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Economic sciences

INCREASING THE RELIABILITY OF CONSTRUCTION COST ESTIMATES BASED ON UPDATED RESOURCE
STANDARDS

Okila Odinaevna Safarova
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Zebo Saidova
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IOBbILLIEHWNE JOCTOBEPHOCTH CMETHOW CTOMMOCTM CTPOUTE/IbCTBA HA OCHOBE AKTYAJIN-
SALNN PECYPCHbBIX HOPMATHBOB

Okuna OduHaesHa Cagaposa

dokmop Hayk, doueHm Tao#UKCKO20 MEexXHUYeCcKo20 YyHuUBepcumema
umeHu akademuka M.C. Ocumu

3ebo Caudosa

CmyoeHmKa nepso2o Kypca Mazucmpamypbl Ta0MUKCKO20
mexHUYecko2o yHusepcumema umerHu akademuxka M.C. Ocumu.

Abstract

The article discusses the problems of improving the reliability of the estimated cost of construction
projects in the Republic of Tajikistan based on the updating of resource standards. Determining the esti-
mated cost of construction based on resource standards is a key element of capital investment planning,
financing, and economic calculations in the construction industry. Ways to improve the accuracy of cost
estimates are proposed through the development of a national system of resource standards, taking into
account the economic and territorial characteristics of Tajikistan.

AHHOMaAuusA

B cmamaee paccmampusaromcs npobsiemMbl NOBbILLEHUS 00CMOBEPHOCMU CMemHOU CMOoUMOCmUu
CMpoumesibHbIX NPoekmos B Pecnybsiuke TaodXukucmaH HA OCHOBE aKmyaauauuu pecypCHbIX
Hopmamusos. OnpedesieHue cMemHol CMOUMOCMU CMPOUMebCMBA HA OCHOBE PecypCHbIX
HOPMAmMuBOB  ABAAEMCA  KJIHYeBbIM  3/IEMEHMOM  NJIGHUPOBAHUS  KANUMAJ/IbHbIX — B/IoMeHUU,
uHaHcUpoBaHus U X0380CMBEHHbIX PACYemoB8 B CMPOUMENbHOU ompaciu. [lpednoxceHbl nymu
NOBbIWEHUS MOYHOCMU CMEMHbIX PpACYEMOB Yepe3 pa3pabomky HAUUOHAIbHOU CUCMeMb! PecypCHbIX
HOPMAmuBo8 C Yy4Emom S3KOHOMUYECKUX U MeppumopudsibHbIX 0cobeHHocmel TaoxuKkucmand.

Keywords: estimated cost; resource standards, construction economics; cost estimate reliability;
Tajikistan, capital investments.

Knroyesble ¢/108a: cMemHas CmoumMoCmab, PeCypCHbIe HOPMAMUBbI; 3KOHOMUKA CMpPoUumesibCmad;
docmosepHocmb cmem; Ta0HUKUCMAH, KaANUMAsbHbIe B/IOMEHUS.

dppekmusHoe GYHKUUOHUPOBAHUE CMPOUMETbHO20 KOMNJIEKCA BO MHO20M ONpeoesisemcs
00CMOoBEPHOCMbIO ONPedeIeHUs CMemHOoU CMOUMOCMU, MAK KaK UMEeHHO OHA AB/ISemcs 0CHosoUl 014
NJIGHUPOBAHUS UHBECMUUUU, 3aK/IH0YeHUS KOHMPAKmMOoB U NPoBeOeHUs 20Cy0apCmBeHHOU 3KCnepmus3sbl
npoekmHol 00KYMeHmayuu.

CMemHas cmoumMocms CMpoumesibcmaa npeocmassigem cobol Cymmy OeHexHbIX Cpedcms, He-
06X00UMbIX 0J151 BbINOJIHEHUS BCex pabom B COOMBEMCMBUU C NpoeKkmHol 0oKymMeHmauuel u HopMamu-
BAMU, U CJTyx#CUM 0CHOBOU 0J19 NJIAHUPOBAHUS KANUMA/IbHbIX BIOMEHUU, OnpedeeHus pUHaHCUPOBAaHUs
cmpoumesibCMBA U pacyémos Mexoy 3aKaz4uKoM U NOOPSIOYUKOM.

CMemHoe HOPMUPOBAHUE — OOUH U3 KJ/IHOYeBbIX UHCMPYMEeHMOB YNPAas/IeHus 3ampamamu 8
cmpoumenibcmae. OHO obecneyusaem NJaAHUPOBAHUE, SIKOHOMUYECKoe 060CHOBAHUe U KOHMPOJslb HAo
pacxo0amu Ha Bcex 3manax peasu3ayuu 0bbekmoBs: 0m NPOeKMUPOBAHUS 00 BB00A B SKCNYAMAUUO
[1]. Ana Pecnybiuku Taodxwkucmad, 20e peanusyromcs macwumabHbie Npozpammbsl NO PA3BUMUKD
UHGpacmpykmypbi (00pozu, 2udPOCOOPYHeHUS, I3Hep2oCemuU U COUUAsbHbIE 00beKMbI), AKMyabHOCMb
cospemerHol, npo3payHoll u adanmupyemol cucmembl CMemHO20 HOPMUPOBAHUSA 0COBEHHO BEJIUKA.

Ln1s 3koHomMuyeckol ycmoliduBocmu cmpoumesibHol ompaciu TaoXuKUCMAaHa Ba3Ho umems
00CMOoBEpHbIe CMeMHbIe pACHEMbl, Y4UMbIBAOULUE JIOKA/IbHbIE UeHbl Ha Mamepuadsibl, mpyo U MexHUKY.
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OO0HaKo pecypcHble HopmamuBbl B 60/IbUIUHCMBE C/1y4aes8 He OMPax carom pedsibHbIX 3ampam B
mekywell 3KoHoMuYeckol cumyauuu, 4mo NpUBoOOUM K OMKJ/IOHEHUSM CMemHoU CmouMOCMmU.
AKMyanuzayusi 3mux HOpMamusoB CMAHOBUMCSA Heobxodumol 3adadell coBpemeHHOU 3KOHOMUKU
cmpoumesibcmBa. 1o MHeHUto 3KCNepmos, akmyaau3ayus pecypcHo20 COCMAasa U UCK/IroYeHue ycma-
peswux no3uyull Mo2ym noBbICUMb 00CMOBEPHOCMb CMemHoU cmoumocmu Ha 15-20% (Kocapesa,
2014). Kpome mo2o, ucnosib30BaHue CoBpeMeHHbIX mexHo102ull U Mamepuasos Moxem CHU3UMb CMo-
umocms cmpoumesibecmsa Ha 10-15% (CmemHoe HopmuposaHue, 2020). [To3momy nosbiuieHue 0ocmo-
BepHOCMU cMemHoU CMOoUMOCMU ABASeMCS BaxcHeluwumM acnekmom 8 cchepe cmpoumesibCmad.

ZlocmoBepHocmb onpedesieHus cMemHoU CMOoUMOCMU CMPOUMEebCMBA BO MHO20M 3ABUCUM OM
Kayecmaa NpUMeHsiemMbiX pecypCHbIX HOPMAamuBoB. B Npakmuke cMemHo20 HOPMUPOBAHUS LLUPOKO UC-
NOJb3YHOMCS 3/1eMeHMHbIe HOPMbI, OPMUPOBAHUE KOMOPbIX OCHOBAHO HA PeCYpCHOM Memode UeHo0b-
pazosaHusi. Bmecme ¢ mem, 3Ha4umesibHasi yacme deticmayroujux 3CH bbi1a paspabomara Ha 6ase Hop-
Mamusos Npedbidyulux Nepuodos, 4mo obycaasiusaem Heobxo0uMoCmb UX aKmyaausayuu.

OOHUM U3 UCMOYHUKOB UCXOO0HbIX OAHHbIX NPU pazpabomke u KoppeKkmupoBKe pecypCHbIX HOPM
Bbicmynarom EOQUHbIe HOPMbI U pACUEHKU Ha CMPOUMEesibHbIe, MOHMAX(HbIe U PeMOHMHO-CMPoUMme/ib-
Hble paboms! (EHUP). HecMomps Ha ux popmasibHoe ycmapesaHue, EHUPbI COXpPAaHSHomM MemoouYecKyro
UEHHOCMb KAk CUCMemMa HopMUpPOBAHUS MPYyOOBbIX 3ampam, OCHOBAHHAS HA 0eMasabHOM AHAIU3e mex-
Honoeuyeckux onepayull. OOHako ce200Hs EHuPbI npodosmarom 6bimb HeombemiemMol Yacmeko Cu-
cmembl U4eHoobpaszosaHus U CMemHo20 HOPMUPOBAHUS B CMPOUMe/IbCMBe U CO0epXam B CBOeM Co-
cmase mexHoJsi02uYeckue onepayuu, He npemepnesuUe 3Ha4umesibHbIX U3MeHeHUld 00 Hacmosuwe2o
BpemeHu [3, ¢. 53]. K npumepy, mexHos102us BbINOJIHEHUS KIAOKU CMeH U3 KUpnu4ya Heu3meHHa ¢ 80-bix
20008 npouws1o2o0 cmoJsiemus, Ko2oa bbiiu pazpabomarsi EHUPbI. [losmomy ucnosib3osaHue EHuPos Kak
ocHosy (6azy) 0515 pazpabomku HOBbIX U AKMYaU3auUU CyUECmMBYWUX CMeMHbIX HOpMamuBos, KOmo-
pble NpedycMampuBsarom UCNO/Ib30BAHUE HOBbIX MeEXHO102uld 8 CMPOUMeIbCMBE, NO3BOIUM COKPA-
mumab Bpemsi N0020MOBKU CMEeMHbIX HOPM.

B Pecnybnuke Taoxcukucmad oOelicmsyem cucmema 2padocmpoumesibHbIX HOPM U Npasusi,
3akpennéHHas [padocmpoumersibHbiM KOOEKCOM U  CONymMCmBYHWUMU Hopmamusamu. OcHosol
npoekmHo-cmemHol 0essimesibHocmu ci1yxcam CHull PT u BedomcmBeHHbIe 00KYMeHM b, pe2yiupyroujue
nopsidoK  paspabomku NPOEKMOB, MEXHUKO-IKOHOMUYECKUX 060CHOBaHUl u pacyéma cmemHol
cmoumocmu. 3mu 0oKyMeHmbI 3adarom CMPYyKmypy cmem, NopsdoK GopMUpPOBAHUS UeHHUKOB U
mpebosaHus K NpoekmHo-cMemHol 0oKyMeHmauuu.

B Taoxcukucmaxe ymaepx0eHbl Npasusia yeHoobpazosaHus CmpoumesibHbix pabom, Komopbie
YCmaxasusarom npouedypy onpedesieHus cMemHoU CMouMOCmU HOBO20 CMPOUMEIbLCMBA, PeKOH-
CMPYKYUU, KanumasabHo20 peMoOHMa u npoyux meponpusmud. Ipasusa onuckiBarom memoos! y4ema
mamepuasios, mpyod, MawUH U MeXaHu3mMoB, a MAakxe NOPsSO00K NPUMEHeHUSs Pe2UOHA/IbHbIX U CNeyuasib-
HbIX Ko3gpuyueHmos. Cucmema Hopmamusos 8 Pecnybsiuke TadxuKUCMaH UeHmpaau3oBaHa: Kitode-
Bble 00KYMeHMbl YmMBepH0aromcs 20Cy0apCmMBeHHbIMU Op2aHaMu U pacnpoCmpaHstomcs no scel
cmpade. BMecme ¢ mem Npakmu4eckas peasiuzayus cmem mpebyem sokasasHol adanmayuu — y4yéma
Pe2UOHAJIbHbIX UeH, J102UCMUYecKUX yC108ull U KAUMAmMOo-UHMeHEPpHbIX 0cobeHHocmel (20pHbIU pesibed,
mpyoOHOOOCMYNHOCMb Y4aCMKOB). Imo 0esiaem akmya/ibHbIM NPUMEHeHUe pe2uoHaIbHbIX Ko3gpuyu-
eHMOoB U KOPPeKMUPOBOK B CMemax.

Cmembi Kak npasusio popmupyromcs Ha 6ase paboyux u NpoekmHbIX Yyepmexcel; 00HaKo Ha NPak-
muKe pe2ucmpupyromcs Hecoomsemcmaus Bepculi NpoekmHol 00KYMeHmMauyuu u cMemHbix COOPHUKOB,
YUMo Nopoxodaem CNopbl NPU CO2/IACOBAHUAX U KOHMpakmax [2]. Hanu4ue eduHol 3/1eKkmpoHHOU Cu-
Cmembl y4éma HopMamuBoB U Bepcull NPOeKMAa NoKa pazsuBAemcs NO3MAnHo.

MHoaue KpynHble UHGPAcmpyKmypHbie NPOeKMbl B8 TAOXUKUCMAHe peasu3yromcs npu y4acmuu
MeXOYHAPOOHbIX puHaHcoBbIx uHcmumymos (ABP, EBPP, OOH u dp.). Smu npoekmabi Npedbssigom 00-
NoJIHUMeEsIbHbIe MpeboBaHuUs K NPO3PAYHOCMU PAcYEmoB, Y4émy BaIFOMHbIX 3KBUBA/IGHMOB, 3K0J102u-
yeckol 3Kcnepmuse u obecne4eHuro ycmoUlyusocmu — 4Ymo CMUMY/IUpYem NOBbILEeHUe Ka4ecmaa
cMemHoU 0OKyMeHmMauuu U BHeopeHue MexoyHapoOoHbIX NPAKMUK.

Cucmema cMemHo20 HOPMUPOBAHUS B TAOXUKUCMAHE OCHOBAHA HA NPUMEHEHUU 3/1IeMEeHMHbIX
cMemHbIx Hopm (ICH), Komopble onpedesigrom COCMas U KoJu4ecmBo pecypcos, Heobxooumbix 0/
BbINOJIHEHUS] CMPOUMesTbHbIX U MOHMAXCHbIX pabom. OOHAKO B YCI08USIX CMPemMUmesibHo20 passumus
mexHos102ul, Mamepuasos U CMPOUMEsbHbIX MAWUH 3HAYUMEIbHAS YaCmb HOPMAmUBOB Mmepsiem
akmyasnbHocme. B 3CH no-npexcHemy codepxcamcs pecypCbl, KOmopble paKkmuyecku He Ucno/ib3yromcs
Ha CoBpemMeHHbIX CMPOoUMesibHbIX NI0UWAOKax 1ubo 3ameHeHbl bosee 3¢ppekmuBHbIMU U SKOHOMUYHBIMU
aHaso2amu. 3mo NpuBOOUM K 3AHUXCEeHUKO UJIU 3dBbILLUEHU0 CMemHOU CMOUMOCMU, CHUMCEHUH
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NPO3payHOCMU  pacyémoB U  UCKAMEHUK  IKOHOMUYecKux nokazamesel  UHBeCmuyuoHHO-
cmpoumesibHbIX NPOKMOB.

B 853U C 3muM, 0cobyro akmyasbHoCMb npuobpemaem npobsiema akmyaausauyuu pecypcHo2o
cocmasa ICH. KoppekmupoBKa HOpMamusHbIX 6a3 C Y4emMOM peasibHO NPUMEHSIeMbIX Mamepuadsios,
MexaHu3MoB U MexHo/i02ull NO3BOAUM NOBLICUMb MOYHOCMb PACYEMOB, NPUBECMU CMemHbIe
HOpMamuBbl B COOMBEMCMBUE C COBPEMEHHbIMU  PbIHOYHLIMU  YCIOBUAMU U obecnedums
SKOHOMUYeCKyto 00CMoBepHOCMb cMemHol cmoumocmu [2]. B css3u ¢ smum, 8 Taodxukucmaxe
3amMemHa meHOeHuuUss K nepecMompy U akmyanusauyuu CMemHbIX HOPM (UCK/IHOYeHUe YCmapesuwux
no3uyud, BBedeHuUe HOBbIX 3/IeMeHMHbIX HOPM), YmMO NoBbILAem NPAKMUYECKYHO NPUMEHUMOCMb
cbopHUKOB. YmBepxOeHue HoBbix 3CH ompaxaem cmpemieHue 20cyoapCmBeHbIX 0peaHoB
adanmupoBames HOPMAMUBbLI NOO COBPEMeHHbIe IKCNIYaAMmAayUOHHbIe U MeXHOI02uYecKue YC/10BUS.

CoBpemMeHHass NPaKkmuka yeHoobpasoBaHusi B8 CMPoUMesbCMBe NOKA3biBaem, 4Ymo 4acmek
pPecypcoB, BK/HOYEHHbIX B 20CYO0dPCMBEHHbIe 371eMeHMHbIe CMemHbie Hopmbl (ICH), ympamuna
akmyasbHoCMb. MHo2ue Mamepuasibl, MexaHu3Mbl U MexHo102uu, NpedyCMOMpPeHHbIe B HOPMAMUBHbLIX
6asax, He NPUMeHSIOMCSl Ha NPAKMUKe UJIU 3aMeHeHbl COBPEMeHHbIMU aHaa0eamu. 3mo npusooum K
UCKQX(eHU0 pacyémos, CHUXeHU0 00CMOBEPHOCMU CMemHOU CMOUMOCMU U HedpdeKkmuBHOMY
NJIGHUPOBAHUI UHBECmuuud.

Takum obpazo, akmyanusauusi pecypcHoeo cocmasa 3CH Nno3Boaum NOBbICUMb MOYHOCMb
pacyémosn, obecneyums COOMBEMCMBUe HOpMamusHOU 6ad3bl peasbHOMY pPbIHKY CMPOUMesbHbIX
PecypcoB U NOBbICUMb IKOHOMUYECKYH 3deKkmuBHOCMb peasau3ayuu cCmpoumesibHbIX NPOeKmMOos.

References
1. Gimadieva L.Sh. Pricing in construction: domestic and foreign experience // PrivolzhsKky Scien-
tific Journal. 2013. No. 2 (26). P. 122
2. Gladkikh, V.S. Problems of modern pricing in construction /' V.S. Gladkikh, A.N. Gureeva // Rus-
sian Economic Internet Journal. - 2017. - No. 3. - 16 p.
3. Savenkov A.N. Methodological approaches to the development of technical standards in con-
struction. Industrial and Civil Engineering Journal, No. 7, 2021.



XVIIl INTERNATIONAL SCIENTIFIC CONFERENCE. TORONTO. CANADA. 06-07.01.2026

JEL codes: M31, M15, D83, 033
THE MARKETING VALUE OF DATA GOVERNANCE: IMPACT ON CUSTOMER TRUST AND LOYALTY

Nigar Kamranova Tofiq

Azerbaijan State University of Economics,
International Centre for Master's and Doctoral Studies,
Master's Student

JEL kodlari: M31, M15, D83, O33 ) 5
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Abstract

In the modern digital economy, unethical and insecure management of customer data leads to loss
of trust and loyalty (relevance). The aim of the study is to investigate the strategic marketing value of
Data Governance and its impact on customer trust and loyalty. The methodological basis consists of an-
alytical review, comparative method, case study and document analysis. The limitation is the absence of
a large-scale empirical survey. The results show that the principles of transparency, accountability and
security significantly improve Trust Index, CLV and Churn Rate indicators. The practical significance lies
in recommendations for local companies regarding the establishment of Data Governance Framework
and the application of Privacy by Design and Zero-Trust principles.

Xiilasa

Muasir regemsal iqtisadiyyatda mdstari malumatlarinin etik ve tehliikesiz idare olunmamasi eti-
barin itirilmasine ve loyalligin azalmasina sebeb olur (aktualliqg). Tedgigatin megsedi Data Governance-
in marketing baximindan strateji dsyarini va miistari etibarina/loyalligina tasirini arasdirmaqdir. Metod-
oloji baza analitik ta hlil, miiqayisali metod, case study ve senad analiziesasinda qurulmusdur. Tedqigatin
mahdudiyysti empirik sorgunun olmamasidir. Naticaler gostarir ki, saffafliq, masuliyyst ve tahliikesizlik
prinsipleri Trust Index, CLV ve Churn Rate gdstericilerini ehemiyystli dereceds yaxsilasdirir. Praktiki
ahamiyyat yerli sirkatlor lclin Data Governance Framework-in qurulmasi, Privacy by Design ve Zero-
Trust prinsiplerinin tatbiqi ile bagli tévsiyelarden ibarstdir.

Keywords: Data Governance, customer trust, customer loyalty, privacy, CLV
Acar sézlar: Data Governance, mdstari etibari, mdsteri loyalligi, mexfilik, CLV

Giris

Movzunun aktualligi Mdasir regemsal iqtisadiyyatda mdsteri melumatlari artiq sadsce aktiv deyil,
sirkatlorin an kritik reqabat Ustiinliyd ve eyni zamanda an boyiik risk menbayidir. 2020-2025-ci iller
arasinda global melumat sizmasi hadisslarinin sayr 285% artmis, naticade sirketler orta hesabla 4,45
milyon ABS dollari ziyan cekmisdir (IBM Security, 2024). Cambridge Analytica, Equifax ve Meta-nin son
illerdeki meaxfilik galmaqallari gdstardi ki, malumatlarin etik ve tehliikesiz idare olunmamasi nainki mi-
lyonlarla mdstsrinin etibarini itirir, hem da brendlerin uzunmdiddstli deyarini mehv edir. Azerbaycan ba-
zarinda iss regemsal bankciliq, telekommunikasiya ve e-ticaratin sdretli inkisafi ile birlikde mdsteri
malumatlarinin heacmi eksponensial artir, lakin Data Governance-in sistemli tetbiqi hale do yetsrli
saviyyada deyil. Bu vaziyyat Data Governance-i sadace texniki masale deyil, strateji marketing instru-
mentina ¢evirir.

Tedgigatin magsadi Tedqiqatin esas maqgsedi Data Governance-in miasir marketingde strateji
dayerini ortaya qoymaq ve onun mdstari etibarina ve loyalligina birbasa tesir mexanizmlarini elmi
cohatden asaslandirmaqdir. Isde Data Governance-in yalniz hiiqugi v texniki carcive deyil, hem do
mdsteri ile uzunmdiddatli, etibar asasli minasibatlerin qurulmasinda svezsiz marketing alati oldugu
stibut edilir.
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Todgiqatin obyekti ve predmeti Obyekti — muasir regamsal mihitde fealiyyet gdsteran taski-
latlarin mdstari malumatlarinin idareetms sistemlari, predmeti iss Data Governance mexanizmlarinin
marketing gdstericilarine (etibar, memnuniyyat, loyalliq) tasirinin elmi-praktiki giyma tlendirilmasidir.

Tedgiqatin dovrii Tedqiqat 2018-2025-ci illeri ehate edir. Bu dévr GDPR (2018) ve CCPA (2020)
kimi global maxfilik ganunlarinin giivweye minmasi, pandemiya naticasinds reqgamsal xidmatlere kiitlovi
kecid ve generativ siini intellektin marketingde genis tatbiqi ile xarakterize olunur.

Metodoloji baza Tedqiqatda analitik tahlil, miiqayiseli metod, coxsayli case study (Amazon, Apple,
Tesco, Kapital Bank, PASHA Holding, Azercell) ve beynalxalq standartlarin (GDPR, CCPA, ISO/IEC 38505)
darin senad analizi tatbiqg edilmisdir.

Tedgigatin mehdudiyyetleri Tedgigatda genismiqyasli empirik sorgu aparilmamisdir; naticaler
ikinci derecali menbalars, global hesabatlara ve sirketlerin aciq melumatlarina esaslanir. Bu,
naticalarin Azarbaycan bazarina tam dmumilesdirilmasini meahdudlasdirir, lakin yerli ve qlobal
tacribslarin miqayisesi (¢iin yeterliasas yaradir.

dlda olunmus naticeler Tedgigat gdsterir ki, Data Governance-in saffaflig, masuliyyet ve
tahliikesizlik prinsipleri Trust Index-i 22%, CLV-ni 18-25%, Churn Rate-i iss 30%-e gadar azaldir. Qlobal
sirkatlor “privacy-first” strategiya ile bazar payini 15-20% artirir, yerli sirkatlor iss hale de reaktiv
tahliikesizlik tadbirleri ile mahdudlasir.

Praktiki @hamiyyat Tedgiqat Azerbaycan sirketlari lctin konkret yol xeritesi teqdim edir: Data
Governance Framework-in qurulmasi, Data Stewardship strukturunun formalasdirilmasi, Privacy by De-
sign ve Zero-Trust prinsiplarinin tatbiqi, Data Literacy programlarinin ise salinmasi. Bu tadbirlerin hayata
kecirilmasi mdstari etibarini ve loyalligini artirmaqla yanasi, hiqugqi riskleri minimuma endirerek uzun-
middatli reqabat gabiliyyatini temin edacakdir.

Data Governance-in konseptual ¢arcivasi v qlobal standartlar Data Governance mdiasir teski-
latlarda malumatlarin keyfiyyatini, ta hlikesizliyini ve etik istifadesini temin eden strateji idareetms sis-
temidir (Gartner, 2025). Onun dérd asas prinsipi — saffafliq, masuliyyat, tahlikesizlik ve etik istifade —
mdstari etibarinin formalasmasinda birbasa tesir gésterir. 2024-cl ilds aparilmis qlobal sorguda
mdsterilarin 87%-i sexsi malumatlarinin necs istifads olundugunu aciq bilmadikde brendi terk etdiyini
bildirib (Cisco, 2024).

GDPR (2018), CCPA (2020) va yeni gabul olunan Al Act (2024) kimi hiiquqi ¢ar¢iveler Data Gov-
ernance-i macburi strateji prioritete cevirmisdir. Corimaler artiq global galirin 4%-ne gader ¢ata bilir
(European Union, 2016).

Marketingde malumat névlari ve onlarin etibar dayari

Mistari malumatlari mdasir marketingin asas yanacadidir, lakin onlarin manbayi va keyfiyyeti
birbasa mdstari etibarinin saviyyasini miayyanlasdirir. Qlobal trendlere gore, mlisterilorin 81%-i sexsi
malumatlarinin nece toplanib istifads olundugunu bilmak istayir ve bu malumatlar (clincl tersf
maenbalerdan galirse, brends qarsi etibari 66% azaldir (Salesforce, 2024). oksins, zero-party data kimi
kéndlli paylasilmis melumatlar misteri bagliligini 2,5 dafe artirir ve CLV-ni 15-30% yiikssldir (McKinsey
Digital, 2024).

Asagidaki cadval malumat névlarinin etibar ve marketing effektini miqayiss edir:

Cadwal 1. Malumat névlarinin etibar deyari ve marketing effekti (2024)

Mealumat névii féﬁg[; seviyyasi (mistari qav- Marketing effekti fés\jjyyesi Manbe

Zero-party data ||92% ?r/z I)f/nL'iIksek loyallig, CLV +30-50% Asagi gg;rjster Research,
|First-party data |[78% || viiksok personalizasiya, NPS +25% ||Asadi |[salesforce, 2024 |
zf]ignd-p arty 61% Orta personalizasiya, orta risk Orta Gartner, 2025
|Third-party data||34% \|\Asadi etibar, churn riski +40% || viiksak ||Deloitte Digital, 2024 |

Manba: Cadval misllif tarsfinden Forrester Research (2024), Salesforce (2024), Gartner (2025)
ve Deloitte Digital (2024) hesabatlarinin sintezinden tartib olunmusdur.

Zero-party data-nin dstinliyd ondadir ki, mistari kéndlli olaraq secimlarini, Ustdnliklarini ve
gozlantilerini paylasir. Bu, sirkete yalniz daqiq hadeflema imkani vermir, hem de mdsterinin “meanim
malumatlarim menim nezaretimdadir” hissi yaradir, bu da etibar ssviyyesini ehamiyyatli derecede
gliclandirir (McKinsey Digital, 2024). 9ksine, third-party data-nin genis istifadesi GDPR ve CCPA
carcivesinds carimalare sabab olur ve mistari churn rate-ni 40%-e gadear artirir (IBM Security, 2024).
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Bu migayise gostarir ki, Data Governance-in effektiv tatbiqi malumat névlarini zero- va first-party
istigamatine yonaltmakle sirketlere ham regabat Ustinliyd, hem de mdistari etibarini uzunmdiddatli
tamin etmak imkani yaradir.

Etibar ve loyallig modellarinin Data Governance kontekstinds yenidan giymatlandirilmasi

Mdstari etibarr vo loyalligi marketing nazeriyyasinin asasini taskil edir, lakin mdasir regamsal
mUhitde Data Governance bu modelleri k6kli sekilde yeniden formalasdirir. Morgan & Hunt (1994)
tarafindan irali strtilen Trust-Commitment Model etibari davamli minasibatlerin esas situnu kimi
taqdim edir: etibar 6hdsliyi yaradir, 6hdalik ise uzunmdiddatliamakdasliga cevrilir. Aaker (1991) Brand
Loyalty Pyramid modelinds loyalligir marhalali inkisaf kimi tasvir edir: asagi saviyyads tanisliq ve alis
vardislari, yuxari saviyyads ise emosional bagliliq ve brends darin sadiqlik dayanir. Trust=Satisfaction—
Loyalty Nexus modeli ise etibar, mamnuniyyat ve loyalliq arasindaki garsiliql tesiri vurgulayir: yiksek
etibar mamnuniyyati artirir, memnuniyyat iss loyalliga cevrilir.

Bu modeller klassik sekilde misteri-sirket alagasini davranis ve emosional faktorlarla izah etse
ds, Data Governance mdasir kontekstds onlari “gizli moderator” kimi yeniden tayin edir. Saffafliq ve
tahliikesizlik prinsipleri etibari birbasa gliclondirir: 2024-cli ilde aparilan global sorguda mdstarilarin
83%-i malumatlarinin ssffaf idare olunmasi halinda brends daha cox etibar etdiyini bildirib (Cisco, 2024).
Data Governance etibari sadece emosional deyil, hem de hiiquqi ve texniki esasda qoruyur, bu da mod-
ellarin effektivliyiniahamiyyatli dereceds artirir.

