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In this article, for the first time, using high-performance liquid chromatography, the amino acid composition
and amino acid content in the underground part of the stem of the Cistanche trivalvis plant growing in the vicinity
of the Kyzylkum desert of the Khorezm region of the Republic of Uzbekistan were studied, and the content of the
following amino acids was determined: asparagine, serine, glutamine, histidine, lysine, alanine, alanine with va-
line, methionine, glutamate, tryptophan, phenylalanine, isoleucine, proline.

Keywords: Cistanche trivalvis, Kyzylkum desert of the Khorezm region, amino acids, Glutamine, Glycine,

Asparagine.

Introduction Today, ensuring healthy nutrition of
the population, eliminating the deficiency of various
micro- and macroelements, vitamins and biologically
active substances is one of the urgent problems in the
world. As a result of modern lifestyle, environmental
problems, malnutrition and stress factors, many meta-
bolic disorders are observed in the human body. There-
fore, the demand for biologically active food additives
based on biologically active substances obtained from
natural sources is increasing year by year. In recent
years, the increased interest in plant-based biologically
active additives compared to synthetic drugs is ex-
plained by their relative safety, good absorption by the
body and fewer side effects with long-term use. In this
regard, in-depth study of plants rich in medicinal and
biologically active substances, determination of their
chemical composition and assessment of the possibili-
ties of practical application are of scientific and practi-
cal importance. Plants belonging to the Cistanche genus
have long been used in Eastern medicine as medicinal
plants with biologically active properties. The scientific
literature notes that the representatives of this genus
contain flavonoids, phenylethanoid glycosides, iri-
doids, polysaccharides, vitamins, and important macro-
and microelements. These substances are important be-
cause they have antioxidant, adaptogenic, immuno-
modulatory, and metabolic support properties. How-
ever, the Cistanche trivalvis plant has been scientifi-
cally studied less than other Cistanche species,
especially since systematic and comprehensive studies
on its flavonoids, vitamins, proteins, amino acids, fats,
carbohydrates, and macro- and microelements are in-
sufficient. This does not allow us to fully assess the
richness of this plant in biologically active substances
and its potential practical significance. The issue of ef-
fective use of local plant raw materials found in Uzbek-
istan and the development of biologically active prod-
ucts that can replace imports is also relevant today. A

thorough study of the chemical composition of
Cistanche trivalvis allows us to evaluate this plant as a
promising raw material for the development of biolog-
ically active food additives. In addition, the scientific
results obtained will serve as a solid scientific basis for
future research on the creation of biotechnological
products based on this plant. Taking into account the
above, this article, aimed at determining the chemical
composition of Cistanche trivalvis, in particular the
amount of amino acids, is relevant and scientifically
and practically necessary.[1,2]

The aim of the study: To determine the amino
acid composition and quantity of the stem part of
Cistanche trivalvis, collected from the edges of the
Kyzylkum desert in Khiva and Yangiarig districts of
Uzbekistan (around Eshonrovot and Ulli Shurkul).

About the plant: Cistanche trivalvis is a
chlorophyllless, obligate parasitic plant of the
Orobanchaceae family, with pale yellow flowers on its
stems, growing to a height of 20-50 cm (7.9-19.7 in).
The stem is glabrous and yellow to purple-gray. The
leaves are ovate-lanceolate, lanceolate, glabrous, and
usually brown. The inflorescence is dense, more or less
cylindrical. The corolla is broadly obconical, strongly
curved, bright yellow, sometimes light purple, and
naked. It is a parasitic plant distributed mainly in the
Republic of Turkmenistan, Karakalpakstan, and
Khorezm regions of Uzbekistan. Its main characteristic
is that it absorbs its nutrients from the roots of host
plants.[3]

Materials and Methods: The sample used was
the underground stem of the Cistanche plant, collected
in the Yangiarik district of the Khorezm region in May
2025. The plant sample was analyzed for qualitative
and quantitative amino acid values using standard sam-
ples supplied by Sigma Aldrich (Germany). The deter-
mination was performed using a fluorescence detector
(FLD) mounted on an Agilent 1260 Il Infinity liquid
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chromatography system manufactured by Agilent
Technologies, USA. A Poroshell 120 EC-C18 column
(150 mm x 4.6 mm x 4 ym), manufactured in the USA,
served as the stationary phase. Pre-column derivatiza-
tion was performed in an automated, programmable
mode. For amino acid analysis, the mobile phases used

were: Phase A—sodium dihydrogen phosphate solu-
tion (40 mM), pH 7.8, and Phase B—a mixture of ace-
tonitrile, methanol, and water (in a ratio of 45:45:10),
using a gradient mode.

Time | Phase A % (sodium dihydrogen phosphate
solution, 40 mM, pH 7.8) | Phase B % (acetoni-
trile:methanol:water = 45:45:10).Table 1.

Table 1

Mobile phases for amino acid analysis

Time Phase A - sodium dihydrogen phosphate solution Phase B - acetonitrile: methanol: water
(min) (40 mM), pH 7.8 (45:45:10)

0.0 98 2

16 70 30

23 57 43

26 0 100

28 98 2

30 98 2

The flow rate was 1 ml/min, the thermostat temperature was 40°C, the injected sample volume was 5 ul, the
analysis was carried out for 30 minutes, and the following chromatograms were obtained.

LU
60

Serin

50
40

Asparagin

Glutamin

Trianin

Arginin

FLDTA, Ex=340, Em=450, TT (Gost amino... 2024-03-14 15-14-031002-P1-A1-Gost amino kislota mix 14.03.2.0)

Fenilalanin

Valin

Metonin
lzoleysin

Alanin
Glutamat
Triptofan

Prolin

| \
15 2

Figure 1. Chromatogram obtained from standard samples of 16 different amino acids

Hydrolysis of the amino acids contained in the
sample was carried out as follows:First, all samples
were ground to a size of 1 mm. A 5.0 g sample was
ground and weighed to the nearest 0.001 mg using an
analytical balance (FA220 4N). Next, the sample was
placed in a 200 ml flask with a reflux condenser, 50 ml
of hydrochloric acid (6 N) was added, and the flask was
placed in a thermostat at 110°C. Hydrolysis was carried
out for 24 hours with magnetic stirring. After hydroly-

sis was complete, the solution was cooled to room tem-
perature, 10 ml was removed, and centrifuged for 10
minutes at 12,000 rpm. Then, 5 ml of the centrifugate
was removed and neutralized with 6 N sodium hydrox-
ide.

After this, 1 ml of the solution was filtered through
a filter with a pore size of 0.45 um, placed in a vial and
the following results were obtained [4,5,6,7].

Results and Discussion: The results obtained are
presented in Table 2.

Table 2.

Composition and quantity of amino acids in the underground parts of the stem of the plant Cistanche tri-
valvis, growing in the Khorezm region

- Underground stem parts - Underground stem parts
Ne | Name of indicators Cistanc?we trivalvis (rF:wg/g) Ne | Name of indicators Cistanc?]e trivalvis (re]g/g)
1. | Asparagine 0.12 9. | Lysine 3.70
2. | Serin 1.57 10. | Valin 1.48
3. | Glutamine 0.55 11. | Methionine 0.62
4. | Histidine 0.44 12. | Glutamate 0.33
5. | Glycine 5.80 13. | Tryptophan 0.20
6. | Threonine 2.85 14. | Phenylalanine 0.17
7. | Arginine 1.76 15. | Isoleucine 1.15
8. | Alanin 0.77 16. | Proline 1.24
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The obtained results were converted from mg/L to mg/g using the following formula:

Cx*V

(Amin oacid) Zm

Where:

M amino acia —amino acid content (mg/g),

C —is the result obtained by HPLC (mg/l),

M

V —is the total volume of the solution used for hydrolysis (ml),

m— is the sample mass (g).

As a result of the conducted research, it was deter-
mined that 16 types of amino acids were present in the
underground stem parts of the Cistanche trivalvis plant
growing in the Khorezm region. Among the identified
amino acids, the highest quantitative indicator was gly-
cine, its amount was 5.80 mg/g. It was also noted that
lysine — 3.70 mg/g, threonine — 2.85 mg/g, arginine
— 1.76 mg/g, serine — 1.57 mg/g and valine — 1.48
mg/g.

The results of the analysis show that the under-
ground stem parts of the Cistanche trivalvis plant are a
natural raw material rich in biologically active amino
acids. In particular, the high content of glycine indi-
cates that this plant can have a positive effect on the
functioning of the nervous system, participate in me-
tabolism, and play an important role in antioxidant de-
fense mechanisms.The relatively high content of lysine
is also important. Lysine is one of the important amino
acids involved in the processes of protein biosynthesis,
immune system activity, and the formation of enzymes
and hormones in the body. Threonine is involved in
protein metabolism, liver function, and immunological
processes. Arginine plays an important biological role
in vascular function, nitric oxide metabolism, and re-
generation processes.In addition, the presence of im-
portant non-essential amino acids such as valine, me-
thionine, tryptophan, phenylalanine, and isoleucine in
the plant allows us to evaluate the Cistanche trivalvis
plant as a promising raw material for the production of
biologically active food additives.The total amount of
amino acids was calculated as follows: Total amino
acid content = 22.95 mg/qg.

This indicator indicates that the underground stem
parts of Cistanche trivalvis contain a sufficient amount
of amino acid complex. In particular, the relatively high
content of biologically active amino acids such as gly-
cine, lysine and threonine justifies the potential use of
this plant in the pharmaceutical, food biotechnology
and production of biologically active additives.
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Abstract

This article examines Turandot as a model of international and intercultural relations. The analysis is con-
ducted from historical, theoretical, and cultural perspectives. Special attention is given to the contrast between
Western and Eastern approaches to cultural representation. The study demonstrates that the opera reflects orien-
talist perceptions and symbolic inequality. Issues of cultural adaptation and stage interpretation are explored. Con-
temporary Chinese productions are analyzed as forms of cultural dialogue. The paper argues that artistic texts can
function as instruments of cultural diplomacy. It concludes by emphasizing the importance of cultural representa-
tion in understanding international relations.

Tyiinaeme

By makanama TypaHIoOT omepachl XalbIKapaliblK KoHE MOIACHUETAPANBIK KaThIHACTAPBIH YITiCi peTiHae
KapacTeIpeUTafpl. Tanmay Tapuxd, TCOPHSUIBIK JKOHE MOICHHETTAHYNBIK TYPFBIOAH JKYprisuienmi. baTteic meH
LIbFpic MosIeHHETTEPIH OeliHeseyieri allblpMalbUIbIKTapFa epeKiie Hazap ayaapbuiajbl. LlpirapMana MIbIFbI-
CTaHBIPYIIBUIBIK KO3KapacTap MEH CHMBOJMKAIBIK TEHCI3/iK KopiHic TabaThIHBI IojenaeHeni. MoneHu OerimM-
JIeTy JKOHE CaxHaJbIK WHTEpIpeTaIysuiay Mocelenepi KapacThIpbuiafasl. KhITaWIBIK 3aMaHayd KOHBLIBIMIAP
MOJICHH JTUAIIOTTHIH YJTICi peTiHe TannaHaapl. KepkeM MOTiHHIH MOJCHU JMIIOMATHS KYpallbl PETiHIET1 poli
Herizaenei. XanblKapaiblK KaTbIHACTAPABI TYCIHY/I€ MOJACHH PENPE3CHTAUSIHBIH MaHbI3bUIBIFBl KOPBITHIHIBI-
JIaHabl.

Keywords: Turandot, orientalism, cultural adaptation, representation, international relations.
Kiar ce3nep: TypaHaoT, opueHTaIN3M, MOJICHH OCHiMIETy, pelpe3eHTAIHS, XalbIKapaIblK KaThIHACTAP.

«Typannor» omnepackl - MY3BIKaJBIK TeaTpP/bIH
KOPHEKTI TYBIH/IBICHI FAHA eMeC, COHBIMEH KaTap barbic
neH LlbIFbIC apachlHAAFbl ACUMMETPHUSUIBIK MOJCHU
KapbIM-KaThIHACTAP/IbIH AsICHIH aWKbIHIAWTHIH TaHOa-
nmap JkyheciH kypaiapl. Kasipri rymaHUTapibIK FbI-
IeIMIa Oyl MIBIFapMa KIIACCHUKAJBIK Maxa00ar XuKa-
SChl TICHOEPIHEH IIBIFBIN, MOICHH CascaT, YITTHIK
Oipereiik >koHE CHMBOJIBIK YCTEMAIK Macee-
JepiMeH THIFBI3 OalIaHBICTBI 3€pTTE€y HBICAHBbIHA aii-
HAJIJIBI.

OcpifaH 0alIaHBICTBl TAKBIPBINTBHIH ©3CKTLUIIT
«TypaH/IOTThIHY XaJIBIKAPANIBIK JKOHE MOJeHUeTapa-
JBIK KaThIHACTapAbl TYCIHAIPYIiH KOpPKEeMIIK yirici
peTiHae KapacThIPbUIYBIMEH —aiKpiHmamamsl.  OcCh
MaKaJlaHBIH 3epTTey HbicaHbl J[xaxkomo [lydquumHuUmiH
«TypaHnoT» omepachl >KOHE OHBIH OpPTYPJi TapUXu-
MOJIEHH  HWHTEpIpeTanusiaphl. 3eprTey  moHI
uibiFapmaja kepinic tabatein Kpitaih men Typan 00-
pasnapsel, OWIIK MEH TeHICPIIK KAThIHACTAp, MOJCHH
OcHiMIeny JKOHE OJIAPIBIH XaJIbIKAPATBIK-KYKBIKTHIK
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opi  MaJeHHEeTapallbIK
KepiHici.

3epTTey  MOHApanblK  CHIIATKA M€  KOHE
onebueTTaHy, MOACHUETTaHYy, OHEPTaHy, HAesIap Ta-
PHXBI, COHIANH-aK MOJACHHETApalblK KOMMYHHUKAIIHSA
TCOPUACHIHBIH ~ TOFBICBIHIA JKY3€r€  achIpbLIAMbI.
Makana «Typannor» onepacel bateic neH IlIsirbic apa-
CBIHJIAFBl  XaJbIKApaJBIK  KaTbIHACTApAbl  Kajai
OeliHesneni xaHe KOPKEM MITIH MOJICHH KSHE TapUXH
MHTEpIpEeTaLys YIIiH KYPec ajlaHbIHa Kajlall aifHasIa b1
JIeTEH 3epTTey cyparblHa OarbITTajdblln TYp. by
CYPaKTBIH MaHBI3JIBUIBIFBI kahaH#aHy >KarjailbiHaa
MOJICHN OHIMIEPiH TEK 3CTETHKAJbBIK KYH/IBIIBIK KaHa
eMec, COHBIMEH Oipre MOICHH AWIIIOMATHSHBIH, CHM-
BOJIABIK OWMIIIKTIH YKOHE YITTHIK ©31H-631 TaHBICTHIPY-
JIBIH KYpaJIbIHA aifHATYBIMEH TYCIHIIpiTe .

3epTTeyniH TEOPHUIBIK-METOAOIOTHSIIBIK HEeT131H
CaNBICTBIPMAJbl Talay, PELEeNTHBTI 3CTETHKA 3Ie-
MEHTTEpi, MOJICHUETTAHYJIBIK JKOHE ©HEPTaHYJBIK
ToCIep, COHMAll-aKk OPUEHTAIM3M JKOHE MOJICHHETa-
palbIK KOMMYHUKallUi TEOpHsUIapbl Kypaiuasl. byn
onictep «TypaHIOTTBD) TYpaKThl MOTIH PETiHIE eMec,
TapUXH, CasiCH JKOHE MOJICHU KOHTEKCTKE OailyIaHbICThI
e3repin OTHIPATHIH JUHAMHKAIBIK MOJCHU KYPBUIBIM
peTiHae KapacTeIpyFa MyMKIHIIK Oepei.

3epTTey JKYMBICHIHBIH MAaHBI3[bl TEOPHSIIBIK
TipekrepiHiH 0ipi P.A. AmmanoBteiH «TypanOuke Ty-
panbl  aHBI3Aap» AarThl FHUIBIMHU-KOIIIITIK OYepKi.
Atanran enOex 2024 xputel AnMaThl KaJlachIHIA
«Typan» yHuBepcuTeTi OacmachlHaH JKapblK KepreH
xoHe 112 OerreH Typaael. ABTOp Oyn eHOeriHnme
TypaHIOT CIOKETIHIH NIBIFY TET1H HIBIFBICTHIK, dCipece
TYPKI-IIapCBUIBIK MOJICHH KEHICTIKIEH OaillaHbICThIpa
OTBIpbIN, TypaH YFBIMBIHBIH TapUXHU-MOACHH MOHIH

KaTblHacTap  KyHeciHzeri

amanpl.  AJIIAHOBTHIH  KOHLEMHIUACHI  OOMBIHIIA,
Typasgor OefiHeci TeK KBITAMJIBIK KOHTEKCIICH
IIeKTeJIMeH, KEHIpeK  INBIFBICTHIK  OPKCHHETTIK

KEHICTIKTIH CHMBOIBI PETiHAC KapaCTHIPBUTYHI THIC.
JKYMBICTBIH TPaKTHKAIIBIK MAHBI3BI - aJIBIHFAH HOTHKE-
JepAl MOJCHHETAapalblK OeHiMaeTy, XabIKapaibIK
KaTBIHACTAP YXOHE MOJCHH JMIUIOMATHS MaceielepiH
3epTTey MYMKIHIIMIMEH aHBIKTAIAIbI.

«Typanymor» OeiiHeciMeH OalnaHBICTBI Macele
y3aK yakbIT OOWbl 3epTrenin kenemi. llIprFapMaHbiH
one0H KOHE CIOKETTIK OacTamanaphbl INBIFBICTHIK 0a-
SIHIAY JSCTYpPJICpPiHE, €H aIABIMEH MapChl KOHE TYPKI
MOJICHHU OpTachiHIa KeHre Tapaiasl. I[letu xe ga Kpya
o3iHIH (ppaHIly3AbIK HYCKACBHIH Ka3a OTBIPHII, IIBIFbI-
CTBIK CIOXETTepre cyleH i xxoHe Husamu bIKnaibiMeH
Typan kp3biHbIH aThiH «Typanbuke» (Typanmot) nen
atagpl [7]. CombiMeH karap, P.A. AJIIaHOBTHIH
ouepkinge Huzamuniy «XKeti apy» mosmaceiana Typan
Oenrim Oip KEHICTIK peTiHAe KOpiHiCc TabaTBIHBI, all
Typangor Oeiinecinin 31 Keiraiimen emec, Typan
KBI3bI JIETeH TYCIHIKIIEH OaiIaHbICThI €KeHi alThIIFaH
[4]. KyObuibic Taburatel TypreiChHAH «TypaHmor -
IIBIFBICTBIK ~ €PTETUTIK  MaTepuas MeH OaTBICTHIK
KOPKEM OHICYMIH KUBLIBICHIHAA TYbIHIAFaH MOICHU
KOHCTPYKT. lIIbIFapMaHbIH  KBITAWIBIK  CaXHAJBIK
OciiiMenyiHe apHAJIFaH MakKajajaa TiKelIel alThUIFaH:
OTIEPaHBIH CIOKETI TAPUXU EMEC, CPTETLTIK CHITATKA K,
an ounwmabiH mbecackl X1 Fackipaarsl mapcel qepek-
TEpiHEe HETi3ICNTCHIIKTEH, KbITall OOJIMBICHIH IIBIHANWBI

OcliHeneyre mpeTeH3us KoiManapl. Jlemek, mibFapma-
HBIH TeHe3Huci 0i3 XaJbIKapabIK-KYKBIKTBIK KOHE
MOJICHHETAPAJbIK KaTbHACTAP YINIH MaHBI3ABI Mce-
Jiere Tam OONaMBI3; eJIiH OelHeci peTiHae HAKTHI Ta-
PUXH IIBIHABIK €MEC, OHBIH KOPKEMIIK KOJIMEH
KYPacTHIPBUIFAH YIITici KBI3MET eTyi MyMKiH [3].

Byn nmckypcerarsl HEeTi3ri TEpMUH O - OPHEHTa-
mm3M. Opuenranusm  «lLIBIFbICTBl  OpHEHTATH3AIMA-
Jlay» mpolLeci peTinae TyCiHine i, MyHaa baTpic mbIFbI-
CTHI ©3 MO3UIMSCBIHAH KYPACTBIPHIN, OHBI OATHICTBIK
CHUIIaTTay JIOTHMKAachlHa OarbIHFaH «e3rere» aiHaiIbl-
pansl. Ocbl Typrblian anranna, «Typanmnor» Keiraii-
IbIH KoHE Kanmbl IIBIFBICTBIH OATBHICTBIK KOPKBIHBI-
mITap MEH KHsUIIap apKbUIBI Kamall OelHeNIeHeTiHiHIH
MBICaBIH A aifHamanpl. « [ypaHIoT» TOHIpeTiHIeT FhI-
JBIMH TUCKypC OipHerre Herisri OarbITTap OOHBIHIIA
Kansinracansl [2] . Bipinrmrici opueHTaNACTIK cTepeo-
TUNITEPAlI ChIHAYMEH OaiimaHpICTh: TypaHmoT «aii-
nahap oiien» Oeitnecinge, an Jlto - oraH Kapama-Kaiibl
MOMBIH 9pi KypOaH OO0NaThIH IIBIFBIC SHEIIHIH CTepeo-
TUII peTiHIe KapacThipanansl. EiHINI OaFbIT YITTHIK
cTepeoTunrTepre KarbicThl: KpITall KaThire3 yoHE *ka-
Oaiibl KeHicTiK peTiHae kepcetiice, Kanad toprin nen
JKEHIC oKeJieTiH baThICThIH CHMBOIIBI icnieTTec. Y IIiHmII
OaFBIT Ka3ipri 3aMaHFbI 3ePTTEYICPMEH OailIaHBICTEHI,
MYHZIa Ha3ap aynapMma, caxHajbIK OeHiMIenmy »XoHE
TyBIHIBIHBI KpITalIbIH ©31H/1€ MOICHH OHAITY Macee-
nepine aynapsuiansl [1] . JKorapeiga aiiteurral, Oip
CIOJKET OpPTYPIl HICOIOTHSUIBIK PEXUMICPAE KbI3MET
ete ananpl. Eyponansik noctypae o HIBFBICTBIH 3K30-
TUKAIBIK OcitHeciH OekiTce: XX FachIPIBIH COHBI MECH
XXI raceIpAplH OachIHIAFbl KBITAWIIBIK KOWBLIBIM-
JapJa on MOIeHHM OiperciyiikTi KaiTa madsiMaay
anaHplHAa ainHananel. Ocbutaiima, «Typanmor» Oip
Me3riije oaedH, cascH KOHE OPKEHHETTIK TaOWUFaThI
0ap KYOBUIBIC peTiHze 3epTTenemi [6] .

MeTo0onorisuIbIK TYprbIiaH TypaHIOTTHI 3€pT-
Tey TYMHYCKa TYBIH/BIHBI, OHBIH €ypONaJbIK HHTEp-
TIPeTALsIIApBIH XKOHE KBITAHIIBIK CaxHAJBIK OeiiMme-
JMyJepiH calbICTBIpyFa HerizgenreH. [I>H YsHBHIH
3epTTeyiHJe Tajjay YIIiH CaJbICTBIPMAalbl TAClI, pe-
HENTUBTI 3CTETHKA 3JIEMEHTTEPi, MOACHHETTAHYJIBIK
JKOHE OHEPTaHYJIbIK Tallay, COHIal-aK apTyp:i TeaTp
JIOCTYPIIEPiHiH OeNnriiep )yHeciH CEMHOTHKAIIBIK 3€PT-
Tey KOJIaHBbUIAThIHBI atan etiieni. byn TypannorTs
TYPaKTHl MOTIiH PETiHAE eMeC, CasiCH, YITTHIK KOHE 3C-
TETUKAIBIK asChIHA OaNIaHBICTBI ©3TePETiH KBIDKbI-
MaJibl MOJICHH HBICAH PETiHIEe KapayFa MYMKIHIIK Oe-
peni [8] . Hlerenuik 3epTTeymnIiyiep HEri3iHEH OpHEHTa-
JHUCTIK CBbIHFAa Hazap aynapansl. XoHr Opix
MaKaJlachlH/a €ypONaJIbIKTapAbIH A3HSHBI KAObUIAAYBI
Typannor xarnaiisiana «LIBIFBICTE OpHEHTATH3AIMA-
nay» yarici exeni gonenaeneni. Typannot nen JIro a3u-
SUTBIK, OWENIiH KapaMma-Kalibl 0aTBICTBIK CTEPEOTHITI
periage Ttycigaipince, Kamad OGarsHappymsr OaThI-
CTBIK €p aJaMHBIH YCTeMIiK (uUrypacsl peTiHAe
Kkepineni. MyHmai Tocia KOpKeM MAITiHHIH TEK MOJCHU
FaHa eMeC, CUMBOJIMKAJIBIK-CAsICH TEHCI3AIKTI [ Kaiai
KAaHFBIPTATHIHBIH KepceTeni. MaceneH, benanr Xyan
MakaJlachlHJa ay/lapMa jKoHE CaxHaJbIK WHTEpIpeTa-
LUsl MacelieciHe aybicazpl. 3epTreyii TypaHaoTThIH
»KaHa KOWBIIBIMIIAPBIH/IA MO/ICHH, HOCUIIIK JKOHE I'eH-
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Jepitik adbipMambuIbikTapasl «bateic - IbFbICY Oe-
TeH KaparnaiblM ONIO3HIHAIA KapacThIpyFa OoiaMaii-
TBIHBIH KepceTeli. byi cTparerns xaabIKapaibIK KaTbl-
HacTapIel TEK CasCH CYyOBEKTiJiep XKylieci emec,
MOJICHH Kemicce3/iep Kyieci peTiHae TYCiHy YIIiH eTe
MaHb3AHI [3] .

TamnayasrH HeTisri HOTHXenepi OipHeIIe TY)KbI-
poiMHaH Typaasl. bipinnrinen, « Typannor» Kerraiinsig
Oeiitapan OciiHeci eMec. EKIHINICH, OHBIH CaXHAIBIK
TarAbIpbl OHEP/IH MOACHH AMIUIOMATHS MEH YJITTHIK
031H-631 MHTEpIpeTanysiay MpoLecTepiHe Kanai
CHETIHIH KepceTe . YIIHIIICH, TYbIHIBIHBIH KbITal-
JBIK HYCKallapbl OATBICTHIK MOTIHII jKall FaHa TY3eTy
€MEC, CYpONalblK MaTepHall YITTBIK JOCTYpP KOH-
TEKCTiH/Ie KaliTa MaibIMIaFaH )kaHa KOPKEMIIK KyObI-
JBICTHI TYABIpabl. BYTiHTi TaHIa ©3€KTUTIK CTpaTerus-
Japsl €H aIIBIMEH MOJICHAAPAJIBIK OerdiMaemyMmeH Oaii-
naHeicTBl, II3H UsHB 3epTTeyiHIE  TEOPHSUIIBIK
YJITiepai  acCUMMIISILMS, WHTErpanus, cenapanus
JKOHE MapTHHAIU3AIMSIHBL 06l KOpCEeTeTiHiH, Oy
peTTEHHTErpaIys €H HOTHXKEII YIri eKeHIiH aTal eTel
[1] . OiitkeHi on *kaHa opTara CHICH Ke3[¢ MOJCHH
OipereiiikTi cakrayra MyMKiHIik Oepeni. Typannor
YIIiH Oy Maes eTe MaHBI3AbI: IIbIFapMa TOJBIFBIMEH
TepicKe IIBFapbUIMAIBI, OJ KBITAWIBIK Oenriitepmi,
CIOKETTIK CKIHICPIl XKoHe YITTHIK Teatp (opmana-
PBIH CHT'i3Yy apKbUIBI KaiTa maibiMaanans. Kazakcran
YIIiH OYJ1 TaKBIPBIITHIH KOJMAAHOATBI MaHBI3EI 30D.
Bipinminen, TypaHHBIH MOJCHHU-TAPUXH KCHICTIK
periageri OefiHeci OpTanbiK A3us TUCKYPCHIMEH KOHE
Tapuxu Oipereilyiik MoceenepiMeH Tikeel OaimaHbI-
crel (Oyn ocipece P.A. AJIAHOBTHIH OYepKiH[E
Oaiikananel) [4] . Exinminen, TypannoTTel 3eprrey
CBIPTKBI MOJEHM MOTiHAepaiH Eypasus XanblKrapbl-
HBIH 00pa3mapblH Kajaid eHICHTIHIH Taifay YIIiH
MaHbI3Abl. Y uriHmgeH, Ka3akCTaHHBIH MOIEHM M-
TUIOMAaTHSCHIH JIAMBITY JKarIalblHAa MYHIal 3epTre-
yJiep penpe3eHTanusi, CUMBOJIMKAIBIK SUIAIK JKOHE
MEHIIIKTI TapUXU-MOJCHU HApPaTUBTEPIi KOpFay
MOCeIIeNIepiH TYCiHY YIIiH KOJJaHbLIa anaisl [7] .

FaneiMpapnbie cbiHE TiKipJepi xkoHe Oanama WH-
Tepnperanusiaap  TypaHIOTKa  KaTBICTBI  CHIHH
Ke3Kapactap eH ajJbIMeH IbiFapamanbly LLbIFbIC TY-
panbl OaTBICTBIK KHSUI PETiHIE KapacThIpbUTybIMEH
OaiinanpicThl. bip Tom 3eprreyuriniep myHna IlIbiFsi-
CTBIH KOPKBIHBIII, KATHITE€3/IK MEH 3K30THKAHBIH Te-
aTPJIAHIBIPBUIFAH KEHICTIT1 peTiHAe KOpiHeTiHiH au-
Tanpl. TypaHmor OelHeci - TapuxXu TYIFa Ja, KbITal
XaHIIAHBIMBIHBIH MOJCHU IIbIHAILI OciiHEeCl e emec,
OJ1 eypoTaJIBIKTapAbIH KOPKYbl MEH oHen Owiiri Ty-
pajibl maTprapXaiablK TYCIHIKTEpiHIH KOCBIHBICH [2].

«Typannor» onepacbiHa KaThICTHI FBUIBIMU MIKip-
Tanac Oip 131 )XypMeiini - 3epTreymmiiaepain 6ip ToOs!
TYBIH/IBIHBI OPHUEHTANCTIK JUCKYPCTHIH alKbIH YATIiCI
peTiHae chlHaca, eKiHIi TOObI OHBI MOJACHH EKiYIITHI-
JIBIKTBIH KYPJeIi altMarbl peTinae 6aranaipl. OChI exi

OarbITTHIH apachbIHIaFbl KepHEYy MakKaJaHbBIH TeOopH-
SUTBIK ©3€T1H Kypan1bl. ChIHU-EKOHCTPYKTHBTI OaFbIT-
TBIH oKinaepi « TypaHnoTTe» eH anapiMeH LIbFbIC Ty-
pambl  OaTBICTBIK ~ KWSUIABIH — TeaTPIaHABIPBUFAaH
HYCKachl pETiHAE KapacTelpagsl. byn  OKbUIBIM
6oiibiHmIa omepa IIIBIFBICTEI KOPKBIHBIII, KATHITE3MiK
JKOHE HK30THKAHBIH IMAPTTHl KEHICTIriHE aifHaJIIBI-
pansl. Typangor OeitHeci MyHIai MHTEpIpeTanusia
TapuX¥ TYJIFaHbIH 1a, KpITall MoJICHUETIHIH LIbIHANBI
OeifHeCIHiH Jie OPHBIH AJIMaCTBIPMAFJIBI: OJ1 €yPOTABIK,
CaHa/Iarbl «0OTEHHEH» KOPKYBIH JKOHE MaTpuapxaln-
JIBIK YpeHIiH - sFHU, OWITIKKEe ue OOJFaH OHeNCH ce-
3iHETIH alaHAay[blH - CHUMBOJIABIK  TOFBICYBIH
oetineneiimi. XoHT FO OCBI OaFBITTa TYBIHIBIHEI OPHEH-
TaIHUCTIK Teopus asceiHAa Tangarn, [lyaamanmig Kei-
Taiinel BaTBICTBIH «e3reci» peTiHAE KOHCTPYKIHA-
JayJarsl peitiH 3eprremni [2] .

Amnaiima Ka3ipri 3epTTeyIUIepaiH enoyip Oeiri
OChI Oip esmeM/i OKbUIBIMHAH alllakraiabl. beHanr
XyaH «TypaHAOTTBI» TEK OPUEHTAIMCTIK KaTe peTiHIe
OarayaylplH O KETKUIKCI3AIrIH JoNenaed  OTBIPHII,
TYPJi CaxXHAJBIK KOHBUIBIMAAPIBIH CTEPEOTHITEP/II
aIlBIN KaHA KOWMaH, MIBIFapMaHbIH MOJCHH, HOCUIIIK
YKOHE TeHJIEPIIIK TTOJIM(POHUSCHIH - SIFHH, KOIIAybICThI-
JBIFBIH - KaJINbIHA KENTIpyre YMTBUIATBIHBIH Kepce-
Teni. By TypreInaH anraHzna, 3epTTEYINiHIH Ha3apblH
«KprTaiine! nypsic OeifHeney» mMacerneci FaHa emec, Te-
aTPbIH MOJICHN KAKTHIFBIC XKaFTalbIHa MaFbIHAIAP b
Kalail TyIbIpPAaThIHBI JETEH Ipreili Cypak Ta TapTassl.
Ocpinaiima, «TypannoT» 3epTTeyiepinae exi MeToo-
JIOTHSUTBIK, YPAICTI Oetin kepceryre Oomnassl. bipinmici
- JEKOHCTPYKTHMBTI YpJiC: OpHUEHTAJIM3M MEXaHU3M-
JIepiH, KOJIOHUAJJIBIK 00pa3aapabl jKOHE CHMBOJIIBIK
30PJIBIK-30MOBUIBIKTHI JIIKEpeNeyre OarbITTaJIFaH Tall-
nay [3] . ExiHiiici - peKOHCTPYKTHBTI Yp/ic: OaThICTHIK
CIOJKCTTIH aHa YWITTHIK KOHTEKCTE J)KaHa MarblHara ue
OOJIYBIH, SIFHU MOJCHU JHANOT TYABIPY MYMKIHAITiH
3eprrey. [I5H UsHHIH KBITAWIBIK TeaTpibIK Oeiimae-
JyJepre apHaIfaH 3epTTeyi MO OCHI eKiHII YpIicTi
HakTbuta el Yxan Moy cusikTel pexuccepiep [lyd-
YMHU CIOKETIH JKall FaHa «TY3eTIeHIi» Hemece «Ta-
3apThaijipl» - oJiap KbiTail CaxHACHIHBIH ©3 aThIHaH
ceiliey KYKbIFbIH KaWTapblll ajaThlH TOJIBIKKAH/IbI
MOJICHH JTUAJIOT OpHATAIbI.

JKorapbiia aTanraH 3epTTeyLIiiepAeH e3relie Mo-
sunusHel P. AmmanoB ycranansl. On Typangor 6ei-
HECIH Ta3a KbITAHJIbIK KOHTEKCTIICH IIEKTEMEH, OHBI
KeHipek - TypaH KeHICTIriMeH >koHe OOpa3ablH Te-
PEHIET] HIBIFBICTBIK TAMBIPIAPBIMEH - OalIaHbICTHIpa-
TBHIH ©3 KOHIEIIHUACHIH YChIHAABL. byl Tocia TybIHIBI-
HBIH  TeorpadusuIbIK-CUMBOJIABIK — IlIeKapaslapblH
KeHeWTiN, «TypaHIoTTh» JKaNIbl MBIFBICTHIK MOJICHU
KaJpIMEH  OaliNIaHBICTBHIPATBIH ~ JKaHA  OKBUIBIM
MYMKIHJIITiH aniaibl.
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AHp3Fa aiiHanran TypaHmor OelHeci IIBIHAWKI
eMipJie KepiHic Taysir, ¥ bl [lana xepinae “Typannor”
MyciHi TypreBbuLAbl. Konaman skacanran Hypnan
OO0imeBTHH Oy TYyBIHABICH TypaH YHHWBEPCUTETiHIH
KapakaTbl eceOiHeH, AnMathl KanackiHaa 2024 KbUTbl
21 xa3anna opHaThuFaH. by mycinHiH Ounikriri - 180
cM, auametpi - 100 cm, TyFeIpapH OwmikTiri - 50 cM.
TypargoT OeliHeci Ka3ak XKepiHAeri ofeNmiH epKiHIir
MEH JTaHaJIBIKTHIH CUMBOJIBL[12]

Ochl 3epTTeyJICPAiH KHUBIHTHIFBI MAaHBI3IbI METO-
JIOJIOTHSJIBIK KOPBITHIHBI KacayFa MYMKIHIIK Oepe/i:
«TypaHmoT» onepachiHbIH Ta1ay HOTHKEIEP] 3epTTe-
yIIIi TaHJaFaH TCOPHSUIBIK ONTHKAFa - SFHH, KaHIal
CYpaKTap KOSATHIHBIHA JKOHE KAHIal YFBIMBIK armapat
KOJIIaHATBIHBIHA TiKeJel OaitmaHbicThl. J[oa ocChI ce-
OernTi Makanaga IOHAPATBIK TOCLT YCTAHBLIAIBL: OPH-
SHTANM3M CBIHBIH TIOCTKOJIOHHAJJABIK TEOPHSIMEH,
MOJICHU ayJapMa KOHICTIIHACHIH PEICTITUBTI ACTETHKA
JJeMEHTTepIMeH Yitnectipe OTHIphin, «TypaHmoT»
MoTiHiHIH baTeic eH LIBIFpIC apachIHIAFBI XaIbIKapa-
JIBIK MOJICHM KAThIHACTAP/bI OCHHeNneyaeri pesi xKaH-
JKaKTHI 3eprTenesi [4] .

Kyprizuiren tanpay «TypaHnor» omnepachiH Xa-
JIBIKAPAJIBIK KaThIHACTAP/IBIH O3IHIIK KOPKEMIIK MO-
JleNi peTiHae KapacTelpyFa Heri3 Oepemi. byn xepae
TIKEJCH 3aHJIBIK HOpManap eMeC, XaJbIKapasblK-
KYKBIKTBIK IIPOIECTEP IiH CUMBOJIBIK SKBUBAICHTTEPI
JKYMBIC ICTEel1i: OMITIK IeH IeKapaap, MoICHH petipe-
3CHTAIWA, ©31H-031 CHITATTay KYKBIFBI J)KOHE JIETUTUM-
JiK yuris kypec. Ocbl TYPFBIIaH OTIEpaHbIH CIOXKETTIK
KO3FayIIbl KYIITEPiH KEMIHIE TOPT AHATATHKAIBIK
JeHreiine KapacTeipyra 6omaznsl [7] .

Bipinmmi neHrei - CUMBOJIBIK €TeMeHIiK Moce-
neci . TyBIHABIHBIH €ypomamblK HycKachiHaa Kprraii ic
KY31HIE €3 JayChlHaH aWBIPBUIBIN, CBHIPTTAH CHIIAT-
TaJIFaH KeHICTIKKe aliHanaabl. ByJT XalbIkapalbiK KaThl-
HAcCTapJaFbl KYIITI aKTOPIBIH JICi3 aKTOPIBIH Oeii-
HECiH OHBIH TiKeJlel KaThICYBIHCHI3 KAJIBIITACTHIPATHIH
JKaFJaWbIHBIH HAKTBl aHAJOTHI OOJBIN TaOBLIAJBI.
CeiiTin, KepkeM MoTiH OipXKaKThl penpe3eHTauus Me-
XaHHU3MiHIH 00pa3/IbIK OaJaMachiHA aifHAIA b

ExiHuri geHre# - MOJCHN FOPUCTUKITUS MACEIeci.
CroxeT LLIBIFBICTICH THIFBI3 OaiiTaHBICTEI OOJIFAHBIMEH,
OHBIH MAaFBIHACHIH Y3aK YaKbIT OOHBI OaThIC CaXHACHI
agbIkTan kenmi. Texk XX rFachIpAblH COHBIHAA Maiina
OoNFaH KBITAMIBIK KOWBIIBIMAAD IIBIFAPMAaHBI ©3Te
MOJIEHU KOHTEKCTKE KalTapa OacTaabl )KoHE OchlUIaiima

YITTHIK OciiHeHI e3 OeTiHIIe HHTepIpeTaIsIIay
KYKBIFBIH MaJIMIe . XalbIKapaiblK-KYKbIKTBIK YFBIM-
Jap TUTIMEH aiiTcak, Oy MPOIIECTI CUMBOJIIBIK PECTH-
TYIHA - SFHU, )XahaHIBIK MOJICHH KEHICTIKTET1 TeHIIK
YIIiH KypecTiH Oip KepiHici peTiHme Oaramayra 0o-
TaIBL.

YuriHmon geHred - 30pIBIK-30MOBUTBIKTHIH JICTH-
TAMALUTITI Typaisl Macene. Omepa CIoKeTi XaHIIaibIM-
HBIH IIEKCi3 OWIiri ailKelH KOPIHETIH ©JIM CHIHAFEHI
TOHIperinae KypbuFaH. Ajaiiaa OaThICTHIK HHTEPIIPE-
TalMsl JOCTYPiHAE OYJ1 30PJIBIK-30MOBUIBIK «IIBIFbI-
CTBIK >ka0ailbUIBIK» peTiH/Ae TaHOaJaHa b, all eyporia-
JIBIK 30PJIBIK-30MOBUTBIKTBIH TApUXH (hopMaiapbl caxHa
CBIPTBIH/IA, SIFHU TaJllay asChIHAH ThIC Kanasl. JlemMexk,
Oy1 ’kall KaThITe3[iK Typalibl CIOXKET eMec - Oy Xa-
JIBIKAPAIBIK cascaTlieH TiKeJeW mapajensiaepi O6ap
ACHMMETPHSUTBIK MOPAITBIBIK MAHBIMAAY TETiri: Oenrii
6ip 30pIBIK-30MOBUIBIK TYPJIEP] OPKEHHUETTI JIETI XKapH-
smaHca, Oackamapbl JkaOaWbBUIBIK —JEM  aTajajbl.
OcpIHzal exi enmeMIi MOpalbabIK Oara OepyaiH e3i 1e
OWIIK KaThIHACBIHBIH aWKbIH KOpiHiCi OOJbIT TaObI-
JIaJIBI.

TepriHmi nenredd - HappaTuBTep Kypeci. Typan-
JIOT Ollepachl XaJlbIKApaJbIK KAaThIHACTAP/BIH TEK M-
IUIOMaTHs MeEH pecMH KeliciMIIapTTaplaH FaHa
TYPMalTHIHBIH, COHbIMEH Oipre OasHpaynap - SIFHH,
JIYHHUEHI CypeTTeHTiH MOTiHAEp MEH OeliHemnep YIIiH Jie
OONaTBIHBIH aHFapTambl. KHITAHIBIK —pexuccepiep
KOUBUTBIMIApFa YITTHIK CUMBOJIIAP,IBI HT13TeH/Ie, Ka-
3ajay CaxHaJapblH ©3TepPTKEHAE JKOHE CIOKETTI
KEPTUTIKTI 3CTETHKAIBIK HOpMayapra OeHimuerensue,
oJ1ap *aii FaHa CIIeKTaKJIb skacaMaipl. Onap TyHUEeHIH
Oamama OelfHeciH ychiHa B OchUTaiina, KOPKeM MOTIH
YKYMCaK KYII TIeH MOJICH! TUTUIOMATUSHBIH HAKTHI HH-
CTPYMEHTIHE aliHaJIa Ibl.

Kanmpurait  aitkanma, «TypaHmoT» ormepacsl
MOJCH! TYBIHIBIHBIH XaJbIKApaJIbIK KATBIHACTAP KOH-
TEKCTIH/IC aTKapa aJaThlH POIiHiH alKbIH YITiCiH Oe-
peni. byt TyeiHAbl 6ip Mesringe OipHenie (yHKIUSIHBI
xy3ere aceipaibl: o LIBIFBICTBI OaTBHICTHIK KU
asICBIHA KOHCTPYKLMSIIAH/IbI, MOJICHN €TeMEeHJIIK TTeH
penpe3eHTanusl KYKbIFbl VIIiH KYPECTiH allaHbIHA aii-
HaJaabl JKOHE JKahaHIOBIK MOIEHM KEHICTIKTETl
TEHCI3AIKTIH CUMBOJIABIK OcifHeciH OeltHeneiini. MyHBI
KeJeci Tiz0e XKoHe KecTe TYpiHae KepceTyre 0oambl:

Ti36e 1: TyparaoT XaasIKapaIblK KaTBIHACTAP MO-
Jerti peTiHae
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Tapuxu MIBIFBIC CIOXKETI — CyPONANBIK OHICY —
OPHUEHTAINCTIK OoIlepa — CTEPEOTHUITEP/Ii ChIHAY —

KBITAWJIBIK OCHiMIIeTy — MOJICHUETAPAIIBIK TUAIOT —
IIprrpIc OEHHECIH CUMBOJUKAIIBIK OHAIITY .

Kecre 1
Tannayabin Herisri geHreiinepi
Ne JleHreii aTaysl Ma3zMyHBI
1 CroxeTTiK JeHrei OMIIK, CBIHAK, JKa3a.
2 Monenu neunrei Bartbic I1IbIFbICTEI KOHCTPYKUUSITIANIBI.
3 | Cascu neHreii WHaTepnpeTanyns KYKBIFBI YIIiH Kypec.
4 | XamsIKapaibIK-KYKBIKTBIK MopeHueTTepIiH CHMBOIUKAIBIK TSHIIr )KOHE pEIpe3eHTaINs Mace-
JIeHrei JIeCi.

KOPBITBIHbI

3eprreyain HoTmkenepi «TypaHaoT» omepachiH
Maxa00aT NeH ChIHAKTAP/IbIH KJIACCHKAJIBIK CIOKETIHEH
repi, MOJICHU JaybIcTap apachlHIAFbl TEHCI3IIKTEp TY-
paibl TepeH opi Kyplelni KepKeMIIK MaJiMaeMe
peTiHne KapacThIpyIbIH HETi3ALIrH KepceTTi. AHa-
nu3ney OapbIChIHIA aHBIKTAJFaH JSJIENJCp TYBIH/bI-
HBIH OipHeIIe AeHrene: SCTeTHKAIBIK, CasCH, MOICHU
JKOHE XaJbIKapaJbIK-KYKBIKTHIK MarblHANApIa MOH Oe-
PETiHIH aifFaKTai bl

3epTTeyniH TEOpUSUIBIK 0a3achlH  KYpaNTHIH
MOJICHH pENpe3eHTAlUsT TEOPHUSACHl TYPFHICHIHAH,
«TypaHIoT» CIOXKETiHIH JIOTHKACHl KiMHIH 0Oacka Xa-
JBIKTAap JKailyibl SHriMeney MYMKIHAIrT 0ap eKeHiH,
OipaK HaKThl OWJIIK XKYPri3ylIjeplaiH KiM eKeHJIIriH
KOpPCETEeTIH MpHHIUIKEe cyieHeai. Ocbl  JIOrHKa
OoifbIHIIA XANBIKTBIH 63 OelHeciHe KYKBIK Tajialn eTyi
TEK MOJICHM TallalTaH THIC, KCHIPEK MOJICHU CyObh-
eKTUTIK KYKBIKTapbIHBIH Oeuiieri OoJbI TaObLIa bl
COHIBIKTaH Ka3ipri KBITAHIIBIK JKOHE €ypasUsUIBIK HH-
TepIIpeTaysap MIbFapMaHbIH ePEeKIIe MaHBI3BIH apT-
TBIPBII OTHIP, OMTKEHI 01ap OYPHIH TEK CBIPTTaH Oepii-
TeH MOICHUETTEPTre 63 NaybICTapbIH KaUTapyIbIH CUM-
BOIIABIK AaKTiciHe aifHamyna. 3epTrey OapbICHIHIA
TypaHAOTTHl ©pKEHHETApANIBIK OailaHbIC MOJAENiHIH
KYPAENIJIriH TaHbI-01Ty KQXEeTTiiri kepceTinai. byn
MOJICTIbJIE  XaJbIKAPAJbIK-KYKBIKTBIK ~ aCHeKTiIep
3aH/BIK HOpMaJapllaH Tepi pernpe3eHTalus, MOJeHU
JETUTUMJIUTIK KOHE CHUMBOJIIBIK TEHIIK Macenenepi
apKbUIBI OaiiKamab.

