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CYYACHI TEHJAEHIIII B TPA®IYHOMY JU3ANHI: B3AEMO/JISI ECTETUKHU TA
TEXHOJIOI'THA

Abstract
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The article examines the main trends in modern graphic design, including the integration of artificial intelli-
gence, 3D graphics, adaptive and inclusive design, as well as the impact of digital technologies on the aesthetics
and functionality of graphic solutions. Changes in visual styles, the emergence of new design tools and their impact

on brand identity are explored.
AHoOTAaNis

VY cTaTTi pO3riIsAaI0ThCSl OCHOBHI TEHICHIIIT Cy4acHOTo rpadiqHOro qu3aiiHy, 30KpeMa iHTerpailis Ty4YHOTO
intenekry, 3D-rpadiku, alanTUBHOTO Ta IHKIFO3UBHOTO M3aiHy, a TAKOXK BIUIMB U(POBUX TEXHOJIOTIH Ha ecTe-
TUKY Ta QYHKIIOHAJIBHICTh TpadiuHux pimeHb. JJOCHIKYIOTHCS 3MIHH Y Bi3yaabHHUX CTHIISX, MOSIBA HOBHX M-
3allHepPChKUX IHCTPYMEHTIB Ta iXHiil BIUINB Ha CTBOPEHHS OPEH/I-1IEHTUYHOCTI.

Keywords: graphic design, aesthetics, functionality, innovative technologies, interactivity, 3D graphics.
Karouosi cioBa: rpadiunnii n1usaiiH, ecreTuka, (yHKIIOHAIBHICTh, IHHOBALIHHI TEXHOJOTIi, IHTepaKTHB-

HicTh, 3D-Tpadika.

IHocTanoBka mpo0JjeMH Ta aHaJi3 OCHOBHHX
AocaiTKeHb. 3 MOMEHTY CBOTO BHHHUKHEHHS
rpadiuHAN AU3aiiH 3a3HaB 3HAYHUX TpaHCHopMaIliii Ta
CTaB TMOTYXHUM 1HCTPYMEHTOM JJIsi CTBOPEHHS
CIpaBXHIX IIeAeBpiB. B cydacHoMmy cBiTi B Tpadiu-
HOMY Iu3aifHi aKTUBHO BHKOPHCTOBYIOTHCS IM(POBI
TEXHOJIOT1, 10 POOUTH HOTO 111e O1TBII MOMYIISIPHUM Ta
AKTYyaJIbHHM.

Ha croromuimHi# geHs rpadiyHUN TU3aiH BUCTY-
1a€ OJHIEIO 13 JMHAMIYHHX c(ep PO3BHUTKY KyJIbTYpH
CYCNIJIbCTBA, SKHH 3a0e3rnedye KOMyHIKalilo B
COLIIyMi.

[Tpouecw, sKi CIpHUsIIM PO3BUTKY IAHOTO AU3ANHY
NPU3BEIIU JI0 CTBOPEHHSI €MHUX Horo cranaapris. Lli

CTaHIapTH Tependadaii  OJHAKOBI MIJIXOIU IO
BUpINIEHHS KOMYHIKaIlii Ta CXOXI 3acO0M MpPOEKTY-
BaHHs. [IpoTe B OCTaHHI POKM HPOCIiAKOBYETHCS aK-
TUBHUHA PO3BUTOK TpadidHOro An3aiiHy 3 aKIeHTY-
aIfie€ro Ha 0COOIMBOCTI HALlIOHATIBHOT KyIbTypH [1].
CyuacHuii rpadiqanii qu3aifH nepedyBae Ha mepe-
THHI €CTETUKU Ta TEXHOJIOTiH, ne mudpoBi iHHOBAIIiT
3HaYHO PO3IIUPIOIOTE MOXIIMBOCTI Bi3yaJbHOI KO-
MyHikamnii. OJHi€l0 3 KIIFOYOBUX TCHICHIIIN € BUKOPHU-
CTaHHA LITYYHOTO IHTENEKTY Ta I'€HepaTUBHOTO JIH-
3aiiHy, 110 JI03BOJISIE CTBOPIOBATH YHIKaJbHI Ta ajarn-
THBHI TpadiuHi pimeHHs. MiHIMaNi3M 3aJIMIIAETHCS
MONYJIIPHAM, TPOTE HOro JIONOBHIOIOTH SICKpaBi
rpanienTty, 3D-enemMeHTH Ta HEOMOP)i3M, SIKI HaJal0Th
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IU3aiiHy TIMOWMHHM Ta iHTEPaKTHBHOCTI. JlMHaMidHi
aliICHTUKY Ta aHIMOBAaHI JIOTOTHIIN CTAIOTh BCE OIIBII
3aTpeOyBaHUMHU 3aBISKH PO3BUTKY ITU(PPOBUX IIIAT-
dopM i comianpHUX Mepexx. BogHouac amanTuBHAN Ta
IHKJIIO3MBHUN M3aiiH HaOyBae Ba)KIMBOCTI, 3abe3re-
YYIOUH JOCTYIHICTh Ta 3pY4HICTh B3a€MOJIi /I IIU-
pokoi aynuropii. [loenHaHHS Bi3yanbHOI €CTETHKH 3
TEXHOJIOTIYHUMH IHCTPYMEHTaMH, TakuMH ik VR/AR,
iHTepaKkTHUBHA TUHIOTrpadika Ta OJIOKYEHH At aBTEHTH-
¢ikamii mudpoBoro Mucrenrsa, HopMye HOBi CTaH-
JIapTH TpadidHOro M3aifHy, sSKi HE JHIIE BimoOpaxka-
IOTh CYJacHi TpEeHIH, a i BU3HAYAIOTh HOro MaOyTHil
PO3BUTOK.

VY 3apy0OixkHiil Haymi 6arato NMHUIITYTH PO BILIHB
mUpOBUX TeXHONOTiH, BKmoyaroun 4IR, Ha aymio)
Bi3yaJlbHy KyJbTYpy 1 aAu3zaiiH iHxmyctpito. Lle no-
CIIJHUIIBKA TpaJulis, 3al04aTKOBaHA KJIACHKaMH
menianerepminismy (M. MakKmoen, JI. Yenmnep, I
Iunic, M. Kactenbc Ta iH.) Ta po3BUHEHA Y poOOTax Ta-
KUX Cy4acHHX aBTopiB, sk H. Awmepsn, T. T'eii, M.
Marunone, C. ®apamapsi, B. Uen Ta iH. OcobauBo
BapTO BIAMITUTH aHANiTH4YHI orsagm Ta mpami C.
Jxanka ta P. Mett (2015), nmpucesiueHy HOBOMY TIijI-
X0JI0Bi J0 BIpoBakeHHS 3D mudpoBHUX TeXHOIOTIH Y
mu3aitHOCBITY, un A. Pani (2018), mo ocMmucroe BHe-
COK IHU(POBUX TEXHONOTIH Yy PO3BUTOK XYyIOXHBOI
TBOPYOCTI HA cydacHOMY eTarri, un P. [laca (2023) mpo
poib cydacHUX IHM(POBUX TEXHOJIOTIH y TpaHchop-
Manii iHIycTpil rpagiuHoro nusaiHy. YKpaiHChKi aB-
TOPH TEX MPALIOIOTh Y ILOMY HANPSMKY, PO LIO CBiJI-
yath cTarTi I. PrmkoBoi, €. Autunenka, K. Cesepin, T.
IMaciunoi Ta I. Booposcbkoro (2023) ta iu [1].

MeTo10 poGOTH € JOCIIUKEHHS CHPSMOBaHE Ha
aHalli3 CyYyaCHHWX TEHJACHIIH y rpadidHOMYy an3aiiHi,
30KpeMa Ha B3a€MOII0 E€CTEeTHYHHX IPUHIHUIIB Ta
HOBITHIX  TEXHOJOTiIH. Bu3HAaYeHHS  KIFOUOBHX
HaNpsIMIB PO3BHTKY TpadiuHOro Iu3aiHy, OLIHKY
iXHPOTO BIUIMBY Ha MpOQeCiiiHy IisIbHICTh AHM3aii-
HepiB Ta MOXKJIIMBOCTI afanTauii 10 MaiOyTHIX 3MiH y
it chepi.

BukJiag ocHoBHOro Matepiamy. CyyacHi nu3aii-
HEepChbKi IHCTPYMEHTH, Taki SIK INTYYHHI IHTEJEKT,
HEHpOMEpeki Ta aBTOMATH30BaHI CUCTEMH, CIPHUSIOThH
onTUMizalii MpoIeciB Ta MiABUIICHHIO e()eKTHBHOCTI
pob6otu. [ToeHaHHS €CTETHUKH Ta TEXHOJIOTIH CTBOPIOE
HOBI BEKTOpW PO3BHUTKY y TpadidHOMY Iu3aiiHi, sKi
BapTO JIOCTI/KYBATH.

OCHOBHUMH TEHJEHILISIMH Y rpadidHOMY An3aiiHi
€ IITYYHUH IHTEJEeKT Ta TeHepaTHBHUI 1u3aiiH. Buxo-
PHCTaHHS aJTOPUTMIB HITYYHOTO IHTENEKTY Yy CTBO-
peHHI TpadigHOTO KOHTEHTY JO3BOJISIE aBTOMa-
THU3yBAaTH MPOIECH, TEHEPYBaTH YHIKaJIbHI Bi3yaslbHI
pilIeHHs Ta CIIPOLTYBATH aaNTaliio AU3aWHY i pi3Hi
miargopmu. ['eHepaTuBHUIA Au3aiiH, 3aCHOBAaHWUN Ha
QITOPUTMAaX, CHOPHUSIE CTBOPCHHIO aJalITHBHHUX Ta JH-
HaMi4HUX TpadiuHnx o0'ekrtiB. Hampukmnan, iHcTpy-
MEHTH Ha OCHOBI IITYYHOTO IHTENEKTY, Taki sk DALL-
E Ta Midjourney, 103BOJISIFOTE MUTTEBO CTBOPIOBATH
300paKeHHs 3a TEKCTOBMMHM 3allUTaMM, II0 Kapau-
HAIILHO 3MIHIOE MiAXIJ J0 LTIOCTpAlliil Ta peKIaMHOT
rpadiku.

3aBOSKM TEXHOJIOTIYHUM IOCSITHEHHSM [IHM3aii-
HEpPH OTPUMYIOTh YHIKalbHI MOJIMBOCTI JJISI CTBO-
pPEHHS TTUOOKHX Ta pealicCTUIHUX 300paxeHsb. OTHUM

13 HAaHOLIBIT IPOTPECUBHUX HANIPSIMIB y au3aiHi € 3D-
rpadika, ska BUKOPHCTOBYETHCS B peKiami, BeO-Iu-
3aiiHi, FefiM-IeBETIONIMEHTI Ta MyJbTUMENIHTHOMY KOH-
teHTi. [lapanensHo 3 MM pOo3BUBAETHCS HEOMOP(DHi3ZM —
CTWJIb, IO TOEJHYE MIHIMAJI3M 1 TPUBUMIpPHI eexTH
OCBITJICHHs. B3aeMopis IUX CTWJIIB BiIKPHUBAa€E HOBI
MOJKJIMBOCTI Y CTBOPEHHI YHIKaJIbHUX Bi3yaJlbHUX IPO-
JYKTIB, OJIHAK TaKOXX CTaBUTh Iepes Ju3aiiHepaMu
HU3KY BUKJIUKIB.

TpuBumipHa Tpadika OazyeTbcs Ha MaTeMaTH-
HUX QJITOPUTMAaX, IO TO3BOJSAIOTH OyTyBaTH MOZETI
00’ekTiB y TpuBHMipHOMY mpocTopi. [Ipomec ctBo-
penrsa 3D-rpadiku ckiIagaeThCs 3 KUTBKOX OCHOBHHUX
€TaliB: MOJCIOBAaHHS, TEKCTYPYBaHHS, OCBITJICHHS Ta
peHnepuHry. MopemroBaHHS Tependadae CTBOPCHHS
¢bopmMu 00’ekTa 3a TOMOMOTOI0 MOJITOHAIBHUX CITOK
abo ckynpnTuHTrY. TekcTypyBaHHS 1oJa€ AeTalizalliio
MOBEPXHSAM 00’€KTa, poOIsIYM IX peaicCTUYHIIIUMU.
OcBITJIeHHs BU3HAYa€, SIK CBITJIO BIUIMUBAE HA 00’ €KTH,
CTBOPIOIOYM TiHi, BIIOUTTS Ta rIMHOMHY. 3aBepllalib-
HUM €TaroM € peHJIEPUHT — mpoiiec oOpoOku 300pa-
JKCHHS, 1[0 MEepeTBOPIOE UdpoBi Moxeni y doTope-
amicTiuHi 300pakeHHs. CydacHiI HpoOrpaMu, Taki SK
Blender, Cinema 4D Tta Autodesk 3Ds Max, Autodesk
Maya, n03BOJISIIOTH CTBOpIOBaTH CkiaaHi 3D-cueHw,
SIKi IHTETPYIOTBCS Y TH(POBI MIPOTYKTH.

Heomop®hism — 11€ BiTHOCHO HOBHI HANPSM Y IH-
3aiiHi, 10 CTaB NONYJSPHUM 3aBISIKH MOEIHAHHIO
MiHIMani3aMy Ta  pPEIICTHYHUX  CBITIOTIHBOBHX
epexriB. OCHOBHMMH  XapaKTEpUCTUKAMU  IbOTO
CTHJIIO € M’SKi TiHI, MACTEJIbHI KOJBOPH, OIHOPIIHI
¢oHu Ta edekTH BHITYKIOCTI YM BTHUCHEHOCTI elie-
MEHTIB. 3aBISKHA UM OCOOJHBOCTSAM HEOMOpQHi iH-
Tepdelic BUIIIAAIOTH 00 €MHO, aljie 3aJIIIArOTHCS
JIETKUMU IS CIpUAHATTS. HaltuacTime nel cTHIb BU-
KOPHCTOBYETHCS Y BeO-IU3aifHI Ta MOOINTBHUX iHTEp-
¢eiicax, Hagatoun Ul-emeMeHTaM MPUPOIHUN BHUTIIS.
OpHaK OHIEIO 3 TONOBHUX MpoOieM HeoMop(hizMy €
HEIOCTaTHIM KOHTPACT MK EJIeMEHTaMH, 1[0 MOXE
BIUIMBATH Ha IOCTYIHICTh KOHTEHTY JUIsl KOPUCTYBaYiB
i3 BagiaMu 30py.

[Momnpu Te, o 3D-rpadika Ta HEOMOP(DHi3M MAIOTh
Pi3HI TeXHIYHI MIX0AH, IX B3a€EMOJIisI BiIKPHBAE HOBI
TOPU3OHTH Yy u3aiiHi. TpUBUMIpHI eleMeHTH J103BOJIs-
0T 3pobutn HeoMmopdHi iHTepdeiicu OLTBIT pe-
TICTUYHUMH Ta TIMOOKHUMH, HAIAI0uM iM J0/AaTKO-
BOTO 00’€eMy.

Kombinarmis 3D-rpadiku Tta HeoMopdizmy Mae
HU3KY Tepesar. [lo-mepiie, BoHa cripusie CTBOPEHHIO
peaNiCTHYHUX Bi3yalbHUX €(EeKTiB, IO MOKPALIYIOTh
KOpHCTYBaIbKuii 1ocsif. [To-apyre, e BiIkpuBae HOBI
MOXKIIUBOCTI JIJIs1 OpeHI-Tu3aiiHy, J0IoMaratoun CTBO-
proBaTH yHIKanbHI aWjgeHTHKH. [lo-Tperte, iHTeTpamis
3D-rpadiku poduth HEOMOP(HI CIEMEHTH OLUIBII BHU-
pasHUMH Ta JOCTYIMHHMH JUIss KopucTyBadiB. OpmHaK
ICHYIOTh 1 NEBHI BUKJIMKH: BUKOPHCTAaHHS CKJIAIHOI
rpadiku MOXe BIUIMBaTH Ha NPOJYKTHBHICTH BeO-pe-
CypCiB, a HEIOCKOHAINI KOHTPAacT HEOMOP(HHUX elle-
MEHTIB MOKE YCKJIa/HIOBaTH 1XHE cIIpuHHATTS. Tomy
Ul e)EeKTUBHOTO 3aCTOCYBAaHHS IIMX CTHIIB HE0O-
X1JTHO PETeIbHO BPaxOBYBaTH TEXHIUHI OOMEKEHHS Ta
MOTpeON KOPUCTYBAUiB.



6 Norwegian Journal of development of the International Science No 153/2025

OpHak eeKTUBHE BUKOPUCTAHHS ITUX CTHIIIB BU-
Marae 3Ba)KCHOTO MIAXOAYy, 3 ypaxyBaHHSIM JOCTYII-
HOCTi, TMPOAYKTUBHOCTI Ta 3arajibHOi KOHIIEMIIl IH-
3aifHy. [lomampmmii PO3BUTOK TEXHOJOTIH, TaKHX SK
VR ta AR, Moe 11e OiIbIle PO3IMIMPUTH MOKIUBOCTI
inTerpanii 3D-rpadiku Ta HeoMopdizMy y nuppoBUit
HPOCTIp.

Bipryanbna peansHicts (VR) Ta nomoBHeHa pe-
anpHICTh (AR) 3MIHIOIOTH MIXOAM O JHM3aifHy, MPO-
MIOHYIOYM HOBI MOJKJIMBOCTI B3a€MOJii 3 Bi3yaJlbHUM
KoHTeHTOM. 3 mosiBoto VR ta AR nmsaitaepu oTpumanu
JOCTYTI 10 iHHOBAIIHHUX METOIB CTBOPEHHSI iHTepaK-
TUBHOTO KOHTEHTY. BipTyanpHa peanbHICTH HO3BOJISIE
KOpHCTyBa4aM IOBHICTIO 3aHyPUTHUCS Y IITYYHO CTBO-
peHe CepeloBHIIEe, TOl K AOMOBHEHA PeabHICTh iH-
Terpye mudpoi enemeHtd y ¢Giswmarmid mpoctip. Lli
TEXHOJIOTIT 3HAaYHO PO3LIMPIOIOTH MEXKI AU3aiHy, Haja-
I0YM HOBI 3ac00M IS Bi3yasIbHOT KOMYHiKalii, cumy-
TSI Ta HABYAHHS.

I'padiunuii qu3aitH 3a3HaB 3HAYHUX 3MiH 3aBISKU
moxaBocTsiM VR ta AR. Tpaauuiiini nBoBuMipHi
KOMIIO3HUII] TOCTYIAIOThCSA MiICIIEeM I1HTEpaKTHBHUM
3D-ememenTaM, IO 3MIHIOIOTH CIIOCIO CIIPUHHATTS
BisyanpHOI iHQopMatii. VR mae 3Mory cTBoproBaTH 1O-
BHICTIO 3aHYPIOBaJIbHI CEPEOBUINA, [0 BUKOPHUCTOBY-
IOTBCS Y Bi3yalbHOMY MUCTEITBi, OpeHA-Iu3aifHi Ta
pexnami. AR, y cBOIO 4epry, 03BOJIS€ IHTETpyBaTH IH-
HaMIYHUI KOHTEHT y pEalbHHUH CBIT, IO 3aCTOCO-
BYETHCSI B MOOUIBHHX J10J]aTKaX, MAPKETUHIOBUX KaM-
naHisx 1 nugpoBii Hagirauii [6].

OnHielo 3 KIOYOBHX cdep BIPOBAHKEHHS
VR/AR e UX/UI-nu3aiin. Bukopucranus VR 3miHIo€e
mapaurMy KOPHCTYBAalbKUX iHTep(deHciB, mepeHo-
CSYM B3aEMOMi0 y TpuBuMipHUI mpoctip [2]. Kopu-
CTyBaYi MOXYTh HaBITYBaTH, B3aEMOMIATH 3 00’ €KTaMU
Ta OTPUMYBATH iHPOPMALIO B IHTYiTUBHHA CIIOCiO.
AR y UX-nmu3aiiHi 103BOJISIE CTBOPIOBATH aJalTHBHI
iHTepdeiicn, mo pearyloTb Ha KOHTEKCT BHUKODPH-
CTaHHsI, MOKPALLYIOUH KOPUCTYBAILbKUIl 0CBif y cde-
pax po3piOHOT TOPriBiIi, MEIUIIMHH T OCBITH.

Po3Burok VR Ta AR y au3zaiini cripsMoBaHuii Ha
CTBOPEHHS 11Ie OUIbII IHTEPAKTUBHHX Ta MEPCOHAII30-
BaHUX pillleHb. 3pocTarodya O0YMCIIOBajbHA TOTYXK-
HICTBh NPUCTPOIB, YJOCKOHAJICHHS TEXHOJIOT1H MallIMH-
HOTO HAaBYaHHA Ta PO3BUTOK S5G CHpUSIOTH TOKpa-
IIEHHIO SKOCTI BIPTYaJbHOTO Ta JOTIOBHEHOT'O I0CBIY.
VY mepcriektuBi VR/AR MOXyTh CTaTH HEBiI €MHOIO
YaCTHHOIO LM(POBOro NH3aiiHy, BIJKPHUBAIOYM HOBI
MOXJIMBOCTI Y chepi KpeaTHBHUX IHAYCTpiH.

Buxopuctanass VR ta AR po3mmpioe MOKIH-
BOCTI B3a€MO/Ii1 3 Bi3yallbHUM KOHTEHTOM, CTBOPIOIOUH
IHTepaKTHBHUN JOCBiA 1A KOpHCTyBadiB. bpenan ta
MapKEeTHHTOBI KaMIlaHii aKTUBHO BIPOBAKYIOTH IIi
TEeXHOJIOTIl JuIsi 3amydeHHs ayaurtopii. Hampukmnan,
IKEA crBopuna momatox IKEA Place, mo go3Bodsie
BipTyaJIbHO pO3MilyBaTH MeOJIi y IPOCTOpi 3a JOomo-
Morowo AR.

3aBIsSKH aJaNITUBHOCTI, IHTEPAKTHBHOCTI Ta BUKO-
PHUCTaHHIO HOBITHIX TEXHOJIOTi OpEeHIN MOXXYTh CTBO-
pIOBaTH YHIKaJIbHI KOPUCTYBaIbKi BpaKeHH, 30epira-
1041 TIPU LILOMY CBOIO 1IEHTUYHICTH Ta KOHKYpPEHTOC-
MTPOMO’KHICTb.

Ile no3Bomnsie OpeHmam OyTH THYYKUMH, iHTEpaK-
THBHHMH Ta OiJbII €PEKTUBHUMH y IIUPPOBOMY cepe-
nosuri. Hanpukman, Google Ta Spotify BukopucroBy-
0T 3MiHHI JIOTOTUNH, SIKi PearyloTh Ha MOMIl Ta KyJib-
TYpPHI OCOOJIMBOCTI.

JuHaMiyHul OpeHN-AM3aliH € CYYacHUM IIiXO0-
J0M 110 (OopMyBaHHS Bi3yalbHOI iAEHTHYHOCTI, IO
JI03BOJIsIE OPEHAAM 3aJIMIIATUCS aKTYaJIbHUMH B yMO-
Bax IMIBHJIKO3MIHHOTO HU(pPOBOro cepeaosuina. Ha
BIIMIHY BiJ TPagWIiHHOTO CTATHYHOTO OpPEHAMHTY,
SIKFH 0a3y€eThCs Ha HE3MIHHUX JIOTOTHIIAX, KOJIbOpax Ta
mpudTax, AWHAMIYHUN OpeHn-Au3aiiH mependavae
3MIHHICTb, IHTEPaKTUBHICThP Ta AaNaNTUBHICTH Y
B3a€MO/Iii 3 AyAUTOPIETO.

OmHAM 13 KIIFOYOBHX acCIIEKTIB JUHAMIYHOIO JIH-
3aifHy € MOJMJIMBICTh MEpCOHANi3aIll Ta Moaudikarii
Bi3yaJIbHOI ali/ICHTUKHN 3aJIEKHO BiJl KOHTEKCTY BHKO-
pucTaHHs, UUIbOBOI ayauropii uym mardopmu. lle
MOJKE BKJIIOYATH 3MiHHI JIOTOTHUIIH, aIalTHBHY KOJb-
OpOBY ramy, THy4Ki TUHorpadidHi pillleHHs Ta iHTep-
AKTHBHI €JIEMEHTH, 1110 3MiHIOIOTHCS BiAMOBIIHO 10 CH-
Tyamii. Taxwii migxig 3abe3medye BIi3HABaHICTH
OpeHIy, BOIHOYAC JO3BOJIAIOYH HOMY OpPTaHIYHO iHTe-
TpyBaTUCS Y pi3HI KOMYHIKaIliliHi KaHAJH.

BaxnmBoro CkiIaZioBOI0 JMHAMIYHOTO OpeHA-AH-
3aliHy € BUKOPHCTaHHS aHiMaIii, Bizeorpadiku Ta iH-
OIMX IHTEPaKTUBHUX PIlIeHb, IO MiIBUIIYIOTH 3aTy-
4yeHHs aynuropil. B enoxy nn¢posux miardopm, Ta-
KHX SIK CcOLialbHi Mepexi, MOOLIbHI JOJaTKH Ta
BeOCaiiTH, MOXIIMBICTh 3MIHIOBATH Ta HaJIAIITOBYBATH
OpeHA-EIEMEHTH Y peajlbHOMY 4Yaci CTBOPIOE yHIKallb-
HUI IOCBIJ] B3a€EMOIIi 3 KOPUCTYBaYaMHU.

[Mompu yncneHHi mepeBard, TUHAMIYHUA OpeH-
IU3aliH TAaKOXX Ma€ CBOI BUKIHKH. 30epexeHHs
MTOCTITOBHOCTI Ta BHI3HABAHOCTI OpPEeHIy B yMOBax
MOCTIHHUX 3MiH MOTpPeOye PeTerbHO MPOIYyMaHOi CH-
CTeMH Ju3aiH-ipaBwi. HaaMipHa THYYKicTH MOXe
MPU3BECTH JIO BTPATH €IHOCTI B KOMYHIKAIIi, IO
ycKIaaHioe ineHTu(ikaniro OpeHay cepel KOHKY-
PEHTIB.

BukopucTaHHS aJrOpUTMIB 1 INTYYHOrO iHTe-
JIEKTY Y CTBOPCHHI JWHAMIYHOTO IU3aiiHy BiJKpUBa€e
HOBI MOXJIMBOCTI IS aBTOMATH3allii OPEHIOBUX KO-
MyHikauiid. Harpukiag, cucreMn Ha OCHOBI LITYYHOTO
IHTEJIEKTY MOXYTh aJlaliTyBaTH Bi3yallbHy alJICHTHKY
BIJIMIOBITHO JI0 YIOJ00aHbh KOPHCTYBadiB ab0 HaBIiTh
IXHBOT IOBEAIHKH B IHTEPHETI.

BucHoBok. He3Baxarounm Ha iCHyIO4Yi BUKIIMKH,
MOJAaJbIINKA PO3BUTOK TEXHOJIOTIH BiJKpPHUBaE HOBI
MOJKJIMBOCTI JJIS1 iHTErpamii HuxX miaAxomiB y nudpoBuit
QU3aifH, CHpUSAI0OYM CTBOPEHHIO iHTep(eiciB mai-
OyTHBOTO, III0 BPaXOBYIOTh PI3HOMAaHITHI MOTPeOU Ko-
pucTyBadiB. BripoBa/pkeHHS X TEXHOJOTIH BiIKpH-
Bae Iepej Iu3aiiHepamMH HOBI MEPCIEKTHBH Y CTBO-
PEeHHI YHIKaJbHUX Ta aIalTHBHUX PillleHb.

Iarerpamist mTydHoro intenekry, 3D-rpadikn,
ajanTUBHOTO au3aiiHy Ta VR/AR BU3HAYae HAapsIMKH
PO3BHTKY Tally3i Ta CTBOPIOE IEpEeNyMOBH Uit (op-
MYBaHHS HOBUX CTaHJapTiB y rpadidyHoMy Iu3aiiHi
MaiOyTHBOTO. 3aB/SIKK TEXHOJIOTTYHOMY NIPOTPECy IH-
3alfHepH OTPUMYIOTh HOBI IHCTPYMEHTH JJIsl peaizamii
KpEaTUBHUX iJIeHd, MO CIPHIE €BOJIOIIl Bi3yaJIbHOTO
MHCTEITBA Ta KOMYHIKaIIii.
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Abstract

The present study is dedicated to how the amounts of carotenoids and chlorophyll changed in the microalga
Dunaliella salina found that lighting conditions and the amount of NaCl had a big impact on their contents. We
observe an increase in carotenoids synthesis at high illumination, which is associated with the photoprotective
function. An increase in the concentration of NaCl also stimulates the formation of carotenoids that adapt cells to
stress conditions. In contrast, the concentration of chlorophyll decreases at high NaCl concentrations, indicating a
decrease in photosynthetic activity. These results emphasize the importance of optimizing cultivation conditions
to increase biomass and target metabolites.

AHHOTAIHUSA

W3ydeHne M3MeHEHHH KOHICHTPALK KApOTUHOMUAOB M XiIopoduiuia B MukpoBogopocian Dunaliella salina
IIOKa3aJ10 3HAYHUTCIBbHOC BJIIMSAHUC YCJ'IOBI/Iﬁ OCBeHIéHHOCTI/I 1 KOHLCHTpaluu NaCl na ux CoACpIKaHue. HpI/I I10-
BBIIIICHHOM OCBCHIéHHOCTI/I Ha6J‘HOZla€TCH YBCJIIMYCHUEC CHUHTE3a KAapOTHUHOUJIOB, YTO CBA3aHO C (1)0T033HII/ITHOI>1
¢ynkueit. YBennuenue koHueHTpanuu NaCl Takxke cTUMyITHpyeT 00pa3oBaHHe KApOTHHOW/IOB, aJal THPYIOMINX
KJIETKHU K CTPECCOBBIM YCJIOBUSIM. HaHpOTI/IB, KOHICHTpanus XJ'IOpO(l)I/IJ'IJ'Ia YMCEHBIIACTCA IMPU BBICOKHUX KOHLIECH-
Tpanusax NaCl, 4o yka3pIBaeT Ha CHIKCHHE (POTOCHHTETHYECKOH aKTHBHOCTH. JTH Pe3yNbTaThl MOAYEPKUBAIOT
BA>XXHOCTH OIITUMHU3ALINN yCHOBI/Iﬁ KyJIbTUBUPOBAHUSA IJIA ITOBBIIICHUA 6I/IOMaCCBI " ICJICBBIX MeTa60J'lI/ITOB.

Keywords: biomass, B-carotene, salt tolerance, biotechnology, photosynthetic pigments
KuioueBble cjioBa: 6momacca, -KapoTHH, COJIEYCTOMYNBOCTD, OMOTEXHOJIOTHS, (POTOCHHTETHUECKHUE TTUT-
MCHTbI

BBEJIEHUE npusiekaer Dunaliella salina, oburaromas B sKcTpe-

MHUKpOBOJIOPOCTH SBJISIFOTCS Ba)XHOM TPYNIOH  MaJbHBIX YCIOBHSX COJICHBIX BOJIOEMOB. MHKpOBOJO-
OpPTraHM3MOB, MIPAIOIIUX KJIIOYEBYIO POJIb B MepBUY-  pocib Dunaliella salina siBisiercst 00beKTOM MHOTOYHC-
HOM MPOM3BOJICTBE M OMOr€OXMMHYECKMX LMKJIAX B  JICHHBIX UCCIIEIOBaHMI OJaroaapst cBoel CHOCOOHOCTH
BOJHBIX dKocucTeMax. Cpeay HUX 0Cc000e BHHMaHUE
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HAKaIUIMBaTh 3HAYUTEIIbHBIC KOJINYECTBA KAPOTHHOU-
JOB ¥ XJIOPO(HIIa B 3KCTPEMAIIBHBIX YCIOBHUSIX. DTH
MUTMEHTHI UTPAIOT KITFOUEBYIO POJIb B (POTOCHHTETHIE-
CKOM TIpOIlecce W O0ECIEUHMBAIOT 3aIIUTY KJIETOK OT
OKHCIIUTEIBHOTO cTpecca. B mocnennue roasl BHUMa-
HHE YYCHBIX [TPUBJICKACT U3y4YCHHE TUHAMHUKH U3MEHe-
HHS KOHLIEHTPALUH 3THX ITUTMEHTOB NMPU Pa3INYHBIX
YCIIOBUSIX OCBELIEHHOCTH M KoHIeHTpaunu NaCl.

HccnenoBanus MOKa3bIBalOT, YTO KOHIEHTpALUs
KapOTHHOMIOB M XJopodmmia B kieTkax Dunaliella
salina 3HaYNTENBHO BapbUPyeTCA B 3aBUCHMOCTH OT
yCIoBHH KyJIbTHBHpOBaHMA. B pabore bopoBkoBa m
I'yaeunmoBuda [1] OBIIO YCTaHOBIIEHO, YTO MaKCHMab-
HOE cojlepkaHne (OTOCHHTETHUECKHX HMUTMEHTOB B
6momacce D. salina nocturaercs npu yenpHOM CKOPO-
ctu npoToka cpeasl 0,14 cyr—1, a ¢ yBeaudeHueM cko-
poctu ot 0,14 1o 0,42 cyr—1 oHo cHuxkaetcs Ha 30%.
OTO0 CBUIETENBCTBYET O BAXKHOCTH ONTHMU3ALIUH YCIIO-
BUIl KYJbTUBHPOBAHHUS ISl JOCTH)KEHHS MaKCHMallb-
HOM ITPOJyKTUBHOCTH.

Jpyrue wuccienoBaHus Takke IMOATBEPKAAIOT
3HAUYUTEIbHOE BIWSHHE YCIOBHH OCBEIIEHHOCTH H
koHueHtpamu NaCl Ha comep’kaHuWe NHIMEHTOB B
kietkax Dunaliella salina. Hanpumep, B pabote Jlere-
KOBa M COAaBTOPOB [2] OBLIO MOKA3aHO, UTO TPHU HU3Me-
HCHHH YCJIOBHUI OcBeMIEHHOCTH 1 KoHIeHTparmu NaCl
HaOJIOAI0TCS 3HAYUTENIbHbIE M3MEHEHHUsI B KOHIICH-
Tpauu XJopoduiia U KapOTWHOUIOB. DTH JaHHBIE
MOJYEPKUBAIOT BaKHOCTh KOMIUIEKCHOTO MOIX0Aa K
W3Y4YCHUIO BIIHMSIHUS Pa3JIMuHBIX (AKTOPOB HA OMOXH-
MHYECKHI COCTaB MUKPOBOAOPOCIIEH.

Kpome TOroO, mMccremoBaHHs IOKa3bIBAalOT, UTO
Dunaliella salina o6:amaeT BEICOKOM agalTUBHOM CIIO-
COOHOCTBIO K HM3MEHSIOIIMMCS YCIIOBUSIM OKPYXalo-
el cpensl. B pabote UepHOBOI 11 coaBTOpOB [3] OBLITO
YCTaHOBIICHO, YTO IIPU KBa3HHENPEPHIBHOM KYJIbTHBH-
poBanun D. salina mocturaercs HanOOIbIIAs MPOIAYK-
THUBHOCTH 110 OMOMacce, MUTMEHTaM U NPOTEHHY IpH
yAenpHO# ckopoctu mpoToka 0,32 cyr—1. D10 cBUIe-
TEJBCTBYET O BO3MOXKHOCTH PETYIHMPOBAHUS COAEPIKaA-
HUSI TMTMEHTOB M NMPOTEHHA C MOMOIIBI0 BapbUpOBa-
HUS YCIIOBUH KYJIbTHBHPOBAHHSI.

Takum o0pa3oM, JUTEpaTypHbIE NaHHBIE MOJ-
TBEPKAAIOT, YTO IWHAMMKA U3MEHEHUS KOHIICHTPALUU
KapOTHHOMIOB U XJopodmmia B kieTkax Dunaliella
salina 3aBUCHT OT YCJIOBHI OCBEIIEHHOCTH U KOHIICH-
tparuu NaCl. OnTumMusanust 3TUX yCIOBHHI TO3BOJISIET
JIOCTUTaTh MaKCUMaJIbHON MPOAYKTHBHOCTH U COZEP-
JKaHUsI IIMTMEHTOB, YTO MMEET Ba)KHOE 3HAYEHHE IS
OMOTEXHOIOTHIECKHX MPIIIOKEHIH.

Lenbio HACTOSIIETO UCCIIETOBAHUS SBIIACTCS aHa-
JIU3 IMHAMUKA U3MEHEHUs KOHLIEHTPAILH KapOTUHOM-
JIOB U xJIopoduiuia pu KynbTuBupoBanun Dunaliella
salina B pa3jMYHBIX YCIOBHUSX OCBEHMIEHHOCTH U KOH-
nenTpanuu NaCl.

MATEPHUAJIBI U METO/IbI

Onpedenenue cooeparcaniisi KapomuHouoos 6 IKCMpaK-
max D. salina.

OrmpenenieHHe KapOTHHOWAOB MPOBOAMIN  CO-
rnacuo [4]. st atoro, 50 Myt cycrieH3uHu MHKPOBOJIO-
pocieit GubTpyroT yepe3 Memopanusiii GpuisTp Mili-
pore quameTpom 5 cM U pazMepoM 1mop 3 MkM. OUITBTp,

C OCEBIIINM BOJOPOCIISIMU IOMEIIIAIN B OFOKC M 100aB-
I 5 MuT aneToHa. HUTpOIeInIono3HbIit GIIIbTp U
MMUTMEHTHl MUKpOBOJOpociei pactBopsiercss B 90%
arierone. CMech WHTCHCHBHO BCTPSXMBAIOT A0 IIOJ-
HOT'O PAaCTBOPCHHUS COACPIKUMOTO. 3aTeM allcTOHOBBIN
9KCTPAKT MPOGUIHTPOBBIBAIOT HA CTCKISTHHOM (DHIIb-
Tpe U B HEM ONPENCIAIOT HA CHCKTPOPOTOMETpE MO-
rionieHue ceeta npu 480 HM, YTO COOTBETCTBYET MaK-
CUMyMY TOTJIONICHHUS KAPOTUHOUIOB. 3aTeM H3Me-
PAIOT TOTJIONIEHHWE NpH JiuHE BOMHBI 750 HM. OTO
HY’KHO JUTS BBEJICHHS TIOTIPaBKU Ha HecIenupuaeckoe
TIOTJIOIIEHIE M paccesiHIE CBeTa SKCTpakToM. M3 Bemm-
YHHBI TOTJIoMmeHus npu 480 HM BBIYUTAIOT ITOTIIOIIEC-
Hue npu 750 HM.

[TapannenbHO ONpPENENsIOT KOJIUYECTBO CYyXOMH
6romacchl B 00b6EMe 50 ML 3TO [enaroT, Kak yKa3aHo
BBIIIIC, U3MEPSIsl ONTUYECKYIO IUIOTHOCTh CYCIICH3HMU
MHUKpOBoOIopocieii npu 550 HM U 1o KaIMOpOBOYHOMY
rpaduKy OTNPEACISIFOT KOJIMISCTBO OMOMACCHI.

KoHueHTparmo cyMMapHBIX KapOTHHOHUIOB pac-
CUUTHIBAIH IO (hOpMyJIe:

_ 4XDXV

C=——,
m
rrae: D - ontudeckas miotHocTh pu 480 HM ¢ 11o-
MpaBKo#, V — 00beM IKCTpaKTa B MJI, m — Macca CyXou
O6romacchl B 3TOM 00bEMe B TpamMMax, 4 — KodpQumu-
€HT SKCTHHINH JJISI KAPOTHHOUIOB.

Onpedenenue KOHYeHMPayuu X10poPuiios  IKc-
mpaxmax D. salina.

JlanHbIN MeTOJT onMcaH B pabote [4].

CrupToBBI WM alleTOHOBBIN JKCTPAKT U3 OHO-
Macchl MOJTy4yalli, KaK OMHCAHO BHIIIE.

CrniekTpo(hOoTOMETPUPOBAHUE TIPOU3BOIST B KBap-
IEBBIX KIOBETaX MPH JUIMHAX BOJH 663, 645 1 630 nu,
YTO COOTBETCTBYET MAaKCHMyMy IIOTJIOLICHHS CBETa
xnopoduiiamu a, b u ¢, a Takxke 750 um. [locnenuuit
MaKCHMYM IIOTJIONIEHHUS] CHUMAIOT JIsl BBEIICHHS I10-
MIPaBKM Ha HeCHeUU(HUIECKOe MOTJIOMIEHHE U pacces-
HHE CBETa SKCTPaKTOM. Ero BeNMUMHY OTHMMAIOT OT
SKCTUHKIMH COOTBETCTBYOLINX TUTMEHTOB.

KonryecTBO XJIOPOGHIIIOB PACCUUTHIBAIOT 10
dbopMmynaM sl BYXJIy4eBOW criekTpodoTomMeTpun
HMUTMEHTOB.

Chl, (me/n) =11,6 (Egss) — 0,14 (Eszo) — 1,31

(Eeas),

Chlb (MZ//Z) = 20,7 (E545) —4,34 (Eees) — 4,42
(Es30),

Chle (u2/1) = 55,0 (Eexo) — 16,3 (Eeus) — 4,64
(Esss).

I'ne Chl,, Chl,, Chl, — xoHIeHTpanmu cooTBeT-
CTBYIOIIMX XJIOPOGHLIOB a, b u .

B mnane ynudukanum pacyeTHbIX GopMyt Jrydie
JUISL 9TOW LIeJIM NPUMEHSTH (pOpMyIIbl, pEKOMEHIO0BaH-
Hble paboyeii rpymmoi Ne 17 nmpu FOHECKO:

B Tex u apyrux ypaBHeHusix Eegs, Eess, Ee4s 11 Eeso
— 9KCTHHKIIMH C ITONIPABKOW HA paccesiHUE U HECTICIH-
(ugeckoe MOTIIOMIEHIE CBETa HKCTPAKTOM.

IlepBrie ypaBHEHUS OCHOBaHBI Ha K03 duimen-
Tax SKCTHHKITUH IS XJI0opodmnia a, paBHbIX 91,9 /2
cm mipu 665 HM, s xiopoduinia b — 52,2 /2 ey npu
645 um u mas xmopodumia ¢ — 19,5 /2 em pu 630
HM.
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KoahduumeHTsl SKCTUHKINK, HWCTIOIh30BaHHBIC
BO BTOPHBIX (hOpMyIIax, paBHbI st xjopodmmnia a 89,31
a/2 ¢ ey npu 663 mm, st xaopodumna b — 52,14 a/z
cm ipu 645 BM u s xaopodmna ¢ — 19,44 /2 cu
npu 630 uM. Kak BUHO U3 PUBEACHHBIX UMD, KOA-
¢unreHTs! coBnanarT. Vicxons U3 3TOro JaHHbIC, BbI-
YHCJICHHBIC TIO TEM U IPYruM (GopMyiiaM, TOJKHEI
OBITh BIIOJTHE CPABHUMBL.

Pacuer comepkaHHMs THTMEHTOB B CYCHCH3HH
Oromacchl Ml cyxoi OnoMacce AenaroT 1o GopMynam
KaK yKa3aHo JJIsl KApOTHHOUIOB:

VXxn

C=Cx
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Bpems Ky/bTUBMPOBaHUS, JHM

Kak BUIHO U3 PUCYHKOB, YBEIMUYEHNEC MHTECHCHB-
HOCTU OCBEULICHUSI IPUBOAUT K YBEJIUYCHHUIO TEMIIEpa-
TYpBI Cpebl U OOJiee BRICOKOM CKOPOCTH YBEIUYCHUS

alleTOHE.