Cadwal 1. Data Governance-in klassik modellare tasiri (migayisali giymetlendirms)

. Data Governance-in tasiri (2024-2025 Etibar
Model Klassik fokus trendlori) artimi (%) Manbe
Zgz,te_[?/\o/,’g ;n :Jtrr)n ;rZun ; Etibar — Ohdalik — ||Etibar hiiqugi ve seffaf idareetms il gliclenir, +35-45% Deloitte Digi-
1994) g 7 [|Davamli minasibatler ||6hdelik churn rate-i 25-35% azaldir °|ltal, 2024
. . . ||Saffafliqg emosional bagliligi giiclendirir, loyalliq

Brand Loyalty Pyramid || Tanisliq — Alis verdisi 5. ) . . . Gartner,

. 9 piramidasinin yuxari seviyyasine kecidi +28-40% ¢
(Aaker, 1991) — Emosional baglilig Sirotlondirir 2025
Trust-Satisfaction-Loy- ||Etibar— Mem- Malumat tahliikesizliyi mamnuniyyati 40% +40-55% McKinsey Dig-
alty Nexus nuniyyat — Loyalliq  ||artirir, loyalliq zencirini daha davamli edir °llital, 2024

Manba: Codval muisllif tarefinden Deloitte Digital, 2024, Gartner, 2025, Gartner, 2025 hesaba-
tlarinin sintezindan tartib olunmusdur.

Data Governance bu modellards etibari “gizli moderator” roluna qaldirir: melumatlarin etik idare
olunmasi etibari asas dayisana cevirir, bu da loyallig zencirini daha méhkem ve dl¢iile bilen hala gatirir.
Naticads, Data Governance klassik modellari regemsal dévriin teleblerine uygunlasdiraraq, sirketlere
mdisteri minasibatlerinde davamli dstinlik qgazandirir.

Data Governance-in marketing KPI-arina kemiyyat tasiri

Midasir reqamsal igtisadiyyatda Data Governance-in marketing KPI-larina (esas performans
gostaricilerine) tasiri dl¢tile bilen ve stratejishamiyyat kasb edir. Qlobal hesabatlara gbrs, yetkin Data
Governance saviyyasine malik sirketlerds marketing ROI-si (qayidis investisiya gdéstaricisi) orta hesabla
15-25% artarken, malumatlarin zsif idare olunmasi sirketlere illik 12.8 milyard dollar ziyana sebab olur
(Gartner, 2024 ). 2024-cli ilde 1200+ sirkat (zerinde aparilmis arasdirmalar gésterir ki, Data Govern-
ance marketingds NPS, CLV, Churn Rate kimi KPI-larrehamiyyatli derecede optimallasdirir, clinki etibarli
malumat idareetmasi misteri davranislarini daha deqiq prognozlasdirmada ve personalizasiya etmaye
imkan verir (Deloitte Digital, 2024).

Asadidaki cedvel Data Governance-in KPI-lara kemiyyat tasirini miqayisali sekilds taqdim edir:

Cadwal 1. Yetkin Data Governance-in marketing KPI-larina tasiri (2024, orta qlobal géstaricilar)

KPI Géstaricisi Yetkin Data Governance olan ||Yetkin Data Governance olmayan Forg (%) Monbo

sirkatlor sirkatlor q(
NPS (Net Promoter Score)|| +38% +11% +245% ?glz"fe Digital,
CLV (Customer Lifetime | ; 4o, +6% +300% ||Gartner, 2025
Value)
Churn Rate (misteri |3 o, 9% —244% |IBM Security, 2024
itkisi)
[Trust Index |[+42% |l +8% [+425% ||Cisco, 2024 |
|Privacy Confidence Score ||+51% || +4% |+1175%|Pw(, 2025 |
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Manba: Qlobal hesabatlar ssasinda tertib olunmusdur (Deloitte Digital, Gartner, IBM Security,
Cisco, PWC, 2024-2025).

Qrafik 1. Yetkin Data Governance-in marketing KPI-larina tasiri (2024, faizler)

Asadidaki bar grafik Data Governance-in yetkin ssviyyasininesas marketing géstericilerine tesirini
vizual olaraq teqdim edir (yetkin DG olan sirkatler vs. olmayanlar):
Privacy Confidence Score

Yetkin DG: +51%
20if DG: +4%

Trust Index

Yetkin DG:
20if DG:
NPS
Yetkin DG:
20if DG:
CLV artimi
Yetkin DG:
2Z9if DG: +6%
Churn Rate azalmasi
Yetkin DG:
2Z9if DG: -9%

Manba: Deloitte Digital, 2024; misllif tarafindan vizuallasdirilmisdir.

Yerli vo global tacriibalarin benchmark analizi

Muasir regamsal igtisadiyyatda Data Governance-in tatbigi sirketlerin regabat qabiliyyatini
miayyanlesdiren asas amillerden biridir. Qlobal liderler (Amazon, Apple, Tesco) Data Governance-i
strateji prioritete cevirarek, mdstari etibarini ve loyalligini ehamiyystli deareceds gliclendirir, yerli
sirkatlor (Kapital Bank, PASHA Holding, Azercell) ise daha ¢cox reaktiv yanasmalarla ferqlenir. Qlobal
hesabatlara gore, yetkin Data Governance ssviyyasine malik sirketlerde mdstari etibari orta hesabla
42% artarken, zeif tetbig olunanlarda bu gdsterici yalniz 8% yiiksalir (Deloitte Digital, 2024).
Azarbaycan bazarinda ise Data Governance-in inkisafi siiretlonir: PASHA Holding 2024-cti ilde Data Gov-
ernance Lead ve Senior Specialist rollari (gclin vakansiyalar acarag, melumat madeniyyatini
gliclondirmaye fokuslanir (LinkedIn, 2024). Kapital Bank 6z ESG hesabatinda (2023) data quality govern-
ance praktikalarini vurgulayir, Azercell ise sustainability reportunda (2023) malumat tahlikesizliyini
asas prioritet kimi geyd edir (ESGhub, 2024).

Qlobal praktikalarda Apple "privacy-first” yanasmasi ile maxfilik standartlarini lider edir, bu da
mudsteri loyalligini 25% artirir (Precisely, 2024). Amazon zero-party data modeli ile personalizasiyani op-
timallasdirir, Tesco ise ClubCard programi vasitesile data-driven loyalliq qurur, naticeds churn rate-i
20% azaldir (DataTeams Al, 2024). Yerli sirkatler bu modellari adaptasiya etmays baslayib, lakin sistemli
carcivelarin olmamasi ssbabinden qlobal standartlardan 2-3 il geride qgalir (Avasant, 2024).

Asagidaki cadvel yerli ve global sirketlerin Data Governance yetkinliyini miqayise edir:

Cadwval 1. Data Governance yetkinlik matrisi (2024-2025)

+42%

+8%

+38%

+24%

-31%

Sirket Privacy by ||Zero-Trust ||Zero-Party Data isti- ||Data Steward-||Umumi Yetkinlik Monbo

Design Modeli fadasi ship Saviyyasi (10-dan)
Apple (T[fd’g rse tiq \ ram totbiq | viiksok Tam 9.7 Precisely, 2024
Amazon | Yiiksak Viksok || SOXYUksok (misteri |, 9.4 DataTeams Al, 2024

kéndllid mealumat)

Yiiksok . . Atlan, 2023 (2024
Tesco (ClubCard) Orta Yiiksak Yiiksak 8.6 trends)
Kapital Qisman (ESG]|,,. Kapital Bank ESG Re-
Bank focus) Yiksok Orta Orta 6.8 port, 2023
PASHA .. . Orta .
Holding Orta Yiiksak Asadi (vakansiyalar) 6.5 LinkedIn, 2024

) . . Azercell Sustainability

Azercell ||Qisman Orta Yiksok (sustainability)||Orta 7.1 Report, 2023

Manba: Musllif tersfinden qlobal hesabatlar (Deloitte, Gartner, Precisely) ve yerli manbaler
(ESGhub, LinkedIn)asasinda tartib olunmusdur, 2024-2025.
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Bu mdqayise gostarir ki, qlobal sirketler Data Governance-i innovativ texnologiyalar (Al, block-
chain) ile integrasiya edarek bazar payini 15-20% artirir (Avasant, 2024). Yerli sirkatlor ise hiqugi ve
madeni adaptasiya ile bu boslugu doldura biler, xtsusile PASHA Holding-in Data Governance komandasi
formalasdirmasi (2024) kimi tasabblislar vasitasile. Naticads, Azarbaycan sirketlari global standartlara
vaxinlasdigda, mustari etibari 30—-40% artacaq (Dataversity, 2024).

Natica v tévsiyalar

osas tapintilar Aparilmis kompleks tehliller Data Governance-in mdasir marketingds sadece
texniki-idareetma mexanizmi deyil, strateji ricaq oldugunu gati sakilds stibut edir. Miistari etibarinin for-
malasmasinda malumatlarin etik, seffaf ve tahliikesiz idare olunmasi halledici rol oynayir: qlobal sorgu-
lara gére, mlistarilarin 83%-i malumatlarinin seffaf istifadesi halinda brends daha cox etibar edir, 75 %-
i ise glivenmadiyi sirketlerden alis etmir (Cisco, 2024, Termly, 2024). Tedgigat gdsterir ki, yetkin Data
Governance Trust Index-i orta hesabla 42%, Privacy Confidence Score-u 51% yaxsilasdirir, NPS-i 38%
artirir ve Churn Rate-i 31% azaldir (Deloitte Digital, 2024). Loyalliq gostericileri (CLV, Loyalty Engage-
ment Index) Data Governance-in effektivliyini dl¢mak liclin @sas parametrlerdir: giicli tetbiq CLV-ni 24%
yliksaldir, zeif tatbiq iss yalniz 6% artim tamin edir (Gartner, 2025). Yerli va global tecriibslerin bench-
mark analizi siibut edir ki, Apple va Amazon kimi liderler “privacy-first” va zero-party data yanasmalari
ile bazar payini 15-20% artirir, Azerbaycan sirkatleri (Kapital Bank, Azercell PASHA Holding) ise
tahliikesizlik va loyallig programlarinda irelileyis alde etss ds, sistemli Framework ve Data Stewardship-
in olmamasi ssbabindan qlobal standartlardan 2-3 il geride qalir. Bu naticeler hemcinin tesdiglayir ki,
Data Governance-in zoifliyi global ssviyyade illik 4,45 milyon dollar ziyana sebeb olur (IBM Security,
2024), Azarbaycan bazarinda ise regemsal transformasiyanin lengimasine ve mdstari itkisine gatirib
cixarir.

Praktik tovsiyaler Azarbaycan sirkatleri l¢ciin Data Governance-in tatbiqi prioritet olmalidir ve
asagidaki yol xaritasi taklif edilir:

e Data Governance Framework-in qurulmasi (2026-ci ile gadar): Vahid idareetms carcivasi
mdstari etibarini 22% artira biler ve hiiquqi riskleri 40% azaldir (PwC, 2025).

e Data Stewardship ve Data Quality Management prosedurlarinin tatbiqi: Bu tadbirler malumat
dogrulugunu 35% yaxsilasdirir, churn rate-i 30% azaldir ve marketing kampaniyalarinin effektivliyini
25% artirir (McKinsey Digital, 2024).

e Privacy by Design ve Zero-Trust modellarinin inteqrasiyasi: Bu yanasmalar mexfilik risklerini 51%
minimuma endirir, NPS-i 38% yiiksaldir ve brend reputasiyasini uzunmdddatli qoruyur (Usercentrics,
2025).

e Data Literacy programlarinin ve etik istifads siyasetlerinin hayata kecirilmasi: Bu, smakdaslarin
malumat madaniyyatini gliclendirerak brend reputasiyasini 80% mdhkemlendirir va ROI-ni 150-200%
artira biler (Deloitte, 2025).

Bu tévsiyalarin pilot layihalar vasitasile tatbigi Azarbaycan sirkatlerine qlobal regabetds dstiinliik
qgazandiracaq ve mdsteri loyalligini 20-30% artiracaqdir.

Galacak tadgiqat istigamatleri Data Governance-in inkisafi siire tle davam edir, buna gére gelacek
tadgiqatlar asagidaki sahalare fokuslanmalidir:

e Generativ Al ve blockchain texnologiyalarinin Data Governance-ds rolu: Bu inteqrasiya saffafligi
50%-e gadoar artira biler ve avtonom sistemler yarada biler (McKinsey, 2025).

e Mdstari etibarinin real vaxt davranis analizi ile dlcilmasi: Sentiment analizi ve predictive mod-
ellor etibar dinamikasini daha deqiq prognozlasdiracaq.

e Avtonom Data Governance sistemlarinin praktiki tatbiqgi: Stini intellektin mistaqil idareetmasi
risklari 40% azaldacaq ve ssmaraliliyi artiracaq (Gartner, 2025).

e Cognitive Customer Privacy Management: Mdstarinin psixoloji etibar gdstericilerini nezere alan
modellar, xtsusile Azerbaycan kimi inkisaf eden bazarlarda empirik tedgigatlara ehtiyac duyur, ¢lnki
verli mistarilerin 53%-i saxsi malumat paylasmaga hazirdir, egar tacriibe fardilesdirilirse (PwC, 2025).

Bu istigamatler loyallig bazarinin 2030-cu ile gader 541,21 milyarda ¢atacadi prognozlarini
nazere alaraq (Antavo, 2025), hem akademik, ham de praktiki @hemiyyat kesb edir vo Azerbaycanin
regamsal iqtisadiyyatinin inkisafina tdhfe verecekdir.
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Abstract

This paper analyzes the relationship between international law governing the use of force and the
policies of President Donald J. Trump during his second presidency, with a particular focus on interven-
tion and conflict management in Ukraine and Gaza. Drawing on the United Nations Charter, customary
international law, and international humanitarian law, the study evaluates whether Trump's actions and
proposals reinforce or undermine established legal norms. Through detailed case studies, the paper ar-
gues that while Trump’s emphasis on negotiation and burden-sharing aligns with peaceful dispute reso-
lution principles, aspects of his approach raise significant legal concerns related to sovereignty, coercion,
and civilian protection. The concept of war as a natural right, rooted in state sovereignty, has been
challenged over time. War's viability as a sanction has been disputed, given its inability to guarantee
Justice or victory based on righteousness. As demands for avoiding the inherent evils of war increased,
calls for a complete prohibition gained momentum. The League of Nations' Statute, the Brian-Kellogg
Pact, and the UN Charter transformed the right of war (ius ad bellum) into the right against war (ius
contra bellum). While war remains a forbidden means, it persists in international life, necessitating
ongoing efforts to enhance and expand humanitarian law in response to the prevalence of local, regional,
civil, and liberation conflicts.

1. Introduction

The regulation of armed conflict remains one of the core functions of international law. Since the
adoption of the United Nations (UN) Charter in 1945, the use of force by states has been strictly limited,
with only narrow exceptions for self-defense and Security Council authorization. Despite this framework,
state practice continues to test the boundaries of legality.

The return of Donald J. Trump to the U.S. presidency has renewed debate regarding the United
States’ role in international conflict management. Trump's approach combines skepticism toward
multilateral institutions with an emphasis on transactional diplomacy and negotiated settlements. This
paper examines how these policies interact with international law, focusing specifically on the conflicts
in Ukraine and Gaza, two of the most legally and politically complex armed conflicts of the current era.
Adopting a multidimensional analytical framework, the article argues that war is not the product of a
single causal mechanism but rather emerges from the complex interaction of state interests,
international structures, and cultural and political dynamics. War has been a persistent feature of
international relations from antiquity through the rise of the modern state and remains evident in
contemporary conflicts.

2. International Legal Framework Governing Armed Conflict

2.1 Prohibition on the Use of Force

Article 2(4) of the UN Charter prohibits the threat or use of force against the territorial integrity
or political independence of any state (United Nations, 1945). The only recognized exceptions are:

Self-defense under Article 51, in response to an armed attack.

Collective security measures authorized by the UN Security Council.

These principles are reinforced by customary international law and affirmed by the International
Court of Justice (ICJ), notably in Nicaragua v. United States (1986).

2.2 Peaceful Settlement of Disputes

Article 33 of the UN Charter obliges states to seek peaceful means such as negotiation, mediation,
or arbitration to resolve disputes. Diplomatic initiatives aimed at ending hostilities are therefore gener-
ally consistent with international legal norms, provided they respect state sovereignty and consent.
Recent events, such as Russia's unprovoked invasion of Ukraine and Israel-Hamas conflict, serve as
evidence of human security violations at regional and global levels. The international community calls
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for conflict cessation and, when that's not possible, urges adherence to rules, treaties, and conventions
with a humanitarian focus to protect civilian populations, civil centers, and ensure human security.

2.3 International Humanitarian Law (IHL)

International Humanitarian Law (IHL) aims to mitigate the negative impacts of wars by establishing
rules that regulate the use of violence during armed conflicts, whether international or non-
international. These rules, found in conventions, treaties, and agreements, seek to protect civilians
indirectly involved in hostilities and limit the effects of war on combatants. While various authors differ
in their emphasis on IHL, the 19th century saw the adoption of rules prohibiting certain means and
methods of war, reflecting efforts to address the brutality of armed conflicts. Once an armed conflict
exists, international humanitarian law governs conduct during hostilities. The Geneva Conventions
prohibit targeting civilians, collective punishment, and forced displacement, and impose obligations to
ensure humanitarian access and civilian protection. Despite significant transformations in the global
order, the ways in which political actors construct identities, organize institutions, and interact under
conditions of anarchy continue to be central to understanding conflict. By integrating material,
institutional, ideological, and identity based perspectives, this article provides a comprehensive analysis
of the underlying causes of war as developed in the political science literature.

Humanitarian law aims to address humanitarian issues arising in international or non-international
armed conflicts. It restricts parties' freedom to use certain means and methods during conflicts,
prioritizing the protection of individuals and property affected by the conflict (Meurant 1987).

3. Trump’s Approach to Armed Conflict and International Law

Trump's foreign policy has been characterized by:

Preference for bilateral negotiations over multilateral mechanisms;

Conditionality in military and financial assistance;

Resistance to prolonged U.S. military involvement abroad. While this approach often aligns
rhetorically with the principle of non-intervention, its implementation has legal implications, particularly
when diplomatic pressure intersects with ongoing armed conflict.

The EU, UK, Russia, and China illustrate contrasting interpretations and applications of
international law in armed conflict. While the EU and UK emphasize multilateral legalism and
humanitarian protection, Russia prioritizes sovereignty and strategic interests, and China stresses non-
interference. The Ukraine and Gaza cases demonstrate how these orientations shape responses to
violations of the use of force and protection of civilians. The durability of international law depends on
reconciling these positions through stronger multilateral enforcement, accountability mechanisms, and
consistent adherence to legal norms.

4. Case Study I: Ukraine

4.1 Background

Russia’s invasion of Ukraine in 2022 constituted a clear violation of Article 2(4) of the UN Charter.
Ukraine’s right to self-defense under Article 51 has been widely recognized, and international military
assistance has been justified as collective self-defense. Russia's unprovoked invasion of Ukraine, once
again raises the concern of international organizations and institutions for the great losses caused to the
civilian population and vulnerable groups, the violation of human security as a whole. These international
organizations and institutions seek to stop the conflict and if it is not possible to stop it, to enable the
limitation of the war, the prevention and protection of the civilian population, the implementation of
various rules, treaties, conventions with a humanitarian character to guarantee human security. In 2008
Russia invaded Georgia, occupied 20 percent of its territory, and got away with it. As a result, today we
are all Georgians, in the sense that we are all victims of various forms of Russian aggression emanating
from an emboldened Kremlin. The August 2008 invasion of Georgia was a Beta test for future aggression
against Russia’s neighbors and a dry run for the tactics and strategies that would later be deployed in
the 2014 invasion of Ukraine(Whitmore 2021).

The weak international response to Russia’s invasion of Georgia greenlighted Russia’s subsequent
military assault on Ukraine. Many senior officials of transatlantic governments who worked to mediate
the conflicts over Georgia’s breakaway regions of South Ossetia and Abkhazia condemned Russia’s
invasion, but also blamed then-Georgian President Mikheil Saakashvili for provoking Vladimir Putin.

Hence, the ceasefire agreement brokered by French President Nicolas Sarkozy was one-sided in
favor of Moscow, while the subsequent EU report about the five-day war (incorrectly) blamed Georgia
for firing the first shots(Bryza 2021).

Human Rights Watch states that all parties to the war seriously breached international laws
governing war and caused many fatalities among civilians. HRW reported that no proof of intentional
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attacks on non-combatants by Georgian troops had been discovered. The South Ossetian parliament and
several schools and nurseries were used as military posts by South Ossetian troops and volunteer militias
and targeted by Georgian artillery fire(HRW 2009). Russia is responsible for human rights violations,
including loss of life, torture, disrespect of property and privacy occurring in Georgian breakaway regions
of Abkahzia and South Ossetia as it had effective control of the territories after the 2008 Russo-Georgian
war (European Court Of Human Rights 2021).

The international reaction to Russia’s military campaign in Georgia was to prove remarkably
muted, with Moscow suffering few negative consequences. On the contrary, EU leaders led calls for a
ceasefire that appeared to favor Russian interests, while the US under the new Obama administration
was soon calling for a reset in relations with the Kremlin. Understandably, many in Moscow interpreted
this accommodating approach as an informal invitation for further acts of aggression in Russia’s
traditional sphere of influence. Six years after the Russo-Georgian War, Russia embarked on a far more
comprehensive military campaign against Ukraine, where Moscow continues to occupy Crimea and large
swathes of eastern Ukraine’s Donbas region(Atlantic Council 2021).

Ukraine is now on the front lines of Russia's containment. Ukrainians are paying the highest price
for this, in the lives of their people. If Ukraine failed to tackle Russia, the threat of Russian aggression
would remain. Russian president Vladimir Putin has openly proclaimed the ideology of a return to a
“historical Russia,” a concept that has roots in religious, linguistic, and historical dimensions of the areas
of Eurasia that were once part of the Russian Empire and subsequently the Soviet Union. Moreover, he
has demanded that NATO reduce its activity in those countries he claims as part of “historical Russia,”
including Estonia, Latvia, Lithuania, Poland, and Finland (Wilson Center 2023).

Russia's unprovoked invasion of Ukraine according to Report by the Office of the High Commis-
sioner for Human Rights (OHCHR), “the ongoing full-scale armed attack by the Russian Federation
against Ukraine resulted in severe and widespread harm to civilians throughout the reporting period,
including death; life-changing injuries; loss of homes and livelihoods, displacement; infrastructure
destruction; deprival of access to basic services; and trauma. Between 1 February and 31 July 2023,
OHCHR recorded 4,621 civilian casualties, with 1,028 persons killed and 3,593 injured (1,883 men, 1,294
women, 139 boys, 94 girls, and 1,195 adults and 16 children whose sex is not yet known). Actual casualty
numbers are likely higher. As military operations continued in southern and south-eastern Ukraine,
civilians who remained in areas affected by hostilities faced daily attacks by explosive weapons with wide
area effects: for example, 64 per cent of civilian casualties caused by shelling and multiple launch rocket
system attacks recorded during the reporting period occurred in communities on or near the frontline,
mainly in Donetsk, Kherson, Zaporizhzhia and Kharkiv regions”(OHCRC 2023).

4.2 Trump's Diplomatic Engagement

During his second presidency, Trump positioned himself as a mediator, engaging both Ukrainian
and Russian leadership in pursuit of a negotiated settlement. U.S. military and intelligence assistance to
Ukraine was, at times, conditioned on progress toward negotiations.

4.3 Legal Analysis

The rules of international humanitarian law are set out in a series of conventions and protocols.
The following instruments form the core of modern international humanitarian law:

The Hague Regulations respecting the Laws and Customs of War on Land;

The Geneva Convention (1) for the Amelioration of the Condition of the Wounded and Sick in Armed
Forces in the Field;

The Geneva Convention (Il) for the Amelioration of the Condition of Wounded, Sick and
Shipwrecked Members of Armed Forces at Sea;

The Geneva Convention (lll) relative to the Treatment of Prisoners of War;

The Geneva Convention (1V) relative to the Protection of CivilianPersons in Time of War;

The Protocol Additional to the Geneva Conventions and relating to theProtection of Victims of
International Armed Conflicts (Protocol 1),

The Protocol Additional to the Geneva Conventions and relating to theProtection of Victims of
Non-International Armed Conflicts (Protocol Il)(OHCRC 2011).

The Hague Regulations are generally considered as corresponding to customary international law,
binding on all States independently of their acceptance of them. The Geneva Conventions have attained
universal ratification. Many of the provisions contained in the Geneva Conventions

and their Protocols are considered to be part of customary international law and applicable in any
armed conflict (Henckaerts and Doswald-Beck 2005).From an international law perspective:

Diplomatic mediation aligns with Article 33 obligations.
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However, pressure on Ukraine to accept territorial concessions as a condition for continued
assistance risks violating the principle of sovereign equality.

Any settlement imposed through coercion or unequal bargaining power may undermine Ukraine’s
right to freely determine its political and territorial integrity. While Trump’s strateqy does not constitute
unlawful intervention per se, it raises concerns regarding indirect coercion and the erosion of collective
responses to aggression.

5. Case Study Il: Gaza

5.1 Background

The Gaza conflict involves prolonged hostilities between Israel and Hamas, with Gaza widely
regarded as subject to occupation under international law. The conflict has generated extensive civilian
harm and allegations of serious violations of international humanitarian law. The innocent victims
caused by these armed conflicts are the real evidence of the violation of international humanitarian laws,
as among them we find unprotected domestic and foreign civilian populations of the conflict zone,
Journalists, personnel of international institutions and organizations and humanitarian organizations,
engaged in helping the population affected by these conflicts.

In an overview of the old Israel-Palestine conflict, we see an escalation of violence and innocent
victims on both sides. Gaza is controlled by Hamas, an Islamist militant group; it has been under an Israeli
blockade since Hamas seized control in 2007, one so stringent that human rights groups liken the
situation to an “open-air prison”(HRC 2006). The analysis of HAMAS indicates that the organization’s
name is Harakat Al-Mugawama Al-Islamia or Islamic Resistance Movement. The brief history indicates
that HAMAS split from the Palestinian Muslim Brotherhood in 1987 and now contains two wings, a social
service wing that purportedly runs clinics, kindergartens, and the like, and a terrorist wing that carries
out attacks against Israeli targets. The favored tactic of HAMAS since 1994 has been suicide bombings.
Under the categories of anti-American activities, the report indicates that although some United States
citizens have died as a result of HAMAS bombings in Israel, the group has not intentionally targeted
United States interests. Areas of HAMAS operations are in the West Bank and Gaza Strip. Under the
category of strength and composition, it is reported that members of HAMAS are Palestinian Islamic
radicals of unknown numbers. HAMAS has connections with other terrorist organizations, most notably
the Palestinian Islamic Jihad. Sources of funding include the country of Iran and Palestinian expatriates
around the world. HAMAS was originally designated as a Foreign Terrorist Organization October 8, 1997,
and was re-designated as such both October 8, 1999, and October 5, 2001. Issues of concern for
Congress regarding HAMAS include their significant financial resources and extensive international
ties(NCJRS n.d.).

Currently, Israel is at war with Hamas-a conflict following a horrific rampage on October 7, 2023,
in which militants from Hamas and Palestinian Islamic Jihad, another extremist group, launched attacks
that killed more than 1,400 Israelis and took more than 240 hostage. Israel has responded with
widespread bombardment of the Gaza Strip and a ground incursion, killing and injuring tens of thousands
of Palestinians (HRC 2006). More than 200 people, Israelis and non-Israelis, babies, women and the
elderly, civilians and soldiers - were taken captive by Hamas terrorists on October 7th and taken by force
to Gaza(Joby, Shira 2023).

The terrorist attack of October 7 by Hamas against the defenseless Israeli civilian population was
a living proof of the war philosophy of the terrorist organizations, which break every international legal
norm, treaty, agreement, or international convention. The terrorist attack of October 7 caused a strong
reaction of the international factor in support of the Israeli people and the State of Israel. For many
experts in international humanitarian law, the attack contained all the elements of genocide according
to the Convention on the Prevention and Punishment of the Crime of Genocide (CPPCG 1951). Immedi-
ately in the following days, there followed a multitude of visits by the leaders of Western countries to
Israel, as well as military and financial support from the USA in aid of the State of Israel. It is worth
mentioning that this anger towards the terrorist organization HAMAS was also caused by the fact that
among the victims or hostages there were also many foreign citizens, such as Americans, English, etc.
The terrorist attack of October 7 brought the Israeli state's commitment to a large-scale military attack
in the Gaza Strip, with the aim of eliminating HAMAS, every celland every military arsenal of it. However,
according to the information of the intelligence services, the strategy of HAMAS is the organization and
concealment between the civilian population and the residences or institutions in the function of the
civilian population. Also in the Gaza Strip, Hamasoperates and has bases installed in a very sophisticated
and hidden underground network of tunnels in areas inhabited by the civilian population, including
schools or health service centers such as hospitals. For this purpose, the Israeli army called on the
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Palestinian population in the north of the Gaza Strip to leave this territory, as otherwise they will be
identified as collaborators of the terrorist group HAMAS. According to the evaluations of many interna-
tional organizations, including the UN or Amnesty International, such a movement within the required
time frame is impossible and risks causing a humanitarian crisis. Declaring an entire city or a region so
large and with such a dense population as a military target could cause a violation of international law.
The number of people killed in Gaza is nearing the 9,000 mark amid mounting concerns over the
aftermath of Israeli airstrikes on a densely-populated refugee camp near Gaza City, while a key hospital
has stopped operations and UN humanitarians are unable to deliver aid to the north as the ground war
intensifies.According to the Hamas-run Ministry of Health, 8,805 Palestinians have been killed since 7
October, including at least 3,648 children and 2,187 women, and some 22,240 have been injured, UN
humanitarian coordination affairs office OCHA said(UN 2023).

Despite the protection that should be provided to all children by international law, during the first
month of this war, there have been devastating reports of acts that are forbidden by international
humanitarian law, including maiming, injury, abduction, forcible displacement, deprivation of medical
care, food, and water. According to article 38 of the Convention on the Rights of the Child, States have
an obligation to respect and ensure respect for the rules of international humanitarian law, and to take
all feasible measures to ensure the protection and care of children affected by armed conflict(OHCRC
2023). The Committee calls for an end to the devastating harm being wreaked on children’s lives in the
occupied Palestinian Territory. We add our voice to those calling for an immediate ceasefire. We urge the
immediate release of child hostages, with their caregivers, as a first urgent phase towards the release of
all hostages. We call on all parties to protect all children and provide all the necessary medical and
protective support, including psychological support, to begin the long process of overcoming the
consequences of these grave violations. We plead that all humanitarian convoys be permitted to enter
the Gaza Strip and provide humanitarian aid to all children in need, as required by international
law(OHCRC 2023).