Bateicteik Hyckach! LLIBIFBICTRIH OipiKakThl Oeii-
HECiH KaJbINTAaCThIpFaHbIMEeH, XX FACBIPABIH COHBIHAH
Oacran OenceHi Typ/e nmaiina OoxFaH KeITAMIIBIK a1all-
TaIysIap MOJICHH KaliTa Kapay MCH TeH KYKBIKTHI JTHa-
JIOTTHIH IIBIHANBI MYMKIHJIITiH ammbIn kepceryae. Ochl
KoHTeKcTe «TypaHaoT» onepachiHIa MOIEHH T'ereMo-
HUS, OPHEHTANUCTIK JAHUCKYpPC, YITTHIK Oipereimik
’KOHE TApUXUMOACHH 00pa3aapibl HHTEpIpeTalusiIay
KYKBIFBI YIIIH Kypec Mocenenepi Torbicansl. CoOHbIHIA
aTal eTy KepeK: 3aMaHayH FhUIBIMHBIH XaJIbIKapablK
KaThIHACTAPJABl TYCIHYyl MOJCHH MOTIHIEpP MEH ojap-
JIBIH  UHTEPIpETAlUs MEXaHU3MJCPIH ecKepMmei
MyMKiH emec. TypanaoT - Oy Tex LIbIFpIC TaKBIPHI-
OBIHZIA KA3BUIFAH OIepa eMeC; O OHEPIiH XallbIKTap
MEH MEMJICKeTTepAiH OoOpa3apblH KaJIBIITACTHI-
pyIarsl peiHe KOHE CHMBOJIIBIK KCHICTIKTIH HAFbBI3
casich apeHa 0oJa ajaThIHIBIFBIHA JOJeN OONaibl.
COHZIBIKTaH MYHJIall TYBIHJBUIAPBIH IOHAPAIIBIK Ta-
Jlaybl GUIIOJIOTHSI MEH OHEepTaHylaH 0eJiek, XallbIKapa-
JIBIK MOJICHH SAUIAIK, MOICHH JUITIOMATHS )KOHE OpKe-
HUETAPaJIBIK JTUAJIOT MYMKIHIIKTEPiH TEPEHIPEK TYCIHY
YIIIiH MaHBI3bl FEUTBIMU MiHIET OOJIBIT Kaa Oepeti.
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Abstract

Pastoral agriculture is a way of life for many communities in Central Asian vast steppes and mountains and
over time it has evolved and supported environmental protection of rangeland landscapes and herders’ livelihoods.

Central Asian region currently in adaptation phase in ongoing socio-economic, ecological and political chal-
lenges and flexibility. In economic aspects important how pasture land can contribute for wellbeing and livelihood
of herder’s and local communities, and in social aspects we conclude that community based co-management of
pasture land promote equal participation of herders, poor ,women and local, central governments for integrated
sustainable management of local ecosystems. Therefore for this to happen there are need to introduce diverse
system of pasture land tenure arrangements, based on rich traditions local communities and best practices of pas-
ture management in the region. In this context this paper compares the land tenure system for pasture land use in

Mongolia, Kyrgyzstan, Kazakhstan and Tajikistan.

Keywords: Central Asia, Pasture land, tenure systems, best practices

Introduction

Nomadic herding is a way of life for Mongols,
Kyrgyz and Kazakhs as well as for other nationals and
communities in Central Asia (CA), which is based on
common pasture use practice. Traditionally, in Asia
two types of agriculture: i) with pastoral agriculture and
ii) with none-pastoral or settled agriculture, and main
representatives of the first group countries are: Mongo-
lia, Kazakhstan and Kyrgyzstan (Ykhanbai H., 2000).

Natural resources-based sector’s development is
currently background of the economy in Mongolia, Ka-
zakhstan, Kyrgyzstan , Tajikistan, Turkmenistan and
Uzbekistan.

All these are landlocked countries in CA with a
low density population, and a comparatively lower de-
gree of industrial development and higher portion of ru-
ral population.

Nomadic and semi nomadic pastoralists® in Cen-
tral Asia largely contributing to food security, job op-
portunities and rural poverty reduction.

t According to IFAD (2016) the total number of nomadic
and semi-nomadic pastoralists in dry rangeland ecosystems
including herders and populations linked with pastoral agri-

In next sessions we will explain and draw lessons
and comparisons from a scoping studies carried out by
the members of Asia Rangelands Initiative, supported
by International Land coalition for the networking, mo-
bilizing and influencing on different tenure systems for
improved pasture land management and livelihoods for
nomadic and semi-nomadic pastoralists in CA.

Why rangelands

In Central Asia the rural population particularly
relies on livestock production, so their livelihood and
the social life closely connected with pasture land use.
Agriculture’s share in the GDP in Mongolia, Kazakh-
stan, Kyrgyzstan and Tajikistan ranges from approxi-
mately 15.0 to 27,2% and pasture land covers between
45 to 72% of the entire territory of Mongolia, Kazakh-
stan, and Kyrgyzstan-, so share of pasture land to the
total territory higher than average of Asia (which is 1/3
of total territory of Asia) by more than 2 times in Mon-
golia and Kazakhstan , and by 1,4 times in Kyrgyzstan
( Table 1).

culture estimated, around 150,0 million from which : 50 mil-
lion are in sub-Saharan Africa, 31 million in the Middle East
and North Africa, 25 million in Central Asia, 10 million in
South Asia, and five million in South and Central America
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Table 1.

Main indicators of Central Asia’s Pastoral Agriculture and Rangelands
Indicators Mongolia | Kazakhstan | Kyrgyzstan | Tajikistan
Population min. pers 3,5* 20,1* 6,04** 8,74**
Total land area min .ha 156.5 272,500 19,995 14,31
Pasture land min .ha 112,7* 182,00 9,068 3.8
Forest land min .ha 12,280* 22,9* 2,620 0,412*
IShare of pasture land to total % 79 66.8 454 26,6
and area
Animal herd size mIin.head of animals 62.6* 31,3* 8,0 6,5
Number of herder’s family thous.HH 201,000* 320,0** 1,700
Number of herder’s thous.per 317,8* 360,0*** 13,0
Share of Agriculture to GDP % 15,0* 7,0* 24% 27,2*
Share of Animal Husbandry to
Agriculture GDP g % 86,5% 3.0 42%
Share of mining land to total % 6,96 na 0,025
land area

*2025, **2020, *** estimation
Source: Ykhanbai H., Tazbaeva S., Dorj T.

In all Central Asian countries, almost 59-88% of
pasture and agriculture land is degradated by different
levels. This severe land degradation in Central Asia re-
ducing productivity of animal husbandry and threaten-
ing the livelihoods of millions of pastoralists. Land
degradation has a serious socio-economic impact in
these CA countries. A large proportion of the environ-
ment degradation and soil contamination covered about
59% of the area of Kazakhstan. According very recent
estimation more than 76 % of pastureland in Mongolia
is degradated and subject for future desertification. The
cost of pastureland degradation in Mongolia, calculated
by the net price of additional fodder required for the es-
timated number of livestock that exceeds the maximum
herd capacity that is estimated to be 9.5 billion MNT
annually (Ykhanbai H., 2011). Currently in Mongolia
rangelands and grass species are being lost its tradi-
tional natural condition. Livestock number maximiza-
tion results in declining land, animal productivity,
herder’s asset value and income and increased vulnera-
bility to natural risks Compared to fresh pastures, on
overgrazed pastures live weight of ewes is lower by 8
kg, milk yield by 2.5 folds and cashmere yield by 8%.

As most of the commons have been encroached
with the problem on interactions of pasture land and ar-
able farming systems, and in many cases the pastoral-
ists and other marginalized people lost in these con-
flicts. This situation is same in CA, but its severity is
higher in Kazakhstan and Tajikistan, than Mongolia
and Kyrgyzstan. As arable land has less than 1% of ter-
ritory of Mongolia comparatively these conflicts on
land use rights between pasture and arable land is min-
imal in many parts of the country. Moreover, pastoral-
ists of Central Asia has greatly impacted by land use
changes due to exploration industries development.
Nowadays expansion of mining business has as posi-
tive effect in terms of economic development, but has
also as negative effect for the pasture land use rights of
herder’s in Central Asia, particularly in Mongolia, Kyr-
gyzstan and Kazakhstan, as these countries has a sig-
nificant potential for the development of the mining in-
dustry, as they launch of new businesses after the tran-
sition from old soviet stile management system and

creation of new job places. But for national government
economic benefits of mining considered to be higher
agenda, particularly in recent economic and financial
instability in these countries. Mongolia has almost
more that 6,9 % of land for the mining (Table 1) explo-
ration and exploitation licenses. In Kazakhstan mining
sector also heavily impact for the growing desertifica-
tion and environmental degradation.

As shown our scoping studies, mining sector
booming in all these CA countries, as all of them has
high natural and mineral resources rich endowment. In
regard to the pasture land and land use it has some neg-
ative impacts for herder’s communities in Mongolia,
due to the exploration and exploitation in the land,
which was use as pasture and grazing of animals. In
terms of forest management also some disagreements
with forest communities and mining companies in
Mongolia and Kyrgyzstan.

Pastoral communities

Animal husbandry is the main occupation of the
pastoralist communities in CA that has long time tradi-
tions living in harmony with nature and belongs to peo-
ple who are the most marginalized and highly depend-
ent on the use of common resources, as rangelands.

In most cases, pastoral agriculture and pastoralists
are outside of priority concerns of the government,
which arises issues in current socio-economic develop-
ment, rural livelihood and poverty elevation. It is also
high than in other places due to the fact that the coun-
tries in CA are still in the process of transition and fac-
ing some institutional and agro-ecological changes
such as population growth, climate change, globaliza-
tion of markets, changes in demand for animal prod-
ucts, decentralization of governance, as well as changes
in tenure systems. All these changes are disrupting the
frameworks of traditional operations done by pastoral
societies and the “burning” socio-economic and politi-
cal developments to taking place in Central Asia. These
changes have a large impact on the life of nomadic
herders.

Currently, there are some changes in livestock dis-
tributions, such as, high growth of herd size in the re-
gion, particularly in Mongolia, which leads to exceeded
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pasture capacity and overgrazing. There is an existence
of economic barriers to seasonal pasture use in all coun-
tries of the region and abandoned large areas of pasture
in Kazakhstan, and livestock concentration around set-
tlements of Kazakhstan, Kyrgyzstan and Mongolia.
The new livestock owners of the urban area highly in-
fluenced the pasture management in Mongolia and Ka-
zakhstan, and currently in the region pastoral agricul-
ture extends from being an individual herders of Mon-
golia and smallholders of Kyrgyzstan and Tajikistan to
the large commercial livestock operations in Kazakh-
stan.

Pastoralists of the Central Asia have been working
under the heavy pressure of current climate events,
dhzut and natural disasters. Currently, poverty is also
connected with the degradation of natural resources. In
the dhzut winter of 2009-2010, 8.4 million head died,
that is equal to 15 % of total herd size, increasing pov-
erty in rural areas. By the latest estimation of NSO,
where the World Bank methodology was used , poverty
headcount index in Mongolia stands at 29.8 percent in
2011, poverty depth amounts to 7.6 percent which rep-
resents a drop of 3.7 percentage points, poverty severity
is at 2.8 percent which is 1.8 percentage points less than
in 2010 (NSO, 2012). The world's first index-based
livestock insurance was launched in Mongolia in 2005,
however take-up has been slow due to the lack of
awareness and affordability.

In relation with equity, both women and men play
important, but different, roles in the management of
natural resources in nomadic pastoralism, where
women’s participation in the use of natural resources,
decision-making, and implementation has been under-
valued in all countries of CA, which is one of the
sources of poverty.

In CA, herders’ income source is mainly from
animal husbandry. This situation urges individual
herders’, in an open market situation, to raise more and
more animals in order to increase their income and
welfare, in detriment of the natural resource base. This
trend has become one of the major difficulties that
CA’S pastoral agriculture is facing. It makes finding
solutions or innovative tenure systems for pasture
degradation and overgrazing a serious challenge.

Often pastoralists face a lack of tenure security
due to poor attention or investment in developing ten-
ure systems that work in these complex social and en-
vironmental systems. This means that pastoral lands are
vulnerable to expropriation and encroachment, which
when occurs leads to the loss and fragmentation of
grazing areas, access to water and other important re-
sources (Fiona F., 2017).

A shift in tenure systems

As commonly accepted, that tenure is how people
gain access to land and other natural resources. Hav-
ing secure and equitable access to natural resources can
allow people to produce food for their consumption and
to increase income. Inadequate and insecure tenure
rights to natural resources often result in extreme pov-
erty and hunger. The governance of tenure is a crucial
element in determining if and how people, communities
and others are able to acquire rights, and associated du-
ties, to use and control land and natural resources.

Many tenure problems arise because of weak govern-
ance, and attempts to address tenure problems are af-
fected by the quality of governance. The eradication of
hunger and poverty depend in large measure on how
people, communities and others gain access to land and
other natural resources. The livelihoods of many, par-
ticularly the rural poor, are based on secure and equita-
ble access to and control over these resources. They are
the source of food and shelter; the basis for social, cul-
tural and religious practices; and a central factor in eco-
nomic growth( VGGT, 2012).

The rangelands tenure system has its own specif-
ics, such as: large areas of pasture land used by nomadic
herder’s and their communities without any clear bor-
ders; mobility of herding is strategic action to fit ani-
mals and overcome pasture degradation; seasonality of
rangeland use; biodiversity conservation highest prior-
ity of rangelands; poor infrastructure and marginalized
communities; livelihoods of herder’s only dependent
for grass growth in each year and seasons; herder’s poor
in terms of introducing economic incentives, as tenure
systems; as well as none equal numbers of herd size by
herder’s households. Mobility refers to the practice of
moving animals based on resource availability, mainly
pastures and water. It allows pastoral communities to
access fresh pasture and water by moving to resource-
surplus areas. While this is supported under collective
land tenure, it’s constrained where land is under indi-
vidual tenure. However, as the land tenure becomes in-
dividualized, strategies of commons can no longer be
practiced. After the transition to a market economy they
started to adopt innovative and different tenure systems
of pastoral land management to adapt socio-ecological
and political changes in the region.

There are special regulations and sub-laws on pas-
ture land, where implementation of tenure arrange-
ments in place for the given conditions and changes. In
economic aspects important how pasture land can con-
tribute for wellbeing and livelihood of rural population
and communities. Therefore community based co-man-
agement of pasture land, as one of innovative tenure
systems, with equal participation of herders, local and
central governments pasture management, including
recognizing traditional pasture use rights of herder’s
communities and integrated management of local eco-
systems can greatly help for implementing SDG.

In the transition to a market economy countries of
the region started to adopt innovative and different ten-
ure systems of pastoral land. These tenure systems con-
tributing to the independent economic development,
decentralization, devolution of decision making and for
the reduction of degradation of pasture land.

In Central Asian countries currently practicing dif-
ferent tenure systems, such as: state owned and com-
mon property, state managed systems, open access and
mixed systems; individualized private ownership and
lease/rented systems. CA region in social, economic
and ecological terms stile in adaptation phase in ongo-
ing socio-economic, ecological and political challenges
and flexibility. Until early 1990’s the five ‘stan” repub-
lics of former USSR and Mongolia had a common
mechanism of pasture management, which is domi-
nated centrally planned state managed systems (Dorj
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T., 2003). However after the transition to a market
economy they started to adopt very different systems of
pastoral property rights, like common property, open
access in Mongolia, state managed systems in Kyrgyz-
stan, and Tajikistan; state owned individualized (pri-
vate/rented) leasehold systems and private ownership
in Kazakhstan (Table 2).

Pasture legislation is longstanding issue in
Mongolia, as well as in other countries CA.Under these
specifics in important role for legal, economic, ecolog-
ical and social aspects of pasture land use in CA. In le-
gal and policy innovations Central Asian region has
broader experiences on legal side, such as “law on Pas-
ture land”’(2009) in Kyrgyzstan legalizing local pasture

management committees in the country , “Law on Pas-
ture” (2013) in Tajikistan clarifies roles and responsi-
bilities of local and national organizations on pasture
land use. Recent “Law on Pastures” (2017) in Kazakh-
stan legalize roles of local level pasture management
friendship organizations and herder’s associations, and
“Land Law” (2003) and Law On Environment Protec-
tion (2006, 2012) in Mongolia has articles on the re-
sponsibilities and rights of local communities to use de-
graded pasture land. There are special regulations and
sub-laws on pasture land, where implementation of ten-
ure arrangements in place for the given conditions and
changes.

Table 2
Pasture land tenure and management specifics in selected CA countries
Community
Grazing fee or Mobility and based pasture
Pasture land
Country Legal support tenure pasture use pay- use seasonal and natural re-
ment pastures sources manage-
ment
Mixed tenure Some relationship large live-
) stock opera- .
arrangements, between livestock | .~ " . village-based
. . tions increas- ;
Law on such as private | ownership  and | . grazing, but led
Kazakhstan . . ingly com- !
Pasture(2017) ownership, registered pasture to localized pas-
; mon and .
leasehold and use with payment relativel ture degradation
common use IVELY
mobile
Pasture state Access rights to Seasonal
owned, no pri- pasture by pur- pastures un- | Management de-
Pasture Law (2009) | vate ownership | chase of tickets, der the ad- volved to local
Kyrgyzsatn . . -
and leasing of sold on an annual | ministration | Pasture Users
pasture to basis with pasture | of local gov- | Associations
herder’s use payment ernment
Open access for All  seasons | Community
Land law (2003) summer pasture | Herder’s house- migration based co-man-
Monaolia and Environment , animals pri- | holds exempts with  Strong | agements of pas-
g Protection Law vate, pasture | from pasture use traditional ture and Natural
(2006, 2012) land state | fee systems  of | resources are in-
owned pasture use troduced
Settled pas-
co-management
Pasture land ture use and .
o state owned, but | T 2StUre Use pay- mobility only approaches in-
Tajikistan Pasture law (2013) ' ment system in- . troduced with
some pastures for distance
Lo troduced . Pasture User
privatised pastures in
Groups
summer

Source: Scoping study by members of Asia Rangelands Initiative, 2017

However in recent years there has been a move to
adopt different tenure systems of pastoral land manage-
ment adapted to different socio-ecological and political
contexts and processes of change in the region. All pas-
tureland in Kyrgyzstan, Mongolia and Tajikistan be-
longs to the state. New laws and policies have been de-
veloped such as law on pastures in Kyrgyzstan and de-
velopment of country-wide pasture user unions, and in
Mongolia herder’s communities organized as Co-man-
agement communities of natural resources (Amend-
ment to Environment Protection Law). Alternatively in
Tajikistan the majority of pasture has been allocated to
private dehkan farms by “Law on Pasture” (2013). And
in Kazakhstan a system of private ownership has been
introduced (See Table 2).

There are change in livestock distributions, such
as , high growth of herd size and exceeded pasture ca-
pacity (Mongolia) economic barriers to seasonal pas-
ture use(all); large areas of pasture abandoned(Kazakh-
stan); Livestock concentrated around settlements( Ka-
zakhstan and Kyrgyzstan); system fragmentation (in
all). The new livestock owners: Herders (Mongolia,
Kyrgyzstan); range from individual herders (Mongolia)
and smallholders (Kyrgyzstan) to commercial livestock
operations (Kazakhstan); herders and smallholders ac-
cess remote pasture through collective herding systems
(all) (Ykhanbai H., 2017).

In Kyrgyzstan the old management system was re-
placed by the new law “On Pastures” (2009). Range-
lands degradation currently constitutes a great threat to
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food security of the country and is changing from envi-
ronmental to the category of perils threatening the sus-
tainable development of Kyrgyzstan (Temirbekov A.,
Burkhanov A., 2016) . The main goals and objectives
of the Law "On pastures" of the Kyrgyz Republic was
to transfer of responsibility and control over the use of
pastures in state ownership to local self-government
bodies, prohibition of leasing and sublease of pastures,
establishment and definition of pasture boundaries, the
creation by local communities of pasture user associa-
tions, setting fees for the use of pastures for livestock,
provision and use of pastures and pasture-based pasture
resources, management and use of pastures in accord-
ance with management plans and pasture use developed
by the pasture committee and approved by the local
government, provision of pastures to foreign users, use
of pastures for other purposes (Egemberdiev A., Naiza-
bekov B., 2017). But The Law of the Kyrgyz Republic
"On Pastures" does not regulate pasture use in the ter-
ritory of the State Forest Fund. According to the Forest
Code of the Kyrgyz Republic, pasture use in the terri-
tory of State Forest Fund is regulated by a regulatory
legal document developed by the republican state for-
estry management body, which currently requires the
development of such a document (Burkhanov A., Ta-
zhibaeva S., 2017).

Since then, pasture users have created 454 Pasture
User Unions with pasture users as members, each with
an executive body, the Jaiyt (Pasture) Committee. Sea-
sonal pastures under the administration of local govern-
ment and pasture Management devolved to local Pas-
ture Users Associations. Access rights to pasture by
purchase of tickets, sold on an annual basis to members
and the leasehold system was introduced but later
stopped with ban on leasing of pasture land in Kyrgyz-
stan.

In Tajikistan the majority of pasture has been allo-
cated to private dehkan farms by “Law on Pasture”
(2013). In particular, the law recognize a new set of in-
stitutions for pasture management, and regulations on
pasture use fees. The Pasture User Unions are to be
public independent activity bodies, established by pas-
ture users for joint use of pastures (Sharifov A., Anoosh
S., 2017). They may apply for and hold pasture lease
rights from the state of Tajikistan. More co-manage-
ment approaches in Mongolian and Tajikistan rather
than state dominated management system in Kazakh-
stan. The basic problems of pastureland use in Kazakh-
stan are: i) degradation of pasture land due to distribu-
tion of traditional seasonal use practices ; ii) poverty
and dissociation of the small-sized holders(owners) of
livestock; and iii) absence of support of pastoral animal
husbandry from the state.

New Law “On Pastures” in Kazakhstan(2017) reg-
ulates duties of national and local government struc-
tures and Local self-management bodies, communities
and associations (Karibaeva K., Levin B., 2017). More
than 10 years Kazakhstan practiced more mixed tenure
arrangements, including private ownership for same
pasture land, which is different from other countries of
the region. Almost 1400 pastoral Small holders in the
country now haven’t their own pasture land for grazing
their animals.

The survey among 15000 herders shows that
67,3% of respondents supports the need for strong legal
base , and 65,9% thinking better to allocate pasture to
the herders communities (Ykhanbai H., 2011).

New Constitution of Mongolia (1992) provides
that livestock are national wealth and shall be protected
by the state. Currently pasture management regulated
by Law of Mongolia “On Land “(2002) . Open access
for most seasonal pastures and strong traditional sys-
tems of pasture use in Mongolia with comparison in
other countries of the region (Ykhanbai H., Munkhbaa-
tar D., 2017).

Ongoing legal and policy changes and transition
stile need to address issue of co-management of pasture
land, with more among the poor and wealthy herders,
equity and transference and good governance. As herd
size rapidly increased in all countries of Central Asia,
overgrazing come as one of major reason of rangelands
degradation. Currently herder’s in Mongolia, as well as
in other countries of the region not much willing to
cover environmental externality cost of overgrazing.

“The Law on Herders” (2024) has created new le-
gal base to ensure the right of herders to use pastures in
Mongolia. By this law securing the rights of pastoralists
to use pastures has made a significant contribution to
their sustainable livestock production and adaptation to
climate change and combating desertification. The law
also support recognizing importance of Rangelands and
Pastoralists under the International Year of Rangelands
and Pastoralists (I'YRP),which will celebrated globally
in 2026. Another new law in Mongolia on the “Legal
status of the association of herder households” (2024)
was a base of long years advocacy and consultation ac-
tivities of our NGO and CSO groups to improve legal
base of local herder’s institutions and tenure security
for pasture land use in the country. The law provides
key regulations for the use of pasture under contract in
accordance with carrying capacity, activities in ani-
mal health, breeding, environmental protection, and or-
ganization of livestock product marketing at a single
point for grading and selling (Ykhanbai H., et all ,
2024).

Rangelands tenure system can be address this is-
sue through introduction of grazing fee or other incen-
tives and instruments for reducing pasture land degra-
dation and for sustainable rangelands management. In
this regard Mongolia and Kazakhstan can legalize in-
novative grazing fee system that can be collected by lo-
cal herder’s associations in cooperation with local gov-
ernments to spend grazing fee income for the improve-
ment of pasture land use and for the conservation of
rangelands biodiversity. As an option to diverse range-
land tenure system, we are currently lobbying Mongo-
lian Government to impose the grazing fee on range-
lands, due to high speed of growth the herd size in the
country. Size of fee is estimated as a percentage from
base value of land, on the base of sheep unit differenti-
ated by livestock product yield, value, animal species,
location and stocking rate. This can be realized as the
Amendment to existing Land Use Payment Law
(2005). This will improve economic incentive for the
co-management of rangelands and reducing pasture
degradation in Mongolia.
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Devolution of management authority from na-
tional governments to local ones supporting by specific
arrangements for co-management of pasture land and
other natural resources ongoing in Mongolia, Kyrgyz-
stan and it’s under the discussion and attempts in Ka-
zakhstan, Tajikistan and Turkmenistan. Central Asia
require to set the legal and economic base of tenure sys-
tems.

Rangelands tenure system can also supported by
national policy documents and programs. In Mongolia
was accepted several policy documents, such as
National Program on Intensive Animal Husbandry
(2003), State policy on Pastoralists (2009), and
National Program on ‘“Mongolian Animal”’(2010)
which guiding for the pastoral agriculture development
in the country, particularly sound use of pasture land
and improving livelihoods of herder’s (Ykhanbai,
2017).

Existing scaling-up process of community based
natural resources management approaches and alloca-
tion of pasture and other natural resources to the local
communities also demanding public participation on
decision making and its implementation. It’s absolutely
critical for all CA countries, where currently practicing
on the decentralization of management and unlearning
from soviet style top down administrative system. Pub-
lic participation should be regarded according to the
specifics of each country in CA in terms of their socio-
economic development and the ecological condition, as
well as it consider tradition, culture, institutional struc-
ture, and the capacity of different stakeholders.

The pastureland possession attempts in CA en-
couraging ownership mentality towards pastures in Ka-
zakhstan, and different types of co-management ar-
rangements in Mongolia, Kyrgyzstan and Tajikistan,
encourages specifying pasture land boundaries of
herder’s groups and enforcing stocking density regula-
tions, which helps in long run to the poverty reduction
of herder’s communities.

Currently the issue on recognizing traditional land
use rights of herders and their communities has been
considered in CA as suggested by VGGT. Disputes
over pasture land use in CA involve competing claims
to water and pasture use, land distribution the expan-
sion of protected areas for the inclusion of customary
grazing areas, the property rights in areas of mining ex-
ploration and extraction. Since 2016, our members of
Asia RLI working with national government to recog-
nize and to register traditional rights of herder’s com-
munities. As first case in CA the procedure on the reg-
istration of traditional pasture use right’s was approved
by National Agency of Land Management , Geodesy
and Cartography of Mongolia, and this agency cur-
rently in cooperation with local governments and
NGO’s actively working on registration of these
right’s. So, it’s also important now for other countries
of CA. In regard that disputes between individual
herder’s and herders communities and the state are gen-
erally resolved by the national and local governors on
the base of registered pasture use rights.

Securing secondary rights and access provides op-
tions to use extensive rangelands, forests, river swamp

lands, etc. In combination, these resources form an im-
portant income source and element of risk reduction for
the poor. Most of these lands have to be held in com-
mon property (due to high monitoring and enforcement
costs in case of privatization or nationalization). Pas-
ture monitoring activities conducted by local and na-
tional stakeholders in Mongolia and Kyrgyzstan can be
good example for exchange experiences and collabora-
tive learning in the CA region. We are agree that land
tenure reform not only as a means of redistributing land
but as an integral process for providing access, moni-
toring , recognition of traditional rights of pasture use,
tenure rights and sustainable use of natural resources
such as forests, water, seed, genetic resources and bio-
diversity (Michael K., 2017).

Land conflicts in Kyrgyzstan involve individuals,
state actors, and entities across international borders.
Many of these conflicts are related to land allocation,
corruption and favoritism, and on a larger scale they
also depend on the co-existence of different ethnic
groups. Land disputes are generally resolved by formal
and informal tribunals (Local village leaders and
women‘s councils), which can apply customary laws
that are not in contrast with formal laws. As discussed
above in many cases mining companies entering with-
out any Environmental Assessment Impact procedures,
mitigation measures, and appropriate permission and li-
censes for that. According to the new procedure of the
Government since end of 2017, all new mining licenses
can be wvalid only after decision from Local
Government.  Previously mining companies not
consulted with herder’s communities and local
governments, therefore it now can help on the
implementation of Procedure on Public Participation to
EIA processes, which our team was involved on it’s
development

Best practices

A scoping study on Rangelands Initiative in Cen-
tral Asia, identifying best practices on pasture use ten-
ure systems in Central Asia. These good practices range
from those that focus on good governance and im-
proved rangeland management systems, through to an
increasing use of technology for both sharing of infor-
mation relevant to pasture use or for registration pur-
poses.

Of particular note is the co-management of pasture
land in Mongolia, including use of mobile-based infor-
mation sharing, and the recent development of an elec-
tronic system for better registering and managing pas-
toral committees in Kyrgyzstan and their access to
rangeland resources.

i) Co-management of pasture land were first intro-
duced in Mongolia since 2000.The increasing degrada-
tion of the natural resource base, widespread biodiver-
sity loss and climate change impacts, require action at
levels higher than the individual household or single
community.

Amendment to the Mongolian Law on “Environ-
mental Protection”, firstly approved by Parliament on
18 November 2005, which legally gave start to the
community based co-management of rangelands in
Mongolia, by bottom-up approach. By this law the gov-
ernment legally recognized the creation and registration
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of communities, as “nukhurlul”, and established a legal
framework for allocation of certain natural resources to
the communities. The special Chapter on “Co-manage-
ment of natural Resources” (2008, 2012) to Environ-
ment Protection Law was legalized and legally recog-
nized Co-management approaches of natural resources
with the roles of stakeholders, as communities and
Community Associations.

According to this Law on “Environmental Protec-
tion”, the new community guideline on: “Procedure for
the allocation of certain natural resources to the com-
munities for their protection and sound use,” Was ap-
proved by Decree N114 of Ministry of Nature and En-
vironment in 2006 and later on in 2009, 2012 was up-
dated and improved for the need of full support and
regulate pasture and natural resources in the country.
Since then it has been the main policy and guiding doc-
ument for the implementation of CBNRM approaches
in the country at local and national level. The core ele-
ment of the Procedure paves the way for herders to or-
ganize themselves (with or without external support) as
a legally recognized ‘community’ in pursuit of the sus-
tainable management of natural resources including
grassland, water resources, wildlife, and other natural
resources.

According to this Law the herder’s communities
for protection of nature referred as a voluntary organi-
zation for citizens that was established according to the

Mongolian Citizen’s Law 476, 481 in order to cooper-
ate with citizens for the Protection of the environment
as the basic of co-management agreement.

In Mongolia, as well as in other countries, study
experiences shows that co-management of pastureland
is special in comparison with forest, water and other re-
sources management. Traditionally herders use pas-
tureland according to certain Kinship relationships com-
bined with the sharing of a common area (khot ail, sa-
khalt ail or neg nutgiinkan) through sets of evolving
community arrangements (Ykhanbai H. et al, 2011).

“The community” defined as such represents a
community-based organization of local residents with
similarities such as their language, life styles, natural
resources base, linked together by strong kinship and
friendship ties that have evolved over time, and they are
rural people, which are most vulnerable to the poverty
and climate change . They agree to operate as a social
unit with common economic and ecological interests
(see Figurel) as a means to improve pastoral liveli-
hoods. Communities are mobile over time and in space:
they follow their animals in the search of green pas-
tures. As such, they represent a novel and Mongolian
form of local organization. They differ from villages in
other countries in terms of size (villages are usually
larger units), purpose (villages seldom operate as socio-
economic and ecological units), and relationship to the
land (villages normally have a fixed location).

Economic ‘

unit

Neg nutgiinkhan (herders in one area)

/ Social

unit

Khot ail (Group of camp of herders)

Saakhalt ail (neighboring herders)

Figure 1: The logic of the new communities

Source:H.Ykhanbai, 2011

Some specifics of seasonal pasture land use was
regulated according to articles 6.2.1, and 52.2. of the
Land Law(2003) , “The Law on Herders” (2024), and
“Legal status of the association of herder households”
(2024) of Mongolia, which recognizes of importance of
seasonal and otor pasture use during the hard climate
events and protection of pasture land from over-graz-
ing, based on land use traditions, pasture capacity and
regional specifics.

At the end of 2025, at national level were registered
about 1950 communities, associations or community-
based groups (nukhurluls) with a focus on co-manage-
ment, encompassing about 17,500 households. They have
leased from the state about 3400,000 ha area, including
pasture, forest, hunting areas and land covered with rare
plants (MNET report 2015). Also currently 1362 Pasture
User Groups in Mongolia, involving about 63,5 thou-
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sand herder’s families, was established for the co-man-
agement of pasture land and improving their livelihood
opportunities (Ykhanbai H., 2025).

These experiences show that co-management of
grassland is special in comparison with forest, water
and other resources management as herders use pasture
by joint contracted arrangements local governments
and other stakeholders with participatory monitoring of
activities on pasture and rotation and shifting in local
and community level. The results of community based
co-management approaches was gradually improve
livelihood and reduce pasture degradation. Co-manage-
ment arrangements depending the local ecosystems was
strongly supported by 60-90% of community members,
and by 50-98% of local governors (Ykhanbai H., 2011).

However, herders wants over and over again that
without concrete improvements in their livelihood,
poverty reduction, it is hard to sustain co-management
over time. This points to the fact that livelihood im-
provement requires ongoing research, targeted training,
and policy and legal support. Communities are inter-
ested in economic capacity building in such areas as
processing agricultural raw materials and dairy prod-
ucts and marketing; adapting and expanding agricul-
tural mini-projects at the community level with a focus
on full participation of community members; breeding
better quality livestock or obtaining high-quality spe-
cies and new breeds; benefiting from eco-tourism and
improving rural services; using and marketing rare
medical herbs; using forest resources; and participating
in planting trees and perennial herbs.

In the CM and the participation one of important
issue is gender , poverty reduction and equity. In study
sites, as well as in communities we have some progress
of equal participation of man and women on CM.

There are many supporting activities of co-man-
agement of pasture land and natural resources, however
they should focus on improving livelihoods of local
communities. One of such activities is using Infor-
mation Communication Techniques (ICT) for dissemi-
nating information to the nomadic herder’s in Mongo-
lia.

Using ICT for reading weather by herders was im-
portant one. It is now theoretically as well as practi-
cally, important to study traditional nomadic or no-
madic pasture use methods in this period , where cli-
mate change and desertification impact increases from
year to year . Mongolian herders are moving from sea-
son to season, always dependent on the weather. Their
livelihoods depend on the sound management of live-
stock and the natural resources that sustain their ani-
mals. However, herders continue to be challenged by
weather vagaries and calamities. In particular, ex-
tremely cold winters known as dzud, cause major
havoc.

Regarding to the using ICT for livelihood im-
provement the pilot test on “Reading the weather: using
ICTs for climate risk management and herders’ liveli-
hoods improvement in Mongolia” supported by Re-
gional Integrated Multi-Hazard Early Warning System
for Africa and Asia, RIMES, was very important initi-
ative, which was implemented by a team of researchers,
communities, herders and other stakeholders led by

“JASIL”, in cooperation with National Agency of Hy-
drometeorology.

Early warning information in the form of weather
forecasts that are community specific can assist herders
to make better informed and less risk prone decisions
concerning their every day livelihoods. The pilot expe-
rience suggests that an effective localized weather fore-
cast system based on ICTs facilitates and strengthens
interaction and cooperation among herders. This leads
to the hypothesis that the scaling out of co-management
could be made easier through the adoption of effective
localized weather forecast systems based on ICTs
(Ronnie V., Ykhanbai H., Tsogt J., 2012).

Implementation of new laws and legal bases for to
realize the “2030 Agenda for Sustainable Develop-
ment” and the SDGs its targets - specifically the launch
of the “New Cooperative - Wealthy Herder” program
in Mongolia , aiming to stabilize livestock income
through collective action that enables herders to secure
better pricing and reduce income volatility. As part of
the initiative, the government has facilitated investment
loans for cooperative member herders. These loans,
provided by commercial banks, are supported by gov-
ernment incentives covering interest rate differentials
and collateral guarantees ranging from 80-100%
through the Credit Guarantee Fund of Mongolia, as an-
other way of Ramsey’s growth (Dorj.T., 2024). Within
this framework, herders will have access to investment
loans of up to 50 million MNT over a period of 60
months, with a nominal interest rate of 6%. This pivotal
measure aims to lay the groundwork for herders to ini-
tiate cooperative endeavors and ultimately transition
into agricultural producers, helps to implement for sus-
tainable agriculture (SDG 2), poverty alleviation (SDG
1), pastoralist access to basic services and justice
(SDGs 3, 4 and 16), economic growth (SDGs 5, 8, 9
and 10), as well for sustainable consumption and pro-
duction of livestock products (SDG 12), By Law on
Herders and the legal base for Mitigating the Negative
Effects of Climate Change on Traditional Livestock
Husbandry enhancing the resilience of Mongolia’s pas-
toralists to the harsh effects of climate change. The law
seeks to provide a legal framework for herders to adopt
sustainable livestock practices that can better withstand
severe winters and droughts, which have become in-
creasingly common in Mongolia. is securing the rights
of pastoralists to use pastures has made a significant
contribution to their sustainable livestock production
and adaptation to climate change and combating deser-
tification(SDG 13), and promoting sustainable use of
terrestrial ecosystems (SDG 15).

The results of our study on economics of environ-
ment and the development in Mongolia was included in
the Vision 2050 (2020) , which is a government pro-
gram aiming to improve social development, economic
growth, and quality of life in the country. The overall
vision for 2050 is for Mongolia to become a leading
Asian country when it comes to its social development,
economic growth and citizens’ quality of life. The vi-
sion for 2050 includes the objective to contribute to in-
ternational efforts to mitigate climate change by devel-
oping a low emission, productive and inclusive green
economy following three stages: Stage 1 (2021-2030)
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as a period to develop and establish a national green fi-
nancing system and promote the use of environmen-
tally friendly and clean technologies; Stage 2 (2031-
2040) period in which smart consumption and produc-
tion production should be developed, and increasing the
internal and external sources of climate green financ-
ing; Stage 3 (2041-2050) continuously strengthen ad-
aptation to climate change and improving the sustaina-
ble production and consumption (Dorj T., 2025)

ii) The Information System "Electronic pasture
committee” in Kyrgyzstan is a program that allows to
manage pastures and contains an electronic map of the
territory and to keep a record of pasture areas of 454
Pasture User Unions (PUUS) in the country, which was
created according to the “law on Pastures” in Kyrgyz-
stan (2009). It also records the number of pasture users
and livestock, accounting for vaccination, payment for
livestock and issued pasture tickets. The system in-
cludes a plan for pasture use, which includes terms,
routes, pasture areas with yield and capacity data,
which are updated annually by the committee. It’s an
innovative approach in pasture management, based on
the local pasture user’s associations (Egemberdiev A.,
Maratova E., 2017).

Results and conclusions of above innovative ten-
ure systems of pasture management at local level are:

Co-management processes establish effective
roles and responsibilities of the stakeholders who man-
age, directly or indirectly, livestock (privately owned),
land and water and biodiversity resources (state owned)
supports recognizing traditional rights of herder’s . In
terms of policy and legislative results, one of the big-
gest achievements has been the establishment of the le-
gal foundation of herder communities as formally re-
sponsible for the allocation and management of natural
resources at the local level. By changing and linking
community rules with the new legal procedures govern-
ing nature and environment, a foundation for successful
community-based interventions was built. Communi-
ties are involved in economic capacity building in such
areas as processing agricultural raw materials and dairy
products and marketing; adapting and expanding agri-
cultural mini-projects at the community level with a fo-
cus on full participation of community members; im-
plementing ecosystem monitoring and evaluation by
creating pasture monitoring points and observations
units, including weather forecast data dissemination,
use and observation; breeding better quality livestock
or obtaining high-quality species and new breeds; ben-
efiting from eco-tourism and improving rural services;
using and marketing rare medical herbs and protecting
biodiversity; using forest resources; and participating in
planting trees and perennial herbs. Scoping study of
tenure systems show that co-management is an effec-
tive way of maintaining the natural resource base in
pastoral communities while contributing to the im-
provement of the livelihoods of herders and reduction
of poverty. Co-management requires vision and com-
mitment, practical tools, incentives, and an enabling en-
vironment. Involvement in co-management is highly
dependent on the interests of herders (and others with a
stake in the natural resource base), but can be made to

work and produce good results, ecologically, economi-
cally and socially. Co-management can be made to
work if all stakeholders engage seriously, over a long
period of time, learning by doing as they go along. Co-
management encourages adaptability — a vital tool the
face of the climate-induced challenges where Mongo-
lia, and all other Central Asian countries face today.

Introduction of Electronic pasture committee al-
lowed to start rationally and steadily to manage pas-
tures, taking into account ecologically safe load on pas-
tures, and showed its effectiveness, this mechanism al-
lows you to quickly manage pastures and monitor the
condition of pastures, monitor the processes of land
degradation. It includes functions for counting live-
stock numbers, controlling vaccination, and also allows
for the search for pasture tickets, the route for the trans-
fer of livestock, the number of grazed livestock, the
grazing area, the calculation of the amount of payment,
accounting for payments, reporting.

Electronic pasture committee will promote the for-
mation of an equitable and socially acceptable pasture
distribution system, resolve conflicts of interest, ensure
effective public control (reporting, transparency), and
thereby improve the pasture management system at the
local level. Our analyze shows that all leaders and
members of the pilot pasture committees in Kyrgyzstan
noted the importance of the electronic module, as the
automated Information System made it very easy for
them to work with pasture users. This gives confidence
that the results obtained during its implementation will
be sustainable and will continue in further work to im-
prove pasture management practices in pilot pasture
committees, and will undoubtedly have a positive im-
pact on the state of the environment. The experiences
of Electronic pasture committee of Kyrgyzstan and
Community based Co-management arrangements of
pasture land Mongolian currently recommended by
Asia Rangelands Initiative to introduce in all other
countries of Central Asia in line with specifics of their
pasture management tenure system.

However, in the case of transitional economies in
Central Asia, the full development and implementation
of co-management approaches and electronic pasture
committees requires adequate time as well as clear stip-
ulation of what the government will and will not do to
support agreements in terms of policies and legal tenure
settings.

Conclusions and recommendations

The conclusions of this paper highlight that de-
spite similar beginnings in the CA countries have taken
different steps in pasture land tenure systems.

We conclude that community based co-manage-
ment of pasture land, with broader participation of
herders, local and central governments experienced
more in Mongolia and Kyrgyzstan; however recogniz-
ing traditional pasture use rights of herder’s communi-
ties advanced in Mongolia; and integrated management
of local ecosystems wide use in Tajikistan and Mongo-
lia; and national and local level data base for pasture
management advanced in Kyrgyzstan; participatory
monitoring of pasture land capacity in Mongolia; bio-
diversity conservation with national and local govern-
ment lead in Kazakhstan and strong legal support for
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pasture land tenure system in Kyrgyzstan, Tajikistan
and Kazakhstan, as well as sectoral policy support on
pastoral agriculture in Mongolia . These are some ex-
periences of CA countries on pasture tenure system that
can be exchanged with others in the region.

Tenure systems requires vision and commitment,
practical tools, incentives, and an enabling environ-
ment. Innovative tenure systems can be made to work
and produce well results, ecologically, economically
and socially, but it need over period of time, learning
by doing and good political support from the national
governments.

Our collaborative initiative in the region shows
that, if all stakeholders strongly support for the innova-
tive tenure systems, including the co-management, al-
location of pasture land and natural resources to local
communities, innovative methods of pasture manage-
ment, and improve data base for pasture use, then it can
be a tool to overcome the pasture degradation and re-
duce poverty. For this to happen, the roles and respon-
sibilities of all stakeholders need to be clearly estab-
lished, and legal support should be put in place.

IThe participatiry assessment shows that during
the testing period the annual income of herders
households increased all study sites in 23-56%, and an-
imal losses was eliminated, and pasture management

Notes:

Dehkan

Neg nutgiinkhan
Khot ail

Otor

dzhud
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Abstract

The economic development of any state, amid rapidly evolving technological paradigms and the transition
from Industry 4.0 to Industry 5.0 and beyond, is primarily determined by the pace of technological modernization
of industrial sectors driven by digitalization. Digital technologies significantly reduce production costs by auto-
mating and robotizing manufacturing processes, optimizing value chains, and enhancing labor productivity, in-

cluding managerial efficiency.

Despite governmental efforts, the economy of Azerbaijan, in addition to structural imbalances and low labor
productivity, exhibits a relatively low level of overall technological development and slow transformation dynam-

ics.

The aim of this paper is to analyze and systematize the outcomes of industrial digital transformation in leading
regions—Southeast Asia, the Americas, and Europe—and to assess the state of industrial digitalization and robot-
ics in Azerbaijan in comparison with these regions, as well as to identify the existing potential for accelerating

industrial automation and robotization.

Keywords: industry, digital transformation, model, global development, and State Policy

I. Introduction

In the contemporary stage of civilizational devel-
opment, the primary objective of scientific and techno-
logical transformation is to ensure a sustained increase
in economic efficiency and to promote stable economic
growth.

In the 21st century, key trends shaping the pace
and direction of industrial development have become
fully evident, including: the acceleration of technolog-
ical progress and the emergence of new industries on
this basis; the expanding use of alternative and renew-
able energy sources; and the global advancement of
communication technologies and supply chain logis-
tics, which has led to the large-scale relocation of in-
dustrial production to Southeast Asia.

The intensification of these processes has gener-
ated two major effects. On the one hand, production
costs have declined, consumer prices have decreased
overall, and production volumes have expanded. On the
other hand, processes of deindustrialization have
emerged and intensified in previously industrialized
countries, many of which have transitioned toward ser-
vice-oriented economies.

These transformations have been driven by eco-
nomic development and the need to meet growing so-
cietal demands, which increasingly conflict with the
limitations of the resource base, as well as by the evolv-
ing technological capacity of industry as a key sector
determining the structure, level, and pace of both na-
tional and global socio-economic development. In this
context, fundamental science, applied competencies,

and innovation play a decisive role in shaping the di-
rection and speed of industrial technological transfor-
mation.

