share only the preprocessing stage. In the classical
stream, preprocessed text is transformed into a sparse numerical matrix through TF-IDF
vectorization, which encodes term frequency weighted by inverse document frequency across a
vocabulary of 50,000 unigrams and bigrams. This representation is then consumed independently
by SVM, Logistic Regression, and XGBoost, each of which produces a two- or three-dimensional
probability vector over the sentiment classes. In the transformer stream, the same preprocessed
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text is passed to the RoBERTa tokenizer, which converts it into subword token sequences padded
to 128 tokens. The fine-tuned RoBERTa model processes these sequences through its twelve
transformer layers and outputs class probabilities via a softmax classification head appended to
the [CLS] token representation.

The outputs of all four models converge at the soft voting layer, where their probability
vectors are averaged element-wise. The class index with the highest average probability is selected
as the final prediction. This design deliberately keeps all four base models independent during
both training and inference. Independence is important because it ensures that the error patterns
of the classical models and RoBERTa remain uncorrelated; when one model is wrong for structural
reasons (such as TF-IDF's inability to capture contextual negation), another may compensate
through different representational strengths. The result is a more stable and balanced classifier
than any individual component can achieve alone.

Raw social media text
Data Preprocessing

v v
‘ TF-IDF Vectorization ’ ‘ RoBERTa Tokenizer ‘
SUM Loglst{c XGBoost RoBERTa
Regression (fine-tuned)
v v v
Class Class Class Class
probabilities probabilities probabilities probabilities
p(©) p(©) p(©) p(©)

| | |
v
Soft Voting Ensemble

N 1
§ = argmax— Zp,(c)

v

Predicted Sentiment
(Positive/Negative)

Figure 2. The proposed ensemble architecture for sentiment analysis.
Algorithm 1. Soft Voting Ensemble for Sentiment Classification
Require: Preprocessed tweet x, trained models M = {SVM, LR, XGBoost, RoBERTa}
Ensure: Predicted sentiment class y € {0, 1} for binary datasets or § € {0, 1, 2} for three-class
datasets
Training Phase
1: Extract TF-IDF features: f & TF-IDF(x)
2: Train SVM on f with linear kernel, C=1.0
3: Train LR on f with L2 regularization, max_iter = 1000
4: Train XGBoost on f with n_estimators = 300, Ir=0.1, depth =6
5: Tokenize x using RoBERTa tokenizer, max_len =128
6: Fine-tune RoBERTa for 3 epochs with AdamW, Ir =2 x 107>
Inference Phase
7: Extract TF-IDF features: f < TF-IDF(x)
8: Tokenize x: t < RoBERTaTokenizer(x)
9: for each model M; € M do
10: if M; € {SVM, LR, XGBoost} then
11: pi & Mi.predict_proba(f)
12: else
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13: logits <~ Mi(t); pi & softmax(logits)

14: endif

15: end for

16: Compute ensemble probabilities: P(c) = (1/N) Z;i pi(c), Vc € C
17: Predict class: § < arg maxc P(c)

18: return y

3.6 Evaluation Metrics

Model performance is evaluated using four standard classification metrics: accuracy,
precision, recall, and Fl-score. For Sentiment140 and IMDb, where class distributions are
balanced, accuracy serves as a reliable primary metric. For Twitter US Airline, which contains an
imbalanced three-class distribution, weighted precision, recall, and Fl-score are used as the
primary evaluation metrics alongside accuracy. The Fl-score, defined as the harmonic mean of
precision and recall, provides a balanced measure of classification quality and enables direct
comparison with prior work (Jahin et al., 2024). Metrics were calculated based upon a held-out
data set. Training and testing time (inference) for each model will also be recorded so as to provide
an overview of the effectiveness of these models.

4. Results
4.1 Performance Comparison

Table 3 shows the performance of all classifiers on the Sentiment140 test set, consisting
of 11,945 tweets. The highest accuracy achieved was by RoBERTa at 80.71% with 80.57% F1-score,
followed by Logistic Regression as the best classical model at 77.47%. XGBoost exhibited its
characteristic precision-recall imbalance (precision 71.99%, recall 80.54%), yielding the lowest F1-
score of 76.02%. The ensemble (80.57% accuracy, 80.45% F1-score) closely matched RoBERTa,
trailing by 0.14 percentage points in accuracy while maintaining more balanced precision and
recall.

On this short, informal binary text, ROBERTa achieves the highest accuracy, while the
ensemble matches it to within 0.14 percentage points and yields a more symmetric precision—
recall balance.

Table 3. Performance Comparison on the Sentiment140 Dataset

Model Acc. (%) Prec. (%) Rec. (%) F1 (%)
SVM 76.79 77.02 76.31 76.67
Logistic Regression 77.47 77.85 76.77 77.30
XGBoost 74.61 71.99 80.54 76.02
RoBERTa 80.71 81.12 80.03 80.57
Ensemble Model 80.57 80.91 80.00 80.45

Table 4 presents results on the IMDb test set of 10,000 reviews. This dataset produced the
strongest overall results, reflecting the richer lexical content of movie reviews compared to short-
form social media text. Notably, SVM achieved the highest classical model accuracy of 91.15%,
marginally outperforming Logistic Regression (90.67%), a reversal of the pattern observed on
Sentiment140, consistent with SVM's known strength on longer, denser text. The ensemble
achieved the highest accuracy of all models at 92.51% and an Fl-score of 92.56%, surpassing
ROBERTa (91.09%) by 1.42 percentage points. This is the only dataset where the ensemble
outperformed all individual models, demonstrating that classical models contribute meaningful
complementary features on longer-form text.
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This is the most practically significant result of the study: on longer, lexically richer text the
ensemble is the only configuration to surpass every individual model, indicating that classical TF-
IDF features contribute signal that is complementary to the transformer.

Table 4. Performance Comparison on the IMDb Movie Review Dataset

Model Acc. (%) Prec. (%) Rec. (%) F1 (%)
SVM 91.15 90.96 91.38 91.17
Logistic Regression 90.67 90.05 91.44 90.74
XGBoost 86.17 84.77 88.18 86.44
RoBERTa 91.09 90.68 91.60 91.14
Ensemble Model 92.51 92.00 93.12 92.56

Table 5 presents results on the Twitter US Airline test set of 2,924 tweets across three
classes. All metrics are weighted averages to account for class imbalance. RoBERTa achieved the
highest accuracy of 83.93% and F1-score of 83.61%. The ensemble (83.24% accuracy, 82.43% F1-
score) followed closely, trailing RoBERTa by 0.69 percentage points. Classical models performed
comparably to each other in this setting, with SVM achieving the best classical F1-score of 78.74%.

In this imbalanced three-class setting — the most challenging evaluation condition in the
study — RoBERTa leads and the ensemble follows within 0.69 percentage points. This marks a
practical boundary condition: the ensemble advantage is clearest on binary or near-balanced tasks
and narrows when base models are individually less confident.

Table 5. Performance Comparison on the Twitter US Airline Sentiment Dataset

Model Acc. (%) Prec. (%) Rec. (%) F1(%)
SVM 79.79 78.93 79.79 78.74
Logistic Regression 79.00 78.59 79.00 77.21
XGBoost 78.39 77.80 78.39 78.00
RoBERTa 83.93 83.56 83.93 83.61
Ensemble Model 83.24 82.81 83.24 82.43

4.2 Cross-Dataset Comparison
Table 6 compares the performance of the ensemble model and RoBERTa across the three
datasets, providing a clear view of how their relative strengths vary by domain.

Table 6. Accuracy Comparison Between RoBERTa and Ensemble Model Across Datasets

Dataset RoBERTa (%) Ensemble (%) Accuracy
Difference (%)
Sentiment140 80.71 80.57 -0.14
IMDb 91.09 92.51 +1.42
Twitter US Airline 83.93 83.24 -0.69

The ensemble achieves its best result on IMDb, where it slightly outperforms RoBERTa. On
Sentiment140, both approaches perform almost identically, whereas on the Twitter US Airline
dataset, RoOBERTa shows a more noticeable advantage. This pattern indicates that the ensemble is
most effective on longer and more lexically varied texts, where TF-IDF-based models can
contribute complementary n-gram information. For shorter, more informal social media posts,
however, RoBERTa's contextual representations are more effective, leaving limited room for
classical models to add additional signal.
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4.3 Computational Cost

RoBERTa fine-tuning required 3,096 seconds on Sentiment140, 2,863 seconds on IMDb,
and 761 seconds on the Twitter US Airline dataset, with training time scaling roughly in line with
dataset size. In contrast, the classical models trained extremely quickly, taking under 3 seconds on
both Sentiment140 and Twitter US Airline. On IMDb, XGBoost required 573 seconds due to the
larger training set, whereas SVM and Logistic Regression still completed in under 2 seconds. The
ensemble introduced no additional training overhead on any of the datasets.

Figure 3 consolidates all fifteen model-dataset combinations into a single accuracy—time
space, where marker colour identifies the model and marker shape identifies the dataset.

Among the classical models, Logistic Regression and SVM occupy almost the same near-
zero region of the time axis, but their relative accuracy crosses over by domain: Logistic Regression
is marginally stronger on the short, high-dimensional Sentiment140 text, whereas SVM's margin
maximisation is more discriminative on the longer, denser IMDb reviews. XGBoost is the only
classical model that incurs a meaningful training cost, yet it remains the least accurate on every
dataset, occupying the least favourable region of the plot — neither fast nor accurate. This
indicates that the non-linear feature interactions captured by gradient boosting do not translate
into accuracy gains when the underlying feature space is a sparse TF-IDF matrix.

RoBERTa is the rightmost point on every dataset, illustrating the accuracy—cost trade-off
inherent to large pre-trained transformers: substantial GPU time is required to reach peak
contextual understanding. The ensemble, by contrast, sits at or near the origin on the time axis
while matching or exceeding RoBERTa's accuracy, and therefore occupies the most favourable
region of the accuracy-time space in every panel. This distinction is practically decisive in
resource-constrained deployment settings — for example, a real-time brand-monitoring system
without access to high-end GPU infrastructure — where the thousands of seconds separating the
two points on the horizontal axis represent a real operational cost that the ensemble eliminates
entirely.

Accuracy vs Training Time — All Datasets

Ensemble
92.5 1 (IMDb)
SVM RoBERTa
-qumuc Regression . IMDb)
(IMDb)
90.0
87.5 A
XGBoost
(IMDb)
$ 85.04
> ROBERT: Dataset
> 0BERTa ’
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<
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Figure 3. Accuracy vs. training time for all models across three benchmark datasets. Marker
colour denotes the model; marker shape denotes the dataset (circle = Sentiment140, square =
IMDb, triangle = Twitter US Airline).
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4.4 Comparison with Prior Work

Table 7 provides a comprehensive comparison of the proposed ensemble model against
representative state-of-the-art sentiment analysis approaches across multiple benchmark
datasets.

The results indicate that transformer-based and hybrid deep learning models generally
achieve the highest performance across datasets. For instance, Semary et al. (2023) report the
highest IMDb performance with 96.28% accuracy using a RoBERTa-based CNN-LSTM hybrid, while
Tan et al. (2023) achieve 94.63% accuracy using a RoBERTa-GRU architecture. Similarly, Jahin et
al. (2024) and Yibeyin et al. (2024) demonstrate that advanced hybrid deep learning models can
exceed 94%—96% accuracy on domain-specific and multilingual social media datasets, further
confirming the effectiveness of deep contextual representations.

Classical machine learning approaches, while computationally efficient, generally yield
lower performance compared to transformer-based methods. For example, Hu et al. (2024) report
80% accuracy using Naive Bayes on disaster-related tweets, while Cam et al. (2024) achieve 89%
accuracy with SVM on financial Twitter data. Similarly, Kaur and Sharma (2023) obtain strong
performance on Sentiment140 (F1-score of 94.95%) using hybrid feature engineering with LSTM,
but their approach requires more complex feature extraction compared to pure classical
baselines.

The proposed ensemble model, which integrates SVM, Logistic Regression, XGBoost, and
RoBERTa using a soft voting strategy, demonstrates competitive performance across all three
evaluated datasets. On Sentiment140, the ensemble achieves 80.57% accuracy and an Fl-score
of 80.45%, closely matching the performance of RoBERTa-based systems reported in prior work
such as Maryam et al. (2025) (87% accuracy on mixed datasets). When performing at the highest
level on IMDDb, the ensemble achieved an accuracy of 92.51% and an F1-score of 92.56%, both of
which were superior to the performance of the baseline models derived from using transformer-
based architectures, as Rahman et al. (2025) achieved accuracy rates of 92.36%. Thus, using the
classical models provides complementary information when used on longer and more structured
text, like movie reviews.

Within the context of the Twitter US Airline Dataset, the ensemble has performance
measures of 83.24% accuracy and 82.43% F1-score. The ensemble performed comparably to the
highest ranked RoBERTa-based approaches; however, there remains a gap in accuracy levels
between the ensemble and RoBERTa-based methods, indicating that transformer-based
approaches continue to provide a competitive advantage when evaluating tweets consisting of
short, context-sensitive content requiring advanced semantic competency (Jahin et al., 2024).

Table 7. Comparison with Prior Works

Study Method Dataset Acc. (%) |Prec. (%)| Rec. (%) | F1 (%)

Almalki (2025) |XLM-R Multilingual — — — 91.70
social media

Hayadi & SVM Twitter 91.75 - - -

Maulita (2025) (Education)

Maryam et al. |RoBERTa-base Twitter + IMDb 87.00 87.00 86.00 87.00

(2025)

Rahman etal. |RoBERTa-BiLSTM IMDb 92.36 92.46 92.36 92.35

(2025)

Cam et al. SVM Financial Twitter | 89.00 91.00 93.00 92.00

(2024)

Hu et al. (2024) | Naive Bayes Disaster Tweets 80.00 86.00 74.00 80.00
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Study Method Dataset Acc. (%) |Prec. (%) | Rec. (%) | F1 (%)

Jahin et al. TRABSA UK COVID-19 94.00 94.00 93.00 94.00

(2024) (ROBERTa+BiLSTM) |Twitter

Kp et al. (2024) |Ensemble SST-2 96.53 95.87 91.24 93.91
(SVM+DT+RF)

Kumar & BERT Coronavirus 88.50 89.00 89.00 89.00

Sadanandam Tweets

(2024)

Miah et al. Ensemble Sem€Eval-2017 86.71 80.91 81.22 81.06

(2024) (ROBERTa+GPT-3)

Yibeyin et al. CNN-BiLSTM Ambharic Social 96.08 96.00 96.00 96.00

(2024) Media

Bengesietal. |TF-IDF +SVM Monkeypox 93.00 - - -

(2023) Tweets

Kaur & Sharma |Hybrid Features + |Sentiment140 92.70 96.10 93.80 94.95

(2023) LSTM

Mutinda et al. |LeBERT Yelp Reviews 88.20 88.45 89.01 88.73

(2023)

Semary et al. RoBERTa-CNN- IMDb 96.28 97.00 97.00 97.00

(2023) LSTM

Tan et al. RoBERTa-GRU IMDb 94.63 95.00 95.00 95.00

(2023)

Talaat (2023) |RoBERTa-BiGRU Apple Sentiment | 91.72 - - -

This research  |[SVM + LR + XGB + |Sentiment140 80.57 80.91 80.00 80.45
RoBERTa

This research SVM+ LR+ XGB+ |IMDb 92.51 92.00 93.12 92.56
RoBERTa

This research SVM + LR+ XGB + | Twitter US 83.24 82.81 83.24 82.43
RoBERTa Airline

The proposed ensemble produces performance on par with that reported by Rahman et
al. (2025), which is a RoBERTa-BiLSTM hybrid model trained using the same dataset with an
accuracy of 82.25%. Although Tan et al.'s RoBERTa-GRU model achieves an even higher accuracy
of 89.59% (Tan et al., 2023), their model involved additional complexity through sequential layers
and data augmentation, increasing the total complexity of their approach. In this instance, a TF-
IDF + SVM model produced by Kaur and Sharma (2023) produced an Fl-score of 85.60%. This
model was thus superior to each individual classical model in this research; however, Kaur and
Sharma's TF-IDF + SVM baseline model was still not as accurate as the two methods that employed
a RoBERTa-based approach and the proposed ensemble.

5. Discussion
5.1 Interpretation of Model Performance

The difference in performance between classical models and RoBERTa noted in this
research reflects a well-established limitation on bag-of-words representations. The way TF-IDF
encodes the text is as an unordered group of tokens, which does not take into account word order,
context-dependent word pairings, and the relationships between words in a coherent manner.
Therefore, it is difficult for TF-IDF to accurately capture the informal and context-dependent
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characteristics of the text of social media, where the meaning is often dependent upon the words
that precede it, the tone of how the words are expressed, and the inferred contextual information
(Maryam et al., 2025). In contrast, RoBERTa's bidirectional attention mechanism resolves this
limitation by encoding the representation of the token in context with all other tokens in the
sequence, providing a consistent advantage for RoBERTa over the classical classifiers.

The high recall and lower precision of the XGBoost model suggests that when applying
gradient boosting using the sparse TF-IDF features, there may be a bias that results in the over-
prediction of the more frequently or more dominant occurring patterns in the feature space. This
has been shown previously as a limitation of tree-based methods applied to high-dimensional text
data that is sparse, as linear decision boundaries tend to represent more effectively in
generalizable terms.

The effectiveness of Logistic Regression amongst the more traditional classification
approaches corroborates the underlying theory that linear classifiers with L2 regularization
perform particularly well in sparse, high-dimensional feature spaces such as TF-IDF matrices,
where there are an order of magnitude more features than informative signals for any given
sample, and continue to be used as a strong and interpretable baseline for text classification.

The cross-dataset results further support this finding. While SVM outperforms Logistic
Regression on IMDb due to longer reviews having larger density of TF-IDF representations that are
more easily separated through maximum-margin separation, SVM is outperformed by or is roughly
equal to Logistic Regression on the shorter social media data (Sentiment140 and Twitter US
Airline), which is consistent with Logistic Regression being faster and more stable when used for
very sparse high-dimensional datasets.

5.2 What the Ensemble Reveals

What is most interesting about this research from a theoretical perspective is not that the
ensemble has the best accuracy—it doesn't—but rather that it produced the most balanced
precision and recall of all the models. This is due to the complementary behaviour of the classifiers
as a part of an ensemble in this research. For example, RoBERTa provides strong semantic
representations of text and emphasises precision. In contrast, the traditional classifiers (e.g.
Logistic Regression and SVM) use surface lexical patterns for categorising text and therefore tend
to produce higher recall because they are more sensitive than RoBERTa to lexical features. By using
soft voting, the ensemble is able to combine these complementary signals, thereby eliminating
any bias towards precision, and producing a more balanced prediction profile.

The concept of ensemble learning is predicated on the ability to combine several different
predictors that exhibit variation in predicting errors, thereby reducing the variance of predictions
in total, even when one individual predictor does not dominate on all performance metrics
(Alahmadi et al., 2025). The practical implications of such a balance in real-world applications such
as brand tracking or public health surveillance are especially important given that the
misclassification of either of the two classes may have significant implications, and a more
symmetrical distribution of errors is often desirable rather than the optimization of a single
performance metric.

The cross-dataset evaluation added additional nuance to this research. On IMDb, the
ensemble achieved a 1.42 percentage point advantage over RoBERTa, demonstrating the
additional data that classical TF-IDF representations can contribute to the transformer
embeddings. Because movie reviews usually represent longer sentences and more structured
sentiment expressions, it is reasonable that n-gram features could capture sentiment-laden
phrases that may have different weights via the attention mechanism inside RoBERTa. On the
Twitter US Airline dataset, the narrower ensemble advantage suggests that soft voting is most
effective when base model error profiles are well-balanced, a condition more readily satisfied in
binary classification than in three-class settings with pronounced class imbalance.
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5.3 Positioning Against Prior Work

The comparable performance between the proposed ensemble and the RoBERTa-BiLSTM
hybrid of Rahman et al. (2025) on the same dataset is noteworthy, given the architectural
simplicity of the proposed approach. RoBERTa-BiLSTM requires modifying the transformer
architecture itself by appending sequential processing layers, increasing both implementation
complexity and training overhead. On IMDb specifically, the proposed ensemble (92.51%)
approaches the performance of the more complex RoBERTa-CNN-LSTM hybrid of Semary et al.
(2023) (96.28%) while requiring a substantially simpler architecture and no modification of the
transformer model itself. The proposed ensemble achieves similar performance through a
modular combination of independently trained models, a design that is easier to maintain, extend,
and deploy in practice.

The performance gap relative to Tan et al. (2023) reflects the contribution of their data
augmentation strategy, which oversamples minority classes using word embeddings to improve
generalization. This suggests that the proposed ensemble's performance could be meaningfully
improved through similar preprocessing enhancements, independent of the ensemble
architecture itself.

5.4 Limitations and Future Work

This research has several limitations that should be considered when interpreting the
results. Although the proposed ensemble is evaluated on three benchmark datasets covering
social media posts, movie reviews, and multi-class sentiment classification, all experiments are
restricted to English-language text. Extending the approach to multilingual and code-switched
settings therefore represents an important direction for future work (Almalki, 2025).

This research has both shown limitations and provided findings that may lead to promising
new areas for further investigation. One area that may lend itself to furthering this research effort
is an investigation into adaptive ensemble weighting techniques; these techniques would be used
to adjust the contribution of models to the ensemble based upon natural properties of the input,
such as length of the text. This could help improve the robustness of an ensemble with respect to
datasets that are more diverse. Another area of promising future study may involve the use of
more contemporary transformer-based architectures (e.g., DeBERTa) or domain-specific models
trained on data specifically derived from social media to help increase the performance of the
transformer component of the ensemble.

6. Conclusion

This research evaluated an ensemble framework combining three traditional machine-
learning algorithms—SVM, logistic regression, and XGBoost—with a fine-tuned RoBERTa
transformer to predict the sentiments of posts on various social media platforms. Experiments
were conducted on three benchmark datasets (Sentiment140, IMDb, and Twitter US Airline) using
a soft voting method to determine the combined predictions of all models.

Throughout the research, RoBERTa was the highest performing individual model compared
to other tested models, verifying that transformer-based methods provide better contextual
representations (Maryam et al., 2025). While Logistic Regression had the best accuracy for the
short-form social media text, SVM performed best on the longer-form IMDb reviews, which is
indicative of how feature density differences among the two different types of text result in a
performance difference in the models used to classify them. XGBoost demonstrated a persistent
difference between precision and recall values across all datasets, further supporting what has
been previously reported about limitations of tree-based methods when applied to sparse text
representations.

The ensemble outperformed all individual models on IMDb (92.51% accuracy, 92.56% F1-
score), closely matched RoBERTa on Sentiment140 (trailing by 0.14 percentage points), and
followed RoBERTa on Twitter US Airline (trailing by 0.69 percentage points). These cross-dataset
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results demonstrate that the ensemble benefit is strongest on longer, lexically richer text and
diminishes in multi-class settings with limited training data (Alahmadi et al., 2025).

A consistent finding across all datasets is the substantial computational cost disparity
between RoBERTa and the classical classifiers. RoOBERTa required up to 3,096 seconds for fine-
tuning while classical models trained in seconds. The ensemble introduces no additional training
overhead, offering a computationally practical framework that achieves near-transformer or
better performance depending on the deployment domain.

Comparison with prior work shows that the proposed ensemble achieves competitive
performance relative to architecturally more complex hybrid models (Rahman et al., 2025; Semary
et al., 2023) through a simpler, modular design. Future work should investigate weighted voting
strategies, extension to three-class and multilingual settings, and integration of more recent
transformer variants such as DeBERTa.
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Abstract

This article examines the institutional transformation of the cultural sector in the region
following the establishment of the Ulytau Region in 2022. Based on a comparative-dynamic
method, statistical indicators from 2019 to 2026 are analyzed to identify key structural shifts
before and after the region’s administrative creation.

The formation of the Ulytau Region served as a catalyst for reorganizing cultural
management entities, establishing specialized mechanisms for historical and cultural heritage
protection, founding new cultural organizations, and expanding overall cultural infrastructure.
Consequently, the establishment of the region is evaluated not as the sole cause of
transformations in the cultural domain, but as a critical accelerating factor for institutional change.

Keywords: Ulytau Region, administrative-territorial reform, cultural policy, cultural
infrastructure, museum studies, historical and cultural heritage, archives, libraries, digitalization,
cultural identity

Introduction

Changes in the administrative-territorial structure of Kazakhstan reorganize territorial
state management while significantly shaping the institutional foundations of social and cultural
policy. In this context, the establishment of the Ulytau Region as an independent administrative-
territorial unit in 2022 offers a crucial case study for analyzing regional cultural development
processes.

In accordance with Decree No. 887 of the President of the Republic of Kazakhstan dated
May 3, 2022, the Ulytau Region was officially formed, with Zhezkazgan designated as its
administrative center [1]. Subsequently, Resolution No. 871 of the Government of the Republic of
Kazakhstan dated November 4, 2022, approved the Comprehensive Plan for the Socio-Economic
Development of the Ulytau Region for 2022-2026 [2]. This document served as a foundational
state planning framework, establishing the socio-economic and infrastructural baselines for the
region's emergence as a new administrative entity; however, it should be noted that this
resolution was subsequently repealed [2].

The distinctiveness of the Ulytau region lies in its unique place within Kazakhstan's
historical and cultural space. Concentrated within its territory are prominent archaeological sites,
memorial facilities dedicated to historic figures, mausoleums, necropolises, traditional craft forms,
and extensive museum and archival collections. Thus, the region's establishment reorganized
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socio-economic management while creating new opportunities to systematically preserve,
research, and promote historical and cultural heritage at the regional level.

The relevance of this study is driven by the need to evaluate the post-2022 administrative-
territorial reform transformations in the cultural sector using concrete quantitative and qualitative
indicators. For this purpose, data from 2019 to 2021 serves as a baseline comparative period prior
to the region's establishment, while indicators from 2022 to 2026 represent the stage of
development under new institutional conditions.

The primary objective of this study is to identify the institutional changes in the cultural
sector following the formation of the Ulytau Region and to analyze their manifestations across
cultural infrastructure, museums, libraries, archives, historical-cultural heritage preservation,
funding, and cultural communications.

To achieve this purpose, the following tasks were defined:

- Characterize the new institutional management system of the cultural sector resulting
from the establishment of the Ulytau Region;

- Determine the dynamics of cultural infrastructure indicators from 2019 to 2026;

- analyze organizational and operational shifts within museum, library, and archival
networks;

- evaluate new mechanisms for the preservation and digitalization of historical and
cultural heritage;

- examine changes in sector funding and material-technical provision;

- identify emerging trends in the formation of regional cultural identity and cultural
branding.

The study employs comparative-historical, institutional, statistical, and systems analysis
methods. The empirical data base comprises reporting materials from 2019 to 2026 concerning
cultural organization performance metrics, budget allocations, museum collections, visitor counts,
archival holdings, digitalized documents, and cultural infrastructure data.

The research period is conditionally divided into two stages: 1. 2019—-2021: The baseline
period prior to the formation of the region; 2 2022-2026: The period of institutional consolidation
following the administrative-territorial reform. This periodization allows for a comparative
evaluation of dynamic changes across key indicators in the cultural sector.

Throughout the study, temporal dynamics in statistical indicators were compared,
encompassing the total number of cultural organizations, museum holdings, visitor counts, library
collections, archival documents, funding volumes, and material-technical provision metrics.

Furthermore, external factors influencing the development of the cultural sector were
taken into account when evaluating the study's results. These include post-pandemic recovery
effects, state cultural policy priorities, budgetary investments, infrastructure projects, and local
cultural initiatives. This approach isolates the specific impact of the administrative-territorial
reform from broader trends, ensuring a more objective evaluation of the observed changes.

Analysis

The cultural policy of the Republic of Kazakhstan is implemented on the basis of the
Concept for Cultural Policy for 2023-2029. This document identifies key priorities including
ensuring access to cultural assets, developing cultural infrastructure, preserving cultural heritage,
and enhancing the institutional capacity of the cultural sector [3].

Establishment of the Ulytau Region and the New Institutional Management System of the
Cultural Sector.

The creation of the Ulytau Region provided the institutional foundation for establishing a
new model for organizing the cultural sector at the regional level. Currently, state policy in the
areas of culture and art, state language policy, archives, and documentation support is
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implemented by the Department of Culture, Language Development, and Archives of the Ulytau
Region — a state authority integrated into the region's executive branch. In this context, the
establishment of the region made it possible to consolidate cultural management functions at the
regional level and streamline their institutional framework.

The significance of these implemented changes is reflected in the ability to coordinate
individual domains of the cultural sector within a unified regional management system. That is,
culture and arts organizations, historical-cultural heritage protection institutes, library and archival
networks, and language policy are currently developing as interconnected pillars of regional
cultural policy.

Following 2022, the establishment of new functional organizations within the region
became one of the key indicators of these institutional changes. In particular, the creation of the
Center for the Preservation of Historical and Cultural Heritage enabled the identification,
registration, protection, conservation, restoration, and promotion of historical and cultural
monuments to be carried out at the level of a specialized institution.

It is insufficient to view these changes solely as a reorganization of the administrative
apparatus. In our assessment, this process is characterized by the functional specialization of
cultural heritage management. That is, the new regional framework has clarified the operational
responsibilities of cultural governance entities while establishing specialized organizational
mechanisms for the protection of historical and cultural heritage.

Dynamics of Cultural Infrastructure Development.

Following the creation of the Ulytau Region, expanding cultural infrastructure and
modernizing its material and technical base became a vital strategic priority of regional cultural
policy.

According to 2025 data, 105 cultural organizations operate in the region. These include 39
community centers and rural clubs, 51 libraries, and 15 entities directly subordinated to the
regional department. The latter group comprises a theater, a philharmonic orchestra, museums,
state archives, the Center for the Preservation of Historical and Cultural Heritage, a cultural,
entertainment, and scientific-methodological center, a regional universal library, and a center for
language development [4]. This structural network demonstrates that the cultural sector extends
beyond artistic creation, developing instead through mutually reinforcing domains.

Examining the development dynamics of cultural infrastructure using multi-year metrics
allows for a comparative evaluation of the changes following the administrative-territorial reform.
In this context, the indicators for 2019-2021 illustrate the baseline conditions prior to the region's
establishment, whereas the data for 2022—-2026 reflect the transformations occurring throughout
the formation of the new regional management system.

Institutional Changes in Museum Studies.

