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AHHOTALUA

Brun uccnemoBaHbl H3MEHEHUSI OMOXUMHYIECKOTO cocTaBa 6 oOpasmax MopkoBH (Nel, No2, Ne2/1, Ne3, Ne4,
NoS5), BeIpalieHHON B OTKPBITOM TPYHTE cpa3y mocie coopa ypoxasi, a Takxke B TeueHue 20 u 34 qHeit XxpaHeHHs
npu temmneparype 12+1°C u otHOCHTENBHO# BIa)HOCTH 75-80%. YV CTAaHOBIEHO, YTO COAEPIKAHUE CYXOTO BEIle-
cTBa B copTooOpasiiax MOPKOBH cpasy mociie cOopa ypoxkas Bapbuposanoch oT 11,28 no 13,70%, conepxanue
caxapa — ot 7,60 10 9,63%, SKCTpaKTHBHBIX BEIIECTB (BCEX BEIIECTB, PACTBOPEHHBIX B KJIETOYHOM COKe) - OT 9,25
1o 11,04 %, obmeii kucnotHoctu — ot 0,052 g0 0,11%, caxapokucnotrHoro uHaekca — ot 70,46 go 185,19, a
KOJIMYECTBO HUTPATOB — OT 38,9 10 56,6 mr/kr. [loka3aHo, YTO YCIIOBHS XPaHEHHS OKa3bIBAIOT MOJOXKHUTEIBHOES
BIIMSIHHC Ha OMOXMMUYECKHI COCTaB: Tocie 34 nHel XpaHeHUs CoAepiKaHhe CyXOro BEIIECTBA B H3YYEHHBIX 00-
pasuax cocrasmio 12,88-14,83 % (nmosemmenue B 1,01-1,15 pasa), conepxanue caxapos — 8,26-10,08 % (moBbI-
menue B 1,01-1,28 pasa), skcTpakTuBHBIX BemecTB — 9,72-11,6% (moBsimenue B 1,04-1,20 pasa). [ToBeimienne
3HAYCHUS yKa3aHHBIX IMOKa3aTelei T0cie XpaHeH s MOYKHO OOBSICHUTE BEICBIXaHUEM KOPHEIIIIOZI0B MOPKOBH, T.€.
notepei BOIBL. Y CIOBHUS XpaHEHU HE OKa3all CYIIECTBEHHOTO BIMSTHUS Ha KOJMIECTBO HUTpaToB. Cilenyer oT-
METHTB, 9YTO KOJIMIECTBO HUTPATOB, HAKOMHUBIIUXCS B KOPHETIOJaX MOPKOBH, OBIITIO 3HAYUTEIIFHO HUXKE IOITYCTH-
Moro mepezena (250 Mr/kr), ycTaHOBIEHHOTO MHUHHUCTEPCTBOM 3apaBooxpaHeHust AsepOaiimkanckoi Pecny6-
JIUKY JJIs1 3TOTO BUa oBotei (4,42-6,70 paza). Haubosmpiee conepkanue HUTPATOB OBIIIO 3a)UKCUPOBAHO B 00-
pasuax Ne3 (51,4 mr/kr) u Ned (56,6 Mr/kr) cpa3y mocie coopa yposkas, a HauMeHblee — B oopasnax Ne2/1 (37,3
Mmr/kr) u Ne5 (38,3 mr/kr) nociie 34 nHel xpaHeHHA. Takoe HU3KOE HaKOIJICHHE HUTPATOB B KOPHEIIIOAAX MOp-
KOBH CJIeTyeT OOBSCHATH OMOJIOTHUECKHMH OCOOEHHOCTSMHU 3TOTO OBOIITHOTO PACTCHHUS.

Abstract

Changes in the biochemical composition of 6 carrot samples (Nel, Ne2, No2/1, No3, Ne4, Ne5) grown in open
ground immediately after harvesting as well as during 20 and 34 days of storage at a temperature of 12+1 °C and
arelative humidity of 75-80 % were studied. It was found that the dry matter content in carrot varieties immediately
after harvesting variety from 11,28 to 13,70%, sugar content — from 7,60 to 9,63 %, extractive substances (all
substances dissolved in cell sap) — from 9,25 to 11,04 %, total acidity — from 0,052 to 0,11 %, sugar — acid index
— from 70,46 to 185,19, and the amount of nitrates-from 38,9 to 56,6 mg/kg. it was shown that storage conditions
have a positive effect on the biochemical composition: after 34 days of storage, the dry matter content in the studied
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samples was 12,88-14,83 % (an increase of 1,01-1,15 times), the sugar content was 8,26-10,08 % (an increase of
1,04-1,20 times), and extractive substances 9,72-11,60 % (an increase of 1,01-1,28 times). The increase in the
values of these indicators after storage can be explained by the drying on carrot roots, i.e., the loss of water. Storage
conditions did not significantly affect nitrate levels. It should be noted that the amount of nitrates accumulated in
carrot roots was significantly lower than the permissible limit (250 mg/kg) established by the Ministry of Health
of the Republic of Azerbaijan for this type of vegetable (4,42-6,70 times). The highest nitrate content was recorded
in samples Ne3 (51,4 mg/kg) and Ne4 (56,6 mg/kg) immediately after harvest, and the lowest in samples No2/1
(37,3 mg/kg) and Ne5 (38,3 mg/kg) after 34 days of storage. Such low nitrate accumlation in carrot roots should
be explained by the biological characteristics of this vegetable plant.

KaioueBble cioBa: MOpKOBb, COPTOOOpasIbl, OMOXUMHYECKUI COCTaB, YCIOBHSI XpaHEHUs, THOPUIIBI, OT-

KPBITBII TPYHT.

Keywords: carrot, variety samples, biochemical composition, storage conditions, hybrids, open ground.

Beenenne.

MoOpKOBB 3aHUMET OJJHO U3 BEAYIINX MECT CPEIU
OBOIIHBIX KyJbTYp Omarozapsi cogepkaiiuMcsi B HEil
yIJIeBOJaM, BUTAMUHAM, MUHEpaJIaM U OHOJOTHYECKH
AKTHBHBIM COETMHEHUSIM. 3 — KAPOTHUH, COAEPIKAIHICS
B MOPKOBH, SIBJII€TCS NIPEIIIECTBEHHUKOM BUTAMUHA A
(petunona) u cocrasiser oosiee 50% Bcex KapOTHHOU-
JIOB, TIPH 3TOM €T0 KOJMYECTBO BIBOE IIPEBBIMIACT KO-
mmgecTBO o — KapotuHa [1, ¢.89]. Ilockoneky OmoXH-
MHYECKHH COCTaB MOPKOBH CHJIBHO 3aBHCHUT OT CPOKa
XpaHEHHA ¥ yCIOBUH, H3yUCHHE 3THX (DAKTOPOB UMEET
aKTyaJbHOE 3HaueHHe. B 3aBHCHMOCTH OT yCIOBHH U
CPOKOB XpaHEHHS NPOUCXOJUT W3MEHEHHE YPOBHS
OMONIOrMYeCKN aKTHBHBIX BEUIECTB (KAPOTHHA M BHUTA-
MHUHOB), a TaKXe CaxapoB M JAPYIHMX KOMIIOHEHTOB B
MOpKoBH. COIJIaCHO JUTEPaTypHBIM JaHHBIM, HE3aBU-
CHUMO OT YCJIOBHH XpaHEHUs, KOJINYECTBO KapOTHHA U
BUTAMMHOB B KOPHEIIONAaX MOPKOBH CO BpEMEHEM
YMEHBIIAeTCs U3-3a OKHUCJIECHUS U paznoxeHud. Ilpu
3TOM ypPOBEHb CaxapoB, 3KCTPAKTUBHBIX BEIIECTB (BCEX
BEILIECTB, PACTBOPEHHBIX B KJICTOYHOM COKE) M 00IIast
KHCJIOTHOCTh MOTYT KaK YBEJIMYUBATHCS, TAK U YMEHb-
marbes [2, ¢. 17-18]. D10 3aBHCUT OT OMOJOTHYECKUX
0COOCHHOCTEH COPTOB MOPKOBH, YCIIOBHI XpaHEHUS U
HCXOJIHOTO YPOBHS CaXapoB, SKCTPAKTHBHBIX BEIIECTB.
YcTaHOBIIEHO, YTO BHECEHHE a30THBIX U (HOCHOPHBIX
ynoOpeHnit IPUBOIUT K YBEIMUYCHHUIO COJIEPKAHUSA CY-
XHUX BEIIECTB B KOPHEIJIOJAaX, HO IIPH 3TOM IIPOUCXO-
JIUT CHIDKEHHUE CBIPOH MacChl MPOIYKTa BO BpEMs Xpa-
HEHMA. BONBIIMHCTBO HCciIe0BaTeNel OTMEYAIOT, YTO
ONTHUMAJIFHBIMU YCIOBUSIMH XPaHEHHS IS JUINTEIb-
HOTO XpaHEHWs KOPHEIUIOAOB MopkoBu (Oonee 40
nHeil) sBosmiorca Temmeparype 0°C M BIaXKHOCTH
95...98 % [3, c. 11; 4]. Hauboipmiee BIUAHUE Ha Xpa-
HEHHE OKa3bIBAIOT yCIOBUS BBIPAIINBAHMS KOPHEIIJIO-
J0B. XOTS NPHUMEHEHHE BBICOKHX 103 yAOOpeHHWH
OOMIIBHBIN MOJIMB NOBBIIIAIOT YPOXKAHHOCTh, OHN CHH-
JKAIOT MX KayeCTBO, TPAHCIIOPTAOENbHOCTh M CHOCO0-
HOCTh K XpaHeHHI0. [lo JaHHBIM HCCIIEIOBaHUS
A.IOpogoii, BHecenue yao0penus B 1103e NesPeaKes
MOJ] PACTeHUS MOPKOBU YBEIHYMIO KOJUYECTBO CY-
xoro BemecTsa Ha 10,5 % 1o cpaBHEHHUIO ¢ BapHaHTOM
6e3 ymoOpeHuit (KOHTPOJIb) U COJIepKaHUEe TOKCUIHBIX
BelllecTB — HUTpaToB — B 3,61 paza [4]. Takxe HaOut0-
JIaJIOCh HEKOTOPOE YBEIMYEHHE KOJIMYECTBa OOIIero
caxapa u kaporuHa (B 1,10 m 1,57 pasa coorBer-
CTBEHHO), HO JIa)ke IIPU 3TOM NPUMEHEHHas /1032 y100-
PEHUI 3HAYNTEIHHO YXy/IIINIA TPAHCIIOPTAOEIbHOCTh
1 CTIOCOOHOCTH MOPKOBH K XpaHEHHIO.

E.B.SInuenko, 10.I'MuxeeB u napyrue uszydaiu
OIIEHKY CIOCOOHOCTH K XPaHEHHIO M YCTOMYMBOCTH K

00JIe3HAM COBPEMEHHBIX COPTOB ¥ THOPHUAOB CTOJIOBOI
MOPKOBH, BIMSHHE MX OHOXMMHYECKHX IOKa3aTeiei
Ha CIOCOOHOCTH KOPHETIIIOAOB K XPAaHEHHIO U CTETIEHb
MOPaXCHUsI Pa3IMYHBIMHU OOJIE3HSAMH B TIpOLIECcCe Xpa-
HEHUS1, ¥ yCTAaHOBHJIM, YTO 00PasLbl C BHICOKUM COZIEP-
JKaHUEM CYXOTro BEIECTBa M caxapoB 0OJIaaaloT Jyd-
1Ieil CrIoCOOHOCTBIO K XPaHEHHIO M YCTOHYMBOCTBIO K
cepoi THUIM, OeNoi THUJIM U abTepHapuo3y [5, c.18;
6, c.35].

ITo MHEHHIO HEKOTOpBIX HCCIEZOBaTeNeH, BCeE
(PYKTBHI ¥ OBOIIM ITOJIBEP)KEHBI ITOPYE BO BPEMs Xpa-
HEHHUS 110 TPEM OCHOBHBIM IPUYMHAM: ITOTEPS BIIATH,
N3MECHEHHS XUMHYECKOTO COCTaBa M MeTaboim3Mma, a
TaK)ke THUCHHUE, BEI3BAHHOE TaToreHaMu. OTHOCUTETb-
Hasl BEJIMYMHA KaX10H U3 3TUX NPUYUH BapbUPYETCs B
3aBHCUMOCTH OT cOpTa M BHAa mponykra. [loatomy
HEOOXOTUMO COKPATUTh HaN0OJIee BAXKHBIC HCTOYHHKH
NOTEeph IPH XpaHeHHMH JIOOBIX oBomied [7, ¢.29; 8,
c.181]. C 310i1 1enbI0 BBILIEYTIOMSHYTHIE aBTOPBI 00-
pabatsiBai MOpKOBb 0,2%-HBIM BOAHBIM PacTBOPOM
nponroHoBo# kucioTsl (1K) oxwH pa3 B 2 nHA B Teue-
Hue xpaHeHus. [locne takoi 0OpabOTKH KOIMYECTBO
CYXOTO BEIeCTBa M OPTaHMYECKNX KHCIOT YBEJINYH-
nock B 1,17 u 2,11 pa3za cOOTBETCTBEHHO 3a NEpPBbIE
TpuALaTe AHed XxpaHeHus. Kpome toro, obpaboTka
KOPHETJI0I0B MOPKOBH BOJHBIM pacTBopoM IIK cro-
COOCTBOB&JIa COXPAHEHHUIO HX Typropa, CBEXKECTH H
BKYCa, a TaK)Ke He HAaOJIF0JaNIOCh YX Y/ IIICHUS] Ka4eCTBa
U3-32 BO3JECUCTBUA PA3IMYHBIX IATOreHOB. B apyroit
uccienoBarensckoit padbore C.B.Jlemuenko oTMedaer,
YTO pa3pyUIUTENbHbIE OMOXUMHUYECKHEe W MHUKPOOHO-
JOTUYECKHE MPOLECCH, MPOUCXOSIINE B KOPHEIUIO-
Jax BO BpeMs XpaHEHHs, 3aMeIUIIIOTCS JeHCTBHEM
0,2%-noro BogHoro pacteopa IIK, To ects 3TH mpo-
mecchl HHrHOupyroTes [9, c. 26-27].

B cBoeii mucceprannonHnoii padote P.H.O6momuit
TIOTIBITAJICS  YCOBEPIICHCTBOBATh METOIBI XPAaHEHUS
MOPKOBH M yCTAaHOBMUIL, YTO B T€4eHHE MEepBBIX 30 1HEH
XpaHEeHHs1 KOPHEIUIOA0B MOPKOBH Ipu Temrmeparype 0
- +2°C u BnaxnocTn 90-98% KONIMYECTBO CyXOTO Be-
IIeCTBA U CaxapoB HECKOJBKO YBEIWYHIIOCH, HO KOJH-
YECTBO MPOTONEKTHHOB M BUTaMHHOB (C u B — Kapo-
THH) yMeHbIMIOCh [10, c. 15-16]. On Takxe moxasai,
YTO HECMOTPS Ha TO, YTO CBEXas MOPKOBb IpaKTHye-
CKH HE COJICP)KUT OKCUKO(EHHOBBIX KHCIIOT (XJIOpOTre-
HOBOM, KOEHHOH KNUCIIOT U UX IPON3BOJHBIX — IPOU3-
BOJHBIX (DepysIoBOii M KOQEHHOM KUCIIOT), OHU 00pa3y-
IOTCSL B YCIIOBHUSIX XPAHEHHUsS, YTO B KOHEUHOM HTOre
MIPUBOJNT K YXYALICHUIO BKyCa M Ka4ecTBa KOPHETIIIO-
noB. Ilockompky 3TH BemecTBa MMEIOT (EHOIBHYIO
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MPUPOJY, U3 HUX MOTYT CHHTE3UPOBATHCS TOPbKUE Be-
mecta [10, c. 17].

Hcxons U3 BBILEH3NI0)KEHHOIO, MOXHO 3aKIIO-
9UTh, YTO UCCIIEI0BATENN U3YyUMIN YCIOBUSI XPAHEHUS
MOpPKOBH B YCJIOBUSX XOJIOJa U IIPU BBICOKOH BJIaXHO-
CTH, KaK ¥ OOJIBIINHCTBA JPYTUX OBOIIEH, U MPUILIH B
BBIBOJIy O HEOOXOAMMOCTH COOJIOJICHUS CIIETYIOLINX
YCIIOBUI JJIs1 CHIDKEHUS TTOTEPh IPH XpaHESHHH:

— CTporoe coONIOAEHNE TEXHOJIOTHUH BBIPAINBaA-
HHSI MOPKOBH;

— OepexHbIi cOop ypoxkas, H30eTaHue ITOBPEXIe-
HHSI KOPHEIUIOJIOB;

— HEMEIUIEHHOE OXJIaXICHHE YypOoXKas I0cie
cbopa;

— n3deranue KojaeOaHus TeMIlepaTypa B XpaHHIIH-
max;

— Ne3MH(QEKIMs MECT XpaHEHHS U KOHTCHHEPOB.

Hame wuccnenoBanne MNOCBSIIEHO OHOXMMUYeE-
CKUM M3MEHEHMSIM B MOPKOBH, XpaHUBILEHCS B Tede-
uue 20 u 34 nueit npu Temneparype 12+1°C n Bnaxmo-
ctu 75-80%. B xozne ucciaenoBaHusl KOPHEIIOAbI MOP-
KOBH ONPBICKUBAIM BOZOIPOBOIHON BOJOH KaXKIble
nBa qHA. KOpHEIIop!, MOBpEKACHHBIEC WIIN TOPasKeH-
Hble OONE3HSAMH BO BpEMs XpPaHEHUs, BbIOpachIBAIN
(MX KOJIYECTBO HE MPEBHIIIANO0 5 %).

Marepuan 1 MeTOIHKA.

OOBEeKTOM HCClieoBaHus ObLTH THOPHIBI COPTO-
00pa3ipl MopkoBH (ruOpunsl Nel, Ne2, No4 coprobpa-
3ubl Ne2/1, No3, NoS), B3siTbie n3 reHohoHa My OJIMUHO-
opuaudeckoro nuna «HaydHo-uccnenoBaTensckuit
Huctutyt OBomeBoactay (HUMO).

[ToceB cemstH MOpKOBH ObLI Tpon3BeeH 30 HIOHA
Ha MOJSIX AMNIIEPOHCKOM DKCHEPUMEHTAIbHON CTaH-
mmn HUMO (AmmepoHCKHE TOXyocTpoB A3zepOaii-
JoKaHCKOM PecmyOmmkm) o cxeme 50x20 cM, a yxon 3a
MOCEBAMH OCYIIECTBIISUICS 10 OOMIETIPUHITEIM METO-
nukaM [11]. Yxon 3a pacTeHH MOPKOBBIO BKITIOYAI 5-

7 momuBoB (kax bl pas u pacdera 400-500 m*), Mune-
pabHOe TuTanue (NeoPsoKiio), 1-2 pasza npopexuBa-
HUsL, 00pBOY ¢ OOJIC3HSIMU U BPEAUTEISIMU, COPHSIKaMH,
a TaKKe pPBIXJICHUE MOYBBI KYJIbTUBATOPOM 1-2 pasza
[12, c. 816].

Bruoxumuueckuil cocTaB KOPHEIUIONOB MOPKOBU
M3y4all HEMOCPEICTBEHHO Iociie cOopa ypoxas, Ha
20-i u 35-i1 nenp xpaHeHust. Cyxoe BeIecTBO B KOpHe-
IUIOJIaX OMPEACIAIN TEPMOCTATHO-BECOBBIM METOJIOM
nyTeM BeICymmBanus npu 105°C, konudaecTBo caxapos
— ¢ momotsio peppakromerpa RA-130 (Kopes), komm-
YECTBO HKCTPAKTUBHBIX BEIECTB — C ITOMOIIBIO TPH-
6opa RX-5000 CX (ATSGO — SInoHus), HUTPATHI C TO-
MoIIBI0 opTaTuBHOTO HUTpatoMerpa (SOEKS), a 06-
Y10 KUCJIOTHOCTh — METOJIOM TUTpoBanus [13].

Pe3ysbTaThl HCC/IeN0BaHUS M HX 00CY K/IeHHe.

Pe3ynbraThl McciIe0BaHMs TOKA3BIBAIOT, YTO IIPH
KpPaTKOBPEMEHHOM XpaHEHHH KOPHEILIOJ0B MOPKOBH
(30-35 nmHeit) HET HEOOXOIUMOCTH HCIIOJIL30BATh Tpa-
JULIHOHHBIE METOABl XpaHEHUs (XpaHEHHE NpH
0...+1°C u oTHOCHUTENBHOH BiaxkHOCTH 90-98%, razo-
BBIH pexuM). [l 3TOro JOCTaTOYHO CO3AaTh B IIOME-
IEHMH I XpaHeHus Temmneparypy 12+1°C u Bnax-
HOCTb 75-80% 3umoii u BecHOH. [Ipn XpaHeHNH B 3THX
YCIIOBUSIX KOPHETJIOABI CIEAYET CIEeTKa OMPBICKUBATH
BOJIONIPOBOJHOM BOJOW WJIM, KaK yKa3aHO B JHUTepa-
Type, 0,2%-HBIM BOJHBIM PacTBOPOM MPONHOHOBOM
KHUCTIOTHI Kaxkawie 2 aust [7; 8; 9]. B mponecce Takoro
XpaHeHUs Ha 20-# JeHb KOJIMYEeCTBO CyXOro BellecTBa
B KOpHeruioaax yBennuuBaetcs B 1,01-1,084 paza, xo-
JUYECTBO caxapos, - B 1,01-1,12 pa3za, konu4decTBo Kc-
TpakTUBHBIX BemecTB — B 1,01-1,07 pa3za, a ypoBeHb
opranudeckux kuciuotr — 1,14-1,39 pasza (tabmuma).
[Ipn 3TOM, TOCKONBKY YPOBEHB KHCIOTHOCTH B KOpHE-
IUTOJIaX yBEIMIHUBACTCS OOJNBIIE, YEM COAEpKaHUE ca-
XapoB, COOTHOIIEHHE caxap-KUCIOTa (caXxapoKHCIOT-
HOM WHJEKC) 3HauyMTeldbHO cHMxkaetrcs (B 1,02-1,37
pasa).
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Tabmuma.
M3MeHYInBOCTh OMOXUMHUYECKUX MTOKa3aTese B copTooOpas3ax MOPKOBH B 3aBHCHMOCTH OT Pa3IMIHBIX CPOKOB
XpaHEHUs
S & % :
g < s | % £
E O«E‘ E X E S 3} Eﬁ
T eHOTHITBI g =3 2 d 5 5 5 2
= 5 5 5 g~ g,
8 © 8 = 2. =
g 5 S g =
&) = B <
Q) o @]
Cpasy mocie cbopa ypoxast
T'ubpug Nel 13,08 8,58 11,0 0,070 122,57 38,9
Ne 2/1 11,95 7,60 9,48 0,052 146,15 43,2
T'ubpug Ne2 11,28 7,80 9,25 0,057 136,84 394
Ne 3 13,70 9,63 11,04 0,052 185,19 51,4
T'ubpug Ne 4 (7x3) 12,43 7,75 9,35 0,11 70,46 56,6
No5 12,80 8,17 9,67 0,11 74,27 49,7
20-ii JeHb XpaHeHust
T'ubpug Nel 13,80 9,58 11,20 0,080 119,75 39,1
Ne 2/1 12,43 8,04 9,76 0,072 111,67 44,2
T'ubpug Ne2 12,33 8,26 9,86 0,077 107,27 38,6
Ne 3 14,03 9,73 11,10 0,072 135,14 46,7
T'ubpug Ne 4 (7x3) 12,68 7,90 9,45 0,14 56,43 45,6
Ne5 12,90 8,25 9,82 0,13 63,46 42.4
35-# neHp XpaHeHHus
T'ubpug Nel 14,20 10,08 11,60 0,090 112,0 39,5
Ne 2/1 13,48 9,72 11,37 0,090 108,0 37,3
T'ubpug Ne2 12,93 8,76 10,18 0,100 87,60 39,2
Ne 3 14,83 9,76 11,21 0,090 108,44 41,3
T'ubpug Ne 4 (7x3) 12,88 8,26 9,72 0,18 45,89 40,6
Ne5 12,95 8,98 9,93 0,16 56,13 38,3

Buoxumuueckue mokasateisd, 3adUKCHPOBAHHBIC
Ha 35-i1 1eHp XpaHEeHHs], TPOIOIDKAIOT YBEININBATHCS.
Tak, 3TO yBelIMUYEHHE CYXOrO BEIIECTBA, COCTABIISET
1,011-1,15 pa3a, caxapoB — 1,014-1,28 paza, skcTpak-
TUBHBIX BeuecTB — 1,04-1,20 pa3a, kucinornoctu 1,29-
1,75 pa3a, a CHM)KEHHE BEJIMYMHA CaXapOKHUCIOTHOTO
unaexca — 1,09-1,71 paza.

Cremyer OTMETHTB, YTO KOJIHYECTBO TOKCHYHBIX
BEIIECTB — HUTPATOB B HCCJIEJOBAHHBIX TCHOTHITAX
OBLTO 3HAYHUTENBEHO HIDKE JIOITyCTUMOTO Tpeaena (250
MI/KI), YCTaHOBJIEHHOTO MUHHUCTEPCTBOM 31paBo-
oxpaHenus AsepOaiimkanckoi Pecrybnuku st maH-
HOro BHJa oBolle. OgHAKO B TpeX HMCCIEIOBaHHBIX
obpasmax - Nel, Ne2/1 u Ne2 — cojepikaHue HUTPATOB
0CTaBaJIOCh NMPAKTUYECKH HEM3MEHHBIM B TedeHHe 34
JIHEH XpaHEHUs, TOrJa Kak B OCTaJbHBIX Tpex - Ne3,
No4, No5 — ux KoHLIEHTpauus yMeHbanace B 1,25-1,39
paza.

Takum 00pa3zoMm, HCCIECAOBAaHKE ITOKA3al0, YTO
HanOOJIbIIICe YBEIMUCHIE COJCPIKAHMS CYXOTo Bellle-
CTBa, CaxapoB, SKCTPAKTUBHBIX BEIIECTB U OpraHUue-
CKHX KHCJIOT OBUTO 3a()HKCHPOBAHO Y TeHOTHIIOB Ne2 1
No2/1, a Hanbonplliee CHIDKEHUE BETUIMHA CaXapOKKC-
JIOTHOTO WHJEKca — y TeHOTHrnoB Ne2 um 3. Makcu-
MaJIbHO YMEHBIIIEHHE KOHIICHTpalus HuTpaTos (B 1,39
paza) Habromanock y renotumna Ned,

OO6cyx1ast moJTydeHHY 0 HH(pOpMAIIHIO Ha OCHOBE
UMeIoLIeCcs TUTepaTyphl, MOYKHO 3aKIIFOUUTh, YTO IPU

KpaTkocpouHoM xpaHeHuu (30-35 gHei) MOpPKOBH He
00s13aTenbHO NpUOeraTh K TPaIUIIMOHHBIM PEeXUMaM
xpaHeHusM [7; 8; 9; 10]. HauGonee y100HBIM 1 3KOHO-
MH4YecKd 3()(GEKTHBHBIM METOJIOM SIBJISIETCSI CO3JJaHUE
B XpaHuwIHIie Temneparyps! 12+1°C u oTHOCHTENBEHOM
BIaXHOCTH 75-80% B 3UMHUI 1 pAHHEBECCHHUH MTEPH-
OJIbl, @ TaK)Ke JIOCTATOYHO ONPBICKUBAHUE KOPHEIJIO-
JIOB OOBIYHON BOJOMIPOBOIHOW BOMOW Ka)KIble 2 JTHS.
[Tpn 3TOM KOpHEIUIOBI HE TEPSIIOT CBEKECTH U COXpa-
HSIIOT CBOM HOPMAJIbHBIE Ka4ecTBa.

ITpu XpaHeHUHN KOPHEIUIOIOB MOPKOBH IIPHU TEM-
neparype 12+1°C u otHOCHTENBHOI Bra)HOCTH 75-80
%, yBeIHMUEHHE KOJMYECTBO CYyXOTO BEIecTBa, caxa-
POB, SKCTPAKTHUBHBIX BEIIECTB M OPTaHWYECKUX KHC-
JIOT, CHWXKCHHE BEJIMYMHA CaXapOKHUCIOTHOTO HHAEKCA,
COXpaHEHHEe HEM3MEHHOTO KOJIMYEeCTBa HUTPATOB B OJ1-
HUX 00pa3lax M CHWKEHHE MX B JPYTMX MOTYT OBITh
00YCIJIOBJICHBI OMOJIOTMYECKHMMH OCOOEHHOCTSIMHM HC-
cllelyeMbIX 00pa3IoB 1 (PU3H0JIOT0-ONOXUMHUUECKUMHU
MIpoLECCaMU, MPOUCXOISAIINUMU B YCIOBHUAX XPAHEHMUS.

IIpuunHamMu yBeIUYEHUs COAEPIKAHUS CyXOro Be-
IIeCTBA, CaXapoB, ’KCTPAKTHBHBIX BEIIECTB, OpTraHUIe-
CKUX KUCJIOT (s10;109Has, TMMOHHAS U JIP.) U CHIDKEHUS
BEITMYMHA CaXapOKUCIOTHOTO WH/IEKCA B KOPHEIIIIOAAaX
MOPKOBH MOTYT OBITH CIIEAYIONIHE:

1) B mporecce XxpaHeHNS B KOPHEIUIO1aX MOPKOBH
MIPOJOIDKAETCS IBIXaHHUE, B X0 KOTOPOTO OpraHHuye-
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CKHE BEIIECTBA OKUCIISIOTCS, U 9aCTh IPOAYKTOB OKHC-
JICHUSI UCTIOJNIB3YETCS AJIS JBIXaHMS, a OCTaIbHAs 4acTh
OCTaeTcs B BHJIE CyXOro BEIIECTBa, BKJIIOUas caxapa u
OpPraHUYECKUE KUCIOTHI, YTO IPUBOJUT K YBETHUCHUIO
UX COJEPIKAHUS;

2) B YCIIOBUSIX XpaHEHHs KpaxMall, cojepika-
IMACS B KOPHEIUIOJAX MOPKOBU, MOXET YaCTUYHO
THIPOIM30BaThCA 10 MPOCTHIX caxapoB (MOHO — U JH-
caxapHOB), YTO B KOHEYHOM HTOT€ IPUBOAUT K TOBBI-
IICHUIO COAEPKaHUs Caxapos;

3) npu xparenuy npu Temneparype 12+1°C u or-
HOCHTENBHON BiaxkHOCTH 75-80% W3 KOPHEIUIONOB
MOPKOBH HCIIapseTCs BOJA, B PE3yIbTATE YETO MOXKET
MPOUCXOUTh YBEIMUCHNE CYXOTO BEIIECTBA 3a CUET
3TOrO HCNapeHus;

4) npu XpaHeHNH TIPH YKa3aHHOW TeMIleparype u
OTHOCUTEJILHON BJIQ)KHOCTU HUTPAThl B KOPHEILIOAAX
MOpKOBH HE IPETEplEeBalOT CYLIECTBEHHBIX H3MEHe-
HHH, TOCKOJIBKY SIBIISIIOTCS CTAOWMIIBHBIMH COEMHEHH-
AMY;

5) HEKOTOPOE CHIDKEHNE KOHIICHTPAIHs HUTPATOB
B HEKOTOPBIX T€HOTHIIAX, BEPOSTHO, CBSI3aHO C HCIIOJb-
30BaHMEM HHUTPATOB B KAaYECTBO MCTOYHMKA a30Ta B
IpoLecce BIXaHHUs, HO MOCKOJBKY 3TOT INPOIECC HE
CUNTaeTCAd JOMHHHUPYIOUIUM, OH MpOSBIIETCS HE Yy
BCEX T'€HOTHUIIOB.

B nomonHeHHe KO BceMy BBIIIECKa3aHHOMY Clie-
JyeT OTMETUTb, YTO MpeJlaraéMblii HAMU METOJI Xpa-
HEHMA MOAXOHUT TOJIBKO AJIS KPaTKOBPEMEHHOI'O Xpa-
HeHus (1o 35 nueil). Tak, Ha 40-1 neHb XpaHEHHS KOp-
Hermmogsl  MopkoBu  moutd 30 %  BAHYT,
CMOPIINBAIOTCS, TEPSIOT TYProp M TOBAPHBIE KAYECTBA.
Iostomy mmTensHOe XpaHeHHe MOpKOBH (40 mHEH U
Oonee) Ooree ynoOHA MPOBOANUTE TPAIUIIMOHHEIM Me-
tozoM (0...+1°C 1 90-95 % OTHOCHTENBHOMH BIAXKHO-
CTH), IOCKOJIbKY TIpH OoJiee BBHICOKOH TeMIepaType 1
6oJiee HU3KOH BJIAXKHOCTH, Y€M ONTUMAIbHAsL, ITPOIIECC
JIbIXaHHSI MOXET OBbITh 00JIee aKTHBHBIM, B PE3yJIbTaTe
4ero Macca MOPKOBU MOXKET ObICTpee YMEHbIIATHCS, &
ee KauyecTBO MOXeT yxyamaTbes. Ho He ciexyer 3a0b1-
BaTh, YTO MATOT€HHBIE MUKPOOPTaHU3MBI ObICTpEE pa3-
BUBAIOTCSI TNPHU BBICOKOW BIAXHOCTH, M MPOAYKT
OBICTPO MOPTHUTCA.

3aki0uenne.

HanbGonee GmaronpusiTHBIE YCIOBHS JUIS KPaTKO-
BpeMeHHOTO (34 1HsI) XpaHEHHWsS KOPHENJIOAOB MOp-
KOBH CO3/aroTcs Ipy TemmepaType 12+1°C u otHOCH-
TenbHOM BiaxkHoctH 75-80 %. B pesynbraTte ¢umzno-
JIOr0-0MOXUMHUYECKUX MPOLECCOB, MPOMUCXOSIIUX B
KOPHEIUIOIaX MOPKOBH, XPAHAIMIMXCA B TaKUX YCIO-
BUSIX, UX OMOXHMHUYECKHUI cocTaB oOoramaercs, KO-
9YeCTBO TOKCHYHBIX BEIIECTB-HUTPATOB, M 3HAUCHHE Ca-
XapOKHUCIIOTHOTO TTOKA3aTelNsl CHWKAETCS, YTO ITTO3BO-
JsieT MTOJTyYUTh MOPKOBHBIH MPOJYKT
cOanaHCHPOBaHHOTO COCTaBA.
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This paper examines soil pollution near the Heydar Aliyev Baku Oil Refinery (BOR)._The concentrations of
petroleum hydrocarbons and heavy metals (Pb, Cd, Cr, Ni, Cu, etc.) in the soil were determined, and their impact
on the physicochemical properties of the soil was assessed. The main pollutants in the area are oil and petroleum
products, heavy metals, and other contaminants. Research shows that the soils around the BOR are seriously con-
taminated with heavy metals and petroleum products due to emissions, spills, and improper waste management,
which degrades their properties, disrupts the environment, and poses a threat to human health. The results indicate
that soil pollution in areas adjacent to the BOR poses a high environmental risk and requires ongoing monitoring.

Keywords: oil refinery, oil-contaminated soils, petroleum hydrocarbons, heavy metals, environmental risk.

The objective of the study was to determine the
actual soil condition within the Heydar Aliyev Baku Oil
Refinery.

Introduction

The oil refining industry occupies a significant
place in Azerbaijan's industrial sector. However, the
lengthy process of oil refining leads to environmental
pollution, particularly of the soil. The environmental
problems that have arisen around the Baku oil refinery
are of immediate scientific and practical importance.
Soil pollution around oil refineries has been extensively
studied, and it has been established that petroleum
products disrupt the soil structure, and heavy metals re-
duce the biological activity of the soil, posing a threat
to ecosystems [1,2].

Heavy metals, the main group of elements pollut-
ing soils, have been a pressing environmental issue for
decades, as high concentrations of them have a toxic
effect on soil chemistry and plants. Soil is the primary
environment where heavy metals enter from the atmos-
phere and water. Plants in such soil absorb the heavy
metals, and some of them subsequently end up in food.
The main sources of heavy metal soil pollution are the
ferrous and non-ferrous metallurgy, energy production,
mining, and other industries [3,4].

Soil pollution with industrial toxicants occurs in
industrial cities, where the primary source of harmful
substances is atmospheric air [1, 3]. Pollutants con-
tained in industrial emissions combine with water va-
por and gradually settle to the surface soil layer. Unlike
atmospheric air, soil exhibits persistent, long-term con-
tamination with chemicals specific to a given industrial
sector [5, 6]. Toxicants can dissolve and migrate into
living organisms through the food chain.

A second pathway for heavy metal salts and petro-
leum products to enter the soil is through pipeline acci-
dents or the gradual spread of oil sludge from oil fields.
The main heavy metals are lead, cadmium, mercury,
and arsenic. They become hazardous when oil sludge
enters groundwater. Volatile fractions of petroleum are
highly toxic to soil organisms, but their effects are
short-lived. The heavy fractions are immobile and can
create persistent contamination in the soil, causing de-
structuring. They disrupt moisture exchange, altering
the hydrophysical properties and biological activity of
the soil. Like pesticides, heavy metal salts accumulate
in agricultural soils and subsequently migrate to plants.
They enter the human body through the food chain via
plant or animal products [7-11].

Materials and Methods

The study was conducted within a radius of 0—1.5
km from the Heydar Aliyev Baku Oil Refinery. Soil
samples were collected from a depth of 0-20 ¢cm and
analyzed using infrared spectroscopy and atomic ab-
sorption analysis. Analysis methods include atomic ab-
sorption spectrometry. Soils can be cleaned of oil prod-
ucts using ultrasound, which disrupts the bonds be-
tween the soil and contaminants.

During 2024-2025, we collected 20 samples from
the Heydar Aliyev Oil Refinery industrial zone and
throughout the city. Sampling was conducted using the
"envelope" method at a depth of 0—10 cm? in eight di-
rections from the petrochemical complex: north (N),
south (S), east (E), west (W), northwest (NW), north-
east (NE), southwest (SW), and southeast (SE) [12—14].
Concentrations of industrial toxicants were determined
at the Baku State University Environmental Pollution
Monitoring Laboratory. The obtained values for chem-
icals in the soil were compared with previous soil stud-
ies conducted at the Heydar Aliyev Oil Refinery.
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Results and discussion

Due to the rapid development of the oil and chem-
ical industries and the intensification of agricultural
production, land pollution occurs as a result of acci-
dental or uncontrolled leaks during the production,
transportation, use, storage, and disposal of substances,
which has a negative impact on the environment. This
pollution is represented by oil, petroleum products (hy-

drocarbons), agricultural pesticides, and chemical in-
dustry products [15, 16]. Oil and petroleum products
are among the main environmental pollutants, which,
along with other pollutants, threaten not only the nor-
mal functioning of various ecosystems but also human
existence. The most significant environmental damage
is caused by accidents on main and in-field pipelines.
Fig.1

Operating errors and other faults-4%

Accidental
damage-40%

Factori defects- 6%

Corrosion-38%

Welding defects -12

Fig. 1. Main causes of oil leaks.

Among pollutants, heavy metals occupy a special
place in terms of the scale of pollution and impact on
biological objects. Heavy metals contained in industrial
waste are emitted into the atmosphere and deposited on
the soil surface. The bulk of heavy metals is firmly
fixed in the 0-10 cm layer of natural soils and 0-20 cm

of arable soils [17]. The soil type is mainly represented
by ordinary chernozems and floodplain soils. The aver-
age pH was 7.4 units. The content of heavy metal salts
in the soil on the territory of the Heydar Aliyev Oil Re-
finery is presented in Table 1.

Table 1.
Concentration of heavy metals in soil (mg/kg)
Metal Near Zone Middle Zone Year
Pb 120 65 25 32 2024-2025
Cd 35 1.8 0.5 1.0 2024-2025
Ni 95 50 30 40 2024-2025
Zn 67 34 36 42 2024-2025
Cu 45 22 34 47 2024-2025
Sn 36 17 31 42 2024-2025

The results of the analysis of samples with excess
of MAC (maximum permissible concentrations)l
MAC (approximate permissible concentration) are pre-
sented in Table 1. In 2025, the largest number of them
were detected for cadmium in the zone with a radius of
more than 1.5 km - 67% in the range from 1 MAC to 5
MAC and 10% more than 5 MAC, for copper - 19%
more than 1 MAC, for nickel - 52% more than 1 MAC,
for zinc - 57% more than 1 MAC. On the territory of
the Heydar Aliyev Oil Refinery, excesses were detected

only for cadmium, copper and zinc more than 1 MAC
in 36%, 45% and 100%, respectively [5-7].

When analyzing the content of petroleum products
in the soil in 2025, which amounted to 53—4854 mg/kg,
in 88% of the collected samples there was an excess of
the background value by 1.1-97.1 times. On average,
the level of petroleum products in the study area ex-
ceeded the background by 12.7 times and was equal to
634.84 mg/kg. The maximum content of petroleum
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products was recorded in the buffer base of the oil re-
finery (4854 mg/kg, 97.08 F), which is lower than in
1999, when the average content of these impurities was
observed at the level of 21 F, the maximum - 145 F.
Extremely high pollution (more than 50 F) was ob-
served in 4% of samples, high pollution (20-50 F) - in
10% of samples, soil pollution at the level of 2.0-18.9
F - in 56% of the collected samples. The detection of

Fig. 2. The plant area contaminated with oil waste.

When studying the content of heavy metal salts,
no samples exceeding the MAC (APC) were found for
each representative. The average concentration of cad-
mium and zinc slightly exceeded the background level
and amounted to 1.02 F and 1.06 F, respectively. This
is explained by the fact that over 9 years, colossal work
has been done to modernize oil refining and petrochem-
ical enterprises. This is also evidenced by a steady de-
crease in total emissions of harmful substances into the

elevated levels of petroleum products in the soil is re-
lated to the location of numerous oil refining and pet-
rochemical plants. Figure 2 shows an area contami-
nated with oil waste around an oil refinery. In 2025, soil
contamination studies were conducted according to the
same program as in 2024. The soil type remained un-
changed. The average pH was 8.3.

\)-» b

atmosphere of the Heydar Aliyev Oil Refinery from all
stationary sources from 40.6 thousand tons in 2024 to
25.828 thousand tons in 2024. Unlike heavy metal salts,
the content of petroleum products in the soil over the
past 9 months increased from 634.84 mg / kg to 776.86
mg / kg. Table 2 shows the cases of exceeding back-
ground concentrations of petroleum products in the
study area.

Table 2

Content of petroleum products in the soil of industrial zones of the Heydar Aliyev Baku Oil Refinery and in the
city and their percentage exceeding background levels (in 2025, F = 50 mg/kg; in 2024, F = 38 mg/kg)

Year Number of Petroleum products
samples M + m, mq/kq Less 2-20F 20-50 F More
2F 50 F
2024 10 634.84 + 122.4 30 56 10 4
2025 10 776.86 + 205.08 14 66 12 8

The maximum concentration of petroleum prod-
ucts was recorded in the industrial zone of the Heydar
Aliyev Oil Refinery (8855.6 mg/kg, 233.04 F), which
is almost twice as high as the maximum concentration
recorded in 2024. Over the 9th month, the percentage
of samples with extremely high contamination in-
creased from 4% to 8%, and with high contamination —
from 10% to 12%. There was also an increase in the
number of samples with a level of 2-20 F from 56% to
66%. The change in the amount of petroleum hydrocar-
bons in the soil (graphical representation) depending on

the distance is shown in Figure 3. The results show that
the amount of petroleum hydrocarbons in areas located
near the plant exceeds the norm and decreases with in-
creasing distance. The increase in the concentration of
petroleum products in the soil on the territory of the
Heydar Aliyev Oil Refinery over the 9th month is asso-
ciated not only with the activities of oil refining and
petrochemical enterprises, but also with the increase in
the number of motor vehic
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Fig.3.Changes in elemental content during removal from the plant.

In 2025, the average cadmium, copper, nickel, and
lead concentrations did not exceed the MAC (MPC) for
loamy soils and ranged from 0.2 to 0.7 MPC (MPC).
The maximum cadmium concentration was observed at
0.4 MPC in the industrial zone of the Heydar Aliyev
Oil Refinery. The maximum copper content was ob-
served at 4 ODK in a zone with a radius of 1.1-1.5 km
to the east. The maximum nickel concentration was
also recorded at 3 ODK. Elevated lead levels were de-
tected at 1 ODK in a zone with a radius of 0.1-1.5 km
to the southeast. The average cadmium and zinc con-
centrations exceeded the ODK and were at 3.05 ODK
and 1.27 ODK, respectively. The maximum cadmium
content was recorded at 10 ODK in a zone with a radius
of 1.1-1.5 km to the northeast, and the maximum zinc
content was at 4.1 ODK in a zone with a radius of 0—
1.0 km to the south. The average concentrations of cad-
mium, copper, nickel, lead, and zinc exceeded back-
ground levels and were 8.7 F, 5.62 F, 1.63 F, 1.33 F,
and 3.98 F, respectively. The average cadmium level
did not exceed background levels and was recorded at
0.52 F.

From 2024 to 2025, concentrations of heavy metal
salts in the soil decreased both within the Heydar Ali-
yev Oil Refinery industrial zone and within the city lim-
its. Significant differences were observed in the soil
concentrations of cadmium, copper, lead, nickel, and
zinc in 2025 and 2024, respectively. Soil contamination
with petroleum products remained virtually unchanged
over the study period; however, a greater shift in the
percentage of samples exceeding background levels
was observed in 2020 compared to 2025. Analysis re-
vealed that the total amount of petroleum hydrocarbons
in areas adjacent to the refinery exceeds the permissible
limit by 2—4 times. High concentrations of heavy met-
als, such as Pb and Cd, were detected.

Conclusion

A soil study was conducted in 2024-2025 at the
Heydar Aliyev Oil Refinery in Baku. Concentrations of
heavy metal salts and petroleum products were deter-
mined within the industrial zone and throughout the
city. The study revealed that, compared to 2024, heavy
metal salt concentrations in the soil decreased in 2025,
both within the plant's industrial zone and within the
city limits. Significant differences were found in the
soil concentrations of cadmium, copper, lead, nickel,
and zinc in 2025. Unlike heavy metal salts, petroleum
product concentrations in the soil have shown an up-
ward trend over the past nine months. The highest con-
centration of petroleum products was found within the
plant's industrial zone.
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Abstract

Radioactive isotopes are present in soil either naturally or due to human activities. The isotopes originated
from the uranium and thorium decay chains, can modify soil properties, water quality, and potentially enter in the
food chain. The most common naturally occurring radioactive isotopes are Uranium - 238, Thorium -232 and
Potassium - 40. The natural radioactivity of the soil is determined from the mineral composition of the rocks.
Rocks with high concentrations of uranium, thorium, and potassium will produce soils with higher radioactivity.
Radioactive contamination can impact soil properties, potentially affecting plant growth and overall ecosystem
health. The procedures for the determination of alpha emitting isotopes in soil, generally follow these two steps:
1. Sample preparation which includes dissolution (using a mixture of hydrofluoric and nitric acids to release the
radioisotopes) and separation (using different techniques like coprecipitation, ion-exchange, liquid-liquid
extraction, extraction chromatography) to isolate the specific alpha-emitting isotopes from the dissolved sample.
2. Alpha Spectrometry measurement (separated isotopes are deposited on a stainless-steel disk and measured using
an alpha spectrometer). The aim of this paper is to describe in detail the procedure applied in the radiochemistry
laboratory of the IANP for the sample preparation and separation of alpha emitters in environmental soil sample.
This optimal procedure is the result of evaluating each step of the procedure performed in years in the laboratory.

Keywords: radiochemical preparation, alpha emitters, radioactive isotopes, separation technique.

Introduction

The vast majority detected on the earth is from the
natural radioactivity from primordial origins [1,2]. Ura-
nium in nature is one of the heaviest elements that ex-
ists mainly in the earth crust and its activity is found in
soil, in water and/or in the earth-born materials [1,2].
Uranium is found as 238-U (99.2739 - 99.2752%), has
occurred in many different rock types from sedimen-
tary to volcanic and has been deposited on land by vol-
canic action [2]. Chemical conditions sometimes ele-
vate the concentrations of uranium, and significantly
occur in some substances such as phosphate rock de-
posits, minerals (such as lignite) and monazite sands in
uranium-rich ores [3]. The redistribution of uranium in
soil, rocks as well as in water is happening throughout
the environment by wind, rain and geologic processes.
Moreover, it can dissolve in the water to be consumed
by any organism [2]. The mean concentration of 238U
in the earth’s crust varies from 0.5 to 5 ppm, and in
granite it is 4 ppm [2].

The radioactive substance of thorium occurs natu-
rally in the earth’s crust in combination with other min-
erals such as silica. More than 99% of natural thorium
exists in the form of thorium - 232 with a concentration
range of 2 - 20 ppm [2,3]. Some rocks in underground
mines contain more concentrated form of thorium. Nat-
ural weathering like wind and water action breaks these
rocks and makes the thorium and all other components
of the rocks to become a part of the soil. Moreover, the
soil containing high amount of clay materials show
higher contents of thorium [2]. The two natural isotopes
of potassium 39K (93.2581%) and 41K (6.7302%) are
needed for living species, however, the strong gamma
radiation emitted from the primordial 40K causes vari-
ous health hazards [1,2].

The radionuclides and their progenies are the prin-
cipal contributor to the background radiation in our liv-
ing environment. The different physio-chemical forms

of these radionuclides have influenced their mobility
and biological uptake. As for instance, uranium spe-
cially bonds to organic matter while potassium and tho-
rium preferentially bond to clays, and hence these are
more radioactive than the other sedimentary rocks
[2,3].

Radioisotopes are of interest in environmental
physics for several reasons:

e Environmental protection - the emitted radia-
tion is potentially hazardous and therefore radioactivity
levels in environmental media must be monitored and
the consequences of contaminations have to be as-
sessed [1].

e Tracing - as the detection limits can be very
low, radioisotopes can be used successfully as tracers
to monitor e.g., transport processes [4].

e Dating - due to the ubiquity and the wide range
of half - life times of naturally occurring radioisotopes,
they can be used for age determination [1].

Material and Methods

Analytical procedure for separation and quantifi-
cation of 210Po, 241 Am, Pu and U isotopes by extrac-
tion chromatography and alpha spectrometry is de-
scribed as follows [5,6].

1. Sample preparation (dispensing and dissolu-
tion):

Dispense ~ 1g of the sediment to a 50 mL screw-
cup centrifuge tube, record the sample weight, add
70.1Bq of 209Po, 243 Am, 232U and 242Pu tracers and
record the added weight of each tracer solutions. Add
20mL of concentration HNO3 to dissolve the sediment
and after dissolution evaporate to dryness and re dis-
solve in 15 mL of 0.1M HNOs. For Calcium phosphate
co-precipitation add 0.2mL of 30% H,O, to ensure Po
(IV), 1 mL 1.25M calcium nitrate (50 mg Ca) and 3 mL
3.2M ammonium hydrogen phosphate. Adjust the pH
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to pH 10 with concentrated ammonium hydroxide us-
ing a pink phenolphthalein end point. Centrifuge at
3500 rpm for 6 min, discard the supernatant, add 10mL
of 8M HNOs / 3mL of 2M AI(NOs); to dissolve the
precipitate and add 0.1mL of 30% H,O: to ensure Po
Iv) [5,6].

2. TRU/DGA separation:

For TRU/DGA cartridge separation, attach
stacked TRU/DGA cartridges to the vacuum box
loaded with 50mL test tubes, precondition the resin by
passing 20mL of 8M HNOs3, load the sample to the top

of the stacked cartridges, rinse with 10 mL of 8M HNO3
to fix Am, Po, U, Pu on the resin and to remove matrix
interferences. Then, rinse with 10 mL of 10M HNOj; to
transfer Po to the DGA and rinse the cartridge tandem
with 15mL of 4M HCI to transfer Am to the DGA resin.
Separate TRU from DGA cartridges, add clean reser-
voirs. Elute Pu from TRU as Pu (III) with 12 mL 3M
HCI - 0.02M TiCl;. Elute U from TRU with 15 mL
0.1M Ammonium oxalate. Elute Am from DGA with
12 mL 0.25M HCI. Elute Po from DGA with 15 mL
0.05M HNOs [5,6].
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Results and Discussions

The optimal procedure described in the above sec-
tion is the result of the many experiments performed in
different conditions including all the steps of the proce-
dure.

The results for the separation of alpha emitters
(210Po, 241 Am, Pu and U) are analyzed and discussed
in detail and each step of the procedure that is per-
formed in a different way to find optimal and good sep-
aration of each radioisotope.

Micro-precipitation of Plutonium

Add 10 mL of water to reduce the acid strength
and 0.5 mL 30% H,0, to oxidize any that might be pre-
sent to prevent uranium co-precipitation. After that add
50 ug Ce and 2 mL 28 M HF to form CeF3. Wait 15 min
and filter the solution using a 25 mm polypropylene Re-
solve filter. Rinse the filter with SmL deionized water
and 5mL ethanol. Dry the filter under a heat lamp for a
couple of minutes.

Micro-precipitation of Uranium

Add 0.5 mL 10% TiClIs to reduce U(VI) to U(IV)
and 50 ug Ce and 1 mL 28 M HF to form CeF3. Wait
15 min and filter the solution using a 25 mm polypro-
pylene Resolve filter. Rinse the filter with SmL deion-
ized water and SmL ethanol. Dry the filter under a heat
lamp for a couple of minutes.

Micro-precipitation of Americium

Add 0.2 mL of 30% H:0, to oxidize any that
might be present to prevent uranium co-precipitation
and 50 ug Ce and 1 mL 28 M HF to form CeF3. Wait
15 min and filter the solution using a 25 mm polypro-

Sample application
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pylene Resolve filter. Rinse the filter with SmL deion-
ized water and SmL ethanol. Dry the filter under a heat
lamp for a couple of minutes.

Micro-precipitation of Polonium

Add 0.1mL of 30% H»0 to ensure Po (IV) and
100ug Bi (0.ImL of 1000ppm Bi standard in 2 %
HNO:s3). Adjust the pH adding 0.2mL of 3M NH4OH
(ammonia solution). Add 0.8mL of 3.2M NH4H,POj4 to
form BiPO, precipitate and mix well by shaking for a
couple of minutes. Wait 15 min and filter the solution
using a 25 mm polypropylene Resolve filter. Rinse the
filter with SmL deionized water and SmL ethanol and
dry the filter under a heat lamp for a couple of minutes.

Conclusions and Recommendations

In order to find a good correlation between water
quality, used for drinking and hygienic purposes, and
the milk quality, more extensive studies are necessary,
including a big number of samples and farms to be
taken into study as well as identification of specific mi-
croorganisms.

The studies allow determining the concentration
and spread of radionuclides in the soil.

Contaminated soils treated with an acid solution of
ions NO3-, PO4--- and K+, undergo a reduction of ra-
dioactivity up to 35%, after a series of washes which
simulate one year's rainfall.

The capacity of the deepest soil layers to immobi-
lize the radionuclides percolated from the superficial
layers was also confirmed.

The migration of radionuclides towards deeper
soil layers, following chemical treatments, and their
subsequent stabilization reduces bioavailability in the
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uppermost soil horizon, preventing at the same time
their transfer into the water-bearing stratum.
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AHHOTALUSA

N3yuyeHa BO3MOXXHOCTb MPUMEHEHHS 030HA JJIS1 OYNCTKHU 3arps3HEHHBIX IUIECEHBI0, BUPYCaMH, OaKTepUsIMU
Y pa3INYHBIMH APYTUMH MUKPOOPTaHM3MaMH KHUT B XpPaHWJIMIIAX OMOIMOTEK. Y CTaHOBIIEHA ONTUMAJIbHAS 1032
030Ha, KOTOpasi OYMIIAET OBEPXHOCTh CTPAHUI] OT MEPEUNCIICHHBIX (haKTOpOB 0€3 BUIAMMBIX IOBPEXICHUH ca-
MO CTpaHMILIbL.

N3yyeHa npoYHOCTH pa3HbIX THHOB OyMar (KHIDKHBIX CTPAHHUII-HOBBIX, CTapbIX, 3arpSI3HEHHBIX IUIECEHBIO .,
MeYaTHBIX OEIBIX U Ap.) TOocie UX 00pabOTKH 030HOM. DTO 3aBUCUT OT COIEPKUMOCTH U CTPYKTYpbI Oymar, Ko-
TOpasi BO3HUKAET B ITPOIIECCE UX MPOU3BOACTBA. M3ydeHue CTpyKTYpbl OCYIIECTBISIIOCh C IPUMEHEHHUEM MHKPO-
CKOIIa, pa3pyIIMTEIbHas CHIIa U3MEPSUIaCh B HHIOTOHAX.

B mporecce paboThI HCCIIEAOBAINCEH CTPAHUIIB CTAPBIX KHAUT M OCJIBIX TEYaTHBIX JINCTOB MPpH 00paboTKe UX
O30HUPOBAHHBIM BO3AYXOM pPa3IMdHbBIX KOHHCHTpaHI/Iﬁ.

Bruto ycTaHOBNIEHO, YTO NPH MPUMEHEHWH 030HATOPA, MPOM3BOAUTEIHHOCTHIO 0,32 T/9ac U COOTBETCTBYIO-
el 06paboTkoif 030HOM 00pa3noB B TeueHne 60 MUHYT HEe HaOII0JaOCh pa3pyIIeHHe TOBEPXHOCTH U CTPYK-
TYPBI IIPU CPaBHEHUH UX C HEO30HUPOBaHHBIMH 00pa3iamu. I1pu yBennueHnn BpeMeH! 030HUpoBaHus 10 90 Mu-
HYT, YK€ IIpH JOCTH)KEHHH 3TOT0 BPEMEHH, HaOII0JalloCh N3MEHEHHE TTOBEPXHOCTH M CTPYKTYPBI, a Pa3pyllu-
TenbHass cuia (paspblB) B CPaBHEHWM C HEO30HHUPOBAaHHBIMU oOOpasnamu, Obula Ha 0,94 HT MeHblIe y
030HHMPOBAHHBIX 00Pa3LOB CTPAHUIL CTAPHIX KHUT. [Ipy cpaBHEHHN 030HMPOBAHHBIX U HEO30HHPOBAHHBIX 00pa3-
IIOB OOBIYHBIX OEJBIX MEYaTHBIX JIMCTOB pa3pylnTesbHas cuiia Obia Ha 0,77 HT MEHbLIE.

