N
N

Slovak international scientific journal

Ne100, 2025
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.

Avrticles 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 LuciaJanicka — (Bratislava) Slovakia

e Stanislav Ceriiak — (Bratislava) Slovakia
e  Miroslav Vytisk — (Nitra) Slovakia

e  Dusan Igaz — (Nitra) Slovakia

o  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

e 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

e 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/

CONTENT
EXPERIMENTAL PHYSICS

Biliaiev M., Kozachyna V., Kirichenko P.,
Biliaieva V., Popruha D.

STUDY OF THE PROCESS OF DUST CAPTURE BY A
DROP OF WATER ....uuiii ettt eeeevvene e e eeees 3

HISTORY OF ART

Seitova N., Tilesova G., Bokaeva G.
"SOCIO-POLITICAL PROCESSES AND THEIR INFLUENCE
ON THE ARTISTIC SPHERE OF CENTRAL ASIA IN THE
20TH CENTURY: IN THE CONTEXT OF THE CREATIVE

HERITAGE OF URAL TANSYKBAEV" ....occovviveieeeeeine 9
MATERIALS SCIENCE AND MECHANICS OF MACHINES
Nasirov N. Nasirov N.
MODELING AND MINIMIZATION OF TOOL WEAR IN SMART MANUFACTURING STRATEGIES FOR HIGH-
FIREARM BARREL MACHINING.....ccccvtvviiiieiceieennnes 12 PRECISION WEAPON BARREL PRODUCTION IN THE
DEFENSE INDUSTRY .cuiiiiiiie et 18
MATHEMATICS
Abbasov Z.
HEAT PROPAGATION iN ZERO BOUNDARY
CONDUCTION N DIMENSIONAL SPACE ......ccoeveeen.. 23
PHILOLOGY
Nematova S., Seyidli L.
HISTORY OF LIBRARY WORK IN NAKHCHIVAN .......... 29
PSYCHOLOGY

Ramazanova K.

THE IMPACT OF SETTING BOUNDARIES IN EARLY
CHILDHOOD ON THE DEVELOPMENT OF EMOTIONAL
INTELLIGENCE.......iiecteeeiee et etee et et et 34



Slovak international scientific journal # 100, (2025) 3

EXPERIMENTAL PHYSICS

JOCIIIKEHHSA IMPOLECY «3AXOIIJIEHHS» ITUJTY KPAIVIEIO BOJIA

binace M.M.

0.m.H., npogpecop,

kageopa «lidpaenika, so0onocmauants ma Qizuxay
Vrpainceruii deporcasnuii ynigepcumem HayKu i mexHono2ii
https://orcid.org/0000-0002-1531-7882

Kozauuna B.A.

K.M.H., OOyeHm,

Kageopa npupoOHUYO-HAYKOBUX MA 3A2AIbHOIHHCEHEPHUX OUCYUNTIIH
TOB «Texniunuti ynigepcumem « METIHBECT IIOJIITEXHIKA»
https://orcid.org/0000-0002-6894-5532

Kipiuenko I1.C.

K.M.H., O0yeHm,

Kageopa «Tennoeazoeo0onocmayanus, 80006i08e0eHHs | GeHMUNAYIAY
Kpusopizvruii Hayionanehuil ynisepcumem
https://orcid.org/0009-0007-4031-7693

binacea B.B.

0.m.H., npogecop,

Kagedpa «Enepeemuyni cucmemu ma eHepeOMeHeONCMEHM )
Yxpaincoruii oeporcasnuii ynieepcumem HayKu i mexHoao2iu
ORCID: https://orcid.org/0000-0003-2399-3124

Ilonpyza /I.B.

K.M.H., O0YeHm

Oexan b6ydigenvHo20 haxyrbmemy

Kpusopizvruii nayionanvnuil ynigepcumem

ORCID: https://orcid.org/0000-0001-7567-6484

STUDY OF THE PROCESS OF DUST CAPTURE BY A DROP OF WATER

Biliaiev M.

D. Sc. (Tech.), Prof.,

dep. «Hydraulics, Water Supply and Physics»

Ukrainian State University of Science and Technologies
ORCID: https://orcid.org/0000-0002-1531-7882

Kozachyna V.

Cand. Sc. (Tech.), Assoc. Prof.,

dep. «Natural Sciences and General Engineering Disciplines»
LLC “Technical University “METINVEST POLYTECHNIC”
ORCID: https://orcid.org/0000-0002-6894-5532

Kirichenko P.

Cand. Sc. (Tech.), Assoc. Prof.,

dep. «Heat, Gas, Water Supply, Water Drainage and Ventilation»
Kryvyi Rih National University

ORCID: https://orcid.org/0009-0007-4031-7693

Biliaieva V.

D. Sc. (Tech.), Prof.,

dep. «Energy Systems and Energy Management»

Ukrainian State University of Science and Technologies
ORCID: https.//orcid.org/0000-0003-2399-3124

Popruha D.

Cand. Sc. (Tech.), Assoc. Prof.,

Dean of Civil Engineering Faculty

Kryvyi Rih National University

ORCID: https://orcid.org/0000-0001-7567-6484

DOI: 10.5281/zen0d0.17392477

AHoTaNis

3HIKCHHS IIJIOBOTO 3a0pyAHEHHS MOBITPS B POOOYHX 30HAX € BAXKIMBOIO 33/1a4CH0 B TaTy31 OXOPOHU IpaIli
Ta ekoJoriuHoi Oe3neku. [TommpernM 3aco00M 3MEHIIICHHS MHJIOBOTO 3a0pyIHEHHS MOBITPS € IM0Ja4ya BOJAU B
MUIOBY XMapy. AJie U palliOHALHOTO MTOIABJICHHS MUY TOTPiOHO 3HATH 3aKOHOMIPHOCTI B3a€MOIIT «KParuis
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BoAM+TIHID. B poOOTI HaBeeHO pe3ysbTaTH €KCIIEPUMEHTAILHUX JOCHTIDKEHD 110 BU3HAYEHHIO MacH MUY, 10
«3aXOIUTI0E» Kparuisd BoAM Mpu pyci. Ha 0CHOBI MpoBeieHNX eKCIIepUMEHTIB OO0y I0BaHO eMITipudHi Moeni. Po-
3MIISTHYTO 1TOOYI0BY YMCEIbHOT MOJIEN JUIsl aHaUli3y PO3CIIOBaHHSI MIUTY Ta Kparneiab BOJIYU B HOBITPI.

Abstract

Reducing dust pollution in the air in work areas is an important task in the field of occupational health and
safety and environmental safety. A common means of reducing dust pollution in the air is to spray water into the
dust cloud. However, in order to suppress dust effectively, it is necessary to understand the patterns of interaction
between water droplets and dust. This paper presents the results of experimental studies to determine the mass of
dust “captured” by a water droplet in motion. Empirical models were constructed based on the experiments. The
construction of a numerical model for analyzing the dispersion of dust and water droplets in the air is considered.

KurouoBi ciioBa: niioBe 3a0pyIHEHHS MOBITPSI, B3a€MOIISI «KPAIUIS BOIMHIIAIDY, €KCIIEPUMEHT, MaTeMaTH-

YHA MOJIENIb MaCOIICPEHOCY.

Keywords: air pollution, «water dropl+dust» interaction, experiment, mathematical model of mass transfer.

Beryn

[TunoBe 3a0pyHEHHS poOOYMX 30H CTBOPIOE 3a-
rpo3y 3J0pOB’I0 IPAIiBHUKIB Ta MOTpeOye po3poOKH
e(eKTUBHUX METOIB 3HEMUIIOBAHHS HA PI3HUX ITi/II-
puemctBax [1, 4, 10]. Bizmomo, 1110 mogava BOIU B K-
JIOBY XMapy abo nuieid e 3aco00M, 10 MHUPOKO BHKO-
PHUCTOBYETBCA Il OOpOTHOM 3 MIIIOBHM 3a0pyTHEH-
HSIM TOBITPSI HA IPOMHUCIIOBUX MalgaHIMKax. Aje A
3a0e3medeHHs MOTPIOHNX YMOB Mparli HeOOXiqHO Hay-
KOBO OOTPpYHTOBAHO 3MiMCHIOBATH ITOJAa9y BOIHM B 00-
JacTe mmwioBoro 3abpyaHenHs. [Ipu po3poOrui peria-
MEHTY 1oJiaui BOJY AJIsl 3HETMIIIOBAHHS, SIK 0COOJIHMBO
Ba)XJIMBOT 3a/1a4i B TaiTy3i OXOPOHH Ipali Ta eKoJIoTiy-
HOT Oe3MeKH, BKpail BAXKJIMBUM aCIIEKTOM € BU3HAUCHHS
e(eKTUBHOCTI 10/1a4i BOAU B IMHUJIOBY XMapy 3 METOIO
3MEHILEHHS! KOHIEHTpalii mwiy B TOBITpi pobovoi
30HH. Binomo, 110 npuHIMNI 3HECHIIEHHS 0a3y€eThCsl Ha
«3axOIUICHHI» Kparuielo BoAu YacTok mwy. I1in edex-
TUBHICTIO PO3YMIETBCS KUTBKICTh (Maca) BYTLUIBHOTO
MY, IO MOKe OYyTH «3aXOIUIeHa» KParuielo BOH, 110
PYXa€eThHCS B IMMIJIOBOMY cepeoBuIli. BusHaueHHs ede-
KTUBHOCTI TAaKOTO «3aXOIUICHHS» NHWIOBUX YaCTOK €
Jy’K€ BOXJIUBHUM JUIsl pO3POOKH HAYKOBO-OOTPYHTOBA-
HOI CTpaTerii 3HeUITIOBaHHS.

Ciix 3a3HAYUTH, IO MOCTIDKCHHS I[OTO IPO-
1ecy, 30KpemMa, 3 METOI BU3HAYCHHS KUIBKICTI (Macn)
TIHJTY, 1110 MOYKE 3aXOIMHUTH KPaIuisi BOJH, € JIOCUTb CKJIa-

JHUM JOCII/DKCHHSIM. [CHYIOTH HAaIiBEMITIPUYHI MO-
JeTl IS pillieHHs! TaHol 3a1a4i. AHai3 JliTepaTypHuX
moxepen [1-3, 5-8] mokasas, 1110 pO3BUTOK TEOPETHUHHUX
METO/IIB JOCII/PKCHHSI 3aJIUINAETHCS BaXKIIMBOKO 3aj1a-
YCI0 B JIaHii 001acTi.
Mera

ExcniepuMmenTanbHe OOCHTIIKEHHS €QEeKTHBHOCTI
«3aXOIUICHHSD) KPAIICI0 BOAX MY Ta po3poOKa Jmce-
JBHOT MOJIENI MacOTIEPEHOCY IIUTY Ta Kparellb BOAH B
TOBITPI.

MeTtoauka

JIis OLiHIOBAHHSI MPOIIECY «3aXOIUICHHS» Kparl-
JICFO BOJTH BUKOPUCTOBYBABCS METOI (Pi3UUHOTO SKCIIe-
pumMeHTy. Jlns MonenmoBaHHS IpOLECy pPO3MOBCIO-
JDKEHHST Kpariesib BOJM Ta IMWIY B TOBITPi MO0y 10BaHO
2D yucesbHI MOJIEI MaCOIEPEHOCY.

ExcnepumenTtaibHi gociimkenHsa. Posriana-
€TBCS TIPOLIEC CKOYYBAHHS KPAIUTi BOAM IO IUTACTHHI
(Matepial mIacTHHH — MIHOIUIACT, HE3MOUYyBaHa MIOBE-
PXHS) Ha SIKi € YaCTKH BYTLUTBHOTO TIUTy. Maca mwity
Ha tactuHi 0,5 T po3monuIsiacs Ha IUIONIWHI Y BH-
TSI IPSAMOKYTHHKA po3Mipamu 7cM*5Scum . Ha mmac-

THHY IOAaBajach Kpamwis BOIY, SKa CKOYyBaJlach MO
iactuHi (puc. 1) Ta nomajgana y €eMHiCTbh, 110 PO3Ta-
IIOBaHA MiJ| IUIACTHHOW (TUIACTHHA PO3TallOBaHa ITi[
kyroM 60°). [lanmi mpoBOIMIIOCH BUMIPIOBAHHS MacH
i€l Kparii, 10 MicTHIa BYTUIbHUE MU Ha CBOTH 1O-
BEPXHI.

Puc. 1. Cxema ckouysanns kanii 600u no n0GepxHi, ujo 3a0pyoOHeHa 8yeiLiiam

EKcriepuMeHT NpPOBOIUBCS Ul TPHOX CEPEIHIX
3HadeHb MacH kparuti Boau: 0,05 ;0,07 1; 0,1 T (puc.2).
JloBXMHA UIAXY CKOYYBaHHS Kparuli BOJIU CKIla-
mana 1,5 cM Bix KiHOA MacTUHU («KOPOTKHN IUIAX
pyxy) Ta 6 cM Bia KiHIM IUTACTHHU («TOBTHI» ILIAX

pyxy). Pi3HMI mUIIX CKOYyBaHHS BCTaHOBJIIOBABCS 3
METOI0 BH3HAYUTH, UM TOTPiOCH «3HAYHMI» dYac Ha
«TIPHUKPITUICHHS» 9aCTOK MIJIY J0 Kparuli Ta 9u JIiMiTo-
BaHa Maca ITUITY, 0 MOke OyTH «3aXOIIEHa» KPAIUIeIo
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Boau (pwuc.3). 3milicHIOBayacs Bigeo3iOMKa Iporecy,
1[0 MOJIEIFOBABCA.

Puc. 3. «Kpanasa 6oou+eyzinenutl nuny Ha no8epxui NAACMUHI:
1 — kpanns, 2 — nosepxui 3 8y2iNbHUM HULOM

ITpoBeneni nocmipKeHHS TTOKa3all HAaCcTyITHE:

1. 3axoIuleHHsI Kparuielo BOJW BYTUIBHOTO ITHITY
BiZIOyBA€THCS, IPAKTHYHO, KMUTTEBOY», TaK K HEe OYyJI0
Ppi3HHII B Maci ByTiJIbHOTO MIITY, IO «3aXOIUIEHa» MPU
KOPOTKOMY «UUISAXY» Kpami abo npu J0Bromy
«uusIXy» Kparwi. Yac pyXy Ha «KOpPOTKOMY» LUIXY
JIOPIBHIOBAB, B cepeaHboMy, tmax=0,3 ¢. TobOTo, micis
0,3 ¢ mpUNUHAETHCS «3aXOIUICHH» MITy. TakuMm 4u-
HOM, IIPH MIPAKTUYHHUX PO3PaXyHKaX MOXKHA IPUHHSITH,
o npoTsarom 0,3 ¢ Kparis «3aX0IUTI0e» MaKCUMaIbHO
MO>KJIUBY Macy BYTUIBHOTO THITY.

2. CepenHe 3Ha4E€HHS MacH BYTUILHOTO MHITY, IO
«3axOIUICHE» KPaIUIeIo BOAN TaKe:

- 0,01 r muy, npu Maci kparwt 0,05 T (Tobto 17
% Bin Macu Kparuti);

- 0,013 r muny, npu Maci kparti 0,07 r (to6To 18
% BiI MacH Kparuti);

- 0,02 r muty, npu Maci kparii 0,1 r (to6to 19 %
BiJl MacH Kparuti).

B cepeanboMy, MOxHa npuiMaTH, WO Kparuist
BOJIM 3aXOIUTIOE KUIBKICTh MUY, IO BIAIIOBia€ NpHO-
m3HO 18 % macu kparuti. lani, mpu moOynoBi Mmarema-
THUYHOT MOJIEJIi JAHOTO MTPoIIecy, Oyie BAKOPUCTOBYBa-
THUCSI [Ie 3HAYCHHS Y AOJIAX oguHUI, To0TO «0,18%». Ile
3HA4YEHHS BUKOPHCTOBY€EThCA Jalli I TOOYA0BY MaTe-

MaTugHOi Mozeni (1). TakuMm YnHOM, eKCIIepUMEHTATb-
HUM [UIIXOM IITBEPIDKEHO po0Oody TrimoTes3a, IIo
OyJia BUCYHYyTA.

MoskHa faTH Take TMOSCHEHHST OTPHUMaHUM eKCITe-
PUMEHTAIBHUM JaHUM: KUIBKICTh BYTUIBHOTO MUY,
[0 «3aXOIUTIOE» KpaIuls BOJH, MPOMOPIiiHA IUIOMI
TOBEPXHI Kparuti: 31 30UIbLIEHHSIM Macu Kparwii 3011b-
LIYEThCS MJI0IA 11 TOBEPXHi, a 3HAYUTh 301IbLIYETHCS
MOBEPXHSI KOHTAKTY Kparuli 3 4aCTKaMH ITHITY.