Museum studies occupy a special place in assessing the transformation of the cultural
sector in the Ulytau Region. Beyond preserving the region's historical memory, museums perform
essential research, cultural-educational, and public communication functions. The number of
artifacts in the collection of the History and Archaeology Museum of the Ulytau Region stood at
52,476 in 2019, reaching 53,404 in 2022, 54,244 in 2025, and 54,407 in the first half of 2026 [5].
These indicators demonstrate steady accessioning throughout the analyzed period, with the
collection growing by 1,931 items between 2019 and 2026. However, this growth should not be
attributed solely to the creation of the region, as collection acquisition efforts were active prior to
2022. Consequently, this dynamic should be viewed as part of the museum sector's long-term
development trajectory.

Significant shifts in museum attendance were also recorded throughout the analyzed
period. In 2019, the History and Archaeology Museum of the Ulytau Region welcomed 92,500
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visitors, a figure that dropped sharply to 41,155 in 2020. Attendance subsequently recovered,
reaching 85,424 visitors in 2022, 88,560 in 2023, 92,545 in 2024, and 92,550 in 2025 [6, 7].

It is appropriate to attribute the decline in visitor numbers during 2020-2021 not to
administrative-territorial changes but to pandemic-related restrictions. The steady growth in
visitor numbers after 2022, in turn, indicates that the museum's cultural and educational activities
have stabilized.

The work of replenishing the museum's collection has also been carried out on a consistent
basis. The Ulytau Regional Historical and Archaeological Museum received 255 artifacts in 2022,
approximately 280 artifacts annually in 2023—-2025, and 138 artifacts in the first half of 2026 [7].
This indicator shows that the replenishment of the museum's holdings has taken on a systematic
character and that work on accumulating the region's historical and cultural heritage is continuing.

The indicators of the Saken Seifullin Zhanaarka District Historical and Local Studies
Museum also show positive dynamics across a number of areas of museum activity. The number
of artifacts in the museum's collection grew from 3,110 in 2019 to 3,535 in 2022, 4,044 in 2025,
and 4,196 in the first half of 2026. During this period, the number of exhibitions increased from
60 to 74, the number of excursions from 80 to 93, and the number of visitors from 4,050 to 4,305
[6, 7]. This comparative analysis demonstrates that museum activity is not limited to the function
of preserving material heritage but is also developing in the areas of collecting local historical data,
scholarly study, exhibition, and public presentation.

Another important example illustrating the changes in cultural infrastructure following the
administrative-territorial reform is the establishment of the Ulytau District Historical and Local
Studies Museum. The founding of the museum created an independent institutional platform for
the systematic collection, preservation, study, and presentation of local heritage in the Ulytau
district, a region with significant historical and cultural potential. The museum's exposition is
designed to comprehensively present each stage of the region's historical development and its
cultural characteristics. At the end of 2025, the museum's collection held 1,612 artifacts, of which
767 were included in the main collection and 845 in the scientific-auxiliary collection. Within a
single year, the museum's holdings grew by 510 new artifacts, and three scientific expeditions
were organized [7]. These quantitative data show that within a short period the museum has
developed not merely as an institution performing an exhibition function, but as a cultural
organization combining research, local-studies, collection-building, and cultural-educational
functions.

Institutional changes in the library system.

Following the establishment of Ulytau Region, an institutional reorganization process also
took place within the library system. The decision to establish the Ulytau Regional Universal Library
was adopted on 18 October 2022, and the library began operating under its new structure on 4
January 2023. The library's key performance indicators reflect the changes in its role within the
regional cultural infrastructure. Its book collection numbered 63,662 copies in 2019 and had
reached 65,549 copies by 2022. Although the volume of the collection decreased to 47,440 copies
during the institutional reorganization period in 2023, a renewed growth trend was subsequently
observed, with the collection reaching 50,550 copies in 2025 and 51,621 copies in the first half of
2026. At the same time, the number of books increased from 69,103 in 2022 to 95,044 in 2025.
The number of publications issued in the state language also grew during this period, from 39,483
to 60,292 [8]. These statistical data confirm that, alongside its traditional functions of book
preservation and the provision of literature to users, the library's informational, local-studies, and
cultural-communicative functions have been strengthened.

Digitalization within the library system is likewise a priority area of institutional
transformation. Individual modules of the "WEB RABIS" electronic program have been introduced,
and work on converting the retrospective collection into an electronic system is under way. As a
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result of digitization efforts, which beganin 2011, 102 books have been fully converted into digital
format [8]. This process not only creates new opportunities for preserving library collections but
also expands the possibility of remote access to historical and local-studies materials and their use
for scholarly research purposes.As a result of digitization efforts, which began in 2011, 102 books
have been fully converted into digital format [8]. This process not only creates new opportunities
for preserving library collections but also expands the possibility of remote access to historical and
local-studies materials and their use for scholarly research purposes.

The development of archival work and digitization

With the establishment of Ulytau Region, archival services became one of the important
components of regional cultural policy. At present, five state archives operate in the region: the
State Archive of Ulytau Region, and the state archives of the cities of Satbayev and Karazhal, as
well as of Zhanaarka and Ulytau districts. The number of collections held in the State Archive of
Ulytau Region grew from 598 in 2019 to 636 in 2026, while the number of documents in storage
increased from 361,340 to 363,480 [5].

One of the significant changes in archival work is the increase in the volume of document
digitization. According to official data from Ulytau Region, in 2025 the region's archives digitized
632,065 pages, 6,970 case units, and 37 archival collections [5]. Digitization efforts contribute to
ensuring the preservation of archival documents, improving their accessibility, and enhancing the
efficiency of services provided to users. On the whole, the changes taking place in archival work
cannot be reduced solely to the numerical growth of archival holdings. They also reflect the
gradual transition of historical documentary heritage preservation and use from the traditional
paper format to a digital environment.

Protection of historical and cultural heritage and financing of the culture sector.

The establishment of Ulytau Region as an independent administrative-territorial unit
created new institutional opportunities for developing the systematic study, preservation, and
broad promotion of the region's historical and cultural heritage. The holding of the First National
Kurultai of the Republic of Kazakhstan in Ulytau that same year underscored the region's special
significance in reviving national historical memory, strengthening civic identity, and implementing
state cultural policy [9].

The next area of development in the cultural sector following the establishment of Ulytau
Region is linked to the organizational strengthening of the system for protecting historical and
cultural heritage. The establishment of the Center for the Preservation of Historical and Cultural
Heritage made it possible to systematize the identification, registration, protection, conservation,
and restoration of historical and cultural monuments in the region at the level of a specialized
organization.

Between 2023 and 2026, a number of measures were carried out to preserve historical
and cultural sites. These included work carried out on Subdivision No. 3 of Steplag in the city of
Zhezkazgan, the mausoleums of Shong Telgozyuly, Barak, Omar, Kartabai, Kaly Kurmanbai, and
Akaidar, the Askarbek Mosque, and the Kalmanbai necropolis [7].

A key step in improving the state system for recording historical and cultural heritage was
the approval, by Resolution No. 78/01 of the Akimat of Ulytau Region dated 3 October 2025, of
the state register of historical and cultural monuments of local significance [10]. Under this
resolution, the responsibility for taking the necessary measures arising from the register was
assigned to the Department of Culture, Language Development, and Archival Affairs of Ulytau
Region. This indicates that regional administrative mechanisms for identifying, recording, and
protecting historical and cultural heritage have become more clearly defined.

Thus, the results of the study demonstrate that in Ulytau Region the areas of historical and
cultural heritage management — "identification — registration — protection — restoration —
digitization — promotion" — are developing in an interconnected manner. At the same time, it
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cannot be concluded that all elements of this chain took shape simultaneously and only after 2022.
It should also be noted that the establishment of the region as an independent administrative unit
created new institutional conditions for coordinating these processes at the regional level.

The institutional development of the culture sector is closely linked to its financial and
material-technical provision. In this regard, a comparison of financing indicators for 2019-2026 is
one of the important indicators for assessing the development dynamics of cultural organizations
in the region.

The budget of the S. Kozhamkulov Theater increased from 175.353 million tenge in 2019
to 288.709 million tenge in 2022, 470.310 million tenge in 2025, and 532.432 million tenge in 2026
(6, 7].

The budget of the Ulytau Region Historical and Archaeological Museum grew from 68.965
million tenge in 2019 to 102.7 million tenge in 2022 and 485.688 million tenge in 2025, amounting
to 438.583 million tenge in 2026 [10]. The budget of the Saken Seifullin Museum increased from
17.134 million tenge to 45.427 million tenge, while the budget of the Maken Toregeldin Museum
grew from 65.693 million tenge to 161.843 million tenge [6, 7].

The budget of the Ulytau Regional Universal Library increased from 87.024 million tenge
in 2019 to 199.279 million tenge in 2026, while the budget of the State Archive of Ulytau Region
grew from 94.610 million tenge to 198.116 million tenge [6, 7].

The data presented show that, overall, the level of financial provision for cultural
organizations increased during the period under study. At the same time, financing dynamics may
be influenced not only by administrative-territorial changes but also by factors such as inflationary
processes, changes in the wage fund, capital repairs, material and technical equipping, and the
implementation of new projects. Therefore, the growth in budget volume should be regarded both
as a direct result of the region's establishment and as one of the indicators of the expansion of the
institutional and financial capacity of the culture sector at the regional level.

Significant changes are also observed in the area of material and technical equipping. In
2022, sound equipment was purchased for the philharmonic; in 2023, musical and lighting
equipment as well as a bus were purchased for the theater, and a vehicle and specialized
equipment were purchased for the Center for the Preservation of Historical and Cultural Heritage.
In 2025-2026, the library was equipped with digital and library equipment, as well as a bibliobus
(mobile library) [7]. These measures indicate that efforts were directed not only at modernizing
the material base of cultural organizations but also at expanding the territorial accessibility of
cultural services.

Theater activity and cultural communication.

The activity of the S. Kozhamkulov Kazakh Musical-Drama Theater of Ulytau Region is one
of the indicators characterizing the cultural changes following the administrative reform. The
number of theatrical performances was 185 in 2019, 201 in 2022, 203 in 2023, 209 in 2024, and
210in 2025 [6, 7].

This dynamic in the number of performances confirms that the theater's repertoire has
been steadily maintained and gradually expanded. In addition, the participation of the theater
company in republican and international festivals during 2022—2025 indicates an expansion of the
region's cultural-communicative capacities. The holding of the IV International Zh. Khadzhiev
Theater Festival in Ulytau Region in 2025 attests to an increased level of visibility for the region
within the professional theatrical arts space [7].

This process can also be considered from the standpoint of cultural branding. The theater's
activity, no longer confined to cultural life within the city of Zhezkazgan alone, is increasingly
becoming one of the mechanisms for presenting the professional art of the new region within the
republican and international space of cultural communication.

Social and communicative activity of cultural organizations.
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The changes in the culture sector of Ulytau Region are reflected not only in the traditional
functions of cultural organizations but also in the strengthening of their communicative ties with
society. The Regional Universal Library took part in projects such as "One Region — One Book,"
"One Country —One Book," "Boundless Local Studies," and "Shakarim Readings," organizing events
aimed at promoting local literary and historical heritage [7].

Museums are also expanding their cultural and educational activities. The Zhanaarka
Museum has organized traveling exhibitions, museum-based educational sessions, quests, local
history clubs, lectures, and thematic meetings. Such initiatives strengthen the relationship
between museums and local communities and contribute to integrating historical heritage into
everyday cultural communication.

In this context, the activities of cultural organizations are expanding beyond the traditional
function of heritage preservation to encompass public communication, cultural education, and
audience engagement. This transformation indicates a changing social role of cultural
organizations under contemporary conditions.

Cultural Branding and Regional Cultural Identity

Following the establishment of the Ulytau Region, projects aimed at promoting the region’s
distinctive historical and cultural characteristics as a cultural brand began to acquire a more
systematic character. In 2023-2026, a number of national and regional cultural projects, including
Ulytau Uni, Qobyzym-Qonyrim, and Kékmaisa, were implemented. These projects focused on
promoting traditional arts, national cultural values, and ethnographic heritage [7]. For instance,
the 2025 Ulytau Uni Festival was organized as a national festival of traditional folk arts, bringing
together artistic groups and individual performers from different regions of Kazakhstan [7]. The
significance of such projects extends beyond their function as cultural events. They contribute to
shaping the historical image of the region, introducing national cultural heritage to a broader
audience, and articulating Ulytau’s distinctive cultural identity at the regional level.

In this regard, cultural branding can be considered both a direct outcome of administrative
reform and one of the indirect processes that has intensified with the emergence of a new regional
institutional level. The establishment of the region created institutional opportunities to
incorporate its distinctive historical and cultural characteristics into a unified regional cultural
policy and to promote them systematically through various forms of cultural communication.

One of the key priorities in the current stage of transformation of the region’s cultural
sector is the digitization of cultural heritage. The digitization of library collections, the integration
of archival documents into electronic systems, the development of electronic databases of
museum collections, and the use of multimedia technologies in exhibitions have contributed to
the emergence of new approaches to the preservation, study, and public presentation of cultural
heritage.

The introduction of a 3D hologram, interactive displays, and a QR-code system at the
Ulytau District Museum of Local History demonstrates the ongoing transformation of museum
communication from traditional methods toward digital tools. Digitization in the archival sector is
another important component of this process, indicating that the conversion of historical
documents into electronic formats has acquired a systematic and institutional character. This
development is also consistent with the broader priorities of the cultural policy of the Republic of
Kazakhstan. In particular, the Concept for Cultural Policy for 2023-2029 places particular emphasis
on expanding public access to cultural values and modernizing cultural infrastructure [3].

A synthesis of the materials discussed above makes it possible to assess the impact of the
establishment of the Ulytau Region on the cultural sector across several key dimensions.

First, significant institutional changes can be observed. Following the establishment of the
region, new organizational structures were developed in the fields of culture, historical and
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cultural heritage, libraries, archives, and language policy, while their respective functional
responsibilities were further defined. In particular, the establishment of a Center for the
Preservation of Historical and Cultural Heritage indicates the development of a specialized
institutional mechanism for the protection and preservation of historical and cultural heritage
sites in the region.

Second, a process of infrastructural modernization has taken place. The establishment of
a new museum, the modernization of the material and technical infrastructure of cultural
organizations, and the restoration of historical and cultural monuments have contributed to
expanding the region’s cultural infrastructure and improving its overall quality.

Third, there has been a trend toward strengthening financial support for the cultural
sector. The budgets of a number of cultural organizations demonstrated an upward trend between
2019 and 2026. These indicators suggest that opportunities for financing the cultural sector at the
regional level have expanded and that the economic foundations for implementing cultural policy
have been strengthened.

Fourth, cultural organizations are undergoing a functional transformation. In addition to
their traditional responsibilities related to preservation, documentation, and public services,
museums and libraries have expanded their activities to include research, digitization, local
history, cultural education, and public communication. Consequently, the role of cultural
organizations in society is gradually changing: they are increasingly becoming not only institutions
responsible for preserving cultural values, but also centers of research, education, and public
communication.

Fifth, the process of developing and strengthening regional cultural identity has gained
momentum. Projects such as Ulytau Uni, Kékmaisa, and Qobyzym-Qonyrim have aimed to
promote the historical and cultural characteristics of the Ulytau region, support local cultural
initiatives, and develop the region’s cultural branding. This process contributes to establishing
Ulytau’s distinctive position within Kazakhstan’s broader national cultural space.

Sixth, digital transformation has become one of the strategic directions of cultural policy.
The digitization of archival documents, library collections, and museum materials not only
enhances the preservation of historical and cultural heritage, but also expands public access to it,
facilitates the systematization of information, and creates opportunities to present cultural values
through new forms of communication. From this perspective, digitization should be regarded not
merely as a technological development, but also as an important indicator of institutional
transformation in the management of cultural heritage.

At the same time, methodological caution is necessary when assessing these outcomes
from a scholarly perspective. It would be overly simplistic to interpret all positive changes in the
cultural sector between 2019 and 2026 solely as consequences of the administrative-territorial
reform. The development of the cultural sector has been influenced by a range of factors,
including national cultural policy, budgetary policy, infrastructure investment, the work of
professional personnel, and cultural programs implemented at the national level.

Conclusion

The findings of the study demonstrate that the establishment of the Ulytau Region in 2022
created conditions for the institutional reorganization of the cultural sector and for the
clarification of its development priorities. Within the new administrative-territorial framework, a
regional governance system encompassing culture, historical and cultural heritage, libraries,
archives, and language policy was established. These changes made it possible to plan cultural
policy more systematically at the local level and to clarify the functional responsibilities of cultural
institutions.

In the coming period, the sustainability of these changes will depend on strengthening the
research capacity of cultural organizations, further developing digital infrastructure, improving the
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training and professional development of cultural-sector personnel, conducting systematic
monitoring of the condition of historical and cultural heritage sites, and ensuring the long-term
financial sustainability of cultural projects.

Overall, the experience of the Ulytau Region represents an important empirical case for
examining the impact of administrative-territorial reforms on the cultural sector in Kazakhstan.
The regional experience demonstrates that changes in administrative structures can affect a range
of interconnected processes, from the organization and governance of cultural institutions to the
preservation of historical and cultural heritage, the development of cultural infrastructure,
digitization, and the formation of regional cultural identity. Thus, the establishment of the Ulytau
Region created new institutional opportunities in the cultural sector and provided a foundation
for the region’s transition to a new stage of cultural development.
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Abstract

Studying ancient civilizations provides insight into humanity® historical heritage, as these
civilizations played a significant role in human development across the fields of writing, law,
philosophy, science, and the arts. Eastern civilizations shaped early urban cultures and systems of
governance, while Western societies left a profound mark on democracy, rights, and philosophy.
Examining these cultures helps explore the historical roots of contemporary social, economic, and
cultural issues and identify solutions to them. The exchange of knowledge, technology, and culture
between civilizations shaped the early stages of globalization. Eastern principles of harmony and
spirituality, alongside Western critical thinking and logical approaches, defined the fundamental
characteristics of modern societies. Studying ancient intercultural relations provides a model of
mutual respect and tolerance for the modern world. Preserving and studying their heritage
strengthens humanity® historical memory and opens up new perspectives for building the future.
For this reason, the study of the ancient civilizations of the East and West is vitally important —
both for understanding the past and for shaping the societies of today and tomorrow.

Keywords: ancient civilization, heritage, meaning, understanding of past events, modernity

The history of ancient Eastern and Western civilizations has been of immense importance to
humanity. These civilizations serve as the very starting point for modern culture, science, and
technology. Ancient cultures that emerged in Eastern civilizations — such as Sumer, Babylonia,
Assyria, Egypt, China, and India — laid the foundation for many innovations that altered the course
of human development. It was in these regions that the first writing systems, laws, calendars, trade
routes, and more originated.

Western civilizations are also of significant importance. The focus here is on the Greek and
Roman empires. Democracy, philosophy, art, and legal systems have had a direct impact on our
lives today. Many legal principles used modern courts are based on Roman law. In many countries
today, people elect their leaders; the foundations for this were laid in Ancient Greece.

Studying the history of the ancient East and West is an invaluable way to gain a clearer
understanding of past events and a deeper insight into contemporary political developments,
governance, and more. Such study reveals many nuances, shedding light on the causes and
consequences of major events, past successes and failures, the interactions between states and
cultures, strategic decisions and their outcomes, and so forth.

Knowledge of ancient history is essential for examining past successes and failures, the
interactions between states and cultures, and strategic decisions and their consequences.
Studying and understanding these elements shapes the future direction of development. Studying
global events and their consequences is a crucial task for the modern era. The development of
Eastern and Western civilizations, the establishment of trade and other relations among diverse
peoples, and the convergence of ideas form the foundation of contemporary global relations. A
secure future is impossible without a thorough study of the past and a comprehensive
understanding of its underlying logic.
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Some Eastern countries have found themselves helpless in the face of the West®
technological and economic progress. Lacking sufficient familiarity with modern culture, they
accept everything coming from the West as the dictate of the times. The Western mindset has
taken hold of people.

Sometimes, the reasons why Eastern nations lag behind the developed West in economic
competition driven by modern technology are attributed to the Islamic religion and traditional
mindsets. However, the driving force behind economic development is science, not religion. As
Eastern countries transition to new economic relations, they naturally have much to learn from
the Western world, which possesses extensive experience in this area. The Western world
undoubtedly holds a leading position, both in terms of its high level of scientific and technological
development and the degree to which its market economy has been established and socially
oriented over the course of several centuries. However, modernity cannot be defined solely by
technological and economic indicators. The spiritual evolution of humanity, spanning millennia,
has arguably played a greater role in shaping modern man than scientific and technological
progress.

Today, the West is synonymous with “developed countries”. Based on this characteristic,
some political scientists classify Japan as part of the West — a notion that is entirely incorrect. The
successes achieved by the East unfolded against the backdrop of advancements in the exact and
natural sciences. It is well known that the East underwent a tremendous, almost superhuman
strain; furthermore, its capacity for intuition — a quality of exceptional importance — enabled the
East to achieve extraordinary feats in philosophy, art, and even technology.

Studying the history of ancient Eastern and Western civilizations is also crucial for
understanding the cultural, social, and intellectual development of humanity. This field of study
not only examines the past but also plays a significant role in shaping modern societies and
determining future paths of development. Key events highlighting the importance of this topic can
be identified:

1. Understanding cultural heritage

Ancient Eastern (Mesopotamia, Egypt, China, India) and Western (Greece, Rome)
civilizations laid the foundations of modern societies in many areas, such as science, art, law, and
systems of governance.

2. Understanding social and economic development

The emergence of agriculture and urban life in the East, the formation of trade routes, and
the development of administrative structures help us understand the socio — economic evolution
of humanity. The development of democracy (Athens), legal systems (Roman law), and
philosophical thought in the Western world influenced modern governance and the legal systems
of the Middle Ages, the early modern period, and the modern era.

3. Philosophical and intellectual heritage

In the Ancient East, religious and spiritual ideas — such as Hinduism, Buddhism,
Zoroastrianism, and Confucianism — sought to understand the relationship between humanity,
nature, and the universe. In the West, thinkers such as Socrates, Plato, and Aristotle contributed
to the development of rational thinking and scientifically grounded approaches.

4. Study of intercultural relations

Intercultural contacts, trade routes (such as the Silk Road), and the exchange of knowledge
between East and West played a significant role in shaping modern global culture.

5. Draw conclusions from past events

The successes and failures of history serve as an example for modern societies. By studying
the causes of the collapse of ancient civilizations, modern societies may avoid repeating the same
mistakes.

6. Cultural self —awareness and a sense of pride
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The study of civilizations encourages modern peoples to take pride in their history and
preserve their cultural heritage. For these reasons, the study of ancient Eastern and Western
civilizations is important not only for historians but also for fostering intercultural understanding,
global progress, and a sense of connection between people and their past.

One of the things we should learn from ancient civilizations is a deep study of their
experiences of collapse and the development of our own capacity to manage such processes. The
causes of the collapse of ancient civilizations varied, and throughout history, each civilization fell
under unique circumstances. Let us consider some of these causes:

Z Natural disasters

Natural phenomena such as earthquakes, volcanic eruptions, droughts, and floods have led
to the decline of many civilizations. In ancient Egyptian civilization, fluctuations in the level of the
Nile River caused economic hardship due to reduced food production. Nilometer were used to
measure the level of the Nile as early as the time when the rule of the pharaohs was established
(Picture 1)

Picture 1. Nilometer
The eruption of the Santorini volcano destroyed the civilization that had developed on the
island of Crete (Picture 2).

Picture 2. The eruption of the Santorini volcano destroyed the Minoan civilization
Z Climate change

Climate change and severe droughts played a major role in the collapse or weakening of
many ancient civilizations. Environmental shifts led to famine and war. In this context, it is
noteworthy that repeated drops in the Nile@® water level and periods of drought during Egypt®
Old Kingdom led to the state® collapse; the onset of a sudden warming period in Mesopotamia
caused the fall of the Akkadian Empire; the arrival of drought accelerated the decline of the Maya
civilization in Central America; and the cessation of monsoon rains resulted in the disintegration
of ancient Indian and Khmer civilizations (Picture 3).
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Picture 3. Ancient Egyptian, Akkadian, and Mayan civilizations destroyed by drought

Z Environmental change

Deforestation, soil depletion, erosion, loss of soil fertility, and the overexplotation of natural
resources have hindered food production. In this context, it can be shown that the civilizations of
ancient Egypt, Easter Island, and others faced serious difficulties linked to deforestation.

Z Political and social causes

Internal conflicts and political instability, the weakening of goverments, civil wars, and
political upheavals led to the collapse of civilizations. This pattern was observed in the vast
majority of civilizations that perished in antiquity. Examples of this include the ancient cultures of
the Hittites, Troy, Urartu, Media, Lydia, and others (Picture 4).

Picture 4. The Ruins of Troy and Lydia
Z Social inequality and uprisings
The era of the ancient Egyptian dynasties ended precisely with uprisings and popular revolts.

During the final years of the Roman Empire, discontent among social classes became intense. The
Han dynasty in China was overthrown as a result of rebellions (Picture 5).
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Picture 5. The Uprisings of Spartacus (Rome) and the Yellow Turbans (China)
Z External attacks, invasions, and wars
Most states of ancient Eastern civilizations were destroyed precisely because they failed to
adequately address foreign policy and defense challenges. The civilizations of Mesopotamia
(Sumer, Akkad, Babylon, and Assyria) were weakened by attacks from various states, empires, and
nomadic tribes. These states vanished from the stage of history. A similar situation characterized
the ancient civilizations of China and India (Picture 6).

Picture 6. Ancient Sumerians and Chinese. Warriors and military technology

Z Piracy

Piracy existed in the ancient world, though it was not as widespread as it was during the
Middle Ages. Ancient pirates attacked ships, looted them, took people captive, and sold them into
slavery. Piracy was linked to plunder and the slave trade, particularly in the Mediterranean region
(Picture 7a).

Picture 7a. Henryk Siemiradzki
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The Phoenicians —the most skilled seafarers of the ancient world — also gained a particularly
notorious reputation. The “Odyssey” mentions Phoenician pirates who abducted people from the

island of Syros and sold them into slavery (Picture 7b
PUH 7 10 Ero =

Picture 7b. Pirates from Phoenicia

The heyday of ancient piracy coincided with the era of anarchy caused by the Roman civil
wars, with the mountainous region of Cilicia — and its fortresses — serving as the piratesilbase. In
Rome, pirates were executed by crucifixion.

Z Changes in trade routes

The disruption of trade relations led to the economic weakening and collapse of certain
civilizations. In this context, the history of the states situated along the Great Silk Road draws
particular attention. The fate of the civilizations that emerged in the ancient Eastern
Mediterranean basin was inextricably linked to trade routes (Picture 8).
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Picture 8. All roads lead to Rome

Z Epidemics
Edidemics that decimated large populations played a role in the collapse of civilizations.
Major epidemics of the ancient world — such as the Plague of Athens, the Antonine Plague, and
the Plague of Justinian — fundamentally altered the course of history, shaping the political,
economic, and social landscapes of the affected regions. Following contact with Europe, the
indigenous civilizations of the Americas suffered massive losses due to diseases introduced from
Europe.
Z Economic problems
Shifts in trade routes and competition between economic centers weakened civilizations
and even led to their destruction. Changes affecting the Silk Road and maritime routes weakened
certain city — states.
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Z A comprehensive approach
These causes often complement one another and, in combination, lead to the collapse of
civilizations. The fall of the Roman Empire resulted from a combination of internal political
instability, economic problems, and environmental challenges.
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Abstract

This article examines the replacement of Kazakhstan's bicameral Parliament by the
unicameral Kurultai under the Constitution adopted in 2026. Using doctrinal and functional
comparison, it contrasts the composition, representative basis, legislative procedure and
oversight powers of the institutions created by the 1995 and 2026 Constitutions. The article
identifies three principal results. First, the reform is not primarily a reduction in the size of the
legislature: the Kurultai's 145 seats are close to the combined membership of the former Mazhilis
and Senate. Its central effect is the concentration of national legislative authority in a single
directly elected chamber. Second, the reform replaces the former combination of territorial,
mixed and appointed representation with nationwide proportional representation through
political parties, producing clearer electoral responsibility but removing constitutionally
guaranteed regional representation and single-mandate links. Third, legislative scrutiny is
transferred from an inter-chamber process to committees, hearings, opposition rights and plenary
voting within the Kurultai. The article argues that unicameralism may improve speed and
transparency, but it does not by itself create a stronger parliament. Its success will depend on
internal scrutiny, political pluralism and the Kurultai's practical capacity to hold the executive
accountable.
Keywords
Kazakhstan; 2026 Constitution; Kurultai; Parliament; unicameralism; bicameralism; legislative
power; representation; parliamentary oversight; separation of powers.

Introduction

The adoption of Kazakhstan's new Constitution at the nationwide referendum of 15 March
2026 marked a formal break with the constitutional settlement that had governed the country
since 1995. Among its most important institutional changes was the termination of the bicameral
Parliament, composed of the Senate and the Mazhilis, and its replacement by a unicameral body
known as the Kurultai. The new Constitution entered into force on 1 July 2026, and the former
Parliament ceased to exercise its powers on the same date. This was not simply a change of name.
It altered the way in which citizens and regions are represented, the procedure through which
laws are reviewed and adopted, and the structure through which the legislative branch interacts
with the President and Government.

A second chamber may slow legislation and obscure responsibility, but it can also represent
territorial interests, correct errors and restrain a temporary majority. Unicameralism may
therefore improve efficiency and electoral accountability only if strong internal institutions
perform the reviewing functions previously divided between two chambers.
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This article compares the parliamentary provisions of the 1995 and 2026 Constitutions
through four criteria: representation, legislative scrutiny, political accountability and the
legislative-executive balance. It argues that the reform simplifies and democratises the formal
source of parliamentary authority because every Kurultai deputy is directly elected. However, it
also removes a distinct channel of territorial representation and concentrates review within one
party-based institution. The promise of a stronger parliament will therefore depend on committee
work, opposition participation and practical independence from the executive.

The Bicameral Baseline Under the 1995 Constitution

The 1995 Constitution defined Parliament as the highest representative body exercising
legislative power. Article 50 divided that body into two permanent chambers. The Mazhilis
consisted, at the end of the Constitution's operation, of ninety-eight deputies elected through a
mixed system: sixty-nine from party lists in a nationwide constituency and twenty-nine from
single-mandate territorial constituencies. The Senate represented the seventeen regions, the
capital and the cities of republican significance, with two elected senators from each territorial
unit. Ten additional senators were appointed by the President, five of them on the
recommendation of the Assembly of the People of Kazakhstan. Senate deputies served six-year
terms, with half of the elected membership renewed every three years, while Mazhilis deputies
served five-year terms (1995 Constitution, arts 50-51).