15 November 2023 - The Security Council has passed a resolution calling for the immediate release
of all hostages held by Hamas, and for urgent and extended humanitarian corridors throughout the
enclave to save and protect civilian lives(UN 2023).

5.2 Trump's Proposals

Trump advanced several proposals aimed at ending the conflict, including:

A ceasefire framework and hostage exchanges;

Disarmament of Hamas;

Transitional governance arrangements for Gaza.

Earlier proposals suggesting U.S. control or population relocation generated strong international
criticism.

5.3 Legal Analysis

Under international law:

Ceasefires and negotiations are consistent with IHL and the UN Charter.

Forced displacement of civilians from Gaza would violate the Fourth Geneva Convention and could
constitute a grave breach.

Any external administration of Gaza without Security Council authorization or consent of the
Palestinian people risks violating the right to self-determination. Thus, while Trump’s later peace
initiatives align with humanitarian objectives, aspects of earlier proposals conflict with fundamental IHL
and human rights norms.

6. Comparative Assessment

The Ukraine and Gaza cases reveal a pattern in Trump's foreign policy:

Preference for pragmatic negotiation over sustained military involvement;

Willingness to reinterpret or pressure existing legal frameworks;

Tension between efficiency in conflict resolution and adherence to international legal norms.

In both cases, Trump’s actions highlight the fragility of the international legal order when powerful
states prioritize expediency over institutional legality.

7. Conclusion

President Trump’s second-term engagement with armed conflicts illustrates the complex
relationship between international law and great-power politics. While his emphasis on diplomacy
reflects the UN Charter’s commitment to peaceful dispute resolution, certain strategies particularly
those involving coercive bargaining or population transfer risk undermining core legal principles.
Ultimately, Trump’s legacy in international law will depend not only on whether conflicts were ended,
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but on how they were resolved and whether fundamental norms of sovereignty, civilian protection, and
self-determination were preserved.

The implementation of international humanitarian law is crucial for setting standards in conflicts.
While the goal is to avoid war, if unavoidable, the law aims to limit damage to civilians, facilities, and
combatants. In the Ukraine situation, implementing humanitarian law proved challenging. Despite
Russia's global influence, an international arrest warrant for the Russian president for suspected war
crimes exists.
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Abstract

The Monroe Doctrine, originally articulated in 1823 as a defensive policy against European
colonialism in the Western Hemisphere, has undergone significant reinterpretation in the twenty-first
century. In the context of an emerging multipolar world order, the doctrine is no longer a mere historical
statement but a strategic framework invoked explicitly or implicitly to justify spheres of influence,
geopolitical competition, and selective adherence to international law. This paper examines the evolution
of the Monroe Doctrine, its contemporary applications, and its compatibility with modern international
legal principles, particularly sovereignty, non-intervention, and collective security. It argues that the
renewed use of Monroe Doctrine like logic reflects broader tensions between power politics and rule-
based international order in the new world order. The reemergence of the Monroe Doctrine in
contemporary United States foreign policy has drawn significant criticism from scholars of international
law who view it as incompatible with the principles of sovereignty, non-intervention, and legal equality
of states. This paper offers a realist defense of the modern application of Monroe Doctrine logic, arguing
that U.S. regional primacy in the Western Hemisphere is not only consistent with the structural realities
of the international system but also contributes to international stability. From a realist perspective,
international law does not operate independently of power but is embedded within it. This paper
contends that the Monroe Doctrine represents a pragmatic adaptation to multipolarity, reinforcing
deterrence, reducing great-power competition in the Americas, and preserving regional order in a legally
imperfect but politically necessary manner.

1. Introduction

The international system is undergoing a profound transformation marked by the decline of
unipolar dominance, the rise of regional powers, and increasing challenges to the post-World War Il legal
and institutional framework. Within this context, historical doctrines are being reinterpreted to serve
modern strategic objectives. One such doctrine is the Monroe Doctrine, a foundational element of United
States foreign policy.

Originally designed to prevent European intervention in the Americas, the Monroe Doctrine has
evolved into a broader justification for regional dominance and exclusion of external powers. In the
twenty-first century, its logic reappears in debates over influence in Latin America, responses to extra-
regional actors such as China and Russia, and broader discussions about spheres of influence. This paper
explores how the modern use of the Monroe Doctrine intersects with international law and what this
reveals about the emerging world order. The international system is undergoing a structural transition
from post—Cold War unipolarity toward an increasingly multipolar order. As power diffuses and strategic
competition intensifies, great powers have revived doctrines emphasizing regional control and exclusion
of rival influence. In this context, the United States’ renewed invocation of the Monroe Doctrine has
become a focal point of debate in both international law and international relations scholarship.

Critics argue that the doctrine undermines the United Nations Charter and erodes the rule-based
international order. Yet such critiques often rest on a legal idealism that underestimates the role of
power in sustaining order. From a realist standpoint, international law reflects not restrains underlying
distributions of power. This paper advances the thesis that the modern application of Monroe Doctrine
logic is a legitimate and stabilizing expression of U.S. regional hegemony, consistent with realist theory
and historically embedded within the evolution of international law itself.

Classical and structural realism posit that the international system is anarchic and that states
prioritize survival and security above legal or moral considerations.” International law, from this
perspective, does not constrain great powers in existential matters but serves as a coordinating
mechanism where interests align.?

" Kenneth N. Waltz, Theory of International Politics (Reading, MA: Addison-Wesley, 1979), 88-93.
2 Stephen D. Krasner, Sovereignty: Organized Hypocrisy (Princeton: Princeton University Press, 1999), 6-9.
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Hans Morgenthau explicitly argued that international law “operates in a decentralized system of
power” and cannot be detached from political reality.? Similarly, Kenneth Waltz maintained that stability
emerges not from legal norms but from balances or concentrations of power.?

The Monroe Doctrine, viewed through this lens, is not an aberration from international order but
a functional mechanism for regional stability. By establishing a clear sphere of influence, the United
States reduces uncertainty, deters external intervention, and minimizes the likelihood of great-power
conflict in the Western Hemisphere.

2. Historical Origins of the Monroe Doctrine

The Monroe Doctrine was articulated by U.S. President James Monroe in 1823, asserting that
further European colonization or intervention in the Western Hemisphere would be viewed as a hostile
act. At the time, the doctrine had limited practical enforcement capability and relied heavily on British
naval power.

Initially, the doctrine emphasized:

Non-colonization by European powers

Non-intervention in the political affairs of the Americas

Reciprocal U.S. non-interference in European affairs.

Throughout the nineteenth and early twentieth centuries, the doctrine evolved from a defensive
principle into a tool for U.S. expansionism, most notably through the Roosevelt Corollary, which justified
intervention in Latin American states under the pretext of maintaining stability.

3. The Monroe Doctrine in the Post—Cold War Era

Following the Cold War, the United States emerged as the dominant global power, seemingly
rendering the Monroe Doctrine obsolete. However, rather than disappearing, its logic was absorbed into
broader strategic concepts such as regional hegemony and security primacy.

In recent decades, the doctrine has resurfaced in:

U.S. opposition to Russian and Chinese influence in Latin America

Security narratives surrounding Venezuela, Cuba, and Nicaragua

Diplomatic rhetoric emphasizing the Western Hemisphere as a distinct strategic space.

Unlike its original formulation, the modern invocation of the Monroe Doctrine is less about
colonialism and more about geopolitical competition and control over economic, military, and
technological influence. The Monroe Doctrine as a Historical Security Instrument

The Monroe Doctrine, articulated in 1823, was fundamentally a security declaration rather than a
legal instrument.> It sought to prevent European powers from extending rival military and political
influence into a region vital to U.S. security. Importantly, the doctrine emerged in a world lacking formal
international legal institutions and should be understood as an early expression of regional security
ordering.

Throughout the nineteenth and early twentieth centuries, the doctrine evolved alongside U.S.
power capabilities. The Roosevelt Corollary expanded its scope, explicitly linking regional stability to U.S.
intervention.® While often criticized, this evolution reflected the logic that weak governance in the
Americas could invite external intervention, thereby threatening U.S. security.

From a realist perspective, these interventions were not violations of an established legal order but
contributors to the emergence of a stable regional hierarchy.

4. International Law and the Principle of Non-Intervention

Modern international law, particularly as codified in the United Nations Charter, rests on principles
that appear to conflict with Monroe Doctrine—style thinking. These include:

Sovereign equality of states

Prohibition on the use of force

Non-intervention in internal affairs

The assertion of exclusive spheres of influence challenges these principles by implying unequal
rights among states based on geography or power. While powerful states may justify such policies under
national security or regional stability, international law does not formally recognize unilateral doctrines
that override sovereign consent. International Law and the Limits of Sovereign Equality

3 Hans J. Morgenthau, Politics Among Nations (New York: Knopf, 1978), 286.

4 Waltz, Theory of International Politics, 118.

> James Monroe, “Seventh Annual Message to Congress,” December 2, 1823.

¢ Theodore Roosevelt, “Fourth Annual Message to Congress,” December 6, 1904.
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The United Nations Charter enshrines the principle of sovereign equality, yet realist scholars have
long observed that this principle is more formal than substantive.” In practice, states possess vastly
unequal capacities to shape outcomes, enforce norms, and absorb costs.

Article 2(4) of the UN Charter prohibits the use of force, but its enforcement depends on the very
great powers it seeks to restrain.? Similarly, the principle of non-intervention has been repeatedly
subordinated to security imperatives, humanitarian claims, and geopolitical competition.

The Monroe Doctrine does not uniquely violate international law; rather, it reflects the structural
reality that powerful states shape regional orders. The legal system tolerates this behavior implicitly, as
evidenced by the lack of meaningful enforcement against great-power spheres of influence.

5. Spheres of Influence and the New World Order

The reemergence of Monroe Doctrine—like policies is not unique to the United States. Russia’s
claims over its “near abroad” and China’s strategic posture in the South China Sea reflect similar
approaches. This convergence suggests a shift toward a world order where power politics increasingly
overshadow legal norms.

In this emerging system:

International law is selectively interpreted rather than universally applied

Great powers assert regional dominance while rejecting similar claims by rivals

Multilateral institutions struggle to enforce norms consistently.

The Monroe Doctrine thus serves as a case study of how historical doctrines are repurposed to
legitimize contemporary geopolitical strategies.

The Modern Revival: Strategic Competition in the Americas:

The renewed relevance of Monroe Doctrine logic stems from intensified extra-regional
engagement by China and Russia in Latin America. Chinese infrastructure investments, technological
penetration, and military cooperation agreements represent long-term strategic positioning.” Russian
military presence and arms transfers further challenge U.S. regional dominance.

From a realist perspective, allowing rival great powers to establish military or strategic footholds
in the Western Hemisphere would constitute a severe security failure. The Monroe Doctrine provides a
clear deterrent signal, reducing miscalculation and escalation.

Importantly, this approach does not require constant intervention; its primary function is
preventive. By signaling resolve, the doctrine reduces the likelihood of direct confrontation, thereby
contributing to regional and global stability.

Spheres of Influence as Stabilizing Structures:

Although often criticized in normative terms, spheres of influence have historically reduced the
likelihood of great-power war.’ The Cold War division of Europe, while legally imperfect, provided
predictability and deterrence.

The Monroe Doctrine operates similarly. By asserting regional primacy, the United States limits
strategic ambiguity and discourages external powers from testing boundaries. This clarity aligns with
realist assumptions that order emerges from hierarchy rather than legal equality.

Critics who condemn U.S. regional dominance while tolerating similar behavior by other powers
implicitly acknowledge the functional necessity of such arrangements.

Addressing Legal and Normative Critiques:

Legal critics argue that the Monroe Doctrine undermines Latin American sovereignty. However,
sovereignty in international law has never implied immunity from great-power influence.’” Smaller states
routinely navigate asymmetric relationships to secure economic and security benefits.

Moreover, the U.S.-led hemispheric order has coincided with the absence of inter-state great-power
warfare in the Americas for over a century. From a realist cost-benefit perspective, this outcome
outweighs abstract legal inconsistencies.

International law remains relevant, but only insofar as it accommodates the strategic imperatives
of systemically significant states.

6. Legal and Normative Implications: the Monroe Doctrine and the New World Order

As multipolarity intensifies, regional orders anchored by dominant powers are likely to proliferate.
The Monroe Doctrine represents an early and enduring model of such ordering. Rather than signaling

7 Martti Koskenniemi, From Apology to Utopia (Cambridge: Cambridge University Press, 2005), 17-20.
8 United Nations Charter, art. 2, para. 4.

9 Evan Ellis, China in Latin America: The Whats and Wherefores (Boulder: Lynne Rienner, 2018).

10 john J. Mearsheimer, The Tragedy of Great Power Politics (New York: Norton, 2001), 41-43.

" Krasner, Sovereignty, 24-27.
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legal decay, it reflects a transition toward decentralized stability mechanisms. Attempts to enforce strict
legal universalism in a competitive multipolar system risk increasing instability by denying power realities.
A realist accommodation of regional hierarchies may better preserve peace than rigid legal
formalism.The renewed relevance of the Monroe Doctrine raises critical questions about the future of
international law. If spheres of influence become normalized, the foundational legal principles of
sovereignty and equality risk erosion. Smaller states may find their legal rights subordinated to strategic
calculations made by major powers. However, defenders argue that international law has always
operated alongside power realities and that regional stability sometimes necessitates informal
hierarchies. This tension underscores the fragile balance between normative ideals and geopolitical
practice in the new world order.

During news conference at the Mar-a-Lago resort in Florida, (January, 03, 2026), the US president
commented on how the Venezuelan operation advanced his "American First" priorities.

The action in Venezuela, Trump said, shows that "American dominance in the Western Hemisphere
will never be questioned again”.

Trump has said the attack closely aligns with the "Monroe Doctrine” - named after the fifth
president of the US, James Monroe, which Trump rebranded the "Donroe Doctrine".”?

The US seizing of Venezuela's leader has faced strong criticism from both America's friends and
foes at an emergency meeting of the United Nations Security Council.

Many member states agreed with the US that Nicolds Maduro had been an illegitimate and
repressive leader.

But many also condemned the US military action as a breach of international law and the UN
Charter, and they demanded a democratic transition that reflected the will of the VVenezuelan people.

Among US allies, France was by far the most outspoken. The deputy ambassador, Jay
Dharmadhikari, said Maduro's taking by the US runs "counter to the principle of peaceful dispute
resolution and runs counter to the principle of the non-use of force".

He told the Council: "The proliferation of violations of the Charter of the UN and the violations of
international law by states vested with responsibility as permanent members of Security Council chips
away at the very foundation of the international order, contravening the principles of the charter,
including the principle of respect for independence and territorial integrity of states, undermines the
foundation of the UN and weakens international peace and security."’

The deputy UN ambassador for Denmark, Sandra Jensen Landi, voiced her country's "deep concern”
at the evolving situation and said: "These developments constitute a dangerous precedent. International
law and the UN Charter... must be respected.”

Both these statements — by France and Denmark - represent a significant stiffening of European
criticism of the seizing of Maduro after some initial equivocation by many EU members. In contrast, both
UK and Greek diplomats at the UN did not condemn the US military operation.

Colombia's ambassador Leonor Zalabata Torres said there is no justification for the unilateral use
of force to commit an act of aggression: "Such actions constitute a serious violation of international law
and the UN Charter."

Russia's ambassador, Vassili Nebenzia, accused the US of "international banditry" and "neo-
colonialism and imperialism".

He said there was no justification for "US domination by force" and accused US allies of hypocrisy
and double standards for failing to criticise Trump.

China's Chargé d'Affaires, Sun Lei, said Beijing was "deeply shocked and strongly condemned" what
he called the "unilateral, illegal and bullying acts of the US".

In a statement read out on his behalf, Antonio Guterres, the UN Secretary General, said he
remained "deeply concerned that rules of international law have not been respected” during the US
action: "The power of the law must prevail.”

By contrast, the acting UK ambassador, James Kariuki, gave a very brief statement, saying merely
the UK wanted to see a "safe and peaceful transition to a legitimate government that reflects the will of
the Venezuelan people”.

He added, without being specific, that the UK "reaffirms its commitment to international law and
the principles enshrined in the charter of the UN". Greece's deputy ambassador, loannis Stamatekos, also
failed to condemn Trump's seizure of Maduro, calling instead for "dialogue and diplomacy” to resolve the

12 https.//www.bbc.com/news/live/c5yqygxed 1pt?post=asset%3Acf63dc58-ce5a-4807-b0a2-53c6157e4 18c#post
12 james Landale, US sharply criticised by foes and friends over Maduro seizure, https.//www.bbc.com/news/articles/cwy1812n13eo
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crisis. For the US, UN ambassador Mike Waltz said the capture of Maduro was a law-enforcement
operation against an illegitimate leader responsible for both drug trafficking and terrorism. "You can't
turn Venezuela into the operating hub for Iran, for Hezbollah, for gangs, for the Cuban intelligence agents
and other malign actors that control that country,” Waltz told the Council. "You cannot continue to have
the largest energy reserves in the world under the control of adversaries of the US.""*

7. Conclusion

The modern reinterpretation of the Monroe Doctrine illustrates the ongoing struggle between rule-
based international order and the reassertion of power politics. While framed as a security doctrine, its
contemporary use challenges key principles of international law and reflects broader systemic changes
in global governance.

As the world moves toward a more multipolar structure, the persistence of doctrines rooted in
exclusivity and dominance suggests that international law will continue to be shaped and constrained by
the strategic interests of powerful states. The Monroe Doctrine, far from being a relic, remains a
revealing lens through which to examine the legal and political dynamics of the emerging world order.

The modern invocation of the Monroe Doctrine should be understood not as a rejection of
international law but as a realist adaptation to structural change in the international system. While it
challenges idealized notions of sovereignty and equality, it reinforces deterrence, reduces uncertainty,
and preserves regional stability.

International law has never existed independently of power. The Monroe Doctrine exemplifies how
legal norms and hegemonic authority interact to produce order in an anarchic system. In the emerging
world order, such arrangements are not only inevitable but necessary.
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Introduction. Pulmonary hypertension (PH) is one of the key complications of severe chronic ob-
structive pulmonary disease (COPD) and has a significant impact on cardiopulmonary hemodynamics and
patient prognosis. At the same time, interpretation of ambulatory blood pressure monitoring (ABPM)
results in this patient population may be complicated by the phenomenon of pseudonormalization of
blood pressure due to limited cardiac reserve. In this context, evaluation of echocardiographic signs of
PH according to the type of circadian blood pressure profile in patients with severe COPD is of particular
clinical relevance.

Aim. To assess echocardiographic features of PH in patients with severe COPD and arterial hyper-
tension depending on the type of circadian blood pressure profile.

Materials and Methods. A total of 40 patients with severe COPD (GOLD I, FEV1 32 (28, 34)% of
predicted) and comorbid arterial hypertension receiving ICS-containing inhalation therapy were exam-
ined. According to ABPM results, patients were divided into two subgroups: subgroup 1 with a formally
physiological circadian blood pressure profile (n = 21) and subgroup 2 with a pathological circadian blood
pressure profile (n = 19). All patients underwent Doppler echocardiography with assessment of maximal
tricuspid regurgitation velocity, systolic pulmonary artery pressure (sPAP), interventricular septal eccen-
tricity index, pulmonary artery diameter, inferior vena cava (IVC) diameter and collapsibility, as well as
the presence of pericardial effusion.

Results. In patients with severe COPD, echocardiographic signs of PH differed significantly depend-
ing on the type of circadian blood pressure profile.

In subgroup 1, maximal tricuspid regurgitation velocity was significantly higher compared with sub-
group 2 and amounted to 3.1 (2.8; 3.6) m/s versus 2.8 (2.4; 3.2) m/s, respectively (p < 0.05). In three
patients from subgroup 1 (14.3%), tricuspid regurgitation velocity exceeded 3.4 m/s, indicating a high
probability of PH; systolic pulmonary artery pressure in these patients reached 48, 52, and 54 mmHg.

Median sPAP values were significantly higher in subgroup 1 than in subgroup 2 (35.0 (30.0; 48.0)
mmHg vs 30.0 (25.0, 35.0) mmHg, p < 0.05). Notably, cases of moderate PH were observed exclusively in
subgroup 1, whereas all PH cases in subgroup 2 corresponded to a mild degree.

Analysis of additional echocardiographic markers demonstrated that subgroup 1 was character-
ized by a significantly higher prevalence of structural and hemodynamic signs of elevated pulmonary
artery pressure. An interventricular septal eccentricity index >1.1 was detected in 66.7% of patients in
subgroup 1 compared with 15.8% in subgroup 2. Pulmonary artery dilatation was observed in 61.9% and
21.1% of patients, respectively.

Signs of elevated right heart filling pressure, including reduced IVC collapsibility and the presence
of pericardial effusion, were found exclusively in subgroup 1 (19.0% and 14.3%, respectively).

Overall, echocardiographic signs of PH were diagnosed in 95.2% of patients in subgroup 1 and only
in 36.8% of patients in subgroup 2 (p < 0.05). Odds ratio analysis showed that the presence of PH in
patients with severe COPD was associated with a 34-fold increase in the likelihood of a formally physio-
logical circadian blood pressure profile (OR = 34.3;95% Cl 3.7-313.8; p = 0.002).

Conclusions. In patients with severe COPD, a formally physiological circadian blood pressure profile
is associated with a higher prevalence and greater severity of echocardiographic signs of PH. Normal
ABPM values in this patient population may reflect blood pressure pseudonormalization caused by limited
cardiopulmonary reserve due to progression of PH.

Keywords: Pulmonary hypertension; Chronic obstructive pulmonary disease; Ambulatory blood
pressure monitoring; Echocardiography; Cardio-pulmonary interaction
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Abstract

This article argues for the evaluation of one of the most pivotal components of language in sec-
ondary stage of education, especially Kazakhstani schools. Listening comprehension is fundamental skill,
yet it may be challenging in assessing in foreign language classrooms as discrete-point testing methods
remain. This type of assessment may prioritize correct answers over understanding a gist of listening
materials and its interpretation, therefore it has a potential to limited language competence. For the
majority of secondary school students in EFL classrooms it may cause later issues in communication as
they tend to lack of inference or interpretation. Considering different approaches, the study introduces
a theoretical framework for criterion-based assessment (CBA) of listening skills for students in secondary
school (Grades 7-8) due to the need in transition towards a descriptive and performance-focused ap-
proach in this stage. Based on the qualitative research, the article summarizes key insights of existing
language testing theory, researches on listening and global evaluation. It does not include empirical data,
the framework is constructed through literature review and its synthesis. Major models of listening com-
prehension (e.g. made by Buck or Field) and other cognitive theories regarding listening processes were
the basis for finding the nature of target skill. It may be identified as an active meaning-making process
that involves both bottom-up and top-down processing. Consequently, secondary school learners need
several core elements in order to foster a strong foundation in a language competence that may include
understanding of both main idea and specific details, the ability to make basic inference in context. These
constructs align with assessment criteria provided by the descriptive philosophy in the Common European
Framework of Reference for Languages. It highlights the way criterion-based descriptors may be orga-
nized across a limited set of proficiency levels that can be suitable for the A2-B1 range that is associated
with secondary school learning. The framework proposes the significance of clarity and practical imple-
mentation, ensuring that the criteria are accessible to educators and meaningful for learners. Based on
the aforementioned data, this paper is aimed at sharing key insights in CBA of listening comprehension

as it may facilitate learning process through transparency and consistency.

Keywords: listening assessment, secondary stage of education, listening sub-skills, evaluation
framework, criterion-based assessment, competence, inference.

Introduction

The evaluation of listening skill poses significant challenge in language education due to its covert
and internally mediated nature. Unlike speaking or writing, the progress in listening comprehension may
not be seen vividly, leading to some difficulties in identifying what learners have understood and whether
they could grasp a whole concept of materials. Therefore, a variety of educators relies on multiple-choice
or short answer questions, examples of discrete-point testing formats. While it may offer easy and quick
grading, the true information about learner’s understanding and the multidimensional nature of listening
is likely to be left, that may be result in knowledge gaps. In this case, students may lose the ability to
understand a context, which is essential as otherwise it hinders the development of communicative lan-
guage. For the majority of students in foreign language classrooms, it is a serious issue as a variety of
them fail to interpret the information. It may root in the type of assessment that was implemented
throughout language learning. For secondary school learners in grades 7-8, it is an integral period when
they shift from basic understanding towards more comprehensive and strategic language use. However,
listening tasks may cause difficulty in interpreting the meaning beyond isolated words or phrases. This is
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why assessment should not only measure final results of question answers, but also they should foster
environment with clear criteria which can also measure the ongoing development by considering listen-
ing sub-skills as well. According to Brown (2004), traditional norm-referenced approach focus on limited
scope of diagnostic value ranking learners to one another.

As a reaction towards these limitations, criterion-based assessment (CBA) has gained the attention
in both research and practice. CBA offers the usage of scoring guides or rubrics that are smaller parts of
standardized learning objectives. It might be helpful in assessing based on criteria, not a number, and it
allows students to be aware of the aspects by which their works will be evaluated. Utilizing CBA may
show areas in learning process, which cause difficulties in each student. Consequently, despite longer
amount of time required for grading, educators are likely to tailor teaching style more efficiently and
ensure quality education in classrooms. Black and William (1998) revealed that aiming at transparency,
feedback and the use of evaluation findings criterion-based assessment is close to formative assessment
principles. In terms of listening comprehension, a clear conceptualization of listening is needed if one
would like to implement CBA. According to Buck (2001) and Field (2008), research in listening theory
demonstrates that it is an active, meaning-oriented process grounded in the interaction of top-down in-
terpretive mechanisms and bottom-up decoding. It can be seen that listening is highly demanding, cog-
nitively complex and context-dependent process. Therefore, this article will explore existing information
regarding listening comprehension and criterion-based assessment in order to propose its implementa-
tion in secondary school.

Theoretical Foundations of Criterion-Based Assessment

Listening comprehension is said to be a complex skill, which is different from other three (reading,
writing, speaking) in terms of the progress monitoring. Vandergrift and Goh (2012) investigated this topic
and found out that effective listening assessment should be rooted in an explicit model of listening com-
prehension. This may address its complexity and issue with the developmental progression among learn-
ers. During secondary school, especially grades 7-8 might struggle in foreign language classrooms due to
a variety of reasons, yet listening and its evaluation are likely to be the foremost. Classroom assessment
of listening comprehension can fail due to some obstacles in differentiation between types of under-
standing or levels of performance, leading to the learning environment with little support. As educators
tend to organize classes on the basis of the results in tests or assignments, traditional assessment of
listening might offer limited information about the strengths and weaknesses of students. On the con-
trary, criterion-based assessment has the potential to facilitate listening evaluation through clear de-
scriptors that might be more precise and pedagogically informative. According to Kunanbayeva (2021),
there has been a shift towards competence-based education, which values the development of transfer-
able skills and the alignment between learning outcomes and assessment. This competence-based ap-
proach may be embodied in international frameworks such as the Common European Framework of Ref-
erence for Languages (CEFR), which has clear listening descriptors framed in “can do” statements suita-
ble for action-oriented focus in evaluation (Council of Europe, 2020). It aligns with core principles of CBA
such us the description of learner is able to do independently from peers in terms of specific competencies
according to Brown (2004). In grades 7-8 among Kazakhstani students it is especially significant as learn-
ers may be used to the learning environment of previous classes, where the focus was on the collective
collaborations and group assessments. In addition, learners of this age group may demand transparent
and developmental descriptors in order to be aware of their goal in learning process as they become more
conscious about their studies. Fulcher (2010) points out that CBA's key points interlinked with well-con-
structed evaluation descriptors that are not abstract. In terms of listening, this can require deeper anal-
ysis of what the skill includes, for instance, speech perception, bottom-up processing at the sentence
level, conceptual or top-down processing (Buck, 2001).

Core Listening Constructs for Assessment

To evaluate listening effectively, a definition and break-down of listening sub-processes should be
considered. According to Field (2008), listening is not simply the passive reception of sound waves but an
active and constructive task. It follows by Vandergrift and Goh'’s investigation (2012) which may demon-
strate listening encompasses the processing continuum from bottom-up processing theories that include
the decoding of sounds at the phoneme, word, and sentence levels to top-down processing that empha-
sizes the utilization of prior linguistic and semantic understandings of the material being communicated.
It is crucial to note that these processes are not sequential, but interactive and mutually supportive. While
top-down expectations about the topic foster a listener to recognize relevant vocabulary helping bottom-
up decoding, it might be vice versa. Bottom-up processing may trigger a rapid top-down reanalysis of a
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context. Therefore, the proper assessment should not only focus on this two processes, but also on their
integration.

A grade level analysis for the listening audience in grades 7-8 with more sophisticated listening
skills would take into account several critical components such as the comprehension of main idea or
gist, making inferences, understanding specific details, cohesion and discourse structure. According to
Buck (2001), these skills are essential in designing rubrics of assessment. Comprehension of the gist re-
fers to the learner’s understanding of the central topic of a conversation, lecture or other audio materials,
while understanding of specific details implies the recognition of detailed information during listening.
It is interlinked with the ability to make an inference or the application of deduction to grasp a meaning
expressed through attitude and voice, which also needs cohesion and discourse structure. The latter may
be explained as the process of tracing the logical structure of extended speech.

Principles for CBA of Listening

Based on these foundations, the design process for a CBA framework in listening should follow
these guidelines:

a) Construct Validity: Listening tasks and criteria should reflect genuine tests of the listening con-
structs they intend to measure (Buck, 2001).

b) Clarity and Transparency: The language used in performance criteria and levels must be clear
for teachers as well as for the students (Brookhart, 2013).

¢) Developmental Appropriate Levels: The descriptors should cover an ability range that is appro-
priate to the age group and level of ability, from A2 to B1 in the CEFR framework. This is usually during
the period of grades 7-8.

d) Usability: The rubric should serve summative purposes in order to grade, but also serve formative
purposes to give feedback (Black & Wiliam, 1998 Contextual Alignment). The criteria for judgement need
to have connections with overall curricular objectives and competency-based outcomes (Kunanbayeva,
2021)

A Proposed Framework for Grades 7-8

The aforementioned investigation of existing literature about criterion-based assessment and lis-
tening comprehension might be helpful in designing the framework for evaluation. For instance, the pro-
posed framework in Table 1, which integrates CEFR’s descriptive philosophy along with Brookhart'’s ru-
bric design (2013), can be implemented for grades 7-8 for listening assessment. It is organized around
key listening constructs and based on the principles mentioned earlier.