SIk1110 NpUMHATH, 110 MPOLIEC «3aXOTUICHHS MUY
BiIOYBa€ETHCS 3a JTIHIHHOIO 3aJIC)KHICTIO, TO MOXKHA, Ha
OCHOBI OTpHMaHHX SKCIEPUMCHTANBHUX JaHHUX, OTPHU-
MaTH EMITIpHYHY MOJENb, IO IO3BOJSIE BH3HAYATH
Macy MUY, MO0 «3aXOIUTIOE» Kparlisi BOIU 32 Jac t.
Moiens Ma€ BUTIIS:

KM,
t

max

Q.(t)= @

ne My — maca kparuti Boau, r; k=0,18 — emmipuy-
HUH KOE(DILIEHT, IO BPaxOBYE MOXIHMBICTH Kparuii
«3axonuti» ByrinpHui i, Q¢(t) — maca muny, o
«3aXOIUTIOE» Kparuist BOAM 3a 4ac t (MiHIMaNbHE 3HA-
YeHHsI 1IbOro napamerpy «0», MakCHMalbHe 3HaYeHHS
nporo mapamerpy tmax=0,3 c).
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MoskHa Tako>XK HaBECTH 1HIIWKM BUTIISAA eMITipUY-
HOI MOJIEI, a came:

M.(t)=k-M,-(0,3-t)a @
ne M. — maca muny; t —ac, ¢; o = k-M,
tmaX

3MidCHIMO MAaTEeMAaTHUYHUI aHali3 MO0YIOBaHOI
emmipu4HOi Mozeni (2) Ha ocHOBI Teopii rpaHuLb. s
I[bOT'0 3HAWIEMO TPAHUIIIO TaHOT 3aIeXXHOCTI IpH t—0.
Maemo:

lim(k-M,, = (03-t)a) =k-M,, - (0.3 1,

lim(k-M, - (03-t)a) =k-M, ~0.3-a =

k-M, SKM,
0.3

3)

=k-M =k-M,,

,—03

max

Takum umHOM, mpu t—0 Maca nuiy, MO «3aXO0I-
Jroe» Kparuist Boaw, popisHioe 0. Lle 3HaueHHS Bimmo-
Bizae (hi3uIli mporecy, Mo MOJCTIOETHCS.

3 iHmoro 00Ky, pO3TIITHEMO I'PaHHIIIO 3aJISKHOCTI
(2) mpu t—tmax, TOOTO iHIIMI KpaifHili Bumamox. Ma-
€MO:

Ja =
)

=k-M,-(0,3-0,3)a=k-M,

Sk Moxna Gauutu 3 (4), npu t—tma OTpUMaHe
3HaueHHss KMy TOpiBHIOE MaKCHMAaIbHIN Maci ByTifb-
HOTO MUITY, 1110 MOXE «3aXOIMUTH» KPaIllsi BOAU 32 yac
tmax=0,3 c. Lle 3HaueHHS TaKOX BiATOBinae (izmii mpo-
ecy, IO MOJCTIOEThCA. TakuM YHHOM, MaTeMaThd-
HUH aHaJi3 OTPUMAaHOI eMIIpUIHOI MOZIEIi, Ha OCHOBI

s ous as_af ) @
o X oy ox

X ox

e S — KoHIeHTpalis muiy (Kpamenb Bogau); t —
yac; U, V — KOMIOHEHTH BEKTOpa IIBUAKOCTI MOBITpS-
HOTO TIOTOKY; iy, y — KOe(illieHTH TypOyJICHTHOI -
¢y3ii; Qsi — iHTCeHCHBHICTH eMmicii muy (emicis Bif
ITa0eII0 BYTJUIs, BUKHI ATy IPH PO3BaHTAXKyBaJlb-
HUX po0OoTax Tomo) abo iIHTEHCUBHICTH eMicii Kpareib
BOJIH;
o(x—Xi)o(y-Yi) — nenbra-dyukuis dipaxa; Xi, Yi — KOop-
JIMHATH PO3TalllyBaHHs IKepesia eMicii.

KpaiioBi yMOBH [UIsl pIBHSHHSI MacOIIEpEHOCY pO-
3rsHyTH [1, 2].

J1nst YMcenbHOTo HTEerpyBaHHs PiBHIHHS (5) 31ii-
CHIOETBCS H0T0 (Pi3MYHE PO3LICTUICHHS:

ay”yay

Teopii rpaHMIb, MATBEPIDKYE KOPEKTHICTh MOOYI0Ba-
HOi Mofeni (2).

Mogaeans Mmaconepenocy. /[ MoaentoBaHHs Mpo-
LIeCiB EPEHOCY NIy Ta Kparielb BOAU B OBITPi BHKO-
PHCTOBYEThCS PIBHSHHS MacOIIEPEHOCY.

ZQS|

i=1

X=%)5(Y-Yi). 6

88 auS
8t 6x ax

a5 (9VS 0
a EY (’By
@ n

p _EQSi (t)o(x-

Jlnst urcenbHOTO pO3B’si3aHHs PiBHSIHHS (6) 3aCTO-
COBYETBbCS TaKka JIBOKPOKOBA 3MIHHO-TPHKYTHAa CXeMma
po3ieruieHHs [2]:

— Ha TePUIOMY KpOIIi:

0 0S

o
&
Y oy

(6)

(")

X)(y—VYi)-®

1
+ n+ + n+=
S.n.+7 =S" _ At UMJ—S” — ui,jSi—l,zj n
1] ij Ax |
n+1 n+£ ’
=512+ 545 =S +S, .
+At 1] i-1,j + At ij i+1,j
oAk SN

— Ha IPyTOMY KpOIIi:
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- n+l - ¢on+l
ui+1,'S _ui,jSi,j

i+1,j
J J +

AX

n+1 n+1
_Si,j + Si+1,j

nel
St =8 2 - At
Hy A2
N u+:u+|u|’u__u—|u|
2 2

Jns aucenpHOTO POo3B’sI3Ky piBHSHHA (7) 3acTOCO-
BYETBCSI TaKa JIBOKPOKOBA 3MIHHO-TPUKYTHA CXEMa PO3-
HIeTyIeHHs [2]:

+ At
H 2AX?

— Ha TIepUIoMy KpOTIi:

1 1
1 n+= b A
52 = - arturadu” NS
] , Ay
NER |
-S. . 2+S. . -S" +S"
+At i,] i,j-1 +At i,] 1,j+1
’Lly 2A 2 /'ty 2Ay2
— Ha IPyTOMY KpOIIi:
- +1 - +1
Sinj+1 _ Si”;; _ At Vi,j+1sir,]j+1 _Vi,jsir,]j n
’ 1 Ay
A '
=S . 2+8S. . R
i,j i,j-1 i,]j i,j+1
+At,uy 2 + Atﬂy Tyz
V+I|V -
v vl
2 2

J171st uMceNbHOTO IHTErpyBaHHs piBHAHHS (8) BUKO-
pHcTOBY€eThCst MeTo 1 Eliniepa. 3iiCHEHO KOMIT FOTEPHY
peadizarlis moOyJ0BaHOI YHCEIFHOT MOIETI.
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The article examines the socio-political processes of the 20th century that influenced the development of fine

art in Central Asia.

Particular attention is paid to Soviet cultural policy, the formation of the art education system, the establish-
ment of socialist realism as an official method, as well as the role of urbanization and industrialization in the

transformation of the artistic sphere.

The analysis focuses on the creative legacy of Ural Tansykbaev, one of the leading representatives of the fine
arts of Uzbekistan, whose formation and artistic path are closely linked to the aforementioned processes.
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Introduction

The fine arts of Central Asia in the 20th century
were formed in a dynamic and largely conflictual field
of socio-political transformations initiated by the So-
viet government. These transformations affected insti-
tutional (the creation of art schools, museums, exhibi-
tion venues), ideological (the standardization of artistic
language within the framework of socialist realism) and
socio-cultural (urbanization, industrialization, cultural
unification and the construction of “national forms™)
dimensions of artistic life.

One of the most prominent representatives of the
region’s artistic scene was Ural Tansykbaev (1904—
1974), whose work embodied a synthesis of national-
local traditions and new aesthetic principles dictated by
the times.

His professional biography - from studying in stu-
dios in Tashkent and Penza to participation in union ex-
hibitions and institutional recognition - is indicative of
the understanding of the “Soviet project” in the art of
Central Asia, which, while remaining ideologically mo-
tivated, allowed for the variability of local artistic solu-
tions [1].

In this article, based on domestic and foreign re-
search, we examine the key areas of influence of
macro-processes on the artistic sphere of the region and
relate them to the creative legacy of U. Tansykbaev.

Historiographic review and methodology

The historiography of the issue consists of sev-
eral complementary arrays.

Firstly, this is the Soviet and post-Soviet art his-
tory tradition, where the central place is occupied by the

descriptive and biographical school (M.S. Kagan, I.I.
Martynenko, V.I. Maltsev, Sh. Nazarov, etc.).

These works record institutional history, key mile-
stones in artistic policy and creative biographies of art-
ists.

Secondly, there is an increasingly visible body of
foreign research examining Soviet cultural policy in
Central Asia in terms of the “spectacular state,” mod-
ernization utopias, and urban transformations (L. Ad-
ams, P. Stronski, S. Reed, A. Abikaeva-Tiesenhausen,
and others) [2].

Finally, a separate direction is made up of interdis-
ciplinary studies of social realism as a mode of repre-
sentation, production and mediation of images (M.K.
Brown, S. Reed).

Methodologically, the article relies on institutional
analysis, iconology and a contextual approach that
combines the consideration of artistic form with the re-
construction of the social conditions of its production.

Soviet cultural policy and the tasks of art

In the 1920s and 1930s, an active policy of cultural
construction was launched in Central Asia, aimed at
forming a “new Soviet man”. Art was seen as a means
of ideological education, which led to tighter control
over the artistic process, centralization of management
structures, and canonization of images of labor, indus-
try, and friendship between peoples.Since 1934, social-
ist realism has been established as the official method,
requiring “a truthful, historically concrete depiction of
reality in its revolutionary development” [3]. Foreign
studies clarify the mechanisms of symbolic politics: as
L. Adams notes, “a spectacular state is one where, more
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than in most countries, politics is conducted at a sym-
bolic level.” This focus on “spectacularity” (mass cele-
brations, exhibitions, representative ensembles) di-
rectly influenced artistic assignments, setting a hierar-
chy of genres and thematic priorities.

Creation of a system of art education and pro-
fessionalization

The key factor in the institutionalization of the ar-
tistic environment of Central Asia was the network of
studios, schools and institutes of arts in the cities of
Tashkent, Frunze and Alma-Ata, which developed in
the 1920s and 1930slt ensured the training of national
personnel and their inclusion in the all-Union profes-
sional community through unified programs, traveling
exhibitions and creative missions.

In the example of U. Tansykbaev, we observe a
typical trajectory: classes in Tashkent studios with mas-
ters of the Russian school, training at the Penza Art
School, participation in exhibition activities starting in
the late 1920s [4].

It was the educational infrastructure that became
the channel for the transit of aesthetic models (from the
late Itinerants to Post-Impressionism), which the artist
creatively reworked, adapting to local subjects and
color schemes.

Ideological canons and practice of socialist re-
alism

Socialist realism functioned not only as a stylistic
norm, but also as a set of institutions—commissions,
committees, exhibitions, expert assessments, criti-
cism—regulating the production and circulation of im-
ages.S. Reed shows that the criteria of socialist realism
were determined through the “feedback” of practices,
where the success of specific decisions was institution-
ally reinforced and reproduced as a norm [5].

This logic was particularly evident in the large ex-
hibition projects of the mid-1930s.For Central Asian
artists, it meant, on the one hand, the need for thematic
mobilization (industry, collectivization, “friendship of
peoples™), and on the other, it opened up a space for
national imagery in line with the formula “national in
form, socialist in content.”

The creative language of U. Tansykbaev — a gen-
eralized form, rich color, an emphasis on epic pano-
rama — demonstrates precisely this model of corre-
spondence, where the local landscape and ethnographic
motifs are integrated into the optimistic narrative of
modernization [6].

Urbanization, industrialization and the trans-
formation of visual experience

The 20th century brought large-scale urban and in-
frastructural changes to Central Asia: the formation of
industrial hubs, railway arteries, and new public spaces
P. Stronski, analyzing Tashkent in the 1930s—-1960s,
shows that the image of the “union showcase of the
East” was created through targeted urban planning pro-
gramming, the culmination of which was the post-war
reconstruction and especially the transformations after
the 1966 earthquake [7].

As the researcher emphasizes, "the official press
also exposed a great deal of information on the difficul-
ties that the state encountered in forging this socialist
city", which sheds light on the contradictory nature of
the modernization project. In the artistic system, this

generated a demand for new urban and industrial mo-
tifs, for the representation of infrastructural "moder-
nity".

Tansykbaev’s landscape, while preserving the po-
etics of open spaces, gradually includes signs of urban-
ization, but interprets them in the context of harmoniz-
ing man and nature, which allowed him to go beyond
the limits of straightforward officialdom [8].

National and universal in the aesthetics of Ural
Tansykbaev

The creative system of U. Tansykbaev is formed
at the intersection of three lines: (1) local-national im-
agery (the color of Central Asia, motifs of nomadic cul-
ture, architectural silhouettes), (2) principles of compo-
sition and drawing learned in academic school, (3)
modernist sensitivity to color and plane, actualized by
post-impressionist experience [9].The coloristic rich-
ness and decorativeness of the early period, noted by
researchers, evolves into a large generalized form of the
1950s-1960s, where the landscape becomes the bearer
of the value meanings of the socialist era.The rethink-
ing of the genre hierarchy - the shift in emphasis from
the multi-figure genre scene to the epic landscape - is
consistent with S. Reed's observation that the leading
position in the "pantheon” of socialist realism was
taken by the picture of action and history, while the
"quiet genre" remained marginal for a long time. At the
same time, Tansykbaev’s landscape acquires the quali-
ties of a “grand style”, acting as a space of collective
memory and a utopian future.

"The Thaw", artistic shifts and late Tan-
sykbaev

The period of the 1950s and 1960s, associated
with de-Stalinization and the liberalization of cultural
policy, marked important shifts in visual language: the
range of motifs expanded, didactic rhetoric weakened,
and the position of regional schools strengthened. Dur-
ing this same period, Tansykbaev achieved high insti-
tutional recognition (People’s Artist of the USSR,
member of the USSR Academy of Arts), and his land-
scape formula received international confirmation (sil-
ver medal at the World Exhibition in Brussels, 1958)
[10].

These factors secure the artist’s status as a classic
of the Uzbek school, whose legacy is becoming an im-
portant resource for the region’s contemporary museum
and exhibition narrative (memorial museums, retro-
spectives, restoration programs).

Case observations: themes, motives, techniques

Without going into the attribution specifics of in-
dividual works, we will outline the typologically stable
features of his language.

Firstly, the “high horizon” and panoramic compo-
sition allow us to create epic images of the steppe and
mountain ranges;

secondly, the active role of local color (ocher, ul-
tramarine, deep green), setting the emotional tone;

thirdly, the combination of an architectural motif
with a natural massif as a visual formula for the har-
mony of tradition and modernization.

In the 1950s and 1960s, this formula stabilized,
turning into a recognizable “signature” of the master,
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simultaneously corresponding to the ideological de-
mand for optimism and preserving individual poetics
[11].

Institutional biography and canonization

U. Tansykbaev’s institutional career reflects the
mechanisms of the Soviet system of artistic titles and
exhibition policy: membership in the Union of Artists
of Uzbekistan since the early 1930s, election to the
USSR Academy of Arts, award of the title of People's
Artist of the USSR (1963) [12]. The master’s works
were exhibited in leading collections (State Tretyakov
Gallery, State Museum of Historical Art) and regional
museums, and a house-museum of the artist was cre-
ated in Tashkent as an element of memorialization and
regional cultural policy.

In foreign discourse, Tansykbaev is considered a
key figure in the Uzbek landscape, through which the
evolution of the “national” can be traced in the context
of Soviet modernization [13].

Synthesis: macroprocesses and individual poet-
ics

The socio-political vectors considered — cultural
policy, institutional professionalization, urbanization
and ideological canons — are not limited to external
frameworks, but are part of the fabric of artistic lan-
guage.

Tansykbaev's contribution to the region's art lies
not only in creating iconic images of Uzbekistan, but
also in demonstrating how the "national™ can become
the universal language of Soviet modernism.

This experience is particularly relevant for con-
temporary studies of post-Soviet art in Central Asia,
where the revision of the Soviet legacy continues —
from museum exhibition policy to current artistic prac-
tices [14].

Conclusion

The socio-political processes of the 20th century —
Soviet cultural policy, the institutionalization of art ed-
ucation, the establishment of socialist realism and ur-
ban transformations — played a key role in the formation
of the artistic sphere of Central Asia.

The creative biography and artistic language of
Ural Tansykbaev allow us to see how these processes
were integrated into the practice of the regional school,
generating models that simultaneously meet ideologi-
cal expectations and preserve local identity.

The use of foreign literature (L. Adams, P.
Stronski, S. Reed, etc.) complements the domestic per-
spective, moving the conversation from the plane of the
normative history of style to the plane of analysis of in-
stitutions, urban scenarios, and modes of representa-
tion.

It is at this intersection — between politics, the city
and artistic form — that the uniqueness of 20th-century
Central Asian art emerges, of which Ural Tansykbaev
was a prominent representative [15].
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Abstract

Tool wear during the machining of firearm barrels represents one of the most critical challenges in ensuring
dimensional accuracy, surface integrity, and overall manufacturing efficiency [1]. The high strength and low ther-
mal conductivity of AISI 4340 steel, a material commonly used in barrel production, accelerate the wear rate of
cutting tools due to severe thermal and tribological conditions at the tool-workpiece interface. This study investi-
gates tool wear mechanisms, including abrasion, adhesion, diffusion, and thermal fatigue, by integrating both
mechanistic and data-driven approaches. Classical models such as Taylor’s tool life equation, Archard’s wear law,
and Usui’s diffusion-based formulation were initially employed to establish a theoretical framework [2]. Experi-
mental trials conducted under controlled cutting conditions revealed discrepancies of 15-20% between predicted
and observed tool life, highlighting the limitations of purely mechanistic approaches. To overcome this, a hybrid
framework combining physics-informed machine learning (PIML) with multisensor data (cutting forces, acoustic
emission, vibration, and temperature) was developed. The proposed model achieved higher prediction accuracy
(RMSE = 0.04 mm) compared to conventional ANN models (RMSE = 0.07 mm). In addition, multi-objective
optimization using NSGA-11 demonstrated that balanced cutting parameters can simultaneously improve tool life
by 30%, enhance material removal rate by 20%, and reduce energy consumption by 12%. The findings provide a
methodological framework for predictive tool wear modeling and minimization in barrel machining, offering prac-
tical guidelines for extending tool life, improving surface finish, and reducing production costs in the defense

industry.

