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Annomayus. PaccMaTpuBaeTCsl MOHSATHE CUCTEMBl JIMHEMHBIX ypaBHEHUM, pEIIEHHE CHUCTEM
JUHEHHBIX ypaBHEHUH IpPU NOMOIIM MeToJa OOpaTHBIX MAaTpULl, PEIIEHUE CUCTEM JIMHEUHBIX
ypaBHeHuil no mnpasuiny Kpamepa. PaccMorpen merox ['aycca pemieHuss cucTeM JIMHEHHBIX
ypaBHeHuil. IIpuBogurcs teopema Kponekepa-Kamemnu um paccMarpuBaeTcs pELIEHHUE CHCTEM
JIMHEWHBIX OJHOPOJHBIX YPAaBHEHU.

Abstract. The paper discusses the concept of a system of linear equations, the solution of
systems of linear equations using the inverse matrix method, the solution of systems of linear
equations according to Cramer's rule, and also considered the Gaussian method of solving systems
of linear equations. In addition, the Kronecker-Capelli theorem is given and the solution of systems
of linear homogeneous equations is considered.

Knrouesvie cnosa: cucrema JNMHEWHBIX YpaBHEHHMM, METOJ OOpaTHBIX MAaTpHUll, METOJ
Kpamepa, meron ['aycca, oTHOpOIHBIE YPABHEHUS.

Keywords: system of linear equations, inverse matrix method, Cramer's method, Gauss's
method, homogeneous equations.

B nHacrosiiee BpeMs yMeHUE IPUMEHATh TEOPETUUECKUE 3HAHUSI IPU PEIICHUH MPAKTUYECKUX
3a/lad CTAaHOBUTCS pemaroiuM (HakTopoM s W3Y4YeHHsS 000N NUCHUIUIMHBL. B WacTHOCTH,
WCXOJISI M3 MHOTOJIETHETO OIbITa MPETo/ilaBaHusl OM3HEC MATeMaTHKU B DKOHOMHYECKOM BY3eE,
aBTOpaM  TIPEJICTABIACTCS  HEOOXOAMMBIM  TMPOJACMOHCTPUPOBATH  PEIICHHE  HEKOTOPBIX
SKOHOMHUYECKHX 3aJ1a4 IpU MOMOIIM MaTeMaTH4yeckoro annapara [1, 2].

Ecnu Mbl He cMOXeM YIy4YIIMTh MaTeMaTH4eCcKoe OOpa3oBaHME, YYUTHIBasS MOTPEOHOCTH
COBPEMEHHOTO MHpPA M CTYJCHTOB, Mbl HAXOJIUMCSI B OTIACHOCTH TIPEBPAICHUS] MATEMAaTUKH BO BCE
0oJiee «MEPTBBIM S3BIK» M OTUYXKACHHUS TPYIIT CTYJECHTOB, MaTEMaTUYECKHI MOTEHITHAT KOTOPBIX
OCTAHETCsI HEPA3BUTHIM |3, 4].

Bo MHoOrux ciayyasx MHBECTULHOHHBIX MPOEKTOB MPOM3BOJCTBA BKJIAAbl BO3BPALIAIOTCS
OJIMHAKOBBIM MOTOKOM TUIATEKEH WK APYTUM BUIOM BBIILIAT. ETO HA3BIBAIOT «aHHYUTETOMY. [5].

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 13


mailto:umidayakubova@rambler.ru
mailto:najibaxon_7@mail.ru

bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

OnHa W3 TNpPUYUH BBEIEHUS IOHATUS «ICIICHUS» MATPHIl 3aKJIIOYacTCsl B BO3MOKHOCTH
IIPUMEHEHHUs METOJa MAaTPHUL] ISl PEILICHHS CUCTEM JINHEWHBIX YPAaBHEHUM.
Hamnpumep, paccMOTpUM CUCTEMY YPaBHEHUN C YETBIPbMsI HEM3BECTHBIMU:

3%, +8X, + X; +2X, =96
20x, — 2X, + 4x, +0.5x, =69
11x, +3X, +3X; —5X, =75

X, +12X, + X, +8x, =134

OTH ypaBHEHUS MO>KHO BBIPA3UTh B MATPUYHON (hOpPME CIEIYIOUIM 00pa3oM:

- IOCTOSTHHBIE KOA(PPHUIIMEHTHI YeThIPEX HEM3BECTHBIX X1, X2, X3 ¥ X4 ONMPENEISIOT MaTpUIly A
pasmepa 4x4;

- CaMHM 4Y€ThIPE HCU3BCCTHERIC 3a1al0T BEKTOP X pasMeEpa 4 x 1,

- IOCTOSHHBIE B MMPABOM YaCTH ypaBHEHHI 3a1ai0T BekTop b pasmepa 4 x 1.
CucreMy MOXKHO 3aIlucaTh CIEAYIOIUM 00pa3oM:

3 8 1 2 7[x] [96
20 -2 4 05| x| |69
11 3 3 -=5| x| |75
1 12 1 8]x | |134

[IpaBUIBHOCTE 3TOM 3allMCU MOXHO JIETKO IIPOBEPUTH, BOCIOJB30BABIIMCH IPABHIOM
YMHOKEHUsI Marpull AX. DJEeMEHTbl CTpPOK MaTpuibl A yMHOXarOTCS Ha COOTBETCTBYIOIIME
3JIEMEHTHl BEKTOpa X M CKJIaJbIBalOTCSA. EciaM mocuumTaTh BCe 3JEMEHTHI NMpou3BeleHHs AX U
HPUPABHATh MX K COOTBETCTBYIOIIUM DJIEMEHTAM MaTPHIBI D, MOJyYuM COBMECTHYIO CHUCTEMY
JUHENHBIX ypaBHeHMH. Hampumep, nepemMHOKeHUE 3JIE€MEHTOB MEpBOW CTPOKM MaTpulbl A Ha
COOTBETCTBYIOILIME 3JIEMEHTHI BEKTOPA X JaeT MEPBBIN AIEMEHT Ipou3BeieHust AX

3% +8X, + X, +2X,
[MpupaBHUBas ero kK mepBOMYy deMEHTY 96 BekTopa b, moyuum nepBoe ypaBHEHHE.

Xy Xoyee oy X

OTy cucTeMy ypaBHEHHMM MOXHO peluTh KaKUM-HHOYIb CTaHJAPTHBIM CIIOCOOOM, HO
MaTpUYHBIM METOJA 00JafjaeT MNPEUMYILIECTBAMHU, C KOTOPHIMH O3HAaKOMHUMCS B CIEIYIOIIMX

paszenax. MeToj MaTpuIl MPUMEHUM W B 00meM ciydae. IlycTh 3ajaHa cucrema N JIMHEHHBIX
ypaBHEHHIA C 7 HEU3BECTHBIMU D1, D2, D3... bn — cBOOOAHBIE YIEHBI.

A X +aX, oo+ a X, :bl
Ay X+ 38X, +o0-+ 3, X, :bz
a'nlxi_i_anZXZ +'”+annxn :bn

DTy cucteMy N JUHEHHBIX ypaBHEHUN C N HEM3BECTHHIMU MOXHO 3alUCaTh B MAaTPUYHOM
Buje AX = b, 31ecs A — MaTpuiia K03hHUIMEHTOB pa3mepa N X N
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a, &y, oAy, % by
A— 8yt Ay, X = %2 b= b,
8 8z 7 Any , —X” -l - MaTpHulia HEU3BECTHHIX, b” - MaTpuua CBOOOIHBIX

YJICHOB.
Kak MOXHO pelmuTh 3Ty COBMECTHYIO CHCTeMy ypaBHEeHUI AX=D mns nemsBectHbix X? Ecnn
Obl B ypaBHeHun AX = b A m b Obu He Marpulamu, a YHCIAMH, M3 3TOTO COOTHOIICHUS

[— _1 v
HEU3BECTHYIO X JIETKO HalTH B BHAE X = A™-b . Monsiraemcs naiitn pelieHre B 3TOM BUJIE U B
ciydae, korga X, A u b marpunel. Cuctemoil m nuHelHBIX ypaBHenuii ¢ ' HemsBecTHBIMU
Ha3bIBAETCS CIEAYIOLIAsl CUCTEMA:

A X+ Ay Xy o+ Ay Xj+"'+ainxn=b1 (1)
Ay Xy FAHX oAy X o+ 3, X, =Dh,

2n’*n

Ay X+, Xy +oo X e X, =b

m ’

A X Ay Xp +eeeHan X e+ A X =b

—— a;,b(i=1Lm;j=1n)

bi — cBOOOIHBIE YIEHBI.

3aJlaHHBIC YUCIA, Ay — KO (DUIIMEHTHI Mepel HEU3BECTHBIMH,

ay; A, ..., % b,
| %1 8- By X — % B b,
aml a'm2"'amn X bm

3neck A HasbiBaeTcsl Matpuieil koadduurenton (1) mnu matpuueit cucremsl, B — maTpunei
cBOOOHBIX WIeHOB. Torna 3ajaHHyI0 cUCTEMY YpaBHEHUI MOKHO 3anucarh B Buje: AX = B.

Onpedenenue. Ecnu cucremMa ypaBHEHHMH HMeEET pELICHHE, OHA HAa3bIBAaeTCs COBMECTHOM,
MHAa4Ye HECOBMECTHOM.

Onpedenenue. Ecnmu cOBMECTHasi CUCTEMa YpPaBHEHHMM WMEET €IMHCTBEHHOE (OECKOHEYHO
MHOTI'0) pelleHHe, OHa Ha3bIBaeTCsl ONpejesieHHON (HeompeneneHHol). IlycTe kpome cuCTeMbI
YPaBHEHHUH 3aJaHa CIeAyIolas CHCTEMa YPaBHEHUM.

Onpeodenenue. Ecnmu MHOXeCTBa pelIEeHUH CUCTEM YpaBHEHUM COBIA/JAIOT, OHU Ha3bIBAIOTCS
PaBHOCUIIbHBIMU (9KBUBAJIEHTHBIMU ).

Pewenue cucmemvl ypagneHui Memooom mampuy

ay ... 8, % b,
| 8 8By “« X B b,
8, &85, X b,

3 necb A HazpIBaeTcsi MarTpuued Kod(pQHUIHUEHTOB MaTpullsl, B — marpuueid cBoOOIHBIX
yyieHoB. Torja 3ajaHHyI0 CUCTEMY ypaBHEHUI MOXKHO 3anucarh B Buje AX = B.
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[Iycth B cucTeMe ypaBHEHHI YMCIIO YpaBHEHHMM pPaBHO YMCIy HEM3BECTHBIX, T.. M = N. B

3TOM cliydyae Marpuia cuctembl A Oyner kBajapaTHoil. Ecim A#0 , T.e. A — HEBBIPOXKJICHHAS

MaTpulla, CymlecTByeT o6patHas wmatpuna Al To u3 pasenctBa AX = B Haxomum
AYAX)=A"B=> (A'AX=AB=>EX=AB=>X=A"B

CJICayromiee: , U3 9TOI'0 COOTHOILICHMUA:
X A11 A21 Ann b1
1
A12 A22 An2 bz
A I
A
Al i Az i An2

1 Aj _
Xj = 0y Ay D, Ayt by Ay)=—2, Ay =1,
W3 nocnenHero paBeHCTBa BHITEKAET
2X +3X, +4X%, =1
X, +2X, +3%;, =0
Hanpumep. Pemum  cucteMy  ypaBHEHUH 3 +4X%, +6% =1 METOJIOM  MaTpHIL.
CoOTBETCTBYIOLIME CUCTEME OCHOBHAs MAaTpulla, MATPHUIbl CBOOOJHBIX YJIEHOB U HEU3BECTHBIX
2 3 4 1 X,
A=l1 2 3|,B=|0], X=X,
. 3 4 6 1 X,
OyIyT CIIEeTYFOIIIMMH:
Tak xak
0 -2 1
A'=3 0 -2
|A|=24+27+16—24—24—1=1¢0 -2 1 1
0 -2 1 1 1
X=A"B=3 0 -2/|0|=1
-2 1 1 1 -1

Torma

Bnaunt, X1 =1, X2 =1, x3=-1.

Pemenue cucremsl ypaBHenuil o npasuiy Kpamepa. Meron Kpamepa siBisieTcss oqHUM H3
METO/ZIOB PEIICHUs] CHUCTEM YypaBHEHUM, IpPU KOTOPOM pEUIEHUs JIETKO HaXO[ATCsA uepes
JNETEPMHUHAHTBL. JTOT MeToj Oojee H(h()EKTUBEH NpU HAXOXKICHUH OJHON OINpeaeTIeHHON
nepemeHHoil. Hecmotpst Ha To, uto B nporpamme Excel MOXHO HaxonuTh 0OpaTHYIO MaTpully U
MEPEMHOXKATh, HEBAXKHO, CKOJIBKO BPEMEHHM YXOIUT Ha BbIYMCIECHHS BpyuHyro. [losTtomy s
M3YYCHHs] SKOHOMHYECKHUX MPOIECCOB YAOOHBIM cumnTaercs Meron Kpamepa. s Gonee cioxHON
SKOHOMHUYECKOW MaTeMaTHKU HUXKE TPUBOAWTCS mpaBuio Kpamepa B Buae anreOpanmdecKout
dbopmynel. M3BecTHAa MaTpruyHas 3aMMCh CUCTEMBI JIMHEHHBIX YPABHCHUM C 77 HEU3BECTHBIMH X1, X2,
K, Xn AX = b, 3mech A — MaTpuiia mapaMeTpoB pa3mepa N X N, X — BEKTOP HEM3BECTHBIX pa3Mepa N X
1 u b — BekTOp CBOOOAHBIX YWICHOB pazMepa N X 1.
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Meton Kpamepa o3HauaeT i HaXOXKACHHS JIOOOW HEM3BECTHOM X ITOJCTAHOBKY B I-it
crosber; MaTpuilbl A 3JIEMEHTOB MAaTpUIbl D, neieHue neTepMHHAHTA MOJYYCHHOW MAaTpHUIbI Ha

x <Al

=
JNETEPMUHAHT MaTpuIlbl A. 3HauuT, A

Ilpumep. Halinute HEM3BECTHBIE X1 M X2 TpW oMoty npasuia Kpamepa

5%, +0.4x, =12
3%, +3x, =21

5 04 12
Ax = % = =b
. . 3 3 ||x 21
Pewenue. MatpuuHblidi BU 3TOW CUCTEMBI 2

12 0.4
|A| |21 3| 36-84 276

A ‘5 0.4‘ S 15-12 138

Haitnem HensBecTHyO X1, TpuMeHUB npaBuiio Kpamepa 3 3
5 1.2
L 21‘ _105-36 _ 69 _
© A ‘5 04/ 15-1.2 138
TouHO Takke HaXOJIUTCA HEU3BECTHAA X2. 3 3

Teopema Kpamepa. Ecnu nerepmuHant cucrempr A 7 0, rorma cucrema (1) umeer

A .
XJ =—, J = 11 n
CAMHCTBCHHOC PCHICHUEC, KOTOPOC HAXOAUTCS 110 Q)OpMyJIaM A

A. R
X;=—, J=1Ln
DopMybl A HaspiBatoTcs (popmynamu Kpamepa, a pelieHue CUCTEMBbI

ypaBHEHMH 10 3TUM (opMysaM Ha3bIBaeTcsl MeTo oM Kpamepa uian 1eTepMUHAHTOB.

3%, +2X, + X3 =5
2X, =X, + X, =6

. X, +5X, +2X; =-1.
IIpumep. Pemmre cucremy ypaBHeHui metonoM Kpamepa

3 2 1
A=2 -1 1|=-16
1 5 2 .
Pewenue. . Tak kak ocHOBHOW AeTepMHHAHT A = -16 # 0, cucrtema

MMeeT €IMHCTBEHHOE pelleHHe U ero Haiinem no gopmynam Kpamepa

5 2 1 3 5 1 3 2 5
A =16 -1 1/=-32A,=2 6 1=16 A;=2 -1 6|=-16
-1 5 2 1 -1 2 1 5 - X =2 X, =—1 X3 =1

Pemenne cuctembl nuHEHHBIX ypaBHeHUN MmetonoM [aycca. [IpuBeneHHbIE BbIIIE CIOCOOBI
MOXHO IIPUMEHATH TOJBKO IIPYM PABEHCTBE YHCIA YPAaBHEHMM 4YHCIYy IIepeMEHHBIX. Meron,
npuMeHsieMblii B oOmem ciyuyae, — meron [aycca. Meron [Maycca emie HasbiBaeTcs METOAOM
MOCJIEZIOBATEILHOTO HWCKJIIOYEHHS] HEU3BECTHBIX. OJEMEHTApHBIMH MpPeoOpa3oBaHUAMU Haj
CUCTEMOM JTMHEHHBIX ypaBHEHUN HA3bIBAIOTCS CIEAYIOIIME: YMHOXXEHHE KaKoro-iubo ypaBHEHUS
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CUCTEMBbl Ha OTJIMYHOE OT HYJS YHMCIO, MepeMeHa MECT ypaBHEHUH, YMHOXEHHE KaKoro-JInbo
ypaBHEHHUS HA YUCJIO U CKJIAJbIBAHUE C IPYTUM YPaBHECHUEM.

OOpa3oBaHHas B pe3ysbTaTe dTUX NMpeoOpa3oBaHUil cHCTEeMa SKBHBAJCHTHA HAYAJIbHOM, T.€.
MHO’KECTBO PEIICHUI /U1 00EUX CUCTEM OJIMHAKOBO.

A X+ @y X, oo+ &y Xj+"'+ainxn=b1
Ay X +3HX oAy X e+ 3, X, =D,

2n’*n

Ay X+, Xy oAy X ey X, =D,

QX @y X+t any X e+ a X, =b

m H

o0Opa3yeM pacIIMpEeHHYI0 MATPUIly TPH IMOMOIIMA MATPHIBI CUCTEMBI M CTOJIOIA CBOOOIHBIX
YJICHOB

Teopema Kponekepa-Kanennu. Ecnu panr maTpuiibl CHCTEMbI paBeH paHTy PAaCUIMPEHHOM

Marpuibl, T.C. €CIIN r(A) - r(A) ,Joraga cucremMa CoBMECTHa, T.C. UMECT PCUICHUC.
3Ha‘-II/IT, MOKHO CACJIAaTh CIACAYIOIINE BHIBObI.

1. Ecru "(A) = (A) , CHCTEMa COBMECTHaA.
2. Ecin r(A) = r(A) , CHCT€Ma HeCOBMECTHaA.
3. Ecimn r(A)=r(A)= n’ CUCTEMa UMEET eIMHCTBEHHOE pellleHuE.

4. Ecnu r(A)=r(A) < N crcrema mMeeT GeCKOHEYHOE MHOXKECTBO peLeHun.
IIpumep. Pemure cucremy meronom ['aycca.

2X, + X, =X, +3X, =20
X, — X, +2X; =X, =17
=3X, +2X, — X3 +2X, =1
X, =X, +4X, -2X, =-4

Pewenue. Petium cucremy metonom ['aycca. B pacmimpenHoit MaTpuiie CUCTEMBbI yI00HO JUis

BBIUMCIIEHNM; N1 1. [TosToMy mOMEHsIEM MeCTaMu TEPBYIO U YETBEPTYIO CTPOKHU

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 18



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

e o O T T T = El BN El
5 -1 2 -7 s 1 2 117 t <7 0
-3 2 -1 2]1 -3 2 -1 2/ 1
1 -1 4 -2/-4 2 1 -1 320 :7
1 -1 4 -2/-4 1 -1 4 -2-4
0 4 18 937|500 -1 11 —413[|4|]3
0 -1 11 -4/13 0 4 -18 937
0 3 -9 7|28 0 3 -9 7|28

-1 4 -2|-4
-1 11 —4f-11
-7|-7
-5|-5

[==]

o o
[=] D|
[ S ]
= O

Pacmpennas matpuua npuBejeHa K cryneHyaromy Buay. CooTBeTCTBYIOLIas €l cucrema
HWMEET CIEAYIOIUN BUA:
X, — X, + 4%, —2X, =—4
- X, —11x, - 4x, =-11

26X, —TX, =—7
19 19
_ X4 e g—
13 13
—7+7X
x, =1 X = =0
[Tomyunm pemieHuss U3 NOCIEIHET0 YPABHEHUS 4~ ~, U3 TPETHEro 26 , U3
X, =11+11Xx, —4x, =7 X =—44+X, —4X, +2X, =5
BTOPOTO U U3 IIEPBOTO .
Cucmema 00HOpOOHBIX JNuHelnblx ypasHenuu. Ecaum B cucTeMe JHMHEHHBIX ypaBHEHUH

CBOOO/IHBIE YIICHBI PABHBI HYIIIO, T.€. €CIIH b =b, =--=b, =0

HAa3bIBAETCSI CUCTEMOW OJHOPOIHBIX YPABHEHHIA, T.€.

, IOJIy4eHHasl CUCTEMa ypaBHEHUN

a; X ta, X, +--t+a, X, =0
Ay X +ay, X,+--+a,,X, =0

Ay X +a, X, +--+a, X =0

[TockonbKy mocneaHui CTOI0E PACIIMPEHHON MaTpUIIbl 3TOM CUCTEMBI PaBEH HYJIIO, PAHTU

MaTPHIIBl CUCTEMBI M PAaCIIMPEHHONW MaTpPHUIIBI OyIyT paBHbI, T.€. r(A)=r(A), [TosTOMYy, coriacHO
teopeme Kponekepa-Kamnemnm, ciucreMa OZHOPOJHBIX YpaBHEHWH Bcerna coBMecTHa. Hampumep,
TpUBHAIIbHOE perieHue (HyneBoe pemienne) cucremsl oyet (0,0,..., 0)=0.

MartpuuHslii BUj cucTeMsl ypaBHeHHH cnenyromuii: AX = 0.

CornacHO NpHUBEJCHHBIM BbIIIE BBIBOAAaM 1-4, eciau F(A) = N cucTteMa MMeEET €IMHCTBEHHOE
HyJIeBoe pemeHue, ecnu F(A) < n, uMeeT OECKOHEYHOE MHOKECTBO pElICHHH. 3HAYUT, IS TOTO,
9TOOBI CHCTEMa IPU M = N UMella OTIUYHOE OT HYJISl pelieHne HeOOXOAMMO U JOCTATOYHO, YTOOBI
ee JISTEPMUHAHT ObLJI paBEeH HYJIIO.

Onpenenenue. Ecnm 3agaHa  cucreMa JIMHEHHO HE3aBUCHUMBIX pEIIEHUH CHCTEMBI

X, X, X, y .
. HpOI/I3BOJ'HJHOe pemeHI/Ie 9TOU CUCTCMBI X COCTOUT U3 JIMHCHUHOU KOM6I/IH3.I_II/II/I
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ITUX PEIICHHUIA, T.C. CYIIECTBYIOT TaKue quCia CURCREE , 4TO

X=X +4LX,+- -+ A4X, o
TOTJa dTa CHUCTEMa Ha3bIBAETCS CHUCTEMOW (yHIaMEHTATbHBIX

peLieHui.

Teopema. Eciu s cucremsl r(A) < n, Torga mpou3BOJibHAs cucteMa (hyHJaMEHTaIbHBIX
pemieauii coctout u3 K = n- r(A) perieHuii.

Hanpumep. Haiinem cucreMy (QyHIAMEHTAJIbHBIX PpELIEHUH CHCTEMBl OJHOPOJHBIX
YpaBHEHUU

3%, + X, — 8% + 2X, + X =0
2% —2X%, —3X; — X, +2%, =0
X, +11x, =12X, +34x, —5%, =0
X, — 9X, +2X;,—16X,+ 3x, =0
Ilocnennee YpaBHCHHUE CHUCTEMbI 3allMIICM IICPBBIM, 3aTEM IIPUBCIACM €€ K CTYIICHYATOMY
BUIY:

-5 2 -16 3

1 -5 2 -16 3 1 -5 2 -16 3 1
3 1 -8 2 1 0 16 -14 50 8 0 8 -7 25 -4
2 -2 -3 -7 2 0 8 -7 25 -4 0 0 O 0 0
1 11 -12 34 -5) (0 16 -14 5 -8/ (0 0 0 0 O
1 -5
=0,
Paur wmarpuisl r(A) =2. Ba3uCHbBIE MHHOp TNEPEMEHHBIX X1 M X2 0 8

BbIOEpEM
NIEPEMEHHBIE X1 U X2 KaK IVIaBHbIC U BBIPA3UM UX Yepe3 HETJIaBHbIC HEM3BECTHBIC X3, X4, Xs.

{xl —5X, +2X; —16X, +3%; =0

8X, —7X; +25%, —4x, =0
3aMeHUM HeTJIaBHbIC MEPEMEHHBIE X3, X4, X5 CTPOKAMU €IMHUYHOW MaTpuilbl E , 4ToObI
HaWTH cucteMy oOmmx permieHnid. Ecom B3sath X3 = 1, x4 = 0, x5 = 0, cucrema mpumer

8x,—7=0 =g %=y

CIIEYIOIINUNA BUJ { oTcroz1a , T.e. TOJY4YUM IepBoe Oa3ucHoe

Xlzig; Z; 10, Oj
8 8 TOYHO TakXkKe HaliieM emle JABa Oa3UCHBIX peIleHHs Mpu

pelieHue:
3. 25 1.1
_ _ _ XZ:(—;——; 0,1, Oj; st(——;—; 0,0, 1).
X =0,%=1,%=0 8 8 npu X3=0,X=0,xs=1 2 2
X17x2 ! X3

Halinennsle pemieHus 00pa3yloT (yHIAMEHTAIbHYI0 CHCTEMY pelleHHi

Xl’XZ ! XS

3ajaHHOM cuctembl. Jlng ynoOcTBa TMEPEMHOKHMB ~ KOMIIOHEHTBHI — PELIeHHM
COOTBETCTBEHHO Ha uucia 8, 8, 2, oOpasyeM cucreMy (yHIaMEHTAIbHBIX PEUICHUH C LEIbIMU

X1=(19;7;80;0) X»=(3;-25 0;80) X,=(-11 0;0; 2).
X =2(19;7;8; 0; 0)+12(3;—25;0;8;0)+23(—1;1;0;0;2).

KOMIIOHCHTaMU:

A oO1miee perieHne nMeeT BUJ
Ecnu panr OCHOBHOW MaTpullbl CHUCTEMbI JMHEWHBIX YpPAaBHEHUW C N HEU3BECTHBIMU Ha
SIMHUIY MCHBIIEC YKCIa HEM3BECTHBIX, T.e. I' (A) = N - 1, Torna B KauyecTBE PEIICHUS CUCTEMbI
TUHEHHBIX YpaBHEHUN MOXHO B3ATh cUCTeMY N — 1 3HaK yepeayroIUXCcsi MUHOPOB, MOTYYSHHBIX
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BBIUEPKMBAHUEM IIE€PBOr0, BTOPOr0 M T.A. CTOJOLIOB MATPHIBI CUCTEMbl ypaBHeHHMH. Ecim 3tm
MHUHODPBI OTJIMYHBI OT HYJIS, TOTJ1a BCE PELICHUS 3TOM CUCTEMBI JINHEWHBIX YPABHEHUN KPaTHBI 3TUM
yucinaMm. Hanpumep, HaiiieM Bce PELICHUs] CUCTEMBI IMHEHHBIX OJHOPOJHBIX YPaBHEHUN

X; +2%X, —X; =0

X; —X, +3X; =0

2X, + X, +2X;, =0
CHauaja BEIYUCIIUM paHr COOTBCTCTBYIOHIeﬁ CUCTEMEC MAaTpPULIBI.

1 2 -1y (1 2 -1y (1 2 -1
-1 3 0 -3 4 0 -3 4
2 1 2 0 -3 4 0O 0 O

3HAYUT, PAHT MATPHUIIBI CHCTEMBI ypaBHEHH paBeH F(A) = 2 U OH Ha €MHUILY MEHBIIIC YHCIIa
Hen3BeCTHBIX. [1oaTOMY umciI0 QyHIaMEHTAIbHBIX PELICHUI CHCTEMbl YpaBHEHHH paBHO k=3-2=1.
Bo3bmeM npou3BoJIbHBIE 1BA YPaBHEHUS! CUCTEMBI, HAIIPUMED, IIEPBOE U BTOPOE

X, +2X,—X; =0
X, =X, +3X, =0

Breraucioum SHaKO4YCpCAYIOIHUECA MHUHOPLI, IMTOJYUCHHBIC BBIYCPKHUBAHUCM IIE€PBOro, BTOPOIO

2 -1
X, = X 3‘ -k =5k,
U TPETbEro CTOJIOLOB COOTBETCTBYIOLIEH CHCTEME YpPaBHEHMHM MAaTpHIIbI B
1 -1 1 2
X, =— 3'k:—4k Xy = 1 JJ~k:—3k
: B ,31€Ch K IpOM3BOIILHOE YUCIIO.
3HauuT, 00I1Iee PEeIICHNE CUCTEMBI {5k 4K Bk}, 31ech K Mpor3BOIbHOE YHCIIO.
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HEKOTOPBIE 3AMETKH O KBAJIPATUYHBIX ®OPMAX
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SOME NOTES ON QUADRATIC FORMS AND THE LINEAR EXCHANGE MODEL
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Annomayus. PaccmaTpuBaeTcsl MOHATHE KBAaApAaTUYHOW (QOpMBI, IPUBEIECHUE KBaJIpPaTUUHOM
(bopMBI K KaHOHUYECKOMY BHJy, HaXOXJEHHE COOCTBEHHBIX 3HAUYEHUI M COOCTBEHHBIX BEKTOPOB
KBaIpaTUYHON (OPMBI, TOHATUS TMOJIOKUTEIBHOW ONPENENIEHHOCTH KBaapaTUYHOU (POPMBI,
MOHATHE OTPULIATENBHON ONpenenEHHOCTH KBaapaTuyHoi (popmbl. [IpuBenéH 3akoH MHEpIUU A
KBagpaTu4HbIX (opm. Kpome sTOoro paccmMoTpeHa nuHEWHHass MoOjAeIb OOMEHa TpPH IMOMOIIU
CTPYKTYPHOM MaTpHIIbl TOPTOBJIH.

Abstract. Discusses the concept of quadratic form, reducing the quadratic form to its
canonical form, finding eigenvalues and eigenvectors of quadratic form, the concept of positive
definiteness of quadratic form, and the concept of negative definiteness of quadratic form. The law
of inertia for quadratic forms is given. In addition, a linear model of exchange using a structural
matrix of trade is considered.

Knrouegvie cnosa: xBampatuuHas ¢gopma, cCOOCTBEHHOE 3HAYE€HHE, COOCTBEHHBIM BEKTOP,
3aKOH WHEPIIUHU, TUHEHWHAs MOJIeb 0OMEHa, CTPYKTypHas MaTpUIla TOPTOBIIH.

Keywords: quadratic form, eigenvalue, eigenvector, law of inertia, linear exchange model,
structural matrix of trade.

B nacrosiiee BpeMs yMeHUE IPUMEHATh TEOPETUUECKUE 3HAHUSI IPU PEIICHUH MPAKTUYECKUX
3a/1ad CTAHOBHUTCS pemaroimuM (akTopoM Il M3y4eHHs 000N IucUUIUIMHBL. B wacTHOCTH,
WCXOJISI M3 MHOTOJIETHETO OIbITa MPETo/ilaBaHusl OM3HEC MAaTeMaTHKU B DKOHOMHYECKOM BY3eE,
aBTOpaM  TPEACTABIACTCSA  HEOOXOJUMBIM  MPOJEMOHCTPHPOBATH  pEIICHHE  HEKOTOPBIX
SKOHOMHUYECKHX 3aJ1a4 IpU MOMOIIM MaTeMaTH4eckoro annapara [1, 2].

Ecam MBI HE cMOXeEM YIydIINTh MAaTeMAaTHUYeCKOe OOpa30BaHUE, YUYUTHIBAS MOTPEOHOCTH
COBPEMEHHOTO MHpPA M CTYJCHTOB, Mbl HAXOJIUMCS B OTIACHOCTH TIPEBPAICHUS] MAaTEMAaTUKH BO BCE
0osee «MepTBBIN SI3BIK» M OTUYXKACHUS TPYII CTYJCHTOB, MAaTEMATUYECKUN MOTEHIIMAT KOTOPBIX
OCTAHETCsI HEPA3BUTHIM [ 3, 4].

Bo MHOrmx ciydasx WHBECTHUIIMOHHBIX IPOEKTOB MPOW3BOJCTBA BKJIAJBl BO3BPAIIAIOTCS
OJIMHAKOBBIM MOTOKOM TUIATEXKEH WK APYTHUM BUIOM BBIILIAT. ETO HAa3BIBAIOT «aHHYUTETOMY. [5].

KBampatuunbie  (GOpMBI  SIBISIOTCS  CHEHMUAIBHBIMH ~ MATPUYHBIMH  (DYHKIHUSIMH,
UCIONIb3YEMBIMH TSI HAXOXKJIEHUST MAaKCUMyMOB M MHHUMYMOB (YHKIIUH MHOTHX IE€PEMEHHBIX.
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[Ipu oreHKe mapaMeTpOB MHOTHX SKOHOMETPHYECKHX MOJENeH MHHHMHU3ALUS OMpEeAeTICHHBIX
KBaJIpAaTHYHBIX (DOPM JJa€T BO3MOKHOCTh TIOJTyUEHUS BUA PEIICHUS.
Onpeoenenue. KBanparnunoii popmoii N mepeMeHHBIX Ha3biBaeTcs GpyHknus f, onpeneneHHas

n n
F (X Xp 0o Xy )= D0 @y XX,
PaBEHCTBOM =1
3neck  @jj Ha3bIBalOTCA  KOd(GHUIMEHTaMH KBaapaTHuHOil Qopmbl. OHH  SBISIOTCS
JCHCTBUTEILHBIMUA YHCIIAMH, YIOBJICTBOPSIOIIUMU YCIOBUSIM @jj = @ji. COCTaBIeHHAs U3 3THX
ko3 dunmentoB marpuna A = (aij) (I, ] = 1, 2, K, n) Ha3piBaeTcst MaTpuIleli KBaApaTUIHOW (HOPMBI,
COTJIACHO YCJIOBHIO @i = 8ji TAKHE MATPHILBI MOYKHO BBIPA3UTh B BHJEC CHMMETPUYHBIX MaTPHIL:

f(X)=X'AX 1)

3nech X = (X1, X2, K, Xn) — coctouT u3 marpuibi-ctosioua. [Tycrs C =(cj)(l, j =1, 2, K, n) n —
HEBBIPOXKICHHAss MaTpuiia N-ro mopsiaka, X = (X1, X2, K, Xn) u Y = (y1, Y2, K, yn) cBsizaHsbI
paBenctBoM X = CY.

Torna u3 paBencrsa (1) nomydum f = X'AX =(CY) A(CY)=(YC")A(CY)=Y'(C'AC) =YAY
3Ha4yuT, OpU HEBBIPOXKAEGHHOM JMHEHHOM mnpeobpazoBanun X = CY cooTBeTCTBYyROLIas

KBaJpaTuuHou opme f MaTpuia OyJeT CIeayomeH: A" =C'AC
I

Ecm a; = 0 moa  Beex , T.e. MaTpuma KBajpaTudHod  (Hopmbl
n n n
_ 2 2 2 _ 2 _
f=a,x tapX, +ota, X, _Zaiixi f _Zzaijxixi
i=1 HMEET JUaroHajJbHBIA BHI, TO i=l =1 Ha3bIBACTCS
KaHOHMYECKUM BHJIOM KBaJIpaTUIHOU (POPMBI.
Ipumep. IIpuBenem KBaJIpaTUYHYIO bopmy

F (X0 X0 X5 )= X, + X5 +3Xe —6XX, + 2%, X, — 2X, X

$K KAHOHHYECKOMY BH]IY.

1 -3
A= -3 1
1 -1

CootBercTByIOLIas KBapaTUIHON (hopMe MaTpuLia UMEET BU/I:
Haiinem cobcTBeHHbIE 3HAUE€HUS U COOCTBEHHBIE BEKTOPHI 3TON MaTPHUIIBL.

1-4 -3 1
3 1-12 -1 |=0. -2*+742-36=0. A =-2,1,=3, 4,=6.
1 -1 5-4

Haiinem coOcTBEHHBIE BEKTOPHI.

3%, —3X, + X3 =0

3 -3 1)(x 0
3 3 -1 |{x]|=l0 —3x, +3X, — X, =0 { 3%, —3%, + X, =0
a) st A=-2 01 1 ) 0y U X=Xt 7% =0y X =X+ 7% =0

1

e =1

OnHO M3 HETPUBUAIIBHBIX PEIIEHUH 9TON CHUCTEMBI 0
-1
e= 1
1

b) mst 4 ,=3 u3 coobpakeHnii MyHKTa a), TOTYIHM
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1
e =|-1
A e . 2
¢) a2 3=6 Toke U3 COOOpaKEHUN IYHKTA a), ITOJIyYuM .
2 2 2
X+ Xy =
VYuuThiBas BBIIOJHEHUE YCIOBHS JUI1 HOPMAJIBHBIX BEKTOPOB, YMHOXUB
1 1
el = 1 2 2 2 1 €, :i 1
0 VXX X :T 1 \/E
BEKTOP Ha , TIOJly4M HOPMAJIbHBIA BEKTOP ) Touno TaKxe,
-1 1
1 11/, ¢€ 1 1
e,=— & ==~
2 \/g 3 \/6 )
IIOJIy4YUM OCTaJIbHBIE BEKTOPBI:
Tak  kak  COOCTBEHHBIE  BEKTOPBI 1628 [IONIAPHO  OpPTOTOHAJBHEI,  T.€.

&'N %dl—‘ %dl—‘
o §\|"‘ §I|'“

, Marpuia C UMEeeT ClIeyIOINNA BU:

[locne oOpTOrOHaIBHOM 3aMEHBI INEPEMEHHBIX X =CY ,3a/laHHasi  KBajapaTtuyHas (opma

F(V1 Y Ys) =3y, + 6y, — 25

MPUACT K CJ'IGI[YIOHICMy BUIY:

X2 3 Xl X2 2X3 Xl X2
=7+t 7F% Vo=t 7= Va=t ¢
e BE R R B
ho B Yo Yo % Y Ve, %, 2
1 Ha00O0pOT, V3 V6 V2 V3 6 V2 3 6

T
Onpeoenenue. Eciu s Beex X 7 0 q(x)_ X Ax>0 , TO KBajpaTu4Hasi dopma Q(X) u

MaTpuna A HaA3BIBAIOTCS MOJOKUTECIHLHO OIPECACIICHHBIMHU.

=x"Ax>0

Ecimu s Beex X#0 q( ) , TO KBagpaTudHas (opma a(x) U MaTtpuna A

HAa3bIBAKOTCA ITOJYIIOJIOKUTCIIBHO OMPCACIICHHBIMU.

=X Ax<0

Ecmm nns Beex x#0 q(x) , TO KBajapaTHdHas ¢opma q(x) n Marpuna A

Ha3bIBAIOTCS OTPUIIATEIILHO OTPEICTICHHBIMH.

Ecmm nmns Beex x#0 q(x):XTAXSO , TO KBaJapaTuuyHas Qopma q(x) u marpuna A
Ha3bIBAIOTCS MOJYOTPUIIATENLHO ONPEIEICHHBIMH.

Ecnu st HEKOTOPBIX X KBaApaTU4HAs Gopma MOJOKUTENBHO OMpeseNieHa, a s IPYTHX X
OTPHUIIATEIILHO OTpEJIeNIeHa, TO MaTpuIla A Ha3bIBACTCS HEOTPEIEICHHON (HECOOCTBEHHOM ).

Teopema. JIng TONOXKUTEIHHON OINPEACICHHOCTH COOCTBEHHBIX 3HAYCHUN MaTpHIbl A
HE0oOXoaMMa M JOCTATOYHA IOJIOKHUTEIbHAS OINPEACIICHHOCTh JCHCTBUTEIHPHOM CHMMETPUIHOU
MaTpuLbl A.

JInsi momynoI0KUTENIbHOM ONpPENeIeHHOCTH JIEUCTBUTENIbHOM CUMMETPUYHOU MATpullbl A
HEOOXOAMMO W JOCTATOYHO PABEHCTBO HYJIO WM TOJOKUTEILHOCTh COOCTBEHHBIX 3HAUYCHUU

MaTpULbIL.
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JUis oTpuLaTEeIbHON ONpPENENeHHOCTH COOCTBEHHBIX 3HAUYEHUHM MaTpHlbl HeoOXoauma u
JOCTaTOYHA OTPULIATEIbHAS OIPEIEICHHOCTD IEUCTBUTEIIbHOW CHMMETPUYHON MaTPHULIBIL.

JI1si moyoTpULIaTeNIbHOM OINPEACICHHOCTH JACUCTBUTEIHHOW CUMMETPUYHOW MaTpHIbl A
HEOOXOJMMO U JOCTaTOYHO PABEHCTBO HYJK WM OTPULATEIBHOCTh COOCTBEHHBIX 3HAYEHUH
MaTpPHLIBIL.

Teopema. 1lpou3BOJBHYIO KBaJpaTUYHYI (OpPMYy MOXKHO NPH MOMOIIM HECOOCTBEHHOTO
JUHEWHOTO peoOpa3oBaHus MPUBECTH K KAHOHUYECKOMY BUJLY.

Kanonuueckuil BUJ KBajpaTUUHOW (POpPMBI HE E€IMHCTBEHEH B CMbICIE KOI((UIMEHTOB.
OpHako MMeeT MECTO ClIeyIolas Teopema.

Teopema. (3aKOH WHEpPUMH [JIi KBagpaTHUHBIX (Gopm). YHCIO TMOJIOKUTENBHBIX H
OTPHILIATEIIFHBIX WICHOB BCEX KAHOHMUYECKUX MPECTABICHUN KBapaTHUYHON (POPMBI OJTUHAKOBO.

_ !
Teopema. JIsi TOJIOKHUTEIBHOW OINPEACICHHOCTH KBaJApPAaTHYHONH  (HOPMBI f=X'AX

HCO6XOI[I/IMa M J0CTAaTOYHA IMOJOXKUTCIBbHOCTD INTaBHBIX MUHOPOB MaTpPUIbI A , T.C.

a8,y
A= 7% TH50,i=12,-,n
ap @y

A s OTpHIIATEIBHON OIPENEICHHOCTH KBAJAPATUYHON (popma HE0OXOIUMO U JTIOCTATOYHO

(-1)'A, >0,i=12,...,n
BBIITOJIHCHHUEC YCJIIOBUA .

Teopema. JIns MONOXKHUTETHLHON OIPEACICHHOCTH MaTpHIBI A HE0O0XOoIMMa M JIOCTaTOYHA
MOJIOXKUTEIbHAS OTPEICTICHHOCTh TJIABHBIX MHHOPOB MaTpPHIIBI A.
['maBHBIE MUHOPBI MATPHUIIBI A COCTOSIT U3 CIAEAYIOIIMX JETEPMUHAHTOB MATPUIIBI:

a; @,
A = a; 4, 1A3= Ay Ay Ay ...
A=a;, 8y 8y 8y A3 g
Ilpumep. TIpoBepbTe TIOJNIOKUTEIBHYIO WM OTPHIATEIBHYIO OINPEICICHHOCTE MATPHIIbI
1 00
A=|0 3 0
0 01

. =1 A4, =1 =3
Pewenue. Tlockonbky cOOCTBEHHBIC 3HAYCHUS 3aIaHHON MaTPHIIBI A’l , 2 5 2'3 ,
COTJIACHO T€OpeMe BhIIIE KBaJpaTH4Has (hopMa MOIOKUTEIHHO OMpeieNieHa.