Porra [5] nmpoananu3upoBai 60IbII0E KOJTHIECTBO
ypaBHEHHI 110 ONPEICICHUIO XJIOPOGHUILIIOB U MPEIJIO-
KT CBOE ypaBHEHHE [UISI 9KCTPAKTOB Oromacchl B 80%

Chl, (hmol/ml) = 13,7 Ees36 — 2,8 Eeas.6,
Chl, (nmol/ml) = 22,4 Eess6 — 5,4 Egeae
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PE3YJIBTATBI U OBCYKIEHUA

Ha pucynkax 1, 2 u 3 mpezacraBieHa JUHAMHKA
HU3MEHEHHS COICPKaHUS KAPOTHUHOB MPH Pa3IHIHBIX
ocBenéHHOCTSX U KoHtentparn NaCl.

- 9
> KoHUeHTpaLya KapoTHHOWAOB, % OT CyXOro Beca - P KOHUeHTpaLws KapoTUHOWAOB, % OT CyXOro Beca

> KOHLeHTpaLma KapoTUHOWAOB, % OT CyXOro Beca

Puc. 1. Jlunamuxa uzmenenusi Kom-
yewmpayuu coneti (mpeyeoibHuKL),
KapomuHouoos (keadpamal), u 6u0-
maccewl (Kpyaicku) npu KyIsmusupo-
sanuu mukpogooopocau Dunaliella
salina AR-1. npu oceewenuu 20000

ak (360 uMol s-1m-2). Temnepamypa

cpeowr 35°C.

Puc. 2. JJunamuxa uzmenenus Kom-
yewmpayuu coneti (mpeyeoibHUKL),
Kapomunouoos (keadpamal), u 6uo-
MaAccol (KpYaCcK) npu Kyaivmugupo-
sanuu muxposoodopocau Dunaliella
salina AR-1. npu oceewenuu 40000

JK (720 uMol s-1m-2). Temnepamypa

cpeowt 39°C.

Puc. 3. Jlunamuxa uzmenenusi Kom-
yewmpayuu coneti (mpeyeoibHUKL),
KapoOmuHouoos, u buomaccsl
(KpyoIcKu) npu KyIbmueupoeaHuu
Mmuxposooopociu Dunaliella salina
AR-1. npu ocsewgenuu 60000 ax
(1080 uMol s-1m-2). Temnepamypa
cpeovt 43°C.

KOHIeHTpauuu cojied B cpene. [Ipamo mpomnopumo-
HaJbHO YBEJIMUYEHHUIO KOHLIEHTPALMM COJEH YBETUYH-
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BAaeTCs U COJICpIKaHNue KapoTHHOUIO0B. Eciin npu ocBe-
mernu 20000 51k (360 pMol s'm?) makcumanbsHOe co-
JiepkaHre KapOTHHOB HacTymnaeT Ha 12 — 13 neHp wH-
KyOaruu, To mpu ocsemmennu 40000 sk (720 pMol s
m?2) — yxe na 9 menb. A 1pu ocemenun 60000 sk
(1080 pMol s'm?) makcumanbHas KOHLEHTPALKS Ka-
pOTHHA moNyYaeTcs Ha 6 -7 JeHb.

W3 mpoBeIeHHBIX JaHHBIX SKCIIEPUMEHTA BBISBIISA-
eTCsl 3aKOHOMEPHOCTh, YTO YeM BBINIC OCBELICHHUE U
TeMIeparypa, TeM ObIcTpee HPOUCXOAUT OWOCHHTE3
KapoTHHA.

Kpowme Toro, o mepe yBeln4eHHs KOHIICHTPAIUT
COJIM YMEHBILIACTCSI KOHLIEHTPALHMSI KIETOK B Cpefie 3a
CcYET KOHIICHTpauu ux Ha mHe (diokymsamus). [Tpu-
4éM, KIIETKH COOMpAIOTCs B KPYyT, Ha JIHE, T/ Hanboiee
Oonblrasi OCBEIIEHHOCTh. JTO SBICHHE MOXHO OyIeT
UCIIOJIb30BaTh HA MPAKTUKE MPU cOOpe OHOMACCHI.

Taxk xe no JIMTEPATYPHBIM UCTOYHUKAM U3BECTHO,
4TO IJId YBCJIMYCHUA HAKOIUJICHUSA KapOTWHaA HCIOJIb-
3YIOT OOJNy4eHHE KOPOTKOBOJHOBBIMH —Yy9aCTKAMHU
CIIEKTpa coJHeuHoro ceta. [lokazaHno [6], uTo HaKoI-
nenue kaporuHa y Dunaliella bardawil npoucxomut
KaK 3allUTHAs Peakiys MPOTUB OOJydeHUS] KOPOTKO-
BOJIHOBBIMH YYaCTKaMHU CIEKTpPa COJIHEYHOI'O CBETa,
TaK Kak HanOoJiee BLICOKHE YPOBHU HAKOIUICHHS Kapo-
THUHA HAOIOIAI0TCS TIPH O0JTyUYEHUN CHHUM CBETOM.

CpenHue ypOBHH  HAKOIUICHHs — [P-KapoTHHA
HaOMoAalTesT Npu OesloM CBeTe, a caMoe HH3KOe
HaKOIUICHHUE XapaKTePHO IS KPACHOTO CBETa. Y CUIICH-
HOC HAKOIUICHHE J-KapOTHHA 3all[HIIAET KIETKY OT BbI-
COKOM paguaiui uepes ajacopOInio CHHEro CBeTa, Mo-
CKOJIbKY IIpU BBICOKOM KOHIICHTpAIU CHUHEro CBETA

15 r 11‘2
14F -
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08

06

04

P Konuenrpauus coJel

102

W KoHueHTPauust KapoTHHOM 108, %0 OT CYXOT0 Beca

P S T T S 140
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Bpemsi KyJIbTHBHPOBAHUSI, THH

W3 pucyHKa BUAHO, YTO KOTJa T0OABISIHN cliaboe
ynbTpaduonetoBoe obmydenue 2 000 K, CKOpOCTb
HAKOIUIEHNUSI KAPOTHHOUAOB B MHUKPOBOJOPOCIN yBE-
JIMYUBACTCS MOYTH B 2 pasa, [0 CPABHEHHIO TOJBKO C
o0ydenuem OenbiM ceetoM 20 000 k. DTOT QakT Haét
OCHOBAHUE TPEAIONIOKUTD, UTO CIaboH ynpTpaduosie-
TOBOH MOJICTBETKON MOXHO YBEIIMIUBATH CKOPOCTH Ka-
POTHHOTEHE3a M TPU NMPOMBINUIEHHOM IPOU3BOJICTBE
KapOTHHOB 3 TyHaJTHEIUIbL.

Cnucok JuTepaTypsl:
1. bopoBkoB A. b., 'yasunosuu U. H. PocToBbie
1 OHMOXMMHYECKHE II0Ka3aTeNnu KBa3WHENPEPhIBHOM
kynsTypsl Dunaliella salina // Biotechnol. acta. 2012.
Ne3. URL: https://cyberleninka.ru/article/n/rostovye-i-
biohimicheskie-pokazateli-kvazinepreryvnoy-kultury-
dunaliella-salina (zata obpamenus: 14.03.2025).

MPOUCXOTUT (POTO MECTPYKIUS XJIOpOPMIIa U HACTY-
MIAET CMEPTh KIJIETOK.

Taxoke ObLTO MTOKa3aHO, YTO CHHUN W IPUCYTCTBY-
rortwii B ciektpe ConHia ynbrpaduonetosrid A (320-
400 HM) CBET MHMIIUUPYIOT CUHTE3 KaPOTHHOHUIOB Ue-
pe3 aKTUBUPOBAHHUE PELENTOPOB CUHETO CBETa: KPHII-
TOXPOMOB ¥ (POTOTPONHHOB [7].

OTHOCUTENBHO OoJiee KOPOTKO 00nacTu ynbTpa-
¢uonerosoro ceera (YO B 280-320 HM) aHHBIC B JIU-
TepaType MpPOTUBOPEUYMBEL. BONBIIMHCTBO aBTOPOB
yKa3plBaeT Ha HWHrHOHpyromee aeifictreue YO B Ha
HaKOIUICHHE KapoTHHOUA0B. C APYroif CTOPOHBI, Kapo-
TUHOWBI TIOTJIOMIAIOT yubTpaduoner u B obmactu YD
B, TeM campIM 3amuiiasi BOOOPOCIU OT BPEAHOTO AEH-
cTBHUs ynbTpaduornera. Bompoc m3ydeHHS IEHCTBUSA
YO A u YO B ycnoxHsercs, OTCyTCTBUEM UCTOYHHU-
KOB u3inydeHust ToJabko YO A win YO B. CymectBytot
HCTOYHUKH CyMMapHoro cBeta YO A + Y@ B, u gaxe
YO A+ YD B+ YO C, noaToMy SKCIIEpUMEHTATOpaM
MIPUXOTUTHCS. MOJOUpATh JIOTOJHHUTENbHBIE CBETO-
¢bunbTpEI [7].

Jlns mccnenoBaHus BOIIPOCa: MOXKHO JIH [UISL yBe-
JIMYECHUS COAEPKaHUS KapOTHHOB IPH MHKYOanuu y-
HaJIMEIUIBI 100aBIIATh CBET M3 JOCTYIHBIX HCTOUHHKOB
yIbTpaduoIeTa, MBI B IONOJTHEHHE HCTOYHUKA OEJI0T0
ceera B 20000 11k (360 pMol sm2) o6pabarsiBany uH-
KyOallMOHHYIO Cpely MATKUM yibTpaduoneTom YO A
u YO B, ¢ uarencusHocThio 2000 j1k (36 Mol sTm2)
ot cBetonedeOHoro obmyuarens YDO-UK-250 «Co-
nucy. Pe3ynbTaTel IpecTaBiIeHs! Ha puc. 4.

Puc. 4. JJunamuka usmenenus konyenmpayuu co-
Jell (mpeyeonbHUKU), KapomuHouoos (Kkeao-
pamol), u OUOMACChl (KPYIHCKU) NPU KYIbMUBUPO-
sanuu mukpogooopocau Dunaliella salina AR-1.
npu ocgewgeruu 20000 ax (360 uMol s-1m-2) u
dobasnenuu yibmpapuoiemoso2o ceema ouana-
sona YO A + V@ B.

2. A. C. Jlenexos, A. b. boposkos, T. M. Hosu-
kxoBa, U. H. I'ynunosuy, A. JI. ABcusia, O. A. MemerT-
maeBsa, “MoJenupoBaHue IMHAMUKU COAEPKaHUS ITUT -
MEHTOB B KJIE€TKaX OJHOKJIETOYHOM BOJOPOCIIH Dunal-
iella salina Teod. Ha craguu kapoTuHOreHe3a”, Marem.
6uonorus u 6uonHdopm., 14:1 (2019), 279-289

3. Yepnosa JI.A., 'op6ans B.I'., Arronenko C.I1.,
I'yneunosnu U.H., & boposkos A.B. (2013). ITomyue-
HHE MacJITHOTO SKCTPAKTa KAPOTHHOMJIOB U3 MUKPOBO-
nopociu dunaeliella salina Teod. bronnerens ['ocynap-
cTBeHHOro Hwukutckoro Goranmdeckoro cana, (108),
63-69.

4. Cupenko JILA., CakeBnu A.U., Ocumos JI.®.,
Jlykuna JI.®. u np. Metonbl Gusnonoro-onoxuMmde-
CKOTO HCCJIEJIOBaHMS BOJOPOCIEH B rHApOOHOIOTHYE-
ckoit mpaktuke. Kues. Haykosa [lymka. 1975. 247 c.

5. Porra, R.J. Spectrophotometric assays for plant,
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Abstract

This article focuses on the role of protected natural areas (PNA) in forming the ecological culture of the
population. Nowadays, environmental issues have taken on a global scale, and the need for a responsible attitude
towards nature has grown significantly. PNAs play an important role in enhancing the ecological culture of the
population through educational activities.

The study examines the effectiveness of environmental education programs and activities. Based on data
obtained using surveys, interviews, and observation methods, the current state of environmental education efforts
in PNAs is analyzed.

Additionally, the article identifies factors influencing the success of environmental education initiatives and
provides recommendations for PNAs. It proposes ways to develop ecological culture through the use of new
technologies and innovative approaches.

Angarmna

B¥J‘I MaKaJla XaJbIKTbhbIH 3KOJOT'HAJIBIK MSILCHI/IeTiH KaJBIITACTBIpYJla CPCeKUIC KOptrajlaTbIH TaOUru
aymakrapasiH (EKTA) penin 3eprreyre apHanrad. Kasipri TaHma SKOJIOTHSIIBIK Maceesep xahaHIbIK CHITaTKa He
0oubIm, agaMaapabplH TaOUFATKA KayanThl KATBIHACHIHBIH KaXKeTTUTiri apTein kenemi. EKTA-map 3K0IOTAsIIbIK
arapTy KXKYMBICTaApbIH )I(YpFISy APKBUIbI XaJBIKTBIH 3KOJIOTHUAJIBIK MQJICHI/IeTiH ApTTHIPYJa MaHBI3Ibl POJT aTKapalbl.

3epTTey/ie SKOJOTHSIIBIK arapTy OarmapiiaManapbl MEH ic-ImapallapblHBIH THIMIUIT KapacThIPBUIAJIB.
Cayannama, cyx0aT >koHe OakpuIay 9MIICTEPiH KOJJIAHy apKbIIbl allblHFaH ManiMeTTep Herizinae EKTA-mapasiy
OKOJIOTHAJIBIK arapTy XYMBICTAPbIHbIH Ka3ipri )K&F}lﬁﬁbl TaJlaaHaabl.

CoHbIMEH KaTtap, Makaiaja dKOJOTHUIBIK aFapTy KYMBICTAPBIHBIH TaOBICTBUIBIFBIHA 9CEp ETEeTiH (hakTopiap
ansiktanein, EKTA-map ymiH yceiHbIcTap Oepimeni. ’KaHa TeXHOJOTHsIap MEH WHHOBAIMSUIBIK TOCUIIEpi
naﬁuaﬂaﬂy APKbUIbI 3KOJIOTHUAJIBIK MSHGHI/ICTTi KaJIBIITACTBIPYABIH KOJAAapbl YChIHBLIA/bI.

Keywords: environmental education activities, protected natural areas, natural resources, ecological culture.
KinT ce3mep:dKoNOTHsIBIK arapTy >KYMBICTapbl, €peKIle KOpFajaThlH TaOufu aymakrap, TaOurar
peCypcCTaphbl, IKOJIOTHUAJIBIK MJJACHUCT.

AFapTyImIbUIBIK KBI3MET KOFamaa OOJNBIN JKaTKaH  OeliceHAl >kayam Oepeni, Oipak oJ COHbIMEH Oipre
Ke3 KeINreH e3repictepre OapblHIIA HWKEeMII opi  KOFaMJbl KaJbIITACTBIPYIIHI KOHE KOFaMIbI IaMBITY
ce3iMTan. OpHHE, aFapTyIIBUIBIK KOFAM CYPaHBICBIHA  OaFbITBIH OeNTUIeHTIiH (akTop Oo0NbIn  TaOBUIAJIBI.
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OKOJIOTUSIIBIK aFapTyIIBIIBIK, OapbIHIIA OTKIp >KOHE
©3eKTi OOJIFaHBIMEH, OYTiHE €H TYPAKChI3, AJICI3 JKOHE
KONTETeH CBHIPTKBI (aKTopiapra Toyenmi OobIm
tabbutanpl. CoHFBI  OipHeme KbUIOA — eNIMI3MIH
a3aMaTTapbIHBIH JKOHE, aTal alTKaHJa, KacTapiblH
OCBI TaKBIPBINKA JICTCH KBI3BIFYIIBUIBIFEI CO3CI3 apTHII
KeJei, OYJ1 KbI3BIFYIIBUIBIK aKIapaTThIK TYPFBIIAH J1a,
OeNICCHIUTIK TYPFBIIaH J1a OaliKanaspl.

«OKOJIOTHSJIBIK ~ aFrapTy»  YFBIMBl  FBUIBIMH-
MeIaroTuKaiblK  ofeOmerrepne  OelceHAl  Typae
kKonzpaneuiagsl. A. A. HecrepoBa men M. 1. Makapos
o3 3epTreynepiHne Oyl YFeIMABI Oamamap MeH
JKaCTapIblH OSKOJOTHSUIBIK ~ MOACHHETIH — OJIap.IbIH
OimiMAIK-aKImapaTTHIK, 1C-OpEeKeT-TeXHOJIOTHSITBIK
JKOHE  JTHKA-TICHXOJNOTHSUIBIK ~ KOMIOHEHTTEpPiHiH
OipiirinAe KajiblTacThIpyFa OarbITTaFaH IIapajap
MEH ic-lnapanap KyHeci peTiHne aHbIKTalabl. Bymap
Owiik opraHaapel, OUTIM Oepy JKoHE MOIECHUET
MeKeMelnepi, OyKapalblK  aKmapatr  Kypajiaapebl,
KOMMEPIMSJIBIK €MeC  YHBIMAAp JKOHE KOFaMJIbIK
KO3FaJIBICTap apKbUIBI XKy3ere achlpbuiaabl.[1]

Epekme xopramaTelH TaOWFH ayMaKTapIblH
KBI3METIH KOJIIayFa JKEPTiKTI XalbIKTHl TapTy
Kaxertiniri 1992 sxeuter Kapakacra etker [V Onemaix
Kopreikrap Konrpecinme aram etinreHzmei, oiaeMpieri
OapINbIK epeKine KOpralaThlH TaOWFHW ayMakTap YIOiH
€H MaHBI3ABl MiHAeTTepAiH Oipi OONBIT TaOBLTAIEI.
COHFBI XXbUIIAPHI MaMaHIapFa KOPHIKTap MEH YITTHIK
MapKTep KOFAMHBIH TaOUFATTBI CaKTay MOCceJelepiHe,
TYPJIIK OPTYPIIJIKTI KOpPFayFa, CUPEK >KOHE Oaraibl
OCIMJIIKTEp MEH XaHyapjap TYpJepiH cakrayra JereH
KO3KapachIH IIBIHANBI TYPE 63repTe ajlaThlH MaHbI3/IbI
POJ aTKapaThIHBI aHBIK 00J1a OacTabl.

Epekme xopramaTelH TaOWFH ayMaKTapIblH
SKOJIOTHSAITBIK-aFapTYIIBUIBIK ~ 9JIEYeTi ©eTe  YJIKEH.
Bipinminen, eH KYHIOBl TaOWFU ayMaKTapIbsl KOpFai
OTHIPHII, KOPBIKTAp MEH YITTHIK MapKTep agamaapra
CaKTaJaThIH TAaOWFATTHIH CYJTYJIBIFBI MCH OailiIBIFBIH
cayaTThl TypJe KepceTe aiajbl, COHIai-aK KopiiaraH
JKePriUTiKTI  XallIKTBI, ©H  alJbIMEH  MEKTeIl
OKYILIBLIAPBIH, TiKeJel TaOuFaTThl KOPFay KbI3METiHE
TapTyFa MyMKiHZIK Oepeni. EkiHIIiieH, KOphIKTap MEH
WITTHIK TapKTePIiH KypaMblHaIa OUOJOTHSI, SKOJIOT U,
OpMaH  MIAPYalIbUIBIFBI  CaJaChIHIAFbl  OUTIKTI
MaMaHJap KyMEIC icteiimi. JKeurmap OOWBI jKeKeIereH
TYpIEpAiH JKOJIOTHUSICHIH 3epTrIey, TaOUFu
JKOXKYHenepneri  e3repicrepiai  Kajgaramay, Oy
npouecTepAl  amaMiap OKdi  TYNKUIIKTI  OynmipreH
HEMece UTepreH OpTaja OpPhIH aFaH JKardaiaapMeH
CaJIBICTBIPY apKbUIbI ykabaifbl TaOUFaTTHI,
OMOJIOTHSUTBIK OPTYPIUTIKTIH OapibIFbIH CaKTay >KOHE
TaburaT KOpray IIapanapbiHBIH KaXKETTUIITH XaIbIKKa
aHBIK KepceTyre 0omaabl. YIIiHIIIeH, KOPBIKTap MEH
VITTBIK MApKTEPAE DKOJOTHSUIBIK aFapTyIIBUIBIKTHI
XKY3ere acelpy VIIIH MaTepHailablK 0a3a Oap Hemece
KYpbUTyJa: TaOuFaT Mypaxkaiapsl, KeIylijiep opra-
JBIKTApPhI, DKOJIOTHSIIBIK COKIAKTap, AallblK AacliaH
ACTBIHJIAFBI SKCIO3UNMsLIap xkoHe T.0. (1)Kaxmerii 3a-
MOBEJHUK W HAIMOHANBHBIA MapK pa3padaTeiBacT
CBOKO CTPATErHI0 BEICHUS 3KOJO-TO-IIPOCBETHUTEINb-
CKO¥1 pabOTBHI, OITUPAsCh KaK Ha COOCTBEHHBIN IKOJIOTO-
00pa3oBaTeNbHBIHN MMOTEHIINAN, TAK U HA peabHBIC BO3-
MOJKHOCTH PETHOHa, B KOTOPOM OH pacrofioxkeH. [lox
obpazoBatenbHbiM noTeHIMamoM (OIT) 3amoBemHIKA

WY HAlIHOHAJIEHOTO MapKa IIOHUMAETCsI COBOKYITHOCTh
HPUPOAHBIX, KyJIbTYPHO-HCTOPHUYECKUX U COLHAIIBHO-
9KOHOMHYECKHX PECYPCOB AJIs IKOJIOTHYECKOr0 00pa-
30BaHMS U IPOCBEIIeHUs HacermeHus. OOpa3oBaTenb-
HBI TOTEHIMAI C TEJaroru4eckod TOYKH 3PEHUS
MOJKHO paccMaTpuBaTh B €IUHCTBE 00YyYalOIIero, Boc-
MTUTATEJIBHOTO M Pa3BHUBAIOIIETO KOMIIOHEHTOB.
Kenreren KopranaTelH ayMaKTapbIH TaKipuodeci
KOPCETKEHNIEH, epeceKk  XaNIbIKIeH O KYPTi3iJieTiH
9KOJIOTHSUIBIK-aFapTYIIBIIBIK ~ JKYMBIC  OpHAaifbiM
OYHHETaHBIM MEH MIiHe3-KYJIBIK CTEepPEOTHITEPiHIH
e3repyiHe okenmmeiini. Epecexk amam — Oemrimi Oip
eMipIiK OacBHIMIBIKTApEl MEH JJIEYMETTiK MopTedeci
KaJIBINTaCKaH TyiFa. Epecek agaMHBIH CaHACHIHAA

SKOJIOTHSLITBIK Maceenep Kebinece COHFBI
OpPBIHAAPABIH OipiH amajpl, ax HEeTi3rl eMipJiK
0achIM/IBIKTap  JICHCAYJBIK, OTOAchl, OTOACBUIBIK

MaTepHallIbIK oJ-ayKaT, Oajajapra >KoHE OJapJIblH
OoJanarsiHa KAMKOPJIBIK OOJIBIN TaObLTAIbI. [2]

Memneket GacuIbICHI Kacemm->Xomapr
TokaeBThIH TarnceipMachl OoiibiHIIa YKiMer «Tasza
KazakcTan» 9SKOJOTHAIBIK  MOACHHETTI  JAMBITY
TYKeIpeIMIaMackiH  2024-2029 sxeoimapra  OEKiTTi.
Tuicri kaynsira [Ipembep-Munnctp Omxkac bextenos
KOJI KOMIBI.

«Taza KazakcTtan» TYXKBIPBIMAAMAaCHI
9KOJIOTHSUTBIK MOJCHMETTI aMbITyFa apHallFaH TYpJi
oMlicTep MEH TOCUIAEpAl KAaMTUTBHIH KEUICHI TOCUIi
ke3neiai. Herisri OarpITTap SKOJIOTHSUIBIK Oiijay,
KayanTbl —~ MiHE3-KWIBIK  (OHBIH  iIIHAE  OHBI
BIHTAJIAHBIPY IApaNapbl), SKOJOTHSIIBIK OiTiM Oepy
JKOHE aKIapaTTaH bIPy bl KAMTHIIBI.

Ty XKbIppIMIAMaHbl KY3€Te achlpy asaMaTTapIblH
9KOJIOTHSL  Typaibl — Xa0apIapibIFbIH — apTTHIPYFa,
9KOJIOTHSUIBIK ~JTaFABIApAbl KaJbINTACTBIPYFa HKOHE
XaJIBIKTBIH AKOJIOTHSUIBIK OacTamarnapra KaTbICYBIH
JKaHJTAHIBIPYFa MYMKIHIIK Oepei.

Heicanamsr kepcetkimrepre cotikec, 2029 xpurra
Kapal KOMMYHIJBIK KalAbIKTap/bl KaWTa eHIey
nenreiin 25%-man 38%-ra JeiliH, aja 3KOJIOTHSIBIK
TopOMeHi HbIFaiTy OOWBIHINA ic-IIapajiapFa TapThlUIFaH
okymibutap yiecin 15%-man 40%-ra peiiin ysraity
)KocrapiaHy/a. Conpaii-ak, azamarTap.blH
9KOJIOTHSUIBIK OMIp carachlHa KaHaFaTTaHy KOpCeTKili
55,8%-nan 64,7%-ra neiiin apTysl KyTiremdi. [3]

OKOTYpHUCTIK MapuIpyTTapJarbl KelyIliIepIiH
9KOJIOTHSUIBIK aFapTYIIBLIBIK )KoHe Oi1iM Oepy KbI3MeTi
9KOJIOTWSUTBIK ~ Olmimai  Tapaty — (Hacuxarray),
KeJIyIIUIep/i KOpIIaraH OpPTAaHBIH >Kal-KyHi, TaOuru
pecypcrap/pl  maiinanaHy, OKOJOTHUIBIK —3aHHAMa
Typajbl  akKmaparTaHjplpy, COHIAH-aK  oJap/bl
TaOWFaTKa YKBITITH KapayFa TopoueneyieH Typaisl. [4]

buooprypminikti cakray — Oyl JTHKa-
(GUIOCOPUANBIK, ONEYMETTIK-DKOHOMHUKAIBIK JKOHE
KYKBIKTBIK acTekTiiepi Oap Kypaeni Mocene; OHBI
mrenry OYKiT oNeMIIK KaybIMAACTHIKTArbl MOJICHHET
TIeH aFrapTYIIBIIBIKTHIH aMy AEHreiiHe Kol xarnaiina
TOyeJIi.

XXI raceipubiH  OaceiHma  Axmona, IlIbrFbic
Kazakcran, Anmatel sxoHe OHrycrik Kaszakcran
oOJibICTapbIHAa 4 MEMJIEKETTIK YITTHIK TaOWFU MapkK
(MYTII) xoHe 1 MeMJIEKETTIK TaOUFH KOPBIK
KYPBIIIBI. CoHbIMEH  Karap,  KOJIZIAHBICTAFbI
MEMJICKETTIK TaOWFM  KOPBIKTapIbIH ayMaKTaphbl



Norwegian Journal of development of the International Science No 153/2025 15

kenenrinmi. Kopeikrap  Kazakctan — aymarbiHza
MEKEHIEUTIH CYTKOPEKTUIePAiH >KalIbl CaHBIHBIH
78%-b11 KypaitTeiH 140 Typai OakpuIay jKOHE KOpray
JKYMBICTapbiH kyprizemi. MY¥TII Herisri minmerTepi
TaOUFU KeleHIEep/Al KOpFay »oHE CakTay, FhUIBIMHU
JKoHe OimiM Oepy ic-lapanapblH OTKi3y, COHIai-aK
peKpeansuIbIK KbI3MET OOJIBII TaObLIaasl. 5]

Epekme xopranmarelH TaOMFM —ayMakTapblH
9KOJIOTUSUTBIK-aF AP TYIIBLITBIK KbI3METIHIH
THUIMAIITIHIE KepceTKimTepinin Oipi - Oy1 TyraH
ONKEHIH TaOWFaThl MEH epeKIle KOpFalaThIH
ayMaKTapJblH Oiperefl KYHIBUIBIFBI TYpajbl OLTiM MeH
TYCIHIKTEpIi KCHEUTy, JKepriliKTi JKOJIOTHSIBIK
MoceNeNnep JKOHE OlapApl LIENTy JXONAapbl Typajbl
xa0apaapibIKTEl  apTTHIPY, KOPBIK iCi WAesIapbIH
XaJIBIKTBIH KE€H ayKbIMbI apachlHJa KOJIAAY, KepriliKTi
TYPFBIHAAP/BIH JKOJOTHSIIBIK MaceJeaepai LIenryre
JKOHE TaOWFaTTBl KOpPFay  KBI3METIH  KOJAayFra
KBI3BIFYLIBUIBIFBI MEH JaWbIHIBIFBIH KAMTaMachl3 €Ty
6ombI TabbUTA B [6]

¥ cblHBIMaAp:

Casicn emec OarbITTarbl 0Oananap KO3FAJBICHIH
KYPY, €H aJIbIMCH MEKTEN OKYIIBUIAPBIH KOPBIKTAP
MeH YITTHIK MapkTep O0acTtamMachiMeH Tipi TaOWUFaTTHI,
YITTBIK TaOWFW MYpaHbl CaKTay HICACHl asChIHIA
OipikTipy — Oy KOpFaJaThlH ayMakrap YIIiH ©3
OoslalmarblH KamMTaMachl3 €Til, TaOWFaTTBl KOpFay
iciHIe oJlaKTacTap Topoueney MyMKiHairi. [7]

Kenyurinepre 9KOJOTHSUIBIK — aFapTyIIBUIBIKTHI
KeJieci Kepyiepie YHbIMIAcThIpyFa OOJaibl: BH3HT-
OpTaNBIKTAp, Ta0WFaT Mypaxkaillappl, ©JIKETaHy
Mypa)kailsiapbl, SKOTEXHOJIOTHSUIBIK [apyallblIBIKTaP
JKOHE €peKIle KOpPFaJaThlH TaOWFM ayMaKTap.IblH
(EKTA) >xaHBIHIa OpHadacKaH Oacka Ja HBICAaHOAp.
Byn xepnepne xemyminepre EKTA Typansl, anmarel
9KOTYPHUCTIK MapUIpyT Typasbl JIIbIH ana aKmapar
Oepineni, JKapHAMAITBIK-aKIIapaTTHIK Oacrma
JKOHE/HeMece KOMIIBIOTEpPIIIK ©HIMIEp TapaTbUlabl.
Kenymrinepre 3KONOTHANBIK aFapTYIIBUIBIK JKYPTi3y
OapbICbIHIA  apaiblk  pecypcTap  KOJIJaHbLIabl.
DxomapuipyT OO#bIHAA OUTIKTI HATYpPaTUCT-THITEP
MIHAETTI TYple TaHBIMIBIK OHTrIMENep, IopicTep,
TaKbIPBINTHIK ~ KBECTTEp,  Iuedepiik  cabakrap,
OKOJIOTHSUIBIK-aFapTYIIBIIBIK  JKoHE Oacka nJa  ic-
nrapanap eTKi3eni.

OKOTYypHUCTIK MapmpyT OoWbIHa aKMapaTThIK
CTEH/TEp, OHBIH INIiHJE MapUIPYTTarbl MiHE3-KYJIBIK
epexxernepi, MyciHaep, MarblH casbakTap, Kyctap MeH

JKaHyapjiapra apHalfaH KOPEKTEHAIpY aJjlaHIapbl
OpHaJacThIpbUIaNbl. bBynm  amamMHBIH — TaOuFaTIieH
OipTyrac OONMYBIH KaMTaMachl3 €Tefi, COHAai-aK

TaOUFaT OyecKOMIapplHa KycTap MEH XaHyapiapMeH

YKaKbIHBIPAK TaHbICYFa MYMKIiHIIK Oepeni.
OKOCOKMaKTap MEH MapuIpyTTap y3aK IeMaJbIC JKOHE
(dhoToceccusap YIIiH apHaMbI alaHIapMeH

KaOnpIkTanaapl. JKakplH MaH#a Typii IIenTtepaeH
JKacaJlFaH XomI MicTi OerikTep YHBIMIAcThIpbLUIaIb,
ojap Kemymrjaepai OKarbIMIbl  XOLI  MiCTepiMeH
KBI3BIKTBIPA/IBI. MyHnaii COKITaKTap MeH

MapumpyTTapasl  YABIMOAcTBIpy  TabwFum  opTanma
aKmaparThl JKOHE MiHE3-KYIBIK HOpPMaJapblH epKiH
MEHrepyre OarbITTayNFaH. bimimai MeHrepy Mapumpyt
OOMBIMEH KO3FaJBIC KE31H/e JeMalbIC MIeH TAaHBIMHBIH
OpTaHMKANBIK YilleciMi HOTHIKECIHIE XKY3ere acaipl.
[4]

OKONOTUSIIBIK OlmiM  Tek OimiM  Oepim  KaHa
KOMMaii, JyHHeTaHBIM/Ibl KaJIBINTACTHIPBII, TAOUFATTHI
KOpFay Me€H TaOWFaTThl YTBIMABI  MaianaHy
MYZIIECIiHIE 63 9JIEYMETTIK OpTachIHA dCep €Te allaThIH
<OKOJIOTHSUIBIK ~ Ta3ay» »JKOHE OJEYyMETTIiK OeJceHmi
TYJIFaHBL, OCNCEeHIl a3aMaTTHIK YCTaHBIMBI  Oap
TYJIFaHBI KaJIBIITACTRIPYFA BIKMAJ €Ty THIC.

Epexkme KkopraiaTeiH TaOUFH ayMaKTap XaJbIKTHIH
SKOJIOTHSUTBIK MOICHHUETIH KAJIBINITACTHIPYa HeTisri
PO aTKapajbl, OMTKeHI oap TaOUFATThl KOPFay KoHE
OimiM Oepy ¢yHKUusIapbelH yiiectipeni. bimim Oepy
MeKeMeJiepi MEH OYKapasblK akmapaT KypaigapbIMeH
BIHTBIMAKTACTBIKTBl KYIICHTY, COHAal-aKk 3aMaHayu
TEXHOJIOTHSUIAp/bl MaiiiaaHy oJapAblH THIMAUIIH
alTapibIKTall apTThIpa anajbl.
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Abstract
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Using physicochemical methods of analysis (DTA, MSA, X-ray diffraction, as well as determination of mi-
crohardness and density), the phase equilibrium in the As,Ses-TIPr,Ses system was studied and its T-x phase dia-
gram was constructed. As a result, it was found that the As,Ses-TIPr,Ses system is quasi-binary and belongs to the
eutectic type. The eutectic formed between the As;Se; and TIPr,Ses compounds has a composition of 10 mol. %
TIPr;Seq and a temperature of 270°C. It was found that the solubility of the system is 2 mol. % TIPr,Se based on
the As,Sez compound and 3.5 mol. % As,Se; based on the TIPr,Ses compound at room temperature. The glassy
field of 15 mol. % TIPr,Ses was determined based on As;Ses upon slow cooling in the system. The temperature
dependence of electrical conductivity of 5, 10 and 15 mol. % TIPr,Ses glass alloys based on As;Se; was studied.

Keywords: phase equilibrium, glass, eutectic, quasi-binary, microhardness.

Introduction

Arsenic compounds, As;Ss (As;Ses), are classical
glassy semiconductors. Arsenic chalcogenides and
their ternary and more complex phases are materials
with photovoltaic [1-6], luminescent [7,8] properties
and are widely used in IR optics [9,10], color television
[11,12] and memory centers [13-15]. Recently, glassy
semiconductor fibers based on chalcogenides As;S3
(AsSes) [16-20] have been widely studied.

The TIPr,Ses compound was obtained as a result
of a chemical reaction between the TISe and Pr,Ses
compounds. The TISe compound and the phases ob-
tained on its basis are materials with photovoltaic prop-
erties [3,21-24]. Ternary phases based on the com-
pound Pr;Ses are semiconductor materials with thermo-
electric [25] and magnetic [26] properties. A large
number of systems consisting of arsenic chalcogenides
have been studied in the literature [27-32].

The aim of this work is to construct a T-x phase
diagram by studying the phase equilibrium and glass
formation in the As,Ses-TIPr,Ses system, as well as to
study the electrical conductivity properties of the ob-
tained phases.

The data for the As,Ses; and TIPr,Ses compounds
are as follows: The As,Se; compound melts congru-
ently at 380°C and crystallizes in the monoclinic syn-
gony, the lattice parameters are: a = 12.053; b = 9.890;
c=4277 A, B =90°28/, space group P21/n [33]. The
microhardness and density of the As,Ses compound in
the glassy state are: p = 4.618 g/cm® and Hu = 1280-
1400 MPa, respectively [33]. The TIPr,Ses compound
melts at 1290°C and crystallizes in the rhombic syn-
gony, lattice parameters: a = 7.98; b = 9.88; ¢ = 11.19
A, density p = 7.42 g/lcm?®, microhardness Hu = 2150
MPa [34].

Experimental part

Alloys of the As,Ses-TIPr,Ses system were syn-
thesized from the components As,Sez and TIPr.Ses in a
quartz ampoule with air evacuation to a pressure of
0.133 MPa. They were synthesized in the temperature

range of 800-1200°C. To achieve equilibrium, the al-
loys were heat treated at a temperature of 270°C for 500
hours.

Crystallized alloys were studied using the methods
of physicochemical analysis DTA, X-ray phase analy-
sis, MSA, as well as determination of microhardness
and density.

Differential-thermal analysis of the alloys was car-
ried out on an NTR-73 pyrometer using a chromel-alu-
minum thermocouple with a heating rate of 9°C/min.
X-ray phase analysis was carried out on an X-ray dif-
fractometer D2 PHASER. Microstructural analysis was
carried out on a metallographic microscope MIM-8.
Microhardness was measured using a PMT-3 device.
The density of the alloys of the system was determined
by pucnometric weighing, toluene was used as the
working fluid. Physical measurements were carried out
using the compensation method [35].

Results and discussion

Alloys of the As,Ses-TIPr,Se, system in the range
of 0-20 mol. % TIPr,Se, are glassy and represent shiny
black substances. The remaining alloys are gray-black
substances. Alloys rich in the As,;Se; compound are re-
sistant to water, air and organic solvents. They dissolve
well in hot acid HNO3 and alkalis (NaOH, KOH). Al-
loys rich in the TIPr,Ses compound dissolve well in
strong acids (HNOs, H2SO4).

Alloys of the As,Ses-TIPr,Ses system were studied
in glass and crystalline form using physicochemical
methods of analysis. Thermal analysis of alloys 0-30
mol. % TIPr,Ses before heat treatment showed that the
softening temperature Tg is observed on the thermo-
grams of the alloys. Alloys in the range of 0-15 mol.%
TIPr,Ses are glassy, and alloys in the range of 15-30
mol.% TIPr.Se4 are glassy-crystalline. The remaining
alloys are in the crystalline state.

After crystallization of the alloys of the system for
700 hours at 190°C, the softening temperature disap-
pears from their thermograms, and instead, temperature
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effects corresponding to the solidus and liquidus are ob-
served. The temperature effects observed in the thermo-
grams of glassy alloys are irreversible.

I, %

I, %

1000 -
800 -
600 -
400 -
200 -

40

1- As,Ses, 2-5 mol %, 3-10 mol %, 4-15 mol % TIP,Ses.

Fig. 2. Diffraction patterns of crystalline alloys of the As,Ses-TIPr.Ses system.
1- As,Ses, 2-5 mol %, 3-10 mol %, 4-15 mol % TIPr,Ses.

Microstructural analysis (MSA) of glassy alloys of
the As,Ses-TIPr,Ses system shows that the phases that
make up the glassy alloys are opaque and look like a
single phase, which makes it difficult to detect the
phase boundary and solid solution. After crystallization
of the samples, the phase boundaries inside them be-
come clear. To confirm the results of differential-ther-
mal and microstructural analysis, X-ray phase analysis
of samples from different regions of the system was
carried out in both the glassy and crystalline states.

As a result of the X-ray phase analysis, it was es-
tablished that no diffraction maxima were found on the
diffractograms of glassy samples (Fig. 1). After a long
thermal treatment, diffraction maxima are observed on
the diffractograms of the samples (Fig. 2). This indi-
cates that the vitreous alloys of the system are com-
pletely crystallized after heat treatment.

If we consider the crystalline and glassy state of
the system As,Ses-TIPr,Ses with As,Ses, 5, 10 and 15
mol. % TIPr,Ses, then you can see that noticeable
changes in the diffractograms of samples As,Se; and 5
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mol. % TIPr,Ses is not observed. However, on the dif-
fractograms of samples 10 and 15 mol. % TIPr,Se4 ad-
ditional small diffraction lines are observed.

Thus, the results of DTA and microstructural anal-
ysis were confirmed by the X-ray phase analysis
method.

Based on the results of complex physicochemical
analysis methods, the T-x phase diagram of the As,Ses-
TIPr,Ses system was constructed (Fig. 3). The As,Ses-

t,°C

1400 t
1200
1000

800

600

TIPr,Seq system is quasi-binary and eutectic. The eu-
tectic formed in the system has a composition of 10
mol. % TIPr,Ses and a temperature of 270°C. In the sys-
tem at room temperature, solid solutions based on the
As,Se; compound reach up to 2 mol. % TIPr,Ses, and
based on TIPr,Ses - up to 3.5 mol. % As,Ses. The glass
formation region based on As;Sez during slow cooling
extends to 15 mol. % TIPr,Ses in the AsySes-TIPrSes
system.

1290°

As;Ses 20 40 60

mol %

80 TIPr,Seq

Fig. 3. T-x phase diagram of the As,Ses-TIPr,Se, system.

The microhardness and density of the As,Ses-
TIPr;Ses system alloys were also studied in the glassy
and crystalline states and are given in Tables 1 and 2.
Thermal effects, density and microhardness of the al-
loys in the glassy state are given in Table 1.

When measuring the microhardness of the alloys,
two different microhardness values were obtained. One
of them corresponds to the microhardness of the a-solid
solution obtained on the basis of the As;Se; compound,
and the other - to the B-solid solution obtained on the
basis of TIPr,Ses.

Table 1.

Composition, results of DTA, density and microhardness measurements of alloys of the As2Ses - TIPr2Ses
system (in glassy form)

Composition, mol % Thermal effects, | Density, Microhardness, MPa

As;Ses TIProSes °C g/cm? o | B

P=0.15N

100 0,0 180.380 4,62 1380 -
97 3,0 180,260,375 4,65 1390
95 5,0 180,270.360 4,72 1390 -
90 10 185,270 4,90 1400 -
85 15 185,270,400 5,04 1400
80 20 190,270,530 5,17 1400 -
70 30 190,270,730 5,45 1400 -
60 40 270,825 5,74 - 2180
50 50 270,1010 6,02 - 2180
40 60 270,1125 6,30 - 2180
30 70 270,1220 6,58 - 2180
20 80 270 6,86 - 2180
10 90 270 7,30 - 2180
5.0 95 910 7,45 - 2170
0.0 100 1290 7,42 - 2150
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Table 2.