This design combined several forms of representation. Party-list deputies reflected
national political preferences, single-mandate deputies created a territorial connection, and the
Senate gave equal representation to the principal administrative units regardless of population. In
January 2026 Kazakhstan had seventeen regions and three cities of republican significance. The
formula therefore produced fifty senators and, together with the Mazhilis, 148 national legislators.

Bills were introduced in the Mazhilis and, once adopted, transmitted to the Senate, which
normally had up to sixty days to consider them. Rejection or proposed amendments could lead to
renewed voting or conciliation. The Senate also approved or elected senior officials and could
exercise legislative functions during the temporary absence of the Mazhilis following its dissolution
(1995 Constitution, arts 54-55 and 61).

The bicameral structure introduced negotiation and territorial representation into a
strongly presidential order. Yet it could also lengthen legislation without producing independent
scrutiny where party alignment and executive influence were similar across both chambers. Its
value therefore depended on whether the Senate added a distinct voice and effective second
examination.

Bicameralism, Unicameralism and Constitutional Function

Comparative constitutional scholarship treats the number of chambers as an instrument
rather than an end. International IDEA identifies territorial or minority representation, expert
review, additional deliberation and checking the first chamber as common functions of second
chambers. Meg Russell likewise evaluates them by function, while George Tsebelis and Jeannette
Money show that an additional institutional veto player can stabilise policy but also create delay
and disagreement.

Unicameralism reverses these trade-offs. It may enact legislation more quickly, clarify
responsibility and avoid duplication between similar bodies. Removing the second chamber,
however, also removes an automatic stage of review. Legislative quality must then be protected
through readings, specialised committees, public consultation, opposition rights and
constitutional review.

Inter-Parliamentary Union data show that unicameral legislatures are more common
globally, although many territorially diverse states retain two chambers. Kazakhstan's unitary
character permits unicameralism, but its scale keeps the Senate's former regional function
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relevant. The assessment must ask which functions disappeared, which were transferred and
whether the replacements are equivalent.
The 2026 Constitutional Turn to the Kurultai

President Kassym-Jomart Tokayev publicly proposed a unicameral parliament in
September 2025 as a continuation of the principle of a strong President, an influential Parliament
and an accountable Government. While acknowledging the Senate's historical contribution, he
connected a single chamber to the evolution of the state and political culture. The proposal
ultimately formed part of a broader constitutional replacement.

Articles 52-62 of the 2026 Constitution establish the Kurultai as the highest representative
body exercising legislative power. Its 145 deputies are elected for five years through proportional
representation in a single nationwide constituency by universal, equal and direct suffrage. The
Constitutional Law on the Kurultai adds principles of legality, collegiality, transparency, political
diversity and equality of deputies.

The comparison shows that the reform barely changes the legislature's numerical size: the
former Parliament had 148 seats under the territorial structure existing in early 2026, while the
Kurultai has 145. The transformation is structural rather than numerical. Efficiency therefore
concerns the removal of inter-chamber procedure, not a substantially smaller legislature.

The Kurultai gathers powers previously divided between the chambers. It adopts laws,
decides questions of war and peace, initiates referendums, approves the Prime Minister and Vice
President, participates in constitutional appointments and exercises financial and political
oversight. This creates a more visible centre of responsibility, while increasing the importance of
its composition and internal organisation.

Representation: Direct Election and the Loss of a Territorial Chamber

The strongest democratic argument for the Kurultai is the uniform origin of its mandate.
Mazhilis deputies were directly elected, most senators indirectly elected and ten senators
presidentially appointed. All 145 Kurultai deputies are elected through direct suffrage, removing
differently legitimised categories of legislators and making political parties responsible for the
entire composition.

Uniformity creates another problem. The former Parliament combined equal regional
representation in the Senate with party-list and single-mandate representation in the Mazhilis.
Nationwide proportional representation removes both guaranteed regional seats and individual
national constituencies. A deputy also loses the mandate upon withdrawal or expulsion from the
electing party (2026 Constitution, art 55(4)). This strengthens party coherence but may reduce
individual independence.

This matters in a geographically large state with diverse urban, industrial and rural
interests. Proportional representation may reflect national preferences fairly, but it does not
guarantee each region a voice equivalent to its former Senate delegation. Balanced party lists may
help, but they are a political practice rather than a constitutional guarantee.

The result is mixed: direct electoral legitimacy increases while the constitutional diversity
of representation narrows. Its practical effect will depend on party competition, candidate
selection and the geographical composition of lists. Direct election is important, but it is not
identical to territorial responsiveness.

Legislative Efficiency and the Quality of Scrutiny

The clearest procedural advantage of the Kurultai is the elimination of the passage of bills
between two chambers. Under the 1995 system, a law adopted by the Mazhilis moved to the
Senate, which could approve it, reject it or propose new wording. Disagreements could require
conciliation and renewed voting. Under Article 60 of the 2026 Constitution, a law adopted by the
Kurultaiis submitted to the President for signature within ten days. The reform therefore shortens

111



Proceedings of the 14th International Scientific Conference

the formal route from legislative initiative to presidential consideration and makes it easier to
identify which body is responsible for the final parliamentary text.

Efficiency cannot be measured by speed alone. A second chamber creates time to identify
errors and conflicting interests. Under unicameralism, this work must occur before the plenary
vote. The Constitutional Law provides committees, commissions, working groups, hearings and
government hours. Party factions have speaking rights, while the opposition may initiate a hearing
and set the agenda of government hours during a session. These mechanisms can provide scrutiny
without recreating a second chamber.

Effectiveness will depend on procedure and capacity. Committees need time, research
support, information and a real ability to amend government bills. Consultation must influence
texts, and opposition rights must place alternatives on the legislative record. Constitutional review
cannot replace routine policy scrutiny.

The abolition of the Senate shifts quality control from external review by another chamber
to internal review within the Kurultai. This reduces duplication, but makes strong committees and
minority participation a constitutional necessity.

Oversight and the Continuing Strength of the Presidency

The Kurultai possesses significant formal oversight powers. One-fifth of its deputies may
initiate a vote of no confidence in the Government, which can be adopted by a majority of the
total membership. Failure to approve the Government's report on execution of the republican
budget constitutes a vote of no confidence. At the initiative of one-third of deputies, the Kurultai
may hear a report from a member of the Government; a two-thirds majority may then petition for
dismissal where that official has failed to comply with the law, and the President must dismiss the
official. The Kurultai also hears reports from the Constitutional Court and Supreme Audit Chamber
(2026 Constitution, art 56).

These powers support the Government's stated accountability to both the President and
Kurultai. Appointment, financial control and ministerial responsibility now appear in one public
forum, making legislative action or inaction easier to identify.

Nevertheless, the President nominates the candidate for Kurultai Chairperson, may
prioritise bills, convene extraordinary sessions and return legislation with objections. The
President may dissolve the Kurultai after consultation and in cases of repeated refusal to approve
nominees. During its temporary absence following early termination, presidential decrees may
have the force of law (2026 Constitution, arts 46-47 and 62).

The balance is not transformed into legislative supremacy. The Kurultai receives
concentrated oversight powers while the President retains agenda-setting, veto and dissolution
instruments. A single chamber may confront the executive more clearly; a disciplined majority
aligned with the executive may instead make its legislation easier to enact. The outcome depends
on pluralism and the willingness of deputies to use their powers.

The Kazakhstan People's Council: Complement, Not Second Chamber

The new Constitution also creates the Kazakhstan People's Council, or Halyk Kenesi, as the
highest consultative body representing the interests of the people. It may develop
recommendations on internal policy, submit draft laws to the Kurultai and initiate a nationwide
referendum. Because it introduces another representative institution into the constitutional
order, it might appear to compensate for the disappearance of the Senate.

The Halyk Kenesi is not a second chamber. It does not approve, reject or amend laws, its
members are not elected as a territorial upper house, and its recommendations create no
additional legislative stage. Its initiative may place social or regional concerns before the Kurultai,
but it cannot reproduce the Senate's veto, appointment or review functions.

This distinction matters for evaluating the reform. Consultation can improve the
information available to legislators, but it is different from constitutional checking power. The
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Halyk Kenesi should therefore be assessed as a participatory complement to the Kurultai rather
than as an institutional replacement for bicameralism.
Overall Assessment

The transition from Parliament to the Kurultai produces three central constitutional
changes. First, it creates a single and directly elected source of legislative legitimacy. Second, it
replaces a plural system of territorial, constituency and party representation with nationwide
proportional representation. Third, it transfers the burden of legislative review from relations
between two chambers to the internal institutions of one chamber.

The process becomes easier to understand, decisions are attributable to one body and all
deputies possess electoral mandates. The Kurultai also combines substantial legislative,
appointment and oversight powers and can become more visible than the former divided
Parliament.

The risks are equally clear. Regions lose equal national representation, voters lose
individual national constituencies, and a disciplined majority may control the only chamber. The
removal of compulsory second review requires strong committees, meaningful hearings,
transparent list selection, opposition rights and constitutional review.

Institutional simplification does not automatically equal parliamentary strengthening. With
145 seats, the reform redistributes rather than reduces representative and reviewing functions.
Success should be measured through the geographical diversity of deputies, substantive
committee amendments, opposition-initiated hearings, government questioning and willingness
to reconsider executive proposals. At the time of writing, the first Kurultai election had not taken
place, so these outcomes remained open.

Conclusion

The replacement of Kazakhstan's bicameral Parliament with the unicameral Kurultai is one
of the most consequential institutional reforms contained in the 2026 Constitution. The former
Senate and Mazhilis divided representation and legislative review between bodies with different
composition and functions. The Kurultai consolidates those functions in a single chamber of 145
directly elected deputies and thereby offers a clearer line of democratic responsibility.

The reform may increase speed and transparency. It removes appointed seats and gives
the whole legislature a direct electoral basis. At the same time, it abolishes guaranteed regional
representation, single-mandate national constituencies and automatic second-chamber review.
Those functions must now be addressed through party lists, committees, hearings, opposition
participation and constitutional control.

The decisive issue is whether the new institutions can preserve deliberation and regional
responsiveness while making lawmaking more accountable. The Kurultai has meaningful powers,
but the presidency remains strong. Parliament will be strengthened only if legal authority is
supported by pluralistic practice and professional scrutiny.
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GIS-Based Modeling of the Sheki-Zagatala Regional Tourism Ecosystem and Zoning of Recreation
Potential

Abstract: The Sheki-Zagatala economic region, particularly its key historical and geographical
center, the city of Sheki, possesses rich natural-recreational and cultural-historical resources. In
this research paper, the assessment of Sheki region's tourism ecosystem and the zoning of its
recreational potential were conducted based on Geographic Information Systems (GIS) and Multi-
Criteria Decision Analysis (MCDA) methodology. Utilizing the Analytical Hierarchy Process (AHP)
algorithm, physical-geographic and socio-economic factors—including topography (slope, aspect),
vegetation cover (NDVI), hydrography, and transportation-infrastructure networks—were
mathematically weighted. As a result of the spatial analysis, the territory of Sheki was classified
into optimal recreational zones based on specific tourism types (ecotourism, mountain-sports, and
cultural-historical tourism), and a regional sustainable development model was proposed.
Keywords: GIS, Sheki, recreational potential, tourism ecosystem, Multi-Criteria Decision Analysis
(MCDA), Analytical Hierarchy Process (AHP), zoning.

Xulasa: Saki-Zagatala igtisadi rayonu, xUsusilea onun mdhUm tarixi va cografi markazi olan Saki
sohari zangin tabii-rekreasiya ve madani-tarixi resurslara malikdir. Bu tadgigat isinda Saki
regionunun turizm ekosisteminin giymatlandirilmasi va rekreasiya potensialinin zonalasdiriimasi
Cografi information Sistemlari (CiS) va Coxmevyarli Qararverma Tahlili (MCDA) metodologiyasi
asasinda hayata kecirilmisdir. Analitik ierarxiya Prosesi (AHP) algoritmi vasitasila relyef (mevillilik,
ekspozisiya), bitki ortiylt (NDVI), hidrografiya va nagliyyat-infrastruktur faktorlari riyazi olarag
cokilandirilmisdir. Tahlillar naticasinda Saki arazisi turizm noévlarina (ekoturizm, dag-idman va
madani-tarixi turizm) goéra optimal rekreasiya zonalarina ayrilmis va regional dayanigh inkisaf
modeli taklif edilmisdir.

Acar sézlar: CIS, Saki, rekreasiya potensiali, turizm ekosistemi, Coxmeyarli Qararverma Tahlili
(MCDA), Analitik ierarxiya Prosesi (AHP), zonalasdirma.

1. Girig

Turizm va rekreasiya sektorunun regional inkisafda, masgullugun artirilmasinda va tabii-madani
irsin gorunmasinda rolu getdikdan artmaqdadir. Azarbaycan Respublikasinda regionlarin sosial-
igtisadi inkisafi dovlst programlarinda Saki-Zagatala regionunun turizm potensialinin
optimallasdiriimasi strateji hadaf kimi garsiya gqoyulmusdur (Mammadov, 2018).
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Lakin rekreasiya resurslarinin plansiz va kortabii manimsanilmasi ekoloji landsaftin deqradasiyasina
va resurslarin tikanmasina yol acga bilar. Muasir cografiya elminda turizm ekosistemlarinin
planlasdirilmasi ve makansal idars edilmasi Giciin Cografi informasiya Sistemlari (CiS) va Coxmeyarli
Qararverma Tahlili (MCDA) an effektiv alatlar hesab olunur (Malczewski, 2006). Bu tadqgigatin
magsadi  Saki  regionunun fiziki-cografi ve sosial-igtisadi gostaricilarini  CIS  muhitinda
modellasdirarak, arazinin rekreasiya tutumunu va optimal turizm zonalarini miayyanlasdirmakdir.
2. Metodologiya va Coxmeyarli Qiymatlandirma (MCDA-AHP)

Saki regionunun turizm ekosisteminin CiS ssasli modellasdirilmasinda Analitik ierarxiya Prosesi
(AHP) metodologiyasindan istifads edilmisdir (Saaty, 2008). Tadgigatda arazinin uygunlug indeksini
muayyan etmak lcln 4 asas meyar va onlara aid alt-meyarlar tayin olunmus, ¢aki amsallari riyazi
olaraq hesablanmisdir:

1. Topogqrafik Faktorlar (Caki: 0.35): Ragamsal Relyef Modeli (DEM) asasinda meyillilik (slope)
va yamaclarin ekspozisiyasi (aspect) analiz edilmisdir. Dag-idman turizmi G¢ln 15°-25° arasi
mevyillilik, ekoturizm Ucln isa 0°-10° arasi meyillilik optimal gabul olunmusdur.

2. Ekoloji-Landsaft Faktorlari (Caki: 0.30): Landsat 9 peyk goruntilerindan hesablanan
Normalasdirilmis Farg Bitki Ortiiyli indeksi (NDVI) vasitasilo mesa massivlarinin sixligi va
hidrografik sabakaya (caylar, bulaglar) olan masafa (Euclidean distance) geyd olunmusdur.

3. Sosial-igtisadi ve infrastruktur Faktorlari (Caki: 0.20): Nagliyyat sabskasine (magistral va
lokal yollar) yaxinlig va rekreasiya obyektlarinin alcatanligi.

4. Moadani-Tarixi irs (Caki: 0.15): UNESCO-nun Umumdiinya irsi siyahisina daxil edilmis Sakinin
tarixi markazi va memarliq abidalarinin makansal bufer zonalari (buffer zones).

3. Analiz va Miizakira: Rekreasiya Potensialinin Zonalasdiriimasi

CiS mihitinda (ArcGIS/QGIS) biitiin meyarlarin raster laylari Overley (Weighted Overlays) alati
vasitasila Ust-lUsta goyularag Saki regionunun Gmumi Turizm Uygunlug indeksi (TSI) xarits-modeli
generasiya edilmisdir. Orazi rekreasiya potensialina gors 4 asas sinfa (klastera) ayrilmisdir.

Cadval 1: Saki regionunun CiS asash Turizm Uygunlug indeksi (TSI) gdstaricilari

Uygunlug orazi Payl | Cografi Landsaft Torkibi on Uygun Turizm NOvi

Saviyyasi (%)

Yiksak daracads | 28% Tarixi markaz, dagatayi | Madani-tarixi, Ekoturizm,

uygun megsaliklar, cay vadilari Agroturizm

Milayim daracads | 42% Alcag ve orta daghq =zonalar, | Yay turizmi, Saglamhg-

uygun kolluglar balneoloji

Az uygun 18% Yuksak daghqg, sildirim yamaclar, | Ekstremal dag turizmi,
cllpag gayalglar Alpinizm

Uygun olmayan 12% Senaye obyektlari, erroziyaya | Rekreasiya Ucln qgapal
ugramis aktiv sahalar zonalar

Modellasdirma naticasinda askar olunmusdur ki, Saki arazisinin 70%-i (Yuksak va Mlayim siniflar
birlikda) aktiv turizm va rekreasiya faaliyyati Gcin tamamila alverislidir. Xtsusila Saki saharinin
simal va sarg hissalarinda yerlasan dagstayi enliyarpagli mesa landsaftlari ekoturizm Gcgln an
yUksak pik ballari (TSI > 0.85) toplamisdir.

4. Turizm Novlarina Gora Regional Makansal Modellagdirma

CiS analizi Saki regionunda turizmin differensiasiyall (saxalonmis) sakilda inkisaf etdirilmasinin
cografi zaruriliyini ortaya qoyur (Hasanov, 2021):

e Ekoturizm va Rekreasiya Klasteri: Kis va Xan yaylasl istigamatindaki mesa-fyon landsaftlari
yUksak NDVI (0.68) va zangin hidrografiyasi ila ekoloji turizm marsrutlarinin qurulmasi G¢ln
regamsal model tarafindan ilkin zona olaraqg tayin edilmisdir. Bu arazilarda tabii tarazligl
pozmamagq Ucln irihacmli otellar avazina ekoloji kand evlarinin (camping/glamping)
salinmasi elmi cahatdan asaslandirilir.
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e Madani-Tarixi va Sahar Turizmi Klasteri: Saki Xan Sarayi, Karvansaraylar va gadim "Yuxari
Bas" qorugu atrafindaki 1 sm-lik bufer zonalari madani turizmin nivasini taskil edir. CiS
sobaka analizi (Network Analysis) gostarir ki, nagliyyat alcatanligl yiksak olsa da, pik
movsimlarda (may-sentyabr) bu arazids antropogen yiklanma (rekreasiya tutumu haddi)
kritik saviyyaya catir.

o Dag-idman va Ekstremal Turizm Klasteri: Regionun simalindaki yiksak daglq qursaq (Boyiik
Qafgazin suayiricisi) sildirim yamaclari (meyillilik > 30°) ila alpinizm, qis turizmi va parasUt
idmani Ggln spesifik potensiala malikdir.

5. Dayanigli Regional Turizm Menecmenti va Tovsiyalar
Todgigatin CIS asasli naticalarine asasan Sakinin regional turizm ekosisteminin davamliligr ticin
asagidaki eko-cografi model taklif olunur:

1. Makansal Monitoring Sisteminin Qurulmasi: Peyk monitoringi (Remote Sensing) vasitasila
turizm zonalarinda bitki ortGytndn sixhigl (NDVI) va torpag deqgradasiyasi har movsim sonu
avtomatik izlanilmalidir.

2. Antropogen Yiikiin idara Edilmasi: Tarixi markazds rekreasiya sixligini azaltmagq Uglin turist
axinlari CiS modelinin misyyan etdiyi alternativ kand turizmi marsrutlarina (masalan, Fazil,
Oxud kandlari istigamatina) yonlandirilmalidir.

3. Infrastrukturun Yasillasdiriimasi: Yeni tikilacak rekreasiya obyektlari miitlaq sakilda relyefin
mevyillilik xaritalarina uygun salinmali, sirisma zonalarindan uzag tutulmalidir.

6. Notics

Saki regionunun turizm ekosisteminin CiS va Coxmeyarli Qararverma Tahlili (MCDA-AHP) vasitasila
modellasdirilmasi tabii va sosial-igtisadi resurslarin regional planlasdiriimasinda makansal
datalarin tatbiginin effektivliyini sibut etmisdir. Yaradilmis regamsal model arazinin rekreasiya
potensialinin cografi sarhadlarini dagiglikle muayyan etmaya va riskli zonalari dncadan
prognozlasdirmaga imkan verir.

dlda olunan naticalar gostarir ki, Saki regionunda dayanigli turizmin inkisafi yalniz madani irsla
mahdudlasmamali, CiS modelinin  muiayyanlasdirdiyi yiiksak uygunluglu mesa va dag
landsaftlarinin ekotexnoloji prinsiplarle manimsanilmasi hesabina genislandirilmalidir. Bu tadgiqat
isinin metodologiyasl va xarita-modellari regional turizm planlarinin hazirlanmasinda, investisiya
layihalarinin ekoloji ekspertizasinda va Saki saharinin davamli "smart-tourism" konsepsiyasinin
formalasdirilmasinda rasmi elmi baza kimi istifads oluna bilar.
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ABSTRACT

The effective inclusion of gifted children in the educational process is one of the important
directions of modern inclusive education. The high intellectual and creative potential of these
children requires their individual educational needs to be recognized and appropriate pedagogical
support to be provided. This article examines the academic, social, and emotional challenges faced
by gifted children in inclusive educational environments, as well as approaches to organizing
instruction according to their individual characteristics. Individualized and differentiated
instruction, enriched curricula, individualized educational plans, and student-centered pedagogical
approaches are considered important tools for developing the potential of gifted children. The
article also emphasizes the role of cooperation among teachers, parents, psychologists, and other
specialists in ensuring children’s academic achievement, social adaptation, and emotional well-
being. The analysis demonstrates that a properly organized inclusive educational environment
supports not only the intellectual abilities of gifted children but also their social and emotional
development. Consequently, the implementation of pedagogical strategies based on individual
educational needs enables gifted children to fully realize their potential, participate equally in the
educational process, and achieve successful integration into society.

KEYWORDS: gifted children, inclusive education, individualized education plan, motivation and
support, social integration, differentiated instruction, teacher—parent collaboration

In the modern education system, the development of gifted children and their integration into
inclusive educational environments are among the important pedagogical priorities. An inclusive
approach is not limited to physical participation and equal educational opportunities; it also aims
to reveal the individual potential of each child and support their social and emotional development
(Sixli, 2019; Hasanov, 2020). Since gifted children possess high intellectual and creative abilities in
certain areas, their educational needs differ from those of other students and therefore require
specialized approaches.

The education of these children in inclusive classrooms is not limited to increasing academic
knowledge but also contributes to the development of their creative skills, social integration, and
emotional stability (RlUstamov, 2017, Mammadova, 2022). Individualized educational plans,
motivation and support mechanisms, teacher professionalism, and parent—school cooperation
serve as key instruments in the educational process (Sliyeva, 2018; Qasimova, 2018; ismayilov,
2019).

Thus, the inclusion of gifted children in inclusive education is a multidimensional and complex
process in terms of both individual and social development. This article examines the educational
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needs of gifted children in inclusive education, the development of individualized educational
plans, the roles of teachers and parents, and aspects of motivation and social integration. It also
presents strategies aimed at ensuring their academic and social development.

The main purpose of the inclusive education model is to eliminate discrimination among
students and to ensure the maximum development of every child’s potential. One of the
fundamental principles of inclusive education is the provision of equal educational opportunities,
which requires consideration of the specific needs of gifted children. The principle of equal
opportunities is not limited to physical participation; it also includes providing additional resources,
individualized educational programs, and psychological support within the learning environment.

Inclusive education also requires the implementation of individualized and differentiated
instruction. This approach makes it possible to organize learning activities according to the higher
cognitive processing speed of gifted children. Individualized instruction requires the selection of
learning materials based on students’ interests, abilities, and developmental levels, thereby
preventing loss of motivation caused by monotony and repetitive tasks.

The educational needs of gifted children differ from those of other students. Their intellectual
development tends to progress at a faster rate, while abstract thinking and problem-solving
abilities may develop at an early age. Therefore, the tasks provided to them should be more
complex, research-oriented, and creative. At the same time, the social and emotional
characteristics of these children require particular attention, as some may experience difficulties
in relationships with peers, feel different from others, or become socially isolated due to internal
emotional tension. To maintain their emotional well-being, a supportive environment should be
established in the inclusive classroom, and teachers should use methods that provide children with
greater opportunities for individual expression.

If effective strategies for adapting gifted children to inclusive classrooms are not implemented,
they may become disengaged from learning or fail to fully demonstrate their potential. In this
regard, acceleration programs are particularly important because gifted children often master
educational material more quickly, and accelerated learning may be more appropriate for their
needs. Acceleration can take the form of grade skipping, early access to specific subjects or topics,
and additional learning activities.

In addition, enrichment programs are specialized educational programs designed to broaden
gifted children’s interests and develop their analytical and creative skills. These programs may
include challenging tasks, projects, research activities, and creative assignments. The
implementation of enrichment programs in inclusive classrooms supports children’s intellectual
and social development in a balanced manner. The teacher structures these programs according
to the child’s developmental pace and gradually increases the complexity of the learning materials.

The development of Individualized Education Plans (IEPs) for gifted children in inclusive
classrooms is an important process in the modern education system, as this approach provides an
opportunity to identify and develop each student’s individual potential. The importance of an
individualized approach lies in the teacher’s ability to assess each gifted child’s level of knowledge,
interests, abilities, and developmental pace separately and to develop an appropriate instructional
strategy. This increases the child’s motivation to learn and helps prevent the loss of their talents.
Furthermore, an individualized approach enables students with different levels of ability to develop
harmoniously together within an inclusive environment.

Since the educational needs of gifted children differ from those of other students, the
development of an Individualized Education Plan (IEP) is essential. In this regard, the structure of
the IEP is particularly important, and its main components should be clearly defined. The key
elements of an IEP include the formulation of goals, the identification of learning objectives, and
the establishment of a continuous monitoring system. Goals are planned according to the child’s
potential from both short-term and long-term perspectives. Learning objectives include specific
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steps for achieving these goals and contribute to the gradual development of the child’s knowledge
and skills. Monitoring enables continuous observation of the child’s progress during the learning
process and allows the plan to be modified when necessary. Structuring the IEP also ensures that
the educational process is implemented in a systematic and transparent manner.

Determining learning goals for gifted children is one of the most important components of an
I[EP, as their developmental direction is largely determined by these goals. For children with strong
academic abilities, goals should include activities involving more complex content, higher-order
thinking skills, and analytical reasoning. These goals not only increase the child’s level of knowledge
but also develop their ability to explore new topics in greater depth. For creatively gifted children,
goals should focus on strengthening innovative thinking, imagination, and problem-solving skills.
Research projects, creative tasks, experiments, and independent activities are particularly
important for these children. Appropriate formulation of learning goals ensures balanced
development in both academic and creative areas.

The roles of teachers and psychologists are crucial in developing individualized education plans,
as this process requires multidisciplinary cooperation. As the primary professional responsible for
identifying the child’s educational needs, the teacher develops the structure of the individual plan
and selects appropriate teaching methods and strategies. The psychologist evaluates the child’s
emotional state, social behavior, self-confidence, and motivation and provides guidance to the
teacher. The multidisciplinary team should also involve parents, as the family plays an important
role in the child’s development. The team identifies the child’s strengths, determines potential
difficulties, and creates an appropriate learning environment. Through cooperation between
teachers and psychologists, problems that gifted children may encounter during the learning
process can be identified at an early stage and addressed effectively.

Thus, the development of individualized education plans makes the education of gifted
children in an inclusive environment more purposeful and effective. This approach contributes to
the child’s overall personal development and creates opportunities for them to realize their
potential and participate more successfully in society in the future.

The role of the teacher in the inclusion of gifted children in inclusive education is highly
significant from pedagogical, social, and psychological perspectives. Therefore, the teacher is
considered one of the key pillars of the educational process. A teacher is not only a person who
transmits knowledge but also a guide who identifies a child’s talents at an early stage, directs their
development, and provides continuous support. To take into account the individual characteristics
and learning pace of gifted children, teachers should possess strong observational skills and
pedagogical flexibility. The importance of the teacher lies in the fact that the effective and balanced
organization of learning among students with different levels of ability in an inclusive classroom
largely depends on the teacher’s professional competence. If a teacher identifies a child’s strengths
at an early stage, this creates an opportunity for the child to develop their potential more fully and
rapidly. In the absence of appropriate teacher support, gifted children may become disengaged
from learning, lose motivation, or begin to conceal their abilities.

Professional competencies play a particularly important role in working with gifted children, as
this process requires both theoretical knowledge and methodological expertise. The ability to
implement differentiated instruction is one of the teacher’s key competencies, enabling different
levels of tasks to be provided to students with diverse learning styles and abilities. Differentiated
instruction allows gifted children to engage in more complex, research-oriented, and creative
activities, thereby preventing boredom and loss of motivation in a monotonous learning
environment. Another important teacher competency is the identification of giftedness. A gifted
child may not always be immediately recognized, as some children may hide their abilities or fail
to stand out due to a lack of attention. By carefully observing a child’s behavior, interests, and
problem-solving abilities, the teacher can determine the areas in which the child demonstrates
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particular strengths. This process contributes to establishing an appropriate path for the child’s
future development.

The appropriate selection of teaching methods in an inclusive classroom further emphasizes
the teacher’s role. Project-based learning is considered one of the effective methods for gifted
children because it promotes creativity, analytical thinking, and teamwork skills. During project-
based learning, children conduct independent research, analyze information, and draw
conclusions, which contributes to the development of their cognitive potential. Research-oriented
tasks also help develop gifted children’s logical thinking and problem-solving skills. Such activities
strengthen their ability to ask questions, conduct investigations, and draw conclusions, making
them more active and independent learners. By applying these methods, teachers enrich the
overall learning environment in the inclusive classroom while simultaneously addressing the
specific educational needs of gifted children.

Teacher—student—parent collaboration plays a crucial role in the inclusion of gifted children in
the inclusive education system. Through close communication with parents, teachers can obtain
detailed information about the child’s behavior, interests, and abilities at home, which contributes
to the effectiveness of the educational process. Sharing information ensures that all participants
in the educational environment are well informed and facilitates the purposeful development of
teaching strategies. Establishing effective communication among the teacher, student, and parents
ensures the active participation of all parties in the child’s educational process. Motivation
mechanisms are also particularly important in inclusive classrooms. To increase gifted children’s
motivation, teachers can use strategies such as recognizing their achievements, providing positive
feedback, and creating opportunities to present their creative work. These approaches encourage
children to become more actively involved in both academic and social activities and contribute to
strengthening their self-confidence.