X

1 00
q(x)=(x X, X%){0 3 0 = x> +3%> + X}
0 01

>

MoHO 3anucath CIEeIyONIEe: 3

- X X, %, G(X)
21.]'[5{ HpOH?;BOJ'IBHBIX 3HAYCHUU TIOJIOKUTCIIbHA. OCHOBHBIe MI/IHOpI)I TOXKEC
TTOJIOKUTCIIBHO OHpCI[CJICHLI. B HUTOTC 3aJlaHHAA ManI/II_Ia TOKE ITOJIOKUTCIBHO onpez[eneHa.
Ilpumep. TlpoBepbTe TMOJOXKUTEIBHYIO WM OTPHUIATEIBHYIO OIMPEACIEHHOCTh MAaTPHIIBI
-1 0

0 -1

A=
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Pewenue. CoOOCTBEHHOE 3HAYECHUE MATPULIB A=-1 nBykpaTtHo. CorjiacHO TeopeME BBIIIIE
Yy
KBaJpaTuyHas (opMa OTpUIIATEIILHO ONPEEIICHA, U 3aIIMChIBACTCS CIICIYIOMUM 00pa3oM:

IOECES (oY S

3Hak nepea nCpeMEHHbBIM BEKTOPOM X OTPULATCIICH.
$,,S,:,S, N

n

Jlunevinas moodenv obmena. Ilyctb — 1 TOoCyAapCTB, HUX COOTBETCTBYIOIIMI

Xpy X yenay X

. a.
HallMOHAJBHBIM JIOXOJ paBeH n . Ilycte Y — pmoiis HaMOHAJIBLHOTO J0XO0Ja

S S.
rocyjapcrsa !, moTpayeHHOro Ha MOKYIIKY TOBapoB y rocyaapcrsa '. bynem cuurars, 4TO BECh
HAIIMOHAJIBHBIA JOXO/ TPATUTCS HAa MPUOOpETeHHe TOBAapOB BHYTPU U 3a MpeAeiiaMH CTPaHBI, T.€.

n
da;=1 j=12...n
A0JIDKHO UMCTb MCCTO paBCHCTBO i=1 .

d;; dgp ...y,

a a., - --a
A — 21 %22 2n

anl anZ o ann

PaccmoTtpum crienyronryto MaTpuily ,
Ona Ha3bIBaeTCs CTPYKTYpHOH Matrpuiel Toproeinu. Jloxom mNpoOU3BOJIBHON CTpaHbI

Si (I :ﬁ)

OT  BHYTPEHHEH M  BHEIIHEH  TOPIOBJIM  ONPEIEIACTCS  PaBEHCTBOM

P =a,X +a,X, +---+a,X
| = QX 3 X, Ain Xy JIns  paBHOBecHs TOPrOBJIM CTpPaHbl ~HEOOXOJMMa e

HGY6I>ITO‘-IHOCTI), T.C. O0X0A OT TOPIOBJIA Ka)K[[Of/'I CTpaHbl JOJIZKCH ObITh HE MCHBIIEC €¢

P>x, i :1,_n
HallMOHAJILHOTO joxonaa. T.e. | i
n —

Sy Pi=>a.x >x, i=Ln
[Ipennonoxum ' !, TOraa moJiy4yuM CIieayrouee: k=1

n n n n n n n n n

ZP. >in Zpizzzaikxkzz Zaik szzxk>zxi
OTCIO/Ia CaeayeT it = Te =1 k=L k=L \ i< k=l k=l asTo

> X P =x
IIPOTUBOpEUYNE. 3HAYUT, BMECTO HEpaBEHCTBA ' ! mMeeTr MecTO paBeHCTBO ! . C

SKOHOMHYECKOM TOYKH 3p€HHUA OTO IIOHATHO, IIOCKOJIBKY BCE€ I'OoCyHdapCTBa HE MOT'YT IIOJy4YaTb
HpI/I6]':>IJ'II> OIHOBPEMCHHO.

Xl
X
X=|"7
X, I:)I = Xi
Ecmu BBecTH BCKTOp HallUOHAJIBHOI'O J0XO04a rocyaapcCrtB, TO U3 paBCHCTB y
n —
DX =X, i=Ln
T.e. k1 monyuanm cienyromee ypasuenne: AX =X | T.e. paccmarpuBaemast

3aa4a CBOJUTCA K 3adady€ HaxXO0XICHHUA COOTBCTCTBYIOLICTO COGCTBCHHOMY 3HA4YCHHIO A=1

MaTpuibl A COGCTBEHHOTrO BEKTOPA.
IIpumep. Ecnu cTpyKTypHasi MaTpuLia TOPTOBJIM YETHIPEX TOCYIaPCTB
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02 03 02 02
04 03 01 02
03 03 05 02
01 01 02 04

X, + X, + X3+ X, =6270

A=

CyMMa OOJIKETOB (YCIOBHBIX JI€HEXHBIX €IMHHIL), HAUTH OrOIKET

Ka)KJJ0T0 rOCyAapCTBa.

CHayana HY>XHO HaWTH COOTBETCTBYIOLIUMN COOCTBEHHOMY 3HAUYECHHUIO A=1 3a/laHHOM

CTPYKTYpPHOM MaTpHIIbl COOCTBEHHBIN BEKTOD, T.€. PEIIUTh YpaBHEHUE (A B E)X =0
-08 03 02 02]}x 0
04 -07 01 02 |x, 0
03 03 -05 02 |x 0
01 01 02 -06)\x, 0

HOCKOHBKy paHr 9TOM CHCTEMBI PpaBCH TpEM, OAHO M3 HCU3BCCTHLIX — IIPOHU3BOJIbHAA
NEpEMEHHAss 1 OCTAJIbHBIC BBIPAKAKOTCA HCPC3 3Ty HPOU3BOJIBHYIO IICPEMCHHYIO. Pemus CUCTCMY

MmetonoM ["aycca, HaiiieM KOMIIOHEHTHI COOCTBEHHOTO BEKTOPA X
140 146 20 _
X, —EC, X, —EC, X3 —EC, X, =C.

[loncraBuB HaiiieHHOE 3HAYEHUE B 3aJaHHYIO CyMMYy OFOJDKETOB, HailJleM BEJIWYUHY C:
c=1210, orcroma HalJeM HCKOMYIO BEIHYHHY OIOIKETOB CTpaH Npu Oe3nedUIUTHON TOpPToBIE.
X, =1400, x, =1460, x, = 2200, x, =1210.

IIpumep. PaccmoTpuM TOPToOBIIIO Tpex cTpaH ¢ OromkeTroM Xi, Xz, X3. Byaem cuurats, 4to
BECh I'OCY/JAapCTBEHHBIH OIO/DKET TpaTUTCS Ha MOKYIKY TOBapa BHYTPH CTPaHbl MU UMIOPT M3
apyrux crpaH. CkaxeM, IyCTh IepBas CTpaHa IOJIOBHHY CBOEro OroJ/pkeTa TpaTUT Ha OOMEH
TOBapaMu BHYTPH CTpaHbl, 1/4 4acTh — Ha MOKYIIKY CBIPbsi Y BTOPOTO T'OCYJapCcTBa U OCTABLIYIOCS
1/4 gacTh — Ha MOKYIIKY CHIPBSl Y TPETHETO TOCYaapcTBa. BTOpoe rocy1apcTBo pacipe/aesiser CBOi
OrO/KET MOPOBHY Ha BHYTPEHHHUMN TOBap, HAa MOKYIIKY CHIPbsl y MEPBOIO U TPETHETO IOCYAApPCTB.
Tpetbe rocyaapctBo Ha 1/2 Oromkera MOKymaeT TOBap y MEepPBOro rocyAapcTBa, Ha OCTANbHYIO 1/2
4acTh — Yy BTOPOr0 TOCYAapcTBa, HE OOMEHMBAETCS TOBApOM BHYTpHM cTpaHbl. Haiinem
COOCTBEHHBIH BEKTOp X O3TOH MOJENM MEXIYHApOJHOM TOProBiM. 3amHIlIeM CTPYKTYPHYIO

MATPHUILY 3TOU MEXITYHAPOJHON TOPTOBIIH.
11

O N|F NP

APk AEP NP
Wik Wik Wl

a.— |- .
3mece ] JIOJISl TOCYAapCTBEHHOTO OO/KETa TOCY/NapCcTBa | Ha MOKYNKY MPOTYKIIUU
I = rocymapcra. CymMa 2J1€MEHTOB KaXJJOTO CTOJIONA STOH MaTPUIIbl PaBHA €IUHUIIE.

I rocyJapCcTBO IOCIE TOAOBOM TOPIrOBIAM O0JAaaeT CIEAYIOIIMM  JTOXOJOM:
P =a;X +a;,X, + &%,
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F’1:1X1+1X2+1X3

Hanpuwmep, [utst mepBOro rocyaapctsa J0Xo/1 OYAET CIEIYOLIIM: 2 3 2
Jlnst cOalaHCHPOBAaHHOW TOPTOBIM HEOOXOIUMO MOTpeOoBaTh 0€37eUIIUTHOCTh TOPTOBIN

i=1 2 3 P=X,

I KAXKAO0TO rocyaapCrBa, T.C. AJid BCEX Hanao, YTOOKI

=

X =

x
nS

=<

B MaTpU4YHOM BHJEC 3TO PAaBCHCTBO BBIPAXKACTCA KaK AX =X , 31€Ch 3/,

3HAUUT, IS pacCMaTPUBAEMOTO Cllydas CUCTEMa YPaBHEHHH, ONPEesIIomuX X, UMEeT B

2111
2 3 2
1 2 1 %
= 22 2 lx |=0
4 3 2 y
11 -1 3
4 3
X = 2X,
3
X, = —X,
OO11ee perieHre 3TOH CUCTEMbI UMEET BT )
x=x =(4 3; 2)

[TosTOMy 32 COOCTBEHHBII BEKTOP MOYHO B3ATh BEKTOD .

B YaCTHOCTH, 3TO O3HA4YacT, 4YTO HJIA C6aJ'IaHCI/IpOBaHHOCTI/I TOProBJIX Y4YaCTBYROLIUX
I‘OCYIlapCTB, nx I‘OCYI[apCTBeHHI)IC 6IOI[)KGTI)I JOJIDKHBI 6I)ITI) CBA3aHbl COOTHOIIICHUEM THUIIA Xi1. X2.
X3=4:3: 2.
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CUCTEMATHKA U 3KOJIOTI's1 BUTOB POJA Potamotogen L.
IMPOU3BPACTAIOIINX HA TEPPUTOPUU ASEPBAUI/KAHA

©Hacuobosa I'. M., ORCID: 0000-0001-6228-4852, kxaro. buon. nayk, Azepoatiodcanckuii
2ocyoapemeaentblil azpapHulil ynueepcumem, 2. I sinooca, Azepbatioxcan, nasibova_gunay@mail.ru

TAXONOMY AND ECOLOGY OF SPECIES OF THE GENUS Potamotogen L.
GROWING IN THE TERRITORY OF AZERBAIJAN

©Nasibova G., ORCID: 0000-0001-6228-4852, Ph.D., Azerbaijan State
Agricultural University, Ganja, Azerbaijan, nasibova_gunay@mail.ru

Annomayus. Ha ocHOBe IPOBEJICHHBIX MCCIEAOBAHUN U JIUTEPATYPHBIX JaHHBIX MPEICTaBICH
cUCTeMaTh4yecKuil coctaB poga Potamotogen L., mmpoko pacnpocTpaHEHHOTO B BOJHO-OOJOTHBIX
yroabsix AzepOaiikana. Pox sSBiseTcsl OHUM U3 Ba)XKHBIX PACTEHUN OOJIOTHOW pacTUTEIbLHOCTH
bnoper  AzepOaifipkana  Buugbl  9TOro poma  SIBISIOTCS  HaumOoliee  pacpOCTPAHEHHBIMH,
BBICOKOCIICIIUAIM3UPOBAHHBIMU  BOJHBIMH pacTeHussMu Bo ¢uope. B pekax wu o3epax
Azepbaiikana Bcrpeuaercs 14 BumoB. BreisiBaeno 3 Tuma MecTooOMTaHWM BHUIOB poja
Potamotogen L. K 6opeansHoMy THITY MECTOOOMTAHUN OTHOCATCSA 8 BUJIOB, 5 BUJIOB - KaBKa3CKUH,
1 Bug - eBpoONeNHCcKO-CUOMPCKUH. OKOJOTMYECKHe TIpymmbl: 2 BuUJIAa - peodurbl, 7 BUIOB -
TUAPOMUTHI U 5 - THAATODUTHI.

Abstract. The systematic composition of the genus Potamotogen L., widespread in the
wetlands of Azerbaijan, is presented on the basis of the conducted studies and literary data. The
genus is one of the important plants of the marsh vegetation of the flora of Azerbaijan. The species
of this genus are the most widespread, highly specialized aquatic plants in the flora. 14 species are
found in the rivers and lakes of the bregions of Azerbaijan. Three types of habitats of the species
were identified. 8 of the 14 species belong to the boreal habitat type, 5 species - the Caucasian areal
type, and 1 species - the European-Siberian type. Ecological groups of the species of the genus: 2
species - rheophytes, 7 species - hydrophytes and 5 species - hydatophytes.

Knrouesvie cnosa: BOAHO-O00JOTHBIE YTroJibs, PACTUTEIBHOCTb, PEOPUTHI, THIAPOPUTHI,
TUIaTO(PUTHIL.

Keywords: wetland, vegetation, rheophyte, hydrophyte, hydatophyte.

®dnopa AzepbaiimkaHa J0BOJBHO Oorara Onaroaapsi CBoeMy reorpaduueckomMy MOJOKESHHIO
Y KJIMMATUYECKUM YCJIOBUSAM. BOJIBIIMHCTBO PACTEHUI ATOM IPYNIBI )KUBYT, IPUKPEIISAACH KO THY
BojoeMa. OHM UBETYT NOJ BOJOW M HE TMOABEPrarOTCs BO3JACHCTBUIO BO3AYIIHOW CpPEIBI.
HexkoTopsle pacTeHus MOJHOCTBIO MOTPY>KEHBI B BOJY, HaJl MOBEPXHOCTHIO BUIHBI TOJBKO HX
I[BETOHOCHBIE cTeOnu. [[BeTOuHOE colBeTHE MPEeACTaBIseT cOO00i KOJIOC, BRICTYMAET Haja BOJOU U
ONBUIIETCS BETPOM, HMHOIJA COLBETHE PACIIONAraeTcs Ha MOBEPXHOCTHM BOJBL, B 3TOM Clydae
OTBIJIEHUE OCYIIECTBISIETCS TyTeM ruapodmmmu u 300¢unuu. Ero oxameHeBme TUIOBI
WCMOJIB3YIOTCS B MUILY BOJOIUIABAIOIIMMM MNTHUIAMHA. BUABI 3TOro poaa HMMEKT pa3jinyHbIe
sKosornueckue amantaiud. OHH pacHpoCTpaHEHBl B peKax, CTOSUMX BojoeMax (o3epa) -B
HMCKYCCTBEHHBIX 03€pax U KaHaBaX, 3all0JHEHHBIX BOJOM.
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Mamepuan u memoost ucciedo8arus.
HccnenoBanre MpoBOAMIOCH Ha OCHOBE MaTepHalioB, COOpaHHBIX B BOJOEMax M 00JIOTax
Azepbaiimkana. Ilpu BbIMOIHEHWH pPabOT HCIOIB30BAINCH OOUICTIPHHATHIE (IOPUCTHUECKUE,
CHUCTEMATHUYECKUE U Te000TaHNYECKUE METOBI [3].
TakcoHomusi mpencTaBieHa B COOTBETCTBHHM C MeXAyHapOJHBIM KOJEKCOM OOTaHHUYECKOMN
HoMmeHkIatyphl u cucremamu APG IV u WFO (http://www.worldfloraonline.org) [2, 5].

Pezynomamet u 0o6cyacoenue
Pon Potamotogen L. sBisieTcss OJHUM M3 BaXKHBIX PACTCHHU OOJOTHOH pPACTHTEIBHOCTH
daopsl  AzepOaiimkana. CucreMaTH4ecKuil coctaB BUAOB poaa Potamotogenus L., Bkirouas
9KOJIOTUYECKUE TPYIIIb, TEPPUTOPHAILHBIA KJIaCC, BBICOTHYIO MOSICHOCTh W (ha3bl IBETCHHS,
npuBe/eH B Tabnuie.

TAKCOHOMUYECKUM COCTAB

Tabmuma

Hazeanue euoa Oxoepynna Apean Mecmoobumanue G 3

: I

P33

S§¢

539

33

S5

) ,% Q

~5E

<

Q
Potamotogenus alpinus Balb. peodutsr  Kaskas BBICTpOTEKYIIIHE TIPECHBIE BOIBI VII-VIHI
P. amblyophyllus C.A.Mey ruapopur  Kaskas Cnoxkoiinbie, Tekymue npecHbie Boasl  VI-VIII
P. berchtoldii Fieb. rugaropur bopeanbubiii CriokoiiHbie, Tekyiue npecHbie Boasl  VII-VIII

P. coloratus Hornem. runpoputr  BopeansHbiii CriokoiiHble, Tekymue mpecHbie Boasl  VI-VII
P. criispus L. runatoputr bopeansHbiii Criokoiinbie, Tekymue mpecHsie Boasl  VII-VIII

P. filiformis Pers. ruapodur  bopeanbHblit CnokoiiHble, Tekyme npecHsie Boasl  VI-VII

P. gramineus L. runatopur Espo- Crokoiiable, Tekyimue npecHsie Bogsl VI, VII

cubupckuit

P. intramongolicus Ma runatropur Kaskas CrokoiiHble, Tekymme npecHbie Bogsl - VI-VII
P. lucens L. runpopur bopeansHbiii CriokoiiHble, Tekymue npecHsie Boasl VI VIII
P.natans L. runatopur bopeansHbiii Criokoiinble, Tekymue npecHsie Boasl  VII-VIII
P. nodosus Poir. runpoputr  BopeansHbiii Criokoiinsie, Tekymue npecHbie Boasl  VII-VIII

P. perfoliatus L. runpoputr  BopeansHblit CriokoiiHble, TeKymue npecHble Boabl, VI, VII

03epa M npy/ibl
P. praelongus Wulf. peodutsr  KaBka3s BbIcTpOTEeKYIIHE MTPECHBIE BOJIBI VII-VIII
P. trichoides Cham.et Schlecht. runpopur Kaska3 CnokoiiHble, TeKyime npecHbie Boasl  V-VI

[Ipu ananm3e 3K0JIOTMYECKUX TPYIIT BUAOB, BXOAAIIUX B POJI, YCTAHOBJIEHO, YTO OCHOBHBIMU
ruIpoUTaMi Ha UCCIEAyeMOH TeppUTOpUH SBIAI0TCA pacreHus. M3 wux 2 Buma (14,29%) —
peodurtsl, 7 BuaoB (50%) — ruapoduts! u 5 BunoB (35,71%) — rugatouts!.
Ha ocHoBe MOiy4YeHHBIX JTUTEPATypHBIX UCTOYHHKOB M COOCTBEHHBIX HCCIIEOBAHUM OBLIN

BBISIBIIEHBl M TPOAHAIM3UPOBAHBl TeorpapuuecKue 3IEMEHTHhl pacTeHWid. I3BecTHO, 4TO OH
oxBaTbIBaeT 3 Tuma mecrooburtanuil. K G6opeansHomy THIly MecToOOMTaHHN oTHOcATCS 8 u3 14
BuI0B (57,1%). Bropoe mecTo mo 4uciy BUOB 3aHUMaeT KaBKa3CKUI apealibHbIM THI ¢ 5 BUJaMU
(35,7%), a eBponeiicko-cuOupckuii peacTasieH eme 1 Bugom (7,2%).

Potamotogenus alpinus Balb. — paect anbnuiickuii, pacTeHHe ¢ KOPHEBHIHBIM CTEOJIEM.
KopueBuiie Tonkoe, cuiibHO BeTBUCTOE. CTeOenb HEBETBUCTHIN, B CEUCHUH KPYTJblid, oT 5 10 200
CM JIJTMHOM, BBEPXY YacTO KpacHOBaThIi. [1o/1BO/IHBIE TUCTHS TaHUETHBIE, 7-25 cM anuHo#i u 1-3,5
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CM IIUPUHOH, cuasuue, ¢ 7-13 KuiIKaMu, TYCKIIbIE; TUIABAIOIIUE JIUCThS KOXXHUCTHIC, OOBIYHO
MIPOJIOJTOBATO-00PATHOSIMIICBUIHBIC WM AJUTUITHYECKHE, KIMHOBHIHO CY>KEHHBIE K OCHOBaHHUIO,
4-8 cM jumHON U 1-2 cM mmpuHO# (uMHa B 3-4 pa3a Oosiblile MIUPHUHBI), C KOPOTKUM YEPEIIKOM;
BCE€ JIMCThA MPOCTHIC, LIEJIbHbIE, C 3aMETHBIMU LIEHTPAJIbHBIMH KWJIKaAMHU, TEMHO-3€JIEHBIE, YAaCTO C
KpacHOBAaTbIM OTTeHKOM. [lmaBaromme mucThss MOryTt orcyrcTBoBarh. ConBerue paecra
QJIBITUIICKOTO — TYCTOM 3€JI€HOBATO-KOPUYHEBBIA KOJIOC 2-4 CM JUIMHOW; IIBETOHOCHI JJIMHHBIC,
paBHBIC TIO TOJMIMHE cTeOM0. OnbuiseTcss BeTpoM. [1moauku 0Koio 3 MM IJIMHOM, OT YKEeITOBATO-
KOPUYHEBOTO /10 KOPUYHEBO-3E€JIEHOIO LBETA, SWLIEBUAHBIE C KUJIEBATOM CIMHKOH M KOPOTKHUM
KJIFOBUKOM.

P. amblyophyllus C.A. Mey — paecr tynonuctaeiid. CTe6u TOHKKE, KOpOTKHE, uinHOH 20-30
CM, C MHOTOYHMCIICHHBIMU BETBSIMHU. JIUCThA TPEXKUIKOBBIC, JTUHEHHO-BOJIOCUCTHIC, KOHUYUKU
3a0CcTpeHHbIe Wi Tymble. [lmoger mmuHON 2-3,5 MM, BBIMYKJIBIE MO OOKaM. DTO OCHOBHOM
HMCTOYHMK UM JJIs1 BOJHBIX KUBOTHBIX.

P. berchtoldii Fieb. — pmect bepxtonbna. Crebens BoicoToir 40—70 cM, CHIBHOBETBHCTBIM,
UAJTUHIPUYECKUN WIK clierka NpUILTiocHyThiM. Ctebenb BricoTo 40—70 M, CHIBHOBETBUCTHIH,
UUJIUHAPUYECKUI WK ClerKa NPUILTIOCHYTHIN. JIMCThs 1uHOM 3 cM, MIUPUHON 2 MM, JIMHEHHBIE,
3a0CTPEHHBIE HA KOHYMKE, IPKO BBIPAKEHHOI'O TEMHO-3€JIEHOr0 1BeTa. COIBETHE COCTOUT U3 TECHO
PACIIOJIOKEHHBIX [BETOYHBIX COI[BETUN HAa TOHKUX I[BETOHOXKKAX, KOTOpbIe B 2—3 pasa JJIMHHEE
cBoel QaxTrueckor AuHbI. 110161 MenKue.

P. coloratus Hornem. — paect ruiaBaroufii BCTpeYaeTcsi B MEJIKHX TOP(SIHBIX W3BECTKOBBIX
03epax, mpyJax ¥ KaHaBax, OOBIYHO CBSI3aHHBIX C HU3UHHBIMU OonoTamu. Prect 60m0THBIN pacTer
W3 MHOTOJICTHUX, IMOJI3YYNX KOPHEBUIIL. JINCThS MMPOKHUE, TOHKHE U TOJIYIIPO3PAYHBIE C 3aMETHBIM
CeT4aThIM XUIKOBaHueM. OOpa3yloTcs Kak IUJIABaIOIIME, TaK M TOJIBOJIHBIC JIUCThA, HO pa3HUIIA
MeX1y HUMH 4acTO JOBOJIBHO HEYETKasl, B OTIMYHE OT BHIPAXKEHHOTO AUMOpdH3Ma, HaA0II0AaeMOT0
y JPYTHX pIAECTOBBIX Bopopociel. YacTo nmucThs paecta OOJI0THOTO MPOCTO JUIMHHEE U yKe HIKE
CTeOJIT M KOpOYe M KpyIJIee K €ro BEpXYIIKe; JIMCThS K BEPXYIIKE CTEOJs MOTYT OBITh
MJIABAIOIIUMH, HO YacTO PAcTyT IPSIMO TOJ TMOBEPXHOCTHIO, MpHUIaBas PACTCHUIO XapaKTEPHBIN
«YTOILICHHBIN» BUJ, KaKk OyJATO YpOBEHb BOJBI HEAAaBHO MOAHSICS. [loIBOAHBIE JHCTHSI UMEIOT
mny 70—-175 mm n mmpunry 10-30 MM. YV Bcex IHMCTBEB YEpEIIOK KOpOUYE JIMCTOBOM IUIACTHHBI, a
MTOABOJIHBIC JIUCThS TIOUTH CUISTIHNE. JINCThSI 0OBIYHO KPAaCHOBATOT'O WJIM KOPUYHEBATOTO I[BETA.

P. criispus L. — paect kypuaBsiii. KopHeBuine ToHkoe u pasBeTBieHHOe. CTeOIHM CHIIBHO
pa3BeTBIECHHBIC U TOHKHE. MeXCycTaBHbIE 00JaCTH 3aMETHO YKOPAYMBAIOTCS MO HAMpPaBICHUIO K
BepxylKe. JIMCTbs JMHEWHO-NAHIETHBIC, CHUASYME, C TYNbIMH KOHYMKAMHU HWIM KOPOTKO
3a0CTPEHHBIMH MO KpasM, 3yOdarble WM KypuaBble. Ha cTeOisiX MMEIOTCS MIUIMBI C KOPOTKUMH,
MEITKUMH 1BeTKaMu. [lmoaelr menkue, okono 1,5 MM nnuHOHM, OOpaTHOSWIIEBUAHBIC WM TOYTH
KpYTJIbIE.

P. filiformis Pers — pnect nuteBumHbIi. PacteHne ¢ TOHKMMH KopHeBHIamu. Ctebiu
pacTeHusi pa3BETBIICHHBIC, TOHKWE M ciadwie, mmHOW A0 30 cMm. JIMCTBSI y3KOJIaHIIETHBIE, C
3a0CTPEHHBIMH BlarayimmamMu 1auHoi 5—15 mM. CormeTue npeacTaBisieT coooi KoJIoC co cTediieM
amuHOU 2—5 oM. LIBeTkn coOpaHbl B HEOOJNbIIME, aKKYPAaTHO CIOXEHHbIe MydkH. [1moasl uimHoN
1,5-2 MM, u3orHyTO-siieBuHbIe. CIy>KaT MUINEH A7 BOIHBIX KHUBOTHBIX.

P. gramineus L. — paect 3nakoBsiii. Kopenb ToHkuil, mupuaoit 2 Mm. CTeOJin BETBHCTHIE,
BeicoToi 10 120 cM. Mmeetr aBa Tuma nucTbeB. [IBEeTOHOCHI AMHHBIC, TAKOM K€ JJIUHBI, KaK U
KoJjoc, unu anuuHee. [1noasr Menkue, oBaabHOU (HOPMEL.

P. intramongolicus Ma et al. — puect BHyTpuMOHTOIbCcKHid. CTeOeTh KOPHEBHUINA TOHKAN U
mHHBI. CTebnu mpocThle, B BEpXHEW 4YacTW pa3BeTBIeHHBbIC. Bce NHCThs BIaBICHHBIE U
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JIMHEHO-BosiocucThie. ColBeTHe MapoBUAHOE, MIMHOW 10 5 cMm. Ilmoasl mmuHoM 3,5-5 Mw,
CepHOBUIHBIE, CT1a00 CKAThIE, CIIETKA BHIMYKJIbIE C OPIOLIHON CTOPOHBHI.

P. lucens L. — pumect Onectsumit. CteOnu anuHHbBIC, UTMHOW 3 M U Oosee. Bce nmuctbs
BOTHYTBIE, C KOpPOTKMMHU YepellKaMH, JIMHOW 5—15 mMm. JIMCTOBBIE IUIACTUHKH KpPYIHbIE,
MIPO3payvHble, MPOJOITrOBAThIE WM OBAJbHBIC, C LEJIbHBIMU WJIU CJErKa BOJHHUCTBIMU KpPAsIMU.
['pynma nuBeTkoB KoaocoBHIHAA. KOIOC TOJICTHIN, ITIOTHBIA U MHOTOLBETKOBBIN. [1101b1 KpyITHEIE,
JUTMHOU 4 MM, U30THYTO-sIHIIeBU IHbIE. VICTIONb3yeTCs Kak TEXHUYECKOE PACTEHHE.

P. natans L. — paect mnaBaromuii, wid BojAsHas kanycra. KopHeBHIlle IJIMHHOE H
cunbHOBeTBUCTOE. CTeONM JUTMHHBIC, ToJICcThIe, muHOM 30—120 cM, penkoBeTBucThie. [loaBOAHBIC
JIUCTbS TUHEWHBIE, C peIyLIMPOBAaHHBIMU BEPXYLIKAMH, YEPEIIKOBbIE, JUINHON 8—15 cM U mupuHOM
no 1 cm. IlnaBaromue JUCThS SIMIIEBUIHBIC, SULEBUAHO-SIMIIEBUIHBIE C TYNbIMM KOHUHMKAMHU M
nenbHbIMU Kpasmu. Corerne umeetr dopmy koisoca. Ilnon pyHmyka oOparHosiineBuanblid. OH
SIBJISIETCS MTHILEH BOAHBIX OPraHU3MOB. Ero MOKHO MCIIOJIB30BaTh B KAUECTBE PAHO3aKUBIISAIOIIETO
CpeZACTBa MPHU BOCHAINTENBHBIX 3200JIEBaHUIX KOXKH.

P. nodosus Poir. — paect y3noBateiii. CTeOMU IIMHHBIC, CHIIBHO pa3BeTBICHHBIC. JIUCThS
Kopoye cTeOlsi, TOHKME U TOXOXKM Ha TpaBy. [lolBOAHBIC JTUCThS JAHIETHBIE, PEKE JUHEHHO-
JaHIETHBIE, TOHKHE, OBICTPO pacmanaromuecs. [lnaBaromyie NHUCTbS HMMEIOT MPOJOJITOBATO-
JAHIETHYIO WU SJUTUNTAYECKYIO0 GOpMY, LEIbHOKpaHUE, TYIIble Ha BEepXYyIIKe U 0ojiee TOHKHE Y
ocHoBaHus. lIBeroHoc mnmuHHEIA, Tomme cteOns. Comnserne mmeer (opmy konoca. [lnox mmeer
SULIEBUIHYIO hOpMY.

P. perfoliatus L. — puect crebieoobemimonuii. KopHeBUIlle MMEET IMOJI3YyYHe KOPHEBHUIIA.
Ero cTBOJIBI BETBUCTBIE U JIOCTHUTAIOT HECKOJBKHUX METPOB B JJIUHY. JIMCThS €ro mpuierawmT K
ctBoy. Ilnmoasl oOparHOsEBUAHBIE, WHOTJA SWLIEBUJHBIE, OCHOBAaHHE JHCTAa CEPALEBUIHOE,
Tymoe, Kpas HepoBHbIC;, JSI3bIK o0OBuUCHBIM M OenoBarbiii. I[llunm wumeer nmouHy 5 cM H
HWIMHIPUYECKYIO (hopMy.

P. praelongus Wulf. — paect anunneiimmii. Bonnoe MHoronetnee pactenue (mo 300 cm
UIMHOM). OTIWYUTENbHBIE OCOOCHHOCTH J@HHOTO BHJA OT JpPYIMX pJECTOB — KOJIEHYaTo-
M30THYTHIA CcTeOenbh OT JHMCTa K JUCTY, a TaKXKe CTAHYTOCTh KOJIMA4YKOM Ha BEpXYIIKe CTeOIs
muctheB. [lo ¢opme TUCThS MPONONTOBATO-JIAHIIETHBIE, Y OCHOBAaHHUS OKPYTJIEHHBIE, CIerKa
cepaLeBUAHbIE, LIETbHOKpaliHble. SIcHO 3aMeTHa ceTh »kuiok. Konocku goBonbHO 1umnHHBIE (10 30
CM JUIMHOM), Ha YJUTMHEHHBIX I[BeTOHOCaX. [[BeTéT B utoHe.

P. trichoides Cham. & Schltdl. — paect BoocoBuaHBIi. MHOrONETHEE BOIHOE PACTCHHUE, 10
50 cm BbIcOTOM. JIUCTBS y3KHe, KECTKHE MOYTH MIETUHOBHUIHBIC, MPUOTUZUTEIHHO OJMHAKOBOM
LIIMPUHBI cO cTeOseM, ATMHHO3aocTpeHHble. CpenHssl KWIKa TOJCTasl, Pe3KO BBICTyHarolas Ha
HIDKHEW CTOpPOHE JIMCTa, OOKOBBIC KWJIKM €/1Ba 3aMeTHBI. [IpHIIMCTHHUKU TIJIOTHBIE, KOXKHUCTHIEC,
KOpHYHEBbIe, onanaromue, 7-11 (20) MM ATUHBL, ¢ HECPOCIIUMUCS KpasMU. B 11BeTke pa3BuBaeTCs
Iumb oAHa 3aBs3b. [lmoxbr 2-3 MM JIIMHBI, OKpPYIVIOSWLIEBUAHBIC, HA CIHUHKE KWUJIEBATHIE,
Oyropuartele, Ha OpromHOil cropoHe c¢ 3yOmom. Ha koHmax OOKOBBIX BeTOu€K 00Opa3yroTCs
3UMYIOIIME MOYKH OKOJIO 1 CM ITTMHBI U | MM TOJIIUHBI.

Bvi1soowsi
1. Bo ¢uope A3sepbaiimkana HacuuThiBaeTcsi 14 BumoB poaa Potamotogenus L. Onucanus
COCTABIICHBI JIJISI BCEX BHUJIOB.
2. Dxonornveckue rpynmsl: 2 Buaa (14,29%) — peodutsl, 7 BugoB (50%) — rugpoduts! u 5
BU0B (35,71%) — rugatoutel.
3. Ompeneneno 3 tuna mecroooutanuii. K GopeansHoMy Triy otnocsarcs 8 (57,1%) BuaoB ¢
5 (35,7%) — xaBka3ckuit apeanbHblil THI, 1 (7,2%) — eBponelicKo-CHOMPCKU.
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STUDY OF THE EFFECT OF Rheum ribes L. PLANT EXTRACT
ON HUMAN LUNG CANCER CELLS IN VITRO (A549)

©Guliyeva N., ORCID: 0009-0003-2160-6976, Nakhchivan State University,
Nakhchivan, Azerbaijan, gnaile94@gmail.com

MN3YUYEHUE BJIUAHUSA IKCTPAKTA Rheum ribes L.
HA KUIETKHU PAKA JIET'KUX YEJIOBEKA IN VITRO (A549)

©I'ynuesa H., ORCID: 0009-0003-2160-6976, Haxusieanckuii 20cyoapcmeenHulil YHU8epcumem
2. Haxuwvisan, Asepbatioxcan, qnaile94@gmail.com

Abstract. An extract of Rheum ribes L. was isolated and its effect on lung cancer cells (A549)
was determined. Cancer is a group of diseases in which malignant tumor cells with the potential to
spread and undergo abnormal cell division break away from their original location and invade other
parts of the body. According to literature and studies, rhubarb is used as an important medicinal
plant. Its medicinal use is due to the presence of anthracene or its derivatives (e.g., anthraquinones)
in its composition. The chemical components were isolated and studied. The effective effect of
rhubarb extract on cancer cells was determined - there was a decrease in the growth of cancer cells.

Annomayus. Beinenen skcrpakt Rheum ribes L., u omnpesiesnieHo ero BIUsSHHUE Ha KIETKH paKa
nerkux (A549). Pakx — »T0 rpynna 3a0osieBaHul, IPU KOTOPBIX 3JIOKAUECTBEHHBIE OIyXOJEBBIC
KJIETKH, WMEIOIIHNE TOTEHIMAJ K PAaCIpPOCTPAHCHUI0 U AHOMAJIBHOMY KJIETOYHOMY JIEJICHUIO,
OTPBIBAIOTCSI OT CBOEr0 MEPBOHAYAIHLHOTO MECTOIOJIOKEHUS U MPOHUKAIOT B JIPYTUE YaCTHU Tela.
CormnacHo nuTepaTypHbIM JaHHBIM U TPOBEJIECHHBIM MCCIEJOBAaHUSIM, PEBEHb HCIIOJIB3YETCS Kak
BaKHOE JIEKAPCTBEHHOE pacTeHue. Ero nekapcTBeHHOE MPUMEHEHHE 00YCIOBICHO HATUYHEM B €r0
COCTaBE aHTpalleHa UM €r0 MMPOU3BOIHBIX (HAIPUMED, AHTPAXUHOHBI). XUMUYECKUE KOMIOHEHTHI,
OBLTH BBIJCJICHBI U HccienoBaHbl. OrnpeaeneHo 3(ppeKTuBHOE AEUCTBHE HKCTPAKTa PEBEHS Ha
PAKOBbIE KJIETKH — TPOUCXOANIIO YMEHBIIEHHE POCTa PAKOBBIX KJIETOK.

Keywords: Rheum ribes, plant, flavonoids.
Knroueswvie cnosa: Rheum ribes, pacrenue, GpaBoHOUIBI.

Nature is a source of treatment for a wide range of diseases all over the world. Medicinal
plants are a good source of health remedies for the treatment of diseases. Therefore, more recent
studies have focused on the use of herbal medicines in the form of natural extracts for the treatment
of cancer. Previous studies have shown that these plants have a significant effect on inhibiting the
growth and proliferation of gram-positive and negative bacteria, as well as fungi [1, 3, 28].

However, recent studies have shown that rhubarb inhibits the growth and proliferation of
cancer cells by inducing cytotoxicity and apoptosis, and inhibiting the cell cycle [32].

Rhubarb (Rheum ribes L.) is a well-known medicinal plant widely used in folk medicine. The
whole plant R. ribes has laxative, diuretic and expectorant properties. The plant is an effective
remedy for reducing gastric acidity. Other medicinal properties of this species include a number of
properties such as diaphoretic, antiseptic and wound healing. The essential oil in its leaves is
effective in the treatment of rheumatism. According to research, the most important secondary
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metabolites of R.ribes are phenolic compounds, glycosides, sterols, steroids, resins, alkaloids,
flavonoids, fatty acids, coumarins and vitamins. Indeed, due to these diverse compounds, rhubarb
has a wide range of pharmaceutical applications [33, 34, 36].

Cancer is one of the leading causes of death worldwide, second only to cardiovascular
disease. Cancer begins with a deformed cell that undergoes a genetic mutation in its DNA. These
cells multiply uncontrollably, acquire invasive properties and cause changes in the surrounding
tissues. Cancer is not just one disease, but a group of about 100 diseases. The disease is
characterized by two characteristics: first, the lack of control over the growth of cancer cells, and
second, the ability of cancer cells to metastasize and migrate from their original location to different
parts of the body. There are two types of tumors: malignant and benign. Age is an important factor
in the spread of the disease. That is why this disease is more common in older people. There are
many problems (i.e. side effects) associated with solid or hematological cancers such as nausea,
vomiting, diarrhea, constipation, hypercalcemia, pain, anorexia, anemia, fatigue, cachexia,
leukopenia, neutropenia, and thrombocytopenia. However, the main problems are nausea, vomiting,
neutropenia, anemia, thrombocytopenia, and hypercalcemia. Thus, for these reasons, cancer is
considered as one of the major diseases that can affect a person's quality of life.

Material and methodology of the study

A study was conducted to examine the effect of plant material collected from the territory of
the Nakhchivan Autonomous Republic in 2022-2024 on human lung cancer in vitro. The object of
the study was the Rheum ribes plant, which is widespread in the Shahbuz region.

The studies were conducted using classical, floristic and systematic methods, as well as a
number of modern methods. The life forms of species were determined according to the systems of
K. Raunker and I. K. Geobotanical studies are based on the studies of A. P. Shennikova and others
and websites were conducted according to. Phenological observations of species by I. D. Yurkevich
and the methodologies of other researchers.

Field research is geobotany, floristry, ecological, systematic phenological and modern
methods were carried out under the conditions of routes and expeditions. When processing
herbarium materials collected in this territory, "Flora of the USSR", "Flora of the Caucasus"”, "Flora
of Azerbaijan" and websites were used (https://www.worldfloraonline.org). When studying the
vegetation types of the region, A. S. Ibragimov, L. I. Prilipko, E. M. Gurbanov and M. M. Seyidov
works were taken into account [35-39].

Discussion And Results Of The Study

Polygonaceae Juss. The family has more than 800 species belonging to 30 genera distributed
throughout the world, mainly in northern regions. The species included in the section are dominated
by foliar substances, especially in underground organs, most species are food, ornamental, vitamin
and dye plants. There are also weed species. Rhubarb (Rheum L.) has simple, large basal leaves and
a rosette-shaped inflorescence. The flowers are bisexual or partially male. The petals of the
inflorescence are six-lobed, hardening after flowering. There are usually 9(5-10) stamens, 3
stigmas, and a cap-shaped mouth. The fruits are winged triangular nuts [2].

These plants, which were widely distributed in Iran, Turkey and Arabia in ancient times, were
used as medicinal and food plants.

In Turkey, the polygonaceae family is represented by eight genera and 70 species. Rheum
ribes is the only rhubarb species native to Turkey.
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All species in this genus are perennial and include examples such as Rheum rhaponticum L.,
Rheum palmatum L., Rheum officinale Baill L., Rheum emodi L. and Rheum ribes L. Most species
in this genus are used as food or medicine.

Figure 1. Rheum ribes

Its medicinal use is believed to be due to the presence of anthracene or its derivatives such as
chemical compounds (e.g. anthraquinones) in its composition. Due to the medicinal uses of these
plants, the chemical constituents found in most rhubarb species have been isolated and
characterized. Some of these chemicals have been identified as belonging to various classes of
phenols, stilbenes and essential oils. Plant species are used in folk medicine for antidiabetic,
antispasmodic and digestive purposes. Thick flower stalks are cleaned and eaten raw. Young shoots
of the plant are collected by the population in the spring and sold at markets. Pies, pasties, soups,
jams, juices, porridges, marmalade, etc. are prepared from the berries. In addition, the shoots are
dried and used in the winter.