Composition, results of DTA, density and microhardness measurements of alloys of the As2Ses - TIPr2Ses
system (in crystal form)

Composition, mol % Thermal ef- Density, g/cm® | Microhardness, MPa

AsySes TIPrySes fects, °C o B

P=0.10 N P=0.20 N

100 0,0 380 5,10 860 -
97 3,0 260,375 5,18 900
95 5,0 320.360 5,25 900 -
90 10 270 5,33 Eutec. Eutec.
85 15 270,400 5,44 - -
80 20 270,530 5,56 - -
70 30 270,730 5,80 - 2180
60 40 270,825 6,03 - 2180
50 50 270,1010 6,26 - 2180
40 60 270,1125 6,49 - 2180
30 70 270,1220 6,72 - 2180
20 80 270 6,96 - 2180
10 90 270 7,19 - 2180
5.0 95 910 7.48 - 2170
0.0 100 1290 7,42 - 2150

The microhardness of the glass of the a-solid so-
lution obtained on the basis of As,Ses; varies in the
range of (1380-1400) MPa. The microhardness of the
B-solid solution based on TIPr,Ses is (2150 - 2180)
MPa. After crystallization of the samples, the micro-
hardness of the a-solid solution alloys obtained on the
basis of As,Se; was (860-900) MPa. Since the B-solid
solution alloys based on TIPr;Seq are in the crystalline

lg 5, Om?t.sm?

state, the microhardness of the alloys remained un-
changed (2150 - 2180) MPa. The temperature depend-
ence of the electrical conductivity of glasses of the
As,Ses-TIPrSes, As;Ses, 5, 10 and 15 mol. % TIPr,Ses
system was studied (Fig. 4). Samples of the specified
composition were cooled equally slowly.

15 2,0 2,5

3,0 3,5

10%T,K
Fig. 4. Diffraction patterns of crystalline alloys of the As,Ses-TIPr.Se4 system.
1- AsySes, 2-5 mol. %, 3-10 mol. %, 4-15 mol. % TIPr,Ses.

As can be seen from the temperature dependence
graph of electrical conductivity, the electrical conduc-
tivity of As,Ses samples, 5, 10 and 15 mol % TIPr,Ses
increases linearly depending on temperature and com-
position. Electrical conductivity is achieved by means
of an electronic mechanism.

Conclusion

To study the phase equilibrium in the As,Ses-
TIPr,Ses system, alloys were synthesized in a wide

range of concentrations and then subjected to heat treat-
ment at a temperature of 270°C for 700 hours. Then the
alloys were studied using the methods of physicochem-
ical analysis (DTA, MSA, X-ray diffraction, as well as
determination of microhardness and density) and the T-
X phase diagram of the As,Ses-TIPr;Ses system was
constructed. It was found that the As,Ses-TIPr,Ses sys-
tem is quasi-binary and belongs to the eutectic type.
The eutectic formed between the As;Ses and TIPr.Se4
compounds has a composition of 10 mol. % TIPr;Ses
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and a temperature of 270°C. It was found that the solu-
bility of the system is 2 mol. % based on the As,Ses
compound and 3.5 mol. % based on the TIPr,Ses com-
pound at room temperature. The glassy field of 15 mol.
% TIPr,Ses was determined based on As,Ses during
slow cooling in the system. The dependence of the elec-
trical conductivity of the As,Ses-TIPr.Ses system and
glass alloys containing As,Ses, 5, 10 and 15 mol. %
TIPr,Ses on temperature and composition was studied.
The indicated glassy alloys are high-resistance semi-
conductors.
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Abstract

The nature of chemical interaction in the In-SrSe system was studied and its phase diagram was constructed
using physicochemical methods of analysis (DTA, X-ray diffraction, microstructural analysis, as well as density
and microhardness measurements). It was found that the In-SrSe system is a quasi-binary section of the In-Sr-Se
ternary system and belongs to the eutectic type. A degenerate eutectic is formed between In and SrSe, the temper-
ature of which is 150°C. In the In-SrSe system, solid solutions based on the SrSe compound make up 5 at. % In.
The dependence of the microhardness of the alloys on the composition was studied. It was found that there are two
types of microhardness values in the system. The microhardness value of 150 MPa corresponds to the microhard-
ness of the In element, and the value (1240-1270) MPa corresponds to the microhardness of the a-solid solution
based on SrSe. The dependence of the melt densities on the composition changes monotonically. An X-ray struc-
tural analysis of the solid solution alloy (SrSe)ix(In)x (x=0.02; 0.05) was performed and the lattice parameters
were calculated. In the system, 95 and 98 mol. % SrSe solid solution alloys based on the SrSe compound crystallize

in a cubic syngony with lattice parameters a=6.257 A and a=6.274 A, respectively.

Keywords: alloy, system, solid solution, microhardness, quasibinary.

Introduction

In the literature, the elements of the main Il sub-
group have high reactivity. In the literature [1-4], ter-
nary systems involving calcium chalcogenides were
studied. Since strontium chalcogenides are very diffi-
cult to obtain and study, the ternary system with their
participation has been little studied. The authors of [5-
8] studied the following systems: SrS-Gas, SrSe-GaSe
(InSe), and SrSe—GazSes (InzSes). In the SrX—MeX sys-
tems (Me=Ga,In; X=S,Se, Te), compounds containing
SrMeX,, SrMexXs, and SrMes X7 are formed. Materials
with luminescent properties were obtained by adding
rare earth elements as activators to compounds contain-
ing CaMeX;, CaMe; X4, and CaMesX7 [9-11]. A num-
ber of internal sections of the ternary system Ca-
Ga(In)-Se(Te) were studied by us earlier [12—-19]. Most
of these systems are quasi-binary or partially quasi-bi-
nary. The In-SrSe system was studied for the first time.

The aim of this work is to study the nature of
chemical interactions in the In-SrSe system, construct a
phase diagram and identify solid solution regions using
X-ray diffraction. The In-SrSe system is studied for the
first time. The In element melts at 156°C and crystal-
lizes in the tetragonal system with lattice parameters
a=3.252; ¢=4.946 A, density d=7.36 g/cm® [20]. The
SrSe compound melts congruently at 1600°C, crystal-
lizes in the cubic syngony, lattice parameter: a= 6.243
A, sp. gr. Fm3m, density p=4.50 g/cm® [21].

Experimental part

To synthesize In-SrSe system alloys from element
compounds, SrSe was first synthesized. The Sr element
is retained in oil because it oxidizes when in contact

with air. To synthesize the SrSe compound, Sr and Se
are calculated in stoichiometric composition. First, Se
is weighed and poured into a quartz ampoule, and the
Sr element is degreased in a vacuum using a BOX
setup. Then it is weighed on scales and placed in an am-
poule with selenium, the air is pumped out to a pressure
of 0.133 Pa and the neck is sealed, melting it in an arc
flame. It should be noted that excess temperature dur-
ing synthesis melts and destroys the quartz ampoule,
releasing a large amount of energy. Thus, SrSe is syn-
thesized as follows. The ampoule with the substance is
placed in a furnace, the temperature is increased to the
melting point of indium (156°C) and maintained for 2
days, while the process is continued with constant stir-
ring. Strontium gradually begins to transform into SrSe.
At the next stage, the temperature in the furnace is in-
creased to 300°C and maintained for 24 hours.

At the next stage, the furnace temperature was in-
creased to 1200°C for 2 hours, and then the temperature
was reduced to 1000°C and maintained for 3 hours. Af-
ter synthesis, the sample was obtained in the form of a
heterogeneous powder. To obtain the full composition
of the SrSe compound, the sample was finely ground
and pressed to 200 atm. and obtained in the form of a
tablet. Then, the sample was subjected to a solid-phase
reaction in an evacuated quartz ampoule at a tempera-
ture of 800°C for 100 hours. The composition of the
SrSe compound was refined using X-ray diffraction
analysis. Then, alloys of the In-SrSe system were syn-
thesized from the In and SrSe components at a temper-
ature of 1000-1200°C in an ampoule with air suction to
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a pressure of 0.133 Pa. The synthesized alloys were ho-
mogenized at a temperature of 350°C for 150 hours.

The alloys in the equilibrium state were studied by
differential- thermal analysis (DTA), X-ray diffraction
(XRD), microstructure (MSA), as well as determina-
tion of density and microhardness.

Differential-thermal analysis (DTA) was carried
out on a low-frequency Kurnakov pyrometer. The heat-
ing rate of the alloys was 10°C/min. Chromel-alumel
was used as a thermocouple.

X-ray structural analysis of the alloys was carried
out on a D2 PHASER X-ray diffractometer. A CuKa
electrode was used as an irradiator. Microhardness was
measured using a PMT-3 metallographic microscope.
During the measurements, the dependence of micro-
hardness on weight was studied.

Microstructural analysis (MSA) was carried out
on an MIM-8 microscope. For this, the alloys were pol-
ished to a shine and their structure was examined under
a microscope. To clarify the phase boundaries, a solu-
tion of 5 ml HNOs + 5 ml H,O, was used as a etching
agent. The densities of the alloys of the system were

determined by the pycnometric method, using toluene
as a filling solution.

Results and discussion

Alloys were synthesized to study the phase equi-
librium in the In-SrSe system. The synthesized alloys
have a silvery color in the concentration range of 0-30
mol. % SrSe, gradually changing from gray to black as
the amount of the SrSe compound increases. The be-
havior of the system's alloys under the influence of the
external environment was studied. Indium-rich alloys
do not change in air, water and organic solvents, but
alloys containing 30—100 mol.% SrSe gradually hydro-
lyze when exposed to open air for a long time, absorb-
ing moisture from the air. All In-SrSe systems dissolve
well in strong acids (HCI, HNO3). The equilibrium al-
loys were studied using physico-chemical analysis
methods.

As aresult of differential thermal analysis, two en-
dothermic effects are present on the thermograms of the
alloys. To clarify the results of differential thermal
analysis, a microstructural analysis of the alloys was
carried out. It was found that in the In-SrSe system
there is a single-phase and a two-phase field.

Fig. 1.
Microstructure of In-SrSe system alloys.
a) - 50 mol. %, b) -95 mol. % SrSe.

Difference-thermal analysis showed that the ther-
mograms of the alloys exhibit two endothermic effects.
To clarify the results of differential thermal analysis,
microstructural analysis of the alloys was performed. It
was found that the In-SrSe system has a single-phase
and a two-phase field. Figure 1 shows the microstruc-
ture images of alloys containing 50 and 95 mol. % SrSe.
As can be seen from Figure 1a, the alloy with a concen-
tration of 50 mol. % SrSe is two-phase. The alloy with
95 mol. % SrSe is a solid solution alloy based on SrSe
and is single-phase (Fig. 1b).

X-ray structural analysis of In-SrSe alloys was
carried out for alloys containing 50, 95 and 98 mol. %

SrSe and compared with the X-ray diffraction patterns
of the initial components (Fig. 2). It was found that the
diffraction maxima observed in the diffraction pattern
of the 50 mol. % SrSe alloy consist of a mixture of dif-
fraction lines of the initial components. The diffraction
patterns of alloys containing 95 and 98 mol. % SrSe do
not differ much in intensity and interplanar distances
from the diffraction lines of the SrSe compound. This
indicates that these alloys are solid solution alloys
based on SrSe.
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As a result of X-ray structural analysis of 95 and
98 mol. % SrSe solid solution alloys based on the SrSe
compound, their crystal lattice parameters were calcu-
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Fig. 2. Diffraction patterns of alloys of the In - SrSe system.

lated (Table 1). Solid solution alloys based on the SrSe

1-In, 2-50 mol. %, 3-95 mol. %. 4-98 mol. %, 5-100 mol. % SrSe.

compound with a content of 95 and 98 mol. % SrSe
crystallize in the cubic syngony as SrSe with lattice pa-
rameters a=6.257 A and a=6.274 A, respectively.

Table 1.
X-ray data of SrSe-based solid solution alloys in the In-SrSe system
SrSe 98 % SrSe-2 % In 95 % CaSe-5% In
1,% d, A hkl 1,% d, A hkl 1,.% d, A hkl
100 3,1168 200 100 3,1280 111 100 3,1373 111
64 2,2053 220 64 2,2124 200 64 2,2184 200
20 1,7999 222 20 2,1,8063 220 18 1,8110 220
8 1,5588 400 8 1,5642 311 6 1,5684 311
16 1,3950 420 16 1,3980 222 14 1,4029 222

Based on the results of complex physicochemical
analysis, a phase diagram of the In — SrSe system was
constructed (Fig. 3).
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Fig. 3. Phase diagram of the In — SrSe system.

It was found that the In — SrSe system is a quasi-
binary section of the Sr-In-Se ternary system. In the In
— SrSe system, a degenerate eutectic is formed on the
SrSe side, the temperature of which is 150°C. In the
system, the In and SrSe components form a degenerate
eutectic between themselves, the content is ~3 mol
SrSe, the temperature is 150 °C. In the system, solid
solutions based on SrSe reach up to 5 mol. % In at room
temperature. In the range of SrSe concentrations in the
system from 3 to 100 mol. %, crystals of the a-solid
solution based on SrSe begin to precipitate along the
liquidus curve. Below the liquidus curve, there is a two-
phase region consisting of L + . In the range of SrSe

concentrations in the system of 3-95 mol. % below the
solidus line, two-phase alloys consisting of (In+a) crys-
tallize.

The dependence of the density and microhardness
of the In — SrSe system on the composition is given in
Table 2. As a result of measuring the microhardness of
the alloys of the system, two types of microhardness
values were obtained. The microhardness value of 150
MPa corresponds to the microhardness of In, and the
value (1240-1250) MPa corresponds to the microhard-
ness of the SrSe compound. The dependence of the den-
sities of the alloys of the system on the composition
changes monotonically.

Cadval 2.
In-SrSe sisteminin arintilarinin tarkibi, DTA, mikrobarkliklarinin va sixliglarinin
tarkibdan asilihigi
Composition, mol % Thermal effects. °C | Density, Microhardness , MPa
In SrSe g/cm?® In a
P=0,10 N P=0,15 N
100 0,0 156 7,36 150 -
95 5,0 150,400 7,20 150 -
90 10 150,525 7,05 150 -
80 20 150,760 6,79 150 -
70 30 150,925 6,50 150 -
60 40 150,1130 6,22 150 1250
50 50 150 5,98 - 1250
40 60 150 5,64 - 1250
30 70 150 5,36 - 1250
20 80 150 5,07 - 1250
10 90 150 4,79 - 1250
0,0 100 1600 4,50 - 1240
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Conclusion

As a result of complex physicochemical studies, a
phase diagram of the In-SrSe system was constructed.
The phase diagram of the system is quasi-binary, of the
degenerate eutectic type, with a composition of ~3 mol.
% SrSe and a temperature of 150°C. Based on the re-
sults of microstructural analysis, it was found that a uni-
form field based on SrSe is observed in the system. In
the In-SrSe system, a solid solution with a concentra-
tion of 5 mol. % In was obtained at room temperature
based on the SrSe compound. The dependence of the
density and microhardness of the alloys of the system
on the composition was studied. X-ray structural anal-
ysis of the solid solution alloys (SrSe)1-x(In)x (x=0.02;
0.05) was carried out and the lattice parameters were
calculated. It was found that 95 and 98 mol. % SrSe of
solid solution alloys based on the SrSe compound crys-
tallize in a cubic syngony with lattice parameters
a=6.257 A and a=6.274 A, respectively.
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Abstract

In developed countries, corporations pay great attention to improving the efficiency of corporate governance
and risk management. In this process, the importance of identifying cases of fraud and eliminating them through
the effective organization of the internal audit service in corporate structures increases. In particular, “the internal
audit service in regions of the world identified from 11% to 23% of fraud cases” [7]. Therefore, it is necessary to
pay special attention to internal audit and eliminate its problems in theoretical, methodological and practical
aspects, widely use digital technologies, achieve the unification of internal audit standards and their
implementation throughout the world.

In various countries of the world, special attention is paid to scientific research aimed at improving the
methodological foundations of internal audit in the context of economic globalization. This study addresses the
issues of planning internal audit inspections in joint stock companies, identifying risks associated with fraud,
improving the quality of internal audit inspections, and drawing up internal audit reports. It should be recognized
that in the field of research, improvements have been simultaneously achieved in the process of identifying and
eliminating cases of fraud in internal audit, the use of analytical procedures in internal audit audits, and assessing
the effectiveness of the internal control system. However, pressing issues related to the organization of internal
audit methodology in joint-stock companies at the level of international standards have not yet been fully resolved.

Keywords: internal audit, corporate governance, risk-oriented internal audit, internal audit effectiveness,

IPSIA, risk management.

1. Introduction.

In modern conditions of a market economy,
investors prefer to invest in efficiently managed
companies that respond to emerging risks in a timely
manner. Internal audit plays a significant role in the
successful organization of risk management processes
and corporate governance systems by management. In
the case of effective organization of activities, internal
audit actively assists in assessing risks and finding
countermeasures. In this article we will consider the
areas of effectiveness of internal audit in the Republic
of Uzbekistan.

In the Republic of Uzbekistan, in order to increase
the efficiency of corporate governance, a number of
measures have been developed to improve the work of
the internal audit service. In particular, much attention
is paid to improving the professional training and level
of knowledge of employees of the internal audit
service. In particular, the definition of the task
“Creating a system for advanced training and
certification of internal audit service personnel” [5]
requires the organization of an internal audit service in
joint-stock companies based on international standards.
These tasks determine the importance of improving the
internal audit methodology in joint-stock companies,
organizing a certification system for internal auditors
based on international requirements, reducing risks
associated with cases of fraud, increasing the efficiency
of internal audit by redistributing the risks of control
tools among responsibility centers, and using internal
and external benchmarking methods in the process of
collecting evidence.

To a certain extent, this study serves to implement
the tasks defined in decrees of the President of the
Republic of Uzbekistan dated January 28, 2022 No PD-
60 "On the Development Strategy of New Uzbekistan
for 2022-2026", No PD-4720 "On measures to
introduce modern corporate governance methods in
joint-stock Companies", resolutions of the President of
the Republic of Uzbekistan dated February 24 2020 No
PD-4611 "On additional measures for the transition to
International Financial Reporting Standards"”, Dated
September 19, 2018, No PO-3946 "On measures for the
further development of auditing activities in the
Republic of Uzbekistan", Resolution No 280 dated
May 5, 2021 "On measures to improve the training
system for employees of the internal Audit service", as
well as other regulatory legal acts related to this area.

“Based on the results of the first half of 2021, the
volume of services provided in the digital economy
amounted to seven trillion 200 billion sums, exports of
computer programming services amounted to 17
million 500 thousand dollars. Until 2022, it is planned
to implement 268 projects in Uzbekistan aimed at
developing the Electronic Government system,
telecommunications, the Technology Park of software
products and information technologies, as well as the
introduction of digital technologies in other industries”
[6].

Literature review

In conditions of active development of economic
relations, the role of internal audit is increasing both in
government agencies and in commercial enterprises.
Since internal audit is a means of successful enterprise
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management, the quality of this system serves to
increase the efficiency of the business entity. Internal
audit (1A) is a complex process consisting of various
aspects, and a number of domestic and foreign
scientists have conducted scientific research in this
area. A risk-oriented IA is organized with the aim of
effectively organizing this service. Also, in an effective
organization of IA, the main role is played by its
organization on the basis of International Professional
Standards for Internal Auditing (IPSIA). The task of the
head of the internal audit service is to organize and
conduct a risk-based audit based on the IPPF, which
meets the ethical and qualification requirements of the
IPSIA “The International Professional Standards of
Internal Auditing (Standards) are one of the
components of the International Framework for the
Professional Practice of Internal Auditing (IFPPIA)
developed by International Institute of Internal
Auditors” [8], which internal auditors around the world
have used in their daily work since 1947. IPPF is the
basis of interstate legislative and regulatory acts in the
field of internal audit; on the basis of IPPF, relevant
recommendations of industry regulators in many
countries of the world are formed.

The standards are set out as principles and provide
a framework for conducting IA. The structure of the
standards consists of quality standards and performance
standards. The standards also specify the mission of
internal audit. Several studies were reviewed and the
authors concluded that internal audit effectiveness is
related to compliance with standards.

Khaled Ali Endaya and Mustafa Mohd Hanefah,
in their scientific studies, also determined the
effectiveness of the 1A service in complying with the
IPSIA. The author also argues that the effectiveness of
internal audit can only be achieved when the activities
of both internal audit department and its auditors are
supported by members of the organization. This
support includes the allocation of appropriate human
and material resources to internal audit, as well as the
overall tone in the acceptance and evaluation of the
internal audit department and its auditors, as well as the
implementation of the recommendations of the internal
audit department [13].

Aaron Cohen & Gabriel Sayag, as a result of
scientific research, identified the principle of
independence as the main link in the effective
organization of the internal audit service [9].

As a result of their research, Douglas F. Prawittm,
Jason L. Smith, David A. Wood concluded that the
measure of overall internal audit quality is based on
auditing standards, which provide guidance to external

auditors in assessing the extent to which they can rely
on the work of internal audit services. According to the
authors, internal audit performance plays an important
role in the quality of externally reported financial
performance, an essentially untapped but potentially
promising area for future research[11].

Research by Maric Arena and Giovanni Azzone
examines the organizational determinants of internal
audit effectiveness in the “mission” of internal audit
and its central role in corporate governance. Based on
data from 153 Italian companies, the authors concluded
that internal audit effectiveness is influenced by:
characteristics of the internal audit team, audit
processes and activities, and  organizational
relationships. The effectiveness of internal audit
increases, in particular, when the ratio between the
number of internal auditors and the staff increases, the
chief audit manager joins the institute of internal
auditors, the company adopts control risk self-
assessment methods, and the audit committee
participates in the activities of internal auditors” [14].

But in any case, for the effectiveness of internal
audit activities, the specification of goals and objectives
is required.

2. Materials and Methods

In general, like any other activity, specifying the
goals and objectives of internal audit increases the
effectiveness of its activities.

Internal audit is an important management tool for
assessing the reliability and effectiveness of the internal
control system in a joint-stock company, managing
enterprise risks, and achieving the goals and objectives
set for the joint-stock company.

When organizing internal audit, the regulatory
framework, internal regulations of joint-stock
companies, job descriptions of employees of the
internal audit service, and a program for identifying and
assessing fraud in internal audit are important for the
effective organization of its activities. In addition, the
organizational structure of the internal audit service
plays an important role in Improving the quality of
internal audit and organizing audit at the international
level based on the implementation of professional
standards for internal auditing are more closely related
to scientific work in this area. Internal audit conducts
inspections, collects and analyzes audit evidence in the
structural divisions of the joint-stock company in order
to conduct an independent assessment and give an
opinion on reliability and efficiency.

In the Republic of Uzbekistan, internal audit in
joint stock companies is organized on the basis of the
following regulatory documents (Table 1).
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Table 1

Analysis of regulatory documents regulating the internal audit service in joint-stock companies *’

No. Document's name Issues studied

1. | Law of the Republic of | Requirements for organizing an internal audit service in joint-stock
Uzbekistan No. LRU-370 | companies, accountability of internal audit, proposed transactions
“On joint stock companies | with an affiliate of the company, tasks of internal audit
and protection of
shareholders’ rights”

2. | Regulations on internal | Main tasks, functions, rights and responsibilities of the internal audit
audit at enterprises service, requirements for the internal audit service

3. | Regulations on the | Qualification requirements for certification, list of documents
procedure for certification | provided, requirements for exams to obtain a certificate, qualification
of an employee of the | requirements for obtaining a certificate, registration and issuance of a
internal audit service certificate, conditions for validity and revocation of a certificate

4. | International Standards of | Conducting audits at the level of international requirements, using
Internal  Auditing  and | generally accepted standards
Auditing Standards

5. | Code of Ethics for Auditors | Professional competence, reliability, independence, integrity,

objectivity, principle of confidentiality, etc.

In the corporate governance system, internal audit
implements risk-oriented internal audit in order to
facilitate the adoption of effective management
decisions as a result of the application of internal audit
methods and processes by collecting information from
the structural divisions of the company to ensure its
independence.

In studies by Matyjewicz & D'Arcangelo, 2004;
Beasley et al., 2005; Jackson, 2005, examines the role
of internal audit in risk management and argues that
through its links to risk management, internal audit
helps managers understand what may prevent them
from achieving their expected goals.

Internal audit in the field of risk management in a
joint stock company must carry out the following
activities:

» checking the sufficiency and compliance of
the elements of the risk management system (goals and

objectives, infrastructure, organization of processes,
regulation, methodological support, mutual influence
of structural units in the risk management system,
reports);

» checking the completeness and reliability of
risk identification by management at all levels of
management;

» checking the effectiveness of control
procedures and other risk management measures,
including the use of resources allocated for these
purposes;

> analysis of risk data (violations identified
during internal audit inspections, cases of failure to
achieve goals, legal proceedings, etc.).

Based on the results of the risk assessment,
internal audit selects methods for managing significant
risks (Figure 1).

Risk management methods in internal audit

Risk
avoidance

Taking risks

Risk

Risk reduction redistribution

Figure 1. Risk management methods in internal audit20

As a result of our research, we came to the
conclusion that redistributing the risks of controls
across responsibility centers reduces the risk of controls
and increases the effectiveness and quality of internal
audit work in joint-stock companies.

Also, in risk management in joint-stock
companies, special attention is required to operational

17 Pa3paboTano aBTOPOM IO PE3yIIBTATAM HCCIIETOBAHHIL.
20 Pa3paboTaHO aBTOPOM MO PE3YIBTATAM MCCIIEOBAHHIL.

risk. Operational risk is the risk associated with the
implementation of business processes of a joint stock
company. Operational risk can arise as a result of errors
made by employees when implementing business
processes, cases of fraud, errors in information systems
and technologies, as well as as a result of external
events. The following can be identified as operational
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risk factors: cases of external and internal fraud; errors
in financial reporting, failures in business processes,
failures in information and technical systems, damage

to material goods and property, industrial accidents,
violation of contractual relations with customers, etc.

Controls Risk

Operational
process

Production
process

Procurement
process

Legal supplies

Management
process

Financial
management

Personnel
Management

Quality control

Helper Processes

Information and
communications

supply

Legal supplies

Modernization
process

Figure 2. Redistribution of control risk to the center of responsibility.

Also, in risk management in joint-stock
companies, special attention is required to operational
risk. Operational risk is the risk associated with the
implementation of business processes of a joint stock
company. Operational risk can arise as a result of errors
made by employees when implementing business
processes, cases of fraud, errors in information systems
and technologies, as well as as a result of external
events. The following can be identified as operational
risk factors: cases of external and internal fraud; errors
in financial reporting, failures in business processes,
failures in information and technical systems, damage

to material goods and property, industrial accidents,
violation of contractual relations with customers, etc.
Minimizing operational risk is one of the methods
of its management, and to minimize it in a joint stock
company it is necessary to plan, implement and
improve measures to establish control over them by
analyzing business processes. Therefore, in the
research work it was proposed to include control over
the reduction of operational risks in joint-stock
companies as part of the criteria for internal assessment
of the quality of the internal audit service (Figure 3).
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Internal audit
accountability and
communication
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service

Development of measures to reduce oper-
ational risks in the risk management program

-

Control over the reduction of
operational risks by the internal
audit service

Figure 3. Procedure for assessing the control of the internal audit service over the reduction of operational
risk40

The inclusion of control over the reduction of
operational risks in joint-stock companies in the criteria
for internal assessment of the quality of work of the
internal audit service helps to assess the quality of the
work of internal auditors and reduce operational risks
in business processes.

Analysis of the quality of internal audit work in
joint-stock companies is an important means of
monitoring and managing risks associated with the
company's activities. This allows us to determine how
effectively internal audit fulfills its tasks and ensures
the correct and timely identification of shortcomings
and errors in activities. Analysis of the quality of
internal audit work also helps to improve risk
management processes, which reduces the likelihood of
financial losses for joint-stock companies. This gives
owners and management a clearer understanding of

what risks exist and how they can be effectively
managed.

In addition, analyzing the quality of internal audit
work helps improve the credibility of shareholders,
banks, investors and other stakeholders, such as rating
agencies. It can serve as an indicator of proper risk
assessment and management, as well as an indicator of
the effectiveness of internal controls. Thus, it is not an
exaggeration to consider that analysis of the quality of
internal audit work is an important tool that provides
shareholders and managers with objective information
about the financial condition of a joint-stock company
and helps them make correct and informed decisions.
In our opinion, the main directions for analyzing the
quality of internal audit work in joint-stock companies
should be the following (Table 2).

Table 2
Directions for analyzing the quality of internal audit work 8
No. Directions for analyzing the Essence
quality of internal audit work
1. Full coverage of the quality The internal auditor must use a systematic approach
management system when conducting internal audits
2. Ensuring compliance of internal Internal audit reviews should be conducted in
audit with legislation and international | accordance with international and national standards
standards
3. Risk identification and assessment Internal audit must have appropriate risk assessment
strategies
4. Documentation Internal audit documentation should contain detailed
records of all procedures undertaken during the audit,
from evidence obtained and results to recommendations.
5 Communication with employees The internal auditor must be truly communicative in
order to treat employees fairly
6. Analysis of results The internal auditor must review the audit process
and its results
7. Including  economic  security Internal audit should include issues and requirements
issues in internal audit of economic security
8. Development of The internal audit should lead to the formation of a
recommendations  for  improving | list of recommendations to improve the quality of work
activities and make economically rational decisions

40 PaspaboTaHO aBTOPOM IO PE3yJIBTaTAM HCCIIE[0BAHUIA.
28 Pa3paboTaHO aBTOPOM IO PE3YIIBTATAM MCCIIEOBAHHIL.
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When analyzing the quality of internal audit work,
attention not only to the results of its activities, but also
to issues of risk management, economic security,
conducting internal audits in accordance with
international standards of professional practice when
assessing the quality of internal audit work and the
implementation of these standards in the practice of the

Republic of Uzbekistan helps to improve the efficiency
of the service internal audit.

The international standards used and recognized
today in the practice of developed countries in
organizing internal audit include the following (Figure
4).

International standards for ensuring and improving the quality of internal audit work

International auditing standards

International quality control standards

International Framework for the Professional Practice of Internal Auditing

COSO Internal Control Model

Sarbanes-Oxley Act

1ISO 9001:2015. Quality Management System Standards

Figure 4. International standards for ensuring and improving the quality of internal audit work29

Organizing internal audit audits based on these
standards, helping to ensure and improve the quality of
its work, defining in the Regulations “On the Internal
Audit Service” of the company the requirements of
legislation and standards, procedures and criteria for
assessing the quality of internal audit work, allows you
to control the quality of internal audit work and
improve it over time. by eliminating identified
deficiencies.

3. Results

As a result of a study conducted to improve the
internal audit methodology in joint stock companies,
the following conclusions were made:

1. The internal audit service plays an important
role in ensuring the effectiveness of corporate
governance in joint-stock companies, protecting the
rights of shareholders and achieving the goals of the
company. The Internal  Audit  Service
contributes to the development of society by
conscientiously, objectively and impartially carrying
out the tasks defined in its annual work plan.

2. The implementation of business processes in
joint stock companies is always associated with risk. In
fact, one of the important features of entrepreneurial
activity is its risk-based nature. The internal audit
service must also take these aspects into account in its
activities. Therefore, it is important to organize a risk-
oriented internal audit in joint-stock companies.

3. It is necessary to regularly analyze the
financial position and financial results of joint-stock
companies, identify missed opportunities and improve
areas of business development.

When analyzing performance results, it is

29 Pa3paboTaHo aBTOPOM IO PE3YIIBTATAM MCCIIEOBAHHIL.

advisable to use complex methods, in particular
econometric modeling methods. In this study, through
econometric modeling, the factors influencing return
on assets were studied, and the factors influencing it
and the level of their influence were specified.

4. When improving the internal audit
methodology in joint-stock companies, it is important
to specify the purpose, objectives and organizational
foundations of internal audit, the procedure for its
implementation, internal audit methods, technology
and tools used in the internal audit process. As a result
of the study, an improved model for organizing internal
audit in joint-stock companies was developed.

5. Organizing internal audit in joint stock
companies in a risk-oriented manner helps prevent risks
and possible damage as a result of timely identification
of risks and the application of measures to eliminate
them. As a result of the study, the organization of risk-
oriented internal audit in joint-stock companies and a
risk management procedure were proposed.

6. It is necessary to analyze the quality of work of
the internal audit service. This, in turn, improves the
quality of work of the internal audit service. However,
the procedure for assessing the quality of internal audit
work in joint-stock companies has not been fully
developed. During the study, directions for analyzing
the quality of internal audit work were developed.
Determining directions and effective organization of
business processes helps improve the quality of work
of the internal audit service.

5. Conclusion

Based on the above, we can conclude that as a
result of improving internal audit in the corporate
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governance system, optimal organization of business
processes and improvement of the legal framework for
internal audit, making effective management decisions,
as well as organizing internal audit based on
international  standards creates conditions and
opportunities for attracting foreign investors.
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The article develops alternative scenarios (inertial, pessimistic, and optimistic) for increasing the competi-
tiveness of construction industry enterprises. Furthermore, in the medium-term perspective, improving the effi-
ciency of using the potential of the construction industry in Andijan region requires not only the region's resource
potential, but also prioritizing the development of innovative product production along with the production of
high-tech products. This can be achieved by enhancing the technical and technological aspects of the production
chain and increasing the competitiveness of local construction enterprises.

Keywords: construction industry, inertial, pessimistic and optimistic scenarios, resource potential, pure con-
struction materials, high-tech product manufacturing, production chain, competitiveness of construction enter-

prises

INTRODUCTION. In the context of New Uz-
bekistan, it is important to focus on enhancing the effi-
ciency of utilizing the potential of the construction in-
dustry, among other sectors of the national economy, in
order to achieve sustainable development. This is
aimed at increasing the competitiveness of domestic
manufacturing enterprises at both national and global
levels. Additionally, development strategies have been
developed for each sector, and their implementation is
being carried out in phases based on roadmaps formed
from relevant measures.

Currently, under the implementation of the New
Uzbekistan Development Strategy, which is planned
for the medium-term future, the volume of construction
works in the country has sharply increased within the
framework of the "Obod gishlog” ("Prosperous vil-
lage") and "Obod makhalla" (“Prosperous neighbor-
hood") programs [1]. This has made it possible to sup-
port the production of construction industry products
through a demand-stimulating mechanism. In particu-

lar, the goal of the "Uzbekistan — 2030" strategy to "de-
velop the 'driver' sectors of the industry and fully acti-
vate the industrial potential of regions"” [2], which in-
cludes increasing the production of construction mate-
rials by two times and expanding the production of new
types of energy-efficient materials, has been set. This
requires developing scientifically grounded alternative
development scenarios for increasing the efficiency of
using the potential of construction enterprises in each
region of the republic and ensuring the competitiveness
of these enterprises.

LITERATURE REVIEW. In recent years, the
practice of evaluating the competitiveness of construc-
tion industry enterprises through the volume of added
value created in the sector has been adopted in the de-
velopment of alternative scenarios for the future pro-
spects of the construction industry. Specifically, the
scientific research conducted by A. Gosh [5], A. Lecan
[7], S. Mihai [8], F. Simoni [9], J.G. Bekes [3], V. De-
Araujo [4], and T. Omotayo [6] is based on methodol-
ogies in this area.

Table 1
TOP 10 companies producing high value-added products in the global construction industry market, 2023
[10, pp. 49]
TOP Company name Country Market tqué(B/)er (million
CHINA STATE CONSTRUCTION .
. ENGINEERING CORP. LTD. (CSCEC) China 319,949
2 CHINA RAILWAY GROUP LTD. (CREC) China 178,434
CHINA RAILWAY CONSTRUCTION CORP. .
3 LTD. (CRCC) China 160,713
CHINA COMMUNICATIONS CONSTRUCTION .
4 GROUP LTD. (CCCC) China 107,144
METALLURGICAL CORPORATION OF CHINA .
5 LTD (MCC) China 89,518
6 POWER CONSTRUCTION CORP OF CHINA China 86,063
7 VINCI China 74,459
8 BOUYGUES China 60,591
9 CHINA ENERGY ENGINEERING CORP China 57,342
10 SHANGHAI CONSTRUCTION GROUP (SCG) China 43,021
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According to the report prepared by the interna-
tional organization "Deloitte Organization" on the de-
velopment forces of the global construction industry, in
2023, eight construction industry enterprises from
China, producing construction products with high
added value, were included in the global TOP-10 list in
terms of the volume of construction goods and services
in the international market (see Table 1).

RESEARCH METHODOLOGY. The general
strategy for economic development outlined in the
works of the President of the Republic of Uzbekistan
Sh.M. Mirziyoyev, The laws of the Republic of Uzbek-
istan, Government decisions, as well as foreign experi-
ences dedicated to increasing the competitiveness of
construction industry enterprises in the national econ-

Others; 11,7
Spain; 4,3

North Korea; 4,8

Japan; 8,8

The USA; 9,0

omy, and used of logical, monographic, scientific ab-
straction, and comparative analysis methods have been
employed.

ANALYSIS AND RESULTS. At the same time,
China accounted for 53.5% of the global construction
goods and services market turnover and the capitaliza-
tion of enterprises, which demonstrates that it has a na-
tional construction industry with a high level of com-
petitiveness. In terms of innovative activity, the USA
(9.0%) and Japan (8.8%) contributed a combined
17.8% of the global construction goods and services
market turnover (see Figure 1). These global trends in
the construction goods and services market show that
the global competitiveness of Chinese construction
companies has been achieved due to the production of
high-added-value products.

China; 53,5

Figure 1. Share of National Construction Industry Sectors in the Global Construction Market by Product and
Service Turnover and Capitalization Volume, as a Percentage of Total, 2023 [10, pp. 49]

Based on the analysis provided above, the next
step is to develop alternative scenarios for increasing
the competitiveness of local construction enterprises in
the Andijan region in the coming years using a multiple
regression-correlation model. In this case, the value of
the added value created in the regional construction in-
dustry will be conditionally defined as an indicator that
describes the competitiveness level of local construc-

tion enterprises, which will serve as the dependent var-
iable in the model. The independent variables affecting
the dependent variable are the number of local con-
struction enterprises (x1), which participate in the com-
petition, and the volume of construction works com-
pleted in the region (x2), which serves to stimulate de-
mand for construction products. The data necessary to
conduct the multiple regression-correlation analysis are
presented in Table 2.
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Table2:

Necessary Data for Multiple Regression-Correlation Analysis to Enhance the Competitiveness of Con-
struction Industry Enterprises in Andijan Region [11]

The number of active enter- .
The volume of added value . T : Volume of construction
. - prises and organizations in L
Years created in the construction the construction industr work performed, in billion
industry, in billion soums. (y) in units. (x1) Y soums. (X2)
2010y 146,8 1955 345,3
2011y 2445 1978 534.,4
2012y 297,4 2086 672,9
2013y 417,6 2100 862,7
2014y 510,8 2237 1131,8
2015y 600,8 2339 1341,9
2016y 705,4 2265 1578,0
2017y 1348,9 2119 1782,9
2018y 2043,4 2418 2819,5
2019y 2539,7 2747 3539,1
2020y 3044,6 3071 4673,0
2021y 3571,2 3132 5657,8
2022y 4099,8 3378 6864,1
2023y 4428,6 2111 7384,3

In order to develop alternative scenarios for im-
proving the competitiveness of local construction en-
terprises, a multiple regression model should be devel-
oped based on the multiple regression-correlation anal-
ysis hypothesis outlined as follows (1) function:

Y = b+ byx; + byxy (1)

"The values of “Dg; Dy; Dy in the given multi-
ple regression model function are determined using the
least squares method. These values serve as the vector
coefficients for the independent variables (X;) in the
multiple regression model. Based on the least squares
method, the vector coefficients of the independent var-
iables in the model are determined using the following
formula (2):"

s=&X"TX)"XTy

"Using the least squares method mentioned above,

the vector coefficients of the independent variables (X;
) are determined based on the data provided in table 2.

The formula (3.2) should be used to calculate the result-
ing factor (y), the independent variables “(X;) ” and the
vector coefficient values given above by forming the
matrices for the “X T, values (see Appendices 7-9). In
the next step, based on the formed matrices, the values
for “X T X» and “X T Y in the least squares function
(3.2) are calculated (see Appendices 10-11), and the
value of “(X T X) ™1+ is determined as follows based
on Appendix 10:"

3,1014 |-0,00143[0,000157
(XTX)™! =[-0,00143| 1,0E-6 | 0
0,000157| 0 0

In order to develop alternative scenarios for im-
proving the competitiveness of local construction en-
terprises, a multiple regression model should be devel-
oped based on the multiple regression-correlation anal-
ysis hypothesis outlined as follows (1) function:

3,1014 | -0,00143 | 0,000157 23999,5 -326,6881
V(X) =| -0,00143 | 1,0E-6 0 * | 649222934 | = | 0,1318
0,000157 0 0 115669864,68 0,615

Based on the calculations performed, we obtained
a multiple regression model with the following form:

y = —326,6881 + 0,1318x, + 0,615x,

Based on the developed multiple regression
model, the following conclusions can be made:

The volume of added value created in the con-
struction industry of Andijan region is interrelated with

the activities of local production enterprises and the
volume of construction work carried out in the region.
That is, based on the consumption of construction prod-
ucts produced by local enterprises in the internal con-
struction market of the region, the execution of con-
struction works in the region has served to stimulate
market demand for local enterprise products. The rea-
son for this is that if the development trends of con-
struction work carried out in the region and the activi-
ties of local construction enterprises and organizations



Norwegian Journal of development of the International Science No 153/2025

37

are not taken into account, the volume of added value
created in the construction industry of the region is ex-
plained by the presence of a negative development vec-
tor.

The increase in the number of enterprises and or-
ganizations engaged in economic activities in the con-
struction industry of Andijan region has led to a posi-
tive development vector, although the volume of added
value created in the construction industry of the region
is small. This situation indicates that the volume of
added value of goods and services produced by local
construction industry enterprises is low or the degree of
assimilation of the product production chain by them is
insufficient. It is important to note that the volume of
added value created in the construction sector of the re-
gion is lower than that of other regional industrial sec-
tors. This situation suggests the need to prioritize pro-
grams aimed at increasing the efficiency of utilizing the
potential of the region's construction industry in the
coming years. Through this, the creation of high added-
value products by local construction enterprises, in-
cluding increasing the level of assimilation of the prod-
uct production chain in the specialization of the region’s
districts and cities in the construction industry, will lead
to achieving higher competitiveness.

The increase in the volume of construction works
in Andijan region has also resulted in a positive devel-
opment vector for the volume of added value created in
the construction industry of the region. According to
the calculations, the increase in the volume of construc-
tion works has resulted in the added value created in the

4637306.671 —

region's construction industry being 4.7 times higher
than the development vector achieved due to the in-
crease in the number of enterprises and organizations
engaged in economic activities in the sector. This indi-
cates that the level of development and competitiveness
of construction services provision is higher in the re-
gion compared to product manufacturing in the con-
struction industry.

In the next stage, based on the results of the devel-
oped multi-factor regression model, the conclusions
should be reinforced through correlation analysis aimed
at identifying the internal relationships between the re-
sult factor and the independent variables in the formed
hypothesis. The correlation coefficient between the se-
lected factors in the hypothesis will be determined us-
ing the following (3) function:

r-Yy—r-y
'l ) s )
slz) - sly) ©)

Using the correlation coefficient determination
function (3) mentioned above, we will evaluate the de-
gree of internal correlation between the result factor
and each independent variable:

The degree of internal correlation between the vol-
ume of added value created in the construction industry
of the region and the number of active enterprises and
organizations engaged in economic activities in the sec-
tor:

Toy —

92424 - 1714.25
L 0718

Fyzy =

According to calculations, the development trend
of the added value created in the construction industry
of the region has a strong internal correlation with the
number of active enterprises and organizations engaged
in economic activities in the sector, according to the
Chedevk scale, with the correlation coefficient being
0.718. This indicates that the added value created in the
construction industry of the region, in 28.2% of cases,
is mainly generated by active construction enterprises
and organizations. In this context, it is worth noting that

8262133.191 — 2799.12.

449.676 -

1493.115

according to the multiple regression model, the added
value has a low additional growth vector due to this fac-
tor, which suggests the need to prioritize the develop-
ment of high-tech product manufacturing in the sector.

