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Mno6anbHi TpaHcdopmauii Ta CTPYKTYPHI
npioputTeT po3BUTKY €KOHOMIKM
arpocdepu YKpaiHm

Naesnuk Bonogumup MNerposuu’

'KaHIMOAT TEXHIUHMX HaykK, CTapluii HAyKOBUM CHiBpOOIiTHMK, CTapUMii HAYKOBMIA CHiBpOO1THUK
Biomismy MomnesmoBaHHSA Ta NPOTHO3YBAHHS €KOHOMI1UHOTO PO3BUTKY;
IIY «IHCTHUTYT €KOHOMIKM Ta HNPOI'HO3yBaHHsS HAH Yxpaiunm»; Ykpaiha

AHoTaniss. BukjameHO MeTOHOJIOTiuHl moJioXeHHsS mono rJyobaylbHMX TpaHcbopMmanin
eKOHOMikM arpocdepm, BCTAHOBJIEHHS 11 CTPYKTYPHMUX HOpiopurerie. PO3BMHYTO Teopio
CUCTEMHOTO YNPaBJI1HHSA. YIOOCKOHAJIEHO CMHTE3 MaKPOEKOHOMIUHMX IIOKABHMKIB PO3BUTKY
arpocdepn YKpalHM Ha OCHOB1 po3pobiieHol iHdopMaTmzanirHol MaTpmii.

KnoyoBi cioBa: MakpOeKOHOMIKa, yMNpaBJIl1HHS, arpocepa.

Bcryn. HoBi wmMeTogmoJsioriunHi noJjioxeHHd B ITuiobajisauniil
EKOHOMikM arpocdepm 3B'sg3aHl i3 BUKOPUCTAHHSAM €IOMHMUX IJIS yCix
KpalH CBliTy MNPMHLMILIB OOTPYHTYBaHHS KI1HIEBUX pPe3yJabTaTliB
BUPOOHUIITBA M peatiszsanii ii nponykuii. [IigrpyHTSM y HBOMY €
1HHOBAU1MHI MeTOIM y NPMMHATTI1 YHNPAaBJ1HCBKMX PllleHb Ha OCHOBI
YIOOCKOHAJIEHHSA IJIaHyBaHHA, KOHTPOJIO, opraHizauniil Ta
peryJioBaHHsS TOCHOINAapChbkol xmiganbHOCTi B arpocdbepi. JocsarTtu
ebexTMBHOCT1 B HiV MOXJIMBO IPM NeBH1M BIiANOBIiIOHOCT1 CTPYKTYPU
ynpaBJiinHa 1 moro meTu. OCK1iJIBKM, caMe CTPYKTypa BUKIMKAE Y
HayKOBII1B CKJIaOHiCTB nepenbayvaTu B3a€EMO3B'g930K Mix
MakKPOEeKOHOMIUHMMM IIOKa3HUKAMM PO3BUTKY arpochepu, TO e Iajio
nimcrary 30CepemmMTyV Ha LbOMY 1ixX yBary. OCHOBHUMMU CTPYKTYPHUMM
eJIeMeHTaMM CUCTEeMM YIHIPAaBJIiIHHSA BBaXaeMO BUPOOHMITBO arpapHOl
nponykuii, 1i puHOK, iHbopMauilo Opo HbBOTO 1 camy arpocdepy Ay
ob'exT pocaimxenHsa. IJyoBasbHi TpaHcdopMauil B @ yHnpaBJiHHI
arpocohepon OyIoyThb BioOyBaTHCHd Ha OCHOB1 YIOOCKOHAaJIeHHSA
JIaHyBaHHsS, KOHTPOJIO, OpraHizauii Ta peryJioBaHHS BUPOOHUIITRBA,
PMHKY, 1HQopmallii, arpocdepm BUXOOSUM 13 BCTAHOBJIEHHS IO HUX
BMMOI' Ta BMBHAUEHHSA BlAONOBlOHUX KpUTepilr edexTMBHOCTi. 3
TOUKM S0Py TOTO, mo OyOb-sSKa CUCTeMa yNpPpaBJI1HHS MNOBMHHA MaTU
YMOBY PiBHOBArM - 3OAaTHOCTI1 MmoBepTaTmMcs niciasg nii Ha Hel
BiOnoBigHMX UMHHMKIB Yy IEeBHMM CTaH, TO B IaHOMY BUIaIKy

This work is distributed under the terms of the Creative 5
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).
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mouinpHMM B cucTeMl ynpaBJiiHHA arpochepown e 3abesmnedeHHs 11
exoHOMiuHOI piBHOBarmM, TOOTO NPM TakKiM yMOoB1l, sSka IacTb 3MOTY
30iVCHUTK PO3B'sa3aHHA uLiei cucTeMm. 3asHauuMMO, MO KOJIU
cucTeMa HeMa€ PO3B'sg3aHHS — eKOHOMiuHa Il piBHOBara BiIOCYTHS.
Ipr uboMy 1cHye 1HIMM CTaH MaKpPOEeKOHOMIUWHOT'O PO3BUTKY
arpocdoepu, gxkoMy BimmomimaoTb —agmucbasaHcu, nucnponopnii,
IPUUVHOIO AKUX € HeBM3HAUEH1CThH, BUIMIAOKOB1CTH Ta
HeOOTPYHTOBAHICTE YNPaBJ1iHCBKMX pilleHb Yy BMBHAUEHH1 UMHHUKIB,
Akl mpuMManTbCS IOJS Oi1 B BasHauveHin cucremi. [lo cyTi icHye
BimcyTHicTp B3aemMomil BiAMNOBIiOHMX UMHHMKIB Ta LijlecnpsMoBaHa
ix @nis vy I»OOCHATHEeHH1 K1HIEBOIO pesyJbTaTy I'OCIONAPOBAHHS
arpochbepn. 3 orJyAmy Ha e, MaeMO OB1 Bamadi: nepma -
3abes3reyeHHss BMMOT €KOHOM1uYHOI piBHOBarm, 3amava OaJlaHCy
cucTeMu YHOPaBJiHHSA  arpocbepown, Ta IOpyra - (bopMyBaHHSA
KpurepiiB ebexkTMBHOCTI1, Bamada poO3MNOIiJly PecypcCiB cucTeMmu
ynpaeJjiiHHa arpocoepon. PosB'azaHHA Opyrol =Bazaui B uijoMmy
OOYMOBJIOBATMMETHLCS ITOCTAHOBKOK Mepmoi 3amadi, OCKiJbKM Ipyra
3amada  3aJlexuTb Bin nepmon. TakMM UMHOM, I[IPOINOHYKTBLCS HOBI
METOINOJIOT1UH1 MOJIOXEeHHS, SK1 I'PYHTYITHCS Ha LiJIocCHOMYy OaueHHI1
IpolecliB BMPOOHMIUTBA M peajizauill nOpondykuil arpocbepwu,
B3aeMO3B' 3Ky MAaKPOEKOHOMIUHMX I[OKa3HMKIiB, UMHHMKIB, gki 1IX
XapaKTepu3ynTh Ta NOCATHEHHS €beKTMBHOTO KIiHIEBOTO Pel’3yJbTaTy
11 rocHnomapiBaHHA Bln nepenbadeHHS L1JeCHpAMOBAHOIL I1Ix HOil B
cucTeMil ynpaBJIiHHS arpochepon.

Ananis mxepen Ta HanpsiM PoOBE 'si3aHHsS npobJsemn.
3o0cepemxeHHs HAYKOBLUSAMM Ha  SKOMYCb OIHOMY CTPYKTYPHOMY
eJjleMeHT 1 cucTeMu  YyIOpPaBJiiHHA  arpocdeporn He  Hae  3MOTy
BCTAHOBUTU CYKYIIH1CTb B3aEMOOinUMX Ta B3aeMO3aJIeXHUX
MakKpPOEeKOHOMI1UHMX TIIOKA3HMKIB 11 pPO3BUTKY. K OPaBUIIO HUMU
BUOI1JIAITECA BUPOOHUIITBO 1 OKPEeMO PMHOK, 1 He 3ramyeThbcsa o0'exT
IoCJimxeHHa - arpocdepa, IJjg HKO1 XapakTepHO B3aeEMOnis
BUPOOHUILTBA NOPOOykKUii i3 Ii pumHkoM. IIpo poJsb iHQopMauili gax
3BOPOTHOTO 3B'aA3ky Mix apocdheporw 1 11 BUPOOHUITBOM Yy
nybsikanigx  HaAYKOBILLB He BKalsyeThLCH. lle mae nigcraBy
CTBEPIXYyBATH, IO MEHEIXMEeHT - YIPaBJiHHS 1 MapKeTuHI - PUHOK,
a pa30oM MapKeTUMHTOBUM MEeHEeIKMEeHT - PMHKOBEe yNpaBJI1HHA,
pekJaMa Ak 1HbopMaliVHe NOPOCYBAaHHSA NPONYKL11 Ha PMHKY 30BCiM
He BinnoBimamoThb OCHOBHUM IPUHLUIIAM nodymoBm cucTeMu
ynpaBJiiHHa 00'ekTa, WO IOOCHAiOXyeTbCs, OCKIJBKM 11 CTPYKTYPHIL
eJIeMeHTM He B3aEeMONilTh OIMH 3 OOHMM, He nepenbavaeThbCsa aHallis
ix omMHaMiku, MaTeMaTmuuHe BinmoGpaxeHHs BiOMNOBlOHMX
3aKOHOM1pPHOCTEMN, TeHOeHL 1M PO3BUTKY . ToMy  YHOPaBJI1HCBKI
pimeHHS Ha OCHOB1 1CHYKOUMX METOHNOJIOT1UHMX I[IOJIOXEeHL OyIyThb
HeedeKkTVBHMMM . ['OJIOBHMM, Ha IO HE 3BEPTAETLCH yBara HAyKOBII1B

This work 1s distributed under the terms of the Creative
6 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeRCONF

SdenTIFc PUbLEHNG CenTen

REGIONAL ECONOMY

€ BuUOiJieHHs 00'€eKTa IOCHiIXEeHHs AK L1JI1CHOT'O eJlIeMeHTa CUCTEMU
YIOPaBJIIHHS HUM, PO3IJISI CKJIAOOBMUX IIpolecirB, gKi y HbOMY
BinmBOyBamwTbCsa BUPOOHMIUTBO M peajiizsauis npomykuii, ix 3B'sS30K
3a IOOIIOMOT 00 BinmnorimHOI inbopmanii. BpaxoBynuu BUIIE
BUKJIAOEHE, ODTPYHTYEMO Hanpsam PO3B'4a3aHHA npobyeMmu -
ebexTMBHICTE CHUCTeMM YHOPaBJIiHHA arpocdepoi B KOHTEKCTI
TJ1006aJIb HMX TpaHchopmallinm 11 €KOHOMI1 KM Ta BimnoBimHMX
CTPYKTYPHMX OpiopmreTiB. OIS LIBOTO CKOPUCTAEMOCS OCHOBHUM
1HCTUTYLiMHMM [OPMHLOUIIOM - pPel3yJdbTaT Ha BuUXonl cucreMu
ynpaBJiiHHga o6'ekTa, WO HOCIHiIXYyETHLCS, 3aBXIM OOYMOBJIOETBHCS 11
BXOIOM, TOMYy B3MiHK0OUM Bxin OyImeMO OHNEepXyBaTM XaPaKTEePHWUM g
HBEOTO BUMX1I, a OCKiJbKM BaxjIMBMM € BUX1iO, TO 3ajanuu MOoTo
bynemMo QopmyBaTM BxXim. BesyMoBHO, mo Bxim 1 @ Buxim -
MaKpPOEKOHOM1UHI MOKa3HMKM, HK1 XapakTepu3yoTb CTPYKTYpPHIL
eJIEMEHTM CUCTEeMM yINpPaBJiiHHA 00'ekTa, WO OOCHimXylThCsa OyIyTh

Bimpisuarucsa ceoew dopMajizaniein - cOiBBipHOWEHHAM, aje Lle
BKasyBaTKME JIMIIE Ha IX POJIb Ta BHAUeHHS Yy NoOymoBil 3asz3HaueHOIl
cucTeMu ynpapjiHHg. TakMM UMHOM, Ha WO I[IPMBEPHEMO yBary

HayKOBL1B, lle NOPSAlOoK NOOYyHOBM CHUCTEMMU yIpaBJIiHHA arpocdepon,
IIOCJI1OOBHICTE, 3 AKOK0 NPUMMATUMMYyTbLCS YIPAaBJI1HCBKL pllleHHS Ta
Te, mo OyIe BM3HAUATU I1X edeKTuBHiCTh. OCKiJNbKM, PO3B'A3aHHHA
OyOob—gaKO1 CHUCTEMM, B0KpeMa CUCTeMM YIOpPaBJiHHS arpocdepoi
nepenbadae BUMKOPMCTAHHSA MaTpMlb, TO B 11 OCHOBY IIOBMHHA
CTAaHOBMUTM iHbOpMaLiVHa MaTpuLsa - 3IBeleHa y Buraani rabimii,
B 4KiM BipmobpaxalnTbCcs JI1HiIMHI PlBHSHHSE, MO BKAa3yOThH Ha
3ajJieXxXHicTh MiX BUMXIOHMMM ¥ BX1IJOHMMM  MaKpPOEKOHOMIUHMMU
IIOKa3HMKaMU eJIEMEHT1B CUCTEMU yIpaBJliHHSA arpochepon.
[locninoBHICTE YHOPABJI1lHCBKMX PllleHb BMBHAUYATUMETHCH BUXONSUU
i3 BagigHMx BeMeJyibHUX, TPpYOoBUX, GiHaHCOBUX pecypciB vy
BUPOOHULTBO TNpOonykuil arpochdepm, a 1iIx edbexkTMBHICTL - Ha
CKinmbKkM L1 pecypCM BiANOBimalwTh BUTpaTaM IIPM [IE€BHOMY PI1BHIO
INOMUTY ¥ HOPpOono3mMuil nponykuil arpocdepm, Ha OCHOB1 BUSABJIEHHSA
nepeBuUTpPaT.

IOuckycii. Y npuponi npouecu rnos'ss3aHl 13 XUTTeXigalbH1CTTO
JIIOOVHY, BinOyBalnTbCcsa XaoTMUHO, MalTh BUIAIOKOBMM xXapakTep,
OPUBECTM 1X Yy IEBHUNM NOPAOOK Ha KOPUCTHL JIOOMHI, MOXe TiJbKU
caMa JIoOMHa, BJIQCHMM PO3YyMOM, CIPAMOBYKUM 1X y HaJIeXHe, OaxaHe
pyciyio, Hanpam. YacoM, HeImoCTaTH1 TJayMayeHHSI B TepMiHOJOTii 3
Teopll CMCTEMHOTO YIPaBJIlHHA Ta OPaKTUUHOMY 11 BUKOPMCTAHHIL
CTBOPKITH IMCKYyCll y HAyKOBL1B mMOIO TaKMX TepMiHiB: 3akpuTi
- izonbomBaHi, BimkpuTi cCcmMcTeMmM, HEeBUAOMMA pyKa PUHKY -— IIpPOLecC
caMmoperyndauii, perymndauiga i IPOTUIIEXHA i nmeperynauisg,
LeHTpanizanisa Ta »OelueHTpalNisanis, BiAODOBiOHO  yHOPaBJiHHSA

3BEepPXy Yy Hu3 abo BHU3Y BITOPY, BUKJIMKAKTb TEOPEeTUUHY
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HEe3PO3yMiJiicTh, OCKIJIBKM BKA3YKTbL Ha IIPOTMJIEXHICTBH TOI UM
iHmol @mii JIOOMHM, OpPTaHlB »OepXaBHOIL BJaoM B YIPaBJIiHHI
ob'exToM, moO mocaimxyerbcsa. CnpaBa Yy TOMY, IO BaKOHU
yaopaBiiHHg Oynob-gKoro o00'ekTa BM3HAUAKTL CTAaH OO IOii JoOuHM,
OpTraHiB IepXaBHOI BJIaOXM Ha HBLOTO Ta IIicJjsa, LeM cTaH Moxe OyTwu
HacnigkoM xaoTuduHOl abo uijlecnpsaMoBaHol npii. Beaxaemo, o
3as3HayYeHl TepMiHM € HEeTOUYHMMM, a OTXe, He BimobpaxaTuMyTb
CYyThb yIpaBJIiHHSA, nodbymoBaHy Ha 7oTo OCHOB1 cucTeMmy
MaKpPOEKOHOMI1YHOTO pPeTryJIoBaHHS IIOKA3HMKIB PO3BUTKY arpochepu
B pisHMX KpaiHax cBiTy. CyTb yOpaBJIlHHS nojigrae y ToMy, OO
IIOCTYIIOBO Binm rJlaHyBaHHS, KOHTPOJI, opraHizanii
TOCIoIapoBaHHA IepeuTu OO MOoTOo peTlyJioBaHHA, Yy  LbOMY
IPOABJISETLCS EOVHUNM HAYKOBMUM, METOHNOJIOTiuHMNM ninxim nms
ycix KpalH cBiTy, AKUN BUBHaAUYATUME eheKTUBHICTDL
byHkuioHyBaHHa arpochepmu y HUX. BpaxoByOUM BUIEBUKJIIANEHE
OouiJlbHO B Teopll CHMCTEMHOTO YyNPaBJIiHHA 3aMicTb TepMiHIB
3akpuTi - 130JbOBaHi, BigkpuTi CHCTeMM BUKOPUCTOBYBAaTU
3aMKHYT1 Ta PO31IMKHYT1 CHUCTEeMM PeryJiloBaHHA BlANOB1OHMX
MaKpPOEeKOHOM1UYHMX TIIOKa3HUKiB o00'exTa, mo »mocaimxyerbcs. 3

TOUKM B0PY LBOTO PETYJIOBAHHS — PO31MKHYTMX CUCTEM y IPUPOIL
He 1CHYe€, OCKiJbKM B HOOCHimXeHH1 pisHOMaHiTHMX NpPOLECciB Maec
OyTM 4K IOpPaBMJIO 3BOPOTHUM 3B'HA30K. 3aMicTe TepMiHIB

camMoperynanii, peryndauisa 1 OpoTuUIexHa 1M Jeperyidauig,
LeHTpajlizania Ta meueHTpajlizaunisg, OOU1JIBHO BUKOPUCTOBYBATU
npsaMe 1 3BOPOTHe yIpabJiiHHA. OCK1JbKM YNPaBJ1HHA SK NPaBMUIIO

301MCHIOETHCH y 3BOPOTHBOMY Hanpsami, Bin K1HIIEBOTO
pes3ysbpTaTy TIOCHOHAapPlBaHHA, TO IepeBaXxHO Oyle 3IO1MCHIOBATUCH
3BOPOTHE YyHOpaBJiHHA. TakKMM UMHOM, BMKJIAILEHO TEOpeTUUH]

IIOJIOXEHHS, fAK1 MawnTb NpPaKTUUHEe CHpsaMyBaHHS, Oijbm TouHime
PO3KPUBAKTE CYTh CMCTEMHOTO YIPaBJIiHHSA, a TOKOX BKA3YyKWThH Ha
ix BuUpimaabHe 3BHAYeHHA Yy O¢opManizanii cucTeMu YyIHOPaBJIiHHA
arpocohepown B KOHTEeKCT1 TJ100aJIb HUX TpaHchopmMmallinm 11
EKOHOMI1KM Ta BCTAHOBJIEHH1 CTPYKTYPHMX NpiliopuTeTiB y Hil.
Meromgm. Ha BimMiHy Bino aHanizy BinokpewmyeHux o06'ekTir
nocjaimxkeHHs B iHQopMauiMHiV Teopil, B Teopil CHMCTEMHOTO
YIPaBJIlHHA BUKOPUCTOBYETHCS 1X CHMHTE3 — B3aeMO3B'sA30k. B obox
TeOoplax BaxJIMBe 3HAaUeHHs Mae iHbopmauis npo ui ob'extum. OmHaK,
AKIO B aHajilzi ix BUKOPMUCTOBYKTHCS gKicHi1 MeTOonm, TO B CuMHTesi
- kinpkicHi wMeTomm. Be3yMOBHO, SKicH1I MeToIM TakKoxX gk i
KijbkicH1 MOXyTb OYyTM Ha OCHOB1 MaTeMaTMUHUX OQOpMYyJI, IIpOoTe
Mix HMMM 3aBXOm Oyme pil3HMIE, SKa BKalyBaTuMe Ha BimcyTHicTb
abo HagBHICTHL B3aeMO3B'A3KYy MaKPOEKOHOMIUHMX  IIOKABHUKIB
o6'exTiB, MmO JOCHiOXylTbCA. UYaCcTMHM OIOTO IL1JIOTO MOXHAa
IOCJ1mXyBaTM B1OOKPEMJIEHO, Pas3oM 3 TuM, mMOO 3Ppo3yMiTM ixX POJIb
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i 3HAUYEHHS y 1IbOMY ijgomy HeoOx1imHO OoCcHaimxyBaTu
B3aEMO3B'A30K LUMX YACTUH TOOTO CMHTe3. TaM Ie € YaCTMHU OOHOT'O
IiJI0T0, TMNPUMMHATO 3a3HauvaTu PO HAABHICTHE M[IEBHOI CUCTEMU
YIOpaBJiiHHA UMMM dYacTMHammu, oO0'exrTaMu mociimxeHHs. OTxe,
pisHMIE Yy MaTeMaTUMUHUX OGopMyJax Oyloe Takowon: IOIpM aHajliszi
IpMTaMaHHYM € BlHmokpemJieHl pPilBHSHHS ONHOL WM HOEeK1JBKOX
3M1iHHUXK, a npm CcuHTesi - criocrepirarmmMerscsa cucreMa
B3aEeMO3B'sA3aHMX PI1lBHAHL I[IepeBaxHO IekijJpkox 3MiHHUMx. Le
BKasye Ha Te, WMo OaraToBuMMipHl pmocmimxeHHs o06'ekTiB, YaCTUH
ONHOTO L1JIOTO — HOLI1JILHO MNPOBOOUTM Ha OCHOB1 Teopil cMCTEeMHOTO
yIOpaBJiHHSA, B AKi nepenbavaeTbCs  BUKOPUCTAHHS  CUCTEMU
B3aeMoO3B'sa3aHuMx piBHaAHb. Ciinm  3asHaAuUMTHM, O I[IPUBEIEHHS
CKJIQOOBUX UYACTMH Yy LUMX PI1BHAHHAX IO CI1JILHOT'O BHaAMEeHHMUKA Iae
3MOT'Yy [O-HOBOMY OILI1HIOBATM OMHaMiKy P13HOMAaHITHMX OPOLECiB, Yy
IDaHOMy BMIIAIKY [pPOLEeCKM BUMPOOHMITBA IpOomoykuil arpocdepm, Iii
peanizauil Ha puHKyYy, 1iHbOopMauii npo HBOT'O, caMoli arpochepu.
[Ipy UBPOMY BaXJIMBUM € BUIOIJIEHHS YaCTKOBOTO pPe3yJbTaTy B LiJioMy,
e »acTb B3MOI'y HazmaBaTuM NplopuTeTy B CTPYKTYpPl yhopaBiiiHHSA
arpocoepon 3aJIeXHO Bin TJI100aJIb HUX TpaHchopmMallinm MoTO0
YIOPaBJI1HCHKUX OYHKI1M: [JIaHYBaHHS, KOHTPOJIO, OpraHizauiili Ta
peryJjioBaHHS T'OCIONAPCBKOI xniganpHOCTi B arpocdepi. OCKiJbku
CrocTepiraTmuMeTbCcsa Yy P1l3HMX KpalH CcBiTy B1IMiHHOCTLI B
MakKpPOeKOHOM1UHOMY POBBUTKY 11X arpocdepwu, TO CTPYKTYPH1
npiopmureT y HMX Takl gK TIIJlJaHyBaHHSA arpocbepyu, KOHTPOJb
inbopmanii, opraHizauilsg BUPOOHMUTBA Ta pPeTryJIoOBAHHA PUHKY
BynyTb pisHi. InbeprHuiania MakKpPOeKOHOMI1UHMX  I[IOKa3HMKIB
PO3BUTKY arpochoepu noJg BIAONOBIiIHMX KpPpalH CBiTy Iae 3MOTy
BUOIAMTM 1X Olalas0OH Ta Ha OCHOBl1 cepelH1X 3HaueHb BCTAHOBUTU
IIeBH1 CcTaHIapTH, XapaKTepHl opleHTHMPM TOCHNOIAPBaHHSA B
arpocoepi VYkpainm.TakmuM UMHOM, Bas3HAUYEeHl MEeTOIM IOCJimKeHHS
DATh 3MOT'Y PO3BUHYTUM TeOPlild CUCTEMHOT'O yIPAaBJIIHHS Ha OCHOBI
YIOOCKOHAJIEHHS MOTO YNPaBJ1HCBKUX OQYHKII1M, 3a IONOMOTOK SKUX

OOTPYHTOBYITbLCSA ryobasyibHi TpaHchopmanii B yhpaByiHHal
€KOHOMUKOI arpocoepu Ta BCTaHOBJIOIOTbECSHA 11 CTPYKTYPHL
npiopureTu.

PesynpTaTMn. JI0 LLOT'O IHS BBRaxajyiocsd, o ©OajlaHC CKJIaJaeTbCs
i3 »OBOX UYaCTMH, MiX AKMMM 3BHAXOIUTHCS 3HAK P1iBHOCT1, SKUM
BKasye Ha 1xX piBHOBary. IlIpoTe, He BPaxOBYBaJIOCA HASBHICTL me
TPeThOl UYaCTMHM, sSKka Bilimobpaxae yMOBY piBHoBarm. Tak, Ha
npukiani HajaHCcy Mix [DONMTOM 1 MOPONO3MIi€n € TpeTsa uYacTUHAE,
dKa BPaxoBYE€ HepealsliiloBaHy nponykuikon. Orxe, B3amicTes piBHOCTI
y BajaHcil Mix NONMTOM 1 MNPONO3MI1€ln MaTMMO PLl3HMIK0D IPONO3MIIlI
Ta o0o0CATy Hepeajsii30BaHOILl MNOPONYyKI1i, g Pi3HMIS BMU3HAYATUME
nonuT. lle MeTomosioriyHe MOJIOXKEHHS CYTTEBO 3MI1HIOE YSBJIEHHS PO
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IMHaMidyHl npounecu BMPOOHMLTBA M peajiizanil OpomOykKLil 3aJIexHO

Bin pmMHKY, MOT'O YYaCHMKIB — BUPOOHMKIB Ta crnoxmpauir. Bimnbme
BCBOTO Ha OpakTulll BMHUMKae nucbajlauc 13-3a HasgBHOCTI
HepeaJjiizoBaHOIL nponykKuii, aKa He BpaxoByBajlacs i

IIPOIOBXYETBHCS He BpaxoByBaTUCs, OPO WO CB1OoumMTe aHajlis
BaJIOBOL BHYTPimHBOI HOpomykuil xpalum (BBII), sHSxuil Bkasye Ha
BUPOOHMULUTBO 11 3a pik. PasoM 3 TuM, He BCS BUpOOJeHa NPOIOyKIlis
peanil’yeTrbCcsa Ha PMHKY, 1CHye 11 yacTka, sKa He peajiizyerscd,
AKYy ¥ @»moci He BpaxoByoOTbH. Ille NpuB3BOOMTE OO HepebisblieHHs
pe3yJbTaTiB TocrnomapioBaHHS cy®’ exTiB €KOHOM1kM  KpaiHwu,
HENPaBWJIbLHOMY BMMIPBAHHI [ONMUTY NPOOYKI1I1, MmO 3BOOUTHL B
KiHIIeBOMYy PaxyHKY BCe TOCIOIaplBaHHS IO HeebdeKTUMBHOTO IX
byHKUIiOHYBaAHHSA, HEeIOCTAaTHBO OOTPYHTOBAHMUX  YIPABJI1IHCBKUX
pimeHb, OCK1iJIBKM YMOBM €KOHOM1iWHOI piBHOBaryM 3ajMmalnTbCs
HEeBM3HAUEHMMM . Bijbm TOTO, BaXJIMBMM € BCTAHOBJIEHHS YMOBU
eKOHOMiuHOI piBHOBaATM IJid CHUCTEeMM YIpaBJIiHHA 00’ekTaMu
TOCIOIapChbKOol nOigaabHOCT1, SAKMMM € BUPOOHMIITBO NPOOyKIii, ii
puHOK, 1HQopmMalis mpo HBOTO, Ta BJacHe caMm 06’ eKT IOCJ1mXeHHS
— CeKTop ekOHOMiku kpaiHm. Ciinm BpaxoByBaTM IIPpM LbOMY, IO
Oyob—-saKa cucTteMa GOpMyeThbCS Ha OCHOB1 iHdopmMauimHol MaTpuli,
B gkiM BimoBpaxaeTbcs cucTeMa  pPlBHSAHB 3  BUIO1JIEHHUMU
koebiuieHTamMM, pPO3B’dA3aHHA GKUX IepelbfadaeTbCsa B K1HIEeBOMY
paxyHky. CucTeMa PlBHSAHb TPYHTYETHCS Ha IOOHAaBaHH1 IIapaMeTpiB
MaTpPpMULll, HABKOJIO AKMX Yy BUIJIANl DOOYTKY Ha HUX PO3IJIANAKNTLCH
BigmoBimHl koediuieHTM. 3Bas3HadYMMO, WO HapaMeTpM MaTpuii
BM3HAYATLCHA BUXOOAYUM 13 11 CTPYKTypHOLl nodoynoem. Tak, IO
BepTHKAaJIl  po3TJIAnanTbCs 00’ exTM  TOCHOIAapPBaHHS cekTopa
€KOHOMiKM KpalHM, a TI[IO TOPM30OHTaJll yNpaBJiHCbKl OyHKI1I:
JlaHyBaHHA, KOHTPOJIb, opraHizauisga Ta peryJmoBaHHS
TOCHOIapChKOL oisajgbHOCTI. SIxmo rnapaMeTpu 0B’ exTiB
TOCIOIapioBaHHS IO BepTHUKaJl, XapaKTepMu3yKThbCS B1lIOHOMEHHSM
BUX1OHUX OO BXI1OHMX BIiONOBIIHMX MaKPOEKOHOMI1UHMX I[NOKa3HUKIB,
TO napamMeTrpu oGyHkUiV BimofpaxalnTb TiJbKM BUXIOHI MOKABHUKU —
KpuTrepil Oll1HIOBaHHSA TOCIOOapChKO1L nignsHOCTI 3a3HAauUeHUX
o0’ exTiB TOCHOIapoBaHHS CeKTOpa eKOHOMiku kpaliHm. TaxkuMm
UMHOM, IapaMeTpM MaTpHulili YTBOPKOIOTLCS Ha OCHOB1 IODYyTKY
napaMeTpiB 06’ exTiB TIOCHOHApPIOBAHHA Ta B1lANOBiIOHMX HapaMeTpiB
ix ynpaBJiHCBKUX OyHKUIiINM. B pesynbTaTi OTpPMMyETBCHS CUCTEMA
P1iBHSAHB, fKa Oa€e 3MOT'Yy Ha OCHOB1 BMBHAUEHOI YMOBUM €KOHOMIUHOIL
piBHOBaATM BCTAHOBUTHM 0OajlaHC B CMHCTEeMl ynopaBJiiHHA o060’ eKToM
TOCIIOIapnBaHHS I[I€BHOT'O CeKTOopa eKOHOMiKM KpaliHuM 9K 110
BepTHKaJi, Tak 1 o Topu30HTalNlli. Ak 3a3Haudanocs Buille, OajlaHC
Ha OCHOB1 mommTy 1 mnpomo3miii npomyknii He BpaxoBye 11
HepeajlizoBaHy YacCTMHY, TOMYy BUpas3:
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QB = Qp; QOB - QOp = 0, gaxuM OOpPiBHIE HYyJO, He Oyne MoMy
nopieHOBATH, a BM3HAYATMMETLCS  HEepeajli30BaHOK  YaCTUMHO
nponmykuii: QB - Qp = Y, @me Y - HepeaJlilzopaHa IIpomoykKlisg.
Buxonmsauu 13 pisHMIl »OBOX uYacTMH - nepmol, npumHatoi =3a 100
ONVHMUL M OpyTol — 3a CyMy IapaMeTpiB MaTpuii gk 1o BepTHKali,
Tax n 1o TopMU30HTAaJ1 11 CTPYKTYPHUX KOMIIOHEHT1B,

BCTAHOBJIOIOTHLCS YMOBM €KOHOMiuHOI piBHOBarm, BMBHAYAETLCS Ta
HepeajlizoBaHa JyacTHHA B cuctemi YIpPaBJIiHHA 06’ exTOM
TOCIOIAaPBAHHS I[I€BHOTO CeKTopa EeKOHOMikM KpaiHu, mO ¥ Yy
HaBemeHoOMy Bulle Bupasi. MAxmo 1o »Opyroli dYacTUHM — CyMM
napamMeTpiB MaTpMLl OmomaTy L Hepeajlii3oBaHYy UYaCTUHY, TO
orpuMaeMo 100 ommHMIBL £K IO BEPTMKAJl, Tak M IO I'OPMBOHTAJ1.
TakyuM UMHOM, Ha OCHOB1 BCTAHOBJIEHHS YMOBM €KOHOMI1YHOI
piBHOBAIM B CUCTeMl yHopaBJiHHA 00’'€KTOM T'OCIONAPOBAHHS
IIEBHOTO CEKTOpa EeKOHOM1KM KpaliHM — BM3HAUaeThCcsa OajlaHCc BCciel
uiei cumucremm. IIpolleCc BCTAHOBJIEHHS €eKOHOM1uHOI piBHOBATU
3a3HAYEHOI CHUCTEeMM Jae€ 3MOTy KOpeTryBaTy I[apaMeTpu MaTpuiii,
BUXinHi n BxinHi MaKpPOeKOHOMI1UH1 [IOKa3HUKHU oBb’ exTiB
TOCIIOOapKBaHHA cexTopa €KOHOMI1 KM KpalHu, OOCATTHU ix
30aJlaHCOBAHOCT1 BHACJI1iOOK yCyHeHHsa nucbajaHcy, o 3abesneuye
CyTTEBE 3HaUeHHS IBOTO y ODTPYHTYBAaHHIL ebeKTUBHOTO
OYHKI1IOHYBAHHSA BilimnmoBimgHOTO cexTopa €KOHOMI1KM KpalHy,
LUiJlecnpsaMOBaHUX yNPaBJI1HCHKMX PIlUIEeHb.

CTpykTypa BUPODHMIITBA NPOOYKIiI arpochtepm o0OYMOBIIOETHLCS
11 puHkoM. IlpiopureTu y BUPOOHMIUTBI HajalnTbCcda T1 nOpomykuii,
dkKa Mae€e »Ooxon Biln peanizauii, TaxkuM, mo 3abesneuye Opolec
BinTBOpPEeHHS BUPOOHMUTBA Liel npomykiii. ToMy y BCTAHOBJIEHHI
CTPYKTYPHMX OplopMTeTiB BUPOOHMIUTBa NOPONOYKL11I arpocdepn
HeoOXiOHO MaTM OPleHTUP Ha IOOBTOCTPOKOBY MOTO IIEPCIEKTUBY,
AKy B OaraTboMy BUM3HaAUYATHMME YIHIPABJ1HHS OPOLIECOM BUPOOHMUIITBA
n  peaJjyizauii BignoBimHoOl  arpapHOl < OpPOOYKLII. Ockinbxu
nepeBary B aHallil31 OpoleciB I'OCHOmapioBaHHS Ha OCHOB1 IeBHOIL
arpapHol mnponykuii wmanTb kiJgbkicHi MeTOmM OLiHIOBAHHS 3MI1HU
UMCJIOBMX  BHAUEHb  XapPaKTepHMUX IJjg Hel  MaKpOeKOHOMIUHMX
MOKAaBsHMKIB, Takux SK OOXoou Bim i1i BupobHMITBa, Ppeanizauii,
onepXaHuUM npudbyTOK Binm npouecy TOCHomapioBaHHA, [IOBHAa
coBbiBapTicTh BMPOOHMLTBA M peajiizanil nponykiiil, omjaTa npalil
Ta LiHa IJomi 3eMJii B IIpPOoLeci ToChnomapioBaHHS, TO IOLiJIbBHUM
BBaxXaeMO MNPUBEIESHHS 3as3HAauUeHMX MNOKAa3HMKIB y MNeBHY CHUCTEeMY, IO
IacTb 3MOT'Y BCTAHOBUTM MI1X HMMM B3aAEMO3B’ 430K, 3a IOOIOMOIOK
AKOTO TNpuiMaTu ebekTuBH1 yhnparjiiHCbkl pimeHHsa. CTPyKTypHA
nobynmoea TakKOl CHUCTEeMM [NOBMHHa BlanmoBimaTm KOHKpeTHiNM MerTi,
30KpeMa, e BCTAHOBJIEHHSA CTPYKTYPHUX npiopmureTis Yy
BUPOOHMIITB 1 BUO1JIEHOIL arpapHoOl nponyxirii 3aJIeXHO Binm
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TyofanbHMX TpaHcbopMaliy B ynpaBJIiHHI npouecoM BMPOOHMLITBA M
peanizauii uiei arpapHoOl IponyKIil. dopmMmagiizaiino
BKa3aHOl CHUCTeMM yHIPaBJIlHHA BimoOpaxXeHO CXeMaTUYHO y BUIIIAOi
Tabauiii, [laBamxk  B.II. (20206) . OpraHizauis M1XHapOIOHOTO
BUPOOHULITBA nponyxirii B arpocoepi. DOT:
https://doi.org/10.51582/interconf.2026.305

Y oOcHOBHiM uyacTmHi Tabauili — 23aTroJIOBKY, Yy 11 CTOBIUMKAX,
II0 BepTHKaJIl — PO3IJISHYTO CTPYKTYPH1 npiopureTn, a y CTpokax
II0 TOPMBOHTAJ1 — ruiobajibHA TpaHcbopMalls ynpabJjliHHS y BUIJani
YyOpaBJiHCBKMX OGYHKLI1V : [JIaHyBaHHS, KOHTPOJI, opTraHizauii Ta
PeryJsioBaHHA I'OCIOINAaPCHKOL IOidjpHOCTi. Y po3pizi CTPYKTYPHUX
npiopmrTeTiB  BasHAYUEHHO  BUPOOHUILTBO, PUHOK, indopmanig,
arpocdepa. g KOXHOIO BKa3aHOTO CTPYKTYPHOI'O eJIeMeHTa
POBIVISHYTO BlONOBiOHMM pecypc Ta BMIOlJeHa NPOOYyKLis IJsd
KOXHOI POBIJISHYTOLl KpalHm cBiTy. OcobimBicTio Tabmmuili € Te o
y HiM napamMeTpu - BCTAHOBJIEH1 MaKpPOEKOHOMIuWH1 NOKa3HUKM, O
XapaKTepusywonTb 3eMeJlbH1, Tpynoeili, @iHaHCOBl pecypcu npu
po3Tyani moJjsa BUOijieHOI mNpomoykKiil He 3MimywoTbCcs B OIHe Iiije,
a HaBeIOeHO B1lIOKpeMJIEHO OIMH Bin OIOHOTO, Te X CaMe XapaKTEepHO
1 moms BMOijeHOl Hpolykuil. [IpM LbOMY BUKOPUCTOBYETLCS IPMHLMUII

CXOIVHKU, B axkinm nycTi Micls 3allOBHIITHLCS HYJISMMU .
T'OpMBOHTAJIBHMMM ¥ BEePTMKAJIBHMMM JI1H1AMM BKAa3aHO [OPANOK
3allOBHEHHSA IIapaMeTpaMM 1HbOopMaTMBalLlMHOI MaTPpML1l — UMCJIOBUMU

3HAUEeHHAMM MAaKPOEeKOHOMI1UHMX  IIOKa3HUKIEB, axki B npoueci
POBB’ A3aHHA IAaHOI CHCTEMM YIPAaBJ1HHS KOPETYKTbLCS, 3MI1HIOOTHCS
0O TUX Nip, HOKkM He Oyde OTPpMMAaHO pe3yibTaTy 11 po3B’ A3aHHA.
OrprMaHHsa OajlaHCy MiXx MaKpPOEKOHOMIUHMMM [OKa3HMKaMM 006’ ekTiB
TocHnoIapioBaHHg arpochepm mae 3MOoTy IHepembadvaTv 3MiHUM B
3anigHmux 3eMeJIbHUX, TPYIOOBUX, biHaHCOBMX pecypcax Iojisa
BimgmorimHOI mponmykuii, mo BUPOOJAETBHCA y TiM um iHmMiNM kpalHi

cBiTy. Came e CTBOpPIE nepenyMoBM  IJIS BCTAHOBJIEHHS
CTPYKTYPHUX HOpiopuTeTir y 11 BupoOHMUTBI, pPUHKY, iHbopMauii,
arpochepi 3aJIeXHO Bin TJ100aJIb HUX TpaHchopmallinm B

YIOPaBJI1HCBKMX OYHKI1AX : IJIaHYBaHHS, KOHTPOJIO, oOpraHiszauil Ta
PeryJIoBaHHSA TOCIONAPChKOI NiAbHOCT1 y BKa3aHUX eJIeMeHTax -
CTPYKTYPHMX MNplopuTeTax. HaaHHa IepeBar — OpliopuTeTiB y
eJleMeHTax CTPYKTYypM CUCTEeMM YIPaBJIiHHA arpocdepon OyIb-TO
IJIaHYyBaHHSA BUPOOHMIITBA, KOHTPOJb 1Hbopmanii, opraHiszsaiis
PUHKY, PpPeTyJiloBaHHA arpocbepu, Oyle BMBHAUATUMETbLCSA pPiBHEeM,
3HAYHO OI1JIBIMIOK BEeJIMUMHOKW MaKPOeKOHOMI1UHMX IIOKA3HMUKIB, IO
XapakKTepu3ynTs Ty UM 1HOYy arpapHy OPOOyKIlin, OopiBHKOOUM II1
Mix cobon. Buile BUKJIameHe Ia€ 3MOT'y IIPOBECTM aHajli3 CcTaHy
BUPOOHMITBA arpapHOl MNPOOyKIii He TiJBKM Yy KOPOTKOCTPOKOBOMY,
a M y IOBTOCTPOKOBOMY MNepiomi, BM3HAUMTM OCHOBHI TeHOeHI1I,

1 2 This work 1s distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).


https://doi.org/10.51582/interconf.2026.305

Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeR(ONF

SdenTIFc PUbLEHNG CenTen

REGIONAL ECONOMY

3aKOHOMIpHOCT1 minm Yac IoCHnoIapiBaHHS, BCTAHOBUTHU IIE€PCIEKTUBU
y BUMPOOHMUTB1 nponykuii, Il pumHKYy, 1iHbOOopMauii sSK BaXJIMBOIO
eJieMeHTa NPOCYBaHHSA NOPOOYyKU1l1 Bin BMPOOHMKA IO CIOXMBAauUa Ta
arpocdepu, B OCHOB1 HAKO1 € IeBHa CTPYKTypa BUPODOHMLTRBA W
peamnizauii 1i npomykuii. 3asHaAuMMO, IO BaXJIMBOI'O SBHAUEHHSHA
HabyBaTyMe MOIEJIOBAHHSA Ta M[IPOTHO3YBAHHS MAaKPOEKOHOMI1UHOT'O
PO3BUTKY BUPOOHUIITBA, PUHKY, 1HbopmMauii Ta arpocdepy BUXOOAUU
i3 HOBUX MOXJIMBOCTEM Yy CTaHmapTusauii, imeHTtmdikauii Ta
iHTepnpeTanili, B SKMX PO3KPMBATMMETLCH I[IONMT Ta IIPONO3MIis
arpapHol NOpomykiiii, yacTka 11  Hepeasizsauili Ha - PUHKY,

3MEHIIEHHS SKOI CTae BalopyKoln — YMOBOK HMBBKUX I[IE€PEeBUTPAT
3eMeJIbHUX, TPYyIOOoBUX, GOiHAHCOBMX PEeCcypCiliB Ta T'OJIOBHUMM UMHHUKOM
edPeKTUBHOTO TOCIIOOapioBaHHA, iHHOBALIMHMX YyIIPaBJI1HCBKUX
plmeHs.

BucHOBKM. [[pUIHABIM OCHOBH1 1HCTMTYUiMHI OPMHUMIN, 3aKOHMU
B CHUCTeMHOMY YyHOpaBJIiHH1I arpocdepon, Taki 4gK IOOCJHIimXeHHS
IpoueciB BMPOOHMLTBA ¥ peajiizanil nponyxuil Bipm 3arajlbHOT'O IO
YAaCTKOBOT'O, BUIOIJIEHHS OKPEeMUX uYacTuH, O00'ekTiB HOOCHimXeHHS Yy
onmHoMy L iJjiomy, 3 AKOT'O BOHM  YTBOPKITLCH, BMBHAYEHHSA
YAaCTKOBOTO Pel3yJbTaTy - Yy 323aTraJIbHOMY pes3yJibTaTi »ajo 3MOoTy
BCTAHOBUTHU CTPYKTypH1 mnpiopureT B ekoHOMiuil arpocbepn,
30KpeMa lue JIaHYBAHHSA arpocoepn, KOHTPOJIb ingopmanii,
opraHizsalilsg BMPOOHMUTBA NPONYKL1I arpocdepM Ta peryoBaHHS 11
PUHKY, L€ CTBAape yMOBM IOJIS BINPOBAIXEHHS 1HHOBAL1M B arpochepy
YkpaiHu, zabesneumrTy TakKKM UMHOM edekTMBHe 11 OYyHKI1O0HYBAaHHS.

[lopanpmy¥ MaKPOEKOHOMIUHMM PO3BUTOK arpocdepr VYKpalHU
BM3HAUATKME CUHUCTEMHEe YIPaBJIIHHA Hel, 30CepellXeHe Ha Ipollecax
cucreMaTmszanii, indpopmaTmzanii, imenTmdikanii Ta
iHTepnpeTauil BuUpPOOHMUTBA M peajiizaunil arpapHoOl npomykuii,
TOJIOBHMM Yy HUX OyOyTb BUMMOIM OO CTPYKTYPM BUPOOHUIITBA
nponykuii arpocdepmr, BimnorimHicTe il kKpuTepiaMmM edpekTMBHOCTI,
3anpoBamkeHHs  1HHOBAUiM y  BUIJIAO1  HOBMX METOIIB  mOIO
NPUMHATTSA YHOPABJI1HCBKMX PilleHb B TOCHOIapoBAaHHI arpocdepwu.
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Mpobnemu poctyny KpaiH rmobanbHoOro
niBgHA A0 AOBrocTpoKoBoro cpiHaHCyBaHHA

Bakaesa IpuHa leopriiBHa’

'KaHOUOAT E€KOHOMiUuHMX Hayk, nOpodecop, npodecop kadempy MEHEIKMEHTY;
TaBplHCBKMI HaIllOHANBHMY yHIBepcurTeT imeHi B.I. BepHaICBKOI'O; YKpalHa

o KpalH I'nmoBasibHOTO [IiBOoHSa Bil1OHOCHATH KpaiHu jit{e)
PO3BMBAKTLCA 3 JaTuHCbKOI AMepuky, Adpurkm Ta Azii. HOns
BUPllIeHHAI €eKOHOM1UHMX Ta KIiMaTHMuUHMX OpobjeM, MoOepHiszamil
iHbpacTpykTypm Ta 3abesneueHHs EeKOHOM1UYHOTO 3pocCTaHHS i
KpalHM CTMKaAKRTbCda 3 HOpobjeMaMm 3abes3nedeHHS OOCTYIYy IO
OOBT'OCTPOKOBOTO biHaHCyYyBaHHSA BHACJI1OOK IOJIiTHMUYHOIL
HecTabinbHOCTi, B30iJblleHHS SBOBHIimMHBLOTO O6OpPry, HeoOXimHOCTI
crijlauyBaTM Bce Oijpme BI1JICOTKIB 3a MOTo OOCHIYIOBYBAHHS Ta
HecTaul BHYTPlWIHIX  pecypcis. ICHYOTBH OeKijgbka  WIAX1B
3aJIydeHHS IOBTOCTPOKOBOTO KaliTasy y Ul kpalHM: BUKOPUCTAHHSA
TakMx Ixepell GiHaHCYBaHHSA SK 0araTOCTOPOHH1I OaHKM PO3BUTKY;
3aJIydyeHHs I[IPUMBATHOTO KamniTany ojisa biHaHCyBaHHSA TIIPOEKTiB y
chepi «3eJIeHO1 EHepTeTUKIM» npu ningTpuMxu OepXaBHOTO
biHaHCYBaAHHSA KJI1MaAaTUUHUX [NPOEKT1B; 3MeHIeHHS OOpToBOIO TATapsd
3aBIOSAKU PEeCTPYyKTypMmsalili ado chnmucaHHsa OoproBuxX 3000B’ A3aHb B
OBMiH Ha i1HBecCcTHMI1l Yy €KOHOM1iUHMIM PO3BUTOK.

Io 06araToCTOpOHH1IX ©OaHKax PO3BUTKY BIOHOCHUTHBCHA TIpyla
CeiToBOTO DOaHKy Ta pal perioHalbHUX OAaHKIB PO3BUTKY CTBOPEHUX
3a npukjganoM CBiToBoro ©OaHKy ajie sgki o0OCHyIoBYITH KpalHU
OKpeMMxX perioHiB cBiTy. IO HMX BIiIOHOCUTBCSA EBPONEMCbKUX OaHK
PEeKOHCTPYKL11I Ta po3Burky (EBPP), A3ircbkuii ©0aHK PO3BUTKY
(ABP), MixaMepuKaHCbkiM ©OaHk pPoO3BUTKY (MOEBEP), AbpMKAHCBKUM
BaHk pPo3BUTKY (APBP) gkl MalnTb CTaBKM KpPeOIMTyBaHHS Ha piBHI
5,5%-6,3% mo € BurigHuMmM oIS KpaidH 1aobajbHOoTOo IliBIOHS Y
IIOP1BHAHHI 3 BapTiCTO MOXJIMBOT'O BMIYCKY BJIACHMX OOJIirauniy Ha
cBiTOoBOMY PMHKY 3 BapTicTio 9% - 12% piunmx. Aje Tpeba BiamiTuTm
mo ix nporpaMu GiHaHCYBaHHS He IIOKPMBAKTL yCix mnorped KpalH
T'noBanpHOTO IIiBOHS Yy IOOBTOCTPOKOBMX (QiHAHCOBUX pecypcax.

Ij1sg [oJIeTmeHHs OOCTYNy OO0 nemeBux kKpemuTiB y 2014 porri
Bynu cTBOpeHl Asincerkuii ©OaHK 1HOPACTPYKTYPHMX 1HBECTHUI1N
(ABII) Ta KpalHamMm BPIKC Horum 6aHk posBuTky (HEP) 4k

1 4 This work 1s distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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ajbTepHaTVBa 3axinHvM diHaHCOBMM i1HCTHUTYLisaMm, CBiTOBOMYy OaHKYy
Ta MB® 3 BimCyTHiCTI BMMOI' IIOJIITMUHMX Ta MaKpPOeKOHOMIUHMX
pebopM Ta KpemauTyBaHHAM Y HAlLllOHAJBHMX BaJOTax IO 3HUXYE
BaJIOTH1 PU3UKU.