N3yuena paboTa 030HaTOpa B 3aKpHITOM TMOMEIICHUH. Y CTAHOBJIEHa HEOOXOAMMOCTh J00ABICHUST HEKOTO-
PBIX M3MEHEHHI [UIsl yIIydIIeHns] paboThl 030HATOPA, 3 HUX 0COOEHHO BAKHBIX: yIAJIEHHE KOMIIPECCOpa BO3/1yXa
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Ha 3HAYUTEIILHOE PACCTOSHUE OT SYSHKU 030HAaTOPa; BHECCHNUE KOHCTPYKTHBHBIX U3MEHEHHH B SUCHKY 030HATOPA
C TIENTBI0 YIPOIICHUS 1 TIOBBITIICHHS () (DEKTUBHOCTH €T0 pabOTHI.

Abstract

The possibility of cleaning processes of books contaminated with mold, viruses, bacteria and other microor-
ganisms has been studied. The optimal dose of ozone has been determined, which will clean the surface of the
book page from mold, viruses, bacteria and other harmful microorganisms without damaging the surface of the
book and its internal structure.

The strength of various types of paper (printing, book—new, old, mold-infested, etc.) when treated with ozone
was studied. The paper's strength depends on the composition and structure of the paper, which is formed during
the paper production process. The structure was studied using a microscope. The breaking force of the structure
was measured in Newtons.

During the work period, studies were conducted on the processes occurring in old books and printing sheets
under conditions of increased ozone concentration.

It was determined that using an ozonator with a capacity of 0.32 g/h and the optimal 60-minute dose of ozone
did not change the arithmetic mean value of the sheet-breaking force in Newtons compared to non-ozonized sam-
ples. However, more highly ozonized (90 minutes) samples, when the surface and internal structure of the paper
began to change at the moment of stretching and tearing, the value of the breaking force also varied compared to
non-ozonized samples. In particular, in the case of the old book, the breaking force was reduced by 0.94 Newtons
compared to non-ozonized samples. The process proceeded similarly in the case of white printing paper, with the

breaking force value decreasing by 0.77 Newtons.

The operation of an ozonator in a closed space has been studied.

The need to make several changes to the ozonator design has been identified, the main ones being:
o Moving the air compressor from the ozonator unit by a significant distance,

o Making structural changes to the ozonator cell to simplify and increase its efficiency.
KuaroueBsie ciioBa: O30HATOp, 030H, KHUT'a, MUKPOCKOII, HEIOTOH, KOHCTPYKIIHS, KOMIIPECCOP.
Keywords: Ozonizer, ozone, book, microscope, Newton, design, compressor.

Beegenne

U3BectHO [nuT. 1.], 9TO MpU 00pabOTKE 030HOM
CTpaHUI] CTapbIX KHUT, HAXOASLIMXCS B KHUTOXPaHHU-
JIMIIE OTHOU M3 OMOJIMOTEK, C MPUMEHEHH 030HATOPA,
MPOM3BOIUTEIHHOCTEIO 0,32 T/9ac M BpEMEHH O30HU-
poBanus 60 MHH., HE HAaONIOAATOCH M3MEHEHHE II0-
BEPXHOCTH CTPAHHMIl ¥ X CTPYKTYphl. C yBenndeHneM
030HHpOBaHUA 70 90 MHUHYT HAaUYMHAIOCh M3MEHECHHE
CTPYKTYpbI, a nocyie 120 MUHYT O30HUPOBaHUS U MO-
BEPXHOCTh U CTPYKTypa CTPAHUI] MOJHOCTBIO pa3py-
mangack. Bo3HHKNIAa HE0O0XaguMMOCTh HCIEIOBAaHUS
MPOYHOCTH CaMHX CTPaHMIl B TeX e ycnoBusx. Ha
HayalbHOM 3Tale H3y4ajach IMPOYHOCTh PA3ITHUHBIX
Oymar (meyaTHBIX O€JbIX JIMCTOB, CTPAHUIl HOBBIX U
CTapbIX KHUT, 3arps3HEHHBIX IUIECEHBIO U Jp.), 4TO

CBSI3aHO C MOKa3aTenaMu camoi Oymaru. CaMbIMH 3Ha-
YHUTENILHBIM NOKA3aTeIAMH SBJISIOTCS IUIOTHOCTD U T10-
puctocTb. [l1s pa3iIn4HbIX OyMar IIOTHOCTh MEHSETCS
B mpeaenax 0,5 r/cm’ -1,2 r/cm’. 3Hauenue umeeT
TaKKe TOJIIMHA Oymar, KOTopasi U3MepseTcsl COOTBET-
CTBYIOIIMM TIprOopoM(MkM). Crita OyMaru 3aBHCHT OT
CHJIBI CTPYKTYPBI caMOii OymMaru, KoTopasi BOSHUKACT B
npouecce npon3BoacTBa. Cuia, pazpymaronas CTpyK-
Typy Oymaru, n3mepsiercst B HploToHax. V3BecTHO, 4TO
cuia Oymaru onpenesseTcs He CHJIOW BOJIOKHA, a CH-
JaMU CBSA3M Mexay Humu. Hampumep, runpodoOHbIi
areHt (po3vH) YMEHbIIAeT IUIOTHOCTh OyMaru, a THII-
poduabHEIH areHT(Kpaxmai), Ha000POT yBEIHMUYUBACT.
Cuma mpouyHocTm Oymard wu3Mepsulach Ipubo-

pom(puc.1).
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JKcnepuMeHT

B npouiecce paboThl MPOBOAMINCH HCCIIETOBAHUS
pu 00paboTKEe 030HOM B TCUCHHE Pa3HOTO BPEMEHU
O30HHMPOBAHUSA: CTapBIX KHUT W IE€YATHBIX JIUCTOB, B
YaCTHOCTH, COXPAHEHHS W U3MEHEHHS POYHOCTH HC-
MMONTb30BaHHOW Oymaru. JlaHHBIC, TOJyYCHEHHBIC B
MIPOIIECCe PAcTSDKEHMS M pa3phiBa 00pasIoB BO BpeMs
MIPOBEJCHUS 3KCIICPUMEHTa, MPHUBEICHBI B Talbnmmax
1,2,3,4. C kaxxapIM 00pasiioM MpOBOAUIOCH 6-7 U3Me-
PeHHUI U OIPEeAEIIIOCh CpEeHEe apUTMETHIECKOE 3Ha-
YeHHE B HbIOTOHAX [KT.2]. [lomyyeHHbIe JaHHBIE YKa-
3BIBAIOT HA TO, YTO NPH O30HUPOBAHMUU B TeueHHe 60
MHHYT C IPUMEHEHUEM 030HATOPA, IPOU3BOUTEILHO-
creto 0,32 r/uac, cpeanee apudmeTnyeckoe pa3pylu-
TenpHOM cuitbl (1,92 HT) He MeHseTCsl B CpaBHEHUH C
HEO030HUPOBAaHHBIMH 00pa3iiaMu. C yBeIMueHHEM Bpe-
MeHHM 030HHpOBaHKA(90 MUH. ), HAUMHAECTCS N3MEHEHNE

Puc. 1. IIpubop ons onpedenenus npounocmu bGymazu.

BHYTPEHHOM CTPYKTYpH ¥ noBepxHocTU[IuT.1]. [Tomy-
YeHHbIC JaHHBIC TOKA3bIBAIOT, YTO JUII O30HHPOBAH-
HBIX 00pa3LoB, B YaCTHOCTH, B CIIydae CTPAHUI] CTapbIX
KkHAT(TaONNma 3) 3HaYCHHE pa3pyIIUTENFHON CHIIBI
yMmeHbIImIock Ha 0,94 HEIOTOHA TIPH CPaBHEHUH C He-
030HUPOBAHHBIMH 0Opa3namu(tabnuma 1). AHamormd-
HBIC JaHHBIC IIOJyYeHBl B CiIydae I€YaTHOTO JIH-
cra(tabimuna 4), B 4aCTHOCTH, pa3pyLIMTEIbHAS CHIIa
ymeHbmiack Ha 0,77 HT, IpU CPaBHEHUH C HEO30HU-
poBaHHBIMHU 00Opa3uamu(Tadauna 2).

OnpenesieHne NPOYHOCTH B HEO30HUPOBAHHBIX
o0pa3uax

Crpanuna crapoii kauru. OGpasipl IPUroTOB-
JISUTUCH TI0 crienuainbHoi hopme(nionHas uimHa 12 oM,
muprHa | ¢M, MIMpUHA TOJOBKU 2 CM).

Tabmuma 1
Bec obpasna, B p Paspymmrenshas cuna(F), B HploTOHaX
0.22 1.87
0.23 1.85
0.19 2.16
0.18 2.01
0.18 2.28
0.20 1.85
0.17 1.40
Cp. 1.92

Benvblii neyatnsiii auet 6ymaru. OOpasis! npu-
TOTOBWJIMCH TIO CIIeIHaIbHOM popme(moHas amuHa 12
CM, IIUPHUHA |CM, ITUPUHA TOJIOBKH 2 CM).
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Tabanma 2
Bec ob6pasma, B rp PaspymmrensHast cuna (F), B HpIOTOHAX
0.20 3.01
0.20 2.69
0.20 3.50
0.22 3.20
0.20 3.75
0.20 2.95
0.22 3.10
Cp. 3.30

Omnpenenenue NPOYHOCTH O30HMPOBAHHBIX(B

Teuenue 90 MmuH.) 00pa3uoB.

Crpanuna crapoii kuuru. O0pa3Iifsl IPUTOTOBH-
JHCh 1O CHeUUaibHOW (opMe(monHas aiauHa 12 oM,
muprHa 1 ¢M, MIMpUHA TOJIOBKHU 2 CM)

Tabauna 3
Bec o0Opasna, B p PaspymmurensHas cuna (F), B HbroToHax
0.35 0.80
0.38 0.85
0.33 1.01
0.33 1.19
0.35 0.91
0.31 1.06
0.31 1.06
Cp. 0,98
Benvblii neyatnsiii muct 6ymaru. OOpasis! npu-
TOTOBWJIUCH 10 cHELsuIbHOM (opme(nonHast anuHa 12
CM, mHpHHA | CM, IIHPHHA TOJOBKH 2 CM).
Tabmuma 4
Bec obOpasna, B rp PaspymmrenpHas cuna(F), B HploTOHaX
0.27 2.13
0.33 2.60
0.36 2.10
0.33 2.90
0.29 2.60
0.33 2.70
0.33 2.70
Cp.2.53
BriBoab! IToce ncnbITaHus paboOTHl 030HATOPA B 3aKPHI-

VYcTaHOBIIEHO, YTO O30HUpOBaHUE B TeueHue 60

MHUHYT C IPUMEHEHHE 030HATOpPa, MPOU3BOIUTEIHHO-
cthio 0,32 r/yac CTpaHHUIl CTAPBIX KHUT WM NEYATHBIX
JIMCTOB HE MEHSIET Cpe/iHee apu(hMETHIECKOe 3HAUCHNE
pa3pyMUTEeNsHON CHIIBI B HBIOTOHAX IPU CPAaBHEHUU C
HEO30HHPOBAaHHBIMU oOOpasuamu. [Ipu yBenudeHun
BpEMEHHU 030HHPOBaHUS 10 90 MUHYT, KOT/Ia HAYWHA-
eTcsl I3MEHEHHE MOBEPXHOCTH M CTPYKTYpbI Oymarw,
MIPY PaCTsDKESHUH U pa3phIBe TaKXKe U3MEHSCTCS 3HaUe-
HHUE Pa3pyIIUTEeILHON CHJIBI IIPH CPABHEHHUHU C HEO030-
HUPOBaHHBIMH O0Opa3uamu. B wacTHOCTH, B citydae
CTpaHUI] CTapoil KHUTH pa3pyIIHUTeNIbHAs CHJIa YMEHb-
munack Ha 0,94 HT, Ipu CpaBHEHHH C HEO30HUPOBAH-
HBIMH 00pa3uamu. AHaJIOTMYHO TPOTEKAET Mpolece B
ciydae 0eroro MeYaTHOTO JIMCTA, pa3pyIInTeNbHAas
cuja yMEeHbIIWIAch Ha 0,77 HT.

JLis BBITIOJTHEHMS TIPEJaCTaBICHHOW paboThI BO3-
HHUKJIa HEOOXOIMMOCTh CO3IaHMS O30HATOpa HOBOI
KOHCTPYKLIMUH B JaOOPaTOPHBIX YCIOBUSAX IS 3a-
IIUTHI KHUTOXPAHWINI OUOJIMOTEK OT TPUOKOBBIX 3a-
GosieBaHMiA.

TOM IOMEIICHNH TOHAJO0MINCh HEKOTOPbIe M3MEHe-
HUS, U3 KOTOPBIX BaXHHMHU SBISIIOTCA: 1. YpaneHue
KOMIIpeccopa BO3/lyXa Ha 3HAUUTEIIHOE PACTOSHUE OT
A4erKu o30HaTopa M 2. BHeceHMe KOHCTPYKTHBHBIX
U3MEHEHUH B AYEHKY 030HUPOBAHU C LEJBIO YIIPOILE-
HUS U TOBbIeHHs 3¢ dexTrBHOCTH paboTsl. HeoOxo-
JUMOCTH 1-rO M3MEHEHHs BBI3BaHA TEM, YTO B KOM-
IPeccop BO3IyXa HENOCPEACTBEHHO BOIM3M SYEHKH
030HATOpa, BMECTE C BO3yXOM IOMNajgaeT BHIpaboTaH-
HBIH 030H. Kak u3BecTHO, paboune neraau KoMIpec-
copa, B OOJIBIIMHCTBE CIIyYaeB C/IEJIaHbl U3 PE3UHBI, 13
CTaJIM U 1pH paboTe B cpejie 030Ha OHH YaCTO BBIXOMAT
U3 CTPOSI U3-3a KOPPO3UHU.

Jns ycTpaHeHus 3TOi NPpUUNHBI KOMIIPECCOp 10JI-
JKeH HaXOAWThCS HAa 3HAYUTENHHOM YAAJICHHH OT
SYEHKH 030HATOpA WIIN B IPYTOM IIOMEIICHUH U OTTY1a
JOJDKHA OCYIIECTBISATHCS IOAada BBIpa OOTAHHOTO
BO3Iyxa B 030HaTop. C menpio MOBBIMIECHHNS 3 ek-
TUBHOCTH pabOThI 030HATOPa OBLIM UCCIICAOBAHBI YKa-
3aHHBIC Ha PHC. 2. YETHIpe sSUeika 030HUPOBAHMA pa3-
JUYHBIX KOHCTPYKLUI U CXEMBI B3aUMOPACIOI0KEHUS
UX aKTUBHBIBX JJEMEHTOB. B mepBoil m Bo BTOpOH
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sueikax 30HAa O30HHPOBaHUA(0OBEMHAS JJIEKTpUIC-
CKasl {yra) OCYHIECTBIISIETCSI MEXKIY HaxXOISIIECHCS B
[IEHTPEe KBapIeBOH TPyOBl M3 HEpPIKABEIOMICH CTau U
BHEIITHEH, HAMOTaHHOW Ha KBapIeBYIO TPyOy crmpa-
JIbI0 U3 HUXPOMOBOHW NpPOBOJOKU. Bo BTOpOH sAueiike
YHCJIO BUTKOB CIIMPAJIH B IISITh pa3 OOJIbILE, YEM B Iep-
BOW(5/1). B 3THX yCHOBHSX O030H IOJydYaeTcs Kak
BHYTPH KBapleBOW TpyOBI, TaKk M CHapyXH BOKpYT
HaMOTaHHOH cnupanbo. M3 -3a BBICOKOU TeMIlepaTypbl
BHYTPH KBapIlieBoH TpyOs! oOparumas peakius 302¢...
=203 OTKIIOHSETCA BIIEBO. B 060Mx ciydasx, BEpado-
TaHHBIA BO BHEUIHEN Cpelie, 030H JOJDKEH pacipocTpa-
HATHCS B COCETHEH HIU3KOTEMIIepaTypHOii 30He 0e3 To-
MalaHusl B BBICOKOTEMIIEPATYPHYIO 30HY IJISI YMEHb-
HIEHUs Mepexoa 030Ha B kucaopod. Mcxons us storo,

4000
1/'
s e e
1.
37
/ /2
-«
/4
.

3.

YBEJIMYEHUE CHAPYKH BUTKOB CITUPAIIH JOJKHO YBEIIH-
YUTh BBIXOJ 030HA BOKPYT BHEIIHEW crnupanu. B 3to
K€ BpeMsI yBEJIMUEHHE BUTKOB CITIOCOOCTBYET IOBBIIIIE-
HUIO TEMIIEPATYyphl BO BHYTPEHHOM 30HE U MEPEXOMY
peakuun o6patHo 203 --->30;.

B TperbIM BapuaHTe STUEHKH y3Kasi 30Ha O30HHUPO-
BaHUS BO3HUKAET MEXIy HaxXoAslelcs B KOHLE LIeH-
TpanbHOH TPyOBI IMCKOM W3 HEP)KABEIOIIEH CTald U
PacIOJIOKEHHOT 0 BJIOJIb KBAPLIEBOM TPYObI y3KOIMOJIO-
coBoro uekrpoaa. Korga 3Ta 30Ha MUHHMAJIbBHO yna-
JIeHa OT BBIXOJA SYEHKH, 00pa3yromuiics BHYTpH U
CHApY’>KH O30H B ONITUMAJIbHOM KOJHMYECTBE MONANAET
B HY)KHYIO CpEZly H CIIy>KUT IIOCTaBICHHOM LIENN.

3 5
s000000OQOS /

S

1/"

'
/1 /4

—

4.

Puc. 2. Cxemvl 0CHOBHBIX NPEONOINCEHHBIX AUEEK O30HUPOBAHUSL.
1-yenmpanvuolil 21ekmpoo u3 nepcaserowel cmanu, I'- yenmpanohvli 31eKmpoo 6 popme oucka, 2- Keapyesast
mpyoa,; 3- GHewHUll IeKMPOO CO CRUPANIBIO C YeMbIPbMSL GUMKAMU U3 HUXPOMOBOU NPOBOAOKU,; 3'- 6HEUHULL
91eKmMpod co chupanvio ¢ 20-10 sumxamu u3 HUXPOMOBOU NPOBOLOKU ;| 37~ HEUHUL IAeKMPOO( 0OUH BUMOK
CRUPAIU NPOBOJIOKU U3 HUXPOMA), 4- 30HA 00BEMHOL DNEKMPUYECKOU OYU.

B uerBéproM BapmaHTe KOHCTPYKIHMH SHYEHKH
JJIEKTpUYECKas Jyra OCYIIECTBIAETCS HENOoCpen-
CTBEHHO MEXy KOHIIOM LIEHTPaJIbHOW TPYOBI ¥ ONTH-
MaJlbHO OTHAJEHHOTO BHEIIHEro Y3KOIOJIOCOBOTO
anekTpoja. B aTmx ycnoBmsx siekTpuyeckas ayra
npuHuMaetT GopMy BOpOHKU. Takoe pacnoyoxeHHue

JIEKTPOJIOB HA ONTHUMAIBHOM YAAIEHHHM OT KOHIA
KBapLeBOH TPYOBI omnpenelsieT MakCUMallbHOE BBEJIE-
HHE 030HA B HYKHYIO Cpely.

TectupoBaHKe BceX YETHIPEX KOHCTPYKIHH OCy-
LIECTBIISUIOCH C TPUMEHEHHEM TI'€PMETHYECKOrO IH-
JMHAPUYIECKOr0 COCYa, MPECTaBICHHOrO Ha puc. 3.

/1

(O]

O3 5

Puc.3. Cxema ycmpoticmsea mecmuposanus sueex 030Hamopos. 1-zepmemuunas xamepa, oovemom 10000 cm3,
2-ayetika 030uuposanusi, 00wvémom 100 cm3..
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TectupoBaHue BceX YETHIPEX KOHCTPYKIUH TPO-
BOJIMJIOCH C MCTIOJIE30BaHUEM T€PMETHIECKOTO IIMIINH-
JPUYECKOT0 COCy/a, IPECTAaBICHHOrO Ha puc.3 B cie-
JYIOIINX YCIOBHSX: 00BEM cocyna JBYMs CTENICHSIMHU
MPEBOCXOIMI 00BEM siueeK; MHTEHCUBHOCTH I0/jaBae-
MOTO0 B siYelKy Bo3ayxa cocrasisuia 300m/gac. [Tpuio-
JKCHHBIM TOTEHIMAN Ha 3JIEKTPOJBI BO BCEX CIIydasx
paBrsuicst 10 kBonbT. IIpOMOIKUTENEHOCTE O30HUPO-
BaHUs MOTOKA BO3AyXa PEryIHPOBANACH C TOMOIIHIO

peie BpeMEHH U BO BCEX CIyYasX PaBHIOCH 2 MUHY-
TaM, OTHOCUTEIILHOCTh 00BEMOB STUEHKH U COCYa, CTa-
OMJIBHOCTB IIOTOKA BO3/1yXa, MPOAOJIKUTEIBHOCTh 030-
HUPOBAHMS ONpPEICISUIN MICHTHBHOCTH YCIIOBHH HC-
TIBITAHUS] YETHIPEX SUEEK C YCIOBHAMH HCIIBITAEMOIO
o0bekTa (KHUroxpaHwinil Oubinorek). KommuectBo
UCIIBITYEMOI'0 030Ha OMNPEAeNIOCh HOJOMETpHYEe-
CKUM MeTOJIOM. J[aHHbIe TECTHPOBAHUS TIPEICTABICHBI
B Tabnume 5.

Tab6muma 5
JlaHHbIE KOJIMYECTBA HOAA, TOIyUYEHHBIE IIPU MIPONyCKAaHUU O30HUPOBAHHOTO Bo3ayxa yepe3 200 mi 0,1 N pac-
tBOpa KI.
BapuanTbl KOHCTpYKUUI Kommnuectso 3atpauennoro 0,005 N pac- KonunuectBo BeIAEISIOMIETO
TtBopa Na,S,03 (M) noma, N
1 23 5.10%
2 17 4.10*
3 54 16.10*
4 54 16.10*

Otcro1a MOKHO c/IaiaTh BBIBO, YTO C TOUKH 3pe-
HUS 9((GEKTUBHOCTH SYEHKU TpEeTheil M 4YeTBEBTOM
KOHCTPYKLIMH TIPaKTUYECKH WASCHTUYHBl W 3HAYH-
TENILHO MPEBOCXOIAT OcTanbHble. [loTomy, mpemy-
CMaTpuBas NPOCTOTY KOHCTPYKIWH, PEKOMEHIHPO-
BaHO IIPUMEHEHUE YETBEPTOIO BapUaHTa TYEUKU
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Rezumat

Lucrarea de fata face parte dintr-un studiu mai amplu, ce isi propune sa analizeze conceptele de identitate si
sarbatoare, in raport cu diaspora romaneascd, in contextul globalizarii si al migratiei. Multiculturalismul si
interculturalitatea sunt evidente; de aceea o analiza a conceptului de identitate, ca aspect relevant al vietii sociale,
culturale si cotidiene, este imperios necesard. Consider acest lucru deoarece asistdm la aparitia unor comunitéti
minoritare, etnice, cunoscute sub termenul generic de diaspora; care se raporteaza intr-un mod special la identitate,
penduland permanent intre doud culturi (cea din tara natala si cea din tara de adoptie). Exista diverse forme de
identitate: culturald, nationald, istorica, publicd, etnicd, de optiune, pozitivd/negativa, sociald, profesionald. Una
dintre identitatile la care ne vom referi este identitatea sociala, ce presupune apartenenta individului la un anumit
grup social si constientizarea acestui aspect. O altd forma definitorie pentru orice om este identitatea nationala, in
construirea careia un rol important ii revine memoriei sociale. Fiecare popor, un anumit grup social sau comunitar
isi revendica propria identitate, un rol definitoriu avindu-I limba materna, raportarea la cult, dar si la traditie, la
valori. la nastere, in acest mod, identitatea culturalda, cel mai important aspect al acesteia fiind limbajul,
comunicarea. Un alt tip de identitate, ce are legaturd directd cu migratia, este identitatea de optiune; la care se
adauga o identitate revendicativd, specifica romanilor emigranti apatrizi, exilatii, pribegii de dinainte de Revolutia
din 1989, contestatarii conditiilor de trai din propria tard. Desi fiecare resimte diferit ruperea de tara, cu totii
experimenteaza conditia strainului.

Lucrarea ilustreaza si notiunea de sarbdtoare, prezentand calendarul obiceiurilor si sarbatorilor romanesti —
reminiscente in unele comunitati roménesti din diaspora. Optiunea de a le studia este motivatd de bogatia
folclorului pe care romanii l-au dus peste granitele tarii, /-au exportat. Acestea, cuprinse in sarbatorile noastre,
sunt asemenea unor verigi dintr-un lant in care se imbinad armonios datini, obiceiuri, practici, ritualuri, credinte, in
care se explica reciproc spiritul si materia. Ele au un caracter unitar, in ciuda micilor diferente care apar, in functie
de regiunile tarii din care au plecat romanii aflati in diaspora. Sarbatorile traditionale sunt mereu vii, chiar daca
unele dintre traditiile aferente lor nu se conservé, ci se transforma: unele partial, altele radical sau sunt compuse,
dupa vechile scheme, si reinvestite cu functii sau simboluri noi.

In concluzie, elementul popular sti la originea fiecarui popor in parte, il defineste fiintial si identitar si tocmai
de aceea, atunci cand ne indreptam spre alte zari, el nu poate fi lasat deoparte pentru ca este adanc inradacinat in
fiinta romanului, oriunde s-ar afla.

Abstract

This article is part of a broader study that aims to analyze the concepts of identity and celebration in relation
to the Romanian diaspora, in the context of globalization and migration. Multiculturalism and interculturality make
it evident that analyzing the concept of identity as a relevant aspect of social, cultural, and daily life is important.
This necessity stems from the emergence of minority ethnic communities, commonly known as diasporas, which
relate to identity in a particular way, constantly oscillating between two cultures: that of the country of origin and
that of the host country. There are various forms of identity: cultural, national, historical, public, ethnic, elective,
positive/negative, social, and professional. One of the identities addressed in this study is social identity, which
involves an individual's belonging to a particular social group and awareness of that belonging. Another defining
form for any individual is national identity, in the construction of which social memory plays an important role.
Each person, as well as any social or community group, claims its own identity, the mother tongue, religious
affiliation, tradition, and values playing a determining role. Language, or communication, is the primary factor in
establishing cultural identity. Another type of identity directly related to migration is the identity of choice, com-
plemented by a revealing identity specific to emigrants, Romanian exiles, and stateless displaced persons who
were challenged by living conditions in their country of origin before the 1989 Revolution. Although each expe-
riences the separation from their homeland differently, all share the condition of strangeness.

The article also illustrates the concept of celebration by presenting the calendar of Romanian customs and
festivals as preserved in some communities of the Romanian diaspora. The decision to study these traditions is
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motivated by the richness of folklore that Romanians have brought beyond the borders of the country. These
elements, embodied in the Romanian celebrations, resemble links in a chain where customs, practices, rituals, and
beliefs intertwine harmoniously, explaining each other's spirit and matter. They present a unitary character, despite
minor differences that manifest themselves depending on the regions from which the Romanians of the diaspora
come. Traditional festivals remain alive even if some of their associated customs are not preserved but transformed:
some partially, others radically, or reconfigured according to older patterns and reinvested with new functions or

symbols.

In conclusion, the folk element lies at the origin of every people, defining them existentially and identically.
For this reason, when individuals move to other horizons, it cannot be left behind, because it is deeply rooted in

Romanian being, wherever they are.

Cuvinte-cheie: identitate, sarbatori, traditii, diaspora, limba materna.
Keywords: identity, festivals, traditions, diaspora, mother tongue.

In a modern world, characterized by diversity, pro-
moting a society that tends toward globalization, in
which multiculturalism and trans culturalism increas-
ingly become commonplace, an analysis of the concept
of identity, as a relevant aspect of social, cultural, and
everyday life, becomes imperative. Globalization,
which has generated extensive migratory movements,
has led to the emergence of minority ethnic communi-
ties, generically known as diasporas, which relate to
identity in a particular way, constantly oscillating be-
tween two cultures: that of the country of origin and
that of the host country. It is generally accepted that
identity exists in multiple forms: cultural, national, his-
torical, public, ethnic, identity by choice, positive or
negative identity, social identity, professional identity,
and others. “The notion of identity is polysemic; it ap-
pears both in everyday language and in the vocabulary
of psychology, psychoanalysis, and philosophy.” [1]
The present study proposes a minimal definition of sev-
eral of these concepts, which serve the purpose of this
work and will be developed further as required. One of
the identities addressed here is social identity, defined
as “the individual's awareness of belonging to a partic-
ular social group, together with the emotional and eval-
uative significance attached to that membership.” [2]
From this definition arise three essential coordinates:
“individuals recognize that they belong to a specific
group, experience this belonging emotionally, and as-
sign value to their membership in that group.” [3]

The authors of one of the foundational theories of
social identity, Henri Tajfel and John C. Turner [4], ar-
gued that individuals generally seek a positive self-con-
ception in order to maintain or increase self-esteem.
However, certain social groups or categories to which
one belongs may carry either positive or negative con-
notations, generating correspondingly positive or nega-
tive social identities. In this way, social groups contrib-
ute decisively to shaping an individual's social identity.
When one's own group is evaluated in comparison with
another group, through the comparison of attributes or
values, a positive or negative difference may emerge.
In the case of Romanians living beyond the country's
borders, or those intending to emigrate, such a differ-
ence often appears as negative, associated with dimin-
ished prestige. Consequently, social identity becomes
unsatisfactory, and individuals attempt to leave their
group of origin, hoping to gain access elsewhere to a
more positively valued group. Upon arrival in the host
country, as emigrants or foreigners, they frequently en-
counter the same condition of negative social identity
and “begin to act in ways intended to improve the status

of their own group.” [5] A situation of this kind is de-
scribed by Gina Stoiciu in her book Acasa. Cei plecati
in lume, where she reflects on the experience of Roma-
nian emigrants in Montreal, Canada, beginning in the
1980. [6]

Another defining form of identity for any individ-
ual is national identity, in whose construction social
memory plays a decisive role: "the notion of identity
depends on memory and vice versa... Identity, that
hard core of personality, is sustained by the recollec-
tion of how we related in the past to other people, to
society, and to values." [7] We assume a particular
identity based on what we consciously remember; vol-
untary recollections of the past shape the representa-
tions we hold about ourselves in the present. Every per-
son, or even a particular social or community group,
claims its own identity, perceived as something sacred.
[8] If personal identity represents a set of qualities and
flaws belonging to the same individual, and social iden-
tity refers to the specificity of a group in terms of gen-
der, profession, religion, or social status, national iden-
tity occupies a different plane. As Chelcea argues, “na-
tional identity, like ethnic identity, constitutes a

fundamental identity group: from the first days of life,

the newborn begins reacting to stimuli from the sur-
rounding world, especially to the presence of the
mother, who herself belongs to a nationality, speaks a
language, and follows a system of values, including re-
ligious ones. In acquiring the mother tongue, the candi-
date for humanity becomes fully human.” [9]

In this way, cultural identity emerges, with lan-
guage and communication as its central components.
The importance of the mother tongue for national iden-
tity is therefore crucial, since "the mother tongue deter-
mines our human identity and nourishes our inner be-
ing." [10] From this perspective, another essential di-
mension of national identity, despite the coexistence
with other religious denominations, remains Ortho-
doxy, particularly visible in Romanian diaspora com-
munities. There, the church, and especially the Ortho-
dox Church, plays a crucial role in preserving and af-
firming national identity. Thus, “both the mother
tongue and religious affiliation may function as poles
around which national identity crystallizes.” [11] From
these derive, implicitly, the collective self-awareness of
a nation or ethnic group.

Modern societies also invent traditions, and many
historians argue that such practices attempt to establish
continuity with the historical past. There is, however, a
risk inherent in the invention of traditions when they



Slovak international scientific journal # 104, (2026)

25

imply a rupture from older practices. Invented tradi-
tions are often accompanied by invented celebrations,
some belonging to contemporary or urban folklore.
While older traditions are generally tied to ritual prac-
tices, social customs, and even superstitions, invented
ones differ in form but frequently promote similar
moral values, such as patriotism, loyalty, and duty.
Among invented celebrations are those that mobilize
the Romanian tricolor and national emblem, reflecting
the political symbolism present in every nation. Within
Romanian families abroad, in community associations,
churches, or sporting events involving Romanian rep-
resentatives, the national flag is almost always present.
Such practices have generated celebrations such as Na-
tional Flag Day (26 June), Romanian Language Day
(31 August), Romanian Culture Day, The Day of Ro-
manians Everywhere (25 May), International Family
Day, Grandparents' Day, United Nations Day, and
many others carrying symbolic meaning.

Returning to the concept of identity, we may men-
tion a category directly linked to migration, namely
identity by choice. Some researchers argue that, for any
nation, history and the territory of the homeland be-
come objects of symbolic reverence. The individual be-
comes fully human by assuming, throughout the pro-
cess of socialization, the origin and history of the group
into which they are born and within which they live.
The past, recalled in memory, represents a durable
source of identity and a program for the present. [12]
When an individual, a group, or an entire population
leaves its native territory and severs this connection,” it
loses the identity prescribed by birth and adopts an
identity by choice.” [13] This situation is particularly
relevant in the case of Romanian emigrants, especially
the stateless, the exiles, and the wanderers before the
1989 Revolution. They fall into the category of individ-
uals with a vindictive identity [14] generated by their
opposition to the living conditions in their homeland.
Most contested political power discreetly and tacitly,
out of fear of repression, constructing in this way a neg-
ative identity that extended to a large part of Romanian
society. The more courageous among them chose to
leave the country in the hope of building a positive
identity elsewhere. Many, however, encountered unex-
pected barriers, the most immediate and painful being
the language barrier. These experiences are reflected in
numerous accounts from members of the diaspora. Alt-
hough each person experiences separation from the
homeland differently, all confront the condition of the
foreigner, which may appear as a form of dispossession
of identity produced by uprooting. [15] For each indi-
vidual, departure represents a unique experience. It is
often perceived as an act of courage, an adventure of
one's own life, a destiny consciously shaped and as-
sumed, yet nostalgia and, frequently, loneliness inevi-
tably make themselves felt. “Estrangement, initially ex-
perienced as isolation, gradually becomes an attentive
observation of an unfamiliar world and a lucid observa-
tion of life itself. The paradox of choice is that one can
never know whether the chosen path was the right one.”
[16] In order to understand this experience, the emi-
grant turns to memory, because the first life becomes
the past. Chronological order is one thing, voluntary

memory another; memory builds bridges within a mul-
ticultural world, since “identity and memory are not
things we think about, but things with which we think.”
[17]

Within this context of preserving identity, Roma-
nian folklore assumes an essential role, especially the
calendar of customs and celebrations and their rem-
nants within diaspora communities. The motivation to
study the persistence of Romanian traditions abroad
arises from the richness of folklore that Romanians
took it across the country’s borders, exported it, a term
used by Flaviu Predescu, within the show Romanian
traditions in the Diaspora. [18] The popular element
stands at the origin of every people; it defines them both
ontologically and in terms of identity, remaining insep-
arable from them regardless of where they move. As
Cocchiara argues, “the discovery of the primitive and
popular element is not an external act, but a given of
our consciousness that provides new and original expe-
riences.” [19]

A history of peoples, and particularly of the Ro-
manian people, necessarily includes a history of folk-
lore, which constitutes an integral part of the history of
civilization and culture. Folklore is a complex ensem-
ble that incorporates customs, traditions, rituals, be-
liefs, and superstitions, a vast spectrum of popular life
manifestations existing within civilizations. It repre-
sents the intersection of several disciplines, including
philology, anthropology, ethnography, sociology, and
psychology. Its unity derives from the heritage pre-
served, affirmed, promoted, and often recreated by each
people. The concept of people itself refers to "A well-
defined particularity that responds to certain ethical or
spiritual interests towards which one's own actions and
thoughts aim [...] is the expression of a certain vision of
life, of some certain spiritual attitudes, of thought, of
culture, of customs, of a civilization that presents itself
with its own characteristics, specific, well structured.
This is the very nature of folklore [...] The folk is al-
ways as history has created it: a history not only politi-
cal, but a historical life in all its manifestations, from
language to economy, from law to morals." [20]

The folk is first composed of individuals who pass
through successive stages of life marked by key human
moments: birth, marriage, and death. These transitions
often involve shifts in social status or even movement
between societies, and each transformation generates
both profane and sacred reactions. Life events, past and
present, define the human being, society, and its rela-
tionship with nature and the universe, all subject to rit-
ual frameworks. Tradition crowns these processes,
rooted deeply in the past yet constantly reflected in the
present, and this is the domain studied by folklore. The
promotion of Romanian traditions is also motivated by
the desire to awaken national consciousness among Ro-
manians wherever they may live. Preserving and trans-
mitting these traditions safeguards not only ways of life
but also forms of authentic Romanian artistic expres-
sion. They create bridges between people, between past
and future, and between generations. “It cannot be de-
nied that the study of folklore has always contributed to
overcoming the spiritual and cultural boundaries of
each people to reach towards the end the recognition of
a wider community, the one that unites people with
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each other. The generous competition [...] eager to save
everything that each person and each nation has most
intimate starts, of course, from a national feeling [...]
The very concept of Europe, the new concept of Eu-
rope, remains useless and empty, if it is not decisively
introduced into the circle of those cultural and moral
factors to whose creation it contributed folklore. Be-
cause folklore urged researchers to think in English, in
German, in Russian, and in other languages, but at the
same time urged them to think in European, according
to an expression of Mrs. Stiel." [21]

This dynamic becomes evident when examining
Romanian traditions carried beyond national borders.
These traditions, embedded in celebrations, function as
links in a chain where customs, practices, rituals, and
beliefs intertwine harmoniously, mutually explaining
the relationship between spirit and matter. They survive
precisely because they respond to deeply rooted emo-
tional structures within Romanian identity. The con-
nection between Romanians and their homeland per-
sists even among those who left in anger or disappoint-
ment. The bond remains internal, because
“Transplanting traditions outside their native soil re-
sembles inviting guests into a household after changing
their clothes, while their essence remains intact.” [22]
It can be noted, at the same time, that the unitary char-
acter of the traditions and customs of our people, de-
spite the small differences that appear depending on the
regions of the country from which the Romanian dias-
pora left: "The people have their songs and their cus-
toms, their stories, and their holidays [...] like the leaves
of a tree that sinks its roots into the past, from where it
draws the sap of the future." [23]

Anything that originates from the people and re-
turns to them in forms they preserve and value may be
considered popular, and celebrations belong to this
sphere. Popular traditions stand at the foundation of
human existence. [24] Traditional celebrations remain
alive even when some associated practices are trans-
formed or forgotten; common ritual forms continue to
appear at crucial moments in human life, wherever their
bearers migrate. Some traditions change partially, oth-
ers radically, and some are recomposed according to
older patterns and reinvested with new meanings or
functions.

The Romanian ethnographer Simion Florea Mar-
ian presents, in his monumental ethnographic study Ro-
manian Celebrations (original title: Sarbatorile la
romani), a detailed portrait of the popular calendar. Di-
vided into three volumes, the work is grounded in ex-
tensive documentation and focuses on what Romanians
themselves believe and say about their celebrations.
[25] Marian acknowledges that certain customs disap-
pear while others replace them, yet insists that their
study remains necessary for ethnographers, anthropol-
ogists, and historians alike. His monographic research
includes both church celebrations and those considered
pagan or unrelated to official religious practice but still
respected by the people. Although many ancient cele-
brations have faded over time, certain rituals and beliefs
have survived in adapted forms. “The celebrations to
which Marian devotes the greatest attention are those
that continue to hold strong resonance within Roma-
nian communities worldwide, regardless of geographic

location. Among the most significant within his study
are the New Year and Easter cycles, which occupy the
largest ritual and symbolic space.” [26]

Both in the conception of the ethnographer S. FL.
Marian, and in that of the Romanian people, the Chris-
tian holiday of Holy Easter is considered "the greatest,
most important, most sacred and joyful holiday of the
year." [27] It is known that it is a holiday celebrated in
spring and this thing is not accidental at all because na-
ture is also revived with Christ and with the triumph
over death which the Savior brings. What draws atten-
tion in this study and is related to our approach regard-
ing the reminiscences of traditional Romanian holidays
in the diaspora, is that distinct note that is found in all
chapters dedicated to major holidays, regarding the de-
tailed presentation of manifestations that we find on the
day of a certain holiday, which have continued until the
days of our time, including in Romanian communities
outside the country's borders. Some precede major hol-
idays, others are held on the very day of the holiday,
and others follow it. For example, in Holy Week, which
precedes the great feast of the Resurrection of the Lord,
people engage in household chores already established,
such as: the so-called spring cleaning, which must be
done at any cost before (the same thing happens on the
occasion of Christmas and New Year, especially since
the threshold of houses and churches will be trod by the
heralds of the Nativity of the Lord: carolers, the Star,
the Herod or Viflaim, the Goat, the Buhai); to which are
added rituals indispensable for any housewife who re-
spects herself, including: beautifying the house, baking
the Easter bread, called pasca, painting the eggs and
preparing the lamb. Some foods, considered ritual
foods (for example: round or elongated cakes, those
called old men or old women, pies, prosphora or the
notorious Easter lamb) generate a true spirit of compe-
tition, which has been maintained among the diaspora,
taking care to present and offer them for tasting to for-
eigners from the country of adoption, in the midst of
which they live. Some of these have become small en-
trepreneurs and have even developed businesses that
thrive around the holidays traditional consecrated, es-
pecially (the well-known Romanian stores that have ap-
peared all over the world, especially where large com-
munities of Romanians live); others prefer to procure
from their homeland, directly from producers or from
family members, as ingredients as natural as possible,
which can bring to the holiday table the specific taste
and smell of the holidays at home. A special place is
occupied by egg painting (a ritual about which we find
multiple meanings and explanations in the mentioned
trilogy earlier).

It is worth noting that S. Fl. Marian, spreads be-
yond the Romanian space, making references to other
ethnographic areas as well. Thus, he mentions that "the
tradition of red eggs was also held by other peoples:
Romans, Persians, Greeks, Gauls, Egyptians, Italians,
Spaniards, as well as peoples from South America."
[28] The erudite ethnographer also paid special atten-
tion to the legends about painted eggs, highlighting,
thus, the folk art put in the service of respecting such
customs; detailing aspects related to the color range
used for painting eggs. Moreover, he also gave a speech
at the Romanian Academy, a reception speech on the
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popular chromatic theme. Egg painting in a traditional
, but also with methods that are more and more modern,
remains a defining element for the feast of Holy Easter,
in all Romanian communities around the globe, and the
custom of inviting folk craftsmen skilled in the realiza-
tion of this technique has already become a tradition,
which the Romanians from diaspora presents with pride
to the general public, invited to the various events oc-
casioned by of this great Christian holiday. The feeling
of national pride corresponds, however, from the most
distant times, also this feeling of Christian brotherhood
[29] that Romanians prove not only to their fellow
countrymen, but also to all their fellow human beings,
regardless of religion or nationality. What is notable to
remember from the celebration of holidays is the way
in which the Romanian has valued time, but also the
way in which he combined what is sacred with what is
profane, because this eminently religious holiday is ac-
companied by so many customs of not only a festive,
but also a profane nature. S. Fl. Marian's trilogy "pro-
posed, for the first time in our specialized literature, not
only a conclusive image of a part of the Romanians'
holidays, seen as a coherent whole, but also a definition
of them..." [30]

The scholarly successor of S. FL. Marian (because
he could not finalize the project of including, in their
entirety, the holidays of the year) is Tudor Pamfile, who
divided the holidays among Romanians into depending
on the seasons, as follows: Summer holidays, among
which are some that are preserved, are respected and
celebrated by Romanians beyond the country's borders,
some even being invested with new functions and sym-
bols: Summer Mogii (memorial service), Pentecost Cel-
ebration, Sdnzienele, Holy Apostles Peter and Paul, St.
Ilie; Autumn holidays and Christmas Fast: Saint Mary
— The Assumption of the Blessed Virgin Mary and The
Birth of the Blessed Virgin Mary, Day of the Cross,
Autumn All Souls' Day, Holy Archangels Michael and
Gabriel, St. Andrew, St. Nicolae, Ignatul (pig slaugh-
ter). Separately, he treats Christmas, enumerating "the
customs and beliefs that together make up the Christ-
mas holiday." [31] Both days are regarded as signifi-
cant, the traditions related to this period, elements of
the specific ritual, customs, habits of this holiday cher-
ished, among which: waiting for the holidays, cakes
and sweet bread, father Christmas, the blessing the
Christmas Eve table, caroling, Star o’caroling, Vifleim
or [rozii; the Goat (the Turk), Brezaia; slaughtering the
pigs; Christmas, autumn All Souls' Day, the Christmas
Tree, and others. About the legendary person of Christ-
mas speaks in Chapter VIII, mentioning in one of the
two final chapters: "Christmas is the man who drove the
mother of God out of his house in the hour of birth, but
later, after birth repented and gave glory to God. This
is what the legends tell us, which in their wide garb of
prose can keep it clearer, something that cannot be
asked of a carol, often out of the pen of a scholar [...]
Christmas includes many customs, like Easter." [32]

Today it is quite difficult to assess how much of
what is specifically Romanian, autochthonous, and au-
thentic can still be found in the culture of the people.
Despite the course of human evolution and the fact that
Romanians have come to spread across the world and
engage with an increasingly evident multiculturalism,

the capacity of folkloric models to capture diverse so-
cial realities and to express them in varied forms per-
sists. This endurance is due to the fact that each gener-
ation, in one way or another, inherits and carries for-
ward the traditions of its people, particularly those
centered on the major festivals of the annual cycle. No
culture of a people exists alone, but coexists with other
cultures, especially in this century in which borders are
open and free movement is no longer just a beautiful
dream; Romanian culture is not outside of that Euro-
pean, nor that of the universal, because artistic values
circulate in both directions. [33] Based on these con-
siderations, Constantin Eretescu compiles a classifica-
tion of all aspects related to folk literature as a source
of inspiration for written literature, gathering factual
and classifying folklore, which is, at least in Romania,
a syncretic phenomenon.

I consider this aspect important because it can
serve as a starting point for comparative and conclusive
research on how many of these traditions have evolved
within Romanian diaspora communities, and which
have disappeared, either through neglect or as a result
of reinterpretation. Certainly, we can speak of a perma-
nent recreation of them and not of a disappearance, with
some exceptions. Moreover, referring to this aspect,
namely the existence of an unquestionable connection
between people, the ethnologist, anthropologist, and
writer Constantin Eretescu remarked that: "The literary
folklore of Romanians was formed in the context of
their coexistence with other peoples. Differences in lan-
guage have never hindered the migration of cultural
values." [34]

We find that the folklore of customs is mostly pre-
served in modern society today and in Romanian com-
munities everywhere, which is visible in the holidays
throughout the year or in the crucial moments of human
existence, wherever they may be, being updated in a sa-
cred time. The ritual act is indispensable in the folklore
of customs, and it reveals its syncretic character be-
cause, surprisingly or not, even today, in all corners of
the world where Romanians live, certain ancient rituals
are practiced, even if they are most often disguised un-
der a new guise. Rituals differ not only from one his-
torical era to another but also from the point of view of
the meaning, functions they fulfill, or their motivation.
The mentality of those who practice them has deter-
mined transformations of these, but these metamorpho-
ses somehow confirm their perennity: "The contempo-
rary form of unfolding of some customs is, therefore,
the complex result of the successive modifications to
which they have been subjected." [35]

On a similar note, trying to synthesize folklore to
relate it to the latest realities, which are still preserved
and received by folklorists, Romanian holiday calen-
dars provide an admirable synthesis of the country's be-
liefs, customs, and traditions, key markers of national
identity examined in depth in Professor Antoaneta Ol-
teanu's monumental work, Space and Time in Roma-
nian Traditions. We find here: Calendar of holidays
with a fixed date, Calendar of mobile holidays, Calen-
dar of seasons, Weekly calendar, Calendar of days and
nights, and Lunar calendar. This work has relevance for
our research because it includes a vast ethnological ma-
terial, through which we are offered an updated version
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of all the holidays that we can find in the Romanian vil-
lages and, from here, carried to other horizons by our
Romanians, more or less tributary to them, who have
spread around the world and taken with them part of the
wealth and beauty of Romanian folklore, many of them
trying to create a piece of Romania where they are. The
author offers" [...] a gradual presentation of the festive.
In addition to traditions and customs, which syntheti-
cally provide the data best known, best preserved of the
holiday, numerous magical practices are offered, which
emphasize the active participation of people in the sa-
credness of the day." [36]

Thus, in the calendar of holidays with a fixed date,
we find the winter holidays (starting with St. Andrew
the Apostle's Day — which has been decreed in recent
years as the Patron Saint of Romania, St. Nicholas,
Christmas, New Year, Epiphany, and Saint John), with
all the related traditions, are described in detail some of
them exported and practiced beyond the country's bor-
ders, with Romanian carols holding a place of honor,
without exception, and in some areas even Viflaim or
Irozii, Plugusorul, Capra (or Turca), Sorcova; prac-
ticed in some diaspora communities or presented not
only to Romanians, but also to the general public from
the countries of adoption, through countless shows, fes-
tivals or parades initiated by generous people, the
Church, various Associations, with the support of the
Department for Romanians from Everywhere, the Em-
bassies or other political or apolitical bodies and organ-
izations, NGOs, etc.

All these represent a unique form of art, which we,
as Romanians, have a duty to preserve, to promote and
cultivate it further in the souls of the younger genera-
tions, especially among those born abroad, interna-
tional children, who evolve in a present without memo-
ries and without a past. [37]

The aspects presented in this article constitute a
first step in a broader study, which aims to highlight
Romanian customs, habits, and traditions, in which
there are values authentic to the Romanian people.
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Abstract

Wave gear transmissions are mechanical transmissions that employ a flexible and rigid gear mesh, possessing
significant features that determine their application areas. These features include a high gear ratio in a single stage,
low transmission weight relative to the transmitted load, the ability to transmit motion through a sealed wall, and
the presence of a flexible gear and a wave generator. Due to the specific nature of the transmission, the flexible
gear is constantly deformed by the rotating wave generator, generating alternating stresses. The effect of alternat-
ing stresses on the flexible gear often leads to its fatigue failure. This article presents an analysis of the stresses
acting in the flexible gear and discusses the dependencies for determining these stresses. These dependencies in-
clude correction factors that take into account the influence of the gear ring on the rigidity of the flexible gear, as
well as the influence of the ratio of certain gear dimensions. These coefficients were obtained on the basis of
experimental studies. As a result, an analysis was conducted of the dependence of the load-carrying capacity of
flexible gears on their dimensions and the main determining factor—the thickness of the flexible gear under the
rim.

Keywords: harmonic transmission, flexible gear, stress in the flexible gear, precision, and durability.

1. INTRODUCTION

For most harmonic transmissions (HPTs), the per-
formance criteria are the fatigue resistance of the flexi-
ble gear and the ultimate load on the wave generator.
To prevent fatigue failure of the gear, it is necessary to
properly design it, determining its inner diameter based
on the load—the transmitted torque. It is also necessary
to correctly assign the remaining dimensions of the
flexible gear, such as the rim dimensions, the shell
thickness, the thickness of the gear under the rim, and
others. In this case, it is necessary to consider not only
the stresses arising in the flexible gear but also the load
acting on the harmonic transmission generator, since
exceeding the ultimate load leads to generator break-
through and loss of transmission performance. When
analyzing the performance of a wave gear transmission
based on the fatigue resistance criterion of a flexible
wheel The stresses caused by its deformation by the
wave generator [1], [2] and the stresses arising from the
load on the teeth [3], [4] are considered. A spatial
model of the flexible sprocket, taking into account its
interaction with the wave generator [5], [6], is also con-
sidered.

Based on numerous studies of the performance of
the flexible sprocket [3], [4], [7], [8], [9], recommenda-
tions have been developed for determining the size of

the flexible sprocket depending on the transmitted load.
However, the influence of some parameters determin-
ing the load capacity of the flexible sprocket of the flex-
ible sprocket has not been sufficiently considered. Such
parameters primarily include the thickness of the flexi-
ble sprocket under the toothed rim, since it is this thick-
ness that primarily determines both the magnitude of
the stresses in the flexible sprocket of the flexible
sprocket and the load on the wave generator.

II. PROBLEM STATEMENT

When designing a flexible sprocket of the flexible
sprocket that meets fatigue resistance requirements, it
is necessary to determine its design and specify the re-
quired dimensions. After this, it is necessary to deter-
mine the stresses acting in the flexible sprocket and an-
alyze the dependence of these stresses on the transmit-
ted load and the geometric parameters of the sprocket.
Based on the analysis, recommendations can be made
for wheel design.

For the flexible wheel design, we propose a flexi-
ble "cup" wheel (Fig. 1), as the most common and effi-
cient. Figure 1 shows the design and main dimensions
of the flexible wheel, as well as the load F applied by
the wave generator.
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Fig. 1. Flexible Gear - Cup

When designing a flexible gear, its inner diameter
is first determined based on the transmitted load [3].
Next, it is necessary to determine the stresses in the
most critical area — the gear ring. These stresses depend
on many factors affecting the fatigue resistance of the
flexible gear. Therefore, correction factors that take
these factors into account must be introduced into the-
oretical formulas for calculating stresses. The coeffi-
cients must be determined based on actual tests of flex-
ible gears in an operating harmonic drive. To determine
the coefficients, special fatigue resistance tests of flex-
ible gears were conducted [2], [3]. After obtaining the
coefficients and their dependence on the studied param-
eters of the flexible gear of the harmonic drive, it is nec-
essary to determine the stresses in the flexible gear. The
magnitude of these stresses must be analyzed based on
the parameters that significantly influence their magni-
tude.

III. THEORY

During operation of a flexible gear, the following
stresses arise in it:

— stresses o h,c , arising in the flexible gear due to

its deformation by the wave generator;

— stresses ¢ 3 arising in the running wheel from
the load on the

teeth;

— stresses t T arising in the wheel from the torque
T.

The equivalent stresses are determined by the
known relationship

o= \/(O'h,x + 03)2 + 412 (1)

To determine the stress magnitude dh.c using the

stresses indhri in a smooth ring with a thickness 81

equal to the thickness of the flexible gear under the ring

gear, we introduce the correction factor
Khzn = Onc/Onzm

)

where Shri is the nominal stress in a smooth ring
with a thickness under the ring gear of d1. These
stresses are determined using the known relationship

_ES__ Ror
Ohzn = 57 (Resy D +6,/2) (3

where E- is the modulus of elasticity of the mate-
rial; &1 - is the thickness of the flexible gear under the

rim, R - is the radius of the inner surface of the ring

before deformation; r- is the radius of the inner surface
of the deformed ring. The values of the coefficient Kh
were determined using the relationship:
Ky = (6 =Dn/(0 = Dpzn 4)
where (o-1)ngl is the fatigue limit of the smooth
ring material, which was determined experimentally on
smooth specimens, (o-1)hgl is the fatigue limit of the
flexible gear, which was determined by testing the
gears without tooth loading, but only by deforming the
gear with a wave generator [1], [2]. In these tests, the
flexible gears were subjected only to the action of the
generator without tooth loading. As a result of testing
and processing of their results, the dependence of the
coefficient Kh on the geometric parameters of the flex-
ible gear was obtained

K, =957 — 1442 3685 - 029" —
m R R
5582 +0.622L +3192 (5
R RR

mR
where m — is the engagement modulus, R - is the

radius of the inner cylindrical surface of the flexible
gear, 81 - is the thickness of the flexible gear under the
gear rim; L - is the length of the flexible gear; b - is the
width of the gear rim; rl - is the transition radius from
the gear rim to the smooth part.

The determination of stresses o3 arising in a flex-
ible wheel from the load on the teeth was carried out
using the nominal stresses o3.1n and the clarifying coef-
ficient Kmoo6 obtained as a result of experiments

03 = Ky 503, (6)

Nominal voltages cz.n. are determined, according

to [3.7], by the dependence

T sin 2
O3n = It /72’;252‘;‘““;2 (h +0.58) (7

Where p - is the coefficient for reducing the une-
venness of load distribution across the gear rim width;
T- is the transmitted torque; ag is the profile angle of
the flexible gear tooth; C- is the specific tooth rigidity;
m is the engagement modulus; Z - is the number of
teeth; KL - is the ratio of the length L - of the flexible
gear to its inner diameter; Kz - is the coefficient deter-
mining the proportion of teeth in engagement in one
zone; h - is the tooth height; KJ- is the gear rim rigidity
coefficient.

The clarifying coefficient Ktooth was obtained
based on fatigue resistance tests of flexible gears. The
flexible gears were tested in a running transmission un-
der load. Flexible gears with an inner surface diameter

§m

87 Ky
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of 80 mm were tested. Wheels with various combina-
tions of geometric parameters were tested. After pro-
cessing the test results, the coefficient Ktooth - was ob-
tained.

Kys = 0212+ 7.84% 4 28442 - 2% _
m R R 8;

06162 —16.2522 - 6.79 (8)
mR RR

According to [4], the nominal torsional stresses

are defined as
T

Kp2m (R+8/2)? 8, (9)

where Kxp is a coefficient that takes into account
the number of teeth simultaneously in mesh. Similarly
to the stresses from the tooth load, the maximum local
shear stresses T,n 1TTn were determined from the action
of torque:

Tmu =

Tmn = K Tmu (1 0)

where the refinement coefficient Kt was deter-

mined experimentally, similar to the previous refine-
ment coefficients. Its value is determined as:

K, =1821+0.722 - 8945 — 43,052 +
m R b R
122 +22952 (11)
R RR

After substituting the stress values into formula
(1), we obtain:

o= \/(O'h_th + 63,uK3)2 + 4(Tm,uKm)2

(12)

IV. EXPERIMENTAL RESULTS

Based on the obtained dependencies, the maxi-
mum stresses in the flexible wheel ring gear area were
calculated. These dependencies use clarifying coeffi-
cients obtained from previously conducted experi-
mental studies. Flexible wheels with the following pa-
rameters were considered in the calculations: the pa-
rameters of the flexible wheels under consideration (d
= 80 mm; L = 80 mm; b = 16 mm). Various values of
the flexible wheel thickness 81 under the ring gear were
also considered. The calculation results are shown in
Figure 2; the 81 values used in the calculations are
listed in Table 1.