By 2025, fourteen years have elapsed since Ger-
many announced its transition to industrial develop-
ment based on the Industry 4.0 concept (the Internet of
Things (IoT), cloud computing, big data, and smart
manufacturing). Over this period, the rapid expansion
of digital technologies and their deep penetration into
the production sphere—according to various estimates,
the global market for such technologies is projected to
exceed USD 165 billion by 2026—has initiated not
merely an evolutionary shift but a transition toward In-
dustry 5.0.

This new paradigm mpeamnomnaraer, through the in-
tegration and convergence of artificial intelligence (Al)
and robotics, not only the establishment and further de-
velopment of effective human—machine interaction but
also the potential elimination of human involvement as
a risk factor in most, if not all, production processes.
Among the technological components of Industry 5.0,
Al technologies are particularly prominent, enabling
the automated reconfiguration and self-optimization of
robotic production systems, advanced big data analyt-
ics (including cost data), and demand forecasting [1-4].

In the European Union, despite an early start (Ger-
many’s Industry 4.0 initiative) and the launch of the
“Digital Decade: Europe’s Digital Targets for 2030”
program [European Commission, 2026], which defines
the trajectory of digital transformation, interim assess-
ments based on the Digital Economy and Society Index
(DESI) [European Commission, 2026] indicate that
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current progress is insufficient to achieve the stated tar-
gets, even though nearly one-fifth of the EU budget is
allocated to industrial digital transformation measures.

In its conclusions, the European Commission out-
lines both an assessment of the challenges and its policy
vision for addressing them. It calls on EU Member
States, in addition to closing the existing investment
gap and accelerating digital transformation, to harmo-
nize digital principles necessary for launching cross-
border projects and to develop a legislative framework
for a new governance initiative—the “Digital Com-
pass”—aimed at steering the pace of digitalization.

Furthermore, it is important to note that within the
European Union, industrial modernization is pursued
with due regard to regional specificities, as reflected in
Smart Specialisation Strategies (RIS3). In this context,
the development and diffusion of digital technologies
are closely aligned with, and constitute a key driver for
achieving, the United Nations Sustainable Develop-
ment Goals (SDGs).The analysis of the conditions un-
derpinning the digitalization of economic processes in
the global economic space leads to the conclusion that
one of the key trends of recent decades is high-tech in-
tegration (e.g., in Japan, Finland, and Sweden).

Development trajectories of post-industrial econ-
omies indicate the dynamic emergence of a “digital so-
ciety” as an evolution of the “information society” un-
der conditions of digital transformation. In this para-
digm, advanced technologies permeate all spheres of
human activity, shaping economic outcomes and con-
tributing to a relative increase in societal welfare.

High-technology companies are both the primary
creators and, in most cases, the dominant owners of the
outputs of scientific and technological activity, thereby
forming the core of knowledge-intensive business.

The growing importance of international technol-
ogy exchange in the near term is driven by the acceler-
ating digitalization of national economies. On the one
hand, developed countries seek to expand the scale of
research and development (R&D), enhance labor
productivity, and strengthen the competitiveness of
their products. On the other hand, newly industrialized
countries, economies in transition, and developing na-
tions face an acute need to broaden the adoption and
diffusion of advanced technologies [5-9].

Japan. In addressing socio-economic challenges
associated with population ageing and the shrinking
workforce, the government prioritizes measures to
stimulate the development, advancement, and deploy-
ment of cutting-edge innovative technologies aimed at
building a “digital society.” This policy orientation is
formally articulated in official strategic documents,
most notably the “Society 5.0 strategy.

The consistent and large-scale adoption of digital
technologies—including cloud computing and artificial
intelligence (Al)—has led to a substantial increase in
organizational efficiency through the reengineering of
technological and service-related business processes,
particularly in the expansion of remotely delivered ser-
vices.

Within this framework, the “Society 5.0” strategy
envisions a profound transformation of Japanese soci-
ety into a highly advanced “super-smart” society. It

npennonaraet the pervasive use of robotics to address
a wide range of social challenges—from service sectors
(healthcare, commerce, retail, etc.) and routine house-
hold tasks to complex governance and decision-making
processes enabled by Al. This spectrum encompasses
solutions ranging from vending systems and assistive
robots to advanced Al-powered humanoid robots.

China. China’s experience in digital transfor-
mation and the deployment of robotics in industry war-
rants particular attention. In the People’s Republic of
China, the development of the digital economy, digital
transformation, and the promotion of technological in-
novation have become key instruments for achieving
high-quality economic growth and addressing socio-
economic challenges.

This has been supported by a consistent and tar-
geted state policy, which can be divided into three main
stages [Zhang, 2024]:

e Stage 1 (2013-2015): government efforts fo-
cused on the development of ICT and the establishment
of information infrastructure;

e Stage 2 (2016-2017): policy emphasis shifted
toward the adoption of ICT and the digitalization of tra-
ditional industries;

e Stage 3 (2018—present): industrial policy has
been oriented toward sectoral planning of the digital
economy and the promotion of international coopera-
tion.

A prominent illustration of China’s industrial dig-
ital transformation is the emergence of “dark factories,”
where human labor is entirely absent. Production pro-
cesses are fully automated and robotized, while man-
agement is based on artificial intelligence and big data.
These facilities operate continuously—24/7, year-
round—without human involvement, significantly in-
creasing efficiency by eliminating costs associated with
human error, labor, and energy consumption. For ex-
ample, technological capabilities enable production
speeds of up to one smartphone per second (e.g., Xia-
omi). This trajectory of industrial digitalization is ac-
tively supported across advanced industrial economies.

According to the China Academy of Information
and Communications Technology, the scale of China’s
digital economy continues to expand annually; how-
ever, the pace of digital transformation remains uneven
across sectors. The highest level of digital penetration
is observed in services (44.7%), followed by industry
(24.0%) and agriculture (10.5%) [Zuo, 2025].

All programmatic documents on technological
modernization are embedded within a broader strategic
objective: achieving and consolidating China’s global
leadership in advanced technologies. Within this over-
arching framework, a range of complementary policy
initiatives has been adopted. Notably, in 2015, the in-
dustrial policy strategy “Made in China 2025 was in-
troduced, aimed at reducing dependence on foreign
technologies and promoting Chinese high-tech manu-
facturing globally. Within this strategy, the objective of
developing “intelligent manufacturing,” based on the
integration of internet technologies into industrial pro-
duction, was first formally articulated [10-13].

11. Methodology
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Within the framework of this study, the digital
economy was theoretically substantiated and analyzed.
Based on the developed methodology, its level of de-
velopment was assessed, and the impact of the digital
economy on the rate of technological convergence was
evaluated. In addition, practical recommendations for
the formation of a digital economy in the Republic of
Azerbaijan were developed and justified.

The relevance of the problem is determined by its
high socio-economic importance for the Republic of
Azerbaijan, which also conditioned the selection of the
research topic and the need to elaborate practical rec-
ommendations for the formation and development of
the digital economy within the global economic system.

A comprehensive methodology for calculating the
Composite Digital Economy Development Index (DI)

has been proposed. This methodology assumes an as-
sessment of digital economy development based on a
broad system of indicators and enables an objective
analysis across five key dimensions. To ensure compa-
rability of indicators expressed in different measure-
ment units, a normalization approach is applied: each
variable is linearly transformed into a score within the
interval from 0 to 1, where 1 corresponds to the maxi-
mum value (the higher the score, the higher the level of
“digital development”). This is expressed by Formula

(D):

Y () = e &)
Xmax—Xmin
Here, Xi- denotes the value of the i-th indicator;
Xmin -represents the minimum value of the indicator;

Xmax -represents the maximum value of the indicator.

Table 1
presents the aggregation of normalized indicators using equal weighting.
_ Quality of ICT in- !ntensity of Human D_igitaliza— Efcfj?;itt';f stnssgrt_he )
Countries frastructure and internet us- . tion of the ; RI
. capital mation of the econ-
internet access age economy omy
Highly developed
Sweden 0,8141 0,9343 0,6604 0,9138 0,8132 0,8211
Finland 0,6606 0,8944 0,6122 0,9944 0,8902 0,8102
Denmark 0,7710 0,9473 0,7147 0,7730 0,4655 0,7102
United 0,8165 07734 | 0,7056 0,8634 0,4640 0,7091
Kingdom
Developing
Estonia 0,5683 0,8301 0,5384 0,8741 0,5276 0,6526
gjgﬁz Re- 0,4228 05272 | 0,4954 0,8073 0,5555 0,5631
Latvia 0,3623 0,7095 0,5931 0,6865 0,4860 0,5563
Germany 0,5384 0,5408 0,6155 0,6779 0,3553 0,5363
Moderately developed
Hungary 0,2469 0,5845 0,5183 0,7550 0,3796 0,4866
Poland 0,3256 0,4837 0,5650 0,6491 0,2957 0,4544
Romania 0,3263 0,4525 0,1353 0,6160 0,4240 0,3894
Bulgaria 0,2464 0,4308 0,0504 0,6036 0,4562 0,3588
Russia 0,3245 0,2334 0,4571 0,3341 0,3719 0,3511
Insufficiently developed

Kazakhstan 0,3710 0,1590 0,4732 0,0000 0,0000 0,1927
Azerbaijan 0,2654 0,1348 0,3521 0,0000 0,0000 0,1842

The following formula is proposed for calculating
the value of the sub-index (2):

Sub — Index = Z?zl%? 2

Subsequently, the author assigns weights wjw_jwj
to each of the five sub-indices, and based on these
weights, the overall index is calculated using the fol-
lowing formula (3)

Index = X}_1 SL; W, 3)

where Slj- denotes the value of the j-th sub-in-

dex;Wj -is the weighting coefficient of the j-th sub-in-

dex; and jjj represents the ordinal number of the sub-
index.

Based on the empirical validation of the developed
methodology, a comparative analysis of the Republic
of Azerbaijan with EU and EAEU countries was con-
ducted. These countries were classified into four groups
according to their level of digital economy develop-
ment: highly developed (RI > 0.7); developing (0.5 <

RI<0.70); moderately developed (0.3 <RI <0.50); and
underdeveloped (RI < 0.3).

It should be noted that in Azerbaijan, the oil indus-
try holds a leading position in the adoption of advanced
technologies. According to the Digital Transformation
Strategy for other industrial sectors through 2030,
adopted in 2021, “industrial digital transformation is a
priority area for the development of the national econ-
omy, ensuring high adaptability in business model for-
mation and the operation of production processes
through the integration of end-to-end digital technolo-
gies.” [14-16].

Given the emphasis on the use and development
of domestic Azerbaijani technologies, it can be argued
that the digitalization process in most companies re-
mains at an early stage. Thus, digital transformation
represents one of the most pressing challenges for in-
dustrial enterprises both globally and in Azerbaijan.

I11. Discssion
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Phased Formation of the Digital Economy in
Azerbaijan’s Industrial Sectors:Prior to the advance-
ment of digitalization and digital transformation pro-
cesses in the global economy, it was widely assumed
that only large and mature firms possessed the capacity
to effectively access new international markets. In the
contemporary context, however, the emergence of
global digital platforms (GDPs) as new economic ac-
tors has significantly simplified this process, enabling
even small enterprises to achieve rapid internationali-
zation and access global markets. On this basis, firms
from developing countries have, within a relatively
short period, become active participants in international
economic relations.

Consequently, both economic globalization pro-
cesses and the development of GDPs have become key
determinants facilitating firms’ access to global mar-
kets. In essence, the development of GDPs represents
both a result and a manifestation of scientific and tech-
nological progress over recent decades. At the current
stage, digital technologies have become an integral part
of everyday life, which has driven the intensive expan-
sion of international online trade and transformed it into
a critical component of multinational corporations’
(MNCs) foreign economic strategies.

The Fourth Industrial Revolution has stimulated
the emergence of new technologies aimed at enhancing
the international competitiveness of national econo-
mies worldwide. In this regard, traditional business
tools and models are gradually being replaced by digital
business processes, making the continuous adaptation
of MNC strategies an essential requirement.

At the same time, under the influence of economic
globalization, international competition in digital tech-
nology markets has intensified further, and competition
between traditional and technology-based multina-
tional corporations (MNCs) has become exceptionally
strong. The success of several transnational technology
giants (e.g., Google, Apple) demonstrates that they
have developed specific competitive advantages in ar-
eas such as cloud infrastructure and computing, as well
as artificial intelligence (Al) and the Internet of Things
(loT). [17-20].

A new class of companies—technology multina-
tional corporations—operate through various types of
global digital platforms (GDPs), including transaction
platforms, peer-to-peer sharing platforms, and others.
In essence, GDPs are considered an emerging and
promising model of international business, as online
channels significantly facilitate access for small and
medium-sized enterprises (SMESs) and consumers to a
wide range of service providers. Possession of large
tangible assets is no longer regarded as a hecessary con-
dition for entering global markets.

The growth rates of the GDP market are unprece-
dented. However, from a theoretical perspective, the
phenomenon of GDPs remains insufficiently studied:
stable conceptual frameworks, classifications, and reg-
ulatory instruments have yet to be fully developed. At
the same time, many multinational corporations operat-
ing in the information and communication technology
(ICT) sector are increasingly specializing in the provi-
sion of various information services delivered on global

markets. Such MNCs implement highly aggressive
competitive strategies in international markets, result-
ing in a sharp increase in their profitability and capital-
ization in recent years.

The strategies of these corporations are focused on
product and service diversification, while their interna-
tional specialization is increasingly shaped by the ex-
change, management, and dissemination of data (infor-
mation). Considering the main global economic trends
and current technological developments, Russia does
not fully exploit the potential of the digital economy,
although the transformation of business processes in
domestic companies has accelerated in recent years.
Nevertheless, numerous challenges remain unresolved
in relation to the modernization of industrial business
processes, the development of high-tech production
sectors, and the involvement of global digital platforms
in these processes.

In this context, the application of advanced inter-
national experience of foreign multinational corpora-
tions (MNCs) in digital transformation and the for-
mation of technological competitive advantages is of
particular importance for the country.

The development of new business models of tech-
nology-based MNCs remains insufficiently explored in
the economic literature. The economic dynamics of the
modern global economy are undergoing profound
changes under the influence of digital transformation,
and this process, in our view, is accompanied by deep
structural shifts in both consumption and production
sectors. As a result, new types of goods and services
emerge, while the operational practices, business mod-
els, and corporate strategies of firms of all sizes are be-
ing transformed.

Based on the experience of leading countries in
stimulating digitalization in Azerbaijan’s industrial
sectors, and through the integration of efforts by the
state, science, and business, the following key direc-
tions can be identified:

1.Legal support for the transition to a digital econ-
omy (development of a regulatory framework corre-
sponding to a new model of interaction between the
state, scientific organizations, business, and society in
the digital environment, including the improvement of
legislation related to the application of automation, ro-
botics, and artificial intelligence technologies);

2.Implementation of digital technologies in public
services (based on the “single window” principle);

3.Digitalization of the real sector (Industry 4.0 and
precision agriculture);

4.Digital transformation of the banking sector;

5.Development and strengthening of modern in-
formation and communication infrastructure (4G, 5G);

6.Human capital development (digital skills and
competencies);

7.Ensuring cybersecurity (prevention of cyberat-
tacks and cybercrime);

8.Ideological support for the transition to a digital
economy (the concept of an “IT-country”).

These measures will enable the transition in the
Republic of Azerbaijan to digital governance of the
state and economy based on a unified intelligent
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knowledge system, advanced information technolo-
gies, and specialized software complexes. This, in turn,
will serve as an important factor in addressing existing
socio-economic challenges in the country, while also
creating conditions for improving the efficiency of the
public administration system and implementing neces-
sary reforms in education, science, and the economy.

From the perspective of their impact on the devel-
opment of the global economy and society, the key
technologies underpinning the digital economy—
namely blockchain, cloud computing, big data, the In-
ternet of Things (1oT), and cyber-physical systems—
have been analyzed. The application of these technolo-
gies generates the following positive economic and so-
cial effects:

—automation and intensification of traditional eco-
nomic and technological processes, as well as the emer-
gence of new economic sectors;

— improvement of the business and investment cli-
mate through increased accessibility and efficiency of
public services and enhanced transparency of the busi-
ness environment;

—increased accessibility, quality, and convenience
of healthcare, education, cultural, and financial services
for the population;

— development of livable and safe urban environ-
ments.

It has been identified that among the risks and
threats associated with the digitalization of the econ-
omy and society, significant social risk arises from the
structural transformation of the labor market and poten-
tial reductions in employment. In addition, the spread
of new forms of criminal activity, particularly cyber-
crime, poses a serious threat.

It has been substantiated that the widespread adop-
tion of digital technologies has significantly contrib-
uted to the formation of a new stage of globalization—
digital globalization.

It has been determined that, at present, digital data
and information flows possess significant economic
value, as they facilitate the movement of goods, ser-
vices, financial resources, and people, and exert a
stronger impact on global GDP growth than interna-
tional trade and cross-border capital flows. In the con-
text of digital globalization, the processes of infor-
mation production, distribution, cross-border ex-
change, and consumption occupy a dominant position
compared to other types of economic activity, thereby
reinforcing the virtualization of the economy. As a re-
sult, a new system of organizing economic relations is
emerging—a global digital economy characterized by
its own regularities and development patterns.

At the current stage, one of the key challenges in
the field of artificial intelligence is the explainability
and transparency of its “reasoning processes.” This is-
sue can be considered a matter of global security, de-
spite the fact that artificial intelligence is currently pre-
dominantly applied at the local level.

The digital transformation of an organization pre-
supposes the creation of a digital platform. This re-
quires the formation of a high-level expert capacity
within the organization in this field. The availability of
highly qualified personnel covering all competencies

required for the implementation of complex IT business
projects is essential. These include:

« digital transformation managers;

* project managers;

» domain consultants and business analysts;

* software developers (1C, Web, and Power BI);

* data engineers;

* system administrators.

A digital platform is a set of interoperable soft-
ware products that provide the core functionalities re-
quired for the development of business applications.
Such a platform enables the rapid design and deploy-
ment of new business applications, while also ensuring
their efficient maintenance and continuous improve-
ment [21].

The platform integrates widely used software so-
lutions familiar to both end-users and technical special-
ists and, at the same time, is characterized by an open
architecture that allows seamless integration with any
other software solutions.

Conclusions

1.In the context of contemporary globalization, a
theoretical approach to the digital economy as an inde-
pendent phenomenon has been substantiated. This ap-
proach covers the following aspects: the delineation of
the digital economy from other concepts of the modern
global economy that are closely associated with distinct
ICT development trajectories; the clarification of the
content of the concept of “digital economy”; the iden-
tification of the causal relationship between the wide-
spread diffusion of digital technologies, the transition
from the fifth to the sixth technological paradigm, and
the transformation into the Fourth Industrial Revolu-
tion; the assessment of both the positive effects and
risks of digitalization; and the differentiation of stages
of digital economy development, including digital
globalization as a new phase of globalization.

The analysis demonstrates that digital technolo-
gies are extensively applied not only in traditional eco-
nomic and financial sectors but have also penetrated ed-
ucation and healthcare systems, as well as public ad-
ministration and service delivery (e-government),
becoming one of the key global trends in recent years.
The practical application of digital economy technolo-
gies significantly influences consumer behavior, en-
hances firms’ flexibility in continuously improving
product and service quality, increases labor productiv-
ity, and contributes to sustained improvements in pop-
ulation welfare.

Digital globalization acts as a driving force of
global economic growth and creates new business op-
portunities for firms, including unrestricted access to
the best suppliers, customers, labor resources, and fi-
nancial sources; the ability to conduct “borderless busi-
ness” in real time; reduced operational, marketing, and
customer interaction costs in new markets; the organi-
zation of virtual teams through digital platforms; and
the transformation of small enterprises and startups into
multinational corporations from the earliest stages of
development.

2.An assessment of the level of digital economy
development across countries has been proposed using
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the Digital Economy Development Index (DEDI) de-
veloped by the author. This index is composed of five
sub-indices characterizing the key dimensions of the
digital economy: the quality of digital infrastructure
and ICT access, intensity of internet usage, human cap-
ital, digitalization of the economy, and effectiveness of
digital transformation. This approach enables a com-
prehensive evaluation of a country’s position in global
digital development.

The DEDI calculations conducted for 16 EU and
EAEU countries, including the Republic of Azerbaijan,
allowed the classification of the studied countries into
four groups: highly developed, developing, moderately
developed, and underdeveloped.

The results confirm a high level of digital econ-
omy development in Sweden, Finland, the United
Kingdom, and Denmark. It has also been established
that a high level of digital economic development is
closely associated with factors such as the quality of
digital infrastructure and ICT access, intensity of inter-
net usage, level of human capital development, degree
of economic digitalization, and effectiveness of digital
transformation. Digital transformation processes have
been identified as a key determinant that enhances the
efficient use of production factors, stimulates economic
growth, strengthens competitive advantages in domes-
tic and international markets, and fosters innovation.

The Republic of Azerbaijan has been classified
among the group of “developing countries” (DEDI =
0.5003). The country demonstrates below-average per-
formance in terms of digital infrastructure quality and
ICT access, near-average indicators in internet usage,
economic digitalization, and digital transformation ef-
fectiveness, and above-average performance in human
capital development. This has made it possible to iden-
tify key challenges in the development of the digital
economy and to formulate recommendations aimed at
improving the country’s international digital ranking.

3.A model has been proposed to assess the impact
of a country’s position in the global digital economy on
the potential growth of total factor productivity. This
model is based on the use of the previously developed
Digital Economy Development Index (DEDI) for cal-
culating the Technological Convergence Conditions In-
dex. It has been demonstrated that digital transfor-
mation exerts a direct effect on economic growth, de-
pending on the quantity and quality of accumulated
human and digital capital. It has been determined that
the growth rate of the technological progress factor sig-
nificantly depends on the efficient utilization of a coun-
try’s digital potential, its capacity for rapid scaling, and
the speed of adoption of scientific and innovative ad-
vances. This approach indicates that Azerbaijan’s GDP
can increase primarily through capital accumulation,
innovation, and digitalization. In the long-term per-
spective (2030-2050), the potential annual economic
growth rate may reach 4.5%.

4.The issue of improving industrial production ef-
ficiency has become one of the key priorities for the
Azerbaijani market. In the context of intensifying com-
petition and the imperative of technological sover-
eignty, enterprises are increasingly confronted not
merely with the need to modernize equipment, but with

the challenge of establishing an integrated production
management system—ranging from process standardi-
zation to the implementation of digital solutions.
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Abstract

With the development of international trade, the number of conflicts also increases, leading to significant
losses for its participants and complications in interstate relations. In this context, there arises a need for measures
to regulate international economic relations, including mechanisms that allow for the prevention and effective
resolution of emerging conflicts with minimal costs.

The aim of this work is to analyze the characteristics of modern international trade development amid inten-
sified competition and the formation of international mechanisms for resolving conflicts in the global market, in
order to provide a more complete understanding of the potential use of these mechanisms to protect the interests
of domestic exporters and importers, as well as producers and consumers of goods and services.

The novelty of this research lies in clarifying the depth of the economic and trade-political reasons for the
increase in conflicts in the global market in the second half of the 20th and early 21st centuries, in applying a
comprehensive approach to the problem of conflicts, and in filling gaps in the study of multilateral regulation of
international trade.

Keywords: trade wars, international trade, economic instability.

Conflicts in foreign trade are a significant negative ~ immediate participants but also among national econo-
factor for the development of international economic  mies, and therefore naturally attract growing attention
relations. The damage from such conflicts increases  from the global community.
primarily with the rise in their number and the value of The development of world trade is accompanied
contracts, and particularly with the implementation of by conflicts between its direct participants, between
various trade-political measures aimed at unjustified re-  counterparties and official institutions of other coun-
strictions on trade or unlawful strengthening of suppli- tries, and in relations between governments. In the sec-
ers’ positions in the global market. These aspects inthe  ond half of the 20th century, these conflicts intensified
development of modern trade—specifically the causes  significantly for many economic and trade-political
of disputes, their scale, forms, economic consequences,  reasons and became a factor complicating international
and, most importantly, ways of resolution—have not  cooperation.
been sufficiently analyzed. At the same time, trade con-
flicts damage mutual cooperation not only among the

Figure 1
Development and Changes in the Structure of Global Exports, 1970-2024
(in trillion USD)
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One of the objective reasons for the growth of con-
flicts in foreign trade is the rapid increase in the scale
of global exports (Figure 1). World exports grew more
than 80-fold between 1970 and 2024. The average an-
nual growth rate of global exports during this period
exceeded 5% and was significantly higher than the cor-
responding rate of growth of the total gross product of
all countries.

Another similar reason for the increase in conflicts
in foreign trade is the change in its commodity structure
in favor of manufactured goods.

Trade in services, previously considered only a
component of goods trade, has in the last two decades
come to be regarded as an independent sphere of inter-
national economic relations and has also grown signif-
icantly. In the 1970s and 1980s, the growth rate of
global service exports outpaced that of goods exports,
and in the 1990s it grew at similarly high rates as goods
exports (Table 2).

Global Exports of Goods and Services (Annual % Growth)
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Source: data.worldbank.org

Statistical indicators of the annual growth rate of
global exports of goods and services from 1960 to
2024, shown in Figure 2, are characterized by high vol-
atility, reflecting both economic cycles and global cri-
ses affecting international trade. The figure shows that
the world economy actively recovered after World War
I, with stable positive growth averaging 6-8% per
year. This growth was driven by the industrialization of
Europe and Japan, as well as the expansion of world
trade under GATT.

The period from 1974 to 1985 saw sharp fluctua-
tions, caused by oil crises, inflationary shocks, and re-
cessions in various countries. During this time, export
growth slowed to 2-3% per year. Beginning in 1986,
the global economy entered a period of sustained
growth. This stability was supported by the develop-
ment of international trade agreements, the expansion
of production chains in Asia, and the establishment of
the WTO in 1995. However, attention should also be
paid to the Asian financial crisis of 19971998, which
caused a brief downturn followed by recovery.

A global economic boom occurred between 2001
and 2008, with exports reaching record growth rates,

Table 2
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especially in China. The curve in Figure 2 rises to
nearly 3,000% (relative changes axis). A sharp decline
is then observed in 2008—2009, linked to the global fi-
nancial crisis, marking the steepest drop in exports over
the entire period. In 2009, growth turned negative, rep-
resenting a near collapse of the world economy. This
was followed by uneven recovery, with alternating pe-
riods of growth and decline until 2019. These fluctua-
tions allowed exports to grow at moderate rates, influ-
enced in part by trade wars between the USA and
China.

In 2020, the year of the COVID-19 pandemic, re-
covery began and has continued to the present. By
2024, global exports had increased by only 3-4%, sig-
nificantly below the average growth rates of previous
decades.

Another emerging and highly contentious area in
international economic relations has become trade in
intellectual property.

The development of world trade in the second half
of the 20th century was characterized by a significant
increase in volume and the expansion of participating
countries (Tables 3-5). Increased competition changed
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the positions of individual states in the global market,
intensifying relations between direct suppliers and na-
tional governments.

Table 3

Exports of Goods from Major Developed Countries (in billion USD)

CrpaHbl 1946 1. 2000r. 2001T. 2003 .

CLUA 95 782 73059 7240
®paHuma 09 298 3195 384,7
BeavkoBpuTaHuA 37 280 273.5 3039
Kanaaa 2.2 277 262.2 2721
Becero B mupe 317 6180 61624 72740

By 2003, compared to 1946, the share of several
of the most developed countries in global exports had
decreased significantly: the USA —from 30% to 10.0%,
the United Kingdom — from 11.7% to 4.2%, and Can-
ada — from 6.9% to 3.7%.

Among developed countries, Japan expanded its
exports most dynamically. It managed to noticeably
displace major competitors and substantially increase
its share of global exports (9% in 2000). Only in the last
decade did Japan’s share slightly decline (to 7.7% in
2000) due to economic stagnation and the expansion of
capital exports to establish assembly production
abroad, directly in sales markets, thus circumventing
various trade barriers. However, by the 2010s, the share
of goods exports began to fall to 7.8%, associated with
economic stagnation, relocation of production over-
seas, and competition from Asian countries. Specifi-
cally, Western European countries began adopting Ja-
pan’s approach and, more recently, have also been ac-
tively expanding production abroad.

In the period 2010-2015, there was post-crisis
growth following the global financial crisis. According

2010 r. 2015 r. 2020 r. 2025 r. (nporxos)

127% 1419 1431 ~1600
474 510 450 ~520
560 630 695 ~710
430 448 450 ~480

16718 18181 22 483 ~24 000

to Table 3, in 2015 the USA achieved goods exports of
up to $1,431 billion due to the development of high-
tech and energy exports. Japan maintained its volumes,
with moderate growth due to weak domestic dynamics
and strong competition with China and the Republic of
Korea. France and the United Kingdom continued to
lead in exports of industrial goods and machinery. Nev-
ertheless, during this period the United Kingdom faced
currency fluctuations.

In the period 2016-2020, goods exports were per-
sistent but fluctuated due to trade restrictions and cus-
toms disputes. The COVID-19 pandemic in 2020
caused a decline, with exports in these countries de-
creasing by 10-15%. However, the EU countries
weathered this period steadily, as their system of mu-
tual supplies mitigated the economic impact.

After 2021, the global economy experienced a
surge. By 2024, its volume reached $32-33 trillion. In
2025, according to forecasts, growth is slowing due to
geopolitical conflicts and high inflation, but there is a
shift in favor of developing countries.

Table 4
Exports from Developing Countries and China, 2001-2024 (in billion USD)

Country 2001 2003 2015 2024
China 266,2 438,4 2542 3356,3
Mexico 158,5 165,3 4145 681,5
South Korea 150,7 194,3 630,2 683,1
Singapore 121,7 144,1 549,4 978,6
\World Total 6162,4 7274 18130 24,43 tr

Among the group of countries under considera-
tion, China should be highlighted, which accounted for
4.0% of global exports in 2000 (4.3% in 2001, 6.0% in
2003). Its share increased particularly sharply over the
last decade, prompting countermeasures in many im-
porting countries. After 2015, growth rates slowed, but
the country still held a leading position in goods ex-
ports; over more than 20 years, its exports increased
12.6 times.

Among developing countries that increased their
share of global production, Mexico stands out (growth

of almost 4.5 times compared to 1953, mainly due to
assembly production) and the countries of the Middle
East (due to increased oil supplies and rising prices).
From 2015 to 2024, growth accelerated due to the relo-
cation of production chains from China.

At the same time, many developing countries,
many of which were former colonies, had no experi-
ence either in commercial practices or in state trade reg-
ulation. This also increased the level of conflict in the
global market.
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Table 5
Changes in Positions of Developed and Developing Countries in Global Exports, 1953-2022 (%)
1953 1973 1983 1993 2000 2003 2022
Region/Country 100,0 100,0 100,0 100,0 100,0 100,0 100,0
North America 24,2 16,9 15,4 16,8 17,9 15,8 13,3
\Western Europe 34,9 454 38,9 43,7 39,5 46,2 35,8
Japan 15 6,4 8,0 10,0 7,7 6,4 4,0
IAustralia & New Zealand 3,2 2,1 1,4 15 1,2 1,4 1,54
China 1,2 1,0 1,2 2,51 4,0 7,7 14,2
Mexico 0,7 0,4 1,4 1,4 2,7 2,4 2,15
Middle East 2,7 4,1 6.8 3,4 4,2 2,5 2,9

Changes in the positions of countries in global exports are driven by shifts among suppliers in certain rela-
tively large commodity markets, in particular ferrous metals, chemical products, and machinery and equipment
(Tables 6, 7, and 8; the WTO Secretariat provides the corresponding statistical data only for the last two decades

of the 20th century).
Table 6
Changes in Positions of Major Suppliers in the Global Ferrous Metals Market, 2005-2015 (%)

2005 2010 2015
Japan 9,9 7,8 6,5
Germany 4 31 2,6
France 4,2 1 0
Italy 3,3 1,8 1,4
USA 8,2 5,6 4,8
Sweden 0,52 0,33 0,28
South Korea 4.2 41 43
China 30,9 44,3 49,5

The positions of the Republic of Korea (whose
share more than doubled) and China (over the last dec-
ade of the 20th century) have significantly strengthened
in the global ferrous metals market, whereas Japan, the
main supplier, saw its share drop sharply. Between
2005 and 2015, the share of Western European suppli-
ers also declined due to restructuring and reduction of
production capacities. It should be noted that exporters
of ferrous metals (and chemical products) are most fre-
quently subject to investigations, both justified and un-
justified, for alleged unfair commercial practices,
aimed at restricting their access to domestic markets.

In 2020, global crude steel production totaled
1,864 million tons, with China’s share increasing no-
ticeably to 56%. Unfortunately, after the pandemic, this
figure decreased to 53% by 2024. These numbers indi-
cate that China has effectively absorbed available mar-
ket shares and has become dominant, displacing many
traditional leaders. This trend shifts the global ferrous
metals industry toward Asia, signifying growth and de-
velopment of the region’s infrastructure. Consequently,
European and American players are losing shares in the
global market, as can be seen in Table 6.

Table 7
Changes in Positions of Major Suppliers in the Global Chemical Products Market, 2005-2015 (%)

2005 2010 2015
USA 24,4 16 12
Germany 12,6 10,1 9,3
France 5 13,6 9,9
Japan 8,6 7,8 4,6
UK 3,2 1,9 11
Netherlands 2,9 2,2 2,0
Sweden 2,0 1,0 0
South Korea 3,0 5,5 2,8
China 10,8 25,8 37,2

On the global chemical products market, the posi-
tions of developed countries such as France and Japan
have strengthened significantly, while among develop-
ing countries, the Republic of Korea and China have
also expanded their shares. At the same time, Germany,
the Netherlands, and the United Kingdom have seen a
substantial decline in their share of global exports. The
share of the United States, a leading supplier, has re-
mained at the same level.

Changes in the positions of various exporters in
individual product markets were accompanied by cor-
responding protective measures from competitors,
which, in turn, served as an additional source of trade-
political conflicts.

In developed countries, with government support,
small and medium-sized enterprises (SMEs) were in-
volved in foreign trade; these companies often operated
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using the latest technologies, became narrowly special-
ized, and targeted specific consumers. While competi-
tive, these enterprises were newcomers in practical op-
erations on the global market and frequently found
themselves in conflict situations due to inexperience or
even initiated them.

For example, exports from SMEs in EU countries
increased in the 1980s and 1990s at rates exceeding the
growth of total turnover and GDP. Annual export
growth for these companies exceeded 4% (micro-enter-
prises, i.e., companies with up to 9 employees, almost
5%), while the corresponding turnover and GDP indi-
cators slightly exceeded 3%. As a result, the share of
SMEs in the export of goods and services of EU coun-
tries combined nearly reached 40% in the 1990s, in-
cluding micro-enterprise contributions exceeding 10%.

The contribution of more than 100,000 SMEs in
the United States to national exports approached 30%,
with companies having up to 20 employees contrib-
uting 12%, those with up to 99 employees 8%, and
those with up to 500 employees 9%.

Postwar tariff liberalization of international trade,
occurring at multilateral, regional, and bilateral levels,
stimulated foreign trade expansion for entrepreneurs
and state support for their activities in external markets.
The downside of these processes was an increase in
trade conflicts.

Finally, the high profitability of foreign trade op-
erations under insufficient regulation encouraged entre-
preneurs to engage in various abuses and unfair com-
mercial practices, creating yet another major source of
conflicts in the global market.

Trade-political conflicts, which primarily arise be-
tween governments, ultimately affect the interests of
major entrepreneurs in the conflicting countries or their
groups. These may be entrepreneurs in specific indus-
tries or across multiple industries, when measures to re-
strict or promote trade are unjustifiably applied to them.
In both cases, the damage from a single trade-political
conflict is usually very large and disproportionate to
that from a commercial conflict.

Among the sharpest sectoral trade-political con-
flicts in the 1990s was the dispute between the United
States and the Republic of Korea regarding mutual au-
tomobile supplies, the production of which in both
countries is a key industrial sector (Korea exports up to
1.5 million vehicles annually, ranking 6th globally). By
threatening sanctions, the United States sought (and
partially achieved) non-tariff liberalization of the Ko-
rean domestic market concerning taxation, standards,
and processing of import transactions (customs duties
on imported cars in Korea were lower than in most
OECD countries) [4].

While commercial conflicts between partners gen-
erally result only in additional costs, trade-political
conflicts often lead to supply stoppages. Such situations
are especially common with anti-dumping measures,
which often result in high, effectively prohibitive im-
port duties. Cases also occur where exporters suspend
shipments during anti-dumping investigations, even
when no unfair competition is confirmed.

The inevitability of trade-political conflicts, with
all their adverse economic consequences for many

countries, is sometimes due to the “integration” into na-
tional legislation of the right to arbitrarily apply protec-
tionist measures [1].

It is also necessary to mention a specific conflict
between the EU and the United States, triggered in
early 2000 by the EU’s discovery of American com-
mercial espionage against European competitors using
the global Echelon intelligence network (originally cre-
ated during the Cold War for conventional espionage
against former socialist countries). Information ob-
tained through it (intercepted international phone calls,
telex and fax transmissions, emails, satellite, micro-
wave, fiber-optic, and mobile communications) served
the interests of US companies very effectively.

Commercial conflicts manifest in many forms and
affect the interests not only of entrepreneurs but also of
states.

Primarily, commercial conflicts negatively impact
the direct participants in trade transactions. An exporter
does not receive the agreed payment in full or on time
if the partner fails to fulfill contractual obligations. Im-
porters, in turn, do not receive the agreed quantity of
goods (or services), or the quality is below contract
standards. Both parties also incur additional costs, such
as legal fees.

Since a significant portion of foreign trade opera-
tions is conducted with bank credit, banks do not re-
ceive expected profits or timely repayments in the event
of contract nonperformance.

Moreover, given the close connection of many for-
eign trade operations with the activities of enterprises,
sometimes large industrial complexes, even a single
failure in commercial relations can cause substantial
damage to the production of such enterprises and com-
plexes.

Finally, commercial conflicts harm the state in the
form of delayed tax revenues, fees, and similar pay-
ments. If a state-owned enterprise is involved in a con-
flict, it suffers like any other exporter or importer.

As trade conflicts spread, the damage they cause
also increased. Therefore, joint actions by the global
community at governmental and non-governmental
levels gained importance for preventing conflicts and
resolving them when disputes arise.

Since WTO members adopted the Agreement on
Rules and Procedures Governing the Settlement of Dis-
putes, relatively little time has passed, yet some prelim-
inary conclusions can already be drawn. Overall, these
outcomes can be considered positive. Many WTO
members turn to the dispute settlement mechanism,
with a significant number of conflicts resolved at early
stages (especially consultations), and in all cases, con-
flicts were ultimately settled.

According to a report prepared by the WTO Sec-
retariat for the first Ministerial Conference of WTO
members (as of November 26, 1996), 62 disputes had
been considered, were under consideration, or were in
the process of implementation of adopted decisions. By
2004, the total number of complaints submitted to the
WTO reached 304.
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Since the WTQO’s creation until the first Ministe-
rial Conference, all instruments of the dispute settle-
ment mechanism were utilized, although to varying de-
grees.

The most effective tool for reaching mutually ac-
ceptable solutions without burdening other instruments
was consultations. At this stage, 60% of disputes were
resolved (by 2001, this figure reached 75%). The effec-
tiveness of consultations was confirmed further. From
1995 to June 2003, special panels were formed only
110 times (out of 261 complaints), demonstrating the
possibility of dispute resolution during consultations.

It is noteworthy that developing countries contin-
ued to account for a high share of dispute mechanism
usage. According to WTO Secretariat data, in 2001,
they filed 2/3 of all complaints. From January to June
2003, their share among claimants was 42%. US and
EU participation in using the WTO dispute mechanism
in 2000-2003 was mainly due to complaints filed
against them by other WTO members.

A parallel investigation by the US General Ac-
counting Office revealed several practical aspects of
WTO activities. Member countries are obliged to notify
the Secretariat of all changes in their national trade re-
gimes. From 1995-2002, 1,405 notifications were re-
ceived, including 239 from the US. Of these, 64 notifi-
cations were contested, i.e., complaints were filed re-
garding unlawful changes causing damage, with the
highest number involving the US (see Table 13).

The relatively lower involvement of the EU in dis-
pute resolution for a long period is explained by its own
internal mechanism among member states.

These data indicate that WTO members, both de-
veloped and especially developing countries, actively
use the organization to resolve trade regulation dis-
putes.

Despite the effectiveness of the WTO dispute set-
tlement mechanism, member countries pay considera-
ble attention to its improvement.

At the fourth WTO Ministerial Conference in
Doha, Qatar, November 2001, a declaration was
adopted, including a three-year work program. This
program contains a section “Understanding on Dispute
Settlement,” agreeing to conduct negotiations to im-
prove the dispute resolution mechanism. Unlike the
general schedule of a new WTO negotiation round
(from January 1, 2005), the dispute settlement negotia-
tions had tighter deadlines—May 2003—to implement
results as soon as possible.

The GATT trade-political conflict resolution
mechanism underwent a long development, with
amendments related to changes in the global economy,
primarily the expansion of participants in international
economic relations and the growth of exports of fin-
ished and semi-finished goods. In addition, the experi-
ence of cooperation and compromise among GATT
members accumulated.

The purpose of the improved dispute resolution
mechanism is to protect the economic interests of WTO
members and ensure their compliance with obligations
arising from the covered agreements. Research shows

that this goal is largely achieved. The rules and proce-
dures also apply to trade agreements among a limited
number of participants.

General conclusions:

« In the second half of the 20th century, the in-
ternational community created an effective system for
preventing and resolving conflicts, consisting of two
mechanisms: for commercial and trade-political con-
flicts;

e The updated trade-political dispute mecha-
nism provides all WTO members equal opportunities to
resolve conflicts within a strictly regulated period,;

*  WTO members actively use this mechanism,
especially developing countries, to protect their inter-
ests from trade-political arbitrariness, including that of
developed countries;

« Consultations and special expert panels con-
firm the effectiveness of the rules of the Dispute Settle-
ment Understanding;

* WTO bodies review disputes objectively and
professionally, as publicly confirmed by the US Gen-
eral Accounting Office in 2003.
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Trade wars and their consequences for the global
economy

As international trade develops, the number of
conflicts increases, resulting in significant losses for
participants and complicating interstate relations. This
necessitates measures to regulate international eco-
nomic relations, including a mechanism to prevent and
effectively resolve emerging conflicts with minimal
costs.

The purpose of this paper is to analyze the devel-
opment of modern international trade in the context of
intensifying competition and the emergence of interna-
tional conflict resolution mechanisms in the global

marketplace. This aim is to provide a more comprehen-
sive understanding of the potential for using these
mechanisms to protect the interests of domestic export-
ers and importers, as well as producers and consumers
of goods and services.

The novelty of this study lies in its understanding
of the underlying economic, trade, and political causes
of the increased conflict in the global marketplace in
the second half of the 20th and early 21st centuries, its
comprehensive approach to the problem of conflict, and
its filling of gaps in the study of multilateral regulation
of international trade.
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The political and legal systems of any society, in their formation and development, reflect the process of
tension, exploration, effort, and struggle of humanity's spiritual and physical forces. Relying primarily on the moral
and ethical values created by humanity, political and legal systems are rooted in the interests, needs, and require-
ments of society's members and can achieve their socialization and a conscious attitude toward state and legal
processes. Moral values, seeping from the depths of society, permeate all its other subsystems; they not only rise
to the level of politics and law, but also rise above them as the highest of all existing universal human values. The
article examines the problem of values in the moral and legal context, reveals the importance of moral values in
the progress of society and draws attention to some aspects of their influence on the formation and development

of the political and legal system.

Keywords: moral and spiritual values, political and legal system, moral norms, legal priorities, political and
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Every political and legal system, as well as politi-
cal and legal culture, is formed on certain values. The
analysis of values, ideology, and ideological founda-
tions of law and politics contained in legal science and
legislation is considered important in terms of clarify-
ing the essence of the processes taking place today and
determining new directions of development. Customs,
formed in the early stages of society's development and
aimed at regulating relationships between people, in-
cluding between fellow tribesmen or representatives of
different tribes, gradually evolved into an important
system of rules and norms of behavior, reflecting social
and legal requirements regarding people's behavior,
their attitudes toward other people and toward society
as a whole, as well as acceptable actions.

Moral norms formed within the framework of
these requirements have a significant impact on the so-
cio-political and legal life of society. At the same time,
the existing moral norms and principles, normative and
value-based ideas themselves are constantly being re-
formed in accordance with public opinion, the habits of
members of society and their assessments of certain is-
sues. Moreover, moments that took place in various his-
torical periods and were capable of forming the basis of
national progress are once again revived in memory
and, reflected in people’s behavior, lead to a fundamen-
tal shift in socio-political, moral and legal relations. All
of this, taken together, determines the main directions
of development of society as a whole and its natural ac-
tivities [Ismayilov, 2016].

It should be noted that the principle of "everything
not prohibited by law is permissible”, which includes
the subordination of all aspects of human relations to
legal norms and became popular in the late 1980s and
early 1990s, is still referred to today and is still treated
the last democratic truth in force. Indeed, at first glance,

it clearly meets the requirements of a rule-of-law state,
emphasizing the rule of law. However, in practice, such
an approach leads to error, arbitrariness, and abuse. Be-
cause a rule-of-law state itself cannot ignore the moral
and ethical aspects of people's lives, and it is precisely
these moral postulates that underlie the legal regula-
tions themselves. If current legislation is not sanctified
by the principle of justice—a moral principle—then its
enforcement will be problematic.

The belief that anything that should not be prose-
cuted and punished from a legal perspective is permis-
sible is a widespread illusion that moral values do not
exist at all. The price of this is the development of a
disdainful attitude toward legislative acts based on "'po-
litical expediency" or "personal” interests. Political and
legal norms that deviate from moral values inherently
lead to political and legal nihilism. In this regard, it can
be said that in all human relations that develop in civi-
lized societies, including political and legal relations,
moral foundations, although invisible, exist and play a
role. Moreover, they not only exist, but are periodically
put forward during discussions of a particular legal
norm or political decision.

Political and legal ideas cannot transcend moral
imperatives and must always, to some extent, conform
to and align with them. Both power and the state in their
political and legal aspects receive justification and
recognition from the point of view of the moral ideals
prevailing in society; otherwise, they become illegiti-
mate and intolerable. For example, the "right" to sui-
cide and euthanasia will never be legitimate until it re-
ceives a detailed moral justification and justification.
Likewise, the death penalty and the controversy sur-
rounding it are connected with the difficulties of justi-
fying it from the point of view of modern moral de-
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mands. However, this form of punishment was posi-
tively perceived by society in the Middle Ages and was
widely used in practice; people even regarded public
executions as theatrical spectacles. In the modern era,
as a result of a fundamental change in the cultural and
civilizational situation, public demonstrations of execu-
tions, scenes of murder in real life, and their observa-
tion are assessed as a bad and unworthy act. Of course,
the exception is viewing staged murder and execution
scenes—in films and theatrical productions [Ismayilov,
2014; Ethical thought: modern research, 2009].

With the rise of culture and the development of
civilization, we can also observe a significant shift in
our current understanding of what is morally permissi-
ble. Changes in moral values occur as a result of indi-
viduals' interactions with social realities and are mani-
fested in their behavior, ideals, principles, and goals.
Since these values act as integral parts of people's
thinking, we also observe an interdependence between
ingrained values and subsequently acquired ones—that
is, value concepts that have penetrated society through
the reinterpretation of previously existing ones or under
the influence of other cultures.