Xoua HBEP ©yeB cTBOpeHMM KpalHamm BPUKC, ane 3 npuemHaHHAM
HOBMX UJIEH1B, B30kKkpeMa €Erunty, OAE, Amxupy, BaHTjiamem Ta
Y3bekmcTaHy BlH I[IEepPeTBOPKETLCS Ha 1JiofaJibHUM (OIlHAHCOBUM
iHCTHMTYT OJS9 BCbOTO IJyiofayibHOTO IIiBOHS.

TOoJIOBHOK MEeTOK CTBOPeHHs HBP 0Oyijo GbiHaHCyBaHHS TIPOeKTiB
CTaJIOTO POBBUTKY Ta 1HOPaCTPYyKTYPHUX I[IPOeKT1iB oJis  KpalH
T'noBanpuoro Iismug. CraTyTHMM kaniTan O6aHKY CKJIaOaeThbca 3
PiBHMX BHECK1iB KpalH 3aCHOBHMIL, TODOTO KOXHa KpalHa BHecJya 20%
Binm mnouaTkoBOTO Kamnirasny, saxkuy ckjaamae 50 wmupmn mon CHIA. 3
NpMENHAaHHAM HOBMX UWJIeH1B, ski BHecqau Oim3bkO 3,5 wMiIpno Iod,
YyacTkKa KpalH SBaCHOBHMIIL HE MOXe CTAaHOBMTM MeHm Hix 55%
CTATYyTHOTO kanirany. Kpenurhuit rnopTrdesnb 3aTBEPIXKEHOTO
binancyBanHsa cTaHoM Ha 2026 pik ckjazmae 42,9 mupn mos nis O1Jibi
Hix 139 npoekTiB, IO SkMX BiOHOCATBCH MOIepHizaniga TpaHCHoOpTHOIL
iHGpaCTPYyKTYypPK, PO3BUTOK Mepex 3B’ 43Ky, PpPO3MWMPEeHHsS I'eHepalil
B1IHOBJIIOBAHOL €HEepPIeTMKM, MOINepHlizallid BOIONOCTadaHHSA, OOpoOKa
nobyToBMX BimxomiB Ta iHmIi couiajbHi mpoexkTu.

Oo 2022poxy HBP MaB BUCOKMM KPeIUTHUM pPeuTuHT AA+, 1O
3abesneuyrajio MOMYy INOCTYIl IO CB1TOBOT'O PMHKY kaniTany. Y 2022p
nicns Hanamy Pocil Ha YkpaliHy, BBeIOeHHSAM IPOTM Hel MiXHAPOMOHUX
CaHKI1M Ta 3akpuUTTAIM OOCTyny P® mo CBiTOBOI'O PMHKY KalliTaly,
3aBnajio ymapy o penyrauiil HBP, MixHapoznHe aTreHTcTBO Fitch
Ratings 3HMBMIIO kpemuTHUN pelTuHT HBEP no AA «cTabijbHOTO», WO
3MyCcuJIo OGaHK T[OBHICTHO NPUIMHUTK GiHaHCYBaHHS TEKyuMX Ta
BiOKpUTTS HOBMX IIPOeKTiB Ha TepuTopil PO 3 MeTonw 30epexeHHS
nocrtyny GaHKy IO CBIiTOBOTO PMHKY KaliTasy.

HaseBHicTb Po cepexn aKlioHepiB OaHKy  OPU3BEJIO o
3O0POXEHHS BUIIYCKY IOJIAPOBMX oOjiranimm GaHKy, I1iCJs BBeIeHHS
caHkUiM Ha PO y 2022poxy HEP posmimye cBol n’ armpiuni nojiaporBi
obmiranii nin 5,125%, xoua @»mo UbOro BiH posaMmimyBar 1Ix 0in
1,125%, mo y CBOKN Uepry IIPM3BEJO OO 3I0POXEeHHS KPeIuTHUX
pPecypciB mJg KpalH NO3UUAJIBHMKIB.

Yy 2026p Fitch Ratings nigeummino pewnTuHr HBEP 31
«CTabiJBEHOTO» IO «IO3UTHMBHOTO» 3BaBIAKM IJOTPMMaHHS OaHKOM
CaHKLiM npoTm PO, BajilydyeHHS HOBUX akKIi1OHepPiB Ta peryygapHOMY
BUIIYCKY IoJjlapoBux objirauim [1].

Takox y BiOnoBigb Ha CaHKLUi1VHUNM TUCkK HEP mouaB BUIYCKATHU
LUi1HH]1 manepm y KUTaMCbKMUX 0AaHAX, II1BIEeHHOAPPUKAHCBKMX pPaHIax
Ta 1HOIMCBKMX PYyNigx, WO mae MOXJIMBICTBH 3HUSUTU BIJIUB BaxXiIHUX
biHaHCOBUX OOMEXEHb.
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TakyvMm uymMHOM HBP Mae BeJiMKe S3HAYeHH4d IJId »OOCTYyIy IO
KPEOUTHUX PeCcypciB s iHOpacTpykKTypHOTO OGbiHaHCYBaHHA KpalH
T'noBanbHoTo IIiBOHSA, ajie cTaTM OBHOK aJibTepHaTuBoKn CBiTOBOMY
BaHky Ta MB® BiH He B3MII' 3aBIOSKM 3aJIeXHOCT1 Bing IojlapoBUX
biHaHCOBUX pecypcis.

Cnucok pxepen:
[1] https://www.fitchratings.com/research/supranationals-subnationals-
agencies/fitch-revises—-new-development-bank-outlook-to-positive-
affirms-rating-at-aa-06-05-2026
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Abstract. Digitalization and the Industry 4.0 approach have brought about not
only a technological transformation in production systems but also a radical
change in the way processes are managed. The aim of this study is to examine the
effects of process management on production efficiency and flexibility in
digitalized production systems within the context of advanced manufacturing
techniques. The study is designed as a qualitative research based on a literature
review; the concepts of process management, digitalization, efficiency, and
production flexibility are addressed within a holistic framework. The findings
show that digital technologies (IIoT, data analytics, process mining, digital
twin) provide a high amount of data and automation in production processes;
however, this potential needs to be integrated with process management principles
to translate into efficiency and flexibility. It is concluded that process
management plays a critical role in monitoring performance indicators and reducing
losses in terms of efficiency, and in developing alternative process designs and
rapid adaptation mechanisms in terms of flexibility. The study reveals that
digitalization and process management must be considered together to achieve a
sustainable competitive advantage in advanced manufacturing techniques.
Keywords: Advanced manufacturing techniques, process management, digitalization,
production efficiency, production flexibility.

1. Introduction

Today, production systems are undergoing a major
transformation due to the increasing pressures of global
competition, the shortening of product lifecycles, and the
constantly changing customer demands. In this transformation,
companies are expected not only to achieve high production
capacity but also to successfully manage performance elements
such as efficiency, flexibility, rapid adaptation, and process
effectiveness. Within this context, digitalization and the
Industry 4.0 concept stand out as a significant paradigm shift

This work is distributed under the terms of the Creative 1 7
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in reshaping production systems (Sener et al., 2020).

Industry 4.0 describes the digitalization of production
processes through cyber-physical systems, the Internet of
Things (IoT), big data analytics, and intelligent automation
technologies. This method enables real-time data flow in
production systems and makes decision-making processes
faster, more accurate, and more flexible (Buri, 2025). This
structure of digitalization requires a reassessment of
production processes not only from a technological
perspective but also from a managerial and process-oriented
point of view.

Process management 1is a management strategy based on
defining, measuring, monitoring, and continuously improving
the input and output relationships of business organizations.
In production systems, process management plays a crucial
role in the efficient use of resources, reducing errors within
the ©process, and improving performance indicators. In
digitized production areas, process management replaces
manual monitoring and control methods with data-based and
automated process monitoring systems; this makes process
performance more transparent and measurable (Bilgin Sarai,
Ozveri & Senyay, 2019).

The impact of digital transformation on productivity 1is
frequently discussed in the literature. Digital technologies
reduce downtime 1in production stages, make processes more
efficient, and significantly prevent resource waste (Adem,
2020) . In particular, smart sensors and big data analytics
applications enable real-time performance monitoring on the
production line, helping to achieve more effective process
management (Buri, 2025).

On the other hand, it is observed that digitized
production systems have a significant impact not only on
efficiency but also on production flexibility. Production
flexibility is defined as the ability to adapt to product
variety, respond quickly to demand fluctuations, and
reorganize production systems. Industry 4.0 technologies
offer businesses a competitive advantage by increasing this
flexibility through modular production structures and digital
process design (Hose et al., 2023; Castiglione, 2024).

The aim of this research is to comprehensively examine
the effects of process management on productivity and
flexibility in digitized production systems within the
context of advanced manufacturing techniques. In this
framework, the study evaluates the relationship between

This work 1s distributed under the terms of the Creative
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digitalization and process management; considering
productivity and flexibility, the two main dimensions of
production performance, it aims to highlight the strategic
importance of process management.

2. Advanced Manufacturing Techniques and Digitalized
Production Systems

Advanced manufacturing methods represent modern
production approaches and go beyond traditional methods; they
are based on the integration of technology, information, and
processes. These methods include automation, flexible
manufacturing systems, computer-aided manufacturing,
robotics, and data-driven decision-making processes. The main
goal of advanced manufacturing methods 1is to increase
efficiency in production processes, 1improve quality, and
establish flexible structures that adapt to changing market
conditions (Sener et al., 2020).

Advanced manufacturing methods represent modern
production approaches and go beyond traditional methods; they
are based on the integration of technology, information, and
processes. These methods include automation, flexible
manufacturing systems, computer-aided manufacturing,
robotics, and data-driven decision-making processes. The main
goal of advanced manufacturing methods 1s to increase
efficiency 1in production processes, improve gquality, and
establish flexible structures that adapt to changing market
conditions (Sener et al., 2020).

Digitized production systems enable data generation at
every stage of the production process and real-time analysis
of this data. Thanks to Internet of Things (IoT) Dbased
sensors, critical indicators such as machine performance,
production speeds, error rates, and energy consumption can be
monitored in real time. This allows for early detection of
deviations in production processes and more effective process
management (Adem, 2020).

The integration of advanced production techniques with
digitalization has paved the way for the emergence of the
concept of smart factories in production systems. Smart
factories are defined as production systems that can monitor
themselves, learn, and make decisions to a certain extent. In
these systems, production processes are automated to reduce
human intervention; coordination between processes is ensured
through digital platforms (Bilgin Sari, Ozveri & Senyay,
2019) .

Another significant contribution of digitalization to
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advanced production techniques is its ability to reconfigure
production systems. While process changes in traditional
production systems require high costs and time, in digitized
production structures, processes can be redesigned based on
software. This provides Dbusinesses with a significant
advantage 1in 1increasing product variety and responding
quickly to demand fluctuations (H&se et al., 2023).

The literature emphasizes that the success of digital
manufacturing systems depends not only on the technologies
used, but also on the extent to which these technologies are
integrated with process management principles. Integrating
digital technologies into production processes randomly or
haphazardly will not deliver the expected performance
increase; on the contrary, it may increase the complexity of
the processes. Therefore, the effectiveness of advanced
manufacturing techniques requires a ©process management
approach  where processes are managed end-to-end and
continuously monitored using performance indicators
(Castiglione, 2024).

In this context, digitized production systems increase
the applicability of advanced manufacturing techniques and
make process management a central component of these systems.
Without process management, it seems impossible to transform
the data and automation opportunities offered by digital
production systems into sustainable competitive advantages.
Therefore, advanced manufacturing techniques, digitalization,
and process management are considered the cornerstones of
modern production systems.

3. The Concept of Process Management and its Application
in Production Systems

Business Process Management (BPM) is an approach that
treats business activities not as fragmented structures like
“department tasks,” but as end-to-end processes that
transform inputs into outputs. It manages processes through
a cycle of defining, modeling, executing, monitoring, and
continuous improvement (Dumas, La Rosa, Mendling & Reijers,
2018). In a manufacturing environment, the wvalue of BPM
emerges by making the production flow (material-information-
decision) visible and its performance measurable: indicators
such as cycle times, workstation load balance, waiting times,
rework/defects, and energy consumption can more clearly show
“where losses are occurring” from a process perspective.

Therefore, when considered together with advanced
manufacturing techniques (automation, flexible lines,
2 O This work 1s distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License
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robotics, data collection infrastructures), process
management manages not only technological capacity but also
the transformation of the output produced by technology into
process performance.

In terms of quality and management systems, the process
approach forms the basis of ISO 9001:2015 and emphasizes the
need to plan processes along with their interactions and to
regularly monitor process performance using the PDCA cycle
and risk-based thinking (ISO, 2015). This approach becomes
even more functional in digitized production systems, as
sensors, MES/ERP, and production automation systems generate
much more frequent, detailed, and reliable data about
processes. Thus, process management ceases to be a "process
defined on paper" and transforms into a dynamic management
system that can be continuously verified with data and allows
for rapid action when deviations occur.

Process mining 1is one o0of the fundamental tools that
strengthens process management in digital manufacturing; it
allows for the revelation of process flow, identification of
bottlenecks, and quantitative analysis of deviations through
event logs generated by information systems. Systematic
reviews conducted within the context of Industry 4.0 show
that as the level of real-time data sharing and automation in
production increases, process mining becomes more critical in
terms of monitoring, compliance control, and continuous
improvement activities (Akhramovich, Serral Asensio & Cetina,
2024) . Especially in the dynamic and frequently changing
nature of smart manufacturing systems, maintaining the
currency of digital twin and simulation-based decision
support tools is gaining importance; in this context, studies
aimed at dynamically creating production models using process
mining provide a roadmap for implementation by concretizing
data requirements and model updating approaches (Friederich,

Lugaresi, Lazarova-Molnar & Matta, 2022) . Furthermore,
current applications demonstrating that process discovery can
be performed via industrial communication data (e.qg.,

IToT/OPC UA network data) show that data collected from the
field can be directly recovered as operational insights for
process management (Hornsteiner et al., 2024).

BPM literature states that using technology to change the
way a business operates 1s better 1if the business also
possesses the skills and habits to do so well (Huy, 2025).
This 1implies that some research on how IoT and BPM work
together shows that using sensors and smart products can help
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people better see what is happening in a process; however, it
also suggests that it can complicate the process, and this
complication needs to be addressed through effective process
management methods (Janiesch et al., 2020). Other studies on
ATl-powered BPM systems show that models that learn from
process data can aid 1n process monitoring and decision
support. However, it is also important to consider
reliability, constraints, and governance principles.

4. The Impact of Process Management on Production
Efficiency

How well a production system uses its resources to produce
output depends on how much and how well that output is. -
Digitalized production systems can do more work faster and
better. But that's not enough. They need to avoid problems
that prevent them from working and show how much they lose
when they do work. They also need to ensure they produce the
right things the first time and deal with potential losses.
- Process management makes work faster and Dbetter by
frequently checking and changing tasks. - Process management
uses numbers and facts to see and solve problems, rather than
guessing and hoping for better results (ISO, 2014).

The first critical step 1in process management that
contributes to efficiency 1s monitoring process performance
using KPIs as a common language. The ISO 22400-2 standard
frames the definition, formulas, and usage contexts of KPIs
used for manufacturing operations management, thus helping
businesses create a consistent and comparable framework for
“what each indicator measures” (IS0, 2014). However, since
designing KPIs in a “neutral” way across sectors does not
always fully meet the needs of the process industry, there
are also studies discussing the gaps between the specific
performance needs of the process industry and the ISO 22400
KPI set (Zhu, Johnsson, Varisco, et al., 2018). At this point,
process management requires the creation of a measurement
architecture tailored to the company's manufacturing
characteristics, rather than blindly applying the KPI set.

One of the most common indicators for monitoring
efficiency and analyzing losses 1is Overall Equipment
Efficiency (OEE). OEE shows how efficiently equipment uses
its planned production time by evaluating availability,
performance, and quality components together (IBM, undated).
The practical value of OEE lies in revealing losses in the
process from different perspectives through these three key
components; for example, availability losses are mostly due
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to downtime, performance losses are due to speed reductions
and minor stoppages, and quality losses are due to

errors/defects and start-up losses (Leroux, undated). This
"loss reading" logic of OEE facilitates the accurate
prioritization of improvement in process management

(OEE.com, n.d.).

Digitalization significantly enhances the capacity of
process management to create efficiency because losses can be
measured more frequently and in greater detail thanks to
sensors, MES/ERP logs, and IoT-based data collection systems.
This transforms indicators like OEE from a "monthly report"
into a management tool that can be monitored in real time and
enables action. For example, a case study using real-time OEE
data reported that monitoring supported by Industry 4.0
technologies (IoT, big data, <cloud) reduced unplanned
downtime in the studied work centers and led to a significant
increase 1in average productivity (Novochadlo & Paladini,
2024) . The critical point from a ©process management
perspective is not Jjust collecting data, but also linking
that data to process discipline in terms of which decisions
it triggers at which thresholds (outage analysis, root cause,
maintenance/adjustment plan, standard job update, etc.).

Finally, one o0of the current trends in 1increasing
efficiency is the combined use of lean manufacturing tools
and process mining. Process mining can more objectively reveal
bottlenecks and deviations by extracting the actual flow of
the process from event logs generated in information systems.
When combined with a lean perspective, this approach has the
potential to identify waste in the wvalue stream in a “data-
verified” way and detect real-time deviations at an early
stage (Khakpour, Ebrahimi, and Seyed-Hosseini, 2024). Thus,
process management shifts efficiency gains from one-off
projects to a continuous measurement-analysis-improvement
cycle (continuous improvement) .

5. The Impact of Process Management on Production
Flexibility

In today's rapidly digitalizing manufacturing
environment, "flexibility" is not only the capacity to produce
different products, but also the ability to adapt the system
from the design stage to the face of demand uncertainty,
product variety, and changing constraints. Therefore,
flexibility is systematically addressed in the literature by
categorizing it into different types such as capacity,
product/product mix, routing, volume, and trigger time, and
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determining which types of flexibility become critical under
which manufacturing paradigm (Weckenborg et al., 2024). It is
particularly emphasized that in high-mix, low-volume (HMLV)
production structures, flexibility has transformed from an
"operational preference" into a necessary capability for
competitiveness due to on-demand production, short product
lifecycles, and frequently changing workflows (Gan et al.,
2023) .

At this point, process management provides a framework
that transforms flexibility from “scattered improvement
initiatives” into an end-to-end measurable and manageable
system capability. The process approach makes it possible to
monitor both efficiency and adaptability simultaneously by
defining value streams, process ownership, standard work, and
data-driven performance indicators (e.qg., cycle time,
delivery reliability, rework rate). When choosing between
different types of flexibility, decision-making models and
evaluation approaches should be used to determine which level
of flexibility is meaningful in terms of “necessary” and
“Yavailable” flexibility (Hose et al., 2023; Weckenborg et
al., 2024). Thus, process management transforms the abundance
of data Dbrought about by digitalization not only into
reporting but also into an operating logic that produces a
rapid and controlled response to change.

When Industry 4.0 components (IToT, cyber-physical
systems, data analytics, etc.) are integrated with process
management, flexibility shifts from “reactive adjustment” to
“proactive adaptation.” In the literature, this relationship
is explained as technologies sometimes increasing existing
flexibility, while in other cases, they reduce “necessary
flexibility” by providing better information and coordination
(Hose et al., 2023). For example, real-time monitoring and
predictive analytics make wvariable demand and capacity
constraints visible earlier, allowing process owners to
manage them Dbefore bottlenecks occur. This logic 1is
particularly important in the reconfigurable manufacturing
systems (RMS) approach: designing systems according to the
principles of modularity, scalability, and adaptability
supports the implementation of process changes at a lower
cost and in a shorter time (Koren, 2018; Yelles-Chaouche et
al., 2021).

Digital twin applications elevate process management to
the level of “simulation-validated decision-making” because

process changes (planning rules, resource allocations,
This work 1s distributed under the terms of the Creative
2 4 Commons Attribution—-ShareAlike 4.0 International License

(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeR(ONF

SdenTIFc PUbLEHNG CenTen

MANAGEMENT

checkpoints, etc.) <can first be tested in a virtual
environment and then implemented in the field with lower risk.
Experimental reports show that digital twin-based control in
flexible manufacturing systems can provide significant
improvements in productivity, energy consumption, and quality
indicators (Ullah & Younas, 2024). Similarly, approaches that
combine digital twins with artificial intelligence components
aim to accelerate “dynamic reconfiguration” decisions
regarding layout, parameters, and operating times at the
production cell/line level (Mo et al., 2023). In this context,
process management links insights obtained from digital twins
to KPIs (e.g., OEE, lead time, transition time), connecting
flexibility to a measurable, comparable, and sustainable
improvement cycle.

6. Literature Review and Discussion

Literature examining the relationship between advanced
manufacturing techniques, digitalization, and  process
management shows that these three components, when considered
together, create significant and sustainable impacts on
production performance. Studies conducted within the
framework of Industry 4.0, in particular, emphasize that
digital technologies (IIoT, big data analytics, cyber-
physical systems) increase the traceability and
controllability of processes, thereby enhancing the
effectiveness of process management (Hose et al., 2023). This
demonstrates that process management has gone beyond being
merely a management tool and has become a central component
of digital manufacturing systems.

When productivity-focused studies are examined, it 1is
seen that digitalization initiatives not supported by a
measurement and continuous improvement cycle fail to deliver
the expected performance increases. Indicators such as KPIs
and OEE, defined within the framework of ISO 22400, allow for
the systematic identification of productivity losses 1in
digital production environments; however, these indicators
often remain tools used only for reporting purposes when they
are not integrated with process ownership, shared
responsibility, and a culture of continuous improvement (Zhu
et al., 2018). In this context, the literature reveals that
process management, as a governance mechanism that makes sense
of digital data, interprets it, and transforms it into
concrete improvement actions, plays a critical role 1in
increasing productivity (Novochadlo & Paladini, 2024).

In terms of production flexibility, research shows that
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digitalization alone does not guarantee flexibility;
flexibility must be structured from the design phase of
processes through modularity, alternative routing, and
decision rules (Weckenborg et al., 2024). Studies focusing on
high-complexity, low-volume production environments highlight
that process management reduces flexibility costs and
shortens response times by ensuring coordination in these
complex structures (Gan et al., 2023). These findings support
the view that flexibility is as much about “process design
and management” as it is about “technological capacity”.

The current literature addressing process mining, digital
twins, and AI-powered BPM approaches demonstrates that they
elevate data-driven decision-making capabilities in process
management to a higher level. Process mining enables the
visualization of real ©process flows, allowing for the
objective identification of bottlenecks affecting efficiency
and flexibility (Khakpour et al., 2024). Similarly, digital
twin-based approaches reduce the risk of flexibility
decisions by allowing process changes to be tested before
implementation in the field (Mo et al., 2023; Ullah & Younas,
2024) .

When these findings are considered together, the key point
emphasized in the literature is that the impact of
digitalization on production performance is meaningful only
insofar as it is integrated with process management. Digital
technologies increase data without ©process management;
however, process management lacks speed and agility without
digitalization. Therefore, in the context of advanced
manufacturing techniques, these two dimensions need to be
addressed simultaneously and in a coordinated manner to
sustainably increase productivity and flexibility.

7. Conclusion and Recommendations

This study comprehensively examines the effects of
process management on productivity and flexibility in
digitized production systems within the context of advanced
manufacturing techniques. When the literature findings are
considered together, it is seen that the contribution of
digitalization to production performance becomes meaningful
and sustainable when supported by a process management
approach in which ©processes are systematically defined,
measured, and continuously improved (Hose et al., 2023;
Weckenborg et al., 2024). In other words, digital technologies
alone do not increase productivity and flexibility; their
integration with process management principles plays a

This work 1s distributed under the terms of the Creative
2 6 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeR(ONF

SdenTIFc PUbLEHNG CenTen

MANAGEMENT

decisive role.

The findings regarding efficiency show that process
management stands out, particularly through its measurement
and visibility functions. Systematically monitoring
production losses through KPIs defined within the framework
of OEE and ISO 22400 enables early detection of unplanned
downtime, speed losses, and quality-related waste in digital
production environments (ISO, 2014; Novochadlo & Paladini,
2024) . This demonstrates that with digitalization, process
management has moved beyond being merely a "reporting" tool
and has Dbecome an action-oriented performance management
tool.

In terms of production flexibility, process management
addresses flexibility not only as a temporary capability based
on operational interventions, but also at the design and
governance levels. The literature emphasizes that flexibility
should be considered in different dimensions such as product
mix, volume, and orientation, and that these dimensions are
directly related to process design (Gan et al., 2023;
Weckenborg et al., 2024). While digitalization enables faster
evaluation of alternative process scenarios, process
management transforms flexibility 1into a controlled and
sustainable capability by defining under what conditions and
how these scenarios will be implemented (Ho6se et al., 2023).

Additionally, contemporary approaches such as process
mining and digital twins take the data-driven decision-making
capabilities of process management to a higher level. Process
mining enables objective analysis of real process flows,
facilitating a more accurate detection of bottlenecks
affecting efficiency and flexibility (Khakpour et al., 2024).
On the other hand, digital twin-based applications reduce
decision risk, especially in flexible production systems, by
enabling process changes to be tested before implementation
in the field (Mo et al., 2023; Ullah & Younas, 2024). These
tools turn process management 1into a strategic decision
support mechanism in digitalized production systems.

From a practitioner's perspective, the study's key
emphasis is that digital transformation projects should not
be viewed solely as technology investments. It is crucial
that such projects are considered in conjunction with process
ownership, performance indicators, and a continuous
improvement approach. It 1s recommended that businesses
transitioning to advanced production techniques first clearly
define their existing processes, identify critical points of
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variation within those processes, and develop data-driven
decision rules for these points (ISO, 2015). This holistic
approach enables businesses to manage their production
processes more effectively and adapt to changing conditions
in a more controlled manner.

Finally, some suggestions can be made for future studies.
First, there is a need for application studies that examine
the relationship between process management, digitalization,
and performance at the sector and enterprise levels based on
empirical data. Second, a comparative evaluation of the
effects of integrated approaches that consider process mining
and digital twin applications on productivity and flexibility
will contribute to the literature. Lastly, the inclusion of
dimensions such as sustainability, energy efficiency, and
human-machine interaction within the framework of process
management 1is important for understanding the future
directions of studies in the field of advanced manufacturing
techniques.
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CoBpemMeHHbIe KOHUuenuum u mogenm
ynpaefieHMA YyeroBevyecKMMm pecypcamm:
3apybe)xHbIA ONnbIT U OTeYecTBeHHan
npakTukKa

BananaHoBa Anbmupa CanumosHa', Kom6aposa [iuana ManparkaHoBHa?

'HayuHEM pykoBOOMTEJHb, PhD;
YO «AnmMaTel MeHeIXMeHT YHuBepcuTeT»; KasaxcTaH

MarmcTpaHT 1 Kypca;
YO «AnmMaTel MeHeIXMeHT YHuBepcuTeT»; KasaxCcTaH

AHHOTAUMSI. YIIPaBJIEHME UEJIOBEUECKMMM pecypcaMM 3a IOCJIeIHME NeCATUJIETUS M3MEHMIJIO
HEe TOJIbKO HabOp MHCTPYMEHTOB, HO UM COOCTBEHHHIM CTATyC BHYTPM opraHmszaumm. To, dYTO
elle CPaBHUTEJIBHO HENaBHO BOCIPMHMMAJIOCH Kak KaIpoBOe COINPOBOXIEeHME HarMma, ydeTa
1 IepeMeleHulr, CeTronHS BCe ualle BBCTyNaeT KkKakK CUCTeMa, uYepes KOTOPpYyKl KOMIIaHUSA
CBA3BIBAET CTPATEIM, IPOM3BOIUTEJIBHOCTL, KYyJIbTYPY, KBalIMdMkaluy, LUOPOBHE pPElUIeHUS
M YyCTOMYMBOCTBL. Ha 3ToM GOoHe OCOOEHHO BaXHBIM CTaHOBMUTCSH pal3JIMUeHMe KOHLENUUN U
monejieyr HRM, HOTOMYy UTO MMEHHO B HUMX 3adUKCUPOBAHEL Pa3HBIE OTBETH HAa OOMH UM TOT Xe
BONPOC: Kak I[peBpaTUTh UYeJIOBEUeCKMUM Tpyl, 3HaHMS, MOTMBALMIO M CIOCODHOCTL K
Pa3BUTUIO B YIPABJISEMEM MCTOUHMK OPITaHMBALMOHHOM LEHHOCTM. B CcTaTbe CONOCTAaBJIEHEBL
KJIACCUYECKME M COBPEMEHHEE MOIeJM yIpaBJIEHMS UYeJIOBEeUEeCKMMM pecypcaMy, NIPOCIJIexXeHa
JIOTMKa MX Iepexola OT HOPMATUBHEIX CXEeM K aHaJIUTUUYECKMM U LUMOPOBEIM IIOOXOIaM, a
3aTeM PacCCMOTPEHH BO3MOXHOCTM MX I[IPMMEHEHMS B Kas3axXxCTAaHCKOM NpakTuke. Ilokaz3aHo,
uyTO CcOBpeMeHHOe HRM pasBuMBaeTcsa B  HECKOJIbKMX HalpaBJIeHMSAX  OIHOBPEMEHHO :
yCUIMBaeTCsa CTpaTeIrMdYeCKOoe BHpPabBHMBAHME C LeJIaIMM OprlaHMs3aluuM, pacTeT poJib
CUCTEeMHHIX IakeToB HR-mpakTuk, pacumpsaeTrcs UudpoBM3alMsa KaIpPOBEX [IPOLECCOB,
YKPEIJIgeTCd HaBHKOBAA JIOTMKA YINPAaBJIEHMI TPYIOOM M IOBHIIAETCH 3HAUYEHME CONOCTAaBUMEBIX
HR-nmokaszarenen. KazsaxcTaHckasa npaKkTUKa IEMOHCTPUPYeT He OTCYyTCTBUE STUX
IpoLecCOB, a MX CMeUWaHHEM M HEeOIHOPOXIHBEI XapakKTep. IIpaBoOBOM KapkKac, ULUPPOBEE
J1aTOoOpMEl BaHATOCTM, PasBUTME CUCTEeMs KBajaubpmkauuy U OTIeJIbHEE KOPIOopaTUBHLE
NPpakTUKM yxe (QOopMMPYIT OCHOBY COBPEMEHHOM KaIpOBOM IOJUTUKM, OINHAKO €€ 3pPesloCThb
IIO-MpexXHeMy OlpelefiseTcs He KOJIMYECTBOM 3aMMCTBOBAHHHIX MHCTPYMEHTOB, a CTEIeHbI
X MHCTUTYLMOHAJIBHOM, MNPAaBOBOM U OPTAaHM3ALMOHHOM COIJIACOBaHHOCTU.

KnioueBsle cloBa: yHOpaBJIeHME YeJIOBEYECKMMM pecypcamy, cTparermdyeckoe HRM, wMonmesin
HRM, AMO, HPWS, e-HRM, kanpoBas MNOJIMTHKA, PEHOK Tpyna KaszsaxcraHa, LMppoBM3aLIMI
HR.

Beenenne

CoBpeMeHHOe cCTpaTermyeckoe yIpaBJieHUe yeJIOBEeUeCKUMU
pecypcaMmu omnpenesisgeTcs uepe3 ero CBA3b C business strategy,
workforce planning m human capital management, a noTromy pedyb
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UIeT yXe He O BCIOMOTaTeJIbHOM KaIpOoBOM QyHKUMM, a O KOHTYpe,
KOTOPBIM IOOJDXEH IOONEPXNBAThH OOJITOCPOYHEE nenmn
opraHM3auuM  depes yIpaBJieHMe HaBEIKAMU, IIOTEeHUMAaJIOM U
CTPYKTYpPOM 3aHdaTocTuM [1].

BaxHeruuy NOOBOPOT B  PAa3BUTUM  OUCLUIIJIMHEL CBS3aH C
TapBapICKOM WKOJIOM, NpencTaBJieHHOM M. Bupowm, B. Cnexrtopowm, II.
P. Jloypercowm, JI. KymuuHoM Musiisom m P. E. YojgToHOM. VX NOOXOL
3amaBajl WMPOKYK PaMKy, B KOTOPOM YyIpPaBJIEHME UYeJIOBedeCKUMU
pecypcaMM CBSA3BIBAJIOCE HEe TOJIBKO C B0PeKTUBHOCTBIO OpT'aHM3aLUM,
HO ¥ C ydacTueM pabOoOTHMKOB, CHUCTEMaMM BO3HaI'paxXIeHUSd,
[IOTOKaMM IIepCcOHaljla M pasBUTHMEM KOMIIETEHTHOCTM, TO ecTb HRM
M3HAauYaJIbHO  MEBEICJIMJICA Kak MHTeIpUpOBaHHAasS  ylpaBJIeHUeCKasd
cucTeMa, a He kKak Habop paspO3HeHHHX Ipouenyp [2].

MuumraHckasd, UM  CcTpaTerudyeCcKM  BHEPOBHeHHAasd, JVHUA,
cBgsaHHasg ¢ Y. IOIx. dombpyHom, H. M. Tuum m M. A. JeBaHHOM,
OpenjioXuiia MHYID OINTMKY. B HeM LeHTpaJlbHOe MeCTO 3aHuMaeT
COOTBETCTBME MeXIy MMUCCHMEM opTaHMsalMM, €e CTPYKTypou u
LUMKJIOM KAaIOPOBHBIX PEIIeHMM, BKIOYAKIMM [10O0O0pP, OLEeHMBAaHUE,
pPas3BUTHE UM BO3HarpaxIeHMe. 3ITa MOIeJlb oOKas3ajlacb OCOOEHHO
BIMATEJbHOM TaM, e HR Tpef®oBasjioCck NepeBeCTM Ha SASBBEK XeCTKOM
YyIIPaBJIEHUYECKOM COIJIACOBAHHOCTM U LIeJIEBOM IOUCUMIIIMHEL [3] .

. Ynbpux nos3nHee CMeCcTMJI pa3ToBOp elle najblie, I[IoKasas,
UTo 3pPEeJIOCThb HR-nompasnejeHnsa olnpernesdercda He oOBEMOM
BHYTPEHHMX oOIlepauuy, a TeM, KaKyln LeHHOCTb OHO CO3IJaeT nld
opraHM3aLun. Ero JeTHpe poinu, strategic partner,
administrative expert, employee champion u change agent, 1o
CUX IOpP OCTalnTCa OIHOM M3 CaMblX YCTOMUMBEIX YyIHNPaBJIEHUECKUX
cxeM B npodeccmoHanpHOM HR-mmckypce [4].

JInTepaTypHst O0630pP

Cpemn OOBACHUTEJIBHEIX MOJeJie ocoboe MecTo 3aHmMaeT AMO-
IoNxXon, IIOCKOJIbKY OH IIHTaeTCsas OTBETUTHL He CTOJIbKO Ha BOIPOC,
KakMe IpPaKTMKM II0JIe3HEl caMM IO cebe, CKOJIBKO Ha BOIPOC, Uepes
Kakoy MexaHM3M OHUM HauMHalT padoTaTb. B ob3ope A. Bos-Nehles, K.
Townsend, K. Cafferkey m J. Trullen, ocHOBaHHOM Ha aHammze 104
KOJIMUECTBEHHBIX MCCJIEIOBAHMIM, II0KA3aHO, UYTO pPe3yJbTAaTMBHOCTL HRM
YCTOVMUMBO CBf3aHa C TpeMsd B3aMMOIONOJHIMMMM OJjiokamm: ability,
motivation wum opportunity, TO ecCcThb CHIOCODHOCTBI COTPYIHMKA
BBIIIOJIHATEL  padboTy, ero MOTHMBalIMEM ¥ pPeaJibHOM  BO3MOXHOCTBIO
Yy4aCTBOBATh B pabouMx UM OpTaHM3AalLMOHHEIX IIpoleccax [5].

He wMeHee 3HauuMoy ocraeTcsa JuHMsa high-performance work
systems. B 2ToM JIOTMKE CWJIbHBEM 200ekT BO3HMKAET He OT
V30IMPOBAHHOY MNPakTUKM, a OT IakeTa B3aMMOCBSISBaHHEIX PeUeHUlM,
rme obydeHue, ydacTue, aBTOHOMUA, KoOMaHmHasa pabora U
OopraHM3alUMOHHAA I[IOoOOepXKa YCUIMBAT IOpyI Ipyra. COBpPEeMeHHBM

2 This work 1s distributed under the terms of the Creative
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(https://creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeRCONF

SdenTIFc PUbLEHNG CenTen

MANAGEMENT

ob30p o high-performance workplace system npsMo
XapakTrepusyeT HPWS Kak OOMH ns3 HauboJee M3BECTHBIX
TEOPeTUUYEeCKMX I[IapalIMIMaJIbHEX I[IOOXOOOB cCcTpaTermdeckoro HRM,
OOBACHALIINX, KaxkuM  ofbpasoM  IM3alH CUCTEeMEl  ylNpaBJIeHUS
[IepPCOHAaJIOM BJIMSAET Ha IIPOM3BOIUTEJNILHOCTHL opTraHm3aumm [6].

Indporon I[IOBOPOT npunoasl HRM elle OIHO U3MepeHue.
MeTraaHanmms 0. Uxoy, 0. Usua, 0. 30y u I'. JlIo cucreMaTmMsnpoBal
ucciyiegosaHmua no e—-HRM m nokasaj, d4YTO ero BHeIPpEeHMe CBA3aHO C
IIOJIEBHOCTBIO CUMCTEMBl, OpPITaHM3ALUMOHHEIMM pecypcaMy, 3BHaAHUAMU
IOJIb30BATEJIEN M COLUMAJIbHEM BJIMSAHMEM, a [IOJIOXUTEJIbHAaS CBA3b €-
HRM Cc opraHmMs3alMOHHOM pPesyJIbTATUMBHOCTBHI OKAa3BBAETCS CHUIIbHEE
B cTpaHax C 6Oojyee paszssuroM ICT-uHbppacTpykTypoM [7].

CrnenmymomyMl BaXHBIM CHOBUI' CBA3aH C NepexXolIOoM OT IOJDKHOCTHOM
JIOTMKM K HABHKOBOMW. Deloitte duxcumpyer, uro 0GaszoBas eIMHMUIA
opraHmzauuMmM Tpyna, Jjob, yXe BO MHOTMX CJIydassX CTaHOBUTCSH
CIIMIIKOM XeCTKOM nJigd OBCTPO MeHdwomerocsa Owmu3Heca, U TIIOTOMY
KOMIIaHUM TepexonsaTr k skills-based models, rme yHopaBJeHUue
CTPOUTCH BOKPYT TeKyllMxX M OyOyUlMX HaBEKOB, a He TOJIbKO BOKPYT
bopMaIMB30BAHHEX IOJDKHOCTEeM [8].

T'nmof®asibHEIM PHIHOK Tpyla NONTBEPXIOaeT, YTO 3TOT pPasBOpPOT He
ABJIAETCS TOJIBKO S3BIKOBOM MomoM. Future of Jobs Report 2025
World Economic Forum 60asupyeTcsa Ha HaHHBEIX 0Oosiee 1000
paboTomaTeJiey, MNpelCcTaBJdomMUX CBeme 14 MIH pab®oTHMKOB B 55
5KOHOMMKAX, M IIOKaseBaeT, uYTO Ha Tropu3oHTe no 2030 roma
padoTomaTesM OXMIAKT KPYIHYI IE€PeCTPOVKY HAaBBIKOBEIX TPeOOBaHUM
IO BOB3IOEMCTBMEM TEXHOJIOTMUECKUX M CTPYKTYPHEX CIBUTOB [9].

To, Kak DTKM I[IPOLECCH OlyMaKnTCsa Ha [IPUKIAIHOM YPOBHE,
XOpPOWO BUIOHO IO IOaHHBIM NPpOPeCCHMOHAaJNIbHOT'O coobumecTBa. B oTuere
CIPD Resourcing and Talent Planning 2024 3admMKCUpPOBaAHO, UTO
69% PECIOHIEHTOB coodumIm o pocre KOHKYPEHUUNU 3a
KBAJIUQULIMPOBAHHEE Kanpel, 84% MBITalMCh BaKPHBATbh BaKaHCUM, a
64% w©M3 BTOV TPYMNIE CTOJKHYJIMCE C TPYIOHOCTAMU [IPUBJIEUEHUS
KaHIUIaTOB, NOpuuYeM HambOoJiee CJIOXHEIM OCTaBaJiCsa HalMM Ha senior
um skilled roles [10].

JInTepaTypa mnocJelHux JjeT yobexIaeT B OIHOM BellM OCOOEHHO
HacTOMUMBO: CcoBpeMeHHOe HRM yxe HEBO3MOXHO OINMCAThL OIOHOM
OOMMHMpPYyoIMEeM Momesibld. OHO CTaHOBUTCHA MHOTOCJIOMHOM CMCTEMON,
B KOTOpOM cTpaTermyueckoe BHIPABHMBAHUE, MOTUBALUMOHHO—
IIOBeIeHUEeCKHUe MEXaHWU3MH, IakKeTHbIE IPaxKTUKY, uubporasa
MHbOpacTPyKTypa M HaBHKOBAasA JIOT'MKAa COCYIECTBYKT, MHOT'IAa
ycuameasa IpyT IpyTra, a MHOTIAa CO3HOakas HOBHE HANPSXEHUI BHYTPU
opraHM3alUun. ConocTaBJjieHMe KJIOUEeBEX Mozejsier HRM 1o wux
TEOPEeTUUYECKOMY AIOpPpY, CWMJIBHEIM CTOPOHAM M OCHOBHBIM OI'PAHMUEHUAM
npueeneHo B Tabm. 1.
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Tabmauma 1
CpaBHMTENBHbE XapaKTePMCTHMKM KIIOYEBHX Mogzesner HRM
MomeJsb TeopeTuueckoe CuisibHasa CTOpPOHa OcHOBHOE
a0po OT'PaHUUYEeHNKE
T'apBapnckas Bamauc Inpoxkasa CJIOXHOCTB
MHTEPECOB COLMAaJIbHO— onepauMoHann3aumu
CTEMKXOJIOEPOB, cTparernyeckas u
IOOJITOCPOUYHEIE IepClIeKTUBa
HR-pesynbTaTE
Muumrasnckasa XKecTkoe Bricokasa Puck penyxumm
COOTBETCTBUE yhopaBJIeHUeCcKad JeJyioBekKa K
HR-nmomTukm OIpeneJyIeHHOCTb pecypcy
cTparermum
bupmeL
Posieras IlennocTs HR [leperon HR B BosmoxHasa
MOZeJIb uepes A3BEK OU3HEeCa VHCTPYMEHTAaNIN3al]
Yneppuxa co3maBaeMyn Vs 4YeJIOBEeYeCKOI'O
OpTraHM3alVOHHY VBMEPEHUA
0 [I0JIb3Y
AMO CrnocoBbHOCTB, SICHBEII MeXaHWM3M HeomHopomoHOCTB
MOTMBAaALMA, BamaHmua HR Ha U3MEPEHUM
BO3MOXHOCTb IoBEeOeHKE
y4acTusa
HPWS SddbexT nakera CUCTeMHBM B3IJIAL CunbHada
B3aMMOCBSI3aHHE Ha 3aBUCHMOCTEL OT
X HNPaKTUK IPOU3BOOUTEJILHOC KOHTEKCTa
Tb
e—HRM IndpoBmzaLMsa CxopocCTh, OnacHOCTb
HR-npoueccos m IIPO3PayYHOCTE, bopmMmasibHOM
aHaJIUTUKU MacULTabupyeMoOCThb aBToOMaTU3aLUA
Skills- YopaBJIeHME II10 T'mbkocTs U Bricokue
based HaBBIKaM BHYTPEHHAA TpeboBaHMA K
organizatio MOOUIILHOCTb IOaHHEIM U
n APXUTEKTYPE
IIPOLLEeCCOB
Ha YPOBHE IOHATUN BMIOHO, gyTO COBPEMEHHEIE MOIeJin

pacxomaTcsa He CTOJIbBKO B OTBeTEe Ha BOIPOC,
CKOJILKO B TOM,

oeJjawnT
OpyTMe Ha IIOBEeNeHUEeCKMUM MexXaHMU3M,

cunbHBEM HR,
CUJIbLHBIM .

OnHM
COIJIaCOBAHHOCTh,

LMPPOBYI0 MHQPACTPYKTYPY,
TpyOa. VMEeHHO HNO®TOMy 3pejlad NpaKTHKa PelKOo CTPOUTCH IO UMCTOM

MOIOeJin .

34

CTaBKy

HYXEeH JIM OpIr'aHM3alnmM
3a C4UeT 4YeIl'O MMEHHO OH IOOJIXeH CTaThb
Ha

CTPATEIUUECKYD
TPEeTbM Ha

JyeTBepPThle Ha HaBBEIKOBYK IIOIBMXHOCTDBb

OOBIYHO OHa HIpencrasBlifgeT CcOOOM KOMOMHMPOBAHHYK COOPKY
HECKOJIBKMX I[IOOXOOOB Cpasy.
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CoBpemeHHas cuctema HRM
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CrpaTeruyeckoe
BblpaBHHMBaHWe
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R

YrpasneHue HaBblkamu Ludpposas UHDPACcTPyKTYpa

e
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OpraHu3auuoHHas KybTypa
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T

HR-MeTpHKK M aHaNMTHKa

PucyHok 1
dxocucreMa cospeue:-moﬁ CHUCTEeMHl YyIpPaBJIEHUsI 4YeJIOBeYeCKMMM pecypcamMmu

[lpencraByeHHasa Ha PUCYHKe 1 KOHOMI'ypalMsa IOKAa3BBaET, YTO
3pesiag HR-cmcTemMa CTpOMTCHA He IO JIMHEMHOMY IIPMHLMIY, KOoI'Ia
omHa OQYHKLUMA [NOCJEeHOBATEJIbHO CJledyeT 3a OpyIolM, a IO CeTeBOU
JIOTUKE, B KOTOpOM cTpaTerndyeckoe BEHIPABHMBAHME 3anaeT
HalpaBJIEHME KAIOPOBEIX PEIeHMM, YyINPaBJIEHME Ha BEKAMM OIpenejigeT
comepXaTeJIbHYI OCHOBY TPYOOBOTO noTeHuUMana, umupposad
MHOpacTpyKTypa obecrneuyBaeT CKOPOCTb 18 IPO3PauYHOCTb
IpoLecCcoB, oBydeHMEe U pPa3BUTHE HNOOOEPXMBAKT OOHOBJIEHUE
KOMIIe TeHLIN, BO3HarpaxlieHue u yIOepxaHue CTaDUNIUBUPYIOT
TPYyLOoBOE I[IOBeIeHMe, a KyJbTypa ydacTmusa co3maeT cpeny, B
KOTOPOM CrnocoBbHOCTHU u MOTMBALUA npeobpasyrnTcsa B
OpTaHM3allMOHHHMN pes3yjibTaT. CyumecTBEeHHO M TO, 4YTO HR-MeTpukwu
¥ aHaJMTMKa B DTOM MOIEJNIM PAacCIOJIOXKEHE He Ha nepubepur, a B
4uycJie KJIOUEBEIX KOHTYPOB, IIOCKOJIBKY COBPEMEHHOE YyIIpaBJIEHUE
[IEPCOHAJIOM BCE MeHblIe ONMPaeTCsa Ha MHTYUTHUBHBEE [IPEenCTaBJIEHUSA
u BCce OoJjblle TpedbyeT OOKA3aATEJIbHOM I[IPOBEPKM pPeEUeHUM dYepes
COIOCTaBMMEIE [OKa3aTeau 30OeKTUBHOCTU.

MaTepmasnsl M METONEH

MeTomosnormueckasa JIOTHUKa PaboOTE onMpaeTcd Ha TO
HalpaBJIeHME MCCJIeOOBaHUM, KOTOPOEe CBAS3HEBAET CTpaTeIMdeCKUM
MeHenxMeHT ¥ HRM He QmexkmapaTMBHO, a aHamuTmueckm. II. Bokcajsn
u Ix. Illepcesuyl HNOOUEPKMBAKT, UYTO cCTparermdeckoe HRM crnenyet
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paccMaTpMBaTh dUepe3 eI'0 BJIAMSAHME Ha WMaHCHE opTaHM3auMu Ha
BEDKMBAHME UM OTHOCUTEJIBHEIM YyCIeX B Pa3JIMUHEIX OPTaHM3alMOHHEBIX,
OTpPacCJIeBEIX n O@LLLGCTBGHHE:IX KOHTEKCTaxy, TakKasa YCTAaHOBKa
OCOOeHHO BaxHa OJA CPaBHUTEJILHEIX MCCJIeIOBaHMUM, T'IOe IIepeHOoCy
rnonojiexatT He MOIOHEBIE (bopM'yan, a IIPUMYVMHHO—CJIEOCTBEHHEE
ceazm [11].

[IOHATUMHBIM allapaT COOTHOCMUJICA C COBPEeMeHHOM people-
management Tpamuumer, rnrae noxnbop, performance management,
reward, learning and development, employee relations wu
OPTaHM3aLUMOHHEE CIOCODHOCTM PacCMaTpUBAlTCA KaK YacTM OHNHOM
cucTeMe. B 16-M mM3maHuM pykoBoncTea M. ApmcTpoHTa u C. Tewnsopa
OTIHOEJIbHO I[IOoOUepKMBaeTCsda, YUTO COBpeMeHHad NpakTuka HRM yxe He
MOXeT MTHOPMPOBATDB IVMCTaHIVMOHHYIO 3aHATOCTDb 12 LI,I/.[(DpOBbIe
KaopOBEIE IIPaAKTUKMN, TO €CTb CaMa IMCLUILJIIMHA pacump4aeT CBOM
npenMeT BCJeO 3a M3MeHeHueM Tpyna [12].

HONOJIHUTEJIBHEM MeTOIMYEeCKMM opMueHTup naet OECD, xoropasa
CBSABEIBaET Pe3yJIbTaTUBHOCTD people management c ero
MHTeTrpaumer B core business public service m paccMaTpuBaeT
yhnpaBJIeHME JIOObMM KaK HeoOXoIMMOe YyCJIoBMe 6Oojiee NpOoIdyKTUBHOMU
n responsive public administration. 3TO BaXHO He TOJIbBKO IJid
TOCyIoapCTBEHHOT'O CcekKTopa. CaM NpMHLMUII TOBOPUT O OoJjiee obuweM
TpeboBaHMM: HR mMMeeT ynpaBJIeHUECKMM CMBICJI JIMIIb TOI'Ia, Korna
OH BCTPOEH B OCHOBHYK JIOTMKY IOeATeJIbHOCTM opraHmszauum [13].