Table 1
Flexible wheel thickness 61
Ne kpuBoii 1 2 3 4 5 6 7 8 9
&1, MM 0.583 0.729 0.875 1.02 1.167 1.313 1.459 1.705 1.75
600

500

o, Mlla

300

200

100

10

0 15 30 45 60 75 90 105 120135 150 165 180 195 210 225 240 255 270 285 300

T, Hu

Fig. 2. Stresses in the Flexible Gear

V. CONCLUSIONS

Analysis of the obtained results allows us to draw
conclusions that define recommendations for the design
of flexible gears for VZP.

1. The most significant influence on stresses in the
flexible gear is the thickness 81 of the flexible gear un-
der the ring gear.

2. In a transmission with the adopted parameters
(d=80 mm; L =80 mm; b =16 mm), with a load of up
to 30 Nm, it is preferable to adopt the minimum values
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for the thickness &1, and with a load of over 30 Nm, it
is preferable to adopt the largest possible values for the
thickness 61 (see Table 1).
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Abstract

Today's times bring new and rapid changes in the business environment every day, to which small and me-
dium-sized enterprises should adapt as soon as possible, often on the fly. With the development of new information
technologies of artificial and business intelligence in the 20th and 21st centuries, everything becomes dependent
on the availability of information and thus on investments in innovations and new technologies, not only in tech-
nological but also in business development. In the theoretical part of the research, based on the results of eminent
world authors in this field, the concepts, terms, functions and methods of business intelligence are explained, from
the aspect of business optimization and improvement of business decision-making. In this regard, we investigate
the theoretical basis of business intelligence and a possible practical demonstration of the implementation of these
systems in SMEs in Serbia. The aim of the research is a qualitative, studious analysis of the advantages and dis-
advantages, as well as the possibilities of applying new business intelligence technologies and approaches in SME
operations in Serbia, in the conditions of the global economic crisis and recession, with the aim of optimizing and
improving operations, i.e. survival in the increasingly open world market. The empirical part will present the re-
sults of research conducted in practice, through the classification and statistical performance of small and medium-
sized enterprises in Serbia, then the areas in which the application of business intelligence has yielded the best
results will be presented, and finally the effects of its application in specific companies in Serbia. In this context,
it can be said that for the purposes of the research, the ever-present growing need for the use of business intelligence
methods, techniques and tools from the aspect of improving and optimizing company operations, as well as com-
puter-supported methods and methodologies for decision-making in companies, has been studiously analyzed. The
theoretical and practical parts of the work are interconnected and in constant interaction.

Keywords: Small and medium enterprises, business intelligence, artificial intelligence.

Field: Technical and technological sciences

1. INTRODUCTION

Companies in Serbia today operate in an ex-
tremely uncertain and volatile environment with an ex-
tremely high level of uncertainty and the inability to
predict the future. The latest research shows that em-
ployers in Serbia are often fighting the crisis by laying
off workers and freezing wages[7]. In this regard, there
are also certain differences between the size of business
entities, as the data shows that compared to the small
and medium-sized enterprise sector (hereinafter re-
ferred to as SMEs), large companies record productiv-
ity at a significantly higher level (in 2021 by 58.8%, in
2022 by 53.6% and in 2023 by 59.5% above the SME
average). Research in practice shows that SMEs are un-
der increasing pressure to survive in an increasingly

competitive market and in this sense they find a solu-
tion in the application of new sophisticated technolo-
gies such as artificial and business intelligence, alt-
hough until recently this was characteristic of large
companies[11]. Representative research in the world
shows that almost half of the respondents (47%) stated
that their company had already laid off workers, while
46% stated that their salaries had been frozen. Further-
more, 36% of the respondents stated that the companies
where they work had frozen financing for new projects,
33% that salaries had been reduced, while 32% of the
respondents stated that they had cut education costs [2].
In this context, research indicates the importance and
crucial importance of analyzing business data and in-
formation.
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2. THEORETICAL BASICS OF SMALL AND
MEDIUM-SIZED ENTERPRISES

Business practice in the world shows that micro,
small and medium-sized enterprises are considered one
of the leading forces of economic development because
they represent the most efficient segment of the econ-
omy in almost all countries of the world. The results of
the Republic of Serbia's Statistical Office indicate the
importance and significance of small and medium-
sized enterprises in Serbia, illustrating this with basic
indicators - that these enterprises account for 99.8% of
the total number of enterprises in the non-financial sec-
tor[24]. In this context, it is estimated that the total eco-
nomic activity in the Republic of Serbia in 2025, meas-
ured by the real movement of gross domestic product
(GDP), recorded a growth of 2.0% compared to 2024.
Similar data are in the world where the largest number
of enterprises registered in the territory of the European
Union are small and medium-sized enterprises, it is es-
timated that 99% of enterprises, out of over 200 million

enterprises, 93% of which are the smallest, so-called
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micro-enterprises, which have up to ten employees.
Precise data according to the latest data from the Statis-
tical Office of the Republic of Serbia show that out of
a total of 110,287 enterprises in the Republic of Serbia,
in 2023 there were: 94,078 micro (85.3 percent), 12,613
small (11.4 percent), 2,953 medium (2.7 percent) and
643 large enterprises (0.6 percent). According to avail-
able data, more than 940,000 workers are employed in
SMEs, which is 67.2% of the total number of employ-
ees in the non-financial sector and 43.2% of the total
number of employees[24]. One of the most appropriate
ways to create a competitive advantage for SMEs in
Serbia, in the current conditions of the global economic
crisis and recession, is the concept of business intelli-
gence[12]. In this regard, the current application of
business intelligence methods, techniques and tools is
justified, i.e. the demand for accurate, timely and useful
information in SMEs is extremely high[13]. The fol-
lowing figure 1 shows statistics of companies in the Re-
public of Serbia.

2023

Large
enterprises

1900
1900
2100
2100
2900
3203

Medium
enterprises

Table 1. Classification of companies by size in Serbia 2

As can be seen, whether they are complete or cus-
tomized business intelligence solutions, they bring cor-
responding improvements in market positioning and
competitiveness, as well as better, new ways of manag-
ing information and knowledge.

3. THEORETICAL BASIS
INTELLIGENCE

The relevant literature states that business intelli-
gence is the ability of an organization to understand and
use data to improve its operations or to use existing
data, information, and knowledge within the company
[21]. This is supported by the opinions of Turban et al
(2021), who emphasize that business intelligence is "an
umbrella term that combines and defines tools, data-
bases, analytical tools, applications, and methodolo-
gies"[26]. Similarly, Kimball and Ross define business
intelligence as an umbrella term to describe "concepts
and methods for improving business decision-making
with the help of evidence-based support systems"[17].
However, practical results show that for the application
of business intelligence to be effective, appropriate IT
knowledge and competencies are necessary. In this
context, Chao and Chandra (2012) conducted a survey
of 217 small manufacturers and financial services or-
ganizations in the USA and found that the level of IT
knowledge of the owners is a key predictor of IT stra-
tegic positioning, as well as the adoption of business
intelligence[3]. The literature states that the goal of in-

OF BUSINESS

troducing business intelligence is to support and im-
prove business decision-making processes in compa-
nies [4]. In essence, business intelligence is the process
of collecting data and information that, after appropri-
ate processing, becomes knowledge[25]. In general, it
can be said that business intelligence is a general term
that describes the use of internal and external sources
of information in companies, in a way that facilitates
making better decisions[17]. Based on the above, the
conclusion is that business intelligence produces
knowledge that is the basis for optimizing and improv-
ing business and making better business decisions. The
definition presented by Gartner emphasizes that this is
a term that includes applications, infrastructure, which
enable analysis and access to information in order to
improve and optimize business, processes, decisions
and performance[14]. One of the most complete defini-
tions of business intelligence can be found on the IBM
website: “Business intelligence is the collection, man-
agement, analysis and sharing of information to gain
insights that can be used to make better decisions. The
famous author Howson (2013) defines business intelli-
gence as a technology that enables people from all lev-
els of the enterprise and business systems to access, in-
teract and process data for business management, in or-
der to improve their work, discover new opportunities
and work more efficiently[15]. In this regard, it can be
said that business intelligence is the process of collect-
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ing significant internal and external data and transform-
ing it into information and useful new knowledge
needed by SMEs to improve their business and make
business decisions| 1]. Based on the evolution of the rel-
evant literature, the following can be distinguished as
the main tools and techniques of business intelligence:

v' Data warehouses - data storage in a way that
enables the satisfaction of numerous analytical needs.

v" ETL tools (eng. Extraction, Transformation,
Load) - tools for extracting and normalizing data. Data
sources reside in or out of numerous databases, and in
both cases the data must be recognized as relevant and
extracted from its existing location into the system for
transfer or transformation.

v" OLAP (eng. On-line Analytical Processing) -
enable data in the warehouse to be analyzed in multiple
dimensions, which expands the metrics by which users
value information.

v' Data mining (eng. Data Mining) - an uncon-
ventional way of finding hidden patterns or rules in
large data sets that can be of great advantage and im-
portance.

v' Business reporting - visualization via business
portals, balanced scorecards, digital dashboards.

v Monitoring of basic performance indicators -
KPI (eng. Key Performance Indicators)

v" Monitoring of business activities - BPM (eng.
Business Process Management)

Eminent authors define a data warehouse as a sub-
jectively oriented, integrated, time-varying, non-nor-
malized and consistent set of data for analytical deci-
sion support [27]. The next factor is the so-called. ETL
process, which is one of the most complex and com-
monly used data preparation techniques for business in-
telligence purposes. The goal of the ETL process is to
select, clean and integrate data from various sources
into the data warehouse, so this process is the basis of
the business intelligence process. On average, 70% of
the total time spent on the implementation of a business
intelligence system is spent on the ETL process itself
[17], with the cause of the problem most often being
poor quality of the data source, which unequivocally
indicates the importance of the quality of business data
and information. This is confirmed by the authors who
state that the emphasis of the ETL process consists of
sub-selection, cleaning, unification and delivery of data
in a dimensional data model. The next factor is the so-
called. OLAP tools, the use of which in data ware-
houses is in the function of more transparent and clear
information. However, the results in practice show that
despite this, it is noticeable that due to the large amount
of data, business analysts work very hard, slowly and
often inefficiently. It is estimated that today companies
receive huge amounts of business data from internal
and external sources, of which they barely manage to
use about 5 to 10%. This is supported by the latest re-
search by well-known authors, which indicates that a
typical company has 90% of the necessary data and in-
formation, necessary for efficient business operations,
but effectively uses only 10% of the available data and

information[19][20]. In this direction, the role and im-
portance of tools for discovering knowledge in data are
reflected, which instead of analysts automatically ana-
lyze data and display results. Data mining tools are es-
sentially a kind of alternative in the search for business
information, where the amount of input data is enor-
mous, and the necessary business information is hidden
and very difficult to access. This is exactly what a qual-
ity business intelligence system will provide to the
manager, and this can be achieved if the data obtained
from such systems is used in the best possible way.
However, the results in practice show that although
business intelligence is often mentioned in SMEs in
Serbia today, unfortunately the business discipline is
still used negligibly little.

4. RESEARCH METHODOLOGY

The methods used in this research work include
the use of standard scientific methods such as analysis,
synthesis, comparison, generalization, description, in-
duction and deduction, compilation, and methods of
proof. In this context, it can be said that a research
framework was applied that combines different re-
search methods, thus including quantitative and quali-
tative research methods [23].

5. RESULTS

Another in a series of studies, which indicates the
enormous growth of the amount of data, is a study con-
ducted by Gartner, where 47% of respondents qualified
the growth of business data among the three biggest
challenges of modern management[14]. The results of
the study show that the application of advanced tech-
niques; ETL, OLAP, DM, DW, and the introduction of
intelligent information systems in SMEs raises business
to a higher level, which enables efficient monitoring of
business processes. The problems of managers in com-
panies are noticeable and significant because, accord-
ing to research, about 54% of business users cannot find
the necessary information, 43% are not sure whether
the information they receive is accurate, while 77%
claim that bad decisions are made solely due to a lack
of information. According to the results of representa-
tive research by individual authors Kielstra, the most
important attributes of information needed for decision-
making are: quality (65%), completeness (18%), time-
liness (13%), and price (5%) [16]. The well-known ex-
pert Eppler emphasizes that for SMEs today the quality
of information is crucial, not the quantity. An example
from practice shows that thanks to the successful im-
plementation of OLAP functionality in the analyzed
company “Lipovica”, the management came to the con-
clusion that in a period of 5 years it is possible to ex-
pand capacities by 24% and redistribute planting and
cutting material, which would bring a total profit of
48% compared to the current period [8]. This is com-
plemented by the opinions that can be seen in the fol-
lowing figure 2 that company managers clearly want to
shift their focus from data collection to the use of data
in business optimization and more efficient business
decision-making.
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Compressing the time window for decision-
making

Inability to identify and act on business
opportunities

An increasing number of key decisions
require analytical support

Insufficient insight into operational
activities

Too many critical decisions are made based
on infuition
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Fig. 2. The main pressures for the use of business intelligence in SME 2

5. DISCUSSION OF RESULTS

Research indicates that the best business intelli-
gence model in times of economic crisis and recession
is one that will help SMEs achieve a competitive ad-
vantage, while being inexpensive[9]. For this purpose,
OSBI (Open Source Business Intelligence) has been in-
creasingly discussed recently. Implementation projects,
or rather the introduction of business intelligence into
companies, are extremely demanding and complex.
However, despite the fact that the latest research in the
world indicates that, for example, out of 43 American
companies that participated in the research, 46%
achieved 100% or less return on investment, 34% be-
tween 101% and 1000%, and 20% around 1001% and
more, they are still not applied to the necessary and suf-
ficient extent in SMEs in Serbia. It is important to note
that not all data warehouses are suitable for business
intelligence, just as not all business intelligence appli-
cations require data warehouses[10]. However, accord-
ing to some surveys, more than 90% of larger and suc-
cessful companies in Europe use some form of data
storage and business intelligence, while in Serbia it is
still less than 10%. However, in practice, there are cer-
tain obstacles to the widespread use of business intelli-
gence, such as research cited by Davenport and
Ronanki (2018), which emphasizes that despite the rec-
ognized benefits, the lack of professional knowledge
and trust in intelligent systems remain the most com-
mon obstacles to the application of business or artificial

intelligence in business, or in the process of business
decision-making and management with the aim of im-
proving business[6]. Considering that according to re-
search, more than 70% end either with deadlines being
exceeded or inefficient, the authors Olszak and Ziemba
(2012) consider the so-called critical success factors for
establishing business intelligence in SMEs, which
highlight common features of obstacles such as: finan-
cial, organizational-cultural and IT barriers within the
company[22]. If the above figures are presented as a
payback period for the invested funds, the situation is
as follows: 49% of companies recovered the funds in-
vested in a business intelligence project in one year or
less, 32% in a period of one to three years, 19% in three
or more years. The results of research in the world in-
dicate that a typical business intelligence project has an
average return of over 430%. According to available
data, this year, according to the readiness index for the
implementation of business or artificial intelligence,
Serbia ranked 39th out of a total of 195 assessed econ-
omies worldwide, which places it among the top 20 per-
cent of the most prepared economies at the global level.
Research shows that business intelligence functionally
affects the improvement of the operations of small and
medium-sized business systems, forming a positive at-
titude towards the effects of the application of intelli-
gent systems for decision support in the company (Fig-
ure 3).

O6unuh netpon MNpavaHuua

CumoHuaa MNpayaHuua ;J’:

LLlyMCKO ra3guHCTBO....

KomepuujanHa 6aHka

Reiffeisen 6aHKa

4

Pajka komepu,

Comtel computers Huw

Gigatron

Comtrade

Tico computers Huw

-
—
—
—
—
—

|

Arpoxvm

- —

75%

80% 85% 90% 95% 100%

! ! ! !

Fig. 3. The main pressures for the use of business intelligence in SME 2

The largest application of business intelligence in
Serbia was recorded in the information, communication

and professional sectors, where 62% of companies use
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business or artificial intelligence [28]. According to Eu-
rostat data, only 8% of companies in Europe used busi-
ness or artificial intelligence in their operations in 2023,
and Serbia is only at an estimated 2% of applications.

6. CONCLUSIONS

The research shows that SMEs account for over 50
percent of Serbia's exports, which further indicates the
relevance and importance of this research. The research
results indicate that the use of business intelligence will
result in business success only if business intelligence
users regularly develop business and decision-making
processes, recognize their needs, help in their modeling
and monitor the completion of the project, as well as
actively participate in the implementation of new busi-
ness intelligence components. In this regard, access to
information and its processing into relevant knowledge
is of great importance for a company of any size. The
basic concept of the research is guided by the idea that
by synthesizing modern IT methods and techniques:
ETL, OLAP, DW and Data Mining through the practi-
cal application of business intelligence concepts, tools
and techniques, a new high-quality information system
for SMEs can be developed that improves work at the
operational level, and primarily makes it easier for top
management to make the right business decisions im-
portant for the survival and development of SMEs in
Serbia. To successfully adapt to the ever-changing mar-
ket, SMEs must understand what changes are taking
place and how this can affect their business. The results
of thorough research indicate that the greatest contribu-
tion to business efficiency is quick insight into a large
amount of data and shortening the time to access infor-
mation. In last year's report, Serbia ranked 57th in terms
of readiness for the implementation of business intelli-
gence, or artificial intelligence. The research shows that
the benefits of implementing a business intelligence
project include centralized knowledge, improved deci-
sion-making processes, systematization and recogni-
tion of opportunities, better implementation of business
processes, greater productivity and competitiveness.
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Abstract

The integration of mathematics and computer science constitutes a fundamental pillar of modern scientific
and technological development. Mathematics provides formal structures, abstract reasoning, and theoretical mod-
els, while computer science translates these models into computational processes through algorithms, program-
ming paradigms, and system architectures. This close relationship enables the design, analysis, and optimization
of complex computational systems.

This article examines the mathematical foundations underlying computer science, including discrete mathe-
matics, linear algebra, probability theory, logic, and numerical analysis. It further explores how these mathematical
tools are applied in key computational domains such as artificial intelligence, machine learning, cryptography,
data science, scientific computing, and computer graphics. Particular attention is given to algorithmic thinking and
optimization, highlighting how mathematical rigor contributes to efficiency, correctness, and scalability in com-
putational solutions.

In addition, the paper discusses emerging research directions, including quantum computing, explainable ar-
tificial intelligence, and computational mathematics, emphasizing the growing importance of interdisciplinary ap-
proaches. By demonstrating the deep interdependence between mathematics and computer science, this study un-
derscores the necessity of integrated education and research to address increasingly complex real-world problems

and to drive future innovation.

Keywords: Mathematics and Computer Science; Algorithms; Discrete Mathematics; Linear Algebra; Artifi-
cial Intelligence; Machine Learning; Optimization; Computational Modeling.

1. Introduction

Mathematics and computer science are two
closely related disciplines whose interaction has funda-
mentally shaped the evolution of modern science and
technology. Mathematics offers a formal language for
abstraction, logical reasoning, and theoretical model-
ing, while computer science focuses on the representa-
tion, processing, and automation of information
through computational systems. The integration of
these fields has enabled the systematic analysis of com-
plex problems and the development of efficient, relia-
ble, and scalable computational solutions.

Historically, the relationship between mathemat-
ics and computation predates the emergence of modern
computers. Early algorithmic concepts can be traced
back to classical mathematical procedures, such as Eu-
clid’s algorithm, which demonstrated that abstract rea-
soning could be transformed into a step-by-step com-
putational process. With the advent of digital comput-
ers in the twentieth century, mathematical logic,
number theory, and discrete structures became essential
components of computer science, forming the theoreti-
cal basis for programming languages, automata theory,
and complexity analysis.

In contemporary research, the boundaries between
mathematics and computer science have become in-
creasingly blurred. Fields such as artificial intelligence,
machine learning, cryptography, and data science rely
heavily on mathematical models, including linear alge-
bra, probability theory, optimization, and statistical in-
ference. At the same time, advances in computer sci-
ence have enabled the practical implementation and
large-scale experimentation of mathematical theories,

allowing researchers to solve problems that were previ-
ously intractable using analytical methods alone. Fur-
thermore, mathematical rigor plays a critical role in en-
suring the correctness and reliability of computational
systems. Formal methods, based on logic and set the-
ory, are used to verify algorithms, software, and hard-
ware designs, reducing errors in safety-critical applica-
tions such as healthcare, finance, and aerospace sys-
tems. Algorithmic efficiency, often evaluated through
mathematical complexity analysis, has also become a
key concern in the era of big data and high-performance
computing.

The growing demand for interdisciplinary ap-
proaches has highlighted the importance of integrating
mathematics and computer science in both education
and research. Modern scientific challenges—ranging
from climate modeling and bioinformatics to cyberse-
curity and intelligent systems—require a deep under-
standing of mathematical principles alongside strong
computational skills. This integration not only en-
hances problem-solving capabilities but also fosters in-
novation by enabling researchers to bridge theory and
practice. This article aims to provide a comprehensive
overview of the integration between mathematics and
computer science. It discusses the mathematical foun-
dations that underpin computational theory, examines
key application areas where this integration is most ev-
ident, and outlines emerging trends that are shaping fu-
ture research. By emphasizing the mutual dependence
of these disciplines, the study seeks to demonstrate why
their continued collaboration is essential for addressing
increasingly complex real-world problems.
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2. Mathematical Foundations of Computer
Science

The theoretical foundations of computer science
are deeply rooted in several core areas of mathematics.
These mathematical disciplines provide the formal
structures and analytical tools required to model com-
putation, analyze algorithms, and ensure the correct-
ness and efficiency of computational systems. Without
mathematical rigor, many of the fundamental concepts
in computer science would lack precision and reliabil-
ity.

2.1 Discrete Mathematics and Combinatorial
Structures

Discrete mathematics forms the backbone of the-
oretical computer science. Since digital computers op-
erate on discrete data, structures such as graphs, trees,
sets, and finite automata play a central role in algorithm
design and analysis. Graph theory, for example, is es-
sential for modeling networks, communication sys-
tems, and social interactions, while combinatorics ena-
bles the enumeration and optimization of possible con-
figurations in complex systems.

Combinatorial analysis is particularly important in
algorithmic complexity theory, where the growth rate
of computational resources is examined as input size
increases. Techniques such as recurrence relations and
asymptotic analysis allow researchers to classify algo-
rithms according to their time and space complexity,
providing a mathematical basis for comparing effi-
ciency and scalability.

2.2 Linear Algebra and Vector Spaces

Linear algebra is a foundational component of
many modern computational methods. Vector spaces,
matrices, and linear transformations provide compact
representations of large-scale data and enable efficient
numerical computation. In computer graphics and com-
puter vision, linear algebra is used to model geometric
transformations, projections, and rotations. In machine
learning, matrix operations form the core of neural net-
work training, dimensionality reduction, and optimiza-
tion algorithms.

Eigenvalues, eigenvectors, and matrix decomposi-
tions play a crucial role in data analysis and signal pro-
cessing, allowing complex systems to be analyzed
through simpler, orthogonal components. The compu-
tational efficiency of linear algebraic operations has
therefore become a central concern in high-perfor-
mance computing and large-scale data processing.

2.3 Probability Theory and Statistics

Probability theory and statistics provide the math-
ematical framework for modeling uncertainty and ran-
domness in computational systems. These tools are in-
dispensable in areas such as machine learning, artificial
intelligence, and data science, where algorithms must
operate on incomplete, noisy, or stochastic data.

Statistical inference enables the estimation of
model parameters from observed data, while probabil-
istic models such as Bayesian networks and Markov
processes allow complex dependencies to be repre-
sented and analyzed. Randomized algorithms, which
incorporate probabilistic decision-making, often
achieve improved efficiency or simplicity compared to

deterministic approaches, highlighting the practical im-
portance of probabilistic reasoning in computer sci-
ence.

2.4 Logic, Set Theory, and Formal Methods

Mathematical logic and set theory form the con-
ceptual foundation of computation and programming
languages. Propositional and predicate logic are used to
define formal semantics, specify program behavior, and
verify correctness. Automata theory, which studies ab-
stract machines and formal languages, relies heavily on
logical and set-theoretic principles to model computa-
tion. Formal methods apply logical reasoning to the
verification and validation of software and hardware
systems. Techniques such as model checking and theo-
rem proving ensure that systems adhere to specified
properties, making them particularly valuable in safety-
critical applications where errors can have severe con-
sequences.

2.5 Numerical Analysis and Computational
Mathematics

Numerical analysis addresses the problem of ap-
proximating solutions to mathematical models that can-
not be solved analytically. Many real-world phenom-
ena—such as fluid dynamics, climate systems, and bi-
ological processes—are described by continuous
mathematical equations whose exact solutions are com-
putationally infeasible. Through numerical methods,
including iterative solvers and discretization tech-
niques, these problems can be transformed into compu-
tationally tractable forms. The study of stability, con-
vergence, and error propagation ensures that numerical
solutions remain accurate and reliable, emphasizing the
importance of mathematical analysis in computational
simulations.

2.6 Optimization and Mathematical Modeling

Optimization theory provides essential tools for
improving performance and efficiency in computa-
tional systems. Problems in resource allocation, sched-
uling, machine learning, and network design are often
formulated as optimization tasks, where the objective is
to minimize cost or maximize performance under given
constraints.

Mathematical modeling enables complex real-
world problems to be expressed in a formal, analyzable
form. By combining optimization techniques with com-
putational algorithms, researchers can derive solutions
that are both theoretically sound and practically effec-
tive.

3. Applications of Mathematics in Computer
Science

The integration of mathematics and computer sci-
ence finds its most tangible expression in a wide range
of practical and theoretical applications. Mathematical
models not only guide the design of computational sys-
tems but also provide the analytical tools necessary for
evaluating their performance, reliability, and limita-
tions. This section examines key application domains
where mathematical principles are essential to modern
computing.

3.1 Artificial Intelligence and Machine Learn-
ing

Artificial intelligence (AI) and machine learning
(ML) are among the most prominent areas demonstrat-
ing the synergy between mathematics and computer
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science. At the core of many learning algorithms lie
mathematical concepts such as linear algebra, probabil-
ity theory, optimization, and statistics. Neural net-
works, for example, rely on matrix operations, gradi-
ent-based optimization methods, and nonlinear func-
tions to model complex patterns in data.

Statistical learning theory provides a rigorous
framework for understanding generalization, overfit-
ting, and model complexity. Optimization algorithms,
including gradient descent and its variants, enable the
efficient training of large-scale models. Without math-
ematical analysis, the interpretability, stability, and per-
formance of Al systems would remain largely empiri-
cal and unreliable.

3.2 Cryptography and Information Security

Cryptography represents a direct application of
abstract mathematics to practical computational prob-
lems. Modern cryptographic systems depend on num-
ber theory, algebraic structures, and computational
complexity to ensure data confidentiality, integrity, and
authenticity. Public-key cryptography, for instance, is
based on mathematically hard problems such as integer
factorization and discrete logarithms.

Mathematical proofs play a critical role in evalu-
ating the security of cryptographic protocols, allowing
researchers to formally reason about potential vulnera-
bilities. As digital communication continues to expand,
the mathematical foundations of cryptography remain
essential for maintaining trust and security in computa-
tional infrastructures.

3.3 Data Science and Big Data Analytics

Data science combines statistical modeling, math-
ematical analysis, and computational techniques to ex-
tract meaningful insights from large and complex da-
tasets. Linear regression, clustering, dimensionality re-
duction, and probabilistic modeling all rely on
mathematical foundations to ensure accurate and inter-
pretable results. As datasets grow in size and complex-
ity, mathematical methods enable efficient data repre-
sentation and scalable computation. Techniques such as
matrix factorization and statistical inference help man-
age high-dimensional data, making mathematics an in-
dispensable component of modern data-driven deci-
sion-making systems.

3.4 Scientific Computing and Simulation

Scientific computing applies computational meth-
ods to solve mathematically formulated problems aris-
ing in science and engineering. Differential equations,
numerical linear algebra, and optimization techniques
are used to model physical, chemical, and biological
systems. Through numerical simulations, researchers
can study complex phenomena that are difficult or im-
possible to observe experimentally.

Mathematical analysis ensures the stability and ac-
curacy of these simulations, while computer science
provides the algorithms and hardware architectures re-
quired for large-scale computation. This collaboration
has led to significant advancements in fields such as cli-
mate modeling, biomedical engineering, and materials
science.

3.5 Computer Graphics, Vision, and Visualiza-
tion

Computer graphics and computer vision heavily
depend on geometric modeling, linear algebra, and op-
timization. Mathematical representations of shapes,
transformations, and lighting enable the generation of
realistic visual environments. In computer vision,
mathematical models are used to interpret and analyze
visual data, supporting applications such as object
recognition and autonomous systems.

Visualization techniques further bridge mathemat-
ics and computation by transforming abstract data into
interpretable visual forms. These methods enhance un-
derstanding and decision-making across scientific and
industrial domains.

3.6 Algorithm Design and Computational Opti-
mization

Algorithm design represents a direct manifestation
of mathematical thinking in computer science. Mathe-
matical analysis is used to prove correctness, evaluate
efficiency, and optimize performance. Techniques
from graph theory, combinatorics, and optimization en-
able the development of algorithms capable of solving
large-scale and complex problems efficiently.

Optimization-based algorithms are widely applied
in logistics, network routing, scheduling, and machine
learning. By combining theoretical analysis with com-
putational implementation, mathematics ensures that
algorithms are both effective and reliable.

4. Emerging Trends and Future Directions

The continuous evolution of computational tech-
nologies has further intensified the integration of math-
ematics and computer science. Emerging research areas
increasingly rely on advanced mathematical theories to
address new computational challenges. This section
highlights key trends that are shaping the future of this
interdisciplinary field.

4.1 Quantum Computing

Quantum computing represents a paradigm shift in
computation, relying heavily on mathematical concepts
such as linear algebra, complex vector spaces, proba-
bility amplitudes, and group theory. Quantum algo-
rithms exploit quantum mechanical properties to
achieve computational advantages over classical algo-
rithms for certain problem classes.

The development of quantum error correction,
complexity analysis of quantum algorithms, and formal
models of quantum computation demonstrates the
growing importance of mathematical rigor in this
emerging field. As quantum hardware matures, the role
of mathematical abstraction in algorithm design and
verification will become increasingly critical.

4.2 Explainable and Trustworthy Artificial In-
telligence

As artificial intelligence systems become more
pervasive, the demand for transparency, interpretabil-
ity, and reliability has increased. Explainable Artificial
Intelligence (XAI) seeks to provide mathematically
grounded explanations for model decisions, enabling
users to understand and trust complex computational
systems.

Mathematical tools such as optimization theory,
information theory, and statistical analysis play a vital
role in developing interpretable models. Formal verifi-
cation methods are also being explored to ensure that
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Al systems behave consistently and ethically, particu-
larly in high-stakes domains such as healthcare and fi-
nance.

4.3 Computational Mathematics and Auto-
mated Reasoning

Advances in computational mathematics and au-
tomated reasoning have expanded the capabilities of
computer-assisted mathematical discovery. Symbolic
computation systems and automated theorem provers
use logical inference and algebraic methods to verify
proofs and explore new mathematical structures.

These developments not only enhance mathemat-
ical research but also improve software verification and
algorithm correctness. The increasing automation of
reasoning processes illustrates the deepening interac-
tion between mathematical logic and computational
techniques.

4.4 Interdisciplinary Modeling and Complex
Systems

Modern scientific problems often involve com-
plex systems that span multiple domains, including
physics, biology, economics, and social sciences.
Mathematical modeling combined with computational
simulation enables researchers to analyze such systems
at scale.

Techniques from nonlinear dynamics, graph the-
ory, and stochastic modeling are increasingly used to
capture interactions within complex systems. The inte-
gration of mathematics and computer science in inter-
disciplinary research is expected to play a central role
in addressing global challenges such as climate change,
public health, and sustainable development.

5. Emerging Trends and Future Directions

The rapid advancement of computational technol-
ogies has led to increasingly complex systems that chal-
lenge traditional theoretical and practical frameworks.
As a result, the integration of mathematics and com-
puter science is evolving beyond foundational applica-
tions toward more sophisticated and abstract research
paradigms. Emerging trends in this interdisciplinary
domain emphasize not only computational power but
also mathematical interpretability, reliability, and theo-
retical guarantees.

5.1 Quantum and Post-Classical Computation

Quantum computing represents a fundamental de-
parture from classical computational models, requiring
entirely new mathematical formulations. Concepts
from linear algebra, Hilbert spaces, complex probabil-
ity amplitudes, and group theory form the basis of
quantum algorithms and quantum information theory.
Unlike classical computation, quantum computation in-
troduces superposition and entanglement, which neces-
sitate rigorous mathematical frameworks to ensure cor-
rectness and stability.

In parallel, post-classical cryptographic systems,
including lattice-based and code-based cryptography,
are gaining prominence as responses to quantum
threats. These systems rely on advanced algebraic and
geometric structures, highlighting the continued rele-
vance of deep mathematical research in securing future
computational infrastructures.

5.2 Theoretical Foundations of Artificial Intel-
ligence

As artificial intelligence systems increase in com-
plexity and autonomy, understanding their theoretical
behavior has become a major research priority. Mathe-
matical frameworks such as statistical learning theory,
information theory, and optimization provide insights
into generalization, convergence, and robustness of
learning algorithms.

Future research is expected to focus on bridging
the gap between empirical performance and theoretical
guarantees. Topics such as explainability, fairness, and
robustness require mathematically grounded defini-
tions and proofs. The integration of formal methods
with machine learning models is emerging as a promis-
ing direction for ensuring reliable and trustworthy Al
systems.

5.3 Automated Reasoning and Formal Verifica-
tion

Automated reasoning and formal verification are
becoming increasingly important as software and hard-
ware systems grow in scale and complexity. Mathemat-
ical logic, type theory, and category theory are being
incorporated into programming language design and
verification tools to provide stronger correctness guar-
antees.

Future developments in this area aim to reduce the
gap between theoretical verification methods and prac-
tical software engineering. By automating proof gener-
ation and verification, these approaches seek to make
mathematically rigorous correctness checks feasible for
real-world systems, particularly in safety-critical and
mission-critical applications.

5.4 Computational Modeling of Complex and
Adaptive Systems

The study of complex and adaptive systems repre-
sents another significant direction for future research.
Such systems are characterized by nonlinear interac-
tions, emergent behavior, and uncertainty, requiring ad-
vanced mathematical modeling techniques combined
with large-scale computation.

Graph theory, dynamical systems, and stochastic
processes are increasingly used to model networks in
biology, social sciences, and economics. Computa-
tional simulations based on these models enable re-
searchers to explore system dynamics that are analyti-
cally intractable, reinforcing the importance of mathe-
matical abstraction in computational experimentation.

5.5 Education, Interdisciplinarity, and Re-
search Integration

The future of mathematics and computer science
integration is also shaped by educational and institu-
tional developments. Interdisciplinary curricula that
emphasize both mathematical rigor and computational
implementation are essential for training researchers
capable of addressing complex scientific challenges.

Collaborative research environments that bridge
theoretical mathematics, computer science, and applied
domains are expected to accelerate innovation. As com-
putational problems become increasingly abstract and
large-scale, the demand for professionals fluent in both
mathematical theory and computational practice will
continue to grow.

6. Conclusion
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The integration of mathematics and computer sci-
ence has become an indispensable driver of contempo-
rary scientific and technological progress. Far from be-
ing separate disciplines, these fields form a unified in-
tellectual  framework in  which mathematical
abstraction provides theoretical rigor, while computa-
tional methods enable practical realization and large-
scale experimentation. This synergy has transformed
the way complex problems are formulated, analyzed,
and solved across a wide range of domains.

Throughout this study, the mathematical founda-
tions underlying computer science—such as discrete
mathematics, linear algebra, probability theory, logic,
numerical analysis, and optimization—have been ex-
amined alongside their applications in artificial intelli-
gence, cryptography, data science, scientific compu-
ting, and emerging computational paradigms. These ex-
amples demonstrate that mathematical reasoning is not
merely supportive but essential for ensuring correct-
ness, efficiency, interpretability, and scalability in
modern computational systems.

Looking forward, emerging trends such as quan-
tum computing, explainable and trustworthy artificial
intelligence, automated reasoning, and the computa-
tional modeling of complex systems further reinforce
the need for deeper mathematical integration. As com-
putational systems grow increasingly autonomous and
influential, mathematically grounded approaches will
play a critical role in guaranteeing reliability, transpar-
ency, and ethical responsibility.

In conclusion, the continued integration of mathe-
matics and computer science is vital for addressing the
theoretical and practical challenges of the digital age.
Strengthening this relationship through interdiscipli-
nary research and education will not only advance fun-
damental knowledge but also enable the development
of robust, intelligent, and socially responsible compu-
tational technologies.
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Abstract

Vitamin B 12 deficiency (VitB12def.) is frequent among elderly patients. The aim of our study was to exam-
ine the effect of Vit.B12def. on cognitive decline among patients with cognitive impairment due to Alzheimer’s
disease (AD), small vessels disease (SVD) and mixed (vascular and Alzheimer’s) dementia (MD).

Material and methods: We examined 49 patients with Vit.B12def. (on average age of 77.76+6.41 years, 18
males and 31 females, 17 with AD, 13 with SVD and 19 with MD) and 97 patients with normal Vit.B12 levels (on
average age of 76.07+£7.97, 28 males and 66 females, 21 with AD, 43 with SVD and 33 with MD) twice (with
interval of 2 years) via Mini Mental State Examination (MMSE), Isaac’s Set Test (IST), Literal fluency Test (LFT),
Clock Drawing Test (CDT), 10 Words, Digit Symbol Substitution test (DSST 90sec), Digit Span Test (DST for-

ward and backward) and 21 Hamilton Depression Scale. All results were interpreted at 95% confidential level.

Results: Regression analysis showed not linear but square root associations between Vit.B12 level and recog-
nition. CDT, DST forward and DSST, exponential correlations between Vit.B12 and recognition at the second
examination and reciprocal correlation with IST at the second examination.

Conclusions: Vit.B12def. is with high prevalence among elderly with AD, SVD and MD. It might lead to
additional domain specific cognitive decline (executive functioning, hippocampal memory and visual-special abil-
ities). The association between the levels of Vit.B12 and cognitive performances is non-linear, mostly square root.
Patients with such dementias should be examined for Vit.B12def. and should be adequately treated.

Keywords: cognitive impairment, Vitamin B 12 deficiency, Alzheimer’s disease, small vessel disease, mixed

dementia.

Introduction:

Vitamin B 12 deficiency (VitB12 def.) is frequent
among elderly and it is associated with reversible cog-
nitive impairments and dementia (5). Recent studies
suggest direct association between VitB12def. and in-
creased risk for developing Alzheimer’s disease (7,8),
although others question such causality (4). VitB12def.
leads to increase of serum homocysteine, which also
might cause some cognitive impairments (7). It is also
associated with small vessel disease (9).

Vitamin B12 is powerful antioxidant, that cleans
super-oxide from mitochondria and cytoplasm and is
protective agent from oxidative stress, induced by dif-
ferent factors including methionine, homocysteine and
inflammation (7,10). It is of essential importance for
cellular energetic processes, myelination and synthesis
of brain neurotransmitters (3,7). It also plays important
role in the synthesis of fats and nucleic acids and par-
ticipates in synaptogenesis and nerve cell metabolism
(7). Vit.B12def. leads to increased deposition of beta
amyloid at the specific brain areas in mice models (7).
Animal models also show that Vitamin B12 decreases
amyloid proteotoxicity (6) and inhibits alpha-beta fi-
brillation and deposition of amyloid into amyloid
plaques (2).

The aim of our study was to examine the effect of
Vit.B12def. on cognitive decline among patients with
cognitive impairment due to Alzheimer’s disease (AD),
small vessels disease (SVD) and mixed (vascular and
Alzheimer’s) dementia (MD).

Material and methods: Patients with Vit.B12def.
showed poor results on recognition, CDT, DST forward
and DSST.

We examined 49 patients with Vit.B12def. (on av-
erage age of 77.76+6.41 years, 18 males and 31 fe-
males, 17 with AD, 13 with SVD and 19 with MD) and
97 patients with normal Vit.B12 levels (on average age
of 76.07+£7.97, 28 males and 66 females, 21 with AD,
43 with SVD and 33 with MD). The inclusion criteria
of the study were 1. Age > 60 years; 2. Confirmed by
neuropsychologist cognitive impairment at >2 cogni-
tive domains; 3. Confirmed on the basis of history, neu-
rological and somatic examination, laboratory data and
imaging study diagnosis of AD or SVD or MD; 4. All
patients with Vit.B12def. were treated with Vitamin
B12 orally or with muscular injections; 5. No additional
causes for anemia of any kind; 6. Lack of other neuro-
logical diseases such as trauma, brain tumors, neuroin-
fections, demyelinating diseases or epilepsy; 7. Lack of
decompensation of coexisted somatic diseases during
the study; 8. Lack of psychiatric diseases, except of
mild depression or anxiety; 9. Lack of treatment or us-
age of benzodiazepines, modafinile acetate, hallucino-
gens and other psychoactive drugs, except for low dos-
ages of Quetiapine (<50mg/d), Pregabaline
(£150mg/d), Gabaneural (<600mg/d), Hydroxyzine
(£25mg/d) or antidepressants; 10. Lack of alcohol
abuse or usage of forbidden substances; 11. Signed in-
formed consent.

After clinical interview and confirmation of the di-
agnosis, the patients were examined via the following
neuropsychological battery: Mini Mental State Exami-
nation (MMSE), Isaac’s Set Test (IST for verbal flu-
ency), Literal fluency Test (LFT; variant M-O-H-A in
Bulgarian, 1 minute for every letter), Clock Drawing
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Test (CDT), 10 Words Test (for working memory, de-
layed recall and recognition (10/20words), Bulgarian
variant), Digit Symbol Substitution test (DSST 90sec),
Digit Span Test (DST forward and backward) and 21
Hamilton Depression Scale (HDS). All patients with
HDS above 12 points were excluded.

The same neuropsychological battery was used 2
years after the first examination.

The statistical analysis was done via parametric
and non-parametric tests as ANOVA, MANOVA,
Man-Whitney and Kruskal-Wallis test statistics and
simple regression analysis via SPSS 20.0 and Stat-
graphics 20.0. All results were interpreted at 95% con-
fidential level (p 0.05).

Results:

1. Demographics and laboratory data

We presented the demographic data of our patients
at table 1. 34% of our patients had Vit.B12def. Patients
with and without Vit.B12def. were at similar age and
had similar formal education and the groups could be
compared. However, we found that Vit.B12 deficiency
was more frequent at men than women.

2. The association between Vit.B12def. and cog-
nitive functioning.

We failed to find statistical significant difference
on MMSE, short term memory, delayed recall, IST,
LFT and DST backward between patients with and
without  Vit.B12def. (p>0.05). Patients with
Vit.B12def. showed poor results on recognition, CDT,
DST forward and DSST, although we failed to find ad-
ditional decline on these scales during the period of the
study (see table 2).

The data from the regression analysis was summa-
rized at table 3. We failed to find any association be-
tween Vit.B12 levels and MMSE, LFT, 10WT (except
for recognition) and DST backward (p>0.05). Regres-
sion analysis showed not linear but square root associ-
ations between Vit.B12 level and recognition. CDT,
DST forward and DSST, exponential correlations be-
tween Vit.B12 and recognition at the second examina-
tion and reciprocal correlation with IST at the second
examination (see table 3).

Discussion:

Vit.B12def is relatively frequent among our pa-
tients. More than 1/3 of them had such deficiency. Ac-
cording to Allen et al. (2009) the prevalence of
Vit.B12def. among elderly is more than 20%, but in
some countries it is up to 40%, more often among peo-
ple with marginal status. Patients with Vit.B12def.

show poorer performance on scales, that measure atten-
tion, hippocampal memory (recognition) and visual-
spatial abilities. It is suggested that Vit.B12def. is asso-
ciated with executive dysfunctions and memory de-
cline, although authors obtain different domain specific
cognitive changes (11,12). Such changes remain con-
stant and don’t improve with therapy, which suggested
constant fronto-temporo-subcortical dysfunction, asso-
ciated with Vit.B12deficiency, as also suggested other
authors (9,11,12). Other cognitive impairments im-
prove over time with the application of specific therapy
(5). Because of the high prevalence of Vit.B12def. and
it potential role for additional cognitive decline, we
suggest that every elderly patient with AD, SVD or MD
should be additionally examined for Vit.B12def. and
should be adequately treated.

The regression analysis shows non liner model of
correlation between the level of Vit.B12 and cognitive
impairments (speed of informational processing, recog-
nition, visual-spatial abilities and attention). However,
during the period of the study we haven’t found any ad-
ditional decline on examined scales. We should note
that all patients with Vit.B12def. were treated with oral
or muscular Vit.B12. The correlation coefficients ob-
tained were low. Although these facts, we might say
that Vit.B12 deficiency is associated with constant
fronto-subcortical changes and hippocampal dysfunc-
tion. It may not play role for individual global cognitive
functioning but can change his quality of life and deci-
sion making and might play important role for the ve-
locity of cognitive decline in elderly. However, accord-
ing to our data treatment with Vit.B12 in these cases
might prevent from additional cognitive decline, asso-
ciated with Vit.B12def.

Limitations of the study: We examined a relatively
small sample of patients for a relatively short period of
time. Moreover, all our patients with Vit.B12def. were
adequately treated so we don’t have untreated control
subjects because of ethical and medical purposes.

Conclusions: Vit.B12def. is with high prevalence
among elderly with AD, SVD and MD. It might lead to
additional domain specific cognitive decline (executive
functioning, hippocampal memory and visual-special
abilities). The association between the levels of
Vit.B12 and cognitive performances is non-linear,
mostly square root. Patients with such dementias
should be examined for Vit.B12def. and should be ad-
equately treated.
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Table 1.
Demographic and laboratory data
AD | SVD | MD Total | Age (years) M:F Education | Vit.B12(pmol/l)
B:M:H
Patients with | 21 43 33 97 76.07£7.97 28:66 9:53:32 277.55+61.97
normal levels (Med 234.5)
of Vitamin
B12
Patients with | 17 13 19 49 77.76+6.41 18:31 3:29:17 109.02+47.07
Vit.B12def. (Med. 101.0)
P= >0.05 0.0038 | >0.05 0.0001
Total 38 56 52 146 76.71+£7.47 48:98 12:83:51 202.65+50.06
Legend: AD — Alzheimer’s disease, SVD — small vessels disease; MD — mixed dementia; M:F- male:female
ratio; Education B:M:H — patients with basic, with middle and with high formal education
Table 2.
Associations between Vit.B12def. and cognitive performances.
Averages or medians of patients P=
without Vit.B12def. vs with
Vit.B12def.
Recognition 1 (w.) 17.00£2.26 vs 15.94+3.24 0.0251
Recognition 2 (w.) 15.8743.10 vs 14.58+3.87 0.0331
Decline of recognition (w.) NA >0.05
CDT 1 (errors) 0.0vs 1.0 0.0203*
CDT 2 (errors) 1.0 vs 2.0 0.0144
Increase of the total number of errors on CDT NA >0.05
DST forward 1 (p.) NA >0.05
DST forward 2 (p.) 5.73+£1.58 vs 5.11+£1.57 0.0314
Decline of DST forwards (p.) NA >0.05
DSST 1 (p.) 30.05£12.76 vs 24.55+13.93 0.0256
DSST 2 (p.) 25.5vs 17.0 0.0369*
Decline of DSST (p.) NA >0.05
Legend: CDT — Clock drawing Test; DST — Digit Span Test; DSST — Digit Symbol Substitution Test
Table 3.

Regression analysis on the influence of serum Vit.B12 level on cognitive functioning.

The impact of absolute level of Vit.B12 (pmol/l; x) on | rr; model p=

y:

ISTI (p.) NA p>0.05
IST2 (p.) 0.17; reciprocal p=0.0465
Decline of IST (p.) NA p>0.05
Recognition 1 (w.) -0.19; square root p=0.0223
Recognition 2 (w.) -0.19; exponential p=0.0272
Decline of recognition (w.) NA p>0.05
CDT 1 (errors) 0.20; square root p=0.0185
CDT 2 (errors) NA p>0.05
Increasing of errors on CDT. NA p>0.05
DST forward 1 (p.) NA p>0.05
DST forward 2 (p.) -0.18; square root p=0.0308
Decline of DST forward (p.). NA p>0.05
DSST 1 (p.) -0.22; square root p=0.0109
DSST 2 (p.) -0.21; square root p=0.0158
Decline of DSST (p.). NA p>0.05

Legend: IST — Isaac’s Set Test, CDT — Clock Drawing Test, DST — Digit Span Test; DSST — Digit Symbol

Substitution Test. rr — correlation coefficient
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Cocynucrast cucTeMa M TKaHeBasi CTPYKTYpa MaTOYHOM TpyObl M SHAOMETPUS XapaKTEPU3UIOTCS BHICOKOW
IUIACTUYHOCTBIO — CIIOCOOHOCTBIO IMEPEeCcTpanBaeTcsi K PasHOOOPa3HBIM IPUCIIOCOOUTEIBHBIM IEPEeCcTpOiKaM
CTEHKH COCYJIOB, @ TKAHEBbIE CTPYKTYPBI IPU MEHSIOIIUXCS YCIOBUSIX TeMOAMHAMUKH HOABEPraroTCs TUIIEpILIa-
3MU C MOCIEAYIOIIEH peyKIHeil B COOTBETCTBUH C MEHSIOIIUMHUCS yCIOBUSIMU (DyHKIIMOHUPOBAHHUS OPI'aHOB MPH
TpyOHOI OEpeMEHHOCTH U TUIEPILIACTHYECKUE MTPOLIECCHI SHIOMETPHS

Abstract

The vascular system and tissue structure of the fallopian tube and endometrium are characterized by high
plasticity - the ability to rebuild itself to various adaptive restructuring processes of the vascular wall, and structure
of the tissues under the changing of hemodynamic conditions undergo hyperplasia with subsequent reduction in
accordance with the changing conditions of organ which functions during tubal pregnancy and hyperplastic pro-
cesses of the endometrium.

KoaioueBble ciioBa: matouHas TpyOa, SJHIOMETpPUS, IEPECTPOIiKa COCY/Ibl, BHEMATOYHASI OEPEMEHHOCTD, TH-
MepIIaCTHYECKHE TTPOLIECCHI.

Keywords: fallopian tube, endometrium, vascular restructuring, ectopic pregnancy, hyperplastic processes.

The aim of the study. The purpose of this study
was to study the hemodynamic restructuring of the ves-
sels of the reproductive organs in women during certain
pathological processes.

Materials and methods of research. A morpho-
logical study was performed on 27 women who under-
went surgery for tubal pregnancy (TP) using the lapa-
roscopic method. Prospective uterine examination (di-
agnostic curettage) of 33 reproductive-age patients with
hyperplastic pathological processes without malignan-
cies. Sections were stained using standard histological
methods. Statistical analysis was performed using the
Statistica 6.0 application package, with averaged data
calculated using the "M + m" calculation.

Research results and their discussion. The main
components of the female reproductive organ are the
uterus, fallopian tubes, ovaries and their appendages.
With age-related and pathological changes playing a

significant role is played by compensatory and struc-
tural changes of walls and nutrient vessels of the organ.
It should be noted that to date, pathomorphological
changes in the structure of the walls of the fallopian
tube vessels in patients with TP remain poorly studied
[1-2].

In connection with the development of new direc-
tions in the accurate diagnosis of diseases of the inter-
nal genital organs of women of reproductive age, there
is a need for a detailed study of the compensatory
mechanisms of the vessels of the fallopian tubes and
uterus in TP and hyperplastic processes in women of
reproductive age and the development of effective di-
agnostic methods.

The results of these studies may not only provide
an opportunity to understand the inadequacy of the
study of the morphogenesis of this disease, but also re-
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solve the issue of diagnosis and justification of the ra-
tional scope of surgical intervention in patients with
this pathology.

The blood supply to the uterus and fallopian tubes
is provided primarily by the uterine arteries and, to
some extent, by the ovarian artery. These arteries run
perpendicular to the organ axis along the lateral mar-
gins of the uterus and longitudinally along the oviduct,
and are located beneath the serosa. Morphometric anal-
ysis shows that tubal pregnancies are characterized by
the presence of a dilated fallopian tube. The length of
the fallopian tubes varied from 7 to 11 cm, averaging
9.0+ 0.3 cm. At the same time, an increase in the thick-
ness of the fallopian tube was observed, with a diameter
ranging from 2.0 to 4.3 cm. A study of pathological
changes in the fallopian tube wall during tubal pregnan-
cies after laparoscopic surgery revealed that the organ
undergoes changes in all layers of the fallopian tube. In
the wall of the organ, structural morphological changes
and vascular reorganizations mainly depend on the lo-
cation of the invasion of the fertilized egg; this process
is often localized in the myosalpinx and rarely in the
subserous layer of the oviduct wall, creating the possi-
bility of perforation of the organ wall in the invasion
zone or promoting the development of adhesions with
adjacent organs [3].

The morphological picture of the ectopic preg-
nancy revealed the presence of elements of the ferti-
lized egg and trophoblastic tissue in the dilated fallo-
pian tube, hemodynamic shifts, hemorrhage, edema of
the connective tissue membrane, and, frequently, cho-
rionic villi growing into the folds of the mucosa and
muscular membranes. Histological examination of se-
rial sections of the fallopian tube in the area of fertilized
egg implantation revealed a decrease in the number of
chorionic villi, characterized by hyalinosis of the en-
dosalpinx, myosalpinx, serous layer (perisalpinx), and
mesosalpinx, resembling chronic nonspecific produc-
tive salpingitis. It was established that progressive
changes occur in the area of fertilized egg implantation
during tubal pregnancy. The serous layer of the oviduct,
involved in the pathological process, underwent signif-
icant pathomorphological and compensatory vascular
changes.

Tissue edema was accompanied by breakdown of
the mesothelium layer and hemodynamic disturbances
within the organ system, characterized by dilation and
engorgement of blood vessels, particularly the venous
components of the microcirculatory system. Destruc-
tive pathological changes in the tissue and cellular
structures of the organ's serous layer (mesothelium,
limiting membrane, superficial and deep cribriform
layers of collagen and elastic fibers) were also detected.
These changes led to thickening of the serous mem-
brane due to swelling and edema of the connective tis-
sue layer. Compared to the control group, collagen fi-
bers increased in number. In large areas of the serous
membrane of the fallopian tube, the mesothelium was
thickened and shed, and the mesothelial cells became
swollen, edematous, and deformed. The walls of some
microvascular vessels were thickened due to collagen
proliferation, clearly indicating the transformation of a
chronic, productive, infiltrative inflammatory process.

The most compensatory changes were noted in the ca-
pillaries located beneath the mesothelium, including
edema, endothelial cell damage, microthrombosis, and
changes in arteriole-arteriolar and arteriole-venular
anastomoses. The venular-arteriolar index in this ovi-
ductal membrane with TP was 1.29 versus 1.14 in the
comparison group, and the arteriole-venular index was
0.6 versus 0.75 in the comparison group, a 15.5% de-
crease.

In our study, we sought not only to present infor-
mation on the normal characteristics of vascular-tissue
relationships in the uterus but also to identify specific
criteria for certain hyperplastic pathological processes.
Given the highly diverse pathomorphology of the
uterus, we decided to trace the patterns of microcircu-
latory bed transformations in some of the most fre-
quently encountered clinical processes: endometritis,
endometrial polyps, and endometrial hyperplasia. En-
dometritis is a prominent representative of a group of
acute inflammatory diseases and, for many years, was
mistakenly considered a clinically insignificant pathol-
ogy in cases of asymptomatic inflammation. Studying
hemodynamics in the uterine wall in various forms of
hyperplastic processes will contribute to the develop-
ment and improvement of methods for the differential
diagnosis of endometrial hyperplastic processes in re-
productive age [4-5].

It is known that hyperplastic processes in the en-
dometrium of the uterus are characterized by hyper vas-
cularization of its wall, the cause of which is considered
to be venous or arterial plethora [6-7].

The studied material showed that during the in-
flammatory diseases of the uterus, hyperplastic pro-
cesses and restructuring of all components of the mi-
crocirculatory bed of the organ occur. All intraorgan
vessels undergo adaptive and pathological changes.
Adaptive transformations of terminal vessels occur in a
morphofunctional sequence, characterized by the mo-
bilization of reserves, multiplication of blood flow
pathways, and hemodynamics. An increase in the ca-
pacity of the microcirculatory bed is observed due to
the filling of all exchange vessels and the growth of the
capillary network, the appearance of tortuosity, and an
increase in vascular parameters. Arterioles with a diam-
eter of 18.4+1.3 pm and precapillaries in places are di-
lated to 15.1+0.9 um, and capillaries — 11.3£1.1 pm,
postcapillaries — 24.6+1.4 pum, venules and arteriolo-
venular anastomoses are dilated, the venular-arteriolar
index increases from 1.23 to 1.45, and the athero-venu-
lar coefficient from 0.53 to 0.65. The network of blood
capillaries of the mucous membrane is represented by
capillaries of folds and capillaries surrounding the
glands. Under the influence of the inflammatory pro-
cess in the intraorgan system of the mucous membrane,
a violation of the permeability of capillaries and vessels
occurs. The venous capillary network is highly devel-
oped and many times exceeds the arterial bed. The
walls of dilated arterioles and venules, compared to
control vessels, have fewer rows of smooth muscle
cells, which are spaced more widely. Functional dis-
turbances in the microvascular bed trigger the develop-
ment of pathohistological changes in the uterine mu-
cosa and determine their transformation [6]. Mucosal
folds are enlarged, glands are dilated, and very deep
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folds can be seen in cross-sections. The number of
glands in the mucosa is significantly greater than in the
control group, and the glands rarely have the appear-
ance of deep tubular sacs.

Hyperplastic processes are observed in the stroma
of the uterine mucosa, with increased lymphohistio-
cytic infiltration around capillaries, glands, and in the
connective tissue of the uterine base. During removal
of endometrial polyps, histological examination re-
vealed the presence of glandular and glandular-fibrous
polyps, most commonly.

