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AHHOTALIUSA

B pa60Te MPUBCACHBI PE3YJIbTAThI I/ICCJ]eILOBaHI/Iﬁ BJIMSAHUA Ha JUHAMHKY COJCPKaHUA B MOYBC rymMyca U
TMOJABMKHBIX MUTATCIIBHBIX 3JIEMCHTOB IMMPU BHECCECHUU MO XJIOMYATHUK HOBBIX q)OpM OpPraHnv4eCKUX U OpraHoMu-
HepalbHBIX YJOOpEHHH Ha OCHOBE T'YMHUHOBBIX BEIIECTB, HANIPABICHHBIX HA MOOMIN3AIMIO (AKTUBHU3ALIMIO) TT0Y-
BeHHBIX (pochaToB 1 NOBBIIEHHIO 3P )EKTHBHOCTH BHOCUMBIX (OCPOpPHBIX yno0penuii. [lokazaHo MOJI0KUTEb-
HOC BJIMSIHUEC OT MIPUMEHCHUA OPraHNICCKUX y;[OGpeHI/Iﬁ C MI/IKPO6I/IOJ‘IOFI/I‘{€CKI/IMI/I mTaMMaMu, 61/10ryMyca C 10-
OaBkamu MuHepaina goinomuta, BMG - orxona 6uora3oBoii rexnomorun 1 OMY Ha ocHOBe pocdormrica, oTxona
nony4eHus ammodoca u3 pochoputon LlenTpansaeix Kuspuikymos. [lonydeHHbIC JaHHBIE TIO IPEBPAIICHHUIO MTH-
TaTCJIbHBIX 3JICMCHTOB B IIOYBE IO/ BIIMIHUEM 3THUX y;[06peH1/H71 TMO3BOJIAOT CHU3UTh HOPMY MUHCPAJIbHBIX y,l'[06—
penuii Ha 25% u Goiee.

ABSTRACT

The paper presents the results of studies of the effect on the dynamics of the content of humus and mobile
nutrients in the soil when introducing new forms of organic and organomineral fertilizers based on humic sub-
stances under cotton, aimed at mobilizing (activating) soil phosphates and increasing the efficiency of applied
phosphorus fertilizers. The positive effect of the use of organic fertilizers with microbiological strains, biohumus
with additives of the mineral dolomite, BMG - waste from biogas technology and OMU based on phosphogypsum,
waste from obtaining ammophos from phosphorites of the Central Kizylkum Desert is shown. The obtained data
on the transformation of nutrients in the soil under the influence of these fertilizers make it possible to reduce the
rate of mineral fertilizers by 25% or more.

KiroueBble ci1oBa: opomaeMHﬁ TUITHYHBIA CEPO3€EM, XJIOMMIATHUK, TYMYC, IUTATCJIIbHbIC 3JICMCHTBI, I'YMU-
HOBBIC BCIIECTBA, MUHEPAJbHBIC, OPraHUYCCKNUE, OPraHOMHUHEPAIbLHBIC yno6peHI/m, M061/IJ'II/I3aIII/I$I IIOYBEHHBIX
tdocdaros.

Keywords: irrigated typical sierozem, cotton, humus, nutrients, humic substances, mineral, organic, or-
ganomineral fertilizers, mobilization of soil phosphates.

Beenenmne. 3BeCTHO, YTO MPH BHECEHUH B ITOYBY
opraHuuecknx, Qochopcoaepxkamux OpraHOMHHE-
paNBHBIX M YIIIETYMHUHOBBIX yI0OpeHuit 3a cuer o0pa-
30BaHHS B TOYBE PA3IUYHBIX OPraHMYCCKHX KHCIOT,
MPOUCXOTUT MOOWIU3AIMsS TOYBCHHBIX (pocdaros,
CHIDKEHHE PeTpOrpaialuu (3aKperuiecHre) BHOCHMBIX

¢dochopHBIX ymOOpeHUH, yIydIIeHHe MUTATeIbHOTO
peXuMa IOYBHI, YTO MPHUBOANUT K 3(h(HeKTHUBHOMY HC-
M0JIb30BaHUI0 PACTEHUSMH BHOCHUMBIX MHHEPAJIbHBIX
ynoopennii [1,2].

HcneiteiBas Gospllyio moTpeGHOCTE B (ocdope,
HEKOTOpbIE PAaCTCHUS! BHIPAOATHIBAIOT MOBBINICHHYIO


https://doi.org/10.5281/zenodo.17237448

5

Sciences of Europe # 173, (2025)

CIIOCOOHOCTB K ero MOOWIIN3aluy U3 o4Bbl. K HUM OT-
HOCSITCS OOJBIIMHCTBO OOOOBBIX KYJBTYp, a TaKke
rpednxa, TopuuIia, parnc u Ipyrue KpecTOIBETHEIC |3,
4]. Kaxxgas u3 3THX KynbTyp oONamaeT CBOMMH OCO-
OGEHHOCTAMH, HO OOIIMM AT BCEX SIBISIFOTCS KHCIIBIC
KOpPHEBBIE BBICJICHHS, 0] JEHCTBHEM KOTOPBIX IIPO-
HCXOIUT PAacTBOPEHHE TPYXHOIOCTYIHBIX (hocdaToB
[5].

MHOTOYHCIIEHHBIMU UCCIIEI0BAaHUAMH JIOKA3aHO,
YTO BBICOKMUMH MOOMIM3YIOIMMHU CBOMCTBaMHU B OTHO-
IICHUU K TOYBCHHOMY (hocdopy o0iamaet JronepHa.
Taxoke 10Ka3aHo, 4TO JIUCTOIA/IHBIE PACTEHHS, A TAKKE
KyJIbTypa XJOMYaTHUK BO3JCHCTBYIOT Ha TPYAHOIO-
cTynHbIe (hochaThl MOYBHI TyTEM HAKOIUICHUS OPTaHH-
YECKUX BEIIECTB KUCIOTHOW NpUpoasl B TUCThAX. [1o-
najast B IIOYBY, JIMCTOBAs Macca pa3iaraeTcsi, BEIACISI
COOTBETCTBYIOIINE KapOOHOBBIE KHCIIOTBHI, KOTOPBIC
PacTBOPSAIOT YacTh MOUYBEHHOTO (pocdopa. Takum crro-
cOo0OM 3TH pacTeHHsl CO3JAal0T OIpeAeiIeHHbIH (GoHT
JIOCTYTHBIX (hoc(aToB st CACTYIOMUX KYIbTYP.

B ycnoBusix opomaeMbIX TUIHYHBIX CEPO3EMOB
BBISIBJICHA TPUPOJIa BO3JCHCTBUSI OPraHMYECKUX KHC-
JIOT ¥ MX TMPOU3BOJHBIX Ha MOOMIM3ALIUIO TIOUBEHHBIX
¢docdaros u noseienue 3pdexkTuBHOCTH HOCHOPHBIX
ynoOpeHni Ha XJIOMYaTHUKE ITyTeM NPUMEHEHNUS a30T-
HBIX yI0OpEeHHi Ha OCHOBE YIJIETYMHHOBBIX BEIECTB.
Vx npuMeHeHne Mo3BOJISICT CHU3UTH T'OIOBYIO0 HOPMY
tocdopa no 40% u Gomnee [2].

B yny4meHnu nMUTAaTENFHOTO PEXHMA, HOBBIIIE-
HHH IUIOZ0OPOIUS TOYBHI M YPOKAHHOCTH BO3ZIEIIbIBAC-
MBIX CEJIbCKOXO3SHICTBEHHBIX KYJIBTYP HMEET Ba)KHOE
3Ha4YeHHE BHECEHHE COBMECTHO C MHHEPaJbHBIMHU
ynoOpeHHsIMH O0OTaIlleHHBIX OPraHMYeCKUMH Belle-
CTBaMH ¥ OCHOBHBIMHM ITUTATEJILHBIMU JIEMEHTAMHU HO-
BBIX BHUJIOB OPraHMYeCKMX M OPraHOMUHEPaJbHBIX
yoOpeHnH, OTyYeHHBIX IyTeM (epMEHTAIN U MUK-
pobHoNIoOrnYecKol akTUBanuM (TaKMX Kak: OMOTyMyc,
OTXOJIBI OMOTa30BOM TexHOIOTHH — BMG, GakTepuab-
Hoe 0OpabotaHHbIe (ocHOPUTHO-TYMHHOBEIE yI00pe-
HHS ) Ha OCHOBE HaBo3a [6, 9].

O0BeKTBLI M MeTOoAbl HccaeaoBanus. lccneno-
BaHUsI poBoawInCh B 2023-2024 ropl Ha CTapoopo-
[Ia€MOM THIIMYHOM CEpO3eMa Ha TEPPUTOPHU IKCIIe-
PUMEHTAILHOIO  OMNBITHOTO  y4yacTka  AKKaBak
HUNCCXBMU (6pBmunit Y3HUNX) TamrkeHTCKO#H 00-
JIACTH, TI€ BBIPAIIMBAIIY XJIOMYaTHUK copTra «Cynrany»
Ha OZIHOM M TOM )K€ IT10JIe B TEUSHUH JABYX JIET, TJe MpH-
MEHSUIM HOBBIE (DOPMBI OPTAaHWYECKHX, OpraHOMHHE-
palbHBIX y100peHnii ¢ 100aBKOM I'yMHHOBBIX BEIIECTB
MPU UX TOJTyYSHHH.

B HacTosmeii pabote, HarpaBIIeHHOH Ha yBEIHYC-
HHE B TMOYBE COJEPKaHWS OPraHWYECKOTro BEILIECTBa

(rymyca), ynyuienne GpochaTHOTO COCTOSIHUSI TOYBBI
3a cYeT MpUMeHeHUs (hocopcoaepKanux yrieryMu-
HOBBIX YIOOPEHHUH U Pa3INYHBIX OPraHUYECKHUX YA00-
PEHUI, CHOCOOCTBYIOIINX AKTUBU3ALUN IOYBEHHBIX
¢docdaroB u moBHIIIEHUIO 3 (HEKTUBHOCTH BHOCHMBIX
¢dochopHBIX yaoOpeHnii, paccMaTpUBaeTCs AHHAMHUKA
COZIep’KaHMUs TyMyca W HOABMKHBIX ITUTATEIBHBIX 3J16-
MEHTOB B TI0YBE B OCHOBHBIE (pa3bl pa3BUTHS XJIOMYaT-
HUKa NPU X IPUMEHEHHUH B TEUCHHUH JIBYX JIET.

[ToneBbIe OMBITHI C XJIOMYaTHUKOM HPOBEACHBI 110
metoauke CorosHUXU (1981) [10].

AHamnu3bl MOYB BHIOIHSIIKCH 110 OOIIENPUHATHIM
METOJIMKaM, OIIICaHHBIM B pykoBoacTBax CorosHUXU
(1977) [11] u E.B.Apunymkunoii (1970) [12].

OnBITH CTaBWINCH B 8 BapHaHTaX, MIOBTOPHOCTH
3-x KparHas, pasmep jAensHku 120m2 yuetHas 60 m?,
o61mast mwromaas 2880 m2.

Cxema omeita: 1. IlouBa 0e3 ymoOpenwms, 2.
N200PoK 100, KOHTPOJITb oe3 docdopa, 3.
N20oP140K100,KOHTpOIE  TIO  pekoMeHpanusM, 4.
N1s0P105K75, @oH, HOpMa ynoOpeHuii cHmkeHa Ha 25
%, 5. ®oH + 2,5 1/ra BMG, opranudeckoe yno0peHue,
6. ®oH + 2,5 1/ra 6uorymyc + 10 % monomut, 7. Don
+ 2,5 1/ra OY (MHKpOOHOJIOTMYECKUM LITAMMOM), 8.
®oH + 2,5 T/ra OMY (Ha ocHOBe (ocdormurca).

PesyabraTsl unccaenoBanuil. Ui BBIABICHUS
BIIMSHUS HOBBIX (DOPM OpraHMYECKHX W OpraHOMHUHE-
panbHBIX yIO0OpeHHH W3 MPUPOIHBIX PECypCOB HA H3-
MEHEHHE COJIEpKaHMs TyMyca, TOCTYIHBIX PaCTCHHUAM
MIUTATEIbHBIX BEIIECTB MOYBHI NPH BO3JCIBIBAHUU
XJIOITYATHUKA, 2 TAK)KE MOOMIIN3AIMN OYBEHHBIX (oc-
¢daroB, mnoBbieHUsT 3(PHEKTUBHOCTH  (HOCHOPHBIX
yIOoOpeHNi HaM¥ MPOBENEHBI CIEIHAlIbHBIE TIOJIEBbIC
OIIBITHI HA OPOIIAEMOM TUIIMYHOM CEpO3EMeE.

B HacTosI1el cTaTbe OCTAaHOBUMCS HA OTJAEIIbHbBIC
pe3yJbTaThl MCCIICNOBAHUH I10 BIIMSHUIO yKa3aHHBIX
BbIIIE YAOOpEeHNH HAa N3MEHEHHE COJep)KaHHs ryMyca
1 MTOJBIDKHBIX [TUTATEIHHBIX JJIEMEHTOB B II0YBE 32 BE-
TeTalMIo XJIOMYAaTHHUKA, a TaKkKe yiydmeHnus docdar-
HOTO COCTOSIHUSI TOYBBI.

Ha mepBblil rox BO3JENBIBaHMS XJIOTYATHHUKA, B
UCXOJHOM COCTOSIHU, Iepeji HayajaoM OIlbiTa, A0 IO-
ceBa xyormgyatHuka (15.04.2023 r.), Ha nensgHKax Bcex
BapuaHTOB omnbITa B 0-30 1 30-50 cM cnosix MOYBHI I'y-
Mmyca coaepxkanoch 1,253 — 1,528 % u 1,097 — 1,371 %
COOTBETCTBEHHO (Tab:. 1). B KoHIIE BereTanuu xjiorm-
yatHuKa (23.09.2023) B 3THX CNOSX HMOYBHI COAEpXKa-
HHE TyMyca 3aMETHO M3MEHWJIOCh B 3aBUCHMOCTH OT
BapHaHTa ONBITa U cocTaBmwio mopsaka 1,300 — 1,494
% u 1,163 — 1,324 % cOOTBETCTBEHHO.
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Tabmuma — 1

V3meHeHue coiepKaHusi TyMyca B OMbITaX € XJIOMYATHUKOM OT IIPUMEHEHHsI OPraHHYECKHX U OPraHOMHHEPAb-
HBIX ypoOpenuit, %

Tay6 Tymye % P P
Ba HANTLI ﬂy HHa, asHuLa asHuLa
P o™ +, - +, -
15.04.2023 23.09.2023 20.04.2024 25.09.2024
1 0-30 1,438 1,364 %g—gg 1364 1357 '703’02—21
IMouBa Ge3 ynoope- 0’048 5 ’042
HUSI _ -0.048 -0.042
30-50 1,292 1,244 X 1215 1,250 XET
2 0-30 1.528 1,494 '701’% 1,454 1,548 10008200
N200PoK100, KOH- 0 2)47 0 2)81
6 - V.U /
TpoJb 6e3 gpocdopa 30-50 1,371 1,324 141 1,441 1,452 243
3 0-30 1297 1355 10203528 1,344 1420 *‘& 19223
N200P140K100, KOH- > s
TPOJIb 10 PeKOMeH-
ranusM 30-50 1,140 1,208 %02% 1,194 1306 %%
) 0-30 1.392 1,406 %00% 1338 1,454 %%2
NisoProsKss, @on | 5, o 1,097 1,163 %01’% 1.276 1,257 %
+ +
5 0-30 1253 1358 +0202505 1360 1,448 %’7%
Don + 2,51/ ’ ’
BMG 30-50 1,129 1209 | Q080 o4 1302 | %13
, ’ 12,40 ’ ’ 1+5.20
6 0-30 1253 1,300 %01’% 1.359 1,450 %07%
®omn + 2,5 1/ra omo- > >
rymyc + 10 % noJio- + +
. 30-50 1,103 1,200 T’Oz% 1255 1,290 TOS’%
7 10,076 10221
don+2.5wa0y | 039 1352 a2 | CR0F | 1478 L3 | R
(Mukpoduo0ornye-
croum mramvons) | 30-50 1,204 1.258 %% 1323 1368 %%
8 10,053 +0.209
Do + 2.5 1/ra 0-30 1361 tata | 501 1470 1570 | SR5Y
OMY (Ha ocHOBe
Pochornnca) 30-50 | 1,134 | 1,200 %?9%6 1240 | 1,296 %}8%2

Tax, Ha KOHTPOJIFHOM BapHaHTe — 1, T1ie HE IPH-
MEHSITN yI0OpEHUs, B CPAaBHCHUHU C UCXOTHBIM COJEP-
skaHueM, B 0-30 u 30-50 cM crogx KOJIM4ecTBO OpraHu-
YEeCKOTo BellecTBa (TyMyca) HECKOJIbKO CHHU3HMIOCH U
cocraBuio 1,364 u 1,244 % COOTBETCTBEHHO, YTO
paBHo — Ha 0,074 u 0,048 % wnm 2,96 u 1,44 1/ra, a B
0-50 cM cnoe — 4,40 1/ra. Ha BapuanTte — 2, KOHTPOJIb-
HOM Oe3 ocdopa, B CpaBHCHHU C HCXOIHBIM COJICpIKa-
HHUEM, B 3TUX CIIOSX OYBBI OTMEUCHO TAK)KE CHUIKCHUE
CoJiepXkaHus yriepojaa rymyca u coctasuno 1,494 u
1,324 % cootBeTcTBEeHHO, 4TO paBHO Ha 0,034 u 0,047
% nnm 1,36 u 1,41 1/ra, a B 0-50 cM cioe - 2,77 T/ra.

Ha xoHTponpHOM BapuaHTe — 3, TJ¢ MUHEPab-
HBIE yI00pEHUs] BHOCHIIH B COOTBETCTBHH PEKOMEH 1A~
IIUSIM, B 3THX CJIOSX MOYBBI cofiepxkanoch rymyca 1,305
n 1,208 %, 4TO B CPaBHEHHUU C MCXOTHBIM OTMEYECHO
yBenuuenue rymyca Ha 0,058 u 0,068 % wmm - 2,32 u

2,04 1/ra, a B 0-50 cM croe - 4,36 1/ra. A Ha (HOHOBOM
KOHTPOJILHOM BapuaHTe — 4, T1i¢ HOpMa MUHEPaTbHBIX
ynoOpeHnit cHIbkeHa Ha 25 %, B 3THUX CJIOSIX TTIOUBBI CO-
nepxkanock rymyca 1,406 u 1,163 %, 4to B cpaBHEHUH
C UCXOJHBIM OTMeUeHO yBenuueHue rymyca Ha 0,014 u
0,066 % wumu 0,56 u 1,98 1/ra, a B 0 — 50 cM ciioe Ha
2,54 T/ra.

Ha onpITHBIX BapuaHTax — 5 ¥ 6 C OpraHMueCKUMU
ynoopenusmu BMG — oTxoa npou3BoacTBa Ouoraso-
BOM TEXHOJIOTHH U Onorymyca ¢ nodaskoit 10 % mMuHe-
pajia J0JIOMHUTA K €ro BECY, COAepHKaHUe IyMyca B 3TUX
CIOSIX TOYBBI COCTAaBMJIIO COOTBETCTBEHHO 1,308 —
1,209 % wu 1,300 — 1,200 %. OTu moka3atenu ObLIH
BBIIIE IO CPABHEHHWIO C UCXOIHBIM COJEp)KaHUEM Ha
0,052 u 0,080 % wm 2,08 u 2,40 1/ra Ha BapuaHTe — 5
nna 0,047 u 0,097 % wim 1,88 u 2,91 1/ra Ha BapuanTte
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—6. A s 0 — 50 cM ciost B 9THX BapHaHTax OTMEYEHO
yBeIWUYEHUE cofiepkaHus rymyca Ha 4,48 u 4,79 1/ra.

Ha BapmanTtax 7 — 8, rie Ha (hoHE MUHEPATBHBIX
ynoOpeHnii ¢ 3aHIKEHHONH HOpMOH Ha 25 % mpume-
HSUIA 110 2,5 T/Ta OpTaHWYEeCKHUX yTIETYMHUHOBBIX y100-
pernit (OY) ¢ MEUKPOOHOIIOTHIECKAM IITAMMOM H Op-
TaHOMHUHEPAIBHBIX yroopernit (OMY) Ha ocHOBe hoc-
tdorumnca (10 % ot Beca. OY), conepxanue rymyca B 0
— 30 u 30 — 50 cM closIX MOYBBI COCTAaBUIIO COOTBET-
ctBenHo 1,428 — 1,258 % u 1,414 — 1,200 %. B cpas-
HEHMHU C UCXOJHBIM €T0 COJIep’KaHUEM 3THU NOKa3aTeIu
onL1u BhIre Ha 0,076 u 0,054 % win 3,04 u 1,62 1/ra
Ha Bapuante — 7 u Ha 0,53 1 0,066 % wm 2,12 u 1,98
T/ra Ha BapuanTte — 8. A B 0 — 50 cM ciioe B 3THUX BapH-
aHTax Ha TEPBBIN ToJl BETETAlMH XJIOMYaTHUKA OTMe-
YeHO yBeIMUYEHHE coaepkaHus rymyca Ha 4,66 u 4,10
T/Ta.

CrnemoBarenbHO, Ha TEPBOH IO BBIPALIMBAHHUS
XJIOITYaTHUKA Ha BapuaHte 0e3 yJoOpeHuil, B cpaBHe-
HUHM C UCXOJTHBIM COJAEp)KaHHEeM, T'ymyca (OpraHuye-
ckoro BemiectBa) B 0 — 50 cM ciioe OYBBI OTMEYEHO
cumkenne Ha 1,22 % wnn 4,40 1/ra. Takke OTMEUEHO
CHIDKEHHE COAEp)KaHUs I'yMyca B 3THUX cioe Ha 2,77
T/ra Ha BapuaHTe — 2, T1ie He npuMeHsud hochopHbie
ynoopennsa. OnHaKo, Ha OCTaJBHBIX BapHaHTax 3 — 8
OTMEYEHO YBEIWYCHHE cozepikaHus rymyca B 0 — 50
CM CJIO€ TIOYBHI 33 CUET MPHUMEHEHHS MUHEPATbHBIX, a
TakXke J0OAaBKH K HAM Pa3IMYHBIX OPTAHUICCKHUX U Op-
TaHOMHUHEPaNBHBIX ynoOpenuii. Tak, Ha ¢oHOBOM Ba-
pHaHTe — 4 ¢ 3aHIKEHHOM HOPMOH Ha 25 % MuHepab-
HBIX ynoOpenuit, B 0 — 50 cM clloe NOYBBI OTMEUEHO
YBEJIMYCHHUE COZlepKaHus rymyca Ha 2,54 T/ra. A Ha Ba-
pHuaHTax 5 — §, Iie IPUMEHSIHN JOMOIHUTENIBHO 110 2,5
T/Ta OPraHUYECKUX W OPraHOMUHEPAIBHBIX YI00pe-
HHUM, OTMEUEHO JOIOJIHUTEIBHOE yBEIHUEHUE ryMyca
Ha 1,56 —2,25 1/ra. OTn nokaszarenu Ha 0,12 — 0,43 1/ra
BBIIIIE 110 CPAaBHCHUIO ¢ KOHTPOJIBHBIM BapHAHTOM, T/Ie
MIPUMEHSITH TIOJTHO HOPMBI MHHEPATbHBIX yIOOpCHHUI.

PesynbraThl aHANMM3a TI0 HI3MEHEHUIO COICPKAHUS
TyMyca Ha BTOPOU TOJ] IIPOBEJCHMUS OTBITA C XJIOMYaT-
HUKOM B KOHIle Bereranuu (25.09.2024) mokasbiBaeT
Ty %€ 3aKOHOMEPHOCTB, YTO OBIJIO OTMEUEHO B IIEPBOM
rogy uccienaoBanuil. Tak, Ha BapuaHTe — 1, rJie He IpH-
MEHSTM yAOOpeHHsA, B CPaBHEHHH C HCXOIHBIM
(15.04.2023) 8 0 — 30 u 30 — 50 cM clOSIX OYBHI I'y-
Myca coaepxanochk 1,357 u 1,250 %, tne orMedeHo
camkenne ero xonudectsa Ha 0,081 u 0,042 %, uto
paBHoO 3,24 u 1,26 1/ra, a B 0 — 50 cm cinoe — Ha 4,50
T/ra. Ha BapmaHTe — 2, rie He nmpuMeHsutH pochopHbIe
yIOOpeHNs MIPH MTOTHOW HOPME a30THBIX M KAJIMIHBIX,
B 3THX CJIOSIX IMOYBBI rymyca coaepxanoch 1,548 u
1,452 %, 1 OTMEUYEHO YBEJIUYEHUE €ro KOJIMYECTBA Ha
0,020 u 0,081 % wmu 0,80 u 2,43 1/ra, aB 0 — 50 cm
cioe - 3,23 1/ra.

Ha xoHTpONbHOM BapmaHTe — 3, T/ie TPUMCHSIH
MOJTHOM HOPMBI MHHEPAIBHBIX yIOOPEHHH IO PeKo-
MEH/IAISIM, B CPABHEHUH C HCXOIHBIM CO/ICpKaHHEM,
B YKa3aHHBIX BBIIIE CIIOSX IIOYBHI TyMycCa COJEePIKaIOCh
1,420 u 1,308 % 1 oTMEUYEHO yBEIUYEHHUE €r0 KOJIHue-
ctBa Ha 0,123 u 0,166 % wiu Ha 4,92 u 4,98 T/ra, a B
cioe 0 — 50 cm Ha 9,90 1/ra. Ha onoBOM BapmanTe —
4, rie HopMa MUHEpaJIbHBIX YA0OPEHUH CHIDKeHa Ha 25
%, B CPaBHEHUH C UCXOJIHBIM COJICP)KaHUEM B BEPXHHUX

CJIOSIX OYBBI T'yMyca coaeprkanoch 1,454 u 1,257 % u
OTMEUEHO yBenmdeHue ero kojmdectBa Ha 0,062 u
0,160 % wmm 2,48 u 4,80 1/ra, a B cmoe 0 — 50 cM-Ha
7,28 1/ra.

Ha BapmanTax 5 u 6 npu 3aHmkeHHOH Ha 25 %
HOpME MPHEpANbHBIX YHOOpeHHH, BHECEeHHe Mo 2,5
T/ra BMG u 6uorymyca ¢ go6aBkoit qonomuta, B 0 —
30 1 30 — 50 cM crosix MOYBHI COJIepXKaHUe TyMyca CO-
cTaBujo0 cooTBeTcTBeHHO 1,448 — 1,302 % u 1,450 —
1,290 %. D1y mokazaTtenu 1Mo CpaBHEHUIO C UCXOJHBIM
conepxanueM ObutH BhIe Ha 0,195 u 0,173 % wnu Ha
7,80 u 5,20 T/ra Ha Bapuante — 5 u 0,197 u 0,187 %
wm 7,88 1 5,61 T/ra Ha BapuanTe — 6. A 11 0 — 50 cm
ClIO€ B 3THX BapHaHTaX OTMEYEHO YBEIHICHHE COIEp-
xaaus rymyca Ha 13,00 n 13,50 1/ra.

Ha BapuanTax 7 u 8 Ha poHe 3aHIDKEHHBIX HOPM
MUHEpPAIBHBIX yHOOpeHWH, NpUMEHEHHEe OpraHu4e-
CKUX YTJIETYMHHOBBIX YIOOPEHUH ¢ MHKpOOHOIOTHYe-
CKUM IITAMMOM M OPraHOMUHEPAIILHBIX YI00pEHUH Ha
ocHoBe Qocdorurca, colepkaHue TyMyca B BEPXHHX
CI0sX MouBkl coctaBuio 1,573 — 1,368 % u 1,570 —
1,296 % cooTBeTCTBEHHO. JTH MOKa3aTeJd B CpaBHE-
HHUM C UCXOJHBIM CoJiepkanrueM Obuth Bhime Ha 0,221
u 0,164 % nHa Bapuante — 7, uTo paBHO Ha 8,84 u 4,92
T/ra. A Ha BapuaHTe — 8 3TH MOKA3aTeH B CPAaBHCHHUU
C MCXOOHBIM coaepkaHueM ObutH Bbime Ha 0,209 u
0,162 % wmm 8,36 u 4,86 1/ra. g 0 — 50 cm cioe
MTOYBHI Ha ATUX BapHaHTaX OTMEUYCHO YBEIMYCHHUE CO-
nepxaHus rymyca Ha 13,76 u 13,22 1/ra.

CrnenoBateibHO, 32 IBa T0J1a BEIPAIIUBAHHS XJIOTI-
YaTHUKA B cpaBHeHHH ¢ ucxoaHbM (15.04.2023) co-
nepxanueM, B 0 — 50 cM cioe 0TME4eHO YMEHbIICHUE
COJIEp)KaHusl TyMyca TOJbKO Ha KOHTPOJHHOM Bapu-
anrte — 1 0e3 ynoopenuii Ha 0,123 % wnnm 4,50 1/ra. Ha
OCTaJIHBIX BapHaHTaxX 2 — 8 OTMEUYECHO yBeIHUEHHE CO-
JepKaHUus TyMyca MO-pPasHOMY, B 3aBUCHMOCTH OT
MpUMEHSeMBIX yaoOpeHuid. Tak, Ha KOHTPOJIBHBIX Ba-
puaHTax 2 ¥ 3 OTMEUYCHO YBEIHYCHHE COICPKAHUS Ty-
Myca Ha 0,096 % u 0,289 % cooTBeTcTBEHHO. DTH MO-
kazarenu paBHbI 1t 0 — 50 cm cos Ha 3,23 19,90 1/ra.
Ha xoHTponsHOM (hOHOBOM BapuaHTe — 4, rie HOpMa
MHHEpaJIbHBIX y100peHunii cHmkeHa Ha 25 %, B 0 — 50
CM cJloe MOYBHI Tymyca cojepxanock 0,222 %, dto
paBHo Ha 7,28 T/ra. Ha BapuaHrax 5 — 8, rie BHOCWIN
Ha 3TOM (hOHE pa3HbIC OpPraHUYECKHe yI0O0pEHUs B
HopMe 2,5 1/ra, mpubaBka rymyca cocraBuia: 0,368;
0,384; 0,385 u 0,371 % coorBercTBeHHO, mH 13,00;
13,50; 13,76; u 13,22 1/ra. DTN mOKa3aTenu Beimie ¢o-
HOBOTO BapuaHTa — 4 Ha 5,72; 6,22; 6,48 u 5,94 1/ra
COOTBETCTBCHHO. Taxke MPEBBIMIAIOT KOHTPOIBHOTO
BapHaHTa — 3, TJe MPUMEHSIN TIOJTHOW HOPMBI MUHE-
pabHBIX yaoOpenwii - Ha 3,10; 3,60; 3,86; u 3,32 T/ra
COOTBETCTBEHHO.

B 3aximtoueHUH, B OTHONICHHH M3MEHEHHSI COIEP-
JKaHHS T'YMyCa MOJKHO OTMETHTh, B 3aBUCHMOCTH OT Ba-
pHaHTa OTBITA, 32 2 TO/1a MPOBEICHHS NCCIIETOBAHUHN C
XJIOMYaTHUKOM, B BEPXHEM I[OJyMETPOBOM CJIOE
[TOYBBI COACPIKAHUE TyMycCa U3MECHSETCS U 3aBUCHT OT
arpodona. Ha mepBslii ro nccineoBaHUs HA BapHaH-
TaxX, TJ¢ NPUMEHSIM Pa3Hble HOPMBI MHUHEPATbHBIX
yIOOpEeHUH, OTMEYEHO YBEIMYCHUE COJCPKAHUS Ty-
Myca B CPaBHEHHMH C UCXOJHBIM Ha 2,54 — 4,36 1/ra. Ha
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BapuanTax 5 — 8, riue npumensiin OY u OMY ¢ no6as-
KaMH, OTMEUCHO YBEIWYCHHE COACP)KaHMsI ryMyca Ha
4,10 — 4,79 1/ra. Ha BTOpO# roa MpOBEICHHS OIIBITA,
COXpaHseTCs Takas Jk€ 3aKOHOMEPHOCTh B OTHOIIICHUH
COJIEpKaHUs TyMyca B II04Be. BRIsSBICHO, IpUMEHEHNE
OpPTaHMYECKUX M OPraHOMHHEPATBHBIX YIOOpEHHH B
CpaBHEHNH C (POHOBBIM KOHTPOJBHBIM BapHaHTOM,
CIIOCOOCTBOBAJIO YBEJIMYCHUIO B MOJIYMETPOBOM CJIO€
MOYBHI cojfiepkanusi rymyca Ha 0,146 — 0,163 % wnu
5,72 — 6,48 1/ra, a B CpPaBHEHUH C KOHTPOJILHBIM BapH-
aHTaM — 3, IJie IPUMEHSITH TIOJTHOW HOPMBI MUHEPAIIb-
HBIX ynoOpenui ysemuueno Ha 0,079 — 0,96 % wmm
3,10 — 3,86 1/ra.

Ha nannoM ombiTe, Hapsmy C yBEIHYCHHEM B
MOYBE COACP)KAaHUS TyMyca, 3a TEpPHOJ BETeTAIUHN
XJIOITYaTHHKA TI0 BCEM OCHOBHEIM (hazaM HaOIIIOIaeTcs

W3MCHCHHS COJICPIKAHMS TOJBMKHBIX MUTATEIBHBIX
2JIEMEHTOB B 3aBUCUMOCTH OT arpo¢oHa, 4To ObLIO OT-
MEYEHO IT0 COJIEPKAHUIO TyMyca.

Ha niepBblii rog Bo3AeIbIBaHMS XJIOMYaTHUKA, T1e-
penl HadaloM OIBITa, B HCXOJHOM COCTOSIHUH
(15.04.2023) na gensHKax Bcex BapuaHToB B 0 — 50 cMm
ClIOe TIOYBBI COJIEPIKajIoCh MUHepanbHOTo azota (NHy
+NO3 ) B konmuectBe 81 — 103 MI/KT, MOJBUKHOTO
¢docdopa - 34 — 67 mr/kr, oOMeHHOTO Kamust - 337 —484
MI/KT.

Ha xonTposibpHOM BapuaHte — 1 6e3 ynoOpeHuii B
0 — 30 u 30 — 50 cM cIJI0SIX TOYBBI COJEPIKAIOCH: (B
MI/KT) MHHEpajmbHOTO a3ora 45 um 36, MOABIXHOTO
¢dochopa 32 u 14; odmennoro xamms 274 u 227, 9ro
st 0 — 50 cM citos cocrasiseT 81; 46 u 501 mr/kr co-
OTBETCTBEHHOTO (Ta0II. 2).

Tab6muma — 2

ConeprkaHre TOABIDKHBIX 3JIEMEHTOB IUTAHUS B ITOYBE TIOJIEBOTO OMBITA MIEPBOTO T'OJa B IEPUOT
BETeTalMK XJI0MJaTHUKa, MI/Kr.2023 r.

. IBeTeHnue miomo-
Hcxonnblit Byronusauus oGpazoBanne Co3peBaHue
133231- ;"IJ;]){I; 15.04.2023 r 27.06.2023 r 29.07.2023 r 23.09.2023 r
NHa, NH,, NHa, NHa4,
NOs P.0Os | K20 NOs P.0Os | K20 NOs P.0Os | K20 NOs P.Os | K20
1 —Bapu- | 030 45 32 274 56 30 232 50 23 230 29 25 232
aHT
Kon- 35%_ 36 14 227 47 20 198 40 20 223 18 17 202
Tpoib 0e3
BHECCHUS
yro6pe- 0-50 81 46 501 103 50 430 90 43 453 47 42 434
HUH.
2-Bapu- | 0.30 | 56 | 34 | 270 | 56 | 32 | 252 | 50 | 32 | 238 | 35 | 25 | 241
aHT
Naoo Po 35%_ 46 33 227 51 31 232 32 16 224 18 18 214
Kioo -
KOHTPOIIb 0-50 | 102 67 497 | 117 63 484 82 48 462 54 43 455
3—Bapu- | 030 42 30 236 43 33 224 44 26 256 36 20 190
aHT
N200 P140 35%- 41 18 187 42 30 205 31 18 249 30 19 182
Kioo —
KOHTPOJIb
C MUHe-
pab-
HBIMH
ynoope- | (.50 83 48 423 85 63 429 75 44 505 66 39 372
HUSAMU
(Ha oc-
HOBE pe-
KOMEH/1a-
ui)
4 —Bapu- | (.30 47 31 264 50 27 211 40 22 230 34 22 187
aAHT
Niso Pios 35%_ 41 18 176 45 20 186 31 19 204 30 20 195
K75 -
HOpMa
BHECEHUS
ynoope-
auit cuu- | 0-50 88 49 440 95 47 397 71 41 434 64 42 382
JKeHa Ha
25% -
Don
0-30 54 20 202 59 31 222 55 30 271 43 33 202
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HMcxomHblii ByTonms3anus Hl:)%?;ﬁi:ﬁzgo- Co3peBannue
g:i):l ﬁr:za 15.04.2023 1 27.06.2023 1 30.072023 1 23.09.2023 r
NH., NH., NH., NH.,
NO; P.0s | K20 NO; P.0s | K20 NO; P.0s | K20 NOs P.0s | K20
S—Bapu- | 30- 1 16 L 193 | 50 | 20 | 198 ] 30 | 17 | 259 | 36 | 15 | 194
aHT 50
Don +
251ra | 0-50 | 96 | 36 | 395 | 109 | 51 | 420 | 8 | 47 | 530 | 79 | 48 | 39
BMG
6-Bapu- | 030 | 48 | 23 | 215 | 56 | 32 | 242 | 49 | 31 | 273 | 46 | 27 | 281
aHT
Don + 35%' 41 | 11 | 164 | 45 | 20 | 200 | 35 | 20 | 256 | 37 | 22 | 206
ouorymyc
2.5
orat10% | 0-50 | 89 | 34 | 379 | 101 | 52 | 442 | 84 | 51 | 529 | 83 | 49 | 407
JTOJIOMHUT
7—Bapu- | 030 | 55 35 | 232 | 60 32 | 222 | 50 27 | 268 | 42 27 | 220
aHT
®on + 35%' 48 | 24 | 174 | 52 | 23 | 192 | 43 | 22 | 243 | 38 | 24 | 198
2,5 1/ra
oMY
(MuKpO-
Guonorn- | 0-50 | 103 | 59 | 406 | 112 | 55 | 414 | 93 | 49 | 511 | 40 | 51 | 418
YyeCKUHI
HITaMM)
8—Bapu- | 030 | 54 | 30 | 257 | 57 | 30 | 214 | 43 | 28 | 251 | 49 | 27 | 205
aHT
Do + 35%' 47 | 10 | 163 | 46 | 21 | 200 | 38 | 27 | 237 | 39 | 23 | 220
OMY (Ha
OCHOBC
bocdo- | 0-50 | 101 | 40 | 420 | 103 | 51 | 414 | 81 | 55 | 488 | 88 | 50 | 425
THUIICA)

Ha cnenyromemM KOHTPOJIBHOM BapHaHTe — 2, Ilie
He puMeHsH Gocdoprbie ynodpenus, B cnosx 0 — 30
u 30 — 50 cMm couepkanock (B MI/KI): MHHEPAILHOTO
azora 56 u 46; noasrkHoro ¢pochopa 34 u 33; oOMeH-
Horo kanus 270 u 227, uto nis 0 — 50 cM cliiost cocTaB-
qsieT 102; 67 u 497 MIr/Kr COOTBETCTBEHHO.

Ha xoHTponbsHOM BapmuaHTe — 3, T/ie TPUMEHSIH
MOJTHOM HOPMBI MHUHEPAJIBHBIX yIOOPEHUI B COOTBET-
CTBHM DPEKOMEHJAIMSAM, B BEPXHHUX CIIOAX COJEpXKa-
JIOCh: MHHEPAIBHOTO a30Ta 42 u 41; monBmXHOTO (hoc-
tdopa 30 u 18, oomernHOTO Kanmus 236 u 187 Mr/kr, 9ro
B 0 — 50 cM cioe cocrasisier 83, 48 u 423 MI/Kr cooT-
BeTcTBeHHO. Ha oHOBOM KOHTpOSIBHOM BapuanTe — 4,
re IPUMEHSIIN 3aHWKEHHOU Ha 25 % HOpMBI MUHe-
paNBHBIX yIOOpEHUil, B IByX BEPXHUX CJIOSIX TOYBHI
COJIePKaNoCh: MUHEPANbHOTO a3oTa 47 u 41; moaBmx-
Horo docdopa 31 u 18; odmennoro xamust 264 u 176
mr/kr, uto ais 0 — 50 cM ciost cocrasiser 88; 49 u 440
MT/KT COOTBETCTBEHHO.

Ha BapuanTax 3 u 4 0OTMEUEHO CHUKEHHE COIEp-
JKaHHWs MUHEPaNbHOTO a30Ta Ha 17 u 24; MOABMKHOrO
tdocdopa — 9 u 7 u ooMenHOTO Karmus — 51 u 48 Mr/kr.

Ha BapmanTax 5 — 8, rne npumensuu no 2,5 t/ra
paznmunbie OY 1 OMY Ha ¢oHe 3aHMKEHHOI HOPMBI
MHUHEPAIBHBIX YAOOpEHHH, B CpaBHEHHH C (POHOBBIM
BapHaHTOM — 4, BO BCEX OCHOBHBIX (pa3ax pa3BHTHS
XJIOIMYaTHHKA OTMEYEHO 3aMETHOE yBEJIHMUCHHE COJIep-
KAHUS TIO/IBWKHBIX TUTATEIBHBIX AJIEMEHTOB. Tax , B
(haze 6yronmzaruu (27.06.2023) 0 — 50 cM cioe moYBBI

HA BapHaHTax 5 — § yBeIHUIIOCh (B MI/KT): cOIepiKa-
HUE€ MUHEpaJILHOrO a30Ta — Ha 14; 6; 17 u §; noaBmx-
Horo ¢ochopa — 4; 5; 8 u 7; oOMenHoro kamust — 23;
45;17; 17 cootBetcTBeHHO. B (hase npereHue — miomo-
obpazosanust (30.07.2023) B 3TOM clioe MMOYBHI HA Ba-
pHuaHTax 5 — 8 yBeNUUMIOCH (B MI/KT): COJIepKaHHE MH-
HepanpHOTOo azoTta — Ha 14; 13; 21 u 10; moABMXHOTO
¢dochopa — 6; 10; 8 u 14; odmennoro kamus — 96; 95;
77 m 54 cooTtBercTBeHHO. B (aze co3peBaHUA
(23.09.2023) 8 0 — 50 cM cio€e MOYBHI HA 3TUX BapHaH-
TaX YBEIMYIIOCH (B MI/KT): MHHEPaJIbHOTO a30Ta Ha
15; 19; 16 u 24; mogsmxkHoro dochopa — 6; 7; 9 u 8§
Mr/Kr; ooMeHHoro kamus — 14; 25; 36 u 43 coorBer-
CTBEHHO.