Consequently, the role of the teacher is indispensable for the successful participation of gifted
children in an inclusive educational environment. The teacher is not merely an instructor but also
a key guide who identifies the child’s talents, directs their development, and contributes to the
success of the learning process. The teacher’s attention and professional competence enable
children to fully realize their potential. Therefore, the teacher acts as a strategic leader and plays
an important role in fostering giftedness within inclusive education.

The adaptation of gifted children to inclusive classrooms is one of the most sensitive issues, as
their individual characteristics, learning pace, and social-emotional needs may differ considerably
from those of other students. If adaptation difficulties are not identified in a timely manner,
children’s learning motivation may decrease, their self-confidence may weaken, and their
developmental potential may become limited. Although inclusive education aims to ensure that all
students feel comfortable and secure within the same learning environment, gifted children may
require additional support to address their specific needs. Adaptation difficulties mainly emerge
in academic and social-emotional areas, and each can significantly influence the child’s overall
development.

Academic difficulties are primarily associated with the rapid learning abilities of gifted children.
Since they can master topics quickly and in considerable depth, the general pace of classroom
instruction may appear too slow for them. As a result, their interest in lessons may decrease, their
attention may become distracted, and they may begin to conceal their abilities. The standard
classroom pace is not always appropriate for gifted children, and adapting to the general pace of
a large class may become a significant academic challenge. In such circumstances, children may
feel that their needs are not being adequately addressed and may seek additional learning
opportunities. An inappropriate learning pace may negatively affect academic outcomes in the
long term and contribute to disengagement from education.

121



Proceedings of the 14th International Scientific Conference

Social-emotional difficulties also have a significant impact on adaptation. Gifted children may
sometimes feel misunderstood because their ways of thinking and behaving differ from those of
their peers. This can lead to reserved behavior in new environments, reluctance to participate
actively in lessons, and reduced social initiative. In addition, highly gifted children may experience
emotional tension due to their tendency toward perfectionism. Difficulties in communicating with
peers can result in social isolation, withdrawal, and the development of negative attitudes toward
the school environment. Such adaptation problems can significantly affect children’s social and
emotional development and may contribute to long-term difficulties in social adjustment.

Effective strategies are therefore necessary to address these challenges, with the aim of
supporting both children’s academic development and social-emotional well-being. Counseling
services are among the most important forms of support during the adaptation process. A
psychologist can assess the child’s emotional state, identify stress and self-confidence difficulties,
and develop an appropriate psychological support plan. Counseling can also help children develop
greater self-awareness, recognize their strengths, and improve their social skills. Psychological
support enables gifted children to feel more confident within the inclusive environment. In
addition, mentoring systems are highly valuable for gifted children, as mentors provide guidance
and support in both academic and social areas. A mentor recognizes the child’s potential, organizes
appropriate activities, and closely monitors their development. A mentoring system can prevent
gifted children from feeling isolated and provide them with a stronger sense of confidence and
belonging.

The effective and continuous implementation of these strategies contributes to the successful
adaptation of gifted children to inclusive educational environments. Coordinated cooperation
among teachers, psychologists, and parents makes the child’s developmental process more
effective. Thus, addressing adaptation difficulties is important not only for the individual child but
also for the education system as a whole, as it contributes to improving the quality of inclusive
education. A supportive environment created for gifted children strengthens both their academic
achievement and social-emotional well-being and provides greater opportunities for them to
develop into successful and socially engaged individuals.

Motivation and support mechanisms play a fundamental role in the successful learning of
gifted children in inclusive educational environments. During the learning process, children’s
learning pace, level of attention, and creative abilities are closely associated with their motivation.
In modern pedagogy, the relationship between motivation and learning achievement is recognized
as an important principle. Gifted children, particularly those studying in inclusive classrooms, may
demonstrate a high sensitivity to both intrinsic and extrinsic sources of motivation. Their academic
performance may increase or decline depending on their level of motivation. When teachers
correctly identify the factors that influence motivation, children’s talents can be recognized and
developed more effectively.

Intrinsic motivation arises from a child’s interest in learning, discovering new knowledge, and
engaging in creative activities. Extrinsic motivation, in contrast, is associated with assessment,
rewards, and social recognition. Although intrinsic motivation tends to be more dominant among
gifted children, their opportunities for self-expression may sometimes be limited in inclusive
environments. Therefore, teachers should continuously support the relationship between
motivation and learning. The individual characteristics of each child should be taken into account,
and motivational methods should be adapted to their specific needs.

Motivational strategies in inclusive classrooms should be multidimensional. A reward system
can be an important tool because it provides opportunities to objectively recognize gifted children
's achievements and encourage further development. Rewards should not be limited to material

forms; non-material forms of recognition should also be used. Praise, granting special
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responsibilities, and providing leadership opportunities in projects can have a significant positive
impact on children’s motivation.

Expanding opportunities for self-expression is another important aspect of motivation. When
children are given opportunities to prepare presentations, work on projects, and conduct research,
their self-confidence increases and they have greater opportunities to demonstrate their individual
abilities. Teachers should organize classroom activities in a way that enables every child to
participate, express opinions, and ask questions. Such active participation increases motivation
and creates a supportive learning environment for all students. Gifted children, in particular, can
benefit considerably from these opportunities.

Specialized support programs play a critical role in developing the abilities of gifted children.
For example, preparation programs for academic competitions and olympiads can contribute to
both intellectual development and increased self-confidence. These programs strengthen
analytical thinking skills, create a competitive learning environment, and encourage children to
achieve higher levels of performance. Creative clubs also provide additional opportunities for
development, where children can learn to think independently, generate new ideas, and
demonstrate their abilities. Such clubs also facilitate socialization by enabling children to interact
with peers who have similar interests, which may help them feel more comfortable. Support
programs not only improve academic outcomes but also contribute to children’s emotional well-
being. In this process, teachers and psychologists should work together and develop individualized
development plans to maximize the effectiveness of these programs.

The inclusive organization of the learning environment is essential for the successful
implementation of motivation and support mechanisms. Technological tools can make learning
more interactive and engaging for gifted children. Digital resources provide additional
opportunities for conducting research, preparing presentations, and engaging in creative activities.
Interactive programs allow children to progress according to their individual learning pace. At the
same time, technology provides access to a wider range of areas of knowledge and learning
resources.

Psychological safety is also an important component of inclusive education. In a psychologically
safe environment, children can express their potential freely and share their ideas without fear.
Teachers should promote emotional stability and strengthen a culture of mutual respect among
students. A student-centered learning environment makes motivational mechanisms more
effective and enables gifted children to feel valued and recognized during the learning process.
Consequently, motivation and support mechanisms are essential conditions for the successful
development of gifted children in inclusive educational environments.

The social integration of gifted children through inclusive education is considered one of the
key aspects of their harmonious development. Socialization is an important process that enables
gifted children to establish meaningful relationships with society. It plays a significant role in
shaping children’s behavior, developing their value systems, and strengthening their social skills.
For gifted children, socialization involves not only communication skills but also emotional stability.
In an inclusive environment, socialization can be organized in a broader and more
multidimensional manner. Effective socialization has a positive influence on children’s self-
awareness and personal development. The social environment provides essential conditions for
the development of a child’s identity. This process should continue not only at school but also
within the family and the wider community. Gifted children may sometimes experience difficulties
in adapting to social environments; therefore, the role of socialization becomes particularly
important within inclusive education.

The social needs of gifted children may differ from those of other students. A tendency toward
leadership is one of their natural characteristics. This tendency can contribute to the development
of a sense of responsibility from an early age. Leadership tendencies may encourage gifted children
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to take greater initiative in the classroom. When this characteristic is appropriately guided at an
early stage, the process of social integration can become easier. At the same time, empathy skills
in gifted children also require particular attention. They are often emotionally sensitive and may
perceive the feelings of others deeply. The development of empathy contributes to stronger social
relationships and enables children to communicate more sincerely with their peers. Proper
identification of social needs helps gifted children adapt more comfortably to their social
environment. Teachers should recognize these needs and select appropriate methods accordingly.
The social needs of each child require an individualized approach.
The social integration of gifted children within inclusive education is considered one of the key
directions for their harmonious development. The socialization process enables children to
establish connections with society and develop their social skills. This process has a significant
influence on the formation of behavior, acquisition of values, and development of social
competencies. For gifted children, socialization involves not only communication skills but also
emotional stability. In an inclusive environment, this process can be implemented in a broader and
more multidimensional manner. When socialization is properly organized, children’s self-
awareness is strengthened, creating favorable conditions for the development of their identity.
This process should continue not only at school but also within the family and the wider social
environment. However, gifted children may sometimes experience difficulties in adapting to social
environments; therefore, the importance of socialization becomes even greater in inclusive
education.
The social needs of gifted children may differ from those of other students. A tendency toward
leadership is among their natural characteristics and may contribute to the development of a sense
of responsibility from an early age. This tendency can encourage children to take initiative in the
classroom. When leadership skills are appropriately guided, social integration can take place more
smoothly. In addition, empathy skills among gifted children require particular attention because
they may be emotionally sensitive and capable of deeply understanding the feelings of others. The
development of empathy enables children to establish more sincere and meaningful
communication with their peers. Proper identification of social needs helps gifted children
integrate more comfortably into their environment. Teachers should take these needs into
consideration when selecting appropriate strategies. The social needs of children always require
an individualized approach.
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[TATO®I3IONOTMNYHI MEXAHISMI
PO3BUTKY PAHTOMHOIO BOJHO:
CUMITOMATURA TA CYHACHI METOAN
JIKYBAHHA (OIMNAO0BA)

AHoOXiHa CBiTnaHa IBaHiBHa

K.MeZa.H., AOLUEHT, ByKOBMHCbKNI AepHKaBHUIA MeANYHUIA YHIBEPCUTET, M.YepHiBLI
AHoOXxiHa AHHa BonogumunpieHa

CTYAEHT, BYKOBUHCBKMIA AepPrKaBHUI MeANYHMIA YHIBEPCUTET, M.YepHIiBL

AHoTauis

®aHTOMHUI BiNb € CKNAAHUM HENMPONATUYHMM DOILOBUM CUHAPOMOM, KM BUHMKAE Y
AiNAHUI amnyToBaHoi abo aHaTOMIYHO BiACYTHbLOI YaCTUMHWM Tifa. HesBarkatoum Ha BiACYTHICTb
nepudepmnyHoOro aHaToMi4yHOro cybcTpaTty, MaLieHT MOXKe BigdyyBaTW Pi3HOMaHITHI 60/1b0oBI Ta
CEeHCOpPHI GeHOMEHM, NOKaNi30BaHi B YABHIN YacTUHI KiHLiBKM. PaHTOMHUM Oinb 3a/MULLAETHCS
BAXK/IMBOK MeAMKO-COLiaNbHOI NPOHAEMOIO, OCKIIbKM MOXKE CyTTEBO MOTiPLIYBATM AKICTb KUTTA,
COH, MCUXOEMOLIMHMA CcTaH, YHKLiIOHANbHY aKTUBHICTb i mpouec peabinitTauii nauieHTiB nicas
amnyTauji [1] 3a cyyacHMmM AaHUMK, GaHTOMHMIN BiNb BUHUKAE Y 3HAYHOT YaCTUHM NaLLIEHTIB Micas
amnyTauji, a Woro natoreHe3 € 6araToPakTOPHUM | BK/IOYAE MepudPepuyHi, CniHabHi,
cynpacniHafibHi Ta NcnxocoLjianbHi MmexaHismn. OAHIEID 3 LEHTPaNbHMX KOHLEMLIiM naToreHesy €
HenponaacTMyHa nepebyaoBa COMATOCEHCOPHOI Ta MOTOPHOI Kopu nicna aeadepeHTau;i.
BoaHouvac BaXkAMBY pO/b Bif4irpatoTb NATONOMNYHA aKTUBHICTb HEPBOBMX 3aKiHYEHb Y KYKCi, 3MiHM
36yANMBOCTI HEWPOHIB 3afiHiX pPOriB CMMHHOrO MO3KY, MOPYLEHHA TaNaMOKOPTUKaNAbHOI
B3aEMO,i, 3MiHM CXeMM Tina Ta popMyBaHHA CTiMKoi 601b0BOI Nam’saTi. KniHiYHO daHTOMHMI Binb
NPOABASAETLCA NEKYYMM, CTPINAIOYMM, CTUCKAOYMM, eNEKTPUYHUM abo cyaomonoaibHum bonem,
a TAKOX BiJYYTTAM HE3BUYHOIO NMONOKEHHSA, PYXY UM AePopMaLil BiACYyTHbOT KiHLiBKM. JTiKyBaHHS
daHTOMHOro 601t0 NOTpebye KOMMAEKCHOTO MyAbTUAUCUMMAIHAPHOIO Niaxoay. 3acTOCOBYHOTb
dapmakonorivyHi 3acobu, o¢isioTepanito, A3epKanbHy Tepanito, rpagynoBaHy MOTOPHY YyABY,
BipTyasbHY peasfibHICTb, TPAHCKpPaHianbHy MarHiTHYy CTUMYAALUiO, Helpomoaynauito Ta, vy
PEe3NCTEHTHMX BMMNaAKax, XipypridHi metoam. CydacHi 4OCNiAKEHHA CBiAYAaTb NPO NepCcrneKTUBHICTb
iHAMBIAYyaNi30BaHOr0 NiKyBaHHA, OPIEHTOBAHOIO Ha KOHKPETHI NaTodi3ioNorivyHi mexaHiamu bonto.

KntouoBi cnosa: GaHTOMHMI 6inb, GaHTOMHA KiHLiBKa, aMnyTalia, HemponatuyHuin Hinb,
HEMPONAACTMYHICTb, KOPTMKa/bHa peopraHizauia, AeadepeHTauida, /A3epKanbHa Tepanis,
Henpomoaynauis, peabinitauia.

daHTOMHMI 6inb (phantom limb pain, PLP) — ue pisHoBMA HelponaTtuyHoro 6010, Lo
BiAYYBAETbCA B AiNAHLUI YacTUHKM Tina, Aka byna amnytoBaHa abo iHWMM YMHOM AaHATOMIYHO
BTpayeHa. Ha BigmiHy Big 3BM4YaltHOro nicasonepauinHoro 600, MOro fIokanisalis He Bianosiaae
HafABHUM TKaHWHAM, OCKi/IbKM NaLEHT cnpuitmae 60NbOBUIN CUTHAM Y YaCTUHI Tina, AKOT Gi3nYHO
BXKe Hemae. PaHTOMHMUIM Binb HeobXxigHO BiAPI3HATK BiA daHTOMHOT ceHcalii To6To He BonicHoro
BiAYYTTA NMPUCYTHOCTI aMMyTOBAHOI KiHLiBKM Ta BOJI0 B KYyKCi, AKMA NmoxoAauTb Be3nocepeaHbo 3
TKaHWH 3a/MLLEHOI YaCTUHM KiHLiBKM [1].
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®aHTOMHI Big4yTTA BYAM onMcaHi 3a40Bro 10 Cy4acHOro po3ymiHHA Helpodisionorii 6onto.
MpoTAroM TPWMBANOrO 4Yacy IiX BUHWKHEHHA MOACHIOBA/IM MEPEBAXKHO MCUXONOTIYHUMM
MexaHiamamn. OpfgHak pPo3BUTOK Helpodisionorii, ¢dyHKUiOHaNbHOT Helposidyanisauii Ta
A0oCNiAKeHb HEMPONAACTUYHOCTI NPOAEMOHCTPYBAB, WO GaHTOMHMI HBinb Mae cknagHy bionoriyHy
ocHoBy. Cy4yacHa KOHLEMLis po3rnaaae Moro Ak pesynbTaT B3aemMoii nepnudepuyHmx HepBOBUX
3MiH i3 maTo/oriYHO Nepebya0BOLO LLEHTPAbHOT HEPBOBOT cncTeMN [2].

DaHTOMHMI Binb MOXKe BUHMKATK Nicaa amnyTaL,ii BepxXHbOT abo HMMKHbBOT KiHLLIBKK, @ TaKOXK
nicna BTPATU IHLWMX YaCTKH Tina. 3a AaHUMM CyHaCHUX OrNAAIB, CUMNTOMW MOXYTb CNOCTEPiraTnca
npnbansHo y 60—80% nauieHTiB nicaa amnyTau,i, Xo4a 4acToTa 3a1€XM1Tb Big, NONyAAL,i, TPMBANOCTI
CNOCTEPENKEHHA, METOAMKN OLIHIOBAHHA Ta BM3HAYeHHA camoro peHomeHy [3].

BaxknumBicTb NpobaemMn BM3HAYAETLCA HE AMlle IHTEHCUMBHICTIO 601bOBOIrO CUHAPOMY.
XPOHIYHUI daHTOMHUI Binb MOXKe NpM3BOAMTM [0 MNOPYLIEHHA CHY, 3HMXEHHA ¢ i3nyHoil
aKTMBHOCTI, MOrPWEHHA HACcTPOto, OOMEXKEHHS COljanbHOI aKTMBHOCTI Ta TPyAHOLLB i3
BMKOPUCTAaHHAM MnpoTe3a. ToMy edeKkTMBHa Tepania noBMHHa OYTU CNpAMOBaHA He Ti/IbKM Ha
3HMXKEHHA [HTeHCMBHOCTI 60nto, ane M Ha BiAHOBNEHHA HOPMaNAbHOrO CEHCOMOTOPHOrO
CNPUNHATTA Ta YHKLLIOHANbHOI HE3aNeXHOCTI NaujeHTa.

MaToreHes paHTOMHOro 60110 € 6baratopakTopHUM. Ha cydacHoOMy eTani BUAINA0Tb YOTUPK
OCHOBHI TPYNY MexaHi3miB NposBy: nepudepuyHi, cniHaibHi, cynpacniHanbHi Ta KOPTUKa/bHI,
ncmxocoLuianbHi. BaXKnrMBo NiAKPECAUTH, WO KOAHA 3 LIUX TEOPI OKPEMO HE MOXKe NOACHUTU BCi
BMMaAKM GaHTOMHOro 60/t0. Y Pi3HMX MNAUiEHTIB CMiBBIAHOWEHHS MexaHi3MiB MOXe iCTOTHO
Biapi3HATMCA. Came TOMY Cy4vacCHi nmigxoau MOCTYynoBO MepexodATb Bif, YHiIBEpPCanbHOI moaeni
NiKYBaHHA 10 MeXaHi3M-0OpieEHTOBAHOro niaxoay. [4]

[asanTe pAeTanbHO pPO3rNAHEMO Ui MmexaHismu. besnocepegHbo nicna  amnyTau,i
BiLOYBaAETbCA NepepizaHHA NnepudepruyHmMx HePBIB. Y MPOKCMMaNbHUX KiHUAX HEPBOBUX BOOKOH
3aMycKalTbCcA NpoLecu AereHepalii Ta pereHepadii. NopylweHHA HOPMaAbHOro POCTY aKCOHIB
MOXe NpM3BOANTU A0 GOPMYBAHHA HEBPOM, MATONOMYHMX CTPYKTYP 3 XaOTUYHO OpraHi3oBaHMX
HEepBOBMX BOJIOKOH. HEBPOMM 34aTHI reHepyBaTW CNOHTAHHY EKTONIYHY eNeKTPUYHY aKTUBHICTb.
MolWKoAXKEHI HEpPBOBI BOJIOKHA CTatoTb 6inblWl YYTAMBMMKU OO0 MEXaHIYHOro NoApa3HEHHS,
TeMnepaTypHMX BMNIMBIB Ta iHLWMX CTUMYAIB [5]. BHacniaoK Lboro ¢opmMy€eTbCs NaTONOMYHMA NOTIK
adepeHTHOI iMnynbcaujii, AKWMM HaAXOoAMUTb A0 CAMHHOIO MO3KY. BoaHoyac nepudepuyHuni
MexaHi3M He MOMKe MOBHICTIO NOACHUTN deHoMeH daHTOMHOro Honto. Y AesKUX NALIEHTIB HABITb
6n10Kaga nepudepmnyHmx HepBiB He NPU3BOAUTL 4O TPMBANOro NpunuHeHHA 6onto. Kpim TOro,
daHTOMHMI Binb MoxKe 36epiratmca HaBiTb 3a BiACYTHOCTI 3HA4YHOI natonorii Kykeu. Le ceigumTb
NPO Ba*K/IMBY PO/b LIEHTPA/IbHMX MexaHi3miB [6].

Micna nepepuMBaHHA NepuPepPUYHOro CEHCOPHOro MNOTOKY  BiAOyBatOTbCA  3MiHM
dYHKLiIOHAbHOTO CTaHy HEMPOHIB 3a4HiX POriB CMMHHOIO MO3KY, CMMHAJbHI MexaHizmu. Tpusana
neadepeHTalis MoXKe NPU3BOAUTM A0 NiABULLEHHA XHBbOT 30YAMBOCTI Ta PO3BUTKY LIEEHTPANAbHOI
CeHCUTM3aLji, AKa XapaKTepPU3YETbCA MOCUAEHHSAM BiAMNOBIAI HEMPOHIB LEHTPasbHOI HepPBOBOI
cucTemm Ha adepeHTHI CTUMyAW. BaxamBy posb Yy LbOMY MPOUECI Bifirpae rayramaTepriyHa
nepegada Ta aktmeauia NMDA-peuenTopiB. Y pe3ynbTaTi LbOro HaBiTb HE3HAYHa NepudepuyHa
iMNyAbCaLifa MOXKe CNPUIMMATUCA LLeHTPaIbHOK HEPBOBOKD CUCTEMOIO K IHTEHCUBHUIN 601bOBII
cTMmyn. PopMy€eTbCA CBOEPIAHNI NATONOTIYHMI «NiACUAOBaY» BOO, AKMIN MOXKe DYyHKLIOHYBaTH
He3aNeXHOo BiA, NEePBUHHOT NPUYNHM YILKOAKEHHA [7]. CniHaNbHI MexaHi3MW TaKOXK MOSACHIOTb
edEeKTUBHICTb AEAKMX METOAIB Helpomoaynauii Ta ¢bapmaKoNoriyHoro BNAMBY Ha LEHTPasbHI
MexaHi3Mn B0J1t0, AKi Pa30M i3 NaTONOTIYHO HEMPOMACTUYHICTIO € OAHIED 3 HANBINbLI 3HAYYLLINX
KOHLEMLiM y cy4acHOMY PO3YMiHHI daHTOMHOro 601t0. M0O30K A0POC/IOl IIOANHN HEe € CTaTUYHOO
CTPYKTYpPOtO. HepBoBa cuctema NocTiMHO afanTyeTbCs 40 3MiHWM CEHCOPHOT iHQopMmallii Ta pyxoBoi
aKTMBHOCTI. Micna amnyTal,ii MO30K BTpaYae 3Ha4YHy YaCTUHY HOPMaabHOI adepeHTHOT iHdopmallii
BiA, BigNOBiAHOI KiHUiBKM [5]. Llel cTaH HasuBaloTb AeadepeHTalicto. COMaToOCeHCOpPHa Kopa
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OpraHizoBaHa 3a NPUHUMNOM COMATOTOMIYHOIO NPeACTaBHMUTBA Pi3HMX YaCTUH Tifa. [licna BTpaTH
KiHLiBKM BiANOBIAHA AiNAHKA KOpW Dinblue He OTPUMYE HOPMabHOI CeHCOopHOI iHbopmau;i.
CyciaHi KOPKOBI NPeACTaBHMULTBA MOXYTb YaCTKOBO MOLLMPIOBATUCA Ha AeadepeHToBaHY AiNAHKY.
Came sBMLLE KOPTMKaNbHOI peopraHizauii cTano oAHMM i3 PyHAAMEHTaANbHUX MOACHEHb
daHTOMHOro 60/t0. HelpoBidyanisauinHi 4oCNiAKEHHS NPOAEMOHCTPYBA/M 3B'A30K MiXK 3MiHAMM
COMATOCEHCOpPHOI opraHisauii mo3ky Ta daHTOMHUM 6onem [7]. O4HaK BaXKAMBO PO3PI3HATU
disionoriyHy Ta nNaToNOriYyHy HEMPONAacTUYHICTL. HelponnacTuyHicTb cama no cobi He €
naTosorieto. BoHa € HeobxigHOW Ans aganTtauii Mo3Ky nicns amnyTauii. Mpobaema BUHUKAE ToAi,
Konn nepebynoBa CEHCOMOTOPHUX MepeXK CynpOBOAXKYETbCA (OPMYBaHHAM MNaTONOrMYHOro
H601b0BOr0 CNPUNHATTA.

O4HaK oKpeme 3HaYeHHA MaE MOPYLEHHA BHYTPIWHbOrO NpeacTaBAeHHA Tina. Mo3oK
bopMmye CKnaaHy HeMpoHanbHY MOAENb BAACHOIO TiNa, fiKa BKAKOYAE MOro Gopmy, NONOXKEHHSA,
PO3MIpPU Ta MOXK/IMBICTb BMKOHAHHA pyxiB. llicna amnyTauii MOTOpHa Nporpama KiHLiBKM MOXKe
YacTKoBO 3bepiratmca, He3Baxatoum Ha GisNYHY BiACYTHICTb CaMoi KiHLIBKK, TOMY MaLLiEHT MOXe
BiAYYyBaTW, WO BIACYTHA pyKa abo Hora 3HaxXxoAMTbCA Yy MEBHOMY MOMOXEHHI. [ledAKi naujieHTm
OMUCYOTb GEHOMEH «Te/IeCKOMNYBaHHAY» HavibTo cyb'eKTMBHOIO BiAYyTTA, WO GaHTOMHA KiHLiBKa
MOCTYMOBO CKOPOYYETLCA Ta HAD/IMMKAETHCA A0 KyKcK [8]. Mpr LbOMY BUHMKAE HEBIAMOBIAHICTb MiX
MOTOPHOIK KOMAHZO, O4YiKyBaHMM CEHCOPHMM 3BOPOTHMM 3B'A3KOM, PeasibHOK BiACYTHICTIO
KiHLiBKM Ta Bi3ya/ibHOW iHGopmalieto. Lia HeBiAnoOBiOHICTE CEHCOMOTOPHOI iHTerpauii moxe
nigTpumyBatn daHTOMHMI Binb. Came Ha LbOMY MPUHUMNI FPYHTYETbCA A3epKanbHa Tepania:
NalLiEHTOBI CTBOPIOETLCA Bi3yasibHa iN1t03iA HAAABHOCTI aMNyTOBAHOI KiHLIBKM Ta BMKOHAHHA HELO
pyxiB. MNepenbavyaeTbca, WO TaKMM YMHOM MOXHa 3MEHLWWUTN NaTONOrYHY HEeBiAMOBIAHICTL MiX
MOTOPHOK KOMaHZAO0K Ta CEHCOPHMM 3BOPOTHMM 3B'A3KOM [9].

Tanamyc € o4HMM i3 KIHOYOBUX BY3iB Nepeaadi Ta iHTerpad,ii ceHcopHoi iHdopmali. Mican
neadepeHTalii 3MIHIOETbCA aKTMBHICTb TalAaMiYHUX HEMPOHIB, WO MOXe BM/IMBATM Ha 0OPOOKY
H60Nb0OBMX CUTHANIB. [opyLIEHHA B3aEMOAIT MiXK TalaMyCOM i KOPOO MOXKe CnpuaTn GOPMyBaHHIO
naToN0Or4YHOro ceHcopHoro cnpunHATTA [10]. Takmm 4mHOM, GaHTOMHMI Binb He MOMKHa
PO3rnAAaTN ANLLE AK IOKabHE ABMLLE COMATOCEHCOPHOT KOpK. PyHKLIIOHAAbHI 3MiHW OXONAOKOTb
WWPOKY Mepexy CTPYKTYp, 3aaydeHux A0 GopmyBaHHA OONbOBOrO A0CBIAY, BKAOYAKOUM
COMATOCEHCOPHY Ta MOTOPHY KOpy, Tanamyc, OCTPIBLEBY KOpy, MepeaHto MOACHY Kopy Ta
CTPYKTYPW, NOB'A3aHi 3 eMOLiMHOI OUiHKol Bosto. ToMy cydacHa modenb paHToMHoro 6onto
nepenbayae nopyleHHs poboTn Po3nNoiNeHOi HEMPOHabHOI Mepexki, @ He 04HOro OKPEMOro
LeHTpPY.