PesyneTaTi U OBCyXIOeHMue

[lepexon x pokaszarenbHOMy HR ocobeHHO 3amMeTeH TaMm, IOe
KaopOBEIE npoLueCCel HAa4YVHAKT U3MEPATBECHA COIIOCTAaBVMBEIMIM
noxKasaTeJI MU . B pabouem gpgokyMeHTe OECD 2025 7rToma 1o
MEeXIYHAapPOIHOM paMKe MHIuKATOpOB HRM B nyOJMUYHOM yHNPaBJIEHUM B
KayecTBe ©as0BEIX OBUIM OPOTECTHMPOBaHEl median age, age
distribution, time to hire, total turnover wu first-year
attrition. CymecTBeHHO 3IOeCb He TOJIbKO CaMO IlIepeuMciieHre
MEeTPUK, HO 1 TO, gTo HR OKOHYATEJIbHO BBOIOINUTCHA B pPexmmM
evidence-informed people management [14].

g KasaxcTaHa Takasd I[IOCTaHOBKAa BOIpoca MMeeT IIpAMOoe
3"HaueHme. OECD Public Governance Scan of Kazakhstan 2025
OTHOCMUT  human resources management kK  UMCIY  KJIOUEBHX
HaHpaBJ'IeHI/HZ MOOEPHM3al MM TI'OCYIOAapCTBEHHOI'O VYIIPaBJIEHMA HaApAOy
co strategic planning m public sector innovation. Tem caMbM
Kagmpoead IIOJINTUKA paccMaTpmMBaeTCHAd YXe He Kak TeXHNYeCKOoe
COIIPOBOXIEHUE Trocamnnapara, a Kak BJIEMEHT APXUTEKTYPEL
aIMMHUCTPATUBHOM 3dbdexkTuBHOCTM [15].

Jiobas NomnelTKa NepeHoCa 3apyOexHBIX MoIeJieM B KasaxXCTaHCKUM
KOHTEKCT yIMpaeTCcs MNpexle BCeTro B NpaBOBYK paMky. Labour Code
of the Republic of Kazakhstan ot 23 HOs0ps 2015 roma N 414-V
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3amaeT Oas0BHE IHNapaMeTpe TPYOOBEIX OTHOWIEHUM, 4 S3Ha4durT,
coBpeMeHHOe HRM B cTpaHe He MOXEeT pas3BMBATHLCH BHE KPUINUECKOU
JIOTMKM 3aHATOCTH, pabouero BpeMeHM, TapaHTMM, OIJIaTH TpyDa U
OTBETCTBEHHOCTM CTOpPOH [16].

Ewme OIOVH BaXHBIM cioy  QopMmmpyeTCs BOKPYT CHUCTEMEL
KBanudmukaumi. 3axoH Pecnydbmnuku KaszaxcTaH «0O npodbecCrOHAJIbHEIX
KBanubmkaumax» ot 4 wwona 2023 rvoma N 14-VIII peryaupyerT
ofmeCcTBEeHHBE OTHOUWEHMSA B Ccdepe NPU3HAHMA OPpodeCCHMOHAJIbHEIX
KBaJIUOUKaALMM B paMkax HallMOHAJIbHOM CUCTEMH KBaludmUkauul, U
VIMEHHO 30echb OTedeCTBEHHAasA IpaKkTUKa nojlydaeTr
MHCTUTYUMOHAJIbHYI0 OIOPY IJid IIepexoXa OT IOJIKHOCTHOTO ydueTa K
Bojylee TOHKOM JIOTMKE HAaBBKOB, I[IOOTBEPXISHMSA KOMIETEHUUN U
npodeccmuoHasbHOM MoOuIbHOCTM [17].

Indporoe M3MepeHMe KasaxCTaHCKOI'O PHHKA TpyIa yXe caMo II0
cebe 3BacTaBjgeT MHAa4Ye CMOTPETb Ha KaIpOoBhHe IMpPOLeccCH. Ilo
cocTosaHu Ha anpesb 2026 roma Ha noprale Enbek.kz orobpaxanmuchb
okoJyio 121 TeHC. paboumx MeCT, OKOJO 243 TEIC. akKTyaJIbHEIX pe3Me
n 0bojee 63 THC. TPYOOYCTPOMCTB, a cama IaTdopMma BKJIOUaAET
cepBuchH Enbek Skills, Enbek HR, Enbek Career um uHHE LUMOPOBEHE
KOHTYPEl, UYTO HeJjlaeT ee He I[IpOCTO BUTPMHOM BaKaHCUM, a
3KOCUCTEMOM TPYyIOBOI'O [NOCPEeOHMUYeCTBa M UYaCTUUHO KaIgpOBOIO
amoMUHUCTPUpoBaHMa [18].

Ha MakpoypOBHE 5TO YyKJaObHBaeTCcsda B 00Uyl KapTUHY PHHKA
Tpyna. BoOpO HaAUMOHAJBHOM CTaTMUCTMKM KaszaxcTaHa coobumiio, YTo
no mroraM 2025 rToma B DKOHOMUMKE CTpPaHbl OBIIM 3aHATH 9,3 MIH
yeJIOBEeK, M3 KOTOPHX 7,2 MIH, wuiu 76,9%, HABJIAIMUCH HaEeMHBMU
paboTHUKAMH, a ypoBeHb OespaboTuusl 100 MeTomoJjormum  MOT
cocTaBruy 4,6%. Takoy macmTa®b HaeMHOM =2RaHATOCTM O3HAUaAeT, UYTO
BONPOCH OOyYeHMud, yIepXaHusa, nombopa M OLEHKM IIepCoHajla IaBHO
BBRIJIM 3a& [OpeleJsiel OTIEJIbHEIX KPYIMNHHEX KOMIAHMM UM OIpuobpenn
obmecrucTeMHOEe 3HaueHme [19].

B 3TOM KOHTEKCTe OCOOEHHO MNOKa3aTeJIbHBE BEHBOIH M. JaTyxu
n K. ManpkO O KaszaxCTaHCkux oOupmMax. ABTOPEl IIOKA3BBAKT, UYTO
HRM B cTpaHe pas3BMBaeTCs He IO MNPSAMOM TPaeKTOPUMM (KONMPOBaHMUE
Banazma», a B JIOTMKe TUOpMIM3aLUM, IT'Oe MeXIOyHapOIHBEe [IOINXOIE
npoxonaT dYepes QUIbBTP JIOKAJbHOM MHCTUTYLMOHAJIBHOM Cpegrl,
yIpaBJIeHUeCKOM KYJIbTYPHL, repapxmuuecKmx [IPUBHIUEK u
OPTaHM3AaLUMOHHOM MCTOPUM. OITOT BEBOI BaXeH METONOJIOTMUECKN:
COBPEMEeHHOCTL HR HeJsb3d M3MepSTb TOJbKO HaO®OPOM TEPMMHOB U
VHCTPYMEHTOB, €CJM HesCHO, KkaK MMEeHHO OHu paboTanoT B
KOHKpeTHOM cpeme [20].

l[lokazaTeJbHO, gTo u B camom KasaxCTaHCKOM
MCCJIeNOBaTEJIbCKOM IOBEeCTKe akKLeHT BCe dalle CMelaeTcsa K
amanTauuy MeXIYHapoIHOTO OIHTa, a He K eI'0 MeXaHUUYeCKOMYy
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KOonMpoBaHMO. B cTarbe O coBepmeHcTBOBaHMM HRM B cucreme
rocylapcTBeHHOTO ayiuTa KasaxcTaHa, onyoOnamkoeaHHOM B 2025

Tonmy, MEXIYHAaPOIHEE IPaKTUKA paccMaTpMBanTCA yepes
comparative institutional analysis, a nOpakTUUYeCKMM BHBOI
CTpOUTCH BOKPYT CTAaHOAPTUBUPOBAHHOTO obyueHuUsd,

MHCTUTYLUMOHAJBbHOM HEe3aBUCUMOCTM M CHMXeHUS QYHKLUMOHAJIBHOTO
OyOIMpoOBaHMA. OTO yXe He HA3EK OeKOPAaTMBHOI'O OeHUMapkKMHI'a, a
A3BIK MHCTUTYLMOHAJILHOT'O INEpPEeHOCa C y4YeTOM OI'PaHMUEHUM Cpensl

[21]. OcHOBHBEE HalpaBJIeHMA TaKoOM amanTauuu sBapyOeXHEX
HR-Mozmenem K Kas3axCTaHCKOMY KOHTEKCTY 0D 00OUEHE B
Tabya. 2.
Tabsmia 2
HanpaBneHuss apjanTaumm sBapybexHsix HR-mogmenerr B KasaxcTaHe
MexOyHapOOHBIM KazaxcraHCKUM [IpaKTUUYECKUM CMEICII
OPMEHTHUP KOHTEKCT
Strategic HRM CuryibHasa poJib HyxHa yBa3kxa HR-
IpaBOBOTO CTpaTeruMm C TPYOOBEIM
perynmMpoBaHMa Tpyoa IpaBOM
Skills-based PazeuTre HaumMoOHaAJILHOM [lepexon k OoOJiee TOUYHOM
approach CUCTEMHEl KBaJuduxKaumm OlleHKe KOMIIeTeHLUN
e—-HRM BricTpoe pacumpeHue ABTOMaTHU3aLUMa HauMa U
LUMPPOBEIX CEPBUCOB aIOIMMHUCTPUPOBAHMUA
3aHATOCTHU TpebyeT ylIpaBJIeHUECKOMN
HACTPOMKU
HPWS HeonmHnoponmHocTsb [lakeTHEIE NPaAKTUKM HEJIb3Hd
OpPTraHM3alVOHHOM [IEPEeHOCUTEL 0es ajanTauun
KyJIbTYPEL M OTpacien
HR analytics OrpaHMUYeHHad 3peJIioCThb HyXHEI COIIOCTaBMMEIE
HR-mMeTpuk B uYactTu rnokasaTesr M KyJbTypa
opraHms3auumn V3MEPEHNA
Talent PocT kOHKypeHLUM 3a YoepxaHre M BHYTPEHHEeE
management KBaJIUQULUMPOBaHHBIN PasBUTHE CTAHOBATCHA
TPY O CTpaTerMyecKMMM BaladaMmu

KoprnopaTuBHas TINpakKTyKa Takxe I[IOKasHBaeT, UYTO DJIEMEHTH
3pesioro HRM B CTpaHe yXe CYUeCTBYKT B M3MEepuMMOM Buie. B
IPUJIOXKEHUAX K OTUeTy ycTomumsoro paspuTma NC KazMunayGas JSC
3a 2024 rvonm packpeTH IaHHEE O employee hiring and turnover
disclosures m employee training and evaluation disclosures:
TEeKyUeCThb CcoOcCTaBuiIa 6,6%, MHBECTHLMM B OOyUYeHMe IOOCTUIJM 5
110 MJIH TeHTe, CpelHee UMCJO dYacoB o0O0ydyeHMs Ha OIOHOTO
COTpyIOHMKA COCTaBMJIO 35 yacoB. BaxeH 3Jechb He caM QaKT HaJMdMsa
KOPHOPaTUBHOTO O0O0ydyeHMsa, a OyOJIMYHOCTL, COINOCTaBUMOCTL MU
PETYJIAPHOCTE PACKPHTUSA DTUX INOoKazaTeJlel, [IOCKOJIbKY MMEHHO Tak
HR mnepexonmuT M3 30HH BHYTPEHHMX HaMEpPeHUM B [IPOCTPAaHCTBO
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YIPaBJIEHUYECKOM OTUETHOCTM [22].
Ha o5ToM ypoBHe pasauuue Mexny 3apyOexHBM OINEITOM U
OTEUEeCTBEHHOM MNPakKTUKOM CTaHOBUTCA OoJjiee sAcCHBIM. KasaxcTaH He

HaxXOOUTCH BHEe COBPEMEHHOMU HR-nmoeecTku. [lpaBoBaA baza
OOHOBJIAETCH, umudpoBLE njarTpopmel padboTawnTt, PBIHOK  TpyZa
MeHdeTCHd, KOPIIOPaTVIBHEIE CUCTEMEBL o6yquM,q 12 OLIEeHKU

pasBuBaKOTCAa. HOo mpu »TOM COXpaHAeTCHd IJIaBHEIM BE3OB: COEOMHUTH
npaBro, KBaaumbduKaluMM, IOaHHBIE, OPITAHM3ALMOHHYI KYJbBTYPY U
CTpaTerMio B OIOMH paboumy KOHTyp. Tam, I'Ie »TOT0 COeIMHEHUS
HeT, HIaxe BHeUIHe COBPeMeHHble HR-MHCTPYMEHTH I[IPeBpallaloTCs B
HaboOp HeCBSA3aHHHX QYHKLUN.

ImoGankHas
KOHKypeHuusi
3a HaBbIKK

UndbpoBuzauna
TpyAa

N3meHeHune
TpeboBaHUn
K
KOMMETEeHUUAM

HauuoHanbHble UHCTUTYThI
Lucpoebie Cuctema
TpynoBoe FNocyaapcTBeHHbIe
nnatdopmbl npodeccMoHanbHbIX
npaso HR-gaHHbIe _
3aHATOCTH kBanucukaunn
K OpraHusauus
0O6y4yeHune
MonGop m HR- y "
agantaymsa aHanuTuKa
‘ pasBuTHE
Kynetypa BosHarpaxgeHue QueHka n
y4yactus W yoepxaHve npoaBuxeHUe
PesynsraTthbl
CHUXeHue
Poct MoBbIweHne BHyTpeHHAR
KappoBoro .
MPOU3BOAUTENBHOCTU = YCTOMUYMBOCTU MOBMNLHOCTL
Aecdwmunta

PucyHOK 2
ApanTMBHasi Momene coBpeMeHHoro HRM mnsi KasaxcrTaHa

ComepxaHue PUCYHKa 2 MO3BOJISEeT YyBUISTHL, UTO Kal3axCTaHCKag
MOIeJIb YyIpaBJIEHMS UYeJIOBEUeCKMMM pecypcaMM He MOXeT OBThb
IIOHATa BHe B3aUMOIEVICTBUA UYeTHpPex YypoBHeM. IlepBBEM YPOBEHDb
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obpaszyerT BHEIIHAA cpena, 3ajamnumas OaBJIEHUE Ty100aJIb HOM
KOHKYPEHLMM 3a HaBEKM, YCKOpPeHMe umdpoBM3aLUUM U WIMEHEHUE
TpeOOoBaHUN K KOMII€ TEHLIVAM . BTopolt  ypOBEHBb COCTaBJIAKT
HalMOHAaJIbHEE VHCTUTY TEI - TPyOoBOE npaso, cucrTeMa
npodeccroHasbHEX KBalMOmUkaumyi, LIUOPOBEE IIJATQOPME BaHATOCTHU
¥ TOCYHODapCTBEHHEIE IOaHHEE, — MMEHHO OHUM OINPEenNejigioT TPaHMULEL U
BO3MOXHOCTU epeHoca MeXOYHapOOHEIX HR-nmonoxomnos. TpeTun
YPOBEHb CBA3aH  yXe C OPTaHM3aLUMOHHOM  NPAaKTUKOM, roe
IIPOUCXOLOAT nonbop, amanraumud, obyueHUe, pasBuTHe,

BO3HAT'paxOeHMe, yIepXaHMe I aHaJuTHMUeCKasd OLlLleHKa I[IepcoHasya.
HaxoHel], UYeTBEepPTHM YPOBEHbL BHPAaXeH B pesyJlbTaTaxX: CHWKEeHUU
KaOopoBoTro  meduumrTa, pocTe OPOM3BOIOUTEJIBHOCTH, [IOBBIIEHUNA
YCTOMUMBOCTHU M PAaCUMPEHUM BHYTPEHHEW MOOMIIBHOCTU PaBOOTHUKOB.
Takasa CTPYKTYypPa NIPMHUUINAJIBHO BaxHa, IIOTOMY uTo OHa
IIOKa3ERaeT: 20bekTUBHOE HRM B Kasz3axXxCTaHCKUX YCIJIOBUAX
BO3HMKAET He B TOUKE MEeEXAaHMUYECKOI'O 3aVMMCTBOBaHMSA 3apyDexHOM
Momesu, a B TOYKe €e MHCTUTYLMOHAJIbHOM HAaCTPOWMKM II0I

HaLMOHAJIbHYIO cpeny. VMeHHO 103 TOMY IpakTuyeckas
COCTOSTEJIbHOCTE COBPEMEHHOM KaOpOBOM MNOJUTUKM ONpelesigeTCsa He
KOJIMYeCTBOM BHEIPEHHBIX VMHCTPYMEHTOB, a CTEeIIeHbIO

COTJIaCOBAHHOCTM MEXIYy BHEWHMMM BBEBOBAaMM, ITOCYIOAPCTBEHHBMU
paMkaMy, BHYTPUOPTAHUI3ALMOHHEIMM [POLeOypaMM U  MU3MEePVMBIMU
pesyJbTaTaMu.

Saksouenue

CoBpeMeHHOe yIpaBJieHUe yeJIOBeUeCKUMU pecypcamu
pasBopauMBaeTCsda KakK I[I0JIe HapacTaoleM CJOXHOCTM. OHO yXe He
MCUEepIEBaeTCa KAaIOpOBHM aIMMHUCTPUMPOBaAHMEM, He CBOIUTCH K
OOYUYEeHMIO WMJIM MOTMBALUMM UM TeM O0oJjiee He MOXeT OBTh CBEIOEHO K
umnbdpoBM3aLUM Kak TaKOBOM. Ero npenMeToM CTAaHOBUTCH
opraHm3almns CIIOCODHOCTU Jnen pabdorars, pasBuBaTHCH,
IepeMelmlaTbCsa BHYTPM CUCTEMH TpyHOa, COXPaHATH BOBJIEUEHHOCTH U
obecneurBaTh PEel3yJILTAT B YCJOBUAX OBCTPO MEHSAKIEMCS CpPelbl.

3apyOexHbBM OIBIT MTOKa3EBaeT, UTO YCTOMUMBHM 20DeKT IanT HEe
ONVHOUHEIE HR-pemeHus, a COTJlaCOBAHHEE KOHbUTYpaLUUM.
CTpaTernMuyeckoe BHEPAaBHMBAHMEe Oe3 HABHKOBOM JIOTMKM OBCTPO
ycrapeBaeT. luppoBuzanmsa 06e3 KyJIbTYPH M3MEePEeHMUd lIpeppallaeTCs
B aBTOMATUBUPOBAHHYI  PYTUHY. PazBuTue tes BHYTPEHHEMN
MOOUIJIBHOCTM CTAHOBUTCHA 3aTpaToM C HUI3KOM oTriadel. JVIMeHHO
nosToMy Haubojiee cCcuiibHEIe Mozesim HRM CcTpoaTcsa He BOKPYI' OIOHOM
«IIydmey NPakKTUKM», a BOKPYI YIPaBJIEHUECKOW CBSA3HOCTU.

OTeuecTBeHHas I[IpPaKTMKA BHIVIAOWUT He IepUubepumHOM, a

IepexonHOM . B Kazaxcrase yXxe CcCylmecTByeT IpPaBOBOM u
VHCTUTYLMOHAJIbHEM QyHIaAMeHT IJid CcoBpeMeHHoro HRM, paboranT
HPPOBEIE njIaTdOopPMEL 3aHATOCTH, pasBUBaeTCHd cucrema
4 This work is distributed under the terms of the Creative
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npodecCcroHaJIbHEIX KBaIupmMKaLmm, [IOABJISITCSA KOPIIOpPaTMBHEE
IPMMEPE PpPackpelTMd HR-nokazareser. HO 3pejioCcTb 3TOM CUCTEMH
IO—IIPEXHEMY onpenensaeTrcsa He KOJIMYECTRBOM 3aMMCTBOBAHHEIX
VHCTPYMEHTORB, a TeM, HACKOJIbKO IIOCJIENOBATEJIbHO OHM COBOMPaKnTCHd
B €IOMHYK OPIaHM3ALVOHHYI JIOTUKY .

HamboJsiee nponyKTuMBHAA TpaekTopuda nja KaszaxcrTasHa cBA3aHa
He C KOINMPOBAHMEM TOTOBHIX MoOIeJie¥, a C UX aJalTUBHOM
VMHTEeTpaluuen. Ecnan cTpaTernyeckoe BEIDABHUBAHUE,
KBaMOUKALMOHHAA [NONIUTMKA, Uudporas MHOpacTpykrypa, oOOydeHMe,
oueHka ¥ HR-aHanmuMTuka HaudMHALT paboTaThb COBMECTHO, yIpaBJIeHUE
yeJioBeUeCKUMU pecypcaMmu npeBppamaeTrcsd B baxTOop
KOHKYPEHTOCIIOCOOHOCTH . Ecau OHU CYUECTBYIOT pasneJbHo,
opraHmM3alMsa IIoJlydaeT JIMIIb BHEIHME [IPM3HAKM COBPEMEHHOCTU 0e3
€e BHYTPEeHHEM CWJIH.
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Abstract. Household wealth preservation in Ukraine faces acute pressures from
high inflation and ongoing wartime financial volatility. This paper examines
whether conventional retail banking products or alternative instruments offer
viable capital protection for private individuals. By evaluating retail Dbank
deposits, Domestic Government Bonds (OVDP), and fractional commercial real estate
certificates issued by Inzhur REIT, we analyze key trade-offs across nominal and
after-tax yields, liquidity access, and statutory guarantee mechanisms. Our
calculations demonstrate that nominal yields provide a misleading picture: while
12-month deposits suffer from a combined 23% fiscal burden (personal income tax
and military levy), sovereign domestic bonds retain full post-tax coupon yield
alongside superior secondary market flexibility. Meanwhile, real estate mutual
funds offer an accessible equity route into commercial assets with reduced
dividend taxation, though they introduce specific non-exchange liquidity and
wartime asset-valuation risks. Ultimately, we outline a pragmatic framework
combining fixed-income sovereign debt with selective equity diversification for
retail portfolios.

Keywords: retail investments, bank deposits, Domestic Government Bonds, OVDP,
Inzhur REIT, effective yield, household finance, portfolio diversification.

The issue of preserving savings in Ukraine currently has
not only theoretical but also practical significance. Due to
inflation, martial 1law, and instability in the financial
market, money that is simply kept in cash or in a current
account gradually loses 1its purchasing power. At the same
time, for most private investors, the choice of an instrument
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is not obvious: 1t is necessary to consider not only the
interest rate, but also taxes, the ability to quickly recover
funds, guarantees, and risks. Therefore, it is advisable to
invest only those funds that are not needed for daily expenses
and whose partial loss would not be critical for the personal
budget. It should also be noted separately that, thanks to
mobile banking and public digital services, access to
investment has become easier even for people with small
amounts of money.

From the perspective of a portfolio approach, it is
important for an investor not to keep all savings in one
instrument. Different options should be combined so that part
of the funds remains liquid while another part can generate
higher income. Bank deposits and domestic government bonds
remain the most familiar instruments for Ukrainians. Both
instruments are connected with state guarantees, but they
differ in terms of taxation, yield, and early-exit conditions.
In addition to them, private instruments are emerging on the
market, including investment certificates of Inzhur real
estate funds. They make it possible to invest not 1in a
separate apartment, but in a share of a commercial real estate
portfolio. The purpose of this paper is to compare deposits,
domestic government bonds, and Inzhur certificates by net
yield, tax burden, liquidity, and risks in order to determine
which option may be appropriate for a private investor.

Comparative Analysis of Bank Deposits and Domestic
Government Bonds (OVDP)

To begin with, it is appropriate to compare the two most
common hryvnia-denominated instruments: term bank deposits
and domestic government bonds. Deposits are understandable to
most depositors: they are easy to open through a bank, and
the minimum amount is wusually small. According to the
Ukrainian Index of Retail Deposit Rates (UIRD) [1], the
average nominal yield on 12-month hryvnia term deposits 1is
13.99% per annum, and for 6-month deposits it is 14.21%.
However, this rate cannot be equated with the depositor’s
real income, since 18% personal income tax and a 5% military
levy are withheld from interest income [2]. After taxation,
the net yield of a deposit decreases to approximately 10.77%
per annum (13,99% * (1 —0,23)). Another drawback of a deposit is
its limited flexibility: in the event of early termination of
the agreement, the Dbank often does not pay the accrued
interest or significantly reduces it.

Domestic government bonds appear more attractive due to
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their higher net yield and tax advantages. On the secondary
market, hryvnia bonds with maturities of approximately one to
two years yield between 15.50% and 16.20% per annum. For
individuals, it is important that income from government bonds
is not subject to personal income tax or the military levy,
so the investor receives the coupon virtually without tax
losses. In addition, domestic government bonds can be sold
before maturity through a broker or banking application while
retaining the right to the coupon for the period of ownership.
In terms of guarantees, the two instruments are similar:
deposits are covered by the Deposit Guarantee Fund during
martial law, while payments on domestic government bonds are
backed by the state.

Table 1
Comparative Characteristics of Bank Deposits
and Domestic Government Bonds in Hryvnia
Hryvnia domestic
government bonds (1-2-
year maturity)
Financial liability
(money-market
security)
15.50-16.20% (average
on the secondary

Term bank deposit (12

Comparison parameter months)

Financial liability

Economic category (money market)

Nominal vyield, % per 13.99% (official NBU

annum UIRD index) market)
18% personal income 0% (fully exempt under
Tax burden tax + 5% military levy the Tax Code of
(23% total) Ukraine)
Actual net yield, % per 10.775% 15.50-16.20%
annum
Entry threshold from QAH ;,OOO (one
o . from UAH 1,000 security in apps /
(minimum investment) L.
Diia)
Liquidity and exit Loy (loss of interest High (sa}e on the
. in case of early exchange without loss
from investment . .
termination) of coupon)

100% of principal and
interest (Deposit
Guarantee Fund during
martial law)

100% of nominal value
and coupon (State
Budget of Ukraine)

Guarantee of repayment

The comparison presented above shows that, with a similar
level of reliability, domestic government bonds provide a
higher net result than a traditional Dbank deposit.
The difference is formed primarily through taxation, since
the deposit rate decreases much more significantly after taxes
are paid. For <clarity, this relationship 1is shown in
Figure 1.
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Comparison of nominal and net yields of bank deposits
and domestic government bonds (as of September 2026)

Figure 1 shows that the nominal rates on deposits and
domestic government bonds do not differ very sharply; however,
after taxes are taken into account, the gap becomes
significant. A deposit with a nominal rate of 13.99% yields
approximately 10.77% per annum after taxation, whereas income
from domestic government bonds for an individual remains at
the level of 15.50-16.20%. Therefore, when choosing between
these instruments, it 1s worth assessing not only the
announced rate but also the tax regime. At the same time,
both options remain hryvnia-denominated, so they do not
protect the investor from possible devaluation of the national
currency.

Financial Capital Instruments: The Case of Inzhur Real
Estate Funds

To protect against inflation and currency fluctuations,
investors often consider real estate. This asset 1is
understandable and tangible: it can be rented out and generate
regular payments. However, buying an apartment requires a
significant initial amount, often from USD 30,000-50,000, and
also involves additional expenses for repairs, finding
tenants, and maintaining the property. In addition, during
wartime, the risk of a single property is highly concentrated.
An alternative to the direct purchase of housing may be real
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estate investment funds, which make it possible to buy not an
entire property but a small share in a real estate portfolio.

An example of this approach in Ukraine is Inzhur. The
company develops commercial real estate funds and offers
investors the opportunity to purchase certificates whose wvalue
is linked to a portfolio of properties. In its public materials,
Inzhur states that the fund works with commercial real estate
and long-term tenants. For this paper, it is important not so
much to present the company as a risk-free instrument, but to
evaluate it as an alternative to the direct purchase of real
estate. The fund’s performance indicators — the expansion of
the circle of co-owners, the wvaluation of the consolidated
portfolio, and the level of dividends paid — are confirmed by
the company’s public reporting [3] and regulatory acts of the

National Securities and Stock Market Commission [4].
Table 2
Comparative Analysis of Direct Real Estate Purchase
and Inzhur REIT Investment Certificates
Comparison parameter Direct purchase of Inthr. REIT investment
housing for rental | certificates

Economic essence

Real tangible asset

Financial capital instrument
(equity security)

Minimum entry Egogbo U?Eost??égogn from UAH 10 (value of 1
threshold ! certificate: NAV + 1%)
apartment)
5-8% per annum in from 9.5% projected (actual
Expected yield USD (nominal) over the previous 12 months
— 12.96% in USD)

18% personal income

9% personal income tax + 5%

Income taxation tax + 5% military |military levy (14% total on

levy (23%) dividends)

. 4.5-6.0% per annum | 8.17% (projected) / 11.15%
Actual net yield in USD (actual 12 months) in USD
f h . o

Regularity of Monthly rom t.e Monthly automatic dividend
. tenant (if ) \ \
inflows . distribution

occupied)

Independent
Management and | repairs, Fully passive income
operating expenses administration, (managed by a licensed AMC)

vacancy risk

Higher than when purchasing

Level of | None (risk tied to | a single property; depends
diversification one address) on the actual portfolio
composition
Property damage, | Non-exchange liquidity,
Specific risks vacancies, tenant | sensitivity of NAV
non-payment valuation, wartime risks
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The advantage of this model is that the investor does not
need to purchase an entire real estate property: the minimum
entry amount 1s significantly lower, while operational
management is undertaken by the asset management company. In
addition, dividends received by individuals from such
certificates are taxed at a preferential rate of 9% personal
income tax and a 5% military levy, meaning that the total tax
burden is 14%. This provides an expected net yield of 8.17%
(9,50% * (1 — 0,14)) under the baseline forecast and up to 11.15%
(12,96% * (1 — 0,14)) based on actual payments from the previous
period, which is considerably more favorable than income from
deposits or direct residential rental.

For a visual comparison of net income from renting out
housing and from real estate fund certificates, taking the
tax factor into account, Figure 2 was prepared.

12 11,15

=
o

(o]

I

Net yield in USD, % per annum
N [e)]

Direct rental (residential, net) Inzhur REIT (forecast, net) Inzhur REIT (actual 12m, net)

Figure 2
Comparison of net yields from direct investment and Inzhur REIT
(in U.S. dollars)

According to the data used to construct Figure 2, the
baseline forecast for Inzhur REIT provides a higher net yield
in foreign currency than direct residential rental. At the
same time, this result should not be viewed as guaranteed. It
depends on the actual performance of tenants, occupancy rates,
property valuation, and the overall situation in the real
estate market.

Along with its advantages, this instrument also has
significant risks. First of all, Inzhur certificates are not
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as liquid as a bank deposit or domestic government bonds. The
company may declare a buyback mechanism, but under market
stress, quick recovery of funds may not always be simple. In
addition, the fund’s yield depends not only on rental payments
but also on the valuation of real estate. During martial law,
commercial properties are affected by security risks, changes
in consumer demand, vacancy rates, and possible delays in the
development of new projects. Therefore, such certificates
should be considered a riskier instrument rather than a
complete substitute for deposits or domestic government
bonds.

Thus, investment certificates of real estate funds may be
attractive for an investor who wants to receive income linked
to real estate but does not have the ability or desire to
independently purchase and maintain a property. At the same
time, the absence of state guarantees, wartime risks, and
limited 1liquidity make this instrument less protected
compared with deposits and domestic government bonds.

The comparison conducted shows that there is no universal
solution for all savings. A bank deposit remains a simple and
understandable instrument, but after taxes are paid, its net
yield is lower than it appears based on the nominal rate. In
addition, early withdrawal of funds often leads to the loss
of interest. Against this Dbackground, hryvnia-denominated
domestic government bonds look more advantageous for the
conservative part of a portfolio, as they provide a higher
net vyield, are not taxed for individuals, and remain
relatively liquid.

Real estate fund certificates, including Inzhur REIT, may
complement such a portfolio because they provide access to
real estate with a low entry amount and a lower tax burden on
dividends. Their advantage lies in the opportunity to receive
income linked to commercial properties without independently
managing real estate. However, this instrument has no state
guarantees and depends on market conditions, tenant
performance, and the fund’s ability to maintain liquidity.

In view of this, the most balanced approach may be to
combine several instruments. Domestic government bonds should
be used for the more stable part of hryvnia savings, while
real estate fund certificates may serve as an additional
option for diversification and partial protection against
currency risks. Deposits, meanwhile, can remain a reserve
instrument for funds that the investor wants to keep in the
simplest and most understandable form.
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Abstract. It is impossible to imagine our lives without speech. The indispensable
role of speech in the life of society is known to all of us. Through speech,
people understand one another and establish interpersonal communication. The
foundation for acquiring fluent and coherent speech is laid during the preschool
period. Throughout different periods, children's acquisition and mastery of spoken
language have been considered among the relevant issues in education and child
development. It can be noted that one of the main factors in the comprehensive
development of children is their properly developed speech. Why is this problem
always relevant? One possible answer is that children are the builders of our
future. The comprehensive development process, the foundation of which is laid
during the preschool period, is of great importance in shaping their future
personality and helping them become individuals who are useful to society and the
state. This process begins with the child's entering the social environment,
communicating with others, and becoming socialized. Children should learn their
mother tongue at a high level. This enables their speech to become more accurate
and coherent. Children should be taught to use all the richness of the language
in everyday life, in work-related activities, as well as in social activities.
Our national leader, Heydar Aliyev, also emphasized the importance of the mother
tongue with the following words: “It is the language of a nation that preserves
and develops 1its national identity and spiritual wvalues. Not knowing or
appreciating one's mother tongue is undoubtedly a serious fault before one's
people.” Teaching children their mother tongue is the responsibility of each of
us. Preschool institutions, in turn, are extremely important in terms of enabling
children to communicate with their peers, express their thoughts orally, and
develop an interest in artistic language and literature. During educational
activities, children exchange ideas, search for appropriate words to express their
thoughts and opinions clearly, and use these words in their speech. The influence
of all areas of activity on the development of spoken language is evident.
Therefore, these activities should be organized in such a way that they directly
contribute to the development of children's speech. Since play is the leading
type of activity during this age period, it provides rich material for children's
speech development. Collectively organized games, as well as various didactic
games, are particularly important in this area of educational work.

Keywords: language, coherent speech, educational process, vocabulary, teaching
and upbringing.

The importance of the mother tongue in every person's
life is well known to all of wus. Through language, we
communicate, understand one another, and convey our thoughts
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to others. Language is the existence and national wealth of
a people. It is also regarded as one of the important means
of carrying out the processes of teaching and upbringing.
This is because people primarily use words both in the process
of education and in the process of upbringing. Language is a
means through which we express and learn thoughts, feelings,
attitudes, beliefs, and value Jjudgments, as well as
communicate information about events that are observed and
perceived. All of this demonstrates how important language is
for a child's cognitive and social development. Since the
transmission of social structure and culture is largely based
on language, language development and cognitive development
progress in interaction with each other in areas such as the
formation of concepts, thinking, establishing relationships,
and solving problems. Language is a form of behavior that
helps the child move beyond egocentrism, become a social
individual, learn to regulate and monitor themselves,
gradually understand their thoughts, feelings, and behavior,
and feel secure. Thus, it can be argued that the formation of
a child as a personality, the development of their thinking,
and their future purposeful activities depend largely on how
and to what extent they master their mother tongue. It 1is
therefore not accidental that today the acquisition of the
mother tongue by preschool children is regarded as one of the
important tasks of teaching and upbringing. Teaching the
younger generation to use the richness of their mother tongue
in everyday life, work, and social activities is an important
task at all stages of education. The first environment
surrounding a child is the family environment. The process of
language acqguisition also begins within the family. As a
result of approaching this important task purposefully, the
child develops certain perceptions about the surrounding
world, understands what others say, becomes capable of
expressing their own thoughts about objects and events, and,
naturally, the process of personality formation begins to
develop on a sound foundation. First of all, it should be
noted that speech plays a major role 1in psychological
development. In general, from the moment of birth, speech
gradually develops as a means of communication, helping the
child understand the emotional states of other people.
Therefore, speech can be regarded as an indispensable and
essential function. First, let us clarify the stages through
which speech develops in normally developing children. These
stages can be compared to a pyramid. At its foundation, we
can identify the period from birth to one year of age. This
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is the child's speech-preparation period. The more properly
this process develops, the more successful speech development
will be.

During this preparatory period, the child establishes eye
contact with the mother, and social smiling emerges. The child
responds with a smile when the mother speaks or smiles. At
around six months of age, the first syllables begin to appear,
while by twelve months the child begins to pronounce their
first words. The next stage of the pyramid covers the period
from one to three years of age. This period is characterized
by the development of oral speech. The child expands their
vocabulary, acquires a sufficient number of words, and becomes
able to name objects and phenomena observed in their
surroundings. The next stage covers the period from three to
six years of age. This can be regarded as the period of
enrichment of oral speech. The child's vocabulary continues
to expand, they can answer questions addressed to them with
greater ease, and many other developmental characteristics
become evident. It should also be emphasized that parents and
preschool teachers Dbear significant responsibility for
ensuring the proper moral development of children. The family
environment, followed by preschool institutions, plays a
particularly important role in children's physical and moral
development and in the development of their speech. Preschool
institutions are considered the first centers of teaching and
upbringing for children. In the process of acquiring this
profession, we once again witnessed the extent to which
preschool institutions are important for children during this
age period. The basic knowledge and skills that children
acquire here provide them with comprehensive guidance and,
naturally, remain in their memory for a long time. Specialists
also consider teaching young children to communicate with
others and to convey their thoughts clearly, correctly, and
expressively to others to Dbe one of the important
responsibilities of preschool institutions. One of the main
directions of the Program of Education and Training in
Preschool 1Institutions 1is work aimed at ensuring the
consistent, accurate, and complete expression of thoughts,
the precise selection of words, and correct pronunciation.
One of the main reasons why preschool institutions are so
important in children's speech development is that this 1is
where the child enters the social environment for the first
time. The child establishes relationships with peers and
begins to communicate with them. It should also be noted that
children primarily express their feelings and emotions

This work is distributed under the terms of the Creative 5 3
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeR(ONF

SoenTIF PubLiHNG CenTe

PEDAGOGY AND EDUCATION

through language. They understand the surrounding world
through their mother tongue. Language is the form in which
thought 1is expressed. Although the ability to speak 1is
inherent in humans, speech and language themselves are not
innate. If a child does not engage in communication, they
will not develop speech; instead, they may produce unusual
sounds and rely on movements and facial expressions. Since
they do not hear spoken language or engage in dialogue, they
cannot develop normal speech. Language is essential for the
child's comprehensive development. Otherwise, the child
cannot acgquire speech.

Probably all of us watched the cartoon Mowgli during
childhood. Having been raised among animals from infancy,
Mowgli lost the characteristics associated with human
language and was subsequently unable to communicate with
people. In fact, this is not merely a fictional idea.
Historically, children who, for wvarious reasons, were
isolated from human society were unable to fully acquire this
ability later in life. One may ask whether language can be
learned later. This 1is actually a very complex qguestion.
Letters, words, and sentences can be taught, but language and
communication are fundamentally different and, at the same
time, require the maturation and development of specific
structures in the Dbrain. Children's speech 1is social 1in
nature; in other words, it 1s oriented toward contact and
interaction with others. In general terms, we can state that
speech does not develop spontaneously in a child. It develops
gradually, and the child encounters numerous difficulties
along this path. These difficulties can eventually lead to
speech disorders. One of the major causes 1s that parents
fail to notice such difficulties in time and, consequently,
do not take early measures to eliminate them. Naturally, this
can have a negative impact on the child's subsequent moral
and social development. From the day a child is born, parents
should strive to ensure the correct pronunciation of the
sounds of the mother tongue, the development of a rich
vocabulary, the proper acquisition of the grammatical
structure of the mother tongue, and the development of
coherent speech. The child gradually develops and acquires
all of these abilities through interaction with their
immediate environment, primarily their parents and family,
and later through communication with peers and teachers. It
can be noted that the formation of special speech-motor
associations 1is essential for a child to acquire spoken
language. These associations can be said to emerge toward the
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end of the first six months of life, when the child begins to
pronounce several speech sounds. During this period, the child
already produces a number of sounds and, so to speak, begins
to play with sounds. Such vocal play results from the child's
involuntary experimentation with their own abilities. This
involuntary activity is based on imitation and reproducing
the sounds that the child hears. Naturally, as the child
grows, this process develops further. Thus, by seven to nine
months of age, the child's pronunciation becomes more precise.
During these months, the child's wvocal production becomes
increasingly clear and intelligible. When discussing work
aimed at speech development, we should first consider work on
literary pronunciation and standard oral language. Correct
literary pronunciation 1is of great importance in the
development of children's oral speech. In this context,
literary pronunciation includes orthoepy, stress, intonation,
speech rate, and other aspects of pronunciation. One of the
main issues 1in speech development is ensuring that children
pronounce sounds and words correctly and acquire this ability.
Even if a child has a rich vocabulary, if they cannot
pronounce words and sounds clearly and correctly, their
intended meaning will not be understood adequately. Taking
all of this into consideration, it can be stated that children
should be taught from an early age to pronounce sounds and
words correctly and to master the phonetic aspects of speech.

Proper acquisition of the norms of the literary language
is one of the principal factors in the normal development of
children's speech. During this period, oral speech is the
primary form of communication for children. Therefore,
attention should be paid to the clarity and correctness of
oral speech. When work in this direction 1s carried out
unsystematically and children's speech is left without
adequate supervision, they inevitably make more pronunciation
errors. Sometimes we observe situations in which parents find
it amusing when a child mispronounces a word and even imitate
the child by pronouncing it in the same incorrect manner.
Although the consequences may not be immediately apparent,
this can contribute to the reinforcement and intensification
of such deficiencies. Therefore, the absence of a unified
speech environment and the failure to establish consistent
requirements for children's speech Dboth in preschool
institutions and within the family should be considered
significant shortcomings in this field. In general, when we
refer to spoken language and its development, we should
consider the comprehensive acquisition of a number of
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abilities necessary for a child to speak and develop correct
speech. These include, first and foremost, the correct
pronunciation of sounds and words, acquisition of speech sound
culture, enrichment of vocabulary, construction of speech in
accordance with grammatical rules, development of coherent
speech, and other related abilities. All of these are
considered highly important factors in the development of
children's spoken language.

When discussing spoken language, it should be noted that
the formation of speech-motor associations 1s of utmost
importance for acquiring spoken language. These associations
emerge during infancy, when the child begins to pronounce
several speech sounds. The child produces a variety of sounds,
which are mainly based on imitating the sounds they hear. By
the age of seven to nine months, the child's sound production
begins to become more precise. When discussing spoken
language, we should first emphasize that, for every child to
develop speech and acquire language, their articulatory
apparatus must develop normally. The emergence of speech and
the production of sounds in human beings are made possible by
the speech apparatus. The speech apparatus 1is a set of
interconnected organs that function in coordination to
produce sounds, regulate them, and transform them into
meaningful utterances. In general terms, the human speech
apparatus refers to all the elements directly involved in the
production of sounds, including the central nervous system,
the respiratory organs-the bronchi and lungs-the larynxk,
pharynx, oral and nasal cavities, as well as the articulatory
apparatus. This issue should be given particular attention
because the development of spoken language cannot be
considered without the normal development of the articulatory
apparatus. During the preschool period, structural
abnormalities of the articulatory apparatus can lead to
improper development of sound pronunciation. Initially, when
a child is not yet able to use the articulatory organs
effectively, they first learn to hear a word and subsequently
to pronounce it. The airflow coming from the lungs passes
through the articulatory organs and encounters various
obstacles, resulting in vibration. The process of speech-
sound formation begins through this mechanism. Muscle
sensation also plays an important role in the pronunciation
process. If a child's articulatory apparatus is flexible and
sufficiently developed, they may be able to overcome some
pronunciation difficulties independently. As is evident from
the above, the development of the articulatory apparatus is
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of considerable importance in the development of spoken
language. From this perspective, it is appropriate to use a
number of means and exercises that support the development of
the articulatory apparatus. It is necessary to establish an
appropriate approach from an early age and engage children in
exercises such as blowing up balloons, laughing aloud, and
similar activities. These exercises can be highly effective
throughout the complex process that begins with the child's
first vocalizations and continues with the gradual
acquisition of the mother tongue and understanding of its
structure. During speech development, the child must
necessarily acquire the ability to pronounce sounds
correctly. In this process, having children recite poems,
practice tongue twisters, and use examples of folklore can be
highly beneficial. When teaching the pronunciation of a
particular sound, 1t can be effective to show objects or
pictures whose names begin with that sound and to use
corresponding expressions. Children can also Dbe given
exercises involving the imitation of sounds. In this case,
the preschool teacher demonstrates the correct pronunciation
of the sound, and the children imitate it while simultaneously
moving their speech organs. In order to acquire spoken
language, a child must first be able to hear speech sounds.
Speech perception through hearing is also essential for the
development of spoken language. Speech sounds can fulfill
their social function only when they are heard by other people
as well. Both the production and perception of speech sounds
are controlled by the central nervous system.

Speech perception involves both physical and phonemic
hearing. Physical hearing refers to the ability to perceive
speech sounds produced at different levels of pitch and
intensity. Phonemic hearing, on the other hand, refers to the
ability to distinguish and pronounce all the sounds of a
language. These components collectively ensure adequate
speech perception. The integrated development of these
components may subsequently play a fundamental role in
mastering spelling and orthoepic skills. This 1is natural
because a child cannot properly acquire written language
without having developed adequate speech perception and
without mastering oral language correctly. Various exercises
can be conducted in this regard. At an early age, different
didactic games can be organized with children. For example,
children can listen to the sounds produced by different toys,
musical instruments, and other objects and 1learn to
distinguish the intensity and characteristics of sounds. In
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order to achieve the development of spoken language in
children, attention should also be paid to proper breathing.
Children often experience difficulties in breathing correctly
while speaking and may be unable to replenish their air supply
adequately. As a result, various distortions may occur, which
can lead to impaired speech fluency. The importance of proper
breathing should be explained to children as clearly as
possible and demonstrated visually. Exercises aimed at
improving the respiratory apparatus may include sitting
comfortably, breathing without raising the shoulders, and
similar activities. Reciting poems from memory, practicing
tongue twisters, and breathing correctly at appropriate
points can also be used to develop speech breathing. When
discussing the development of spoken language, particular
attention should also be paid to diction. Diction 1is
considered one of the most important qualities of speech. The
development of the articulatory organs plays a fundamental
role 1in the formation of good diction. In addition, the
development of good speech perception and the child's ability
to control and express their own voice are essential
prerequisites for clear diction. During this age period,
attention should be paid to children's ability to pronounce
sounds, words, and expressions accurately and clearly. For
this purpose, preschool teachers should model grammatically
correct speech and good diction when communicating with
children. In this way, children can acquire good diction and
speaking skills. Work on pronunciation and diction can be
conducted both collectively and individually. It should be
emphasized that when children mispronounce words, failure to
correct these errors may cause them to become established in
their speech, making them more difficult to correct later.
Therefore, adults should provide <children with correct
pronunciation models and pay careful attention to the
orthoepic correctness of their speech. When considering the
role of wvarious factors in the development of children's
spoken language, particular attention can be given to speech
sound culture. Speech sound culture encompasses intonation,
speech rate, sound pronunciation, diction, gestures, facial
expressions, and other related aspects. All of these play an
important role in spoken communication. When insufficient
attention is paid to a child's speech, their ability to
communicate and acquire language may be hindered. This can
also negatively affect pronunciation and the grammatical
structure of speech. Speech problems that emerge during this
period may become more serious in the future.
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For children to acquire well-developed speech, engaging
in communication and participating in dialogue are extremely
important. Emotional communication with adults contributes to
children's more rapid acquisition of spoken language as well
as to the correct pronunciation of words. One of the main
issues requiring attention in expressive speech is
intonation. Intonation includes the tone of voice, speech
rate, ©pauses, and various emotional states. Intonation
acquires logical meaning together with words. When separated
from words, it cannot independently express a complete
thought. We can communicate our ideas to children precisely
through the emotional function of intonation. Through this
emotional dimension, children comprehend the ideas
communicated to them and understand the content of literary
works. Among the means of developing spoken language in
children, the enrichment of vocabulary 1is particularly
important. This 1is natural Dbecause without an adequate
vocabulary and the continuous addition of new words, a child
cannot communicate effectively or develop their speech.
Therefore, enriching children's vocabulary 1is essential for
the development of clear and effective speech. Vocabulary
enrichment refers directly to 1increasing the child's
vocabulary through words that are unfamiliar or only partially
familiar to them. When children are encouraged to develop
speech that is characterized by a rich vocabulary, grammatical
correctness, and clear pronunciation, they can make broader
and more complete use of their speech skills. In particular,
oral speech should be of high quality during this period.
Therefore, requirements such as richness, meaningfulness,
logical consistency, clarity, precision, expressiveness, and
others should be taken into consideration. The richer a
child's vocabulary, the more comprehensible and meaningful
their speech Dbecomes. Therefore, 1t can Dbe considered
appropriate to begin speech-development work with vocabulary
enrichment. The enrichment of a child's wvocabulary occurs
when they learn words that describe wvarious characteristics
of objects in the surrounding world, particular events,
objects, and facts, as well as during their acquaintance with
natural phenomena and environmental objects. Various
dialogues with peers on different topics also play an
important role in this process. Through all these activities,
we can observe the enrichment of the child's vocabulary. The
characteristics and content of a child's wvocabulary also
determine the development of their thinking and speech. In
any case, the process of vocabulary formation initially begins
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with becoming acquainted with objects. When children
encounter new objects, they engage in cognitive observation.
Based on these observations, they touch and examine objects
and learn about their nature and characteristics.

In order to organize vocabulary-enrichment activities
properly, it is necessary to understand their psychological
and linguistic foundations. Words have Dboth lexical and
grammatical meanings, and these aspects should be taken into
consideration. It can be noted that children necessarily use
words to express any particular thought. If a child's thought
is unclear, this also affects their speech, ultimately making
their speech difficult to understand. Therefore, vocabulary
enrichment is closely related to enriching the content of
thought. The living and non-living environment surrounding
the child, wvarious events, games, and other experiences all
contribute to the introduction of new words into the child's
vocabulary. Therefore, if a child becomes interested in a new
object or phenomenon and wants to observe it, appropriate
conditions should be created for this interest, and efforts
should be made to ensure that these new words become
established in the child's active vocabulary. In this process,
children's vocabulary can Dbe enriched through reading
literary works, riddles, proverbs, and similar materials. It
is important to introduce children to new words and ideas. At
the same time, we should study the individual characteristics
of children's vocabulary because each child grows up in a
different domestic and linguistic environment. Taking these
differences into consideration, speech situations should be
created in which children can use words from both their active
and passive vocabularies in actual communication. The age of
four to five years 1is particularly important for vocabulary
development. At this stage, considerable attention is devoted
to expanding children's vocabulary through literary works.
Children learn many new words from books, and as a result,
their speech becomes more emotional and richer. During this
period, children may have a vocabulary of approximately 2,500~

3,000 words. Consequently, during communication and
conversation, they are able to express their thoughts and
ideas more fully and accurately. Psychological and

pedagogical literature considers the development of
children's vocabulary during the preschool period to be one
of the essential components of language development. The

means that play an important role in the development of spoken
language during this period are implemented through the stages
described above. The <child learns to understand a word
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correctly, use it in communication, pronounce it, listen to
its pronunciation, identify similar and different words, and
determine the sequence of sounds within words. During the
preschool period, children become familiar with words. As
their active vocabulary becomes enriched, they learn to
identify the purpose of a particular topic, distinguish words
with similar or opposite meanings, and use words to
differentiate and generalize events and objects. In general,
work aimed at enriching, activating, and refining children's
vocabulary should primarily be based on observations of the
surrounding world while also being integrated with all areas
of their activity. When these activities are organized
effectively and purposefully, they create opportunities for
the integrated development of speech and cognitive abilities.
Mastering grammatical structures is also important in
teaching and developing spoken language. When a child acquires
grammar through practical experience, their thinking develops
simultaneously. The acquisition of grammatical structures is
a relatively complex process for a child. When grammatical
rules are learned, the child begins to understand the logic
of the 1language and becomes familiar with the concrete
meanings of words and sentences. Grammar contributes to the
development of both speech and psychological processes. It is
well known that grammar is divided into two main branches:
morphology and syntax. Morphology deals with words and their
forms, while syntax examines word combinations and sentences.
Why is the grammatical structure of language so important for
speech development? Because speech can be understood and serve
as a means of communication with adults only when it 1is
properly organized morphologically and syntactically. The
development o0of children's spoken language during the
preschool period directly depends on the extent to which they
understand and acquire the grammatical structure of the
language. Grammatically correct speech has a significant
influence on intellectual development. More logical thinking,
sequencing, and generalization skills develop as a result.
Taking these factors into consideration, children of
preschool age should be encouraged to develop habits of
grammatically correct speech. The acquisition of grammatical
structures creates conditions for the formation of children's
oral speech and for understanding and distinguishing the
characteristics of the individual and functional styles of
the literary language. We should organize our work in this
direction in such a way that children understand the lexical
and grammatical meaning of every word they use in their
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speech. Otherwise, language acquisition, the organization of
speech activities, and the preservation of emotional
expressiveness become more difficult.