IIpuBeneHHBIE BBINIE JaHHBIE TI0 COJIEPKAHUIO
HOJBXHBIX ()OPM MUTATENHHBIX BEIIECTB B MIOYBE HA
BapuaHTax ¢ OY u OMY Takxke NOKa3bIBalOT IIPEBbI-
[ICHNS KOIMYEeCTBa MUHEPAILHOTO a30Ta, TI0ABHKHOTO
(dbochopa m 0OMEHHOTO Kanwsi IO CPABHEHHUIO C KOH-
TPOJIGHBIM BapHaHTOM — 3, TJie NMPUMEHSUIH ITOJHOU
HOPMBI MHHEPAIBHBIX YJIOOpEeHUH. DTO yKa3bIBaeT O
TIOJI0)KUTETHHOM BIIMSTHUM MPUMEHSIEMBIX HOBBIX (hOpM
OY u OMY B yiyulleHUd NUTATEIBHOTO PEXUMa, a
TaK)Ke T'YMYCHOTO COCTOSIHHSI TIOUBBI.

Ha BTOpO# rOox BO3JENBIBAHUS XJIOMYATHUKA
HaAOJI0aeTCsl aHAJIOTUYHAsT 3aKOHOMEPHOCTh B OTHO-
[ICHUU COAEPKAaHMS W U3MEHEHHS B T0YBE TOKa3aTe-
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JICH MTOJIBUIKHBIX DJICMCHTOB ITUTaHKS B OCHOBHBIX (pa-
3aX pa3BUTHA PACTEHU 110 BApUaHTaM OIbITa (Tabuia

-3).
Tabmuma — 3
CozepxaHue MOJBWKHBIX 3JIEMEHTOB TIUTAHUS B ITOYBE ITOJIEBOTO OIBITA TIEPBOTO I'O/Ia B TIEPHO]]
BEreTalny XJIom4aTHuKa, Mr/kr.2024 r.
Hcxoanblii ByTonuszanus Hi%?;ﬁi:}?zgo_ Co3peBaHue
Bapu- l;]z{- 20.04.2024 r 21.06.2024 r 24.07.2024 r 25.09.2024 r
amTEI a Mol po ke [ po | ke | po| ke | M po | ke
NOs | ° O Inos| ° O N0y | ¢ O N0y | ° 0
1 —Bapu- | 030 36 22 226 33 20 223 25 16 210 24 14 194
aHT 30-
Kon- 50 22 12 208 22 15 201 19 11 184 20 11 138
TPoJIb 0e3
BHECEHUs
yioope- | 0-50 | 58 | 34 | 434 | 55 | 35 | 424 | 44 | 27 | 394 | 44 | 25 | 332
HUH.
2-Bapu- | 030 | 29 | 26 [ 260 | 28 | 23 [ 213 | 23 | 22 | 192 | 28 | 28 | 184
aHT 30
N2oo Po 50 25 10 212 24 18 175 19 15 182 22 12 127
Kioo —
KOH- 0-50 54 36 472 52 41 388 42 37 374 50 40 311
TPOJIb
3 - Bapu- | (.30 30 26 215 34 32 221 34 25 228 27 22 244
aHT 30-
N2oo P140 50 21 13 205 24 31 211 26 19 223 26 20 188
Kioo —
KOH-
TPOJIb ¢
MHHe-
paJb-

HBIMH
yno6pe- 0-50 51 39 420 58 63 432 60 44 451 53 42 432
HUSIMH
(uHa oc-
HOBe pe-
KOMEeH/1a-
i)

4 —Bapu- | (30 27 19 220 31 31 238 26 21 232 33 20 212

aHT 30-
Niso P1os 50 20 13 190 28 16 200 23 20 160 18 18 141
K75 -

HOpMa
BHECEHUsl
yao0pe-
uuii cau- | 0-50 47 32 410 59 47 438 49 41 392 51 38 353

JKCHA Ha

25% -
don
5-Bapu- | 030 | 30 | 24 | 206 | 34 | 30 | 260 | 30 | 26 | 228 | 34 | 24 | 216
aHT
Don +2,5 35% 2 | 14 [ 196 | 30 | 20 |214] 25 | 22 | 175 | 30 | 20 | 180
T/Ta

BMG 0-50 | 52 38 | 402 | 64 50 | 474 | 55 48 | 403 64 44 | 396

6—Bapu- | .30 | 3] 25 196 | 32 36 | 227 | 43 28 | 210 | 33 26 | 200
aHT

®on + 35% 23 | 15 | 168 | 30 | 28 | 218 | 22 | 21 | 207 | 30 | 18 | 175
onorymyc
2,5 0-50 | 54 | 40 | 364 | 62 | 64 | 445 | 65 | 49 | 417 | 63 | 44 | 375

T/ra+10
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HMcxomHblii ByTonmsanus H?g:;?;::;?go- Co3peBaHue
Bapu- Igz,- 20.04.2024 r 21.06.2024 r 24.07.2024 1 25.09.2024 r
AHTRI a NH4 P.O K2 NH4 P.O K> NH. P.O K> NH4 P.O K2
b b b b
NO; | ° 0 | No; O Inos| °© O Inos| °© 0
% moJio-
MUT
7-Bapu- | 030 | 39 | 20 | 223 | 37 | 37 | 255 | 38 | 25 | 211 | 34 | 26 | 188
aHT
®on + 2,5 35% 23 16 191 30 26 214 33 23 202 33 20 169
T/Ta
oMy
(MHKpoO-
6uomoru- | 0-50 62 36 414 67 63 469 71 48 413 67 46 357
YyecKHil
ITaAMM)
8 —Bapu- | 030 | 39 25 | 238 | 34 32 | 264 | 48 32 | 221 | 32 24 | 217
aHT
don + 35%_ 25 15 201 30 24 200 24 22 185 22 22 192
OMY (na
OCHOB¢
docdo- 0-50 64 40 439 64 56 464 72 54 406 54 46 409
THICa)

B ncxoqHOM COCTOSHUM, JI0 TOCEeBa XJIOMUAaTHHUKA,
(20.04.2024) B Bcex BapuanTax B 0 — 50 cM ci0€ mo4BbI
COJIepPKajJoch MUHEPATBLHOTO a30Ta 52 — 68; MOJIBUXK-
Horo (ocdopa 32 - 40; odmeHHOTO Kayus 364 — 472
MI/KT.

Ha xoHTpObHOM BapmaHTe — 1, 10 CPaBHEHHUIO C
HCXOJHBIM COJICp’KaHHEM, BO Bcex (pazax coneprkaHne
3THX 3JIEMEHTOB MaJI0 H3MEHMJIOCH M TIOCTETIEHHO CHH-
JKaJi Ha (pase co3peBaHus. Tak, colepskaHne aMMHad-
HOT'0 a30Ta B 3TOM CJIO€ CHIDKAJIOCH OT 58 10 44 mr/Kr,
noaswxHOro Gocdopa — ot 34 10 25 Mr/kr, 0OMEHHOTO
Kanust — oT 434 1o 332 mr/kr.

Ha koHTpONBHBIX BapHaHTax — 3 U 4, T/ie BHOCHIIH
MOJTHOM M 3aHWKEHHON Ha 25 % HOPMBI MUHEPATBHBIX
ynoOpeHnii, 0 CpPaBHEHHUIO C HCXOTHBIM COJepiKa-
HHEM, BO BCEX OCHOBHBIX (pa3ax OTMEUYEHO yBEIHMYCHHUE
B citoe 0 — 50 cM KoJ4YecTBa MUTATENLHBIX YJIEMEHTOB.
Tak, Ha BapuaHTe — 3 YBENIMYMIOCH! MHHEPAJIHLHOTO
azota ot 52 10 53 — 60 mr/kr; mogBIKHOTO Pochopa —
oT 39 no 42 — 63 mr/kr; oomMenHoro kanus-ot 420 1o
432 — 451 mr/xr. A Ha (OHOBOM BapuaHTE — 4 ITH I0-
Ka3aTelId COCTABWIN: 10 MHHEPAIBHOMY a30Ty oT 47
10 49 — 59 mr/kr; dhochopy ot 32 mo 38 — 47 mr/kr;
ooMeHHOMY Kanuto ot 410 10 438 mr/kr.

Ha ¢oHOBBIX Bapuantax 5 — 8, rje NpUMEHSIH
paznmuunbie OY u OMY ¢ no6aBkoit mo 2,5 1/ra npu
3aHWKEHHOW Ha 25 % HOpMe MHHEpaNbHBIX ynoOpe-
HHH, BO BceX (pazax BereTaluy XJIOMYaTHHUKA, 110 CPaB-
HEHUIO ¢ ()OHOBBIM BapuaHToM-4 ormedeHo B 0-50 cm
CJIO€ TIOYBHI YBEJIWYEHHE COJCP)KAHMS MUTATEIbHBIX
aneMeHTOB. Tak, B ¢a3e OyTOHM3AIMK HAOIIONAETCS
yBeJIMYECHUE MUHEPAIBHOTO a30Ta Ha 5; 3; 8 u 5 MI/KT;
noBrkHOTO (hochopa-3; 17; 16 u 9 mr/kr; 0OMEeHHOTO
kanmusi-36; 7; 31 u 26 Mr/kr cooTBeTCTBEeHHO. B dasze
[[BETCHNE-TIII0J00pa30BaHNsl yBEIHMUEHHE OSTHX OJJIe-
MEHTOB TI0 BapHWaHTaM COCTaBWJIO: MHHEPAIBHOTO
azota Ha 6; 10; 16 u 17 mr/kr; moasuxHOro Gochopa-
7; 8; 7 u 13 mr/kr; ooMenHoro kanus-17; 25; 21 u 14

Mr/kr. B ¢ase cozpeBaHusi yBennueHHE COACPKAHUS
MHUHEpaJIbHOTr0 a30Ta coctaBmwio: 19; 12; 6 u 3 Mr/kr;
noasmwxHoOro ¢ocdopa-6; 6; 8 u § MI/Kr; 0OMEHHOTO
kanusi-43,22; 4 u 56 mr/kr.

[TpuBeneHHbIC BBINIE IAaHHBIE 110 COACPIKAHHIO
TIOJIBYDKHBIX TUTATEIbHBIX BEIIECTB B II0YBE OT MPUMeE-
HeHUs pa3nmdHbIX popM OY u OMY Ha poHe CHIKEH-
HOHU Ha 25 % HOpME MHUHEPAIBHBIX yIOOpCHHH nake
HECKOJIBKO BBIIIE MO CPAaBHEHHUIO C BapHAHTOM-3, IZie
TIPUMEHSUIN TIOJTHOX HOPMBI MUHEPAIBHBIX Y100pEHHH.
OTO MaeT OCHOBAaHWE YTBEPKIATh O MOJOXKHUTEIHHOM
BJIMSTHUM 3THX yA00peHHH Ha MUTATEIbHBIH PEXKUM U
TUTOIOPOJTUE TTOUBHI.

3akaioueHue. 3a JBa rojia BBIPAIIMBAHUS XJIOI-
YaTHUKA HAa KOHTPOJHLHOM BapuaHTe 0e3 ynoOpeHuit B
cpaBHEHHH ¢ ucxoaHsM 15.04.2023 r comeprkaHHEeM B
0 — 50 cM ctoe OUBEI cOJepIKaHNe TYMyca YMEHBIIH-
nock Ha 0,123 mnm 4,50 1/ra. Ha ocTanbHBIX BapraHTax
2-8 OTMEYEHO yBEeJIMUCHHE ero cojepkanns. Ha ¢pono-
BOM KOHTPOJIGHOM BapHaHTE B CPABHEHNH C HCXOIHBIM
COZIEp’)KaHWEM B 3TOM CJIO€ TyMycCa YBEIMYHMIIOCH Ha
0,222 % wm 7,28 1/ra. Ha Bapuanrax ¢ OY u OMVY
otH mokaszarenu cocrasmim: 0,368 % wmu 13,0 1/ra;
0,384 % wmm 13,20 1/ra; 0,385 % wnmu 13,76 1/ra u
0,371 % nnu 13,22 T/ra COOTBETCTBEHHO. A IO CpaBHe-
HHIO ¢ (DOHOBBIM KOHTPOJIbHBIM BapUAHTOM OTMEYEHO
yBeIMUeHUe coaepxanus rymyca Ha 0,146 — 0,163 %
wm 5,72 — 6,48 1/ra U B CpaBHEHUH C KOHTPOJIBHBIM
BapHaHTOM, TIi€ NPUMEHSUIM TIOJHOH HOPMBI MHHE-
panbHbIX ynoopenuit Ha 0,079 — 0,096 % wm 3,10 —
3,86 1/ra.

Ha mepBBIii TOJ1 BO3JENBIBAHNS XJIOIYATHUKA T10
cpaBHeHMIO ¢ (hoHOBBIM BapuaHTOM — 4 B 0 — 50 cm
CJIo€ TTOYBHI BO BCEX (ha3ax €ro pa3BUTHS U BCEX BapH-
aHTax OMbITa OT IpuMeHeHus mo 2,5 t/ra OY u OMY
TIpH 3aHIKEHHO Ha 25 % HOPMBI MHUHEPAIBHBIX YH00-
PEHUII OTMEUEHO YBEJIMYEHHE COJCPXKaHUS IOJBHK-
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Horo ¢ocdopa oT 4 10 14 MI/KT U camble BHICOKHE TIO-
Ka3aTelnH MPUXOAWTCSA BapHaHTaM C Omorymycam Jo-
6aBkoit monomuta, OY MHUKPOOHOJOTHIECKUM IIITAM-
MoM 1 OMY Ha ocHOBe pochopuToB ¢ 106aBKOH oc-
¢orunca cocraBmwio; 5 — 7; 8 — 9 u 4 — 14 mr/kr
cooTtBercTBeHHO. Ha Bapmante ¢ BMG kommgecTBo
thocdopa yBemmumiocs Ha 4 — 6 mr/kr. Ha BTOpOM romy
TaK)Ke caMble BHICOKHE IOKazaTenu (ocdopa mpuxo-
JIUTCSI 5TUM yJOOpPEHUsIM, TJIe OTMEUYEHO YBEIHYEHHO
ero cojepxxanus Ha 6 — 8; 7 — 16 u 8 — 13 mr/kr coot-
BeTcTBeHHO. Ha Bapuante ¢ BMG konnuectBo (hoc-
¢opa yBennunBaercsi Ha 3 — 7 MI/KT.

INomydeHHBIE BBIIIE PE3YIBTATHI IO YBETNICHHIO
COJIEpKaHUS MOIBIKHOTO (pocopa MOUBHI OT IIPUMe-
HEHUS] OPTaHNYECKUX M OPraHOMUHEPATBHBIX yI0oOpe-
HUHA COBMECTHO C MUHEPAIbHBIMH yIOOPEHHSAMH CO-
TJIACYIOTCS paHee IPOBEICHHBIMI HaMH HCCIIEIOBAHH-
SAMH ¥ CYHTAEM, C YTO 3TO CBSI3aHO OOpa3oBaHMEM B
MOYBE Pa3IMYHBIX HU3KOMOJICKYJIAPHBIX (IaBEJICBOH,
MypaBHHOBOH HJApP.) U TYMYCOBBIX (TYMHHOBBIX,
(byIeBO M Ap.) KHCJIOT, CIIOCOOCTBYIOIIUE aKTHBU3a-
U0 ¥ MOOWJIM3AIMK TTOYBCHHBIX (pocaToB, a TaKkKe
CHIDKEHUIO PETPOrpajallii BHOCHUMBIX (HOCHOPHBIX
yA00peHuH.
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AHHOTALUA

I[aHHaH CTaThs MMOCBAILCHA aHAJIN3Y HpO6HeMLI AKYCTHYE€CKOI'0 TUCCOHAHCA B UICTOPUYCCKUX TOpoJaax V3-
6eKI/ICTaHa, BbI3BAHHOT'O COBPEMCHHBIM HIYMOBBIM 3arpsi3HCHUEM. I/ICCJ’IG}IOBaHI/Ie JOKa3bIBA€T, YTO HAPYUICHUC
€CTCCTBCHHOT'O 3BYKOBOT'O J'IaH}II_Ha(bTa HCTAaTUBHO BJIMACT HAa BOCHIPUATUC KYJIbTYPHOT'O HACJICANA U CHUKACT Ka-
YeCTBO TypUCTHUECKOTO OMNbITa. B KauecTBe pelieHus mpoOieMbl mpeiaraeTcsi 1 000CHOBBIBACTCSI aBTOPCKast
KOHICIIITUSA «ay;lnoﬁpeﬂua» — CO3JaHus yHHKaHLHOﬁ «MySI)IKaJIbHOfI noANHUCHy I KaXA0ro UCTOPHUICCKOIO
ropojia Ha OCHOBE €r0 KYJbTYPHOI'O HACJICAUsA. PaGora npeajiaracT KOHKPETHLIC MPAKTUYCCKUC MIarv, BKJIro4Yas
aKyCTHYeCKOe KapTHPOBAHHE M MHTETPAIIHIO KOHIICIIINY B TYPUCTHUECKYIO HHPPACTPYKTY Py,  HOAUEPKHUBALCT €€
COOTBCTCTBHC TGKYIHGP‘I FOCYZ[apCTBeHHOfI TMOJINTHUKE 1O COXPAHCHUIO KYJIbTYPHOT'O HACJICANA.

ABSTRACT

This article is dedicated to analyzing the problem of acoustic dissonance in the historical cities of Uzbekistan,
caused by modern noise pollution. The research proves that a disturbance of the natural soundscape negatively
affects the perception of cultural heritage and lowers the quality of the tourist experience. As a solution, the author
proposes and substantiates the concept of an ""audio brand" — the creation of a unique "musical signature" for
each historical city based on its cultural heritage. The work suggests specific practical steps, including acoustic
mapping and the integration of the concept into tourism infrastructure, and emphasizes its consistency with the

current state policy on preserving cultural heritage.

KunroueBble ciioBa: akycTuueckuil nanamadT, ayjuoOpeH I, KyIbTypHOE HACIEANe, TYPU3M, IMyMOBOE 3a-

rpsi3HeHne, ypOaHNCTHKa, Y30EKNUCTaH.

Keywords: acoustic landscape, audio brand, cultural heritage, tourism, noise pollution, urban studies, Uz-

bekistan.

|. BBenenune: akTyaabHOCTh TeMbl H HOBH3HA
HCCJIeI0BAHNS

OuapoBaHHe JIPEeBHUX TOPOAOB Y30eKHucTaHa 3a-
KJIFOYAeTCsI HE TOJIBKO B MX BUAMMBIX apXUTEKTYPHBIX
MaMATHUKAX — FAHYEBBIX MEIITaKaX, Pe3HBIX KyIMolIax
U TIPOXJIAAHBIX ABOpLax. Ero nymra u moasuHHAS IpH-
TATaTENbHOCTh — B 3BYKax, JOHOCAIIMXCS O Hac.
AszaH, 3By4anmii Ha Perucrane B Camapkasjie, CTyK
MOJIOTKOB PEMECIEHHUKOB B y3KHX ysoukax Byxapsl,
CIIOKOIHBIEe OeceIbl 32 BRICOKUMH CTeHaMH XHBBI — BCE
9T0 OeclieHHBIE 3BYKOBbIE JIaHAMAGTHI, (POPMUPOBAB-
HIMECS] Ha MPOTSKEHUU BeKOB. OJHAKO CEroaHS ATOT
YAUBUTENBHBINA M YHCTBIN 3BYKOBOM MUp HapylIaeTcs
MOTOKOM IITyMa U rama. 3ByKH COBPEMEHHOW KU3HU U
IIyMHBIE TYPHUCTHYECKHE KapaBaHBI 3ariylIaloT HC-
KOHHBIE MEJIOJUH. DTO HE MPOCTO M3MEHEHHE 3BYKOB,
a yTpara HEBUJMMOM, HO BaKHEWILIEH 4acTH HAIEro
KyJIBTYpHOTO Haciienus. A HMEHHO 3Ta mpoliema
cTajla OCHOBOM JUIS JAHHOTO HAYYHOTO MCCIEOBAHUS.
HoBuzHa paboThl 3aKio4aeTcs B TOM, YTO OHA BIIEp-
BbIE B ICTOPUU Y30EKHCTaHa IIBITAETCS TIOIOUTH K IO-
poJaM ¢ «HEBUAUMOW» CTOPOHBI — UEPE3 UX 3BYKOBYIO

cpeny. B cratbe HayuHO 0OOCHOBBIBAETCS CYIIECTBO-
BAaHUE YHUKAJIbHOHN «3BYKOBOM KapThl» HUCTOPHUECKUX
rOpoJIOB, a TaKKe OCBel[aeTcs mpobieMa aKycTHde-
CKOTO JMCCOHaHca B cepe Typusma U ypOaHUCTHKHU.
3HaYNMOCTh JAHHOTO HCCIIEOBaHHUSA COCTOUT B TOM,
YTO OHO IIpeJylaracT HOBbIY, HHHOBALIMOHHBIN I1OAXO0.
K COXPaHEHHIO KyJBTYPHOTO HacJeausl He TOJIBKO IS
Y36ekucTana, HO U IS BCETO MHpa.

1. Teopernko-¢puaocodpckne 0CHOBBI H METO-
JO0JIOTHSI HCCTeTOBAHUSA

®unocodusi rOPOACKOro NPOCTPAHCTBA: OT BH-
3yaJIbHOT0 K aKyCTHYeCKOMY JaHIadTy

UYenoBek BOCHPUHHMAET MHUp 4e€pe3 3pEHHE, HO
CIlyX UMeeT He MEHee BakHOe 3HaueHue. Eciu 3penne
CITY>KUT JJIS pa3IueHust 00bEKTOB, UX (POPMEI U IIBETA,
TO CITyX ITOMOTAET «OIIyTHTE» OKPY’KAIOIILyI0 cpeny. Y
KaXJOTO TOpOoJa €CTh CBOH «3BYKOBOH manmmadty,
WIA aKyCTH4YecKui naHamadr. OTo moHsATHE OBLIO
BBEJICHO KaHAJICKUM KOMIIO3UTOPOM U yu€HbIM Miop-
peem lledepom. Illepep pasmenser akycTHUeCKHA
JaHAmadT HAa TPU OCHOBHBIE YacTH: «OCHOBHBIE
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3Bykn» (keynote sounds), «curHaie» (signals) u
«3BYKOBBIE MapKepsl» (soundmarks).

BiusiHMe aKyCcTH4YeCKOro JHCCOHAHCA Ha Ty-
PHU3M H HaceJleHHe

3ByK W My3BIKa OKa3bIBAIOT TIyOOKOE BO3IEH-
CTBHE HA YEJIOBEKAa HAa MCHXHIECKOM, (PU3HOJIOTHIC-
CKOM M 3MOLMOHAIBHOM ypoBHe. HecoBmecTnmbie
3BYKH, WJIH «aKyCTUYECKUH TUCCOHAHCY, BHI3BIBAIOT Y
Jrofielt HeloBOIBLCTBO U cTpecc. CoBpeMEHHbIE HCce-
JIOBAHMSl TIOKa3bIBAIOT, YTO IIOCTOSHHBIM ILIyM He
TOJIBKO HETaTHBHO BIIMSET Ha 30POBbHE YENIOBEKa, HO U
pa3pyllaeT eCTeCTBCHHYIO aypy HUCTOPUYECKHUX MECT,
CHMXasl Ka4eCTBO TYypPHCTHUYECKOro ombITa. CoriacHo
CaHWTapHBIM HOpMaM Y30eKHCTaHa, JOMYCTHUMEIH ypo-
BEHb IITyMa Ha TEPPUTOPHAX, IPUIIETAIOMNX K KHIIBIM
JIoMaM, He JOJDKEH MpeBemaTh 55 ABA B mgHEBHOE
Bpems (7:00-23:00) u 45 aBA B HOuHOE Bpems (23:00-
7:00). OTH HOPMBI COOTBETCTBYIOT 3BYKaM OOBITHOTO
pasroBopa (40-45 nbA) wmu cnaboro Betpa (30 n1BA).
OnHaKO Ha TYPUCTHYECKUX 00BEKTaX, TAKUX Kak Peru-
ctad B CamapkaHze, ypoBeHb IIIyMa BO BpeMs Beuep-
HHX JIa3EPHBIX 10y ¥ KOHIIEPTOB MOXKeT gocturats 90-
110 aBA, 4ro B 1,5-2 pa3a BbIlIE JOIMYCTUMBIX HOPM.
IToo6HEIH 1IIyM MOXET ocabuTh BIEYaTICHUs Typu-
CTOB OT MCTOPHYECKHX NAMSITHHUKOB M M3MEHHTH HX
BOCIIPHUSITHE 3TOTO MecCTa.

I11. Anaau3 akycTH4ecKoro Janamadgra ucro-
pPHYeCKHX FOpPoAoB Y30eKucrana

TamkeHT: 3ByKOBOe 3arpsi3HeHHe B COBPeMeH-
HOM MeramnoJiuce

TamkeHT OTIMYaeTCsl CBOCH NMHAMUYHOCTBIO U
IIYMHBIM aKyCTHYEeCKUM JIaHImapToM. 3/1eCh OCHOB-
HBIMH HMCTOYHHUKAMHU 3BYKa SIBJIAIOTCS IIYM aBTOMO-
OWIBHBIX JOPOT, 3BYKH CO CTPOUTEIHHBIX IUIOMAT0K U
IpOMKasi My3bIKa B TOPTOBBIX ILEHTpax. JTO CO3/MaeT
po0JIeMy «3BYKOBOTO 3arpS3HEHHUS.

o TpancnoprHbrii mrym: [IBikerue 6omee 600
TBICSIY aBTOMOOMIIEH 1 0OJIBIIIOr0 00beMa TPaH3UTHOTO
TPaHCIIOPTAa, a Takke NMPOOKH, Pe3KO MOBBIMIAIOT ypo-
BeHb IIyMa. Ha IEHTpalbHBIX MarucTpaisix ropoja
ypoBeHb mryma MoxkeT pocturats /0-80 1BA mHeM u
He onyckarbesi Hike 60-70 1BA Houblo. DTH MoKa3a-
TENH 3HAYUTEIbHO IPEBBIIIAIOT HOPMBI, YCTaHOBJICH-
HbIE JUIS JKHIIBIX 30H.

e CrponTeabHblil myM: MacmTaOHBIE CTPOH-
TeNbHBIE pabOTHl B COBPEMEHHOM TamIkeHTe ¢ NCTIONb-
30BaHUEM DKCKAaBaTOPOB, OYpOBBIX YCTAaHOBOK M JAPY-
TOH TSKETIOH TEXHUKH SIBJISIOTCS MMOCTOSIHHBIM MCTOY-
HHUKOM IyMa. Ha cTpouTensHBIX MIIoImaakax ypoBeHb
nryma MoskeT npesbimath 90 nBA.

e CouMajJbHBIi M KyJIbTYpPHbIH mmym: Pe-
KJIaMHBIE AKpaHbl Ha OTKPBITHIX IUIOIAKaX, IPOMKas
MY3bIKa B TOPTOBBIX LIEHTPAX U PECTOPaHaX TAKIKE CIIO-
COOCTBYIOT 3ByKOBOMY 3arpsi3HEHHUIO.

HeratuBHoe Bo3ieiicTBHE 3TUX BHUJOB LIymMa Ha
3/I0pPOBBE YEIIOBEKA JT0Ka3aHO. B 4acTHOCTH, MOCTOSH-
HOe MpeObIBaHUe B IIYMHOW cpejie MOXKET HPUBOAUTD
K TIOBBIIIEHHOMY YPOBHIO CTpecca, HapyIIeHUSIM CHa,
Cep/ICYHO-COCYANCTHIM 3a00JIEBaHMAM M IIpobiieMaM ¢
KoHIeHTparel. COoriacHO HCCIeIOBaHUSIM, TaKHe
YCIIOBUSI TaKK€ MOTYT CHHMXKATh ITPOM3BOANTEIBHOCTh
Tpyna.

Camapkana u Byxapa: Mexkay aKycTHYeCKHM
JAUCCOHAHCOM M TPAAULHMOHHON rapMoHueii

B CamapkaHnae ocHOBHasl poOiemMa — «aKyCTH-
YEeCKU AuccOoHaHC». ['poMkas My3blKa Ha pa3IU4HbIX
oy Ha Iromany Perucran, Hapsmy ¢ SpKUMH Ja3ep-
HBIMH JIy9aMH, MOXET HapyIIaTh aKyCTHKY HCTOpPHIE-
CKUX 31aHuil. B Byxape e TpaniuuuoHHas My3blKa U
3BYKU Bce elle coxpaHstoTcs. OnHako mpeBpalleHue
CTapbIX JIOMOB B TOCTUHHIIBI MOXKET IIPUBECTH K TOMY,
YTO JOHOCSIIASACS U3 HUX COBPEMEHHas My3bIKa OyaeT
CO3/1aBaTh «IIyM», HECOBMECTHMBIH C HallMOHAIIb-
HBIMH MEJIOJUSMH U a3aHOM.

XuBa: YHMKaJIbHbIN
JipeBHeil KpenocTu

XWBa BBIEISIETCS] CBOUM «3aKPBITBIM» aKyCTHIC-
ckuM nagamagTom. Crensl Muan-Kaer 3ammumaroT ee
OT BHEIITHETO ITyMa. 3BYKH BHYTpH (IIary JIOACH, me-
JECT BETPa) OTPAXKAIOT UCTOPHIECKYIO aypy 3TOTO Me-
cTa.

3BYKOBO#l Jangmagr

1V. Konnenuust «ayauodpenaa» JJisi iCTopuye-
CKHX rOpo0B

CyTh KOHIENIMH M MPAKTHYECKHe MPeIoKe-
HUA

S mpennmararo co3iaTh yHUKANbHBIA «ayamo0-
PeH/I» I HCTOPUYECKHUX TOPOJIoB Y30eKkucTana. ITo
CBOETO pOJa «MY3BIKAJIBHAA MOAIHUCH», OTPaXKaro-
mast ICTOPUIO U KyIbTypy Kaxaoro ropona. s pea-
JIU3alMM 3TOW KOHUEMIHHU I NPEIIararn CIeayrolue
MIPAKTHYECKHE MEPBI:

e AkycTHyeckoe kaptupoBaHue: Ompenene-
HHE EeCTECTBEHHBIX, TPAJAUIMOHHBIX M HEYMECTHBIX
3BYKOB. B 3TOT mpornecc He0OX0auMO BOBJIEYb MY3bI-
KOBEJIOB, CIIECIIHAIUCTOB 10 aKyCTUKE, OPTaHU3aIUH 110
COXPAHECHMIO KyJIbTYpHOTO HAcleIus U MpeiCcTaBUTe-
JIE1 MECTHOT'O HACEIICHMUSL.

e Co3ganne crnenMajJbHOr0 MY3BIKAJbLHOIO
KOHTeHTa: [y KaXgoro ropoaa Oyner co3iaH oco-
Ob1ii COOPHHK MY3BIKM M 3BYKOB, OCHOBAHHBIH Ha €T0
KynbTypHOM Hacienuu. Hanpumep, mna byxapsr — ot
mappuru Jo0 ammakoma, a ans XuBbl — OT Jana-
PoOB Xxaidbl, CypHali-Ja3ru, AacTAHOB OaxIM [0
CYBOPBI B HCIIOJHEHNU I'YSIHAA U TAJKHHYH.

e MHurerpanus B TypHcTHYecKYyl HHpa-
CTPYKTYpPY: BHenpeHue KynmbTypbl HCIOIB30BaHUS
MY3BIKH, COOTBETCTBYIOIIEH YHHKAJIbHOMY ayauo0-
peHIly peruoHa, B HCTOPUYECKUX TOCTHHHIIAX, PECTO-
paHax u My3esx. [IpenocraBienue Typucram aKycTH-
YECKHX KapT U ayJUOTHJOB 4epe3 CHelHaIbHbIE MO-
OMIIBbHBIC TTPHITOXKEHMSI.

e [lpaBoBbie M NPOCBETHTEIBCKHE MeEpBI:
BBenenne cTporux npasuil, PErylIHPYIOIMIUX YPOBEHb
My3BIKH U IIyMa B TypUcTHYecKHX MecTax. I[IpoBene-
HHUE Pa3bsICHUTENBHOW paboThl ¢ pabOTHUKAMU TYypH-
CTHYECKOH Ccepbl 0 BaXHOCTH aKyCTHYECKOH KyJIb-
TYpHI.

BaxXHBIM I0pHIMYECKUM OCHOBAHHEM IS peaji-
3alMM 3TOW KOHIICTIUH SBISIFOTCS PEIICHUS MpPaBH-
TEJIBCTBA TI0 3aIIUTE 00BEKTOB KyJIbTYPHOTO HACIEANS
U Pa3BUTHUIO TYPUCTHYECKOTO MOTeHIMana. B yactHO-
CTH, B paMKax nporpamMm «O6ox maxamia» u «O60x
KHMIIJIOK) BOCCTAHABIMBACTCS IEPBOHAYAIBHBIN 00K
HCTOPUUYECKHUX MaXaJlleH, YTO COCOOCTBYET COXpaHe-
HHUIO MX €CTECTBEHHOW aKycTHueckoil cpensl. Pabora
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npasurenscTa B 2023-2024 ronax, B 4aCTHOCTH, YKa3
IIpesunenta PecnyOmuku Y30ekuctan oT 23 WIOHA
2023 roma Ne YII-201 u Yka3 ot 14 nekabps 2023 roma
Ne VII-385, ciaykat MpovHOH MPaBOBOI OCHOBO ISt
peanu3anuy KOHIICTIIIUH «ayauodpeHnay». B stux mo-
KyMEHTaX yAeJIeHO ocoboe BHIMaHHE 3a/1a4aM coXpa-
HEHHA OOBEKTOB KYJIBTYpHOTO HACICIUS W PA3BUTHUAL
TYPUCTHYECKOH MHDPACTPYKTYPHI.

V. 3akirouenne

IIpoBeneHHOE Hccae 0BaHUE MTOKA3ano0, 9ToO aKy-
CTHYECKMH JaHqmadT TOPOACKOr0 MPOCTPAHCTBA
uMeeT O0JIbIIoe TPaKTHIECKOE 3HaYeHHe JUIs OJ1arorno-
JMy4us HACEJCHHS M Pa3BUTHA TYPUCTHUECKOW WHITY-
cTpun. HempaBuibpHBIE TTOAXOABI B COBPEMEHHOM TY-
pHu3Me, B YaCTHOCTH, «aKyCTHUECKUI JUCCOHAHCY B HC-
TOPUYECKUX MECTaxX, HApyIAIOT ayTeHTHYHBIA ayX
MECTa W CHI)KAIOT Ka4eCTBO TYPHCTHYECKOTO OIIBITA.
[TosToMy B maHHOM HCCIEOBaHUH TPEIIOKEHA KOH-
Henuus «ayanodpenaa». B pamkax 3Toi KOHIENIIMU
JUIA KaXKI0T0 HCTOPHUYECKOT0 TOpo/ia CO3/1aeTcs CIeIH-
aJIBbHBII HA0Op MY3BIKH U 3ByKOB, OCHOBaHHBII Ha €ro
KyJbTypHOM Hacienuu. lIpakrthueckas 3Ha4MMOCTH
HCCIIEIOBaHMA 3aKJII0YAeTCs B TOM, YTO OHO IpeiJia-
raeT HOBBIC TOAXOIBI K cepe Typu3Ma U CIoco0-
CTBYET COXPAaHCHHIO YHUKAIBHON aKyCTHYECKOH CO-
CTaBIIAIOMICH HAIIETO KYJIBTYPHOTO HACIEINs. JTa pa-
00Ta TIOMOXKET TPEBPATUTh HAIIH HCTOPUICCKUE
ropoja He TOJBKO B KPacHWBHIC BU3yaJbHO, HO H B Y-
XOBHO TApMOHHYHBIC TYPUCTHICCKUE MECTA.

Hanpasienusi A8 JajbHeHIIUX McCCiel0Ba-
HHI:

e Opranuzanusi MeXINCHUNIHHAPHONH aKy-
ctuyeckoil rpynnsi: Co3nanue pabodeit rpynsl, co-
CTOHIHeﬁ 13 MY3BIKOBCJI0B, aKYCTUYCCKUX UHKCHEPOB,
UCTOPHKOB U COLIMOJIOTOB, Ul Pa3pabOTKU TOYHBIX
«aKyCTHUYECKUX KapT» HUCTOPUYECKUX TOpPOJOB Y30e-
KHCTaHa.

e IIpoBeneHne ompocoB cpeAM TYPHCTOB:
M3ydenne sMonuii ¥ Bie4aTICHUN TYPUCTOB B pa3iINy-
HBIX 3BYKOBBIX YCIIOBUSX (HalpuMep, Ha (oHE CITOKOM-
HOW MY3BIKH U B IIIYMHOH cpefie). DTO YKPEIHT Teope-
TUYECKHE OCHOBBI HCCIICHOBAHUS MPAKTHICCKUMHU pe-
3yJIbTaTaMH.

o IIunoTHBI MpPoeKT «ayanodpenaa»: Buea-
peHne «ayJuo0peH1a» B KauecTBE IKCIIEPUMEHTA B O/1-
HOM U3 UCTOPUYECKUX KBApPTAJIOB WJIM Ha TYypUCTHYEC-
CKOM 00BEKTE JIJIs U3y4EHHs €ro BO3/ICHCTBHS Ha Hace-
JIEHUE U TYPHUCTOB.
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ABSTRACT

Microplastic pollution has emerged as a pervasive threat to aquatic ecosystems worldwide. These particles,
originating from industrial resin pellets, synthetic fibers, and the fragmentation of larger plastics, are transported
through rivers, stormwater runoff, and atmospheric deposition into both freshwater and marine environments.
Once present, they interact with aquatic organisms, causing physical injury and toxicological effects through ad-
ditive leaching and pollutant adsorption. Microplastics are ingested across trophic levels, leading to bioaccumula-
tion, trophic transfer, and potential ecosystem disruption, with growing concern for human exposure. Their detec-
tion in commercially important fish and shellfish raises pressing questions about food safety, although the full
extent of health risks remains unresolved. This review synthesizes current knowledge on microplastic sources,
environmental pathways, and biological impacts, alongside emerging evidence of human exposure through inges-
tion and inhalation. It also highlights mitigation efforts and innovative technologies aimed at reducing contamina-
tion. By integrating insights from diverse disciplines, this work underscores the urgency of addressing microplastic

pollution and outlines pathways toward protecting aquatic ecosystems and public health.
Keywords: Microplastic Pollution, Toxicological Impacts, Oxidative Stress and Inflammation, Reproductive
and Developmental Toxicity, Neurotoxicity and Immunotoxicity, Mitigation Strategies.

1. Introduction

Plastic pollution is recognized as one of the most
critical environmental challenges, with plastics de-
tected in virtually every ecosystem worldwide. Global
plastic production exceeded 400 million tonnes in
2022, nearly half of which was used for single-use
products [1,2]. Mismanaged plastic waste contributes
an estimated 6-15 million tonnes annually to the envi-
ronment [3]. Through sunlight, heat, wave action, and
mechanical abrasion, larger plastics fragment into mi-
croplastics (typically 0.1 um to 5 mm in size) [2]. These
particles have been identified not only in coastal waters
and beaches but also in remote regions such as deep-
sea sediments and alpine snow, demonstrating their
global distribution [4-6]. It is estimated that more than
14 million tonnes of microplastics have already accu-
mulated on the ocean floor [3]. Due to their persistence
and mobility, microplastics are easily transported
through air and water, entering aquatic ecosystems
through multiple pathways. Rivers alone carry an esti-
mated 0.8-2.7 million tonnes of plastic waste to the
oceans each year [7,8], while atmospheric currents de-
posit fibers and dust into remote lakes and polar seas
[6,9].

The pervasive distribution of microplastics has
raised growing concerns about their impacts on biodi-
versity and ecosystem function. Aquatic organisms
across trophic levels ingest microplastics directly or via
contaminated prey, leading to physical harm such as
gut blockage and false satiation, as well as chemical ex-
posure from additives and adsorbed pollutants [10,11].
Evidence indicates that microplastics accumulate in tis-
sues and can transfer through the food web, potentially
disrupting energy flow and nutrition in aguatic systems.
Human exposure is also significant: microplastics have

been detected in seafood and drinking water, with one
study estimating that adults ingest approximately
50,000 particles annually, in addition to a similar num-
ber inhaled from the air [12]. Although the long-term
health effects remain uncertain, studies suggest possi-
ble links to inflammation, oxidative stress, and other
adverse outcomes [11,13].

This review provides a comprehensive overview
of microplastic pollution, examining not only their en-
vironmental pathways and accumulation across ecosys-
tems but also the toxicological mechanisms, including
oxidative stress, reproductive and developmental tox-
icity, neurotoxicity, and immunotoxicity, that underpin
their biological and human health impacts. It further
highlights emerging solutions, including biodegradable
materials, improved waste management, bioremedia-
tion, advanced filtration, and nature-based remediation
strategies. By synthesizing interdisciplinary insights
from chemistry, ecology, toxicology, engineering, and
policy, this work identifies critical challenges and out-
lines future priorities for mitigating microplastic pollu-
tion and safeguarding environmental and public health.

2. Sources of Microplastics

Microplastics enter aquatic systems through both
primary and secondary pathways. Primary microplas-
tics are intentionally manufactured as small particles,
whereas secondary microplastics result from the frag-
mentation of larger plastic items already present in the
environment [14,15]. Primary sources include mi-
crobeads from personal care products, industrial resin
pellets, synthetic textile fibers, and particles from tire
and road wear. These materials are commonly released
through wastewater effluent, stormwater runoff, or at-
mospheric deposition [9,16,17]. Secondary microplas-
tics originate from the degradation of packaging waste,
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fishing gear, and paints or coatings, which fragment un-
der the influence of sunlight, heat, and mechanical
stress [18,19]. Because waste is continually exposed to

weathering, these secondary fragments represent a per-
sistent source of contamination. Table 1 summarizes
the major categories of microplastic sources and their
typical entry pathways into aquatic environments.
Table 1.

Major sources of microplastics and typical entry pathways into aquatic environments.

Source Category (Type) Examples Typical Entry Pathways
Cosmetic products Plastic microbeads in cleansers, Wastewater effluent via
(Primary) scrubs household drains
Synthetic textiles Polyester and nylon microfibers Laundry wastewater
(Primary) from clothing (sewage outflow)
Industrial pellets “Nurdles” Spills during manufacture or transport; storm-
(Primary) (raw plastic resin pellets). water runoff to waters
Tire &_road wear Tire rubber dust; road paint flakes Urban runoff (st_o_rm drains); atmospheric dep-
(Primary) osition of road dust
Packaging waste Discarded bags, bottles, wrappers  Litter washed by rainfall into rivers/oceans;
(Secondary) (fragments) fragmentation in situ

Fishing gear debris

(Secondary) (ghost gear)

Paints and coatings

(Secondary) markings, and building coatings
Atmospheric fallout Airborne fibers and dust from tex-
(Primary & Secondary) tiles, tires, industrial sources

Abandoned nets and lines

Fragments from ship paints, road

Direct release into the ocean; breakdown and
dispersal in marine waters continuously during
use and after disposal.

