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THE EFFECT OF SELECTION AND BREEDING POTENTIAL OF DAIRY CATTLE IN THE
MURMANSK REGION

Kartashova A.

Candidate of agricultural sciences, director
Murmansk SARS — branch VIR

Russia, Murmansk

PEAJIM3AIIMS CEJTIEKIITMOHHO-IVIEMEHHOI'O IOTEHIIUAJIA MOJIOYHOM
MPOJIYKTUBHOCTHU KPYITHOI'O POTATOI'O CKOTA B YCJOBUSIX MYPMAHCKOM
OBJIACTH

Abstract

Kaprawmosa A.Il.

Kanouoam cenvcxoxossiicmeenuvix HayK, Oupekmop
Mypmanckuti OPBH — ¢unuan BUP

Poccus, Mypmanck
https://doi.org/10.5281/zen0do.17608946

The Holstein breed is widespread in the world. Regardless of climate condition, cows of this breed are capable

of demonstrating high productivity on farms, including in the Far North, specifically in the Murmansk region. The
animals' record achievements are the result not only of selection and breeding work within the herd but also of a
well-organized housing and feeding system. In the Murmansk region, cow Argentina 1244 achieved a record milk
yield of 19,000 kg.

AHHOTaLUA

TommTrHCKas IopoJia UMECT MINUPOKOC PACTIDOCTPAHCHUC B MHUPC. HezaBucuMo OT KITMMaTHYECKUX YCJ'IOBI/Iﬁ
JKHBOTHEIC dTOH OpOabI CIIOCOOHBI IIOKA3bIBATH BHICOKHE MPOAYKTHBHBIC Ka4CCTBA B XOBHﬁCTBaX, B TOM 4YHCJIC B
ycnoBusax Kpaiinero Cesepa, a iMeHHO B MypMaHCKON oOnacTi. PekopaHbIe TOCTHKEHUS JKUBOTHBIX SIBITIOTCS
HUTOI'OM HE TOJIBKO ,I[J'II/ITGJ'ILHOfI CeJ’IeKHPIOHHOﬁ H IJIEMESHHOM pa6OTI>I B CTaac, HO U PE3YyJIbTaTOM HpaBHJ’IBHOﬁ
OpTraHU3aIH CUCTEMBI COJIEpKaHUA M KOPMIICHHUS XHUBOTHBIX. B MypmaHCKo#l obiacTi KOpoBOi ApreHTHHA

1244 nocturnHyt pekop 19 Teic.KT MoJIOKa.

Keywords: Holstein breed, milk productivity, Murmansk region, record
KiiroueBble cJjI0Ba: rOJIITHHCKAS IOPOa, MOJIOYHAS IIPOIyKTHBHOCTh, MypMaHCKast 0071aCTh, PEKOP.

B nacrosmiee Bpems HanOoJee HCIOIB3yeMOH H
BBICOKOTIPOJIYKTUBHOW CUYUTAETCS TONIITHHCKAs IIO-
pona. CornacHo JNaHHBIM BceMUpHON TOJIITHHCKOW
accormanuu (WHFF) gucieHHOCTh TOMMTHHCKOM TI0-
ponsl B Mupe coctaBisieT moutu 70% oT oOmieid dwc-
JICHHOCTH MOJIOYHOTO TIOTOJOBBA. [IpOOyKTHBHOCTH
9TOH MOPOJIBI B Pa3HBIX CTpaHax Kosebnetcs ot 4560
kr g0 12775 xr 3a 305 nue#t nakranuu [1, p. 1]. B Poc-
CHU JTaHHas TIOpOJia TaKXKe MMEET IUPOKOE PaCIpo-
CcTpaHeHue 0aroaapsi CBOMM KadueCcTBaM, COCTABIISS 10
72% moronoBes [2, p.5]. CpenHsas MPOAYKTUBHOCTH
3THX )KUBOTHBIX B 2024 rony B P® cocrasuna — 10082
Kr 3a 305 mHeH JakTaluy, YTO SIBISETCS MaKCHUMAaJlb-
HBIM I10 CPABHEHHIO C JPYTrUMU mopojamu [2, p.7].

EcrectBenHo, uTo peruonsl PO, pacnonoxxeHHbIe
B 00JIee HU3KHX IIUPOTAX, C YMEPEHHO-TEILIBIM KIIHMa-
TOM, UMEIOT OOJIbIIIE BO3MOKHOCTEH ISl CO3IaHMSI OI-
TAMaJIbHBIX YCJIOBHU JJIS1 BEICOKONIPOTYKTUBHBIX KH-
BOTHBIX. JTO U O0siee KOM(pOPTHBIE MUKPOKIMMaTHYe-
CKH€ YCJOBWS, M Jydllle pa3BUTas COOCTBEHHAs

KopMoBas 0a3a. Hecmotpst Ha 3T0 B MypMaHCKoit 00-
JIACTH KMBOTHOBOJBI U CEJIEKIIMOHEPHI 33 CUET ONTH-
MU3alIH COAEPIKAHUS U KOPMIIEHUS, a TAK)KE XOPOLIeH
CEJIEKIIMOHHOI PabOThI, JOCTUININ CYIIECTBEHHBIX pe-
3yJIBTaTOB.

Ecmm MbI 00paTiM BHUMaHHE Ha AMHAMUKY H3Me-
HEHHS MOJIOYHON NMPOAYKTUBHOCTH B MypMaHCKoii 00-
JIACTH IO CPABHEHMIO C TaHHBIMH 10 cTpaHe u Cesep-
3anagHomy okpyry (puc. 1), TO MOXXHO OTMETUTH, YTO
no 2013 roma cpemHssI HPOTYKTHBHOCTH KOPOB Ha
CEJIECKOXO3SIICTBEHHBIX MPEINPUATISIX PETHOHa OblIa
CYIIECTBEHHO BbIIe (TI04TH B 2 paza). K coxxanenmuro,
B 2014-2016 rogax B X03sCTBaxX HACTYIHI (PUHAHCO-
BBIH KpPH3HC, 0OYCIIOBICHHBIH Kak CMEHOW COOCTBEH-
HUKOB M PYKOBOJUTEIEH NPEANPHUITUN, TaK U U3MEHE-
HUSIMU B 3aKOHO/IaTEIbCTBE M (PMHAHCOBBIX 00513aTeNb-
CTBaX, KOTOpBIC MOBIMSIIM Ha OOBEMbI NPOM3BOACTBA
MOJIOKA B peruoHe. B 1o jxe BpeMs ceifuac MbI HaOITIO-
JJaeM TIOCTETIEHHYIO CTa0MIN3aIHMI0 U YIyqIIeHHEe CH-
Tyaluy B IPOU3BOJICTBE MOJIOKa B MypMaHCKoi o0ma-
CTH.
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Puc.1 - Juuamuxa monounoti npoodykmuernocmu 8 Poccutickou @edepayuu u Mypmarnckoii oonacmu (ha 1 ¢gy-
DAACHYI0 KOPO8Y)

Hwxe npencrasneH rpaguk M3MEHEHUS TPOAYK-
THUBHOCTH XMBOTHBIX (pHc.2) B Hanbosee nepejoBoM B
Mypmanckoii oonactu xossiiictee — OO0 «Iloxspuas
3Be3na». M3 rpaduka OTIIMYHO BUITHO, YTO JI0 KPH3HCa
CpeaHsisl IPOIYKTUBHOCTh JKUBOTHBIX JocTuraia 10 u
6onee ThIC. KT MoJIoKa 3a 305 mgueilt nakramuu. K coxa-
JICHUIO, TPOOJIEMBI C KOPMaMU U (PHHAHCOBBIE CJI0KHO-
CTH BBI3BAJIIM PE3KOE COKPAIICHNE MPOJYKTUBHOCTH B 2

pasa, 4To B JaibHEHIlIeM MPHUBEIO U K COKPAIICHUIO
moroJioBbs. OHAKO, HECMOTPS Ha 3TO XO3SHUCTBO aK-
THBHO BOCCTaHABIMBACT CBOI BBICOKHII cTaryc. Tak B
2022 romy, cOriacHO OOHHUTHUPOBKE, CPEIHSSA MPOAYK-
TUBHOCTb 10 CTay cOCTaBmia yxe 11 ThIC. KT MOJIOKa,
a 1o TpeThel JakTauu - 12 ThIC. KT MOJIOKA.

14000 500
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10000
350
KI 8000 TOJI.
300
6000 250
002010 2013 | 2006 2019 2022 2%
B yri0if o Bcem yaktarusim - 10014 10176 5296 9391 11510
CJuoronosse 448 425 466 329 299
=—y70i 3a | JaKkramuio 9506 9647 5205 8984 10126
y/I0H 32 2 JTaKTaIuio 10435 10629 @ 5432 9795 12218
—VyI0i 3a 3 JTaKTaIHIo 10556 @ 10611 5317 9805 12880

Puc.2 - I[Ipooykmuernocmo kopoe 6 OO0 «llonapuas 36e30a» 3a 305 oweti nakmayuu (OaHHble OOHUMUPOBKU)

Jna cpaBHeHus nmpuBeneHs! nydmue B Poccuii-
ckoit denepanun Ha 2024 rof MIeMeHHbIE XO35SHCTBa
(Tabnuua 1), cnennanu3upyomuecs 1Mo roOJIMTHHCKON
nopojie. Ha nmepBoM MecTe B HacToslee BpeMs Haxo-
mutcst xo3sgiictBo OO0 CIT «Yamaesckoe» (CtaBpo-
TONTECKUH Kpaif). BTOpbIM B 3TOM TOIy CTajo XO35M-

ctBo U3 Kpacnomapckoro kpas — AO «Pogunax». Xo-
3siicTBa JIeHMHTpaaCKOH 00JacTH JUINTENbHOE BpeMs
COXPaHSIOT CBOM JIHIMpYIOMKe Mo3unuu. OcoOeHHO
turem3aBosibl «I'oMOHTOBO» M «Pabutuisl». CpemHsst
MIPOAYKTUBHOCTH MX KHBOTHBIX COCTaBIsAET 14-15 ThIC.
KT MOJIOKA.
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Tabuuua 1
Jly4uiue xo3s1iicTBa 1Mo roJmTHHCKoi nopoae B Poccuiickoii @eaepanuu B 2024 roay
XossiicTo Permion VY noii 3a 305 nHeit nak- Keup, % Benoxk,

TaIuu, KT %

00O CII «YamaeBckoe» CTaBpOonoIbCKUH Kpaii 16026 3,7 3,4

AO «Ponunay KpacHopmapckuit kpaii 15798 3,69 3,37

AO «I13 «I'omoHTOBOY JlenuHTpaackas 00IacTh 15215 3,61 3,33

K coxanenuto, B Hactosamee BpeMs OO0 «lo-
JSIpHAs 3BE3/a» YCTYyMaeT IaHHBIM XO3SHCTBaM IO
(haKTUYECKOW MPOAYKTUBHOCTH, XOTS IMOTCHIIUAI JKH-
BOTHBIX 3a IEpUO/] O0JIee NBAIIATH JET CeJICKIIMOHHOM
paOOTHI B CTaJIe TOCTATOYCH JJISl YCIICITHON KOHKYPCH-
IIUH C JIyYIIAMHU )KUBOTHBIMH CTPAHEI.

Ecnu cMoTpeTh B LIENOM IO IUVIEMEHHBIM XO35iH-
ctBaM Poccuiickoit @enepanuu [2, p.46], To B cpeaHeM
o Poccunt mpoTyKTHBHOCTH MOJIOYHOTO CKOTa COCTaB-
nset 9204 kr mornoka (tadim.2). B 18 obmacTsiax cpenuss
MPOJYKTUBHOCTh MO BCeM mopojam Obuta Gomee 10

ThIC.KT MoJioka. Ha nepBom mecte Haxoaurcs Ilenszen-
ckast obmactb (IIpuBomKckui (enepanbHBIN OKPYT).
MypmMmaHckasi 00J1acTh B HACTOSIIIIEE BPEMSI HaXOUTCS
Ha 60-Mm mecte, x0T B 2010-2011 romax oHa HaXoau-
Jack B yucie auaepos [3, p.92]. 1o ronmutuHCKoM mo-
pozne B 30 pernoHax MpOAYKTUBHOCTH ObLia BeIme 10
TBIC.KI' MOJIOKA, B ABYX obOmactsx (CapaTtoBckoii 00ia-
cta u CTaBpOIIOJIILCKOM Kpae) — BhIIe 12 THIC.KT MO-
noka. MypMaHckasi 001acTb B HAacTOAIIEE BPEMs HAX0-
auTcst Ha 35-M MecTe 1Mo NMPOAYKTHBHOCTH TOJIIITHH-
CKOMU MOPOJIBI.

Tabnuma 2

Peiitunr pernonos Poccuiickoii @egepanuu 10 MOJI0YHOH NPOAYKTHBHOCTH B INICMEHHBIX X038 CTBaxX

PeiiTiHr Peruon Yol 3a 305 queid nakra- | o, xupa | % Gemka
AU, KT
[To Bcem nmopogam
- Poccuiickas @enepanus 9204 3,93 3,31
1 [Tensenckas o6nacTs 11221 3,62 3,27
2 CapartoBckast 007acTh 11086 3,98 3,39
3 HoBocubupckas 00macth 10985 3,88 3,28
4 CraBponoibCKui Kpan 10947 4,16 3,44
5 TIckoBckas obnactb 10936 3,89 3,34
60 MypmaHckast 00J1acTh 7218 3,65 3,1
ITo rommuTHHCKOM opoae
- Poccuiickas @enepanus 10082 3,89 3,32
1 CaparoBckast 0071acTh 12880 3,91 3,47
2 CraBponoibCKui Kpan 12701 3,82 3,32
3 OpeHOyprckas 0061acTb 11569 3,87 3,55
4 Boponesxckas 061acTh 11369 3,85 3,50
5 KanuauHrpaackas o0nacTsh 11317 3,74 3,39
35 MypmaHnckast 00J1acTh 9664 3,71 3,16

Arnodeo3oM Bcell pabOTHI CeNEKIIMOHEPA, KaK U
J1r000T0 CHEennaicTa, SIBISETCS JOCTH)KEHHE BEICOKHX
Pe3yJIbTaTOB, PEKOPJIOB.

B CIIIA nocnenHuii H3BeCTHBIN peKkop — KOpoBa
Selz-Pralle Aftershock 3918, ¢ depmbr Selz-Pralle
Dairy (Buckoncun). B 2017 roay Ha 5-if nmakranuu 3a
365 mueit ona mana 35457 i momnoka [4, p.1; 5, p.1].

B Mupe HacuuteiBaeTcs 6osee 24 KOPOB C MOKH3-
HEHHOH MPOAyKTUBHOCTHIO 6omee 200 ThIC. KT MOJIOKa
[6, p.1]. Camblit BEICOKHIT TTIOKa3aTeNb ObUT OTMEYEH Y
kopoBsl Nor-Bert Colby Connie (bpemen, mtar Maan-
ana, CIIIA). B 2023 rony B Bo3pacte 14 ner oHa mno-
Ouita pexop] Noxknu3HeHHOTo ynosi. Ee ynoil cocraBun
486300 ¢dynra, unu 220581 murpos monoka [7, p.1].

B Poccum Takke MOSBISIOTCS KOPOBBI-PEKOP-
muctku. Tak B TBepckoit oomact B 2016 rogy kopoBa

Maprta 3a 305 gueit ynos gana 20702 kr momoka [8,
p.1]. B Pssanckoii o6nactu B 2023 rony B X03sicTBe
«ank» kopoBa Ajiest B Bo3pacTe 5 JIeT oKas3aa pe-
KOpaHbIi ymoit 20278 kr mosoka [9, p.1].

B Mypwmanckoit obmactn B OOO «llomspras
3Be3ma mo mroram 2022 roma 3 KOPOBBI JOCTUTIH
ypoBHA 15 ThIC. KT MOJI0Ka (Ta0:1.3). Cpenu HUX Ha BTO-
poMm Mecte - KopoBa ApreHTHHa 1244. D10 pexop-
nucTka Mypmanckoii obmactu 2023 roga. 3a 305 nueit
JIAKTalliH1 €€ MPOyKTUBHOCTH cocTaBuiua 19171 kr mo-
JoKa. JTo ee 4yerBepTas JakTanus. OOpaTure BHUMA-
HHE Ha TpaduK pe3ysIbTaTOB KOHTPOJIBHOM JTOMKH KH-
BoTHOTO (prc.3). [IpogyKTHBHOCTE APreHTHHBI Ha Tpe-
THH MecsiI] JJakTaluu cocrasiisiia 6omee 80 .
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Tabnuma 3
Jlyuymue kopoBbl Q00 «IlonsipHas 38e31a» (roJmITHHCKAs mopoaa) Ha 2022 rog
B oren s Haupeicinas naxrtamnus (305 aueit)
. Ne No | Vroii, kr % xupa | % Oenka
Comsipric P.Cosepunr 6 15248 38 %28
Mysa 582 61492131 198998
Vian M B.B.Aijman 3 | 15012 38 5%
Aprenruna 1244 11491930 1013415
JloGepr M P.Cosepunr 3 15061 3,74 3,27
Hyra 1376 472038 198998
JloGepr M P.Cosepunr 2 14899 378 328
Cubupckas 1463 472038 198998
Merpe M B.B.Aiiman 4 | 14t 75 5%
pnanzus 1101 51002781 1013415
Tpubynac B.b.Alignan 2 14306 73 320
Vaycka 41755 465647 1013415
Torm M P.Cosepunr 3 14293 3,73 3,29
Mamaneira 1636 50665626 198998
Ornerpeit B.b.Alinuan 4 14007 38 3%
Anp6unka 859 51002788 1013415
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Pucynok 3 — Pezynbmamul KoHmpobHOU 00uKu Koposvl Apeenmuna 1244 ¢ 2022-2023 2o00ax.
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anp.22

MIOH.22

non.22

ApreHTHHA SBIIETCS NOYephbio Obika YiaH (Tute-
MoOBenuaeHne MockoBckoe). [To mamaev BHUWm-
JIEM 3TOT OBIK JTaeT CYIIECTBEHHYIO MPHUOABKY B yI0€.
On npeacrasutens Juanu B.b.Aiinnan. Ee mate AMm-
HUCTHA 279 sBIAeTCA NpEACTaBUTENEM CeMeHcTBa

aBr.22

CceH.22
OKT.22

HOoA.22

nek.22

AHB.23

Apus 489, ee mMakcumanbHasg NPOAYKTUBHOCTh Ha 5
JakTanuu cocraBmia 6oxee 10 Teic.kr Moioka. Taxoke
HEOOXOIUMO OTMETHUTh, YTO OTIIOM MaTepH SIBIAETCS

Obik JInHKC,

OIICHKH TIEMEHHOU 1IeHHOCTH (puc.4).

C JOBOJIBHO BBICOKMM pPE3YJIIBTATOM
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ApreHTUHa  Yran M 11491930,
1244 nvnus B.B.Ailanan 1013415, knacc Al

Ouenka MU

MO Mockosckoe: yaoit - 14193 (+304 kr), %:kupa - 3,97 (-0,04), %6enka - 3,27 (-0,04)

AMHUCTKHA 279,
cemelicteo Apua 482,

MakKc.npoa. (5 n.) -10293-3,85-
3,26

Aeswura 31455

OueHka MU BHUUnnem (2021): yoou +206, %:wupa -0,04,
%6enka +0,01

Hr 198998, knacc A1b1

AliBa 285

Pucynox 4 — Podocrosnas koposwl Apeenmuna 1244

C yueroM Toro, yto Hamu B 2021 rogy nmpoBoauiIn
WCCIIeTIOBaHMs B TaHHOM XO3sIIICTBE 11O U3yUEHUIO BIIH-
SHUSL CEMEICTB M JIMHUM Ha MOTOMCTBO METOJIOM
BLUP. Huxe npencraBieHbl JAHHBIE IO NMPOLYKTUB-
HOCTU TIPEAKOB APTreHTHHBI, TOJYyYEHHBIE B PE3YJIb-
TaTe aHaiaM3a JaHHbIX HO ctaxy ¢ 1998 mo 2020 roa
(Tabn.4). B wacTHOCTH, COTJIacCHO Halleld OICHKE M

ObIKOB. B TO e BpeMst X04eTCst OTMETHUTD, UTO C MaTe-
PUHCKOH CTOPOHBI OTMEYAeTCs JOBOJBHO BBICOKAsS
MIPOAOJDKUTEIBHOCTD KH3HH y MAaTePH M ¢ MaTepu C
HEIUTOXUM MTOTCHIMAJIOM MPOayKTUBHOCTH. U X0Ts ce-
MeiicTBo Apust 489 obecrieuniio He3HAYUTENILHOE TIpe-
BOCXOJICTBO TI0 Y00 (Bcero +63 kr), odmiee Koude-
CTBO MMOTOMCTBa TOBOPHUT O JOCTATOYHO BBICOKOM IIPO-

VYnan u JINHKC UMENN OTPHULATENFHBIC Pe3YIbTATHl DU~ OYKTHBHOM, ¥ HE TOJNBKO, MOTCHIHANIE OSTOW
OIICHKE TUIEMCHHOW IMeHHOCTH. [lo Bcell BUAMMOCTH, TeHEaTOTHYecKOH TPYIIIIEL.
CyIIECTBEHHOE BIUSHIE OKA3aJI0 MAJCHUE IPOIYKTHB-
HOCTH B CTaJIc UMCHHO B TICPHOJ] UCIIOJIb30BAHUS ITUX
Tabnuna 4
IIpoaykTHBHOCTH M IIeMeHHasi oneHka (ITIY) npeakoB AprenTunbl 1244 B 000 «IloasipHasi 3Be31a»
Cp.y10fi 110 Cp.ynoi Cp.ynoit Cp.ynoii
I'eneanoru- o 1 jak- 1o 2 jax- o 3 nak-
Ywucao mo- BCEM JIaKTa- TIL1,
yeckast TOMKOB s 32 305 TaIMu 3a TaIMu 3a TaIuu 3a r
rpymnmna N 305 mueni, | 305 gmeii, | 305 guei,
JTHEH, KT
KT KT KT
Orten Ynan M
11491930 30 9037+185 8843+£216 | 9302+322 - -227
Munws otua | BB Adfanan |- g6q 8981436 | 843150 | 9264471 | 9339493 | +62
1013415
Mars %H“CT“” - 7891 (5 naxt) | 4469 7068 8892 i
CemeiictBo | Apus 482 75 8988+169 85424237 | 87994337 | 97844427 | +63
Oren ma- Jluake M
Tepn 51269814 15 6425+459 4704+118 | 7411£374 | 8619+273 | -264
Junna otua | P.Cosepunr 1278 909845 8682462 | 9435488 | 94294127 | +27
MaTepu 198998
Martsp ma- Aesuta
Tepn 31455 - 9060 (5 nakr) 9543 9954 11596 -

B 3axmoueHre HEOOXOIUMO OTMETHTH, YTO CO-
BPEMEHHBIC METOIBI CEJICKIIMOHHOW paboThl CTaHO-
BATCS Bce OoJice CIEeNUATM3UPOBAHHBIMI U TOYHBIMH,
OJTHAKO PeaH3alus 3aJI0)KCHHOTO B )KHBOTHOM ITOTEH-
[[Maja CyIIECTBEHHO 3aBHCUT OT YCJOBHIi €ro cojuep-
JKaHUS U OPraHU3alyy MPOU3BOACTBA. [loaTOMy HOITy-
YCHHUC BBICOKOIIPOAYKTUBHBIX JKHMBOTHBIX, PEKOP-
JUCTOK TMOPOIBl BO3MOXHO TOJBKO B pe3yJbTare
YCIIEIIHOTO COTPYJHUYECTBA CIIEIHAIUCTOB Pa3HOTO
npodumns 1 pabOTHUKOB XO35HCTBA.

Baarogapnocts: Bripaxxaem 61aromapHOCTb
xomnekTuBy OOO «IlonspHas 3Be371a», IITaBHOMY 30-
orexHuky Cunoposoii JI.H.
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Abstract

The article provides information about the role and features of rational nutrition of people, which is associated
with uninterrupted provision throughout the year with balanced protein, vitamins, carbohydrates, etc. products not
only due to bread and bakery products, but also favorite fruits, vegetables and other crops. The authors make very
logical conclusions that biennial vegetable crops play a special role in the nutrition of the population, which, ac-
cording to the authors, form 2-3 crops per year when irrigated.

AHHOTaNMS

B cratbe MMPpUBOAATCA CBCACHUS O POJIN U 0COOEHHOCTSIX PaOHAJILHOI'O MUTAHUS mo,ueﬁ, KOTOPLIC CBA3aHO
C 66CHGpe6OI>iHLIM o0eclieueHueM B TEUEHHE roaa C6aJ‘IaHCI/Ip0BaHHLIMI/I 110 66J‘[Ky, BUTaMHHaM, yrjieBodaM 1 T.O.
MMpOAYKTaMHM HE TOJIBKO 3a CHET xaeba u XH€606YJ'IO‘{HLIX I/I3,H€J'II/II71, HO U U31100JIEHHBIX IIJIOJOBBIX, OBOIIIHBIX U
APYTUX KYJIBTYP. ABTOpI)I JACJIA0T BECbMa JIOTMYHBIC BBIBOJbI, YTO ABYJCTHHUC OBOMIHLIC KYJIbTYPbl 3aHUMAIOT
0co0yI0 POJIb B MINTAHUH HACEJIEHHsI, KOTOPbIE, KaK CUMTAIOT aBTOPbI, IPU OPOIIEHNH (POPMHUPYIOT 2-3 yposkas B
TOJI.

Keywords: human nutrition, balance of products, calorie content of food, environmental aspects, food secu-
rity, vegetable biennials, 2-3 crops;

KuioueBble cjioBa: MUTaHUE JIFOJIEH, cOATAaHCHPOBAHHOCTH MPOIYKTOB, KATOPUHHOCTD IMHUIIH, YKOJIOTHYE-
CKH€ aCTeKThI, TPOJIOBOJIHCTBEHHASI 0€30TIaCHOCTh, OBOIIHEIE IBYJIETHUKH, 2-3 ypoKas;

Benenne. 113BecTHO, 4TO OOecriedeHUE Hacene-  UMEET IIyOOKHE HCTOPUUECKHE KOPHH M ¢ KOTOPOH Hc-
HHSL 3MHOTO I1apa MPOAYKTaMH ITUTaHUsI OTHOCUTCSI K TOPHUSI 4YEJIOBEYECTBAa CBsi3aHa ¢ OopwrOOi 3a mwmmy.
yucily Haubojee aKkTyaJbHbIX mpobieM, kotopoe IIpoJoBOJBCTBME BCerga BBICTYNAJIO M BBICTYNAeT
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HEOTHEMJIEMOH YaCThIO dKU3HEHHBIX CPEJCTB, U Hapac-
TaHWE 10 TEM WJIM WHBIM NPUYUHAM €ro IeHuImTa
CIpaBeIINBO BOCIIPUHUMAETCS Kak OecTBHE, TpeOyIo-
1mee aJeKBaTHBIX JEHUCTBUI.

CrnemoBarenbHO, HEJIOCTaTOYHOCTh ITHTaHHUA Y
JIOe TPEACTaBISIET HKOJIOTHUECKYIO TpoOiieMy, U
OHa SIBJSIETCSI KOHSYHBIM Pe3yIbTaTOM, TECHO B3aMO-
CBSI3aHHBIX MEXIy co00i (akTopoB ¢Qunveckoro,
OGHMOJIOTHYECKOTO U KYJIBTYPHOTO OKpYXEHHS Yeno-
Beka. KonuuecTBo pa3nuyHbIX MUILEBHIX MPOIYKTOB U
MUTATENbHBIX BEIIECTB, JAOCTYMHBIX JIOASM pa3iuy-
HBIX BO3pacTOB, OYAET 3aBUCETh YCJIOBHH OKpYKaro-
el cpensl: KMMara, Io4YB, TPAHCIIOPTa, COXPAHESHUS
BBEIPAIIEHHOTO ypOXKasi, a TAaKXKe OT YPOBHS MPOU3BO/I-
ctBau T.a. [1,c.7;2,c.215].

MHOrOYHCIeHHBIE JaHHBIE CBHICTEIBCTBYIOT,
YTO MPOJOBOJILCTBEHHAS MPOOIIeMa MPEICTABISET CO-
0011 CITO’KHOE KOMIUIEKCHOE SIBIIEHUE, KOTOPOE TpeOyeT
6onee mupokux moaxooB. [Iuia, B cBoei mepBooc-
HOBE MpHHAJUIeXKaIas cpeae oOUTaHusI, HCIONIb3YETCs
yK€ KakK MPOJYKT KyJIbTYphl U B 3TOM CMBICHE, AJIS
B3pOCIIOTO YeJIOBEKa MPU CPEIHEM pexXHuMe padoThI
TpeOyeTcs B mpesenax 3 ThIC. KMJIOKAIOPHH 32 CYyTKH
[3, c.146; 4, c.164].

VYcepenHEHHBIE MHPOBOM MOKa3aTeNlb MULIEBBIX
SHEPreTUIECKAX TOTPEOHOCTEH OmpenenéH 3Kcrep-
tamMu @AO u BO3 B 2385 kunokanaopuil B CyTKH Ha 4e-
noBeka. HamOomnpmryro OHONOTHYECKYIO IICHHOCTH
MPEICTABISIIOT OCNKH, KOTOpBIe HEOOXOIMMEBI Opra-
HU3MY, MPEXIE BCEro, Kak IUIACTUYECKUE BEIIECTBA
JUTst 0Opa3oBaHMsl KJIETOK 1 TKaHel. benkosas HepocTa-
TOYHOCTh OCOOEHHO OTPHIATENIFHO CKa3bIBAaeTCd Ha
3/I0pOBBE J€Teil, BBI3BIBAS TUCTPO(HIO U IpyTHE TPYA-
Hom3yeuumble 6one3nu [11, c.246].

OnHoOOpa3Hoe MUTaHHWE, UCKIIOYEHHE M3 Palu-
OHa Ha JUTUTEIHHBIN CPOK OTEIBHBIX TPYIIIT MUIIEBBIX
MPOAYKTOB HAPYMIAIOT COAaHCHPOBAaHHOCTH ITHIIIE-
BBIX KOMIIOHCHTOB, IIOHIDKAIOT YCBOSIEMOCTh U CHHTE3
BemiecTB. [IWmeBol panuoH pa3inWdeH IS pa3HBIX
KIIMMAaTHIeCKUX 30H. MeHsieTcss HOpMUPOBaHUE yTIIe-
BOJIOB, YICNBHBIN BeC KOTOPHIX B MUTAHWHU IMOBHIIIA-
ercs JJid )KUTelled I0)KHBIX PailOHOB U CHMIKaeTCs JJIst
ceBepHbIX. s nerei, yduuThiBas (U3HOJIOTHMYECKUE
0COOEHHOCTH PpAacTyLIEro OpraHu3Ma, pa3paboTaHbl
ocoOble HOpMBI nUTaHus. [TuTaHKe JKe MOKHMIIBIX JIF0-
JIell CTPOUTCS ¢ YI€TOM OCOOEHHOCTEH opraHu3Mma, B
KOTOPOM ITPOUCXOJUT CHIKCHNE HHTEHCUBHOCTH H 3a-
Me/IcHHe OOMEHHBIX IMPOIECCOB CHUCTEM OpraHM3Ma
yenoBeka [5, c.41; 7, ¢.150].

B T0 xe Bpems1, Onornormyeckas cnenuduka genno-
BeKa TPeOyeT MOCTOSHHOTO MOTPeOIeHNs! )KUBOTHOTO
Oenka M BUTAMUHOB. Besib, paBUIIBHOE COOTHOIICHUE
OCHOBHBIX KOMIIOHEHTOB IHIIHA U €€ KaJlOpUIHOCTH
HACTOJIFKO BA)KHBI 111 3A0POBBS HACETICHHUS, YTO MO0y~
JIAIIO pa3paboTaTh HaydHO- 000CHOBAHHBIE HOPMBI IH-
TaHWS JJ1s HaceleHus cTpad. Kcratu, B Mupe omgHO U3
MEePBBIX MECT 3aHMMAIOT AIMOHIBI, KOTOPBIE W3 YUCIa
nMeromuxcss 6onee 1200 HaMMEHOBAHUM OBOIIHBIX
KynbTyp BelpammBator Ooinee 400, poccusie 200, a
Hacenenue LlentpanbHoil A3um B mpeaenax 40-45 u
T.1. [12, ¢.350; 8, ¢.326].