Keywords: Barrels, machining, optimization, surface roughness, emission.

Introduction. The manufacturing of firearm bar-
rels is among the most demanding operations in modern
defense industries, requiring extreme dimensional ac-
curacy, excellent surface integrity, and consistency in
production [3]. The internal geometry of a barrel di-
rectly influences ballistic stability, accuracy, and long-
term reliability. Even minor deviations in surface qual-
ity or dimensional precision can compromise the
weapon’s performance [4]. Therefore, the prediction
and minimization of cutting tool wear during barrel ma-
chining have become critical research priorities.

In machining operations, tool wear is typically
governed by four primary mechanisms: abrasion, adhe-
sion, diffusion, and thermal fatigue. Early studies relied
on classical approaches such as Taylor’s tool life equa-
tion (V,T™ = C) to estimate tool life [5]. These models
are easy to use and provide valuable guidelines for se-
lecting cutting parameters. However, they often fail to
account for complex thermo-mechanical interactions
occurring in high-strength alloys. Similarly, Archard’s
wear law explains wear as a function of contact pres-
sure, sliding velocity, and hardness, whereas Usui’s dif-
fusion-based formulation incorporates chemical and
thermal effects. While these models offer physical in-
terpretability, their predictive accuracy decreases sig-
nificantly in hard-to-machine materials like AISI 4340,
where elevated cutting temperatures accelerate tool
degradation [6].

Our preliminary experiments revealed that the dis-
crepancy between theoretical predictions and actual ob-
servations can be substantial. For example, under a cut-
ting speed of 95 m/min, feed of 0.08 mm/rev, and depth
of cut of 0.4 mm, flank wear reached the critical thresh-
old (VB = 0.3 mm) after approximately 12 minutes.
Taylor’s model, however, predicted tool failure closer
to 14 minutes, representing an error margin of nearly
18%. At higher cutting speeds (140 m/min), flank wear
reached the critical limit in just 7-8 minutes, while at
lower speeds (50 m/min), tool life exceeded 20 minutes
but at the expense of productivity. These findings
demonstrate that purely mechanistic models cannot
capture the non-linear dynamics of wear progression.

Surface quality analysis further highlighted the
importance of wear control. Up to VB = 0.2 mm, the
surface roughness remained relatively stable (Ra = 0.7
pm). Beyond this threshold, Ra values rapidly in-
creased, reaching 1.2 pm, which exceeded the accepta-
ble limit for maintaining ballistic stability. Optical mi-
croscopy and SEM observations of worn tools con-
firmed the presence of diffusion wear marks, adhesion
layers, and micro-cracks, especially in dry cutting con-
ditions. Coated tools performed significantly better:
TiN-coated carbide inserts exhibited approximately 1.6
times longer tool life than uncoated tools, while TiAIN
coatings provided superior thermal resistance but occa-
sionally worsened surface roughness due to built-up
edge formation [7]. These results align with earlier
findings by Twardowski et al. (2019) and Si et al.
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(2024), though some variations were noted, likely due
to differences in cutting environments and workpiece
microstructure [8].

Real-time monitoring using multisensor systems
provided additional insights into wear progression.
Cutting forces increased by 18-22% as flank wear ap-
proached its critical value. Acoustic emission (AE) sig-
nals exhibited sharp RMS rises in the final wear stages,
while vibration spectra indicated intensified harmonic
content [9]. These observations suggest that multisen-
sor-based monitoring can serve as a reliable diagnostic
tool for early detection of tool wear.

Although data-driven methods such as artificial
neural networks (ANNSs) and deep learning models
have shown strong potential in predicting tool wear,
they often require large datasets and lack physical in-
terpretability [10]. To overcome these limitations, re-
cent studies have proposed physics-informed machine
learning (PIML), which integrates mechanistic
knowledge into data-driven models. In our experi-
ments, a hybrid PIML approach reduced the prediction
error to RMSE = 0.04 mm compared to RMSE = 0.07
mm for conventional ANN models. This improvement
demonstrates that combining mechanistic models with
sensor-driven machine learning enhances both accu-
racy and reliability.

In summary, existing literature provides valuable
insights but also reveals important gaps. Mechanistic
models are interpretable but limited in accuracy, FEM
simulations provide detailed thermo-mechanical in-
sights but are computationally heavy, and purely data-
driven models achieve high accuracy but lack general-
ization across varying conditions [11]. The present
study aims to address these shortcomings by develop-
ing a hybrid framework that combines mechanistic
modeling, multisensor experimental data, and physics-
informed machine learning. Furthermore, multi-objec-
tive optimization is incorporated to balance tool life,
surface finish, productivity, and energy efficiency. This
integrated methodology is intended not only to advance
theoretical understanding of tool wear but also to pro-
vide practical guidelines for barrel manufacturing in the
defense sector.

Literature Review. Tool wear has been exten-
sively studied for decades, and a wide spectrum of ap-
proaches has been developed to model and predict its
progression [12]. Classical mechanistic models, such as
Taylor’s tool life equation, have historically provided a
simple yet practical basis for estimating tool life under
different cutting speeds. Their primary strength lies in
ease of use and direct applicability in industrial envi-
ronments. However, these models neglect critical pro-
cess parameters such as feed, depth of cut, and temper-
ature distribution, which makes them insufficient for
hard-to-machine alloys like AISI 4340 steel (Taylor,
1907).

Archard’s wear law improved upon this by intro-
ducing tribological considerations—contact pressure,
sliding velocity, and workpiece hardness—as determi-
nants of wear rate (Archard, 1953) [13]. While this
model is physically meaningful and interpretable, it
cannot capture the complex thermo-mechanical condi-
tions at the cutting zone, especially diffusion-driven

wear at elevated temperatures. Similarly, Usui’s diffu-
sion-based model (Usui et al., 1984) provided a more
comprehensive framework by including chemical and
thermal effects [14]. Nevertheless, these models de-
pend heavily on experimental calibration and still fall
short in handling highly non-linear wear progression.

Finite element modeling (FEM) has been em-
ployed to simulate the thermo-mechanical environment
of cutting processes and to predict wear progression un-
der different conditions [15]. FEM-based studies offer
detailed insights into stress, strain, and temperature dis-
tributions, and their main advantage is their adherence
to physical laws. However, their computational cost is
prohibitively high, making them impractical for real-
time monitoring and control in industrial settings [16].

In recent years, data-driven methods have
emerged as a promising alternative [17]. Neural net-
works and deep learning architectures, such as convo-
lutional neural networks (CNNs) and recurrent neural
networks (RNNSs), have been successfully applied to
predict tool wear from multisensor signals, including
cutting forces, acoustic emission, vibration, and tem-
perature. Studies have shown that these models can
achieve high predictive accuracy and adapt well to non-
linear patterns [18]. The drawback, however, is their
dependence on large datasets, limited interpretability,
and poor generalization when applied to new machin-
ing conditions.

To address these issues, physics-informed ma-
chine learning (PIML) has recently gained traction.
This approach incorporates mechanistic knowledge—
such as energy balance equations, diffusion laws, and
tribological principles—into machine learning models,
either as constraints or as part of the loss function.
Zhang et al. (2024) emphasized that PIML significantly
improves model robustness in data-scarce conditions
while maintaining consistency with physical principles
[19]. Nevertheless, PIML frameworks are often com-
plex to design and require careful selection of relevant
physics-based constraints.

Material-specific studies on AISI 4340 steel high-
light additional challenges. Due to its low thermal con-
ductivity and high strength, rapid heat accumulation oc-
curs at the cutting zone, leading to accelerated wear and
reduced tool life [20]. Experimental investigations
demonstrate that advanced cooling and lubrication
strategies, such as minimum quantity lubrication
(MQL), cryogenic cooling, and ultrasonic-assisted
turning (UAT), can substantially reduce wear and im-
prove surface integrity [1]. These approaches, however,
introduce new complexities, including higher opera-
tional costs and the need for additional process optimi-
zation.

From the literature review, several gaps can be
identified. First, mechanistic models are interpretable
but lack predictive accuracy under real cutting condi-
tions. Second, FEM provides valuable insights but is
too computationally intensive for real-time applica-
tions. Third, data-driven models achieve high accuracy
but require large datasets and fail to generalize across
varying machining environments. Finally, while PIML
approaches promise to bridge these gaps, their applica-
tion in barrel machining of AISI 4340 steel remains
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limited, and few studies integrate multisensor data with
advanced optimization techniques.

The present study aims to fill these gaps by devel-
oping a hybrid framework that combines mechanistic
models, multisensor experimental data, and physics-in-
formed machine learning for predictive tool wear mod-
eling. Moreover, unlike most existing studies, this work
incorporates multi-objective optimization to simultane-
ously balance tool life, surface roughness, material re-
moval rate, and energy consumption. In doing so, the
proposed methodology not only advances theoretical
understanding but also provides actionable guidelines
for practical barrel manufacturing applications.

Methodology. The methodology adopted in this
study integrates mechanistic modeling, experimental
investigation with multisensor monitoring, and ad-
vanced machine learning techniques. The approach was
structured in three stages: (i) application of classical
wear models as the theoretical foundation, (ii) system-
atic experimental trials on AISI 4340 steel using coated
and uncoated carbide tools, and (iii) development of a
physics-informed machine learning (PIML) model for
predictive tool wear estimation, followed by multi-ob-
jective optimization.

Mechanistic modeling framework

As a starting point, classical tool life and wear
models were considered to establish baseline predic-
tions. Taylor’s tool life equation was employed:

VT =cC

where 1, is the cutting speed, T is the tool life, and
n and C are empirically determined constants. While
useful as a reference, this model neglects thermal and
tribological effects.

To account for contact conditions, Archard’s wear
law was applied:

W=k
O H

where W is the wear rate, F, is the normal force, v
is the sliding velocity, H is the hardness of the work-
piece, and k is the wear coefficient. This model pro-
vides tribological insights but ignores diffusion-driven
wear mechanisms.

Finally, Usui’s diffusion-based model was consid-
ered to incorporate thermal activation effects at the
tool—chip interface. These mechanistic models were not
only used for initial prediction but also embedded as
physics-based constraints within the machine learning
model.

Workpiece and cutting tools

The experimental trials were performed on AlSI
4340 steel bars with hardness maintained between 32—
35 HRC, representing typical barrel-grade material.
The workpieces were cylindrical blanks with dimen-
sions of 50 mm diameter and 200 mm length.

Cutting tools included 1SO-standard carbide in-
serts (CNMG-type) in both uncoated and coated forms.
TiN and TiAIN coatings were selected for their wide-
spread industrial use and differing thermal characteris-
tics. All inserts had a nose radius of 0.8 mm and rake
angle of +6°, ensuring consistency across trials.

Cutting parameters and experimental design

A full factorial design was employed with three
levels for each parameter:

e Cutting speed (V): 50, 95, 140 m/min

e Feed rate (f): 0.05, 0.08, 0.12 mm/rev

e Depth of cut (a,): 0.2,0.4,0.8 mm

Each experimental condition was repeated three
times to ensure statistical reliability. Tool wear was
measured every two minutes using an optical micro-
scope, with the critical flank wear criterion set to VB =
0.3 mm.

Sensor system and data acquisition

A multisensor monitoring system was deployed to
capture real-time process data:

e Cutting forces were measured in three axes
(Fx, Fy, Fz) using a piezoelectric dynamometer.

e Acoustic emission (AE) signals were col-
lected with high-frequency sensors mounted near the
tool shank.

e Vibration was recorded with tri-axial accel-
erometers, and frequency-domain analyses (FFT,
RMS) were performed.

e Temperature at the tool-workpiece interface
was measured with an infrared thermal camera supple-
mented by embedded thermocouples.

All signals were synchronized and logged using a
high-speed data acquisition system at 20 kHz sampling
rate. Preprocessing included noise filtering, normaliza-
tion, and feature extraction (RMS, kurtosis, skewness,
spectral energy).

Machine learning and hybrid PIML approach

The collected data served as input to machine
learning models. Conventional artificial neural net-
works (ANNSs) were first trained for regression of flank
wear (VB). The input features included cutting param-
eters, force components, AE descriptors, vibration fea-
tures, and temperature.

To enhance generalization and physical con-
sistency, a physics-informed machine learning (PIML)
framework was implemented. In this model, the loss
function combined the mean squared error (MSE) with
penalty terms derived from Archard’s and Usui’s for-
mulations, ensuring that predictions adhered to funda-
mental wear laws.

The ANN architecture consisted of three fully con-
nected hidden layers with 128, 64, and 32 neurons,
ReLU activations, and dropout regularization. Training
was conducted using the Adam optimizer with an initial
learning rate of 0.001. Data was split into 70% training,
15% validation, and 15% testing sets.

Multi-objective optimization

Since barrel machining requires a trade-off be-
tween multiple performance metrics, the prediction
framework was coupled with a Non-dominated Sorting
Genetic Algorithm Il (NSGA-II). The optimization
objectives included:

e Maximization of tool life

e Minimization of surface roughness (Ra)

e Maximization of material removal rate (MRR)

e Minimization of energy consumption

The outcome was a Pareto frontier of optimal cut-
ting conditions, offering decision-makers flexibility in
selecting operating points depending on production pri-
orities (e.g., longer tool life vs. higher productivity).

Results and Discussion. Experimental trials re-
vealed a clear nonlinear progression of flank wear (VB)
under different cutting conditions. At moderate cutting
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speeds (95 m/min, feed = 0.08 mm/rev, depth of cut =
0.4 mm), VB reached the critical threshold of 0.3 mm
in approximately 12 minutes. This observation differed
from Taylor’s prediction by nearly 18%, confirming the
limitations of mechanistic models when applied to AISI
4340 steel. At higher cutting speeds (140 m/min), the
tool life dropped drastically to 7-8 minutes, while at
lower speeds (50 m/min), the tool survived for more
than 20 minutes but at the cost of reduced material re-
moval rate (MRR). These results highlight the inherent
trade-off between productivity and tool longevity.

Surface roughness (Ra) measurements demon-
strated a strong correlation with tool wear. Up to VB =
0.2 mm, surface roughness remained relatively stable
around 0.7 pm, within acceptable limits for ballistic
performance. Beyond this point, Ra increased sharply,
reaching 1.2 pm once VB exceeded 0.3 mm. Such de-
terioration indicates that uncontrolled wear directly
compromises barrel surface integrity, potentially reduc-
ing accuracy and service life. Similar findings have
been reported by Twardowski et al. (2019) and Si et al.
(2024), though our measurements suggest even faster
roughness degradation under dry cutting conditions.

Multisensor monitoring proved effective in cap-
turing tool wear progression. Cutting forces increased
by 18-22% as flank wear approached its critical thresh-
old. Acoustic emission (AE) signals exhibited a distinct
rise in RMS values during the final wear stages, while
vibration spectra revealed stronger harmonic compo-
nents. Infrared thermal imaging indicated that interface
temperatures frequently exceeded 700 °C during high-
speed trials, intensifying diffusion-driven wear. These
results confirm the diagnostic potential of sensor fusion
for early detection of tool degradation, in line with find-
ings by Abdul Rahman et al. (2024).

Tool material played a decisive role in wear re-
sistance. TiN-coated carbide inserts demonstrated ap-
proximately 1.6 times longer tool life compared to un-
coated tools under identical conditions. TiAIN-coated
tools exhibited superior thermal stability, particularly at
higher cutting speeds, but occasionally resulted in
poorer surface finish due to built-up edge formation.
These observations are consistent with prior studies on
coated tools but extend the findings to barrel-specific
machining conditions, where surface quality require-
ments are more stringent.

Acrtificial neural networks trained on the experi-
mental dataset achieved promising results in predicting
flank wear. A conventional ANN model achieved an
RMSE of 0.07 mm, while the physics-informed model
(PIML) reduced the error to 0.04 mm. Importantly, the
PIML framework maintained predictions consistent
with Archard’s and Usui’s laws, offering both accuracy
and physical interpretability. This finding supports ear-
lier arguments by Zhang et al. (2024) that embedding
physics in machine learning enhances generalization
and robustness in data-scarce environments.

The NSGA-II algorithm successfully identified
Pareto-optimal cutting conditions that balance tool life,
productivity, and energy efficiency. The optimal region
was found at cutting speeds of 90-100 m/min, feed
rates of 0.07-0.09 mm/rev, and depths of cut of 0.4-0.5
mm. Within this window, tool life improved by up to
30%, MRR increased by 20%, and energy consumption

decreased by 12% compared to baseline parameters.
This demonstrates that multi-objective optimization
can provide practical guidelines for industrial decision-
making, allowing manufacturers to select cutting re-
gimes based on specific production goals.

The results of this study reaffirm key observations
in prior research while also addressing notable gaps.
Classical models proved useful for trend prediction but
lacked precision in real cutting environments. FEM
studies provide detailed thermo-mechanical insights
but remain unsuitable for real-time application due to
computational complexity (Paturi & Shunmugam,
2019). Purely data-driven methods, while accurate, risk
overfitting and limited generalization. The hybrid
PIML approach presented here combines the strengths
of both paradigms, achieving higher accuracy while
preserving physical interpretability. Furthermore, the
integration of multi-objective optimization distin-
guishes this work from most previous studies, where
wear reduction was often studied in isolation from
productivity and energy considerations.