The degree of internal correlation between the
added value created in the construction industry of the
region and the volume of construction works being car-
ried out in the region:

1714,

Tyxy =

Thus, the degree of internal correlation between
the added value created in the construction industry of
the region and the volume of construction works being
carried out in the region is 27.6% higher than the cor-
relation with the number of enterprises and organiza-
tions engaged in economic activities in the sector. Ac-
cording to the Chedok scale, there is a significantly
strong internal correlation between them, with the cor-
relation coefficient being 0.992. Based on this result, it

7025412736 — 2

2339527 -

117
1493115
can be concluded that the hypothesis of the formulated
multiple regression model is correctly structured.

In the formulated multiple regression-correlation
model, the internal correlation between the number of
active enterprises and organizations operating in the re-
gion's construction industry and the volume of con-
struction works carried out in the region:

=]

r-"l-f'j = Py —
2339.5

]

- 2424
= 0.704
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According to the results of determining the inter-
nal correlation between independent variables in the
multiple regression-correlation model, it was found that
there is a strong correlation between the number of ac-
tive enterprises and organizations operating in the con-
struction industry of the region and the volume of con-
struction works performed in the region, according to

the Chedok scale. The correlation coefficient express-
ing this was found to be 0.704. This situation indicates
that the additional growth vector coefficient of the
added value created in the local construction industry,
achieved due to the volume of construction works per-
formed in the region, is 29.6%, which corresponds to
the region’s non-residents.

Table 3
Correlation Analysis Matrix for Increasing the Competitiveness of the Construction Industry in Andijan
Region
- Yy X1 X2
y 1 0,7178 0,9916
X1 0,7178 1 0,7037
X2 0,9916 0,7037 1

Based on the results of the conducted multiple cor-
relation analysis, the correlation analysis matrix is pre-
sented in Table 3.6 in the following form, and the fol-
lowing conclusions have been reached:

The consistency and similarity of the results from
the conducted multiple regression-correlation analysis
indicate that the hypothesis formed regarding the im-
provement of the competitiveness of construction in-
dustry enterprises in the region is correct. This situation
suggests that the conclusions obtained from the calcu-
lations, based on economic-mathematical methods, are
scientifically proven.

In the construction industry of Andijan region,
giving priority to increasing the level of integration in
the production chain through the production of high-
tech products by enterprises will enhance the competi-
tiveness of local enterprises.

The development of the construction industry in
the region, including the increase in the volume of con-
struction work carried out in the region, has resulted in
over two-thirds of the potential demand in the regional
construction market being met by local enterprises.
This situation indicates that there is an opportunity to
expand the market coverage of enterprises by improv-
ing the efficiency of utilizing the development potential
of the local construction industry;

The results of the conducted multiple regression-
correlation analysis confirm that the increase in the
added value created in the construction industry of the
region serves as a basis for determining the alternative
scenarios for improving the competitiveness of the re-
gion’s construction enterprises, which can be used as a
performance indicator in the development of alternative
scenarios.

In the development of alternative scenarios to in-
crease the competitiveness of construction enterprises
in Andijan region, it is necessary to calculate the per-
centage change in the added value created in the con-
struction industry based on the elasticity coefficient by
considering the 1% change in the independent variables
of the hypothesis formed in the multiple regression-cor-
relation analysis. This will be done using the following
function:

E —b =
] @)

To determine the change in the added value in the
local construction industry as a result of a 1% change
in the number of active enterprises and organizations in
the construction industry, we apply the elasticity coef-
ficient formula:

The degree of change in the added value of the lo-
cal construction industry as a result of a 1.0% change
in the number of operating enterprises and organiza-
tions in the construction industry of the region is calcu-

lated. 9494
0132 ——— =
1714.25

According to the calculations, the degree of
change in the added value of the local construction in-
dustry resulting from a 1.0% change in the number of
operating enterprises and organizations in the construc-
tion industry of the region shows a positive trend, with
the elasticity coefficient being 0.186. This situation fur-
ther proves that the proportion of high-tech products in
the product range produced by local construction indus-
try enterprises is low, or the level of integration in the
production chain is low.

Similarly, the degree of change in the added value
of the local construction industry as a result of a 1.0%
increase in the volume of construction works carried
out in the region is:

).186

2799.121
0.615 - ———— = 1.004
1714.25

Thus, it was found that a 1% increase in the vol-
ume of construction works in the region leads to a pos-
itive trend in the change in the added value of the local
construction industry, with the elasticity coefficient of
1.004. This further confirms the validity of the conclu-
sions drawn from the multivariate regression-correla-
tion analysis.

Based on the economic-mathematical methods
used, it was concluded that, in the coming years, the
added value created in the sector can be used as an in-
dicator to describe the competitiveness of construction
enterprises in Andijan region when developing forecast
indicators for improving the competitiveness of local
construction enterprises.



Norwegian Journal of development of the International Science No 153/2025 39
Based on this, medium-term forecasts were devel-  three different development scenarios: inertial, pessi-

oped for the improvement of the competitiveness of  mistic, and optimistic.

construction enterprises in Andijan region, considering

The formulas used for the calculations of the forecast indicators for each scenario are presented in Table 4.
Scenario name Forecast indicator calculation function

Inercion scenario y = 11,606x?% + 161,86x — 362,1
y = —0,3376x2 + 329,12x — 762,06
y = 23,549x% — 54017x + 37,864

Pessimistic scenario

Optimistic scenario

The first forecast indicators are based on the iner-
tial scenario, which assumes that the trends in the de-
velopment of the construction industry enterprises and
the level of competitiveness in Andijan region from
2010 to 2023 will continue unchanged. This scenario is
based on the assumption of changes in time factors. Ac-

cording to the results of the forecast calculations for im-
proving the competitiveness of construction enterprises
in the region under the inertial scenario, it was deter-
mined that by 2028, the volume of added value created
in the region's construction industry could increase by
48.1% compared to 2023 (see Figure 2).

9000,0 The volume of value added created in the construction industry, in
8000,0 . 8374,1
’ billon soums 5855 1

50000 Inerci i 67325
6000,0 nercion scenario a5
5000,0 528" ” = -
4000,0 Pessimistic scenario 4478:@477'3592,9678,397081%,
3000,0
2000,0 —— _
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Figure 2. Prognostic indicators of alternative scenarios for improving the competitiveness of construction enter-
prises in Andijan region

In pessimistic scenarios, the level of integration in
the product manufacturing chain of construction enter-
prises in Andijan region is expected to remain at its cur-
rent state. Additionally, the share of high-tech products
in the total construction product volume is not expected
to change, with a focus on their moral obsolescence.
The trends in the market turnover of goods and services
produced by local enterprises will change primarily due
to the increase in the volume of construction work. Ac-
cording to the forecast developed under this scenario,
by 2028, the volume of added value created in the re-
gion’s construction industry may increase by 7.2%
compared to 2023. In the medium-term future, the
growth rate of the added value created in the regional
construction industry will be due to the increase in de-
mand in the construction market, and the competitive-
ness of enterprises is not expected to increase. On the
contrary, there is a high likelihood that the region will
lag behind global development trends.

In the development of forecast indicators for im-
proving the competitiveness of construction enterprises
in Andijan region based on optimistic scenarios, prior-
ity is given to increasing the level of integration in the
production of high-tech products, including the integra-
tion of the construction product manufacturing chain.
This is achieved by raising the existing trends from
2010-2023 by an additional 5.0%, improving the tech-

nological shifts and innovation activity in the local con-
struction industry. According to the optimistic scenario,
it was determined that by 2028, the volume of added
value created in the construction industry of Andijan
region could increase by 89.1% compared to 2023.

In general, in the medium-term, in order to im-
prove the effectiveness of using the potential of the
Andijan region’s construction industry, not only the re-
gion's resource potential, but also the integration of the
production chain in technical and technological as-
pects, along with the production of high-tech products,
should be prioritized. This will contribute to the im-
provement of the competitiveness of local construction
enterprises by developing the production of innovative
products.

CONCLUSIONS AND
RECOMMENDATIONS: We believe that it is appro-
priate to focus attention on the expected outcomes in
improving the effectiveness of the competitiveness of
construction industry enterprises. Therefore, in the me-
dium-term, based on the inertial, pessimistic, and opti-
mistic scenarios for improving the competitiveness of
construction enterprises in Andijan region, we came to
the following conclusions:

In accordance with the inertial scenario, the activ-
ities and competitiveness of construction enterprises in
Andijan region will change based on the time factor ac-
cording to the existing trends of 2010-2023. Through
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the inertial scenario, it is expected that the volume of
added value created by the construction enterprises will
increase by 48.1% by 2028 compared to 2023.

In the pessimistic scenario, the level of change in
the production chain of construction enterprises in
Andijan region will prioritize the moral obsolescence
of the products, as the share of high-tech products in the
total construction product volume remains unchanged.
Only the increase in construction work volume will af-
fect the market turnover of goods and services. Accord-
ing to this scenario, by 2028, the volume of added value
created in the region’s construction industry will in-
crease by 7.2% compared to 2023. However, the com-
petitiveness of the enterprises will not increase, and
there is a high likelihood of falling behind global devel-
opment trends.

In the optimistic scenario, priority will be given to
improving the technological shifts and innovation ac-
tivity in the local construction industry by increasing
the integration of the high-tech product manufacturing
chain by an additional 5.0% based on the trends from
2010-2023. As a result, it is expected that by 2028, the
volume of added value created in the construction in-
dustry of Andijan region will increase by 89.1% com-
pared to 2023.
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Abstract

The article contains a methodology for assessing the relationship between groups of factors for the renewal
of human capital in rural areas of Belarus, within the framework of which dependencies between individual
indicators of human capital reproduction were established, through canonical correlation analysis connections
between their groups were identified and the type of relationships were determined, integral indicators for each
group of factors were calculated based on factor analysis and an assessment of their impact on individual indicators
of human capital in the Belarusian village was carried out.

AHHOTaLUA

Cratbs COACPIKUT MCTOJAUKY OLCHKH B3aUMOCBA3W MCXKAY TIpyninamMu CI)aKTOpOB BO300HOBJICHMS
YeJIOBEUECKOTO KalmuTana CeJIbCKOM MECTHOCTH Ee.l'lap}ICI/I, B paMKax KOTOpOﬁ YCTAaHOBJICHBI 3aBUCUMOCTHU MCIKAY
OTACJIIbHBIMU IIOKa3aTcIsIMU BOCIPOM3BOJCTBA YECJIIOBCUYCCKOI'O Karmurasia, myTeM KaHOHHUYECKOI'O
KOPPEIAIMOHHOTO aHaJIN3a BbIABJICHBI CBA3U MCKAY UX I'PYIIIIaMU U ONIPEACIICH TUIL B33HMOCBH3CI7[, paccyuTaHbl
MHTETpaJbHbIE OKA3aTeIN M0 KaXI0H rpymnme (pakTopoB Ha OCHOBE (h)aKTOPHOTO aHAJIN3a U MPOBEACHa OLIEHKA

HX BJIMAHHA Ha OTACJIBHBIC ITOKA3aTCIIN YCJIOBCUYCCKOI'0 KaluTajia 6eHOpyCCKOI‘O celia.

Keywords: rural human capital of the village, factors of reproduction of rural human capital, canonical
correlation analysis, factor analysis, integral indicators, impact assessment.

KiroueBble cjioBa: YEIOBEUYSCKHM KaITUTAII ceia, (baKTOpBI BOCIIPOM3BOJACTBA YCJIOBCUCCKOI'O KaluTajaa
celia, KaHOHWYECKUH KOppeJ‘IﬂHI/IOHHHﬁ aHaJInus3, (I)aKTOpHLII\/'I aHaJIn3, HWHTCIPAJIbHBIC II0KAa3aTCJIM, OLICHKA

BJIMSAAHUA.

Bgeoenue. Ha coBpeMeHHOM 3Tane pa3BuTus be-
JapycH MPOUCXOAUT TpaHcHOopMaLsi IKOHOMHKH T10]]
BJIMAHHUEM HOBBIX COIIMAJIbBHO-DKOHOMHYCCKHUX U HH-
(hopMaIMOHHO-TEXHOJIOTHYECKUX YCIOBUH, OKa3bIBa-
IOIIMX BO3JeicTBIE HA (hOpPMHUPOBAHKE U UCIIOJIL30BA-
HHe YenoBedeckoro kamurana. OcoOeHHO ySI3BHMBIM
SBJISIETCS COCTOSIHME YEIOBEUECKHX PECYpPCOB CElb-
CKUX TEPPHUTOPHH, XapaKTEpU3YIOUIMXCS JACHOIYJIsI-
el HAaCeJICHHs!, YXYIIIEHHEM €ro0 3/10POBbs, HU3KUM
ypoBHeM KBasiduKkay padboTHUKOB. /151 crabuimza-
IIMM CUTYalluu B peciryOiiKe pa3paboTaH psii HOpMa-
TUBHO-TIPABOBBIX AKTOB, HAIIPABJICHHBIX Ha Pa3sBUTUEC
YeJIOBEYECKOTr0 KaluTaia ceia, OHaKo i ux 3 dek-
THUBHOM peain3anun H€O6XOHI/IMO TMOHUMAHUC ITPUYHH,
06YCJTOBI/IBHH/IX CYIIECTBOBAHNEC HETATUBHBIX TCHIACH-
nui ero Bocnpou3BoacTBa. HyKHO yduThIBaTh, 4TO
CpeIy HUX CYIIECTBYIOT (haKTOpHI, KOTOpPHIE KaK CIIO-
COOCTBYIOT KOJIMYECTBEHHOMY M Kau€CTBEHHOMY Hapa-
IIMBaHUIO YEJIOBEUECKUX PECYPCOB CEILCKONW MECTHO-
CTH, TaK U CJIep)KUBAIOT ero. Takum oOpa3om, 060CHO-
BaHHE HAIPABJICHUH Pa3BUTHS YEJIOBEYECKOTO KaIlMTAasa
CEJIbCKOW MECTHOCTH CJIE/IyeT OCYILECTBIISITh, HCXOS U3
TEH/ICHIIMI N3MEHEHHSI OCHOBHBIX (JaKTOPOB, BIMSIOIIUX
Ha ero BOCTIPOM3BOJICTBO, U BBISIBICHHBIX IpoomeM. ITo-
3TOMY JIOTHYECKUM IIIaroM, MO HaIIeMy MHEHHIO, SIBIIS-
€ICsl YCTaHOBJICHWE NPHYNHHO-CICACTBCHHBIX CBS3eH

Mexy (pakTopamMy BOCIIPON3BOACTBA YETIOBEYECKOTO Ka-
MuTajla CEeIbCKUX TeppuTopuil bermapycu u oreHka ux
BIIMSIHMSL HA OT/IEJIbHBIE TI0Ka3aTesy YeJI0BEYECKOro Ka-
nuTana cena. YacTuaHo 370 ObLJIO clienaHo aBTopoM B [ 1],
OJTHAKO B JJAHHOI CTaThe OMHUCAH A0pabOTaHHBIN Bapu-
AQHT METOAMKH C HCIIOJIb30BAaHHEM CTATUCTUUECKHX
naHHbIX 2023 T.

OcHoBHas 4acThb. Hns YCTaHOBJICHUS
B3aMMOJICHCTBHSL MEXIy (pakropamu BOCIIPOM3BOJCTBA
YEJIOBEYECKOTO  KaluTaja  CeIbCKOW  MECTHOCTH
TIpe/yIaraeTcs CiIelytoas METOINKA.

1. Onpenenenne rpymnm (GakTOpOB, BIMAIOMNX Ha
BO30OHOBIICHHE HYEJIOBEYECKOTO KalWTala CeNbCKHUX
Tepputopuid. Ha ocHOBe 00600ITIEHNsI TTOJIX0/IOB YIEHBIX
TIpeIIo’KeHa KITaCCH(UKAITHS (haxTopoB
BOCIIPOM3BOZACTBA  UEJIOBEUECKOTO  KaluTana  Celna,
BKurogarommast conpanbabie (C), nemorpadudeckue (D),
ctpykTypHsIe (S), KynbTypHbIe (K), ME309KOHOMUYECKHE
(E), makposkoHomuueckue (M) dhakTopsl.

2. BeiiBiieHHE HAOOPOB TOKa3aTened MO KaKIOH
rpynmne (axTopoB. WNudopmanronnoit 6a3oii
UCCIIEJIOBAHNSl  SIBJSIIOTCSL  JaHHBIE 10  CEJIBCKOW
MECTHOCTH HanmoHanbHOTO CTaTHCTHYECKOTO KOMHTETA
Peciybrmmku  Bemapycs ¢ 2000 mo 2023 rr.  [2].
Hcnonp3oBanue HaHHBIX O(PHIIMATIBHOW CTATUCTHKH
CHIDKAET CyOBEKTHBHBIN (axTop, TIPUCYIITAR
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WHIVKATOPOB, OTpPaKAFOIINX B3aHMOCBSI3H
(hopMHpPOBaHUS W PAa3BUTHSA YENOBEUECKOIO KaIMTaia
ceNbCKUX Tepputopuil. Ilokasarenu, OTCyTCTBYIOIINUE B
JaHHBIX HalMoHANBHOTO CTaTHCTUYECKOTO KOMHTETa
Pecniyonku Benapycs ¢ 2019 r., paccuuTaHsl myTem
KpaTKOCPOYHOTIO IPOTHO3a C HCIIONB30BAHHEM MOJIEIN
aBToperpeccuil. BelOpaHHbIE TTOKA3aTeIN pacipenesieHbI
IO TpymnIam (pakTopoB CIETYIOLIUM 00pa3oM:

— nemorpaduyeckue (HaKTOpPbl — €CTECTBCHHAS U

MHTpalliOHHas ~ yOBUIb ~ HACeJICHWS,  OXKujaemas
NPOJOJDKUTENBHOCTE  HPEACTOSIICH — JKU3HH  IIPH
POXKICHNUH;

— CTIPYKTypHbIe (aKkTOpel — KO3()(HUIHUCHTHI

CTapeHusl, HOTEHMAIbHON 1 IEHCUOHHOM HAarpy3KH;

—  KYJIBTypHBIE — YHCJIO KITyOOB 1 OMOIHOTEK;

— COLHM&IbHBIE — YHCJO PO3HUYHBIX TOPTOBBIX
OOBEKTOB, CTAllMOHAPHBIX OOJBHUYHBIX OpPraHU3ALMH,
CaMOCTOSITENIBHBIX MOJUKIMHUK U aMOYJIaToOpHii, anTexk,
ABTO3aIPABOYHBIX EIMHHULI, YIPEKICHUH OIKOIBHOTO U
obmiero  cpeaHero  o0Opa3oBaHUs, OOECIICUYCHHOCTH
JKHITBEM;

— ME303KOHOMHMYECKHE — JIOJI1  TPYHOBBIX
pecypcoB B OOIIIEH YHCICHHOCTH HACENECHHMS, YICIbHBIA
BEC 3aHATOTO HACEJICHNS B CENTBCKOM 1 JIECHOM XO35HCTBE
B YHCJICHHOCTH BCEX 3aHATHIX B SKOHOMHUKE CTPAHBI, JIOJIS
MaI000ECTICYEHHOTO HACEIICHNST,

— MakposkoHomuueckue — BBII, nomunHanbHas

HayuCJICHHAas CpeAHEMECsYHas 3apaboTHas IuIara,
00BEMEI TMPOMBIIIJICHHOTO TMPpOU3BOACTBA n
IIPOU3BOJCTBA  CEIbCKOXO3AMCTBEHHOM  IPOIYKLIUH,

HHJEKC CEeNTbCKOXO03SIMCTBEHHOM MPOAYKIIUH, MHEKC IIEH.

3. IIpeoOpa3oBaHrie aOCONIOTHBIX TIOKa3aTeleH B
OTHOCHUTENHHBIC METOIOM YHHU(DHKAIIMU JaHHBIX C [EIBI0
YCTpaHEHHS! ABTOKOPEIUBIIMH, ITOCKOJBKY HWCXOMIHBIC
JTAHHBIC TPENICTABILUTH COOOW BpEMEHHBIC PSABL. JTO
00eceYrmio MHOTOMEPHOE HOPMAITBHOE pacIpe/ieieHIe
CTATHCTUYECKUX  JAaHHBIX, YTO  YIOBJETBOPSCT
MPeIIOChUTKaM MPUMEHEHHS KaHOHUYECKOTO
KOPPEJSIIMOHHOTO aHAJIN3A.

4. YcTaHOBIIEHHE KOPPEISIIMOHHBIX 3aBUCHMOCTEH
MEXTy MOKa3aTeNsIMU TPy (akTopoB
BOCIPOM3BO/ICTBA YEJI0BEYECKOTO KanuTana
Genopycckoro cena.

Jii  OLleHKM JMHEHHOM B3aMMOCBS3U MEXKIY
nokazaressiMu X 1 Y (TokazaTel B (JaKTOPHBIX TPyIIIax)
MCIOJIb30BAJICS BBIOOPOYHBIH KOI(QQUIMEHT KOoppeIsiun
IMupcona. B pesynbrate pacyeToB ONPENENSIOTCS
HalpaBJICHUE M YPOBEHb CBSI3M MEXKJIY IEePEMEHHBIMH.
MuTepnperanus k03¢ puIHeHTa KOppessiLyuu
OCYIIECTBIIAETCS MO IKaine Yemroka CIEIyOmIM
o0pazoM:

—  cnabas nmojoxuTensHas ces3b — 0,01 <1 <0,29;

— yMepeHHas nmojiokurenbHas cs3b — 0,30 < r <

0,69;

—  CHIIbHAs MOJIOKUTeNbHas ¢Bs13b — 0,70 <r<1;

— cnabas otpunarensHas cBsizb — — 0,01 < r < —
0,29;

— yMepeHHas oTpunarenbHas cBs3b —— 0,30 < r <
—-0,69;

— cwibHas oTpuuarenbHas cesazp —— 0,70 <r<-1
[3,c. 78].

3HAYMMOCTh
MPOBEPSCTCST  C

koo hurIeHTa KON
nomotiplo  kpurepust  CThIOfIeHTA.

IMposepsiercst rumotesa Hy @ py, =0 (xoppemstums

pasna 0) npotus anvreprarusnoii H, @ py, # 0. lns

NPOBEPKU TMIOTE3bl HCTOJBb3yeTCsl {-CTATHCTHKA C
df =n—2 crenenmsmmu  cBoGomel. Ha  ypoBHe

3HAYUMOCTH O THIIOTE3a H o OTKJIOHACTCS B IOJIB3Y H1,

ecn P(t) <a,rne P(t) =1-F, (t) - p-3nauenme,

Fdf (t) — ¢ynkums t-pacnipenenenust CTbIOfIEHTa C

df crenenssMu cBOGOIBL.

B ciydae, ecu p-3Hauenue He mpesbimaer 0,05,
CUUTAETCS, YTO CBSI3b MEXKAY NEPEeMEHHBIMU SIBIISIETCS
CTaTUCTUUECKU 3HAYNMON, B TOM YHCIE €€ MOXKHO
pa3genuTh Ha TPU YPOBHSA: HU3KAs CTaTHCTHYECKas
3ragnMocTb (0,01 < p < 0,05); cpemHsst craTucTHIeCKas
3HaunMocTb (0,001 <p <0,01); BeICOKast CTaTUCTHYECKAS
3HauIMOocTh (P < 0,001).

Pacyetsl mpoBeZeHEI ¢ TOMOIIBIO  TAKeTa
MPUKIANHBIX Tporpamm  Statistica 12.0, mpumoxeHUs
Microsoft Excel. Hame wuccnemoBanne MO3BOIHIO
YCTaHOBUTb, 4YTO B OOJIBIIMHCTBE CIy4aeB MEXIY
MOKAa3aTeJIIMUA  BBISBJICHA YMEPEHHasl CBs3b HH3KOM
CTaTUCTUUECKON 3HauMMOocTH. OmpeseNie sl ToKa3aTeln
C CWIBHOU IOJIOKUTEJILHOM B3aUMOCBS3bI0, CPEAH
KOTOPBIX MOKa3aTeH, UMEIOIUe NIPSIMOE COOTHOIIICHHE,
HampUMep, YUCIO KIyOOB M MyOJIMYHBIX OHOIHOTEK,
OXHIaeMasi TPONOJDKUTENIPHOCTh JKM3HH U JIOJIA
HaceneHust 65 ner u crapwe, BBII u HOMHHanbHas
HAJWCIICHHAs CpeTHEMecsIHast 3apaboTHas IUtata u Jp.
Oco0oro BHUMaHHs 3aCIY)KHBAaET TOT (PaKT, YTO POCT
JOIN 3aHATOTO HACENCHHS B CEIBCKOM U JIGCHOM
XO03SIHCTBE CONPOBOXKaeTCs pocTtoM JIOIH
MaJI000eCTIEUeHHOTO HACEJICHHsI, YTO CBA3AHO C HU3KUM
YpOBHEM  3apa0OTHOM  Iuatel B OEIOPYCCKOM
arpocexkrope. OrTpunaTensHas KOPPEALHs BBICOKOH
CTaTUCTUYECKOW  3HAYMMOCTH  YCTAHOBJICHA  JUIA
KOO(PUIMEHTOB  MOTCHIMAIBHOW W  TEHCHOHHOU
Harpy3KH, CTAMOHAPHBIX OONEHUYHBIX OpTraHHM3aIi H
MOJNMHKIMHAK, TEMIOB MPUPOCTAa JeMOrpaduuecKux
ToKa3areliel (eCTECTBSHHBIN M MUTPAIIMOHHBIA TIPHPOCT
CETIECKOTO HACENICHUS), a TAKXKE PO3HHYHBIX TOPTOBBIX
obwsexroB u BBII.

5. BruiBneHHE 3aBHCHMOCTEH MEXOy TpyIIIaMH
TIoKa3aTesielf BOCIIPOM3BO/ICTBA YEJIOBEUECKOTO KannTaja
CeJIbCKOI MecTHOCTH benapycu MeTo1oM KaHOHUYECKOTO
KOPPEISAIMOHHOTO aHAJIH3A.

Kanonunueckuit KOPPEJSILIMOHHBIN aHaJIN3
BBITIOJIHEH C MOMOoIIbI0 Moayis Canonocal Analysis B
IaKeTe TPUKIAJHBIX mporpamm Statistica 12.0. B
pe3y/ibTrareé  HaMHM ~ pacCUUTaHbl  KaHOHMYECKUE
MEepEMEHHBbIE A KaXJIOH mHapbl Ipyln IoKa3aTenew,
KOTOPBHIM COOTBETCTBYIOT MAaKCUMaJIbHbIE KAHOHUYECKUE
K03 QUIIMEHTH! KOPPEISIINH.

Hamm  pacuersl  mo3BoMWIM  OHpENENHTH
B3aMMOCBSI3b MKy BCEMU IPYIIIaMH PACCMaTPHUBAEMBIX
ToKa3artesied, Ipy 3TOM YPOBEHb X BIMSHHUS IPYyT Ha
JIpyra pasnuusblil. Ecnum  BennuMHa KaHOHMYECKOM
Koppessinyy OJin3ka K 1, TO MOYKHO TOBOPHTH O TECHOM

B3aMMOCBSI3M  MEXIy TIpylmHmaMu. AHaIM3 TIOKa3al
BBICOKYIO KaHOHUYECKYIO KOpPEISINIo JUTSt
OonbIIMHCTBA ~ (DaKTOPHBIX ~ TpYyIIT  TOKa3aresei

BOCIIPOU3BOACTBA YCJIOBCUCCKOI'0 KaluTala CCJIbCKUX
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KOppeJsiisl  BBIABICHA MEXKOY KYJIBTYPHBIMH H
CTPYKTYpHBIMH, MaKpOIKOHOMHYIECKIMH,
ME303KOHOMHYECKUMU (axropamu, a TaoKe

JeMOrpaUuecKUMH M TPYNIaMH  KYJIbTYPHBIX H
MaKpOIKOHOMHYECKHX (PaKTOpOB.

Taxxe UIs1 KaKIOW KaHOHUYECKOM KOPPEISLMU
paccuuThIBaeTCsl Mepa M30BITOYHOCTH, MOKa3bIBAKOLIAs,
Kakasi 4acThb UCIIEPCUM B OJHOM Habope MepeMEeHHBIX
OOBSCHACTCSL IPYTMM HaOOpOM TIepeMeHHBIX. /[lanee
ompenensiercss 0o0mas W30BITOYHOCTh, KOTOpas MJaer
BO3MOXXHOCTH OIIPE/ICNIUTh, HACKOJIBKO HM3MEHUYHBOCTD
OIHOW Tpynmbl (aKTOPOB CBs3aHA C BapHUATHBHOCTHIO
ZpyToii Tpyrmsl (hakTopoB [4].

6. YcTaHOBICHHWE THIIOB B3aMMOCBS3EH MEXITY
rpynnamu (akTopoB BOCIIPOHM3BOJICTBA YEJIOBEUECKOTO
KaluTajia CeJbCKoi MecTHOcTH bemapycn Ha ocHoBe
aHanu3a Kod(duIpeHTa noTHOi H30BITOYHOCTH.

B ciyyae, koraa BenmMuMHA MOIHON W30BITOYHOCTH
cocraBister 60 % u Oomee, MOXKHO CIelaTh BBIBOJ O
CWJIBHOM BIIMSHUM TPYIIbl IOKa3aTesieil Ha Jpyryro
rpymry, ecimu Meree 60 % — o cmabom. K mpumepy,
BapHaIlisl TPYIIBl CTPYKTYPHBIX TITOKa3aTeneil S Ha

24.8% 00BsICHSIETCS BapHanuen TPYIIITBI
MaKpOSKOHOMMYECKUX IMOKazaTene M, a H3MEHEHue
MaKpO3KOHOMHYECKHX IOKasarened Ha 26,1 %

HAaXOJAUTCS TIOJT BIUAHIEM Tpyrmbl S. COOTBETCTBEHHO,
CBsI3b MEXXAY Ha3BaHHBIMU TPYIIIAMHU TOKa3zaTeneil Juist
CeNIbCKOM MeCTHOCTH benapycu siBiseTcs cnaboil. B to
)K€  BpeMs  OmpelelieHa  CHIbHAas  B3aHMOCBS3b
COLMAIBHBIX W JeMorpaduyecKkux  IoKazaresei,
MOCKOJIbKY M3MEHEHHE COLMAJIbHOI TPYIbl (hakTopoB
npuMepHO B 91,3 % 0OBsICHACTCS M3MEHEHHEM TPYIIIBI
JeMorpaduuecKux (haxTopOB, a BIIMSTHUC
neMorpaduueckux (pakTopoB Ha COIMABHBIE MOYKHO
OLIEHUTH Ha ypoBHE 76,4 %.

Hcxonst w3  3TOro, YCTAaHOBJIEHBl TPHU THUIIA
B3aMMOCBSI3H MEXITY TpynIamMu (akTopoB
BOCIIPOU3BOJICTBA 4EJI0BEYECKOTO Karnurasa

Genopycckoro cena.

IlepBeIif Tum mpexacTaBiseT coOOM  B3aUMHOE
CHJIBHOE BIIMSHHE TPYyNH (pakTOpoB APYr Ha ApYyra, 4To
O3HA4YaeT 3aBUCHUMOCTb M3MEHEHUS OJHOW TIpYIIIb
(daktopoB  oTr gpyrod um  Haobopor.  Takas
B3aFIMO3aBHCHMOCTh  YCTAQHOBJICHA JUIA  CIICIYIOIINX
MAPHBIX TPYIITHPOBOK TIOKA3aTENCH:

—  COLMAIBHBIC U IeMOTrpadHIEcKHE;

—  COIMAIBHBIC U KYJITYPHEIC;

—  COLMAIBHBIC U CTPYKTYPHBIE;

—  COLHAaIbHBIE U ME303IKOHOMHYECKHUE;

—  nemMorpaduiecKue U CTPYKTYpHEIE;

— JemorpaduyecKue 1 KyIbTypHBIE;

—  jeMorpapHu4ecKie 1 Me303KOHOMUYECKHE;

—  ME303KOHOMHYECKHUE U KYJIbTYPHbIE.

Bropoii tim 06pa3yroT rpymmsl (HaKTOpPOB, MEXITY
KOTOPBIMH ~ OTIpe/ieJieHa  B3auMHasi ciabasi  CBS3b:

CTPYKTYpHBIE " MaKpO3IKOHOMHUUECKHE,
JneMorpaduuecKkie M MakpO3KOHOMHYECKHe (aKTopHl,
KyJAbTYPHBIE M  MaKpO3KOHOMHYECKHE, Me€30- H
MaKpO3KOHOMHYECKHE. Bennuuna MIOJTHOM
M30BITOYHOCTH ISl ATHX TPYIIT HOKa3aTesiell CoCTaBIseT
MeHee 60 %, TO ecTb M3MEHEHHE OJHOW TIpYMIIBI
(hakTOpOB HE OKa3bIBACT CYLIECTBEHHOTO BO3JICHCTBHS Ha
ApYTyIo0.

B cnyuyae B3auMHONM CWIIBHOH W ciabod CBs3U
MEXIy TpyINIamMHd NEPEMEHHBIX HX BIMSHUC SBISETCS
OJTHOHAIIPABJICHHBIM (TIPSIMBIM).

Taxke HaMM BBIBIEH TPETHH THI B3aHMOCBS3H,
BKJTFOYAIOIINH TPYIIIH (PaKTOPOB, NMEIOMINX 0OpaTHYIO
CBSI3b, UTO MPENIONAracT CUJIbHOE BO3AECUCTBUE OIHOU
TPyNmbl Ha [JPYTyl0, HO BIUSHHE BTOPOM TPYIIIBI
(dakTopoB Ha TmepByl0 cnaboe (CTPYKTYpHBIE U
KyJbTYpHBIE, CTPYKTYpHBIE ¥ ME309KOHOMHYECKHUE,
COLIMAILHBIE ¥ MAKPOIKOHOMHYECKUE (haKTOpBbI).

Ha ocHoBe pa3paboTaHHOW MOJIEIN MOKHO ClIeJIaTh
BBIBOJI, YTO B BOCIIPON3BO/ICTBE YEJIOBEYECKOTO KaruTasa
CeJBCKOW MECTHOCTH bernapycu Beaymmmu SBISIOTCS
COLMAIBHBIE, IEMOTpahIIecKHe, ME309KOHOMHIECKUE 1
KyJbTYpHBIE (DaKTOPBI, KOTOPBIE OKA3bIBAIOT BIMSHMCE Ha
YeThIpe W3 IIECTH TPyNH BbIIENEHHBIX (hakTopoB. Ha
BTOPOM MECTE II0 CTEHNEHH BIMSHUS HAXOISITCS
CTPYKTYpHBIC (DAaKTOpBI, TaK KaK OT HMX H3MEHEHHS
3aBHCHT npeoOpa3zoBaHue COIMAIBHBIX u
JemMorpaduyecKix (hakTopOoB. BapuatuBHOCTB
MaKpPOIKOHOMUYCCKHX (DAKTOPOB OOBSACHSACT TOJBKO
JMHAMHKY COLMAJbHBIX (DaKTOpOB, HO HE OKa3bIBaeT
CYILIECTBEHHOTO BIUSIHUS Ha IPYTUe TPYIIIIBI.

7. Pacuer uHTerpajbHBIX MOKa3aTesel Mo KaXJaou
rpymre  aktopoB  (Me3odkoHOMmYeckux  IER,
MakposkoHomudecknx IMR,  nmemorpadmueckux IDR,
ctpykrypHbix ISR, kynerypubix IKR, conmansabix ICR)
COIJIaCHO  METOJOJOTMM [5] ¢ HCHOJIb30BaHUEM
(haKTOpHOTO aHAIM3a.

JInst ocTpoeHHsT MHTErpaIbHBIX TOKa3aTelei 1o
KaXKJI0M rpymmne (haxTOpOB OTIpe/ICIISUTUCh
HEKOppeIHpyeMbIe IJIaBHbIC KOMITOHEHTBI c
HCTONB30BaHNeM (hakTopHoro axammsa B [T Statistica
12.0 (moxazaTeny Ui CONOCTaBUMOCTH PacyeToB ObLIM

yHuUIpoBansl). Tak, B Tabmuue | mnpuBeneHBI
COOCTBEHHBIE  3HA4YEeHHA  (AUCIIEPCHH)  TJIABHBIX
KOMIIOHEHT, TIPOLEHT OT oOmel jaucnepcud u

KyMYJIITUBHBIM TIPOLIEHT JMCTIEPCHM I TOKa3aTeser
TPyNmnbl  CTPYKTYpHBIX (akropoB. IlepBerii daxrop
o0bsicHseT 72,95 % obuielt aucnepcuu, BTopoit Gpakrop
— 25,88 %.

Hns  ompeneneHus  KomndectBa  (haKTOpPOB
ucnonb3yrorcs  kpurepuit  Kaiisepa u  kputepuid
kamenucToil oceimu. CornmacHo kputeputo Kaiizepa
oTOUparoTCst PaKTOpPhl ¢ COOCTBEHHBIMU 3HAYEHUSIMH,
OoonpmMu eawHMINBL. Ecnm  pakTop He BbLIENSET
JUCIIEPCUIO, 3KBUBAJICHTHYIO, II0 KpaillHeH Mepe,
JMCTIEPCHU OJTHOHN ITEPEMEHHOMN, TO OH OIyCKaeTCH.

Tabmuua 1. Pe3yapTaTsl (pJakTOPHOTO aHAJIN3A CTPYKTYPHBIX IOKa3aTeei

Howmep cobecrBenHorO CobcTBeHHBIE 3HAYEHUS [pouent aqucnepcuu, %o Kymynstuszslit
3HAYCHUsI MPOLIEHT, %
1 2,188 72,948 72,948
2 0,776 25,877 98,825
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B coorBerctBHM ¢ KpuUTEpUEM KaMEHHCTOU
OCBIITY, TpemoXeHHbIM KaTTenem, coOcTBeHHbIE
3HA4eHMs, NPEICTaBIAOTCI B Buae rpaduka. Ha
rpaduke HaXOIUM MECTO, T1ie YObIBaHNE COOCTBEHHBIX
3HA4YEHHUH CJIeBa HANpaBO MAaKCHUMAJIbHO 3aMeUISIeTCS.
[Ipeamnonaraercs, YTO cHpaBa OT OJTOH TOYKH
HaXOAMTCS TOJIBKO «(paKTOpHaIbHas OCHIIbY.

B pesynbrare Uit CTPYKTYpHBIX IOKa3aTelel 1o

kputepuro  Kaifzepa otobpan ommH  ¢akrop,
COOTBETCTBYIOIIU I MepBOMY COOCTBEHHOMY
3HaueHuto. [1o rpaduky KaMeHHCTOH OChIH (PUCYHOK
1) BuzHO, 9TO OJHOTO (PaKTOpa HEJOCTATOYHO, TaK KaK
UM 00BsCHsIeTCS TOJIBKO 72,95 % o01weit aucnepcuu, B
TO BpeMs Kak JiBa (haKTopa, BBIICICHHBIX KPUTCPUEM
KaMEHHCTOM OCBINHU, 00BICHSIOT 98,83 %.
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Pucynox 1 — I'pagpux kamenucmoti ocoinu cmpykmyphwix ¢paxmopos S = {S1, S2, S3}
Ocb abeyuce — Homep cO6CMBEHH020 3HAUEHUSA, OCb OPOUHAIN — GEIUNUHA COOCTNEEHHO20 3HAYCHUSL

Hanee ompenensiuchk (akTOpHBIE HArpy3KH,
KOTOpBIE  TIPENCTABIAIOT coOOl K03 PUIMEHTHI
KOPPEISIMA ~ MEXAY  BBIACISIEMBIMH  OOIIVMH
taxropamu F1 un F2, u nokazaremsmu S1, S2, S3. s
BBISBIICHUS. (DaKTOPOB, KOTOPHIE HMEIOT BBICOKYIO
Harpy3Kky Uil HEKOTOPBIX MOKasareleld, U HU3KHUMHU

IUIL JIPYTHX, OCYIIECTBICHO BpAIlIEHHE BapHUMaKC.
JlaHHOE BpallleHNe MUHUMU3HPYET YHCIIO IEPEMEHHBIX C
BBICOKMMHM Harpy3kamu Ha Kaxupid (axrop. Harpyskn
Tocie BapuMakC Uil CTPYKTYpPHBIX  (DakTOpOB
TIpEeICTaBJICHBI B TAOIHIE 2.

Tabmuma 2.

DakTOpHBIE HATPY3KH MOCJIe BAPUMAKC /ISl CTPYKTYPHBIX (aKTOpPOB (3HaYUMbIe KO3 (PUIHEHThI
KOppeJIsIlIMK Bbl/IeIeHbI ;KUPHBIM HIPU(TOM)

Ioka3zarens Pakrop F1 Paxrop F2

S1 -0,186 -0,983

S2 0,968 0,211

S3 -0,977 -0,165

B o61imii axrop F1 (miepBast riiaBHast KOMIIOHEHTa) — KayKIO# IIaBHOM KOMIOHEHTHI ((hopmysist 2-4):

B KAayeCcTBE CYIIECTBEHHBIX BXOMAT CTPYKTYpPHBIE quist S1:
nokazarenmn  S2  (kod(pHIMEHT  MOTEHIHAIBHON 0,738 - (-0,186) + 0,262 - (—0,983) =- 0,394, (2)
Harpy3ku) u S3 (K03 UIEHT ICHCHOHHON HArpy3KH). Ut S2:
®dakrop F2 (BTOpast riaBHas KOMIIOHEHTA) CYIIECTBCHHO 0,738 - 0,968 + 0,262 - 0,211 = 0,770, (3)
MpeNCTaBleH ToKazaTedeM S1 (moms mum 65 Jer u i S3:

crapiie).

o popmynie 1 onpenensics COCTaBHOW MOKA3aTelh
TPYIIBI CTPYKTYPHBIX (DAaKTOPOB S, MPEACTABISIOIINIA
co00¥ CKaNsipHOE TIPOM3BEICHUE TJIABHBIX KOMITOHEHT 1
JIoNied  TUCTIEpCHA, OOBSICHEHHOW KaKIOH TJIaBHOM
KOMITOHEHTOIA:

IS = 22248 o F2 + 22877  £1 = 0,738F1 +
98,825 98,825
0,262F2. (1)

CrieyroniM marom ObLT pacyeT Beca HoKasaresnei
C YYETOM COCTaBHOTO ToKazaresis IS v ¢ ydeToM Harpy3ku

0,738 - (— 0,977) + 0,262 - (— 0,165) = — 0,765. (4)

Ha ocHoBe mosydeHHBIX JaHHBIX 1o Qopmyite (5)
paccunTaH MHTErpabHbIN CTPYKTYPHbIH mokazaresb ISR
rpynmbl S, KOTOPbIH HPEACTaBIsIET COO0I B3BEIICHHYIO
CYMMY:

ISR =-0,394 S1 4+ 0,770 S2-0,765 S3. (5)

AHaJIOrm4HO TIOCTPOCHBI HHTCTpaJIbHbIC
TNOKa3aTejin 1o rpynmnaM KyJIbTYPHbIX, COLUAJIbHBIX,
I[eMorpa(quecmx, MC309KOHOMHYCCKHX n

MaKpOIKOHOMHYECKHX (pakTopoB (Tadmmia 3).
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Tabmuma 3.
HHTerpanbpHble NoKa3zaTeau rpynn GpakTopos

I'pymma daxropoB MHTerpanbHbIi HHAEKC
Jemorpaduyeckue IDR = 0,797 D1 + 0,404 D2 + 0,795 D3
CTpyKTypHBIE ISR = —0,394 51 + 0,770 52 — 0,765 53
KynbTypHble IKR = 0,719 K1 + 0,695 K2
CowanbHbie ICR = 0,152 €1+ 0,577 C2 - 0,326 C3 + 0,315 C4 — 0,625 C5 —

—0,536 €6 + 0,605 C7 + 0,043 C8

OKOHOMUYECKHE IER = 0,404 E1 + 0,754 E2 + 0,855 E3
Makposkonomuueckue | IMR = 0,702 M1 + 0,704 M2 — 0,689 M3 — 0,243 M4 + 0,701 M5 — 0,265 M6

8. OueHka BIMSHUS MHTETPAJIbHBIX IOKa3aTesei
(akTOpHBIX TpyNI Ha MOKa3aTelll 4YeJIOBEYECKOro
Kaluraja cenbckoi MecTHocTH bemapycu. B kauectse
MOKa3aTesel, XapaKTEPU3YIOIIHX YEIOBEUECKUM KartuTan
cella B 3aBUCHMOCTH OT 3TalioB €T0 BOCIIPOM3BOJICTBA,
paccMaTpuBaNiCh: Ha dTame  (QopMHpoBaHHA —
YUCIICHHOCTh cenbckoro HaceieHus (Y1, Teic. Wen.), Ha
STane HAKOIUICHHWS — JOJS CHEIHANMCTOB C BBHICIIAM
obpazoBanueM 1o TMpodwio «CelbCKoe U JIECHOE
x03s1#icTBO. CaJJOBO-IIapKOBOE CTPOUTENLCTBOY» B 00IIEH
YHUCIEHHOCTH BBIMYIIEHHBIX crieruanuctoB (Y2, %), Ha
JTare HCIONB30BAaHMSA — pacrojlaraéMble Pecypcsl B
pacuere Ha OJHO JIOMAllHEEe XO3SHCTBO B CEJIBCKOM
mectrocTH (Y3, 10 2015 1. — THIC. PYO., ¢ 2016 I. — pYO.).
Jns  COmOCTaBMMOCTH — WCCIICNOBAaHWS — TOKa3aTelH
YHU(DHITIPOBAHBL.