Table 1.

Criterion Level 1: Developing Level 2: Proficient Level 3: Advanced

Comprehension of Gist

Identifies only isolated and
familiar words, cannot dis-
cern main topic

Can correctly identify the
main topic or general pur-
pose of short, clear mono-
logues/dialogues on famil-
iar topics

Can summarize the central
idea and purpose of longer
and slightly more complex
audios

Comprehension of Specific
details

Can extract 1-2 details
when information is given
with a slow pace

Can extract key explicit de-
tails (place, time, reason)
from straightforward audio

Can extract details, even
with some competing or
faster speech

Making Inferences

Can struggle to move be-

Can make simple and plau-

Can make appropriate infer-

yond literal meaning, infer- | sible  inference  about | ence about attitudes, rela-

ences are often incorrect or | speaker feeling or intent in | tionships  and  implicit
absent familiar contexts ,eaning in less predictable
contexts

Task Fulfillment Responses are fully com-

plete, relevant and demon-
strates efficient listening
strategies

This article proposes this framework on a basis of theoretical data analysis, but it may be further
enhanced through deeper research. Implementing such a framework might require a shift from “scoring
tests” to more complex evaluation. The framework enables differentiated feedback as instead of merely
marking an answer wrong, a teacher can note, for example, "You identified the gist well, but listen again
for the specific time the event starts" (addressing Criterion 2).

Conclusion

This article has argued for the adoption of a theoretically grounded, criterion-based framework for
assessing the listening skills of secondary school students in grades 7-8. By merging the modern ap-
proaches to the activity of listening as an interactive cognitive process and the well-established tenets of
criterion-related language evaluation, this new framework provides a pedagogically well-informed and

Responses are mostly com-
plete and relevant

Responses are largely in-
complete or irrelevant
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theoretically consistent alternative to conventional and frequently reductionist evaluation procedures.
The great strength of this framework is that it is aligned in two ways: it puts a premium upon the descrip-
tion and international framing of the CEFR (Council of Europe, 2020), and yet at the same time leverages
the pedagogical power of rubric evaluation (Brookhart, 2013). This enables a shift from error measure-
ment to a description of the process of acquisition.

It is essential to recognize that the framework, as discussed, is essentially a conceptual framework.
The effectiveness, detail refinement of performance levels, and overall effectivity in terms of learning
outcome need to be tested empirically. However, from the theoretic standpoint, the viability is convinc-
ing. A criterion-based assessment framework is equipped with great potential to overhaul the concept of
listening assessment in the language learning class. It can significantly alter the percept from having an
assessment as an end point to an integrated part of the process. It essentially provides learners with
clear-cut aims and objectives (‘can-do's) and teachers with diagnosing tools.
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Abstract

Over the past two decades, educational systems worldwide have undergone profound transfor-
mations driven by technological advancement, socio-economic change, and the increasing demand for
2 1st-century competencies. In this evolving landscape, deep learning pedagogy has emerged as a domi-
nant educational paradigm, emphasizing meaningful understanding, critical thinking, collaboration, and
the application of knowledge in authentic contexts. Despite its growing prominence in international pol-
icy discourse, the practical enactment of deep learning remains uneven, particularly in highly centralized
education systems.

This literature review critically examines teachers’ readiness to adopt deep learning pedagogy
within the Greek educational context. Drawing on international and Greek scholarly literature, the re-
view explores the interrelationship between technological pedagogical knowledge, 2 1st-century compe-
tencies, and educational policy reforms. The findings indicate that teacher readiness in Greece is shaped
not only by individual technological skills but also by structural constraints, institutional culture, and
policy discontinuities. The review concludes that sustainable implementation of deep learning pedagogy
requires systemic alignment between teacher professional development, curriculum reform, and school-
level support structures.

Keywords: deep learning pedagogy; teacher readiness,; Greek education system, TPACK; 2 1st-cen-
tury skills; educational reform

1. Introduction

In the context of rapid digitalization and global uncertainty, education systems are increasingly
called upon to prepare learners for complex, unpredictable futures. Contemporary educational discourse
emphasizes the development of transferable competencies such as critical thinking, creativity, collabo-
ration, and digital literacy commonly framed as 2 1st-century skills [1-3]. These demands have catalyzed
a paradigmatic shift from content-driven instruction toward learner-centered and transformative peda-
gogies [1-3].

Deep learning pedagogy represents one such response to these challenges. Rather than prioritizing
rote memorization or procedural knowledge, deep learning focuses on meaning-making, reflective think-
ing, and the ability to transfer knowledge across contexts. However, the successful enactment of this
pedagogical approach depends largely on teachers’ readiness to redesign instructional practices, inte-
grate technology pedagogically, and navigate ongoing educational reforms [4-8].

In Greece, the issue of teacher readiness is particularly salient. The Greek education system is char-
acterized by strong centralization, curriculum rigidity, and a long-standing examination-oriented culture.
Although recent reforms have introduced digital platforms, competency-based curricula, and profes-
sional development initiatives, significant gaps persist between policy intentions and classroom practice.
This review aims to synthesize existing literature to examine how teachers’ readiness for deep learning
pedagoqy is conceptualized and enacted within the Greek educational landscape [9-12].

2. Methodological Approach

This study adopts a critical narrative literature review methodology, allowing for the synthesis and
interpretation of theoretical frameworks and empirical findings relevant to teacher readiness and deep
learning pedagogy. Sources were identified through searches in Scopus, Web of Science, ERIC, and Google
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Scholar using keywords such as deep learning pedagogy, teacher readiness, Greek education, TPACK,
digital competence, and 2 1st-century skills [13-16].

Priority was given to peer-reviewed journal articles, policy documents from the Greek Ministry of
Education, and reports from European and international organizations (e.g., OECD, European Commis-
sion). Both international literature and Greek empirical studies were included to ensure contextual rele-
vance [16-18].

3. Conceptualizing Deep Learning Pedagogy

The concept of deep learning originates from the seminal work of Marton and Sdljs, who distin-
guished between surface and deep approaches to learning. Deep learning involves active engagement
with ideas, conceptual understanding, and the integration of new knowledge with prior experiences. In
contrast, surface learning is characterized by memorization and minimal cognitive engagement [18-22].

In contemporary pedagoqy, deep learning extends beyond cognitive depth to include social, emo-
tional, and ethical dimensions. Frameworks such as New Pedagogies for Deep Learning emphasize stu-
dent agency, collaboration, real-world problem-solving, and the strategic use of digital technologies. Im-
portantly, deep learning pedagogy should not be confused with deep learning in artificial intelligence;
rather, it refers to a pedagogical orientation toward transformative learning experiences [23-28].

4. Teacher Readiness as a Multidimensional Construct

Teacher readiness is increasingly understood as a multidimensional construct encompassing cog-
nitive, affective, and contextual components. It includes teachers’ beliefs about teaching and learning,
self-efficacy, professional identity, and capacity to adapt to innovation [29-30].

In the Greek context, research suggests that teachers often demonstrate strong subject-matter
knowledge but experience uncertainty when asked to adopt student-centered and inquiry-based ap-
proaches. This uncertainty is amplified by limited autonomy in curriculum design, high administrative
demands, and insufficient time for collaborative planning. Consequently, readiness cannot be reduced to
individual competence but must be situated within broader institutional and policy environments [29-
30].

5. Technological Pedagogical Knowledge and the Greek Context

The TPACK framework has been widely used to analyze teachers’ capacity to integrate technology
meaningfully into instruction. In Greece, national initiatives such as the Digital School, the e-me platform
and the introduction of interactive textbooks have aimed to enhance digital teaching practices [31-32].

Despite these initiatives, empirical studies indicate that technology use in Greek classrooms often
remains at a substitutional level, reinforcing traditional teacher-centered instruction. Teachers fre-
quently report confidence in basic digital tools but limited understanding of how technology can support
inquiry, collaboration, and deep learning. This pattern reflects a broader tendency to treat technology as
an add-on rather than as a catalyst for pedagogical transformation [31-32].

6. 2 1st-Century Skills and Curriculum Reform in Greece

The integration of 2 1st-century skills into the Greek curriculum has gained momentum, particularly
following alignment with European competence frameworks. Recent curriculum reforms emphasize cre-
ativity, critical thinking, and digital competence as transversal learning outcomes [33-34].

However, the literature highlights a persistent misalignment between curriculum goals and assess-
ment practices. High-stakes examinations continue to prioritize content recall, discouraging teachers
from experimenting with deep learning strategies. As a result, teachers may endorse 2 1st-century skills
at a theoretical level while struggling to implement them in practice [33-34].

7. Educational Policy, Centralization, and Implementation Challenges

Educational policy enactment in Greece is strongly influenced by centralization. Curriculum
changes, instructional guidelines, and assessment policies are typically introduced top-down, with limited
teacher involvement in decision-making processes.

This structural characteristic affects teachers’ readiness to adopt innovative pedagogies. Frequent
reforms, combined with insufficient evaluation and follow-up support, contribute to reform fatigue and
professional skepticism. Teachers often perceive innovation as externally imposed rather than profes-
sionally meaningful, which undermines sustained pedagogical change [35-36].

8. Discussion

The reviewed literature reveals that teachers’ readiness for deep learning pedagogy in Greece is
shaped by the interaction of individual competence, institutional culture, and policy context. While digital
skills and awareness of 2 1st-century competencies are necessary, they are insufficient in isolation [37].

The persistence of examination-driven practices, limited professional autonomy, and fragmented
professional development initiatives constrains teachers’ capacity to engage in deep pedagogical
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transformation. These findings align with international research suggesting that teacher readiness must
be understood as a systemic rather than purely individual phenomenon [37].

9. Implications for Policy and Professional Development

For deep learning pedagogy to become a sustainable reality in Greek schools, several strategic
priorities emerge:

e Professional development should prioritize reflective, practice-based, and collaborative learning
rather than tool-focused training.

e Curriculum reform must be aligned with assessment practices to legitimize deep learning ap-
proaches.

e Teachers should be actively involved in policy design and curriculum adaptation to strengthen
professional ownership.

e Schools should be supported as learning organizations that foster experimentation, dialogue,
and collective reflection [38].

10. Conclusions

This literature review highlights that teachers’ readiness to adopt deep learning pedagogy in
Greece is neither a linear nor an individually bounded process, but rather a complex, multi-layered, and
context-dependent phenomenon. Teacher readiness emerges at the intersection of personal competen-
cies, professional beliefs, institutional cultures, and systemic policy conditions. Although Greek educa-
tional policy discourse has increasingly aligned with international agendas promoting innovation, digital
transformation, and the development of 2 1st-century competencies, the translation of these aspirations
into everyday classroom practice remains limited. Deeply entrenched structural characteristics of the
Greek education system—such as strong centralization, curriculum rigidity, examination-oriented assess-
ment regimes, and limited professional autonomy—continue to constrain teachers’ capacity to enact
pedagogical transformation in meaningful and sustainable ways [39-40].

The persistence of these constraints suggests that current reform efforts tend to emphasize formal
compliance and technical implementation rather than substantive pedagogical change. While profes-
sional development initiatives have expanded teachers’ exposure to digital tools and contemporary ped-
agogical concepts, they often remain fragmented, short-term, and insufficiently connected to teachers’
lived classroom realities. As a result, technology is frequently integrated at a superficial level, reinforcing
traditional instructional practices instead of enabling inquiry-based, collaborative, and reflective forms
of deep learning. This disjunction between policy rhetoric and pedagogical enactment contributes to pro-
fessional uncertainty and reform fatigue, further inhibiting teachers’ willingness to experiment with in-
novative approaches [38-40].

Addressing these challenges requires a fundamental reorientation of educational reform in
Greece—from isolated and episodic interventions toward coherent, long-term strategies that recognize
pedagogy, technology, and professional learning as interdependent dimensions of systemic change. Such
strategies must prioritize sustained, practice-oriented professional development grounded in collabora-
tive learning communities, reflective inquiry, and continuous support. Equally important is the alignment
of curriculum goals, assessment practices, and accountability mechanisms with the principles of deep
learning, so that innovation is institutionally legitimized rather than perceived as a deviation from pre-
scribed norms [38-40].

Crucially, this review argues for a reconceptualization of teacher readiness as a collective and sys-
temic condition rather than an individual attribute or deficit. Teachers’ capacity to adopt deep learning
pedagogy is profoundly shaped by the organizational environments in which they work, the stability and
coherence of policy frameworks, and the extent to which professional agency is encouraged and sus-
tained. When readiness is framed solely as an individual responsibility, reform efforts risk overlooking the
structural and cultural barriers that limit pedagogical innovation. Conversely, recognizing readiness as a
systemic property foregrounds the shared responsibility of policymakers, school leadership, and profes-
sional communities in cultivating conditions conducive to deep learning [39].

In this sense, bridging the persistent gap between policy aspirations and classroom realities in
Greek education depends less on the introduction of new reforms and more on the development of a
stable, supportive, and reflective educational ecosystem. By fostering institutional trust, professional au-
tonomy, and meaningful participation of teachers in curriculum and policy processes, Greek educational
reform can move beyond rhetorical alignment with international trends and toward the sustainable en-
actment of deep learning pedagogy in everyday teaching practice [40].
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Abstract

The rapid integration of artificial intelligence (Al), augmented reality (AR), and other emerging dig-
ital technologies into education has fundamentally reshaped expectations of teachers’ professional com-
petence. Teachers are no longer required merely to operate digital tools but to design, adapt, and criti-
cally integrate technology in ways that enhance pedagogy, content understanding, and learner engage-
ment. This article presents a narrative literature review examining contemporary conceptualizations of
teachers’ digital competence within Al-enhanced educational ecosystems. Drawing on international
frameworks such as DigCompEdu and the updated TPACK-in-Context model, the review synthesizes cur-
rent research on Al-supported pedagogy, AR-based learning environments, and interactive digital con-
tent. The analysis highlights key trends, conceptual shifts, opportunities, and challenges associated with
developing teachers’ digital competence without introducing new empirical data. The paper concludes
by proposing future research directions and implications for teacher education, professional develop-
ment, and educational policy.

Keywords: teacher, digital competence, artificial intelligence, education, augmented reality,
TPACK, DigCompEdu, interactive learning

1. INTRODUCTION

Digital transformation has become a defining characteristic of contemporary education systems
worldwide. Advances in artificial intelligence (Al), augmented reality (AR), virtual reality (VR), learning
analytics, and generative technologies have expanded the possibilities of how knowledge is represented,
accessed, and constructed [1-2]. These developments have coincided with changing learner profiles, par-
ticularly among digitally native generations who demonstrate preferences for visual, interactive, and
personalized learning experiences. As a result, teachers are increasingly expected to design learning en-
vironments that are not only technologically rich but also pedagogically meaningful and ethically respon-
sible [2-4].

Within this context, teachers’ digital competence has emerged as a critical component of
educational quality and equity. Digital competence is no longer understood as a static set of technical
skills; rather, it is viewed as a dynamic, context-dependent capability that integrates technological,
pedagogical, and content knowledge. The rise of Al-supported learning environments further intensifies
this shift, as teachers must develop new forms of literacy related to automation, data-informed decision-
making, prompt engineering, and human-Al collaboration[5-8].

While a growing body of empirical research explores teachers’ attitudes, readiness, and self-
efficacy regarding digital technologies, there remains a need for integrative conceptual analyses that
synthesize existing theoretical and review-based literature. This article addresses this need by offering a
narrative literature review that examines how teachers’ digital competence is conceptualized in Al-
enhanced educational ecosystems, with particular attention to interactive and AR-based learning
environments [8-11].

2. METHODOLOGICAL APPROACH: NARRATIVE LITERATURE REVIEW

This article adopts a narrative literature review methodology, which is well suited for synthesizing
diverse theoretical perspectives, conceptual frameworks, and review studies. Unlike systematic reviews
or meta-analyses, narrative reviews allow for interpretive integration of literature across disciplines and
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research traditions, facilitating the identification of conceptual patterns, gaps, and emerging themes
[11-13].

The review draws on peer-reviewed journal articles, international policy reports, and foundational
theoretical works published primarily in the fields of educational technology, teacher education, and
digital pedagoqy. Particular emphasis is placed on literature addressing digital competence frameworks,
Al in education, augmented and immersive learning technologies, and pedagogical design models. No
original empirical data are introduced, and all interpretations are grounded in existing scholarly discourse
[14-17].

3. CONCEPTUAL FOUNDATIONS OF TEACHERS’ DIGITAL COMPETENCE

3.1 DIGITAL COMPETENCE AS A MULTIDIMENSIONAL CONSTRUCT

Early conceptions of teachers’ digital competence focused predominantly on operational skills,
such as the ability to use productivity software or digital presentation tools. Over time, this narrow view
has been widely criticized for failing to capture the pedagogical and contextual dimensions of technology
integration. Contemporary scholarship emphasizes that digital competence encompasses cognitive, ped-
agogical, ethical, and creative capacities [18-23].

Digital competence is increasingly framed as situational and developmental, shaped by teaching
context, subject domain, institutional culture, and available infrastructure. This perspective aligns with
sociocultural theories of learning, which view competence as enacted through practice rather than
possessed as a fixed attribute [18-23].

3.2 DIGCOMPEDU AND INTERNATIONAL POLICY PERSPECTIVES

The European Digital Competence Framework for Educators (DigCompEdu) represents one of the
most influential policy-oriented models for conceptualizing teachers’ digital competence. DigCompEdu
identifies multiple competence areas, including professional engagement, digital resources, teaching and
learning, assessment, learner empowerment, and the facilitation of learners’digital competence [23-24].

A key contribution of DigCompEdu lies in its progression model, which conceptualizes competence
development as a continuum from basic awareness to innovative practice. This developmental logic
resonates with lifelong professional learning approaches and underscores the importance of sustained,
cumulative competence building rather than one-off training initiatives [24-28)].

3.3 TPACK AND THE EMERGENCE OF CONTEXTUAL KNOWLEDGE

The Technological Pedagogical Content Knowledge (TPACK) framework provides a complemen-
tary theoretical lens by emphasizing the interdependence of technology, pedagogy, and subject matter
knowledge. Rather than treating technology as an add-on, TPACK positions it as an integral component
of instructional design[29-30].

Recent extensions of the TPACK model highlight the importance of contextual knowledge,
acknowledging that effective technology integration depends on learners’ characteristics, institutional
constraints, curricular goals, and sociocultural factors. In Al-enhanced environments, this contextual
dimension becomes particularly salient, as teachers must make informed decisions about when, how, and
why Al tools should be used[29-30].

4. ARTIFICIAL INTELLIGENCE IN EDUCATION AND TEACHER COMPETENCE

4.1 FROM TOOL USE TO AI-SUPPORTED PEDAGOGY

The integration of Al into education marks a qualitative shift in digital pedagogy. Al-powered sys-
tems support automated feedback, adaptive learning pathways, content generation, and data-driven in-
sights. Consequently, teachers’ roles are evolving from content transmitters to learning designers, facil-
itators, and critical mediators of Al-supported processes [28-30].

Scholarly literature emphasizes that effective Al integration requires teachers to develop Al
literacy, including an understanding of algorithmic decision-making, data ethics, bias, and transparency.
This expands the scope of digital competence beyond technical proficiency to include critical and ethical
reasoning [27-30].

4.2 GENERATIVE Al AND CREATIVE INSTRUCTIONAL DESIGN

Generative Al tools have introduced new opportunities for creative instructional design, enabling
rapid generation of texts, images, simulations, and learning scenarios. Reviews in the literature suggest
that such tools can reduce teachers’ workload and support innovation, provided they are used with ped-
agogical intentionality[30-32].

However, concerns are also raised regarding overreliance on automation, intellectual property, and
the potential erosion of teachers’ professional agency. As a result, teacher competence in Al-enhanced
environments is increasingly associated with reflective judgment and responsible design rather than
mere efficiency gains [32-33].
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5. AUGMENTED REALITY AND INTERACTIVE LEARNING ENVIRONMENTS

5.1 PEDAGOGICAL AFFORDANCES OF AR

Augmented reality has been widely discussed in the literature as a technology that enhances visu-
alization, spatial reasoning, and experiential learning. AR enables learners to interact with digital repre-
sentations of abstract or inaccessible phenomena, supporting inquiry-based and constructivist pedagog-
ies[33-34].

Narrative and systematic reviews consistently report that AR-based learning environments can
increase learner engagement, motivation, and conceptual understanding, particularly in science,
technology, engineering, and mathematics (STEM) education. These benefits, however, are contingent
on thoughtful pedagogical integration[33-34].

5.2 IMPLICATIONS FOR TEACHERS' DIGITAL COMPETENCE

From a competence perspective, AR challenges teachers to move beyond consumption of ready-
made resources toward design and adaptation. Even when technical development is simplified through
Al-assisted tools, teachers must still align AR experiences with curricular goals, assessment strategies,
and learners’ needs[33-34].

The literature highlights persistent barriers, including limited time, insufficient training, and lack
of institutional support. These challenges reinforce the argument that digital competence development
must be embedded within broader professional learning ecosystems rather than treated as an individual
responsibility[33-34].

6. INTERACTIVE AND SENSITIVE DIGITAL PEDAGOGY

An emerging theme in recent literature is the notion of sensitive or responsive digital pedagogy.
This concept emphasizes the alignment of technological affordances with learners’ cognitive, emotional,
and social needs. Interactive tools such as simulations, gamified assessments, and adaptive systems are
viewed as mechanisms for fostering active learning and formative feedback[33-34].

Teachers’ digital competence in this context involves the ability to design iterative learning
processes, interpret learner data, and adjust instruction dynamically. Reviews suggest that such practices
contribute to more inclusive and equitable learning environments, particularly when supported by
accessible digital platforms[33-34].

7. CHALLENGES AND TENSIONS IN DEVELOPING DIGITAL COMPETENCE

Despite widespread consensus on the importance of teachers’ digital competence, the literature
identifies several unresolved tensions. These include the gap between policy aspirations and classroom
realities, disparities in access to digital infrastructure, and variability in institutional support[33-34].

Another recurring challenge concerns sustainability. Short-term professional development
initiatives often lead to temporary gains that are not sustained without ongoing support. Narrative
reviews emphasize the need for longitudinal, community-based professional learning models that
integrate mentoring, collaboration, and reflective practice[33-34].

8. IMPLICATIONS FOR TEACHER EDUCATION AND PROFESSIONAL DEVEL OPMENT

The literature reviewed in this article suggests several implications for teacher education and pro-
fessional development. First, digital competence should be embedded across initial teacher education
curricula rather than addressed in isolated courses. Second, professional development programs should
emphasize design-based learning, allowing teachers to experiment with Al and AR tools in authentic con-
texts[34-35].

Third, policy frameworks such as DigCompEdu should be adapted to local contexts, acknowledging
cultural, curricular, and infrastructural differences. Finally, ethical considerations related to Al use should
be explicitly addressed as a core component of teachers’ digital competence[36].

9. FUTURE RESEARCH DIRECTIONS

Although the existing literature provides rich conceptual insights, several gaps remain. Future re-
search should further explore how teachers develop contextual digital competence over time, particularly
in Al-enhanced environments. Longitudinal and mixed-methods studies could illuminate how competence
evolves through practice and collaboration.

Additionally, comparative reviews across educational systems may shed light on how policy,
culture, and infrastructure shape digital competence development. Greater attention is also needed to
interdisciplinary perspectives that integrate educational technology with learning sciences and
ethics[37-38].

10. CONCLUSIONS

This narrative literature review has examined contemporary conceptualizations of teachers’digital
competence within Al-enhanced educational ecosystems. The analysis demonstrates a clear shift from
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technology-centered skill acquisition toward context-sensitive, pedagogically grounded competence de-
velopment. Frameworks such as DigCompEdu and TPACK provide valuable foundations, while emerging
research on Al and AR highlights new demands on teachers’ professional knowledge and agency/[39].

Overall, the literature suggests that developing teachers’ digital competence is a long-term,
systemic endeavor that requires alignment between policy, professional learning, and classroom
practice. By synthesizing current theoretical and review-based research, this article contributes to
ongoing scholarly discussions and provides a conceptual foundation for future empirical and design-
oriented studies[40].
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Abstract

English language instruction in military higher education has become increasingly important as
armed forces operate more frequently in multinational and multilingual environments. In such contexts,
English functions not only as an academic subject but also as a professional and operational tool that
supports coordination, decision-making, and mission effectiveness. These demands place significant cog-
nitive pressure on military learners, highlighting the need for instructional approaches that take into
account how language is processed, adapted, and retained under complex conditions.

This study examines the integration of general, fluid, and crystallized intelligence theories into Eng-
lish language instruction in military higher education. Adopting a cognitive and theory-driven perspective,
the paper argues that traditional language teaching models, which primarily emphasize grammar and
vocabulary, are insufficient for addressing the cognitive and operational demands of military contexts.
Instead, effective instruction should be aligned with learners’ intellectual capacities that influence ana-
lytical reasoning, adaptability, and long-term knowledge consolidation.

Using a qualitative methodological approach based on theoretical analysis and pedagogical inter-
pretation, the study explores how different dimensions of intelligence relate to key components of lan-
guage learning. General intelligence is associated with analytical processing, grammatical accuracy, and
structured comprehension. Fluid intelligence is linked to adaptive language use, problem-solving, and ef-
fective communication in unfamiliar and dynamic situations. Crystallized intelligence supports the accu-
mulation and long-term retention of vocabulary, terminology, and standardized discourse forms essen-
tial for professional military communication. These cognitive dimensions are systematically mapped onto
instructional practices commonly used in military English programs, including analytical exercises, sce-
nario-based tasks, and structured reinforcement activities.

The analysis demonstrates that intelligence-informed instruction contributes to improved analyti-
cal accuracy, greater adaptability in communicative situations, and more stable long-term retention of
language knowledge. Importantly, the interaction between general, fluid, and crystallized intelligence
supports a balanced development of language skills and facilitates the transfer of learning from instruc-
tional settings to professional and operational contexts.

The study concludes that integrating intelligence theories into English language instruction offers
a robust cognitive framework for military higher education. Such an approach enhances cognitive readi-
ness and communicative competence while addressing the unique linguistic and cognitive demands faced
by military learners. The findings have practical implications for curriculum development, instructional
design, and teacher training in military education.

Keywords: Cognitive learning, intelligence models, language acquisition, military pedagogy, oper-
ational communication, cognitive readiness, instructional design

Introduction

English language proficiency has become an increasingly important component of military higher
education as armed forces operate more frequently within multinational and multilingual environments.
Contemporary military activities such as joint exercises, peacekeeping operations, international training
programs, and academic cooperation require personnel to communicate effectively in English. In these
settings, language competence is directly linked to operational coordination, situational awareness, and
professional credibility, extending far beyond the boundaries of traditional academic achievement.

Despite this growing importance, English language instruction in many military institutions re-
mains largely grounded in conventional pedagogical models. These models typically emphasize gram-
matical accuracy, vocabulary acquisition, and standardized testing outcomes. While such elements are
undeniably essential, they often fail to reflect the cognitive realities of military learning environments.
Research in educational psychology has consistently shown that learning effectiveness is strongly influ-
enced by individual cognitive differences, particularly under conditions of high cognitive load and time



XVIIl INTERNATIONAL SCIENTIFIC CONFERENCE. TORONTO. CANADA. 06-07.01.2026

pressure (Deary, 2012). Military learners are frequently required to process large amounts of information
rapidly, make decisions in unfamiliar contexts, and maintain linguistic accuracy under stress, all of which
place substantial demands on their intellectual capacities.

Cognitive theories of intelligence offer a valuable framework for understanding why learners differ
in their ability to acquire and use a foreign language. Early psychometric research introduced the concept
of general intelligence as a core cognitive factor underlying performance across a wide range of learning
tasks, including language learning (Spearman, 1927). General intelligence has been associated with an-
alytical reasoning, pattern recognition, and learning efficiency—abilities that are particularly relevant in
structured instructional environments such as military education. From a cognitive perspective, these
abilities support grammatical analysis, comprehension of complex texts, and the systematic organization
of linguistic knowledge (Anderson, 2015).

Subsequent developments in intelligence research expanded this framework by distinguishing be-
tween fluid and crystallized intelligence. Fluid intelligence refers to the capacity to reason, identify rela-
tionships, and solve problems in novel situations, whereas crystallized intelligence reflects the accumu-
lation of knowledge and skills acquired through learning and experience (Cattell, 1963). This distinction
has been refined and empirically supported in later work, demonstrating that both dimensions contribute
in complementary ways to learning processes (Horn & Cattell, 1966). In the context of language learning,
fluid intelligence supports the interpretation of unfamiliar linguistic input and adaptive language use,
while crystallized intelligence underpins the retention of vocabulary, grammatical structures, and stand-
ardized discourse forms.

Foreign language acquisition is therefore best understood as an interaction between analytical
reasoning, adaptive problem-solving, and knowledge consolidation rather than as a uniform process.
Studies in applied linguistics emphasize that instructional effectiveness depends not only on exposure
and practice but also on learners’ cognitive capacities, including their ability to process information, man-
age cognitive load, and integrate new knowledge with existing mental representations (DeKeyser, 2007;
Ellis, 2008). These factors are especially salient in military education, where instructional time is often
limited and performance expectations are high.

In military English instruction, the interaction between general, fluid, and crystallized intelligence
becomes particularly significant. Analytical reasoning supports structured learning and accuracy, adap-
tive intelligence enables flexible communication in unfamiliar situations, and accumulated knowledge
ensures stability and reliability in professional discourse. Understanding how these cognitive dimensions
interact provides an opportunity to design instructional approaches that better align with the demands
of military education.

The purpose of this study is to examine how general, fluid, and crystallized intelligence theories
can be systematically integrated into English language instruction in military higher education. By
grounding language teaching in cognitive theory, the study aims to contribute to the development of
more effective instructional frameworks that address both the linguistic and cognitive challenges faced
by military learners.