Weathering and runoff; particles enter water-
ways from peeling or abrasion

Deposition via gravity or rain; reaches water
bodies even in remote regions

3. Environmental Pathways, Transport, and
Human Exposure to Microplastics

Once released, microplastics undergo complex
transport across terrestrial, aquatic, and atmospheric
systems before entering the human body through inges-
tion, inhalation, or, less commonly, dermal contact
(Figure 1). Rivers are primary conduits, carrying mi-
croplastics from untreated sewage, stormwater runoff,
and direct dumping into lakes and oceans [2]. During

downstream transport, plastics fragment further, re-
maining suspended for long distances. Elevated micro-
plastic concentrations have been observed in urban
river estuaries, such as the Huangpu River in China
[20]. Lakes and reservoirs function both as sinks and
sources: calm waters facilitate sediment deposition,
while resuspension events reintroduce microplastics
into circulation. For example, the Great Lakes contain
significant microplastic loads in both surface waters
and sediments [21].

Pathways of Microplastic Contamination in Aquatic Ecosystems
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Figure 1. Schematic illustration of microplastic transport pathways.
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In marine environments, microplastics disperse
widely via ocean currents, often accumulating in sub-
tropical gyres. Biofouling and aggregation with organic
matter cause many particles to sink, contributing to
long-term storage in deep-sea sediments [22]. Coastal
zones, particularly beaches and mudflats near cities,
show the highest concentrations due to combined land-
based inputs and hydrodynamic deposition [2]. Atmos-
pheric transport further contributes to global redistribu-
tion, with microplastics detected in rain, snow, and air-
borne dust, even in remote regions such as the Arctic
and Alpine lakes [5,6].

These pathways underlie human exposure routes.
Ingestion occurs through contaminated seafood, drink-
ing water, and agricultural products. Microplastics
smaller than 50 um can cross the gastrointestinal bar-
rier, enter systemic circulation, and accumulate in or-
gans. Their detection in human blood and placenta un-
derscores this risk [23]. Inhalation is another major
route, as airborne fibers from textiles and road dust are
inhaled both indoors and outdoors, reaching deep lung
tissue and inducing oxidative stress and inflammation
[24]. Dermal exposure is a minor pathway, but it has
been shown to induce cytotoxicity and oxidative stress
in vitro [25], raising concerns about chronic low-level
impacts.

4. Toxicological Effects
Across Biological Systems

Microplastics exert a wide range of toxicological
effects, largely mediated through oxidative stress, in-
flammation, and disruption of physiological pathways.
These impacts extend across multiple organ systems
and species, from aquatic organisms to mammals, in-
cluding humans.

4.1. Oxidative Stress and Inflammation

Oxidative stress represents a fundamental mecha-
nism underlying the toxicity of microplastics. In mam-
malian models, chronic oral administration of polysty-
rene microplastics (PS-MPs, 0.2-5 pum) induced ele-
vated reactive oxygen species (ROS), intestinal barrier
disruption, and inflammatory infiltration, mediated by
the activation of NF-xB and the NLRP3 inflam-
masome. These pathological changes were partially re-
versed by antioxidant treatment, highlighting the role
of ROS as an initiating factor [26]. Similarly, zebrafish
exposed to PS-MPs developed gut inflammation, oxi-
dative damage, and microbial dysbiosis [27]. In fish
from coral reef environments, microplastics contami-
nated with phthalates caused significantly greater oxi-
dative damage compared with virgin microplastics, un-
derscoring the combined role of particle exposure and
chemical leachates. Avian studies provide convergent
evidence, as chickens chronically exposed to micro-
plastics exhibited cardiac oxidative injury and pyrop-
totic cell death via gasdermin D pore formation [28].
Co-exposure to chemical toxicants further amplifies
these effects, as shown in mouse models of combined
microplastics and phthalate exposure [29]. Beyond
acute oxidative damage, prolonged exposure to micro-
plastics can overwhelm endogenous antioxidant de-
fenses, leading to sustained activation of inflammatory
pathways that perpetuate tissue injury. Increasing evi-
dence suggests that such chronic redox imbalance not

of Microplastics

only disrupts cellular homeostasis but may also accel-
erate aging-related pathologies and predispose organ-
isms to secondary environmental stressors [30].

4.2. Reproductive and Developmental Toxicity

Both male and female reproductive systems are
vulnerable to microplastic exposure. In male rodents,
the ingestion of PS-MPs significantly reduced sperm
quality and testosterone levels, accompanied by testic-
ular atrophy and germ cell apoptosis via p53 activation
[31,32]. In female models, microplastics accumulated
in ovarian follicles, reducing the pool of developing
follicles, inducing granulosa cell apoptosis, and lower-
ing circulating anti-Miillerian hormone, an indicator of
ovarian reserve [33]. Developmental toxicity is equally
concerning. Pregnant mice exposed to microplastics
exhibited increased embryo resorption, impaired pla-
cental vascularization, and immune imbalance at the
maternal-fetal interface, marked by excessive T-cell
infiltration and diminished natural Kkiller cell activity
[34,35].

In aquatic models, microplastics disrupt endocrine
signaling and reproduction across generations.
Zebrafish exposed to microplastics exhibited reduced
egg production and decreased hatchability in offspring,
effects mediated by altered hypothalamic—pituitary—
gonadal (HPG) axis regulation. At the embryonic stage,
nanoplastic exposure delayed hatching, impaired car-
diac development, and triggered DNA damage re-
sponses [36,37]. Microplastic-induced reproductive
toxicity may involve epigenetic alterations, including
DNA methylation and histone modification, which
could transmit adverse effects across generations.
Moreover, embryonic and fetal exposures raise the pos-
sibility of developmental programming, wherein early-
life microplastic insult predisposes offspring to long-
term endocrine and metabolic disorders [38].

4.3. Neurotoxicity and Behavioral Effects

Nanoplastics are capable of breaching critical
physiological barriers, including the blood—brain bar-
rier (BBB), thereby directly exposing neural tissue to
exogenous particles. Shan et al. demonstrated that 50
nm PS-NPs penetrated the BBB in mice, where they ac-
cumulated in the hippocampus and cortex. Within these
regions, microglial activation led to sustained neuroin-
flammation, neuronal injury, and increased BBB per-
meability, indicating both direct and indirect neuro-
toxic mechanisms [39]. Chen et al. further showed that
PS-NPs impair learning and memory through the in-
duction of neuronal cuproptosis, a copper-dependent
cell death pathway associated with mitochondrial dys-
function [40]. Smilarly, chronic inhalation of polyeth-
ylene microplastics caused structural disruption of
BBB integrity, decreased expression of brain-derived
neurotrophic factor (BDNF), and progressive neuronal
degeneration, reinforcing concerns about long-term
neurological risks [41].

In aquatic organisms, neurobehavioral outcomes
are particularly pronounced, with implications for sur-
vival and ecological balance. Zebrafish larvae exposed
to nanoplastics displayed altered locomotor behavior
ranging from hyperactivity to reduced motility, linked
to dysregulation of neurotransmitter-related gene ex-
pression and oxidative stress in neural tissue [42].
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Long-term exposure to weathered microplastics in
adult zebrafish led to anxiety-like behaviors, reduced
exploratory activity, and mitochondrial dysfunction in
brain cells [43]. Field studies confirm these laboratory
observations: in wild European seabass, microplastics
were detected in brain tissue and correlated with re-
duced acetylcholinesterase activity, suggesting im-
paired cholinergic signaling [44]. Collectively, these
findings demonstrate that microplastics not only cross
into neural tissues but also interfere with neuronal ho-
meostasis, leading to measurable behavioral impair-
ments across taxa.

4.4. Immunotoxicity and Susceptibility to In-
fections

Microplastic exposure has been increasingly
linked to immune dysregulation, with evidence span-
ning aquatic and mammalian systems. In fish, Gonza-
lez-Fernandez and Cuesta (2022) demonstrated that na-
nopolystyrene particles suppressed the expression of
antiviral genes such as Mx and 1SG15, significantly in-
creasing susceptibility to nodavirus infection. This sup-
pression translated into higher viral loads and more se-
vere neurological disease, providing direct evidence
that microplastics can compromise host antiviral de-
fenses [45].

In mammalian models, microplastics have been
shown to facilitate the colonization of pathogens. Tong
et al. reported that PS-MPs enhanced Helicobacter py-
lori adhesion to gastric epithelial cells by acting as
physical substrates, thereby accelerating bacterial colo-
nization and aggravating gastritis. Microplastics have
also been shown to exacerbate inflammatory conditions
[46]. In colitis-prone mice, Liu et al. found that micro-
plastic exposure intensified mucosal damage, disrupted
epithelial integrity, increased secretion of pro-inflam-
matory cytokines such as IL-6 and TNF-a, and caused
microbial dysbiosis, thereby amplifying disease sever-
ity [47].

Respiratory exposure provides further evidence of
immune disruption. Bishop et al. demonstrated that
mice co-exposed to microplastics and SARS-CoV-2
exhibited dysregulated immune responses character-
ized by initial suppression of interferon pathways fol-
lowed by excessive late-stage cytokine release. This bi-
phasic response not only impaired viral clearance but
also promoted tissue damage resembling cytokine
storm syndromes [48]. Together, these findings suggest
that microplastics can compromise both innate and
adaptive immunity, reduce host resistance to infection,
and exacerbate inflammatory diseases, thereby repre-
senting a multifaceted immunotoxic threat.

4.5. Fibrosis, Carcinogenesis, and Long-Term
Risks

Chronic microplastic exposure is increasingly as-
sociated with fibrotic remodeling and potential carcino-
genic outcomes. In rodent models, ingestion of polyeth-
ylene and PS-MPs induced hepatic steatosis, inflamma-
tory infiltration, and progressive fibrosis, with
transcriptomic analyses pointing to altered lipid metab-
olism and xenobiotic stress pathways rather than acute
ROS production as primary drivers [49,50]. Inhalation
studies similarly demonstrate that microplastics persist
in lung tissue, where they accumulate within alveolar

spaces, trigger macrophage activation, and lead to the
formation of granulomas and interstitial fibrosis [51].

Human data, though limited, lend support to these
concerns. Bruno et al. reported the presence of micro-
plastics in human colorectal tumors at significantly
higher levels than in adjacent healthy tissue, raising the
possibility of selective accumulation within tumor mi-
croenvironments [52]. Microplastics may contribute in-
directly to carcinogenesis by maintaining a chronic in-
flammatory milieu, promoting fibrosis, and serving as
carriers for carcinogenic chemicals that adsorb to their
surfaces. Although direct causal links between micro-
plastics and human cancer remain to be established, the
convergence of experimental and clinical evidence sug-
gests that chronic exposure may represent a hidden car-
cinogenic risk that warrants further investigation [53].

5. Emerging Technologies for Microplastic
Mitigation

Addressing microplastic pollution requires solu-
tions that extend beyond conventional waste reduction
and treatment strategies. Recent advances have focused
on biological, physical, and nature-based approaches
aimed at degrading or removing microplastics from
aquatic environments. This section reviews the most
promising technological directions, highlighting their
mechanisms, current limitations, and potential for real-
world application.

5.1.Enzymatic and Microbial Degradation of
Plastics

Biodegradation at the molecular level has emerged
as a promising strategy for mitigating microplastics.
Certain bacteria and fungi possess enzymes capable of
depolymerizing plastics, with polyethylene tereph-
thalate (PET) being one of the most studied substrates.
The bacterium Ideonella sakaiensis, for instance, pro-
duces PETase, an enzyme that can metabolize PET
plastic [54]. Building on this discovery, bioengineers
applied machine learning to engineer an enhanced var-
iant, FAST-PETase, which depolymerizes PET into its
monomers within 24 hours under moderate conditions
[55]. Unlike traditional recycling methods, enzymatic
degradation operates at ambient temperatures and re-
quires less energy, offering a sustainable alternative
that could be integrated into industrial recycling or en-
vironmental remediation.

Other biological systems are also under investiga-
tion. Wax worm larvae (Galleria mellonella) produce
saliva enzymes capable of oxidizing and depolymeriz-
ing polyethylene (PE) within hours at room tempera-
ture [56]. This unexpected capability suggests that in-
sect-derived enzymes may provide a low-cost approach
for degrading resistant plastics. Parallel studies con-
tinue to uncover novel microbial enzymes, with large-
scale metagenomic surveys identifying thousands of
potential variants adapted to diverse environments [57].
Some microbes have demonstrated activity against no-
toriously recalcitrant polymers such as polyurethane
[58]. Combinatorial approaches are also emerging en-
gineered “super-enzymes” that link multiple catalytic
units and have shown enhanced efficiency, breaking
down PET significantly faster than individual enzymes
alone [59].
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The key challenge remains scalability. Effective
deployment would require large-scale enzyme produc-
tion and immobilization within bioreactors or filtration
systems to process continuous water flows. Nonethe-
less, progress in enzyme engineering and synthetic bi-
ology highlights the promise of bio-inspired remedia-
tion strategies.

5.2.Advanced Separation
Methods

Physical and chemical separation technologies
aim to capture microplastics before they disperse
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widely or enter food webs. While conventional filters
such as sand and membranes can remove some parti-
cles, clogging and high operational costs limit their
large-scale use. Emerging approaches apply novel
physical forces or engineered materials to overcome
these constraints. Figure 2 provides schematic illustra-
tions of four representative advanced separation and fil-
tration methods that exemplify the diverse engineering
approaches currently being explored for efficient re-
moval of microplastics.
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Figure 2. Schematic illustration comparing advanced separation and filtration methods for microplastic re-
moval: (A) Acoustic (Ultrasound) Aggregation; (B) Electro-Coagulation; (C) Magnetic Nanoparticle Capture;
and (D) Nanofiber Membrane Filters.

5.2.1. Acoustic (Ultrasound) Aggregation

Sound waves can be used to herd microplastic par-
ticles together in flowing water. Researchers built a
two-stage ultrasonic device that sends pulsing ultra-
sound through water in steel tubes, causing suspended
microplastics to migrate and cluster along pressure
nodes. In tests with real water samples, this acoustic
method concentrated microplastics to the sides of a
flow tube, so that “clean” water could exit separately
and the dense microplastic slurry could be collected.
The technique exploits acoustic radiation forces: much
like loud music can vibrate dust particles into clumps,
high-frequency ultrasound can push plastic fragments
to aggregate. A key advantage is that no physical filter
mesh is required, so there is less risk of clogging by
debris. The prototype acoustic separator achieved a

high removal efficiency for particles ranging from tens
of microns to a few hundred microns in size, and it can
handle substantial flow rates by adjusting the tube di-
mensions and power input [60].

5.2.2. Electro-Coagulation

Another emerging solution uses electrical currents
to remove microplastics via in situ coagulation and flo-
tation. In an electrocoagulation system, metal elec-
trodes (e.g. iron or aluminum plates) are placed in the
water and a voltage is applied. This causes the elec-
trodes to release metal ions (coagulant precursors) and
generate gas bubbles. The metal ions neutralize and
clump microplastic particles into larger flocs, which
can then be floated to the surface by the bubbles (elec-
tro-flotation) and skimmed off. Laboratory studies of
electrocoagulation report very high efficacy — one
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study achieved 99.2% removal of microplastic mi-
crobeads at neutral pH, and others saw on the order of
98-99% microplastic removal in treated wastewater
[61]. This performance exceeds most conventional
chemical coagulant methods. Importantly, electrocoag-
ulation can target even microscopic particles by charge
neutralization, and does not require added chemicals
(the coagulant is generated electrically from the sacri-
ficial anodes). The trade-offs include energy consump-
tion and the production of a concentrated sludge that
contains the microplastics and metal hydroxides. None-
theless, electrocoagulation is being explored as an add-
on polishing step in wastewater treatment or for clean-
ing industrial effluents, given its promising ability to
capture even the tiniest plastic fragments.

5.2.3. Magnetic Nanoparticle Capture

A more futuristic method uses specially coated
magnetic nanoparticles to round up microplastics. Re-
searchers have developed superparamagnetic iron ox-
ide nanoparticles (SPIONSs), essentially very fine rust
particles (~20-30 nm), functionalized to bind strongly
to plastic surfaces. When mixed into contaminated wa-
ter, these iron oxide nanoparticles attach onto micro-
plastic pieces and cause them to stick together into
magnetizable clumps, which can then be extracted with
a magnetic field. Laboratory experiments have demon-
strated that this approach can remove a significant frac-
tion of microplastics from water, with one trial achiev-
ing a removal rate of up to approximately 92% of mi-
croplastic particles in seawater [62]. Notably, even
microplastics much larger than the nanoparticles can be
captured by this “smart rust” technique, as the tiny
magnetic particles pepper the surface of the plastic and
effectively make the whole particle responsive to mag-
nets. While the removal efficiency in ideal conditions
is high, researchers caution that this method raises seri-
ous environmental safety and scaling concerns [63].
Any nanoparticles that fail to be recaptured would
themselves remain in the environment as a new pollu-
tant, and these nanoparticles could be even more mo-
bile and biologically active than the microplastics they
target. Moreover, treating large volumes of water
would require producing and later recovering massive
quantities of magnetic nanoparticles, for example, on
the order of millions of tons of nanoparticles to treat
just 1% of global wastewater, which may be economi-
cally and ecologically infeasible.

5.2.4. Nanofiber Membrane Filters

Improvements in filtration technology itself are
also emerging. Researchers are designing ultra-fine
electrospun nanofiber membranes that can physically
filter out microplastics, including particles and fibers in
the micron and nanometer range. These membranes are
made by forming a dense mesh of polymer fibers with
diameters on the order of tens to hundreds of nanome-
ters, creating pores small enough to trap tiny plastic de-
bris. Compared to conventional filters, nanofiber mem-
branes offer high surface area and tunable surface
chemistry (they can be made hydrophobic or given
charges to attract plastic particles). Recent studies re-
port that such membranes can achieve > 90% removal
of micro- and nanoplastic contaminants in water. For
instance, one electrospun polyurethane nanofiber filter

could remove about 90% of 50 nm plastic nanoparticles
from water in tests [64]. Some hybrid nanofiber filters
are also loaded with sorbents or catalysts to capture not
only plastic particles but also associated pollutants (like
dyes or plastic additives).

5.3.Nature-Based Filtration and Bio-remedia-
tion

Beyond engineered technologies, nature-based
strategies are gaining attention as sustainable ap-
proaches for mitigating microplastic pollution, leverag-
ing the filtering capacities of organisms and ecosystems
while simultaneously providing ecological co-benefits.
Filter-feeding bivalves such as mussels and oysters are
especially promising, as a single mussel can filter up to
40-75 liters of water daily, capturing suspended parti-
cles including microplastics. Once ingested, these par-
ticles are bound within feces and pseudofeces and ex-
creted as biodeposits, which can be collected and re-
moved from the water. Pilot studies and modeling
suggest that mussel colonies deployed at sufficient den-
sities could reduce microplastic concentrations in en-
closed water bodies by as much as 25% over time,
though large-scale implementation would require infra-
structure to harvest biodeposits and prevent reintroduc-
tion of pollutants into the food web [65]. Coastal vege-
tation also acts as a natural sink. Mediterranean
seagrass meadows, particularly Posidonia oceanica,
produce fibrous aggregates known as Neptune balls
that entangle plastic particles during their formation.
These aggregates are often washed ashore during
storms, carrying entrapped plastics with them. A 2021
study estimated that seagrass meadows around the Bal-
earic Islands may remove nearly 900 million plastic
items annually through this mechanism [66]. This pro-
cess not only contributes to the removal of microplas-
tics but also enhances biodiversity and shoreline stabil-
ity, underscoring the dual ecological benefits of such
systems. Other filter-feeding organisms, including
sponges, bryozoans, and certain fish species, also ingest
or trap microplastics, suggesting that controlled biore-
mediation systems could be designed to exploit their
natural behaviors; however, the risks of bioaccumula-
tion and trophic transfer must be carefully managed. On
amicrobial scale, biofilms that colonize plastic surfaces
increase particle density, often causing plastics to sink
and settle into sediments, where further biodegradation
or engineered recovery becomes feasible [67]. While
biofilm-driven sedimentation does not eliminate micro-
plastics outright, it alters their distribution and can syn-
ergize with other remediation strategies. Overall, na-
ture-based filtration and bioremediation offer low-en-
ergy, environmentally regenerative methods that
complement physical and chemical approaches, yet
their success depends on ensuring that captured parti-
cles are effectively collected, ecological impacts are
minimized, and systems are scaled in a way that bal-
ances remediation with ecosystem health.

5.4.Sediment Cleanup and Microplastic Recov-
ery Technologies

A significant proportion of microplastics eventu-
ally accumulate in sediments on beaches, riverbeds,
and the seafloor, where their retrieval is notoriously dif-
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ficult due to small particle size, compositional hetero-
geneity, and entanglement with organic matter. Be-
cause sediments act as both long-term sinks and poten-
tial secondary sources through resuspension, effective
remediation is essential to prevent reintroduction into
aquatic systems. Several technological approaches
have been developed to address this challenge. Me-
chanical separation devices, such as Hoola One, exem-
plify promising large-scale interventions. This Cana-
dian-engineered prototype combines industrial-scale
vacuuming with density-based separation, allowing
sand and seawater slurry to be processed at approxi-
mately three gallons per minute. Plastics are isolated
through buoyancy differences, while clean sand is im-
mediately returned to the beach. Field trials on Kamilo
Beach, Hawaii, demonstrated that the device success-
fully removed more than 100 kilograms of microplas-
tics within two weeks, covering about 1,000 square feet
of beach per hour without causing long-term substrate
damage [68,69]. For submerged sediments, experi-
mental solutions include diver-operated and robotic
systems that fluidize sand through air or water injec-
tion, lifting lighter particles for capture, as well as mod-
ified dredging technologies designed to selectively re-
move plastics rather than indiscriminately extracting
entire sediment layers. In parallel, magnetic-assisted re-
covery is being investigated, in which microplastics are
rendered magnetically responsive by coating them with
functionalized nanoparticles, enabling their collection
via magnetic fields. While laboratory results confirm
technical feasibility, concerns remain about scalability,
energy demand, and the environmental fate of nanopar-
ticles that may escape recovery.

Despite encouraging progress, sediment cleanup
technologies face substantial barriers to widespread
adoption. The heterogeneity of plastic shapes and den-
sities complicates the efficiency of separation, while
large-scale operations risk disturbing benthic ecosys-
tems. Moreover, the cost of equipment and labor-inten-
sive deployment poses practical challenges for sus-
tained implementation. Nonetheless, these strategies
provide an important complement to water-column in-
terventions by targeting microplastics at their most per-
sistent reservoirs. As these technologies mature, their
integration with ecological monitoring and adaptive
management will be critical to balance removal effi-
ciency with ecosystem preservation, ensuring that re-
mediation efforts are both scientifically rigorous and
environmentally sustainable.

6. Future Perspectives

Emerging technologies for microplastic mitigation
hold significant promise but remain in the early stages
of development. Progress will likely depend on inte-
grating complementary solutions, such as hybrid sys-
tems that combine physical capture with enzymatic or
microbial degradation, or the pairing of engineered de-
vices with ecological filters like mussel beds or
seagrass meadows. Such approaches ensure not only
the removal but also the breakdown of particles,
thereby reducing the risk of secondary waste [55,65].
Scaling these innovations to real-world conditions,
from wastewater treatment facilities to coastal ecosys-

tems, will require standardized testing protocols to en-
able fair performance comparisons and ensure ecologi-
cal safety [64]. Policy and regulation will be equally
critical: governments can accelerate adoption through
discharge limits, subsidies, and global monitoring
standards, while safeguarding against the unintended
consequences of novel technologies, such as magnetic
nanoparticles or advanced coagulants [63,66]. Ulti-
mately, the most sustainable path forward lies in com-
bining technology, ecology, and policy with upstream
efforts to reduce plastic production and use at the
source [59,67].

7. Conclusion

This study underscores that microplastic pollution
has become a pervasive environmental contaminant
with far-reaching biological implications. Drawing on
evidence from diverse organisms, the findings reveal
that microplastics induce oxidative stress, inflamma-
tion, and toxicity that can impair reproduction, disrupt
development, and even provoke neurotoxic and immu-
nological effects. These toxicological insights, particu-
larly from Sections 4 and 5, underscore the fact that mi-
croplastics pose not only an ecological threat to aquatic
ecosystems but also a potential public health risk
through bioaccumulation and exposure. At the same
time, the manuscript highlights a promising array of
emerging mitigation strategies, including advanced fil-
tration technologies, novel catalytic and enzymatic
degradation methods, and nature-based filtration with
organisms, that collectively mark significant progress
toward reducing microplastic contamination in water
and sediments. By integrating these innovative solu-
tions with proactive policy measures and ongoing re-
search, the paper presents a forward-looking perspec-
tive, emphasizing that a combination of scientific inno-
vation, interdisciplinary collaboration, and preventive
management will be crucial for safeguarding environ-
mental and biological systems from the long-term risks
associated with microplastic pollution.
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AHHOTALIUA

PasBurtune uckyccrBernnoro naTemiekTa (M) ctaHOBUTCS OMHUM M3 KIFOUEBHIX (DaKTOPOB TpaHCPOpPMALIUU
06paSOBaTeJ‘[LHHX CHUCTEM BO BCEM MUPEC. BHeZ[peHI/Ie HWHTCJUICKTYaJIbHbIX TEXHOJIOTHH 3aTparuBacT OpraHnu3anuro
y4eOHOT0 mpoiiecca, yrpaBieHHe 00pa30BaTeIbHBIMU CTPYKTYPaMH, OIICHKY 3HAHHIA, a TaKKe (POPMHUPOBAHHUE Ue-
JIOBEUECKOI'0 UM MHTEJUIEKTyaJIbHOTO Kamuraina. MccienoBaHus MOCIENHUX JIET JEMOHCTpUPYIOT, uro MU He
TOJIBKO OIITUMU3UPYET O6pa3OBaTeJ'ILHLIe MpaKTUKU, HO U CTAaBUT HOBBIC 3TUUCCKUE U MCTOJOJIOTUYCCKUEC BbI-
30BBbI.

ABSTRACT

The development of artificial intelligence (Al) is becoming one of the key factors in the transformation of
educational systems around the world. The introduction of intelligent technologies affects the organization of the
educational process, the management of educational structures, the assessment of knowledge, as well as the for-
mation of human and intellectual capital. Research in recent years demonstrates that Al not only optimizes educa-

tional practices, but also poses new ethical and methodological challenges.
KiroueBble cioBa: HCKYCCTBGHHBIﬁ HHTCIICKT, HHTGHHGKTyaﬂLHLIﬁ Kamnurall, 94€JI.
Keywords: artificial intelligence, intellectual capital, human capitaloBeueckuit kanuTasm.

Abidin u coapr. [1] npeayoKuiIn UCIONB30BaHUE
anroputma Random Forest ajst moaaepku cTpareri-
9YEeCKOT0 INIAHUPOBAHNUS B YHUBEpcuTeTax. Mojiens uH-
TEJJICKTYaJIbHOTO TOMOIIHUKA IT03BOJIIET 00pa3oBa-
TENIBHBIM CTPYKTypaM ONTHMH3UPOBATH pacrpezese-
HHE PECypcoB M aIalTUPOBATh Y4E€OHBIE TPOTPAMMBI K
MOTPEOHOCTSIM CTYJEHTOB. DJTO CBHAETENLCTBYET O
Bo3pacraronei posn MM B mpHHATHY yIIPaBIEHUECKUX
pemenuid. JK.Berepa [6] moauepkuBaeT 3HaYMMOCTh
renepatuBHoro MM B 0Opa3oBaTenbHBIX NpaKTHKaX.
Takue TeXHOIOTUH MO3BOJISIOT IMPOTHO3UPOBAThH aKa-
JIEMHYECKYIO0 YCIEBAa€MOCTb CTYAEHTOB, pa3padaTthl-
BaTh WHAWBUAYAJIbHBIE TPACKTOPUU 0OYUEHHS U ITOBBI-
1aTh KauyecTBO NEAAroruyeckoro ausaiHa. IIpu stom
aBTOP yKa3bIBAET HA PUCKU - CHUKECHHE CAMOCTOATEINb-
HOCTH CTYJEHTOB, BOIPOCH! aKaJeMHYECKOH 4eCTHO-
CTH M HEOOXOJMMOCTh PEryJIMPOBaHMS IPHUMEHEHUS
NU B yuebHOM mporecce. Ocoboe BHUMaHUE yIes-
eTcsl TepcoHaNIM3alyu 00pa3oBaTeIbHOrO Mpolecca.
Nusratov u Murodov [7] otmeuarot, yro MU croco6-
CTBYET Pa3BUTUIO KOTHUTUBHBIX HABBIKOB YUal[UXCS -
MaMATH, KPUTHIECKOTO MBIIUICHHUS M CIIOCOOHOCTH K
pemeHnio 3a1ad. Vcrmons30BaHNe MHTEIUIEKTYaIbHBIX
THIOTOPOB M AJANTUBHBIX O0YYAIOIINX CHCTEM IO3BO-
JseT TMOACTPaWBaTh MaTepualn IOJ yYPOBEHb 3HAHHU
KOHKPETHOTO CTYAEHTa, YTO CIOCOOCTBYeT OoJiee riry-
6okxoMy ycBoeHuto nHpopManuu. MccnenoBanus B Ka-
3axcraHe U llenTpanbHoi Asuu [8] moguepKuBaroT
ponb MU B ykpenneHun HHTENIEeKTyalbHOrO Kanurana
yepe3 MHTETpaluio Hayku, oOpa3oBaHMs W OW3Heca.

Taxum o6pazom, UM paccmaTpuBaeTcss He TOIBKO Kak
MHCTPYMEHT MeJIarorMKH, HO U Kak (hakTop COIMAIbHO-
SKOHOMHYECKOTO PAa3BUTHUS.

B KazaxcTane mpaBUTEIECTBO BKJIAABIBACT 3HAYH-
TEJIbHBIE CPE/ICTBA B MHTETPALIMIO HCKYCCTBEHHOIO UH-
TeJUIeKTa B ccTeMy oOpa3oBaHus. OHO INIaHUPYET I10-
Tpatuth 650 MWIIMApAOB TEHre Ha MCCIEI0BATENb-
CKHE MHHULUATHUBBI, BKIIIOYasi OPraHU3alHI0 KypCOB IO
nzyyenuto MM B yauBepcurerax ¢ 2024 roga. 910 0T-
pa)kaeT HallOHAJIbHYIO CTPATErHI0, HANPaBJIECHHYIO HA
MOJICpHU3AINI0 00pa30BaHUs U MOJATOTOBKY paboueid
CHUIIBI, BIaJeromie Texuojaorusmu M.

KazaxcraHckue yHHBEPCHUTEThl HAaUMHAIOT BHE-
PATH TEXHOJIOTHH UCKYCCTBEHHOT'O MHTEJICKTA, YTOOBI
HE OTCTaBaTh OT TEXHMWYECKOTro mporpecca. Takue
By3bl, kKak Ka3zaxckuii HallMOHAJbHBIH yHHBEPCUTET
nMeHn anb-®apabu u EBpaswuiickuii HalMOHAIBHBIN
yHuBepcureT umenu JIL.H. I'ymuneBa, BHeApSAIOT mpo-
rpaMMBbl, OpHeHTHpoBaHHbIe Ha WU, BKmouaromue
o0ydeHHe MHTEJUICKTYaJIbHbBIM CHCTEMaM pEeIeTHUTOp-
cTtBa. KbI3bIIOpIMHCKHN TOCY JapCTBEHHBINH YHUBEPCHU-
TeT IMeHU KOpKBIT ATa Taxke HHUIIMUPOBAI CO3AaHNE
[ITkoJIBI MCKYCCTBEHHOTO MHTEJUIEKTa B COTPYIHHYE-
ctBe ¢ SeoulTech. Ota mporpamma npu3BaHa croco0-
CTBOBaTh OOMEHY 3HAHUSIMH MEXIy IpodeccopaMu B
obnactu HCKyccTBeHHOro wuHremmiekta u VR/AR-
TexHoJoruH. [logoOHbIE MHUIIMATHUBEI ABISAIOTCS MPH-
MEpOM TOT0, KaK [IeJICHANPABIEHHOE 00y4YEeHHE MOXKET
MIOJITOTOBUTH CTYJICHTOB K OYIyIIMM pBIHKaM Tpyjaa 1
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OJTHOBPEMEHHO PEIIUTh POOIEeMYy HEXBATKH KBAIU(DU-
IIUPOBaHHBIX KaJpoB B peruone [10]

Kazaxcran Bomén B Ton-50 cTpaH 10 TOTOBHOCTH
BHenpenus MU. Cpemu rocymapcts A m EADC PK
ycTymaet Juib Poccun, kotopas 3aHsuia 47-e MecTo ¢
naaexkcoM 0,56 Gamrma. KasaxcraH, COOTBETCTBEHHO,
3aHsu1 48-¢ MmecTo ¢ naaexcom 0,55 6amra. Kak ogHo 13
HanOosee nepcreKkTUBHBIX npuMmenennid W B Hareit
CTpaHe, COTJIaCHO HCCJIENOBAHMSAM MEKITYyHAPOIHOTO
KOHCAJITHHIOBOTO areHTCTBA McKinsey &
Company[11], 6su1a 0603HaueHa TpaHCHOpMALHs roc-
YIApCTBEHHBIX YCIYyr C IOMOILIBIO TeorpaduuecKux
WHOOPMAIMOHHBIX CHCTEM M IPOCTPAHCTBCHHBIX JaH-
HbIX. B wacTtHOCTH, OBIT OTMeueH onbIT Ka3axcraHa B
BBISIBIICHHH M Pa3BUTHUH MHPPACTPYKTYPHI B CEITbCKUX
MOCEJIEHUSAX C HMCIIOB30BAHUEM CTATHCTHYECKOW MO-
nend, oOBeIUHSIOMEH Teorpadhudeckue, aeMorpadu-
YECKHE M SKOHOMUYECKHE JaHHbBIC C aHATUTHICCKUMU
MeToAaMHU. JTa MOJEeNb IpoaHanu3upoBana 6293 cén,
BbIOpaB 3500 ¢ caMbIM BBICOKMM HOTEHIHAIOM pa3BH-
THS, B KOTOpPBIX npoxwuBaeT 90% cenpckoro Hacese-
Hus. B pesynbrare npaBurenscTBo Kasaxcrana morio
051 60J1e€ 3P PEKTUBHO U TOYHO MPEIOCTABIATH OCHOB-
HbIE YCIYTU U UHPPACTPYKTYPY CEIBCKUM paliOHaM.

OmHUM W3 TEPCHEKTHBHBIX HAIpaBICHUH SBIISI-
ercst mpuMeHeHne WM mnms aBTOMATH3alMU OILCHKH
3HaHWid. Bulut u coaBT. [2] ONMCHIBAIOT BO3MOXKHOCTH
WHTEJUICKTYaJbHBIX CHCTEM IO TPOBEpKE 3aIaHHiA,
MPEIOCTABICHUIO TIEPCOHAIM3UPOBAHHONW OOpaTHO
CBSI3M U IPOTHO3HPOBAHUIO pe3ynbTaToB. OTHAKO OHH
Takke 00palialoT BHUMaHHE HAa PUCKU MPEAB3ATOCTH
ITOPUTMOB U HEOOXOAUMOCTH 00ECIICYeHU S TPO3pad-
HOCTH. DMIIMPHUECKOE UCCIEJOBAaHUE B Y HUBEPCUTETE
barnana [3]nmokasano 3HauMMoe BIMSHUE BHEIPEHUS

WU Ha xadecTBO 00pa30BaTEIbHBIX YCIyT (KO3 GUIm-
eHT koppemsauu 0,719 nmpu noBeputenbHOM ypoBHE 99
%). DTO TOATBEP)KAAET MPAKTHUECKYIO IIeHHOCTh M
KaK WHCTPYMEHTa MOBBIIIIEHUS 3((PEeKTHUBHOCTH 00pa-
30BaTENBHBIX CHCTEM.

MupoBo# ONBIT TaKXKe AEMOHCTPUPYET AKTUBHOE
BHeapenne MU B oOpazoBanme. B Dcronnm ¢ 2025
roza 3amyiena nporpamma «Al Leap», HanpaBieHHas
Ha 00y4eHHe IMIKOJIHLHUKOB U MPETo/iaBaTeied HCIob-
3oBanni0 MU B yuebnom mpomecce[4]. B CILIA yuu-
BepcuteT Duke peanusyeT NUIOTHBIH IIPOEKT MO HHTE-
rparun ChatGPT B yueOuble mpakTuku [5]. DT uHU-
OUATHBHl TIOATBEPKIAIOT TEHACHIMIO IIepexona OT
SKCIIEPUMEHTOB K cUCTeMHOMY BHeznpeHuio N B 00-
pa3oBaTeNbHBIC CTPYKTYPHI.

Noruzi, M. R., & Vargas-Hernandez, J. G [9] pac-
CMaTpHUBAIOT MHTEIUIeKTyanbHbI kanutan (1K) kak
KITIOY K YCTOHYNBOMY KOHKYPEHTHOMY IPEHUMYIIECTBY
B YCJIOBHSIX 9KOHOMUKH 3HaHUH. B 1ieHTpe BHUMaHUS -
B3aUMOCBA3b MEXAY YEJIOBEUECKUM, CTPYKTYPHBIM U
KIMEHTCKUM KalluTajoM, a TakKe posib o0ydaronencs
OpraHM3aIiy KaK Cpelibl, CIIOCOOCTBYIOIIEH Pa3BUTHIO
UK. OcnoBnas uaes, UK kak ctparerunueckuii pecypc,
KOTOPBIA BKJIIOYACT 3HAHUS, KOMIICTCHIIUH, OpCHJBI,
penyTanus W KIMEHTCKUE OTHOIICHUS paccMaTpHhBa-
FOTCSI KaK aKTHBBHI, CO3JAIOIINE YKOHOMUYECKYIO IICH-
HOCTh. [IpemmaraeTcst HOCTPOCHUE CUCTEM YIIPABICHHUS
UK (Intellectual Capital Management — ICM) Ha oc-
HOBE (hopMaiM3aIiiy 3HAHUHA, OLICHKH U MX CTPATeTH-
YECKOTO NPUMCHEHHUS. YJenseTrcs BHUMAHHE IIPO-
oneme wm3mepenuss WK, mnpemmaraioTcs moaxozbt
(Balanced Scorecard, KOMIETEHTHOCTHBIC MOJCIHA W
JIp.) A7l MPAKTUYECKOTO ydeTa M OIICHKH HeMaTepH-
aJIbHBIX aKTHUBOB.

Cso0Kka mem u HanpagieHul UCCie008aHUll

Temamuxa uccredosanus ||

Kpamxkoe cooeparcanue

MU n yenoBedyecknit KarmuTana

Amnanus Bnusiausg I Ha Pa3BUTHUEC KOTHUTHUBHBIX HABBIKOB U Y€JI0-
BCUYCCKOI'O KaryTala.

Hudposoit mexanmsm passutus HR cl|[IpemnoxxeHre MeXaHU3MOB ITU(PPOBU3ANNA YEIIOBEUSCKOTO Kalld-
nn TaJla HA YPOBHE I'OCYApCTBA.

| |lpoBas TpanCchopmanms

KomnabopatuBHelii mHTEEKT U nuQ-||HccnenoBanne Moaeneit rudpumHoro pa3sutus Mexay MU u geno-
BEYECCKHMH PECYPCaMHU.

| ||obpasoBanue—OuzHec

WHTemnekTyanpHbIN KanmuTan: Hayka—{|MccrnemoBaHue B3aUMOJCHCTBUS HAyKH, 00pa3oBaHMsA M OM3Heca B
KOHTEKCTE Pa3BUTHSI MHTEJUIEKTYaIbHOIO KalluTala.

Sl I I N

HayKe

[pumenenne MU B HR, o6pazoBanuu u||PaccmoTpenne npaktudeckux npumeneHuii W B pa3HbIX cdepax,
BIIMSIOIINX HA MHTEIUICKTYJIbHBIA KaluTall.

Takum o6paszom, U1 paccmaTprBaeTcs He TOIBKO
KaK TEeXHOJIOTHYECKUI MHCTPYMEHT, HO M KakK (akTop
CTPaTCTUICCKOr0 Pa3BUTHUA UHTECIIJICKTYAJIbHOTO KaIlu-
Tasla obmecTBa. B janpHelmieM  uccienoBaHUS
JIOJDKHBI COCPELAOTOYUTBCS HAa BOIIPOCAX 3TUKH, PETy-
JISILUH, A TAKXKe Ha MMOArOTOBKE IpenoaBaTene U cTy-
JICHTOB K 3((QEKTUBHOMY M OTBETCTBEHHOMY HCIIOJb-
30BaHMIO TEXHOJIOTHUIA.
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ABSTRACT

Gender-based wage inequality constitutes one of the most critical socio-economic challenges in contemporary
labor markets. Despite the existence of legislation in Georgia aimed at promoting gender equality, as well as the
country’s commitment to international obligations, available statistical data reveal a significant disparity in the
economic status of women and men.

The purpose of this study is to identify the scale and underlying factors of gender inequality in the private
sector, as well as to assess the effectiveness of legal and institutional mechanisms. The research employs a mixed
methodology: a quantitative survey (185 respondents) and in-depth interviews (6 participants). The results confirm
that women are often concentrated in low-paid positions, their education is less likely to translate into career ad-
vancement, and promotion processes usually favor men. Interview data further demonstrate that discriminatory

practices manifest both at the recruitment stage and within workplace environments and promotion processes.
The findings indicate that gender inequality in Georgia is systemic in nature, and its mitigation requires both
stronger public policies and a transformation of organizational culture.
Keywords: gender inequality, wage gap, private sector, labor market, glass ceiling.

Introduction

Gender inequality in the labor market remains one
of the major challenges both globally and locally. Ac-
cording to international studies, the economic positions
of women and men differ significantly—wages, career
opportunities, and working conditions are often distrib-
uted unequally by gender (International Labour Organ-
ization [ILO], 2022). Such inequality is not only a vio-
lation of social justice but also one of the key obstacles
to a country’s economic and social development
(World Bank, 2021).

In Georgia, as in other post-Soviet countries, the
problem is particularly evident in the private sector. Of-
ficial data show that in 2023 the gender pay gap stood
at 20.9%, considerably higher than the European Union
average (12%; Eurostat, 2023). These figures indicate
that Georgia’s labor market fails to provide equal pay
and equal opportunities for both genders. Moreover,
women are often concentrated in low-paid sectors and
positions, while their representation in managerial roles
remains minimal.