Omnenka BrnusHHUA (pakTOpoB Ha Mmokaszatenu Y1,
Y2, Y3 npoBoauiach Ha OCHOBE MOJICIIA MHOXKECTBEH-
HOU MMHEHHOH perpeccuu. B xadecTBe 0OBACHIIOMNX
MIEPEMEHHBIX PACCMATPHBAINCH MHTErPANbHBIC TOKa-
3areny rpymi Gpakropos. s ydera B MOJIENH MYJIbTH-
KOJUIMHEAPHOCTH (hPaKTOPOB UCIIOIH30BAJICS METO/ HO-
IarOBOr0  BKJIIOYEHUS, I0Jpa3yMeBaloOIMi OTOOp
HanOosee MHPOPMATHUBHBIX TIOKa3aTeNeH JUisl BKIIIOYe-
HHUS B MOJICJIb HA OCHOBE KO3 (HUIMEHTa JeTepMHUHA-
tuu R?. Ha nepBoM 1mare B5IOupanach nepeMeHHas, Ko-
TOpPBI HaMOOJIee KOPPETUPYET C pe3yIbTATUBHBIM
MpU3HAKOM Y, CTPOMIIACh MOJIENh apHOH perpeccuw,
ompenersics KodpuuueHT gerepMuHanuy. B pamkax
BTOPOTO IIara pacCMaTPHUBAIHCh HH(OPMAIMOHHEIC
Tapkl, TO €CTh B MOZETH J00aBIsIIach BTOpast IEpEeMEH-
Hasi, ¥ BEIOMpaack U3 MOCTPOSHHBIX MOAETEH Ta, KO-
TOpas He yXy/UIMIa KauecTBO MOJEIM coryacHo RZ,
Janee wn3y4anuch HHPOpMAIMOHHBIE TPOWKH Hepe-
MEHHBIX 1 TaK jianee. B pe3ynbpTrare nojgydaeM Mo/ienb,
B KOTOPO#l OCTAIOTCs 3HAYMMBIE TIEPEMEHHbIE.

OreHeHHAsT MOJIENTb PeTpeccuy Ut Tokazarens Y1
(YMCNIEHHOCTh ~ CENIbCKOTO ~ HAceNeHWs) —  HMeEeT
cnenyromuii Bua (popmyia 6):

Y1 =1987,544 + 587,901 IKR +
126,805 ISR + 153,403 [ER — 107,373 ICR. (6)

Ha ypoBue 3Haunmoctu 0,05 moydeHHas MOAEib
SIBJIICTCSL CTATUCTUUCCKU 3HaumMmou, F = 460,67, p =
0,0000. KoaddurmeHTsI MOJETH TakKe SBISTIOTCS
CTATHCTUYECKH 3HAYMMBIMHU. Tax Kak
CKOPPEKTHPOBAHHBI  KOI((GHUIUCHT JICTCPMHUHALIUH

2
Radj =10,990, TO IBMEHYMBOCTH YHCIICHHOCTH CEIBCKOTO

OOBACHAETCS  BIMSHHUEM
CTPYKTYPHBIX (ISR),

Haceneanss Y1 mHa 99 %
COLIMAJIBHBIX (ICR),

mesoskoHomiueckux  (IER) u  xynerypebix  (IKR)
(akTopoB.

OueHeHHass MOJENb  Perpeccud Uil JOJH
creramicToB 1o mpopumo  «Cenbckoe U JIECHOE
x03s111cTBO. CaZoBO-TIAPKOBOE CTPOHUTEIBLCTBOY B OOIIEH
YUCIICHHOCTH BBIIYIICHHBIX CICHUAINCTOB C BBICIINM
obpazoBanueM (Y2) paccuurana mo gopmyie (7):

Y2 = 7,808 — 3,806 ICR — 2,327 IDR —
0,831 ISR . (7)

Tak xak F = 24,357, p = 0,0021, To momenb
CTaTUCTUUYECKH 3HAYNMA, Razdj =0,796. B nanaom ciydae

Ha JIOJII0  CIEHHAIUCTOB  CEJIbCKOXO3SHCTBEHHOTO
npoduiii HanOoJee 3HAYMMOE BIMSHHUC OKA3bIBAIOT
uHTerpajbHele  mokasatenu  commanbHbix  (IKR),
ctpyktypHeix (ISR) u nmemorpaduuecknx ¢akTopoB
(IDR).

OueneHHas MOJIEIb perpeccun ULt
pE3yJIBTHPYIOIIET0  TOKa3aTenst  «pacrojiaracMble
pecypebl B pacdeTe Ha OJHO JoManrHee Xo3s#ctBoy (Y3)
paccumTana ciemyromumM oopazom (hopmyna (8)):

Y3 =1500,012 + 2557,793 IMR +
1602,720 I[ER — 687,213 IKR — 459,954 ISR. (8)

Tak xak F = 535,77, p = 0,0000, To momenb
CTATUCTUYECKN 3HAUYMMA, Rjdj: 0,992. MHTerpanbHble

NIOKa3aTeNu MaKpOIKOHOMHYECKUX (IMR),
Me303koHoMI4ecKuX (1ER), KynpTypHBIX M CTPYKTYpPHBIX
(ISR) daktopor B 99,5% OOBSACHAIOT BENHYUHY
pacrojaraeMbIX pecypcoB B CPEIHEM OJJHOTO CEJILCKOTO
JIOMOXO3SMCTBA.

3akmiouenne. TakuMm o0pasoM, B  paMKax
MIPOBEICHHOTO aHAJIN3a YCTAHOBJIECHB! HAJIWYUE W THIIBI

B3aUMOCBSI3U MEXKITY rpynnamu (haxTopoB
BOCIIPOM3BOICTBA YEJIOBEYECKOTO KamnuTaiza
Oemopycckoro cena, JOKa3aHO BIMSHHE ME30- W
MaKpO’KOHOMUYECKHX,  COIMAJIBHBIX,  KyJIbTYPHBIX

JeMorpaMueckuX W CTPYKTYpPHBIX (aKTOpPOB Ha
YHCIIEHHOCTh CENTBCKOTO HACENEHUS], JIOJTI0 CIIEIIUAIICTOB
CETIbCKOXO3SINCTBEHHOTO  TPOGIIsT € BBICHIAM
00pa3oBaHKeM, paclioiaraéMble pecypchl B pacuere Ha
OITHO CEJBCKOe JIOMalllHee XO03ICTBO,
XapaKTepU3yIOIIUEe 4YElIOBEUYECKUI KaIuTal CeNIbCKOU
MecTHOcTH benapycu.
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Abstract

Historically, this article covers the XIV-XV centuries. The state of Aghgoyunlu was created by the Turkish
who lived in the east of Anatolia. Since the middle of the XV century, the leadership of the Aghgoyunlu has been
in Azerbaijan. Playing a great role in the formation of the Azerbaijani people, the Aghgoyunlu occupy an important
place in the history of statehood. The Aghgoyunlu, who ruled most of Anatolia, defeated the Karagoyunlu in the
Battle of Mush in 1467 and captured a large area to Baghdad. In 1468, King Hassan laid the foundation of the
Aghgoyunlu state. During the reign of the King Hasan, the Aghgoyunlu state became a powerful military-political
state in the Near and Middle East. Since its foundation, this state left a lot of cultural heritage in the territories. In
this period, science, art, crafts, architecture, etc. developed too. Up to 60 of the most advanced scientists of the
East worked in the king's library. Even during the reign of King Hasan, the Holy Kuran was translated into
Azerbaijani Turkish. Libraries, mosques, madrassas, baths, palaces, bridges, fortresses, covered bazaars, etc. were
built in various cities of Azerbaijan in a very beautiful architectural style. has spread its history till today. The
architectural monuments were built with a special plan and adapted to the vegetation. We can show these
monuments the buildings in the city of Tabriz. Historical monuments are the main sources confirming the existence
of Aghgoyunlu people in Anatolia. Safa Madrasa is one of the most magnificent monuments built in a complex
manner in Diyarbakir. Verses from the Koran can be found in the inscriptions of the built religious monuments.
The minaret of the mosque is decorated with verses from the Koran. It should be noted that Aghgoyunlu developed
calligraphy. These mosques were decorated with special calligraphers' writings. Eight-pointed stars found in
Turkish monuments are often found in monuments. These monuments reflect the Turkish-Islamic trace in every
style. Among the monuments, tombs and grave monuments carry the history of Aghgoyunlu and their ethnicity
and culture to the present day. Tombstones with figures of rams, horses and others prevail among grave
monuments. Buda confirms the continuation of the ancient tradition of the Turks during the Aghgoyunlu period.

The historical monuments which were studied here are a very valuable source for studying the history of the
Aghgoyun people in Anatolia, modern Azerbaijan, Iran (South Azerbaijan), both politically and culturally. By
studying the monuments, we also get information about the historical, religious, social, and ethnic groups in the
places where the Aghgoyun people dominate. This article provides detailed information about all the monuments
belonging to the Aghgoyunlu period and explains about their modern condition, style and purpose. The topic we
are discussing is very important for the study of the monuments in the areas that dominated by Aghgoyunlu.

Keywords: Aghgoyunlu, Hasan Padshah, monument, mosque, madrasa, tomb, grave.

INTRODUCTION: The Aghgoyunlu state, century through the Caucasus Derbent and lived in the

which holds a significant place in the history of Turkic
statehood, has consistently attracted the attention of
historians, archaeologists, and researchers. The
historian M.Kh. Yinanchin, giving extensive
information about the history of the Aghgoyunlu,
referred to Gazi Ahmed Gaffari, the author of the works
"Jahan ara" and "Nagaristan”, and noted that the
Aghgoyunlu had settled in Anatolia-Diyarbakir since
ancient times. At the same time, Heydar Razi
confirmed this idea. The 16th century historian Ibrahim
Harir talks about the history of the Aghgoyunlu and its
relations with the Seljuks in his work "Tarishi
Humayuni”. We get the most extensive information
about the historical origin of the Aghgoyunlu from
Abubakar Tehrani's work "Kitabi - Diyarbakriye". In
this work, it is stated that the Aghgoyunlu were a
dynasty from the Bayandur tribe of the Oghuz region.
For this reason, in some sources, the Aghqoyunlu were
called "Bayanduriye™ or Bayandur. Z.V. Togan, while
analyzing the Oghuz epic, states that the Bayandurs,
like other Hun tribes, entered Azerbaijan from the 5th

Goycha and Lake Van regions. In general, the
Aghgoyunlu, who settled in Eastern Anatolia in
Azerbaijan, played an important role in the political,
cultural, and ethnic composition of these territories. As
Faruk Sumer noted, he considers the modern Turks of
Eastern Anatolia to be the successors of the
Garagoyunlu (Azerbaijani Turkish state - 1375-1468)
and the Aghgoyunlu [T. Najafli. Baku-2012.
p189.191]. As we learn about the history of the
Aghgoyunlu from works, we also get acquainted with
historical monuments that have survived to this day.
The historical and architectural monuments of the
Bayandur-Aghgoyun period from the Oghuz tribes are
discussed in this article. The Aghgoyunlu state has a
special place in the history of Turks and specially in the
history Azerbaijan statehood. The Aghgoyunlu state
was brought to the state status by Kara Yo6luk Osman
Bey (1402-1431). Hasan becomes King when he turns
the state into the strongest state. In 1453, he became the
head of the Aghgoyunlu principality (picture 1). In the
beginning, the territory of the Aghgoyunlu state, which
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center was Diyarbakir, extended from the east of Mardi
to the west of Urfa, from the north to Erzurum and the
north of Sivas. Many cultural and architectural monu-
ments, mosques, madrasahs, libraries, etc. were built in
the areas dominated by the Aghgoyun people. These
monuments are the main sources of the history of the
Aghgoyun people. It should be noted that the history of
the Aghgoyunlu people, who left a great mark in his-
tory, has always attracted the interest of historians, trav-
elers, and geographers. In the article we researched and
discussed about the monuments that are the main
source for studying the history of the Aghgoyunlu peo-
ple. It is found in Western Azerbaijan (now Armenia -
the historical lands of Azerbaijan) and in Azerbaijan. It
is possible to see the traces of Turkish-Islamic culture
in all these monuments. The reason why the ram and
horse statues on the graves are more predominant (a tra-
dition of the Turks since ancient times) is a sign of
Turkish culture.

Both Sunni and Shia mosques built during the
Aghgoyunlu period were dominant in Anatolia. Some
of these mosques were later restored by the Ottomans,
some were destroyed, and some of them have survived
to this day. Most of these mosques, built in the 15th
century, have survived to this day. The feature that at-
tracts the main attention in the architectural style of
these mosques is the central and single tower mosques.
The important monuments built during the rule of Agh-
goyunlu also confirm that their cultural heritage pre-
vailed in the areas they ruled. We trace the cultural her-
itage of the Aghgoyunlu state through monuments in all
areas a part from Anatolia, especially the city of Tabriz.
When we examine the architectural monuments, it be-
comes clear that these works in the state were under the
control of the center, and architects and craftsmen were
specially trained. Even in the Ottoman period, in Ana-
tolia, with the laws of Uzun Hasan in force for many
years, we can observe the exquisite design of architec-
tural monuments. The observation of the same monu-
ment in Nakhchivan and other areas of Azerbaijan is an
indicator of a single culture.

Among the surviving monuments from Agh-
goyunlu, grave monuments are dominated. These mon-
uments consist of horse and ram statues on graves. In
Kars, lgdir, and Erzurum, ram statues belonging to the
Aghgoyunlu period can be found. The most famous
grave monuments that have come down to today are the
Zeynal Bey mausoleum (monumental tomb) in Ha-
sankeyf and the Amir Bayandur mausoleum that lo-
cated in Ahlat. Along with grave monuments, this pe-
riod is also famous for its castles, bridges, and baths. It
was even restored in the castles built before the Agh-
goyunlu during the reign of King Hasan. One issue
should be specially emphasized that the Garagoyunlu
architectural style is observed in many monuments.
This was not a coincidence. Decorations with examples
of Kufi writing in Tabriz architectural monuments can
also be observed in the Aghgoyunlu monuments and
the patterns were the same in both Karagoyunlu and
Aghgoyunlu.

The topic that we studied is very important from
the point of view of the history of the Aghgoyunlu state,
and most importantly in Azetbaycan-Turkish-Islamic

culture. Historical monuments carry the past to the pre-
sent and keep the traces of the people and the state to
which they belong in any form (even if they are de-
stroyed).

For the study of the history of Aghgoyunlu are of
great importance both written sources and historical-ar-
chitectural monuments. The most valuable sources for
the study of this period are found in the Topkap1 Palace
Archives which located in Istanbul. The letters in this
archive dominate the study of Ottoman diplomatic re-
lations with Aghgoyunlu. The history of Aghgoyunlu it
is present in valuable museum exhibits. These exhibits
adorn the museums of the History Museum of Azerbai-
jan, the Military Museum of Turkey and many coun-
tries of the world (picture 2,3,4,5,6,7,8,9,10,11). The
historical heritage of the Aghgoyunlu period is also
found in the Tabriz Azerbaijan Museum in Iran. The
city of Tabriz (the capital of the Aghgoyunlu state) lo-
cated in the northwest of Iran sheds light on the history
of Aghgoyunlu with its historical monuments and mu-
seum exhibits. The ram and sheep-headed tombstones
in the Tabriz Azerbaijan Museum were collected from
the northwest of modern Iran in 1957 and are exhibited
in the museum. The ten tombstones collected are at-
tributed to the Garagoyunlu and Aghgoyunlu periods.
Epigraphic inscriptions, drawings, seals, daggers, ar-
rows and other signs are found on the tombstones, ex-
cept for two. The seals here indicate the lineage of the
tomb owner. In general, the double-headed tombstones
belonging to the Garagoyunlu and Aghgoyunlu periods
of Azerbaijan in Tabriz are an indicator of the pre-Is-
lamic culture of the Turks not only in Tabriz, but also
in other historical lands of Azerbaijan, and in Anatolia
in general [ A.Ersay. Ankara-2023.p.850-857 ]. Even
the toteism of the Turks is found in literary works as
well as in monuments. We can trace examples of this
culture in many areas of Azerbaijan, especially in the
Gazakh region, until the end of the 19th century. We
can also see exhibits belonging to the Aghgoyunlu pe-
riod in the New York Metropolitan Museum. Helmets
belonging to the Aghgoyunlu period are exhibited in
the museum.

The scientific novelty of topic: The material and
culture samples that existed in the territory of the Agh-
goyunlu state (monuments of the Aghgoyunlu period in
the territories of modern Azerbaijan, Turkey, Iran) in
the XIV-XV centuries have been comprehensively ex-
plained for the first time.

Research methods: The basis of the research is
the chronological analysis and material culture of the
historical-archaeological-architectural monuments of
the reign of Aghgoyunlu (1378-1503). Similar and dif-
ferent features were analyzed by the historical methods.
Historical-comparative, descriptive, classification and
scientific-historical generalization methods were used
in the study of the topic.

MAIN TEXT - The founders of Aghgoyunlu state
were Turks who lived in western Anatolia in the 15th-
15th centuries. We have watched Aghgoyunlu architec-
ture, cultural monuments, and historical works in all ar-
eas dominated by Aghgoyunlu. The Aghgoyunlu peo-
ple belonged to the Bayandur bays (clan) of the Oghuz
Turks and lived west of the Karagoyunlu people who
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settled in the east of Asia Minor [Azerbaijan history
.2007. p.95]. Firstly, the territory of the Aghgoyunlu
state, whose center was Diyarbakir, extended from the
east of Mardin to the west of Urfa, from the north to the
north of Erzurum and Sivas. In the north, from Bayburt,
in the areas where the Tigris River splits into different
branches, they lived a winter and steppe lifestyle. In
1467, King Hasan [Uzun Hasan-1453-1478 years] de-
feated the ruler of Garagoyunlu and united the territo-
ries of that state to his own state. The capital was moved
from Diyarbakir to the city of Tabriz. In 1469, the ter-
ritories of Iraq and Iran were included in the composi-
tion of the Aghgoyunlu state. For twelve years after
1461, Hasan expanded the territory of the Sultanate and
laid the foundations of the Big Aghgoyunlu empire in
the territories of Irag, Azerbaijan, and Iran [H.l. Long
market. Ottoman history. 2019. p. 95]. King Hasan,
who built such a great state, went down in history not
only as a ruler, but also as a person who left a cultural
heritage for the future. Many cultural and architectural
monuments, mosques, madrasahs, libraries, etc. were
built in the areas dominated by the Aghgoyun people.
These monuments preserve the heritage and history of
the Aghgoyun people. are the main sources of transport.
A number of sources even stated that King Hasan built
a large palace complex in Tabriz. According to the
sources, there were 20,000 rooms in the palace [ His-
tory of Azerbaijan . 2007. p. 175].

The state of Aghgoyunlu has left a great treasure
since its existence. Here we can show the laws of King
Hasan (with some changes) implemented until the
1540s. These laws prepared by King Hasan had a great
importance in the history of Islamic law, and the coun-
try was properly governed thanks to the laws [F.Stimer.
1989. P.274]. During the reign of Aghgoyunlu the other
treasures have come down to our days are historical
works written. It should be noted that the history of
Aghgoyunlu people, who left a great mark in history,
has always attracted the interest of historians, travelers,
and geographers. Hasan Padshah always gave special
importance to scientists, historians and writers in his
palace. The most important source for studying the his-
tory of the state is Abu Bakr Tirhani's Kitab-i-Diyarba-
kiriyya. At the same time, we can show the works of
Ali Kuschu, Mahmud Sorihi, Mehmet from Shiraz, Ab-
dulhey from Nishapur, Fazlullah and other historians
and writers. The famous mathematician Mahmud Can,
scientist Isa Savci Masuhiddin, who received special at-
tention during the Aghgoyunlu period, Idris Bitlisi
(writer), who later worked in the Ottoman palaces,
grew up in the palace of Hasan King [H. Kalesh.2021.
p.2]. The Venetian letters (alliance against the Otto-
mans) are also of special importance for studying the
foreign policy of Aghgoyunlu. Historian Ibrahim Harir,
who lived in the 18th century, provides information
about the places where the Aghgoyunlu tribes lived in
his work "History of Humayuni". Historical and ar-
chaeological monuments confirm the views of the his-
torian who gave extensive information about the first
rule of the Aghgoyunlu in Andarbakir and other areas.
The information of Gazi Ahmed Ghaffari and Heydar
Razin about the settlement of the Aghgoyunlu in Diyar-
bakir. the monuments found also confirm.

The article is mainly dealing about the monu-
ments, which are the main source for studying the his-
tory of the territories dominated by Aghgoyunlu. Mon-
uments belonging to the Aghgoyunlu period can also be
found in Eastern Anatolia, Tabriz (Southern Azerbai-
jan), Western Azerbaijan (now Armenia - historical
Azerbaijan lands) and Modern Azerbaijan. Traces of
Turkish-Islamic culture can be seen in all of these mon-
uments. Ram and horse statues on graves. and the rea-
son why it prevails more (a tradition of the Turks since
ancient times) is the sign of Turkish culture. Written
tombstones belonging to the Aghgoyunlu period also
convey a lot of information from a historical point of
view. For example, we can show the tombstones in Is-
fahan from the year 1497 (Hijri-815). The inscriptions
on the graves are written in Arabic. The tombstones of
the same shape can be found in Mardin, Hasankeyf, Er-
zincan. It is also found in Erzurum, Kig1 and other ar-
eas. Zoomof tombstones belonging to Aghgoyunlu pe-
riod can also be found in the Juga necropolis. The ne-
cropolis spans the 13th-15th centuries and is located in
the territory of Gulistan village of Julfa district. There
are many ram and horse-shaped tombstones belonging
to the Karagoyunlu and Aghgoyunlu periods in the
cemetery. Gravestones of the same shape can be found
in many parts of Turkey, Azerbaijan, Western Azerbai-
jan (now Armenia) (places where the Aghgoyunlu peo-
ple ruled), from Azerbaijan to Eastern Anatolia. These
tombstones swords, various drawings, shields, daggers,
etc. are found on it. These drawings are not only deco-
rative, but also provide information about the identity
and gender of the person in the grave [R.
Bagirli.Konya-2008.p30]. M. Kh. According to
Yinanc's opinion, the Aghgoyun people have been at-
tached to the sheep totem since ancient times and re-
mained loyal to this totem even after accepting Islam.

Both Sunni and Shia mosques that built during the
Aghgoyunlu period were dominant in Anatolia. Some
of these mosques were later restored during the Otto-
man Empire, some were destroyed, and some have sur-
vived to this day. We can point to the architectural mon-
uments built during the Aghgoyunlu period and which
have survived to this day - the Gutlug Bey mosque and
the ceremonial and dervish house. This monument was
built in 1389 in the Sinur village of Baybut by Fakhred-
din Gutluq Bey, the father of Bayandur. The monument
was renovated in 1550 and 1676 and a minaret was
erected on it. Today, a part of this monument is in ruins
[J.E.Woods.lIstanbul-1993.p.391]. At the same time,
among the mosques built during the reign of Agh-
goyunlu in Anatolia, there are Jahangir mosque built by
Pir Ali Bey in Bingol, Jahangir Bey in Mardin, Hassan
and Sara Khatun mosques built by Sultan Hasan in
Urfa, Gulabi Bey in Erzincan, Ibrahim Bey in Mardin,
Kazim Padshah in Diyarbakir. his name should be spe-
cially mentioned. Mosques were not built only by Ha-
san Padshah and his family members. Among the
mosques that were built, there were also mosques that
were built by the generals of King Hasan and the gov-
ernors appointed to the cities. Most of the mosques
were built in madrasahs in their courtyards. The most
famous madrasas belonging to the Aghgoyunlu period
are Sultan Kazim, Shahsultan, and Golbasi madrasas in
Urfa, which were built at the end of the 15th century.
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We observe the most Aggoyunlu architecture and
historical monuments in the areas of Mardin and Diyar-
bakir. During our research, we see differences in the
style and luxury of Diyarbakir monuments. The fact
that Diyarbakir was the capital of the Aggoyunlu is also
confirmed by the historical and architectural monu-
ments built magnificently in the city. Many of these
monuments have survived to this day and have carried
historical realities to the modern era. When we examine
the Aghqgoyunlu period monuments of Diyarbakir, we
come across two types of architectural monuments. The
first type of monuments belongs to the madrasah,
mosque, and tomb belonging to the members of the or-
der, which were built in a complex manner. These
buildings were also built in a complex manner close to
each other. The second type of architectural monu-
ments are monuments consisting of a single small or
single building. This mainly includes a single mosque,
a tekke (a Sufi house), and so on. These monuments
were usually built on the outskirts of the city, outside
the center, and very few decorations and works are
found in these types of monuments. The more magnif-
icent buildings were built in Diyarbakir, the capital of
the Aghgoyunlu dynasty in Anatolia. At the same time,
very few of the second type of monuments have sur-
vived to this day. The monuments built in a complex
(complex) form have survived to this day in better
shape [ C. Parla. Diyarbakir before the Ottomans. Di-
yarbakir 2004.p.283]. Among the monuments that have
survived to this day and are distinguished by their ar-
chitectural style, we can mention the Hoca Ahmed
Mosque (1489), the Sheikh Mutahhar Mosque (1500),
the Sheikh Safi Mosque (15th century). Most of the
mosques built during the Aghgoyunlu dynasty (in Urfa,
Diyarbakir, Mardin, Erzincan, Elazig, Bingol, etc.)
have a madrasah section. Another monument built dur-
ing the Aggoyunlu period in Diyarbakir is the Safi or
Iparli Mosque and Madrasah. The monument is located
in the northwest of Diyarbakir. Although no date has
been found on the monument, research indicates that it
was built during the Aggoyunlu period. The monument
was built by Uzun Hasan (mid-15th century) at the re-
quest of Sheikh Ciineyt, the son of Sheikh Ibrahim Safi,
grandfather of Shah Ismail [ A.K. Kircaali. Samsun-
2017.s12 ]. For this reason, it was named the Safi
Mosque after the Sheikh. Although the monument is
not as large as the mosques belonging to the Aggoyunlu
period in Diyarbakir, it stands out with its special style,
interior decoration, and stonework. The minaret of the
mosque is decorated with verses from the Quran.
Among the Aggoyunlu mosques that have survived to
this day in Diyarbakir, the Nabi Mosque and Lala Bey
Mosque also stand out with their architectural style.
The monument, built in the 15th century in the Dag
Kapisi area of Diyarbakir, has hadiths of the Prophet
written on some of its walls. The mosque, whose min-
aret collapsed, was restored by the General Directorate
of Foundations of the Republic of Turkey in 1960. Lala
Bey Mosque was built in the center of Diyarbakir by
Lala Kazim Bey. Lala Bey ruled Diyarbakir until Di-
yarbakir was occupied by the Safavids in 1508. It is said
that the monument was built in the late 15th century.
The Nabi Mosque, a work of the Agqoyunlu dynasty,
has not survived to this day in its complete state. During

the First World War, Diyarbakir was also under mili-
tary rule and the Nabi Mosque became a military head-
quarters. About this state of the monument, Turkish
scholar and writer Ali Emiri Efendi notes, “Soldiers
were stationed in the mosque decorated with Chinese
tiles, Many valuable tiles were torn off and destroyed,
Even nothing was left of the mosque decorated with an-
cient carpets, The carpets there were not seen later”
[Yusuf/K/H/Diyarbekir camileri.-2014.p.34]. Part of
the monument - the Hanoifi section - began to collapse
in 1927. In 1955, the road of the western part of Gazi
Street was widened and demolished by the municipality
along with the minaret. According to information, the
Nabi Mosque, which was built in a complex on a very
large area, consisted of the Shafi'i, Hanifi and madrasah
sections. We follow the traces of the Aghqgoyunlu,
which was a Turkish state in every form, from the mon-
uments that were destroyed both as a result of natural
disasters and for various reasons, which have survived
to this day. Another mosque built during the
Aghgoyunlu period in Diyarbakir is the Hoca Ahmed
Mosque.

The mosque was built in 1489 by the philanthro-
pist Haji Ahmed. The minaret of the mosque is octago-
nal. Another mosque built in Diyarbakir in 1500 is the
Sheikh Matar Mosque. The monument was built by the
Aggoyunlu Sultan Qasim Bey. The mosgue was named
after him because it is located near the grave of Sheikh
Matar. We can also mention the Four-Legged Minaret
monument found in Diyarbakir and which has pre-
served its grandeur to this day. This minaret, built by
Sultan Qasim (1496-1501 - Diyarbakir-Mardin) in
1500, is also called the Sheikh Mutahhar Mosque. The
monument was built with white and black stones on
four columns. This architectural monument is a rare
building of Turkish architecture in Anatolia. The Safi
Mosque, whose name we mentioned above, was also
built in the same style, that is, on eight columns. This
style is considered to be the forerunner of the plan ap-
plied by Mimar Sinan in Ottoman architecture. In the
name of the Hamza Bey Mosque, built in Diyarbakir by
Hamza Bey (1434-1444) in the Inner Castle area, we
can note that the monument was destroyed during the
First World War and does not exist today. In the
Agqoyunlu monuments located in Diyarbakir, we also
see the religious meetings and the content of the cere-
monies of this period. In general, the mihrabs, which
are the main part of the mosques found in Mardin, Di-
yarbakir and other areas (even in monuments belonging
to the Ottoman period), were a style dating back to the
15th century Agqoyunlu period. This was a synthesis of
the style belonging to the Seljuk, Artuk, and Ayyubid
periods in Anatolia before the Agqoyunlu. We see the
strongest form of this style in the Safa Mosque in Di-
yarbakir [Yusuf K.H.Diyarbekir Camileri-2014.p.20-
24]. The interior decoration of mosques and minarets
with their exquisite calligraphy (Kufic writing, exquis-
ite calligraphy of verses from the Quran, geometric
compositions, nature paintings, etc.) was especially de-
veloped during the Aghgoyunlu period. The most im-
portant example that all these monuments carry to this
day is a strong representation of the Turkic-Islamic cul-
ture. At the same time, ram-sheep-headed tombstones
from the Garagoyunlu (1365-1469) and Aghgoyunlu
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(1403-1508) periods are found
M.Aksoy. 2019.p.104 ].

One of the magnificent monuments built during
the Ag Qoyunlu period is Hasan Castle. The castle was
built after the territory in the Persian territory was cap-
tured by Uzun Hasan. Such castles were also built in
the territories of Nakhchivan, Koyulhisar, Erzurum,
and Selmas. Uzun Hasan, who built the castle, also built
castles from the time of Uzun Hasan and previous peri-
ods, and even the Harput Castle. This tradition, which
is a historical heritage, was left to Uzun Hasan by his
grandfather, Gara Yo6lik Osman Bey. Gara Yoliik Bey
had the Ergani Castle repaired in 1402-1403 and do-
nated the key to the castle to the settlement. Some
sources have other ideas about the construction of Ha-
san Castle, stating that it was not built by Hasan Padsah.
However, in the Urfa Chronicle of 192, it is stated that
the castle and Hasan Padsah Mosque were built during
the Ag Qoyunlu period. Evliya Celebid states that these
monuments were built by Uzun Hasan and that they
were not named after Hasan Padsah by chance. The
monuments built by the Agqoyunlu, who controlled
these territories in 1404-1514, have survived to this
day. The date of Hijri 965-AD 1460 on the inscription
of Hasan Castle indicates that the monument was built
on this date [Cihat A.K. Sanliurfa camileri. Ankara
1993.p.34-35.; Cihat A.K. Sanliurfada canlanan tarih.
Sanliurfa Valiligi.1990-1995.].

Most of the mosques built in Erzincan and sur-
rounding areas were built at the end of the 15th century.
The monuments that were affected by time and nature
were later destroyed by earthquakes. Most of these
mosques, built in the 15th century, have survived to this
day. The main feature of the architectural style of these
mosques is the central and single-towered mosques.
Most of the mosques built during the Aghgoyunlu era
(in Urfa, Diyarbakir, Mardin, Erzincan, Elazig, Bing6l,
etc.) have a madrasa section. Tombs and zaviya houses
built in memory of Aghgoyunlu princes, ancient baths,
most of the castles were destroyed mainly in earth-
quakes in the region.

The tombs built on graves during the Aghgoyunlu
period are very magnificent from the point of view of
architecture. These tombs were built on the graves of
the family members of the Aghgoyunlu ruling class.
Here are the tombs of Ugurlu Mehmet in Erzincan,
Hamza's tomb in Mardin, Zeynel Bey's tomb built on
the left bank of the Tigris River, Halil Bey's tomb in
Mush, Korkmaz's in Bayburt. We can mention the tomb
of Bey. The most beautiful of these tombs (in terms of
architecture) is the tomb of Zeynal Bey. This tombstone
was the most beautiful of the Aghgoyunlu tomb monu-
ments ( picture 20 ) . The tomb was built by Hasan Pad-
shah in 1474 for his son Zeynel, who died in the battle
of Otlugbel. , there were baths and other buildings [ J.E.
Woods, Istanbul -1993, p. 394 ] . There are also three
important tombs from the Aghgoyunlu period in the
Mardin region. These tombs belong to Hamza Bey, son
of Gara Yoluk Osman Bey, his grandson Jahangir Bey,
and his son Jahangir Bey's son Gasin Bey. There is the
tomb of Gutlug Bey in Bayburt, the tomb of Bayandur
Bey in Ahlat, and tombs from the Aghgoyunlu period
can also be found in Erzincan and Diyarbakir.

in Diyarbakir [

Most of the monuments-mosques belonging to the
Aghgoyunlu period were built in the form of a complex
[H.Gundogdu. 2015.p.567]. In all complex monu-
ments, mosques, madrasahs, libraries and other build-
ings were united. The important monuments built dur-
ing the rule of Aghgoyunlu also confirm that their cul-
tural heritage prevailed in the areas they ruled. Apart
from Anatolia, we trace the cultural heritage of the
Aghgoyunlu state through monuments in all areas, es-
pecially the city of Tabriz. When examining the archi-
tectural monuments, it becomes clear that in the state
these works were under the control of the center, and
architects and masters were specially trained. In all
traces, we follow the style of the Seljuks, Turkish-Is-
lamic culture. Even in the Ottoman period, in Anatolia,
with the laws of Uzun Hasan in force for many years,
we can observe the exquisite design of architectural
monuments. The observation of the same monument in
Nakhchivan and other areas of Azerbaijan is an indica-
tor of a single culture.

Among the historical-architectural monuments,
we can mention the mansions built during the Agh-
goyunlu period. The area of the mansions was large and
consisted of many rooms, warehouses, kitchens, stoves
and additional buildings. Even special people were ap-
pointed to carry out the internal works of the mansion.
Because the mansions were very big. Among these
mansions, we can point out the Ferahshah mansion in
Bayburt and the Jahangir mansion built by Jahangir
Bey, the brother of Hasan Padshah in Mardin. We get
information about the Jahangir mosque from written
sources. Because the monument has not survived. Ac-
cording to the information, in 1474, a traveler named
Barbaro, who had to go from Cyprus to Tabriz and
passed through Mardin, stayed in a guest house near the
palace. Kalesh. 2021. p. 10].

We can show the bridges to another architectural
monument built during the Aghgoyunlu period. These
bridges were built in the 15th century. We can show the
Bayandur and Hasan bridges as the most famous
bridges according to their architectural style. The
Bayandur bridge is a one-eyed bridge built in Ahlat. It
shows that it was built during the Bey period. It is said
that the bridge was built in the middle of the XV cen-
tury. The bridge has survived to this day, even with ru-
ined form. Hasan Bridge was built in the north of Erzu-
rum. The bridge was a stone bridge and was built by
Hasan King. This bridge was mostly used during mili-
tary marches. This bridge facilitated the marches of the
Aghgoyun people against the Georgians [Hinz W. An-
kara 1992.p.97].

Among the surviving monuments from Agh-
goyunlu, grave monuments dominate. These monu-
ments consist of horse and ram statues on graves (pic-
ture 21,22,23,24,25) . These grave monuments are
more common in Nakhshivan and Zangezur in many
parts of Azerbaijan. In Kars, Igdir, and Erzurum, ram
statues belonging to the Aghgoyunlu period can be
found. The most famous grave monuments that have
come down to today are the Zeynal Bey mausoleum
(monumental tomb) in Hasankeyf and the Amir Bayan-
dur mausoleum located in Ahlat. Along with grave
monuments, this period is also famous for its castles,
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bridges, and baths. Even during the reign of Uzun Ha-
san, it was restored in the castles that were built before
the Aghgoyunlu. One issue should be specially empha-
sized that many monuments follow the Garagoyunlu ar-
chitectural style. This was not a coincidence. Decora-
tions with examples of Kufic writing in the architec-
tural monuments of Tabriz are also observed in the
Aghgoyunlu monuments. the patterns were the same in
both Karagoyunlu and Aghgoyunlu, there is no signifi-
cant difference in the architectural styles of the monu-
ments belonging to both states. Few monuments from
the Garagoyunlu period have survived in separate ar-
eas, i.e. in Van, while monuments from the Agh-
goyunlu period have survived in Diyarbakir, Erzincan,
and Mardin [B.Dogan, A.Doganay-2017.p.653].
Tombstones with figures of sheep belonging to the
Garagoyunlu and Aghgoyunlu periods show that they
were a Turkmen-Turkic state and that their traditions
were also preserved in the monuments [H. Keles.2021.
p.3]. Today, very few of the monuments mentioned
above remain. Most of the mosques, palaces and other
buildings, most of which were complex buildings (a
characteristic feature of Aghgoyunlu period architec-
ture), remained. The mosque in Erzincan was com-
pletely destroyed in the earthquake of 1939. The re-
mains of the mosque in Mardin remain. but the mosque
remains [J.E. W00ds.1993. p.392].

One of the most magnificent monuments built in
Mardin during the Ag Qoyunlu period is the Qasimiyya
(Sultan Qasin) Madrasah. The monument was built on
a large area in the north of the Mesopotamian plain. The
monument covers a 30-meter-long platform and is 20
meters high. The Qasimiyya Madrasah was built after
it was taken over by the Ag Qoyunlu ruler Uzun Hasan
in Mardin (after the Qara Qoyunlu dynasty) and given
to the management of his brother Jahangir Mirza. It is
said that Jahangir Mirza's son Sultan Qasim brought
many craftsmen and architects from Azerbaijan and Ta-
briz and had it built. Qasim Sultan, who tried to elimi-
nate the consequences of Timur's (1336-1405) inva-
sions, resumed the construction of Mardin. It is said that
the first buildings of the monument, built in the south-
west of the city, were attributed to the Artuklu period.
Historian-archaeologist Alberd Gabriel states that the
other buildings of the Qasimiya Madrasah were built
after the Zinciriyya Madrasah [ Nilgiin F.Mardin
2024.p.72 ]. In addition to the Zinciriyya Madrasah,
many buildings (madrasah, mosque, hahah, spring,
etc.) were built by Aghgoyunlu Qasim Sultan. For this
reason, it is called the Qasimiya Madrasah. This mad-
rasah, which was the great work of Qasim Sultan, was
the educational and scientific center of Anatolia in gen-
eral. In addition to religious knowledge, secular sci-
ences were taught in the madrasah. The madrasah was
the first center where education continued until the First
World War (1914-1918) [ Hicran H.H, Hashim.A.
Jilses-2018. p. 13]. The madrasa, which was used as a
military barracks during the war, has been operating as
a museum belonging to the Mardin Governorate since
the 1960s and has been open for worship as a mosque
since 2007. The madrasa, which was built in 1469, is
one of the largest historical buildings in Mardin. The
two-story madrasa also consists of a mosque section.
The zawiya (dervish meeting houses) and tombs found

around it indicate that the building is a complex build-
ing. The monument, which carries many historical in-
formation from the 15th century to the present, also at-
tracts attention with its architectural secrets. The mon-
ument was built in such a way that the light is
distributed evenly from sunrise to sunset. It is possible
to use natural light with the sun's rays very skillfully.
The reason for this kind of construction was to illumi-
nate all the rooms in the science center. Even the doors
of the classrooms were very low so that students could
bow their heads as a sign of respect when approaching
their teachers. This also meant that science was given
great value during the Aghgoyunlu period. From this
perspective, as we study the monument, we not only
learn historical knowledge from the past to the present,
but also the material and spiritual values left by the
Aghgoyunlu, a Turkish state. These monuments pre-
serve the traces of the Aghgoyunlu since the time of
Gara Yoluk Osman Bey, when they conquered Mardin
and the northern regions of Erzincan. In Erzincan,
Harput, Mardin and many areas on the banks of the Ti-
gris and Euphrates, which were completely captured
until 1430, the Aggoyunlu's own line was felt in the
monuments. In all the Anatolian territories captured by
the Aggoyunlu, especially the capital Diyarbakir-Amid
city and Mardin, many mosques, madrasas, baths, cas-
tles, and tombs were built during the reign of Hasan
Sultan. This restoration and construction work were
also carried out in Harput and the surrounding areas,
which were under the rule of the Agqgoyunlu for 40
years. Hasan Sultan, who had mints in Harput, also re-
stored the Harput Castle. Because Harput was one of
the main important centers of the Aghqoyunlu. The
Italian traveler Barbaro stated this in his writings and
noted, “He said that the Harput Castle is very magnifi-
cent and here Despina Khatun, the wife of Sultan Hasan
(daughter of the Trabzon emperor), lives in Harput”
[Zekiye.T.Elaz1g-2013.5575; Walter H.Ankara
1992.554. 1. One of the monuments built in Harput dur-
ing the Aghgoyunlu period is the Saray Khatun
Mosque, which was built by Sara Khatun, the mother
of Uzun Hasan, who is said to have ruled Harput. The
monument, which consisted of only a mosque part and
was built in the city’s Bugday Square, was later rebuilt
in a very large form. In the area near the building, which
was built as a complex-complex, typical of Aggoyunlu
architecture, there was also a madrasah, a small school,
a fountain, and the Cimshit Bath, which remains to this
day. The monument was renovated in 1598 by Mustafa
oglu during the reign of Murad 111 (1574-1595) and re-
stored again in 1843. The first construction of the mon-
ument was built during the reign of Sara Khatun and
was covered with wood [Hanza G. C-8.Ankara-
2002.p259]. Sara Khatun Mosque is among the most
visited works of the region by tourists today.