IIpu »TOM 3TH CcTpaHbl HUCXOJAT U3 TOrO, YTO
Oenku obecneunBaroT 15% cyTouHOH KajopuitHOCTH

(3 HUX He MeHee 1/3 )KMBOTHOTO HMPOUCXOXKICHHS),
*upsl — 30%, a yrneBoxsl — 55%. B nmmeBoit parmon
BKITIOYAIOT MSICO, PBIOY, MOJIOYHBIC TIPOAYKTHI (OCHOB-
HBIC NCTOYHHUKH OEIKOB M JKHPOB), & TAK)KE OBOILIH U
(GpyKTH (MCTOYHHK YTICBOJOB, MHHEPAJIHHBIX Be-
IEeCTB, BUTAMUHOB). B cocTaBe mumm HEOOXOAMMBI
TakKe MUKPOAJIEMEHTHI (Pocdop, xKemne30, HOI, KaJIwid,
KaJIbLUA U Jp.), OCYIIECTBISIONINE BaKHBIE PETYIIs-
TopHbIe (yHKIMHU. [loTpeOHOCTH YenoBeka B JHEPTHH,
KOTOPYIO OH MOJIy4aeT U3 MHIIH, 3aBUCST KaK OT HHIH-
BU/IyaJIbHBIX OCOOCHHOCTEH opraHu3Ma (T1oJia, BO3-
pacra, Beca, pocTa, OOMEHHBIX IPOIECCOB), TaK U OT
XapakTepa TPYIOBOW AEATENBHOCTH, yCIOBHU OBITa,
OTABIXa U OKPY’KaroLeH cpesl (IPEXae BCEro OT Kin-
Mara).

Heob6xonnmast KaopuifHOCTE KOMIIEHCHPOBAIACh
6onpmmM notpedneHneM xieda — 190 xr, a Taxoke Kap-
Todens, KalycThl u Apyrux oBomeit — 6oree 300 xr. B
TaKuUX palMoOHax HC XBaTaJl0o MHOI'MX HeO6XOI[I/IMI)IX
Oprann3mMy KOMIIOHCHTOB — 6CHKOB, JKUPOB, BUTaAMU-
HOB, HO 3aTO OBUIO OYEHB BEJHMKO COJICPIKaHUE YIIIEBO-
noB. [TonoOHBIH XapaKkTep MUTaHKUS OTPULIATEIBHO OT-
pakaJicsi Ha COCTOSTHHHU 37I0pPOBbs, CHOCOOCTBOBAII I10-
SIBJICHUI0 MHOTMX OOJIe3HE M B TEpBYIO O4Yepenb,
OoJie3Hel OpraHoB MHIIEBAPEHHS.

CrenoBarensHo, O0pr0a ¢ HENIPaBHIIBHBIM ITUTA-
HHUEM JIaJIeKO HE BCET/Ia MOXKET NMPUBECTH K yCHEXy B
YCIIOBUSIX, KOT/Ia YaCTh HACETICHUS HE MOJTyJaeT MUHH-
MaJIbHO HEOOXOIMMOTO KOJIMYECTBa MHUIIM. BakHein-
Il IPUYMHON roJIo/1a B MUPE CIIY>KUT HEOCTATOK ITH-
LIeBOro OenKa, KOTOPhI B HACTOSIIIEE BPeMs COCTaB-
nseT 15 MIH. T B TO/I.

[TpuunHbl 060CTpPEHHs POIOBOILCTBEHHOI MPoO-
OJeMBbl Jlerpafialyis OKPYKalolled cpelbl OKa3bIBaeT
OoJiee CHIIbHOE BIIMSHUE HA MPOJIOBOJILCTBEHHYIO CH-
TYaIio B MUpE, HEXKEITM YKOHOMHUYECKHE W COLHAIb-
HBIE TCHACHIMN. B pe3ynbrare moYBeHHO 5po3nn, KO-
TOPO HOABEPKEHO OKOJIO TPETH ITOCEBHBIX IUIOMIAACH
B MHp€, €XKEroHO U3 XO3sIHCTBEHHOT0 000poTa BHINa-
JaeT oT 6 0 7 MJIH. Ta 3eMellb, a N3-3a IPOLECCOB 3a-
0oJlauMBaHUS U 3aCOJIEHUS, TOPA3UBIINX OT YETBEPTH
JI0 TIOJIOBUHBI OPOIIaeMbIX 3eMeNb 10 10 MiH. Ta.

CenbCKOX03IHCTBEHHAS MPOIYKIUS, BBIPAICH-
Has Ha 1O0JAX ¢ MUHTCHCUBHBIM HCIIOJIB30BAHUECM a30T-
HBIX yJI0OpeHUil, COepKUT BBICOKOE KOJTMYECTBO HUT-
paToB, KOTOPBIE BBI3BIBAIOT y JETEH U B3POCIIBIX B pa3-
JUYHOW cTerneHn 3aboinesannii. bomee Toro, B mumry
BBOJUSIT PA3JIMYHOTO PO/IA MHIIEBHIX 100aBOK JUIS yIIy4-
LIeHUsT UX KadecTB. [IpOAyKTHI NMUTAHUS MOTYT OKa-
3aThCs 3arpsA3HEHHBIMH M PaJNOAaKTHBHBIMH H30TO-
namu — ctpoHuueM-90, nesuem-137, itogom-131 u apy-
THMH.

[ITnpoxo U3BECTHBI Cllydad BOZHUKHOBEHUS CEPb-
€3HBIX SHJOKPUHHBIX 3200JI€BaHUM y AeTeH, ynoTpeo-
JISBIIMX B MHITY MSCO OpOHiepoB, B KOpMa KOTOPBIX
J00aBISAIOT TOPMOHBL. MOJIOKO KOPMSIINX KECHIINH B
3arpsI3HEHHBIX paliOHaX COACPKUT NMECTULMIBI U IpY-
T'He KCEHOOMOTHKH.

DKOJIOTHYECKUE AaCHEKThl IPOJOBOIBECTBEHHOM
po0JIeMBl HACTOSATENBHO JUKTYIOT YACNIATH 0COO0Tro
BHUMaHHUS 110 NPEJOTBPAILECHHUIO YXYIILICHNS! OKpYXKa-
IOIIEH Cpesibl C 1IEIbI0 MPEOIOJICHUS IKOJIOTHIECKIX
TpyJIHOCTEH. DKOJOrMYeCKne OIIMOKU NMpU PEeICHUN
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npoOJeM CEeIbCKOTO XO3SHCTBa 000pPAYUBAIOTCS IS
HACEJICHHUS TPAarmdeCKUMH ITOCIEACTBUAMH. SIpKUM
MPAMEPOM TOMY SIBIISIETCS PAllMOHANBHOE NMHUTAaHUE U
TIPHUHATHE 30POBOTO 00pa3a KIU3HH JIOICH.

Mexay TeM KOpPHETDIOAB! U APYTHE NBYICTHHKH
MOTYT YAaYHO BOCIIOJIHHUTH 3TOT MPOOEN MPH YCIOBUH,
eci OyIoyT YYTEHBI OMOJNOTHYECKHE W TEXHOJOTHYe-
CKHE OCOOCHHOCTH 3TUX KYJIBTYp MPU BBIPAIIMBAHUHN
JUI Pa3IMYHBIX IICJICBBIX HA3HAUCHUI M, B TEPBYIO
ouepeb, IS LeJiel cuaepanuu. 31ech OHU YJa4HO MO-
TYT COYETAThCS HE TOJBKO C XJIOMYATHUKOM, HO H C
JPYTUMU KYJIbTYpaMHU.

B HacTosimmee Bpemsi OBCEMECTHOE BO3JIENBIBA-
HHUE OBOIIHBIX KYJBTYp H IIAPOKOE PACIPOCTPAHECHHUE
UX TIPEICTABUTENCH HA OPOIIAeMBIX 3eMIIsIX Y30eKu-
cTaHa 00YyCJIOBJICHO TOBOJBEHO BBHICOKAMH ITHIIIEBBHIMH
1 BKYCOBBIMH IOCTOMHCTBAMH, a TAKXKE 3HAUCHIEM KaK
JIEIIEBOTO U JOCTYITHOTO MCTOYHUKA BUTAMUHOB yTJIe-
BOJOB U APYrux IOJE3HBIX IJIA YCJIOBEKAa BCHICCTB.
Mesxny TeM MO MPOU3BOJICTBY U aCCOPTUMEHTY OBO-
med SnoHus 3aHMMaeT Beayllee MECTO M €ClU OHa
npousBoauT 60see 250-300 ux Bua0B, TO Poccus 3anu-
Mas 2-oe MeCTO NMpou3BoAUT okojo 200 BHIOB, TOraa
Kak B Y30eKHCTaHEe MPOU3BOASAT TOJIBKO okoyio 40 ux
BUZIOB M T.JI.

Crnemyer 0co00 OAYEPKHYTH, YTO MHUIIEBAs ICH-
HOCTB OBOIIHBIX KYIBTYpP OTPEACIACTCS MPEKIE BCETO
COJIEpKaHNEM KaK B TIOA3EMHBIX, TaK M HAJ3¢MHBIX Ya-
CTSX B JOCTATOYHOM KOJIMYECTBE YIIICBOJOB, OPraHU-
YECKUX KHCJIOT, MAHEPAIbHBIX COJICH, BUTAMHHOB U
JPYTHUX XUMHUECKUX coeinHeHnH. Kpome sToro B npo-
JYKTax OBOIIHBIX KYJIBTYp COJIEPKATCS DPa3IMYHbBIC
apoMaTHYecKue, Kpacsiue BellecTBa, KOTOpbIe Ipu-
JIAI0T UM O0COOBII apoMat 1 BHEIIHUIA BU].

OCOOCHHOCTBIO SIBJISIOTCS TaK)KE€ W TO, YTO OHH
OTJIIMYAIOTCS BHICOKHM COJICPYKAHUEM BOJBI, KaTOpHii-
HOCTBIO, IMEIOTCS JKHUPHI, OCTKH, YraeBoas! U T.1. Ilo-
9TOMY B MOPKOBH, CBEKJIE CTOJIOBOW Ipeodiagaer ca-
xapo3a, a Kierdarka, cojepxamas B HHX, CII0CO0-
CTBYeT JIydlIed TepeBapUMOCTH NPUHUMAEMBIX
YEIIOBEKOM B OpTaHU3M IHIIH. [IeKTHHOBBIE ke Belie-
CTBa, COJEprKalliecs B CTEHKaX IUIO0B OBOIIEH MOA
BO3JieiicTBIEM (DEPMEHTOB, MpeBpaliaeTcs B MEKTHH,
KOTOPBII XOPOIIIO paCTBOPSIETCS B BOJIE.

B mioznax 1ByJneTHHX OBOLIEH TAaKKe CONEPIKATCS
N a30THUCTBIC BEHICCTBA, NPEACTABIIAIOUINE TJIaBHBIM
obpazom Genkamu (y 4ECHOKA K MPUMEPY OHU B IIpeJie-
nmax a0 6%), TIAMKO3uJaMHu, O00JIATaroNIIe BKYCOM TO-
peun u T.1. Kpome 3Toro B coctaBe oBOILLIEH UMEIOTCS
U KUpbl (B HE3HAYUTEIHHOM KommduecTtBe, T.e. 0,1-
0,4%) opranuueckue KUCIOTbI, MUTMEHTHI, KAPOTUHBI,
3(hupHBIE Macia, a TaK e IeNblid psa BUTaMUHOB.U
TaK, OBOIIHBIC IBYJIECTHUE KYJIBTYPBI OTHOCATCA K
YHCJTy OCHOBHBIX M HE3aMCHUMBIX IMUIIEBBIX MPOIYK-
TOB U IIOTOMY CBITPAIOT BAXXHYIO POJIb B OpraHU3allnu
IMMPaBUJIBHOTO U PATMOHAJIBHOI'O MUTaAHUA CPEAN HacCe-
JICHWS HAIIeTO PeTHOHA.

[TosToMy y Hac B 3aBUCHMOCTH OT Teorpadmude-
CKHUX YCJIOBUI PETHOHOB, )KH3HEHHOT'O YPOBHSI, IIPHBBHI-
YEK JKUBYIIUX B PAa3IUYHBIX OOJACTHBIX TEPPUTOPHSX,
a TaK ¢ MPHUBBIUCK HACEJCHHS K YMOTPEOJICHUSIM B
Pa3IMYHON CTENICHH TEX WJIM MHBIX HIICBBIX MPOIYK-

TOB (110 PAa3JIMYHBIM MX BHIAaM) B CPEAHEH CTEIIEHH Io-
J0Basi HOPMa ¥ HOPMa OBOLIEH IO OTAENBHBIM BUAAM
moTpeOieHns: OBIBAIOT y HAC Pa3IMYHBIMHU. Tak, 3TH
HOPMBI COTJIACYIOT Ha OCHOBAHHH IMOTPEOUTEIBCKHUX
BO3MOYKHOCTEH HaceleHUs CO CTOpOHbl Mun3apana
PecrryOnmkn Y30exucTaH B IpOMNIIOM OBIIIO OBOIICH Ha
Iylry HaceneHus B mpernenax 80-85 kr, To B ronsI He-
3aBUCHMOCTH CpPEIHssI HoOpMa JOCTUTIIO B 90 bie rojbl
90-95 kr, To B HacTOslee BpeMs IUIAHUPYETCS Ha
ypoBHe mpuMepHo 135-145 kr oBomeit Ha qynry Hace-
JICHUSL.

I'maBHOW MX OCOOEHHOCTBIO 3aKIIFOYAIOTCS B TOM,
YTO OHU HE TPEOYIOT HOTOIHUTENBFHOHN IUIOIAIH, Mac-
CHPOBAHHBIX /103 YAOOpEHUH, BOAB U T.A. U OTJINYA-
FOTCSI TPOCTOTOH TEXHOIOTMUECKHUX IIPHEMOB, KOTOPBIE
MOTYT OBITh HCIIOJIB30BAHBI IS PA3IMYHBIX IETEBBIX
Ha3HAYeHUN U 3a KOPOTKUM IMPOMEXYTOK BpPEMEHU
CIIOCOOHBI (hOPMHUPOBATH BBHICOKHE YypOXKal OMOMACCHI
(Typcynxomxkaes 3.C., bonkynoB A.C, 1987; X.®. ba-
tupoB, 1997, 2022; III.A. Xanunos, 1988; u apyrue).
Kpome Toro, mpomMexyTouHble KyJIbTYphl MOTYT ITOBBI-
CUTh KO3(D(UIMEHT 3eMIICNIOIB30BaHUSI OpOLIAEMOI
namuau ¢ HeiHenrHero 0,65-0,79 no 2,0-2,9 pasa, BbI-
TIOJTHSISL BAXKHYFO POJIb B 3aILIUTE TI0YB OT APO3HH, 3aCO-
JIeHUS ¥ 3a00J1aYMBAHUS 3€MEITb.

bnaromaps ux moceBam ymydmarorcs ¢(uznde-
CKHE, TEXHOJIOTHIECKHE CBOMCTBA ITOYBHI, OMOIOTHYE-
CKast €€ aKTHBHOCTb, CIIOCOOCTBYeT MoOmIm3anuu ¢oc-
(aToB U ¢ UX MOMOIIIBI0 MO>KHO OOPOTHCS IPOTHUB COP-
HSKOB, 00JI€3HEH 1 BpeuTene ¢.-X. KyJIbTyp, a TakKe
3alIMIIAIOT II0YBY OT 3PO3UH M HAKOHELI, IPOMEKYTOU-
HBIC KYJIbTYPBI ABJIAIOTCS BaXXKHBIM PE3CPBOM YBCIINYEC-
HHUA MIPOU3BOJICTBA BBICOKOOEIKOBBIX KOPMOB 3a CUET
3epHOBBIX, O00OBBIX, KAIyCTHBIX U JAp. MPEACTaBUTE-
neii (Kanr r.,1981; JloB6an K.1.,1990).

Takum o00pa3oM, BBIpalIMBaHUE IOcie YOOpKH
XJIOITYATHUKA OCEHBIO M 3€PHOBBIX XJIEOOB IPOMEXKY-
TOYHBIX KYJIBTYpP [1a€T BO3MOXHOCTh O€3 3HauUTENb-
HBIX 3aTparT, He COKpallas MOCEBHBIX IUIOMAAeH B ce-
BOOOOpOTE, CYIIECTBEHHO YBEJIMYUTH HPOU3BOJCTBO
c.-X. mpoayKumid. Tem Gomee B 3TOT MEpUOJ UMeEETCs
HaJInm4yue TEIUIa, BJIarvu, CBETa U MPOAOJLKUTCIBHOCTU
OnaronpusaTHBIX AHeH B TeueHue 130-150 nueit netom
u 150-160 nHeit B 3uMHUN mnepuon (ANUXaHOB,
M.A.,1981; A.Xanukos, 1988).

Marepuajibl 1 MeTOAMKA. B cBsi3u ¢ 3TUM, MBI B
tederne 2017-2023 TT. IpOBOIUIH TIOJIEBBIE UCCIIENIO-
BaHMS Ha OpoIaeMbIx 3emisix CamapKkaHJICKOH o0ua-
CTH B BapHaHTaxX HCIIOJb30BAIM U3 YHCIA MPOMEXKY-
TOYHBIX KYJIBTYP IIOCEBBI PEAbKH MacINYHOH, TH(OHA,
STYMEHSI, TOPOXa M MX CMecel, a B KaueCTBE KOHTPOJIS
Opanu, 3506 1 BecHoBcnamky. CeMeHa MPOMEXKYTOU-
HbBIX KYJIBTYP BBICEBAJIMCH Ha THIATEIBHO ITOJATOTOB-
JIEHHOM TIOJIE B Hauaje OKTI0ps u3 pacuera TUGOHA 5
Kr/ra, peapKy Macanunyro 20 xr/ra, ropoxa 90 kr/ra,
sumenst 120 kr/ra, a B cMecsSX UCIIOJIb30BaJIH IMOJIOBUH-
HYIO X HOPMY BBICEBA CEMSH.

3akanka, MpoBeJICHNE ONIBITOB, YUETHI, HAOTIOIe-
HHUE W aHAIU3BI N0 U3y4aeMbIM KYJIBTYpa MPOBOAMIN
cornacHo Meroauke b.A. [locriexosa (1985) n npyrum
METOJIMKaM, IPUHITHIM Ha OPOIIAEMBbIX 3eMIIsIX ¥Y30e-
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KUCTaHa. B omblTaXx NMpUMEHSUIM arpoTEXHUKY, PEKO-
MEHJIOBaHHYIO AJIsI OpoIIaeMbIx ycioBuii CamapkaH-
ckoif obmactu (batupos X.®.,1997,2022).

Pe3yabTarel u 00cyxaenue. VccnenoBanusmu,
MIPOBEIEHHBIMI HAMHU [UTATENBHBIN miepun (1997-2017
IT.) YCTAaHOBJICHO, YTO W3 YHCJIAa HEe OOOOBBIX pemapKa
MacImgHasi, THQOH, KallycTa KOpMOBasi, OpIOKBa, cype-
ML 03UMas U 1a)Ke U3 3epPHOBBIX KOJIOCOBBIX SIUMEHB,
OBEC U JPYTHe B OTIIMYHOM COCTOSIHUH (IIPU COXPaHHO-
cti 95-98,5% K UCXOAHON T'yCTOTE CTOSIHUS) MEpe3u-
MOBBIBAIOT U C PaHHEI BeCHBI OBICTpEE U JIpY)KHEE OT-
pacTaroT M 3a KOPOTKHH MPOMEKYTOK BPEMEHH yXKE B
KOHIIE MapTa W Hadyaje ampels cMOryT (popMHpOBaThH
JIOBOJIBHO BEICOKHE yporkan (450-510 1/ra) Gmomaccsl,
KOTOpBIE MOTYT HMCIIOJIb30BATHCSI KaK CHIEPATHI, a 3a-
TEM Ha KOPM >KHBOTHBIM WJIM JIOPAIIUBATBCS AT I10-
YUCHHS BBICOKOKA9ECTBEHHBIX CEMSH.

He 60060BBIC cHaepaThl aKTHBHO CIIOCOOCTBYIOT
HaKOIUICHUIO OPraHUKU B II0YBe. BO3BpaT ke B KaKou-
TO CTENEHM Ha I0JIe YaCTH 3eJICHOH Macchl B BUJE Op-
raHMYECKOTO YA00peHHs-HaB03a-3TO JIUILb YaCTUYHAS
KOMIIEHCAIUs KOIMYeCcTBa I'yMyca, pa3iaraiomerocs B
pe3yabTaTte 00pabOTKH MOYBHI, BHECEHUS YI00OPCHUH U
T.1. HeoOxonuMo mom4epkHyTh TOT (akT, 4TO Macca
KOPHEBBIX OCTaTKOB MOXXHUBHBIX ITOCEBOB HE 0000BBIX
MPOMEXYTOUYHBIX KYJBTYP B HAIIUX YCIOBHSX (IpH
OpOIIEHNHN) B 3aBUCUMOCTH OT CPOKOB IIOCEBA M HOPM
BBICEBA CEMSH MOXET TOCTHYb B Ipeaenax 35-50 m/ra
TIPY PaHHUX CPOKOX,17-30 m/ra u 5-15 1/ra npu mo3x-
HHX CpOKax MX BEereTanuu.

3aMeTuM, 4TO B Hayajle ampessi Macca OJHOIO
KOpHS B cpelHeM Obula y CBEKIbI caxapHoil 70-75
rpamMma, CTOJIOBOH CBEKJIBI 62-65 rpamMma, JHCTOBOI
CBEKJIBl UyTh MEHbIIE, PEAbKA MACIUYHOM, KalyCThI
KOpMOBO# u TH(OHA cOOTBeTCTBeHHO 50-55 rpamma,
HO JINCTHEB B MECTE CEMEHHHMKAaMH Y BCEX MPEACTaBHU-
Teneit Opl10 HaMHOTO OoMbine. K mpumepy, macca nm-
cTheB ObLIa B ipeaenax 85-131, rpamMMa, a B Mae, a TeM
Goutee B MIOHE OBIIa B HApacTaIOIEM TEMIIE, T.€. B TIpe-
nenax 215-285, a 'y kanyctHbix 330-35 rpamma.

W naxoHel, Mbl B Hauane yTBEp>KJalu O TOM, UTO
IBYJCTHUKU AAlOT CEMEHA, ypoxKail KOTopbix B 2,0-2,5
pasa OoJbllIe C HAaWIYYIINMH KadeCTBAMH, YEM CKa-
K€M, 110 CPABHEHHUIO C TPAJHIHOHHBIM (BBICA[OYHBIM)
croco0oM, KOTOpPHIH TpebyeT ABa TOJa BETETALNH,
OonpIINX 3aTpatT TpyAa u cpencTs. I[Ipu mocese xe ux
CEMSIH OCCHBIO 1 ITyThEM 3MMOBKH ITPSIMO Ha OTKPBITOM
I10JI€, YTO BIIOJHE BO3MOXKHO B HAaIlIUX YCIOBUSAX, U Ye-
pe3 monroja K JeTy maet 2,5-3,5 1/ra ceMsiH ¢ OTIHY-
HBIMHU MX CBOHCTBAMHU.

Kpome Toro, cimemyer Takxke OTMETUTb, YTO B
HaIIKX OIBITaX K MpPUMEpPY, Kallycra KOpMOBas Jaxe
mpu MOo3AHUX cpokax (15 okTaOps) moceBa K paHHEH
BecHe popmupyet 450-475 m/ra ¢puromaccer u 35-50
1/Ta KOPHEBBIX OCTaTKOB, NPH HCIOJIb30BAaHUM KOTO-
pBIX oOecredmBacTCsl 3HAYUTEIBHOE KOJIMYIECTBO
HaKOIUICHHSI TyMyCa, YTO TOJHOCTBIO KOMICHCHPYET
€ro MOTEPH B MPOIECCE BO3/ACIBIBAHMUS TEXHUIECKUX 1
IpYTUX KyJIbTyp.

OmnebiTel poBoMIIMCh B Teuenue 2017-2023 ro-
JIOB B YCJIOBHSIX OpOIIaeMbIX 3eMenb CaMapKaHACKOH
00acTH B 4-€X KpaTHO¥ MOBTOPHOCTH C Pa3MEpPOM Jie-
nsiHKY 50 M2 Kaxa0il. 3akiaaka, NpoBeIcHHE OHOMET-
pUYECKUX Y4€TOB, aHAJIM30B U HAOIIOICHUI IPOBOIH-
JIUCh COTJIaCHO METOAMKE M0JIeBOrO onbita o b.A. Jlo-
cnexoBy (M., 1985), nanHbIe IO YposKato, MOTyYeHHEIC
B OIBITax IMOJBEPralNCh MaTeMaTHIeCKoH 00paboTke
JMCTIEPCHOHHBIM METO/IOM.

ITo4BBI ONBITHOTO y4yacTKa OBIIM THIHYHBIMH Ce-
po3eMaMy JaBHETO OPOIICHUS ¢ MEXaHHYECKUM COCTa-
BOM CpeZ[HeCYFHHHHCTLIﬁ, a 3aJICTAaHUEC 'PYHTOBBLIX BOJ
O5UTO B mpesienax 5-7 MeTpoB. B ombiTax arpoTexHoiI0-
rust OblJIa PEKOMEHI0BaHHOM [T TAHHOM 30HBI, IIOTO/I-
HBIC YCJIOBUA B OTHU I'OJbI ObLIH CpaBHUTECIILHO Omaro-
OPUSTHBIME Ui (DOPMHUPOBAHHUSI BBICOKOTO YpOKast
O6romMaccel. MexXIy TeM JIOBOJBHO WHTEPECHbBIC HaH-
HBIE TOJIY4YEHBI B ONBITAX M M0 HAIMYUIO OPTaHUKH B
rmoyBax (tabm.1).

Tabmuma 1

Hanunuyue opranuyveckoii Mmaccol B naxoTHoM (0-40 cm) ropusonrte nous (Camapkanjackasi 00J1acThb, cpe-
Hee 32 2017-2023 rr.)

Bapuantsi Peaned, °C ITo ropusonram Macea pacrenuii, wra
BCEr0 B. T. 4. KOPEHb
0-1,0 BBIIIIE - -
35106 (KOHTPOJIB) 1,0-2,0 cpemHee - -
2,0> HIDKE - -
0-1,0 BBIIIIE 29,1 9,5
Penpka Macinunas 1,0-2,0 cpemHee 27,0 8,1
2,0> HIDKE 25,4 7,0
0-1,0 BEIIIIE 27,0 8,2
Poxb 1,0-2,0 cpenHee 25,2 7,7
2,0> HIKE 23,0 6,5
0-1,0 BBIIIIE 41,3 13,6
Penrka MacanduHas 1,0-2,0 cpenHee 38,5 11,7
+pOXKb 20> HHXKE 35,0 9,9

JlaHHBIE HACTOSAIICH TAOJNHUIBI MTOKA3BIBAIOT, YTO
nipu penbede mectHocTH 0-1,0 HaKOTIIICHHE OpraHNYe-
CKOH MacChl y peIbKH MACIUYHON OBLIO HAIpUMEp
29,1 w/ra, ipu Gosee 2,0 > xe 25,4 1/ra, 9T0 y pXKHU

cocraBmiio cootBercTBeHHO 27,0 1 23,0 1/ra u B Tpe-
ThEeM BapHaHTe 3To ObUTO B mpexaenax 41,3 m/ra, a mpu
penbede mectHocTH Oostee 2,0 > 35,0 m/ra Maccel. u
1.1. KpoMe Toro mpoBenn WCCIIETOBAHUS W OTHOCH-
TENBHO BIMSHUS CHAEPATOB HA YPOBEHb MEP3JIOTHI U
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TOJIIIMHBI CHETA B 3UMHUI MEPHOJ BETeTAallUU pacTe-
HUH, 4TO MIPUBOJUTCS B Ta0MI.2.

Tabmuma 2

BausiHue cHIepaToOB HA 3aMep3aHMe MOBEPXHOCTH IOYBBI M TOJILIMHY cHera B onbiTax (CamapkaHickas
obmacTp, cpennee 3a 2017-2023 rr.)

BapuaHTsI CJ10ii o Mecsiam, cM
3amep3aHue MOYBbLI ToJamuHa cHera
XIl | 1 XIl | 11
35106 (KOHTPOJIB) 5 7 4 0 3 7
Penpxa MacanuHas 2 3 2 2 5 8
Poxb 2 4 1 3 6 8
Penpka MacauaHas +poxkb 1 2 2 4 7 10

Kak BHIHO U3 aHHBIX TAOJIHUIIBI, YTO B ONBITAX 3a-
Mep3aHUEe BEPXHEro CJIOSl MOYBBl U TONIUHA BHINAB-
IIEro CHera 3uMOoi ObUTH JOBOJIBHO HE3HAYNTEIbHBIMU
Ha KOHTPOJIE, HEKENU JPYTUX BapUaHTOB. Tak, Hanpu-
Mep, BBICOKHE [TOKA3aTeNN MOJIy4YEHBI 110 IPYTUM JIBYM

BapuaHTaM U HaJ0 CKa3aTh, YTO TO CIIOCOOCTBOBAJIO
BBEIMBIBAHHIO B MCHbIIICH cTereHH (hPaKIMK U TIOYBCH-
HBIX YaCTHI[ C MAXOTHOTO ropu30HTa (Tabi.3).

Tabauna 3

Buiusinue cuaepaToB Ha COCTOSIHUE MOYBEHHBIX YACTHII B ONBITAX
(Camapxkansckas oomacTp, cpeanee 3a 2017-2023 rr.)

BbIMbIBaHHME YACTHII 10 CTENEHH 3PO3HH M KYJIbTYP
Bapuantsl cpeaHee CHJIbHOE
T/ra % T/ra %
35106 (KOHTPOJIH) 6,4 100 9,1 100
Penpka macinuHas 51 79,7 79 86,8
Poxb 4,8 75,0 7,2 79,1
Penpka MaciuuHas +poxb 40 62,5 5,8 63,7

W3 TaGMUYHBIX JAHHBIX BUIHO, YTO €CJIM Ha KOH-
TPOJBHOM BapHaHTE OIS HAMBITBHIX MOYBEHHBIX Ya-
crul 0bU10 6,4-9,1 T/Ta, TO HAa TPETheM BapuaHTe (COB-
MECTHBIE ITOCEBBI ABYX KyJIbTYp) OblI0 Ha 2,4-3,2 T/ra
MEHBIIIE 110 CPaBHEHHUIO C MEPBBIM BapuaHToM. Hamo
CKa3aTh, YTO TEM CaMBIM MBI CMOTJIH OXapaKTepH30-
BaTh NPEUMYILECTBO CHAEPATOB, KOTOPHIE SIBIISIFOTCS
MOIIIHBIM CPEJICTBOM IPEAOTBPAILICHUS PO3MOHHBIX
MPOLIECCOB Ha OPOLIAEMbBIX 3€MJISIX HAIIETO PETrHOHA.

Bo Bcex 6e3 HCKITIOYEHUs CIIydasX yposKaiHOCTb
3eJICHOM MacChl CaXxapHON CBEKJBI, TH(OHA, PEeIbKU
MAacCJIMYHOM U OPIOKBHI IO CPABHEHUIO C APYTUMH MPEJI-
CTaBUTENSIMH JIBYJICTHUKOB OblJIa CPABHUTETIHHO BBICO-
koi. Tak, Kk mpumepy, eciau caxapHas CBEKIa MMella
ypoxasi 3eneHoi Mmaccel 504,5 11/ra, KOpMOBast M JIMCTO-
Bast cooTBercTBeHHO 412,0 u 437,0 1/ra, TO cTOJIOBAs
ceexya uMena 327,0 1/ra, a KamycTHBIE KYJIBTYPHI
uMenu B cpegHeM 450-475 m/ra ypoxkas 3eleHOM
Mmaccel. Hano mosararh, 4TO BBIpalMBaHHE KaKOW-
100 O/HOM KYJIBTYpHI B TEUCHUE HECKOJBbKHX JIET Ha
OJIHOM M TOM K€ I0JI€ MPUBEIET K CUIBHOMY 3acope-
HUIO TIOJIEH, YepeoBaHNE 1a)Ke O3MMOW IIICHHMIIBI C
STYMEHEM CIIOCOOCTBYET CHIDKEHHIO CTETIEHH 3aCOPEH-
HOCTH 00€UX KYJBTYP.