Examining gender inequality solely through the
lens of social justice is insufficient. The underutiliza-
tion of women’s professional potential directly impedes
national economic development. World Bank research
highlights that in countries where the gap in labor force
participation between women and men decreases, eco-
nomic productivity rises significantly (World Bank,
2021). Therefore, gender equality must be regarded not
only as a matter of rights but also as an economic im-
perative.

Cultural and social stereotypes in Georgia play a
particularly significant role, as women are commonly
perceived as primarily responsible for family care and
child-rearing. These traditional norms limit women’s
career development and create the so-called “glass ceil-
ing”—an invisible barrier that prevents women from
reaching high-level positions (Morrison, White, & Van

Velsor, 1987). As a result, despite formal equality, in-
formal barriers continue to restrict women’s profes-
sional opportunities.

Thus, gender inequality in Georgia should not be
viewed as an individual or incidental problem, but ra-
ther as a systemic and structural challenge that requires
both policy reform and changes in organizational prac-
tice.

The aim of this study was to identify the scale, un-
derlying factors, and institutional mechanisms of gen-
der inequality in the private sector, as well as to assess
the legal and organizational framework. Based on this
aim, the following research questions were formulated:

e To what extent does the gender pay gap mani-
fest in Georgia’s private sector?

e What role do education and qualifications play
in the career advancement of women and men?

e How significant are institutional and cultural
barriers (the “glass ceiling”) for women’s professional
development?

The following hypotheses were developed:

H1: Women in the private sector are concentrated
in low - paid positions, while men are more likely to
hold higher-paid roles.

H2: Education and qualifications translate more
effectively into higher-paid positions for men than for
women.

H3: The “glass ceiling” effect systematically re-
stricts women’s advancement into senior managerial
roles.

Literature Review

Gender inequality in the labor market has been ex-
tensively studied both in Western and post-Soviet aca-
demic contexts. Theoretical models and empirical re-
search seek to explain the causes of wage disparities,
occupational segregation, and the “glass ceiling” effect.

Neoclassical theory argues that labor market dif-
ferences are driven by individual decisions (Becker,
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1993). According to this perspective, women invest
less in education and careers due to family obligations,
resulting in their overrepresentation in low-paid posi-
tions. However, numerous studies indicate that even
when women and men have identical levels of educa-
tion and experience, wage disparities persist (Rosenfeld
& Spenner, 1992). A similar pattern was observed in
Georgia: women’s education translates less effectively
into corresponding wages and positions, whereas for
men this correlation is significantly stronger.

Institutional theory emphasizes that the labor
market is not structurally neutral. Despite formal equal-
ity, informal norms and cultural stereotypes generate
inequality (North, 1990). Charles and Grusky (2004)
demonstrate that organizational culture associates
“male” positions with high responsibility and “female”
positions with lower pay. Findings from research con-
ducted in Georgia—where women are concentrated
mainly in lower-level managerial roles—directly sup-
port this theory.

Radical theory and the concept of the “glass ceil-
ing” highlight invisible barriers that restrict women’s
upward mobility. Morrison, White, and Van Velsor
(1987) argue that these barriers become particularly ev-
ident when women reach middle management but fail
to progress to higher hierarchical levels. Cotter,
Hermsen, Ovadia, and Vanneman (2001) add that the
“glass ceiling” emerges even when promotion opportu-
nities appear equal on paper, as women in practice re-
main less likely to receive actual promotions. In Geor-
gia, women occupy only 2% of top managerial posi-
tions, perfectly illustrating this phenomenon.

International data reinforce this picture. Accord-
ing to an ILO (2022) report, women globally earn on
average 20% less than men. Within the European Un-
ion, this gap averages 12% (Eurostat, 2023). Georgia’s
figure (20.9%) is considerably worse, highlighting the
country’s structural challenges. OECD (2021) studies
show that pay transparency policies and mandatory
gender audits significantly reduce inequality. For in-
stance, the introduction of such regulations in Norway
and Iceland led to a marked decrease in the gender pay
gap.

UN Women’s study Employment and Gender in
Georgia (2022) indicates that women in Georgia are
concentrated in the education and healthcare sectors,
which are relatively low-paying. This trend fully aligns
with the findings of the present research. Similarly, the
United Nations Development Programme (UNDP,
2024) emphasizes the persistence of strong social ste-
reotypes: women are still expected to prioritize family
responsibilities, while men are expected to focus on ca-
reers.

Existing research largely portrays the general pic-
ture of gender inequality but pays insufficient attention
to the specific dynamics of the private sector and its
differences compared to the public sector. This gap is
precisely what the present study aims to address, by fo-
cusing on the private sector—the sphere where inequal-
ity is most pronounced.

Methodology

The study employed a mixed-methods approach,
integrating the collection and analysis of both quantita-
tive and qualitative data. Such an approach allows for
capturing not only the statistical scale of gender ine-
quality but also the deeper cultural and institutional fac-
tors driving this phenomenon.

As part of the quantitative component, an online
survey was conducted with 185 employees (aged 18—
65) working in both the private and public sectors.
However, the analysis primarily focused on the private
sector. The questionnaire included demographic infor-
mation, perceptions of gender discrimination, and ques-
tions related to personal experiences.

The qualitative component consisted of six in-
depth interviews with human resource managers, law-
yers, and private sector employees. The goal of the in-
terviews was to contextualize and interpret the quanti-
tative data, particularly by reflecting on subjective ex-
periences of gender-related barriers.

Quantitative data were analyzed using descriptive
statistics, t-tests, and ANOVA in order to assess wage
disparities between genders and to evaluate the role of
education and qualifications in career advancement.
Qualitative data were analyzed through thematic anal-
ysis, which enabled the identification of key themes
and patterns related to discriminatory practices, promo-
tion barriers, and institutional stereotypes. To ensure
the reliability of the study, methodological triangula-
tion was applied, meaning that quantitative and quali-
tative data were cross-validated against each other.

Nevertheless, the study has certain limitations.
The sample size (N=185) is of medium scale and may
not fully represent Georgia’s labor market as a whole.
Furthermore, the questionnaire structure did not allow
for the detailed exploration of all sector-specific dy-
namics. Therefore, additional studies are needed for
drawing more comprehensive conclusions on some as-
pects of the issue.

Results and Discussion

The analysis of quantitative data revealed a sharp
wage disparity between women and men in the private
sector. The majority of surveyed women reported an
average monthly salary between 1,000-1,500 GEL,
whereas a significant proportion of men earned over
3,000 GEL. This difference persisted even when re-
spondents held identical positions.
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Diagram 1. Distribution of salaries of women and men

This finding supports ILO’s (2022) conclusion
that the gender pay gap is systemic and cannot be ex-
plained solely by individual factors. According to neo-
classical theory, wage disparities should be associated
with education and career choices (Becker, 1993).
However, the data indicate that education for women is
less likely to translate into higher-paid positions.

Gender imbalance in managerial roles is particu-
larly striking. Ten percent of men occupy senior man-
agement positions, while the share of women in such
roles is only 2%. Conversely, women are twice as likely
to be concentrated in lower-level managerial positions.

Distribution of managerial positions by gender

Position Held
Senior Manager
Middle Manager
Junior Manager
Other

Declined to Answer

This finding aligns with the “glass ceiling” phe-
nomenon, which prevents women from ascending to
higher hierarchical levels (Morrison, White, & Van
Velsor, 1987; Cotter et al., 2001). As a result, despite
qualifications and experience, women’s advancement
remains systematically constrained.

The analysis further revealed that men’s educa-
tional attainment strongly correlates with wages
(ANOVA: p < .003), whereas for women the relation-
ship was weak. In practice, this means that women’s
education and qualifications do not consistently convert
into economic capital.

This contradicts neoclassical theory, which posits
that education and qualifications should have equiva-
lent effects on earnings across genders. Instead, the re-
sults better support institutional theory, which high-
lights the role of informal structures—stereotypes and
cultural norms—in sustaining inequality (North, 1990;
Charles & Grusky, 2004).

Table 1.
Female Male
2% 10%
20% 18%
18% 7%
17% 5%
1% 0%

In-depth interviews further highlighted discrimi-
natory practices. Female candidates were frequently
asked personal questions during job interviews—about
family planning, the number of children, and balancing
work with household responsibilities. Thirty-seven per-
cent of women reported being asked questions about
children, compared to only 12% of men.

This practice confirms institutional theory: despite
formal equality, informal stereotypes (e.g., “women are
less reliable employees because family obligations in-
terfere with work”™) restrict women’s employment and
career opportunities (Charles & Grusky, 2004).

Survey data also showed that 32% of women had
never been promoted, whereas the majority of men had
received multiple promotions. This discrepancy inten-
sifies the “glass ceiling” effect and creates a risk of de-
motivation among women.
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During the time spent in the hour, how many times have you been
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Diagram 2. Distribution of promotions and rewards by gender

Cotter et al. (2001) emphasize that the low fre-
quency of promotions among women is one of the

clearest indicators of structural barriers. Our findings
strongly align with this theoretical argument.

What additional benefits have you most often received for your
work at work?
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Diagram 3. Distribution of benefits by gender

Furthermore, 65% of men reported feeling com-
fortable expressing their opinions during work meet-
ings, compared to only 44% of women. This indicates
that organizational culture amplifies men’s voices more

than women’s. Similar tendencies were described in
Kanter’s (1977) classic study, which identified
women’s “lack of voice” as a manifestation of institu-
tional discrimination.

How comfortable do you feel expressing your ideas and
thoughts in work meetings?

70%
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Very comfortable
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. =
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Diagram 4. Comfort level in meetings by gender

The results demonstrate that gender inequality in
Georgia’s private sector cannot be explained solely by
individual choices or personal responsibility. The find-
ings directly contradict neoclassical theory, which as-
sumes that labor markets are neutral and that differ-
ences stem from individual investments and prefer-
ences. In our data, women’s education and
qualifications fail to transform into the same levels of
pay and career positions as men’s. For example, while

men’s education levels showed a strong positive corre-
lation with wages, for women this link was weak or
nonexistent. This indicates that education and profes-
sional development do not provide equal opportunities
for women, undermining a central principle of neoclas-
sical theory.

On the other hand, the findings strongly support
institutional theory, which focuses on formal and infor-
mal institutions, cultural norms, and organizational
practices. The prevalence of personal questions during
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interviews, women’s lower promotion rates, and their
reduced comfort in expressing opinions at meetings
clearly suggest that organizational environments re-
strict women’s opportunities. These patterns are not
unique to Georgia; Charles and Grusky (2004) describe
similar mechanisms in Western countries, where occu-
pational segregation is shaped by social norms and cul-
tural expectations. Our study confirms this theory in the
Georgian context, showing that institutional and cul-
tural barriers are particularly entrenched.

In addition, the results fully illustrate radical the-
ory and the “glass ceiling” phenomenon. Women’s
presence in only 2% of senior managerial positions
demonstrates that their advancement is systematically
blocked, despite qualifications and professional experi-
ence. Morrison et al. (1987) describe the “glass ceiling”
as an invisible barrier that manifests precisely when
women attempt to move from middle to higher levels
of management. Our results confirm this phenomenon
locally: women reach middle management but rarely
advance further. These findings also align with Cotter
et al. (2001), who stress that even when formal promo-
tion opportunities appear equal, women remain system-
atically less likely to achieve actual advancement.

Georgia’s figures are significantly worse than the
EU average (Eurostat, 2023). OECD experience shows
that pay transparency policies and mandatory gender
audits can effectively reduce inequality (OECD, 2021).
The absence of such mechanisms in Georgia is one of
the key structural drivers of inequality.

In-depth interviews reinforced the quantitative
findings, illustrating that gender discrimination in
Georgia’s labor market is multifaceted and systemic.
Respondents highlighted several main areas:

e Discrimination in recruitment. Women fre-
quently face both direct and indirect discriminatory
practices. The most common example is being asked
personal questions. One respondent noted: “I experi-
enced a situation where, after successfully passing the
first stage of the interview, men were given preference
at the second stage because it was assumed they would
have more time and be more focused on the job...” (Fe-
male, 36, private sector)

This confirms institutional theory, which suggests
that informal norms and entrenched stereotypes restrict
women’s employment opportunities.

e Unequal treatment in the workplace. Dis-
crimination does not end at the hiring stage—women
face barriers throughout career development. As one re-
spondent explained: “Employers often question our
leadership abilities simply because we are women... In
the end, a man with less qualification was given the
preference over me.”
(Female, 33)

This example highlights the “glass ceiling”: even
with sufficient qualifications, women are systemati-
cally overlooked for promotions.

Barriers to career advancement and sectoral
differences. Respondents noted that although promo-
tions are formally available, women are less likely to
receive them and are often excluded from senior man-

agement roles. The imbalance is particularly pro-
nounced in the private sector, whereas public sector
regulations provide partial safeguards.

e Legal aspects. Lawyers observed that
women increasingly file lawsuits regarding discrim-
ination; however, the legal burden of proof remains
complex. One lawyer stated:

“Recently, women have become more vocal
about these issues and more often take them to
court... but proving discrimination legally is still very
difficult.”

(Male, 42, lawyer)

This finding underscores the weakness of existing
legal mechanisms, which fail to provide effective pro-
tection in practice.

The qualitative evidence strengthens the statistical
picture:

e Discrimination in recruitment violates the
principle of “equal opportunity” and confirms institu-
tional barriers.

e Low promotion rates and minimal female rep-
resentation in leadership positions directly illustrate the
“glass ceiling.”

o Weaknesses in legal mechanisms demonstrate
that formal norms in Georgia are insufficient to bring
about real change in practice.

In sum, the findings confirm that gender discrimi-
nation in Georgia is not merely a statistical difference
but an integral part of women’s everyday professional
experiences.

Conclusion and Recommendations

Conclusion

The study revealed that gender inequality in Geor-
gia’s private sector is a systemic and multidimensional
problem. Quantitative analysis demonstrated that
women are concentrated in low-paid positions, while
men are more likely to hold higher-paid jobs with
greater responsibility. Despite the fact that women of-
ten possess equal or even higher levels of education and
qualifications compared to men, these resources fail to
translate into equal wages and career opportunities.

The in-depth interviews reinforced the quantita-
tive findings, exposing everyday discriminatory prac-
tices: personal questions during interviews, the devalu-
ation of women’s leadership skills, and lower promo-
tion rates. These experiences show that gender
discrimination in Georgia is not merely a statistical dis-
parity but an integral part of women’s professional re-
ality.

The findings directly contradict neoclassical the-
ory, which explains gender inequality through individ-
ual choices (Becker, 1993). Instead, the results strongly
support institutional and radical theories: women’s op-
portunities are systematically restricted by stereotypes,
organizational culture, and the “glass ceiling” (North,
1990; Morrison et al., 1987; Cotter et al., 2001).

International comparisons further underscore this
picture: while the average gender pay gap in EU coun-
tries is 12%, in Georgia it is 20.9% (Eurostat, 2023).
OECD experience demonstrates that pay transparency
policies and mandatory gender audits effectively re-
duce inequality (OECD, 2021). The absence of such
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mechanisms in Georgia remains one of the key struc-
tural challenges.

Thus, gender inequality in Georgia is not only a
violation of social justice but also a significant obstacle
to the country’s economic development. The underuti-
lization of women’s professional potential limits na-
tional competitiveness and hinders sustainable eco-
nomic growth.

Recommendations

The findings indicate that addressing gender ine-
quality in Georgia requires multi-level intervention.
Given the systemic nature of the problem, neither one-
time regulations nor isolated organizational policies
can resolve it. Instead, coordinated action among the
state, the private sector, and the academic/research
community is essential. Recommendations are pre-
sented at three main levels:

e At the state level

e Pay transparency policies: Companies
should be legally required to publish gender pay gap
data on a regular basis.

e Gender audits: Following OECD experience,
mandatory audits should be introduced in medium and
large enterprises.

e Strengthening legal mechanisms: Simplify
legal procedures for proving discrimination to provide
women with more effective instruments of protection.

e Strategic commitments: National strategies
should set measurable targets, such as reducing the gen-
der pay gap from 20.9% to below 10% within a decade.

e At the organizational level

e Fair pay policies: Companies should adopt
and enforce the principle of “equal pay for equal work.”

¢ HR training and awareness-raising: Re-
cruiters and HR managers should undergo mandatory
anti-discrimination training.

e Women’s leadership programs: Mentoring
and coaching initiatives should be implemented to sup-
port women’s advancement.

e Transforming organizational culture: Work
environments should ensure that women feel comforta-
ble voicing opinions and participating in decision-mak-
ing.

e At the academic and research level

e Sector-specific studies: In-depth research is
needed in key sectors such as finance, technology, and
agriculture.

o Employers’ perspectives: Studies should ex-
plore employers’ attitudes and stereotypes regarding
gender roles.

e International comparative analysis: Geor-
gia’s data should be systematically compared with
other post-Soviet countries to identify shared patterns
and best practices.
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ABSTRACT

Historical science has always distinguished with its outstanding personalities. These people, possessing
unique talents, abilities, skills and scientific braveness that have passed through the filter of time, have said, say
and will say their words in history. Despite all the difficulties they faced, the unique talent of these scientists, the
desire to work and fight tirelessly called them to science and made them to gain new achievements and successes.
Science is a great sea. The people who work in this field are quite hardworking, brave and capable of overcoming
all the obstacles that come their way, geniuses. From this point of view, the outstanding personality of Azerbaijan
historical science, the person of unique talent, creative ability, ability to honestly analyze historical facts as they
are, endless desire to work, great diligence, scientific insight and genius, wonderful scientist, genius person, great
hard work and irreplaceable educator Professor Nisbet Mehdiyeva is a prominent figure of science who has known
the field in which she is all over the world. As one of the most prominent figures of the modern era, Professor
Nisbet Mehdiyeva is the invaluable historian, her creativity, activity, hard work and endless achievements in sci-
ence should be the object of serious research. This outstanding historian scientist, who has been working steadily
in historical science for many years and achieved high results in her field, has always the huge role in the devel-
opment of historical science and was distinguished by the point that she looks at historical events only through the

eyes of real facts.

Keywords: Azerbaijan, historical science, prominent scientist, Professor Nisbet Mehdiyeva, invaluable role,
scientific activity, creativity, educator, top of science, genius.

Introduction

Azerbaijan, which has an ancient history, has al-
ways heroically emerged from the difficult trials and
obstacles of history and wrote the chronicle of bravery
in history. Our country, which is proud of its heroic
children and patriots, is also known for its outstanding
personalities, scientists, persons who have spoken their
word all over the world and have extraordinary scien-
tific consciousness and insight, distinguished by their
hard work, unique talent, skills and abilities, endless
love for education and science, desire to work and fight
tirelessly.

Azerbaijan historical science does not stand still
like other branches of science, it is constantly develop-
ing. Since the 60s of the XX century, special features
began to form in the historical science of Azerbaijan
and found this embodiment in the creativity of young,
talented historians. These individuals, who tried to have
their say and follow their own path in the development,
formation, maturation and establishment of the science
of history as a science, who tried to overcome all the
obstacles and difficulties they faced in this field, who
were particularly distinguished by their original crea-
tive style, talent, skills and abilities and endless hard
work, who always relied only on real facts in the topics
they addressed and in the fields they worked in, and
who always remained faithful to the science of history
during their scientific activities, can be considered the
most prominent figures in the history of Azerbaijan.
The works written during this period and the historical
writings that have been established indicated the for-
mation of new outstanding personalities of the future in

the historical science of Azerbaijan. One of such out-
standing personalities is the well — known Azerbaijani
historian, turkologist, Professor Nisbet Mehdiyeva, the
excellent scientist and best educator with exemplary
morality and excellent moral values, who has never dis-
torted historical facts, constantly stood on real events
and facts in her work, mobilized all her forces, skills
and abilities to overcome obstacles and difficulties
faced in the field of science.

Since the 60s of the XX century as an intellectual
who selflessly contributed to the development of his-
torical science, Professor Nisbet Mehdiyeva has
worked tirelessly on the difficult path and her great sci-
entific activity played the decisive role in her full for-
mation as the scientist and transformation into the won-
derful specialist.

Professor Nisbet Mehdiyeva, who has always
been distinguished only by her high consciousness and
insight, rare talent, great hard work and love for sci-
ence, can be characterized by her unique activity in the
development of various branches of historical science.
In this regard, Professor Nisbet Mehdiyeva's scientific
research and fundamental works in the field of high-
lighting the activities of creative unions, studying the
new era of the history of the Turkic peoples and etc. are
quite noteworthy.

The scientific activity combines constant hard
work, great attention, serious concentration on every
little thing to be done, analysis of historical events and
the scientist’s worldview, broad worldview, complete
formation of personality in the period before scientific
activity, honest historical assessment of existing events
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and facts, selection of bad from good, non — distortion
of facts, focusing only on real facts in writing history,
formation of science as real science, etc., which are
very necessary and important elements. A scientist who
does not possess these elements and does not constantly
work on himself will never be able to develop the field
of science in which he operates. Professor Nisbet Me-
hdiyeva, who has such values, skills and abilities, ex-
cellent talent, oratory art, excellent scientific insight
and consciousness, great conscience, honesty and Aca-
demic Honor, is an intellectual who has made the great
contribution to the development of Azerbaijani histori-
cal science for many years.

Intelligence has brought up its valuable represent-
atives as a class that always taken the side of the right
and tried to protect them from the existing threats, ex-
pressing their attitude to the events taking place in the
life of society with its fighting theme. The intelligentsia
was always at the forefront against the background of
historical events, tried to reveal the true image and face
of historical processes, illuminated people with the
light of the intelligentsia and called for honesty, always
developed education and science and tried to protect
them from shortcomings. From this point of view, the

activity of prominent historian, Professor Nisbet Me-
hdiyeva as the well — known intellectual is character-
ized by her uniqueness, deep scientific knowledge and
based on real facts.

Scientific and labor activity

In 1960 young Nisbet Mehdiyeva graduated from
the faculty of history of Azerbaijan State University. In
1960 — 1963 she worked as the researcher at the Insti-
tute of history of the Academy of Sciences of the Azer-
baijan SSR. Nishet Mehdiyeva was a full — time gradu-
ate student at Azerbaijan State University in 1964-
1967. In 1967 — 1973 she worked as a teacher and sen-
ior lecturer at the Azerbaijan State Medical Institute.
Young Nisbet Mehdiyeva defended her PhD thesis on
the topic “The Struggle of the Azerbaijani Trade Un-
ions for the Restoration of the Qil Industry under the
Leadership of the Party (1921 — 1925)” in 1968. She
was an acting associate professor and associate profes-
sor at Azerbaijan State University from 1973 to 1991.
In 1991, Nisbet Mehdiyeva defended her doctoral dis-
sertation entitled “Activity of Azerbaijan Creative Un-
ions in the field of development of Culture (1960 —
1980s)”. In 1991 — 1994 she was an acting professor at
Baku State University and since 1994 she has been a
professor.

L L

Image 1. Young historian scientist Nisbet Mehdiyeva

Young historian scientist Nisbet Mehdiyeva [Im-
age 1] as the fields of research social organizations,
Creative Unions and societies, cultural problems, his-
tory of Turkic peoples and etc. she dealt with issues and
wrote research works on them. In her PhD thesis de-
fended in 1968, the scientist was involved in the re-
search in detail in almost all leading areas of Azerbai-
jan, including the great struggle and practical work car-
ried out by the Trade Unions of Azerbaijan in the oil
industry. The author has investigated the important and
decisive role of Trade Unions in the labor activities of
citizens of the Republic of Azerbaijan in protecting

&
j!
N

\\\\“‘
[\
\\

%

I

workers and labor rights, attracting people to work, or-
ganizing conscious and efficient labor and at the same
time improving the livelihoods of workers in her re-
search work based on real facts. She carefully ap-
proached the problems of labor organization, increas-
ing its efficiency, protecting the rights and freedoms of
employees, ensuring occupational safety in the work
process, protecting the health of employees as one of
the most important issues, etc. The author has seriously
studied the effective activities and continuous struggle
of the Azerbaijani Trade Unions and written them at a
fundamental level [17].
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Already in 1991, the young candidate of historical
sciences Nisbet Mehdiyeva, having studied the activi-
ties of the Azerbaijani Creative Unions in the field of
cultural development in the 1960 — 1980s, presented
and defended a new fundamental scientific — research
work — a doctoral dissertation on this topic [Image 2].
This is the first doctoral dissertation dedicated to the
history of the Creative Unions in the former USSR [16].

The period of activity of the Azerbaijan Creative
Unions in the 1960 — 1980s is quite rich and shows the
scale and necessity of the huge work done in this field.
The Creative Unions, engaged in artistic activity, tire-
lessly carried out propaganda and agitation work in the
field of cultural development.

The author conducted a large — scale research
work on the moral and spiritual values, aesthetic
worldview, knowledge and skills, spiritual world of
people, growth and formation as an adult, revealing cre-
ative and talented people, playing of culture a decisive
role in the development of other fields of science, in-
vestigating the intense and necessary work of creative
intellectuals in solving the problems of humanity and
citizens, the difficulties and obstacles they face daily
and involving their fields of activity in research and sci-
entific analysis. The unique individual work carried out
by each Creative Union in the field of development of
culture has become the object of research of valuable
researcher and scientist Nisbet Mehdiyeva and the sci-
entific and artistic activity played by the creative intel-

ligentsia in the field of research of theoretical and prac-
tical problems of modern culture has been brought to
attention.

The Creative Unions have regularly conducted
various practical events to determine the main develop-
ment directions of the country’s culture, organized the
discovery, protection, publication, dissemination, pro-
motion, education, etc. of rare works of classical and
modern times, promoted the art and creativity of prom-
inent creative intellectuals, protected valuable person-
nel and intellectuals, evaluated their valuable works of
art and samples, etc. [10].

Nisbet Mehdiyeva, a scientist who defended her
doctoral dissertation on the activities of the Azerbaijani
Creative Unions in the field of development of Culture
in the 1960 — 1980s and received the degree of Doctor
of Historical Sciences, is one of the first valuable and
talented researchers in Azerbaijan to write such a fun-
damental work in this field.

Thus, the valuable scientist Nisbet Mehdiyeva has
written another fundamental work, conducting an accu-
rate analysis of the important role of the significant part
played by the Azerbaijani Creative Unions in the devel-
opment of Azerbaijani culture, their impact on the spir-
itual development of society and the achievements and
shortcomings in the field of cultural development.

The scientific value and novelty of this study is
that for the first time in the work, the activities of the
Creative Unions of Azerbaijan in the field of develop-
ment of Culture were investigated in such a broad as-
pect and involved in serious research.
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Image 3. Professor Nisbet Mehdiyeva

Professor Nisbet Mehdiyeva [Image 3] continued
to work on the topic, expanding her research in this
field and in 2014 wrote a fundamental monograph en-
titled “The activities of the Azerbaijani Creative Un-
ions in the field of development of Culture (1960 —
1980s)”. The monograph reflects the issues of the ac-
tivities of the Writers™ Union, the Composers™ Union,
the Artists” Union, the Theater Workers™ Union and the
Cinematographers™ Union in the field of development
of culture in Azerbaijani historiography. The ideologi-
cal — political level and professional mastery of creative
intellectuals, the creative and organizational work of
unions, their role in the promotion of artistic culture and
the problem of their activity in the field of cultural re-
lations are investigated with great precision in the
work.

The work is of great interest as a research object.
The scope of activities of the unions is quite wide, sig-
nificant and unique. Along with the explanation and
presentation of the achievements and successes
achieved in the process of development of each issue,
the author did not ignore the shortcomings and mistakes
made [11].

While working on these topics, Professor Nisbet
Mehdiyeva was able to provide detailed explanations of
the new way of understanding and issues related to the
discovery of various facts in the research process.

Professor Nisbet Mehdiyeva is also the author of a
wonderful research work— a textbook — on the new era
of the history of the Turkic peoples. Her fundamental
work entitled “History of the Turkic peoples. New era
(XIX — early XX centuries)” covers new era of the Tur-
kic peoples, the socio — political processes faced by the
region in this period, the administrative — management
system, political situation, various events in the life of
the Turkic peoples, the diffeculties and problems they
face, the economic situation, cultural problems, etc.,
relevant areas and topics [4] [5].

While the author involved the Turkic peoples in
the X1X and early XX centuries in her research, she in-
vestigated the region’s integration into a unified admin-
istrative system before, during and after the occupation,
the gradual decline of the feudal — patriarchal adminis-
trative system in the territories inhabited by the Turkic
peoples and the formation of capitalist relations, the
role and importance of the Turkic peoples in various
socio — political processes during this period and the
position they took in the course of events. Unlike other
scholars working in this field, the author succeeded in
studying the events based on real facts and sources.
This fundamental work by Professor Nisbet Mehdiyeva
was published in 2003 and 2010. The textbook is a val-
uable source in the field of studying and teaching the
new era of the history of the Turkic peoples (XiX —
early XX centuries) and can be considered a very valu-
able scientific resource.

At different times, Professor Nisbet Mehdiyeva
has investigated the characteristic features and unique
aspects of the new era of the Turkic peoples by involv-
ing them in scientific research, including changes in the
administrative — management system of the Turkic peo-
ples in the XIX — early XX centuries [2, 37 — 39], the
state of the education system in Turkestan and the prob-
lems it faces [8, 40 — 42], the development of science
in the peoples of the region and the socio — political sit-
uation that created conditions for it [13, 37 — 39], issues
of statehood of the Turkic peoples [12, 50 — 53], prob-
lems of the promotion and development of enlighten-
ment [3, 271 — 273], the scientific societies and organ-
izations operating in this region, their scientific expedi-
tions and fundamental works they wrote [9, 107 — 110],
the fruitful work and areas of activity carried out by the
periodical press and cultural — educational institutions
here [7, 342 — 345], cultural problems [14, 23], global
issues [15, 295 — 298] and etc.
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Image 4. Educator Professor Nisbet Mehdiyeva

Professor Nisbet Mehdiyeva has also been en-
gaged in pedagogical activity for many years [Image 4].
Thanks to her great efforts, great pedagogical work has
been done in the area of perfect mastery, teaching and
promotion of education and science by hundreds of stu-
dents, including the transformation of education into
one of the leading areas. Professor Nishet Mehdiyeva
has taught undergraduate courses in the subject “His-
tory of the Turkic Peoples. New and Modern Period”
and graduate courses in the problems of “Socio — polit-
ical situation in Central Asia, Kazakhstan, the VVolga re-
gion, Siberia and Crimea (XIX — early XX centuries)”
and “Culture of the Turkic Peoples (XIX — early XX
centuries)”.

In connection with pedagogical activity, Professor
Nisbet Mehdiyeva has written a textbook for higher ed-
ucation institutions “History of the Turkic peoples.
New era (XIX — early XX centuries)” [4] [5], 8 text-
books for secondary schools (2001, 2002, 2004, 2005
and 2007) (in the first and revised editions), a teaching
aid [1], 1 methodological instruction [6], 11 programs
and etc.

The scientific and pedagogical activity of the
prominent representative of the historical science of
Azerbaijan, bravely and heroically withstood all the ob-
stacles and difficulties of science, developing the his-
torical science in which it operates, constantly moving
it forward, Young and evergreen historian scientist,
great personality and educator, professor Nisbet Me-
hdiyeva is very valuable.

Conclusions

History is always proud of its heroic sons. Such
individuals have always been at the forefront and have
been particularly distinguished by their high moral and
spiritual values, talent, skills and abilities, unimagina-
bly great hard work, tireless work in the development
of education and science, the recognition of the country
with the honesty it deserves all over the world, their
high personal qualities, etc. They have always been at
the forefront and have been particularly distinguished
by their superior qualities. Such people have already

been formed as personalities over time and have
demonstrated valuable characteristics such as endless
enthusiasm, optimism, loyalty to their work and relia-
bility in history and in the spheres they work and oper-
ate.

Due to her profound talent, high scholarly sense
and genius, consciousness and insight, great talent,
skills and abilities, broad outlook, rich scientific and
pedagogical experience, endless desire to learn and
teach, endless love for life, people and her country,
fighting spirit, enthusiasm for living and working,
bravely overcoming all the difficulties and obstacles
she faced, rich pedagogical and scientific heritage, etc.,
Doctor of Historical Sciences, Professor Nisbet Me-
hdiyeva is a great scientist, intellectual and enlightened
person, an irreplaceable personality. The huge role
played by Professor Nisbet Mehdiyeva in the develop-
ment of Azerbaijani historical science is undeniable.
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AHHOTALUSA

ABTOpaMI/I peacTaBjicHa MCTOJAUKA U CI10co0 JIeueHUsT KHCTO3HBIX O6paSOBaHPII>'I u OHYXOJ'ICHOZ[O6HBIX 3a00-
JIEBAHUH MNPOKCUMAJIBHOTO OTACIa 66,I[p€HHOI>i KOCTH. HpI/IHLII/IHI/IaJ'IbHOG OTJIMYHUC pa3pa60TaHHoﬁ MCTOAMKH H
croco0a JieueHHus 3aKJII04aeTcs B COXpaHCHHUHN aHATOMHUYECKOM (bOprI MMPOKCUMAJIBHOTO OTACTIa 662[p€HHOI>1 KO-
CTH, UCTIONB30BaHus ammapata [.A. Mu3aposa w1t ¢opMupoBaHus BHYTPHUKOCTHOTO pereHepara. [lociexnuit
CII0COOEH 3aMECTUTE 3HAYUTENbHEIE 00BEMBI KOCTHBIX HOHOCTeﬁ, IIpH €Tro KCO3PCBAHNUN HpOKCI/IMaJ'ILHHﬁ OTACII
OenpeHHON KOCTH IPHOOpETaeT MeXaHO-TIPOYHOCTHBIE XapaKTepPUCTHUKH, HE yCTYyMAIOIINe 3J0POBOil KOCTH.

ABSTRACT

The authors present a technique and method for the treatment of cystic formations and tumor-like diseases of
the proximal femur. The fundamental difference between the developed technique and the treatment method is the
preservation of the anatomical shape of the proximal femur, the use of the Ilizarov apparatus for the formation of
intraosseous regeneration. The latter is able to replace significant volumes of bone cavities, and when it "matures”,
the proximal femur acquires mechanical strength characteristics that are not inferior to healthy bones.

KiroueBble cj10Ba: KUCTO3HBIC 06pa30BaHI/IH MNPOKCUMAJIBHOTO OTACIa 66,leeHHOI71 KOCTH, XUPYPIHICCKOC
neuenue, annapar I'.A. Mnn3aposa.

Keywords: cystic formations of the proximal femur, surgical treatment, llizarov device.

BBenenue

Cpenu Bcex OmMyxoJiel W AWCIUIa3ui CKeleTa KH-
cThl KocTel cocraBustor 37,7%, cpeau mobpokade-
CTBEHHBIX OITyXoJiel ckemnera - 56,2% [1, c. 15]. Ku-
CTO3HBIE 00pa30BaHMs U OMYXOJETOJ00HbIEe 3a00IeBa-
HUS  OCOPEHHOW KOCTH KaK  CaMOCTOSTENIbHAs
HO30JIOTHYECKasl CIMHIIIA BCTPEUACTCS CPABHUTEIHHO
pEIKo, OJJHAKO HamboJiee YacTO OHA PaCIpPOCTpaHEHA
cpenu MalMeHToB AEeTCKoro Bospacta [2, ¢. 106; 3, c.

64; 4, c. 15]. Haubonee gacTo KUCTO3HBIHN MpoI1iecc Oe-
PEHHOM KOCTH ompejessieTcss B Bo3pacTe oT 5 mo 15
JIET, peKe Y B3pOCIBIX manueHToB [4, c. 15]. ductpo-
(udecknii TeCTPYKTHBHBIA IpOIlecC MOpakaeT yarie
MIPOKCUMAITBHBIN MeTadu3 6eIpeHHOH KOCTH C TIepexo-
JIOM Ha IIeWKy Oelpa MHOT/Aa JOCTUTAET OOJIBIITNX 00b-
€MHBIX Pa3MepoB, IPUYEM, KaK MPaBUIIO, B OTIMYUH OT
JOPYTHX JUCTPO(UUECKHUX NECTPYKTUBHBIX OCTEONATHI
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HHUKOT/Ia HE IEPEXOAUT Uepe3 TPaHUIy XPsILEeBOH 3Mu-
(u3apHOI TMHUM U HE 3aTParuBacT CycTaB, YTO B MOA-
TBEPXKIAETCSI PEHTTEHOJOTMIECKUM O00CIEeI0BaHIEM
[5, c. 56; 6, c. 96]. KopTukanpHBIA CIOW KOCTHON KH-
CTBI 3HAYUTEIBHO MCTOHYEH, B PsJE CIy4aeB paspy-
LIEH, HO HE BBIXOIMT 3a MPEAEbl HaAIKOCTHULIBL.

Knuandeckue MposBIEHUS pa3BUBAIOLIETOCS J€-
CTPYKTHBHOTO Tpoliecca IpU KOCTHOM KHCTE HE CHeLHU-
(uuHa, Y4TO XapakTepHO Ul JII0OOr0 BHAA KUCTHI —
aHeBpu3ManbHOU kocTHOM kucThl (AKK) nnu conurap-
Ho#t kocTHOH Kuctel (CKK). boneBoii cunapom sBis-
€TCsI OHUM U3 MEPBbIX KIIMHUYECKUX NPOSIBICHUN yKa-
3BIBAIOIINX HA JAECTPYKTHBHBIM MPOLECC MPOKCHMAIIb-
Horo otaenma Oempa [, c. 196]. Ilockombky odwar
JECTPYKLUHU JOKAIU3YyETCS Ha OMOPHOM CErMEHTE TO
paspylleHHe KOCTHOW TKaHU NPHBOAUT K CHUKEHUIO
MEXaHUIECKOH MPOYHOCTH HOPAKEHHOTO yJacTKa Oe-
PEHHOH KOCTH. Y peOeHKa MOTYT IEPHOANICCKH MOSB-
JSTHCS HOMOIIAst 0B B 00JIACTH Ta300€APCHHOTO CY-
CTaBa, B psJie CIy4aeB UPPAAUUPYIOIAs B KOJICHHBIH
cycraB. bosip MOXeT yCUIMBATBCS NMPHU AJIUTEIHHOM
Xo7b0€e, MU II0CJIe aKTUBHBIX 3aHATHH crtopToM. boiib-
HOW COBEpIICHHO HEOCO3HAHHO IBITACTCS PEryJIIpHO
OMHUPATHCS HA MPEAMETH! (CTyJ, CTOJ) B IOJOXKEHUH
CTOsI. MOET HapyIINThCS MOXOIKA.

Ha peHTreHOBCKOM CHHUMKE OTYETIUBO IPOCMAT-
pHUBAETCs MOJIOCTh, MPAKTUYECKH TONTHOCTBIO 3aHMMa-
I0Iasi MPOKCHUMaNbHBIA MeTadus Oenpa c mepexonom
Ha IEWKY IpU HOPMaNbHBIX BU3yalIbHbBIX MOKA3aTENAX
OCTalIbHBIX YacTeH Ta3o00eapeHHoro cycrasa. [lomocth
KHCTBI MOKET JIOCTUTATh OONBIINX Pa3MEPOB U MEIIaTh
JIBIDKEHUSIM HOT (OTpaHHYeHue o0beMa IBIKEHUI).

JUtuTensHO pa3BUBAIONIASCS KUCTA U aTPECCUBHOE
ee TeUeHHEe MPOBOLUPYET 3HAYUTEIBHOE pa3pylleHUe
KOCTHOM TKaHU W IATOJIOTMYECKUU IEPENIOM IIEHKU
6enpa. [Tonckn aseKBaTHBIX CIIOCOOOB JIEUEHHS BHYT-
PHUKOCTHBIX JAECTPYKTHBHBIX IPOLECCOB B HNPOKCH-
MaJIbHOM MeTaduse Oe/ipa 10 HacTOSIIEro BpeMEeH! He
MOTEPSUIM CBOEH akTyaslbHOCTH [6, ¢. 96; 7, ¢. 196; 8, c.
7659, c. 132; 10, c. 119].

HeoOxoauMocTh COXpaHeHHS aHaTOMUYECKOH
KoHpUrypanun, OMOMEXaHMYECKHX B3aWMOOTHOIIIE-
HUH JJAaHHOTO CErMEHTa C BO3MOXHO PaHHEH cTaThye-
CKOM Harpy3koM CTaBUT 3ajauy HE TOJIBKO pPaJiUKallb-
HOTO YAaJEeHU oYara IeCTPYKIHHU C TpUMEHEHHEM Ma-
JIOTpaBMaTH4YHbIX, OpraHocOeperaTesbHbIX CIHOCOO0B
OTIEepPaTUBHOIO BMENIATEIbCTBA, HO U BOCCTAHOBJICHUS
KOCTHOM CTPYKTYypBI B ONITUMaJIbHbIE CPOKH. [IprMeHe-
HHE TPAJAULUOHHBIX METOI0B ONIEPATUBHOIO JIEUECHHS B
BUJI€ SKCKOXJIEAlIUU, KPAeBOM U CErMEHTapHOM pe3eK-
LUU C MOCIEAYIOEN KOCTHOU MJIACTUKON B pslie CIIy-
YyaeB TPaBMAaTHYHBI, TPEOYIOT AIUTEIBHBIX CPOKOB Pa3-
Tpy3Kd KOHEYHOCTH TSI BOCCTAHOBIEHHUS KOCTHOW
CTPYKTYPBI 00;7aCTH OPaKEHHS M He BCETJa IPUBOJIAT
K n3nedeHno. Yactora Heyaad B BUAE PEIUINBA, BO3-
HUKHOBEHUS JleopManuii u Ap., COCTABIACT OT 7% 10
40% [1,c¢c. 17;3,c.62;4,c. 15; 5, c. 56].

Jleuenune KUCTO3HBIX OOPa30BaHUM U OIyXOJeH
MIPOKCUMAIIFHOTO OT/eNa OeJpeHHON KOCTH MPEeICcTaB-
nsieT co00¥ upe3BhIUAHO TPYAHYIO 3a7ady. DTO 00b-
SICHSACTCSI KaK aHATOMHYECKOH KOH(HUTYypanneil mpok-
CHUMAaJIbHOTO OTeNa OeIpeHHOW KOCTH, TaK M 3HAYH-
TEJIEHOW CTaTHYECKOW OMOMEXaHHYEeCKOH Harpy3KOM,
KOTOPBIE HCIBITHIBAET 3TOT OTAET OeAPEHHOI KOCTH.