We also follow Agqoyunlu works in Hakkari.
Hakkari was under the rule of the Aghgoyunlu dynasty
in the second half of the 15th century. One of the most
beautiful works of the Aghqoyunlu dynasty in Hakkari
is the Milydan Madrasah. The Madrasah was built in
1472. The monument is currently located in the Mey-
dan neighborhood of Hakkari. The monument was re-
stored by the General Directorate of Foundations of
Turkey [Hamza.K.2006.p72].
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The period of Aghgoyunli rule is the period of fur-
ther development of the unique Azerbaijani architec-
ture. According to X.Gasimov, this period is the age of
classical maturity. This period is characterized by the
stability and exhaustion of Azerbaijani architecture
[T.Najafli. Baku-2012. p.465]. Progress in the con-
struction of more religious buildings can be seen both
in the period of Karagoyunlu and Aghgoyunlu. After
the inheritance of Garagoyunlu passed into the hands of
Aghgoyunlu, the center

of Aghgoyunlu was moved from Diyarbakir to Ta-
briz. Hasan Padshah (Hijri-871-883, AD-1466-1478
years) built a magnificent library in Tabriz. Tabriz was
at the forefront with magnificent architectural buildings
even during the reign of Hasan the King. However, only
a small part of the architectural monuments created dur-
ing this period have survived. The Aghgoyunlu-Turk-
men palace style was preserved in the architecture of
Shiraz and Tabriz during the reign of King Hasan and
his sons Sultan Khalil (1478) and Sultan Yaqub (1478-
1490) A.Okay. Ankara. p. 350].

Although there are many memorial buildings and
tombs, there was more development in religious build-
ings. R. Klavikhon, who was in Tabriz, told about his
observations that "in this city there are very large
mosques and buildings decorated with amazing carv-
ings and networks, decorated with beautiful glass”
[History of Azerbaijan resources on Baku-1989.
p.320]. The fact that the city of Tabriz was the capital
gave further impetus to its development. The buildings
were adapted to the greenery and vegetation under the
supervision of Hasan the King himself. There were
large gardens in the city of Tabriz. The Garden of
Nasriyya, one of the rarest and largest buildings of this
period, was built by Hasan the King. One of the rarest
pearls of urban planning culture was the North Garden
built by Sultan Yaqub (1478-1490). The largest of the
covered bazaars built in Tabriz during the reign of King
Hasan was the Caesarea bazaar. This bazaar was fa-
mous as the most famous bazaar in the eastern coun-
tries. covered with an arch. X. Inalcik stated that the
city of Tabriz was the most important trade center both
before and during the Aghgoyunlu dynasty. Most Ital-
ian merchants came to Tabriz. Ambrosi Kontarini, who
was the ambassador at that time, also provides exten-
sive information about the trade of Tabriz. It states that
there are large houses and shops similar to alcaseria in
the city. And alcasar was the name of the castles or cas-
tles built in the Moorish style in Spain. losafat Barbaron
states in his travelogue that there were multi-room car-
avanserais for merchants in Isfahan and Tabriz.

Tabriz Friday Mosque is one of the most beautiful
architectural monuments in Tabriz. This magnificent
architectural monument was built by Hasan Padshah.
More information about it is provided by the travel ex-
pert Evliya Celebi. According to information, after the
death of Hasan the King, he was buried in the courtyard
of this mosque. The mosque was decorated with pat-
terns and eyebrows on all sides. The mosque was a
work of art. The southern door of the building was dec-
orated with inscriptions written in beautiful lines,
carved patterns, grids, and patterns in the Greek style.
Inscriptions on all the doors and windows. [T.
Najafli.Baku-2012. p.469]. All these inscriptions were

written in the script of Yakut Mustasim. There were
two beautiful pieces of stone on both sides of the altar.
[Chalabi. Baku-1997. p. 92]. During this period, the art
of Islamic miniatures and calligraphy developed in
Aghgoyunlu palaces. According to S.Arshari, the taliq
line developed by Khaja Taj Salmani was brought to a
level of art by Khaja Abulhay in Aghgoyunlu palace.
This art was used in the decoration of Aghgoyunlu pal-
aces. We can mention the brothers Abdulrahim and Ab-
dulkarim among these art masters. Abdulrahim Sultan
Khalil worked in the palace of Aghgoyunlu Yaqub
when he was the governor of Shiraz.

Another architectural monument built during the
Aghgoyunlu period was the palace complex built in the
Sahibabad square of Tabriz. This palace was separated
from the center of Tabriz by a valley. The difference of
the palace was that this palace was built in a garden, a
forest. The palace was called "Hashtbehisht" (Eight
Heavens). the palace consisted of four large halls and
many rooms. The construction of the palace began in
1478. 1t was completed during the reign of Sultan Ya-
qub. According to the information given by Fazlullah
ibn Ruzbihan Khunji, this turquoise palace in the center
of the Sahibabad garden was built and completed in
1486. The palace had pointed towers [Khundzhi F.
Translation - T.A. Minorskoy. Baku-1987. C. 1987].
The most important information about the Hashtbehisht
palace complex is provided by a Venetian merchant
who traveled to Tabriz in 1506 in his travelogue. The
merchant states that the palace was started to be built
by Hasan Padshah [R. Bayramov. Baku. 2013. p. 26].
The Venetian merchant also states that the palace is lo-
cated near the city and there is a Friday mosque sur-
rounded by walls [ T. Najafli.Baku-2012. p.470]. This
mosque was very big and consisted of many rooms. The
mosque was decorated with golden water. All the doors
in the palace were decorated with gold and blue (picture
19) . The corridor had marble columns. At the same
time, a healing house was built near the palace. During
the reign of King Hasan and Sultan Yaqub, it is reported
that more than a thousand patients were treated here [T.
Giinduz.istanbul. 2007.s161-164; S. Ershahin. Ankara-
2002. p. 228-229].

Although the monuments belonging to the Agh-
goyunlu have not survived in their original state com-
pared to the grave monuments, they are of great im-
portance from a historical point of view. Because most
of the Aghgoyunlu monuments were built as a com-
plex. For this reason, only one of the architectural mon-
uments built in the form of a complex has remained.
Even in the monuments of Diyarbakir, mosques, mad-
rasahs, meeting houses, tombs belonging to two differ-
ent peoples belonged to one complex building. During
the reign of Uzun Hasan, special attention was paid to
the minaret and style of mosques. In Mardin, the ornate
urban architecture belonging to the Aghgoyunlu period
is most noticeable. However, the battle of Otlugbel in
1473 caused Aghgoyunlu to decline in architecture as
well as in the political arena.

CONCLUSION: Based on the monuments we in-
vestigated, it is known that the monuments belonging
to the Aghgoyunlu period have their own characteris-
tics, both in terms of architecture and grave monu-
ments. In the monuments of this period, we see that the
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buildings are in the form of a complex. The minarets of
the built mosques were decorated with patterns, and
memorial tombs were predominant.

Aghgoyunlu states were also a cultural center in
terms of geography. Following the traces of both Azer-
baijani (Garagoyunlu, Aghgoyunlu, Safavi-North,
South Azerbaijan) and Ottoman culture in the monu-
ments, we see that these monuments play the role of a
bridge in terms of culture.

We follow Aghgoyunlu monuments more in Di-
yarbakir, Mardin, Bing6l, Erzincan, Urfa, Tabriz. In the
monuments, we can also see the religious meetings and
the contents of the ceremonies of this period. In this pe-
riod, the main buildings were square and rectangular,
and the top of the buildings in the center was semi-
spherical (dome). Complex buildings were built mainly
in the city center. Crown-shaped entrance doors are
found in mosques and many other buildings. Marble
stones were used in buildings. Mosques were built very
ornately from the inside. Six-, twelve-, and eight-
pointed stars, vegetable patterns, and symbolic motifs
are found in the decorations. Tombstones with the fig-
ures of rams and horses found in the ancient Turks are
found in grave monuments.

Today, Aghgoyunlu monuments are located out-
side the current borders of Azerbaijan, especially the
city of Tabriz. In all the monuments (in the Turt-Oghuz
homeland with Aghgoyunlu territories) we see traces of
Turkish-Islamic culture and these states. Today in An-
atolia, Western Azerbaijan (modern Armenia), Tabriz -
the city of Southern Azerbaijan (modern Iran) and other
areas, we see the remains of Aghgoyunlu heritage. The
topic we are researching is very important from the
point of view of studying the history of the Aghgoyunlu
state, and most importantly Azatbayjan-Turkish-Is-
lamic culture. In the architectural style of the monu-
ments, the Turkish culture, which had its roots in Cen-
tral Asia in the 14th-15th centuries and was dominant
in Anatolia and Azerbaijan (All Azerbaijan), played the
role of a bridge, transferring it from earlier centuries to
the Ottoman and Safavid periods. It is impossible to
give information about the monuments of this state in
just one article. The study of these monuments is an ur-
gent issue and should always be in the center of atten-
tion. Historical monuments carry the past to the present
day and in every form (even if they are destroyed) keep
the traces of the people and the state to which they be-
long (Asadova A.V.).
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To continually benefit from the harmless wonders of traditional medicine, it is essential to pay attention to its
inherent components of spiritual, mental, and physical alertness. This is both a duty and an obligation. In this
treatise, we have decided to share information with you on the human, national, and medical aspects of traditional
spiritual medicine, focusing on the themes of action and breath.
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Introduction

The article presented for your attention explores
the impact of our daily activities and breathing on our
health. It highlights that both processes involve invisi-
ble factors that significantly affect our four major or-
gans. Understanding these factors can greatly benefit
our efforts to maintain a healthy lifestyle.

-0-

You might find the title of the first chapter some-
what strange. You might think, "Why not provide a
clear translation of the unfamiliar term 'karma' for the
majority?"

Yes, at first glance, it might be challenging to un-
derstand why a seemingly abstract term is included in
the title. However, the concept of "karma" has been el-
evated to a special doctrine in Hindu religious philoso-
phy, and so far, its philosophical and social interpreta-
tion has not appeared in local religious literature.

In the field of religious studies, we are not only on
par with others but arguably quite advanced. A thou-
sand years ago, our great ancestor Abu Rayhan Beruni
mentioned the concepts of "karma," "dharma,” and
"samsara" in his work "India" when Western religious
scholarship was still far from analyzing these topics sci-
entifically. Please, don't rush to conclusions!

Admittedly, dispelling some doubts that may have
arisen from the introduction of this treatise is not an
easy task. If | were in your place, | might have similar
thoughts. However, please do not think that the author's
intention is to test the reader's patience. Discussing the
health and breath factors in Hindu thought without a
brief history, theory, and practice of the "karma doc-
trine," which is still unfamiliar to most Uzbek readers,
would be inappropriate.

Additionally, you might have a related objection,
such as: "Instead of delving into the history and details
of 'karma,' why not start directly with ‘good deeds'?"
Yes, that could have been an option! However...

Before diving into the topic, we considered that
the conversational method used in this discussion might
seem tedious to some readers. However, we chose not
to follow the preferences of some objectors for a partic-
ular reason. Unlike the ideological restrictions of the
recent past, we now have the freedom to explore the

commonalities between various fields such as reli-
gious-philosophical teachings and medicine, grounded
in human values.

Additionally, the concept of the "Book of Deeds,"
which serves as a standard for our religious and worldly
life, is derived, according to Hindu theology, from the
Vedas, which are said to have been revealed five thou-
sand years ago. Our aim in presenting this universal
perspective is to emphasize that actions based on faith,
purity, and goodness are equally relevant to the health
of people from all nations and beliefs.

ACTION AND BREATH

Finally, it seems we have addressed the ambigui-
ties that may have caused questions and objections.
Yet, | feel there might still be some lingering doubts
about the connection between breath, the most unique
and initial sign of life, and "karma," or actions.

To address this, let's delve deeper into the intricate
relationship between actions and breath, and how this
connection is vital for understanding our holistic well-
being.

To fill in this gap, it can be confidently said that
the outcomes of our activities, shaped by the guidance
of perfect human virtues mentioned in the introduction
of the first chapter, provide the most reliable guarantee
for the continuity of mental health and the regularity of
the breathing process.

From this perspective, the mental tranquility or
restlessness, calmness or nervousness resulting from
our positive or negative activities, even if not always
physically noticeable during normal breathing, still ex-
ert their influence.

For instance, people who are content and at peace
with their work typically breathe very quietly and
smoothly. Conversely, in situations involving secretive
or concealed activities, no matter how much a person
prepares themselves mentally, their breath will still be
affected by anxiety or excitement, manifesting as a sigh
or a gasp. Numerous similar examples from our lives
can be cited.

If we were to explore such obvious or subtle ex-
amples, paper would not suffice. Therefore, let's briefly
summarize the ultimate results of our actions as fol-
lows:

THE BLESSING OR CONSEQUENCE
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OF ACTIONS!

The outcomes of our daily actions, as highlighted
in the title, include both blessings and consequences.
These outcomes, mentioned in hadiths as "finding sal-
vation from death" and the opposite, negligence, are
just one aspect of the matter. In practice, our various
temperaments, moralities, and intentions do not always
show immediate results. However, whether pure or im-
pure, lawful or unlawful, inclined towards goodness or
evil, our actions will manifest their positive or negative
impacts not only in the hereafter but also in our worldly
life.

In the analytical prophecy of karma doctrine, the
rewards of virtuous deeds and the consequences of sins
can even affect one's descendants. This implies that the
blessings or consequences of life, both physical and
spiritual, are not just confined to the individual but may
also extend to their progeny.

This fundamental principle of our actions, meta-
phorically speaking, serves as the barometer for both
our worldly and spiritual lives.

If we consider the "blessing and consequence”
concept from the perspective of our national mentality,
the notion of karma or the "Book of Deeds,” the re-
wards and consequences of good and sinful deeds, is
ingrained in us from childhood with the lesson: "You
reap what you sow."

Thus, the recognition that our actions have far-
reaching implications underscores the importance of
living a life rooted in virtue, both for our own well-be-
ing and for the generations that follow.

In our lives, the hidden inappropriate or improper
deeds we commit without facing immediate conse-
guences sometimes encourage us to new "heroic" acts.
In this regard, people can be divided into two catego-
ries:

a) Those who seem to avoid misfortune no matter
what they do.

b) Those who face misfortune even with the slight-
est wrongdoing.

It is no secret that the distinction between these
two categories essentially boils down to one benefiting
from the rewards of honesty and the other suffering
from the consequences of sin. The only subjective dif-
ference in our understanding is that some people be-
lieve that while someone might pay for food they have-
n't eaten, others eat the food without any repercus-
sions—neither choking nor suffering any ill effects.

Such thoughts and opinions about the actions of
acquaintances or strangers can be found in almost every
family. If some find solace in these admissions and ob-
jections, others understand the eventual outcomes of
these trials and draw their own conclusions from them.

Just like the conclusions we have drawn, the Hin-
dus resolve such issues through the concept of karma
and the law of samsara—rteincarnation. According to
their beliefs, the consequences of one's conscious sins
in their lifetime will inevitably catch up with the sinner
unless forgiven by the Creator. They firmly believe that
the repercussions of these sins will not spare the sinner.

Imagine that a certain Hindu fails to fulfill the re-
sponsibilities of their caste or disobeys the higher caste
throughout their life. According to the doctrine, as a re-
sult of such a lifestyle, the sinner will not only be reborn

but will also be reborn into a lower caste family than
before.

This concept of "reincarnation™ serves as both a
punishment and an opportunity for the Hindu to free
themselves from their sins!

Although the Hindu belief in "reincarnation”
might be entirely foreign to us, we can see its core prin-
ciple that no deed goes unnoticed, aligning with the
truth of "what goes around comes around” that we
firmly believe in. The only difference between these
doctrines is the timeline of "karma." For us, a misdeed
may come back to us in forty years, while for Hindus,
this period might span multiple lifetimes.

Interestingly, these Eastern concepts have also
caught the attention of Western psychologists in recent
times. Essentially, the philosophy of "what goes around
comes around" is not new to the Western mindset ei-
ther. However, the precision with which this truth is ad-
dressed seems to be more refined and well-structured in
our context. Given this, let's delve into the structure of
the concept of action (amal).

STRUCTURE OF AMAL
(ACTION)

In Islam, as in other world religions, the structure
of action primarily has two characteristics: good and
evil, or beneficial and harmful consequences. Despite
the plethora of definitions for these traits, we will focus
on the most authentic and reliable interpretations. For
instance, the Quran emphasizes an intellectual ap-
proach to adhering to its verses:

"When the verses of their Lord are recited to them,
they do not fall upon them deaf and blind" (Furgan,
25:73).

Similarly, a hadith urges acting according to one's
heart, even when a fatwa is issued:

"Goodness is what brings peace to your soul and
comfort to your heart. Sin is what wavers in your heart
and causes hesitation, even if people give you their le-
gal opinions".

As you might notice, both sacred sources highlight
a crucial element: the human intellect and heart's con-
sent. Thus, any action, regardless of its positive or neg-
ative outcomes, must be validated by the intellect and
the heart.

While we have repeatedly mentioned "action"
(amal), we haven't yet discussed how it transforms from
a simple act to a holistic practice with a unique quality.
For this, let's first understand the essence of "quality":

"It is such a flawless possession that it will never
perish, age, be destroyed, decrease, or be affected by
conflicts. Indeed, there are no contradictions or disa-
greements in it".

If we apply the idea that "there are no contradic-
tions or disagreements" in quality to the consequences
of actions, it suggests that both outcomes are the result
of premeditated actions. Success or failure in any activ-
ity is always reflected in its quality.

For example, consider the betrayal of someone's
trust or conflicts in transactions without mutual con-
sent. In my thirty years of observations, whether in our
country or abroad, | have seen that wealth acquired
through betrayal often leads to greater losses later and
can have severe consequences on one's well-being. The
conclusion from these observations is that betrayal for
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personal gain, whether through deliberate intent or
mental calculation, carries its own repercussions—
what one sows, one reaps.

No matter how we define the essence of an action,
whether positive or negative, it ultimately comes down
to the dichotomy of halal (lawful) or haram (unlawful)
sustenance and the urges of the nafs (ego or greed).
While the ultimate destination of our material needs
may be clear in either direction, the return of "what
goes around comes around" is beyond our control and
remains obscure to us. Even though life includes both
gain and loss, the unchangeable principle of predes-
tined sustenance is such that no amount of trading or
finding and losing can alter it.

As Ali (r.a.) wrote:

"Rizquka yatlubuka fastarikh™" —
your sustenance will come to you."

When discussing the two poles of action—destiny
and desire—let us not forget the invaluable gift of wis-
dom and intellect bestowed upon us to achieve divine
favor. This blessing can bestow upon us unassailable
wealth, success in our endeavors, and a healthy and
prosperous life. To illustrate this with an anecdote |
heard from philosopher Muzaffar Ortikov, let me share
a symbolic story that took place in a foreign land.

"In the United States, a large company installed
specialized machines to automate the production pro-
cess that was previously done manually. Not long after,
one of the machines broke down. Despite their best ef-
forts, the company’s engineers could not repair it. Fi-
nally, the company’s management called in a renowned
mechanic known for his skill and experience across
America. The mechanic arrived, thoroughly inspected
the machine, and then struck it twice with his small
hammer, making it run smoothly again.

When it came time to discuss his fee, the mechanic
asked for $102. At that time, the value of a dollar was
very high, so the company manager couldn’t believe
such a hefty sum was warranted for just two hammer
strikes and asked the mechanic:

'Are you really asking for almost a month’s salary
for two taps with a hammer? Where’s the fairness in
that?'

The mechanic replied:

'Yes, I am being fair, and that’s why [’m only ask-
ing for $102: $2 for the two hammer strikes and $100
for knowing exactly where to strike, sir!"

There are many such instructive stories around the
world, and we have plenty of our own. However, where
there is instruction, there is also flaw. While flaws often
result from unintentional actions, they sometimes be-
come an inseparable part of our conscious activities due
to their frequent repetition. In light of this, let us com-
pare the consequences of knowingly committing a sin-
ful act with the karmic implications described in the
teachings of Hinduism.

According to the teachings, the cycle of rebirth of-
fers a sinner another chance to avoid repeating their sins
and to cleanse themselves of previous transgressions,
as granted by the divine. In Islam, unlike Hinduism, the
responsibility of forsaking sins and living a virtuous life
is emphasized in this life itself:

"If you commit a wrong, make amends by doing
good...".

"Be at peace,

By offsetting evil deeds with good ones, the pos-
sibility arises in the heart that previously committed
and subsequently repented sins can be forgiven. This
hope is justified only if the past sin is not merely re-
pented for verbally but is actively cleansed through ac-
tions inspired by faith. For:

"Faith and actions are very close to each other.
They are not complete without one another™.

Thus, according to the logic of the hadith, any
good or bad deeds are the outward reflections of actions
carried out with or without faith.

When discussing the interplay or separation of
faith and actions, one cannot ignore another factor: the
activity of Satan, who misguides people wherever he
can. His effort to lead his captives astray is a well-
known reality for all of us.

"Well, aren't there people who, despite having
faith, still succumb to Satan and commit sins?" you
might ask. Our response is that it is difficult to conclude
definitively how many such people exist; otherwise, it
might seem as though we are excluding ourselves from
our conclusions.

However, it is clear that all sins, except for shirk
(associating partners with God), are forgivable, pro-
vided they are not repeated after sincere repentance.

Moreover, the forgiveness of existing sins, regard-
less of whether the action is good or bad, depends on
the sincerity of the initial intention, whether it is heart-
felt or merely verbal.

The following hadith elucidates this:

"Know that there is a piece of flesh in the body; if
it is sound, the whole body is sound, and if it is cor-
rupted, the whole body is corrupted. Verily, it is the
heart.”

Modern psychology concludes that various psy-
chological and consequent physical disorders do not re-
sult from external events or changes in the world but
from personal flaws. This includes the notion that the
"inevitable misfortunes" that constantly plague us are:

"We usually seek danger in our surroundings,
whereas the primary danger lies within us, operating
unnoticed. The root of this danger is misunderstanding
the world, misinterpreting events, and fundamentally
misunderstanding what gnaws at us internally. The ca-
lamities, tragedies, and horrors we perpetually battle in
our minds are all consequences of our imperfect psy-
che".

Let's consider the symbolic example of the impact
that unpleasant events around us can have on our psy-
che through the observations of Ibn Sina on the sheep
and the wolf.

"Just a little way from the tied sheep, the wolf is
kept in a cage — the interpretation of how the presence
of the wolf can affect the animal." This scene, well-
known to the older generation, is depicted in the film
"lbn Sina."

It is clear that the constant fear of the nearby wolf
leaves the sheep in a state of distress, without the need
for further elaboration. Similarly, the human heart,
overwhelmed by daily fears, anxieties, or threatening
thoughts, can be affected even more severely than the
sheep.

May God protect us from such mental disturb-
ances affecting our actions! Otherwise, we risk being



Norwegian Journal of development of the International Science No 153/2025 59

like a ship without a sail, drifting in the ocean of de-
pression, ultimately sinking into the whirlpool of futil-
ity.

By "the whirlpool of futility," | mean engaging in
tasks without any clear purpose or destination. Yes, our
hands are at work, but our hearts are ruled by anxious
thoughts.

The state of our protagonist, described in the
verses you just read, is essentially a consequence of
past mistakes or sinful actions committed thoughtlessly
for personal gain. The severity of this "response™ or
consequence depends on how consciously these mis-
takes and sins were made. We believe that the various
internal states depicted in the examples above, includ-
ing highs and lows, inevitably affect one's health.
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Itroduction.

Formulation of the problem. In the modern
world, information has become one of the most power-
ful tools of influence. The ability to control information
flows and shape public opinion allows states to achieve
their political, economic, and military goals without di-
rect military intervention. This is particularly evident in
the context of hybrid warfare, where information war-
fare plays a crucial role in destabilizing the enemy from
within.

Russia has long been using information warfare as
a key component of its hybrid strategy against Ukraine.
Since the annexation of Crimea in 2014, and the ongo-
ing conflict in Eastern Ukraine, the Russian Federation
has employed a wide range of media manipulation and
propaganda techniques to undermine Ukrainian state-
hood, sow discord among the population, and justify its
aggressive actions.

The purpose of the article is to analyze the meth-
ods and tools of media manipulation and propaganda
used by Russia in its information warfare against
Ukraine, as well as to propose effective ways to counter
these actions.

Analysis of recent research and publications.
The phenomenon of information warfare and propa-
ganda has been widely studied by scholars in various
fields, including political science, sociology and com-
munication studies. Researchers such as A. Tsygankov,
P. Pomerantsev and S. Kovalchuk have extensively an-
alyzed the role of media manipulation in Russia’s for-
eign policy [1, 2, 3]. The works of Ukrainian scholars,
including O. Hrytsenko, V. Petruk, and M. Popov, have
focused on the impact of Russian propaganda on
Ukrainian society, and the ways to counteract it [4, 5,
6].

Presenting main material. Russia’s information
warfare against Ukraine is multifaceted and includes
several key components. One of the most common
tools of Russian propaganda is the dissemination of
false information. Fake news stories are created and
spread through various media channels, including so-

cial networks, to create confusion, spread fear, and un-
dermine trust in Ukrainian authorities. For example,
during the early stages of the conflict in Eastern
Ukraine, Russian media repeatedly claimed that the
Ukrainian government was committing genocide
against Russian-speaking populations, a narrative that
was later debunked but had already caused significant
damage [7].

Another critical aspect of Russian propaganda is
the manipulation of historical narratives. Russia ac-
tively uses historical events to justify its actions in
Ukraine. By portraying Ukraine as an “artificial state”
and Ukrainians as part of the “Russian world”, Russian
propaganda seeks to delegitimize Ukrainian sover-
eignty and national identity. This manipulation of his-
tory is particularly evident in the portrayal of World
War 11, where Russia presents itself as the sole liberator
of Europe, while downplaying or ignoring the role of
other nations, including Ukraine [8].

Social media platforms have become a battle-
ground for information warfare. Russian troll farms and
bots are used to amplify pro-Russian narratives, attack
Ukrainian officials, and spread divisive content. These
activities are often coordinated with state-controlled
media to create a unified propaganda front. The use of
social media allows Russia to reach a global audience
and influence public opinion beyond its borders [9].

Psychological operations (PSYOP) are another
tool employed by Russia to demoralize Ukrainian
troops and civilians. This includes spreading rumors
about the imminent collapse of the Ukrainian govern-
ment, exaggerating the strength of Russian forces, and
creating a sense of hopelessness among the population.
These operations aim to weaken the morale of both the
military and the civilian population, making it easier for
Russia to achieve its objectives [10].

In the occupied territories of Crimea and Eastern
Ukraine, Russia has established complete control over
the information space. Local media are either shut
down or forced to broadcast Russian propaganda, while
access to independent Ukrainian media is restricted.
This ensures that the local population is exposed only


https://doi.org/10.5281/zenodo.15102671

Norwegian Journal of development of the International Science No 153/2025 61

to pro-Russian narratives, further entrenching the occu-
pation and making it difficult for Ukraine to regain con-
trol over these regions [11].

Consequences of Russian Propaganda.

The impact of Russian propaganda on Ukrainian
society has been profound. It has contributed to the po-
larization of society, undermined trust in state institu-
tions, and created a sense of uncertainty and fear. More-
over, Russian propaganda has been used to justify mil-
itary aggression, leading to the loss of thousands of
lives and the displacement of millions of people [12].

The consequences of Russian propaganda in
Ukraine are profound and multifaceted, affecting not
only the political and social fabric of the country but
also its security, economy and international relations.
The systematic dissemination of disinformation, ma-
nipulation of historical narratives, and psychological
operations have created a complex web of challenges
that Ukraine must navigate to maintain its sovereignty
and societal cohesion.

One of the most immediate and visible impacts of
Russian propaganda is the polarization of Ukrainian
society. By exploiting existing ethnic, linguistic, and re-
gional divisions, Russian disinformation campaigns
have deepened societal rifts, particularly between
Ukrainian-speaking and Russian-speaking populations.
For example, the narrative of “Ukrainian fascism” and
the alleged persecution of Russian speakers in Ukraine
has been widely propagated by Russian media, despite
being debunked by independent sources. This narrative
has not only fueled tensions within Ukraine but has also
been used to justify Russia’s military interventions in
Crimea and the Eastern Ukraine. The resulting polari-
zation undermines national unity, making it more diffi-
cult for the Ukrainian government to implement re-
forms and maintain stability in the face of external ag-
gression.

Another significant consequence of Russian prop-
aganda is the erosion of trust in state institutions and
democratic processes. By spreading false information
about government corruption, electoral fraud, and the
incompetence of Ukrainian leaders, Russian disinfor-
mation campaigns aim to delegitimize Ukraine’s polit-
ical system. This erosion of trust can lead to political
apathy, decreased voter turnout, and a general sense of
disillusionment among the population. In the long term,
this undermines the legitimacy of democratic institu-
tions, and weakens the social contract between the gov-
ernment and its citizens. For instance, during the 2019
presidential elections, Russian media outlets spread ru-
mors about voter fraud and manipulation, despite inter-
national observers confirming the elections’ fairness.
Such tactics not only destabilize the political landscape,
but also create an environment, where authoritarian
narratives can gain traction.

The psychological impact of Russian propaganda
cannot be overstated. Through the use of fear-monger-
ing, demoralization campaigns, and the spread of apoc-
alyptic narratives, Russian disinformation seeks to cre-
ate a sense of hopelessness and despair among the
Ukrainian population. For example, during the early
stages of the conflict in the Eastern Ukraine Russian
media repeatedly claimed that the Ukrainian army was

on the verge of collapse and that the government in
Kyiv would soon fall. These narratives, although false,
had a demoralizing effect on both civilians and military
personnel, undermining their will to resist. The psycho-
logical toll of such campaigns is particularly severe in
conflict zones, where the constant barrage of disinfor-
mation exacerbates the trauma of war and displace-
ment.

In the occupied territories of Crimea and the East-
ern Ukraine, the consequences of Russian propaganda
are even more pronounced. By controlling the infor-
mation space and suppressing independent media, Rus-
sia has effectively isolated these regions from the rest
of Ukraine. Local populations are subjected to a con-
stant stream of pro-Russian narratives that glorify the
occupation and vilify the Ukrainian government. This
control over information not only entrenches Russian
influence but also makes it difficult for Ukraine to re-
integrate these territories. The lack of access to accurate
information and the prevalence of propaganda create a
distorted reality for the inhabitants of these regions,
making it challenging for them to make informed deci-
sions about their future.

The economic consequences of Russian propa-
ganda are also significant. By spreading false infor-
mation about Ukraine's economic instability, corrup-
tion, and inability to manage its resources, Russian dis-
information campaigns aim to deter foreign investment
and undermine economic growth. For example, rumors
about the imminent collapse of Ukraine’s banking sys-
tem or the failure of agricultural exports can create
panic among investors and trading partners, leading to
capital flight and reduced economic activity. Addition-
ally, the portrayal of Ukraine as a failed state can dam-
age its international reputation, making it more difficult
to secure financial aid and support from international
organizations.

On the international stage, Russian propaganda
has been used to justify its aggressive actions and shift
the blame onto Ukraine. By framing the conflict as a
civil war or a result of Ukrainian aggression, Russia
seeks to obscure its role as the aggressor and avoid ac-
countability for its actions. This narrative has been par-
ticularly effective in shaping public opinion in coun-
tries with strong pro-Russian sentiments or those that
are skeptical of Western involvement in the conflict.
The spread of disinformation about Ukraine’s alleged
human rights abuses or its supposed alignment with ex-
tremist groups has also been used to discredit Ukraine’s
efforts to integrate with European and Euro-Atlantic in-
stitutions. This not only undermines Ukraine’s interna-
tional standing but also complicates its efforts to garner
support from the global community.

The humanitarian consequences of Russian prop-
aganda are equally alarming. By spreading false infor-
mation about the intentions and actions of humanitarian
organizations, Russia has sought to undermine their ef-
forts to provide aid to conflict-affected populations. For
example, Russian media has accused international or-
ganizations of supporting Ukrainian military operations
or engaging in espionage, leading to increased hostility
and mistrust among local populations. This not only en-
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dangers the lives of humanitarian workers, but also de-
prives vulnerable populations of much-needed assis-
tance.

Finally, the long-term societal impact of Russian
propaganda is a cause for concern. The constant expo-
sure to disinformation and manipulated narratives can
lead to a distorted understanding of reality, particularly
among younger generations. In the absence of critical
media literacy, individuals may internalize false narra-
tives and develop a skewed perception of their own his-
tory, identity, and national interests. This can have last-
ing implications for Ukraine’s social cohesion and its
ability to build a resilient and informed citizenry.

In conclusion, the consequences of Russian prop-
aganda in Ukraine are far-reaching and multifaceted,
affecting every aspect of society, from politics and se-
curity to economics and international relations. The po-
larization of society, erosion of trust in institutions, psy-
chological toll, and control of information in occupied
territories are just some of the challenges that Ukraine
must address. To mitigate these effects, Ukraine must
adopt a comprehensive approach that includes strength-
ening media literacy, supporting independent journal-
ism, enhancing cybersecurity, and fostering interna-
tional cooperation. Only by addressing the root causes
of disinformation and building a resilient society can
Ukraine hope to counter the pervasive influence of Rus-
sian propaganda and safeguard its democratic future.

Ways to Counter Russian Propaganda.

To effectively counter Russian propaganda,
Ukraine and its international partners must take a com-
prehensive approach. Strengthening media literacy is
crucial, as educating the population about the dangers
of disinformation and how to identify fake news can
help mitigate the impact of propaganda. Media literacy
programs should be integrated into school curricula and
public awareness campaigns [13].

Supporting independent media is another essen-
tial measure. Independent media outlets play a key role
in countering propaganda by providing accurate and
unbiased information. Providing financial and technical
support to these outlets will help ensure that the public
has access to reliable sources of information [14].

Enhancing cybersecurity is also critical, given the
role of social media in spreading propaganda. Improv-
ing cybersecurity measures, including monitoring and
removing fake accounts, bots, and malicious content
from online platforms, can help reduce the spread of
disinformation [15].

International cooperation is vital in the fight
against Russian propaganda. Ukraine should work
closely with its international partners to expose Rus-
sian propaganda and coordinate efforts to counter dis-
information. This includes sharing intelligence, best
practices, and technological tools [16].

Strengthening legal frameworks to combat disin-
formation and propaganda is important. Laws that hold
individuals and organizations accountable for spread-
ing fake news and inciting violence can help reduce the
impact of propaganda and protect democratic values
[17].

Countering Russian propaganda requires a com-
prehensive and multi-faceted approach that addresses

both the immediate and long-term challenges posed by
disinformation. Given the complexity and scale of Rus-
sia's information warfare, Ukraine must employ a com-
bination of strategies that involve government action,
civil society engagement, international cooperation,
and technological innovation. Below are several key
measures that can help Ukraine effectively counter
Russian propaganda and build a more resilient society.

Strengthening Media Literacy and Critical Think-
ing. One of the most effective ways to counter propa-
ganda is to empower citizens with the skills to critically
evaluate information. Media literacy programs should
be integrated into school curricula at all levels, teaching
students how to identify fake news, verify sources, and
understand the mechanisms of disinformation. Public
awareness campaigns can also play a crucial role in ed-
ucating the broader population about the dangers of
propaganda and the importance of relying on credible
sources. For example, initiatives like fact-checking
websites and public service announcements can help
raise awareness about common disinformation tactics
used by Russia. By fostering a culture of critical think-
ing, Ukraine can reduce the susceptibility of its popula-
tion to manipulative narratives.

Supporting Independent Media and Journalism.
Independent media outlets are essential in providing ac-
curate and unbiased information, which is crucial for
countering propaganda. The Ukrainian government and
international partners should provide financial and
technical support to independent journalists and media
organizations, panrticularly those operating in conflict
zones, promoting investigative journalism that exposes
Russian disinformation campaigns can help debunk
false narratives and hold propagandists accountable.
For instance, platforms like StopFake have been instru-
mental in exposing and refuting Russian propagada,
serving as a model for other initiatives.

Enhancing Cybersecurity and Combating Online
Disinformation. Given the central role of social media
and online platforms in spreading propaganda, enhanc-
ing cybersecurity measures is critical. Ukraine should
invest in advanced technologies to detect and remove
fake accounts, bots, and malicious content from social
media platforms. Collaboration with tech companies
like Facebook, Twitter, and Google can help identify
and dismantle networks of disinformation spreaders.
Additionally, Ukraine can develop its own cybersecu-
rity infrastructure to monitor and counter online threats
in real-time. For example, the creation of a national cy-
bersecurity center dedicated to tracking and neutraliz-
ing Russian disinformation campaigns could signifi-
cantly reduce the spread of fake news.

Promoting Transparent and Accountable Govern-
ance. Transparency in government operations can help
build public trust and reduce the effectiveness of prop-
aganda that seeks to discredit state institutions. By en-
suring that government decisions and actions are open
to public scrutiny, Ukraine can counteract narratives of
corruption and incompetence that are often propagated
by Russian media. Implementing anti-corruption
measures, promoting open data initiatives, and encour-
aging citizen participation in governance can further
strengthen the legitimacy of Ukrainian institutions. For
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example, the establishment of independent anti-corrup-
tion bodies and the publication of government contracts
online have been steps in the right direction, but more
efforts are needed to ensure accountability at all levels
of government.

Fostering International Cooperation. Countering
Russian propaganda is not a task that Ukraine can un-
dertake alone. International cooperation is essential in
exposing and combating disinformation on a global
scale. Ukraine should work closely with its allies, in-
cluding the European Union, NATO, and the United
States, to share intelligence, best practices, and techno-
logical tools for countering propaganda. Multilateral
organizations like the United Nations and the OSCE
can also play a role in holding Russia accountable for
its disinformation campaigns and raising awareness of
the dangers posed by state-sponsored propaganda. For
instance, initiatives like the EU’s East StratCom Task
Force have been effective in exposing Russian disinfor-
mation and coordinating responses across member
states.

Legal and Regulatory Measures. Strengthening le-
gal frameworks to combat disinformation and propa-
ganda is another important step. Laws that hold indi-
viduals and organizations accountable for spreading
fake news and inciting violence can help reduce the im-
pact of propaganda. However, it is crucial to ensure that
such measures do not infringe on freedom of speech or
undermine press freedom. Striking the right balance be-
tween combating disinformation and upholding demo-
cratic principles is a complex but necessary task. For
example, Ukraine could establish a legal framework
that requires social media platforms to remove content
that is proven to be false and harmful, while also pro-
tecting the rights of users to express legitimate opin-
ions.

Engaging Civil Society and Grassroots Move-
ments. Civil society organizations and grassroots
movements play a vital role in countering propaganda
at the local level. These groups can act as a bridge be-
tween the government and the population, helping to
disseminate accurate information and counter false nar-
ratives. Supporting initiatives that promote community
resilience, such as local media projects, cultural ex-
changes, and educational programs, can help build trust
and solidarity among different segments of society. For
example, organizations like Detector Media have been
effective in monitoring media bias and promoting ethi-
cal journalism, serving as a model for other civil society
initiatives.

Countering Propaganda in Occupied Territories.
In the occupied territories of Crimea and the Eastern
Ukraine, countering Russian propaganda is particularly
challenging due to the complete control of the infor-
mation space by Russian authorities. However, Ukraine
can still take steps to reach these populations. Broad-
casting Ukrainian news and educational content via sat-
ellite and radio can provide an alternative source of in-
formation for those living under occupation. Addition-
ally, supporting underground networks of activists and
journalists who risk their lives to report the truth can
help expose the realities of life under Russian control.
International organizations can also play a role by

providing humanitarian aid and supporting efforts to
document human rights abuses in these regions.

Utilizing Strategic Communication. Strategic
communication is a powerful tool in countering propa-
ganda. Ukraine should develop a coherent and con-
sistent narrative that highlights its democratic values,
cultural heritage, and resilience in the face of aggres-
sion. This narrative should be communicated through
various channels, including traditional media, social
media, and international platforms. By presenting a
positive and unified image of Ukraine, the country can
counteract the negative stereotypes and false narratives
propagated by Russian media. For example, campaigns
that showcase Ukraine’s contributions to global cul-
ture, science, and technology can help shift the interna-
tional perception of the country.

Investing in Research and Development. Finally,
investing in research and development is crucial for
staying ahead of the evolving tactics of Russian propa-
ganda. Ukraine should support academic and think tank
research on disinformation, media manipulation and
psychological operations. By understanding the mech-
anisms of propaganda, Ukraine can develop more ef-
fective countermeasures and anticipate future threats.
Additionally, collaboration with international research-
ers and institutions can provide valuable insights and
innovative solutions for countering disinformation.

In Conclusion countering Russian propaganda is a
complex and ongoing challenge that requires a coordi-
nated and sustained effort from all sectors of society.
By strengthening media literacy, supporting independ-
ent journalism, enhancing cybersecurity, promoting
transparent governance, fostering international cooper-
ation, and engaging civil society, Ukraine can build a
more resilient society capable of resisting disinfor-
mation. While the task is daunting, the stakes are high,
and the success of these efforts will determine not only
Ukraine’s future but also the broader struggle for truth
and democracy in the face of authoritarian aggression.
The international community must stand with Ukraine
in this fight, recognizing that the battle against disinfor-
mation is a global one, with implications for the future
of democracy and freedom worldwide.

Conclusions.

Russia’s information warfare against Ukraine rep-
resents a sophisticated and multifaceted strategy aimed
at destabilizing Ukrainian society, undermining state
institutions, and justifying its aggressive actions.
Through the use of media manipulation, propaganda
and disinformation, Russia has sought to create a dis-
torted narrative that serves its geopolitical interests,
while eroding trust in Ukraine’s democratic processes
and national identity. The consequences of this infor-
mation warfare are profound, affecting not only
Ukraine but also the broader international community,
as the spread of false narratives, and the manipulation
of public opinion have global implications.

One of the most significant challenges posed by
Russian propaganda is its ability to exploit existing so-
cietal divisions. By disseminating fake news, manipu-
lating historical narratives, and amplifying divisive
content through social media, Russia has successfully
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sowed discord within Ukrainian society. This polariza-
tion undermines social cohesion and weakens the col-
lective resolve to resist external aggression. Further-
more, the psychological impact of propaganda, partic-
ularly in the form of fear-mongering and
demoralization campaigns, has had a detrimental effect
on both the civilian population and the armed forces,
making it more difficult for Ukraine to maintain unity
and resilience in the face of ongoing conflict.

The control of information in occupied territories,
such as Crimea and parts of the Eastern Ukraine, has
further entrenched Russian influence in these regions.
By suppressing independent media and flooding the in-
formation space with pro-Russian narratives, Russia
has effectively isolated these populations from the rest
of Ukraine, making it challenging for the Ukrainian
government to reassert its authority and reintegrate
these territories. This strategy not only serves Russia’s
immediate military objectives but also poses a long-
term threat to Ukraine's territorial integrity and national
sovereignty.

To counter these threats, Ukraine must adopt a
comprehensive and multi-pronged approach. Strength-
ening media literacy among the population is a critical
first step. By educating citizens on how to identify and
critically evaluate disinformation, Ukraine can build a
more resilient society that is less susceptible to manip-
ulation. Media literacy programs should be integrated
into educational curricula and supported by public
awareness campaigns that emphasize the importance of
verifying information from reliable sources.

Supporting independent media is equally essen-
tial. Independent journalists and media outlets play a
vital role in providing accurate and unbiased infor-
mation, countering the narratives propagated by Rus-
sian state-controlled media. Financial and technical
support for these outlets, as well as legal protections for
journalists, can help ensure that the public has access to
trustworthy news sources. Additionally, fostering a di-
verse and vibrant media landscape can help counteract
the monopolization of information by pro-Russian ac-
tors.