Conclusion. This study investigated the modeling
and minimization of tool wear during the machining of
firearm barrels made of AlSI 4340 steel by combining
mechanistic models, multisensor experimental data,
and physics-informed machine learning (PIML). The
findings revealed that classical approaches such as Tay-
lor’s tool life equation and Archard’s wear law, while
interpretable, were insufficient to predict tool life accu-
rately under the severe thermo-mechanical conditions
of barrel machining. Experimental trials demonstrated
significant deviations of 15-20% between predicted
and observed tool life, underscoring the limitations of
purely mechanistic models.

Multisensor monitoring proved to be a powerful
tool for detecting wear progression. Cutting forces,
acoustic emission signals, vibration, and temperature
measurements were all found to correlate strongly with
flank wear, enabling early detection of tool degrada-
tion. Surface quality analysis showed that once flank
wear exceeded 0.2 mm, surface roughness increased
rapidly beyond acceptable limits, directly impacting
ballistic performance. Tool coatings enhanced wear re-
sistance, with TiN-coated carbide inserts showing 1.6
times longer tool life compared to uncoated tools, while
TiAIN coatings provided superior thermal stability at
higher speeds.

The integration of machine learning models fur-
ther advanced predictive accuracy. Conventional ANN
models achieved a prediction error of RMSE = 0.07
mm, whereas the PIML framework reduced the error to
0.04 mm. This hybrid approach not only improved ac-
curacy but also ensured consistency with fundamental
wear laws, thereby enhancing interpretability and gen-
eralization. The application of NSGA-II for multi-ob-
jective optimization identified cutting conditions that
simultaneously improved tool life by 30%, increased
material removal rate by 20%, and reduced energy con-
sumption by 12%.

Key contributions of this study

1. Development of a hybrid framework that inte-
grates mechanistic models with physics-informed ma-
chine learning for predictive tool wear modeling.
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2. Experimental validation on AISI 4340 steel,
confirming the nonlinear progression of tool wear and
its strong impact on surface integrity.

3. Demonstration of the effectiveness of multi-
sensor monitoring for early detection of tool wear.

4. ldentification of optimal cutting conditions
through multi-objective optimization, balancing tool
life, productivity, and energy efficiency.

Recommendations for industry

e Adoption of multisensor systems: Real-time
monitoring of cutting forces, AE, vibration, and tem-
perature should be implemented in barrel machining to
enable predictive maintenance and reduce downtime.

e Use of coated tools: TiN and TiAIN-coated
carbide tools should be preferred for machining AISI
4340 due to their improved wear resistance and thermal
stability.

¢ Implementation of advanced cooling tech-
niques: Minimum quantity lubrication (MQL) and ul-
trasonic-assisted turning (UAT) are recommended for
further extending tool life and improving surface qual-
ity.

e Integration of hybrid modeling frame-
works: Manufacturers should consider adopting
PIML-based predictive models to achieve reliable tool
wear forecasts under varying machining conditions.

Recommendations for future research

e Extension of the proposed framework to other
difficult-to-machine alloys, such as stainless steels and
titanium alloys, commonly used in defense and aero-
space applications.

e Investigation of advanced deep learning archi-
tectures (e.g., LSTM, Transformer networks) in combi-
nation with PIML to improve time-series prediction of
wear.

e Inclusion of sustainability criteria such as car-
bon footprint and lubricant consumption in multi-ob-
jective optimization frameworks.

o Exploration of digital twin applications, where
real-time monitoring and predictive models can be
combined for closed-loop adaptive control in barrel
machining.

In conclusion, the proposed methodology provides
a comprehensive framework that bridges the gap be-
tween mechanistic models and data-driven approaches.
By leveraging hybrid modeling and multi-objective op-
timization, this work offers actionable strategies for ex-
tending tool life, ensuring superior surface integrity,
and enhancing the overall efficiency of firearm barrel
manufacturing in the defense sector.
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The production of high-precision gun barrels in the defense industry is a strategically important process that
directly affects both product quality and operational safety. Although traditional manufacturing methods provide
results with a certain degree of accuracy, there are limitations in controlling variable cutting forces, tool wear, and
surface roughness. To overcome these limitations, the application of intelligent manufacturing strategies based on
artificial intelligence is considered necessary. The article examines the integration of Industry 4.0 technologies,
including sensor integration, digital twin models, and hybrid optimization algorithms (ANN—-GA), into barrel pro-
duction. The presented approach was tested in both simulation and laboratory experiments, and the results showed
significant advantages in terms of reducing cutting forces, improving surface roughness, and extending tool life.
The scientific contribution of the article is that with the practical application of intelligent manufacturing strategies,
a more efficient production mechanism is formed in the defense industry in terms of both quality and durability.

Keywords: Gun barrel, manufacturing, defense, artificial intelligence, optimization.

Introduction

The development of the defense industry in mod-
ern times is directly related to the application of tech-
nologies that dominate the security strategies of coun-
tries [1]. The reliability and efficiency of weapon sys-
tems depend primarily on the manufacturing quality of
their main components, especially gun barrels. The bar-
rel is considered the “heart” of the weapon, and even
the smallest defects on its inner surface affect the accu-
racy of shooting, the stable trajectory of the projectile,
and the overall life of the system [2]. Therefore, high
accuracy, stability, and repeatability in barrel manufac-
turing are emerging as important scientific and tech-
nical challenges. Traditional manufacturing methods
have played an important role for many years and pro-
vided certain standards of accuracy [3]. Classic pro-
cesses such as deep drilling, turning, honing, and mill-
ing have formed the basis of production lines [4]. How-
ever, in modern times, the requirements of the defense
industry have changed, and strict control of technolog-
ical parameters and very low tolerances have come to
the fore. These changes bring to the fore a number of
difficulties [5]:

e Inconstant control of cutting forces — as a
result of the variability of cutting modes in high-
strength steels, both energy consumption increases and
processing quality does not remain stable.

e Tool wear and reduced tool life — Rapid
tool edge wear is observed when machining hard mate-
rials such as AISI 4340 [6].

e Uncontrolled heat zones — the heat gener-
ated during high-speed cutting processes can change
the tool material and the microstructure of the ma-
chined surface.

e Instability of surface roughness — it be-
comes difficult to maintain a completely homogeneous
surface even during honing and final machining stages.

Solving these problems is no longer possible with
classical mechanical approaches [7]. Therefore, in re-
cent years, smart manufacturing strategies developed

within the framework of the Industry 4.0 concept have
been brought into the spotlight. This approach is based
on the integration of sensor networks, big data analyt-
ics, artificial intelligence (Al) models and digital twins
[8]. Real-time data collection and analysis on the pro-
duction line allows for dynamic optimization of cutting
parameters. In particular, machine learning and deep
learning methods show high accuracy in prediction and
control, taking into account the nonlinear nature of pro-
cesses. Artificial neural networks (ANN), support vec-
tor machines (SVM), genetic algorithms (GA) and their
hybrid forms are considered effective tools for model-
ing cutting forces, surface roughness and tool wear [9].
The ANN-GA approach offers particularly successful
applications for multi-objective optimization. This ap-
proach allows, on the one hand, to minimize production
costs and energy consumption, and on the other hand,
to maximize product quality.

On the other hand, digital twin technology, by cre-
ating a virtual copy of the real production process, per-
forms both simulation and diagnostic functions [10].
This approach enables early detection of anomalies oc-
curring in production, dynamic adjustment of parame-
ters, and adaptive control. Thus, the digital twin be-
comes a powerful tool not only for monitoring the pro-
cessing process, but also for implementing preventive
control.

The application of these technologies in the de-
fense industry carries not only scientific and theoretical
value, but also creates strategic advantages [11].
Thanks to the production of high-precision barrels:

» The ballistic accuracy of weapon systems in-
creases,

» The service life is extended,

» Production costs are reduced,

» The level of industrial sustainability and effi-
cient use of resources increases.

At the same time, the application of smart manu-
facturing strategies strengthens the technological inde-
pendence of the defense industrial complex of countries
and creates the basis for the creation of new generation
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products [12]. This is especially relevant in the modern
era, when geopolitical tensions are increasing and secu-
rity challenges are multiplying.

The aim of the research presented in this article is
to extensively investigate the theoretical foundations
and practical application possibilities of smart manu-
facturing strategies in the production of high-precision
gun barrels. Here, both artificial intelligence-based pre-
diction and optimization models and the integration of
digital twin technologies into the production line will
be discussed. The scientific novelty of the article is that
the ANN-GA hybrid algorithm and the digital twin ap-
proach are jointly applied to overcome the limitations
of traditional processing processes, resulting in in-
creased product quality and production sustainability.

Literature Review

Research on high-precision barrel manufacturing
in the defense industry shows that the quality indicators
of traditional processing methods (lathe, honing, deep
drilling, etc.) do not fully meet modern requirements
[13]. One of the most important limitations is the insta-
bility of surface roughness and rapid wear of cutting
tools. For this reason, in recent years, researchers have
turned to artificial intelligence-based models and smart
manufacturing technologies.

Abbas et al. (2025) investigated the surface quality
and productivity in precision turning of AISI 4340 steel
and determined the optimal cutting parameters using a
multi-criteria optimization approach [14]. The results
showed that even when the material hardness is high,
both surface roughness and machining time can be im-
proved by carefully selecting the parameters. However,
the authors noted that their model is only effective
within a limited range of parameters.

Alajmi et al. (2021) compared different machine
learning methods—Gaussian Process Regression
(GPR), Support Vector Machine (SVM), and Atrtificial
Neural Network (ANN)—for predicting cutting forces
in machining AISI 4340 steel [15]. According to their
results, the ANN model showed the highest prediction
accuracy, but the stability of the model deteriorated
when the data set size was small. This limitation indi-
cates that the integration of real-time data is crucial in
a practical manufacturing environment [16].

Jesuthanam et al. (a classic work) proposed the ap-
plication of an ANN-GA hybrid approach to surface
roughness prediction [17]. Their work proved that op-
timizing the results obtained from the ANN model with
a genetic algorithm provides more robust solutions to
multi-objective problems. However, the authors admit-
ted that practical application has only been tested in la-
boratory conditions.

One of the modern approaches is digital twin tech-
nology. As shown in the review by da Silva et al.
(2025), digital twins allow the synchronization of a vir-
tual model with a real process in mechanical engineer-
ing processes [18]. This approach allows for both
anomaly detection during production and real-time op-
timization. However, the authors emphasized that these
systems require high computational resources and can-
not be applied in every manufacturing facility.

Nguyen et al. (2024) study on ultrasonic-assisted
turning operations shows another important direction

[19]. According to their results, when ultrasonic vibra-
tion is applied, cutting forces are significantly reduced
and surface topography is improved. However, the ef-
fectiveness of this technology is highly dependent on
the correct choice of vibration frequency and ampli-
tude.

The above-mentioned literature shows that alt-
hough existing approaches have yielded some positive
results, there are still gaps:

* Most have been tested only in laboratory condi-
tions and are poorly focused on real-world industrial
applications;

* Optimization models often focus on a single ob-
jective, while in the defense industry, surface quality,
tool life, and energy consumption must be considered
simultaneously;

* There is limited research on digital twin and real-
time data integration;

* The application of ultrasound and other uncon-
ventional technologies in combination with artificial in-
telligence optimization is not sufficiently developed.

Thus, the overall conclusion of the existing litera-
ture is that the application of Al-based smart manufac-
turing strategies to the defense industry is still in its in-
fancy [20]. These gaps increase the importance of our
research: the presented work proposes a practical ap-
proach for high-precision barrel manufacturing by
combining multi-objective optimization, real-time sen-
sor data, and digital twin integration.

Methodology

This study combines both experimental and mod-
eling approaches to evaluate the performance of smart
manufacturing strategies applied in the production of
high-precision gun barrels. The methodology is struc-
tured in the following stages:

Material selection and processing conditions

In the experiments, high-strength steel AISI 4340,
which is widely used in barrel production, was selected.
The choice of this material is justified for two reasons:

1. Most barrel materials used in the defense indus-
try are characterized by high hardness and heat re-
sistance.

2. Previous studies have shown that AISI 4340 is
an ideal model object in terms of nonlinear changes in
cutting forces, tool wear and surface roughness during
the machining process.

The machining process was carried out on a CNC
machine, and the operating parameters were varied in
three main factors: cutting speed (\Vc), feed rate (f), and
depth of cut (ap). Each parameter was adopted at three
levels (low, medium, high). This design created a total
of 3x3x3 =27 experimental combinations.

Sensoring and data collection

A piezoelectric dynamometer was used to record
cutting forces, a profilometer to measure surface rough-
ness, and an optical microscope to measure tool wear.
Each experimental combination was repeated three
times, and statistical averages were taken to ensure the
reliability of the results.

In addition, the thermal zones formed during ma-
chining were recorded using thermocouples, which al-
lowed us to assess the effect of temperature on tool
wear.

Data processing and normalization
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The collected data was first subjected to outlier
analysis and then normalized. The following formula
was used for normalization:

X - Xmin
Ximax — Xmin

This method allowed for the adaptation of param-
eters (force, roughness, wear) recorded in various units
of measurement to artificial intelligence models.

Artificial Intelligence Model: ANN

An artificial neural network (ANN) is built for
process prediction. The architecture of the model is as
follows:

« Input layer: V¢, f, ap (3 neurons)

» Two hidden layers: 8 neurons in layer 1, 6 neu-
rons in layer 2 (activation function: ReLU)

* Output layer: Ra (surface roughness), Fc (cutting
force), VB (tool wear)

The backpropagation algorithm was used to train
the network, and the Mean Squared Error (MSE) was
adopted as the loss function. 5-fold cross-validation
was used to check the stability of the model.

Optimization algorithm: GA and ANN-GA hy-
brid

The obtained ANN model acted as a predictive
module, and then combined with the Genetic Algorithm
(GA) to create a hybrid system.

The GA parameters were set as follows:

o Population size: 80 individuals

¢ Mutation probability: 0.02

e Crossover ratio: 0.8

e Maximum iteration: 100

Optimization objectives:

1. Ra — minimum

2. VB — minimum

3. Fc — within the safety margin (constraint con-
dition)

As aresult, a Pareto front was constructed and var-
ious compromise solutions were evaluated.

Digital Twin Integration

Xnorm =

One of the main distinguishing features of the
methodology is the application of a digital twin model.
Sensor data (force, temperature, vibration) collected
during the real production process were transferred to a
processing model built in a virtual environment.

The digital twin platform compared the results
from the ANN-GA module and proposed adaptive de-
cisions. This approach allowed for early detection of
anomalies in the production process and optimization
of cutting parameters in real time.

Evaluation criteria

The effectiveness of the methodology was evalu-
ated based on the following indicators:

* Model accuracy (R2, RMSE indicators)

* Surface roughness (Ra, pm)

* Tool life (VB, mm)

* Cutting force stability (Fc, N)

* Energy consumption (kWh)

These indicators were evaluated by comparing
both experimental and simulation results.

These indicators were evaluated by comparing
both experimental and simulation results. All this made
it possible to prove the effectiveness of smart manufac-
turing strategies in the production of high-precision gun
barrels.

Results and Discussion

Assessment of the accuracy of the ANN model

Artificial neural network (ANN) models built on
experimental data were used to predict the effects of
cutting parameters (Vc, f, ap) on surface roughness
(Ra), tool wear (VB) and cutting forces (Fc). The pre-
diction accuracy of the model was evaluated based on
the following indicators:

e For Ra: R*=0.94, RMSE =0.061 pm

e ForVB: R2=0.91, RMSE = 0.015 mm

e ForFc:R?=0.92, RMSE =11.8N

These results indicate that the ANN model suc-
cessfully captures the nonlinear nature of the process.
Compared to traditional statistical models (e.g., regres-
sion approaches), the ANN provides lower error rates.

Table 1.
Forecast accuracy of the ANN model
Indicator Ra (um) VB (mm) Fc (N)
R? 0.94 0.91 0.92
RMSE 0.061 0.015 11.8

Optimized cutting parameters (ANN-GA re-
sults)

Based on the predictions obtained from the ANN
model, a multi-objective optimization was performed
using a Genetic Algorithm (GA). The goal was to min-
imize both surface roughness and tool wear. The opti-
mal compromise solutions were selected by construct-
ing a Pareto front.

Two exemplary solutions are shown below:

e Solution A (surface quality priority):

Ve =90 m/min, f = 0.08 mm/rev, ap = 0.35 mm

— Ra =0.55 um, VB = 0.14 mm, Fc = 220 N

e Solution B (tool life priority):

Ve =70 m/min, f=0.06 mm/rev, ap = 0.30 mm

— Ra=0.72 um, VB = 0.10 mm, Fc = 190 N

The analysis showed that high cutting speeds are
required to improve surface finish, but this reduces tool
life. Conversely, lower speeds and feeds are required to
increase tool life, but in this case the surface finish de-
teriorates somewhat.

Table 2.
Comparison by optimized parameters
Parameters Ve (m/min) f (mm/rev) ap (mm) Ra (um) VB (mm) Fe (N)
Solution A 90 0.08 0.35 0.55 0.14 220
Solution B 70 0.06 0.30 0.72 0.10 190
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Effect of ultrasonic-assisted machining (UAT)

Part of the experiments were conducted with the
ultrasonic-assist (UAT) module connected. The results
showed that:

» Fc was reduced by an average of 20-25%.

» Rawas improved by 15-30%.

* VB was reduced by approximately 18% com-
pared to conventional machining.

These facts show that vibration support improves
both surface finish and tool life by reducing cutting
forces. This approach is particularly useful for machin-
ing high-hardness steels.

Digital twin and real-time control

The digital twin architecture creates a “virtual
twin” of the process by transferring real-time data col-
lected from sensors (force, temperature, vibration) to an
ANN model.

Thanks to this mechanism:

e Parameter changes were detected immedi-
ately,

» Comparison was made with GA optimization,

*  New recommended parameters were pre-
sented to the operator within 3-5 seconds.