3akuatouenue. TakuM 06pazom, Ha OCHOBE BBIIIIE-
W3JI0KEHHOTO CIIeIyeT MOAYEPKHYTh, YTO HapsLy ¢ 60-
60BBIMH 1 He 0000BBIE CHAEPATHl UMEIOT Ba)KHOE 3HA-
YEHHE B BOCIIOJHEHUHU TIOTEPU KOJIUUECTBA TyMyca U B
MOTOJHEHUH €T0 3aM1aCOB MEXAY ABYMS ypOKasiMH HO-
JEBBIX KYyJIBTYP B XJOHNKOBO-3€PHOBOM KOMILIEKCE
opomaeMbIx nojiei. IlpomexyTounbsle KyabTyphl cTa-
HOBSITCS DKOJIOTHYECKH HEOOX0IMMOCTBIO, IIPHU ITOCEBE

KOTOPBIX OYAYT peIIaThCs HIKECIEAYIOIINE OCHOBHBIE
3aaun:

-aKTHBU3UPYETCS MOCTYIUIEHHE B ITOYBY CBEXKETO
OpPraHHUYECKOTO BEIIeCTBA B BHUIE KOPMOBBIX U IIO-
KHUBHBIX OCTATKOB, HAJIW4ME€ IIOCTOSHHOTO DPAaCTH-
TENLHOTO MOKPOBA, MPEIyNPEXIAIONIero BEIMBIBAaHNE
9JIEMEHTOB THIIY;

-yJIydIIaoTcsi  BOAHO-(M3MYECKHE  CBOWCTBA
M0YB, MUKPOKJIUMAT, sBIsieTcsl 3((eKTUBHBIM cpea-
CTBOM IMPOTHBO3PO3HOHHBIX CPEACTB, MOJABISIIOT COP-
HSKH, OYMIIAs TI0YB OT X CeMsH, BpenuTeneii, 6omes-
HEH, CriIa)KMBAIOT CE30HHOCTH, YBEIIMYUBAET MPOJOTI-
JKUTENIBHOCTb C.-X. PACTEHUM;

-CII0cOOCTBYIOT 0ojiee yMelloMy M pallHOHaIb-
HOMY MCIOJIB30BAHUIO paboyell CUIbI, TEXHUKHU, BOJ-
HBIX PECYPCOB M JIPYTHUX CPEICTB, YTO 00YCIOBIMBAET
MOBBIIIEHUE NPOU3BOAUTENBHOCTU TPYAA B CEIbCKOM
XO3AHCTBE.
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Abstract

In the modern era, the rapid development of tourism has become one of the leading factors in shaping the
global economy, social life, and cultural values. Owing to the widespread application of modern tools and tech-
nologies, tourism functions not merely as a form of recreation and entertainment but also as a complex field of
activity with multifaceted social, economic, and environmental impacts.

Since tourism is closely linked to the diverse and ever-growing social, cultural, spiritual, and economic needs
of human beings, both natural and anthropogenic resources are widely utilized to meet these demands. In today’s
world, tourism and recreation activities are not only considered sources of economic income but also viewed as
key components of social stability, cultural integration, and regional development. This sector plays a crucial role
at almost all administrative and hierarchical levels, within the socio-economic structure of regions and in systems
of local self-governance.

As a result of tourism development, infrastructure in regions expands, transportation and service sectors mod-
ernize, investment attractiveness increases, and social welfare indicators improve. This article examines the role
of small entrepreneurship and local self-government bodies in the utilization of tourism and recreational resources

in the Nakhchivan Autonomous Republic of the Republic of Azerbaijan.

Keywords: tourism; small entrepreneurship; municipality; Nakhchivan Autonomous Republic

Introduction

Under current conditions, tourism has become one
of the main areas of socio-economic development of re-
gions. It contributes to the creation of new jobs, stimu-
lates infrastructure development, supports small and
medium-sized enterprises, and shapes the positive im-
age of the region. In an environment of increasing com-
petition among tourism destinations, the activities of lo-
cal self-government bodies are of great importance, as
they possess extensive opportunities to create favorable
conditions for tourism development.

Tourism and recreational activities also play an es-
sential role in protecting human health, fostering phys-
ical and spiritual development, and enhancing educa-
tional and cultural levels. In the modern context, these
activities have become among the main indicators of
improving the quality of human life and social welfare
of society. Through tourism, individuals not only rest
but also learn, observe, gain new experiences, and de-
velop intercultural communication skills.

Tourism is no longer merely a form of travel but a
spiritual process that shapes a person’s worldview, way
of thinking, and system of values. In this respect, it
serves as an integral component of an active and mean-
ingful lifestyle in the modern world — a tool for social-
ization and self-realization (Bilalov, 2006).

The scientific classification of tourism and recrea-
tion resources facilitates their study, evaluation, and
management. Based on this classification, the tourism
potential of a specific area can be determined, and strat-
egies for tourism development are designed accord-
ingly.

The quality indicators of resources are measured
by the following factors:

* accessibility level;

* ecological condition and degree of protection;

* potential for integration into infrastructure;

* socio-economic efficiency, and others.

Tourism and recreation resources form not only
the basis for creating tourism products but also the
foundation for the socio-economic development of re-
gions. Their comprehensive study and accurate classi-
fication enable the implementation of tourism policy on
a scientific basis.

The economic assessment of tourism and recrea-
tion reserves is of great importance in terms of their in-
volvement in economic circulation, management, and
protection. Natural and cultural resources used in tour-
ism activities possess not only ecological and social
value but also serve as productive factors generating
economic benefits.

Entrepreneurial activity in the tourism industry
represents a multifaceted economic process encom-
passing the development of commercially competitive
services, the allocation of capital across different sec-
tors, the efficient use of natural resources, disease pre-
vention, and the improvement of service quality pro-
vided to tourists (Yakovenco, 2016).

In modern times, enterprises in the tourism indus-
try no longer limit themselves to meeting only the tra-
ditional needs of tourists — such as accommodation,
food, and treatment — but also provide additional ser-
vices. These include organizing excursions, selling sou-
venirs and tickets, as well as hosting entertainment and
sports events. Such diversification not only increases
profitability but also enhances the overall quality of
recreation and treatment. Therefore, the infrastructure
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factor is considered one of the most profitable and stra-
tegic components in the design of hotels and sanatori-
ums.

Tourism companies play an important role in the
country’s economic development, in increasing em-
ployment, and in improving social welfare. Entrepre-
neurial activity in tourism not only involves the sale of
services but also pursues broader social objectives —
such as health protection, job creation, and professional
development.

Modern consumers prefer high-quality services
and are willing to pay higher prices for them. This, in
turn, intensifies competition in the tourism market and
leads to higher service standards.

Discussion

The tourism industry consists of numerous small
business entities. Although these enterprises may not
have strong influence at the decision-making level, they
often unite into associations to defend their interests.
These associations play a crucial role in unifying ser-
vice quality standards, standardizing ticket forms, and
coordinating operational activities.

Local self-government bodies, taking into account
regional specificities, are capable of effectively coordi-
nating activities related to the improvement of territo-
ries, ensuring tourist safety, creating a comfortable en-
vironment, and promoting local cultural and natural re-
sources (6). Their participation in the management of
the tourism sector is essential for ensuring the sustain-
able development of tourism and establishing a harmo-
nious balance between economic, ecological, and social
interests.

Local self-government bodies play a key role in
ensuring the comprehensive development of territories.
They serve as a connecting bridge between state struc-
tures, businesses, and local populations (Salimzade,
2010). Their activities are aimed at creating favorable
conditions for life, investment, and particularly the de-
velopment of tourism.

According to the European Charter of Local Self-
Government, local self-government bodies have the
right to independently address local issues in accord-
ance with the interests of the population. This enables
them to design their own socio-economic development
programs that include strategic directions for tourism.

Municipalities can respond flexibly to changes in
market conditions and tourist demands, making them
key actors in territorial marketing. In several countries
(e.g., France, Germany, Switzerland), programs for re-
gional branding and the protection of cultural heritage
are implemented precisely at the municipal level.

In the context of tourism development, the main
functions of local self-government bodies include the
following:

* planning and implementation of improvement
programs;

* organization of public safety and environmental
services;

« support for local entrepreneurs operating in the
tourism sector;

* participation in the formation of regional tourism
strategies;

* promotion and protection of cultural and natural
monuments.

Local self-government bodies also ensure interac-
tion among various stakeholders — the population,
businesses, tourists, and state institutions. Thus, they
act as coordinators of tourism development at the local
level.

Ensuring the safety of tourists is also a priority
duty of local authorities (9). Their responsibilities in-
clude maintaining sanitary conditions, managing waste,
and monitoring the quality of water and air. Municipal-
ities also establish emergency response services and de-
velop plans for the prevention of emergencies.

Successful tourism development is impossible
without the support and participation of the local com-
munity. Municipalities should consider the interests of
residents and involve them in the planning and imple-
mentation of tourism projects. In the digital era, tourism
promotion is not possible without online tools. Munic-
ipalities create official tourism websites, mobile appli-
cations, and social media pages that provide up-to-date
information about routes, events, and monuments.

Tourism can bring benefits not only to the econ-
omy but also to the social sphere. Local self-govern-
ment bodies use tourism revenues for the improvement
of territories, the construction of sports and cultural fa-
cilities, and the support of education and healthcare.
Thus, the development of tourism at the municipal level
becomes a means of improving the quality of life and
increasing social activity among citizens.

However, the increase in tourist flows can some-
times create social tension in society. The task of local
self-government bodies is to establish a balance be-
tween the interests of tourists and residents. This is
achieved through measures such as limiting the number
of tourists in certain areas, regulating public catering
and transportation services, and organizing public hear-
ings on tourism-related issues.

In the Republic of Azerbaijan, particularly in the
Nakhchivan Autonomous Republic, tourism plays a
special role in economic diversification, employment,
and the international recognition of the region. The rich
natural, historical, cultural, and therapeutic resources of
Nakhchivan create favorable conditions for the devel-
opment of tourism. Efficient utilization of this potential
primarily depends on the activity of local administra-
tive bodies, the initiative of small entrepreneurs, and
the strengthening of state-municipal cooperation.

The Nakhchivan Autonomous Republic is one of
the unique recreational regions due to its natural-geo-
graphical location, climatic diversity, and rich mineral
waters. The Duzdag treatment complex, Badamli min-
eral springs, Batabat plateau, Ashabi-Kahf sanctuary,
Noah’s Mausoleum, Ordubad city, and other resources
constitute the foundation of the region’s tourism and
recreation potential.

In recent years, the State Program for the Devel-
opment of Tourism in the Nakhchivan Autonomous
Republic for 2023-2027 (1) has strengthened the insti-
tutional framework of the sector and accelerated the im-
plementation of infrastructure projects (roads, hotels,
recreation centers). The expansion of tourism activities
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in Nakhchivan stimulates entrepreneurial initiatives, re-
vitalizes the local economy, and promotes the region’s
environmentally sustainable development.

An optimal model for tourism development in Na-
khchivan is being formed based on cooperation among
the state, municipalities, and entrepreneurs. The state
carries out structural reforms and economic incentives,
municipalities ensure the efficient use of local re-
sources, and entrepreneurs provide innovative services.
The effectiveness of this tripartite model leads to in-
creased investment attractiveness and cluster-based de-
velopment of the tourism industry. At the same time,
such cooperation is essential for the development of
new directions — including ecotourism, agritourism,
and health tourism.

Thus, the Nakhchivan Autonomous Republic,
with its rich tourism and recreational resources, creates
wide opportunities for the socio-economic advance-
ment of the region. To fully and efficiently utilize this
potential, it is important to promote small entrepreneur-
ship, improve municipal management mechanisms, and
strengthen coordination with state institutions.

Conclusion

In the modern era, the tourism and recreation sec-
tor functions as an important component of socio-eco-
nomic development. The formation and advancement
of tourism-recreation systems have become a vital field
of activity that ensures the integration of socio-eco-
nomic, cultural, and ecological processes.

Research demonstrates that tourism is not merely
a source of economic income but also a multifaceted
social institution that promotes regional development,
public welfare, and ecological balance. The sustainable
development of tourism-recreation systems today re-
quires the synchronized functioning of state policy, sci-
entifically based planning, and local governance mech-
anisms.

The role of small entrepreneurship in this system
is particularly significant. Through the initiatives of lo-
cal entrepreneurs, the variety of tourism services ex-
pands, employment opportunities increase, and the so-
cial welfare level of the population improves. The ac-
tive participation of small businesses in the
development of tourism infrastructure — including
family-type hotels, rural tourism facilities, public cater-
ing, and transport services — creates a localized yet
sustainable model of regional economic growth. The
interaction between municipalities and entrepreneurs,
therefore, provides a foundation for tourism develop-
ment based on the principle of social responsibility.

The study confirms that the role of municipalities
in tourism policy should not be limited to administra-
tive control and territorial planning. They must also act
as coordinators of tourism initiatives, guarantors of fair
resource distribution, and supporters of small entrepre-
neurship. Within this model, the division of powers be-
tween state authorities and municipalities must be
clearly defined, and the interests of local communities
must be reflected in economic decisions. This approach

ensures transparency in the tourism sector, efficient use
of resources, and social justice.
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Abstract

The aim of the study is to quantitatively assess Armenia’s strategic role in the global blockchain ecosystem,
revealing the country’s position relative to global competitors. The study was conducted on a selection of 50
countries, using a number of other elements: cryptocurrency adoption, innovation potential, and digital infrastruc-
ture. For practical analysis, the K-means clustering method was used, which allows classifying countries into ho-
mogeneous groups, as well as Principal Component Analysis (PCA).

As a result of the cluster analysis, three main clusters were identified: “Global Leaders”, “Emerging Integra-
tors” and “New Entrants”. Armenia falls into the “Emerging Integrators™ cluster, which is characterized by an
above-average innovation potential (= 0.53) and a strong digital infrastructure (= 0.8), but a relatively low crypto

adoption rate (=~ 0.019).

In addition to cluster analysis, an optimization model was also used, which showed that Armenia’s transition
to the “Global Leaders” cluster will require capital investments, a sharp improvement in the legislative framework,

and human resource development.

This research fills a scientific gap by providing a quantitative assessment of Armenia’s position on the global
blockchain map and forming a practical basis for developing targeted state policies, optimal resource allocation,

and technological integration strategies.

Keywords: Blockchain, cluster analysis, innovation index, digital economy, armenia, strategic positioning.

Introduction: Blockchain technology, based on
the immutability principle of Distributed Ledger Tech-
nology (DLT), has expanded beyond cryptocurrencies
in the last decade to become a key driver of the global
digital economy[10]. Global market analysis shows
that by 2030, the volume of investments in blockchain
technologies will increase dramatically, forming the in-
frastructure of a new digital economy. In this context,
the Republic of Armenia, which has a strong engineer-
ing tradition and a developing technological ecosystem,
aspires to become a regional digital center. According
to official reports, Armenia’s IT sector is showing a
steady growth of more than 20% annually, and the In-
novation Index (0.534) and Digital Infrastructure Index
(0.8) correspond to an above-average level compared to
a sample of 50 countries. These indicators indicate that
Armenia has the technological readiness for the adop-
tion and spread of blockchain.

However, there is a significant disparity between
Armenia’'s high-tech potential and the market adoption
of blockchain: the Crypto Adoption Score is only
0.019, which proves that technological capabilities are
not yet fully reflected in the level of market integration.

A study of global blockchain strategies shows that
the key success factors for large and small economies
are strategic government support, an open regulatory

environment, and policies aimed at human capital de-
velopment. However, for small and developing econo-
mies like Armenia, what is needed is not a direct trans-
fer of the experience of world leaders, but a compre-
hensive quantitative modeling that will allow
understanding the interaction between the country's in-
novation potential and investment constraints[4]. In
this regard, this study fills a scientific gap by providing
a quantitative assessment of Armenia's position on the
global blockchain map based on multivariate statistical
analysis and optimization modeling.

The main objectives of the research are:

* to quantitatively assess Armenia’s integration
into the global blockchain ecosystem,

* to identify the factors that shape the country’s
position in different clusters,

* to develop the structure of strategic investments
that will have the greatest impact on Armenia’s level of
blockchain integration.

Therefore, three main research questions are for-
mulated:

1. What is Armenia’s level of integration into the
global blockchain ecosystem compared to 50 coun-
tries?

2. By what factors do different clusters (e.g. “Stra-
tegic Transformation Nodes” and “Adjustable Potential
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Levers”) differ according to the main components iden-
tified by PCA?

3. What are the optimal investment directions that
will have the greatest impact on Armenia’s blockchain
integration and strategic positioning?

Literature review: The literature has extensively
explored the theoretical foundations of blockchain and
its transformative potential[5][9]. Recent research has
focused on quantifying the economic impact of block-
chain. Tapscott and Tapscott[10] highlight the im-
portance of creating an “Internet of Value” that enables
decentralized and intermediary-free transactions.
Scholarly sources document that blockchain adoption
is positively correlated with a country’s GDP growth
and digitalization indices[3]. However, this impact var-
ies greatly depending on a country's digital infrastruc-
ture, level of human capital, and regulatory environ-
ment[1]. A significant number of studies analyze the
role of blockchain in increasing financial inclusion[1]
and ensuring transparency in supply chains[7]. The
general consensus is that active government support
and “open” regulation are vital for the blockchain eco-
system to flourish. Attempts to map the global block-
chain landscape have been made in both academic and
corporate circles. Corporate reports often use multi-at-
tribute indices to rank countries by blockchain readi-
ness criteria (e.g., regulatory framework, talent, fund-
ing). Academic studies that use cluster analysis typi-
cally classify countries into four to five main clusters:
“Leaders”, “Followers”, “Potential”, and “Needs De-
velopment”[8]. These studies often use Principal Com-
ponent Analysis (PCA) or Factor Analysis to reduce
multiple indicators to one or two main dimensions (e.g.,
“Innovative Capacity” and “Regulatory Support™). This
methodology allows for a quantitative determination of
a country’s position, free from subjective assessments.

Particular attention has been paid to the role of
small countries, which often have flexible regulatory
bodies and small communities of highly qualified IT
professionals. For example, Malta, Switzerland (Crypto
Valley), and Singapore are seen as small economies
that have become global blockchain hubs thanks to
their regulatory approaches[2][6]. The successes of
these countries demonstrate that economic size is not
necessarily a barrier if there is strategic government
support and an innovation culture. However, regional
(Caucasus) comparative analyses using quantitative
cluster models remain limited.

Despite the general mapping of the global
blockchain landscape, a specific scientific gap is
observed in the quantitative assessment of Armenia’s
strategic position. The existing literature mainly
focuses on developed countries or on individual
technical aspects of blockchain. There is a lack of a
model that would apply cluster analysis to rank
Armenia among global competitors based on multiple
socio-economic  and  technological indicators.
Moreover, there are no publications that would apply
optimization modeling to provide clear indications on
how Armenia can maximize (max) its integration index
given the available resources and constraints (e.g.
budget, infrastructure). This study aims to fill this gap
by providing a quantitative, methodologically rigorous

analysis that will serve as a basis for informed policy
development.

Methodology: The methodology of the present
study is based on quantitative and comparative
analytical approaches, the purpose of which is to reveal
the position and strategic role of Armenia in the global
blockchain ecosystem. The study was conducted in
three stages: data collection, cluster analysis, and
optimization assessment.

In the first stage, open data was collected from
various international sources, including the annual
reports of the World Bank, OECD, Statista, and
Chainalysis. The data included the level of blockchain
technology adoption, digital asset turnover, investment
climate indicators, as well as assessments of the legal
and institutional environment for different countries.

In the second stage, cluster analysis was
performed using the K-Means and Hierarchical
Clustering methods, aiming to classify countries by the
level of blockchain development and adoption. The
data was normalized using the Z-score method to
reduce the impact of different doses. The optimal
number of clusters was determined using the Elbow
Method and Silhouette Score criteria.

At the final stage, an optimization analysis was
conducted to assess the factors whose improvement
could contribute to Armenia’s transition to a more
advanced cluster, the so-called “Global Leaders”
group. For this purpose, a baseline regression and
multi-criteria optimization model was built that
assesses the impact of investments, legislative reforms,
and technological innovations on the competitiveness
of Armenia’s blockchain sector.

The research methodology is aimed at ensuring the
comparability and objectivity of the results obtained,
allowing for the formation of a scientific justification
for Armenia’s strategic position and development
potential in the global blockchain environment.

Analysis: The aim of the study is to quantitatively
assess Armenia’s position in the global blockchain eco-
system based on key indicators of digital readiness, in-
novation potential, and cryptocurrency adoption. For
this purpose, a comparative analysis framework was se-
lected, covering 50 countries representing different lev-
els of economic and technological development.

The study is based on four key metrics, which are
considered key factors in blockchain integration and
technological readiness[7][4].

1. Crypto Adoption Score - reflects the degree of
mass adoption of cryptocurrencies by the population of
a given country. It serves as the best proxy for the fi-
nancial activity of blockchain.

2. Innovation Index - shows the development of
the country's overall innovation ecosystem, which is di-
rectly related to the ability to create and implement
blockchain and other innovative technologies.

3. Digital Infrastructure Index - reflects the physi-
cal and technical foundations (e.g. network quality,
data centers) necessary for the operation of any digital
technology, including blockchain.

4. Internet Penetration (%) - shows the percentage
of the population that has internet access, which is a
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fundamental prerequisite for mass adoption of block-
chain.

The indicators calculated for Armenia are:

* Crypto Adoption Score -0.019 (Low score, indi-
cating limited mass adoption).

* Innovation Index - 0.534 (Above average, con-
sistent with the country's IT role).

* Digital Infrastructure Index - 0.80 (High, indicat-
ing a strong technical foundation).

These data indicate a gap between a high-tech
foundation and market adoption, which was further
confirmed by the results of the caste analysis.

To ensure the accuracy of the multivariate analy-
sis, all variables were standardized before conducting
the K-means clustering and PCA analyses. The Z-Score
method was used, which brings each indicator to the
same scale, having a zero mean and one standard devi-
ation. This process prevents the situation where varia-
bles with a large value range dominate the analysis.

To divide the countries in the data set into homo-
geneous groups (clusters), the K-means clustering al-
gorithm was used, which aims to minimize the sum of
squared errors (SSE) within the groups. The optimal
number of clusters was determined using the Elbow
method.

The Elbow Method for Optimal K
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Figure 1 : Elbow metod klasters

Examination of the graph shows that the Elbow
forms at K=3, indicating that the separation of three
clusters provides an optimal balance between intra-
cluster homogeneity and the number of clusters. There-
fore, the value of K=3 was chosen for further analysis.

PCA was applied for two main purposes:

a) To reduce the multidimensionality of the four
indicators

b) To show how the baseline indicators cluster into
new Principal Components (PCs).

The application of the K-means algorithm re-
vealed three distinct groups of 50 countries based on
blockchain adoption, innovation, digital infrastructure,
and internet access.

Global Leaders (K@)
Emerging Integrators (K1)
Mew Entrants (K2)

Global Leaders (K@)
Emerging Integrators (K1)
Mew Entrants (K2)

Crypto_Adoption_Score Innovation_Index
@.217 @.479
@.843 a.711
a.128 @.845
Digital Infrastructure Index Internet ¥
a.77a a8.76e9
1.268 1laa.a0a
8.914 1.871

Armenia's Classification: Global Leaders (K@)

Figure 2: Mean indicators for each cluster

The figure allows us to characterize each cluster.
The “Global Leaders” cluster shows the highest
average values for all four indicators, especially in

terms of Crypto_Adoption_Score and Innovation_In-
dex. They represent the most advanced countries in the
implementation of blockchain and digital technologies.

The “Emerging Integrators” cluster occupies an
average position, having a fairly high Internet access
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indicator, but they are inferior to the leaders in terms of
Crypto_Adoption_Score and Innovation_Index.

The “New Entrants” cluster is characterized by the
lowest values for all four indicators, which indicates
that they are at the very initial stage of development.

Table 1:
Classification of Countries by Cluster
Global Emergin
Leaders Integragtogrs New Entrants
Armenia Saudi Arabia Estonia
Azerbaijan UAE Latvia
Georgia Lithuania
Russia Turkey
Ukraine Israel
Kazakhstan Qatar
Uzbekistan Germany
Kyrgyzstan France
Tajikistan Italy
Moldova Spain
Belarus Poland
Iran Netherlands
India Sweden
Indonesia Norway
Philippines Finland
Vietnam Switzerland
Brazil China
Mexico Japan
Argentina South Korea
Nigeria Singapore
South Africa Malaysia
Egypt Thailand
Kenya USA
Canada
Chile

1. Global Leaders. This cluster is characterized by
the highest average values in all four indicators, espe-
cially in the Crypto Adoption Score and Innovation In-
dex. The group includes Emerging Markets (e.g. India,
Nigeria, Brazil), where high crypto investment is
driven not by institutional factors but by financial insta-
bility and the need for money transfers (P2P motives).

2. Emerging Integrators. This cluster (Saudi Ara-
bia, UAE) has excellent digital infrastructure indicators
(Digital Infrastructure Index), but a moderate average
level of crypto investment. It represents countries with
high resources and government support, which are
ready for integration, but currently exhibit a cautious,
centralized management model.

3. New Entrants. The cluster consists of highly de-
veloped countries in North America and Western Eu-
rope. It has the lowest average Crypto Adoption Score

and a medium Innovation Index (compared to KO0), in-
dicating the dominance of regulatory frameworks and
institutional caution before mass adoption. This group
is in the initial, foundational stage of technological in-
tegration.

Principal Component Analysis (PCA) was used to
reduce the dimensionality of the original four indicators
and identify the independent factors underlying them.

Explained VarianceThe first Principal Component
(PC1) explains 40.81% of the total variance, and the
second Principal Component (PC2) explains an addi-
tional 28.80%. Thus, the first two components together
explain more than 69.61% of the total variance of the
data set, which allows further analysis to focus only on
PC1 and PC2 without significant loss of information.
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Figure 3: Principal component analysis

The study of PC Loadings allows us to make sense
of and characterize the essence of the newly obtained
components.

“Basic Digital Infrastructure and Innovation
Readiness”. Axis PC1 exhibits the highest negative
loadings on the “Digital Infrastructure Index” (-0.7107)
and “Innovation Index” (-0.4825) indicators. Although
the loadings are negative, their magnitude indicates a
strong relationship. This component reflects the level
of Basic Digital Capabilities and Innovation Maturity
of a country. That is, countries with a high Digital In-
frastructure Index and Innovation Index will have a low
(negative) score on PC1, and vice versa.

“Crypto Investment Intensity”. Axis PC2 has the
highest positive loadings on the “Crypto Adoption
Score” (0.6952) and “Innovation Index” (0.6696). PC2
reflects the intensity of actual adoption of blockchain
and digital assets, especially in countries where innova-
tion is directly related to the decentralization of finan-
cial services. This axis divides countries based on the
dynamism of their crypto market. This phase of the
analysis confirms that the digital readiness of countries
can be effectively measured by two main independent
dimensions: one related to the basic infrastructure and
innovation capacity (PC1), and the other to the intensity
of technological (crypto) investment itself (PC2). Thus,
Armenia’s current position can be characterized as an
innovation-potential but market-cautious economy that
has not yet realized its full potential in the field of
blockchain integration.

Optimization model construction - based on the
results of cluster analysis, an optimization model was
developed, the purpose of which is to maximize the
strategic influence in the blockchain sector of Armenia,
in conditions of limited resources, that is, it is necessary
to find out how and where (in which clusters) the
maximum strategic influence can be achieved in the
global blockchain through joint investments and
political steps, taking into account resource constraints
(budgetary, energy, human capital, legislative risk,
etc.).

In the model, investment directions are divided
into five main sub-sectors: Mining, Node Hosting,
Startups, R&D and Exchanges.

* The main parameters and constraints of the
model are:

* Total investment <10 million USD[11][12[13],

e Total energy consumption <4 million
USD[14][15][16],

* Jobs created > 80[17][18],

. Regulatory risk <0.4 (weighted
average)[19][20],

* Talent readiness > 0.6[21],

* Minimum R&D funding > 1 million USD.

The formulation of the objective function is to
maximize Armenia’s strategic impact, taking into
account the equivalent efficiency of one million USD
investment in each sector.

Optimization calculations have shown that the
maximum result is achieved by focusing about 80% of
investments on startup development and with minimal
mandatory allocations to the R&D sector.

As a result, the value of the calculated objective
function was 68.5 points, which represents the
maximum level of strategic impact of Armenia’s
blockchain investment portfolio.

The searchable results in the model are: the
amount of annual investments directed by Armenia to
the i-th cluster, i=1,2,...,k (k is the number of clusters),
the total amount allocated (million USD).

The optimality criterion of the problem is to
maximize Armenia's strategic influence and we will
calculate it using the following formula:

k

Epax = Z CiX;

i=1

Where c¢j is the strategic impact for every $1
million invested in cluster I. The mathematical model
of the problem is:

1. Budget constraint: Y, x;, <B  total
investments cannot exceed the budget, meaning that the
Republic of Armenia has limited financial resources for
investments.

2. Human resource costs (hours / talent availabil-
ity): 2K jix; = Jomin: the minimum number of jobs
that must be created to ensure employment.

3. Energy constraint: Y%, e;x; < Epq,: The total
energy consumption cannot exceed the constraint, i.e.
the energy capabilities of the IT infrastructure are lim-
ited.

4. Legislative risk: ¥ 7%, < Rpax * 2k, X;, @
small market investment confidence indicator.

5. Weighted average talent: Y5 . t;x; = Tppn -

X x;, will ensure the educational and technological
readiness of the Republic of Armenia.

6. The condition for non-negative filling of varia-
bles is: x; = 0, since it is a monetary quantity.

The initial data of the problem is presented in the
table (Table 3).
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Table 2:
Numerical model of the problem
£2 o e 2 1
(=] cy <
=25 2 2 Z8 o2 | S
»w oo =9 25 5= S o~
2595 H | =2 $E> s> | 8o
Cluster ESEQZ Rz 5 8% 55 | 21
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o e .= 23 = X S
58S 23 S < 2 T
& > T - g [
Mining[22] 7.5 0.33 12 0.6 0.5
Node Hosting (Data centers / validator
nodes / hosting)[23] 6 0.043 8 0.2 0.7
Startups (DeFi, apps, fintech startups)[24,
pp. 5-9][25, Table 2.4][26, p. 12] / 0.06 10 03 | 065
R&D (Universities, training, grants, talent
development)[27, pp. 17-23][28] 5 0.02 - 0.1 0.8
Exchanges (exchanges, crypto services, cus-
todial services)[39,_pp. 32-34] [30]31, Ta- 6.2 0.05 6 0.4 0.6
ble 3.2]

As a result of solving the problem, we found the
following optimal distribution:

« Startups (DeFi, FinTech, applications) - about
80% of investments,

* R&D (research and education) - minimum man-
datory investment - 10%,

¢ The remaining directions - Mining, Node Host-
ing and Exchanges - were not included in the optimal
plan due to high energy and regulatory risks.

As aresult of this distribution, the maximum value
of the objective function was 68.5 points, which repre-
sents the peak of the strategic impact of the Armenian
blockchain investment portfolio.

A more detailed analysis also showed the sensitiv-
ity to resource constraints.

* An increase in budgetary resources by one mil-
lion dollars increases the strategic impact by about 7
points,

* An increase in human capital by one point in-
creases the value of the objective function by an aver-
age of 3.3 points,

* Reducing R&D investments, on the contrary, has
almost no effect on efficiency, but has an important
structural significance in terms of maintaining the edu-
cational base.

The data obtained indicate that the most scarce re-
source in Armenia’'s blockchain strategy is financial re-
sources, and the second important factor is the limited
potential of human capital.

Conclusions: In summary, this study aimed to
quantitatively assess Armenia’s strategic position in the
global blockchain ecosystem based on a combination of
digital infrastructure, innovation potential, and crypto-
currency adoption. Using K-means cluster analysis and
Principal Component Analysis (PCA), it was possible
to map the distribution of countries within the global
digital economy and identify three main clusters:
“Global Leaders,” “Emerging Integrators,” and “New
Entrants.”

Armenia was classified as an “Emerging Integra-
tor” cluster, demonstrating a high digital infrastructure
(0.8) and an above-average innovation index (0.534),
but a relatively low level of crypto adoption (0.019).
This combination indicates that the country’s techno-
logical potential is not fully translated into market ac-
tivity.