In particular, children's practical understanding of
sentences begins at an early age. Naturally, their sentences
at this stage are not always coherent, words are not
necessarily arranged according to established rules, and
grammatical agreement may not be observed. This process
gradually improves under the influence of adults. Children
begin to pay attention to nuances of meaning and to where and
how particular words should be used. When work related to
speech development is carried out systematically in preschool
institutions, purposeful communication has a strong influence
on children's speech. Much of this responsibility falls on
preschool teachers. Thus, when teaching grammatical meanings,
the teacher must first master these meanings themselves, and
their own speech should serve as an example. At this age, the
child's circle of communication expands and their vocabulary
increases. As a result, grammatical errors may appear in their
speech. When children begin to use longer and more complex
sentences, they may not yet be able to fully control the
grammatical rules involved. Therefore, attention should be
paid to children's individual characteristics, the
grammatical errors they make should be identified, and efforts
should be made to eliminate them. These shortcomings can be
addressed through both individual assignments and group-based
speech-development activities. However, correction of speech
deficiencies by preschool teachers should also be carried out
during other educational activities and during children's
free time. When discussing spoken language, particular
attention should be paid to coherent speech and its forms.
Coherent speech emerges as a result of the development of
speech sound culture, vocabulary enrichment, and grammatical
structures discussed above. The level of speech development
is determined by the extent to which a child can express their
thoughts in a consistent and coherent manner. Once a child
acquires coherent speech, they can communicate freely and
confidently without hesitation. Coherent speech is
characterized by systematic and consistent expression. If a
child has no speech pathology, the development of coherent
speech gradually takes place alongside the development of
thinking, activity, and communication. The development of
coherent speech primarily refers to the child's ability to
express thoughts fluently, clearly, concisely, and
effectively. The child should first understand the idea they
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intend to express and then be able to express it correctly in
linguistic form. Coherent speech involves expressing a
particular content through an appropriate linguistic form. At
the same time, the development of coherent speech is a complex
and multidirectional process. Coherent speech has two main
forms: monological and dialogical speech. It should be noted
that spoken language is dialogical by nature. Spoken language
is the simplest form of oral speech and is characterized by
being situational and emotional.

The acquisition of consistent monological speech 1is
considered one of the main objectives of speech development.
Nevertheless, children first acquire dialogical speech, and
the conversation method is used in its development. It is
precisely through dialogue that children learn to understand
their interlocutor, ask questions, and provide answers.
Logical relationships are also present 1in the dialogue
process. Questions and answers revolve around a particular
content or topic. There should be semantic connections between
the individual utterances in a dialogue. Since no special
preparation 1s required 1in advance, conversations occur
naturally. Such conversations can be conducted with children
at any time of the day. It is also possible to create various
speech situations. Speech environments can be created through
interesting pictures and toys that attract children's
attention and encourage them to speak, as well as by recalling
various objects, events, or experiences. In other words, both
parents and preschool teachers should involve children in
conversation whenever appropriate and encourage them to
participate 1in communication. When discussing dialogical
speech, particular attention can be given to the interview or
guided conversation. An interview is a specific form of
dialogue directed toward a particular topic. During this
process, a particular topic is discussed, and some preliminary
preparation is carried out. Such interviews have an
educational and instructional character. Therefore, every
effort should be made to develop children's coherent speech
skills. 1Interviews can be organized around a variety of
themes. These may include everyday life, social life, rural
and urban environments, nature, different professions, and
other topics. Their structure and content should correspond
to the age and developmental level of the children.

In spoken language and its development, children should
learn to ask questions, listen to their interlocutors, and
engage appropriately in communication. In order to encourage
children to ask questions, they should be shown pictures and
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objects and placed in speech situations that stimulate their
curiosity and create a need to ask and inguire. These
questions should contribute to the development of their
intellectual activity. In preschool institutions, the reading
of literary passages containing dialogues can also be
effective in developing and shaping children's spoken
language. A number of literary works create vivid and
emotionally rich situations. Songs used in games and poems
can also be incorporated into this process. At the same time,
dramatization can be used to develop dialogical speech. After
reading a literary work, children can perform dramatizations
with the assistance of the preschool teacher. During this
activity, they repeat the characters' words aloud using
expressive, artistic, emotional, and imaginative language.
Any phonetic deficiencies identified during the activity can
be corrected. Errors made during dialogical speech should be
identified and corrected appropriately. Dialogical
communication also incorporates comprehension. The
development of comprehension skills and the ability to
formulate and express ideas are reflected in dialogue.
Dialogue also enriches children's vocabulary, improves
grammatical relationships between words, and contributes to
the formation of the syntactic structure of sentences. All of
these subsequently provide a foundation for the development
of monological speech. Observations also demonstrate that
when adequate attention is paid to a child's speech and their
speech is appropriately monitored, communication and
educational activities in the social environment can be
carried out successfully. In this case, children gradually
learn to adapt their speech to the purposes of communication
and to the social and psychological conditions of the speech
situation. Beginning at approximately three years of age,
children gradually learn when they should speak and when they
should remain silent, as well as which words and expressions
they should use to express their thoughts, feelings, and
attitudes toward others. It should be noted that dialogue is
a complex form of social interaction. In some cases,
participating in a dialogue may even be more difficult than
producing a monologue. Participation in dialogue requires a
number of complex skills. These include 1listening to the
interlocutor, correctly understanding the idea expressed by
them, formulating one's own response, expressing it
accurately through language, maintaining an appropriate
emotional tone, and performing other communicative functions.
In any speech interaction, the speaker and the listener are
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almost equally active. The speaker asks a question and the
listener responds; alternatively, the speaker expresses an
opinion and the interlocutor reacts to it. During the process
of dialogical speech, the person expressing an idea first
formulates it internally and then transfers it into external
speech, that is, expresses their thoughts through words. The
person receiving the message, namely the listener, processes
the information after hearing it and then moves from internal
to external speech by formulating and expressing a response
to the interlocutor. Thus, both participants become more
actively involved in the process of dialogical speech. Based
on pedagogical literature, 1t can be stated that the
comprehensive development of all relevant components 1is
necessary for the development of spoken language in children.
Children's vocabulary should be enriched, they should acquire
speech sound culture, and attention should be paid to the
grammatically correct construction of words and sentences.
Without these components, it is impossible to speak of the
effective development of spoken language. In order to speak,
participate in dialogue, and communicate with others, a child
must acquire correct pronunciation, develop speech sound
culture, and incorporate a large number of new words into their
vocabulary. Through the integrated development of these
components, children's speech gradually develops into coherent
speech. The child becomes capable of participating in coherent
dialogue and develops into an active member of society.
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OpTa MmeKkTen oKyuwbisiapbiHa
«XKbiny chmuaukacoi» 6enimi 6ombiHILIA
3KCNEepUMEeHTTIK ecenTepai wbifapyra

ymperty apicremeci

OmipxaHKbi3bl ¥YngaHa',
FoinbiMu xetekuwici: EpxxeH6ek B.2

12-KypC MaruMCTPaHTH, MaTeMaTuka, OQMU3MKA XoHe MHopMaTMKA OGakyJIbTeTiHiH
TM1504-%usuka Oinim Oepy OGarmapJiiaMacHHBH;
Abar areHzparsl Kaz¥Iy; AnMaTel, KasakcTaH

2aFa OKEITYIIEL;
Abar aTeHparel Kasz¥Iy; AnMaTel, KasakcTaH

Anxpmarna. Byn Makajlaza opTa MekTente oOmaMKaHHH «Xeuty Omsmxace» 0eJjyiiMiH  OKEITY
OaphCHHIOa  OKYUBUIAPOE  SKCIEPMMEHTTik ecenTepni wmeIFapyfFa yupery oIicremeci
KapacCTHPLUIAOE . JKCIEPVMMEHTTIiK ecenTepniH TeopMANHK O1iMal NDpakTHMKAJEK SPeKeTIIeH
OarJlaHEC TEHPY Oa Fhl MyMKiHOikTepi TajgaHalb . Keuty K YOBIJIEIC TAPBIH MeHTepTyIe
TeMIepaTypaHHE oeJiley, XbUIy MOJIIePiH aHHKTAy, MEHMI1KT1 XbUTYyCHMEIMIOBIIEIKTE €CelnTey,
KBTIy OaJlaHCHIH 3epTTey XoHe OyJjiaHy KYOBUIEICEH Toxipube apkpulel OakbiayFa apHaraH
TalncepMajiap YCHHEJIAOB. OKCIIEPMMEHTTiK eCcenTi OpHHIAayIbH Ke3eHI1K ajropmTMi: ecen
MapPTHH Tanmay, OuMaMKaJbK KYOBJILICTH aHHKTAY, KAXEeTT1 maMajiaplu Oejrisey, Toxipubeni
XocrnapJay, eJueyJyiep Xyprizy, HoTWXeJlepIl eHIey, TEeOPMSAJIBEIK MOHMEH CAaJIbICTHPY XoHe
KOPHITHHIOL Xacay peTiHme xyiheseHni. COHBIMEH KaTap OKYMBUJIAPILH OaMbBHILBK OeHTeliHe
CoVKeC ®KCIEPMMEHTT1iK TalCHpMajlapOsl YWBEIMOACTEPY XOJIOAPH KepcerTisieni. YCHHBIUIFAH
oImicTeMe OKyUBRUIAPIBH 6©JiIey, ecenTey, Tajlay, Toxipubesik HoeTwxelnepniH albpPMalbLIHK,
cebenTepiH aHHKTAYy XoHEe 3epTTeymijyiik KOPHTHHIH Xacay IOaFIObUIapbH  OaMEITYyFa
OafFeITTaJIFaH.

Kinr cesmep: XwvUly QMUBMKACE, SKCHEPUMEHTTIK ecenTep, QUM3MKAaJIEK SKCIEPUMEHT, XBUIY
MeJimiepl , XbUIY CBIMBIMIEUIEIK, XbUIY OajlaHChl, 3epTTeylijiikx fargeuiap.

Kipicne

Odu3MKaHL OKLITY OAapEICEHHIA OKYUBJIAPALH TEeOPMUAJIEK OijniMaepin
IpaKTUKAJEIK, ©SpPeKeTIeH VITAaCTHPY MaHBE3O MiHIeTTepnidH ©O0ipi
©oJibill  TabvlIalb. dusukaJEIK  3aHap MeH OQopwmyJajiapibel  TeK
TEOPMAJIEIK, TYPIBIOAH MEHTepy OKYIEBHBH OM3MKaJLK KYOBUJIEICTAPOE
TOJIBIK, TYyClHyiHe opHmaMelM MyMKiHAOik Oepe Oepmerzni. COHOHKTAH
OKYy VYIepiciHIe »BKCIepMMEeHTTikK XYMEICTApP MEH BSKCIEePMMEeHTTIiK
ecenrTepnl KoOJIDAHY epeKlle MaHpl3Fa Me.

OKCIEPMMEHTT1Kk ecenTep OKyWBINaH OanblH QOpMyJIaHEl KOJIOaHy Ob
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raHa eMec, OGu3sMKaJBK KYOBJIEICTH OaKpUIayOe, 6eJiley Xyprisyni,
Toxipmbe HoTWXeJIeplH Tipkeyni, alblHFaH MaJiiMeTTepni exHmeyni
XSHEe KOPBITHIHIEI XacayOs Tajian eTrexni. MyHOmam TarncepMalap
OKYWBJIAPAEH 63IO1IiHeH XYMBC icTeyiH, JIOTMKAJIHK OMJIaYyBIH XOHEe
3eprTeymisnik xabijeTTepiH maMeEITyFa MyMkiHnik OGepeni.

OKCIepMMEeHTT1K ecenTepni merry OapeICEIHIOA OKYIIBLIIAP
buBuKaybtK ~— KypajigapMeH — XKYMBIC icrey, eJiey  HOTUXeJIepiH
CaJILICTEHIPY XoHe Toxipubesnik mamMajiaplblH TeOPUSAJIHK MOHIOEePIeH
AYBITKYHEIH Oarajlay IOa¥fObJlapblH KaJIHNITaCTHPAaO . JKCIePMMEHTTI1K
TarncepMayapiel  YMEIMOACTHPYIBEH  TEOPUAJIBIK XoHe oIOicTeMmelik
Herisnmepl OM3MKAHEL OKHTY oSIicTeMeciHe apHajlfaH eHbekTepre
KapacTepeiFad [1-3, 6].

OKCIEepMMEeHTTiK ecenTepni opHHOayIa eJuey oIicTepiH
MeHTepy, ToxlipmbeHnli xocnapjay XoHe aJILHTaH HaTuxejlepni

oHIey MaHB3IOE OpPHH aJjansl [4]. CoHBMEH Oipre MOJIEKYJIAJIBK,
bmsuka MeH TepMOIMHAMMKAIA 1K1 DHepIMs, XbUIy MeJmepi, XbUuly
aaMacy XSHE TEPMOIVNHAMUKAJIBIK, npolecTep apachHIa FE

DamnyiaHEICTaApPOE Toxipubesik TancepMmalyiap apkKeJE KapacTepyFa
bomaner [5].

OcrlraH OaMJIaHEICTH MakaJlaHBlH MaKCaThl — OpTa MeKTelTe
«KBLITY dMBUKaCH» BesiiMiH OKBITY OapEICHHIAa OKYUBLIIAP OB
SKCIEPMMEHTT1K ecenTepll WEFapyFa YVHUPeTyIOlH onoicTeMelik
XOJIOAPEIH XyMeJiey XoHe Toxipmbesik TamnchHpMajaple OpHHIAY
aNTOPUTMiIH YCHHY.

«Xemy omusmuxace» 6Genimi OGOMHHIIA SKCIEPMMEHTTik ecenrTepxni
mWEIFapyFa yMupeTry SxicTemeci

OKCIepMMeHTTik ecen - mewy OapeCHHIa OM3MKAJEIK Toxipude
xyprisyni, eJjiey  KypaJlOaphH nammaJjlaHyOel  XoHe aJILIHTaH
Toxipubenik HoTMxeJsepnl Teopuaswlk ©Oinim Herizinnme exHmeyni
Tajian eTeTiH ecen Typli. OKCHEPUMMEHTTik ecenTep OKYUBUIAPIIBH
TEOPUAIIBIK, OimimMiH HaKTHI dUMBUKAJIBIK KYOBJIEIC TAPMEH
BalyaHEICTHPYFa MyMKiHOik Oepeni.

OKCIEepMMEeHTTik ecenTepni memy OapbCHHOA OKYIIH:
€CenTiH WapTHH TalOaliib;
3epTTesyieTiH OMBUKAJHK KYOBIJIEICTE aHBKTAWIL;

KaxeTTl OMaMKAaJHK laMajapne Oenrinenni;
KaxeTTl KypaJl-xabIbKTapObl TaHIOaMIH;
ToxipubeHl Xypriszsy XocCHapeH KYpalbl;
eJeyJsep Xypriszeni;
aJbEHTaH HoTUXeJepnli eHmenni;
HOTWXEJIepOl TeOopMAJIEIK MOHIEPMEH CAaJIBICTHPANH ]
ToXipubesik  HOTWXeJIepOlH  aMbpMalblIIEK, — cefenTepiH
TaJOauOE;
10. KOPBITHIHIOH XacawIh.

O J o Ul WD

NeJ
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MyHIDay KYPBUIBEIM OKYIBIHEL IaMBH aJITOPUTM OOMBIHIIA FaHa SpPeKeT
eTyre eMec, DSKCIePMMEHTT1H MaKCaThHH TyciHin, o3 opekeTiH
XxocHnapjyayra OarerTaynel. C. II. Bapinamos, A. P. 3unbOepMaH XoHE
B. WM. B3BUHKOBCKMM eHOeT'iHIIe ©SKCIEePUMMEeHTTik TalcepMallapOs
OpHIHIOAYOa eJilley an0icTepiH MeHTepy, ToxXipmbeH1 XxocmapJjay XoHe
aJILIHTaH HoTVXeJepni OYPEBIC pacimMmey MaHEI3 OB exkeHnmiri
kepcetTiseni [4].

MenwikTi BTy CBIABIMIOBLIIEIK THI aHHKTay¥Fa apHanraH
SKCIEePMMEHTTiK ecen

«Xel1y — QmuBMKAcCE OeJyiiMiHIOe  SKCIEePMMEHTTIiK ecenTepniH
MaHB3OE OaFHITTAPHHEH 01pi — ImeHeH1H MeHmWiKT1 XBUTY CEIMBIMIBLIIEIFEIH
AHBIKTAY .

MenmikTi XBLITY CBIMBIMIBLIIEIK, 3aTThIH TeMIlepaTypacChH Bip
TpaldyCKa es3TepTy VYIiH KaxXeTTl XeUly MeJeplH cunarTrTanie. Xeury
MeJiepi :

Q = cmAt

bopmyJiace apKBUJIEL AHBIKTAJIAIH .

MyHIaFe Q — XBUIY MeJmepi, ¢ — MEeHmMI1KTI1 XbUTYCHMBIMIBIILIK, I
— IeHeHl1H Maccach, At - TeMmnepaTypa esrepici.

Ocel TeOpMANHK OiniMAOl Toxipubellik spekeTIeH OanJlaHBICTHEPY
MaKCaTHHIIa OKyIEBUJIap¥Fa HOeHeH1H MeHWI1KT1  XbUTY CHIMBIMIBLIIEIFEIH
aHHIKTay¥a apHaJifaH DKCIEPMMEHTT1K ecell yCeHHy¥Fa Oojanel. MyHIam
TalceHpMa OKYyUEINAH OMBMKAJIEIK WaMajlapOel eJjueyni, Toxipube
HOTUXeJleplH Tipkeynil xoHe aJiLHFaH MaJiiMeTTepnili XbUly OaJiaHCH
TeHIeyl apKBUJIEL 6HIeyInl Tajan eTeni.

SxcHnepmMMeHTTI1K eCcell.

Maccacel m1 = 0,2 k¢ ajgoMMHUM geHe ti1 = 80 °C TemnepaTypara
OeMiH KBIBIOBIPBUIRII, MaccaceH my = 0,3 kI', TeMaepaTypach t, = 20
°C cy¥a caneHIH. XUy ajIMacy HOTMXeClHIe CYIBH XoHe aJIoMMHMUM
IeHeHl1H COHFE TeMmmepaTypacuH t = 27,5 °C 6onamel. CymOelH MeHmiKTi
KBLTY CEIMEIMIBLIBIFEL  C2 = 4200 Ix/(xr-°C). OSpmicTeMmMesik MeCaJ
perinne Oepinren wMajimMerTep OOMWBHIIE aJIOMMHMMIOIH MeHmikTi
XBLJTY CHIMBEIMIBIJIEIFEH  @HEIKTAHOAP .

SOKCHEPUMEHTTIK €CenTi OPEHOAaY OAapreICH:

1. ToxipmbeHiH MakCaATHH AHHKTAY .

Bysl onmicrTeMesiik ecenTiH MaKCaTH — XbUIY ajiMacy KYOBJIBICEIHA
CyMeHe OTHIPHI, AaJIOMMHMMIOIH MEeHmMIiKT1 XBUTY CBIMBIMOBLIILIFEH aHBEKTAaY
XoHEe XbUTy OaJIaHCH TeHIeylH KOJIOaHY.

2. KaxerTi mamajiapIbl aHBHKTAY .

Ecen mapTHHIA aJIOMMHUM JIeHEeH1H Maccachl, OHBH ©OacCTalKh
TeMIlepaTypacH, CyIblH MacCCacChl MeH OacTallKbl TeMIepaTypachl XoHEe
XBUTY aJIMacyIOaH KeMiHT'1 COHFHE TeMIlepaTypa OepijiTreH.

3. OusBMKAaJBK KYOBUIEICTE Tajnay .

Ker3oeipeliFaH AJIIOMUHIMY oeHe cyFra Oa TEIPEIIFaH kesge
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AJIIOMVHUNMOEH Cy¥Fa Xeuly Oepigseni. Xewty ajiMacy HoTMXeCiHme exi
IeHeHliH TeMmnepaTypach TeHeceni. lVIoealmaHOBPHIIFAH XarFmanna
KOpmaFraH OpTaMeH XbUTYy ajiMacy ecKepijmenmni.

4. Xeuty ©OaJjlaHCHH KYPY .

OHEePTUAHHH CcaKTajly 3aHHHa CaMKeC aJIOMMHUMIOIH OepI'eH XBUly
MeJIepl CyIBH aJiFaH XbUIy MeJIepiHe TeH:

Qﬁep = Qaﬂ
COHI[I:IK,TaH XBLJTY GaHaHCbIHbIH TeH,I[eyj_HZ
cimi(t:1 — t) = come(t — t2)

TYypliHIe XaszsaMmblsz.
5. Bejnricis maMaHB aHHKTAY .

EcenrTiy apTH OOMbBIHIIA AJIIOMUHUMIILH MEHII1KTI1
KBIJTY CBIMBIMIOBLIIEIFEL c1 Benricis. OHBEl  XOFAaPHBIOATFH TeHIeyIeH
OpPHEKTEeNM13:

c1 = [comz(t — t2)] / [mi(t:1 — t)]

6. Bepinren MmoHIepnl dopmyJsiara Komo.

ci: = [4200 - 0,3 - (27,5 - 20)] / [0,2 - (80 - 27,5)]

AnnpIMeH TeMIlepaTypajlaplblH aMbPMaCHH aHBIKTAMMEBLS :

27,5 - 20 = 7,5 °C

80 - 27,5 = 52,5 °C

CoHIna:

ci: = [4200 - 0,3 - 7,5] / [0,2 - 52,5]

ci = 9450 / 10,5

ci = 900 IIx/ (xr- °C)

Kayabmwl:

c1 = 900 Ix/ (xr-°C)

7. Horwxeni Tanpay.

AJIEIHFAH ecenrTik MSH AJIIOMMHUMIO1H MeHMmiKTi1
XBLTY CHIMBEIMOBIIEIFEIHEIH, TEOPMUAJIEIK, MOHIMEeH CcaJjibICTHPHIIansl. HaKTe
Toxipube XyprilzijreH xarFrmarma aJILHFaH MSH TEeOPUSJIHK MOHHEH
e3Teme O60JyRl MYMKiH. By¥aH KoplmaraH OpTaMeH XbUly aJiMacy,
BIIBICTHH KBUJIY CHIMEIMIBIJIEIFE, TEeMIepaTypaHbe oJiley IaJIOiri  xoHe
ToxipubeHl OpHIHIAY XaFOawjapkl 2Ccep eTeni.

8. KOPHITHIHIE Xacay.

Toxipubenik ecenTi oOpHHIAY OapBICEIHIOA OKYIIEl XBEUTY MOJIIEepPiH
aHBIKTAY GOpPMYyJIACHH  KOJIOAaHAIBl, XKbUJTY OaJlaHCHHBEH  TeHIeyiH
KypaIbl, OeplireH MaJliMeTTepll ecenTeyjeple IaVlajlaHaObl XoHE
aJIBIHFaH HaTUXeTe Tajnay Xxacannel. Oceiania, TallChHpMa TeOPUSAJIEK
Bimimnoi HaKTH ToxXipubesix SpeKeTIIeH OanJaHBIC TEIPHIII,
OKYUBJIAPOLH ©Jilley, eCenTey, CaJlLCTHPY XOHEe KOPHTHHILE Xacay
DaFIeJIapeEH KAJEIITACTHPYFa MyMKiHOik Oepeni.

ByJl ecenTiH snicTeMelsyiik epekKmeyiri — OKYyWBFa IaWblH CaHIBIK
MaJIiMeTTepni  QopMmyJsiara  XkalM  FaHa ~ KOUMTHEIBYMEH IeKTeJIMel,
ToxipmbeHiH MaKCAaTHH aHBKTay, KaxeTTi mamajaapdel Oejarijey,
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XBUJTY aJIMacy INpoLeciH TyclHAOipy, ejley HOTHXeJIeplH eHIey XoHe
aJeHFaH  HaTMXeH1  Oarajlay KeseHIepiH ©Oipisngi  opelHIayra
MyMKiHOik OepyiHIe.

Xty GasaHCEH BepTTeyre apHajlfaH SKCIEPMMEHTTiK TalchpMa

Xewty ©OajsiaHCEL TaKBPHOBE OKYyWBIAPFAa XBUIY aJiMacy KesiHne
SHEPTUSAHBIH  CaKTaJly  3aHBH Toxipubde APKEUIEL TyClHOipyre
MyMKiHIOik OGepeni.

Kewty asiMacy kes3iHpe:

Q6ep = Qaj

TeHniril opHHIAaJIaH .

Melcasiel, opPTYPJIl TeMIepaTrypana¥Fe €Ki Ccymos apajlaCTHpPTaH
Ke3IOe OJIapIblH apachHIa XbBUTy aJiMacy xypeni. Toxipmube OaphCEHIHOA
facTanke TeMIepaTypaljlap XoHe apajlacKaHHaH KeMiHT'l COHFEH
TeMIIepaTypa eoJileHeni.

KapanameM xarjania Xblly OaJlaHCH:

mlc(tl - t) = m2c(t - t2)

TeHIeyiMeH cuIaTTajalbl.

OKYIIEI aJILIHTaH Toxipubesik HOTIMXeH1 ecenTik MOHMEH
CAaJIBICTHIPHIII, OJIaPOHH AaMBIPMAlIBUIBIFEIHA o©Cep eTeTiH cebenrtepni
TaJoanmsl.

Bysany  KYOBUIEICEIH SepTTeyre apHajifaH 5SKCIEpMMEeHTTik
TancepMa

Bymnany TaKBPHOBIHOA SKCIEPUMMEHTT 1K ecen OKyIEJIAPFA
CYMHIKTHIKTEH MaCCACHHHH YaKeT OOWBHIIA ©3TepiciH ©Oakpulayra
MYMK1HIO1kx Oepeni.

ByJjlaHy HOTUXeClHIe CYMEIKTEIK MaCCAaCHHHEH 63Tepici:

Am = mo — m

bopmyJsiache apKBUJIEL AHBIKTAJIAIH .

ByJlaHy XBUINAMIEBIFHIH :

v = Am / At

opHEeT1MeH ecenTeyre OoJamnH.

MyHma mp — CyOeH OacTalkel MaccaceH, m — 0enriji yakeTTaH
KeriHri maccacwe, At - Toxipmbe yaKBITH.

Okymwbl ToxXipmube xaFmaljapblH e©3TepTe  OTHPHII, OyJlaHy
XBELIDAMIBIFEIHA ©Cep eTeTiH dakTopjaplbl aHBEIKTAM ajiamnsl. MeICadgil,
CYVEIKTEIKTHH TeMIepaTypach, aliblK ©OeTTiH ayIaHB XoHe aya
KO3 T aJIbICH CUSAKTH XarmanjiapIblH ocepiH CaJIEIC TEIPYFa
©oJsiansl.

ToxipubOeH1 OpHHIAY Ke3eHIepi:

1. BIOEICTAPOE OAaMBIHOAY ;

2. cyneH OacTalkel MaCCacChH eJlley;

3. ToxlpmbeH1H yaKBITHH Oesrijey;

4. OenrijieHTeH yaKHT imiHzme ToxipmubeHl Xyprisy;

5. CyZnbeH COHFHE MaCCAaCHH OJIIey;
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Macca ©3TepPiCiH aHBKTAay;

OyJlaHy KapKHHIBUILITEIH €CelnTey;

SPTYPJi XaFmammaplarfel HOTUXEJEePIl CaJBICTHPY;

9. ByJaHyTa ocep eTeTiH GaKTopJjapObl aHEBKTAY;

10. KOPBITHIHOH Xacay .

Byn Toxipmbe OKYWBUIAPIBH TOyeJICi3 XoHe Toyesni maMajiapms

0 J O

aXelpaTyblHa, Toxipube mapTTapeH OacKapybeHa XoHe  aJIBHFaH
HoTUXeJlepnl CcaJEICTHPYBHA MYyMKiHOik Oepeni.

OKyuwsulaphhlH HaMBIHABK HOeHTeMiHe CcoMKeC SKCHEePMMEeHTTik
TarncHpMalapAsl YMEMIOACTHPY

S9KCIEePMMEHTTI1K ecenrepni DapJIIbIK OKYyWHLIFa Bipmen
KyprneJjijgikTe  yCHHY Tuimni 6Oosa Oepwmernmi. OKyWBLIIaP ObIH
TEOPMUAJIBEIK OaMBHIOLFEL MEeH [NPakKTMKaJLK OafOblJlapbl oSpTypii
BoNFaHORIKTAH, TallChpMajlapObl KypIesijik I»OeHTeliHe kapan

capaJjial yYMEIMOACTEPY KaxeT. BacTankel OeHTeyIerl TalcepMmalap

OKYIIBIHBIH KaparambsM DaxwIay XoHe eJey spekeTTEepiH
OPHIHOAYHHA faFeTTAaNCca, Kejieci OeHTenne Toxipudbesik
MaJIiiMeTTepni dopmyJiajiap apKbJIEL OHIEY XoHEe eCelTey XYMBICTAapPEH
OpBHIHIAJIAAEl. AJI  XOFape JeHTeyneri TancepMajlap OKYIBIaH
ToxipubeHiH MaKCaTBEH e’niriHeH AHBIKTAyYIH, BoxaM
Xacaymnel, Toxipmbe KOCHaApHH KYPYIH, aJIlHFAH HSTWXeJepnoi

TaJimgaynsl XoHe HeTisIeJilTeH KOPHTHHIL XacayOel Tajal eTeni
(l1-xecTe) .
I1-kecTe
OKyuWBUIaPABH, AaMBIHOEK OeHTeMiHe CcolKeC SKCHepMMEeHTTik
TancHpMaiapAsl YIEIMAACTHPY

Henren Oxyus! spexeTi Tancspma

I oneHrem Baxkpiammn, CynelH OacTalKe XoHEe

facTanke enmenni, HOTMXEH1 | COHFH
Tipkenni TeMIlepaTypacHH

esey

IT oeHrem onmerni, dopMmyJiaHH | 3aTTHH MeHI1 KT i

KOJIOaHOaJk TaHIAMIH, KBIJTY CBIMBIMIBLIIEI FEIH
ecenrenngi aHHKTAYy

ITT oeHrem Bosmxkam )xacawmnel, | ByJaHy XbUIOaMIbIFBIHA

3epTrTeymijgik Toxipubeni acep eTreTiH
XOCIapJjanmaH, baxTOopIOL aHHKTAY
HOTIMXEeH1 Tanmanis

SKCHepMMEeHTTiK ecenTephi umiFapy¥Fa yMpeTyAe KOJILaHBUIAaTHH
omicrTeMenik TaScinmep

OKCIIepPMMEeHTT1K ecenTepni TmimMai meury IOaFOBJIa PEIH
KaJIbITacTHPY VYVWiH OipHeme oxicTeMesnik Tocisnl xyMeni Typae
KoJimaHyFa OoJjiamel (2-kxecTe) .
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2-Kecre
SKCIEepUMMEeHTTik ecenTephi ummFapyFa yMpeTyhe KOJILaHbUIaTHH
SO0l1CTeMeJI1lK Tacianep
Ne OmicreMenik Tocin MaxkcaTs
1) Teopusa MEH NpakTUKaHL | POpMyJIaHbIH
©alJiaHBIC THIPY OMBUMKAJIEIK Ma¥FEHACBIH
TyciHnmipy
2) [IpoBJyeMasyibBlK—3epTTeyisik sgic OKyWEIHEIH  ©63O0iriHeH
mermim izsmeyin
OAMBITY
3) Kepueximik XOHE UMOPJIIBIK | OJley MEeH HaTMXeH]
Kypajiiap TyCciHyni xenimnmetry
4) IeHTenen OKHTY Okymel MYMKiHOiTiHe
coMKecC TarncepMa
Gepy
5) Kamranay XoHe HoTUXeepni | Onumey OoJinirTiH
CaJIEIC TEIPY apPTTHPY
0) XKexe Oakeuiay XoHe Ty3eTy KaTemnepni yaKHTHHIA
AHEIKTAaYy
7) Pednexkcus SepTTEy HoTUXeClH
caHaJsl Daranay

Teopuss MeH MNPaKTUKAHBE OalJaHBEICTHPY Ke31iHIOe  OKYIEFa
anneiMeH QUBMKAJIBIK BaHIOBJIEK TYCiHIipisin, KewriH CcoJl 3aHIOBJIBIK T
Toxipube apKBUEI TeKCcepyre MyMkiHOik Oepijeni.

[IpobreMaJibIK—3epTTeymilik saicTe naruH memiM Oepinmenmi.
Okymreira Oenriji Oip Mocesie YCHHBUIBIIL, OHBEl ToXipube apKBUIH LIelry
XOJIBIH AHBIKTAY YCHIHBLIAIH .

KepHexkimik  xoHe uubpselk ~— KypaJjapObl  KOJIOaHy ejey
HOTUXeJIeplH KecTe, TIpaduk HeMece ©Oacka Ia BUIyaJOs Typle
KepceTyre MyMkiHOik Oepeni.

HeHTelyen OKHTY oPTYPJl HaVBEHIOLKTATE OKYUWHJIAPOHH Oip
TaKBIPHII OOMEIHIIA 63 MYMKiHOiTiHe coMKec XYMBHIC 1CTeyliHe xarman
Xacanmbl.

Kamramnay XoHe HaTMXeepni CaJIBIC TEIPY Toxipubesnik
IepeKTepndiy ceHiMI1niriH apTTHpyFa MYMKiHIOi1k Oepemi. AN Xeke
Oaxeiay OapblCHHIA My¥ajiiM OKYIWEHBEH KaHIaM Ke3eHIe KMHAaJIFaHBIH
aHBIKTAIl, KaXeTTl Ty3eTy XYMBICTAPHH Xyprizeni.

Pebrnexcusa kxeszseHiHZe OKyuwb ©31H1H ToxipubeH1l OpPBHIAY
BapeicelH  Oarajiarn, KaHOay KUMBIHIBIKTAP OOJIFaHHH XoHe Kejeci
Toxipubene HeH1 XakKCapTy KEePeKTiTriH aHBKTaMOH.

KOPEITEIHOEI

KopHITEHIHIOAM keJjie, OopTa MekKTenTe ouamkaHuH «Xeuty Gms3ukacen
Bes1iMiH OKHITY OaphICHHIIA DKCIEPMMEHTTik ecenTepni xynesi Typloe
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KOJNOaHy OKYIEIJIaPOBH TEOPUAJIBIK, BinimMoepin Toxipubenik
opeKeTIIeH OanJIaHEICTEPY Fa XoHE bmsmKaJIbIK, KYOBLJIBIC TP OBl
TepeHlpek TyCciHyiHe MYMK1HI1K Depeni. OKCIEepPMMEeHTTikK

ecenTepnli umwHFapy KeslHOe OKyuWbUIAp ~ecell  WapTHH Tajiay,
ToxipmbeHlH MaKCaTHH aHBKTAay, KaxeTTi O0M3MKAaJEK laMajiapIbl
Benrijey, ToxipmbeHi xocmapJisay, eJeyJep Xyprily, aJikHFaH
HoTUXeepni eHIey, brBUKaJIBIK bopmyianapnel KOoJInaHy,
Toxipubenik XSHe  TEeOPMAJIEIK MoHIepXl  CaJIECTHPY,  BKTUMAaJ
KaTeJikTepniH cebenTepiH aHHKTAay XoHE HeTi3IesyiTeH KOPBITHIHIL
Xxacay CUMAKTH 0Oipiszni opexerTepni MmeHTepeni. «XKeuty ©u3mMKachH»
BeniMiHme MeHmMI1KT1 XbUTYCHMBIMIGLLIEIKTEL AHBEKTAY, XBIJIYy ©OaJlaHCHH
3epTTey XoHe OyJlaHy KYOBUJIBICHH OakKbJlay CUSAKTH 5SKCIEPMMEHTTI1K
TarncepMasiapiel nalnajlaHy OKYyWBUIAPILH oJllley, ecenTey, Tajlay
XOHE 3BepTTeylijiik HOaFObUIapbelH KaJBIITACTHPYFa Xafmal XacCaMIs .
CoOHBIMEH KaTap SKCIEPUMMEHTTiK  TalcCHpMajlapisl  OKYUBLUIAPIEH
IDaVEHIBK IeHTeMiHe kapal capajan YUEMIACTHPY KapallaWbM
Bakelay MeH eJumeyneH 0Oacrarn, ToxipmbeHl e3miriHen xocrnapiay
XOHE  HOTMXeJIepHl  3BepTTeywijiik TyYPFHODAH Tajmayfa OeMiH
biprTiHnmen kyplejieHODipyre MyMKiHIik ©Oepeni. Ocel TYpPFHIAH
ajraHa, DSKCIEPMMEHTTIiK ecenrTepni OKHTYy OapbICHHIA TEeK IalbH
bopMyJIaHEl KOJIOaHyFa eMec, OKYWBHBEH e©e3n0iriHeH i3menHyiHe,
Toxipubernik OIepeKTepMeH KYMBIC icreyiHe XoHE aJIEIHFaH
HoTWXenepOl OM3MKaibK TYPFEOAH TYClHIOl1pyiHe OaceMIBK 0Oepy
KaxerT. YCHHBUIFAH onicTemenik Tocinmep  «Xeuty — dmuBMKaCHD»
BenmiMiHOeTrl OKy MaTepMaJblH [IpaKTMKAJIEIK TYPTEIOAH MeHTepTyre,
OKYUBJIAPOLH  OM3MKa [ISH1HE  KHSHIYIBJIEIFEH apTTHPYyFa XKoHE
OJIapIEBH BKCIEPUMMEHTTIiKk-3epTTeymijiik Ky3HpeTTepiH xyresai Typne
naMeITyFa OareTTalfaH.
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Abstract. This article provides a critical analytical synthesis of contemporary
approaches to the use of digital resources in the education of children who are
blind or have low vision. The analysis moves beyond a technology-centred
understanding of digitalization and treats accessibility as a pedagogical design
principle that must be embedded in curriculum, instructional interaction and
assessment. Drawing on recent systematic and scoping reviews, accessibility
standards and Universal Design for Learning (UDL), the paper systematizes digital
resources 1into six interrelated groups: accessible textual resources, screen-
reader and refreshable-Braille environments, audio and audio-described content,
tactile-digital and multimodal resources, mobile and cloud-based learning tools,
and emerging AI-supported interfaces. Particular attention 1is given to the
distinction between formal technical accessibility and meaningful educational
accessibility. A resource may comply with technical requirements yet remain
pedagogically inaccessible when navigation 1is cognitively overloaded, visual
information lacks an equivalent representation, tasks depend on drag-and-drop
interaction, or teachers do not explicitly teach the assistive-technology skills
required for independent use. The article proposes a pedagogical model based on
four ©principles: multimodal equivalence, learner-controlled adaptability,
compatibility with assistive technologies, and purposeful integration with
corrective-developmental objectives. It is argued that effective digital
inclusion requires coordinated work by classroom teachers, teachers of students
with visual impairments, families, developers and support specialists. The paper
concludes with practical criteria for selecting and designing digital resources
and identifies research priorities related to learner autonomy, long-term
outcomes, AI accessibility, multilingual resources and evidence from school-age
populations.

Keywords: visual impairment, blindness, low vision, digital resources, assistive
technology, accessibility, inclusive education, Universal Design for Learning,
screen reader, digital pedagogy.
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Introduction

Digital transformation has changed the architecture of
schooling: textbooks are increasingly complemented by learning-
management systems, interactive platforms, mobile applications,
digital libraries, simulations, multimedia and AI-supported
services. For children with wvisual impairments, however, the
educational value of this transformation is not determined by
the mere presence of technology. It depends on whether digital
content can be perceived, navigated, interpreted and used
independently through vision, hearing, touch or a combination
of these modalities. A recent scoping review of digital
accessibility for people with visual impairment and blindness,
based on 49 included studies, showed that many applications and
websites continue to communicate essential information visually
without equivalent alternatives for users of assistive
technologies [1]. Thus, digitalization can reduce barriers, but
it can also reproduce or intensify them.

The educational problem is especially important because
access 1s not identical to participation. A learner may
technically open an electronic textbook and still be unable
to locate headings efficiently with a screen reader,
understand an unlabeled diagram, complete a wvisually
structured matching task, or submit an answer through an
inaccessible interface. In this sense, the central
methodological question i1s not “Which technology should be
used?” but “How should digital resources be pedagogically
designed and integrated so that a learner with wvisual
impairment can construct knowledge, act independently and
demonstrate achievement on equitable terms?”

The relevance of this question is reinforced by evidence
from rehabilitation and educational research. A systematic
review of interventions for visually impaired and blind
adolescents found that most identified studies focused on
making curriculum content more accessible through audio,
tactile or electronic means, while the overall evidence base
remained limited and heterogeneous [2]. The finding 1is
methodologically significant: educational practice is
developing faster than the body of rigorous evidence that can
guide decisions. Therefore, a contemporary framework should
combine available empirical findings with established
accessibility standards, principles of special pedagogy and
learner-centred instructional design.

The purpose of this article is to systematize contemporary
approaches to the wuse of digital resources in teaching
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children with visual impairments and to formulate pedagogical
conditions under which digital technologies support not only
access to information but also comprehension, autonomy,
participation and educational achievement. The objectives
are: (1) to clarify the conceptual distinction between digital

availability, technical accessibility and pedagogical
accessibility; (2) to classify the principal types of digital
resources used with blind and low-vision learners; (3) to

identify methodological principles for their selection and

adaptation; (4) to examine current barriers and risks; and

(5) to propose a practice-oriented model for integrating

digital resources into inclusive and special education.
Methodological Framework

The article is a conceptual and analytical review rather
than an empirical intervention study. Its methodological basis
combines comparative analysis, synthesis and pedagogical
interpretation of recent peer-reviewed reviews and studies,
together with internationally recognized accessibility and
instructional-design guidance. Priority was given to sources
published from 2023 onward that directly address visual
impairment, assistive technology, digital accessibility or
inclusive digital learning, while foundational normative
frameworks were used to define design principles.

Two complementary frameworks structure the analysis.
First, the Web Content Accessibility Guidelines (WCAG) 2.2
organize digital accessibility around four principles:
content should be perceivable, operable, understandable and
robust [3]. These principles are technically oriented but
pedagogically consequential. Second, CAST’s Universal Design
for Learning Guidelines 3.0 emphasize reducing barriers
through multiple means of representation, action and
expression, and engagement; the 2024 revision explicitly
strengthens attention to exclusionary systems and learner
agency [4]. For children with wvisual impairments, these
frameworks converge around a key requirement: information and
learning activity must not depend on a single sensory channel
or a single mode of interaction.

The analysis also adopts a typhlopedagogical perspective.
Visual impairment changes the conditions under which
information is acquired, not the learner’s entitlement to
conceptual complexity. Consequently, adaptation should
preserve the cognitive goal while modifying the perceptual
route, the interaction mechanism or the response format. This
distinction 1s <crucial. Replacing a complex map with a

This work 1s distributed under the terms of the Creative
7 6 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026). | C
Melbourne, Australia NTER ONF

SdenTIFc PUbLEHNG CenTen

PEDAGOGY AND EDUCATION

simplified verbal summary may make a task easier, but it can
also remove spatial reasoning from the learning objective.
High-quality adaptation therefore seeks functional
equivalence rather than curricular reduction.

From Technical Accessibility to Pedagogical Accessibility

Digital accessibility is frequently treated as a
compliance 1issue: alternative text 1is added to images,
keyboard navigation is enabled, contrast is increased and form
controls are labeled. These measures are indispensable, but
they represent only the first layer of access. WCAG 2.2 defines
testable success criteria under the four principles of
perceivability, operability, understandability and robustness
[3]. Yet educational accessibility additionally requires that
the resource support the learner’s actual cognitive task. A
technically accessible interface may still impose excessive
navigation, fragment information into poorly ordered elements,
or provide alternative text that names an 1image without
explaining its educationally relevant relationships.

Pedagogical accessibility can therefore be understood as
the degree to which a digital resource enables a learner to
reach the intended learning outcome with reasonable effort,
appropriate independence and no unnecessary sensory barrier.
This definition shifts attention from the file or application
alone to the interaction among learner, task, assistive
technology, teacher support and curriculum. CAST similarly
stresses that providing a tool is not sufficient; learners
may need explicit support to use accessible and assistive
technologies effectively, while instructional technologies
should not create barriers to those tools [5].

This distinction has direct implications for teacher
practice. Before assigning a digital resource, the teacher
should test not only whether it opens with a screen reader or
can be magnified, but whether the sequence of headings 1is
logical, interactive controls are announced correctly, visual
relationships are represented meaningfully, time limits are
adjustable, and the learner can complete the task without
continuous sighted mediation. Independence should be treated
as an instructional outcome, not merely a convenience.

A Contemporary Typology of Digital Resources

Current digital resources for learners with visual
impairments can be grouped according to the dominant mode of
access and the pedagogical function they perform. The
categories overlap in practice, and the most effective
learning environments typically combine several of them.
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Table 1

Functional classification of digital resources
for teaching learners with visual impairments.

Pedagogical Key accessibility
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. displays, ) . focus;
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. Concept . .
Audio and podcasts, introduction navigation by
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. . to visual events
description learner-
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Tactile graphics
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Mobile and . . scalable text;
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documents, cloud assessment,
\ feedback;
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screen-reader
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OCR, image Human
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Accessible Text, Screen Readers and Refreshable Braille

For blind learners, accessible text remains the
foundation of digital academic participation. Screen readers
transform interface elements and text into synthesized
speech, while refreshable Braille displays provide tactile
access to the same digital information. These technologies
are most effective when documents have semantic structure
rather than merely visual formatting. Headings, 1lists,
tables, 1links and form fields should be encoded so that
assistive technology can identify their roles. A visually
attractive worksheet that consists of text boxes positioned
on a page may be substantially less accessible than a simpler
document with a clear heading hierarchy and linear reading
order.

Refreshable Braille has a distinctive pedagogical value
because it preserves orthographic, punctuation and spatial
information that may be less salient in continuous speech
output. For beginning readers and for tasks requiring precise
spelling, terminology or symbolic notation, audio and Braille
should be viewed as complementary rather than competing
channels. The methodological decision should be driven by the
learning goal: rapid information retrieval may favor speech,
whereas detailed linguistic analysis may require tactile
reading.

Teachers should also teach digital navigation explicitly.
Efficient use of headings, landmarks, search commands, links,
tables and keyboard shortcuts 1is part of contemporary
functional 1literacy. Without these skills, an accessible
resource may remain slow and cognitively demanding. The
pedagogical task is therefore twofold: make the content
accessible and develop the learner’s competence to exploit
that accessibility independently.

Audio, Audio Description and Multimodal Representation

Audio resources are among the most established means of
compensating for inaccessible wvisual information, but
effective educational audio is more than reading text aloud.
Audio description should identify the features and
relationships that are relevant to the learning objective.
For example, when a diagram shows the water cycle, a useful
description must communicate sequence, direction and causal
relationships, not merely list the visible labels. Similarly,
an educational video should provide access to demonstrations,
gestures, changes on a graph and other visually conveyed
information that carries meaning.
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UDL 3.0 explicitly recommends offering information
through different modalities and allowing users to adjust
presentation; it also emphasizes multiple representations as
a means of supporting perception and meaning-making [4, 6].
For learners with low vision, this may involve synchronized
text, magnification, high contrast and audio. For Dblind
learners, it may involve structured text, speech, Braille and
tactile graphics. The principle 1s not maximal sensory
stimulation but purposeful redundancy: the same essential
concept should remain available through more than one viable
route.

Tactile-Digital and Haptic Approaches

Digital learning 1is often mistakenly associated with
screen-based interaction. For learners with visual
impairments, some of the most promising approaches integrate
tangible, tactile and auditory information. Research in STEM
has explored tactile graphics, haptic applications, talking
tactile devices and 3D-printed models. A systematic review of
educational rehabilitation initiatives noted a concentration
of studies on making STEM content accessible through tactile,
haptic and electronic devices, although the evidence base
remains small [2]. More recent qualitative research with
visually impaired learners found that combining tangible
objects with audio in playful STEM activities supported
interest and conceptual understanding [7].

The methodological advantage of tactile-digital resources
lies in their capacity to externalize spatial relationships.
A tactile map can represent position and distance; a 3D model
can make shape and structure explorable; an audio-tactile
interface can connect a touched region with verbal
information. Yet tactile graphics are not self-explanatory.
Learners need systematic instruction in scanning strategies,
reference points, legends, orientation and the relationship
between a model and the represented object. Digital
enhancement should therefore be embedded in a sequence of
guided exploration, verbalization, comparison and independent
application.

Mobile Learning and Learner Agency

Smartphones and tablets have Dbecome multifunctional
accessibility platforms because they combine magnification,
text-to-speech, OCR, voice input, camera-based recognition,
note-taking and communication. Their educational significance
is enhanced by portability: the same device can support

reading in class, navigation during an excursion,
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photographing enlarged material, accessing cloud documents
and communicating with  teachers. However, touchscreen
interfaces <can also create barriers when controls are
unlabeled, gestures are complex, or information is organized
primarily by visual position.

Evidence on mobile learning suggests that accessibility
alone does not determine sustained use. A 2025 study of
visually impaired university students found that competence
and relatedness were important 1in technology acceptance,
highlighting the role of skills mastery and social support
[8]. Although the participants were adults, the implication
for school education is relevant: teachers should not assume
that children automatically acquire effective assistive-
technology strategies simply because they use smartphones.
Structured instruction, peer support and repeated successful
use are necessary to transform a device from a compensatory
aid into a learning tool.

User-centred design is equally important. Research on a
mobile e-learning application for visually impaired children
reported improved task completion and satisfaction after
interface modifications and emphasized clear navigation,
contrast, 1immediate feedback, appropriate button and text
size [9]. These features illustrate a broader principle:
accessibility should be designed from the beginning and
validated with users, not added after the pedagogical product
has been completed.

Artificial Intelligence as an Emerging Accessibility Layer

Artificial intelligence is rapidly becoming an additional
layer of digital accessibility. OCR can convert printed
material into editable text; image-description systems can
provide preliminary verbal access to photographs and
diagrams; conversational interfaces can explain unfamiliar
terms; speech recognition can reduce the motor and visual
demands of text entry; and generative systems can reformat
content into more accessible representations. A 2026
systematic review of NLP-powered assistive technologies for
visually impaired students reported substantial progress in
speech recognition, text-to-speech, conversational interfaces
and multilingual processing, while also identifying limited
evidence on long-term educational integration, learner
autonomy and institutional sustainability [10].