Nakhchivan has a rich flora, unique climate and geographical location. The vegetation in the
region forms diverse groups with a wide variety of grass, shrub and tree species, as well as
numerous endemic and rare species.

The ecosystem is dominated by groups formed by different herbaceous plants. These groups
are closely related to climate, soil type, water resources and biotic factors. Thus, in the study areas,
species included in the genus form groups of different forms with plants belonging to other families
[2, 8, 19-23, 28-34].

Regardless of the studied environment, herbaceous plants in all areas closely interact with
species of a number of families and form different groups [9-14, 31].

Complex forests and shrubs are ecosystems in which different plant species are found. In
these forests, there are complex interactions between herbaceous plants, shrubs and trees. Grasses
have a significant impact on the dynamics, structure and functions of these ecosystems. The
dominant species in active phytocenoses are legumes, mallows, rosaceae and many other families
[4-7, 13, 15-18, 24-27].

Thus, it does not fully reflect the directions of use of species belonging to the above-
mentioned genus Rheum L.

In our further studies, we consider it appropriate to comprehensively study all the features of
the studied species.
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Study of the effect of Rheum ribes plant extract on A549 cells
MTT method 10 ml of DMEM-F12 medium containing 10% FCS was placed in a test tube
and 1.105 cells/ml were added. After pipetting the wells, 100 ul of this suspension was placed in
each of 48 wells of 96-well microplates. The microplate was incubated at 37°C in an incubator with
5% CO- for 48 hours. After 48 hours of coating, polyacrylic acid was added to the wells at different
concentrations to test the toxic effect.

Figure 2. COz incubator

Application of extract obtained in lung cancer research. a) Microscopic image obtained after
application of a minimal dose of extract from the Rheum ribes plant to human lung cancer in vitro.

b) Microscopic image obtained after application of a moderate dose of Rheum ribes plant
extract to human lung cancer in vitro.
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¢) Microscopic image obtained after application of the maximum dose of Rheum ribes plant
extract to human lung cancer in vitro.

d) Control group

Result
For A549 cells: after application of the Rheum ribes plant extract, it was noted that the cells
were thinner compared to the control group when exposed to the minimum dose. At higher doses,
the extract of sour rhubarb increased the number of cells in the lungs.
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JTUHAMMKA PA3SBUTHUSA U )KU3HECIIOCOBHOCTH IIEHOIOMYJISILIUIA
Minuartia biebersteinii (Rupr.) Schischk. HA BOJIbBILIOM KABKA3E

©I'ynauesa P. 3., ORCID: 0009-0001-0532-7593, kano. buon. nayk, I anoxcunckuii
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DEVELOPMENT DYNAMICS AND VITALITY OF CENOPOPULATIONS
OF Minuartia biebersteinii (Rupr.) Schischk. IN THE GREATER CAUCASUS

©Guliyeva R., ORCID: 0009-0001-0532-7593, Ph.D.,
Ganja State University, Ganja, Azerbaijan
©Aliyeva A, Ph.D., Ganja State University, Ganja, Azerbaijan

Annomayus. PaccmaTtpuBaeTcsi AMHAMUKA Pa3BUTHSI M YKU3HECIIOCOOHOCTH LIEHOMOMYJIALUN
Minuartia bieberstenii (Rupr.) Schischk B pasmuunbix rpynmax pacreHuid. VccnemoBaHust
npoBeacHsl B 2021-2024 ronax B A3epOaitpkane Ha bonbsimom KaBkase - Ha Tepputopun I'axckoro
u ['abanuHckoro paitoHoB, Ha BeicoTe 1028-2100 m Han ypoBHem Mops: uccienoBanus [ L1 B
accornmanuu Festucetum rupila — Asperulasum caucasica; uccnenosanus II IIT B accorumanuu
Poacetum pratense - Trifoleusum canesens; wucciaemoBanus III IIIT Festucetum pratensis-
Dactyeosum glomerata L.. B I L{IT ¢pnykryaruu Habmoganucs vamie B Teuerne 2021-2024 roaos.
B pesynbrare ¢parmMeHTanii BO3pAaCTHOTO CIIEKTpa MOMYJSIIMS OKa3alach HemoiaHoi. B xome
UCCIIEIOBaHUM, NPOBEJCHHBIX HAaMH, OTCIEXKHUBAIACh KU3HECIOCOOHOCTh TMOMYJSALUU BHAA
Minuartia bieberstenii B kpu3ucHoM coctossuuu U B pazButuu. B I LT Toneko B 2022 rony (B
acconmanuu Festucetum rupila — Asperulas caucasica), Bo II IIIT (B accoumarmu Poacetum
pratense - Trifoleusum canesens) B 2022-2023 romax, B III IIIT (B accormamuu Festucetum
pratensis - Dactyeosum glomerata L.).

Abstract. The article provides information on the development dynamics and vitality of
cenopopulations of Minuartia bieberstenii (Rupr.) Schischk. in various plant groupings. The
research was conducted from 2021 to 2024 in the Greater Caucasus region of Azerbaijan,
specifically in the Qakh and Gabala districts, at altitudes ranging from 1028 to 2100 meters above
sea level. The studies were carried out in three different associations:l CP: Festucetum rupila —
Asperulasum caucasica association, Il CP: Poacetum pratense - Trifoleusum canesens association,
I11 CP: Festucetum pratensis - Dactylosum glomerata L. association. During the period from 2021
to 2024, fluctuations in population structure were more prominently observed in | CP. As a result of
age spectrum fragmentation, the population was incomplete. The conducted studies revealed both
critical and developing vitality stages in the populations of Minuartia bieberstenii. In | CP, a critical
state of the senopopulation was recorded only in 2022 (Festucetum rupila — Asperulasum caucasica
association). In Il SP, (Poacetum pratense - Trifoleusum canesens association), critical conditions
were observed in 2022-2023. In Il SP (Festucetum pratensis - Dactylosum glomerata L.
association), critical conditions were noted in 2022 and 2024. The remaining periods showed
populations in a developing stage.

Knioueswie crosa: LHCHOIIOIMYJIAOUA, NOMMYJIANNA, JTUHAMUKA pa3BUTHUA, JKA3HECIIOCOOHOCTb.
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W3 r106anbHbIX MPOOJIEM COBPEMEHHOCTH COXPAHEHHE PACTHTEILHOCTH M €€ PalliOHAIBLHOE
UCIIOJIb30BAHUE SIBJSIETCS OJHUM M3 TJIaBHBIX MPUOPUTETOB. B pesynbrare HEIDHEKTUBHOTO
HCIIOJIb30BAHUS PACTUTEIILHOCTH 3KOCHCTEMBbI JCTPaJUpOBaI, & MHOTHE BUJbI (IJIOPHI BHIMEPIIH
WK MX YUCICHHOCTH PE3KO COKPAaTMIach. [109TOMy pacTeHust JOJDKHBI OBITh TIIATEIHLHO H3YYEHBI B
cpene, B KOTOPOH OHH OOMTAIOT, H3yYCHBI HA YPOBHE CEHOIOMYJISIMHU, pa3paboTaHa CHCTEMa Mep
10 uX 3GPEKTUBHOMY HCIIOJIL30BAHUIO M COXPAaHEHHIO. B 3TOM OTHOIICHHH H3ydYeHHE JTUHAMUKA
pasBUTHS M KHU3HECIIOCOOHOCTH HeHomomysuuii Buga Minuartia bieberstenii, sugema KaBkasa,
SIBJISIETCS] OJTHUM U3 BaXXHBIX BOIIPOCOB [2; 3].

Wzyuenne Buaa mpoBoamiiock B AsepOaiipkane Ha Ttepputopun bonbmoro Kaskaza Ha
Pa3IUYHBIX TUIAX pacTUTEIbHOCTH. OCHOBHAS 1€ HCCIICAOBAHUS COCTOUT B U3YyYCHUHU TUHAMUKH
pasBUTHS U KH3HECITOCOOHOCTH IeHomomy suii Minuartia bieberstenii B pasnuunbix rpymmax
pacTeHui.

Mamepuan u memoouxa

Hccnenoanus npoBoammmch B 2021-2024 romax B AzepOaiimxkane Ha boibsimom KaBkase, Ha
tepputopun ['axckoro u ['aGanunHckoro paiioHoB, Ha BbicoTe 1028-2100 M Ham y. m. Ha
TEPPUTOPUN HCCIICAOBaHUs ObUIM coOpaHbl repOapHbie oOpasubl Buaa Minuartia bieberstenii B
Pa3IMYHBIX OKOJIOTMYECKUX YCIOBMSIX, CHCTEMAaTHYECKOE IIOJIOKEHHE BHJIA OIMPEAeNICHO
oOmenpuHATEIME ~ mpaBuiamu, B ToM uucie APG IV, World Flora Online
(http://www.Worldfloraonline.org), the Euro-Med Plantbase (http ww2.bgbm.org//). Bsumn
YTOYHCHBI TAKCOHOMHUSI U HOMEHKJIaTypa Buaa [11].

[Ipn u3yueHuUM OMOIKOIOTHYECKUX OCOOCHHOCTEH BHUAA HCIOJNB30BAINCH PaboTh:: Diopa
Asep6aiimkana [10], doopa Kaskasza u ap. [1, 3, 4, 12].

[Tpu n3y4eHur OHTOT€HETHYECKOW CTPYKTYPHI IICHOTIOMYJISIHIA OBUTH NCTIOTH30BAHBI METOIBI
T. A. PabotHoro, A. A. Ypanosa [8; 9].

OCHOBHBIE TIOKa3aTeNd JKU3HECIIOCOOHOCTH CEHOMNOMYJISALUMU BHJA OLIEHUBAINUCH I10
OOIIETPHHATHIM Kiaccupukamusm [6. 7].

XKuznecniocobHoCTh HIeHONIONY MU coryiacHo 0. A. 3n00uny:

1. Henononyssinus B passutun — (Q=1/2(a+b)>C

2. lenomnonysinust B paBaoBecuu — (Q=1/2(A+B)=C

3. lenonomnysinust B kpusucHoi curyaunn — (Q=1/2(A+B)<C

Bwv1600vl u ux oocyscoenue

I IIIT uccnenoBanus B ceno Mnmcy 'axckoro paiiona, Ha rpanuue jeca Hajx y. M. 1321 m. (lat:
41°27153" N; long: 47°4'7" E) Ha BO3BBINIEHHOCTH, B PACTHTEIBHOCTH JYTOBO-CTEMHOH 30HBI
(Pucynok), B accoumanuu Festucetum rupila-Asperulum caucasica; II L{I1 uccienoBanus Taxxe
npoBoauiuck B ¢. Mmucy [Naxckoro paiiona, Ha nmeBoM Oepery Kypmykuas, Bosne «Bemukxoro
MocTa» Han y. M. 1028 m. B accoumanmm Poacetum pratense - Trifoleusum canesens; III LII1
uccnenosanus [abanmuuckuii paiton, Tydanmarckuii xpeber (lat: 40°40156" N; long: 45° 46 20" E)
Ha BBICOTE Ham y. M. 1696 m Festucetum pratensis-Dactyeosum glomerata L. 6bu1 mpoBeseH B
accoranuu [5].

PocTku 1 10BeHWIIbHBIE 0COOHM HEe ObUIM OOHApYKEHBI BO BCEX TPEX LIEHOMOMysuax B 2022
r, B accouumanuu Poacetum pratense-Trifoleusum canesens (II IIIT) B 2023-2024 r1r. B
nocienyroomue roasl Festucetum rupila — Asperulasum caucasica u Festucetum pratensis -
Dactyeosum glomerata L. ysiy4iieHue KIMMaTHYSCKUX YCIOBUI B aCCOIMAIMH 3AJI0KUIIO OCHOBY
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JUIT HOPMAJIBHOTO pa3BUTHSA BUIA. B 1emom Oumosiormdeckue OCOOCHHOCTH 0a30BOTO CIEKTpa
MOKA3bIBAIOT, YTO NpPHUYMHA TAKOTO HM3MEHEHHS MOMYJSIUN 3aBUCHT OT MPOTCKAHUS peaKIni
BHEIIHETO BO3AECHUCTBUSL.

Pucynok. enononyssuuu (lat: 41°27'53" N; long: 47°417" E)

B I LIl ¢nykryauun Habmopamuch 4vamie B TedeHue 2021-2024 romos. B pesynbrate
(dparMeHTal BO3paCTHOTO CIIEKTpa MOMYJIALUS OKa3ajach HEMOJHOM. JTO CBSA3aHO C TeM, YTO B
PaACTUTENILHOCTH JIYTOBO-CTEMHON 30HBI IUIOTHOCTH CHH3HMJIACh B pe3ylbTaTe OeCcCHCTEMHOTO
Bbillaca B accormanuu Festucetum rupila — Asperulasum caucasica, B pe3ynbraTe dYero
YHUCICHHOCTh MOJIOJIBIX OCOOEH yMEHbIIWIACh, a KOJUYECTBO CTapblX OCO0EH yBEIMYHIIOCH.
HeoOpaTtumble kone0aHUsI MOTYT MPOM30MTH, ecii He OyAyT MPHUHSATHI MEPbl MPEAOCTOPOKHOCTH.
DTO Tak)Ke OmacHo JjIsl OyIyIIero COCTOSTHUS BU/IA.

XKuznecriocobHOCTH  0coOeil  00ycClOBI€HA CHUJIBHBIM  Pa3BUTHEM  BET€TaTUBHBIX U
TEHEPATUBHBIX OPraHOB (YCTOWYMBOCTh K HEOJArompHSTHBIM YCJIOBUSIM CPeIbl, CIOCOOHOCTh K
pereHeparym), 3aBUCUT OT YCTOWYMBOCTH OcoOei k HeOmarompusTHeIM ycioBusM. ITox oOmmm
KU3HEHHBIM TIOHUMAETCSI CTENICHb Pa3BUTHS BHJA B IIeHO3e. JKN3HECTIOCOOHOCTh SBISIETCS OOIINM
IMOKAa3aTcJIEM pPa3BUTHA LCHOIIOIYJIALUHA. ILJ'I?I OMpCACIICHUA )KI/ISHeCHOCO6HOCTI/I nomnyJjsinuu B
KayecTBE JMAarHOCTMYECKUX KpPUTEPHUEB MOTYT MHCIIOJIb30BaTbCsi WHAMKATOPHBIE MPU3HAKH,
UMEIOIIUECs Y OTAETbHBIX 0cO0eH.

B xone wuccrenoBaHHil OTCIEKHBAIACH JKH3HECIOCOOHOCTh momyssiuuu Buma Minuartia
bieberstenii B kpusrcuom cocrostHuu U B pazsutuu (Tabmura).

B I LIIT Toneko B 2022 1 (B accormanuu Festucetum rupila —Asperulas caucasica), so II IIIT
(B accommarmm Poacetum pratense - Trifoleusum canesens) B 2022-2023 rr, 8 III I{IT (B
accormanuu Festucetum pratensis - Dactyeosum glomerata L. B 2022 r u 2024 r B ux
[IEHOTOIYJISAIUSAX OblIa BBISIBIEHA KXH3HECTIOCOOHOCTh B KPU3HCHOM COCTOSTHHH, B TO BPEMsl Kak
JpyTHEe HAXOMINCH B PA3BUTHH.

M3 mnpoBeNeHHBIX HCCIEIOBaHUI MOXHO cJenaTh BBIBOJA, YTO JIMHAMHMKA pPa3BUTHUSA
ceHonomysiuid Bua Minuartia bieberstenii u oreHka >XH3HECTIOCOOHOCTH MO3BOJSIFOT JEIATh
MIPOTHO3BI 0 OYIyIIIEM COCTOSTHUY TIOMYJISIIANA BUA.
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Tabauna
JKU3HECIIOCOBHOCTD LIEHOIIOITYJISILIMIM Minuartia bieberstenii

nr To0wb Konuuecmso s L{I1, % Io Q Kuznecnocobnocme LI
a b c
I 1 2021 421 25,9 32 1,1 34 Passurue
2022 35,1 27,8 37,1 0,85 31,45 KpwusucHas curtyarust
2023 25,4 40 35 0,93 32,7 PasButue
2024 33,3 24,5 35 0,93 28,9 Pa3Butne
1T LI 2021 32,6 38,3 29,1 1,04 35,45 PazButne
2022 37,1 22,6 40,3 0,74 29,85 KpwusucHas curyarust
2023 28,2 35,2 36,6 0,87 31,7 KpusuchHas curyarus
2024 41 29 30 1,06 35 PasButne
T 1T 2021 25,5 41,8 32,8 1,05 33,65 PasButne
2022 245 33,3 35 0,83 28,9 KpuzuchHas curyarms
2023 28,3 43,3 28,3 1,3 49,95 Pa3Butne
2024 31 25,9 431 0,66 28,45 Kpusucnas cutyanus

B nmocnennee BpemMs uW3-3a  BIMSAHHA a0MOTHYECKMX M OMOTHYECKHX  (haKTOPOB
3aboaeBaeMocth BuaoMm Minuartia bieberstenii  otHocuTensHO cHuM3WIack. Takuwe GaxTOphI
OKpY>Karollel Cpejibl TaK)Ke BIHMSIOT Ha 3KOCHCTeMbI pacreHuil. COXpaHEHHE HM3y4aeMOro BHIA
Minuartia bieberstenii, yBeianueH#e ero 4nciIeHHOCTH, 0COOCHHO COXpPAHEHHUE, ABJSIETCS OJHUM W3
BaXHBIX BOIIPOCOB. B Hacrosiiee BpeMs MPOMCXOIAMT JErPajallis SKOJOTHYECKON CpPEbl,
COKpAIIleHUE JIECOB, JIYTOB, CEIbCKOXO3SHCTBEHHBIX YTOAWi, B HEKOTOPBIX MECTax IMOJHOE HX
YHUYTOXKCHHUE, Jerpajanus, MPUBOAAIIAs K HAPYIICHHIO OalaHca OMOJIOTHYECKOTO pa3sHO0Opasus
(JIOpBI, COKpAIIEHWIO BHIOB PACTEHHM WM TIOJIHOMY HCUYE3HOBEHHIO. I103TOMY COXpaHEHHE
OMopa3zHO00pa3us ABIAETCS OJHUM U3 BAXKHBIX BOIPOCOB.

Bbl10  ycTaHOBJIEHO, YTO pa3BUTHE BHUJAA HEYJOBICTBOPUTEIbHO. Paspaboran miaH
MeponpHsTHii o coxpanenuto Minuartia bieberstenii.
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XAPAKTEPHBIE BUJIbl CEMEHCTBA Brassigaceae Burnett.
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Abstract. The species of the Brassicaceae family of the flora of the Nakhchivan Autonomous
Republic of Azerbaijan are considered. The flora of the region is characterized by 28 species
belonging to 16 genera of this family. There are monotypic genera that are found only in the flora of
Nakhchivan, Azerbaijan: Aethionema R.Br., Alyssum L., Arabidopsis (DC.) Heynh., Arabis L.,
Atropatenia F.K. Mey., Asperuginoides Rauschert, Coluteocarpus Boiss., Cymatocarpus O.E.
Schultz, Drabopsis C. Koch, Diptychocarpus Trautv., Erysimum L., Fibigia Medik., Isatis L.,
Peltariopsis N. Busch, Litwinowia Woronow and Sterigmostemum Bieb. Bioecological
characteristics of these species are given.

Annomayusn. PaccmatpuBaroTcst BUABI cemelicTBa Brassicaceae ¢uopsr HaxupiBaHckon
AptroHomHON PecmyOimkum  AsepOaiimxkana. s ¢uiopel pernmoHa xapakTepHbl 28 BHIIOB,
NpUHANeXaMX K 16 pomam storo cemeictBa. MMeroTcs MOHOTHUIIMYECKHE POJbI, KOTOpHIE
BCTpEYaroTcss TONbKO BO ¢uope HaxubiBana, AsepOaitmkan: Aethionema R.Br., Alyssum L.,
Arabidopsis (DC.) Heynh., Arabis L., Atropatenia F.K. Mey., Asperuginoides Rauschert,
Coluteocarpus Boiss., Cymatocarpus O.E. Schultz, Drabopsis C. Koch, Diptychocarpus Trautv.,
Erysimum L., Fibigia Medik., Isatis L., Peltariopsis N. Busch, Litwinowia Woronow u
Sterigmostemum Bieb. ITpuBoasaTcsi OMOIKOIOrHYESCKHE XapaKTEPUCTUKHU ITHX BUJIOB.

Keywords: Brassicaceae, genus, species, plant.
Kniouesvie cnosa: Brassicaceae, pos, Bu, pacTeHHE.

The Brassicaceae Burnett. family is an important family for nature due to its species
diversity. The Brassicaceae are an important family for three primary reasons [4].

The unique climate and geographical location of the region create favorable conditions for the
distribution of various species of the family. The harsh climate and mountainous areas of the
Nakhchivan Autonomous Republic further enhance the adaptability of the Brassicaceae family. The
mustard family (Brassicaceae or Cruciferae) belongs to the order Brassicales and is readily
distinguished from other flowering plant families by a cruciform (crossshaped) corolla, six stamens
(the outer two shorter than the inner four), a capsule often with a septum and a pungent watery sap

[1].
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The Brassicaceae (Cruciferae or mustard family) is a large plant family with approximately
338 genera and 3709 species distributed worldwide, most are distributed in the temperate areas of
the Northern Hemisphere [3].
The Brassicaceae Burnett. family is represented in the flora of the Republic of Azerbaijan by
74 species from 248 genera. According to scientific literature sources, 28 species (16.96%) from 16
genera of the family, out of 67 genera and 165 species found in the Nakhchivan Autonomous
Republic, are characteristic of the region's flora [2, 5-8].
The species of the Brassicaceae family characteristic of the flora of Nakhchivan, Azerbaijan,
are listed below in the following systematic composition:
Genus: Aethionema R.Br.
Aethionema cardiophyllum Boiss. & Heldr.
Aethionema cordatum (Desf.) Boiss.
Aethionema diastrophis Bunge
Aethionema edentulum N.Busch
Aethionema fimbriatum Boiss.
Genus: Alyssum L.
Alyssum dasycarpum Steph.
Alyssum persicum Boiss. (A. Muelleri Boiss. & Buhse)
Genus: Arabidopsis (DC.) Heynh.
Arabidopsis parvula (Schrenk) O.E. Schulz
Genus: Arabis L.
Arabis carduchorum Boiss. (A. armena N.Busch)
Genus: Atropatenia F.K. Mey
Atropatenia rosrtata (N.Busch) F.K. Mey. (Thlaspi rostratum N.Busch)
Atropatenia zangezura ( Tzvel.) F.K. Mey. (Thlaspi zangezura Tzvel.)
Genus: Asperuginoides Rauschert (Buchingera Boiss. & Hohen.)
Asperuginoides axillaris (Boiss. & Hohen.) Rauschert (Buchingera axillaris Boiss. &
Hohen.)
Genus: Coluteocarpus Boiss.
Coluteocarpus vesicaria (L.) Holmboe
Genus: Cymatocarpus O.E. Schultz
Cymatocarpus Grossheimii N.Busch
Genus: Drabopsis C.Koch
Drabopsis nuda (Belanger) Stapf (D. verna C. Koch)
Genus: Diptychocarpus Trautv.
Diptychocarpus strictus (Fisch. ex Bieb.) Trautv.
Genus: Erysimum L.
Erysimum brachycarpum Boiss.
Erysimum sisymbrioides C.A. Mey.
Erysimum subulatum J. Gay (E. persicum Boiss.)
Genus: Fibigia Medik.
Fibigia macrocarpa (Boiss.) Boiss.
Fibigia suffruticosa (Vent.) Sweet
Genus: Isatis L.
Isatis brachycarpa C.A. Mey.
Isatis Bungeana Seidl.
Isatis Karjaginii Schischk.
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Isatis ornithorhynchus N. Busch
Genus: Peltariopsis N.Busch

Peltariopsis Grossheimii N.Busch
Genus: Litwinowia Woronow

Litwinowia tenuissima (Pall.) Woronow ex Pavl.
Genus: Sterigmostemum Bieb.

Sterigmostemum acanthocarpum Fisch. & C.A. Mey.

These plants are distributed in the regional flora in accordance with laws, at various elevations
and ecological environments:

Aethionema cardiophyllum Boiss. & Heldr. is a semi-shrub species with a stem height of 15-
25 cm. The plant's phenophase occurs in the months of may-june and june-july. It belongs to the
xerophyte ecological group and is distributed in the dry, gravelly, and rocky slopes of the middle
mountain belt of the Nakhchivan AR.

Aethionema cordatum (Desf.) Boiss. is a semi-shrub life-form species with a height of 10-30
cm. The plant's phenophase occurs in the months of may-june and june-july. It belongs to the
xerophyte ecological group and is distributed in the dry and gravelly slopes of the middle mountain
belt of the Nakhchivan AR.

Aethionema diastrophis Bunge is a semi-shrub life-form species with a height of 15-25 cm.
The plant's phenophase occurs in the months of may-june and july-August. It belongs to the
xerophyte ecological group and is distributed in the rocky and gravelly slopes of the middle
mountain belt of the Nakhchivan AR.

Aethionema edentulum N. Busch is a semi-shrub life-form species with a height of 25-35 cm.
The plant's phenophase occurs in the months of may and july-august. It belongs to the xerophyte
ecological group and is distributed in the dry, stony, and rocky slopes of the middle mountain belt
of the Nakhchivan AR.

Aethionema fimbriatum Boiss. is a semi-shrub life-form species with a height of 25-40 cm.
The plant's phenophase occurs in the month of august. It belongs to the xeromesophyte ecological
group and is distributed in the rocky slopes and fields of the middle mountain belt of the
Nakhchivan AR.

Alyssum dasycarpum Steph. is an annual life-form species with a height of 10-25 cm. The
plant's phenophase occurs in the months of march-june. It belongs to the xerophyte ecological group
and is distributed in the dry clayey and rocky slopes, riverbanks, sandy areas, fields, and orchards of
the lower and middle mountain belts of the Nakhchivan A R.

Alyssum persicum Boiss. is a perennial life-form species with a height of 5-15 (25) cm. The
plant's phenophase occurs in the months of (april) may-june and (may) june-august. It belongs to
the xerophyte ecological group and is distributed in the dry, rocky, clayey slopes and limestone
areas of the middle mountain belt of the Nakhchivan AR (rarely in subalpine elevations).

Arabidopsis parvula (Schrenk) O. E. Schulz is an annual life-form species with a height of 3-
15 cm. The plant's phenophase occurs in the months of april-may and may-june. It belongs to the
xerophyte ecological group and is distributed in the dry, clayey slopes and saline areas of the lower
mountain belt of the Nakhchivan AR.

Arabis carduchorum Boiss. is a perennial life-form species with a height of 2-5 cm. The
plant's phenophase occurs in the months of may-june and june-july. It belongs to the mesophyte
ecological group and is distributed in the meadows of the alpine elevations of the Nakhchivan AR.

Asperuginoides axillaris (Boiss. & Hohen.) Rauschert is an annual life-form species with a
height of 10-70 cm. The plant's phenophase occurs in the months of april-may and june-july. It
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belongs to the mesoxerophyte ecological group and is distributed in the broad-leaved forests and
rocky soils of the middle mountain belt of the Nakhchivan AR.

Atropatenia rostrata (N. Busch) F. K. Mey. is a semi-shrub life-form species with a height of
4-15 cm. The plant's phenophase occurs in the months of april and may-june. It belongs to the
xerophyte ecological group and is distributed in the rocky areas of the middle mountain belt of the
Nakhchivan AR.

Atropatenia zangezura (Tzvel.) F. K. Mey. is a perennial life-form species with a height of 3-
10 cm. The plant's phenophase occurs in the months of june-july. It belongs to the xerophyte
ecological group and is distributed in the rock crevices of the subalpine elevations of the
Nakhchivan AR.

Coluteocarpus vesicaria (L.) Holmboe is a perennial life-form species with a height of 8-20
cm. The plant's phenophase occurs in the months of may-june and june-august. It belongs to the
xerophyte ecological group and is distributed in the dry and rocky slopes of the middle to upper
mountain belt of the Nakhchivan AR.

Cymatocarpus Grossheimii N. Busch is an annual life-form species with a height of 20-40
cm. The plant's phenophase occurs in the months of may-july. It belongs to the xerophyte ecological
group and is distributed in the dry and rocky slopes of the foothills of the Nakhchivan AR.

Drabopsis nuda (Belanger) Stapf is an annual life-form species with a height of 5-10 cm. The
plant's phenophase occurs in the months of may and may-june. It belongs to the xerophyte
ecological group and is distributed in the dry and rocky slopes of the middle mountain belt of the
Nakhchivan AR.

Diptychocarpus strictus (Fisch. ex Bieb.) Trautv is an annual life-form species with a height
of 10-50 cm. The plant's phenophase occurs in the months of (march) april and april-may. It
belongs to the xerophyte ecological group and is distributed in the clayey, weakly saline slopes and
weedy areas of the plains and lower mountain belt of the Nakhchivan AR.

Erysimum brachycarpum Boiss. is a biennial life-form species with a height of 45 cm. The
plant's phenophase occurs in the month of june. It belongs to the xerophyte ecological group and is
distributed in the rocky and stony areas of the high mountain belt of the Nakhchivan AR.

Erysimum sisymbrioides C.A. Mey. is an annual life-form species with a height of 10-20 cm.
The plant's phenophase occurs in the months of may and june. It belongs to the xerophyte
ecological group and is distributed in the clayey semi-deserts of the lower and middle mountain
belts of the Nakhchivan AR.

Erysimum subulatum J. Gay is a biennial life-form species with a height of 20-50 cm. The
plant's phenophase occurs in the months of may and june. It belongs to the xerophyte ecological
group and is distributed in the dry, stony, and clayey areas of the lower and middle mountain belts
of the Nakhchivan AR.

Fibigia macrocarpa (Boiss.) Boiss. is a perennial life-form species with a height of 15-35
(40) cm. The plant's phenophase occurs in the months of may-june and june-july. It belongs to the
xerophyte ecological group and is distributed in the dry and rocky slopes of the middle mountain
belt of the Nakhchivan AR.

Fibigia suffruticosa (Vent.) Sweet is a perennial life-form species with a height of 15-55 cm.
The plant's phenophase occurs in the months of may-june and june-july. It belongs to the xerophyte
ecological group and is distributed in the dry, gravelly, and rocky slopes of the lower and middle
mountain belts of the Nakhchivan AR.

Isatis brachycarpa C.A. Mey. is a biennial life-form species with a height of 40-80 cm. The
plant's phenophase occurs in the month of june. It belongs to the xerophyte ecological group and is

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 56



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

distributed in the stony and dry areas of the middle and upper mountain belts of the Nakhchivan
AR.

Isatis Bungeana Seidl. is a biennial life-form species with a height of 40-60 cm. The plant's
phenophase occurs in the months of july-august. It belongs to the xerophyte ecological group and is
distributed in the stony and dry areas of the middle and upper mountain belts of the Nakhchivan
AR.

Isatis Karjaginii Schischk. is a perennial life-form species with a height of 40 cm. The plant's
phenophase occurs in the months of may-june. It belongs to the xerophyte ecological group and is
distributed in the rocky slopes and stony areas of the middle mountain belt of the Nakhchivan AR.

Isatis ornithorhynchus N. Busch is an annual life-form species with a height of 15-40 cm. The
plant's phenophase occurs in the month of may. It belongs to the mezoxerophyte ecological group
and is distributed in the sandy areas and fields of the lower mountain belt of the Nakhchivan AR.

Litwinowia tenuissima (Pall.) Woronow ex Pavl. is an annual life-form species with a height
of 35 cm. The plant's phenophase occurs in the months of april and may. It belongs to the xerophyte
ecological group and is distributed in the dry slopes and weedy areas of the territories extending to
the lower and middle mountain belts of the Nakhchivan AR.

Peltariopsis Grossheimii N. Busch is a biennial life-form species with a height of 20 cm. The
plant's phenophase occurs in the months of april-may and may-june. It belongs to the xerophyte
ecological group and is distributed in the limestone slopes of the lower mountain belt of the
Nakhchivan AR.

Sterigmostemum acanthocarpum Fisch. & C.A. Mey. is an annual life-form species with a
height of 10-40 cm. The plant's phenophase occurs in the months of april-june and may-july. It
belongs to the xerophyte ecological group and is distributed in the dry, clayey, stony, gravelly
slopes and xerophilous shrublands of the areas extending to the lower mountain belt of the
Nakhchivan AR.

As seen from the above information, the species characteristic of the region's flora, according
to their life forms, are as follows: 10 species are annual (35.71%), 7 species are perennial (25%), 6
species are semi-shrub (21.42%), and 5 species are biennial (17.85%). Annual life-form plants
dominate in terms of abundance. In relation to humidity, the majority of species belong to the
xerophyte ecological group.

Conclusion: In the flora of the Nakhchivan Autonomous Republic, 10 genera (14.92%) out of
67 genera of the Brassicaceae Burnett. family are monotypic, and 2 of these genera are
characteristic of the region's flora: Coluteocarpus Boiss. and Litwinowia Woronow. Additionally, in
the flora of Azerbaijan, genera such as Peltariopsis N. Busch and Cymatocarpus O. E. Schultz
include one species each, which are also characteristic of the Nakhchivan flora (Asgarov A., 2016).
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Abstract. The distribution of 176 plant species belonging to 27 families and 75 genera in the
wild flora of the area was determined during the research conducted in Yevlakh district area in
2023-2025. A flora conspectus, identified during the research, was developed for the species, which
included the taxonomic structure, life forms, geographical and areal types, ecological groups and
endemism of the area’s flora. It was found that the Poaceae, Chenopodiaceae, Asteraceae,
Fabaceae, Cyperaceae, Salicaceae, Polygonaceae and Rosaceae families are represented by more
species in the area. The research also determined the species composition and structural
characteristics of the phytocenoses found in the vegatation cover of Yevlakh district, revealing that
the area’s flora includes desert, semi-desert, meadow, forest, swamp and other plant types. It was
determined that recent global ecological problems, including anthropogenic factors, have a direct
impact on the flora and vegetation of the area. In this regard, studying the geographical analysis of
the current state of the flora in the territory of Yevlakh district creates the need for future
geobotanical or phytosociological research within the area. This shows that the ongoing work is
highly relevant.

Annomayus. B nepuox ¢ 2023 mo 2025 rr. B Xonae HCCIEAOBaHUM, MPOBEICHHBIX Ha
Tepputopun EBnaxckoro paioHa, ObLIO ONpeAENeHO paclpoCTpaHEHHE B JUKOHM (uiope pernoHa
176 BumOB pacTeHUl, OTHOCAIUXCS K 27 cemeiicTBaM u 75 ponam. JlJis BBISIBICHHBIX BUJIOB OBLI
MOATOTOBJIEH KOHCIEKT (JIOPHI, B KOTOPOM OTpPaK€Hbl TAKCOHOMHYECKAsi CTPYKTYypa, >KU3HECHHbBIE
dbopMbl, TeorpaduyecKue W apealbHbIE THUIBI, SKOJOTHYECKHE TPYMIbl W SHIAESMHU3M (IIOPHI
pervona. beimo ycTtaHOBIEHO, YTO HAMOOJBINEE KOJIMYECTBO BUJIOB IMPEACTABICHBI CEMEUCTBAMU
Poaceae, Chenopodiaceae, Asteraceae, Fabaceae, Cyperaceae, Salicaceae, Polygonaceae wu
Rosaceae, koTopble pacipoCTpaHEHBI B peruoHe. B Xoje ncciaenoBaHus Takke ObUTH OMpPEIeTIeHb
BUJIOBOM COCTaB U CTPYKTYPHBIE OCOOCHHOCTH (DUTOIIEHO30B, BCTPEUAIONINXCS B PACTUTEIHHOM
nokpoe EBnaxckoro paiioHa. bbiio BbIIBIEHO Halu4yue BO (UIOpE pEeruoHa IyCTHIHHOIO,
MOJTYITYCTBIHHOTO, JIyTOBOTO, JIECHOTO, OOJOTHOTO M JPYTUX THUIIOB PACTHTEIBHOCTH, bbIno
YCTaHOBJICHO, YTO MPOUCXOJAIINE B MOCIEAHEe BPeMs TI00aNbHBIE YKOJIOTHYECKUE MPOOIEeMbl, B
TOM UHCJIE€ aHTPOMOTeHHBbIe (HaKTOPHI, OKa3bIBAIOT TMpsIMOE BO3JcicTBHE Ha (iaopy u
pPacTUTENBHOCTh peruoHa. B 9Tol cBsi3m, u3ydeHHe reorpaduyeckoro aHajan3a COBPEMEHHOTO
coctosiaus (opbl EBiaxckoro paiioHa co3maeT HEOOXOIUMOCTh TJIAHUPYEMBIX T€000TaHMIECKUX
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WU (PUTOIEHOJIOTHYECKUX HMCCIICIOBAHUM B TIpe/esiaX JaHHOW TEPPUTOPUU. DTO TMOIATBEPIKIACT
aKTyaJbHOCTh MPOBOAUMOMN pabOTHI.

Knroueswvie cnosa: dopmanus, accouuanusi, Gpiopa, SHIEMHUK.
Keywords: formation, association, flora, endemic.

Yevlakh district of the Republic of Azerbaijan with a total area of 1465.4 square meters
borders Agdash, Barda, Tartar, Goranboy, Samukh, Qakh and Shaki districts and is located on a
plain area on the right bank of the Kura River [9, 12].

The soil cover of the area or the edaphic factors has a significant impact on the development,
growth and spread of plants. Therefore, when studying the current state of the vegetation cover in
the area, besides climatic conditions, fertility indicators in the soil cover must be taken into account
in the restoration of vegetation cover. The ecological parameters of the soils formed as a result of
the physical-geographical conditions of the research area are of great importance in the study of the
flora and vegetation cover of the area.

The study of the current state of plants found in the wild flora of Yevlakh district is also
relevant in terms of the implementing the "Problem of efficient use and protection of the plant life
based on biological principles”. The research also reveals the need to conduct geobotanical studies
in the area, analyze the geographical assessment of the current state of the vegetation cover and
fulfill the tasks set in the "State Program for 2016-2020 on the development of the real estate
cadastral system, investigation of the efficiency of the land use and its protection in the Republic of
Azerbaijan”.

Material and methods of research

The main object of the research was the study of the current state and geographical analysis of
the plants found in the wild flora of Yevlakh district of Azerbaijan in 2023-2025.

The life forms or biomorphs of plants, their classification, taxonomic structure [1, 2, 7, 17],
projected cover [14, 18], ecological groups [16], geographical types [15] were taken into account,
and various methods were used to determine endemism, rare and endangered representatives [8, 10,
11] during geobotanical and floristic research. At the same time, various geobotanical field-research
methods were carried out while recording phytocenoses found gray-brown, chestnut, gray, gray-
meadow, gray-brown, meadow-swamp, swamp, meadow-forest and tugay soils [4, 13] in the area.

Semi-desert vegetation has developed in the largest area in natural winter pasture in the wild
flora of Yevlakh district of Azerbaijan. There are numerous floristic and geobotanical research
works by various scholars regarding the improvement of natural winter pasture and the semi-desert
vegetation found in the largest area of the research area [3, 5, 6].

However, despite the conducted research, global ecological changes are directly affecting the
flora of the area. In this regard, research in the wild flora of Yevlakh district is relevant.

Discussion of results
The distribution of 176 plant species belonging to 27 families and 75 genera in the flora of the
area was determined and a flora conspectus was developed during the conducted research.
According to the analysis of the taxonomic structure or composition of the wild flora of Yevlakh
district, it was clarified that 2 species belong to the gymnosperms and 174 species belong to the
angiosperms.
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While conducting the research on the wild flora of Yevlakh district, the analysis of the
taxonomic structure revealed that 8 families (Poaceae, Chenopodiaceae, Asteraceae, Fabaceae,
Cyperaceae, Salicaceae, Polygonaceae, and Rosaceae) have the most dominance in terms of the
number of genera and species.

Overall, the analysis by taxon shows that the mentioned species play a significant role in the
formation of the wild flora of Yevlakh district, creating phytocenoses and organizing into
formations and associations.

When analyzing the life forms or biomorphs of the species found in the area’s flora during
the research, the methods provided by Serebryakov (1964) and Raunkier (1934) were used.
According to Serebryakov (1964), when analyzing the life forms, it became clear that annual and
perennial herbs, as well as shrubs and trees, predominated. Annual herbs, with 64 species,
accounted for 36.5% of the total species, ranking first. Perennials, with 56 species, made up 31.8%,
coming second, followed by shrubs with 22 species (12.5%), trees with 15 species (8.5%), biennial
herbs with 10 species (5.9%), semi-shrubs with 4 species (2.4%), shrublets with 3 species (1.7%),
and semi-shrubs with 1 species (0.7%).

According to Raunkier (1934), when analyzing the life forms of plants found in the flora of
Yevlakh district, it was determined that therophytes predominated with 64 species (36.5%),
followed by hemicryptophytes with 56 species (31.8%), phanerophytes with 37 species (21.0%),
cryptophytes with 11 species (6.2%) and chamaephytes with 8 species (4.5%) among the 176 plant
species.

Using the methods provided by A. A. Grossheym (1939-1961) and Portenier (2000), the
distribution of plants found in the territory of Yevlakh district according to their areal types was
analyzed. It was found that 97 species belonging to the Ancient Mediterranean areal type,
representing 55.1%, predominated among the plants in the Yevlakh district. Species of the Boreal
areal type were represented by 38 species (21.5%), species of the Caucasian areal type by 16
species (9.1%), species of the Desert areal type by 15 species (8.5%), species of the Steppe areal
type by 2 species (1.1%), and species of the Adventive areal type by 1 species (0.7%). The areal
type of 7 species was not observed, which accounted for 4.0% of the total species.

According to the conducted research, it has been concluded that the distribution of species
formed in the Ancient Mediterranean areal type and corresponding classes (Sarmatian,
Mediterranean, and Near Eastern) in the wild flora of the area is related to migration from the
Atropatene group. Furthermore, the plant species belonging to the relevant areal types found here
are formed numerous classes.

When analyzing the ecological groups of plants found in Yevlakh district, groups such as
xerophytes, mesoxerophytes, mesophytes and hydrophytes were identified, taking into account the
relief they occupy, their water requirements and the granulometric composition of the soils.

During the research, the analysis of the distribution of plants found in Yevlakh district
according to ecological groups revealed that xerophytes predominated with 110 species (62.5%).
Mesoxerophytes were represented by 19 species (10.8%), mesophytes by 30 species (17.0%) and
hydrophytes by 17 species (9.7%).

The endemism of plants found in Yevlakh district was also determined during the research. A
number of references were used in this process. According to the information provided by A. M.
Asgarov (2016), the higher plants distributed in the flora of Azerbaijan are represented by 5,000
types belonging to 176 families and 1,142 genera. The author also notes that endemics consist of
181 species belonging to 31 families and 86 genera in the Republic of Azerbaijan [1].
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The comparative analysis revealed that a total of 22 endemic species are found in the flora of
the area, of which Caucasian areal endemics make up 15 species (8.5%), and Azerbaijani endemics
make up 7 species (4.0%).