The application of the optimization model showed
that in conditions of limited financial, energy and hu-
man resources, the maximum strategic impact is
achieved by focusing investments on the development
of startups (about 80%), and with minimal mandatory
allocations to the R&D sector (about 10%). The lack of
human capital and budgetary constraints have been
formed as the main limiting factors of Armenia’s block-
chain strategy. As a result, the value of the calculated
objective function was 68.5 points, which represents
the maximum strategic impact of Armenia under con-
ditions of optimal resource allocation.

Speaking about the main results, we will say that

* Armenia is at an average level of blockchain in-
tegration, having a stable technological base, but weak
market penetration,

* Cluster analysis showed that innovation potential
and digital infrastructure are the main advantages of
Armenia.

* The optimization model revealed that the most
effective investment direction is the development of
startups, while the issues of the regulatory environment
and human resources are priority areas for improve-
ment.

* Budgetary constraints and the lack of human cap-
ital are the most influential constraints on Armenia’s
blockchain strategy.

The research combines cluster analysis and opti-
mization modeling, which allows not only to quantita-
tively classify Armenia on the global blockchain map,
but also to formulate an optimal resource allocation
strategy. This is a new giatic approach in the analysis
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of Armenia’s digital economy, which fills the existing
theoretical and applied gaps. The obtained justifica-
tions can serve as a political and practical basis for
strengthening Armenia’s position in the global digital
ecosystem and developing a national blockchain strat-

egy.
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Abstract

The purpose of this article is to present and analyze the fundamental components of the demographic situation
in the Republic of Armenia, as defined by the main indicators of marriages and divorces. It should be noted that
the institution of marriage serves as an important indicator not only of social but also of economic and demographic
processes; therefore, an adequate analysis is possible only within the framework of multifactorial observation. The
article presents an empirical study of socio-economic and demographic factors influencing the dynamics of mar-
riages, using regression analysis methods. As a result of the analysis, factors that have a statistically significant
impact on the formation of the marriage rate were identified. At the same time, a forecast of the number of mar-
riages and divorces for 2024-2027 was developed, allowing for an assessment of possible future developments
and trends. The Durbin—Watson test was applied to detect autocorrelation in the time series, leading to the identi-

fication of the main patterns and trends.

The findings of the study can serve as a basis for developing policies aimed at strengthening the institution
of marriage and family, as well as for improving demographic forecasting.

Keywords: marriage, divorce, regression analysis, prediction, Durbin-Watson criterion, socioeconomic fac-

tors, demographic factors.

In modern socio-economic conditions, the study
of demographic processes—particularly the analysis of
the dynamics of marriages and divorces—plays an im-
portant role in ensuring the sustainable development of
society. The trends observed in Armenia and world-
wide in recent years—such as delayed marriage, the
spread of cohabitation, emigration, declining youth em-
ployment, and income inequality—are transforming the
structure and value system of the traditional family.
These changes may have a long-term impact on the
country’s demographic situation and fertility rate [7,8].
Marriage is a legally recognized, free, and voluntary
union between a man and a woman, the purpose of
which is the creation of a family, and which establishes
mutual personal and property rights and obligations.
Under the conditions of socio-economic development
in modern society, the statistical assessment of mar-
riage and divorce rates is particularly important, as they
are among the key indicators characterizing the demo-
graphic situation of a country [5].

Under current conditions, a comprehensive study
of the factors influencing the number of marriages,
based on statistical and econometric methods, is be-
coming increasingly relevant. The use of regression
analysis makes it possible not only to assess the direc-
tion and strength of factor influence but also to develop

forecasting models for evaluating future trends. The re-
search also includes a forecast of the number of mar-
riages and divorces for the period 2024-2027.

To quantitatively assess the impact of various fac-
tors on the number of marriages, regression analysis
was applied. The essence of this method lies in the fact
that, when including the selected factors in the model,
the significance of their impact on the dependent varia-
ble and the relevance of the results are evaluated at each
stage.

The following factors were selected for the regres-
sion analysis:

e Y — marriage rate (%o)

e X, —divorce rate (%o)

e X, average life expectancy of men (years)

e X;-—average life expectancy of women (years)

e X.-— share of men of marriageable age in the
total population of marriageable age (%)

e X5 sex ratio coefficient (number of men per
100 women)

e X —share of employed persons in the total la-
bor force (%)

e X7— housing provision per resident (square
meters)

e Xs—average monthly nominal salary (AMD)


https://doi.org/10.5281/zenodo.17608954

Norwegian Journal of development of the International Science No 168/2025 27
Table 1
Main indicators characterizing marriages in the population of the RA 2000-2023 [1,2,3
Y X4 X2 X3 Xq* Xs* Xe* | Xy Xs
2000 3,4 0,4 70,1 75,8 48,1 92 542 | 175 | 22706
2001 3,8 0,6 70 76,1 48,2 92 52,6 | 17,7 | 24483
2002 43 0,5 69,8 75,9 48,2 92 56 21 | 27324
2003 48 0,6 69,9 75,8 48,5 92 55,1 | 21,1 | 34783
2004 53 0,6 70,3 76,4 48,6 93 53 | 21,7 | 43445
2005 5,2 0,8 70,3 76,5 48,7 93 53 | 23,1 | 52060
2006 5,4 0,9 70 76,4 48,9 93 51,7 | 23,6 | 62293
2007 5,8 0,9 70,2 76,6 49 93 50,7 | 26,2 | 74227
2008 6 0,9 70,4 76,9 49,1 94 498 | 26,3 | 87406
2009 6,1 0,9 70,6 77 49,3 94 48,1 | 26,7 | 96019
2010 6 1 70,6 77,2 49,4 94 49,6 | 27,2 | 102652
2011 6,5 1,1 70,7 77,5 48,4 92 51,4 | 28,3 | 108092
2012 6,3 1,1 70,9 77,5 48,4 92 51,9 | 30,9 | 140739
2013 6,1 1,2 71,5 77,9 48,5 92 53,2 | 31,3 | 146524
2014 6,3 1,5 71,8 78,1 48,4 92 52 | 31,6 | 158580
2015 59 1,2 71,7 78,2 48,4 91 51 | 31,5 | 171615
2016 55 1,2 71,6 78,3 48,3 91 50 | 31,4 | 174445
2017 5,1 1,3 71,9 78,7 48,2 90 50,1 | 31,9 | 177817
2018 5 1,3 72.4 76.1 47.9 90 47.7 | 31.6 | 172727
2019 53 1,3 73.1 76.7 47.8 89 48.9 | 32.6 | 182673
2020 41 1,1 68.4 72.9 47.6 89 47.8 | 33.3 | 189716
2021 58 1,5 67.4 71.6 47.5 89 48.9 | 33.9 | 204048
2022 5,7 1,5 71.4 74.9 47.4 89 50.9 | 355 | 235576
2023 55 1,5 74.1 77.8 47.5 90 52.8 | 36.4 | 269994

The results of the regression analysis show that the
values of the multiple correlation and determination co-
efficients are quite high (R = 0.934, R? = 0.873), indi-
cating a significant influence of the independent varia-
bles included in the model on the marriage rate. The

determination coefficient of the resulting model sug-
gests that 87.3% of the variation in the number of mar-
riages is explained by changes in the factors included
in the model. Table 2 presents the results of the analysis
of variance and the corresponding F-statistic value,

confirming the statistical significance of the model.

Table 2
ANOVA
df SS MS F Significance
Regression 8 13,38688 1,67336 12,89548 1.87E-05
Residual 15 1,94645 0,129763
Total 23 15,33333

Table 3 presents the estimated regression coeffi-
cients, their standard errors, t-statistics, and signifi-
cance levels [4]. The analysis of the parametric estima-

tion results of the linear regression model shows that

the effects of two factors are statistically significant.
Therefore, it is advisable to construct a linear regression
model including only factors Xi and X».
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Table 3
Results of the linear regression model estimation
Coefficients Standard error t-statistic Significance level
intercept -34,8521 17,78144 -1,96003 0,068841
X1 1,44206 0,764076 2,544519 0,02244
X2 0,000118 0,124726 0,00095 0,999255
X3 -0,0087 0,119796 -0,07265 0,943044
X4 -0,02853 0,657702 -0,04339 0,965967
Xs 0,358797 0,192086 1,867899 0,081438
Xe 0,053108 0,061279 0,86665 0,399785
X7 0,232343 0,086916 2,673184 0,017367
Xg -1,5E-05 7,27E-06 -2,04817 0,058467

By including the obtained estimates in the regres-
sion model, we will have the following regression
equation:

Y=-34,852 + 1,442X1+0.232X7

The results of the obtained regression equation can
be interpreted as follows: if the divorce rate increases
by 1%, the marriage rate will, on average, increase by
1.44%o. Similarly, an increase in the population’s living
area by 1 square meter per person leads to an average
increase of 0.23%o in the marriage rate.

For a more in-depth analysis of marriages and di-
vorces, as well as for forecasting purposes, it is neces-
sary to identify trends in the dynamics of the number of
marriages and divorces using the analytical smoothing
method. Figures 1 and 2 present the linear, logarithmic,
and second-order parabolic trend lines, along with their
corresponding equations and coefficients of determina-
tion, which characterize the dynamics of the number of
marriages and divorces.
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Figure 1. Different types of trends in the dynamics of the number of marriages, 2000-2023.
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Figure 2. Different types of divorce rate trends, 2000-2023 1

Based on the dynamics of the number of marriages
and divorces in the Republic of Armenia, and taking
into account the coefficients of determination obtained
from the above equations, it is appropriate to select the
second-order parabolic function as the trend equation.

For marriages:

y =-38,666x2 + 1028,8x + 11463
R?=0,5682

For divorces:

y = -4,0982x2 + 226,94x + 1163,7
R2=0,8841

If the form of the function is chosen inappropri-
ately, the successive values of the residual series may
not exhibit independence, as they can be correlated with
one another. In such cases, this phenomenon is referred
to as autocorrelation of the residuals.

One of the most commonly used methods for de-
tecting autocorrelation is the Durbin—Watson test. The
obtained test statistic is compared with the critical lim-
its determined by the authors of the method, which
makes it possible to accept or reject the hypothesis of
no autocorrelation in the residual series.

For marriages DW = 1.90

For divorces DW = 1.62

The obtained values (DW=1.90, DW=1.62) are
compared with the critical limits, which allows us to
accept or reject the hypothesis of the absence of auto-
correlation in the series of e_t residuals. Let's compare
our obtained values with the values dL=1.046 and
dU=1.535. It turns out that the obtained values are
greater than the upper limit. Therefore, the hypothesis
of the independence of random deviations is not re-
jected.

Based on the fact that the pattern of development
of the phenomenon will be preserved in the future, let's
make an extrapolation based on the selected model. The
forecast period should not exceed 1/3 or a maximum of
1/2 of the base period. In the case of longer periods, the
reliability of the forecast decreases.

The forecast up to 2027 indicates a decreasing
trend in the number of marriages and an increasing
trend in the number of divorces.

Luwywunwih dnpnyppugpuijui dnnmjudne, << 94, Gpluwb, 2013p. , b 110, 2018p. , ky 113
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Figure 3. Forecast of the number of marriages and divorces for 2024-2027

The analysis revealed that several socio-economic
and demographic factors—particularly the divorce rate
and housing availability—have a significant impact on
the number of marriages. The use of regression analysis
allowed for a quantitative assessment of the strength
and direction of these factors’ influence, as well as the
construction of a forecast model for marriages and di-
vorces for 2024-2027. The forecast results show some
fluctuations, but the overall trend indicates that the
number of marriages largely depends on socio-eco-
nomic conditions.

The autocorrelation of the model residuals was ex-
amined using the Durbin—-Watson test, which con-
firmed the statistical reliability of the model and the ac-
curacy of the predictions.

Overall, the analysis of marriage dynamics and the
identification of influencing factors are important not
only for assessing the demographic situation but also
for informing social policy [6].
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The article identifies the need to create a new system of indicators for national financial security. To prevent
financial risks, it is proposed to calculate financial security indicators based on microeconomic indicators. Param-
eters for national financial security are defined to effectively analyze the state of security in the financial sector. It
is concluded that financial security indicators should be grouped according to the sphere of activity and the entities

involved in financial security.
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In accordance with the concept and strategy of the
economic security of the Republic of Azerbaijan, the
state of the country's economy must meet certain qual-
ity criteria and thresholds that ensure acceptable living
conditions, the stability of the socio-economic situa-
tion, the military-political stability of society, the integ-
rity and ability of the state, and the ability to resist the
impact of internal and external threats [8].

The criterion of economic security is an assess-
ment of the state of the economy in terms of the most
important processes that reflect the essence of eco-
nomic security. The assessment of security based on the
criteria includes the assessment of the following:

- resource potential;

- the level of resource efficiency;

- economic competitiveness;

- territorial integrity and economic space;

- independence and the ability to resist external
threats;

- the idea of sustainable development, which con-
sists in achieving a balance between social stability

and factors preventing social conflict, the needs
and capabilities of society.

The security of the financial system has a signifi-
cant impact on the country's economy. Financial secu-
rity is a mechanism of economic relations that creates
high-quality conditions and the necessary financial re-
sources for expanded reproduction, increased entrepre-
neurial activity and solvency of the population, main-
taining balance and integrity of the state financial sys-
tem, effectively combating internal and external threats
to the state in the financial sector. However, such a def-
inition does not fully explain the structure and list of
indicators that comprehensively characterize the cur-
rent state of the country's financial security.

Financial security indicators should characterize
the dynamics of economic systems. Not only the indi-
cators themselves are important to ensure financial se-
curity, but also their threshold values. When we say
these threshold values, we mean such levels of thresh-
olds that their failure to meet them prevents the sustain-
ability of expanded reproduction and ultimately leads
to the emergence of negative trends in the socio-eco-
nomic sphere. As a result of deviation from these
threshold values, the national economy loses its ability

to develop dynamically, loses its competitiveness in
foreign and domestic markets and becomes a target for
the expansion of monopolies.

A critical condition for ensuring economic secu-
rity is monitoring the dynamics of economic security
indicators based on the analysis of specific quantitative
values of these indicators, exceeding which poses a
threat to the economic security of the state.

The activity of the state financial security structure
ensures the budget, tax, monetary and credit, invest-
ment, insurance, customs, currency, debt policy.

The formation of a system of indicators occurs at
the legislative level of the state. Financial security indi-
cators are structural elements that reflect the process it-
self or the state of the analyzed object, as well as its
quantitative and qualitative characteristics. Financial
security indicators perform the following main func-
tions:

- forecasting events that may occur in the near fu-
ture;

- analysis of the situation and possible warning of
unforeseen circumstances;

- analysis of the security situation in the financial
sector of individual objects;

- operational implementation of various adjust-
ments in the process of development of the financial

sector by state administration.

The system of indicators, fulfilling its functions, is
the main tool for diagnosing the state of the country's
financial system. The values of financial security are
developed for each specific country on the basis of
macroeconomic indicators reflecting its fundamental
national interests.

Analysis of the state of security in the financial
sector should be carried out using indicators deter-
mined in the economic strategy of each specific state,
taking into account the following parameters:

- stability of financial flows at all levels of the fi-
nancial system;

- fulfillment of tax obligations (debt);

- level of cash and non-cash payments in the pay-
ment system;

- speed and value of the money supply;

- volume of reserves (their size, ratio to GDP and
state debt);
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- GDP (its change over 5-10 years and per capita);

- trade (trade balance, exports, imports).

It should be noted that in order to determine the
presence of threats to the financial security of the state,
it is necessary to determine the acceptable threshold for
indicators. The threshold is understood as a numerical
measure, non-compliance with which will lead to a de-
crease in the efficiency of economic processes and the
formation of negative situations in the country's finan-
cial system. However, approaching the thresholds of fi-
nancial security is a factor confirming the increase in
negative trends in this area. The fact that indicators ex-
ceed the permissible limits indicates a threat to the state
financial confirms the fact of violations in the function-
ing of the financial system.

Financial security indicators should be combined
into the following groups depending on the field of ac-
tivity:

- investment,

-money and credit,

- budget,

- tax,

- insurance,

- currency,

- social.

Financial security should be assessed using indi-
cators characterizing the results of the activities of the
following financial security entities:

- state bodies,

- enterprises,

- households,

- population.

The assessment of security indicators in the finan-
cial sector of the Republic of Azerbaijan is character-
ized by the following indicators:

- inflation rate,

- level of monetization of the economic environ-
ment,

- average annual growth rate of GDP,

- profitability of the economic sector in the re-
gions,

- changes in structural elements,

- volume of demand for money circulation,

- supply in the economic environment.

The financial security indicators we have men-
tioned indicate the conditions for the functioning and
efficiency of the state's economic environment. Ana-
lyzing the above indicators of the country's financial se-
curity, we can identify external threats that may affect
the security of Azerbaijan in the financial sphere.

The main threats may include:

- increased competition between countries in the
financial sector, as well as in other areas;

- active growth in the capitalization of financial as-
sets;

- dependence of the Azerbaijani economy on for-
eign investments;

- globalization.

Along with external conditions that may lead to a
crisis in the Azerbaijani economy, there are also inter-
nal indicators that significantly affect the country's fi-
nancial security. Let's give one of the internal indica-
tors:

- activity of the shadow fund;

- weakening of the regulatory function of the fi-
nancial system in the field of budget formation and ex-
ecution at all levels;

- increase in inflation.

In ensuring the financial security of the state, spe-
cial importance is attached to priority areas for reducing
the level of inflation, the consumer price index, and in-
creasing the solvency of the population. These priority
areas should be determined by the state mechanism that
ensures the effective functioning of the state financial
system at the legislative level. The state mechanism for
ensuring the financial security of the state is a func-
tional complex of state bodies and institutions that cre-
ate conditions for the stable functioning and balanced
development of the state financial system, as well as for
predicting, detecting, preventing and combating threats
to it.

This mechanism includes the following compo-
nents:

- legislation - a set of regulatory and legal acts in
the field of preventing external and internal threats

to financial security;

- institutional - a system of state authorities and
management bodies ensuring the financial security

of the state;

- Methodological - a set of tools and methods for
ensuring financial security.

Detailed regulation of the state mechanism is the
main condition for the stable and balanced functioning
of the state financial system and the high quality of the
existing regulatory and legal framework. The system
for determining the state financial security indicators
should be integrated into the state mechanism as a pre-
requisite for ensuring the financial security of the coun-
try and should operate on the basis of the following
principles:

- legality (indicators should be calculated only in
accordance with the current legislation);

- reliability (all components of the indicator sys-
tem should be based on a single methodological base);

- consistency (indicators should be calculated in
stages, taking into account priorities);

- stability and reliability.

Summing up the analysis of the financial security
indicators of Azerbaijan, it can be concluded that there
are deviations from the threshold values of a number of
indicators. To improve financial security, attention
should be paid to improving both economic and social
indicators and at the same time adjusting these indica-
tors to the appropriate threshold values. In order to cre-
ate a functioning economic structure that meets the re-
quirements of the market, the government should deter-
mine its priorities in all areas, including at all levels of
society and the economy.

Thus, in modern times, ensuring the financial se-
curity of the state is the most important direction for
stabilizing economic processes. However, in order to
ensure financial security in the country at a time when
the threat of new conditions emerging in the world is
increasing, it is necessary to develop a new system of
indicators of state financial security. The new system of
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indicators of state financial security should be calcu-
lated not only on the basis of macroeconomic indica-
tors, but also on the basis of microeconomic indicators.
Indicators calculated based on microeconomic indica-
tors of territorial development d It will allow for the
prompt and reliable identification of priority ways to
prevent financial risks, taking into account the impact
of internal and external threats.
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Information and communication technologies (ICT) are a rapidly developing and growing field, which, in the
era of the Fourth Industrial Revolution, digital transformation plays a special role in shaping the global agenda,
world economic events, social development, public administration, and management. For a modern person,
regardless of their interests or work style, adapting to the digital world and acquiring and improving skills for it is
a vital factor. Do we need to use technologies in the process of implementing public governance? The answer to
this is unequivocal: modern challenges require making modern decisions by maximizing the use of existing
opportunities. The public sector of any developed country, in the process of digital transformation, should actively
learn about and explore new technologies, modern innovative achievements, and strive to use these technological
innovations to increase the efficiency, effectiveness, accountability, and openness of the public sector, and offer
user-oriented, reliable, and trustworthy services to the information society.

Keywords: Artificial intelligence, digital governance, digital transformation, innovative achievements.

Introduction

Modern challenges require the maximum use of
existing capabilities to make modern solutions. The
public sector of any developed country in the process
of digital transformation should actively familiarize
itself with and explore new technologies, modern
innovative achievements, and try to use these
technological innovations to increase the effectiveness,
efficiency, accountability, and openness of the public
sector and offer user-oriented, reliable, and trustworthy
services to the information society.

“Digital” is not only a term denoting technology,
but also defines what ICT can do through technological
transformation of socio-economic processes and
various fields. “Digital transformation” implies new
ways of solving problems, creating unique experiences,
and improving business processes.

Today, there are already technological solutions
that will completely change our lives. What are these
technologies? Eight technological solutions have been
recognized globally in this way, among which artificial
intelligence (hereinafter referred to as “Al”) takes the
lead. In the modern world, interest in artificial
intelligence is growing rapidly. International news
media outlets devote a considerable amount of space to
the topic of artificial intelligence. Leading world
politicians and researchers are increasingly discussing
Al and its implications for humanity's future in their
debates. Over the past five years, scientists,
researchers, activists, and policymakers have become
increasingly interested in artificial intelligence
technology.

This article aims to provide the reader with
information about the main aspects of artificial
intelligence, not only as a technological solution, but
also as a completely different methodology for

developing business/public administration processes, a
modern tool for decision-making, management, and

supervision.
Discussion
Artificial intelligence is a product of the digital

transformation, the fourth industrial revolution.
Artificial intelligence is a field of computer science, a
specialized and advanced type of ICT, that performs
intellectual actions typically characteristic of humans.
Automated decision-making processes/systems that
imitate, predict, and/or replace human behavior. The
Council of Europe defines artificial intelligence as: “a
set of sciences, theories, and technologies that aim to
reproduce human cognitive abilities by a machine.
Given the current level of development, artificial
intelligence means delegating complex intellectual
tasks that humans should perform to a machine.”

1. According to the definition developed by the
European Commission High-Level Expert Group (Al
HLEGQG), “Artificial Intelligence characterizes systems
that, by analyzing the environment, exhibit intelligent
behavior and, with a certain level of independence,
perform actions to achieve specific goals.

2. Human-like abilities characteristic of artificial
intelligence  are: perception, argumentation,
reasoning/evaluation, and action, with the exclusion of
the human factor/with minimal interaction.

When defining artificial intelligence, several
concepts are distinguished: narrow, general, and super
artificial intelligence. Examples of narrow artificial
intelligence are the most widespread today - these are
technological solutions created for specific tasks, to
perform single tasks. Nowadays, the development of
artificial intelligence and its prosperous future are
inconceivable without human efforts and intervention.
In conditions of general artificial intelligence, the
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capabilities of humans and technology are equalized.
We can consider unmanned control systems as such a
case. Artificial superintelligence is still only an
imaginary product. This is the scenario in which
artificial intelligence will surpass human capabilities.
And will be able to act/make decisions better, more
correctly, and faster than they do, whether computer
capabilities have equaled human capabilities or not,
whether they have surpassed human thinking. These
issues remain the subject of ongoing research and
evaluation. Using artificial intelligence, a person
should be able to solve difficult, complex problems in
the shortest possible time and with maximum accuracy,
as well as fully delegate simple tasks.

Artificial intelligence, by collecting, processing,
and analyzing a large amount of digital information,
helps us find the desired information as quickly as
possible, without human effort, and based on objective
criteria. It also analyzes similar data and makes the
most rational decision statistically.

Two main characteristics
Intelligence:

e Autonomy: the ability to perform tasks in a
complex environment, in the presence of many
variables, without constant control/supervision by the
user.

e Adaptability: the ability to (self)learn and
improve results based on experience.

The existence of appropriate prerequisites is
required for the implementation of artificial
intelligence in any country. Firstly, it is essential to
have a highly developed ICT infrastructure and
widespread use of digital governance, ensuring the
proper functioning of interoperable databases and
information systems, which unconditionally guarantee
data quality, integrity, and accessibility. Additionally,
sound and documented business processes must be
employed in both departmental and inter-
organizational transactions. Databases must be
digitized and accessible, and the information and data
within them must be complete, accurate, and up-to-
date. The information/data in the databases must be
complete, correct, and up-to-date.

By utilizing prerequisites, creating enabling tools
and frameworks, and leveraging artificial intelligence,
successfully implemented initiatives will yield
economic growth, enhanced social well-being,
improved public services, and effective public
administration.

There is a growing global trend in the use of
artificial intelligence in the public sector. In several
countries, specialized public structures have already
been established to develop this direction. For example,
the United Kingdom and the United Arab Emirates,
where, respectively, the Artificial Intelligence Service
and the Ministry of Artificial Intelligence have been
established.

The use of artificial intelligence enhances the
process of providing public services, improving the
quality of services (government-to-government (G2G),
government-to-business (G2B), and government-to-
citizen (G2C) services). With artificial intelligence
technological solutions, the provision of public services

define Artificial

is improved, citizen involvement in the decision-
making process increases, and ultimately, we achieve a
more responsible, accountable, transparent, and
efficient public sector.

Developed countries are most actively using
artificial intelligence in the following areas:

e Improving governance processes and public
sector activities using algorithms; Modernizing public
policy;

e Automating business processes in public
agencies, updating document management and case
management systems;

e Stimulating innovative projects in the public
sector;

e Providing state e-services and enhancing
citizen engagement, including offering proactive and
personalized services.

Acrtificial intelligence is most actively used to
solve the following public tasks:

o Enforcement: enforcing legislative and
regulatory requirements, monitoring, and inspection.

e Public policy research, analysis, monitoring:
based on evidence and data

e Decision-making process support.
Analysis/argumentation based on existing cases (Case-
based Reasoning), making new decisions based on
existing data and previous cases.

e Public services and engagement: improving
the delivery of public services focused on citizens and
business entities, personalizing services, understanding
the meaning of information using logical-deductive
methods, and simplifying the search for such
information; finding and offering personalized public
services tailored to the priorities and needs of citizens.

e Subsidization, granting social assistance:
identifying specific target groups eligible for social
assistance.

e Internal document circulation
supporting  organizational management
(human resources, procurement, ICT systems).

In the modern world, both developed and powerful
economies, as well as developing and resource-poor
states, are recognizing the potential of modern data-
based technologies and actively utilizing artificial
intelligence to automate public tasks, make informed
decisions, and improve citizens' experiences of
interacting with  public institutions.  Artificial
intelligence offers the public sector several significant
opportunities, including:

e Efficiency: Doing more and more important
things: new opportunities, increased capabilities,
concentration of human resources from bureaucracy to
highly intellectual work, and reduction of the risk of
human errors.

e Optimization: Doing better: reducing costs,
maximizing human and time resources, speed, quality,
flexibility, exercising public authority at a high level of
quality, quickly and cheaply. Repetitive and laborious
tasks that can be monotonous and boring for people are
delegated to technology.

e Increased value: Renewed business models:
engagement, creativity, innovation.

systems:
systems
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Let's examine the essential decisions, legal
frameworks, and strategic approaches proposed by
various international authors.

The European Union: The world community
and global leaders recognize that a country
developed with artificial intelligence enjoys a
significant competitive advantage in the international
arena. The European Union states that it has no
competitors today in the implementation of human-
oriented artificial intelligence, which supports human
rights and freedoms, the rule of law, and the principles
of democracy. The use of artificial intelligence is
subject to the requirements of the international legal
framework. In this regard, the European Union, along
with other global players, plays a leading role. Various
institutions within the European Union, including the
European Commission, unequivocally support the use
of artificial intelligence and encourage its large-scale
implementation, providing financial support for this
endeavor.

The USA remains the largest, most extensive, and
influential research hub in the field of Al
Approximately 3,000 students study and research
artificial intelligence annually, with over 1,400
startups, and 7 of the world's 10 largest Al companies
operating in this field. All this, with many years of
collaborative experience of the above-mentioned
research centers, universities, companies, and public
structures, clearly establishes the USA as a global
leader in Al.

China: China is a serious competitor to the USA
for world leadership in artificial intelligence. By 2030,
it aims to achieve global dominance through its
strategic plan, recognizing artificial intelligence as a
key strategic advantage in the knowledge economy.
China is the only country that measures the
development of artificial intelligence  using
macroeconomic indicators.

South Korea is focused on finding and retraining
Al talents, strengthening the research component, and
collaborating on projects between the science and
economic sectors.

EU Member States and the UK: The EU
Member  States have developed the most
comprehensive strategies for the development,
regulation, and management of Al; almost all EU
Member States have established a strategic framework
and action plan for the development of Al.

France's Al Strategy: The primary emphasis is
on research and the creation of targeted groups that will
study specific issues and prepare recommendations.

Germany: Germany has created a fairly
comprehensive legal framework on responsibilities,
rights, and accountability when using Al (especially in
the case of self-driving cars). For example,
discrimination against citizens during an incident is
prohibited. Germany has an Ethics Commission for
Self-driving Vehicles, which issues guidelines. A
national commission has also been established to
examine the social implications of algorithmic
decision-making.

UK: The UK House of Lords and the Office of the
Information Commissioner are actively working on Al

issues. The House of Lords focuses on the perception
of Al algorithms, while the Data Protection
Commissioner conducts research and develops
recommendations for establishing a regulatory and
legal framework. Additionally, the UK plans to invest
significantly in Al within the educational sector.

Finland has also established a high-level expert
group on Al, whose purpose is to study the conditions
for developing an innovative Al market within the
country.

Denmark: Denmark views Al in the context of the
country’s  “digital growth and development.”
Encouraging data openness, easing regulations,
creating a flexible legal environment, and
strengthening  cybersecurity are the country’s
approaches to Al development.

Sweden: Sweden’s Al strategy focuses on four
main areas: education and training, research,
innovation and application, and frameworks and
infrastructure.

Italy: The main public policy document on Al,
“Artificial Intelligence at the Service of the People,”
encourages the public sector to use Al.

Spain: The Spanish government is examining the
economic sectors in which Al can be applied, the
potential social impact on the labor market, and the
empowerment of individuals through this technology.

Artificial Intelligence and Georgia

In Georgia, examples of artificial intelligence can
be found in both the public and private sectors.
Although the issues of their functioning and
development are addressed within a narrow
organizational context, the compatibility of these
private cases would be required for any of these
applications. Several examples of the use of artificial
intelligence in the public sector are publicly available;
these are:

e A risk management system to be used when
implementing customs control over goods declared on
the customs territory of Georgia through the automated
customs data system “ASYCUDA”. During the
customs clearance process, if the data of the declared
goods matches the risk criteria, the appropriate corridor
and customs clearance procedure are determined for the
declaration registered in the system. The Revenue
Service intends to utilize chatbots in the tax and
customs consultation process. Also important is the
system for automatically refunding VAT excess.

e The campaign of the National Tourism
Administration of the Ministry of Economy and
Sustainable Development to analyze the impressions
expressed by tourists about Georgia on social media
using artificial intelligence.

e Analytical software for recognizing faces of
individuals and recognizing the state license plate of a
vehicle by the Ministry of Internal Affairs of Georgia.

Modern  technologies, including artificial
intelligence, cannot become a positive influence and a
prerequisite for public welfare if the state does not
ensure the implementation of digital transformation
reforms with high ethical principles, maintain a balance
of conflicting interests, involve all stakeholders, taking
into account best practices and international regulatory
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standards, transparent procedures, and a transparent
management system.

Services supported by artificial intelligence can
bring numerous benefits to humanity. With the large-
scale adoption of this technology in the public and
private sectors of Georgia, we can expect to see a
proven indicator of effectiveness, efficiency, resource
conservation, and high productivity. For this, along
with technological readiness, it is crucial to establish a
supportive framework and gain the public’s trust.

The Georgian public sector should actively
promote the use of modern technologies, including
artificial intelligence, both within its own institutions
and on a national scale. Georgia should utilize the
benefits of artificial intelligence in a timely and
effective manner, so as not to significantly lag behind
the economic and social transformation inspired by this
technology, and not lose the benefits provided by this
process.

Conclusion

Today, there are already technological solutions
that will completely change our lives. What are these
technologies? Eight technological solutions have been
recognized in this way worldwide, among which
artificial intelligence (hereinafter referred to as “AI”)
takes the lead. We believe that

Acrtificial intelligence is a product of digital
transformation, the fourth industrial revolution.
Artificial intelligence is a field of computer science, a
special, developed type of ICT that performs
intellectual actions that, as a rule, are characteristic only
of humans. Automated decision-making
processes/systems that imitate, predict, and/or replace
human behavior. The Council of Europe defines
artificial intelligence as: “a set of sciences, theories,
technologies, the aim of which is to reproduce human
cognitive abilities by a machine. Given the current level
of development, artificial intelligence means delegating
complex intellectual tasks to a machine.”