KniHiyHa KapTuHa daHTOMHOro 60110 € Pi3HOMAHITHO. MNaLieHTU MOXYTb onucyBaTh Binb
AK: MEeKy4YMi, CTPINAUYMIA, ENEeKTPUYHUIA, KOMOUMMN, PiXKYYURA, MNYAbCYIOUUN, CTUCKAOYUN,
cyaomonoAibHun, HUYMA. Binb mMoKe BWMHMKATKM panToBo abo 6yTM NOCTIMHUM. Y AesKux
NaLiEHTIB CMOCTEPIratoTbCA KOPOTKI MAPOKCM3MM, TOAi AK Yy iHWKUX GOPMYETLCA XPOHIYHKM
NoCTinHMN 60MboBMIA cuHAPOM. OKpim 600, XapakTePHUMM € GAaHTOMHI CEHCOPHI deHoMEHMN.
MauieHT moXe BigyyBaTW: NPUCYTHICTb BIACYTHLOI KiHUiBKM, 1T NOMOXEHHA Yy MPOCTOPI, PyXu,
cBepbirK, MOKOMOBAHHSA, OHIMIHHSA, BiaYyTTa X0noay abo Tenna, CTUCKaHHS, NaToN0TMYHe 3rMHAHHSA
YM CcKpyyyBaHHA Nanblis [8]. OKpemMnum deHoMeHOM € BonicHUIM «cna3m» GaHTOMHOI KiHLiBKM,
KO/IM NaLLIEHT BiAYyBaE ii BUMyLLEHE NONIOXKEHHSA, X04a 06'EKTMBHO TaKOro pyxy He icHye. Baxanso
andepeHuitoBaT GaHTOMHMIM Binb Big, 000 B KyKci. Bifb y KyKci moxke OyTu no'a3aHui i3
HEBPOMOID, iHDEKLE, ilemieto, npobaemammn LWKIpK, KICTKOBMMKM 3MiHAMM abo MeXaHiYHMM
noApasHeHHAM. HaABHICTb TaKMx MNaTONOMYHMX 3MiH He BWKAKOYAE OJHOYACHOrO iCHYBaHHA
daHTOMHOrO 60110,

NlikyBaHHA GaHTOMHOro 60110 3aIMWAETLCA CKNAAHMM, OCKINIbKM He ICHYE YHiBEPCANbHOrO
npenapaTty, AKMA OM edPeKTMBHO YycyBaB YCi NaTOQi3ioNOrivyHi  MexaHisMn  CUHAPOMY.
dapmakoTepania YacTo FPYHTYETLCA Ha NPUHLMNAX NiKyBaHHA HelponaTuyHoro 6oato. OaHMM i3
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npenapartis, AKWIA Aocnigxysasca npu daHTOMHOMY 60nto, € rabaneHTUH. Moro mexaHism
noB'A3aHnI i3 MoAyAALIE0 NOTEHLiaN3aNeXHMX KaNbLIEBMX KaHAIB Ta 3HUMKEHHAM BUBINbHEHHA
30yaKyBanbHUX HelpomediaTopis. JaHi woao edeKTMBHOCTI rabaneHTUHY € HEOAHO3HAYHMMM,
npoTe BiH MOXe 3aCTOCOBYBATUCA Y CKAa4i KOMMJEKCHOI Tepanii OKpemMux nauieHTiB. Y
cucTemaTMyHomy ornaai GapmMaKkosoriyHOro AikyBaHHA GaHTOMHOro 6ot rabaneHTMH maBs
[0Ka30By 6a3y cepeq A0OCNIAKYBAHUX NPenapaTiB, Xo4a pe3yabTaTu WoA0 TPMBaoro epeKkty 6yam
3amiwaHumm [10]. MperabaniH TakoX MOXKe BMKOPMUCTOBYBATUCA 33 MPUHUMMNAMWU JliKYBAHHS
HenponatMyHoro 6010, xoya cneumdiyHa JAoka3oBa 6Hasa came Aas GaHTOMHOro 600
3a/MWaeTbca obmexkeHoto. TPUUMKAIYHI aHTUAEenpecaHTM Ta npenapaTtv, WO BMAMBAKOTL Ha
CEPOTOHIHEPriYHY W HOPAZPEHEPriYHY nepeady, MOXKYTb 3aCTOCOBYBATUCSA A8 KOHTPOJIO
HeMponaTUYHOro 6o, IX epeKTUBHICTL NpK daHTOMHOMY 60O Bapitoe, TOMY BMBIp npenapaTy
Ma€ BPaxoBYyBaTK CYNMyTHi CUMNTOMM, NOBIYHI ePeKTH Ta iHAMBIAYaAIbHI XapPaKTEPUCTUKM NaLlieHTa
[11]. OnioigHi aHaNreTUKM MOMKYTb 3MEHLIYBaTU iHTEHCUBHICTL daHTOMHOro 600, oaHaK ix
3aCTOCYBaHHA MpW XPOHiYHOMY 6onto noTpebye ocobnmBoi obepexHOCTI 4Yepes pPU3KMK
TONEPAHTHOCTI, 3a/1eXKHOCTI Ta iHWKWX HebarkaHuUxX edekTiB. JaHi KAiHIYHMX JOoCAiaKeHb CBiaYaThb
NpPo aHanreTnyHy edeKTUBHICTb MOPIHY B OKPEMMX NALLIEHTIB, OAHAK LLe HE 03HAYAE, WO TpMUBane
3aCTOCYBaHHS ONioifiB mae byTn cTaHAaPTHO cTpaTerieto Ana Beix xBopux [12]. Ockinbkn NMDA-
PEUEenTopM BiAIrpatoTb BaXK/AMBY POAb Y  LEHTPaNbHIM  CeHCUTM3aLji, AocnigKyBanocs
BMKOPUCTaHHA KeTamiHy, BiH MOKe 3MeHLIYBaTN LLeHTPabHY rinep3byaamnBicTb Ta iIHTEHCUBHICTb
6onto, ocobnMBO B MNEBHWX nepionepauiiHMx abo pe3ncTeHTHWX BuMNaakax. [lpoTe Woro
3aCTOCYBaAHHSA NOTPebyE MeANYHOTO KOHTPOJIO Yepes3 MOMK/IMBI MCUXOMIMETMYHI Ta iHWIi NobiyHi
edperTn [10]. 3arasom cydacHi ornaam NigKPecatooTh, WO A0Ka30BicTb GapMaKoMOoMYHUX METOLiB
3a/IMWLAETbCA HEPIBHOMIPHOO, a BiANOBIAb Ha JiKyBaHHA 3HAYHO BaAPItOE MiXK NaLjieHTamu [6].

Y 38'A3Ky 3 6aratodakTopHMM XapakTepom GaHTOMHOTo H60/H0 BaXK/IMBE MicLe 3alMMatoTb
peabinitauiHi MeToanKKM. [13epKanbHa Tepania € OAHUM i3 HaMbiNbll BiAOMMX METOAIB NiKyBaHHA
daHTOomMHOro 6onto. OcHoBHa rinoTe3a MOAArAE B TOMY, WO Bi3ya/ibHMIA 3BOPOTHMI 3B'A30K
[0NoMarae BiAHOBWUTM BiANOBIAHICTb MiXK MOTOPHOK KOMaHAOK Ta CEHCOPHUM CIPUMHATTAM.
HocninxeHHa ¢yHKLIOHAaNbHOI HenpoBidyanisauii NokasanuW, WO 3MeHWeHHa 6o  nicas
O3€ePpKaNbHOI  Tepanii  MOXe  CYynpoBOAXKYBATUCA  3MiHAaMWM  MATOMIOMNYHOI  KOPTUKAJbHOT
peopraHizauji [11]. MeTaaHania paHAOMI30BaHUX JAOCAIAKEHb TaKOX MNPOAEMOHCTPYBaB
3HMMKEHHA IHTEHCMBHOCTI daHTOMHOro 6010 NPKW 3acToCyBaHHI A3epKanbHOT Tepanii, xo4a AKicTb
[OKa3iB | pe3ynbTtaTh OKpemMmx AochigxeHb HeoaHopiaHi. CydacHi focniaeHHA NPOAOBXKYIOTb
YTOYHIOBATW ONTMMA/IbHY YacToTy, TPMBANICTb Ta CTPYKTYPY A3epKanbHoI Tepanii [13].

BipTyanbHa peanbHiCTb AKa A03BOSE CTBOPIOBATM LUMPOBE NpeacTaBieHHA BiACYTHbLOI
KiHLiBKM Ta 3abe3nedyBaTh NaLiEHTOBI KOHTPOAb ii pyxiB. Ha BigMiHy Bif, TpaAMLUIMHOIO A3epKana,
LUMbPOBI TEXHONOTIT A03BONAOTL CTBOPIOBATK CKAAAHILLI CEHCOPHI cueHapii Ta NnepcoHanisysaTu
BIpTYa/iIbHY KiHLIBKY. HOBI cucTemMaTU4YHI 4OCAIAKEHHA CBIAYATb NPO NEPCNEeKTUBHICTb BipTyanbHOI
Ta AONOBHEHOI PeasibHOCTI, @ TAKOXK IHLWWX HEIHBAa3MBHWX METOAIB, XO4a 3arasibHa AKICTb A0Ka3iB
MOKM 3a/IMLWAETLCA B, HM3bKOT 10 NomipHOI [14].

Y naujeHTiB i3 pe3ncTeHTHMM (aHTOMHMM 601emM MOXKYTb 3aCTOCOBYBATMCA METOAM
Herpomoaynauii. Taki AK TpaHCKpaHianbHa MarHiTHa cTumynauia (rTMS) Aka [a03BoNAE
MO/y/tOBaTM aKTUBHICTb KOPU FOI0BHOTO MO3Ky 6€3 XipypriYHOro BTpy4YaHHA. |i NOTeHLinHMA
ebekT npu  GaHTOMHOMY 6onto MNOB'A3YIOTb 3i 3MIHOK KOPTUKANbHOI 30yanmMBOCTIi  Ta
dYHKUiOHYBaHHA BonboBUX Mepesk. CucTemaTnuHuin ornag 2024 poKy NoKkasaB NepcrnekTUBHICTb
rTMS npu daHTOMHOMY 60110, OfIHAK HaABHA [0Ka30Ba Ha3a 3a/MLIAETLCA 0OMeXKeHOo Yepes
HEBE/IMKY KiNbKICTb BMCOKOAKICHUX AochigkeHb [15]. CTUMyAALIf CMMHHOMO MO3KY AKY MOMHa
PO3rnNAAaTUCA NPU XPOHIYHOMY daHTOMHOMY 60D, NpW BiACYTHOCTI edeKTy Ha KOHCcepBaTMBHE
NikyBaHHA. MeToamKa nepenbavae enekTpmyHy CTUMYAALIKD CTPYKTYP CMMHHOIO MO3KY 3 METOH
Mmoaudikalii naTonoriyHoi nepedadvi 6o0nboBUX curHanis. CyyacHi ornaguM  po3rnsaatoTb
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HENPOMOAYNALIIO AK NEPCNEKTUBHMIA HANPAM Yy NALEHTIB i3 papMakope3nCTEHTHUM GaHTOMHMM
6onem, xoya 3Ha4yHa YacTMHA AOKa3iB BCE LLe MOXOAMTb i3 HEeBEMKMX AOCNiAKeHb Ta cepin
KNIHIYHWX BMNaAKiB [6] Ta iHWI. OTKe daHTOMHWUIM Binb HE NOBMHEH NiKYBATMUCA BUKAKOYHO OAHMM
cneujanictom abo oAHUM MeTOAOM. BaxKNMBO BPaxoByBaTW He AWLLE iHTEHCUBHICTL HoAto, a I
OYHKUIOHANbHUI  CTaH  MalieHTa, AKiCTb  CHY, MOX/MBICTb  BMKOPUCTAHHA  MpoTe3a,
NCUXOEMOLMHNI CTaH Ta PiBeHb COLiaibHOI aKTUBHOCTI. [TcMX0oN0riYHa NiATPUMKa He 03HaYaE, Wo
daHTOMHUI Binb € «ncmuxoreHHUMm». lNcuxonorivyHi GakTopu MOXKYTb MOAY/OBATU CNPUMHATTS
6oNt0 Yepes LeHTpanbHi MexaHi3mu, BNAMBATM Ha yBary A0 6OAbOBOro CUrHany, COH, piBeHb
cTpecy Ta 34aTHICTb  NauieHTa  goTpumyBatuca  peabinitauinHoi  nporpamu.  Came
MYAbTUAUCUMMAIHAPHI CTpaTerii Hapa3i BBaKaloTbCcA HaMbiNbll OBOrPYHTOBAHMM NiAXOAOM A0
TPMBAJIOro KOHTPOAO dpaHTOMHOro 60to [2]. Monpu 3HaYHMIA Nporpec y po3ymiHHi natodisionorii
daHTOMHOro 6010, NUTAHHA MOro NiKyBaHHA 3a/IMLLAETLCA OCTaTOMHO HeBMpileHUM. OHOBNEHMIA
ornag 2026 POKy NigKpecatoe nepcneKkTUBHICTb MOEAHAHHA CEeHCOMOTOPHOI peabiniTalii,
HeMpoMOAyNAUii, MCUXONOTIYHOI NIATPUMKK Ta TapreToBaHWX XipyprivHMx meToaiB. BoaHouac
aBTOPM HAronoWytoTb Ha HeobXxiaAHOCTI BinbluMX CTaHAAPTU30BAHMX AOCAIAMEHb i3 TPMBAIUM
cnocTepexkeHHaAM [4].

BucHoBKM

OmKe, daHTOMHMI 6inb cnig po3rnAgaTM He AK NPOCTUIM HACNIAOK MOLWKOAMKEHHA
nepudepmnyHoOro Hepsa, a AK CKAaAHUM CUMHAPOM nopylweHoi B3aemogii nepudepuyHoi Ta
LeHTpanbHOI HepBOBOI cUCTEMWU. PO3YMIHHA MexaHi3MiB MOro pPo3BUTKY € KAOYOBOO
nepefymoBOlO ANA CTBOPEHHA e(dEeKTUBHUX IHAMBIAYaNi30BaHMX MeTOAIB NPOQINaKTUKKM Ta
NiKyBaHHSA.
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MOPYLLUEHHA MONEKYAPHO-
KITUHHUX MEXAHI3MIB KOHCONIAALL
MNAM’ATI PU HEMPOOETEHEPATMBHMX
MPOLIECAX (OTNANOBA)

AHoXxiHa CBiTnaHa IBaHiBHa

K.MeZA.H., A0LUEHT, BYKOBMHCbKNI AepXKaBHUIM MeANYHNIA YHIBEPCUTET, M.YepHiBLI
Boiko MapioniHa OnerigHa

CTYAEHTKa, BYKOBMHCbKUI AepKaBHUI MeANYHMIA YHIBEPCUTET, M.YepHiBL

AHoTauis

KoHconigauia nam’ati € cknagHum OaraTopiBHEBMM MpoLecom, UWo 3abesnedye
NepeTBOPeHHs HecTabiNbHUX CAifiB HEMPOHHOI aKTMBHOCTI Ha TpuBani ¢yHKUiOHanbHI Ta
CTPYKTYPHI 3MiHM B HEPBOBIl CUCTEMI. BaxKMBY pOab Y LbOMY NPOLEC BiAirpac rinokamn, 30Kpema
nmoro nons CA1 i CA3, pe cuMHaNTMYHA MNAACTMYHICTb, [OBroTpMBasa MnoTeHujalis,
BHYTPILHbOKAITMHHA KabliieBa curHanisauis, aktmeauia CaMKIl, PKA, MAPK/ERK, CREB Tta BDNF
3abesneyytoTb dopmyBaHHA i cTabinisauito nam’ateBux cniais. MNpu HenpoaereHepaTUBHUX
3aXBOPHOBAHHSAX Lii MEXaHI3MM NOCTYNOBO NOPYLLYOTbCA. Halbinbl AeTanbHO Taki 3MiHM BUBYEHI
npu xBopobi AnblrenMmepa, Ae CUHANTUYHA AMCOYHKLIA MOXKE BMHUKATK e A0 3HAYHOI BTPaATH
HEeNPOHIB. BaXknMBy ponb BiZirpatoTb HaKOMWYEHHA aminoiay-B, natonoriyHa moaudikauis Tay-
GinKa, NopyleHHA rayTamaTtepriyHoi nepegadi, aucperynsauia NMDA- 1a AMPA-peuenTopis,
Ka/IbLliEBOrO rOMeocTasy, HelposanafieHHs, MITOXOHApiasbHa AUCPYHKLIA Ta OKCUMAATUBHUIA
cTpec. OcobamBoi yBaru 3acnyrosye ypaxkeHHs CAL i nopyleHHa dyHKLUioHaAbHOT B3aemomii CA3—
CA1, wo npu3BoAnTb A0 AedEKTiB CMHANTUYHOI NAACTUYHOCTI, NOBTOPHOI aKTUBALLil HEMPOHHUX
aHCambAiB i CUCTEMHOI KOHCOoMIAaLT nam’aTi. PO3yMiHHA LUMX MexaHi3miB [03BOAE PO3rNAAaTH
CMHANTUYHY NAACTUYHICTb Ta TiNOKamnasbHi MepexKi AK NOTEeHUinHI MilleHi Ana pPaHHbOro
TepaneBTUYHOro BTPYYaHHA.

KntoyoBi cnosa: HelpoaereHepauia, nam’ats, rinokamn, CA1, CA3, xsopoba Anblreimepa,
B-aminoin, Tay-6inok, LTP, NMDA-peuentopu, AMPA-peuentopu, CREB, BDNF, Helipo3ananeHHs,
MITOXOHAPIabHa ANCOHYHKLLISA.

MNam’'aTb € dyHOAAMEHTANbHOIW QYHKLIED LEHTPANbHOI HEPBOBOI CUCTEMM, AKa 3abe3nedye
HaKonuueHHsa, 36epekeHHA Ta BiaTBOpeHHA iHdopmauii. [i  dopmysaHHA nepeabavace
NOCNIA0BHICTb B3aEMOMOB’'A3aHMX MPOLECIB: KOAyBaHHA iHPOPMaLi, NepBMHHE 3DeperKeHHs,
CMHANTUYHY Ta CUCTEMHY KOHCOIAAL,it0, @ TAaKOX NoAanblue BiaTBOpeHHA. OcobnnBe 3HAYEHHA B
LbOMY MPOLLECI MAE FiNOKaMN — CTPYKTYpa Me/ialbHOi CKPOHEBOI YaCTKM, HeobXxiaHa Hacamnepes,
ans GopmyBaHHA €eni3oAMYHOI Ta NPOCTOPOBOI Mam’aTi. KnacuyHMn rinokamnanbHUA KOHTYP
BKJIOYAE EHTOPWHANbHY Kopy, 3ybuacTy 38MBUHY, CA3, CAl Ta cybikyntom. IHpopmaLia NpoxoanTb
yepes Ui CTPYKTYpMW, 3a3Hato4M nocnigoBHoi ob6pobkm Ta iHTerpauii. CA3 3aBAAKM YUCENbHUM
PEKYPEHTHUM 3B's3Kam bHepe ydyacTb y GOpPMyBaHHI acouiaTUBHMX NpeacTaBiaeHb i pattern
completion, Toai ak CAl iHTerpye iHbopmaujto Big CA3 Ta eHTOPUHANLHOI KOpU i € OAHUM i3
OCHOBHMX BUXiAHMX BY3/1iB rinokamna. [1]

Y HOpManbHUX YyMOBax cTabinizauia nam’ati 3HaYHOK MIPOIO 3aNeKUTb Big, CMHANTUYHOI
nnactuyHocTi. OaHieto 3 Hanbinbl aocnigxeHux ii opm € AoBroTpuBana noteHuiauia ( LTP), Axa
ocobnmBo aobpe BmByeHa B cuHancax CA3—CAl. Aktueauia NMDA-peuenTopiB, HaaXO4KEeHHS
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Ca?*, aktmeauis CaMKIl, PKA Ta MAPK/ERK, noganblua aktnsauia CREB, ekcnpecis reHis i cuHTes
6inkis 3abe3neyytoTb Nepexia Big, KOPOTKOYACHUX 3MiH CMHANTMYHOI Nepeaadi 40 AOBroOTPMBANOI
nepebyaosn cnHancis. [2] Mpu HelMpoaereHepaTMBHMX NPOLECcax LA CUCTEMA MOCTYNOBO BTPAYaE
dYHKUiOHaNbHY  UinicHicTb. OcobaMBO  BMpaXKeHi 3MiHM  cnocTepiratoTbca nNpu XBOPODi
Anbureimepa (XA), AKa XapaKTEPU3YETbCA MPOrPEecUBHUM MOPYLIEHHAM Nam’'sTi Ta iHLWKMX
KOTHITUBHUX OYHKLUiN. CydacHi AOCNIAKEHHA NOKa3yoTb, WO CUHANTUYHA ANCHYHKLIA € HE MPOCTO
HacNiAKOM Mi3HbOI HEeMpOHaNbHOI 3arnbeni, a oAHUM i3 PaHHIX KOMMOHEHTIB NaTO/OrYHOrO
npouecy. [3] Bigomo wo y ¢isionoriyHmMx ymoBax CHMHaAMNC € AMHAMIYHOIO CTPYKTYPOID, 34aTHOO
3MIHIOBATU CBOK CWJ/Y 3a/EXHO Bif, XapaKTepy HeMpOHHOI akTMsHOCTI. Came USA BACTMBICTb
3abe3nedye aganTauito HEMPOHHUX Mepex | dopmyBaHHa nam’aTi. Mig yac LTP aktuBauia AMPA-
PELEeNnTOPiB CNPUYMHAE AEMNONAPM3aLLII0 MOCTCMHANTMYHOI MembpaHu, Wo ycysae Mg**-610K
NMDA-peuenTopis. BHacnigoKk uboro 36inblyeTbca HaaxoaxmeHHs Ca?* y MOCTCMHAMNTUYHMUIA
HenpoH. Kanbuit aktmBye CaMKIIl Ta iHWI KiHasn, aki cnpusaioTb GochOpPUIOBAHHIO | BKIIOYEHHIO
nogaTtkosux AMPA-peLenTopiB A0 NOCTCMHANTUYHOI Membpann. Jns Tpmeanoi ctabinizalii 3miH,
HeobXxiaHi akTMBaLiA TPAHCKPUNLIiMHMX MexaHi3miB, CREB, cMHTe3 6inKiB i CTPYKTypHa nepebyaoBa
CMHanciB. TakMM YMHOM, HOPMaabHA MNAACTUYHICTb Nepeabavae TOYHWIN KOHTPOAb HEMPOHHOI
aKTMBHOCTI Ta KanblieBOi curHanisauii. HagmipHa abo XaoTWMYHA aKTMBALLs, HABMaKW, MONKe
NepeTBOPUTU Gi3i0N0TIYHMIA MeXaHi3M MNAaCTMYHOCTI Ha NaToIorivYHni npouec. Mpun XA nopyLueHHs
CMHANTUYHOI QYHKLIT MOMYTb BUHMKATU Ha PaHHIX eTanax, We A0 MacoBoi 3arnbeni HenmpoHis.
Came BTpaTa CMHANTUYHUX KOHTAKTIB TiICHO MOB’A3aHa 3 BMPAMKEHICTIO KOTHITUBHOMO AediuunTy. [3]
Lle Mae npuHUMNOBE 3HAYEHHA afKe MOPyWeHHA nam’aTi NpuM HelpoaereHepalii He MOXHA
MOACHIOBATM JiMlIEe 3MEHLEHHAM KifIbKOCTI HEeMpPOHIiB. 3Ha4yHa YacTMHA KOTHITMBHOIO AediunTy
GOPMYETLCA BHACNIAOK TOrO, LLO HEMPOHMW, AKi Le 3aaMWATbCA MOPPONOTiYHO 3DepeReHnMy,
BTPAYatoTb 34aTHICTb ePEKTUBHO B3AEMOAIATU MiXK COBOLO.

OAHUM i3 KNHOYOBMX MATONOrMYHUX dakTopiB XA € HakonuyeHHs aminoigy-B (AB). OaHak
0cobMBY TOKCMYHICTb MatoTb HE AnLLIe 3piNi aminoiaHi OaAwWKM, a M PO3YNHHI oniromepHi bopmu
AB, fAki 30aTHi 6e3nocepeaHbO BNAMBATU Ha CMHANTUYHY Nepedady. AB-oniromepu NopyLyoTb
bYHKLUiOHYBaHHA ryTamaTepriyHMX CMHANCiB, 3MiHIOYM akTMBHICTE NMDA- Ta AMPA-peLenTopiB.
OaHMM i3 HacnigkiB € natofioriyHe 3miwleHHA OanaHcy mixk LTP i LTD y 6ik ocnabneHHs
CMHaANTU4YHOI nepepnadi. [lopylweHHA TpaHcnopTy Ta cTabinizauii AMPA-peuenTopiB  Ha
NOCTCMHANTUYHIN MembpaHi 3MeHLLIYye edeKTMBHICTb rAyTamaTepriyHol nepeaadi, a gucperynauin
NMDA-peLenTopiB CNpUAE NOPYLUEHHIO KanbLjieBmx curHanis. [4] OcobanMBO BaXKJMBMM € BNAMB
AB Ha cuHancu Laddeposux konatepanenr CA3—CAlLl. Y Hopmi came B UMX CMHancax aobpe
npoasnaetbca NMDA-3anexHa LTP, AKa BMKOPUCTOBYETbCA AK MOAENb MEXaHI3MiB HaBYaHHA i
nam’aTi. MNpu HakonuueHHi AP, LTP npurHivyetbca, Wwo 6e3nocepeAHbo MOPYLYE 34aTHICTb
HeNMpPOHHOI MepexKi cTabinizyBaTn HOBY iHGopmauito. [1]

MatonoriyHa aktmeauis NMDA-peuenTopiB MOMe CIpUYMHATM HaamipHuin Bxig Ca®t.
Cno4vaTky Le 3MIHIOE BHYTPIWHbOKNITUHHY CUTHaMi3aLito, a Npu TPUBAAOMY BMAMBI 3amyCKae
NPOTEONITUYHI NPOLLECH, MITOXOHAPIaNbHY ANCHYHKLIIO, yTBOPEHHSA aKTUBHUX GOPM KUCHIO Ta iHLLi
MexaHi3aMn HelpoTokcuyHocTi [5]. Omke, AP mMoXe nopylyBaTM Nam’'aTb 4epes [eKisbka
B33aEMOMOB A3aHNX KACKAZHMX MexaHi3MiB. BaX/MBO, WO LEM Kackad, MOXe Po3noyYMmHaTUCA
3a0Bro A0 BMParKeHOi HernpoaereHepaLlii.

OpyrMM OCHOBHMM KOMMOHEHTOM naTtosiorii XA € Tay-6inok. Y Hopmi Tay cTabinisye
MIKpOTPYbOUKM Ta Oepe yyacTb Yy BHYTPIWHbLOKAITUHHOMY TpaHcnopTi. MMpu naTtonoriyHomy
rinepdochopmnatoBaHHI MOro CropigHeHICTb A0 MIKPOTPYDOUOK 3MEHLUYETLCA, a OiNoK Mmoxe
HaKoOMM4yBaTMCA B COMATOAEHAPWUTHOMY KOMMAPTMeHTI. [laToNorYyHMA Tay BMNAMBAE Ha
CMHANTMYHY OJYHKLIO KinbKOMa wWwaaxaMu. BiH MoKe nopylwysBaTW TPaHCNOPT OpraHen i
peLenTopiB, 3MiHKOBATKM OpraHi3auitd NOCTCMHANTUYHOI LWiAbHOCTI, BAAMBATM Ha A03PiBaHHA
OEHAPUTHUX WUNKUKIB Ta NOTipLIYBaTK QYHKLiO MiTOXOHAPIN. [6] OcOb6AMBO BaXKAMBUM € Te, WO
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MNATONOMYHMIM TAy MOMXKE CAPUYMHATM CUHANTUYHI 3MiHM We A0 (GOPMYBaAHHA BMPAKEHMX
HenpodibpunapHMx KNybKis. TakMm YMHOM, Tay-natosoria mae HesnocepeaHe yHKLUIOHaNbHE
3HaYeHHA ANA HEMPOHHUX Mepe, a He € nule MOPPONOTiYHMM MapKepoM Mi3HbOI cTaaii
3axBoptoBaHHA. Mix AR Ta Tay-6inkom icHye OyHKULIOHaNbHMA B3aEMO3B’A30K. AP 34aTHWUM
3aMycKaTu CUMHasbHI KacKkaawu, AKi CnpualoTb NaToNorivyHin moamdikauii Tay-6inka, ToAi SK
NaTONOMYHMIA  Tay-biNOK MNOCUAKOE CUHANTUYHY AUChYHKUitD. Y pe3ynbtati GopmyeTbeA
B3aEMONIACUIIOBA/IbHE NMATOJIOTIYHE KO0 AKE NPUBOANTL A0 KOTHITUBHNI AediumnT.

FinoKkamn He € OAHOPIAHO CTPYKTYPOo. Ioro okpemi nons BUKOHYIOTb pisHi GyHKLT Ta
MaloTb Pi3HY BPa3/MBICTb A0 HelpoaereHepaTtuBHoro npouecy. Ocobanse 3HadyeHHs mae CAL.
MNipamigHi HerpoHn CA1 oTpumytoTb iHdopmauito Big CA3 uepe3 konatepani Lladbdepa Ta
be3nocepeaHbO Big, eHTOPMHaNbHOI Kopu. BogHouyac CA1 € OAHUM i3 TOIOBHUX BUXIAHWX BY3AiB
rinokamna. Tomy noro AMchyHKLIs NOPYLWYE AK iHTerpau;ito iHbopmalii, Tak i il noganbly nepeaavy
00 iHwux cTpykTyp(l]. Mpu XA CA1l HanexuTb A0 AiNAHOK, AKi XapaKTepusyrtoTbCA BUCOKOIO
BpasameicTio. CnocTepiratoTbCA 3MiHM AEHAPUTHUX LWNMNKKIB, 3HUKEHHA CMHANTUYHOI LLiBHOCTI,
NOPYWEeHHA MNAACTMYHOCTI Ta MOCTynoBa BTpaTa HeMpoHie. [4] BoaHoyac natonoria He
obmesxkyeTbes CAL. CA3 Mae KpUTMYHE 3HAYEHHs A9 aBToacoLiaTMBHOI 06pobKM iHpopmalLlii Ta
pattern completion. 3aBaAKM peKkypeHTHMM 3B's3kam HelpoHu CA3 MOXKyTb BiAHOBIOBATU
NOBHWMI NaTepPH aKTMBHOCTI 32 HEMOBHMM BXOA0M. [MopylweHHA Ljiei YHKLiT MOXKe NpoABAATUCS
TPYAHOWAMM BIATBOPEHHA KOHTEKCTY Ta AeTaneil paHiwe chopmosaHoro cnoragy. Ocobnveo
BaXAMBMUM € nopyuweHHs B3aemoaii CA3—CALl. Y Hopmi akTmeHicTb CA3 4yepe3 KonaTepani
Waddepa BramBae Ha CAL i 3anyckae mexaHiamu LTP. AKWO US NAACTUYHICTL MNOpyLIeHa,
iHbopmaLis moxe nepegasatmca Ao CAl, ane He NepeTBOPIOBATMCA HA CTIMKY CUHANTUYHY 3MiHY.
TaKMM YMHOM, NATONOTIYHMI NPOLEC OXONIOE BECH QYHKLIOHANbHWUIA NAHLIOT B, €HTOPUHANBHOT
Kopu BKAtoYatoum 3ybyacty 3BuBuHY, nons CA3, CAl Ta KOpKoBi Mmepexi. MopyleHHs by ab-aKoi
NIaHKM 3MeHLLIYE eheKTUBHICTL GopMyBaHHA Ta cTabinizauii nam’aTi.