As aresult, process stability increased, and scatter
in product quality was significantly reduced.

General Discussion

The results show that the ANN-GA hybrid ap-
proach and digital twin integration provide real benefits
in high-precision barrel manufacturing. Compared to
traditional approaches:

* Model accuracy improved by 15-20%,

» Tool life extended by an average of 25%,

» Surface roughness (Ra) improved by up to
30%.

Overall, smart manufacturing strategies enable the
construction of more stable, more efficient, and more
sustainable manufacturing mechanisms in the defense
industry.

Conclusions

Experimental and modeling results showed that
the artificial neural network (ANN) has the power to
predict the complex relationships between cutting pa-
rameters and surface roughness (Ra), tool wear (VB),
and cutting forces (Fc) with high accuracy. The accu-
racy indicators of the model were very high: R? = 0.94,
RMSE = 0.061 um for Ra; R = 0.91, RMSE = 0.015
mm for VB; R?2=10.92, RMSE = 11.8 N for Fc. These
indicators prove that the ANN more accurately reflects
the nonlinear nature of the process and provides supe-
rior results compared to traditional statistical models.

The results obtained from the ANN model were
combined with a Genetic Algorithm (GA) to perform
multi-objective optimization. Pareto-front analysis
showed that to minimize surface roughness, higher cut-
ting speeds and feeds are required, but this leads to a
decrease in tool life. Conversely, to extend tool life,
lower parameters are required, but in this case the sur-
face roughness deteriorates somewhat. For example,
with a speed of 90 m/min, a feed of 0.08 mm/rev and a
depth of cut of 0.35 mm, Ra = 0.55 um was obtained,
but VB = 0.14 mm. On the other hand, with a speed of
70 m/min, a feed of 0.06 mm/rev and a depth of cut of
0.30 mm, Ra=10.72 pm, VB = 0.10 mm were recorded.

These results require making compromise decisions in
accordance with different priorities in production.

When the ultrasonic assisted machining (UAT)
module was connected, an average reduction of 20—
25% in cutting forces was observed, surface roughness
was improved by 15-30%, and tool wear was reduced
by approximately 18%. This fact shows that vibration
support is especially useful in machining hard materials
and significantly reduces tool loading.

The application of the digital twin approach en-
hanced real-time process control. Data collected from
sensors (force, temperature, vibration) was transferred
to the ANN model, and the results of this model were
compared with GA optimization, and recommendations
on new parameters were provided to the operator within
3-5 seconds. This mechanism increased process stabil-
ity in production, and scatter in product quality was sig-
nificantly reduced.

Overall, the obtained results prove that smart man-
ufacturing strategies supported by the ANN-GA hybrid
approach and digital twin technology create significant
advantages in both technological and economic terms
in the production of high-precision barrels in the de-
fense industry. This approach has resulted in a 15-20%
increase in model accuracy, a 25% increase in tool life,
and an improvement in surface roughness of up to 30%.
Thus, a more efficient, durable, and stable manufactur-
ing mechanism has been formed compared to tradi-
tional methods.
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It is known that all heat conduction and diffusion processes are reduced to parabolic type second-order partial
differential equations. Since these problems have a great partical importance they have wide applicability field.

Since many problems with partial differential equations have finitely many solutions as in ordinary differen-
tial equations, for studying a unique, one-valued and stable solutions there arise a need to use additional conditions.

There is extensive information on a unique one-valued and stable solutions of heat conductivity phenomena
in one-dimensional (rods), two-dimensional (plates), and also four-dimensional spatial bodies in classical mathe-

matical physics equations course.

Keywords: parabolic type, differential equations, stationary, parallelepiped.

INTRODUCTION

In fact, as heat conductivity phenomena, wave
processes and also all stationary problems are the prin-
cipal problems of physics, mechanics and enginecring
it is necessary to find well defined solution of such
problems.

Studying heat conductivity phenomena by in-
creasing the dimension of the space in n-dimensional
spaces is theoretical, but important.

Resistance of tinned shells in various configura-
tion bodies, in device-building, shipbuilding, develop-
ment of aircrafts in space industry to inner temperature
stress fields makes these processes always relevant.
From this point of view, both in light and heavy indus-
try, the study of the influence temperature and stress
fields on volume forces and tangential surfaces as a rule
depends on the determination of a temperature distribu-
tion function [2,3].

Initial and boundary conditions involved in the
statement of a physical problem reveal new quality
properties for one-valued determination of the solution.
A great majority of these problems are the basis for
mathematical physics problems, i.e. since there occur
errors between fractional parameters during change,
this affects the solution of the problem.

Therefore, it is necessary to minimize such errors
[4,5] i.e. when solving the considered mathematical
physics problem, a negligible change in initial and
boundary conditions is accompanied by a small change
in the solution, the solution of this problem continously
depends on the initial and boundary conditions [4].

The goal of the present paper is to study the gen-
eralization of a heat conductivity equation for N >3 to
n-dimensional space and to transfer n —dimensional

cubeinthe R" space to the n-paralellepote by means of
affine transformation. In fact, an n-paralleletope is a
point set of a unit cube with coordinates (0,1) during
affine transformation, i.e. a paralleletope is n convex

polytope. L
1" o= {(X,, %0000, X, )10 < X, <1}, i=1,n

Theoretical statement of the problem : Assume
that the surface of an n dimensional convex papllelepi-

ped with the length of the edges |, 1, ..., coming out

from one vertex is temperature isoleted (all faces of the
n dimensional parallepiped has been temperature —iso-

laed). Starting from the moment t > 0. The parallele-
piped surrunded by the surface (S) is heated due to the
internal source. As is known, the temperature of the
body will strat to flow from the high temperature points
to the lowerst temperature points ( the Fourier law)

We denote the function characterizing the temper-
ature of an n-dimensional parallepiped by

U =U(x,t)=U(x,x

Mathematically, we can write this problem like
this:

X, t).

210y Ry

S =AU+ f(x,1), f(x,t) € R™ (1)

here a? = %,x = (x1,%3,...,%,) ER,t >0,
o° 0 0°
A= —2+—2+ 7
oX;  OX, OX;
is a Laplace operator.

Find the continuous solutions satisfying the Cau-
chy condition

U(x,0) =Uy(x),x ER",n>3 2
the homogeneous conditions
Ula= 0,0 = {(0,1,) X (0,1) X ...(0,1,,)} (3)
in the bounded domain

Dr:={x1):0<x <l, 0<t<T}, i=1n

Here

D={(xt):0<x <l, 0<t<T}, i=1n,
X = (X, Xy,...,X,) €R"
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D=DUS,T = const >0,t € [0,T], Uy(x)
n
€ C(RM), U(o, L) € R™, U(t, x)
k=1

€R™(Dp),
U(t,x) € C2(Dy) n C(Dy)

Problem solution: Let us chouse the desired func-
tion U (X,t) by means of the separation of variables or
the Fourier method in the form of production of one-
variable functions [4, 5, 6].

Ux,t) = T(t) [Tie=1 X (x) (4)

(4) will be said a special solution of the problem
(1)-(3) [3]. Substituting (4) in (1), dividing each side
of the equation

STOTXX) =TOXXK)6)

n
to the product T (t)H X, (%) =0, equating the
k=1
ratios

o 2XI)

a’T(t) f[xk(x)

(6) to — A , (according to finding the solution of
a heatconditivity equation in

n < 3-dimensional bodies), we obtain the follow-
ing differential equations:

T't)+a> A T({t)=0, (7
ZX;’(XK)—F/IZHX‘((XK):O, (8)
k=1 k=1

It is clear that the general integral solution of the
equation (7) is in the form

T(t)=A-e ™" orT(t) = Aexp(-a’A’t)

(72)

hera A is an arbitrary integration constant.
The equation (8) consists of n number Helmholts
equations [3]. To find the general solution of the equa-
tion, we obtain differential equations dependent on n

number constant coefficient arguments (X, X,,...,X,)

. The general slutions of these equations compose a set
of functions consisting of the following system of equa-
tions.

(6)

X, (%) =B, cos A x +C,sin 4x,
X, (x,) =B, cosA,x, +C,sin 4,X,, o

X,(x,)=B,cos 4 x,+C sin 4 x,,

(Aidyndy)€AER,
A*=> A% B,C,...,B,,C, arelocated in the set
k=1

here

of natural numbers and are arbitrary integration con-
stants of the set of solutions (9). Taking into account
boundary conditions (3) for the functions

X (%), X,(X,),..., X, (X,) composing this set of

these solutions, we arrive at the solution of the follow-
ing boundary value problem

X, (0)=X, (1,) =0,
X, (0)=X, (1,)=0,

X, (0)=X,(I,)=0 w0

As an identity satisfying the homogeneous bound-

ary conditins (10), the finding of the solutions of non-

zero solutions (9) is said to be a spectral problem or a
special case of the Strum-Liouville problem [3,4]

ie. (10)-(9) =

X,(0)=B,=0, X,()=C,sin 4,1, =0=
A=rk I, keZ”

X,(0)=B, =0, X,(I,)=C,sin41,=0=
A =rk, I, k,eZ”

As last,
X, (0)=B =0, X (I.)=C,sinA | =0=
A=ak I, k eZ"

Here, writing the natural A in the general form:

lzﬂkl,kz ..... K =7 Z[ll(mj, kmez*, m:ﬁ (1)
m=1 m

So, the eigen —values of the set of solutions (9) sat-
isfying the homogeneous boundary conditions, (10)
compose the set of numbers

k., :
s

and the functions corresponding to these numbers
compose the set

Xk(xk):{sin ky } |

m m=1

A €R, k=1n

k=1n (12)

So, the non-trivial general solution of the
boundary value problem (1)-(3) in the domain ( [_)) ac-

cording to the set of eigen-functions (12)

o0 'e) n n . k
U= > U, (xt)= D, '%,kz,...,kn'eXp(—ath&zj'HS'”VI ”‘jxm,(ls)
k k=1 m=1 m

KKy ok =1 Ky Ky iy

or
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2
- s k N k
ux,t)=>, Z Z& b EXP| = th[ﬂl mj Hsm[ﬂl ”‘Jxm, (13)
K, =: m=1 m m=1 m

el ko kg
i i - 2)-9)=
here A\ are comman integration con (-9
stants for the set of solutions (9)

n
. [ 7k
0003, 373 A LT 75 0 6t "
=l kol k-1 m1 I,
For one-valued determination of the coefficients  Fourier series dependent on eigen functions

A\q,kz _____ K, from the formula (14) the function {xk(xk)}:’:l in the segments
UO(Xi,XZ,...,Xn) should be t- fold expandable in  [0,1,], [0,1,]....,[0,1,] in the fixed values of t, i.e.

o o ok
Uo(xl,xz,...,xn)zz > > Ugeio k"Hsm[ﬂl m]xm
m=1 m

k=1 k=1 k,=1
Jxm dx,, (15)

[ 7k,

I 1,

Here Ugy o
n 00
Integrating the mtegral in the right hand side of
(15)

U, (x)dx,dx,...dx, = f j U (X, Xg e X, ) 0%, X, [ dX (151)
(0,l)x(0,1,)x..x(0,1,) (0,1)\_(0.1;)x..x(0,1,)
In a similar way, i.e. fixing X, integrating the Indeed, since the function Uo(Xi, XZ,---,Xn)iS
function U, with respect to (X,,...X, ) on the paral-  continuous in D; =[0,1,]x[0,1,]x...x[0,1, ], we
lelepiped D, , the obtained results should be calcu- ~ ¢an symbolically write it as

lated in the similar way with respect to the other faces
of the parallelepiped.

U (X0, Xpees X, ) Oy AX, =

(0,1)\ (0.1 )..x(0,],)) '

j U, (x)dx = (152)

i :'j 'j('ju(xlxx)dx]

gives us the general form of the desired solution as fol-
Result 1. Using the equalities (15) and (151) we  lows.

determine uniquely the constants A, and this

0 0 0 n 2
2 7k
U(xt)=2, > ZUOkl,kz,_..,kn -exp| —a tZ[ | j (16)
k=1 k=1 k,=1 m=1 m
1
2 2 2 a2 |2
here Ak k. =\/Akl +A LA = ZAkm :
m=1
Remark 1. If k; =k, =..k, =1, the solution Theorem 1. The system of eigen functions
(16) in the special form is as follows w .k : . .
X (X = o is orthohohogal in
U 1(X t)=A, . 1eXp { ( k)} I, et ’

] the domain D, : :{R“ x(O,T)}.

Proof. It is known that in the cases when eigen-
values are various, all the set of eigen-functins compose
on orthogonal system i.e.

Sl

—azt;(
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I 1,

” jsm

BRG

j...sin[ﬁlk“ jdxl dx,...dx. =

0, ki#k, #...2k,, ., K, #k, #... £k,

=111,

2n

Dk =k ==

Remark 3. When al the edges of n -dimensional
parallelepiped are equal, it becomes an n- dimensional

ux=3 3

k=1 kz =1

><exp(—at2 Z(ﬂ
m=1

Theorem 2. Since the equation (1) is linear and
homogeneous, for the series (16) composed of its spe-
cial solutions to satisfy this equation, the series should
be convergent and it should be differentiable twice with

0 o0

k=1 k=1 k=1
is regularly conergent.

U
<Ak

a2 _Zn:‘[”kaz
m=1

( W JUs (%,

k”‘ D , buradal =1,=..1 =I

= 0U, (1)
—V
ot

-exp —aztzn: ( d
m=1

=..=k

2n

cube, for that the corresponding solution takes the fol-

lowing form;
. (7K
n)l_Ism( mjxmdxmx
m=1

respect to (X1: X2,...,Xn) and must be term by term

differentiable once with respect to t.
Proof. Acoording to the condition it suffies to
show that the series

0 00

BIDIH

k=l ko=l k=1

2
ka
X

0%U, (x,1)

Y% (*)

n n 2 n 2
<[ |sin ﬂkmjxm SZM-Z({MK”‘] -exp(—azto- (”Ikmj ]:ak(tzto)
m=1 m=1 m=1
here the functin UO(Xl,Xz,. X n) is bounded, |U (Xl,xz, WX, )SM, then
nil | n
L =( j ” JUs (%, Hsm[ |k jxmdxm <2M, |A, . |<2M
00 0

In a similar way,

2 2 n
0 Uk(zx,t) <oM K., exp —azt-z 7k
OX I m=1
So in all the values of t > 1,
p+q 2p+q
O Y _om [zj k2P 2P . exp
otPox* I

Studying the convergence of the majorant series {

2
a, =MK"-exp —azto-Z( ”‘J
m=1

It is known that since t > 0, taking into account

Tk

2
. k
the ratio 0 < exp —azt-Z(ﬂl mj <1 and re-

m=1 m
calling the D’alambert sign on convergence of series,
the series with common terms ¢, and /3, are conver-
gent, i.e.

m=1

, B.=Mk"-exp —azto-Z[

mJ ﬁsin(”l—kmjxm =B (t=t,)

Tk
I

_azto . i[
m=1

a b and{B,} , for the series iak and iﬂk
k=1 k=1

K., i
I k)

=0, then accord-

m=1

ak +1

ﬂk+1

k

ing to the Weiersttrass sign the series (*) are regularly
convergent.

lim| &=L

k—>00

-0,

k—o0

ay
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Result. From the last relation, in the domain
t>t, >0 the series (16) can be term by term differ-
entiated arbitrary times with respect to the variables
X = (X, X,..., X, ) and t.

Using the superpositin principle, we can say that
the function U (X,t) determined by this series is the
solution of the equation (1) [7,8,10].

If the function U (X,,X,,...,X, ) is continuous
with respect to each argument and has a piecewise con-
tinuous derivative and satifies the conditions

‘Ukl,kz ..... K, (X't)‘<‘Ak1,k2,...,kn D

Definition of the source function
Writing the constants A, \

U(x,t) = Zz Z'sz ., exp| —at Z[

k=Lk,=1 k,=1

_3Y. Z[ H fu (&

k=lky=1 k,=1 I1|2 noo

N

For t > t, > O since the series (§1,§2,...,.§n) in
the square brackets are regularly convergent, as there is

G (X0 Xreens X1 611 Epoens & 1) =

ey k=tk=1 k=t m=

m
Then the appropriate solution of problem (1)-(3)
dependent on this function is

I1 |2 n

DR I CR A [TNCHCHREN § LI

Definition: The
G (X Xgyees X1 &5 Sreoe

ventional point source function or a heat effect function
of the conventional point source. Sometimes this func-
tion is called the Green function .

Considering the Green function as a function of x,
this function characterizeies heat distribution on the
surface of the parallelepiped at time t.

Conclusion. At the moment t=0, the Green func-
tion gives a temperature effect of conventional point
source. Using its physical sence, this function always is
accepted as positive.

accepted function
,&,,t) is said to be a con-

References

U,(0)=0, U,(I,)=0,..,U,(I,) =0 the series
(16) is continuous for t >0 .
It is clear that since the function UO(X) is piece-
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Magalads Nax¢ivan Muxtar Respublikasinda kitabxana isinin tarixi inkigaf morhalslori aragdirilir. Kitabxana
isi ictimai maarif¢iliyin vo madani infrastrukturun miithiim komponenti kimi taqdim olunur.
Magalads asas hissads orta osrlordon miasir dovradak kitabxanalarin funksional dayigimi, sovet dovriinda

dovlat nazarstindo moarkazlosdirilmis sistemin qurulmasi, miistaqillikdon sonra iso modernlogsma va rogomsallagma
meyllori tohlil olunur. Tadqiqat arxiv materiallarina, mévcud kitabxana strukturlarina va elmi adabiyyata ssaslanir.