These tools should be treated as assistive mediators
rather than authoritative sources. Automated descriptions may
omit educationally important detail or introduce errors; OCR
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quality depends on image and document quality; generative
systems may produce plausible but inaccurate explanations.
For children, additional issues include privacy, data
protection, age-appropriate interaction and overreliance on
automated assistance. The teacher’s role therefore expands
from selecting resources to teaching verification strategies:
comparing AI output with source material, checking key facts,
identifying uncertainty and deciding when human assistance is
necessary.

A Pedagogical Model for Integrating Digital Resources

On the basis of the reviewed evidence and accessibility
frameworks, four interdependent principles can guide the
integration of digital resources in teaching children with
visual impairments.

First, multimodal equivalence requires that essential
information be available through functionally equivalent
perceptual routes. The aim is not to duplicate every visual
feature verbally, but to preserve the concept, relationship
or action required by the learning objective. Second, learner-
controlled adaptability means that the learner should be able
to enlarge text, adjust contrast and spacing, change playback
speed, choose speech or Braille where appropriate, and
navigate content nonlinearly. Third, assistive-technology
compatibility requires resources to work predictably with
screen readers, keyboards, magnification and Braille devices.
Fourth, corrective-developmental integration means that
digital tools should simultaneously support curriculum
learning and relevant functional skills such as tactile
discrimination, visual efficiency, spatial orientation,
independent information search and communication.

These principles can be operationalized through a five-
stage instructional cycle: diagnostic analysis of the learner
and task; selection or creation of an accessible resource;
pre-teaching of navigation and concepts; supported then
increasingly independent use; and evaluation of both academic
outcome and accessibility experience. This cycle prevents a
common methodological error—evaluating only whether the child
answered correctly while ignoring whether the child could
access and complete the task independently.

Criteria for Selecting a Digital Resource

A practical selection procedure should begin with the
learning objective and then examine accessibility. Teachers
and support specialists may use the following questions: Does
the resource preserve the intended cognitive demand? Can all
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essential information be perceived without relying
exclusively on vision? Can the learner navigate and operate
it wusing their established assistive technology? Is the
structure predictable? Are images, diagrams and multimedia
supplied with meaningful equivalents? Can text size,
contrast, audio speed or display settings be adjusted? Is
sufficient time available for nonvisual navigation? Can the
learner produce and submit a response accessibly? Does the
resource protect privacy and avoid unnecessary collection of
personal data? Finally, can the learner use it with decreasing
adult mediation?

The last criterion is particularly important. A resource
that consistently requires a sighted adult to identify
buttons, interpret images or correct focus order may create
a hidden dependency. Digital inclusion should increase
agency. CAST’s current UDL framework identifies learner
agency as a central goal and recommends optimizing access to
accessible and assistive technologies while maintaining the
intellectual challenge of the learning goal [4, 5].
Barriers, Risks and Conditions for Effective Implementation

The principal barriers are not exclusively technological.
They 1include inaccessible procurement practices, limited
teacher competence, fragmented responsibility between
classroom teachers and specialists, insufficient time for
accessible material ©preparation, lack of multilingual
resources, 1inconsistent internet access and weak mechanisms
for learner feedback. The 2024 scoping review of digital
accessibility emphasized that inaccessible design remains
widespread and that formal guidelines alone do not capture
every difficulty reported by users with wvisual impairment
[1]. This suggests that compliance testing should be
supplemented by authentic user testing.

A second risk is technological substitution: replacing
direct experience, tactile exploration, social interaction or
mobility with screen-based content merely because it 1is
convenient. Digital resources should extend access, not
narrow the sensory and social basis of learning. In subjects
involving the natural and social world, a digital model is
most powerful when connected to real ©objects, field
observation, movement, discussion and practical action.

A third risk concerns unequal competence among adults. If
only the specialist teacher understands screen-reader
navigation or accessible document creation, the learner’s
participation becomes vulnerable whenever that specialist is
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absent. Sustainable practice requires distributed competence:
classroom teachers should master basic accessible-design
principles; teachers of students with wvisual impairments
should provide specialized assessment and instruction;
families should understand the learner’s key tools without
becoming permanent intermediaries; and technical staff should
ensure platform compatibility.
Discussion

The contemporary development of digital education for
children with visual impairments can be characterized by a
transition from isolated assistive devices toward integrated
accessibility ecosystems. Earlier models often positioned
assistive technology as an individual adaptation added to a
mainstream learning environment. Current approaches
increasingly emphasize accessible-by-design platforms,
interoperability, multimodal representation and learner agency.
This shift corresponds with UDL 3.0 and with the broader
understanding of accessibility as a property of the educational
environment rather than a deficit located in the learner [4].

At the same time, the evidence cautions against
technological optimism. The systematic review of educational
rehabilitation for visually impaired adolescents identified
only ten eligible studies from 3,210 screened records and
judged the evidence insufficient for firm decision-making

[2]. The digital-accessibility scoping review documented
persistent barriers across applications and websites [1].
These findings indicate a paradox: the number and

sophistication of technologies are increasing, but high-
quality evidence on their long-term educational impact,
transfer to independent learning and implementation at scale
remains comparatively limited.

For pedagogy, the implication is clear. The quality of

digital inclusion should be evaluated through a
multidimensional lens: technical accessibility, cognitive
accessibility, curricular alignment, independence,
efficiency, participation and learner experience. A child who
can technically access a platform but requires
disproportionate time, constant assistance or repeated
workarounds is not experiencing equivalent access.

Conversely, a well-designed digital environment can provide
advantages that are difficult to achieve in print: instant
enlargement, rapid search, synchronized speech and Braille,
personalized display, reusable tactile-audio links and
immediate formative feedback.
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Future research should prioritize school-age populations,
longitudinal designs and ecologically valid classroom
outcomes. Particular attention is needed to AI-supported
image description, accessible mathematics and science
notation, multilingual screen-reader resources, tactile-
digital learning, accessible assessment and the transition
from supported access to autonomous learning. Studies should
report not only task accuracy but also time, cognitive load,
independence, user preference, retention and transfer. Co-
design with blind and low-vision learners 1is essential if
research is to move from technologies that are theoretically
accessible to resources that are educationally meaningful.

Conclusion

Digital resources can substantially expand educational
opportunities for children with visual impairments, but their
effectiveness depends on pedagogical design rather than
technological novelty. Contemporary practice should integrate
accessible text, speech, Braille, magnification, tactile-
digital representations, mobile tools and emerging AI systems
within a coherent instructional strategy. The decisive
criterion is functional equivalence: the learner must be able
to perceive essential information, operate the resource,
construct meaning, act with growing independence and
demonstrate the intended learning outcome without unnecessary
sensory barriers.

Accordingly, the modern teacher’s task is not simply to
“use digital technologies” but to design an accessible
learning pathway. This requires collaboration among classroom
teachers, teachers of students with wvisual impairments,
families, developers and support specialists; explicit
instruction in assistive-technology competence; and
continuous evaluation of the learner’s experience. When
accessibility is embedded at the stage of planning rather
than added after difficulties arise, digital resources become
not compensatory accessories but instruments of
participation, agency and equitable learning.
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JNloronepuansiKk cabakrapaa
HeMpoXXaTTbifynapabl KongaHy
MYMKiHAaiKTepi

Opmaxan BanHyp Hypaosynertkbiabl!, Kapup6aesa fiuna Kanparkbiabi®

memaroryka FHUILIMOAPHHEH MAaTMCTPIEP1, OKBTYLEUIAP;
Kaszak YJITTEK KB3Oap HNenaroI'MKAaJbK yHuBepcuTerTi; KasakcTaH

’Nnenaroruka THUILIMIAPHHLEH MarvCTPIIepi, OKBTYULIIAP;
Kazak yJaTTHEK KB34ap HedarorMKaJbK yHuMBepcuTeTi; KaszarcTaH

AgpaTna. MakaJjiala JIOTONemMAJbK cabakTapla HEeMpOXaTTHIYyJapbl KOJIOAHYIBH TeOPMAJIbIK,
XoHE MNPaKTMKaJHK MYMKi1HOikTepl KapacTepbUianel. FBUIBIMM eHOEKTEepIl CaJiblC TEPMAaJIE
Tajmay HeTrisiHOe HeMPOXaTTHTYJAPOBH KYPBUIBIMIOBK KOMIIOHeHTTepl, Heriszri wypisepi,
Xac epekmesiriHe kapal KojimaHy OaFBITTAPE XoHE Ty3eTe-HOaMHTy XYMBCEHHA €HT'isyminy
rnenarorMKaJblK WapTTapk XyMlejeHeni .

Tyiin cesmep: Joromenms, HEMPOXATTHIEY, Coeuaey OyY3BUIEICE, CEHCOMOTOPJIEK IaMy,
doHeMa TUKAJIEK KAOCBUIAAY, APTUKYJISLMSI, Ty3€Te-IaMEITY XYMEICE.

Kipicne

Kazipri gmjoronenusana cemujey OY3BUJIBICTAPBH TY3€Ty OBOBICTH
IOYPEC anTy OaFObICHH KAJIBIITACTHPYMEH FaHa mekTeyMenni. Celyey
opekeTi AP TUKYIIALVAJIEIK, KOB3FaJILIC TAPOLH,, ecTy AP KBLITH
QXBIPATYOBIH, THHBIC aJIyObH, KUMBJIOLE XOCIHIapJjayObH, 3eMiH MeH
XYMBIC XAIBIHBEIH XoHE TiJImik onepaumasaplblH e3apa  OaMjlaHBCHHAa
cyreHeni. A.P. Jlypusa XOF¥ape IICUXMKAJBEK OyHKUMAJIAPOE OlipHeue
MM XyMeciHly OiprjieckeH Kp3MeT1l apKBUIEL 1CKe acaThH Kypoeii
bYyHKUMOHAJIEK XyMesiep peTiHIe KapacTepnel [1]. H.A. BepHUWTEeNH
KO3¥aJIbIC THIH CEHCOPJIBIK, Ty3eTinyil MeH OipTiHmen
ABTOMATTAHILBPEITYEIH  KMMBLJI SpeKeTiHiH  MaHBI3IE MapTH Ol
kepceTTi [2]. OCH TEOPMAJIEIK YCTAHBIMIOAP JIOTONEIMSJIHK XYMBCTA
cemJieyniH CHPTKH KepiHiciH FaHa eMmMec, OHH KaMTaMacCH3 eTeTiH
MOTOPJIHIK XoHe peTTeymi mnpoluecrTtepni me eckepyliH KaxerTirix
Heriszmewnni.

[IpakTrkama <«HEVPOXATTHEFY» aTaybIMeH KYMBUINHK, HPFAKTHK,
eK1XaKTH VYIJIeCiMIOijik XoHEe KOTHUTUBTIK TalChpMallap YCHHBUIAIE.
BeprTey nNpobJseMace — OJIaPOEl JIOTONEOMAJIEIK MaKCaTleH OYyHKUMOHAJIIBIK,
BaMIIaHBIC TEIPY IBH FEUIBIMM—9IO1CTEMEJI1 K MAPTTaPEH HAKTHIIAY .
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BepTTeyniH MaKCATH — COMJIey SPEeKEeTiH1H HeMpPOICUXOJOIMAJILK
XOHE CEHCOMOTOPJIHK HeTrizmepli TypaJiel FEUILIMM eHOeKTepnl Tajnay
HeriziHnme JIOT'OIIe OMAJIEIK, cabaxTapna HeMpOoXaT THEYJIapIEl
KOJIDAHYOHH TEOPUAJIEIK HeTisnepiH aMkeHOay, OJIapOuH Herisri
DarbITTaAPEIH XYyMeJyiey XoHe Tys3eTe—-IaMbeTy vyIepiciHe eHTizyniH
IenarorMkaJibtK MYMKIHOikKTeplH Herizzney.

BeprTey MaTepmanmmaps MeH 9AxicTepi

BepTTEey TEOpPMAJBIK CcuIaTTa Xypriszinmni. MaTepuman peTiHzme
HEVPOIICUXOJIOTHUsS, COMJIey MOTOPUKACH, (QOHOJOTMUSJHK IaMy, TiJdmik
OY3EUIEICTAP X9HE aTKapylbl QYHKLUMAJIAP CajlaCHHIAFE KJIaCCUKAaJBIK,
XoHe Kas3lipri FHIEMM eHOeKTep aJEHIB. TeOopMAJHK Tajlnay Cceusey
opekeTiHiH QYHKUMOHAJIIBEIK HeI'l3mepilH aHBIKTay¥a; CAaJbCTEPMAaJIEL
Tajnay SPTYPJl FHIEIMM OaFEITTapOa¥El TYXLPHMIAPIE CaJILICTHPYFA;

Ma3MYHIBIK  Tajgay  apTUKYJISUUSJEK — [IpakKCcuc, CEeHCOMOTOPJIHIK,
yhnecimMaoinik, QoHeMaTMKAJBK KaObBUIOay, XYMBIC XAIBl XoHE KVMBLIIL
xocrnapJjay YVIBIMIOAPBHBIH JIOT O OMSAJIBIK, MaHbBISBIH xyreyeyre
KOJIDAHBUIOE . HoTwmxeJep Xajmnewiay XoHe KYPBUIRIMIAY oaicTepi

APKBLJIEL TOPT KOMIIOHEHTTik Momesibre OipikTipinni.

SpmebuerTepni Tangpay

A.P. JlypMSaHBH HEMPOINCUXOJOTUAJIEIK TYXbPEMIaMaCE ceuneynil
OKllayJlaHFaH kabijieT emec, ecTy, KUMEBIJI, €CTe cakKTay XoHe
peTTeyml MexaHM3MIEep KaTBEICATHH OYHKLMOHAJIOBK XylMe peTiHOe
TyCciHOipyTe MYMKiHIiK bepeni [17. H.A. BepHITEeMHHIH
KOBTAJIEICTH KYPY TEOPMUSACH KMMBUIOEH I9JI01iTri MeH aBTOMaTTaHYH
CEHCOPJIEIK, Kepl OanjaHbBCkKa ToyeJinli ekeH1H kepceTTi [2]. Byn
ekl OGarFHITTH CAaJILICTHPY JIOTONENMAJIHIK TallChpMala apTUKYJISUMAIIBEK
KVIMEBLJIIEL MeXaHMKAaJIEBIK KamrajaynaH Tepi, MaKCaTTEl XoHEe
DaxkblJIaHATHH OpPeKeT PeTliHIe YMEMIACTHEPY KaXeTTiTiH KepceTeni.

P.E. JleBMHa  cemjiey  OYBBUILICTAPLIHHEH  XYMeJiiKk  CUIIaTHH
Herispmen, TinnmiH OHOBICTHIK, JIEKCUKAJIEIK XoHE TI'paMMaTUKAaJIBIK
KOMIIOHEHTTepPiH e3apa OaljaHbCTa kKapacTepns [3]. JI.C. BoJgkoBa
Joronenus eHOeKTepiHIe apTUKYJIALUAJIEIK XaTTHEY, COMUJey, THHEC
any, OGoHeMaTMKAJIBEIK €CTYy XoHe MOTOPMKAHEL HOAMBEITY ISCTYPJIL
TY3€Ty XYMBICHIHEIH MaHBI3IOE OarbTTapPhl peTiHOe cunarTaiansl [4].
Ocm eHbekTep HeMpOoXaTThTyJIapOE noCTypJii JIOTONEeOUAJIEIK,
snicTepre 6Oajama emec, OipHeme OYHKUMOHAJONK MiHzmeTrTi 61ip
TarnceHpMama HKIAJOAaCTHEPATHH KOCHMIIA KypaJl PEeTiHIe KapacCTHpyFa
Heris Oepeni.

lerennik eHOeKTep CceoeMjley MOTOPMKACHHBH XOCIAaPJIaHyE MeH
OpPBIHIOAJIYEIHA €peKlle Hazap aynapalbl. J.R. Duffy MOTOpJIBIK cenjey
OY3BUIEICTAPEH OubdepeHUManne 6Oarajlayda KO3FAJBICTH XOochapJjay
MEH OPHHIAY MeXaHMBMIEPlH axbpaTyIsH MaHBEI3HH KepceTeni [5].
M.R. Mc Neil xoHe opinTecTepi cemyiey aNpaKCUSACHHIA MOTOPJILIK

BarmapiaMaliay MacejyieciH cunarravnael [6]. G. Weismer cemiey
This work 1s distributed under the terms of the Creative
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KMMBLIJIIAPEIHEH, = YAaKBETTHK XoHE KEeHICTIiIKTik YMBEIMIACYBH MOTOPJIBIK
cemnieyni TyciumipyniH MaHBEI3OE aclekTici peTiHme xapacThpalbl
[7]. ByJn eHOEKTep JIOTONENMAJIEIK, HEVPOXAaTTHIYJIAPOLH KYHIBIJIBFEL
XAJIIbl  KO3FaJiblc OeJiceHOijniriHme emMec, KO3FAJILICTHH CeuJey
opekeTiMeH MakcaTTh OalJlaHBICHIHIA €KeH1H KepceTeni.
doHONMOTUMANBIK JaMy¥Fa KaTelcTel J.E. Bernthal, N.W. Bankson
xoHe P. Flipsen cewjiey IOHIOBICTAPBEH 0Oarajiay MeH Ty3eTyne
GOHOJIOTHAJNEIK IIpoLleCcTepni XxyMesil Tanmay KaxeTTiriH kepcereni

[8]. S. Mc Leod mnem K. Crowe ospTypJli Tinmepmeri »OayelCCHS3
IEIOBICTAPIE MEHTEePpY IePeKTeplH XMHakKTall, Xac XoHe TiJnik opTaHH
ecemnke aJiyIbelH MaHBS3EH Herizzmewni [9]. A. Diamond aTkapyus

byHKUMATIAPOEYH HeTri3ri KypaMblHa KYMBIC  XaIbl, TexXeJly XoHe
KOTHUTUBTIK MKeMOijixkTi xaTke3ansl [13]. ByJl opolecTep HYCKAyIH
cakTay, opeKeT PeTiH ayHCTHpPY, KaTrejepni Oakxswuiay CUSKTEH
JIOTONEeIMAJIEK, —TallchHpMajlapfa Tikejel KaTecalel. CoHeMeH Oipre
KOTHUTUBTIK XaTTHFYJapOaH aJiBlHFaH JaPOblHBIH @TiJigik HSTMXere
aBTOMATTEl TYPLE AaYBICATHEHEH Oojrkay¥a OoJMaMnel; COHIBIKTAH op
HEeMPOXaTTHEFY HAKTH CoOMJley MaKcaTbHa OaFbHIBPBUIYH THUicC.

KasakcTaHOsK FansMOAapObH SBepTTeyiiepi

KazakCcTaHOHK 3epTTeyllijiepnid eHOeKTepiHOe JIOTONeIMAJIBIK
TYy3eTy MEeH HEeMPONCUXOJIOTUAJEK Toclinnin es3apa OalijlaHBICHHA
Hazap aymapeula dSacraznel. P.X. McmaHora MeH I'.K. AxmMeTOBa ceujey
TiniHme Oy3pULEICTape 6Oap 6Oajxasapnbl  JIOTONENOMAJIEIK,  TYPTIEIOAH
TYy3eTyIe Jorornen MaMaHHEIH, HEVMPOTIICUXOJIOTUAJIBIK, O6inimMining
MaHBIZEIH apHaMel kapactTepans [10] . ABTopiap cemjey OY3BUIBICTAPBH
Tajgmayna KOFape ICUXMKAJHK O(OYHKUMAJIAP MEeH MM KB3MEeT1HiH
GYyHKUMOHAJIOHK, YMBEIMIACYHH eCKepyIlH KaxeTTirin kepcerenmi. Byn
TYXEIDBIM ~ HEeMpOXaTTHEYJIAPOE JIOTONeOMAJIEIK, cafbakTa Ke3IOelMCOK
KMMBLJIOEIK, TallCEpMaJlap XMUBIHTHIE peTiHIe emec, OaJlaHbH Coljey
SpekeTiH KaMTaMacCH3 eTeTiH CEHCOMOTOPJIEIK XSHe KOTHUTUBTIK
yIoepicTepMeH MakCaTTh Typle OalaHBICTHPHI KOJIOaHyFa Heris
Bepeni.

B.K. JlemexoBa MEeKTeI XaCHHAa neviuri DaJsanapnase
IOVBaPTPUAHEL Ty3eTyle  HEeMPONCUXOJOTMAJEIK Tocljanl KoJImaHy
MyMKiHODikTepiH 3eprTereH [11]. 3eprreyme My OJIOKTAPHHBH

KBEI3MEeT1, cemnjey maMyblH IMAaTHOCTUKAJAYIATHE HEMPOIICUXOJIOTUIIIHK,
TaJmayInbeH ~peJii  xoHe Ous3apTpuace 0Oap 0Oajajlapfa apHajiFaH

HEeMPOIICUXOJIOTUAJIEK, XaTTETYJIap KemeHiHiH KeszeHIepi
curnaTTajlfaH. ABTOP HEMPOICUXOJIOTMAJIEIK KOJOaynbl OaJlaHBH XeKe
HeMPOINCUXOJIOTUAJIBIK, epekieNikTepite caMKecC YMBIMIA CTEPY

KaxeTTiriH aran kepcereni. ByJsl eHOek JIOTONEOMAJIHIK NPpakKTUKaIa
HEeVPOXAaTTHIYJIAPOE HAaKTH Cenjiey OY3BUILICHHEH MexXaHMBMiMeH XoHe
TY3EeTYy MaKCa THIHBIH Ma3MYHEIMEH COUMKEeCTEeHOipynin MaHBI3EH
AVIKBIHIOAMIL .
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HevpoxaTTEIFyJIapOblH KOTHUTUBTI1K MyMKiHIDikTEepl

X.A.
3epTTeyiHne

Xymabaesa,

P.X.
KapaCTHPEIIFaH

[12].

BazapbexkoBa xoHe A.C.
ABTOpJsiap ©OacTaysll

CraMbeKOBAaHHH,

CBIHBIII

OKYIWBLJIAPHHLH aKbBUI-OMEBEIH IAaMBEITYIIa HEeMPOXaTTHTIYJIAPOE KOJIOAaHY b
Tajnarn, oJapnb  3eMiH, ecTe cakTay, oljlay XoHe  KUMBUIIBIK,
yuiecimMuoinikneH ©anJiaHBIC TEPa OHL . Byn 3epTTey TikeJen
JIOTONIEeOUAJIEIK, Ty3eTyl'e apHaJIMaFaHbIMEH, CeoeMJjiey TallChHpMallapelH
OpBIHIAYHOa MAaHBI3OE OOJIaTHH BeMiH, XKYMBIC XaIel, opekeTTi
XOCIapJlay XoHE CEHCOMOTOPJIEIK YWJeCiMOinik CUMAKTE QyHKLUMSJIAPIE
KOJImaylla HeEMPOXATTHEYJIAPIEH IeNaToI'MKAaJIbK SJIeyeT1H Herismeyre
MyMKiHIOik Oepeni.

OTaHIOHIK, 3eprTeynepni CAaJIBIC TEIPY HEVPOIICUXOJIO TUAJIBIK
Toclinnmiy Jioronenusana TEOPUAJIHIK HeI'li3, HaKTH cewnjey OY3BLIBICHH
TY3EeTy XoHE KOTHMTMBTIK KoOJimay OaFBTTApPBHIA IaMBII  KeJie
XaTKaHEH KkKepcetreni [10-12]. By eHOekTep HEWPOXAaTTHIYJAPIE
cenyiey—KUMBLIJIIOBIK, , CEeHCOMOTOPJIEIK,  XOHEe KOTHUTUBTiK-peTTeymi
MiHIeTTepMeH MaKCaTTH OalJIaHEICTHPY KaXeTTiriH Heriszmeyni.

HoTuxenep xSHe oJlapns TajlKsulay

FEUIBIMM T YXBIPEIMIOAPIEL CAJIEIC THIPMAaJIbl Tajlilay HeMpoXaTTHIYJap bl
JIOTONenusAJEtK cafakka eHTi1i3ynl TepT e3apa OanJlaHBEICTHE KOMIIOHEHT
APKBUIHL  XylMeJjeyre MyMKiHOik O6epni. IMAarHOCTUKAJBIK KOMIIOHEHT
BajlaHBH, aAPTUKYJISUUSAILEK KO3FAJIBEICH, GOHEeMaTHKAJIEK KaObuiOaysl,
HYCKayObl OPBIHIAYBE XOHEe KMMBII PEeT1lH CcaKTay epeKlesliKkTepiH
aHBIKTAMOLE . MOTOPJIEIK—-CEHCOMOTOPJIEIK, KOMIIOHEHT apTUKYJISALUAJILK,,
TEIHBEIC any, caycak, BIPTAaK ~ XOHE exi KOJIOBIH, yhnecimoi
KOB3FAJIEICTAPEH KaMTUIBE. TIiJOiK-KOTHUTUBTIK KOMIOHEHT KMMBLIIL
noeIOBIC, OYBIH, CO3 HeMece cemnyemMeH OipikrTipeni. PebjaexcuBTik-—
Dakelay KOMIIOHEHT1 kaTeHl ©Oalkay, opeKkeTTli Ty3eTy XoHe
HoTUXeH1 Oarajay HDaFObUlapblH KaMTUIH.

Tannay HSTI/DKeCiHI[e AHBIKTAJIT'aH KYPBIJIEIMIOBIK KOMIIOHEHTTEP
l-xecTene OepinrTeH.
Kecre 1
Jloronemuansk cabaxKTa HEMPOXaTTHEYJAPAH KOJAAHYMOHH KYPBUIBIMAOELIK,
KOMIIOHEHTTEepP1
. . Jloronenmsisuel Barana
KoMnoHeHT Herisri MaBMyYHE A a y_ .
MaxCcaTsl KepceTkimi
APTUKYJISALUMA L
p YILALAA KyMBLT mosimiri,
boHeMaTUKAJIBIK, Kexe TyzeTy OaFBITHH
IraTHOCTUKAJIBIK IOEIOBIC THL
KabeImay, HYCKAyZHOH aHBIKTAY
axelpaTy
OpBIHIAY
APpTUKYJIAUUAIIEL VMELT yislecimpisiri ..
MOTOPJIBIK— b YA K K Y ,ﬂ PerTinik,
TBHIHEIC aJly, BIPFAKTHIK |MEH IpakcucTi .
CEHCOMOTOPJIEIK : . . KAapKblH, IO9JIO1kK
XOHE eK1XaKThl KMMELI |XeTiJanipy
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JloTonenunsiJislK Baranay

KomMnioneHT Herisri MasMyHH -
MakCcaTHl KkepceTkimi

Timmix- Kymewiner OeiOelc, OybIH, |CeMiiey MeH KUMBUIINHH | JJypelCc antTy,

. ce3, CoeujieMMeH GYHKLUMOHAJIOHIK, ecTe cakrTay,
KOTHUTUBTI1K . . N . . .
BipikTipy OaNMJIaHEICEHH KYWEeWTy |Tijnmoik opeHIAy
. . . . . aTeHl ©Oarka
PebdnexcuBTik- |631H-631 Tekcepy, ©3iHOik Oakeulay MeH K .. v
. . XoHe es3niriHeH
Bakeuiay KaTeHl TyzeTy peTTeyni IaMelTy

TY3ETY

Kecreneri xoMmnoHeHTTep cabak OaprelChHHIA ©3apa bKIajlgacamnbl:
KMMBLT COMJIey MaKCaTHH aJIMaCTHEPMal, apTUKYJISLUMSAHE ©Oakeuiay,
peTTinikTi cakTay XoHE MaKCaTTH IOBIOBICTHE CeMJjieyle KOJIIaHy YII1H
Tipek KB3MeTiH aTKapal:l.

HeMpoxaTTeryapAsH Typiepi

JloronenmasitlK, XYMEICTA HEMPOXaTTHTYJAPIE OJIapIblH XeTekii
byHKUMOHAJNOEK MiHOeTiHe Kapan OipHeme Tonka Oeyyre OOJamnH.
MyHOmar XikTey XaTTHFYIE COHI1K HeMece XaJne ©OejiceHnipymi
BJIEMEHT peTiHIe eMmec, HaKTH CeWJley MaKCaTbHa Kb3MeT eTeTiH
smicTeMesilKk  KypaJl peTiHIe Tagmayra MyMKiHOik  Oepeni.
HevipoxaTTEFyOeH Typli OajlaHbH celjiey OY3bUJIBICHHBH KYPBJIEIMEIHA ,
cakTaJraH MyMkiHnmikTepiHe, XacreHa XoHe cabak keseHlHe CcaMKec
aHBIKTAJIYEl THIiC.

APTUKYJIALUMAIIEIK —MO T OPJIBIK, HeVpOXaTTHRyJap Ti, epix,
TOMEHT1 XakK KMVMBUIIAPHHBEH O2JO1T1iH, ayBICEIMIBUILIFEIH XoHe epikTi
DakpIIayBlH XeTinmipyre Oa¥uTTalanibel. OSCTypiil apTUKYJISLUMSAIIEK
XaTTHFYFa BPFAK, KOJ KUMBIIE, KeHicTikTik Oenri Hemece KBICKA
BepbaJinel HYCKay KOChJIFaHIa 6ajia 6ip Mesrinnme OipHelme spekeTTi
yinecTipeni. MeIcajibl, JIOTONEN KOPCETKEH apTUKYJIISLVAJIBK KaJIBITH
cakTay OTHPHII, ©0aJjia caycakneH O0eyrijyii HPFaAKTE KaMTaJlanIb
HeMece MakcaTTel OeIOeEIC ©ap OyBIHIOE aTalel. MyHOma OacTe Tajal —
KOCBEIMIIA KMMBLI apTUKYJISUMAJIEK MiHOeTT1i KUBIHIOATIAM, KkeplciHie
OHBEI CaHaJiH OakeJlayFa KeMeKTecyil.

CeHCOMOTOPJIEIK, XATTHIYJIAP €K1 KOJIOHH Ke3eKTeCKeH HeMece
B6ip MesTimmeri KO3FaJIBEICTAPHH, KO3-KOJI yujaeciMnuijiiTiH xoHe
KeHicTikTix OGarmaplel KaMTMIBE. ByJl TancepMajap <«OH—COJI»,
«KOFAPBI—TOMEH», <«aJIOBE—APTHHOA» VYIBEMIAPEH Coljiey HYCKaybMeH
bexiTyre, KMMBII PpPeTiH ecTe cakKTay¥a XoHe HYCKayIs OoJI
OpPBIHIAYFA KOJIAMJBl. AJjlaviia MYHIAW XaTTHIYJAPOEH ©631HIik Typne
cemyieyni Tys3eTeTiH1 TypaJibl acepa TYXBEPEM Xxacay¥a ©OoJIMaMIb.
Onapney JIOT' O OU AJIEIK, K YHJIBUJIBIFE cemyey TarCeHpMaCEMEH
byHKUMOHAJNONK OalJjlaHBICKaHIa apTanH.

HpFaKTHK-KVMBIJIOHK XaTTHEFYJIAP CoMyieyniH OYBHIBK KYPBIJIEIMBH ,
KaPKBHBEH XoHE €CTY-KMMBIIILK COMKEeCTikTl Kojimayra OaFreTTajiamnsl.
Bajla ce3miH HeMece OyelH Ti36eriHiH HpFafblH WandajlakKIeH,
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KaoaMMeH, YCTeJnl XeH1Jl TypTyMeH Oejrijiey ajansl. KuMBLT CaHEH
cezmeri OyHIH CaHHHAa CaMKecTeHOipinrenne, 6Gajla Ce301H EPTFAKTHK
KYPBUJIEIMBEIH  KOCEIMIIA MOTOPJIHIK, TipekK apKuUe Kabvwimanmel. MyHDam
Tocis  y3BH CcesIepXiH OYBHIBIK KyPaMbBH caKTayla, ces3ni
BesikTepre XikTeyme XxoHe OYyBHHIAPIH PEeTT1 anTyma KOJIIOAaHBLTYE
MYMK1H.

doHeMa TUKAJIBIK ~ KMMEBLJIIHIK, XaTTHEYJIIAP ecTinreH IOBIOBIC TH
Benrini xko3rajmpic OejnricimeH comukecTeHmipeni. Meicaswel, ©aJja
MaKCaTTHE OHOBICTH €CTiTeHOe ajlakaHBH KeTepeni, ajl ONO3ULMAJIILK
nebeicTa Oacka Oenri kepceTeni; kxeMiH OCH opekeT OYHH, C63
XOHE COMJIEM MaTepHualitiHIa KyprneseHeni. By Tocis boHeMaTUKAJIBK
Kabemaynos OafFajiay MeH XaTTHKTHPyIa OajiaHuH OeJiceHOl XayaOwH
KaMTaMachH3 eTeni. KuMer Tek xayan oGopMackl OOJBIT, IOBIOBICTHK
TajnayIbelH ©31H ajiMacTHPMAaybl MAaHBI3IH .

TEIHEIC aJly—CeWJiey XaTTHFYJIAPH HOeM NHFapPy Y3aKTHIBH COnJey
OipniriMeH coaMkecTeHOipyTre, OpaszaHw Oip IeMMeH anTy¥Fa XoHe
IaywC KVII1H peTTeyre OarpTTajiambl. JIOTONEeIMSJIHK XYMBICTA THHBC
XATTHIFYJIAPE KHCKa, OUBMOJIOTUAJIEIK TYPFHIOAH kKaylncis xoHe
MakcaTTe OOJIyH TMic. MekTenke OeMiHT1 XacTa OMHH TYPiHIE ypJey
3JIEMEHTTEepPl  KOJIOAaHHBJICA, epecekTey Oajajlapza IOemMni ce3
TipkecimMeH, CcaHaMakIleH HeMece KhCKa CeoMJIeMMeH VWIeCcTipy
THiMIOipex.

KOTHUTUBTIiK-peTTeylll HEeMPOXaTTHIYJIAP XYMBIC XAaIbl, TEXeJy,
aypICy  X9He 9pekeT peTiH xkochnapJjay  TaJlalTapeH  Cceujey
TancepMaceMeH OilpikTipeni. A. Diamond aTkapyllbl OYHKUMAIAPIBH
OKYy opekeTli MeH MaKCAaTTH MI1HEe3-KYJIBIKTAFEl MaHBIBEIH kepceTeni
[13]. Jloronenuastk cabaxkTa Oyl OafHT «THHIA—-€CTe cakTa-
OPBHIHIA», ©3TepIeH epexere CaMKeC Cce3 TaHmay, OlipHeme KaIaMHaH
TYPATHH HYCKayIOH OpPHHIAY CUSAKTE TallchpMajlap apkKeJEl 1cke
acamel. XaTTHIFYyIBH Kypnesnijsiri ©OajsiadHely celjiey MyMK1HOiTiHeH
maMamaH THEIC XOFape OoJMaye TMiC.

HeMpoxaTTHFynaphAsl Xac epeKleliriHe kxKapam KoJIJaHy

HevipoxaTTeFyJlapOpl Xacka kapal capajay KesliHme - Tek
KYyHTi30esik xacTel eMec, OajlaHblH Celjiey IaMyBHBH IeHTeMiH,
HYCKayOs  TYyCiHyiH, epikTi sBeMiHiHiH  TYPAKTBUILIFEIH  XSOHE
MOTOPJIEIK MYMKI1HOIT'1H eckepy XxaxeT. Bip xacrTarel 0OajajlapIblH
GyHKUMOHAJNOHK MYMKiHOiIKTepl SpTypJili OOJNYyH BIKTMMAaJ, COHIBIKTAH
TOMeHIeTrl xac mexkTepl kKaTaH HOPMAaTUB eMec, JIOTOlelKe apHaJiFaH
onicreMesiik OaFiap peTiHIe KapacCTHPBUIIAIH.

3-4 xacTta ejikTey, Oip caTBEJBE HYCKAy, KapalaMbM KUMBLII—
OeIOEIC CoMikecTiri ©OackM; TalcepMa OWMEH TypiHzme 1-2 opexkeTTeH
KYPBLIIaIE .

4-5 xacTa KUMBJIOE Ke3eKTeCcTipy, OYBH EBPFAFEH KVMBIJIMEH
Benrijiey xoHe ekl kamaMOe HYCKay eHTiziseni.

2 This work 1s distributed under the terms of the Creative
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5-6 xacTa KMMEIJI pPeTiH ecTe cakTray, OH-CoJl OarIapbH
axepaTy, bonemMaTMKaIEK ~ TajgayOsl ~ CEHCOMOTOPJIBIK  TipekIeH
YIITACTEPY KypIeJjeHeni.

6-7 xacTa xoHe OacTaymlll KeseHIOe KelKalaMIs Hyckay,
epexeHi aYEICTHPY , boHeMaTUKAaJHK XikTey XoHe cemyueMIi

KO3FaJEICIIeH YWJIeCTipy apKpUbl ©31iHIik Oakpulay KymeyTijeni.

Xac xeseHmepiHe

snicrTemMesiik TajlanTap 2-kecTeme XyMeJeHni.

COMKEeC YCHHBUIATHH HEMPOXaTTHEYJIAP MeH

Kecre 2
HeMpoxaTTHFyNaphs xac epekmeniriHe kapay KojgaHy 6arsTTaps
X . Y CBIHBLIA THIH . .
Xac kxeseHi BacmM MiHgzeT 9picTeMenik Tanan
KaTTHEYJIAP
. . apanamelM caycak
Enikrey, Bip Kap Y
KVMBLIIBL;  IOBEIOBEICKA .
Ca THLJIEI HYCKaYy, . 1-2 opekeT, OMHH
. Oip KMMBLI; KbICKA .
3-4 xac KapanaleM bopmMacE, aMKBH
HpFakK; IeM MeH .
CEHCOMOTOPJIBIK, YJIT'l, KBICKA YaKBIT
IBIOBIC TAY OB
xayar N .
yuiecTipy
Exi KOJIOBIH
KrMeL et . . .
. KapananbM Kepuek1i T1lpekK,
KeBeKTeCcTipy,
KOB3FAJIEICE; OyEHTa |0asay KapKbHHAH
4-5 xac OYBIHIBIK, BIDFAaK, . )
. marnasiak; OBIOBICTEL | DacTay, XMl Kepil
exi KaIaMIEl .. N
KVIMBLII OenriciMeH | DanIaHbIC
HYCKAYy
axelpaTy
KriMeLot peTiH|3 KIIMBLJIOBIK,
cakTay, Tizbek; on—coJ | Kypmenimikri
5.6 wac boHeMaTVKAaJIBIK, TallCBIPMAaCH; Biprinmen
Tanmay, OBIOBICEL 0ap | apTTHPY, cemnsey
keHicTikTik ce3mepnl KMMBIJIMEH |[MAKCATHEH CaKTay
Barnap TOnTay
Ken KaIoaMIel
. . HYCKay; KuMb1— | HoTmxeHni  menmik,
©31HO1K OakeIay, . . .
6-7 xac xoHe OYEIH Tizberi; |mepbecTik XOHEe
XYMEIC Xa e, V .
BacTayhll Ke3eH . boHEeMATUKAJIBIK, cemeyre Kemipy
epexeHl ayhCTEPY . N o
XKLKTEy; CeoelJIeMMeH |DOomeHIa Barajay
yecTipy

KecTenmeri xac mekTepl smicremenik Barmap

XaTTeIryOoe TaHIayma memymi e

JieM ©aJIaHbIH

OOJIBIIl TaOBIIaIb .
HAKTE Cewniney,

MOTOPJIEIK, XoHEe peTTeyll MyMKIHAOITl MeH Ty3eTy MaKCaTH.

HempoxaTThEynapas cabakka
WwapTTaps

Bipinwi mapT -
comkecTiri. JuOBICTH
XayanTe OeJrijseyre, aj  OeIOBICTE

KATTHEIYOBH HAKTH

eHI'iByniH

This work is distributed under the terms of the Creative
Commons Attribution-ShareAlike 4.0 International License

(https.//creativecommons.org/licenses/by—sa/4.0/).

nIegarornmkKalJielK

JIOTONEeOMAJIEK, MaKcaTKa
axelpaTy cabaFeHIa KUMBIL GOHEeMAaTUKAJIBK
aBTOMAaTTaHIOHPYIA

MaKCaTTBL

93



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeRCONF

SoenTIF PubLiHNG CenTe

PEDAGOGY AND EDUCATION

OEIOEICTEL OYEIH HemMece ceos30eH arTy¥a KH3MeT eTyl kepek. Exinmi
mapT — OipTiHmen kypleJseHIipy: Oip kuMbIIDAH OlpHelme KUMBIIOBIK,
perTinikke, KeMiH OHHE TiJOik MaTepmasMeH OipikTipyre kemy.
Kpicka TancelpMajlap HerisTl JIOTONeIMAJIHIK KYMEICTH EIEFBICTEPMAaM,
OHHl KOJImayel Tuic. Ywixnmi mapT - ©OaJIaHBH XacChH, Coujey
O Y3BUIEICEIHEIH, CUIIATHH, MOTOPJIEIK, MYMKIHOITiH, 3eMiH TyYPaKTBIIEIIEH
XOHE - IAPWAFBMTHIBH  €CKepy. TepTiHWi  mapT —  HOTWXeH1
IOIVHaAMMKAJIEIK, Oafajlay: TeK XaTTHIYIE OPHBHIAY eMec, MaKCaTThH
OBIOBICTHIH IOYPBICTHEFHE, OGOHEMAaTHKAJEIK axXuHpaTy, HYCKAYOH CakKTay
XOHEe IarIObHEL XaHa CewuJjley XarnareHa keumipy OakbllaHalH.
FrutpiMy XKaHAJNBIFE XOHE MNPaKTMKAJBIK MaHbISH

BepTrTeynin PEIIBIMM XaHAaJIBIFEL cemnney SopekeTiHiH
HEVMPOIICUXOJIOTUAJIBIK,, CEHCOMOTOPJIEHIK, XoHEe TiJOlK-KOTHUTUMBTIiK
MeXaHM3MIOEeP1l TypaJsbl FEUIBIMM TYXBPBMIOAPIE CAaJILICTHPMAJE Tajaay
HeriziHme HeVpOoXaTTETYyJlap b JIOTONIE OUATIBIK cabakTapma
KOJIDAHYOHH IOUMATHOCTUKAJIEK, MOTOPJIEIK—CEHCOMOTOPJIHK, TiJnik-—
KOTHUTUBTI1K XoHe pebrexcuBTik-0akeyiay OarFeITTapelH OipTyTac
KYPHUJIEIMT'a XyMeJieyneH Typalbl.

[IpakKTUKAJIEIK, TYPFEINAH YCHHBUIFAH KYPBJIEIMOHE JIOT'ONENTEepP,
apHaMEl INelaroI'Tep XoHe MeKTelNKe IeMiHT1 yMEIM MaMaHIOape cabak
XOCIIapHH KYypyHda KoJiIaHa ajiambl. Momejib IBEOBICTHE KOKFa IaMbIHIEBIK,
boHeMaTHKAJEK KabOpligmay, OYBHIOBK KYPEBUJIEIM, COWJEeY, THHEC ajy
XOHe e©31HAik Oakbjlay MI1HOEeTTeplH KUMBUIOBIK TallChpMallapMeH
MaKCaTTH HIKIAJOACTHPYFa MyMKiHIik OGepeni.

KOPHITEIHOEI

TeopMAabEIK Tannay cemyey OpPeKeTiH1H AP TUKYJIIALMAJIIBIK
KO3FTAaJIEICIIEH ¥aHa eMeC, CEHCOPJBK Kepl ©OanjaHbelC, KWUMBIJIIOH
xocnapJjay, OGoHeMaTMKaJBK Kabwvimay, XYMBC Xalbl XoHe ©631HOik
DaKeIJIayMeH ©alJIaHbBIC TH eKeHl1H KepceTTi. OcrIFaH camkec
HEeVPOXAaTTHIYJIAP JIOTONEenUAaJEK, cabakTa nepbec «MM XaTTHKTHPY»
Tocini ewmec, HakKTH Ccewjley MiHIeTiH KOJOAaMTHH  KOCHMIIA
nemaroruKaJiblK, KypaJsl pPeTiHIe KapacCTHPBUIYEI THiCc. 3epTTey
HOTUXeCliHIe TOpPT KOMITOHEHTTI1K K Y PBLIIEIM Y CBIHEIJIBIIT, OHEI
KOJIDAHYOHH HeT13T1 mapTTaphl aHBEKTAaJIOb: JIOTOMNeIMSJIEIK MaKcaTkKa
comkecTik, OipTiHIen kypIeJyleHOipy, Xeke epekmesikTepni eckepy
XoHe IOMHaMMKAJIHK Oarajay. bojlamak 3epTTeylieplie SpPTYpJil ceinsney
Oys3bBUIHICTaPE  Oap Oajajap YWiH OCH MomenbIiH TuMiMpoinirix
SKCHIEePUMMEHTTIK TeKcepy XoHEe HOTWXEeH1 Harajiay sy
CTaHIOAPTTAaJIFaH KOPCEeTKIWTepiH HaKThHJIay KaxeT.
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HemponcuxonoriuHi mexaHiamm
nopyuweHb BUKOHaBUYMX (ByHKL N
npu po3nagax ayTMCTUYHOrO cnekrTpa

Ocrtononeus Ipuna OpiisHa’, 3anbuman IOnia €sreHisHa’

'KaHIMOAT NCUXOJOTIUHMKX HAYK, HOLEHT;
MesiTononsCcekmit nepxaBHMI NenaroriyHmy yHIBepcuTeT IMeHI BornpaHa XMeJIbHMIBKOI'O; YKpalHa

crynmedHTka III Kypcy;
Mej1i TONONBECEKMI OepXaBHMY Nenaroriydmil yHiBepcuTeT iMeH1 BornadHa XMeJbHMIIEKOI'O; YKpaiha

Anoranis. Y cCcTaTrTi PpPO3ITJSHYTO HENWPONCHMXOJIOTiuHl MexaHisMm »nediumTy BUKOHABUMX
byuxkuim y nmiTem 3 posjialaMy ayTUCTUUHOTO CHeKTpa. Ha OCHOB1 aHanmiszy cydacHuxX
3apyDiXHMX IOOCHimXeHb BUCBI1TJIEHO POJb NPedpOHTAJILHOL KOPM TIOJIOBHOTO MO3KY B
npoilecax TaJlbMiBHOTO KOHTPOJIO, KOTHITMBHOI THYYKOCTi1 Ta IIJIaHyBaHHsS, a TaKoOxX
poBMexoBaHo Hnpodise BMKOHABUMX OQYHKLIIV HOpM po3jlaZaxX ayTUCTUUYHOTO CIekTpa 1
CYyNmyTHBOMY CHUHIPOM1 mebiumTy yBarM Ta TrinepakTMBHOCTi. OOBTPYHTOBAHO MOpPaKTUUHE
3HAUEHHS pPOo3yMiHHA unoro mebiumry onisg oprarizaunii  1HKIIO3MBHOTO OCBLlTHBOTO
cepemoBuIa .

KmrowoBi cmoBa: BukoHABYI @QyHKII1I; posjanM ayTUCTUYHOI'O CHEKTpa, NpedpOoHTaJIbHA
Kopa,; KOTHITMBHA THYYKICTH, TaJlbMIBHMI KOHTPOJIE.

AKTYyaJbHICTH TeMM = 3yMOBJIEHA 3POCTaHHAM  IIOWMPEHOCTI
po3ylaniB  ayTUCTUYHOI'O CIeKTpa Ta norpeborn HoTJUOIIEHOTO
PO3YyMiHHA HEeMpPOINCHUXOJIOT1UYHMX MexXaHi3MiB, IO JexaTb B OCHOBI1
MOBEO1iHKOBMX 1 KOTHITMBHMX ocobimBOoCTeM uLiei kaTeropii ocib.
OmHMM 13 KJIOUYOBMX HANPAMiIB CyYacCHUX  HEeMPOICUXOJIOT1UHUX
OOoCJimxeHb € BUBUEHHS BUKOHABUMX (QYHKLIM —  KOMILJIEKCY
KOTHITUBHUX MNpoLeciB, gkl 3abesneuynThb liJecnpsaMOBaHy, THYUKY
Ta KOHTPOJIbLOBAHY IIOBEI1HKY. JDediumT BUKOHABUMX (QYHKILI1N
pPOBTIIAOaEThHCS IOOCJI1IHVKaMMU K OIOMH is LIeHTPaJIb HUX
HEVPOKOTHITUBHUX MapKepiB po3JjlamiB ayTUCTMUYHOTO CIEeKTpa, o
3YMOBJIIOE TPYOHOWI1 ajanTauil »Oo 3MiH cepeloBMuIla Ta BUKOHAHHS
CKJIQOHUX TIOCJIIOOBHMX 3aBIaHb.

o ckJjlanmy BMKOHaABUMX OGYHKLI1V TpaaIuiliMHO BI1OHOCATH pobouy
nam's4Tb, TaJbMiBHMIM  KOHTPOJb, KOTHITMBHY THYUYKiCTBH Ta
njaHyBaHHS. 1 KOMIOHEHTM TicHO NoB'sg3aHl Mix cobown: ychnimHe
IIJIaHyBaHHSA 3aBIaHHS HeMoOxJiMBe 06e3 yTpuMaHHsA i1HbGopMauii B
pobouimw nmam'ari Ta 6e3 3DATHOCT1 BYACHO 3arajibMyBaTHu
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HemopeuHy peakuin. 3a pobory uiei cumcremm Bimmorimae
npebpoHTaNbHA Kopa T'OJIOBHOT'O MO3KY, 30KpeMa i1
mopcoJjlarepajibHa OiJisHKA Ta HWXHS JIOOHA 3BUBMHA.

MeTa-ananiz Lage, Smith Ta Lawson (2023) nimoreepoxye
CT1MKUM nebiumt KOTHITMBHOIL THYYKOCT1 npu pozianax
AYTUCTUYHOTO CIIEKTPAa, SKUM NPOSABJIAETHCHA y TPYIHOIAX MBUIKOTO
IepeMMKaHHsa M1iX NpaBujlaMM UM 3aBOaHHAMM. BomHoOUYac uey medbiumt
He € crneuud@iuHmMM BMHSTKOBO IJIS PO3JIaIlB ayTUCTUUHOTO CIEKTPa:
3a maHuMu Townes Ta koJjer (2023), npobini BukoHaABUMX OQYHKILIN
opy pozJjlalaxXx ayTUCTUUHOT'O CIeKTpa Ta CyNyTHbBOMY CHMHIPOMI
nebiumTy yBarmM Ta T1iNEepPaKTUMBHOCTI YaCTKOBO I[IepPETUHAKNTHCS 3a
XapaKTepoM IOopylleHb podouol nam'saTi ¥ TajlbMiBHOTO KOHTPOJD,
ane BimpisHALTLECS 3a OpodijeM KOTHITMBHOI THYYKOCTiI - Le
MEeTOIOJIOT'1YHO BaXJIMBO IJid IMbepeHLUi1MHOL I1arHOCTUKMU.

HevipodiziojsoriuHy npupony UbOTO »nediumTy HOiOATBEepOXYyOTH
oDaHi HeVpoBisyamizamii. Tak, Yu Ta KOJIeTU (2026),
3aCTOCyBaBmM MeTOn OGYyHKI10HaANbHOI ONMMXxHBOI 1HOPauepBOHOIL
CIIEKTPOCKON1l, BUABMUIM, WO y »OiTeM 3 posjalaMy ayTUCTUUHOT'O
CrekTpa Ta HuwxumM KoediunieHToM iHTeJyekTy npedpoHTaJIbHA
akTuBalis ¥ @yHKLI1OHaJibHa 2B'ga3HicTb ocyabieHli came B
nijsHKax HMWXHBOI JIOOHOI 3BUMBUHM, OPOHTONIOJAPHOL KOpM Ta
mopcoJjlaTepalJibHOL NOpedpoHTaJIbHOL  KOpPM IIinm 4Yac BUKOHAHHSA
3aBIaHb Ha BepbajlbHy WBUAOKiICTbL. lle O3Hauae, WO BUPABHICTH
nedbiumTy BUMKOHABUMX OGYHKII1NM KOpPeJInE 3 KOTHITMBHMM MHOpodijem
IOIUTUHM, & He € ONHOPlOHOK OJig BCix ocib y chnexTpil.