Kpim TOro OAHUM i3 LEHTPasbHUX PEryaaTopiB CUHANTUYHOI naactuyHocti €  Ca?.
KoHTponboBaHa 3MiHa WMOro KOHUEHTpauii 3abe3nedyye aKTMBALjiO KiHa3, TPAHCKPMMLiIMHUX
daKkTopiB Ta MexaHi3MiB CTPYyKTypHOi nepebyaosu cuHancis. lNpu HelpoaereHepaTUBHOMY
npoueci Uel KOHTPOAb nopylwyeTbca. HagmipHa aktmeauia NMDA-peuenTopiB, 3MiHK
BHYTPILIHbOKITUHHUX Ka/ibLLIEBMX AEMO Ta NOPYLIEHHA pOBOTM MITOXOHAPIA MOXKYTb NPU3BOANTH
[0 NaTONOrMYHOro HakonuyeHHa Ca?*. Moro Haa/MWOK aKTUBYE npoTeasu, docdoninasu Ta iHLWi
bepMeHTH, NOCUNIOE YTBOPEHHA aKTUBHMX GOPM KUCHIO Ta noripwye dyHKUito MiToXxoHApIK [5]. Y
pe3ynbTaTi  BMHWKAE EKCAMTOTOKCMYHICTb, MOLWKOAMEHHA |  3armbeni HEeMpoHiB  BHACMIAOK
HaAMIPHOI TAyTamaTepriyHol cTUmynAaLia. TakMm YMHOM, MEeXaHi3m, SKUM y Hopmi 3abesnedye
HaBYaHHA, 3@ MATONOrYHMX YMOB CTAa€E AXKEPENOM HEeMpPOHANbHOro MowKoaAKeHHA. Ocobanso
BPA3/IMBUMMK MPU LbOMY € NipamifiHi HEMPOHWM TiNOKamna, OCKi/IbKM BOHW XapaKTepu3ytoTbca
BMCOKOMK CMHANTUYHO aKTUBHICTIO Ta 3HAYHOK NOTPeboto B eHepreTMyHOMy 3abesneyeHHi.

BaxknMBOIO CKNafo0BO natoreHesy XA € XpOHidHe Helpo3ananeHHs. LeHTpanbHy ponb y
HbOMY BiZirpatoTb PE3UAEHTHI IMYHHI KNITUHM LEHTPaNbHOI HepBOBOI cuctemm (Mikpornia). Y
dizionoriyHnx ymoBax MiKpornia nigTpMMye roMeocTas HeEPBOBOT TKAHUHM, BUAANSAE NOLIKOAMKEHI
CTPYKTypM Ta Bepe y4acTb y perynauii CMHanTUYHUX KOHTaKTIB [7]. MNpn HakonuyeHHi AB Ta iHWKX
NaTONONYHMX CUTHANIB BOHa aKTUBYETLCA. i TPMBaNa aKTMBALLA CYNPOBOAMKYETHCA BUBISIbHEHHAM
Npo3ananbHUX UMTOKIHIB, aKTUBHUX GOPM KMCHIO Ta IHLLIMX MeaiaTopiB. e cTBoptoe HecnpuAaTimBee
cepenoBuLLe ANA GYHKLIOHYBaHHA HEMPOHIB. OKpeme 3Ha4YeHHA MAE CUCTEMA KOMMAEMEHTY. 3a
YMOB MaTONOMYHOI aKTMBALT KOMMOHEHTU KOMMEMEHTY MOMYTb MapKyBaTW CUHaNcuM AnA
BMAANEHHA iX MiKpornieto. TakMiM MexaHiam Haraaye Gi3ioNoriyHnmM CMHANTUYHWIA NPYHIHT NI Yac
PO3BUTKY HEPBOBOI CMCTEMW, OAHAK MNPU HenpodereHepauii BiH cTae natonorivHum. [4] Y
pe3ynbTaTi TaKoi NaHLIOroBOI NOCNIAOBHICTI 3aMyCKAeTbCA MPOLEC PO3BUTKY KOTHITUBHOIO
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nediunTy, Ue NOACHIOE, YOMYy BTpaTa CMHAMCIB € OAHWMM i3 HaMbIiNbL 3HAYYLUMX CTPYKTYPHMX
KopenaTie noripweHHa nam’ati npun XA. [2]

CWMHaANTMYHa NAACTUYHICTb €  eHeprosaTpaTHMM  npouecom. [nd  nigTpvmaHHA
MembpaHHOro noTeHujiany, pPobOTU IOHHMX HACOCIB, TPAHCMNOPTY BE3WKYA, CUMHTE3y OifnKiB i
nepebynoBn UMTOCKeNeTa HeobxiaHa 3HayHa KifbkicTe AT®. Tomy yHKLIOHYBAHHS CUHaMCIB
H6e3nocepeaHbO 3aNEXKUTb BiA CTaHy MITOXOHAPIN. Mpn XA miToxoHApiaAbHA AUCPYHKLIA MOKe
BMHMKATM Ha paHHix eTanax. AP i natonoriyHmMin Tay-6inoK  BNAMBAOTL Ha GYHKLiOHYBaHHA
MITOXOHAPIN, NOPYLIYIOTb EHEPreTUYHNI MeTabo1i3M Ta CNPUSAIOTb HAKOMMYEHHIO aKTUBHUX GOpM
KMCHI0. [4] POpMYETbCA CBOEPiAHE NATO/IOrNYHE KOM0: NOpYLEHHsS poboTn MiTOXOHAPIN, aediumT
AT®, 3HMKEHHA CMHANTUYHOIT QYHKLLT, NOPYLLUEHHA Ka bLLIEBOrO rOMeocTasy, OKCUAATUBHNUM CTPeC,
NoLWKOoAKEeHHs BiNKiB | membpaH, nodanslia mitoxoHapianbHa ancdyHKUif. Ockinbkn CAL1 mae
BMCOKY MeTaboNi4YHYy aKTUBHICTb, NOPYLUIEHHS eHepreTMYHoro 3abesneyeHHA 0Co6AMBO HEFATUBHO
BMMBAE Ha MOTO 34aTHICTb NiATPMMYBATU CUHANTUYHY MIACTUYHICTb.

Ons  cTabinizauji  AOBroTpMBaAMX CUHANTUMYHUX 3MiH  BaX/IMBe 3HA4YeHHA Mae€
HenpoTpodiuyHMt dakTop Mo3Ky (BDNF). BDNF B3aemopgie 3 peuentopom TrkB i aktuBye
MAPK/ERK, PI3K/Akt Ta PLCy-curHanbHi wnsxu. Lii mexaHismu nigTpumytoTb QYHKLIOHYBaHHS
CMHANCIB, CTPYKTYPHY MAACTUYHICTb AEHAPWUTIB i BUMMBAHHA HeMpoHiB. Mpn XA HelpoTpodidyHa
NIATPMMKaA MOXKe 3HUMKyBaTUcA. AP 3maTHuin  nopywysaTnm BDNF/TrkB-curHanisaujio, wo
[OAATKOBO MOTipWYye 34aTHICTb HEMPOHIB A0 NAacTUYHWMX nepebyaos [8], TaKMM YMHOM,
nopyweHHA BDNF, cTBOptOE Ham Lile OAHY NaHKY NaTONOTMYHOro Kackay, Wo 0cobanBo BaXKANBO
O15 JOBrOTPMBA/I0Oi KOHCONIAAL,T Nam’aTi, OCKi/IbKM KOPOTKOYACHa aKTMBALLiA CMHaMcy cama no cobi
HefoCTaTHA Ana GopMyBaHHA CTiMKoro cnorady. KoHconigauia nam’aTi He 3aBepLlUyETbCA
NOKANbHUMM 3MiHAMW B OKPEMOMY CMHanNCi. Micna HaBYyaHHA BifOYBaETbCA NOBTOPHA aKTMBaLL,iA
HEMPOHHUX aHcaMbAiB, AKka Cnpuae iHTerpauii iHpopmaLii Mix rinokamnom i Kopoto. Ocobamsy
PO/b Y LbOMY NPOLECI BiAirpatoTb KOPOTKOYACHI CMHXPOHI30BaHI iMMYbCWM HEMPOHIB Y rinoKamni
(SWR), AKi BUHWMKAOTb NepeBaykHO MNig, Yac CNOKO Ta CHY. BOHM CynpoBOAXKYOTLCA PpeakTUBaL|ieto
HEMPOHHMX NOCNIA0OBHOCTEM, NOB’'A3aHMX i3 NnonepedHim aocsiaom. na edeKTMBHOI CUCTEMHOI
KoHconiaauji HeobxiaHa TOYHa KOOPAMHALLIA aKTMBHOCTI FiNoKamna, Kopu Ta iHLWKX CTPYKTYP. AKLLO
HENPOHHI aHCaMbi aKTMBYHOTbCA HaAMIPHO, XaoTMYHO abo HECMHXPOHHO, MPOLEC peakTMBaLji
nam’aTi moxke nopylwysaTucs. MNpu HepoaereHepadlii, LbOMy CNpUAOTb: CMHANTUYHA BTPATa,
amcbanaHc mixk 306yaKeHHAM i ralbMyBaHHAM, HeMpO3ananeHHA Ta CTPYKTYPHE MOWKOAMKEHHA
rinOKaMnasbHUX mMepeK. YHACAILOK LbOro MOXe NopyLlyBaTUCA He TiIbKM NepBUHHE KOAYyBaHHA
iHbopMallii, a 11 ii noganswa crabinizauia. OTKe, NOAMHA MOXKe OTPUMYBATU HOBY iHPOPMAaLLitO,
ane He popMyBaTM A0OCTAaTHLO CTabiNbHOro HEMPOHHOIO cAigy ANA Ti NOAANbLWOro BiATBOPEHHS.

MopyLweHHA Nnam’aTi Npu HelMpoaereHepPaTUBHUX 3aXBOPIOBAHHAX € KiHLLEBUM pe3y1bTaTOM
B3aEMO/ii [AEeKiNbKOX PIiBHIB naTtosorii. Ha monekynapHomy piBHI HakonuuytoTbea AR  Ta
naToNoriyHMim  Tay-6inok, nopywyetbca dyHKuia NMDA- i AMPA-peuenTopis, Ka/jblieBa
CUrHaNi3aLifn, BHYTPIWHbLOKMITUHHI KiHa3Hi Kackaau Ta BDNF/TrkB-cuctema. Ha KNiTUHHOMY
PiBHI, 3HMXYETbCA LTP, NOpyLIYETLCA TPAHCNOPT PELEnTOPiB, SMIHIOETLCA CTPYKTYPa AeHOPUTHUX
WWMMKIB, MOTipLWYETbCcA GYHKLIA MITOXOHAPIM Ta NOCTYNOBO BTPaYaloTbCcA cuMHancu. Ha pisHi
HENMPOHHUX Mepex NopyLlyeTbcs ¢yHKUioOHYBaHHA CA3—CAl1l KOHTYypy, AOMOBHEHHA naTepHy
nam'aTi, CMHXPOHIi3aLis HEeMpOHHMX aHcaMbniB Ta peakTMBauia eHrpam. Ha cuctemHomy
PiIBHI MOTIPLWYETHCA B3AEMOIA MiX EHTOPMHAIbHOK KOPOHO, rinoKamnom i Heokoptekcom. OTxKe,
KOTHITMBHMIA  AediUuMT He MOMKHA MNOACHUTM OAHMM naToNoriyHMm daktopom. AR, Tay,
HeMpo3ananeHHs, MITOXOHAPianbHa AUCOYHKUiA Ta NOPYWEHHA HENPOHHOI aKTMBHOCTI
B3aEMOZItOTb | MOCMAIOOTL OAMH 0AHOrO [9].

PO3yMiHHA paHHIX MeXaHi3MiB CUHANTUYHOT ANCHYHKLLIT CTBOPHOE MOXKAMBOCTI 414 MNOLYKY
HOBMX TepaneBTMYHMX Niaxoadis. OQHNM i3 HAaNPAMIB € HOPMai3aLia rayTamaTepriyHoi nepeaadi
Ta 3anobiraHHA NaTonorivYHin akTnBaLii NMDA-peuenTopiB. IHWWI HanpAM BKAOYAE NiATPUMAHHA
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Ka/bLiEBOrO roMeocTasy Ta MITOXOHApPianbHOI OYHKUII. [epcnekTMBHMMKM TaKoXK € cTpaTerii,
cnpAmoBaHi  Ha 36epexeHHa BDNF/TrkB-curHanisauii, perynaujlo  HelposananeHHsa Ta
3anobiraHHA NaTONOrIYHIM BTPATI CMHaNCiB. 3BUYaNHO HEODXiAHMN, OKPEMMIA HANPAM Lie BNIMB Ha
naTonoriyHi dopmu AR i Tay. OgHaK cydacHe pPO3yMiHHA NaTOreHesy NoKasye, Lo YCYHEHHA AnlLle
OZIHOTO naTonoriyHoro bGinka moxke O6yTM HedocTaTHIM. AP, Tay, MiKporaia, miToxoHapii Ta
CMHANTMYHA NAACTUYHICTL YTBOPIOKOTb B33AEMOMOB’A3aHy cUCTeMy. TOMy NEepCneKTUBHOKW €
KOHLEeNLUia CMHanc-opieHTOBAHOI Tepanii, MEeTO AKOI € He Aue 3MeHLWeHHA KifbKOCTI
naToN0riyYHMX BiNKiB, @ 1 BiAHOBNAEHHS QYHKLIOHAAbHOI 3aTHOCTI HEMPOHHUX MepeX. CUHaNTUYHa
NaTo/10riA PO3rNAAAETLCA AK OAHA 3 PaHHIX i NOTEHLUiMHO MoandiKoBaHWX TaHOK npouecy. [1]

OTXe niaBoaAaYM NiacyMKM Haoi pO6OTM MOKEMO 3a3HAYUTU LLLOMNOPYLLUEHHA NaM’ ATI, NpK
HeMpoaereHepaTMBHMUX NpOLLeccax, € pe3ynbTaT MOCTYNOBOro PYyMHYBAHHA MONEKYAAPHUX,
KNITUHHUX | MepeeBMX MexaHi3MiB, AKi B HOpMi 3abe3neyytoTb KoHconigauito iHbopmaLii.
LleHTpanbHe MicLie B LIbOMY NPOLECi 3aMMaE rinokamn, a ocobamee 3HadyeHHs matoTb CAL i CA3 Ta
ix dyHKUiOHanbHa B3aemogia. Y Hopmi akTtmeauia NMDA-peuentopis, HaaxoaskeHHa Ca?*,
aktueauia CaMKIl, PKA, MAPK/ERK i CREB, cuHTe3 6inkiB Ta CTpyKTypHa nepebyaosa cuHancis
3abe3neyytoTb cTabinizauito  cnigie nam’ati. Mpu xBopobi Anburemmepa Ui MexaHi3amu
NopyLWytoTbes. Po3unHHI dopmm AR 3MiHIOOTb TayTamaTepridyHy nepegady Ta nNpurHivytots LTP,
NaTONIOMYHMIA Tay MNOPYLWYE BHYTPILWHbOKAITUHHUI TPAHCNOPT | CMHAMNTMYHY CTPYKTYpY, a
Helpo3ananeHHs Ta MiKpoOraiasibHa akTMBaLA CNpuAOTb NAaTONOrIYHIM  BTpPaTi CUHanNCIB.
JopaTKOBO MITOXOHApPianbHa AUCHYHKLIA, OKCUMAATUBHWUI CTPec, KajblieBui amcbanaHc i
3HUMKEHHA HeMPOTPODIYHOI NIATPUMKM NOTANBNOITL CMHANTUYHY HedoCTaTHICTb. [10] Ocobanso
BaXK/IMBUM € ypaxeHHA CAl Ta nopylieHHA pyHKLioHanbHoro KoHTypy CA3—CAl. Lle npussoanTb
[0 3HWXKEHHA 3[4aTHOCTI rinokamnanbHUX mepex dopmyBaTu, CTabinizyBaTu Ta BiATBOPHOBATH
HEMPOHHI naTepHW, noB'A3aHi 3 Nam’aTTio. TaKMM  YWMHOM, KOTHITUBHUIK aediuuT npwu
HenpoaereHepauii cnig po3rnaaaTi He Aulle AK HacnigoK 3armbeni HeMpOHIB, a nepeaycim Ak
pe3ynbTaT MOCTYNnoBOi BTPATWM CUHANTMYHOI NAACTMYHOCTI Ta OYHKLUiIOHANbHOI  LiAICHOCTI
HEMPOHHUX MepeK. PaHHE BTpydYaHHA B MeXaHi3mMM CUMHANTUYHOI AMCOYHKLUIT, NiATPUMAHHA
HeNPOTPOPIYHOI Ta MITOXOHAPIAaNbHOI (YHKLI, KOHTPOAb Helpo3ananeHHa i 30eperkeHHs
rinoKamnasnbHOI MNNACTUYHOCTI MOMYTb CTaTU BaXAMBUMKM HanpAMamum ManbyTHbOI Tepanii
HeMpoaereHepaTUBHMUX KOTHITUBHMX PO3/1aiB.
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ABSTRACT

Duchenne muscular dystrophy (DMD) represents a severe, progressive, X-linked neuromuscular
disorder characterized by profound skeletal and cardiac muscle degeneration, progressive loss of
motor function, respiratory insufficiency, and substantial premature morbidity and mortality. The
disease is primarily attributable to pathogenic variants in the DMD gene encoding dystrophin, a
critical cytoskeletal protein that stabilizes the sarcolemmal membrane through its interaction with
the dystrophin-associated glycoprotein complex. Disruption or complete absence of functional
dystrophin induces sarcolemmal fragility, aberrant calcium influx, mitochondrial dysfunction,
oxidative stress, inflammatory activation, necrotic myofiber degeneration, and progressive
replacement of contractile tissue by fibrosis and adipose tissue. Consequently, DMD constitutes
not only a paradigmatic monogenic disorder but also a complex translational model integrating
molecular genetics, cellular pathophysiology, pharmacology, precision medicine, and
multidisciplinary clinical management. The genetic architecture of DMD demonstrates substantial
molecular heterogeneity, encompassing large deletions, duplications, small insertions or
deletions, nonsense variants, splice-site abnormalities, and other pathogenic alterations.
Contemporary molecular diagnostics, including next-generation sequencing, multiplex ligation-
dependent probe amplification, and complementary genomic technologies, facilitate accurate
variant characterization, genetic counseling, carrier identification, prenatal assessment, and
therapeutic stratification. Importantly, genotype—phenotype relationships provide a mechanistic
foundation for mutation-specific therapeutic interventions designed to restore dystrophin
expression or ameliorate downstream molecular pathology. Pharmacotherapeutic management
has historically relied on glucocorticoids, particularly prednisone, prednisolone, and deflazacort,
which may prolong ambulation and attenuate functional decline but are associated with clinically
significant adverse effects. The therapeutic landscape has subsequently expanded through exon-
skipping strategies, mutation-directed molecular interventions, and dystrophin-restoration
approaches, including antisense oligonucleotides and gene-transfer technologies. These
innovations exemplify the transition from conventional symptomatic pharmacotherapy toward
molecularly targeted therapeutics. Emerging gene therapy platforms employing micro-dystrophin
constructs represent a particularly consequential development, although their clinical
implementation requires rigorous assessment of durability, immunogenicity, safety, vector-
associated limitations, and long-term therapeutic effectiveness. Evidence-based medicine
provides an essential framework for evaluating these rapidly evolving interventions through
systematic appraisal of randomized clinical trials, longitudinal cohort studies, natural-history
investigations, biomarker research, and real-world evidence. Therapeutic decision-making
increasingly requires integration of genetic diagnosis, age, ambulatory status, disease stage,
comorbidities, treatment response, safety parameters, patient-centered outcomes, and
individualized risk—benefit assessment. Precision medicine therefore represents a central
paradigm for optimizing therapeutic selection and developing genotype-specific interventions
while acknowledging substantial interindividual variability in disease progression and treatment
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response. Comprehensive DMD management extends beyond dystrophin restoration and
pharmacological  intervention.  Evidence-based  multidisciplinary ~ care  incorporates
cardioprotective therapy, respiratory surveillance and assisted ventilation when indicated,
orthopedic management, bone-health preservation, nutritional optimization, rehabilitation,
physical and occupational therapy, psychosocial support, endocrinological monitoring, anesthetic
planning, and structured transition from pediatric to adult healthcare. Cardiac surveillance is
particularly important because dystrophin deficiency affects cardiomyocytes and may result in
progressive cardiomyopathy and arrhythmogenic complications. Similarly, respiratory
management remains fundamental because progressive respiratory muscle weakness contributes
substantially to morbidity.The contemporary scientific discourse on DMD demonstrates a
profound transformation from supportive management toward mechanism-based, genetically
informed, and increasingly precision-oriented therapeutics. Integration of molecular
pathophysiology, genomic medicine, pharmacology, evidence-based clinical practice, advanced
gene and RNA technologies, and coordinated multidisciplinary care provides a comprehensive
framework for improving functional outcomes, quality of life, and survival. Future research should
prioritize durable dystrophin restoration, personalized therapeutic algorithms, combination
strategies, validated molecular and functional biomarkers, equitable access to innovative
therapies, and rigorous long-term pharmacovigilance. Such an integrated translational framework
is essential for converting advances in molecular science into clinically meaningful and sustainable
improvements for individuals affected by Duchenne muscular dystrophy.

Keywords: Duchenne muscular dystrophy, dystrophin, dystrophin protein complex, gene therapy,
CRISPR-Cas9, precision medicine, biomarkers, multidisciplinary care

INTRODUCTION

Duchenne muscular dystrophy (DMD) represents a paradigmatic inherited neuromuscular
disorder in which advances in molecular genetics, cellular pathophysiology, pharmacology, gene
therapy, and multidisciplinary clinical care have progressively transformed the understanding and
management of a historically devastating disease. DMD is an X-linked genetic disorder caused by
pathogenic variants in the DMD gene, resulting in profound deficiency or absence of dystrophin,
a large cytoskeletal protein that is indispensable for the structural integrity and physiological
resilience of skeletal and cardiac muscle. The progressive consequences of dystrophin deficiency
extend beyond mechanical instability of the sarcolemma and encompass calcium dysregulation,
oxidative stress, mitochondrial impairment, inflammation, fibrosis, defective regeneration,
vascular dysfunction, and progressive muscle degeneration. Consequently, DMD is increasingly
conceptualized as a complex multisystem disease rather than exclusively as a disorder of skeletal
muscle.

The molecular biology of dystrophin provides the fundamental framework for understanding DMD
pathogenesis. Dystrophin interacts with intracellular actin and components of the dystrophin-
associated protein complex, thereby establishing a mechanically and biochemically important
connection between the cytoskeleton and extracellular matrix. In healthy muscle, this architecture
contributes to sarcolemmal stability during repeated cycles of contraction and relaxation. Loss or
severe reduction of dystrophin compromises this structural system, increasing susceptibility to
contraction-induced membrane injury. Repeated membrane damage initiates a cascade involving
calcium influx, activation of calcium-dependent proteases, mitochondrial dysfunction, reactive
oxygen species generation, inflammatory signaling, necrotic myofiber loss, and progressive
replacement of contractile tissue by adipose and fibrotic tissue.

The genetic dimension of DMD is exceptionally important because the DMD gene is one of the
largest genes in the human genome and exhibits substantial mutational heterogeneity. Pathogenic
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deletions, duplications, small sequence variants, splice abnormalities, and other molecular defects
may disrupt dystrophin expression through different mechanisms. The relationship between
mutation position, reading-frame preservation, dystrophin production, and clinical phenotype has
historically provided an important basis for distinguishing Duchenne from Becker muscular
dystrophy. However, contemporary genetic research demonstrates that genotype-phenotype
relationships are more complex than a simple reading-frame model. Modifier genes, alternative
dystrophin isoforms, epigenetic mechanisms, and individual biological variability may influence
disease severity, cognitive manifestations, cardiac involvement, treatment response, and
progression.

The clinical phenotype of DMD is characterized by progressive proximal muscle weakness,
impaired motor development, difficulty running and climbing stairs, Gowers' maneuver, calf
pseudohypertrophy, contractures, progressive loss of ambulation, respiratory muscle weakness,
and cardiomyopathy. Importantly, the disease trajectory is not restricted to motor impairment.
Cardiac dysfunction, respiratory insufficiency, skeletal deformities, osteoporosis, endocrine
abnormalities, nutritional complications, neurodevelopmental manifestations, cognitive
impairment, behavioral difficulties, and psychosocial challenges contribute substantially to the
cumulative burden of disease. Accordingly, effective DMD management requires longitudinal
assessment of multiple physiological systems and proactive intervention before irreversible
complications become clinically advanced.

The natural history of DMD has been substantially modified by advances in supportive and disease-
modifying treatment. Glucocorticoids, particularly prednisone and deflazacort, remain central
components of conventional pharmacotherapy because of their ability to prolong ambulation and
preserve muscle strength and function. Nevertheless, prolonged corticosteroid exposure is
associated with clinically important adverse effects, including weight gain, growth impairment,
osteoporosis, endocrine disturbances, behavioral effects, hypertension, and metabolic
complications. These limitations have stimulated investigation of alternative corticosteroid
regimens and pharmacological approaches capable of preserving efficacy while reducing
treatment-related toxicity.

A major transition in DMD therapeutics has emerged from the development of mutation-specific
molecular interventions. Antisense oligonucleotide-mediated exon skipping represents an
important example of precision pharmacotherapy because it seeks to manipulate pre-mRNA
splicing and restore the translational reading frame in patients with specific DMD mutations.
Eteplirsen, golodirsen, and casimersen illustrate the clinical translation of exon-skipping
technology into genotype-specific treatment strategies. These approaches demonstrate how
molecular diagnosis can move beyond confirmation of disease to become an active determinant
of therapeutic selection. Nevertheless, exon-skipping therapies remain constrained by mutation
eligibility, variable dystrophin restoration, administration requirements, tissue distribution, and
uncertainty concerning the magnitude and durability of clinical benefit.

The therapeutic landscape has expanded further through pharmacological approaches directed
toward downstream pathological mechanisms. Histone deacetylase inhibition, modulation of
inflammatory and fibrotic pathways, oxidative-stress regulation, calcium homeostasis, and muscle
regeneration represent important areas of translational research. Givinostat, an oral histone
deacetylase inhibitor, represents a particularly significant development because its clinical
evaluation has provided evidence for a pharmacological strategy aimed at modifying pathological
processes associated with muscle degeneration rather than directly correcting the underlying
DMD mutation. Such approaches highlight the increasingly multidimensional nature of DMD
pharmacotherapy, in which primary genetic correction and secondary disease modification may
potentially be combined.
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Gene therapy has introduced another major paradigm shift. Because the full-length dystrophin
coding sequence is too large for conventional adeno-associated viral vector packaging, current
gene-transfer strategies have focused on engineered micro-dystrophin constructs capable of
producing abbreviated dystrophin proteins with selected functional domains. The development of
micro-dystrophin approaches illustrates the broader transition from symptomatic treatment
toward molecular replacement. However, important challenges remain, including vector delivery
to widespread skeletal and cardiac muscle, pre-existing or treatment-induced immunity to viral
capsids, immune responses against newly expressed dystrophin, limitations of vector redosing,
durability of expression, and the interpretation of surrogate biomarkers in relation to meaningful
clinical outcomes.

Precision medicine therefore occupies an increasingly central position in contemporary DMD
research. Molecular characterization can determine eligibility for mutation-specific exon skipping,
inform clinical-trial enrollment, facilitate family genetic counseling, identify carriers, and support
individualized prognostic assessment. Emerging genomic technologies may additionally enable
identification of genetic modifiers and therapeutic targets that influence disease severity and
treatment response. The expanding integration of genomic information with clinical phenotyping
creates the possibility of a more individualized therapeutic model in which intervention is selected
according to mutation type, disease stage, organ involvement, treatment history, and patient-
specific risk-benefit considerations.

The development of these therapies simultaneously creates a need for rigorous evidence-based
medicine. DMD is characterized by a heterogeneous therapeutic evidence base involving
randomized controlled trials, extension studies, observational cohorts, biomarker analyses,
systematic reviews, natural-history studies, and expert consensus recommendations.
Interpretation of treatment efficacy is complicated by small patient populations, substantial
disease heterogeneity, long disease trajectories, ethical considerations surrounding placebo-
controlled trials, and the use of surrogate endpoints such as dystrophin expression. Consequently,
evidence-based DMD care requires critical appraisal of methodological quality, clinical relevance,
effect size, safety, durability, patient-centered outcomes, and applicability to individual patients
rather than reliance exclusively on regulatory status or molecular plausibility.

Multidisciplinary care remains indispensable despite the rapid emergence of molecular
therapeutics. Neurologists, clinical pharmacologists, geneticists, cardiologists, pulmonologists,
orthopedic specialists, endocrinologists, rehabilitation professionals, physiotherapists, nutrition
specialists, psychologists, nurses, and other healthcare professionals contribute complementary
expertise to the long-term management of affected individuals. Cardiovascular surveillance and
treatment, respiratory monitoring and assisted ventilation when indicated, contracture
prevention, preservation of mobility, bone-health management, nutritional assessment,
psychosocial support, and transition from pediatric to adult healthcare are integral components
of comprehensive care.

The increasing survival of individuals with DMD further strengthens the importance of anticipatory
and life-course management. As cardiac and respiratory interventions improve survival, clinical
priorities increasingly encompass adulthood, vocational participation, psychosocial well-being,
autonomy, reproductive counseling, transition of care, and quality of life. Contemporary
management must therefore balance disease-modifying treatment with prevention and
management of treatment-related adverse effects, comorbidities, functional decline, and
psychosocial consequences. This evolution has transformed DMD care from a predominantly
pediatric, symptom-oriented model into a longitudinal, individualized, multidisciplinary
therapeutic framework.

From a translational perspective, DMD is also an important model for evaluating the interface
between molecular discovery and clinical pharmacotherapy. The trajectory from identification of
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the DMD gene and dystrophin protein to exon-skipping agents, pharmacological disease modifiers,
and gene-transfer strategies illustrates the potential of precision medicine to convert molecular
mechanisms into therapeutic interventions. At the same time, the remaining limitations
demonstrate that biological plausibility does not necessarily guarantee clinically meaningful
benefit. The future of DMD therapy will therefore depend on integrating molecular innovation
with robust clinical evidence, long-term safety surveillance, pharmacovigilance, patient-centered
outcomes, health-economic considerations, and equitable access to advanced therapies.

The present scientific discourse examines DMD through an integrated framework encompassing
molecular pathophysiology, genetic mechanisms, pharmacotherapeutic advances, precision
medicine, evidence-based medicine, translational therapeutics, and emerging multidisciplinary
treatment strategies. Such integration is necessary because no single therapeutic modality is
currently sufficient to address the complete biological and clinical spectrum of DMD. The future
therapeutic paradigm is likely to involve individualized combinations of dystrophin-restorative
technologies, pharmacological disease modification, optimized corticosteroid therapy,
cardiopulmonary protection, rehabilitation, genetic counseling, and continuous evidence-based
monitoring. The central scientific challenge is therefore not merely to develop additional
treatments, but to determine how these interventions can be rationally integrated across the
disease course to maximize functional preservation, minimize toxicity, prolong survival, and
improve the quality of life of individuals living with Duchenne muscular dystrophy.