Methods

This study employs a qualitative, theory-driven methodological approach to examine how intelli-
gence theories can be systematically integrated into English language instruction in military higher edu-
cation. The research design is non-experimental and focuses on conceptual analysis, theoretical synthe-
sis, and pedagogical interpretation rather than on statistical measurement. Such an approach is appro-
priate for educational research aimed at developing instructional frameworks grounded in cognitive the-
ory.

The methodological foundation of the study draws on established principles from cognitive psy-
chology, applied linguistics, and instructional design. In particular, the study adopts a task-oriented and
cognitively informed perspective on language instruction, recognizing that learning effectiveness de-
pends on how instructional activities align with learners’ cognitive capacities. Research on task complex-
ity and sequencing suggests that learning outcomes are influenced not only by the content of instruction
but also by how tasks are structured and ordered (Robinson, 2005). This perspective is especially relevant
in military education, where instructional time is limited and tasks often involve high cognitive demands.

A central methodological consideration in this study is the management of cognitive load during
language instruction. Military learners are frequently required to process complex information under
time pressure, making it essential to design instructional activities that optimize cognitive resources. Cog-
nitive load theory provides a framework for understanding how instructional design can support learning
by balancing intrinsic, extraneous, and germane cognitive load (Sweller, 2011). In this study, cognitive
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load principles are used to guide the selection and sequencing of language learning activities to ensure
that learners can engage effectively with both analytical and communicative tasks.

The study also draws on instructional design models that emphasize the integration of complex
skills through structured learning processes. Research on complex learning highlights the importance of
combining analytical instruction, guided practice, and gradual skill integration to support durable learn-
ing outcomes (Van Merriénboer & Kirschner, 2018). These principles are applied to the design of military
English instruction by aligning analytical language tasks with opportunities for contextualized and sce-
nario-based practice.

In addition, the methodological framework considers the role of working memory in language
learning. Studies in second language acquisition indicate that working memory capacity influences learn-
ers’ ability to process linguistic input, manage multiple sources of information, and maintain accuracy
during communication (Williams, 2013). This consideration is particularly important in military contexts,
where learners must often comprehend and respond to spoken and written information simultaneously.

Within this methodological framework, intelligence theories are operationalized through instruc-
tional alignment rather than learner classification. The study does not seek to measure intelligence levels
or to categorize learners based on cognitive ability. Instead, the focus is on demonstrating how instruc-
tional strategies can be designed to engage different dimensions of intelligence through task selection,
sequencing, and pedagogical emphasis.

The methodological approach outlined above provides the basis for identifying pedagogical out-
comes associated with intelligence-informed English language instruction in military higher education.
These outcomes are presented in the following section.

Results

The analysis of intelligence-informed instructional principles yields several interrelated outcomes
relevant to English language instruction in military higher education. These outcomes emerge from align-
ing instructional practices with the cognitive capacities associated with general, fluid, and crystallized
intelligence. Rather than resulting from isolated teaching techniques, the observed outcomes reflect a
coherent instructional framework grounded in cognitive theory.

One significant result concerns the development of analytical accuracy in language use. Instruc-
tional practices aligned with general intelligence contribute to learners’ ability to analyze grammatical
structures, recognize linguistic patterns, and comprehend complex written and spoken texts. This analyt-
ical competence supports accuracy and consistency in language performance, which are essential in mil-
itary communication contexts where standardized procedures and precise interpretation are required.
These findings are consistent with broader cognitive models that emphasize structured reasoning and
hierarchical organization of knowledge in learning processes (Schneider & McGrew, 2012).

A second result relates to learners’ adaptive use of language in unfamiliar communicative situa-
tions. When instructional activities are designed to engage fluid intelligence through problem-solving,
inferencing, and scenario-based tasks, learners demonstrate greater flexibility in responding to new lin-
quistic input. This adaptability is particularly relevant in military environments characterized by uncer-
tainty, time constraints, and rapidly changing conditions. The results suggest that engaging adaptive
cognitive processes enhances learners’ confidence and effectiveness in dynamic communication settings.

The analysis also highlights the role of crystallized intelligence in supporting long-term retention
and stability of language knowledge. Instructional strategies emphasizing repetition, reinforcement, and
systematic exposure to vocabulary and terminology contribute to durable learning outcomes. Learners
demonstrate improved recall of technical terms, standardized expressions, and procedural language,
even under conditions of cognitive load. This outcome aligns with research emphasizing the importance
of accumulated lexical knowledge in sustaining effective communication over time (Nation, 2013).

Another important result is the balanced interaction between different dimensions of intelligence.
Intelligence-informed instruction does not privilege analytical accuracy or adaptive flexibility in isolation;
instead, it promotes their integration. This balance supports the transfer of language skills from instruc-
tional settings to professional and operational contexts. Learners are better able to apply previously ac-
quired knowledge while adapting to new communicative demands, a process that reflects broader mod-
els of successful performance that integrate analytical, creative, and practical abilities (Sternberg, 2018).

Overall, the results indicate that integrating general, fluid, and crystallized intelligence theories
into English language instruction contributes to improved analytical performance, adaptive communica-
tion, and long-term retention. These outcomes collectively enhance cognitive readiness and communica-
tive competence among military learners, providing a strong empirical-theoretical basis for the interpre-
tation of findings in the following discussion.
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Discussion

The results of this study provide strong support for the value of integrating general, fluid, and crys-
tallized intelligence theories into English language instruction in military higher education. The discus-
sion of these findings suggests that language learning outcomes are not solely determined by instruc-
tional content but are deeply influenced by how well teaching practices align with learners’ cognitive
capacities. In military contexts, where language use is closely connected to operational performance,
such alignment becomes particularly critical.

The role of general intelligence in supporting analytical language learning is evident in the empha-
sis on grammatical accuracy, structured comprehension, and rule-based processing. These findings are
consistent with cognitive models that highlight the importance of hierarchical knowledge organization
and reasoning ability in academic learning (Spearman, 1927; Anderson, 2015). In military education,
where standardized procedures and precise communication are essential, analytical competence pro-
vides a stable foundation for both written and spoken language use. However, the discussion also con-
firms that analytical accuracy alone does not fully prepare learners for the unpredictable communicative
demands of real-world military environments.

The integration of fluid intelligence addresses this limitation by emphasizing adaptability and flex-
ible problem-solving. The findings indicate that engaging learners in scenario-based and problem-ori-
ented tasks enhances their ability to interpret unfamiliar linguistic input and respond effectively under
changing conditions. This observation aligns with intelligence research emphasizing the role of adaptive
reasoning in novel situations (Cattell, 1963; Horn & Cattell, 1966). In operational military settings, where
communicative challenges often arise unexpectedly, such adaptability is a crucial component of effective
performance.

Crystallized intelligence plays a complementary role by supporting the long-term retention and
reliable recall of language knowledge. The discussion highlights that systematic reinforcement of vocab-
ulary, terminology, and standardized discourse forms contributes to stable language performance over
time. This stability is particularly important in military communication, where errors or misunderstand-
ings can have serious consequences. The findings are consistent with research demonstrating the im-
portance of accumulated lexical and procedural knowledge for maintaining performance under cognitive
load (Nation, 2013; Sweller, 2011).

An important implication of these findings is the value of balanced instructional design. Intelli-
gence-informed instruction does not prioritize a single cognitive dimension but instead encourages the
interaction of analytical reasoning, adaptive flexibility, and knowledge consolidation. This balance sup-
ports the transfer of language skills from instructional settings to professional and operational contexts,
a process that has been highlighted as a key challenge in second language acquisition and instructional
design research (Ellis, 2008, Van Merriénboer & Kirschner, 2018).

The discussion also reinforces the relevance of individual differences in cognitive capacity. Re-
search in applied linguistics and cognitive psychology suggests that learners vary in their ability to man-
age cognitive load, process linguistic input, and sustain performance under pressure (Deary, 2012; Wil-
liams, 2013). By adopting an intelligence-informed approach, military educators can design instruction
that accommodates such variability without categorizing or labeling learners, thereby maintaining both
pedagogical flexibility and institutional practicality.

Overall, the discussion underscores that integrating intelligence theories into English language in-
struction offers a coherent and context-sensitive framework for military higher education. By grounding
instructional practices in cognitive theory, military institutions can enhance language learning effective-
ness while addressing the complex cognitive and operational demands placed on contemporary military
learners.

Conclusion

This study has examined the integration of general, fluid, and crystallized intelligence theories into
English language instruction in military higher education, emphasizing the importance of cognitive align-
ment in instructional design. The analysis demonstrates that effective military English instruction cannot
rely solely on traditional language teaching approaches focused on grammar and vocabulary. Instead, it
must be informed by an understanding of how different dimensions of intelligence shape learning pro-
cesses, adaptability, and long-term performance.

The findings highlight that general intelligence provides a foundational role in supporting analyti-
cal language learning. Skills such as grammatical analysis, structured comprehension, and accurate in-
terpretation of information are essential in military contexts, where standardized communication and
precision are critical. Instructional practices that engage analytical reasoning contribute to consistency
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and reliability in language use, supporting both academic and professional requirements within military
education.

At the same time, the study underscores the significance of fluid intelligence in preparing learners
for dynamic and unpredictable communicative situations. Military environments frequently require per-
sonnel to interpret unfamiliar information, respond under time pressure, and adjust to rapidly changing
contexts. By incorporating instructional activities that promote problem-solving and adaptive reasoning,
language instruction can better equip learners to handle such challenges effectively.

Crystallized intelligence emerges as an equally important component, supporting the accumula-
tion and long-term retention of language knowledge. The ability to reliably recall terminology, proce-
dural language, and standardized discourse forms is essential for maintaining effective communication
in operational settings. Instructional strategies that reinforce and consolidate learned material contrib-
ute to the stability and durability of language performance, even under conditions of cognitive load.

Taken together, these findings emphasize the value of a balanced, intelligence-informed approach
to English language instruction in military higher education. Rather than prioritizing a single cognitive
dimension, such an approach recognizes the complementary roles of analytical accuracy, adaptive flexi-
bility, and knowledge consolidation. This balance facilitates the transfer of language skills from instruc-
tional environments to professional and operational contexts, addressing a key challenge in military lan-
guage education.

Although the present study is theoretical in nature, it offers important implications for curriculum
development, instructional planning, and teacher training in military institutions. By grounding English
language instruction in cognitive theory, military educators can design more effective and context-sensi-
tive learning environments that reflect the complex demands faced by military learners.

In conclusion, integrating general, fluid, and crystallized intelligence theories into English language
instruction provides a robust and coherent framework for enhancing language learning effectiveness in
military higher education. Such an approach supports cognitive readiness, communicative competence,
and operational effectiveness, contributing to the overall quality and relevance of military language ed-
ucation.
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Abstract

This article examines the theoretical and methodological foundations of the blended learning
model based on the integration of Artificial intelligence and traditional teaching methods in English
language instruction at higher education institutions. Contemporary digitalization, the globalization of
education, and the rapid development of Artificial intelligence technologies impose new requirements
on higher education systems. In this context, the study systematically analyzes the concept of blended
learning, its structural components, the didactic potential of Artificial intelligence tools, and strategies
for their integration with traditional teaching methods. The research findings highlight the potential of
the blended learning model to enhance students’ language competence, learning motivation, and
independent study skills. The article is intended for university instructors, educational methodologists,
and students.

AHHOMauus

B cmambe paccmampusaromcs meopemuKko-Memodosiocudeckue ocHoBbl modesu blended
learning, ocHOBAHHOU HA UHMe2payuU UCKYCCMBEHHO20 UHMes1/IeKma u mpaouluoHHbIX Memodos 0by-
YeHUs1 B npoyecce NpenoddsaHusi aHeIUlCKO20 S3bIKA B BbICWUX Y4ebHbIx 3asedeHusix. CoBpemeHHas
yugposuzayus, enobanuzayus 0bpazosaHus u cmpemumesibHoe pazsumue mexHoa02ull UCKYCCmBeH-
HO20 UHMes1/1IeKma NpeodbsaB/IsSHoM HOBbIe MPeboBaHuUs K cucmeme Bbiclie20 06pa3oBaHus. B 3mom KoH-
meKkcme 8 Cmamaee cucmemamuyecku aHanusupyromcs noHsmue blended learning, e2o cmpykmypHble
KOMNOHeHMb!, 0udakmuyeckuld NOMeHyuas UHCMPYMeHmMOoB UCKYCCMBEHHO20 UHMEeIIeKMA U NYmu ux
coYemanusi ¢ mpaouyUoOHHbIMU Memoodamu oby4eHus. Pe3yibmamsl UCC/1e00BaHUSI 0eMOHCMPUPYHOM
nomeruyuasn moodesnu blended learning 8 pazsumuu s1361K0B80U KoMNemeHyuu cmyoeHmos, y4ebHou Mo-
MuBAUUU U HABbIKOB CAMOCMOSIMeIbHo20 0by4eHus. Cmamabs npedHasHa4YeHa 018 npenodasamerned,
MemooucmoB U CMy0eHmos BbICWUX Y4ebHbIx 3a8edeHull.
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INTRODUCTION

The 2 1t century education system is increasingly defined by rapid technological progress, pervasive
digitalization, and the widespread adoption of artificial intelligence. Higher education institutions are no
longer solely centers for knowledge acquisition; they have evolved into scientific and methodological
platforms for testing innovative pedagogical solutions. These dynamics are particularly pronounced in
the field of foreign language education, including English, where traditional classroom instruction is
supplemented by digital platforms, online resources, and Artificial intelligence-assisted tools.

The blended learning model represents a pedagogical approach that harmoniously integrates
traditional face-to-face instruction with online and digital learning modalities. This model
accommodates individual learner characteristics, cognitive needs, and self-directed learning paces,
offering a highly flexible and adaptive educational environment. Artificial intelligence technologies —
such as intelligent chatbots, automated feedback systems, and adaptive learning platforms — serve as
vital instruments that augment the effectiveness of blended learning by providing personalized support
and immediate learning analytics.

Since Kazakhstan's higher education system joined the Bologna Process, a series of reforms have
modernized curricula, refined teaching methodologies, and promoted digital integration. Within this
framework, the use of innovative approaches, particularly Artificial intelligence -based solutions, in
English language instruction has become a critical priority. Despite this, the theoretical and
methodological principles for systematically integrating Artificial intelligence with traditional
pedagogical strategies remain underdeveloped, warranting in-depth research.

This study investigates the theoretical foundations of the blended learning model, its integration
with Artificial intelligence, and its methodological potential for enhancing English language instruction
at the university level. The research emphasizes both pedagogical efficacy and the development of
learners’ language competence, self-regulated learning skills, and academic motivation.

THEORETICAL FOUNDATIONS OF BLENDED LEARNING

Blended learning is variably defined in pedagogical literature, but it generally refers to the
purposeful integration of traditional classroom instruction and digital/online learning. This pedagogical
approach is distinguished by its flexibility, adaptability, and the enhancement of learner—instructor
interactions (Garrison & Vaughan, 2008).

The primary theoretical advantages of the blended learning model include:

1. Personalization of Learning Content — Tailoring materials to individual learners’ proficiency
levels, learning preferences, and prior knowledge.

2. Flexibility of Time and Space — Enabling asynchronous engagement with learning materials and
accommodating diverse learning schedules.

3. Enhanced Self-Regulated Learning— Encouraging learners to take responsibility for their
progress, fostering autonomous learning strategies.

4. Continuous Monitoring and Feedback — Facilitating real-time assessment of learning outcomes
and adaptive instructional adjustments.

Blended learning also redefines the instructor’s role: educators function not merely as content
providers but as facilitators, advisors, and orchestrators of the learning environment. By integrating face-
to-face interactions with online learning components, the model promotes deeper cognitive engagement
and collaborative knowledge construction.

Structurally, blended learning typically consists of three components:

1. Traditional face-to-face classes — Facilitating direct interaction, discussion, and immediate
clarification.

2. Online learning elements — Enabling flexible access to materials, interactive exercises, and
digital collaboration.

3. Independent and project-based work — Fostering autonomous learning, critical thinking, and
applied knowledge integration.

The effective alignment and interconnection of these components are critical for achieving
pedagogical outcomes, enhancing learner engagement, and sustaining motivation over time.
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DIDACTIC POTENTIAL OF ARTIFICIAL INTELLIGENCE IN EDUCATION

Artificial intelligence encompasses technologies that enable automation, personalization, and
analytics in educational processes. In the context of English language learning, Al offers substantial
didactic potential, including:

e Automated Error Detection and Correction — Tools such as Grammarly or Al-assisted writing
platforms identify grammatical, lexical, and syntactical errors, providing immediate corrections.

e Real-Time Feedback on Language Production — Al systems can assess oral and written outputs,
giving rapid and precise feedback to enhance learner performance.

e Adaptive Task Assignment— Al algorithms tailor exercises according to learners’ individual
proficiency levels, ensuring optimal challenge and progression.

e Learning Analytics and Predictive Insights— Artificial intelligence platforms can track
performance trends, identify learning gaps, and predict outcomes to inform instructional strategies.

In addition, Artificial intelligence - powered tutoring systems, including ChatGPT, facilitate
autonomous practice and scaffolded learning experiences, allowing students to actively engage with
academic English and build higher-order cognitive skills. It is crucial to note, however, that Artificial
intelligence tools do not replace instructor oversight; they complement pedagogical guidance by
extending feedback mechanisms and supporting evidence-based instructional decisions.

INTEGRATION OF ARTIFICIAL INTELLIGENCE AND TRADITIONAL TEACHING METHODS

The synergy between Al technologies and traditional teaching methods forms the core of the
blended learning model. Conventional pedagogical approaches, such as lectures, sessions, discussions,
and practical exercises, are strategically combined with Al-assisted interventions.

For instance, during a classroom lecture, the instructor introduces new grammatical structures or
vocabulary. Simultaneously, learners engage with Artificial intelligence - driven exercises online, submit
written outputs, and receive automated feedback. This integrative approach reinforces learning,
promotes error correction, and cultivates learner accountability.

Moreover, Artificial intelligence tools enable instructors to perform data-driven analyses of student
performance, identify areas requiring targeted intervention, and refine instructional strategies
accordingly. Through this integration, blended learning ensures a learner-centered approach,
personalized pathways, and outcome-oriented education, aligning with contemporary pedagogical
theories such as constructivism and cognitivism.

METHODOLOGICAL ADVANTAGES OF THE BLENDED [ EARNING MODEL

The methodological benefits of Artificial intelligence - enhanced blended learning include:

e Comprehensive Development of Language Competence— Simultaneous reinforcement of
listening, speaking, reading, and writing skills.

e Enhanced Motivation and Engagement — Gamified Artificial intelligence tools and interactive
platforms stimulate sustained learning interest.

e Cultivation of Independent Study and Reflective Practices — Encouraging learners to monitor
progress, reflect on errors, and self-regulate learning activities.

e Flexibility and Accessibility — Overcoming constraints of physical presence, enabling anytime,
anywhere learning.

e Strengthened Feedback Mechanisms — Combining Artificial intelligence analytics with instructor
evaluation to provide holistic insights into learner progress.

This model enhances the overall quality of English language instruction in higher education and
equips graduates with competencies aligned with labor market demands in an increasingly digitalized
global environment.

CONCLUSION

The Artificial intelligence - integrated blended learning model provides a robust theoretical and
methodological framework for English language instruction in higher education. By maintaining
traditional pedagogical values while leveraging modern digital technologies, it fosters enhanced learner
engagement, academic motivation, and independent study skills.

The theoretical insights gained from this study emphasize the model’s potential to transform
higher education practices, improve teaching quality, and optimize learning outcomes. Future research
should empirically examine blended learning across diverse disciplinary contexts and further refine
Artificial intelligence - driven strategies to maximize pedagogical effectiveness.
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Jlebromra 36ipka Fonii Kpanusu «Moi ipwi» [3] Bukukana i 3axonieHi 8io2yku 4umadyis, i npuxu-
JIbHO-3aMUJIOBAHI OUIHKU OOC/TIOHUKIB: WUPICMb, WJ/ISXemHICMb, NPUCMPACHICMb, po3maimms emouil
noba4us y Hill Bacusb lNaxapeHko [4], Bonodumup [MTosiulyK BUOKPEMUB HACKPI3HY «HCIHOYICMb» | «)HCiHO-
YHICMb», BIH e 38EpHYB YyBazy Ha me, ujo noesii FOs1ii — «nepesa)3cHo ipuyHi MiHiamopu HaA 2-4 KampeHu
AK CNIeCKU YU BUSBU eMOoUii ipUYHOI 2epoiHi 3 npuBoady SKUXOCh eni300iB Yu Nodil, nepeaxHo 3 bymms
«s» [ «mu». [IpUCYmHS HU3KA NOemMUYHUX diasoeis «s» i3 «mu» (yHa 6e3 Bi0syHHS), He3pioka Ha mii
AKoiCb Nel3ax3cHoi' KapmuHu Yu cuHonmuy4Ho2o asuuia [5, ¢. 493]. lpo ocobausocmi 0bpasis, antozii Ha
mBsopyicms Jleci YKpaiHKu Guiiocs y Hauwomy 00CaioxeHHi «Ocobausocmi iHmUumMHOI nipuku 36ipku FOmii
Kpanusu «Moi sipwi»» [1].

He Bunadkoso 36ipka «Moi Bipwi» «3a/1Ulae y yumaya sid4ymms SK0iCb BHYMPiUWHbOI HeBmMoJie-
Hoi' uikasocmi: a 0ani?» [1, c. 45], adxce, K C/IYWHO 3ayBaxus Bacusb [1axapeHKo, Y Hill Nnepesax3Ho 8io-
MBOPHOKOMBCA NOYYMMS CaMe 3APOO0XCHHS KOXAHHSI, XO4emMbCsl NEPeXCUMU 3 JIipUYHOK 2epoiHero (1020
DO3KBIMm.

Y noesisix FOnii — Hallpi3HomaHimHiwudi cnekmp emouill: po3nay, 60 He BOGEMbCA nepekoHamu Mo2o
Y CBOEMY KOXAHHI («Tu He Bipull c/10Bam mMoim. // [ipKo naxHe ocCiHHit oum» [3, ¢. 8]), ckam’aHiHHS, HaBimb
cmMepmsb («30aemcs, csim Bi0 20psi CKam’aHiB. // A mu yomycb He nomidyaew cmepmix» [3, c. 9]), 6eznopad-
Hicmb, 3auineHiHHS («A 3pewmoro, Becb CBiM — AUl MiHb 8i0 miHi» [3, ¢. 11]; «...[Ipoxodums nimo, K
npoxoouw mu — // He nomiqaroqu moei' 6eanopadHocmi...» [3, ¢. 9]), ocninneHHs U oenyuweHHs («Omak
6pedy ceped Haniscninoi muwi» [3, ¢. 11]), HamazaHs no3bymucs 60110 NOEOHYEMBCS i3 BNEBHEHICMIO B
Hemoxciusocmi (1020 No3bymucs (38opywiuBull OKCHOMOPOH («HaliHezabymHiwud! [ycmu 3 c8o20 no-
JI0HY!» [3, ¢. 11]); Hampanasemo y ii mekcmax Hasime Ha sit06o8 0o 6ok («Bid mBoix no2ig0is — oniku.
// b6e3 Hux g nompy, HanesHe» [3, c. 12]), Ha wacms (y Mpisx), HixcHicms (y cnoeadax), 6inb («[usnrocs,
HemMo8 BOCMAHHE // Ha pioHy 0o 6osiro nocmama» [3, ¢. 13]; «CHixcuHKa Ha 0o/10Hi — 6ina ksimoyka. // Tu
2/IHew — i ¢/1b03a BOHA... C/1b0o3a...» [3, ¢. 21]; «Mili 6inb xo8aembCA 8 00/I0HAX Heba coHHo2o» [3, ¢. 31];
«Y ¥cummi mu npuHic auwe cym meHi...» [3, ¢. 30]), nipudHa eepoiHs HamazaemsCcs npuxosamu caiti 60J1b
(«| 3HOBY, 3HOBY, 3HOBY 3ycmpiYams // Xono0HUl paHoOK CHi2om cmixy binoeo» [3, ¢. 31]), € y 36ipui 3axon-
JIeHHS, 3aMUJTYBAHHS, cnycmouweHicms («be3 mebe meMsaHie 3010mo, // | caim uel seukul — nycmka»
[3, ¢. 13]), HixcHicmb, npucmpacHicms («5 nipHaro 8 020Hb 30/10mudl, // A 2opro... 8 320paro. A mu?» [3, C.
8] ), 3adyxa, B8idyymms abcypdHocmi («M pykoro domopkamucsk 0o naeya — // HepBoBo2o, Yyx#020, Heno-
mpibHoeo...» [3, c. 31]), BIO4ymms cneku, 20piHHS, NOXexci, oNikiB, Mipaxis («MeHi mak Habpudau uj
mponiKku // I yi mipax3ci nycmesbHi...» [3, ¢. 12]), cnosoxaHicme.
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Bpaxaro4oro ¥ummecmBsepoHicmo 38y4ums vy sipwi KO «Mosi npanpababa» noHad4yacosa ba-
XaHicme («BoHa seyopamu npocuoda lpecssmy // boeopoouuro, wob Koaucb Hapoouidacsk // NpanpasHy-
yka // Fonisi—a» [3, c. 14]).

Hadubyemo y mekcmax asmopKu 38UXpeHicmb, 0bnikaemocs o6 camomHicms («5 y 8oeHI camom-
Hocmi 32opato...» [3, c. 15]; «l Hi4, camomHsa Hi4 Pi3osa Xpucmosozo» [3, c. 31]), Biduysaemo pazom i3
2epoiHero KO. Kpanusu BUKpuBJIeHHs 4acy («3apas oHi— K nedadi xmapu — // Jledse cyHymsb 8 ¥ummesud
npocmip» [3, c. 17]). [epoiHs nepexcusae nevass («leyass no wubi, Have 2os10¢ mait» [3, ¢. 33]), Bmomy,
Bi0YyBae mpemMmiHHS, 0e3opieHmauito, 3abymmes, sBmpamy, NpoweHHs («MuHynocs. 3abyioca. [lpoba-
yusa. // TBos Oywa — oCiHHSA Hid Hima» [3, ¢. 21]), npupeveHy nocmynusicme (...5 Hagimes nonpouwly 8
mebe npobadyeHHs, ma Mak WBUOKO B OCiHb He BiOx00b» [3, ¢. 22]), mpanasiomsbca y 36ipui i npueoou,
IHKO/IU BHYMPIWHIU CBIM 03UBAEMbCH MY3UKOH («I IuHe us mesnodia 8 caimu...» [3, ¢. 24]; «B o4ax o2o
akopou // CYyMHOI HiIXCHOCMI, KOXAHHS | ¥camrto» [3, ¢. 23]; «Menodis, wo uHe 8 Hesidomicme» [3, ¢. 24];
«[TicHs B8impy xon00Ha U HyoHa» [3, ¢. 30]), nipudHa eepoiHsa moxce 8ioqysamu K 3icme («Cama Ha cebe
3/1H0CA — C/1bO3U 3HUKAU» [3, €. 29]), makK i 6e3mexcHe KOXAHHS, AKOMY He Moxe 3aB8adumu Hasime Bi0Cy-
MHicmb toHaka nopso («Ljeti deHb, gk mu. 8 mak doeo obto! // | He 8i00am, HanesHo, Bxce HIKOMY...»
[3, c. 23]). ¥ 36ipui «Moi Bipwi» Mu 3Haldioemo i 20/10CiHHS, | 0uBo, i baldyxcicms, i He8ipy, cepoumicme,
CyM («XoOxcy cama — cepouma i cymHa» [3, ¢. 29]; «bnakumHum cmymkom sedip docopa» [3, ¢. 31]), cmpa-
HOAHHS («I COHsIYHe HenpoxaHe NPoMiHHS, // Mos cusuHa, BnaiMAaembcsl 00 CKPOHb» [3, C. 16]), BUK/IUK,
Bi04yymms 3adsocmi («Hy a meHi 8 BecHi nodimucek de? // BoHa 3i MHOKO cmpumana i cmpoea» [3, ¢. 29]),
3pady, sioKpumicma, wupicms («5 Koxaro mebe. A mu?» [3, ¢. 8]), 1amaHHsa KaHOHIB («SKb6u Ha me Bosis
6ya mos — // 3miHuna 6 g s8ci Ha3su 3amepmi, // i mobi iHwe dana 6 im's — Xosmoezapsaduli CepneHb» [3,
. 12]; «nopywuBwIu BCi KAHOHU — Becb c8im 5 mobi 8iddam» [3, ¢. 33]), 8ipy, Hadito («5 He 8ipro 8 yel douy
camomHitl, // A He yyro mebe, mpusoeo...» [3, ¢. 17] ), cmpax, 3paoxeHy 2opdicms («CKaxcy 00He-00HICI-
HbKe «npoujaro»...// Hexal nodyemscs mobi — «npowial» [3, ¢. 24]), cnisdymms («B KimHami 5, i cym, i
Ksimu — nopso // A mu okpemo. Tu, HeujacHud, cam» [3, ¢. 25]), 8i04ymms npemeHsii, Hasimb pesHouliB
00 Nip poKy, AKi 8I00aAU/IU KOXAHO20 («...a mu Udew i3 makoro KpacyHero...// OCiHb 38yme ii. 3pada BoHa»
[3, ¢. 30]; «Tobi, Ak 0iBYUHA, BCMIXAEMbCA BeCHa. // A ue npuldmaro, K 3yxsaaull BUKAUK» [3, ¢. 29]).

Y 36ipui npucymmHe 8i04ymms MUHYU,0CMi. ABMOpKa HE0OHOPA3080 38epMAaembCs 00 06pasy Kie-
HoBUX MoCMIB (iX nanume OCiHb, 6712a€ KOXAHO20 HEe CMYyNAMuU HA HUX JipUYHA 28POiHA, MO BOHU, K
nepeddymms smpamu («Tam Bce He mak, mam mu — makud oCiHHid, // mam Bxce nanaaroms NOYM 'am
mocmu...[3, ¢. 22])), wo, 3a B. KanawHUKom [2], cumBOAIi3ye NIUHHICMb Yacy.

KoxcHa mums HenosmopHocmi (nepwiudi dow, BecHsHUl nepwiudl 2pim) BUK/IUKGE CMYMOK, 60 He
nepex}uma pasom (3 KOXaHUM («SK xcasb, wo mu oaneko // U He nobayuw, // 9K 3a moboro cipe Hebo
nnaye, // ... // | ¥aib MeHi, Wo mu Bxe He NoYyelW, // 5K 3a moboro 3a 00HUM CyMVYE...» [3, ¢. 32].