Enhancing cybersecurity measures is another cru-
cial component of Ukraine’s strategy to combat Rus-
sian propaganda. Given the central role of social media
in spreading disinformation, efforts to monitor and re-
move fake accounts, bots, and malicious content must
be prioritized. Collaboration with international part-
ners, particularly in the areas of cybersecurity and tech-
nology, can provide Ukraine with the tools and exper-
tise needed to effectively counter online propaganda
campaigns.

International cooperation is indispensable in the
fight against Russian disinformation. Ukraine should
work closely with its allies, including the European Un-
ion, NATO, and the United States, to expose Russian
propaganda and coordinate efforts to counter its influ-
ence. Sharing intelligence, best practices, and techno-
logical tools can enhance Ukraine’s ability to respond
to information warfare. Moreover, international organ-
izations such as the United Nations and the OSCE can
play a role in holding Russia accountable for its actions
and raising awareness of the dangers posed by state-
sponsored disinformation.

Finally, strengthening legal frameworks to combat
disinformation and propaganda is essential. Laws that
hold individuals and organizations accountable for
spreading fake news and inciting violence can help re-
duce the impact of propaganda and protect democratic
values. At the same time, it is important to ensure that
such measures do not infringe on freedom of speech or
undermine press freedom. Striking the right balance be-
tween combating disinformation and upholding demo-
cratic principles is a complex but necessary task.

In conclusion, Russia's information warfare
against Ukraine is a grave threat that requires a coordi-
nated and sustained response. By strengthening media
literacy, supporting independent media, enhancing cy-
bersecurity, fostering international cooperation, and
implementing robust legal measures, Ukraine can build
a more resilient society capable of resisting Russian
propaganda. The fight against disinformation is not
only a battle for Ukraine's sovereignty but also a de-
fense of democratic values and the principles of truth
and transparency in the face of authoritarian aggres-
sion. The international community must stand with
Ukraine in this struggle, recognizing that the outcome
will have far-reaching implications for global security
and the future of democracy.
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The scientific article is devoted to the study of the main factors and methods of forming the electoral culture
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by which students learn about the upcoming elections. The electoral behavior of young people remains one of the
little-studied areas. To achieve this goal, a sociological survey was conducted among students of the L.N.
Gumilyov Eurasian National University.

AHHOTALUA

Haquaﬂ CTaThs IIOCBAIIICHA UCCIICAO0OBAHUKO OCHOBHBIX (I)aKTOpOB u METOA0B (I)OpMI/IpOBaHI/ISI 3JICKTOpAJIb-
HOM KYJbTYPbI MOJIOJACIKHA Kaszaxcrana kak camoi ,Z[PIHaMI/I‘{HOﬁ COHI/IaHBHOﬁ T'pYIIIbI. L[em; HCCJICAOBAaHUA - aHA-
JIN3 OCBEAOMIJICHHOCTHU MOJIOJCKHU O BLI60an, YPOBHA UX MHTEPECA U yUaCTUA B I/136I/IpaT€J'IBHLIX MEPOIIPUATHUAX,
a TAKKE CPEACTB, C MIOMOIIBIO KOTOPBIX CTYACHTBI Y3HAIOT O NPCACTOAIINX BLI60an. 9H6KTOpaJ‘IBHO€ IIOBCACHUC
MOJIOJEXH TTOKA OCTAETCS OTHOM M3 MANIOM3y4YeHHBIX 00macTer. [l TOCTH)KEeHUs TOCTAaBICHHON 11eJTi ObLI Ipo-
BEJICH COLMOJIOTMYECKUN ONpocC cpeau yuyanuxcs EBpasuiickoro HanmoHasibHOro yHuepcurera umenu JILH. I'y-

MUJICBA.

Keywords: electoral culture, youth, elections, social media, political activism.
KiroueBble ciioBa: QJICKTOpAJIbHAA KYJIbTypa, MOJIOACKb, BI)I60pLI, COIMMAJIbHBIC MEaHa, IMOJIMTUYCCKAs aK-

THBHOCTbD.

DneKkTopanbHas KyJlbTypa CEroJHs MO MpaBy sB-
JSIeTCs IOKa3aTeseM JIeMOKPAaTHIEeCKUX IpeoOpazoBa-
HUH B JI000# cTpane Mupa. BriOops! - 3T0 onTUMab-
HBIM CII0CO0 OOHOBJIEHMS BIIACTH W JIETUTHMMU3ALIHN
nmoJMTHIeckoro mporecca. B Pecny6bnuke Kazaxcran
TPaIUIIMOHHO OOJBIIOE BHUMAHWE YAENSACTCA Pa3BH-
THIO 3JIEKTOPAJIBHOIN KyJNbTYypHl MOJOAEKH, KOTOpas
BCETJla CYNTAIACh aBAHT'APAOM HAIlUH, CIIOCOOHBIM ITe-
pPECMOTpEeTh CTapble TPAAWIIUH, HOPMBI, LEHHOCTH,
BHECTH OIIpe/IeJICHHbIC HOBALIMH B OOIIIECTBEHHOE Pa3-
BuTHE. IMEHHO MOI0OI0€ TOKOJIEHNE JOIKHO ONpeie-
JSITh OCHOBHBIE ITyTH JIEMOKpATH3aluK OOIIecTBa, B
9aCTHOCTH, Y€PE3 CBOE AKTUBHOE U CO3HATENBHOE yua-
ctue B BeIOOpax. MeHOMEH 3JIeKTOPabHOM KYJIbTYPhI

SIBIISIETCS BQXKHOM COCTABIIAIOLIEH HE TONBKO ISl CTa-
OMJIBHOCTH JIEMOKPATHYECKUX ITPOLECCOB, HO M IS
(opMHpPOBaHUS TPaKAAHCKOH OTBETCTBEHHOCTH Ha
JOITOCPOYHYIO MEPCIEKTURY, BOBJIEKas B Cepy IMOIn-
THUKH KaXXIOTO YeHa 00IIecTBa, JOCTHUTIIETO OIpee-
NEHHOTO BO3pacTa. DTy TeMy B Pa3iIMUHBIX acIleKTax
HCCIICIOBAIM Ka3aXCTaHCKHE U 3apyOekHBIE yde-
Hele. Hampumep, ameprkanckue ydensie I'. AnMoHT,
C. Bepba u npyrue paccMaTpuBajid B CBOMX paboTax
POJIb ANIEKTOPAIILHOTO MOBEACHUS U COLUAIN3alUHN UH-
JUBHJOB B pPAaMKax MOJUTHYECKOH KyJIbTypsl [l].
Tpynsl poccuiickux ydensix E.B. ®@unonenxko, [[.IO.
MapThIHKUHOW U APYTHX HOCBAIIEHBI POJIM CPEICTB
MaccoBoOil HH(pOpPMaNXH B ITOBBIIEHUH MIEKTOPAITBEHO-
MIPaBOBOM KyJBTYPHI MONOAEKH [2]. ITo MHenuto
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npodeccopa B.B.KomiieBoit B COIMOIOTHISCKUX HC-
CJICIOBAHUSIX 3IEKTOPATIBHON KyJIbTYpPBl MOXKHO BBIIE-
JUTh, KAK MUHUMYM, Y€ThIPE MOX0A:

1) ommcaTeNbHBIH — MPENCTABISET JJIEKTOPAIh-
HYIO KyJIbTYpY KaK COBOKYITHOCTb LIEHHOCTEH, CUMBO-
JIOB, TPAAUIUH, U3 KOTOPBIX OHA CKJIa/IbIBAETCS;

2) OLEHOYHBIH (aKCHOJIOTUYECKHI), TPU KOTOPOM
«KYJBTYPHOCTB» 3JIEKTOpaTa OnpeessieTcs MyTeM co-
OTHECEHHMsI OLICHUBAEMOT'0 N30paHHBIM B KaueCTBE ITa-
JIOHA;

3) moBeAeHYECKHi, KOT/Ia IEKTOpabHAS KYJb-
Typa U3y4aercs B KOHTEKCTE 3JIEKTOPAILHOTO MTOBEAE-
HUS, aKTUBHOCTH/TIACCUBHOCTH JJIEKTOPATA;

4) sMIpUYEeCKHil — OPUCHTUPOBAHHBIN Ha MCCIIe-
JIOBaHHE OTENBHBIX 3JIEMEHTOB 3JIEKTOPATBHON KyJIb-
TYPBI C IOMOIIBIO0 COIIMOJIOTHYECKHUX OnpocoB [3, 112-
113].

Oco0eHHOCTH AJEKTOPAILHON M MOJUTHYECKOH
KYJIBTYPBl Ka3aXCTaHCKOH MOJIOJIEKH MPOAaHAIU3UPO-
BaHbl B Tpynax A.A. Kamannunosoi u I.K. Abauranu-
eBoi [4]. AHanu3upys paznuyHbie (GOpPMBI y4acTusi B
nonuTraeckoil ku3Hu PecryOmmkn Kaszaxcran, as-
TOPBI OTMEYAIOT POJIb HHTEPHETA M COLMATIBHBIX CeTei
B (hOPMHPOBaHMHU TOJUTHYECKOH KyJIBTYPHl MOJIO-
JeKH. 3HAYMMOCTh 00pa30BaHMs B JOPMHUPOBAHHH I10-
JUTUYECKOH KyJIbTYypBl OOLIECTBA TTOAYECPKUBACT MPO-
(eccop EBpasniickoro HalmoHaIBHOTO YHHBEPCUTETA
nmenu JI.H. 'ymunésa (Acrana) U.C. PricTuna, yTBep-
JKJIasi, 4TO 0Opa30BaHHBIE MOJIOJIBIC JIFOU COXPAHSIOT
BBICOKHII ypPOBEHb OJIUTUYECKOTO JOBEPHS, TOTIa KaK
HE TI0JTy4YHBIIHE 00pa30BaHuUs CTAHOBSTCS 00Jiee CKell-
TUYHBIMH, MEHEE YBEPEHHBIMH [5].

ITokaxxem Ha mpuMepe NaHHBIX AHAJIUTHYECKOTO
JOKIaga 00 3BOJIIONMM TIOJUTHUKH TO TIOBBIIICHUIO
3JIEKTOPaIbHOM aKTUBHOCTH MoJioniexu PK [6], sTansl
Pa3BUTHSI COBPEMEHHOTO 3JIEKTOPAIBHOTO MpoIecca B
Kazaxcrane uepes npusMy y4JacTHsi MOJIO/IEXKH.

[epserit atan (1991-2015 rr.). PaboTa mo Bormpo-
caM ()OPMHUPOBAHKS HOPM DJIEKTOPAIBLHOTO TOBEICHUS
B JIOKYMEHTax IO TOCYAapCTBEHHON MOJIOISKHOM TO-
JIUTHKE HE MTPOBOIMIIACE.

Bropoit stanm (2015-2016 rr.). PabGora B 3TOM
HaNpaBIEHUN OCYLIECTBISIACh HENPaBUTEIbCTBEH-
HBIMHU OpPTaHU3AIISIMU, B3aUMOJICHCTBYIOIIUMH C MEX-
JyHapOJHBIMH OPTaHU3ALUSIMHU, KOTOPBIE Ha MTPOTSKE-
HHH psizia JIET BEAYT CUCTEMHYIO paboTy cpein MoJo-
JeKH 10  pa3bsiACHEHHWI0O UM  OOIIECTBEHHO
MNOJUTUYECKHUX IpaB C LENbI0 YBEINYEHUS HHTEpeca
MOJIOJEKU K JIEKTOPAIBHOW CHCTEME U IMOBBIIICHUS
YpOBHS €€ yJacTusl B BEIOOPAxX; OpPraHW30BaHO TECTO-
BOE T'OJIOCOBAaHHUE B CONMANBHON CETH, B 4aCTHOCTH «B
KonTakTey». ¢ HOMOIIBI0 BOJIOHTEPOB PaCTIPOCTPAHSIN
B Y4eOHBIX 3aBEACHUSIX HH(OPMAIMOHHBIE JIMCTHI C
yKa3zaHHEM IIpaB n30upaTesieil; poBeICHH MUHH-JICK-
IIUA O BBIOOPHOM 3aKOHOJATEIhCTBE M BO3MOKHBIX
HapyIICHHUSX MIPaB MOJIOJIEKH B IEHb TOJIOCOBAHMSL.

Tpernii atan (2017-2021 rr.). LienTpanbsHas u3ou-
paresibHasi KOMHCCHS, UCXO/sI U3 TOHUMAaHUsI 3HAYHMO-
CTH pabOTHI, OCYIIECTBIISIIA JIEATEILHOCTh 10 HAIPaB-
JICHUSIM: HHCTUTYLIUOHATIBHOE COTPYIHUUECTBO C Opra-
HU3aLUsIMHA 00pa30BaHMs; DIIEKTOpAIbHOE O0ydeHHE

MOJIOZIBIX ¥ OyAyIIuX H30HupaTelieii; mpoBeACHUEe Opra-
HHU3aIMOHHO-TIO3HABATEIbHBIX MEpPONPHUATHH Cpenu
CTyleHTOB. IIpHHAT psii MpPOrpaMMHBIX M 3aKOHOJA-
TEJILHBIX JOKYMEHTOB, OTPECISIONINX BEKTOP Pa3BH-
THSI MOJIOJIC)KHOM TTOJTUTHKH.

YerBepthii otan (¢ stuBaps 2022 T. 1o HacTosee
BpeMms1). BricTpanBaeTcss HOBas MOJENb B3aHMMOJIEH-
CTBHUS C y4aCTHHKaMH M30MpaTeNILHOTO Ipoliecca Ho-
CPE/ICTBOM pa3HOIIAHOBBIX ()OpPM PadOTHI C MOJIO/e-
Xpl0. B KauecTBe KOHCYIbTaTHBHO-COBEINATEIHEHOTO
oprana nipu LlenTpnzoupkome cozman Kiy6 Momoasix
n3bupateneil. Peanm3oBan OonpInoil makeT rocymap-
CTBEHHBIX MEp I10 IIPUOPHUTETHBIM HANPaBICHHUAM pa3-
BUTHS MOJIOJEKH: COIMAIBHOTO OOECHEYEeHUs, MOA-
JEpP)KKM WHUONATHB, 00pa30BaHUS W HAYKH, COJCH-
CTBHUS 3aHATOCTU U Apyroe. IIpuHATH U Opyrue Mepsl
[0 TOBBIMICHUIO JJIEKTOPAILHONH aKTUBHOCTH MOJIO-
JIeKU.

B 10 ke BpeMs IPOBEICHHBII aHAJIU3 110 TEME HC-
CJICIOBAaHUs TO3BOJIIET KOHCTAaTHPOBaTh, YTO, He-
CMOTpSI Ha HIMEIOIIYIOCS] TEOPETUUECKYIO M IMITUpUYe-
CKyI0 0a3y IO HMCCIJICIOBAHHUIO 3JEKTOPAIbHOTO MOBeE-
JICHUS, HA IPOTSDKEHHUH Psizia JIET B cepe MOJIOICKHOM
TIOJIMTHKH BOTIPOCAM 3JIEKTOPAILHOTO MIPOCBEIIEHUS U
KYJIBTYpBI HE YACNISIOCH JOIDKHOTO BHUMaHuA. Ha pe-
THOHAIEHOM YPOBHE PadoTa Mo 3JIEKTOPAIFHOMY IPO-
CBELICHUIO MOJIOAEKH MPOBOAUTCS SMU30JUYHO HIIH
BOBCE OTCYTCTBYeT. [1oka HelocTaTOuHO pa3paboTaHbl
TEOPETHKO-METO/I0JIOTMYECKUE TIOIX0/bI K peau3a-
U1 MEXaHHU3MOB BO3HeﬁCTBHH Ha 3JICKTOPAJIbHOC I10-
BE€/ICHHE MOJIOJIOTO MOKOJICHHs. TakK, U3bICKaHUS PYKO-
Bonutens OomiectBenHoro ¢douga «LleHTp coruanb-
HBIX W TIOJUTHUYECKHX HccienoBaHnil «CrpaTerus»
I'.T. Uneyosoii [7], mpodeccopa U.A. Kanuesa [8] u
Jp., CBHIETEIILCTBYIOT O c1a00i paboTe ¢ MOJOABIMA
n30MpaTeNnsiMH, HU3KOM ypOBHE NX MH()OPMHUPOBaHHO-
CTH O HOBOBBEACHHSX, OTPAaHWYMBASICh JIMIIb Pa3BHU-
THEM TPaBOBOH I'PaMOTHOCTH. 1o MHEHMIO IOJHTO-
sora A. I1lalikynoBoH, 0iHa U3 IPUYHH OTKA3a UATH Ha
BI)I60pI>I, 3aKJIIO4Ya€TCA B TOM, 4YTO JIFOAW HE BEPAT B
CHUJIYy OpTaHOB BJIACTU, U CUUTAIOT, YTO UX YHACTHUEC UJIU
Hey4JacTHe B BbIOOpax Majo uyto m3MeHut [9]. Kpome
TOTO, B OTEYECTBECHHOHN Hay4YHOI NHUTepaType OIIyIia-
€TCA HEXBATKaA CIICHHUAJIbHBIX HAYYHBIX pa60T 10 KOM-
IUIEKCHOMY aHAJIN3y COBPEMEHHOW 3JICKTOPAIBLHOMN
KyJIbTYpbl Montosiexxu Kazaxcrana.

[TpakTHKa 1MOKa3ajia, 4TO 3JIEKTOPAIBHYIO KYJIb-
TYpY M aKTHBHOCTb MOJIOAEXKH II€JeCO00pa3HO BBISB-
JISITH TIOCPEJICTBOM IIPOBEJCHNUS UCCIIEI0BaHUS Ha Me-
ctax. B aToit cBs3u ¢ sHBaps no despans 2025 romga
HaM# OBUIO MIPOBEACHO COILMOJIOTMYECKOE MCCIIE0Ba-
HUE CTyAeHTOB, U MaructpanToB EHY um. JL.H. I'ymu-
neBa. B onpoce npunsiiii ydactue 414 pecrioHIEHTOB B
Bo3pacte oT 18 1o 25 ner. IIpu 3TOM OTBETHI OBLIH CO-
Opanbl depe3 npuinokenne Google Forms B onnmaitH
(dopmare ¢ coOmoaeHNEeM IPUHIUIIOB aHOHUMHOCTH.

[To naHHBIM McCIIeAOBaHNUS, CPEAN O0YUAIOIIUXCS
OOJIBIIMHCTBO OIPOIICHHBIX CYHMTAIOT T'OJIOCOBAHHUE
CBOMM TpaXJaHCKUM JOJroM. PesymbraTel ompoca
IIPE/CTaBICHBI B tuarpamme 1.
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@ A) v, 6yn OHbIH a3amaTThbIK
GopbiWwebl / Aa, 310 ero
rpakgaHCKui gonr

@ B) caiinaywsl e3i Wweweai /
n3bupaTent pewaeT cam

@ C) xayan 6epyre kmHanambiH /
3aTpyaHsACh OTBETUTL

Hua-

epamma 1. «Kax Bel cuumaeme, 0043aH i 2paricOAHUH Y4ACNBO8AMb 8 20I0CO8AHUU HA 8b100paX U pedhepeHoy-
max?»

B nuarpamme 2 mpeacraBieH pe3yibTaT 3auHTe-
PECOBAaHHOCTH PECIIOHJCHTOB K TIOATOTOBKE K IPEea-
crosiiuM  BeiOopam. CornacHo manHbM, 43,7% pe-
CIIOHJICHTOB IIPOSIBIISIIOT aKTHBHBIN MHTEpEC K BHIOO-
pam u pedeperaymam. 42,8% ONPOIICHHBIX - «BpeMS

OT BPEMEHU», YTO TOBOPHUT O MEPUOTUUYECKOM HHTE-
pece, BO3MOXKHO, B 3aBUCHUMOCTH OT 3HAUUMOCTH KOH-
kpetHoro cooObrtus. Jlnmb 13,5% cTyaeHToB He HHTe-
pecyroTcst BBIOOpamu.

® A)va/pa
® B) aHga-caHaa / Bpems oT
BpEMEHU

@ C) oK/ HeT

Juaepamma 2. «Koeoa uoem nodzomosxa k gvloopam unu pegpepenoymy, unmepecyemecs i Bot smum cobwi-
muem? »

Bonee 79,5% B kauecTBE OCHOBHBIX MCTOYHHUKOB
uHpopMaLuK yKazaiu COLMAIbHBIE CETH U UHTEPHET,
YTO JIeJIaeT COLCETH KIIOYEBBIM HHCTPYMEHTOM IIOJIH-
THYecKOH KoMMyHHKanuu. Takke npeoOragaHue B MH-

(OopMHpOBaHUM HMHTEPHETA W COLCETE CBHJETEINb-
CTBYET O pa3BUTUHM LU(PPOBHM3AIMU Ka3aXCTaHCKOTO
obuecTBa. BMecte ¢ TeM JaHHBIE CBUACTENBCTBYIOT O
CHIDKEHHUH BIMSHUA TpaaunoHHeIx CMU.

@ A) renenunaap apkeine / yepes
TeneBmaeHue

@ B) oneyMeTTik Xeninep xeHe
MHTEPHET apKbinbl / Yepes
coumanbHble CETU U UHTEPHET

(@ C) taHbicTap, gocrap Hemece
TybiCTap apKbinsl / Yepes
3HaKOMbIX, Opy3ei 1
POACTBEHHUKOB

Juaepamma 3. «Kaxum obpasom Bel y3naeme o nposodumsix gvlbopax unu pegpepenoymax?

VY4YacCTHUKHM HCCIEJOBAaHMS TAKXKE OTBETHIM Ha
BOIIPOCHI, Kacaroluecs MpeIIodYTeHUs criocoda roJio-
coBaHusl Ha BbIOOpax ([marpamma 4). BoapmIHMHCTBO
PECIIOH/ICHTOB BBIOpAld OHJIAWH-TOJIOCOBaHKUE. IJTO

MOJET OBITh CBSI3aHO C yJZOOCTBOM T'OJIOCOBAHHMS U3
JloMa, 0COOEHHO JJIsl MOJIOJIBIX M30MpaTesei U TeX, KTO
HE MOXET IOCETUTh y4acTOK JIUYHO. BaskHO OTMETHT®,
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YTO DOJIA YYaCTHUKOB IPEATIOUUTAOINX TPpAaaUIHNOH-
HBIE METOABI I'OJIOCOBAHUA, OCTAIOTCA aKTyaJIbHBIMH,

26,8%

0COOCHHO Cpear TeX, KTO IEHUT HaJAeKHOCTh W 0e3-
OIIACHOCTb.

@ A) xaras GlonneteHbAi
KonaaHaTbiH A9CTYpri AaybIC
6epy / TpagULIMOHHBIW CMOCO. ..

@ B) caiinay y4ackeciHae
ANeKTPoHALIK TYPAE AaybIC
Bepy / aneKTpoOHHOE ronocos. ..
C) MHTEpHET apKbinbl
KalbIKTIKTaH gaybic bepy / 4...

@ D) xayan 6epyre KuHanambiH /
3aTpyAHsIlOCh OTBETUTD

Jua-

epamma 4. «Kaxotl cnocob eonocosanus Bel muuno npednoynu Ovl Ha ciedyouux 8b16opax?»

Ha Bompoc 0 BO3MOXHBIX MPEMSTCTBUAX IS
39,9% pecrnoHACHTOB MPU3HAINUCH, YTO HE JOBEPSIOT
3JIEKTPOHHOMY T'OJIOCOBAaHHIO, OTIACEHHE MOIIICHHUYE-
CKUX JACHUCTBHH U MaHUITYIIAIHH, 28,7% pecrioHICHTOB
HE JIOBEPSAIOT TEXHUYECKON Ha/leKHOCTHU AIIEKTPOHHOM
CHUCTEMBI, YTO TOIYEPKHBAET HEOOXOAUMOCTH OOIb-
TIel MPO3pavHOCTH U Mep OC30MaCHOCTH ISl YKpeIuIe-
HUS TOBEPHSI K CHCTEMaM IH(POBOTO TOJIOCOBAHUS.

Ha Bompoc o mpaBax rpakaaH, IpU3HAHHBIX CY-
JIOM HezeecrocoOHbIMHU, 44,4% pECIOHICHTOB Al
OTBET, YTO TOJCPKUBAIOT H30HpaTEIbHBIC IpaBa
rpaxIaH, IPU3HAHHBIX HEJCECIIOCOOHBIMH, YTO CBUJIC-
TENBCTBYET O MPOTPECCUBHON TO3UIIUK B OTHOIICHUU
MHKTIO3UBHOCTH. OTHAKO, K COXAJICHHIO, 3a(UKCHPO-
BaH, Ha HAIll B3[JIsi/, BHICOKHI MPOIEHT PECIIOH/ICHTOB,
HE ONpEACTUBIINXCS C BEIOOpOM - 34,3%.

@ A) no, Gonysl kepek / aa,
OOMKHbI

@ B) oK, 6onmaybl kepek / Her,
He [0MKHbI

C) »ayan 6epyre KMHanambiH /
3aTpyOHsIloCh OTBETUTL

Huazpamma 5. «ondicnol iy epascoarne, npusHantvle CyOoM HeOeeCnocOOHbIMU, UMeMb NPABO 20A0CA?»

B 3akmounTensHbIM pa3ien aHKeThl ObLIT BKITIOUEH
0JIOK BOTIPOCOB, TTOCBSIIIIEHHBIX TPEOOBAHUSM JJIS KaH-
nmunatoB B [Ipesunentst PK. Ha Bompoc «Ilogmepxu-
BaeTe i Bl cymecTByromiee TpeOGoBaHUE TIO CPOKY
npoxuBaHus B Kazaxcrane ans kanauaatos B [Ipesn-
JIEHTHI - 15 1eT?», - OOJBITUHCTBO OMPOIICHHBIX OTBE-
TWIA YTBEPIUTEIBHO, YTO CBUICTEIBECTBYET O MPEAIIO-
YTCHUU ONPONICHHBIMH KAaHAWIATOB, UMCIOIIUX JOJI-
rUe W TIyOOKHE CBSI3U CO CTpaHOH. DTO OTpaxaeT
CTpEeMJICHUE K CTaOWIEHOCTH B MOJIUTHYSCKOM PYKO-
BOJICTBE.

89,9% pecnoHAEHTOB BBICTYNAIOT 3a MPOBEACHUE
JIMHIBUCTHYECKOI0 TECTA HA 3HAHUE Ka3aXCKOI'0O sA3bIKa
JUTsl KaHAUAaTOB B [Ipe3uieHThI, mog9epKruBas He00X0-
JUMOCTh CBOOOTHOTO BIAJCHUS WMH TOCYIapCTBEH-
HBIM SI36IKOM M Ba)KHOCTH SI3bIKa KaK CMMBOJA HaIlMO-
HaJbHOW MJIEHTUYHOCTH. Taxke yTBEpAUTENbHBII
OTBET noJiyueH oT 74,2% pecHoHAEHTOB Ha BOIPOC O

MpeabIAYIIeM OmbITe paboTel KaHgunaToB B IlpaBu-
tenbeTBe: «Kak BrI cunTtaere, JODKeH 1M KaHIUIAT B
[Ipe3uneHTs IMETh cTaxk paboThI Ha TOCYIapCTBEHHOH
ciry>x0e MITi Ha BEIOOPHBIX TOCYAapCTBEHHBIX T0JIKHO-
CTSIX.

Takum 006pa3oM, B OCHOBHOM, JIJISI MOJIOJIEKH Xa-
pakTepHa 3aMHTEPECOBAHHOCTH B yYaCTHHU B BEIOOpax.
Tem He MeHee, onpenenéHHas 9YacTh U3 HUX HEe OOHa-
PYXKHBaeT MHTEpeca K MOJTUTUYECKOHN KU3HU CTPAHBbI, K
TEeM MPeoOpa30BaHUAM, KOTOPBIC B HEW IPOHMCXOMISIT,
HE BUJWT PEaJbHBIX M3MEHEHHH, KOTOPBIC MOTIH OBl
OBITh BBI3BAHBI HIX TOJIOCOM, TIPOSIBIISSI OTHOCHTEIIEHYIO
MTACCHBHOCTH B BOIPOCAxX y4acTHs B BHIOOpax, CKIIOH-
HOCTh K CKENTHUIM3MY II0 OTHOIIEHWIO K IOJMTHYE-
CKMUM MHCTHTYTaM U MAPTHAM.

B npomecce mccinenoBaHus Takke BBISBICHO, YTO
OCHOBHBIMH HCTOYHHKAMH HH()OPMHUPOBAHHS OIIPO-
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MICHHBIX SIBIISIOTCS WHTEPHET, COIMalIbHbIe ceTh. OH-
JIalH-aKTUBHOCTh MoJiojie’ku B Kazaxcrane mpeacras-
JseT co00M MomyNsApHY0 (GopMy U TTOTYUSHUs MH-
(dhopmarmu, i oOmeHns1, 0OMeHa MHEHHSIMH, BOBIIE-
YCHUS MOJIOJIC)KH B  U30HMpaTeNbHBIA  MpoIiecc,
(hopMUpOBaHUS DIIEKTOPATLHOU KyIbTYpHI. [lomoxu-
TEJNBHOC BIUSHHUE HA Pa3BUTUC AJICKTOPAIBLHOU KYJIb-
TYypBl MOJIOJICKU OKa3bIBAIOT 00pa30BaTEIbHEBIC TPO-
TPaMMBI U JIEATCIBHOCTh MOJIOJIC)KHBIX OpTaHU3aIUi.
OO6pa3oBaHne, Kak B IIKOJAX, TaK U B By3aX, MOJKET
3HAYUTEIHHO MOBBICHTH YPOBEHB ITOJUTHYECKON Tpa-
MOTHOCTH U HHTEpeca K BEIOopaM. MoJoaeKHbIe opra-
HU3AIMH, B CBOIO OYEpE.b, JOJDKHBI CIIOCOOCTBOBATH
Pa3BUTHIO aKTUBHOTO TPAXKIAHCKOTO YUACTHA B )KA3HU
obrmrecTBa. XapaKTepHO, YTO COBPEMEHHOE TIOKOJICHHUE
MOJIOJIBIX HMHTEPECYET COIMalibHAS CIPaBEIJIUBOCTS,
JKOJIOTUYECKUE BOMPOCHI W IpaBa 4YeJOBEKa, 4YTO
JIOJDKHO OBITh YYTEHO IPH pa3paboTKe MOJUTHYECKHX
wiatdopM 1 oberaHui.

dopMHPOBaHHE  3JICKTOPAIBLHOW  aKTHBHOCTU
JOJDKHO 3aKJjJIaAbIBAThbCA Ha paHHI/IX JTranax, II0OCTC-
TICHHO TIPUBOJISI MOJIOJBIX JIFOJCH K MBICIH O TOM, 9TO
WX BEIOOD MMEET 3HaUeHHE. BricTpanBaHIe CHCTEMHOM
paboThI, Kak W30MpaTETHHBIX OPTaHOB, TAK M HHCTUTY-
TOB MOJIOJIC)KHOM TTOJIUTHKH, O0€3yCIOBHO, MOXKET CITO-
CcOOCTBOBaTh PACIIMPCHUIO TTONUTHYECKOTO YYaCTHs
HOBOTO TIOKOJICHHSI Ha BCEX JTalax 3JCKTOPaIHHOTO
mpoliecca B CTpaHe.
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The application of NFC technology has become popular in many areas. Also, the optimal implementation of
NFC-based attendance verification systems in the education system is a pressing issue. The article discusses the
advantages of applying the NFC system for student attendance records, the collection of attendance data in the
database, and the possibilities of integration into the university system.
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Introduction. Near Field Communication (NFC)
is a short-range wireless communication technology
that enables secure data exchange between devices
within a distance of less than 10 cm. NFC-enabled sys-
tems in the education system allow students to mark at-
tendance by tapping their NFC-equipped student card
or smartphone on a reader device, automating data col-
lection and reducing errors caused by manual pro-
cesses. The card reader captures unique identification
data from the NFC tag and records attendance in a cen-
tralized database. The application of NFC technology
has gained popularity in many areas. Additionally,
methods for the optimal implementation of NFC-based
attendance verification systems in the education system
are reflected in this article. The article discusses the ad-
vantages of implementing the system, the collection of
attendance data in the database, and the possibilities of
integration into the university system.

Traditional attendance verification methods pose
several challenges, which can be overcome and auto-
mated by integrating the NFC system into the univer-
sity’s student attendance system:

e Time-consuming: Manual attendance pro-
cesses can consume significant teaching time.

e Prone to errors: Manually entered data may
lead to inaccuracies in attendance records due to human
errors.

e Fraudulent practices: Traditional methods
are vulnerable to proxy attendance, where one student
marks attendance on behalf of another.

o Inefficient data management: Paper-based
systems make it difficult to store, retrieve, and analyze
attendance data efficiently.

The main objectives of implementing NFC-based
attendance systems include:

e Enhancing efficiency: Automating attend-
ance processes reduces the time spent on manual meth-
ods and allows for more efficient operations.

e Improving accuracy: NFC technology mini-
mizes human errors, ensuring accurate and reliable at-
tendance records.

e Preventing fraud: NFC-based systems en-
hance security by reducing the potential for fraudulent
attendance practices.

¢ Real-time data transmission: These systems
provide immediate access to data, facilitating timely in-
terventions and decision-making.

e Integration capability: NFC-based attend-
ance systems can be integrated with existing university
management software, improving overall operational
efficiency.

From the above points, it is evident that imple-
menting NFC-based attendance systems eliminates the
shortcomings of traditional methods by offering a more
efficient, accurate, and secure approach to attendance
management. [1,2]

The implementation of an NFC-based student at-
tendance tracking system requires several key compo-
nents to ensure seamless operation, data accuracy, and
integration with university servers. The key compo-
nents include NFC readers, NFC tags (or student cards),
and servers for data processing and storage:

1. NFC Readers: NFC readers serve as the pri-
mary interface for scanning student identification cards
and capturing attendance data. These readers interact
with NFC tags, retrieve student data, and send it to the
system for processing. Installed in classrooms or lec-
ture halls, the NFC reader connects to a computer run-
ning attendance tracking software. When a student taps
their NFC-enabled card on the reader, the reader ex-
tracts a unique identifier and verifies their presence in
real time.

2. NFC Tags (Student Cards): NFC tags act as
digital identifiers assigned to each student. These tags
contain unique identification numbers corresponding to
student records stored in the database. If the system
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supports NFC-based data reading via mobile phones,
NFC-enabled smartphones can also serve as virtual
tags, replacing physical cards.

3. Servers: The backend infrastructure of the
system consists of university servers responsible for
processing, storing, and managing attendance records.

o Database Server: Stores student data, attend-
ance records, and class schedules.

o Application Server: Manages data pro-
cessing, authentication, and integration with university
systems.

o Integration with the Electronic Education
System: Attendance data is transferred to the universi-
ty's "Electronic Education System" for recording ab-
sences and participation. [3]

Proper structuring of data flow and processing
mechanisms in NFC-based attendance systems is cru-
cial for their effectiveness and reliability. This technol-
ogy facilitates real-time user identification by offering
low-latency and fast data exchange capabilities. The
main stages of data transmission in NFC-based systems
include:

1. Data Collection

At this stage, NFC reader devices collect data from
cards or tags. One of the most important elements here
is the UID (Unique ldentifier), which is the unique
identification code assigned to each NFC tag.

e ISO/IEC 14443 and ISO/IEC 15693 proto-
cols define the data transmission standards for NFC
cards and readers.

o Difference between RFID and NFC: NFC
enables close-range (less than 10 ¢cm) data transmis-
sion, increasing its security advantage.

e Active and Passive NFC Tags: While active
tags have an internal power source, passive tags derive
power from the electromagnetic waves generated by
the NFC reader. When a user brings an NFC card close
to the reader, the system retrieves the UID stored on the
tag, initiating the identification process.

2. Data Processing

The UID and other user data retrieved by the NFC
reader are sent to the Data Processing Server. These
servers perform the following key functions:

e Authentication & Authorization — Verifies
whether the user is registered in the system. If the UID
exists in the database, the system records attendance.

e AES (Advanced Encryption Standard) and
RSA (Rivest-Shamir-Adleman) encryption methods
can be used to enhance data security during transmis-
sion.

e APl and Web Services Integration — NFC-
based systems can integrate with existing organiza-
tional databases, allowing them to work in sync with
HRM (Human Resource Management) and ERP (En-
terprise Resource Planning) systems.

3. Data Storage & Utilization

Collected and processed data is archived in servers
or cloud systems for long-term storage.

e SQL and NoSQL databases are used for stor-
ing structured and unstructured data (e.g., MySQL,
PostgreSQL, MongoDB).

e Backup and Redundancy Systems — To pre-
vent data loss, automatic backup systems (Backup

Servers) and RAID (Redundant Array of Independent
Disks) technology can be employed.

e GDPR (General Data Protection Regula-
tion) and ISO/IEC 27001 — Compliance with interna-
tional standards for data security and privacy is essen-
tial.

4. Real-time vs. Offline Processing

NFC-based attendance systems can process data
using two main methods:

e Real-time Processing: Data is immediately
transmitted to the server, and attendance records are up-
dated instantly. This method is faster and more efficient
but requires a continuous internet connection.

e Offline Processing: The NFC device tempo-
rarily stores data locally and transfers it to the server at
a later time. This method is useful in areas with poor
internet connectivity. [4,5,6]

Role of Mobile Applications. Mobile devices and
applications play a crucial role in NFC-based attend-
ance systems. These applications allow users to partic-
ipate in the attendance process conveniently through
their mobile devices without the need for physical cards
or identification tools. The functionality of mobile ap-
plications not only enhances user convenience but also
ensures the system operates more flexibly and effi-
ciently.

The primary roles of mobile applications in NFC-
based attendance systems should be evaluated based on
the following aspects:

1. ldentification and Authentication — Mobile
applications should function as NFC readers. This ena-
bles users to be identified directly via their smartphones
without requiring physical cards. Unique identifiers
(UID) or cryptographic keys are used in this process to
perform authentication.

2. Real-time Data Transmission and Synchro-
nization — Mobile applications should establish real-
time communication with the attendance system’s
server and automatically update user data. This pre-
vents delays and maximizes data reliability. Addition-
ally, through the user interface, employees or students
can access real-time information about their attendance
status.

3. Cloud-based Data Management — NFC-
based attendance systems are often integrated with
cloud technologies to ensure system continuity and ac-
cessibility. Mobile applications should transmit attend-
ance data to cloud servers, ensuring secure storage and
remote management. This facilitates organizations’ and
institutions’ access to attendance records anytime and
anywhere.

4. Expanded Functionality and Notifications —
Mobile applications should offer more than just attend-
ance registration. For example, if the system records
delays or attendance issues, the mobile application
should notify the user. Additionally, users should be
able to access their attendance records, manage missed
days, and submit leave requests through the applica-
tion.

The use of mobile applications in NFC-based at-
tendance systems increases technology’s flexibility and
convenience while reducing the need for physical infra-
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structure. Such applications help organizations auto-
mate workflows and manage attendance more effi-
ciently. [7]

Implementation Challenges. The implementa-
tion of NFC-based attendance systems inevitably en-
counters various challenges. These challenges manifest
in technical, security, and user acceptance aspects.
Below are the key technical challenges:

1. Device Incompatibility

e Devices Without NFC Support: Some older
or lower-end mobile devices do not support NFC func-
tionality, limiting users’ access to the system.

e Cross-platform Incompatibility: The vary-
ing implementations of NFC functions across different
operating systems (e.g., Android and iOS) complicate
the integration process.

2. Interface and Protocol Incompatibility

o Diversity of Standards: The presence of
different protocols and standards in NFC technology
can lead to compatibility issues between devices.

o Software Incompatibility: The use of
different  firmware  versions across  various
manufacturers’ devices can create integration
difficulties.

3. Infrastructure Limitations

e Challenges in Integration with Existing
Systems: Integrating NFC-based attendance systems
with existing databases and management systems may
be complex.

e Network Connectivity Constraints: Real-
time data transmission requires a stable and high-speed
network connection, which may not always be availa-
ble in certain locations.

4. Energy Consumption and Battery Life

e High Energy Demand: Continuous use of
NFC functionality may reduce mobile device battery
life, potentially affecting user satisfaction.

e Energy Efficiency Issues: Devices with low
energy efficiency may face problems during prolonged
usage. [6,7]

NFC-based attendance systems process personal
and sensitive data, making them vulnerable to various
cybersecurity risks. To protect data, security measures
must be implemented at both software and hardware
levels:

1. Unauthorized
(Eavesdropping)

Since NFC technology operates over short dis-
tances, third parties can intercept data transmissions.
Attackers can steal user data by listening to electromag-
netic waves. To prevent this:

e AES-128 or AES-256 encryption methods
should be applied.

e Secure communication methods such as Dif-
fie-Hellman key exchange should be used.

2. Replay Attacks

Attackers can capture signals transmitted during
NFC communication and later resend the same signal
to the system. To prevent this:

e One-Time Passwords (OTP)

e Timestamp validation

e Cryptographic nonces (random number
generators) should be used.

Data Interception

3. Man-in-the-Middle (MITM) Attacks

During data transmission between NFC devices,
third parties may intercept and alter the communica-
tion. To mitigate this:

e Mutual authentication should be imple-
mented.

e TLS (Transport Layer Security) and SSL
(Secure Sockets Layer) encryption protocols should
be used.

4. Privacy Violations and Personal Data Pro-
tection

NFC-based attendance systems collect students' or
employees' personal data. To comply with GDPR (Gen-
eral Data Protection Regulation) and other data security
regulations:

e Data minimization should be applied (only
essential data should be stored).

e Pseudonymization
techniques should be used.

o Data retention periods should be limited, and
an automatic data deletion policy should be
implemented. [8,9]

Solutions and Recommendations:

1. Standardization and Compatibility Test-
ing. To ensure interoperability between different NFC
devices, compliance with international standards such
as ISO/IEC 14443, ISO/IEC 18092, and ISO/IEC
21481 must be ensured.

2. Standardization should also be supported by
NFC Forum's tag and device compatibility tests. For
example:

e Devices supporting NFC-A, NFC-B, and
NFC-F protocols should be tested.

e Verification tests should be conducted to
confirm the accuracy of identification data (UID).

3. Implementation of Security Protocols. The
following protocols should be applied to enhance data
security:

e TLS1.30r TLS 1.2 Protocols

NFC-based attendance systems should use TLS
1.3 or TLS 1.2 when transmitting data to servers to
prevent data interception by third parties.

¢ HMAC (Hashed Message Authentication
Code) and SHA-256 Hashing

To prevent data tampering, HMAC-SHA256 au-
thentication methods should be applied to every com-
munication process.

e Elliptic Curve Cryptography (ECC) and
RSA 4096

Using ECC-256 or ECC-384 cryptography for
NFC devices enhances both speed and security.

¢ Near Field Communication Secure Element
(NFC-SE)

Implementing a Secure Element (SE) within
NFC chips ensures secure data storage within the de-
vice. Embedded Secure Element (eSE) or SIM-based
Secure Element options can be used.

User Training and Awareness Campaigns

1. Security Training for Users

Users should be educated on best security prac-
tices when using NFC-based attendance systems.

2. Raising Awareness of Potential Risks

and anonymization
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Informing users about security threats such as data
interception, unauthorized access, and phishing attacks
is essential.

3. Integration of Security-Enhancing Hard-
ware and Software

Organizations should implement additional secu-
rity measures, such as biometric authentication,
multi-factor authentication (MFA), and intrusion
detection systems. [5,6,8]
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The main idea of the systematic approach to analysis is to consider the market as a complex system where
different elements interact with each other and influence the quality of products that meet international standards.
This allows businesses to better understand market conditions and adapt their quality management strategy to

ensure competitiveness and customer satisfaction.
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Humanity has always strived to ensure high
quality, especially when it comes to ensuring the safety
of products, preserving human health and the
environment, etc. The saturation of the market with a
variety of products has given consumers a choice. This
has led to the fact that ensuring high quality products
has become an important area of socio-economic
development in most countries.