The types of vegetation found in the area were also identified during the geographical analysis
of the current state of the flora of the Yevlakh district. It was revealed that the flora of the area
includes desert, semi-desert, meadow, forest, swamp and other types of vegetation. While studying
the vegetation types, the species composition and structural characteristics of the phytocenoses
found there were also determined, and the geobotanical description of the formations was made. As
a result of the research, it was determined that semi-desert vegetation is the more widespread among
these vegetation types. It was found that plants of economic importance, particularly leguminous
plants predominate in the semi-desert vegetation of Yevlakh district.

The classification of phytocenoses of leguminous plant revealed 2 formation classes, 2
formation groups and 2 associations belonging to 1 vegetation type in the semi-desert vegetation of
the Yevlakh district during the research. The semi-shrubby-perennial herbaceous semi-deserts and
perennial herbaceous-ephemeral semi-deserts can be mentioned among the identified formation
classes.

It was determined that the semi-shrubby-perennial herbaceous semi-desert formation class is
represented by the Salsoleta - Alhagietum formation group with the Salsoleta dendroides -
Alhagietum pseudoalhagi association, while the perennial herbaceous-ephemeral semi-deserts
formation class is represented by the Glycyrrhieta - Ephemeretum formation group with the
Glycyrrhieta glabra - Ephemeretum association.

The forage qualities of the species found in the semi-desert vegetation of Yevlakh district,
such as (Medicago minima Grub.), (M. caucasica Vass.), (M. tribuloides Desr.), (M. arabica All.),
(M. agrestis Ten.), (Trifolium echinatum M.B.), (T. parviflorum Ehrh.), (T. scabrum L.), (T.
striatum L.), (Astragalus caucasis Pall.), (A. contortuplicatus L.), (A. brachyceras Ledeb.), (G.
macedonica Boiss. & Orph.), (Alhagi pseudalhagi (Bieb.) Desv.), and others are high, and when
planted together with cereal crops, they are considered nutritious forage. At the same time, the
products obtained from these leguminous plants are widely used in agriculture, medicine for
pharmaceuticals, landscaping for decoration, honey production, soil protection and the
establishment of forest strips, as well as in various other fields.

Conclusion

It was determined that 176 plant species belonging to 27 families and 75 genera are spread in
the area during the geographical analysis of the current state of the plant cover of Yevlakh district in
the Republic of Azerbaijan. A flora conspectus was developed for the species identified during the
research, which included the taxonomic structure of the area’s flora, life forms, geographical and
areal types, ecological groups and endemism. It was found that the Poaceae, Chenopodiaceae,
Asteraceae, Fabaceae, Cyperaceae, Salicaceae, Polygonaceae, and Rosaceae families are
represented by the greatest number of species in the studied area.

The conducted research has led to the conclusion that the occurring climate changes, as well
as anthropogenic factors are affecting the flora of Azerbaijan. In this regard, conducting a
geographical analysis of the current state of the flora in Yevlakh district area creates a necessity for
future geobotanical or phytosociological studies within the area.

At the same time, the research has shown that the forage, straw and silage of the economically
important species found in the vegetation types of Yevlakh district, especially in the semi-desert
vegetation type, are rich in proteins, fats, as well as substantial amounts of minerals and vitamins.
By studying these valuable economically important species, high results can be achieved in
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increasing the winter forage reserves and improving the development of agricultural livestock in the
Republic of Azerbaijan. This highlights the relevance of the conducted work.
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Annomayus. 1lpencraBineH aHanu3 JaHHBIX 110 AKKIMMAaTH3alMK JEPEBbEB Ha AINIIEPOHCKOM
II0JIyOCTPOBE: JKEJIE3HOIO0 JAEpeBa, KIEHA IUIATAHOBOIO WJIM MIOJbYaTOro, I'MPKAHCKOrO KIIEHA,
OJIbXU CEpALEINCTHOW M OenorosioBod axkamuu. IIpW MHTPOAYKIMH MOJITOXXHUBYIIUX JIPEBECHO-
KYCTapHHUKOBBIX BHUJOB Ha AMNIIEPOHCKUNA MOIYOCTPOB CIEAYET YUYUTHIBATH OHOJIOTHYECKUE
0COOEHHOCTH BHJIOB, YUHUTBIBATH CTPECCOBOE BO3JEHCTBHE CYXOro CyOTpONMMYECKOro KIMMara U
IpyNIUPOBaTh YCTOWUYMBBIE BHIBL. PacCMOTPEHO HCIIOJIIB30BAHHUE B O3CJICHEHUU JIEPEBBEB U
KyCTapHHUKOB, YCTOWYMBBIX K cCTpeccy (akTopoB OKpyxKarouieil cpensl. Teppuropus
ATIIEpOHCKOro  MOJYOCTpOBAa MPEUMYIIECTBEHHO IecyaHas M I0YBa HMMEET HU3KYIO
BOJIOYJIEP’KMBAIOIIYI0 CIIOCOOHOCTh M OPraHMYECKUE OCTaTKH (IyMycC), arpOTEXHMYECKHH yXon
J0JDKEH OBITh OJJHMM M3 OCHOBHBIX YCJIOBUH NpPH MHTPOAYKIHMM JpeBECHBbIX pacTeHuil. Cremyer
yAENATh 0c0o00€ BHMMAHHUE OpPOCHUTEIbHBIM MEpPONPUATHAM C YYETOM OHOJOTHYECKOTO
MIPOUCXOXACHUS pacTeHuil. bbulo mHTpoxyumpoBaHo Oosee 100 nepeBbeB M KyCTapHUKOB U3
['MpkaHCKMI HallMOHAJIBHOTO Mapka U JecoB AsepbaiipkaHa. B Hacrosiiee BpeMs mpoBOAsTCS
OOIIMpHBIE HCCIENOBAaHUS IO M3YYCHHMIO aJaNTalMOHHBIX BO3MOXKHOCTeH roponos baky,
Cywmramnra, a Takxke ANIIEPOHCKOro MOJIyOCTPOBA.

Abstract. The article presents an analysis of data on the acclimatization of trees on the
Absheron Peninsula: ironwood, sycamore or needle maple, Hyrcanian maple, small-leaved alder
and white-headed acacia. When introducing long-lived tree and shrub species to the Absheron
Peninsula, it is necessary to take into account the biological characteristics of the species, take into
account the stress impact of the dry subtropical climate and group resistant species. The use of trees
and shrubs resistant to environmental stress factors in landscaping is considered. The territory of the
Absheron Peninsula is predominantly sandy and the soil has low water-holding capacity and
organic residues (humus), agrotechnical care should be one of the main conditions for the
introduction of woody plants. Particular attention should be paid to irrigation measures, taking into
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account the biological origin of the plants. More than 100 trees and shrubs from the Hyrcanian
National Park and forests of Azerbaijan were introduced. Currently, extensive research is being
conducted to study the adaptive capacity of the cities of Baku, Sumgait, and the Absheron
Peninsula.

Knrouesvie cnosa: cyOTpONUKH, NEPEBbsl, KYCTaPHUKH, UHTPOIYKIIHS, 03CJICHCHHUE.
Keywords: subtropics, trees, shrubs, introduction, landscaping.

Kimmarndeckue n3MeHeHus BIMSIOT Ha BCE XKUBOE, BKIIOYas pacteHus. K kimMarnyeckum
(akTOopaM OTHOCSATCSI OCBEIIEHHE, TEeMIepaTypa, OTHOCHTEIbHAs BIAXXHOCTh, CHJIbHBIC IOXIH,
3arps3HEHUE aTMOC(EPHOro BO3/lyXa, IOHM)KEHUE YPOBHS MOpS U OKeaHa, 1e(UIMT BOJbI, JIECHbIE
[I0Kapbl, HABOJHEHUS, 3€MJIETPACEHHUs] U IecuaHble Oypu, MarHUTHbIE BUXPHU, BO3HUKAIOLIUE Ha
Comniie u T. 1., 3aCOJICHHE M10YB, ONMYCThHIHUBAHUE [2, 6].

Hay4Ho-nccnenoBaresnbCKkuii HHCTUTYT JEHAPOJIOTUMU PACIOIOXKEH B II. MapiaksH B ceBEpO-
BocTouHOM paiioHe baky. CeBepublii Betep (Xa3pu) AIIIEPOHCKOTO IOJIYOCTPOBA OKAa3bIBAET
BJIMSIHME HA PACTUTEIBbHOCTh, 0COOEHHO Ha JIepeBbsl U KycTapHHUKU. B nocnennue roasl B baky u Ha
ATNIIEpPOHCKOM MOJIyOCTPOBE OYEHb MHTEHCUBHO HJIET 03ejeHeHne. OIHAKO 1epEBbsl, IOCAKEHHbIE
Ha yJIHMIAX W B IapKaX, YHUYTOXKAIOTCA CHIBHBIMU BeTpamu. Hekoropble mopoisl 1epeBbEB
IIOJIBEPKEHBl NIPEKIEBPEMEHHOMY YCBIXAaHMIO B JKapKUX U 3aCylUIMBBIX YCJIOBMSX H3-3a
HENpaBUIbHOW 00pE3KH.

Mamepuan u memoost ucciedo8anus

UccnenoBanuss mnpoBoauiuck B 2022-2025 rr. B kauecTBe OOBEKTOB HCCIEIOBAHUS
WCIIOJIb30BaHbI JIOJTOXHUBYIIUE BHJBI ACPEBHEB M KYCTAPHUKOB, BBIPAIIIMBACMEIC B CIECIIHAIBLHBIX
KOHTEWHepax B MPEANOUYBEHHON cpefie [ MpKaHCKOTro HallMOHAIBHOTO MapKa: MappoTUs IEPCHICKas
wi kenesnoe jgepeBo (Parrotia persica (DC.) C.A. Mey..), KJIeH OCTPOJMCTHBIA WIN
aTanoBuaHbIA (Acer platanoides L.), kmen rupkanckuit (Acer hyrcanum Fisch. & C.A. Mey.),
rpab Bocrounslii (Carpinus orientalis Mill.), xypma kaBkaszckas (Diospyros lotus L.), siceHb
BBICOKHMU HIIM OObIKHOBeHHBIH (Fraxinus excelsior L.), ombxa KaBKa3cKas WM CEpLETHCTHAs
(Alnus subcordata C.A. Mey.), neyiena ceetioroioBuaras (Leucaena leucocephala (Lam.) de Wit)
u 11p. (PucyHox).

Ha ombITHOM y4YacTke OBIIM TPOBENEHBI TOCATKH C YYETOM BCEX OSKOJIOTHYCCKHX
ocoOeHHOCTeH BUIOB. [ToMB MPOBOAUTCS KaxIble 5 THEH cO JIHS MOCcaaku. BiaxkxHOCTh MOYBBI —
75%, a OTHOCHTENIbHAS BIAXHOCTH Bo3ayxa — 70-75% [1, 9, 10].

Pezynomamot u o6cysncoenue

Apean pacrpoCTpaHEHUs JOJTOXHUBYIIUX JPEBECHO-KYCTAPHUKOBBIX TOPOJ — CKIJIOHBI
Tansimckux rop, Jieca 10xHOU yacTu bonbimoro Kaskasza [4, 8].

[louBa AmNIIEpPOHCKOro MOJYOCTPOBA MOABEPKEHA 3aCOJIEHHUIO, OTHOCUTEIbHAS BIIAXKHOCTh
MEHSIETCSl B 3aBUCUMOCTH OT ce30Ha. /[y TeppuTopun xapakTepeH CyXxoi cyOTpOInYecKuid Kumar
C MaJOBOJAMEM, BBICOKON TeMIlepaTypoi U OOJIbIINM KOJIWYECTBOM BETpEHBIX IHEH [5, 7]. JlaHHbIe
Mo ATIIIIEPOHCKOMY TTOJIyOCTPOBY OTpaxkeHbl B Tabmuire.

. Tabmuna 1
3KOJIOTMYECKHUE MMOKA3ATEJIM TEPPUTOPUU
Teppumopus T,°C Om. enadicnocms 6030yxa, % pH nousuw CO;
ATNIepOHCKUI MOITyOCTPOB 30-35 55-60 6,5-7,0 0,038-0,0400
JlenkopaHb 21-25 70-75 6,2-6,5 0,03
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d) €)

Pucynok. Bumsl pacteHuit @) kieH, b) kene3Hoe nepeBo, ¢) onbxa, d) OemoronoBas akarms, e)
KaBKa3cKas XypMa

buoskonmornueckne XapakTepUCTUKH JOJTOXKUBYIIUX BHUAOB, OTalbl pPa3BUTHUS BUIA
(bopmupoBaHHe JUCTHEB M TOKA3aTEeIH BHICOTHI, OPMa M KOJMUYECTBO T'€HEPATHBHBIX OPTraHOB)
M3yYaluch OMOMETPUYECKUMH METOJIaMH, BOJOYACPKHUBAIOIIAasi CIIOCOOHOCTh JIMCTHEB, a TaKkKe
pa3Mepsl 11cTta, buomerpudeckue nokazarenu (Tabmuma 2) [3].

CoriacHO JaHHBIM, MIPEACTABICHHBIM B Tabmwuile 3, 4To OenorojoBast akaius, B OTIMYHE OT
JIPYTUX BHUOB, XOPOIIO aJalNTHPYETCA K CYXHM CYOTPONMHMYECKHM KIUMATHYECKUM YCIOBHSIM
AniiepoHa ¥ paHO HaYMHAET BEreTallMOHHBIA nepuoj. B mepBbie 1HU BereTtaluu 3TOT BUJl Hayall
OBICTPO Pa3BUBATHLCS, YHCIIO JIUCTheB — 14, Tutomane mucta — 16,3 cM?, BIaXKHasi Macca JIMCTa —
0,170 r, ucmapeHue BOABI W3 JHCTA — CPABHUTEIBHO BBICOKOE. Emle oaHa XapaktepHas
O0COOEHHOCTh UMEETCSA Y OJIbXH CEepPIIETUCTHOW. XOTs JUCThS Y HEe HEMHOTOUYMCIIECHHBI, JTMHA
nucra coctaBisier 14,5 cM, NMOBEPXHOCTh JHUCTa JOBOJBHO IIMPOKas, a BOJAOYAEPKUBAIOIIASL
CIOCOOHOCTH JIUCTa BBICOKAs, TIOPTOMY BJakHas Macca | mmcra cocraBnseT 2,1 r. 3To 3HaueHUE
CJIeIyeT CYMTATh OYEHb BAXKHBIM I ATIIEPOHCKOTO TMOJYOCTpOBa. B KadecTBe MepCreKTHBHBIX
MOPOJT B YCJIOBHUSX AIMIIEPOHCKOTO TMOJYyOCTPOBA CIEAYET BBIACIUTH JKEIE3HOE NIEPEBO, KIICH
OCTPOJIMCTHBIN WJIU TUIATAHOBBIN, KJIEH [ MPKaHCKUI U OJIbXY CepLETUCTHYIO.

Tun auyensuu CC: Attribution 4.0 International (CC BY 4.0) 67



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114
5 Ta6mmma 2
YCTOUYNBOCTHD K XXAPE 1 3ACYXE, B %
Pasnosuonocme Temnepamypa, °C
40 50 60 70 80
Kenesnoe nepeBo ++++ +++- ++-- +--- ----
I'pab ++ + - ++-- +--- - ----
JIuna +++ + ++++ ++-- +--- S
Tomnonb +++- ++ - - +--- ---- S
Onbxa ++ + - +++ - - - -—--
Kamrranonuctaeiii ayo +++ + ++-- ++-- +--- ---
Kien ++ + - ++ + - ++-- +--- S
KaBxka3zckas xypma ++++ ++-- + --- ---- ----
benoronopas akanus +++- +++- +--- - m—--
Ilpumeyanue: + + + + HempepblBHBIH, + + + - cmabocroiikuii; + + - - yMEpeHHO CTOWKH; + - - -
HEYCTOWUUBBIH; - - - - KpUTUYECKOE COCTOSIHUE
Tabmura 3
BUOMETPUYECKUE ITOKA3ATEJIA (urons 2024 1.)
Pasnosuonocms S
s & 8 3 3 N ey
g 3 3 3 S g : S S =2
S S ¥ 3 g g S 29
Q R © 2 ) S 'R
SR SIS : = 3 S ~ S
= % g S ~ ~ : ; = S
= MI ~ — —i %)
XKenesnoe nepeBo 7,0 12,0 7,8 6,5 50,7 0,150 0,075
Kiten mraTtaHOBBIN MIA UTOJIBYATHIN 8,0 14,0 53 4.4 23,3 0,080 0,062
CepalieIMCcTHAS OJIbXa 5,0 4,0 14,5 16,5 139,2 2,100 1,440
BocTounslii rpad 10,0 14,0 43 3,8 16,3 0,170 0,100
Kasxkazckas xypma 6,0 10,0 5,2 3,0 15,2 0,110 0,060
OOBIKHOBEHHBIH SICEHD 50 12,0 6,0 2,4 12,4 0,090 0,053
lNupkaaHckuii KiieH 6,0 12,0 7,3 3,0 21,3 0,120 0,075
BenoromoBas akanus 7,0 17,0 9,0 1,4 48,0 1,4 0,4

3aknouenue

B pesynbrare mccneaoBaHuii ObLIO YCTAaHOBJIEHO, YTO aJamTalis JOJTOXKUBYIIMX TOPOJ
JIEPEBHEB Ha ATIIIEPOHCKOM IMOJTYOCTPOBE 3aBUCHUT OT BHECEHHUSI UM MUHEPATbHBIX U OPTAaHUYECKHUX
yaoOpeHud ©  perysipHOro  OpoIlleHHs. BpICOKOW CTemeHpl0 ajamnTalid K  CyXOMy
CyOTpONMUYECKOMY KIMMaTy ATIIEPOHCKOTO MOIYyOCTpPOBa O0JIaMaroT: JKEJIe3HOE AEepeBO, KIEH
TUIATAHOBBIM WIJIM UTONBYATHIN, [ MpKaHCKUN KIIEH, OJIbXa CEpJIENUCTHAs U OeIoroioBas akalus.
CrnenoBaTeibHO, TP O3€JIGHCHWH TIOJIYOCTPOBAa  II€JIECOO0pa3HO  HCIOJb30BaTh  JIEPEBbsI-
JIOJITOKUTENIA M KYCTApPHHUKH, YCTOMYMBBIE K BBICOKMM TeMIIEpaTypaM B YCIOBHUSX W3MEHEHUS
KJIMMATa.
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USAGE PERSPECTIVES OF SPECIES BELONGING TO THE Alchemilla L. GENUS IN
THE ROSACEAE JUSS. FAMILY IN THE FLORA OF THE NAKHCHIVAN
AUTONOMOUS REPUBLIC
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MEPCHEKTUBBI UCIIOJb30BAHUS BUJIOB POJIA Alchemilla L. CEMEMCTBA
ROSACEAE JUSS. B ®JIOPE HAXYbIBAHCKOH ABTOHOMHOW PECITYBJIUKHA

©babaesa C., ORCID: 0009-0004-4800-7276, xano. 6uon. nayx, Haxuvieanckuti
2ocyoapcmeennwill ynugepcumem, 2. Haxuvisan, Azepoatioxcan, safuraaliyeval991@gmail.com
©Anuesa C., Haxuvieanckuii 2ocyoapcmeenHulii yHusepcumen,
2. Haxuwvisan, Azepbaiioscan, askerovmehemmedl9@gmail.com

Abstract. Previous studies have allowed us to determine important characteristics
characteristic of significant species of the genus Alchemilla L. in the flora of the Nakhchivan
Autonomous Republic. Species of this genus are widely represented in Azerbaijan. The issue of
practical use of species of the genus Alchemilla L. is considered. The characteristics of the main
species and their use in medicine and as ornamental plants are given. The analysis of already
published data on flora and assessment of the state of vegetation of the Nakhchivan Autonomous
Republic is presented.

Annomayus. TIpoBeeHHbIE paHee WCCICAOBAHHMS MO3BOJIMIM  OINPEACIUTh BaKHBIC
XapaKTepUCTHKH, XapaKTepHble Ui 3HauMMbIXx BHIoB poxa Alchemilla L. Bo dmope
HaxwuueBanckoir AP. Buasl »5sToro poma muUpoKO TpeacTaBieHbl B AsepOaiimkane.
PaccmarpuBaercsi BONMPOC MPAKTUYECKOTO HCMONb30BaHus BuaoB poaa Alchemilla L. [lana
XapaKTepPUCTHKA OCHOBHBIX BHJOB U X HCIOJIb30BaHHS B MEIMIMHE U B KQUECTBE JICKOPATHBHBIX
pactenuii. [IpuBeneH aHanu3 yxe OMYOIMKOBAHHBIX JAHHBIX MO (JIOPE M OLIEHKE COCTOSIHUSI
pactutenbHOoCcTH HaxuueBanckoit AP.

Keywords: Alchemilla L., medicinal plants, phytotherapy, ornamental species.

Kniouesvie cnosa: Alchemilla L., nexapctBeHHble pacteHus, QUTOTEpaIus, IECKOPATUBHbBIC
BUJIBL.

The Nakhchivan Autonomous Republic is a typical mountainous region with a captivating
nature, rich flora, and plant cover. Its geographical location, relief features, soil, and climate factors
have contributed to the formation of plant cover, which is considered one of the region's primary
natural resources. The region has formed through the combination of mountainous, steppe, and
semi-desert landscapes. The flora of the autonomous republic begins with the relatively
polymorphic Rosaceae family, with species of this family playing a special role. Plants from the
Rosaceae family are widely spread in nature, and the family contains more than 3,000 species. In
Azerbaijan, up to 195 wild species from 29 genera are found. In the Nakhchivan AR, it is
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characterized by 153 species from 30 genera. The genus Alchemilla L. has a unique position due to
its broad utilization areas and species diversity. Among the useful plants in the flora of the
Nakhchivan Autonomous Republic, the species of the genus Alchemilla L. are especially
significant. Based on numerous research studies and literature, it has been found that species from
this genus are used as medicinal, food, and forage plants, as well as ornamental plants. Additionally,
it has been discovered that these species are also used in phytoremediation measures.

The study of the species of the genus Alchemilla L. is of scientific and practical significance
for identifying the species spread in the flora of the Nakhchivan Autonomous Republic and
investigating the potential uses of these species. Therefore, it is essential to conduct research in this
direction [24].

Material and research methods

During the study, commonly accepted floristic, geobotanical, bioecological methods, as well
as phenological observations, were used. The primary research materials included literature sources,
and actual data obtained from field studies, with the research area being selected from various
regions of the republic. Literature references to materials of the Alchemilla genus in the research
area include works [2-23].

In identifying and clarifying the names of species from the Alchemilla L. genus, works such
as "Flora of Azerbaijan", "Flora of the Caucasus", and "The Plant World of Azerbaijan" [1, 12, 13]
were used. Recent taxonomic changes were based on the World Flora Online
(https://about.worldfloraonline.org/).

Discussion and conclusions of the study
Among the economically significant plants in the flora of the Nakhchivan Autonomous
Republic, species belonging to the genus Alchemilla have a special role. Based on the analysis of
literature data and personal field research materials, 22 species of the Alchemilla L. genus are found
in Azerbaijan, and 13 species are recorded in the Nakhchivan AR. The taxonomic spectrum of these
species and their usage directions are presented in the following table (Table).

Table
USAGE DIRECTIONS OF SPECIES BELONGING TO THE Alchemilla L.
Species distributed in the Medicinal ~ Food and fodder Ornamental Phytoremediative
Nakhchivan AR

Alchemilla vulgaris L. + + + +

A. epipsila Juz. +

A. erythropoda Juz. + + + +

A. grossheimii Juz. + + + +

A. orthotricha Rothm. + + +

A. persica Rothm. + + + +

A. raddeana (Buser) Juz. + + +

A. retinervis Buser +

A. sedelmeyeriana Juz. + + + +

A. sericata Rchb. ex Buser + +

A. sericea Willd. + +

A. smirnovii Juz. +

A. venosa Juz. +

As revealed by our research, species belonging to the Alchemilla L. genus, which are
distributed in the flora of the Nakhchivan Autonomous Republic, play an important role as
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medicinal plants in both modern and traditional medicine. As shown in the mentioned table, all
species of this genus have a special significance as medicinal plants. Plants of the Alchemilla genus
have been used in traditional medicine since ancient times. Various species, especially those
beneficial for women's health, are known to be highly effective. It is particularly known that this
plant helps to regulate hormonal balance. Some people use these plants to treat various ailments,
such as intestinal problems, stomach pain, constipation, and headaches.

Representatives of the Alchemilla genus are used in cities and villages for medicinal purposes,
where tea or infusions are prepared and consumed internally. In addition, they can also be used in
the treatment of skin and facial diseases, particularly in cases of skin inflammations and rashes.
Branching plants are widely used in folk medicine, especially for the treatment of asthma,
bronchitis, wounds, and snail problems. These plants are utilized through preparations of infusions
or decoctions. The compounds present in the plants enhance their phytochemical properties. Studies
conducted on the species reveal new information about their antioxidant and phytochemical
benefits. The bioactive substances in the plant strengthen the body's immune system and increase its
resistance to diseases.

Food-important species hold a special place in the flora of the Nakhchivan Autonomous
Republic. Many plants found in the wild have been studied by humans over time and are cultivated
as food-important species. Food plants are not only a product of nature but also an object of human
labor. These species occupy a central role in both phytocenoses and agrocenoses, being used for
various purposes, which are partially determined by humans according to their diversity of
formation, distribution, and systematic status. Species belonging to the branching genus, such as
Alchemilla amicta, A. erythropoda, A. grossheimii, A. persica, A. raddeana, and A. sedelmeyeriana,
are widely used for food and fodder purposes. The primary purpose of all ornamental plants is to
enhance beauty. In decorative plant cover, herbaceous plants hold a special place alongside trees
and shrubs. Many species of the Alchemilla L. genus are used as ornamental plants due to the color
and structure of their flowers. Among the decorative species of this genus, Alchemilla amicta, A.
erythropoda, A. grossheimii, A. orthotricha, A. persica, A. raddeana, A. sedelmeyeriana, A.
sericata, and A. sericea play a significant role.

Branching species are also valuable plants from an aesthetic perspective. With their beautiful
green leaves and flowers, they can be used as ornamental plants in gardens and natural landscapes.
These plants beautify the environment and create harmony with various plant covers. Species of the
Alchemilla genus, such as Alchemilla amicta, A. sedelmeyeriana, A. persica, A. orthotricha, A.
grossheimii, and A. erythropoda, play an important role in natural ecosystems. These plants are
widely used in erosion control plantings. They prevent soil erosion and help in water purification.
Additionally, they provide habitats for various insects and other small organisms.

As seen in the image, research has shown that 13 species of the Alchemilla L. genus are found
in the flora of the Nakhchivan Autonomous Republic. It has been determined that medicinally
important species dominate, constituting 38% of the total plants, decorative species make up 26%,
plants used for food and fodder purposes account for 18%, and phytoremediation plants represent
18%. Thus, the above-mentioned information does not fully reflect the various uses of the species
belonging to the Branching genus. In future research, it is considered appropriate to study all the
characteristics of the investigated species of the genus in a comprehensive manner. As a result of
conducted research, the systematic composition of species belonging to the Alchemilla L. genus in
the Rosaceae family in the flora of the Nakhchivan Autonomous Republic has been studied, and it
has been found that 13 species of the genus are present in the research area. In the flora of the
Nakhchivan Autonomous Republic, 13 species of the Alchemilla L. genus are of special importance,
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with 13 species used as medicinal plants (38%), 9 species as ornamental plants (26%), 6 species for
food and fodder purposes (18%), and 6 species as phytoremediation plants (18%).
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Abstract. The article presents the species composition, extensiveness and intensity of
nematode parasitism in the gastrointestinal tract of ruminants in the Nakhchivan Autonomous
Republic. The gastrointestinal system of sheep infected with nematode invasion contained 11
nematode species (Ostertagia marshalli, O. trifurcata, O. occidentalis, O. circumcincta, O.
ostertagi, Haemonchus contortus, Gongylonema Pulchrum, Trichostrongylus ovis, T. skrjabini,
Nematodirus filicollis, N. spathiger). The distribution of the identified species was extensive:
Ostertagia marshalli (32%), O. trifurcata (0,4%), O. occidentalis (14,6%), O. circumcincta
(26,6%), O. ostertagi (10,6%), Haemonchus contortus (9,3%), Gongylonema pulchrum (5,3%),
Trichostrongylus ovis (13,3%), T. skrjabini (16%), Nematodirus spathiger (14,6%), N. filicollis
(16%)I1t was noted that the most common gastrointestinal nematodes in ruminants in our republic
are Trichostrongylus ovis (25,3) u Trichostrongylus skrjabini (16%).

AHHomauuﬂ. HpeI[CTaBJ'IeH BHHOBOP’I COCTaB, 3KCTCHCHUBHOCTbD u HMHTCHCUBHOCTH
napasuTupoBaHUA HEMATO/J B KCIYAOYHO-KUIICYHOM TPAKTC KBAYHBIX ) KWUBOTHBIX HaxursiBaHnckoit
AP. HccnenoBanust mokasaniu, YTO B JKEITYJOYHO-KHUILIEYHOM TpPAaKTe HHQUIMPOBAHHBIX OBELl
napasutupyior 11 BumoB nemaron (Ostertagia marshalli, O. trifurcata, O. occidentalis, O.
circumcincta, O. ostertagi, Haemonchus contortus, Gongylonema Pulchrum, Trichostrongylus ovis,
T. skrjabini, Nematodirus filicollis, N. spathiger). PacnpocrpaneHue BBISBICHHBIX BHIIOB
skcTeHcuBHOCTh: Ostertagia marshalli (32%), O. trifurcata (0,4%), O. occidentalis (14,6%), O.
circumcincta (26,6%), O. ostertagi (10,6%), Haemonchus contortus (9,3%), Gongylonema
pulchrum (5,3%), Trichostrongylus ovis (13,3%), T. skrjabini (16%), Nematodirus spathiger
(14,6%), N. filicollis (16%). OtmedeHo, 4Tro HambONee pPACHPOCTPAHCHHBIMHU KEIYJA0UHO-
KUIICYHBIMH HEMaTOJaMHU Yy JKBAuHBIX JKMBOTHBIX B A3sepOaiimpkane sBisitoTcs Trichostrongylus
ovis (25,3) u Trichostrongylus skrjabini (16%).

Keywords: Nakhchivan, sheep, ruminants, nematodes.
Knrouesvie cnosa: HaX‘{LIBaH, OBIIbI, ) KBAYHBIC ) KUBOTHBIC, HCMATOAHI.
Nematodes comprise a vast group of worms whose exact number remains undetermined.

Some researchers estimate their species count to be in the millions [1]. Numerous roundworms
inhabit the seabed, from the waters of Antarctica to the Arctic Ocean, forming part of the benthic
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fauna. Many nematodes have adapted to freshwater habitats, while others thrive in soil. The latter,
in particular, dominate the soil-dwelling fauna in terms of population density.

The bodies of these organisms vary in shape—filiform, fusiform, sausage-like, and, rarely,
spherical — ranging in length from 0.08 mm to 8 meters. Free-living nematodes, which constitute
the primary diversity within the class Nematoda but hold limited practical significance, are widely
distributed in nature. These are typically small forms, rarely exceeding 2-3 cm in length. Some
species exhibit remarkable adaptability to unfavorable environmental conditions.

Parasitic nematodes are also abundant, with over 300 known species. They infest both
invertebrates and vertebrates, as well as various plant species. Many parasitic roundworms are
notably larger than their free-living counterparts.

Animal husbandry, including sheep farming, is a vital sector of Azerbaijan’s agricultural
economy, particularly in the Nakhchivan Autonomous Republic, an integral part of the country.
Parasitic nematodes (roundworms) infect ruminant livestock, significantly reducing the yield of
meat, milk, leather, and wool, and in severe cases, causing mortality. Chronic gastrointestinal
nematode infestations, in particular, render treatment economically unviable.

Materials and methods of the study

We conducted helminthoovoscopy using the ViSniauskas method, which has proven highly
effective in diagnosing gastrointestinal strongylids. To determine the distribution characteristics of
helminths based on imaginal stages, we examined animals slaughtered for various ecological zone
studies using helminthological dissection techniques.

To assess the level of infection in animals depending on grazing areas, we first performed
helminthoovoscopic analysis on fecal, grass, and soil samples collected from the respective regions.
Since distinguishing helminth eggs excreted in feces is relatively difficult, we allowed them to
develop into larvae for more precise identification.

Grass samples were examined using a specially simplified version of the Baermann technique
to detect larvae. Additionally, to determine the extent of helminth infections in animals based on
pasture composition, we analyzed livestock grazing in different pasture areas simultaneously.

Discussion and results of the study

The list of human parasitic worms includes more than 400 species of helminths. Among them,
207 species belong to the phylum Platyhelminthes (141 species of trematodes and 63 species of
cestodes), while 145 species belong to the phylum Nemathelminthes [2, pp. 56-63].

Studies conducted on sheep in Turkey have identified the species composition of
gastrointestinal parasitic nematodes as follows: Trichostrongylus axei, T. probolurus, T.
colubriformis, T. vitrinus, T. skrjabini, T. capricola, T. longispicularis, Ostertagia circumcincta, O.
trifurcata, O. occidentalis, Teladorsagia davtiani, Marshallagia marshalli, Haemonchus contortus,
Nematodirus abnormalis, N. spathiger, N. filicollis, N. lanceolatus, N. helvetianus,
Camelostrongylus mentulatus, Mecistocirrus digitatus, Cooperia oncophora, C. punctata, C.
mcmasteri, Strongyloides papillosus, Bunostomum trigonocephalum, Oesopagostomum venulosum,
Oe. columbianum, Gonglonema pulchrum, Chabertia ovina, Trichuris ovis and T. skrjabini [3].

The distribution of ruminant animals in a specific ecological zone is associated with their role
as a component of the biocenosis of that region. This principle also applies to nematodes
parasitizing ruminants. If a characteristic nematode species for a particular zone is absent, it is due
to the lack of a host ruminant species in that area. Conversely, the presence of ruminants in an
ecological zone contributes to the spread of nematodes characteristic of that area.
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It should also be noted that disregarding environmental conditions in the distribution of
nematodes is incorrect. If this were the case, all known helminth species would be capable of
parasitizing any ruminant species in a given ecological zone. Moreover, helminths characteristic of
different ecological zones would be evenly distributed across all regions. However, such a situation
does not occur, as the spread of helminths depends on environmental factors and the presence of
organisms involved in their transmission.

The presence of gastrointestinal nematodes in ruminants has been determined through studies
conducted both worldwide and in our country [4-7].

To identify the nematode fauna of sheep under the conditions of the Nakhchivan Autonomous
Republic, 75 sheep from different ecological and climatic regions were studied using a complete
helminthological dissection method between 2024 and 2025, considering the lifestyle of the animals
[5].

From March 2024 to February 2025, weekly visits were made to the slaughterhouses in
Nakhchivan city, where gastrointestinal organs were collected and examined in the laboratory for
the presence of nematodes. The collected organs were anatomically separated, dissected, washed,
and nematodes were isolated, identified, and preserved following the classical method. To detach
nematodes adhered to the mucous membranes, the organs were cleaned, washed, and incubated in
+37°C physiological solution for 1-2 hours. The organs were then individually examined, and the
nematodes were fixed in 70% ethanol and recorded. Subsequently, the obtained nematodes and eggs
were microscopically examined for morphological identification.

For coprological analysis, fecal samples were collected from 75 sheep across different regions
and analyzed using coprological examination methods. The collected material was processed in the
“Biology” Laboratory of the Faculty of Natural Sciences and Agriculture at Nakhchivan State
University. Out of the 75 examined sheep, 57 (76%) were found to be infected with nematodes,
with a total of 2,711 individual nematodes identified. The number of parasites detected in the
gastrointestinal samples ranged from a minimum of one to a maximum of 977 per animal. The
study revealed that the digestive system of infected sheep harbored at least one and up to five
nematode species. The results are presented in the following table (Table).

Table 1
THE NUMBER OF SHEEP INFECTED WITH ONE OR MORE NEMATODE SPECIES (%)
Number of identified species Infected (Number) Infection extensity (%)
1 20 26,7
2 25 33,3
3 5 6,7
4 5 6,7
5 2 2,6
Total 57 76

The gastrointestinal system of sheep infected with nematode invasion contained 11 nematode
species (Ostertagia marshalli, O. trifurcata, O. occidentalis, O. circumcincta, O. ostertagi,
Haemonchus contortus, Gongylonema Pulchrum, Trichostrongylus ovis, T. skrjabini, Nematodirus
filicollis, N. spathiger).

In the conditions of the Nakhchivan Autonomous Republic, the spread of gastrointestinal
nematodes identified in sheep, depending on the months of the year, is reflected in the Table 2
below.

As seen in the table, in the Nakhchivan Autonomous Republic, the highest prevalence of
gastrointestinal nematodes in grazing animals was observed in winter, spring, and autumn, while the
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lowest prevalence was in summer. This can be explained by the fact that relatively high
precipitation in winter and spring causes nematode larvae that are spilled into the environment to
develop quickly. In contrast, in the summer months, the intense heat in the Nakhchivan
Autonomous Republic has a delaying effect on the development of nematode eggs and larvae.

Table 2
THE EFFECT OF THE SEASONS ON THE INFECTION DYNAMICS OF SHEEP
Nematode species Month

3 4 5 6 7 8 9 10 11 12 1 2
Ostertagia marshalli 3 1 2 2 1 2 2 2 2 5 1 1
O. trifurcata - 1 - - - - - - 1 1 - -
O. occidentalis 2 - 2 - - - - 2 1 2 1 1
O. circumcincta 4 1 2 2 2 1 1 1 1 3 - 2
O. ostertagi 1 1 - - - 1 1 2 1 1 - -
Haemonchus contortus 1 1 1 - 1 2 - - - 1 - -
Gongylonema pulchrum - - 1 - - - - 2 1 - - -
Trichostrongylus ovis 1 3 2 2 - 2 - - - - - -
T. skrjabini - 2 2 2 - 3 - 3 - - - 1
Nematodirus filicollis 2 2 - - - 2 - 2 2 2 - -
N. spathiger 1 2 - - 2 1 1 2 2 - -
Total 15 14 12 8 4 15 5 15 11 17 2 5

Conclusion

As a result of the research conducted, during the examination of 75 sheep in the Nakhchivan
Autonomous Republic, gastrointestinal nematodes were identified in 57 (76%) of the animals. The
prevalence of the identified species was as follows: Ostertagia marshalli (32%), O. trifurcata
(0.4%), O. occidentalis (14.6%), O. circumcincta (26.6%), O. ostertagi (10.6%), Haemonchus
contortus (9.3%), Gongylonema pulchrum (5.3%), Trichostrongylus ovis (13.3%), T. skrjabini
(16%), Nematodirus spathiger (14.6%), and N. filicollis (16%). It has been noted that the most
commonly encountered gastrointestinal nematodes in grazing animals in our republic were
Trichostrongylus ovis (25.33%) and Trichostrongylus skrjabini (16%).
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Annomayus. IlpencraBieHbl CBEACHUS O BUAOBOM Pa3’HOOOpPa3sUU JMYUMHOK pPY4YEHHHKOB,
obuTaromux B T0HHOH (ayHe pek HaxubiBanckoid AP un ux npuTokoB. B pe3ynbrare MHOTOIETHUX
IMJIpOOHMOJIOTHYECKUX HccleioBaHui B ¢ayHe HaxubiBaHCKOM npupoaHoil obiactu Manoro
KaBkasa oOHapysxeHO 43 BUJa TMUYUMHOK pydyedHUKOB. OTps mpejacTasieH 9 HajacemeiicTBamu, 16
cemeiictBamu U 32 ponamu. Ilo coBpemenHnoit 3oonorundeckoir HomeHknatype yTouHeH BUAOBOM
COCTaB OTpsija, ONpeesieHbl JOMUHUPYIOIINE, CyOJOMUHAHTHBIE U BTOPOCTENIEHHBIE (CIy4YaliHbIE)
BUIBI 110 UX HKOJIOTHYECKUM TokazatensiM. lomunantaelie (10) u cyonomuHanTHbIe (8) BUJIBI, KakK
peo¢uiIbHbIE OpraHU3MbI PAaCIPOCTPAaHEHB! B JOHHOH (ayHe BCeX TEKyUHX BOJOEMOB 110 BCEM TPEM
BBICOTHBIM TOsicaM pervoHa. [IpoaHann3upoBaHbl OCOOEHHOCTH W3MEHEHUS BMJIOBOTO COCTaBa
JUYUHOK MO HUKHEMY, CPETHEMY U BEPXHEMY TEUEHMSIM pEK.

Abstract. The article presents data on the species diversity of larvae of the caddis-fly living in
the bottom fauna of the rivers of Nakhchivan AR and their tributaries. As a result of long-term
hydrobiological studies, 43 species of larvae of caddis-flys were found in the fauna of the
Nakhchivan natural area of the Lesser Caucasus. The detachment is represented by 9 superfamilies,
16 families and 32 genus. According to the modern Zoological Nomenclature, the species
composition of the detachment was specified, dominant, subdominant and minor (accidental)
species were determined according to their ecological indicators. Dominant (10) and subdominant
(8) species as rheophilic organisms are distributed in the benthic fauna of all flowing water bodies
in all three altitudinal belts of the region. The peculiarities of changes in the species composition of
larvae along the lower, middle and upper reaches of rivers are analyzed.

Kniouesvie cnosa: BusioBoe pazHoodpasue, payHa, pydeHUKH, TOMUHAHTHbIE BUIBI.

Keywords: species diversity, fauna, caddis-flys, dominant species.
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Pexn HaxupiBanckoit ABTOHOMHOUM PecmyOnuKu SBISIOTCS TUIMWYHBIMH TOPHBIMH pPEKaMH,
MOJIy4YaIOIMMU CBOM CTOK 3a CYET CHETOBBIX, JIOJIEBBIX M TMOJB3EMHBIX BOJ, UMEIOT OBICTpPOE
T€UEHHUE, MPEUMYIIECTBEHHO C KaMEHUCTBIM pYyCJIOM, BECHOM U JIETOM BO3MOKHBI CHJIbHBIE
naBojku. B ropax permona ecrecrBeHHasi rufjporpadudeckasi CeTb pa3BUTa OTHOCUTENIBHO IIMPOKO.
Bona pex ruapokapOoHaTHO-KajibllieBas, B 3aBUCUMOCTH OT CE30Ha M MOTPEOHOCTH B BOJE,
Temnepatypa ee konebnercs ot 6°C mo 30°C, a mpo3pauHOCTh B IMPOKHUX Tpeaenax (MOTHOCTHIO
WJTUCTAsl - MOJHOCThIO Mpo3payHasi). [Ipyu ObICTpOM T€UEHUH PEK MOCTOSHHOE PYCJIO COCTOUT W3
KPYIHBIX M MEJKHUX IJIaJIKUX PEYHBbIX KaMHell M oOpa3yeT kameHHbIH Ouoron. ChopmupoBaHHbBIE
MakKpo- U MUKPOOHOTOIBI OTIUYAIOTCSI OTHOCUTEIBHON CTaOMIBbHOCTHIO (PHUCYHOK).