While it is not entirely clear to what extent this
manifests itself in political and legal reality, it is certain
that the internal connection present in virtually all com-
monly encountered and universally recognized political
and legal systems will be strengthened by moral norms.
This means that voluntary and free notions of what is
proper and improper, valuable and worthless, formed
before the relevant time, can exert a much greater influ-
ence on political and legal norms than they do today.
For example, in the political life of our country, one can
observe that some of those who have the right to partic-
ipate in elections still treat this right with disdain. Some
cite a lack of faith in the possibility of influencing pub-
lic policy through elections, as well as the fact that a
significant portion of elected officials seek to advance
their own personal interests and gain privileges. Such
views can be overcome through an increase in political
and legal culture and the development of an organized
civil society—a bearer of stable moral values—which
will result in changes in the ideology and psychology
of the public as a whole.

In our time, among the issues attracting attention
as an object of research, one of the important places is
occupied by the study of law, legal thinking, problems
of lawmaking, and the moral foundations of the legal
system. Rethinking the essence of law, building a reg-
ulatory framework on national and moral values, basing
political and legal development on moral and ethical
roots, and improving political and legal institutions are
highly commendable and have enormous scientific and
practical significance. As evidenced by the results of
sociological surveys conducted in Azerbaijan, despite
fundamental changes in the political, legal, social, and
economic systems, legal and political issues in national
legal consciousness remain closely linked to moral and
ethical concerns. Values such as human rights and free-
doms, individualism and others are perceived and inter-
preted not so much in rational-logical and practical as-
pects, but in a moral dimension.

In the theory and philosophy of law, the nature of
moral values is in many cases associated with practical
benefits, needs and interests, which is expressed in the
reduction of the highest moral-value level to a lower
one - psychological, sociological, rational, volitional,
socio-economic and even physiological level. The be-
littlement and distortion of higher values leads to the
fact that moral values lose their essence and cannot ful-
fill the function of a conceptual center that forms the
political and legal worldview of society and especially
of a particular individual. In this case, the meaning of
an individual's existence in the political and legal space
is based on such needs and interests as power over oth-
ers, enrichment by any means possible, achieving suc-
cess at any cost, boundless egoism, and so on. As a re-
sult, the struggle for survival takes center stage, rather
than the realization and protection of human rights and
freedoms or the building of sincere, harmonious rela-
tionships between society and the individual. To elimi-
nate such phenomena that expose society to moral ero-
sion, it is necessary to increase attention to the uplift-
ing, ennobling role of moral and ethical values, to instill
their absoluteness, and to constantly promote their un-
doubted importance in the formation and development
of a perfect political and legal system that will lead to
the consolidation and progress of society.

When comparing different historical periods, a
clear discrepancy in understanding the content and na-
ture of moral and legal values often emerges. Looking
back at history, it can be said that the moral and ethical
values that had been formed over centuries in the terri-
tory of Azerbaijan and in many cases found their ex-
pression in various legal acts were transformed during
the period of Russian rule due to the systematic nature
of the disgusting actions of government officials to-
wards Azerbaijanis. The attitude towards power in that
era was not as a goal and a means, but as a right or a
privilege, as noted in the materials of that time, “power
did not rely on any moral principles and did not act on
the basis of any moral force, its representatives ne-
glected freedom of conscience, personal freedom, prop-
erty rights, instilled only those moral themes that were
useful to themselves, but they themselves did not actu-
ally follow them” [ Alexander II, 1995], - reveals the es-
sence of the political and legal system that was formed
in such conditions, which ultimately led to the erosion
of moral values.

During the first democratic republic in Azerbaijan
from 1918 to 1920, the promotion and protection of
individual rights and freedoms, the establishment of
social equality, justice, and human freedom throughout
society, and the creation of democratic political and
legal institutions were rooted in a commitment to moral
and ethical ideals and their widespread promotion. This
was evident, first and foremost, in the actions of the
Republic's leaders themselves. One fact, revealed from
archival materials and already well-known in our
country, is that the head of the third and fourth cabinets
of the Republic, while serving as prime minister, was
experiencing financial difficulties and asked his father
to send him a sum of money without encroaching on
the budget at his disposal, which belonged to the state
and the people. This fact testifies to the high level of
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morality and ethics displayed by the authorities of that
time. For them, the main moral regulator was a sense of
responsibility and duty for their actions before other
people, as well as before God. It is here that we can see
the presence and development of moral components in
the political and legal realm. The presence or absence
of moral principles in this realm clearly reveals the
boundary between politics and politicking.

During the Soviet era, in the 1920s, a spirit of
irreconcilable moral relativism and the absence of any
moral taboos were characteristic. For example, the
thesis proclaimed by the great leader of the Bolsheviks
was that if it were possible to deceive even the devil,
then it was permissible to ally with the devil himself.
Somewhat later, in the sphere of morality, the
institution of ideology was formed, expressing
coexistence on two fundamental levels — external and
internal, incompatible with each other. One of these—
the external level—was declarative, that is, in most
cases, openly veiled in nature; the other—the internal
(real) level—was intended for a limited circle of
"insiders," "initiates." For example, while on the
surface there was pompous talk of universal equality
and the "unity of the party and the people,” in reality,
privileges of the nomenklatura were growing, bizarre
phenomena such as nepotism, parochialism, and
cronyism were taking root, and a class mentality was
being instilled. In the first years after the collapse of the
Soviet Union, in the first years of activity of the newly
formed independent republics, a state of moral erosion
was also observed, which again found its manifestation
in the structure and essence of the political and legal
system. As a result, despite the formal enshrinement of
freedom and equality for the country's population in the
1990s, we see crimes against property, persons, life,
and health, such as racketeering, robbery, theft, and the
like, raging, and a large portion of the population
suffered from lawlessness and the violation of moral
values.

The fundamental political, economic, socio-cul-
tural, and legal reforms implemented in Azerbaijan dur-
ing the period of independence were aimed at develop-
ing the content and expanding the scope of individual
and social freedom, and eliminating extreme forms of
social injustice and inequality. The establishment of a
state governed by the rule of law, the recognition of hu-
man rights and freedoms as the highest value, and the
ideas of political, ideological, and religious pluralism,
enshrined in the Constitution of the Republic of Azer-
baijan, legally formalized the eternal universal values
of freedom, justice, and equality. At the same time, in
almost all monotheistic religious views, formal free-
dom and formal equality are recognized as values, but
humanism, compassion, the obligation to mutual assis-
tance, and human responsibility for those under one's
protection, etc., are placed above them.

The values of freedom, justice, and equality, as
fundamental principles, manifesting themselves in mo-
rality, acquire a moral and ethical character and simul-
taneously permeate the content and essence of political
and legal norms. Various interpretations of freedom ex-
ist. For example, the English thinker Isaiah Berlin, who
adheres to conservative-liberal views, identified two

aspects of the concept of "freedom™ — negative and pos-
itive. In the negative sense, a subject is free to the extent
that no one interferes with their actions. In a positive
sense, a person can be considered free when he is his
own master, and his life and decisions depend on him-
self, and not on any external forces [Berlin, 1969].

Understanding freedom as a high degree of per-
sonal maturity is fully consistent with moral principles.
Indeed, individuals possessing high moral standards are
inherently free and have no intention of violating the
freedoms of others. Individuals who are politically and
legally mature and socialized understand that everyone
possesses freedom to the extent that other legal entities
are free in their actions. Personal freedom is limited not
only by the freedoms of others, but also by restrictions
established by law, society, and the state (for example,
Part 11 of Article 28 of the Constitution of the Republic
of Azerbaijan).

Natural freedom, on the other hand, means the
possession of rights without duties or obligations, that
is, the free and unhindered action of an individual based
on their conscience and sense of dignity, the ability to
do whatever they wish. However, everyone knows that
no one possesses natural freedom in society. This is be-
cause the laws on which such society is based contain
certain restrictions and constraints. In this regard, as M.
Speransky noted, in any society there is not complete
freedom, but only a degree of freedom, that is, an ex-
cess of rights compared to obligations [Speransky,
2001]. From what has been said, it is clear that it is rea-
sonable to accept freedom not as the ability to do what-
ever one wants, but rather as the highest level of a per-
son’s awareness of his own actions.

Through the mechanism of legal regulation, the
problem of conflict and competition between individual
freedoms is also eliminated. When establishing rules of
conduct, it becomes necessary to incorporate the prin-
ciple of equality into the practice of social life. Indeed,
it is impossible to imagine law without equality. Even
in the most imperfect state-legal formations, at least
partial equality exists within the population strata,
which is extremely important for ensuring the minimal
effectiveness of legal systems. It should also be noted
that issues of social justice and equality are traditionally
considered painful problems for our society. The idea
of equality between people stems from the religious
idea of equality of all before God and was established
in the form of the perception of justice as a universally
recognized equal necessary measure of behavior.

Many thinkers believe that true freedom lies
within the boundaries of equality, is conditioned by
equality, and it is in this capacity that it functions as a
principle of law. As for equality itself, it consists of
equality before necessity and equal fulfillment of what
is necessary [Solovyov, 1910-1914]. Modern research
distinguishes two types of equality: equality in content
and equality in terms of social value. Human rights and
freedoms are usually interpreted as the equality of iden-
tical rights and freedoms (for example, having an equal
right to education or health care). However, in law en-
forcement practice, equality is more often encountered
in terms of social significance rather than substantive
content. This is enshrined in legal norms governing
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civil contracts, employment contracts and many other
legal relationships [Filimonov, 2009].

In terms of the recognition or denial of equality of
opportunity among their members, societies are divided
into paternalistic and egalitarian types, each exhibiting
a diversity of moral values. Thus, in paternalistic soci-
eties the spirit of collectivism is high, while in egalitar-
ian societies, on the contrary, individualism is more no-
ticeable. In the Eastern world, where paternalism is
widespread, the role of the political leader in power and
the father in the family is extremely important, and they
assume all the care for those under their protection. In
the Western world, where egalitarianism is ingrained,
individualism occupies a greater place, and the institu-
tion of subjective law as an emanation of individual will
is widespread. In the East, the death sentence is passed
by a judge (as if a government official), expressing the
position of the state; in most Western countries, deci-
sions on severe punishments are made by jurors repre-
senting public opinion.

In paternalistic states, the inadmissibility of phe-
nomena that can be considered negative from a moral
point of view is reflected in laws based on the general
opinion of the collective, whereas in egalitarian socie-
ties one can see that a number of moral shortcomings
are perceived as a common occurrence, and sometimes
even enshrined in legislation. However, in a paternal-
istic society, the “superior” decides everything for the
“inferior” individual in socio-political terms, which
leads to the widespread spread of conformism and in-
fantilism. As a result, a weakening of political and eco-
nomic initiative and activity, the emergence of eco-
nomic depressions and crises of power become inevita-
ble. As for Azerbaijan, it is difficult to classify our
country in its pure form as either an Eastern or a West-
ern society. The moral and ideological foundations pro-
claimed and in force in Azerbaijan indicate that our so-
ciety has its own unigue development path.

Since the 20th century, Azerbaijani society has
combined important features of both Eastern and West-
ern civilizations, reflecting universal human values
alongside Islamic values in its everyday life, thought,
and legal system. Consequently, the characteristic traits
of the country's citizens include a desire for economic
and political activity, attempts to influence policy, and,
in some cases, a procrastination and passive political
and legal behavior, as well as a desire to build their own
businesses or to have no one interfere in family matters.
At the same time, they demonstrate in their thoughts
and actions the need for a strong and caring hand to
constantly be over them, the need for a head of state
who embodies the personality of a father at the state
level.

The category of justice, acting as another moral
value, extends to all spheres of public and private rela-
tions, including legal and political relations, law and
politics. Even ancient Greek thinkers believed that jus-
tice serves to soften the severity of the law. Justice, act-
ing in relation to the law as an ideal, goal, principle,
does not have a mechanism for implementing its "de-
mands." Unlike justice, the law itself has the means of
implementation. The great Azerbaijani thinker Nasir-
uddin Tusi said: "By its essence, justice expresses the

desire for both objective reward and deserved punish-
ment. There can be no one-sided approach here. Every-
thing must occur in accordance with the logic of things.
Honest and selfless work is the basis of justice ... It is
necessary to strive to protect income, acquired wealth
and to satisfy the needs of everyone in proportion to
their contribution to the general abundance" [Khaja Na-
siruddin Tusi, 2005]. In these thoughts of the thinker,
we see a clear expression of the boundaries between
justice and injustice. One cannot but agree with the fol-
lowing opinion of the modern researcher A.A. Hu-
seinov: "Justice involves evaluating a person based on
their actions, rewarding them for their merits, which re-
quires at least two things: a standard (norm, model) for
measuring actions and a person entrusted with this
measurement. For this reason, justice is naturally iden-
tified with the rule of law and justice..." [Huseinov,
2008].

Being a value, justice is in many cases placed
above law. In our consciousness, justice harmonizes
with truth and fairness. Truth is not only the verity, but
also an emotional state. In people's minds, law and jus-
tice have a value only when they reflect justice and
truth. At the same time, it is necessary to distinguish
between the fairness of law and the fairness of the ap-
plication of law. Herbert Hart rightly noted that "the as-
sertion that one of the essential elements of the concept
of justice is the principle of deciding like cases alike is
true. This is justice in the application of law, but not the
justice of law. Thus, in the very concept of general
norms as an essential feature of law, there is something
that prevents us from considering it neutral from the
point of view of, and without some necessary connec-
tion with, moral principles." Natural procedural justice
thus consists of those principles of objectivity and im-
partiality in the application of law which implement
only this aspect of law and which are created in order
to ensure that the rules are applied only to cases corre-
sponding to their content or, at least, to reduce the risk
of inequality in this sense.” [Hart, 1958].

No matter how "fair" the law and the rule of law
may be, if their application is not based on objectivity
and fairness, faith in justice is gradually lost. On the
contrary, the fair application of even a less "fair" law
leads to an increase in this faith and, ultimately, to the
strengthening of moral and ethical values in the minds
of people. In this regard, the loyalty of law enforcement
officers, especially those working in the field of justice,
the prosecutor's office, internal affairs, customs, taxa-
tion and other areas, to moral values has an indirect but
important impact on the purification of society and the
enhancement of the political and legal culture of its
members.

The commitment of every civil servant to the rule
of law, human rights, democratic principles, and high
ethical standards of conduct is established by the Law
of the Republic of Azerbaijan "On the Rules of Ethical
Conduct of Civil Servants" dated May 31, 2007 [Law
of the Republic of Azerbaijan, 2007]. Based on this
law, the adopted codes and rules of ethical conduct for
judges, lawyers, prosecutors, justice officials, employ-
ees of the internal affairs agencies, tax and customs au-
thorities, and those working in other government agen-
cies reflect the set of ethical principles and standards of
activity in the relevant agencies. They regulate specific
requirements of morality and decency, issues of profes-
sional ethics, and conduct outside of official duties, and
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define their attitude toward professional activity [Col-
lection of Codes of Ethical Conduct, 2016]. As noted in
these regulations, those working in the aforementioned
agencies must be guided in their activities by respect
for human and civil rights and freedoms, legality, hu-
manism, and other democratic principles, as well as
high standards of ethical conduct. Proper performance
of their legally imposed duties directly depends on high
moral and professional qualities, dignity, respect in so-
ciety, a culture of behavior in their free time, and, in
general, on a commitment to generally accepted moral
and ethical values.

It should also be noted that ethical codes even pos-
sess some advantages over legal codes. Because the le-
gal code, by its very nature, requires a precise definition
of the elements of prohibited acts, as well as the neces-
sary rules of conduct. But here one peculiarity emerges,
which is the impossibility of creating a complete list of
prohibitions and regulations. The basis of a moral and
ethical code is not, first of all, norms, but principles of
law, which are easier to align with the actual practical
activities of a particular official. On the other hand, the
specific nature of certain administrative offenses,
which are not entirely correct from a political perspec-
tive, is such that proving guilt is difficult, and without
it, it is impossible to apply legal sanctions. It should
also be noted that many actions, by their very nature,
cannot be regulated by law, but are expressed through
moral and ethical norms, and the impact of the latter is,
in most cases, more effective than that of legal norms.
This is because moral norms act as fundamental deter-
minants of human social behavior. Law, however, reg-
ulates only a certain portion of human actions.

If morality expresses the maximum value com-
pleteness, then law contains the minimum and suffi-
cient. Inthis regard, law (as well as politics) will always
be consistent with moral values and, being consistent
with them, will be evaluated through them. Moral val-
ues such as selflessness, kindness, honesty, freedom,
necessity, responsibility, keeping promises, a sense of
duty, morality, usefulness, fidelity, mercy, justice,
equality, striving for perfection, and altruism express
universal human values and have historically acted as
factors determining the fundamental moral and ethical
orientation of individuals in society. Therefore, moral-
ity, both as a system of norms and as a system of values,
can be assessed as an important condition shaping the
value foundations of law. Among the values listed
above, there are those that constitute not only morality
but also the axiological foundations of law, the state,
and politics. Values such as justice, freedom, equality,
and humanism, which have moral, political, and legal
foundations, manifest themselves in the form of ideals,
goals, norms, and principles. They represent unique
forms of social and individual assimilation of values
and underlie the unique fusion of moral values with so-
cial reality, resulting in the progress of the political and
legal system.

Summarizing the above, we can come to the con-
clusion that moral, political and legal thinking are or-
ganically linked to each other, are interconnected and
closely dependent on each other. Formed on the basis
of legal thinking, political consciousness brings clarity
to the moral interactions existing in society and the

state. On the other hand, at any stage of historical de-
velopment, the comprehensive embodiment of social
reality in the morality of people is more clearly re-
flected in the relationship between the individual and
the state. The habits, knowledge, everyday norms, cus-
toms acquired by members of society over the centu-
ries, and the experience resulting from them, clearly
demonstrate the state of the political and legal system
of the state in the corresponding period.
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Abstract

The presented work considers the process of heat transfer[10]. Thus, the coefficients of the equation have a
discontinuty at the point x = 0 and this equation is used to find a solution to a mixed problem involving the heat
transfer process[5]. The contour integral method was applied to solve theconsidering problem ([2],[3]).

Keywords: Bessel function,the contour integralmethod, mixed problem, spectral problem, eigenvalues,
asymptotics

INTRODUCTION

A large number of mathematical problems of an applied nature are expressed and investigated with the help
of the apparatus of partial differential equations. When constructing a mathematical description of real processes,
models of second-order partial differential equations, characterized by discontinuous coefficients, often arise. The
development of a mathematical model for heat distribution in environments with different heat transfer
characteristics is also an extension of this approach and increases the significance of this type of problem from
both practical and theoretical perspectives. The problem we are considering reflects this.

1.THE SOLUTION OF ONE MIXED PROBLEM iIN A CYLINDRICAL MEDIiUM FOR AN
EQUATION WITH DISCONTINUOUS COEFFICIENTS.

The problem of finding a solution to the following equation is considered ([8],[10]):

ou® 2u®  19u® .
= Xi < = ) + O, 1), (i =13) (D

ot 0x? + x Ox
which satisfies the following boundary condition:
u®(0,t) = c,

ou® . )
+ hi{u®™V(a;, t) —uD(a, )} =0,i=1,2,
Ox x=a;
ou® . .
+ L {uD(a;_q, ) —ulV(a,,0)} =0,i =2,3 (2)
ax x=a;—-1
u®(c,t) =0,

also satisfy the initial condition
u®(x,0) = ¢0(x), x € (a1, br1) 3)
Here constant numbers y;,h; (i =1,3),; (i =2,3) are parameters,the intervals (a;_,,b;_;) (i =
1, 2, 3) have common boundary points and do not intersect:
O=agqy<by=a=aq;<b=b=a,<b,=a3=c.
Thus, the domain under consideration is divided into 3 parts (0, a), (a, b) and (b, c), and these intervals
converge only at the ends.
The function £ (x, t) in the equation is chosen in the following form:
0,at x € (0,a),
fO(x,t) =={Ax,at x € (a, b), 4)
0,at x € (b,¢).
and the initial functions ¢ ¥ (x) (i = 1, 3) are given as follows:
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a
(alnE+[3,i =1,atx € (0,a),
. x
pOx) = l aln5+[3,i =2,atx € (a,b), (5)

x
ylnz+5,i = 3,at x € (b,c),

where a, 8,y, § are constants.
2.CONSTRUCTING OF THE GREEN’S FUNCTION , CORRESPONDING TO SPECTRAL
PROBLEM AND DETERMINATiION OF THE EiGENVALUES

Consider the problem:
d’y®  1dy® : 0,i=1
, _ 2y ® :{ O

C
y®(0,1) = 7" < oo

dy® A
+h (Y@@, 1) —yP(a, D)) ==
dJ(CZ) e ( ) o
dy %
| +u(P@n-yV@D) =3
xX=a
dy® /A
+hy (YD, —yP (b)) ==
djzs) P ( ) ”
dy v,
+L(yPBD-y2PB,D) ==
d%) i ( ) a
dy
| —hy®Pln=0 %)

X=C

This problem is called the spectral problem corresponding to the mixed problem.

In this section, we investigate the spectral problem depending on the parameter. The goal is to establish both
a general solution and determine the corresponding spectral values. For this, it is appropriate to divide the problem
into two separate auxiliary problems. As the first problem, let us find a solution to the homogeneous differential

equation (6) that satisfies the given boundary conditions. Let us denote this solution as yl(i) (x,1) . The second
problem consists in finding a solution to equation (6) that satisfies the corresponding homogeneous boundary

conditions. Let us denote this solution by yzi) (x, ). In this case, it is obvious that the solution to the problem is
the sum of the solutions holli y” (x, 1) and y<° (x, 2):

YO0 ) = P06, 1) +y5P (@, 1) (8)
Solution of the first problem at x € (a;_1, bj—1) has the form:
®
; A (x, 1) S
@
m,,® m ) .1 @ 0] X—a:
d yll _ <£) <alkl>2 +n1m(x) +E1m(x1/’{) ek—ill
dxm — \k; 2x J) A2
@ m 1 0] @ Ax—a;p)
amyi; (4 —aiki\2 | Mm@ | Eim G|
dx™ _( ki) {( Zx) + n; T } (10)

Therefore, the analytically bounded functions funksiya k; = \/Zl =2,3, and Ej(,",z(x, MNiE=23;j=
1,2; m = 0,1, 2) are functions with respect to the parameter A in the expression, and these functions are also
continuous on the intervals x € (a;_1, b;_1) (i = 2,3).

It is clear that the solution to the second problem is given by the Green's function ([2],[6]), where the solution
is written as an integral expression:

b
7@ A) = f 6D (x, & D@ (©)dE + + f GO (x, & D9 (©)dE , (i =1,3) (1)
where 6@ (x,&,2) (i = 1,3;j = 2,3) is a Green function and
G _
6D (x, € 2) = %’(‘;” (i=13;j =23).
The asymptotics for ReA > 0 are defined in a similar way. Finally, the following asymptotic formula is
obtained for the roots of the characteristic equation A(A)=0 ([1].[4]).
A, = kakgv {[1] + (1)} = 0,41, 42 12
" ks(b—a) + ky(c — b) 0 (12)
Using the obtained asymptotics, we can write the expression shown for the determinant A(A) in the remaining
part of the , A-plane, except for the § - neighborhood of the spectra given in ([7],[3]):
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1 4
|/14+5 ‘e %A(A)| > N (13)
where Ny is a constant that is positive and depends only on §.
3. EVALUATION OF THE SOLUTION OF THE SPECTRAL PROBLEM
In order to find the functions Ag‘) (x, 1) let us use the asymptotic expression of the Bessel function as well as

the asymptotic expressions derived for the elements of the characteristic determinant [9]. As a result of this
approach,we obtain in the cases where i = 1, 2, 3:

1 x-a _jX=ay _(a,b=a c-b
Agi)(x, D =132 {Agl)(x_ A)e’l [ZR Agl)(x,,l)e T }e e+ )
1 x=a _px=hb
AP (x,2) = 432 {A§2>(x, De' ' + AP (x, e kz} (14)

X—C

29 d) = 22 {A<3>(x DT + AP (x A)e‘%} e it )
1 ’ 1 ) 2 )

The first formula of these expressions is true in x € [¢,a), € > 0, the second formula is true in x € [a, b]]
and the third is true in the interval x € [b, c]. It can be concluded that for, i = 1 atx € [g,a]; fori = 2,3 atx €
(a;_q; bi_1) (i-1); b_(i-1) ) the following estimate is true for the solution of the first problem and its derivatives
with respect to x up to the m-th order, under the condition A € T,, [2]:

1d™ M,e®* + M,efi?
() 1 2
- M S ————— 15
|,1 o)t o [z (15)
The parameters for i = 1,2,3; m = 0, 1, 2 are defined as follows:,

x+a a—Xx
O == Br = kX E [e; a]

x—a b—x
a; = i, ; B = i, ,X € [a; b]

x—b c—x
as = 3 ; Bz = r ,X € [b;c]

The domain T, consists of the corresponding arcs of circles with radius 7, centered at the origin in the
complex plane.

By applying the same method, the appropriate asymptotic behavior is determined for the solution of problem
Il. When Re 1 < 0, the function yz(l) (x,A) and its derivatives have a similar type of exponential-decreasing and
power-like evaluation.

"y _

4 x+a a-x b
- A=— ==
o Am=2 (Z DI (x, e’ T+ CM (x, De "1)- f [V€]wn, 0@ (©)ds
3n=1 a
m) A aex\ (P ®

+ zﬂmz(x,/l)e 4 Gy (x, e’ B f [VE]wn, 0@ (©)dEL, at x € [¢,a]

n=1 a
amy? (x,2)

n21 n21

4 x—c b—x
= A" (m) Yz (m) 55\ (b
= m-1 ( n:1D m (x,De k2 ++C m (x, Ve ™ )fa [\/E]wn2<p(2)(f)d§ +

dx™m

X
3 Ax=¢ A% c
(Z 17)7([2"2)(x,1)e k2 ++C,(l’2’;)(x,/1)e kz).fb [E]wn, 0@ (©) —%j <%\/§+
n=

b a
11 (2 x4 2 m EM2 2 1.2 -kt 2
+3 [ (x, 5)])61"2 9@(©)d +(-1) k—zf (-%\E‘F +2 [, 8])6 "R o (§)dg {,at x € [a,b]

amy® (x,0)

dxm n3i n3i

_ pram Pl
= mH(Sh DG e R + 0 G e R ) [1]E e, 0@ (dg +

X
2x=b 285X
(Z%=1Dy(:;?(x,l)e B+ +C) (x, De "3>'fbc[\/g]wn3<ﬂ(3)(f) —%f (%\/§+

b

+%[n§fi(x,€)]> eax"_jw(”(f)dﬂ(—l)m%j (—%\E+ +%[nfr‘2(x, E)])e_lx"_ip(”(f)dé’ ,x € [b,c]
g m = (0,1,2) (16)

Note that the functions , Dfn"}) (x, 1) and CT(H"}) (x, 1) are bounded on the contours of 7, in the following cases:
in the case of i = 1 at x € [¢; a], and in addition, in the case of i = 2,3 at x € [a;_4; b;_1], Where ati =1,2,3

and j = 1,2 i=1,2,3 this is true.
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As was emphasized, it is not immediately obvious that the solution of the spectral problem considered in the
interval x € (0; a) is bounded on this boundary, since the coefficient of the equation is discontinuous at the point
x = 0. Therefore, the solution in this interval was found and investigated only for values x € [g; a] (¢ > 0).

In this section, we present an estimate of the function yl(l) (x, 1) for the solution of the corresponding spectral
problem in the interval x € (0, a):

1 (X 4 3
c15]1] e (k1+ﬁ)Re A;E <argl < —,

0 2
IS 17
|y1 (x )| L (F+B)Rea, T T an
Co5]A| 2Ze M1 ; —E<arg/1<§.

Then let's consider the second problem. Let's evaluate the solution yz(l)(x, A) of the given problem. In the

entire domain of the complex A--plane, we finally obtain this inequality for the solution corresponding to the case
i = 1 of the problem:

(_2|B|/21 e_("ilJrB)Re'1 X <argl< 3n
(1) A "2 2’
1 5 —_ -

e € P

4. SOLUTION OF THE MIXED PROBLEM
In this section, an analytical representation of the solution of the given mixed-type problem in the form of a
contour integral is given and it is justified that this expression satisfies both the boundary and initial conditions
(I21.[31.[7D)- Thus, for x € (a;_1,b;—1) (i = 1,3) and t > 0, let us consider the equation

ap(i) <62p(i) 1 ap(i)>
=X .

ot 9x2 | x ox (19)

In this problem, the boundary conditions for t > 0 are as follows:
pP(0,t) = ¢y < o

ap(l)

—  +h(pP@)-pP@0) =,

ap(Z)
Ox

ap(Z)
0x

ap(3)
0x

xXx=a

+4 (PP -pD(@n) =V,

x=a

+hy (PO, 1) = p@(b,0)) = Vs (20)

x=b

+1, (@0, 6) - p@,0) =V,

x=b @)
0
P —hp®(c,t) =0
dx b
On the other hand at x € (a;_4, b;—,) initial condition has the form:
pW(x,0) =0,p?(x,0) = ¢*(x), p® (x,0) = ¢ (2.48)
Let's consider the following theorems:

Theorem 1. (Equation (19) has a unique solution that satisfies the boundary conditions and zero initial
conditions, and this solution is given by the following formula:

®
1 x, A
Jyl @A) ey, Q1)
| Vi—ils A
where yl(l)(x, A) is the solution to the | spectral problemand t > 0, x € (a;_q,b;_1), i = 1,2,3.

Theorem 2. Equation (19) has a unique solution satisfying homogeneous boundary conditions and initial
conditions, and it has the following analytical expression:

. 1 ,
® _ f @) A%t
x,t) = A x, e’ tdA, 22
|2 (x,t) 7_[\/—1 A Yo (x, 1) (22)

where yz(i) (x, 1) is the solution to the Il spectral problem, corresponding to (4.1)-(4.3).
Let S denote an infinitely extendable contour lying entirely in the domain Rs = {/1: [A] > R |arg ] < % + 6}

pf) (x,t) =

and whose infinitely distant parts coincide with the rays arg1 = + (% + 6).

Consequently, the sum of these two solutions constitutes the general solution of the mixed problem. That is,
the function

pP(x,t) = pi(x,t) + pa(x, 1) (23)
is the required solution of the given mixed problem.

In this case, it is true that the function p© (x, t) also satisfies the first of the boundary conditions.
In other words, for i = 1 the equality

pP(0,t) = ¢y < o
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must bu proven to be true. To do this, it is necessary to prove that the integrals mentioned below converge
regularly for all A € R in case of x € [0,a] and t € [0, T].

f Bz vy (x, Der*td vo f 2y (x, De?’tda (24)
S

Let us denote the intersection points of the contour S of the circles with radii n,, and r,,,, and centered at the
origin in the A -complex plane as a,,, a,,; a, and a, ., respectively.
In this case, to show that the given integrals

1 1
f 21 G e tda; f 21 et tda

anAn+v a;aa+v
f 2yS (x, De?’tda f Ay (x, Der’tda (25)
anan+v ahaa+v
regularly converge it is sufficient to show that the integrals are sufficiently small when |4| takes sufficiently

large values.
According to (16), we can write the following inequality:

1 1 1 X

=y, (x, e < — |y “(x, e << —= ek e

= (x, et VG Dllerlaa el )2 grerejq
anln+v anan+v anan+v|21_

X 2
— ¢, J’ e(k1+ﬁ)ReA+Re/1 ‘L] 26)

Anln+v
If A € a,a,,,, then
Azt| — eRe/lzt — elllztcosz argl — e|A|2+(Zcosz argA-1) _ e—|/1|2t(1—262) )

e
Therefore, itistrue that argA = %+ & and 2 cos? arg A — 1 = —¢ are true on this contour. We can then write:
y® (ki+ﬁ) [A] cosarg A — |A|%t
f 1—d/1 < f 1 . |da| =
Tntinty Tntinty |12
+B8)IA16—(1-262) 1212t da . T((l 262)2t- (- +3)5)
= 1 e IO L < g dr <
2

o Gy
It is clear from this that if we take the expression [A] =1 Iarg?a2 enough for all x € [0,a] , the following
equality is satisfied:
(1—26%)rt — (kil +8)6>0.
From this we can say that the value of the integral

®
¥ ()
—dA
J A
anAn+v
becomes sufficiently small for sufficiently large |\|
The same analytical approach can be applied to other integrals. As a result, we can easily obtain the limit at

x — 0 in the first expression, and thus:

u®(0,6) = limu® 1 n' e A)e“d e @ (e ) d2
0,¢t) lim u, (x, t)—xl_r}(l)ﬂ\/_f m/_ A xl_rpyl (x, 1)
0 " Sy - im § & tdl
= ——dr== im | —dA= im¢$ —di=
n\/—_l A m/—1n-oJg A 21'[\/_71—>oo
2'2
27'[\/ =cp.
27rv i=0 0

Asaresult, itis proven that the functlon u; 1) (x, b)), ie u; @ (0,t) = ¢, completely satisfies the first boundary
condition. By a similar argument, it can be shown that

lim f Ay (x, )dA = lim f Ay (2, )dA=0.

anlntv

anan+v

Therefore,

ugl) (0, t) = }cll}(l) ugl) (.X', t) = }511;%

1 2 C() 2
= Ae““)x,Ad/1=—f,1e“dA=o.
n\/—lL Y2 (x:4) nv—1Js

1
f Ay (x, Der’tda =
—1J
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The function involved in the integral is analytic
and therefore its derivative is zero.

As a result, the function given in (23) satisfies all
the boundary conditions in (20), including the initial
conditionat x = 0.

CONCLUSION

This paper examines a mixed problem for a
parabolic  differential equation with  variable
coefficients. The fundamental properties of the
characteristic determinant of the corresponding spectral
problem are analyzed, and the necessary estimates for
the Green's function are substantiated. As a result, a
solution to the mixed problem under consideration is
found in the form of a contour integral in the class of
piecewise continuous functions.
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Abstract

In this paper, we formulate a reduced mathematical description of passive-scalar transport in a von Karman
vortex street by extending a local toroidal advection—filamentation model from an isolated coherent vortex to a
spatially ordered chain of alternately signed vortices. The starting point is the observation that the vortex street is
not itself a single invariant torus: the wake is time-dependent, vortices are shed, convected and deformed, and
scalar material is repeatedly captured and released. Nevertheless, in a frame moving with an individual vortex, the
scalar dynamics contains a near-integrable core with almost closed streamlines, surrounded by a strongly strained
separatrix layer. This structure permits a multiscale description in which each coherent vortex carries a local ac-
tion—angle dynamics, while weak non-integrable perturbations describe leakage, separatrix splitting and inter-vor-
tex exchange. The resulting model combines three levels: local differential rotation and filamentation within a
vortex, pairwise exchange between neighbouring vortices, and global transport along the wake. We derive the
governing passive-scalar equations, introduce a Lamb—Oseen representation of the vortex street, formulate the
local toroidal coordinates, obtain scaling laws for gradient growth and transverse filament thickness, and propose
reduced amplitude equations for the evolution of scalar filaments. The theory is intended as a kinematic, analyti-
cally transparent analogue of a full Navier—Stokes simulation, and is particularly useful for interpreting Lagrangian

computations of passive-scalar stretching in coherent vortex wakes.

Keywords: vortex street; passive scalar; chaotic advection; FTLE; Lagrangian coherent structures; filamen-

tation; Hamiltonian dynamics; vortex tubes; mixing

1. Historical Background.

The study of the von Karman vortex street dates
back to the classical work of Theodore von Karman [1],
in which the regular pattern of alternating vortex shed-
ding behind a bluff body was first established. It was
shown that such a configuration represents a stable
structure for flows at finite Reynolds numbers. In the
following decades, the development of vortex theory,
systematized in the monograph by Philip G. Saffman
[2], provided a comprehensive framework for describ-
ing the dynamics of coherent vortex structures and their
role in wake formation.

In parallel, it became clear that the transport of
passive tracers in such flows is governed not only by
turbulent effects, but also by the geometry of Lagran-
gian trajectories. The works of Hassan Aref [3] laid the
foundation of the theory of chaotic advection, demon-
strating that even deterministic laminar flows can pro-
duce exponential stretching of material lines. These
ideas were further developed in the book by Julio M.
Ottino [4], where a kinematic theory of mixing based
on stretching and folding mechanisms was formulated.

With the development of Lagrangian methods for
flow analysis, the concept of Lagrangian coherent
structures (LCS) emerged as a central tool, formalized
in the works of George Haller [5-6]. These studies
showed that finite-time Lyapunov exponent (FTLE)
fields reveal geometric structures that act as dynamical
transport barriers. The theoretical framework and nu-
merical methods for identifying such structures were
further developed, in particular, by Shadden and co-au-
thors [7].

At the same time, the theory of passive scalar
transport relies on the classical results of George K.
Batchelor [8], who showed that under strong shear con-
ditions, scalar fields develop into thin filaments with
concentration gradients amplified down to scales at
which diffusion becomes dominant. This mechanism
underlies the filamentation observed in vortex-domi-
nated structures.

From a mathematical perspective, Lagrangian dy-
namics in two-dimensional incompressible flows is nat-
urally formulated in Hamiltonian form, as rigorously
established within the framework of classical mechan-
ics by V.1.Arnold [9]. The development of the theory of
perturbed integrable systems and the transition to
chaos, presented in the works of Allan J. Lichtenberg
and Michael A. Lieberman [10], provided a framework
for describing the destruction of invariant tori and the
emergence of chaotic advection in weakly non-integra-
ble systems.

Against this background, the recent work of E.
Milyute and A. Milyus [11] proposed a model of pas-
sive-scalar transport on toroidal stream surfaces, in
which filamentation is driven by differential advection
in an integrable vortex field. However, the application
of this model to real flows, such as the von Karman vor-
tex street, requires accounting for unsteadiness and in-
teractions between vortex structures.

The present work develops this idea and extends
the toroidal model to the case of the von Karman vortex
street, interpreting it as a system of weakly perturbed
local toroidal regions. Within each region, quasi-inte-
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grable dynamics is preserved, while interactions be-
tween vortices lead to the breakdown of invariant struc-
tures and the emergence of chaotic transport.

2. Introduction. The transport of a passive scalar
in coherent vortical flows is one of the classical prob-
lems of fluid mechanics. A passive scalar may represent
dye, temperature in the absence of buoyancy feedback,
salinity in a kinematic approximation, pollutant con-
centration, smoke, plankton density, or any material
marker whose evolution is dominated by advection.
Even when the scalar does not affect the velocity field,
its distribution can develop very fine spatial scales.
These scales are produced not by molecular diffusion
alone but by the geometry of the velocity field: stretch-
ing, folding, differential rotation, separatrix crossing
and repeated capture by coherent structures.

The purpose of this article is to construct a mathe-
matical model for such scalar transport in a von Karman
vortex street. The model is based on a toroidal picture
of transport in which scalar material is first considered
inside a single coherent vortex as if it were moving on
a family of closed or nearly closed stream surfaces. In
an ideal toroidal model, the scalar is stretched by dif-
ferential angular advection: particles at different radii
rotate with different angular velocities, so that an ini-
tially localized patch is transformed into a long, thin fil-
ament. In a real vortex street the situation is more com-
plicated. There is no single stationary torus filling the
wake. Instead, vortices of alternating sign are shed be-
hind an obstacle, convected downstream, and subjected
to the strain of the mean flow and of neighbouring vor-
tices. The scalar is therefore not permanently confined
to one invariant surface. It is captured by a vortex,
wound into spirals, expelled through a deformed sepa-
ratrix, and then possibly captured again by another vor-
tex.

The central claim of this paper is that the toroidal
model remains useful if it is interpreted locally and as-
ymptotically. It is not a global model of the entire vor-
tex street. Rather, it is a local model of transport inside
one coherent vortex element, supplemented by weak
perturbation terms representing interaction with the rest
of the street. This interpretation leads naturally to a hi-
erarchy of reduced equations. At the first level, an iso-
lated vortex is approximated by an integrable action—
angle system. At the second level, neighbouring vorti-
ces and the background wake introduce slow radial
drift, separatrix deformation and chaotic advection. At
the third level, the full vortex street becomes a chain of
capture—stretch—escape events

The article is written in the style of a reduced hy-
drodynamic theory. The aim is not to solve the Navier—
Stokes equations directly, but to derive a coherent
transport model from a prescribed, time-dependent ve-
locity field. This approach is analogous in spirit to long-
wave and defect theories in shear flows: one keeps the
essential geometric mechanisms while replacing the
full system by equations that are easier to analyse. Here
the essential mechanism is not the instability of the ve-
locity field itself, but the stretching and redistribution
of scalar material in a vortex street.

3. Governing passive-scalar problem. Let (x,y)
denote the streamwise and cross-stream coordinates in

the wake of a circular cylinder or a compact bluff body.
The incompressible velocity field is written as
u(x,y,z) = (uyuy),V-u=0 (1)
The passive scalar is denoted by y(x, y, t). In the
purely advective limit it satisfies:
@x/ot) +u-Vy =0 2)
If molecular diffusion is retained, the equation be-
comes:
(@x/t)+u-Vy=xAy, ?3)
where k is the scalar diffusivity. In Lagrangian
form, particle trajectories obey
dxX/dt = u,(X,Y,t),dY/dt = u,(X,Y,t) (4)
and the scalar value carried by a particle is con-
served when k = 0:
Dy/Dt =0. (5)
The dimensionless control parameter measuring
the relative importance of advection and diffusion is the
Péclet number:
Pe =U,D/x, (6)
where U, is the incoming velocity and D is a
characteristic obstacle diameter. In the large-Péclet re-
gime, scalar gradients may become very large before
diffusion becomes important. This is the regime in
which filamentation is most visible.
Because the velocity field is incompressible, one
may introduce a streamfunction 1, such that

u, = 0Y/0y ,u, = —0Y/ox . ©)
The passive scalar equation can then be written as:
Xt + J(lp;)() = KAX ’ (8)

where J(f,g) = fxgy — fygx is the Jacobian.
This form emphasizes the Hamiltonian character of
two-dimensional incompressible advection: in the ab-
sence of diffusion, particles move along trajectories
generated by a time-dependent Hamiltonian i (x, y, t).
4. Kinematic representation of the vortex
street. A von Karman street may be represented Kine-
matically as a mean stream plus a sequence of localized
vortices. We write:
u(x' Y, t) = Uooex + ZnEZ un(x' Y, t) + Uy (x: Y, t) (9)
where u,, denotes the local correction due to the
obstacle or near-wake region, and u,, is the velocity in-
duced by the n-th vortex. A convenient smooth model
is based on Lamb—Oseen vortices. The vorticity of the
n-th vortex is approximated by
W, (x,y,t) = (,/2mr?) exp[— h/272] (10)
where T, is its circulation, 7 is the core radius,
and (X,(t),Y, () is the vortex centre, h = (x —

Xn(t))2 +(y - Yn(t))2 (where level sets h = const
are circles centered at the vortex).
The total vorticity is then
w(x,y,t) = Ynez FnG(x — X (1), y — Yn(t)) , (11)
where the kernel has a Gaussian form:
G(&,m) = (1/2nr?) exp[— (§2 +n*)/2rc]. (12)
This representation allows the vortex street to be
described as a superposition of smoothed localized vor-
tices, which is convenient for the subsequent analysis
of passive scalar transport. The induced tangential ve-
locity of one Lamb—Oseen vortex is:
ug(r) = ([,/2mr)(1 — exp[—r?/2r2]) (13)
so that in Cartesian form

u, (6,3, 8) = ug () (), (14)
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where a = x — X,,(t),b = y — Y, (t) and the dis-
tance to the vortex center is given by: r, = Va? + b? .
This expression describes the rotational velocity
field around the vortex center, taking into account the
smoothed (Gaussian) core.
The staggered street is represented by two rows of
vortices,:
XF(@t) =nL+UytY, =mT} =T,, (15)
and
X;(@®) =nL+ (L/2) + U.t,Y,” = —m, Ty = —T,(16)
Here L s the streamwise spacing between vortices
of the same sign, 2m is the cross-stream spacing be-
tween the two rows, and U, is the convection velocity
of the vortex street. This representation is not a full so-
lution of the Navier—Stokes equations, but it captures
the geometrical features relevant for scalar transport:
rotating cores, strain layers between vortices, and
downstream drift.
A passive scalar initially localized near the wake
may be specified as a Gaussian packet:
x(x,y,0) =
exp[— ((x —x0)? + (v — ¥0)?) /2051 (17)
In a Lagrangian computation, the initial distribu-
tion is discretized into an ensemble of particles
(x:(©),y:()), each carrying a scalar weight y;. The
Eulerian field is subsequently reconstructed using a
smoothing kernel W:
X6y, 8) = T W (x — x,(0),y — y:(1)) (18)
This formula is also useful theoretically, because
it makes clear that the apparent creation of scalar struc-
ture is a consequence of the deformation of the particle
cloud.
5. Local co-moving coordinates near one vor-
tex. Choose one vortex centre (Xn(t), Yn(t)). In the
frame moving with that vortex we define:

¥=x-X,(6),y=y-Y,(0). (19)
The local polar coordinates are:
p=¥+9%,¢=tan'(F/D). (20)

In these variables the Lagrangian equations can be
written schematically as
p=Valp,$,0), ¢ =Qn(p,t) + Wp(p, $,8) , (21)
where (2,, is the angular velocity generated by the
vortex itself, while ¥, and W, contain non-axisymmet-
ric effects, neighbouring vortices, mean shear, finite-
core deformation and acceleration of the moving frame.
For a Lamb—Oseen vortex,
Qn(p) = ug(p)/p = (T/2mp*)(1 — exp[— p?/212]). (22)
The ideal isolated-vortex limit is obtained by set-
ting ¥, = 0,W,, = 0. Then
p=0,¢=0,0) (23)
and each circle p = const is an invariant curve.
This is the two-dimensional analogue of an invariant
toroidal surface. The scalar is not mixed across p, but it
is sheared along ¢. If two particles have radii p and
p + Ap, their angular separation after time t changes
by:
Ag = Ap(0) + Oy (p)Apt. (24)
Thus an initially compact scalar patch is elongated
into a spiral filament. This is the elementary toroidal
mechanism: differential angular velocity converts ra-
dial thickness into azimuthal length. The passive scalar
equation in local polar variables is:

Xt + Vn)(p + (Qn + Wn)){gb = K(pr +

A/p)xp + (/P xpe) - (25)
In the isolated inviscid limit this reduces to
Xe+ Q(p)xg =0, (26)
whose exact solution is:
X, ,8) = x0(p, d — L (p)0) . (27)

From this expression one directly obtains the
growth of gradients. Differentiating with respect to p :
X (0,0, 8) = x0p(p, d — Q) — tQ3(p) x00 (0, d — 0)(28)

so that for large time, provided Q;,(p) # 0,

Vx| ~ 197 (0)] xog | (29)

The transverse filament thickness therefore scales
as

2,(0) ~ £o/(1 + |Qu(pIE) (30)

until diffusion arrests the cascade of scales. If dif-

fusion is included, the smallest dynamically relevant

thickness is obtained by balancing shear-induced thin-

ning and diffusion. A standard estimate gives:

24~ (/10 (p)DY/3 , which is the local Batchelor-
type scale for shear-enhanced scalar gradients.