Along with the aforementioned adaptive mecha-
nisms, we have identified destructive changes in indi-
vidual components of the microcirculatory bed, partic-
ularly in the venous section, indicating functional fail-
ure of the vascular organ system. This may be due to
the disease's duration—more than 5 years.

Conclusion. The vascular system and tissue struc-
ture of the fallopian tube and endometrium are charac-
terized by high plasticity - the ability to rebuild itself to
various adaptive restructuring processes of the vascular
wall, and structure of the tissues under the changing of
hemodynamic conditions undergo hyperplasia with
subsequent reduction in accordance with the changing
conditions of organ which functions during tubal preg-
nancy and hyperplastic processes of the endome-
trium.Consequently, the functional significance of mi-
crovessels determines their structure, which obviously
should be taken into account when conducting various
diagnostic and therapeutic procedures.
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Pectus excavatum (PE) is the most common congenital thoracic deformity, often leading to functional and
psychological impairments. Accurate preoperative diagnosis is essential for selecting the optimal surgical strategy,
with multimodal imaging playing a crucial role. This review explores the evolution of diagnostic methods, includ-
ing radiography, computed tomography, magnetic resonance imaging, and echocardiography, highlighting their
importance in assessing thoracic indices, asymmetry, and cardiopulmonary impact. Additionally, the article traces
the history of PE surgical treatment, from early invasive techniques to modern minimally invasive approaches
such as the Nuss procedure and hybrid techniques. The advantages, limitations, and complications associated with
each surgical method are discussed, emphasizing the need for individualized treatment plans. While significant
progress has been made in refining diagnostic and surgical techniques, further research is required to optimize

patient outcomes and reduce postoperative complications.

Keywords: Pectus excavatum, Historical review, Thoracic surgery.

Pectus excavatum (PE) is one of the most common
types of thoracic deformities, with an incidence of
1:400 births, with a prevailing male gender (4:1), which
can influence the development of serious conse-
quences, including scoliosis, heart displacement, the re-
duction of lung volume, etc. [1].

Preoperative imaging in patients with pectus exca-
vatum is the key diagnostic option, and it is also irre-
placeable in guiding the treatment [2]. Chest radiog-
raphy allows visualization and assessment of the degree
of chest wall deformation, leftward shift of the cardiac
silhouette, hidden right cardiac border, narrowing of
the mediastinum, and inclined anterior ribs. Plain chest
radiography can determine different thoracic indices,
such as the Welch index, the vertebral index, the xiph-
oid manubrium corporal index, the Haller index, the
correction index, but is not an appropriate option in as-
sessing thoracic asymmetry or sternal torsion [3].

In patients with PE, computed tomography allows
the determination of several thoracic indices, which
help to assess the severity of the chest wall deformity
and to determine the surgical strategy and the selection
of the type and size of implants to be used. It should be
considered that three-dimensional reconstructions are
essential for these decisions, and chest CT scans should
be performed at the end of expiration to measure the
most severe thoracic indices under conditions similar to
those observed by the surgeon in the operating room -
the patient being relaxed during expiration [4].

The thoracic index is a formula used to identify or
quantify a thoracic deformity or to assess the severity
of the defect, the sternal characteristics, the deformity
and the impact of PE on the cardiopulmonary function
of the patients and to define further treatment strategies.

There is no definition, classification or consensus in the
literature where the thoracic index is the gold standard.

The pectus index (PI) is the greatest lateral dis-
tance of the chest wall relative to the smallest antero-
posterior distance between the most depressed point of
the chest wall and the vertebral body. Haller J.A. et al.
(1987) indicated that a pectus index > 3.25 was present
in all patients undergoing surgery, while in patients
with mild pectus excavatum who did not undergo sur-
gery, in children and adolescents included in the control
group, this index was <3.25 in all cases. Thus, the au-
thors concluded that the pectus index can be a useful
adjacent tool in the objective evaluation of children and
adolescents presenting for possible surgical treatment
for the pectus excavatum deformity [S]. The signifi-
cance of the Haller index indicates the ratio between the
width of the rib cage and the deepest point of the sternal
depression, being the most frequently used index in as-
sessing the severity of PE. In healthy individuals, the
Haller index varies between 2.0 and 3.0. However, ac-
cording to data from recent literature, an index of 3.25
as a cut-off point for surgical intervention is no longer
a good discriminator and has no conclusive relationship
with the aesthetic problems observed. Meanwhile, the
Haller index has other limitations and includes varia-
tions in the shape of the chest/age/gender/breathing,
lack of assessment of asymmetry and cardiac compres-
sion [6, 7, 8].

It has been noticed that minimally invasive repair
of pectus excavatum is associated with a high compli-
cation rate, which exponentially increases with age and
a high Haller index, the principle being exposed in the
classification proposed by Clavien-Dindo, where sev-
eral degrees of this index are described [9].
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Degree Haller Index (cm)
1 3,0-3.9
11 4,0-49
111 5,0-59
v > 6,0

The second thoracic index that should be included
in CT reports is the correction index, considered to be
a more appropriate criterion in recommending surgical
correction, suggested in 2011. In the authors’ opinion,
this index is very simple to measure, it is easy to repro-
duce, and represents a very accurate measure that
clearly differentiates patients with pectus excavatum
from those without the disease. Only at a correction in-
dex equal to 10%, the defect should become sufficiently
visible to establish the diagnosis. The authors recom-
mend turning to surgical correction of PE for patients
with a CI > 28%, this value correlating with the long-
accepted standard (HI > 3.25) [10, 11].

The asymmetry index (Al) = 1- (the greatest an-
tero-posterior distance of the left chest wall)/ (the great-
est antero-posterior distance of the right chest wall), or
the ratio of the depth of the left and right chest during
inspiration and expiration. In healthy individuals, this
index ranges from -0.05 to +0.05. The chest wall is con-
sidered “asymmetrical” if the asymmetry index is <—
0.05 (the left side of the chest is more convex) or >0.05

Fig. 1. a) Elements for calculating EI, FI and RI: red line of the chest wall, ellipse marked with blue line ex-
tracted with the curve fitting method, Lm - length of the major axis of the ellipse, Ln - length of the minor axis of
the ellipse, Lf - distance between two focal points of the ellipse; b) Elements for calculating CI: red line indi-
cates the chest wall, blue line indicates the circle extracted by the curve fitting method, length Lr - radius of the
circle (according to Kim H.C. et al., 2008).

The sternal torsion angle (STA) is the angle be-
tween the sternum and a horizontal line.

A positive value indicates counter-clockwise rota-
tion of the sternum, and a negative value indicates
clockwise rotation. The Louis angle (AoL) is the angle
between the manubrium and the body of the sternum in
the sagittal plane [14].

Computed tomography is the gold standard in the
evaluation of the chest in children with PE, but expo-
sure to ionizing radiation remains a concern because
children are more sensitive to ionizing radiation. Both
inspiratory and expiratory CT have been shown to have
a large impact on the assessment of chest motion, with
end-expiratory PE assessment leading to an additional
number of surgical candidates compared to end-inspir-
atory assessment alone [15]. Computed tomography is
useful in the diagnosis of PE, providing a qualitative
assessment of the severity of the chest wall deformity
[16]. Considering that standard CT and MRI examina-
tions require breath-holding maneuvers, little is known

(the right side of the chest is more convex) [12].

The flatness index (FI) was originally suggested
by Kim H.C. et al. (2008) for the purpose of assessing
depression. In that respect, the eccentricity index (EI),
the circularity index (CI) and the rotation index (RI)
were developed to assess asymmetry. The ratio of the
length between the major axis and the minor axis of an
ellipse can represent the degree of flatness of the el-
lipse. Using this characteristic, the authors proposed the
evaluation of a flatness index. To calculate this index,
the index calculation algorithm finds an ellipse, using
the nonlinear least squares fitting method from the ex-
tracted inner boundary coordinates of the chest wall.
Subsequently, the length of the major axis (Lm) and the
length of the minor axis (Ln) of the ellipse are calcu-
lated (Fig. 1): FI =1 - Ln/Lm [13]. The authors also
suggested calculating the following indices:

- The eccentricity index (EI) = Ly/L;

- The circularity index (Cl) = L,/Lm;

about chest wall motion in patients with PE under free
breathing conditions. So far, static axial cross-sections
of the chest at the deepest point of the funnel have been
used to determine the degree of pathology. However,
the phase of the respiratory cycle used to calculate the
indices is not standardized, although there is evidence
that HI and CI change during breathing. A variation in
the degree of breathing is likely, especially in children
and adolescents, even if a specific phase of breathing is
preselected [17]. MRI imaging offers the option to de-
tect and measure chest deformities without radiation,
while ultra-fast MRI allows morphometric measure-
ments at different stages of the respiratory cycle [18].
The spirometry results in patients with PE are typ-
ically 10% to 20% lower than the population average,
and these values are statistically and clinically signifi-
cant. In addition to altered respiratory biomechanics
and some changes in pulmonary function, this chest
wall malformation may exert direct compression on the
underlying right heart chambers, leading to various



54

Slovak international scientific journal # 104, (2026)

morphological and functional cardiac changes, docu-
mented in some studies using echocardiography and
cardiac MRI [19].

Common and stress Doppler echocardiography
(stress echo) are used in order to demonstrate external
cardiac compression (especially of the right ventricle)
and its dynamics during rest and stress (exercise), man-
ifested by a reduction in tricuspid annulus diameter and
tricuspid/mitral annulus width ratio, a fixed tricuspid
valve area at rest and stress, and an increased tricuspid
diastolic gradient. It is also important to explore the
presence of signs of diastolic dysfunction not only of
the right ventricle but also of the left, also assessing the
presence of paradoxical septal motion. Therefore, stress
echocardiography is necessary to be performed in order
to exclude ischemic heart disease or, to a much lesser
extent, for other indications, such as valvular heart dis-
ease, the exclusion of stress-induced regional wall mo-
tion abnormalities [4, 20].

All patients with significant pectus excavatum
should undergo an echocardiogram, especially those
who are being considered for surgery. Pathological
electrocardiographic findings are frequently observed
in patients with PE. Observational studies have found
several abnormal ECG deviations in patients with PE,
such as: P wave abnormalities, right QRS axis devia-
tion, right bundle branch block, T wave inversion, ST
segment elevation. It is assumed that these ECG
changes are secondary to anatomical distortion, rota-
tion and compression of the heart due to rib cage de-
formity, mitral valve prolapse or aortic root dilatation,
which may require long-term monitoring. However, lit-
tle is still known about postoperative ECG changes and
the association between ECG changes and exercise
testing. [21, 22].

The history of the surgical correction of PE starts
at the beginning of the 20th century with the works of
Meyer L. (1911) and Sauerbruch E.F. (1927). Over the
next four decades, some methods were reported by
Brown A.L. (1939), Lester C.W. (1946) and others.
During this timespan, the suggested surgical therapies
were based on the resection of the deformed costal car-
tilages and sternum, while cutting mediastinal and dia-
phragmatic adnexa, and/or external traction [23].

More than 80 different surgery types and their
modifications for the correction of PE have been de-
scribed in the literature, of which two types of surgeries
are the most widespread: the one first described by Rav-
itch M.M. (1949), who proposed costochondral osteot-
omy and the minimally invasive surgery suggested by
Nuss D. (1998), which consisted of a temporary im-
plantation of a metal bar aimed to modify the curvature
of the anterior chest wall [24, 25].

In 1949, Ravitch M.M., based on the detailed re-
view of Ochsner and DeBakey (1939), the patient series
presented by Lincoln Brown (1940) and the publica-
tions of Sweet R.H. (1944) and Lester C.W. (1946) op-
erated on 8 children with PE aged 2 to 10 years. In 7
cases there were no complications, the author achieved
excellent results, and one child died due to a fulminant
infection. Based on the analysis performed, the author
concluded that pectus excavatum is a progressive con-
genital deformity of the sternum and costal cartilages,
which can be satisfactorily corrected by surgery. The

younger the patient, the greater the probability of re-
sulting in a completely normal thoracic contour. Sur-
gery is indicated for the removal of a cosmetic defect
that represents a social handicap, for the correction of a
skeletal deformity, and for the improvement of cardiac
or pulmonary symptoms. Early surgery is important as
a prevention of the progression of symptoms and signs.
The deformed portions of all involved costal cartilages
on both sides are resected. The xiphosternal joint and
substernal ligament are divided and the body of the ster-
num isolated except for its attachment to the manu-
brium. A transverse osteotomy at the superior margin
of the defect allows the sternum to be raised to the cor-
rected position, which is maintained by silk sutures wo-
ven into the bone. No external traction is used and no
type of cast or other support is required. [26].

In 1965, Ravitch M.M. reaffirmed his basic prin-
ciples of the operation - subperichondrial excision of all
the deformed cartilages, complete release of the ster-
num by division of the xiphoid and intercostal fascicles,
transverse sternal osteotomy, and the absence of exter-
nal fixation. The author is suggesting a modifying ele-
ment, which consists in oblique division of the lower-
most normal cartilage, which allows osteotomy of the
sternum with a space higher than before, and this oste-
otomy is now always performed on the posterior sur-
face of the sternum. Occasionally, internal fixation or
support is used, especially in adolescents or adults with
long sternal structures [27].

The subsequent half-century of thoracic surgery
was dominated by the technique suggested by Ravitch,
which became the gold standard for surgical treatment
of pectus excavatum worldwide for that period [28], alt-
hough several modifications were proposed [29, 30,
31], including modifications designed to maintain the
corrected position of the sternum by using a metal sup-
port [32, 33]. However, performing the procedure in in-
fants and preschool children resulted in postoperative
damage to the growth centers, leading to the develop-
ment of acquired asphyxiating chondrodystrophy.
Therefore, pediatricians were the first to recognize the
problem and the number of referrals for pectus excava-
tum repair decreased significantly during this period
[34, 35].

In severe and recurrent types of PE, Robicsek F.
(1978) suggested a correction method, which consisted
of sternal mobilization, transverse osteotomy, paraster-
nal resection of the costal cartilages (a modified Rav-
itch procedure), followed by the placement of Marlex
prosthetic material behind the sternum and suturing this
mesh to the peripheral stumps of the resected ribs, the
use of the mesh being intended to support the floating
sternum [36]. The modification proposed by Dailey J.F.
(1952) consisted of stabilizing the corrected position of
the sternum by using an autologous scythe graft [37].
These methods of pectus excavatum repair have been
advocated for some time by several authors with rela-
tively satisfactory early results, even though there was
a risk for the appearance of the chest wall to alter over
time. [38].

In 1970, Wada J, et al. published a study in which
they presented the results of 271 surgeries performed
on patients with PE using the "sterno-turnover" proce-
dure, which consists of separating the sternum from the
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mediastinal tissue by blunt dissection, the ribs or costal
cartilages and intercostal muscles are transected bilat-
erally at the level of the costal arches along the edge of
the deformity, with the deformed sternum being then
elevated, with both internal mammary arteries ligated
and sectioned. After the sternum is sectioned and re-
moved en bloc, thoracoplasty is resorted to by the
method of inverting the sternum with its fixation with
steel wire and each costal cartilage or rib is sutured with
silk to the adjacent cartilage. Since the surgical results
obtained in cases using the sterno-turnover procedure
were not satisfactory, the authors also resorted to costo-
plasty, which provided that the ribs were straightened
through multiple partial incisions or wedge resections
and then reattached anteriorly to the sternum to form a
new and elevated costal arch [39]. The so-called turno-
ver operation for pectus excavatum was disappointing
due to postoperative complications, such as fistula for-
mation with necrosis of the bones and muscles. For this
reason, Taguchi T.K. et al. (1975) developed a new
sternal turnover operation with preservation of the bi-
lateral internal mammary vessels, the surgical interven-
tion being useful for patients over 15 years of age [40].

Some modifications have been suggested in severe
cases of PE associated with Marfan syndrome, Javan-
gula K.C. et al. (2006) proposed the use of a “sternal
lodge” with 2 wide strips of Gortex patch as an alterna-
tive to a metal bar [41], and in cases of PE and annu-
loaortic ectasia, Kawamura T. et al. (2011) reported an
open approach by partial sternotomy and sterno-costo-
chondroplasty to divide and refix the right and left ribs,
which was advantageous in partially immobilizing the
sternum so that the right ribs could be opened to expose
the deviated mediastinum [42].

Buchwald J. et al. (2020) suggested a modification
of the Ravitch procedure, the difference being that the
ends of the resected cartilages are blade-shaped to al-
low them to be inserted into previously prepared
wedge-shaped depressions, which are located on both
edges of the sternum. The correction technique pro-
posed by the authors does not require the use of addi-
tional sternal support, and the good long-term results
make the procedure suitable and acceptable in the treat-
ment of anterior chest wall deformity in children and
adolescents [43].

Over the recent decades, the Nuss procedure has
gained wide acceptance in the surgical correction of pa-
tients diagnosed with PE [44]. According to Nuss D.,
Kelly R.E. (2010), the minimally invasive repair pro-
posed by Nuss D. can be successfully performed in pa-
tients aged between 1 and over 50 years, the ideal age
being before puberty because at this age the thorax is
still malleable, the support bar is adjusted in length dur-
ing puberty, and the recovery time is short, with a low
incidence of relapses. Excellent results and a short re-
covery time have been recorded in patients under 8
years of age, but because the support bar is removed
before puberty, which is a period of growth spurt, there
is a potential for relapse. However, in cases where sig-
nificant cardiac and/or pulmonary compression is
noted, early repair is warranted, but the bar should be
left in situ for 3 years. The family should also be in-

formed that the patient may require a second bar place-
ment either at the time of removal of the first bar or if a
longer bar is required [45].

Specific inclusion criteria, originally established
for the Nuss procedure and relevant to patient selection,
include two or more of the following: 1) A computed
tomography (Haller) index greater than 3.25 or correc-
tion index of 10% or greater in association with cardiac
or pulmonary compression; 2) Pulmonary function test
results clearly showing restrictive and/or obstructive in-
sufficiency; 3) Cardiologic evaluation showing cardiac
compression, displacement, mitral valve prolapse, mur-
mur, or conduction abnormalities; 4) Documenting the
progression of the deformity with advancing age in as-
sociation with the development or worsening of physi-
ological symptoms (i.e., shortness of breath, lack of en-
durance, exercise intolerance, palpitations, and chest
pain); 5) Psycho-social effects. The optimal age range
for pectus excavatum repair appears to be between 10
and 14 years, when the chest wall is still malleable [46,
47].

The procedure developed by D. Nass et al. (1998),
who first published the results of the treatment of pa-
tients operated on with pectus excavatum over a period
of 10 years, consists of using an original surgical tech-
nique based on the “extension” of the costal cartilages
due to their elasticity against the background of dyspla-
sia using a metal plate inserted retrosternal. In the opin-
ion of the authors, the minimally invasive technical
procedure proposed by them has some obvious ad-
vantages, such as: 1) the lack of anterior incision of the
chest wall, does not require extensive dissection and
detachment of the musculo-fascial component of the
anterior chest wall and the lack of resection of the costal
cartilages or sternal osteotomy; 2) short operating time,
minimal blood loss and early return to full activity; 3)
long-term normal thoracic resistance, expansion, flexi-
bility and elasticity; and 4) excellent long-term cos-
metic result [48]. With excellent cosmetic results, this
minimally invasive procedure has quickly become the
standard of care for the treatment of children and ado-
lescents with PE [47]. Although minimally invasive
correction has been successfully performed in patients
from 1 to over 50 years of age, according to D. Nuss,
the ideal age for this intervention is just before puberty,
because at that age the chest is malleable, the support
bar is fixed during the pubertal growth spurt, the recov-
ery time is short, and the incidence of relapse is low.
Patients younger than 8 years of age, including those
aged 3-6 years, have an excellent result and a short re-
covery time, but because the support bar is removed be-
fore the pubertal growth spurt, there is a potential for
relapse. However, if a younger patient has significant
cardiac and/or pulmonary compression, early repair is
warranted, but the bar should be left in situ for 3 years,
and the family should be informed that the patient may
require a second bar placement when a longer bar is
needed [45, 48]. Park H.J. et al. (2012) found that rou-
tine early repair of pectus excavatum in patients older
than 3 years is safe and effective.

Currenty, several significant changes have been
made to the technical procedure that Nuss originally pa-
tented, which led to the creation of “hybrid” methods,
which can not only compete with the original method,
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but in some respects even surpass it [50, 51, 52, 53].
The original procedure proposed by Donald Nuss was
performed without the aid of thoracoscopy, later this
technique was modified to be performed with the help
of a thoracoscope as part of measures to improve the
safety of the intervention [54, 55], this modification
having the potential to reduce the risk of cardiac com-
plications without increasing the rate of minor compli-
cations [56]. In 2014, Dawn E. Jaroszewski modified
the Nuss procedure, describing an original technique
for forced mechanical elevation of the sternum (sternal
retraction) with expansion of the retrosternal space and
facilitating blunt dissection of the anterior mediastinum
in severe cases of pectus excavatum and safe passage
of the metal bar, using a special “crane” device and a
metal suture tied to the sternum without the need for
endoscopic guidance [57]. Subsequently, the advantage
of using the sternal retraction technique was confirmed
by several authors [58, 59]. Rygl M. et al. (2014) used
a technical innovation using a semiflexible thoraco-
scope and hook-lift of the sternum, reducing the risk of
cardiac injury [60], and Haecker F.M. et al. (2019) used
a vacuum bell to lift the sternum [61].

In the standard Nuss procedure for pectus excava-
tum, the costal arch is often lifted together with the ster-
num, resulting in unevenness of the lower chest. Post-
operative protrusion of the costal arch can be prevented
by the original change suggested by Nagasao T. et al.
(2023), which involves separating the seventh costal
cartilage from the sternum. Wu L. et al. (2024), in order
to ensure sufficient sternal elevation, suggested hori-
zontal separation of the sternum after rotating the metal
bar, which also contributes to reducing postoperative
pain [62, 63].

Even though the Nuss procedure is considered
minimally invasive, some technical problems have
been noticed, the most important of which is the chal-
lenge of mediastinal manipulation in a severely sunken
sternum, and the precordial elevation may cause some
intraoperative adverse events, such as rib fracture. The
overall incidence of minor and major complications af-
ter this procedure ranges between 2-20%, the real inci-
dence of life-threatening complications and mortality
being unknown, since the total number of procedures
performed worldwide is unknown [64]. Some fatal
complications have been described during the Nuss
procedure, after the procedure itself, and during re-
moval of the metal bar after certain amounts of time,
such as pneumothorax, hemothorax, pleural effusions,
cardiac perforation, etc [55, 64]. Metal allergy is found
in 2.7% and 3.1% of patients, manifesting as rash, ery-
thema, granuloma, postoperative wound problems, or
pleural effusion [65]. The surgical technique, patient
age, severity and asymmetry of the pectus, previous
chest surgery, and surgeon experience play a decisive
role in the overall incidence of such complications [66].
In 2017, Masai K. et al. developed a combined Ravitch
and Nuss technique for the treatment of severe PE,
which involves three steps: 1) the severely depressed
portion of the costal cartilage is transected; 2) the ster-
num is stabilized with pectus bars, and 3) the anterior
chest wall is then reconstructed. Mercedes incisions are
cut in the deepest part of the thorax. After mobilization

of the pectoralis and rectus muscles, the deformed cos-
tal cartilages are exposed. Then, bilaterally, the ribs
from the third or fourth to the seventh costal cartilage
junction were disconnected from the adjacent sternum.
The bilateral internal mammary arteries were pre-
served. According to the original Ravitch procedure,
transverse sternal osteotomy at the level of the third rib
can be used if necessary. With the dissection of the cos-
tal cartilage of the bilateral ribs, the buried sternum de-
veloped increased mobility (part of the Ravitch proce-
dure). After mobilization of the sternum, the Nuss pro-
cedure was performed. Under the control of a
thoracoscope, the inserter was safely positioned under
the sternum. Subsequently, a titanium pectus bar was
passed through the mediastinum under the recon-
structed sternum and then rotated 180 degrees to stabi-
lize the anterior chest wall. Because the cut ends of the
costal cartilages protruded approximately 1-2 cm due
to the elevation of the anterior chest wall, it was neces-
sary to resect the edge of the costal cartilages to level
the anterior wall of the rib cage, after which the edge of
the costal cartilage and the sternum were sutured using
surgical metal wires or sutures [67]. Some combined
techniques have been suggested for the repair of asym-
metrical cases of pectus excavatum, such as the proce-
dure proposed by Kuyama H. et al. (2021), which in-
volves chondrotomy of the depressed and deformed
costal cartilage to elevate the depressed part, combined
with the Nuss procedure or the technique presented by
Okuyama H. et al. (2021), which provides for thoraco-
scopic excision of the costal cartilage combined with
the Nuss procedure [68, 69].

Therefore, even with protocols with promising
preliminary results, in order to improve the successe
rates of the surgical correction of patients with pectus
excavatum, the need for additional studies with the
evaluation of long-term results is imposed [70]. Several
meta-analyses have been reported in the specialty liter-
ature, which aimed to comparatively evaluate the effec-
tiveness of the Ravitch and Nuss surgical procedures in
the repair of pectus excavatum [71, 72, 73]. The com-
parative analysis presented by the authors could not de-
finitively suggest a preference for any of the surgical
method of pectus excavatum repair [74]. The Nuss pro-
cedure was associated with a shorter operative time and
diminished blood loss compared with the Ravitch pro-
cedure, while the postoperative length of hospital stay
was similar. No difference was observed between the
procedures in terms of overall complication rates, while
the rates of reoperation due to rod migration or persis-
tent deformity, postoperative pneumothorax, and
hemothorax were higher in the Nuss group than in the
Ravitch group [75].
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Abstract

Arterial hypertension (AH) and cognitive impairments frequently coexist among elderly. The aim of our study
was to examine the association between AH and cognitive decline among elderly patients with Alzheimer’s disease
(AD), Vascular cognitive impairment (VCI) and mixed (AD and VCI) cognitive impairment (MD).

Material and methods: We examined 100 patients with AH (on average age of 76.72+7.59 years, 28 males
and 72 females, 24 with AD, 38 with VCI and 38 with MD) and 46 patients without AH (on average age of
76.67+7.28 years, 20 males and 26 females, 14 with AD, 18 with VCI and 14 with MD) twice (with interval of 2
years) with the following neuropsychological battery: Mini Mental State Examination (MMSE), Isaac’s Set Test
(IST for verbal fluency), Literal fluency Test (LFT; variant M-O-H-A in Bulgarian, 1 minute for every letter),
Clock Drawing Test (CDT), 10 Words Test (for working memory, delayed recall and recognition (10/20words),
Bulgarian variant), Digit Symbol Substitution test (DSST 90sec), Digit Span Test (DST forward and backward)

and 21 Hamilton Depression Scale (HDS).

Results: AH itself was not associated with additional cognitive decline. Its role is modified by other factors
such as duration of AH, the age of onset of AH, its control and coexistence of more than 4 other vascular risk

factors.

Conclusions: The existence of AH itself has no negative effects on cognitive functions. However, its impact
on cognition is modified by other important factors such as longer duration and poor control of AH and coexistence

of other vascular risk factors.

Keywords: arterial hypertension, Alzheimer’s, vascular cognitive impairment, mixed dementia.

The association between arterial hypertension
(AH) and cognitive impairment among elderly is com-
plex and disputable (1,4,7). The role of AH on cogni-
tive decline is possibly modified by other important ad-
ditional factors such as socio-economic factors, gender,
race and ethnicity, existence of other comorbidities (di-
abetes mellitus type 2, obesity, kidney failure, heart
failure, etc.) and the age of onset and control of AH
(1,3, 4,5,6,7). The exact mechanism of influence of AH
on cognitive function is unknown. It is suggested that it
causes maladaptation of brain vascular system on ab-
normal arterial pressure and vascular remodeling (4,7).
The high pressure at the distal part of the brain micro-
circulation promotes oxidative stress in endothelium
cells and increased production of oxygen radicals in mi-
tochondria. AH causes increasing of blood — brain bar-
rier permeability leading to subsequent endothelial im-
pairment, changes of extracellular matrix, damages of
pericytes and activation of metal proteases (4,7). The
ageing additionally exacerbates AH by inducing micro-
vascular and blood-brain barrier damage (7). The
blood-brain barrier damage causes neuroinflammation,
synapses loss and neurodegeneration. Moreover, AH is
associated with accumulation of beta amyloid and in-
creasing of tau phosphorylation (7).

The aim of our study was to examine the associa-
tion between AH and cognitive decline among elderly
patients with Alzheimer’s disease (AD), Vascular cog-
nitive impairment (VCI) and mixed (AD and VCI) cog-
nitive impairment (MD).

Material and methods: We examined 100 patients
with AH (on average age of 76.7247.59 years, 28 males
and 72 females, 24 with AD, 38 with VCI and 38 with
MD) and 46 patients without AH (on average age of
76.67+7.28 years, 20 males and 26 females, 14 with

AD, 18 with VCI and 14 with MD). The inclusion cri-
teria of our study were 1. Age>60 years; 2. Diagnosis
of cognitive impairment at the onset of the study con-
firmed by neuropsychological examination and con-
firmed diagnosis of AD, VCI or MD on the basis of
clinical examination, imaging and laboratory data; 3.
Lack of other neurological diseases such as trauma,
brain tumors, neuroinfections, demyelinating diseases
or epilepsy; 4. Lack of decompensation of coexisted so-
matic diseases during the study; 5. Lack of psychiatric
diseases, except of mild depression or anxiety; 6. Lack
of treatment or usage of benzodiazepines, modafinile
acetate, hallucinogens and other psychoactive drugs,
except for low dosages of Quetiapine (<50mg/d),
Pregabaline (<150mg/d), Gabaneural (<600mg/d), Hy-
droxyzine (<25mg/d) or antidepressants; 7. Lack of al-
cohol abuse or usage of forbidden substances; 8. For
patients with AH, its duration should be minimum 5
years; 9. Signed informed consent.

After clinical interview and confirmation of diag-
nosis, the patients were examined via Mini Mental
State Examination (MMSE), Isaac’s Set Test (IST for
verbal fluency), Literal fluency Test (LFT; variant M-
O-H-A in Bulgarian, 1 minute for every letter), Clock
Drawing Test (CDT), 10 Words Test (for working
memory, delayed recall and recognition (10/20words),
Bulgarian variant), Digit Symbol Substitution test
(DSST 90sec), Digit Span Test (DST forward and
backward) and 21 Hamilton Depression Scale (HDS).
All patients with HDS above 12 points were excluded.

The patients were examined with the same neuro-
psychological battery 2 years after the first examina-
tion.

The statistical analysis was done via parametric
and non-parametric tests as ANOVA, MANOVA,
Man-Whitney and Kruskal-Wallis test statistics and
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simple regression analysis via SPSS 20.0 and Stat-
graphics 20.0. All results were interpreted at 95% con-
fidential level (p 0.05).

Results:

1. Demographic and clinical data

The demographic data is presented at table 1. Most
of our patients were elderly women with additional vas-
cular risk factors (Diabetes mellitus or Insulin re-
sistance, Dyslipidemia, Atrial Fibrillation, Heart fail-
ure, Chronic Ischemic Heart Disease, Carotid Athero-
sclerosis, Kidney Failure or Chronic Obstructory
Pulmonary Disease). Among them prevailed the group
of patients with VCI, followed by MD and AD. Patients
with and without AH had similar demographics and
similar additional comorbidities so they could be statis-
tically compared.

The additional data, concerning the characteristics
of arterial hypertension is presented at table 2. Most of
AH patients had good or moderate control of their
blood pressure, although about one fourth of them had
poor control. About 1/3 of AH patients had 0 or 1 addi-
tional vascular risk factor, 1/3 had 2 to 4 and 1/3 had
more than 4 of them.

2. Association between AH and cognitive decline

AH was not associated with additional cognitive
decline among all examined patients (p>0.05). Patients
with AD and AH had significantly better results on
overall cognitive performance, measured by MMSE
and slightly better performance on LFT than patients
with AD without AH, although there were no differ-
ences at other scales (see table 3). Patients with VCI
and AH had slightly better results on MMSE than those
without AH, but there were no statistical significant dif-
ferences at other scales. There were no associations be-
tween the existence of AH and cognitive functioning on
examined scales among patients with MD.

3. The impact of other factors on cognitive perfor-
mances of patients with AH

3.1 Duration of AH

There was statistically significant association be-
tween the duration of AH and cognitive decline — see
table 4. Patients with longer AH duration had lower test
results on all cognitive scales and moreover they
showed severer cognitive decline for 2-year period of
the study.

3.2. Early and middle age of onset and late age of
onset of AH

Patients with middle and early onset of AH
showed lower results on all cognitive scales vs patients
with late onset AH (see table 5). Patients with early and
middle onset AH showed more severe decline on
MMSE, short term verbal memory, recognition (hippo-
campal memory) and DSST vs those with late onset dis-
ease.

3.3. The role of AH control. Patients with good
AH control had significantly better results on cognitive
scales. They showed mild or no decline during the time
of the study (see table 6).

Patients with moderate control showed worse re-
sults on MMSE, IST, LFT, short term memory, delayed
recall and DSST compared with those with good con-
trol. Those differences were relatively small. There

were no differences on cognitive performances be-
tween patients with good and moderate control on
recognition, CDT and DST.

Patients with poor control had worst results on al-
most all cognitive scales and they also showed severest
decline during the time of the study.

3.4. The role of additional vascular risk factors.

Patients with 0-1 and 2-4 risk factors had similar
performances (see table 7). However, those with >4 ad-
ditional vascular risk factors had poor results on all
tests. They also had severest decline on almost all ex-
amined scales except for delayed recall and CDT.

Discussion:

AH and dementia frequently coexist in elderly.
68% of our sample had AH, which was most frequent
among patients with MD. We failed to find statistically
significant differences on cognitive performances of
our general sample according to the existence of AH.
However, patients with AH showed slightly better
MMSE and LFT test performances than those without
in AD group, although we failed to find any additional
positive effect of AH on cognitive performances on
other scales or improvement of any cognitive domain
during the period of the study. Patients with VCI and
AH also showed better MMSE results vs those without
AH, although we also failed to find any additional im-
provement during the study or associations between
AH and examined cognitive functions. So according to
our data we might say that the existence of AH hasn’t
negative effect on cognitive functions of elderly and
might eventually has some mild positive effects among
patients with AD and VCI. Some other authors also
suggest that late onset AH could have some positive ef-
fects on cognition in elderly with already developed
cognitive impairments and dementia (2,5,10).

The duration of AH is associated with poor cogni-
tive performances at all examined scales and increased
cognitive decline among our patients. And although
this factor is modified by ageing, it prevails the effect
of ageing itself. Zhu et al. (2025) obtained that AH is
associated with “more rapid declines in global cogni-
tion, orientation, and attention and calculation abilities
over time”. The duration is also modified by another
important factor — the age of onset of AH. We found
that patients with AH onset at early and middle life
showed significantly lower results and increased de-
cline on all cognitive domains than those with late onset
AH. Some authors suggest that middle life hyperten-
sion is strongly associated with cognitive impairments
and rapid cognitive decline at elderly, but late onset AH
shows less impact and even may have some positive ef-
fects on cognition (2,5,10). However, according to Zhu
and al. (2025) late onset hypertension also leads to ac-
celerated cognitive decline, although not immediately
after the onset of AH.

One of the most important modifying factors for
the association between AH and cognitive impairment
is its control (2,8,10). Patients with good control show
significantly better results on all cognitive scales than
those with moderate or poor control, having mild (ver-
bal fluency, short term memory and attention) or no ad-
ditional decline (at overall cognitive performance,
recognition and CDT) over the time of the study. Those
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with moderate control show slightly poor cognitive per-
formances and more rapid cognitive decline than those
with good control. The group of patients with poor con-
trol show the worst results and the rapidest decline of
almost all cognitive domains. According to us the con-
trol of AH is one of the key risk factors for sparing the
cognition of elderly with dementia. It can modify the
influence of factors such as ageing, age of onset and
duration of AH.

The effect of AH on cognition is modified also by
the coexistence of other vascular risk factors, that also
lead to microvascular brain changes and additional loss
of the vascular ability to adapt to high blood pressure
(2,5,10). With increasing the number of additional vas-
cular risk factors, we also obtain statistically significant
additional cognitive decline at almost all examined
cognitive domains, including short term and hippocam-
pal memory and executive functions (working memory,
processing speed and attention). Patients with coinci-
dence of middle life onset AH, poor AH control and

vascular risk factors >4 had worst results and rapidest
decline even for the short period of follow up (2 years).

Conclusions: AH and cognitive impairments fre-
quently coexist in elderly. The existence of AH itself
has no negative effects on cognitive functions. How-
ever, its impact on cognition is modified by other im-
portant factors such as longer duration and poor control
of AH and coexistence of other vascular risk factors.

Limitations of the study: The study was conducted
among relatively small sample of patients, followed up
for relatively short period of time (2 years).

Informed consent: Each respondent who agreed to
participate in the survey signed two copies of an in-
formed consent form; one copy was retained at the Neu-
rology Clinic, where it was saved. For participants who
were otherwise vulnerable, informed consent was ob-
tained from a legal guardian.

Table 1.
Demographics and additional vascular risk factors.
Patients without AH Patients with AH
N= 46 100
Age (y) 76.67+7.28 76.72+7.59
Sex (Male:Female) 20:26 28:72
Formal education (Basic:Mid- 2:30:14 10:53:37
dle:High)
Patients with AD 14 24
Patients with VCI 18 38
Patients with MCI 14 38
Additional vascular risk factors*
0-1 12 32
2-3 20 32
>4 14 37
Legend: AD — Alzheimer’s disease, VCI — vascular cognitive impairment, MCI — mixed cognitive impair-
ment’
* Additional vascular risk factors — Diabetes mellitus or insulin resistance (confirmed by endocrinologist),
Dyslipidemia, Atrial Fibrillation; Heart failure; Chronic Ischemic Heart Disease (confirmed by cardiologist);
Carotid atherosclerosis (confirmed by Doppler examination); Kidney failure (confirmed by nephrologist or
laboratory data); Chronic Obstructory Pulmonary Disease (confirmed by pulmologist)

Table 2.
Characteristics of AH
Total number of patients with AH 100
Number of patients with AH development at middle or early ages (<55 y) 47
Number of patients with AH development at late age (>55 y) 54
Duration of AH (y.) 21.90+6.27
Patients with Good control of AH 39
Patients with Moderate control of AH 38
Patients with Poor control of AH 24
Legend: AH — arterial hypertension; Good control — arterial pressure below 140/80mmHg (<130/80 in dia-
betics), lack of hypertension crises or severe hypotension episodes. Moderate control — arterial pressure at
most of the time below 140/80, existence of below 4 crises of hypertension >160/80mmHg or hypotension
monthly. Poor control — not fulfill the criteria for good or satisfactory control of blood pressure
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Table 3.
Association between AH and Cognitive functions.
Overall AD VCI MCI
Patients without AH 46 14 18 14
(@)
Patients with AH (2) | 100 24 38 38
The association be-
tween AH and:
MMSE 1 (p.) p>0.05 p=0.0128 p>0.05 p>0.05
Median (1) 20
Median (2) 25
MMSE 2 (p.) p>0.05 p=0.0133 p=0.0428 p>0.05
Median (1) 17.5 Median (1) 24
Median (2) 23.0 Median (2) 26
Decrease of MMSE p>0.05 p>0.05 p>0.05 p>0.05
()
IST 1 (p.) p>0.05 p>0.05 p>0.05 p>0.05
IST 2 (p.) p>0.05 p>0.05 p>0.05 p>0.05
Decrease of IST (p. p>0.05 p>0.05 p>0.05 p>0.05
LFT 1 (p.) p>0.05 p=0.0102 p>0.05 p>0.05
Median (1) 12.5
Median (2) 20
LFT 2 (p.) p>0.05 p>0.05 p>0.05 p>0.05
Decrease of LFT (p.) | p>0.05 p>0.05 p>0.05 p>0.05

Legend: MMSE — Mini Mental State Examination, IST — Isaac’s Set Test, LFT — Literal Fluency Test 1- at
the onset of the study, 2 — at the 2rd year after the onset

AD — Alzheimer’s disease VCI — vascular cognitive impairment MCI — Mixed cognitive impairment

Table 4.
Association between the duration of arterial hypertension and cognitive impairment.

The association between the duration of AH and Rr p=

MMSEI (p.) -0.71 0.0001
MMSE2 (p.) -0.79 0.0001
Decline of MMSE (p) -0.39 0.0001
ISTI (p) -0.51 0.0001
IST2 (p) -0.59 0.0001
IST decline (p) -0.23 0.0200
LFT 1 (p.) -0.47 0.0001
LFT 2 (p.) -0.54 0.0001
Decline of LFT (p.) -0.24 0.0253
10WT - STM 1 (w.) -0.53 0.0001
10 WT — STM 2 (w.) -0.64 0.0001
Decline of 10WT-STM (w.) -0.37 0.0002
10 WT-DR 1 (w.) -0.42 0.0001
10 WT - DR 2 (w.) -0.48 0.0001
Decline of 10WT-DR (w.) -0.42 0.0001
Recognition 1 -0.42 0.0001
Recognition 2 -0.52 0.0001
Decline of recognition -0.30 0.0025
CDT 1 (errors) 0.42 0.0001
CDT 2 (errors) 0.55 0.0001
Increasing of errors on CDT 0.21 0.0424
DST forward 1 (p.) -0.45 0.0001
DST forward 2 (p.) -0.56 0.0001
Decline of DST forward -0.27 0.0098
DST backward 1 (p.) -0.41 0.0001
DST backward 2 (p.) -0.61 0.0001
Decline of DST backward -0.26 0.0110
DSST 1 (p.) -0.58 0.0001
DSST 2 (p.) -0.70 0.0001
Decline of DSST -0.47 0.0001
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Legend: rr — coefficient of correlation; MMSE — Mini Mental State Examination; IST Isaac’s Set Test; LFT —
literal fluency test; 10 WT — STM — the average result of 5 trials for immediate response on 10 words test; 10
WT — DR — the 5 min delayed recall on 10WT; CDT — Clock Drawing Test; DST — Digit Span Test; DSST —
Digit Symbol substitution test; AH — arterial hypertension

Table 5.
The association between early/middle onset and late onset AH on cognitive performance.
Early and middle Late onset AH p=
AH onset (average) | (average)

MMSEI1 (p.) 21.38 26.87 0.0001
MMSE2 (p.) 18.85 26.48 0.0001
Decline of MMSE (p) -2.49 -0.45 0.0005
ISTI (p) 25.65 33.37 0.0001
IST2 (p) 23.17 32.46 0.0001
IST decline (p) NA NA >0.05

LFT 1 (p.) 19.95 25.81 0.0025
LFT 2 (p.) 15.35 23.19 0.0003
Decline of LFT (p.) NA NA >0.05

10WT - STM 1 (w.) 4.37 5.61 0.0001
10 WT — STM 2 (w.) 3.67 5.31 0.0001
Decline of 10WT-STM (w.) -0.68 -0.32 0.0172
10 WT-DR 1 (w.) 2.16 3.91 0.0001
10 WT -DR 2 (w.) 1.28 343 0.0001
Decline of 10WT-DR (w.) NA NA p>0.05
Recognition 1 16.04 17.40 0.0030
Recognition 2 13.96 16.85 0.0001
Decline of recognition -2.04 -0.62 0.0018
CDT 1 (errors) 2.26 0.86 0.0007
CDT 2 (errors) 2.87 1.10 0.0001
Increasing of errors on CDT NA NA p>0.05
DST forward 1 (p.) 5.70 6.33 0.0256
DST forward 2 (p.) 4.93 5.90 0.0030
Decline of DST forward NA NA p>0.05
DST backward 1 (p.) 2.23 3.98 0.0158
DST backward 2 (p.) 2.288 3.51 0.0001
Decline of DST backward NA NA p>0.05
DSST 1 (p.) 21.90 32.66 0.0001
DSST 2 (p.) 16.25 30.31 0.0001
Decline of DSST -4.95 -1.96 0.0048

Legend: MMSE — Mini Mental State Examination; IST Isaac’s Set Test; LFT — literal fluency test; 10 WT —
STM - the average result of 5 trials for immediate response on 10 words test; 10 WT — DR — the 5 min de-
layed recall on 10WT; CDT — Clock Drawing Test; DST — Digit Span Test; DSST — Digit Symbol substitu-
tion test; AH — arterial hypertension
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Table 6.
The role of AH control on cognitive performances.

Good control of | Moderate con- Poor control of | P

blood pressure trol of blood blood pressure

(Median) pressure (Median)

(Median)

MMSEI (p.) 27 25 19 0.0001
MMSE2 (p.) 28 23 15 0.0001
Decline of MMSE (p) 0 -1 -3.5 0.0001
IST1 (p) 34 32 24 0.0002
IST2 (p) 34 29 19 0.0001
IST decline (p) -1 -2 -3 0.0226
LFT 1 (p.) 24 25 17 0.0392
LFT 2 (p.) 21 20 12 0.0011
Decline of LFT (p.) -1 -2 -6 0.0287
10WT -STM 1 (w.) 5.6 5 4.2 0.0003
10 WT —STM 2 (w.) 5.5 4 3 0.0001
Decline of 10WT-STM (w.) -0.2 -0.2 -0.6 0.0003
10 WT-DR 1 (w.) 4 3 2 0.0034
10 WT -DR 2 (w.) 4 2 0 0.0001
Decline of 10WT-DR (w.) 0 -1 0 0.0180
Recognition 1 17 17 16 0.0297
Recognition 2 17 16 12 0.0001
Decline of recognition 0 0 -2 0.0005
CDT 1 (errors) 0 0 3 0.0021
CDT 2 (errors) 0 1 4 0.0001
Increasing of errors on CDT NA NA NA p>0.05
DST forward 1 (p.) NA NA NA p>0.05
DST forward 2 (p.) 6 6 4 0.0007
Decline of DST forward 0 0 -1 0.0340
DST backward 1 (p.) 4 4 3 0.0336
DST backward 2 (p.) 3 3 2 0.0001
Decline of DST backward 0 0 -2 0.0084
DSST 1 (p.) 31 31.5 17 0.0043
DSST 2 (p.) 31 25 10 0.0001
Decline of DSST -1.5 3 7 0.0009

Legend: MMSE — Mini Mental State Examination; IST Isaac’s Set Test; LFT — literal fluency test; 10 WT —
STM — the average result of 5 trials for immediate response on 10 words test; 10 WT — DR — the 5 min de-

layed recall on 10WT; CDT — Clock Drawing Test; DST — Digit Span Test; DSST — Digit Symbol substitu-
tion test; AH — arterial hypertension
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Table 7.

The role of additional risk factors on cognition.

Patients with 0 Patients with 2- | Patients with >4 | P

orl additional 4 additional risk | additional risk

risk factors (me- | factors factors

dian) (median) (median)
MMSEI (p.) 28 26 21 0.0001
MMSE2 (p.) 28 25 18 0.0001
Decline of MMSE (p) 0 -0.5 3.0 0.0001
IST1 (p) 36 32 24 0.0001
IST2 (p) 36 30 21 0.0001
IST decline (p) -1 -1 -3 0.0057
LFT 1 (p.) 25 26 17 0.0024
LFT 2 (p.) 21 24 12 0.0001
Decline of LFT (p.) -1 -1 -6 0.0042
10WT -STM 1 (w.) 5.6 5 4.1 0.0001
10 WT —STM 2 (w.) 5.6 4.8 3.0 0.0001
Decline of 10WT-STM (w.) -0.2 -0.2 -0.8 0.0001
10 WT-DR 1 (w.) 5 3 2 0.0001
10 WT — DR 2 (w.) 4 2 0 0.0001
Decline of 10WT-DR (w.) NA NA NA p>0.05
Recognition 1 18 17 16 0.0079
Recognition 2 17 17 14 0.0001
Decline of recognition 0 0 -2 0.0002
CDT 1 (errors) 0 0 1 0.0092
CDT 2 (errors) 0 1 4 0.0001
Increasing of errors on CDT NA NA NA p>0.05
DST forward 1 (p.) 6 6 5 0.0094
DST forward 2 (p.) 6 6 4 0.0001
Decline of DST forward 0 0 -1 0.0002
DST backward 1 (p.) 4 4 3 0.0096
DST backward 2 (p.) 3.5 3 2 0.0001
Decline of DST backward 0 0 -1 0.0054
DSST 1 (p.) 38 31 18 0.0001
DSST 2 (p.) 36 25 10 0.0001
Decline of DSST -1 -2.5 -6.5 0.0001
Legend: MMSE — Mini Mental State Examination; IST Isaac’s Set Test; LFT — literal fluency test; 10 WT —
STM — the average result of 5 trials for immediate response on 10 words test; 10 WT — DR — the 5 min de-
layed recall on 10WT; CDT — Clock Drawing Test; DST — Digit Span Test; DSST — Digit Symbol substitu-
tion test; AH — arterial hypertension
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Xiilasa

Leysmanioz qlobal, agir, transmissiv, parazitar xastalikdir. Xostolik diinyanin 98 6lkasinds genis yayilmigdir
va har il taqriban 0,7-1 milyon insanin xastolonmasing vo 26,000-65,000 insanin dliimiing sabob olur. Leishmania
cinsinin qamgili protozoalar1 leysmaniozun toradicisi hesab olunur. Bu xastoliklo effektiv miibariza aparmag,
dormanlar vo peyvond hazirlamaq ii¢lin toradicilorin in vitro uzunmiiddotli kulturasini sldo etmok lazimdir.
Peyvandin yaradilmasi ii¢lin asas tolob boyiik hacmdo promastiqot istehsalidir. Hazirda buna imkan vers bilocok
optimal gidali mihitin yaradilmas1 mithiim problemdir. Leishmania parazitleri ii¢ilin istifade edilon miixtalif nov
gidali miihitlor var ki, bunlar asason bahali slavo olan embrional dana zardabi tolob edir. Tropik vo subtropik
6lkalorin leysmanioz yayilmis bazi bolgslorinde zerdabin olds edilmosi miioyyon problemlar torodir. Bundan basqa
zordabda kontaminasiya riski do var. Yuxarida geyd olunan problemlari azaltmagq iigiin qidali miihitin torkibindoki
zardabin digar komponentlorlo avaz edilmasina dair bir sira tadqiqatlar aparilmisdir. Bu todqiqatlarin naticalori
gostormisdi ki, Leishmania parazitlori miixtslif zordabsiz miihitlords, zordab slavs edilmis miihitlords oldugu kimi
inkisaf edib ¢oxala bilir.
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Abstract

Leishmaniasis is a global transmissible parasitic disease. The disease is widespread in 98 countries
worldwide, with an annual incidence of approximately 0,7—1 million people and 26,000—65,000 deaths. Flagellated
protozoa of the genus Leishmania are the causative agents of leishmaniasis. To effectively combat this disease, to
create drugs and a vaccine, it is necessary to obtain a long-term culture of pathogens in vitro. The main requirement
for creating a vaccine is the production of a large volume of promastigotes. At present, creating an optimal medium
that would support this condition is a significant challenge. There are different types of media used for Leishmania,
which mostly require fetal bovine serum as an expensive supplement. Availability of serum is a problem in some
parts of tropical and subtropical countries involved in leishmaniasis. There is also a risk of various contaminants
in this serum. Several studies have been conducted to replace fetal bovine serum in the culture medium with
various other components to reduce the above-mentioned problems. The results of these studies showed that the
Leishmania parasite was able to grow and survive in various serum-free media as well as in serum-supplemented

media.

Acar sozlar: in vitro kultivasiya, Leishmania promastiqotlari, zordabsiz medium, L.major, L.tarentolae.
Keywords: in vitro cultivation, Leishmania promastigotes, serum-free medium, L.major, L.tarentolae.

Giris
Leysmanioz qlobal, agir, transmissiv, parazitar
xostolik  olub, toradicisi obliqat hiiceyradaxili

Leishmania parazitloridir. Parazit momoli sahibino,
Phlebotomine cinsing aid yoluxmus disi hiiniilorin qan
sorma zamani dislomosi ilo metasiklik formada
otiiriiliir. Xostolik tropik vo subtropik zonalarda
yerlogon 98 Glkado genis yayilmisdir. Diinyada hor il
toxminon 0,7-1 milyon insan bu xostoliklo yoluxur,
26,000-65,000 6liim hali miisahids olunur. 350 milyon
insan yoluxma riski altindadir (WHO, 2020).

Bu xostaliklo effektiv miibarizo aparmaq, yeni
dorman preparatlar1 vo peyvond hazirlamaq {igiin
toradicilorin in vitro uzunmiiddoatli kulturasint slds
etmok lazimdir. Son onilliklordo  Leishmania
parazitinin  kultivasiyas1 {igiin  miixtolif qidali
miihitlordon istifads edilmisdir ki, bunlar iki osas qrupa
boliiniir:  yartbork ikifazali miihitlor vo maye
monofazali mihitlor. Bu qidali mihitlor (RPMI-1640,
M199, BHI vo NNN, hamg¢inin Schneider's Drosophila)
hiiceyro boliinmosini stimullagdirmaq vo Leishmania
promastigotlarinin uzunmiiddatli inkisafini
dastoklomak ticiin miivafiq miqdarda gan vo ya FBS
(embrional dana zardabi) ilo zonginlagdirilmalidir.

FBS parazitin in vitro davaml saxlanilmasi vo
¢oxalmasi tiglin vacib olan hormonlar, vitaminlor,
noqliyyat ziilallari, adgeziya faktorlari, boy faktorlari
kimi ¢oxlu sayda komponentlori ehtiva edir (Van der
Valk, 2004). FBS kimi bahali komponentin istifadasi
milayyon problemlor yaradir vo homginin ¢irklonma
riskini artirir  (Brunner, 2010). Belsliklo, heyvan
zordabinin basqa, etibarli bir alavas ilo avoz edilmosi
tolob olunur (Gstraunthaler, 2003).

Hiiceyralorin  zordabsiz  qidali  miihitlords
kultivasiyasinin shamiyyati indi genis miizakirs edilir.
Leishmania parazitlorinin  zordabsiz  kultivasiyasi
iqtisadi  cohotdon  somoaralidir vo  parazitlorin
genismiqyasl istehsalina imkan yaradir. Indiyo qoder
heyvan monsali maddslor (Muniaraj, 2007), soya
zilalinin izolyati (Sidana, 2018), pepton vo miixtolif
ekstraktlarin qarisigi (Van der Valk, 2004 va Sharief,
2008), homginin bozi xiisusi serumsuz mihitlor (Ali,
1998) kimi miixtalif maddslar hazirlamaqla FBS {iglin
uygun ovazedicilori tapmaq mogsadilo bir nego cohd
edilmisdir.

Abdalla Hassan Sharief vo homkarlar: torafinden
aparilan aragdirmada (Sharief, 2008) zordabdan vo ya
gandan istifado etmadon Leishmania

promastiqotlarinin ilkin tocrid edilmasi va sonraki
kultivasiyast {igiin sads torkibli qidali miihit tasvir
edilmisdir. Leishmania promastiqotlarinin
kultivasiyas1 iiciin, bahali FBS-ni ovazloyon ucuz,
asanligla aldo olunan inqrediyentlordon ibarot nisboton
sado medium (CML) tosvir edilmisdir. Bu mediumda
parazitlorin inkisaf siirati zordabli RPMI-1640 gidal
mihitindeki kimi olmusdur. CML-ds ¢oxaldilan
Leishmania promastiqotlart J774 makrofaq hiiceyra
xottindo sinaqdan kegirildikdo orta vo yiiksok doracado
yoluxuculuq niimayis etdirmisdi. Yeni modifikasiya
olunmus qidali miihitds saxlanilmis Leishmania
stammlar1 ilo RPMI-1640 miihitinds yetisdirilonlor
arasinda  yoluxuculuq vo replikativ  potensial
baximindan ohomiyyatli forqlor miisahids
edilmomisdir. Asan hazirlanmasi vo ani istifadosi,
miinasib giymeti, inqrediyentlorin ol¢atanligi vo 30-45
giinii ohato edon uzun saxlama miiddoti sayssinds yeni
CML mediumu digor iki fazali vo ya maye miihitlori
asanligla ovoz edo bilor. CML miihitinds parazitlorin
normal inkisaf etmosi fakti bu mediuma digorlori ilo
miiqayisado stiinliikk verir. 8 hoftolik fasilosiz
kultivasiyada L.donovani va L.major promastiqotlari
hom RPMI-1640, hom do CML miihitindo siiratli
¢oxalma niimayis etdirmisdi. Promastiqotlarin inkisafi
kulturanin 6-c1 hoftesindo pik hoaddo ¢atmis, qisa
miiddot orzindo sabit qalmis, 8-ci hoftads azalmisdi. Tlk
altt hofto orzindo CML vo RPMI-1640 qidal
miihitlorinds Leishmania izolyatlarinin inkisafi eyni
olmusdur.

Ali S.A. vo homkarlarinin todqiqatinda (Ali, 1998)
Leishmania promastiqotlarinin  in  vitro ugurlu
kultivasiyasi li¢iin embrional dana zordabi (FBS) ehtiva
etmoyan yari sintetik, avtoklavlana bilon maye miihit
tosvir edilmisdir. Parazitlor 10% FBS va 2% momoli
urinast alave edilmis 199 qidali miihitinds kultivasiya
edilmis va onlarmm inkisafi torkibindo FBS olmayan
eyni miihitdoki inkisafla miiqayiso edilmisdir.
Zordabsiz yar1 sintetik mediumda parazit artimi
zordabli 199 qidali miihitine nisbaton bir qadar yaxst
olmusdur.

Santarem N. vo homkarlari (Santarem, 2014) qeyd
edir ki, Leishmania promastiqotlar1 ii¢lin ideal qidal
miihit hiiniilerin orqanizminde hoyat tsikli kegon
promastiqotlarin asas xiisusiyyatlorini (morfologiya vo
yoluxuculuq gabiliyyati) tomin etmalidir. Todqiqat¢ilar
parazitlorin morfologiyasi, hoyatilik vo yoluxuculuq
qabiliyyatini tohlil etmiglor. Onlar sads, zordabsiz
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gidali mihit (cRPMI) hazirlamiglar. Miixtoalif
mihitlordo  saxlanilan parazitlor forqli  bioloji
xususiyyaetlor, in vitro va in vivo forqli yoluxuculuq
qabiliyyoti niimayis etdirmislor. cRPMI mediumu
promastiqotlarin in vitro kultivasiyasi lgilin istifads
olunan zardabli, snsnavi qidali miihits nisbaton daha
ucuz basa golmisdir. Homginin qeyd olunmusdur ki,
parazitlorin laboratoriya soraitindo kultivasiyasi {igiin
cRPMI mediumu daha uygundur. Bels ki, bu medium
kultivasiya zamani parazitin virulentliyinin itmasinin
miloyyon gador qarsisini alir.