[TpumeHeHne W3BECTHBIX CHOCOOOB  JIEYEHUS
BKJIFOUYAIOLINX B Ce0s1 OCTEOTOMUIO HA Y4acTKE MEXKIY
30POBOM U U3MEHEHHOM KOCTHOH TKaHbIO, BHYTpH-
KOCTHYIO PE3EKIHI0 MaTOJIOTMYEeCKOro odara ¢ mnocie-
JOYIOIIUM BHEJIPEHHEM 30POBOrO KOCTHOTO (par-
MEHTa B KOCTHYIO TIOJIOCTH, (DOPMHUpPOBaHHE AUCTPAK-
OHOHHOTO pereHepata c TIpUMEHEHHEM
KOMIIPECCHOHHO-TUCTPAKIIIOHHOTO OCTEOCHHTE3a II0
Wmmzaposy [11, ¢.138]. OxHaKko mpu ero BHIIOTHEHUH,
M3-3a CIOXKHOH (POPMBI IPOKCHUMAIBHOTO OT/eNna Oej-
pernoii koctu (IIOBK), BO3HHKAOT CIOKHOCTH TpH
BHEJIPEHHH 370POBOTO KOCTHOTO (hparMeHTa B KOCT-
HYIO MOJIOCTb.

Kypranckumu opronenaMu pa3zpaboTaH U IpHMe-
HsieTcst «Crnoco0 eueHus mopaxeHusl OeAPEeHHON KO-
CTH BepTeIbHO-IIeeYHON Jokanmu3auun» [7, c¢.196],
I[aHHaSI METOAHKA BKIIIOYACT B ce6;1 NOAHAAKOCTHHNY-
HYIO TpeMaHalUI0 KOCTH ¢ (OPMHPOBAHUEM TpelaHa-
OUOHHOTO OKHA. [locie 4Yero BEIMONHSETCS BHYTPH-
KOCTHasl Pe3CKIHA C yIalicHHeM M3MEHEHHBIX TKaHEH
00JBIIOTO BepTena U MIeHKn Oenpa B mpeaesax 310po-
BOH KOCTH, M KOAryJISIHIO JIOKA. 3aTeM IMPOU3BOMAT
KOCYIO OCTEOTOMUIO OeIPeHHOM KOCTH Ha HIDKHEH Tpa-
HHIIEe TATOJIOTUYECKOTO YYacTKa CO 3/I0POBOIl KOCTBIO.
B nocnenyromniem, TUCTaNbHBIA OTIOMOK BHEAPSIOT 10
IUVIOTHOTO KOHTaKTa B IPOKCHMAlbHBIN (parMeHT
Oelpa B TIOJIOKEHUH, KOTOPOE COOTBETCTBYET HOp-
MallbHOMY pa3Mepy LIee4HO-Anadu3apHOro yria
(IIOY) - (125-130°) 1 npou3BOIAT HANOKEHHE allIa-
pata Wnm3apoBa Ha OeIpeHHYIO M MOJB3IOIIHYIO KO-
CTH 10 cpamieHus pparmMeHTOB Oempa.

OmHaKo y JaHHOTO CII0c00a €CTh HETOCTATKH:

- TaK, NPY BHIMOJHCHUH TPEMAHAIIMOHHOTO OKHA
JUISL BHYTPUKOCTHOM PE3EKINH yIAIIETCS KOPTUKAIb-
Hasl MJIacTHHA KOcTH. KpoMme Toro, BHYyTPUKOCTHYIO pe-
3eKIMI0 Iieslecoo0pa3Hee NPOU3BECTH Yepe3 KOCYIo
OCTECOTOMHUIO OCIPEHHON KOCTH Ha HWKHEH TpaHuIle
NIATOJIOTMYECKOr0 y4acTKa CO 310pOBOH KOCTbhiO. Ilo-
CJIe BBIITOJTHEHUSI KOCOM OCTEOTOMHUH KOCTHAs IOJIOCTh
MEPEKPHIBACTCA HEU3MEHCHHBIM AOHUCTAJIbHBIM (bpar-
MEHTOM YacTUYHO (IIUCTaJbHBIN ()parMeHT HE MOITHO-
CTBIO 3aIlOJHAET BeCh OOBEM KOCTHOH IIOJIOCTH),
BCJICJICTBHE YETO OCTAIOTCS KOCTHEIE moyioctu. Koary-
JSIHS KOCTHOTO JIOXKA TIOCIIE BHYTPHUKOCTHOU pe3ek-
WU TPUBOIUT K 3aMeICHHONW KOHCOJHIAINH (par-
MEHTOB ¥ ()OPMHUPOBAHUIO KOCTHOTO perenepara. Crio-
co0 HE TMO3BOISIET OFHOJTAIIHO KOMIICHCHPOBATh
YKOpOYCHHE KOHEYHOCTH.

Onucanne MEeTOIUKH

Ha puc. | m300paxkeH NpOKCHMAIbHBIA OTHEIN
6enpeHHON KOCTH | ¢ KOCTHOW OITyXOJbIO 2, KOTOpas
OrpaHHYeHa dMHuMeTadU3apHBIMA POCTKOBBIMHU
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Puc. 1. Ilpoxcumanvnviii omoen bedpennoti kocmu 1 ¢ KOCmMHOU onyxonvio 2.

IUTACTHHKaMHU OOJIBIIIOTO BepTena 3 1 Snudusa ro-
noBKH OenpeHHoi kocty 4. Ha rpaHuie marororuye-
CKOr0 Ipolecca 2 co 3I0pOBOM KOCTBIO MPOU3BEIEHA
0OCTEOTOMHS 6, KOTOpasi YCIOBHO pa3leisieT CETMEHT
OempeHHON KOCTH Ha JIBa y4acTKa — MPOKCHMAIbHBIN
otaen | ¥ qUCTambHBIN parMeHt 5.

Ha puc. 2 u300paxeH NPOKCUMAIBHBIA OTICI
6enpeHHON KOCTH | mocie BHYTPUKOCTHOM pe3eKIun

PLWal

KOCTHOH ONyXOJIM 2 ¥ BHEAPEHHBIM 3J0POBBIM IH-
CTaIBHBIM KOCTHBIM (hparMeHTOM 5 B 00pa3oBaBIIy-
10CS KOCTHYIO NTOJIOCTS. [Ipn 5TOM IpOKCUMaIbHBIN OT-
nen OepeHHO KOCTH | TIOBEpHYT B BEPTIYKHOH BITa-
JUHE 7 W OpPUEHTUPOBAH BIOIb OCH AUCTAIBHOIO
KocTHOro (hparmenta 5. Anmapar VMnnzapoBa MOHTH-
pyeTcs Ha IPOBEACHHBIC Yepe3 MOAB3AOIIHYI0 KOCTh
BHYTPHUKOCTHBIH cTepaxeHb 8 U cruisl 9.

Puc. 2. IIOFK I nocre 6Hympuxocmuotui pe3exyuu KOCmMHOU Onyxoau 2 u 6HeOPEeHHbIM 300P08bIM OUCAILHBIM
KOCIMHBIM hpacmenmom 5 6 00pazoeasuiyiocsi KOCMHYO Noi0CHb.
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Ha puc. 3 u300paxeH NPOKCUMAIBHBIA OTIEIN
OenpeHHON KOCTH | TOCie BHYTPUKOCTHON PE3EKIIUU
KOCTHOM omyXxoiH 2. B pe3ynpraTe AUCTpaKkIny BHEI-
PEHHBIN 3/I0pOBBIN AUCTANBHBINA KOCTHBIA (hparMeHT 5

00pasyeT B c(hOPMUPOBAHHON KOCTHOU TIOJIOCTH MPOK-
CUMAJIBHOTO OT/ieIa OeIPeHHON KOCTH | TUCTPaKITNOH-
HbIM perenepar 11.

Puc. 3. B pesynomame oucmpaxyuu HeopenHblli 300p08blil OUCIAIbHBIN KOCMHBIN ppazmenm 5 obpazyem 6
ChOpMUPOBAHHOU KOCMHOU NOIOCMU NPOKCUMATLHO20 0moena bedpenHoll Kocmu 1 oucmpakyuonuwlil pezete-
pam 11.

Ha puc. 4 u300paxkeH NpPOKCUMaJbHBIA OTHENT
6empa nmocne hopmuposanus [V B mpenenax HOpMbI
¢ MoMoInkko crepxkHer 10 3a cyeT KOCTHOTO pereHe-
para 11 Ha MecTe ObIBIICH OIMyXONH.

Crioco0 OCyIIECTBISIOT CICYOIUM 00pa3oM.

ITpoBoaAT cnuibl (CTEP>KHHM) UYepe3 IT0J(B3IOII-
HYIO KOCTb 9 M HIOKHIOIO TpeTh OenpeHHoi kocTa. [Ipo-
JIOJIBHBIM Pa3pe3oM ITOTHAIKOCTHUYHO OOHAXAIOT Me-

CTO Iepexo0/ia 310POBOil KOCTH B MOPAKEHHYIO OITyXO-
JIBIO 2 CO CTOpPOHBI quadu3a, KOTOpas BCeraa OrpaHu-
YeHa snuMeTadu3apHbIMU POCTKOBBIMH IUIACTUHKAMH
6osbIIoro Beprena 3 u anudu3a TOJOBKH OCAPCHHOM
koctH 4. Ha rpanuiie narojoru4eckoro npoiecca 2 co
3I0POBON KOCTBIO TMPOU3BOJISIT OCTEOTOMHUIO 6, KOTO-
past YCIIOBHO pa3/ielisieT CErMEHT OeAPeHHON KOCTH Ha
JIBa y4aCTKa — MPOKCUMAIIbHBIH OT/Iel | ¥ AUCTATbHBIN
(dparmeHT 5.



46

Sciences of Europe # 173, (2025)

LW

Puc. 4. [IOBK nocne gpopmuposanus ILLIJ[Y 6 npedenax nopmwi ¢ nomowwio cmepcuett 10 3a cuem kocmno2o
pecenepama 11 na mecme bvisuieli onyxonu.

C momMonipio 31eKTpodpe3sl POPMHUPYIOT BHYTPH-
KOCTHBII KaHall depe3 30Hy OCTEOTOMHH C COXpaHe-
HHEM KOPTHKAJbHOTO CIIOS, TEM CaMbIM IPOU3BOJIL
BHYTPHUKOCTHYIO PE3EKIHIO IaTOJOTHYECKOro ouara.
[IpoBomsaT cTepkHU 8 yepe3 OOJBIION BEPTEN MO yT-
soM 30° Bo (hpOHTATIBHOI IIIOCKOCTH.

B npokcumanbHblit otaen 6eapenHoi koctu 1 no-
cje BHYTPUKOCTHOW pE3eKIMHU KOCTHOW OMyXoyu 2
BHEJPSIIOT 37I0POBBIM JIMCTAILHBIM KOCTHBIM (pparmeH-
TOM 5 B 00pa3oBaBIIylOCS KOCTHYIO MonocTe. Ilpu
9TOM IPOKCHMANBHBIA OTAeN OeapeHHo# kocTu | mmo-
BEPHYT B BEPTIY)XHOH BIajuHEe 7 W OPHUEHTHPOBAH
BIIOJIb OCH JMCTaJIbHOTO KOCTHOTO (pparmeHTa 5. Am-
napat MnnsapoBa MOHTHPYIOT Ha OIOpax Ha CIMIAXx,
MPOBEIECHHBIX Yepe3 MOJB3A0IIHYI0 KOCTh 9 1 criniax
MPOBEIEHHBIX Yepe3 HIKHIOIO TPETh Oernpa.

He ¢ukcupys omopsl anmapara MnuzapoBa pesb-
OOBBIMM IITaHTaMH, TNPOU3BOAAT MOBOPOT TPOKCHU-
MaJIBHOTO OTAeNa OeApeHHON KOCTH BJAOJb OCH JAH-
CTaJBHOTO (hparMeHTa M BHEJAPSIOT ero B 00pa3oBaB-
IIYIOCS KOCTHYIO ITOJIOCTh. 3aTeM MPOM3BOAAT MOTHBIH
MOHTaX Omop ammapara MimszapoBa pe3b0OBEIMHU
IITaHTAMW ¥ BHYTPUKOCTHBIMH CTEPXHSMH Ha IHap-
HUpPHBIX ycTpoicTBax. Pany ymmBaror. VYcraHaBiu-
BAIOT PE3MHOBBIN JpeHa)X. Ammapar cTaOWIN3UPYIOT.
UYepes 4-5 nHeil moce onepanuu Npou3BOIAT AUCTPAK-
IIMI0 10 Pe3bOOBBIM INTaHraM ammapara Mimusaposa,
obecrieunBast JO3MPOBAHHOE MEPEMEIIEHIE 3I0POBOTO
KOCTHOTO (pparmMeHTa B KOCTHOHM MOJIOCTH. 3a cUeT
3TOro (OPMHUPYETCS TUCTPAKIIMOHHBIN perenepar 11 ¢
3aI0JIHEHUEM BCEH KOCTHOM IOJIOCTH.

3amenieHne KOCTHOTO JedeKTa MyTeM JJT03UpOo-
BaHHOTO IepeMernieHns GpparMeHTa quadusa KOCTH He

COIPOBO’XKAACTCS HAPYIICHUEM ITUTaHUS €T0, a CaM OH,
SIBISSICH  TIOJTHOLICHHBIM 3aMECTHTENEM, He TpeOyer
cpoka nepecTpoiiku. Ilo 3amonHeHno KOCTHOM mojo-
CTH KOCTHBIM pPEreHepaToM (PEHTTCHOJOTHIECKUI
KOHTPOJIb) M BBIXOJa JUCTAJIBHOTO KOCTHOTO (ppar-
MEHTa U3 NPOKCHUMAIBHOTO, C IOMOIIBIO0 BHYTPHUKOCT-
HBIX CTEp)KHEH MPOU3BOAAT (POPMHUPOBAHME IIECUHO-
nuapu3apHOro yria OepeHHO# KOCTH B Mpejiesax Bo3-
pacTHO HOpMBI. CpOKH JiedeHus 0OJIBHBIX Ipeasiarae-
MBIM CIIOCOOOM COKpaiarTes B 2,5-3 pasa.

JanHbI crioco0 obecrneunBaeT Mallyl0 TpaBMa-
THYHOCTB OIICpAlNH, yIAJIICHHE MaTOJIOTHUECKUX TKa-
Hell B IpeJenax 30pOBOH KOCTHOW TKaHU C MOCIIENy-
IOIIMM 3aMeIIeHHEM OKPYXKaloIIero aedeKra 3a cueT
TIepeMeIIeHHs 3/[0POBOI0 yyacTKa KOCTH 0e3 HapyIe-
HUSI €€ NMUTAaHUus ¥ (OPMHUPOBAHHS BHYTPHUKOCTHOTO
JUCTPAKIIMOHHOTO pereHepata C BOCCTAHOBJICHHEM
(hOpMBI TIPOKCHMAIBHOTO OT/ea OCAPSHHOW KOCTH,
COIJIACHO BO3PAaCTHOM aHATOMHYECKOW HOPMBI I03BO-
JAT n30eKaTh PEIUINBOB 3a00I€BaHUS.

Kannuueckunii npumep

Bonpnoit E-eB 9 met, u/6 Ne 4679, moctymmn Ha
CTaI[IOHAPHOE JICUCHWE C JUarHo3oM: KwucTozHbIi
IIpoIecc MPOKCHMAaJbHOTO OTAENa JIEBOH OeapeHHOM
KOCTH. (Ha pHC. 5 TIpeJcTaBiieHa PEHTTeHOrpaMma J0
OlepaTHBHOTO  JedeHus). Ha  peHTreHorpamme
OIIPEAEIATCSl KHUCTO3HBIM TpoIecc NPOKCHMAIBHOTO
oTnmena JeBoil OenpeHHON KocTH. [IpokcUMallbHO
rpaHUIed  KHUCTO3HOTO  OOpa3oBaHMS  SBJISETCS
snudu3apHast poCTKOBasi 30HA TOJIOBKU Oefpa, JIHHA
oOpazoBanus 7 cM. BoJbHOHM B3ST Ha oOmEpaTHBHOE
BMEIIATEIECTBO O MpeIaraéMoi METOANKE. .
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Puc. 5. [Tayuenm E-es 9 nem, u/b6 Ne 4679, nocmynun na cmayuonapHoe aevenue ¢ ouacrnozom "Kucmosnoiil
npoyecc nPoKCUMAaIbHo20 omoea 1esoil bedpennou kocmu'".

Ha puc. 6 - dopmupoBaHne BHYTPHKOCTHOTO  JIHS. 3aT€M BTOPBIM 3TAllOM IPOU3BENEH MEPEMOHTANK
JUCTPaKIMOHHOTrO pereHepata. Cpok ¢opmupoBanust — ammapata st popmupoBanms  HIJIY.  Cpok
JHMCTPAKIOHHOTO BHYTPUKOCTHOTO pereHepara — 52 ¢dopmupoBanus LY cocrasun 24 aus (puc.7, 8).
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Puc. 6. Dman neyenus mozo sice 601bHO20 - POPMUPOBAHUE GHYMPUKOCHIHO20 OUCIPAKYUOHHOZ0 PeceHepama.

Puc. 7. Oman neuenus - popmuposanue LY
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Puc. 8. Dman nevenusn — cmabunuszayus annapama.

Ha puc. 9 - PEHTICHOTpaMMa mocie OTJAJICHHBIN pe3yabTaT JICUCHUA HJAaHHOI'O 00JBHOTO

(hopMHpOBaHUS BHYTPHUKOCTHOI'O AWCTPAKIMOHHOTO
peresepata u UIAY. Ha puc. 10 mnpexacranexn

yepes 11 mec.

Puc. 9. Penmeenozpamma moeo sice 60161020 nocie GopmMuposanus 6HympuKoCmHo20 OUCHPAKYUOHHO20
peecenepama u LY.
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Puc. 10. Omoanennutii pezyromam newenust 0aHno2o 601bH020 wepes 11 mec.
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AHHOTALUSA

B nHacrosmee BpeMs UIsT KOPPEKIUH OKOJIOCYCTaBHBIX JeopMannii KOCTeld KOHEUHOCTEH MIMPOKO IIpUMe-
HACTCA anmapar I/InmapOBa, COCTOAIINM M3 KOJIBLEBLIX OIIOP, COCIMHCHHBIX peSL60BbIMI/I CTCPIKHAMU C OJJHO-
TUTOCKOCTHBIMHE [IapHUPAMH, YCTAaHOBJICHHBIMHU Ha BepIIHHE IedopMalud. Y cTpaHeHHe Ae(opMaIii OCyIeCTB-
JIAAKOT IIYTEM BbIpalllUBAHUA KIIMHOBHUHOI'O pereHepara 3a CueT onepexcalomeﬁ JAUCTPAKIU Ha BOFHYTOﬁ CTOPOHE
J_'[e(l)OpMaLII/II/I. O,IlHaKO NMPUMCHSACMBIC allllapaThbl BbI3bIBAIOT 3HAYUTCIIbHBIC HCy,I[06CTBa JUIA 0O0JILHOIO U3-3a rpo-
MO3/IKOCTH OIIOP U Beca KOHCTPYKIMH, YTO 3aTPyIHIET IBIDKEHUS B CycTaBax U xos0y. llenmpio Hameit paspa-
60TKI/I ABUJIOCH NMOBBINICHUEC «KKAYECTBA KU3HW» MalUCHTA B MOCICONEPALITMOHHOM PEKUME 3a CYET CHUIKCHUA T'a-
6apuTOB M Beca MPUMEHSIEMOI KOHCTPYKIMH M o0ecTedeHne paHHEeH T03MPOBAHHON HArpy3KH Ha KOHEYHOCTb,
410 00ecIeunBaeT MOJHOIIEHHOE (POpMHUPOBaHKE TUCTPAKIIMOHHOTO pereHepara 3aJanHoil Gpopmbl Ha

ABSTRACT

Currently, the llizarov apparatus is widely used to correct periarticular deformities of limb bones, consisting
of annular supports connected by threaded rods with single-plane hinges mounted on top of the deformity. The
deformation is eliminated by growing a wedge-shaped regenerate due to advanced distraction on the concave side
of the deformation. However, the devices used cause significant inconvenience to the patient due to the bulkiness
of the supports and the weight of the structure, which makes joint movements and walking difficult. The aim of
our development was to improve the "quality of life" of the patient in the postoperative regime by reducing the
size and weight of the structure used and ensuring an early metered load on the limb, which ensures the full for-
mation of distractive regeneration of a given shape on the

KiroueBble c10Ba: OKOJIOCYCTaBHbIE AehOpMaIiK KOCTEH KOHEUHOCTEH, XUpypridecKast KOppeKIHs, arna-
pat BHEIIHEH (hHUKCAITIH.

Keywords: periarticular deformities of limb bones, surgical correction, external fixation device.

BBEHeHI/Ie CJICACTBUCM HNOBPCIKACHUA HAPYKHBIX WJIM BHYTPCH-
I/IBBGCTHO, 4TO HaubOoJee YacTo BApYyCHBIC WJIN HHMX 4YacTei MeTaSHI/I(I)I/BapHBIX POCTKOBBIX 30H. B
BaJIbI'YCHBIC ,HG(I)OpMaIII/II/I KOHEYHOCTEH BO3HHMKAIOT Ha HACTOsIIEC BpEMsI KOPPCKIUA z[e(bopMauHﬁ IMpOnU3BO-
YPOBHE KOJICHHOI'O CyCTaBa. OOBLIYHO OHH SIBIISIOTCS JAUTCS KOMIPECCUOHHO-AUCTPAKIIMOHHBIM METOJAOM C
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UCnosb30BaHueM amnmnapara Mnuzaposa [1, c. 23], co-
CTOSIIIM M3 KOJIBIIEBBIX OIIOP, COCIMHEHHBIX Pe3b00-
BBIMH CTEPKHSIMH C OJHOIIOCKOCTHBIMH IIapHUPaMH,
YCTaHOBIICHHBIMH Ha BepiinHE nedopmanun. YcTpa-
HeHue AehopMaIiy OCyIECTBISIOT ITyTEM BEIpAIUBa-
HUS KIIMHOBHTHOTO PEreHepara 3a CUeT ONeperKaroIeit
JTUCTPAKIMK Ha BOTHYTOH cTOpoHe nedopmarun. Of-
HaKo MPUMEHsIEMbIC aIrmnaparhl BHI3bIBAIOT 3HAYUTEIb-
Hble HEy#oOCTBa s OOJILHOTO M3-32 TPOMO3JIKOCTH
OTI0p, YTO 3aTPyIHSET ABHKEHUS B CyCTaBax U XOab0y.
BonpHOTO € TakMM anmapaToM HEBO3MOXHO YA0OHO
Pa3MecTHUTb Ha KPOBATH 0€3 IOTOIHUTEIbHBIX MPUCIIO-
cobmnenmit. Kpome Toro, 60mp1oe KOIM4ecTBO IPOBO-
JUMBIX CIHII 00pa3yIOT 3HAYUTEIHHBIH, IO CBOSH IIT0-
Maan, KOHTaKT C MSTKUMH TKaHSAMH, YTO SBIISIETCS
(hakTOpOM pHCKa BO3HHKHOBEHHS BOCHAINTEIBHBIX
OCIIOKHEHHUH.

3apyOeKHBIMU aBTOpaMH IS KOPPEKIMHA OKOJIO-
CYCTaBHBIX Je(OpMalyii HCIOJBb3YIOTCS HaKOCTHBIE
IacTUHEI [2, ¢. 28], hukcupyomue GpparMeHTs KOCTH
Mocje KOPPeKIuu (0CTEOTOMHUH) ae(hOpPMUPOBAHHOTO
cerMeHTa. OfHaKO HAJOXKEHHE TAKUX KOHCTPYKLUI
TpaBMaTHYHO, TpeOyeT 3HAUUTEIBHOTO CKEJIEeTHPOBa-
HHSI KOCTH (XMPYPIHYECKOTO OTCIIOCHUS MSTKHX TKa-
HeW W HAaJKOCTHHUIIBI), YTO BEJCT K TPaBMATH3aLUHU
OCTEOTEHHBIX TKaHEH M HEJOIYCTHMO Y AETEH.

Taxoke TpUMEHsIeTCsI yCTPOHCTBO VI yCTPaHEHUS
nedopmanmii kocteit [3, ¢. 56], cogeprkaree quCTab-
HYI0 ¥ TIPOKCHMAJIBHYIO OIIOPHI, CBS3aHHbBIE Pe3b0o-
BBIMH INTAHTaMH C IIApHUPAaMU B JUCTAIBHBIX OTHAE-
JlaX, U BBIHOCHBIE y3/Ibl. B 3TOM yCTpolicTBe, Kak U B
anmapare Wnusaposa [1, ¢. 23], ans ¢ukcaiim Ha Ko-
HEYHOCTAX HCIIOJB3YIOTCA CIIUIIBI, UX K€ UCTIONB3YIOT
W JUIsL KOPPEKLUH OKOJIOCYCTaBHBIX nedopmanuii Ko-
cTel. YIIOMSHYTOMY anmnapary CBOMCTBEHHBI BCE He-
JIOCTAaTKH, OTMEUYECHHBIE TTPH MCIIOIb30BAHHUH armapara
Wnm3zapoBa, rnaBHBIM U3 KOTOPBIX SIBIISIETCSI HEJIOCTA-
TOYHAs! JKECTKOCTh (PMKCAIMM KOCTHOTO (hparMeHTa.
s ycmneHust )eCcTKOCTH TpeOyeTcst MpoBeIeHUe J10-
TIOJIHUTENBHBIX CIWI] WINM PaclojoXKEHWE CIUI[ Ha
OTIope Ha BEIHOCHBIX KpOHIITeWHax (pukcanus Ha mpo-
TSDKEHHH), 4TO, K TOMY K€, HEBO3MOKHO PUMEHUTH B
JIETCKOH IpaKTHKE M3-3a KOPOTKOTO (hparMeHTa KOCTH
W HaJM4us 30H pocTta.B mocneanee Bpems, 171 yMeHb-
IIEHUS KOJIMYECTBA CIIHII, @ 3HAUYUT YMEHBIICHHSI pUCKa
BO3HHKHOBEHHS BOCHAJIHUTEIBHBIX OCJIOXHEHUH, TpH-
MEHSIOTCS CIHIIe-CTEP/KHEBBIE allapaThl.

Lenbro pa3paboTKH SIBHIIACH BO3MOKHOCTBIIPOBE-
JICHUS] KOPPEKIMN OKOJIOCYCTAaBHOH AedopManun pas-
JUYHBIX CETMEHTOB KOHEYHOCTEH. Ammapar ajist Kop-
PEKINH OKOJIOCYCTaBHBIX AeopManiii KocTel KOHed-
HOCTEH COJEP)KUT BEPXHIOI0 M HIDKHIO omopsl. OH
UMeeT BHYTPHKOCTHBIE CTEP)KHH, CTEp)KHEPHKCaTop,
BBIHOCHOH CTep)KHE(HUKCaTop, pe3bOOBBIE ITAHTH U
KPOHIUTEHHBI. YTIOMSHYTBIE OIOPHI BBINOJHEHBI B
BUJI€ TUTACTHH, U30THYTHIX 110 PaJNyCy B COOCTBEHHOI
IUTOCKOCTH, C BBICTYIIAMH, OTOTHYTBIMH B 3TOI IIIOC-
KOCTH OT KOHIIEBBIX OTIEJIOB B CTOPOHY BBIMYKJIOCTH
IUIacTUHBL. B cpenqneit yacTy, BIOIb YIOMSHYTHIX IIa-
CTHH, BBINOJIHEHbI CKBO3HBIE OBAJIbHbIE Na3bl, IPHU
9TOM BBICTYIIBI M KOHLIEBBIE OT/EJNBI IUIACTHH OCHa-
IeHb! oTBepcTHAMU. OTBEpCTHS B BHICTYIIAX PacIofio-

JKEHBI K Nepud)epru OT OTBEPCTHH B KOHIIEBBIX OTIE-
Jax, CTepXKHE(PHUKCATOPBI BBIIOIHEHBI B BUJC MPSMOI
MPU3MBbI, Pa3MEIICHHON Ha OOOBIIIKEe. YTOMSHYTas
Ipu3Ma UMEET B OCHOBAaHHMU IPSIMOYTOJIBHHK, a IIO
JUITMHHOW CTOPOHE OCHOBaHHSA - CKBO3HBIE OTBEPCTHUS
JUISL BHYTPUKOCTHOTO CTEp’KHs. BOOBINIKa BBINOIHEHA
C KB3/IpaTHBIM IIOTIEPEYHBIM CEUYCHHEM H CKBO3HBIM
Ppe3b00BBIM OTBEPCTUEM BJIOJIb BEPTHKAIBbHOU ocH. bo-
ObIIIKa HMEET BO3MOXKHOCTb YCTAaHOBKH U (PUKCAINH B
YIOMSHYTBIX 1a3aX C MOMOIIBIO BUHTA U MIaHObL. BbI-
HOCHOH cTepkHe(HKcaTop BBHINOJIHEH B Buae Opyca,
HMEIOILEro Ha KOHIIE OTBEPCTUE AJISI BHYTPUKOCTHOTO
CTEPKHS, TONIIHNHY, COOTBETCTBYIOIIYIO IIMPHUHE YIIO-
MSHYTBIX 1a30B, U Pe3b0y IO Y3KHM CTOpPOHAM IJIst
rack. BBIHOCHO# cTepkHE(UKCATOp UMEET BO3MOXK-
HOCTbH (DMIKCAIIMH B yIIOMSHYTHIX I1a3aX HIKHEH OMOpPBI
C TIOMOIIBIO TaeK. B oTBepcTHsX, PacIONIOKECHHBIX B
BBICTYNIAaX M B KOHIIEBBIX OTIENaxX HIKHEH OIOpHI,
YCTaHOBJICHBI, C TIOMOILBIO TaeK, Pe3bOOBbIC INTAHTH.
Ha mpoTHBOMONIOKHBIX KOHIAX ILITAHI YCTaHOBJICHBI
KPOHIITEHHBI, KOTOPbIE BCTPEYHO COCIMHEHBI BHHTO-
BBIMH TapaMH C KPOHIUTEHHAMH, 3aKpPEIUICHHBIMU Ha
KOHIIEBBIX OT/ENaX BEPXHEH ONOpbI, 00pa3yrOIUMH
IUIOCKUE IapHUPHBIE coeanHeHns. BunThI 1ot gukca-
LUK CTEP’KHE()UKCATOPOB B OMOPAX, UMEIOT TIIAIKYIO
IIeHKy MEXIy TOJIOBKOH M pe3hOOBOI dYacThio, AHAa-
METp KOTOPOH MEHbIIIE IUaMETpa pe3b0bl BUHTA, & BBI-
COTa HIEHKH [MOJDKHA OBITh HE MEHBINE TOJIIMHBI
maiiopl. TomuHa maiosl JoDKHA OBITH TOCTATOYHON
JUISL Hape3aHUss He MEHee OJHOTO BHUTKA Pe3bObI Ha-
METPOM, PaBHBIM JIHaMETPy BUHTA.

Hannume B ammapare Bcero ABYX OIOp HEOOXO-
JUMO JJIsl CHIKEHMsA Beca ammapara. [loBbieHne
HaJIe)KHOCTU (pUKCAllMU JIOCTUTAeTCsl BBEJCHUEM BBI-
HOcHoro cruuedukcaropa B Buae Opyca.Onopsl BbI-
TIOJTHEHBI B BUJIE M30THYTHIX ITACTHH C IIEJBIO ITOBTO-
peHHUS KOHTYpPOB MATKHMX TKaHEWH cerMeHTa [uisi Ooiee
KOMITaKTHOTO PAcIOJIOKeHHUS Ha Telie O0JIBHOTO aria-
para, He IIPEsITCTBYIOIIET0 HOIEHNIO 0/1eK 1kl Pactio-
JIO’)KEHWE CKBO3HBIX OBAIBHBIX I1a30B BIOJIb OMOP, B
CpeiHel WX 4JacTH, HeoOXOAMMO Ui ynoOcTBa ycra-
HOBKH CTEp)KHE()UKCATOPOB M 00ECIIeYeHUs] BO3MOX-
HOCTH TIEpEMEIICHHs HX KBAJAPATHBIX OOOBIMIEK IO
CKBO3HBIM, OBAJBHBIM Ia3aM omop. l3roToBieHue
cTep)kHe(uKcaTopa B BUJE MPSIMOH MPU3MBI C PSMO-
YTOJIFHUKOM B OCHOBAHHH, CO CKBO3HBIM OTBEPCTHEM
MMEHHO BJIOJIb JJIMHHOM CTOPOHBI OCHOBaHMsI, o0Oecrie-
YuBaeT OOJBIIYIO MJIOMA/b KOHTAKTa CTep>KHe(UKCca-
TOpa M CTEP)KHS, YeM YBEIHMUUBACTCS >KECTKOCTh CH-
CTEMBI, IIpeaynpexaaeTcs: neopMarys CTEpXKHS IpH
JUCTPaKIMN U KOPPEKIHH.

KBazsparHoe nonepeyHoe ceueHne OOOBIIIKH IS
YCTaHOBKH M (PUKCAIINHU CTEpKHE(YHUKCATOPOB B TMa3ax
orop obecneuymBaeT YCTaHOBKY CTep)KHE(PHKCATOpOB
MOTIepeK  IUTACTHHBI,  MPEIOTBPAIIaeT  MOBOPOT
CTep KHe(UKCaTOpa BOKPYT CBOEH OCH B Ia3ax OMOPHI,
o0ecrieunBaeT 3aJaHHOE TPU YCTAHOBKE ITOJIO)KEHUE
CTEPIKHSI.

Kperuienue crepxHedukcaTopa Ha OIOpe arma-
para ¢ IOMOIIBI0 BUHTA, OCHAIIEHHOTO TJIAIKOH mIei-
KOH, ¥ IaiObI ¢ pe3p00ii, COOTBETCTBYIOMIEH pe3bde
BUHTA, oOJyieryaeT paboTy XUpypra B OINEpaLIOHHOM,
yMEHbIIaeT BpeMs olepanuy, T.K. pe3pOoBas maiioa,
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YCTAHOBJICHHAs] Ha ILIEHKE BHHTA JI0 MOHTaXka arma-
para, OKa3bIBACTCSI HA HEH HaAEXHO 3a()MKCHPOBAH-
Hoit.Kperienne pe3pOOBBIX IMITAHT B BBICTYNAX U B
KOHIIEBBIX OTJENIaX HIDKHEH OIOPHI C TOMOIIBIO TackK,
a TPOTHBOIOJIOXKHBIX KOHIIOB - B KpOHINTEHHAX,
BCTPEYHO COCIMHEHHBIX BHHTOBBIMH ITapaMH C KpPOH-
ImITeifHaMH, 3aKpeIUICHHBIMU B BEpXHEil onope u oopa-
3YIOIIUMH MEKAY COOO0M IIOCKKE IapHUPHBIE COeIH-
HEHUs1, HEOOXOIUMO JJIsI BBIPAIIMBAHUS KOCTHOTO KIIH-
HOBUJHOTO  pereHepatra  IOCI€  OCTEOTOMHHU.
Koppexiust mono>xeHust 0TIOMKOB KOCTH JOCTUraeTCs
NepeMeIIeHHEM TaeK Mo pe3b0OBBIM LIITaHraM, pacmo-
JI0)KEHHBIM B BBICTYIIaX HI)KHEH OIOPBI, TIPH 3TOM H3-
MCHSIETCSL yToJl HAaKJIOHa MEXAYy OCTEOTOMHpPOBAH-
HBIMH OTJIOMKAaMH, 4TO IIPUBOJNT, B KOHEYHOM HTOTE,
K KOppEeKInH (POPMBI CETMEHTA, TPUBEICHHIO €€ K aHa-
ToMU4eCKON HopMe.llprMeHeHue ycTaHOBIIEHHOIO Ha
HIDKHEH omope BEIHOCHOTO cTepKHedukcaTopa HeoO-
XOAMMO JUISl YCWJICHHSI JKECTKOCTH (ukcanmu ¢par-
MEHTa KOCTH IIOCII€ OCTEOTOMHHM, T.K. U3BECTHO, 4TO
4yeM OoJIblIe pa3HOC TOYeK (pUKcanuy, TeM CTabuIbHEe
anmnapaT BHeUIHel (ukcauuu. BrlnonHeHne cTepikHe-
(ukcaTopa B Buzie Opyca, C OTBEPCTHUEM IS CTEPIKHS
Ha KOHIIE, ITOBBIIIAET IPOYHOCTh BEIHOCHOM KOHCTPYK-
uH (pe3p0oBas MTaHTa C YCTAaHOBJICHHBIM Ha HEW, C
MIOMOIIBIO KPOHIITEHHA, CTEPKHEM, OOBIYHO TO/ABEp-
JKEHa 3HAYMTENbHOH nedopmanmy u3ruba mpu Juc-
Tpakiun).M3roToBneHne BBIHOCHOTO CTEp>KHE(pHUKCa-
TOpa TOJIIMHON, PaBHOH IIMPUHE M1a30B B IUIACTHHAX,
MO3BOJISIET TIEPEMENIAaTh €ro BIOJIb Na30B OMOPHI, a
HaJIMyKe pe3bObl 10 Y3KUM JUTMHHBIM CTOPOHaM - o0ec-
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MIEYMBAET BO3MOXHOCTh €r0 (PMKCALMU Ha OIIOPE U U3-
MEHEHHe MecTa (uKcanun cTepkHs B Koctu.Hapesa-
HHE HE MEHEE OJHOTO BHTKAa pe3bObI B OTBEPCTHH
maiiobl HEOOXOAUMO I 00€eCIIeUEH ST HABUHYNBAHUS
9TOH maiOBl Ha COOTBETCTBYIOIINN €1 BUHT.

OOumii B anmapara Ui KOppeKIuu nedopma-
ouu TmpernctaBieH Ha puc.l. Ha puc.2 mpencraBmen
CTep KHE(UKCATOP C MA00H U BHHTOM.

ArnmnapaT coIepkKHUT BEepxHIOI0 | (IOJBIKHYIO) U
HIDKHIOIO 2 OTNIOPBI B BUZIE U30THYTHIX IUIACTHH, BOJb
KOTOPBIX, B CpETHEH UX YacTH, IPEyCMOTPEHBI CKBO3-
HBIE OBaJIbHBIE Ma3bl 3 JUIS YCTAHOBKH CTEPXKHE(PHUKCa-
TopoB 4. CrepkHeuKcaTopsl 4 W3TOTOBICHEI B BHIIE
TIPSMOH TIPU3MBI C TIPSIMOYTOJIBHBIM OCHOBaHHEM, Pa3-
MeIIeHHOH Ha 000bImKe 5, MeroIIel KBagpaTHOE T0-
NIepeYHOe CEYEHHE I YCTAaHOBKM M (puKcammu
cTep kHepuKcaTopoB 4 B mazax 3 omop 1 u 2.

CrepxHedukcatopsl 4 KpemsTcs C IMOMOIIBIO
BUHTa 6 W maiiObl 7 Ha omopax 1 u 2, st yero B 6o-
ObIIIKE 5, BJOJb BEPTUKAJIBHON OCH cTepxHedHUKCca-
Topa 4, BBINOJIHEHO pe3bOoBoe oTBepcThe 8. Brmoib
JUIMHHOW CTOpPOHBI OCHOBaHHA cTepkHedukcaropa 4
BBINOJIHEHO CKBO3HOE TJIaJIK0€ OTBepcTHe 9 ams ycra-
HOBKH BHYTPHKOCTHOTO cTepkHs 10.

B otBeperusx 11, pacnososKeHHBIX B BBICTyNax U
B KOHIIEBBIX OT/ENAX HIDKHEH OMOPHI 2, yCTAHOBIICHHI,
C TTOMOIIBIO Taek 12, pe3pOoBbIe mTanru 13, Ha IpOTH-
BOIIOJIOXKHBIX KOHIAX KOTOPBIX YCTaHOBJIEHBI KPOH-
mTeiHEl 14, BCTpEYHO COeMHEHHbIE BUHTOBBIMH T1a-
pamu 15 ¢ kpoHiTeliHaMu 16, 3aKpenIeHHBIMU Ha KOH-
IEBBIX OTAeNax BepxHed omopel 1, oOpasyromue
MEXTy COOOH IIOCKHE MAapHUPHBIE COSTMHEHUS.
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Puc.1. Obwuii 6uo annapama 0na Koppexyuu degpopmayuu
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BeiHocHOH cTepikHedukcarop 17 BBINONHEH B
Buze Opyca, C OTBEpCTHEM I BHYTPHUKOCTHOTO
crepkHs 10 Ha KOHIIE, M YCTAaHOBJICH Ha HIDKHEH orope
2.

BrmHocHo# crepkHedukcatop 17 wmmeer TONI-
MIMHY, COOTBETCTBYIOIIYIO IIMPHHE Ma30B 3, 110 €T0 y3-
KAM JJIMHHBIM CTOPOHaM Hape3aHa pe3bda ISl ero
(ukcanuu Ha orope 2 raiikamu 18.

Jnst xperuieHns: cTep>kHeukcaTopos 4 B ornopax
1 u 2 nCONB3yIOTCS BUHTHI 6, UMEIOIUE MEXTY CBOESH
TOJIOBKOH U pe3b00BOii YacThio 18 riaakyro menky 19,
JaMeTp KOTOPOI MEHBbIIIE JuaMeTpa pe3r00Boii yacTn
18, a BbICOTA OODKHA OBITH HE MEHBIIE TOJIIMHBI

maiioel 7. B oTBepcTny maiiOb1 Hape3aHa pe3boa, 1ua-
METp KOTOPOH COOTBETCTBYET IHaMeTpPy pe3bObl BUHTA
6.

ArmmapaT HCIIONB3YIOT CICIYIOMUM oOpa3oM (Ha
mpuMepe ycTpaHeHus nedopmarii 00JacTH KOJIEH-
HOTO CyCTaBa).

B 3aBucumocti oT Buaa nedopmanuu (Bajbryc-
Hasl, BapyCHas), U €€ JIOKaJU3alny, annapaT HaKJIabl-
BalOT Ha HApPY>KHYIO WJIM BHYTPEHHIOIO MTOBEPXHOCTH
rojsieHu win Oezpa cTporo Bo (YpPOHTAIBHOM ILIOCKO-
CTH.

/9

| 20

+—6

Puc.2. Cmepoicnepuxcamop ¢ waii6oti u 6unmom.

UYepes HEOOBIIINE TPOKOJIBI MSTKUX TKaHEH C Mo-
MOIIBIO CBEpJIa BBOJST BHYTPHKOCTHbBIE cTepkHH 10
BBILIE U HIDKE YPOBHA JedopMaluu TakuM 00pa3om,
9TOOBI CTEP>KHH, NMPOBEACHHBIEC BBIIIE BEPUIMHBI Je-
(dhopMmarmu, pacmojaraiuck B OFHOW ((hpOHTAIBHOI)
TUIOCKOCTH, @ CTEPIKHH, IIPOBEJCHHBIC HI)KE BEPIIUHBI
nedopmanmu - B pa3aMYHBIX IUIOCKocTAX. Ha Hux, 3a
cueT crep)kHeukcaropoB 4, MOHTHPYIOT BEPXHIOIO
(momBmwxHy0) 1 1 HIKHIOW 2 omopsl. [Ipu 3TOM 60-
OBIIKY 5 cTepKHEPHUKCATOPOB 4, UMEIOLINE KBaapar-
HOE TIOIIEPEYHOE CEUYCHHEe, IOMENIAl0T B CKBO3HBIC
oBasibHBIe Ma3bl 3 onop 1 u 2. CrepxkHedukcarops 4
KpersT K onopaMm | 1 2 ¢ MOMOIIbIO BUHTOB 6 C IIaii-
Gamu 7, uia 4ero B OOOBIIIKAX 5 BBHITOJHEHO Pe3b00-
BOE OTBEpCTHE 8.