6. Toroidal variables and unwrapped represen-
tation. To make the analogy with toroidal transport ex-
plicit, introduce a radial action-like coordinate 7 and an
angular coordinate 8. For an axisymmetric vortex a nat-
ural action variable is proportional to the area enclosed
by a streamline:

7= p%/2. (31)

Then

7=0,0=00). (32)

This is the canonical form of an integrable one-
degree-of-freedom Hamiltonian system. The passive
scalar equation becomes

Xt + Q@) xe = xkDygx (33)

where D, 4 is the Laplacian expressed in action—
angle coordinates. For the inviscid problem:

x(3,6,8) = x0(J,6 — Q1) (34)

In computations it is often useful to unwrap the lo-
cal vortex into a rectangular domain. Define a periodic
coordinate s, from the radial displacement relative to a
reference ring py:

s=1+4+a(p—py) (mod 2),
and retain

(35)

0 = tan"1(y/%). (36)

The scalar field then become (s, 8, t). Spiral fil-
aments in physical space appear as tilted bands in the
(s, 8)-plane. The slope of these bands is controlled by
the differential rotation:

do/ds ~(dQ/ds)t . 37

Thus, the unwrapped picture is not merely a visu-
alization; it is a diagnostic of the local shear. The in-
creasing inclination of scalar bands in (s, 8) measures
the accumulation of phase differences between neigh-
bouring radial labels.

7. Perturbation by neighbouring vortices. The
isolated toroidal model is integrable and therefore can-
not describe inter-vortex transport. To model a vortex
street, one must include weak non-axisymmetric per-
turbations. We write:

jn = eFy (T, O, £), gn = 0p(Tn) + €6 (Tp, O, 1), (38)
where 0 < &€ « 1 measures the strength of the ex-
ternal strain imposed by neighbouring vortices and the
mean wake. In a frame moving downstream with speed
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U,, one also introduces the streamwise coordinate s of
the vortex street:
s=U.+€H,(3,,6,1t). (39)
For € = 0, the scalar remains confined to invariant
curves J,, = const . For & # 0, the invariant curves are
deformed. Near separatrices they may break, producing
lobes through which scalar material is exchanged be-
tween vortex cores and the outer wake. The scalar equa-
tion in the perturbed action—angle variables is:
x/0t + eF,(0x/07,) + (Qn(3) +
€G,)(0x/06,) + (Uc + €H,)(0x/0 s) = kDy . (40)
The small parameter € has a clear physical mean-
ing. If the characteristic velocity induced by the vortex
coreis U,~TI,/(2nr,), and the characteristic strain due
to a neighbouring vortex separated by distance
d,is S ~ Ty/(2md?) , then over a core radius 7, he
perturbation wvelocity is of order Sr. . Hence:
&~ Sr./U, ~ (r./d,)?. For compact vortices sepa-
rated by more than a few core radii, € is small inside the
core but becomes order unity near the separatrix. This
explains why the toroidal model is accurate in the vor-
tex interior but must be supplemented by exchange dy-
namics near the boundary. A first-order expression for
radial drift can be obtained by averaging over the fast
angle. Suppose
F,(3,0,t) = Y F (D) exp(i(m@ - kcust)) , (41)
where w; is the vortex shedding frequency. Away
from resonances, the average drift vanishes at first or-
der:

(7)=e(F)g=0. (42)
Near resonances satisfying
m Q7)) = kg , (43)

slow secular exchange becomes possible. Thus
scalar leakage is expected to be strongest near resonant
shells and separatrix layers.

8. Reduced scalar-filament equation. Consider a
scalar filament inside a vortex. Its centreline may be pa-
rameterized by the angular variable 6, while its local
transverse thickness is €(8,t). The simplest reduced
description keeps only the stretching rate o, the leakage
rate A, ands diffusion. Let C(6,t) be the scalar ampli-
tude along the filament. Then a one-dimensional model
is

Ct + 9(70)69 = D{ngg - AC , (44)

where D, is an effective diffusivity along the fila-

ment and A represents loss from the local vortex to the
outer wake. The thickness evolves according to

d¢/dt = —a(t)t + /¢, (45)

where a(t) ~ Q" (3)|/(1 + 1Q'(Ty)|t) for pure

shear winding. In the early inviscid stage,

2(t) ~ £o/(1+|Q'(Tp)]0) - (45%)

In the diffusive stage, the balance d¢/dt = 0
gives: £(t)~(x/a(t))/2. A more Eulerian reduced
equation follows from expanding the scalar field in lo-
cal sheared coordinates. Let

0=0-Q)t. (46)

Then

95lg = 05le — tQ'(J) g (47)

Consequently, diffusion becomes anisotropically
amplified:

Xe = K[0F — 260 (Ddse + t2(2'()) 03 + - | x. (48)

The term proportional to t2, is the mathematical
expression of shear-enhanced dissipation. It shows that
even small x becomes effective after the scalar has
been wound into sufficiently fine filaments.

9. Global capture-stretch—escape map. The vor-
tex street consists of a sequence of coherent vortices.
Instead of following the scalar continuously, one may
construct a discrete map from one vortex encounter to
the next. Let M,, denote the scalar distribution immedi-
ately after interaction with the n-th vortex. Then:

Mpi1 = Enpr1AnCM;, . (49)

Here C,, is a capture operator, A, is the intra-vor-
tex advection and filamentation operator, and &, is
the escape and transfer operator. The advection opera-
tor is locally toroidal:

(Anx)(3,0) =x(7,6 — 0,(NT,)  (50)

where T,, is the residence time of scalar material in

the vortex. The escape operator may be modelled by a
probability kernel K,:

(Ex)(@,0) = [ K,(7',6"17,6) x(3,0)dT db . (51)

A simple leakage model is:

K,(7,0"17,0) =p,(3,0)6(7" —17,) 6(0" —

0:) +[1—pn(3,0)]60 —7)6(8" - 6) (52)

where p,, is the probability of escape during one

turnover. The probability is small in the vortex core and

large near the separatrix. A useful asymptotic form
is:Type equation here.

where A7(J) represents the barrier in the action
variable, and P (6, t) describes the dependence on an-
gle and time, and where A7 measures the action dis-
tance from the separatrix. This expression captures the
exponentially weak leakage from the core and the
strong exchange near broken separatrices.

Thus, the global scalar field in the wake is there-
fore not merely a collection of isolated spirals. It is a
concatenation of local winding events connected by es-
cape kernels. The global stretching factor after N vor-
tex encounters is approximately:

Ay ~ g:l(l + |Q;l(jn)|Tn) Ae,n , (54)

where A ,, is the stretching associated with escape

and inter-vortex strain. Taking logarithms gives the fi-
nite-time Lyapunov estimate:

AN ~ (1/Zn Tn) Zg=1 log[(l + Iﬂ;l(:]n)lTn) Ae,n] . (55)

This formula separates local toroidal winding
from global chaotic exchange.

10. Gradient growth and filament thickness.
The numerical diagnostics associated with the model
are the scalar gradient magnitude and the transverse fil-
ament thickness. The gradient magnitude is

Vxl=xi+xs- (56)

In areconstructed particle field, the derivatives are
computed after kernel smoothing. The maximum gra-
dient is

Gmax(t) = rr;é;XIVx (x, 7, 0)I. (57)

For pure differential rotation, the gradient grows
algebraically:
Gmax(t) ~ GO(1 + [Q]0). (58)
In a vortex street, however, strain layers and re-
peated vortex encounters may produce an exponential
envelope:

Gmax (t) ~ GO e’ (59)
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where ¢ is an effective stretching rate. The expo-
nential law should not be interpreted as proof of fully
developed turbulence; it is a finite-time consequence of
repeated stretching and folding by coherent vortices.
The transverse filament thickness may be estimated
from a half-maximum width of scalar concentration in
a local cross-section. If £, (t) denotes this width, then

the toroidal model predicts
£,(t) ~ £o/(1 + at)

(60)

tU./D =0
2 e
LY )
yl)!

26

z/D

during the shear-winding stage. In the vortex

street, inter-vortex strain can accelerate thinning:
2, (t) ~Lye™t, (61)

until diffusion imposes the cutoff: £, = ¢, .

Thus, A combined empirical law is therefore:
£,(t) ~max{(£o/(1 + at))e ", £,} (62)

where g, measures additional stretching due to in-

ter-vortex exchange.

tU../D =10

Fig. 1. Time evolution of a passive scalar in the wake behind a cylinder: vortex capture, spiral winding, and in-
ter-vortex exchange in the von Karman vortex street.

11. Relation to amplitude-equation thinking.
The local toroidal transport model may be placed in a
broader family of reduced hydrodynamic descriptions.
In long-wave theories of shear flow, one often derives
an amplitude equation for a slowly varying large-scale
mode. In the present scalar-transport problem, the anal-
ogous amplitude is not a velocity instability amplitude
but a coarse-grained scalar or filament-density ampli-
tude.

Let A(s,t) denote a slowly varying measure of
scalar content along the wake. A minimal transport
equation is:

Ar + UAg = DospAgs — 0s(VariseA) — A A+ Q . (63)

Here D, is an effective longitudinal diffusivity
generated by repeated vortex encounters, Vg,.r is a
correction to mean convection, A is a net escape or di-
lution rate, and Q is a scalar source. This equation de-
scribes downstream redistribution but not the internal
filament geometry.

To include filamentation, introduce a second field
B(s, t), representing mean scalar-gradient intensity, for
instance:

B(s,t) = IV xI*)ceus - (64)

A phenomenological closure is:

By + U.By = DgBys + 20(s, t)B — 2kCzB% — AgB . (65)

The production term 20B represents stretching;
the nonlinear sink 2xCzB? represents diffusive de-
struction of gradients at small scales; and A represents
dilution by escape from coherent structures. Such an
equation is not universal, but it translates the geometric
toroidal mechanism into an amplitude-equation frame-
work.

A more direct analogue of reduced shear-flow the-
ories is obtained near a separatrix. Let  be the coordi-
nate normal to the separatrix and ¢ the coordinate along
it. The scalar equation in a thin exchange layer has the
form:

O, + 510 +V(,t) 0, = KO, , (66)
where S7 is the local shear and V is a perturba-
tion-induced normal velocity. This equation is structur-
ally similar to boundary-layer or defect equations in
which outer motion supplies a nonlocal forcing and in-
ner dynamics regularizes sharp gradients. In the present
context, the layer is not a vorticity defect but a scalar-
exchange defect surrounding a coherent vortex.
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Fig. 2. Evolution of the passive scalar distribution in the co-moving vortex frame: winding of an initially com-
pact patch into spiral filaments due to differential rotation.

12. Non-dimensional groups. The model con-
tains several dimensionless parameters. The first is the
Reynolds number of the wake:

Re = U,D/v, (67)

which controls vortex shedding and the persis-

tence of coherent structures. The second is the Péclet
number:

Pe =U,D/xk, (68)
which controls scalar filament survival.
The third is a vortex-strength parameter,
" =T,/U,D . (69)
The fourth is a core-spacing parameter:
§=rn/L, (70)
and the fifth is a row-spacing parameter:
B=a/L. (71)
tU../D =0 tUs/D=5

s/(2x)
tU../D =20

s/(2x

The local shear rate inside a vortex is character-
ized by:
Sy = max lp Q' (p)l. (72)

A corresponding local scalar Péclet number is:
Pe, = S,12/x . (73)
When Pe,, > 1, the scalar forms thin spirals be-
fore diffusion smooths them. When Pe, = 0(1), dif-
fusion suppresses fine filamentation and the toroidal
mechanism is weak. The strength of inter-vortex pertur-
bation is measured by:
&~ (rc/dv)z ’ (74)
where d,, is the distance to the nearest neighbour-
ing vortex. The asymptotic ordering underlying the lo-
cal theory is: Pe, » 1 ,e < 1 inside the core, with
& = 0(1) allowed in the separatrix layer.

tU../D = 10

-

——

tUo/D =15

\' ‘/ \ max
1.0

s/(2x)

Fig. 3. Unwrapped representation of the scalar field in (s,0) coordinates: differential rotation leads to the for-
mation of inclined bands whose slope increases with time and reflects the local shear..
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13. Mathematical statement of the model hier-
archy. The complete reduced model can be summa-
rized as follows. The full passive-scalar problem is:

Xetu-Vy= Ay (75)
withu = U,e, + X, u, + uy (76). Near the n-th
vortex, introduce local action—angle variables (7, 6,,).
The local equations are:Type equation here.
Ip = €Fy(Tn, 6, )
Op = Qn(7,) + €6 (T, Op, t)
$=U,+eH,(3,,6,1)

The scalar equation becomes:

Xt + anXJn + (Qn + EGn)XGn + (Uc +
eHp)xs = KDy . (78)

It should be noted that in the limit of the integrable

core (¢ = 0):

(77)

Xe t Qn(jn))(an =0, (79)

which corresponds to purely toroidal winding in

the absence of inter-vortex exchange. Thus, here, in the
integrable core limit we have:

XTp, 00, 8) = X0(Tn, O — 2 (T) 1) . (80)

In the weakly perturbed case, scalar leakage is de-
termined by resonances and separatrix splitting. In a
global discrete representation:

Mn+1 = gn+1‘/annMn . (81)

The principal observables are: G (t) =
max|Vy|, €, (t) = local half-maximum filament width
and

M) = [|Vxl2dxdy,  (82)
where M is a scalar-gradient or mixing diagnos-
tic. The expected asymptotic behaviour is
Gmax(t)~GOeat (83)
for repeated vortex-street stretching, and
£, (t) ~max{f,e~°, £,} (84), with algebraic thinning
replacing exponential thinning inside a single isolated
vortex.

14. Interpretation of numerical visualizations.
The computational visualization associated with this
model contains several panels, each corresponding to a
level of the theory. The global scalar field y(x,y,t)
shows the passive scalar being advected downstream
and distorted by the alternating vortices. At early times
the scalar remains a compact cloud. At intermediate
times it is captured by one or more vortex cores and
wrapped into spiral-like structures. At later times the
scalar is distributed through the wake, with thin fila-
ments connecting neighbouring vortical regions.

A co-moving frame centered on a single vortex
isolates the local toroidal transport mechanism. In this
frame, the vortex core forms a nearly closed recircula-
tion region, within which scalar contours wrap around
the centre and progressively tighten due to differential
rotation. This behaviour is described mathematically
by:

Xxe + Qp)xy = Kby (85)
with weak perturbations accounting for inter-vor-
tex interactions.

The unwrapped (s, 8) representation transforms
the spiral structure into tilted bands. The progressive in-
crease in the inclination of these bands provides direct
evidence of shear-induced phase mixing. If the bands
become broken, folded, or discontinuous, this indicates

that the perturbation terms F and G are no longer neg-
ligible and that inter-vortex exchange has entered the
local dynamics

The time series of max|Vy/| quantifies the genera-
tion of small scales. Growth of this quantity indicates
that scalar material is being stretched into increasingly
sharp filaments. The time series of the transverse thick-
ness ¢, measures the complementary contraction of
these filaments. Together, these diagnostics test the pre-
dicted relation

Gmar ()2, (t) = const (86)

in the purely advective, locally area-preserving re-

gime. Deviations from this relation indicate diffusion,
leakage, or nonlocal stretching.

15. Discussion.

The toroidal extension proposed here should be in-
terpreted as a geometric theory of transport rather than
a complete model of the wake. It does not aim to predict
the shedding frequency from first principles, nor does
it provide a dynamically self-consistent Navier—Stokes
solution for the vortex street. Instead, it assumes a pre-
scribed kinematic vortex street and investigates how
passive scalar material is transported within it. This
separation is advantageous, as scalar transport is often
governed more directly by the geometry of coherent
structures than by the mechanisms responsible for their
formation.

The model clarifies why a von Kérman vortex
street mixes more effectively than a single steady vor-
tex. A single steady vortex can stretch a scalar patch
into a spiral, but in the absence of radial exchange the
scalar remains confined on invariant curves. The result-
ing process is primarily filamentation rather than global
mixing. In contrast, a vortex street introduces two es-
sential mechanisms. First, neighbouring vortices gener-
ate strain that deforms invariant curves. Second, peri-
odic shedding and downstream convection create re-
peated opportunities for capture and release. As a result,
the scalar undergoes a sequence of local toroidal wind-
ings interspersed with separatrix-crossing events. This
sequence significantly enlarges the accessible region in
phase space compared to that of a single isolated vor-
tex.

The model also explains why the strongest scalar
gradients are expected near vortex boundaries and in-
ter-vortex strain layers. Within the vortex core, the sca-
lar is wound coherently. Near the separatrix, however,
small perturbations can separate nearby trajectories and
eject filaments into the wake. The interface between the
coherent core and the surrounding strain field therefore
becomes the natural location for the formation of sharp
gradients.

From a mathematical perspective, the vortex street
transforms an integrable action—angle system into a
weakly non-integrable, time-periodic Hamiltonian sys-
tem. In the unperturbed case, invariant curves J =
const are preserved. In the perturbed case, resonances,
separatrix splitting, and chaotic layers emerge. The pas-
sive scalar provides a direct visual representation of
these structures: smooth spirals correspond to regular
winding, while elongated inter-vortex filaments reflect
chaotic exchange.
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16. Conclusion.

We have developed an extension of a toroidal
transport model to passive-scalar motion in a von Ka-
rman vortex street. The main result is a hierarchy of re-
duced equations connecting three levels of description.
At the local level, each coherent vortex contains nearly
closed streamlines and supports toroidal-like differen-
tial rotation. In this region, an initially localized scalar
patch is wound into a spiral, with gradient growth con-
trolled by 2'(7), and transverse thinning governed by
£,(t)~[1+19|t]" . At the intermediate level,
neighbouring vortices perturb the local invariant curves
and generate radial leakage, resonant exchange, and
separatrix-layer stretching. At the global level, the
wake acts as a sequence of capture, filamentation, es-
cape and recapture events.

The mathematical model may be summarized by
the perturbed action—angle system

I = eFy(Tn, 0, 1) 1 O = 0 (3n) + € G (T, 6, 1)
coupled to the passive-scalar equation:
Xt + SFnX.‘]n + (Qn + an)XBn + (Uc + an)Xs = KDnX

This formulation clarifies the sense in which the
toroidal model applies to the vortex street. It does not
represent the entire wake as a single torus; rather, each
coherent vortex is treated as a local toroidal transport
cell, while the remainder of the street acts as a weak but
dynamically decisive perturbation. The resulting
framework provides a compact mathematical interpre-
tation of Lagrangian simulations and scalar-field visu-
alizations in wakes: scalar patches are captured by vor-
tices, wound into thin filaments, expelled through de-
formed separatrices, and transported downstream
through a sequence of coherent structures.

A natural next step is to compare the reduced
model quantitatively with particle-based simulations by

measuring Q(7), estimating &, identifying separatrix
layers, and fitting the observed evolution of G, (t)
and £, (t) . Such a comparison would convert the pre-
sent geometric theory into a predictive reduced model
of passive-scalar mixing in vortex streets.
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The purpose of this study is to identify the factors affecting life expectancy in 207 countries and understanding
how these factors effects to human longevity. Using international data from the World Bank, World Population
Review, and other open sources, we applied correlation analysis and regression analysis to examine the indicators
influencing life expectancy. A two-factor regression model was created by calculating correlation coefficient using
Microsoft Excel. The results showed that the influence of various factors on a person’s life expectancy varies
depending on regional characteristics, the level of development and the social status of countries. Among them, it
was found that factors such as gross domestic product, education level and lifestyle play a special role. These

indicators were divided into 5 groups for consideration.

Keywords: life expectancy, regression model, corruption, gdp, factor

1. Introduction

Since ancient times, people have striven to live
longer. In recent years, increaing life expectancy has
become a goal of leading countries, so it is important to
accurately assess the socio-economic factors that influ-
ence this Indicator. Genetics determine only a quarter
of the lifespan. Therefore, people can increase lifespan
by taking certain actions. In this regard, life expectancy
reflects not only the state of health, but also economic
and social well-being, the lifestyle of the population,

the quality of the environment and so on. However, the
importance of these factors is very likely to show dif-
ferent results in countries with different levels of devel-
opment. Globally, a country’s gross domestic product,
happiness index, and average wage play a significant
role in increasing life expectancy. And, as expected, the
level of corruption and inflation has a negative impact.
This shows that the higher the level of corruption and
inflation in a country, the shorter its life expectancy.
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1.1 Literature Matrix

Title

Author(s),
Year

Methodology

Key Findings

Connection to our work

Factors
affecting
life ex-
pectancy
in  Ka-
zakhstan

A.Zh.
Panzabekova, lvan
E. Digel

2020

The study is based on re-
gression and correlation
analysis. Data were se-
lected based on two crite-
ria: availability of long-
term statistical data and
potential impact on life
expectancy. A two-factor
power regression model
was constructed using Mi-
crosoft Excel.

The study used regres-
sion models to analyze
the impact of socio-eco-
nomic factors on life ex-
pectancy in the regions
of Kazakhstan. The re-
sults show that eco-
nomic factors have the
most significant influ-
ence, while some rela-
tionships require further
research.

We used the same meth-
ods as in the article, but
not just for Kazakhstan's
regions, but for the entire
world. And you can see a
trend that within individ-
ual countries and within
each country, the indica-
tors vary according to cer-
tain logics.

Factors
Influenc-
ing Life
Expec-
tancy:
Global
Evidence
from 125
Coun-
tries

Gabriel Hoh Teck
Ling*,  Noradila
Rusli, Teh Hock
Heng, Tan Kean
Poh, Sumaia Fai-
sal, Hu Jianke, Bai
Ni, Mohemed S
Abdullh Mo-
hamed, 2025

The study uses secondary
data from WHO, World
Bank, and UN for 125
countries. Life expectancy
is modeled as the depend-
ent variable, with socioec-
onomic, healthcare, life-
style, and environmental
factors as predictors. Mul-
tiple linear regression in
SPSS analyzes the rela-
tionships and significance
of these determinants.

The study identified al-
cohol consumption, hap-
piness, CO2 emissions,
and PM2.5 air pollution
as significant determi-
nants of life expectancy,
emphasizing the need
for targeted policies in
these areas. While BMI,
GDP per capita, corrup-
tion perception, and
government health ex-
penditure were not sig-
nificant in the regression
model, they may still in-
fluence life expectancy
in other contexts or anal-
yses.

This work gives us a full
understanding of what
we're doing and allows us
to compare our results
with theirs. It's noticeable
that the number of coun-
tries we work with plays a
significant role in correla-
tion indicators.

Model-
ling of
life ex-
pectancy
in the
world

V. A. Shtun, 2021

Econometric analysis us-
ing multiple linear regres-
sion based on cross-coun-
try data (126 countries).
Statistical testing of varia-
bles and model diagnos-
tics were applied to deter-
mine significant factors
affecting life expectancy.

The study found that life
expectancy is signifi-
cantly influenced by ac-
cess to clean drinking
water, government
health expenditure, vac-
cination coverage, elec-
tricity access, and GDP
per capita. Negative ef-
fects were found for al-
cohol consumption and
CO: emissions. Some
variables such as unem-
ployment, education
level, and smoking were
not statistically signifi-
cant in the global model.

This study supports our
diploma research by
demonstrating how statis-
tical modeling can be used
to analyze determinants of

life expectancy across
countries. It provides
methodological  support

for our machine learning
approach and helps justify
the selection of socioeco-
nomic, behavioral, and
environmental variables
used in our life expec-
tancy prediction model.

2. Methodology

The regression model was used to study the rela-

tionship between economic, social, and environmental

factors and life expectancy. This approach allows the

identification of factors that are most strongly associ-

ated with life expectancy and provides a global com-

parative analysis.
For each independent variable, a simple linear re-

gression model was constructed: ¥, = m; + myu; (1)

e 1y, is an independent variable (factor) that in-

fluences life expectancy,

e m, is the intercept representing the baseline

level when u; = 0,

e m, is the slope

unit.

e v; is the life expectancy for observation i,

coefficient indicating the

change in life expectancy when u; increases by one

To examine the relationship between life expec-

tancy and selected factors, the correlation analysis is
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applied. In this study, the simple linear correlation co-
efficient is used to measure the strength and direction
of the relationship between variables.

The correlation coefficient is calculated as fol-
lows:

T uv-nuv @)

\/( o ui2 - n-ﬁz)(2?=ovi2 - n-ﬁz)

The correlation coefficient ranges from -1 to +1.
Values close to +1 indicate a strong positive relation-
ship, values close to -1 indicate a strong negative rela-
tionship, and values near 0 indicate no linear relation-
ship.

The coefficient of determination is defined as the
proportion of total variation explained by the regression
model:

kuv =

2 _ Zieo@-m)?
K== I wi-7)? )

A higher K? indicates a better explanatory power
of the independent variable.

3. Regression analysis of Factors Affecting
Life Expectancy

A data set was compiled for 207 countries. The
following variables were included in the analysis:
smoking rate, drug prevalence, obesity, gross domestic
product per capita (GDP), happiness index, gender
equality index, meat consumption, corruption, educa-
tion, average salary, inflation, CO2 emissions, and al-
cohol consumption. Python programming language
was used primarily to process the data set. This process
included data loading, cleaning missing values, normal-
izing indicators and combining various sources into a
single table containing 207 countries.

Table 1.
Dataset of 207 countries used in the analysis
Country LE(v) smo(u;) nar(up) obe(us) gdp(us) happ(us) geq(ug) mt(uy) corr(ug) ed(ug) aversal(uy) infl(uy;) co2(ujp) ale(u;s)
Afghanistan  66.29 21.3 1.36 17.7 2202.0 1.72 0.715 9.6 16.0 0.381 0.172 5.7 0.14 0.4
Albania 79.78 20.7 0.7 26.6 23488.0 5.3 0.763 479 39.0 0.739 0.511 2.3 1.59 5.9
Algeria 76.48 21.1 2.46 24.2 17553.0 5.36 0.614 224 34.0 0.664 0.356 1.5 3.89 0.8
Thailand 76.56 18.3 1.11 14.5 24708.0 5.98 0.728 54.9 33.0 0.426 0.615 -0.88 3.94 5.4
Zambia 66.53 14.1 1.19 11.6 4224.0 3.5 0.707 29.2 37.0 0.313 0.182 7.5 0.46 5.5
Zimbabwe 63.06 10.4 2.31 9.4 3922.0 3.34 0.747 54.9 22.0 0.549 0.169 3.8 0.64 6.4

The correlation coefficients were calculated using formula 2. All calculated correlation coefficients between

the studied factors are presented in Table 2.

Table 2.

Correlation coefficients

Indicators | Correlation coefficient (k)
Smo 0,167
nar 0,077
obe 0,3
gdp 0,714
happ 0,604
geq 0,357
mt 0,573
corr -0,561
ed 0,274
aversal 0,63
infl -0,126
co2 0,314
alc 0,205
pop -0,017
area 0,02

Since life expectancy can vary depending on continental factors, countries were grouped by continents to
analyze which variables have the greatest impact on life expectancy in each country group. Population and Country
Area indicators, which showed the lowest correlation, were not included in the analysis. Correlation coefficients
were calculated using formula 2. The results for Asian countries are presented in Table 3.
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Table 3.
Correlation between life expectancy and factors in Asia
0,57| 0,33 -0,55| 0,31 -0,41] 0,18 -0,51] 0,26 0,27 0,08
0,53| 0,28 -0,19| 0,03 0,07 0,01 -0,24| 0,06 - -
-0,05| 0,01 -0,60| 0,37 0,45| 0,20 0,56| 0,31 -0,21| 0,05
0,59| 0,36 0,51] 0,26 0,79 0,63 0,84 0,72 091] 0,84
0,7/ 05 0,37] 0,01 0,54 0,30 0,70 0,50 0,49 0,24
-0,15| 0,025 -0,51| 0,26 -0,15| 0,02 - - 0,01 0,00
0,6/ 0,36 0,25| 0,07 0,74 0,48 -0,29| 0,08 0,84 0,71
-0,91| 0,84 -0,88| 0,34 -0,58| 0,34 -0,53| -0,53 -0,33] 0,11
0,59| 0,36 -0,66| 0,44 0,26 0,07 -0,49| 0,24 0,36 0,13
0,16| 0,026 0,97] 0,94 0,59 0,35 0,83] 0,70 - -
0,69, 05 -0,80] 0,65 0,03] 0,01 -0,67| 0,46 -0,56| 0,31
0,3/ 0,093 0,35] 0,12 0,68 0,46 0,59| 0,34 0,70] 0,49
0,11| 0,02 0,16| 0,03 - - -0,14] 0,02 0,43| 0,18
South-East Asia: Brunei - 75,5 South Asia: India - 72,24
Central Asia: Kazakhstan - 74.53 East Asia: China - 78,02 West Asia: Bahrain - 81 42 Timor-Leste - 67,9 Pakistan - 67,8
Kyrgyzstan - 71,82 ! Hong Kong - 85,63 Turkey - 7742 Vietnam - 74,74 Bangladesh - 74,93
Tajikistan - 71,93 Japan - 84,85 Kuwait - 80.6 Indonesia - 71,29 Afghanistan - 66,29
Turkmenistan - 70,2 Mﬂca'-f -83,.23 Oman - 80.25 Cambodia - 70,82 Bh'-'?ﬁ” - 73,26
Uzbekistan - 72,53 Mangolia - 71,99 Saudi Arabia - 78 98 Laos - 69,22 Maldives - 81,29
North Kerea - 73,74 Qatar - 82,55 Malaysia - 76,82 Nepal - 70,64
South Korea -84,43 United Arab Emirates - 83,07 Myanmar - 67,1 SriLanka - 77,67
Yemen - 69.44 Singapore - 83,86
Armenia - 75 85 T|‘1‘aila.nd - 76,56
Azerbaijan - 74,58 | Philippines - 69,95
Georgia - 74,66
Iran - 77.85
Traq - 7242
Israel - 8273
Jordan - 7798
Lebanon - 77 95
Palestine - 69,21
Syria - 72,56
Cyprus - 81 82
Egypt- 71.81

0,14
-0,27
-0,83

0,65

0,13
-0,58
-0,52
-0,73

0,50
-0,16

0,45
-0,48
-0,17

0,02
0,07
0,68
0,43
0,02
0,34
0,27
0,53
0,25
0,03
0,20
0,23
0,03

0,06
-0,52
0,47
0,76
0,31
-0,45
0,20
0,54
0,49
0,46
-0,31

0,05

West Europe: Belgium - 82,27

United Kingdom - 81,45
Germany - 81,54

Bulgaria - 75,8
Hungary - 77,18

Ireland - 82,58 Moldova - 71,33
Luxembourg - 82,36 Poland - 78,81
Monaco - 86,5 Russia - 73,34

Netherlands - 82,3
France - 83,46
Switzerland - 84,09
Austria - 82,12

Romania - 76,09
Slovakia - 78,49
Ukraine - 74,69
Czechia - 79,97

East Europe: Belarus - 74,62

0,04
0,27
0,22
0,57
0,09
0,20
0,04
0,29
0,24
0,21
0,09

0,01

Correlation between life expectancy and factors in Europe

0,88
0,35
0,85
0,81
0,81
0,67
0,24
-0,83
0,27
0,88
0,19
0,41
-0,68

Iceland - 83,01
Latvia - 76,33
Lithuania - 76,17
Norway - 83,46
Finland - 82,08
Sweden - 83,42
Estonia - 79,31

0,77
0,12
0,72
0,66
0,66
0,45
0,06
0,69
0,07
0,77
0,04
0,17
0,46

North Europe: Denmark - 82,09

Table 4.
0,07 0,01
0,29 0,08
-0,42| 0,18
0,87 0,76
-0,08| 0,01
0,32| 0,10
-0,53| 0,28
0,03| 0,01
0,76 0,58
0,25| 0,06
-0,04( 0,01
-0,46| 0,21
South Europe: Albania - 79,78
Andorra - 84,19
Bosnia and Herzegovina - 78,04
Greece - 82,03
Italy - 83,87
Spain - 83,8
Malta - 83,47
Portugal - 82,55
San Marino - 85,82
Serbia - 76,94
Montenegro - 77,25
Croatia - 78,75
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Table 5.
Correlation between life expectancy and factors in America and Oceania
-0,43] 0,18 0,23| 0,05 -0,24 0,06 -0,64 0,41
-0,38| 0,14 0,48| 0,23 -0,56 0,31 0,56 0,32
0,3|] 0,19 0,34| 0,12 0,48 0,23 -0,29 0,08
0,86 0,73 0,49| 0,24 0,60 0,37 0,83 0,70
0,58| 0,34 = - 0,60 0,36 - -
0,7 0,49 - - - - - -
0,81 0,65 0,44| 0,20 0,27 0,07 0,21 0,04
-0,63| 0,40 -0,43| 0,18 -0,55 0,31 = =
-0,14( 0,02 0,37| 0,14 -0,13 0,02 0,52 0,27
0,73| 0,54 0,12| 0,01 0,52 0,27 0,87 0,76
-0,62| 0,38 -0,52| 0,27 -0,27 0,07 - -
0,74 0,55 0,41| 0,17 - - 0,07 0,01
0,39] 0,15 0,35] 0,12 -0,09| 0,01 -0,86| 0,74
Oceania: Australia- 84,07
Fiji - 67,46
C | America: Belize - 73,74 5 South America: Argentina - 77,54 Kiribati - 66,6
s psepy North America: Greenland =70,19 Bolivia - 698.74I Marshall Islands - 67,08
El Salvador - 72,3 Canada - 82,72 Brazil - 76,02 Micronesia - 67,36
Guatemala - 72,75 United States - 79.46 Chile - 81,36 Nauru - 62,28
Honduras - 73,04 Mexico - 75.26 Colombia - 77,91 New Zealand - 82,24
Nicaragua - 75,1 Antigua and Barbuda - 77,77 Ecuador - 77,58 Palau - 69,38
Panama - 79,77 Bahamas - 74,71 Guyana - 70,32 Papua New Guinea - 66,26
Barbados - 76,33 Paraguay - 73,98 Samoa - 71,83
Cuba - 78.26 Peru - 77,94 Solomon Islands - 70,69
Dominica - 71,29 Suriname - 73,76 Tonga - 73,07
. i Uruguay - 78,29 Tuvalu - 67,26
Dom"g::akd:p_ u;);x; T4 Venezuela - 72,67 Vanuatu - 71,65
Haiti - 65.12
Honduras - 73,04
Jamaica - 71,61
Saint Kitts and Nevis - 72,28
Saint Lucia - 72.85
Saint Vincent and the Grenadines - 71,38
Trinidad and Tobago - 73.62
Table 5.

Correlation between life expectancy and factors in Africa

-0,05] 0,01 0,15] 0,02 0,51 0,26 - - -0,46) 0,21
-0,37| 0,14 -0,43[ 0,19 041] 0,17 0,17 -0,19] 0,04
0,10] 0,01 0.44| 0,20 097] 0,94 0,43 -0,08] 0,01

0,62 0,39 - - 0,84 0,71 0,71

0,92 0,85

-0.35| 0,13 0,04/ 0,01 030] 0,10 0,05 042| 018
0.22] 0,05 0,32 0,10 0,60] 036 0,11 0,66] 043
0.19] 0,04 0,50] 0,26 0,56] 031 042 0,57 033
20.87] 0.76 -0,33] 011 051 027 0,65 -0.56] 032
0.23] 0,06 0,72] 0,53 093] 0.87 -0,15 -0,16] 0,03
042 0,18 0.22] 0,05 0.11] 0,01 0,28 0,34] 0,12
039 0,16 0.22] 0,05 0,79 0,63 -0,50 0.28] 0,08

0,11] 0,01 0,02] 0,01 0,73 0,54 0,29

0,52| 028

-0,51 0,27 -0,08] 0,01 091] 0,83 0,26

0,80] 0,64

) Africa: Benin - 6096 entral Afrnica: Cameroon - 63,9 ast Africa: Burundi - 63,8 outh Africa: Bolswana - 69,29
North Africa: Algeria - 76,48 We;lu rkinl:nFax: 6129 Central African Republic - 57,67 Comoros - 67,02 Eswatini - 64,26
Egypt - 71,81 Gambia - 66.06 Chad - 55,24 Djibouti - 66,2 Lesotho - 57,8
Libya - 71,12 Ghana - 657 Equatorial Guinea - 63,91 Eritrea - 68,89 Namibia - 67,52
Morocco -75,49 ana - 09, Gabon - 68,51 Ethiopia - 67,6 South Africa - 66.31
Sudan - 66,52 Guinea - 60.9 Kenya - 63,83
Tunisia - 76,71 Guinea-Bissau - 64,25 Madagascar - 63,83
Ivory Coast - 62,11 Malawi - 67,56
Liberia - 62,32 Mauritius - 75,1
Mali - 60.67 Mozambique - 63,8
Mauritania - 68,71 Rwanda - 68,02
Niger - 61,43 Seychelles - 72,99
Nigeria - 54,63 Somalia - 58,97
Senegal - 68,92 South Sudan - 57,74
Sierra Leone - 61.96 Tanzania - 67,21
Togo - 62,93 gg;r:_la - 22;39
Burkina Faso - 61,20 ' - 65,
Gambia 66,06 Zimbabwe - 63,06
Ghana - 65,7
Guinea - 60,9
Guinea-Bissau - 64 25
Ivory Coast - 62,11
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4. Results and Discussion
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Figure 1. The factors that have the greatest positive impact on life expectancy Worldwide

As figure 1 illustrates, GDP has the most greatest positive impact worldwide. Here in most Asian and North
American countries, life expectancy depends on it. The next factors that also have a great impact is the average
salary, which can be seen in North Europe and some East Asian countries, and the education index, which can be

seen in West Africa.
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Figure 2. The factors that have the most negative impact on life expectancy Worldwide

In figure 2 it shows that factor which has the most
negative impact on life

expectancy is inflation. In all countries of North
America, South and East Asia, this factor is negative
which affects the reduction of their life expectancy. The
second most negative factor that affects life expectancy
is corruption and the rarest one is obesity. Obesity only
influences West Europe as an adverse cause.

Conclusion

A multiple regression model was used to evaluate
the factors affecting life expectancy in World countries.
To find out the relationship between life expectancy
and socio-economic factors, correlation coefficients for
different countries and continents were calculated by
selecting several indicators. Factors with the lowest co-
efficients such as population size and area of countries
were excluded. Overall, the results of this study con-



62 Norwegian Journal of development of the International Science No 179/2026

firm that life expectancy depends primarily on the over-
all state of a country’s healthcare system, particularly
on its level of economic development, social security,
and the quality of governance. In Asia and North Amer-
ica, a high GDP has a more significant positive impact.

The negative impact of factors such as inflation
and corruption is manifested in different ways in differ-
ent regions of the world. For example, in North Amer-
ica, South Asia, and Eastern Europe, high inflation re-
duces economic stability and limits opportunities for
health and social programs. Additional factors such as
population size, employment rate, access to educational
institutions and market infrastructure have a moderate
positive impact in all regions, confirming the complex
nature of the life expectancy formation process

Using a life expectancy model, it is possible to
predict the implications of various changes in life ex-
pectancy for Kazakhstan and the world as a whole.
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Abstract

Currently, improving the professional training of teaching staff and preparing them for the system of assessing
their knowledge is one of the pressing issues. In this regard, there is an increasing need to train future teachers
using modern digital resources in higher education institutions. The purpose of the research work is to experimen-
tally determine the effectiveness of an electronic simulator designed to prepare students of the 6B01509 “Chem-
istry-Biology” educational program for the procedure for assessing teachers’ knowledge.

Shakarim University in Semey was taken as the research base. About 70 students studying in the 3rd—4th year
of the chemistry-biology specialty participated in the experiment. The research was conducted for 3 months. A
special web platform https://tandau.online/ was developed, and a test database consisting of 500 questions in chem-
istry and 500 questions in biology was introduced into it. All tasks consisted of four answer options, one of which
was marked as the correct answer. The testing time was 90 minutes, the total number of questions was 50, and the
maximum result was 50 points.

As a result of the experiment, the initial diagnostic indicators of students ranged from 15 to 20 points, while
at the final stage the majority achieved results of 25 to 35 points, and individual students showed 40 to 45 points.
This showed that the systematic use of electronic simulators has a positive effect on improving the quality of
education, consolidating subject knowledge, and psychological adaptation to testing.

The results of the study prove the effectiveness of introducing electronic simulators into the training system
for future teachers.

Anaarna

Kasipri Tarma negaror kaapiaapAbIH KOCiON MaspiabIFbIH XKETUTIIPY jKoHe oNapAslH OiimMiH Oaranay KyheciHe
camnaJibl JaibIHaay 63eKTi Macenenep/IiH 0ipi 6ombi Tadbu1aabpl. OcbiFaH 0aiIaHBICTHI JKOFAPhI OKY OPBIHAAPBIH/A
Ooslaimax MyfraynimMzaepi 3aMaHayd IUQPIBIK pecypcTap apKbLIbl Jaspiiay KaKETTUIIrl apThil OThIp. 3epTTey
JKYMBICEIHBIH MakcaTsl — 6B01509 «Xumus-bruonorusy 0inim Oepy OarnapiaMachl CTYICHTTEPIH ITearorTapabliy
OimiMiH Oaranay paciMiHe NaspiiayFa apHaJFaH JJICKTPOHJABIK TPEHAXEPABIH THIMIUIIIH 3KCIIEPUMEHTTIK
TYPFBI/Ia aHBIKTAY.

3eptrey Oasacel peringe Cemelt kamacsiHAarsl LIokopiM YHHBEPCHTETI albIHABI. DKCHCPUMEHTKE XHMUS-
OMoJIOTUsl MaMaHIBIFBIHBIH 3—4 KypchIHAa 0151iM anaThiH maMaMeH 70 CTYJeHT KaThICTHIL. 3epTTey 3 aif KeJIeMiHe
Kyprisinmi. Apnaiter https://tandau.online/ Be6-mnardopmace o3ipienin, oran xumus noHiHeH 500, GHOIOTHS
noHiHeH 500 cypakTaH TypaThIH TecT 0a3acsl eHri3UIl. bapisIk TanceipManap TepT jkayarn HYCKachIHAH KYPabl,
OHBIH Oipeyi aypsIc skayamn perinae Oenrinenai. Tectiney yaksITel 90 MHHYT, Kaimsl caHbl 50 cypak *KoHE eH
XKoFapsl HoTIOKE 50 Oams oAbl

DKCTIIEpUMEHT HOTHXKECIHIE CTYIASHTTEpAiH OacTamKpl JUATHOCTUKAIBIK KepceTkimTepi 15-20 6amr apa-
JBIFBIHIA 00JICa, KOPBITHIHIBI KE3CHIE HEeri3Ti 0eiri 25—35 0ayn HoTHKEre KETTI, al KeKellereH cTyaeHrrep 40—
45 Gayut kepceTTi. bys aJIeKTPOHABIK TpeHa)XepIbl JKYHeli Kogany OliM canachlH apTThIPYFa, HOHIIK OLTiMIl
OekiTyre )KoHE TecTiIeyre ICUXOJIOTHSIIBIK OeHiMaenyre OH acep eTEeTiHIH KOPCEeTTi.
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3epTTey HOTIKENEpPl HIEKTPOHIBIK TPEHAXKEpIap sl OoJalIaK Ieaarortapasl aaspiay xKyiheciHe eHri3yain

THIMIUIITTH DOJIEIIEHI.

Keywords: teacher knowledge assessment, electronic trainer, assessment literacy, chemistry-biology educa-
tion, formative assessment, retrieval practice, simulation-based learning

Kiar ce3aep: nemarorrepin 6imimMin O6aranay, SIeKTpOHABIK TPeHAXED, Oaranay cayaTThUIIBIFbI, XUMUSI-0HO-
JIOTHsI MyFalliMIIEpiH Jaspiay, KaJablTacThIPyInsl Garamay, retrieval practice, simulation-based learning

JKorapsl nenarorukansik OiniM Oepy xyiecinaeri
©3eKTi MiHAeTTepaiH Oipi — Oojamak MyramiMaep.i
KaciOu Oaranay KbI3METiHE MakKCcaTThl TYpIe Jaspiiay.
Kazakcranna mnenmarorrepiid OuniMiH Oaranay Oiiim
Oepy caslaChIHAAFBI YOKIJIETTI OpraH 93ipJiereH TecTTep
apKBUTBI TIEarorTiH KociOM KY3BIPETTUTIK JeHrehiH
AlKBIHIAWTBIH POCIM pETIHAE CHIIATTaabl, al OHBIH
HoTIKeci 6ip skpuTFa xapamusl [1]. By pacim kasipri
YaKBITTA JKYMBIC ICTEH J>KYPreH Ielarorrepre raHa
eMec, TIeAarorHKaIBIK OTLi )KOK )KOHE MeIarOruKaIbIK
KBI3METTI KaiiTa OacTay/ibl )KocIiapian OThIPFaH TYJIiFa-
Japfa Ja KareICThl Kyprisineni [1]. ¥nTTeIK TecTiney
opTanbiFbIHBIH,  MomiMetiniie, 2024 sxeuiel [1bb-ra
kareicymsiiap cansl 400 506 amamra xerken [1].
MyHali ayKbIM MIeIarOruKaiblK O011iM Oepy Oargapiia-
MaJlapbiHIa Oarayiay KY3bIPETTEpIH aJIblH ajia Kalbl-
NTaCTBHIPYbI CTPATETHSIIBIK MiHACTKE allHAIBIPaIbL.

6B01509 «Xumus-buonorusy 6inim 6epy O6armap-
JaMachl CTYICHTTEp] YIIiH OyJ1 Mocese epeKiie MaHbl-
3161, CeOebi Oonmamak XuMIs )KoHe OFOIOTHS MyFaTiMi
TeK MOHIIK Ma3MyHIbl MEHrepilm KaHa KoiWMai, oKy
MaKcaTTapblH HAaKTBUIAY, JECKPHITOP KYpacThIpy,
3epPTXaHAIIBIK JKOHE NPAKTHKAJIBIK KYMBICTAPbI 1T
Oarayay, OUTIM anmylIBUTAPABIH KaTeJICepiH Tajiaay,
HOTWOKENEp/l TYCIHIIPY JKOHE TY3€TY JKYMBIChIHA Kepi
OaiinaHpic Oepy CHUSIKTBI Kyp/eni Oaraiiay opeKeTTepiH
opbiHIail anmysl THic. Kpurepuannsl OGaranay Kasipri
HeJaroruKaaarbl allbIKTBIK, OOBEKTUBTLIIK JKOHE OJ1-
IICHETIH HOTIKere OardapiaHy KaFHIaTTapbIMEH
THIFBI3 OainanbICThI [2, 98—100-66.]. A KalbIITacThi-
pymsl Oaranmay KYHACTIKTI OKy YyHepiciHme OimiM
ANYIIBIHBIH ~ aJlFa  JKbUDKYBIH OaKpUIayFa, OKBITY
Ma3MYHBIH JIep Ke3iH/e TY3eTyre )oHe OKy MOTHUBALH-
SICBIH apTTHIpyFa MyMKiHIiK Gepeni [3, 319-321-66.].

Ocbiran OaillaHBICTBI OOJamIaKk MyFagiMHIH as-
sessment literacy, sruu Garanay cayaTThUIBIFBI YFBIMBI
epekiie MoHre ue. FeuibiMu onebuerrepne Oaranay
cayaTTBUIBIFBI MYFalliMHIH Oaranmay KypaamgapslH
TYCiHYyi, OJIapJIbl OKY MaKcaTTapbIMEH COHKECTeHIIpYi,
JIBIHFAH JIEPEKTep/li MHTEPIPETALMSIIAYbl J)KOHE COJ
JIepeKTep HEeTi31H/Ie OKBITY/ABI XKETUIIpe amybl peTiHne
Kapactbipsuianasl [4, 251-252-66.]. D. Rogier 6aranay
cayaTTBUIBIFBIH TEK TECT KYpacTelpy mebepiriMeH
HIeKTeMel, OKBITY, Kepi OaiiaHplC >OHE IMIeIIiM
KaObLI1ay MOJEHUETIMEH OalmaHbICThIpaasl [5, 3—4-
06.]. Jemek, crymenrrepai I[1bb-ra Hemece skalmibl
Oarajay  KpI3METiHE Jaspray TeK IKEeKellereH
CypaKTapjbl )KaTTaTyMEH eMec, KelleH i Oaranay oi-
JIaybIH KaJIBINTACTBIPYMEH OaiiIaHBICThI OOJTYBI KEpEK.