Jlipu4Ha 2epoiHs byBae 380pyu/IUBO-HEBUOA2IUBO, A KOXAHUU Jlule CBOIM ICHYBAHHAM 3MYWIYE ii
b6ymu: «f 80syHa mobi, wo mu €. // LLJo npocmo xusew Ha csimi. // Bid uybo2o auw 6’ embca Moe // ce-
pue...» [3, ¢. 33]. OckinbKu FOHAK 3padus, BOHA NepeHoCUMb bAXaHi NOYYymMms HA SBULLA NPUPOOU. «3a-
micmb mebe meHe nokoxae // Bimepeus He3padsusud, secHaHuUd. // BiH CymMye 3a MHoro, A 3Haro — // 3a
Moimu oquma Ut cnosamu // ...// 3a pykamu cymye moimu, // | 3a mum, wio cKkazamu He cMie...» [3, ¢. 34].

llasnka i npucmpacHa eepoiHsa 6yKBaabHO 3MYWYeE NAIAXKomMimu 36ipKy. KoxaHHS B02HEHHe, | momy
Y mekcmax po3/iumo 3o10mud, 6azpsHud, #oBmudl, ¥ 0BMOo2apsayi Ko/bopu. y BO2HI 0020pA€E CEpNEeHsb,
BIH «)X0BMO2apsa4ull», Bii'y KOXAHO20 COHSIYHI, «NAJAoMb NOJIYM'aM MOCMU...» (animepauii we biibuwe
nidcumoroms Bioyymms) [3, ¢. 22]. 3omo0mo € o0HUM i3 mMipus: «be3 mebe mbmsHie 3010mo» [3, ¢. 13],
JIUCMSA «Bi0BEPMO-X0BMO20» KOJIbOPY, OCiHb ACOUIHOEMBCS 3 #OBMUM: «Ha my 0CiHb, 0e X0oBme UCMS»
[3, c. 28], «3anuno Hibu 3osmoto papboro // [pesHe micmo i Buenao 3 s8ikHa» [3, ¢. 30], 3010ma dobas-
J19t0omb Yy mekcmu FOii 3ipKu, Ski 6YBarome HABIMb po3NeYeHUMU, 30pSHI HOYi, MICAUb, «NAJIKe» COHUE,
30psHI opbimu, Hasime «opaHx3cesud, Sk kasyH» [3, ¢. 43] sedip. [IpucmpacHicms, 4ymausicms Hamypu
JPUYHOI 2epoiHi NPOABNISEMbLCA | B MOMY, WO BOHA BiOYyBaeHe cmpax 0o 0b‘ekma csoei cumnamii: «5
6orocs mebe. ObmuHaro. // Hamazarocb mebe He nomimumu» [3, ¢. 48]. BoHa 6yKBa/ibHO 3aKOXYE Yyumaya
B8 Hb0o20: «Tu Bucokud, spodausud, mu 8siyausud, // Tu cmpyHKul, mu 3acmazaud i dyxul» [3, c. 48], a
nomim He CMpUMYEMbCA Bi0 icmepuKu: ««Hasime yacom snadaro y sioqad a: // Hy 4omy mu 0o meHe 6ad-
ovxxul? // A, HanesHe, HiKoau He 3Hamumy // (i Hikomy Ubo2o He 36azHymu) — // Hy YoMy NoB3 MO CUM-
namiro // lpoasearoms maoi mapwipymu?» [3, c. 48].

36ipka Fonii Kpanusu CBOEH KpAacoro, YUCMOMOK, NPUCMPACHICMIO, BiOBEpMICMO, WASXeMHICMHO
noYyymmis nepe2ykyemaCs 3 JIIPUKOK Ma J1ipo-eniyHor opamoro Jleci YKpaiHku «/licosa nicHsi», He Buna-
0K0BO X Yyumad y noesii FOnii «5 xonoHyaa 8 o0bilimax» 6e3noMuIKoBO Bi04YBAE NEpeyK «MemMHOIUKOI U
30PSIHOI» HOYI 3 HiYYro Jlykawa i Masku, ane Koau 8 Jlykawa odi 6ysiu Henpo3opi, mo 8 KoxaHo2o KOJIUuHOI
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JIiPUYHOI 2epoiHi — Npo3opi: «Hy i aK xce 6ys10 He sipums, // Koau o4i 6yau npo3sopi, // Koau pyku 6yiu
eapadi...» [3, ¢. 55]. [Ljo Masui, wio nipuyHit eepoiHi tO. Kpanusu KOXAHHSA NPUHEC/IO C/Ibo3U: «A CbO2OOHI
A naady, naady, // LLjo He moxcy mebe 3abymu...» [3, ¢. 55], ane BoHU 0budsi n1t0bssme, naekaroms csil
6inb. [Jo s8ipwia «5 He 8ipto 8 uell douws camom~Hil» FOnis Kpanusa dibpasna Hasime eniepag 3 Jleci YKpaiHKu.
O6udsi asmopKu, NoNPU CMPAXOAHHS, BCE X ONMUMICMKU: «3adpad3 OCiHb — NOXMypd, CUBA... // Ane
CNPasx3cHs secHa nomomy!..» [3, ¢. 17]; «Mos nicia Hapko3y 8 KiMHami Himit // [1oBisIbHO NPUX0OXHCY 00
msamu. // Hi, ue He kiHeub. Bce 00Ho byodew miti — [Mepepsa mixc nodymmamul» [3, ¢. 40]. BoaroHmapu-
CMUYHI aKUeHmu makox« HassHi y 36ipui «Moi B8ipwii», K i 8 maopyocmi Jleci YKpaiHKu.
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Introduction

Knee replacement is one of the most common and effective methods of restoring the function of
the musculoskeletal system in patients suffering from degenerative-dystrophic diseases, the
consequences of injuries and deformities of the knee joint[1].

Due to the increase in the number of knee replacement surgeries, the requirements for the
durability of implants, their biomechanical compatibility with bone tissue and resistance to prolonged
cyclic loads are increasing.

Despite the improvement of materials and manufacturing technologies for prostheses, one of the
main reasons for the failures of prosthetics and subsequent revision interventions remains the aseptic
loosening of the tibial component caused by a violation of the stability of fixation in bone tissue.

An analysis of the existing structures of the tibial components allows us to conclude that a
significant part of the loads is transmitted through the intramedullary rod to the walls of the bone
marrow canal. With prolonged cyclic loading, this leads to local overload of the spongy bone, its
resorption and the formation of micro—displacements at the bone-prosthesis interface.

This effect is enhanced due to the discrepancy between the stiffness of the implant and the
mechanical characteristics of the bone tissue, as well as the lack of conditions for full-fledged secondary
fixation due to osseointegration in anatomically significant areas of the tibia.

In this regard, it is important to develop constructive solutions aimed at optimizing load distribution
and increasing the stability of the tibial component during long-term operation.

The aim of this work is to develop a prosthesis design for knee replacement, which provides
increased reliability of fixation of the tibial component and reduces the risk of aseptic loosening by
improving the biomechanical interaction of the bone-prosthesis system.

To achieve this goal, an analysis of existing design solutions was carried out and a modified design
of the tibial component was proposed. It includes an intramedullary rod with a gradient perforation
system and an integrated outer annular reinforcing element.

A feature of the proposed design is the presence of an intramedullary rod with a gradient
perforation system that provides spatially heterogeneous porosity along the length of the rod.

The perforations are mainly located in the metaphysical zone, which corresponds to the area of
active restructuring of spongy bone tissue and has the greatest biomechanical significance.

Through holes of increased diameter with reduced pitch are made in the proximal part of the rod.
This ensures high porosity and an increase in the contact area with bone tissue, which creates favorable
conditions for osseointegration.

In the middle part, the diameter of the holes gradually decreases, and the distance between them
increases. This allows you to maintain the necessary structural rigidity and resistance to axial and
bending loads.

The implementation of the porosity gradient makes it possible to combine the mechanical strength
of the implant with the possibility of forming a zone of strong mechanical connection between the bone
tissue and the prosthesis.

It is assumed that after implantation and subsequent osteoregeneration, the bone tissue partially
grows into the perforations of the rod, forming a stable bone-prosthesis contact zone. This helps to
reduce relative micro-displacements and reduce the risk of aseptic loosening of the tibial component.

An additional structural element is an integrated outer annular reinforcing element located in the
metaphysical region of the tibia directly under the tibial platform and structurally connected to it in a
single rigid system. Its purpose is to limit deformations of the cortical bone layer under the influence of
operational loads, which reduces the risk of expansion of the bone marrow canal and the occurrence of
microcracks during prolonged operation of the implant.
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The design of the annular reinforcement element is designed taking into account the anatomical
features of the knee joint, as well as the location of tendons and ligaments. Local cutouts are provided
in the medial and lateral zones, which prevent compression of soft tissues. The back of the ring is solid,
which is due to the absence of tendon attachments and the need to ensure sufficient structural strength.

Thus, the proposed design solution is a combination of intraosseous osseointegration provided by
gradient perforation of the intramedullary rod and external stabilization of the cortical layer using an
annular reinforcing element. This increases the reliability of fixation of the tibial component and
potentially increases the service life of the knee arthroplasty.

The scientific novelty of the work lies in the development of an innovative design of the tibial
component of the knee prosthesis, based on the principle of spatially differentiated porosity of the
intramedullary rod and the integration of the outer annular reinforcing element. This ensures a more
even distribution of loads, reduces the concentration of stresses in the bone tissue and reduces the
likelihood of aseptic loosening during prolonged use.

Literature review

Total knee arthroplasty has been widely recognized as a highly effective surgical treatment for
restoring joint functionality and alleviating pain in patients suffering from advanced knee joint disorders.
However, despite ongoing improvements in implant design and materials, aseptic loosening of the tibial
implant continues to be one of the primary causes of long-term implant failure and subsequent revision
surgery.

Numerous studies have investigated the biomechanical factors underlying implant instability, with
a particular focus on load transfer, stress shielding, and the interaction between bone and implant/[2].

Jia X. and his colleagues noted that inadequate fixation of the tibial component frequently leads
to non-uniform stress distribution in the proximal tibia[3]. Based on their findings, they suggested that
excessive loading through rigid intramedullary stems may cause stress concentration in trabecular bone,
resulting in bone resorption and progressive micro-motion at the bone-implant interface. They empha-
sized the significance of optimizing stem geometry in order to minimize peak stresses and enhance long-
term stability of fixation.

Lei H. and his colleagues conducted a study on the influence of implant structure with porosity on
bone integration and secondary fixation[4]. The study demonstrated that the use of controlled porosity
can significantly enhance osteointegration, as it increases the available surface area for bone attach-
ment and promotes mechanical interlocking between the implant and bone tissue. However, the study
also noted that excessive porosity can compromise the structural stability of the implant, emphasizing
the importance of balancing mechanical strength with biocompatibility in the design of such implants.

Lee H. H. and her colleagues conducted a study analyzing the biomechanical behavior of various
tibial stem designs using both experimental testing and numerical simulation[5]. The study demonstrated
that stem length and stiffness significantly influence the pattern of load transfer within the tibia. It was
found that shorter or optimally designed stems reduce stress shielding in the metaphysis, thereby pre-
serving bone mass and minimizing the risk of implant failure. The authors conclude that gradual changes
in stiffness can enhance the mechanical performance of tibial implants.

Korn P. and his colleagues focused on patient-specific and functionally graded implant designs/[6].
Their research demonstrated that implants with spatially varying structural properties can more accu-
rately replicate the natural load distribution of bone tissue. It was shown that functionally graded designs
can reduce interfacial micromotion and enhance long-term implant stability, particularly under cyclic
loading conditions. This approach has been identified as a promising avenue for the development of next-
generation knee prostheses.

The reviewed literature suggests that aseptic component loosening in the tibia is closely associated
with inadequate load distribution, excessive implant rigidity, and limited bone integration. While porous
designs and optimized stem configurations have demonstrated positive effects individually, the combi-
nation of graded porosity and additional stabilization mechanisms has not been sufficiently explored.
This emphasizes the importance of developing advanced tibia component designs that integrate con-
trolled bone integration with enhanced structural support in order to improve the longevity and clinical
efficacy of knee arthroplasty.

Research methodology

In the course of the study, the method of constructive justification was applied, which served as
the basis for the development of an improved knee prosthesis design.

This method consisted in analyzing existing solutions for fixing the tibial component and identifying
their main disadvantages related to uneven load distribution and the risk of aseptic loosening.
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Based on the analysis, it was proposed to add an intramedullary rod with a gradient perforation
system and an integrated outer annular reinforcing element to the prosthesis design.

The application of this method allowed us to form a new constructive concept of the tibial
component, aimed at increasing the stability of fixation and improving the interaction of the bone—
prosthesis system.

The second research method was a comparative analysis, the purpose of which was to evaluate
the effectiveness of the proposed constructive solutions.

As part of this method, the traditional structures of the tibial component were compared with the
developed prosthesis, which includes an intramedullary rod with a gradient perforation system and an
integrated outer annular reinforcing element.

The analysis allowed us to assess how each of the proposed solutions, as well as their combined
application, affects load distribution, fixation stability and reduction of micro-displacements of the tibial
component.

The use of comparative analysis allowed us to substantiate that the combination of gradient
perforation of the rod and the outer ring element provides more effective fixation compared to
traditional designs.

Results and discussion

Within the framework of the method of constructive justification, a comprehensive analysis of the
structures of the tibial components of the knee joint was carried out. Special attention was paid to the
geometric features of the components, the mounting schemes used, as well as the load transfer paths
under various operating conditions.

During the analysis, areas were identified in which traditional structures create an increased load
on the material, which can lead to micro-damage. The areas where the fixing elements exhibit the highest
rate of loosening and changes during prolonged operation were also studied.

The results of the analysis allow us to formulate specific recommendations for optimizing the
design, aimed at increasing the reliability of fixation of the tibial component and reducing the risk of
aseptic loosening of the prosthesis.

An analysis of existing structures has shown that one of the key problems is the transfer of loads
through the intramedullary rod to the walls of the bone marrow canal, which, under cyclic loading, leads
to local overload of the spongy bone, its resorption and the formation of micro-displacements of the
prosthesis.

As part of the research, it was proposed to add an intramedullary rod with a gradient perforation
system in this regard(figure 1).

Figure 1—intramedullary rod with a gradient perforation system
Source — developed by the author

The key design feature of the final model is an intramedullary rod with a gradient perforation
system. The perforations are located mainly in the metaphysical part of the rod, which corresponds to
the zone of the greatest restructuring of the spongy bone tissue and allows the mechanism of
osseointegration to be realized precisely in the area of maximum biomechanical significance.

In the proximal part, through cylindrical holes of increased diameter are arranged with a smaller
step along the length, which provides increased porosity and an increase in the contact area with bone
tissue. In the middle part, the diameter of the holes decreases, and the distance between them increases.
The distal section of the rod remains continuous, which allows maintaining the necessary structural
rigidity and resistance to bending and axial loads.
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Thus, the design implements a porosity gradient along the length of the rod: a higher density and
size of perforations are used in the proximal zone, and a reduced one in the distal zone. This allows you
to combine conditions for bone ingrowth.

It is assumed that after implantation and subsequent osteoregeneration, the bone tissue partially
grows into the perforations of the rod, forming a zone of mechanical connection “bone—prosthesis”. This
helps to reduce relative micro-displacements at the interface and reduces the risk of aseptic loosening of
the tibial component.

An additional result of the constructive justification was the introduction of an integrated outer
annular reinforcing element located in the metaphysical area directly under the tibial platform (figure
2).

Figure 2 — Integrated outer ring reinforcement element
Source — developed by the author

The ring element is structurally connected to the tibial part of the prosthesis and forms a single
rigid system with it. Its main purpose is to stabilize the cortical layer of the tibia and limit its deformations
under the influence of loads transmitted through the intramedullary rod.

As shown in figure 2, the annular element is made taking into account the anatomical features of
the knee joint. Local cutouts are provided in the medial and lateral zones to prevent compression of
tendons and ligaments, while the back of the ring is made solid, due to the absence of tendon
attachments and the need to ensure sufficient structural strength. This solution reduces the risk of
expansion of the bone marrow canal and the formation of microcracks in the cortical bone during
prolonged use of the implant.

The modern use of an intramedullary rod with a gradient perforation system and an integrated
outer annular drive element makes it possible to create a combined fixation system for the tibial compo-
nent. This design simultaneously affects two key mechanisms: intraosseous osseointegration due to gra-
dient perforations of the rod and external cortical stabilization due to the annular enlarging element. As
a result, a more uniform distribution of bone tissue is achieved, reducing local stress concentrations and
minimizing the risks of damage.

The data obtained during the research show that the proposed combined fastening system has the
potential to significantly change the sensitivity of the knee joint prosthesis. The integration of the two
positions allows for the limitation of aseptic loosening of components during prolonged operation. This
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approach opens up opportunities for the further appearance of prostheses, taking into account the indi-
vidual anatomical features of the patient and the specifics of load distribution in the knee joint.

As a result of a comparative analysis of the structures of the tibial component, the main
advantages and disadvantages of both traditional structures and the proposed innovative model were
identified. The analysis was carried out according to the parameters of transmission circuits, interaction
with bone tissue, reserve stress zone and fixation conditions. The use of SWOT analysis allowed us to
systematize the results and show the effectiveness of new solutions(table 1).

Table 1—-SWOT analysis

The proposed designs provide broader support, improved
osseointegration, and increased stabilization of the tibial
component compared to advanced models.

Complicated designs can guarantee a high cost of the pros-
thesis

Opportunities

Threats

The innovative solution opens up prospects for further op-
timization of prosthetics, taking into account the anatom-

Possible unforeseen reactions of bone tissue to new struc-
tural elements.

ical features of the patient and the development of new
materials with improved biomechanical characteristics.

Source — developed by the author

As a result of the analysis, it can be concluded that the proposed structures have a number of
design features and are innovative. This helps to increase the stability of the prosthesis and reduce the
risk of its loosening.

In the course of the study, two complementary methods were applied: constructive justification
and comparative design analysis. The method of constructive justification identifies stressed areas of
critical organ zones and mechanical instabilities in traditional prostheses, and also identifies ways to
optimize structures to increase the reliability of fixation of the tibial component and reduce the risk of
aseptic loosening. A comparative analysis using the SWOT technique confirmed that the proposed
innovative designs, including an intramedullary rod with a gradient shape of the perforations and an
outer annular driving element, allow for advantages over sequences of solutions.

SWOT analysis has shown that they expand the possibilities and increase the stability of the
attachment. The main weaknesses of the strain are related to the particular complexity of manufacturing
and the need for precise surgical control.

Summarizing the results of the two methods, it can be noted that the proposed design of the tibial
component combines intraosseous and external stabilization, high potential for uniqueness and
reliability, and justifiably the method as an innovative solution in knee arthroplasty. The results of the
study provide a theoretical and practical basis for further optimization of the prosthesis design and
development of methods for its clinical application.

Conclusion

The study confirmed the effectiveness of an integrated approach to the design of a knee prosthesis.
The method of constructive analysis made it possible to study in detail the geometry of the components,
mounting schemes and transportation methods.

Based on the data obtained, a design optimization strateqy was developed aimed at increasing the
reliability of fixation of the tibial component, uniform load distribution and reducing the risk of aseptic
complications.

A comparative analysis of the structures using the SWOT technique revealed the advantages of the
proposed innovative structures, including an intramedullary rod with a gradient perforation system and
an outer annular driving element.

The advantages of these designs include improved osseointegration, broader capabilities, and an
increased stabilization component. However, the higher cost are the main disadvantages of the design.

Summarizing the results of the two methods, it can be concluded that the developed structures
combine intraosseous and external stabilization, which provides high potential for liquidity and reliability.
This is justifiably an innovative solution in knee arthroplasty.

The data obtained form the theoretical and practical basis for further optimization of the prosthe-
sis and developments.

The combination of an intramedullary rod with an external factor allows not only to increase me-
chanical stability, but also to improve biological compatibility with bone tissue. This reduces the risk of
developing diseases and promotes more reliable osseointegration.
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This approach opens up new perspectives for personalized prosthetics and the introduction of in-
novative materials and technologies, including 3D printing. This expands the possibilities of clinical ap-
plication of modern knee joint prosthesis designs.

Further development of this topic may be related to the introduction of digital technologies, such
as finite element modeling and simulation of results, which will make it possible to more accurately pre-
dict the behavior of the prosthesis in the context of the patient's individual anatomy/7],[8].

A promising area is the development of “smart” materials and sensor systems that can track the
degree of osseointegration and the load on the components of the prosthesis[9],[10]. This will make it
possible to adapt treatment and rehabilitation taking into account the patient's characteristics, increase
the safety and effectiveness of endoprosthesis.

References

1. Shmeleva S. V. et al. Overview of Modern Approaches to the Restoration of the Anatomical and
Functional State of the Hip Joint in Various Pathologies //Biomedical and pharmacology Journal. — 2019.
—-T.12.-N2 2.-P. 915-923.

2. Hériveaux Y. et al. Mechanical micromodeling of stress-shielding at the bone-implant interphase
under shear loading //Medical & Biological Engineering & Computing. —2022.—T. 60.—N°. 11.—P. 3281-
3293.

3. Jia X et al. How does the stress in the fixation device change during different stages of bone
healing in the treatment of fractures? A finite element study of external fixation for tibial fractures //Or-
thopaedic Surgery. —2024. - T. 16. —N9. 11.—P. 2821-2833.

4. Lei H. et al. Structural Optimization of 3D-Printed Porous Titanium Implants Promotes Bone
Regeneration for Enhanced Biological Fixation //ACS Applied Materials & Interfaces. — 2025. - T. 17. —
Ne 12.—P. 18059-18073.

5. Lee H. H. et al. Optimization of Tibial Stem Geometry in Total Knee Arthroplasty Using Design
of Experiments: A Finite Element Analysis //Bioengineering. — 2025. - T. 12. - N2 2. - P. 172.

6. Korn P. et al. A new strategy for patient-specific implant-borne dental rehabilitation in patients
with extended maxillary defects //Frontiers in Oncology. —2021.—T. 11.—P. 718872.

7. Cabrera I. A. et al. Digital healthcare technologies: Modern tools to transform prosthetic care
//Expert Review of Medical Devices. —2021. —T. 18. — N2 sup1. —P. 129-144.

8. Paxton N. C., Nightingale R. C., Woodruff M. A. Capturing patient anatomy for designing and
manufacturing personalized prostheses //Current Opinion in Biotechnology. — 2022. — T. 73. — P. 282-
289.

9. Eskandar K. Smart orthopedic implants: the future of personalized joint replacement and mon-
itoring //The genesis of orthopedics. — 2025. — Vol. 31. — No. 3. — P. 388-398.

10. Resendes T. et al. Advanced medical monitoring: 3D printed prosthetics with integrated strain
sensor //Progress in Additive Manufacturing. —2025. —T. 10.—N¢. 1. —P. 219-229.



XVIIl INTERNATIONAL SCIENTIFIC CONFERENCE. TORONTO. CANADA. 06-07.01.2026

TOP 200 TERMS USED IN SEWING OR TEXTILE (LIGHT INDUSTRY) ENTERPRISES

Mirzayev Razil Tofig oglu

PhD in Engineering

Hubatova Maya Huseyingulu qizi
Taghiyeva Tamam Ahmad qizi
Azerbaijan University of Technology

TIKIS VO YA TEKSTIL (YUNGUL SONAYE) MUBSSISOLORINDS ISLADILIN SN COX 200 TERMIN

Mirzayev Razil Tofiq oglu

tfd.

Hiibatova Maya Hiseyinqulu qizi
Tagiyeva Tamam 9hmad qizi
Azerbaycan Texnologiya Universiteti

200 HAUBOJIEE YACTO MCIOJIb3YEMBbIX TEPMWHOB B LLIBEVIHOM MJIN TEKCTU/IbHOM (JIETKOM
[MPOMBILLIJIEHHOCTV) OTPACJISIX

Mup3oes Pazwi Toguz o2y

Jlokmop mexHuYyeckux Hayk

Xybamosa Mads [yceliHzysy Kbi3bl

Tazuesa Tamam AXmMao Kbi3bl

A3zepbatioxcarHckul TexHomo2udeckudl YHusepcumem

Abstract

This thesis systematizes the main terms used in sewing (light industry, textile) enterprises and
explains their role in the production process. Terminology in sewing enterprises is important for proper
communication, quality management and production efficiency at all stages, from the receipt of raw
materials to the packaging of finished products. The work explains the definition of terms, explains why
and how terms are used, and presents the 200 most commonly used terms in Azerbaijani, English and
Russian.

Xiilase

Bu tezisde tikis (yingll senaye, tekstil) misssiselarinde istifads olunan esas terminler
sistemlasdirilir vo onlarin istehsal prosesinds rolu izah edilir. Tikis misssiselarinds terminologiya
xammalin gabulundan hazir mehsulun gablasdirilmasina gadar biitiin marhalelerds diizgiin kommu-
nikasiya, keyfiyyatin idare olunmasi ve istehsalin ssmaraliliyi tictin vacibdir. Isde termin anlayisi aciglanir,
terminlaerin niye ve nece istifade edildiyi izah olunur ve an ¢ox isledilen 200 termin Azerbaycan, ingilis
va rus dillarinds teqdim edilir.[1]

AHHOmMauus

B 0aHHol pabome cucmemamu3upyromcs OCHOBHbIE MePMUHbI, UCNOJIb3yeMble HA WBEUHbIX
(nez2kas NPOMbIULIEHHOCMb, MEKCMUJIb ) Npeonpusimusix, U 06bACHIeMCs ux poJib 8 NPOU3BOOCMBEHHOM
npouecce. TepMuHo/I02US HA WBeUHbIX NPeonpuSIMUAX BAXHA 0718 3pdekmusHOl KOMMYHUKAUUU,
YNpasJsieHus Ka4ecmaoM U NOBbIWEHUS 3¢gekmuBHOCMU Npou3BOOCMBA HA BCeX 3mManax, om
nosyYeHusi Cbipbss 00 YNAkosKu 20moBoU Npodykyuu. B pabome daemcsi onpedesieHue mepMUHOB,
06bACHAEMCS, NOYeMy U KK UCNOJIb3YHOMCS me WU UHble MepMUHbI, U npedcmassieHbl 200 Haubosiee
Yacmo UcnNoJb3yemMblX MepMUHOB Ha a3epbalioHaHCKOM, aHIULUCKOM U PYCCKOM S13bIKAX.

Keywords: Sewing industry, terminology, light industry, production process, quality control,
clothing production.

Acar sézlar: Tikis ssnayesi, terminologiya, yingil senaye, istehsal prosesi, keyfiyyate nezarst,
geyim istehsall.

Knrovesbie cnosa: LlIBeliHas NpoMbIULIEHHOCMb, MEPMUHO/IO2US], JleeKasi NPOMbIU/IeHHOCME,
NpoU3B00CMBEHHbIU NPOUECC, KOHMPOJIb Ka4ecmad, waeliHoe npou3soocmao.
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Termin nadir? Termin mdayyan bir elm, texnika ve ya istehsal sahasinds deqiq ve birmanali manani
ifads edan xiisusi sézdir ve ya soz birlesmasidir. Terminlar imumi danisiq dilindan ferqli olaraq konkret
anlayisi bildirir ve qarisiqligin garsisini alir.