Digor todqiqatcilar da (Habibzadeh, 2021)
leysmanioza qars1 peyvond yaratmaq moagsodils hoyata
kecirilon parazit kultivasiyasi ii¢clin yeni bir serumsuz
medium hazirlamagi hodoflomislor.

Miixtalif ~ Leishmania novlari arasinda
L.tarentolae kortonkalolorin parazitidir vo insanlar
iiciin patogen deyildir. Bu parazit 6z xiisusiyyatlorina
goro rekombinant ziilallarin istehsali {iglin miithiim
vasite kimi toklif edilmisdir. Onun bir sira diger
tistiinliiklori do var: kultura miihitinds 6-10 saatliq qisa
generasiya miiddoti, qidali maddsloro az tolobat,
ylksok inkisaf stiroti (Klatt, 2019). L.tarentolae
leysmanioza qarst tohliikesiz vo effektiv peyvond
hazirlanmasi ti¢iin yliksok potensiala malikdir.

Hazirk: todqiat isinde CSFM adli sads, monofazls,
zordabsiz qidali miihit hazirlanmigdir. Bu medium
Leishmania-nin patogen formasi (L.major) vo peyvond
hadofi kimi Ppspl5-EGFP ifraz edon qeyri-patogen
rekombinant L.tarentolae-nin kultivasiyast tigiin toklif
edilmisdir. Uc¢ név L.tarentolae istifade edilmisdir:
yabani tip L.tarentolae Tar II (ATCC 30.267);
L.tarentolae -EGFP vo rekombinant L.tarentolae -
PpSP15-EGFP, homginin yabani tipli L.major stammi
(MRHO/IR/75/ER). Birinci morhslado promastiqotlar
inaktivlogdirilmis FBS olave edilmis M199 qidali
miihitinde 26°C temperaturda saxlanilmigdi. M199
miihiti standart miihit kimi toqdim edilmisdir. PpSP15-
EGFP ifraz edon rekombinant L.tarentolae vo yabant
tipli L.major zardabsiz (CSFM) vo zordab olavs
olunmus qidali miihitlordo becorilmis vo hor iki
miihitds parazitlorin inkisaf siirati, ziilal ekspressiyasi
vo yoluxuculugu miiqayise edilmigdir. Rekombinant
L.tarentolae -PpSP15-EGFP parazitinin CSFM va 5%
FBS-li M199 qidali miihitlorindo inkisaf siirati
miiqayiso edilmisdir. Miioyyan edilmisdir ki, CSFM
miihiti 5% FBS-1i M199 mediumu kimi L.farentolae -
PpSP15-EGFP parazitinin inkisafin1 dastokloyo bilor.
Inokulodon sonraki 2-3 giin orzindo bir qoder
ohomiyyatli forq olsa da (p <0.05) digor giinlords
inkisaf tempi oxsar olmus vo shomiyyatli forqlor agkar
edilmomisdir (p > 0.05). Kultivasiya zamani hor giin
parazitlorin horokatliliyinin mikroskopik miisahidosi
aparilmisdi. Bu naticolor CSFM miihitinin L.farentolae
-PpSP15-EGFP parazitinin goxalmasini dostoklomok
gabiliyyatini tasvir edir.

Beloliklo, bu tadqigatda CSFM adli yeni,
zardabsiz qidali mithit, L.tarentolae -PpSP15-EGFP va
yabani tipli L.major parazitlorinin kultivasiyas1 tigiin
istifado olunan 5% FBS-li M199 ilo miiqayiso
edilmisdir. Askar edilmisdir ki, CSFM qidali miihitindo
L.tarentolae -PpSP15-EGFP promastiqotlarinin tipik
goriintisiic 5% FBS-li M199 mediumundaki kimi
olmusdur. CSFM miihitindo L.major

promastiqotlarinin artim  siiroti 5% FBS-li M199
mediumundak1 ¢oxalma siirati ilo toqribi oxsar idi (p >
0.05). Bu isdo toadqiqtcilar FBS-i igtisadi cohatdon daha
sarfali olavolorlo ovoz etmoyi moagsod qoymuslar. Bu,
L.tarentolae-PpSP15-EGFP  parazitinin  peyvond
moqsadli  kultivasiyast ii¢iin ¢ox ohomiyyatlidir.
Zordab1 avaz eds bilacak slavalari miisyyanlosdirmak
ticiin Leishmania parazitinin qida tolabati dyronilmisdi.
Askar edilmisdi ki, triptofan, fenilalanin, arginin,
leysin, lizin, valin, serin, histidin, tirozin vo treonin
amintursulart Leishmania promastiqotlarinin fasilosiz
kultivasiyast {iglin ¢ox vacibdir (Nayak, 2018).
Homginin molumdur ki, hem miixtolif Leishmania
novlorindo  oksidlosdirici metabolizm, oksigenin
saxlanmasi vo dasimnmasi, siqnal Stiirtilmosindo kritik
tonzimloyici komponent kimi ¢ixig edon, naticodo
parazitlorin bdylimasine va sag qalmasina tasir eden
mithiim biomolekuldur. Artiq siibut edilmisdir ki,
Leishmania paraziti vo digor ibtidailor, maosalon,
tripanosomatidlor metabolik qiisura malikdir va bu
molekulu sintez etmok {i¢iin lazimi fermentloro malik
deyillor. Buna goro do otraf miihitdon hemin alinmasi
zoruridir  (Laranjeira-Silva,  2020).  Leishmania
parazitinin tolab etdiyi digor qida maddslorine nikotin
tursusu, fol tursusu, biotin, tiamin, riboflavin va
pantotenat kimi vitaminlor daxildir (Santarem, 2014).

Immunobloting testi gostormisdi ki, CSFM
miihitindo saxlanilan L.tarentolae -PpSP15-EGFP
promastiqotlarinda PpSP15-EGFP ziilalinin
ekspressiya profili molekulyar ¢oki vo nisbi intensivlik
baximindan  zordabla  zonginlogdirilmis  qidali
miihitindoki noticolors oxsardir. Bu noticolor aydin
sokildo niimayis etdirir ki, L.tarentolae -PpSP15-EGFP
parazitlori CSFM miihitinds inkisaf edib ¢oxala bilirlor.
Todgigat homginin CSFM miihitindo saxlanilan
parazitin, zordabli M199 mediumunda saxlanilan
parazit kimi BALB/c sicanlarint yoluxdurmaq
gabiliyyatino malik oldugunu niimayis etdirdi.
Homginin yaxmalar hor iki miihitds saxlanilan L.major
promastiqotlarinin normal morfoloji xiisusiyyatlora
malik oldugunu gostordi. Parazit sixliginin 6lgiilmasi,
otraflarin yastiqcigqlarindaki lezyonlar vo 6dem har iki
qidali mithitds L.major promastiqotlarinin infektivlik
giiclinii gostordi. Bu naticolor aciq sokildo niimayis
etdirdi ki, CSFM miihitindon digor qida maddalari ilo
ovaz edilmasi sababindon FBS-nin ¢ixarilmasi parazits
in vivo yoluxuculuq soviyyesindo he¢ bir tosir
gostormomisdir.

Biitovliikds, bu molumatlar tosdiq edir ki, CSFM
miihiti, torkibindoki avoz olunan vo olunmayan amin
tursulari, vitaminlor, yiiksok gliikoza faizi vo diger qida
maddolerine gors hom L.tarentolae -PpSP15-EGFP,
hom do wvohsi tipli L.major-un inkisafini vo
yoluxuculugunu dastoklays bilir. Bu medium peyvond
vo terapevtik moqsadlorlo Leishmania parazitlorinin
kiitlovi istehsali tgiin istifado edilo bilor. CSFM
Leishmania parazitlorinin kultivasiyasinda zardabli
mediumlarini avoz eds bilor.

Notica

Bu todqiqatlar  gosterir ki, Leishmania
promastiqotlarinin in vitro kultivasiyasi ii¢iin daha ucuz
zordabsiz qidali miihitler istifade edilo bilor. Kultura
mihitindon FBS-nin ¢ixarilmas1 parazito in vivo
yoluxuculuq soviyyasindas tasir gdstormir.
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Interpretation of generalizations formed on the
basis of research materials.

In the modern global economy, the transport sec-
tor is the backbone of the logistics chain, and the effi-
ciency of this sector directly depends on the quality of
transport vehicle operation services. Vehicle operation
refers not only to their movement, but also to complex
processes such as maintenance, repair, diagnostics, and
resource management. The main goal of operation ser-
vices today is to maintain the maximum level of vehicle
performance, while minimizing operating costs and en-
suring environmental safety. Technological develop-
ment, especially digitalization and the introduction of
artificial intelligence, has led to fundamental changes
in the operation strategies of transport vehicles. The
previously applied "repair after failure" approach is
now giving way to the "predictive maintenance" model.
Within the framework of this model, data is collected
in real time from the engine, transmission, and other
critical nodes of the vehicle through sensors and
telematics systems. The collected big data is processed
by analytical algorithms, and the probability of poten-
tial failures is determined in advance. This prevents un-
expected vehicle downtime and optimizes the logistics
of spare parts. [5; 16]

Another important factor determining the quality
of service in the operation of transport vehicles is the
intellectualization of the technical service infrastruc-
ture. Modern service centers are equipped with high-
precision diagnostic equipment, minimizing errors
caused by the human factor. Energy efficiency in the
operation process is also of particular relevance. The
increase in the share of vehicles powered by alternative
energy sources (electric and hybrid) in the fleet is fun-
damentally changing the structure of maintenance ser-
vices. Although the presence of fewer moving parts in
electric vehicles compared to vehicles with internal
combustion engines extends the maintenance interval,
it brings new service areas to the fore, such as battery
management systems and software updates. At the
same time, compliance with environmental standards
and keeping the toxicity of exhaust gases under control

are important conditions in the operation of transport
vehicles.

Among the economic factors affecting the effi-
ciency of maintenance services, the analysis of "life cy-
cle costs" occupies a special place. This approach in-
volves the optimization of all costs from the purchase
of a vehicle to its disposal, including fuel, lubricants,
spare parts and service. Scientific studies show that a
properly organized maintenance service can increase
the useful life of a vehicle by 20-30%. As a result, the
future development of maintenance services for
transport vehicles will be closely related to the integra-
tion of autonomous control systems, the "Internet of
Things" and green technologies. The application of sci-
entifically based approaches in this area, in addition to
ensuring the sustainability of transport systems, di-
rectly serves to increase economic efficiency and re-
duce negative impacts on the environment. [2; 34]

The transport system is the main driving force of
the economic independence of each state and the dy-
namic development of the national economy. This sys-
tem, providing inter-sectoral connections, plays a deci-
sive role in the delivery of raw materials from the point
of extraction to processing plants, and finished products
to the consumer. [5; 73] In modern times, transport
types are divided into several main groups according to
their technical characteristics and areas of application,
each of which has its own place in the national econ-
omy. Each branch of the transport system performs spe-
cific functions in the national economy, and the tech-
nical and economic indicators of each of them are dif-
ferent. Below I present information about each of these
transport types:

1. Railway Transport

Railway transport is the most efficient means of
transporting heavy industrial cargo (oil, coal, ore, con-
struction materials) over long distances. Its importance
in the national economy lies in the low cost of transpor-
tation and its regular operation regardless of weather
conditions. The mass transportation of large-volume
cargo falls precisely on this sector.
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Railway transport plays a crucial role in the devel-
opment of heavy industry. This type of transport allows
thousands of tons of cargo to be transported by a single
train over long distances (1000 km or more) with min-
imal energy consumption. [7; 112]

Economic importance: The cost of transportation
is several times lower than road transport. This ensures
that the price of inexpensive but bulky cargo, especially
coal, ore, and grain, remains affordable for the end con-
sumer.

Feature: Minimal dependence on climatic condi-
tions ensures the accuracy of schedules, which is criti-
cal for "just-in-time" production models. [6; 91]

Railway transport is one of the most important
achievements of mankind since the industrial revolu-
tion and is of strategic importance for the sustainable
development of the modern national economy. This
type of transport is a unique system that ensures the de-
livery of especially large and heavy cargo (oil, coal,
construction materials, ore, agricultural products) over
intercontinental distances at the lowest cost. The great-
est advantage of railways is in its technical and eco-
nomic indicators; the minimal friction force when mov-
ing on rails allows one locomotive to pull dozens of
wagons with thousands of tons of cargo. This reduces
the cost of transportation several times compared to
road transport and minimizes the negative impact of
transport on the environment. From an ecological point
of view, railway transport is a key element of "green
logistics", since electrified railway lines sharply reduce
the emission of harmful gases into the atmosphere. [1;
104]

In modern times, railway transport is in the stage
of aradical technological transformation. The introduc-
tion of high-speed trains allows it to compete with air
transport in passenger transportation, creating more fa-
vorable conditions in terms of time and comfort at dis-
tances of 500-1000 km. In freight transportation, con-
tainerization and multimodal transportation models
have increased the flexibility of the railway. Thanks to
intelligent control systems and automated dispatch con-
trol, the safety of train movement and schedule accu-
racy have been brought to an absolute level. The "East-
West" and "North-South" international transport corri-
dors, in which Azerbaijan participates, also emphasize

the geopolitical importance of this area; since railways
serve to accelerate global trade by connecting countries
in a single economic chain. [7; 68]

For human life, railway transport also means mass
mobility and safety. Statistics show that railways are
the type of transport with the lowest risk of accidents.
Intercity and suburban electric trains are indispensable
in solving the problem of traffic jams in large megaci-
ties and in the mobility of the population as a work-
force. In the future, the introduction of "Maglev" (mag-
netic levitation) technologies and digital "smart wag-
ons" will make railway transport even faster and more
efficient, turning it into the most stable and reliable pil-
lar of the national economy in the coming decades.

2. Road Transport

This type of transport is distinguished by its high
maneuverability and the principle of "door-to-door" de-
livery. It is indispensable in the national economy for
short and medium-distance transportation, especially in
the distribution of agricultural products and perishable
goods. It is precisely motor transport that ensures the
flexibility of the economy. Motor transport, being an
integral part of modern civilization, has deeply pene-
trated almost every sphere of human life - from social
activity to psychological and physical well-being. Its
role is not only to move from one point to another, but
also to determine the quality of life and the degree of
freedom. Motor transport is the most dynamic and
ubiquitous sector of the national economy. It performs
the function of "capillaries" connecting all other types
of transport. [11; 77]

Economic importance: The development of
small and medium-sized businesses directly depends on
this area. The delivery of products from warehouses to
stores, as well as the satisfaction of individual needs, is
carried out precisely by cars.

Innovations: Currently, work is underway on
electrification of trucks and autonomous control sys-
tems, which in the future could reduce logistics costs
by 30-40%. [6; 148] The main scientific criterion that
distinguishes road transport from other types is flexibil-
ity and adaptability. From a technical point of view, this
type of transport is the only system that provides "di-
rect" delivery of cargo, which eliminates intermediate
loading and unloading operations. [1; 68]
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Modern scientific research is focused on increas-

ing the useful work coefficient of internal combustion
engines (ICE) or replacing them with alternative energy
(electricity, hydrogen). The automobile has given man
one of the greatest blessings - personal control over
time and space. Regardless of public transport sched-
ules, an individual can move at any time and in any di-
rection. This is a key factor preventing social isolation,
especially for people living in remote and isolated ar-
eas. The automobile has overcome the distance barrier
between the city and the countryside, expanding peo-
ple's choices for work, education and leisure. The most
critical role of automobile transport for human life is
operational services. [10; 48] Emergency medical ser-
vices, firefighting and police services reach the scene
of'an accident within seconds thanks to special-purpose
vehicles. Modern resuscitation vehicles (reanimobiles)
perform the function of a kind of "operating room on
wheels" on the way to the hospital, saving millions of
lives every year. Automobile transport unites a huge
workforce. Drivers, mechanics, engineers, and logistics
specialists support their families through this industry.
Also, the "door-to-door" delivery of food, clothing, and
medicines that we use in our daily lives (courier ser-
vices) makes people's lives easier, freeing them up for
other important tasks. [8; 42]

The scientific development of modern automobile
transportation is associated with Intelligent Transporta-
tion Systems. These systems use GPS, sensors, and Ar-
tificial Intelligence algorithms to perform the following
functions:

The aim is to reduce the risk of accidents to zero
by having cars exchange information with each other
and with road infrastructure (traffic lights, signs).

The biggest "negative cost" of motor transport in
the national economy is environmental pollution. Sci-
entific analysis shows that a significant part of global
carbon emissions falls on this sector. The transition to
electric vehicles is not only ecological, but also a revo-
lution in terms of operation. The mechanical simplicity
of electric motors (fewer friction parts) significantly re-
duces maintenance costs. Motor transport creates a
multiplier effect in the economy. That is, investment in
this sector indirectly leads to the development of other
sectors: [4; 56]

Acceleration of trade turnover: Shortening the
time for product delivery from the producer to the con-
sumer leads to the release of working capital. Roadside
services, gas stations and logistics centers increase em-
ployment in the regions. The loss-free and quick deliv-
ery of farm products to the market directly depends on
the quality of road transport. Road transport is not just
a means of transport, but a complex technological eco-
system. In the future, the development of this sector
will be in the direction of "green energy" and fully au-
tonomous management (pilotless transport). This tran-
sition will allow human labor in the national economy
to be minimized and transport safety to be raised to an
absolute level.

3. Sea and Water Transport

The bulk of international trade is carried out by
sea. This type of transport is the cheapest way to estab-
lish intercontinental economic relations. In particular,
huge tankers and container ships are the main link in
the global logistics chain. Approximately 80-90% of
world trade turnover falls on sea transport. This is the
main means of ensuring the integration of economies
on a planetary scale.

Economic importance: Thanks to the containeri-
zation revolution, maritime transport has made it in-
credibly cheap to transport goods to distant continents.
The cost of bringing a container from China to Europe
is often less than the cost of distributing the same goods
domestically.

Service area: Ports have become huge logistics
centers, creating thousands of jobs. [5; 118]

Sea and river transport, in addition to being the
oldest means of movement and trade of mankind, are
the foundation of the modern global economy. This
type of transport, taking on about 90% of world trade
turnover, has become the most important means of in-
tercontinental economic integration. The importance of
water transport in the national economy is explained by
its huge cargo carrying capacity and the fact that the
cost of transportation is many times lower than that of
other types of transport. [11; 49] In particular, sea
transport has no competitors in the delivery of oil, gas,
grain, ore and mass consumer goods (in containers)
over long distances. Modern container ships can carry
tens of thousands of tons of cargo in one trip, which
directly affects the reduction of prices of goods in the
global market and their accessibility to everyone.
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River transport plays a special role in domestic
transportation and in the economic revival of land-
locked regions. Transportation through major rivers
and canals is considered the most ecological and cheap
way to supply heavy industrial enterprises with raw ma-
terials. [10; 202] The development of water transport
also leads to the creation of huge port infrastructure and
logistics centers, which means thousands of new jobs
and rapid development of coastal regions. In modern
times, maritime transport is transitioning to "smart
port" technologies and unmanned ship management
systems. At the same time, the transition of ships to en-
vironmentally friendly fuels (for example, liquefied
natural gas or ammonia) has become a scientific prior-
ity to protect the ecosystem of the world's oceans. In
terms of human life, maritime transport is also a guar-
antee of global food security; the fact that the bulk of
the world's grain and fertilizer trade is carried out by
sea serves to provide food for billions of people.

4. Air Transport

The main advantage of air transport is speed. It is
used to transport valuable cargo, medicines and high-
tech equipment that require urgent delivery for the na-
tional economy. It is also the first in terms of time sav-
ing in long-distance passenger transport. Although air

From an economic point of view, air transport is
the mainstay of global tourism and business communi-
cations. The integration of production chains located in
different parts of the world with each other is possible
precisely thanks to the rapid circulation of specialists
and documents provided by air. Modern aircraft - cargo
and passenger aircraft - are considered the pinnacle of
engineering science. Aerodynamic solutions and en-
gine technologies applied in this field are aimed at in-
creasing fuel efficiency and minimizing carbon dioxide
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transport is more expensive than other types, it is indis-
pensable when the time factor is decisive.

Economic importance: It accelerates the intro-
duction of electronics, optics, and other high-value
goods to the global market. For example, air logistics
makes it possible for a new smartphone model to go on
sale in all the world's capitals on the same day.

Strategic role: It is the only option for delivering
medical aid, humanitarian cargo, and emergency spare
parts. [2; 49]

Air transport is considered a symbol of speed, high
technology and global accessibility in the modern
world. This type of transport, unlike all other means,
has the ability to overcome distances and geographical
barriers (mountains, oceans, deserts) in the shortest
possible time. The main mission of air transport in the
national economy is to provide services in areas where
the time factor is decisive. Air logistics is indispensa-
ble, especially in the delivery of high-value goods, elec-
tronic components, pharmaceuticals and perishable
products to international markets. For example, in mod-
ern medicine, organ transplantation or urgent vaccine
delivery directly depends on the speed of aviation,
which makes air transport a strategic area from a hu-
manitarian point of view.

emissions into the atmosphere. Currently, aviation sci-
ence is working on the introduction of biofuels and the
creation of electric aircraft within the framework of the
"green flights" concept. [3; 52]

Modern airports, which form the infrastructure of
air transport, are not just runways, but huge economic
centers. These centers are ecosystems where thousands
of people work, high-level security systems and auto-
mated logistics management are applied. The role of air
transport in human life is also associated with the ex-
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pansion of worldviews and the acceleration of intercul-
tural dialogue; the ability to move to a completely dif-
ferent climate and culture in a few hours has fundamen-
tally changed the concept of mobility of mankind. The
development of unmanned aerial vehicles (drones) in-
dicates that in the near future air transport will also rev-
olutionize small intra-city cargo transportation.

5. Pipeline Transportation

Pipeline Transport is specialized for the transpor-
tation of specific types of cargo, such as liquid (oil) and
gaseous resources. It is the cheapest and most sustaina-
ble type of transport that ensures the energy security of
the economy. It creates a direct and uninterrupted line
between production regions and consumption centers.
Although this type of transport is invisible, it is the
"blood vessel" system of modern industry. Unlike other
types of transport, there is no moving vehicle here, the
cargo itself moves under pressure inside the pipe.

Economic importance: Provides the highest safety
and lowest cost in the transportation of oil, water, and
gas. Without pipelines, transporting oil by tanker or

The scientific and technical advantages of pipeline
transport are that it is completely independent of cli-
matic conditions and operates 24/7, that is, continu-
ously. The "empty trips" encountered in other types of
transport (for example, a tanker or wagon returning
empty after unloading) do not exist here, which allows
for the most efficient use of resources. Modern pipe-
lines are high-tech complexes; they are made of special
corrosion-resistant steel materials and equipped with
complex pump-compressor stations. Management is
fully automated, and pressure, temperature and the pos-
sibility of leakage at each point of the pipeline are mon-
itored in real time through SCADA systems. This type
of transport is of particular strategic importance for
Azerbaijan. Projects such as the Baku-Tbilisi-Ceyhan
(BTC) and the Southern Gas Corridor (TANAP/TAP)
not only strengthen the country's economic sover-
eignty, but also play an important role in Europe's en-
ergy security. [5; 82]

From the point of view of human life and ecology,
pipeline transport is the safest type of transport. The
movement of hydrocarbons through pipes on land or
under the sea minimizes the risks of accidents and fires
that may arise during their transportation by road or
rail. At the same time, since pipelines are located un-
derground or on the seabed, they do not disrupt the
structure of the landscape and create conditions for

railcar would increase the cost of energy resources sev-
eral times.

Sustainability: It provides uninterrupted supply
24/7, as it is free from human factors and traffic acci-
dents. [6; 73]

Pipeline transport is considered the "blood vessel
system" of modern industry and the energy sector. This
type of transport is fundamentally different from others,
since there is no moving vehicle here; the cargo itself
moves inside the pipes under high pressure. The role of
pipelines in the national economy is determined, first of
all, by the uninterrupted delivery of energy carriers
(crude oil, natural gas, petroleum products) from pro-
duction points to processing plants and end consumers.
[8;451] This system provides the highest economic ef-
ficiency in the transportation of liquid and gaseous car-
goes. Thus, the cost of transportation by pipeline is ap-
proximately 3-5 times cheaper than rail transport and
ten times cheaper than road transport. This cheapness
has a direct impact on the final price of fuel and energy
resources, reducing production costs in all sectors of
the industry.

large areas to remain free from transport infrastructure.
In the future, scientific development in this field will be
in the direction of transporting "green hydrogen";
adapting existing gas pipelines to hydrogen transporta-
tion will be the main factor accelerating humanity's
transition to environmentally friendly energy.

Main Functions of the Transportation System in
the National Economy:

Production coordination: Establishes coopera-
tive relationships between enterprises. Acceleration of
product turnover: The rapid arrival of goods to the sales
market increases the speed of capital turnover.

Regional development: The presence of road in-
frastructure leads to the integration of remote regions
into the economy.

Defense ability: It is the basis of the country's se-
curity and strategic resource management. [10; 8]

As you can see, transportation is not just a service
sector, but the lifeblood of the entire economy. The
weakening of any type of transportation can lead to
stagnation in the entire national economy.

Conclusion: The conducted analyses show that
the operation services of transport vehicles do not only
have a technical support function, but are also a direct
guarantor of economic stability and global trade turno-
ver. In modern times, integration (multimodal transpor-
tation) rather than competition between transport
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modes has come to the fore. For the efficient function-
ing of the national economy, the integration of these
transport modes in a multimodal (combination of sev-
eral transport modes) manner is important. This allows
for the creation of a "single transport network", which
directly stimulates the growth of the country's gross do-
mestic product (GDP). Based on the obtained scientific
results, we can say that:

Digitalization: The application of the "Internet of
Things" (IoT) and Artificial Intelligence minimizes
transportation operating costs and reduces the risk of
accidents.

Ecological Transition: The transition to electric
and hydrogen technologies in road and rail transport is
inevitable for sustainable development.

Economic Effect: Properly organized mainte-
nance service extends the life of a vehicle and increases
the rate of capital turnover in the national economy.
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Introduction

In the context of the transformation of higher edu-
cation and the active introduction of digital technolo-
gies, the problem of assessing oral foreign language
communication is becoming particularly relevant.
Modern methods of teaching foreign languages are fo-
cused on competency-based, communicative, and pro-
ject-oriented approaches, within which oral speech is
considered not as a reproduction of language forms, but
as a means of solving academic and professional tasks
(Council of Europe, 2020).

Project assignments, in particular poster presenta-
tions, are widely used in university teaching of a for-
eign language at the initial stages of study, including
the first year. They allow combining the development
of language skills with the formation of the skills of co-
operation, critical thinking, and public speaking (Coun-
cil of Europe, 2020). At the same time, practice shows
that the assessment of such tasks, as before, is often fo-
cused on the final result - the final oral performance or
visual product.

The situation is complicated by the widespread use
of artificial intelligence tools by students, which ques-
tions the validity of assessment focused exclusively on
the product of activity. In this regard, there is a need to
rethink approaches to assessing oral project tasks and
move the emphasis from the final result to the process
of educational communication, which includes discus-
sion, planning, oral interaction and phased preparation
of the speech and presentation.

In this situation the assessment of the aspects of
educational activity that cannot be fully automated is of
the particular importance: oral interaction, communica-
tive strategies, participation in discussions, argumenta-
tion, the ability to respond to questions and adapt the
text to the audience.

In this respect, the purpose of this study is to de-
scribe and substantiate a process-oriented model of as-
sessing oral communication within the framework of
preparing a poster presentation, in which the object of
assessment is not only the final speech, but also the dy-
namics of the development of communicative compe-
tence at different stages of project work, starting from
discussing the idea and planning the content to rehears-
als and final presentation of the poster.

The article proposes a multi-stage model for as-
sessing oral communication of first-year students,
which includes diagnostic, formative, and summative
stages and is based on the principles of formative and
criterion-based assessment.

Literature review

The issue of assessing oral communicative com-
petence in higher education is at the center of attention
of modern foreign language teaching methodology.
Scientific research of recent decades emphasizes the
need to move from traditional summative control to
formative and authentic assessment, focused on the
learning process and the development of communica-
tive skills.

Formative assessment in language education.
Formative assessment occupies a central place in mod-
ern theory and practice of language education. Unlike
summative control, focused on fixing the final result,
formative assessment is aimed at supporting the learn-
ing process and developing students' communicative
skills (Pinto-Llorente & Izquierdo-Alvarez, 2024).
Studies emphasize that regular, dialogic feedback con-
tributes to the conscious development of oral speech,
increases students' motivation and forms their auton-
omy (Winstone & Carless, 2019).

In the context of oral communication assessment,
formative assessment is implemented through observa-
tions, analytical rubrics, self-assessment and peer as-
sessment, which allows recording students’ progress
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over time, and not just the level of language proficiency
at a specific moment (Fulcher, 2015). Thus, oral com-
munication is viewed as a developing skill, and assess-
ment as an integral part of the learning process (Pinto-
Llorente & Izquierdo-Alvarez, 2024).

Formative assessment is viewed in the scientific
literature as a tool for developing competences, and not
just as a means of setting a final score (Wiliam, 2011;
Harding & Kremmel, 2016; Winstone & Carless, 2019;
Panadero et al., 2018).

Assessment of oral communication and the
CEFR. The Common European Framework of Refer-
ence for Languages (CEFR) has significantly influ-
enced modern approaches to the assessment of oral
communication in higher education. The CEFR offers
descriptors of speech that focus on the functional use of
language in real-life communicative situations, includ-
ing interaction, spontaneity and pragmatic adequacy
(Council of Europe, 2020).

Current research emphasizes the need to interpret
CEFR levels not as static categories, but as guidelines
for the process-based assessment of oral language de-
velopment (Fan & Yan, 2020). In project tasks, CEFR
descriptors are used as a basis for developing analytical
criteria that allow assessing student participation in dis-
cussions, presentations, and collaborative work
(Brooks, 2009; Galaczi et al., 2011). This approach in-
creases the transparency of assessment and its rele-
vance to the real communicative tasks of university ed-
ucation.

The conclusions from these sources allow us to
state that modern assessment of communication takes
into account the student's activity in the dialogue, his
participation in interaction and adaptive response, and
not only the final product of the utterance (Council of
Europe, 2020; Brooks, 2009; Galaczi et al., 2011).

Project-based and task-based learning as an as-
sessment context. Project-based learning and task-
based language teaching are considered in modern lit-
erature as the optimal context for assessing oral com-
munication. Project tasks create authentic communica-
tive situations in which oral speech is used as a means
to achieve a common goal, and not as an object of iso-
lated testing (Beckett & Miller, 2020).

Within the framework of project activities, assess-
ment of oral communication is integrated and includes
presentations, group discussions, negotiations and re-
flection. Researchers note that it is in such conditions
that formative assessment is most effective, as it allows
taking into account the interactive and social aspects of
speech, as well as developing students' strategic and so-
ciolinguistic competence (O’Dowd & O’Rourke,
2019).

Scientific publications on competency-based and
project-based approaches emphasize that it is oral com-
munication in the process of activity that is key to the
development of communicative competence (Beckett
& Miller, 2020; Stoller, 2006).

Assessment in the context of digitalization and
the use of Al The digitalization of higher education
and the active implementation of artificial intelligence
tools are significantly changing approaches to assessing
language skills. However, modern research indicates

the limited capabilities of Al in assessing oral commu-
nication, especially in terms of interactivity, pragmat-
ics, and contextual interpretation of utterances (Selwyn,
2023).

Although automated systems are able to analyze
individual speech parameters (e.g. pronunciation or
pace), they do not fully reflect communicative compe-
tence as a socially and situationally conditioned skill
(Stoynoff & Chapelle, 2021). A theoretical review of
communicative competence in Al conditions empha-
sizes that modern communication skills go beyond tra-
ditional tests, requiring the assessment of real-life in-
teraction and the use of digital tools (Poole & Mack-
worth, 2023). In this regard, oral communication in
project tasks is considered the most valid object of as-
sessment, requiring teacher participation and the use of
formative, human-centered approaches. The British
Council notes in its analytical material that Al is trans-
forming the assessment of oral speech, including inter-
active tasks, adaptive feedback and analysis of speech
activity (British Council, 2025).

Researchers emphasize that in the Al era, the im-
portance of speaking as an indicator of real language
proficiency is not decreasing, but, on the contrary, in-
creasing (Fan & Yan, 2020).

In Al scientific sources, it is noted that oral com-
munication is becoming a key valid area of assessment,
as Al environments require flexibility, interaction and
adaptation, which are difficult to measure through tra-
ditional methods (Selwyn, 2023; Holmes et al., 2019).

In this context, oral communication and process-
based assessment are seen as key tools for ensuring ac-
ademic integrity and the authenticity of learning out-
comes (Ajjawi & Boud, 2017; Bearman et al., 2020).

Methods

The study has a quasi-experimental design using
quantitative methods of analysis and elements of a ped-
agogical experiment. The aim of the study is to verify
the effectiveness of a process-oriented model of as-
sessing oral communication of first-year university stu-
dents during the preparation of a poster presentation in
a foreign language in conditions of active use of digital
tools and elements of artificial intelligence.

The subject of the study is the dynamics of the de-
velopment of oral communication of students during
staged (diagnostic-formative-summative) assessment.

Study participants

The experiment was participated in by 48 first-
year students of the law specialty of Yaroslav Mudryi
National Law University, who study a foreign language
at level B2 according to the CEFR. The students were
united in 12 small project groups of 3—5 people to per-
form a joint task of preparing a poster presentation.

Data collection tools

The following tools were used to collect empirical
data: 1) an analytical multilevel analytical scale (ana-
lytic rubric) for assessing oral communication, devel-
oped taking into account the CEFR descriptors (Com-
panion Volume) and adapted to the tasks of project-
based learning and the poster presentation format. It in-
cluded six criteria: communicative clarity; organization
of oral expression; lexical and grammatical adequacy;
interactivity; use of communicative strategies; aca-
demic and ethical correctness (taking into account the
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use of Al); 2) an oral communication portfolio, which
includes oral tasks, written speech plans and working
notes of students; 3) teacher observation, structured ac-
cording to the developed criteria.

Each criterion was assessed on a scale of 1 to 4.
The scores reflected the degree of development of each
component of communicative competence and showed
a progression from elementary to more autonomous
and conscious use of oral speech in an academic con-
text (1 - elementary proficiency; requires significant
support; 2 - basic proficiency; understands and ex-
presses simple ideas, errors do not interfere with com-
munication; 3 - confident use; ideas are coherent, par-
tially adapts to the audience; 4 - autonomous, accurate,
and coherent use of the skill).

The analytical nature of the rubric provided for
separate assessment of individual components of oral
communication, which made it possible to track the dy-
namics of the development of each aspect of communi-
cative competence at the diagnostic, formative, and
summative stages of project work.

The rubric was used as a teaching assessment tool,
and was also used in self-assessment and peer assess-
ment procedures, which corresponded to the principles
of assessment formation and contributed to the devel-
opment of students' educational autonomy.

The Analytic Scale included the following criteria:

1) communicative clarity (clarity and accuracy of
expression of thought, logical coherence of the state-
ment, use of adaptive strategies in response to audience
questions);

2) organization of oral expression (structuring of
the speech, presence of a clear introduction, main part
and conclusions, logical transitions between semantic
blocks, compliance with the rules);

3) lexical and grammatical adequacy (diversity
and relevance of vocabulary, grammatical correctness,
pronunciation and intonation accuracy);

4) interactivity (ability to maintain the audience's
attention, ask clarifying questions, adequately respond
to listeners' requests and effectively manage the time of
the speech);

5) use of communicative strategies (ability to per-
form the roles of project leader, discussion moderator
and speaker, as well as to effectively cooperate in a
team);

6) academic and ethical correctness (compliance
with the norms of academic communication, correct
presentation of sources and results of work, responsible
and conscious use of artificial intelligence tools).

Research Procedure

The study was conducted over one training mod-
ule (4 weeks) and included three consecutive assess-
ment stages: diagnostic, formative, and summative.

At the diagnostic stage, students performed a 2-3
minute mini-presentation, which included a summary
of the key ideas of the poster and answers to the
teacher’s questions. This format allowed determining
the initial level of oral communicative competence. An
example of a mini-presentation prepared by a group of
students is presented in Figure 1.

SHOULD ALL LAWS BE THE SAME IN EVERY COUNTRY?

Introduction

Arguments FOR the Same Laws

Human Rights

Arguments AGAINST the Same Laws

|
|
|
il
i
|
I
I
I

Cultural Differences

Conclusion

Timing: Total speaking time ~2 min, Each section 15-20 sec

Figure 1. Slide of a mini-presentation at the diagnostic level of the study

The formative stage covered the process of pre-
paring a poster presentation and included group discus-
sions, rehearsals of oral fragments, and reflective writ-
ten reports. Assessment at this stage was formative in

nature and was aimed at supporting the development of
oral communication and students’ awareness of the cri-
teria for their successful performance. A detailed plan
of the students' presentation is presented in Figure 2.
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Oral Presentation Plan (5-7 minutes)
“SHOULD ALL LAWS BE THE SAME IN EVERY COUNTRY?"

Section Time Key Ideas Presentation Text
Title 10 sec Topic introduction Today I will talk about whether all laws
should be the same in every couniry.
Introduction | 50-60 sec = Laws organize social | Laws organize social life and help
life maintain order. However, legal systems
* Different legal are different in each country. This raises
systems the gquestion of whether laws should be
the same everywhere or different.
Arguments | 1-1.5 min = Equal rights for all Supporters of the same laws argue that
FOR the * International they ensure equal rights for all people.
Same Laws cooperation Common laws can improve international
= Strong human rights | cooperation and strengthen human rights
protection protection. This is especially important in
a globalized world.
Human 1-1.5 min * Universal basic Human rights are often considered
Rights rights universal. Basic rights such as life,
» Life, freedom, Sfreedom, and human dignity should be
dignity protected everywhere. Many countries
* Global agreements support these rights through
international agreements.
Arguments | 1-1.5 min * Different cultures Opponents believe that the same laws
AGAINST * Religious values cannot work everywhere. Countries have
the Same = Political & economic | different cultures, religions, and political
Laws differences or economic systems, which strongly
influence their laws.
Cultural 50-60 sec = National identity Laws are closely connected to national
Differences = One size doesn’t fit | identity. One legal system does not fit all
all countries, so traditions and cultural
* Respecting traditions | values must be respected.
Compromise | 40-50 sec * Universal core laws | A possible compromise is to have
* Flexible national universal core laws, especially for human
laws rights, while allowing countries to adapt
= Global & local their national laws to local conditions.
balance
Conclusion 30-40 sec * Not all laws should In conclusion, not all laws should be the
be the same same. Universal principles are important,
» Universal principles | but legal diversity can be more effective.
= Diversity is effective | 4 balance between global values and
national traditions is the best solution.

Figure 2. Slide of an oral presentation plan at the formative level of the study

At the summative stage, students presented a final
poster presentation lasting 5-7 minutes with oral sup-
port and answers to questions from the audience. The
final presentation was a full-fledged extended presen-
tation using a poster or slides and demonstrating all

components of interactive interaction. Assessment was
carried out according to the same criteria, which en-
sured data compatibility at all stages of the study. An
example of a final presentation poster is presented in
Figure 3.
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* Equal rights for all
¢ International cooperation
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® Universal basic rights
* Life, freedom, dignity
* Global agreements

-

Cultural Differences

* National identity
* One size doesn't fit all
R J it

Quantitative analysis included calculation of mean
values (M) for each criterion and comparative analysis
of results at three stages of preparation and evaluation.

Student participation in the study was voluntary.
All materials were used exclusively for research pur-
poses in compliance with the principles of confidenti-
ality and academic integrity. Students were informed
about the objectives of the study, evaluation criteria and
permissible forms of use of artificial intelligence tools.

Research Results

Quantitative analysis of the research results was
aimed at identifying the dynamics of the development
of students' oral communicative competence in the pro-
cess of project-based learning using poster presenta-
tion. The assessment was carried out at the diagnostic,
formative, and summative stages using six criteria of
the analytical multilevel scale. For each criterion, the
average values (M) were calculated.

As presented in Table 1, at the diagnostic stage,
the average indicators for all criteria ranged from 2.0 to

® Universal core laws
o Flexible national laws
o Global & local balance

protection

Compromise

Figure 3. Final poster presentation at the summative stage of the study

2.6 points. The lowest values were recorded for the cri-
teria of interactivity and use of communicative strate-
gies, which indicate the limited experience of students
in managing oral interaction and performing various
communicative roles in an academic context.

At the formative stage, a steady increase in indica-
tors was observed for all criteria. The most positive dy-
namics was recorded for the criteria of interactivity and
the use of communicative strategies, which indicates
the high effectiveness of process-oriented forms of
learning (group discussions, rehearsals, role-playing) in
the development of these components of communica-
tive competence.

At the summative stage, the average indicators for
most criteria remained in the range of 2.9-3.3 points.
At the same time, a slight decrease was recorded for the
criteria of interactivity and the use of communicative
strategies compared to the formative stage, which may
be due to the increased cognitive load of the final
speech and focusing of students on the content and
structuring of the presentation.
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Table 1

Average values (M) according to the criteria of oral communicative competence at different stages of assessment
(n=48)

- Diagnostic Formative Summative o
Criteria stage (M) stage (M) stage (M) Growth (%)
Communicative clarity 2,8 34 39 +39%

Speech organization 2,6 33 3,8 +46%
Lexical and grammatical correctness | 3,0 3,5 39 +30%
Interactivity 2.4 32 3,7 +54%
Communicative strategies 2.5 33 3,8 +52%
Academic and ethical correctness

. . +419
(including AI) 29 36 41 41%

As shown in Table 1, for all criteria, there is an
increase in average scores from the diagnostic to the
summative stage, which indicates a positive impact of
process-oriented assessment on the development of stu-
dents' oral communication.

The most pronounced dynamics is recorded for the
interactivity criterion (increase +54%). At the diagnos-
tic stage, this indicator had the lowest average value (M
= 2.4), which reflected the limited ability of students to
interact with the audience, ask clarifying questions and
respond to communicative requests. By the summative
stage, the average score increased to M = 3.7, which
indicates the development of interactive skills in the
process of group work, rehearsals and feedback.

A comparable positive dynamics is observed for
the criterion of using communicative strategies (in-
crease +52%). The increase in indicators according to
this criterion reflects the formation of students' ability
to consciously perform various communicative roles in
project activities (speaker, moderator, discussion par-
ticipant). This confirms the importance of procedural
stages of project preparation, which are rarely taken
into account in traditional assessment.

The indicators of oral expression organization also
show significant growth (+46%). If at the diagnostic
stage students often presented information fragmen-
tarily and without a clear structure (M = 2.6), then by
the final presentation most participants were able to
logically build a speech with a clear introduction, main
part and conclusion (M = 3.8). This indicates the devel-
opment of speech planning and structuring skills during
phased project work.

According to the criterion of communicative clar-
ity, an increase of 39% was recorded, which indicates
the coherence of statements and the ability to adapt
speech to the audience. It should be noted that the im-
provement of this indicator occurred gradually and was

due, in our opinion, to formative feedback in the form
of rehearsals and discussions with the teacher at the
stage of project preparation.

Relatively less pronounced growth is observed ac-
cording to the criterion of lexical and grammatical ade-
quacy (+30%). However, the increase in the average
score from M = 3.0 to M = 3.9 indicates a more appro-
priate and conscious use of language tools in oral aca-
demic communication.

Special attention is paid to the criterion of aca-
demic and ethical correctness (taking into account the
use of Al), for which an increase of +41% was rec-
orded. The results show that the inclusion of this crite-
rion in the analytical rubric contributed to the formation
of a more responsible attitude among students towards
the use of artificial intelligence tools. At the summative
stage, students more often demonstrated the conscious
use of Al as an auxiliary tool, rather than a source of
ready-made oral formulations.

Additional analysis of individual trajectories of
students was aimed at identifying temporal differences
in the manifestation of interactive and strategic compo-
nents of oral communication, which is demonstrated in
Table 2. Comparison of the results of the formative and
summative stages showed that all participants in the
study (n = 48) demonstrated a high level of final oral
performance. At the same time, 13 students (27%) had
high indicators according to the criteria of interactivity
and use of communicative strategies (M > 3.5) already
at the formative stage, while the remaining students had
a similar level of these components mainly at the sum-
mative stage. This indicates differences in the time of
formation and demonstration of communicative skills
and confirms the importance of procedural assessment
for identifying individual dynamics of oral communi-
cation development.

Table 2

Time distribution of achieving a high level of interactive and strategic skills

Student group Number of students Percentage (%)
High level at the formative stage (M > 3.5) 13 27
High level achieved primarily at the summative 35 73
stage
Total 48 100
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The obtained data demonstrate that the use of an
analytical rubric and the inclusion of a formative as-
sessment stage allow us to record the development of
interactive and strategic components of oral communi-
cation, which are not always fully reflected in the re-
sults of the final presentation. This confirms the limita-
tions of an assessment based solely on summative indi-
cators and emphasizes the validity of a procedurally
oriented approach to assessing oral communication in
project-based learning.

Discussion of the results

Analysis of data obtained at the diagnostic, form-
ative and summative stages indicates a positive dynam-
ics of the development of oral communicative compe-
tence of first-year students. The most noticeable
changes were observed in the increase in clarity and co-
herence of oral statements, increased confidence in oral
explanation of the content of the poster, as well as more
active participation of students in group discussions.

Students who demonstrated fragmentary oral
speech at the diagnostic stage were mostly able to log-
ically present the main ideas of the project by the time
of final presentation, relying on visual material and
their own oral comments, rather than on the memorized
text.

The results of observations and analysis of reflec-
tive materials show that formative assessment has be-
come a significant factor in the development of oral
communication. Regular feedback contributed to more
successful speech, the correction of mistakes in the pro-
cess of preparation and the reduction of anxiety before
public speaking. The practice of self-assessment and
mutual assessment allowed students to critically reflect
on their own role in the project and the level of their
oral communicative activity. Formative assessment can
be considered important for the development of inter-
active and strategic aspects of speech. The preparation
process increases the objectivity and validity of the fi-
nal assessment, especially in conditions of active use of
artificial intelligence tools.

Comparison of formative assessment data with the
results of the final poster presentation confirms the rea-
sonableness of shifting the emphasis from the product
to the process of preparation, especially in conditions
of active use of Al. Oral presentation and discussion al-
lowed to reveal the real level of understanding of the
content of the project, which increased the validity and
correctness of the assessment and reduced the risk of
formal performance of the task.

Limitations

This study has a number of limitations that should
be considered when interpreting the results.

First, the study was conducted within a single ed-
ucational module and included a limited number of
first-year students studying a foreign language at level
B2. This limits the possibility of generalizing the find-
ings to other levels of language training, educational
contexts and disciplines.

Second, the assessment of oral communication re-
lied mostly on the expert opinion of the teacher, which
has the risk of being subjective, despite the use of ana-
lytical criteria and descriptors.

These limitations identify areas for further re-
search, including expanding the sample, involving con-
trol groups and developing mechanisms to increase the
reliability and objectivity of oral assessment.

Conclusion

The results of the study confirm that the process-
oriented assessment model contributes to increasing the
objectivity and transparency of the assessment of oral
communication of first-year students, the development
of their educational autonomy and a more complete ac-
counting of real communicative activity in the condi-
tions of project-based learning.

The proposed model allows you to shift the em-
phasis from formal control of the final product to the
assessment of the process of forming oral communica-
tive competence, which is especially important in the
conditions of the widespread use of artificial intelli-
gence tools. Multi-stage assessment, which includes di-
agnostic, formative, and summative stages, provides a
more valid idea of the development of oral speech and
meets modern methodological and ethical requirements
of higher education.
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AHoTanis

VY cTaTTi po3riIsiHyTO 0cO0NIMBOCTI iHTErpawii HU(POBUX IHCTPYMEHTIB OCBITHI KOMIOHEHTH MaTEMaTHYHOTO
UKy Y 3aKJIaaX BUINOI OCBITH. AKIIEHT 3pO0JICHO Ha MiIBUIICHHI SKOCTI HABUAHHS, PO3BUTKY MaTEMaTUYHOT Ta
U POBOI KOMIIETEHTHOCTEH 300yBaiB, a TAKOXK CTBOPEHHI IHTEPAaKTHBHOTO OCBITHROT'O CEPEIOBHIIA HAa OCHOBI
CYYaCHHUX TEXHOJIOTI.

Abstract

The article examines the specific features of integrating digital tools into the educational components of the
mathematics cycle in higher education institutions. The focus is placed on improving the quality of learning, de-
veloping students’ mathematical and digital competencies, and creating an interactive educational environment
based on modern technologies.

Kurouosi ciioBa: nupoBi iHCTpYMEHTH; II(PPOBA KOMIICTCHTHICTh; IHTCPAKTUBHE HABYAHHS, OCBITHI TEX-
HOJIOTIT; nM(pOoBi3aLis OCBITH.

Keywords: digital tools; higher education institutions; digital competence; interactive learning; educational

technologies; digitalization of education.

AKTYyaJIbHiCTb NP0oGJieMu

AKTyanbHICTH iHTerparii TupoBUX iHCTPYMEH-
TiB B OCBITHI KOMITOHEHTH MaT€MaTHYHOTO IIUKITY Y 3a-
KJIaJax BUILOI OCBITH 3yMOBJICHA ITMOOKMMH 3MiHAMH,
IO BigOYBAaIOTHCA Y Cy4aCHOMY OCBITHBOMY IIPOCTOPIL
i BrutmBoM upoBoi TpaHchopmaii. MaTeMaTiHyHa
MiATOTOBKA TPAJUIIIIHO BUMArae BUCOKOTO pPiBHS abc-
TPaKIil, TOYHOCTI Ta JIOTIYHOTO MHCJIEHHS, & TOMY I0-
TpeOye IHCTPYMEHTIB, 3MaTHHUX 3a0€3MECUYUTH HAOY-
HICTh, TUHAMIYHICTH 1 TOCTYMHICTh CKIAHHUX MOHSTh.
BukopucranHs unpoBHX TEXHOJOTH — BiJ CHCTEM
KOMIT FOTEpHOI anreOpu Ta JWHAMIYHUX MaTeMaThd-
HHUX CEpEJIOBHIN O IHTEPaKTHBHHUX IUIAT()OpPM MoOe-
JIOBaHHS W aHANITHYHUX CEPBICIB — BIIKPHUBa€E HOBI
MOXITMBOCTI JUIs TOTJIMOJIEHOTO OIIPAIIOBAHHS MaTepi-
ay, iHIOWBiXyami3amii HaBYaHHS Ta PO3BUTKY JOCIIJ-
HUIBKIX HABHYOK 3/100yBadviB.

Y KOHTEKCTI MOAEpHi3alii BuIoi ocBiTH 1IH(POBI
IHCTPYMEHTH CTalOTh HE JIMIIC JOMOMDKHUM pecyp-
coM, a i HeoOXiHOI0 YMOBOIO (hopMyBaHHS IH(POBOT
Ta MaTEeMaTUYHOI KOMIICTEHTHOCTEH, IO BHU3HAYCHI
KIIOYOBHMH y CydYacHHMX mpodeciiiHuX cTaHmapTax
[11] . Boru cipusiroTh epexoay BiJ pepOayKTHBHUX
(opM HaBYaHHS 10 IHTEPaKTUBHHX, IPOOJIEMHO-Opi€e-
HTOBaHUX 1 MPAKTHKO-CIPSIMOBAHUX ITiTXO/iB, IO BiJ-
MOBIJAIOTh IOTpedaM pPHHKY TMpali Ta BHUMOTam
STEM-ocBitu. Kpim toro, nn¢posizauis matemMaTHd-
HHUX JUCHHUIUIIH 3a0e3ledye MOJIMBICTH OIlepaTHB-
HOTO 3BOPOTHOTO 3B’SI3KY, aJaITUBHOTO OI[IHIOBAaHHS,

JVCTAHIIHHOI B3aeMOAii Ta CTBOPEHHSI THYYKOTO OCBi-
THBHOTO CEpEOBUINA, 3AaTHOTO MIBUAKO pearyBaTH Ha
BUKJIMKH 4acy.

Takum 9yuHOM, iHTErpalis MupPOBHUX IHCTPYMEH-
TiB y MaTeMaTHYHMH UK € BaKIIMBUM YNHHUKOM ITijI-
BHIIICHHS SIKOCTI OCBITH, PO3BUTKY 1HHOBAIIIIHOT KYJIb-
TYPH BUKJIQJaHHs Ta MiATOTOBKH KOHKYPEHTOCIIPOMO-
HUX (axiBIiB, 3MaTHUX C(PEKTHBHO MPAIIOBATH B
yMOBax HU(PPOBOT EKOHOMIKH.

AHaui3 nyGikauiii

[MpoGnemaruka inTerpanii [uppoBUX IHCTPYMEH-
TiB Yy HaBYAIbHI JAUCIUIUTIHA MaTEMAaTHYHOTO LUKITY
AKTMBHO BHCBITIIIOETBCS Y MPALSIX SIK YKPATHCHKUX, TaK
1 3apyOKHUX TOCTITHUKIB. 3HAYHUN BHECOK Y PO3BH-
TOK TEOPETHYHHX I METOAMYHHX 3acaj Hu(poBizarii
MaTeMaTu4HOi ocBiTH 3pobmmu M. Xammak [1], HO.
Tpuyc [2], C. CemepikoB [3], O. CniBakoBcbkuit [4],
sIKi Yy CBOTX p0o0OTax 00IPyHTOBYIOTh HEOOXIIHICT BH-
KOPUCTAHHS KOMII FOTEPHO OPiEHTOBAHNX METOINYHUX
CHCTEeM, JMHAMIYHUX MAaTeMaTHYHHUX CEPEIOBHII Ta
€JIEKTPOHHMX OCBITHIX pPecypciB y MiArOTOBIN 3700Y-
BayviB.

3okpema, M. 1. XKangax [1] migkpeciioe ponb iH-
(opmariifHo-KOMyHIKAIlIHHUX TexXHoJOoTi y Qopmy-
BaHHI MaTeMaTH4HOI KOMIIETEHTHOCTI Ta OOTPYHTOBYE
METOJMYHI MiAXOAM 10 BUKOPUCTAHHS KOMIT I0TEpPHOI
Bizyanizanii y Bumii mkoui. 10. B. Tpuyc [2] noci-
JDKY€ MOSKIIMBOCTI CHCTEM KOMIT'IOTEPHOT MaTeMaTHK!
(Maple, Mathematica) Ta eneKTpOHHUX HaBYAIbHHX
CEPEeIOBUIIL IJIsl OpraHi3allii iHTepaKTUBHOTO HaBUAHHS
marematnanux guctumiid. C. O. CemepikoB [3] Ta
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CIIIBAaBTOPH aHAJI3YIOTh IMOTEHINA XMapHHUX CEPBICIB,
MOOUTLHUX 3aCTOCYHKIB i 3MIIIAHOTO HAaBYAHHS IS
MOJIEpHI3aIlil MaTeMaTHYHOI MiJrOTOBKH 3700yBadviB
TEXHIYHHUX CHELiaIbHOCTEH.

Cepen 3apyObKHUX JOCIIJHUKIB 3HA4YHy yBary
npuBepTatoTh podorn M. Hohenwarter [5], aBTopa Ta
nociigauka cepenosuma GeoGebra, sikuil y cBOiX Imy-
Ouikamisix AeMOHCTpY€e epeKTHBHICTh TMHAMIYHOI Ma-
TEMAaTHKH 7L PO3BUTKY Bi3yalbHOTO MHUCIIEHHS Ta JI0-
CIITHUIBKUX HaBWUYOK 3700yBauiB. D. Tall [6] ta D.
Kaput [7] anamizyoTh BIUIMB TH(POBUX TEXHOIOTIH Ha
(hopMyBaHHS MaTeMAaTUIHUX HOHATH | KOTHITUBHI TIPO-
necu y 3m100yBadiB. J. Borwein [8] ta K. Devlin [9] min-
KPECIIOIOTh POJIb KOMIT IOTEPHHUX 1HCTPYMEHTIB y Cy-
YaCHUX MaTeMaTHYHMX JIOCHI/DKCHHSX 1 HaBYaHHI, ak-
LHEHTYIOUM Ha 3MiHI XapakTepy MaTeMaTHYHOI
JUSUTBHOCTI TiJT BIUTMBOM ITU(POBi3aIiii.

OxpemHuii HarpsiM CTaHOBJIATH AOCIIKEHHS, IPH-
CBsiuCHI LUQPOBIH KOMIETEHTHOCTI BHKIanayiB. Y
mparrx L. Mishra [10] Ta M. Koehler [10] (mozens
TPACK) oO0rpyHTOBY€ThCS HEOOXIAHICTH HOE€THAHHS
MeJaroriyHuX, TEXHOJIOTIYHUX 1 NMPEeJMETHHX 3HAHb
Ut e(peKTUBHOI iHTerpamii u(pPOBUX IHCTPYMEHTIB Y
BUKJIamaHHsI Martematukd. A. Redecker [11] Ta
eKcrepTH €BpOIEHChKOI KOMICHl y paMkax Mozemi
DigCompEdu Bu3HA4al0Th KOMICTEHTHICHUH MiAXif
10 mudpoBoi MENarorik, M0 € PEeICBAaHTHUM IS
MiATOTOBKYU BHUKJIAJa4YiB MATEMATUIHUX JUCIUILTIH.

TakuM 4yMHOM, aHalli3 HayKOBUX JDKEpeN CBil-
YHTh, [0 MUTAHHS IU(POBI3allii MAaTEMaTHYHOI OCBITH
PO3IIISIAETHCS Y IMUPOKOMY KOHTEKCTI: Bil METOANY-
HHX acleKTiB BUKOPHCTaHHS ANHAMIYHUX MaTeMaTHd-
HHUX CEPEIOBHI i CHCTEM KOMII'IOTEPHOI anredpu 10
(hopmyBaHHS TU(PPOBOI KOMIIETEHTHOCTI BHKIIAJaviB
Ta 3700yBauiB. JIOCTIMKEHHS WPOBINHUX YYECHHX
MiATBEPIKYIOTh, IO IH(POBI IHCTPYMEHTH € KITIO-
YOBHM YMHHHKOM MOJEPHi3allii MaTeMaTHYHOI MiAro-
ToBKHM y 3BO Ta moTpedyroTh CHCTEMHOTO METONY-
HOTO ¥ Oprafi3amniiHOro 3a0e3MeYCHHSI.