The implementation of artificial intelligence in
any country requires the existence of appropriate
prerequisites. Firstly, it is essential to have a highly
developed ICT infrastructure and widespread adoption
of digital governance, ensuring the proper functioning
of interoperable databases and information systems.
This guarantees the quality, integrity, and availability
of data, as well as the use of sound and documented
business processes.

In Georgia, modern technologies, including
artificial intelligence, cannot become a positive

influence and a prerequisite for public welfare if the
state does not ensure the implementation of digital
transformation reforms with high ethical principles,
maintain a balance of conflicting interests, involve all
stakeholders, taking into account best practices and
international  regulatory  standards, transparent
procedures, and a transparent management system.

Services supported by artificial intelligence can
bring numerous benefits to humanity. With the large-
scale adoption of this technology in the public and
private sectors of Georgia, we can expect to see a
proven indicator of efficiency, effectiveness, resource
conservation, and high productivity.

The public sector in Georgia should actively
promote the use of modern technologies, including
artificial intelligence, both within its own institutions
and on a national scale. Georgia should use all the
benefits that accompany the introduction of artificial
intelligence in a timely and effective manner.
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In the 4th century, when King Mirian, through the efforts of Saint Nino, declared Georgia a Christian state,
from that day forward, the Georgian Church assumed a special and leading role in state affairs. In addition to
safeguarding the Christian faith of the nation, the Georgian Orthodox Church made substantial contributions to
the country’s education and science. According to ancient ecclesiastical legislative collections, the Georgian
Church was engaged in a wide range of state activities. A notable example is the Church’s invaluable contribution
to the creation of ancient legal codes, developed in cooperation with the kings. These old laws, preserved in the
form of decrees from ecclesiastical councils, provide insight into the Church’s role in the state system of that era.
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In the IV century, when King Mirian declared
Georgia a Christian kingdom through the efforts of
Saint Nino, the Georgian Church assumed a primary
and exceptional role in the life of the State. It shaped
the spiritual, religious, and ethical norms of the nation.
Its strength and influence were closely linked to the
country’s social and cultural development. As Ivane Ja-
vakhishvili notes in his work, the Church “was not
merely a sacred ecclesiastical institution, but also pos-
sessed characteristics of a state body.”?

The Georgian Orthodox Church, alongside pro-
tecting Christian faith, contributed significantly to-
wards furthering progress of education and science in
Georgia. From the IV century onwards, theological-
philosophical and translation schools operated in Geor-
gian monastic centers both within Georgia and abroad.®
As the scholar Korneli Kekelidze writes, “Monasteries
created fertile ground for the development of literature
and supported its growth. They were centers of cultural
and literary activity.”* He adds that those who taught at
these monasteries were not only theologians, but also
philosophers who bridged religious thought with clas-
sical knowledge, and were well-versed in grammar,
arithmetic, geometry, astronomy, music, jurisprudence,
and medicine. He also notes that in those educational
institutions (monasteries), the instruction was carried
out by philosophers who understood the nature of God
and religious belief. These philosophers, according to
Korneli Kekelidze, were also theologians—meaning
they were members of the clergy—who possessed not
only theological expertise but were also highly edu-
cated in grammar, arithmetic, geometry, astronomy,
music, jurisprudence, and medicine.’ It was precisely
this broad and rigorous education of the clergy that
formed the foundation for Georgia’s social and cultural

2 Javakhishvili, Ivane. Collected Works in Twelve Volumes.
Vol. VI, p. 67. Thilisi: Metsniereba Publishing, 1982.

3 Georgian Orthodox Church Library. History of the Geor-
gian Church. Available at: http:/library.church.ge

development. Such a comprehensive intellectual for-
mation among the clergy laid the foundation for Geor-
gia's cultural and social progress.

According to ancient ecclesiastical legislative col-
lections, the Christian Church of Georgia, beyond its
educational mission, also engaged in significant state
affairs. A key example is its invaluable contribution to
legal codification in partnership with the monarchy, as
reflected in the formation of several landmark legal
texts: the “Writing of the Law Code” (dggeool §g6s),
a foundational legal compilation produced by the Ruis-
Urbnisi  Council  (6v90L-+md60bol  Lsgzegbom
3M9ds, 1103-1104), commonly rendered in English as
“Compilation of the Statute”, the “Enactment of the
Code by King George” (dgaol sgds 8900dgg0l
2300mM0L 80g®), the “Council of Chulevi” including
the Laws of Bagrat Kurapalates, Beka, and Aghbugha

(Fg30Lb  Logzobmbdgdam  3GMgds,  doRMSE
39905350BHob, Bgdols s sdLsl 356mbgdo), the
“Penal Code” (9369050 Lobxemo), the “Code of the
Catholicoi” (L53sO@DOEO JoMowozmbos), and the
“Law of Vakhtang VI” (Lsds6m¢0 ds@mbodgowo
39bGobyols), among others. These legal monuments,
preserved in the form of “ecclesiastical synods”, pri-
marily originated within the Church. They incorporated
both canonical law and various branches of secular
law—criminal, civil, administrative, and procedural
law. They also prescribed rules for judicial appoint-
ments and responsibilities. Ancient legal texts also list
offenses against the Church, such as blasphemy, viola-
tion of religious laws, and heresy—including the de-
struction of sacred sites or items, and denouncing the

4 Kekelidze, Korneli & Baramidze, Akaki. History of An-
cient Georgian Literature. Thilisi: Tbilisi University Press,
1987, p. 35.

5 1bid., p. 34.
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faith. Punishment was determined by the “Great Canon
of the Faith” (000 Gxweol 306mb0).

In these legal monuments, the Catholicoi are men-
tioned as equals to the king. Their superiority among
state officials is evident in the canon laws of the Coun-
cil of Chulevi, particularly in the so-called “Laws of
Bagrat Kurapalates, Beka, and Aghbugha,” which rep-
resent Georgia’s legal tradition from the IX—XIV cen-
turies and were later incorporated into the legal code of
Vakhtang VI. Articles 101, 102, and 103 state that a
bishop, priest, or nun could not be punished—regard-
less of their offense—by the Atabeg. lvane Javakhish-
vili writes that if this law had been authored by Atabeg
Aghbugha or by the king of that time, it would not have
granted the clergy such extraordinary privileges. There-
fore, he concludes that these three articles must belong
to a time when the clergy held dominant authority in
Georgia—when ecclesiastical power stood above secu-
lar governance.® Since the full text of the “Laws of
Bagrat Kurapalates, Beka, and Aghbugha” has not sur-
vived, Javakhishvili suggests that these articles were
likely extracted from a legal code originally composed
for the entire kingdom and not solely for Samtskhe-
Saatabago.’

Thus, the legislation placed both secular and ec-
clesiastical authorities on equal footing—meaning that
the king and the Catholicos held equivalent authority in
medieval Georgia. For example, the “Code of the Ca-
tholicoi” strongly condemned opposition to episcopal
authority by nobles, gentry, or peasants. Article 17 of
that code declares: “Whoever opposes or insults the Ca-
tholicos or bishop, or unjustly defames a priest... shall
be excommunicated.” In Vakhtang VI’s code, the
Church is likewise described as omnipotent and invio-
lable: Article 25 states, “One rules over the body, the
other over the soul.”® This equality of powers helped
enable clergy to contribute directly to royal lawmaking,
where legislation was infused with high spiritual and
moral values. For example, Bagrat Kurapalates’ legal
code (IX century), later incorporated by Beka and Agh-
bugha into their own (XI11-XIV centuries), includes the
following phrase: “The law was jointly developed be-
fore the kings by bishops, nobles, and wise men, cre-
ated by divine providence.”® This clearly refers to a
working group composed of ecclesiastical and secular
figures. It is evident that bishops, as part of the Church
hierarchy, participated in developing these laws along-
side nobles. Some articles pertained specifically to ec-
clesiastical matters.'® Some younger scholars argue that
the “wise men” mentioned in the code were legal schol-
ars—early jurists. According to this interpretation,
Georgia already had trained legal experts in the 1X cen-
tury. Javakhishvili affirms that these “wise men” were
what he calls “experts in state affairs”—that is, jurists
knowledgeable in the practical application of law.

6 Javakhishvili, Ivane. Collected Works in Twelve Volumes.
Vol. VI, p. 88. Thilisi: Metsniereba Publishing, 1982.

7 1bid., pp. 88-89.

8 Metropolitan Anania Japaridze. Collection of Georgian Ec-
clesiastical Canons. Thilisi: Sakartvelos Matsne Publishing,

2017, p. 227.

% lbid., p. 222.

10 Ibid., p. 221.

A jurist is a legal scholar who evaluates the extent
to which a law responds to society’s needs and chal-
lenges. Based on this, we can reasonably infer that the
“wise men” participating in the aforementioned law-
making working groups, as mentioned in Bagrat Ku-
rapalates’ code, were a circle of legally educated indi-
viduals who acquired knowledge in civilized countries
of that period. Such education, from the early feudal era
onward, was primarily received in Georgia by members
of the clergy. As previously cited from Korneli Kekeli-
dze’s work, the scholar explains that theologians were
also philosophers who, in addition to their broad edu-
cation, had a solid command of jurisprudence. Based
on this, we may confidently infer that the “wise men”
referred to in Bagrat Kurapalates’ code were in fact a
distinct circle of legally educated clergy who took part
in the legislative process. For instance, the introductory
section of the XIV-century Council of Chulevi also re-
fers to clerical lawmakers: “I, Atabeg-Amirspasalar
Aghbugha, informed the honorable bishops and my un-
cles, the fathers of Safara, and the bishops and monks
from Tao, Shavsheti, and Klarjeti—those entrusted to
God and the Holy Mother of God.”! In modern terms,
this means that Atabeg Aghbugha convened bishops
from the region of Samtskhe, especially from Tao,
Shavsheti, and Klarjeti. Special importance was placed
on the clergy of Atsquri and Safara, along with other
invited clerics. From the secular side, heads of govern-
mental households and local senior officials were also
in attendance.*? Another notable example is the 16th-
century Church Council, whose rulings are known in
Georgian legal history as the “Code of the Catholicoi.”
In response to widespread criminal unrest in the coun-
try, this code was compiled solely by ecclesiastical au-
thorities. The “Code of the Catholicoi” had legal force
and was binding for Georgian society at the time.

The Church’s legislative involvement is further
exemplified in the legal compendium of Vakhtang VI,
which the king ordered to be compiled by the renowned
scholar, Catholicos-Patriarch Domenti 1V, as well as
Archbishop Grigol, other metropolitans, bishops, and
clergy.®® These clerics consulted legal codes from for-
eign traditions and presented them to the royal court,
where they were reviewed together with the king in an
advisory council and ultimately approved.

Historically, Georgia maintained a tradition in
which ecclesiastical and civil legal systems were inter-
twined over the centuries. Church-related issues and
canon law were viewed as integral to state law. For ex-
ample, the Ruis-Urbnisi Council addressed matters that
were religious, legal, historical, and political in nature.
It dealt with rules concerning the clergy, the moral con-
duct of the laity, marriage, and religious rites—all of
which were regarded as state-level concerns.

11 Georgian National Academy of Sciences. Georgian Ency-
clopedia, edited by the Abashidze Scientific Editorial Board.
Available at: https://georgianencyclopedia.com

12 Metropolitan Ananias Japaridze. Collection of Georgian
Ecclesiastical Canons. Thilisi: Sakartvelos Matsne Publish-
ing, 2017, p. 180.

13 1bid., p. 217.
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Today, Georgia’s legislative body is the Parlia-
ment, consisting of 150 deputies. A legal committee is
responsible for drafting bills, which are then presented
at parliamentary sessions and, if adopted by majority
vote, enacted into law. Medieval Georgia’s royal
court—the darabazi—played a similar legislative role.

According to lvane Javakhishvili, the darabazi
was the highest organ of government in its time. It was
composed of a “Council of Four Clerics”: The Catholi-
cos-Patriarch of All Georgia, the Catholicos of Abkha-
zia, the Chqgondideli-Mtsignobartukhutsesi (chief
scribe and chancellor), and the chief confessor. These
four senior church leaders had exceptional authority
within the royal council. All of this is recorded in the
“Regulations of the Royal Court,” which describes the
structure of the Georgian monarchy and the duties of its
officials. These high-ranking clerics, much like the le-
gal committee of a modern parliament, would present
draft legislation to the darabazi, where it would be de-
liberated alongside state representatives and approved
if deemed acceptable.

The governing legal Council was composed of the
highest ecclesiastical hierarchy, while the darabazi was
made up of influential figures from both the Church and
the state. Its members, known as darbaiselebi—that is,
“deputies”—included abbots of monasteries, viziers
serving under the chief scribe, provincial governors
(Eristavi), and legal scholars described as “experts in
state affairs.” This hierarchical assembly held the au-
thority to create binding law. The proceedings of the
council were overseen by the king, who issued direc-
tives on how it should be conducted.*

To draw a clearer comparison, one could liken the
darabazi to a modern legislative body (parliament) and
the ecclesiastical lawmakers to today’s parliamentary
legal committee composed of deputies.

14 “The Essence and Significance of the Darbazi in the
Works of Ivane Javakhishvili.” Available at:
https://achijavaxa.wixsite.com

The above examples represent just a small part of
a vast historical record, but they are enough to demon-
strate that the ancient Georgian legal tradition—pre-
served in the resolutions of Church councils—offers a
clear picture of the Church’s role within the state sys-
tem of that time.

References:

1. Javakhishvili, Ivane. Collected Works in
Twelve Volumes. Vol. VI, p. 67. Thilisi: Metsniereba
Publishing, 1982.

2. Georgian Orthodox Church Library. History
of the Georgian Church. Available at;
http://library.church.ge

3. Kekelidze, Korneli & Baramidze, Akaki. His-
tory of Ancient Georgian Literature. Thilisi: Thilisi
University Press, 1987, p. 35.

4. lbid., p. 34.

5. Javakhishvili, lvane. Collected Works in
Twelve Volumes. Vol. VI, p. 88. Thilisi: Metsniereba
Publishing, 1982.

6. Ibid., pp. 88-89.

7. Metropolitan Anania Japaridze. Collection of
Georgian Ecclesiastical Canons. Thilisi: Georgian
Messenger Publishing, 2017, p. 227.

8. lbid., p. 222.

9. Ibid., p. 221.

10. Georgian National Academy of Sciences.
Georgian Encyclopedia, edited by the Abashidze Sci-
entific Editorial Board. Available at:
https://georgianencyclopedia.com

11. Metropolitan Anania Japaridze. Collection of
Georgian Ecclesiastical Canons. Thilisi: Georgian
Messenger Publishing, 2017, p. 180.

12. Ibid., p. 217.

13. “The Essence and Significance of the Darbazi
in the Works of Ivane Javakhishvili.” Available at:
https://achijavaxa.wixsite.com



Norwegian Journal of development of the International Science No 168/2025 41

THE NATURAL AND GEOGRAPHICAL ENVIRONMENT AND STONE AGE SITES OF THE
GUZAR DISTRICT, SOUTHERN UZBEKISTAN: THE DISCOVERY OF THE BUTABULAK 1-6 AND
CHUCHUKBULAK COMPLEXES

Sodigova D.

National Center of Archaeology, Academy of Sciences of the Republic of Uzbekistan, 81 Mirzo Ulugbek

Abstract

Street, Tashkent, 100007, Uzbekistan
https://doi.org/10.5281/zenodo.17608964

This paper presents new data on the Stone Age of the Kashgadarya region in southern Uzbekistan, focusing
on recent discoveries in the Guzar district. Fieldwork conducted in 2023—-2025 revealed several open-air lithic
workshop sites (Butabulak 1-6) and a Neolithic settlement (Chuchukbulak). These sites are located in a favorable
natural setting with ancient river terraces and accessible raw material sources. The finds demonstrate the high
archaeological potential of the region and provide evidence for cultural continuity from the Late Palaeolithic to
the Neolithic. The results contribute to a better understanding of prehistoric human adaptation and settlement

patterns in southern Uzbekistan.

Keywords: Kashqgadarya region, Guzar district, Butabulak, Chuchukbulak, Stone Age, Paleolithic, Neolithic,

Uzbekistan

Located in the heart of Central Asia, the territory
of Uzbekistan stands out for the remarkable diversity of
its Stone Age cultures. Nevertheless, some regions of
the country—despite their significant archaeological
potential—have long remained insufficiently explored.
A striking example of this is the Kashkadarya region,
particularly its mountainous and foothill zones, as well
as the areas surrounding natural springs [Turg’unova,
M. S. (2020). The study of the history of the Stone Age
in Uzbekistan. European Journal of Research and Re-
flection in Educational Sciences, 8(11), 113-118].

From a physical-geographical perspective, the
Kashkadarya basin represents one of the key natural
and geographical units of southern Uzbekistan. It is
bordered by the foothills of the Hisor Range to the north
and the Karshi deserts to the south. The Karshi oasis,
situated between these two contrasting environments,
has historically served as a transitional ecological zone
favorable for early anthropogenic processes. The ar-
chaeological sites analyzed in this paper—Butabulak
1-6 [Muhammadiyev, A., & Brunet, F., 2024] and
Chuchukbulak—are located in the Guzar District, in the
southwestern part of the oasis, encompassing ancient
river systems, alluvial plains, and piedmont zones.

Geographical Location

The Guzar District is located in the southern part
of the Kashkadarya region, approximately between
38°30-39°10" N latitude and 66°20'—66°50" E longi-
tude. Its northern boundary adjoins the foothills of the
Hisor Mountains, while the southern part merges with
the Karshi Plain. The topography gradually rises from
west to east, which influenced the formation of ancient
riverbeds and the positioning of prehistoric settlements
along fluvial terraces.

Hydrological Features

The main watercourse of the region is the Kash-
kadarya River, fed by tributaries such as the
Guzardarya and Katta Uradarya. These rivers are
mainly supplied by snowmelt and seasonal precipita-
tion, with peak discharge occurring in spring. The for-
mation of ancient river terraces led to the accumulation
of alluvial sediments, within which prehistoric sites

such as Butabulak and Chuchukbulak are located. In
certain areas, subsurface freshwater layers provided
stable sources of drinking and domestic water for an-
cient communities.

Geological Structure

Geologically, the Karshi oasis consists of Neo-
gene and Quaternary sedimentary rocks, including
sand, gravel, clay, limestone, and conglomerate. The
Guzar District lies within the piedmont alluvial-fan
zone, where ancient river and torrential deposits accu-
mulated over time. Such geological conditions ensured
the proximity of raw-material sources essential for pre-
historic stone-tool production.

Climate and Soil Conditions

The region is characterized by a dry continental
climate, with summer temperatures reaching +38-42
°C and winter temperatures dropping to -5 to —10 °C.
Annual precipitation ranges from 250 to 300 mm, fall-
ing mainly in spring. Prevailing winds blow from the
west and northwest. Soil composition varies: fertile al-
luvial layers occur along river valleys, while brown and
stony-gray soils dominate in the foothill zones. These
environmental conditions provided favorable habitats
for hunting, gathering, and, later, early agriculture.

Flora and Fauna

The vegetation cover is typical of desert and foot-
hill landscapes. Dominant plant species include Halox-
ylon (saxaul), Alhagi (camelthorn), Astragalus, Juni-
perus, and Calligonum. These plants were likely used
as sources of fuel and construction materials in prehis-
toric times. The fauna includes gazelles, hares, foxes,
wolves, wild sheep, and waterfowl such as ducks and
geese along river courses—all of which served as major
subsistence resources for ancient hunter-gatherer com-
munities.

Landscape Zonation

The Guzar District belongs to the foothill zone,
which, from a paleoecological perspective, offered the
most favorable conditions for human settlement. The
area transitions from the mountain foothills in the north
to the Karshi desert plain in the south. The proximity of
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water sources, fertile soils, and abundant natural re-
sources contributed to the concentration of prehistoric
habitation sites in this zone.

History of Archaeological Research and New
Findings

In the Kashkadarya region, the identification and
study of Paleolithic and Mesolithic sites began later
than in the Surkhandarya region—mainly during the
late Soviet period and the years of independence.[
Nishiaki, Y., O. Aripdjanov, R. Soleymanov, A. Ra-
jabov, H. Nakata, T. Miki, and S. Arai, 2017] In the
1960s, the Archaeological and Topographical Expedi-
tion of Kashkadarya (KATE) of the Institute of Ancient
and Medieval Archaeology of the Academy of Sciences
of Uzbekistan was established (in 1963). However, the
initial focus of this expedition was primarily on sites
from the Early Iron Age and historical periods. In the
1980s-1990s, the leadership of KATE changed, and
from 1999 onwards, under the direction of Professor R.
Kh. Sulaymonov, the Kashkadarya Archaeological Ex-
pedition began to pay attention to Stone Age sites as
well. As a result, previously unknown Paleolithic sites
in the region were discovered.

A new stage began in the early 2000s with the field
investigations conducted by R. Kh. Suleymanov, which
brought this region back onto the archaeological map
of Uzbekistan. His excavations at the Karakamar and
Agillak[EPRA Journals. (2020). Archaeological re-
search on the Anghilak and Amir Temur caves of south-
ern Uzbekistan. International Journal of Multidiscipli-
nary Research, 7(4), 669-671] sites provided the first
reliable evidence of Paleolithic human occupation
within the oasis.

Further surveys have since opened a new chapter
in the study of the region’s prehistoric past. In 2023—
2024, the Landscape Archaeology Department of the
National Archaeological Center of Uzbekistan, under
the direction of PhD A. Muxammadiyev, conducted ex-
tensive fieldwork in the Kashkadarya (Guzar) region.
The results revealed the great potential of this area for
understanding the chronological and cultural sequence
of the Stone Age. One of the most important outcomes
was the discovery of a new open-air lithic workshop
complex—the Butabulak 1-6 sites. [Mukhammadiyev,
A., & Landscape Archaeology Department, National

Archaeological Center of Uzbekistan. (2024). Prelimi-
nary results of field research in the Guzar District of
Kashkadarya Region [Unpublished manuscript].

These localities are situated in the Guzar District,
within a small intermontane valley between the Katta
Uradarya and Langardarya rivers, tributaries of the
Guzardarya. The area lies along the northern slopes of
the Chakchar Mountains, a southwestern extension of
the Hisor Range. Numerous small ravines run north and
northwest, where outcrops of Paleogene flint-bearing
rocks provided abundant raw materials.

During the 2025 field season, further research led
to the discovery of the Chuchukbulak Neolithic settle-
ment, located not far from the Butabulak complex [fig.
1]. This site provides crucial evidence of the cultural
and chronological continuity of Stone Age occupation
in southern Uzbekistan, bridging the Late Paleolithic
and Neolithic periods.

The discoveries made by R. Kh. Suleymanov at
the Angillak site, together with the newly identified
sites in the Guzar District, contribute to reconstructing
the cultural sequence of the Stone Age in the Karshi
oasis. Based on lithic typology, Suleymanov tentatively
attributed the Angillak assemblage to the Obirahmat
cultural tradition. However, the cultural attribution of
the discovered Late Paleolithic sites remains open,
pending further technological and typological analyses.
The current lithic collection is insufficient to allow a
definitive cultural classification at this stage.

At the Butabulak 1-6 complex, the technical and
typological characteristics of the recovered artifacts,
along with the patina covering their surfaces, make it
possible to date them from the Late Paleolithic to the
Neolithic period. Such features are typically character-
istic of stone-working workshops, and the composition
of the assemblage as well as the spatial distribution of
finds suggest that workshop-settlement type sites may
also exist in this area.

At present, these collections are being thoroughly
studied, and definitive conclusions about them will be
presented in future research. Considering that field-
work at the Chuchukbulak Neolithic settlement is
planned to continue in March—April 2026, it is prema-
ture to provide final conclusions regarding the overall
collections.
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Literature support that vitamin-D is important for different systems of the human body including, but not
limited to endocrine and immune systems, vasculature and endothelial function of the body. Male erectile function
depends on many factors and can be perceived as a health indicator of the body. Epidemiological data have shown
that vitamin-D deficiency is also associated with erectile dysfunction. In this review, our aim is to interpret the
mechanisms by which vitamin-D might regulate anatomy and physiology of penis. Evidence showed that vitamin-
D is needed for an adequate erectile function. Briefly, vitamin-D is crucial for a better healthy body and sexual

activity.

Keywords: Andrology, Endothelium, Erectile dysfunction, Hormones, Male, Vascular endothelium

Introduction

Human sexual activity is the manner in which hu-
mans experience and express their sexuality. Male pe-
nile erection is a physiological phenomenon in which
the penis becomes firm, engorged, and enlarged in re-
sponse to sexual arousal during sexual activity (1). Pe-
nile erection is the result of a complex interaction of
psychological, neural, vascular, and endocrine factors
in the presence of a normal penis anatomy (2). Penile
erection is initiated by nitric oxide (NO), a potent vas-
odilator, released from the nerve endings, further pro-
duction of NO depends on increased blood flow which
is also known as shear stress (3). In most vascular beds,
the NO is released by a stimulus that increases the shear
stress over the endothelium. Endothelial dysfunction is
a key variable in the pathogenesis of atherosclerosis
and its complications, including erectile dysfunction
(ED).

ED is defined as the inability to attain or maintain
erection sufficient for satisfactory sexual activity (2).
Over the past 20 years, there have been numerous re-
ports on the epidemiology of ED all over the world (4-
7). Inall studies, it was demonstrated that he prevalence
of ED increases with age (4, 7). In other words, higher
age is strongly associated with higher incidence of ED
(7, 8). In men under the aged 40 to 49 years, the preva-
lence of ED was relatively low (~40%) and in men aged
70 to 79 years, the prevalence of ED was significantly
higher (~90%) (6, 7, 9). The etiology of ED has been
studied comprehensively and found to be multifacto-
rial. ED is frequently found in vascular syndromes,
such as atherosclerotic cardiovascular (ASCV) dis-
eases, hypertension, cerebrovascular disease, periph-
eral arterial disease and diabetes mellitus (DM) (8, 10,

11, 12). In fact, the penis is a highly vascularized organ
and erections are primarily vascular events. Both ED
and ASCV diseases have frequently identical func-
tional and morphologic basis (3, 12). Because of its vas-
cularity, ED is even accepted as a marker of coronary
endothelial dysfunction and atherosclerosis (10, 12).

In the last decades, several studies have correlated
ED risk factors with vitamin-D (VD) deficiency (VDD)
(5, 13, 14). Observational and interventional studies
published in literature have established a strong rela-
tionship between VD levels and ED. This important
knowledge turned scientists to go in deep for the effect
of VD on erectile function. Shortly, it is now well
known that VD is a part of well-functioning penis start-
ing from the early days of our lives.

Vitamin D

VD, which is actually a steroid hormone, has
much more assorted role in human body for a vitamin
than previously recognized just for calcium metabolism
(15). Since it was shown that VVD-receptor (VDR) is ex-
pressed in all tissues of human body including penis,
VD regulates cellular differentiation and function
across many cell types (1, 16-23). VD effects are facil-
itated through binding to the VDR and stimulating not
only genomic but also non-genomic effects (19 22).
Upon VD binding, VDR translocates from the plasma
membrane to the nucleus where it transcriptionally ac-
tivates genes via the VD response element, thereby af-
fecting transcription of other genes (19). Human Ge-
nome Project study results showed that a human DNA
has between 20,000 and 25,000 genes (24), and more
important to us, surprisingly, over 3,000 genes are re-
sponsive to VD (25).
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Unfortunately, the estimated worldwide preva-
lence of VDD is really high and common among the
elderly. VDD is about 50% at older ages and this result
underlines the importance of VDD for public health
(26, 27). If we consider that VD effect many tissues,
VDD becomes more and more important for a healthy
sexual life, in other words for erectile function.

1. Essentials of vitamin-D

Vitamins D2 (ergocalciferol) and D3 (cholecalcif-
erol) are two dominant forms of VD. Vitamin D2 is
synthesized by invertebrates and plants after exposure
to ultraviolet radiation (1). Vitamin D3 is naturally pre-
sent in a small range of foods (such as oily fish, egg and
fortified dairy products) and is also made endogenously
in the skin. Dietary VD typically comprises only 10%
to 20% of circulating levels of VD (28). If we look at
the VD physiology, one can see that Vitamin D2 and
D3 are biologically inactive and subjected to double hy-
droxylation, first mainly in the liver and then in the kid-
ney, to produce the biologically active compound cal-
citriol (1, 14, 21, 29, 30). Although 1,25(OH)2D is the
most active form of VD and undertakes the major bio-
logical function, it has a shorter half-life (~0.3 and 25
days, respectively) and a 1,000-fold lower concentra-
tion than 25(OH)D (31). More importantly, serum
25(OH)D is relatively stable and not directly influenced
by diet (e.g., calcium intake) and life style (e.g., mobil-
ity) (31). Hence, total-body VD stores are best reflected
by 25(OH)D (31). Earlier, it was proved that availabil-
ity of ultraviolet-B exposure, and it's resultant VD pro-
duction in skin, is highest in late spring through early
fall and lowest from late fall through early spring (26).
In addition to seasonal variations, there are many other
factors that can affect the prevalence of VDD. These
can be summarized as region and latitude, diet and sup-
plement use, clothing, obesity, smoking, concerns
about sun damage, and the nature of built environment
(32).

Vitamin D and erectile disfunction

A general population study showed that low serum
VD was associated with higher prevalence of periph-
eral arterial disease (33). Likewise, a very recent cross-
sectional analyses (3,390 men aged >20 years, free of
ASCYV disease) also reported that VDD was associated
with an increased ED prevalence (14). In support, defi-
cient levels of VD <20 ng/mL were associated with in-
creased ED risk, where a decreased prevalence of ED
was associated with VD levels >35 ng/mL (14). When
researchers restricted their analysis to the 562 men
(among 3,390 men) adjusted for sex hormone levels,
the association of VD with ED became even stronger
(14). The biological link between VDD and ED exhib-
its several interlaced mechanisms that could suggest
that the link of VD with ED appears to be independent
of sex hormones (14).

1. Vitamin-D and architecture of the penis

There are many risk factors in the etiology of ED
which might be directly arising from VDD. Since the
latest literature showed the importance of VD on erec-
tile function, Fernandes-Lima et al (34) investigated the
effects of VD restricted diet on Wistar rats offspring
penis morphology. Fernandes-Lima et al (34) demon-

strated that VD restriction during perinatal and postna-
tal periods induced metabolic and structural changes
and represented important risk factors for ED in the pe-
nis of the adult offspring. The latter findings suggest
that VD is an important micronutrient in maintaining
the cytoarchitecture of the penis (34). In other words,
human body requires VD for the proper anatomical de-
velopment of the penis during embryonal life.

2. Vitamin-D and endothelial function

The pathophysiology of ED is multifactorial, but
common point is a vascular disorder related to de-
creased endothelial function. Indeed, one of the most
significant mechanism of VD on erectile function
seems to work via endothelial integrity (30, 35). In mo-
lecular levels, VD stabilizes the quiescent endothelium,
regulates certain stages of endothelial activation, and is
involved in the repair of the damaged endothelium in
vitro and in vivo models. A recent 12 cross-sectional
studies, including 2,086 subjects of varying ethnic
groups, showed an association between endothelial
dysfunction and VDD (36). Also, VD may directly pro-
tect endothelial cells against oxidative stress, and
hence, VDD may contribute to ED through inflamma-
tion (30).

Many ED patients are VD deficient, particularly
patients with arteriogenic ED (5). Epidemiological data
in humans have shown that VDD is associated with hy-
pertension, left ventricular hypertrophy, increased arte-
rial stiffness, and endothelial dysfunction in normal
subjects (30). Men with ED have an increased preva-
lence of endothelial dysfunction, and VD may improve
endothelial function (14). A placebo-controlled ran-
domized trial demonstrated that even a single large
dose of VD improves endothelial function in patients
with type 2 diabetes and VDD (37). Since endothelial
function improvement is the cornerstone of the treat-
ment of ED, VD supplementation may be beneficial in
the treatment of ED patients.