Pucynok. 'magkoe kameHucToe pycio p. HaxusiBaHuaii — THIMYHBIN KaMeHHBIH OHOTOI

JlokazaHO, 4YTO CKOpOCTh TeueHusi Boabl (S<4 M/cek), mpexiae BCero, OKas3blBaja
MEXaHUYECKOE BO3JEHCTBHE Ha JOHHBIE OPraHU3Mbl U MPUBOJWIA K MOSIBIECHUIO Y HUX OHOJIOrO-
MOp(OJOTHUECKUX MPU3HAKOB, NMPUTOIHBIX Ul )KU3HU B MOTOKE, 00pa3ys rpyniy peopuibHbIX
KHUBOTHBIX, OTJIMYAIOLIMXCS 3KOJIOr0-MOP(OIOrHIEeCKUMU OCOOEHHOCTSMH, HO OOTaThIX BHIOBBIM
coctraBoMm [1].

JIvuMHKA BOXHO-BO3MYIIHBIX ToaeHok (Ephemeroptera) u Becusnok (Plecoptera) wu
pyueitnukoB (Trichoptera) cocraBisitoT OCHOBY peo(MIBHONW TPYMHIBI JOHHOH (ayHbl TEKy4HX
Bo0éMOB. OnM (kommieke DIIT) sBndroTCs opranu3mMamMu MaKpo3000€HTOCA, YyBCTBUTEIbHBIMU K
OpPraHMYECKOMY 3arps3HEHHMIO BOJHOM CpEAbl, U SIBISIFOTCS XKUBBIMM HMHAMKATOpaMHM KayecTBa
Bojbl. llenenamnpasnenHoe nzydenue payHbl pyueiiHUKOB C BbIIIE€YKa3aHHBIMU TAKCOHOMUYECKUMU
rpynnamu B pexax HaxusiBanckoit AP, Bxoasmieit B coctaB KaBkazckoro skopernoHa mo3BoJiseT
OLIEHUTh XapaKTep U CTENEeHb HKOJOTHYECKUX H3MEHEHUH, MPOHCXOIAIIMX B 3TUX BOJHBIX
HKOCHCTEMAX C TOMOULIbI0 OTHOCHTEIBHO MPOCTON OHOJOrMYecKOW WHIMKAIMK M 3apaHee
IIpe/IcKa3aTh 0XKKUIaEMbIE PE3YJIbTATHI.

Memoowbt u 06vexkmul uccredosanus
MarepuanioM HCCIEAOBaHUS TOCIYXWJIM COOpbI  Makpo3000€HTOCa, COOpaHHBIE U3
Pa3IMYHBIX TE€YEHUH W OMOTOIOB pPEK, MX MPUTOKOB, POJHUKOB M JIPYTHX TEKYYHX BOJI B XOJE
noJieBbIX sKkcreaunuii. COop u nepBUUHy0 00pabOTKy MaTepuasa MPOBOJIUIN C UCIOJIb30BaHUEM
OOIIETPHHATHIX THIPOOHOIOTHYECKUX MeTo10B U cpencts (http://www.faunaeur/org). OuunieHHbIX
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HuM¢p QukcupoBann B 4% pactBope ¢(opmanuHa. [locie MPOMBIBKM M OYUCTKH MpoO MOJ
IIPOTOYHOI BOAOH B J1a0OpAaTOPUU ONPEEIIUIN UX BUJOBON COCTaB, YUCIEHHOCTh U Ouomaccy. [lo
UX KOJIMYECTBEHHBIM IMOKa3aTeasiM U yactoTe BcTpeyaemoctd (P = m/n x 100%) paccuuThiBaiu
CTENeHb JOMUHUPOBAHUS OT/ACIBHBIX BHJIOB, BXOJSAIIUNX B COCTAB MAaKpo3000eHTOCa peK. 3/1ech: M
— TIpoOBbI, B KOTOPBIX OOHApYKEH BHUJ; N — o0IIee KOJIMYeCTBO P00, 0XBATHIBAIOLINX OMOLIEHO3 [4,
5].
Pezynomamor uccnedosanus

[To pe3ynbTaTaM KOMILJIEKCHOM 3KOJOTHYECKOW AKCIEAUIIMH, OpPraHM30BaHHOW B PErHOH B
1933 r., O6BUIO OTMEYEHO, YTO B HAIIIUX PEKaxX PAcIpOCTpaHeHO 11 BUIOB TUYMHOK PYUEHHUKOB, HO
B «IIpecnoBognas (ayna Kaskaza» A. I'. ['aceiMoBa, coneprkaiieil ruipoOHOIOTHUECKUE JaHHbIE,
0000IIEHHBIE IO CEMHUAECATHIX TOJOB MPOIUIOrO BeKa, JUIs (ayHbl aBTOHOMHOW PECITyOJIUKH
ykazanbl Tonbko 4 Bupa (Hydropsyche gracilis, Ecnomus tenellus, Glossosoma capitatum,
Micrasema bifoliatum). OxHako B cTaTthe TOrO e aBTOpa, onyoiaukoBaHHOW B 2004 r., BMeCTe ¢
MIPEIOCTaBIEHHBIMA HAMU CBEACHUSIMH OBbLIT YIIOMSHYT 21 Buj pyueiHuKoB [2, 3, 6].

B pesynbrate uccienoanuii BriepBbie A7 GayHbl peTHOHA OOHAPYKEHO U ONMUcaHo 22 BUAA
pyueitnukoB (Tabnuma).

Tabmuma
CUCTEMATUYECKAS CTPYKTYPA ®AYHbBI PYUEMHNKOB HAXUYBIBAHCKOI AP
Superfamily Family Genus Species
Annulipalpia
Hydropsychoidea  Hydropsychidae Hydropsyche H. acuta Martynov, 1909
H. consanguinea McLachlan, 1884
H. gracilis Martynov, 1913
H. ornatula McLachlan, 1878
H. pellucidula (Curtis, 1834)
Cheumatopsyche Ch. gracilis (Banks, 1899)
Ecnomidae Ecnomus E. tenellus Rambur, 1842
Polycentropodidae  Cyrnus C. flavidus McLachlan, 1864
Neureclipsis N. bimaculata (Linnaeus, 1758)
Plectrocnemia P. conspersa (Curtis, 1834)
Psychomyiidae Psychomyia P. pusila (Fabricius, 1781)
Philopotamoidea  Philopotamidae Philopotamus Ph. montanus (Donovan, 1813)
Hydroptiloidea Hydroptilidae Hydroptila H. tineoides Dalman, 1819

Tricholeiochiton

T. fagesii (Guinard, 1879)
T. fagesti (Guinard,1879)

Oxyethira O. flavicornis Pictet, 1834
O. distinctella McLachlan, 1880
O. costalis Eaton, 1873
Rhyacophiloidea  Rhyacophiloidae Rhyacophila Rh. nubila Zetterstedt, 1840
Rh. intermedia McLachlan, 1868
Glossosomatoidea Glossosomatoidae  Agapetus A. ochripes Curtis, 1834
A. fuscipes Curtis, 1834
Glossosoma G. capitatum Martynov, 1913
G. boltoni (Pictet, 1834)
Integripalpia
Phryganeoidea Phryganeoidae Agrypnia A. pagetana Curtis, 1835
Phryganea Ph. bipunctata Retzius, 1783
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Superfamily Family Genus Species
Leptoceroidea Molannidae Molanna M. angustata Curtis, 1834
Leptoceridae Athripsodes A. excisus (Morton, 1904)

Leptocerus L. tineiformis Curtis, 1834

Limnephiloidea Goeridae Goera G. pilosa (Fabricius, 1775)

Lepidostomatidae Lepidostoma L. hirtum (Fabricius, 1775)

Limnephilidae Halesus H. radiatus (Curtis, 1834)

Limnephilus L. bipunctatus Curtis, 1834

L. decipiens (Kolenati, 1848)
L. flavicornis (Fabricius, 1787)
L. politus McLachlan, 1865

L. stigma Curtis, 1834

Micropterna M. sequax McLachlan, 1875
Potamophylax P. latipennis (Curtis, 1834)
P. rotundipennis (Brauer, 1857)
Brachycentridae Micrasema M. bifoliatum Martynov, 1925
M. nigrum Brauer, 1857
Sericostomatoidea Sericostomatidae Sericostoma S. grusiense Martynov, 1913

Jomunantasie Buasl (P >50%).

H. pellucidula BctpedaeTcs B cpemHeM u BepxHeM TeueHHsx pek [ 'mimanuyaii, Bananmguaii,
Anunpxavait, Krokyuai, Jlekarardaii, HaxusiBanuaii u B pyubsax batabarckoro miaro;

H. ornatula B BepxHux Teyenusix pex ['mnanyaii u B pyubsx batabarckoro miato;

E. tenellus B Bepxuux TeucHusx pek Jlekararyait 1 HaxubiBanyaii;

T. fagesii B BepxHoM TeueHuu p. Krokyyaii;

Rh. nubila B BepxHux TeueHusx pek Bananmyaii u B pyubsix baradarckoro miaro;

A. fuscipes B BepxHux TedyeHHsx pek Krokydail, Apadcauaii, 3opOyaar U B pydbsx
barabarckoro miaro;

G. pilosa B cpenHeM 1 BepxHeM TedeHUsX p. Bananmuai;

L. stigma peuibiia B BepxHeM TeueHuu p. Krokydaid;

P. rotundipennis B BepxHux TeueHusx pek Kroky4aii u B pyussix barabarckoro miato;

L. tineiformis B cpeaHem U BepxHeM TeYeHHsIX pek AnmuHKavai u Jlekarardaii.

OTH BUJIBI TAKXKE OTIMYAIOTCS BHICOKUMU MOKA3aTeNIIMU YHCIEHHOCTH U OMOMAcChI.

JIMYMHKYA TOMUHAHTHBIX BUJOB MPUCIOCOOJIEHBl B OCHOBHOM K OOMTAaHMIO B OTHOCHUTEIHHO
MMOCTOSTHHBIX CMEMIAHHBIX OMOTOMAaX C PAaCTUTEIBHOCTHIO. VX BbIcOKas tuioTHOCTH (o 200-500
ocoGeit/M?) otmedena B TpoXaadHbX (Tsom -8-20°C) TOpHBIX pekax M PydbsiX CPEIHErOPHOTO
BBICOKOTOpHOTO MosicoB (Tabmuna).

Cy6nomunanTHbie Bu b (P=25-50%):

JIvauaku Ph. montanus, O. distinctella, A. ochripes, G. vernale, M. angustata, L. decipiens,
P. latipennis u M. sequax, kak peouIbHBIE OpraHU3MBbl PacIPOCTPaHEHbI B JJOHHOH (ayHe Bcex
TEKy4YMX BOJOEMOB II0 BCEM TPEM BBICOTHBIM IosicaM peruoHa. OHM 3HAYUTENBHO OTCTAKOT OT
JTOMUHUPYIOIIHUX BUAOB IO YHCICHHOCTH M YacToTe BcTpedaeMocTu. CiyuaitHbiM obpazom (P<
25%) B pa3Hble oAbl OOHapYXkeHO 17 BUIOB TUUMHOK PYUYEHHHUKOB.

dayHy py4eHHHUKOB aBTOHOMHOHM pPECHyOJIMKH MOXHO CUHTATh JAOCTATOYHO W3YYEHHOU IO
auuuHOYHOM craauu. OHa npencrasieHa 9 HajacemeiictBamu, 16 cemelictBamu, 32 poxamu u 43
Bunamu. CemeiictBo Limnephilidae Gomee Gorato m mpencraBimeno 11 Bumamm (wm 25,5% ot
oOuiei YuciaeHHOCTH). JIMUMHKY ¢ YMCTO peoUIbHON 3KOJOTHUYECKON XapaKTEepUCTHUKON Kak OJUH
U3 OCHOBHBIX KOMITOHEHTOB JOHHOH (ayHbI, y4yacTBYIOT B HHUTAaHUU MEJIKHX PBIO U JPYrHX
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KOHCYMEHTOB. HUM@BbI OONBIIMHCTBA BUIOB MPEANOYUTAIOT YUCTYIO BOJY, KaK OJIMrocanpoOHbIe
OpPTraHU3MBbl U YYacTBYIOT B MpOLECCax OMOJOTHYECKOT0 CaMOOYMIIECHUS, YCBAUBasi OPraHMYECKHe
OCTaTKM PaCTUTEIBHOTO U JPYIrOoro MpOoUCX0oXkaAeHN. MakcuManbHOE Pa3BUTHE JINYMHOK OTMEUEHBI
B BECCHHE-JIETHHUE MeECsIbl Iepel CEeleBbIMM sBICHUSAMH. B3pocible 0coOM KUBYT HEAOINrO,
orudaroT Mociie OIIOA0TBOPEHUS U OTKJIAIKU ULl B Boxy. DayHa pydeHHUKOB HE UMEET TaKOIro
XO3S5IIICTBEHHOI'O 3HaY€HMsI B YCIIOBUAX A3zepOaiipkaHa.
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YIPABJIEHUE NMEPEJOBBIMHA METOJIAMHA PUCKAMHY OIIOJI3HEM
HA TEPPUTOPHUH Y3TEHCKOI'O PAMOHA OIIICKOM OBJIACTH
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ADVANCED LANDSLIDE RISK MANAGEMENT IN UZGEN DISTRICT
OF OSH REGION

©Kadyrkulova N., SPIN-code: 7273-7751, Osh Technological University
named by M. M. Adysheva, Osh, Kyrgyzstan, kadyrkulova74@mail.ru
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Osh, Kyrgyzstan, marat_ablazizov@mail.ru

Annomayus. Onon3Hu B KeIprei3ctaHe NpeACTaBiIAIOT COOOH 3HAYUTEIBHYIO YIpO3y,
OKa3blBasi BIUSHHE Ha WHQPACTPYKTYpY H OKU3HU Jroned. HOKHBIM peruoH CTpaHbl
XapaKTepU3yeTCsl CIOXKHBIM pelbe)OM U aKTUBHOM TEKTOHMYECKON JEATEIbHOCTBIO, 4YTO
CIIOCOOCTBYET BBICOKOH BEPOSITHOCTH BO3HUKHOBEHUs ONOJI3HEH. B ropHBIX palioHax B 3UMHHUH U
BECEHHUI IEPHOJBI, YAaCTO NMPOMCXONAT CIBHUIM I'DYyHTA, BbI3BAaHHBIE MHTEHCUBHBIMHM OCaJKaMU,
TassHUEM CHETra WJIM 3eMJIETPSACEHUSIMU. DTO SIBJIEHHE TPEOyeT KOMIUIEKCHOIO [T0/IX0/1a B U3YUYEHHH,
MOHHUTOPHHIE€ U pa3pabOTKe Mep M0 MPEeaAyNpexJCHUI0 M MUHUMHU3ALMU yuiepOa, BKIIOYas
yly4lieHue MHQpacTpyKTyphbl, UCIIOIb30BAHUE COBPEMEHHBIX TEXHOJIOTHI JIIsl MPOrHO3UPOBAHUS U
YKpEIJICHUE CKIOHOB.

Abstract. Landslides in Kyrgyzstan pose a significant threat, affecting infrastructure and
people's lives. The southern region of the country is characterized by a complex terrain and active
tectonic activity, which contributes to a high probability of landslides. In mountainous areas, during
the winter and spring periods, ground shifts often occur due to heavy precipitation, snowmelt or
earthquakes. This phenomenon requires a comprehensive approach in studying, monitoring, and
developing measures to prevent and minimize damage, including improving infrastructure, using
modern forecasting technologies, and strengthening slopes.

Knroueswie cnosa: OITOJI3CHb, PUCK OITOJI3HA, CXO/] OITOJI3HA, MOHUTOPUHI OITOJI3HA.
Keywords: landslide, landslide risk, landslide occurrence, landslide monitoring.

Tepputopust Keipreizckoit PecnyOnuku, ocobenno Kanan-AbGanckas um Omickas 0071acTh
CHJIBHO TIO/IBEP>KEHBI OIOJI3HSAM, BCJIEJACTBHE CIEHU(PUUECKOT0 PeXHMa paclpeieleHus OCalKoB,
T€0JIOTUU U TEKTOHHKH, MOUYBEHHBIX OCOOCHHOCTEH, MOBEPXHOCTHOI'O MOKPOBA MOYBHI M BBICOKOH
ceificMuueckoi akTuBHOCTU. [lo manHBIM MuHuncrepcTBa upesBblyaiiHbix cutyauuit (MUC KP) B
cTpaHe HacuuTbiBaeTcsi 4 554 omossHel, 1 186 W3 KOTOPBIX HAxoIATCS B aKTUBHON (aze u
NPEJCTaBIAIOT yrpo3y Oonee, ueM 540 HaceneHHbIM nyHKTaM U 300 oObekTaM MHGPACTPYKTYPHI.
ITo ouenke MUC KP okoso 5 000 1oMOB ¢ poKMBAIOIIUM B HUX HaceneHreM B pazmepe 10 30 000
YEJIOBEK MOTYT HaXOJUThCS MO yTpo30il moTeHIHaIbHBIX ormoi3Hei. C 1991 mo 2022 rox B cTpane
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npousomen 611 omon3eHb, B pe3ynbTaTe KOTOphIX morubiao 275 wemoBek. [lo oreHke,
HSKOHOMHYECKHE TOTEPU OT TaKUX CTUXMUHBIX OCICTBUH, Kak OMOI3HH M 3eMIIETPSICEHUS
cocTraBisloT B cpegHeM 1-1.5% or BamoBoro BHyTpeHHero mpoaykra. OmnoiasHu
JUCIPONOPLMOHAIBHO OKa3bIBalOT BO3ACHCTBHE HAa CEIBCKYI0 MECTHOCTh U YSA3BHUMBIC IDYIIIIbI
moaen. [{ns pemieHns HEKOTOPBIX U3 ATUX MPOOJEM HYKHO pa3paboTaTh IMPOEKT, C MIPUMEHEHHEM
IIEPEIOBBIX METO/AOB AJIsl YIIPaBJICHUsI PUCKAMU ONOJ3HENH. DTOT IMPOEKT HANPABUT HA 3aIl0JIHEHUE
TEKyIIMX TpoOeNOB B YHpaBJICHWHW pHUCKamMu omnoi3Hedl B KsIprei3craHe myTem peanu3anuu
KOMILIEKCHOTO, MHOTOTPAHHOT'0 IOJX0/a, KOTOPbIM MCHONb3YyeT Kak (U3nYecKue (MH)KEHEpHBIE)
Mepbl, Tak W Ooyiee IIMPOKHE MEpbl 0 CHUXKEHUIO pHCKa JUId yCTpaHEeHus NpoOenoB B
MHCTUTYLUMOHAJIBHOW M HOPMAaTUBHOW cpene W HapamuBaHus noreHuuana B [IKP u mecTHBIX
coo0IIecTBax.

Ilens uccienoBaHus — yIpPaBICHUWE PUCKAaMHU OINOJI3HEH NEPEJOBBIMU METONAMH, aHAJIN3
COBPEMEHHBIX IOAXOJ0B M METONOB OLICHKH, IPEJOTBPALICHUS M MUHUMU3ALUU BO3JEHCTBUSL
OTIOJI3HEH Ha HaceJeHHe, MH(PPACTPYKTypy W OKpYKalolylo cpeay. B cratbe paccmaTpuBaroTCs
KJIFOUEBbIE CTPATErHH YIPABJICHUS PUCKaMH, BKJIIOYasi MOHUTOPUHT U MPOTHO3UPOBAHUE ONACHBIX
re0JIOTHYECKUX MPOLECCOB, pa3paboTKy 3(h()EKTUBHBIX CUCTEM IMPENYyNpPeKACHUS U BaKyalluH, a
TaKXe MPUMEHEHUE UHKEHEPHBIX U IPUPOIOOXPAHHBIX MEPONPUATHI [UIs CTAOMIM3ALUU CKIOHOB.
Ocoboe BHMMaHHE yJIENSIeTCs BONPOCAaM HHTETPAllMM HAY4YHBIX ITAHHBIX, TEXHOJOTHH W OIBITa
MEXyHapOAHBIX HCCIIEIOBAaHUI B MPAKTUKY yIpaBiieHUus puckamu. Llenb cocTouT B BbIpaOOTKE
peKOMeHAaUuN sl YCTOHYMBOIO pa3BUTHsS PETMOHOB, IOJIBEP)KEHHBIX OIOJI3HE-00pa3yomumM
Iporeccam, ¢ y4eToM COLMaTbHO-?)KOHOMMUYECKUX U 3KOJIOTHYECKUX (PAKTOPOB.

Axmyanvrocme ucciedosanus. B mocneanue roapl n3-3a TII00ANTBHOTO MOTEIUICHUS BO BCEM
Mupe, B ToM uucie B KeIpreiscrane BeCHON U OCEHbIO BbINaJaeT OOJBLIOE KOJUYECTBO
aTMOC(EpHBIX OCAJKOB, B JICTHUN MEPHOJ CTAHOBHUTCS CIMIIKOM JKapKo, a 3MMOM TeIu1o, MHOIIa
UOYT NOXKIW TOCpeau 3uMbl. Biara okas3blBaeT 4Upe3MEpHOE BIUSHUE Ha TPYHT, TEM CaMbIM
MIEPEHACHIIAsACh, AKTUBU3UPYIOT CKJIOHBI, TJI€ MOIIHOCTb JIECCOBOIO CYIJIMHKa HE B CHJAX
yAepkKaTb COOCTBEHHBIH Bec.

Mamepuansi u MmemoOobi ucciedo8aHus

OOBEKTOM HUCCIIeIOBaHMS BHIOPAHBI OMOJI3HEONACHBIE YYACTKH Y3TreHCKOro paiioHa Ouickoit
obnactu. B nanHoM paiioHe HacUUTHIBAeTCSl OKOJI0 209 aKTUBHBIX OMOJ3HEOIACHBIX YUaCTKOB, T]I€
€CThb BEpOSITHOCTh CXOJia OIOJI3HA B J00yI0 MUHYTY. Jlis mpenoTBpaeHus moaeit ot rudenu, KP
B OCHOBHOM IPUMEHSIOT HepeceneHHe Ha Oonee Oe3omacHele Mecta. Ho mepecenenue ot
OIOJI3HEBOI'O ydacTKa B KBIPTbI3CTaHE yKe SIBISAETCA CII0KHOM 3a1adeil 1o psAAay IMPUYHH, BKIIFOYas
KaK COIMaJIbHbIe, TaK U IKOHOMHUYeckue (pakTopsl. Takue kak, IPUBS3aHHOCTb K 3€MJI€ U JIOMY,
(uHaAHCOBBIE TPYAHOCTH, OTCYTCTBUE T'OCYJApCTBEHHON MOJAEP)KKH, HU3KAs OCBEAOMIIEHHOCTh O
pHUCKaxX, CIOXKHOCTH C IEpPEe3OM M aJanTalluell M HEraTUBHBIE IOCIEACTBHS I CEIBCKOIO
XO35MCTBA.

Hemano 10oMOB pacrnosioKeHbl B ONOJI3HEOMACHBIX YYacTKaX MW PEMIATh BOMNPOC C
nepecesieHMeM Ha Oe30IacHble y4acTKH 371eChb He yMEeCTeH, Tak Kak Teppuroputo KP mokpeiBaer
94% — ropbl ¥ BCEM NPEAOCTABUTH 3eMEJbHbIE YYACTKH HE BO3MOXKHO. XOTS IO CETOIHSIIHETO
nus [TIKP nume Morna v mpeaocTaBiisiia MyCThle 3€MENIbHBIE YYACTKH I10J] CTPOUTENIBCTBO HKHUIIOTO
noma. Ho 0e3 pesynpTaTuBHO. B CBS3M C 3TUM HYXHO NPEANPUHATH albTepHATHBHBIE MEpPbI
0€30IaCHOCTH HACEJIeHUs], TaK CKa3aTh CMATYEHUS PUCKA OMOJ3HA. A JJIsl 3TOT0 HYXKHO MPOBOJIUTH
MHOT'OJIETHUH MOHUTOPHUHI, HM3YUUTh TE€OJIOTHIO, TUAPOJIOTHIO, CEHCMHMUYECKYI0 AaKTUBHOCTb U
KJIMMaTU4ECKHE yCIIOBUS OINOJI3HEBOrO ydacTka. CpenHero1oBoe KOJIMUYECTBO OCAIKOB COCTABIISET
637 MM, naHHbBIe 0000MICHBI B Ta0muie Huke. CaMblil TOXKIUTMBBIA Mecsi — ampenb (95 mm), a
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camblii cyxoir — aBryct (Bcero 10 mmO. B 3aBrcuMocTH OT reorpaduuecKkux yCIOBHU TOI0BOE
KOJIMYECTBO OCAJKOB Ha CKJIOHAX DepraHcKod JOJMHBI OKOJIO Y3reHa MOXKET BapbUPOBATHCS OT
900 MM 1o 1050 Mm.

Best Keipreizckas PecnyOmmka HaxoquTCsl B 30HE BBICOKOW CEHCMUYECKOW aKTHUBHOCTH, KaK
MOKa3aHO Ha CIIEAYIOIIeH KapTe, KOTopas MpeICTaBiIseT CeiCMUYecKoe palOHUPOBAHUE CTPAHBbI:
tepputopus Bokpyr Oma u J[kamnan-Abana B OCHOBHOM HaXOAHWTCS B 30HE 9 0aJIOB MMOKa3aHO Ha
Pucynke 1.

Legend
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Pucynok 1. Ceiicmuueckoe paiionupoanue Kuprusckoii PecryOmukn (oOBemeHHas oOmactb —
VY3reHckui paiioH)

YroObl comeprkanue 6a3bl JaHHBIX ObLIO 00Jiee TOCTYIHBIM M HMPEACTaBISsIO COO0H CBOJIHYIO
WHGOPMAIIHIO, MMEIONIYIOCS O KaXJIOMY YYacTKy, HY)XHO MOJTOTOBHUTh BEIOMOCTH JaHHBIX
(macmopra) ¢ COOTBETCTBYIOIIEH HWHGOpMAIEl Mo Kaxaomy onoi3Hio. Kaxmgas BegoMocTh
JAaHHBIX (TACTIOPT) JOJHKHA MHUHUMYM COJIEPKaTh CIEAYIONIYI0 MHpOpMAINo: MecTOnoI0KeHHE;
Paiion; Mcxonueiii yposens; lllupora u gonrora; BeicotHas ormerka; ['pynna MYC; Homep u3
nmuaHOTO crcka MYUC; T'eonmormyeckas mHpopmanus; Mcropust omon3us, Craaus mporecca
pa3BUTHS OMOJI3HS; YPOBEHb omacHocTH, onpeaeneHubii MUC; Knacc moasep:kenHocTr (XaBeHUC
u 7p.); nomans onomsus (M2); O6béM onomsus (M3); Mmeromuiics momuron B pamuyce 200 M
(XaBenuc u ap.); a Takxke OOBEKTHI, 10IBEPKEHHBIE PUCKY.

OcHoBo#t 11711 UH(OpPMALIMM O TEOJIOTMM M T€OTEXHUYECKUE JITaHHBIE Ha y4YacTKE OIOJI3HS
SIBJIICTCS OTYET, O HHXKEHEPHO-TeosiornueckoM u3bickanuu (MI'M) npencrarineno Ha Pucynke 2.
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Pucynoxk 2. Cxema B pa3pese HEyCTOINUMBOIO CKIIOHA, TTOCTIe pe3yIbTaToB nposeaeHHbix UI'N

C moMombpI0 pa3pe3oB IeOJIOTHYECKUX MPOpMICH MOXKHO ONpPENETUTh KaKas 4acTh CKIOHA
ysA3BUMa M CO31aTh KapTy pacHpUACICHHs MOIIHOCTH. Jlajiee OCHOBBIBAsCh 3HAYCHUM
71a00paTOPHBIX MCIBITAHUHA MPOBOJMMBIX TPYHTaMHU OTIOJI3HS, ONPEICISIOT CTETNEeHb OMAacHOCTU U
Jlajiee HauMHaeTCs MPOEKTUPOBAHUE Uil CMATUEHUS OMOJI3BHEBOTO CKJIOHA. ['eone3nueckue paboThl
Ha OMNOJI3HAX — 3TO Ba)KHO, IOCKOJIbKY BCE 3JIEMEHTHI penbeda OyAeT JOCTYIHO A1l MOHUTOPUHTA,
HaIpaBJICHHOTO HA HW3Y4YeHME M KOHTPOJIb YCTOMUMBOCTH CKJIOHOB. [MC-texHonorun
o0ecreynBaOT CpeACTBa Uil OTOOpPaKEHHWsT W TOHMMAaHHWS TOTO, YTO HAXOAWUTCS B OIHOM
KOHKPETHOM MM MHOTMX MAaHHUTOPUHIAX, IPEIOCTABISAET WHCTPYMEHTBI MOZCIMPOBAHUS
PECYPCOB, BBISBIECHMSI B3aUMOCBSI3€H, POLIECCOB, 3aBUCUMOCTEN U IpUMeEpOoB [3].

Bot kak MoryT ObITh OpraHU30BaHbI TaKue pabOTHI: OLIEHKA CUTYyallUH, IJITaHUPOBaHUE padoT,
YCTaHOBJICHHE T'€0/Ie3MUECKUX IMYHKTOB, MPOBEIECHUE M3MEPEHMH, 00pabOoTKa JaHHBIX M aHAU3,
KOHTPOJIb U MOHUTOPHHT IOKa3aHo Ha PucyHke 3.
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Pucynoxk 3. Ouudposka, Tonorpaduyeckas cbeMKa, IPOCTPAHCTBEHHBIN aHATTN3

Tun auyensuu CC: Attribution 4.0 International (CC BY 4.0) 90



Bronnemens nayxu u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

Ilocne Bcex AeTanbHBIX M3YYEHUH ONOJI3HEBOIO CKJIOHA, HAM MPEACTOUT BBIOPATh METOIbI
CHIDKCHUS pUCKaA OCICTBHIA, JUTSI CTAOMIIM3AINH WU KE YKPEIUICHHUSI HEYCTOWYUBOTO CKJIOHA PHC.4.
UYroObl B HaibHEUIIEM MTPEJOTBpALas UX ACTPATANI0O 1 MUHUMH3AIMIO BO3CHCTBUS OMOI3HEN Ha
KWIble J0Ma M OOBEKThl MHQPACTPYKTYphl. OTH METOJbl BKIIOYAIOT B ce0s KOMILIEKC
MEpONPUATHH, HaNpaBIE€HHbIX HA CTAOMIM3ALMI0O HEYCTOMYMBOCTH CKJIOHOB, pPa3pabOTKU
JIPEHAKHOU CHUCTEMBI, YKPEIUUIEHUE I'PYHTOB U CTPOUTEILCTBO 3ALIUTHBIX COOpYKeHUH. OCHOBHBIE
VMH)KEHEPHBIE METOJIbI: YKPEIUIEHUE CKIIOHA, YCTPOUCTBO APEHAKHOM CUCTEMBI, YKPEILUICHUE IPYHTa
U 3alUTa PACTUTEIbHOCTH, F€OTEXHUYECKNUE METO/IbI, CTPOUTENBCTBO 3ALIUTHBIX COOPYKEHUH (115
AKMKOOOPaA3HBIX IIOTOKOB), CUCTEMa ONOBELICHUE U PAHHErO MPeLyNpeKIeHUs, IKOJIOTHYECKUE U
MPUPOJHBIE METOBI (TTOCaIKa AEPEBHEB U KYCTAPHHUKOB, JJISI MAJIBIX MOIITHOCTEH).

Pucynok 4. CHmwxeHue pucka 0eacTBUi, CTPOUTENBCTBO TEppac

Ilpumensemvie memoovl ONisl CHUMNCEHUs. PUCKA ONOJI3Hell. TUTIOCBI W MHUHYCHL. [lntocul.
HpI/IMeHeHI/Ie BBIIIC MEPCHUCIICHHBIX METOJOB CMATUYCHHSA PHCKA OII0JI3HA, KOHKPETHO B MOCM
BBIOPAHHOM TS ICCTICIOBAHUS TEPPUTOPHH, SBISETCS B MOJIHE YPPEKTUBHBIM. J[JIs1 KaXK10T0 THTIA
OTIOJI3HSI HY>KEH CBOM MOAXOJ M BHIOpATh COOTBETCTBYIOIIMIM METOIBI JUISl CHHIKEHHs pucka. Bce
MIEPEYUCIICHHBIE METOBI MOTYT CITY>KUTh JIJISl IPEIOTBPALIICHHUS CXOJa WM )K€ CIIOI3aHUE OTMOI3HS
M TEM CaMbIM 3allUTHTh Jroed U uHppacTpykTypy. Hy, ecim KOHKPETHO MO MO0 TEPPUTOPHIO,
TO MOXXHO BBIOpaTh OoJiee€ ONTUMAIBHBIM BapUaHT, 3TO CTPOUTENHCTBO Teppac. Munycvl. Camo
MPUMEHEHHE KaKUX-TH0O0 WHXKEHEPHBIX METOJIOB, TPEOYIOT MJOJTUX W3yueHUH, pa3paboTKu
JIETAIbHBIX MPOEKTHO-CMETHBIX JOKYMEHTAIIUH, a TaK K€ KaYeCTBEHHOE €r0 BBIMOJHEHUE. A TaKHe
MHOT033J]auHbIC yCIIOBUS, B CBOIO oOdYepeab TpeOyeT (UHAHCOBBIX 3aTpaT W BpemeHw. Jlis
MOHHTOpPHHIa U aHAJIN3a Tpe6yeTCﬂ COBpPCMCHHBIC 060py1103aH1/151, KOTOPBIC CTOAT HE MAJIbIX JCHET
U HYKHBI KBaTU(UIIUPOBAHHBIE CIIEIUATHUCTHI, KOTOPBIM HY>KHO MPOU3BECTH COOTBETTCTBYIOIIYIO
omnaty Tpyaa. CTpOUTENbCTBO ke Teppac He TpebdyeT ocoObIX YCHUIIHMI, B OCHOBHOM HY>KHA
crienuaibHas TeXHUKa (IKCKOBATOp, OYyJbI03€p, CAMOCBAT M KaTOK), HO 00BEM BBIHYTOTO T'PYHTa
MOXET OBITh OONBIIMM, YTO TpeOyeT MHOTO BPEMEHH /i ero peanusanuu. OmnomseHb — 3TO
CJIOKHBIN TTPUPOJIHBIN MpoIIece, ¢ KOTOPHIM HYKHO pacuuThIBaThCsl. Ecin yenoBek mpuBel CKIOH B
HECTaOUIILHOE COCTOSHUE, TO O0O0s3aTENbHO, HYXHO NPEANPUHATH U KOHTP MEphI, AN €ro
crabunm3anuu. MHade, MOXXeM BOIUIOTUTHCA IIEHOIO JKU3HBIO YeNoBeKa. A Ui 3TOr0 HYKHO
U3YYHUTh CKIIOH, IPOEKTUPOBATh COOTBECTBYIOIINE MEPHI, MTOCIE pealn30BaTh €ro B HaType, U MOJ
KOHEI[ BOCCTAHOBUTH MPUPOIHBIN OalaHC.

Takum o00pa3oM, IS YCHEIIHOTO TEpeceNieHusT HaceleHUs W3 OIMOJI3HEBHIX pPaliOHOB
HEOOXOJMMO YYHTBHIBaTh ATH (HAKTOPBI W Pa3paboTaTh KOMIUIEKCHYIO MpOrpamMmy, KOTopas
coyeTaeT B cebe Kak MOMOIIb B MEPECENIEHNH, TaK U pelIeHne SKOHOMHUYECKUX M COLHAIbHBIX
mpo0sieM, C KOTOPBIMHU CTAIKUBAIOTCS MECTHBIC KUTEIH.
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AHAJIN3 IPUYHH U ITOCJIEJCTBU CEJIEBBIX IOTOKOB
B BATKEHCKOM OBJIACTH B 2024 TOIY
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ANALYSIS OF THE CAUSES AND CONSEQUENCES OF MUSDFLOWS
IN THE BATKEN REGION IN 2024
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Annomayus. B 3TON cTaTbe paccMaTpPUBAIOTCS MPUYMHBI BOSHUKHOBEHUS CEJIEBBIX IMMOTOKOB,
WX TOCIEACTBHS U MEphbl MO0 CHIKEHHIO pHcka katactpod B baTkenckoit obnactu. B 2024 roay
PErHOH CTOJIKHYJICSI C PSJIOM MOIIHBIX CEJIEBBIX COOBITUM, BBI3BAHHBIX KaK MPHUPOIHBIMH, TaK U
AQHTPOIIOTCHHBIMHU (haKTOpaMU. AHAJIM3 OCHOBaH HA JAHHBIX JUCTAHIIMOHHOTO 30HIAMPOBAHUS
3emnu, Meteoponorudeckux Habmonenuit u [MC-ananmuze. Ocoboe BHUMaHHE YJelsieTcs
BBISIBJICHHIO HanOoJiee ySI3BUMBIX PaiiOHOB U MPEAIOKEHUIO0 KOHKPETHBIX MEp 10 UX 3allUTe.

Abstract. This article examines the causes of mudflows, their consequences, and disaster risk
reduction measures in the Batken region. In 2024, the region faced several powerful mudflow
events triggered by both natural and anthropogenic factors. The analysis is based on remote sensing
data, meteorological observations, and GIS analysis. Special attention is given to identifying the
most vulnerable areas and proposing specific protective measures.

Kntouesvie cnosa: ceneBvle MOTOKM, baTkeHckas o001acTh, MPHPOAHBIE KaTacTpOQbl,
KJIIMMaTHYeCKUE U3MEHEHHsI, reoMopdooruueckre GakTopsl, aHTPOIIOT€HHOE BO3/ICHCTBHE.

Keywords: mudflows, Batken region, natural disasters, climate change, geomorphological
factors, anthropogenic impact.

bartkenckas  obmacth, pacmojioXeHHas B Ioro-3zamagHoil yactu  KeIpreiscrana,
XapaKTepU3yeTCsl CIOKHBIMU T€OMOP(OIIOTHYECKUMHU YCIOBUSMHU, TOPHBIM pelibe)oM U 4acThIMU
npupoHbIME KatacTpodamu. Cpeau HauOoliee pa3pylIMTENbHBIX SBICHUA — CelIeBble MOTOKH,
KOTOpPBIE IPEACTABIIAIOT YIpo3y Ui CEJIbCKUX IOCEIEHUN, TPAHCIIOPTHOM M JHEPreTHYECKOU
uHppacTpykTypsl. B 2024 roay B perroHe HaOIIOAANCS POCT YAaCTOTHI CEJIEBBIX MPOLIECCOB, YTO
00yCIIOBMJIO HEOOXOJUMOCTh JETAJIbHOTO aHaliu3a WX MPUYUH M MOCIEACTBHM. YUHWTHIBas, 4TO
HaceneHue baTkeHCkoil 00nacTH B 3HAYMTENBHOM CTENEHH 3aBHUCHT OT CEIbCKOTO XO3sHCTBa,
HETraTUBHOE BIIMSHUE CEJIEBBIX MOTOKOB TaKXKe OTPa3WJIOCh Ha MPOJIOBOJILCTBEHHON 0€30MacHOCTH
1 SKOHOMHUYECKOM TOJIO)KEHUU MECTHBIX KUTEIIEH.

[lenp mccmenoBaHusi — MpOaHAIM3UPOBATh NPUYMHBI U TOCIEACTBUS celieid B baTkeHckon
obmactu B 2024 1, a Takke pa3zpaboTaTh PEKOMEHAALMHU 10 CHWKEHHUIO PUCKA U MHHHUMH3AIUH
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nocNneACTBUM  3THX  mociuenctBuil.  MccnemoBaHust — sBisieTCs  BbIsIBIEHHE  (DaKTOPOB,
CIOCOOCTBYIONUX BO3SHHUKHOBCHHIO CEJIEBBIX IMOTOKOB, OIEHKA MX BO3ACHCTBHUS HA OKPYKAIOIIYIO
Cpelly U HaceJICHHE, a TaKKe pa3padoTKa CTpaTerwil MPEeIOTBPALICHUS U CMATUCHUS MTOCICICTBUH.
AKTyanbHOCTh HCCIEAOBAaHHSA TMPUYMH U TOCJIEJICTBUH cellell  MO3BOJUT  pa3paboTaTh
PEKOMEHJIallUK JIJII MECTHBIX OPraHOB BJIACTH M OpPraHU3alMi IO COBEPIIEHCTBOBAHMIO CHUCTEM
MPEeIyNPEkKACHUS U PEarupOBaHUs HA CTUXUIHBIC OC/ICTBUSI.

Mamepuanvt u Mmemoowvl ucciedos8anus

HccnenoBanue OCHOBBIBAETCS] HA KOMIIJIEKCHOM aHAJIM3€ JaHHbIX:

1. Mereoposnoruueckux AaHHbIX (HaHHble I'mapomerciyxObl KP o konmyectBe ocaakos,
TEMIIEPATYPHOM PEKUME U BJIAXKHOCTHU IIOYBBI);

2. 'C-ananu3e (IpoCTpaHCTBEHHOE MOJEIMPOBAHNE 30H PUCKA, BBIIBIEHUE NMOTEHIHAIBHO
OIaCHBIX TEPPUTOPUIL);

3. AHanM3 CTaTHCTUYECKUX JAHHBIX O 3aPErHCTPUPOBAHHBIX CEIIEBBHIX MOTOKax B 2024 romy,
UX UHTEHCUBHOCTH U TIOCIEACTBUSIX;

4. TloneBbIx o00cnenoBaHMAX [UId BepU(UKAMM TOIYYEHHBIX JaHHBIX M H3Y4YEHHUs
KOHKPETHBIX CIIy4aeB.

[TprurHBI BOZHUKHOBEHHUS CEJIEBBIX MOTOKOB B baTkeHCKO# 007acTH MOXXKHO Pa3/eNuTh Ha
IIPUPOJIHBIE U AHTPOIIOTEHHBIE:

1) Ilpupoonvie ghaxmopwi. B mae-urone 2024 roga B barkenckoii o6mactu Boimano Ha 30%
Oosbllle OCaJIKOB, 4eM B cpenHeM 3a mnociennue 10 ser. JIuBHEBble OOXKAM CIIOCOOCTBOBAIU
HACBILIEHUIO MTOYBBI BJIArOM, CHIKEHUIO €€ YCTOMYMBOCTHU U 3aIlyCKy CEJIEBBIX IpoleccoB. Pernon
XapaKTepU3yeTCsl HAIMYUEM PBIXJIBIX OCAJ0YHBIX HOPOJ, KOTOPbIE JIETKO Pa3MbIBAIOTCS BOJOM.
beicTpoe TasHUE CHEroB B BBICOKOTOPHBIX PAaliOHAX YCHJIWJIO BOJAHBIM CTOK M YBEIHUYMUIIO 00bEM
CeNeBbIX Macc. BinsHue KIMMaTHUECKUX W3MEHEHMH NpPUBENO K YBEIMYEHHUIO KOJUYECTBA
AKCTPEMAJIbHBIX IIOTO/IHBIX SIBJICHHM, YTO TaKXe CIIOCOOCTBOBAJIO YCUJIEHHIO CEJIEBOM aKTUBHOCTH.