Merta pobotu

Mertoto poboTH € BcebiuHe 00IpyHTYBaHHS ITiAXO0-
JiB g0 iHTerpauii HuQpoBUX IHCTPYMEHTIB B OCBITHI
KOMITOHEHTH MaTeMaTHYHOTO MKy Y 3aKJIaiaX BUIIOL
OCBITH, CIIPSIMOBAaHUX Ha MiABHIICHHA €(PEKTHBHOCTI
Ta SIKOCTI HaBYAJILHOTO Tporiecy. [lependavaeTscs Bu-
3HAYUTH NEJaroriuyHi Ta METOIUYHI 3acaiy BUKOPHC-
TaHHS Cy4acHUX HU(POBUX PECypCiB, OKPECTUTH IXHIH
MOTEHIa Ayl PO3BUTKY MaTeMaTHYHOI, IH(POBOI Ta
JIOCJIIIHUIIBKOT KOMIIETEHTHOCTEeH 37100yBadviB, a Ta-
KO OOTPYHTYBAaTH YMOBH, 32 SIKUX IIM(POBI TEXHOJIO-
rii CIpUATUMYTH MOJIEpHi3alii 3mMicTy, GopM 1 MeTOIIB
HaBYaHHs MateMaTuku y 3BO.

Buxuiax ocHOBHOro MaTepiajy 10c/IiIKeHb

IaTerparis mudpoBUX IHCTPYMEHTIB y HaBYAIbHI
JUCLUILTIHM MaTeMaTHYHOTO LUKy Tepeabadae He
JIMIIEe BUKOPUCTaHHS OKPEMHX TEXHOJIOTIYHUX PillIeHb,
a i popMyBaHHS HiTiCHOI IM(PPOBOI TUIAKTUIHOT CHC-
TEMH, y SIKii KO)KEH IHCTPYMEHT BUKOHY€E YiTKO BU3Ha-
yeHy QyHkiito. Taka cucrema 3a0e3nedye GaraTopis-
HEBY IATPUMKY HABYAIBHOI'O IPOIECY: BiJ Mosc-
HEHHS HOBOT'O MaTepially 0 opraHizallii caMOCTiiHO1
poOOTH, KOHTPOJIO 3HAHB 1 peaji3alii MPOEKTHOI Iis-
JTpHOCTI. BaxnuBo, 110 IUQPOBI TEXHOJIOTI T03BOJIS-
I0Th TIOETHATH a0CTPAKTHUI XapakTep MaTeMaTHYHUX

TOHATH 13 MOXKJIMBICTIO IX HAOYHOI, AUHAMIYHOI Ta 1H-
TEPaKTUBHOI perpe3eHTallii, o 3HAYHO MiJBUIIYE K-
ICTb 3aCBOEHHSI.

Ha erami nosicHEHHsI HOBOTO MaTepiajly KIIOYOBY
POJIb BiIrparOTh TUHAMIYHI MATEMaTHYHI CEPEIOBHUIIA
GeoGebra Ta Desmos. Ix BUKOpHCTaHHs 1a€ 3MOTY Tie-
pPEHTH BiJ CTaTWYHUX 300pake€Hb IO IHTEPAKTHBHUX
Mojeneld, y SKHX 3700yBad MOXE CaMOCTiIHHO
3MIHIOBAaTH HapaMeTPH, CIIOCTEPIraTy 3a MOBENIHKOIO
¢yHKIIN, aHAMI3YBaTH BIUIMB KoedimieHTiB Ha Gopmy
rpadika, ZOCIIIKyBaTH T€OMETPHYHI IEPETBOPEHHS.
Taxwii minxin crpuse GopMyBaHHIO iHTYITHBHOTO PO-
3yMIHHS MaTeMaTHIHIX 3aKOHOMIPHOCTEH, 10 € 0c00-
JMBO B@XJIMBUM Yy Kypcax MaTeMaTHYHOTO aHami3y,
AQHAJTITUYHOI TeOMeTpil Ta AUCKPETHOI MaTeMaTHKH.
BukopucranHs TUHAMIYHHX MOJIeIel TaKOXK JI03BOJISIE
BHKJIaJIa4€Bi ONIEPAaTUBHO pearyBaTH Ha TPy XHOILI 3/10-
OyBauiB, JEMOHCTPYBAaTH aJbTEPHATHBHI CIIOCOOH
PO3B’s13aHHS 33714, MOSCHIOBATH CKJIAHI IMOHATTS 4e-
pe3 BizyallbHi aHAJIOTI.

ITix yac MpakTUYHUX 3aHATH JOLUIBHO 3aCTOCO-
ByBatt MATLAB, Maple ta Wolfram Alpha, ski 3a-
0e311euyroTh BUKOHAHHS CKIaJHUX CHUMBOJIBHHX 1 YHC-
JOBUX O0OYHCIEHb, MOJEIIOBAHHS MaTeMaTHIHUX IPO-
meciB, aHami3 maHUX 1 mepeBipky rimore3. Lli
IHCTPYMEHTH JI03BOJISIIOTH 3100yBavyaM MpaiioBaTy 3
peayicTHYHUMH 3a7a4aMy, 10 HOTPeOYyIOTh 3HAUYHHX
00YHCITIOBAIBHUX PECYPCIB, 1 30CEPE/PKYyBATUC HE HA
TEXHIYHHUX OIEpaIlisfiX, a Ha 3MICTOBHOMY aHai3i pe-
synbraTiB. Hanpuknan, y Maple MoxHa TOCTiIKyBaTH
HOBE/IIHKY pO3B’SI3KiB JU(EpeHIiabHUX PIBHIHb, Y
MATLAB wMopnemoBaTH JAWHAMIYHI CHCTEMH, Y
Wolfram Alpha mBuKo nepeBipaTH MpaBUIBHICTE 00-
4HcIIeHb a00 OymyBaTu ckianHi rpadiku. Takwif mimaxis
(dhopMye nOCTiTHULEKI HABUYIKH, YMIHHS IIPAIIOBATH 3
MaTeMaTHYHIMH MOJCISIMHA Ta IHTEpIpEeTyBaTH pe-
3yJIBTAaTH, 110 € BAXKIMBOIO CKJIQZOBOIO INpodeciitHol
KOMITETEHTHOCTI MaiiOyTHiX haxiBLIiB.

Opranizaiis caMocTiiiHOi poboTH 3100yBadiB
3HAQYHOK0 MIpPOI0  3aJIeKUTh  BiJl MOMIIMBOCTEH
LMS-nmnardpopm Moodle i Google Classroom. Bonun
3a0e3Meyuyr0Th TOCTYII 0 BiJICOICKIIiN, IHTePAKTUBHIX
3aBJIaHb, TECTIB 3 aBTOMAaTHYHOIO NEPEBIPKOIO, €JIeK-
TPOHHUX TpEHAXepiB, M0 J03BOJSE 3700yBadaM
MIPaIfOBATH y BJIACHOMY TEMII Ta OTPUMYBaTH MHT-
TEBUHA 3BOPOTHHH 3B’s130K. LMS Takox MiATPUMYIOTH
aJlanTUBHE HABUaHHSA: CHCTEMa MOXeE IIPOIIOHYBATH
JIOZIATKOBI MaTepialii TUM, XTO MOTpedy€e MOBTOPEHHS,
a0 ckJaHilI 3aBlaHHs 37100yBayaM i3 BUCOKHUM PiB-
HeMm miarotoBku. Lle crpusie iHmuBimyasizaiii Has-
YaJIbHOTO Mpolecy Ta (opMyBaHHIO HABUYOK CAMOOD-
rafizaiii, 1o € Ba)KJIMBUMH CKJIaJOBUMHU IH(PPOBOI
KOMIETEHTHOCTI.

Y npoekTHill AiSnbHOCTI €(PEeKTHBHUM € BUKOPH-
craHHid xMapHuX cepBiciB Google Docs, Sheets i
Slides, siki 3a0e3ne4YyI0Th MOXKJIMBICTH CIUIBHOI poO-
00TH HajJ MaTeMaTHYHUMH 33Ja4aMH, aHATITHYHUMH
3BITAMH Ta IOCHiTHUIEKAMU IMPOEKTaAMH. 37100yBadi
MOJKYTb OJJHOYACHO pe/laryBaTH JOKYMEHTH, KOMEHTY-
BaTH pO3B’s3aHHS, OOrOBOPIOBAaTH pi3HI ITIAXOAH,
aHaJi3yBatu gaHi, Oymysatu rpadiku Ta Mozeni. [Toen-
HaHHS XMapHHX CEPBICIiB 13 MAaTEeMaTHYHUMH AKETaMU
JIO3BOJISIE  CTBOPIOBATH KOMIUIEKCHI MPOEKTH, MIO
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BKITIOUAIOTh OOYHMCIICHHS, MOJICIOBAaHHS, 1HTepIpeTa-
0 pe3yJbTaTiB 1 TpPE3CHTalil0 BHUCHOBKIB. Takuit
(dhopmar crpusie po3BUTKY KOMYHIKAI[iIHHUX HABHUYOK,
YMIHHS TIPAILIOBaTH B KOMaH/i, KpUTHIHO MHUCIIUTH Ta
3aCTOCOBYBaTH MaTeMaTH4HI METOJH JI0 peallbHUX 3a-
Jad.

Jnst KOHTpOJIIO 3HaHb 1 peduieKcii HaBYAIBHOTO
IpoLecy JIOLIJIBHO BHUKOPHUCTOBYBAaTH IHTEPAKTHUBHI
wiatgopmu Kahoot, Quizizz i Mentimeter, a Takox
aHaniTMuHi iHcTpymeHTH LMS. BoOHHM 1103BONSIOTH
IIBUJIKO OIIIHUTH PiBEHb 3aCBOEHHS MaTtepiany, BU-
SBUTH THIIOBI IOMWJIKH, BU3HAYUTH TEMH, IO IOTPE-
OyIOTh JOAATKOBOTO oOTpalfoBaHHA. [ elimidikoBaHi
tdopmatr Kahoot i Quizizz migBUIIYIOTH MOTHBAIIO
3100yBadiB, 3HWKYIOTH TPHUBOXKHICTh, IOB’S3aHY 3
OIIiHIOBAaHHAM, i CHPHUSIOTh AKTHBHIA y4acTi HaBiTh
THX, XTO 3a3BHYail HE TMPOSIBISIE  IHIIIATHBH.
Mentimeter 3a0e3neuye MOKIUBICTE 300py BIIKPUTHX
BIAMOBI/IeH, paH)KyBaHHS BapiaHTiB, CTBOPEHHS XMapH
CIIiB, 110 € e()eKTUBHUM IHCTPYMEHTOM Il pedieKcii
Ta 0OTrOBOPEHHS CKIAHUX TEM.

BaxxmmBoro yMOBOIO e()eKTHBHOI iHTETparlii mud-
pPOBHX IHCTPYMEHTIB € TOTOBHICTh BHUKJIagada g0
MPOEKTYBaHHSA IHU(POBOTO OCBITHBOTO CEPEIOBHUINA.
Le mnepembadae He nwWIIe BOJNOMIHHSI TEXHIYHUMHU
HaBUYKaMH, a ¥ yMIHHS METOAWYHO OOIPYHTOBYBATH
BUOIp IHCTPYMEHTIB, MOEIHYBATH X 13 TpaIUIlifHIMHI
METOJlaMH HaBYaHHs, 3a0e3ledyBaTh IeAaroriyHui
CYNpOBiJ 1 MATPUMKY 3100yBauiB. He MeHII BaxIu-
BOIO € HasIBHICTh TEXHIYHOI IHPPACTPYKTYpH, JOCTYILY
JI0 IHTEpPHETY Ta LU(POBUX MPUCTPOIB, IO IAPAHTYE
PIBHI MOXIIMBOCTI JUIsl BCIX yYaCHHKIB OCBITHBOT'O IIPO-
ecy.

Takum uwmHOM, iHTEerpamis IUPPOBHUX IHCTPY-
MEHTIB B OCBITHI KOMIIOHEHTH MaTEMaTHYHOTO IUKITY
3a0e3neuye KOMIUICKCHY MOJICPHI3AII0 OCBITHBOTO
MpoIIeCy, MiIBUIIY€E HOT0 HAOYHICTh, THYYKICTh 1 IIPaK-
THUYHY CIIPSIMOBAHICTb, CIIPHS€E PO3BUTKY MaTeMaTH4-
HOi, T(pPOBOI Ta JOCITITHUIBKOI KOMIIETCHTHOCTEH
3100yBauiB. Lludposi TexHOJIOTIT HE JIHUIIE ITiJCHITIO-
IOTh TPAJMIIIAHI METOAM HABYAHHS, a W CTBOPIOIOTH
yMOBH yIsi ()OPMYBaHHSI HOBOT'O THUILy MaTeMaTHYHOI
OCBITH, Opi€EHTOBaHOI Ha MOTPeOU cydacHOro Iudpo-
BOTO CYCIIiJIbCTBA.

BucHoBku

VY3araipHIOIOYM, MOXHA CTBEPPKYBaTH, IO
SAKiCHO MimiOpaHuii mUpPOBUI IHCTpYMEHTapiil s
HaBYAJbHUX JAUCHUIUIIH MaTeMaTHYHOTO LUKy BHKO-
Hy€ KOMIUIEKC B3a€MONOB’sI3aHUX (QYHKIIH: op-
TaHi3aliHHO-yTIPABIHCHKY (Moodle, Google
Classroom), KOTHITMBHO-Bi3yamizaliiiHy Ta  J0-
cmigannbky (GeoGebra, Desmos, Wolfram Alpha,
MATLAB, Maple), KOMyHIKaTHBHO-KOJIaOOPAaTHBHY
(Google Docs, Sheets, Slides), moTuBaIiiHO-KOH-
tponeHy (Kahoot, Quizizz, Mentimeter) Ta Ko-
MyHIKalifHO-niaATpuMyBanbHy (Zoom, Google Meet,

MS Teams). Ix inTerpamis He 3BoAMTHCS 4O MEXaHid-
HOTO JT0JIaBaHHS OKPEMUX CEPBICiB Y HABYAILHUH MPO-
mec, a mependadae IIECTIPSIMOBAHE TNPOEKTYBAaHHS
OU(pPOBOTO OCBITHROTO CEPEIOBHUINA, Y IKOMY KOXKEH
IHCTPYMEHT BHKOPUCTOBYETHCSI BIIMOBIAHO 10 TUIaK-
THYHOT METH, 3MICTY TEMH, PIBHS i ATOTOBJIEHOCTI 3/10-
OyBauiB. Takuil miaXi JO3BOJISE HE JIUIIC MiBUIIUTH
SIKICTh MATEMaTH4HOI MiIrOTOBKH, a i copmyBaTu B
3100yBauiB 34aTHICTh €(PEKTHBHO MpaIIOBaTh 3 -
POBUMHM pecypcamu, KpUTHYHO OLIIHIOBaTH pe3yJIbTaTh
O0YHCIICHb | MOJAENIOBAaHHSA, 3aCTOCOBYBAaTH MaTeMa-
TUKY JJIS PO3B’sI3aHHS peayJbHAX 3a7a4 y KOHTEKCTI Cy-
4acHOI HU(PPOBOi EKOHOMIKH.
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Abstract

This article presents a comparative study of verb categories in French and Azerbaijani, introducing new meth-
odological approaches in language instruction. The morphological and syntactic structures of verb systems are
analyzed in the context of tense, person, and conjugation categories. The aim is to identify similarities and differ-
ences between these two languages from distinct language families, and to propose more effective and inclusive
education-oriented teaching strategies.

The study also examines how these approaches affect students’ language skills development and overall qual-
ity of life. Among the new methods are contextual learning, interactive grammar applications, and reflective teach-
ing techniques applied in bilingual environments. The results show that functional and context-based grammar
instruction improves learners’ ability to use the language in daily life and creates equal opportunities in the edu-

cational process.

This research offers practical recommendations for both language teachers and policy makers, while also
contributing to the UN Sustainable Development Goals, particularly inclusive education and quality of life.
Keywords: inclusive education, quality of life, equal access, learning opportunities, innovation, lifelong

learning.

1. Introduction

This article explores new approaches to the study
of verb categories in French and Azerbaijani languages,
focusing on their structural and functional characteris-
tics. As members of two distinct language families—
Romance and Turkic—French and Azerbaijani exhibit
fundamentally different grammatical systems, particu-
larly in the domain of verb morphology and syntax.
French, being a fusional language, conveys grammati-
cal meanings through inflections, stem changes, and
auxiliary verbs, resulting in complex verb forms. In
contrast, Azerbaijani, as an agglutinative language,
forms grammatical categories primarily through the lin-
ear addition of suffixes to the verb root, allowing for
greater morphological transparency.

The article adopts a contrastive linguistic perspec-
tive to examine categories such as tense, mood, aspect,
voice, and person, and how these are constructed and
used in both languages. Additionally, it considers ped-
agogical implications for bilingual learners and pro-
poses innovative teaching methods that integrate con-
textual grammar instruction, inclusive education prac-
tices, and digital tools. This research contributes to both
theoretical linguistics and applied language teaching,
aiming to enhance cross-linguistic understanding and
support more effective language acquisition strategies
in multilingual educational settings. The study is also
aligned with global educational priorities such as sus-
tainable development and quality education.

Research question (s)

2. Review of the literature

Since French and Azerbaijani belong to different
language families, their verb systems differ signifi-
cantly in both structure and function. Azerbaijani, as a
member of the Turkic language family, is agglutina-
tive—meaning that suffixes are added to the root of a

word to create meaning. French, on the other hand, be-
longs to the Romance language group and is primarily
inflectional, where grammatical forms of verbs are ex-
pressed through changes in the root and the use of end-
ings. This structural difference has a strong impact on
how the categories of tense, person, mood, and aspect
are presented and learned.

In Azerbaijani, verbs are conjugated in both sim-
ple and analytic forms. The tense category is divided
into three main parts: past, present, and future. These
tenses are mostly expressed through suffixes attached
to the verb root or stem. For example, in the forms
“yazdi” (wrote), “yazir” (is writing), and “yazacaq”
(will write), the meaning of the verb is clearly conveyed
through tense suffixes. The person category is also ex-
pressed through suffixes, often making personal pro-
nouns unnecessary, as the suffix itself indicates the sub-
ject. Additionally, moods such as imperative, indica-
tive, and optative add various modal and functional
nuances to the meaning of the verb. This structure helps
students better understand the logical and systematic
nature of grammar, which is particularly useful for de-
livering quality education
[https://unesdoc.unesco.org/ark:/48223/pf0000373718

1.

In French, verb categories have a more complex
structure. Verbs are divided into three groups: Group I
ending in -er, Group II ending in -ir, and the irregular
verbs in Group III. Verb forms change quickly accord-
ing to tense and person, and in many cases, compound
tenses are formed using auxiliary verbs (avoir and étre).
The tense system is more extensive, including présent
(present), passé composé (perfect), imparfait (imper-
fect), futur simple (simple future), plus-que-parfait
(pluperfect), among others. The formation and use of
these tenses may pose additional challenges for learn-
ers, as proper usage often depends on both form and
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context. In French, verbs change according to person
with specific endings, and the use of subject pronouns
is necessary. For instance, forms like “je parle” (I
speak) and “ils parleront” (they will speak) must in-
clude pronouns.

When comparing the two, it is important to note
that while the categories of tense and person are central
in both languages, the methods of expression differ.
Azerbaijani presents these categories more simply
through suffixes, while French involves various
changes and exceptions in grammatical forms. These
differences can present both challenges and opportuni-
ties for learners by contributing to the development of
linguistic thinking.

This structural comparison plays a crucial role for
teachers in planning instructional strategies and ensur-
ing equal access for students. Emphasizing the func-
tional characteristics of verbs in both languages and ap-
plying a contextual approach can enhance learning op-
portunities and foster a more inclusive educational
environment. This approach not only improves stu-
dents’ language proficiency but also lays the founda-
tion for an effective teaching model that enhances their
overall quality of life [Y. A. Korkmaz, 2005, p. 147—
152].

Table 1
Comparison table of verb categories: Azerbaijani vs. French
Category Azerbaijani language French language

Language family Turkic language (agglutinative) Romance language
(fusional/flexional)

Verb stem Stays constant; grammatical Can change, especially in irregular

meaning added via suffixes verbs
Tenses Past, present, future Présent, passé composé, imparfait,

futur simple, plus-que-parfait, etc.

Tense Formation

Formed with suffixes (e.g., yazdi,
yazir, yazacaq)

Verb endings + auxiliary verbs
(e.g., j’ai parlé, nous parlerons)

Person markers

Person suffixes; pronouns often

Each person has a distinct ending;

omitted pronouns are always used
Verb moods Indicative, imperative, wish, Indicatif, impératif, subjonctif,
conditional conditionnel
Verb types Main, auxiliary, participle, Transitive, intransitive, reflexive,
infinitive auxiliaries (avoir, étre)
Conjugation system Simple and consistent, based on Complex with many rules and ex-
suffixes ceptions

Verb groups

Not divided into groups

Divided into 3 groups: st (-er),
2nd (-ir), 3rd (irregular)

Difficulty level

Moderate — relies on linear suffix
addition

High — due to number of tenses
and irregularities

Recommended teaching approach

Context-based learning, focus on
suffix patterns

Use of conjugation tables, sen-
tence examples, tense-based exer-

cises

The Azerbaijani and French languages belong to
different language families, which is clearly reflected
in the structure and use of their verb systems. Despite
these differences, there are also some notable similari-
ties. In both languages, the verb is a core part of speech
that expresses actions, states, or processes and typically
functions as the predicate of a sentence. Verbs in both
Azerbaijani and French change according to tense
(past, present, future), person (first, second, third), and
mood (indicative, imperative, conditional, etc.). In ad-
dition, both languages use auxiliary verbs to form com-
pound tenses — “olmaq” in Azerbaijani and “avoir” or
“€tre” in French. Furthermore, both systems include
non-finite verb forms such as infinitives (e.g., yazmaq
/ parler), participles, and verbal adverbs, which are used
to form complex sentence structures.

The most striking differences lie in the morpho-
logical structure of the languages. Azerbaijani is an ag-
glutinative language, meaning grammatical categories
are expressed by adding suffixes to a stable verb root in
a linear and consistent order. This creates a logical and
transparent verb system that is relatively easy to learn

and predict. In contrast, French is a fusional (inflec-
tional) language, where the verb endings change ac-
cording to tense and person, and the verb root itself may
also change, especially in irregular verbs. This often re-
quires learners to memorize multiple forms and conju-
gation tables, making the learning process more com-
plex.

In Azerbaijani, personal markers are added to the
verb, so subject pronouns are usually not necessary. For
example, the verb gedirom (I am going) already indi-
cates the subject through the suffix -om. In French, sub-
ject pronouns are mandatory because verb endings
alone are not always sufficient to identify the subject—
e.g., je vais (I go), tu vas (you go), il va (he goes).

When it comes to tenses, Azerbaijani has three pri-
mary tenses—past, present, and future—which are
formed by adding specific suffixes to the verb root.
French, on the other hand, has a more complex tense
system including both simple and compound tenses
such as présent, passé composé, imparfait, futur simple,
plus-que-parfait, and others. These tenses often require
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the use of auxiliary verbs and follow distinct conjuga-
tion patterns depending on the verb group
[https://www.coe.int/en/web/common-european-
framework-reference-languag].

Verb grouping is another point of difference.
Azerbaijani verbs are not divided into formal conjuga-
tion groups. French verbs, however, fall into three main
groups based on their infinitive endings: the first group
(-er), the second group (-ir), and the third group (irreg-
ular verbs). Each group follows different conjugation
rules, and third-group verbs tend to have multiple irreg-
ularities.

Learning Difficulty |

Subject Pronoun Use

Verb Groups 1

Use of Auxiliaries |

Person Indicators |

Tense Formation |

Verb Structure |

Language Family | 1

These differences highlight the importance of us-
ing appropriate teaching strategies. The logical and reg-
ular nature of Azerbaijani verbs makes them suitable
for step-by-step, rule-based instruction. French verbs,
due to their complexity and exceptions, benefit from
contextual teaching methods, conjugation tables, and
repetitive practice. Understanding these similarities and
differences allows educators to design more effective
and inclusive teaching approaches that promote quality
education, equal access, and better learning opportuni-
ties for all language learners [S.D. Krashen, 1982, p.
78-81].

2

0 A

3 4 5

Similarity Score (0 = very different, 5 = very similar)

Figure 1. Similarity of verb categories: Azerbaijani vs. French

In modern language education—especially in the
context of foreign and second language learning—tra-
ditional grammar-based methods are gradually being
replaced by functional and communicative approaches.
Among these, contextual teaching plays a particularly
important role. Contextual teaching refers to learning
language through real-life situations, everyday commu-
nication, and practical contexts. It enables students to
internalize the language not only theoretically, but also
in real-life usage.

When teaching the verb systems of Azerbaijani
and French, contextual approaches allow students to re-
late grammatical rules to meaningful situations instead
of memorizing them in isolation [J. Cummins, 2000, s.
99-103]. For example, learning the future tense
through sentences like “sabah kinoya gedacoyam™ or
“je vais au cinéma demain” helps learners understand
both the structure and how it is applied in a daily con-
text. In this way, language becomes more meaningful
and memorable.

One of the major advantages of contextual teach-
ing is its alignment with inclusive and personalized

learning. Students from different social, cultural, and
educational backgrounds can engage with the material
in a way that connects to their own experiences. This
approach promotes equal access to education, helps re-
duce inequalities, and contributes to the goal of quality
education for all.

The contextual method fosters functional literacy
and real communication skills. Verb forms and tenses
are not just presented through tables, but also through
dialogues, scenarios, role-plays, and project-based
tasks. This makes learning more engaging and in-
creases learners’ motivation to use the language ac-
tively.

Contextual teaching places the learner and their
real-world experience at the center of the educational
process. It ensures the development of not only gram-
matical knowledge but also practical communication,
critical thinking, and cultural awareness. For these rea-
sons, the application of contextual methods in Azerbai-
jani and French language teaching should be regarded
as a key component of inclusive and sustainable teach-
ing strategies [R.M. Quliyev, 2010, p. 85-90].
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Table 2.

Comparison: traditional vs. contextual language teaching

Feature

Traditional teaching

Contextual teaching

Teaching focus

Grammar rules and memorization

Language use in real situations

Learning environment

Textbook-centered, rigid

Flexible, student-centered

Content delivery

Lectures, drills, rule explanation

Dialogues, tasks, real scenarios

Student role

Passive listener

Active participant

Teacher role

Knowledge transmitter

Facilitator and guide

Assessment type

Written tests on grammar

Performance-based, formative

Skills developed

Grammatical accuracy

Communication, critical thinking

Inclusivity level

Low

High

Connection to real life

Minimal

Strong

In modern education, language learning is no
longer limited to textbooks and teacher-led grammar
explanations on the board. With the integration of tech-
nology into pedagogy, interactive grammar applica-
tions have become an essential part of language acqui-
sition. These tools make grammar more than just a set
of rules to memorize—they turn it into a practical, usa-
ble skill. For students learning structurally different
languages like Azerbaijani and French, interactive tools
provide inclusive, personalized, and functional learning
opportunities. These approaches enhance not only lan-
guage proficiency but also overall quality of life by em-
powering learners with real-world communication
skills.

Azerbaijani, as an agglutinative language, forms
verbs through the linear addition of suffixes (e.g.,
gedocoyom, oxuyurdu, yazarsan). In contrast, French is
a fusional language in which both the verb root and
endings change depending on tense and person (e.g., je
vais, tu iras, ils sont partis). These structural differences
require different teaching strategies—an area where in-
teractive grammar platforms are especially beneficial.

For French, the large number of tenses and irregu-
lar verbs can be overwhelming for learners. However,
applications like Conjuguemos, Wordwall, and Quizlet
allow students to practice verb forms in context by
choosing the correct conjugation, filling in missing
endings, or correcting grammar mistakes—all with in-
stant feedback. In Azerbaijani, platforms such as Live
Worksheets, Educandy, or custom teacher-made tasks
can help reinforce tense and mood suffixes through in-
teractive, hands-on activities [A.G. Banguoglu, 2000,
p. 95-98].

One of the greatest advantages of interactive
grammar tools is their role in promoting equal access to
learning. Students learning either French or Azerbaijani

may come from diverse backgrounds, regions, or learn-
ing levels. Interactive platforms allow them to engage
with content anytime and anywhere, without relying
solely on classroom instruction. This contributes to re-
ducing inequalities in education by ensuring that every
student—regardless of their location or resources—can
participate fully in the learning process.

Interactive grammar tools strongly support inclu-
sion. These tools can be adapted for various learning
styles—visual, auditory, and kinesthetic—making
them suitable for a wide range of learners. Students not
only read but also hear, interact with, and even speak
the target language as they engage with grammar exer-
cises. For example, a student learning the past tense in
French might listen to an audio clip of il a parlé, match
it with an image, and then complete a sentence with the
correct form. Similarly, in Azerbaijani, a student might
say aloud a verb like oxuyurdu, complete it in a sen-
tence, and reinforce it through drag-and-drop exercises.

Research and classroom practice show that stu-
dents using interactive grammar platforms make faster
and more sustained progress. These methods enhance
student engagement, foster a sense of ownership, and
support self-assessment. As a result, students gain not
only grammatical accuracy but also functional commu-
nication skills and cultural competence, both of which
are vital in real-life use of language.

The use of interactive grammar applications in
teaching Azerbaijani and French directly supports the
goals of quality education and inclusive teaching.
These technologies transform learning from a passive
experience into an active, student-centered process that
equips learners with real-world skills. They help to de-
mocratize education by providing equal learning oppor-
tunities for all and make language acquisition more ac-
cessible, engaging, and effective in both local and
global contexts [M.H. Valiyev, 2012, p. 112-115].
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Comparison: Traditional grammar teaching vs. iteractive

Table 3.
rammar applications

Aspect

Traditional grammar teaching

Interactive grammar applications

Learning style support

Mainly visual, limited flexibility

Supports visual, auditory, kines-
thetic learners

Accessibility Limited to classroom time Available anytime, anywhere
Adaptability to levels One-size-fits-all approach Adaptive and personalized
Engagement Low to moderate High (gamified, dynamic content)
Feedback speed Delayed (via teacher review) Instant, real-time feedback

Suitability for french

Partial — relies heavily on memori-

Strong — contextual and varied

zation practice
Suitability for azerbaijani Basic — limited interactive Strong — suffix pattern recogni-
methods tion, instant drills
Supports inclusion Low High
Contributes to SDGs Minimal Strong alignment (SDG 4: Quality

Education, SDG 10: Reduced Ine-
qualities)

In the evolving landscape of 21st-century educa-
tion, the role of the teacher has shifted from being a
transmitter of knowledge to a facilitator of thinking and
learning. One of the most impactful methodologies that
supports this shift is reflective teaching—a process that
involves consciously analyzing teaching and learning
experiences to improve future outcomes. In the context
of language instruction, particularly for linguistically
diverse and structurally distinct languages such as
Azerbaijani and French, reflective teaching holds trans-
formative potential. It serves as a bridge between stu-
dent-centered learning, individual cognitive develop-
ment, and inclusive pedagogy, aligning strongly with
global goals such as SDG 4 (Quality Education) and
SDG 10 (Reduced Inequalities).

Reflective teaching finds its roots in constructivist
and experiential learning theories. Thinkers such as
John Dewey, Donald Schén, and David Kolb empha-
sized that learners construct knowledge best when they
reflect on their experiences. According to Dewey, “We
do not learn from experience... we learn from reflect-
ing on experience.” This principle is especially crucial
in language learning, where students are constantly pro-
cessing new rules, cultural norms, and communicative
strategies.

Reflective teaching is not limited to self-observa-
tion—it requires intentional inquiry: What happened?
Why did it happen? What can be improved? It involves
students and teachers engaging in metacognition
(thinking about thinking), which increases awareness
of one’s learning processes, patterns, and needs.

Teaching Azerbaijani and French side by side
brings a unique set of pedagogical complexities. Azer-
baijani, as an agglutinative language, constructs mean-
ing through the linear addition of suffixes. Verb tenses,
moods, and aspects are built through consistent mor-
phological patterns (e.g., gediram, getdi, gedacak). In
contrast, French is a fusional language, where verb
roots often change irregularly, and tenses may require
auxiliary verbs (e.g., je vais, nous sommes allés, ils
avaient parlé) [M. Haspelmath, 2002, p. 154-157].

These structural differences necessitate differenti-
ated instruction and context-sensitive strategies. Re-
flective teaching provides a framework through which

both students and teachers can identify linguistic barri-
ers, adapt instruction accordingly, and document learn-
ing growth over time.

For students, reflection fosters learning autonomy.
After completing a task in Azerbaijani, a learner might
reflect: “Did I use the correct suffix for the future
tense?”, “Why did I confuse getdi and gedocok?” Sim-
ilarly, a French learner might ask: “Why is it je suis allé
and not j’ai allé?”, “What is the pattern with irregular
verbs in passé composé?”

By encouraging students to ask such questions,
teachers support the development of critical thinking,
problem-solving, and language awareness—skills es-
sential for long-term fluency. Students become active
agents in their learning, capable of evaluating their
strengths and planning strategies to overcome difficul-
ties. This aligns directly with the UN’s emphasis on in-
clusive and equitable learning environments, particu-
larly in multilingual or multicultural classrooms.

Reflective teaching is not just for learners—it is
equally vital for educators. A language teacher, after
observing that several students struggled with French
verb conjugation or Azerbaijani case endings, may re-
flect on instructional clarity, pacing, or the effective-
ness of used materials. Did the lesson match the stu-
dents’ proficiency level? Were real-life examples used
effectively? Was enough visual support provided?

Teachers who practice reflection can better per-
sonalize instruction, make informed pedagogical deci-
sions, and create equal learning opportunities for all
students—regardless of their background, learning
style, or prior experience. This contributes directly to
the goal of reducing inequalities in education.

Technology enhances reflective teaching through
digital portfolios, self-assessment rubrics, formative
feedback platforms, and interactive learning logs. For
example, using tools like Google Classroom, Padlet, or
Live Worksheets, students can track their performance,
reflect on feedback, and engage in goal-setting. Teach-
ers can comment on progress, adapt future lessons, and
even encourage peer feedback, thereby building a col-
laborative learning environment grounded in mutual re-
flection.
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These tools support inclusive learning by catering
to visual, auditory, and kinesthetic learners, and by of-
fering multilingual scaffolding for language learners—
making reflective teaching more accessible and impact-
ful across different contexts [©.M. Coforov, 2001, p.
42-47].

Reflective teaching is not just a pedagogical tech-
nique—it is a tool for educational transformation. By
empowering both teachers and learners to think criti-
cally and act responsively, it supports the Sustainable
Development Goals, especially:

e SDG 4: Quality Education — Promoting life-
long learning, critical thinking, and equal access to
meaningful education.

e SDG 10: Reduced Inequalities — Ensuring that
language education is inclusive, culturally responsive,
and equitable for all learners, including those from mar-
ginalized groups.

Connection to SDGs

Student Engagement

Critical Thinking

Learning Autonomy

Reflection fosters personal well-being, self-confi-
dence, and resilience, contributing to broader goals re-
lated to well-being (SDG 3) and social cohesion.

In the teaching of Azerbaijani and French—two
linguistically rich and structurally diverse languages—
reflective teaching serves as a powerful strategy to meet
the cognitive, emotional, and linguistic needs of diverse
learners. It enables deep learning, promotes inclusion,
and prepares both students and teachers for the com-
plexities of real-world communication. In an era where
education must be not only accessible but also mean-
ingful, reflective pedagogy ensures that no learner is
left behind. It transforms the classroom into a space of
dialogue, discovery, and growth, embodying the very
spirit of education for sustainable development
[https://www.sdkrashen.com/content/books/principles

and_practice.pdf].

Equity in Learning

Language Awareness

Inclusive Instruction

Teacher Development

Figure 2. Reflective teaching: Proportional impact on educational aspects

The United Nations’ Sustainable Development
Goals (SDGs) provide a comprehensive global frame-
work aimed at addressing the world’s most pressing
challenges by the year 2030. Among these goals, SDG
4: Quality Education and SDG 10: Reduced Inequali-
ties are directly relevant to language education, espe-
cially in multilingual, multicultural, and socioeconom-
ically diverse contexts. In the case of teaching Azerbai-
jani and French, which belong to different language
families and require different pedagogical approaches,
the SDG framework offers valuable guidance for ensur-
ing inclusive, equitable, and learner-centered instruc-
tion. This approach is not only about improving gram-
matical proficiency but also about promoting equal ac-
cess, social inclusion, lifelong learning, and improved
quality of life through functional language acquisition.

SDG 4 calls for inclusive and equitable quality ed-
ucation and the promotion of lifelong learning opportu-
nities for all. In the context of Azerbaijani and French
language teaching, this means moving beyond tradi-

tional memorization-based methods and adopting stu-
dent-centered approaches that accommodate diverse
learning needs and styles. These languages differ struc-
turally—Azerbaijani is agglutinative and suffix-based,
while French is a fusional language with irregular verb
patterns and gendered grammar. To ensure quality ed-
ucation, language educators must use differentiated in-
struction, contextualized grammar teaching, and tech-
nology-enhanced learning [N.M. Slizads, 2018, p. 59—
63].

Reflective teaching, interactive grammar applica-
tions, and contextual learning methods are powerful
tools aligned with SDG 4. For example, using digital
platforms to support French learners with verb conju-
gation patterns or designing visual suffix charts for
Azerbaijani helps students better internalize language
structures in meaningful contexts. This shift from rule-
based drilling to functional application improves com-
prehension, retention, and learner confidence, which
collectively lead to higher educational quality and
learner satisfaction.
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SDG 10 emphasizes the reduction of inequalities
within and among societies. In education, this translates
to dismantling barriers related to socioeconomic status,
ethnicity, learning ability, or language background.
Azerbaijani and French are taught in a range of set-
tings—from rural classrooms in developing regions to
elite urban schools. Learners may have uneven access
to resources, prior exposure to language learning, or
varying levels of digital literacy.

To reduce these inequalities, teachers must em-
ploy inclusive methods such as multilingual scaffold-
ing, culturally responsive materials, adaptive learning
tools, and open-access resources. For example, in bilin-
gual classrooms, using both Azerbaijani and French
materials tailored to learners’ contexts fosters equal op-
portunities and prevents the marginalization of native
or minority language speakers. Moreover, reflection-
based assessments and learner feedback loops ensure
that instruction remains responsive to each student’s
evolving needs, creating a classroom culture of equity
and growth.

Access to technology plays a significant role in
aligning language education with SDG 4 and SDG 10.
In contexts where physical textbooks and trained teach-
ers may be scarce, open educational resources (OERs),
interactive learning platforms, and mobile applications
can bridge the gap. Platforms like Duolingo, Quizlet,
Live Worksheets, and national e-learning portals allow
Azerbaijani and French learners to practice vocabulary,
grammar, and speaking skills independently, fostering
learning opportunities for all.

Digital portfolios and progress tracking tools pro-
mote self-reflection and autonomous learning—both
core elements of inclusive education. These tools pro-
vide teachers with data to personalize learning and help
students become active agents in their language devel-
opment, regardless of geographic or economic con-
straints.

In both Azerbaijani and French education con-
texts, culturally responsive pedagogy ensures that
learners see their identities, values, and worldviews re-
flected in classroom materials. Integrating local texts,
culturally relevant topics, and real-life scenarios into
language learning enhances motivation and compre-
hension. This is especially important when teaching
French in post-colonial contexts or Azerbaijani in mul-
tilingual regions where language learning is intertwined
with issues of identity, power, and inclusion.

Contextualized teaching methods, such as using
authentic conversations, local case studies, and prob-
lem-solving tasks, prepare learners not only for lan-
guage exams but also for real-life communication, civic
participation, and employment—thereby directly en-
hancing quality of life and fulfilling the broader aims of
SDG 4 and SDG 10.

Teaching Azerbaijani and French through the lens
of the SDGs requires a shift from standardized, one-
size-fits-all education to a more inclusive, reflective,
and equitable model. By aligning instruction with SDG
4 (Quality Education) and SDG 10 (Reduced Inequali-
ties), educators foster environments where every
learner—regardless of background—has access to
high-quality language education and the opportunity to
succeed. Incorporating interactive tools, reflective
practices, and context-based instruction not only
strengthens linguistic proficiency but also contributes
to broader societal goals such as inclusion, equality,
and human development [T.A. Hiiseynov, 2021, p. 73—
78].

Language education, when guided by sustainable
development principles, becomes more than a sub-
ject—it becomes a vehicle for empowerment, global
citizenship, and lifelong learning.

Table 4.

Comparison of Azerbaijani and French language teaching in the context of SDG 4 and SDG 10

Criteria Azerbaijani language teaching French language teaching
Language structure Agglutinative (suffix-based) Fusional (root changes, auxiliary
verbs)
Teaching challenges Case system, verb suffix patterns | Irregular verbs, gender agreement,
tenses

Inclusive strategies

Contextual tasks, suffix charts, na-
tive language support

Differentiated tasks, verb tables,
pronunciation tools

Use of technology

Use of interactive tools, mobile

Widespread platforms (e.g. Duo-

apps lingo, Quizlet)
Cultural responsiveness Use of national literature, real-life Inclusion of Francophone diver-
dialogues sity, global contexts

SDG 4: Quality education

Supports grammar through pat-
terns and reflection

Strengthens functional skills and
communication

SDG 10: Reduced inequalities

Enables equal access in rural and
bilingual regions

Addresses socioeconomic and
multilingual barriers

3. Methodology
The study involved 60 language learners, aged be-
tween 18 and 40, from diverse linguistic backgrounds.
Thirty participants were native Azerbaijani speakers
learning French as a foreign language, and the remain-

ing thirty were native French speakers learning Azer-
baijani. All participants were enrolled in language
courses at two universities: one in France and one in
Azerbaijan, both offering bilingual and intercultural
programs. Participants were selected through purposive
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sampling based on their intermediate language profi-
ciency (B1-B2 level), verified through a standardized
placement test. Equal gender representation and vary-
ing socio-economic backgrounds were ensured to pro-
mote inclusive education and provide diverse insights
into learning needs and language processing strategies.

Materials

* The study used a combination of digital and
printed instructional materials. These included:

= A set of bilingual grammar books and digital
resources (custom-designed for the study),

= Audio recordings and interactive grammar ap-
plications to support multimodal learning,

= Online quizzes, cloze tests, and reflective jour-
nal templates for learners,

= Structured lesson plans integrating verb cate-
gories (tense, aspect, mood, voice, etc.),

= Pre- and post-tests designed to evaluate learn-
ers’ command of target verb forms,

= Questionnaires on learners’ perceived quality
of life and satisfaction with the learning process.

The grammar applications emphasized real-life
usage through storytelling, context-rich dialogues, and
adaptive learning techniques. These tools were selected
for their potential to promote innovation in language
learning and foster learner autonomy.

The research was conducted over 12 weeks, di-
vided into three main phases: diagnostic, intervention,
and evaluation.

Phase 1: Diagnostic (Weeks 1-2)

Participants were given a pre-test evaluating their
existing knowledge of verb categories in both the target
and native language. This included sentence transfor-
mation tasks, verb conjugation exercises, and transla-
tion-based grammar tasks. A preliminary survey cap-
tured learners’ language learning histories, motivation,
and perceived barriers, especially focusing on the role
of access to education and inclusion.

Phase 2: Intervention (Weeks 3—10)

Participants were divided into two subgroups:

» Experimental group received instruction via
interactive, context-based grammar apps and reflective
teaching strategies. Lessons were built around real-
world themes like cultural diversity, daily life, inclusiv-
ity, and global citizenship.

» Control group followed traditional grammar
instruction through lectures and printed textbooks with-
out digital enhancements.

Instruction was bilingual where applicable, and
both groups covered the same content in terms of verb
categories. Weekly lessons integrated social themes
aligned with the SDG framework—e.g., lessons that in-
corporated equality, basic education, and quality of life
scenarios in communication exercises.

Instructors encouraged self-reflection and peer
collaboration using reflective journals, aiming to pro-
mote lifelong learning attitudes and a deeper under-
standing of how grammatical structures impact com-
munication.

Phase 3: Evaluation (Weeks 11-12)

A post-test (similar in structure to the pre-test) was
administered. Additionally, learners completed a post-
intervention survey assessing changes in motivation,
perceived communicative ability, and the impact of the
instructional approach on their personal well-being. Fo-
cus group interviews with selected participants ex-
plored their experiences and preferences in-depth.

Quantitative data (test scores, survey results) were
analyzed using SPSS to compare pre- and post-perfor-
mance. Qualitative data (interviews and journal reflec-
tions) were coded thematically to highlight patterns and
insights into the efficacy of inclusive and innovative
teaching methods.

4. Results

The comparative analysis of verb categories in
French and Azerbaijani revealed several significant
patterns that are directly relevant to the development of
inclusive education and improving the quality of life
through enhanced linguistic competence. One of the
primary findings was that learners from both language
backgrounds showed measurable progress in recogniz-
ing and internalizing verb category systems when in-
structional materials incorporated contextualized and
multimodal teaching approaches. These approaches in-
cluded interactive grammar applications, bilingual re-
sources, and culturally responsive tasks. The integra-
tion of such innovative strategies not only improved ac-
curacy in verb conjugation but also enhanced learners’
confidence in practical communication, thereby sup-
porting lifelong learning and educational inclusion.

A noticeable trend emerged regarding the learn-
ers’ ability to transfer knowledge from their native verb
structures to the target language. Azerbaijani learners
of French initially struggled with the complexity of
French tenses and moods, particularly the subjunctive
and compound past forms. Conversely, French learners
faced difficulties grasping the agglutinative nature of
Azerbaijani verbs and the extensive use of suffixation.
However, when these differences were explicitly ad-
dressed through reflective teaching techniques, the gap
between comprehension and production significantly
decreased. Learners reported a better understanding of
grammatical rules when lessons included side-by-side
comparisons, scaffolding, and opportunities for collab-
orative learning, all of which align with the principles
of equitable education.
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Figure 3. Skill development before and after instruction

Statistical data collected from pre- and post-as-
sessments demonstrated a 25-30% increase in test
scores for both learner groups, particularly in tasks that
required identification and application of verb tenses
and aspects. This improvement was most prominent
among learners who engaged with the interactive gram-
mar tools, suggesting that technological innovation in
teaching contributes directly to language acquisition
outcomes. Furthermore, qualitative feedback from par-
ticipants highlighted a greater sense of motivation and
classroom engagement when learning materials re-
flected real-life situations and incorporated elements of
their sociocultural identities.

Another important finding concerned the role of
inclusive education practices. Participants from disad-
vantaged or marginalized backgrounds, including those
with limited access to prior formal language education,
benefited substantially from adaptive learning plat-
forms and personalized grammar exercises. These in-
clusive tools helped bridge the educational gap and pro-
moted equal learning opportunities, reinforcing the
commitment to SDG 4 (Quality Education). Teachers
also reported that differentiated instruction based on

learners’ linguistic backgrounds and learning styles
contributed to a more collaborative and respectful
classroom environment.

In terms of broader implications for quality of life,
the ability to effectively use verb categories in both lan-
guages enabled learners to express themselves more ac-
curately and confidently in various social, academic,
and professional contexts. This linguistic empower-
ment was particularly evident in classroom discussions,
written assignments, and peer interactions. Many par-
ticipants noted that their enhanced grammatical compe-
tence facilitated integration into multilingual commu-
nities and academic networks, ultimately contributing
to improved personal development and career readi-
ness.

The study affirms that a contextual, inclusive, and
innovation-driven approach to grammar instruction
leads to significant gains in learner performance and
satisfaction. The findings support the integration of
Sustainable Development Goals—particularly those re-
lated to quality education and innovation—into curric-
ulum planning, material design, and pedagogical strat-
egies for bilingual learners.
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Figure 4. Benefits of inclusive grammar instruction across learning dimensions

5. Discussion

The comparative analysis of verb categories in
French and Azerbaijani highlights not only linguistic
contrasts but also broader implications for inclusive
and quality education. By identifying structural and
functional differences in verb systems—such as the ag-
glutinative nature of Azerbaijani versus the inflectional
characteristics of French—this study underscores the
importance of cultural diversity in shaping pedagogical
strategies. These differences influence how learners
perceive and process grammatical structures, directly
impacting their learning opportunities and long-term
language acquisition.

From a pedagogical standpoint, the implementa-
tion of innovative teaching approaches—such as multi-
modal resources, interactive grammar applications, and
reflective practices—has proven instrumental in en-
hancing students’ engagement. These methods foster a
more inclusive education model, particularly for learn-
ers from diverse socio-economic and linguistic back-
grounds. Participants in this study, who engaged with
contextualized materials and bilingual frameworks, re-
ported improved comprehension and confidence when
dealing with complex verb structures. This shift sup-
ports the idea that quality of life in education is not only
tied to academic performance but also to learners’ abil-
ity to apply knowledge in real-life communication sce-
narios.

By integrating tools that address different learning
styles—visual, auditory, and kinesthetic—this study
contributes to expanding learning opportunities for all
students, including those who may be marginalized in
traditional educational models. The contrast between
the two languages’ verb systems provides a unique plat-
form for examining how grammatical instruction can
be adapted to fit learner needs while promoting global
citizenship and mutual linguistic respect.

Another critical dimension of the discussion is the
broader alignment with the Sustainable Development
Goals, particularly SDG 4 (Quality Education) and
SDG 10 (Reduced Inequalities). The findings reveal
that when learners are given access to equitable educa-
tional tools and methods tailored to their linguistic con-

texts, their academic and personal growth is signifi-
cantly enhanced. In turn, this contributes to the reduc-
tion of inequalities by providing all students—regard-
less of their native language—with equal opportunities
to succeed.

The role of innovation in curriculum development
emerged as a central theme. The successful incorpora-
tion of digital learning platforms and personalized
grammar modules reflects the growing need to evolve
beyond traditional, one-size-fits-all models of language
education. These advancements not only improve
classroom dynamics but also support the development
of critical thinking and self-directed learning, further
contributing to learners’ wellbeing and their ability to
participate fully in a multilingual, interconnected
world.

6. Conclusion

This study has provided valuable insights into the
comparative analysis of verb categories in French and
Azerbaijani by introducing innovative methodologies
that emphasize inclusive education and linguistic diver-
sity. The findings highlight that although the two lan-
guages differ in structural and functional aspects, par-
ticularly in the use of agglutinative versus inflectional
systems, both present unique learning opportunities
that can be leveraged through context-based and
learner-centered teaching approaches. By incorporating
digital tools, interactive grammar resources, and reflec-
tive learning techniques, educators can enhance stu-
dents’ understanding of complex verb forms while also
promoting active participation and cross-cultural
awareness. These methods not only improve grammat-
ical proficiency but also contribute to the overall qual-
ity of life for learners by fostering confidence, auton-
omy, and communicative competence. The emphasis
on inclusive strategies ensures that language education
becomes accessible to a broader demographic, reducing
barriers related to socio-economic background, native
language, or prior academic exposure. The study thus
aligns closely with the Sustainable Development Goals,
particularly those concerning equitable access to edu-
cation and lifelong learning. The comparative study of
verb systems through inclusive and innovative prac-
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tices serves as a foundation for a more adaptable, effec-
tive, and culturally responsive model of language in-
struction.
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Abstract

This study examines the manifestation and function of speech acts within virtual communication platforms,
specifically focusing on Facebook, Twitter, and Instagram. Drawing upon speech act theory as developed by Aus-
tin and Searle, this research investigates how users perform illocutionary acts in digital contexts and how platform
affordances shape pragmatic strategies. Through a mixed-methods approach combining corpus analysis and qual-
itative pragmatic examination, this study analyzes the distribution, linguistic realization, and contextual variation
of five primary speech act categories: assertives, directives, commissives, expressives, and declarations. The find-
ings reveal that expressive speech acts predominate across all three platforms, constituting approximately 42% of
analyzed utterances, followed by assertives at 31%. However, significant platform-specific variations emerge:
Twitter exhibits higher frequencies of assertive and directive acts due to its information-sharing culture and char-
acter limitations; Instagram demonstrates pronounced use of expressives, particularly compliments and expres-
sions of admiration, consistent with its visual-centered, aesthetically-oriented environment; Facebook displays
more balanced distribution across categories, reflecting its multifunctional nature. The research further demon-
strates that the public-private dichotomy significantly influences speech act realization, with public posts exhibit-
ing more formal, indirect strategies while private messages employ direct, personalized approaches. These findings
contribute to understanding how digital communication environments mediate pragmatic meaning and suggest
that virtual platforms constitute distinct pragmatic domains requiring adapted theoretical frameworks that account

for technological affordances, audience design, and context collapse.
Keywords: speech acts, pragmatics, social media, Facebook, Twitter, Instagram, illocutionary acts, digital
discourse, computer-mediated communication, politeness strategies.

Introduction

The proliferation of virtual communication plat-
forms has fundamentally transformed how individuals
perform communicative actions, creating new contexts
for the deployment of speech acts—those utterances
through which speakers perform actions beyond mere
description. As billions of users worldwide engage
daily with platforms such as Facebook, Twitter, and In-
stagram, understanding how speech acts function in
these digital environments becomes essential for both
theoretical linguistics and practical communication
studies. [1] While traditional speech act theory devel-
oped from analysis of face-to-face interaction, the me-
diation of communication through technological plat-
forms introduces distinctive features—asynchronicity,
persistence, audience ambiguity, multimodality—that
potentially reshape how illocutionary force is con-
structed, conveyed, and interpreted.

Speech act theory, pioneered by J.L. Austin and
systematized by John Searle, posits that language
serves not merely to state facts but to perform actions:
promising, requesting, apologizing, declaring, and
countless other functions that constitute the pragmatic
infrastructure of human social life. [2] Austin's founda-
tional insight that utterances can be performative—that
saying something can constitute doing something—
opened entirely new dimensions of linguistic investiga-
tion. Searle's subsequent taxonomy organizing speech
acts into categories based on illocutionary point pro-
vided analytical tools that have proven remarkably du-
rable across diverse communicative contexts. How-
ever, the application of speech act theory to computer-
mediated communication presents both opportunities
and challenges. Virtual platforms differ from face-to-

face interaction in fundamental ways: written text dom-
inates over speech; communication may be synchro-
nous or asynchronous; audiences can be singular, mul-
tiple, or indeterminate; interactions are archived and
searchable; and platform design imposes specific af-
fordances and constraints on expression. [3] These dis-
tinctive features raise crucial questions: Do speech acts
operate similarly in digital contexts as in face-to-face
interaction? How do platform-specific affordances
shape the linguistic realization of illocutionary force?
What pragmatic strategies do users develop to accom-
plish communicative goals within the constraints of
particular platforms?

This article addresses these questions through sys-
tematic analysis of speech acts on three major social
media platforms: Facebook, Twitter, and Instagram.
These platforms were selected because they represent
distinct technological affordances and communicative
cultures while sharing sufficient commonalities to ena-
ble meaningful comparison. Facebook, as a multipur-
pose social networking site, supports diverse commu-
nicative functions from personal narrative to political
debate. Twitter, with its character limitations and re-
tweet culture, emphasizes concise information sharing
and public discourse. Instagram, centered on visual
content, foregrounds aesthetic presentation and affec-
tive expression. Examining speech acts across these
varied contexts illuminates both universal pragmatic
principles and platform-specific adaptations.

The significance of this research extends beyond
theoretical interest. Understanding how speech acts
function on social media platforms has practical impli-
cations for digital literacy education, platform design,


https://doi.org/10.5281/zenodo.18677914

100

Slovak international scientific journal # 104, (2026)

content moderation, marketing communication, and in-
tercultural understanding in global digital spaces. As
virtual communication increasingly mediates essential
social functions—maintaining relationships, conduct-
ing business, participating in civic discourse—
knowledge of pragmatic dynamics becomes crucial for
effective and ethical digital citizenship. This study thus
contributes to bridging linguistic theory and contempo-
rary communicative practice, demonstrating how clas-
sic frameworks require adaptation and extension to il-
luminate emergent forms of human interaction.

Theoretical Framework: Speech Act Theory and
Digital Discourse

Speech act theory emerged from ordinary lan-
guage philosophy, specifically J.L. Austin's William
James lectures at Harvard in 1955, published posthu-
mously as "How to Do Things with Words.” [4] Aus-
tin's central insight was that many utterances do not de-
scribe reality but rather constitute actions themselves.
When a minister pronounces a couple married, when a
judge declares a court in session, when a speaker prom-
ises to return a borrowed book, language performs ra-
ther than merely reports. Austin distinguished three di-
mensions of speech acts: the locutionary act (the utter-
ance itself), the illocutionary act (the intended action
performed), and the perlocutionary act (the effect pro-
duced on hearers). The illocutionary dimension—what
the speaker does in saying something—became the pri-
mary focus of subsequent research.

John Searle systematized and extended Austin's
framework, proposing that illocutionary acts constitute
the basic units of human communication and develop-
ing a taxonomy based on illocutionary point. [5] Searle
identified five fundamental categories: assertives (com-
mitting speaker to truth of expressed proposition, as in
stating, claiming, or reporting), directives (attempting
to get hearer to do something, as in requesting, com-
manding, or advising), commissives (committing
speaker to future action, as in promising, threatening,
or offering), expressives (expressing speaker's psycho-
logical state, as in thanking, apologizing, or congratu-
lating), and declarations (bringing about correspond-
ence between propositional content and reality through
the utterance itself, as in pronouncing, appointing, or
naming).

Beyond classification, speech act theory addresses
felicity conditions—the circumstances required for
successful speech act performance. These include pre-
paratory conditions (preconditions that must obtain),
sincerity conditions (psychological states the speaker
must possess), and essential conditions (what counts as
performance of that act type). For instance, a successful
promise requires that the speaker can perform the
promised action (preparatory), intends to perform it
(sincerity), and undertakes an obligation thereby (es-
sential). Understanding felicity conditions proves cru-
cial for analyzing how speech acts function in novel
contexts like social media, where some traditional con-
ditions may be satisfied differently or not at all.