Omopsl 1 U 2 cOenMHSIOT MEXIY co00H pe3pbo-
BBIMHU IITaHraMu 13, KOTOpBIE ¢ MOMOIIBIO raek 12 kpe-
IISIT K OTIOpaM 2, a Ha MPOTHUBOIIONIOKHBIX KOHIAX Pe3b-
0OBBIX mMTAHT 13 yCTaHABIMBAIOT KPOHIITEHHBI 14, KO-
TOpPBIE BCTPEYHO COSIMHSIOT BUHTOBBIMH Tapamu 15 ¢
KpOHIITEHHaMH 16, 3aKpeTIeHHBIMH Ha KOHIIEBBIX OT-
nenax BepxHeid onopsl 1. Kponmrreitael 14 u 16 o0pa-
3YIOT P 3TOM IUIOCKHE IIaPHUPHBIE COCTUHEHNUS.

Jist yeuneHus ’KeCTKOCTH KOHCTPYKIMH, HAa HHAXK-
HIOIO OTNOpPY 2 yCTaHABIMBAIOT BBIHOCHOH CTEp)KHe-
¢ukcarop 17, BHIOJIHEHHBINH B BUae Opyca, ¢ OTBep-
CTHEM I KpemJeHUs TrallkaMH BHYTPHKOCTHOIO
ctepxkHsa 10.

BeiHocHO# cTepxHedukcarop 17 ycTaHaBIMBAIOT
B Ma3ax OHOPHI 2, WK | - B 3aBUCUMOCTH OT JIOKaJIN3a-
U 1eopMalru, ¢ MOMOIIBIO raek 18.

Jlanee oCyILIECTBISIOT OCTEOTOMHIO Ha YpPOBHE
BepmuHHI Aedopmarn. Ha 4-5 cyTku mocie Hajgoxe-
HUS anmapaTa MPOW3BOIAT AWCTPAKIHMIO IIEpeMele-
HUeM raek 12 mo pe3p00oBBIM mTaHTaM 13, ycTaHOBIICH-
HBIM B BBICTYIIaX HIDKHEH OIOpEL. Y cTpaHeHue 1edop-
Maluu MPOU3BOJIAT myTeM BBIpANBAHUS
KJIMHOBUIHOTO KOCTHOTO pereHepara.

[Tocne nepuopa crabunuzaumu U "cozpeBaHus"
JUCTPAKIIMOHHOTO PereHepara anmnapar JeMOHTHPYIOT.
[poBoasT ¢puzno-mexaHoTepanuio.
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UHCTPYMEHT JIJISI PACCEYEHUS CYXOXKWINIA
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AHHOTAIIUS

Hanuune 3KkBHHYCHO# yCTaHOBKH CTOTIBI XapaKTEPHO AT PA3IMUHBIX BPOXKAECHHBIX U IPHOOPETEHHBIX 3200-
JIEBAHUH y NIETeH, TAaKWX KaK BpoXKAeHHas koconanoctb, JIIIT u T.1. DKBUHYCHasl yCTAaHOBKA CTOTIBI TAKKE Xapak-
TE€PHA KaK OCJIOKHCHUE TOCJIC JICUCHU PA3JINYHBIX TPAaBM U HOBpe)KI[eHI/Iﬁ KocTen TOJICHU, IIpH I/IMMO6I/IJ’II/ISaHI/I-
OHHOH YCTAHOBKH CTOIIbI B 3KBUHYCHOM I10JIOKEHUHN 0e3 MIPUMCHCHUSA KOPPUTHUPYIOIIUX CTCIICK U TYTOPOB. Kon-
CCPBATHBHOC JICUCHHUC ITPU 3TOM HEC BCErja 3(1)(1)6KTI/IBHO, a OIICPATUBHOC JICUCHUC HAIIPABJICHO Ha Z-06pa3Hoe
YAJTMHCHUEC CYXOXKWINA U CHIMBAHUC €TI0 KOHIIOB Ha HCO6XOZ[I/IMYIO BCJIMYUHY. Pa3pa60TaHHLIﬁ HWHCTPYMCHT IJIA
pacceyeHus CYXO)KI/IJ'II/II\/'I MO3BOJIACT TPOJOJIBHOM PACCEKATh CYXOKWINA oe3 TPpaBMHUPOBAHU BA’KHbBIX daHATOMMU-
YECKHUX O6paSOBaHHﬁ 1 MOBPEIKACHHUSA KOKHBIX ITIOKPOBOB, UCIIOJIb3YS IIK 3TOM HeOOIBIION pa3pe3 KOXKHU.

ABSTRACT

The presence of an equine foot position is characteristic of various congenital and acquired diseases in chil-
dren, such as congenital clubfoot, cerebral palsy, etc. Equine foot placement is also characteristic as a complication
after the treatment of various injuries and injuries to the shin bones, with the immobilization of the foot in an
equine position without the use of corrective insoles and splints. Conservative treatment is not always effective,
and surgical treatment is aimed at Z-shaped tendon elongation and suturing its ends by the required amount. The
developed tendon dissection tool allows longitudinal dissection of tendons without injuring important anatomical
structures and damaging the skin, using a small incision of the skin.

KiroueBble cjI0Ba: axMIIOBO CYXOKWINEC, YKOPOUCHUEC, YATITMHCHUC, MTHCTPYMCHT.

Keywords: achilles tendon, shortening, elongation, instrument.
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BBenenne

OprorneaaMu MPUMEHSIOTCS Pa3IHIHbBIE PEXKYIINe
XUPYPrUYeCKHe HHCTPYMEHTHI, MMEIOLINE OJHOCTO-
POHHIOIO 3aTOUKY [ 1, ¢.58; 2, ¢. 64], uconp3yembie IS
yATHHEHUS cyXOoXmmnid. OJHAKO TpU 3aKPBITOM IIPO-
JIOTIBHOM PAaCCEYCHUH CYXOXIIUH (HallpuMep axXwuil-
JIOBa CYXOXKWJIMS) OTCYTCTBHE 3aIIWTHBIX IUIACTHH
YpeBaTO TPABMHUPOBAHUEM Ba)KHBIX AHATOMHUYECKHUX
oOpasoBanwuii. KpoMe TOro, mpu paccedeHHH HECKOIb-
KHUX CYXOXXWIMH YKa3aHHBIMH UHCTPYMCHTAMU YacCThI
MOBPEXKJICHUST KOXKHBIX MMOKPOBOB, YTO MPH OJIU3KOM
paCIOJIOKEHIH  HECKOJBKUX  Pa3pe30B  BBI3BIBACT
HEKPO3 KOKU M MATKIX TKaHEH.

Hawnbonee Onm3kuM K pa3pabOTaHHOMY yCTpPOWM-
CTBY I10 TEXHUUECKOMY PELICHHUIO SABIISETCS CTEPHOTOM
[3, c.46]. YCTpOHCTBO COAECPIKUT PYKOSATKY C MICHKOM
1 pabodel 4acThIO ¢ BOTHYTOW TOPIIEBOH KPOMKOH C
JIBYCTOPOHHEM 3aTOYKOM, MPUYEM III€iKa BBITIOJIHEHA C
U3ruOOM TakK, YTO PYKOSTKA PACIIONIOKECHA MO/ TYIBIM
YIJIOM K pabodyeil yacTH, KOTOpas CHa0)XeHa ABYMS
OrpaHUYUTCIIBHBIMU TUIACTUHAMH, YCTAaHOBJICHHBIMU
MO KpasM Pexymield KpOMKH, PACIOI0KEHHON B IJIOC-
KOCTH 1/13r1/16a IIEHKH. O[[Ha U3 IIJIaCTUH BBIIIOJIHCHA
MEHBIIEH jiomanun, 4€M apyras, 1 yCTaHOBJICHA C BbI-
MyKJIOH CTOpOoHBI W3rnba miciiku. OgHako JaHHOE
YCTPOUCTBO IS TPOAOIBHOTO PACCEUCHUS CYXOKIIAN
HE TPUMEHHMO, T.K. H30THyTas (opMa pexymei
KPOMKH U €€ PACIIONIOKCHUE PACCUUTAHEI HAa CO3/IaHUC
ONTUMAIIEHBIX YCIIOBHH JIJISI PACCEUCHUS KOCTH.

Lenp pa3paboTKu 3aKiOYaeTcss B CHIDKCHHH
TPaBMATUYHOCTH W BO3MOXHOCTU IJIA1 HPOAOJIBHOTO
paccedycHUsT CYXOXKHIIMS 4epe3 HEOOJNBIINE pa3pesbl.
[TocramieHHas 1eNIb TOCTUTACTCS TEM, YTO PEKYIIas
KpPOMKa OTKJIOHEHa OT Mpo0JibHOM ocu Ha 30 - 35°, a

OTPAaHUYUTENbHBIE IJIACTUHBl HMMEIOT  BBIIYKIYIO
KHapyk# (GopMmy, IpHUUEM IUIACTHHA, BHIIIOJIHEHHAS C
CYKMBAIOIIUMCS MEPEIHUM OTAEIOM, pa3MelleHa Mo
OJIHY CTOPOHY OT PEXYIIEro JIEMEHTAa U UMEET yUIH-
HEHHBIN cyxuBaronuiics nepenuuit oraen (Ilarent PO
N 2136232).

BrimonHenue pexyieit KpOMKH, OTKIIOHEHHOH OT
npooibHON ocr Ha < 30 - 35°, mpeHa3HaueHo ATt 00-
JIETYEHUS Pe3aHUsl IPU PACCEUEHUU CYXOXKHUIIUI.

OrpaHuyuTeNbHbIE TJIACTHHBI HEOOXOAUMBI IS
UCKJIIOYEHHS PAaHEHUS BAXKHBIX aHATOMHYECKUX 00pa-
30BaHM, JeXKallKUX MMOJA OJHON U3 HHUX, U HpeayIpe-
JKJICHUS MOBPEXKIEHHU KOXKHBIX IIOKPOBOB HaJ| pacce-
KaeMBbIM CYXOXKHIIMEM. BBINONHEHNE OrpaHUYHTEND-
HBIX IJIACTHH C BBIMYKJIONH KHapyXu (opMoi mMeer
LIeJIb PABHOMEPHOT'O Pa3sMEIEHHs PACCEKAEMOTO CyXO0-
JKUATIUS B TIpe/IJIaraeMoM yCTpoicTBe. brnarogaps stomy
OHO Ha BCEM NPOTSHKEHHU OYIET MMETh OJMHAKOBOE
ceyeHue (110 LIMPHHE), T.€. IPUMEpHO 1o 1/2 yactu.

VY IIMHEHHBIN CyXUBAIOIIWIICA OTHEN OJHOU U3
IUIACTUH TpeAHa3HaueH Ul aTpaBMaTU4YHON OTcema-
POBKH DPAacCEKaeMOIro CYXOXKWJIHSA OT MOJJIeKaIluX
MATKHX TKaHEHl, a ero OoJHOCTOPOHHEE pa3MelleHHUe
JlaeT BO3MOXHOCTh BBOAUTH PabOUyI0 YacTh uepes He-
3HAYUTENbHBIA KOKHBINA pa3pe3 U MPOU3BOIUTH MOIIe-
peYHOE HaJCEUeHHE CYXOXKHIUS IMepe] HadalloM ero
MIPOAOJIBHOTO PACCEUEHHUS.

Ha puc. 1 nuzo0paken o0l BUI yCTPOMCTBA; Ha
puc. 2 - TIONIEepEevHOe CeUeHNEe Ha YpoBHE pabode 4a-
ctd. MTHCTpYMEHT 17151 pacCeYeHUsl CyXOKUIUI conep-
XKHUT pabouyro 4acTh 1 ¢ pexxymieil kpomkoii 2 u orpa-
HUYUTEIBHBIMY IUTaCTUHAMH 3 U 4 (TIpHUueM MocIeTHsS
UMEET yIIMHEHHBIN CYKUBAIOIIUNCS NIEPEIHUN OTACI
5) u pyuKy 6.

Puc. 1. Obwuii 6uo ycmpoticmea.
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Puc. 2. I[lonepeunoe ceyenue Ha yposne paboueli yacmu

VYerpoiicTBO paboTaeT cieayomuM odpa3oM (Ha
IpyUMepe YUIMHEHHS axXxwiioBa cyxoxkunus). Ilpous-
BOST HeOOJbIINE (AUCTANbHBIE W MPOKCUMAJIbHBIE)
paspesbl Kok (1 cM) BIOJIb OCH CYXOXHIIUS: OJUH -
TOTYAC BBILIE MPOEKIMH MPUKPETUICHUS CYXOKHUIUS K
ISTOYHOMY Oyrpy M Opyroi - HpoKcuMasbHee B 00Ja-
CTH MEPEX0/1a CYXOXKHUIINS B MBIIIEYHYIO YacTh. [lorpy-
JKasl B IUCTABHYIO PaHy PEXKYIIYIO 9acTh YCTPOMCTBA
1 T[epmeHAWKYIAPHO OCH CYXOXWIHA HW3HYTPH
KHapy>kH, IPOU3BOIAT €ro HajacedeHue Ha 1/2 gactu
peXyIIed KPOMKOH 2 Tak, 4TOOBI OrpaHHIUTEIIhLHAs
TUTaCTHHA 4 HaXOIMIAch MOJ CyXOXKMIIMEM, a OTPaHU-
yuTenpHas TactTuHa 3 Haja HuM. [locne yero ycranas-
JUBAIOT UHCTPYMEHT BJIOJIb OCU CYXOKWIIHS, TIPH STOM
OTpaHUYUTENbHAS IIACTHHA 4 HAXOUTCS TIOJ] CyXO0XKH-
JIMeM, a OrpaHMYHTeNbHas IJIacTHHA 3 HaJ HuM. Bee-
JIEHUEM MHCTPYMEHTA BJOJb OCH CYXOXKWJIHSI B MPOK-
CHMaJIbHOM HAIIPaBJICHUHU NPOU3BOJAAT PACCEUCHHE CY-
XOXKWIUSA BIONb 32 CYET pEXyImled KpPOMKA 2.
CyxuBarouuiicst nepeTHui 0TAeN 5 orpaHUuUTENIbHON
TUTACTHHEI 4 OTCETapOBhIBACT PACIIONIOKEHHEIC IO CY-
XOXKIITHEM MSTKHE TKaHH, OJHOBPEMEHHO IIperoxpa-
HSIS1 MX OT pacCceyeHUs PexyIled KpOMKOM 2, a orpaHu-
YuTeIbHAs IUIACTHHA 3, WMEIMmas BBITYKIYIO
KHapyXu (popmMy, IpenynpexaaeT paHeHHe Pacioyo-
JKEHHBIX HaJ[ CyXOXKHIIMEM TKaHEW U COXpaHSIET mepe-
MELICHHE YCTPOUCTBA BIOJIb cyXoxuus. [Ipoucxonur
MIPO/IOJIFHOE pPAcCEeYeHHEe CYXOXKWJIMS Ha paBHBIE IO

OIMPUHE YaCTH. AHAJOTHYHAS TIPOIEAypa BBITIONHS-
eTcsd 4epe3 MNPOKCHMAJBHYIO DPaHy BO BCTPEYHOM
HalpaBJIEHUH, HO HAJCEUYCHHE CYXOXWIHUS OCYIIECTB-
JSICTCS C MPOTHBOIOJOXKHON cTopoHbl. Takum 00pa-
30M, pacCeucHHe CyXOXXWiIus mpuoOperaeT Z-o0pas-
HBIid BUI. Jlanmee, py4HO# penpeccanueit ctomna 60ib-
HOT'O BBIBOJMTCSI B He0OX0MUMOe roJioxkenue. Ha koxy
HAKJIaBIBAIOTCS €TUHUYHBIC IIBBI, TUTICOBAs TIOBS3KA.

Knunuvecknii npumep

boawsHoit M. 7 net, HaxoauJICS HA JICUCHUH C JTHa-
THO30M: SKBUHYCHAsl MTO3HIIUS IIPABOU CTOTIEI Ha ITOYBE
JIETCKOTO IepedpanpHOoro napannya. borsHOMY 13 He-
OOJIBIINX Pa3pe30B IPOM3BEICHO YAJIMHEHUE axulil-
JIOBa CYXOXKWIMS TpeniaraeMbIM ycTpoicTBoM. Jlo
OTlepaliy SKBUHYCHAs MO3UIUS CTOINbI Oblja MOJ yT-
soM 120°. Cromna nociie yJUIMHEHUS aXUJUIOBA CYyXOXKH-
JMs BBIBENACH B TOJIOXKEHHH HOpMOKOppekimu (90°).
Ilocne cHATHS TUIICOBOM MOBA3KU OINPENEISAIOTCS He-
3HaynTenbHble (Mo 0,7 c©M) mocieomnepanoHHbIe
pyOrmt. TTomyden xopommii (GyHKIMOHATBHBIA U KOC-
METHYECKUH Pe3yIbTaT.

Jlutepatypa
1. Hauptkatalog "Aesculap”, 1991, p. 51, karai.
HoMep BA641, BA646.
2. Hauptkatalog "Aesculap", 1991, p. 51, karai.
Homep OM680, OM68L1.
3. Creprotom. [Tarent N 2020886, b.1. 1994, N
19.
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AHHOTALIUSA

Jst nedeHns KUIIeBUAHON AehopMaliy TPYAHON KIIETKH pa3paboTaHO OOIBIIOE KOJMYECTBO METOJIOB OIle-

PaTUBHOTIO JICUCHH A, OCHOBHBIM 3TAllIOM KOTOPBIX SABJIACTCSA BBIIIOJHCHHUE CTCPHOTOMMU. I[J'ISI 9TOT'0 IPUMCHAIOTCA
Pa3JIMYHOTrO BUa CTCPHOTOMBI, UMCIOIIINE CBON HEAOCTATKH, OAHUM U3 KOTOPLIX ABJIACTCA MMOBPEKACHUC PETPO-
CTCPHAJIbHBIX OPIaHOB. C LEJIBbIO MPEAYNPECIKACHUSA JaHHOT'O UHTPAOIICPALNMOHHOI'O OCJIIOKHCHUA pa3pa60TaH u
MPCAJIOKCH I MCHIOJIb30BaHUA B H.II/IpOKOﬁ KJIMHHYECKOH IIPAKTUKE CTCPHOTOM JIA JICHCHUA I(I/IJ'I€BI/II[HOI7[ ae-
(hopMarmu TpyIHOM KISTKH

ABSTRACT

A large number of surgical treatment methods have been developed for the treatment of keeled deformity of
the chest, the main stage of which is sternotomy. For this purpose, various types of sternotomes are used, which
have their drawbacks, one of which is damage to the retrosternal organs. In order to prevent this intraoperative
complication, a sternotome has been developed and proposed for use in wide clinical practice for the treatment of

keeled deformity of the chest

KaioueBnie ciioBa: kuneBuaHas nedopManus rpy/IHOH KIETKH, CTEPHOTOMHSI.

Keywords: keeled chest deformity, sternotomy.

BBenenue

Kunesunnas nedopmamust TpyJHOH  KIETKH
(KAT'K) mpencrasisier co00i MOPOK pa3BUTHSL, IPOSIB-
JISTFOIIUIACS B PA3JINYHOM 110 (hopMe M BeTMINHE BHITIS-
YMBAaHUU NepenHel creHku rpynHou kinetku. KIAT'K,
M0 JAaHHBIM Pa3IMIHBIX aBTOpOB [1, ¢c. 116; 2, ¢ 89] co-
ctaBisieT oT 6 110 22% OT Bcex BPOXKACSHHBIX aedopma-
Ui rpynHoi kietku. IlocnenHue, BcTpeyaroTcs: npu-
MepHO y 1% moneit.

JUis nedeHust JaHHOTO MOPOKA UCMOJIB3YIOT XH-
pyprudeckue crocoObl, NPUMEHSIONINEcs, KaK Ipa-
BUJIO, 110 KOCMETHYECKUM INOKa3zaHUsIM. B Hacrosmee

BpeMs1 UCIONB3YIOT Oonee 10 pa3miMyHbIX METOIHK TO-
PaKOIUIaCTUKU TPH KWJIEBHIHOH IedopManuu Tpya-
HOH kneTku. Bce pa3paboTaHHBIE CIIOCOOBI JICUSHUS
KII'K noapa3yMeBaroT BBIIIOJHEHUE INPOJOJIBHON U
NONEPEYHON CTEPHOTOMUU NEPENHEN TUIACTUHKU TPY-
JUHBI ¢ TIOMOIIBI0 XUPYPTHIECKUX OCTEOTOMOB, HMe-
IONMX Ha pabodyeM KOHIIE IBYCTOPOHHIOIO 3aTOUKY.
JlaHHOE YCTPOICTBO TPYAHO CTAOMIN3UPOBATH B MPO-
necce paboThl, TaK KaK ero HEOOXOIMMO YCTaHABIH-
BaTh NEPHEHIUKYISIPHO U MPOAOJIBHO TPYyAUHE, a OT-
CYTCTBHE OTpaHUUYUTENEH PaCMONIOKEHHBIX B IIOCKO-
CTH pEeXyIEeHd KPOMKU HE HCKIIOUAeT MOBPEXKICHHE
peTpOCTEpHANBHBIX OPraHoB [3, c. 52].
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HekoTopeiMu opTonenamMu MpUMEHSIETCS CTEPHO-
TOM [4, c. 41], nns ynoOcTBa pabOThl KOTOPBIM IIIeHKa
CTEpHOTOMA BHITIOJIHEHA C M3THOOM TakK, 9TO PYKOSTKa
pacmosioKeHa 1Mo TyTIbIM yTiIoM K pabodeii gactu. Pa-
009as yacTh BHITIOJHEHA C IBYMS OTPaHUINTEITEHBIMA
TUTACTHHAMH, YCTAHOBJICHHBIMH TI0 KpasM pexXyIei
KPOMKH TapajuleTIbHO IpPYyT IPYTY, W TEPIEeHANKY-
JSIpHO pexylied kpomke. OnHAa U3 TUIACTUH BBIMOJ-
HEHa MEHbIIEH IO, YeM JIpyrasi, U yCTaHOBJICHA
C BBIMYKIIOW CTOPOHBI H3ruda MIeHKH, KPOME TOTO, BbI-
MOJIHEHUE KPOMOK M YTJIOB IUIACTHUH 3aKpYTJIEHHBIMU
HaIpaBJIEHO Ha CHIKEHUE TPABMATUYHOCTHU OTEPaLIUH.
OnHako TaHHOE YCTPONCTBO, MMEIOIIEE JTBOWHYIO 3a-
IIUTY, HE TI03BOJIIET MPOU3BOAUTH KOCYIO CTEPHOTO-
muro. Hannaue nBOHHOM 3a1IUTHI HE TO3BOJIAET IIPOU3-
BOJUTh KOPTHKOTOMHIO TPYIWHBI, YTO MPEIIIOYTH-
TeNbHEE y JICTEH.

Henpro Hamreid pa3pabOTKH SBHJIACh CO3JIaHUC
KOHCTPYKIIMU HMHCTPYMCHTA, OOCCIICUMBAIONIas CHU-
JKCHUE TPAaBMAaTUYHOCTH M MPOQUIAKTUKY TTOBPEXIe-
HUSl PETPOCTEPHANBHBIX OPraHOB B MpoOIecce omepa-
nuu(mateHt Ne 2679584).

9TO JOCTUTAJIOCH MYTEM BBINIOJHCHUA CTEPHOTO-
MaB BUJIC ABYX COCTABHLIX Y3JIOB - JIC3BUA U PYKOATKH.
Jle3Bue BepTHKAIBHO YCTAaHOBJIICHO B CKBO3HOHM IIPO-
JIOTBHEIH 11a3 IPSMOYTOIEHOW (GOPMBI, BEITOTHEHHBIN
M0 OCH CHMMETPUH OCHOBaHHS, MPHU 3TOM JIC3BUC
UMeeT MPSIMOYTOIBHYIO (HOpMY, PEXYIIYI0 KPOMKY C
JIBYXCTOPOHHEH 3aTOYKOM, W TMEPETHIOI YacTh B BHIE
BOTHYTOTO 3y0a C IByCTOPOHHEH 3aTOUKOM, Iepexosi-
IIyI0 Ha TOPIIEBYIO MOBEpXHOCTh. Ha 3amHeM Topiie
JIC3BU BBITIOJTHCHBI MOTNICPEYHBIC 3y6HLI 11 B3aUMO-
JeUCTBHS ¢ 3yOI[aMU OTBETHOW ()OPMBI, PaCIONIOKEH-
HBIMU Ha OOKOBOW MOBEPXHOCTH Ia3a, a Ha MepeIHEM
TOpI1Ie OCHOBaHUS, B CKBO3HOM, P€3b00BOM OTBEPCTHUH,
YCTaHOBJIICH BUHT U U3MEHEHHS YPOBHS YCTaHOBKH
TIe3BUSL.

[1a3 B ocHOBaHWM WMeeT OOJNBIIYIO JJIHMHY, YeM
JUTMHA JIe3BUs. BUHT cHaOXeH MIeCTUTPAHHOM TOJIOB-
KOH, a HWKHSAS MOBEPXHOCTh OCHOBAHUS BBITIOJTHEHA
MOJYKPYTIIOH (POPMBIL.

Jle3Bue, BepTUKAIBLHO YCTAHOBJIEHHOE B CKBO3HOM
HpOI[OHBHBIﬁ 1as, BBITTOJIHEHHBIA 10 OCH CUMMETPUHN
OCHOBaHHUsI CTEPHOTOMA, MO3BOJISIET pacceKaTh KOCT-
HYIO TKaHb B IIPOJJOJIbHOM HAIIPABJICHUU.

BeicTyn Ha Hapy»KHOU NTOBEPXHOCTU PYKOSITKH, B
o0nacTu CThIKA C OCHOBaHHEM, PACIOJIOXEHHBIN IO
OCH OCHOBaHUS, TpeTHa3HaueH IS HAHECEHUs II0
HEMY yJIapOB, X 00ECIIEYNBACT PACCCUCHHE TPYINHEI B
MIPOIOJIEHOM HAaIIPaBIICHHH.

[psimoyronpHass ¢dopma Je3BHsS oOecredrBacT
BO3MOKHOCTh YCTaHOBKH €r'0 B I1a3 OTBETHOH (POPMBL.

3y0 ¢ IBYCTOPOHHEH 3aTOYKOM, MEPEeXOIsAIIuil Ha
TOPIIEBYIO MOBEPXHOCTh B TIEPEAHEH YacTH JE3BHS, U
JIBYCTOPOHHSS 3aTOYKA PEXKYIIEH KPOMKH JIe3BHsA, 00-
JIeT4aeT BXOXKICHHWE MHCTPYMEHTA B KOCTHYIO TKaHBb
TPYAUHBI, H 00ECTICUNBACT €€ PAcCeUeHHe MIPH BBITIOJ-
HEHUU KOPTUKOTOMHH (OCTEOTOMHH ).

[omepeunsie 3yOIBI Ha 3aJHEM TOPIE JIC3BUSA U
3yOLBl OTBETHOW (POPMBI 110 BHYTpEHHEH OOKOBOA I0-
BEPXHOCTH 11433, ¥ BUHT B p€3500BOM OTBEPCTUH HA Te-
pelHeM Toplie OCHOBaHUs, 00ECIeUnBaIOT YCTaHOBKY,
u QuKcanuio, Je3BHs Ha HEOOXOAUMOM YpPOBHE.

BeimosHenue nasa Oompliel JUTHHBL, YeM JIe3BHUE,
obecrieunBaeT CBOOOIHYIO YCTAHOBKY JIE3BUS B a3, U
BO3MO>KHOCTH I3MEHEHUS YPOBHS €r0 yCTaHOBKH, C TIO-
MOIIIBIO 3yOII0B Ha TOPIIAX JIE3BUS U Ma3a IIPH «BBIBEP-
HYTOM» BHHTE, a IIIECTUTPAHHAs TOJIOBKA BIHTA IT03BO-
JsIeT MAaHUITYJIHPOBATh BHHTOM 0O€3 NMPHMEHECHHS HWH-
CTpYMEHTA.

[Monykpyrnas ¢opma HWKHEW MOBEPXHOCTH OC-
HOBaHUS 00ECTEeYNBAECT BO3MOXKHOCTH BBITIOJIHEHHS
KOCOH OCTEOTOMHH BO (DPOHTAIBHON IUIOCKOCTH
(HaKJIOHHOTO, KOCOTO «pacluia» KOCTHON TKaHH), TaK
KaK MMEHHO KOcasi OCTEOTOMHs oOecreyuBaeT 0oIib-
IIyl0 IOBEPXHOCTh KOHTaKTa (CONPHUKOCHOBEHUS)
OCTEOTOMHPOBAHHBIX ()ParMEHTOB, UTO CHOCOOCTBYET
ux 0oJiee OBICTPOMY CpAIICHHUIO.

CtepHOTOM H300paXkeH Ha puc. 1; Ha puc. 2 TIoKa-
3aHO €ro MOMEePETHOE CEUCHHE.

YCTpolCTBO COCTOMT M3 OCHOBaHMs | mpsmo-
YTOJBHON (POPMEI, B KOTOPOM, ITO OCH CHMMETPHUH, BBI-
MOJHEH CKBO3HOM, MPOOIbHEIHN a3 2 MpsIMOYTOJIbHOM
¢dopmbl. B ma3z 2 BepTHKaJIbHO YCTaHOBIECHO IPSMO-
YTOJIbHOE JIE3BHUE 3, C pEXKYIIeH KPOMKOH 4, UMeroten
JBYXCTOPOHHIOIO 3aTOUKY. [Iepennsst gacTs 5 ne3Bus 3
BBITIOJIHEHA B BUJI€ BOTHYTOTO 3y0a 6, UMEIOIIEero pe-
JKYIIYIO KPOMKY C IByXCTOPOHHEH 3aTOUYKOM, IMepexo-
IIIET0 Ha TOPIEBYIO TOBepxHOCTH 7. Ha 3amHem
TopIle 8 JIe3BUs 3, BHITOIHEHEI MOMIEPEYHEIEC 3yOIH 9.
Ha BHyTpeHHel 60koBoii moBepxHOCTH 10 masa 2, KoH-
TaKTUPYIOIIEH C JIe3BHeM 3, BBITIOIHEHBI 3yOIIHI (HE ITOo-
Ka3aHbl) 0TBeTHOU (hopMBl. [1a3 2 BEIMOIHEH OOMbIIEH
JUTHHBI, 4yeM Jie3Bue 3. Ha nmepennem Topie 11 ocHoBa-
HUsS 1, B CKBO3HOM, pe3n00BOM OTBepCTHH (HE MOKa-
3aHO)YCTaHOBJICH BUHT 12 C MIECTUTPaHHON TOJOBKOM.
HwmxHag moBepxHOCTH 13 ocHOBaHNUS | BBITIONHEHA MO-
JIYKpYTJIOH (hOpMBI

[IpomonsHO pacmonoxeHHasr pykosTtka 14 obpa-
3yeT C TOPH30HTAIBHOIN MOBEPXHOCTHIO OCHOBAaHMSA 1
Tyno# yroiy. HapyxHas moBepXHOCTb pyKOSTKH 14, B
00JTacTH CTBIKA C OCHOBaHUEM 1, OCHAI[eHa BBICTYIIOM
15, pacnoyio)KeHHBIM 110 OCH OCHOBaHUS 1.
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Puc. 2. [lonepeunoe ceuenue pykosmxku cmepHomoma.

CTepHOTOM UCIIOJIB3YIOT CIEAYIOIUM 00pa3oM.

Ilepen omepaTHBHBIM BMENIATEIbCTBOM, IO JIaH-
HeIM KT, unm peHtreHorpaduu, BBITOJTHEHHOW B
CTpOro OOKOBOM MPOEKITNH C YUETOM BBITIOJHEHHS KO-
COW OCTEOTOMHH, OIPENCIIIOT BEIWIHHEI (TITyOHHY)
cedeHust koctd. OTBepHYB BHHT 12, OCBOOOXKIAOT
3yOnpl 9 OT 3ameruieHus ¢ OTBETHBIMU 3yOIlaMH Ha
BHYTpeHHeH nonepeuHoi nosepxnoctu 10 naza 2. Jles-
Bue 3, no nanueM KT, unm perrreHorpaduu, BbABH-
raloT Ha He0OXOJUMYIO BEJIIMUNHY, U (PUKCHPYIOT ero
Ha 3TOM ypoBHEe BUHTOM |2. Bpamienne BuHTa 12 3a
[IECTUTPAHHYIO TOJIOBKY, IO YacOBOW CTpEJKe, Iepe-
MeIIaeT JIe3BHe 3 10 MPOJOIBHOMY Ta3y 2, MPH 3TOM
3yOIIel 9 BXOAT B 3allETJICHHE C OTBETHBIMH 3yO1iaMu
Ha BHyTpeHHeH OoxoBoil mosepxnocty 10 maza 2. [lo
BEpIINHE KWIEBUIHOM Aedopmanuy rpyIHON KIIETKH,
MO CpeJHEH TMHUU TPYIUHBI, MIPOAOJIBHBIM Pa3pe3oM

KOXKH U MSATKHX TKaHEH, IPOU3BOJAT IMOAHAAKOCTHHY-
HOE BBIAETICHNE NEePeHEeH CTEHKU IPyAWHBI U Xpsille-
BOM dYacTu pebepHBIX Ayr. MHCTpyMEHT ycTaHaBIIHU-
BalOT BJIOJIb I'PYAMHBI, HAa INEpPEAHEH KOPTUKAJIbHOMN
CTEHKE, B HAMEUCHHOM HAlpaBJICHUH, YJEPKHUBaAs €ro
3a pykosaTky 14. Ilonb3ysce pykositkoit 14, npousso-
JAT HAKJIOH MHCTPYMEHTA JJIsl CO3aHUsI KOCOTO cede-
HUSI TpyAWHBL. BHeApstoTcsi BOrHYTHIM 3yOOM Ha me-
penHell 4acTH Je3BUU B KOCTHYIO TKaHb, IPOU3BOAAT
CEpUIO YAapOoB M0 BHICTYINY 15 U paccekaroT KOCTHYIO
TKaHb Ha 3aJJaHHYIO TIIyOMHY ¥ HEOOXOIUMYIO JTUHY.
Kocyio mapacTepHaqbHYI0 TXOHAPOTOMHIO Ha BeEp-
muHe aedopmanuii pedep CHapyX d - KHYTPH - K Tpy-
JIHE BBITTOJIHSIOT TOIOTOM.
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The article examines modern approaches to teaching foreign languages in Azerbaijan, with a special emphasis
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Introduction. The modern system of foreign lan-
guage teaching in Azerbaijan is characterized by a de-
sire to integrate innovative methods aimed at increasing
student motivation. German occupies a special place
here, as it is often taught as a second foreign language
after English and is therefore often perceived by stu-
dents as less important. This necessitates the search for
effective pedagogical solutions capable of stimulating
students' interest and activity. One such solution is
gaming technologies based on the principles of gamifi-
cation and the use of educational games in the learning
process.

Gaming methods in education have a long tradi-
tion, but in recent decades they have become particu-
larly relevant due to digitalization and the spread of
online platforms. As J. Gee points out, video games and
game mechanics are not only entertaining, but also ca-
pable of shaping new models of learning, providing stu-
dents with the opportunity to “try out roles,” experi-
ment, and master language structures in conditions
close to real communication (Gee, 2003, p. 45). Itis this
quality that makes gaming technologies in demand in
foreign language teaching, where practice in authentic
situations is important.

Empirical studies show that games promote sus-
tained motivation through emotional engagement and
active interaction. A meta-analysis by Tsai and Tsali
(2018) found that the use of digital games in foreign
vocabulary learning significantly increases learning ef-
ficiency compared to traditional methods. At the same
time, the authors emphasize that success largely de-
pends on the thoughtfulness of the game design and its
integration into the overall course of study (Tsai &
Tsai, 2018, p. 351). For German as a second foreign
language, this factor is particularly important, as stu-
dents often lack sustained intrinsic motivation.

Research on specialized applications also shows
interesting results. For example, T. Deutsch and co-au-
thors (2022) showed that the use of a mobile gaming
application by schoolchildren with German as a second
language not only improved test results but also formed
a positive attitude towards the learning process itself.
The authors note that game elements such as scoring

points, passing levels, and visualizing progress in-
creased students' interest and willingness to repeat
training (Deutsch et al., 2022, p. 558). These results in-
dicate the promise of systematically introducing game
technologies into German language teaching in schools
and universities in Azerbaijan.

Thus, the relevance of the study is due to a combi-
nation of three factors: first, the need to increase moti-
vation for learning German in Azerbaijan; second, the
availability of scientific evidence of the effectiveness
of game-based methods in language education; and
third, the possibility of adapting both traditional di-
dactic games and modern digital applications to the na-
tional context of education. The purpose of this article
is to examine the role of game-based technologies in
teaching German and to identify their potential for in-
creasing student motivation.

Theoretical basis of the study.Gaming technolo-
gies in pedagogy have long been considered one of the
most effective tools for stimulating cognitive interest.
Their use allows the learning process to be transformed
into an engaging interaction, where students are in-
volved in activities through emotions, competition, and
cooperation. As noted by R. M. Magomedova (2021),
game elements relieve tension in the classroom, elimi-
nate formalism, and turn even routine memorization of
vocabulary into a creative exercise (Magomedova,
2021, p. 117).

The psychological aspect is no less important. Ac-
cording to L. D. Ismagilova (2023), game technologies
activate internal motivation, as they create an atmos-
phere of voluntary participation and challenge. In such
a situation, students strive for results not only for the
sake of grades, but also for the pleasure of the process.
In addition, the game situation reduces the fear of mak-
ing mistakes and encourages more active use of Ger-
man speech (Ismagilova, 2023, p. 280). In recent years,
gamification—the introduction of game elements into a
non-game context—has become particularly important.

In teaching German as a foreign language (DaF),
this approach is implemented through platforms such as
Kahoot, Quizlet, Duolingo, and specialized digital
games. According to Y. Alyaz, D. Spaniel-Weise, and
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N. Demiryay (2022), the Berlin 3D entdecken project
is a successful example of this approach, allowing stu-
dents to explore the virtual space of Berlin while com-
pleting language tasks. The authors emphasize that this
format not only increases interest in German culture but
also deepens knowledge of the language (Alyaz, Span-
iel-Weise & Demiryay, 2022, p. 41).

The use of digital platforms in German language
teaching has different specifics and reflects different
pedagogical tasks. For example, Kahoot is an interac-
tive online system that allows you to conduct quizzes,
surveys, and tests in real time. Its main function is to
create a competitive environment: students connect to
the game from their smartphones or computers, answer
questions, and immediately see their results in a rank-
ing table. This dynamic increases engagement and re-
duces the stress that usually accompanies traditional
testing. Practice has shown that this tool is best suited
for testing knowledge and reinforcing material when it
is necessary to maintain students' attention and quickly
assess their understanding of the topic; this is why re-
searchers emphasize that the use of such game-based
tasks reduces fatigue and creates a favorable emotional
background for learning (Reinhardt & Sykes, 2014, p.
4). Quizlet has a different logic and offers more oppor-
tunities for individual practice. It is based on a system
of flashcards that helps students memorize vocabulary,
grammatical forms, or idiomatic expressions. An im-
portant feature is the variety of modes: from classic
word repetition and quizzes to the game formats
“Match” and “Gravity,” in which students practice un-
der time constraints. Thanks to its flexibility, Quizlet
can be used both in class and for independent study,
which is especially important in Azerbaijan, where the
number of German language lessons is limited and
most of the learning takes place through self-study. As
confirmed by the results of a meta-analysis, the inclu-
sion of card games in a system of regular repetition in-
creases long-term vocabulary retention and makes the
learning process more productive (Tsai & Tsai, 2018,
p. 349). Unlike Kahoot and Quizlet, Duolingo is a mo-
bile app designed for self-study. Its structure is based
on the principle of a “game marathon”: each lesson is a
level, points are awarded for correct answers, ‘lives’ are
lost for mistakes, and regular completion of tasks is
supported by a system of daily goals and the preserva-
tion of “streaks.” This helps students develop a con-
sistent habit of daily study, and the short 5-10 minute
lessons allow them to integrate German into their eve-
ryday lives. At the same time, researchers note that Du-
olingo covers grammatical structures superficially and
requires methodological support from a teacher to com-
pensate for gaps (Luo, 2023, p. 6). For Azerbaijani
schools and universities, this app can serve as an addi-
tional tool, especially in regions where access to quali-
fied teachers and teaching materials is limited. Berlin
3D entdecken is a specialized digital game designed for
teaching German as a foreign language that is of partic-
ular interest. Unlike universal platforms, it combines a
virtual tour of Berlin with language tasks, providing a
unique immersion in the cultural and linguistic environ-
ment. Students explore the city's digital streets and
landmarks while completing reading, listening, and

speaking exercises. This creates the effect of being pre-
sent in an authentic environment and develops intercul-
tural competence, which is extremely important when
learning a foreign language. The results of the study
showed that Berlin 3D entdecken not only improves
students' lexical and grammatical skills, but also stimu-
lates their interest in German culture, forming a posi-
tive attitude towards the learning process (Alyaz, Span-
iel-Weise & Demiryay, 2022, p. 41).

Thus, each of the platforms discussed fulfills its
own function: Kahoot provides dynamic group testing
of knowledge, Quizlet builds a solid vocabulary
through a flexible system of exercises, Duolingo sup-
ports regularity of study and independence, and Berlin
3D entdecken compensates for the lack of a language
environment and combines language learning with cul-
tural context. Their combined use allows for the crea-
tion of a multi-layered methodological system capable
of significantly increasing student motivation in Azer-
baijan, where German is often less popular than English
and requires additional incentives to maintain interest.
Conclusion. Analysis of the use of gaming technolo-
gies in teaching German shows that they can signifi-
cantly transform the traditional learning process, mak-
ing it more motivating, flexible, and focused on stu-
dents' interests. In Azerbaijan, where German is most
often studied as a second foreign language after Eng-
lish, the introduction of such tools is particularly im-
portant. It compensates for the lack of a natural lan-
guage environment and increases motivation, which ul-
timately improves language learning efficiency.