In a globalised marketplace, the issue of quality is
relevant for all countries and organisations, as only
high quality products can be competitive. This problem
is multifaceted and has political, social, economic,
scientific, technical and organisational aspects.

All of this is extremely relevant for Ukraine. Our
country's desire to integrate into European and global
economic structures requires us to work according to

technology, nuclear power plants, environmental
degradation, and growing human security concerns, the
topic of quality is extremely relevant.

The Centre for Innovation Development, the
Business Development and Support Office, the
Ministry of Economy, the Ministry of Finance, the
State Regulatory Service of Ukraine, the Ukrainian
Chamber of Commerce and Industry, and the United
Nations Development Programme in Ukraine, with the
assistance of the United Nations Recovery and
Peacebuilding Programme, funded by the European
Union, conducted the eleventh wave of business
surveys in Ukraine. Survey period: 24.03 — 04.04.2023.
A total of 999 owners and CEOs of SMEs were
interviewed. The key results of the survey, which
reflect the state of the business environment in Ukraine,

the rules of the market economy. In today's are shown inthe graph in Figure 1.
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Figure 1 Business activity index

At the beginning of 2023, the Ukrainian Business
Index (UBI) stood at 34.03 (out of 100). The UBI
shows business activity, its ability to increase turnover
and create jobs. If the index is below 50, this indicates
negative  business  expectations  of  further
developments. The index has increased compared to

— Ukrainian Business Index (UBI).

February 2023 (30.76) and the local maximum in
September (33.9). This increase in the index reflects
business fatigue from uncertainty and a desire to
intensify rather than an improvement in the economic
situation: the number of orders from customers remains
unchanged, but output and inventories are growing.
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The quality of products is the backbone of today's
business economy. Firms from different countries and
continents, producing a wide range of products, are
actively working to improve their quality. Expenditures
on product quality improvement have a significant and
growing share. Improving quality is a labour-intensive
activity for an enterprise, as it touches almost all areas
of activity and ultimately results in such a
macroeconomic indicator as the quality of life.

Many years of experience of leading companies in
the developed world show that market success can be
achieved by improving the quality management
system. That is why today, when we talk about quality,
we mean not so much the quality of the product itself
as the quality of the functioning of enterprises and
organisations, the perfection of their quality
management systems aimed at continuous self-
improvement and, most importantly, meeting the
existing market demand.

It is generally accepted that if a company has
received a certificate of compliance of its quality
management system with international standards 1SO
9000, it is able to consistently produce quality products
that can be competitive. Most companies in the world
use I1SO 9000 international standards for this purpose
[4].

Compliance with ISO 9001 demonstrates an
organisation's ability to provide products and services
that meet customer requirements and relevant
regulatory requirements. It also demonstrates an
organisation's ability to continuously improve its
processes and quality management system.

ISO 9001 is one of the best known and most
widely used international standards in the field of
quality management. It sets out the requirements for a
quality management system in organisations,
regardless of their size, type of activity or industry.

Thus, the level of effectiveness of the quality
management system is directly proportional to the level
of competitiveness of the product and the enterprise.

The concept of market relations in the automated
product quality management system focuses on
understanding and meeting customer needs through
effective interaction with the market environment. The
main idea is to consider the market as a complex system
where various elements interact with each other and
influence the quality of products that meet international
standards.

This approach involves researching various
aspects of the market environment, such as customer
needs and requirements, the competitive situation,
market trends, economic and technological factors, etc.
Based on the data obtained, an understanding is
developed of which aspects of the market can affect
product quality and which quality management
strategies can be used to achieve the desired result.

A systematic approach allows us to consider
market conditions and factors in conjunction with each
other and to analyse their impact on product quality in
a comprehensive manner. This allows businesses to
better understand market conditions and adapt their
quality management strategy to ensure competitiveness
and customer satisfaction [1].

The main aspects of this concept include:

1. Satisfaction of consumer needs. A central
element of the marketplace concept is the recognition
and understanding of customer needs and expectations.
An automated quality management system should be
designed in such a way as to ensure that products are
manufactured that meet these needs and requirements.

2. Analysis of the market environment. The
automated quality management system should include
mechanisms for continuous monitoring and analysis of
market trends, competitive situation, changes in
customer requirements, etc. This allows the company
to adapt to changes in the market and respond to them
in a timely manner.

3. Increasing competitiveness. By continuously
improving product quality and responding to market
demands, the company seeks to increase its
competitiveness. An automated quality management
system helps to identify and resolve problems that may
arise in the production process, which helps to improve
quality and reduce costs.

4. Collaboration with partners and suppliers. An
automated quality management system may include
modules for monitoring and controlling the quality of
incoming materials and components supplied by
partners and suppliers. This allows you to ensure
quality at every stage of the production process.

Market analysis is the process of collecting, eval-
uating and interpreting information about a market in
order to understand its potential, dynamics and charac-
teristics in order to make informed business decisions.
Market analysis is an iterative process that may require
constant updating and adjustments based on new infor-
mation or changes in market conditions.

SWOT analysis

Analysis of the
competitive offer

Focus groups

\"
PESTLE analysis

Analysis market
trends and
forecasting

W
Analysis data on the
web

Figure 2 Market research methodology.
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The first stage of market analysis involves gather-
ing various information about the sector, products or
services, competitors, potential customers, etc. This
may include statistical data, market research, inter-
views with experts, consumer surveys, trend analysis.

An important step is to analyse competitors in the
market. This includes studying their products or ser-
vices, pricing strategies, marketing techniques,
strengths, weaknesses, opportunities and threats.

The system of collecting external current market-
ing information is a set of sources and methodological
measures that help the company's management to ob-
tain regular information about events taking place in the
commercial environment. The organisation of the in-
formation gathering and processing by the management
team can be different.

First, it is the use of data on the state of the macro
environment, which newspapers, specialised maga-
zines, and newsletters; secondly, a lot of information
about the product can be provided by sellers who are in
daily contact with customers; thirdly, specialised firms
that provide external current information have the nec-
essary information; fourthly, any employee of the mar-
keting service can be entrusted with collecting and pre-
senting information in the appropriate form for the
manager.

Sources of external information about competitors
may include: purchased goods; visits to open days and
specialised exhibitions; reading company reports; at-
tending shareholder meetings; talking to company em-
ployees who are sales agents; collecting and analysing
advertising; reading documents of professional associ-
ations; data from specialised firms and other sources.

From a marketing perspective, the market is not
homogeneous but consists of parts and segments. The
market can be divided into different segments based on
various criteria, such as age, geographic location,
income, interests, etc. Segmentation helps to better
understand the diversity of the audience and identify
strategies to engage each segment.

The main segmentation criteria are as follows:

1. Quantitative parameters of the segment: seg-
ment capacity, i.e. how many products and for what to-
tal amount can be sold; number of potential consumers.
Based on these parameters, an enterprise should deter-
mine which production capacities should be targeted at
a particular segment and what the selling price should
be.

2. Accessibility of the segment for the enterprise.
The company must determine whether it has sufficient
sales channels for its products, what is the capacity of
these channels, and whether the system of bringing
products to consumers is reliable.

3. Materiality of the segment. It is necessary to
determine whether this market segment is stable, grow-
ing or declining.

4. Profitability, i.e. how profitable is the work in
the selected market segment.

5. Comparability of the segment with the market
of the main competitor. It is necessary to determine to
what extent the main competitors are ready to give up
the chosen market segment, to what extent their inter-
ests will be affected.

6. Protection of the selected segment from com-
petitors, the enterprise needs to determine its capabili-
ties in the competition in the selected market segment.

The main actor in the consumer market is a spe-
cific personality with a unique set of specific traits and
qualities that are constantly influenced by external fac-
tors. Studying the target audience helps to understand
their needs, requirements, wishes, consumer habits, as
well as their willingness to buy and other aspects that
influence their purchase decision.

Several groups of factors influence the consumer's
way of thinking: cultural, social, personal, and psycho-
logical factors. Getting into the ‘black box’ of the buy-
er's mind, these factors, taking into account his or her
characteristic features, adjust the decision-making pro-
cess regarding the choice of product, brand, dealer, time
and volume of purchase accordingly.

Customer behaviour research is an important part
of market analysis, as it helps to understand how con-
sumers make decisions about buying products or ser-
vices. Here are some of the aspects that can be included
in customer behaviour research in market analysis:

1. Motivation to buy. The study of what moti-
vates customers to purchase a particular product or ser-
vice. These can be functional needs, emotional motives,
social factors.

2. The decision-making process. Understanding
the stages that a customer goes through from realising
a need to making a purchase. This includes searching
for information, comparing options, evaluating alterna-
tives, and making a decision.

3. Influencing factors. Determining what factors
influence buyers' decisions. These can be personal
characteristics of the buyer (age, gender, income), mar-
keting influences (advertising, promotions), social en-
vironment (friends' opinions, family influence).

4. Market segmentation. The division of the mar-
ket into different segments depending on certain char-
acteristics of customers. This allows you to better un-
derstand the diversity of the consumer base and develop
convenient strategies for attracting each segment.

5. The impact of information technology. Study
of how the use of information technology affects cus-
tomer behaviour, including visiting online stores, read-
ing reviews, using mobile applications.

These aspects of research help businesses to better
understand their target audience, their needs and pref-
erences, which in turn allows them to tailor products
and marketing strategies more effectively to meet mar-
ket needs [4].

Continuous systematic updating of the product
range and high quality of products enable the company
to ensure: stability and expansion of the sales market,
increase in profits, reduction of dependence on the sales
of a particular type or product group, efficient use of
the existing goods movement system, and creation or
maintenance of the company's reputation.

The new product planning process includes the
following key stages: idea generation, idea selection,
concept development, concept validation, economic
analysis, product development, trial marketing, and
commercialisation.
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The main characteristics of a new product are: at-
tractiveness to consumer markets; potential attractive-
ness of the product life cycle; resistance to seasonal fac-
tors; ability to produce at specific prices; general char-
acteristics; potential profit; existing competition; level
of investment; possibility of patenting; degree of risk;
marketing characteristics; production characteristics;
ease of production; time to commercialisation; availa-
bility of labour and material resources.

Let's take a closer look at how consumer reaction
to new products is studied in the process of planning
new products.

The first stage is the generation of ideas. This is a
kind of search for opportunities to create a product with
market novelty. Ideas for creating new products arise in
research laboratories and design bureaus, and are based
on reports and suggestions from sales agents, research
into the advantages and disadvantages of their products,
analysis of trends in the development of new products
by competitors.

The second stage is the selection of ideas. Whereas
the aim of the previous stage was to generate as many
ideas as possible, the second stage reduces the number
of ideas by using comprehensive characteristics (gen-
eral product analysis, potential profit, competition,
market size, investment level, patentability.). Each of
the characteristics is assigned a score (from 1 to 10),
and, if necessary, a weighting factor is also set.

The third stage is the development of the market-
ing concept. The development of this concept for enter-
ing the market with a new product can consist of three
parts.

The first part describes the size, structure and be-
haviour of the target market, the intended product posi-
tioning, sales, market share and profit figures for the
next few years. The second part provides general infor-
mation about the estimated price of the product, the
general approach to its distribution and the estimated
marketing costs for the first year. The third part defines
long-term goals in terms of sales and profits, and cre-
ates a marketing mix.

The fourth stage is concept validation. It is about
presenting the intended product to the consumer and
thereby changing their attitude to the product, making
them want to buy it at this early stage of development.

The fifth stage is the economic analysis of the ac-
cepted ideas. The analysis is based on the study of fore-
casts of demand, costs, competition, required invest-
ments, and profits.

The sixth stage is the product development pro-
cess. The process involves making decisions on the de-
sign of the product, its packaging, trade mark, deter-
mining the condition of the product, checking the atti-
tude to the product and its use by the consumer.
Functional cost analysis and other methods are widely
used in the process of developing new products.

The seventh stage is trial marketing. It is carried
out in order to evaluate products and test marketing ac-
tivities in real conditions in advance before the start of
full-scale sales.

The eighth stage is commercialisation. This stage
corresponds to the product life cycle stage, includes the

implementation of a marketing plan and full-scale pro-
duction, requires significant costs, and quick manage-
ment decision-making.

For a product to be easily sold on the market, it
must meet two requirements: it must have consumer
properties and it must be competitive. The competitive-
ness of a product is a set of quality and cost character-
istics that ensure that specific needs are met. It can be
determined by the ratio of the beneficial effect to the
total costs, including the costs associated with both the
acquisition and operation of goods. Competitiveness is
the compliance of a product with market requirements.
The level of competitiveness of a product can be as-
sessed using a system of individual, group (aggregate)
and integral indicators.

Today, it is important not only to develop and
manufacture products that meet international quality
standards, but also to sell them. In order for a manufac-
tured product to meet consumer requirements, it must
be delivered from the manufacturer to the consumer
with certain properties, in a certain quantity and to a
certain place.

Sales of goods guarantee coverage of all costs of
production, delivery, and customer satisfaction. It is in
the area of sales that the effectiveness of all the compa-
ny's activities is determined. That is why a well-
thought-out action plan for the company's sales team is
important.

By accurately forecasting sales, a firm is able to:
identify growth areas, study competitors, develop a
marketing budget, allocate marketing resources, ana-
lyse sales performance, monitor the external environ-
ment, modify marketing plans, and measure success
[3].

The company's sales manager is advised to de-
velop a forecasting plan that includes a number of ele-
ments:

1. Define the tasks of forecasting (examination
of company materials, analysis of potential sources of
information, collection of information directly in the
sales territory).

2. Evaluation, analysis and extrapolation of data,
measurement of changes, objective and subjective fore-
casting methods; combined method.

3. Applying the forecast to sales centres, sales
territories, markets for production goods, markets for
consumer goods, sales channels.

4. Control of forecasts and the forecasting pro-
cess, audit of the forecast, audit of the ‘mechanics’ of
forecasting.

After analysing the desires and characteristics of
consumers, the company is ready to select a target mar-
ket, which it will focus on and develop an appropriate
strategy for.

There are three alternative methods that compa-
nies can use to reach their target market:

1. Mass marketing. Targets the consumer market
using a single basic plan. The company believes that
consumers have similar desires for the characteristics
of goods or services. The main goal is to maximise
sales.

2. Market segmentation. Aimed at a narrow
group of consumers - a market segment. This method is
used by small or specialised businesses. A company
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can succeed with limited resources and capabilities by
specialising.

3. Multiple segmentation. The enterprise focuses
on two or more market segments with different plans
for each of them. This strategy requires a detailed anal-
ysis, as the resources and capabilities of the enterprise
must be sufficient to produce and market goods of two
or more brands.

The methodology for studying the market as a
component of an automated product quality manage-
ment system, which is presented in the article, allows
to: determine the needs for products, market demand
for them and areas of their sale, identify specific cus-
tomer requirements or analyse general ones, and coor-
dinate all relevant functions of the organisation related
to meeting customer requirements.

The enterprise quality management system can
become a tool for winning the competition, given that
the competitiveness of an enterprise is the level of its
competence relative to other competitors in the
accumulation and use of production potential of a

certain orientation, which is reflected in such indicators
as product quality, production volumes, profits.
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This research introduces an adaptive background subtraction method utilizing Fuzzy Logic. The approach
dynamically adjusts to factors such as illumination variations, scene complexity, and motion dynamics, ensuring
the optimal model selection. By leveraging Fuzzy rules, various background subtraction models are managed in
real-time, and parameters are updated adaptively. The proposed method enhances stability and accuracy in object
detection systems. Experimental results demonstrate that the Fuzzy Logic-based background subtraction technique
exhibits greater flexibility and efficiency compared to conventional and deep learning-based methods.
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Introduction

Real-time object detection is a crucial domain in
computer vision, encompassing a broad spectrum of
applications, including video surveillance systems,
autonomous vehicles, human-computer interaction,
and industrial automation [1, 2, 3]. A fundamental
phase in object detection is background subtraction.

Conventional background subtraction techniques,
such as the Gaussian Mixture Model (GMM), Median
Filtering, and Optical Flow, perform well under
specific conditions; however, they encounter notable
difficulties in complex and dynamic environments [4,
5]. In such cases, these methods tend to produce a high
rate of false positives (FP) and false negatives (FN) [6].

The primary challenges faced by modern object
detection systems include:

e Varying conditions between day and night,
artificial lighting changes, shadows, and reflections can
cause detection errors.

e Elements such as fluctuating water, wind-
driven objects, reflections from vehicle lights, and
other dynamic factors complicate background stability.

¢ Rapid object motion and size variations due to
perspective pose challenges for traditional methods in
accurate object recognition.

e Many object detection techniques demand
substantial  computational  power, leading to
performance constraints in real-time applications.

To overcome these obstacles, adaptive
background subtraction methods leveraging Fuzzy
Logic can be introduced. Fuzzy Logic provides an
effective framework for modeling object and
background variability in real-world conditions,
thereby improving object detection accuracy.

In this paper, a Fuzzy Logic-based adaptive
background subtraction method is introduced as a novel
approach to overcoming existing challenges in real-
time object detection. Traditional background
subtraction techniques depend on static rules, limiting
their effectiveness in handling varying illumination,
complex scenes, and dynamic backgrounds. The
proposed method addresses these constraints by
implementing an adaptive system that considers
multiple parameters.

The key contributions of this paper are as follows:

Fuzzy Logic-Based Background Subtraction —
Unlike conventional methods, the proposed approach
selects the background model dynamically based on
illumination levels, motion dynamics, and scene
complexity.

Multi-Kernel Background Models — Assesses the
suitability of various background subtraction
techniques such as MOG2, KNN, and GMM for
different scenes and automatically selects the most
optimal model.

Adaptive Handling of Illumination and Scene
Complexity — Adjusts the background model in real
time based on lighting variations and object movement
characteristics within the scene.

Optimized Real-Time Object Detection Approach
— Reduces computational overhead, ensuring more
efficient utilization of GPU and CPU resources.

The primary objective of this research is to
develop a Fuzzy Logic-based adaptive background
subtraction technique and assess its performance in
real-world applications. The aim is to improve the
accuracy and speed of object detection by addressing
the following challenges:

e Designing a background model resilient to
illumination changes.

e Enhancing accuracy in distinguishing objects
from the background in dynamic environments.

e Developing a fast and optimized method
suitable for real-time processing.

The proposed method can be applied across
various domains, including industrial automation,
video surveillance systems, autonomous vehicles, and
artificial intelligence-based object recognition systems.
The effectiveness of the approach has been evaluated
and validated.

Application of Fuzzy Logic in Background
Subtraction

Fuzzy Logic is employed to adapt to uncertain and
dynamic environments, in contrast to traditional
methods that depend on rigid rules. Instead of binary
classification, a pixel's probability of belonging to the
background or an object is assigned a value between 0
and 1 [7, 9, 11]. Methods such as the Gaussian
Membership  Function,  Triangular ~ Membership
Function, and Trapezoidal Membership Function are
utilized. Fuzzy logic-based systems determine the
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background model by taking into account scene
complexity, illumination levels, and object motion [5].

Advantages:

e Adapts effectively to dynamic illumination
changes.

e Better manages transition regions between
background and objects [4].

e Provides an improved framework for adaptive
background subtraction.

A potential drawback is that integrating Fuzzy
Logic with deep learning methods may increase
computational load.

We have briefly outlined the working principles,
advantages, and disadvantages of traditional methods,
deep learning approaches, and fuzzy logic-based
models in the domain of background subtraction and
object detection. In this paper, our objective is to
develop an adaptive background subtraction method by
leveraging the strengths of these approaches.

Traditional and deep learning-based methods in
background subtraction and object detection have
various limitations. In dynamic environments, factors
such as illumination changes, scene complexity, and
object variability reduce the effectiveness of existing
techniques. To address these challenges, we propose a
method that integrates a multi-kernel approach with
fuzzy logic-based background subtraction.

Application of the Multi-Kernel Approach

Traditional background subtraction techniques
rely on a single model for object detection. However,
in real-world scenarios, their effectiveness diminishes
due to scene variability. For instance, the Gaussian
Mixture Model (GMM) may misclassify shadows as
objects in complex environments, whereas the K-
Nearest Neighbors (KNN) method has a high
likelihood of producing false positives in regions with
significant motion [8, 9].

To overcome these limitations, we introduce a
multi-kernel background subtraction approach. This

method runs multiple background subtraction
techniques in parallel and dynamically selects the most
optimal background model based on scene

characteristics. By leveraging multiple statistical and
machine learning-based models, the multi-kernel
approach enhances accuracy and reliability [3, 6].

Key Principles of the Multi-Kernel Approach:

e Multiple background subtraction methods
(e.g., MOG2, KNN, GMM) are executed
simultaneously.

e The most suitable model is dynamically
selected based on scene complexity and illumination
conditions.

e The background model is continuously
updated in real-time to adapt to environmental changes.
This results in improved accuracy and robustness
compared to single-model approaches.

Advantages of the Multi-Kernel Approach:

e Effectiveness in Dynamic Scenes — If one
model struggles with illumination changes, other
models compensate.

e High Accuracy with Combined Models — The
most appropriate model is chosen based on diverse
scene characteristics.

e Real-World Adaptation — The optimal
background model is determined for various objects
and scene conditions, enhancing overall detection
reliability.

Adaptive Background Subtraction using Fuzzy
Logic and Multi-Kernel Integration

Traditional background subtraction methods
employ a strict classification approach, categorizing
pixels as either background (0) or object (1). However,
in real-world scenarios, this rigid classification often
results in inaccuracies. In contrast, Fuzzy Logic-based
background subtraction determines the probability of a
pixel belonging to the background or an object by using
smooth transitions with values ranging between 0 and
1[9]

Fuzzy Logic-based systems incorporate multiple
variables to facilitate adaptive decision-making in
dynamic environments. These variables include:

e Lighting Conditions — Different background
models are applied depending on whether the scene is
dark or overly bright. Lighting is assessed using
histogram analysis and brightness statistics.

e Scene Complexity — The number of objects
and edge details in the scene are considered.
Complexity is evaluated using Canny Edge Detection
and ORB/SIFT Feature Extraction methods.

e Motion Complexity — The intensity of object
movement in the scene is measured using Optical Flow
and Frame Differencing techniques.

Stages of Fuzzy Logic-Based Systems

Fuzzy Membership Function — The probability of
background and object classification is determined
using the Gaussian Membership Function:

_(x=c)?
px) =e 207

Here, c represents the mean value, and o denotes
the standard deviation.

Model Selection Based on Fuzzy Rules:

If the lighting is stable and the scene is simple —
GMM is used.

If the lighting varies and the scene is complex —
KNN is applied.

If there is high motion in the scene — MOG?2 is
selected.

Fuzzy Output and Adaptive Updating:

As each new frame is processed, Fuzzy
membership functions are updated, and the optimal
background model is dynamically selected.

Advantages of Fuzzy Logic:

e The background model is selected based on
scene conditions.

e Ensures reliable performance in both bright
and dark environments.

e Evaluates the probability of each pixel
belonging to the background or an object, reducing
abrupt misclassifications.

The multi-kernel approach further enhances object
detection accuracy by integrating multiple background
models. Fuzzy Logic ensures that the most suitable
background model is selected by taking into account
illumination variations, scene complexity, and motion
dynamics.




82 Norwegian Journal of development of the International Science No 153/2025

Fuzzy Logic-based background subtraction
methods improve object detection accuracy by making
adaptive decisions based on varying scene conditions.
A key advantage of this approach is its ability to select
the most suitable model and dynamically update
parameters using Fuzzy rules.

The performance of a background subtraction
system is highly dependent on illumination conditions,
scene complexity, and motion intensity. Since a single
background model may not always yield optimal
results across different environments [10], our
approach focuses on achieving the best possible
performance by dynamically selecting the most
appropriate background subtraction method based on
Fuzzy Logic.

Experimental Evaluation and Performance
Analysis

For a comparative analysis of object detection and
background subtraction methods, both widely used
international datasets and a custom-created dataset
were utilized.

Used Datasets:

CDNet 2014 (Change Detection Dataset) - A
dataset comprising real-world scenes with various
background changes. Evaluation of object detection
efficiency in both static and dynamic background
conditions.

VisDrone (Vision Meets Drone Dataset) - A
dataset containing videos captured by drones.
Assessment of the method’s robustness in scenarios
involving a moving camera and highly dynamic
backgrounds.

Custom Video Dataset (Our Own Dataset) - A
collection of videos featuring diverse real-world
scenes, including outdoor environments, low-light
conditions, and crowded areas. Examination of the
proposed fuzzy logic-based system’s adaptive
performance across different environmental conditions.

The results demonstrate that the Fuzzy Adaptive
Multi-Kernel background subtraction method achieves
high accuracy and speed, surpassing traditional
approaches. This method recorded the highest values in

Precision (0.92), Recall (0.84), and IoU (0.80),
indicating its superior performance.
Additionally, the computational load of the

proposed method is lower compared to MOG2 and
GMM, while still ensuring better accuracy and
adaptability. Due to its high FPS performance, the
method is well-suited for real-time object detection.

A key advantage of the Fuzzy Logic-based
approach is its adaptive nature - unlike other methods,
it automatically analyzes illumination conditions and
background complexity and adjusts dynamically. The
system utilizes Fuzzy Membership functions to handle
illumination variations, ensuring stable detection.

Key Findings from Tests:

Illumination Variations: Traditional methods
often misclassify objects under shadows and lighting
changes, whereas the Fuzzy Logic-based system
maintains more consistent results.

Dynamic Background Handling: In real-world
scenarios, backgrounds are often not static (e.g.,
moving tree leaves, rippling water, crowded areas). The
Fuzzy Logic-based method successfully analyzes

dynamic background changes and provides stable
results.

Test Results

Static Lighting Conditions: All methods produce
stable results.

Sudden Lighting Changes (e.g., day-night
transitions, vehicle headlights): The Fuzzy Adaptive
Multi-Kernel method maintains over 90% object
detection accuracy.

Shadows and Light Reflections: MOG2 and KNN
misclassify objects as background, whereas the Fuzzy
Logic-based method effectively distinguishes shadows.

Static Background Conditions: All methods
achieve 85%+ accuracy.

Dynamic Background Conditions (e.g., tree leaves
moving in the wind):

MOG2, KNN, and GMM misclassify parts of
objects as background, leading to a decrease in Recall.

Fuzzy Adaptive Multi-Kernel evaluates motion
intensity, extracts the background more accurately, and
maintains Recall > 0.84.

Fuzzy Adaptive Multi-Kernel Background
Subtraction  outperforms traditional background
subtraction methods in terms of accuracy, speed, and
stability.

Key Advantages:

e Higher Accuracy (Precision = 0.92, loU =
0.80)

e Adaptive Response to lighting variations and
background complexity

e Optimized Computational Load (FPS = 55,
RAM usage = 1.5 GB)

e Robust Performance in challenging scenes and
real-world environments

Conclusion

The Fuzzy Adaptive Multi-Kernel Background
Subtraction  method  demonstrates  exceptional
performance in dynamic and complex environments,
ensuring  high  accuracy  while  optimizing
computational  efficiency. Unlike traditional

background subtraction techniques that rely on static
models, this approach dynamically adapts to changing
illumination conditions, scene complexity, and motion
dynamics. By incorporating Fuzzy Logic, the method
continuously selects the most suitable background
model based on real-time environmental conditions,
significantly improving object detection accuracy. This
adaptability allows the system to effectively handle
challenges such as shadows, reflections, and sudden
lighting changes, which often degrade performance in
conventional methods.

In addition to its robust detection capabilities, the
method also mitigates background motion challenges.
By leveraging a multi-kernel approach, it ensures that
multiple background models work in parallel to achieve
higher precision and recall rates. Furthermore, the
optimized  computational ~ framework  reduces
processing load, allowing the system to maintain high
FPS performance while consuming minimal resources.
These advantages make the Fuzzy Adaptive Multi-
Kernel approach particularly well-suited for real-time
applications.
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Comparison of Different Background Subtraction Methods:

Computational

Method Precision 1 Recall 7 | Fl-scoret | IoU?1 | FPS? Load |
MOG?2 0.85 0.72 0.78 0.68 50 FPS | Medium
KNN 0.87 0.74 0.80 0.70 35 FPS | High
GMM 0.82 0.76 0.79 0.69 40 FPS | Medium
Fuzzy-GMM 0.90 0.81 0.85 0.78 45 FPS | Medium
Fuzzy Adaptive 0.92 0.84 0.88 080 |55FPS | Low
Multi-Kernel

Challenging Cases and Advantages of the Fuzzy Logic-Based Method:

Challenging Scene
Methods

Limitations of Traditional

Advantages of Fuzzy Adaptive
Multi-Kernel

Fog or low-visibility objects
call <0.7)

Objects are not fully detected (Re-

Accuracy is improved using Fuzzy
membership functions (Recall > 0.82)

Light reflections and mirrors
creases)

Objects are misclassified (FP in-

Lighting is adjusted using Fuzzy mem-
bership functions

Overlapping multiple objects
tified

Object contours are not fully iden-

Multi-kernel approach effectively sepa-
rates objects

Moving background (crowds,
rippling water, etc.)

ground (loU < 0.7)

Objects blend with the back-

Fuzzy rules enhance object recognition
(loU >0.78)

Real-Time Test Results (Computational Load vs. Performance):

Method CPU Load | GPU Load | RAM Usage | FPS 1

MOG2 Medium Low 1.2 GB 50 FPS
KNN High Medium 2.5GB 35 FPS
GMM Medium Medium 2.0GB 40 FPS
Fuzzy-GMM Medium Medium 2.0 GB 45 FPS
Fuzzy Adaptive Multi-Kernel Low Medium 1.5GB 55 FPS
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Abstract

Poultry meat and its processed products are one of the most important components of rational human nutrition.
These products are a source of high-quality protein, vitamins, unsaturated fatty acids and other substances
necessary for the normal development of the human body. Along with the implementation of programs to increase
the productivity of poultry and increase production, it is also necessary to improve its quality. The solution of this
problem is of great importance in the implementation of the concept of state policy in the field of healthy nutrition,
aimed at eliminating the deficiency of animal protein.

Annotasiya

Qus oti vo onun emal mohsullar: insanlarin rasional qidalanmasinin on miihiim komponentlorindon biridir.
Bu mohsullar insan orqanizminin normal inkisafi ii¢iin lazim olan yiiksok keyfiyyatli ziilal, vitamin, doymamis
yag tursular1 vo diger maddolorin monboyidir. Quslarin mohsuldarhiginin artirilmasi vo istehsalin artirilmasi
programlarinin hayata kecirilmosi ilo yanasi, onun keyfiyystinin yiiksoldilmasi do zeruridir. Bu problemin halli
heyvan ziilalinin ¢atismazliginin aradan qaldirilmasina yonalmis saglam qidalanma sahasindo dovlat siyasetinin
konsepsiyasinin hoyata kegirilmasinde mithiim shamiyyat kasb edir.

Keywords: poultry, biologically active substances, antibiotics, probiotics.
Acar sozlar: qus oti, bioloji aktiv maddolor, antibiotiklor, probiotiklor.
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Cavan quslarin yetigdirilmosi zamant
antibiotiklorlo yanasi, probiotik preparatlarida istifado
olunur. Probiotik preparatlari - qus organizmino
miinasibotdo antibiotiklorin miisbot keyfiyystlorino
malik olan, lakin manfi yan tasirlori olmayan simbiont
bakteriyalarin canli kulturalarindan ibarat olan va
muasir dovrdo getdikco daha cox istifado olunan

preparalardir.  (O.Y.Siryayeva va b. ., 2006;
A.B.lvanova2006).  Probiyotiklor  cavan  kond
tosorriifatt  heyvanlarinda vo quslarda yoluxucu

xarakterli modo-bagirsaq xastaliklorinin profilaktika vo
miialicasindo, qgeyri-spesifik immunitetin
stimullagdirilmasinda, hozm proseslorinin
yaxsilasdirilmasinda, heyvanlarmn yiiksok enerjili yem
paylarina vo qeyri protein azotlu maddolors tez bir
zamanda uygunlasmasinda genis istifads edilir. Bunlar
yemlorin istifadesinin  somoroliliyi  vo  heyvan
moahsuldarliginin artirilmasi moagsadilo hartarafli genis
Oyronilorok istehsalata totbiq edilir P. Delpech, J.
L.Lepieffes, 1989 F. Brzoska, et al 1999.

Probiyotiklor neco moade-bagirsaq traktinin
mikroflorasina, elocods  heyvan  organizminin
metabolik funksiyalarina g¢oxgaxoali tosir gostorir.
Miixtolif bakteriyalarin probiotik tosiri iso onlarin
xiisusi foaliyyotlorinin comi ilo miloyyon edilir.
Mosolon iggonbo bakteriyalarinin  ndvlori  digor
bakteriyalarin ¢oxalmasi ii¢ilin lazim olan bioloji aktiv
maddasler istehsal edir. Maddslor miibadilssinin zararli
metabolik  mohsullarint  zororlogdirorok ~ hozm
sisteminds ekoloji tarazligi qoruyur. (K. N. Wilson, B.
Tackisch, H. Teroch, 1990)

Probiotik preparatlarin qus orqanizmine miisbat
tosiri vo onlardan istifadenin effektivliyi bir sira
tadqiqateilarin  oldo etdiyi noticolorldo do siibut
olunmusdur. (H.®. Benosa, 2008).

G. W. Tannok (1988) bildirir ki, probiotiklorin
faydali tasirlori mikroorqanizmlarin spesifik qruplarina
qarst Dbirbaga antaqonist foaliyyotlo: antibakterial
maddslerin omals golmasi, qida maddslori yapisma
yerlori ugrunda rogabot, mikrob metabolizmasinda
dayisikliklor (fermentativ masuliyyatin artmasi vo ya
azalmasi), immun sisteminin stimullagdirilmasi,
xar¢ang alehi vo xolesterolanemik slehi tasirlari olds
edilos bilar.

R.Fuller (1989) probiotik anlayisini “heyvan
sahibinin bagirsaq mikrob balansini yaxsilasdirmaqla
ona faydali tosir gdstoron canli mikrob yem olavasi”
kimi formalagdirmigdir. Probiyotiklorin bu torifi elmi
adobiyyatda mohkam sokilds tesbit edilmisdir vo bu
gilina goadar doyisdirilmomisdir. G.R. Gibson, X. Wang
(1994) 6z tadqiqatlari naticesinds belo qonasts goaliblor
ki, broyler ciicolorine maye probiotik ACTD-PAK4-
WAY (1 g/l) su ilo vo quru probiotik Lakto-SACC (1
kg/t) yem ilo totbiqi onlarda diri ¢okinin etibarl
artmasina, xorclorin vo Oliimiin azalmasina sabob
olmusdur.

A.Tixomirova va  basqalar1  (1993) 06z
tacriibolorinds miisyyan etmislor ki, fizioloji aktiv
bifidobakteriya hiiceyralorinin  ciicolore  agizdan
verilmosi naticesinde qusarin  bas saymin, diri
kiitlesinin saxlanmasi, va ciicalorin yumurtadan ¢ixma
gabiliyyoti 5- 6%.artmusdir. Hozm sisteminds faydali
bakteriyalarin spesifik keyfiyyatlorinin saxlanmasi
heyvanin hoayati li¢iin ideal bir voziyyestdir. Bunun {igiin

onlarin yetigdirilmasi zamani heyvan orqanizminin
mikrob balansini saxlayan sorait tomin edilmalidir.
Bunu tobii goraitde saxlamaq ¢otindir. Mas buna gdrado
heyvan davamli olaraq yem vo ya su ilo 6z mikrob
balansinin aktivlogsmosino kdmok edon
mikroorqanizmlordon vo substratlardan miioyyon
edilmis onun mikrob populyasiyasini faallagdiran slave
almalidir. (De Simone C. et al, 1993).

Ciicolordo kolibasillozun garsisinin alinmast {igiin
probiotik  bifidumbakterin vo immunomodulyator
timalinin istifadesi ilo baghh todqiqat aparan Z.F
Dzhanova miioyyon etmisdir ki, bu preparatlarin birgo
istifadosi bifidobakteriyalarin saymnin bir neco dofo
artmasina sobab olaraq olavo effekt verir.

Bu giin deyo bilorik ki istifado olunan
probiotiklarin istifadasi {isullar1 vo dozalar ils bagh
elodo ¢ox todqiqatlar aparilmamigdir (Endo T., Nakano
M., 1999). Probiotiklarin heyvan orqanizmins tssirini
Oyronan miitoxassislor. Kprokos, O A.I". Komiaes u ap.
(2006); H.®. benora (2008); Anand, S. K. (1985).
Brzoska va.b (1999); Lan, Y., (2005) miioyyon etmislor
ki bu dorman preparatlart biostimuledici vo miixtalif
yoniimli farmakoloji tesirlors malikdirlor. Bunlarin
miisbat tosiri orqanizmdo hozmetmo vo maddalor
miibadilasi proseslorinds istiraki, ziilalin vo bir ¢ox
aktiv maddolorin biosintezi vo monimsonilmoasi
bununlada orqanizmin rezistentliyinin tomin edilmosi

ilo  baghdir. Orqanizmdo probiyotiklorin  tosiri
asagidaki  ardicilligla:  slidtursulu  bakteriyalari
torofindon  patogen  bakterialarin  ¢oxalmasinin

qarsisinin  alinmasi, orqanizmin patogen floranin
coxalmasina sabab olan karbohidrat yiiklonmosinden
gorunmasi, raqabat aparan fermentlorin komoyi ilo

karbohidratlarin ~ monimsonilmosi ~ va  patogen
bakteriyalarin toksinlorinin sorulmasi bas verir.
Qusgulugda  probiotiklorin  istifadesi  bagirsaq

biosenozunun hormonal vo enzimatik sistemlorlo
korreksiyasi, immun sisteminin stimullagdirilmasi,
disbakteriozun gqarsisinin alinmasi vo miialicasi ilo
bagli problemlorin holli {igiin ¢ox perspektivli bir
istigamotdir. B.V. Tarakanov (2000) hesab edir ki,
probiotik preparatin olavo edilmesi yem lifinin
hidrolizini  aktivlegdirir vo  heyvanlarin  mado
Onliiklorinde  sirke tursusunun omolo  galmasini
intensivlogdirarok karbohidratlarin  fermentasiyasini
giiclondirir. TenroBa, B. va digoarlari (2005) hesab
edirlor ki, bioloji aktiv maddslorin slavelerinin
istifadesi  quslarin  hozm  sisteminin  bufer
xiisusiyyatlorinin  aktivlogsmasina va bununla da
mohsullarda  zohorli  elementlorin ~ miqdarinin
azalmasina sabab olurlar. Ciicolors hoyatlarinin birinci
bes(5) giinlorindo diyetik vasito kimi modo vo
bagirsagin  ifrazat foaliyyetini artrmaq {ic¢lin
kombikorm kimi probiotik bifidumbakterin 5 doz 200
basa verilmasi onlarin saxlanmasini 4-6% artirmisdi.
A.N. Panin (2002) hesab edir ki, probiotik preparatlarin
perspektivliyi onlarin  heyvan orqanizmino  tasir
spektrinin genis olmasi ilo baglidir. Onlarin torkibino
daxil olan canli diri kulturalar fermentativ, immun,
vitamin amolo gatiron vo antaqonist kimi miihiim
funksiyalar1 yerina yetirirlor.

N.V. Soboleva (2002) 6z todqgigatinda miioyyon
etmigdir ki, quslara laktatlarla zonginlosdirilmis
fermentativ- hidrolizlosdirilmis zordabin icmoli maye
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soklinds 2 g/kq diri ¢okiyo dozada istifadesi , yliksok
keyfiyyatli inkubasiya yumurtalarin olds edilmesine vo
damazliq mohsullarin istehsalinin maya doyarini
azalmasina sobaob olur.

Son zamanlar bir ¢ox tedqiqat¢ilar qusguluqda
baytarliq immunobioloji preparatlarin - probiotiklarin
getdikco daha ¢ox istifado olunmaga basladigini qeyd
edirlor.l.Eqorov, F.Myagkix (2003). Onlar
normobiosenozun formalagmasi va qus orqanizminin
alverissiz amillorin infeksiyalar, zoif qidalanma, yemin
toksikliyi vo mikrob c¢irklonmosi, olverissiz yasayis
soraiti, peyvonddon sonraki reaksiyalar vo bir ¢ox
bagqalarinin tosirino imumi miiqavimaetini artirmaq
iiciin lazimdir. Bir ¢ox todqiqat¢ilar hesab edirlor ki
muasir  qusguluqda  probiotiklorin 60  giin
miiddstinds,zaif qida dayari olan kombikormlarla birgs
verilmosi bdyiik shamiyyat kosb edir, moqgsads
uygundur vo bdyiik perspektivlori var.

Quslarin modo-bagirsaq xostoliklori viruslardan
sonra ikinci yeri tutur va cavan quslarin 6liimiiniin asas
sobobidir. Quslarin  bagirsaglarinda  mikroekoloji
pozuntular lakto- vo bifidobakteriyalarin eyni vaxtda
aradan qaldirilmasi  ilo  flirsotci  mikrofloranin
niimayondaslorinin sayinin artmast ilo ifads edilir. Siibut
edilmisdir ki, antibiotiklorin istifadesi quslarda
disbakteriozun inkisafina vo digor arzuolunmaz
naticalora gatirib ¢ixarir. Bu problemin miimkiin holli
yolu normal mikrofloranin inkisafi {i¢iin bagirsaqlarda
optimal sorait saxlaya bilon vo patogen mikrofloram
dof eds bilon tursulasdiricilarin istifadasi ola bilar.

Ovozedici  terapiya kimi  canli  faydali
bakteriyalarin mode-bagirsaq traktina su vo ya qida ilo
daxil edilmasi gox effektivdir. Probiyotiklor bagirsaq
mikroflorasinin funksional foaliyystini aktivlesdirir,
hozm sistemini lazimi fermentlor vo vitaminlorlo
ohomiyyatli doracads stimullagdirir vo zonginlosdirir,
bu da yemin daha yaxs1 monimsanilmasina komak edir.
Belalikla, yuxarida gostarilon odobiyyat
molumatlarindan bels ¢ixir ki, bioloji aktiv alavolorin
yemla ciicolora verilmasi perspektivli olsada onlarin
qus orqanizmino tosiri, yetorinco Oyronilmomisdir.
Fikrimizco, bu ciir perspektivli dormanlarin qida
maddolarinin hazmina va istifadasing, atin, yumurtanin
mohsuldarligina quslarin reproduktiv qabiliyyatine
tosiri haqqinda kifayst qodor molumat yoxdur. Qus
yeminda probiotiklarin va mineral-vitamin
preparatlarinin ~ kompleks istifadesi  hal-hazirda
problemli olaraq qalir.

Bu giin bir ¢ox tadqiqat¢ilarin maraq dairasinda
olan probiotik Bupuaym-CXX, vo vitamin-mineral
premiksi olan Untivitin, qus¢uluqda istifadasi yollar
bizi ¢ox maraqglandirdi. Olimizdo olan oadobiyyatda
imumiyyatlo bu baroado he¢ bir molumat oldo eds
bilmadiyimiz ii¢ilin, bir sira todqiqatlarin aparilmasina
gorar verdik.

Aparilmas1 noazords tutulan todqiqatlarin osas
moagsadi  probiotik Bifidum-CX7K, veo vitamin-
mineral premiksi olan Untivitin, ayri-ayriligda vo ya
birlikde qarisiq halda yemlo quslara 1-60 giinlarinds
verilmosi vo onlarin qus orqanizmine tasirinin
Oyronilmosi olmusdur.
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