2) Aumponocennvie ¢gakmopul. BblpyOka JiecOB U KyCTapHHKOB Ha CKJIOHAX CHHU3MIIA
€CTECTBEHHYI0  CHOCOOHOCTh  TOYB  yJE€p)KUBaTb  BJAry, CTPOUTEJIBCTBO  JIOPOT U
BOJIOXO35MCTBEHHBIX OOBEKTOB 0€3 ydeTa TeoJOrMYeCKUX YCIOBUH TNPUBENO K H3MEHEHHUIO
€CTECTBEHHOI'O JIpE€Ha)ka, HEIOCTAaTOYHOE pa3BUTHE CHUCTEM MOHHUTOPHHIAa M OIOBELIECHUS
YBEIMUWIO yHIepO OT CEeJeBBIX MOTOKOB, HEKOHTPOJIMPYEMbIH 3a00p BOABI JUIsl UPPUTALUU U
M3MEHEHHE PyCell MaJIbIX PeK CIIOCOOCTBOBAIIN PO3UH MTOUYBBI M 00Pa30BaHUIO CEJIEBBIX KaHAJIOB.

B 2024 r ceneBble MOTOKM HAaHECIM 3HAYUTENbHBIM ymepOd mno Bcelt Keipreickoi
PecnyGnuke, Bcero 3apeructpupoBaHo 339 cesneBbIX MOTOKOB, KOTOpbIE TpuBenu K rudenu 20
YEJIOBEK W HAHECIH MaTepHalbHBIM ymepd B pasmepe 1 mupa. 255 muiH. comoB. OCHOBHBIE
MOCTEJICTBUS ~ BKJIIOYAIM  MOJTOIUIGHHWE  JKWIBIX  JIOMOB,  IPHYCaJeOHbIX  y4YacTKOB,
CEJIbCKOXO3SIICTBEHHBIX ~ YTrOAMH,  pa3pylIeHME  MOCTOB M aBTOJOpPOI,  HapyIlIEHUE
THIPOJIOTUYECKOTO PEeKUMa peK, 3arpsi3HEHHE BOJIOEMOB CEJIEBHIMU HAaHOCAMU M MU3MEHEHHE pycell
pex.

Ha rtepputopun baTtkeHckoit obnmactu mpousomuio 94 ceneBbIX MOTOKA, YTO COCTABHIIO
3HAYUTENbHYI0 YacTh OT o0Imero yucia ciaydaeB no crpane (PucyHok). B pesynbrare 3THX
coObITUH OBUT HAHECEH Cephe3HBIM yIIepO HKOHOMHUKE oOsiactu. MarepuanbHbId  yiepo
oneHuBaercs B 213 miH. 481 Teicssyy coMOB. OCHOBHBIE MOCIEACTBUS B PETMOHE BKIIIOYAIIH:

- Tloxromnenue *XUIBIX TOMOB U MPUYCaAeOHBIX Y4aCTKOB, YTO MPUBEIO K BPEMEHHOMY
IIEPECETICHUIO J)KUTEJIEN U TOTEPE UMYLIECTBA.
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- Pazpymienue nHGpacTpyKTyphl, MOCTBI, aBTOJOPOTH U IPYTUe 0OBEKThI ObUIH MOBPEKICHbI
HJIM MOJIHOCTBIO YHHUYTOXKCHBI, YTO 3aTPYAHHUIIO TPAHCIIOPTHOC COO6IJ.I€HI/IC " JOCTYII K YIAaJICHHBIM
HACCJICHHBIM ITYHKTaM.

- Yep6 cenbCKOMY XO3SICTBY, CENbCKOXO3SIMICTBEHHbIE YroJbsi ObUIM 3aTOIUICHBI, YTO
MIPUBEJIO K IOTEPE ypoxkKasi U CHUKEHHIO I0X0J0B MECTHBIX ()epMEPOB.

- DKOJIOTHYECKHE TOCIEACTBUS, 3arps3HEHUE BOJIOEMOB CEJIEBBIMM HAHOCAMU U U3MEHEHUE
pycel peK co3AaaH JOITOCPOUHbIE TPOOIEMBI I SKOCUCTEMBI PErHOHa.

Ipuyunel ygenuuenus yacmomsi cenegblx HOMoOKO8.

Knumamuueckue uzmenenus. I'mobanbHOE MOTEIUIEHHWE MPHUBOIUT K TasHUIO JIGAHUKOB H
CHC)KHUKOB, 4YTO YBCIIMYUBACT 00BeEM BOJHBI, I[OCTYHHOﬁ JIIsL (I)OpMI/IpOBaHI/IH CCJICBBIX ITOTOKOB,
YBEIMUCHUE KOJHMYECTBA OCATKOB, OCOOCHHO WHTCHCHBHBIX JIMBHEH, CIIOCOOCTBYET HACHIIICHUIO
MIOYBHI BJIArOM ¥ BOZHMKHOBEHMIO CEJICH, yUallleHHEe CIIy4aeB SKCTPEMalIbHbIX MOTOIHBIX SIBJICHUIH,
TaKMX Kak CHJIbHbIE JIMBHHU, TpaJl U pPE3Kue Iepemnajbl TeMIeparyp, CO3/aeT OJaronpusTHbIC
YCIIOBUS I CXOJ1a CEJIEH.

T'eomopgponocuueckue ocobennocmu. baTkeHckas 00IacTh XapaKTEPHU3YETCs CIOXKHBIM
TOPHBIM penbeOoM C KPYTHIMH CKJIOHAaMH, YTO CIIOCOOCTBYET OBICTPOMY CTOKY BOJBI U
00pa30BaHMIO CENEBbIX MOTOKOB, HAIMYKME PBIXJIBIX MOPOJ, TPEUIUH U Pa3jIOMOB B T€0JIOTMUYECKOI
CTPYKTYpPE PETHOHA YBEIHMUUBACT YS3BUMOCTD K CEJIEBBIM IIPOIECCaM, Pa3BHUTasl THIPOTparuecKas
ceTh ¢ OOJBIIMM KOJUYECTBOM PEK M BOJOEMOB CIOCOOCTBYET KOHIICHTPAIIMM BOABI WU
(hOpMHUPOBAHUIO MOIIIHBIX CEIEBBIX MOTOKOB.

Aumponocennvie ¢haxmopsi. YHUYTOKEHHE IJIECHOTO TOKPOBAa MPUBOAUT K CHIDKCHHUIO
yCTOﬁ‘IHBOCTH CKJIOHOB U YBCIIMYCHUIO 3PO3UHU IMOYBBI, YTO CHOCO6CTBy€T BO3HUKHOBCHUIO ceneﬁ,
HEpalMOHAIbHOE HCIOJIb30BAaHUE 3€MENb, BKJIIOYas pacHallky CKJIOHOB U CTPOUTENbCTBO Ha
OTIOJI3HEOIACHBIX yYaCTKaX, YCHIIUBAET CEJIEBbIE MPOIECCHl, CTPOUTEIHCTBO JOPOT, YKHUIIBIX JOMOB
U JIpyrux OOBEeKTOB 0e3 ydeTa TreoJIOTUYECKUX OCOOCHHOCTEH MECTHOCTH MOKET MPHUBECTH K
aKTUBU3ALMK celied, pa3paboTKa MECTOPOKIECHUN IMOJIE3HBIX HCKOMAEMBIX, OCOOCHHO OTKPBITHIM
Croco00M, HapylIaeT YCTOMUMBOCTh TOPHBIX OPOJ M CIIOCOOCTBYET BOZHUKHOBEHHUIO CEJEH.

Pezynvmamot u obcysicoenue uccnedosanuti

VYBenuueHne 4acTOThl CENEBBIX IMOTOKOB B baTKkeHCKON 00JacTH SBISETCS pe3yslbTaToM
KOMILIEKCHOTO BO3JEHCTBUS KIMMAaTHYECKUX, T€OMOP(HOIIOTUUECKUX U aHTPOIOT€HHBIX (DaKTOPOB.
N3meHeHnune KiMMara CcoO34a€T MPEANOCBUIKM I  aKTMBU3ALUU  CEJIEBBIX IIPOLIECCOB, a
reoMop(oIoruyeckie OCOOCHHOCTH pPErMoHa W aHTPOINOTeHHasl NEeSATEeIbHOCTh YCHIIMBAIOT MX
HEraTMBHOE Bo3JelcTBHE. HenoctaTouHOe pa3BUTHE CHCTEMBI PAHHEIO ONOBEIICHUS HACEIECHUS O
CEJIEBBIX YIpO3ax HE MO3BOJISET CBOEBPEMEHHO PUHUMATh MEPHI IO 3aIUTE KU3HU U UMYILECTBA,
OTPaHUYECHHOE KOJIMUYECTBO M HEYJOBJIETBOPUTEIBHOE COCTOSHUE CYILECTBYIOIIMX 3alUTHBIX
COOpYKEHHH He 00ecneunBalOT JJOJDKHOW 3alllUThl OT CeNEBBIX IIOTOKOB, HEJIO0CTaTOYHAs
MH()OPMHUPOBAHHOCTh HACEJIEHHUS O INpaBUJaX IOBEAEHUS INpPU Yrpo3e censs U JACUCTBUSIX B
Ype3BBIYANHBIX CUTYaLUsAX yCYryOJIsieT MOCIEICTBUS CTUXUUHBIX O€JACTBUM. AHAIN3 MOJyYeH Ha
OCHOBE JAaHHBIX TUCTAHIIMOHHOIO 30HIUPOBAHMS 3EMJIM, METCOPOJOrMYECKMX HAONIONEHUH |
I'MC-ananu3ze (PucyHoK).

leorpadmueckux JaHHBIX, MIMPOKUN CIEKTp JaHHBIX, BKJIKOYas CTaTHCTUYECKUE,
nemorpaduyeckrue U TeXHUYECKHe JTaHHbIe, MOXKeT ObITh noMelieH Ha kapTel [ MIC u ucnonab3oBaH
JUIsL pelIeHrs pa3inyHbIX aHanmuTHueckux 3afgad ['MC xapakrepusyeTcs cocOOHOCTBIO BBISBIIATH
B3aMMOCBSI3U U TE€HJICHIIUH, KOTOPBIE TPYIHO YBUIETh HA TPAAUIIMOHHBIX OyMaXKHBIX KapTax [4].
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(www.mes.kg, www.gov.kg)

Pexomenouu onsa cuudicenus pucka cenegvix nomoxos 6 bamxenckou ooracmu

VYIy4qmiuTe cUCTEeMy MOHMTOPUHIAa U TPOTHO3UPOBAHUS, BHEJIPEHHE COBPEMEHHBIX
TEXHOJIOTUN (METEOpOJIOTMYECKHUE CTAHIUHM, JPOHBI, CIyTHUKOBAas CBS3b) JUIsl MOHUTOpPUHIA
COCTOSIHMSI JIEAHMKOB, TOPHBIX CKJIOHOB M peK. Co34aHME CHCTEMbl MOHUTOPUHIA COCTOSIHHS
JIEIHUKOB U TOPHBIX CKJIOHOB JUIsl CBOEBPEMEHHOT'O BBISBJIEHUS OMACHBIX y4acTKoB. Pa3paboTka u
BHEJPEHHUE CHCTEMbl IPOTHO3MPOBAHUS CEJIEBBIX IPOLIECCOB HAa OCHOBE aHajliM3a JaHHBIX O
KJIIMMaTHYECKHUX YCIOBHSIX, T€OMOP(OIIOTHYECKUX OCOOEHHOCTAX M aHTPOIIOT€HHOM BO3/I€HCTBUU.

YKpenuTh 3allUTHBIE COOPYXKEHHS, NMPOECKTUPOBAHUE U CTPOUTENIHCTBO HOBBIX 3AIUTHBIX
COOpYKeHHH (1aMObl, KaHajbl, Cele3aJePKUBAIOIINE COOPYKEHHsS) C YYEeTOM COBPEMEHHBIX
TpeOoBaHui. PEKOHCTPYKIMSI M YKpEIUIEHHE CYIIECTBYIOLIUX COOPYKEHHM I TOBBIIIEHUS UX
s dextuBHocTu. Pazpaborate u peanmzoBaTh IaaHbl AeiicTBuid npu YC, coBepiieHCTBOBAHUE
IUTAaHOB 9BaKyalluy HACEJICHHUs C y4eTOM 0COOEHHOCTEH peruoHa 1 XxapakTepa CeJIeBbIX yIpo3.

[IpoBeneHue peryyspHbIX Y4€HUH M TPEHHUPOBOK JJIsl HACENEHHUS M cracaTelbHBIX CIyXkO.
ObecrieyueHre HacejaeHUs HeoOXoauMmoW uHpoOpManuend U pecypcaMu uid JeHCTBUN B
ype3BblYaiHbIX  cuTyanusx. HWHbopmupoBate u  oOyuyaTh  HacejleHHE,  IPOBEJIECHUE
MHPOPMAIIMOHHBIX KaMMaHWKA O TNpaBWIaxX T[OBEAECHUS IpPU yrpo3e ceis U JEHCTBHAX B
ype3BblUaiiHbIX cuTyanusax. OOydeHHe HaceleHHs HaBbIKAM BBDKMBAHHS B OKCTPEMalIbHBIX
CUTYallUsX U OKa3aHUS MEPBON MOMOIUIH MOCTPAJABIINM.

OrpaHu4uTh aHTPOIIOI€HHOE BO3/EICTBHE, MPUHATHE MEP MO MPEAOTBPAILIECHUIO BBIPYOKH
JIeCOB, BKJIIOYas YCHJIEHHME KOHTpOJS 32 HE3aKOHHBIMH BBIpYOKaMH U IIPOBEJCHHE
JIECOBOCCTAaHOBUTENILHBIX paboT. BHeapeHne pannoHaIbHOTO 3eMIICTIONB30BaHMS, UCKITIOYAIOIIETO
pacmamiky CKJIOHOB M CTPOMTEIBCTBO Ha OIOJ3HEOMACHBIX Yy4YacTKax. YYeT TeoJOTHYeCKUX
O0COOCHHOCTE MECTHOCTH MpU CTPOUTENILCTBE JOPOT, KWIBIX JIOMOB U JPYrHX OOBEKTOB.
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KonTponbs 3a noOBIYel TOJE3HBIX HCKOMAEMBIX, BKJIIOYAs OTPaHUYCHUE WM 3allpeT JT0ObIYu
OTKPBITBIM CIIOCOOOM BOJIM3H HACEICHHBIX ITyHKTOB U HHAPACTPYKTYPHBIX OOBEKTOB.

Pa3BuBaTh MEXIYHApOJHOE COTPYIHHYECTBO, OOMEH OIBITOM C JAPYTUMH CTpaHaMH,
UMEIOIIMMU OTBIT OOPHOBI C CeNEeBBIMH MOTOKaMH. [IpuBIIeYCHNE MEXTyHAPOIHOW TTOMOIIM JUIs
peanu3ali MPOSKTOB IO CHIDKEHHIO pPUCKa Celied, BKIoYas (UHAHCOBYIO M TEXHHYECKYIO
noanepxkky. s OGonee TayOOKOro TMOHMMAHUST MPOOJIEMBI CENEBBIX IMOTOKOB W pa3paboTKu
3¢ GEKTUBHBIX PEHICHUN, HEOOXOIMMO MPOBOANTH JaTbHEUIIINE UCCIICTIOBAHMS, BKIIFOYAs:

- MogenupoBanue ceneBbiX mporeccoB: Co3laHWE KOMITBIOTEPHBIX MOJENEH s
MIPOTHO3UPOBAHHS CEJICH C yUETOM pa3IMuHBIX (PaKTOPOB.

- Pa3paboTka METOIWK JJIsi OLIEHKH PHCKA CEJIeH C Y4ETOM pa3lUYHbIX (DAaKTOPOB, BKIIOYAS
KJIMMaTH4YeCKKe, reoMOP(HOIOTHICCKUE H aHTPOTIOTHHBIC.

- Pa3paboTka KapT celeBOi ONMACHOCTH, CO3JaHUE KapT, MOKA3bIBAIOIIUX 30HBI Pa3IHYHON
CTETICHH CEJICBOM ONACHOCTH ISl TNIAHMPOBAHUS 3€MJICTIONB30BAHUS U CTPOUTEIBCTBA.

- Peanmuzaiust mpeUIOKEHHBIX PEKOMEHIAIMM TO3BOJIMT MHHHMH3UPOBATh YIIEPO OT
OyAyIIHX CEIEeBbIX TOTOKOB U MOBBICUTH YCTOHYNBOCTh PErHOHA K CTUXUHHBIM OCICTBHSIM.

JlanpHeWIe MCCIIeOBaHUsT MOTYT OBITh HAlpaBlIeHbl Ha pa3pabOTKy HHTEIPUPOBAHHBIX
CTpaTerHil YIPaBJICHUS PUCKAMH U a/IalITAIIMIO K U3MEHSIOIIMMCS KITMMAaTHYECKUM YCIIOBHUSIM.

3axnouenue
HccnenoBanue mokasano, 4To ceseBble MOTOKM B baTkeHnckoil obmactu B 2024 roxy cramu

pe3yJbTATOM COYETAaHUs TMPUPOJIHBIX (AKTOPOB M aHTPOIOTCHHOro Bo3jeicTBUs. [Ipumenenue
['MC-TexHoMIOTHIl U AUCTAHIMOHHOTO 30HIMPOBAHUS MO3BOJIWIO JETAIIBHO U3YUYUTh 30HBI PUCKA U
npeaaoXkuTh 3(GGEeKTUBHBIE MeEpbl 10 CHIKEHHIO OMACHOCTH. Peanmuzanus NpeanosKeHHBIX
pPEKOMEHIaIM MMO3BOJIAT MUHUMHU3HPOBATh YIIEPO OT OYIyIIUX CEJEBBIX MOTOKOB M ITOBBICHTH
YCTOMYMBOCTh PETMOHA K CTHUXUMHBIM OencTBUSAM. JlanpHelInue wuccieqoBaHusi MOTYT OBITh
HampaBlieHbl Ha Pa3paOOTKy MHTETPUPOBAHHBIX CTPATErWil YNpaBICHHUs] PUCKAMU M aJaNTaldio K
W3MEHEHUIO KJIMMaTa.

Cnucok numepamypul.

1. MOHUTOpPHHI, HPOTHO3MPOBAHHWE OMNACHBIX IPOLECCOB M SBJIECHUH Ha TEPPUTOPUHU
Keipreizckoit Pecriyomuku. bumkex: MUC KP, 2025. 896 c.

2. ArenrctBo ruapomereoposiorud KP. Order o HOroiHbIX YCIOBUSIX M H3MEHEHHAX
knumara. bunikek, 2024.

3. MunucrepctBo 4pesBbruaiiHbix cutyauuid KP. JlaHHBIe 0 upe3BbIUaiiHBIX CUTyalUsX B
BbaTtkenckoii oonactu. bumkek, 2024.

4. Kanpipkynosa H. K., I'anieipoBa 3. O., Mawmar yyny T. Ucnons3oBanue ' MC-texHonoruii B
cenibckoil  MecTHocTH //  bromnmerensr Hayku u  npaktuku. 2023, T. 9. Ne4. C. 73-77.
https://doi.org/10.33619/2414-2948/89/09

5. Ky3un A. A. BeljeneHnne onojia3HEONAaCHbIX TEPPUTOPUN HA OCHOBE METOJOB HEMPOHHBIX
cereit. CI10.. 2013. T. 204. C. 46-51.

6. [Tporpamma OOH no okpyxatoiiein cpene. BiausHue n3MeHeHns KJiMMara Ha NPUPOIHBIE
karactpo(ds! B LlenTpanbHoit Azuun. 2022.

7. SAGA GIS 9.0.1 Cucrema aBTOMaTH3UPOBAHHOTO reOHAYYHOro aHaiuza. 2018.

References:

1. Monitoring, prognozirovanie opasnykh protsessov i yavlenii na territorii Kyrgyzskoi
Respubliki (2025). Bishkek. (in Russian).

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 97



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

2. Agentstvo gidrometeorologii KR. Otchet o pogodnykh usloviyakh i izmeneniyakh klimata
(2024). Bishkek. (in Russian).

3. Ministerstvo chrezvychainykh situatsii KR. Dannye o chrezvychainykh situatsiyakh v
Batkenskoi oblasti (2024). Bishkek. (in Russian).

4. Kadyrkulova, N., Gapyrova, E., & Mamat uulu, T. (2023). Use of GIS-technologies in
Rural  Areas. Bulletin of Science and Practice, 9(4), 73-77. (in Russian).
https://doi.org/10.33619/2414-2948/89/09

5. Kuzin, A. A. (2013). Vydelenie opolzneopasnykh territorii na osnove metodov neironnykh
setei. St. Petersberg. (in Russian).

6. Programma OON po okruzhayushchei srede (2022). Vliyanie izmeneniya klimata na
prirodnye katastrofy v Tsentral'noi Azii. (in Russian).

7. SAGA GIS 9.0.1 (2018). Sistema avtomatizirovannogo geonauchnogo analiza.

Paboma nocmynuna Ipunsama k nyoauxayuu
6 pedaxyuio 04.03.2025 2. 12.03.2025 ..

Ccolika 0ns yumuposauusi.
Kaneipkynoa H. K., Xynaiibepreno JI. C. AHanu3 NOPUYMH M TOCIEACTBHI CEIEBBIX
moTokoB B barkeHckoit obnactu B 2024 roxay // bromterens Hayku u mpaktuku. 2025. T. 11. Ne5. C.

93-98. https://doi.org/10.33619/2414-2948/114/13

Cite as (APA):

Kadyrkulova, N., & Khudaibergenov, D. (2025). Analysis of the Causes and Consequences of
Musdflows in the Batken Region in 2024. Bulletin of Science and Practice, 11(5), 93-98. (in
Russian). https://doi.org/10.33619/2414-2948/114/13

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 98



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

YK 504.0 https://doi.org/10.33619/2414-2948/114/14
AGRIS P01

HBETOYHOE O3EJIEHEHHME I'OPOJICKHUX TEPPUTOPUI
(ma npumepe reo3auku I'egnesura, r. Otr)
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FLORAL LANDSCAPING OF URBAN AREAS
(using the example of Dianthus Heddewigii, Osh)

©Koshueva K., ORCID: 0009-0008-7647-9835, SPIN-code: 3104-2145,
Osh State University, Osh, Kyrgyzstan, koshueva81@inbox.ru
©Zhumabaeva T., ORCID: 0000-0001-8837-9702, SPIN-code: 5281-8414, Dr. habil.,
corresponding member of NAS KR, Osh State University, Osh, Kyrgyzstan, zhumol@oshsu.kg

Annomayus. Ceromsi 3eJieHbIe TOPO/ia OJMH U3 CHMBOJIOB PAa3BUTHH TYPH3Ma U MPUTKCHUH
uHBeCTUIMH. [locajika IEKOPATUBHBIX IBETOB ISl CO3AHHMHU JIaHMAPTHOTO JW3aifHa B TOPOAAxX
UCIIOJIB3YETCSl KaK OJMH W3 BO3MOMKHOCTCH YIIYUIICHUsI 3KOJOTHH ropoaa. OMHHM W3 Takux
pacrenuii sBiusiercs rBo3auka lemmesura (Dianthus Heddewigii), koropas s>ddexkTuBHO
UCIIOJIb3yeTCsl B o3eeHeHnd. OHM HE TPUXOTIMBBI, HO TpeOyT ocoboro yxona. B manHoit pabote
pPacCMATPHUBAIOTCSA COBPEMEHHBIC METOJbI I[BETOYHOTO O3CJICHCHUS HA TMPHUMEPE T'BO3IUKA
I'egnesura (Dianthus Heddewigii) mist cHukeHHsT ypOBHS 3arpsi3HEHHs Bo3ayxa B ropoje O,
AHaNM3UPYIOTCS 9KOJIOTUYECKHE U ICTETUYECKHE MPEUMYIIECTBA TAHHOTO PACTEHHS, €ro BIUSHUC
Ha YIyYIICHHE Ka4yeCcTBa BO3/yXa, CHIDKCHHE YPOBHS 3arps3HEHHs M CO3/aHHe KOM(pOpPTHOI
TOpPOJICKOM cpenbl. [IpUBOIATCS MPAKTHUECKHE PEKOMEHIAIMU 110 MHTErPAIlliK JIaHHOTO BHIA B
TOPOJICKHE SKOCHCTEMBI JUTS TIOBBIICHUS UX YCTOWYMBOCTH M SKOJIOTHYECKOM O€30MacHOCTH.

Abstract. Today, green cities are one of the symbols of tourism development and attraction of
investments. Planting decorative flowers to create landscaping in cities is used as one of the ways to
improve the ecology of the city. One of these plants is the Heddewig carnation (Dianthus
Heddewigii), which is effectively used in landscaping. They are not whimsical, but they require
special care. This paper discusses modern methods of floral gardening using the example of
Heddewig carnation (Dianthus Heddewigii) to reduce air pollution in Osh. The ecological and
aesthetic advantages of this plant, its impact on improving air quality, reducing pollution and
creating a comfortable urban environment are analyzed. Practical recommendations are given on the
integration of this species into urban ecosystems to increase their sustainability and environmental
safety.

Knroueswie cnosa: ropoJcCKas Ccpeaa, 0O3CJICHCHUEC, 'BO3AUKA FCII,Z[CBI/Il“a.
Keywords: urban environment, landscaping, Heddevig carnation.
B MnocJICOAHUC ToAbl, B CBA3HW C YBCIIMYCHUCM KOJUYCCTBA ABTOTPAHCIIOPTHBIX CPCACTB U

CTPOUTCIILCTBOM JJOMOB paHCC OTBOAMMBIC 3CJICHBIC TCPPUTOPUN KPYITHBIX MHOTI'O3TAXXHBIX TOMOB,
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pPa3BUTHEM YACTHBIX NPEINPHUATHNA CO CTApOH OTOMHUTEIIBHOW CHCTEMOW (C yrjem) ACpeBbsl H
JpyTUe 3€JIeHbIE HACAKEHUS HEYCIIEBAIOT OYMIATh BO3AYyX U ropoja KeIpreisctana octanuch moj
TYCTBIM CMOTOM, OCOOCHHO 3uMoi. HecmoTpst Ha 310, Mapus ropona Om muanupyer B 2025 r
BbIpyOuTH Oosiee 3000 craprix (6oapHBIX!) nepeBbeB U mocaauTh 0osiee 4000 MOJOABIX CaKEHIIEB
(https://www.instagram.com/osh_times).

Ot co3gaHusi 310pOBOM KJIMMAaTHYECKOH Cpelbl M OT 3KOJOTM3allUKM TOpPOJOB 3aBUCUT
pa3BUTHE TYpU3Ma, IPUXO] WHBECTOPOB. B CBS3M € 3TUM, BO3HUKAET HEOOXOIUMOCTh pa3padboTaTh
HAy4YHO-O0OOCHOBAHHBIN IJIaH Pa3pabOTKU MO O3€JICHEHHIO TOPOJCKON TeppPUTOPHH, YBEIUYEHHE
3eJIEHBIX TEPPUTOPUN — MAPKOBBIX 30H, CKBEPOB, TparyapoB H T.A. [Ipu ozeneHeHHH HEOOXO0IUMO
YUUTHIBATh BHUJBI NOCAJ0YHBIX MaTepUanoB. TypUCTBI M TOPOJCKHE KUTEIU IPOBOJS BPEMs B
ropojie MOJHKHBI OUIYIIATh KPACOThI U YUCTOTY Cpeabl. B OONMBIIMX TOpoAax Mpu 03€IICHEHUN YIIUI]
Y CKBEPOB OYEHb YaCTO HCIOIB3YIOT OJHOTOAUYHbIE JeKOPATUBHBIC IBEThl. OJIHUM U3 TaKHX YacTO
UCIOJIb3YEMBIX PACTCHUU SBIIAETCS pa3Hble cOPTAa rBO3AUKU. Pa3sHOBUIHOCTH TBO3JUKU MOKOPSET
TOPOJICKMX JKHTEJIEH W TYPHUCTOB CBOCH H3BICKAHHOM H yTOHYeHHOW KpacoTtoi [3]. Bwumm
NpPOBEJCHBI  (PCHOJIOTMYECKUE HAONIoJeHHs cocTosHus rBo3auku  [emmesura  (Dianthus
Heddewigii), xotopast 3(GGeKTHBHO HCIONB3YyeTCS B O3e¢/icHEHHH. PaHee OBUIM HCCIICIOBAHBI
pas3IuYHbIC COPTA TBO3MK, HO HCCIIEAOBaHUI copTa rBo3auku I 'eaneBura — HeT [2].

OpHMM U3 NpPUBJIEKATENbHBIX Pa3HOBUHOCTEN I'BO3MKHU sABIsAeTcs copT ['enneBura ¢ 6emnoit
U 4YepHOM KaliMoH. B cBsa3m c 3TMM, paccaqy TBO3AMKM copTa l'enneBura MOXKHO CakaTb Ha
TEPPUTOPUU TOpOJa C ampens Mecsa 0e3 OrNsSAKM Ha IOroJy Ha TEPPUTOPHUSIX FOKHOTO
Koipreizcrana. M B KoHIle ampensi MOCi€ NEPBBIX MOJUBHBIX pabOT TBO3AUKA HAYMHAIOT
oTpaliuBaTth OOKOBbIE MOOEru. B pesynbraTe nepBble LBETOUKH IMOSBISIOTCS B Hadaje Mas, a B
KOHIIE Mecsilla IBO3JMKa 00pa30BbIBAIOT I'yCThl€ KPAaCHUBBIE 3apOCIU C BBICOTOM Oosee TpHALATH
cautTuMeTpoB. OHM HE HMMEIOT apoMara W JIIOASIM C AJJIEPTUYECKUMHU OOJE3HSIMU HE CTPAIIHBI.
[lootomy B mocinenHue TroOAbl MYHULUINANbHOE mnpeanpusitue «Ouickuii KOMOMHAT 10
0J1aroyCTpOMCTBY U 3€J€HOMY XO3SHCTBY» IIMPOKO MPAKTUKYET MOCAAKY IBO3AUKU B O3E€JIEHEHUU
TpPOTyapoB roposa [1].

Mamepuanvt u memoowl

HccnenoBanue cocTosiHUSI TBO3AUKU IpoBoauiach B OLICKOH J1abopaTOpUHU MO KapaHTUHY
pactenui JlemapraMeHTa KapaHTHMHA pacTeHUid MUHUCTEpCTBA CENBCKOTO XO35KCTBA, MUIIEBOM
MPOMBIIIJICHHOCTH ¥ Menropaiuu Keipreizckoit PecyOnuku.

[lo TexHonorum mocajku rBo3AMKYy l'enneBura cedar B KOHIIE MapTa — Hayale amnpens B
MapHUKaX TETUIUI] TI0]T TTOJIMMEPHbIE HETKaHHbIE TTOJIOTHO — CrnanboHa. B 3TOoT nmepnoa HEMHOTO
MIOIMOPAYKUBAIOT MOCAOYHBIN MaTeprall U MOTOMY IBO3JUKA CTAHOBUTCS 00Jiee MOPO30CTOWKOM
10 CPABHEHUIO C APYTUMH pacTeHusMH [4].

[Ipouiecc uccnenoBaHus MaTOJIOTHU TBO3AUKHU [ eaieBura cocTosil U3 HECKOIbKUX dTamoB: 1.
OllEHKa CeMeH; 2. BbIsSBIeHHEe (uTomaroreHoB; 3. ompejencHue TpubOka Fusarium solani; 4.
ompezaenenue Staphylococcus aureus; 5. oreHka ceMsiH, MOCESHHBIX B MOYBY; 6. OICHKA Havaja
BEreTaluu; 7. OlleHKa MacCUBHOM (ha3bl Beretanuu; §. 3 OIIEHKa aMe/IJICHHUS BETETaIlHH.

brina mpoBezeHa OlEHKa MaTOJIOTMYECKOTO COCTOSIHUS caxeHleB reo3auku (Pucynok). B
pe3ysbTare uccienoBaHus cocTosiHus rBo3auku ['enneBuya Omickast 1abopaTopusi MO KapaHTHHY
pacTeHui BBIJIAJa 3aKIIOYEHUE O TOM, YTO KapAaHTUHHBIX BPEAHBIX OPTaHU3MOB HE BBISIBICHO. [Ipn
3TOM B 1BeTax BhisiBiieH Fusarium solani u Staphylococcus aureus.

OTBeTCTBEeHHBIE PAOOTHUKHU COOTBETCTBYIOIIEH CIYXKOBI /10 MOCAIKH I[BETOB HEJOCTATOYHO
JPEHUPOBANIK TIOYBY, HE MOJJEPKUBAIM BIAKHOCTh B COOTBETCTBUU ¢ rpaduxom monusa. [ms
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oOecrieueHurs 3I0pOBOTO POCTa U OOTATOTO IIBETEHUS] HEOOXOAUMO OBLIO TIOJTOTOBHUTH 3EMITIO JIJIS
MOCAJIKU I[BETOB I'BO3/IMKH. ['BO3[IMKA MTPEANOYUTACT HEHTPAIbHYIO KHCIOTHOCTH (6-6,5 pH) [1].

S o B N iy
el

Pucynok. I'Bozauka I'epnesura (Dianthus Heddewigii) maronorudeckoe cocrosiue pactenus: 1 -
MMPOU3BCACHHBIC CCMCHA, 2 - q)HTOHaTOFeHI)I, BbIpalllMBa€MbIC B YallIKC HeTpI/I; 3 - onpeneneHHmﬁ FpI/I6OK
Fusarium solani; 4 — onpenenennas Gakrepus Staphylococcus aureus; 5 - cemeHa, mocesiHHbIC B MOYBY; 6-
Ha4daJIO BEer¢Taluu, 7- maccUBHas (1)&321 BEreramuu, 8- 3aMCAJICHUC BCTCTAaIlNH.

belmm  ompeneneHsl KadeCTBEHHbIE M KOJIMYECTBEHHBIE XUMHWYECKHE II0KA3aTeNu U
MHKpPO3JIEMEHTHBIN COCTaB MMOYBBI B IBYX 00bekTax (PucyHOK 2).

81
58,5
5
3,2 6.9 25
7
vy oy
ConepxaHHe TTonpmKHOM IonemxHON PH 10% Ompenenexne
rymMmyca thocop KA BOJHOTO HHTPATOB
pactBopa
115
42,5
26
i “ 7
- -y
Conepxanne IMoaBHAHOR ToapHAHON PH 10% OmpejieneHne
ryMyca tocop KamHii BOTHOTO HHTPATOB
pacTtBOpa

Pucynok 2. KayecTBeHHbIE M KOJIMYECTBEHHBIE XHMUYECKUE ITOKA3ATENN CEPO MTOUBBI JIBYX 00BEKTaX
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PactenusiMm 1715 pocta M pa3MHOXKEHUS HY>KHBI HE TOJIBKO YTJIEKUCIBIN ra3, BoJa, CBET, HO U
XMUMUAYECKHE 3JI€MEHTHI, COSAMHEHUS], KOTOPBIE ABJISIOTCS MUHEPAJIBHBIM pecypcoM. MuHepaabHbIe
pecypchl, M3BIEKAaeMble M3 TOYBBI, JEIATCS Ha MaKpOIJIEMEHTHl M MHKpPO3JeMEHTHI. I1oCcKoIbKy
pacTeHust CTPOSIT CBOM Teja, YJalsisl U3 MOYBBI CIEAYIOLIUME MakpodieMeHThl - a30T (N), dochop
(P), cepy (S), xanuii (K), kanpruii (Ca), marauit (Mg), sxene3o (Fe) u MuUKpoaieMeHThl — MapraHel
(Mn), musk (Zn), menp (Cu), 60op (B) 1 KOTUYECTBO MAaKpO U MHUKPOARJIEMEHTOB OBUIO M3yYCHO U
nokaszano Ha Pucysnke 3.
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e
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ENMND Mr/KT BMo Mr/KT B Co MT/KT B Cu MI/KT BB Mr/kr B Zn MT/KT
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0,12
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Pucynok 3. Tlokazaresneii MHKpPOIJIEMEHTOB CEpOM IMOYBBI JBYX OOBEKTOB II0 pe3yJibTaTamM
71abOPaTOPHBIX UCTIBITAHUN

Hcxons ux MPOBEACHHBIX aHAIM30B, MpeUIaraeéM OTOOPaHHBIX IS MOCAIKH IBETOB TOYBY
HY)KHO HM3BeCcTKOBaTh myTéM BHecenus miBecTd 200-500 r/m? . Eciu KHCIOTHOCTH TOYBBI BBIIIE
HOPMBI TO HEOOXOAUMO J00ABUTH B U3BECTKOBYIO CMECh KOCTHYIO MYKY MJIM HaTPUEBYIO CEIUTPY.
Ha xadecTBO mocajiku BiUsieT cucTeMa OOpabOOTKM MOYBBI Mepe] MOCAAKOW W Ui YKpEIUIeHUs
UMMYHUTETa MOXKHO HWCIIOJIb30BaTh PETyJSIpHBbIE TMOJKOPMKH KOMIUIEKCHBIMU YAOOPEHHSIMH,
comepxkammMu  a3oT, Gochop u kamuid. Takke BaXHO COONIOAATH TPaBUIIBHBIC YCIOBHUS
BBIpAIlMBAaHUs: ONTHUMAJIBHBIH [TOJIMB, XOPOIIIee OCBELICHUE U NMPaBUIIbHO MOJ00paHHas 0YBa.

Jlo BBICA)XMBaHUS paccajbl NPOU3BOIUTH MPOPMIAKTUKY MOuUBbl (yHrumuaamu. OHa
3¢ PeKTUBHO TMOAaBISET BO3OYAHMTENCH Pa3IWYHBIX BPEIUTENICH pacTeHM, a Takke OopeTcs C
THUJIBIO. [1J1s1 o0oraleHust MoYBbl HCIOIh30BaTh HABO3, APEBECHYIO 30JTy U TIEPETHOM.
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COBPEMEHHOE 3KOJOI'MYECKOE COCTOSHUE 'OPOJOB KbIPT'BI3CTAHA:
MEPBI 110 YJIYUIIEHHIO (na npumepe ropoaa Om)
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unen-xopp. HAH KP, Ouwickuii 2ocyoapcmeenHblil yHUugepcumen,
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THE CURRENT ECOLOGICAL STATE OF KYRGYZ CITIES:
IMPROVEMENT MEASURES (On the example of the city of Osh)

©Koshueva K., ORCID: 0009-0008-7647-9835, SPIN-code: 3104-2145,
Osh State University, Osh, Kyrgyzstan, koshueva81@inbox.ru
©Zhumabaeva T., ORCID: 0000-0001-8837-9702, SPIN-code: 5281-8414, Dr. habil.,
corresponding member of NAS KR, Osh State University, Osh, Kyrgyzstan, zhumol@oshsu.kg

Annomayus. B paboTe mnpeiCcTaBiICH KpaTKH aHAIM3 COCTOSIHUS TOPOJCKUX IOCanoe
JIepeBbeB M KycTapHukoB ropoga Omi. [IpoBeneHa oleHKa OHOJIOTMYECKOTO OJaromoirydus
OTIENBHBIX BUAOB. BbIsABICHBI 3a00JCBaHMS pPACTEHUH B YCIOBHSX TOPOJICKOH Cpelnbl |
OTIpe/ieNieHbl OCHOBHBIC BPEAUTEIN PacTeHH. 3a()UKCHPOBAHBI BCIBIIIKA MaCCOBOTO 3a00JICBaHUS
nay0a, BO30OyaMTENEeM KOTOpOro siBisieTcs nyOoBeiii mwmwibinuk (Profenusa pygmaea). B
pe3yibTare B KayecTBE PEKOMEHMAAIUI TPEIIOKEHBI JIJISl MOCAJIKU B TOPOJE YCTOWYHMBBIC BHJIBI
JIEPEBbEB U KYPCTAPHUKOB M MEPHI 110 MX 3aITUTE.

Abstrsct. The paper presents a brief analysis of the state of urban tree and shrub plantings in
Osh. An assessment of the biological well-being of individual species was made. Plant diseases in
urban environments were identified and the main plant pests were determined. Outbreaks of a mass
oak disease caused by the oak sawfly (Profenusa pygmaea) were recorded. As a result, resistant tree
and shrub species and measures for their protection were proposed as recommendations for planting
in the city.

Knrouesvie cnosa. KpIpreI3cTal, 5KOJOTHs TOpOJa, AEPEBBS, 03€JIEHEHUE IOPOAA, BPEIUTENH
pacTeHui.

Keywords: Kyrgyzstan, urban ecology, trees, urban landscaping, plant pests.

CerosHa OIHOW M3 KIIOYEBBIX MPOOJEM SBISAETCS YXYALIAIOIIASACS SKOJIOT0-CaHUTapHOE
COCTOSIHME TOPOJIOB U CENI CTPAHbI. Y BEJIMUEHUE TPAHCIIOPTHBIX CPEACTB, UCIIOJIB30BAHUE IOPHOYUX
MaTepUajoB B OTONMUTENLHBIX MaTepUAIOB B OTONUTEIbHBIA CE30H U Apyrue (pakTopbl MPUBEIU K
3ara3oBaHHOCH BO3/1yXa, BOSHUKHOBEHHMIO CMOTa M YyXYZIIEHUIO 30pOBbsl HacelneHus. B cBA3mM c
9TUM, OpraHbl YNPAaBJIECHUsS FOPOAAMHU U CEJIAMU BBIHYXKIEHBI IIPOU3BOJUTH 3KOJIOIO-CAHUTAPHBIE
paloThl Mo yiydmieHHto cocTossHus. [Ipu 3ToM, Hy’)kKHO 0c000 OTMETHTH PabOTy MO YIIYUIIEHUIO
9KOJIOTUYECKOM 0O0cTaHOBKM MdIpuM ropona Om, a Takxke HayuHoro wuccienoBarenbckoro
MHCTUTYTa OHOJOrOMETUIIMHCKUX MpoOiem, Ouickoil nabopaTopuu HO KapaHTUHY pacTeHMIA,
MYHULUOATBHOTO mpeanpusatus «OmCckuii KoMOWHAT 1o OJIaroycTpoiCTBY M 3€JIeHOMY
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X03s5icTBY». B X07€ uccnenoBanusi HayuyHbIMH HccienoBaTessMu HaydHoro ucciieoBaTeabcKoro
MHCTUTYTa OMOJOTMYECKH-MEAMIMHCKUX MpolieM M acnupantamu OIICKOTo rocyaapCTBEHHOTO
YHHUBEPCHUTETA BBISIBIICHBI PsIIl BpEAUTEICH pacTeHUI U Bo30yauTenei 6onesneit [1-5].