Extending speech act theory to computer-medi-
ated communication requires examining how techno-
logical mediation affects the production, transmission,
and interpretation of illocutionary force. Early CMC re-
search suggested that text-based digital communication

might prove impoverished for performing certain
speech acts, particularly those depending heavily on
paralinguistic cues, immediate feedback, or shared
physical context. However, subsequent investigation
demonstrated that users develop sophisticated strate-
gies to accomplish pragmatic goals within the con-
straints of digital media, adapting linguistic resources
and exploiting platform affordances creatively. [6]

Several distinctive features of virtual platforms
significantly impact speech act performance. First, the
written-oral hybrid nature of much social media dis-
course affects how illocutionary force is marked. While
social media posts are written, they often exhibit con-
versational features—informality, reduced syntax, pho-
netic spellings—that approximate spoken interaction.
Users employ various textual strategies to convey prag-
matic meaning: emoticons and emoji to mark tone and
emotion, capitalization and punctuation for emphasis,
hashtags for metacommentary and frame-setting, and
(@mentions for direct address within public spaces.
Second, the persistence and searchability of digital
communication alter speech act dynamics. Unlike
ephemeral spoken conversation, social media posts typ-
ically remain accessible indefinitely, creating perma-
nent records of promises, apologies, accusations, and
other consequential acts. This persistence may encour-
age more careful speech act construction but also ena-
bles extraction from original context, potentially dis-
torting illocutionary meaning. Users must navigate ten-
sions between spontaneity and accountability, between
authentic expression and strategic self-presentation.
Third, audience ambiguity and context collapse charac-
terize much social media communication. A Facebook
post may be read by close friends, family members, col-
leagues, acquaintances, and strangers—audiences with
different relationships to the poster and different inter-
pretive frameworks. This multiplicity complicates au-
dience design, as speakers cannot easily tailor speech
acts to specific recipients. The collapsed context re-
quires users to perform speech acts that remain intelli-
gible and appropriate across diverse audiences, often
leading to strategic ambiguity or audience segmenta-
tion through privacy settings. Fourth, platform af-
fordances and constraints shape what speech acts can
be readily performed and how they must be linguisti-
cally realized. Twitter's character limit encourages
brevity that may affect politeness strategies and the
elaboration of felicity conditions. Instagram's visual fo-
cus foregrounds expressives responding to images
while potentially limiting more complex assertives or
commissives. Each platform thus creates a distinctive
pragmatic ecology that users must navigate to accom-
plish communicative goals effectively.

Politeness theory, particularly the framework de-
veloped by Brown and Levinson, provides essential
concepts for analyzing speech act realization in social
media. [7] Politeness concerns how speakers navigate
face-threatening acts—utterances that potentially dam-
age the speaker's or hearer's public self-image. Differ-
ent speech act types vary in face-threat: requests and
commands threaten negative face (desire for auton-
omy), while disagreements and criticisms threaten pos-
itive face (desire for approval). Speakers employ vari-
ous politeness strategies to mitigate face-threat: bald
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on-record (direct, unmitigated), positive politeness
(emphasizing solidarity), negative politeness (empha-
sizing deference), and off-record (hinting indirectly).

Digital communication presents distinctive chal-
lenges and opportunities for politeness. The absence of
immediate feedback and paralinguistic cues may
heighten risk of misunderstanding or unintended of-
fense. The public nature of many social media interac-
tions amplifies face considerations, as face-threatening
acts occur before potentially vast audiences. However,
users also develop platform-specific politeness norms
and deploy textual resources creatively to mitigate
threat: hedges, intensifiers, emoticons, and explicit
metacommunication about illocutionary force all func-
tion as politeness strategies adapted to digital contexts.

Research indicates that politeness strategies vary
systematically across platforms and between public
versus private contexts. Public posts tend toward more
elaborate politeness when performing face-threatening
acts, while private messages permit greater directness.
Moreover, different communities and demographics
exhibit distinctive politeness norms in digital spaces,
reflecting broader cultural values and power relations.
Understanding these variations proves essential for
comprehensive analysis of speech act performance on
social media.

Methodology

This study employs a mixed-methods approach
combining quantitative corpus analysis with qualitative
pragmatic interpretation. The corpus comprises 1,500
social media posts and interactions collected across
three platforms: 500 from Facebook, 500 from Twitter,
and 500 from Instagram. Data collection spanned three
months (September-November 2024) to capture typical
usage patterns while avoiding exceptional events that
might skew results. Sampling employed stratified ran-
dom selection to ensure representation of diverse users,
content types, and engagement levels.

For Facebook, data included status updates, com-
ments on posts, and messages (with informed consent
from participants). Twitter data comprised original
tweets, replies, and quote tweets across diverse topics
and user demographics. Instagram data encompassed
post captions, comment threads, and story text. All
identifying information was anonymized to protect user
privacy, and data collection followed ethical guidelines
for social media research, including obtaining neces-
sary permissions and respecting privacy settings.

Each utterance in the corpus was coded for speech
act type following Searle's taxonomy: assertives, direc-
tives, commissives, expressives, and declarations. Cod-
ing proceeded through multiple passes: initial inde-
pendent coding by two trained analysts, reconciliation
of disagreements through discussion, and final verifica-
tion by a third analyst for problematic cases. Inter-rater
reliability calculated using Cohen's kappa reached 0.87,
indicating strong agreement. Beyond basic categoriza-
tion, utterances were analyzed for: (1) linguistic reali-
zation strategies (direct vs. indirect, explicit performa-
tive verbs vs. implicit markers), (2) politeness strate-
gies employed (bald-on-record, positive politeness,
negative politeness, off-record), (3) multimodal ele-
ments (emoji, images, hashtags, mentions), (4) context

(public post vs. private message, original content vs. re-
sponse), and (5) platform-specific features utilized.
This multi-dimensional coding enabled nuanced under-
standing of how speech acts function across diverse
digital contexts.

Quantitative analysis employed chi-square tests to
determine statistical significance of distribution differ-
ences across platforms and contexts. Qualitative analy-
sis involved close pragmatic reading of representative
examples, examining how users construct illocutionary
force through linguistic choices, exploit platform af-
fordances, and navigate pragmatic challenges unique to
digital communication. This combination of quantita-
tive and qualitative methods provides comprehensive
insight into speech act phenomena on social media.

Findings and Analysis

Analysis of the complete corpus reveals that ex-
pressive speech acts predominate across all platforms,
constituting 42% of coded utterances. This prominence
reflects the fundamentally social and relational nature
of social media, where users prioritize expressing emo-
tions, attitudes, and responses to others' content. Asser-
tives comprise 31% of utterances, directives 18%, com-
missives 7%, and declarations 2%. This distribution
differs markedly from patterns documented in face-to-
face conversation or formal written discourse, suggest-
ing that digital platforms create distinctive pragmatic
ecologies favoring certain speech act types.

The high frequency of expressives encompasses
diverse subtypes: expressions of gratitude, apology,
congratulation, sympathy, admiration, complaint, and
encouragement. Many social media interactions consist
primarily of phatic expressives—utterances that main-
tain social connections rather than conveying substan-
tial information. Comments like "Congratulations!",
"So sorry for your loss," or "Love this!" function pri-
marily to acknowledge others' posts and sustain rela-
tionships, exemplifying how social media privileges af-
fective connection over information exchange in many
contexts.

Assertives, the second most frequent category, in-
clude statements of fact, opinions, descriptions, and re-
ports. These range from personal updates ("Just fin-
ished my dissertation!") to news sharing ("New study
shows...") to argumentation and debate. The promi-
nence of assertives on platforms like Twitter reflects
their role in information dissemination and public dis-
course. However, many assertives in social media con-
texts simultaneously perform expressive functions, as
when opinion statements construct identity or invite af-
filiation.

The relatively low frequency of commissives and
declarations reflects the nature of social media interac-
tion. Commissives require credible commitment to fu-
ture action, which the informal, public nature of social
media may undermine—promises made casually in
tweets may lack the binding force of spoken commit-
ments. Declarations require institutional authority to ef-
fect change through utterance, which individual social
media users typically lack outside specific contexts like
moderators declaring users banned or administrators
appointing group roles.

Significant variations emerge across the three plat-
forms analyzed, reflecting their distinctive affordances,
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user practices, and communicative cultures. Twitter ex-
hibits the highest proportion of assertives (38%) among
the three platforms, consistent with its function as a
platform for news sharing, opinion expression, and
public debate. The character limit encourages concise
assertive statements, and the retweet function facilitates
assertion circulation. Twitter also shows elevated di-
rective usage (22%), particularly requests for infor-
mation, calls to action, and commands directed at pub-
lic figures or institutions. The @mention function ena-
bles public directives while the platform's semi-public
nature supports mobilization and collective action.

Instagram displays the most pronounced domi-
nance of expressive speech acts, which constitute 51%
of utterances analyzed. This reflects Instagram's visual
focus and aesthetic orientation—posts center on im-
ages, with captions and comments primarily expressing
appreciation, admiration, or affective response. Com-
pliments prove particularly frequent: "Gorgeous!",
"Love your outfit!", "This is amazing!" The platform's
affordance for liking and the cultural expectation of
positive engagement create an environment favoring
laudatory expressives over criticism or disagreement.
Instagram also demonstrates distinctive use of emoji
and hashtags to enhance expressive force, with these
multimodal elements integral to illocutionary meaning.

Facebook occupies a middle position, with more
balanced distribution across speech act categories: ex-
pressives 37%, assertives 30%, directives 19%, com-
missives 10%, declarations 4%. This reflects Face-
book's multipurpose nature, supporting diverse com-
municative functions from personal narrative to event
planning to political organizing. Facebook's af-
fordances for longer posts enable more elaborate
speech acts with explicit felicity conditions, while its
friend-network structure facilitates commissives
(promises to attend events, offers of help) that presup-
pose established relationships and mutual obligations.

One of the most significant findings concerns sys-
tematic variation between public posts and private mes-
sages across all three platforms. Public contexts show
higher frequencies of assertives and expressives, partic-
ularly positive expressives like compliments and con-
gratulations. Directives in public posts tend toward in-
direct realization using interrogative forms, hedges, and
politeness markers: "Would anyone happen to
know...?" rather than direct imperatives. Public com-
missives often remain vague or hedged: "Maybe we
should get together sometime" rather than specific
promises.

Private messages, conversely, exhibit higher fre-
quencies of direct directives and explicit commissives.
Users feel less constrained by face-work when address-
ing known individuals without public audience, ena-
bling more direct requests: "Can you send me that file?"
Apologies in private messages tend toward brevity and
colloquial forms ("my bad," "sorry about that") while
public apologies demonstrate greater formality and
elaboration of justifications and remedial action. This
public-private distinction reflects fundamental prag-
matic principles: public contexts amplify face consid-
erations, encouraging indirectness and elaboration,
while private contexts permit directness and efficiency.

The public-private distinction also affects multi-
modal elements. Private messages use emoji more lib-
erally and informally, often replacing verbal content
entirely (a single heart emoji as thanks). Public posts
employ emoji and hashtags more strategically, as these
elements contribute to visibility, searchability, and
framing for diverse audiences. Users calibrate both lin-
guistic and multimodal choices to context, demonstrat-
ing sophisticated awareness of how technological and
social factors shape pragmatic meaning.

Examination of how users linguistically realize
speech acts in digital contexts reveals diverse strategies
adapted to platform affordances and constraints. Ex-
plicit performative verbs appear less frequently than in
formal speech or writing—users rarely write "I promise
that..." or "I hereby apologize for..."—except in highly
consequential contexts requiring unambiguous illocu-
tionary force. Instead, most speech acts rely on conven-
tional forms recognizable from context: "Thanks!" as
thanking, "Can you...?" as requesting, "Congrats!" as
congratulating.

Indirect speech acts prove common, particularly
for directives. Rather than direct imperatives, users em-
ploy interrogatives ("Could anyone recommend...?"),
declaratives ("I really need..."), or hints ("Wish some-
one would..."). This indirectness serves politeness
functions, mitigating face-threat by appearing less co-
ercive. However, platform context affects interpreta-
tion: a tweet beginning "Someone should..." may func-
tion as indirect directive to followers rather than mere
expression of opinion, depending on the speaker's sta-
tus and the topic's salience.

Emoji and other paralinguistic markers play cru-
cial roles in marking illocutionary force and emotional
tone. A message ending with "©" signals friendly in-
tent, potentially softening a directive or signaling non-
seriousness in an assertion. Conversely, absence of mit-
igating emoji may be interpreted as brusque or hostile,
particularly in contexts where they are normative. Us-
ers thus must master not only linguistic but also multi-
modal pragmatic competence to perform speech acts
effectively in digital spaces.

Hashtags function pragmatically to frame illocu-
tionary force and manage context collapse. A complaint
tagged #FirstWorldProblems signals self-awareness
and invites humorous rather than serious interpretation.
Political hashtags (#BlackLivesMatter, #MeToo) frame
assertions and directives within broader movements,
connecting individual speech acts to collective action.
Hashtags thus operate as metacommunicative devices
that guide interpretation of illocutionary meaning.

Analysis confirms that politeness strategies vary
systematically across platforms, speech act types, and
public-private contexts. Bald-on-record strategies ap-
pear primarily in contexts of urgency, solidarity, or in-
stitutional authority: emergency announcements, com-
munication among intimates, or moderator directives.
Most face-threatening acts employ some politeness
strategy, with positive politeness (emphasizing solidar-
ity and shared values) predominating on Facebook, par-
ticularly among friends, while negative politeness (em-
phasizing deference and non-imposition) appears more
often on Twitter when addressing strangers or public
figures.
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Positive politeness strategies observed include: in-
group markers ("Hey everyone!" addressing followers),
seeking agreement ("Don't you think...?"), offering
sympathy, using humor, and emphasizing reciprocity.
These strategies construct or invoke social connection
that licenses face-threatening acts. Negative politeness
strategies include: hedging ("kind of," "sort of""), being
indirect, using apologies or other disarming moves
("Sorry to bother you but..."), and minimizing imposi-
tion ("just a quick question").

Off-record indirectness, where illocutionary force
remains deniable, appears in contexts of high face-risk:
hints rather than direct requests, rhetorical questions in-
stead of assertions, irony or sarcasm to criticize indi-
rectly. However, off-record strategies risk misinterpre-
tation in text-based communication lacking paralin-
guistic clarification cues. Users must balance desire for
indirectness against need for communicative clarity, of-
ten employing emoji or explicit framing to guide inter-
pretation.

Face-work proves particularly complex in con-
texts of context collapse, where diverse audiences with
different relationships to the speaker simultaneously re-
ceive messages. Users develop strategies to manage
this: strategic ambiguity that remains intelligible across
audiences, audience segmentation through privacy set-
tings, or metacommunication acknowledging the com-
plexity ("This may not make sense if you weren't there
but...").

Discussion and Implications

This research demonstrates that speech act theory
remains highly relevant for analyzing digital communi-
cation while requiring adaptation to accommodate dis-
tinctive features of virtual platforms. The fundamental
insight that utterances perform actions holds in digital
contexts, but the mechanisms of performance, the felic-
ity conditions, and the contextual factors shaping inter-
pretation all exhibit platform-specific variations. This
suggests the need for what might be termed "digital
pragmatics"—theoretical frameworks that integrate
classical pragmatic principles with understanding of
how technological mediation reshapes communicative
action.

The predominance of expressive speech acts
across platforms challenges assumptions derived from
face-to-face interaction or formal discourse, where as-
sertives typically predominate. This shift reflects not
deficiency but adaptation to platforms designed for so-
cial connection rather than primarily informational ex-
change. The finding that speech act distribution varies
systematically across platforms suggests that different
digital environments create distinctive "speech commu-
nities" with their own pragmatic norms, much as offline
communities exhibit varying communicative practices.

The public-private distinction proves more conse-
quential than might be predicted from traditional
speech act theory, which has focused primarily on dy-
adic or small-group interaction. The amplification of
face considerations in public digital contexts, combined
with the permanence and searchability of utterances,
creates pragmatic dynamics without clear offline paral-
lel. This suggests that publicity itself constitutes a prag-
matic variable requiring explicit theoretical attention,
not merely background context.

Understanding speech act dynamics on social me-
dia platforms has significant practical applications. For
digital literacy education, explicit instruction in how
speech acts function in virtual contexts could enhance
communicative competence and reduce misunderstand-
ings. Students might learn how to interpret indirect di-
rectives in professional social media contexts, how to
perform appropriate face-work when disagreeing pub-
licly, and how different platforms require different
pragmatic strategies.

For platform designers, awareness of speech act
patterns could inform interface development and mod-
eration policies. Features that make illocutionary force
clearer—tone indicators, explicit speech act tagging,
context-preservation  mechanisms—might reduce
harmful misunderstandings. Moderation systems could
incorporate pragmatic analysis to distinguish between
speech acts with similar surface forms but different in-
tentions: a threatening commissive versus hyperbolic
venting.

For marketing and organizational communication,
understanding platform-specific speech act norms ena-
bles more effective messaging. Brands might tailor di-
rectives (calls to action) to platform affordances: brief
imperatives on Twitter, visually integrated requests on
Instagram, community-oriented appeals on Facebook.
Recognition that expressives predominate suggests pri-
oritizing relationship-building over hard-sell asser-
tions.

For intercultural communication in global digital
spaces, awareness that pragmatic norms vary across
user populations becomes essential. What counts as ap-
propriate politeness, acceptable directness, or neces-
sary elaboration differs across cultures. As social media
connects users from diverse linguistic and cultural
backgrounds, competence in navigating pragmatic var-
iation becomes crucial for avoiding misunderstanding
and offense.

This study has several limitations that suggest di-
rections for future research. First, the corpus, while
substantial, cannot capture the full diversity of social
media discourse. Expanded corpora including more
platforms, languages, and user demographics would en-
able more comprehensive generalizations. Second, the
focus on English-language content limits applicability
to other linguistic contexts; cross-linguistic research
could illuminate whether patterns identified here reflect
universal pragmatic principles or English-specific prac-
tices. Third, the methodology, while rigorous, involves
interpretive judgments about speech act categorization
that others might contest. Development of more sys-
tematic coding protocols, perhaps incorporating com-
putational methods, could enhance reliability and ena-
ble larger-scale analysis. Fourth, the study examined
speech acts at utterance level rather than tracking ex-
tended sequences of interaction. Future research exam-
ining how speech acts combine in conversations—how
requests generate responses, how apologies trigger ac-
ceptances or rejections—would illuminate the interac-
tional dynamics of digital pragmatics more fully. Fi-
nally, social media platforms evolve rapidly, with new
features, changing user practices, and platform migra-
tion affecting pragmatic patterns. Longitudinal research
tracking speech act dynamics as platforms change and
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new platforms emerge would contribute valuable un-
derstanding of how technological affordances shape
human communicative practice. As artificial intelli-
gence increasingly participates in social media commu-
nication, examining how humans perform and interpret
speech acts in interaction with bots and algorithms be-
comes an urgent research priority.

Conclusion

This study has demonstrated that speech acts con-
stitute a fundamental dimension of social media com-
munication, with users performing diverse illocution-
ary acts adapted to the affordances and constraints of
different platforms. While expressive speech acts pre-
dominate overall, reflecting the relational priorities of
social media, significant variations emerge across Fa-
cebook, Twitter, and Instagram, corresponding to their
distinctive technological features and communicative
cultures. The public-private distinction significantly
shapes speech act realization, with public contexts en-
couraging elaborate politeness strategies and indirect
forms while private messages permit greater directness.

The findings confirm that classical speech act the-
ory provides valuable analytical frameworks for digital
discourse while requiring extension to accommodate
features distinctive to virtual platforms: persistence and
searchability, audience ambiguity and context collapse,
multimodal semiotic resources, and platform-specific
affordances. Understanding these dynamics proves es-
sential both theoretically—for developing comprehen-
sive pragmatic theories adequate to contemporary com-
munication—and practically—for fostering effective
and ethical digital citizenship.

As virtual platforms increasingly mediate human
social interaction across personal, professional, civic,
and cultural domains, the pragmatic competence to per-
form and interpret speech acts appropriately in digital

contexts becomes a fundamental literacy. This research
contributes to that literacy while opening numerous av-
enues for future investigation of how humans use lan-
guage to accomplish social actions in technologically
mediated environments. The study of speech acts on so-
cial media thus stands at the intersection of linguistic
theory, communication practice, and technological de-
velopment, illuminating how ancient human capacities
for symbolic action adapt to and shape emergent forms
of social life.
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Xiilasa

Mogqalods taninmig tiitkoloq vo ictimai xadim, gorkomli dilgi-alim, onomastikasiinas, xiisusilo do,
antroponimist vo toponomist alim kimi mashur olan akademik Madod Cobanovun elmi yaradiciligi, xiisusilo do,
onomalogiya sahasinds apardig tadqiqat islari vo hamin asarlar haqqinda yazilmis raylar aragdirilir. Qeyd olunur
ki, Madod Cobanov 1973-cii ildo Daskonddo Ozbokistan EA-nin Dil vo Odobiyyat Institutinda "Giirciistan SSR
Bolnisi rayonu Azorbaycan sivolorinin leksikasi" mdvzusunda namizodlik dissertasiyasini miivoffaqiyyatlo
miidafis etmis, elo homin ildon do A. S. Puskin adina Tbilisi Dévlet Pedaqoji Institutunun Azarbaycan bdlmasing
miiollim secilmisdir. Sonralar S.S.Orbeliani adina Tbilisi Dévlot Pedaqoji Universiteti, hazirda iso Ilya
Unuversiteti adlanan homin ali tohsil ocaginda 1994-cii ilodok diiz 21 il - miisllim, dosent, professor, kafedra
miidirinin miiavini va kafedra miidiri vozifalarinds ¢aligmisdir.

Modad Cobanov 1992-ci ilin fevralinda Baki Dd&vlot Universitetindo "Azorbaycan antroponimiyasinin
asaslar1" movzusunda doktorluq dissertasiyasini ugurla miidafis etmis, filologiya elmlori doktoru elmi doracasing
layiq goriilmiis, 1993-cii ildo professor secilmisdir. O, 1994-cii ildon elmi-pedaqoji foaliyystini Bakida davam
etdirmirdir. “Futuroloq” Fasilasiz Tohsil Kompleksinds vitse-prezident, Azorbaycan Futurologiya Universitetindo
prorektor, Azorbaycan Elitar Universitetindo rektor, Azorbaycan Dévlot Bas Pedaqoji Kadrlarin ixtisasmin
Artirllmas1 vo Yenidonhazirlanmasi Institutunda “Ali moktob miiollimlori” fakiiltesinin dekani vazifalorindo
calismis, 1996-c1 ildo Heydor Oliyev adina Azorbaycan Ali Horbi Moktobindo - Azarbaycan Ali Horbi Danizgilik
Moktobindo “Dillor” kafedrasinin miidiri se¢ilmis vo uzun illor homin vozifads sorof vo loyaqotlo ¢alismisdir.

80-don ¢ox kitabin, o climlodon, 15 monoqrafiya, darslik vo dars vosaitlorinin, 200-don ¢ox elmi moagalonin,
250-don ¢ox elmi-publisist yazinin, onlarla bodii osorlorin miiollifi olan Madod Cobanov (1937-2023)
Azorbaycanda, Giirciistanda, Tiirkiyods, Rusiyada vo Orta Asiya respublikalarinda kecirilmis Beynolxalq
qurultaylarda, elmi-nozori vo elmi-praktik konfranslarda, simpoziumlarda, seminarlarda moruzalorlo ¢ixislar
etmisdir. Onlarla elmi moqalslori vo kitablari elo homin 6lkslords da ¢ap olunmusdur.

Akademik Moadad Cobanovun asarlorini gérkomli alimlor, moshur miitoxassislor vo ictimai xadimlor, o
climlodon, diinya sohroti qazanmig gorkomli yazigi, taninmig tiirkoloq Cingiz Aytmatov, akademik Edhem
Rahimovig Tenisyev (Moskva), akademik Sanazar Saabduraxmanovi¢ Saabduraxmanov (Daskend), Ozbakistanin
taninmig alimlori - professorlar Nosir Siikiirov, Etibarxanim Nasirova, Fattoh Abdullayev, Kayum Kayumov,
Qazaxstan alimi - Ali Abbas Cinar, Qirgizistan alimi Giilzura Cumakanova, Tiirkiys alimlori - Hamza Ziilfikar,
Cengiz Alyilmaz, Dogan Qaya, Fazil Erqas, Metin Kara, Suroddin Mommadli, Giilnara Qoca-Mommadova,
homginin Azorbaycan alimlorindon - ©bdiilozal Domirgizads, Afad Qurbanov, ©lovsot Abdullayev, Ramiz
Mehdiyev, Hason Mirzoyev, Nizami Coforov, Musa Adilov, Sayyara Mollazado, Hosrat Hosonov, Kamil Valiyev,
Samil Qurbanov, Yusif Seyidov, Nizami Xudiyev, Oflatun Saracli (Mommaodov), Tofiq ©hmadov, Qazanfar
Kazimov, Nobi Osgorov, Ibrahim Bayramov, Ozizxan Tanrverdi, Buludxan Xoslilov, Aslan Aslanov, Fidan
Qurbanova, Sevindik Veliyev, Cingiz Hiiseynzado, Razim Mammadli, Oli Rza Xolofli, Sadiq Zaman va bagqalari
¢ox yliksok giymotlondirmiglar.

Bu mogqalods iso homin alimlordon ancaq bir noforin - Azorbaycan Dovlst Pedaqoji Universitetinin
“Azorbaycan dilinin todrisi metodikas1” kafedrasinin sabiq miidiri, flologiya elmlori doktoru, morhum professor
Ozizxan Tanriverdinin elmi ictimaiyoto yaxsi molum olan osorlorine diqgat yetirilir, onun akademik Modad
Cobanov haqqinda yazdiqlarina istinad edilir vo M.Cobanovun onomalogiya sahasinds gostormis oldugu
xidmaotlori, qisaca da olsa, bir daha oxuculara toqdim edilir. Gostorilir ki, akademik Madod Cobanovun
yaradiciliginda Azorbaycan dili, Azarbaycansiinasliqg, tiirkologiya, tiirk adobi dillorinin birliyi, dilgilik,
dialektologoiya, linqvistika, onomastika, xiisusilo do, antroponimika vo toponimika, eloco do,
adabiyyatsiinasliq, adobi olagolor, o climlodon, Azorbaycan vo giircii xalglarmmin dostluq vo qardasliq
ananalarinin adabi-badii vo elmi adabiyyatda tacassiimii va s. amiller yeni miistaviys kegmis, elmi tofokkiirds
0z genis oksini tapmig, miisllifinin elmds daha uzun 6miir siirmasini tomin etmis vo belaliklo do, Azarbaycan
dilgiliyi vo Azorbaycan odabiyyatsiinasligi, imumi olaraq, tiirkologiya va filologiya elmi, homginin,
Azorbaycan-giircii adobi olagalori daha da zonginlogmisdir.

Abstract

The article examines the scientific work of academician Madad Chobanov, who is known as a well-known
Turkologist and public figure, an outstanding linguist-scientist, onomastician, especially an anthroponymist and
toponymist, especially his research work in the field of onomology, and the reviews written about these works. It
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is noted that Madad Chobanov successfully defended his candidate dissertation on the topic “Lexicon of
Azerbaijani Dialects of the Bolnisi Region of the Georgian SSR” at the Institute of Language and Literature of the
Academy of Sciences of Uzbekistan in Tashkent in 1973, and in the same year he was elected a teacher at the
Azerbaijani department of the Tbilisi State Pedagogical Institute named after A. S. Pushkin. He worked at this
institution of higher education, later renamed the Tbilisi State Pedagogical University named after S. S. Orbeliani,
and now Ilia University, for exactly 21 years, until 1994, as a lecturer, associate professor, professor, deputy head
of department, and head of department.

Madad Chobanov successfully defended his doctoral dissertation on the topic "Fundamentals of Azerbaijani
anthroponymy" at Baku State University in February 1992, was awarded the degree of Doctor of Philological
Sciences, and was elected a professor in 1993. He has been continuing his scientific and pedagogical activities in
Baku since 1994. He worked as vice-president of the "Futurologist" Continuous Education Complex, vice-rector
of the Azerbaijan Futurology University, rector of the Azerbaijan Elite University, dean of the "Higher School
Teachers" faculty at the Azerbaijan State Institute for Advanced Training and Retraining of Senior Pedagogical
Personnel, and in 1996 was elected head of the "Languages" department at the Azerbaijan Higher Military School
named after Heydar Aliyev - Azerbaijan Higher Naval School, and worked in that position with honor and dignity
for many years.

Madad Chobanov (1937-2023), the author of more than 80 books, including 15 monographs, textbooks and
teaching aids, more than 200 scientific articles, more than 250 scientific-publicistic writings, and dozens of works
of art, gave speeches at international congresses, scientific-theoretical and scientific-practical conferences,
symposiums, and seminars held in Azerbaijan, Georgia, Turkey, Russia, and the Central Asian republics. Dozens
of his scientific articles and books have been published in those same countries.

Academician Madad Chobanov's works were read by prominent scientists, famous specialists and public
figures, including the world-famous writer, well-known Turkologist Chingiz Aitmatov, Academician Edhem
Rahimovich Tenishyev (Moscow), Academician Shanazar Shaabdurakhmanovich Shaabdurakhmanov
(Dashkand), well-known scientists of Uzbekistan - professors Nasir Shukurov, Etibarkhanim Nasirova, Fattoh
Abdullayev, Kayum Kayumov, Kazakh scientist - Ali Abbas Chinar, Kyrgyz scientist Gulzura Jumakanova,
Turkish scientists - Hamza Zulfikar, Cengiz Alyilmaz, Dogan Gaya, Fazil Ergash, Metin Kara, Shuraddin
Mammadli, Gulnara Goja-Mammadova, as well as Azerbaijani scientists - Abdulazal Demirchizade, Afad Gur-
banov, Alovsat Abdullayev, Ramiz Mehdiyev, Hasan Mirzayev, Nizami Jafarov, Musa Adilov, Sayyara
Mollazade, It was highly appreciated by Hasrat Hasanov, Kamil Valiyev, Shamil Gurbanov, Yusif Seyidov,
Nizami Khudiyev, Aflatun Sarajly (Mammadov), Tofig Ahmadov, Gazanfar Kazimov, Nabi Asgarov, Ibrahim
Bayramov, Azizkhan Tanrverdi, Buludkhan Khalilov, Aslan Aslanov, Fidan Gurbanova, Sevindik Veliyev,
Chingiz Huseynzade, Razim Mammadli, Ali Rza Khalafli, Sadiq Zaman and others.

The article focuses on the works of only one of these scientists - the former head of the "Methodology of
Teaching the Azerbaijani Language" department of the Azerbaijan State Pedagogical University, Doctor of
Philological Sciences, the late Professor Azizkhan Tanriverdi, which are well known to the scientific community,
refers to his writings about academician Madad Chobanov, and briefly presents to the readers the services rendered
by M. Chobanov in the field of onomology. It is shown that in the work of academician Madad Chobanov, the
Azerbaijani language, Azerbaijani studies, Turkology, the unity of Turkic literary languages, linguistics, dia-
lectology, linguistics, onomastics, especially anthroponymy and toponymy, as well as literary studies, literary
relations, including the literary, artistic and scientific embodiment of the traditions of friendship and brotherhood
of the Azerbaijani and Georgian peoples, etc. factors have reached a new level, found their broad reflection in
scientific thinking, ensured a longer life for the author in science, and thus, Azerbaijani linguistics and Azerbaijani
literary studies, in general, the science of Turkology and philology, as well as Azerbaijani-Georgian literary
relations, have become even richer.

Acar sozlar: Azorbaycan dili, dilgilik, tiirkologiya, onomastika, antroponimika, toponimika, Madad
Cobanov, Ozizxan Tanriverdi.

Keywords: Azerbaijani language, linguistics, Turkology, onomastics, anthroponymy, toponymy, Madad
Chobanov, Azizkhan Tanriverdi.

Giris professor vo  akademik elmi adlarina layiq
Taninmis tiirkoloq vo ictimai xadim, gorkomli — goriilmisdiir.
dilgi-alim, onomastikasiinas, xlisusilo do, Akademik Modod Cobanov Azorbaycanda,

antroponimist vo toponomist alim kimi maoshur olan
Madad Cobanov (1937-2023) oldugca monali bir dmiir
stirmis, harada yasamasindan vo islomosindon asili
olmayaraq, homiss soroflo yasamis, loyaqgotlo galismus,
siravi orta moktob miisllimliyinden ali moktabin
miiollimi, dosenti, professoru, kafedra miidiri, dekant
va rektoru vazifalorina qadar yiiksalmis, gergin amayi,
boylik zohmoti, genis vo ohatoli, elmi-pedaqoji vo
ictimai foaliyyeoti, zongin vo doyorli yaradiciligi
sayasindo on yiiksok elmi doracays - filologiya elmlari
doktoru elmi dorocesing, on yiiksok elmi adlara -

Giirciistanda, Tirkiyodo, Rusiyada vo Orta Asiya
respublikalarinda kegirilmis Beynslxalq qurultaylarda,
elmi-nazari vo elmi-praktik konfranslarda,
simpoziumlarda, seminarlarda moruzolorlo ¢ixiglar
etmigdir. Onlarla elmi maqalslori va kitablar1 hamin
6lkoalords ¢ap olunmusdur.

Akademik Madad Cobanovun asorlari gorkomli
alimlor, moshur miitoxassislor vo ictimai xadimlor, o
climlodon, diinya sohroti qazanmis gorkomli yazig,
taninmig tlirkoloq Cingiz Aytmatov, akademik Edhem
Rahimovi¢ Tenisyev (Moskva), akademik Sanazar
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Saabduraxmanovi¢  Saabduraxmanov  (Daskond),
Ozbokistan alimlori — professorlar Nosir Siikiirov,
Etibarxanim Nasirova, Fattoh Abdullayev, Kayum Ka-
yumov, Qazaxstan alimi - Ali Abbas Cinar, Qirgizistan
alimi Giilzura Cumakanova, Tiirkiys alimlori - Hamza
Ziilfikar, Cengiz Alyilmaz, Dogan Kaya, Fazil Erqas,
Metin Kara, Suraddin Mommadli, Giilnara Qoca-
Mammoadova, homginin Azasrbaycan alimlorinden -
Obdiilazol Domirgizado, Afad Qurbanov, Olovsat
Abdullayev, Ramiz Mehdiyev, Hason Mirzayev,
Nizami Coforov, Musa Adilov, Soyyars Mollazads,
Hosrot Hosonov, Kamil Voliyev, Samil Qurbanov,
Yusif Seyidov, Oflatun Saracli (Mommadov), Tofiq
Ohmodov, Qazonfor Kazimov, Nizami Xudiyev, Nobi
Osgorov, Ibrahim Bayramov, ©Ozizxan Tanrverdi,
Buludxan Xalilov, Aslan Aslanov, Fidan Qurbanova,
Sevindik Veliyev, Cingiz Hiiseynzads, Razim
Mammaeadli, ©li Rza Xalofli, Sadiq Zaman va basqalari
torafinden yiiksok gqiymotlondirilmisdir.

Biz bu moqalomizds hamin alimlorden ancaq bir
naforin — Azarbaycan Ddvlst Pedaqoji Universitetinin
“Azorbaycan dilinin todrisi metodikasi” kafedrasinin
sabiq midiri, flologiya elmlori doktoru, morhum
professor Ozizxan Tanriverdinin elmi ictimaiyato yaxsi
molum olan asarlorine diqqat yetirir, onun akademik
Modad Cobanov haqqinda yazdiglarina istinad edir vo
M.Cobanovun onomalogiya sahesindo gdstormis
oldugu xidmatlorini, qisaca da olsa, bir daha oxuculara
toqdim edirik.

Tadgiqat

Professsor ©.Tanriverdi “Sargin sasi” (N: 03
(198), fevral, 2007) vo “Hakimiyyat va galocak” (N: 06
(146), 04 aprel, 2007) qozetlorinds dorc olunmus
“Moadod Cobanov va onomalogiya masalalori”
sarlovholi moqalasini bels bir girislo baglayir:

“Azorbaycan elm vo madoniyyati tarixindo bir
ne¢o saho lizro calisan vo onlarm hor birinde ugurlar
gazanan gorkomli soxsiyyatlor cox olub. Miiasir dovrds
do ensiklopedik bilik sahibi olan, foaliyyat dairosi
zanginliyi ilo forglonan soxsiyystlorimiz az deyil. Belo
simalardan biri do alim, miisllim, publisist va tercimagi
kimi on az1 tiirk diinyas1 vo MDB mokaninda taninan,
osarlori Azorbaycan, tiirk, 6zbok, qazax, qurgiz, rus,
giircii, ermani vo digor dillordo ¢ap olunan akademik
Moadad Cobanovdur. O, hansi sahads galigmasindan va
yazmasindan asili olmayaraq, tiirk boyiikliyiini, tiirk
qidratini, onun zongin olan dilini, tarixini Vo
etnoqrafiyasini homiso diqqet merkazindo saxlayib.”
(Tanrverdi, O., 2007) Bu cohat miiallifin miixtalif
illordo cap olunmus "Azarbaycansiinashgin asaslart”,
"Azorbaycan onomastikast", "Azarbaycan antropo-
nimiyasmn asaslart”, "Borg¢all toponimlari”, "Bor¢ali
sivalorinin  leksikast", "Mbatnin linqvistik tohlili",
"Pedaqoji masalalor”, "Tiirk dillovinin adabi birliyina
dogru", "Dado Qorqud - Qohromanhq dastani”,
"Odoabi diistincalor", "Dilcilik masalaolori” vo s. adda
olan 80-don ¢ox kitabinda, o ciimladon, 15
monoqrafiyada, darslik vo dors vosaitlorindos, miisllifi
oldugu 200-don ¢ox elmi mogqalasinds, 250-don ¢ox
elmi-publisist yazisinda va s. asarlarinds 6ziinii parlaq
sokilda gostarir.

Moqalods Madad miiellimin monali dmiir yolunun
sohifalori varaqglonir, geyd olunur ki, Madod Namaz
oglu Cobanov - 1937-ci il aprelin 11-do qadim Borgali

mahalinda — indiki Giirclistanin Bolnisi rayonundaki
Darbaz kondindo anadan olmus, A. S. Puskin adina
Thilisi Dovlot Pedaqoji Institutunu bitirmis, dogma
Darbaz kond orta moktobindo pedaqoji foaliyyoto
baglamis, bir il miiallim iglodikdon sonra asgori xidmoto
yollanmis, Zabitlor moktobini bitirmis, bas leytenant
riitbasinds ordudan ehtiyat buraxildigdan sonra, bir il
Bolnisi rayon komsomol komitosindo ¢alismig, sonra
irali ¢okilmis, foaliyyatini rayon partiya komitesinda
davam etdirmisdir. Eyni zamanda, Azarbaycan Elmler
Akademiyasmin 1. Nosimi adma Dilgilik Institutunun
aspiranturasinda qiyabi tohsil almis, 1973-cii ildo
Daskondda Ozbokistan Elmlor Akademiyasinin Dil vo
Odobiyyat Institutinda “Giirciistan SSR Bolnisi rayonu
Azorbaycan  sivalorinin  leksikas1” movzusunda
namizodlik dissertasiyasini miivoffoqiyyotlo miidafio
etmigdir. Elo homin ildon do A. S. Pugkin adina Tbilisi
Dévlot Pedaqoji Institutunun Azorbaycan bdlmasine
misllim  segilmisdir. Sonralar S.S.Orbeliani adma
Thilisi Dovlot Pedaqoji Universiteti, hazirda iso ilya
Unuversiteti adlanan homin ali tohsil ocaginda 1994-cii
ilodok diiz 21 il - miiallim, dosent, professor, kafedra
miidirinin milavini vo kafedra miidiri vozifslorindo

calismisdir.
Moadad Cobanov 1992-ci ilin fevralinda Baki
Dovlot Universitetindo "Azarbaycan

antroponimiyasimin asaslart” mdévzusunda doktorluq
dissertasiyasini ugurla miidafio etmis, filologiya elmlori
doktoru elmi doracasine layiq goriilmiis, 1993-cii ildo
189 professor se¢ilmisdir.

O, 1994-cii ildon elmi-pedaqoji foaliyyatini
Bakida davam etdirmirdir. “Futurolog” Fasilosiz
Tohsil Kompleksindo vitse-prezident, Azorbaycan

Futurologiya Universitetindo prorektor, Azaorbaycan
Elitar Universitetindo rektor, Azorbaycan Dovlot Bas

Pedaqoji Kadrlarin  ixtisasmmin ~ Artirilmast  vo
Yenidenhazirlanmas:  Institutunda  “Ali  moktab
miiollimlori”  fakiiltesinin ~ dekam1  vozifalorinda
calismisdir.

1996-c1 ildo Heydor Oliyev adina Azarbaycan Ali
Horbi Maktabinds - Azarbaycan Ali Harbi Danizgilik
Moktabindo “Dillor” kafedrasinin miidiri seg¢ilmis,
uzun illor, daha doaqiq desok, togaiido ¢ixana kimi
homin vazifods soraf vo loyaqotlo ¢aligmisdir.

Miixtolif illords Azorbaycan Dovlet Pedaqoji
Universitetinds vo Azarbaycan Texniki Universitetinda
do dors demis, miihaziralar oxumusdur.

Yiizlorlo miisllimin, onlarla alimin yetigmosindo
boylik omok sorf etmis, onlarin bir neg¢osinin elmi

rohbori, moslohatgisi, opponenti vo ya raygilori
olmusdur.

Madad Cobanov uzun middat Azasrbaycan
Respublikasi Prezidenti yaninda Ali Attestasiya

Komissiyasinin Ekspert Surasinin tizvii olmusdur.

O, Tiirk Dil Kurumunun iizvii, Beynslxalq Turan
Akademiyasinin vo Nyu-York Elmlor Akademiyasinin
akademiki - haqiqi tizvii segilmisdir.

Professor Madod Cobanov S.S.Orbeliani adina
Thbilisi Dovlat Pedaqoji Universitetinin Azarbaycan dili
vo odobiyyati kafedrasina rohborlik etdiyi miiddstdo
hamin kafedranin nozdinds "Qaynaq"” ©dabi birliyini,
Azarbaycan Ali Horbi Donizgilik Moktabinin “Dillor”
kafedrasmnin  miidiri oldugu zaman iso homin
kafedranin nozdindo "Dalgalar goynunda" adli ©dobi
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birlik yaratmis, uzun miiddst homin birliklors rohborlik
etmis vo eyni zamanda "Dalgalar qoynunda" adl
qozetin  redaktoru olmus, iki cildlik “Odabi
diistincalor” adli kitabi ilo adabi tonqidg¢i kimi bdyiik
niifuz qazanmigdir.

0, ilk dofo "Azarbaycanca-giirciica danisiq liigati"”
tortib etmis (Thilisi, 1977, 1991, Baki, 2000), "Sevirom
Giirctistant" (Baki, 1977), "Dostluqg taranalori” (giircii
dilinds, Thbilisi, 1978), (hamginin, 2  cildlik
"Azarbaycan-giircii adadi alagalari” (Baki, 2017, 2019)
— M.B.) va s. kitablar1 ilo iki qonsu xalq arasinda
dostluq olagolorinin daha da inkisaf etdirilmosino
xidmot etmisdir.

Modad Cobanov  gonclik illordinde  badii
yaradiciligla da mosgul olmus, bir dramin, iki pyesin,
iki povestin, bir dastanin, onlarla hekayslarin
miiollifidir. Osorlori tiirk, rus, giircli, 6zbok, ingilis,
fransiz va s. dillars torciima olunmusdur.

Ozii do rus vo giircii dillorinden bir nego oseri
Azorbaycan dilina torclimo etmisdir.

Ozizxan Tanriverdi yazir:

“Madod Cobanov miisllimlo alimliyi, nozariyyo
ilo praktikani sintez eds bilon tadqiqat¢ilarimizdandir.
Burada tokco bir mosaloni qeyd edok ki, gdorkomli
alimin horbi moktabds bir professor, hom do kafedra
miidiri vozifasindo ¢aligmasi onu godim tiirk horb
sonati ilo bagh yazilar yazmaga sovq etmisdir. Onun
Miisfig Cobanli il birlikds ¢ap etdirdiyi “Dado Qorqud
diinyasimna soyahotdon pargalar” (Baki, 1998) adli
monogqrafiyanin II hissasindoki “Qalin Oguz eli vo harb
sonati”, “Qalin Oguz igidlori vo onlarm doyiis
taktikas1”, “Qalin Oguz eli vo horbi marslar” vo s. kimi
bolmolor do dediklorimizi tosdiglayir.

Tirkologiyada, o climlodon  Azorbaycan
dil¢iliyindo bir nego istiqamot iizro todqiqat aparan
alimlorin sirasinda Madoad Cobanovun xiisusi yeri var.”
(Tanriverdi, ©., 2007)

Akademik Obdiilozal Domirgizads (Baki) ¢ox
haqqli olaraq yazmigdir: “Madad Cobanov Azarbaycan
dilinin miiasir problemlorini milli toassiibkeslik vo
togobbiiskarliq baximdan aragdiran ilk alimlorimizdon
biridir”. Onun antronimiya, toponimiya,
dialektologiya, leksikoqrafiya vo digar saholor iizra cap
etdirdiyi coxsaylt moaqalo, monoqrafiya vo liigatlori
sanbalina, yiiksok elmi doyorino goro bu giin
miitoxassislor torofindon raziliqla qarsilanir, onlara bir
monba kimi istinad olunur. Heg siibhasiz ki, sonraki
yiizilliklords da bels olacaqdir.

“Antroponimika problemlari Madad Cobanovun
on ¢ox miiraciot etdiyi mévzulardandir.” (Tanriverdi,
9., 2007) 0O, ilk dofs olaraq “Azarbaycan soxs adlar1”
(Baki: “Maarif”, 1981, 36 sah.) ligatini tortib etmis,
genig bir 6n s6z yazmig vo ayrica kitabca soklinds cap
etdirorok oxucularmn ixtiyarina vermisdir.
(http://web2.anl.az:81/-
read/page.php?bibid=vtls000193141) Homin kitab
1993-cii ilds “Azorbaycan kisi adlari” adi ilo Tiirkiyada
do ¢ap olunmusdur.

Filologiya elmlori doktoru, professor ©Ozizxan
Tanriverdi “Tiirk monsali Azarbaycan antroponimlari”
(1996), “Kitabi-Dada Qorqud”da soxs adlart” (1999),
“XVI asr qipg¢aq (poloves) dilinin qrammatikasi”
(2000), “Kitabi-Dado Qorqud va qarb lohcasi” (2002),
“Kitabi-Dado  Qorqud”un obrazli dili” (2006),

“Kitabi-Dads Qorqud un soz diinyasi” (2007), “Dada-
Qorqud kitabi ’min dil méciizasi” (2008), “Dilimiz, mo-
naviyyatimiz” (2008), “Qadim tiirk monbalorinda
yasayan saxs adlart” (2009), “Azarbaycan dilinin
tarixi gqrammatikas1” (2010) vo digor osorlorindo
oldugu kimi, “Tiirk monsali Azarbaycan saxs adlarinin
tarixi-lingvistik tadqiqi” (Baka, 2012,
https://anl.az/el/Kitab/92429.pdf) adli kitabinda da
akademik Modod Cobanovun elmi todqiqat islorine
genis yer ayirmis vo qeyd etmisdir ki, “Modad Cobanov
Azorbaycan antroponimikasimin miixtolif cohotlori ilo
baghh bir sira tezis, moqalo vo monoqgrafiya ¢ap
etdirmisdir. Onun holo 1983-cli ildo cap olunan
“Azorbaycan antroponimiyasinin osaslar’” kitabinda
antroponimlorin leksik-semantik qruplari, qurulusu,
adqoyma ononolorindon bohs edilir, kdmok¢i ad
kateqoriyalarindan toxalliis vo lagebin leksiksemantik
xiisusiyyotlori vo s. masalolor zongin dil faktlart ilo
tosdiqlonir. Burada diggati colb edon masalolordon biri
do miigtorok adlar, polinim vo polindromik adlar,
adlarin abbreviasiyast kimi masalslorin genis sokildo
todqiqata colb edilmosidir.” (Tanrwerdi, ©. 2012,
sah.28)

Modad Cobanov ilk dofs olaraq pedaqoji
universitetlorin filologiya fakiiltolorinin todris planinda
nozordo tutulmus “Dilgilikdon xiisusi kurs” proqrami
osasinda 1981-ci ildo “Azarbaycan antroponimiyasinin
asaslar” adli proqram, 1983-cii ildo iso “Azarbaycan

antroponimiyasmin  asaslart” adli  dors  vosait
hazirlamigdir. Homin proqram vo dors vosaiti
Giirciistan ~ Tohsil  Nazirliyi  torofindon  tosdiq
olunduqdan sonra Thilisidoki “Qanatleba”

nogriyyatinda nogr edilmigdir.

Moadad Cobanov Azarbaycan antroponimiyasi ilo
bagh todqgiqatlarin1 sonralar da davam etdirmis, bu
movzuda doktorluq dissertasiyast yazmis vo 1992-ci
ilin fevralinda homin dissertasiyant (“Azorbaycan
antroponimikasinin osaslari, DDA, Baki, 1992), “Os-
novi azepbaydjanskoy antpoponimiki” (ADD, Baku,
1992)) Baki Dévlst Universitetinde ugurla miidafis
etmis (Tanrverdi, 8., 2012, 5.29), ona kegmis SSRI Ali
Attestasiya Komissiyasi terofinden filologiya elmlori
doktoru elmi doracasi verilmis, 1993-cii ilin oktyabr
ayinda iso professor secilmisdir. (Homin diplom va
attestat  1995-ci ildo Azarbaycan Respublikasinin
Prezidenti yaminda Ali  Attestasiya Komissiyasi
tarafindan nostrifikasiyadan keg¢mis va tokrar tasdiq
edilmigdir. — M.B.) “Bu onun Azorbaycan
antroponimlarinin tadqiqina xiisusi maraq gostordiyini

sibut edir. Mohz homin osorloro goro Madad
Cobanovun  adi  tiirkologiyada  N.A.Baskakov,
E.Begmatov,  N.Qarbova,  T.Jamzakov  kimi,
Azorbaycan dilgiliyindo A.Qurbanov, M.Adilov,

H.Oliyev kimi alimlarls bir sirada ¢okilir.” (Tanriverdi,
0., 2007)

“Madad Cobanov olduqca aktual va hallins zaruri
ehtiyac hiss olunan problemin islonmasini qarsiya
moqsad qoyub, dilimizdoki soxs adlarmin omolo
golmosini, yayilma regionunu, istifado dorocasini,
inkisaf tarixini vo s. cohatlorini aragdirmaga
calismigdir... Son illore qodor meydana golmis elmi-
todqiqat islori tohlil olunur, har bir fikrin, miilahizonin
elmi qiymati verilir. Miixtalif illorin mohsulu olan her
bir asar elmi siizgocdon kegirilorkon miisllifin xronoloji


http://web2.anl.az:81/read/page.php?bibid=vtls000193141
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prinsipi gozlodiyi, onun obyektiv mdvqe tutdugu  http://web2.anl.az:-
miisbot hal kimi diqqeti colb edir. Miollif 8l/read/page.php?bibid=vtls000551626). Kitabda

onomastikaya dair istor respublikamizda, istorso do
ondan konarda kecirilon konfranslarda qoyulan masale-
lora do toxunur, olagodar masaloalorin tohlilini verir,
aldo olunan iimumi elmi baxislari, naticalori faydali
hesab edir... Umumiyyoatlo, osordo ayri-ayri dovrlorin
ictimai-siyasi vaziyyatinin, madani saviyyasinin nazara
alinmasi dil faktlarinin diizgiin serh edilmasine asas
vermis, dissertasiyanin elmi keyfiyystinin artmasina
sobab olmusdur... Dissertasiyanin biitiin fosillorindo
dil¢iliyin nazori biindvrasine uygun olan bir sira xiisusi
elmi metodlardan istifads edilmisdir. Miasir dil¢iliyin
miiqayisali, tarixi vo komiyyot metodlarina daha ¢ox
miiraciot olunmasi asarin keyfiyyotini daha da artirmis,
miisllifin moagsadine nail olmasina imkan yaratmigdir.
Modad Cobanovun bu asori, haqiqi monada, dorin
aragdirmalarin vo gorgin omoyin mohsuludur... Bu asari
tirkoloji dilgilikde antroponimiya masalaslorine dair
zongin dil materiallar1 {izorindo qurulmus orijinal
todqiqat isi kimi giymatlondirmok olar. Osarin miisbot
moziyyatlori ¢coxdur. (Qurbanov, Afad. M.Cobanovun
doktorluq dissertasiyasina yazilmig rasmi opponent
rayindan. Bax: Cafarov, N., 2012, 5.65)

“Azarbaycan dilsiliyinds ligot torkibinin genis bir
sahosini ohato edon antroponimlor bu vaxta qodor
ayrica todqiqat movzusu kimi monoqrafik planda
Oyronilmomisdir. Doktorant bu mévzunu se¢orkon soxs
adlarmnin inkisaf goraitini, dil rongarangliyini vo bir sira
basqa mithiim sociyyovi cohotlori nozoro almisdir.
Dissertasiyanin mozmunu gostorir ki, M.Cobanovun
elmi-nozori  cohstdon miisahidagilik  qabiliyyati,
miistoqil todqiqatgiliq vordisi vo tilirkoloji hazirhigi
vardir... Umumiyyatlo, dissertasiya bdyiik zohmat tolob
edon bir amoyin mohsuludur. Dissertasiyanin miisbot
cohatlorindon biri kimi bunu xiisusi qeyd etmok
istoyirik ki, todqiqat iginin biitiin fosillori arasinda
qarsiligh alaga, elmi-mantiqi ardicilliq va iizvi bagliliq
vardir...”  (Mollazada,  Sayyara. =~ M.Cobanovun
doktorluq dissertasiyasina yazilmis rasmi opponent
rayindan. Bax: Cafarov, N., 2012, 5.66)

Madad Cobanovun doktorluq dissertasiyasi
osasinda hazirladigi “Azarbaycan antroponimiyasinin
asaslart” kitab1 1995-ci ildo Bakida “Azarbaycan”
nosriyyati torafindon rus dilindo (“OcHoBsl azep0Oaii-
JUKaHCKOW aHTpormoHHMUKK”, baky, “AsepOaiimkan”,
1995, 332 cr.) nosr olunaraq genis oxucu kiitlosinin
ixtiyarina verilmisdir. 1998-ci ildo Azorbaycan
Respublikasi Tohsil Nazirliyi torafindon ali moktablor
iiclin dors vosaiti kimi tosdiq olunmus vo “Maarif”
nosriyati torofindon nosr edilmisdir. (Cobanov M.N.
Azarbaycan  antroponimiyasimin  asaslari.  Elmi
redaktoru: akademik Afad Qurbanov, raygisi:
professor Qazonfor Kazimov. Baki: “Maarif”, 1998,
sah. 332 -
https://dilcilik.az/kitabxana/arasdirmalar/M%C9%99
d%C9%99d%20%C3-
%870banov_%20A4z%C9%99rbaycan%20Antroponim
iyas%C4%B1n%C4%B1n%20%C9%99saslar%6C4%
B1%20(1998).pdf) Homin kitabin yeniden hazirlanmig
vo olavolor olunmus {glincii nosri 2017-ci ildo
“Borgal’” nesriyyatt torofindon nosr olunmusdur.
(Cobanov M.N. Azarbaycan antroponimiyasinin
asaslari. Baki: “Bor¢ali”, 2017, soh. 412 -

onomastika hagqinda imumi molumat, antroponimika
vo onun todqgiqat obyekti, Azarbaycan dil¢iliyindo
antroponimiyanin tadqiqi tarixi, antroponimlarin inki-
safi mosololori, ad vo ad sistemi, familiya, toxallis,
lagab, adlarin asas1 vo semantikasi, antroponomik hadi-
solor - miisterak adlar, adqoyma onanalori, adlarin
qurulusu vo monsayi, poetik antroponimiya vo s.
hortarafli tohlil olunmusdur.

Madad Cobanov antroponimikant
onomologiyanin todqiqat obyekti, sahalori vo névlorine
do diqqot yetirir. Belo ki, miiollif onomalogiyanin
todqiqat obyektindos xiisusi adlarin monbayi, yayilma
dorocesi, predmato uygunlugu, iislubi imkanlart va s.
masaloalorin osas oldugunu geyd edir, onomalogiyanin
antroponimika, toponimika, kosmonimika kimi
saholorindon bohs edir, onomalogiyanin xiisusi vo
imumi olmaqgla 2 yero boliinmosini iimumi dilgilik
prizmasindan sorh edir. Bu da onu gdstarir ki, misllif
Azorbaycan antroponimlorinin diaxronik vo sinxronik
istiqamotdo tohlili {iglin bir név zomin hazirlayir,
tohlilin mohz homin miistovide aparilmasini magbul
hesab edir. Digor torofdon, akademik Moadad Cobanov
Azorbaycan antronimik vahidlorinin todqiqi tarixini
sistemli sokilda isloyorkan ~ V.A.Qordlevski,
A.N.Samoylovi¢, A.Qurbanov, M.Adilov, Z.Sadiqov
vo bagqalarinin arasdirmalarina miinasibot bildiirir,
antroponimlorlo bagli Gyronilmoyon vo ya todqiqat
obyekti kimi goriilmoyon problemlori doqiqlosdirir.
Belos bir metoddan istifads ise miisllifs antroponimlors
aid on inca detallara bels aydinliq gotirmays imkan
verib.

Azorbaycan antroponimlorinin inkisaf tarixino
miixtalif prizmalardan yanasildigini, antroponimlarin
inkisaf morhalasine dair bir nego fikrin irali
striildiiylinii osas gotiiron miiallif 6ziino qodorki

aragdirmalar1  imumiloesdirorak asagidaki  sistemi
togdim edir:
Antroponimlorin inkisaf tarixi: godim

antroponimlor, atroponimlor orta osrlorde (XII-XIX
asr) vo miiasir antroponimlar (XX asr)

Aragdirmalar gosterir ki, miisllifin taqdim etdiyi
bolgii elmi, hom do montiqi baximdan diizgiindiir.
Digor torafdon, Madad Cobanov homin dovrlor vo ya
morhalalar {iglin saciyyavi olan antroponimik vahidlori
doqiqlosdirib. Masalon, Alp, Qazan, Tanqristan,
Agvuqi, Arslan kimi antroponimlarin XII asra qoadarki
Azorbaycan antroponimlori baximindan xarakterik
olmast miioyyonlogdirilib. Yaxud Allahverdi, Agasi,
Maoadad, Boasdi, Giillii kimi antroponimlorin XVII-XIX
asrlor {igiin saciyyavi olmasi asaslandirilib.