Tikis misssisasinds terminlar niys isledilir?[2]

[stehsal prosesinds daqiqliyi tomin etmak ticiin

Iscilor arasinda diizgiin ve stiratli (nsiyyat yaratmag dctin

Texnolojiemaliyyatlari standartlasdirmaq dgin

Keyfiyyate nezareti asanlasdirmaq dgln

Beynalxalqg emeakdasliqda (ixrac, idxal) anlasmani tamin etmak (¢din

Asadida terminler Azerbaycan — Ingilis — Rus dillarinde verilmisdir:

1. Tikis — Sewing — LLlumbé

2. Parca — Fabric — TkaHb

3. Konstruksiya — Construction — KoHcmpyKkuus

4. Modellasdirme — Modeling — ModenuposaHue

5. Eskiz — Sketch — 3cku3

6. Sablon (Patron) — Pattern — Bbikpolika

7. Bicim — Cutting — Kpou

8. Tikis masini — Sewing machine — LLIseliHas MawuHa

9. Overlok — Overlock — Osepiok

10. lyne — Needle — Mena

11. Sap — Thread — Humka

12. Dlyma — Button — lyeosuya

13. Sep — Zipper — MosHusi

14. Qayc¢r — Scissors — HoxcHuUUb!

15. Astar — Lining — lNooknaoka

16. Ukl — Iron — Ymroz2

17. Ol tikisi — Hand sewing — Py4Hou wos

18. Seriyali istehsal — Mass production — CeputiHoe npou3so0cmso

19. Yigim — Gathering — Cbopka

20. Bazok — Decoration — YkpaweHue

21. Qol — Sleeve — Pykas

22. Bel — Waist — Tanusi

23. Btek — Hem / Skirt — NModon / KO6ka

24. Yaxa — Collar — BopomHuk

25. Kemar — Belt - osc

26. Astarlamaq — To line — lNooknadka

27. Parca ehtiyati — Seam allowance — lpunyck Ha wos

28. Tikis xatti — Stitch line — JluHuss wBa

29. Barkidici tikis — Reinforcement stitch — 3akpennsrowull wos

30. oyrilik — Curve — M3eub

31. Ciyn xatti — Shoulder line — JluHusi nne4ya

32. Yan tikis — Side seam — bokosod wio8

33. On ortasi — Center front — [TepedHss cepeduHa

34. Arxa ortasi — Center back — 3a0Hss cepeduHa

35. Badan 6l¢listi — Body measurement — Pasmep mena

36. Geyimi badendes 6l¢cme (piremerka) — Fitting — lNpumepka

37. Texniki certyoj — Technical drawing — TexHu4eckul Yepmeéxc

38. Istehsal — Production — lpou3sodcmso

39. Hazir mahsul — Finished product — fomosoe u3desue

40. Keyfiyyate nazaret — Quality control — KoHmposib Ka4ecmasa

41. Parca novi — Fabric type — Tun mKaHu

42. Tebii parca — Natural fabric — HamypanbHas mkaHb

43. Stini parca — Artificial fabric — VickyccmBeHHas mKaHb

44. Sintetik parca — Synthetic fabric — CuHmemuyeckass mKaHb

45. [pak - Silk — LIk

46. Yun — Wool — LLlepcrmb
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47. Pambiq — Cotton — Xnonok

48. Ketan —Linen — JIéH

49. Dari— Leather — Koxca

50. Trikotaj — Knitwear — Tpukomac

51. Cins parca — Denim — [pHuHcoB8asi mKaHb

52. Flanel — Flannel — ®naHesnb

53. Sebaks (h6rme bazek) — Lace — Kpyxeso

54. Orqanza (nazik parca) — Organza — OpeaH3a

55. Atlas — Satin — Amnac

56. Tafta (ipakdan hazirlanan parca névii) — Taffeta — Tagpma
57. Kral tikisi — Royal stitch — Koponesckull wos

58. Zigzag tikisi — Zigzag stitch — 3ue3az006pazHbili wos

59. Masin sapi — Machine thread — MawuHHas HUmMb

60. dlcak — Glove — [Nep4yamka

6 1. Papaq — Hat — LLlanka / l'onosHol y6op

62. Ayaqgqgabi — Shoes — ObyBb

63. Aksesuar — Accessory — Akceccyap

64. Remen — Buckle — NMpsika

65. Etiket — Label — dmukemka

66. Rang uygunlugu — Color matching — CovemaHue uysemos
67. Stil — Style — Cmusb

68. Moda — Fashion — Moda

69. Trend — Trend — TpeHO

70. Geyim — Garment — Odex0a

71. Uslub(stil) — Design style — [uzatiHepckuti cmusib

72. Certyoj— Draft / Plan — Yepméxc

73. Geyim hissaleri — Garment parts — Yacmu o0ex0bi

74. Tertibat — Design layout — KomnoHoBKa

75. Kolleksiya — Collection — Konnexkuyus

76. Katalog — Catalogue — Kamasnoe

77. Muncuq — Bead — bucep

78. Qas — Rhinestone — Cmpas

79. Sapin garilmasi — Thread tension — HamsixxeHue HuUmMu
80. Parca sinagi — Fabric testing — Tecm mkaHu

81. Forma sabitliyi — Shape stability — CmabusibHocmb ¢opmbi
82. Nemlik davamliligi — Moisture resistance — Bnazocmolikocms
83. Tikma texnologiyasi — Sewing technology — TexHoo2us wWumass
84. Naxis — Pattern / Embroidery — Y30p / Bbiwuska

85. Ornament — Ornament — OpHameHm

86. Daxili tikis — Inner seam — BHympeHHul wos

87. Xarici tikis — Outer seam — BHewHuUl woB

88. Termal isleme — Heat processing — Tensiosas obpabomka
89. Qalinliq — Thickness — TonuwuHa

90. Elastiklik — Elasticity — SnacmuyHocmb

91. Agirlig — Weight — Bec

92. Tikis garginliyi — Seam stress — HanpsixceHue wsa

93. Tikis cizgisi — Stitch trace — KoHmyp wsa

94. Méhkemlik — Durability — lpoyHocmb

95. Darinin islonmasi — Leather processing — Obpabomka Koxu
96. Layihalandirme — Projecting — [poekmupoBaHue

97. Tedartik — Supply — CHabxceHue

98. Misssise — Factory / Enterprise — [lpednpusmue

99. Tikis sexi — Sewing workshop — LLIBeliHbIl uex

100. Darzi — Tailor — lNopmHol

101. Loévhe — Board — [locka

102. Tikme xatti— Stitch line — JluHus cmpoyKu
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103. Cevrilma — Turning — Bbisopa4usaHue

104. Ciyin tikisi — Shoulder seam — [1nevesol wos

105. Yan tikis — Side seam — 6okosod wos

106. Qollug (manjet) — Sleeve cuff — MarHxema

107. Diyms desiyi — Buttonhole — [lemns

108. Bigcim — Cut — lNokpou

109. Naxis — Embroidery — Bbiwiuska

110. Yiikssk moda — Haute couture — Bbicokasi moda

111. Qalstuk — Tie — lancmyk

112. Sarf — Cravat — LLle(iHbIt n1amok

113. Qatlama lenti ve yaatekalt: lent — Hem tape — [ModeuboyHasa neHma
114. Parc¢a kodu — Fabric code — Koo mkaHu

115. Sancaqlar — Pins — bysiasku

116. Daxili astar — Inner lining — BHympeHHss nookiaoka
117. Sirtsken parca — Slippery fabric — CKosib3Kas mKaHb
118. Istiye davamli — Heat resistant — Tepmocmotikudi

119. Tikis sixligi — Stitch density — [TromHocmb cMpoYKU

120. 9yri tikis — Curved stitch — Kpusol wos

121. Dari geyim — Leather garment — KoxcaHas odexcoa

122. idman geyimi — Sportswear — CnopmusHasi 00excoa

123. Guindslik geyim — Casual wear — [losceoHesHas ooexoa
124. Utiilema — Ironing — [naxka

125. Déseme — Layering — Haciiausa+ue

126. Hazir bicim — Pre-cut — Fomosbiti Kpol

127. Cokideyisme — Shrinkage — Ycaoka

153. Xarici hisse — QOuter part — BHewHss1 4acmsb

154. Tikma izi — Seam trace — Cied om wBa

155. Simmetriya xatti— Symmetry line — JluHua cummempuu
156. Dizayn markeazi — Design center — LjeHmp ou3aliHa

157. Moda evi — Fashion house — /Jom moOb/

158. Parca catismazligi — Fabric shortage — Hedocmamok mKkaHu
159. Parca istigamati — Fabric direction — HanpasieHue mkaHu
160. Ulgii— Patterns — Jlekan

161. Garginlik élclsi — Tension level — YposeHb Hams#eHus
162. Olcti codvali - Size chart — Tabnuua pasmepos

163. Qalip — Mold — ®opma (0515 nekan)

164. Modelin kodu — Style code — Kod modesu

165. Tikilme cizgisi — Sewing guide — Hanpasssrow,as wumes
166. Ol tikisi— Manual sewing — Py4Hoe wumeé

167. Ikigat parca — Double fabric — /]soliHas mKaHb

168. Qatlama — Folding — CknaodbisaHue

169. Buxarlanma — Steaming — OmnapusaHue

170. Xattli eskiz — Line sketch — JluHelHbIU 3CKuU3

171. Formalasdirma — Shaping — @opmuposaHue

172. Texniki figur — Technical figure — TexHu4eckul pucyHoK
173. Konstruksiya xetleri — Construction lines — JluHuUU KOHCMpYKuyuu
174. Badan fiquru — Body figure — @ueypa mena

175. Cevik bicim — Flexible cut — l'ubkud kpod

176. Knopka masini — Snap machine — MawuHa 0151 KHONoK
177. Yumusaldici — Softener — Cmsiequmerib

178. Par¢a sixligi — Fabric density — [TnomHocmb mKaHu

179. 9yme bucagi — Fold angle — Yeon ceuba

180. Sinag nimunasi — Sample — Obpazey,

181. Alle tikme — By hand — Py4Has paboma

182. Slave hisse — Extra piece — [JonosiHUMeIbHAs 4acmae
183. Bas geyimi — Headwear — 'os108HoU y60p
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184. Asagdi hisse — Lower part — HuxHsa 4yacme

185. Gédekce — Jacket — Kypmka

186. Palto — Coat — lasbmo

187. Moda jurnali — Fashion magazine — XXypHasn moo

188. Parca material — Woven material — TkaHbIG mamepuasn

189. Boyanmis parca — Dyed fabric — OkpaweHHas mKaHb

190. Nemlandirib-isitme amaliyyatlari — Wet heat treatment — BnaxHo-mensiosas obpabomka

191. Antibakterial material — Antibacterial fabric — AHmubakmepuasibHas mKaHe

192. Mohkem parca — Durable fabric — [IpoyHass mkaHe

193. Bitki mansali lif — Plant-based fiber — PacmumesibHoe BOIOKHO

194. Sintepon — Padding — CuHmenoH

195. Yaxalig — Neckline — Bbipe3 20p/ioBuUHbI

196. Dast — Set — Komniekm

197. Uzunlug — Length — /lnuHa

198. Qol tikisi— Armhole seam — LLlos npolimbi

199. Qol oyuntusu — Armhole — lNpodma

200. Etiket dizayni — Label design — [Ju3aliH spsbika

Tikis musssisalarinde terminologiyanin dizglin ve sistemli istifadasi istehsalin keyfiyyatini, emak
mahsuldarligini ve beynalxalq emekdaslii artirir. Ug dilli terminlar ise global bazara ¢ixis ve pesekar
Unsiyyat tcln xdsusi @hamiyyat dasiyir.
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Abstract

This article provides a comprehensive analysis of the prospects and current achievements in the
field of triboelectric energy generation, with a particular focus on the opportunities provided by water
resources, particularly atmospheric moisture. In the context of the global drive towards sustainable de-
velopment and the transition to renewable energy sources, the triboelectric effect, which relies on the
generation of electric charge through the contact and separation of dissimilar materials, is becoming an
increasingly attractive option for extracting enerqgy from the environment.

The article provides an overview of current research conducted at leading global scientific centers,
focusing on the development and optimization of triboelectric nanogenerators (TENGs) designed to con-
vert the energy of water droplets and other aqueous flows into electrical energy. Special attention is
given to the study of the ballo-electric and triboelectric mechanisms underlying the generation of energy
during the interaction of water with various materials. The experimentally confirmed phenomenon of
voltage generation on metal surfaces upon contact with a humid environment is considered as a starting
point for the development of innovative devices capable of generating energy directly from the atmos-
phere.

The central idea is to exploit the potential of water vapor in the atmosphere as an effective and
affordable source of renewable energy. Unlike traditional hydropower systems, which require significant
investment and have a negative impact on the environment, this approach utilizes a widespread and
relatively stable resource: atmospheric moisture. Electrical enerqgy is generated through the triboelectric
interaction of water molecules with specially designed surfaces, which requires careful selection of ma-
terials, optimization of their structure, and consideration of external factors such as temperature, hu-
midity, and pressure.

The article provides a detailed analysis of the factors affecting the efficiency of triboelectric energy
generation from water vapor, including the choice of materials (metallic, polymeric, composite, and na-
nomaterials), surface geometry, and operating modes of the devices. Various designs of TEGs designed
to convert atmospheric moisture energy into electrical energy are considered, and their potential char-
acteristics are evaluated.

It is emphasized that this technology is currently under active development, and several technical
and economic challenges need to be addressed in order to commercialize it. These challenges include
improving energy conversion efficiency, ensuring the stability and durability of devices, and developing
cost-effective production methods. In conclusion, this article provides an overview of research in the field
of triboelectric energy generation from water vapor, describes the main achievements, identifies areas
of concern, and outlines future prospects.

This research area has significant potential and can contribute significantly to creating a sustain-
able, environmentally friendly, and diversified future energy system based on renewable resources. De-
velopments in this field can help address global energy challenges and reduce dependence on traditional
energy sources.
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AHHOmMayus

Hacmoswas cmambs NOCBAWEHA BCeCMOPOHHeMY aHasau3ly nepcnekmus U COBPeMeHHbIX
docmuxceHud B obnacmu mpuboaekmpuyeckol eeHepayuu 3Hepeuu, C 0CObbIM aKyeHmoMm Ha
BO3MOXCHOCMU, NPeodoCmMasisieMble BOOHbIMU pPecypcamu, 8 4AaCmMHOCMU, ammocgepHol snazol. B
ycnosusx 2n106abHO20 CMpemaeHuUs K YcmoUyuBoMy pa3BuMUK U nepexody K B0306HOBISeMbIM
UCMOYHUKAM 3Hepeuu, mpubodnekmpudeckull 3ggekm, O0CHOBAHHLIU HA eeHepayuu 3/1eKmpuyecko2o
3apa0a npu KOHMakme U pazoesieHul pasHOPOOHbIX Mamepuasos, CMAaHoBumcs B8ce bosee
npusieKamesibHbIM BapuaHmMom 07151 U3BJ1eHeHUS SHepauU U3 OKpyxcarouied cpeosbI.

B cmamee npedcmassieH 0630p akmyasibHbIX UCCAe008aHUl, NPOBOOUMbIX B BEOYULUX MUPOBLIX
HAy4YyHbIX UeHmpax, C aKueHmoMm Ha paspabomky U onmumusayuro mpubossiekmpuyeckux
HaHoeeHepamopos (TOHI), npedHasHa4YeHHbIx 019 NpeobpaszosaHuss 3Hepauu Kanesb BoObl U Opyaux
BOOHbIX NOMOKOB B 3/IeKMpuYeckyro 3Hepeuto. Ocoboe BHUMAHUe Yoenssemcsl  U3Y4eHUro
6as1/103/1eKMpuUYecKuX U mpubo/IeKMpPUYeCKUX MexaHU3MOB, JIeHaliUx B OCHOBe 2eHepayuu 3Hepauu
npu s3aumodelicmBuu BoObl C PA3/IUYHbIMU MAMEPUAIAMU. IKCNEePUMEHMATbHO NOOMBEPIHOeHHbIU
paKkm BO3HUKHOBEHUS HANPAXEHUS HA Memdasiiudeckux NOBEPXHOCMAX NPU KOHMAKMe C BJIAXCHOU
cpedoll paccmMampusaemcs Kak omnpasHAasi Moyka 0/ pas3pabomku UHHOBAUUOHHbIX YCMPOUCma,
CNOCOBHBIX NOYHAMb 3HEP2UKO HENOCPEOCMBEHHO U3 AMMOCPepbI.

L{eHmpasibHas udes 3akarodaemcsi 8 060CHOBAHUU NOMEHLUAIA BOOSIHO20 NAPd, COOEPIAULL20CS
B8 ammocgepe, 8 Kadecmae 3¢gpeKkmusHo20 U 00CMYNHO20 UCMOYHUKA B80306H0BASemMol 3Hepauu. B
omJiuyue om mpaoduyUOHHbIX 2UOPOIHEP2eMUYECKUX CUCMeM, MPebyrouiux 3Ha4uUmMesIbHbIX UHBECMUUUU
U OKasbiBaroujux Bo30elicmsBue Ha OKPyxcarowyro cpedy, npedsndaeaembili NOOXo0 No3B80J8em
UCNOJIb308AMb WUPOKO pACNPOCMPAHEHHBIU U OMHOCUMEIbHO CMabusibHbIl pecypc — ammoCphepHYHo
BJ1G2Y. IN1eKmMpuYyecKas s3Hepausi 8 0aHHOM C/1y4ae eeHepupyemcs 8 pesysibmame mpubo31eKmpuyecko2o
B3aumodelicmBusi MoJsieKys1 BoObl CO CNeyuasbHo paspabomarHbIMU NOBEPXHOCMAMU, Ymo mpebyem
mujamesibHo20 nodbopa mMamepuasos, ONMUMU3AUUU UX CMPYKMYPb! U y4ema BHeWHUX GaKkmopos,
Makux KaKk memMnepamypa, B/1Ia}HOCMb U 0dBJIeHUe.

B cmambe nposooumcss 0emasbHbil aHaau3 @akmopos, BAUSIOUUX HA 3pdekmuBHOCMb
mpubosnekmpuyeckol 2eHepayuu 3Hepeuu U3 BOOSHO20 NApA, BKIKYAs BbI6Op Mamepuadsios
(Memasnudeckue, NOUMEpPHble, KOMNO3UMHbIE, HAHOMAamepuasbl), 2e0Mempuro NOBEPXHOCMU, a
makxe pexumbl pabomsl ycmpolcma. PaccmampuBaromcs pasiuyHblie KoHcmpykuuu TOHI,
NpeoHasHavyeHHble 0719 NpeobpazosaHus 3Hepauu ammocdepHol B1a2u B8 37eKMPUYECKYro SHepeuro, U
OUEeHUBArOMCS UX NOMEeHUUA/TbHbIe XapaKmMepUCMUKU.

[Mod4epkusaemcs, 4mo 0aHHAs MExXHOI02usl HaAX00UMCS Ha CMAaouu dKMUBHO20 pa3suUMus, U 0J1s
ee KOMMepuuaau3auuu Heobxooumo peliums p0 MexXHUYECKUX U SKOHOMUYECKUX 3aday. B yacmHocmu,
mpebyemcs noBbiuweHue 3ppdekmusHoCMU NPeobpazoBaHus 3Hepauu, obecneyeHue cmabu/ibHOCMU U
dosizoBeqHocmu  ycmpolcms, a makxe paspabomka 3KOHOMUYeCKU UesnecoobpasHbix mMemodos
npou3sodcmaa.

B 3aknro4eHue npedcmassieH 0630p ucciedosarull 8 obiacmu mpubosiekmpuyeckol eeHepayuu
SHepeuU U3 BOOSIHO20 NApd, ONUCKLIBAKOMCS OCHOBHbIE OCMUXCEHUS, BbiSIBJIEHbI NPOOIeMHbIe 06/1acmu u
HameYeHbl nepcnekmusbl 0asbHelwe2o passumus. JaHHoe HanpasneHue uccaedosarul obnaoaem
3HAYUMesIbHbIM NOMEHYUAIOM U MOXEm BHEeCmU CywecmBeHHbIl BK1ad B co30aHue ycmold4usod,
JKos102uYecku besonacHol u dusepcupuUUUPOBAHHOU 3HepeemuyYyeckol cucmemsi byodyuie2o, 0CHOBAHHOU
HA UCNOJIb30BAHUU  BO30OHOB/AEMbIX pecypcos. Paspabomku B8 0aHHOU obsacmu  mMo2ym
CNOCOBCMBOBAMb peLeHUHD 271006aJIbHbIX IHEP2eMUYECKUX NPObIEeM U CHUMCeHUKO 3dBUCUMOCMU Om
MPAaodUYUOHHBIX UCMOYHUKOB 3HEepauUl.

Keywords: triboelectric effect, metal plates, renewable energy, energy-generating medium, water
vapor

Kirouesble c108a: mpubossiekmpuyeckull 3pgpexkm, memasiudeckue naacmuHbl, B0300HOBISeMast
JHepaus, 3Hepao2eHepupyrowds cpedd, Bo0AHol nap

1.BeedeHue

lposisreHue mpubo3eKmpu4ecko2o 3pgekma npu KoOHMAakme mpeHuem 8 mBepobiX mesax
MOMCHO 06BSCHUMb NepemewjeHuemM Hocumesed 3apsda om 00HO20 «KOHMAKMHO20» mesid K 0py2omy.
lpu B83aumodedcmauu NoyNPOBOOHUKOB U NPOBOOHUKOB (MemasiioB) Hocumesiu 3apaoa (371eKmpoHbi)
nepemewaromcs Om meJid, U320mMOoBJIeHHO20 U3 Mamepuana ¢ meHbwel pabomol Bbixodd K mesy,
mamepuas Komopo2o umeem bosbuwiyto pabomy Bbixood. [lpu mpeHuu NPOBOOHUKA U OU3/IeKMPUKa
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371eKMPOHbI NEpexoossm Om NPOBOOHUKA K OU3/IeKMPUKY, MeM CAMbIM Bbi3biBAsSI BO3HUKHOBEHUE
mpubosiekmpu4yecmsa.  Bo3HUKHOBeHUe —mpubos/iekmpuyecko2o 3¢pgekma B8  Oud/leKmpuKkax
06bACHAGMCA B3AUMHBIM NepemeleHUemM UOHOB U 3/IeKMPOHOB KOHMAKMHbIX OU3/IeKMPUKOB (puc. 1).
Kpome moeo, 8 mBepobix menax mpubosiekmpuyecmso BO3HUKAEM B8 Nbe303/IeKMPUKAX Uau
NUPO3IEKMPUKAX 3d CHemM MEeXaHU4ecko2o omoesieHus Yacmed 83aumodedcmayrouieli NOBepXHOCMU.

o

Puc. 1 MexaHu3sm mpubo3aiekmpu4eckozo pgekma

Boda Kak 0OunosibHAas *UOKOCMb, COCMOUM NPeumMyu,ecmseHHo u3 monekysn H20, 1 mosb
Komopbix codepxcum npubsnusumensHo 104 Kia/mMosb 3/1ekmpudecmsa. [eHepamopsl, UCnoib3yrouue
b6anno- u  mpubposekmpuyekull 3¢pgekm obnadarom  He3HaYumesbHol  MOWHOCMbIO,  HO
docmamoy4Ho2o 0J19 0OMAWHE20 U YJIUYHO20 OCBeUeHUS, N003apA0KU HOCUMOU 3/1eKMPOHUKU.

TpubosiekmpuguKkauus, Uu KOHMAKMHAa 3neKkmpugukauyus, — 3mo @uaudeckoe AseHue,
ONUCHIBAKOULEE NEPeHOC 3/IeKMPOHOB MexOy NOBEPXHOCMAMU NpU Gu3uYeckom KoHmaxkme. Takoe
assieHue 6bi10 obHapyxeHo 2600 snem Hazad, a MexaHusMbl €20 BO3HUKHOBEHUS 00 CUX Nnop
obcyxoaromcs.

Tpubosnekmpuyeckull HaHoeeHepamop (T3HI) — 3mo HoBas mexHosI02us, KOmopasi Haxooum
npumeHeHue Bo MHo2ux 061acmsix, BK/t04as cbop 3Hepeuu, aBmMoHOMHOE 30HOUPOBAHUE, 1eKapCmaa u
N1eKMPOHUKY. Mamepuasibl, UCNo/ib3yemMble B Kadecmae mpubo3sieKkmpuyeckux c/10es, pazHoobpasHsl u
BKJIOYAIOM NOJIUMEPBI, MEMAJI/Ibl U HeOp2aHU4YecKue Mamepuassl. Haubosee yacmo ucnosib3yembimu
mamepuanamu ABASHMCH QU3IeKMpuUYecKue nouMepskl, maxkue Kkak [1T@3 (nosumempagpmopsmusieH),
@31 (pmopuposarHbil 3muneHnponusieH), MNMNAMC (nonudumemuscuiokcas) u KanmoH (naeHKa u3
noauamuda). 3eseHble Mamepuasbsl, Makue Kak Mamepuadsibl Ha OCHOBE UeJ1/1t0/103bl, B NOC/Ie0Hee Bpemsl
Bbi3biBaOM Bce bosbwull UHMepec, a Xapakmepucmuku T3HoB, UCNOb3YIOWUX Ue/lIH/I03HbIe
mamepuasnel,  Yay4dwuaucb.  [pouecc  mpubosnekmpugukauuu  mMoxem  bbimb  NPOUECCOM
KOHMAxkma,/pazoesieHus Ui NPOUECCOM CKOJIbHEHUS.

B 2019 200y epynna BaHza u3 TexHo/i02u4ecko2o uHCmumyma Jxopoxcuu papabomana Hosbil
memod 19, komopbIl NO3B0Jem KOUu4YeCmBeHHO onpeodesisimes NJIOMHOCMb MPUb031eKmpu4ecko2o
3apada (TECD) pas/iudHbiXx Mamepuasos Ha OCHOBE UX MpPubo3IekmpuduKayuu pmymbko B pexcume
pasoeneHus KOHMakmos.

TpubosiekmpuguKkauus moxem npouzoldmu Ha abom uHmMepgelce, 20e 0Ba mamepuasna
scmynarom 8 ¢usuyeckull KoHmakm. MHoaue mamepuasibi bbiiu NPOMECMUPOBAHbI HA NPpedMem UX
mpubosnekmpuyeckux 3¢gekmos u npumeHeHsl 8 TIHax. @®mopnosaumepsi, makue Kak TP u O3],
ABAAOMCS Haubosiee WUPOKO UCNO/b3YeMbIMU MPUbOIIeKMPUYECKUMU MAMepUadsamu 8 Kadecmae
akuyenmopos 3/1ekmpoHoB B8 TOHI, ocoberHHo 019 TOHI, pabomaroujux 8 pexcume 60K0B020 CKOJIbIEHUS
U B8 pexcume omaoesibHO CMoAWe20 Mpubo31eKkmpuUYeckoz2o c/iod. Memasiudeckue nieHKU, maxkue Kaxk
nneHku Al u Cu, WUpoKo UCNOJIb3YHOMCS B Ka4ecmae 00HOPOB 371eKMPOHOB. [puduHbI NONY/ISPHOCMU
MemasioB MOXCHO KOIUYECMBEHHO 0bbSCHUMb C NOMOWbKO HEOABHO pa3pabomarHHo20 YpasHeHus, B
KOMOPOM UCNO/Ib308AHUE MEMAJI/I0B MOXEM YBEIUYUMb 3/IeKMPOCMAMUYECKyro UHOYKUU B TOHaX.

MoxHo nu ucnosib3osams mpubosiekmpudyeckul 3¢pgekm B Kadecmse B0306HOBJ/ISEMO20
UCMOYHUKA 3Hepauu? [lpumeHeHue 6asanosnekmpuyecko2o U mpubos/iekmpuyecmso 3¢pgekmos K
J182K00OCMYNHBIM BOOHbIM Pecypcam NO3B0JIUM NPUBECMU K CO30AHUK ABMOHOMHBIX J/IeKMPUYECKUX
2eHepamopoB B3aMeH UCNOJIb3yeMbIX B HACMOosSWee BpemMs Y21eBo00POO0HbIX, S0EPHbIX U Op.

[Mposedem uCCe00BaHUe NO BO3MOMHOCMU BO3HUKHOBEHUSI HANPSXCEHUS HA Memaiiudeckux
NAAcMUHAax Npu Ux KOHmMakme ¢ saaxHol cpedod. [IpoBepuM paziudusi 8 BOIMOXCHOCMU HAKONJIeHUS
3apA008 NAACMUHAMU, U320MOBJICHHLIMU U3 PA3HbIX MEemasaos U OMJUYArOWUMUCS NO PA3Mepam.
BbisicHUM obsiadaem siu BoOa, cOO0epxauiascs 8 ammocpepe B8 sude BOOSHO20 NApd, CNOCObHOCMbIO
BbICMYNAMb B Ka4ecmse 3Hepeo2eHepupyrouel cpeosbI.

2 O630p numepamypsbi

He B0 BCex BeuwjecmBaax Bce 371eKMpPOHbI NPOYHO CBSI3AHbLI C AMOMAMU. VIMeHHO Hasiudue 60/1buI020
Kosiu4ecmaa cB0600HbIX 3/1eKMpPOHOB obecneqyusaem 3/71eKmponpoBoOHOCMb Memassios.
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Ecnu npusecmu 8 CONPUKOCHOBEHUEe 0BA BeujeCmBa ¢ NPUHLUUNUA/IbHO PA3/IUYHBIM KOUYeCMmBOM
CBOOOOHbIX 3/1EKMPOHOB, MO HeKOMOpPoe KOIUYeCmBO 3/IeKMPOHOB U3 00HO20 Bewjecmsa nepelidym B
opyeoe. Takum 0bpazom nepsoe CMaxHem NOJIOXUMESbHO 3apSHEeHHbIM, A BMOPOe - OMPULAMEJIbHO.
TpeHue 00Ho20 Bewecmsa o 0py2oe moJibKo yaeauqusdaem njiowdob CONPUKOCHOBEHUS U Ybbicmpsaem
npoyecc. Y4meém, ymo oaxce npu KOMHamHol memnepamype CKOPOCMU Yacmuy, Mo2ym NpesbIludmab
3Ha4yeHuUl B HECKOJIbKO COM MempoB B CEKYHOY.

Tpubosnekmpuveckul 3¢pgpekm sce20a Habiodaemcsa npu MpeHuU c1edyrowux nNap pasiudHbIX
U/1U OOUHAKOBLIX MAMEpUAdsIOB:

- NOJ1yNPOBOOHUK-NOJTYNPOBOOHUK

- QU3/IeKMPUK-0UI/IeKMPUK

- Memas-mema’si (npu paziudHoU NJIOMHOCMU CMPYKMYpPbI)

- MemaJsii-0ussiekmpuk

- HUOKUU OU31eKMPUK-Memasi

- mBepOobIll QUMEKMPUK U €20 HUOKUU aHanoe

Bom HeKomopble NpuMepbl NOJAUMEPOB, KOMOPbIE HACMO UCNOJ/b3YHOMCS 0/ CO30aHUs!
mpubosiekmpuyecko2o 3pdexkma. MNMonusmusneH (PE) — HU3KAs cmouMocmsb, 182KOCMb U XUMUYecKas
uHepmHocmsb, obnaoaem xopoweld mpubosnekmpuyeckold 3pdekmuBHOCMbO NpU KOHMakme ¢
opyeumu  mamepuasamu.  [Monucmupon  (PS)-xopowds — 3/1eKmpuyeckas  u3o/isyus,  Xopowud
mpubosnekmpuyeckull 3¢ppekm npu KoHmMakme ¢ opy2umu mamepuasamu. losauypemar (PU)-

2ubkud, npoyYHbIt, xumudecku cmodtkud. MoausuHuixaopud (PVC)-cmotikud, 0on208e4HbI.

[Monumepb! 2eHepupyrom paz/iudHble YPOBHU HANPSIHEHUS NPpU MPeHuU. Tak, NnoausmusieH u
noJsuamuo, NnoKAsa/su  2eHepauuro  HanpsxeHul  nopAaoka — 0ecamkos — MUJLIUBOJIbM,
nosnusmuneHmepe¢pmanama (PET) u noaumempagmopsmuneHa  (PTFE)-HecKo/bko — 0ecamkos
munausossbm [1].

Vicnosnb3oBaHue buomamepuasio8 nNpeocmassisiem UHMepecHoe HanpasseHue UccaedoBaHull u
paspabomok 8 ob1acmu mpubomexHUKU U 3Hep2emuKu. buomamepuasibl, makue Kak yessitos03d, besku,
u O0axce Hekomopble buosozudyeckue mKau, moaym o06sadams CBOUCMBAMU, CNOCOBCMBYHWUMU
sppekmusHomy  mpubosnekmpuyeckomy —B3aumodelcmsuro.  buodezpadupyemocms U obunue
Ues/tos103b1 0e/1arom ee NpuBJieKamesibHbIM BapuaHmMoM 0718 UCNOJIb30BAHUS B 3KO102UYECKU YUCMbIX
SHEepeemu4YecKux CUCMemMax.