The platforms discussed in the article perform dif-
ferent pedagogical functions and together form a coher-
ent system. Kahoot stimulates student activity through
competition, facilitating the process of reviewing and
testing knowledge in group work. Quizlet provides sys-
tematic reinforcement of vocabulary and grammar, al-
lowing students to expand their vocabulary in an inter-
active way, both in class and in independent study. Du-
olingo forms a habit of regular language practice, which
is especially valuable in conditions of limited teaching
hours and unequal access to qualified teachers in the
regions. Berlin 3D entdecken combines language learn-
ing with cultural context, creating a unique virtual
space where students immerse themselves in a real Ger-
man environment, developing both language skills and
intercultural competence. For Azerbaijan, the prospects
for applying these technologies are linked to several
key areas. First, they can contribute to improving the
quality of education. The inclusion of gaming resources
in general education programs will create conditions
for students to develop a positive attitude toward the
German language from an early age.

Second, the introduction of gaming technologies
opens up new opportunities for university education. At
the Azerbaijan University of Languages, Ganja State
University, and other universities in the country, Ger-
man is studied as part of philological and pedagogical
programs. Here, gaming platforms can be integrated
into courses as a tool for independent student work,
which will reduce the load on classroom activities and
ensure continuity of language practice. Thirdly, digital
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educational games can play an important role in shap-
ing the professional training of future German language
teachers. Familiarization with the methods of using Ka-
hoot, Quizlet or Berlin 3D entdecken in universities
will create the necessary competencies for future teach-
ers to effectively apply game methods in school prac-
tice. This is especially important in the context of mod-
ernizing the teacher training system in Azerbaijan,
where the transition from traditional methods to more
innovative ones is in demand. In addition, the wide-
spread introduction of gaming technologies is con-
sistent with the strategy of digitalization of education in
Azerbaijan. Government programs aimed at increasing
the use of electronic platforms in schools and universi-
ties create favorable conditions for the systematic use
of gamified resources. Pedagogical innovations in the
field of German language teaching can organically fit
into this process, and successful experiments based on
individual schools or faculties can be scaled at the na-
tional level in the future. Finally, the use of gaming
technologies not only increases motivation but also
helps students develop a range of additional skills that
meet modern educational standards. Working with dig-
ital applications develops skills in independent infor-
mation search, critical thinking, communication, and
collaboration in a digital environment. Together, this
makes the process of learning German more modern
and practically relevant.

In summary, it can be noted that gaming technol-
ogies are not just an additional methodological re-
source, but a strategic tool for modernizing German
language teaching in Azerbaijan. Their integration into
the educational process will enhance the prestige of the
German language, strengthen its position in the coun-
try's education system, and prepare students for active
intercultural interaction in the context of globalization.
Prospects for further research are linked to conducting
empirical experiments in Azerbaijani schools and uni-
versities, which will identify optimal models for imple-
menting gaming platforms and assess their long-term
impact on German language proficiency.
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AHOTALIA

VY crarTi mochimKyeThes TpaHChOopMalis YKpaiHChKOTO TPOMAaITHCHKOTO CYCIiIbCTBA B YMOBaX BIilfHM - Bif
MaTepHAJICTCHKOT MOJIEINI 10 aBTOHOMHOI, MOPaJIbHO BiIMOBimaNbHOI hopMu camoopranizamnii. OcobnmBa yBara
IPUAAEThCS (POPMYBAHHIO HOBOI ITONITHYHOL KYJIBTYpH, IO 0a3y€ThCs Ha TiAHOCTI, CTIHKOCTi, TOPH30HTAIBHO-
CTi Ta eTHIIi TBOPEHHS. AHaJI3 IPYHTYEThCA Ha Pimocopchkux inesx ['puropist CKoBOpoIu, Cy4acHHX COIIaIbHIX
NPaKTUKAX Ta aHATITHYHUX HaHHX. CTaTTs NEMOHCTpYE, SIK BiifHa cTaja KaTaai3aTopoM Mepexoay BiJ 000poHH
JIO CTPATETIYHOTr0 TBOPEHHS Mail0yTHHOTO.

ABSTRACT

This article explores the transformation of Ukrainian civil society under wartime conditions — from a pater-
nalistic model to an autonomous, morally responsible form of self-organization. Particular attention is paid to the
emergence of a new political culture based on dignity, resilience, horizontality, and the ethics of creation. The
analysis draws on the philosophical ideas of Hryhorii Skovoroda, contemporary civic practices, and analytical
data. The article demonstrates how war has become a catalyst for the transition from defense to strategic societal

creation.

Kuro4uoBi c1oBa: aBTOHOMIS, TiHICTH, TPOMAJISTHCHKE CYCITUTBCTBO, IEMOKpATIs, IepkaBa, HepiBHA PIBHICTD,
HaIliOHAJTbHE CaMOBU3HAUCHHSI, MMATEPHAIII3M, MOJITHYHA KyIbTypa, cBoOoma, CkOBOpOIa, CoIliaabHa BiMOBIAA-

JBHICTD, CIIOPiTHEHA MPaIls, TBOPEHHS.

Keywords: autonomy, dignity, civil society, democracy, state, unequal equality, national self-determination,
paternalism, political culture, freedom, Skovoroda, social responsibility, related work, creation.

I'pomajsiHCbKe CYCHUIBCTBO - 1€ HE JIMIIE Collia-
JIbHA CTPYKTYypa, a i (isocodchka KaTeropis, 1o BTi-
JIr0€ i71ei cB00OAHM, BiNMOBIAAIBHOCTI, COJIIAPHOCTI Ta
aBTOHOMIi. B yKpaiHChKOMY KOHTEKCTi BOHO HabyBae
0cOOJIMBOTO 3HAYEHHS SIK TPOCTIP MOPAIBHOTO BH-
0opy, MONITHIHOI Y9acTi Ta KyJIbTypHOi CaMOIiJCHTH-
(hikamii. AKTyaJbHICTh JAHOTO JOCHIPKCHHS 3YMOB-
JIeHa KOHLEMIIE0 COLiaJbHO-ICTOPUYHOTO PO3BUTKY
TPOMAJITHCHKOTO CYCIIUIBCTBAa B YKpaiHi, SKUH HHHI
Ha0yBa€e BaXJIMBOTO CYCIHIIbHO-IPAKTHYHOTO Ta Hay-
KOBO-TEOPETHYHOTO 3HAUCHHSI.

Y cydacHOMY YKpaiHCbKOMY KOHTEKCTi, 0COOIHBO
micng 2014 poxy Ta B yMOBax IOBHOMACHITaOHOI
BIHHM, TPOMAaJSHCHKE CYCHIIBCTBO IIEPEKHUBAE TIIH-
O0oky TpaHcdopmMmarlito. Big Mojeni marepHaIicTChKOl
3aJIE)KHOCTI - 3 OUiKyBaHHSM JOIIOMOTH BiJl I€PKaBH -
BOHO IIOCTYTIOBO IEPEXOAUTH 10 ABTOHOMHO, Bi/IIOBI-
JanbHOI, comimapHoi ¢opMu camoopranizamii. Lleit

HPOLIEC CYNPOBOIKYETHCS (POPMYBAHHIM HOBOI T10JIi-
THYHOT KYJIBTYPH, 1110 0a3yEThCS HA €THUIIl TBOPEHHS, a
He e oOOpoHH. METO MOCHIXKEHHA € OCMHC-
JICHHS I[OTO TEepexoay sAK (inoco(ChKOro, CoIiaib-
HOTO Ta KyJbTYPHOTO SIBHIIA, 30KpEMa Yepe3 MpU3My
yKpaiHChKOi Tpamumii - 3 omoporo Ha imei ['puropis
CkoBOpO.IH, SKi IPOIIOHYIOTH MOJIENIb MOPAJIbHOT aBTO-
HOMI, CHIOPiJJTHEHOI Mpalli Ta BHYTPiIIHHOT CBOOOH.
[ToHATTS TPOMaIIHCHKOTO CYCHIILCTBA € OJHUM
13 KIIIOYOBHX y CydacHiil nomtnuHii dimocodii, cormi-
ororii Ta eruri. B ykpaiHCBKOMY KOHTEKCTi BOHO Ha-
OyBae 0coOMMBOi BarM, OCKINBKH OB’ S[3aHE 3 IPOILIe-
caMH JEeMOKpaTH3alii, HalliOHaJbHOTO CaMOBH3HA-
YeHHsS Ta MOpalbHOI MoOumi3amii B ymoBax BiHHH.
I'pomansHCEKE CyCHITBCTBO - 1€ HE JIHIIE CYKyIHICTh
HeJlepKaBHUX IHCTUTYIIH, a MPOCTip MOPAILHOT 1ii, J1e
(opMyeThCsSI HOBA €THKA BiANOBINAaIBHOCTI, COJIiap-
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HOCTI Ta riiHoCTi. 'poMajistHChKE CYCHiJIbCTBO PO3IIIsi-
JAETHCS SIK chepa MiXK Iep>KaBoro Ta iHIUBIIOM, € pe-
aJi3yeTbcs CBOOOJA, €THKA B3aEMOJII Ta COIliaJlbHA
BinnoBinaneHICTh. 3a ['eremem, 1e «cucrtemMa moTped»,
mo (hopMye MOpabHy OCHOBY CYCIIJIbCTBA. IMMaHyin
Kant Harononrysas, 1o «JIronuHa € MeToto, a He 3aco-
0oM» 1 caMe B TPOMAaISHCHKOMY CYCIIUIBCTBI IS Te3a
Ha0yBa€ MPaKTHYHOTO 3MICTY.

VYkpaiHChbke I'pOMaJISHCbKE CYCIHIJIBCTBO (GopMy-
€THCS B YMOBaX IOCTTOTAJITAPHOI CHa {IIMHH, BIifHU Ta
JIeMOKpaTH4HOi MosiepHi3auii. B mporeci cranoBIeHHS
1 PO3BHUTKY MOJIOJIOi YKpaiHCBKOI JIep)KaBHOCTI BiiOy-
BA€THCA 3MiHA THUITY COIIaIbHO-TIONMITUYHOI CHCTEMH,
TI0 CIIPUYXHSE TIEPEOCMUCIICHHS IHHOCTEH, 1/1eaiB Ta
topm yuacri. [TapTHEpCTBO MiX BIaI0I0 Ta TPOMAJICh-
KICTIO CTa€ KIIOYOBHM YHHHUKOM JIE€MOKPATHIHOTO
PO3BHTKY.

Icuye Tpu Monemi iHTEpaKmii MK IHIUBITOM, AEp-
JKaBoIo 1 cycrinbcTBOM: 1) stibepanbHa (IHAUBIA, K aB-
TOHOMHA OJIMHUIIS, 110 B3aEMOJIE 3 JIEPKABOKO 4Yepe3
iHCcTUTYLIT); 2) KOMYyHITapHa (TPOMaAsSHCHKICTh PO3r-
JSIIAETHCA SIK pe3yJIbTaT CIUIBHOTO XKUTTS, COJIIIapPHO-
cti); 3) menibepatuBHa (y4yacTh i B3a€EMOJis BinOyBa-
IOTBCSL Yepe3 Jianor, myouiuny cdepy, parioHaibHe
obrosopenns). L{i Mozemni TO3BOJISIOTH Kpale OCMHUC-
JIUTH Pi3HI TIAXOIU 10 TOOYIOBH TPOMAASHCHKOTO CY-
CHiIBCTBA B YKpaiHi.

TeopeTnuHUMHU 3acaflaMd  TMPOOJIEMH CTaHOB-
JICHHS 1 PO3BHUTKY YKPaiHCBKOTO CYCIIIJILCTBA MOYKHA
BBaXaTH KITFOUOBI COIiabHO-(piTocOPChKi imei y cBi-
i norsiAiB ['puropiss CKOBOPOIH, a caMe - aBTOHOMIT
gyepe3 “cropimHeny mpaio”. dimocod BBakas, IO
CIpaBeJIMBE CYCHIJICTBO MOXKJIMBE JIMIIE TOJI, KOJIH
KO’KHA JIFOJIMHA 3aiiMa€ThCsl CIPABOIO, KA BiIIMOBiTAE
ii BHyTpimHIi npupoai, ToOTO “CHOpiAHEHOIO Tpa-
nero”. e He mpocTo eKOHOMIYHA MOJEIh, 3 MOpaJIbHA
OCHOBa aBTOHOMHOTO CYCITITBCTBA, JIe KOXKEH € CaMO-
JIOCTaTHIM 1 BOJHOYAC ITOB’I3aHUM 13 3arajlbHAM H00-
poM.

Cpogsicts y I'. CkoBOpOaH € BaXKJIMBUM YHIiBEp-
CaJIbHUM 3aKOHOM, BUKOHAHHS SIKOTO 3a0e3Ieuye MUp
1 MOPSIJIOK, TOJIA€THCS COLIATBHE BIIUyKESHHS, BUPIIITY-
FOTBCSI IPOOIeME HepiBHOCTI [2; ¢.15-16].

ITo - nepiue, BueHHst CKOBOPO/IM PO «HEPIBHY Pi-
BHICTB”” BHCTYIIA€E SIK aJibTepHATHBA ()OPMAILHOMY I1a-
TepHaiizmy. Pinocod KpUTHKYBaB (GOpManbHy piB-
HICTB, SIKa ITHOPYE BHYTPILIHIO PI3HOMAHITHICTH JIO-
neit. HaToMicTh BiH MPONIOHYBAB KOHIIETIIIIFO “HEePiBHOT
PIBHOCTI”, Te KOXKEH Ma€ MPaBoO Ha iHIUBIAyalbHICTD,
ayie BOJHOYAC - PiBHI MIAHCH HA peai3alliio 4epe3 Mo-
pansHUIA BuOip. Lle mpsmo pe3oHye 3 ieero rpoMasTH-
CBKOTO CYCIILIBCTBA, JIe aBTOHOMIS HE O3HaYae i301s-
I[i10, @ HABIAKH - MOPAJbHY BiANOBITAIBHICTH IEpen
ciineHOTOR0. [IpaBo sk MexaHi3M BCTaHOBIICHHS CIIpa-
BE/IJIMBOCTI Ma€ BUXOJMTH BiJ JIIOAWHH, BUPAXKATH HE
CTUTBKM 30BHIIIHIO, CKUNBKM BHYTPIIIHIO NpaBay [2;
c.18].

Ilo - npyre, moHATTS BoJi y KoHIeii CKOBOpOIH
€ TIOJIITHYHOIO KaTeropi€ro, TOOTO - 11e He JIMIIE BHYT-
pimHs cBOOOAA, a i YMOBA COIIaJIbHOTO BH3BOJICHHS.
Bona nos’si3ana 3 60poTh0010 32 TiAHICTH, PIBHICTH 1
MopanbHUM nopsaok. Lle no3Bosisie TpakTyBaTH HOTO

¢du10codito SIK OCHOBY VISl JEMOKPATHYHOTO, aBTOHO-
MHOTO CYCHiIbCTBA. “Boiis OB’ 3y€eThest 3 60pOTHO0I0
3a HaIliOHAJIbHE 1 COlliajbHEe BU3BOJICHHS, IO € 3aI0py-
KOIO TPOMAJICBEKOTO mopsaky” [2; 17].

I'poMansHCEKE CycHiIbCTBO B YKpaiHi TepexnBae
TpaHC(hOpMaIifo, 3yMOBJICHY BUKIHKAMH BiifHH, 1eMO-
KpaTHYHUMH TIParHEHHSIMH Ta MOTPeOO0r0 B HOBHUX (o-
pMax yuacti. Moro pomb y 3abesnedenHi crifikocri,
MIPaBO3aXMUCTy Ta COLIajJbHOI 3rypTOBAHOCTI cTaja
KJIFOYOBOIO Yy Tepio]] HalliOHAIBHUX BUIIPOOYBaHb.

VY 2023-2024 pokax rpoMaJsHChKE CYCHIJILCTBO
JEMOHCTPY€E BHCOKY aJIaliTUBHICTH JJO YMOB BiliHH, 30-
KpeMa 4epe3 aKTHBi3aIlifo BOJOHTEPCHKUX IHIIIATHB,
MMPaBO3aXUCHUX OpTaHi3aliil Ta JOKaTbHUX TPOMAJICh-
Kkux 00’emHaHb. SIKIIO MOTIITHYTH HA YKpaiHCBKE CyC-
MUTBCTBO Y TII00aTbHOMY BUMipi, BApTO 3a3HAYNUTH, IO
BOHO € SICKpaBUM IPUKJIAIOM MOOLTI3amii y KpU30BUX
YMOBaxX, 10 BHKJIMKA€E iHTEPEC MIXKHAPOIHUX TOCIIJI-
HUKIB Ta oHOpiB. Tak, 30kpema, 3a orinkamu MixkHa-
poasoro ¢ouny «BinpomkeHHs» ykpainii nenaini 6i-
JIBLIE BIPATH y CBOIO 3JIaTHICTh 3MIHIOBATH KpaiHy 4e-
pe3 TPOMaIChKy akTHBHICTH [3].

3 oy Ha e € MiJCTaBU CTBEPXKYBATH, IO
rPOMaJTHCHKE CYCIUIBLCTBO YKpAiHU - 1€ HE JIMIIC 1H-
CTPYMEHT JE€MOKDPAaTHYHOI'O KOHTPOINIO, a W pymriiHa
cunma tpanchopmariii. Moro maitGyTHe 3anexuTh Bia
3IaTHOCTI alaliTyBaTHCS, 30epiraT JOBipy TpOMaJsIH i
BIUTMBATH Ha TOJIITHYHI MPOLIECH.

[Ilono iCTOpMYHOTO KOHTEKCTY BapTO BUALIHTH
Taki OCHOBHI €Tally CTAHOBJICHHS YKPaiHCHKOTO TpoMa-
JTHCBKOT'O CYCIIJIBCTRA:

I) 1991- 2004: popmyBaHHs iHCTHTYLIH, c1abka
y4acTh rPOMaJIsIH;

IT) 2004- 2014: Maiinan sik mpoOyHKEHHS rpoMa-
JITHCBKOT CY0’ €KTHOCTI;

1I1) 2014 - 2022: BOJIOHTEPCTBO, CAMOOPTaHI3aIlis,
JETICHTPATI3aIlis;

IV) 2022 - morenep: BilfHa SIK TOYKa MOPATLHOTO
nepenomy [7; c. 131].

O3HaKkaM¥ HOBOI MOJITHIHOT KyJIBTYPH YKPaiHCh-
KOTO TPOMaJITHCHKOTO CYCIIIbCTBA € BIMOBA Bij Ma-
TEpHAJICTCHKUX OYIKYBaHb Ta 3pOCTaHHsS TOPH30HTA-
JBHUX IHIIaTUB. Y Mpoleci CTaHOBIEHHS BiJN0yBa-
€TBCSI TAKOX YITKE IMEPEOCMMCIICHHS PO JIepKaBH,
SIKUI BUCTYIIa€ BXKe SIK MApTHEP, a He OmiKyH. Biamo-
BIJIHO SICKPaBUMHM NPHUKIIAJIAMH B [[bOMY CEHC1 MOXKYTb
CIIyTyBaTH 30KpeMa BETEPAHChKI OpraHi3ailii sk areHTH
3MiH a TaKOX ITeBHI OCBITHI Ta KyJIBTYpHI iHII[IaTHBH,
mo (OpMYyIOTh HOBY T'POMAJSTHCBKY €THUKY. A TaKOX
TPOMaJIChKi TIIATPOPMH, SKi TAKOXK BILUTUBAIOTH Ha TO-
mituky [1; c.187].

OTxe, BiliHa cTasa HE JIMIE BUKIUKOM ISl yKpa-
THCBKOTO CYCIIIBCTBA, a M KaTami3aTOpoOM TIMOOKO1
MopanbHOi TpaHcopmamnii. @opMyBaHHS HOBOI MO~
TUYHOI KyJIETYpH BifOyBa€eThCS HE B yMOBaX CTa0iIb-
HOCTI, & B CHTyaIlil €eK3UCTEHITIHOT 3arpo3H, 1110 BUMa-
ra€ Bi TPOMAISH HE IPOCTO Y4acTi, a TAHOCTI, BUTPH-
MKH Ta MopaimbHOi cy0’ekTHOCTI. Il KymbTypa
I'PYHTYETBCSI Ha TPHOX KIIFOUYOBHX 3acanax: 1) rigHicTh
SIK BHYTpILIIHIN iMIIepaTuB; 2) CTIHKICTh 9K popma 1mo-
JITUYHOI 3pi70CTi Ta 3) TOPU30HTANIBHA CONITAPHICTD.
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I'pomansuu nit0Th HE 3 NMPUMYCY, a 3 YCBIZIOM-
JISHHS BJIACHOT BiAOBIATBHOCTI TIepe] cO000, CITiTb-
HOTOIO Ta MaiOyTHIM. Le BiamoBigae inei CxoBopoan
po “BHYTPILIHIO CBOOOAY” SIK OCHOBY CHPAaBXXHBOTO
KuTTs. He3Bakaroun Ha BTpaTu, pyiHyBaHHS Ta HEBU-
3HAYCHICTh, YKPalHChKE CYCIIBCTBO JEMOHCTPYE 37a-
THICTB JI0 CaMOOpTraHi3allii, CTpaTeriyHoro MHUCJICHHS
Ta 30epeKeHHs] MOPAJILHOTO Komraca [6].

BincyTHICTh LEHTpani30BaHUX JUPEKTUB HE MPHU-
3BeJIa JI0 XaocCy, a HaBMaKH - CIpUsiJIa BAHUKHEHHIO Me-
pexeBHX (GOpM B3aeMoii, e NOBipa, CIIOPIAHEHICTH 1
CHiJIbHA MeTa CTajH LIEMEHTOM HOBOI MOJITHYHOI Ky-
neTypu [4; c. 5 ]. Sk 3a3Hauae A.l. Kyapsaenko, “rpo-
MaJITHCHKE CYCIIJIbCTBO B YKpaiHi MOCTYIIOBO Ha0yBae
puc cy0’€KkTa NOJITHYHOTO TpoIecy, a He Horo
00’exTa”, 110 0co0IMBO IOMITHO B YMOBaX BiffHH, KOJIA
came TpOMaJsHHU CTAIH HOCISIMH CTpaTeTidHoOi iHimia-
TnBH [4; c.15].

Takum 4ymHOM, BinOyBaeThCs mepexin Bix 000-
POHHM JI0 TBOPEHHSI, & JIIOACHKA TiJHICTh BUCTYIAE CBO-
€PLAHUM JDKEPETIOM aKTHBHOI TBOpYOI AisibHOCTI. Ha
MOYaTKY BIHH YKpaiHCbKe IPOMaSHCHKE CyCITILCTBO
MOO1TI3yBaIOCs HABKOJIO 00OPOHHKX (DYHKIIIN - BOJIO-
HTEPCTBO, TEPOOOPOHA, CBaKyaIllis, T'yMaHITapHa JOTO-
Mmora. i nmii Oynu peakiiero Ha 3arposy, aje BXKE y
2023-2024 pokax criocTepiraerbes ITHOOKHI 3CYB: Bif
000OpOHH 110 TBOPEHHS, BiJl BIKUBAHHA - 10 (hopMy-
BaHHI MalOyTHBOTO. Llelt mepexin € He muie QyHKII-
OHAJIBHUM, a il MopanbHUM. BiH CBiguuThH IO TE, IO
YKpaiHIli He IIPOCTO YHHATH CIIPOTHB, a il akTHBHO (o-
PMYIOTh HOBY YKpaiHy - 3 HOBUMH IHCTUTYIISIMH, CEH-
CaMH Ta €TUKO0. 3pelITOor0, YCi 11l MPUKIaIN CBIIYaTh
PO T€, 10 TBOPCHHS - 1€ HE JIMIIE COLliaNbHAa s, a i
MOpaJibHa MPAKTHKA, 110 BUMarae TiTHOCTIi, CTIKOCTI
Ta BHYTpIlIHBOI cBoOoaM. Sk mucaB CkoBopoaa, “He-
Mae OUTBIIOT pamoCTi, HIK KHUTH B 3rOA1 3 BIACHOIO

MIPUPOJIOI0” - 1 caMe LSl CIIOPiTHEHICTh MiX BHYTPILI-
HIM IMITyJIbCOM 1 30BHIITHBOIO JI€I0 € CYTHICTIO yKpa-
THCHKOT'O TBOPEHHS.
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ABSTRACT

This article explores the connection between interpersonal conflict styles and conflict resolution strategies
among students at Georgian universities. Interpersonal conflict is a common and often unavoidable part of social
life, especially within academic environments where students engage in diverse, high-stress interactions. The way
individuals handle such conflict—whether assertively, passively, competitively, or collaboratively—can signifi-
cantly affect their academic relationships, personal well-being, and communication outcomes.

The research employed a quantitative approach, using standardized scales to assess students' dominant con-
flict styles and resolution preferences. A total of 104 students from various Georgian universities participated in
the survey. The findings revealed a strong correlation between assertive conflict styles and constructive resolution
strategies, such as collaboration and compromise. Conversely, students who relied on avoidance or competitive
tactics were more likely to engage in dysfunctional conflict management. Gender differences also emerged, with
female students leaning more toward cooperative strategies, while male students tended toward avoidance or dom-
inance.

These results suggest the importance of cultivating effective conflict management skills within university
programs. The ability to approach interpersonal tension with emotional intelligence, assertiveness, and collabora-
tive intent is not only crucial for individual development, but also for fostering a healthy academic environment.
This study contributes to the broader field of conflict communication by highlighting the social and cultural factors

influencing how young adults in Georgia navigate disagreement.
Keywords: conflict styles, resolution strategies, interpersonal conflict, university students, Georgia, commu-

nication, gender differences.

Introduction

Conflict is an inevitable aspect of human interac-
tion, particularly within environments where individu-
als are required to collaborate, compete, or coexist un-
der pressure. In university settings, students face nu-
merous academic, social, and emotional demands that
can give rise to interpersonal disagreements. The way
individuals perceive, engage in, and resolve conflict
plays a crucial role in shaping not only their relation-
ships but also their psychological well-being and aca-
demic success (Rahim, 2011).

Interpersonal conflict is defined as a situation in
which two or more individuals perceive their goals, val-
ues, or interests as incompatible (De Dreu & Gelfand,
2008). While conflict is often viewed as negative, con-
temporary research emphasizes that conflict is not in-
herently destructive. Instead, the strategies used to
manage conflict determine its outcomes—conflict can
be a source of growth, innovation, and strengthened re-
lationships if addressed constructively (Deutsch, 2000;
Wilmot & Hocker, 2011).

Scholars have identified several key conflict
styles that individuals tend to adopt in interpersonal sit-
uations. These include avoiding, accommodating,
competing, compromising, and collaborating—each
representing a different balance between concern for
self and concern for others (Thomas & Kilmann, 1974).
The style a person adopts is influenced by personality,
cultural background, emotional intelligence, and social
learning (Ting-Toomey, 1994).

In academic environments, these conflict styles
play a significant role in peer dynamics, group work,
and student-teacher relationships. For instance, stu-
dents who adopt a collaborative or compromising style
are more likely to resolve issues constructively,
whereas those who avoid conflict or compete aggres-
sively may experience social isolation or unresolved
tension (Wilmot & Hocker, 2011). Furthermore, re-
search suggests that gender may influence conflict be-
havior, with female students often leaning toward ac-
commodating or collaborative approaches, while male
students may favor competition or avoidance (Portello
& Long, 1994).

Despite growing global research on interpersonal
conflict, empirical studies within the Georgian aca-
demic context remain scarce. Georgia’s evolving so-
ciocultural landscape—marked by both collectivist tra-
ditions and increasing individualization—creates a
unique setting in which conflict management patterns
may differ from those observed in Western models.
University students in Georgia, balancing traditional
expectations and modern academic demands, offer a
valuable population for exploring how conflict is han-
dled in transitional societies.

This study aims to examine:

1. Which conflict styles are most commonly used
by university students in Georgia;

2. How these styles correlate with preferred con-
flict resolution strategies;

3. Whether gender differences influence conflict
behavior;
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4. How conflict style and resolution strategy af-
fect interpersonal communication quality.

A quantitative research design was used, em-
ploying standardized scales to measure both conflict
styles and resolution approaches. By analyzing the
data, this study seeks to contribute to a deeper under-
standing of student communication and offer practical
implications for improving conflict management train-
ing in Georgian higher education.

Literature Review

The Nature of Interpersonal Conflict

Interpersonal conflict arises when individuals per-
ceive a clash between their goals, needs, or values dur-
ing interaction (De Dreu & Gelfand, 2008). While often
viewed negatively, conflict is a natural and sometimes
productive component of human relationships.
Whether it becomes a source of growth or dysfunction
depends on how it is managed (Deutsch, 2000). Partic-
ularly in university settings—where students collabo-
rate, compete, and navigate complex social roles—un-
derstanding the nature and resolution of conflict be-
comes essential.

Conflict Styles: Models and Classifications

One of the most widely accepted models of con-
flict behavior is the Thomas—Kilmann Conflict Mode
Instrument (TKI), which classifies conflict styles into
five categories: competing, avoiding, accommodat-
ing, collaborating, and compromising (Thomas &
Kilmann, 1974). These styles vary along two axes: con-
cern for self and concern for others. For instance:

e Competing is high concern for self and low
concern for others;

e Avoiding is low concern for both;

e Accommodating emphasizes the other per-
son’s needs over one’s own;

e Collaborating seeks win-win outcomes;

e Compromising finds a middle ground where
both sides make concessions.

Each style may be adaptive or maladaptive de-
pending on the context, relationship dynamics, and
emotional capacity of the individuals involved (Wilmot
& Hocker, 2011).

In educational settings, collaborative and compro-
mising styles are generally associated with more posi-
tive academic and social outcomes (Rahim, 2011).
Conversely, reliance on avoidance or competition can
lead to unresolved tensions, poor teamwork, and dete-
riorating relationships (Gross & Guerrero, 2000).

Conflict Resolution Strategies

While conflict style reflects one's habitual re-
sponse to disagreement, conflict resolution strategy
refers to the deliberate methods people choose to re-
solve or de-escalate a conflict. Strategies can be formal
or informal, direct or indirect, and are influenced by
personal factors such as emotional intelligence, cultural
values, and communication skills (Ting-Toomey,
1994).

Constructive resolution strategies include active
listening, empathy, negotiation, and perspective-
taking, which are associated with long-term relation-
ship satisfaction and academic cooperation. On the
other hand, destructive strategies—such as withhold-
ing communication, escalation, or manipulation—

can damage trust and hinder group functioning (Canary
& Spitzberg, 1987).

Understanding students’ dominant resolution
strategies helps educators and counselors tailor inter-
ventions that promote healthy conflict management,
group effectiveness, and emotional resilience.

Gender Differences in Conflict Behavior

Numerous studies have found gender-related
tendencies in how individuals manage conflict. Women
are often more likely to adopt accommodating or col-
laborative styles, emphasizing relational harmony and
empathy (Portello & Long, 1994; Sillars et al., 1987).
Men, by contrast, may show greater preference for
competitive or avoidant behaviors, particularly in
contexts where assertiveness or emotional restraint is
culturally reinforced.

In traditional societies—including Georgia—gen-
der norms may shape conflict styles more strongly. So-
cial expectations often discourage open confrontation
among women, while encouraging dominance or emo-
tional control among men. However, as Georgia expe-
riences ongoing cultural shifts, generational differences
may also emerge in conflict responses among univer-
sity students (Gabunia, 2024).

Conflict in the Georgian Context

Although international literature on conflict styles
is extensive, there is limited empirical research specific
to Georgian university students. Georgia’s unique
blend of collectivist heritage and post-Soviet transfor-
mation presents a distinct context in which conflict
management is shaped by both tradition and modernity.
This underscores the importance of localized research
that not only applies global frameworks, but also ac-
counts for national and cultural nuances.

Methodology

Research Design

This study utilized a quantitative, correlational
research design to examine the relationship between
interpersonal conflict styles and conflict resolution
strategies among university students in Georgia. The
design aimed to identify dominant behavioral patterns
in conflict situations and assess whether specific con-
flict styles predict particular resolution strategies or
outcomes.

A quantitative approach was selected to enable
statistical analysis of standardized data and to ensure
replicability and generalizability across similar popula-
tions.

Participants

Participants were aged between 18 and 30 years,
and represented various fields of study. The gender dis-
tribution included approximately 64% female and
36% male participants.

Inclusion criteria were as follows:

e Active enrollment in a Georgian university
(bachelor’s level),

e Age 18 or older,

e Fluent in Georgian language.

Participants were recruited voluntarily through ac-
ademic networks and online platforms. All respondents
participated anonymously and consented to the use of
their responses for academic research purposes.
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Instruments

Two primary instruments were used in data collec-
tion:

1. Rahim Organizational Conflict Inventory—
I (ROCI-II)

Adapted for interpersonal contexts, the ROCI-II
measures five primary conflict styles: integrating (col-
laborating), obliging (accommodating), dominating
(competing), avoiding, and compromising (Rahim,
1983). Items were rated on a 5-point Likert scale rang-
ing from 1 (strongly disagree) to 5 (strongly agree).

Internal consistency for the current study: o = .874

2. Conflict Resolution Strategy Scale (CRSS)

This scale assesses the frequency and type of con-
flict resolution strategies used by participants, includ-
ing both constructive (e.g., negotiation, collaboration)
and destructive (e.g., withdrawal, escalation) ap-
proaches.

Internal consistency for this study: « = .846

Instruments were translated and back-translated to
ensure linguistic and cultural equivalence in Georgian.
A pilot test with 10 students confirmed the clarity and
comprehension of all items.

Procedure

Data collection was carried out via Google
Forms. Prior to participation, students were presented
with an informed consent form outlining the purpose of
the study, voluntary participation, and confidentiality
assurances. The average completion time was approxi-
mately 15 minutes.

The survey included demographic questions, fol-
lowed by the conflict style and resolution strategy
scales. No identifying information was collected.

The research was conducted in alignment with in-
stitutional ethical standards and did not involve any
physical or psychological risk to participants.

Data Analysis

All responses were analyzed using IBM SPSS
Statistics (Version 27). Statistical procedures
included:

e Descriptive statistics (mean, standard devia-
tion) to assess dominant conflict styles and resolution
strategies;

e Pearson correlation analysis to examine the
relationships between conflict styles and resolution
strategies;

e Independent samples t-tests to analyze gen-
der differences;

e Regression analysis to test the predictive
power of conflict styles on resolution outcomes.

Statistical significance was set at p < .05 for all
tests.

Results and Discussion

This study examined the relationship between in-
terpersonal conflict styles and conflict resolution strat-
egies among university students in Georgia. The analy-
sis aimed to determine which conflict styles were most
dominant, how these styles correlated with resolution
strategies, and whether gender influenced conflict be-
haviors.

Descriptive Statistics

Descriptive data revealed that the most commonly
used conflict style among participants was compromis-
ing (M = 35.21, SD = 5.47), followed by collaborat-
ing/integrating (M = 34.17, SD = 6.02). Less fre-
quently used styles included avoiding (M = 28.93, SD
= 6.38), accommodating/obliging (M = 27.45, SD =
5.89), and competing/dominating (M = 25.61, SD =
5.73). These findings suggest that students tend to pre-
fer cooperative and balanced approaches to managing
interpersonal conflict.

In terms of resolution strategies, the most common
approaches included negotiation, active listening, and
compromise, indicating a general preference for con-
structive conflict management.

These results align with previous findings suggest-
ing that university students often prioritize relational
harmony and balanced solutions over aggressive or
avoidant behaviors (Rahim, 2011; Wilmot & Hocker,
2011).

Correlation Between Conflict Styles and Reso-
lution Strategies

Pearson correlation analysis revealed significant
relationships between conflict styles and conflict reso-
lution strategies:

e Collaborating (Integrating) style showed a
strong positive correlation with constructive strate-
gies such as negotiation and open communication (r =
582, p <.01).

e Compromising also positively correlated
with constructive resolution (r =.498, p <.01), suggest-
ing students who adopt this style are more likely to seek
win-win outcomes.

e Avoiding had a significant negative correla-
tion with constructive strategies (r =—.326, p <.01), and
a positive correlation with withdrawal and silence as
coping methods (r =.289, p <.05).

e Competing (Dominating) correlated posi-
tively with escalation tactics (r =.261, p <.05), includ-
ing confrontational or rigid behaviors.

e Accommodating (Obliging) showed mixed
associations: it correlated positively with passive con-
flict resolution, such as yielding or giving in, but neg-
atively with assertive negotiation (r = —.217, p <.05).

These results reinforce the idea that students who
favor collaborative and compromising styles are
more likely to use healthy, dialogue-based strate-
gies, while those who default to avoidance or domi-
nance tend to adopt less effective or even harmful con-
flict behaviors (Thomas & Kilmann, 1974; Canary &
Spitzberg, 1987).

Gender Differences

Independent samples t-tests indicated several gen-
der-based differences in conflict behavior:

e Female students were significantly more
likely to use collaborative and accommodating styles
(t=2.13, p < .05), supporting earlier findings that sug-
gest women prioritize relationship maintenance and
emotional sensitivity in conflict situations (Portello &
Long, 1994).

e Male students scored higher on competitive
and avoidant styles, though these differences did not
reach statistical significance at the p < .05 level.
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In terms of resolution strategies, women were
more likely to use dialogue-based and empathetic ap-
proaches, while men were more likely to rely on with-
drawal or escalation, reflecting both individual differ-
ences and cultural norms surrounding gender and com-
munication in Georgian society (Gabunia, 2024).

Predictive Role of Conflict Styles

Regression analysis confirmed that the collabo-
rating and compromising styles significantly pre-
dicted the use of constructive resolution strategies (R?
=.342), indicating that conflict style accounted for over
34% of the variance in resolution approach. This sug-
gests that interventions focused on developing collab-
oration and compromise skills could substantially im-
prove how students handle interpersonal conflict.

These findings are consistent with global research
on conflict communication, but also highlight cultur-
ally specific dynamics in Georgia’s academic environ-
ment, where social expectations and emotional expres-
sion norms shape how young people respond to disa-
greement (Ting-Toomey, 1994).

Conclusion

This study explored the relationship between in-
terpersonal conflict styles and conflict resolution strat-
egies among Georgian university students. The find-
ings revealed a clear pattern: students who adopted col-
laborative and compromising conflict styles were
significantly more likely to engage in constructive res-
olution strategies, such as negotiation and active dia-
logue. In contrast, reliance on avoidant or competitive
styles was associated with more dysfunctional ap-
proaches, including withdrawal, passive behavior, or
conflict escalation.

The results underscore the importance of develop-
ing interpersonal and conflict management skills
within university settings. As Georgian students navi-
gate complex academic and social environments, their
ability to handle disagreement effectively is closely tied
to both personal well-being and group functioning. The
dominant use of compromising and collaborative styles
suggests a promising foundation for strengthening con-
flict resolution education within Georgian higher edu-
cation institutions.

Gender differences, while not always statistically
significant, suggest that female students may favor
more cooperative and empathetic approaches, while
male students tend to lean toward competitive or
avoidant styles. These patterns reflect broader societal
influences and highlight the need for gender-sensitive
communication training that encourages assertive-
ness, empathy, and emotional regulation for all stu-
dents.

Despite the valuable insights, this study has limi-
tations. The sample size was relatively small and based
on convenience sampling, limiting broader generaliza-
tion. Self-report measures may have introduced bias
due to social desirability. Future research should in-
clude larger, more diverse samples and explore longi-
tudinal changes in conflict behavior over time. Addi-
tionally, qualitative methods could help reveal the
deeper emotional and cultural drivers behind students'
choices during interpersonal conflict.

In conclusion, this research contributes to the
growing body of literature on student communication
and conflict management by offering empirical evi-
dence from a Georgian cultural context. The findings
support the integration of structured emotional and
communication skill development into university cur-
ricula—tools that not only reduce conflict but also em-
power students to build healthier academic and per-
sonal relationships.
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ABSTRACT

The present paper aims to address an issue closely intertwined with communicative competence in a foreign
language. Mastery of a foreign language cannot be separated from the cultural and intercultural communicative
competence associated with that language, given the now well-established, inseparable language—culture dyad that
underpins the effective knowledge and use of any language.

The study draws on field research conducted in Albanian pre-university education, seeking to identify the
challenges encountered in implementing the foreign-language curriculum with respect to the development of com-
municative competence, as well as the problems or shortcomings observed in its application.

Although carried out within the framework of a broader project—with objectives that address various aspects
of the foreign-language curriculum and communicative competence—this paper focuses specifically on cultural
and intercultural communicative competence as a fundamental dimension for the most effective development of
communicative competence in a foreign language.
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1. INTRODUCTION nected from reality and ill-suited to adapting to the in-

In a world where global communication is a ne-
cessity, knowledge of foreign languages and their ef-
fective use constitute the foundation of successful in-
teraction; of particular importance, without question, is
the knowledge and efficient acquisition of the cultural
dimensions that a language embodies.

If language learning is viewed as separate from the
culture it represents, we erroneously accept that lan-
guage consists only of grammatical rules and lexis, de-
tached from the meanings it conveys across diverse
communicative contexts. Seen from this perspective,
foreign-language didactics has long faced difficulties
with communication and with the comprehensibility of
texts used in the varied—and often unpredictable—
contexts of everyday reality, due to a linguistic—cultural
formation that failed to build the linguistic—cultural
structures enabling individuals to understand and adapt
their communication in both predictable and unfamiliar
situations.

Consequently, conceiving language as detached
from culture gives rise to issues that may lead to com-
plete communication breakdowns and more.

Ignorance of a language’s culture causes that lan-
guage to be perceived as entirely separate; beyond its
inherently abstract nature, it becomes wholly alienated,
confining its learning within a rigid framework, discon-

novations that a language, together with its culture, nat-
urally undergoes over time.

This, inevitably, fosters misunderstandings, mis-
interpretations, offense, and culture shock during com-
municative events. These outcomes can, in turn, lead to
partial or total breakdowns in communication and hin-
der its continuation in the future. While such conse-
guences may be minor in ordinary, everyday contexts,
they can be highly consequential in matters of signifi-
cant social, political, or economic importance.

Therefore, to avoid these pitfalls and to achieve
successful communication, it is essential to know the
culture of the language in question—an imperative that
becomes indispensable when integrating into a world
different from the one we know.

1.1.CULTURE AS A CONCEPT

Studies and dictionaries offer numerous defini-
tions that ultimately converge on a common under-
standing: culture is the set of ways a people uses to ex-
press itself, taking different forms depending on con-
text and on the meanings to be conveyed (Serragiotto
& Celentin).

The foreign-language teaching curriculum is fun-
damentally oriented toward the development of pri-
mary and secondary linguistic skills, interwoven with
the sociocultural dimensions of the language, and it
takes into account all aspects closely linked to commu-
nication-based language learning.
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As noted above, language is not merely an aggre-
gate of grammatical rules to be followed. It should be
viewed as a vehicle of culture rather than simply one of
its specific features [12] [15], thereby situating it within
the optic of “civilization”—hence references to Italian,
French, or English civilization.