Hudpasik O6imiM Gepy OpTAaCHIHBIH AaMybl Oy
MIHJETTI *KaHa jaeHreire meirapasl. Organisation for
Economic Co-operation and Development (OECD) ma-
TepUajiapblHAa OKOFapbl OumiMai  IUQpraHabpy
MYFaJIIMHIH KOCi0M KY3BIPETTEpPiH, COHBIH immiHae As-
sessment GarbITBIH, XaHA TEXHOJOTHSUIIBIK MIENIiMIep

ApKBUIBI AaMBITY KQKETTIriH alkeinmaiaer [6, 11-6.].
CoHBIMEH KaTap MyFamiMaepai udpibik OiutiM Oepy
xarnaiibiHa naspnay skeningeri OECD rannays! nena-
TOITepAiH endyip Oeuiri OacTamkbl KociOM AaspibIK
Ke3iH/Ie aKnapaTThIK-KOMMYHHKAIHSIIBIK TEXHOJIOT HsI-
Jmapasl OKBITY MEH Oaramaynma skyieni malmanmaHyra
KETKIUTIKTI Typae yiperinmerenin kepcereni [7, 9-10-
66.]. Ocbiman Keill, ImeIaroruKaibIK JKOFapsl OKY Op-
HBIH/IA ANEKTPOHBIK TPpeHaxep, HUPPIBIK KSHUC kKIHE
KeJlen Kepi Oaiianbic KypangapblH KOJIIaHY FHUIBIMU
JKOHE TPAKTHKANBIK TYPFBIIAH OpPBIHABI  OOJIBII
KOpiHe/i.

DNCKTPOHBIK TPECHAKEPIH THIMIUTICIH Heri3e-
yne retrieval practice »xone simulation-based learning
TYXKBIpBIMIaMaliaphbl a MaHbI3/1bl pOJI aTKapaabl. 3epT-
TeyJep MpaKkTHKa TECTiJIepi MaTePHAIIbI KaliTa OKyMEH
CaJBICTBIPFAH/IA OKY HOTHIKECIH aHAFYPIIBIM JKaKcapTa-
TBIHBIH manesmeiini [8, 659-660-60.]. Retrieval prac-
tice OoiibiHIIA KeHiHri MeTaTanmayiap TeCcTiiey
apKBUTBI JIBIHFAH OITIMHIH JKaHa JKaFIasTTapFa Tachl-
MalllaHyblHa Jia OH ocep eTeTiHiH kepceTti [9, 710—
712-66.]. MekrenTep MeH ayIUTOPHS KAFIANbIHIAFbI
Kyiierni 1oy aa retrieval practice-tig TypakTsl Typie
OKY ’KETICTIriH apTThIPAThIHBIH aiKeiHaaas! [10, 1410—
1412-66.], a chIHBINTHIK JUIZZING-Ke apHAIFaH MeTa-
TaJJay OHBIH OpTalia JACHreHWaeri eneysi ocepiH
asikTanel [11, 404-405-66.]. byran Koca, MyFraiim-
Jepai masipiayna KoianeuiaTeia Video-based simula-
tions Garanay AarabUIAPBIH KETIAIPYTre JKOHE IIIbI-
HAWibl TIeJIArOTUKAIBIK YKaFqasTTap/ibl Kayirnci3 opraua
Tanjayra MyMKiaaik 6epeni [12, 2—-3-60.].

3eprTey MaTepuaJAapbl MeH dicTepi

3eprrey Cemeit kanmaceiHnarsl [llokopimM yHEBEp-
cuTeTiHAe Kypriziiai. Okcnepumentke 6B01509
«Xumusi-buonorus» 6iiM Oepy OarmapiamMachlHbIH 3
xkoHe 4 Kypc CTyAeHTTepi KarhiCThl. JKaurbl
KaTblcyubuiap cansl mamamen 100 cTyqeHTTi Kypasl.

OKCHeprUMeHT y3aKThIFbl — 3 ail. 3epTrey Oapbi-
ChIHJIA CTYACHTTEpIe ePKiH PeKUM/IE Maiijananyra ap-
HalFaH apHaiier https://tandau.online/ snexTpoHabIK
u1aT(opMachl YCHIHBUIIBI.

[Tnardopma Ma3MyHBI TeMeHAETiIEH KYpbUIBIM-
JaJIJIbI:

e xuMus noHi 6oitbHIIa — 500 cypak;
Ouomnorus moHi 6oitprHIIa — 500 cypak;
*aimbl cypak cansl — 1000;
op TarnceipMmaza 4 xayar HyCKachl;

Oip FaHa TYpHIC JKayar;

TECT Y3aKTHIFbI — 90 MUHYT;

JKaJITbl TarceipMa canbl — 50 cypak;
eH orapsl 6amt — 50.

Xumust 1IoHI OOMBIHIIA Ma3MYH YJITTBHIK TECTLIEY
opTaibIFbl OekiTkeH 20 TaKbIPHIIN HETi31HAe 5 MOAyIbre
OeutiHni. Op Moxyibre 4 TakbIpbIITaH eHri3ingi. buo-
Jorusi ToHI OoibHmIA 13 TakeIpelll 5 MOIyJbre
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kikrengi. Monynsaey Oapeicbiama  7—11
MEKTell OarJapiiaMachlHIAFbl  TaKbIPBINTAP
HETI3T€e albIH/IbL.

DJIeKTPOHIBIK TPeHa:Kep KYPbLIbIMbI

Tpernaxep cTymeHTTEpiH o3 OeTiHIIe TalbIHIA-
JyBIHA BIHFAWIIBI BeO-pecype perinae o3ipiaenmi. [Inat-
(hopMaHBIH HETi3Ti MYMKIHIIKTEpi:

® Ke3 KeJII'eH YaKbITTa TECT TarchIpy;

IoH OO¥BIHIIA JKEKe TaHJIay jKacay;
YaKbITIICH )KYMBIC iCTEyTe JaFJbUIaHy;
HOTIDKCHI OipJICH Kepy;

KaTeJIepMEH JKYMBIC JKacay;

KalTaJan Tarncelpy apKeUIBl OUTiMi OeKiTy.

Byn xyiie cTyneHTTepHiH e©3iHAIK Kayal-
KEPIILUTITiH apTTHIPHII, TYPAKTH JAUBIHIBIK JaF ABICHIH
KaJIBIITaCTBIPABL.

3epTTey omicTepi peTiHae OakpUIay, TECTiNey,
CaNBICTRIPMAJIbl  Tajjlay JKOHE CaHABIK  OHZAeY
KOJIIaHBUIIBL.

ONEKTPOHABIK TPEHAKEPAIH Ma3MyHbl XHUMHS
JKOHE OWOJIOTHS TIOHIIEPiHIH EPEKINCTIKTePiH ecKepe
OTBIPBIN KYPacThIPBUIABL. TarceipManap KOpblHA OKY
MaKCaTTapblH OKY OaFaapiiaMachIMCH COWKECTCHIIPY

CBIHBIII
CaHbI

Heri3iHne KYPacThIPBUIBIL. Tpenaxep
aBTOMATTaHJIBIPBIIFAH Kepi OairaHbic, IyphIc/KaTe
Kayan TpoQWiIi, KaTelep KapTachl JOHE OpeKeT
OOHBIHIIA KBICKA ONICTEMENIK TyciHAipmMe Oepy
(GYHKIUSIIAPBIMEH TOJIBIKTBIPBULABL.

3epTTeymiH  FBUIBIMH  JKaHAIBIFBI  MBIHAJAH
KepiHemi: OipiHmmigeH, OomamaK XUMHI-OMOIOTHS
MyFaliMJepiH TeJarorrepAin OuriMiH  Oaranayra
Jaspiayra apHaJFaH dJEKTPOHIBIK TpeHaXepHiH
KYPBUIBIMIBIK ~ MOJETI  YCBIHBULABI,  CKIHIIICH,
CTYJICHTTEP/IiH JAsPIIBIFbIH CHIATTAWTBIH HHTETPaJIIbI
KepCeTKilTep JKyleci HaKThUIAHABL, YLIIHIIIJCH,
AIEKTPOHABIK TPeHAKePIi KOJAaHyIbIH HOTIDKENITITiH
KOpCeTy VIINiH SKCIIEPUMEHTTIK Oarajay JIOTHKACHI
KacaJsl.

JKCcNepuMeHT HITHKedepi

3epTreynin OacTankpl Ke3eHiHAe CTYACHTTEPHiH
6aceM Oeiri 50 mymkin Oangely imriame 15-20 6amn
apaybIFbIHA HOTIDKE KOpCeTTi. by onapablH moHmik
OUTIMIH JKyiieney >koHe TecT (hopMmaThiHa OeiiMmerry
KaXeTTUnrin  kepcerri.  CTymeHTTep  TpeHaxep
HETi3iHOe  e3[epiHiH  KaHgail  TaKbIPBIITAapAaH
KMHAJIaThIHABIFBIH OLIII, apbl Kapaii TaibIHIbIK XKacarl,
TECTLIey HOTHIKellepi alTapJIbIKTai ocTi.

Kecre — 1

DJIeKTPOHBIK TPeHaKep THIMAITITIHIH YJIrijliKk JKCIIepUMEHTTIK KepceTKilTepi

Kesen Horu:xe koepcerkinni
Bacranke! nuargocruka 15-20 6amn
KopHITBIHIB Ke3eH 25-35 6amn
JKorapsl HOTIKE KOPCETKEHIEP 40-45 Gamn

AJIBIHFAaH MOJNIMETTEp AJIEKTPOHABIK TpEHaKep
KOJITAHYABIH OH ocepiH nanenaeini. CTyneHTTepaiy
Kenmitirigae Hotmwkenepain 10—15 Oamrra xorapsl-
naybl OalKabl.

Taaksliay

3epTrey HoTIKeNnepl HNQPIIBIK 1aThopManapbt
OKy MpOIIECIHE EHTI3y CTYIACHTTEPIIH MOHIIK asip-
JIBIFBIH APTTBIPATHIHBIH KOPCETTi. DIIEKTPOH/BIK Tpe-
HaXXEP/IBIH 0acThl apTHIKIIBUIBIFBI — CTYACHTTEPIIH 63
KapKbIHBIMEH JNaHbIHAaTybIHA MYMKIHIIK Oepyi.

Xumus sxoHe OUOJOTHS TIOHACPIHICT] TEOPHUSITBIK
MaTepHaIIbIH KOJEMIiIrige OalJIaHbBICTEI
CYpakTapAbl MOIYNBIIK XyHele YCHIHY Ma3MYHIBI
JKYHenm MeHrepyre jkarmail skacaabl. COHBIMEH KaTap
VakKpITICH TECT OpPBIHIAY CTYICHTTEPIIH EMTHXaH
XKaFJaibIHa TICUXOJIOTHSITBIK OeHiIMIeNyiH KYIIeUTTI.

3epTTey HOTIKENepi Oojamak meaarortepi
nasprayna nudpiabik KypaaaapabpiH THIMIUTITH Kepce-
TETiH 3aMaHayn eHOEKTEPMEH YHIeCe .

KopbIThIHABI
XKyprizinren 9KCHEPUMEHT HOTWKECIHEe
6B01509 «Xumus-buonorus» oM oepy

Oarnapnamachl CTYAEHTTEpIH IeJarortap sy OLTiMiH
Oaramay  pociMiHe  Jaspiayia  DJIEKTPOHJBIK
TPEHAKEPIbIH THIMJILIITI TOIEIICH/II.
https://tandau.online/ nnatdopmacelt naiganany
HOTHXKECIHAE CTYACHTTEPAIH TeCT KOPCETKIITepi
affTapieIKTail skakcapnapl: Oactankel 15-20 Oamiman
25-35 Oara JOeiiH  ocTi, all JKEKeJereH OunM
amymbiiap 40—45 6amn HOTHKETe JKETTi.
DNEKTPOHIBIK TPEHAXKEP CTYACHTTEPIIH O3IHTIK
JKYMBICBIH YHBIMIACTBIPYFa, OLTIML JKy#eneyre, TecT

(dopmaTbiHa OedimMaenyre XoHE KociOW IMaspIIbIFBIH
apTTHIpyFa MYMKIHIIK Oepei.

OchbiraH GaiJIaHBICTBI )KOFapbl OKY OpbIHIAPBIHIA
Ooylamiak mexarorTepii Jaspiay KyieciHe ochiHait
UQPIIBIK PeCypCeTap bl €HIi3y THIMII ST eCenTee .
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Abstract

One of the most distinctive features of the modern world is the rapid pace of change occurring across nearly
all spheres of life. These transformations profoundly affect both individual and social existence, and social insti-
tutions are not exempt from this process. Educational institutions, in particular, emerge as some of the most re-
sponsive and adaptable structures in the face of such change. Naturally, various factors make this transformation
inevitable. This theoretical study analyzes the relationship between the evolving nature of the teaching profession
and the dynamics of a rapidly changing world, while also presenting theoretical propositions regarding the future
of teaching. The study argues that factors such as technological advancement, increased investment in education,
social transformation, shifting societal demands, the growing influence of parents, rising student numbers, the role
of mass media, and the demand for quality education make change within the teaching profession unavoidable.
However, the drivers of change are not limited to these factors; several additional elements further accelerate this
process. Some studies associate the extensive application of educational technologies with the potential disappear-
ance of the teaching profession in the future. In contrast, other research emphasizes that, since human beings are
inherently emotional and social, an education system without teachers is unlikely to emerge. In this regard, the
teacher remains not merely a transmitter of knowledge, but a central figure addressing learners’ psychosocial
needs. The study concludes that the teaching profession will not vanish in the foreseeable future; rather, the role
and status of teachers will undergo transformation. The teacher of the future will be a multifaceted individual—

technologically literate, adaptive, and equipped with strong interpersonal and social skills.

Keywords: teaching profession, future of education, future teacher

Introduction

No society is stagnant or static; every society ex-
periences continuous dynamism and transformation.
However, social change does not always manifest in a
clear or consistent manner, nor does it proceed at a uni-
form pace. At the core of these changes lies the individ-
ual—both as an agent influencing change and as one
influenced by it. Innovation, encompassing the emer-
gence of new ideas and methods, not only challenges
the past but also shapes the trajectory of a society’s fu-
ture.

In this regard, education plays two fundamental
roles with respect to innovation: first, to equip society
with qualified professionals capable of meeting modern
and innovative demands; and second, to facilitate these
changes with minimal social resistance or “friction.”
Within this framework, as with all professions, numer-
ous questions arise concerning the future of teaching.
What awaits the teaching profession in the coming
years? Will its social prestige and functional signifi-
cance increase, decrease, or undergo complete transfor-
mation? Could teaching itself be redefined or even ren-
dered obsolete?

It is important to note, however, that it is impossi-
ble to predict with absolute certainty what the teaching
profession will look like in ten or twenty years. As
Yasaroglu (2018, p. 17) aptly observes, “no one pos-
sesses a crystal ball” to foresee such developments.

Education, often characterized as an open system,
is understood as a process of stimulating continuous
and purposeful change in learners’ behavior. In this
sense, universities, as centers of educational activity,
must aim not only to impart knowledge but also to pre-
pare students for real-life challenges after graduation
(Jukes, McCain & Crockett, 2010, pp. 19-20). During
periods of profound transformation, societies may ex-
perience what can be termed “paradigm paralysis”—a
form of conceptual stagnation in the face of future-ori-
ented challenges. Such situations may necessitate aban-
doning previously accepted ideas and values in light of
new realities. Therefore, when developing strategies
and goals for the future of education, this reality must
be acknowledged.

It should also be noted that ongoing and dynamic
changes affect not only technology and the economy
but also all social systems—particularly education.
These influences encompass a wide spectrum, ranging
from the content of education to its organizational
structures, pedagogical approaches, and teacher—stu-
dent relationships.

The present era is characterized by rapid change,
intensifying competition, and the pervasive influence
of globalization across all domains. Under such condi-
tions, opportunities and risks alike have increased sig-
nificantly for individuals, institutions, and nations. Im-
portantly, these changes are neither random nor acci-
dental; their underlying causes can be summarized as
follows:
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Factors Driving Change In Education And The
Transformation Of The Teaching Profession

1.Rapid Advances in Science and Technology

2.Acquisition, Utilization, Analysis, and Develop-
ment of Information

3.Emergence of New Problems and Needs Con-
fronting Humanity

4.The Individual’s Drive for Self-Realization and
the Associated Demands

These factors represent the primary drivers of
change and exert a significant influence on nearly every
dimension of future life. In the contemporary era, re-
markable progress has been achieved in the field of in-
formation and communication technologies—particu-
larly in the collection, processing, transmission, and ap-
plication of information, as well as in the production of
new knowledge. This technological transformation has
led to profound changes both in educational curricula
and in societal expectations regarding the outcomes of
education. The challenges brought about by such
change necessitate the evolution and transformation of
the teacher factor—the most dynamic and adaptable
component of the educational system.

In this context, teachers assume a crucial role in
the implementation of renewed educational programs
and in the cultivation of students who are engaged, cre-
ative, innovative, and capable of working collabora-
tively. The organization of future teaching and learning
processes will, to a considerable extent, depend on ed-
ucational policies developed at the individual and col-
lective levels. Despite the emergence of technologies
whose full potential is not yet realized, the fundamental
nature of instruction—defined by the values,
knowledge, competencies, responsibilities, and goals of
those who teach—must remain central.

Rapid technological progress continues to influ-
ence education profoundly. The integration of technol-
ogy into teaching—exemplified by the use of robots
and artificial intelligence—based systems in universi-
ties—indicates that both the structure of instruction and
the very essence of the teaching profession are subject
to transformation. Such innovations may necessitate
the redefinition of traditional teacher roles and require
educators to adapt to new positions that involve collab-
oration with technology. Consequently, the future of
education will depend not only on technological ad-
vancements but also on how and for what purposes
these technologies are integrated into learning environ-
ments—and, most importantly, on the attitudes and
adaptive capacities of teachers toward such change.

Although a number of reforms have been imple-
mented in Azerbaijan’s teacher education system,
many educators continue to rely on traditional instruc-
tional methods characteristic of previous eras. Despite
the modernization of university infrastructure and the
introduction of advanced technologies, the persistence
of outdated teaching approaches remains a significant
challenge. Expecting different outcomes from students
without corresponding transformations in teachers’
pedagogical practices appears unrealistic. In this re-
gard, Harwell’s (2003) oft-cited assertion aptly cap-
tures the situation: “If you always do what you’ve al-
ways done, you will always get what you’ve always

gotten.” This statement underscores the importance of
teachers’ critical reflection on their own practice and
their openness to pedagogical change. If the anticipated
transformations within the education system are to be
realized, and if students are to be equipped to meet the
demands of a new era, such change must begin with
teachers themselves.

Purpose and Methodological Approach of the
Study

The primary objective of this study is to project
possible directions for the future development of the
educational environment and to forecast the nature of
anticipated transformations within the teaching profes-
sion. To this end, the study analyzes existing scholarly
approaches and practical initiatives concerning the
overall future of education, with a specific focus on the
evolution of teaching as a profession. Drawing on cur-
rent literature, potential future scenarios are systema-
tized, classified, and discussed within an academic
framework. Within this scope, examples of technologi-
cal integration into contemporary educational settings
are examined alongside an in-depth analysis of the con-
cept of “change” and the principal factors necessitating
such transformations.

Reasons Necessitating Change

As in all professional fields, transformation within
the teaching profession has become inevitable due to a
combination of objective and subjective factors. The
principal forces driving change in modern teaching can
be summarized as follows:

1.Social Transformations and Societal Expecta-
tions of Teachers

Rapid and multifaceted social transformations
have made it necessary to reconsider the roles of edu-
cational institutions, educational systems, and teachers
in particular. Compared to two decades ago, education
has evolved into a far more complex and multidimen-
sional process. This complexity demands not only the
transformation of teaching methodologies but also the
redefinition of teachers’ functional roles. Contempo-
rary society no longer perceives teachers solely as
transmitters of knowledge; rather, they are viewed as
key figures in shaping students’ social, emotional, tech-
nological, and civic competencies. Consequently,
teachers are required to adapt their traditional roles to
the expectations of an evolving society.

One of the most significant social developments
affecting education is the growing involvement and as-
sertiveness of parents. Parents today seek not only to
ensure that their children’s current educational needs
are met but also that they are prepared to face the chal-
lenges of the future. This expectation has a direct im-
pact on teachers’ professional preparation, their peda-
gogical approaches, and their engagement with the ed-
ucational process. Collectively, these dynamics
indicate that social change will continue to bring about
profound transformations in teachers’ roles and func-
tions. As a result, teaching is progressively becoming a
more flexible, multifaceted, technologically enriched,
and socially oriented profession.

2.Parental Influence and the Expanding Social
Role of the Teacher



Norwegian Journal of development of the International Science No 179/2026 69

In recent years, there has been a notable increase
in the number of working parents. At the same time,
higher divorce rates and the decreasing amount of time
parents spend with their children have, in many cases,
negatively affected children’s emotional and social de-
velopment. Consequently, some of the traditional func-
tions of the family in child upbringing have shifted to-
ward teachers. In today’s context, many of the values,
social norms, and emotional support mechanisms once
transmitted within the family are now being provided
within educational institutions—primarily by teachers.

As a result, parental expectations increasingly rest
on the assumption that nearly all aspects of their chil-
dren’s development should be addressed within the
school environment. This, in turn, is often linked to the
limited time and attention parents can devote to learn-
ing activities at home. Such circumstances can be inter-
preted as a partial transfer of parental responsibilities to
teachers. Accordingly, teachers are no longer merely
facilitators of academic learning but also play active
roles in affective (emotional and social) education. This
shift substantially expands teachers’ professional work-
load and spheres of responsibility.

Hence, as the functional boundaries between the
family and the educational institution become increas-
ingly blurred, the teacher’s role grows more multifac-
eted and complex. This situation calls for new ap-
proaches in teacher education—particularly those that
emphasize the development of social and emotional
competencies alongside professional and technological
expertise.

3. Changes in the Student Model and the Role of
the Teacher

In the contemporary educational process, the tra-
ditional student model has undergone a fundamental
transformation. Students are no longer perceived as
passive recipients of information but as active partici-
pants who construct their own learning experiences. In
modern classrooms, students engage in discussions,
group work, and diverse learning activities rather than
merely listening to lectures. This shift has profoundly
affected the teacher’s role, transforming teachers from
transmitters of knowledge into facilitators of learn-
ing—organizers and enablers of the educational pro-
cess (Cakmak, 2011). Education today is therefore un-
derstood not as a simple transmission of information
but as a comprehensive system aimed at promoting stu-
dents’ multidimensional development.

Moreover, teachers are now expected to support
students’ healthy and balanced development and to en-
gage meaningfully in their lives. Students increasingly
face physical and emotional violence, neglect, and a va-
riety of personal and social problems, and teachers play
a vital role in addressing these challenges (Deiro,
2005). In this sense, the teacher’s role extends beyond
pedagogy to encompass social and emotional support
functions. Consequently, in modern educational con-
texts, teacher—student interaction must adapt to new dy-
namics, with the learning process directed toward the
simultaneous development of academic and social
competencies.

Integration of Technology into the Education
and Learning System

Mass media have significantly expanded access to
information, allowing students to recognize the im-
portance of using diverse informational resources, in-
cluding those employed by their teachers. The continu-
ous influx of new digital media tools into the educa-
tional environment accelerates this transformation.
Teachers who rely solely on verbal instruction are in-
creasingly perceived as ineffective. Instead, educators
can enhance student motivation by presenting content
in engaging and interactive ways through the effective
use of powerful information resources. In this context,
the need for a “digital revolution” in the education sys-
tem becomes evident.

The teaching profession, accordingly, must evolve
through the digital learning revolution into a domain
that enables exceptional educators to reach larger audi-
ences and in which their expertise is both recognized
and rewarded (Hassel & Hassel, 2011). Among the var-
ious forces driving educational change, technological
advancement and its integration into learning processes
are among the most significant. Some researchers pre-
dict that in the near future, robots and biotechnological
education will become realities, arguing that technolog-
ical progress could transform all sciences and reshape
our understanding of human and natural structures. The
increased use of technology in education will likely al-
ter both the teacher’s role and the very concept of edu-
cation itself.

However, these transformations are not without
potential drawbacks. Several scholars caution that tech-
nological systems operating beyond human oversight
could give rise to artificial entities, thus introducing po-
tential risks and ethical dilemmas into every scientific
and educational advancement (S6nmez, 2002, p. 320).

Sharkey (2016) proposes four possible scenarios
for the use of technology in future classroom environ-
ments:

1.Robot Teachers: The teacher figure in the class-
room is replaced by a robotic entity that serves as the
main source of information and manages the instruc-
tional process.

2.Robots as Peers and Companions: Robots act as
learning partners or classmates, facilitating interaction
and engagement.

3.Robots as Caregivers and Assistants: In these
cases—collectively referred to as support robots—the
robotic systems do not replace human teachers but
serve as aids that simplify instructional tasks. They do
not occupy positions of authority but operate in sup-
portive roles.

4. Telepresence Robots: These robots enable re-
mote instruction, allowing human teachers to conduct
lessons in real time without being physically present in
the classroom.

In our view, the primary objective of most robotics
researchers is not to replace teachers entirely but to en-
hance the educational experience by positioning robots
as stimulating and engaging tools that add value to the
learning process. For successful integration of robots
into classrooms, human teachers must be able to oper-
ate these technologies with ease. This, in turn, requires
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the development of appropriate interface mecha-
nisms—software systems, technical devices, or mobile
applications—that allow teachers to manage robots
with minimal training (Ahmad & Mubin, n.d.).

The process of digitalization in education is not
new; it has been underway for decades. One of the ear-
liest examples of technology integration in education
was Apple’s “Apple Classrooms of Tomorrow
(ACOT)” project in the 1980s. In the 2000s, the “Pre-
paring Tomorrow’s Teachers to Use Technology” ini-
tiative represented another significant milestone in this
direction (Pamuk, Cakir, Ergiin, Yilmaz & Ayas,
2013). Today, a wide variety of educational robots are
available, ranging from simple microprocessor-based
mobile units to complex humanoid systems. The choice
of robot type depends largely on the learning objec-
tives, the educational field, and the students’ age group.
Small-scale robots are typically used in robotics and
computer science education, while humanoid robots—
due to their natural and engaging communicative abili-
ties—are often employed in language learning contexts
(Ahmad & Mubin, n.d.).

Disadvantages of Technology Use in Universi-
ties

Although technologies used in university environ-
ments offer numerous advantages, they also raise con-
cerns. For example, robotic instructors can engage with
large numbers of students simultaneously and offer
“unlimited” learning opportunities through video-
based instruction. Furthermore, intelligent software
that personalizes learning experiences increases student
engagement and facilitates individualized learning en-
vironments (Hassel & Hassel, 2011). Research also
shows that students enjoy interacting with robots in ed-
ucational settings, and such interactions significantly
enhance their motivation to learn (Ahmad & Mubin,
n.d.). Empirical findings indicate that information
taught by robots was retained 27% more effectively
compared to content that was not robot-mediated.
Based on such results, researchers argue that robots can
serve as efficient and cost-effective tools for enriching
the learning environment.

Nevertheless, public concern persists regarding
the increasing use of high-tech tools—particularly ro-
bots—in university education. Studies reveal that pub-
lic attitudes toward educational robots remain ambiva-
lent. For instance, a 2012 survey conducted across Eu-
rope with over 27,000 respondents found that 34% of
participants believed the use of robots in education
should be prohibited, while 60% considered it inappro-
priate for robots to care for children, the elderly, or peo-
ple with disabilities. Only 3% regarded the use of ro-
bots in education as desirable (Sharkey, 2016). These
results suggest that the integration of robots into educa-
tional environments has yet to gain full public trust and
acceptance.

As previously noted, the rapid emergence of digi-
tal learning has given rise to predictable debates within
the field of education. Teachers’ unions and their rep-
resentatives have voiced the argument that “a teacher
cannot be replaced by a laptop” (Hassel & Hassel,
2011), expressing concerns over the potential of tech-

nology—including online learning, digital course pro-
grams, video lectures, and other technology-based in-
structional methods—to supplant human educators.
From the teachers’ perspective, the integration of robot-
ics and other technological tools into the teaching pro-
cess presents certain challenges and difficulties.

First, robotics-based instruction requires consider-
able time, both during class (for construction, design,
and testing stages) and outside of class (for lesson plan-
ning, gathering materials, troubleshooting, and prepa-
ration). Moreover, factors such as the high cost of ma-
terials, limited classroom space, and short lesson dura-
tions create restrictive conditions even for the most
motivated and innovation-oriented teachers (Cejka,
Rogers, & Portsmore, 2006). Consequently, teachers
often prefer to maintain full control over the use of ro-
bots, expressing skepticism toward the technical relia-
bility of these systems and favoring their use as assis-
tive tools or companions that support student learning
rather than as replacements for human instructors.

The support and endorsement of educational ad-
ministrators also play a crucial role in shaping attitudes
toward robotics in the classroom. Research indicates
that teachers may experience fatigue and obstacles
when attempting to introduce robotics into their class-
rooms without institutional backing (Cejka et al.,
2006). Therefore, administrative support can serve as
an important mechanism for alleviating teacher con-
cerns and facilitating the adoption of innovative tech-
nologies.

Ethical concerns surrounding the use of robots in
education have also been raised. Questions related to
transparency in monitoring robot performance and ac-
countability for errors remain unresolved. The use of
robots in contexts involving vulnerable populations—
such as children or the elderly—raises significant is-
sues of oversight and responsibility.

As products of artificial intelligence, robots enable
the creation of artificial environments within the teach-
ing process. However, research shows that many stu-
dents perceive robotic voices as unnatural and experi-
ence difficulty adapting to such environments. The in-
tegration of robots into education also entails privacy-
related risks. Previous discussions have questioned the
potential intrusion of robots into individuals’ private
lives. The collection of personal data through robotic
sensors may compromise privacy: information gath-
ered—even from a single monitored individual—can
be transmitted to human monitors or stored in the robot
itself for potential access by others (Ahmad & Mubin,
n.d.).

Additionally, the implementation of robotics in
education raises concerns about employment. Teachers
and teachers’ unions argue that widespread adoption of
robots within education could threaten the job security
of educators and other educational staff worldwide
(Soffar, 2016). Another major concern relates to the
possible reduction of human interaction resulting from
the use of social robots. Critics argue that robotic teach-
ers cannot replicate the creativity and innovation of hu-
man educators when delivering instructional material.
The silicon-based brain of a robot, they contend, cannot
match the productivity of the carbon-based human
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brain and thus lacks the capacity to respond creatively
to novel or ambiguous questions.

Furthermore, robots’ evaluative and feedback
functions are often deemed inadequate: they cannot
provide meaningful positive reinforcement or construc-
tive criticism, interpret student work effectively, or ac-
commodate individual differences (Goldstein, 2013). It
is also suggested that reliance on robots might hinder
children’s ability to develop personal responsibility. A
lack of emotional connection or bonding between chil-
dren and robots constitutes another potential disad-
vantage, as does the lower level of socialization ob-
served in classrooms that utilize robots—factors that
may impede the development of students’ interpersonal
skills.

From an economic standpoint, the integration of
technology into educational environments is consist-
ently associated with high costs. Robotic teachers, in
particular, represent expensive technologies whose im-
plementation may further exacerbate financial concerns
within the education sector.

The Role of Universities in Shaping Future
Teachers in Azerbaijan

In today’s modern, globalized world, university
education has become a critical component of each na-
tion’s socio-economic development, competitiveness,
and sustainability. As a unique and essential element
within the education system, universities contribute
significantly to fostering innovation, human capital,
and cultural development. It is therefore not coinci-
dental that UNESCO has identified universities as in-
dispensable institutions for supporting social progress,
economic growth, the production of competitive goods
and services, the preservation of cultural identity, social
cohesion, poverty reduction, and the promotion of a
culture of peace.

At present, university education is both a prereg-
uisite for maintaining a strong position in the global
knowledge economy and a key factor in ensuring indi-
vidual and national competitiveness. It has also become
a central component of economic operations and poli-
cymaking processes.

In general, improvements in the quantitative di-
mensions of education are expected to be accompanied
by qualitative enhancements. However, while the num-
ber of teachers and students in universities has in-
creased, this growth has not necessarily resulted in
qualitative improvements. The expansion in quantity
has, in fact, complicated the understanding and meas-
urement of quality. This situation requires teachers to
remain aware of the evolving nature of their profes-
sional roles, to adapt to new realities, to ensure conti-
nuity in instruction, and to strive for excellence across
all domains of education.

In this regard, the “Future Education Leaders of
the Pedagogical University” competition, successfully
launched at the Azerbaijan State Pedagogical Univer-
sity in 2024, continued in 2025 as its second season.
With the participation of 400 students, the competition
was conducted in four stages.

*In the first stage, participants were assessed on
their knowledge of Azerbaijan and the university, as
well as their general worldview.

*The second stage evaluated logical reasoning, in-
formation processing, and analytical thinking skills.

*During the third (semifinal) and fourth (final)
stages, participants demonstrated their abilities to work
individually and in teams, employ strategic thinking,
design and present projects, and exhibit public speak-
ing, presentation, self-expression, and creativity skills.

The final round, held on May 9, 2025, identified
ten students with the highest performance. Sponsored
by bp Azerbaijan, the competition’s primary objective
was to support the professional development of talented
students and to cultivate the future human resource po-
tential of the university. Each winner received a m1000
monetary award, unique gifts, and the opportunity to
participate in a year-long professional mentorship and
development program.

Thus, in order to broaden the scope of prospective
teachers’ research competencies, a survey was con-
ducted among first- and second-year students enrolled
in the Primary School Teacher Education program (fu-
ture primary school teachers). The results of this survey
made it possible to draw several key conclusions.

First, the analysis of the findings revealed that stu-
dent participation in research activities within universi-
ties remains quite limited. The instructional process
largely retains an executive and reproductive character.
The primary reason for this situation lies in students’
tendency to prioritize rote learning over analytical or
investigative engagement.

Second, among first-year students, performative
approaches continue to outweigh innovative ones. Lec-
turers and instructors generally do not devote sufficient
time during lectures and seminars to support the devel-
opment of students’ research skills. Consequently, the
learning process is primarily confined to passive listen-
ing, reproductive explanation, memorization of lecture
content, and similar activities. Finally, insufficient at-
tention is paid to cultivating students’ research abilities,
and the independent assignments they are given are of-
ten implemented without clear methodological direc-
tion or qualitative intent.

Higher education institutions, while delivering
state-mandated curricula and applying various instruc-
tional technologies, succeed in fostering certain profes-
sional skills among graduates. However, there is little
evidence of systematic effort to prepare students for
adaptability in dynamic contexts or to enable them to
perform effectively in nontraditional situations. More-
over, the insufficient consideration of existing tradi-
tions and values within the process of teacher prepara-
tion represents an additional area of concern.

In our view, the shock caused by the pandemic—
similar to developments in other sectors—is likely to
deepen the divide between under-resourced and well-
established higher education institutions. Its impact
will likely compel universities and colleges to address
long-overdue  reforms, increase  specialization,
strengthen collaboration networks, and even merge
with other institutions if unable to sustain independent
operation. It appears that institutions that recognize the
shortcomings revealed by this crisis, acknowledge the
opportunities created by new realities, and implement
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innovative solutions promptly will enter the “new nor-
mal” era from a stronger position.

Conclusion

Among the main factors shaping the educational
environment are social changes, public expectations,
parental influence, transformations in teaching models,
the evolving concept of quality, and the integration of
technology into the learning process. Under the influ-
ence of these factors, transformations in education are
inevitable—and these changes will also reshape the
role of teachers.

Research indicates that the use of robots in instruc-
tion increases students’ motivation and engagement
while expanding opportunities for individualized learn-
ing. Such advantages make the incorporation of tech-
nology into educational settings practically indispensa-
ble. Considering the trajectory of technological devel-
opment, it is highly probable that the tools used in
universities in the near future will be more advanced,
functional, and comprehensive than those available to-
day. Nevertheless, this does not preclude the use of ro-
bots at other educational levels. Depending on the les-
son’s objectives, artificial intelligence tools can also be
successfully applied in various stages of education.

Scholars argue that this trend could fundamentally
transform the role of teachers within the education sys-
tem—an idea often summarized by the phrase “from
the sage on the stage to the guide on the side.” In other
words, while the roles of educators in the future will
differ from those of the past and present, their functions
will not disappear entirely. Teachers of this new era
will help students acquire the knowledge, skills, behav-
iors, and values necessary to become responsible par-
ents, competent professionals, and productive citizens.

Accordingly, it can be projected that the teaching
profession will not vanish but rather evolve in form and
function. Just as today’s teachers differ from those of
the past, tomorrow’s teachers will likewise differ from
the educators of today.

At the same time, it must be acknowledged that the
use of technology carries certain disadvantages. Based
on this argument, the future direction and purpose of
education must remain centered on the individual. Min-
imizing the potential negative effects of technological
integration begins with effective and deliberate plan-
ning. Teachers must therefore adopt preventive strate-
gies and safeguards to ensure that those they educate do
not develop undesirable traits or dependencies.

From the conducted research, it can be concluded
that, at least in the near future, teachers will continue to
hold the most favorable position for cultivating stu-
dents’ higher-order thinking skills, analyzing complex
problems, applying knowledge and competencies,
comprehending abstract concepts, and generating inno-
vative ideas and solutions.

Although technological progress has deeply af-
fected not only individual lives but also interpersonal
communication, social dynamics, and international re-
lations, the human element will never lose its signifi-
cance. Hence, while education must continually adapt

to technological advancements, the complete removal
of the human factor is neither possible nor desirable.
This reality underscores that the teaching profession
will continue to exist and maintain its vital role in the
world of the future.
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Abstract

The psychology of creativity is one of the important branches of psychology that studies an individual’s
ability to generate new ideas, approach existing problems in unconventional ways, and produce original outcomes.
In the modern era, creativity is no longer confined to the field of art; it also plays a crucial role in science, education,
technology, and all aspects of everyday life. For this reason, the psychology of creativity has become a broad
subject of investigation from both theoretical and practical perspectives. Creativity is one of the most complex and
multifaceted forms of human activity.

This process is not limited to the generation of new ideas; it also encompasses the application and implemen-
tation of those ideas. The psychology of creativity examines various factors that influence creative performance,
including individual characteristics, motivation, environmental conditions, and cognitive processes. The main aim
of this article is to provide a comprehensive analysis of the nature of creativity, its major theoretical approaches,

research methods, and practical significance.

Keywords: creativity, psychology, approach, ideas, methods, cognitive

Introduction - Creativity has long been regarded
as one of the most complex and fascinating aspects of
human cognition. It plays a central role in scientific dis-
covery, artistic expression, technological advancement,
and everyday problem-solving. Despite its signifi-
cance, defining and explaining creativity has remained
a challenge across disciplines such as psychology, edu-
cation, and cognitive science. Traditionally, creativity
was associated with exceptional individuals and myste-
rious processes of inspiration. However, contemporary
psychological research increasingly conceptualizes cre-
ativity as a cognitive and developmental phenomenon
grounded in ordinary mental processes.

This paper explores creativity as a psychological
construct by examining major theoretical approaches
and providing an in-depth analysis of the perspective
proposed by Robert W. Weisberg. Weisberg’s theory
challenges traditional assumptions about creativity by
emphasizing the role of normal cognitive processes,
knowledge accumulation, and gradual development ra-
ther than sudden insight or innate genius. By integrat-
ing classical theories with Weisberg’s framework, this
article aims to provide a comprehensive and critical un-
derstanding of creativity as both a universal and learn-
able human capacity.

Creativity is commonly defined as the ability to
produce ideas, solutions, or products that are both novel
and valuable. This dual criterion originality and useful-
ness has become widely accepted in psychological lit-
erature. Creativity is not limited to artistic or scientific
domains; it is also evident in everyday activities such
as teaching, communication, and problem-solving.

From a psychological standpoint, creativity in-
volves several cognitive processes, including divergent
thinking, associative thinking, problem restructuring,
and analogical reasoning. It also incorporates affective

and motivational components such as curiosity, intrin-
sic motivation, and openness to experience. Therefore,
creativity is best understood as a multidimensional con-
struct that integrates cognitive, emotional, and environ-
mental factors.

Major Psychological Approaches to Creativity:

1. Psychoanalytic Approach - The psychoana-
Iytic perspective, rooted in the work of Sigmund Freud,
views creativity as an expression of unconscious de-
sires and internal conflicts. According to this view, cre-
ative activity allows individuals to channel repressed
emotions into socially acceptable forms. Artistic and
literary creativity, in particular, is often interpreted as
symbolic expression. While this approach provides in-
sight into the emotional and symbolic aspects of crea-
tivity, it has been criticized for its lack of empirical sup-
port and overemphasis on pathology. It tends to portray
creativity as a byproduct of psychological tension ra-
ther than a constructive cognitive process.

2. Humanistic Approach - Humanistic psycholo-
gists such as Abraham Maslow and Carl Rogers empha-
size creativity as a natural expression of self-actualiza-
tion. According to this perspective, creativity emerges
when individuals realize their full potential and experi-
ence psychological freedom. Maslow identified crea-
tivity as a characteristic of self-actualized individuals,
while Rogers highlighted the importance of a support-
ive environment that fosters openness and intrinsic mo-
tivation. In this view, creativity is not limited to a select
few but is a universal human potential. This approach
has had a strong influence on educational practices, en-
couraging the development of learner-centered envi-
ronments that promote exploration and self-expression.

3. Cognitive Approach - The cognitive approach
focuses on the mental processes underlying creative
thinking. Researchers in this tradition study how indi-
viduals generate, manipulate, and evaluate ideas.
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- Divergent thinking: generating multiple possi-
ble solutions

- Convergent thinking: selecting the most appro-
priate solution

- Problem restructuring: redefining problems to
find new solutions

- Analogical reasoning: applying knowledge
from one domain to another

Cognitive theories emphasize that creativity is not
a mysterious process but a set of identifiable and train-
able skills. This perspective laid the groundwork for
modern creativity research and assessment. The cogni-
tive approach to creativity represents one of the most
influential and empirically grounded perspectives in
modern psychology. It conceptualizes creativity not as
a mysterious or purely intuitive phenomenon, but as a
set of mental processes that can be observed, analyzed,
and developed. Researchers within this framework in-
vestigate how individuals generate ideas, transform
knowledge, solve problems, and evaluate possible so-
lutions. From this perspective, creativity is deeply em-
bedded in everyday thinking and relies on general cog-
nitive functions such as memory, attention, and reason-
ing.

At the core of the cognitive approach is the as-
sumption that creative thinking involves both the gen-
eration of novel possibilities and the evaluation of their
usefulness. These processes are typically described
through several key components: divergent thinking,
convergent thinking, problem restructuring, and ana-
logical reasoning.

Divergent Thinking - Divergent thinking refers
to the ability to generate multiple, varied, and original
ideas in response to an open-ended problem. It is often
considered a primary indicator of creative potential.
This type of thinking is characterized by:

e Fluency (number of ideas produced)

o Flexibility (variety of idea categories)

e Originality (uniqueness of ideas)

e Elaboration (level of detail)

Convergent Thinking - Convergent thinking, in
contrast, involves selecting the most appropriate, effec-
tive, or feasible solution from a set of alternatives. It
requires logical reasoning, critical evaluation, and de-
cision-making. While divergent thinking generates op-
tions, convergent thinking narrows them down.

Problem Restructuring - Problem restructuring
involves redefining or reframing a problem in order to
discover new and more effective solutions. Often, indi-
viduals fail to solve problems because they are con-
strained by initial assumptions or fixed perspectives.
By changing how a problem is perceived, entirely new
solution paths can emerge.

Analogical Reasoning - Analogical reasoning in-
volves applying knowledge or solutions from one do-
main to another. It allows individuals to draw connec-
tions between seemingly unrelated concepts and trans-
fer insights across contexts. This process is
fundamental to many creative breakthroughs.

Cognitive Theories and the Nature of Creativ-
ity - Cognitive theories fundamentally challenge the
idea that creativity is a rare or mysterious gift. Instead,

they propose that creativity consists of identifiable,
teachable, and improvable skills. These include:

e Generating multiple ideas (divergent thinking)

e Evaluating and selecting solutions (conver-
gent thinking)

e Reframing problems (problem restructuring)

e Making connections across domains (analogi-
cal reasoning)

From this perspective, creativity is not limited to
artists or geniuses; it is a universal human capacity that
can be developed through practice, education, and ex-
perience. Implications for Education and Practice -
The cognitive approach has had a profound impact on
educational systems and professional practices. It
suggests that creativity can be fostered by:

e Encouraging open-ended questions

e Promoting brainstorming activities

e Teaching problem-solving strategies

e Providing opportunities for interdisciplinary
learning

A teacher might ask students to design a sustaina-
ble city. This task requires:

e Divergent thinking (generating ideas)

e Convergent thinking (choosing feasible solu-
tions)

e Problem restructuring (rethinking urban chal-
lenges)

e Analogical reasoning (learning from existing
cities or ecosystems)

The cognitive approach provides a comprehensive
and practical framework for understanding creativity.
By focusing on mental processes such as divergent and
convergent thinking, problem restructuring, and ana-
logical reasoning, it explains how creative ideas are
generated and refined. Most importantly, it demon-
strates that creativity is not an elusive or innate talent
but a set of cognitive skills that can be systematically
developed and applied across domains.

4. Sociocultural Approach - The sociocultural
perspective highlights the role of environment, culture,
and social interaction in creativity. Creativity is not
seen as an isolated individual trait but as a product of
interaction between individuals and their context.

Factors influencing creativity include:

e Educational systems

e Cultural values

e Social support

e Access to resources

This approach emphasizes that what is considered
“creative” varies across cultures and historical periods.
It also underscores the importance of collaboration and
shared knowledge in creative production.

The Weisberg Perspective on Creativity - Rob-
ert W. Weisberg offers a distinctive and influential per-
spective on creativity, particularly through his work
Creativity: Understanding Innovation (2006). Contrary
to traditional views that associate creativity with sud-
den insight or exceptional talent, Weisberg argues that
creativity arises from ordinary cognitive processes.

1. Creativity as Ordinary Thinking - One of
Weisberg’s central claims is that creativity does not re-
quire special mental mechanisms. Instead, it relies on
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the same cognitive processes used in everyday think-
ing, such as memory retrieval, problem-solving, and
logical reasoning [Runco, M. A, 2007].

According to this view:

e Creative individuals are not fundamentally
different from others

o Creativity is accessible to everyone

o Differences in creative output are due to expe-
rience and effort rather than innate ability

This perspective democratizes creativity and chal-
lenges the myth of the “creative genius.”

2. The Role of Knowledge - Weisberg empha-
sizes that creativity is deeply dependent on domain-
specific knowledge. Individuals who possess extensive
knowledge in a particular field are more likely to gen-
erate innovative ideas because they can: [Weisberg, R.
W, 2006]

e Recognize patterns and gaps

e Combine existing concepts in novel ways

o Build upon prior work effectively

This idea contradicts the belief that creativity re-
quires “thinking outside the box” in the sense of ignor-
ing existing knowledge. Instead, Weisberg argues that
the “box” itself knowledge is essential for creativity.

3. Incremental Development - Another key ele-
ment of Weisberg’s theory is the notion that creativity
develops gradually rather than through sudden break-
throughs. He critiques the concept of “insight” as an in-
stantaneous and mysterious process, suggesting that it
is often the result of continuous effort and gradual re-
finement.