Noticodo Nax¢ivanda kitabxana isi tarixi inkisafi boyunca ictimai modoniyystin formalagmasina vo yayil-
masina mithiim tohfo vermisdir. Sovet dovrindo morkoazlosdirilmis, miistoqillikdon sonra iso daha ¢evik vo
texnoloji osaslarla inkigaf edon bu saho bu giin do 6z funksionalligini1 qoruyur. Galocokdos kitabxanalarin rogemsal
imkanlariin daha da genislondirilmasi, bibliografik xidmotlorin tokmillogdirilmasi vo oxucularla interaktiv is
metodlarinin tatbigi aktual masalslor kimi galmaqdadir.

Abstract

The article examines the historical development stages of library work in the Nakhchivan Autonomous Re-
public. Library work is presented as an important component of public education and cultural infrastructure.

The article analyzes in the main part the functional change of libraries from the Middle Ages to the modern
period, the establishment of a centralized system under state control during the Soviet period, and the trends of
modernization and digitalization after independence. The research is based on archival materials, existing library
structures, and scientific literature.

As a result, library work in Nakhchivan has made a significant contribution to the formation and dissemina-
tion of public culture throughout its historical development. This field, which was centralized during the Soviet
period and developed on a more flexible and technological basis after independence, still maintains its functionality
today. In the future, further expansion of the digital capabilities of libraries, improvement of bibliographic services,

and application of interactive methods of work with readers remain relevant issues.
Acar sozlar: Naxgivan, kitabxana , kitabxana tarixi, filosof, Munisnama.
Keywords: Nakhchivan, library, library history, philosopher, Munisname.

GIiRiS

Aktualliq.Kitabxana isi comiyyatin intellektual
inkisaf  soviyyesinin  gdstaricilorindon  biridir.
Azorbaycanda, xiisusilo do Naxgivan Muxtar Respu-
blikasinda bu saho O6ziinomoxsus inkisaf yolu
kegmigdir. Regionun zongin tarixi, maarifgilik
anonslari vo modoni irsi kitabxana sisteminin for-
malagmasina birbasa tosir géstormisdir.

Moaqalanin  maqgsad:i Naxg¢ivanda kitabxana
isinin tarixi kontekstini aragdirmaq, osas marhalalori
tohlil etmok vo milasir vaziyyati giymatlandirmokdir.

Todgigat obyekti. Tadgigat 2024-2025-cii illor
arzinds muxtar respublikanin arazisinds aparilmigdir.

Toahlil va miizakira

Azarbaycan kitab madaniyyatinin keg¢diyi uzun vo
ke¢gmokesli yolun zirvesi olmagla, yeni inkisaf
morhaloasinin baglangici oldu. Kitabin yeni humanist,
diinyavi mazmun kasb etmosine tokan vermoklo, onun
tirajinin  goxalmasi, ictimai xarakter dasimasi {igiin
zomin hazirlads. Tlk dafo olaraq kitabin shmiyyati, onun

elm, bilik, tohsil, torbiys vasitasi olmasi haqqinda
giymatli fikirlor meydana golib formalasdi.

Kitab haqqinda, onun comiyyatin inkisafindaki
rolu haqqinda, kitab madaniyysti haqqinda, gabaqcil
diinya goriisii formalagdi. Kitab folsofosinin osasi
qoyuldu.  Boyiik  sairlorimizin,  alimlarimizin,
miitofokKirlorimizin ~ kitab ~ haqqinda  fikirlori
Azaorbaycan kitabina boyiik sohrot gotirdi. Kitab 6lkoni
inkisafinda miithiim vasito oldugu bilik manbayi,
torbiyo vo diisunco, miithakimo monboayi, dorketmoa
manbayi kimi giymatlondirildi .

Azorbaycan miitafokKirlarinin asarlorinds kitabin
sonina deyilmis ¢ox qiymatli kolamlarla yanas1 kitabi
goruyub — saxlayan, onu nasillerin sarvatine ¢eviren
kitabxanalar haqqinda, onlarin togkili, formalagmasi,
comiyyastin inkisafindaki rolu haqqinda, insanlarin
tolim — torbiyasino kémok edon bir miiassiso olmasi
haqqinda gox doyorli fikirlors rast golmok olurdu. Mohz
X1l osrdo  s6ylonmis bu qiymetli ideyalarla
kitabxanalarm golocak inkisafi {iglin, onlarin hagqinda


https://doi.org/10.5281/zenodo.17392518

30

Slovak international scientific journal # 100, (2025)

ictimai fikrin formalasmasi lg¢iin osasli  zomin
hazirlanmisdir. Azarbaycan miitafokkirlorinin holo 10
asr bundan ovval Kkitab vo kitabxana haqqinda
soyladiklori giymatli fikirlor, gabaqcil ideyealar bu
dovrds da 6z shomiyyatini saxlamaqdadir. Mahz buna
goradir ki, diinyanin inkisaf etmis xalglarindan biri
kimi s6hrat tapmis Azarbaycan xalqi kitab1 sevmis, onu
elm-moadoniyyatin osas amili kimi giymatlondirmis,
miigaddas saymig, qoruyub saxlanmasi , nosildon —
nosils ¢atdirilmasi tigiin say gostormisdi.

Professor A.Xslofov 6lkomizdos kitabxana iginin
misilsiz  toroqqisini  xalqumizin  madani  inkigaf
sahasindoki on boyiik nailiyyatlorindon biri  kimi
dayorlondirir [6 , 5.3] . Todgiqgatlarda ¢ox hagli olaragq,
kitabxanalarin tarixi onu yaradan comiyystin tarixi ilo
olagalondirilir, aragdirma vo tohlillorin bu miistavidos
aparildig1 vurgulanir [7, s.19].

On godim sivilizasiya markazlorindon olan Nax-
civanda kitabxana tarixi bu qodim bolgado zaman-
zaman bas veran proseslarlo, madoniyyat tarixi ilo six
bagl olmusdur. Heg siibhasiz ki, bu kursun shomiyyati
da, mogsadi do kitabxana isinin tarixini bu sokildo
astlamaqdir.

Molumdur ki, halo XI-XI1 asrlords Naxgivan gox
sayda gorkomli soxsiyyatlorin vatoni kimi taninmisdi.
Mohz elo bu, bolgonin elmi vo modoni miihitinin
mohsuldarliginin, mashurluq tezliyinin
gostaricilorindon biri olaragq diggsti colb edir. Homin
dévrde naxcivanl filosof ©bu Omoer Obu Bli ibn
Sinanin “Qanun” aSarini sarh va tohlil edon Nocmoddin
Naxcivani, Hoson ibn Omeor Naxcivani [8,s.214-215]
0z kitablar1 ilo yetorinca niifuz qazanmisdilar.

Qaynaglardan balli oldugu kimi, basqa 6lkalordan
golmis, Naxcivanda Ataboylor sarayinda sigmacaq
tapmig moshur s6z ustadlarindan Osiraddin Agsunafi,
Sorafoddin Safrux veo Zahiraddin Forabi sonstdo
silinmaz izlor qoymusdular [1, s.16]. Dahi Nizaminin
homyerlisi ©bu Bokr Xosrov oglu Atabaylorin
diggetini colb etmis, onu Goncadon Naxg¢ivana
gotirmigdilor. 30 ildon artiq Naxgivanda yasayan
sonotkar gonc sahzadoslorin miiallimi vo torbiyagisi
oldugundan OI1-Ustad adi ilo taninmigdir. ©1-Ustadin
golomindan ¢ixan 6 poemanin hamisi Atabaylara hasr
olunmusdu. lyirminci vo iyirmi altinci hekayatlori
Naxgivana hasr olunan [1, s.20] “Munisnama” asarinin
maraqli taleyi vardir.

Osarin yegans oalyazmasi 800 il Naxg¢ivanda hifz
olunmus, 1920-cCi ilds Ingiltorays aparilaraq Britaniya
muzeyindo “Min bir geco” adi ilo saxlanilmis, 50 il
sonra bu slyazma ingilis alimi Q.M.Mereditin diggatini
calb etmisdir [1, s.16].

Kitabin sokkiz osr Nax¢ivanda zodssiz va itkisiz
sokildo gorunub-saxlanilmasi b6lgado tarixon kitaba vo
kitabxanaya hossas miinasibats parlaq stibutdur. Bu ciir
faktlar kitabxana iginin tarixinda ¢ox dayarlidir vo fikri-
mizca, onlarin ganc nasle dyradilmasi kitaba mahabbat
Vo miinasibat hissini formalagdirmaqla yanasi, bir
ornak olaraq kitabxana tariximizle bagl qiirur, iftixar
yaradir.

Dogrudan da, “Kitabxana isinin tarixine aid bilik-
lor bizo tokco kegmisi dyronmok {iglin yox, miiasirliyi
yaxst basa diismok, ohaliys Kkitabxana xidmatini
hortorafli yaxsilasdirmaq tiglin do zoruridir” [4, s.20].
Unutmaq olmaz ki, bu giniin tolobasi sabahin

miitoxassisi, kitabxanagisidir.

Bolgonin ¢ox gadim zamanlardan misilsiz sonat
ornoklarine malik olmasi ils bagl biliklar milli mado-
niyyato varislik hissinin moéhkomlondirilmasinds
misilsiz shomiyyats malikdir.Ona gora do, gonc naslin
kitabxana tariximizi dorindon Oyronmoesi miihiim
vazifalordandir.

O da molumdur ki, XIII yiizillikdo Naxg¢ivan
madrasslarinds kitabxanalar méveud olub. Bu kitabxa-
nalarda miixtolif is¢ilor ¢alisiblar [8,5.264]. Bu iso
kitabxana isinin idaroetmo strukturunun
oyranilmasinds ¢ox shomiyyatli faktordur. Bolgads XII
osrin sonlarindan moktob vo madrasalorin foaliyyot
gOstarmasini nozars alsaq, Nax¢ivanda kitabxana tarixi
barads miiayyan fikir vo ganastlor slds edo bilarik.

Homin madrasalords va onlarn kitabxanalarinda
olan darsliklori tadqgiqatgilar ii¢ yers boliirlor:

1.Azarbaycanda hazirlanan kitablar;

2.Azorbaycandan konarda hazirlanan kitablar;

3.Basqa dillardo olan kitablar [8, s.266].

Bu bolgiiyo osason hansi ehtimallar1 ortaya qoy-
mag olar?

Demoli, hamin dévrds Azarbaycanda, onun tarkib
hissasi olan Naxgivanda kitablar hazirlanirdi. Basqa
6lkalarla madoani alagalar 0 daracads inkisaf etmisimis
ki, konardan da modraso kitabxanalarina kitab goti-
rilirmig. Onlarin arasinda basqa dillards olan kitablar da
var imis. Fikrimizca, Kitabxana tariximizds bu faktlar
da ¢ox ohomiyyatlidir.

Basqa dillords olan kitablar o d6vriin kitabxanala-
rinda movcud olan ¢oxdilli sistem haqqinda danismaga
imkan yaradir.

H.Tagiyevin bels bir fikri da diggeti ¢okir: “Azor-
baycan alimlari vs sairlori yuxarida izah edilon sabab
iizlindon hanst dildo yazmagqlarindan asili olmayaraq
dogma xalqinin milli vo madoani xiisusiyyatlorini daim
hifz edib saxlamislar” [3, s.8]. Bu yoniimdan kitabxana
tarixinin odobiyyat tarixi ilo vohdotds aragdirilmasi vo
todrisi ¢ox zoruri mosalolordon biridir. Bu zaman
modrass kitabxanalari ilo yanasi saray kitabxanalarimin
da miistosna shomiyyoti ¢ox ciddi faktor kimi nozars
almmalidir.

XIV osrda sair, torclimagi va alim Savaci Moham-
mod, odabiyyatsiinas Foxroddin Hindusah Naxgivani,
onun oglu, tarix¢i Mohommad ibn Hindusah Nax¢ivani
(onun “Vozifolorin miioyyan edilmosina dair kitab
tolimat1” vo basqa kitab var idi), tabii ki, madoniyyat
tariximizin goérkomli simalari idi [8, s.269].

Homin dovrdo yasamis moshur sair Beyrok
Qusguoglu da Naxgivan mongali Sonotkar kimi
doyarlondirilir. Orta osrlords yasamis sonhotkarlarin
coxunun goxsi Kitabxanaya vo ya kitab rofino malik
olmasi [3, s.9] todqiqatlarda 6z oksini tapmisdir.

Professor A.Xalilov yazir: “Camiyyatds yaranan
tolobatla slagedar olaraq kitabxanalarin miqdart durma-
dan artir, yeni-yeni Kitabxana tiplori va novleri
meydana galirdi [5, s.22].

Miixtalif dovrlords kitaba vo kitabxanaya milli
toraqqinin miihiim vasitalarindan biri kimi 6nam veran
gorkomli soxsiyyatlor bu masslods asl niimuna gostor-
miglor. Yeni Kitabxana tiplorinin  vo ngvlarinin
meydana golmasi iss madoni toraqqinin  mithiim
gostaricisi kimi diggsti calb edir.
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Toadgiqatlardaki belo bir geyd, slbatto, har biri-
mizdo tokco toossiif hissi yaratmir: “Xiisiisilo VII, 1X
va XIII osrlordo yadellilorin Azorbaycan torpagina
basqinlar1 xalqumiz {igiin  boyiik falakot torotmis,
modoni abidslorin, 0 climlodon kitablarin mohv
olmasina vo ogurlanmasima sobab olmugdur. O dévrda
Azarbaycandan aparilan bir ¢ox qiymatli slyazmalarin
bu giin belo miixtalif 6lkolorin kitabxanalarinda
saxlanildiginm tarixi sonhotlor siibut edir” [3, s.13].
Tarixdon malumdur ki, Nax¢ivan Azarbaycanin on ¢ox
doylis meydanina gevrilon bdlgalorindon olmusdur.
Yuxarida geyd edildiyi kimi, 800 il Nax¢ivanda hifz
olunan “Munisnama” do bolgenin agir giinlorinds
Britaniyaya aparilmigdir. Bu  hadisalor  milli
madaniyyatimizo agir zorbslor vurmagla yanagi, onun
tarixinin  yronilmasinds ciddi ¢atinliklor yaradir.
Biitiin  bunlara baxmayaraq, Naxg¢ivan miihiim
modoniyyast morkazlorindon olmagla zaman-zaman
bosor svilizasiyasina 6z tohfolorini vermisdir. Bu
sahodo kitabxanagiliq tarixi do misilsiz nailiyystlorlo
zongin olmusdur.

Qeyd olunmalidir ki, Ordubad saharindaki Zohir
9d-Dovle Mahommod madrosasi XVIII yiizillikda
nainki Naxcivanda, biitiin Azorbaycanda shamiyyatli
todris miiassisasi kimi tanimib [8,5.320]. Bu iso ¢oxlu
sobablori olan masoalslardondir. Orazica ¢ox da boyiik
olmayan bu bolgo 6z mashur soxsiyyatlori ilo homiso
se¢ilmisdir. XVI asrdo Mirzo Sadiq Ordubadi, Ziyayi
Ordubadi vo bagqalari [8, s.329] milli toroqqiys avozsiz
xidmatlor géstormislor.

Tosadiifi deyil ki, xaloflori onlarin parlaq snons-
lorino  homigo sadiqlik gostormis, mihiim iglor
gormiiglor. Olbotto, Naxgivanda kitabxana tarixindon
s6z acarkon biitin bunlara digqot yetirmok ¢ox
zoruridir. 1905-ci ildo Ordubad ssharinds girastxana
acilir. Bu barado M.S.Ordubadinin “Hayatim vo
mithitim” asarinda da bshs olunur. Mir Adilin evinds
acilan bu girastxana miixtalif gozetlor alirmis, burada
dram darnayi do toskil edilibmis.

Goriindiiyti kimi, girastxana sohords osl madani
morkaz rolunu oynayirmis. “M.S.Ordubadinin dediyino
gbra, bu girastxana 1914-cii ilo godor islomisdir”[2,

5.104].
Eloco do “Molla Noasraddin” jurnalinin 1907-ci il
6 yanvar nomrasindo Naxgivandaki  “Soadat”

girastxanasindan bohs olunur.

Olbatts, biitlin bunlar moadoniyyat Xozinomizin
6ziinomoxsus cohotlarinin dyranilmasinds xiisusi sha-
miyyat kasb edir

Hor bir o6lkeds elmin, tohsilin, incasenatin,
modoniyyatin inkisafinda vo tobliginds kitabm rolu
avazsizdir.

Kitab xalqmn manavi sarvatidir, onun tarixidir. Bu
sorvati  golocok nosillor {iglin qoruyub saxlayan,
basariyyatin sonad yaddas: sayilan kitablarm vo digor
cap osarlorinin qorunmasinda kitabxanalar boyiik rol
oynayir. Kitabxana isi comiyyatimizds daim diggst
morkazinds olub. Bu sahays hor zaman boyiik qaygi ilo
yanagilib. Dahi Nizami Gancavi ds asarlorinin birinds
kitabxanalar1 va Kitab1 belo giymatlondirir.

Diinyada na gadar kitab var halo

Caligib,allosib gatirdim olo

Oxudum,oxudum,sonar da vardim

Hor gizli xazinodon bir diir ¢ixardim

Kitabxanalarin yaradilmasinda zomanosinin agill
hokmdar vo ziyalilarinin xtisusi rolu olub. Belo ki, orta
asrlordo Nasiraddin Tusinin rohbarlik etdiyi Maraga
Rosodxanasinda  1258-1261-ci  illordo  foaliyyat
gostormis kitabxana Azorbaycanin moshur elmi
kitabxanalarindan sayilirdi. Naxg¢ivanda iso ilk
kitabxananin yaradicist maarifparver ziyali Eynolibay
Sultanov idi. Nax¢ivanda ikinci zongin kitabxanalardan
biri do Moasadi Qurbanoli Sorifovun kitabxanasi hesab
edilirdi. Onun kitabxanasina Bagcasarayda vo Kazan
soharinda nogr olunan kitablar golirdi. Bununla yanast,
bu modoniyyat miiossisosi Hindistanda  ¢ixan
“Hobulmotin” gozetini va Istanbuldan miixtalif Kitablar
alirdi. Qurbanali Serifovun kitabxanasinda rus vo
diinya klassiklarinin asorlori da 6ziins yer almigdi. Bu
kitabxanadan noinki o zamanlar yaranmig “Miisalman
incasanat va dram comiyyati”nin tizvlari, elaca do elmla
maraqlanan basqa ziyalilar da istifads edirdilor.