In fact, language cannot be separated from culture,
and the Common European Framework of Reference
for Languages underscores the importance of sociocul-
tural and pragmatic competence as foundational ele-
ments of linguistic and communicative competence [1].
This entails employing methodologies, techniques, and
authentic texts in a variety of forms—always mindful
of learners’ level and age—thus leveraging all tools of-
fered by modern glottodidactics as means for both lin-
guistic and cultural learning, in line with the cultural
knowledge of the foreign language that students must
possess to communicate effectively.

1.2.INTERCULTURAL COMMUNICATIVE
COMPETENCE

Hofstede clarifies that intercultural communica-
tive competence is grounded in the cultural differences
between interlocutors with distinct linguistic and cul-
tural backgrounds, differences that shape their behavior
and relationships [11]. The differences he highlights are
tied to each person’s cultural background, which we
carry with us and mobilize in communication. The cul-
tural formation each of us undergoes throughout life
within the communities where we are born, live, and
work shapes our worldview, often producing biased
and judgmental perceptions. Accordingly, a primary
objective of foreign-language teaching is the recogni-
tion and acceptance of the other’s diversity without
judging or denigrating an unfamiliar culture. This is es-
sential for effective communication in a foreign lan-
guage—communication that might otherwise generate
misunderstandings, disagreements, and even complete
breakdowns due precisely to ignorance, distorted judg-
ments, or sweeping stereotypes about our interlocutor’s
culture [2] [3] [15]. From this perspective, intercultural
communicative competence assumes particular im-
portance in the context of foreign-language learning.

2. LITERATURE REVIEW

Referring to the foreign-language curriculum, we
know that its initial objective is the development of the
four basic language skills and their integrated use, com-
plemented by grammatical and lexical competence,
which together enable learners to use the language ef-
fectively in any conceivable communicative context
[7]. Another important objective is the development of
intercultural competence. As noted above, in today’s
global society intercultural competence is as important
as linguistic competence because it entails the ability to
understand and respect other cultures and to communi-
cate effectively in intercultural situations. Byram em-
phasizes that language teaching should aim to form “in-
tercultural citizens,” not merely linguistically fluent
speakers [5].

Since the classic formulation of communicative
competence, communicative approaches have shifted
the focus from rule mastery to the ability to act with
language—that is, to construct meanings, adapt to con-

text, and negotiate meaning [6]. This logic is insepara-
ble from the cultural dimension: accurate and appropri-
ate language use is conditioned by the norms, values,
practices, and semiotic repertoires of the communities
in which the language operates [12] [16].

Against this backdrop, intercultural communica-
tive competence (ICC) appears not as a decorative add-
on but as a fundamental condition for effective commu-
nication in multicultural environments. ICC should be
conceived as a constellation of open and curious atti-
tudes; knowledge of cultural products and practices;
skills of interpretation and intercultural relating; skills
of discovery and interaction in new situations; and crit-
ical awareness of values [5]. These dimensions give
pedagogical meaning to foreign-language education
beyond structural accuracy, orienting it toward respon-
sible, appropriate, and ethical interaction [5] [14]. Pro-
cess models stress that ICC develops gradually through
the interweaving of attitudes, knowledge, and skills that
yield internal outcomes—such as reflective abilities
and empathy—and external outcomes—such as appro-
priate and effective behaviors [9].

The Common European Framework of Reference
for Languages (CEFR) lays the groundwork for inte-
grating the intercultural dimension by categorizing so-
ciopragmatic competence and appropriateness [7] [9].
Its update, the Companion VVolume, further strengthens
this dimension with descriptors for “pluricultural—plu-
rilingual competence” and “mediation”—areas that re-
quire translational interaction among cultural and semi-
otic repertoires [8]. This pushes the curriculum to oper-
ationalize learning outcomes that assess not only “how
well the learner speaks,” but also “how they interact”
and “how they mediate” meanings across different sys-
tems of discursive practice.

At the didactic level, the literature supports
learner-centered approaches that simulate authentic
language use. Task-based language teaching (TBLT)
structures input and output around tasks with commu-
nicative objectives (e.g., comparing practices, solving
intercultural problems), enabling negotiation of mean-
ing and metapragmatic reflection [10]. Likewise, pro-
ject-based learning (PBL) affords time and space for
teamwork, cultural inquiry, and multimodal production
(videos, digital posters, podcasts), linking language to
“real-world practices” [16]. These approaches align
with the CEFR’s action-oriented perspective and are
supported by evidence highlighting the role of authen-
tic tasks in developing interpretation, relating, and cul-
tural mediation skills.

Learning resources play an indispensable role in
cultivating ICC. The literature recommends using au-
thentic materials—media texts, advertisements, film
excerpts, interviews, and corpora of natural dia-
logues—that expose learners to register variation, po-
liteness norms, ritual formulas, and emblematic ges-
tures [1] [2] [3]. Careful selection of themes with con-
trastive potential (e.g., forms of address, indirectness,
preferences for explicitness/implicitness, and disagree-
ment management) enables learners to identify “prag-
matic risk zones” where misunderstandings arise. This
exposure should be accompanied by metadidactic scaf-
folding—such as charts, concept maps, interaction
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schemas, and reflective—analytical writing—in order to
institutionalize critical thinking and avoid cultural es-
sentialism.

Assessment is another dimension the literature
urges us to revisit. Beyond traditional testing of linguis-
tic accuracy, assessing ICC requires instruments that
measure processes such as attitudes, interaction strate-
gies, and mediation—thus, assessment not only of the
product based solely on linguistic correctness. The Eu-
ropean Language Portfolio and guided self-assessment
strengthen the learner’s role as an agent of learning
[13]. Rubrics aligned with CEFR descriptors (e.g., for
sociopragmatic appropriateness, negotiation of mean-
ing, cultural mediation) and with Byram’s dimensions
(1997) create coherence between curricular objectives
and assessment practices [5]. Council of Europe studies
[4] provide examples of operationalizing learning out-
comes for democratic and intercultural competence that
are transferable to language curricula.

The literature also underscores the teacher’s role.
The teacher is regarded as a “designer of interactional
environments” and a “cultural mediator” [12]. This en-
tails professional competence in selecting culturally
rich materials and tasks, managing cultural sensitivity
in the classroom, modeling pragmatically appropriate
language, and integrating digital technologies that ex-
pand spaces for interaction. Cultural dimensions shape
the reciprocal expectations of educational actors; con-
sequently, continuous teacher training must address not
only methodological skills but also competences in me-
diation and in managing the classroom’s cultural dy-
namics [11].

Finally, national and institutional settings—such
as the Albanian pre-university context—require a “cur-
ricular translation” of scientific evidence. Studies sug-
gest pragmatic strategies: introducing intermediate in-
tercultural units at every level; planning contrastive
tasks; establishing school partnerships such as twin-
ning; and embedding “mediation” in a targeted way
within learning outcomes. Such approaches harmonize
CEFR requirements with local needs and contribute to
forming the “intercultural citizen,” centering a lan-
guage user capable of building bridges of meaning, ne-
gotiating differences, and acting responsibly in multi-
lingual and multicultural spaces [5] [9].

3. METHODOLOGY

As above-mentioned, this paper forms part of an
AKKSHI project that progressed through several
phases up to field implementation and is still ongoing.
One of its core phases involved designing and adminis-
tering questionnaires in upper secondary schools across
the territory of Albania.

The project team comprises six lecturers from the
Faculty of Foreign Languages across three depart-
ments—Italian, English, and French—together with
doctoral candidates and Master of Teaching students
for upper secondary education (AML).

To identify the situation vis-a-vis the project’s ob-
jectives, two questionnaires were developed: one for
teachers and one for students. Each instrument was
structured into multiple sections, every section address-

ing a specific thematic focus, since the project’s re-
search aims encompass a much broader spectrum of
field investigation than the scope of this paper.

As noted earlier, the research covers three lan-
guages; however, in this article we report only on learn-
ers of Italian. Specifically, we address just one of the
project’s  objectives—intercultural communicative
competence (ICC), which is inextricably linked to com-
municative competence. The principal aim here is to
examine whether the curriculum related to communica-
tive competence enables upper secondary (AML) stu-
dents to meet the objectives associated with this com-
petence. The data presented pertain solely to Italian.

Population and Sample

The target population comprised upper secondary
(AML) students in grades X—XII who take Italian as a
first or second foreign language, as well as Italian lan-
guage teachers at these schools. Stratified sampling was
employed by school type (urban/rural, public/private)
and geographic distribution to enhance representative-
ness.

In total, the questionnaire was distributed to 5,000
students; responses were completed by 3,836 students
and 53 Italian language teachers from upper secondary
schools across Albania. School selection aimed for re-
gional representativeness and for varying levels of ex-
posure to Italian.

Unit of Measurement

Two separate questionnaires were developed—
one for students and one for teachers. Both structured
instruments were organized into thematic sections and
employed a 1-5 Likert scale (1 = strongly disagree/very
low; 5 = strongly agree/very high), along with open-
ended questions in the final section of each question-
naire.

v The structure of the questionnaires:

The questionnaires are structured as follows:

e Student questionnaire:

- Uses a 1-5 Likert scale;

- Thematic sections include subsections focused
on specific aspects aligned with the project’s objec-
tives;

- The final section contains open-ended ques-
tions in which teachers can freely express their views
on the curriculum, the methodologies they use, tech-
niques, materials, technologies, and the challenges en-
countered in practice.

e Teacher questionnaire:

- Uses a 1-5 Likert scale;

- Thematic sections include subsections focused
on specific aspects aligned with the project’s objec-
tives;

The final section contains open-ended questions,
allowing teachers to freely express their views on the
curriculum, the methodologies they use, techniques,
materials, technologies, and the challenges encountered
in the field.

v" Questionnaire distribution:

The questionnaires were distributed in two ways:

- In person: all team members and the afore-
mentioned students were involved, to mitigate common
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issues in questionnaire completion (e.g., lack of moti-
vation, misunderstandings, uncertainty about how to
fill in items).

- Online: for distant or physically inaccessible
locations, given that the timelines for distribution, col-
lection, and processing were clearly specified in the
project.

v Data Collection Procedures

The questionnaires were administered over a
three-month period, in line with the project plan. A
standardized procedure using an anonymous identifier
was applied for each school, allowing schools to be dis-
tinguished without compromising anonymity. Open-
ended responses were collected in parallel for thematic
analysis. Quantitative capture was conducted initially
via CleanScore Albania, which uses the Remark Soft-
ware platform, followed by data analysis in SPSS.

Ethics

The study was conducted in accordance with ethi-
cal standards for research in pre-university education:
prior full information, voluntariness and the right to
withdraw without consequences, anonymity, and data
confidentiality.

4. RESULTS, DISCUSSION, AND DATA
ANALYSIS

Below we present selected results pertaining to the
questions on the knowledge and development of inter-
cultural communicative competence, as follows:

In Fig. 1—for the question regarding how much
students like to learn about cultural differences between
languages and whether intercultural pattern compari-
sons between the two languages are made frequently in
class—we find that:

Cumulative Per-

Freguency Percent Valid Percent cent
Valid Strongly disagree 206 5.4 55 5.5
Agree to some extent 610 15.9 16.2 21.7
Neutral (neither yes nor no) 742 19.3 19.7 41.4
Agree 1255 32.7 33.3 74.7
Strongly agree 951 24.8 25.3 100.0
Total 3764 98.1 100.0
Missing System 72 19
Total 3836 100.0
Fig. 1
Statistics
N Valid 3764
Missing 72
Mean 3.57
Median 4.00
Mode 4
Std. Deviation 1.185
Fig. 1.1

From Figs. 1 and 1.1 it emerges that 32.7% agree
with the item and 24.8% strongly agree (Mean = 3.57,
indicating a tendency toward agreement; Mode = 4; SD
=1.185, reflecting a moderate variability of responses).
Thus, about 67.8% appear aware of this important as-

pect of language learning. What is concerning, how-
ever, is that 19.3% are neutral, 15.9% only partially
agree, and 5.4% are negative (strongly disagree), which
signals, to some extent, a lack of awareness, passive en-
gagement, limited interest, and an unclear understand-
ing of this aspect’s importance.

In Fig. 2 — the item: “I am able to distinguish the cultural differences between Italian and Albanian.”

Cumulative Per-

Frequency Percent Valid Percent cent

Valid Strongly disagree 243 6.3 6.5 6.5
Agree to some extent 762 19.9 20.2 26.7
Neutral (neither yes nor no) 859 22.4 22.8 49.5
Agree 1179 30.7 31.3 80.8
Strongly agree 722 18.8 19.2 100.0
Total 3765 98.1 100.0

Missing System 71 1.9

Total 3836 100.0
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Fig. 2
Statistics
N Valid 3765
Missing 71
Mean 3.37
Median 4,00
Mode 4
Std. Deviation 1.186
Fig. 2.1.

Based on Figs. 2 and 2.1, 30.7% and 18.9% se-
lected agree and strongly agree, respectively—i.e.,
49.6% in total—indicating a considerably developed
perceptual ability to identify cultural differences be-
tween the languages. However, attention should be
drawn to the 22.8% who are neutral, 19.9% who agree
to some extent, and 6.3% who strongly disagree. This
suggests that a substantial proportion either has not de-

veloped this competence or lacks awareness of it, point-
ing to an unclear stance, limited use of specific tech-
niques, and insufficient exposure to cultural content in
foreign-language learning. Moreover, the Mean of
3.37, with the Median and Mode both at 4, reflects a
positive—though not pronounced—tendency, while
the SD of 1.186 indicates a moderate dispersion of re-
sponses, meaning students’ cultural experience and
awareness are not evenly distributed.

In Fig nr. 3 — Question: In class, we often make comparisons of cultural patterns between two languages

Cumulative Per-

Frequency Percent Valid Percent cent
Valid Strongly disagree 266 6.9 7.0 7.0
Agree to some extent 660 17.2 17.4 24.5
Neutral (neither yes nor no) 842 21.9 22.3 46.7
Agree 1252 32.6 33.1 79.8
Strongly agree 764 19.9 20.2 100.0
Total 3784 98.6 100.0
Missing System 52 1.4
Total 3836 100.0
Fig. 3
Statistics
N Valid 3784
Missing 52
Mean 3.42
Median 4.00
Mode 4
Std. Deviation 1.191
Fig. 3.1

The data presented in Figs. 3 and 3.1 indicate an
overall positive trend regarding the presence of inter-
cultural comparisons in foreign-language classrooms.
About 53.5% of respondents reported agreeing or
strongly agreeing that comparisons of cultural patterns
between the two languages are frequently made in
class. This suggests that intercultural practices are in-
corporated to a meaningful extent in the teaching pro-
cess. What stands out, however, is the relatively high
share—22.3%—who expressed no opinion, remaining
neutral. This can be interpreted in several ways: either
this neutral group has not been fully aware of the inte-
gration of cultural elements in instruction, or intercul-
tural comparison activities are limited and sporadic,
conducted without systematic organization and clear
objectives sufficient to support proper formation. As
for those who strongly disagree (7%) and agree to some

extent (17.4%)—together 24.4%—they do not perceive
this practice as being implemented in class. This may
signal inconsistent application of intercultural ap-
proaches in certain schools, insufficient provision of
appropriate comparative activities, or gaps in teacher
training on this critical dimension of foreign-language
education. The statistical indicators reinforce the posi-
tive aspect: a Mean of 3.42—above the neutral level
(3)—suggests a tendency toward endorsement of the
statement; the Median and Mode are both 4 (Agree), in-
dicating that most participants perceive intercultural
comparison as present in the classroom; and an SD of
1.191 reflects a moderate dispersion of responses, im-
plying variability in student perceptions without ex-
treme outliers.
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In Figs. 4 and 4.1: Do teachers consistently bring
into the classroom authentic cultural examples of com-

want more—and more interesting—activities and ma-
terials to be used in class?

municative practices used by Italians, and do students

The teacher constantly brings to the classroom (authentic) cultural examples of communication used by the Ital-
ian and we discuss the intercultural differences between the two languages
Cumulative Per-

Frequency Percent Valid Percent cent
Valid Strongly disagree 231 6.0 6.1 6.1
Agree to some extent 607 15.8 16.1 22.2
Neutral (neither yes nor no) 739 19.3 19.6 41.8
Agree 1231 32.1 32.6 74.4
Strongly agree 968 25.2 25.6 100.0
Total 3776 98.4 100.0
Missing System 60 1.6
Total 3836 100.0
Fig. 4
Statistics
N Valid 3776
Missing 60
Mean 3.56
Median 4.00
Mode 4
Std. Deviation 1.204
Fig. 4.1

Based on the above results, 57.2% of students re-
spond positively to the fact that teachers bring authentic
examples into the classroom and they value this as a
teaching practice. Nevertheless, a considerable share—
19.3%—remain neutral, which may indicate limited ex-
posure to culturally rich authentic materials. Moreover,
the fact that 22% expressed dissatisfaction—6.1%
strongly disagree and 16.1% agree only partially—
suggests that intervention is needed in this area. Re-
garding the statistical indicators, both the Mode and the
Median are 4, indicating a positive tendency in re-
sponses; the Mean of 3.56 also points to a positive in-
clination and acceptance. The SD of 1.204 shows that
students’ experiences are varied rather than homogene-
ous.

5. CONCLUSION

From the results obtained regarding the intercul-
tural dimension in foreign-language classrooms, it
emerges that, overall, the context is positive with re-
spect to the development of intercultural communica-
tive competence. However—as noted above—a non-
negligible share of respondents remains neutral, only
partially in agreement, or in outright disagreement. This
indicates a need for targeted intervention so that this
proportion of students can shift their views about the
development of this skill in language classes, and so
that teachers are encouraged to analyze learners’ needs,
adjust instructional formats, and increase the use of var-
ied games and techniques that foster the acquisition of
this competence.

We believe that, to achieve better acquisition,
teachers should incorporate dedicated cultural units
into foreign-language lesson plans, focusing not merely
on presenting cultural models per se, but on offering

points of contact between the two cultures: the values
they convey, their diffusion, historical background, the
forms of communication between them, and how these
are deployed in everyday interaction.

We further suggest foregrounding student-led pro-
jects in lesson organization, through which learners—
via exchanges with foreign peers—present newly
learned cultural elements while highlighting their im-
portance, points of comparison, usage, and appropriate
contexts of use. This can be implemented in many di-
verse ways (e.g., investigations of cultural elements
such as superstitions or nonverbal communication).
Equally, there should be broader and more diversified
use of authentic materials—now more accessible than
ever—where technology can strongly support both
teacher and learner. Songs, films, interviews, podcasts,
and TV programs can be employed, with careful selec-
tion by the teacher in line with students’ age, level, and
interests.

While contemporary language textbooks are built
on a communicative approach and offer a variety of cul-
tural models, no single book can meet all learner needs.
In this respect, the teacher remains the central figure
who must enable the development of this essential com-
petence for the formation and effective use of a foreign
language. Today, teachers have virtually unlimited
training options and materials at their disposal; none-
theless, careful selection and use are crucial, aligned
with learners’ interests, age, needs, and learning objec-
tives.

Based on students’ views, teachers and schools
should also develop activities that provide more fre-
quent contact with native speakers, allowing students to
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practice the foreign language in varied, real-world con-
texts. Immersion in an authentic linguistic environment
makes possible the genuine acquisition of this compe-
tence at the level and quality required for effective,
long-term communication. Such activities may include
cultural visits, ongoing communicative exchanges (in-
cluding virtual) with peers from the language’s country
of origin, and the implementation of joint cultural pro-
jects, among others. Naturally, all of this requires well-
studied planning grounded in learners’ needs and inter-
ests; but with commitment and goodwill, satisfactory
results are entirely achievable.
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The article reviews the technological, standardization, and product design challenges of the circular economy
in Georgia. The implementation of the circular economy, aimed at maximizing resource use and minimizing waste,
represents a challenge for countries. The study shows that outdated infrastructure, limited R&D capabilities, lack
of standards and metrology, and product designs that are difficult to recycle create significant barriers. The article
emphasizes that the effective implementation of sustainable circular practices requires the modernization of tech-
nological processes, support for innovation, improvement of standardization, and changes in product design. The
analysis is important for Georgia as a country striving to strengthen the model of a sustainable economy through
optimized resource use and the preservation of environmental sustainability.

Keywords: circular economy, technological challenges, product design, standardization, metrology, waste
management, recycling, sustainable development, innovation, Georgian economy.

Introduction

The circular economy, as an economic model
aimed at maximizing resource utilization, minimizing
waste, integrating technologies, and maintaining envi-
ronmental sustainability, differs from the traditional
linear economic model, in which resources are con-
sumed, used, and accumulated as waste. In contrast, the
circular economy reduces waste and enhances positive
environmental impacts by reusing resources and prod-
ucts, as well as through the application of modern tech-
nologies such as digital platforms, artificial intelli-
gence, blockchain, automation, and green innovations.

The transformation toward such an economy in-
volves the participation of companies, consumers, and
governments in processes of recycling, repair, modern-
ization, and the implementation of innovative technol-
ogies throughout the entire product lifecycle. This op-
timization of product use not only generates economic
benefits but also contributes to ecological sustainability
and the fight against climate change.

The shift to a circular economy also implies the
adoption of new business models, such as resource re-
covery, after-production product servicing, recycling,
refurbishment, and the use of digital technologies to en-
hance resource efficiency. These processes support the
development of a more sustainable and innovative eco-
nomic model, which in the future will help conserve
natural resources, mitigate climate change, and harness
technological progress for environmentally responsible
development.

In Georgia, several key elements support the de-
velopment of the circular economy and its technologi-
cal aspects. Within the framework of European Union
projects aimed at reducing waste and promoting recy-
cling, information technology systems have been de-
veloped in Georgia to study and optimize waste man-
agement and prevention processes (REC Caucasus). In
addition, blockchain is used to enhance transparency,
sustainability, and efficiency in green supply chains
(Prokopenko et al., 2025). Through innovative prac-
tices and government support, the Georgian Innovation

and Technology Agency (GITA) actively promotes re-
search and academic collaboration, the commercializa-
tion of R&D, and technological development, all of
which are essential for strengthening the technological
foundation of the circular economy within the context
of global sustainability goals (UN). The combination of
these elements has ensured significant progress in the
country’s transition toward a circular economy.

Research Goal and Methodology

The primary objective of this study is to explore
and analyze the main barriers that hinder the implemen-
tation of the circular economy in Georgia. Particular at-
tention is directed to three interrelated dimensions.
First, the technological challenges, which include out-
dated infrastructure, limited research and development
capacities, and insufficient innovation potential. Sec-
ond, the challenges associated with standardization and
metrology, where the lack of national standards, low
awareness across industries, and a heavy reliance on in-
ternational frameworks significantly restrict progress.
Third, the limitations of product design, as many goods
are characterized by short lifespans, use of non-recycla-
ble materials, and poor reparability, thereby obstructing
sustainable consumption and production cycles. Taken
together, these barriers reveal systemic gaps that im-
pede the transition toward sustainable development.
Consequently, the study seeks not only to diagnose the
existing shortcomings but also to propose potential di-
rections for enhancing Georgia’s preparedness for
adopting a circular economy model.

The methodological framework of the research is
grounded in a qualitative and analytical approach. The
study relies primarily on desk research, encompassing
a review of existing academic literature, international
policy documents, as well as Georgian national strate-
gies and regulatory frameworks. Comparative analysis
is applied to evaluate Georgia’s practices in relation to
those of the European Union and other countries with
more advanced circular economy policies.

Technological Barriers
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The implementation of the circular economy in
different countries is closely tied to the structural char-
acteristics of their economies and largely depends on
the creation and application of advanced technologies
for material recycling, remanufacturing, and reuse.
These technologies may not be fully developed or
widely accessible, which significantly hinders the
adoption of circular economy practices. Various scien-
tific studies have examined these barriers across indus-
trial sectors (Hossain et al., 2024).

Remanufacturing has limited capabilities. In the
automotive industry, the reuse of old vehicle parts re-
quires precision and advanced technology. However,
current remanufacturing processes can be labor-inten-
sive and technically complex, limiting the broader
adoption of such practices.

Challenges also exist in the development of biode-
gradable materials. Designing biodegradable packag-
ing materials that can replace traditional plastics re-
mains a major technological challenge, as they require
industrial composting facilities for proper decomposi-
tion. Since such facilities are not widely available, their
effectiveness is limited.

Product design for circular purposes is con-
strained. Designing products for disassembly and recy-
cling is essential for circular practices but often con-
flicts with other requirements such as durability, per-
formance, and aesthetics. In the consumer electronics
sector, products are often sealed to prevent damage and
enhance durability, but this makes them difficult to re-
cycle. The absence of design standards in many indus-
tries further complicates efforts to create high-quality,
easily recyclable products.

Recycling of materials such as aluminum or glass
is tied to energy-intensive processes. Although alumi-
num recycling saves about 95% of the energy required
for primary production, recycling facilities still demand
high energy inputs. Similarly, glass recycling requires
high temperatures, making it more energy-intensive
and costly compared to other materials.

The management of the circular economy suffers
from a lack of digital tools. It requires robust digital
platforms for material tracking, reverse logistics man-
agement, and resource optimization. However, many
industries lack the necessary infrastructure to support
these processes. For example, the construction industry
often relies on traditional methods of material monitor-
ing, which results in inefficient resource use and persis-
tent waste. Developing and deploying digital technolo-
gies and platforms is both technologically complex and
costly.

In waste-to-energy processes, inadequate technol-
ogies are often employed. In managing organic waste,
the efficiency and scalability of technologies are lim-
ited, as small-scale production may not be economi-
cally viable without subsidies.

Material quality declines as a result of recycling.
This is particularly evident in the textile industry,
where recycled fibers are weaker and less durable than
virgin fibers, limiting their usability. Improving the
quality of recycled materials through better technolo-
gies remains a major challenge for the textile sector
(Schnatmann et al., 2023). Many sectors, particularly

consumer goods manufacturing, also suffer from a lack
of effective infrastructure.

In Georgia, the transition to the circular economy
and the strengthening of its technological foundation
face significant challenges today. These problems are
interlinked and create serious barriers to recycling,
waste management, and technological progress.

First, limited access to high-quality technologies
is one of the country’s most pressing issues. Existing
recycling infrastructure is insufficient and often out-
dated, especially in handling specialized waste such as
batteries, electronic devices, and oil residues (Rizos et
al., 2022). According to statistical data, only about
1.3% of waste is recycled, while 90% ends up in land-
fills (Mihai et al., 2024; ISET, 2022).

The second major challenge relates to the low
level of innovative capacity, particularly limited R&D
and reliance on imports. Existing recycling plants often
fail to meet modern technological or environmental
standards, while the country’s research and develop-
ment activities remain underdeveloped, resulting in a
low rate of innovation adoption and the persistence of
outdated practices (ISET, 2021).

The deficit in scientific and innovative processes
is another significant obstacle. The commercialization
of academic and scientific research is limited.

Ultimately, technological lag and gaps compared
to international practices exacerbate the situation.
Georgia suffers from a technological deficit caused by
low capacity to acquire and implement advanced tech-
nologies (Reuter, 2012).

Thus, the transition to a circular economy model
in Georgia occurs under conditions shaped by a combi-
nation of problems—outdated technological infrastruc-
ture, limited R&D capacity, and divergences from in-
ternational standards.

Standardization and Metrology

As researchers note, there is a lack of measure-
ment standardization and metrology in the practice of
sustainable economy (Technopolis Group, 2016;
Waryam et al., 2024). Without clear standards, it is dif-
ficult to assess progress and efficiency. Standards and
metrology are crucial for the implementation and eval-
uation of sustainable economic practices, but they can
also become barriers when absent, inconsistent, or
overly rigid.

According to research, one of the main challenges
in sustainable economic practice is the lack of standard-
ization and metrology (Technopolis Group, 2016).
Without clear standards, it is difficult to measure pro-
gress and effectiveness, which complicates the adop-
tion of circular practices (European Commission, 2020;
ISO, 2021). The absence of standards or the improper
use of terms such as “recyclable,” “biodegradable,” and
“compostable” creates confusion among consumers
and businesses, limiting effective waste management
(UNEP, 2022).

Moreover, differences in recycling standards
across regions and countries further complicate com-
pany operations, particularly when products are sold in
multiple markets (OECD, 2021). For example, in the
construction industry, recycled materials often fail to
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meet existing standard requirements despite their tech-
nical suitability, which hinders the wider adoption of
circular practices (Geissdoerfer et al., 2017).

In the absence of standardized metrology, compa-
nies face difficulties in assessing the progress of their
products and processes, as well as in benchmarking
against international references. The limited availabil-
ity of certification systems may also act as a barrier, as
companies are unable to obtain recognized certificates
to validate circular practices (Kirchherr et al., 2018).

Additionally, the lack of labeling makes it harder
for consumers to choose environmentally friendly
products. Without standardized marks, companies
struggle to market their circular products and com-
municate effectively with consumers (ISO, 2021). At
the same time, strict material standards and overly rigid
regulations—often designed for a linear economy—
complicate the use of secondary materials and the adop-
tion of circular business models (Geissdoerfer et al.,
2017; UNEP, 2022).

Standardization and Metrology in Georgia

Many sectors in Georgia still do not apply modern
principles of metrology, which directly affects product
quality. The level of metrological culture, particularly
in the regions, indicates the underdevelopment of the
field (New Press, 2021).

The lack of R&D and innovation creates further
difficulties. The development of standards is largely de-
pendent on international and regional frameworks
(GEOSTM, 2022).

Accessibility to standards is also problematic. De-
spite cooperation with 1SO, society and industry often
fail to use standards effectively. The registration and
translation of international standards is technically and
administratively complex, making their timely adop-
tion more difficult (GEOSTM, 2022).

Awareness of metrology and standards is low in
the regions. Training in this direction has only recently
begun. For small enterprises, metrological services are
often inaccessible, increasing risks related to product
quality (New Press, 2021).

In the typology of standards within GEOSTM’s
national registry, international standards (ISO, IEC) ac-
count for about 50%, European standards
(CEN/CENELEC) make up 47%, while national stand-
ards (GES) comprise only 3%. Each year, GEOSTM
adopts approximately 2,000 standards.

Significant challenges in the field of standardiza-
tion and metrology in Georgia are associated with sev-
eral aspects. The national standardization system is
markedly underdeveloped and heavily dependent on in-
ternational standards, which hinders the independent
development of local standards. Finally, although the
annual dynamics of standardization are growing and
new standards are being adopted, domestic innovations
remain insufficiently represented. This increases reli-
ance on global standards and creates obstacles for the
country’s industrial development.

Product Design

Product design plays a crucial role in enabling the
transition to a circular economy, as the way a product
is developed determines how easily it can be recycled,
reused, and managed efficiently in terms of resources.

Traditionally, products are created with a short
lifespan; for example, smartphones with built-in batter-
ies force consumers to replace the entire device, which
increases electronic waste.

In addition, the use of non-recyclable or difficult-
to-process materials, such as multilayer packaging, lim-
its material circularity and reduces recycling efficiency.
Complex products that combine different types of ma-
terials make disassembly and recycling more difficult.
The lack of standardization also hinders repair or up-
grading of products; for example, furniture often uses
unique connectors that are incompatible with other
brands and models.

Aesthetics-oriented design, especially in the fash-
ion industry, often relies on low-quality materials, re-
sulting in short product lifecycles and increased waste.
Many household appliances and electronic products are
not designed for disassembly because they contain
glued or welded components, which complicates repair
and refurbishment. In electronics, toxic materials such
as lead or mercury are sometimes used, creating barri-
ers to safe recycling and recovery processes.

In the food and beverage industry, many products
are designed for single use, such as disposable cups,
plates, and cutlery, which further complicates waste re-
duction efforts and discourages the reuse of materials.

Conclusion

The implementation of the circular economy in
Georgia is associated with significant challenges in
technological, standardization, and product design as-
pects. The outdated technological infrastructure, lim-
ited access to high-quality recycling processes, and the
lack of R&D and innovation capabilities hinder the
adoption of modern circular practices.

The absence of standardization and metrology re-
stricts waste management, product quality control, and
compliance with international standards. Moreover,
product design often fails to incorporate circular prin-
ciples: products with short lifespans, hard-to-recycle
materials, lack of reparability and disassembly, as well
as aesthetics- and single-use-oriented designs, increase
waste and obstruct efficient resource management.

Therefore, while the development of the circular
economy in Georgia indeed requires the introduction of
innovative technologies, the establishment of stand-
ards, and the modernization of product design in order
to build a sustainable, efficient, and environmentally
responsible economic model, this process is unfolding
slowly, being heavily dependent on global challenges
and their resolution.
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Introduction. The modern education system is un-
dergoing a large-scale transformation under the influ-
ence of the Fourth Industrial Revolution. The digitali-
zation of society necessitates the integration of the lat-
est information systems (LIS) into the educational
process. The use of data analysis technologies, online
platforms, artificial intelligence, and cloud solutions is
changing the nature of learning, expanding access to
knowledge, and improving research practices (Walter
etal., 2024, p. 22).

The methodological basis of modern education is
built on a combination of different research approaches.
One of the most sought-after areas is quantitative meth-
ods: questionnaires, testing, and mathematical and sta-
tistical processing of results. They allow us to identify
trends, make forecasts, and objectively assess the effec-
tiveness of information systems (Altunigik et al., 2017,
p. 57). For example, questionnaires can be used to study
students' attitudes toward online courses, and statistical
analysis can be used to determine the correlation be-
tween the use of digital tools and academic perfor-
mance.

Qualitative methods are equally important. These
include interviews, focus groups, and projective tech-
niques. In the digital environment, these methods have
been further developed: interviews are conducted
online, focus group discussions are recorded in virtual
classrooms, and automated content analysis allows for
the study of educational materials and students' digital
communications (Yidirim & Simsek, 2021, p. 89).
These approaches help to understand the underlying
motives and barriers to using digital platforms.

A special place is occupied by the observation
method, including both open and covert participation
by the researcher. In educational practice, observation
can be used to analyze student behavior in online clas-
ses, the dynamics of their involvement in virtual dis-
cussions, or the use of adaptive learning systems.

Finally, the experimental method remains a signif-
icant area of research. Modern digital technologies
make it possible to simulate learning situations in a vir-
tual environment, conduct pedagogical experiments
with control and experimental groups, and record and
analyze results in automated systems (Rahiman et al.,
2024).

This approach ensures a high degree of reliability
and reproducibility.

Together, these methods form the basis of a scien-
tific approach to the digitization of education, allowing
us to evaluate the effectiveness of the latest information
systems and develop practical recommendations for
their implementation.

Main part. Scientific research and the educational
process are inextricably linked to the systematic use of
information, which is particularly evident in the context
of digitalization. The modern educational environment
must meet the criteria of objectivity, accessibility, and
verifiability of data, and the use of the latest infor-
mation systems makes it possible to meet these require-
ments in practice. The integration of digital technolo-
gies makes it possible to automate the collection and
analysis of educational data, which significantly re-
duces the time required to process information and in-
creases the accuracy of results (Ohmaodov et al., 2023,
p. 145). Digital measurement and statistical processing
methods increase the reliability of scientific conclu-
sions, which is especially important when conducting
pedagogical experiments and monitoring the quality of
education (Altunisik et al., 2017, p. 211).

In addition, information systems open up broad
prospects for organizing distance learning, where stu-
dents and teachers can interact regardless of their geo-
graphical location, as well as for implementing joint re-
search projects in an online environment, ensuring the
exchange of knowledge and the formation of academic
cooperation at the international level. Thus, the theoret-
ical basis for the application of information systems in
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education is based on the principles of objectivity and
reproducibility, ensuring a high level of confidence in
the results of learning and scientific research.

In the education system, the latest information
technologies are used in a wide variety of areas, cover-
ing both the organization of the educational process and
scientific research activities. One of the most common
tools has become electronic learning platforms, among
which Moodle, Microsoft Teams, and Google Class-
room occupy a special place. These systems allow
teachers to manage courses, conduct testing, organize
discussions, and provide feedback, ensuring the conti-
nuity of the educational process even in a remote for-
mat (Rahiman et al., 2024).

Moodle is an open learning management system
(LMS) that is flexible and can be customized to the spe-
cific needs of educational institutions. It supports the
posting of educational materials, forums, tests, and as-
signments. In addition, Moodle actively integrates with
other services, making it particularly popular in univer-
sities and schools with developed distance learning in-
frastructure. In scientific research, Moodle is used to
track student activity and analyze their involvement in
the educational process (Wang et al., 2024, p. 104934).
Microsoft Teams was originally developed as a tool for
teamwork, but with the digitization of education, it has
become a full-fledged educational platform. It provides
synchronous and asynchronous interaction between
students and teachers, supports video lectures, integra-
tion with cloud services, and collaborative document
editing. Teams is widely used in universities to organ-
ize blended learning, as it allows traditional forms of
teaching to be combined with modern digital tools
(Farahani & Ghasmi, 2024, pp. 54-55).

Google Classroom is a cloud-based platform fo-
cused on simplicity and accessibility. It is integrated
with other Google services (Docs, Drive, Meet), mak-
ing it convenient for both teachers and students. Class-
room is used to assign tasks, check work, conduct as-
sessments, and organize online discussions. Its ad-
vantages are its low entry threshold and cross-platform
compatibility: students can use the system from both
computers and mobile devices, which is especially im-
portant in the context of mass distance learning (Walter
etal., 2024, p. 22).

Thus, Moodle, Microsoft Teams, and Google
Classroom form the basis of modern digital learning,
combining educational process management, commu-
nication, and analytics in a single environment. Their
use contributes to the creation of a flexible and sustain-
able educational system capable of adapting to the chal-
lenges of global digitalization (Giannakos et al., 2024).

Among them, SPSS, R, and Python occupy a spe-
cial place, each with its own specific features and meth-
odological advantages.

SPSS (Statistical Package for the Social Sciences)
is traditionally considered the most convenient tool for
educational research and social sciences. Its graphical
interface allows data processing without in-depth pro-
gramming skills, making it particularly popular among
students and teachers. With SPSS, it is possible to
quickly perform descriptive statistics, correlation anal-

ysis, regression modeling, and variance analysis. In ed-
ucational research, the program is used to assess the im-
pact of various factors on student performance, analyze
test and questionnaire results, and make predictions
about the quality of education. An example is the study
of the relationship between the frequency of use of
online platforms and academic performance (Altunisik
etal., 2017, p. 175).

R is a programming language and statistical com-
puting environment that provides users with much
more flexible analysis tools. Unlike SPSS, R is geared
toward researchers with coding skills, but in return of-
fers a wide range of possibilities: from complex math-
ematical and statistical models to the visualization of
large data sets. Thanks to specialized libraries (e.g.,
ggplot2, caret, psych), R allows researchers to build ac-
curate models, develop forecasts, and apply machine
learning methods. In education, R is used to analyze
large student databases, identify hidden patterns, and
test hypotheses, which ensures a higher level of scien-
tific validity of pedagogical conclusions (©hmodov et
al., 2023, p. 154). Python has become one of the most
popular tools in recent years due to its versatility and
accessibility. Unlike R, it is used not only for statistics
but also for software development, which makes it par-
ticularly valuable in interdisciplinary research. With
the help of NumPy, Pandas, SciPy, and Scikit-learn li-
braries, Python allows you to process data arrays, per-
form machine learning, and build prediction models. In
educational projects, Python is used to analyze large
flows of information from online courses (e.g., student
activity on Moodle or Coursera platforms), automate
the assessment of academic achievement, and create
adaptive learning systems that tailor themselves to the
individual needs of students (Wang et al., 2024, p.
104934) .

Thus, the use of SPSS, R, and Python forms a
comprehensive methodological base, providing a bal-
ance between accessibility, accuracy, and flexibility of
analysis. SPSS guarantees simplicity and speed, R
guarantees depth and rigor of statistical calculations,
and Python guarantees versatility and innovation, espe-
cially in the field of artificial intelligence. This ap-
proach allows not only to record learning outcomes, but
also to adjust educational programs on a scientific ba-
sis, making them more adaptive and effective (Farahani
& Ghasmi, 2024, pp. 53-55).

Acrtificial intelligence and machine learning tech-
nologies are also being actively introduced, contrib-
uting to the development of adaptive learning. Thanks
to data analysis algorithms, it is now possible to per-
sonalize students' educational trajectories, create indi-
vidualized learning plans, and identify hidden patterns
in the assimilation of material. This improves the qual-
ity of education and allows for more effective consid-
eration of the needs of each student. Virtual and aug-
mented reality open up additional prospects, allowing
laboratory experiments and practical classes to be sim-
ulated in a digital environment. Such technologies pro-
vide immersion in the learning process, expand oppor-
tunities for practical skills, and create conditions for
mastering complex disciplines even with limited re-
sources (Koroglu, 2016, p. 89).
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Thus, the practical significance of digital technol-
ogies in education is manifested in improving the effec-
tiveness of teaching, deepening research activities, and
creating an innovative educational environment capa-
ble of responding to the challenges of modern society.
The introduction of the latest information systems into
the educational process requires special attention to is-
sues of academic ethics. The digital environment sim-
plifies access to scientific materials, but at the same
time increases the risk of copyright infringement and
incorrect use of sources. In these conditions, the im-
portance of the principles of integrity increases: man-
datory citation, correct formatting of borrowings, ex-
clusion of plagiarism, and respect for intellectual prop-
erty (Haciyev, 2015, p. 102). Modern educational
institutions actively use software solutions to check the
originality of texts and implement academic writing
standards that foster a culture of responsible infor-
mation use among students. Thus, digitalization must
go hand in hand with the strengthening of ethical stand-
ards that ensure trust in the results of research and edu-
cational activities.

The integration of digital technologies opens up
new horizons for the development of education and sci-
ence. One of the key areas is the transition from tradi-
tional teaching to blended and distance learning, which
allows for greater access to educational resources and
increases the flexibility of the learning process
(Yildirim & Simsek, 2021, p. 132). Along with this,
there is a growing need to develop the digital skills of
students and teachers, including skills in working with
online platforms, data analysis, and the application of
artificial intelligence in educational activities (Rahiman
etal., 2024). Of particular importance is the integration
of interdisciplinary research using Big Data technolo-
gies, which allow the humanities and natural sciences
to be combined on a new methodological basis.

Another important vector for the future is the ex-
pansion of international academic cooperation through
virtual research platforms that enable scientists and stu-
dents from different countries to work together. All this
makes information systems not only a tool for support-
ing education, but also a foundation for its qualitative
transformation in the global digital environment.

Conclusion. The application of the latest infor-
mation systems in education is a strategic direction for
the development of the modern scientific and educa-
tional space. Digital technologies make it possible to
automate the management of the educational process,

increase the effectiveness of scientific research, and
create conditions for personalized learning, helping stu-
dents develop the skills needed in the digital economy.
They provide broader access to knowledge, promote in-
ternational academic cooperation, and open up oppor-
tunities for the integration of interdisciplinary research.
At the same time, the successful digitalization of edu-
cation is only possible if the principles of academic eth-
ics and integrity are observed, including the correct use
of digital sources, respect for copyright, and the exclu-
sion of plagiarism. Only by combining technological
innovation and ethical responsibility can information
systems become the foundation for the sustainable de-
velopment of education and science in the future.
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