Cxoxmy BMCHOBOK IIpO 30epexeHuM, Xoda U ocJablieHuy,
noreHuian 1iei cucremMm BUIIMBAE 3 pobBoTM Pereira Ta KoOJer
(2024) : 33aCTOCYBABIIU HEeMPO3BOPOTHUM 3B '4930kK Ha OCHOB1
byHKI1OHANIBHOI MATHITHO-PEe30HAHCHOI ToMoTpadii B peaJibHOMY
yaci M cCchopsaMyBaBLM MOTO Ha OOPCOJlaTepaJibHy NOpedpoHTaNbHY
KOpYy, BOHMU IOKaszsajiM, WO 0COOM 3 posjamaMy ayTUCTUUHOTO CIeKTpa
3JaTHI MOIOYJIIOBATM aKTMBHIiCTL 11iel @»OijggHKM, xXoua M 3 MEHIIOW
ebexTUBHiCTIO, HiX HeMpoTunoBi yuyacHuku (84 BimcoTkm npotm 98
BiOCOTKIB yCHiWHMX CHPOD) .

OxpemMol yBarm 3aCJIyIoByE cTaH pobouol mam'gari -
KOMIIOHEHTAa BUMKOHaABUMX OQYHKILI1NM, gxuy Rabesneuye THUMUACOBEe
YyTpMMaHHA Ta OolepyBaHHA 1HQopwMmaliieln nim dYac BUKOHAaHHA
CKJIAOHMX =BaBIaHb. MeTa-axHaniz An Ta kojer (2025), mo OXONUB
IBAOLAThH n'garo IOOCJIimXeHb, ninTeepImuB CTiMkum mediumT
BepbasibHOI pobouol mnaM'sATi y miTew Ta nDimnmiTkip 3 po3jlamamm
aAyTUCTUYHOTO CIHeKTpa, OpuuoMy lier nediumT BUABMBCS BIIOHOCHO
cTabispHMM 1 He 3ajiexaB CYTTEBO BiI Biky UM pPiBHS 1HTeJEeKTY
yuacHMkie. Ile y3TOIOXyeThCS 3 HeVpoBilyalilzauirHuMmM OaHVMM,
3TiOHO 3 SKMMM SHMXEHHS MOIYJISL1l aKTMBHOCTI1 IOpCOJlaTepaJibHOIL
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npedpPOoHTAJILHOL KOPM [PM SBPOCTAHHI KOTHITMBHOTO HAaBaHTAXEHHS
€ XapaKTEepHOK O03HaKOoKn OyHKUI1OHYBaHHS pobouol mnam'aATi npu
posJyamax ayTHUCTUMUHOTO CHekTpa. I[[pakTMyHO I1& O3Hauae, 1o
IOIUTYHI 3 posjlamaMM ayTUCTMUHOI'O CIeKTpa CKJaIHille yTpuMyBaTU
B mnam'ari ©GaraToeTanHy CJOBECHY 1HCTPYKLion: UMM JOBIIMM
CJIOBECHMM aJITOPMTM nOil, T¥M BUIa MMOBIlpPHIiCTBE BTpaTM 4YaCTUHU
indopmanii me OO 3aBepueHHS 3aBIaHHS.

TanbM1BHMY KOHTPOJIb TAKOX HOEeMOHCTPYE HeONHOPlnmHuM npodiib
NOPYUEHb MNPM PO3JlalaxX ayTUCTUUYHOTO CHekTpa. HaHl cBimuaTe, O
TPpYyOHOW1 BMHMKAKTBL HEe B YClx MOT'O aclnekTax OINHAKOBOK Mipown -—
omip BimBonikanuin BisyanbHim inbopmanii IOpYyLEHUM
BUpaxeHime, Toxnmi AK TanbMyBaHHSA npocTol 3a3pmajerins
nigroToBJeHOI peakuil yacTo 3aaMmaeTbCHd BiOHOCHO 30epexeHUM.
BaraTopiBHeBUM MeTa-aHajiz Song Ta kojier (2025), mo o6'enmHas
naHli paHOOM130BaHMX KOHTPOJIBOBAHMX HOCJ1IXeHb, I[OoKaszak, Mo
bismuHl BOpaBu € e@eKTMBHMM HEeMeIMKAMEHTOSHMM 1HCTPYMEHTOM
IIOKpalleHHS  I'aJIbMiBHOT'O  KOHTPOJIO y IOiTelr 3  po3jamaMm
ayTUCTUYHOTO CIIekTpa, WO BlIkpuMBae IOODATKOBUM, IOCTYIHUM Y
MKI1JBHMX yMOBax HaIpsM KOpeKUirHOI poboTu.

OrpmMaHi pe3yibTaTu MaKnThb OesnocepenHe IIPUKJIAOHE
3HaueHHA. Ramezani (2024) npomeMoHCTpyBaja, WO LijlecnpsaMoBaHe
TPEeHYBaHHS KOTHITMBHOI THYYKOCT1 BIOPOHOBX BOCBMM Ceclil
CTATUCTUYHO  SBHaAuylle HOigBumye 11 HNOKABHUKM Ta  3MEHIYyE
CTEepPEeOoTUNHyY IMOBEeNiHKy Yy IiTer n»eB'aTM-IBaAaHAIUIATM POKiB 3
po3jlamjaMM ayTUCTUUHOTO cHekTpa. JediumT BUKOHaABUMX OGYHKLI1NM -
He OdikxcoBaHa MexXa MOXIMBOCTEM, a MimeHb IOJ9 KOPeKL1iMHOIL
poboTm. Y mnpakTuilli 1HKJIIO3MBHOIL OCBiTM 1le O3Hauae nepexinm Bin

BUMOTHK "HOpOCTO 3ocepenbca" OO KOHKPETHMX 1HCTPYMEHT1B:
BisyaJbHMX PO3KJIaniB, IIOINEepelIXyBaJIbHMX CUTHAJ1IB HOPO 3MiHY
nigagbHOCT1, T[OKPOKOBOI CTPYKTypM3alil 3BaBIaHb, a TakKox

ijecnpsaMoBaHMX BHOPAaB Ha TPeHYBAaHHS TallbMiBHOTO KOHTPOJIO Ta
IIepeKJIDUeHHS yBaIlu.

I3 orysamy Ha BCTAHOBJIEHUMM 3B'g30k Mix mediumrom pobouol
nam'saTi Ta TpyIHOWAMM BMKOHAHHSA OaraToeTalHMX 1HCTPYKL1M
IOL1JILHO 3aMiHOBATM PO3TOPHYT1 CJOBEeCH1 BKA31BKM KOPOTKUMU
IIOKPOKOBMMM  aJITOPUTMaMM 3 Bi3yaJIbHOK ONOPOK: KapTKaMu,
nikTorpamMaMM UM IIOKPOKOBUMMM  CXEMaMu, AK1  OMTMHA  MOXE
neperyaganaTty CaMOCTiMHO, He yTpuMylur Bechb obcar ixnbopmaunii B
nam'ari. HOaHl nOpo ebekTuMBHiCTh G1i3MUHMX BHOPpAaBR IJiS [IOKpPAlleHHS
TaJIbMiBHOTO kOHTpoJiw (Song et al., 2025) Takox BIiOKPMBAKTDH
MOXJIMBI1CTBH 1HTeTrpanii KOPOTKOUYACHUX PYXOBUX Iay3 Yy HaBUYAJILHUM
npouec gk 3acofy NiATOTOBKM IOMUTUMHM OO SBaBOaHb, IO BUMATALTh
30CepenXeHHss Ta CTPUMYBAHHS 1IMIOYJIBCUBHMX peakuim. [oenmHaHHS
TakMX NigxXomiB QopMye KOMIIJIEKCHY CTPpAaTeriln CynpoBOIYy IUTUHU
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3  po3JjlaZiaMM ayTHUCTUUHOTO CIeKTpa B yMOBAax 1HKJIO3MBHOTO
OCB1iTHBLOTO CepeloBMIIA .

HebiumT BUMKOHABUMX OYHKLIINM npm po3jlalaxX ayTUCTUUIHOTO
CIIEKTpa Ma€ YliTKy HEeNWpPOINCUXOJIOTiuHYy OCHOBY, MHOB'sg3aHy 3
aTUNIOBOK pPODOOTOK NPedpPOHTANIBHOL KOPM I'OJIOBHOTO MO3KY, 1 IOpu
LUBOMY BMPAa3HiCTb medbiumTy BaplioneTbCS BaJIeXHO BiOg KOTHITMBHOTO
npodijiro IOUMTMHM Ta HASBHOCT1I CYyNyTHBOTO CHMHIOpOMY »nedbiumty
yBarm Ta T'inepakTMBHOCTI1. POBYMiHHS LBOT'O MEXaH13My HOO3BOJISE
IIEPEOCMUCIUTM [NOBEOiHKOB1  HNPOSaBM  pPO3JIadiB  ayTUCTUUHOI'O
CIleKkTpa He gK I[IposaB XxapakTepy, a fSK Hacjaizmok crneumd@iyuxHol
poboru MO3BKYy 1 BimmorimHOo OyInyBaTM KOpPekLUiMH1 Ta ocBiTHI
cTpaTeril, cHpsaMOBAaH1 Ha KOMIIeHCAallll, a He Ha IIOKapaHHSA.
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Abstract. The article examines innovative approaches, trends, and prospects
regarding the application of evolutionary computation to solve complex problems
in evolutionary linguistics and glottochronology. It explores the potential for
the algorithmic reconstruction of linguistic relatedness, cognate analysis, the
construction of phylogenetic models, and the simulation of linguistic changes
over time. The study substantiates the promise of hybrid, multi-objective,
adaptive, and robust evolutionary methods in the face of the turbulence,

uncertainty, and systemic risks characterizing the modern linguistic
environment.
Keywords: computational 1linguistics; evolutionary computation; evolutionary

linguistics,; glottochronology; language evolution,; cognates,; phylogenetic
analysis; linguistic relatedness,; evolutionary algorithms,; genetic algorithms;
machine learning,; artificial intelligence; Big Data,; multi-criteria optimization;
hybrid intelligent technologies; uncertainty,; turbulence,; systemic risks.

Introduction. Modern linguistics is evolving amidst the
increasing complexity of its object of study, as language is
a dynamic, self-organizing, and historically mutable system
[1-3] whose functioning is determined by an interplay of
phonetic, phonological, morphological, lexical, semantic,
syntactic, sociocultural, and cognitive factors [4-6].
Particularly challenging tasks include reconstructing the
historical dynamics of languages, determining the directions
of their divergence, establishing genetic relationships,
dating stages of linguistic divergence, and identifying the
mechanisms behind the formation of language families. In this
context, glottochronology emerges as a significant approach
focused on the quantitative study of the rate and nature of
linguistic change over time.

1 This work 1s distributed under the terms of the Creative
O O Commons Attribution—-ShareAlike 4.0 International License
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While traditional methods of Thistorical-comparative
linguistics remain fundamental, the sheer scale of modern
linguistic data places increasingly high demands on the
computational tools used for their processing [7]. Vast
lexical datasets, cognate databases, multilingual corpora,
phonetic and morphological characteristics, historical
dictionaries, and digital language databases create a
multidimensional information space; identifying stable
patterns within this space requires intelligent analysis
methods [8]-especially given that linguistic data are
characterized by incompleteness, heterogeneity, noise, source
variability, ambiguous cognate correspondences, and a
dependence of results on the chosen models. The application
of evolutionary computation-a class of intelligent
computational methods based on the principles of natural
evolution, population-based search, inheritance, mutation,
recombination, and selection-is becoming increasingly
relevant [9]. A key feature of these methods is their ability
to search for solutions within complex spaces even when there
is no simple analytical relationship between the input data
and the desired result [10]. This is particularly significant
for evolutionary linguistics [11-13], as reconstructing
linguistic history often requires the simultaneous
consideration of numerous interdependent variables and
alternative historical scenarios.

In general, the use of evolutionary algorithms allows
linguistic evolution to be viewed as a computationally
modellable process in which changes in lexical units, phonetic
features, and cognate relationships can be interpreted as
sequences of transformations, while potential linguistic
ancestors and branching patterns emerge as the results of a
search for the most consistent evolutionary structures. While
the analogy between the evolution of linguistic units and
biological evolution does not imply complete identity, it
provides a productive computational metaphor and a
mathematical-algorithmic framework for investigating the
historical dynamics of languages.

The relevance of this approach is further underscored by
the dynamic nature of the contemporary linguistic research
landscape [11-13]. Modern science operates amidst turbulent
information flows, uncertainties regarding data origin and
quality, the rapid expansion of digital corpora, shifting
linguistic practices, the digitalization of communication,
and the emergence of new forms of linguistic interaction. For
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this reason, methods 1in evolutionary linguistics must be
capable not only of processing large volumes of data but also
of adapting to incomplete, contradictory, and dynamic
information environments.

Consequently, the aim of this publication is to
systematically examine innovative approaches, current trends,
and prospects for applying evolutionary computation to solve
complex, multifaceted problems in evolutionary linguistics
and glottochronology-specifically, reconstructing linguistic
relationships, constructing phylogenetic models, analyzing
cognate relations, and modeling language change over time
amidst the turbulence of the linguistic environment.

Main Part. Evolutionary linguistics views language as a
dynamic system that is self-organizing and historically
evolving. Lexical units emerge and vanish, word meanings
transform, phonetic and grammatical systems undergo
restructuring, and language contacts drive Dborrowing and
convergence. The current state of a language can be viewed as
the outcome of a long sequence of interdependent changes.
Reconstructing this dynamic involves identifying potential
developmental trajectories leading from reconstructed
ancestral states to observed linguistic forms.

The analysis of Dbasic wvocabulary and cognates is of
particular importance to glottochronology, as it enables the
establishment of historical correspondences between languages
and the assessment of their degree of relatedness. However,
actual linguistic evolution is far more complex than a model
of uniform change accumulation. Rates of change vary across
different lexical items, and results can be skewed by
borrowing, language contact, areal ©processes, cultural
factors, incomplete historical data, and ambiguities 1in
cognate correspondences. Consequently, modern methods must
account not only for the similarity of linguistic units but
also for the complex structure of factors driving linguistic
divergence.

Evolutionary computation offers new possibilities in this
regard. It is based on population-based search, wherein a
multitude of potential solutions undergo gradual modification

through mechanisms such as selection, mutation,
recombination, and quality assessment. In a linguistic
context, an individual solution might represent a

phylogenetic structure, a system of cognate correspondences,
a reconstructed linguistic form, a set of model parameters,
or a combination of several characteristics. Evolutionary

1 2 This work 1s distributed under the terms of the Creative
O Commons Attribution—-ShareAlike 4.0 International License
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search enables the exploration of a wvast space of possible
solutions, even in cases where obtaining a precise analytical
solution is practically impossible.

The application of genetic algorithms to reconstruct
phylogenetic relationships between languages 1is particularly
promising. A candidate language tree can be evaluated based
on how well it aligns with data regarding cognates, phonetic
correspondences, lexical distances, and other features.
Iteratively modifying the solution structure allows for the
identification of language tree variants that are most
consistent with the source data. However, directly applying
biological models to language has limitations, as linguistic
evolution involves not only vertical inheritance but also
horizontal contact, borrowing, and convergence. Consequently,
the wuse of hybrid tree-network models is emerging as a
promising approach.

A distinct area of research focuses on the automatic
identification of cognates. When analyzing large multilingual
databases, manually establishing correspondences is labor-
intensive and relies on expert interpretation. Evolutionary
methods can be employed to find optimal combinations of
features that distinguish potential cognates from non-
cognates. This process <can take 1into account phonetic
similarity, the regularity of sound correspondences,
morphological structure, semantic proximity, and other
linguistic characteristics.

The potential of evolutionary computation is
significantly enhanced when combined with machine learning,
natural language processing, and big data technologies.
Machine learning can facilitate feature extraction and
classification; natural language processing enables the
analysis of multilingual corpora and lexical structures; and
evolutionary algorithms allow for the optimization of
parameters, feature spaces, or reconstruction structures. As
a result, a hybrid intelligent system is formed, combining
the advantages of various computational paradigms.

On this Dbasis, a multi-level model of computational
glottochronology can be formed, which includes the collection
and normalization of language data, the selection of
linguistic features, the determination of probabilistic
cognate correspondences, the evolutionary reconstruction of
relations between languages, the evaluation of temporal
parameters, and the verification of the stability of the
results. This approach makes it possible to move from the use
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of separate algorithms to complex intellectual modeling of
language evolution.

An important advantage of evolutionary methods is the
possibility of solving multi-criteria problems. A real
reconstruction can simultaneously take into account lexical
similarity, regularity of phonetic correspondences, semantic
stability, probable rate of change of lexemes, presence of
borrowings, geographical connections and historical
restrictions. Therefore, multi-criteria evolutionary
optimization makes it possible to obtain not a single decision
regarding one criterion, but many compromise options
characterizing various ©possible scenarios of language
evolution.

In the case of wuncertainty, the assessment of the
stability of the obtained solutions becomes important. If
small changes in the original data cause a significant
reconstruction of the language tree, the corresponding
reconstruction should be interpreted with caution. On the
contrary, the preservation of basic structures during the
change of data, parameters or algorithms indicates greater
stability of the result. Therefore, a promising computational
glottochronology system should include sensitivity analysis,
uncertainty assessment, re-simulation, and comparison of
alternative reconstructions.

The modern linguistic environment is also characterized
by the dynamism of the processes of language change.
Migrations, social transformations, intensive language
contacts, technological changes and the development of
digital communication can significantly affect the speed and
direction of language evolution. This creates prerequisites
for the transition from static language trees to dynamic
models capable of taking into account changes in language
characteristics over time, non-stationarity of parameters and
changes in the intensity of language contacts.

An important prospective direction is the modeling of
turbulent language changes. Traditional models often assume
a relatively stable environment for evolution, while the
historical dynamics of languages can change dramatically
under the influence of wars, migrations, cultural contacts,
and other systemic events. From a computational point of view,
this requires the use of models with changing parameters and
the possibility of forming alternative development scenarios.

Systemic risks also arise directly in the process of
computational modeling: due to incompleteness of the original

1 4 This work 1s distributed under the terms of the Creative
O Commons Attribution—-ShareAlike 4.0 International License
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base, transcription errors, incorrect identification of
cognates, borrowings, or excessive dependence of the result
on the selected mathematical model. Therefore, a reliable
system should provide for data quality control, anomaly
detection, uncertainty assessment, and robustness of the
computational result.

The combination of evolutionary calculations with graph
analysis, probabilistic modeling and expert knowledge of a
linguist has a special perspective. In such an architecture,
the evolutionary algorithm performs the function of search
and optimization, machine learning methods - detection of
regularities and classification, graph models - presentation
of complex language relationships, and the expert ensures the
formation of linguistic restrictions and interpretation of
results. At the same time, automation does not replace a
specialist, but expands his capabilities when working with
large and complex data sets.

Additional possibilities are provided by genetic
programming, which allows to evolve as parameters, but also
the rules or structures of transformations themselves. For
evolutionary linguistics, this creates prerequisites for the
automatic search for formalized rules of linguistic changes,
including regular phonetic correspondences. Evolutionary
search can also be applied to the reconstruction of
protolanguage forms, when 1t 1s necessary to determine a
hypothetical ancestral state that is most consistent with a
system of observed correspondences.

Glottochronological dating can also be reinterpreted
through the 1lens of evolutionary optimization. Instead of
assuming a constant rate of linguistic change, models with
variable parameters-accounting for the specificities of
individual lexemes, historical periods, and language contacts-
can be employed. In this context, an evolutionary algorithm
seeks parameter combinations that yield the best fit between
the reconstructed dynamics and available historical data.

Thus, shifting from the "one algorithm, one result"
principle to a "multiple models, scenario space" approach
offers significant promise. Given the incompleteness and
ambiguity of historical data, a set of possible structures-
along with assessments of the stability of specific
connections-can be more informative than a single
reconstructed tree. This allows for a more accurate handling
of uncertainty and helps avoid overly categorical historical-
linguistic conclusions.

This work is distributed under the terms of the Creative 1 O 5
Commons Attribution-ShareAlike 4.0 International License
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Adaptive algorithms, capable of adjusting search
parameters based on the characteristics of specific
linguistic data, will play a crucial role in the future
development of evolutionary computation. Simultaneously,
there is a growing need for interpretable evolutionary models,
where computational results are accompanied by a description
of the factors that shaped them. For the humanities, it is
important not only to obtain an optimal solution but also to
understand the linguistic logic behind its formation.

Looking ahead, it may be possible to create digital
evolutionary-linguistic platforms that integrate historical
corpora, dictionaries, <cognate databases, phonetic and

morphological characteristics, geographic data, and
evolutionary optimization algorithms. Such systems will be
capable of investigating not only the historical

relationships between languages but also the potential
trajectories of their evolution under various conditions. In
this context, forecasting should be understood primarily as
scenario modeling rather than as a precise prediction of the
future state of a language.

Thus, the scientific potential of evolutionary
computation lies not in the mechanical transfer of biological
algorithms to linguistics, but in their adaptation to language
as an open, socio-cognitive, and historically dynamic system.
Amidst turbulence, uncertainty, and systemic risks, this
entails a shift toward adaptive, multi-criteria, hybrid,
scenario-based, and robust modeling capable of simultaneously
accounting for the complexity of linguistic data and the
uncertainty inherent in reconstructed historical processes.

Conclusions. The conceptual study conducted suggests that
evolutionary computation represents a promising class of
intelligent methods for addressing the complex challenges of
modern evolutionary 1linguistics and glottochronology. 1Its
application enables the computational reconstruction of
linguistic relationships, the automated analysis of cognates,
the construction and optimization of phylogenetic structures,
the reconstruction of proto-language forms, the modeling of
rates of linguistic change, and the investigation of
alternative evolutionary trajectories.

It has been established that the specific nature of the
linguistic object necessitates the adaptation of classical
evolutionary algorithms. Language 1is not a simple system of
vertical inheritance; its development involves borrowing,
contact, convergence, varying rates of change across

This work 1s distributed under the terms of the Creative
1 O 6 Commons Attribution—-ShareAlike 4.0 International License
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different elements, and the influence of social and cultural
factors. Consequently, hybrid tree-network models, multi-
objective optimization, and algorithms capable of accounting
for the heterogeneity and non-stationarity of linguistic
processes hold significant promise.

Hybrid intelligent systems-combining evolutionary
computation with machine learning, natural language
processing, Big Data, graph analysis, and probabilistic
modeling-have Dbeen identified as having the greatest
potential. Within such an architecture, evolutionary
algorithms can handle search and optimization tasks; machine
learning can perform pattern detection and classification;
and expert linguists can define constraints, as well as
interpret and verify the results.

The study substantiates the shift from seeking a single
reconstruction to generating a multitude of alternative
evolutionary scenarios. This approach 1s particularly
relevant to glottochronology, as historical linguistic data
are often incomplete and ambiguous. Evaluating a multitude of
valid solutions makes it possible to examine the robustness
of reconstructed relationships and to distinguish relatively
stable patterns from results that are sensitive to initial
assumptions.

It has been shown that under conditions of turbulence,
uncertainty, and systemic risk, robustness becomes the most
critical characteristic of a computational linguistic model.
Therefore, a promising system should incorporate procedures
for data quality assessment, anomaly detection, sensitivity
analysis, the testing of alternative parameters, and re-
modeling. This enables a significant 1increase 1in the
reliability of interpreting the results of evolutionary
reconstruction.

A promising avenue of research 1is the development of
adaptive evolutionary algorithms capable of adjusting search
parameters based on the structure of the linguistic data being
analyzed. Concurrently, the importance of multi-objective
evolutionary optimization is growing, as it allows for the

simultaneous consideration of lexical, phonetic,
morphological, semantic, geographic, and historical
characteristics.

The development of interpretable evolutionary models-
where reconstruction results are accompanied by a description
of the factors that shaped them-holds particular scientific
promise. This 1is crucial for evolutionary linguistics, as
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computational efficiency must be balanced with linguistic
interpretability and the potential for expert verification.
Overall, the future development of evolutionary computation
within evolutionary linguistics and glottochronology should
be linked to the emergence of an adaptive, hybrid, multi-
criteria, scenario-based, and robust paradigm for the
computational modeling of language evolution. Such a paradigm
is capable of combining advances in evolutionary algorithms,
artificial intelligence, and digital linguistics to enable a
deeper investigation into the patterns of historical language
change.

A promising outcome of future research could be the
creation of an intelligent evolutionary-linguistic platform
capable of integrating multilingual cognate databases,
digital corpora, ©phonetic and morphological features,
historical-geographic data, and evolutionary optimization
algorithms. Such a platform would facilitate a shift from
isolated computational experiments to the systemic modeling
of language evolution, wherein the reconstruction of the
linguistic past is conducted as a dynamic process of searching
for, comparing, and verifying a multitude of possible
historical-linguistic scenarios.
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OHoMacTuka ik 3acib CBITOTBOpPEHHSA
y cyyacHomy chbeHTe3i

H 1 a2
MpapisnanHa J1.M.", CazoHoBa Haranin
'kaHOoumaT Q1lJIONOTiUHMX HAyK, IOLEHT;
BiHHMIIEKMI IEePXaBHMM HejaroriuHmy yHiBepcurTeT imeHl Muxarina KomobuHCBEKOI'O,; YKpalHa

CTyHmeHTKa KypCy;
BiHHMIIEKMI IEePXaBHMM HejaroriyHmy yHiBepcurTeT imeHl Muxarna KomobuHCBEKOI'O,; YKpalHa

deHTE31 CBHOTOOHI — 1Ll CIOpPaBXHsa KyJbTypHa Cujla, CeKpeT
IONYJIAPHOCT1 HAKOI KpMETHCHA B IMBOBMXHIM DamOuHi BcecBiTiB,
CTBOPEHMX IMMCbMeHHMKaMM. Y 1LbOMY KOHTeKCT1 BuUIazaHl iMeHa
(oHiIMM) CTaoTh TOJIOBHUMM MapKepaMu «BTOPMHHOTO CBIiTy», IO
BimokpeMyonTb XyHOOXHiNM npocTip Bim o6'exTmMBHOI nincrHocTi Ta
CNyT'yiTh chneumMdpiuHmM komoM GaHTaRiMHOTO BCecBiTy.

Meroro 1naHol poBoTM € BMABJIEHHA Ta CUCTeMaTu3allidg
OHOMACTMUHMX MOIeJIEM, WO BUKOPMUCTOBYITLCSH IJiIS KOHCTPYKOBAaHHS
aJb TEPHATUBHOL peajibHOCT1 y poMani Hijma TerimaHa «Neverwherex».

TeopeTHUHOWL OCHOBOIO Hamol PO3B1nkM € poboTu C.
llecTakoroi, O. Kapnenko, B. HexkjgecoBoi, sdAki po3TrigaiarnTb
OHiMHMI/OHOMACTHUUYHMY nOpocTip (onymic/onomastic space) 4k
KCYKYIIHI1CTEL BJACHMX HaA3B YyClix kJjJacis, IO BXMBATLCA B MOBIL
IIeBHOT'O HAapPOLy B KOHKpPeTHUM IicTopmuHuy nepion» [1, c. 65].
SIpOM OHOMAaCTMUHOTO IIPOCTOPY € AaHTPpONOHiMM, a o6jacTi, Lo
OTO OTOUYKTH, YTBOPKITL AHTPONOHIMiuHi xareropii (Teonimmu,
mMibonimm, =Bo0o0HiMM) . Ha nepubepil OHOMACTUUYHOT'O NPOCTOPY, Ha
nymky C. IlecTakoBOIl, BHAXOOATHCH XPOHOHIMM, IOKYMEHTOHIiMMI,
ypbaHoH1MH, reMapoHiwmu, TeopToHiMM, eproHimMm Ta inmi
[2, c. 234].

Yy JiTepaTypHOMY IMCKYypCi benTesi i KaTeropil
OHOMACTMUHOTO TIPOCTOPY BUKOHYKTL UWMPOKUM CHEeKTP OGyHKIIiNn:
OCHOBH1 (HOMiHaTMBHa Ta IubepeHliaJlbHA), €CTeTHMUHa (CTBOPEHHS

IIeBHOTO 3BYKOBOTO Ta XYyIOOXHBLOT'O BPAXEHHS), XapaKTepuCTUUHA
(mepemauva BJIaCcHOI gkocTi abo MNOXOmXeHHsS Hocig imeHi) Ta
KYJbTYPOJIOTiUHaA . BOHM  CTAHOBJATHL TPYHTOBHY OCHOBY  IJId
IePEeKOHIUMBOTO CTBOPEeHHS (GaHTaziMHOTO CBiTy.

Bupasue NPaKTUUHE BT1iJIeHHS LBOTO byHKII1OHAIBLHOTO

IoTeHUiajsy OHiIM1iB MOXHa IMPOCTEXMTM Ha IIpMkJIanil pomaHy Hima

1 1 This work 1s distributed under the terms of the Creative
() Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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Termana «Neverwhere» («HeBynb-me»). leit TBip € SCKpaBUM
3Pa3KoOM XaHpy ypbOaH-dpeHTesl, me icropis OyIOyeTbCs HABKOJO
TaeMHOT'O BuMipy. Hanmbinpm THnori oHiMmM y poMaHi - ToOnoHiMHU

(sokpeMa, ypOaHOHIMM Ta TOOOHiIMM), AHTPOINOHIMM Ta TeOHiMM.

Besqmky Tpyny OHiIMiIB y poMaHl CTaHOBJATHL TreorpabiuHi Ha3BU
NimzemMHOTO JIOHIOHA, sSAK1 QOPMYKTBHCS MJISXOM I[IEPEeOCMUCIIEHHS
peanbHMX  TONOHiMiB. HazBu wMicueBocTer HwxHBOTO JIOHOOHA
BUKOHYITE MidQoJyioriuHy Ta XapakTepucTuuHy OGyHKLIin: Ha3BU
CTaHLiM MeTpo OXMBAKTDH i HabOyBawTb CBOTO nepBicHoOTO,
OYyKBAJIbHOT'O BHAUYEHHS.

Earl's Court (I'pabceruit cyn / IBip rpada): y BepxHbomy
JJoHDmOH1 Le npocTo cTaHiig Ta paroH Micra. Y HuwxHboMmy JloHDoHI
Has3Ba BT 1JII0€ CBOE OyKBaJIbHE B3HAUEHHS - e CHpaBXH1M
CepeIHbOBiuHMM IOBip rpada, SkMM PO3TALIOBAHMM y BaroHl MeTpo.
“That, thought Richard, correctly, must be the earl” [3, p.
13]. Blackfriars (Yopui ©6patu / UYopHl uYeHUl): cHOpaBxHiM
MiCBKMM KBapTaj 1 Bajli3HMUHUNM BOKSBaJ I[EPETBOPKITHLCS Ha
MOHACTHUP CEepPenHbOBIlUHMX UEHI1IB Yy UYOPHUX pAcax, SK1 OXOPOHSAKTH
KJIOY1l Ta TaeMHuIl nimseMHOTO CcBiTy. fAk 3al3HavaeThbCcsa y TBOPIi,
“The Blackfriars, holding their keys, were the guardians of
the deep world” [3, p. 17].

AHTPONOHIMM y POMaH1 Mawke H1KOJM HEe BUMHMKAITL BUIAIKOBO.
BOHM HecCyTh BHAUHY XapPaKTepuUCTUUHy OyHKIio, ©OesnocepenHbo
BimoOpaxamouy CYTHIiCTb mepcoHaxa, MOTro collialbHMM cTaTyc abo
Mariuni s3pibHocTi.

Tak, 1MeHa HaVMaHuUx BOMBUL, Mr. Croup and Mr. Vandemar,
CINPaBJIAlTL TPpMBAJIe BPaxXeHHA OTMAOM Ta 3arpo3u (ecTeTuyHa Ta
boHeTHuHa OyHKUig). CJOBO Croup B aHIJIIMCBbKiIM MOB1 O3Hauae
TOCTpe 3alajleHHsa TI'OpTaHl, WO BUMKIMKAE 3aOMIIKY, WO [I1OKpecsioe
VOTO XPUINKUM, VIIECIUBUM Ta 3IJIOBICHMM ToJioC. I[lpisBuime mMoTo
HanapHuka, Vandemar, eTUMOJIOT'1YHO Bilacuilae OO Hi1IepJaHIOCbKUX
Ta HiMelbKMX KOPEeH1B, Ie uYacTKa van OosBHauvae IMIOXOIXEeHHS, a
eJleMeHT mar/maar acoulioneTbca 31 cTapomaBHIMM CJOBaMMu, IO
O3HaualTh «KouMap» (nightmare), «npmMmapa» abo «IOeMOH», WO
0e300TaHHO Nacye OO Moo DOesXaJIbHOL Ta IOeCTPYKTMBHOL HATYPH.
«At times, as 1f unable to contain the rage inside, Mr. Croup
would fling himself at the hospital wall, physically attack
it with his fists and feet, as if it were a poor substitute
for a real person. Mr. Vandemar, on the other hand, simply
walked. It was too consistent, too steady and inexorable a
walk to be described as a stroll: Death walked 1like Mr.
Vandemar» [3, p. 13].

o6 HwxHi¥ JIOHODOH BUIJIAIAB NpaBOononibHmM, TeriMaH BBOIOMTDH
y MOTO BCecBiT BJjacHux OOTiB Ta uUymoBMCbk. Angel Islington:

This work is distributed under the terms of the Creative 1 1 1
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).
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ICIiIHDTOH — L& TakoX pamnoH JIoHmoHa. IlelMaH 300paxye MoTo Yy
BUIJIAOL CIPaBXHbOTO 6i6mimHoTO aHrena, AKUM, oIHakK,
BUSABJISETLCA BaHenaamuM 1 nigcTynHuMM. IM'a TyT Ccayrye IOjg
MacCKyBaHHS Ta PO3BlHUYAHHSA CBAWEHHOTO: «It 1s an honor finally
to meet you and your companion. I am the Angel Islington. Its
eyes were clear and wide. Its robes were not white, as Richard
had initially thought: they seemed to have been woven from
light» [3, p. 17].

OTxe, OHOMACTUYHMUM MNPOCTIip Yy CydacHoMy beHTe31 € He IpoCTOo
mexopaliemn, a obyHOIaMeHTAaJIbHMM 1HCTPYMEeHTOM CBiToOymoBuM. Hix
TerMaH Hamljge KOXHY BJIACHY HasBYy IJIMOOKMM CHMMBOJIIUYHUM

3MicToM. Uepe3 MNPOMOBMCTL aHTpOnoHiIMmM Ta Midojoriszamnino
TONOHiIMIB OHIMM  pPO3KPMBAKTL YBECH cBi  dyHKULI1OHAJNBLHUM
IoTeHLian - Blo XapakKTepUCTUUHOI'O IO KYyJbTYPOJIOT'14HOTO.

SpemTon, caMme 1lg CKJalHa CUCTeMa I[epeTBOPIE TEeKCT Ha XUBUM
Mid, no3HauamwuM KOPIOOHU «BTOPMHHOTO CBiTy» Ta 3MyWyluM duTada
IOBipMTM B MOT'O aBTEHTUUYHICTH.
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Abstract. The article examines innovative approaches, trends, and prospects
regarding the application of evolutionary computation to solve complex problems
in authorship attribution and textology. It substantiates the effectiveness of
these methods for the intelligent selection and combination of stylometric
features, which enable the identification of individual markers of authorial
style. Furthermore, the study explores the potential for hybridizing evolutionary
algorithms with machine learning and natural language processing technologies
amidst turbulence, uncertainty, and systemic risks.
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INTRODUCTION. Modern linguistics is evolving amidst the
rapid growth of digital text data, increasingly complex
communication environments, the emergence of new genres and
forms of written communication, and constantly shifting
linguistic practices [1-3]. While the digitalization of
humanities research significantly expands the potential for
automated text analysis, 1t simultaneously creates new
methodological challenges-such as high-dimensional feature
spaces, heterogeneous text corpora, variations in authorial
style, and data uncertainty [4-6]. Tasks related to authorship
attribution and textology are particularly complex in this
context, as identifying a text's true author often requires
analyzing a vast array of diverse linguistic features with
unknown interrelationships.
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Classical authorship attribution methods generally rely
on the statistical comparison of texts based on a predefined
set of characteristics. However, when analyzing anonymous,
disputed, stylistically heterogeneous, or historically
evolved texts, a fixed set of features may prove insufficient.
An author's individual style is shaped by a multitude of
interconnected characteristics: word and function-word
frequencies, preferred syntactic structures, sentence length,
parts-of-speech distribution, punctuation patterns, the use
of set phrases, lexical diversity, and other parameters.
Consequently, the challenge lies not only in text
classification but also in the intelligent identification of
the most informative combination of features capable of
distinguishing an author's wunique style from the general
characteristics of the language, genre, and era. Evolutionary
computation-based on the principles of search, adaptation,
and solution selection-is of particular interest in this
context [7]. Genetic algorithms, genetic programming,
evolutionary strategies, and other forms of evolutionary
optimization enable the exploration of an immense space of
potential feature combinations and the gradual development of
models that ensure high discriminative power 1in text
attribution [8]. Their fundamental advantage 1lies in the
ability to perform not only automatic feature selection but
also the discovery of feature combinations, interactions, and
structural dependencies [9].

The relevance of applying evolutionary computation is
further heightened by the dynamic and uncertain nature of the
modern linguistic landscape [10-12]. Shifts in linguistic
norms, the emergence of new digital genres, the transformation
of communicative practices, the growth of data volumes, the
presence of noise and corpus incompleteness, and the
proliferation of automated text generation and editing
technologies create a situation where the robustness of
traditional authorship attribution models may diminish.
Consequently, the development of adaptive intelligent methods
capable of accounting for data variability and re-optimizing
the feature space represents a promising direction.

Therefore, the aim of this article is to substantiate
innovative approaches, current trends, and future prospects
regarding the wuse of evolutionary computation to address
complex tasks in authorship attribution and textology-
specifically through the intelligent identification of an
author's unique stylometric markers amidst the high
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dimensionality, uncertainty, and dynamic variability of the
linguistic environment.

Main Part. Attribution of authorship is the task of
establishing the 1likely author of a text Dbased on its
linguistic and stylistic characteristics. In the most complex
version, such a task involves the presence of an anonymous or
controversial text and a set of texts by well-known authors,
which are used as a reference sample. In this, the researcher
must determine to what extent the structure of the unknown
text corresponds to the individual characteristics of one of
the potential authors.

An important feature of this task is that the author's
style does not exist in the form of one separate feature. It
is a complex system regarding the persistent preferences of
the author, which are revealed at different levels of the
text. Potentially significant signs include the frequency of
certain words, especially functional ones; length of words
and sentences; distribution of punctuation marks; frequency
of parts of speech; syntactic constructions; lexical
diversity; the nature of the use of conjunctions, prepositions
and pronouns; repetition of certain grammatical patterns;
paragraph structure; persistent phrases and other
characteristics.

Thus, the task of attribution can be represented as a
search for such a configuration of features that provides the
most reliable distinction of authors while minimizing the
influence of random and contextually determined
characteristics of the text. The problem is that the number
of possible combinations of features is extremely large. Even
a relatively small set of features with different methods of
their selection and combination forms a huge space of
potential models. It is practically impossible to go through
all the options, and the use of a single pre-installed model
may not take into account the individual specifics of a
particular case.

It is here that the field of application of evolutionary
computing 1is formed. Their logic allows vyou to consider
different sets and combinations of stylometric features as
competing solutions, evaluate them according to a given quality
criterion, and with the help of iterative selection, obtain
more and more effective configurations. In this case, the
"evolving" objects can be both individual features, but also
whole sets of features, rules for their association, parameters
of classifiers or structures of mathematical models.
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One of the most promising approaches is the use of genetic
algorithms for automated trait selection. In a simplified
representation, each possible combination of stylometric
characteristics can be coded as a separate individual of the
population. The presence or absence of a specific feature is
determined by the corresponding element of the chromosome.
For each combination, a fitness function is calculated that
reflects the quality of the attribution. After that, the best
solutions are used to form new combinations using selection,
crossover and mutation operators.

Such a mechanism is fundamentally different from the
simplest selection of the most frequent or statistically
significant features. The evolutionary algorithm is able to
detect combinations of features, which individually may have
limited distinguishing ability, but collectively form a
rather specific author profile. For example, a certain
frequency of service words as such may be characteristic of
a large number of authors. However, its combination with a
certain distribution of sentence length, features of
punctuation and the frequency of specific syntactic
constructions can form a much more individualized stylometric
marker.

This highlights one o0of the key advantages of the
evolutionary approach: the search is conducted not only within
the space of individual features but also within the space of
their interactions. Consequently, evolutionary computation
can be used to construct a kind of "evolutionary portrait" of
an author's style, wherein individuality is defined by a
combination of relatively weak yet complementary
characteristics.

Another promising area involves the application of
genetic programming. Unlike the classical genetic algorithm,
which focuses primarily on optimizing a fixed solution
structure, genetic programming allows the structures of
analytical expressions and rules themselves to evolve. For
authorship attribution tasks, this opens up the possibility
of automatically generating interpretable <classification
rules that combine various stylometric metrics.

For instance, the system might search not merely for a
set of features but for a specific structure of their
interaction-such as the relative frequencies of certain
function words, average sentence length, punctuation
variability, and lexical diversity indices. This can result
in the formation of an individualized analytical construct

1 1 6 This work 1s distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeR(ONF

SdenTIFc PUbLEHNG CenTen

LITERARY STUDIES

that describes the differences between authors not only
through a final classification category but also through the
set of characteristics that influenced the decision.

The issue of the fitness function becomes particularly
critical here. In authorship attribution tasks, it should not
be limited solely to a classification accuracy metric. High
accuracy on a specific corpus might stem from the genre, time
period, subject matter, or length of the texts, rather than
from the author's actual style. Therefore, multi-criteria
evaluation functions-which simultaneously account for
attribution accuracy, result stability, feature set
compactness, the model's ability to generalize to new texts,
and noise robustness-offer greater promise.

Adopting the principle of multi-criteria optimization
allows for a shift from seeking a merely "accurate" model to
finding a balanced solution. Consequently, an optimal
configuration can simultaneously ensure high discriminative
power and a relatively small number of features. This is
particularly significant in textology, where a researcher
needs not only to obtain an automated result but also to
interpret the grounds upon which that result was generated.

An important avenue of development involves hybridizing
evolutionary computation with machine learning methods. An
evolutionary algorithm can serve as an intelligent feature
selector and parameter optimizer, while the machine learning

classifier performs the actual attribution. Such an
architecture enables the separation of two interdependent
tasks: identifying an informative feature space and

constructing a classification model.

In the future, such hybrid systems could integrate
evolutionary algorithms, statistical analysis methods,
machine learning, natural language processing, and big text
data analysis technologies. In this setup, the evolutionary
component performs adaptive search, while other intelligent
methods handle the extraction, representation, and
interpretation of linguistic information.

The application of evolutionary calculations in textology
acquires special importance. If classical attribution mainly
solves the question "to whom does the text belong?",
textological research can contain a wider set of tasks:
establishing the origin of the text, comparing redactions,
identifying later interventions, analyzing variants,
reconstructing the text and determining the degree of
proximity of different text versions.
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In these tasks, evolutionary methods can be used to find
the optimal correspondence between text variants, identify
stable and changing elements, cluster texts and identify
hidden structural regularities. The use of evolutionary
mechanisms for the analysis of large corpora, in which the
manual comparison of all text variants becomes time-consuming
or practically impossible, is especially promising.

It is also important to take into account the dynamic
nature of the author's style. The author does not necessarily
use the same language means throughout the entire creative
period. The style may change depending on the author's age,
genre, subject, historical period, addressee and
communicative situation. Therefore, a model built for one
time period may show a decrease in efficiency when analyzing
texts from another period.

In this context, evolutionary computing provides the
possibility of periodic adaptation of the model. At least the
arrival of new data of the decision population can be
subjected to additional optimization, as a result of which
the system is able to change the set of the most significant
features. Such adaptability i1is particularly important for
digital linguistics, where the linguistic environment changes
much more rapidly than traditional historical corpora.

Additional complexity is created by the systemic risks of
digital textology. These include incompleteness of corpora,
digitization errors, differences 1n text ©presentation
standards, metadata of inadequate quality, genre biases of
the sample, insufficient volume of reference texts, and the
presence of texts that have undergone editorial or automatic
transformation. If such factors are not taken into account,
the algorithm is able to accept random features of the corpus
as stable authorial features.

Therefore, a promising system of evolutionary attribution
should be oriented not only to the maximization of quality,
but also to the management of uncertainty. In the evaluation
function, it is advisable to take into account the sensitivity
of the result to changes in the composition of the training
sample, resistance to noise, variability of signs and the
degree of confidence in the obtained decision. Because of the
war, it is advisable to present the result of attribution not
as an absolute statement, but as a reasonable probable
conclusion with an indication of the stability of the result.

This approach becomes especially relevant under the
conditions of the spread of generative artificial
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intelligence. Automatically generated or significantly human-
edited texts may violate traditional notions of the author's
style. Blending of human and machine text, automatic
redaction, paraphrasing, and translation can alter individual
stylometric characteristics. Therefore, future attribution
systems should take into account both traditional authorship
markers and the probability of transformation of the original
text.

Evolutionary computations can be useful here as well, as
they allow adaptive search for stable features in the
conditions of a changed feature space. At the same time, the
joint use of surface stylistic signs and deeper linguistic
representations, including syntactic, semantic and discursive
characteristics, becomes promising.

Thus, the modern trend involves a shift from static
attribution to adaptive, intelligent attribution. In the
traditional model, the set of features and system parameters
are predefined by the researcher. In the evolutionary model,
the analytical configuration itself Dbecomes the object of
optimization. The system does not merely answer the question
of whether a text belongs to a specific author; rather, it
seeks the most informative representation of the author's
style for a given corpus and research task.

Looking ahead, the development of multi-level
evolutionary linguistic systems is a possibility. The first
level involves the collection and normalization of text data;
the second, the automatic extraction of a wide range of
potential features; the third, the evolutionary selection and
combination of features; the fourth, machine classification;
the fifth, the assessment of result stability and uncertainty;
and the sixth, the researcher's interpretation of the
identified authorial markers.

Human-machine interaction takes on particular importance
in this process. Despite the high computational efficiency of
the algorithms, the final textological interpretation must
account for historical, cultural, genre-related, and
biographical contexts. Evolutionary computing should be
viewed not as a replacement for the textology specialist, but
as a tool to expand their analytical capabilities. The machine
is capable of exploring a vast space of feature combinations,
while the researcher provides a meaningful interpretation of
the patterns discovered.

A promising avenue 1is the c¢reation of self-adapting
evolutionary systems capable of adjusting search parameters
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based on the nature of the corpus. For historical texts,
certain groups of features may take priority, whereas for
modern digital communication, others do. Similarly, the
attribution of fiction, scholarly texts, Jjournalism, social
media content, and business communication requires distinct
models of authorial profiles.

Evolutionary computation may gradually evolve from a
supplementary optimization tool into an independent
intelligent mechanism for generating linguistic hypotheses.
Its potential lies in the ability to handle wvast numbers of
candidate solutions, uncover latent feature combinations,
adapt to changing data, and identify robust patterns amidst
uncertainty.

Conclusions.

The analysis demonstrates that evolutionary computation
holds significant potential for addressing complex tasks
related to authorship attribution and textology in modern
linguistics. Its fundamental value lies in the ability to
conduct an intelligent search within the high-dimensional
space of potential stylometric features and to identify
combinations of these features that most comprehensively
characterize the unique nature of an author's style.

A key application of evolutionary computation 1is the
automated selection and combination of features
characterizing word frequency, sentence length, punctuation
patterns, syntactic structures, lexical diversity, and other
textual parameters. In this context, an individual authorial
marker is viewed not as an isolated characteristic, but as
the result of a complex interplay among a multitude of
relatively stable features.

The development of hybrid evolutionary-intelligent
systems-combining genetic algorithms, genetic programming,
machine learning methods, statistical analysis, and natural
language processing technologies-represents a promising
direction. Such integration enables the simultaneous
optimization of feature spaces, model parameters, and
classification procedures, thereby enhancing the analytical
system's adaptability.

Amidst turbulence, uncertainty, and systemic risks, the
shift from static attribution models to adaptive systems is
becoming increasingly important. Changes in linguistic
practices, the structure of digital corpora, genres, editing
methods, and the emergence of texts created or transformed by

artificial intelligence necessitate the continuous
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verification of authorial marker stability and the capacity
for model re-optimization. For textology, the potential of
evolutionary computing lies not only in authorship
attribution but also in the automated comparison of textual
variants, the identification of transformation patterns,
corpus clustering, and support for reconstructing textual
history. This expands the scope of evolutionary methods from
the narrow task of classification to comprehensive
intelligent support for textological research.

Thus, the future development of evolutionary computing in
modern linguistics should be 1linked to the creation of
adaptive, hybrid, and interpretable intelligent systems for
authorship attribution. Their prospective architecture must
ensure not only high classification accuracy but also
robustness against noise and incomplete data, uncertainty
assessment, the interpretability of identified authorship
markers, and adaptability to new text types.

In a broader scientific context, evolutionary computing
facilitates a promising shift from the traditional search for
predefined authorship features to the intelligent discovery
of optimal configurations. It is precisely the ability of
evolutionary algorithms to explore vast numbers of potential
feature combinations-and to identify stable, individual
patterns within them-that 1lays the foundation for a new
generation of authorship attribution systems and digital
textology, designed to operate within the dynamic, uncertain,
and rapidly evolving environment of modern linguistics.
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Abstract. The global circulation of Korean cultural products has expanded interest
in Korean Studies, but familiarity with K-pop, drama, film, or food does not
automatically produce cultural competence. This conceptual article examines how
Korean culture can be taught as an interpretive, comparative, and interactional
field rather than as a list of facts. Twelve peer-reviewed studies published
between 2023 and 2026 were synthesised around cultural representation, learner
motivation, intercultural pedagogy, and assessment. The article proposes the
K-CULT sequence: Knowledge in context, Comparative inquiry, Understanding
perspectives, Lived interaction, and Transfer through reflection. The model
connects historical memory, everyday practices, language pragmatics, popular
culture, and contemporary social change with observable student performance.
It requires source triangulation, comparison with learners' own cultural frames,
guided interaction, and reflection that makes stereotype revision visible. The
framework is intended for university Korean Studies programmes outside Korea,
including the Azerbaijani context, and offers a basis for future empirical
testing.

Keywords: Korean culture; cultural competence; intercultural learning; Korean
Studies,; Hallyu; critical cultural awareness

1. Introduction

Hallyu has altered the starting point of Korean culture
education. Students may enter university already familiar with
music, screen narratives, food, and digital fan practices.
Research shows that this exposure can initiate enrolment,
sustain enjoyment, and connect learners to imagined Korean-
speaking communities [3-5, 12]. Yet cultural consumption is
not competence. Learners may still treat entertainment as
social evidence, repeat stereotypes, or lack the pragmatic
judgement required in interaction. Interest 1is therefore a
pedagogical resource, not a sufficient learning outcome.