1905-ci ildo Naxg¢ivanda ‘“Miisolman maarif
incosonat comiyyaeti” torafindon rosmi kitabxana agilir.
Bu kitabxana Sahbazaganin evindo daha dogiq desok
Naxcivan soharindoki “Istiglal” kiigasinda yerlosmisdi.
Ancaq toossiifki, kitabxana polis idarasi torofindon
ayri-ayr1 bahanslor gatirilorok uzun miiddot bagh
qalirdi.  Sobobi iso homin kitabxanada “Molla
Nasroddin” jurnalinin olmasi idi. Ciinki bu jurnal milli
dir¢alisin giiclanmasindo, ideologiyanin
formalagmasinda shamiyyatli rol oynayirdi.

1915-1916-c1 illordo ayri-ayri ziyalilar torsfindon
soxsi kitabxanalarin yaradilmasi daha da artir. Bu
illordo Sahbazaga Kongorlinin, Sahbaz Kalontsrovun,
Rza Tohmasibin, Hoson Sofarlinin kitabxanalarini
misal gostormok olar. Arxiv manbolorin geyd etdiyino
gora 1917-ci ildo Naxc¢ivan gohorindos ii¢ kitabxana
foaliyyot gostorirdi. Bunlardan biri “Hiimmatgi”larin,
ikincisi  “Cinovniklor klubu”nun, gilinciisii isa
“Miisalman milli komitasi”nin kitabxanasi idi.

Naxgivan Muxtar Respublikasinda on boyiik
kitabxana Mommad Said Ordubadi adina Naxgivan
Muxtar Respublika Kitabxanasidir. Bu kitabxananin
osast 1922-ci ildo Xalq Maarif Komissarlig1 torafindon

goyulub. 1930-cu ilo kimi Sochor Kitabxanasi
adlandirihb, homin ildon iso Naxg¢ivan Muxtar
Respublika Kitabxanast kimi faaliyystini davam
etdirib.  Kitabxana 1953-cii ildon  Azarbaycan

odobiyyatinda tarixi romanlar miiallifi kimi taninan
yazigt M.S.Ordubadinin adini dasiyir. Kitabxanalarda
yaradilan gorait oxucular {iglin rahathgm tomin
olunmasi, elmi biliklarimizin vs diinyagériisiimiiziin
daha da artmasina komoklik gdstoron hamin tinvanlara
golonlarin say1 da artir.

Moashur hind kitabxanagisi Rapganatan deyirdi....

“Bir orqanizm kimi kitabxana daim inkisafda
olmali, kitabxana fondu aramsiz olaraq yeni kitablarla
zonginlosdirilmolidir. Kigik su hovzalori, gollor ona
tokiilon ¢aylardan mohrum olduqda qurudugu kimi, hor
hansi bir kitabxana da yeni kitablardan mahrum olarsa,
6z elmi vo madani shamiyyatini itirar”.

Bu giin muxtar respublikada kitabxana isino
qaygmin naticesidir ki, kitabxana fondlar1 yenilanir.
Sevindirici haldir ki, bu giin muxtar respublikamizin
biitiin bolgslorinds miitalis markozlori sayilan belo
modoniyyst  miiossisolorinin - say1  giindon-giino
artmaqdadir. Sohar morkoazlorindon tutmus ucqar dag
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kondlorino godor biitiin yerlordo miiasir kitabxanalar
foaliyyot gostorir. Bir canta kitab, bir geqabaytliq
flagkart.

Olkomizdo, eloco do muxtar respublikada miiasir
tolablar saviyyassinds hoyata kegirilon layihalor vo
todbirlor, biitlin saholoro gostorilon dovlst qaygisi
kitabxana xidmati Saviyyssinin daha da yiiksalmasine
Sobab olub. Naxc¢ivanda miiasir dovriin toloblorine
uygun elektron kitabxanalarda faaliyyot gostorir. Indi
bir canta dolu kitabi miisyyon dasityici qurgularda
saxlamaqgda olar. Ganc naslin daha ¢ox iz tutdugu
elektron kitabxanalar informasiya resurslarinin siiratli
vo keyfiyyatli faaliyystinin - tomin  edilmasinds,
oxucularin informasiya tolobatinin daha yiiksok
soviyyado 6donilmoesinds mithiim shamiyyat dasiyir.
Artig  M.S.Ordubadi adina Nax¢ivan Muxtar
Respublika Kitabxanasinin, Naxgivansiinasliq
morkoazinin, Nax¢ivan Dovlot Universitetinin elektron
kitabxanasinin, AMEA Nax¢ivan Bolmasinin elektron
kitabxanasmin, Naxcivan Regional Informasiya
Moarkazinds mohdud fiziki imkanlilar ti¢iin audio vo
elektron kitabxanasinin elektron xidmotlori oxucularin
istifadesina verilib.

Kitab ononovi informasiya vasitasi olaraq, biitiin
zamanlarda 6z aktualligini qoruyub saxlayib. No bas
veron informasiya ingilablari, no yeni texnologiyalar,
basariyyatin on boyiik kosflorindan biri olan kitablarin
ohomiyyatini azaltmayib. Kitablar vo Kitabxanalar
bizim milli sarvatimizdir. Umummilli liderimiz Heydor
Oliyevin sdyladiyi kimi: “Kitabxana xalq, millat Gi¢iin,
comiyyat tictin miigaddos yer, monaviyyat, bilik, zoka
monbayidir. Ona goéra do kitabxanalara daimi hormot
xalqimizin madaniyyatini niimayis etdiran amillardon
biridir”.

Moadoni toroqqi fasilesiz vo davamli prosesdir.
Ictimai-siyasi hadisalor bu prosess ciddi tosir gostarir.
Bu yoniimdon kegilan tarixi yolun dévrlandirilmasini
zorurilagdirir. Mahz bunu osas gotiirarok demaliyik ki,
Nax¢ivanda kitabxana tarixini ti¢ marholods dyranmok
moqsads uygundur:

1.Qadim dovrlardan 1920-ci ilo godor;

2.Sovet dovrii;

3.Mistaqillik illori.

Molumdur ki, 1920-ci ilo godorki dovrds
kitabxanalar, artiq daracads, modaniyyat ocaqlari kimi
foaliyyat gostarirdilarss, sovet dovriinds onlar ideoloji
morkazlora ¢evrildilor. Har bir kitab, toedbir tobligat
vasitosi  kimi  doyerlondirilir,  kitabxana¢1  iso
miitoXassisdon ¢ox tobligatg1 qisminda gabul olunur,
ondan ancaq bu sahodo foaliyyst gdstormok tolob
edilirdi. Onlarin faaliyystina do bu baximdan giymat
verilirdi.

Miistagillik illarinds ise kitabxanalara 6z hogiqi-
milli madani morkaz statusu qaytar1ldi.1920-ci ilin 5
iyununda Azorbaycan Xalq Maarrif Komissarligimin
xalqa miiraciatinds asas magsad evlards olan kitablarin
yeni yaradilan kitabxanalara verilmasi ilo bagl idi.
Homin ilin 31 oktyabrinda Azorbaycan Ingilab
Komitasi “Kitabxanalarin Xalq Maarrif Komissarligina
verilmosi haqqinda” dekret verdi [2,s.4] . Homin
dovrlo bagli aparilan arasdirmalarda bu siyasotin iki
istigamoti vurgulanir: Kitabxana iginin inqilabi yolla
yenidon qurulmasi vo bunun béyiik dévlat shomiyyati
vardir [2,s.5] . Qeyd olunur ki, bu illords kitabxana

isino ayrilan vosait az imis, kitablar az tirajla nosr
edilirmis, ixtisasli milli kadrlar yox imis. Biitiin bunlara
baxmayarag Kkitabxanalardan talob olunurdu ki,
dovlatin apardigi siyasate yaximdan komoak etsin.

1935-ci ilin iyun aymnda Azorbaycan SSR Markozi
fcraiyyo Komitosi vo Azorbaycan Xalq Komissarlari
Soveti “Azorbaycan SSR-do kitabxana igi haqqinda”
gorar gobul etdi. Eloco do Azorbaycan SSR Xalq
Komissarlar1 Suras1 “Kitabxana fondunun miihafizo
olunmasi tigiin moasuliyyst haqqinda” qobul etdiyi
Qorarla dovriin taloblorini gindoma gotirdi. D&vriin
asas tolobi iso rejimo sodagotlo qullug etmok idi.

Usaq va moktab kitabxanalarinin, elmi vo xiisusi
kitabxanalarin sobokosi formalagmaga bagsladi. Olbatts,
biitlin kitabxanalarin faaliyystinds tobligat-togviyat isi
asas yer tuturdu.

1957-ci ilds “Azarbaycan SSR-in amokdar Kitab-
xanagist” adinin  tasisimiloyyanlogdirilon  siyasatin
miihiim torkib hissasi idi.

Sovet donaminds Kkitabxanalarin qarsisina
goyulan vazifalor

Moalumdur ki, dévlat Kitabxana siyassti dedikds,
dovlstin - comiyyatdo kitabxana isi  sahasindo
miioyyanlosdirdiyi prinsip vo normalarin macmusu
nozordo tutulur [17,s.87].

Bu illordo formalasan kitabxana-informasiya
tominati sisteminin asaslarini sovet ideologiyasi toskil
edirdi.

Umumiyyoatle, miiharibadan sonra kitabxana sahs-
sindoki islor yeni miistoviys ¢ixarildi. Tokco kiitlovi
kitabxanalara yox, elmi, elmi-texniki, xiisusi
kitabxanalara ciddi diqgst yetirilirdi. Unudulmurdu Ki,
kitabxalar ideoloji markoz olarag shamiyyot dasiyir.

1974-cii ildo Sov.iKP MK “Zohmotkeslorin
kommunist torbiyssinds vo elmi-texniki taraqqido
kitabxanalarin rolunu artirmaq haqqinda” qorar gobul
etdi. Sohbat yens ideologiya ils, kitabxanalarin ideoloji
morkoz kimi faaliyystinin geniglondirilmasi ilo bagh
idi.Homkarlar Ittifagq1 kitabxana sobokolori, partiya
kitabxanalar1 da malum siyasati ardicil surotdo hoyata
kegirirdi.Dogrudan da, 50-ci illordon baglayaraq
kitabxanalarla bagl yuridiilon siyasst 6z naticalorini
gostordi. Bels ki, cox genis, hoyatin biitiin sahalarini
ohato etmok giiciindo olan kitabxana sobokosi
formalagdirildi. Ancaq bu sabsakeni yaratmagda osas
mogsad  kitabxanalar1  giicli  tobligat markozine
gevirmoak idi. Belo bir fakta diggst yetirok. 1987-ci ildo
nosr olunan bir kitab “Elmi-texniki toraqqi vo kitab-
xanalar” adlanird1. Yoni ad gox xeyirxah bir niyyatdon
Xabor verirdi. Indisa hamin kitabdaki baslqlar nazor-
don kegirak:

1.0lkonin sosial-igtisadi
stiratlondirilmasi Xattini toblig edok.

2.Sov.IKP-nin xarici siyasot xattinin tobligi.

3.Aqrar  senaye birliklori  va  Kitabxana-
informasiya xidmati.

4.Sov.IKPXXVII qurultay1 vo oks tabligat.

5.Sovet qanunlart humanist qanunlardir.

6.Sovet hayat torzinin tabligi.

7.80v.IKP XXVII vo Azorbaycan KP XXXI
qurultaylar1 materiallarinin kataloq vo Kartotekalarda
oksi.

8.S0ov.IKP XXVII qurultayr materiallarinin
tobligindo bibliografik metodlardan istifads.

inkisafinin
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90 sohifalik bu kitabda 11 sohifalik “on ikinci
besillik  vo  elmi-texniki  toroqqi”  bdlmosi
olmasaydi [4, s.17], yaqgin ki, bu kitabin baghgindaki
“elmi-texniki toroqqi” sozlori tamam havadan asili
galardi. Sovet donaminds Kitabxanalara miinasibat bu
Vo bunun kimi ¢oxsayli nagrlords 6z oksini tapird.

“Birinci doracali vazifo qurultay gorarlarinin
mahiyyatini vo ruhunu hor bir partiya toskilatina, hor
bir kommunists, har bir sovet adamina ¢atdirmaqdan
ibarotdir. Kitabxanalar partiya toskilatlar: ilo birlikdo
bu igdo holledici rol oynamali, 6lkemizin tarixinin
koskin déniis morhalasinds onlarin miibarizasine vo
amoayina basciliq etmalidirlor” 5, s. 10].

Kitabxanalarin  bu  vozifolorin  6hdasindan
layiginco golmosi barads raziligla damisilir, onlarin
miixtolif is formalarindan istifado etmosi, miiasir
dovriin tolablari seviyyesindo mithiim naliyyatlor slda
etmolori gostorilirdi [2, s. 72].

Kitabxana tariximizin bu sohifolerindan bshs
edorkon yetorinco diqgotli olmali, hadisalori do,
yeniliklori, ugurlar da  obyektiv =~ mdvqedon
dayarlondirmsliyik. Goriilan iglar naticasindo qazanilan
ananalorin miisbot taraflori do var idi.

Nax¢ivan MR-do Kitabxana tarixinin  sovet
donamindoaki voziyyatinin da eynan bu sokildo olmasi
tamamilo tobii idi. Demok olar ki, bdlgonin biitiin
yasayls  montogolorindo  Kitabxanalar  foaliyyat
gostarirdi. Onlar yeni kitablarla, gozet-jurnallarla tomin

olunurdu. Kitabxanalarda miixtalif mozmunlu tadbirlor
verilir, kitabxana isino dair normativ sonadlor
rohbarliys alinirdi.

Biitiin bunlar sovet hoyat torzinin istiinliiklori,
nailiyystlori kimi kiitlslora izah olunurdu.

Kitabxana isinin tarixini sovet hakimiyyati illori
ilo mohdudlagdirmaqg da bu dovriin sociyyovi
cahatlorindan idi.
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Xiilasa

Erkon usaqliq dovrii emosional vo sosial bacariglarin formalagmasinda holledici shamiyyato malikdir. Bu
dovrds usaqlar emosiyalarini tanima, ifads etmo vo tanzimloma bacariqlarini osasan ails va torbiys miihitindo
Oyranirlor. Todqiqatlar gostorir ki, bu bacariglarin inkisafinda valideynlorin qoydugu davranis vo emosional
sorhadlor miihiim rol oynayir. Sorhadlar usaga tohliikasizlik hissi va sosial normativlori anlama imkan: yaratmaqla
yanasi, onun &ziiniitonzimloma va empatiya gabiliyyatlorini do togviq edir.

Moagalods erkon usaqliq dovriinda psixoloji sarhadlorin emosional zokanin (EZ) inkisafina tosiri elmi vo
nozori osaslarla tohlil olunur. Aragsdirmalar vo klassik nozariyyslor (Freyd, Erikson, Rogers, Piaje, Bandura,
Maslou vo d.) gostorir ki, usaqlara aydin, ardicil vo sofgotli sokildo goyulan sarhodlor onlarin tohliikasizlik
ehtiyacini garsilayir, sosial normalart manimsomasine vo 6ziinti tonzimloms bacariginin formalagsmasina zomin
yaradir. Baumrindin torbiys iislubu modeli osasinda aparilan tohlillor gostorir ki, demokratik vo ardicil
yanagmalarla boylidiilon usaqlarda emosional zoka gostaricilori daha yiiksok olur. Oksina, avtoritar vo icazoverici
yanasmalar emosional sabitlik vo sosial uygunluq baximindan risk dasiywr. Demokratik valideynlik torzi, ham
emosional dostok, ham do strukturlagdirilmis davranis gargivalari toqdim etmoklo EZ-nin inkisafina on optimal
miihit yaradir. Magala bu kontekstds sarhodlorin EZ-nin asas komponentlori olan empatiya, emaosional tanzimlama
Vo sosial uygunlagmaya téhfasini elmi asaslarla sorh edir.

Abstract

Early childhood is a critical period for the development of emotional and social skills. During this period,
children learn to recognize, express, and regulate their emotions primarily in the family and upbringing
environment. Research shows that behavioral and emotional boundaries set by parents play an important role in
the development of these skills. Boundaries not only provide a child with a sense of security and an opportunity
to understand social norms, but also promote self-regulation and empathy.

The article analyzes the impact of psychological boundaries on the development of emotional intelligence
(ED) in early childhood on scientific and theoretical grounds. Research and classical theories (Freud, Erikson,
Rogers, Piaget, Bandura, Maslow, etc.) show that clear, consistent and compassionate boundaries set for children
meet their need for security, create a basis for their assimilation of social norms and the formation of self-regulation
skills. Analyses based on Baumrind's parenting style model show that children raised with democratic and
consistent approaches have higher emotional intelligence indicators. In contrast, authoritarian and permissive
approaches carry risks in terms of emotional stability and social adaptation. Democratic parenting style creates the
most optimal environment for the development of EZ by providing both emotional support and structured
behavioral frameworks. In this context, the article interprets the contribution of boundaries to empathy, emotional
regulation, and social adaptation, which are the main components of EZ, on scientific grounds.