3. Vitamin-D and nitric oxide production

Another important mechanism of action of VD
seems to be via NO mediated vascular dilation. NO
synthases (NOS) are a family of enzymes that catalyze
the production of NO from L-arginine. NO-pathway is
a well-known physiologic signal essential to penile
erection. Shortly, sexual stimulation releases neuro-
transmitters from the corpus cavernosa as well as NO
(a relaxing factor) from the endothelial cells of the pe-
nis (28). Any kind of disorders that reduce NO synthe-
sis or release in the erectile tissue are commonly asso-
ciated with ED. Activated VD stimulates the produc-
tion of NO in endothelial cells and NOS (38), and is a
key to vascular dilation and thereby critical to prevent-
ing ED. Molinari et al (38) demonstrated that VD is
able to stimulate NO production in human umbilical
vein endothelial cells through endothelial NOS (eNOS)
activation.

The finding of an involvement of VD in NO pro-
duction by endothelial cells is quite relevant. Recently,
Andrukhova et al (30) reported that VDR mutant mice
are characterized by lower bioavailability of the vaso-
dilator NO due to reduced expression of the key NO
synthesizing enzyme i.e., eNOS. Reduction in eNOS
ends with endothelial dysfunction, increased arterial
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stiffness, increased aortic impedance, structural remod-
eling of the aorta, and impaired systolic and diastolic
heart function at later ages, independent of changes in
the renin-angiotensin system (30). This may also clarify
why endothelium derived; NO-evoked dilation is
halved in arteries from VD deficient male rats (35). Un-
der the light of recent scientific researches, unsurpris-
ingly, there exists a higher prevalence of ED among VD
deficient patients compared to those with optimal levels
(14).

4. Vitamin-D and atherosclerotic cardiovascu-
lar diseases

Penile erection predominantly depends on vascu-
lar event and according to several studies there is a
strong association between ED and ASCV diseases
(39). Unfortunately, VDD is associated with athero-
genic dyslipidemia, DM, and reduced serum testos-
terone (T) levels all of which are associated with endo-
thelial dysfunction and are classic risk factors for the
onset of ED (13, 14, 18).

Recently, Barassi et al (5) demonstrated a higher
presence of VDD in arterial ED patients compared with
non-arterial-ED patients and a lower serum VD levels
in more severe ED patients. Melamed et al (33) has
shown that low serum VD levels are associated with a
higher prevalence of peripheral arterial disease in the
general population. Additionally, an earlier study done
with more than 7,000 VD deficient patients showed an
association between VDD and several cardiovascular
disease (CVD) states such as hypertension, coronary ar-
tery disease as well as ASCV risk factors (DM,
dyslipidemia etc.) (18). However, a recent cross-sec-
tional analysis of 3,390 men aged >20 years, found that
VDD in individuals free of ASCV diseases was associ-
ated with an increased prevalence of ED (14).

The available literature evaluating VD supple-
mentation and its relationship to ASCV diseases are
limited in number. However, in an observational retro-
spective study involving more than 10,000 patients
Vacek et al (18) showed that VD supplement use im-
proved survival in deficient subjects, supporting the po-
tential benefit of this intervention. Later, in a random-
ized placebo-controlled preliminary study, Al-Dujaili
et al (40) suggested that daily VD supplementation may
ameliorate CVD risk factors.

5. Vitamin-D and endocrine system

T modulates nearly every component involved in
erectile f unction and its def iciency associated with ED
(41). In an ageing male population, hypogonadism is
common (30% prevalence in men >60 years), and is as-
sociated with ASCV risks (e.g., atherogenic lipid pro-
file, insulin resistance and obesity) (42) . The Longitu-
dinal Aging Study Amsterdam, showed serum VD was
positively associated with total and bioavailable T lev-
els (43). In another study, with large population group
(2,854 men), investigators revealed that a lower VD
level is associated with a higher prevalence of hy-
pogonadism (44). The latter result was supported by an-
other study of 652 men over 40 years of age (45). VD
was significantly and positively associated with T lev-
els before and after adjustment for age and ethnicity
(46).

VD is positively associated with T, exhibits a con-
cordant seasonal changeability (47), elevates when T
was supplemented in hypogonadism (48). Surprisingly,
the reverse situation is also true, suggesting that VD
supplementation might increase T levels (49). Inaclin-
ical randomized controlled trial, which is the first on
this topic in literature, Pilz et al (49) investigated the
effect of VD supplementation on androgens in men.
The results were significant and the researchers ob-
served that overweight men with VDD had a clinically
meaningful increase in serum T levels after VD supple-
mentation for 1 year (49). Recently, it was also demon-
strated that VD supplementation improves T levels,
metabolic syndrome and erectile function in middle-
aged VD deficient men (8). Canguven et al (8) sup-
ported earlier research where serum total-T effectively
increased after VD treatment (496 50). Likewise, Wehr
et al (47) demonstrated that androgen levels were asso-
ciated with VD levels in 2,299 older men; and also a
cross-sectional analysis of men in a national survey
found that increasing VD ends with higher total-T lev-
els (51). Certainly, it has been advocated that the most
advantageous serum VD concentrations begin at 30
ng/mL, and the best are between 36 to 40 ng/mL (52).

6. Vitamin-D and androgen receptors

An extra mechanism of VD on erectile function
seems to function via binding to T receptors. Computer
(in silico) modeling shows that besides activating the
VDR, 1,25-D displays high affinity for some of the
body's other nuclear receptors. This suggests that when
1,25-D increases above its normal range, it binds the
o/ thyroid, the glucocorticoid, and the T receptors, dis-
placing their native ligands (53). Marshall (54) showed
the symmetry with which endogenous ligands exhibited
very similar affinities across some members of the type
1 nuclear receptor family (54). For example, 1,25-D
docked into the VDR with a (nanomolar) Kd of 8.48,
but also exhibited a Kd of 8.05 into the T receptor.

7. Vitamin-D and immune system

ED is associated with an incremental inflamma-
tory activation and inflammation plays an important
pathophysiological role in both ED and ASCV diseases
(12, 39, 55). It has been extensively debated that in-
flammation can exert a detrimental effect on the ASCV
system via two pathways: chronic, low-grade inflam-
mation and an acute systemic inflammatory response.
The former has been implicated in atherosclerotic pro-
cesses (56), while the latter accounts for adverse ASCV
events following severe inflammatory stimulation.
Sildenafil, one of the phosphodiesterase inhibitors used
as first line treatment in ED, induces a significant acute
decrease in levels of pro-inflammatory markers/media-
tors (55). The anti-inflammatory action might play an
important role in addition to relaxation of penile
smooth muscles.

Ding et al (50) revealed that VD supplement may
protect the cells through suppressing inflammation fac-
tors and alleviating cell apoptotic death, as well to re-
production and T synthesis. Ding et al' study (50) indi-
cated that VD played a protective role of testes and tes-
ticular damage induced by diabetes, and the possible
mechanism might be regulating attenuating inflamma-
tion and inactivating caspase cascade. Emerging data
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suggests that VD has a potential role in regulating in-
flammation. In research, it was shown that VD inhibits
the expression of inflammatory cytokines in mono-
cytes, including interleukins-1, 6, 8, 12, and tumor ne-
crosis factor-a (57, 58). In summary, VD may directly
defend endothelial cells against oxidative stress; and
VDD may contribute to ED through inflammation.

Conclusions

Based on the evidence from bench and bed, it was
shown that VD is important for erectile function. Meas-
urement of VD in ED patients is very crucial with sup-
plementation as required. VD supplementation poten-
tially represents a low-cost, low-risk method to treat
and prevent ED. In summary, we need VD starting from
the early embryonal days to the end of our lives for a
better, healthy and sexually active life.
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Abstract

The “sunshine” vitamin is a hot topic that attracted ample attention over the past decades, specially that a
considerable proportion of the worldwide population are deficient in this essential nutrient. Vitamin D was pri-
marily acknowledged for its importance in bone formation, however; increasing evidence point to its interference
with the proper function of nearly every tissue in our bodies including brain, heart, muscles, immune system and
skin. Thereby its deficiency has been incriminated in a long panel of diseases including cancers, autoimmune
diseases, cardiovascular and neurological disorders. Its involvement in the pathogenesis of different dermatologi-
cal diseases is no exception and has been the subject of much research over the recent years. In the current review,
we will throw light on this highly disputed vitamin that is creating a significant concern from a dermatological

perspective. Furthermore, the consequences of its deficiency on the skin will be in focus.

Keywords: Vitamin D, Deficiency, Dermatology, Immunological

Introduction

It is somewhat ironic that vitamin D, through a his-
torical accident, became classified as a ‘vitamin’, ow-
ing to the fact that vitamin is conventionally defined as
‘essential item needed in the diet’. The paradox with
‘vitamin D’ is that diet per se is usually poor in vitamin
D except for cod or other fish oils or food fortified with
this vitamin [1].

Vitamin D is actually a fat-soluble prohormone
steroid that has endocrine, paracrine and autocrine
functions [2]. The endocrine effects of vitamin D are
mainly involved in serum calcium homeostasis. Vita-
min D and calcium are often used in the same sentence
because they work closely together, vitamin D’s pri-
mary role is to control the levels of calcium found in
the bloodstream by constantly allowing calcium and
phosphate absorption from the intestine or taking cal-
cium from bones. Furthermore, vitamin D is an ena-
bling agent that, when present in optimal concentra-
tions, has no perceptible effect on calcium absorption
in its own right; however, it permits or facilitates flexi-
ble physiologic response to varying calcium need [3].

The paracrine and autocrine effects of vitamin D
depend on genetic transcription, unique to the type of
cell expressing nuclear vitamin D receptors. These po-
tential effects include inhibition of cell proliferation,
promotion of cell differentiation, and apoptosis which
may in turn have roles in cancer, immunity, and many
organ systems (4-8). The potential myriad effects of
this vitamin in human health and disease have led to an
escalating interest in vitamin D inadequacy and the best
methods to normalize suboptimal levels.

Sunlight

The most well-known source of vitamin D is via
synthesis in the skin induced by sun exposure. The first
reference to the physiological effect of sunlight on vit-
amin D was illustrated by the Greek historian Herodo-
tus. He visited the battlefield where Cambyses (525
BC) overcame the Egyptians, and inspected the skulls
of slain Persians and Egyptians. He noted that the Per-
sian skulls were so fragile that they broke even when
struck with a pebble, whereas those of the Egyptians
were strong and could scarcely be broken even when
struck with a stone. The Egyptians’ explanation to He-
rodotus was that they went bareheaded from childhood
exposing their heads to sunlight, whereas Persians cov-
ered their heads with turbans shading them from the sun
resulting in skull bone weakness. Later on, in the mid
17th century Francis Glisson, Professor of Physics at
Cambridge University, in his treatise on rickets ob-
served that the disease was common among infants and
young children of country farmers who ate well, and
whose diets were known to include eggs and butter,
but who lived in rainy, misty parts of the country and
who were kept indoors during long severe winters (11).

Vitamin D synthesis in the skin

According to the Commission Internationale de
I’Eclairage (CIE) (12), the vitamin D effective radiation
is described in terms of its action spectrum (i.e., the ef-
ficiency of each wavelength to synthesize vitamin D in
skin) which covers the spectral range (255-330 nm)
with a maximum at about 295 nm (UVB). A whole
body exposure to UVB radiation inducing the light pink
color of the minimal erythema dose for 15-20 min is
able to induce the production of up to 250 pg vitamin
D (10,000 1U) [13], [14].
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Its precursor 7-dehydrocholesterol in the plasma
membranes of both epidermal basal and suprabasal
keratinocytes and dermal fibroblasts is converted to
previtamin D3. Cutaneously synthesized vitamin D3 is
released from the plasma membrane and enters the sys-
temic circulation bound to vitamin D-binding protein
(DBP) (15). Serum concentrations of vitamin D3 peak
24-48 h following exposure to UV radiation (13).
Thereafter, vitamin D3levels decline exponentially
with a serum half-life ranging from 36 to 78 h (13,14).
As a lipid-soluble molecule, vitamin D3 can be taken
up by adipocytes and stored in subcutaneous or omental
fat for later use (16). The distribution of vitamin
D3 into adipose tissue prolongs its total-body half-life
to approximately two months as first detected on exper-
iments on submarine personnel (17-19).

Once in the circulation, vitamin D is converted by
a hepatic hydroxylase into 25-hydroxyvitamin D
(25(0OH)D; calcidiol). The circulating 25(OH)D level is
an indicator of the vitamin D status. This level reflects
both ultraviolet exposure and dietary vitamin D intake.
The serum half-life of 25(OH)D is approximately
15 days (2). 25(0OH)D is not biologically active except
at very high, non-physiological levels (20). As needed,
25(OH)D is converted in the kidney to its active hor-
monal form 1,25-dihydroxyvitamin D (1,25(0OH)2D;
calcitriol) in a process which is usually tightly con-
trolled by the parathyroid hormone which levels start
rising at 25(OH)D cutoff levels of 75 nmol/L or lower.
In spite of this, inadequate vitamin D supply lowers the
circulating level of calcitriol (16). Circulating calcitriol
is also adversely affected by a reduced number of via-
ble nephrons, high serum concentrations of fibroblast
growth factor-23, and high levels of inflammatory cy-
tokines such as interleukin (IL)-1, IL-6, and tumor ne-
crosis factor-alpha (TNF-a) (19, 21).

It is important to know that the conversion of pre-
vitamin D3 to the inactive photoproducts lumisterol
and tachysterol balances the cutaneous biosynthesis of
vitamin D3 as a feedback loop. This mechanism en-
sures that one cannot “overdose” on vitamin D3 by
photoexposure alone. After less than 1 minimal ery-
thema dose (MED; i.e., the amount of photoexposure
required to produce faint pinkness in the skin at 24 h
after exposure), the concentration of previtamin
D3 reaches maximal levels and further UV radiation
merely results in the production of inactive metabo-
lites (2).

Dietary sources and supplements

Vitamin D is available in 2 distinct forms, ergocal-
ciferol (vitamin D) and cholecalciferol (vitamin D3).
Sunshine exposure provides vitamin D in the form of
D3 only, while dietary sources are able to provide both
forms, which are officially regarded by many as equiv-
alent and interchangeable (22-24). However, several
reasons have been suggested to argue against this pre-
sumption including that both are different in their effi-
cacy at raising serum 25-hydroxyvitamin D, with di-
minished binding of vitamin D, metabolites to vitamin
D binding protein in plasma, as well as the detection of
a nonphysiologic metabolism and shorter shelf life for
vitamin D,. Nevertheless, still to this day, the major
preparations of vitamin D for prescription are in the

form of vitamin Dy, not vitamin Dz. Multivitamins may
contain either vitamin D, or vitamin D3, but most com-
panies are now reformulating their products to contain
vitamin D in the D3 form (25).

There are only few natural sources of vitamin D
including cod liver oil, cheese, egg yolks, mackerel,
salmon, tuna fish, and beef liver. Because it is not easy
for many individuals to obtain adequate vitamin D in-
take from natural dietary sources alone, many countries
fortify foods such as orange juice, milk, yogurt, and ce-
real with vitamin D. Many inexpensive supplemental
vitamin D forms are readily available over the counter
in both vitamin D3 and vitamin D, forms and with or
without calcium (26, 27).

Vitamin D levels

Different cut-off values for the normal threshold
of vitamin D have been used until recently (28). A level
of 50 nmol/L has been widely used to define 25(0OH)D
insufficiency, while some studies have used
37.5 nmol/L as the lowest level of sufficiency (29-31).
Further studies, however, suggest that a 25-(OH)D
level as high as 75 nmol/L or higher is needed to cover
all physiological functions of vitamin D and should
therefore be considered optimal (32-36).

Factors influencing vitamin D level

Nutrient deficiencies are usually the result of die-
tary inadequacy, impaired absorption and use, in-
creased requirement, or increased excretion. Vitamin D
deficiency can occur when usual intake is lower than
recommended levels over time, exposure to sunlight is
limited, the kidneys cannot convert 25(OH)D to its ac-
tive form, or absorption of vitamin D from the digestive
tract is inadequate. Vitamin D-deficient diets are asso-
ciated with milk allergy, lactose intolerance, ovo-vege-
tarianism, and veganism (37).

Regarding the amount of vitamin D production in
human skin, it depends on several variables including
environmental factors such as geographic latitude, sea-
son, time of day, weather conditions (cloudiness),
amount of air pollution and surface reflection which
can all interfere with the amount of UVB radiation
reaching the skin (38-41).

Personal variations represent another group of in-
fluential factors affecting the vitamin D production in
the skin, including age as elderly people have thinner
skin, and consequently are less capable of synthesizing
vitamin D (7, 38, 39) and obesity as overweight indi-
viduals have reduced vitamin D levels (42). It is also
noteworthy that skin typedetermines a person’s effec-
tiveness in producing vitamin D. Light skins (type 1)
produce up to six fold the amount of vitamin D pro-
duced by dark skins (type VI). In addition, clothing
habits, lifestyle, workplace (e.g.,  indoor versus out-
door), and sun avoidance practices have a strong im-
pact on vitamin D synthesis (38-41)

The influence of some common practices as us-
ing sunblocks or receiving sunbeds on vitamin D pro-
duction is another point of interest. Sunblocks are
known to block UVB radiation effectively. However, it
is questionable whether sunscreen in practice causes
any vitamin D deficiency. Absolute full-body coverage
of sunscreen is uncommon. Some areas of the skin are
always left out. At times and locations where the sun is
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intense and the temperature is high enough to make the
population use sunscreen, its vitamin D status is gener-
ally very satisfactory (39-41). On the other hand the use
of sun beds is controversial, but regardless, subjects
who regularly use tanning beds that emit UVB radiation
are likely to have higher 25(OH)D concentrations. Nev-
ertheless, there is a trend toward discouraging the use
of such tanning beds for fear of melanoma and non-
melanoma skin cancer (43).

Vitamin D: What’s beyond its synthesis and
metabolism?

The skin is unique in being not only the source of
vitamin D for the body but also in being capable of re-
sponding to the active metabolite of vitamin D,
1,25(0OH)2D. Both 1,25(0OH)2D and its receptor (VDR)
play essential roles in the skin.

Skin differentiation and proliferation

Both calcium and 1,25(0OH)2D perform important
and interacting functions in regulating the skin differ-
entiation process. 1,25(0OH)2D increases the expression
of involucrin, transglutaminase, loricrin, and filaggrin
and increases keratinocyte cornified envelope for-
mation while inhibiting proliferation (44, 45). These
actions are due to, at least in part, the ability of
1,25(0OH)2D to increase intracellular calcium levels
achieved by induction of the calcium receptor (46), and
the phospholipase C (47) that are critical for the ability
of calcium to stimulate keratinocyte differentiation (48,
49). Mice lacking the VDR show defective epidermal
differentiation manifesting as reduced levels of involu-
crin and loricrin and loss of keratohyaline granules (50,
51).

Cutaneous antimicrobial effects

1,25(0OH)2D and its receptor regulate the pro-
cessing of the long chain glycosylceramides that are
critical for the skin barrier formation (52) which is cru-
cial in defending the skin. Furthermore, they induce toll
like receptor 2 (TLR2) and its coreceptor CD14, that
initiate the innate immune response in skin (53). Acti-
vation of these receptors leads to the induction of
CYP27B1, which in turn induces cathelicidin resulting
in the Killing of invasive organisms (53, 54). Mice lack-
ing the VDR or the enzyme (CYP27B1) show de-
creased lipid content of the lamellar bodies leading to a
defective permeability barrier (52), and a defective re-
sponse of the innate immune system to invading infec-
tions (53).

Vitamin D and cutaneous innate immunity

The historical link between vitamin D and innate
immune function stemmed initially from the use of cod
liver oil as treatment for tuberculosis (TB) (54). More
recent work has focused on the cellular and molecular
machinery that underpins the actions of vitamin D on
the pathogen that causes TB, Mycobacterium tubercu-
losis (M. TB). In the first of these studies, carried out
25 years ago, active 1,25(0OH)2D was shown to reduce
the proliferation of M. TB in macrophages with this ef-
fect being enhanced by the cytokine interferon y
(IFNy), a known stimulator of macrophages (55). How-
ever, the major advance in our understanding of how
vitamin D directs antibacterial responses in TB arose
from much more recent studies aiming at defining the
way by which monocytes and macrophages, key cells

in directing bacterial killing, respond to an encounter
with M. TB (56). These data suggested that monocytes
promote localized activation of vitamin D in response
to M. TB, with the resulting 1,25(0OH)2D binding to en-
dogenous VDR. In this way, vitamin D can act to mod-
ulate gene expression in response to M. TB immune
challenge — a classical intracrine mechanism (57, 58).
Functional analyses showed that 250HD-mediated in-
duction of cathelicidin is coincident with enhanced kill-
ing of M. TB in monocytes. Naturally occurring varia-
tions in serum 250HD have been shown to correlate
with induction of monocyte cathelicidin expres-
sion (59). The conclusion from these studies was that
individuals with low serum 250HD will be less able to
support monocyte induction of antibacterial activity
and may therefore be at greater risk of infection. Con-
versely, supplementation of vitamin D-insufficient in-
dividuals in vivo has been shown to improve TLR-
mediated induction of monocyte cathelicidin (60) and
may therefore help to protect against infection.

Studies have shown that T-cell cytokines play a
pivotal role in both amplifying and attenuating vitamin
D-mediated cathelicidin production (61). Indeed, cyto-
kine production by monocytes themselves may be cen-
tral to the intracrine metabolism of vitamin D in this
cell type (62, 63). Thus, it seems likely that the ability
to mount an appropriate response to infection will be
highly dependent on the availability of vitamin D, with
additional tuning of this response by other components
of the normal human immune response.

Vitamin D can also influence innate immune re-
sponses to pathogens via effects on antigen presenta-
tion by macrophages or dendritic cells. These cells are
known to express VDR (64), and treatment with
1,25(0OH)2D has been shown to inhibit DC maturation,
suppress antigen presentation and promote a tolero-
genic T-cell response (65, 66).

Vitamin D and cutaneous adaptive immunity

Early studies of vitamin D and the immune system
demonstrated VDR expression in both T and B
cells (67). Notably, VDR expression by these cells was
only immunologically functional in active, proliferat-
ing cells, suggesting an antiproliferative role for
1,25(0H)2D on these cells (68). T helper (Th) cells ap-
pear to be the principal target for 1,25(OH)2D which
can suppress Th cell proliferation as well as modulating
cytokines production by these cells (69). Activation of
naive Th cells by antigen in turn leads to the generation
of Th cell subgroups with distinct cytokine profiles:
Th1 (IL-2, IFN v, tumor necrosis factor alpha) and Th2
(IL-3, IL-4, IL-5, IL-10) that respectively support cell-
mediated and humoral immunity (70-71).

In vitro 1,25(0OH)2D inhibits Thl cytokines (72),
while promoting Th2 cytokines (73). A third group of
Th cells known to be influenced by vitamin D are inter-
leukin-17 (IL-17)-secreting T cells (Th17 cells). Auto-
immune disease-susceptible non obese diabetic (NOD)
mice treated with 1,25D exhibit lower levels of IL-
17 (74), and 1,25(OH)2D-mediated suppression of mu-
rine retinal autoimmunity appears to involve inhibition
of Th17 activity (75). Furthermore, subsequent studies
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have shown that 1,25(OH)2D suppresses IL-17 produc-
tion via direct transcriptional suppression of IL-17 gene
expression (76).

Another group of T cells known to be potently in-
duced by 1,25(OH)2D are regulatory T cells
(Tregs) (77). Although part of the Th cell family, Tregs
act to suppress immune responses by other T cells as
part of the machinery to prevent over-exuberant or au-
toimmune responses (78). Recent studies have under-
lined the importance of Tregs in mediating the immu-
noregulatory actions of vitamin D. Administration of
1,25(0OH)2D systemically to patients who underwent
renal transplantation has been shown to expand circu-
lating Treg populations (79).

Studies of vitamin D and T-cell function have to
date focused primarily on the response of these cells to
active 1,25(0OH)2D. What is less clear is the mechanism
by which variations in vitamin D status can also influ-
ence T cells, despite reports linking serum levels of
250HD with specific T-cell populations (56). For ex-
ample, circulating levels of 250HD have been shown
to correlate with Tregs activity in patients with multiple
sclerosis (80, 81). There are four potential mechanisms
by which serum 250HD is believed to influence T-cell
function; (i) direct effects on T cells mediated via sys-
temic 1,25(0OH)2D; (ii) indirect effects on antigen
presentation to T cells mediated via localized DC ex-
pression of CYP27B1 and intracrine synthesis of
1,25(0OH)2D; (iii) direct effects of 1,25(0H)2D on T
cells following synthesis of the active form of vitamin
D by CYP27B1-expressing monocytes or DCs —a para-
crine mechanism; (iv) Intracrine conversion of 250HD
to 1,25(0H)2D by T cells. As yet, it is unclear whether
one or more of these mechanisms will apply to the reg-
ulation of specific T-cell types. For example, the effects
of 1,25(0OH)2D on Tregs can occur indirectly via ef-
fects on DCs (82), but may also involve direct effects
on the Tregs (83). However, as DCs also express
CYP27B1 (84) and may therefore act as the conduit for
250HD effects on Tregs. Interestingly, reports have
also described expression of CYP27B1 by T cells (85),
suggesting that 250HD may also influence the function
of these cells via an intracrine mechanism, although the
precise relevance of this to specific T-cell types re-
mains unclear (56).

Despite the fact that expression of VDR by B cells
has been recognized for many years (67), the ability of
1,25(0H)2D to suppress B-cell proliferation and im-
munoglobulin (1g) production was initially considered
to be an indirect effect mediated via Th cells (68). How-
ever, more recent studies have confirmed direct effects
0f1,25(0OH)2D on B-cell homoeostasis (86), with nota-
ble effects including inhibition of plasma cells and class
switched memory cells differentiation. These effects
lend further support for vitamin D’s proposed role in B-
cell-related autoimmune disorders such as systemic lu-
pus erythematosis. Other B-cell targets known to be
modulated by for 1,25(0OH)2D include IL-10 (87) and
CCR10 (88), suggesting that the repertoire of B-cell re-
sponses to vitamin D extends beyond its effects on B-
cell proliferation and Ig synthesis (56).

Hair follicle cycling

In vitro studies have supported the concept that
VDR may play a vital role in the postnatal maintenance
of the hair follicle. Mesodermal papilla cells and the
outer root sheath (ORS) epidermal keratinocytes ex-
press VDR in varied degrees in correlation with the
stages of the hair cycle. In both the late anagen and cat-
agen stages there is an increase in VDR, which is asso-
ciated with decreased proliferation and increased dif-
ferentiation of the keratinocytes. These changes are
thought to promote the progression of the hair cy-
cle (89).

Limited studies have been done in humans to elab-
orate the role of vitamin D in the hair cycle. A potential
application for vitamin D is in chemotherapy-induced
alopecia. Topical calcitriol has been shown to protect
against chemotherapy-induced alopecia caused by
paclitaxel and cyclophosphamide. However, topical
calcitriol failed to protect against chemotherapy-in-
duced alopecia caused by a combination of 5-fluoroura-
cil, doxorubicin, and cyclophosphamide and a combi-
nation of cyclophosphamide, methotrexate, and 5-
fluorouracil. The ability of topical calcitriol to prevent
chemotherapy-induced alopecia may therefore depend
on the chemotherapy agents used. Of note, the studies
in which no effects were observed, were small and may
have used doses of vitamin D that were inadequate to
protect against chemotherapy-induced alopecia (90).

The sebaceous gland

It has been reported that incubation of the human
sebaceous gland cell line with 1,250H2D results in a
dose-dependent suppression of cell proliferation. Using
real-time PCR, it was demonstrated that key compo-
nents of the vitamin D system (VDR, 250Hase, 1a¢O-
Hase, and 240Hase) are strongly expressed in such
cells. It has been concluded that local synthesis or me-
tabolism of vitamin D metabolites may be of im-
portance for growth regulation and various other cellu-
lar functions in sebaceous glands and that sebaceous
glands represent promising targets for therapy with vit-
amin D analogs or for pharmacological modulation of
calcitriol synthesis/metabolism (91, 92).

Photoprotection

Photodamage refers to skin damage induced by ul-
traviolet (UV) light. Depending on the dose, UV light
can lead to DNA damage, inflammatory responses,
skin cell apoptosis (programmed cell death), skin ag-
ing, and skin cancer. Some studies, mainly in vitro (cell
culture) studies (93-96) and mouse studies where 1,25-
dihydroxyvitamin D3 was topically applied to skin be-
fore or immediately following irradiation (93, 97, 98),
have found that vitamin D exhibits photoprotective ef-
fects. Documented effects on skin cells include de-
creased DNA damage, reduced apoptosis, increased
cell survival, and decreased erythema. The mechanisms
for such effects are not known, but one mouse study
found that 1,25-dihydroxyvitamin D3 induced expres-
sion of metallothionein (a protein that protects
against free radicals and oxidative damage) in the stra-
tum basale (93). It has also been postulated that non-
genomic actions of vitamin D contribute to the photo-
protection (99); such effects of vitamin D involve cell-
signaling cascades that open calcium channels (100).
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Wound healing

1,25-Dihydroxyvitamin D3 regulates the expres-
sion of cathelicidin (LL-37/hCAP18) (53, 57), an anti-
microbial protein that appears to mediate innate im-
munity in skin by promoting wound healing and tissue
repair. One human study found that cathelicidin expres-
sion is upregulated during early stages of normal
wound healing (58). Other studies have shown that
cathelicidin modulates inflammation in skin (101), in-
duces angiogenesis (102), and improves reepitheliali-
zation (the process of restoring the epidermal barrier to
re-establish a functional barrier that protects underlying
cells from environmental exposures) (103). The active
form of vitamin D and its analogs have been shown to
upregulate cathelicidin expression in cultured keratino-
cytes (58, 104). However, more research is needed to
determine the role of vitamin D in wound healing and
epidermal barrier function, and whether oral vitamin D
supplementation or topical treatment with vitamin D
analogs is helpful in healing surgical wounds.

Vitamin D and skin diseases

Based on the afore mentioned facts concerning the
intertwined bonding that exists between vitamin D and
skin, it seems only “natural” to incriminate vitamin D
deficiency in a long list of cutaneous disorders includ-
ing skin cancer, psoriasis, ichthyosis, autoimmune skin
disorders such as vitiligo, blistering disorders, sclero-
derma and systemic lupus erythematosus, as well as
atopic dermatitis, acne, hair loss, infections and photo-
dermatoses. Nevertheless, it remains speculative
whether vitamin D deficiency primarily contributes to
disease pathogenesis or merely represents a consequen-
tial event to the inflammatory processes involved. Ac-
cording to a recent systematic review including 290
prospective cohort studies and 172 randomized trials of
major health outcomes and of physiological parameters
related to disease risk or inflammatory status, one solid
fact is emphasized; vitamin D deficiency appears to be
a marker of ill health (105) regardless of being an ac-
tual cause or an association. In the current review we
will highlight the most commonly studied dermatolog-
ical diseases.

Skin cancer

A number of epidemiologic studies have sug-
gested that vitamin D may have a protective effect de-
creasing cancer risk and cancer-associated mortal-
ity (106-110). Adequate vitamin D status has been
linked to decreased risks of developing specific can-
cers, including cancers of the esophagus, stomach, co-
lon, rectum, gallbladder, pancreas, lung, breast, uterus,
ovary, prostate, urinary bladder, kidney, skin, thyroid,
and hematopoietic system (e.g., Hodgkin’s lymphoma,
non-Hodgkin’s lymphoma, multiple myeloma) (110).
With regards to skin cancer, epidemiologic and labora-
tory studies have reported mixed findings, with some
reporting an association between higher vitamin D lev-
els and increased skin cancer risk (111), others showing
a decreased skin cancer risk (106-109), and still others
showing no association (106). The key findings that
point to the role of vitamin D in the prevention of the
initiation and progression of lethal skin cancers are the
involvement of vitamin D in regulation of multiple sig-

naling pathways that have implications in carcinogene-
sis (109), among which are the inhibition of the hedge-
hog signaling pathway, the pathway underlying devel-
opment of basal cell carcinomas, and upregulation of
nucleotide excision repair enzymes (106). Further-
more, vitamin D induces cellular arrest, triggers apop-
totic pathways, inhibits angiogenesis, and alters cellular
adhesion (108). Another point is that skin cancer me-
tastasis depends on the tumor microenvironment,
where vitamin D metabolites play a key role in preven-
tion of certain molecular events involved in tumor pro-
gression (109). The key factor complicating the associ-
ation between vitamin D and skin cancer is ultraviolet
B radiation. The same spectrum of ultraviolet B radia-
tion that catalyzes the production of vitamin D in the
skin also causes DNA damage that can lead to epider-
mal malignancies. Overall, there is some evidence that
vitamin D may play a role in nonmelanoma skin cancer
(NMSC) including basal cell and squamous cell carci-
noma as well as melanoma prevention, although as of
yet there is no direct evidence to show a protective ef-
fect (106).