Duchenne muscular dystrophy (DMD) represents one of the most severe and prevalent inherited
neuromuscular disorders of childhood, affecting approximately 1 in 5,000 live male births. This X
linked recessive condition arises from pathogenic mutations in the DMD gene, located at Xp21.2—
Xp21.1, which encodes dystrophin a critical cytoskeletal protein essential for maintaining
sarcolemmal integrity and mediating signal transduction through the dystrophin-associated
protein complex (DAPC). The absence of functional dystrophin initiates a cascade of pathological
events encompassing sarcolemmal instability, aberrant calcium influx, mitochondrial dysfunction,
oxidative stress, chronic inflammation, impaired muscle regeneration, and progressive fibrotic
replacement of muscle tissue. This comprehensive review examines the current scientific
discourse surrounding DMD through an integrated lens spanning molecular pathophysiology,
genetic mechanisms, pharmacotherapeutic advances, precision medicine approaches, evidence
based clinical frameworks, and emerging multidisciplinary treatment strategies. Recent
therapeutic breakthroughs, including antisense oligonucleotide-mediated exon skipping, adeno
associated virus (AAV) vector-based gene therapy, CRISPR-Cas9 gene editing, and novel
dissociative corticosteroids such as vamorolone have substantially expanded the treatment
armamentarium. Concurrently, advances in high-throughput proteomics and genetic modifier
discovery are enabling increasingly personalized approaches to disease management. Despite
these remarkable developments, significant challenges persist regarding long term safety,
durability of response, equitable access, and optimal integration of emerging therapies within
comprehensive multidisciplinary care frameworks. This review synthesizes current knowledge
across these domains, identifies critical knowledge gaps, and proposes directions for future
research and clinical translation.

Historical Context and Clinical Characterization

The first histopathological descriptions of what would later be recognized as Duchenne muscular
dystrophy were documented by Edward Meryon in 1851 and subsequently characterized in
greater detail by Guillaume Benjamin Duchenne de Boulogne in 1868. Duchenne's eponymous
contribution to the nosology of muscular dystrophies established the clinical phenotype that bears
his name: a relentlessly progressive condition characterized by symmetric proximal muscle
weakness, pseudohypertrophy of the calf muscles, Gowers' sign, and eventual loss of ambulation
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typically occurring in the early teens. Detailed ultrastructural analyses performed in the 1960s and
1970s using electron microscopy began to illuminate the subcellular pathology underlying these
clinical manifestations.

The molecular era of DMD research commenced with the cloning of the DMD gene by Michel
Koenig and colleagues in 1987, a landmark achievement that identified the genetic basis of the
disease and enabled the first immunohistochemical analyses using anti-dystrophin antibodies. The
discovery of the DMD gene encoding dystrophin not only revealed the cause of DMD but also
helped identify a family of at least ten dystrophin associated proteins at the muscle cell
membrane. Critical insights into the underlying pathophysiology were subsequently obtained
through experimentation with the X-chromosome linked muscular dystrophy (mdx) mouse model,
which remains the most widely utilized animal model for preclinical DMD research.

Epidemiology and Disease Burden

DMD is an X-linked inherited disease, with the mutated DMD gene located on the short arm of the
X chromosome at positions Xp21.2—Xp21.1. Early studies conducted before the era of prenatal
diagnosis calculated the birth incidence in boys to be approximately 1 in 3,500. However, a recent
systematic review and meta-analysis found slightly lower incidence and prevalence rates of
approximately 1 in 5,000 and 5 per 100,000 males, respectively. DMD is therefore recognized as
one of the most common rare diseases and the most common form of inherited muscular
dystrophy in childhood.

The disease follows a predictable and devastating clinical trajectory. Earliest symptoms typically
present after the first years of life, with affected boys demonstrating delayed motor milestones,
difficulty climbing stairs, and a characteristic waddling gait. Loss of ambulation generally occurs in
the early teens, and the need for assisted ventilation arises at approximately 20 years of age.
Premature death occurs in most patients between 20 and 40 years of age, predominantly from
cardiac and/or respiratory failure. The substantial disease burden extends beyond the affected
individual to encompass families, caregivers, and healthcare systems, underscoring the urgent
need for effective therapeutic interventions.

Background

Duchenne muscular dystrophy (DMD) is a severe, progressive, X-linked neuromuscular disorder
and one of the most clinically consequential inherited muscular dystrophies of childhood. The
disease is caused by pathogenic variants in the DMD gene, located on chromosome Xp21, which
encodes dystrophin, a large cytoskeletal protein essential for maintaining the structural and
functional integrity of skeletal and cardiac muscle fibers. DMD predominantly affects males
because of its X-linked inheritance pattern, although females carrying pathogenic variants may
occasionally manifest clinically relevant skeletal muscle, cardiac, or neurocognitive abnormalities.
Contemporary epidemiological analyses confirm that DMD represents a substantial global rare-
disease burden, with considerable variation in reported prevalence between populations.

At the molecular level, dystrophin functions as a critical component of the dystrophin-associated
protein complex, providing a mechanical and signaling interface between the intracellular actin
cytoskeleton and the extracellular matrix. Its deficiency compromises sarcolemmal stability and
renders muscle fibers highly susceptible to contraction-induced injury. Subsequent membrane
disruption facilitates abnormal calcium influx, mitochondrial dysfunction, oxidative stress,
activation of proteolytic pathways, and myofiber necrosis. These primary molecular abnormalities
initiate secondary inflammatory responses, impaired muscle regeneration, connective-tissue
deposition, and progressive fatty replacement of skeletal muscle. Recent mechanistic research
emphasizes that DMD should therefore be understood not simply as a disorder of dystrophin
deficiency, but as a complex pathophysiological network involving membrane instability, calcium
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dysregulation, oxidative injury, inflammation, fibrosis, altered muscle regeneration, and
neuromuscular dysfunction.

The genetic architecture of DMD is heterogeneous, encompassing large and small deletions,
duplications, point mutations, splice-site variants, and other pathogenic alterations. The classical
reading-frame hypothesis explains many genotype-phenotype relationships: out-of-frame
variants commonly result in absent or severely deficient dystrophin and a Duchenne phenotype,
whereas some in-frame variants permit production of truncated but partially functional
dystrophin and are associated with the milder Becker muscular dystrophy phenotype.
Nevertheless, genotype alone does not completely predict disease severity, cardiac or respiratory
complications, or neurocognitive manifestations, emphasizing the importance of comprehensive
molecular and clinical characterization.

Clinically, DMD is characterized by progressive proximal muscle weakness, delayed motor
development, difficulty running and climbing stairs, Gowers' maneuver, contractures, loss of
ambulation, respiratory muscle impairment, and progressive cardiomyopathy. Cardiac and
respiratory complications are major determinants of morbidity and mortality, while
neurodevelopmental, cognitive, behavioral, nutritional, endocrine, and psychosocial
manifestations contribute substantially to the overall disease burden. Consequently,
contemporary DMD management requires an integrated multidisciplinary model extending
beyond skeletal muscle treatment to cardiovascular, respiratory, orthopedic, endocrine,
nutritional, rehabilitative, psychological, and genetic care.

Therapeutic development has undergone a major transformation from predominantly supportive
management toward molecularly targeted and disease-modifying interventions. Corticosteroids
remain an important therapeutic component, while exon-skipping antisense oligonucleotides,
dystrophin-restoration strategies, histone deacetylase inhibition, and micro-dystrophin gene-
transfer approaches have expanded the therapeutic landscape. Recent reviews emphasize that
contemporary treatment increasingly seeks either to restore dystrophin expression or to modify
downstream pathological mechanisms responsible for muscle degeneration.

DMD represents an important model for precision medicine, translational pharmacology,
evidence-based medicine, and multidisciplinary therapeutic innovation. Integration of molecular
diagnosis, genotype-specific treatment selection, pharmacological optimization, gene-based
therapeutics, continuous safety monitoring, rehabilitation, and coordinated cardiac and
respiratory management is increasingly essential for improving long-term clinical outcomes and
quality of life. The scientific discourse surrounding DMD has consequently shifted from disease
description toward individualized, mechanism-based, evidence-informed therapeutic strategies.
Duchenne muscular dystrophy (DMD) is a severe, progressive, X-linked neuromuscular disorder
and one of the most clinically consequential inherited muscular dystrophies of childhood. The
disease is caused by pathogenic variants in the DMD gene, located on chromosome Xp21, which
encodes dystrophin, a large cytoskeletal protein essential for maintaining the structural and
functional integrity of skeletal and cardiac muscle fibers. DMD predominantly affects males
because of its X-linked inheritance pattern, although females carrying pathogenic variants may
occasionally manifest clinically relevant skeletal muscle, cardiac, or neurocognitive abnormalities.
Contemporary epidemiological analyses confirm that DMD represents a substantial global rare-
disease burden, with considerable variation in reported prevalence between populations.

At the molecular level, dystrophin functions as a critical component of the dystrophin-associated
protein complex, providing a mechanical and signaling interface between the intracellular actin
cytoskeleton and the extracellular matrix. Its deficiency compromises sarcolemmal stability and
renders muscle fibers highly susceptible to contraction-induced injury. Subsequent membrane
disruption facilitates abnormal calcium influx, mitochondrial dysfunction, oxidative stress,
activation of proteolytic pathways, and myofiber necrosis. These primary molecular abnormalities
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initiate secondary inflammatory responses, impaired muscle regeneration, connective-tissue
deposition, and progressive fatty replacement of skeletal muscle. Recent mechanistic research
emphasizes that DMD should therefore be understood not simply as a disorder of dystrophin
deficiency, but as a complex pathophysiological network involving membrane instability, calcium
dysregulation, oxidative injury, inflammation, fibrosis, altered muscle regeneration, and
neuromuscular dysfunction.

The genetic architecture of DMD is heterogeneous, encompassing large and small deletions,
duplications, point mutations, splice-site variants, and other pathogenic alterations. The classical
reading-frame hypothesis explains many genotype-phenotype relationships: out-of-frame
variants commonly result in absent or severely deficient dystrophin and a Duchenne phenotype,
whereas some in-frame variants permit production of truncated but partially functional
dystrophin and are associated with the milder Becker muscular dystrophy phenotype.
Nevertheless, genotype alone does not completely predict disease severity, cardiac or respiratory
complications, or neurocognitive manifestations, emphasizing the importance of comprehensive
molecular and clinical characterization.

Clinically, DMD is characterized by progressive proximal muscle weakness, delayed motor
development, difficulty running and climbing stairs, Gowers' maneuver, contractures, loss of
ambulation, respiratory muscle impairment, and progressive cardiomyopathy. Cardiac and
respiratory complications are major determinants of morbidity and mortality, while
neurodevelopmental, cognitive, behavioral, nutritional, endocrine, and psychosocial
manifestations contribute substantially to the overall disease burden. Consequently,
contemporary DMD management requires an integrated multidisciplinary model extending
beyond skeletal muscle treatment to cardiovascular, respiratory, orthopedic, endocrine,
nutritional, rehabilitative, psychological, and genetic care.

Therapeutic development has undergone a major transformation from predominantly supportive
management toward molecularly targeted and disease-modifying interventions. Corticosteroids
remain an important therapeutic component, while exon-skipping antisense oligonucleotides,
dystrophin-restoration strategies, histone deacetylase inhibition, and micro-dystrophin gene-
transfer approaches have expanded the therapeutic landscape. Recent reviews emphasize that
contemporary treatment increasingly seeks either to restore dystrophin expression or to modify
downstream pathological mechanisms responsible for muscle degeneration.

Against this rapidly evolving background, DMD represents an important model for precision
medicine, translational pharmacology, evidence-based medicine, and multidisciplinary
therapeutic innovation. Integration of molecular diagnosis, genotype-specific treatment selection,
pharmacological optimization, gene-based therapeutics, continuous safety monitoring,
rehabilitation, and coordinated cardiac and respiratory management is increasingly essential for
improving long-term clinical outcomes and quality of life. The scientific discourse surrounding
DMD has consequently shifted from disease description toward individualized, mechanism-based,
evidence-informed therapeutic strategies.

The contemporary understanding of DMD increasingly recognizes the disorder as a multisystem
disease rather than an isolated skeletal-muscle phenotype. Dystrophin deficiency affects several
striated-muscle compartments and contributes to progressive cardiomyopathy and respiratory
dysfunction, while abnormalities involving the nervous, endocrine, gastrointestinal, immune, and
other physiological systems may further influence disease burden. This multisystem perspective
has important implications for clinical surveillance because apparently secondary manifestations
can become major determinants of functional status, morbidity, survival, and health-related
quality of life. Recent mechanistic literature consequently emphasizes organ crosstalk and
systemic pathophysiology as important dimensions of dystrophinopathy.
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Another major development is the increasing convergence of molecular genetics and therapeutic
decision-making. Molecular confirmation of a pathogenic DMD variant is no longer restricted to
establishing diagnosis; it can determine eligibility for mutation-specific interventions and facilitate
genetic counseling, carrier identification, family screening, prognosis, and clinical-trial
participation. Advances in sequencing, variant interpretation, and dystrophin-restoration
technologies have therefore strengthened the conceptual foundation of genotype-informed
treatment. Contemporary therapeutic research encompasses exon skipping, dystrophin gene
replacement or micro-dystrophin delivery, genome-editing approaches, and pharmacological
modulation of downstream pathological pathways. Nevertheless, important limitations remain,
including genotype eligibility, vector-associated immune responses, tissue delivery, durability of
therapeutic expression, variable treatment response, and the difficulty of translating molecular
restoration into durable functional benefit.

The expansion of therapeutic options also reinforces the importance of evidence-based medicine.
DMD interventions differ substantially in their biological targets, clinical endpoints, eligibility
criteria, safety profiles, and levels of supporting evidence. Consequently, treatment selection
requires critical appraisal of randomized clinical trials, longitudinal observational studies,
systematic reviews, clinical practice guidelines, biomarker data, and patient-centered outcomes.
Recent assessments of DMD clinical guidelines demonstrate the increasing complexity of
recommendations across diagnosis, neuromuscular care, rehabilitation, respiratory and cardiac
surveillance, endocrine management, nutrition, psychosocial support, and emerging molecular
therapies.

The pharmacotherapy should be conceptualized as one component of a longitudinal therapeutic
architecture rather than as an isolated intervention. Corticosteroids and newer pharmacological
agents may modify disease progression or specific pathological pathways, whereas genetic
therapies seek to address the underlying molecular defect. Their integration requires
individualized assessment of disease stage, ambulatory status, genotype, cardiac and respiratory
phenotype, adverse-effect susceptibility, treatment burden, and patient and family preferences.
Multidisciplinary coordination is therefore fundamental to maximizing therapeutic benefit while
minimizing cumulative toxicity and preserving function. Current evidence supports an anticipatory
model in which surveillance and intervention are initiated before irreversible organ damage
becomes clinically dominant.

The scientific discourse on DMD has evolved toward a translational continuum extending from
molecular pathophysiology and genetic diagnosis to pharmacotherapy, precision medicine, clinical
evidence, rehabilitation, and integrated long-term care. This conceptual evolution provides the
rationale for examining DMD through an interdisciplinary framework that connects molecular
mechanisms with therapeutic innovation and clinically meaningful outcomes. Such an approach is
particularly relevant in the current era of rapidly expanding disease-modifying therapies, where
rigorous evidence synthesis and multidisciplinary implementation are essential for converting
advances in biomedical science into sustainable improvements in patient care.

Scope and Objectives of Review

This comprehensive review aims to synthesize the current scientific discourse on Duchenne
muscular dystrophy across multiple interconnected domains. We first examine the molecular
pathophysiology of DMD, focusing on the structure and function of dystrophin, the DAPC, and the
downstream pathological cascades initiated by dystrophin deficiency. We then explore the genetic
mechanisms underlying DMD, including the spectrum of DMD mutations, genotype-phenotype
correlations, and the role of genetic modifiers. The pharmacotherapeutic landscape is reviewed in
depth, encompassing corticosteroid therapy, emerging small molecules, and the revolutionary
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class of genetic therapies including exon skipping, gene therapy, and gene editing. The principles
of precision medicine are examined through the lenses of biomarker discovery, genetic modifiers,
and personalized therapeutic selection. Evidence-based medicine frameworks are evaluated with
respect to clinical guideline development and systematic evidence synthesis. Finally, we discuss
the essential role of multidisciplinary care in optimizing outcomes for individuals with DMD and
identify future directions for research and clinical translation.

RESULTS AND DISCUSSION

The synthesis of contemporary evidence demonstrates that Duchenne muscular dystrophy (DMD)
has evolved from a predominantly supportive-care paradigm toward an increasingly molecularly
informed therapeutic model integrating genomic diagnosis, pharmacotherapy, disease-modifying
interventions, precision medicine, and coordinated multidisciplinary management. Nevertheless,
the available evidence indicates that DMD remains a progressive multisystem disorder in which
therapeutic benefit cannot be adequately assessed through a single endpoint. Motor
performance, preservation of ambulation, respiratory function, cardiac status, quality of life,
corticosteroid-related toxicity, dystrophin restoration, and long-term survival must be interpreted
collectively.

Molecular and Pathophysiological Findings

The evidence consistently supports dystrophin deficiency as the initiating molecular abnormality
underlying DMD. Loss of functional dystrophin compromises the structural integrity of the
sarcolemma and disrupts interactions between the cytoskeleton and extracellular matrix.
Subsequent membrane instability promotes abnormal calcium entry, proteolytic activation,
mitochondrial dysfunction, oxidative stress, inflammatory signaling, and repetitive cycles of
myofiber injury and regeneration. Over time, regenerative capacity becomes insufficient, resulting
in progressive fibrosis and fatty replacement of skeletal muscle.

Importantly, the clinical phenotype extends beyond skeletal muscle. Dystrophin deficiency in
cardiomyocytes contributes to progressive myocardial injury and cardiomyopathy, while
respiratory muscle involvement produces restrictive ventilatory impairment, ineffective cough,
sleep-related hypoventilation, and ultimately respiratory failure. Contemporary care
recommendations therefore emphasize systematic cardiac and respiratory surveillance rather
than treating DMD exclusively as a locomotor disorder.

The heterogeneity of clinical progression despite apparently similar pathogenic variants further
supports the importance of genetic modifiers, environmental influences, treatment exposure, and
disease-stage effects. Consequently, genotype alone may be insufficient to predict the complete
trajectory of an individual patient, reinforcing the necessity of longitudinal phenotyping and
individualized clinical assessment.

Genetic and Molecularly Targeted Therapies

One of the most consequential findings of the contemporary evidence base is the emergence of
therapies designed to intervene directly at the molecular level. Antisense oligonucleotide-
mediated exon skipping provides a mutation-dependent strategy intended to restore the reading
frame and permit production of a truncated but potentially functional dystrophin protein. Its
applicability is inherently restricted by genotype, illustrating both the therapeutic potential and
limitations of precision pharmacology.

Gene-replacement approaches represent a further conceptual transition. Micro-dystrophin gene-
transfer technologies seek to introduce a shortened dystrophin transgene into skeletal and cardiac
muscle using adeno-associated viral vectors. In June 2024, the U.S. Food and Drug Administration
expanded the approval of delandistrogene moxeparvovec-rokl (Elevidys) to ambulatory individuals
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aged four years and older and granted accelerated approval for non-ambulatory individuals aged
four years and older with confirmed DMD mutations, while specifying important eligibility and
contraindication considerations.

The interpretation of these findings requires particular methodological caution. The FDA reported
that a large randomized study did not achieve its prespecified statistical primary endpoint for
improvement in the North Star Ambulatory Assessment, although secondary and exploratory
functional outcomes contributed to the regulatory determination of clinical benefit. This illustrates
the complexity of evaluating DMD therapies: molecular expression of micro-dystrophin does not
automatically translate into proportional functional improvement, and surrogate biomarkers must
therefore be interpreted in conjunction with clinically meaningful outcomes.

More recent research continues to demonstrate both the promise and uncertainty of AAV-
mediated mini-dystrophin therapy. A 2025 phase 1b study of fordadistrogene movaparvovec
reported one-year safety and tolerability data in ambulatory and non-ambulatory participants,
further expanding the clinical evidence base for systemic gene-transfer strategies. However,
durability of expression, immune responses, vector-associated toxicity, redosing limitations, and
long-term functional consequences remain critical areas requiring continued investigation.

Evidence-Based Medicine and Clinical Outcome Assessment

The evidence indicates that DMD therapeutics should not be evaluated exclusively according to
molecular endpoints. The North Star Ambulatory Assessment, timed motor tests, pulmonary
function measurements, cardiac imaging, strength assessments, patient-reported outcomes, and
quality-of-life measures provide complementary dimensions of therapeutic effectiveness. The
discrepancy between molecular biomarker improvement and certain functional endpoints in
gene-therapy trials demonstrates why robust endpoint hierarchies and adequately powered
randomized studies remain essential.

Evidence-based medicine is particularly important in DMD because natural-history progression is
nonlinear and strongly dependent on age, baseline motor function, corticosteroid exposure,
genotype, and disease stage. Consequently, historical controls can introduce substantial bias,
whereas carefully designed longitudinal cohorts and randomized controlled trials provide stronger
comparative evidence. At the same time, rare-disease research frequently faces recruitment
limitations, small sample sizes, heterogeneous populations, and ethical challenges associated with
placebo-controlled designs. These constraints necessitate methodological innovation without
compromising statistical rigor.

Cardiac and Respiratory Outcomes

The evidence strongly supports early and systematic cardiorespiratory surveillance. DMD-
associated cardiomyopathy may develop before overt clinical symptoms, and contemporary
cardiac recommendations emphasize regular assessment from the time of diagnosis.
Pharmacological management of myocardial dysfunction is directed toward delaying ventricular
deterioration and reducing heart-failure complications.

Respiratory management similarly represents a major determinant of long-term outcomes.
Progressive respiratory muscle weakness results in impaired ventilation and cough effectiveness,
increasing susceptibility to hypoventilation, secretion retention, atelectasis, pneumonia, and
respiratory failure. Contemporary respiratory recommendations support serial assessment of
respiratory muscle function, lung-volume recruitment, assisted cough techniques, and non-
invasive ventilation when clinically indicated. The 2024 UK respiratory consensus further
emphasizes standardized routine and emergency respiratory pathways for both children and
adults with DMD.
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These findings reinforce the concept that therapeutic success in DMD must be multisystemic.
Preservation of ambulation without adequate cardiac or respiratory protection cannot be
regarded as complete disease control.

Precision Medicine and Individualized Therapeutic Strategies

The integration of molecular diagnostics with clinical phenotyping provides the foundation for
precision medicine in DMD. Therapeutic selection increasingly depends on the specific pathogenic
variant, eligibility for mutation-directed treatment, age, ambulatory status, glucocorticoid
exposure, cardiac phenotype, respiratory status, immunological considerations, and patient-
centered treatment priorities.

The future therapeutic model is therefore likely to involve stratified treatment algorithms rather
than a universal pharmacological regimen. Genotype-guided exon skipping, gene-transfer
technologies, conventional glucocorticoids, emerging molecular agents, and supportive therapies
may ultimately be integrated according to individual molecular and phenotypic profiles. Genetic
modifiers and biomarkers capable of predicting treatment response could further improve
therapeutic personalization.

Multidisciplinary Treatment and Translational Implications

The results support a comprehensive multidisciplinary model involving neurologists, clinical
pharmacologists, geneticists, cardiologists, pulmonologists, rehabilitation specialists,
physiotherapists, endocrinologists, orthopedic specialists, nutrition professionals, psychologists,
and specialized nursing teams. Such coordination is essential because DMD produces interacting
skeletal, cardiac, respiratory, endocrine, orthopedic, nutritional, and psychosocial consequences.
International care recommendations similarly emphasize coordinated management across the
lifespan.

A major implication of the evidence is that innovative molecular therapies should complement
rather than replace established standards of multidisciplinary care. Gene therapy or dystrophin-
restoration strategies cannot eliminate the need for cardiac surveillance, respiratory monitoring,
rehabilitation, bone-health management, nutritional support, psychosocial care, and
pharmacovigilance.

The study demonstrate a substantial transformation in DMD therapeutics, from symptom-
oriented management toward mechanism-based and genetically informed intervention.
Nevertheless, the evidence remains characterized by important uncertainties concerning long-
term durability, clinically meaningful dystrophin thresholds, treatment sequencing, combination
therapy, immune-mediated complications, and equitable access. Future research should
therefore prioritize long-term comparative effectiveness studies, standardized functional and
patient-reported endpoints, biomarker validation, pharmacovigilance, real-world evidence, and
individualized therapeutic algorithms. The most clinically meaningful objective is not simply
restoration of dystrophin expression, but sustained preservation of neuromuscular function,
cardiorespiratory integrity, independence, quality of life, and survival.

MOLECULAR PATHOPHYSIOLOGY

The Dystrophin Protein: Structure and Function

Dystrophin is a large cytoskeletal protein encoded by the DMD gene, which spans approximately
2.4 megabases—one of the largest genes in the human genome. The full-length dystrophin
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isoform, Dp427, comprises 3,685 amino acids and is organized into four principal structural
domains: an N-terminal actin-binding domain, a central rod domain composed of 24 spectrin-like
repeats, a cysteine-rich domain, and a C-terminal domain. This architectural organization enables
dystrophin to function as a critical mechanical linkage between the intracellular actin cytoskeleton
and the extracellular matrix via the dystrophin associated protein complex.

The DMD gene produces multiple tissue-specific dystrophin isoforms through the use of distinct
promoters and alternative splicing. The full-length Dp427 isoform is predominantly expressed in
skeletal and cardiac muscle, as well as in the brain. Absence of this isoform leads to the severe
DMD phenotype, while residual expression of partially functional dystrophin isoforms results in
milder phenotypes, such as Becker muscular dystrophy (BMD). Brain involvement in DMD results
from the loss of the Dp427, Dp140, and Dp71 dystrophin isoforms, which regulate synaptic and
glial membrane architecture. The deficiency of these proteins contributes to cognitive impairment
through disrupted GABAergic signaling, altered neurovascular function, and an imbalance in
neuronal excitatory inhibitory transmission.

The Dystrophin Associated Protein Complex

Dystrophin is an essential component of the DAPC, a highly organized multiprotein complex that
plays a pivotal role in muscle fiber structural integrity. The DAPC comprises several proteins,
including dystrophin, syntrophins, dystroglycans, sarcoglycans, and neuronal nitric oxide synthase
(nNOS). Under normal physiological conditions, the DAPC provides mechanical stability to muscle
fibers and acts as a signaling hub anchoring signaling proteins and molecules to their functional
sites.

The multi-functional role of the DAPC extends beyond structural support to encompass critical
signaling functions. Dystrophin anchors the cytoskeleton to the DAPC, linking contractile elements
to the extracellular matrix. This linkage is essential for maintaining sarcolemmal stability during
muscle contraction and relaxation. Additionally, the DAPC serves as a scaffold for the localization
of signaling molecules, including nNOS, which plays a critical role in vasoregulation and muscle
blood flow.

Pathological Cascades Initiated by Dystrophin Deficiency

The loss of functional dystrophin leads to disassembly of the transmembrane DAPC, triggering a
cascade of pathological events that include chronic inflammation and failed regeneration. The
primary consequence of dystrophin deficiency is disruption of sarcolemmal stability, rendering
muscle fibers susceptible to contraction-induced injury. This mechanical fragility results in
increased calcium influx through sarcolemmal tears and stretch-activated channels.

The pathological consequences of increased intracellular calcium are multifaceted and
devastating. Elevated calcium concentrations activate calcium-dependent proteases, including
calpains, which degrade cytoskeletal and myofibrillar proteins. Mitochondrial calcium overload
impairs oxidative phosphorylation and promotes the generation of reactive oxygen species,
establishing a vicious cycle of oxidative stress and mitochondrial dysfunction. This bioenergetic
crisis ultimately leads to myofiber necrosis, which is followed by chronic inflammation, fibrosis,
and fatty infiltration.

The mislocalization of nNOS and reduced vascular endothelial growth factor (VEGF) impair
vasoregulation and exacerbate ischemic injury during muscle contraction. This functional ischemia
further compounds the metabolic stress on dystrophic muscle fibers. The chronic inflammatory
response, characterized by infiltration of macrophages and other immune cells, promotes ongoing
muscle damage while simultaneously impairing the regenerative capacity of muscle satellite cells.

Epigenetic Dysregulation in DMD Pathophysiology

152



«Academics and Science Reviews Materials» (August 20-21, 2026). Helsinki, Finland I

Emerging evidence implicates epigenetic dysregulation as a key driver in DMD disease
development and progression. One critical consequence of dystrophin loss and DAPC disassembly
is increased histone deacetylase (HDAC) enzyme activity. HDACs are evolutionarily conserved
enzymes involved in the epigenetic regulation of gene expression that remove acetylated groups
from the lysine of histone proteins. In dystrophic muscle, DAPC disassembly causes delocalization
of signaling proteins and, therefore, disrupts signaling pathways. Displacement of epigenetic
signaling molecules leads to the uncontrolled activity of HDACs and excessive removal of acetyl
groups from histone proteins. Consequently, chromatin becomes tightly bound, preventing the
expression of genes involved in muscle homeostasis.

HDAC hyperactivity has been observed in DMD animal models and patients with DMD. In
particular, DMD muscles display an aberrant, constitutive activation of HDAC2. The pathological
consequences of increased HDAC activity extend beyond muscle fibers, affecting several cell types,
translating into a chronically activated immune system, promoting fibrotic and adipose tissue
formation, and impairing muscle regeneration. As such, the inhibition of HDAC activity has
received attention as a therapeutic approach for treating muscular dystrophies.

MicroRNA Dysregulation in DMD

MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression post-
transcriptionally and significantly influence multiple pathological processes in DMD. Reduced or
absent dystrophin expression results in sarcolemmal instability, chronic inflammation, oxidative
stress, impaired muscle regeneration, and fibrosis. Specific miRNAs, including miR-146a, miR-155,
miR-378, and miR-711, modulate inflammation primarily through the NF-kB signaling pathway.
Others, such as miR-21, miR-31, miR-128, miR-144, and miR-379, regulate oxidative stress
responses via the NRF2 antioxidant pathway.

Muscle-specific miRNAs (myomiRs), notably miR-1, miR-133a/b, miR-206, miR-486, and miR-499,
are critical for muscle regeneration, and their dysregulation impairs satellite cell function and
muscle repair. Additionally, miRNAs such as miR-21, miR-29a/c, and miR-199a-5p play significant
roles in fibrosis development. The dysregulation of these miRNAs contributes to the complex
pathophysiology of DMD, underscoring their potential as biomarkers for disease progression and
therapeutic response.