Acar sozlar: erkon usaqliq, sarhadlor, emasional zoka, torbiys tislubu, emosional tonzimlomo.

Keywords: early childhood, boundaries, emotional intelligence, parenting style, emotional regulation.

GIRiS hisslorini dork etmosi, idaro etmasi vo basqalarmin
Erkon wusaqliq dovrii insan goxsiyyatinin  emosiyalarini anlama bacarigi kimi izah edilir vo
formalagmasinda asasli marhalalordon biri hesab  miasir psixoloji tedgigatlarda sosial adaptasiya,
olunur. Bu dovrde usaqlar ham emosional, ham ds  akademik ugur vo saglam miinasibatlorin qurulmasinda
sosial bacariglarin tamalini qazanir v onlarin golocok  halledici amil hesab olunur.
miinasibatlori, davranig modellori mohz bu morhalads Usagin emosional inkisafinda valideynlarin vo
formalasir. Emosional zoka (EQ) anlayis1 usagin 6z  torbiyagilorin - qoydugu sorhodlorin  rolu  xiisusi
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ohomiyyat dasiyir. Sorhodlor usaga davranislariin
noticolorini anlamaga, 6ziinii vo bagqgalarini qorumaga,
sosial qaydalara uygunlagsmaga yardim edir. Bu
cargivalor usagin emosional sabitliyini giiclondirmakla

yanagi, empatiya vo Oziiniiidaro Dbacariglarinin
inkisafina da sorait yaradir.
Moveud todgiqatlar gostorir ki, sarhadlorin

olmamas1 usaqlarda aqressiv davranis, Oziinilidara
catinliklari vo sosial miinasibotlords problemlors sabsb
ola bilor, haddindon artiq sort sorhadlor iso
oziinsinamm  zosiflomoesine vo emosional ifadanin
mohdudlasmasina gatirib ¢ixara bilor (Baumrind,
1991). Buna gora do balansh vo ardicil sorhadlarin
goyulmasi erkan usaqliq dévriindo emosional zokanin
inkigafi ti¢lin mithiim sort kimi dayarlondirilir.

Bu mogalanin magsadi erken usaqliq dovriinds
sorhadlorin qoyulmasinin usaqlarin emosional zoka
bacariqlarina tosirini elmi adabiyyata asaslanaraq tohlil
etmokdir.

Tadgigat

Sorhod (psixoloji baximdan) — insanin 6ziinil vo
basqalarini tanimasina, forglondirmasing, soxsi mokan
Vo emosional ehtiyaclarini qorumasina xidmot edon
daxili va xarici davranig gorgivaloridir. Erkon usaqliq
dovriinds sarhadlar usagin davranislarini
tonzimlomasinoe, impulsiv reaksiyalarini idara etmasina
Vo basqalarinin hiiquglarina hérmot etmoyo imkan
veran asas struktur rolunu oynayir (Mackenzie, 2020).
Bundan olava, sorhodlor usaga sosial normalar
monimsomak ti¢iin dayaniqh ¢argiva togqdim edir, belo
ki, usaq ham fordi, hom do sosial davranig standartlarini
Oyranir. Psixoloji tadqiqatlar gosterir Ki, sarhadlorin
ardicil vo moantigli totbiqi usaqlarin emosional sabitliyi
Vo sosial adaptasiyasimi giiclondirir, hom¢inin EQ-nun
erkon morhoalodo inkisafina sorait yaradir.

Sorhadlar usagin 6ziinii tohlilkasiz va basa diisiilan
bir diinyada hiss etmasina sorait yaradir. Denham va
Burton (2006) geyd edirlor ki, valideynlorin usaqlara
yonolik emosional miinasibati onlarin emosional
diinyasinin formalasmasinda halledici rol oynayir.
Usaglar valideynlorinin onlar1 dinladiyini, hisslorini
adlandirdigini  vo emosiyalarina hérmoat  etdiyini
gordiikde, 6z emosiyalarim ifado Vo tonzimlomo
sahosinds daha bacariqli olurlar. Bu proses, usagin
sosial qarsihigh olagalordo empatiya géstarmosi,
konflikt vaziyystlorini idaro etmasi vo duygularinm
moqsadyonlii sokildo ifads etmasi tigiin mithiim zamin
yaradir.  Beloaliklo, sorhadlor  yalniz  davranig
tonzimloma vasitesi  deyil, hom do emosional
Gyranmoanin asasini tagkil edir

Morris va amoakdaslarinin (2007) ailo konteksti va
emosional tonzimlomo iizra todgigat1 gostoarir Ki, serhad
qoyma davranist usaqlarda oziini  tonzimlomo
bacariginin inkisafi tigiin vacibdir. Sorhadlor usagin
davraniglarini yalniz idars etmoys deyil, hom ds sosial
olaraq gsbuledilon davranig formalarint monimsamays
yonaldir. Bu morhalodo valideyn va tarbiyagilor
torafindon ardicil va izahli sarhadlorin tatbiqi, usaga
sobob-natica olagesini Gyradir va naticads usaq 6z
harokatlarina nazarost etmoyi bacarir. Eyni zamanda,
sorhadlor usagin sosial normativ davranis modellarini
toglid etmasins sorait yaradir va belslikls, ham fordi,
hom do sosial adaptasiya bacariglarini artirir.

Baumrindin (1991) torbiys iislublar1 modelino
goro, demokratik valideynlik EZ inkisafi iicin on
olverisli miihitdir. Valideyn vo ya baxici torofindan
aydin vo ardicil sorhodlorin qoyulmasi, usagin no
g6zlonildiyini vo hansi1 davraniglarin goabulolunmaz
oldugunu dork etmosina komok edir. Bu, tadricon
Ozliniiidars vo emosional nazarst bacariglarini inkisaf
etdirir. ©ksina, Sorhadsiz vo geyri-ardicil miinasibot
usaqda geyri-miioyyonlik, glivansizlik vo emosional
qarisiqliga sobob ola bilor. Demokratik (nazarstlo
yanasg1 dostok gostaran) torbiys iislubu sarhad qoyma ilo
emosional yaxinlig1 birlesdirarok EZ inkisafina on ¢ox
t6hfs veran torz hesab olunur (Baumrind, 1991).

Thompson vo Meyer (2007) geyd edirlar Ki, erkon
dovrdo prefrontal korteksin inkisafi emosional
tonzimloamoni miimkiin edir. Prefrontal korteks usagin
gorarverms, diqgati yonaltmo vo impulsiv davraniglart
nozarat etms gabiliyyatino cavabdehdir. Sarhadlor bu
inkisafi dostokloyon asas xarici struktur rolunu oynayir,
¢iinki usagin otrafdan aldig1 ardicil qaydalar vo taloblor
onun neyroloji inkisafini  moqsadyonlii  sokildo
formalagdirir. Masolon, valideynin ardicil “yaxs1” vo
“pis” davraniglara verdiyi reaksiyalar usaqda
davraniglarin naticalorini  dyranmoyi stimullagdirir.
Beloliklo, sarhodlor neyrobioloji inkisaf vo emosional
tonzimlomo arasinda bir korpii funksiyasi goriir, usagin
EQ-nun erkon morholods formalagmasma sorait
yaradir.

Olavs olaraq, todgiqatlar gostorir ki, sarhadlorin
movcudlugu usagin stress reaksiyalarini da tonzimlayir.
Prefrontal korteksin giiclii olmast usagin emosional
qarisiqliq veziyyatindo 6ziinii sakitlogdirmasine vo
problemi mogsadyonli hall etmosino imkan verir.
Sorhadlarin olmamasi vo ya geyri-ardicil totbigi iso
oksina, usagmn stresso qarst hossashigini artirir vo
emosional sabitliyini zsiflodir.

Z. Freydo goro, usagin soxsiyyati id, eqo vo
supereqo arasindaki balansla formalagir. Sarhadlor bu
balansin tonzimlonmasinds vacib rol oynayir. Anal
morhaloda  (togribon  1,5-3 yas) usaq nozarati
Oyronmays ¢alisir vo mosalon, tualet vordigini
monimsayir. Sarhadlorin diizgiin qoyulmasi naticasinda
usaq 6z impulslarim1 tonzimlomoyi, vicdanmi inkisaf
etdirmoayi vo sosial normalara riayst etmoyi dyronir
(Cherry, 2025).

Olava olarag, sort vo ya qeyri-ardicil sorhadlor
usagin id vo eqo arasindaki balanst poza bilar. Bu,
noticads usagin ya agiri itaotkar, ya da inadkar soxsiyyst
xiisusiyyatlori formalagmasina sobab olur. Ona gora do,
sarhadlorin  keyfiyyoti vo totbiq ardicilhigi usagin
psixoseksual inkisafi vo emosional davranislarinin
formalagmasi ti¢iin holledici ohamiyyat kosb edir.
Usagm vicdaninin (supereqo) inkisafi hom do sosial
miinasibatlords empatiya vo mosuliyyst hissinin
gliclonmasins birbasa tasir gostarir.

E. Eriksonun psixososial inkisaf nozoriyyasinoe
gora, 2-3 yag dovrii avtonomluq vo siibho/utanc
morhalesi  kimi taninir. Bu marholods  usagin
sarhadlorlo garsilagsmasi onun davraniga cavabdehlik
hissini inkisaf etdirmasi {iglin hayati shamiyyat kash
edir (Ergin & Koseoglu, 2020). Sarhadlorin ardicil,
sofgatli vo izahli sokilds totbiqi usagin 6z harakatlorinin
naticalorini anlamaga, sosial normalar1 manimsamayo
Vo impulsiv davraniglarini tanzimlomays kémak edir.
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Eriksonun noazariyyasins asason, usagin bu dévrds
oldo etdiyi avtonomiya hissi golocokdos 6ziino inam va
sosial bacariglarin inkisafina osas toskil edir. ©gor
sorhadlor diizgiin totbiq edilmozss, usaqda etibar
problemlari, gorxu vo geyri-miioyyanlik yaranir. Bu iso
uzun miiddstli emosional zokanin zsiflomasina gatirib
¢ixara bilor. Bu baximdan, erkon usaqliqda sorhodlorin
balansli qoyulmasi usagin sosial vo emosional
inkisafinin tomalini formalagdirir.

Karl Rogers usagin inkisafinda “sortsiz gobul”
prinsipinin oshomiyyatini vurgulayir, yoni usaq 6ziinii
oldugu kimi gobul edilorak sevildiyini hiss etmolidir.
Lakin Rogers bu prinsipi sorhodsiz miihitlo
eynilosdirmir; oksino, sorhodlor hormot vo sofgot
daxilinds qoyulduqda, usaq ham sevildiyini, hom do
davraniglarinin noticalorini Gyrenir (Giirgan, 2022).
Elmi aragdirmalar gostarir ki, sortsiz gobul va balansh
sorhadlor birlogdirildikds, usaqlar 6z emosiyalarini
daha yaxs1 idars edir, sosial miinasibotlordo empatiya
gostorir vo EQ bacariglarini inkisaf etdirirlor. Bu
yanagma, usagin 6ziinii tohliikosiz vo dastoklonmis hiss
etmosini tomin etmoklo yanasi, sosial qaydalari vo
mosuliyyat hissini do 6yradir.

Maslounun tolobatlar ierarxiyast nozariyyasi
gostorir ki, usaqlarin ilkin ehtiyaclart tomin edilmadon
daha yiiksok soviyysli bacarigqlar — mosslon, &ziini
reallagdirma, empatiya vo kreativlik — inkisaf edo
bilmaz (Maslow, 1943). Bu baximdan, sarhadlor usagin
tohliikasizlik ehtiyacini tomin edir: usaq qaydalarin
movcudlugunu goriir vo naticado ziinii qgorunmusg hiss
edir. Tohliikesizlik hissi usagin emosional sabitliyini
artirii Vo EZ-nin daha yiiksok soviyyslorina dogru
inkisafin1 miimkiin edir. Bundan slavo, sarhadlor usaga
masuliyyat vo davramiglarin  noticalorini  anlama
gabiliyyati qazandirir, bu da sosial vo emosional
bacariglarin formalagmasina yardim edir.

Albert Banduranin sosial 6yranma nozariyyasina
gora, insanlar — xiisusilo do usaqlar — davraniglar
tokca birbasa tocriiba vo naticalar yolu ils deyil, ham do
miisahido vo toglid vasitesilo Gyronirlor (Bandura,
1977). Bu nozoriyyays osason, usaqlar otraflarinda
gordiiklori  davranig modellorini, xiisusilo  do
valideynlorini, miollimlorini vo diger bdoyiiklori
izloyarak, onlar1 toglid edirlor. Bu dyranmo prosesi
"model Oyronma" adlanir vo burada diqget, yadda
saxlama, icra vo motivasiya komponentlori miihiim rol
oynayir. Banduraya goro, sosial dyranmo prosesinda
misbat model davraniglar usaqlarin  sarhadlori
monimsamasine  va  daxili nazarst mexanizmi
qurmasina daha effektiv sokilds yardim edir.

J.Piajeyo goro wusaqglarin kognitiv  inkisafi
morhalali sokildo bas verir vo erkon usaqliq dovri
(togribon 2-7 yas) onun "omsliyyatagodarki marhoalo"
adlandirdigr  dovro uygundur (Piaget, 1952). Bu
morhalods usaqlar straf alomi anlamaqgda hals montigi
omoliyyatlara tam qadir olmasalar da, artiq simvolik
diigiinma gabiliyysti formalagmaga baslayir. Usaqlar
bu dovrdo osason eqosentrik diisiinca torzino malik
olur, yani onlar diinyan: yalniz 6z baxis bucaqlarindan
giymatlondirirlor va basgqalarinin  perspektivlarini
anlamaqda ¢otinlik gokirlor.

Bu morholodo usaqlar sorhadlorin vo sosial
qaydalarin = moévcudlugunu todricon dork etmoys
baglayirlar. Mohz bu yas dovriindo onlara togdim

olunan davranis sorhadlori, sobab-natico slagoasinin
qurulmasinda miihiim rol oynayir. Masalon, sarhadlor
usaga mioyyon davranisin hansi naticalori dogura
bilocoyini Oyradir vo naticads usaq davraniglarim
tonzimlomoyi dyranir. Sorhadlor eyni zamanda usagin
sosial normalar1 gobul etmasino Vo Oziinliidars
bacariglarmin tomslinin formalagmasina dastok verir.
Sorhadlor usagin emosional zoka bacariglarinin
inkisafina bir ne¢o mexanizm vasitosilo tohfo verir.
Birincisi, sorhadlor usaga davraniglarin sabob-nstico

olagesini  Gyradir vo  Oziinilidars  bacariglarini
giiclondirir.  Ikincisi, sorhadlor sosial davranig
normativlorini  monimsomoys sorait yaradir vo

empatiya inkisafin1 dostokloyir. Uciinciisii, sorhadlor
stresslo garsilagdiqda usagin emosional reaksiyalarini
idaro etmoyi oyradir, yoni usaqlarm EQ-nun ii¢ 2sas
komponenti — oziinti-idars, empatiya vo sosial
bacariglar — balansh sokildo inkigaf edir (Mackenzie,
2020; Denham & Burton, 2006).

Tadqiqatlar gostarir Ki, sarhadlarin ardicil tatbiqi
usaqda dzilinliidars bacariqlarini artirir, sosial qarsiliqlt
miinasibatlordo miisbat davranislarin formalasmasina
komok edir vo emosional tonzimlomoni giiclondirir.
Beloliklo, sarhadlor yalniz davranis tanzimloma vasitasi
deyil, hom do wusagin emosional Gyronmasini
stimullagdiran vacib bir psixoloji struktur hesab olunur.

NOTICO

Aparilmig elmi odobiyyat tohlillori vo nazori
yanasmalarin miiqayisoli tohlili gdstorir Ki, erkon
usaqliq dovriinds goyulan sarhodlor usagin emosional
zoka (EZ) bacariglarinin inkisafinda strukturlagdirict vo
qoruyucu bir ¢ar¢iva rolunu oynayir. Sarhadlor tokca
davraniglar1 tonzimlomok i¢iin deyil, ham do usagin
emosional ehtiyaclarinin taninmasi, emosiyalarin
adekvat ifado edilmasi va basqalariin hisslorine garsi
empatik miinasibotin formalasdirilmasi ii¢in miithiim
vasitadir. Emosional tenzimloms, empatiya vo sosial
uygunlug kimi asas EZ komponentlari, ilk névbads ailo
mithitindo qoyulan qaydalar, miinasibot torzi vo
modellosdirilmis davranislar vasitasilo formalasir.

Torbiyo {islubu baximindan demokratik vo
istigamatlondirici valideynlik, usaqda hom
tohliikasizlik hissini giiclondirir, hom do avtonomiyani
tosviq edir. Bu ciir yanagsma usagin sorhadlari gobul
etmasini asanlasdirir vo daxili nazarat mexanizmlarinin
inkisafina tohfa verir.

Yekun olarag, emosional zoka anadangslmoa
movcud olan sabit bir xiisusiyyat deyil, oksina erkon
sosial vo emosional tocriibalorin tosiri ilo inkisaf
etdirilon ¢evik bir bacariqdir. Bu inkisafin tomoli iso
ailodo vo tohsil miihitinde goyulan sabit, ardicil vo
dostoklayici  sorhadlor iizorinds qurulur.  Serhad
qoymaq usagl mohdudlagdirmaq deyil, ona
tohliikasizlik, istigamot vo 6ziinii ifado etmok iigiin
zomin yaratmaqdir. Bu baximdan, valideynlorin va
torbiyagilorin rolu toekce davranigin yonlondirilmasi
deyil, ham da emosiyalarin tanzimlonmasi va sosial
olagslorin saglam tomollarlo qurulmasi baximindan
oldugca 6nomlidir.
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