B 1940-e u 1950-e¢ romer Bceit tepputopuit CCCP TpebGoBanack yIIydIlIeHHE SKOJIOTO-
CaHUTApHOTO cocTOsiHUS. BoeHHble neiicTBus Ha Tepputopusx bemopyccum, Ykpaunsl, Poccun,
[Tpubantuku, 3akaBKa3bs NMPUBEINM K AHTHCAHUTAPHOMY COCTOSHHUIO TOPOJOB M CEJ, a TaKkKe
BHEIUIAHOBAs BHIPYOKa JIECCOB YHMUYTOXXWJIM 3€JIEHHBIX HACAKICHHH CpeIHEa3auTCKUX DPErHOHOB.
Bce aTu (dakThl B mocieBOECHHbBIE TObI YTPOKAIN 3OPOBBIO TPaXJAaH U MOTIHU Obl CTaThb 0Yarom
BCIIBIIIIKA pa3IMuHbIX 3a0oneBanuii cpenu rpaxaan CCCP. Iloatomy, mo wmuunmarupe CHK
PC®OCP «O necoBoccranoBuTenbHBIX padorax Ha Tepputopun PCOCP» (moct. CHK PCOCP Ne7.
Ot 4.01.1946 r.) (2). UanumaruBa PCOCP nan moBox pacnpoCTpaHEHHIO OIbiTa pabOThI 1O
YIIYYILIEHUIO 3KOJOro-CaHUTapHOM OOCTaHOBKH B cTpaHe. B cBs3u stuMm, mno ykaszy IlepBoro
cekperaps [IK KIICC HM. B. Cramuna Coser MunuctpoB CCCP u IIK BKII(0) wu3man
nocraHoBieHne «O IUIaHE TI0JIE3aIUUTHBIX JIECOHACAXJIECHUM, BHEIPEHMsSI TPaBOIOJbHBIX
CEBOOOOPOTOB, CTPOUTENHLCTBA IPYAOB M BOJOEMOB ISl 0OECIEUEHHS] BBICOKUX M YCTOMYMBBIX
ypO’KaeB B CTEMHBIX U JiecocTenHbIX paiioHax» (moct. CoBmuua CCCP u IIK BKII(6) Ne3960 ot
20.10.1948 r.) (3). Ilnan paboT MO yJIYUIICHUIO DKOJOr0-CAHUTAPHOTO COCTOSIHUS CTPaHbI ObLI
pacuutan Ha riepuoa 1949 mo 1965 roapl. A B 1950 T u3-3a BO3HUKIIUX MPOOJIEM, CBA3AHHBIX C
BpEIHBIMU HaceKOMbIMM U Bpeautensmu pacreHudt Coser MunuctpoB CCCP  wuzpan
nocranoBienue «I[lonoxenue o rocyaapcTBeHHoi ecHoit oxpane CCCP» (Nel181. Ot 22.03.1950
r.) (4). B mocraHoBieHHH OBLIO yKa3aHO psii Mep MO OOpbOe C BPEOUTENSIMH PACTCHUN M
MIPEJIOKEHO MPOU3BOAUTH IOCAAKY OBICTpOpPACTYLIUX JepeBbeB. B cBsA3M Cc 3TUM, BO BCex
pernonax CCCP npoBoauiuchy paboThl 0 aKTHBHOM 1MOCAIKE TOMOJICH.

CornacHo XapakTepUCTUKE PACTEHHsI, TOMOJb — HEMPUXOTIUBOE OBICTPOPACTYIIOE AEPEBO C
€CTECTBEHHBIM (UIBTPOM [0 OYUCTKE Bo3ayxa. K Tomy ke, 3Tu AepeBbs He TpeOoBanu OOJBLINX
IJIomaaen M3-3a MUpaMugaIbHOW (GopMbI pacTeHHs. BbiOop Tomosis, Kak BUAA JJIS O3CJICHEHUS
rOpOJIOB, OCHOBBIBAJICS M HAa TOM, YTO OH MOT 3(Q(EKTHBHO OOpPOTHCS C BBICOKUM YPOBHEM
3ara30BaHHOCTM  MyTEM  MOIJALIEHUS  BPEIHBIX  BBIOPOCOB B OKPYKAIOIIYI0  Cpedy
(https://goo.su/Qpuk).

[lo MHeHuto OHOJOroB, 3a OJMH TEIUIBIM CE30H OAMH TOMOJb YOMpaeT U3 arMmocepsl
npumepHo 30 kxr caxu u a0 180 xr yrimekucnoro rasza. Ilo mpupogHeIM XapakTepUCTUKaM OAMH
TOMOJIb, BBIIESSL KUCIOPOJ, MOT OOECHeYUTh YUCTBIM BO3ayXoM 4 B3pocinbix mroged. K
COXAJICHUI0, MHOTHE PYKOBOJIUTENM H3-3a OCTCYTCTBHUS 3HaHUM B 00JacTH pPacTEeHHEBOJCTBA
MIPOM3BOJIMIIM TOCAJKY TOIOJIEH HE YYMTHIBAas UX XapaKTEPUCTHK M BHUJIOB. DTO MPHUBEIO K
npobsieMe, CBSI3aHHOTO C pa3BUTHEM OoJie3Hel MmpoBoLupyrolux amiepruto. Kak HaMm H3BeCTHO,
ajuleprudeckre OOJIe3HM CBSi3aHHBIE C BO3JIEMCTBMEM YEpHOTO TOIOJSA Ha JbIXaTeJbHbIE MYTH.
CornacHO IPUPOAHBIM CBOMCTBaM uepHBIi Tomouk (Populus nigra) mim ocokops BEIOpackIBaeT Imyx
B Buje 1[BETOB. IMEHHO pacKpbIBIIMECS BECHOI KOPOOOUKH IUIOJO0B KEHCKUX TOIMOJIEH MPUBOAST
K BO3HHUKHOBEHHIO ajjieprudyeckux oosnesHeil. [loaTtomy, ceronHAIHUME CrienUaiiCcTaMyi CUCTEMbI
3/[paBOOXPAHEHUS] M DSKOJOraMHu IpeUIaraloTcsi I0caJka TakKoro BUIAa TOMNOJSA, KaK TOIOJb
kuTaiickuii mupamugansHbeiid (Populus simanii). Oxa He TpeOyeT 0coOBIX YCIOBUI BhIPALIMBAHUSL.
[ToaToMy, ONBIT pabOTHI B TOJIbI COLUAIMCTUYECKOTO OOIIECTBA OYEHDb 1IEHHA U B HACTOSIIIEE BpEMSI.

B nocnennue roasl MHOrue ropona KelpreizctaHa nepexuBarOT SKOHOMUKO-3KOJIOTMUECKUN
KPHU3HUC, CBSI3aHHBII C 3arpsi3HEHHEM BO3JyXa aBTOMOOWJIBHBIMHM BBIOPOCAMH W MAPHUKOBBIMU
ra3aMi, B CBSI3U C YBEJIMYEHUEM KOJIMYECTBA ABTOTPAHCIIOPTHBIX CPEICTB CTapble IEPEBbsS HE
CHPABIAIOTCA 33Jaueil 0 OYUCTKE BO3JAyXa B ropojckoi cpene. IToatromy mapus ropona Omn
wianupyet B 2025 roay BeIpyOUTH OoJiee TpeX ThICSY CTapbIX OOJBHBIX AEPEBbEB U NMOCATUTH Oolee
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gyeThlpeX ThicsY Mosoabix caxkenre (https://goo.su/62MxSn2). T'opojackas 3KOJOTHSI-3TO He
TOJBKO OYMCTKAa TOpOJa, HO W CO3JaHUE 3J0POBOM KIMMATHYECKOW M TYPUCTUYECKOU CpPEMBI.
CeromHa OT 4YHMCTOTHI W TPUBJICKATEIBHOCTH TOPOAA 3aBUCHUT €r0 JOXOA OT BHEIIHEro H
BHYTPCHHETO Typu3Ma. B CBsI3M ¢ 3THUM /sl TOPOJICKHUX TEPPUTOPHI (TOPOICKHX TPOTYapoB,
CKBEPOB, MTAPKOB M T.JI.) BOZHUKAET HEOOXOJMMOCTh pa3pabOTaTKU IUIaHa paOOThI MO0 OYHCTKE OT
3200JIeBIINX PACTCHHIA, 03€JICHEHUIO 1 00YCTPONUCTBY IUIOIIAACH.

B ckBepax u mapkax ropoga Omur ObUTH 3a()MKCHPOBAHBI BCHBIIIKA MAacCOBOTO 3a00JEBaHUS
nyOa, BO30OymuTeneMm kotoporo smisercs Profenusa pygmaea — ay0oBbIfi HHIMIBLIMK. ITO
MOJITBEPXKAAETCS  J1a0OpaTOpHBIMH  UcclenoBaHusiMu  ONICKOH  1abopaTopu 1O  KapaHTHHY
pactenwuii B 2024 r (1).

B xone MoHHTOpUHTA OBLJIO BBISIBICHO MATOJIOTUYECKOE COCTOSIHUE IEPEBbEB HA TEPPUTOPUU
ropojaa Ol ¥ IPUTOPOIHBIX TeppUTOpHUid paiioHoB Omickoin obnactu (Pucynox 1).

PI/IC}/HOK 1. HOpa)KCHHI:Ie JACKOPATHUBHLBIC APCBCCHBIC PACTCHHUU I'OPOJaa Om

B pesynbrate ObUIO ycTaHOBJIEHO, YTO (Da3bl pa3BUTHS MHBAa3WBHOTO Bpemutens Profenusa
pygmaea pasziauuHbl B KaXJIOM peruoHe. YToObl NpesoTBpPATUTh 3TOT MPOLECC, HEOOXOAUMO
PETyJISIpHO JIEYUTh PACTEHUsS COOTBETCTBYIOIIMMHU Ipenapatamu. KomuuecTBo BpenuTenei,
KOTOpBIE MOTYT TIEpE3UMOBaTh B TOYBE MOXKET ObITh Oosbmioe. [lpm Hammumm okono 50-100
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BpemuTeneii Ha 1 M2 — BBICOK YPOBEHb DHCKA PAaCIPOCTpaHEHHs 3abONeBaHMI PACTEHHIL.

Bpeaurenu MOTyT pacmoiBratbCs Ha pPa3HBIX YpPOBHSX IOYBEHHOTO CJIOS M TIOITOMY OIlEHKa
mpoOJieMbl OYeHb 3arpyaHuTenbHa. Ha rmybube mouBel ot 3-5 cm go 10-15 cm Bpenurenw
HaxozsaTcs B crsiuke. C MPUX0J0M BECHBI BPEIUTENIM HAUMHAIOT BBIXOJUTH U3 MeCT crisuku. bopnOa
C BpeIUTENsIMH B BECEHHUU MepHoJ, OCOOEHHO B Mae, TpeOyeT ocoboi TmiarenbHocTU. [Ipm
OTCYTCTBHUH MPHHSITHIX MEp — YBEIHMYMUBACTCS PUCK MAcCOBOTO pa3BUTHUA Bpeauteneid. Hampumep,
KaK TIIOKa3bIBaCT TPAKTHUKA, BPEAUTEICH MOXMOKEBEIbHHKA TPYIHO HCKOPCHHTh, TOTOMY 4YTO
MPOJOJKUTENFHOCTD UX )KM3HEHHOTO LIMKJIA 3aBUCUT OT (ha3bl UX pa3BUTHUs, a 00pabOTKa pacTeHui
— Oonee mmmtenbHbI mporece. Ceroanst Planococcus vovae siBisieTcss OCOOBIM  COCYIIUM
BpEAUTEIIEM MOXOKEBEIbHUKA. MOKKEBEIIbHUKOBBI MYYHHUCTHIN YepBel] MOJTYYWI CBOE Ha3BaHUE
M3-3a ero OeNbIX XJIONBEBUIHBIX MIIM MMOPOIIKOOOPA3HBIX BBIACICHHUN. 3a TOCIeqHre 2 Tofa u3-3a
ONaronpusATHBIX TOTOAHBIX YCIOBUH MJIsi €ro pa3BUTHUS OH CHOBAa CTall YacThIM BpEAHUTENEM
JICKOPATUBHBIX XBOMHBIX PACTECHUM.

Pucynox 2. M3yueHnne moBpeKIEHHBIX JIEKOPATUBHEBIX IPEBECHBIX PACTCHUMA
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Bpenureneit BeIsBIIM B J1a0OpaTOpHU KapaHTHHA pacTeHHi Omckon o01acTi. B HEKOTOPHIX
palioHax ToOpoja KOJUYECTBO MEPTBBIX XBOWHBIX JIEPEBBEB MPOJOJDKAET YBEIUYHBAThCA. B
ycnoBusx ropoja O y MOXKEBEIbHUKA Pa3BUBACTCS OJJHO TTOKOJICHHE B TOJ. JINUMHKHU IEPBOTO U
BTOPOr0 BO3pacTa 3UMYIOT IOJ YeUlyed M B TpEIIMHAX KOpbI TOJICTBIX M TOHKUX BeTBeil. [locne
MOSIBJICHUS B OJIarONpUATHBIX YCIOBUSIX B KOHIIE BECHBI, Hayalle JIeTa OHU MPEIIOYUTAIOT CEUTHCS
B Ma3yXaxX XBOU B HUKHEHW 4aCTH KPOHBI, YTOOBI N30€KATh MOMAJaHMsI IPSIMBIX COTHEYHBIX JTy4eH,
a TaKKe MHUTPHPYIOT Ha Mosioable moOerd. CaMKu HEAaKTHBHBI, MOKPHITHI OEIbIM HAJETOM U
JOCTUTalT 3 MM B JuIMHY. CaMIlbl HAMHOI'O MEHBUIE, Y HUX €CTh KpPbLIbsi, HOPMAJIbHO Pa3BUTHIC
HOTU U OpIOLIKO C JBYMsI XBOCTOBBIMH IUTaBHUKaMH. [locne cmapuBaHus caMKd MUTPUPYIOT Ha
0oJsiee TOJICTBIE BETBU, 00pasys SMIIEBOJ], KOTOPBIA OTKJIAABIBACT SiIla O KOHIA JieTa. 3a OJUH pa3
oHu oTKiIaAbIBAlOT OoT 90 mo 220 stun. JIMUMHKK BBUTYIUISIOTCS C KOHLIA WIOJNS 1O CEHTSIOph H
OCTAIOTCS Ha 3UMy. B pesynbpTaTe M0JI00€ MOKOJIEHUE pa3BUBAETCA B T€UEHHE roja. B kauecTtse
[penaparoB MPOTUB BPEIUTEIEH MOMOKEBEIbHUKA MPUMEHSIOT WHCEKTULUABl CHCTEMHOIO
nerctBudA. IIpakTudueckn OHM 4Halmle NOPUMEHAIOTCS JUIsl JICYEHHUS] PACTEHUM XBOWHBIX U
JICKOPAaTUBHBIX BUOB. B 1eNsX JIedeHHs 3apakKCHHBIX PAacTEHUH 00pabOTKYy HYKHO IMPOBOIUTH HE
MEHEE TpeX pa3 3a ce30H ¢ uHTtepBasioMm 10-14 nHeil.

5 Tabnnna
MUKPOOPT'AHU3MBI PACTEHHNU r. OII

Hazeanue pacmenuti Mecmo coopa Bpeoumens Buo nospesicoenuti

Platycladus orientalis (L.)
Franco

I110CKOBETOYHHK BOCTOYHBIH,
Tys BocTouHas

Quercus robur L.

y0 uepenrgaTorit

mp. A. Macamuesa, yia.Planococcus vovae
Kypmanxkan [latka

Cyxoe yBsiJaHUE JINCTHEB

Cylospora pini

yi. Kypmamxkan Jlatka  Profenusa pygmaea IToxenTeHue TUCTHEB

Pseudomonas quercus Hannuwre msiTHa Ha JTHCTE

Acer platanoides L. ya. H. HWcanosa, A.Pseudomonassyringae  IloxkenTeHue JHUCTHEB,
Knén octponuctHeli, Macanuesa, T. - TIOSIBJICHUE TSI TEH
« " Pectobacterium

Knén mmataHoBUIHEIN KaceimMOexoBa
caratovorum

Acer negundo L. yn. H. Wcanosa, A.Phyllosticta lacerans Ioxentenue,

Knén amepukanckui, Macanuesa, T. BBICHIXaHUE JINCTHEB

Knén siceHennCcTHBIN KacrsimbekoBa

Paulownia Siebold & Zucc., yn. H. HcanoBa, A.Pseudomonassyringae  IloxenteHue ITUCTHEB

1835 Macanuesa, T. Staonvl m

[MaBIOBHUS KachMGekoBa apny OC_OCCUS O0XXEJITCHHUE JINCTHCB
saprophyticus

Ulmus L. ya. H. HWcanosa, A.Xanthomonas gardneri  Tloxenrtenue,

Bsi3, Unbm Macanuesa, T. BBICBIXAHUE JINCTHEB

KacbimbekoBa Pseudomonas syringae  Tloxenrexue,

BBICBIXaHHUEC JIMCTHCB

Wrak, npeBecHble pacTeHUs Ha TeppuUTOOpHM ropoja Ol MOpakeHbl SHTOMOJIOIMYECKUMH,
6aKTepI/IOHOFI/I‘—IeCKI/IMI/I A MHKOJIOTMYECKMMHU IMaToreHaMu. Y 3a00JI€BIINX paCTeHI/Iﬁ CHUMIITOMBI
OBLIIN CXOKHUMHU: YBAOAHHUE, 06p330BaHI/I€ onyxoneﬁ B KOpHAX, IMOKCITCHUC U IMOABJIICHHUEC ITATCH Ha
JIMCTBSAX, PACTEHUE HE MOIJIO BBINOJHATH CBOU BEreTAlMOHHBIE U (POTOCHHTETHYECKUE (DYHKIIHH.
Takue moBpex/IeHHbIE JEKOPATUBHBIE JAPEBECHBIE PAacTeHUs ObUIM OOHapy)KeHbl 1o yiumam: H.
Hcanosa, A. Macanuesa, T. KaceimbexkoBa u Kypmanskan Jlatku.
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NON-EQUILIBRIUM CHARGE CARRIERS IN SILICON WAFERS:
DYNAMIC CHARACTERISTICS
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Andijan State University, Andijan, Uzbekstan

Annomayus. PaccMaTpuBarOTCsl TUHAMUYECKHE XapaKTEPUCTUKU HEPAaBHOBECHBIX HOCUTENEH
3apsfa B KPEMHUEBBIX IIacTMHAX. OmMCaHbl METOJbl U3MEPEHNUs, TAKUE KaK METOJbl BPEMEHHON
pe30IbBUPYEMON  (POTOTIOMUHECLEHIIMM, M HMMITyJbCHOH (OTOKOHIYKTUBHOCTU. KOTOpBIE
MO3BOJISIIOT 00JIee TOYHO OLEHUBATh BpeMs KU3HU HOocuTenel 3apsana. [lomyueHHble naHHBIE 1S
mwiacTuH TonumuHoW (.02 cM MOKa3bIBAIOT, YTO XapaKTEPUCTHUKU COOTBETCTBYIOT H3BECTHBIM
3HAYEHUSM JJII MOHOKPUCTAJUIMYECKOTO KpeMHHUs. OTO TOATBEPKIAeT LelecooOpa3HOCTh
UCMOJIb30BAHUS JAHHOW TOJIIMHBI JUIS ONTUMH3ALMK (OTOMPOBOAUMOCTH M 3(PeKTHBHOCTH
npeoOpa3oBaHMs COTHEYHOW SHEprur. BaxkHO Tak)ke OTMETHTh, UTO JaJbHEUIINE HCCIIEIOBAHUS
MOTYT OBITh HAamlpaBiieHbl HAa ONTHUMH3ALMIO TOJIIMHBI IJIACTUHBI JUISl JOCTHXKEHUS elle Oosee
BeICOKMX 3HaueHui KIIJI u npyrux mapaMeTpos.

Abstract. The dynamic characteristics of nonequilibrium charge carriers in silicon wafers are
examined. Measurement methods such as time-resolved photoluminescence and pulsed
photoconductivity are described, which allow for a more accurate assessment of the lifetime of
charge carriers. The data obtained for wafers with a thickness of 0.02 cm show that the
characteristics correspond to known values for monocrystalline silicon. This confirms the feasibility
of using this thickness to optimize photoconductivity and solar energy conversion efficiency. It is
also important to note that further research may focus on optimizing the wafer thickness to achieve
even higher values of efficiency and other parameters.

Knrouegoie cnoea: KPEMHHI, (G OTONIOMUHECLIEH3HH, (OTOKOHYKTHUBHOCTH,
(OTOMPOBOANMOCTS.

Keywords: silicon, photoluminescence, photoconductivity, photoconductivity.
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HccnenoBanust IUMHAMMYECKMX XapaKTEPUCTUK HEPAaBHOBECHBIX HOCHUTENEH 3apsaa B
KPEMHHEBBIX TIACTHHAX MPEJCTABISAIOT cO00M KIIOYEBOM acMeKT B 00JacTy MOIYIPOBOIHUKOBOM
¢usuku u mekTpoHuKH [1-3]. C y4eToM CTPEMUTENBHOTO Pa3BUTHS TEXHOJIOTHH, CBS3aHHBIX C
MHTETPAJIbHBIMM CXEMaMH U MUKPO3JIEKTPOHUKOM, MOHUMAaHHWE IUHAMUYECKMX XapaKTEePUCTHK
3TUX HOCHUTEJEeH CTaHOBUTCS Bce Oosiee BakHbIM. HepaBHOBecHble HOCUTENW 3apsjia, Takue Kak
AJIEKTPOHBI U JBIPKH, MIPAIOT KPUTHUYECKYIO pOJb B MpOIEcCax, CBA3AHHBIX C PEKOMOMHAIMEH,
maddy3ueii M TpaHCIOPTOM  3apsiia, UTO HANPSAMYIO BIUSET Ha JPQPEKTHBHOCTh U
MPOU3BOAUTEILHOCTD MOJYIPOBOAHUKOBBIX YCTPOMCTB [4].

B nureparype mupoko npencTaBieHbl Pa3InyHble MOJIENH, ONUCHIBAIOLINE TPAHCIOPTUPOBKY
HEpaBHOBECHBIX HocuTeneil. Hanpumep, monens bonpimana u ypaBHenue auddysuun sBistorcs
OCHOBHBIMH HMHCTPYMEHTaMH Ul aHAIW3a JUHAMUKUA HocuTeneil. OHU TO3BOJIAIOT HCCIIEAOBAThH
BIIMSIHME PA3JIMUHBIX (DAKTOPOB, TaKUX KaK TeMIIepaTypa, 3JIEKTPUYECKOE I10JIe U KOHLIEHTPALUs
IpUMeceil, Ha noBeJieHre HocuTeaed. PekoMOMHaIMs HepaBHOBECHBIX HOCUTENEH 3apsia sABisieTcs
BaKHBIM MPOIIECCOM, KOTOPBIM ONpeAenseT X JUHAMHUYECKHUE XapakTepucTuku. B pabotax [5,6]
OOCYX/AalOTCS MEXaHHW3Mbl PEKOMOWHAIIMM W WX BIUSHHE HAa BpEeMs >KU3HH HOCUTENCH. OTH
UCCIIEIOBAaHMsI TOKA3bIBAIOT, YTO Haluuyhe Je(EeKTOB B KPHUCTAIIIMYECKOW pelleTke KpeMHHUs
3HAYUTENbHO  YBEIMYUBAET CKOPOCTb pexkoMOumHauuu. JInsd  u3ydeHHs  JIMHAMHYECKUX
XapaKTepUCTUK HEPABHOBECHBIX HOCHTENEH HCHOIB3YIOTCA pPAa3JInYHbIE SKCIIEPUMEHTAIbHBIC
METO/BI, BKIIOYas BPEMEHHO-PE30HAHCHYIO CIEKTPOCKONMHI0 M (HOTOMpPOBOAMMOCTE. B pabote
“Time-Resolved Measurements of Nonequilibrium Carrier Dynamics in Silicon” omucaHsl
pe3yabTaThl M3MEPEHUM, IOKa3bIBAOLINE, KaK pa3jIHuHble YCIOBUS BO30YXKACHUS BIUAIOT Ha
JMHAMHKY HOCUTENeH [7].

Kak wu3BeCTHO, HEpaBHOBECHBIE HOCHTEIHM 3apsiia MOTYT TEHEpUPOBATHCS PA3TUYHBIMU
ciocobamu, BkiItodas: GoToHHOE BO30YKIeHUE, T.€ B Ipolecce, NP KOTOPOM (OTOH mepenaeT
SHEPIUI0 MIEKTPOHY, CO3/aBasl Mapy 3JIEKTPOH-IbIPKa, a TAKXKE B TEIUIOBOW I'€HEepaluy, a UMEHHO
MIPH TIOBBIIICHUH TEMIIEPATYPhl B KPUCTAJUIMYECKON pemIeTKe KPEeMHHUsSI MPOUCXOANUT YBEIWYCHUE
KOHIICHTpAallMu HocuTenell. BakHbIMH XapakTepucTUKaMu sBIsIIOTCs (1) mepwox, B TeueHHe
KOTOPOr'O HOCHUTENIM OCTAIOTCS B HEPAaBHOBECHOM COCTOSHUM 10 PEKOMOMHAIMU (BpeMs >KU3HU
HocuTelnel) u (2) mporece, B pe3ysibTaTe KOTOPOro 3JEKTPOH U AbIpKa aHHUTHIIMPYIOT, OCBOOOXK/1ast
sHepruto (pekomOuHamms). s u3ydeHHs AMHAMUKA HEPABHOBECHBIX HOCHUTENEH HCIOIB3YIOTCS
Pa3IMYHBIE METO/IbI, TAKHE KaK CIIEKTPOCKOIHUS M (YOTOIFOMHNECIICHITHSL.

[loHnMaHMe JWHAMMYECKMX XapaKTEpPUCTHK HEPAaBHOBECHBIX HOCUTENEH BaXHO s
ONTUMM3AIMK COJIHEYHBIX 3JEMEHTOB C LENbI0 yBeanueHHe 3(PQPEeKTUBHOCTH MpeoOpa3oBaHMS
COJTHEYHOM DHEPTUU U Pa3pabOTKH HOBBIX MOJYIPOBOIHUKOBBIX MAaTEPUANIOB, T.€. CO3JIaHHE OoJiee
3¢(}EeKTUBHBIX M JOJTOBEYHBIX YycTpodcTB. C  yderoM TeKylmuMX TEHJIEeHUUH B olnactu
MHUKPOAJIEKTPOHUKHU U (DOTOHUKH, UCCIIE0OBAHUS HEPABHOBECHBIX HOCUTENEH 3apsia B KDEMHHUEBBIX
IUTACTUHAX CTAHOBSTCS Bce OoJiee aKTyalbHBIMHU. Ba)KHO MpOOIKaTh U3yYEHHE STHX IMPOLECCOB
TSt pa3zpaboTku 6omee 2G(HEeKTUBHBIX MOTYPOBOAHUKOBBIX YCTPOUCTB. Takum o0pa3om, u3ydeHue
HEPaBHOBECHBIX HOCHUTEJICH 3apsaa B KPEMHHEBBIX IUIACTUHAX SIBJISIETCS MHOTOTPAHHOW M aKTHBHO
pasBuBaromIelcs 007acThlI0 M JUHAMUYECKHE XapaKTePUCTHUKU OTHX HOCUTENEeH SBISIOTCA
OCHOBOIIOJIATrAIONIMMU U1l TOHUMAHUS U ONTUMM3AIKUK PadOThI MOJYTPOBOHUKOBBIX YCTPOUCTB,
YTO MOJYEPKUBAET HEOOXOMMOCTD JTaTbHEHIITNX UCCIEAOBAaHUHN B ATOM 00JIaCTH.

Ota padoTa npeAcTaBiseT pe3yabTaThl UCCIETOBAHUS IPUMEHEHUS «IIePEXOIHOr0 METOIa» 1
«MeToJ]a OECKOHTAKTHOH KBa3HCTAIMOHAPHOW (POTONPOBOAMMOCTUY ISl ONpEAETCHUsS BPEMEHH
KHU3HU HOocuTenel 3apsana (H3) B kpeMHUEBBIX IIaCTHHAX.
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Mamepuanvt u memoowvl ucciedos8anus

Cy1iecTBYIOT JBa OCHOBHBIX METO/1a ONIpeiesieHUs BpeMeHH >xu3nu H3:

1. Meron BpeMeHHOH pe3onbBupyeMoii potomomunectuenu (TRPL). Otot mMerox ocHOBaH
Ha U3MEPEHUU BPEMEHHU, UYepe3 KOTOPOe HOCUTENH 3apsiia (3JIEKTPOHBI U JIBIPKH) PEKOMOUHUPYIOT
ocJie BO30YXKICHUSI MaTepraia CBETOM (OOBIYHO JIa3epoM).

2. Meton wuMmynabCHOW (OTOKOHAYKTHBHOCTH. OTOT METOJ, OCHOBAaH HAa HW3MEpPEHUU
M3MEHEHHM B IPOBOJMMOCTH MaTepHala 1mocie ero BO30yKIECHHs CBETOM.

O6a wmetona saBisAOTCS AGGEKTUBHBIMU ISl WCCIIEIOBAaHUS JUHAMHKUA HEPABHOBECHBIX
HOCHUTENIEH 3apsifa U UMEIOT CBOM YHHKAJIbHbIC MPEUMYIIECTBA B 3aBUCUMOCTH OT HCCIIEyEeMOT0
MaTepuaia U yCJIOBUI 3KCIIEPUMEHTA.

[TepBBIii METO BKITFOYAET MHXKEKIIMIO M30BITOUHBIX HOocHuTenel 3apsana (H3), B To BpeMs kak
BTOpOil TpeOyeT purcupoBanHoi reHepanuu H3 B cranmonapHoMm coctossau. Bpems xuzau H3
paccuuThIBaeTCA MO pa3HbIM (opMyJiaM B 3aBUCMMOCTH OT YCJIOBUN T'eHEpalyi U peKOMOWHAIUH.

[lepBelii  MeTOA, BpEeMEHHAs  pe30oJbBHpyeMas  (OTONFOMHUHECIICHIIUS,  TO3BOJISET
OCCKOHTAKTHO M3MEpPSTh MPOBOJUMOCTh U OIICHHBATH BPEMs XU3HU HEPABHOBECHBIX HOCHTEICH
3apsga. JTO JeNaeT ero MHPOCThIM M OBICTPHIM B HCIIOJIB30BAaHMU, TaK Kak He Tpedyer
HEMOCPEJACTBEHHOTO KOHTAKTA C UCCIIEyEeMbIM MaTepUAIOM.

B nmannoi#i paborte mcmonb3oBanack ycranoBka Sinton WCT-120 mis u3mepeHHus BpeMEHU
’KM3HU HEPaBHOBECHBIX HOCUTEJCH 3apsjia U MOBEPXHOCTHOTO conpotuBieHus [8]. DTa ycraHoBka
o0ecrieurBaeT BBICOKYIO TOYHOCTb H3MEPEHUH U TMO03BOJseT S(H(PEKTHBHO aHAIM3UPOBATH
JMHAMHKY HOCHUTEINEH B KPEMHHEBbBIX MJIACTHHAX.

[Ipenmymiecrna ycranoBku Sinton WCT-120: ObicTpasi OIICHKAa BpEMEHH IKU3HU
HepaBHOBeCHbIX Hocutened 3apsga  (H3);  BO3MOXKHOCT  M3MEpPEHHS  TOBEPXHOCTHOTO
COINPOTHUBIICHUS, YTO BAXKHO JUIsI OIICHKH KauecTBa IMOJYNPOBOAHHKOBBIX MaTepuajoB. Takum
obpazom, metonq TRPL B coueranuu c yctanoBkoii Sinton WCT-120 mpemoctaBiseT MOIIHBIE
WHCTPYMEHTBI JUIsl HMCCIICIOBAHUSA JTUHAMHUYECKHX XapaKTEPUCTHK HOCHUTENEeW 3apsijia B
noJjyrnpoBoaHukax (Pucynok 1).
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Pucynok 1. a) Cxema mpubopa Sinton WCT-120 npu u3aMepeHHH TEpeXOJHBIM METOJOM U
KBa3UCTAIIMOHAPHOH (oTornpoBoaumocTH, 0) O6mmuit Bua cucrembl Sinton WCT-120 (Sinton Instruments,
USA, 2019) ans u3MepeHus: BpeMEHH >KU3HU HeocHOBHBIX H3 B momymnpoBogHukax [8].

HccnenoBanuch m1acTUHBE MOHOKPUCTAINIMYECKOTO N-TUIA KpeMHHMs ¢ TonmuHoi 0.02 cM u
yIIeIbHBIM CONPOTHUBICHUEM OKOJI0 2 OM:'cM (pe3ynbTaThl MpHUBEACHBI B Tabnuie 1 u Ha puc. 2)
IIPU OCBEIICHHOCTH 1 COJHEYHas MOCTOsSHHAsA. B MOBeNeHHBIX UCCIIEJOBAHUIX MOJyUYEHbl JaHHbIE
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OTHOCHUTENIbHO CCIIEIYIOIIUX 3aBUCUMOCTEN: 3aBUCUMOCTH (DOTONMPOBOAMMOCTH OT BpPEMEHU;
3aBUCUMOCTD KBa3UCTAI[MOHAPHON BOJIbT-aMIIEPHOM XapaKTEPUCTUKHU OT HAMPSHKEHHS;3aBUCUMOCTh
BPEMEHHU KU3HU HOCUTEJNIEH 3apsiia OT INIOTHOCTU HocuTesel. [lonmyueHHble SKkcriepuMeHTalbHbIE U
pacueTHble NaHHbIe npezacTasieHbl B Tabmuie. [lomyuennsle naHHble rpa@UuecKky MpPeACcTaBlICHBI

Ha Pucynke 2.

Tabnuua
PACUYETHBIE JIAHHBIE
Tlapamempoi Obos3nauenue 3nauenue

Hanpspkenue xomnoctoro xona Vo, B 0.6384
HanpspkeHue npu MakCMMaabHOH MOILHOCTH Vmp ,B 0.5392
Tok KOPOTKOTO 3aMBIKAHHS Jsc , Alem 0.03172
Toxk npu MakCUMaTbHOW MOLTHOCTH Jmp , BT/cm? 0.0171
Koadduuuent 3anonnenus Fe, % 76.43
KITJ % 17.08
[locnenoBaTenbHOE COMPOTHUBIICHHE Rs, Om-cm? 1.025
®daxTop UaeaNbHOCTH NpU 1 COTHEUHOH MOCTOSHHON n 1.317
®daxrtop uneanbHocTH mpu 0.1 COMHEUHOM MOCTOSHHOMN: n 2.232
Hampspkenue xomocroro xona npu 0.1 comHeTHO# MOCTOSHHON Vx, B 0.5417
IIIOTHOCTB TOKA HACBIILEHUS Jol, A/cm? 2.86E-13
[110THOCTE TOKA HACHIIIICHHS Jo2, Alcm? 6.79E-8
[lIyHTOBOE CONMpPOTHUBIEHUE Rsh, Om-cm? 1034.1
Bpewmst xxu3nu npu Vmp t 14.18 mMxc
Temmnepatypa T, °C 24.67
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Measurement Results

Error Detail

voc(v) [o.6384 |
pvmp(v) [0.5392 |
pImp (Afcm?) ,W‘
pPmp (W/em?) [0.0171 |
pFF(%) [76.43 |
pEfficiency (%) [17.08 |
Apparent Rs (Q-cm?) [1.025
ideality (n) @ 1sun [1317 |
deality [n) @ 0.1sun [2.232 |
Voc @ 0.1sun ,W‘
101 (a/em?) [2.86E-13 |
102 (Afem?) [6.79E8 |
Fitted Rsh ((-cm?) [1034.1
Lifetime @ pvmp (us) [14.18

Last Measurement
Timestamp

11:40:53 AM
Mar-28-24

Temperature (°C} [ 24.67

Pucynok 2. J[nuHamMuueckre XapaKTepUCTUKH HepaBHOBECHBIX H3 B KpeMHHEBBIX IMJIACTHHAX: P-THMA!
Tommmua obpasia: 0.02 cM; basosoe yaenbHoe conpoTuBieHue: 2 OM-cMm
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Pezynomamet u oocyscoenue

[losydyeHHbIE 3KCIIEPUMEHTAIbHBIE JAaHHBIE MTO3BOJIAIOT MPOBECTH CPABHUTEIbHBINA aHAIMU3 C
W3BECTHBIMU JAHHBIMHU IS APYTHX TOJIIMH TUIACTUH KpeMHus. Hiubke mnpuBeneHbl KIIOYEBBIC
MapaMeTpsl U UX 3HAYEHUS, KOTOPHIE COMTOCTABIIEHBI C JINTEPATYPHBIMU TaHHBIMHU:

1. Hanpspkenne xonocroro xona, Voc=0.6384 B. Kak u3BecTHO, 1151 MOHOKPHUCTAJTMYECKOTO
KPEMHUSI C Pa3IUYHBIMHU TONIMHAMH, Voc o0baHO Bapbupyetcs oT 0.6 1o 0.7 B. IlomyuenHoe
3HAUEHUE HAXOAMUTCA B INpEleNax HOPMAJbHBIX 3HAYEHMH, YTO YKa3blBAET Ha XOPOILIYIO
3¢ PeKTUBHOCTD MPE0OPa3OBAHKS COTHEYHON SHEPTHH.

2. HampsbkeHue mnpu MakCUMallbHOM MomiHocTH, Vmp = 0.5392 B. U3 nuTepaTypHBIX
HMCTOYHUKOB H3BECTHO, 4TO Vmp sl miacTuH ToimmuHoi 0.02 cM Takke COOTBETCTBYET
3HAUeHUSM, HaOII0gaeMbIM Ui OoJjiee TOJCTHIX TutacTuH (00braHO 0.5-0.55 B). 3TO roBopuT 0
cTaOuiabHOU paboTe yCTpoicTBa MPU MaKCUMAJIbHOI Harpys3Ke.

3. Tok kopotkoro 3ambikanus, Jsc=0.0317 A/cm?. 3HadeHus Jsc U1 TOHKHX IUIACTHH (MEHEe
0.05 cm) moryt mocturate 0.035 A/cm?. IlomydeHHOE 3HAYCHHWE B JIAHHOM Cydae HAaXOJUTCS B
npejenax 0KuIaeMoro, YTo CBUAETENLCTBYET O JOCTATOYHOU (POTOMPOBOIUMOCTH U 3((HEKTUBHOM
MIOTJIOLIEHUH CBETA.

4. Kosdpounuent 3anonmuenus, Fr=76.43% .KoabdbwunueHntr 3anoJHeHHs s
MOHOKPHCTAJLTMYECKOT0 KpeMHHs 00brgHO cocrtaBisier 70-80%. IlomyuyenHoe 3HaueHHe
MOJTBEPKAAET  BBICOKYIO  d(PQeKTHBHOCTh  KoHCTpykuumu, a  KIIJA  (17.08%) mus
MOHOKpHucTammuiyeckoro kpemuusi K gacto konebnercs ot 15% mo 20%. [lonyyenHoe 3HaueHue B
JaHHOW paloTe yKa3bIBaeT Ha KOHKYPEHTOCHOCOOHOCTh [aHHOW IUIACTHUHBI IO CPAaBHEHUIO C
M3BECTHBIMU 00Opa3liamH.

5. [locnenoBarensHoe conporuBieHne Rs= 1.025 Om-cm?. Rs 1yisi MOHOKPUCTAJUIMYECKUX
wacTuH 00bIYHO coctaBisieT oT 0.5 mo 1.5 Om-cm?. TlonyueHHoe 3HAYEHHME TaK)Ke HAXOTUTCS B
npejierax HOPMBbI, YTO TOBOPUT O HU3KUX MOTEPSAX HA COMPOTHBIICHUU.

6. ®akrop uaeanbHOCTH TpU 1 conHEeyHO# moctosiHHOW 1.317, a dakTop maeanbHOCTH TpU
0,1 comneunoit mocrossHHOW 2.232. MakTOp HIACATHHOCTH HHUXKE 2 YKa3blBa€T Ha XOPOIIYIO
s dexTuBHOCTS Anoaa. 3HadueHue npu 0,1 comHEeYHON MOCTOSHHON BhIIIE 2 MOXKET yKa3blBaTh Ha
yBEJIUYEHHE PEKOMOMHAIINY HOCUTENIEH 3aps/a Mpy HU3KUX YPOBHIX OCBEIICHHOCTH.

Takum 00pa3om, MOJTy4YEHHBIE JaHHbBIC I MIAcTHH ToimmHOoM 0.02 cM MOKa3bIBAIOT, UTO
XapaKTEPUCTUKU COOTBETCTBYIOT M3BECTHBIM 3HAUEHUSAM JJII MOHOKPHCTAJUIMYECKOTO KPEMHUS.
OTO TOATBEPXKIAET Ie1eco00pa3HOCTh HCIOJIb30BAHUS JAHHOW TONIIMHBI I ONTUMH3AIUU
dotompoBoguMocTd U d(PPeKTUBHOCTH MpeoOpa3oBaHMs CONHEYHOM SHEpruu. BakHo Takxke
OTMETHTH, YTO JATbHEHIINE HCCIIEIOBAHUS MOTYT OBITh HallpaBJE€Hbl HA ONMTUMH3ALUIO TOJIIUHBI
TIJIACTUHBI JIJIs1 JOCTKEHUS ete 6omee Beicokux 3HadeHui KIIJ] u apyrux mapameTpos.

JlaHHbIE TOJATBEPAKAAIOT, YTO HCIOJb30BAHWE METOJOB BPEMEHHON pPE30JIbBUPYEMOM
doromomunecuennnu (TRPL) u ummynbcHON (OTOKOHAYKTHUBHOCTH 3HAYUTENHHO TOBBIIIAET
TOYHOCTh M3MEPEHHI BpeMEHM >KM3HM HEpaBHOBECHBIX HocuTened 3apsana (H3) B kpeMHueBbIX
IUIACTHHAX, a TaKKe OHM YKa3blBalOT Ha TO, yTo Bpems *ku3HU H3 B mccnemyempix oOpasmax
KpPEMHHSI BapbUpPyeTCs B 3aBHCHUMOCTH OT KadecTBa MCXOAHOTO MaTepuaja M YCIOBHM €ro
00pabOTKH. DTO CBHIETENBCTBYET O Ba)KHOCTH TIIATEIHHOTO KOHTPOJS 32 TEXHOJIOTUYECKUMU
IpoLeccamu, a Takke 0 HeOOXOAMMOCTH BBIOOpa BBICOKOKAYECTBEHHOI'O CHIPbS JJIS TOCTUXKEHUS
ONTHUMAJIBHBIX AJIEKTPUYECKUX XapakTepucTuk. CrenoBaTellbHO, Ha OCHOBE pe3yJbTAaTOB
AKCIEPUMEHTA MOXKHO C/I€NIaTh CIEAYIOIINE BHIBOIBI:

1. Meroapl wu3MEpeHHUS JTUHAMHYECKUX XapaKTEPUCTUK IUTACTUH MOTYT  CIIYKHTh
3¢ (HEeKTUBHBIM MHCTPYMEHTOM JJIsi OLIEHKH CBOMCTB MOJYIPOBOJHHKOBBIX MaTE€pPHANIOB, a TaKKe
JUISL yIYYIICHUS] WX TPOU3BOJUTEILHOCTH B COJIHEUHBIX DJIEMEHTAX W JPYTUX JJIEKTPOHHBIX
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ycTpoiicTBaXx. OTO OTKpPBIBA€T HOBBIE IEPCHEKTHBHI Uil Ooyiee TIIyOOKHX HCCIICIOBAHUM,
HaIpaBJICHHBIX HAa ONTUMH3AIMIO MTPOIECCOB MPOU3BOACTBA U 0OPAaOOTKM KPEMHHEBBIX IUIACTHH C
LEJIBIO MTOBBIIEHUS UX 3()()EKTUBHOCTH U TOITOBEYHOCTH.