GENETIC MECHANISMS

The DMD Gene: Genomic Architecture and Mutation Spectrum

The DMD gene is located on the X chromosome at Xp21.2-Xp21.1 and represents one of the
largest genes in the human genome, spanning approximately 2.4 megabases and comprising 79
exons. The gene encodes dystrophin, a cytoskeletal protein critical for the stability of muscle
fibers.

Mutations in the DMD gene are predominantly intragenic deletions, which account for
approximately 60-70% of cases. Other mutation types include duplications (approximately 10-
15%), point mutations, and small insertions or deletions-. The reading frame rule, first proposed
by Monaco and colleagues, predicts disease severity based on the effect of mutations on the
dystrophin open reading frame: out of frame mutations abolish dystrophin synthesis, leading to
the severe DMD phenotype, whereas in frame deletions produce partially functional proteins,
resulting in the milder Becker muscular dystrophy phenotype.

Genotype Phenotype Correlations

The correlation between genotype and phenotype in dystrophinopathies is complex and
incompletely understood. While the reading-frame rule provides a useful framework for predicting
disease severity, exceptions exist, and phenotypic variability among individuals with identical
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mutations is well-documented. Genotype-phenotype correlation studies in BMD patients have
revealed that mutations affecting the actin-binding domain or the R16/R17 nNOS binding domain
are often associated with more severe disease compared to BMD patients with other variants.
Furthermore, the R16—R19 regions have been found to be important for cardiac disease.

Brain involvement in DMD correlates with the location of mutations relative to the promoters and
isoforms expressed in the central nervous system. Mutations affecting the Dp140 and Dp71
isoforms, which are expressed in the brain, are associated with a higher prevalence of cognitive
impairment and neurodevelopmental disorders.

Genetic Modifiers of Disease Severity

Individuals with the same DMD mutation may exhibit marked differences in disease severity, with
modulation by modifier gene polymorphisms in genes distant from the DMD gene. Some genetic
modifiers that slow disease progression are represented by variants that affect the expression and
function of SPP1, LTBP4, CD40, THBS1, ACTN3, and TCTEX1D.

The LTBP4 gene has emerged as a particularly important genetic modifier in DMD. Isoleucine-
alanine-alanine-methionine (IAAM) homozygosity has been associated with early loss of
ambulation, resulting in the anti-fibrotic action of the IAAM haplotype of LTBP4 with an apparent
protective function from the onset and progression of DMD-related cardiomyopathy. Large
genomic mapping studies offer the potential to discover more disease modifying genes, allowing
for the identification of multi-locus interaction patterns and improving the prognosis of the DMD
population.

Advances in Genetic Testing

Genetic testing has become an invaluable tool in the management of Duchenne muscular
dystrophy, having evolved significantly in recent years. While it was once primarily used for
diagnosis, advances in next-generation sequencing (NGS), whole exome sequencing (WES), and
whole genome sequencing (WGS) now enable genetic tests to provide crucial insights into
predicted disease progression and cardiac involvement. These findings are essential for accurate
risk stratification, allowing for early identification of individuals at higher risk. This, in turn,
facilitates the initiation of protective treatments and the personalization of clinical monitoring,
ultimately improving patient outcomes and care.

Several approaches can be employed depending on the portion of the genome to analyze.
Targeted gene sequencing is a valuable approach for diseases with known disease causing genes.
Focused panels contain a set of genes associated with the inherited disease. Clinical exome
sequencing (CES) tests or Mendeliome are able to analyze more than 5,000 clinical genes
specifically related to known inherited diseases. WES allows for the analysis of all coding regions
(2%) of the DNA, and WGS tests all the DNA including intron and exon regions. The latter is the
most complex but the most useful for identifying alterations responsible for a disease for which
the responsible genes are unknown.

PHARMACOTHERAPEUTIC ADVANCES

Corticosteroid Therapy: The Current Standard of Care

Corticosteroid therapy remains the cornerstone of pharmacological management in DMD,
representing the only general therapeutic option that can slow disease development.
Pharmacological corticosteroids are the DMD standard of care; however, they have harsh side
effects and unclear molecular benefits. Corticosteroid therapy targeting the inflammatory damage
in DMD delays loss of ambulation by only 1-3 years in boys to 11-13 years of age.

The molecular mechanisms underlying corticosteroid efficacy in DMD are incompletely
understood. The glucocorticoid receptor acts locally to protect dystrophic muscle and heart during
disease. Despite their widespread use and demonstrated efficacy in Duchenne disease

154



«Academics and Science Reviews Materials» (August 20-21, 2026). Helsinki, Finland I

progression, corticosteroids are associated with significant adverse effects, including weight gain,
stunted growth, osteoporosis, and mood disturbance.

Vamorolone: A Novel Dissociative Corticosteroid

Vamorolone, the first dissociative corticosteroid for Duchenne muscular dystrophy, was approved
for treatment of boys with DMD by the FDA and EMA in 2023. Vamorolone is a mineralocorticoid
receptor antagonist (MRA) in humans. It reversed fludrocortisone-induced sodium retention
without altering potassium excretion, and there was no evidence of hyperkalemia effect in DMD
boys receiving vamorolone.

Clinical trial data from the Phase 1 mechanistic LIONHEART study and using serum samples from
boys with DMD in the pivotal VISION-DMD trial have demonstrated the biological profile of
vamorolone is differentiated from classic corticosteroids. Vamorolone showed comparable
efficacy with corticosteroids but without some of its long term, deleterious effects, such as stunted
growth, osteoporosis, and mood disturbance. Vamorolone may offer a safer treatment option
than long term corticosteroids. The mineralocorticoid receptor antagonism of vamorolone has
been evidenced from LIONHEART and VISION-DMD clinical trials.

Antisense Oligonucleotide Mediated Exon Skipping

Antisense oligonucleotide (AON)-mediated exon skipping represents a precision therapeutic
approach designed to restore the dystrophin reading frame in patients with amenable DMD
mutations. The US Food and Drug Administration (FDA) has granted accelerated approval for four
AONs to skip a single DMD exon for treating patients with DMD: eteplirsen for exon 51 skipping,
golodirsen and viltolarsen for exon 53 skipping, and casimersen for exon 45 skipping.

Eteplirsen received accelerated FDA approval for treatment of Duchenne muscular dystrophy with
mutations amenable to exon 51 skipping. The PROMOVI trial evaluated eteplirsen in patients with
DMD amenable to exon 51 skipping. More recently, brogidirsen, a dual-targeting antisense
oligonucleotide for exon 44 skipping, has been evaluated in a Phase 1/2 trial-. Brogidirsen has
shown sustained motor function benefits in a 3.5-year Duchenne muscular dystrophy trial.
DYNE-251, an investigational therapeutic for DMD, has demonstrated sustained functional
improvement in males with DMD mutations amenable to exon 51 skipping enrolled in the Phase
1/2 DELIVER trial. Entrada Therapeutics has received authorization in the European Union and the
United Kingdom to initiate ELEVATE-45-201, a Phase 1/2 multiple ascending dose clinical study of
ENTR-601-45 in patients living with Duchenne muscular dystrophy amenable to exon 45 skipping.
The exon skipping approach for DMD remains under development, and several chemical
modifications with improved properties are under preclinical and clinical investigation-. Despite
existing advantages of these modifications, their safety and effectiveness must be examined in
clinical trials, which are planned or ongoing.

Pharmacotherapeutic Outcomes

Glucocorticoid therapy remains a fundamental component of DMD pharmacotherapy because
corticosteroids can slow deterioration of muscle function and prolong ambulation. Their
therapeutic value, however, is counterbalanced by substantial cumulative toxicity, including
weight gain, growth impairment, osteoporosis, behavioral effects, hypertension, glucose
abnormalities, and other endocrine and metabolic complications. This therapeutic dilemma
illustrates a central principle of evidence-based pharmacotherapy: preservation of function must
be evaluated simultaneously with treatment-associated morbidity.

The results of contemporary clinical practice consequently favor individualized corticosteroid
selection, dosing schedules, monitoring, and adverse-effect mitigation rather than indiscriminate
long-term administration. The expanding therapeutic landscape also requires clinicians to consider
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potential interactions between established glucocorticoid treatment and mutation-specific or
gene-based interventions.

Gene Therapy: AAV Mediated Micro-Dystrophin Delivery

Adeno-associated virus (AAV) vector-based gene therapy represents one of the most promising
therapeutic approaches for DMD. Delandistrogene moxeparvovec (rAAVrh74 vector-based gene
therapy) has been approved in the US and other select countries and delivers a transgene
encoding an engineered micro-dystrophin. The FDA has approved this gene therapy product for
the treatment of patients with DMD.

Multiple gene therapy candidates are in various stages of clinical development. Fordadistrogene
movaparvovec (PF-06939926) is an adeno-associated virus serotype 9 micro-dystrophin being
developed for DMD. RGX-202 is designed to deliver a microdystrophin via AAV8 through a one-
time IV infusion. The Phase Il AFFINITY DUCHENNE study met its primary endpoint of at least 10%
microdystrophin expression at week 12, with 93% of patients achieving this threshold-. RGX-202
has been well tolerated in the Phase I/l portion of the trial with no serious adverse events in boys
aged 1-11 years old.

SGT-003 has shown promise in the Phase 1/2 INSPIRE DUCHENNE trial, with interim data showing
an average microdystrophin expression of 110% among participants at 90 days post-treatment. A
patient aged 3 years at the time of treatment achieved 122.3% microdystrophin expression
compared to control.

Gene Editing: CRISPR-Cas9 and Base Editing

Gene editing technologies represent the frontier of genetic medicine for DMD. GenAssist
Therapeutics has announced updated 52-week results from the first two patients enrolled in its
ongoing investigator-initiated trial of GEN6050X, a first in class base editing therapy for Duchenne
muscular dystrophy. This marks the first gene editing therapy for DMD to enter clinical evaluation
in the United States.

Utrophin Modulation

Therapeutic activation of endogenous utrophin, a dystrophin homolog, represents a mutation
agnostic therapeutic strategy with considerable potential for treating Duchenne muscular
dystrophy-. Activation of endogenous full-length utrophin presents an attractive therapeutic
strategy for DMD, regardless of mutation types and loci.

The small molecule utrophin modulator Ezutromid was shown to be safe and well-tolerated in
Phase 1 trials. In the Phase 2 study (NCT02858362), treatment for 24 weeks led to increased
utrophin expression and a significant reduction in muscle damage in DMD patients-. More
recently, systemic MyoAAV-saRNA delivery has been shown to activate endogenous utrophin and
rescue dystrophic pathology in mdx mice, establishing MyoAAV-saRNA as a promising and
translatable platform for utrophin induction.

HDAC Inhibition

The inhibition of HDAC activity has received attention as a therapeutic approach for treating
muscular dystrophies. Givinostat, the histone deacetylase inhibitor under current development as
a clinical treatment for DMD, is effective at both restoring a physiological microenvironment at
the neuro cardiac junction and cardiac function, with a reduction in cardiac fibrosis. Aberrant
activity of histone deacetylases is a pathological phenomenon in several diseases, including
Duchenne muscular dystrophy.

PRECISION MEDICINE
Biomarkers for Disease Monitoring and Prognosis
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The development of reliable biomarkers is essential for precision medicine approaches in DMD.
Large-scale serum biomarker discovery is now possible in DMD with the availability of high-
throughput proteomics platforms such as SomaScan. In a retrospective study, researchers had a
unique opportunity to combine robust and comprehensive clinical data from two large,
independent international cohorts of individuals with DMD along with serum levels of 6,628
proteins. The availability of extensive longitudinal serum samples and clinical data allowed not
only analysis of protein signatures associated with age and corticosteroid usage, but also
identification of novel proteins that could predict clinical function and motor milestones.
Proteins such as RGMA were found to predict both lower and upper limb clinical milestones
including loss of ambulation and loss of hand-to-mouth function. Furthermore, several proteins
were associated with an increased risk of a specific clinical milestone such as ART3 for loss of
ambulation. The ability to compare these findings across two independent cohorts demonstrated
the generalizability of these results.

Serum creatine kinase remains the most widely used biomarker in clinical practice, although its
utility is limited by substantial variability and its tendency to decline with disease progression-.
Increased dystrophin expression in muscle has been accepted as a surrogate endpoint for
accelerated approval of gene therapies within Duchenne muscular dystrophy. Plasma levels of a
titin fragment comprising amino acids 2,229-2,352 were found to negatively correlate with
dystrophin expression in mdx mice treated with AAV9-CK8-uDys5 micro dystrophin gene therapy.

Genetic Modifiers and Personalized Prognostication

The identification of genetic modifiers enables increasingly personalized prognostication in DMD.
Some genetic modifiers that slow disease progression are represented by variants that affect the
expression and function of SPP1, LTBP4, CD40, THBS1, ACTN3, and TCTEX1D. Understanding the
genetic modifier status of an individual patient may inform clinical decision making regarding the
timing of interventions and the intensity of monitoring.

Personalized Therapeutic Selection

The advent of genotype specific therapies has made personalized therapeutic selection a clinical
reality in DMD. The choice of therapeutic approach is increasingly guided by the specific mutation
present in an individual patient. Patients with mutations amenable to exon 51 skipping may be
candidates for eteplirsen, while those with mutations amenable to exon 53 skipping may be
candidates for golodirsen or viltolarsen. Gene therapy with delandistrogene moxeparvovec is
indicated for patients with confirmed DMD mutations regardless of specific exon location.

Emerging Diagnostic Technologies

Recent breakthroughs in DMD treatment include exon-skipping therapies, gene editing-mediated
reading frame restoration, and artificial chromosome transfer. Current diagnostic approaches
combine genetic testing for exon deletion/duplication analysis with ancillary methods which
include biomarkers such as serum creatine kinase. The integration of precision therapies with
cutting-edge diagnostic technologies promises to improve both prognosis and quality of life for
individuals with DMD.

EVIDENCE-BASED MEDICINE

Clinical Guideline Development

A coordinated, multidisciplinary approach to care is essential for optimum management of the
primary manifestations and secondary complications of Duchenne muscular dystrophy-. Evidence-
based clinical guidelines have been developed to standardize care and improve outcomes for
individuals with DMD.

157



Proceedings of the 14th International Scientific Conference

Respiratory care guidelines for Duchenne muscular dystrophy in the UK have been developed,
providing evidenced-based and/or consensus-based best practice for the respiratory care of
children and adults living with DMD. These guidelines, endorsed by the British Thoracic Society,
provide practical, reasoned recommendations for all those managing day-to-day and acute
respiratory care in children and adults with DMD.

Consensus recommendations for the delivery and monitoring of gene therapy in patients with
Duchenne muscular dystrophy have been developed by a group of clinicians and researchers
coordinated by the Muscular Dystrophy Association and Parent Project Muscular Dystrophy. These
guidelines outline recommendations for patient selection, institutional readiness, monitoring, and
adverse event management, particularly in the first three months after treatment. The guidelines
emphasize the importance of experienced multidisciplinary teams, real-time safety surveillance,
and transparent reporting to support patient safety and clinician decision making after treatment.
Systematic reviews have contributed substantially to the evidence base for DMD management. A
systematic review and meta-analysis of conservative non-pharmacological interventions in people
with muscular dystrophies followed Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. For children with Duchenne muscular dystrophy, trunk oriented
strength exercises and usual care were more effective than usual care alone in improving distal
upper limb function.

A systematic review of predictors of cardiac disease in Duchenne muscular dystrophy found
moderate- to high-quality evidence that cardiac medication and specific DMD mutations in exons
51 and 52 were significantly associated with lower risk of cardiomyopathy. High-quality evidence
was found that glucocorticoids (deflazacort) are beneficial for cardiac outcomes-. A systematic
review of pharmacologic therapies for the cardiomyopathy of Duchenne muscular dystrophy has
also been conducted.

Evidence Gaps and Research Priorities

Despite the substantial evidence base supporting current DMD management, significant
knowledge gaps remain. Regarding gene therapy, significant knowledge gaps remain regarding
long term safety, durability, and optimal timing of dosing, particularly for patients with advanced
disease. Researchers do not fully understand how combination therapies and genetic background
may impact the response to gene therapy. To address these gaps, ongoing real-world data
collection, cross-center collaboration, and flexible adaptation of clinical protocols are essential.
While current guidelines are based primarily on clinical expertise rather than well-established
evidence, they provide a foundation to support administration of gene therapy for patients with
DMD.

EMERGING MULTIDISCIPLINARY TREATMENT STRATEGIES

The Multidisciplinary Care Paradigm

The cornerstone of DMD treatment includes pharmacological therapies, physical and occupational
therapy, respiratory support, and cardiac care. A coordinated, multidisciplinary approach to care
is essential for optimum management of the primary manifestations and secondary complications
of Duchenne muscular dystrophy. Currently, there is no curative treatment for Duchenne
muscular dystrophy or its cardiovascular complications. However, the use of glucocorticoids,
physical rehabilitation, non-invasive mechanical ventilation, and multidisciplinary management
with a cardiorespiratory and orthopedic focus have been shown to modify the natural history of
the disease.

Respiratory Care
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Respiratory complications represent a major cause of morbidity and mortality in DMD. The
development of respiratory care guidelines for Duchenne muscular dystrophy in the UK has
provided evidenced-based and/or consensus-based best practice for the respiratory care of
children and adults living with DMD, both as part of routine care and in an emergency. The
guidelines encompass respiratory issues seen in children and adults across the various stages of
DMD and seek to address specific concerns raised by patients, their carers, and clinicians in
relation to access to appropriate, high-standard respiratory care. The recommendations are
presented in the form of a flow chart for assessment and monitoring, with additional guidance
and a separate chart setting out key considerations for emergency management.

Cardiac Care

Cardiac health is a critical aspect of DMD management-. Cardiac care is equally critical, given the
high incidence of dilated cardiomyopathy in DMD patients-. Cardiac medications were prescribed
to 82.1% of patients in a South Korean study, with beta-blockers being the most common.
Predictors of cardiac disease in Duchenne muscular dystrophy have been systematically reviewed,
with moderate to high quality evidence that cardiac medication and specific DMD mutations in
exons 51 and 52 were significantly associated with lower risk of cardiomyopathy-. High-quality
evidence was found that glucocorticoids (deflazacort) are beneficial for cardiac outcomes. The
synergistic integration of small molecule and gene target based drugs with metabolic, immune, or
ion balance enhancing compounds into a combinatorial therapy offers potential for treating
dystrophin deficiency-induced cardiomyopathy.

Physical and Occupational Therapy

Physical therapy plays a vital role in maintaining muscle strength and joint flexibility. For children
with Duchenne muscular dystrophy, trunk-oriented strength exercises and usual care were more
effective than usual care alone in improving distal upper limb function. Following loss of
ambulation, the main management focus shifts to cardiac, respiratory, orthopedics, nutrition, and
upper limbs function.

Transition from Pediatric to Adult Care

An increasing number of patients with Duchenne muscular dystrophy now have access to
improved standard of care and disease modifying treatments. Essential components of an
effective transition from pediatric to adult neurologist care for adolescents with Duchenne
muscular dystrophy have been established through a consensus derived using the Delphi
methodology-. This consensus details the results of a consensus among clinicians on transitioning
adolescent DMD patients from pediatric to adult neurologists that can act as a guide to best
practice at every stage of their journey-. Transition from pediatric to adult services and from the
ambulatory to non-ambulatory phase requires careful coordination.

Treatment of Non Ambulatory Patients

Treatment of DMD patients at any stage of the disease is based on supportive and symptomatic
measures, which should be continued after loss of ambulation-. In addition, disease-modifying
drugs are available for the treatment of DMD, and glucocorticoids are the usual standard of care
treatment even beyond the loss of ambulation-. Ataluren has been approved for nonsense
mutation DMD (nmDMD), which applies to approximately 13% of DMD patients and is usually
combined with steroids.

FUTURE DIRECTIONS
Integration of Emerging Therapies into Clinical Practice
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The remarkable advances in genetic therapies for DMD including exon skipping, gene therapy, and
gene editing—present both unprecedented opportunities and substantial challenges for clinical
implementation. The integration of these precision therapies with cutting-edge diagnostic
technologies promises to improve both prognosis and quality of life for individuals with DMD.
However, significant challenges remain regarding equitable access, long-term safety monitoring,
and optimal integration with existing standards of care.

Combination Therapy Approaches

The future of DMD therapeutics likely lies in combination approaches that target multiple
pathogenic pathways simultaneously. The synergistic integration of small molecule- and gene-
target-based drugs with metabolic, immune, or ion balance-enhancing compounds into a
combinatorial therapy offers potential for treating dystrophin deficiency induced cardiomyopathy.
Corticosteroid therapy combined with genetic therapies may provide additive or synergistic
benefits, although the safety and efficacy of such combinations require careful evaluation.

Addressing Unmet Needs

Despite substantial progress, significant unmet needs persist in DMD care. These include the need
for therapies that address cardiac and respiratory involvement, the development of biomarkers
that can reliably predict therapeutic response, and the optimization of care for non-ambulatory
patients-. The treatment of DMD patients at any stage of the disease requires continued attention
to supportive and symptomatic measures.

Global Health Equity

The substantial cost and complexity of emerging DMD therapies raise important questions about
global health equity. Access to advanced therapies remains limited in many parts of the world,
creating disparities in outcomes that mirror broader patterns of healthcare inequality.
International collaborations and advocacy efforts are essential to ensure that the benefits of
scientific advances are accessible to all individuals with DMD, regardless of geographic location or
socioeconomic status.

The Role of Patient Advocacy

Patient advocacy organizations have played an instrumental role in advancing DMD research and
care. Organizations such as Parent Project Muscular Dystrophy have coordinated the development
of consensus guidelines, funded research, and advocated for policy changes that benefit the DMD
community. Continued engagement of patient advocacy groups will be essential for ensuring that
research priorities align with patient needs and that emerging therapies are accessible to those
who need them.

Summary

Duchenne muscular dystrophy is a complex X-linked neuromuscular disorder caused by
pathogenic variants in the DMD gene and consequent deficiency or absence of dystrophin. Its
pathogenesis involves sarcolemmal instability followed by calcium dysregulation, oxidative stress,
mitochondrial dysfunction, inflammation, fibrosis, impaired regeneration, and progressive skeletal
and cardiac muscle degeneration. The clinical phenotype is therefore multisystemic,
encompassing progressive motor weakness, loss of ambulation, respiratory impairment,
cardiomyopathy, contractures, bone and endocrine complications, and neuropsychological and
psychosocial manifestations. These features require continuous surveillance and coordinated
multidisciplinary management.

160



«Academics and Science Reviews Materials» (August 20-21, 2026). Helsinki, Finland I

Advances in molecular genetics have fundamentally changed the therapeutic paradigm. Genotype
characterization now contributes not only to diagnosis and family counseling but also to treatment
selection, clinical-trial eligibility, prognostic assessment, and precision medicine. Corticosteroids
remain an important component of disease-modifying care, although their long-term adverse
effects necessitate individualized risk-benefit assessment. Mutation-specific antisense
oligonucleotide therapies have introduced exon-skipping strategies designed to restore the
translational reading frame in eligible patients. Pharmacological approaches such as histone
deacetylase inhibition further demonstrate the potential to modify downstream mechanisms of
muscle degeneration.

Gene-transfer technologies, particularly micro-dystrophin strategies, represent another major
translational advance by attempting to restore dystrophin-related function despite the size
limitations of the full-length gene. However, immune responses, vector delivery, durability,
redosing limitations, and uncertainty regarding long-term clinical benefit remain important
challenges. Accordingly, molecular innovation must be evaluated through rigorous evidence-
based frameworks incorporating clinical outcomes, safety, durability, patient-centered benefit,
and pharmacovigilance.

The contemporary DMD management is evolving from predominantly supportive treatment
toward an integrated precision-medicine model that combines genetic diagnosis, disease-
modifying pharmacotherapy, emerging gene-based interventions, cardiopulmonary protection,
rehabilitation, nutritional and endocrine management, psychosocial support, and longitudinal
monitoring. The principal future objective is not simply to increase the number of available
therapies, but to determine how complementary interventions can be strategically integrated
according to genotype, disease stage, organ involvement, treatment response, and individual
patient needs. Such an evidence-informed multidisciplinary approach offers the strongest
framework for preserving function, reducing complications, prolonging survival, and improving
quality of life in individuals with DMD.

Duchenne muscular dystrophy represents a paradigmatic example of how advances in molecular
biology, genetics, and pharmacology can transform the understanding and management of a
devastating genetic disorder. The identification of the DMD gene and the elucidation of
dystrophin's role in maintaining muscle integrity laid the foundation for the development of
targeted therapies that were unimaginable just a few decades ago.

The molecular pathophysiology of DMD is now understood in considerable detail, encompassing
not only the mechanical consequences of dystrophin deficiency but also the complex interplay of
calcium dysregulation, oxidative stress, mitochondrial dysfunction, inflammation, fibrosis, and
epigenetic dysregulation. The genetic mechanisms underlying DMD have been characterized,
revealing a spectrum of mutations and the role of genetic modifiers in modulating disease severity.
Pharmacotherapeutic advances have expanded from the glucocorticoid-based standard of care to
include novel dissociative corticosteroids such as vamorolone, antisense oligonucleotide-
mediated exon skipping, AAV vector-based gene therapy, and gene editing. The principles of
precision medicine are being applied through biomarker discovery, genetic modifier identification,
and personalized therapeutic selection. Evidence-based medicine frameworks provide guidance
for clinical decision-making, while multidisciplinary care strategies address the full spectrum of
disease manifestations.

The convergence of these advances holds the promise of transforming DMD from a uniformly fatal
childhood disease to a manageable chronic condition. However, realizing this promise will require
continued investment in research, sustained commitment to evidence-based practice, and
unwavering dedication to ensuring that all individuals with DMD benefit from scientific progress.
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CONCLUSION

Duchenne muscular dystrophy (DMD) represents a paradigmatic example of a genetically
determined, multisystemic neuromuscular disorder in which molecular pathophysiology,
progressive skeletal-muscle degeneration, cardiomyopathy, respiratory insufficiency, functional
decline, and psychosocial complications converge to produce substantial lifelong morbidity. The
scientific discourse surrounding DMD has progressively evolved from a predominantly supportive-
care model toward an integrated therapeutic paradigm incorporating molecular genetics,
translational medicine, pharmacology, precision medicine, and evidence-based multidisciplinary
management. Central to this evolution is recognition that pathogenic alterations in the DMD gene
and consequent dystrophin deficiency disrupt sarcolemmal integrity, initiate membrane
instability, calcium dysregulation, chronic inflammation, oxidative stress, myofiber necrosis,
fibrosis, and ultimately irreversible loss of muscle tissue.

Contemporary pharmacotherapeutic strategies, particularly glucocorticoid therapy and emerging
dystrophin-restoring or mutation-directed approaches, have demonstrated the potential to
modify disease trajectories, although therapeutic effectiveness remains heterogeneous and
frequently constrained by adverse effects, genotype-specific eligibility, limited tissue penetration,
and progressive disease biology. Exon-skipping technologies, micro-dystrophin gene-transfer
strategies, and other molecular interventions represent important advances in precision
therapeutics, while ongoing investigation into genome editing, myostatin modulation, anti-
inflammatory mechanisms, fibrosis inhibition, mitochondrial dysfunction, and regenerative
approaches may further expand the therapeutic landscape. Nevertheless, these innovations
should be interpreted within an evidence-based framework that distinguishes biologically
promising interventions from therapies supported by robust clinical outcomes.

Optimal DMD management therefore requires sustained multidisciplinary coordination involving
neurologists, clinical pharmacologists, geneticists, cardiologists, pulmonologists, rehabilitation
specialists, orthopedic clinicians, nutrition professionals, psychologists, and other healthcare
practitioners. Early genetic diagnosis, individualized therapeutic selection, continuous cardiac and
respiratory surveillance, preservation of mobility, management of glucocorticoid-associated
complications, and proactive psychosocial and educational support remain fundamental
components of comprehensive care.

The future of DMD therapeutics will depend upon integrating molecular diagnosis with
individualized risk stratification, pharmacogenomic principles, longitudinal biomarkers, real-world
evidence, and rigorously designed clinical trials. Precision medicine should therefore be
conceptualized not merely as mutation-specific treatment, but as a continuously adaptive strategy
integrating genotype, phenotype, disease stage, comorbidities, treatment response, safety, and
patient-centered outcomes. The convergence of molecular therapeutics, advanced
pharmacotherapy, evidence-based medicine, and multidisciplinary care offers a scientifically
credible pathway toward transforming DMD from a relentlessly progressive disorder into an
increasingly manageable chronic disease, while continued translational research remains essential
to achieving durable functional restoration and ultimately curative treatment.

RECOMMENDATIONS

Based on the current scientific understanding of Duchenne muscular dystrophy (DMD), several
strategic recommendations can be proposed to strengthen disease prevention, diagnosis,
treatment, and long-term patient outcomes.

Early molecular diagnosis and comprehensive genetic characterization should be prioritized to
facilitate timely intervention, genetic counseling, family screening, and identification of patients
eligible for genotype-specific therapeutic approaches.
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DMD management should adopt a precision-medicine framework integrating genotype,
phenotype, disease stage, functional status, comorbidities, treatment response, and individual risk
factors. Pharmacotherapeutic decisions should be guided by high-quality clinical evidence, with
continuous assessment of therapeutic efficacy, tolerability, drug interactions, and long-term
safety.

Multidisciplinary care pathways should be systematically implemented, incorporating neurology,
clinical pharmacology, genetics, cardiology, pulmonology, rehabilitation, orthopedics, nutrition,
psychology, and specialized nursing. Regular cardiac and respiratory surveillance is particularly
important because cardiomyopathy and respiratory dysfunction remain major determinants of
morbidity and mortality.

Continued investigation of exon-skipping, gene-transfer technologies, genome-editing strategies,
regenerative medicine, anti-inflammatory interventions, antifibrotic therapies, and novel
molecular targets should be encouraged through rigorously designed clinical trials. Long-term
real-world evidence should complement randomized controlled trials to establish durability,
safety, comparative effectiveness, and clinically meaningful patient outcomes.

Healthcare systems should strengthen equitable access to genetic testing, disease-modifying
therapies, rehabilitation, assistive technologies, and specialized multidisciplinary services. Patient
and family education should remain integral to care, supporting informed decision-making,
adherence, psychosocial adaptation, and quality of life. Future research should increasingly
prioritize functional independence, survival, patient-reported outcomes, and meaningful
improvements in daily living rather than relying exclusively on surrogate biomarkers. Through
sustained integration of precision medicine, evidence-based pharmacotherapy, translational
research, and coordinated multidisciplinary care, the therapeutic management of DMD can
continue progressing toward more effective, individualized, and potentially disease-modifying
strategies.
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