Creative achievements, therefore, are:

e The product of sustained work

e Built upon previous ideas

e Developed through iterative processes

Historical examples, such as scientific discoveries
and artistic masterpieces, often reveal a long trajectory
of development rather than a single moment of inspira-
tion.

4. Rejection of the “Eureka” Myth - Weisberg
challenges the popular notion of the “Eureka moment,”
arguing that it oversimplifies the creative process.
While sudden insights may occur, they are typically
preceded by extensive preparation and unconscious
processing. By deconstructing this myth, Weisberg pro-
vides a more realistic and scientifically grounded un-
derstanding of creativity.

Comparison with Other Theories - Weisberg’s
approach aligns closely with cognitive theories but dif-
fers in its strong emphasis on the continuity between
ordinary and creative thinking. Unlike psychoanalytic
theories, it does not rely on unconscious drives. Unlike
humanistic theories, it does not prioritize self-actualiza-
tion or emotional expression as primary drivers.

Compared to sociocultural theories, Weisberg
places greater emphasis on individual cognition rather
than environmental factors, although he does not deny
their importance [Sternberg, R. J, 1999]

Criticism of Weisberg’s Theory - Despite its
strengths, Weisberg’s theory has been subject to criti-
cism:

1. Underestimation  of
Motivation

Emotion and

Critics argue that creativity is not purely cognitive
and that emotions play a significant role in creative pro-
cesses.

2. Limited Explanation of Radical Creativity

Some forms of creativity involve highly original
and transformative ideas that may not be easily ex-
plained by incremental processes.

3. Neglect of Environmental Factors

While focusing on cognition, Weisberg may un-
deremphasize the influence of social and cultural con-
texts.

Nevertheless, his theory remains highly influential
due to its empirical grounding and practical implica-
tions [Amabile, T. M.1996].

Implications for Education and Practice - Weis-
berg’s perspective has important implications for edu-
cation:

o Creativity can be taught and developed

e Emphasis should be placed on knowledge ac-
quisition

e Practice and persistence are essential

e Students should engage in problem-solving
activities

Educational systems should move away from
viewing creativity as an innate talent and instead foster
it through structured learning and supportive environ-
ments.

Conclusion - Creativity is a multifaceted psycho-
logical phenomenon that encompasses cognitive, emo-
tional, and social dimensions. While traditional theories
often portray creativity as mysterious or exclusive, con-
temporary approaches particularly the perspective of
Robert Weisberg offer a more grounded and accessible
understanding.

Weisberg’s theory redefines creativity as an exten-
sion of ordinary thinking processes, emphasizing
knowledge, effort, and gradual development.

This perspective not only demystifies creativity
but also highlights its potential as a universal human
capacity. Understanding creativity through such frame-
works has profound implications for education, innova-
tion, and personal development. By recognizing that
creativity is not a rare gift but a skill that can be culti-
vated, individuals and societies can better harness their
creative potential in an increasingly complex and dy-
namic world.
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Abstract

Assigning tasks to the right developers in a software project is essential for timely delivery, but this process
usually depends on manual judgment and management intuition. In this work, we introduce SmartAssign—a ma-
chine learning-driven recommendation platform—through a principled multi-factor scoring method. The proposed
hybrid algorithm uses four complementary dimensions: skill adjustment (40%), previous performance mode (30%),
current ability distribution (20%), and qualifications suitable for complexity (10%), to generate a list of ranked
candidates, accompanied by manual explanations. We have established a complete prototype, including an offline
training pipeline, a RESTful reasoning service, and a browser-based management dashboard. Eight widely used
classification models are benchmarked on a corpus of 500 synthetic assignment records; the highest-performing
random forest classifier achieved an accuracy of 82.7% with 0.891 ROC-AUC, while XGBoost followed closely
with an accuracy of 81.3% and 0.885 ROC-AUC. Compared with mainstream project tracking platforms that only
consider developer availability, SmartAssign provides context-aware, evidence-based recommendations, consid-
ering proficiency depth, cognitive burden, and outcome history. Each recommendation is accompanied by a trans-

parent theoretical basis, empowering team leads to make well-founded allocation choices.

Keywords: task assignment, recommendation systems, machine learning, software project management, ex-

plainable Al

Introduction.

Assigning work items to various contributors is
one of the most important and error-prone activities in
software project management. When a new task enters
the backlog, the responsible manager must weigh a se-
ries of factors: the candidates' technical track record,
their qualifications relative to the difficulty of the task,
the amount of work they have undertaken, and their re-
liability in completing similar tasks in the past. In prac-
tice, the vast majority of these decisions are made intu-
itively, which introduces inefficiency into the system.
Industry surveys show that about 66% of software com-
panies have missed their original timetable targets,
while close to 45% have exceeded their planned budg-
ets [1].

Contemporary project management platforms—
Jira, Asana, Monday.com, Trello, and their peers—pro-
vide powerful tracking and workflow orchestration, but
do not provide substantive guidance on who should per-
form a given task. Assignment is regarded as a simple
slot-filling exercise: if the developer appears available,
you can drag the task to their board. The rich, multi-
dimensional relationship between what the task needs
and what the developer can provide is largely ignored.

This article addresses the following research ques-
tion: Can machine learning be used to recommend op-
timal developer-task pairings in software projects to
improve the distribution success rate while maintaining
a balanced workload across the entire team?

Several intertwined challenges make this issue ex-
traordinary. First, skill matching is inherently subtle: a
task may call for three different abilities at different
ability thresholds, and shallow keyword overlap can
underestimate or exaggerate true suitability. Second,
workload fairness is important—transferring highly
complex projects to the best performers accelerates
burnout, while junior staff are underutilized. Third, his-
torical signals are informative: past completion times,
quality ratings, and redistribution events encode pat-
terns that pure profile matching misses. Fourth, trans-
parency is a prerequisite for adoption: managers are un-
likely to follow opaque algorithmic instructions with-
out understanding the reasoning. Fifth, the delay must
be low: agile teams make allocation decisions at time-
limited ceremonies such as sprint planning, so recom-
mendations must be reached within a few seconds.

The task allocation problem admits several com-
plementary formalizations. Through the optimization
lens, it is a multi-objective problem that simultaneously
focuses on maximum skill utilization, minimum work-
load variance, and maximum predicted success.
Through the recommendation system lens, it is similar
to item recommendation—developers are the "items"
recommended to task "users" on the basis of historical
interaction signals. Through the supervised learning
lens, each developer-task pair can be labeled as a likely
success or failure, which makes standard classification
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machinery applicable. SmartAssign unifies all three
perspectives within one framework.

Specifically, our contributions are fourfold: (1) a
purpose-built hybrid scoring algorithm for software
task allocation that combines skill proficiency depth,
result history, real-time capacity, and level alignment;
(2) a systematic empirical comparison of eight classifi-
cation algorithms applied to the prediction of allocation
outcomes; (3) a domain-informed feature engineering
model encoding twelve signals derived from software
development practice; and (4) an explanatory layer that
produces natural language rationales together with
SHAP-based feature attributions, packaged in a deploy-
able full-stack prototype.

The rest of this article proceeds as follows. Section
2 surveys prior work on task assignment, recommenda-
tion systems, and interpretable Al in software engineer-
ing. Section 3 introduces the hybrid algorithm, feature
design, model selection, and system architecture in de-
tail. Section 4 reports the experimental results and dis-
cusses their implications. Section 5 concludes and out-
lines directions for future investigation.

Literature Review.

Task Allocation in Software Engineering. Distrib-
uting development work has been examined from di-
verse angles over the past two decades. Early contribu-
tions cast the problem as a constraint-satisfaction or lin-
ear-programming exercise [2], treating developers as
largely interchangeable units whose availability is the
binding constraint. While computationally elegant,
such formulations strip away the heterogeneity of hu-
man expertise. Subsequent skill-oriented methods in-
troduced similarity measures—the Jaccard coefficient,
cosine distance—to compare task requirements against
developer profiles, yet they remained static: neither
current workload nor track-record information entered
the matching score. Qualitative field studies confirm
that practicing managers weigh a far richer set of con-
siderations, including domain familiarity, mentoring
opportunities, and interpersonal compatibility [3], un-
derscoring the gap between existing models and real
decision-making.

Recommender Systems and Predictive Models.
The broader recommendation system literature pro-
vides three basic paradigms [4], [5]: collaborative fil-
tering, which infers preferences from similar user be-
havior but struggles in cold-start scenarios; content-
based filtering, which uses feature similarity between
items and user profiles; and hybrid strategies, which
combine signals from the two families to mitigate the
disadvantages of each. SmartAssign adopts a hybrid
philosophy that pairs content-based skill comparison
with collaborative history-result patterns and contex-
tual workload status.

In the field of software engineering, automatic bug
triage pipelines use text-based methods to route defect
reports to likely fixers. Classifiers—usually Naive
Bayes or support vector machines—are trained on bug
report tokens [6]-[8]. Developer recommendation en-
gines mine version control logs and code ownership di-
agrams to suggest reviewers or collaborators [9], [10],

[16]. Our work goes beyond expertise extraction by in-
tegrating capacity constraints and multi-metric perfor-
mance history into the ranking function.

The growing emphasis on interpretable artificial
intelligence [11], [12] is particularly relevant here: em-
pirical evidence shows that practitioners are more will-
ing to act on algorithmic recommendations when ac-
companied by understandable rationales. Techniques
such as SHAP and LIME provide post-hoc explana-
tions for complex ensemble outputs. This is the ap-
proach we adopt in SmartAssign.

Methods.

Problem Formulation. We frame developer-task
assignment as a joint classification and ranking task.
Let

D= {d1,d2,...,dn}denote the pool of developers,
each characterized by a skill profile, a seniority grade,
and a real-time workload snapshot. Given an incoming
task t described by its required skills, complexity tier,
estimated effort, and priority level, together with a his-
torical log H={(di,tj ,outcome)}of past assignments and
their results, the goal is to estimate, for every candidate
pair (di,t), the probability that the assignment will suc-
ceed, and to rank candidates by that probability. An as-
signment qualifies as successful when (a) the task fin-
ishes within £20% of the time estimate, (b) the deliv-
ered quality score is at least 4.0 out of 5.0, and (c) no
reassignment occurs.

The recommendation engine computes a weighted
composite of four orthogonal sub-scores.1) Skill Match
Score (Weight: 40%): Developer competencies are en-
coded as vectors of proficiency ratings (scale 1-5),
while task requirements are represented as binary need
indicators. The proficiency-weighted alignment score
is:

1 min(profdev(s), profreq(s))
| Sreq e prof,e, () O
where Sreq is the set of skills the task demands.

2) Performance History Score (Weight: 30%):
Three retrospective indicators are fused:

Sperf = 0.4 Xsuccess rate + 0.3 xquality + 0.3
xtime accuracy (2)

Developers who lack prior records receive a neu-
tral default of 0.6 to mitigate cold-start bias.

Feature Engineering. Twelve predictive features
were constructed across three groups. Core features:
skill match score (cosine-based, range 0-1), workload
ratio, grade correspondence (categorical), complexity
tier (1-5), and priority encoding (1-3). Historical fea-
tures:cumulative success rate, mean quality rating,
time-estimation precision, and count of prior assign-
ments. Derived features: aggregate proficiency sum,
years of professional experience, and number of over-
lapping skills. Categorical variables were label-en-
coded; continuous variables were standardized via
StandardScaler; absent values were imputed using the
median (numeric) or mode (categorical).

Conclusions and Future Work

This article introduces SmartAssign, an intelligent
recommendation system that matches software devel-
opment tasks to developers through a four-factor hybrid
algorithm. The weights are distributed as follows: skill

Sekill =
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alignment 40%, performance history 30%, workload
balance 20%, and seniority match 10%. The random
forest model achieved an accuracy of 82.7% and a
0.891 ROC-AUC on a 500-record benchmark. The sys-
tematic comparison of eight classifiers confirms the su-
periority of ensemble methods for this prediction task.

From a practical perspective, under Al guidance,
the system increased the task completion rate from a
baseline of 70% to 85%, kept developer utilization
within a healthy range of 55-85%, and shortened the
average allocation review time by 86%. The explana-
tion module—which generates a plain-language ra-
tionale for each recommendation—was identified as
the most important driver of management trust.

Planned extensions include: (1) piloting
SmartAssign with industry partners and running con-
trolled A/B experiments comparing the algorithm
against manual allocation; (2) modeling team interac-
tion dynamics and communication-graph features to
capture interpersonal factors; (3) deploying an online
learning mechanism that gradually updates the model
as new outcome data accumulates; (4) building con-
nectors to the Jira and GitHub APIs so that the tool can
be seamlessly integrated into established workflows;
and (5) investigating graph neural networks over a de-
veloper-task-skill knowledge graph to learn richer la-
tent representations. Supporting multi-project environ-
ments—where developers contribute to several teams
simultaneously—is another natural extension that ad-
dresses widespread organizational realities. We plan to
release an open-source version to encourage commu-
nity adoption and further academic research.
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Abstract

This article extensively analyzes the role and importance of artificial intelligence technologies in the design
process of optical fiber networks. In the modern era, the increasing flow of information and the growing demand
for high-speed communication have made the development of optical fiber technologies essential. Optical fibers
form the foundation of telecommunication systems by enabling the transmission of large volumes of data over
long distances with minimal loss.

The article highlights that artificial intelligence makes the design process in this field more efficient and
optimized. In particular, machine learning algorithms allow for the automatic adjustment of network parameters,
improvement of signal quality, reduction of delays, and effective allocation of resources. At the same time, artifi-

cial intelligence helps predict potential system failures in advance and prevent them.

Furthermore, complex issues such as selecting the topology of optical fiber networks, optimizing routes, and
calculating signal strength can be solved more accurately and rapidly using artificial intelligence. This leads to
significant savings in both time and financial resources during the design process.

In conclusion, the integration of artificial intelligence and optical fiber technologies enables modern commu-
nication systems to become more reliable, faster, and more sustainable. In the future, with further development of
these technologies, it will be possible to create fully automated and self-managing optical networks.

Keywords: Artificial intelligence, optical fiber, telecommunications, network design, machine learning, sig-
nal transmission, optimization, data transmission, optical communication systems, network topology, signal loss,
automation, technological development, communication networks.

INTRODUCTION

In the modern information age, the fast and relia-
ble transmission of data is one of the main objectives of
telecommunication systems. The global expansion of
the internet, the development of cloud technologies,
and the growth of Big Data require higher transmission
speeds and lower latency. In meeting these demands,
optical fiber technology plays a key role and is consid-
ered the main infrastructure of modern communication
networks [12].

Optical fibers are not affected by electromagnetic
interference because they transmit data through light
signals, and they provide high-quality transmission
over long distances with very low signal loss [6]. Ac-
cording to international standards and research, optical
fiber networks are regarded as the backbone of 5G and
future 6G technologies [3]. Therefore, their design is
highly relevant from both scientific and engineering
perspectives.

In recent years, the development of artificial intel-
ligence (Al) technologies has created new opportunities
in the design of optical communication systems. Using
machine learning and deep learning methods, it is pos-
sible to optimize network performance, control signal
loss, and predict system failures in advance. Literature
shows that Al-based approaches provide faster and
more accurate results compared to traditional methods
[1].

For example, recommendations published by the
ITU-T (International Telecommunication Union — Tel-
ecommunication Standardization Sector) emphasize
the importance of intelligent systems in optimizing and
managing optical networks [3]. At the same time, stud-
ies published by the IEEE (Institute of Electrical and

Electronics Engineers) highlight the effectiveness of ar-
tificial intelligence in route optimization and fault de-
tection in optical networks.

The aim of this article is to investigate the role of
artificial intelligence in the design of optical fibers, to
analyze its advantages and application areas. In addi-
tion, future development directions are evaluated by
considering contributions from international literature
in this field.

LITERATURE REVIEW

The application of artificial intelligence in the de-
sign of optical fiber networks is one of the most im-
portant research directions in modern telecommunica-
tion and information technologies. In the existing liter-
ature, this topic is widely studied in terms of improving
the efficiency of optical communication systems, net-
work optimization, and automated management.

Research published in scientific journals such as
IEEE Communications Surveys & Tutorials and Opti-
cal Fiber Technology analyzes issues related to the
management and optimization of optical fiber networks
[1],[2]. These sources indicate that traditional design
methods are not sufficiently effective in large and com-
plex networks and require high computational re-
sources.

In recent years, studies on the application of arti-
ficial intelligence and machine learning methods have
created new opportunities in this field. Approaches
such as deep learning and reinforcement learning are
considered effective tools for network routing, improv-
ing signal quality, and predicting faults in advance.
Technical documents of the International Telecommu-
nication Union (ITU-T) also emphasize that intelligent
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network management systems will play a significant
role in future communication infrastructure.

In addition, in Irada Davrishova’s book “Optoe-
lectronic and Quantum Devices and Systems”, the
working principles of optoelectronic devices, optical
signal conversion, and the operation mechanisms of
quantum devices are extensively explained[5]. The
book highlights the application of optical and quantum
technologies in modern electronics and telecommuni-
cation systems. This theoretical knowledge contributes
significantly to a deeper understanding of optical fiber
systems and the development of Al-based design ap-
proaches.

Overall, existing literature shows that the integra-
tion of artificial intelligence into optical fiber networks
ensures more reliable, faster, and more efficient system

performance, and this field remains a highly relevant
direction for future research.
DATA AND INITIAL ANALYSIS
Preliminary analyses on the application of artifi-
cial intelligence in the design of optical fiber networks
indicate that the main objective in this field is the crea-
tion of high-speed, reliable, and optimized communica-
tion systems. Based on existing data, optical fibers are
considered one of the most efficient technologies for
information transmission, ensuring the transfer of large
volumes of data with minimal loss.
Initial studies show that several important parameters
must be considered during the design of optical net-
works. These include signal attenuation, dispersion,
transmission distance, network topology, and energy
balance. The correct calculation of these parameters
has a direct impact on the overall performance of

the system.
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Figure 1. General structure of an optical fiber network

Figure 1 illustrates the general structure of an op-
tical fiber network and the data transmission process in
a schematic form. The network starts from the Central
Office (CO), where the main control and transmission
equipment is located. In this section, the incoming data
is processed through devices such as the router and the
Optical Line Terminal (OLT) and then transmitted into
the optical fiber line.

After that, the optical signals are carried through
the optical fiber to the distribution nodes. At this stage,
the signal reaches the optical splitter, whose main func-
tion is to divide the incoming optical signal into multi-
ple directions and distribute it to different users. This

stage is referred to as the distribution phase of the net-
work.

The distributed signals are then transmitted to the
subscriber connection stage. Here, each user is
equipped with ONT/ONU (Optical Network Termi-
nal/Unit) devices. These devices convert the optical
signal into an electrical signal and provide internet and
other communication services to end users.

In the figure, optical fiber links are represented by
orange lines, while Ethernet/copper connections are
shown in blue lines. This illustrates that the network
operates using both optical transmission in the back-
bone and electrical connections at the end-user level.
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Figure 2. Application of Artificial Intelligence in the Design of Optical Fiber Networks

Figure 2 illustrates the application stages of arti-
ficial intelligence in the design of optical fiber net-
works. In this process, network-related data is first col-
lected. Then, the data is analyzed using artificial intel-
ligence models, and optimization is performed based on
the obtained results.

Power (dBm) |

This workflow demonstrates how Al contributes
to improving network performance by enabling data-
driven decision-making, efficient parameter tuning,
and enhanced system optimization.
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Figure 3. Signal attenuation in optical fiber

Figure 3 illustrates the decrease in signal power
along the optical fiber as the transmission distance in-
creases. As shown in the graph, the signal initially has
high power; however, as the transmission distance in-
creases, attenuation occurs and the signal gradually
weakens.

This process is associated with the material prop-
erties of the optical fiber and energy losses during sig-
nal propagation, such as scattering and absorption ef-
fects.

METHODOLOGY

This study investigates the application of artificial
intelligence in the design of optical fiber networks
based on theoretical and analytical approaches. In the
first stage, existing literature on the basic principles of
optical fiber systems, signal transmission characteris-
tics, and network architecture was reviewed.

Next, the key parameters used in network de-
sign—such as signal attenuation, dispersion, transmis-
sion distance, and network topology—were identified
and systematically analyzed. The impact of these pa-
rameters on overall system performance was evaluated.
In this study, fundamental physical and mathematical
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models of optical fiber networks were used for analysis.
In particular, signal attenuation, power loss, and trans-
mission quality were evaluated using the following for-
mulas.

1. Signal attenuation

__ 10 Pin

a= TIOgm(Pout)

o — Attenuation coefficient(dB/km)

P;,, — Input power

Pyut — Output power

L- Distance

2.Signal Power Attenuation

P(z) = Py,

P(z) — Signal Power after Distance

P, — Initial power

a — Attenuation coefficient

z- Distance

3.Dispersion effect
_ At

AL
D - Dispersion coefficient
At- Signal broadening
AL- Wavelength change
L — Distance
4. Received signal quality (SNR)
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SNR,, = 10log o -2anat

Pnoise

SNR - Signal-to-noise ratio

Psignar — Useful signal power

P, ,ise — NOise power

RESULTS ANALYSIS AND DISCUSSION

The analysis shows that the performance of optical
fiber networks mainly depends on factors such as signal
attenuation, dispersion, and noise. During data evalua-
tion, it was observed that as the transmission distance
increases, the signal strength decreases, which directly
affects communication quality.

Based on the obtained results, the major problem
in long-distance transmission is signal attenuation. This
issue is related to the physical properties of optical fiber
materials and energy losses during transmission. At the
same time, signal broadening caused by dispersion re-
duces the accuracy of transmitted data.

Overall, the results indicate that the integration of
artificial intelligence into optical fiber networks im-
proves the stability, speed, and reliability of communi-
cation systems. This approach not only enhances tech-
nical performance but also reduces operational costs.

TRANSMISSION SPEED STAGES

Tarix Morhala
2006 111 Gbit/s, achieved by NTT.
2009 100 Pbit/s-km (15.5 Tbit/s over 7000 km fiber), achieved by Bell Labs.
2011 101 Thit/s (370 channels each at 273 Ghit/s) in a single core.
January 2013 1.05 Phit/s transmission using a multi-core fiber cable.
June 2013 400 Ghit/s per channel using 4-mode orbital angular momentum multiplexing.

Optical fibers are used as a transmission medium
in telecommunication and computer networks due to
their flexibility and ability to be bundled into cables.
They are especially suitable for long-distance commu-
nication because infrared light propagates through the
fiber with lower attenuation compared to electrical sig-
nals in copper cables. This enables long-distance trans-
mission with a limited number of signal regenerations.

When wavelength-division multiplexing (WDM)
is applied, each fiber can carry multiple independent
channels, each using a different wavelength of light.
The total data rate per fiber (excluding overhead bits)
is equal to the channel data rate multiplied by the num-
ber of channels, taking into account FEC overhead. In
commercial dense WDM systems (since 2008), this can
typically reach up to 80 channels.

Fiber cabling is also widely used for short-distance
applications, such as office building networks, as it
helps reduce space requirements in cable ducts. A sin-
gle fiber can carry significantly more data compared to
standard Category 5 electrical cables, which typically
provide 100 Mbit/s or 1 Gbit/s transmission rates.

Fibers are also commonly used for short-range
connections between devices. For example, most high-
definition televisions include digital audio optical con-
nections. This allows audio transmission via light using
the TOSLINK interface with the S/PDIF protocol.

CONCLUSION

Based on the results of the study, the application
of artificial intelligence in the design of optical fiber
networks is one of the most important and promising

directions in modern telecommunication systems. Op-
tical fiber technology offers superior advantages com-
pared to traditional copper cables, including high trans-
mission speed, wide bandwidth, and low signal loss.
These features make it a key transmission medium in
both global internet infrastructure and local network
systems.

The study shows that fiber cabling is widely used
not only in long-distance communication networks but
also in short-distance applications. In office environ-
ments, optical fibers help save space in cable infrastruc-
ture and provide more stable connections. The use of
optical links between high-precision devices (such as
TOSLINK technology) also demonstrates its efficiency
in short-range applications.

The analysis shows that the main factors affecting
network performance are signal attenuation, dispersion,
and noise. These issues are particularly significant in
large and complex networks. Traditional design meth-
ods are often not sufficient for optimizing such com-
plex parameters and require high computational re-
sources.

At this point, artificial intelligence technologies
play an important role. Through machine learning and
deep learning algorithms, network behavior is ana-
lyzed, optimal routes are selected, signal loss is mini-
mized, and resources are allocated more efficiently. In
addition, Al can predict potential network failures in
advance, thereby improving system reliability.
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Overall, the results show that the integration of ar-
tificial intelligence and optical fiber technologies ena-
bles the development of smarter, faster, and more reli-
able communication systems. This approach is both
economically efficient and serves as a foundation for
next-generation communication networks such as 5G,
6G, and intelligent networks. Future research in this
field is expected to further expand, leading to fully au-
tomated optical networks.
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Abstract
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This article provides detailed information on the history of natural resource studies in the Republic of Tajik-

istan. Based on an analysis of historical sources, it has been established that the comprehensive study of Tajikistan's
natural resources began in the late 19th century. The article describes in detail the work of scientists and researchers
who studied Tajikistan's natural resources. These studies revealed that Tajikistan possesses not only large reserves
of coal, rare minerals, and precious metals, but also significant reserves of high-quality drinking water, abundant
flora and fauna, and exceptionally beautiful nature. Tajikistan's fruits, vegetables, and drinking water are of sig-
nificant ecological importance. This land is extremely suitable for ecotourism, as it is considered one of the safest
countries in Asia with a "green" economy.

AHHOTAN NS

B nanHOI cTaThe MpeacTaBiicHa moapooHas nadpopMalys 00 HCTOPUH U3YyUSHHSI TPUPOIHBIX pecypcoB Pec-
Hy6JIHKI/I Ta}I)I(I/IKI/ICTaH. Ha ocHoBe ananuza HNCTOPUYECCKUX UCTOUYHUKOB YCTAHOBJICHO, YTO KOMIIJICKCHOEC U3Yy4YEC-
HHE NPUPOJHBIX pecypcoB Tamkukucrana Havanoch B koHue XIX Beka. B crarbe moapoOHO omucana paboTa
YYEHBIX U MCCIEA0BaTeIeH, U3ydyaBUIMX NIPUPOAHbIE pecypebl Tamkukucrana.llo pe3ynbraram 3TUX HCCIeN0Ba-
HHH OBLIO YCTAaHOBJICHO, YTO Ta,I[)KI/IKI/ICTaH 06naz[aeT HC TOJIbKO KPYIHBIMU 3allaCaMu yrJisd, peAKUX MUHEPAJIOB,
AparoucHHbIX MCTAJJIOB, HO U 3HAYUTCIIbHBIMU 3ariacaMn MUTHEBOM BOJIBI BBICOKOI'O Ka4€CTBa, ooraToi (I)JIOpOfI
1 (payHOH, a TaKKe HeOOBIYatHO KpacUBOU pUpoaoil. @pyKThI, OBOIIX U MHUTHeBas BoJa TaKUKUCTaHA NMEIOT
Ba)KHOE DKOJIOTHYECKOE 3HAUYEHHE. DTa 3EMIIS I1Ip€3BbI‘IaI\/'IHO NOAXOAUT IJId SKOTYpHU3Ma, MOCKOJIbKY CHHTACTCSA

OJTHOM M3 caMBIX 0€30MAaCHBIX CTPaH A3HH C «3€JICHOI 3KOHOMHUKOIA.

Keywords: Tajikistan, development history, natural resources, flora, fauna, industry, agriculture, green econ-

omy, environmental characteristics, ecotourism.

KoaroueBble ciioBa: Ta/pKMKHUCTaH, HCTOPUS Pa3BUTHS, IPUPOJIHBIE pecypchl, ¢uiopa, (ayHa, MPOMBIIILIEH-
HOCTb, CEJIbCKOT0 XO3HCTBa, 3eJICHasi 9KOHOMUKA, SKOJIOTHUECKHE 0COOEHHOCTH, IKOTYPHU3M.

BBeaenne. TaJkUKUCTaH - CTpaHa JPEBHEH KyJb-
Typsl. Elle B oTaeHHbIe BpeMeHa pa3pabaThIBaINCh
€ro Hejpa C LeNbIo J0OBIYM 30J10Ta, cepedpa, Meau,
0JIOBA, JK€J1€3a U IParoLeHHbIX KaMHEH.

Panpiie MHOrMX ApPYruX CTpaH 3/€Ch HA4yaloCh
BO3/CTbIBAHNE INIIEHULBI, SUMEHS, PXKU, H3JaBHA
KYJIBTUBHPYETCS PUC, XJIOMOK, a0pUKOC, TPEIKU OpeX,
BHUHOTPAJ.

MHOro BEKOB TaJKUKCKUA HapoJl OCBauBaeT
CBOIO 3eMJII0. 32 BECh HCTOPHUYECKUH MTEPHO TaKUKHI
HaKOIWJIM TPOMAIHBII ONBIT B OCBOCHUH MPHPOTHBIX
00raTcTB U pa3BUTHH IPOU3BOJUTEIBHBIX CHIJI CTPAHBI.

TamKUKCKUe ydyeHble CPEJHHX BEKOB Jald Iep-
BbIE ONMCAHUsI IPUPOJIBI U €€ 0COOCHHOCTEH B npeze-
JlaxX Te€X WM UHBIX CKJIaJbIBAIOIIMXCS HA TEPPUTOPUU
LenTpansHoi A3uu IpeBHUX FOCYIapCTB.

Hekotopsie cBenenust o TamkuKUCTaHe U APYTHX
obmactsax LleHTpanbHON AWM UMEIOTCS B OMUCAHUIX
JIPEBHUX MYTEIIECTBEHHUKOB.

OaHako OCHOBBI HAIIUX COBPEMEHHBIX 3HAHUH O
MIPUPOJIC U IPUPOIHBIX OorarcTBax TaKuKICcTaHa 3a-
JIOKUJIM PYCCKUE UCCIIEI0BATENH.

ITpucoennuenue LlenTpamsHON AWK BO BTOpPOM
nostoBuHe XIX Beka k Poccun chirpano pemaroniyro
POJIb B )KU3HU MHOTHX BOCTOYHBIX Hapoa0B. O1ieHuBast
BnusiHue Poccum Ha cynpObl HaponoB LleHTpampHOMN
Azunm, ®@. Durenbe nucan B 1851 roxy, uro Poccus aeit-
CTBUTEIILHO UTPAET MPOTPECCUBHYIO POJIb MO OTHOIIIE-
Huto k Boctoky. Heouenumyto nmomours Poccust oka-
3ajla CpeIHEea3HaTCKUM HapodaM B HCCIICOBaHUM 00-
WIUPHBIX, [0 OTOr0 COBEPLIEHHO HEU3YUEHHBIX
npocTtpaHcTB LleHTpanbHOM A3uM, B 4aCTHOCTH, TEp-
putopuu TamxukucTana.
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Hayunoe uzyuenue TapkukucTana Ha4anoCh euie
3ago0iro a0 npucoeauHeHus Kokanuckoro m Byxap-
ckoro xaHcTB K Poccun n oOpaszoBanms B 1864 - 1868
rogax Bocrounoit Byxapsl. Cpemu HepBBIX PYCCKHX
UCCIIEIoBAaTENeH, MOCEeTHBIMNX TaIKUKUCTaH B CO-
craBe skcreauuuu 1841 roma, OBIIN «CIIELIHATIUCT I10
ropHeiM Haykam» K. @. ByTeHes, ypanbckuil ropHbIN
umkeHep @. Borocnosckwuii, Tonorpad Skosnes, reo-
rpa¢ H. B, XansikoB, Hatypaiuct A. JlemaH u ap.

OKcneAunus COBEpINWIA JJIMHHBIM M OMACHBIN
nyTh OT Ypana o byxapsl, a 3arem n3 Camapkanaa
BEpXOBbsM 3epaBinaHa. B OacceiiHe 3epaBinana oHa
OTKpBIJIAa HBIHE KPyIHEHIIee MECTOPOXKIEHHE KaMEH-
Horo yris B LlentpanpHoii Azun -@aH-SArHodckoe u
YCTaHOBMJIA HAJTMYUE MHOTHX IPYTHX LICHHBIX MUHEPA-
JIOB, TIpUBe3s OoraTeie Kojuteknuu B Poccuto. I'eorpad
u 7koJior H. B. XaHBIKOB 1mocle 3KCHEAUIIMN HAITucal
MEepBYI0 pycckyto reorpaduio LleHTpampHON A3zuum -
«Omucanne byxapckoro xaHcTBa». MHTepec K 3Toit
cTpaHe ObUI TaK BEJHUK, 4YTO KHUra XaHBIKOBA MEepeus-
JlaBajlach IIOTOM BO MHOTHX €BpOINEHCKUX CTpaHax [2-
5].

B 1869 roay mapmipyt K. ®@. ByreneBa nosropun
Mosofoi 6otanuk A. I1. @equeHko ¢ Heiabio H3ydYeHUs
PacTUTENBHOTO MHpa 3epaBILIaHCKOM nonuHbl. Den-
yeHko m3y4an Typxecranckuit xpeder (1870 r.) u
Amnaiickyto nonmuHy (1871 r.), oTKpBIB 3aamaiickuii xpe-
OeT M BBLHAIOIIYIOCS €ro BeplnuHy - muk Kaydmana,
BIIOCJIEICTBHY IEPEMEHOBAHHBIN B UK JIeHNHa, a 3a-
TeM B ik AOy ann u6H Cunsl. [IponnkHyThs Ha [Tamup
«Kppiry Mupay, kak Toraa ero Haseieaiu, A. I1. ®en-
YEHKO HE yJaJI0Ch.

[TnoHepoM B M3y4eHHUH T'€OJOTMH M T'e0JOrHde-
ckoi skonoruu lleHTpanbHON A3MHM U, B YaCTHOCTH,
TamxrkucTana ObUT U3BECTHBIM PYCCKHI T€0JI0T MPOo-
teccop U. B. MymkeToB, KOTOPEI Ha4Yal H3y4ICHHUE
Typkecranckoro u 3epaBIIaHCKOro xpe6ToB B 1874
TroJy Y B MPOJOKEHUE HECKOJIBKHX JIET MyTEIIEeCTBO-
BaJ B Analickoil 10olMHE, B CEBEPO-BOCTOUYHOMN YacTu
Banmaxmanckoit oomactu (1877 r.), moObIBan B patio-
Hax, npumbikaomux K KOxunomy Tamkukucrany Cyp-
xaH - [Japbs, Amy-Japss (1879 r.), npomren Bcro 3e-
PaBIIAHCKYIO JOJHMHY, OCMOTpeNn 3epaBIIaHCKUil Jiea-
HUK U depe3 TypkecraHckuii xpeOeT BbIIIEN B
®epranckyro komioBuHy (1880 r.). OcHoBHOI Tpyx U.
B. Mymkerona «Typkecrany», BIEpBble BbILIEIUINN B
1886 roay, a 3atem mepewsganubiii B 1915 r., 1o cux
HOp HE MOTEPsUT CBOErO 3HAYEHUs M MpPEJCTaBISAET
CBOJIKY IO HCTOPHH I'€0JIOTHYECKOT0 N3y4eHus 1 0000-
IIEHWE JIMYHBIX HaOJIOAEHUH BO MHOTHX paifoHax
Lenrpanshoit Azum [1, 3, 5].

XKusotuslil Mup TamkukucTaHa Hauanu U3y4yaTb
H. A. Cesepues, B. ®. Omannn u H. A. CeBepues oa-
HUM U3 IEPBBIX PYCCKUX NMPOHUK Ha Bocrounsiii Ila-
mup (1877 — 1878 romos), a B. @. Omanun depe3
Anaiickyto gonuny mpouien B CeBepubiii [lamup Ha
Myk-Cy u OTKpBII B €€ BEPXOBBSAX MOIIHBIN JIeTHUK,
MOJIYYMBIIMN BIIOCIEACTBUM Ha3zBaHue DeaueHko
(1876 1.). Uepes tpu rona B. @. Omanun uccienosan
¢dnopy ¢ayny reosoruto u skojoruio Kaparernna u
Japsaza.

Brnepssie kmumat LlentpanbHoit A3un (paifoHBI
®epransbl, Tepmesa, 3epaBLUIaHCKON AONUHBI) U3ydad

BblAaroIIMica pycckuit knumaronor A. M. BoeiikoB
(1912 r.). B BO3pacTe ceMUAECATH JIET, OH COBEPILIII
JUINTENIFHOE ITyTEIIeCTBHE, Pe3yIbTaTOM- KOTOPOTO
ObUTO TIEpBOE HAyYHOE OIMCAaHWE KIMMATHICCKAX
ycnoBuu lleHTpanbHOW A3MM M HEKOTOPBIX paiiOHOB
TamkukucTaHa, BOUIEALIEE B KJIACCHUYECKUH TPY.I
«Kumatel 3eMHOTO TIIapay.

W3yuenne moys BeJET CBOE HAuano OT KPyIHEH-
mero pycckoro nousosena C. C. Heyctpyesa. OH usy-
YW W JaN HayyHoe ommcanue nous depransl u [la-
MUpa, KoTopele oceTun B 1912 roxy.

IlepeuncienHsle uccaenoBaTeay IPUBIEKIN CBO-
AMHU TPyAaMH BHHMaHHE K BOIPOCAM HM3YUCHHUS pa3-
JINYHBIX SIBJICHUN IPUPOIBI U OTAEIbHBIX paliloHOB Ta-
JUKAKHACTAHA.

Oco0eHHO OOIBIIOI HWHTEpEC y YYCHBIX BCETrO
Mupa BeBBaja bamaxmanckas obmacte PecmyOmuku
Tamxukucran. [locie H. A. CeBeplieBa Ha 3Ty TeppH-
TOPHUIO COBEPIIMIIH MyTEIIECTBUS B COCTaBE SKCICAU-
uuu reogesucta [lytsarel ropusiii unxkenep /. JI. HBa-
HOB, I'. E. I'pym-I'pxumainno u np. . JI. IBanOB nain
opdorpaduueckoe u reosloruueckoe onucanue bamgax-
LIaHa, a TaKKe 3aHUMAJICS 00CIeI0BAaHUEM BEPXOBLEB
3epasmiana. I'. E. I'pym-I'pxkumaiino coctaBui oOre-
reorpapuecKoe ONHCaHHE CEBEPO-BOCTOYHON YaCTH
ITamupa. B 1890 rony oH npoHuk B nonuHy TaHbIMac
1 OTKPBLI JIEAHUK, BIIOCIICACTBAN HA3BaHHBIN €T0 MIMe-
HEM.

B magane XX Beka HECKOIBKO ImyTeniecTBui B ba-
JaxIIaHcKyro obmacte PecrryOnuku TamkukucTan co-
Bepmwin b. A. @ernuenko (coiH A. [1. @eguenko) BMe-
cte ¢ mateppio O. A. dequeHKo ¢ LETBIO W3YYEHUS
9KOJIOTHH OKPYXKAIOWIEeil Cpeabl PaCTHUTEIBHOCTH, 03ep
u neguukos. JI. B. HanuBkuH u3yyan reojoruro u Bo-
npockl IpeBHero oneaenenus (1915 r.). U3 unoCcTpan-
HBIX HCCIEIOoBaTeNell nampHero 3apybexka B bamax-
mraHckoi oOmactu PecmyOnmku Tamkukuctan ObUTH
amepukaHckue uccienoparenu P. IMommemmm (1903-
1904 ronoB) n E. Xentunrron (1903 r.), Hemenkuit
skoor P. Knebenscoepr (1913 r.) u ap.

Hapsny ¢ uccnenoBanmem banaxmanckoi o0ia-
CTH IIPOAOIDKAIIOCH N3YUEHHE SKOJIOTHH OKPYXKAIOIIEH
CpeIbl M OCTaIBHBIX TeppuTopun Tamxukucrana. Ce-
BepHbIU U LleHTpanbHblil TaiKUKUCTAaH U3ydalau HC-
cnenoBatenu B. Bebep (1897 r.), saxonor-reorpad JI. C.
Bepr (1907 1.), xpynHeiimme pycckue 6otanuku B. JI.
Komapor (1892 .1 1893 1.), C. 1. Kopxunckwii (1896
r.), B. 1. JIunckwii (1896-1897 rr.) u np.

[epBriMu uccnenoBarensiMu KOxxnoro Tamxuku-
cTaHa u Teppuropuu [lapsaza bagaxmaHckoil oonacTu
Pecniyonmuku Tamxukuctana obutn H. A. Maes (1875
r.), 1. M. Mumnaes (1878 r.), J1 ®. Kocrernko (1880 r.),
H. H. Ioxorumio (1886 r.), B. U. JIunckwmii (1896 —
1899 rr.), cocraBuBIIHE ObMIeTeorpaguIecKue onuca-
HUS TIOCEIICHHBIX paiioHoB, S. C. Duenbmreitn (1905
r.), J. . Mymketos (1905 r.), C. H. MuxaiinoBckuit
(1912 1.), m mp., HamMCaBIINE T€OJOTHYECKUE U TE€O-
Mopooruueckue paboTh.

C noMoIuIbp0 MECTHOTO HACENEHUS PYCCKUMHU HC-
CIICZIOBATEIISIMH  OTKPBITBI W HM3YYCHBI YrOJBHEIC,
HedTsHbIE MecTOPOXKIeHUS DepraHbl, pOCCHITHbBIE Me-
CTOPOKICHHsI 30JI0Ta Ha TeppuTtopusix banaxmaHnckoi
obnactu Pecniyonuku TamkukucTas [6].
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W3yueHust ocBoeHUU MPUPOAHBIX pecypcoB Pec-
myonuku TapKuKUCTaHa IMoKasalo, 4To B Hadaie 1918
roga OBUTM COCTaBICHBI IIEpBBIC ToIOTpaduIeckue
KapTel TaKUKHCTaHa, HA KOTOpPHIC HAHECEHBI IJIaB-
HeWmme XpeOThl, peKH 1 HAaCEICHHbIE ITyHKTHI.

Tpynamu pycCKHX HCCIIENOBATENEl BbISICHEHBI
o01mme KOHTYPBI IPUPOIBI U IPUPOAHBIX OoraTtcTB Ta-
JUKMKHCTaHa ¥ CMEXHBIX TeppuTopuil. OJjHaKO Ha reo-
rpau4ecKkoll KapTe OCTaBajOCh €Ile MHOTO «OelbIx
MSATEH», CHATh KOTOPBIE BBINAJIO HA OO0 OTEUECTBEH-
HBIX UCCIIeZIOBATENeH.

IMocne mo6eapr OKTAOPHCKOM COMMATUCTHYCCKOM
peBomronny B 1923 roxy uccnenonarens H. JI. Kopxe-
MEBCKHH M3ydaln reorpaduio, TeoJOTHIO M 3KOIOTHIO
Bangaxmanckoii o6mactu TamkukucTaHa, a HMEHHO
ITamupa.

B sTo0ii 3KCnEAMLIMY NPUHUMAIN y4acTUE Mpea-
CTaBUTEJIH HECKOJBKHUX 00IacTell Hayku: OOTaHUKOM B
Heii 6eima WM. JI. PaiikoBa, BIOCIEACTBUN BCIO YKH3Hb
nocesiTuBIlas u3ydeHuro Ilamwupa, reomorom - U. H.
besneka, Tonorpagom - C. A. ITono3oB u reorpadom -
H. JI. Kop>xeHeBCKuUH.

Uepes roa H. JI. KopkeHeBCKuii CHOBaA OTIIPABIIS-
ercda Ha [lamup u usyuaer skoJsiorvro pexku ['aneimae u
o3epo Kapa-Kynb. B pesynbpraTte 3THX 3KCIEAULNNA OH
JaeT ONMCAHUE MOBEPXHOCTH TaKMKHCTaHa, 0000-
masi Bech HAKOMMBIIMHCS MaTepuan 1o reorpaduu
CTpaHBI.

H. JI. Kop>keHeBckuii OpraHn30BaI OOJIBIION KOJI-
JIEKTUB KpynHeHIux yueHbIx LlenTpanbHoil A3zuum s
COCTaBJICHUS TIEPBOro obdiereorpaduaeckoro coop-
HHUKa Hay4yHbIX pabor Tamxukucrane. IToT cOOPHHUK
noJ; Ha3BaHueM «TapKUKHUCTaH» BBIIIENT B CBET B 1925
rofy.

Tak Kak B HOBBIX yCJIOBHSAX OCOOBIN MHTEpEC I
COBETCKOM CTpaHbl MPEJCTABISIIN TOPHbIE OorarcTa
TapkukucTana, TO OOJBIIMHCTBO MOCIEAYIOMNX IKC-
MeUINI HOCHIIO T€0JIOTMIECKUH XapakTep.

CoryacHO JHTEpaTypHbIM JAHHBIM, 30JO0TOHOC-
HocTh banaxmanckoii oonmactu Pecrry6mukn Tamkuku-
crana my4aer . K. Hukurun (1926 r.), reonoruro u
yrojbHbIE pecypchl npearopuii ['mccapckoro xpebdra -
M. C. lIsenon (1926 r.). BHOBb coBepmiaeT myTerie-
ctBue Ha bagaxmane JI. B. Hanmuskun (1927 1.). B ske-
neauuuu /1. B. Hanukuna, cHapsikeHHOH ['eonoruye-
CKMM KOMUTETOM, ydacTtBoBanu reosoru II. IT. Yy-
oenxo, B. M. Ilomos, I'. 10. KOmun, oOs3aHHOCTH
MeTeoposiora BeinonHsa M. A. Paiikosa.

Ecnu pansiue o [Tamupe 66110 NpeacTaBieHne Kak
0 T1aJIe0301CKOM rOpHOI 001acTH, CXOIHOH ¢ Ypaiom
u Tsup-11lanem, To B pe3ynbTare padbot sxcneaunuu /.
B. HanuBkuHa ObLIO BBISICHEHO OO0JIBILIOE PACIIPOCTpa-
HeHHe 0oJiee MOJIOBIX ME3030HCKIX OTIOKEHHH, ITPO-
HU3aHHBIX MOJIOIBIMH TPAaHUTAMH, C KOTOPBIMH CBSI-
3aHBI MECTOPOXKICHUS MEIN, CBHHIIA U Ap., TaHO OIIH-
caHMe 30JI0OTOHOCHOCTH JlapBaza ®  PBIXJIBIX
JIETHUKOBBIX 0TJIOKeHUH ITamupa.

B 1928 roxy opranmusyeTcst COBETCKO-TepMaHCKas
ITamupckas sxcreIuIus C LEeIb0 COCTAaBIEHUS Feorpa-
(uueckoit KapThl MaJOM3y4eHHBIX paiioHOB Cesep-
Horo [Tamupa, B sxcneguuuu npuHUMany ydacTue us-
BecTHbIE y4yeHble Hamei crpansl J[. W. lllepbakos, O.

1O. IIMuAT 1 psiA HEMELKUX YUEHBIX, HAIPUMED, AOK-
Top P. ®uHCcTEepBaNBACD W Ap. DKCHEAUINS CAeana
MHOTO TeorpaduyecKux OTKPHITHH, 3aKapTHpOBasia
TPYOHOAOCTYIHEIE paiionsl bamaxmranckoit obmactu
1o BeicoThl 6700 MeTpa OT ypOBHS MOpE, BBIACHHIIA
BO3MOKHOCTh IIPOXOJa uepe3 JICASHBIE IepeBajbl B
Bocrounsiii TagkukucTaH.