ViccnedoBaHus ¢ UCNo/Ib308aHUeM Bymazu u3 uesiiros103b1 NPU MPeHUU ¢ NOIUIMUIeHOM NOKA3A/10
2eHepauuUro HanpsIXeHUs NOPSOKA HeCKO/IbKUX 0ecImKoB MuiauBoIbm [2,3,4].

VIcnosib3yromcst U KOMNO3UMHbIe Mamepuasibl, COCMOosuiUe U3 CMecu NoUMEPOB UJiU NOIUMEPOB
¢ dobaskamu Opyaux Beujecms. Hanpumep, KOMNO3UMHbIe MAMepuasbl Ha4 OCHOBE NOJUSMUJ/IeHA U
MHO20C/I0UHBIX Y2s1epOOHbIX HAHOMPYOOK MO2ym 2eHepupoBamse HanpsxeHue bosee 200 MUIIUBOIbM
[5,6].

MHozonemHue HabrodeHUs 3a mMpuboIeKMPUYECKUM 3PdeKkmomM He moJsibKo 00Ka3aiu
BO3MOMHOCMb  CO30AHUS ~ MHO2UX  HOBbIX U  NOJAE3HbIX  mpuboycmpolcms  (Hanpumep,
mpuboIeKMPUYECKUX HAHO2eHepamopoB), HO U NOCMOSHHO MOMUBUPOBAJIU UCC/IE00BAHUE e20
3a2adoyHol npupoosi [7,8,9].

MepBble pe3yibmamsl UCCIe00BAHU O BAUSHUU 1eKMPUYEeCKUX S8/1eHull Ha Npoyecc mpeHus
6b11u onybaukosaHsl 8 1952 200y A.J. [yb6uHUHBIM. VM Xce 6biiu NpoaHaau3upoBaHbl U NPUYUHBI
BO3HUKHOBEHUS 3/IeKMPUYECKo20 MOKA Npu MpeHuu. B npsamom 3kcnepumeHme 6bi10 yCmMaHoB/IeHO,
4Ymo 31eKkmpuYeckull MoK Bo3HUKa@em 0ax)ce npu mpeHuu obpasyos u3 00Ho20 mamepuana. [lpupoda
BO3HUKHOBEHUS 3/1IeKMpUYeckux 3¢pdekmos Ha mpywuxcs NOBEPXHOCMSAX UCC/Ie008a1dch U B Opyeux
pabomax [10.11,12,13].

Kumadickul y4yeHbil YrwcyH JluHb BaHd cosepwius npopbiB B 3Hepeemuke. OH u3obpen
mpubosnekmpudeckull HaHoeeHepamop (TOHI) Ha OCHoBe OpeaHu4eckux Mamepuadsnos, KOmopbil
ucnosib3yemcsa 019 NpeobpaszosaHus MexaHu4eckol 3Hepeuu B 3/1ekmpuyecmso. TOH ocHoBaH Ha
coyemaHuu mpuboasiekmpugukauuu U 37eKmpocmamuyeckol UHOYKUUU U ucnosb3yem Haubosee
pPAcNPOCMpPaHeHHble Mamepuasbl, 00CMYyNHble B8 Hawel NnoBceOHesHOU MU3HU, makue Kak bymaead,
mkaru, NT®3, MNAMC, amomuHud, [BX u m. 0. TOH moxcHO npumeHsmb 018 cbopa Bcex sudos
mexaHuveckoul 3Hepauu, docmynHol 8 Hawel NOBCeOHEBHOU X U3HU, MAkKol KAk 0BUXEeHUe Yes108eKd,
xo0bba, Bubpauyus, MexaHudyeckoe cpabamsbiBaHue, 3Hepaus BpauleHus, Bemep, O0BUMCYUULCS
asmomobusib, mekywiasi 800a, Kanu 00M0s, NPUAUB U OKeaH. BOJIHbI. Takum obpa3om, 3mo HOBas
napaduema cbopa 3Hepeuu. Kpome moeo, TIH moxem bbimb 0amyukoM, KOmMOPbIU HANPSMYHO
npeobpaszyem mexaHu4eckudl 3anyck B camoeeHepupyembil 31ekmpuyeckull cueHasa 018 obHapyxeHus
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08UXeHUS, BUbpaAUUU, MexaHu4YecKux pasopaxcumernedl, pusudecko2o NPUKOCHOBEeHUS U buoo2u4ecko2o
osuxceHus 14].

L3uH u dp. paspabomasnu TENG 8 kopnyce (CTENG) Ha ocHose cKo/ib3siuied anekmpugukayuu,
Komopbil Moxem npeobpazosbiBamMb BO3BPAMHO-NOCMYNAME/IbHOE 0BUMEHUe B 3/IeKMPUYECKYH
SHepauro U YCMpaHame BUOPAUUOHHbIE 0BUM(EHUS OKpyXarouwiel cpedbl 60bwol amnaumyob! U HU3KOU
yacmomel. VIMesi HeCKOJIbko HabopoB peuwemyamsiX 371eKmpodoB U CMA3aHHbIU HAHOYACMUUamu
nosumempagmopsmunera (IMT@3), cTENG B8b10aBan cpeoHor 3¢pekmuBHYH BbIXOOHYH MOUIHOCMb
12,2 MBm npu sHewHel Hazpyske 140 KOM npu CKOpoOCMU CKOJIbXeHUs 1 M/c, 4mo coomsemcmayem
naomHocmu mMouiHocmu 1,36. Bm/m(2). Ckosb3sauwiee OBuMeHue moxem Obimb BbI3BAHO CUIAMU
npAmMo20 0edcmBUs, a MAKXe cuJamu UHepyuu, Ymo no3soJsigem ucnosb3osams cTENG 019 60pbbbi ¢
BUbBPAYUOHHBIMU OBUXEHUSMU OKpYyXcarowel cpedbl, Komopbie umerom 60bWyro amnaumyoy U HU3KYH
yacmomy. bb110 npodemoHcmpuposaHo, Ymo cTENG 3ppekmusHo cobupaem 3Hepeuro om 0BudeHul
yesioBe4ecko2o meJsia U BOJIHUCMOU NOBEPXHOCMU BOObI, YMO yKad3biBaem HA MHo2006eujarouiue
nepcnekmusbl CTENG B makux NPUsIoXeHUsX, Kak NopmamusHasi U dBmOHOMHAS 3/1eKMPOHUKA C
aBmoHOMHbIM numaruem [15].

B Hayke o0 mpeHuu NoJuMepbl NOPOOUJIU MHOMECMBO HOBbIX 3a0ay, 0b6YC/I0BIEHHbIX
cneyuguyeckumu cBOUCMBAMU 3MUX Mamepuanos. Kak nokasbiBaem npakmukd KOMNO3UUUOHHbIe
Mamepuasibl Ha 0CHOBE NOJIUMEPOB B 3HA4YUMEsIbHO 60/bwel CmeneHu, Yem Mema’sisibl, 4yBCMBUMe/ibHbI
K 8030eiCcmBUO MHO20HUCTIEHHBIX aKmMopoB, 00YCI08/1eHHbIX MPEHUeM U BJIUSHUEM BHeUIHeUd CpedbI.
3HavyumesibHbIU Npakmuyeckul UHmMepec Npeocmasssom Y3/bl  MPeHUs, U320MOBJIeHHbIE C
NpUMeHeHUeM NOJIUMEPHbIX MaMepPUAdsIoB, MAK KaK OHU UMetom Masyro Maccy, pabomarom npakmu4ecku
becwymHo, ob1adarom oemngupyrowieti cnocobHoCmMbH, 8 6OIbLLUIUHCMBE C/1y4aes He mpebyrom CMA3Ku

[16].

AKycmuyeckue subpayuu, Kak wupokooocmynHbIl UCMOYHUK 3Hepauu 8 Hawel nosceoHeBHol
HCU3HU, 0ObIYHO BOCNPUHUMArOMCSA KAK WYMOBOE 3a2pA3HeHUe U NPAaKmMuYyecku He UCNOJIb3yromcs B
Kadecmse UCMOYHUKA 3Hepeuu.  Vccredosamenu TexHOI02u4ecko2o UHCMuUmMyma JpHopoxcuu
pazpabomasnu MOHKONEHOYHbIU HAHOo2eHepamop Ha OCHoBe mpubodnekmpugukauuu 075 cbopa
akycmuyeckol 3Hepauu U3 okpyxcarouwel cpeodbl. Co30aHHbIU C UCNOIb308AHUEM MOHKOU NJIeHKU
nosumempagpmop3IMuIeHa u 31eKmpooa u3 nepgopupoBaHHol aitoMUHUEBOU NAGHKU B MUIAMeslbHO
pPazpabomarHbIx YCa08usix 0ecpopmayul, HaHoeeHepamop cnocobeH NpeobpaszoBbIBAMb aKyCMUYecKyro
SHepauro B 3/1eKMPUYECKYH NOCPeOCcmBoM mpubosiekmpudecko2o npeobpasosarus [17].

Cheyuanucmsi paccMampusarom makxe BoOHbII mpubosnekmpudeckul HaHozeHepamop (TOH,).
Koeda Boda npoxodum 4epe3 Bo30yX WU U30upyrowyto mpybky, oHa 6yoem cooepiams He MOoJIbKO
MEXAHUYeCKYr0  3Hepeuro, HO U  371eKMPOCMAMUYeCKyro  3Hepeuro  U3-3ad  CYyW,ecmsoBaHus
mpubosnekmpuyeckux — 3dpg0oB  HA  ee  NOBEepXHOCMU B  pe3ysbmame  KOHMAkma C
B030yXOM/N0BEPXHOCMbI0 MBepdo2o mesd. [ubpudHbIt mpubosiekmpuyeckul HaHoeeHepamop (TOHT)
nNpeoHasHaveH 0J1 00HOBPEeMeHH020 coopa 3/1ekmpocmamuyeckol U MexaHuyeckol 3Hepauu mexkyujed
BOObI.

ABmopbi cmamabu «PyHOaMeHmMasibHble Meopul U OCHOBHbIE NPUHUUNBI MPUOOIEKMPUYECKO20
s¢pdexkma: ob3op» LllyalxaH [AH, YruHaHb YYXKAH apoaHanusuposasu mo, Kak paspabamseisaromcs
pyHOameHmMasbHbIe meopuu, U Nodmaepxcdaem ux 0emepmMUHUPOBAHHbIE PYHKUUU B NPOKMUPOBAHUU
bonee 3ppekmuBHbIX MPUOOIIeKMPUYECKUX CcucmemM C 3MUMU  OMHOCUMETbHO  MOYHbIMU
mamemamuyeckumu u ¢puaudeckumu onucaHuamu [18].

Takum obpazom, uccredosarull 8 HANPABIGHUU UCN0/Ib30BAHUS MPUbO3IeKmpuYecko2o 3ppgpexkma
00B80/IbHO MHO20, HO B HANPABJIEHUU NOUCKOB OONOJHUMEbHbIX UCMOYHUKOB 3Hepeuu, OHU He
nNpeKkpawaromcsa. Imum u 0bbACHAEMCA BbI6OP HANPABJIeHUS 0AHHO20 UCC/Ie00BAHUS.

3 Mamepuasibl u Memoosbi

OO0HUM U3 NpUMEpPOB BO30OHOB/ISEMbIX UCMOYHUKOB 3Hepeuu S8/1Semcs mpubosiekmpuyeckud
appekm, BoO3HUKArOWUU NPU  KOHMAKMe Memaiios C ammocgepHod B8/1a20l, a makxie
basnnosnekmpuyeckul 3¢gpekm — 3mo 3/1eKkmpu3auus BoOSHbIX Kansel, Komopas BO3HUKAem npu
paspywieHuu B800bI HA OMOesbHble MesIKooucnepcHble Kanu. [lposeds aHaiu3 CoBpPemeHHbIX
uccedosarull 8 obaacmu mpubos/iekmpu4ecko2o 3¢pdekma u BO3IMOICHOCMU UCN0/Ib30BAHUS OAHHOU
SHepeuu B Kayecmae Bo30OHOB/ISEMO20 UCMOYHUKA SHEP2UU NPOBEPUM BO3MOXHOCMb BO3HUKHOBEHUS
HANPAXeHUs Ha Memasiudeckux NIACMUHax NPU UX KOHMakme ¢ 8/1axHol cpedod.

JKcnepumeHmasbHble Memoodbl BKIOYAU: NpoBedeHue ucciedosaHull No u3yyeHuro cBolcma
BOObI U PA3/IUYHbIX MEMA/IUYecKuX NIACMUH, UCC/Ie00BaHUe 3/IeKMpPUYecKUx A8aeHUd npu mpeHuu u
BUAHUS mpubo3ekmpuzayuu Ha mpubomexHuyeckue cBoUCMBA MAMepudsos. Mcnosb308a/1UCh
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pacyemHble MemoObl BK/HOYArOWUe: Mamemamuyeckue mMemoobl NJIAHUPOBAHUS 3KCNepUMeHMmMOos,
cmamuyeckue memoobl 06pabomKu 3KCNepUMeHMAasibHbIX OaHHbIX U pe2pecCUOHHbIU aHAIU3.

Lna  obHapyxeHus — mpubodsekmpu4yeckoeo U b6anodeKmpuyeckoeo  3ggekmos U
SHEpeo2eHepUpyroULUX CcBOUCMAB BOObI UCNOJ/IL30BAHbI MEMAJIIUYeckue NaacmuHbl (aroMUuHUl, YUHK,
HUKesIuUpOBAHHAs NOBEPXHOCMb, Meob), U30/upyrouiue No0CMasKku, ny/bBepu3amop, 800d, uugdposol
2uepomMemp ¢ CeHCOPHbIM 0amyuKom, yugposod myaemumemp EM 5801, Hoymbyk unu naaHwem (0515
obpabomku pe3ysibmamos U N0020MOBKU 0UA2PAMM,).

[poBedeHue 3KCnepumMeHma 3aKk/4Yanocb B8 CedyroweM. Memanaudeckue NnaacmuHsbl
3aKpensIs/IuCL B U30JIUPYHOWUX (NACMMACCOBbIX) NOOCMABKAX. [Jamyuk euzpomMempa pasmeusasncs
B861u3u  naacmuHbl. PUKCUPOBAIUCL NOKA3AHUS MOHUMOPA 2uepoMempad Kak Ha4yasibHble (00
pazbpeizeusaHus B8o0bl) mak u nociae. C NOMOWbKO MyJIbMUMEMPA 3aMEPSIOCh HANPSMHEHUe Ha
NAACMUHAX.

lynbsepuszamopom B861U3U NJAACMUH pazbpbi3eusaaacs 8o0d maxkum obpasom, Ymobbl Kanju
nonaoasiu Ha NOBEpXHOCMb Memasid. [1o Mepe pocma B1aXcHOCMU BO30yXa (YmMo B KOHEYHOM UMO2e
NOKAa3biBaem Ko/iu4ecmso Bo0bl, KOHMaxkmupyrouiel ¢ Memanaudyeckumu NOBEPXHOCMSAMU) CHUMArOMCs
NOKA3aHUs HanpsixeHus. ¥ mak 0719 Kaxoo2o u3 Memasios. Pe3yibmamel udmepeHul 3aHOCU/IUCh B
mabauuy.

B ocHoBe 0aHHO20 UCC/Ie00BAHUS JIeHUM KOMNJIEKCHBIU NOOX00:

- NPOBEPUMb PA3/IUYUS B BOZMOXCHOCMU HAKON/I@HUS 3aPA008 NJIACMUHAMU, U320MOBJIeHHbIMU U3
PAzHbIX MeMasios U OMJIUYaroUUMUCS NO PA3MEPAM

- BbIACHUMBL obnadaem U B00d, COOEPXAUIASCS B8 aAmMocpepe B Bude B0OOSHO20 NApd,
CNOCOBHOCMbIO BLICMYNAMb B KAYECMBEe 3Hepao2eHepupyrowel cpedb!

- NpoBepUMb HA NPAKMUKE BO3MOXHOCMb BO3HUKHOBEHUS HANPAXCEHUS HA Memaiiudeckux
NAIACMUHAx Npu UX KOHMakme ¢ Baax}HoU cpedol

- NPOBEPUMb PA3/IUYUS B BOZMOXCHOCMU HAKONI@HUS 3aPA008 NJIACMUHAMU, U320MOBJIeHHbIMU U3
PAzHbIX MeMasios U OMJIUYaroUUMUCS NO PA3MEPAM

- BbIACHUMb o0bsiadaem Jsiu B00A, COOepPHAWdACa 8 ammocpepe 8 Bude BOOAHO20 NApd,
CNOCOBHOCMbHO BLICMYNAMb B KAYECMBe 3Hepao2eHepupyrowel cpeosbi.

4 0630p u obcyxoeHue

Tpubosnekmpudeckull 3¢pekm 8 xwudkocmsax (npu sB3aumodelicmsuu 08yx udkocmedl)
CMAHOBUMCS BO3MOXCHbIM 671a200aps BO3HUKHOBEHU 0BOUHO020 3/1eKMPUYECKO20 C/108 HA 2paHuue 0Byx
KOHMAaxkmupyroujux #uokocmed.

Paccmompum — a8neHue  mpubosnekmpuyeckoeo  3¢pgekma npu  B3aumodelcmsuu  cpeo
OHUOKOCMb»-«Memasi».  [lpu  KOHMakme  Memasio8  C  JUOKOCMbK — NPOSBJIEHUE
mpubo/1eKMPUYECKO20 3pdeKkma oKa3bIBAemcss BO3MOXCHbIM 3a CYem BO3HUKHOBEHUS OBOUHbIX
MIeKMPUYECKUX C/I0eB B NO2PAHUYHOU 06/1acmu Mexcdy XUOKOCMbo U mBepobiM mesioM. [Ipu
pasdeneHuu 3aps0o8 8 smol obiacmu, 8 pe3y/ibmame MmeYeHUs ¥UOKOCMU UaU Npu pazbpbizeusaHuu
om yoapa (bannosnekmpudyeckull 3¢gpekm) 0 nosepxHocmsb, Bo3HUKAem mpubo3iekmpu4ecmso.

Tpubosnekmpuyeckull 3¢pekm 8 xwudkocmsax (npu sB3aumodelicmsuu 08yx uokocmel)
CMAHOBUMCS BO3MOXCHbIM 671a200aps BO3HUKHOBEHU 0BOUHO020 3/1eKMPUYECKO20 C/108 HA 2paHuue 0ByxX
KOHMAaxkmupyroujux #uokocmed.

Vccnedosarus bbiiu pazoeseHbl Ha 08a HANPABJIEHUS B COOMBEMCMABUU NOCMAB/IeHHbIX uesed.

1. Onbimbl N0 0b6HAPYMEHU0 mMpubo3/IeKMpPUYeckoeo U basioa1ekmpuyecko2o 3¢dekmos,
Hab1roo0aembix Npu KOHMakme xwokocmed u Memasiudeckux NaacmuH 3a cyem mpeHusi u 0pobsieHus
HuoKocmu npu yoape.

2. Onbimbl NO 06HAPYIEHUI SHep202eHepUPYULUX CBOUCMB BOObI.

Mo Mepe pocma B/IaXHOCMU B030yxad (YmMo B KOHEYHOM UMOo2e NOKA3biBaem Kosu4ecmao B0kl
KoHmMaxkmupyroujel ¢ Memasiudeckumu NOBEPXHOCMAMU) CHUMArOMCS NOKA3AHUS HaNPsXeHus (euje
mpu 3Hayerus). yHkmb! 1-5 nosmopsaromca o0na opyeux memasios. B mabnuye 1 npusodsmcs
pe3y/ibMmamai 0NbIMA U Ha OCHOBE 3MUX OAaHHbIX BbINOJIHEHbI 0UA2PAMMbI (puc.2).
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Tabauua 1 3aB8ucumMocmb HaNPSXeHUs Om BIAXCHOCMU MeX0y KOHMAaKmMuUpyrouUMU
Memaiiu4eckumu NOBEPXHOCMAMU

Ne Mamepuan nnacmuH OmHocumesibHasi BaAaXHocms % HanpsixceHue B
1 34(00 pacnbineHusi 800b1) 0
2 AnromuHul 66 0,461
3 78 0,571
4 84 0,654
5 30 (0o pacnsbineHus 800b1) 0
6 Liumk 63 0,154
7 70 0,338
8 81 0,503
9 42(00 pacnbineHusi 800b1) 0
10 HukenuposaHHas 69 0,366
11 NOBEPXHOCMb 77 0,522
12 90 0,608
13 34 (0o pacnsbiieHusi 800b1) 0
14 65 0,586
Medb
15 76 0,628
16 87 0,801
ANOMUHMIA Unkk
! 0,654 * 06 0
06 ’ 80 oe 20
05 ° ' 0,503| 70
60 04 60
0,4 50 0
03 40 o3 40
02 30 02 30
20 20
0,1 10 01 10
0 0 0 0
1 2 3 4 1 2 3 4
I ANFOMUHWIA BAaKHOCTb, % — A\ NHOMUHWIA HanpaxeHnne, B I ||HK BnaskHOCTb, % e | |WHK HanpAxeHue, B
Hukenb Meap
07 100 09 100
06 22 0,8 90
0,608 0,801 gq
0,5 70 o7 70
06
04 60 60
50 05 50
03 40 04 40
02 30 03 30
20 0,2 20
ot 10 0,1 10
0 0 0 0
1 2 3 4 1 2 3 4
s Hykenb BaakHocTe, % e H1KeNb HanpameHme, B
mmm Me b BaaxkHocTb, % e nb Hanpsakenue, B
09
CpepHee 3Ha4yeHune 08
0,7 90,0
0,7
06 75,25 80,0
0,6415)70,0 06
0,5
60,0 as
04 50,0
04
03 40,0
30,0 03
0,2
20,0 02
01 10,0

0,0

1 2 3 4

W CpeflHES 3HAUSHUE BAGKHOCTD, %  ==mm=CpDefHEE 3HAUEHWE HanpAXeHue, B

W BaHOCTE, 0. —TIOMANNA [l Hikeny e Mea

Puc.2 JJuazpammabi 3aBUCUMOCMU HANPAXCeHUS Memasniudeckux naacmuH om Koau4ecmsda
KOHmMakmupyrowed ¢ HUMu 800bI.
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HanpsixeHue 8 0uazpammax Bblpaxaemcs 8 0eyu 8o/ibmax 0B. IKcnepumeHm NoKdasaJsi, 4mo:

1. Tpuboasiekmpuyecmso BO3HUKAEM 8 MEMA/Iax 3d CYem MpeHUs BOOSIHbIX Kanesb O NOBepX-
HOCMb NIAcmuH. Takxe 0onosiHumesbHbIt 3apssd 06pasyemcs Ha NOBEPXHOCMU Memassios 3d cyem
0pobieHus Kanesib BOObI.

2. Yem bosbwe kanesb Bo30elicmByem Ha NOBEPXHOCMb MeMas/ia, mem Bbiule 3Ha4eHue Hanps-
JHEHUS].

3. bannosnekmpuyeckul u mpubosiekmpuyeckull 3¢pdekmel 3apsxcarom mMemasiudeckue nia-
CMUHbI OMPUYAMesTbHbIM 3HAKOM, YMO BUOHO NO 3HAYEHU HANPAXCEHUS HA My/IbmUMempe.

4. OmJjuyue B 3Ha4eHUU HanpsixeHul 0J11 Pa3HbIX Memasaos 0ObSCHIeMCS UX CMPOeHUEM.

Jlns obHapyxeHus 3Hepeo2eHepupyrowux csolcms B00blI Memasiiudeckue naacmuHbl 6biu
3aKpenJieHbl B U301UPYOULUX (OUu/IeKmpuYecKux) NoOCMAasKkax u BHeceHs! 8 Hebosbwoe nomeuseHue. C
NOMOWbIO  2U2pOMempa (UKCUPYeMCs Ha4YasbHas BAAXHOCMb (071 YUCMOMbI  3KCNepuMeHma
OMHOCUMEIbHAS BIAXCHOCMb B NOMEUIEHUU 0JIXHHA bbimb HUXEe 60%). My/ibmumempom 3amepsaemcs
HayasbHoe HanpsaxeHue. Yoexoaemcs, 4mo OHO PaBHO HYJIHO.

B nomewjeHuu NOBbILLAGMCS BIAXCHOCMb 3a cH4em pasbpbizausarowselicsi BoObl. Obs3amesibHbIM
YCI08UEM ABJISeMCS UCK/IOYeHUe NonadaHus Kanesb 800bl HA NOBEPXHOCMb MeMAIIUYeCKUX NAACMUH.
[pu noBbIWweHUU B1a}Hocmu 00 60% CHOBA 3aMepsiemcs HanpsixeHue Ha NIaCMuHax.  [1oBmMopHbie
NOKA3aHusi CHUMAromcs ¢ uHmepsasom 8 10-15%. [locne npekpawieHus U3MeHeHUs HanpsiHeHus
3KCnepumeHm npekpawiaemcs. Pesyibmamsl usmepeHull 3aHeceHbi 8 Tabauuy 2.

Tabauya 1 3aBUCUMOCMb HANPAXCEHUS OM BJIAXCHOCMU MexX(0y KOHMAaKmMupyrouumu
Memas/iuyeckumu NOBEPXHOCMSAMU

Ne KoHmakmupyroujue mamepuarnsl OmHocumenbHasg saaxcHocms, % Hanpserue, B
7 45 0

2 Memavin- 65 0,179
3 memas (Hepxaselka) 75 0,336
4 90 0,499
5 45 0

6 Jusnekmpuk- 65 0,143
7 memasnn 75 0,386
8 80 0,533
9 45 0
10 Jluasiekmpuk-0us1eKmpuK 63 0,064
11 75 0,127
12 80 0,195

HanpsxceHue 8 duaepammax 8bipaxcaemcs 8 0B (Oeuyusosibm)

Metann-metann (Hepaselika) [W3neKTpuK-meTann

06 100 06 %
80
70
60
50
40
30
20
10

05
’ 80
0,499 05
04 0,533
60 0,4

03
40 03
0.2
02
0,1

0,1

1 2 3 4

 MeTann-metann(Hep:kaseitka) BnaxHocts, %

e |VleTa/11-MeTaN/(Hep*aBeiika) Hanpsxenue, B . [1431eKTPUK-MeTan BAaKHOCTD, % e [14131€KTPUK-METaAN Hanpakenue, B

JON3aNeKTprK-AUaNEeKTPUK

0,25 — 50 28
70
0,195| ¢
50
40
30
20
10

1137 KTPHK-AMBNEKTPUK BAaKHOCTD, %

[IM3neRTpUK-AMINeKTPUK HanpskeHve, B

Puc.3 [luaepammpi 3aBUCUMOCMU HANPAXCEHUS MeMA/Iu4eCcKux NaacmuH om Koau4yecmsaa
KOHmMakmupyrowel ¢ HUMU B00b!
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B pe3ysibmame npoBeoeHH020 3KcnepumeHma bbiiu coesiaHbl BbIBOObI:

1. T. K. NPAMO20 KOHMAKMA Kanesib B0ObI C NOBEPXHOCMAMU MAMepuasnos, UCNO/b3yemMblX B
IKcnepumeHme, He npoucxodum, 06bACHUMb NOSIBCHUE 31eKMpuUYecmaa mpubos/ieKmpuyeckum uau
b6as103/1eKmpuYeckum 3¢pgpekmom Hesb3s. CnredoBamesibHO, NPEONOsIOXEHUE O SHEP202eHepUPYHOULUX
c80UCMBAX B00bI MO}CHO CYUMAMb COCMOAME/bHbIM. JJaHHbIU 3¢ppekm Habirodaemcs npu BAAXHOCMU
B030yxa 60% u bonee.

2. Haubosibwee 3Ha4eHue HanpsxeHus 6b110 0ocmu2Hymo nNpu 83aumodelicmauu BoOSHO20 Napa
U Napbl Memasni-ousiekmpuk.

3. llpu BnaxHocmu pasHol 85% OdasnbHellwee NOBbILIEHUE HANPAMEHUS B8 UCC/IedyeMbiX
Bewecmsax He npoucxooum.

4. [Mpu HeuzmeHHoU BaaXcHocmu (3HavyeHuem bosee 60%) 3Ha4umesibHbIX Ko1ebaHul HanpsayeHus
He npoucxodu

5 BbiB0oObI

1. [lpu KOHMakme BOOSIHbIX Kanesib, 3a c4em mpuboieKmpuyecko2o u 6aano31ekmpuyeckozo
3¢pekmos, ¢ Memaniu4eckumMu NOBEPXHOCMAMU, NPOUCXOOUM HAKONJIEHUE HA HUX 371eKMpPUYecKux 3d-
ps008. [Ipu 3MOoM, 3HaYeHUe HANPSMEHUS Ha Memasiudeckux NadcmuHax 3asucum om KoJiudecmsd
«KOHMAKMHbIX» Kanesib.

2. [11acmuHbl, U320MOBJIeHHbIE U3 PA3HbIX MEMAJIIOB, HAKANUBAKOM PA3/IUYHOE 3HAYeHUe mpu-
6o31ekmpuyecmaa.

3. BbisicHeHo, 4mo 800a, CO0epauidasica 8 ammocgepe 8 Bude BOOSHO20 NAPA, CNOCOOHA BbICMY-
namse 8 Ka4ecmae 3Hepeo2eHepupyrowel cpedbi NPU onpedesieHHOM NOPO20BOM 3HAYEHUU OMHOCUMeTb-
Hol BAAYHOCMU BO30yXd. MO MOMXCHO 06bACHUMb HA/IU4UemM y 800bI 0BOUHO20 3/1eKMPUYECKO20 CJ105 B
nozparu4HoUl 30He BoOa-BMopas Cpedaa.

bannosnekmpudeckuli u mpubosnekmpuyeckull 3¢gekmai yxe celivac No3soSHOM NOAYHAMb U3
Kanesb BOObI 3/1eKMpPUYecKuli. MoK 00CMamoyYyHol MOWHOCMU O/ No03apsAoKU NepeHOCUMbIX
N1eKMPOHHbIX ycmpolcms. JfanbHelwue ucciedosaqus 8 0aHHoU obsacmu no3B8o/asSm c030asamsb
aBMOHOMHbIE 371eKMPO2eHepamopbi CNOCOBHbIE yOoB1emBOpPSIMb NOMPEOHOCMU Ye/loBeqecmsad.
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