Psoriasis

Psoriasis is a chronic inflammatory skin disease
that affects 2-3% of the population worldwide and
causes significant morbidity (112). Although the path-
ogenesis of psoriasis is not fully understood, there is
ample evidence suggesting that the dysregulation of the
immune cells in the skin, particularly T cells, plays a
critical role in psoriasis development (113).

Several studies have focused on the possible role
of vitamin D deficiency in psoriasis (114-116). The ex-
act mechanism by which vitamin D deficiency contrib-
utes in such a complex pathogenesis is not fully under-
stood. Several pathways have been established includ-
ing, loss of the anti-proliferative function of vitamin D,
as it has been found that human cultured keratinocytes
exposed to calcitriol showed marked inhibition of
growth and accelerated maturation (117). Moreover, as
inflammation and angiogenesis represent cornerstones
in the pathogenesis of psoriasis (118, 119), the loss of
the anti-inflammatory and anti-angiogenic activity of
vitamin D (108) could represent another explanation to
the contribution of the vitamin D deficiency in psoria-
sis. As 1a,25-dihydroxyvitamin D3 is known to sup-
press the Thl and Th17 cell proliferation (69), as well
as induce the Tregs (120), another proposed pathway
through which vitamin D deficiency could share in the
psoriatic predicament would be the unchecked prolifer-
ation of Thl and 17 cells on one hand and unchecked
inhibition of Tregs on the other hand. Topical treatment
with calcipotriol has been shown to significantly de-
crease cutaneous levels of human beta defensins (HBD)
2 and HBD3 as well as IL-17A, IL-17F and IL-8, which
play significant roles in psoriasis (121), further linking
vitamin D deficiency to the pathogenesis of psoriasis.

Owing to this postulated role played by vitamin D
in the pathogenesis of psoriasis, it is no wonder that it
is one of the most popularly prescribed topical medica-
tions for this disease, singly or in combination with be-
tamethasone, and numerous studies documented the ef-
ficacy and safety of using topical calcipotriol in the
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treatment of cases of localized plaque psoriasis (122-
126).

Acne and rosacea

Acne vulgaris is the most common skin disorder
affecting millions of people worldwide. Inflammation
resulting from the immune response targeting Propion-
ibacterium acnes (P. acnes) has a significant role in
acne pathogenesis. In a recent study, it has been demon-
strated that P. acnes is a potent inducer of Th17, and
that 1,250H2D inhibits P. acnes-induced Th17 differ-
entiation, and thereby could be considered as an effec-
tive tool in modulating acne (127). Furthermore, sebo-
cytes were identified as 1,250H2D responsive target
cells, indicating that vitamin D analogs may be effec-
tive in the treatment of acne. In another recent study,
the expression of inflammatory biomarkers have been
shown to be influenced by treatment with vitamin D in
cultured sebocytes, but not through VDR (128).

In the same spectrum of acne, another study
demonstrated relatively high serum levels of vitamin D
in patients with rosacea which is a common chronic
skin condition affecting the face, in comparison with
controls, suggesting that increased vitamin D levels
may lead to the development of rosacea (129).

Hair loss

The role of vitamin D in hair might be explained
by the fact that an optimal concentration of vitamin D
has been suggested to be necessary to delay the aging
phenomena, including hair loss (130). Recently it has
been shown that 1,250H2D/VDR promotes the ability
of p-catenin to stimulate hair follicle differentia-
tion (131). Moreover extensive data from animal mod-
els clearly show that the VDR activation plays an im-
portant role in the hair follicle cycle, specifically
anagen initiation (132). Interestingly, in VDR ablated
mice it did not seem that normalization of mineral ion
homeostasis by a diet high in calcium and phosphorous
prevented alopecia suggesting that the mechanism for
alopecia is unrelated to mineral levels but rather to the
vitamin D levels (133). Furthermore, recent data sug-
gested that VDR regulates directly or indirectly the ex-
pression of genes required for hair follicle cycling, in-
cluding the hedgehog signaling pathway (134).

A recent study conducted on eighty female pa-
tients demonstrated that low serum vitamin D2 is asso-
ciated with both common types of hair loss in females
namely; telogen effluvium and androgenetic female
pattern hair loss. It was suggested that screening for vit-
amin D level and supplementation with vitamin D in
cases with deficiency would be beneficial in the man-
agement of these conditions (135).

In contradistinction to the proposal of the im-
portant role played by vitamin D in hair loss, a placebo-
controlled trial on 26 patients showed that calcipotriol
did not affect the telogen to anagen ratio after 6 weeks
of treatment in patients with scalp psoriasis. It is to be
noted that the optimal effect of calcipotriol on psoriasis
was not seen until 8 weeks, thus, follow up might have
been too brief to detect an effect of calcipotriol on hair
loss (136). Furthermore, a cross sectional study of 296
healthy men was done to explore a possible association
between male pattern baldness and serum 25-hy-
droxyvitamin D levels. The severity and extent of the

baldness did not appear to be associated with serum 25-
hydroxyvitamin D levels (130). This raises the specu-
lation about the real value of vitamin D levels in hair
loss, and whether the story could be intrinsic, closely
related to the receptor itself rather than to the level of
vitamin D.

Vitiligo

Vitiligo is a common pigmentary disorder charac-
terized by well-demarcated depigmented patches or
macules of different shapes and sizes and is caused by
the destruction of functional melanocytes in the epider-
mis (137).

Vitamin D protects the epidermal melanin unit and
restores melanocyte integrity via several mechanisms
including controlling the activation, proliferation, mi-
gration of melanocytes and pigmentation pathways by
modulating T cell activation, which is apparently cor-
related with melanocyte disappearance in vitiligo. The
mechanism through which vitamin D exerts its effects
on melanocytes is not yet fully understood. Vitamin D
is believed to be involved in melanocyte physiology by
coordinating melanogenic cytokines [most likely endo-
thelin-3 (ET-3)] and the activity of the SCF/c-Kit sys-
tem, which is one of the most important regulators of
melanocyte viability and maturation (138). Further-
more, a proposed mechanism involving vitamin D in
the protection of vitiliginous skin is based on its anti-
oxidant properties and regulatory function toward the
reactive oxygen species that are produced in excess in
vitiligo epidermis (139). Another point is that the active
form of vitamin D reduces the apoptotic activity in-
duced by UVB in keratinocytes and melanocytes (140),
that has been reported to remove melanocytes from the
skin (141). Moreover, vitamin D might exert immuno-
modulatory effects by inhibiting the expression of IL-
6, IL-8, TNF-a, and TNF-y, modulate dendritic cell
maturation, differentiation, and activation as well as in-
duce the inhibition of antigen presentation [65], thereby
dampen the autoimmune pathway incriminated in the
pathogenesis of vitiligo.

It is still unknown if vitamin D deficiency plays a
role in causing vitiligo, as it does in other autoimmune
diseases. In 2010 Silverberg and Silverberg (142) as-
sessed serum 25-hydroxyvitamin D (25(OH)D) levels
in 45 patients with vitiligo and it appeared that 55.6%
were insufficient (22.5-75 nmol/L) and 13.3% were
very low (<.22.5 nmo/L) a finding that was re-demon-
strated by others (143). However, another study
showed no correlation between 25(OH)D and viti-
ligo (144).

Regardless the existing controversy, topical vita-
min D3 analogs are members of the armamentarium of
therapeutic modalities for vitiligo. The use of vitamin
D analogs in combination with PUVAsol and topical
calcipotriol for the treatment of vitiligo was first re-
ported by Parsad et al. (145). Subsequently, a number
of studies have reported on the treatment of vitiligo
with vitamin D analogs alone or in combination with
ultraviolet light or corticosteroids to enhance repigmen-
tation (142, 146, 147) with some contradictory re-
sults (148-150).
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Pemphigus vulgaris and bullous pemphigoid

Pemphigus vulgaris and bullous pemphigoid are
potentially fatal autoimmune bullous disorders caused
by keratinocyte acantholysis as a result of pathogenic
antibody production by B cells. Vitamin D, through its
participation in several immune modulatory functions
including B cells apoptosis, Th2 cell differentiation,
apoptotic enzyme regulation and Tregs functions, may
be actively involved in the immune regulation of such
diseases. Several recent studies demonstrated that pa-
tients with pemphigus vulgaris and bullous pemphigoid
have significantly lower serum vitamin D levels in
comparison with controls regardless age, body mass in-
dex or pattern of sun exposure (151, 152). In addition,
it was suggested that this lower level of vitamin D
might account for the increased prevalence of fractures
in such patients and therefore should be taken into con-
sideration in patients who must be given corticoster-
oids (152).

Atopic dermatitis

Atopic dermatitis (AD) is a common chronic in-
flammatory type of eczema. Several studies have
shown initial epidermal barrier dysfunction with subse-
quent immune activation as the underlying mechanism.
Animal studies, case reports, and randomized clinical
trials have suggested that vitamin D, through various
mechanisms including immunomodulation, may allevi-
ate the symptoms of AD. The majority of these studies
indicate an inverse relationship between the severity of
atopic dermatitis and vitamin D levels. Furthermore,
studies have shown that, in individuals with AD who
are deficient in vitamin D, repletion of vitamin D re-
sults in improvement and decreased severity of the dis-
ease (153, 154).

Conclusions

In conclusion one could clearly sense the unique
relationship that entangles vitamin D to dermatology.
On one hand, our skin is one source for this important
vitamin and on the other hand all available data point to
its important impact on the health of our skin and the
involvement of its deficiency in the pathway of many
dermatological diseases. Several factors are responsible
for maintaining it in optimum levels; therefore sunny
climates are by far not a guarantee for providing a
“comfort zone” regarding the possibility of this vitamin
deficiency, a concern documented by several epidemi-
ological studies carried out in areas close to the equa-
tor (155-158). On the basis of currently available data,
it is clear that supplemental vitamin D should be the
preferred recommendation toward achieving its normal
serum levels, thereby avoiding the deleterious effects
accompanied by its deficiency. Still more research is
needed to unravel its complicated ties to dermatological
diseases and create clear guidelines and recommenda-
tions for its supplementation.
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In the history of Azerbaijani literature, one of the personalities who played an important role in the
development of dramaturgy, prose and journalism since the middle of the 20th century was Ilyas Efendiyev. In
addition to continuing the realistic traditions of national literature, he also gave impetus to the formation of new
artistic and aesthetic qualities. The writer's creativity has become an expression not only of the literary process,

but also of the socio-moral landscape of the era.

Ilyas Efendiyev is one of the personalities who formed an important stage in the development of Azerbaijani
literature. His works have left an indelible mark on the psychological depth of national dramaturgy, the formation
of modern artistic language and the artistic expression of human spirituality in art. The writer's creativity remains
relevant for our modern era, both from a literary and moral-aesthetic point of view.

llyas Efendiyev, in addition to continuing the realistic traditions of national literature, gave impetus to the
formation of new artistic and aesthetic qualities. The writer's work has become an expression not only of the
literary process, but also of the socio-moral landscape of the era.

Keywords: llyas Efendiyev, realism, national literature, truths of life, play, dramaturgy, creative manner, etc.

Ilyas Efendiyev (1914-1996) took his first steps in
literature in the genre of short stories, but later became
known more as a playwright. One of the main
innovations he brought to literature was the ability to
delve into the depths of human psychology, a
dramaturgical model based on internal monologue and
situational tension. In Efendiyev's works, simple events
of everyday life are filled with deep philosophical and
spiritual content.

The main themes in the writer's works are values
such as human dignity, moral purity, conscience, love
and freedom. He presents human character under the
influence of the social environment, and also brings to
the fore the moment of moral choice of each hero. This
aspect is clearly visible in his plays such as "You Are
Always With Me", "The Song Remained in the
Mountains”, "The Atayevs' Family"”, "The Battle of
Lovers in Hell" (1, p.4).

In Azerbaijani literature, llyas Efendiyev (1914—
1996) is one of the artists who opened a new stage in
the development of dramaturgy in the second half of the
20th century. He is known as a writer who penetrated
the depths of human psychology in national dramaturgy
and artistically reflected the socio-moral problems of
the time with real shades of life. The events, images and
situations in Efendiyev's plays present a real picture of
Azerbaijani society, fully showing the relationships
between people and time. One of the main poetic
features of llyas Efendiyev's dramaturgy is realism. The
writer presents life material as it is, without idealizing
it, but with artistic generalization. In plays such as "You
Are Always With Me", "The Atayev Family", "Days of
Joy", "The Song Remained in the Mountains", "Strange
Boy", the fate of people from different walks of life,
their spiritual searches, conflicts and relationships with
the social environment are vividly reflected.

The main idea for Efendiyev is the issue of human
moral integrity and inner freedom. He reveals the inner

world of his heroes with psychological details,
presenting them against the background of real life
contradictions.

Efendiyev brings to the center of dramaturgy such
problems as the moral crisis arising in the process of
development of society, the undermining of the family
institution, alienation in human relations, the clash of
modernity and tradition. For example, in the play “The
Atayevs’ Family”, intra-family relations,
intergenerational conflict and the concept of moral
responsibility are realistically developed. Here the
writer shows that social well-being does not provide a
person’s moral comfort, and the loss of moral values
leads to individual tragedies.

In the play “You are always with me”, the author
realistically describes the psychological picture of the
post-war years, the moral turmoil of a person related to
memory and love. The work presents the socio-cultural
realities of the era in unity with personal feelings.

The play focuses on the impact of war on human
psychology and social relations. The work shows both
individual and collective tragedy: the heroes face
losses, memories and mutual responsibilities.
Efendiyev formulates the idea here as follows:
historical and social difficulties can change the inner
world of a person, but they retain the spiritual integrity
and power of love.

The heroes of the play are depicted with realistic
portraits. They reflect the person of the modern era, full
of internal contradictions and psychological
complexities. The main character is a person who has
gone through wars and losses, but has preserved his
spiritual stability. His internal dialogues show a person
being caught between hope and fear. The female image
in llyas Efendiyev's play acts as a family, love and
moral support. She also performs the function of a
bridge between the past and the future. The supporting
characters in the work reflect different layers of society
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and the social realities of the time. Their dialogues
illuminate social conflicts and people's relationships
with each other. Each of the characters enhances both
the dramatic tension and artistic meaning in the play (2,
p.17).

As for the artistic features of the work, Efendiyev
presents the events as they are, far from artificial
idealism. The social and moral crisis of the post-war
society is reflected in the characters. The internal
monologues and mutual relations of the heroes
accurately show their psychological state. The
conversations of the characters are simple, natural and
convincing, reflecting the social and moral state of each
character. In the work, the author symbolically shows
the impact of war and losses through memories, music
and everyday events.

Although the structure of the play is based on the
principles of classical dramaturgy, Efendiyev enriches
it with psychological realism. Events develop
sequentially, but the author's attention is mainly
focused on the inner world of the heroes. This gives the
work both dramaturgical and philosophical depth.

The play "You Are Always With Me" is a brilliant
example of llyas Efendiyev's art of reflecting real life
realities in artistic form. By realistically presenting
human destinies, moral and psychological difficulties
after the war, the author brought a valuable example of
psychological realism to Azerbaijani dramaturgy (3,
p.38). The play emphasizes the importance of
preserving the spiritual integrity of a person in both an
individual and social context.

The heroes of Ilyas Efendiyev are not artificial, but
living portraits of society. They live with the worries,
desires and contradictions of everyday life. The writer
preserves reality in their manner of speaking, behavior,
and feelings. This is especially evident in the play “The
Song Remained in the Mountains”. Here, the bitter
reality of the war years, losses and the unshakable will
of man are expressed in poetic language.

Efendiyev also pays special attention to the
psychological depth of female characters. In his plays,
a woman is presented not only as an object of love, but
also as a spiritual support, a personality standing at the
center of family and society.

llyas Efendiyev's language is simple, but has an
emotional impact. He clearly shows the social status,
way of thinking, and psychological state of the
characters through colloquial language. The author's
stage speech is based on natural dialogues in life, which
gives the plays sincerity and credibility. Efendiyev
combines the principles of classical dramaturgy with
the psychological depth of modern dramaturgy in the
artistic structure.

Ilyas Efendiyev's plays reflect the stages of social
and moral development of Azerbaijani society as an
artistic chronicle. In his work, real life realities are
presented not only as a subject of observation, but also
as an object of artistic and philosophical analysis. In
Efendiyev's dramaturgy, the clash of a person's inner
world and the social environment has created a new
qualitative stage in the development of the national
theater.

Efendiyev presents the spiritual world of man,
social and moral problems, as well as the values of
patriotism, family, friendship and labor on a dramatic
level, giving an educational message to the audience. In
Efendiyev's plays, the educational significance is
manifested in several aspects. In the plays, the internal
struggle of the heroes, their moral dilemma and the
process of choice provide the audience with a moral
example. For example, in the play "You Are Always
With Me", the psychological and moral revival of the
heroes who have gone through the war teaches the
values of humanity, patience and conscience to young
people (4, p.27).

In the work "The Atayevs' Family", the issue of
intergenerational conflict and the preservation of
family values is shown through dramatic means. The
plays emphasize the importance of properly building
family relationships, and children are educated in a
sense of respect for the family and responsibility.

The author's plays were mainly written against the
backdrop of war and social crisis. Patriotism, social
responsibility and labor values are one of the main
themes in these works. In the play “The Song Remained
in the Mountains”, the consequences of war and the
support of people for each other, as well as the
importance of national unity and solidarity, are instilled
in the audience.

In Efendiyev’s plays, he shows the consequences
of right and wrong, justice and injustice through the
choices of the heroes. This educates the audience’s
thinking and develops their ability to judge ethically
and morally.

llyas Efendiyev uses various artistic means to
realize the educational goal. The inner world of the
heroes is presented clearly and convincingly for the
audience. This develops a sense of empathy and
understanding in the younger generation. Social and
moral issues are clearly visible through simple and
natural dialogues. Also, motifs such as war, loss, and
memories strengthen the educational message.

Ilyas Efendiyev’s plays are an important example
of the educational function in Azerbaijani dramaturgy.
They are not only intended for performance, but also
serve the spiritual and moral development of the
younger generation. In his plays, Efendiyev presents
the inner world of man, family, friendship, patriotism
and moral choices in realistic and artistic-philosophical
shades, forming thoughts and feelings in the audience.
From this point of view, his works are evaluated as an
important tool for both theater and educational work (5,
p.47).

Efendiyev's dramaturgy brought a modern breath
to Azerbaijani theater art. Unlike the classical concept
of conflict, he brought internal drama and
psychological contradictions to the fore. In his works,
stage events are presented in the form of a moral
struggle rather than an external confrontation.

His heroes no longer fit into simple categories
such as "positive" and "negative"; they listen to the
voice of their conscience in the face of life's complex
dilemmas. The writer's language is sincere, natural and
rich in artistic expression.
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Efendiyev's dramaturgy, especially in the 1960s—
80s, laid the foundation for modern psychological
theater on the Azerbaijani stage. His plays, while
continuing the traditions of Jafar Jabbarli, also reflected
the aesthetic searches of the new era.

Ilyas Efendiyev also showed fruitful creativity in
the field of prose. In his stories and narratives such as
“Don't Look Back, Old Man”, “The Tale of Valehin
with a Yellow Shirt”, “The Day of the Murder”, the
writer brought to the forefront the inner world of man,
values such as conscience and responsibility. His prose
language is poetic, emotional and realistic (6, p.51).

In his journalistic articles, the writer attached
special importance to the role of literature and art in the
moral education of the people, and to the fact that art
should serve man.

Ilyas Efendiyev's creativity is not limited to his
time. His artistic and aesthetic principles have become
a school for subsequent generations of writers.
Efendiyev's influence is also clearly felt in the work of
authors such as Anar, Elchin, and Isi Malikzade.

He turned the elegance and inner freedom of the
spiritual world of man into the main value of literature,
and strengthened the line of humanism and aesthetic
realism in Azerbaijani literature.

llyas Efendiyev is one of the personalities who
formed an important stage in the development of
Azerbaijani literature. His works left an indelible mark
on the psychological depth of national dramaturgy, the
formation of modern artistic language, and the artistic
expression of human spirituality in art. The writer's
work remains relevant for our modern era, both from a
literary and spiritual-aesthetic point of view.
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Abstract

In the 21st century, globalization has had a significant impact on literature in terms of both technological,
thematic and aesthetic aspects. Modern literature is not limited to national and regional borders, but has become a
platform for the expression of various cultures and social problems on the global stage. It is possible to emphasize
that in the modern era of ongoing globalization, the role of literature is not only entertaining and aesthetic, but also
an important tool in the formation of intercultural dialogue and social consciousness.

Literature in the 21st century is developing under the influence of rapidly changing social, cultural and tech-
nological conditions. Globalization, digitalization, multiculturalism and modern reader demands are fundamen-
tally changing the themes, genres and styles of literature. The rapid change in literary trends leads to the emergence
of new stylistic forms both in the creative strategies of authors and in the perception of readers.

Rapidly developing technology is characterized as an era of globalization and intercultural interactions. These
processes have had a profound impact not only on the economic, political and social spheres, but also on literature.
As a result of globalization, cultures from different regions of the world are interacting more closely with each
other, as a result of which the themes, genres and ways of dissemination of literature are changing fundamentally.

Globalization has brought to literature, first of all, a diversity of subjects. Modern writers no longer deal only
with national and regional problems, but also with global issues - migration, emigration, ecological crises, global
justice and human rights. For example, authors such as Chimamanda Ngozi Adichie, Haruki Murakami and Elena
Ferrante illuminate in their works the new challenges faced by individuals and societies in a globalized world.

Keywords: world literature, globalization, modern literature, digitalization, multicultural values, etc.

World literature is a broad field that encompasses
the written and oral literary heritage of various peoples,
and is an expression of human thought, culture and
emotions. It does not consist only of the literature of a
particular country or people, but unites the literary cre-
ativity of all mankind and plays an important role in the
formation of global cultural relations. The concept of
world literature encompasses both classical works and
literary examples of the modern era and has gone
through various stages throughout its historical devel-
opment.

When summarizing the history of literary devel-
opment, the role of ancient oral literature - epics, myths
and lyric poems - is great at the first stage. During this
period, people used mainly oral style to convey their
life experiences and culture. The emergence of written
literature in ancient Mesopotamian, Egyptian, Indian
and Chinese cultures is important in terms of preserving
cultural heritage in the history of mankind and trans-
mitting it to future generations.

In the Middle Ages, religious and spiritual themes
dominated world literature. Religious texts and moral
treatises were widespread in European, Asian and Mid-
dle Eastern literature, and epic poems and lyric poems
also developed during this period. In the 13th-18th cen-
turies, the ideas of humanism and the Enlightenment
formed the main themes of literature, and the social po-
sition of man and personal freedom came to the fore.

In the 19th century, the industrial revolution and
social changes brought new themes to literature. Genres
such as realism, romanticism, and naturalism became
the main directions of the literary process. In the 20th
century, postmodernism, experimental literature, and
global literary movements expanded the boundaries of

world literature and contributed to intercultural dia-
logue. In the modern era, technology, globalization,
and digital media have accelerated the spread of litera-
ture and created opportunities for the emergence of new
styles and genres (1).

Thus, world literature has been formed throughout
its historical development in accordance with the
changing needs of human thought, culture, and society,
and has been distinguished by its unique characteristics
in each era. It is not only satisfied with providing aes-
thetic pleasure, but also has significance as an indicator
of the social, philosophical, and cultural development
of humanity.

The 21st century is characterized by a period of
rapidly developing technology, globalization, and in-
tercultural interactions. These processes have had a
profound impact not only on the economic, political,
and social spheres, but also on literature. As a result of
globalization, cultures from different regions of the
world are interacting more closely with each other, as a
result of which the themes, genres and ways of dissem-
ination of literature are fundamentally changing.

Globalization has brought to literature, first of all,
a diversity of topics. Modern writers no longer deal
only with national and regional problems, but also with
global issues - such as migration, emigration, environ-
mental crises, global justice and human rights. For ex-
ample, authors such as Chimamanda Ngozi Adichie,
Haruki Murakami and Elena Ferrante illuminate in
their works the new challenges that individuals and so-
cieties face in a globalized world.

On the other hand, globalization has also affected
the methods of dissemination of literature. Thanks to
digital media and the Internet, works reach a wider au-
dience, and translation and distribution opportunities
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are increasing. At the same time, new genres such as
multimedia literature and interactive stories have
emerged, which are closely related to the technological
side of globalization. This makes literature not only a
work to be read, but also a cultural product to be expe-
rienced.

Globalization also promotes intercultural dialogue
in literature. Writers from different countries learn
about each other's cultures, which leads to both the en-
richment of literary styles and the expansion of reader
perception. Postcolonial and feminist approaches to
criticism have become even more relevant in the con-
text of globalization, highlighting the polyphonic and
multicultural nature of world literature.

In the 21st century, globalization has had a signif-
icant impact on literature from both a technological,
thematic and aesthetic perspective. Modern literature is
not limited to national and regional boundaries, but has
become a platform for the expression of different cul-
tures and social problems on the global stage (2). It can
be emphasized that in the modern era of globalization,
the role of literature is not only entertaining and aes-
thetic, but also an important tool for intercultural dia-
logue and the formation of social consciousness.

Literature in the 21st century is developing under
the influence of rapidly changing social, cultural and
technological conditions. Globalization, digitalization,
multiculturalism and modern reader demands are fun-
damentally changing the themes, genres and styles of
literature. The rapid change in literary trends leads to
the emergence of new stylistic forms, both in the crea-
tive strategies of authors and in the perception of read-
ers.

The main role in the change of literary trends be-
longs to the principles formed by literary movements
such as postmodernism and post-postmodernism. In
these movements, linear narrative structure, hero-cen-
tered approach and classical genre rules give way to ex-
perimental structures, metafiction, polyphony and in-
tertextual approaches. As a result, authors invite the
reader not only to follow the story, but also to analyze
the text, to understand its different levels.

The emergence of new stylistic forms is also asso-
ciated with the integration of technology into literature.
Digital platforms, e-books, interactive stories and mul-
timedia works expand the traditional boundaries of lit-
erature. Such works transform the reader from a passive
receiver to an active participant and turn literature into
an experienced phenomenon. At the same time, social
media and online literary platforms allow authors to
quickly publish their work and instantly connect with a
global readership.

The rapid change of literary trends also affects the
richness of the subject. Global issues such as social jus-
tice, gender equality, environmental problems, migra-
tion and globalization are among the main themes in
contemporary literature. Under the influence of differ-
ent cultures, new narrative techniques, poetic forms and
dramaturgical structures are formed, which strengthens
the polyphonic and multicultural character of literature.

Consequently, the rapidly changing trends of liter-
ature in the 21st century and the emergence of new sty-
listic forms both expand the possibilities of creativity

and strengthen the interactive relationship between the
reader and the author. This process reveals literature not
only as an aesthetic product, but also as a dynamic phe-
nomenon in a social, cultural and technological context.

Since the second half of the 20th century, major
changes have occurred in literature, and postmodern
trends have come to the fore, in contrast to classical re-
alist approaches. Postmodernism is an aesthetic move-
ment in which certain rules, linear story structure and
the concept of objective truth are questioned in litera-
ture. This trend has opened up new possibilities of ex-
perience and creativity for both the author and the
reader (3).

The experimental novel is one of the main forms
of postmodern literature. In this genre, authors experi-
ment with traditional novel structures, moving away
from the hero-centered plot line, using different per-
spectives, time jumps, and unconventional storytelling
techniques. For example, James Joyce's Ulysses and
Thomas Pynchon's Gravity's Rainbow are examples of
experimental novels. In these works, the boundaries of
language, plot, and structure are expanded, and the
reader is a more active participant in constructing the
story.

Metafiction, on the other hand, is a technique that
expresses literature's own thinking. In metafiction, the
author provides intratextual comments about the text,
reveals the construction of the story, and invites the
reader to accept the artificial structure of the story. This
approach leads the reader to a more conscious percep-
tion of the difference between literary illusion and real-
ity. Metafiction is also one of the critical elements of
postmodernism, because it questions the boundaries of
literature and traditional genre rules.

In modern world literature, postmodernism, the
experimental novel, and metafiction complement each
other. They present literature not only as a means of
storytelling, but also as a means of thought, social, and
cultural analysis. The influence of these trends and
techniques is clearly visible in the works of authors as
diverse as Salman Rushdie, Don DeL.illo, Italo Calvino.
They blur the boundaries between reader and author,
making literature more dynamic, interactive, and multi-
voiced.

As a result, postmodernism, the experimental
novel, and metafiction mark a new stage in the devel-
opment of world literature. These trends and techniques
do not limit themselves to presenting literature as an
aesthetic product alone, but also open up vast opportu-
nities for intercultural dialogue, social awareness, and
reader participation.

In the 21st century, literature has begun to move
beyond the traditional book format and make extensive
use of technology. Multimedia and digital literature are
among the most striking examples of this process. This
type of literature does not consist solely of written text;
it combines visual elements, sound, animation, interac-
tive graphics, and other multimedia components to pro-
vide the reader with a richer and more complex experi-
ence.

Multimedia literature emphasizes the interactive
experience of the reader. The work is not just read, but
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also felt and experienced in a reciprocal way. The tech-
nologies used in such works directly affect the plot,
character development, and aesthetic impact of the
story. For example, interactive stories, visual novels,
and multimedia poetry invite the reader to participate
as an active participant rather than a passive recipient.

Digital literature, on the other hand, encompasses
literature distributed via the internet, e-books and
online platforms. Blogs, online narratives, electronic
literature journals and interactive writing projects are
examples of digital literature. One of the advantages of
digital literature is its global distribution capabilities;
the author can instantly deliver his work to any point in
the world. This strengthens intercultural dialogue in the
era of globalization and makes it easier to reach differ-
ent groups of readers(4).

Multimedia and digital literature also expands the
boundaries of traditional genres. Classic genres such as
poetry, drama and novels are no longer based solely on
text; visual, audio and interactive elements complement
the content of the work, enriching the reader's experi-
ence. This makes literature more dynamic, multi-
voiced and relevant to the demands of the modern era.

As a result, multimedia and digital literature play
an important role in the development of 21st century
literature. It strengthens the interactive relationship be-
tween reader and author, turns literature not only as an
aesthetic product but also as an experiential phenome-
non and promotes intercultural dialogue in a globalized
world.

In the 21st century, poetry and drama have begun
to explore new aesthetic and stylistic possibilities, mov-
ing away from their traditional forms. In modern times,
literature offers ample opportunities not only as a
means of expressing stories and feelings, but also as a
means of creating interactive relationships with readers
and audiences. This process has created conditions for
the introduction of new forms and styles into the devel-
opment of poetry and drama.

New forms and styles in poetry are mainly related
to increasing the flexibility and visual capabilities of
language. Modern poets are creating new genres such
as free verse, visual poetry, performative poetry, and
multimedia poetry, breaking away from the rules of
classical meter and rhyme. Visual poetry, for example,
allows the reader to perceive the meaning of a poem not
only from the words themselves, but also from their
spatial organization and graphic structure. Performative
poetry, on the other hand, enhances the aesthetic and
emotional impact of poetry by involving the reader in
the experience as an actor.

New forms and styles in dramaturgy, on the other
hand, expand the classical structures of theater. Modern
playwrights use, for example, non-linear plot, interac-
tive stage, multimedia performance, and improvisation
techniques. These approaches provide active interac-
tion with the audience and change the traditional con-
cept of the performance. The transition from literary
text to the performance process leads to the emergence
of both visual and emotional elements in dramaturgy.

The introduction of new forms and styles in con-
temporary poetry and dramaturgy is also important in
terms of the expression of social and cultural issues.

Gender, race, migration and environmental issues are
highlighted in contemporary poetry and dramaturgy
(5). This process strengthens not only the aesthetic but
also the social function of literature. Contemporary au-
thors and directors, such as Sarah Kane, Caryl Church-
ill and Anne Carson, include both formal innovations
and deep spiritual and social themes in their works.

Literature is not only an aesthetic and entertaining
phenomenon in human society; it is also a social and
cultural tool that plays an important role in the for-
mation of human behavior and culture. It has the ability
to influence a person's inner world, way of thinking,
moral principles and social relations. Throughout his-
tory, literature has played an important role in the for-
mation of both individual and collective behavior.