B 1930 romy uccnemoBanus mnpojoikana Ta-
JDKUKCKas skcneauuus noa pykosoactsom [1. U. Ulep-
6akoBa. ['eonoru C. U. Kitynnukos, A. B. Xab6akos, I'.
1O. IOnun n3ydanu 1oxHyto 4acts [Tamupa. B FOxuaOM
TamxukucTaHe MPOBOJWINCH KOMIUIEKCHBIE HCCIIEN0-
BaHuA noj pykosoactsoM E. H. IlaBnoBckoro, oTnas-
LIET0 MHOTO CWJI Ui Pa3BUTHUS HayKH B TamKukckoi
CCP. HecmoTpst Ha BCHBIXHYBIIEE 0acMadecTBO, IKC-
TIEAUITUH TIPOJOIDKAIIN CBOIO HAYIHYIO paboTy.

B 1932 rony Axanemueii Hayk CCCP Opuia opra-
HU30BaHa HOBas TaIKWKCKas KOMIUICKCHAS SKCIICIH-
s nog OGmuM pykoBoACTBOM akal. A. E. @epcmana.
Ota 3KcIeuLus COBIaa 10 BPEMEHH ¢ MIPOBEACHUEM
Broporo MexayHapoaHOTO MOJSPHOTO roja U IMpHU-
HsAJIa HEOBIBAIBIM pa3Max.

Cpenu yyacTHHKOB 3KCIIEUIMU ObLIM TaJaHTIN-
BbIe YK€ U3BECTHbIC U HauMHaromue yueHsle. 13 reo-
JIOTOB U TeorpadoB I SKCICAWINU TPUHUMATHA ICs-
tenpHOE yaactue J. U. llep6axos, /1. B. Hamuekus, b.
H. Hacnenos, A.Il. MapkoBckwii, B. A. Huxomaes, A.
A. Caykos, B. U. ITonos, C. 1. Kimynuuxos, H. I1. T'op-
oyHos, I'. II. T'opmkos, K. K. Mapkos, 1. C. llykus,
I1. C. Makees, A. P. Bypauek u ap., u3 6otanukoB b.
A. ®epnuenko, [1. . Opunnnukos, A. B. I'ypckuii, H.
@, IN'onuapos, 0. C. I'puropses u np., napazurtosior E.
H. Masnosckwuii, Tonorpad U. I'. dopodees, ruapo-
sHepretuk H. A. KapaynoB u MHOTHe Ipyrue uccieno-
BaTeJM, 00OTaTHUBIINE CBOUMH TPYAaMH HAIlIM ITO3Ha-
HUS 0 KOJIOTHH, IPUPOJIE U MIPUPOTHEIX pecypcax Ta-
JUKAKHACTAHA.

Jis oBeieHusI TIEPBBIX UTOTOB pabOTHI JKCIIe-
mumrd B 1933 romy Oblma co3BaHa Hay4dHast CECCHUS
Axanemnn Hayk CCCP B JleHuHrpane (HBIHEIIHUN
Cankr — [lerepOypr), MocBsIIeHHAS U3YICHUIO U TIep-
CIIEKTHBaM Pa3BUTHUS MIPOU3BOAUTENBHBIX crT Tamku-
KHCTaHa.

B 1933 roxy skcnenunus Obl1a mpeobpa3oBaHa B
Tamxukcko-ITaMupcKyro U MpoaoIDKaNa CBOO paboTy
10 1937 roga BKIFOYHUTENFHO U HE TOIBKO Ha TEPPUTO-
pun TajKUKUCTaHA, HO M B COCEIHHUX PECITyOIMKax
HenTpanpHoil A3uH.

Y4yacTHHKaMHU 3KCIHEIUINN CHATHI ¢ KapThl Ta-
JUKAKHCTaHa MHOTHE «OeJble TSATHA», OTKPBITH paHee
HEU3BECTHbIE BHICOYANIINE BEpPLIMHBI, B TOM YHUCIE
muk Vcmamna CamaHbl (3TOT THHK TIPU OTKPBITHIC
Ha3BaHO nmukaM CranmHa, 3aTeM MEePEHMEHOBAHO IH-
xaMm KoMMyHH3Ma) HOBBIE JIETHUKH, PEKH, MECTOPOXK-
JCHHS TIOJIE3HBIX HMCKOMAEeMbIX, COTHH HOBBIX BHIIOB
pacTeHU# U )KUBOTHBIX, YCTAHOBIJICHBI 3€MJIH, IPUTOA-
HBIE JJIS1 OPOIICHUS, N3y4eHBl NACTOUITHBIE YTOABS U
HX BO3MOYKHOCTH, THIPOIHEPTETHYECKUE U MUHEPAIIb-
HBIE PECYPCBHI.

B pesynbprare uccnenoBaHuil U34aHO HECKOIBKO
cOOpPHHKOB Hay4HBIX paboT, NECATKH BHIITyCKOB «Tpy-
J0B» M «MaTepuaiaoBy, Kyna BOLUIM 00OOOLICHUS U
HaOJIONECHUS. 10 CaMbIM Pa3HOOOPa3HBIM BOIIPOCAM
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€CTECTBO3HAHUS, DKOJIOTUU, SKOHOMUKU U KYJIbTYpPbI
pecnyOuKU. DTUMH U3IaHUSMH 10 CHUX TOP TOJIb3Y-
I0TCS BCE, KTO 3aHIMAETCs n3ydeHneM TapKuKucTaHa.
OKcreAnnusl TIpoW3BeNia Kak OBl HMHBEHTAPHU3AIHIO
npupoAHbIX OorarcTB. OHa rMoMoria BBIABUTH OOTaT-
ctBa Kapa-Mazapa, I'mccapckoro u 3epaBIOIaHCKOTO
xpe6tos, [Tamupa n ap[1-9].

W3ydenue kinuMara BEJIOCh IIyTEM OpraHU3allU
Pa3BETBICHHOMN CETH TUAPOMETEOPOTIOTHIECKUX CTaH-
uuil. [lepBele MeTeopoIOruyuecKe CTaHIIMU Ha Teppu-
topun Tamxuxucrana Bo3HuKM emie B 70 - 90 romax
19 Beka, rmaBHbIM oOpazom B CeepHoM Tamkuku-
crane u Ha [Tamupe. B 1926 rony Ob11a mocTpoeHa ruf-
pomeTeoposiornyeckas crannus B Jlymanoe.

B mepuon pabotbr TamKHKCKOH KOMIUIEKCHOM
SKCIEANINY ObUIA CO37aHa camasl BBICOKAasl METEOpO-
JIOTUYEeCKast CTaHIs, Ha JienHuKe PerdaeHKo, mpeodpa-
30BaHHas B JaJIbHEHIIIEM B BBICOKOTOPHYIO reor3nde-
CKyr0 obcepBaropuio [2,7].

B Hacrosmee Bpems THAPOMETEOPOIOTHYEcKas
ciyx0a pecnyOJMKH pacrojlaraeT MHOTUMH JIeCSIT-
KaMM MereocTtaHuui. Hekoropele craHuuu BeayT
HaOmoaeHuss B Teuenue Oone 100 met, obecmeunBas
cBoeil pabOTON HYXIbI CEIbCKOTO XO3SHCTBA, aBUa-
MM, TOCTABJISIA LICHHBIN MaTepuan Ui H3y4eHHs KIH-
MaTa M TOTOBI, PeXXUMa peK M o3ep Ta/KUKHUCTaHA
[11].

Merteoposiorndeckue CTaHIuM B TaKUKHUCTaHe,
0 CYIIECTBY, OBUTH MEPBBIMH CTAIIMOHAPHBIMHU Hayd-
HBIMH y4peKAeHUIMH. [1oCTeneHHO cTalli BO3HUKATh
U Jpyrue HaydHO-HCCIEIOBAaTENbCKUE OpraHU3alluu
Kak OOIeHay4YHOro, TaK M CIEIHAIBHOIO XapakTepa.
BBICTpO BBIPOCIM KaJIpbl YYEHBIX U3 CPElbl KOPEHHOU
HaIlMOHAJIBHOCTH.

Ha ocnoBe TamKuKCKON KOMIUIEKCHON 3KCIEIH-
mun B 1932 romy Oputa obpasoBaHa Tamkukckas 0a3a
Axanemuu Hayk CCCP, uepe3 9 net oHa npeBpaTHiiach
B Tamkukckuit punman, a mocieaanii yepes3 10 et BbI-
pOC B CaMOCTOATENbHYIO AKaJeMHIO HayK TaJuKHK-
ckoit CCP. Ha naHHBIf MOMEHT 3TOT Hay4yHOE y4pe-
JKJIeHWe Ha3biBaeTcsl HanuoHanbHbIH AKageMuH HayK
Tamxukucrana [1].

C opranmzanueit HannonansHbIN AkaieMun HayK
Tamkukucrana (Axagemun Hayk Tamxukckoir CCP
(1951 r.), Axagemuu Hayk Pecniy6nukn Tamxukuctan
1991 r.) n npyrux pecnyOIMKaHCKUX HAYYHO-HCCIIE0-
BaTENBCKUX YUPEKICHUN HAYAIOCh JIETabHOE H3yde-
HHE peclyOsnKy. B mocieBoeHHbIE TO/IBI COCTaBIICHEI
HNOAPOOHBIE TEOJOTHYECKHE, TeOMOpQOIOTHYECKHE,
MOYBEHHbIE M OOTaHWYECKHE KapThl KPYIHOTO Mac-
mraba MHOTHX paiioHOB TapKuKHUCTaHA.

B HacTosiee Bpemst BBIABHIAIOTCS IPOOJIEMBI Jie-
TaJIBHOTO KOMIUIEKCHOTO M3yYeHHsI OTHEIBbHBIX paio-
HOB PECITyOJIHMKH C IETBI0 PAIIOHAIEHOTO HCIIONIB30-
BaHUS WX MIPUPOJHBIX OOTATCTB.

Bo Bpemena cymectBoBanust CoBerckoro Coroza
B TamxukucTtaHe B KOPOTKUH CPOK ClieJIaHbl MOpas3u-
TENbHBIE YCIIEXH, KaK B CEIbCKOXO3SMCTBEHHOM, TaK U
B IPOMBIIIEHHOM OCBOCHHHU T€PPUTOpUU. B cenbckom
XO3HCTBE OCOOCHHBIH POCT MOIYYHIIO XJIOTIKOBOA-
CTBO, KOTOPOE CTaJIo €ro riaaBHoi oTpacibio [10].

3aMeTHOE 3HAYCHHWE B IKOHOMHUKE PECITyOIIUKH
npuobpena npomblnuieHHOCTs. Hapsiny ¢ pasButHem

CTapbIx oTpaciei (yrosbHas, HedTsHas, XJIOIKOOYH-
CTUTEIbHAS U JIp.) OBIIN CO3JaHBI MAIIMHOCTPOUTEIIb-
Hasl, TCKCTUJIbHASI IPOMBIIUIEHHOCTD, B OOJBIINX pa3-
Mepax MpPOM3BOIUTCS M00BIYAa W TEpPBHYHAS IIEpepa-
00TKa IBETHBIX W PEAKUX METaJUIOB, HAJIAXKECHO
MIPOU3BOICTBO CTPOUTEIHHBIX MAaTEPHAIIOB, OCYIIIECTB-
JISIETCSI CTPOUTENBCTBO JKEJIE3HBIX M IIOCCEHHBIX J10-
por.

OCHOBHBIM HallpaBJeHHEM HapOJIHOTO XO3s5HCTBa
TamkukucTana B 00J1aCTH CETBCKOTO XO3SHCTBA SIBIIS-
€TCsl XJIONKOBOZCTBO, @ B 00JIACTH MPOMBIIUICHHOCTH
J00bIYa BETHBIX U PEAKUX METAIOB M (DIIOCOB ISt
METATYPrud, OTYACTH MHIIEBAs IPOMBIIIICHHOCTS,
0c00eHHO (PPYKTOBO-KOHCEPBHASI.

[To xapakTepy HCIIOIB30BaHMSI IPUPOAHOM Cpebl
B TamkukucTaHe MOTYT OBITH BBIIEIICHBI CIEIYIOIINE
MIPUPOTHO-3KOHOMUYECKUE M BEPTHKAIBHBIC CEIBCKO-
XO035HICTBEHHBIE 30HBI (B CKOOKax MPUBOAATCS UX IPH-
MEpHBIE BBICOTHI B METpax HaJl ypOBHEM MOPS):

1. Opomaemas 30Ha (BKJIIOYasl CrO/ia MOJ30HY
oty obecrieuenHoi 6orapsl, oT 300 M 10 800 - 900 ™).

2. Borapno-nactOumHas 3ona (ot 800 — 900 M
10 3000- 3500 m).

3. HaCTﬁI/IH_[HaH 30Ha C OTACJIBbHBIMU IIITHAMHU
HeHncnonb3yeMbix 3emens (ot 3000 — 3500 m go 4500
M).

4. Hewuncnonszyemas 30Ha (Boitre 4500 m).

YkazaHHOE pa3/ieNICHNe Ha 30HbI IIPECIIEAYET LENb
TIOJTHOTO HCTIONIb30BAHMS OJIarONPHUATHBIX IPHPOIHBIX
1 SKOHOMHUYECKHX YCIOBHH B HAPOJHOM XO3SIMCTBE U
OTBEYAET 3a/1au€ MAaKCHUMAJIbHOTO MOJTY4YEHHUS CeIbCKO-
XO35IICTBEHHOMU MPOAYKLUU C KaXKA0I0 TeKTapa 3eMIIN.
W3 kapTocxembl ClIeIyeT, YTO B PECIyOIHKe UMEFOTCS
OonpIIre BO3MOXKHOCTH JJIsl PAaCIIMpPEHHUs] TOJTUBHOU
30HBI TO] HEHHBIC TCXHUYCCKUE KYJIbTYPBI. HpI/IBe}IeH-
Hasl CXeMa SIBJISETCS OHNUM 13 BO3MOKHBIX BAPHAHTOB
MIPUPOTHO-KOHOMUYECKOT0  paiioHupoBaHus. [lns
Pa3MYHBIX HAyYHO-TIPAKTHUECKUX IeJied Heo0Xo-
MO pa3pabaTelBaTh W JIPyTrHe CXEMbl palOHHMpPOBa-
HUSL.

Ha ocHoBe ananmmsa o030pa JmTepaTypbl OBUIO
YCTaHOBIIEHO, YTO IPOBEJICHHBIX HMCCIIEJIOBAHUI T10
OLICHKE MPHUPOIHBIX pecypcoB PecnyOimku TamKuku-
CTaH HEJ0OCTAaTOYHO, ¥ 3Ta TeMa TpeOyeT JalbHeHIero
N3Yy4YCHUA. OI[HOI?I 13 aKTYaJIbHBIX U UHTCPECHBIX TEM B
001acTH M3y4eHHS NPHUPOIHBIX pecypcoB Tamkuku-
CTaHa SIBJSIETCSI SKOJIOTMYECKasi OLEHKa €ro BOIHBIX
pecypcoB.

TakuMm 00pa3oM, Ha OCHOBE IIOJIEBBIX HCCIIE]I0BA-
HUH ¥ aHalM3a JUTepaTypsl OblIa IPOBEAEHa OLEHKa
TIPUPOJHBIX pecypcoB TapKUKHCTaHa U BBISBICHBI ac-
TIEKTHI €r0 HCTOPHUUYECKOTO PA3BUTHSL.
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Abstract

This article examines the basic concepts of expert system design. It identifies the main structural elements of
expert systems and their characteristics. The foundation of an expert system is a body of knowledge structured to
formalize the decision-making process. It has been demonstrated that an expert system based on If — Then rules is
one of the most effective and suitable for use in automated systems

AHoTAaNis

B craTTi po3rasgHYTO OCHOBHI KOHIIETIIi MTOOYAOBH SKCIEPTHUX CHCTEM. BU3HaueHI OCHOBHI CTPYKTYpHI
CJIICMCHTHU CKCIICPTHUX CUCTCM Ta ix XapaKTCPUCTHUKU. OCHOBOIO eKCHepTHO'I. CHCTEMHU € CYI(yr[HiCTL 3HaHb, CTPYK-
TYpOBaHHUX 3 METOIO (hopMaltizallii mporecy yxBaJeHHs pimeHs. byno moBeneHo, mo ekcrepTHa CUcTeMa, IKa 3a-
cHoBaHa Ha mpaBmwiax If — Then, € omHiero 3 HAWOUTBII e()EKTUBHUX 1 AOIIBFHIX AJIS 3aCTOCYBAaHHS B aBTOMATHU-

30BaHUX CUCTCMaAX..

Keywords: artificial intelligence, knowledge engineering, expert systems, If-Then rules, automated systems.
KoarouoBi ciioBa: mity4yHuil iHTENeKT, iHKeHepist 3HaHb,eKcrepTHa cuctema, npasuiio If — Then, aBromaru-

30BaHl CHCTEMH.

Beryn. IlocriiiHe 30iUMbIOICHHS OOCSATIB HAsBHOL
iHpopMmamii BHCyBa€ BHMOTH IIOAO CTBOPEHHS
KOMIT FOTEPHHUX 3ac00iB IMOIaHH:, 30€pEeIKCHHS, CUCTE-
MaTH3alii, MONmIyKy Ta iHIOi 0OpoOku iH(opmarrii.
IIpu upomy ocobnmBa moTpeda BUHUKAE Y CTBOPEHHI
CHCTEM, 110 3/[aTHI y3araJbHIOBAaTH Ta aHaJli3yBaTH iH-
(dopmariito, agantyBatucs 10 i 3MiH, CHUIKYBaTUCS 3
KOPHCTYBaueM IMpPHUPOJHOI0 MOBOIO, MNpUIMaTH pi-
[ICHHS B YMOBaX HEMOBHOI, HEHAIIWHOT Ta Cymepeuin-
Boi iH(popMarrii.

Binomo, 1m0 po3BUTOK Hayku 0a3yeThCs Ha OTPH-
MaHHi 00'€KTUBHHUX i CHCTEMHO-OPTaHi30BaHUX 3HAHB,
SKi JIOTIOMAraroTh JIFOAIM pPalliOHaJIbHO OpraHi3yBaTH
CBOIO JSUTBHICTH 1 BHpilIyBaTH pi3Hi npobiemu. Cy-
YacHi KOMI'TOTE€PHI TEXHOJIOT1T 3yMOBHJIM PO3BHUTOK iH-
JKeHepil 3HaHb — O0JlacTi HAyKW NPO IITYYHHUH iHTe-
JIEKT, sIKa BMBYA€ METOJM 1 3aCO0M OTpHUMaHHS, IIO-
JIAHHS, CTPYKTYpYBaHHs 1 BHKOPHUCTAHHS 3HaHb.
Imkenepist 3HaHb TOB'sI3aHa 3 PO3poOKOI0 6a3 3HaHB i
EKCIIEPTHHUX CHUCTEM.

Memoro naHoi cTaTTi € aHami3 e(heKTUBHOCTI Ta
OOTpYHTYBaHHS MOIILHOCTI BIPOBAKEHHS KCIIEPT-
HHUX CHCTEM, BU3HAYCHHS IEPeBar eKCIePTHUX CUCTEM
HaJl TPAIULIHHAMH CHCTEMaMH ITYYHOTO IHTENIEKTY.

AxryanpHicTe Tpobnemu IlepeBarn Ta edek-
TUBHICTb 3aCTOCYBAaHHsS EKCIIEPTHHX CHCTEM Y HeE
BUKJIMKAIOTh CyMHIBiB. ExcriepTHi cucremu gonomara-
I0Th €KOHOMHUTH 4ac TP BUPILIEHHI JJOCUTh CKJIAJHUX

IHTEeNIeKTyalbHUX 3aBlIaHb. KpiM TOTO, eKCIEePTHI CH-
CTEMH J0TIOMAaraloTh 3aMiHUTH JOCHTHh BUCOKOOIIIATY-
BaHa MPallio JIOJUHU-EKCIIePTa.

AHaJji3 giteparypHux mKepei. B Bigowmiii mite-
patypi [1-4] onmcaHa cTpykTypa Ta QyHKIIT eKcrepT-
HUX CHCTEM, IX NMPU3HAYCHHS, BAXIIMBICTH Ta HEOO-
XiIHICTB y iX CTBOpEHHI. AJie y 3B'SI3Ky 3 BIICYTHICTIO
€IMHOTO MiAXOAY A0 CTBOPEHHS TaKUX CHCTEM BHHU-
Kae HeoOXiHICTh po3poOkK MeToaukK nodynoeu EC.

OcHoBHMiIT MaTepiaia. OCHOBHUM NpU3HAYCHHIM
eKCIEePTHUX CHCTEM € pOo3poOKa MPOrpaMHHUX HPOIyK-
TiB, SIKi IPW BUPIIIEHH] 3a]a4, CKJIQIHUX JIJIS JTFOAWHH,
OTPUMYIOTh PE3YNbTaTH, IO HE ITOCTYIAITHCS 32 SIKi-
CTIO Ta €()EeKTHBHICTIO PO3B’SI3KYy, OTPUMaHUM JIIO/IU-
HOIO-eKcIiepToM. EkcrnepTHi cucTteMH BUKOPHCTOBY-
I0ThCS JIsl BUPILIEHHS TakK 3BaHUX HeopMasi3oBaHUX
3aj1a4, 3araJbHUM JUIS SIKMX €: 337a4l He MOXYTh OyTH
3aaHi y 9ucioBiil popmi; METy He MOKHA BUPA3UTH Y
TepMiHaX TOYHO BH3HA4eHO{ (PyHKIIi MeTH; anropur-
MIYHOTO PO3B’s3KY 3a/1a4i He iCHY€, a00, B iHIIOMY BH-
MaJIKy, H0T0 HE MOYKHAa BUKOPHUCTOBYBATH depe3 oOMe-
JKEHICTh pecypciB (4ac, mam’sth). Okpim ToTrO, y HE(O-
pMasli3oBaHMX 3a3/Ja4axX MPUCYTHS TIOMIIIKOBICTB,
HETOBHOTA, HEOAHO3HAYHICTh Ta MPOTUPIYYS SIK BUXi-
JHUX JITaHWX, TaK 1 3HaHb PO 3aJ1auy, 1110 BUPIIIYETHCS.

Excniepraa cuctema (EC), Hacammnepen, € nporpa-
MHHM TIPOAYKTOM, 1 ii IpU3HaUeHHsT — aBTOMaTH3aLlis
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JisuTbHOCTI JTFoauHN. OJHAK TPUHIMIIOBOIO BiIMiHHI-
ctio EC Bif iHITUX TIpoTpam € Te, o0 BOHA BUCTYIIAE HE
B POJIi aCHCTEHTa», 110 BUKOHYE 3a JIIOJUHY YaCTHHY
po6oTH, a B pOJTi KKOMIIETEHTHOTO MapTHEpa — eKCIe-
pTa-KOHCYJIbTaHTa B OyAb-AKi KOHKPETHIH MpeaMeT-
Hilt 06macti. EC akymyimoroTs y co0i i THpaKyroTh J0-
CBiJI 1 3HAaHHS BHCOKOKBaJTi(hikoBaHHX (haxiBIIiB, J03BO-
JSIFOTH KOPUCTYBATHUCS LIMMU 3HAHHSMH KOPHCTYBadyam
«HECTeliagicTaMm» B aHii mpeaMeTHii oonacti. Tomy
EC He 3aMiHIOIOTH CO00I0 eKcriepTa B HOTo JisUTbHOCTI,
a, HAaBMAKH, PO3IIUPIOIOTH MOXJIMBY cepy 3acTocy-
BaHHs 3HaHb aBTOpUTETHHX (haxiBLiB. Kpim Toro, 31a-
tHOCTi EC BHpimyBaTH mocTaBiieHi Tepex HUMH 3a-
BJAHHS HE 3MEHIIYIOTHCS 3 4acoM i He 3a0yBalOThCS
TIPH BIACYTHOCTI MPAKTUKH, JIETKO TOMHPIOIOTHCA, TaK
AK € KOMITIOTEpPHOIO IIPOTPaMoI0, IIPEKPACHO JTOKyMe-
HTOBaHi, pu O6araropa3oBOMy BHpIIICHHI OHi€T i Ti€el
k 3amaui EC BuparoTh OJHE 1 TEX PIlICHHS Ha BiAMiHY
BiJl JIOJMHU, SIKa MiJIa€ThCS eMOIIMHUM (hakTopam,
excruryaranist EC 3Ha4uHO nenieBiie, HiX orJara mpari
JIFOIUHU-EKCIIEPTa.

TakuM 4YMHOM, NPU3HAYCHHSIM EKCIIEPTHHUX CHC-
TEM € KOHCYJIbTYBaHHS 3 BY3bKOCHELIAILHUX NMUTaHb
NpU NPUHAHATTI PILIEHb JIFOAWHOIO, ISl MOCHIICHHS 1
pO3MHUpEHHS MPOPECIHHNK MOKIUBOCTEH 11 KOPHUCTY-
BaviB.

TpaanumiiHIMY ramy3sMH 3aCTOCYBaHHS €KCIIEpPT-
HUX CHCTEM € HACTYITHI: IHTepIIpeTallis JaHuX, JiarHo-
CTHKa, MOHITOPUHI, NPOEKTYBAaHHS, IPOTHO3YBaHHS,
TUTaHyBaHHS, HABYaHHSL.

Icuyroth meBHI TexHOJOril po3podku EC, mio
CKJIQIAIOThCS 3 TAKUX IIECTH eTamiB: imeHTudikaris,
KOHIIeTITyaji3amist, GpopmMaiizamis, peami3alis, TecTy-
BaHHS 1 JOCHiTHO-CKCIIEPIMEHTAFHA EKCILTyaTarlis.
Ha erani inenTunikarii BU3SHAYaIOThCS 3a0a4i, SKi ijI-
JIATAIOTh PO3B’S3aHHIO, BUSABILIIOTHCS TPOMDKHI LTI
pO3poOKH, BHU3HAUYAIOTHCS EKCIIEPTH 3a HAIPSMOM i
THIU KopucTyBadyiB. Etam xoHnenTyanizamii npusHa-
YEeHUH U1 3MICTOBHOTO aHaJli3y Mmpo0jaeMHoi obacTi,
BUSIBJICHHSI HasiBHOI iH(opManii Ta BU3HaYEHHS MHO-
KMHU aJbTEpPHATUBHUX METOJIB PO3B’s3aHHS MOCTaB-
neHux 3anad. Ha erani ¢opmanizauii oOupaerses iH-
CTpyMEHTapill i BU3HAYAIOTHCS CIIOCOOH 30epiraHHs Ta
MPEJCTaBICHHSA BCIX THUIIB 3HaHb, (POpMai3yrOThCSI
OCHOBHI IOHATTSI, BU3HAYAIOTHCS CIIOCOOH iHTEpIIpeTa-
1ii 3HaHb, MOJEITIOETHCA POOOTA CHCTEMH, OIIIHFOETHCS
a/ICKBATHICTh TOHATH, METOIB PO3B’s3aHHS, 3ac00iB
MTOTAaHHA i MaHIMYTIOBaHHA 3HaHHsIMH. Ha erami BuKO-
HAHHS 3[IHCHIOETHCS HAMOBHEHHS EKCIEpPTOM 0a3u
3HaHb.

ExcrniepTHa cuctema - e IporpaMHuii 3aci0, 1o
BUKOPHCTOBYE €KCIEPTHI 3HAHHsS A 3a0e3neueHHs
BUCOKOE(EKTHBHOIO pillleHHs HedopMmalizoBaHUX 3a-
Ja4d y By3bKiil nmpeamertHiii obnacti [2]. OcnoBy EC
ckiranae 6a3a 3HaHb (b3) mpo mpeamerHy 001acTBh, MO
HAKOMUYYEThCA B Tpoleci MOOYIOBH M eKCIuTyaTarii
EC. Ha puc. 1 306paxeni ocHoBHi BnactuBocTi EC.

OcnoBH1 BiacruBocti EC

HakommnueHHS 1 opraHizalisi
3HaHb

3acrocyBaHHA IHCTUTYIIIIHA
BUCOKOSIKICHOT' O aM'STh
OIIUTY
HasiBHICTB TIPOrHO3Y- MOoKIMBICTD
BaJIbHUX HaBYaHHS
MOKTUBOCT € 1 TPEHYBaHHS

Puc. 1. Ocnosni enacmusocmi excnepmuux cucmem
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Bnactusocti EC:

1). 3acTocyBaHHS ISl pillIeHHSI POOJIEM BHCOKO-
SAKICHOTO JOCBiNy, SIKUH MIPEICTaBIAETHCS PIBHEM MH-
CIIeHHs HaOimpII KBaTi(hiKOBAaHUX EKCIIEPTIB y HaHiil
o0acTi, o BeAe 10 TBOPYUX, TOYHHUX Ta ePEKTHBHUX
pimIeHs.

2). HagBHICTP NPOTHOCTUYHHX MOXKIHUBOCTEH,
ToOTO BUKOpHcTaHHS mnpuHiumy «If... Then...
Else...». Ile o3Hauae, M0 CUCTEMH MOXXYTh BHIAaBaTH
BIZMOBI/II HA MOBEAIHKY B KOHKPETHIN cUTyaii 1 moka-
3yBaTH, SIK 3MIHATHCS Il BIAMOBII Y HOBUX CHUTYAIIisIX
[3]. Le macts 3MOry KOpUCTYBa4y OLIHUTH MOXIHUBHA
BIUIMB HOBHX (aKTiB a00 iHpopMarii Ta 3p03yMiTH, sIK
BOHH TIOB’53aHi 3 PIiIICHHM.

3). 3abe3meueHHs Takoi HOBOI SAKOCTI SIK IHCTUTY-
[[iOHAJTbHA TIAaM'SITh 32 PaxyHOK 0a3W 3HaHb, MO BXO-
uth 110 ckinany EC (excmepTi MOXYTh 3 9aCOM 3MiHIO-
BaTHUCA, a 1X JOCBIJ 3aTHIIAETHCS).

4). MoxnuBicts BukopucroByBanns EC ais Has-
YaHHS Ta TPEHYBaHHS CIELIaNiCTIB 1 POOITHHKIB, 3a-
Oe3neuyroun X BeIMKUM OarakeM JI0CBiy 1 CTpaTerii.

Y po3po0iii i ekcrutyaTaii eKCIepTHOI CUCTEMHU
OepyTb y4yacTh Taki (axiBii:

IIpenmerHuii exc-
mepT

Po3pobuuk iHCTpY-
MEHTapito

bynye Onurye

v Excrnepr — BucokokBanidikoBanuii Qaxisep
y npoOeMHii 00JacTi, 3a7a4i K01 MOBUHHA BHUPIMTY-
BaTU EKCIICPTHA CHCTeMa, IKUIl BU3HAYae 3HAHHS, 10
XapaKTepU3yITh PoOIeMHy 00J1acTh, 3a0e3medye mo-
BHOTY 1 IPaBUJIbHICTH BBEJICHHUX B CUCTEMY 3HAHb.

v’ TwkeHep 3i 3HaHb (KOTHITONOT) — (haxiBels 3
PO3pOOKH EKCIIEPTHUX CHCTEM, SIKAH BHCTYTIAE B POIIi
MIPOMIXKHOTO Oy(epa MiXK eKCIepToM i 0a3010 3HaHb.
BiH pomomarae excriepTy BUSIBUTH 1 CTPYKTYpyBaTH
3HAHHS, HEOOXiJHI JUI1l POOOTH EKCIEPTHOI CHCTEMH,
3MIACHIOE BUOIP ITHCTPYMEHTAIBHOTO 3ac00y, IO Hali-
OiJIbLIIe TIIXOIUTH JUTS 1aHo1 mpoOieMHoT 00JacTi, BU-
3HaYae Crocid MogaHHS 3HAHb y IIbOMY iHCTpYMEHTa-
JTEHOMY 3ac00i.

v’ TIporpamict — (axiseup 3 po3poOKU IHCTPY-
MEHTaJBHHUX 3aCc00iB, 0 37iiCHIOE IXHE CTBOPEHHS 1
CIIOJIYYCHHS 3 THM CEPEHOBHILEM, Y SIKOMY BOHHU Oy-
IyTh BUKOPHCTOBYBATHCSL.

v' KopucryBay — JIOJMHA, 110 BHKOPHCTOBYE
BXE II0OYIOBaHy EKCIIEPTHY CUCTEMY.

B3aemMo03B's13kM OCHOBHHX y4aCHHKIB IOOY10BU Ta
eKCILTyaTallii eKCIepTHOI CUCTEMH HaBe/IeHI Ha puC. 2.

Posmmproe i
repeBipse

BuxopucrtoBye

ExcneprHa cuc-

Kinnesnii xo-
TeEMa me 0

pucryBau

3aco6u o6y n0-BH1 [rmKenep 3HaHb

€KCIEPTHOI CUC-
TeMHU

[—

Honarots
iHpOpMa-

Buxopucrosye

Po3zpobimoe,
YTOYHIOE, Te-
CTye

Puc. 2. B3aemoss'sa3xu 0CHOBHUX YUACHUKIE NOOYO08U MA eKCNyamayii ekcnepmuoi cucmemu

ExcrieprHa cuctema (puc. 2) MiCTUTB TaKi OCHOBHI
KOMITOHEHTH, SIK: MallIiHa JIOT1YHOTO BUBEACHHS (BUPi-
1IyBa4, IHTEPIPETATOp MpaBuil), Oa3a 3HaHb, ITiJICHC-
TeMa HaOyTTs 3HaHb, MIJACUCTEMa MOSCHEHHS PIIICHb,
iHTepdeiicHa migcucremMa (IiaJOroBHi KOMIIOHEHT),
poboua mam'siTe (0a3a gaHUX).

basa 3HaHp — HAWOLIBII [IHHUIA KOMIIOHEHT sIIpa
EC, 1110 MicTHTB CYKYITHICTb 3HaHb PO IPEIMETHY 00-
JACTh 1 CIIOCOOM BUPIMICHHS 33/1a4, SKi 3anucaHi y ¢o-
pMi, 3pO3yMiNii HecremiajgicraM B HpOrpaMyBaHHi:
eKCIIepTy, KOpUCTyBaueBi. Y 0a3i 3HaHb 30epiraroThCs
JIOBTOCTPOKOBI 3HAHHSI, 1[0 OMHUCYIOTh MPEAMETHY 00-
JIacTh y BUIVIAMI 3arainbHuX (akTiB ((pa3 6e3 ymoB, 10
MICTSATh TBEPIDKCHHS, SIKi 3aBXKIU € aOCOJIOTHO Bip-
HUMHM) 1 MpaBuil (TBEpPKEHb, ICTUHHICTh SIKUX 3aJe-
KUTh BiJ] ISSIKMX YMOB, [II0 YTBOPIOIOTH TiJIO MPABUIIA,
SKi ONUCYIOTH JAOLIJIbHI epeTBOPeHHs (akTiB 1i€el 00-
JIacTi 3 METOI0 NOPOKEHHS HOBHX (hakTiB abo rimores.

Poboua mam'sth (0a3a JaHWX) — MpU3HAYCHA IS
30epeKeHHS BUXIIHUX NaHKUX ((aKTiB, 10 OMUCYIOTH
MOTOYHY CUTYAIIII0).

MaiiuHa JIOri4YHOTO BUBEJEHHS (BUpIlIyBad) —
OCHOBHA YaCTHHA EKCIIEPTHOI CHCTEMH, sIKa, BUKOPHC-
TOBYIOYH iH(popMallito 3 6a3u 3HaHb I'EHEPYE PEKOMEH-
Jauii 3 BUPILICHHS 3aJa4l Ta MIiCTHTh 1HTEpPIPETaTOD,
Jqucnerdep i poOOUHii CICOK MPaBuII).

O0o0HKa eKCIEePTHOI CHCTEMH — IpOrpaMa, 1o
3a0e3mneuye B3aEMO/IiI0 MiK 023010 3HAHB Ta MALITIHOIO
noriyHoro BuBeneHHs. KopuctyBau B3aemogie 3 000-
JIOHKOIO 4epe3 iHTepdelicHy miacucreMy, rnepeiadn
iif 3anuTH. OCcTaHHS aKTHUBI3y€ MalIMHY JIOTIYHOTO BH-
BE/ICHHS, sIKa 3BEPTAEThCS 10 0a3u 3HaHb, BUOMpAE B
Hill i reHepy€e B MPOIIEC JOTTYHOTO BUBEACHHS 3HAHHS,
HEOOXIiH1 7S BiNOBiAI HA KOHKPETHE TUTAHHS, 1 Te-
penae copMoBaHy BiATOBiAb KOPHUCTYBady abo sIK pi-
mIeHHs npoOieMu, abo y GopMi peKoMeHIaIlii 9u mo-
panu.

InTepdeiicHa mincucTeMa OpraHizye B3a€MOJIIIO
KOpHUCTyBa4a 1 EKCIIEPTHOI CHCTEMH B IIPOIECi BUPI-
LIEHHs 33/1a4i 3a JOIIOMOTOI0 IEPETBOPEHHS 3aIMTIiB
KOpHUCTYBa4a y BHYTPILIHIO MOBY IO/IaHHS 3HaHb €KC-
MIePTHOT CUCTEMH 1 HAaBIAKH.
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[Mincucrema HaOyTTS 3HAHb — aBTOMATU3Y€E TPO-
1leC HaIOBHEHHs €KCIEePTHOI CHCTEMH 3HAHHAMH €KC-
mepToM abo iHKeHepoM 31 3HaHb Yepe3 pelaKTop 6a3u
3HaHb.

[Tincucrema nosiCHEHb — 103BOJISIE KOHTPOJIIOBATH
X1 Cy/DKeHb €KCIIEpTHOI CHCTEMH 1 TIOSICHIOBATH i1 pi-
mIeHHs a00 IXHIO BiICYTHICTh 3 BKa3iBKOIO BUKOPUCTA-
HHX 3HaHb.

Kopuerysaui i OGo10HKa eKeIepTHOT CHETEM
Excriepr [lijicHeTeMa basa snaus Manmna norigsoro
HaOVTT4 3HAHb [Tpasuia ~.\ BHBE/ICHHA
Saratbil akri N ™ PoGounii ccok
NHTaHHA| | 3HAHHA
npaBi1
SHAHHHA, TCCTH . I 1 i'
= - Hrepdelicha
Isciicp pittiernst oo
31 3HAHB < ]f“' eren ‘_l, P o| Poboua nam’srs . 5
_ y|  (uaroropuii 4 > , Jucnergep
y , (thaxrn)
KOMIIOHCHT } -
8 |
Kimernit hi']‘cpnpcr:i'l'up
KOPHCTVBAY & pimenns,
TNOSCHEHHA [TlicncTena
! i TOSCHEHb

Puc. 3. Cxema ideanvroi cmamuunoi ekcnepmuoi cucmemu

AxciomatnuHe (OpMyBaHHS €KCHEPTHOI CHC-
TEMH:

ESP(iel,jed)keK,acA )
IMoBHicTIO BU3HAYAETHCS MaPOIO (Da, &a), ne
D, =(DBX, KB},CB)) @

jk ik
e DBi!71 — 0asa JaHuMX, KBiJa — 0a3a 3HaHb,

K
CB.[ - 38’s3yr0un npasuna.

OpHi€ero 3 HAHOLIBII BAXXIUBUX MPoOIeM, Xapak-
TEpHHUX JUIS CUCTEM, 3aCHOBAHMX Ha 3HAHHSX, € IPO-
OneMa 1moJlaHHs 3HaHb. THIIOBUMH MOJAEISMH MTOJaHHS
3HaHb €:

* JIOTiYHA MOJEITD;

* MOjieNlb, 3aCHOBaHA Ha BUKOPUCTAHHI MPaBUII
(mponykmiiiHa MOJIENB);

* MOJIeNb, 3aCHOBaHA HA BUKOPUCTaHHI (PpeiiMiB;

* MOJIEJTb CEMAaHTUYHOT MEPEXKi.

[IpencraBneHHs 3HAHB Y BUTIISI TPOIYKITiH Haii-
ORI TIOMIMPEHE B €KCIIEPTHUX CHCTEMAX, TaK sK 3a-
HC 3HaHb (PAKTHYHO BEAEThCS Ha I IMHOKHUHI IIPHPO-
nmHOT MOoBH. HaciikoM 1mboro € Te, 0 mpaBuiia JeTKo
YUTAIOTHCS, X IPOCTO 3pO3yMiTH 1 MOaH(DiKyBaTH, eK-
CHEepTH MOXYTh 0e3 mpolieM COpMyIIIOBaTH HOBE
MpaBmwIo a00 BKa3aTH HA MMOMMJIIKOBICTh SIKOT0-HEOY b
ICHYI0YOTO.

B sxocTi yMoBH 1 i B mpaBuiax Moxe OyTH, Ha-
NPUKIJIAJ, TPUMYIIECHHS PO HAsBHICTH Ti€l 4M iHIIOL
BJIACTUBOCTI, IO NpHUiiMae 3HAYCHHs iCTUHA abo He-
npasza. [Ipu boMy TepMiHU Aii ClTig TPaKTyBaTH IIN-
poKO: Ile MOXe OyTH SK JUPEKTHBA /10 BUKOHAHHS
Oyap-sKo1 omeparii, pekoMeHaaIis, abo MoauQiKaris
0a3y 3HaHb — MPHITYLIEHHS NP0 HAasBHICTH SKOTO-He-
OyIb TIOXiAHOTO BIACTHBOCTI.

[Ipu BuKOpHCTaHHI TPOAYKIiitHOT Mozeni 0aza
3HaHb CKJIAJIAETHCS 3 HAOOpY MpaBwi. 3HAHHS IMPEI-
CTaBjeHi y BHMIUAI pedeHb (HpoAykiii) tumy: If
(ymosa) - Then (0is)».

ITizg yMOBOIO PO3YMIETHCS ACSKE PEUCHHS-3PA30K,
3a SIKMM 3/1IHCHIOETHCS MOUIYK Y 0a3i 3HaHb, a Mif Ai€0
— nii, 110 BUKOHYIOTHCSI NPU YCIIIIIHOMY PE3YJIbTAaTi
nouryky. Sk B yMOBI, Tak i y Aii npaBuia MOXyTb Bpa-
XOBYBATH JICKIJIbKA BUPA3iB, 110 00’ €IHAHI JIOTIYHUMHU
38's3kamu AND, OR, NOT.

Pesymerat poOOTH €KCTIIEPTHOI CHCTEMH JTOCTY-
ITHI KOPHUCTYBaYeBi depe3 MiajoroBuil inTepdeiic. Bin
3a HEOOXIJHOCTI JTO3BOJISIE 03HAHOMHTHUCS 3 XOJIOM JIO-
TIYHUX MIpKyBaHb CUCTEMH IO TPU3BOIUTH 1O OTPH-
MaHHS JAaHOTO Pe3yIbTaTy.

Jst toro, mo6 EC 3Moria mBUAKO 1 IKICHO MOSsIC-
HIOBATH NPaBWIbHICTh CBOIX BIJIOBI/ICH, a TAKOXK JO-
[UIBHICTH MOCTABJICHUX 3alUTaHb, BOHA 3aMUCYE B PO-
Oouiii mam’siTi XiJ CBOiX MIpKyBaHb Ta iX MOCIIJOB-
HicTh. DakT MOMXIIHMBOCTI JICTaTH TMOSICHEHHS HaJa€
KOPHUCTYBa4y 1JIF03i0, HIOU-TO CHCTEMa MEepeBipsie Bijl-
MOBITHICTh TPAaBWII, IO 3amucaHi B 0a3i 3HaHb. Mix
tuM EC mosicHIo€e CBOI J1ii BUKIIFOYHO JIWIIE BHIAIOYU
iHpopMarito Tpo Xix mporecy MipkyBans. B EC mpo-
OYKIOIHHOTO THITY TOSCHEHHS 3alUCYIOThCS B 0azy
3HaHb 32 JJOMOMOI'0I0 MOJHM(]IKOBAHOTO TPaBHiIa MPO-
JIYKIIIi:

[pasmno XXX SAKILO < ymona >

TO < BUCHOBOK 4H [is >

TOMY HIO < oOrpyHTYBaHHS >

OOTpyHTYBaHHS — 1€ TEKCT, IO HOTO JiCTaHe KO-
pHCTYBa4 MiCJsi BUKOPUCTAHHS JAHOTO MpaBWiia, Ma-
FOUU HaMip JICTaTH TOSICHEHHS.

BucnoBok. OcobmmBocti EC momsirarots y Tim,
10 BOHU ITOBUHHI BOJIOIITH:

1. KoMIIeTeHTHICTIO, a caMe:

— JIOCATaTH EKCIIEPTHOTO piBHA pilieHs (ToOTO B
KOHKpETHill peMeTHii o0slacTi MaTH TOMH ke piBeHb
npodecioHanizmy, Mo i eKCIePTH-TIOAN);

— MAaTH aKTHBHY Ipane3aaTHicTh (ToOTO 3aCTOCO-
BYBaTH 3HaHHS €()EKTHBHO 1 MIBUAKO, YHUKAIOUH, SK i
JIIO]TH, HETIOTPIOHUX OOUYHMCIICHB);
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— MaTH aJeKBaTHY Ipale3JaTHICTh (TOOTO 31aT-
HICTh JIMIIE TIOCTYIIOBO 3HWXXYBAaTH SIKICTh poOOTH 3
MipH HaOIDKEHHS 10 TPaHHIb Jiala30Hy KOMIIETECHT-
HOCTi 200 PUITYCTUMOI HATIHHOCTI JaHUX).

2. MOXJIMBICTIO 10 CHMBOJBHHX MIpKyBaHb, a
came:

— MIPEJICTABIIATH 3HAHHS B CHMBOJIBHOMY BHTJIISII;

— nepedopMynoBaTH CUMBOJIBHI 3HaHHs. Ha xa-
PrOHI IITYYHOT'O IHTEJIEKTY CHMBOJ — L€ PSJIOK 3HAKIB,
IO BiMOBIAE 3MICTY JAESIKOTO MOHITTSA. CHMBOJIHX TO-
€IHYIOTh, 00 BUPA3UTH BITHOCUHU MiX HuMH. Komu
BiiHOCHHHM TipesicTaBieHi B EC BOHM Ha3MBaIOTHCS CH-
MBOJIbHUMH CTPYKTYPaMH.

3. I'mubuHOI0, a caMe:

— TpAIfOBaTH B MPEIMETHIN 001acTi, [0 MiCTUTH
Ba)KK1 3a1a4i;

— BHKOPHCTOBYBATH CKIIAJIHI IpaBmia (ToOTO BU-
KOPHCTOBYBATH a00 CKJIaJHI KOHCTPYKIIii mpaBui, abo
BEJIUKY 1X KIIBKICTB);

4. CaMOCBIIOMICTIO, a came:

— JOCTIDKYBaTH CBOI MipKyBaHHs (TOOTO mepeBi-
psTH TXHS NPaBUIIBHICTD);

— TOSICHIOBaTH CBOI Jii.

TakuM 4MHOM IIEpPEeBaror €KCHEPTHUX CHCTEM €
Te, 10 BOHH, BUKOPUCTOBYIOYH ACKIAPATHBHI 0a3H a-

HUX, a TAKOK NPOIYKLiIHI paBuIia, BiJIHOCHHH, TIPO-
TOTHUIIHM, CXEMH 1 CEMaHTUIHI MEPEXi, IS YABICHHS 1
BUKOPUCTOBYBAHHS 3HaHb, IO MICTATHCS B HHX, BIIK-
pHUBAIOTH IifiCHO HOBHH MiAXig OO MpPOTpaMyBaHHS,
SIKFH TIOJIITae B MOYKIIMBOCTI ITepenadi Bifl JIFOJMHA 10
IporpaMyl HAMIPOCTIIIMM YMHOM 3HAaHb HEBPETYJBO-
BaHO{ CTPYKTYPH B IOBUIBHUX 007aCTSX.
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