This article asks how Korean culture instruction can
develop students' ability to interpret meanings, compare
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without ranking, communicate flexibly, and revise
assumptions. The problem is significant because textbooks may
privilege particular historical, political, moral, or
idealised national narratives [1, 2], while locally produced
materials also vary in their capacity to support intercultural
learning [8]. The aim is to connect recent evidence with a
practical competence-oriented model for university Korean
Studies.

2. Cultural competence as an educational outcome

Cultural competence integrates contextual knowledge,
interpretation, curiosity, interaction, and critical
reflection. Factual knowledge and etiquette rules remain
useful, but they become misleading when detached from time,
place, relationship, and internal diversity. A competent
learner can qualify a claim, generate alternative
explanations, ask what evidence 1s missing, and adapt
behaviour when a familiar rule does not fit a particular
person or setting. Competence is therefore relational and
developmental rather than a fixed possession.

For Azerbaijani students, source-culture comparison is an
analytic resource. Family relations, hospitality, holiday
rituals, educational expectations, historical memory, and
respectful address may appear familiar, but similarity should
become a question rather than a conclusion. Intercultural
comparison examines how a value is realised, who participates,
where variation occurs, and how learners' own categories shape
what they notice.

3. Korean culture as curriculum content

A balanced curriculum combines historical memory,
everyday 1life, language pragmatics, popular culture, and
contemporary social change. Hallyu should function both as an
engagement resource and an object of inquiry. Instructors
recognise its motivational and linguistic wvalue, but also
note problems of rapid obsolescence, level appropriateness,
and distance from ordinary life [3]. The attractiveness of K-
culture predicts enjoyment, although the teacher's role
remains equally important [4].

Representational triangulation addresses this problem.
Students compare a cultural product with an informational or
scholarly source and a first-person voice. They ask what each
source can show, whose position is absent, and how genre
shapes the message. Textbook research demonstrates the need
for such scrutiny because cultural values may be selectively

emphasised or idealised [1, 2]. Critical reading does not
This work 1s distributed under the terms of the Creative
1 2 4 Commons Attribution—-ShareAlike 4.0 International License
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weaken appreciation; it turns admiration into evidence-based
understanding.

4. Methodology

An 1integrative conceptual review was conducted using
twelve peer-reviewed works from 2023-2026. Studies were
selected when they addressed Korean cultural representation,
Korean-language motivation, intercultural learning, or
competence-oriented pedagogy. Each source was examined for
its conception of culture, learner process, teaching
condition, limitation, and possible evidence of competence.
Recurrent <categories were organised into a teachable
sequence. The design is interpretive: it proposes a framework
rather than reporting an intervention with human
participants.

5. The proposed K-CULT instructional model

K-CULT comprises five recursively connected stages
(Figure 1). It synthesises collaborative culture education
[6], critical cultural awareness [7], internationalisation at
home [9], reflective professional learning [10], and context-
responsive Korean teacher competence [11]. Difficulty at any
stage can return learners to an earlier one.

K-CULT instructional sequence

g N
a Knowledge in context <4

(. S

'y N
Comparative inquiry

. vy

s )
Understanding perspectives

" J

' N
Lived interaction

\. J

© ™
Transfer through reflection —

. J

Figure 1

The K-CULT model for forming cultural competence through
Korean culture instruction (developed by the author)

5.1. Knowledge in context
Cultural claims are located in time, place, social
position, and communicative setting. Students distinguish

This work is distributed under the terms of the Creative 1 2 5
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description from generalisation and use qualified language
rather than explaining all Korean behaviour through a single
tradition or value.

5.2. Comparative inquiry

Learners compare a specific relationship or problem -
such as welcoming a guest, refusing an invitation, or
addressing an older colleague - rather than comparing whole
nations. They document similarity, difference, variation, and
evidence.

5.3. Understanding perspectives

Critical incidents require several plausible
interpretations. Students rank explanations by evidence and
identify what further information is needed. The goal 1is
disciplined empathy, not certainty about another person's

experience.

5.4. Lived interaction

Role-play, interviews, virtual exchange, and
collaborative problem solving make students choose language
and  behaviour in real time. Tasks should require

clarification, repair, or respectful disagreement rather than
memorised dialogue [6, 10].

5.5. Transfer through reflection

Students revisit an 1initial assumption, identify the
evidence that changed it, and apply the revised principle to
a new case. Portfolios preserve first responses, revisions,
feedback, and interaction records so that development becomes
visible.

6. Content-task alignment in Korean culture teaching

Table 1 links cultural domains to student operations and
observable evidence. The same domain can be revisited at
increasing complexity: beginners notice address forms, while
advanced learners analyse how age, status, intimacy, gender,
and institutional role interact.

Table 1

Korean cultural domains, learning operations, and competence evidence
(developed by the author)

CultuFal IllustFatlve Student operation | Observable evidence
domain materials
. . Textbook passages, | Compare accounts; Evidence-based
Historical ) , .
museum pages, identify explanation that
memory and . . . . .
ublic speeches, viewpoint, distinguishes
p . documentary omission, and event, memory, and
narratives .
excerpts temporal context narrative
This work 1s distributed under the terms of the Creative
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refusals, and

repair

pragmatic choices

Cultural Illustrative . .
v u. v . v Student operation | Observable evidence
domain materials
1ifi laims;
s . . Generate and test Quali l?d cLams
. Critical incidents appropriate
Social several s .
, about age, status, | . , clarification
relations and . interpretations .
. family, study, and . \ questions;
hierarchy before judging .
work . recognition of
behaviour . ,
variation
Dialogues using
speech levels, Adapt language to Flexible role-play
Language address terms, relationship and performance and
pragmatics requests, purpose; explain successful repair

of misunderstanding

Food, housing,

Compare products,

Comparison that

platform content

accounts

. school, leisure, practices, and avoids equivalence,
Everyday life . . .
. Seollal, Chuseok, perspectives with ranking, and
and ritual . . . .
life-cycle an Azerbaijani national
practices case generalisation
. Triangulate Genre-aware
K-drama, film, K- . . . .
Popular and ! ! entertainment with | interpretation that
. pop, webtoons, fan
digital . research and separates
communities, .
culture first-person representation from

social evidence

Diversity and
social change

Regional,
generational,
gender, migration,
religious, and
occupational
voices

Map agreement,
tension, and
absent positions
across sources

Recognition of
within-culture
diversity and
ethically framed
uncertainty

7. Teaching strategies

Three

strategies

are

especially productive.

Critical

incidents slow interpretation by asking students to record an
initial explanation, expose assumptions, request context, and
revise. Comparative portfolios connect a Korean artefact with
an Azerbaijani case and preserve changes after feedback.
Media-text triangulation compares entertainment with research
and personal accounts, retaining Hallyu's motivational value
while preventing it from being treated as a transparent record
of society [3-5, 12].
Guided intercultural interaction may use virtual
exchange, invited speakers, or paired interviews. Preparation
and debriefing are essential: questions should invite
personal experience without making one participant represent

This work is distributed under the terms of the Creative
Commons Attribution-ShareAlike 4.0 International License
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a nation. Structured internationalisation-at-home
environments can support adaptability even without study
abroad [9]. Multiple regional, generational, and social

voices should be included so that Korean culture 1is
encountered as internally diverse.
An illustrative unit on Korean speech levels shows how

the sequence works. Students first annotate two short
dialogues for relationship, status, age, and communicative
purpose. They then compare the choices with forms of

respectful address 1in Azerbaijani, noting where apparent
similarity conceals different pragmatic meanings. A critical
incident changes one contextual variable: a senior colleague
invites a younger employee to speak more informally, but the
employee remains cautious. Learners propose several
explanations, ask what information is missing, and perform
the scene with alternative responses. After peer feedback,
they explain which language choice they revised and transfer
the same reasoning to a university or online setting. The
task therefore assesses contextual knowledge, comparison,
perspective-taking, interaction, and reflection within one
coherent learning cycle.

8. Assessment of cultural competence

Assessment should sample five dimensions: contextual
accuracy, interpretation of perspectives, comparative
decentring, 1interactional appropriateness, and reflective
transfer. Evidence may include annotated media, comparative
commentaries, role-play recordings, and journals. Submitting
an 1initial interpretation, a revised version, and an
explanation of the revision rewards intellectual movement
rather than confident but unsupported claims. Assessment
should value clarification and repair, never imitation of an
imagined Korean identity.

9. Discussion

The literature converges on a central principle: cultural
content forms competence only when it 1is linked to
interpretation, interaction, and reflection. Textbook
analyses reveal selectivity [1, 2, 8]; motivation studies
demonstrate the wvalue of K-culture [3-5, 127; and
intercultural research supports structured collaboration [6,
7, 9, 10]. The teacher therefore acts as an evidence curator
and intercultural mediator. Non-native Korean teachers can
be particularly effective when ©professional learning
supports contextual adaptation [11]. The model remains
conceptual and should be tested through performance tasks,

1 2 This work 1s distributed under the terms of the Creative
8 Commons Attribution—-ShareAlike 4.0 International License
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portfolio analysis, observation, and delayed transfer
measures.

10. Conclusion

Korean culture education develops competence when culture
is taught as lived, diverse, and open to revision. The K-CULT
sequence moves students from contextual knowledge through
comparison and perspective-taking to interaction and
transfer. Its intended outcome is not a learner who claims to
know how all Koreans think, but one who approaches unfamiliar
situations with accurate knowledge, interpretive care,
communicative flexibility, and the humility to revise an
explanation.
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Kpusa remnopanbHoCTi Ta TpaHcdopmauin
ecTeTU4YHoro aocsiny B uMpoBin KynbTypi

Icuuenko Irop’

'kaumupaT reorpabiuHMxX Hayk, HayKOBMM CHiBPOOiTHMK Binmisly MeTomoJsioril MMUCTELbKOI KPUTHUKMU;
THCTUTYT MHPOBJIEM CYydYacHOI'O MUCTELTBA HaijlioHanpHOI akameMii MuCTenTB YKpalHu; YKpalHa

Anoranis. Y crarTi @pmocinimxyerbcs TpaHchopMalida ecTeTMUYHOI'O HOOCBiny B yMOBax
umubporiszanii KyIbTYypM Kpiszb NpM3My 3M1iHM TEMHIOPaJIbHOTO PEXMMY CIPUMHATTS ofpasy.
AHayizyeTbCs nepexinm Bim  HapaTMBHO opraHizoBaHOIL TpuBaJjioCcTi 0O  PEeEXuMYy
BesnepepBHOTO IMOTOKY, B sAKOMy LubpoBUM o00pasz OyHKLUI1OHYEe £K KOPOTKOTPUBAJINMIA
ceHCOpHMI Ta adexTuBHMM I1MIOysnbc. TeOpeTMYHO OCHOBOW HIOCJH1IXeHHS € KOHLemnii
hauntology, «xiHO aTpakuioHiB» Ta Teopil TexHiuHoTO 06pas’y. OOTPYHTOBYETBHCS Te3a
Ipo akTyajsizanin aTpakUioHHOI JIOTikM B aJTOPMTMiUHO OpTraHiz0oBaHOMY MeIiVMHOMY
cepenoBuii. BomHOUac 3anpoBaIXyETbCsS I[OHATTS KOHTPATPAaKL1OHY »OJS XapaKTEePUCTUKU
XYIOXH1X MNpakKTMK, MO INPOTUCTABIISAOTb MUTTEBOCT1 LUMOPOBOTO MNOTOKY PEXMMU BaTPUMKH,
OuiKyBaHHSA, TpuBajoCcTi Ta peobynexcii. I[Ioka3aHO, WO eCTeTUUYHUM CcTaTyCc uUudpoBOTO
oBpas’y BM3HAYAETHCS He Julle MKOoro (QOpMaIbHMMM BJIACTMBOCTSAMM, & M TEMIOPaJibHOD
CTPYKTYPOI MOT'O CIPUMHATTS.

KirouoBi cioea: BUPOOHUI]TBO agexry, TpaHchpopMmaIri i ecCTeTUuYHOI'O OCB1Oy,
TEMIOPAJIEHICTE .

Indporiszalis cydacHOl KyJbBTYPM OBHAuae He Juime 3MiHy
TEXHOJIOT1M BUPOOHMULTBa, 30epiraHHA Ta I[IOWMPEHHS oOOpas3iB:
HabaraTo Oijbmw 1CTOTHMM € Te, WO 3MI1HIOETBHCH CaM PEeXMM IXHBOT'O
CIPUMHATTS OCKiJNbkM LmubpoBUM obpas menasii uvactTime QyHKLIIOHYE
AK KOPOTKOTPMUBAaJIUN CEHCOPHUM imMnynsc, BKJIIOUEHUM N
Oe3rIepepPBHMIM [IOT1iK KOHKYypPYylUMX 300paxeHb; Yy TaKuUX YyMOBax
yBara TIJsgmaya opraHisyeTrsca Bxe Oijbme  He TPMBAaJI1CTO
CHOTJISOaHHHAg, a [IepEeMMKaHHAM; obpas He 000OB’ A3KOBO
po3ropTaeTbca B uyaci, a OparHe HEeTaWHO IMPUBEPHYTM YyBaATy U
BUKIMKATK abexkTMBHY peaklio. BimgrTax TpaHchopmanin UMOpPOBOIL
KyJIbTYPM  IOOL1JILHO  pPO3IJIAlaTM He Jumme gK MeIiVHy  uu
TexXHOJIOT'1uHy, a £AK TeMIopajlbHy TpaHchopMallilo ecTeTHuUHOTO
mocmBimy.

IIa TpaHcdopMallsa OB’ dg3aHa 3 WMPHUOKHD KPU30K 1CTOPUUHOIL
TeMIIoOpaJIbHOCT 1 Ta cy®’ exra/cyB’ ekTUMBHOCTI, AKY — pilszHUMU
MOBaMM, dYepes IMNpMBMY Pl3HMX DIiOXOO1B Ta B PI1i3HMX aclekTax
onucyBanu BanbTep BenHbsamin, Openpik IIxevMmicon, Bimewm duoccep,
Teomop AmopHo, Kapsa 3immens, Mimens dyko, MapTiu Tammerrep Ta
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ixmi dimocodm, KyJIBTYPOJIOTM Ta TEOPEeTHKM CcydacHocTi. OmHiecn
3 11 XapaKTepHUX pUcC € nocjabljeHHS YSABJIEHHS PO 1CTOPUMUHUM
yac 49K JIiHiMHY [0OOCHimoBHiCTE  MUHYJIOTO, TENepPimHBOTO U
mManbyTHbOTO. MambyTHe @»enajili MeHlle T[ocTae SK  BlIOKpuUTum
TOPU3OHT KOJIEKTHMBHOT'O TIPOEKTYBAHHS (IO OCODBJIMBO HATOJIOWYE
IxerimicoH y 30ipui cBoix eceir Signatures of the Visible),
TOO1 SK MMHYJIE IOBepTaeTbcs Yy ©GopMmMi umTaTM, HOCTalbITii,
apxiBHOTO @QpPaATrMEeHTy Ta CTWMJI1iCTUYHOT'O UM TO pPallle XaHPOBOTO
nacrTimy: caMe TOMY CydYacCHa KyJbTypa INEMOHCTPYE MapamoKCallbHY
cuTyallio, Ojasa SKOl XapakKTepHO Te, MO HaO3BMYaMHO 1HTEHCUBHE
TEXHOJIOT1UuHe BUPOOHMUTBO 00pas3ir MamMbyTHHOTO CYHNPOBOIXYETHCS
IIOCTiVMHMM B1lIOTBOPEeHHAM 00OpasiB MUHYJIOTO.

Y mousaTTi hauntology, B3BanponoHoBaHomMy Xakom [eppina, us
npobjeMa OCMUCJIIOETLCS yepes HEeMOXJIMB1CThL OCTATOUHOTO
3aBepUeHHsa MMHYJIOTO: Te&, IO BXE He € INPUCYTHiIM, MIPOOOBXYE
BIIMBATM Ha TelepimHe y dbopmi npmuMmapu, ciiny abo IIOBEpPHEHHS.
N UMGpPoBin KYyJIbTYpP1 s CTPYKTYPa HabyBae ocoBIUBOIL
BUpPasHoOCTi, OCK1JBbKU TexXHiuHl MOXJIMBOCT 1 apxiByBaHHS4,
BiOTBOPEHHS Ta MNOBTOPHOIL KOHTEKCTyaJlizalil BMeHMYyKTb UYacCOoBY
OVMCTaHI10 MiX 1CTOPMUYHMM oOOpas3oM 1 CydacCHMM CIOPUMHATTAM, IPU
1ILEOMY, MUHYJIE He IPOCTO «IIOBEPTAETHLCI», a IOCTiMHO
BKJIOUAETHCA B aKTyaJIbHUM MeI1MHMM [OOT1K, I& MOI0 1CTOPUUYHMU
CTaTyC CHIiBicHye 3 OQyHKU1€K0 CydYacHOTO UMAPOBOIO KOHTEHTY.

Taxi saBuma, Sk remix culture, culture jamming, digital
collage Ta cydacHa NpakKTUKa AI-generated imagery,
IEeMOHCTPYITE LI JIOT1IKYy OCOBIMBO BMPas3HO. Ix 06/ emHye He MPOCTO
iHTepec D0 MMHYJIOTO, a crneumdiuyHe CTaBJIEHHS IO MOTO MaTepiany:
icTopuuHi GopMM CTAKRTL IOOCTYMNHMMM IJIS HETaMHOTO IIOBTOPHOTO
BUKOPUCTAHHS, BHACJ1JOK UYOTO YacCOBl IMcTaHUii Mix pi3HMMM
KyJbTYPHUMM MHepiomamMm CTUCKAWLTLCS 1, Hanpukian, 300paxeHHS
nartoraHe 1980-mMm poxamu, OGparMeHT PaHHLOT'O K1HO, MNOpPMKJIAL
MOIEPHI1CTCBKOTO OM3aMHy abo oumM@proBaHa boTorpadisa 3
IOMaMHBLOTO apxiBy, MO CTajJla YaCTMHOK apxXiBy LUMOPOBOTO, MOXYThH
OINHOYACHO OGYyHKII1OHYBATM SK 1CTOPMYHUM HOOKYMEHT, eCTeTHMYHAa
MaHibecTauiag, OuTaTHMM MaTepianm 1 aKTyaJbHMM BlisyaJbHUM
KOHTEHT.

Came TYyT npobjeMa TEeMIIOPaJIbHOCT1 IepeTUHAETHCH 3
npobyeMon arpakuiony, 60 X NOHATTS cinema of attractions,
cbopmynboBraHe TomoM I'aHHI1IHITOM, HO3BOJISE NOOAUUTM B PaHHBOMY
KiHeMaTOoTpadi npoobpasz ToTro pexuMy ODPa3HOCTI1, SAKMM HEe MOXHa
penykKyBaTK OO HAPATMBHOI penpeseHTallii nocjaimoBHOCTi mnomim 3
IeBHUMU [PUUMHHO-HACJ1OKOBMMM 3B’ a3kamm (1o, B CBOK UepTry,
Oinbpll XapaKTepHO IJg KJIAaCHMYHOTO TeaTpy Ta I[IeBHOTO TUIY
nirTeparypwu, nporpaMa IOeMOHTaxy £kol ©OyJja po3nodyaTra Ta
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npoBamuilacsa o Pil3HOMY TaKVMM P13HVMMM HOUCBMEHHMKaMM SK JIXOMC,
Kadxka, doJIkHED, Cemnisn, Boprec i Taxk mani). ATpakuioH
BesmnocepenHLO  3BEepPTaAEThHCHA OO  IJiAmada, OEeMOHCTPYE  CBOK
BUIOOBMIIHICTE, OpPTraHil’ye YyBary Ta CTBOPIE CEHCOPHUM edekT,
TOOl 4K Yy KJIACMUHOMY KiHeMaToTrpadi us Jjorika BHAUYHOKN Mipon
Oyna 1HTerpoBaHa B HapPaTMBHY CTPYKTYPY, KOJM aTpakiiioH
NiOnopsaOKOBYBAaBCH PO3BUTKY icTopii.

OmHak y uUMOPOBOMY CepeloBMIl NPMHLUMII aTpaklioHy HabyBae
HOBOI1 aKTyaJlbHOCT1 — MWOeTbCsa He TIIpo OyKBaJIbHE I[IOBEPHEHHS
PAaHHBLOTO KiHO, a Nnpo pamukKalizanin Moro MNPUMHLIUITY : LUMOpOBUM
obpas gmemajyi wyacTime wMoxe dyHkUioHyBaTuM 6e3 HeoOXimHOCTI
TPUBAJIOTO HapaTUBHOTO pPO3TOPTaHHA. Moro =saBmaHHAM CTae He
po3mnoBicTM icTopin, a NPMBEPHYTHM YyBary, BUKIMKATU peaklio,
cTBOPUTM abekTuBHMUM abo0 CeHCOpHUM edekT; Yy LbOMYy CeHCl
aTpakllioH MOXHa pPO3TJAIATM SK MIMPIYY METAaJIOTiKy TEeXHI1dYHOTO
ofpaszy, sSKa 1CTOPMUHO 3MiHIE CBOI MenimHi dopwmmu, aiie 30epirae
ODPpUHLOMUI Oe3N0CepPenHbOTO BIJIMBY Ha TJidmada.

IIa nepcnexTMBa -IO3BOJISE IoenHaTu I'aHHiHTa 3 Teopiamu
abexTy, TexHiuHoTO o00Opal’y Ta nocTkiHeMaTorpadiuHoOl KYyJIBTYPHU.
Y npauax Xwuna Ienvozsa, CriBeHa llaBipo, Bijema &Joccepa Ta
iHmMx aBTOpPiBR oOpas PO3TJIANAETLCSH He JMlle SK HOC1M 3HaueHHH,
aje 1 gk nonmis, wo BIJIMBAE Ha T1iJio, yBary Ta CHPUMHATTS.
Iudpore 300paxeHHA B TaKOMy pasl € He IPOCTO pelpeseHTallicn
neBHoro o6’exTa - HaTOoMicTb, BOHO €, CKOpime, TeMIOopPaJbHO
OpTraHi30BaHMM 1IMIYJILCOM, SAKMM BM3HaAUYa€E TPUBAJiCTb KOHTAKTY,
WBMIOIKICTE peaklii Ta MOXJIMBiCTBL, 1 HaBiThr HeoOxXimHicCTh,
nepexony OO HACTYIHOTO obpasy.

[InaTdopMHaA KyJIbTypa KOPOTKMX Bimeo — TikTok, Instagram
Reels, YouTube Shorts — memoHCTpye L0 TpaHchopmaliin o0COBIMBO
penbedHO, Uepes Te mo TYT 3300PaxeHHS BKJIOUEHEe B aJITOPUTMIUHO
OopraHi30BaHMM IOTik, & KOXEeH OKpeMuM OGparMeHT KOHKYPYE 3a
oBOMexeHUM pecypc yBaru. I[IOBTOPOBAHICTL, MOHTaxHa mijgbHiCTb,
BisyanbHa iHTeHCcHUBHiCTE, 3BYKOBUM Om3amH i MBUIOKE
IepeKJIDUeHHI Mix OGparMeHTaMy CTBOPKTH PEeXUM CHPUMHSTTS, B
AKOMY aTpakKUiMHICTE pPO3KPMUBAETLCS (& HE CTBOPOETLCH) HAK
6asoBa, xoua JyacTo HeoueBUIHA BJIACTUBI1CTEL MeIniaJIbLHOT O
cepemoBuma. TpuBalicTe o00pas’y BMI3HAYAETHCS BXe He JMIe
ABTOPCBKUM MOHTAXeM, a n CTPYKTYPOIO iuTepodericy Ta
ANITOPUTMIUYHMM BinOOpPOM HACTYIIHOT'O CTUMYJY .

TaxkuM UMHOM, B3MiHa MeniajnbHOTO o00pas’y CYyHNPOBOIXYETHLCS
3M1HOK TeMNOPAaJIbHOCT1 CHOPUMHATTS: AKIO TPaIMUIIVHUI HapPaTUB
nepenbadace MIEBHY TpUBaJiCcThb, HaKOIUUYEHHSH inbpopmanii,
OUuiKyBaHHS Ta IaM’ aTh TIIPO IMOoNepenHi eJjileMeHTM, TO Cy4JaCHUM
MEeOiMHMM, <«aATPakKLUioHHMM» of0pas TaXie IO MOMeHTAaJIbHOCTi. BiH
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Mae OyTm 3pol3ymismMv a®o BiguyTHMM OO  TOTO, aK  yBara
nepeMicTurhbCca majii. BuHMKae cneumdiyHMM @ TUID 2 €CTETUUYHOTO
noceinmy, B SAKOMY 1HTEHCMBHICTBL BUTIiCHSE TpPMBaliCThb, a
BesnocepenHim edpekT (CYTHIiCTH SAKOTro B abeKTMBHOMY BpPaxeHHI1
TJismada) — IIOCTYIIOBE PO3TOPTAaHHS BHAUEHHS.

[IpoTe 118 TEeHIEHI1sS He O3Hauvae INOBHOT'O BHUKHEHHS TPUBAJIOTO
abo pedIeKCMBHOTO €CTETHMYHOT'O INOCBiIy: pallle HaBIaKM, CydacHe
MUCTELTBO MOXe BUKOPUCTOBYBATHU HubpoBi Ta
nocrkineMaTorpabiuni 3acod®m OJid CTBOPEHHS NPOTUIIEXHOI'O PEXUMY
CHPUMHATTSA . SKIO aJTOPMTMIiUHMM aTpaklioH IparHe CKOPOTUTHM Yac
MiX CTHMMyJIOM 1 peaklie€wn, MUCTEeUbKMM o0Opa3 MOXe, HaBIlakKu,
CTBOPBATK MNPOCTIiP OUiKyBaHHS, 3aTPMUMKM Ta HEBMBHAUYeHOCT1 i,
Yy TakKoMy BUIAIOKY, IJIAOad HEe MPOCTO OoTpumye obpas, a 3MyIEeHUM
eped®yBaTy B MOI'O TPUBAJIOCTI.

[le 1@§o3BOJISE BBECTM IOHATTS KOHTPATPaklioHy — He 4K
3arepevyeHHs aTpakuimHocTi B3arajgi, a gk 1HmWoro crnocody
opranizanii yeparm. KoHTpaTpakLioH He B1lIMOBIAeTBCS Bipn
CEHCOPHOT'O BILJIMBY, IIPOTE IEepPEeTBOPKE MO0 Ha YMOBY TPUBAJIOIO
CIIOTJIAIAaHHA . 3aMicTb HeramHoO1I1 peaxiii BiH IPOOYyKYyE
OYiKyBaHHA,; 3aMlCTb WBUIOKOTO I[IePEMMKaAHHS — 3aTPUMKY; 3aMicTb
CIIOXMBAHHSA OKPEMOTO iMnynabscy - OOCBiz TEeMIOPaJiIbHO 1
HEBM3HAUEHOCT1 .

OcoBIMBOTO BHaAUEeHHS B 1LbLOMY KOHTeKCTi HabOyBae My3eun.
TpaouuiMHO  My3el opraHiszsoByBaB icTopMUHMM  yac yepes
IIOCJI1OOBHICTE €KCHIO3MII11: OKpeMl TBOPM OyJIM BKJIKNUEH1 B [NEeBHY
icropio cTMiIiB, HepioniB Ta XyOOXH1xX pyxiB. LUubpoBa KyJIbTypa
3MiHOE 1 U0 1HCTUTYUiVHY TeMIopaJIbHIiICTbL: My3ey menajii Oijnbue
byHKII10HYy€Ee dK MeniajibHe CepenoBMlle, Ie BMCTaBKa OINHOYUACHO
icHye sax @ismuHa exkcnosuilis, uubpoBMM apxie, @nonis Ta
CYKyNHiCcTE B00paxeHb, SK1 LUMPKYJIOOTL Yy COILl1allbHMX Mepexax.
BinTak My3e¥ CcTae [OIpOCTOPOM KOHQIIKTY pPi3HMX UYaCOBUX
PEXUMIB : icTopMuHOIL TpUBaJoOCT1 TBOPY, TEMIIOPAaJIbHOCT1
BUCTaBKM, MUTTEBOCTI umbporoi nybiikauii Ta aJTropMTMIUHOTO
IIOTOKY .

Y ubpomMy KOHOJIIKTI B3BMiHIETHLCS CcamMe TI[OHATTS eCTEeTUUHOTO
noceiny. IlpobBjema cCcydacHOl LMOPOBOI KyJbTYypM IOJdT'ae He
IPOCTO y BeJMUEsH1M KI1JIbKOCT1 BUPOOJEHMX 300paXxeHb — 3HAUYHO
BaXJIMBimMM € Te, B SKOMYy UYaCOBOMY pexuMi 111 300paxeHHsS CTalnThb
o6’ exTaMmu cHpumHaTTa, 00, IO NPHMKIany, OIMH 1 ToM camuim obpas
MOXe OyTM  1CTOPUYHUM  HOOKYMEHTOM, apxiBHMM MaTepiaJjowMm,
€JIEMEHTOM aJITOPUTMIUHOTO TIIOTOKY abto o06’eKToM TPUBAJIOTO
XYyIOOXHBOTO CHOTJISmaHHg. OTxe, MOTO €CTEeTHMUHMIM CTATYyC BaJIeXUTh
He TinpkM Bin dopManbHUX XapaKTEepMCTUK, a M Big TeMIopaJibHOIL
CTPYKTYPM, B SKY B1iH BKJIIOUEHUN.

1 4 This work 1s distributed under the terms of the Creative
3 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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TakuM 4YMHOM, [epexin Bin xiHemaTorpadidHOTO aTpakKuioHy IO
IUMOPOBOTO Ta aJTrOPUTMIiUHOTO o0O0pas’y MOXHa PO3ITJAIATU SK OIOHY
3  KJIOUYOBMX TpaHchopMmMalnilm CcydyacHOTO eCTETMYUHOTO HOCBimy.
ATpakuioH, WO iCTOPMUHO O3Hauap Oes’3nocCepelHE 3BEepPHeHHS obpasy
oo 7rmiugapmada, Yy UudpoBoMy cepenoBuumi cTae  dyHOAMEHTAJIbHUM
IPMHLMIIOM oOpraHizsauii ysarm. BomHouac umbpoBmM recycling -
nocTimHa Menia-peuupkyJsigauis  obpasziB  CBiguMThL  OpO KPpUBY
nininHol icropnuHOl TEeMIIOPaJIbHOCT1 : MMHYJIE IoCTiMHO
IOBEpPTaETLCS B TenepimHe, Tomi gk MambyTHe npezmaji uyacTime
IepexmuBacTbCsa He HGK TOPM30HT, a fAK deproeur ob6pas abo
BJIACTUBUM LIbOMYy oOOpas3y adexT.

OmHak 1sa TpaHchopMalliss He BM3HAYAE MOXJIMBOCT1 MMUCTELTBAa
y KJOUl merTepMiHizsMy, 00 X CydacHl XyIOOXH1I NPakTUKM MOXYTH SK
NOCWJIIOBATHM  aTPakKLUiMHYy JoTriky umdpoBOl  KyJIbBTYPH, Tak i

CTBOPOBATM aJIbTEPHATMBHL pexXuMu CIPUMHATTS — TPUBAJIiCTh,
OulkyBaHHH, nam’ 9Tb, naysy Ta pebdiexkcio. CamMme B LbOMY
HalpyXeHH1 - MiX MMTTEBICT aTpakLlioHYy Ta TPMBAaJILCTIO OOCBimy

- BilmokpmBaeTbCsa OIOHAa 3 LEHTPAJbHUX [OpoBJIeM  CydacCHOTO
MMCTeLTBa. JMOTO KPUTUUHMI MOTeHIiajl MOxe MOoJIATaTM He CTiJbKu
y BimMori Binm umppoBoro obpasy, CKIJbBKM Yy BOATHOCT1 KPUTUUHO
OCMMUCJIIUTHU UMCJIEHH1 noTeHuIianm OCTaHHBOTO, BKJIIOUHO 3
IoTeHUiaJjioM, BJACTMUBICTIO NpolykyBaTU adexkTu.

Cnucok pxepen:
[1] Jameson, Fredric. Signatures of the Visible. Routledge, 1990.
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Abstract. This methodological article proposes a rapid fluorescence-quenching
assay for Cu(II) in drinking water using plant-derived carbon dots. Studies from
2023-2026 guide precursor selection, synthesis, signal processing and validation.
The workflow integrates hydrothermal preparation, ©purification, controlled
fluorescence measurement, matrix-matched <calibration and reference-method
confirmation. No original measurements are claimed; analytical performance remains
a validation requirement. The design is intended for green analytical-chemistry
research and preliminary screening.

Keywords: Cu(II); carbon dots; fluorescence,; drinking water,; green analysis

1. Introduction

Copper 1s an essential trace element, but excessive
dissolved copper can impair water quality and create health
and aesthetic concerns. Conventional determination by atomic
absorption or inductively coupled plasma spectrometry 1is
reliable, yet it requires laboratory infrastructure.
Fluorescent carbon dots offer a complementary screening route
because they are water-dispersible, photoluminescent and rich
in surface groups that can coordinate metal ions. Plant
residues add a circular-chemistry advantage by converting
low-value biomass into a sensing material. Recent reviews
emphasize both the promise and the strong dependence of plant-
derived dots on precursor composition and synthesis history
[4,10,12]. This work develops a publication-ready analytical
framework for Cu(II) screening without presenting unperformed
experiments.

2. Recent evidence and research need

Current evidence supports several renewable precursors.
Mandarin-peel dots have been evaluated in tap and drinking
water [5]; lemon-peel N, Si-codoped dots showed Cu(II)-

1 This work 1s distributed under the terms of the Creative
3 6 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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dependent fluorescence quenching [6]; amine-functionalized
lignin dots enabled selective trace sensing in aqueous media
[7]; and pine-cone 1lignin with lysine produced nitrogen-
doped dots for water analysis [1l]. Green-precursor dots were
also tested in river samples [2]. Dual-emission, magnetic
and paper-supported systems illustrate how internal
referencing, separation and portable formats can improve

robustness [3,8,9]. The remaining need 1is not another
isolated fluorescence response, but a complete method
connecting precursor control, purification, guenching
mechanism, matrix effects, calibration and confirmatory
analysis.

3. Formation and optical properties of plant-derived
carbon dots

Hydrothermal treatment dehydrates, condenses and
carbonizes sugars, phenolics, amino acids and lignocellulosic
fragments. The nanoscale carbon cores carry oxygen- and
nitrogen-containing surface states that support water
solubility and fluorescence. Because a botanical precursor is
heterogeneous, its species, storage and pretreatment become
analytical variables. Temperature and time influence particle
size and conjugation, whereas pH and dopants alter surface
passivation. Dialysis or ultrafiltration is essential because
fluorescent molecular Dby-products can mimic carbon-dot

emission. UV-visible spectra, excitation—emission maps,
quantum yield, FTIR, XPS, TEM and storage studies should be
interpreted together [4,10,12]. Bright emission alone does

not prove reproducibility.

4. Cu(II)-induced fluorescence response

Cu(II) can coordinate carboxylate, hydroxyl and amino
groups on the carbon-dot surface and reduce fluorescence
through electron or energy transfer, static complex
formation, dynamic collisions or an inner-filter
contribution. Static quenching changes ground-state
association, while dynamic quenching shortens fluorescence
lifetime; inner-filter effects arise when Cu-containing
species absorb excitation or emission light. Recent studies
report more than one mechanism, so the selected dots must be
tested rather than assigned a pathway by analogy [2,6,8,10].
Absorption spectra, lifetime measurements, temperature
dependence and Stern-Volmer behavior should be combined.

Fy, / F =1 + KSV[Cu?"]
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Here FO and F are blank and Cu(II)-exposed fluorescence
intensities. Curvature requires a restricted range or a
justified nonlinear model.

5. Choice of precursor and sensor architecture

Citrus peel is proposed as the primary precursor because
it 1s abundant, easily washed and supported by direct
drinking-water evidence [5,6]. A nitrogen donor such as lysine
may be evaluated as a controlled passivating reagent,
following the lignin-based strategy reported in 2026 [1]. The
study should compare undoped and nitrogen-modified dots using
equal precursor carbon mass, reaction volume and purification
conditions. Selection is based on batch yield, quantum yield,
blank stability, Cu(II) response, ion selectivity and
recovery 1n representative waters—not Dbrightness alone. A
single-emission fluorimeter is the simplest laboratory
readout; a dual-emission or reference-dye format may later
reduce source-intensity and imaging variation [3,8]. All
additives must be disclosed when the method is described as
plant-derived.

6. Recent systems and design implications

Recent publications demonstrate that precursor identity,
surface modification and readout format are inseparable from
analytical performance. Their numerical limits should not be
compared without considering matrix, calibration model and
instrumentation. Table 1 therefore summarizes transferable
design lessons rather than ranking unlike assays.

Table 1
Selected recent Cu(II) carbon-dot systems and lessons for method design
Recent system Source Matrix / format Design implication
oo . . _ Water; Renewable lignin plus
Pine-cone lignin N-CQDs [1] fluorescence N-doping
Green-precursor CDs (2] River water; Statlclqgenchlng must
fluorescence be verified
, Tap/drinking Direct evidence for
M - 1 CD .
andarin-peel CDs (5] water fruit-peel CDs
. f hemi
Lemon-peel N, Si-CDs [6] Aqueous Cu(II) Surface chemistry
controls response
. . . Aqueous trace Functionalization can
Amine-lignin CQDs (7] Cu(II) improve affinity

7. Author-designed analytical scheme
The scheme links material preparation to the analytical
decision; quality controls enter before interpretation, and

1 This work 1s distributed under the terms of the Creative
3 8 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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uncertain or threshold-level findings are directed to a
validated reference method.

Author-designed Cu(II) fluorescence workflow

Plant residue Carbon dots Cu(II) reaction Readout

clean, dry hydrothermal buffered sample fluorimeter

and homogenize synthesis + dialysis fixed response time or UV image

Quality controls Analytical decision

blank + standards validated range
matrix spike + QC screen or confirm

Fluorescence quenching must be normalized, calibrated and confirmed for the selected matrix.

Figure 1
Proposed Cu(II) workflow. Source: designed by the author

8. Proposed experimental procedure

Washed citrus peel is dried to constant mass, milled and
dispersed in ultrapure water. Parallel batches are prepared
without and with a defined nitrogen donor. Hydrothermal
temperature and time are optimized by a factorial or response-
surface design, after which suspensions are cooled,
centrifuged, membrane-filtered and dialyzed to constant
optical Dbackground. A Cu(II) stock 1is prepared from a
certified standard. Carbon-dot concentration, buffer, pH,
ionic strength, mixing ratio and reaction time are optimized
sequentially, while excitation and emission maxima are
determined experimentally. Unknown drinking-water samples are
analyzed with a reagent Dblank, at 1least six calibration
levels, a continuing calibration check and matrix spikes.
Metal-containing residues are collected as hazardous waste.

9. Signal processing and calibration

The primary response is the normalized quenching fraction
Q = (Fp — F)/Fg. Standards and samples are measured at the
same dot concentration, pH, temperature and elapsed time.
Replicate wells are randomized to reduce drift, and blank
subtraction occurs before normalization. The <calibration
range 1s selected from residuals, not only the correlation
coefficient. Weighted regression is considered when variance
increases with concentration. Limits of detection and
quantification are estimated from blank wvariability and

This work is distributed under the terms of the Creative 1 3 9
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slope, then verified experimentally near the proposed
reporting limit. Portable UV-image analysis may use a fixed
enclosure and locked exposure, but it requires device-
specific calibration. Smartphone-integrated Cu(II) work shows
the value of controlled digital processing [11], whereas dual-
emission approaches offer internal referencing [3,8].

10. Validation, selectivity and quality assurance

Validation includes working range, ©precision, bias,
recovery, selectivity, dilution integrity, batch
reproducibility, stability and reference-method agreement.
Challenges should include Fe(III), Fe(II), Zn(II), Pb(II),
Cd(II), Hg(II), Ca(II), Mg(II), Na(I) and common anions, first
individually and then in mixtures. Drinking-water variables—
pH, alkalinity, hardness, residual disinfectant, natural
organic matter, turbidity and colour—are tested at realistic
combinations. A new carbon-dot batch is accepted only if its
blank intensity, emission maximum, control response and
fortified-sample recovery meet predefined limits.
Representative samples are compared with ICP-OES, ICP-MS or
AAS. Results near an action threshold are reported as
screening findings until confirmed. The positive real-water
studies in [1,2,5,7] justify wvalidation, but cannot
substitute for local matrix testing.

11. Discussion and conclusion

Plant-derived fluorescent carbon dots can unite renewable
materials with rapid Cu(II) screening, but green origin does
not guarantee selectivity or reproducibility. Precursor
variability, molecular impurities, photobleaching and matrix-
dependent guenching remain major risks. The proposed method
addresses them through controlled Dbatches, purification,
mechanistic testing, normalized calibration and independent
confirmation. Its strongest application 1s preliminary
screening and analytical-chemistry research, with later
adaptation to portable formats. Experimental work is required
before presentation as a validated quantitative method.
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Abstract. This article develops an evidence-based strategy for preparing
benzimidazole derivatives in natural deep eutectic solvents (NADES). Recent peer-
reviewed studies from 2023-2026 were critically combined with an author-designed
protocol for the condensation of o-phenylenediamine and aromatic aldehydes. The
proposed media are not treated as passive solvent substitutes: their hydrogen-
bond networks may activate the aldehyde, support proton transfer, promote ring
closure, and influence aerobic aromatization. Betaine- and choline-based mixtures
with lactic or malic acid are prioritized, while glycerol-based media serve as
lower-acidity controls. The workflow integrates solvent characterization, water-
content control, temperature screening, precipitation-based isolation, analytical
confirmation, and solvent reuse. Performance 1is assessed through vyield,
selectivity, reaction mass efficiency, process mass intensity, E-factor, energy
demand, and recovery. No unperformed experiment is presented as measured data;
the result is a testable methodological framework for sustainable heterocyclic
synthesis.

Keywords: benzimidazole; NADES ; green synthesis; deep eutectic solvent;
heterocyclic chemistry; green metrics.

1. Introduction

Benzimidazole is a fused nitrogen heterocycle used in
medicinal chemistry, catalysis, coordination compounds,
functional materials, and agrochemicals. The common
condensation of o-phenylenediamine with an aldehyde 1is
synthetically attractive, yet conventional procedures may
require volatile solvents, strong acids, stoichiometric
oxidants, extraction, or chromatography. Recent reviews
identify N-heterocycle construction as an important
application of deep eutectic media [1]. More directly, a

telescopic benzimidazole synthesis in choline
chloride/glycerol/water demonstrates that DES-based
1 4 2 This work 1s distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License
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processing is relevant to this scaffold [2].

NADES are formed from naturally occurring or bio-derived
hydrogen-bond acceptors and donors, including choline
derivatives, betaine, organic acids, sugars, and polyols.
Their low volatility and adjustable polarity are useful, but
natural origin does not automatically prove low toxicity or
low life-cycle impact. Contemporary studies therefore
recommend precise composition, phase characterization, water
measurement, and application-specific safety assessment
[3,4]. This article proposes a scientifically transparent
route in which literature-supported observations are
separated from experimental predictions.

2. Scientific basis

2.1. NADES structure and properties

A homogeneous low-melting mixture should be called a NADES
only when eutectic behavior 1s established or reliably
documented. Composition, molar ratio, thermal history, water
activity, and purity determine phase stability, acidity,
polarity, and viscosity. The dynamic network of hydrogen bonds
and 1ionic interactions <can solvate reactants and alter
transition-state energies. Small, measured additions of water
may reduce viscosity; excess water can disrupt the network and
convert the medium into an ordinary aqueous solution [4,5].

2.2. Proposed reaction mechanism

The net aerobic reaction i1s o-phenylenediamine + Ar-CHO
+ 1/2 02 -> 2-aryl-1lH-benzimidazole + 2 H20. An acidic HBD
can hydrogen-bond to the aldehyde oxygen and increase carbonyl
polarization. Nucleophilic addition, proton transfer, and
dehydration form an imine-like intermediate. Intramolecular
attack by the second amino group closes the five-membered
ring, followed by oxidative aromatization. Reviews of DES
catalysis support combined roles for solvation, acid-base
activation, and intermediate stabilization [6,7].

The optimum medium should provide balanced activation.
Excess acidity can protonate the diamine and suppress
nucleophilicity, while a nearly neutral medium may not
accelerate condensation. Viscosity can restrict mixing and
oxygen transfer. Therefore, solvent composition, temperature,
water content, agitation, and exposure to air must be treated
as coupled experimental variables rather than optimized
independently.

3. Materials and methodology

3.1. Research design and candidate media

Twelve verified sources published from 2023 to 2026 were

This work is distributed under the terms of the Creative 1 4 3
Commons Attribution-ShareAlike 4.0 International License
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selected across five evidence domains: benzimidazole
synthesis in DES, wider heterocycle formation, NADES
definition, catalytic behavior, and solvent recovery. Direct
benzimidazole evidence [2] was given greater weight than
transferable evidence from related imidazoles [11]. Four
chemically interpretable candidate media are proposed in
Table 1. Homogeneity is a preliminary criterion; DSC or phase-
equilibrium evidence 1s required for a rigorous NADES
designation.

Table 1
Author-proposed screening matrix for NADES-assisted benzimidazole
synthesis
Candidate medium Ratio Expected function Validation need
Betaine:lactic 1:9 Acidic carbonyl DSC, water, pH,
acid ’ activation viscosity
Choli .
© 1ge . Solvation and proton DSC, FT-IR, water,
chloride:lactic 1:2 . .
. transfer viscosity
acid
holi s
Cho tne . Stronger acidic DSC/TGA and thermal
chloride:malic 1:1 .
. network stability
acid
. o Ph 11
Betaine:glycerol 1:2 Lower-acidity control ase stabl 1ty.and
control conversion

3.2. Author-designed experimental workflow

The HBA and HBD are weighed at the selected ratio and
mixed at the lowest temperature that gives a stable liquid.
Preparation time, mass change, appearance, water content, FT-
IR spectrum, viscosity, and, where possible, DSC are recorded.
The model reaction contains o-phenylenediamine (1.00 mmol),
benzaldehyde (1.00 mmol), and a documented mass of NADES. It
is stirred at 60, 80, or 100 degrees C under air and monitored
by TLC. Conventional-solvent, HBA-only, HBD-only, and oxygen-
limited controls are run under matched conditions.

After maximum conversion, water 1is added gradually to
precipitate the benzimidazole while retaining the hydrophilic
NADES components in solution. The solid is filtered, washed,
dried, and characterized. Water is removed from the filtrate
under reduced pressure; the recovered medium is weighed, re-
characterized, and reused. Recovery 1s accepted only when
both solvent mass and catalytic performance remain stable.
Figure 1 summarizes the closed-loop design.

1 4 4 This work 1s distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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Author-designed NADES-assisted benzimidazole synthesis workflow

NADES preparation Reaction charge Cascade conversion Product isolation

natural HBA + HED o-pheny]
controlled malar ratio +

= i water-triggered precipitation
aromatic aldehyde filtration and washing

i cy
-= aerabic aromatization

NADES recovery Analytical decision

remove water under vacuum identity + purity + yield
verify a green metrics + safety

Figure 1
Author-designed NADES-assisted benzimidazole synthesis and solvent-reuse
workflow
Source: developed by the authors for the present methodological study.

3.3. Identification and green metrics

Identity is verified by melting point, FT-IR, 1H NMR, and
13C NMR; mass spectrometry and chromatographic purity are
added where available. Conversion and isolated vyield are
reported separately because product solubility can distort
recovery. The assessment includes reaction mass efficiency,
process mass 1intensity, E-factor, temperature-time energy
demand, solvent recovery, and retained activity over reuse
cycles. Water, extraction solvent, washing liquid, drying
agents, and regeneration energy are included in the mass
balance [8].

4. Results of the critical evidence synthesis and
discussion

4.1. Feasibility and expected substrate effects

Recent evidence supports the feasibility of DES-enabled
heterocycle construction but does not Justify assuming
uniformly high vyield. The direct telescopic benzimidazole
study [2] and broader heterocycle review [1] show that
eutectic media can support sequential bond formation. A 2025
imidazole study further demonstrates dual solvent-catalyst
behavior, water-triggered isolation, and reuse [11]. These
results justify laboratory screening of natural acidic media,
while the 2025 NADES review clarifies that mixture-specific
characterization remains essential [9].

The substrate panel should include benzaldehyde,
electron-poor and electron-rich para-substituted aldehydes,
an ortho-substituted aldehyde, and a heterocaromatic aldehyde.

This work is distributed under the terms of the Creative 1 4 5
Commons Attribution-ShareAlike 4.0 International License
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Electron-withdrawing groups may accelerate nucleophilic
addition, whereas steric congestion may slow condensation or
cyclization. Conversion must be measured independently of
isolated yield because a product that remains soluble in the
NADES-water phase can appear unreactive despite substantial
chemical conversion.

4.2. Water, viscosity, and selectivity

Water has two opposing effects. A controlled amount can
lower wviscosity, improve mixing, and 1increase oxygen
transfer; excessive water can weaken the organized hydrogen-
bond network and change substrate ©partitioning. The
experimental record should therefore state water as a measured
mass fraction. Temperature must be evaluated together with
water content because heating also reduces viscosity and may
remove water. Chemoselectivity should be followed for both
dihydrobenzimidazole intermediates and 1,2-disubstituted
products, since reaction rate alone does not establish a clean
green route.

4.3. Recovery, safety, and the green claim

The main process advantage 1is possible elimination of
chromatography: water addition may precipitate the product
and permit filtration. Recovered NADES should be compared
with fresh material by mass, FT-IR, water content, and
viscosity over at least five cycles. Regeneration and disposal
are part of the environmental assessment, since downstream
operations may dominate the burden of a low-volatility medium
[8].

Low vapor pressure reduces inhalation and VOC emissions
but does not eliminate toxicity. Acidity, osmotic effects,
impurities, and interactions between components can change
biological behavior. A metal-containing or strongly synthetic
DES should not be relabeled as natural. Recent perspectives
in pharmaceutical and asymmetric catalysis accordingly
present NADES as multifunctional media while emphasizing
industrial relevance, safety, and compositional limitations
[9,10,12].

5. Optimization and validation

Optimization proceeds sequentially: feasibility
screening, temperature-water-loading optimization, substrate
scope, work-up comparison, reuse, and gram-scale
confirmation. Each optimized condition is repeated
independently at least three times and reported as mean plus
standard deviation. A condition advances only when it combines
reproducible conversion, clean selectivity, simple isolation,

This work 1s distributed under the terms of the Creative
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and favorable mass metrics. Mechanistic controls compare the
complete NADES with its separate HBA and HBD, vary oxygen
exposure, and test defined water levels.

Mechanistic interpretation should rely on converging
evidence. Carbonyl-band shifts in FT-IR may support hydrogen
bonding but do not alone prove catalytic activation. Initial-
rate comparisons between the complete NADES, its separate
components, and an acidity-matched control can distinguish
network effects from ordinary acid catalysis. Independent
synthetic replicates must not Dbe replaced by repeated
instrumental measurements of one batch. Reporting individual
results, confidence intervals, spectra, and complete mass
calculations makes the optimization auditable and prevents a
favorable isolated yield from concealing poor conversion or
solvent-intensive recovery.