Through literature, people learn about different
life experiences and cultures, perceive different per-
spectives and develop empathy skills. For example,
novels, stories and dramas introduce the reader to dif-
ferent personalities and social environments, and allow
them to understand their decisions, feelings and behav-
iors. This process strengthens a person's social con-
sciousness and cultural identification.

Literature also plays an important role in the pro-
tection and transmission of the moral and ethical values
of society. Classical and modern literary examples in-
troduce people to values such as justice, compassion,
conscience and human rights, and strengthen the nor-
mative framework of social behavior. In this regard, lit-
erature acts as a guarantor of both individual develop-
ment and social balance.

Literature has an impact on the formation of cul-
ture both at the global and national levels. The literary
heritage of different peoples conveys their language,
history, customs and values to future generations. At
the same time, modern world literature, under the influ-
ence of globalization, creates a dialogue between dif-
ferent cultures, creating conditions for understanding
different social and cultural perspectives. This shapes
the reader's attitude to both national and global culture.

The influence of literature on human behavior and
the formation of culture has also expanded with the de-
velopment of technology. Digital literature, interactive
stories and multimedia poetry offer readers a more dy-
namic and participatory experience, making the process
of studying culture and modeling social behavior more
effective.

Literature is not only an aesthetic and entertaining
art form; it is also an important tool for understanding
different cultures. People get to know the lifestyle, tra-
ditions, values and way of thinking of other countries
and peoples closely only through literature, and de-
velop empathy and cultural sensitivity skills. This fea-
ture makes literature one of the main tools of global in-
tercultural dialogue.

Literature introduces the unique characteristics of
different cultures, introducing the reader to the
worldview and social values of that culture. The im-
ages, events and symbols in novels, short stories, dra-
mas and poetry reflect both historical and contempo-
rary aspects of the culture. For example, Chinua Ache-
be's Things Fall Apart introduces Nigerian and Igbo
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cultures, allowing the reader to become familiar with
different social structures and traditions.

The role of literature in understanding different
cultures is not limited to national borders. In the era of
globalization, world literature allows readers to com-
pare different cultures, see similarities and differences.
Contemporary writers, such as Haruki Murakami and
Elena Ferrante, present Japanese and Italian cultures to
readers from different perspectives, strengthening their
intercultural empathy and understanding.

Literature also plays an important role in eliminat-
ing cultural stereotypes and misconceptions. Works
that present the lives of different peoples and societies
through realistic and subjective experience create con-
ditions for the development of intercultural dialogue
and mutual respect in the reader. In this regard, litera-
ture is an effective tool in shaping both intercultural and
social understanding.

In the digital era, there are factors that further ex-
pand the intercultural role of literature. E-books, online
literary platforms, and multimedia works make it easier
for readers to get acquainted with cultures from differ-
ent corners of the world. This, in turn, accelerates the
mutual understanding of different cultures in the era of
globalization and enriches the reader's perception.

Consequently, literature is a key tool in shaping
human behavior, developing social consciousness, and
preserving cultural values. It supports both individual
development and contributes to strengthening the cul-
tural and social structure of society.

Literature plays a central role in understanding dif-
ferent cultures. It increases the reader's empathy and
cultural sensitivity skills, eliminates stereotypes, and
strengthens intercultural dialogue in a globalized
world. In modern times, this impact has become
broader and more diverse with the interactive and digi-
tal capabilities of literature.
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The numerous components that contribute to effective language instruction and learning in English as a For-
eign Language (EFL) classrooms are examined in this article. It focuses at important pedagogical strategies, the
function of teacher-student contact, and the influence of learner motivation and autonomy. This study describes
how a combination of communicative activities, explicit grammar instruction, and cultural integration can create
a more stimulating and effective learning environment. It does this by drawing on recent research. The importance
of ongoing evaluation and feedback in improving language acquisition is also highlighted in the conversation. In
the end, this paper offers suggestions for improving EFL training to accommodate students' various demands and

encourage successful language acquisition.
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In light of recent developments in pedagogical re-
search and the growing demands of global communica-
tion, the field of teaching English as a foreign language
(EFL) continues to evolve dynamically. From individ-
ual learner traits and cognitive types to instructional de-
sign, classroom management, and sociocultural con-
text, effective language teaching and learning are com-
plex processes influenced by many interrelated aspects.
Fostering communicative competence and intercultural
understanding is just as important as imparting lan-
guage knowledge in many EFL contexts (Richards &
Rodgers, 2014). In order to promote genuine conversa-
tion and involvement beyond memorization, educators
must design dynamic, learner-centered environments.

The numerous variables that affect how effective
EFL classes are are examined in this article. It specifi-
cally looks into how classroom dynamics might im-
prove motivation and long-term performance, how
teachers can use modern pedagogical approaches to
foster meaningful learning, and how students can be en-
couraged to take ownership of their achievement. In or-
der to provide a thorough understanding of the best
practices in contemporary EFL teaching, it also takes
into account the interplay between contextual factors,
learner psychology, and instructional methodologies.
In the end, knowing these relationships can assist teach-
ers in designing linguistically stimulating, psychologi-
cally helpful, and culturally sensitive classrooms.

Methods

A thorough literature assessment of important
publications in applied linguistics and second language
instruction served as the foundation for this investiga-
tion. The review summarized results from international
conference proceedings, groundbreaking books, and
peer-reviewed journals that were published in the re-
cent 20 years. Finding theoretical and empirical support
for effective language education in EFL situations was
the main goal of the data collection process. This was
especially true when it came to communicative lan-
guage teaching (CLT), task-based learning (TBL), ex-
plicit grammar instruction, learner autonomy, and mo-
tivation.

Through the use of specific keywords such "com-
municative competence," "learner-centered teaching,"
"EFL motivation," and "language learning strategies,"
sources were obtained from scholarly databases like
Scopus, ERIC, and Google Scholar. Studies with cer-
tain methodological rigor, repeatable results, and ap-
plicability to secondary or postsecondary EFL instruc-
tion were given priority in the selection criteria. Find-
ing recurrent pedagogical patterns, contrasting various
teaching philosophies, and analyzing their effects on
student involvement and academic performance were
all part of the analysis. The contextual diversity of the
research was also taken into consideration, since socio-
economic, institutional, and cultural factors frequently
influence language teaching methods. It was feasible to
identify the essential components that contribute to suc-
cessful and long-lasting EFL learning results thanks to
this thorough review.

Results

A number of interconnected dynamics that are
fundamental to successful EFL teaching and learning
are shown by the literature synthesis.

1. Communicative Competence and the Func-
tion of contact: The communicative approach, which
emphasizes meaningful contact as the method and end
aim of learning, continues to be a prevalent framework
(Brown, 2001). Students in communicative classes par-
ticipate more actively, gain self-assurance, and become
more fluent in using English in everyday situations.
However, research indicates that in order to guarantee
accuracy and syntactic complexity, communicative ac-
tivities should be accompanied by explicit grammar in-
struction (Nassaji & Fotos, 2011). Learners risk making
irreversible mistakes or reaching a plateau in their pro-
gress if they don't receive structured attention to form.
It has been particularly successful to incorporate gram-
mar into communicative contexts using focus-on-form
strategies.

2. Learner Autonomy and Self-Regulation:
Promoting learner autonomy—encouraging students to
create personal objectives, evaluate themselves, and
take ownership of their progress—is a recurring subject
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in several research (Little, 2007). Through self-directed
study and introspection, autonomy turns passive learn-
ers into active participants who participate outside of
the classroom. By offering direction, criticism, and
learning techniques, teachers who take on a facilitative
role assist students in becoming more self-reliant,
which promotes long-term language retention and life-
long learning habits.

3. Teacher-Student Interaction and Class-
room Climate: Supportive teacher-student connec-
tions that encourage candid communication, emotional
safety, and intellectual challenge are hallmarks of ef-
fective classrooms. Teachers who employ scaffolding,
meaning negotiation, and constructive criticism help
students assimilate information more deeply and gain
confidence. Additionally, these settings lessen anxiety,
which is one of the main psychological obstacles to
learning a second language.

4. Motivation and Engagement: Determination
is frequently emphasized in the literature as a crucial
factor in determining success. Perseverance and greater
accomplishment levels are associated with intrinsic
motivation, which is derived from interest, enjoyment,
and personal relevance. By creating assignments that
are interesting, culturally relevant, and suitably diffi-
cult, teachers can increase student motivation. Using
project-based work, technology-based resources, and
real-world materials helps maintain motivation and of-
fers practical communication benefits.

5. Cultural Integration: Integrating cultural
components into the curriculum contextualizes lan-
guage learning and increases its significance while also
improving intercultural competency. In addition to en-
couraging empathy and curiosity, exposure to litera-
ture, movies, and conversations on cultural norms
broadens students’ comprehension of the English-
speaking world. Learners are further encouraged to use
English genuinely by this integration, which links lan-
guage to identity and global citizenship.
When combined, these results demonstrate that a syn-
ergistic blend of communicative practice, organized in-
struction, autonomy-building, incentive, and cultural
awareness produces effective EFL instruction rather
than a single approach.

Discussion

The results show that rather than following a sin-
gle instructional paradigm, successful EFL teaching
and learning rely on a dynamic and multifaceted inter-
action of pedagogical concepts. The communicative
method remains a strong basis, emphasizing the need of
genuine language use and meaningful engagement.
However, grammatical correctness and structural
awareness must coexist alongside communicative abil-
ity in order for it to thrive. Learners attain both fluency
and precision when explicit teaching is incorporated
into communicative activities (Spada & Lightbown,
2008).

Furthermore, encouraging learner autonomy is a crucial
tactic for maintaining development rather than an add-
on objective. Learners who cultivate self-regulation

abilities and intrinsic motivation are better able to sus-
tain their competency on their own in quickly evolving
educational environments.

As a result, teachers become mentors and facilita-
tors rather than information providers, helping students
engage with language in a creative, critical, and reflec-
tive way. Constructivist ideas, which see learning as an
active, socially mediated process as opposed to passive
reception, are in line with this change.

Another important aspect of classroom dynamics
is the relationship between the teacher and the students.
Students feel appreciated and supported in an environ-
ment that is fostered by responsiveness, empathy, and
effective communication. Students are more inclined to
take chances, make errors, and grow from them in such
an environment—actions that are crucial to learning a
foreign language. Therefore, positive, detailed, and
supportive feedback is essential for helping students
view mistakes as chances for growth rather than fail-
ures.

Finally, the key to successful language learning is
still motivation. Long-term engagement hinges on in-
trinsic and integrative motivation—the learner's sincere
interest in the language and its culture—even when ex-
ternal motivators like tests or employment opportuni-
ties may start the learning process. By creating courses
that relate English to students' own objectives, cultural
experiences, and global awareness, teachers may foster
this. By including real cultural content, such music, me-
dia, and social issues, learners are able to connect emo-
tionally and see English as more than just an academic
topic; it is a doorway to the world.

In conclusion, learner-centered, participatory, and
diverse dynamics characterize effective EFL teaching
and learning. Classrooms that combine communicative
practice, explicit instruction, autonomy, incentive, and
cultural involvement into a coherent and flexible struc-
ture are considered successful.

Teachers who adopt flexible, reflective, and re-
search-informed approaches are better positioned to re-
spond to learners’ needs, nurture lifelong learning, and
prepare students for real-world communication in a
globalized context.

Conclusion

Effective teacher-student relationships, a variety
of pedagogical approaches, and the development of
learner autonomy and motivation all work together to
provide effective language instruction and learning in
EFL classrooms. The most successful method is a well-
rounded one that incorporates conversational exercises
with sparing explicit grammatical teaching. Addition-
ally, creating an atmosphere where students feel em-
powered to take charge of their education, backed by
helpful criticism and interesting material, greatly im-
proves their competence and self-assurance. As the
global demand for English continues to expand, under-
standing and adopting these patterns are vital for edu-
cators wanting to prepare learners for successful com-
munication in an interconnected world. These dynam-
ics will be further refined by ongoing research into
learner expectations and instructor professional devel-
opment, ensuring that teaching English as a foreign lan-
guage stays effective, relevant, and transformative.
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Building aerodynamics is a vital interdisciplinary field that investigates the interactions between wind flow
and building surfaces. In this study, flow structures around three building models with a 30° slope-10 cm X 5 cm
x5cm,5¢cm x 5cmx 10 cm, and 5 cm x 5 cm % 5 cm-were experimentally analyzed using Particle Image Veloc-
imetry (PIV). Instantaneous velocity fields were measured, and time-averaged velocity distributions (V) and
streamlines (y) were computed. The results show that wind separation at edges and corners generates recirculation
zones along facades, side walls, rear, and roof regions, with elevated turbulence in the shear layers. Boundary layer
thickness decreases toward the side edges, shortening downstream separation regions, while high turbulent kinetic
energy is concentrated in wake vortices. Rotation of elongated building models significantly enlarged the wake
vortices and influenced surrounding flow, whereas rotation of the cubic model had negligible effect. These findings
highlight that building orientation strongly affects wake formation, particularly for elongated geometries.

Keywords: Building aerodynamics, Particle Image Velocimetry (P1V), Wake vortices, Flow separation

Introduction

Building aerodynamics is an important interdisci-
plinary research field that examines the effects of wind
flow on building surfaces and their immediate sur-
roundings. Increasing population density, intensive
construction, and the proliferation of tall buildings with
complex geometries underscore the critical role of wind
loads in building performance (Blocken, 2014). Reyes
and colleagues (2015) applied the Particle Image Ve-
locimetry (PIV) method in a building—wind tower con-
figuration to study airflow. To measure flow distribu-
tion by simulating natural ventilation, they conducted
wind tunnel experiments with scaled models. Subse-
quently, the obtained PIV data were compared with
RANS-based CFD simulations, and good agreement
was observed in the comparison results. As a result, the
study demonstrated that PIV is a reliable experimental
validation tool for improving the design of wind tow-
ers. Furthermore, it recommended the use of the PIV
technique in natural ventilation analysis. Sugahara et al.
(2017) investigated the effects of installing air-cooled
packaged air conditioners used in small and medium-
sized buildings on the roof and on airflow in their study.
The study used Particle Image Velocimetry (PIV) ex-
periments conducted with scaled models to evaluate the
effect of the position between the devices on airflow
characteristics. Furthermore, the experimental data ob-
tained were compared with Computational Fluid Dy-
namics (CFD) simulations, demonstrating that CFD
can represent airflow close to the actual situation. The

results reveal that the optimal configuration of rooftop
units is crucial for improving energy efficiency. Liu and
et al. (2021) investigated the effects of horizontal and
vertical ribs on local and global wind loads on the fa-
cades of tall buildings. The study analyzed models with
six different rib configurations using experimental
pressure measurements and high-frequency Particle
Image Velocimetry (PIV). The results showed that hor-
izontal ribs reduced the height of the leading stagnation
point, while vertical ribs reduced turbulence intensity
in the shear layer and near-wake region, thereby de-
creasing the fluctuating wind pressure on the side and
leeward surfaces. Furthermore, the effect of the protru-
sions on the average wind force was evaluated by con-
trolling the wake vortex length (L) and local wake
width (W), and it was found that the optimal configura-
tion is effective in reducing side wind forces. Liu et al.
(2024) investigated natural convective flows caused by
high heat loads in industrial buildings using a large-
scale test rig and 2D PIV. The results showed that the
air flow near the walls was anisotropic, the flow at the
center was isotropic, and turbulence and fluctuations
varied depending on the Rayleigh number. The study
provides fundamental data for optimizing air distribu-
tion design in industrial buildings. Bagheri and et al.
(2023) investigated the effects of natural ventilation on
indoor air exchange rate and flow velocity in single-
sided and cross ventilation modes. Experiments con-
ducted using a water bath model and Particle Image Ve-
locimetry (PIV) found that flow velocity was 18-32%
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higher at low inlet levels in single-sided ventilation
mode, but cross ventilation mode provided 28% higher
flow when windows were positioned high. The tests
showed that cross ventilation creates a higher air ex-
change rate than single-sided ventilation due to the lift
force effect and that the air exchange rate increased by
71.75% when high-level outlet openings were used.
Setio and et al. (2020) investigated wind loads on struc-
tures built between high-rise buildings in urban areas in
Indonesia. Wind tunnel experiments using a simplified
four-symmetric high-rise building model and Particle
Image Velocimetry (P1V) were conducted to evaluate
the effects of different attack angles and inter-building
distances. The results showed that the interaction flow
between buildings increased wind speed, that building
distance altered cross-flow behavior, but that the attack
angle did not affect the amplification factor. It was
found that wind speed increased by 7-44% due to street
canyons and that the highest amplification occurred at
a 0° attack angle. Tominaga and colleagues (2015) in-
vestigated the airflow around isolated triangular-roofed
buildings with different roof slopes. Wind tunnel exper-
iments measured time-averaged velocity, turbulent ki-
netic energy, and pressure coefficient, followed by val-
idation using RANS-based CFD simulations. The re-
sults showed that the simulations agreed well with the
measured values for flow-direction velocities (15% de-
viation), but that transient vortex effects in the rear re-
gions of the building could not be fully captured with
steady RANS. Furthermore, it was found that the roof
slope had a significant effect on the flow field around
the building, and that the difference between slopes of
3:10 and 5:10 was greater than the difference between
5:10 and 7.5:10. Albuquerque and colleagues (2020)
experimentally and numerically investigated pumped
natural ventilation in an isolated building. Wind tunnel
experiments and PIV measurements showed that
pumped ventilation is a periodic and three-dimensional
oscillatory phenomenon. In numerical simulations,
LES accurately predicted ventilation rates, while
URANS produced significantly lower values. The effi-
ciency obtained with LES was found to be in the range
of 0.60-0.75. Kim et al. (2019) experimentally investi-
gated the wind flow around two connected buildings.
Models with different gap distances were analyzed us-
ing Particle Image Velocimetry (PIV) and Proper
Orthogonal Decomposition (POD). Results showed
that for side-by-side arrangement with a small gap, a
single vortex street and biased flow formed, while a
larger gap led to two independent vortex streets. In tan-
dem arrangement (o = 90°), the shear layer street influ-
enced the entire system, whereas for o= 0°, the gap dis-
tance significantly affected the flow patterns. When the
gap was two-thirds of the building width, the maximum
mean wind velocity around the buildings was observed.

Liu et al. (2023) investigated the effects of horizontal
ribs on wind impact reduction for tall buildings using a
Large Eddy Simulation (LES) approach under atmos-
pheric boundary layer flow. Results showed that hori-
zontal ribs significantly suppress the formation of
separation vortices near the side walls and increase
vortex size in the wake. The ribs obstruct vertical flow
near the facade, creating small recirculation zones and
localized flow concentration between adjacent ribs,
which leads to notable changes in the near-wall flow
pattern. These modifications in near-wall flow result in
significant variations in wind pressure distribution
and wind forces. Continuous ribs can induce a “zig-
zag” pattern in the mean pressure along the building
height and reduce fluctuating lift forces by up to 27%,
whereas discrete ribs have relatively weak effects on
wind forces. Han et al. (2022) investigated thermal
plumes from high-rise fagades under windless condi-
tions using a scaled model and PI1V. Results showed
that vertical wind speed increases with height while
temperature remains nearly constant, and horizontal air
speed peaks near y/D = 0.1, with thermal effects con-
fined to roughly half the building thickness.

Material and Method

In this study, experiments were conducted using
Particle Image Velocimetry (P1V) within both closed-
loop and open-surface water channels. The experi-
mental setup was constructed from fiberglass and com-
prised two water reservoirs connected by a transparent
acrylic test section. The test section measures 750 mm
in height, 1000 mm in width, and 9000 mm in length.
Water circulation between the reservoirs is maintained
by a 15 kW centrifugal pump, whose rotational speed is
controlled via a frequency-regulated drive, enabling ex-
periments at varying flow rates. The pump draws water
from the downstream reservoir and delivers it to the up-
stream reservoir.

To ensure uniform and stable flow within the test
section, a honeycomb flow straightener was installed at
the outlet of the inlet reservoir. Additionally, the con-
nection between the inlet reservoir and the test section
was contracted at a 2:1 ratio to minimize flow disturb-
ances. The inlet reservoir also serves as a settling cham-
ber, allowing water to pass through a flow regulation
section before entering the test section, thereby improv-
ing flow uniformity for PIV measurements.

The system is equipped with a filtration unit to re-
move foreign particles and debris from the water in the
reservoirs. To minimize thermal interactions between
the water channel and the particle circulation system,
the laboratory temperature was maintained at 22 °C.
Furthermore, to prevent interference from sunlight on
the laser beam, the laboratory windows were covered
with special blackout curtains. A schematic view of the
test channel is presented in Figure 1 (G6lbasi, 2015).
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The Particle Image Velocimetry (PIV) tech-
nique generally involves two main stages: flow visual-
ization and image processing. To track the flow, small
tracer particles are introduced into the experimental do-
main. These particles are illuminated twice in rapid suc-
cession by a light source positioned over the measure-
ment plane. The time interval between consecutive il-
luminations is adjusted according to the mean flow

igure 1. Test channel

velocity and the magnification scale. During this in-
terval, the particles move according to the local flow
velocity, and the light they scatter is captured on two
separate frames by a high-resolution camera posi-
tioned perpendicular to the light sheet. The recorded
PIV images are subsequently digitized and transferred
to a computer for further analysis. Figure 2 illustrates

the working principle of the PIV technique.
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OCD Camera
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]

Figure 2. (a) PIV working principle (b) schematic view of the water channel (Gélbagsi, 2015)

In the experiments, three different building
models fabricated from transparent acrylic were em-
ployed to investigate flow characteristics. The water
level in the test section was maintained at a constant
0.45m, and the front edge of the platform was bev-
eled to prevent flow disturbances. The models were po-
sitioned 1.5 m downstream of the channel inlet to
minimize turbulence effects. Experiments were con-
ducted under conditions where the free-stream flow
velocity was set to 210 mm/s.

Top View Surface Measurements

As illustrated in Figure 3(a), the camera is posi-
tioned opposite the channel, while a laser is placed in
front of the building to capture its top view. A mirror
inclined at 45° is installed in front of the camera to com-
plete the experimental setup. The positions of both the
camera and the mirror are shown in Figure 3(b). The
symmetry plane considered for the top view is taken at
y/H =0, as depicted in Figure 3(c) (Golbasi, 2015).



76 Norwegian Journal of development of the International Science No 168/2025

Figure 3. (a) Arranged view of the apparatus for top view (b) Camera and mirror positions for top view (c) Top
view measurement surface simulation

Results and Discussion

This study calculated the average velocities of five
hundred photographs. Streamlines consist of a series of
lines that are the tangents of the local velocity vectors
at any given moment. Vorticity is also a measure of the
rotation of flow particles. Vorticity values for each
measurement surface were determined using the aver-
age velocities.

The flow structure formed around the buildings,
streamlines <y>, velocity distribution, and dimension-
less vorticity contour lines < > were obtained from

.
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experimental results. While velocity vectors show the
flow distribution and direction in experimental data,
streamlines facilitate the understanding of instantane-
ous flow data. The turbulent boundary layer formed the
average equivalent velocity curves. Figures 4(a), (b),
(c), and (d) show the schematic experimental place-
ments of buildings placed at a distance from each other
and the shape placements of the building model, respec-
tively.
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Figure 4. Display of roofed models (a) schematic (b) experimental (c) roofed wide building model (d) roofed
short building model (e) roofed long building model
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Figure 5. Time-averaged streamlines (i) on the symmetry plane y/H = 0.5 for the flow around the building
model with dimensions 10 cm X 5 cm X 5 cm.

Figures 5 (a) and (b) illustrate the streamlines of
the flow around a rectangular structure. In Figure 5 (a),
the structure is positioned parallel to the flow direction,
where the streamlines form a stagnation region at the
front of the structure and a distinct separation and recir-
culation zone behind it. The recirculation region
formed at the rear of the structure causes the flow to
change direction around the body, leading to the for-
mation of two vortex structures. This indicates that the
flow accelerates significantly near the corners of the
structure and that the pressure distribution becomes un-
balanced.
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064270

y/H

% ). 0'6 0'8

(a)

In Figure 5 (b), the structure is rotated 90°, thus
becoming perpendicular to the flow direction. In this
case, the flow characteristics change significantly, and
two large vortex regions form behind the structure.
These vortex structures, located in the upper and lower
regions, indicate that the flow separates into two main
circulation zones after impinging on the surface of the
body. Additionally, pressure accumulation increases at
the front of the structure, while a wide low-pressure re-
gion develops at the rear. This suggests that the flow
separation occurs earlier and that the drag force in-
creases in this configuration.
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Figure 6. Time-averaged velocity distribution (V) on the symmetry plane y/H = 0.5 for the flow around the
building model with dimensions 10 cm x 5 cm X 5 cm.

Figures 6(a) and (b) illustrate the effects of the ori-
entation of a wide, rectangular-plan building with a roof
on the flow characteristics under wind conditions. In
Figure 6(a), the long side of the building is positioned
parallel to the flow direction, and in this configuration,
the streamlines are observed to advance more steadily
along the building surface. In this case, the flow forms
a limited stagnation region on the front face of the

building and is directed toward the side surfaces with-
out causing large-scale separations. As the flow moves
smoothly around the structure, the wake region behind
the building develops in a narrow form, and low-veloc-
ity gradients are concentrated in localized areas. This
indicates that the aerodynamic drag forces acting on the
structure are relatively low.

When the building is rotated by 90°, as shown in
Figure 6(b), a distinct stagnation region develops on the
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broad surface perpendicular to the flow direction, ac-
companied by abrupt decreases in velocity vectors. Due
to the high resistance presented by this surface, the flow
undergoes strong deflections in the upward, downward,
and lateral directions. As a result of these deviations,
the turbulence intensity increases, and flow separation
occurs earlier. As the separations grow, a large wake
region develops behind the structure, the low-pressure
zones deepen, and consequently, the drag component
increases significantly. Moreover, distinct vortex struc-
tures emerge near the corner regions, which enhance
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both temporal and spatial fluctuations within the flow
field.

A comparison of both configurations reveals that
in Figure 6(a), where the building is oriented parallel to
the flow direction, the flow continuity remains more
stable, the wake region is narrower, and the turbulence
characteristics of the flow are weaker. In contrast, in
Figure 6(b), due to the impingement of the flow on a
wide frontal surface, pronounced pressure gradients,
higher turbulence levels, and a more extensive wake re-
gion are observed.
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Figure 7. Time-averaged streamlines (i) on the symmetry plane y/H = 0.5 for the flow around the building
model with dimensions 5 cm < 5 cm % 10 cm.

Figures 7(a) and (b) illustrate the effects of differ-
ent orientations of a long building with a square cross-
section on the flow structure relative to the flow direc-
tion. In Figure 7(a), the short side of the building is po-
sitioned parallel to the flow direction. In this case, the
streamlines, after contacting the building surface, in-
duce flow separation on both the upper and lower sur-
faces, resulting in the formation of asymmetric vortex
regions behind the structure. The more intense vortical
structures observed in the lower part of the building in-
dicate an increase in near-ground turbulence energy. As
the flow passes along the side faces of the building,
slight deviations are observed, and the wake region ap-
pears relatively confined to a narrower area. This indi-
cates that the short building dimension limits the length
of the wake region by bringing the flow reattachment
point closer to the rear of the building.

In Figure 7(b), the building is rotated by 90°, pre-
senting a wider surface facing the incoming flow. In
this configuration, a distinct stagnation region forms at
the point where the streamlines meet the building sur-

face, and the flow exhibits sharper deviations both up-
ward and downward. The recirculation zone expands,
and multiple vortical structures are observed to overlap
within the wake region. The formation of larger-scale
vortices, particularly in the upper part of the building,
contributes to increased aerodynamic loads and en-
hances the potential for turbulence-induced structural
vibrations. The elongation of the wake region and the
increase in vortex density are associated with the abrupt
momentum loss of the flow impacting the wide surface,
indicating an increase in the drag component.

A comparison of both configurations shows that,
in the parallel orientation of the short building, the
wake region remains more compact and the vortical
structures develop on a smaller scale. In contrast, in the
90° rotated configuration, both the wake length and
vortex intensity increase, leading to more complex tur-
bulent structures in the flow field. These results demon-
strate that building dimensions and orientation have a
critical influence on flow topology, wake characteris-
tics, and the distribution of aerodynamic loads.
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Figure 8. Time-averaged velocity distribution (V) on the symmetry plane y/H = 0.5 for the flow around the
building model with dimensions 5 cm x 5 cm % 5 cm.

Figure 8(a) shows the velocity vector distribution
of a square-section tall building model placed in the
flow field in its reference position (original orienta-
tion). When the flow impacts the front face of the build-
ing, a distinct stagnation zone forms, and the flow lines
separate around the building, changing direction along
the top and bottom edges as the flow continues. Behind
the building, a wake region with low velocities is ob-
served. This region is characterized by vortex structures
generated as the flow separates from the building’s cor-
ners.
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Figure 8(b) gives the same building model rotated
by 90°. In this case, the interaction between the flow
and the building changes, and the location and extent of
the stagnation zone on the front face differ. The change
in building orientation affects the deflection angle of
the flow and the symmetry of the wake region behind
the building. In the rotated model, the flow lines merge
more smoothly, and the turbulence effects in the rear
region are somewhat reduced.

0’8 0’8

Figure 9. Time-averaged streamlines (i) on the symmetry plane at y/H = 0.5 for the flow around the 5 cm x
Scm x 5 cm building model.

Figure 9(a) indicates the streamlines around the
square-section short building model. When the flow
impacts the front face of the building, flow separation
occurs, and a distinct recirculation zone forms behind
the building. Within this region, two counter-rotating
vortex structures are observed. These vortices, occur-
ring along the top and bottom edges, develop in low-
velocity areas after the flow separates from the build-
ing. The streamlines in the wake region exhibit a com-

plex pattern under the influence of these vortices, show-
ing irregular flow characteristics up to the reattachment
point.

Figure 9(b) presents the same building model ro-
tated by 90°. In this case, significant changes occur in
the distribution of streamlines and the positions of the
vortical structures. In the rotated model, the separation
regions along the top and bottom edges become more
symmetric, and the length of the recirculation zone be-
hind the building is reduced. This indicates that the
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flow separates more smoothly from the building, and
the turbulence effects in the wake region are relatively
diminished.
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Figure 10. Time-averaged velocity distribution <V> for the flow around a building model with dimensions 5cm
x 5em x 5¢em, with a symmetry surface y/H = 0.5.

Figure 10(a) illustrates the velocity vector field
obtained for the reference orientation of the short build-
ing model with a square cross-section. When the flow
strikes the front surface of the building, a distinct stag-
nation zone forms, and from this zone onwards, the
flow lines are directed around the building, passing
through the upper and lower edges. A wake region with
low velocities is observed behind the building. In this
region, the flow velocity decreases, and recirculating
flow with vortex structures is noticeable.

Figure 10(b) exhibits the same building model ro-
tated by 90°. Changing the orientation of the building
significantly affects the interaction of the flow with the
building surfaces and the locations of the separation re-
gions. In the rotated state, the distribution of the stag-
nant zone on the front surface has changed, and it can
be seen that the flow separation behind the building oc-
curs in a narrower area. This indicates that the flow sep-
arates from the building in a more balanced manner and
that the recirculation effects in the rear area are re-
duced.

General Results And Evaluation

1- As the wind impacts and separates around the
edges and corners of buildings, recirculation zones de-
velop at the front fagades, along the side walls, at the
rear, and over the roof regions. Turbulence intensities
increase significantly in the shear layers that separate
these recirculation zones from the free-stream flow.

2- As one moves from the symmetry axis toward
the side edges, the boundary layer thickness decreases,
while the jet flow in the downstream region becomes
lower in energy. This phenomenon causes the separa-
tion region behind the building models to shorten pro-
gressively toward the side edges.

3- Regions of high turbulent kinetic energy are
formed in the wake vortices behind the buildings,
which correspond to the recirculation zones. Moving

downstream from the rear of the buildings, turbulent ki-
netic energy levels increase near these vortex regions
and gradually decrease with distance from them.

4- When the 10 cm x 5 cm x 5 cm building model
is rotated, the vortices formed behind the building in-
crease noticeably in size. Both the width and thickness
of these vortices are observed to grow. Furthermore, a
significant portion of the flow around the building is
affected by these recirculation zones.

5- When the 5 cm x 5 cm X 10 cm building model
is rotated, similar to the 10 cm X 5cm X 5 ¢cm model,
the vortices formed behind the building become signif-
icantly larger, with increases observed in both their
width and thickness.

6- When the 5cm X 5 cm X 5 cm building model
is rotated, no significant changes are observed in the
flow characteristics.
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