Moadad Cobanov xalqimizin tarixi, madeniyyati,
etnoqrafiyasi vo diinyagoriisii ilo bagli olan, milli etiket
funksiyasin1 yerino yetiron antroponimlori genis
sokildo todqiq edib. Masolon, soxsin ata adi ilo
taninmasindan bshs edarken fikri tosdiq etmok iigiin
“Kitabi-Dado Qorqud”a miiraciot edib. (Qatgan oglu
Bayndur, Darso xanin oglu Bugac) Demoli, miiallif
antroponimik vahidlora, homginin, onlara aid miixtalif
tipli modellars tarixi-linqvistik prizmadan yanasib.

Moadad Cobanovun tadqiqatlarinda “Azarbaycan
antroponimlorinin sistemi” mdvzusu xiisusi yer tutur.
Miiollif ata ad1 vo familiyalar1 osas ad kateqoriyalar


http://web2.anl.az:81/read/page.php?bibid=vtls000551626
http://web2.anl.az:81/read/page.php?bibid=vtls000551626
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sistemindo aragdirarkon problems diaxronik, xiisuson
do sinxronik prizmadan yanagib. Kisi vo qadin adlar
osasinda yaranan, homginin, koki soxs adi kimi
izlonmayan sozler asasinda diizelon familiyalar ilk dofo
olaraqg M.Cobanovun yaradiciliginda genis vo sistemli
sokildos lingivistik tadqiqata calb olunub.

Koémoakei ad kateqoriyalari sistemina daxil olan
toxalliislorin yaranma tarixi, izlonma tezliyi, monsoyi
vo arealini sistemli sokildo aragdiran miisllif bu qenaoto
golir ki, toponim, etnonim, zoonim, hidronim vo
kosmonimlar, homginin, iimumislok sozlor osasinda
diizolon  toxolliislor  rongarong  vo  maraql
xilisusiyyotlorino goro Azorbaycan modoniyyatinin on
nadir incileri hesab oluna bilar.

M.Cobanov lagablarin kdmoakgi ad kateqoriyalar1
sistemindoki yerini doqiqlosdirmoaklo borabor, onlarin
fordi-soxsi, ailovi-nasli vo mohalli-kollektiv  kimi
noévlarini do arasdirib.

Antroponimlarin  semantik qruplarma  xiisusi
diqget yetiron M.Cobanov Azorbaycan
antroponimlorinin mona qruplarini doqiqlosdirorkon on
kicik detallar1 belo nozordon qagirmayib. Miiallif
toponim, etnonim, hidronim, zoonim vo kosmonimlar,
eyni zamanda silah adlart osasinda  diizolon
antroponimlori  genis  sokildo  tohlil  etmisdir.
Antroponimlarin semantikasi ils bagli fikri tosdiq iigiin
badii adobiyyat niimunoslorine istinad etmo, Madod
Cobanovun tadgiqatlarinda aparici mévqedadir. Qiline,
Kaman, Sadaq kimi atroponimlari “Kitabi -Dada
Qorqud” dastanindaki “Oguz zamaninda bir yigid ki,
evlonso ox atardi...” climlasi vo “sadagi tor, oxu tor”
misrasi ilo baglanan bayati ilo alagolondirilib.

Tiirkologiyada on az Oyronilon masalalordon biri
do antroponimik hadisslordir. Bu mévzu M.Cobanovun
antroponimikaya dair osorlorindo tohlil siizgacindon
kecirilmis,  onlarin  on  saciyyovi  cohatlori
doqiqlogdirilmigdir. Miisllif antroponimik hadisslorin
miistarak (ortaql), polinim, palindramik va abbreviatur
kimi mona qruplarini konkret faktorlarla asaslandirib.
Mosolon, miigtorok antroponimlor (Hosrat, Sirin,
Intizar...), polinim  antroponimlor  (Balaxanim-
Xanbaba, Aygiin-Giinay...), abbreviatur antroponimlor
(Q-oli-Qurbanali, I-Xolil-ibrahimxalil...)

M.Cobanovun “Azarbaycan dilinda antroponimik
hadisalor” moqalosini  (Azorbaycan onomastikast
problemlori IIL. Azorbaycan onomastikasi
problemlorine hasr olunmus II elmi-nozari konfransin
materiallar1 (15-16 aprel 1988) // Baki: API, 1988,
$.96), homginin “Azarbaycan antroponimiyasinin
asaslart” kitabim yiiksok giymotlondiron ©.Tanverdi
onun “Azarbaycan dilinds “giil” sdzii asasinda 312 asl
soxs adi diizolmigdir” (soh.22) fikrino osaslanaragq,
Azorbaycan antroponimik vahidlor  sistemindoki
antroponimlorin yaridan ¢oxu milli adlardir - qonastine
golmisdir. (Tanrwverdi, O., 2012, sah.110-111)

Antroponimlarin orfoqrayiasi, poetik onomastika
vo s. kimi masalolor doa M.Cobanovun digqatindan
yayinmay1b. Bels ki, miiallif onlarm har birini konkret
fosil vo bolmalor iizrs sistemli sokildos aragdirtb. Burada
birco fakti qeyd etmok kifaystdir ki, M.Cobanov
antroponimlarin orfoqrafiyast ilo bagli 39 maddo vo 12
yarimmadds miioyyanlosdirib. Bu da misllifin dil
hadisolorino adi bir miisahide¢i kimi yox, zorger
doqiqgliyile yanasdigini tosdiqloyir.

M.Cobanov Azorbaycan antroponimlorini tiirk
xalglar1 antroponimlori konteksindo todqiq edon
alimlorimizdondir. Masalan, miiallif miistarok adlardan
bohs ederkon yazir: “...qazaxlarin antronimiyasinda
onana ilo bagl olaraq yaranan adlara rast galmok olur.
Adgoyma marasiminds an ¢ox qiz olan ailalords oglana
qiz adllar1 qoyurlar. Masalen: qiza Altay, Bolat, (Polad,
Yanil (Yonil), Yanilxan, (Yanilxan) kimi adlar vermis
vo onlar1 oglan kimi torbiye etmislor...” Yaxud
M.Cobanovun arasdirmalarindan molum olur ki,
Boxtiyar adi 6zbok, qurgiz vo qazax antroponikasi
baximindan da saciyyavidir.

Bir sozlo, akademik Moadod Cobanovun
“Azarbaycan antroponimiyasinin asaslari” adli dors
vasaiti ali maktablarin filologiya fakiiltalorinin talaba-
lari ilo yanasi, orta ixtisas vo imumtohsil moktoblarinin
Azarbaycan dili vo adsbiyyati miiallimlori, homginin,
magistrlor, doktorantlar vo todqiqatgilar iiciin do
qiymatli hadiyyadir.

Madad Cobanov “Azorbaycan
antroponimiyasinin  asaslart” (1983) kitabmin ilk
nosrindon sonra bir-birinin ardinca “Motnin lingvistik
tohlili” (Ali moktob tolobolori vo orta moktob
misllimlori liglin dors vosaiti, Thilisi, 1984, 1987),
“Azarbaycan dilinin tadrisi metodikasina dair” (Orta
moktob miiollimlori {iglin dors vosaiti, Tbilisi, 1986),
“Familiya. Toxalliis ” (Tbilisi, 1987), “Azarbaycan saxs
adlarimin semantikasi va orfografiyasi” (Thbilisi, 1990)
“Azorbaycan kisi adlart” (Tiirkiys, Orzurum, 1993, 96
soh.) vo s. adli kitablarin1 oxucularin ixtiyarina
vermisdir.

Homin kitablar arasinda “Familiya. Taxalliis”
(Thilisi, 1987) vo “Azarbaycan saxs adlarinin
semantikast va orfografiyasi” (Tbilisi: “Qanatleba”
1990, 160 soh.) xiisusilo ohomiyyatlidir. Giirciistan
Respublikas1 Xalq Tohsili Nazirliyi torafindon “Orta
maktablarin Azarbaycan dili vao adabiyyatt miiallimlari
tigtin vasait” kimi tosdiq olunmus vo 1990-c1 ilds
“Qanatleba” nosriyyati torofindon nosr olunaraq
oxucularin ixtiyarma verilmis kitabin redaktoru:
prof.Q.Kazimov, roygilori:  T.M.©hmoadov  va
prof.T.Ofondiyevadir.
(http.//web2.anl.az:81/read/page.php ? bibid=vtls0000
69439)

O.Tanriverdi daha sonra yazir: “M.Cobanovun
1987-ci ildo ¢ap etdirdiyi “Familiya. Toxalliis”
kitabinda ilk dofs olaraq familiya vo toxalliislor genis
sokildo todqiqata colb olunmusdur. Miiallif ad vo ad
sistemi, ata ad1 mosalalarini tiirkoloji istigamatdo sorh
etdikden sonra familiyalarin motivlogmasi
mosolalorindon  bohs  edir vo  Azorbaycan
familiyalarinin formalagsmasinda ¢ prinsipin osas
oldugunu miisyyonlogdirir: kisi ad1 osasinda diizolon
familiyalar, qadin adi osasinda diizelon familiyalar,
kokii soxs adi kimi islonmoyan sozlor asasinda diizolon
familiyalar. Osords toxolliislorin mensoyi, yaranma
tarixi, islonmo mogamlari, monalari, areal toxalliislor,
taxalliis vo onun avtonimls lizvlonma sistemi va s. kimi
masalaler izah olunmus, 600-a qodor toxalliisii ohats
edon Azorbaycan toxolliis lLigati tortib edilmisdir.”
(Tanriverdi, ©., 2012, sah.28-29)

Azorbaycan antroponimlori sistemindo
toxolliislorin  zonginliyi, dil miixtolifliyi, mona vo
funksiyalarma goro komoke¢i ad kateqoriyalar
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sistemindo  xilisusi yer tutdugunu, Azorbaycan
toxalliislori sisteminda arab vo fars mongali apelyativlor
osasinda formalasan toxolliislorin do moévcudlugunu
geyd edon O.Tanriverdi 6z tadqiqatlarinda osason tiirk
mongali apelyativ vo onomastik vahidler osasinda
formalasan toxolliislordon bohs etdiyini qeyd etmis vo
bildirmisdir ki, “Yeri golmiskon, todqgiqata colb
etdiyimiz tlirk mongali toxalliislori M.Cobanovun
“Familiya, Toxalliis”  kitabindaki  “Toxolliis
ligoti’ndon  (soh.  67-91), badii  odobiyyat
niimunslorindon vo miixtolif monogqrafiyalardan
gotirmiisiik.” (Tanriverdi, ©., 2012, sah.143)

“M.Cobanov logablarin strukturu, leksik-semantik
xtisusiyyatlori ilo yanasi, fordi-soxsi logeb, ailovi-nosli
logeb, mohalli-kollektiv logob  mosalolorine  do
miinasibat bildirmisdir.” (Tanriverdi, Ozizxan. soh.28-
29) — qonastindo olan professor O.Tanriverdi ¢ox
haqqlt olaraq yazir ki, “professor M.Cobanovun
onomastikaya dair tadqiqlori tokca antroponimika ilo
yekunlagsmir. Belo ki, miallifin yaradiciliginda
toponimik vahidlorin linqvistik prizmadan tohlili ds
xiisusi yer tutur. Madad Cobanovun toponimlarls bagh
onlarca mogqalasi, homginin, Miisfiq Cobanli (Borgali —
M.B.) ilo birlikds ¢ap etdirdiyi “Bor¢ali toponimlari”
(Baki, 1996) kitab ziyalilara vo genis oxucu kiitlosino
¢oxdan tanigdir.”

Diinya s6hrati qazanmis gorkomli yazigi, tiirkoloq
Cingiz Aytmatov yazmigdir: “Tanmnmis tiirkoloq
Moadad Cobanovun son illordo onomastika sahasindo
apardigt elmi todgiqqatlar moni ¢ox sevindirir.
Xiisusilo  de, toponimika sahasinde  apardigi
aragdirmalar ¢ox qiymatli vo toqdirslayiqdir. Onun
Ufada vo Bigkekdo kecirilmis beynolxalq elmi
konfranslardaki moruzalori iso diggetimi xiisusilo calb
etmisdir. Ona bu yolda ugurlar arzulayiram!”
(https://turan.info.az/gurcustan/6438-akademik-mdd-
namaz-olu-obanovun-elmi-pedagoji-faliyyti-haqqnda-
hmkarlarnn-dediklrindn.html)

Diinya sohrotli akademik Edhem Rahimovig
Tenisyev (Moskva) iso yazmigdir: “Filologiya elminin
tarixi ilo yaxindan tanig olan professor M.N.Cobanov
elmin miasir soviyyasine uygun olan vo arasdiritlmamis
mdvzulari ¢ox ustaligla se¢ir vo tadgiqata calb edir. Bu
da onun elm sahssindo yeni-yeni nailiyyatlor
gazanmasina sabab olur”.
(https://zim.az/gurcustan/6438-akademik-mdd-namaz-
olu-obanovun-elmi-pedaqoji-faliyyti-haqqnda-
hmkarlarnn-dedikirindn. html)

“Professor M.N.Cobanov Azarbaycan dilgiliyi va
Tiirkologiya sahasindo zongin dilgilik ononaloring
sadiq olmaqla yanasi, Tirkologiyanin miiasir imumi
problemlorini arasdirib, golocok nasillora
Otiiriilmesinde  boyiik omoyi olan alimlor nesline
monsubdur...” — gonastindo olan akademik Sanazar
Saabduraxmanovi¢ Saabduraxmanov (Ozbokistan)
Modad miollim haqqnda 6z fikirlorini  belo
yekunlagdirmisdir: “Professor M.N.Cobanovun elmi
yaradiciligina derinden nozor saldigda malum olur ki,
o, elmin ke¢misi ilo miiasirliyi, elmin miiasirliyi ilo
golocoyini 6z  aragdirmalarinda  ilizvi  surotdo
alagelondirmays diqqat yetiron alimlorimizdan biridir.
Basqa sozlo desok, alimin osorlorinde tarixiliyin
miasirliyi... vo ya miasirliyin tarixiliyi daim paralel
halda aragdirmalara calb edilir”.

(https://zim.az/gurcustan/6438-akademik-mdd-namaz-
olu-obanovun-elmi-pedaqoji-faliyyti-haqqnda-
hmkarlarnn-dediklrindn. html)

Akademik  Moadoad  Cobanovun “Bor¢ali
toponimlari” kitabinda ilk dofo olaraq “Moksevai
Kartlisa” vo “Istorii Alvan” kimi monbaolora istinadon
Giirciistanda tiitk (Azerbaycan) kokli qobilo ve
tayfalarin moskunlagma tarixi daqiqlosdirilir, Borgali
bolgosinin godim tiirk yurdu olmasi inkaredilmoz
faktorlarla osaslandirilir.  “Borgali”  toponiminin
“qurdlar tapasi” monasinda olmasi da homin
miistovids izah edilir.

“Borgal1 toponimlori” kitabinin “Dadom Qorqud
diinyasi ilo soslogon Borgali toponimlori” bélmasinds
Baydar, Boytoker, Sarvan, Ulagli, Qizlar bulag: kimi
toponimik vahidlorin “Kitabi-Dade Qorqud”daki yer-
yurd adlar ils saslonmasinden, qadim tiirk tarixi, dili va
etnografiyasinin daha dorindon Syronilmosinds homin
vahidlorin xiisusi shamiyyot kosb etmosindon bohs
edilir.

Homin kitabda ilk dofs olaraq Giirciistandaki tiirk
koklii oykonimlor tarixi onomastika prizmasindan
tohlils calb edilir vo onlarin 5 asas qrupu doqiqlosdirilir.
Qodim oykonimlor, godim vo miiasir oykonimlor,
miiasir oykonimlar, hibrid oykonimlar, tokrar vo ya bir
nega variantli oykonimlar. Bu qruplarin har biri konkret
dil faktlari ilo osaslandirilib.

Masalon, Azaorbaycan xalqmmin etnogenezinds
yaxindan istirak edon, tiirk monsoli gobilo vo tayfa
adlar1 osasinda yaranan Aziki (Azlar), Qanli, Qazan,
Qipcaq, Hunlar, Qaramanli kimi vahidlor qadim
oykonimlar sisteminds todqiq edilib.

Borgal1 toponimlarinin semantikasini, xiisusan da
semantik qruplarimi sistemli sokildo tohlils colb edon do
Modad Cobanovdur. Homin bdlmado antroponimlor
(Boylor, Qasimli, Saforli...), etnotoponimlor (Quscu,
Ulagli, Tirklor...), hidrotoponimlor (Qarabulaq,
Qurxbulaq, Siidbulaq...), zootoponimlor (Ayitalast,
Danaqiran, Leylokucan, Canavarli...), fitotoponimlor
(Armudlu, Qamisli, Zogalli, Voloasli, Palidl...),
memuar-xatira-toponimlor (Sabirkond, Somad Vurgun
kiigosi, Norimanov prospekti, Vazeh dongesi...),
kosmotoponimlor (Ayorta, Giiney, Giindogan...)
sinxronik istigamatlords tohlil edilir.

“Bor¢ali toponimlori haqqinda qisa ogerklor”
bohs etdiyimiz kitabin on asas bolmosi hesab oluna
bilor. Birincisi, ona gors ki, homin bdlmads Orxan-
Yenisey abidalori vo “Kitabi-Dods Qorqud” dastani ila
sasloson Azgoyliyon, Kaspi, Sadaqli, Kopanokei vo s.
kimi toponimlarin yaranma tarixi barads genis molumat
verilir. ikincisi, toponimik vahidlorin hor biri tarixi-
linvistik prizmadan tohlil edildiyi {giin arxaik
apelyativli toponimlorin saciyyovi cohatlori asanliqla
anlagilir. Masolon, Qarayazi, (boyiik ¢6l), Qaracala
(boyiik cala,), Sadaqli (Sadaq-ox qabi), Tiillor (tiili -
tolu tayfa ad1) vo s.

“Bu ciir faktlar isa “Borg¢ali toponimlori”
kitabinda onlarca toponimik vahidin etimoloji izahinin
verildiyini tasdiglayir.” — qenastine golon miallif -
ADPU-nun Azaorbaycan dilinin tadrisi metodikasi
kafedrasinin  miidiri, flologiya elmlori doktoru,
professor Ozizxan Tanriverdi “Sargin sasi” (N: 03
(198), fevral, 2007) vo “Hakimiyyat va galocak” (N: 06
(146), 04 aprel, 2007) qozetlorindo dorc olunmus
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“Modod Cobanov vo onomalogiya masalalori”
mogqalasini belo bir sonlugla bitirmisdir: “Bu kigik
yazida prof. Madad Cobanovun onomologiya ilo bagl
olan tadgiqatlarinin az bir hissasini, amma an miihiim
cohotlorini ohato etmoys ¢aligdim... Nohayot, gérkomli
dilgi-alim, taninmis tiirkoloq, filologiya elmlari
doktoru, professor Modod Cobanovu anadan olmasinin
70 illik yubileyi miinasibatilo {irokdon tebrik edir vo
ona yeni-yeni yaradiciliq ugurlart arzulayiram.”
(https://zim.az/gurcustan/pushkinciler/2389-mdd-
obanov-v-onomalogya-mslir.html)

Professor ©zizxan Tanriverdinin bu maqalssindon
sonra da, akademik Madod Cobanov togaiide ¢ixmasina
baxmayaraq, Omriiniin sonuna kimi elmi-pedaqoji
foaliyyatini davam etdirmis, bir sira elmi asarlor

yazmis, Azorbaycan Respublikasi "Tohsil"
Morkazininin Bag direktoru olmus, miixtolif miikafat
komissiyalarinin, qozet vo jurnallarin redaksiya

heyotlorinin {izvii se¢ilmis, dofolorlo Foxri forman,
orden, medal vo mixtolif mikafatlarla toltif
olunmusdur.

Akademik Moadad Cobanov 2021-ci ilds Prezident
toqaiidiine layiq goriilmiisdiir.

1997-ci, 2007-ci, 2012-ci, 2017-ci vo 2022-ci
illordo alimin 60, 70, 75, 80 vo 85 illik yubileylori
Azorbaycanda vo Giirciistanda tontonoli suratdo geyd
olunmus, hagqinda kitablar yazilmis, moqalolor ¢ap
olunmus, radio vo televiziya verilislori hazirlanmis,
filmlor ¢okilmisdir. O ciimlodon, akademik Nizami
Coforovun “Zohmoatkes alim, taninmug dilgi-tiirkolog”
adl1 kitab1 oxucularm ixtiyarmna verilmisdir. (Baki: Az-
AtaM, “Elm va tohsil” nagriyyati, 2012, 140 s.
https://www.anl.az/el/c/Azf-266649.pdf)

Akademik Madad Cobanov 2 iyun 2023-cii ildo 86
yasginda vafat etmis, iyunun 3-do Bakinin Dads Qorqud
gobiristanliginda dofn olunmusdur.

Akademik Moadad Cobanov hom do gozal ailo
bascist idi. Omiir-giin yoldasi, tibb iscisi Rima Nadir
qizt ©hmadova-Cobanova ils birlikds 5 6vlad - 4 qiz vo
1 ogul boyidiib-boya basa catdirib. Hamisi da ali
tohsilli va ailalidir. Oglu va iki qiz1 alimdir. 9 navasi,
18 naticasi var. Novalarinin do 9-u da ali tohsillidir.

Akademik  Modoad  Cobanov  diinyasini
doyisdikdon sonra da unudulmamig, Bakida vo
Thbilisido, eloco do, Bolnisido, Dmanisidos,
Marneulids, Qardabanids vo basqa bolgalords alimin
ad vo amim giinlori geyd olunmus, onun oziz
xatirasine neg¢o-nego seirlor, poemalar, esselor hosr
olunmus, miixtalif  todbirlar, miisabigalar,
olimpiadalar, yariglar vo s. togkil edilmis, hoyat vo
yaradicilig1 haqqinda kitablar yazilmis, Azorbaycan
vo Giirclistan moatbuatinda silsilo moqalslor darc
olunmus, Bakida nofis gokilds cap olunaraq oxucular
ixtiyarina verilmis kitablarin Azorbaycanda vo
Giirciistanda toqdimatlar1 kegirilmis, homin todbirlor
Azarbaycan va Giirciistan motbuatinda, radio veo
televiziya veriliglorinda, bir sira internet saytlarinda
isiqlandirilmis va biitiin bunlar Azorbaycan elminin
inkisafini, hamg¢inin, Azorbaycan va giircii xalqlar1
arasindaki dostluq alaqgelerini daha da intensivles-
dirmisdir.

Noatica

Bir sozlo, akademik Moadod Cobanovun
yaradiciliginda Azorbaycan dili, Azor-
baycansiinasliq, tiirkologiya, tiirk odabi dillarinin
birliyi, dilgilik, dialektologoiya, linqvistika,
onomastika, xiisusile ds, antroponimika va toponi-
mika, eloco do, adobi tonqid va odobiyyatsiinasliq,
adobi olagolor, o climlodon, Azorbaycan vo giircii
xalglarinin dostluq ve qardasliq snenslsrinin adabi-
badii vo elmi odobiyyatda tocossiimii vo s. amillor
yeni miistoviyo ke¢mis, elmi tofokkiirdo 6z genis
oksini tapmig, miiollifinin elmds daha uzun Omiir
siirmosini tomin etmis vo beloliklo do, Azorbaycan
dilciliyi vo Azorbaycan odobiyyatsiinasligi, imumi
olaraq, tiirkologiya vo filologiya elmi, homginin,
Azarbaycan-giircii odabi slagolori daha da zonginlos-
migdir.
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This article examines the historical evolution of Georgian migration through the Black Sea region from the
late nineteenth century to the post-Soviet period. By situating Georgian mobility within broader imperial, Soviet,
and post-Soviet frameworks, the study explores how migration routes, motivations, and regulatory regimes have
transformed over time while retaining structural continuities. Particular attention is paid to the Black Sea as a
transregional space of circulation linking the South Caucasus with Eastern Europe, Anatolia, and beyond. Drawing
on historical literature, migration theory, and regional analysis, the article argues that contemporary Georgian
migration patterns cannot be understood in isolation from earlier imperial and Soviet mobility regimes. The study
contributes to current debates on mobility, transformation, and regional connectivity in Eastern Europe and the
South Caucasus, highlighting the Black Sea as a long-standing corridor of economic, social, and cultural exchange.

Keywords: Georgian migration, Black Sea region, South Caucasus, mobility, empire, post-Soviet transfor-

mation, transregional history.

1. Introduction

Migration has long been a defining feature of the
South Caucasus, shaped by imperial governance, eco-
nomic restructuring, and shifting political borders.
Georgia, located at the crossroads of Europe and Asia
and embedded within the Black Sea world, has histori-
cally functioned as both a point of departure and a zone
of transit. While contemporary discussions often frame
Georgian migration as a post-Soviet or globalization-
driven phenomenon, this perspective overlooks the
deeper historical roots of mobility in the region.

This article examines Georgian migration from the
late nineteenth century to the present, focusing on the
Black Sea as a transregional space connecting the South
Caucasus with Eastern Europe, Anatolia, and the wider
world. By adopting a longue durée perspective, the
study demonstrates that present-day migration pat-
terns—Ilabor mobility, circular migration, and transna-
tional networks—are deeply embedded in earlier impe-
rial and Soviet-era practices.

The central argument advanced here is that Geor-
gian migration represents a historical continuum
shaped by changing political regimes rather than a se-
ries of disconnected waves. Understanding this conti-
nuity is essential for analyzing contemporary mobility
trends and the broader transformation processes in
Eastern Europe and the Caucasus.

2. The Black Sea as a Historical Space of Mo-
bility

The Black Sea has historically functioned not as a
border but as a connective space linking empires, mar-
kets, and populations. From the late Ottoman and Rus-
sian imperial periods onward, ports such as Batumi,
Poti, Odessa, and Trabzon served as key nodes in trade,
labor migration, and cultural exchange.

In the late nineteenth century, the incorporation of
Georgia into the Russian Empire intensified population
movement. Georgian laborers, merchants, and intellec-
tuals traveled throughout the empire, while the devel-
opment of railways and port infrastructure facilitated

seasonal and permanent migration. The Black Sea
coastline became an economic corridor connecting ag-
ricultural hinterlands with industrial and urban centers.

Migration during this period was not solely eco-
nomically motivated. Educational mobility, military
service, and administrative appointments contributed to
the formation of transregional networks that connected
Georgia to the wider imperial space. These early pat-
terns laid the groundwork for later mobility practices
under Soviet rule.

3. Mobility under Soviet Rule: Controlled
Movement and Hidden Circulation

The Soviet period introduced a radically different
migration regime. Officially, mobility was tightly reg-
ulated through the propiska system, internal passports,
and state-controlled labor allocation. However, in prac-
tice, mobility remained a central feature of Soviet life.

Georgia occupied a distinctive position within the
Soviet Union. On the one hand, it was integrated into
centralized economic planning; on the other, it main-
tained strong informal networks across the Black Sea
region. Labor migration to industrial centers in Russia
and Ukraine, educational mobility to Moscow and Len-
ingrad, and seasonal work in agriculture and construc-
tion were widespread.

Despite strict border controls, the Black Sea con-
tinued to function as a semi-open zone of exchange
through maritime trade, tourism, and professional mo-
bility. These experiences produced social capital,
transregional ties, and migration knowledge that would
later become crucial after the collapse of the Soviet Un-
ion.

4. Post-Soviet Transformation and the Recon-
figuration of Migration Routes

The dissolution of the Soviet Union marked a fun-
damental turning point in Georgian migration. Eco-
nomic collapse, political instability, and armed con-
flicts in the 1990s generated large-scale outward migra-
tion. Unlike earlier periods, migration was now largely
driven by survival strategies rather than state planning.
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The Black Sea once again emerged as a key corri-
dor. Turkey, Greece, Ukraine, and later EU member
states became primary destinations for Georgian labor
migrants. Informal employment, circular migration,
and temporary mobility became dominant patterns, par-
ticularly in construction, agriculture, and domestic
work.

At the same time, migration routes expanded be-
yond the Black Sea region. Georgian migrants increas-
ingly sought opportunities in Western Europe and
North America, often navigating restrictive visa re-
gimes and irregular pathways. Yet even in these global
movements, the Black Sea remained a critical interme-
diary zone, shaping networks, transit routes, and migra-
tion strategies.

5. Continuities and Transformations in Geor-
gian Mobility

A comparative perspective reveals several endur-
ing features of Georgian migration:

1. Structural Continuity — Migration has con-
sistently functioned as a response to economic asym-
metry and political transformation.

2. Network-Based Mobility — Informal social
networks have remained central across imperial, So-
viet, and post-Soviet periods.

3. Regional Embeddedness — Despite global
expansion, Georgian migration remains deeply an-
chored in the Black Sea region.

4. Adaptation to Political Regimes — Migrants
have continuously adapted to changing legal and insti-
tutional environments.

These patterns demonstrate that contemporary mi-
gration trends are not anomalies but part of a longer his-
torical trajectory shaped by imperial legacies, regional
connectivity, and socio-economic transformation.

6. Conclusion

This article has argued that Georgian migration
must be understood as a historically embedded,
transregional phenomenon shaped by the dynamics of
the Black Sea world. From imperial labor mobility to
post-Soviet migration strategies, Georgian movement
has consistently reflected broader transformations in

political authority, economic organization, and regional
connectivity.

By situating Georgian migration within a long-
term historical framework, the study contributes to on-
going scholarly debates on mobility, borders, and trans-
formation in Eastern Europe and the South Caucasus. It
also highlights the importance of viewing the Black Sea
not as a peripheral space, but as a central arena of inter-
action linking Europe, Eurasia, and the Caucasus.

Future research could further explore comparative
perspectives between Black Sea and Baltic mobility
systems, as well as the role of migration in shaping
post-Soviet identities and transnational social fields.
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Abstract

Prezentul studiu examineaza imaginatia sculpturald in opera lui C.S. Lewis, Leul, Vrajitoarea si Dulapul
(1950), volumul inaugural al Cronicilor din Narnia, privita ca un spatiu de convergenta a substraturilor mitice, a
structurii estetice si a imperativelor etice. Departe de a trata arta ca pe un simplu element simbolic sau decorativ,
aceastd analiza pune in prim-plan imaginatia artistica drept principiu structural fundamental al naratiunii. Utilizand
cadre interdisciplinare din teoria literara, studiile de mitologie si estetica, articolul sustine ca procesul pietrificarii,
transformarea fiintelor vii in statui de piatrd de catre Vrajitoarea Alba, functioneaza atit ca motiv mitic recurent,
cat si ca dispozitiv estetic sofisticat ce modeleaza dimensiunile ontologice si etice ale romanului.

Prima sectiune exploreazd matricea miticd ce fundamenteaza naratiunea lui Lewis, urmarind tiparele
pietrificarii pana la surse din mitologia clasicd, pe care Lewis le-a aprofundat in activitatea sa academica. Aceste
rezonante intertextuale releva modul in care motivele antice sunt reimaginate intr-un cadru teologic crestin, unde
Vréjitoarei Albe opereaza ca o anti-creatie, un cosmos inghetat ce asteapta reanimarea mantuitoare prin suflarea
lui Aslan — ecou clar al Genezei si al logicii intruparii, centrale in apologetica lui Lewis. in Narnia, sculptura nu
este niciodata inertd; ea Intruchipeaza miza eticd a naratiunii. Figurile de piatra pastreaza curajul, sfidarea sau
eroare tragica, neavand simpla conditie de victima. Suflarea restauratoare a lui Aslan devine o experienta trdita a
puterii mantuitoare a frumosului, care transforma deopotriva personajul narnian si cititorul.

A doua sectiune dezvoltd conceptul unei ,.etici a frumosului”, in care frumusetea este experimentata activ ca
o chemare morala si spirituald. Masa de Piatra concentreaza aceasta dialectica: fixatd imuabil in geografia Narniei,
ea trece prin cea mai radicala transformare prin fracturarea si regenerarea sa ulterioara. Aceastd lecturd contesta
interpretarile alegorice reductive, demonstrand modul in care arta lui Lewis opereaza simultan pe mai multe pal-
iere: structural, simbolic si experiential.

in cele din urma, articolul situeaza imaginatia sculpturala a lui Lewis in contextul dezbaterilor mai largi
itatea artei de a trezi uimirea, responsabilitatea morald si angajamentul existential. Figurile inghetate din casa
Vrajitoarei sunt un avertisment impotriva pietrificarii imaginatiei insesi, o pierdere pe care Lewis a diagnosticat-o
in modernitate. Reanimand mitul prin arta narativa, Lewis elaboreaza o estetica ce insistd asupra inseparabilitatii
frumosului de adevar si bine, oferind o contra-naratiune la fragmentarea valorilor in cultura contemporana.

Acest studiu interdisciplinar contribuie la cercetarea operei lui Lewis prin evidentierea dimensiunilor estetice
adesea ignorate ale fictiunii sale, demonstrand ca structura narativa, aluzia mitica si viziunea etica sunt indisolubil
legate 1n opera sa literard, cu precadere in Cronicile din Narnia.

Abstract

This study examines the sculptural imagination in C.S. Lewis's The Lion, the Witch and the Wardrobe (1950),
the inaugural volume of The Chronicles of Narnia, as a site where mythic substrates, aesthetic structure, and ethical
mandates converge. Rather than treating art as merely symbolic or decorative, this analysis foregrounds artistic
imagination as the foundational structural principle of the narrative itself. Drawing on interdisciplinary frameworks
from literary theory, mythology studies, and aesthetics, the article argues that Lewis's use of petrification, the
transformation of living beings into stone statues by the White Witch, functions as both a recurring mythic motif
and a sophisticated aesthetic device that shapes the novel's ontological and ethical dimensions.

The first section explores the mythic matrix underlying Lewis's narrative, tracing petrification patterns to
sources such classical mythology, which Lewis would have encountered in his scholarly work. These intertextual
resonances reveal how ancient motifs are reimagined within a Christian theological framework, where stone be-
comes a symbol of spiritual paralysis, moral judgment, and the possibility of resurrection. The White Witch's
gallery of statues operates as an anti-creation, a frozen cosmos awaiting redemptive reanimation through Aslan's
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breath, a clear echo of Genesis and the incarnational logic central to Lewis's apologetics. In Narnia, sculpture is
never inert; it embodies the ethical stakes of the narrative. The stone figures contain courage, defiance, or tragic
error rather than mere victimhood. Aslan's restorative breath becomes a lived experience of beauty's redemptive
power that transforms both the Narnian character and reader.

The second section develops the concept of an ethics in beauty, wherein beauty is actively experienced as a
moral and spiritual summon not only passively observed by the reader in our case. The Stone Table concentrates
this dialectic: rooted unchangingly in Narnian geography, it undergoes the most radical transformation through its
fracturing and subsequent regeneration. This reading challenges reductive allegorical interpretations by demon-
strating how Lewis's art operates on multiple registers simultaneously: structural, symbolic, and experiential.

Ultimately, the article situates Lewis's sculptural imagination within broader debates about the ethical imper-
ative of beauty in twentieth-century literature. In an age of disenchantment, Lewis reasserts art's capacity to awaken
wonder, moral responsibility, and existential engagement. The frozen figures in the Witch's house are a warning
against the petrification of the imagination itself a loss Lewis diagnosed in modernity. By reanimating myth
through narrative art, Lewis crafts an aesthetic that insists on beauty's inseparability from truth and goodness,

offering a counter-narrative to the fragmentation of value in contemporary culture.

This interdisciplinary study contributes to Lewis scholarship by foregrounding the often-overlooked aesthetic
dimensions of his fiction, demonstrating that narrative structure, mythic allusion, and ethical vision are inextricably
intertwined in his literature work, mainley in the Chronicles of Narnia.

Cuvinte cheie: naratologie, hermeneutica a sculpturii, mitologie, motivul pietrificarii.

Keywords: narrative, sculptural hermeneutics, mythology, petrification motif.

Narnia emerges as a vast sculptural workshop in
which the main characters, every element of the land-
scape, and every narrative event participates in a pro-
cess of transformation that follows the logic of sculp-
ture: the revelation of hidden form through the elimina-
tion of the superfluous, the liberation of essence from
raw matter. This conception resonates with the philos-
ophy of sculpture articulated by Michelangelo, for
whom each block of marble concealed a statue that the
sculptor had the duty to liberate, an idea documented in
his writings and analyzed extensively by scholars such
as Rudolf Wittkower in Sculpture: Processes and Prin-
ciples (1977).[1] Wittkower establishes a crucial defi-
nitional boundary: "The term sculptor denoting an art-
ist, and only an artist who works in three dimen-
sions."[2] This specificity proves essential for
understanding Lewis's narrative method, as he operates
as a writer describing a world, as a literary sculptor con-
structing a three-dimensional imaginative space
through language. Beyond this foundational metaphor,
there are also other elements in Michelangelo's artistic
theory that merit attention from a Renaissance aesthetic
perspective. One of these is the emphasis on disegno
interno, one's capacity to perceive the form inherent
within the raw material before its physical manifesta-
tion.[3]

Lewis's Narnian narrative mobilizes the funda-
mental elements of three-dimensional design: space
(the liminal threshold between our world and Narnia),
line (the contours that define characters and creatures),
plane (the flat surfaces of the Stone Table and castle
walls), mass and volume (the corporeality of Aslan ver-
sus the hollowness of the Witch's power), shape (both
positive forms and negative spaces within the frozen
landscape), value (the interplay of light and shadow that
defines moral territories), texture (from Lucy's tactile
encounter with fur coats transforming into pine nee-
dles), and color (the chromatic opposition between the
White Witch's cadaverous pallor and Aslan's golden lu-
minosity). These elements operate in concert with
sculptural principles: AZarmony (the resolution of
forces), contrast and variety (the diversity of Narnian
creatures against monochromatic tyranny), raythm and

repetition (the cyclical pattern of freezing and thawing,
death and resurrection), emphasis (the Stone Table as
the compositional and theological climax), balance (the
shift between the powers of good and evil), and propor-
tion (the scalar relationships that render Narnia both in-
timate and cosmic). [4]

Moreover, the present study proposes an unprece-
dented approach in Lewisian criticism: the application
of sculpture's aesthetic principles as a primary herme-
neutic method for analyzing narrative structure, charac-
ter dynamics, and mythic substrates in The Lion, the
Witch and the Wardrobe. Unlike previous studies that
treat sculpture in Lewis's work either as a simple meta-
phor[5] or as a decorative element of his literary uni-
verse, this research demonstrates that sculptural imagi-
nation functions as a fundamental structural matrix of
the narrative, shaping its symbolism and also the onto-
logical architecture of the Narnian world. The narrative
itself employs the four basic methods for creating
three-dimensional forms: subtraction (Aslan's sacri-
fice removing Edmund's guilt), manipulation (the mal-
leable transformation of the children's characters), ad-
dition (the accumulation of liberated creatures building
toward spring's return), and substitution (Aslan's vicar-
ious death creating a duplicate sacrifice that cracks the
deep magic). Through this sculptural lens, Narnia re-
veals itself as a three-dimensional artwork in which
such elements as shape, internal design and different
textures of the stone contribute to an integrated aes-
thetic and theological vision.

The proposed analytical method, the articulation
of classical and Renaissance sculptural principles with
Celtic and Christian mythic substrates, has not been
systematically applied in studies dedicated to children's
fantasy literature. Existing research on Lewis's work
has focused predominantly on the Christian allegorical
dimension,[6] on intertextuality with classical mythol-
ogy, or on the pedagogical aspects of the Chronicles.[7]
The sculptural dimension as a structural principle re-
mains unexplored territory, even though Lewis himself,
as a specialist in medieval literature and literary theo-
rist, demonstrated a profound understanding of the re-
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lationship between visual arts and narrative, as evi-
denced in his essays on imagination and allegory.[8]
The present study aims to fill this critical gap, offering
an interpretive framework that integrates sculptural
aesthetics, comparative mythological analysis, and par-
ticipatory theology in an interdisciplinary reading of
the Lewisian text, an approach that not only enriches
our understanding of The Lion, the Witch and the Ward-
robe but also opens new perspectives for analyzing fan-
tasy literature as a space of intersection between visual
arts, narrative, and spirituality.

The sculptural process begins with the children's
entry into Narnia. The magical environment acts as an
invisible chisel, gradually revealing each child's unique
characteristics. Peter progressively becomes "Peter the
Magnificent," acquiring the volumetrics of a leader; his
gestures become more expansive, his voice firmer, his
entire presence gains in authority. Susan evolves to-
ward "Susan the Gentle," and her volumetrics are de-
fined by maternal care and practical wisdom. Edmund,
the most dramatic example of sculptural transfor-
mation, passes from "corrupted matter," rigidified by
betrayal and selfishness, to "Edmund the Just", a meta-
morphosis that follows the logic of sculptural purifica-
tion. Lucy, "Lucy the Valiant," represents perhaps the
purest example of the revelation of hidden form. The
little girl gradually discovers the interior volumetrics of
courage and compassion without requiring dramatic in-
tervention: as if her perfect form were already there,
waiting only to be freed from the conventional layers of
childhood.

The mythic matrix underlying Lewis's narrative
reveals a sophisticated palimpsest of petrification mo-
tifs drawn from both folkloric and classical traditions
that the author would have encountered extensively in
his academic work as a medievalist and literary histo-
rian. The transformation of living beings into stone
constitutes one of humanity's oldest narrative arche-
types, appearing in Greek mythology through the Me-
dusa myth, in Ovid's Metamorphoses through the story
of Niobe, and throughout Germanic folklore, especially
in the Brothers Grimm collection that Lewis knew in
detail. The availability of numerous myths that speak of
statues coming to life, animated statues that violate the
rules of separation between the realm of the imaginary
and that of the real world, proves that Lewis mobilizes
a fundamental mythological topos: the transition from
inert representation to animated presence, from phan-
tasma to full ontological reality.

However, Lewis does not simply borrow these
motifs; he refracts them through a Christian theological
lens that transforms petrification from permanent curse
into temporary suffering awaiting divine intervention.
The stone statues diplayed as a proof of power in the
White Witch's courtyard serve as sculptural texts, each
frozen figure captured mid-gesture. The sculptural
principle operates in this narrative sequence on multi-
ple registers: aesthetically, these figures embody the
unsettling intersection of the animate and inanimate;
theologically, they represent souls in a state of spiritual
paralysis, unable to move toward salvation without ex-
ternal grace; and narratively, they constitute a visual ar-
gument about the nature of evil as fundamentally anti-
creative, capable only of freezing or copying the real

rather than generating new life. The White Witch's
power is essentially sculptural in the most sinister
sense, she shapes not through the artist's creative en-
gagement with material but through a trivialization of
the living to the condition of mere object. This inver-
sion of the artistic process highlights Lewis's deeper
concern with modernity's tendency toward reification,
toward treating persons as things. When Aslan's breath
reanimates these stone figures, the reversal acquires
profound ontological significance: breath (pneuma,
spirit) restores what cold enchantment had frozen, re-
capitulating the Genesis narrative where divine breath
transforms clay into living being. In this Narnian econ-
omy, the supreme artist is not the Witch who petrifies
but Aslan who breathes life into stone, reenacting the
creative gesture from Genesis and anticipating eschato-
logical resurrection.

1. Ars Spiritualis: Transcending Discursivity
Through Spatial Arts in Lewisian Aesthetics

The aesthetic coherence of the Lewisian fairy tale
is best understood through the mechanics of sculpture,
specifically in its treatment of volumetrics, materiality,
and the contrast between light and shadow. This ap-
proach recontextualizes the fairy tale within contempo-
rary aesthetic theories, demonstrating that Lewis cre-
ates a universe in which matter and spirit maintain con-
stant dialogue. [8] We have at our disposal a vast array
of myths that speak of statues coming to life, animated
statues that violate the rules of separation between the
realm of the imaginary and that of the real. Narnian
sculptures are already contaminated with a surplus of
reality, for life pulses within them, situating them be-
yond the boundaries of conventional mimesis.

Adina Nanu, an art historian researcher claims, in
her study dedicated to sculpture that a sculpture is
"composed of a multitude of images that connect with
each other, flow from one into another, succeeding each
other as in music variations on the same theme."[9] The
reader is thus invited to move among the statues that
make their appearance in The Lion, the Witch and the
Wardrobe at the speed and rhythm determined by the
director, the author himself. His intention is most likely
to discover the fullnesses (frozen gestures, expressions
fixed in stone), as well as the significant voids of ab-
sences, of voices reduced to silence, of the suspended
movements of the characters. Each statue in the stone
cortege constitutes a variation on the theme of transfor-
mation: fauns caught in mid-dance, lions stopped in
mid-leap, centaurs frozen with weapons raised. These
images "flow from one into another" as the children
traverse the castle's chambers. From a narrative per-
spective, the sculptures anticipate the drama of their
own liberation. Lewis orchestrates this sculptural suc-
cession with cinematographic precision: the reader's
gaze is guided from the intimate detail of a stone nose
to the terrifying panorama of the entire collection, Lu-
cy's steps on the cold stone of the interior courtyard
ringing hollow and stark, creating a rhythm that alter-
nates between proximity and distance, between empa-
thy and horror. [10]

Nanu's concept of "fullnesses and voids" becomes
especially productive when applied to the reanimation
scene. Aslan's breath not only fills the void of the stat-
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ues with life but reveals the ontological void that petri-
fication had created, the absence of sound, of warmth,
of relationship. The moment when stone becomes flesh
reconstitutes the musical flow interrupted by Jadis's
spell: the statues begin to breathe, to speak, to move,
resuming the variation at which they had been brutally
stopped. Thus, Lewis transforms the sculptural princi-
ple, traditionally associated with permanence, into a
dynamic narrative instrument, demonstrating that even
immobility can be eloquent, that even the silence of
stone can speak of the promise of resurrection. Conse-
quently, it is only natural that the characters erupt into
a frenetic dance upon their thawing.

Rather than mere victims, these statues serve as
petrified witnesses to courage, defiance, or tragic mis-
judgment. Their eventual restoration transcends physi-
cal liberation, offering instead an encounter with a
beauty so potent it transforms both the characters and
the reader. This dynamic reflects Lewis’s core argu-
ment in An Experiment in Criticism: authentic art does
not communicate about the transcendent but facilitates
access toward the transcendent.[11] The petrified crea-
tures in the Witch's castle are not mere symbols of sin
or spiritual death; they are concrete presences that so-
licit the reader's affective and ethical response, trans-
forming reading into an act of aesthetic participation.

2. Soteriological Dialectic: From Lex to Gratia

The physical and symbolic center of this dialectic
is the Stone Table, the supreme sculptural object of the
Narnian narrative, which functions simultaneously as
sacrificial altar, juridical monument, and ontological
threshold between Lex and Gratia. Upon this table is
inscribed the Deep Magic, the cosmic law of retributive
justice that demands blood for betrayal, ius talionis en-
graved in the very substance of the universe. The nar-
rative presents the Table with archaeological precision,
details building in the reader's mind a series of ques-
tions through "all manner of lines and odd-looking let-
ters which they did not understand."[12] The mystery
of the unknown alphabet adds a temporal dimension to
the sculpture; it occupies space and time of mythic na-
ture, being the bearer of a history that profiles itself be-
yond the narrative present. Within Narnian geography,
the Stone Table rises with the gravity of a cosmic altar,
its hilltop placement establishing a threshold between
earthly and heavenly domains. The graduated ascent,
from foothill to the Table's elevation, structures a pro-
gression calling for vertical engagement with narrative
space. The Stone Table's materiality, gray stone, carries
deliberate significance. Lewis selects stone precisely
because it encapsulates sculpture's essential paradox:
durability coupled with plasticity. Stone suggests per-
manence, yet remains susceptible to shaping; it conveys
rigidity, yet proves capable of artistic transfiguration.
The Stone Table embodies this dialectic in concen-
trated form: fixed immutably within Narnian topogra-
phy, it nevertheless experiences ultimate transfor-
mation through its splitting and renewal.

The Table's form, "a great grim slab of grey stone
supported on four upright stones"[13] with prehistoric
megalithic structures, links the Narnian world to hu-
manity's archetypal memory. This sculptural intertex-
tuality amplifies the Table's symbolic dimensions, es-
tablishing deep continuity with Narnia's historical and

metaphysical foundations a material embodiment of the
ancient moral order Aslan maintains and protects.

The Witch invokes the "Deep Magic," a law en-
graved on the Stone Table: any traitor, like Edmund,
must lose his life as her legitimate prey. Aslan offers
his own life for Edmund, enduring a night of solitary
sorrow like Christ in the Garden of Gethsemane (Geth-
semane" literally translates from the Hebrew/Aramaic
(Gath-Shmane) as "Oil Press," which provides a pow-
erful metaphor for the "crushing" weight of the Pas-
sion) and then a day of humiliation and death like the
Passion. [14] This progression from "Deep Magic" to
"Deeper Magic" crystallizes the fundamental tension
between retributive justice and saving mercy in Lewis-
ian theology: "there was a magic deeper still which she
did not know. Her knowledge goes back only to the
dawn of time. But if she could have looked a little fur-
ther back, into the stillness and the darkness before
Time dawned, she would have read there a different in-
cantation. She would have known that when a willing
victim who had committed no treachery was killed in a
traitor's stead, the Table would crack and Death itself
would start working backward."[15]

Unlike Druidic examples or even Isaac's sacrifice,
where the substitute is offered by others, Aslan volun-
teers as substitute. This benevolent offering eliminates
any suspicion of arbitrary divine violence; there is no
external divinity demanding blood, but rather the divine
principle itself assuming the cost of restoring moral or-
der. The Witch operates exclusively in the legalistic
register; she knows and invokes the principles that gov-
ern moral responsibility and the consequences of be-
trayal, but remains blind to the dimension that trans-
cends justice: sacrificial love. By aligning this 'night of
solitary sorrow' with the Gethsemane narrative, Lewis
moves beyond decorative allusion to reveal the vis-
ceral, human reality that underpins his theology of sac-
rifice. Aslan does not accept death with stoic detach-
ment but experiences anticipatory agony and spiritual
isolation, what Orthodox theology calls kenosis, the
self-emptying of divinity to assume the human condi-
tion in its totality, including suffering and death. The
concept of "Deeper Magic" goes beyond the simple op-
position between law and grace to suggest the existence
of a superior ontological principle that does not nullify
justice but fulfills it through transcendence.

The moment of the Stone Table's cracking marks
an extraordinary demonstration of Lewis's capacity to
transform death into creation. At the place where Aslan
is killed, the fissure in the table becomes the line of
force that organizes its entire expressiveness and sym-
bolism. Lewis revealed in a letter to Mrs. Mackey dated
June 8, 1960 [16], that indeed, when he referred to the
stone table, he alluded to Moses's stone tablets. The
confession in the letter to Mrs. Mackey confirms ex-
plicit intention: the Stone Table constitutes a deliberate
allusion to the tablets of Mosaic law. The table shatters
because the law has been fulfilled through sacrificial
love.

Conclusion

The sculptural analysis of The Lion, the Witch and
the Wardrobe reveals a Lewisian aesthetics profoundly
integrated with participatory theology, in which spatial
arts transcend their purely representational function to
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become vehicles of spiritual revelation. This aligns
with Lewis's conviction that the purpose of high art is
not to inform the audience about the transcendent, but
to facilitate an ontological bridge toward it.The petri-
fied statues in the White Witch's castle are concrete
presences that solicit the reader's affective and ethical
response, transforming reading into an act of aesthetic
participation.

The shattering of the Table and the metamorphosis
of stone into flesh mark the point where sculptural ri-
gidity yields to the fluidity of Grace, culminating in the
frenetic dance of reclaimed life. Thus, through the
prism of sculpture, Lewis demonstrates that authentic
art is a transformative force not a passive form that me-
diates the human encounter with the transcendent. Nar-
nia remains an open sculptural workshop, a space in
which the reader is invited to view the statues, to wit-
ness their transformation, to feel the breath that reani-
mates them, and to discover, in the shattering of the
Stone Table, the fragments of a world in which art and
grace collaborate in liberating the hidden form from the
raw matter of fallen existence.

References

1. Wittkower, Rudolf. Sculpture: Processes and
Principles. Thames & Hudson, 1977, p. 112-128

2. Summers, David. Michelangelo and the Lan-
guage of Art. Princeton University Press, 1981, pp.
245-267

3. Schakel, Peter J. Imagination and the Arts in
C.S. Lewis: Journeying to Narnia and Other Worlds.
University of Missouri Press, 2002

4. "The Elements and Principles of Three-Dimen-
sional Design." Teaching handout, Mrs Jardin's ART
Room, November 2014, https://rjardin.word-
press.com/wp-content/uploads/2014/11/elements-and-
principles-of-sculpture.pdf

5. Downing, David C. Into the Wardrobe: C.S.
Lewis and the Narnia Chronicles. Jossey-Bass, 2005

6. Edwards, Bruce L. Further Up and Further In:
Understanding C.S. Lewis's The Lion, the Witch and the
Wardrobe. Broadman & Holman, 2005

7. Lewis, C.S. The Allegory of Love: A Study in
Medieval Tradition. Oxford University Press, 1936; An
Experiment in Criticism. Cambridge University Press,
1961

8. Lewis, C.S., Despre lumea aceasta si despre
alte lumi (On stories), ed Humanitas, Bucuresti, 2011,
p. 240

9. Nanu, Adina. See? Visual Communication. Di-
dactica si Pedagogicd Publishing House, Bucharest,
Chapter on Three-Dimensional-Spatial Arts, 2nd edi-
tion, 2018, p. 107-135.

10. Lewis, C.S. The Lion, the Witch and the Ward-
robe. Grafton, 2002, p. 151.

11. Lewis, C.S. An Experiment in Criticism. Cam-
bridge University Press, 1961, pp. 88-94.

12., 13. Lewis, C.S. The Lion, the Witch and the
Wardrobe. Grafton, 2002, p. 115

14. The Bible Mathew chapter 26:36 n. 1 (New
King James Version)

15. Lewis, C.S. The Lion, the Witch and the Ward-
robe. Grafton, 2002, p. 148

16. Hooper, Walter. Past Watchful Dragons. Wipf
and Stock Publishers, 2007, p. 128.

17. Downing, David C. Into the Wardrobe: C.S.
Lewis and the Narnia Chronicles. Jossey-Bass, 2005.

18. Edwards, Bruce L. Further Up and Further In:
Understanding C.S. Lewis's The Lion, the Witch and the
Wardrobe. Broadman & Holman, 2005.

19. Ford, Paul F. Companion to Narnia. Revised
edition. HarperCollins, 2005.

20. Hooper, Walter. C.S. Lewis: A Companion and
Guide. HarperCollins, 1996.

21. Hooper, Walter. Past Watchful Dragons. Wipf
and Stock Publishers, 2007.

22. Lewis, C.S. The Allegory of Love: A Study in
Medieval Tradition. Oxford University Press, 1936.

23. Lewis, C.S. An Experiment in Criticism. Cam-
bridge University Press, 1961.

24. Lewis, C.S. The Lion, the Witch and the Ward-
robe. Geoffrey Bles, 1950.

25. Lewis, C.S. Mere Christianity. Geoffrey Bles,
1952.

26. Mac Cana, Proinsias. Celtic Mythology. Peter
Bedrick Books, 1991.

27. Markale, Jean. The Epics of Celtic Ireland: An-
cient Tales of Mystery and Magic. Inner Traditions,
2000.

28. Monaghan, Patricia. The Encyclopedia of
Celtic Mythology and Folklore. Facts on File, 2004.

29. Nanu, Adina. See? Visual Communication. Di-
dactica si Pedagogicd Publishing House, Bucharest,
2nd edition, 2018.

30. Schakel, Peter J. Imagination and the Arts in
C.S. Lewis: Journeying to Narnia and Other Worlds.
University of Missouri Press, 2002.

31. Summers, David. Michelangelo and the Lan-
guage of Art. Princeton University Press, 1981.

32. Ward, Michael. Planet Narnia: The Seven
Heavens in the Imagination of C.S. Lewis. Oxford Uni-
versity Press, 2008.

33. Wittkower, Rudolf. Sculpture: Processes and
Principles. Thames & Hudson, 1977.


https://rjardin.wordpress.com/wp-content/uploads/2014/11/elements-and-principles-of-sculpture.pdf
https://rjardin.wordpress.com/wp-content/uploads/2014/11/elements-and-principles-of-sculpture.pdf
https://rjardin.wordpress.com/wp-content/uploads/2014/11/elements-and-principles-of-sculpture.pdf

Nel04, 2026
Slovak international scientific journal

The journal has a certificate of registration at the International Centre in Paris — ISSN 5782-5319.
The frequency of publication — 12 times per year.

Reception of articles in the journal — on the daily basis.

The output of journal is monthly scheduled.

Languages: all articles are published in the language of writing by the author.

The format of the journal is A4, coated paper, matte laminated cover.

Articles published in the journal have the status of international publication.

The Editorial Board of the journal:
Editor in chief — Boleslav Motko (Bratislava) Slovakia
The secretary of the journal — Milica Kovacova (Bratislava) Slovakia

e Lucia Janicka — (Bratislava) Slovakia

e Stanislav Cerfidk — (Bratislava) Slovakia
e  Miroslav Vytisk — (Nitra) Slovakia

e Dusan Igaz — (Nitra) Slovakia

e  Terézia Mészarosova — (Banska Bystrica) Slovakia
e  Peter Masaryk — (Rzeszow) Poland

e Filip Kocisov — (Wroctaw) Poland

e  Andrej Bujalski — (Kosice) Slovakia

e Jaroslav Kovac — (Trnava) Slovakia

o Pawel Miklo — (Bratislava) Slovakia

e Jozef Molnar — (Bratislava) Slovakia

e Tomajko Milaslavski — (Nitra) Slovakia

e Natalia Jurkova — (Bratislava) Slovakia

e Jan Adamczyk — (Prague) Czech Republic
e Boris Belier — (Bratislava) Slovakia

e Stefan Fisan — (Bratislava) Slovakia

e Terézia Majercakova — (Wien) Austria

o  Ekaterina Semko (Kyiv) Ukraine

1000 copies
Slovak international scientific journal
Partizanska, 1248/2
Bratislava, Slovakia 811 03

email: info@sis-journal.com

site: http://sis-journal.com



mailto:info@sis-journal.com
http://sis-journal.com/