6. Limitations

This article proposes a research design and does not
report new experimental yields, spectra, toxicity values, or
recycling percentages. Laboratory validation is therefore
required before superiority over a conventional route can be
claimed. Other limitations are inconsistent DES terminology
and limited mixture-specific safety data. Future work should
combine phase analysis, kinetics, spectroscopy, broader
substrate scope, and life-cycle assessment wusing fully
disclosed solvent composition and recovery procedures.

7. Conclusion

NADES <can ©potentially combine solvation, carbonyl
activation, proton transfer, low volatility, and
recoverability in Dbenzimidazole synthesis. The proposed
method prioritizes choline- and betaine-based acidic media,
compares them with a lower-acidity control, and evaluates the
entire reaction-isolation-reuse cycle. Its central
requirement 1is verification: eutectic Dbehavior, product
identity, purity, solvent stability, safety, and complete
green metrics must all support the final claim.
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Abstract. This methodological article proposes a two-zone paper platform for rapid
Pb(II) and Cd(II) determination in water. Rhodizonate-cellulose and dithizone-
DTAB-silica zones are combined with controlled imaging, calibration and quality
control. Twelve peer-reviewed sources from 2023-2026 guide the design. With no
original measurements, performance characteristics remain validation
requirements. The platform is intended for analytical-chemistry education and
preliminary screening; threshold-level results require confirmation by a reference
method.

Keywords: Pb(II); Cd(II); paper sensor; colorimetry,; water analysis.

1. Introduction

Lead and cadmium enter water through mining, metal
processing, batteries, pigments, fertilizers, electronic
waste and corroding infrastructure. Their persistence and
toxicity make rapid screening important, although
authoritative measurement usually relies on atomic
spectrometry. Paper devices bridge sampling and laboratory
confirmation through capillary transport, low reagent volume
and visible response. Recent reviews identify affordability,
portability and multiplexing as major advantages [1,3].
Rigorous control is still necessary: cellulose porosity,
background colour, humidity, reagent distribution and camera
processing can change the signal. The present work therefore
treats paper, recognition chemistry, sample, illumination and
calibration as one analytical system. Its objective 1is an
original methodology for separate Pb(II) and Cd(II) zones,
not unperformed experiments.

2. Recent evidence and analytical gap

Work from 2023-2026 shows rapid development of portable
heavy-metal sensors. A microfluidic paper device combined
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Pb(IT)/Cd(II) electrochemistry with an RGB zone [2].
Cellulose-trapped lead-rhodizonate enabled device-free Pb (II)
screening [4], while dye-impregnated paper produced visible

responses [6]. Cd(II) has been measured through dithizone-
surfactant-silica colour [5], dipsticks (77, selective
chemosensors [8] and smartphone assays [10]. Quantum-dot

Pb(II) sensing [9], multi-metal strips [11] and machine-
learning interpretation [12] further expand field readout.
Yet solution limits cannot be transferred automatically to
paper, single-ion tests do not reproduce natural matrices,
and automatic camera settings alter colour. The proposed
design uses isolated zones, one image reference and explicit
acceptance criteria.

3. Colorimetric measurement principle

Metal coordination changes the spectrum of a chromophore;
on paper, scattering and capillary transport also affect the
observed colour. The signal depends on complex concentration,
deposited reagent mass, wet area, drying history and
illumination. Digital images provide RGB or CIELAB values,
but the response channel must be selected during method
development. If I0 1is the mean channel intensity of the
reagent blank and I is the wvalue after reaction, an
absorbance-1like response is:

Achannel = loglO(I0 / I)

A calibration model is accepted only when the response is
monotonic, unsaturated and free of structured residuals. An
internal white/grey reference captured in the same frame
reveals i1llumination or exposure drift. CIELAB colour
difference may support the primary channel, but unknown
samples must be processed by the same predefined algorithm
[3,10,11].

4. Lead(II) recognition zone

Rhodizonate is selected for the Pb(II) zone because lead
forms a strongly coloured complex with oxygen-donor sites.
Cellulose can kinetically retain the product and reduce
uncontrolled bulk precipitation. A recent microdrop study
reported an approximately 1 mg L-1 visual and gquantitative
limit with extensive ion comparison [4]. This supports
screening but does not establish compliance-level sensitivity
for every water matrix. The proposed zone therefore pairs
rhodizonate-treated cellulose with an untreated optical blank

1 This work 1s distributed under the terms of the Creative
5 O Commons Attribution—-ShareAlike 4.0 International License
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from the same paper lot. Reagent loading, pH, applied volume,
drying conditions and reading time are optimized together.
Alternative EBT and BTB paper systems have reported limits of
18 and 6 mg L-1 [6], indicating suitability mainly for higher
contamination. Values outside the validated range are diluted
or reported qualitatively; they are never estimated by
extrapolating the calibration.

5. Cadmium(II) recognition zone

Cadmium is difficult to distinguish because many sulfur-
and nitrogen-donor ligands also bind Pb(II), Hg(II), Zn(II)
and Cu(II). Dithizone selectivity depends strongly on
acidity and ligand environment. A silica-sol system modified
with DTAB and dithizone produced an immediate purple-to-
orange Cd(II) response, a 0.01-0.25 mg L-1 range and a
reported 5.0 pg L-1 solution limit [5]. The proposed Cd(II)
zone immobilizes this formulation as a reproducible thin
layer, but 1its ©paper performance must Dbe validated
independently. Recent dithizone dipsticks reported 0.10 mg
L-1 for Cd(II) with a response within 60 s [7]; a newer
paper chemosensor reported visual and instrumental limits
of 0.23 and 0.13 uM [8]. These differences show that
immobilization controls sensitivity. Pb(II), zn (I11),
Cu(II), Hg(II), Fe(III), Ca(II) and Mg(II) must be tested
individually and in mixtures.

6. Device design and recent performance

The laminated card contains separate circular Pb(II) and
Cd(II) zones plus a neutral reference patch. Hydrophobic
boundaries restrict spreading; identical sample volumes are
applied to each zone. Paper conditioning, deposition volume,
dark drying, sealed storage, lot number and control-card
response are documented. Spatial separation permits different
chemical conditions and limits cross-talk.

Table 1
Selected recent systems; study designs
and units are not directly interchangeable

System Ion Reported limit Analytical lesson
P[{l;(])dlzonate papet Pb ~1 mg L-1 Simple visual screening
DZ-DTAB-silica [5] Cd 5.0 ug L-1 Paper needs revalidation
EBT/BTB paper [6] Pb 18/6 mg L-1 Higher-level screening
Dithizone strips Pb/Cd 1.26/0.10 mg Response £150/60 s
(7] L-1
This work 1s distributed under the terms of the Creative 1 5 1
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7. Author-designed analytical scheme
Author-designed dual-zone analytical scheme

Pb(II) zone
rhodizonate—cellulose
red—violet response ————————
Water sample Lp| Controlled image
blankestandards fixed light and distance
d Tl nowns reference colour patch
e
Cd(IT) zone
DZ-DTAB-silica v
purple-orange response , m
Analytical decision
calibration + QC
screen / confirm
———
Figure 1

Dual-zone Pb(II)/Cd(II) workflow. Source: designed by the author

One water aliquot 1is split between the zones. Both
reactions and the reference patch are photographed in one
controlled frame. Accepted images are Dblank-corrected,
evaluated against separate calibration functions and assigned
as below, within or above the validated range.

8. Proposed procedure and digital readout

Materials include cellulose paper, hydrophobic laminate,
sodium rhodizonate, dithizone, DTAB, colloidal silica,
buffers, certified Pb (II)/Cd(II) standards, calibrated
pipettes and a matte LED imaging enclosure. At least one blank
and six standards per ion bracket the intended screening
interval. Equal volumes are applied; reaction time is fixed
separately for each zone. Calibration levels use independently
fabricated cards. Images are acquired at constant distance and
angle with flash, filters and automatic enhancement disabled.
Focus, exposure and white balance are locked when possible.
Mean RGB, CIELAB coordinates and spot uniformity are extracted
from a fixed central region. Duplicates, an unspiked matrix
and fortified samples accompany unknowns. Digital models are
kept transparent unless multi-day, multi-device data Jjustify
machine learning [9-12]. Metal-containing cards and solutions
are collected as hazardous waste.

9. Validation, selectivity and quality control

Validation covers range, residual 1linearity, reporting
limit, precision, recovery, shelf stability, dilution
integrity and reference-method agreement. A high R? alone 1is
insufficient. Starting targets are 80-120% recovery, relative

1 2 This work 1s distributed under the terms of the Creative
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standard deviation <15% near the reporting limit and <10% at
higher 1levels. Selectivity 1is challenged with common metal
ions, major anions and varied hardness, pH, organic matter,
turbidity and colour. Mixtures are essential Dbecause
competitive binding differs from single-ion tests. Cards are
rejected when Dblank colour, reference-patch wvalues, spot
uniformity or mid-range control exceeds limits. Representative
samples are compared with AAS or ICP measurement, and
threshold-level ©positives are confirmed. Filtration or
digestion changes the measurand and must be reported.

10. Discussion and limitations

The proposed architecture combines distinct recognition
zones with one imaging and quality-control system. It is
rapid, uses little sample and links coordination chemistry,
capillary transport, calibration and uncertainty. It may
triage field samples before laboratory analysis. Its main
limitation is the absence of original data: sensitivity, shelf
life, cross-reactivity and accuracy remain to be tested. Paper
lot, humidity, automatic phone processing and coloured
matrices may dominate uncertainty. Implementation should
optimize each zone, establish image-control limits, validate
the combined card in several matrices, compare it with a
reference technique and then perform a blinded field study.
Recent digital and machine-learning approaches are promising
[9-12], but cannot replace representative calibration, raw-
data retention or confirmation.

11. Conclusion

A defensible rapid paper assay for Pb(II) and Cd(II)
requires controlled chemistry, paper fabrication, imaging and
validation. The proposed rhodizonate-cellulose and DZ-DTAB-
silica zones provide complementary recognition, while an
internal reference and predefined quality rules protect
interpretation. The framework is suitable for analytical-
chemistry education and screening research. It should be
submitted as a methodological article unless experimentally
verified results are later added.

Ethics and data availability

Not applicable. This methodological study did not involve
human participants or animals and did not generate original
experimental or field-sample data.
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Abstract. A conceptual hybrid membrane-electrochemical process is designed for
selective lithium recovery from Caspian oilfield produced water. It combines
deoiling, ceramic microfiltration, divalent-selective nanofiltration,
electrochemical lithium capture-release, and membrane-assisted product
conversion. As no validated field-wide Caspian lithium assay is available, 20,
50, and 100 mg/L are treated as design cases. At 1,000 m3/day, 330 days, and 85%
recovery, they yield 29.9, 74.7, and 149.3 t/year of Li,COs;. With USD 5.6 million
fixed capital and USD 1.878 million net annualized cost, levelized costs are USD
62.9, 25.1, and 12.6/kg. The scenario model identifies feed grade, pretreatment,
and component life as pilot-validation priorities rather than claiming commercial
readiness.

Keywords : produced water; direct lithium extraction; nanofiltration;
electrochemical intercalation; techno-economic assessment; Caspian oilfields

1. Introduction

Produced water is the largest aqueous by-product of oil
and gas production. Salinity, hydrocarbons, scale-forming
ions, solids, and production chemicals make it difficult to
treat, but high flow can turn dissolved critical minerals
into a secondary resource. Resource potential therefore
depends on water volume, salinity, competing ions, treatment
demand, and infrastructure as well as lithium grade
[1-3].

Direct lithium extraction is faster than solar
evaporation. Membranes remove o0il, colloids, hardness, or
selected ions, while electrochemical transport or
intercalation captures lithium with limited <chemical
regeneration. Decoupled cells, redox-couple electrodialysis,
and selective membranes have processed low-quality brines [4-
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71, but fouling, resistance, electrode life, and polishing
determine plant cost.

The South Caspian is relevant Dbecause produced water
already enters hydrocarbon infrastructure. Public literature,
however, establishes no representative 1lithium grade for
Azerbaijani fields. Rather than invent one, this paper tests
a coherent train across feed assays and identifies pre-
investment measurements.

2. Research objective and contribution

The study designs a sequence for oily, mineralized water,
applies reproducible mass and cost equations, and identifies
economic thresholds. Membranes reduce divalent competition,
electrochemical capture separates lithium from monovalent
ions, and membrane conversion supports product formation and
reagent recycling.

3. Methodology and design basis

The study combines conceptual process design with
scenario-based techno-economic assessment. Twelve peer-
reviewed sources from 2023-2026 were selected for evidence on
produced-water resource quality, lithium-selective membranes,
electrochemical recovery, scale-up, and economics [1-12]. A
steady-state mass balance was prepared for 1,000 m3/day. Low,
base, and high cases use 20, 50, and 100 mg/L lithium, 330
operating days, and 85% overall recovery so that the effect
of feed grade remains visible.

Daily lithium feed is Mi; = Q x Cri/1000, where Q is
m3/day and Cri is mg/L. Lithium carbonate equivalent 1is Mycr
= Mz x R x 73.89/(2 x 6.94). The economic boundary begins
at receipt of separated produced water and ends at dry
Li,CO3. New pretreatment, membranes, electrochemical stacks,
conversion, utilities, and residue handling are included;
upstream oil production is excluded. The capital-recovery
factor uses a 10% real discount rate and 15-year life. Base
fixed capital is USD 5.6 million, electricity demand 1is
3.2 kWh/m3® at USD 0.09/kWh, and the water-management credit
is USD 0.35/m3. These are screening assumptions, not vendor
quotations.

4. Proposed hybrid process architecture

The author-developed process 1is shown 1in Figure 1.
A compact separator or hydrocyclone, walnut-shell filter, and
ceramic microfiltration remove o0il, particles, and iron
solids before they block nanofiltration or coat
electrochemical surfaces. Ceramic media tolerate backwashing,
hydrocarbons, and salinity.

1 This work 1s distributed under the terms of the Creative
5 6 Commons Attribution—-ShareAlike 4.0 International License
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Divalent-rejecting nanofiltration passes most Li* and
other monovalent ions while retaining Mg?*, Ca?*, Ba?*, sulfate,
and colloidal silica. It improves the lithium-to-hardness
ratio rather than separating Li*/Na‘*. Subnanometre and
nanochannel advances remain limited by permeability-
selectivity trade-offs, salinity screening, fouling, and
manufacturability [8-11]; a staged, <cleanable array 1is
therefore preferred.

Softened permeate enters electrochemical capture-release.
A selective intercalation electrode takes up Li*; switching
it to a low-volume recovery solution and reversing potential
releases concentrated LiCl. Paired or redox-couple cells
reduce parasitic reactions. High Mg/Li ratios and recovery
have been demonstrated, although current efficiency and
capacity fade remain decisive [5-7, 12].

Polished LiCl is processed by bipolar-membrane
electrodialysis, carbonation, solid-liquid separation,
washing, and drying. Depleted water supports internal reuse
or reinjection; divalent-rich reject requires controlled
brine management and may later support magnesium or bromine
recovery.

Hybrid lithium-recovery process

Caspian oilfield produced water

Feed assay and equalization

\ 4

Deoiling + ceramic microfiltration

0il, solids and iron control

A 4

Divalent-selective nanofiltration

Mg/Ca/Ba rejection; Li passage

\ 4

Electrochemical Li capture-release

Selective intercalation and LiCl concentration

\ 4

Bipolar membrane conversion + carbonation

Li,CO3 separation, washing and drying

Figure 1
Hybrid membrane-electrochemical process for selective lithium recovery
from Caspian oilfield produced water (developed by the author)

5. Mass balance and technical performance
At 50 mg/L, the plant receives 50 kg/day of elemental
lithium. Recovery of 85% gives 42.5 kg/day of 1lithium,

This work is distributed under the terms of the Creative 1 5 7
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeRCONF

SoenTIF PubLiHNG CenTe

CHEMISTRY AND MATERIALS SCIENCE

equivalent to 226.2 kg/day or 74.7 t/year of Li»CO3. The low
and high assays yield 29.9 and 149.3 t/year. Overall recovery
may be represented by 95% lithium passage through pretreatment
and nanofiltration, 95% capture-release efficiency, and 94%
conversion and product recovery. Each factor must be verified
with real water because o0il films, silica, barium sulfate,
and salinity can reduce performance.

A product-purity target above 99.5% is consistent with
recent electrochemical demonstrations, but is not a
demonstrated Caspian result [5, 7]. Sodium and potassium
leakage, boron, residual magnesium, and carbonate co-
precipitation require a polishing loop and product washing.
Lithium selectivity must not be treated as automatic battery-
grade quality.

6. Techno-economic assessment

Base fixed capital comprises USD 0.9 million for feed
conditioning, USD 1.1 million for nanofiltration, USD 1.7
million for electrochemical stacks, USD 0.7 million for
product conversion, USD 0.6 million for utilities and control,
and USD 0.6 million for contingency and commissioning. The
annual capital charge is USD 0.736 million. OPEX is USD 1.257
million/year: electricity USD 0.095 million, chemicals USD
0.215 million, membrane and electrode replacement USD 0.400
million, labor and quality control USD 0.320 million,
maintenance USD 0.168 million, and residue handling USD 0.059
million. After a USD 0.116 million credit, net annualized
cost is USD 1.878 million.

Table 1 shows the dominant grade effect. Raising lithium
from 20 to 100 mg/L multiplies output by five while most
costs remain tied to treating the same water volume.
Levelized production cost falls from USD 62.9 to 12.6/kg;
the base result is USD 25.1/kg. A recent geothermal-brine
design estimated USD 4.6/kg of LiOH-'H20 wunder its own
scale and electrode-life assumptions [7]. The wvalues are
not interchangeable; they show why feed, scale, product
route, and component lifetime must accompany any cost
claim.

If Li,CO3 were assigned a hypothetical value of USD 25/kg,
the screening model requires about 50.3 mg/L lithium; at USD
20/kg 1t requires about 62.9 mg/L. These are not price
forecasts. They demonstrate that small energy savings cannot
rescue very low feed grade, whereas longer electrode 1life,
lower replacement cost, co-recovery, and greater scale can
lower the threshold.

1 This work 1s distributed under the terms of the Creative
5 8 Commons Attribution—-ShareAlike 4.0 International License
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Table 1
Design basis and techno-economic scenario results
(calculated by the author)

Parameter Low case Base case High case
Prgduced—water flow 1,000 1,000 1,000
(m*/day)

Lithium concentration 50 50 100
(mg/L)

Oyerall lithium recovery 85 85 85
(%)

Operating time (days/year) 330 330 330
Li,CO3 production (t/year) 29.9 74.7 149.3
Specific electricity

(KWh /m?) 3.2 3.2 3.2
F}xeq capital (USD 5.6 5.6 5.6
million)

Ngt gnnuallzed cost (USD 1.878 1.878 1.878
million/year)

Lgvellzed cost (USD/kg 62.9 o5 1 12.6
Li,CO3)

7. Environmental and operational implications

The process avoids evaporation ponds and couples mineral
recovery with water management, but electricity, chemicals,
spent components, and concentrated reject carry burdens.
Reinjection quality, corrosion, radioactive material, and
discharge restrictions are site-specific. Assessment must
compare the plant with the actual reinjection, disposal, or
treatment baseline. Reliability requires equalization and
monitoring of o0il, turbidity, hardness, 1lithium, pressure
drop, cell voltage, and current efficiency. Long tests must
quantify fouling, cleanability, reject loss, electrode fade,
and recycle impurities; environmental claims require these
losses in the balances.

8. Discussion

The Caspian decision path should begin with
representative sampling across fields, seasons, and
production ages because mixing can hide high-value streams.
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Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 17th International
Scientific and Practical Conference

«International Forum: Problems NO

and Scientific Solutions» 3 1 1

(September 26-28, 2026).

Melbourne, Australia INTeRCONF

SoenTIF PubLiHNG CenTe

CHEMISTRY AND MATERIALS SCIENCE

Speciation and scaling tests should determine whether
lithium-rich water can be segregated before dilution. Bench
tests should then compare 1lithium passage and hardness
rejection for robust nanofiltration membranes before
electrochemical cycling is optimized with real pretreated
water.

The hybrid design distributes risk: nanofiltration
performs monovalent/divalent fractionation, while the
electrochemical stage addresses Li*/Na‘*. Its weakness 1is
interface complexity, because each stage adds pumping,
cleaning, control, and yield losses. A suitable next scale is
a modular 5-20 m3/day pilot operated for several months,
closing lithium, water, sodium, magnesium, calcium, carbon,
and energy balances and producing enough material for impurity
analysis.

8.1. Pilot-scale validation and decision criteria

For pilot wvalidation, the process should be evaluated
under stepwise loading rather than only at a nominal steady
state. The first phase should establish o0il and turbidity
limits for the ceramic barrier; the second should quantify
lithium passage, magnesium and calcium rejection, and
normalized membrane permeability; the third should measure
coulombic efficiency, specific energy consumption, and
capacity retention during repeated capture-release cycles.
Sampling at the inlet and outlet of every unit would permit
a closed 1lithium balance and reveal whether apparent
selectivity is caused by true separation or by unmeasured
precipitation and adsorption [5-7].

A go/no-go decision should combine technical, economic,
and environmental criteria. The pilot would advance only if
total 1lithium recovery remains close to the design target
during realistic feed fluctuations, the product meets the
impurity specification after recycle closure, and cleaning
restores membrane and electrode performance without excessive
reagent demand. Costs should then be recalculated from
measured flux, stack productivity, component replacement
frequency, reject volume, and operator requirements. This
staged evidence structure prevents short laboratory tests
from Dbeing extrapolated directly to plant economics and
provides a defensible basis for selecting field location,
module size, and water-management strategy [8-12].

9. Limitations and research priorities

The study uses published analogues and assumed Caspian

feed cases; it does not report field sampling, pilot
This work 1s distributed under the terms of the Creative
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operation, or vendor quotations. Constant recovery and
capital across assays simplify nonlinear transport. Future
work should establish a regional geochemical database,
measure membrane and electrode 1life under o0il and scale
exposure, and couple probabilistic techno-economic analysis
with life-cycle assessment.

10. Conclusion

A  hybrid membrane-electrochemical train offers a
technically coherent route for lithium recovery from Caspian
0ilfield produced water. At 1,000 m3/day, 50 mg/L lithium,
and 85% recovery, the model produces about 74.7 t/year of
Li,COs at approximately USD 25.1/kg. This 1s a screening
threshold, not a commercial forecast. Feed grade 1is the
strongest economic driver, while pretreatment and membrane-
electrode durability control sustained recovery. Field-
resolved assays and a long-duration modular pilot are
therefore required before investment.
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Abstract. Nitrite is an important indicator in drinking-water surveillance because
it is reactive, may change during storage, and can be associated with treatment
or distribution-system failures. This methodological study proposes a student-
accessible procedure that combines the Griess reaction with smartphone digital
image colorimetry. Sulfanilamide and N-(l-naphthyl)ethylenediamine form a magenta
azo dye; a controlled light box, fixed region of interest and green-channel image
absorbance provide the analytical response. Calibration, blank correction,
duplicate preparation, spike recovery and comparison with UV-visible
spectrophotometry are proposed as validation steps. Twelve peer-reviewed studies
from 2023-2026 were evaluated to define controls for illumination, device
variation and reagent handling. Because no field measurements are reported, stated
performance limits are validation targets to be tested experimentally. The
proposed method is intended for education and preliminary screening, whereas
regulatory decisions require confirmatory analysis.

Keywords: nitrite, drinking water,; smartphone colorimetry,; Griess reaction;
digital image analysis; method validation

1. Introduction

Nitrite (NO, ) is an intermediate of the nitrogen cycle
and may reach water through fertilizer runoff, wastewater
intrusion, nitrification or incomplete treatment. It is more
reactive than nitrate and can change between sampling and
analysis. Its toxicological importance is linked mainly to
methaemoglobin formation and conditions that favour N-nitroso
compounds. Results must clearly state whether concentration
is expressed as NO,  or as nitrite-nitrogen because conversion
between the two introduces a factor of 3.284. A screening
procedure must therefore combine rapid measurement with
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controlled sampling, timing and unit reporting [7].

A smartphone records a processed 1image rather than
concentration itself. Pixel wvalues depend on illumination,
camera response, white balance, exposure and compression. The
analytical design must control these variables as
deliberately as spectrophotometry controls wavelength, path
length and baseline. Recent studies therefore use light boxes,
internal colour references, marker-guided strips and
reference calibration [4-6,8,9,11,12].

This study proposes a reproducible Griess—-smartphone
protocol, specifies wvalidation criteria and defines the
method's proper role as a low-cost screening and teaching tool.

2. Analytical principle

2.1. Chemistry of the Griess reaction

In acidic solution, nitrite forms nitrous acid and
reactive nitrosating species. Sulfanilamide is diazotized,
and the product couples with N-(l-naphthyl)ethylenediamine
(NED) to form a magenta azo dye. When acidity, reagent order,
temperature and reaction time are fixed, colour intensity is
proportional to nitrite concentration. Recent work has
retained this mechanism while modifying chromogenic agents,
paper supports or signal processing [1-3,8-10].

NO,~ + H* & HNO, —» diazotization — azo dye

2.2. Digital image response

The magenta product absorbs strongly in the green region;
consequently, the mean green value of a fixed image region
normally decreases as nitrite increases. A logarithmic
response, AS¢ = 10g49(Ge/G), more closely resembles absorbance
than a raw channel value, where Gy and G are blank and sample
green values recorded under identical conditions.

AS = 10919 (Gp/G)

The calibration relation A¢ = mC + b is used to calculate
C = (A - b)/m. RGB ratios or CIELAB coordinates may serve as
robustness checks. Internal neutral patches captured in the
same 1image help reveal illumination drift and device-
dependent colour shifts [6,11].

3. Materials and methodology

3.1. Study design and scope

The work integrates a critical synthesis of twelve peer-

1 4 This work 1s distributed under the terms of the Creative
6 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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reviewed sources published between 2023 and 2026 with a
laboratory-ready protocol. No field measurements or empirical
performance are claimed.

3.2. Reagents, equipment and safety

Required materials are analytical-grade sodium nitrite,
sulfanilamide, NED dihydrochloride, phosphoric acid,
deionized water, volumetric equipment, identical clear
vials, a smartphone and a matte imaging box. A practical
reagent pair 1is 1.0% (m/v) sulfanilamide in 5% (v/vV)
phosphoric acid and 0.10% (m/v) NED. Reagents should be
protected from 1light and stability-tested. Gloves, eye
protection and controlled chemical-waste collection are
mandatory.

3.3. Standards and samples

A 1000 mg L' stock expressed as NO;  1is prepared from
1.500 g dry NaNO,; per litre. A fresh intermediate solution is
diluted to at least six standards, for example 0.00, 0.05,
0.10, 0.25, 0.50, 0.75 and 1.00 mg L™'. Clean amber containers
are used for samples, which should be analysed promptly.
Filtration is permitted for suspended matter only when the
measurand 1is reported as dissolved nitrite. Coloured,
chlorinated or turbid matrices require recovery testing or
standard addition.

C(NO;") = 3.284 x C(NO; -N)

3.4. Colour development and image acquisition

Transfer 5.00 mL of each standard, blank and sample to
identical vials. Add 0.50 mL sulfanilamide reagent, mix and
wait 2 min; add 0.50 mL NED, mix and develop colour for 10
min at room temperature. Use the same timing for all
solutions. Include a reagent blank, a mid-range control and
independently prepared duplicates in every batch.

Image each vial in a closed matte enclosure with a stable
white LED, fixed distance, angle and position. Disable flash,
filters and HDR; lock focus, exposure, ISO and white balance
when possible. Include white, grey and black reference
patches. Select the central solution area and exclude glare,
meniscus, labels and vessel edges.

3.5. Image processing, calibration and wvalidation

Calculate mean R, G and B values from an identical region
of interest and apply a documented rule for excluding glare.
Fit ordinary least-squares calibration after inspecting

This work is distributed under the terms of the Creative 1 6 5
Commons Attribution-ShareAlike 4.0 International License
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residuals. Curvature or channel saturation requires dilution
or a narrower range; a high R? alone is insufficient evidence
of linearity.

Validation covers blank stability, linearity,
repeatability, between-day precision, recovery, dilution
integrity, interference and comparison with UV-visible Griess
spectrophotometry at approximately 540 nm. Practical student
targets are R? 2 0.995 without systematic residuals, RSD <
10%, recovery of 80-120%, bias within +10%, and a detection
limit preferably no higher than 0.05 mg L™ !'. These are study
criteria, not universal legal limits.

Recovery (%) = [(Cspiked — Cunspiked)/Cadded] x 100
RSD (%) = (s/C~) x 100

Author-designed analytical workflow

4 ™ " ™

1. Sample collection 2. Griess color

and preservation » development
A J . l J
( A 4 \
4. ROl selection and ¢ 3. Controlled
color extraction smartphone imaging
\. i J \. J
4 N 'd ™

5. Calibration, blanks 6. Nitrite result and
and validation » quality decision

h. S . S

Source: designed by the authors for this methodological study.

Figure 1
Author-designed scheme for smartphone-based nitrite determination.

4. Literature-based evaluation

4.1. Lessons from recent analytical studies

Recent literature shows that smartphone sensing
integrates chemistry, support material, image acquisition
and calibration. Natural reagents can reduce hazardous inputs
but require composition control [1]. ©Nanoparticle and
qgquantum-dot systems provide sensitive, multiple signals,
although their preparation 1is less suitable for an

introductory laboratory [2-4]. Direct water colorimetry,
1 This work 1s distributed under the terms of the Creative
6 6 Commons Attribution—-ShareAlike 4.0 International License

(https.//creativecommons.org/licenses/by—sa/4.0/).
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marker-guided strips and origami Griess devices demonstrate

the value of fixed imaging,
reagent handling

[5,6,8,9].

internal references and reduced

Table 1

Comparison of recent smartphone-compatible nitrite approaches

Study

Analytical design

Lesson for the proposed method

Yardimci, 2023

(1]

Green-tea chromogenic
system with smartphone
readout

Greener chemistry is possible,
but reagent composition must
be standardized.

Wang et al., 2023

[4]

Smartphone-integrated
paper sensor with dual
optical signals

Multiple signals improve
confidence but require
advanced sensing materials.

Khoshmaram and
Tabaghchi, 2024
[5]

Digital image
colorimetry for
aqueous nitrite

Fixed imaging conditions and a
defined colour response are
essential.

Gusev et al.,
2024 [6]

Reference-marked
strips for
inexperienced users

Internal references and

fiducial markers reduce

positioning and lighting
errors.

Gregucci et al.,
2025 [9]

Origami paper sensor
with immobilized
Griess reagents

Low reagent handling improves
portability; humidity and
shelf life need testing.

Quoc et al., 20206

[11]

Reference calibration
and ensemble machine
learning

Cross-device accuracy improves
when colour references and
diverse training data are
used.

4.2. Expected calibration behaviour and channel selection

Increasing nitrite should increase magenta intensity and
produce a positive A¢ slope. A coloured or non-uniform blank
indicates contamination, degraded <reagent or incorrect
imaging. Saturation at the upper standard must be corrected
by dilution rather than by choosing a complex model merely
for a larger R?. The green channel should be selected before
unknowns are analysed. Machine-learning models can improve
cross-device prediction when trained on large, diverse and
reference-calibrated image sets [11], but a small student
dataset is better served transparent univariate
calibration.

4.3. Sources of uncertainty and interference

Major physical uncertainties are LED spectrum, camera
processing, distance, angle, vessel geometry and reflection.
Chemical uncertainties include standard preparation, nitrite

by

This work is distributed under the terms of the Creative
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).
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stability, acidity, reagent volumes, temperature and reaction
time. Residual chlorine, dissolved colour, iron, turbidity or
reducing compounds may bias the reaction or image. Reference
patches reveal illumination drift but also require controlled
printing and storage. Persistent matrix effects require
standard addition or confirmatory spectrophotometry [6,11].

4.4. Sustainability and educational value

Educationally, the experiment links diazotization
chemistry with calibration, residual analysis, recovery and
uncertainty. Students prepare standards, distinguish NO,  from
NO, -N, control imaging conditions and verify calculations
independently. The smartphone functions as an analytical
detector whose limitations must be evaluated, not as a
decorative substitute for an instrument. Miniaturized volumes
can reduce waste when pipetting accuracy and sensitivity
remain adequate [1,8-10].

4.5. Limitations and implementation pathway

Because this methodological article contains no verified
field concentrations, it cannot demonstrate that a water
source meets a legal requirement. Implementation should
retain raw images and calculation files, report the phone
model and camera settings, test several water matrices, and
compare representative samples with spectrophotometry. Only
data that satisfy the predefined criteria should be added as
experimental results; values near a regulatory threshold
require confirmation by an accredited laboratory.

5. Conclusion

Smartphone-based colorimetry can support low-cost nitrite
screening when the Griess reaction, illumination, image
acquisition and calibration are treated as one analytical
system. The proposed workflow uses fixed reaction timing, a
controlled enclosure, internal references, predefined green-
channel response and explicit wvalidation. Recent studies
confirm the wvalue of reference calibration and portable
supports while also demonstrating persistent device and
matrix effects. The proposed  workflow is therefore
potentially suitable for undergraduate analytical chemistry
and preliminary screening, but regulatory conclusions require
experimentally verified performance and confirmatory
laboratory analysis.
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MeTtoa Ta nporpamHi 3acobm
MNOSICHIOBAHOIrO aHanisy Bpa3nMeBoCcTem
KoaAy Ha OCHOBIi ManuMx MOBHMX Mopaernem

Bnaciok Onekcanpp Bonogumupoeuu’,
Muxannmuumn Bnagucnae IOpinosuy?

lzpobyBau Opyroro (MaricTepchbkoOro) pPiBHA BUWOI ocBiTu;
HarloHanbpHMY yHIBepCHUTET «JI[bBIBCBKA HOJIITexHIKa»; YKpalHa

nokTop Gisocodii, acucTeHT;
HarioHanbHMY yHIBEpCHUTET «JIbBIBCBKA NOJ1TexHIKa»; YKpalHa

AHoTanis. 3anpoNoHOBAHO TI10pMOHMI MEeTOHI IOSCHIBAHOTO aHajilsy Bpas3JuBOCTElN
IPOTPAMHOT'O KOOy, WO IIOEOHYE CTATUUYHMN aHajlizaTop Semgrep 13 JIOKAJIBHOKO MAaJion
MOBHOI MOIEJJI0 IJid QOPMyBaHHS CTPYKTYPOBAaHMUX YKPAiHOMOBHMX IOSCHEHBL. Ha BJIaCHOMY
Habopi 3 52 sBHaximox y 15 xylacax CWE npoBenmeHO 21 ekCIepMMEeHTAaJIbHYy KOHOIiTypanimno
(1092 nosicHeHHdA) 13 NOPiBHAHHAM BOCBMM MoIeJjiel. I[lokaszsaHo, IO MNOIaHHS pes3yJibTaTiB
CTATUYHOTO aHajli3y OO KOHTEKCTY MOIeJsli NimBuilye YacTKy NPaBUJIBHO BMBHAUEHMX KJjlaciB
BpasmuBocTti 3 0,63 mo 0,88, a uyacTky mnpalesmaTHUX Bunparjeds — 3 0,29 mo 0,58.
ExcrneprTHa nepeBipka Hninreepnwia HOPMOATHICTE MEeTONYy HacaMmIepen SK [IOSCHIOBAJILHOTO,
a He aBTOMATUUYHO BUIPABHOTO 1HCTPYMEHTY.

KnwouoBli cnmoBa: craTmyHMIM aHasIl3 Kony,;, Majsla MOBHA MOINEJIE; IIOSCHIOBAHMI IITYYHMNA
iHTesnekT; Oesnexka HNporpaMHOIro 3abesmeuveHHs; CWE; ykpalHCbKa MOBA.

BeTymn. IHCTPYMEHTU CTaTUYHOTO aHanizy 3axXMIEHOCT1
3acToCyHk1B (SAST) BMABJIAKTL BPA3JIMBOCT1 Ha PiBH1I BUXiOmHOTO
KOy, OIHakK I1IxXH1 T[OB1IOMJIEHHS pPO3paxoBaHl Ha NiOTOTOBJIEHOTO
baxiBus. 3a [IPOBEOEeHVMU BUM1PIOBaHHAMU cepenus IOOBXMHA
noesimomyieHHs Semgrep cCTaHOBUTHL 37,6 CJjoBa, YCi [NOBinmoMIIieHHS
aHIJIOMOBH1, a TOTOBe BUIIPABJIEHHSA IMPOINOHYeTbCa Jmue g 1,9 %
3Haxinok. s 3moByBauiB OCBiTM Ta PO3POOHMKIB-IIOUATKIBLIB TaKuM
BMB1I He MOSACHIOE aHl npuumMHM Hebesneky, aHi cnocody 11 yCyHeHHS.

Benuxi MOBH1 MoImesii 3IZaTH1 HaZaTM PO3TOPHYTE MNOACHEHHS,
opoTe ixX BUKOPMUCTAHHS Nepenbauvae nepemaBaHHS QparMeHT1iB KOOy
IO 3O0BHIMHBLOT'O CePBiCy, IO HENPMMHATHO IJig opraHizauim is
BMMOTAaMM OO KOHbimeHuUiMHocTi. Masi MoBHi Momesi (SLM) obcarom
1-9 Mipn napaMeTpiB NOpalooTb Ha 3BUYAVMHOMY OOJIaIHaHH1, aje
fe3 BOBHIMHBLOTO KOHTEKCTY CXMJIbHI OO MNOPOIXEHHS HEeIOCTOB1pPHUX
TBEePIXEHD .

1 This work 1s distributed under the terms of the Creative
7 O Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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Mera po6oTmM — pPO3pPOOMTM MeTOXn 1 nporpamMHi 3acobu, Hgki
MNOENHYITH CTAaTUYHMM aHajli3 13 JIOKaJIbHOK0 MaJjiol MOBHO MOIEJIJIo
njisa bopMyBaHHSA CTPYKTYPOBAHUX YKPAIlHOMOBHUX IIOACHEHDb

BpPasJMBOCTEN, Ta eKCIEePMMEHTAJIbHO OLIHMTM IXHIO AKiCThb.

Onmc MeTomy. MeTom pealiil3ye KOHBEEP 13 YOTUPHLOX eTalib.
Semgrep bopMye Inepeliik 3HAxX1OOK 13 3aszHaueHHAM IpaBwmia, KJacy
CWE Ta gpianaszsoHy psankie. Hani OyOyeTbCsS KOHTEKCT: OQParMeHT
Konmy 3aBumpmky 15 pgnkis  HaABKOJO 3HAX1IKM 3  BUIYYEHUMU
KOMeHTapsaMy, 1nenTmbikaTop MNpaBMia, KJlac Bpasz3jMBOCT1 Ta
noBinmomMmsieHHsa aHaJizaTopa. COoOpMOBaAHMM KOHTEKCT IOHAETHLCS IO
MOIesyii uepes JIoKaJbHUM cepBep Ollama. Momesb noBepTae
IIOSACHEHHS, CTPYKTypOBaHe 23a TpboMa po3nijlaMu BimmoBimHO HO
IPUHLMUII1IB [IOSACHIOBAHOTO WTYYHOT'O iHTejyekTy [7]: «IIpo3opicTe»
(ne came wMicTuTbCca npobjema), «OOTPYHTYBAHHSI» (uomy 1e
HebesMneyHo Ta SKUM MexaHisam araku) 1 «dieBicTb» (BUNPABJIESHUM
bparmMeHT kOIYy). VYCci o0OUMCJIEHHS BUMKOHYITBCS Ha oOOJlagHaHHIL
KOPMCTyBaua, TOMYy KOI He 3ajMiace MNepyMeTp opraHizauii. ¥ mexax
nomasbmoi onTmuMiszanii mnsa poboTm Ha crnabmomy obJjamHaHHLI TakKox
INOCJI1mXeHO MOXJIMB1CTBb oucTuinanil 3HAaHb 3a IOOIIOMOT OO
MikpomoOipku (QLoRA) .

Opranisanis ekcnepmMeHTy. CHopMOBAHO BJIACHMM Hab®ip ZaHUX
i3 mecTM HaABMMCHO Bpa3JIMBUX peno3muTopils (PyGoat, NodeGoat,
DVNA, Juice Shop, dvpwa, vulpy): 52 sHaxizgxwu, 15 xjnacis CWE,
TPM MOBM INpoTrpaMyBaHHA. HaseHi Habopu BigVul 1 Devign He
BUKOPMCTAHO uyepes opieHTauin Ha C/C++ Ta BincyTHicThb
€TAaJIOHHUX IIOACHeHb. IlpoBeneHo 21 KOHOITypallild eKCIEPUMEHTY
(1092 mosicHeHHs) Ha Bilneonpuckopioraul NVIDIA GTX 1660 Ti 3 6
I'B nmam'ari.

s OLI1HIOBAHHSA  PO3POBIIEHO 16 MeTpuK. Kmouosonw €
fix valid: 3alpOolIOHOBAaHE BUINIPaBJIEHHSA 3aCTOCOBYETLCH o
MIOBHOT'O BUX1IOHOTO banmy, nepeBipsgerbca CMHTAaKCHUUYHA
KOPEeKTHICTE pesyJibTaTy Ta I[OBTOPHO BalyCKaeThbCcsa Semgrep;
BUIIPABJIEHHSA BBaXaeTbCH YMHHUM nyme 3a BimcyTHOCTI
CMHTAKCUUYHMX I[IOMMJIOK 1 TIOBTOPHOTO CIHpallloBaHHS OIpaBuia.
JomaTkoOBO BUM1POIOTHLCSH BimgmorimHicThb KJlacy  BpPa3JIMBOCTI,
Jokajnisanisg, MOBHa fkicTbh 3a LanguageTool (KiNbkiCTb MNIOMMIIOK
Ha 100 cmnimB) 1 uyacTka HeDaxaHMX KaJlIbOK 3a BJIACHUM IJiocapiem
i3 52 TepMminHiB.

Merpuxy BLEU 1 KOCMHYyCHOI OJM3BKOCT1 IO eTajioHa He

3aCTOCOBAHO, OCK1JIbKU KOpnycy €TaJIOHHUX YKPalHOMOBHUX
IOSCHEHb IJIS OKPeMMx S3HAX1iJok He 1icHye, a BLEU HEeKOpPeKTHO
ouiHoe (IEeKTMBH1I MOBM 3 B1lJIbHMM [OPAAKOM CJiB. 3BamMicTb

OLI1HIOBAHHSA CXOXOCT1 3 eTaJIOHOM 23acCTOCOBAHO OGYHKI1OHAJBHY
IepeBRipKy Ta EeKCIEePTHY PO3MiTKYy.

This work is distributed under the terms of the Creative 1 7 1
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).
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[lopiBHAHHS BOCBMM MoZeJieM 3a 60a30BMX YMOB HaBeIeHO B

Tabnx. 1.
Tabsmis 1
llopiBHAHHST Mogelel 3Ba 6asoBux yMmMoB (52 sHaxigkwm, mpomnT V2, T = 0,1)
Mogpene fix valid| Knac CWE | loMmiox /| Kanbxwm Yac, c
100 cxie

gemma4:e2b 0,58 0,88 0,79 0,13 7,4
gemmad :edb 0,58 0,94 1,38 0,21 12,7
gemma3:4b 0,58 0,88 1,19 0,21 13,4
MamayLM 4B 0,48 0,92 0,74 0,08 10,9
llama3 8B 0,50 0,94 3,19 0,27 29,4
gemma? : 9b 0,44 0,96 2,72 0,31 81,0
prhi3 3, 8B 0,38 0,77 11,21 0,31 18,5
gwen2.5:1.5b 0,25 0,85 8,46 0,04 6,2

I OLUiHKM BHECKY Ti0pMIHOTO NiOxXonoy BMKOHAHO TeHepallilw
nnsa mMomesii gemmad:e’lb 6e3 xoHTekcTy SAST — Jjume dparMeHT KONy
fe3 MeTamaHMUX aHajnizaTopa. [lopiBHaHHA 3 0a30BOK KOHOIiTypalniewn
HaBemeHo B Tabij. 2.

Tabiuiisa 2
Bnime koHTekcTy SAST Ha sikicTek nosicHeHb (gemmaéd:e2b, n=52)
YMoBa fix valid Kinac CWE Jlokanisanis |p (fix valid)
3 KOHTEKCTOM
SAST (Gasa) 0,58 0,88 0,94
Bes koHTekcCTy
SAST 0,29 0,63 0,67 0,001
PesynpTaT. BuUIyUeHHsS Pes3yJbTaTiB CTATUYHOTO aHalily 3

KOHTEKCTY MO,JZ[eJ'Ii SHMXYyEe UYacCTKYy IPaBUIJIIBHO BU3HAUYEHNMX KJ'IaCiB
BpaznueocTti 3 0,88 mo 0,63, TouHicTe Jsokanizauii — 3 0,94 1no

0,67, a yacTkKy npaunesiaTHux BumnpasjeHs — 3 0,58 mo 0,29 (p <
0,01 =a xkpurepiem Makx-Hemapa, Tabmn. 2). Ile xkijabkicHO
NigTBepOXye OOL1JIbHICTE IiOpPMOHOIL CXeMU.

[lopiBHAHHS Bepcim CHMCTEMHOTO IPOMIITY mokasajo, o

CTPYKTypOBaHa IIOCTAHOBKA 3amadl € icToTHOoON: DaszoBa Bepclis 6es
BMMOTY IO CTpykTypu pae fix valid 0,33, npomixna — 0,42,
nincymkoea — 0,58 (p = 0,011 Twa p = 0,022 sBignomimHO).
NineumeHHsa TeMmneparypu no 0,5 1 0,9 He nojsinmye TexHiUHOIL
KOPEeKTHOCT1, HaATOMiCTh HNOTiplWlye MOBHY AKicTb (nyna MamayLM —
3 0,74 mo 1,31 nommnkm Ha 100 cmis, p = 0,002), mo oBTPYHTOBYE
BuOip 3HauenHsa 0,1.

30iJbIEeHHSA PO3MIipPYy MOIEJII B MeXax ONHOTO IOKOJIIHHS He Iae
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BUTPAIY : Momenb gemmad:ed4b noctynaeTrbca gemmad:elb 3a
mBuOkicTio B 1,7 pasa Ta 3a MOBHOKL gkictio (1,38 nporm 0,79
nomuyikm Ha 100 cnis, p = 0,008) 3a OODHaAKOBOTO BHAUEHHSHA
fix valid. HaTomicTh YKpalHOMOBHAa  ajanraulsa  BuABMUIACH
pPe3’yJIbTAaTUBHON: MNOPiBHAHO 3 6a30BOK MOIEJUI gemmal:4b Momelb
MamayLM BsMmeHmye dYacTky kajsok 3 0,21 mo 0,08 (p = 0,039) i
KinmpkicTe MOBHMX moMmJiok 3 1,19 mo 0,74 (p = 0,011) 6e3 BTpaTM
TexHiuHOl TOYHOCTI.

ExcrnepTHY HepeBipky HNpoBemeHO mjisa 55 BUNPABJIEHB, BUBHAHUX
UMHHMMM aBTOMaTUYHO, Ta OJS BCix 52 sHaximok. TouHicTh Semgrep

craHoBMTE 84,6 % (44 icTMHHO NOBMTMBHI BSHaximku 3 52).
[logcHeHHS BM3HAHO NIpaBuibHMMM y 93 % Bunankis njas gemmad:e2b
iy 84 % gma MamayLM, Tomi 4K BuUOpaBJIeHHS — Jumme y 53 % 1 36

Qo

% ®BlmnoesipmHo. TaxmMM dYMHOM, abBTOMaTMdHa MeTpuka fix valid
3aBUIlyE pesyabTaT npubinsHo ynBiui (TounHicTe 45,5 %), mo €

CYyTTEBVIM MeTOI[OJ'IOI‘itJHMM 3aCTEepEeXeHHAM OJIdg HOHi@HMX
OOCJI1iIXeHb .

BMUCHOBKM. Po3pobyeHo METOI i IpoTrpaMHi 3acobu
IIOSCHIOBAHOTO aHallily BPasJIMBOCTEN, WO IMIOEIHYKTb CTATUUHUN
aHaJyizaTop iz JIOKaJILHOI MaJIoKn MOBHOIO MO IEJIJIO .

ExcrnepmMMeHTalbHO JOBEIOEeHO, O I[NOoIJaHHsa pes3yabTariB SAST 1o
KOHTEKCTY MOHeJii 1CTOTHO NiAaBuUilye NOOCTOBIPHICTBH IIOACHEHbL, a
OOTPYyHTOBaHUNM »HOO1ip MOIeni, CTPYKTYPM NPOMITY M TeMIepaTypu
3abesneuye NPUMHATHY SKicTb Ha objsamHaHHl 3 6 I'B Bimeomam'ari
3a CepemHbOTo Yacy /7,4 C Ha OOHE INOSCHEHHS.

ExcrnepTHa TIepeBlipka 3acBigumia, MmO CHUCTeMa HaIiMHa
HacaMmIepen SK II0OsACHIBAJIBHUM 1HCTPYMEHT 1 mnorpedbye KOHTPOJID
baxiBua nim Yac BacTOCyBaHHS 3alpPOlOHOBAHMX BUIIPABJIEHL.
OkpeMO BUABJIEHO XapaKTEepHY Bamny: MOIEJyI1 CXMJIbH1 3MiHIBATU KO
Tak, mo® MNpPaBMJIO aHajizaTopa nepecTano ChopalboByBaTH, HE
ycyBaouM caMoOl BpPasJIMBOCTI.

JomaTKOBO MNPOBEIOEHO II1JIOTHY OUCTUISI1I0 B3HaHb: Ha 1704
IIOSICHEeHHAX, BinmibpaHUX Ba KpUTepiaMmM KOPEeKTHOCT1 kJjacy
BpPasJIMBOCT1, CTPYKTYPOBAHOCT1 Ta BiIOCYTHOCT1 MOBHMX KallbOK,
mMeTonoM QLORA @moHaBYeHO Momesib gemma-3-4b-it. CTaTucTUUHO
3HAUYmMOl 3BMiHM XOIHOTO IOKaslsHMKA HSKOCT1 He  BUABJEHO;
CroCTepiraeTbCcs JiMIIe TEeHOEHII1s OO SMeHIEeHHS YaCTKM KaJlbOoK
(0,21 mporm 0,10). AHaJNi3 OPUUMH IOKa3aB, IO MOIOEJL-yUUTEJb
He TIepeBaxajla MOoIeJib—-y4YHsS 3a LiJbOBMM I[IOKA3HMKOM HSKOCTI
BUIIPaBJIeHbL, a o06car TecToBO1l BMOIPKM He »a€ 3MOI'M BUABUTU
BimMinuocTi, MeHmi 3a 20 BiOCOTKOBUX NYHKTIiB. 3BiIOCH BUIJIMBAEC
METOHNOJIOT1YHMY BMUCHOBOK: IODO1ip MOmesyii-BUMTEeJN S OJS OUCTUIIAL1I
Mae S3O1MCHIOBATMCS 3a TMM CaMMM I[IOKASHMKOM, IIOKPAMEeHHS SKOTO
ouikyeTbcsa. lle BMBHAaUae HANPSM NOIAJIBIIMX IOCJ1IXEeHb.
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