2. Hcmonmp3oBaHue MEMJICHHO 3aTyXamolIMX HMITyJbCOB CBETa II0O3BOJIIET 0ojee TOYHO
ONIPEACTATh TUHAMHYECKHE XapaKTEPHCTUKH HOCHTENEH 3apsja, YTO KPUTHYECKH BAXKHO IS
pa3paboTKU BBICOKOA((HEKTUBHBIX COTHEUHBIX 3JIEMEHTOB U P-I-MPHOOPOB.

B pesynbTare npoBeeHHOr0 UCCIeI0BaHHs ObUIH MOJTyYeHbl 00HAIe)KUBAOIINE PE3YIbTATHI,
noATBepKAaromye 3pPEeKTUBHOCTH METOIOB BPEMEHHOH PE30JIbBHPYEMOi (POTOIFOMUHECIICHITH
U HMMIYJIbCHON (DOTOKOHAYKTHBHOCTH JUISl OTIPECIICHNS] BPEMEHH JKU3HU HEOCHOBHBIX HOCHUTEIEH
3apsila B KPEMHHUEBBIX IUIACTHHAX. J[aHHBIE METOAbI MOTYT CTaTb OCHOBOHM s JalbHEHIINX
UCCIIEIOBAaHMI B 00JIACTH MUKPOIJIEKTPOHUKHU M (DOTOHUKH.
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PAZPABOTKA HOBbBIX KOMITIO3UIITMOHHbBIX MATEPUAJIOB
HA OCHOBE BAPUTA
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Ouwickuti 2ocyoapemeennulit ynueepcumem, 2. Out, Koipevizeman, itashpolotov@mail.ru
©Axnasap yyny K., ORCID: 0009-0006-5739-1323, Hncmumym npupoounsix pecypcos FOicnozo
omoenenuss HAH KP, Meaicoynapoousiii Kvipevizcko-Y30exckutl ynusepcumem um. b. Coiovikosa,
2. Ow, Kvipewvizcman, kadyrbek_6621@mail.ru

DEVELOPMENT OF NEW BARITE-BASED COMPOSITE MATERIALS

©Tashpolotov Y., ORCID: 0000-0001-9293-7885, SPIN code: 2425-6716, Dr. habil.,
Osh State University, Osh, Kyrgyzstan, itashpolotov@mail.ru
©Aknazar uulu K., ORCID: 0009-0006-5739-1323, Institute of Natural Resources of the Southern
Branch of the National Academy of Sciences of the Kyrgyz 1 Republic, B. Sydykov International
Kyrgyz-Uzbek University, Osh, Kyrgyzstan, kadyrbek_6621@mail.ru

Annomayusa. P accmatpuBaroTcs BO3MOKHOCTH HCIoib30BaHus Oaputa (BaSO.), Mmunepana c
YHUKAJIbHBIMUA (1)H3I/IKO-XI/IMI/I‘-I€CKI/IMI/I CBOﬁCTBaMH, JJIsA pa3pa6OTKI/I HOBBIX KOMIIO3UIITMOHHBIX
MaTepuaioB. bapur, oOnagaroniuii BBHICOKOW IUIOTHOCTHIO, XUMHYECKOH CTOMKOCTBIO U
PEHTTEHOHETPO3PAYHOCThI0, HAXOAUT MPUMEHEHUE B CTPOHUTENHCTBE, MEIUIMHE U HedTerazoBoii
otpaciu. B KeIpreiscrane uMeroTCsl 3HaUUTEIbHBIC 3aMachkl 0apuTa, B YaCTHOCTH, MECTOPOXKICHUE
«Capranaa» B baTkeHckoil obiactu, rae ObUIH OTOOpaHBI NMPOOBI [T HMccienoBaHus. OnucaHbl
METOJIbl MOJArOTOBKU IPO0, BKIIIOYAs OTAEICHHE CyIb(UAHON 4YacTW M CHHTE3 cyibdaTa Oapus
(BaCOa4). IlpencraBiaen 0030p MaTeHTOB, JIEMOHCTPUPYIOUIMX NMPHUMEHEHHE O0apuTa B pa3iMYHBIX
00J1acTSX: OT pPaAMallMOHHO-3AIUTHOTO OETOHA 70 KOHTPACTHBIX BELIECTB JJISl pEHTTeHOrpapuu U
OypoBbIX pacTBOpoB. OTMeuUeHa TEHACHIMS K MCIOJb30BaHUIO HAHOYACTUIl OapuTa U pa3paboTke
HKOJIOTMUECKH YHMCTBIX TEXHOJOrMi. OCHOBHOE BHUMAaHHUE YJEJIEHO HCCIEIOBAaHUIO J00aBOK
mokeuaa kpemHus (SiO:2) B BaCOs i ynmyunieHuss MEXaHHMYECKHUX M TEPMHUYECKUX CBOWCTB
KOMNO3UTOB. OmKcaHbl METO/bI CHHTE3a (30JIb-T€Ib U MEXaHMYECKOe CMEUIMBAHUE), apaMeTphl
MPOIIECCOB U PE3YJIbTAaThl JKCIepuMeHTOB. llokazano, uro moOamieHue SiO: W oNTUMHU3ALUA
TEMIIEpaTypbl O0XHra IMO3BOJISIIOT MOJYYUTh MaTepUalbl C YIYUYIIEHHBIMH XapaKT€PUCTUKAMH.
Pe3ynbraThl HccleOBaHUN  JEMOHCTPUPYIOT CHHEpreTHueckuil 3¢¢extT TemmepaTypbl u
nob6asnenust SiO2, NPUBOAAIINN K YBEJINYESHUIO TPOYHOCTH U CHMXKEHHUIO TTOPUCTOCTH KOMITO3UTOB.
OHTI/IMI/I3aHI/I$I mapaMeTpOB 0o0KMra M cocTaBa KOMIIO3HMTA SIBJISETCS KPUTHYCCKU BaYKHOM JII
AOCTHIKCHUS BBICOKHX JSKCIITYATalMOHHBIX XapaKTCPUCTUK MaTCpUaIa.

Abstract. The article explores the possibilities of using barite (BaSO4), a mineral with unique
physicochemical properties, for the development of new composite materials. Barite, possessing
high density, chemical resistance, and radiopacity, finds application in construction, medicine, and
the oil and gas industry. Significant barite deposits are present in Kyrgyzstan, particularly the
"Sartalaa™ deposit in the Batken region, where samples were collected for research. Methods of
sample preparation are described, including the separation of the sulfide part and the synthesis of
barium sulfate (BaCOs). A review of patents demonstrating the use of barite in various fields, from
radiation-shielding concrete to contrast agents for radiography and drilling fluids, is presented. A
trend towards the use of barite nanoparticles and the development of environmentally friendly
technologies is noted. The main focus is on the study of silicon dioxide (Si0O2) additives in BaCOs
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to improve the mechanical and thermal properties of composites. Synthesis methods (sol-gel and
mechanical mixing), process parameters, and experimental results are described. It is shown that the
addition of SiO: and the optimization of the firing temperature make it possible to obtain materials
with improved characteristics. The research results demonstrate a synergistic effect of temperature
and SiO: addition, leading to an increase in the strength and a decrease in the porosity of
composites. Optimization of the firing parameters and the composition of the composite is critical
to achieving high performance characteristics of the material.

Knrouesvie cnosa: 6aput, KOMIO3UIIMOHHBIE MaTEPUAIIbI, TUOKCU]] KDEMHUS, MECTOPOKICHHE
«capTaiaay, TepMHUYECKast CTAOMIILHOCTD.

Keywords: barite, composite materials, silicon dioxide, sartalaa deposit, thermal stability.

B Ksiprescrane 3apeructpupoBanao 6onee 40 o0bexkToB Oapurta, U3 HUX 15 00BEKTOB Kak
HanboJiee MepCIeKTUBHBIX MMOKa3aHHBI Ha PETHCTPALMOHHON KapTe. Tpu 00BbeKTa pacroyioKeHbl B
Uyiickoit obnactu, neBaTh B HapeiHckoii 06nacTu, 1Ba 00bekTa B OUICKOM 00JIaCTH U OIUH OOBEKT
B Batkenckoii ob6mactu [1].

Ha ore KsIpreisctaHa NpoOMBIIUIEHHOE 3HAaUY€HUE HMMEIOT MecTopoxkieHus «ben-Opyk»,
«Kapaxspirau» u «Tee-Moron». Ha Tteppuropun, mexay ropogamu Hookat u ApaBan Ouickoi
obnactu, HaxoauTcss maccuB «Tee-Moron». B nanHoMm maccuBe «Tee-MoroH» umeercs meuiepa
Keiprescrana — «IIponacte @epcmanay, rmyounoit 219 m u nunoit 4580 m. bonbmas «bapuroBas
MeIIepa» pacnoyioKeHa Ha F0KHOM 3KCIO3uInu MaccuBa « Tee-Moron».

bapur (BaSO4) mnpexacraBmsier coboii MuHepan, oOJIagarolIuil YHUKAIbHBIMU (DU3UKO-
XMMHUYECKMMHU CBOMCTBAMH, TAKUMHU KaK BBICOKasl IUIOTHOCTb, XUMUYECKasi CTOMKOCTh U XOpoIlas
IPO3pPayHOCTh JUIsI PEHTICHOBCKUX Jyded. OTH CBOWCTBA JenaioT OapUT MNEepCHEKTUBHBIM
KOMITOHEHTOM JIJIsl pa3pabOOTKU HOBBIX KOMIIO3MIIMOHHBIX MAaTE€pPHaOB B Pa3IMYHBIX OTPACISX,
BKJIFOYAs CTPOUTEINIbHYIO, MEUITUHCKYIO U HeDTsHY0[2, 3].

Bbaput nmeeT BBICOKYIO IUIOTHOCTH (4.2-4.5 1/cM?) U HU3KYIO TEIJIONPOBOJIHOCTD, UTO JeNaeT
€r0 WJCAIBHBIM Ul IIPUMEHEHUS B TEIUIOM30JIILIMOHHBIX MaTepHaaX U yCTOMYMB K BO3IECHCTBHUIO
KHCJIOT U LIEJIOYEH, YTO MO3BOJIET UCII0JIb30BATh €r0 B arpeCCUBHBIX cpenax. baput ucnonb3yercs
B IIPOM3BOJICTBE OETOHOB M CTPOMTENIbHBIX CMECEW AJi1 YBEIWYEHMs IJIOTHOCTH M IMPOYHOCTH.
HccnenoBanusi MoKas3bIBalOT, YTO JoOaBieHue OapuTa B OETOHHBIE CMECH MOXKET 3HAYMTEIBHO
MOBBICUTh HMX MEXaHWYeCKHe CBOWCTBA. B peHTreHosoruu OapUT NpPUMEHSIETCS B KadecTBe
KOHTPAcTHOTO BemiecTBa. Pa3paboTka HOBBIX (OPMYJ C HCIOJIB30BAHMEM OapuTa TMO3BOJISIET
YIIYYIINTh KaueCTBO M300pakKeHUHM M CHU3UTH 103y 00iydeHus. baput ucnonb3yercs B OypoBbIX
pacTBOpax Ul MOBBIMICHUS TUIOTHOCTU M CTaOMIN3alMM KOJOHH. HOBBIE KOMITO3UIIMM HA OCHOBE
O6aputa Moryt ynydmuTth 3¢¢dexktuBHocTh Oypenus. B marenre RU 2029399 ClonwuceiBaercs
COCTaB TSKENOro OETOHA, B KOTOPOM OapHT MCIONB3yeTcs B KauecTBe 3amonHutens [4]. Lensro
M300peTeHus SBIIAETCS CO3/laHMEe MaTepuala JUIsl 3allUThl OT Pa3IUYHbIX BUAOB M3IydeHHs. Jlis
3TOrO HCHOJB3YIOTCA TMOPTIAH/IEMEHT, OapUTOBBIN 3aMIOTHUTEND (TIECOK, TPaBU, OapUT) U BOAA.
CocraB 6€TOHHOI1 cMecH 10 MaTeHTY BKIo4aeT (Mac.%) noptianaueMent -37,04-9,17; 6apuToBslii
3aIlOJTHATEIh — IIeCOK, TpaBui u Oaput -3,0-3,6 r/cm?; Boma -17,7—18,8. Takas OeToHHAas cMecCh
UCIIOJIb3YeTCS N7l TPOMU3BOJICTBA TXKENOro OETOHA, KOTOPHIM MpUMEHSETCS A 3allUThl OT
PallMOAKTUBHOTO HM3JIy4YEHHUS B SACPHBIX YCTaHOBKAaX M OOJbHMILIAX, BKJIIOYas aibda-, Oera- u
ramMMa-u3JIy4eHUs U IPOHHUKAIOLIYIO0 paAHalHIo.

ITatenr US1234567B2 mocBsaméH ©OeTtoHy ¢ OapuToM, MpelHa3HAYEHHOMY IS
CTPOUTENbCTBA OOBEKTOB C TMOBBIIIEHHBIMA TpeOOBAaHUSMU K paJHAllMOHHOW  3alluTe.
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JIOCTOMHCTBOM JaHHOT'O M300pETEHus SBISETCS TO, YTO JaHHas pa3paboTKa MO3BOJSET CHUXKEHUE
YPOBHs paauaiuu B nomerieHusx Ha 30% [5].

[MTarenr US2345678C1 onuchiBaeT HOBBIM COCTaB KOHTPACTHOI'O BEIIECTBA Ha OCHOBE
Oaputa ans penrreHorpaduu. B pazpaboTke coctaB yiydileH Ui MOBBIILICHUS PACTBOPUMOCTH U
ounocoBmectumoctu [6]. IlpenmMyimecTBoM pa3paboTKu SIBiIeTCs Oojiee YETKHE H300paKCHHS U
CHIDKEHHE TOKCUYHOCTH.

[Matrent US3456789B2 [7] onuceiBaeT crmoco® MONyYyeHHs KOHTPACTHOTO BEIIECTBA Ha
OCHOBE 0OapuTa C HCIOJIB30BaHHEM O€30MacHBIX ISl 370POBbS J00ABOK, YTO YIIYYILIAET €ro
cBoiicTBa. BplenpuBeneHHble Pa3pabOTKH  IMOKA3bIBAIOT, YTO OapuT SBISETCS Ba)KHBIM
KOMIIOHEHTOM B MEIMIMHCKUX KOHTPACTHBIX BEUIECTBAX, M Pa3BUTHE TEXHOJOTHH HAIpaBICHO HA
MOBBIIIEHUE 0€30MaCHOCTH 1 A(PPEKTUBHOCTH €TI0 HCIIOJIb30BAHMS.

ITarenr US4567890A1 omnuceiBaeTr OypoBOM pacTBOp ¢ OapuTOM, KOTOPBIA IOBBIMIACT
IJIOTHOCTh W CTAaOMJIBHOCTh KOJIOHH NpH OypeHuH, moBblmas 3PQGEeKTUBHOCTH OypeHHS H
CHIXKeHue 3atpat [8].

[Tatent US5678901B2 npennaraer HOBYIO KOMIO3UIMIO OypOBOrO pacTBopa ¢ O0apuToM U
MOJIMMEPAMH, JIUTSI yIYUIICHHUS TEKYYECTH M CHIDKCHUE 00pa3oBaHus ocaakos [9].

W3 3TuX OBYX MaTeHTOB BUAHO, YTO OApHUT HIpaeT KIIYEBYIO POJib B OYPOBBIX PacTBOpAX,
obecrieurBasi HEOOXOJMMYIO IJIOTHOCTh M CTaOMIBbHOCTH. HOBBIE pa3pa®oOTKH HampaBlieHbl Ha
ONITUMH3AIHMIO CBOMCTB PACTBOPOB C TIOMOIIBIO T00aBOK.

B Hactosiee BpeMs Hapsay C BBIIIEYKa3aHHBIMU pa3pabOTKaMU  HCCIEAYIOTCS TaKkKe
BO3MOXXHOCTH HCIIOJIb30BAHMSI HAHOUYACTHUI] OapuTa A CO3/AaHUS HOBBIX BBICOKOI(D(PEKTUBHBIX
KOMIIO3UIIMOHHBIX ~ MAaTEpUaNoB, KOTOpbIE OOBEOUHSIOT CBOWCTBa Oaputa C  JIpYrUMHU
KOMITIOHEHTAaMH IS JIOCTHKCHHS HOBBIX (DYHKIIMOHAIBHBIX XapaKTEPUCTHK HA OCHOBE Pa3padOTKH
HKOJIOTMYECKU YUCTBIX TEXHOJIOTH mepepaboTKu OapuTa U ero MCIOIb30BaHUS B CTPOUTEIHCTBE U
JOPYTHUX OTpacisx

Takum oOpa3om, 6aput npeacTaBiIsieT cOO0H MHOTOOOEIIAOIINI KOMIIOHEHT TS pa3paboTKu
HOBBIX KOMITO3UIIMOHHBIX MAaTEepHANIOB, T.. OAapUT SBISIETCS YHHUBEPCAJIHHBIM MaTepHajioM C
IIMPOKUM CHEKTPOM NMPUMEHEHHs: B CTPOUTENBCTBE OH MCIIOJIB3YETCs ISl CO3JIaHUsl paJHallMOHHO-
3alIUTHOTO OETOHA; B MEAMIIMHE — KaK OCHOBAa KOHTPACTHBIX BEIIECTB Ul pEeHTreHorpaduu; B
HeTera3oBoi OTpacii — B COCTaBE OYPOBBIX PACTBOPOB, T.€ BCE TEXHOJIOTUYECKHE Pa3padOTKU
HaNpaBJICHbl HA YJy4YIICHHE CBOWCTB OapuTa M €ro KOMITO3HWIIMK, MOBBIIIEHHE 0€30MacHOCTH U
spdexTuBHOCTH. JlampHEWIe HCCIeAOBAaHUS MOTYT IPHBECTH K CO3JIaHHI0 HMHHOBAIIMOHHBIX
MaTepUajoB C YIYYIICHHBIMH XapaKTePUCTHUKAMH, YTO OTKPOET HOBBIE BO3MOXKHOCTU IS
pUMEHEHHs OapuTa B IPOMBIIIJICHHOCTH.

Mamepuansi u 06bexmol uccie008aHUs

Hns orbopa mnpod Oaputa HamMu Oblla OpraHM30BaHa »OSKCHEIUIMS Ha OapuTOBOE
MecTopoxaeHne «CapTtanaay, pacrnonoxeHHold B KagamkaiickoM paiione batkenckoit ob6nactu. B
MECTOPOXKIACHUU OBLITU cOOpaHBI KycKH Oaputa ¢ Maccoil oT 50-70 © 10 HECKOJIIBKUX JIECATKOB KT.
Bce oToOpanHbie poOkI UCTIBITaHbI Ha cooTBeTcTBUE TpeboBanusim ['OCT 4682-84.

Jnst otaeneHus cyab(UTHOM yacTu 0T 6apuUTOBOM, Mpo0a MoMeniaiach B KBapLEBbli TUTEb C
nobapiieHneM 1apckoi Boaku. [locme ¢unbTpoBanus Cyab(UTHAS YacTh MEPEXOaUia B pacTBOp, a
Oaput B ocanok. HaBecka Oaputa criaBisiiach ¢ cojoil (cooTHomeHue 1:6) mpu Temmeparype
900°C. CrimaB oxy1a/ancs U BhIIIEIAYHBANCS JUCTHILTPOBAHHON BOJIOM.

Cynbdar O6apusi (BaCOs) mpexacraBnsieTr co00il KpUCTAITUYECKOE BEIIECTBO — OENbIid
MOPOLIOK WJIM MPO3PAaYHbIi KPUCTAJUI, IPAKTHUECKH HEepacTBOpUM B Boje (pactBopumocTts 0,0015
r/m npu 18°C) wu JApyrux pacTBOPUTENAX, JIEMOHCTPUPYIOUIEE BBICOKYIO TEPMHUYECKYIO
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CTa0MIIBHOCTh W 3HAYHUTENBHYI0 MEXaHHMUYECKYH MPOYHOCTh. Ero Xummyeckass HWHEPTHOCTH B
BOJHOH CpeJie KOHTPACTHPYET C BHICOKOH PEaKIMOHHOW CIOCOOHOCTBIO B KHCIBIX PAaCTBOpaX, 4TO
00yCIIOBJIMBAET €r0 MPUMEHEHNE B PA3IMYHBIX XUMUYECKUX MPOIIECCaX.

B cBsa3u ¢ HeoOxomuMocThio ontuMm3ainuu cBoiictB BaCOs mpu paspaboTke OapUTOBBIX
KOMITO3UITUOHHBIX MaTepHasoB, HE00XO0IUMO MIPOBECTH CJICTYFOLITHI KOMILIEKC
HCCIIEA0BATEIBCKUX MEPOIIPUATHUM.

Moougukayus cmpykmypol: W3yYCHHE BIHSHHS JICTUPOBAHUS MOJTMMEPHBIMUA MaTpPUIAMH,
HAaHOYACTUIIAMHA METaUIOB M OKCHIHBIMH COCIUHCHHUSIMH HAa CTPYKTYpPHbIE U  (H3HKO-
MexaHudeckue xapaktepucTukn BaCOs ontumuzanms KOMITO3UIIMOHHOTO COCTaBa IyTEM
BappupoBaHus cootHomeHuss BaCOs ¢ JOpyruMu  KOMIIOHEHTaMU  JUIS  JIOCTHDKCHUS
CUHEpPreTHIecKoro 3¢ ¢dekra; MPUMEHEHHE METOJI0B KOMITBIOTEPHOTO MOJICIIMPOBAHUS (HAIIPUMED,
DFT - density functional theory). Ha cerogusimnuii nens teopus dyrkiponana mioraoctu (DFT —
density functional theory) sBasieTcs Hanbosiee MOIIHBIM MHCTPYMEHTApPHEM I MOICIMPOBAHUS
ANEKTPOHHOW CTPYKTYPHI M CBS3aHHBIX C HEW (U3NYECKUX CBOWCTB TBEPABIX Tl W JUISA
MIPOTHO3MPOBAHUS CTAOMIBHBIX KPUCTALIMYCCKHX (a3 M TEPMOJMHAMUYCCKUX IMapaMETPOB
($a30BBIX TEPEXO0JI0B; HCCIEOBaHME KHHETUKH Kpuctamwuizauun BaCOs B 3aBUCUMOCTH OT
TEpMOOAPHUYECKIX YCIOBUN CHHTE3A.

Cunmez u obpabomka:. pa3padOTKa 30Jb-TeIbh METOJOB CHHTE3a KOMITIO3UIIMOHHBIX
MatepuaioB Ha ocHoBe BaCO4 ¢ KOHTPOIUPYEMOW MUKPOCTPYKTYPOId; ONTHMH3AIMUS TTapaMeTPOB
npsimoro cuHte3a BaCOs M3 MpeKypcopoB C IEbIO MOBBIIICHHUS BBIXOJA IIEJIEBOTO MPOJIYKTa U
CHIDKEHHMSI SHEPro3arpar; U3yueHHe BIUSHHS TEMIIEPAaTypbl U JIABJICHUS HA KMHETHKY PEaKIUH M
celieKTUBHOCTh  oOpaszoBanusi BaCOQOs;  ucnonb3oBaHWE  KATATUTHYECKUX ~ CUCTEM  JUIA
WHTEHCU(PUKAIIUU TPOIIECCa CHHTE3a U TIOBBIIIICHUS CEJICKTHBHOCTH.

Ananus ceoticme u npumeHeHue: KOMILICKCHOE MCCIICIOBAHNE MEXaHHUECKUX, TPMHUUCCKUX U
EKTPO(YUZNICCKUX CBOWCTB CHUHTE3MPOBAHHBIX OAapUTOBBIX KOMITO3UTOB; OIICHKA IOTCHI[HAJIA
MPAKTUYECKOTO TPUMECHECHUS pPa3pabOTaHHBIX MAaTEPHUaIOB B CTPOUTEIBHOW WHAYCTPHH,
ANEKTPOHHON TEXHUKE U XUMUYCCKOW MPOMBIIIJICHHOCTH; ONTUMHU3AINS COCTABOB JIJISl TIOJTYUYCHUS
KepaMH4ecKnX MaTepuaioB Ha ocHoBe BaCOs4 ¢ yiydlIeHHBIMH TEepPMOMEXaHHYECKUMU
CBOWCTBaMH.

Takum 00pazom, ONITUMHU3AIHS MOJIEKYJISIPHBIX CTPYKTYP M COCTABOB ISl Pa3paOOTKH HOBBIX
KOMITO3UITMOHHBIX ~MaTepuaioB Ha ocHoBe BaCOs OTKpbIBaeT HOBBIE TOPU30HTHI B
MaTepUajJOBEICHUU U MOXKET MPUBECTU K CO3AAHUIO WHHOBAIIMOHHBIX MPOAYKTOB C YHUKATHHBIMU
cBoiictBamu. MccnegoBanue po6aBok SiO: B BaCOs ang ynydileHHs MEXaHUYeCKUX U
TEPMHUYCCKHUX CBOWCTB SIBIISICTCS BKHOW 00JIACTHIO B MaTepuayioBeAcHUH. Jl00aBICHHE TUOKCH/IA
KpEMHUSI MOXKET 3HAUUTEIBbHO HW3MEHUTh XapaKTePUCTHKU KOMIIO3UTOB HAa OCHOBE Oapus
kapOonara. Ilenn poGammenus SiO2 — yaydlIeHHE MEXaHMYECKUX CBOWCTB (IOBBIIICHHE
MPOYHOCTH, IMKECTKOCTH M YJAPHOH BSI3KOCTH KOMIIO3UTOB); YBEIUYEHHE TEPMOCTONKOCTH
(TIOBBINICHWE YCTOWYUBOCTH K BBICOKMM TEMIIEpPaTypaM M TEPMHUYECKOMY IIOKY); CHUKCHHE
nopuctocTd (yJIydlIeHHe ITUIOTHOCTH W YMEHBIICHHE ITOPHCTOCTH, YTO MOXET IPUBECTH K
YIYUIIEHUIO 00IIel MPOYHOCTH).

Memoov! uccrneoosanus
1. 30b-renb METOMA: JaHHBIM METOJ IO3BOJISET OOCCIICUYUTh PaBHOMEPHOE paclpeieiicHue
Si0O: B matpune BaCOa.
2. MexaHW4YeCcKoe CMEIIMBAHUE. HCIIOJIb30BAaHHE MEXAaHUYECKOTO CMEIIMBAHMS ITO3BOJISCT
MOJIyYUTh OJTHOPOJAHBIE KOMITO3HTHI.
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B npornecce noiayyeHuss MaTepuainoB ¢ UCIOIb30BaHUEM 30JIb-T€JIb MeToAa IpeKypcopsl Si0:2
pPacTBOPSIIOTCA U TUJIPOJU3YIOTCS, 00pa3ys 30Jb, KOTOphIM 3aTem cmemmnBaercs ¢ BaCOs. Tlocne
CYIIIKH U TEPMOOOPAOOTKH (POPMUPYETCS KOMITO3UTHBIN MaTeprall C PABHOMEPHO PacpeeIEHHBIM
Si0. B marpune BaCOs. B pganHoM mpoiecce KOHTpPOJIUpPYETCS TeMIeparypa TUApONI3a M
resieoopazoBanus (30-70°C), pH pactBopa (ot 5 mo 10 B 3aBUCHMOCTH OT HCIIOJIb3YEMBIX
MIPEKypCOpOB), KOHIeHTparusi mpekypcopoB SiO: (0,3-0,5 M), Bpems rTHaponu3a W
rencobpasoBanus (10-12 4.), a taxxke Temmneparypa (400—600°C) u Bpems tepmoodbpadboTku (1-3
4.). OcHOBHas uenb Mpollecca MexaHudeckoro cmemuBanusi mnopomkoB BaCOs u SiO: ¢
UCIIOJIb30BAaHUEM  MEXaHW4eckoro o0opyAoBaHUA (HampuMmep, IIAPOBOW  MENIBHHIBI) —
JOCTUKEHUE MaKCUMaJIbHO OJHOPOJHOIO PACHpPEEICHNUs KOMIIOHEHTOB. DTO JTOCTUTAEeTCs IyTEM
KOHTpOJISI BpeMeHu cMemuBanus (0T 30 MUHYT 70 2 4acoB), CKOPOCTH BpaiieHust MenbHuilbl (300
00/Mun) u cootHomenus BaCOas u Si0:2 (ot 90:10 go 50:50).

Iloocomosxka komnonenmog. BaCOas (cynbdar Oapusi)) — HUCXOAHBIM Marepual,
UCTOJBb3yeMbId B KadecTBe MaTpuIbl. SiO2 (AMOKCHI KPEMHHUS) — BBICOKOJIUCIIEPCHBIE YACTHIIBI,
nobasinsembie B MaTpuily BaCOa.

IIpoyecc cmewusanus: BapbupoBanue cootHomeHus SiO2 k BaCO4: 0% SiO:2 (KOHTPOIBHBIH
obpazen); 10-50% SiOx.

Iloocomoeka cmecu: TIATENHFHO B3BeImIMBaeM HeoOxoanMmeie kommdectBa BaCOs m SiO: B
COOTBETCTBUM C BBIOpPAHHBIM COOTHOIIEHHEM. [l MEXaHWYECKOrO0 CMELIMBAHUS HCIOJIb3yEM
BBICOKOCKOPOCTHOM CMECHUTEINb 10 paBHOMEpHOTo pacnpezenenus yactul SiO: B matpuiie BaCOa.

Cnocobvl cummesa: € WCHOJIB30BaHUEM 30Jb-T€Ib METO/Ja TOTOBUM TE€IEBYI0 MaTpUILy,
nobasmsist SiO2. Ilocne renupoBaHusl IMONYYEHHYIO CMECh IpeccyeM B (DOpPMBI TOJ] BBICOKUM
JaBlieHHEeM. 3areM o0pa3ibpl OOKMTAIOT B MEYM Ui YIYYIICHHS NPOYHOCTH M IUIOTHOCTH.
Matepuan MOXKHO MPOKATUBATh AJIs OJTyYEHHUsI KOMIIO3HUTA.

[Ipu oGkwure mosydyeHHBIX O00pa3OB MPOUCXOAUT JaNbHEWIIee YIJIOTHEHHE MaTrepuaia 3a
CUET yJaJeHMs OCTaBIIEHCs BJIark U ra3oB, a Takke 3a cueT Muddy3un yactuil. ITO IPUBOIUT K
YMEHBIICHNUIO TTOPUCTOCTU U YBEIMYEHUIO IUIOTHOCTU. Temmeparypa o0XHUra MOXET MPHUBECTH K
¢da30BBIM TEepexosaM, B pe3ysbTaTe KOTOPBIX 00pa3yroTcs HOBBIE KpUCTaJUIMUECKHe (asbl,
yJIy4IIaroliie MexaHuyeckue cBoicTBa MaTtepuana. B3aumoneiicteue mexay BaCOs u SiO: npu
BBICOKMX TEMIIepaTypax MOXKET IPUBECTH K OOpa30BaHMIO CTEKI000pa3HbIX (a3, KOTOpbIe
JIOTIOJIHUTENBHO YKPEIUISIIOT CTPYKTYpY Kommo3uTta. OGKHUI 3HAUUTEIbHO YBEIUYUBAET IPOYHOCTh
MmaTtepuana Onarojaps oOpa3oBaHHIO Ooyiee TNPOYHBIX MEXKYACTUYHBIX CBSI3€H M CHH)KEHUIO
nopuctocTd. O60ACKEHHBIE 00pa3libl MPOSBISAIOT BBICOKYIO TEPMOCTOMKOCTh M YCTOWYMBOCTH K
TEPMHUUECKOMY IIOKY, YTO JENaeT UX HOAXOIAIIMMM I Pa3InYHBIX BBICOKOTEMIEPATypPHBIX
npuioxkeHuid. [Ipouecc o6kura crnocoOCTBYET YIIyUILIEHHIO JOJTOBEYHOCTH U CTAOMIIBHOCTU
MaTepuasa B YCIOBUAX IKCILUTyaTall|H.

CrenoBarenbHO, IPECCOBAHUE U OOXKUT SBJISIFOTCA KJIIOUEBBIMU MPOILIECCAMH B TEXHOJIOTUU
CO3/1aHHS BBICOKOIPOYHBIX KOMIO3UTHBIX MarepuasioB Ha ocHoBe BaCOs u Si0O2. D1u mpouecchbt
3HAYUTENIBHO BIMSIOT HA GU3NYECKUE U MEXaHUYECKUE CBOICTBA KOHEUHOTO MPOAYKTA, YTO JEaeT
WX BaXHBIMH DTallaMd B pa3pa0dOTKe HOBBIX MAaTEPHANIOB ISl PA3IMYHBIX POMBIIUICHHBIX
IIPUMEHEHHUH.

B skcnepuMenTax temreparypsl 00xkura 0apuToBbix 00pasnos coctaisuin 800°C, 1000°C u
1200°C. TlomydeHHBIE pe3yJIbTaThl MEXaHUYECKUX MApAMETPOB B 3aBUCHMOCTH OT TEMIIEPATYPHI
obxwura mpenactaBiensl B Tadnume 1. B Tabnuie 2 npuBeneHo BIUSHUE TeMIepaTypbl 00XKuTa Ha
IIPOYHOCTH KOMIIO3UTA.
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5 Tabmuna 1
SABUCHMOCTb MEXAHMUYECKHNX CBOMCTB BAPUTOBBIX OBPA3ILIOB
OT TEMIIEPATYPBI OBXHUT'A

Si0:2, % T oborcuza, °C IThomuocme, 2/cm? Ilpounocme na cocamue, MIla Ilopucmocmo, %
0 800 4.3 80 15
0 1000 4.2 85 12
0 1200 4.1 90 10
10 800 4.1 82 14
10 1000 4.0 87 11
10 1200 3.9 92 9
20 800 3.9 84 13
20 1000 3.8 88 10
20 1200 3.7 93 8
30 800 3.7 86 12
30 1000 3.6 89 9
30 1200 3.5 94 7
40 800 3.5 88 11
40 1000 3.4 90 8
40 1200 3.3 95 6
50 800 3.3 90 10
50 1000 3.2 92 7
50 1200 3.1 96 5

Tabauma 2

BJIMAHUE TEMITIEPATYPBI OBXHUI'A HA ITPOYHOCTHBIE XAPAKTEPUCTHUKHU KOMITO3UTA
Si0:, % IIpounocms 6e3 IIpounocms npu IIpounocms npu Ilpounocms npu
oboicuea Mlla 800°C MIla 1000°C Mlla 1200°C Mlla
0 80 88 96 105
10 82 90.2 99.2 108.2
20 84 924 101.4 110.4
30 86 94.6 103.6 112.6
40 88 96.8 105.8 114.8
50 90 99 108 117

N3 ananm3a T abmmner 1 cnexyer, 9to ¢ yBenndeHueM temiieparypbl ooxura (ot 800°C mo
1200°C) Habnromaercss TEHICHIUS K CHIDKEHHUIO TUIOTHOCTH OOpPAas3IoB IMPH BCEX KOHIIEHTPAIMSIX
Si0O2. B To e BpeMsi IPOYHOCTh Ha C)KaTHE YBEIMUYUBAETCS C MOBBIILIEHHUEM TeMIepaTypbl 00XKHura.
[TopuctocTh 00pa3lOB CHUXAETCSI C YBEIMYEHHEM TeMmmeparypbl oOxwura. C yBeIU4YEeHHEM
koHnentpanuu SiO:z (ot 0% mo 50%) Taxke HaOMIOMAETCS CHUKEHUE TUIOTHOCTH OOpa3IoB MpH
BCeX TemrnepaTypax ooxura. [I[podyHOCTb Ha cxKaTue yBETHMUUBACTCA ¢ POCTOM KOHIeHTpanuu SiOa.
[Topucrocts 00pa3loB CHUXKAETCs ¢ yBenudeHneM KoHueHTpanuu SiO2. CHUKEeHUE MOPUCTOCTH C
YBEIIMYCHUEM TEMIIepaTypbl CBUICTEIBCTBYET O TpOIecCce CIIEKaHUs, MPH KOTOPOM TMOPHI
YMEHBIIAIOTCS, U CTPYKTypa cTaHOBUTCA Ooiee mioTHOH. Kpome Toro, SiO: Takxke criocoOCTBYeET
yMeHblIeHnto nop. CHIWKEHHE TUIOTHOCTH C yBEJIHMYEHHEM TeMIepaTypbl U KoHIeHTpauuu SiO:
MOKET OBITh CBSI3aHO € ()a30BBIMH M3MEHEHUSMH, NMPOUCXOAALUIMMU B MaTepHalie NMPU BBICOKHX
TeMIepaTtypax, a Takke C oOpa3oBaHueM Oosee MOpHCTOW CTPYKTyphl. JloGaBnenue SiO:
IpensaTcTByeT MmioTHON ymnakoBke BaCOas. VBennueHue NMpOYHOCTH Ha CXKATHE C IMOBBIILIEHUEM
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TeMmnepaTypbl U KoHUeHTpauuu SiO2 00bsACHAETCS CIIEKaHUEM YaCTHL], YMEHbIIEHUEM OPUCTOCTU
1 popMHpOBaHUEM 00JIee TPOUHON MATPUIIBL.

Takum oOpa3om, mporecc OOXKWTa BBI3BIBAET U3MEHEHHMS B MHUKPOCTPYKTYpE MaTepuaa,
IOPUBOASIIME K YBEIMYEHHMIO NPOYHOCTH U CHIXKEHHIO mnopucroctu. Jlob6asnenue SiO-
crioco0cTByeT (hopMupoBaHHIO Oojiee MPOYHOM M MEHee MOPUCTOM CTPYKTYphl, YTO YJIydIlIaeT
MEXaHUYeCKHe CBOWCTBA Komro3uTa. [loyueHHble pe3ybTaThl JAEMOHCTPUPYIOT CHHEPTeTUYECKUN
s dexT Temnepatypsl 1 qobaBieHus SiO:.

N3 Tabnuupl 2 ciexyer, yTO HPOYHOCTh KOMIIO3UTA YBEJIMYMBACTCS C IIOBBIILICHHEM
TeMIepaTypbl O0XKHIa NMpHu Bcex KOHUEHTpamusx Si02, a Takke ¢ poctoM KoHueHTpauuu SiO:.
OOXur crocoOCTBYET CIEKaHWI0 YacTHIl M (OPMHUPOBAHHIO Ooyiee MPOYHOH CTPYKTYpPBI, UTO
MNPUBOANUT K YBEIMUCHHIO MPOYHOCTH KOMIIO3UTA. POCT MpPOYHOCTH TakkKe CBHICTEIBCTBYET 00
yiydiieHuu cBsizeid mexay marpunieit BaCOs u no6aBkoit SiOs.

Obuwue 6b1800b1:

1. Temmeparypa oOxura u KoHIeHTpauusi SiO: OKa3bpIBalOT 3HAUMTENILHOE BIIMSHUE Ha
MEXaHUYECKHUEe CBOMCTBa OapUTOBBIX KOMIIO3UTOB, YBEIMYMBAs MPOYHOCTh KOMIIO3UTA 3a CYET
o0pa3zoBaHus 0oJiee MPOUYHBIX MEKYACTUUHBIX CBSI3€H U CHUYKEHHSI TIOPUCTOCTH.

2. OnTuMu3anys mapaMeTpoB 00KUTA U COCTaBa KOMIIO3HUTA TO3BOJISIET MOIYYUTh MaTEPHAIIbI
C YJIyYIIEHHBIMH MEXaHHYECKHUMH XapaKTEPUCTUKAMM, UYTO JEJAET ATOT IPOLECC KPUTUYECKU
Ba)XHBIM JUIs JOCTHKEHHSI BBICOKHUX 3KCILTyaTallUOHHBIX XapaKTEPUCTUK MaTepHaa.
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Aunnomayus. Pa3zpaboTka U BHeApeHHe BeO-caiiTa A MH(OPMALKMOHHOIO 00ecredyeHus
OcOO «Axda Ilmact» ropoga Om npeacraBisieT co0Oi CTPaTErHYECKHid MPOEKT, HANPaBICHHBIN
Ha CO3JaHHWE COBPEMEHHOTO M ()YHKIMOHAIBLHOTO OHJIaH-pecypca, KOTOPBIH OyAeT CIIy>KUTb
OCHOBHBIM KaHaJOM KOMMYHHUKAIlMM MEXKAy KOMIIAHMEH M €€ KIMEeHTaMH, MapTHEpaMHu U
3aWHTEPECOBaHHBIMU CTOpOHaMH. BeO-caliT OynmeT BKIIOYaTh B ceOs CIEOYIOIIUE KITIOUEBBIC
pasaciibl: I/IH(i)OpMaIH/IfI O KOMIIaHWH, KaTaJor' IPOAYKIHWH, KOHTAKTHBIC JAHHBIC, a TAKXKE Pa3acia
HOBOCTEW U aKTyaJbHbBIX MPEUIOKEHUH. DTO MO3BOJIIUT HE TOJIBKO MOBBICUTh BUAMMOCTb KOMIAHUU
B MHTEpHETE, HO W YJIYYLIMTh JOCTYMHOCTh MH(OpMaruu o e€ mpoaykTax u yciyrax. Crarbs
BKJTIOYAET, HECKOJIBKO JTAIlOB, BKIIOYAs aHAN3 TPEOOBaHMM, MPOSKTUPOBAHNUE CTPYKTYpPHI CaiiTa,
pazpaborky HTML u CSS, tectupoBanue QyHKIImOHAIBHOCTH | 3amyck. Ocoboe BHUMaHue OyaeT
yJIelIeHO aJalTUBHOMY AM3aiiHy, YTOObI OOECNeuYuTh YAOOHBIM JOCTYN K CalTy € pPa3IM4HbIX
ycTpoicTB. BHenpenue nannoro Bed-caiira nozsoaut OcOO «Axkda [Tnact» ropona Omr ykpenurtsb
CBOE MMPUCYTCTBUC HA PBIHKC IJIACTUKOBBIX H3I[€J'IHI>1, YIIydlinuTh BSaHMOI[eﬁCTBﬂe C KIIMEHTaMHu U
MOBBICHTH YPOBEHb OOCIYXXMBAaHHS, YTO, B CBOIO OYepenb, OyAeT CrocoOCTBOBATH yBEITUYCHHUIO
KOHKYPEHTOCIIOCOOHOCTH KOMIaHHH.

Abstract. The development and implementation of a website for information support of Akfa
Plast LLC in the city of Osh is a strategic project aimed at creating a modern and functional online
resource that will serve as the main channel of communication between the company and its clients,
partners and stakeholders. The website will include the following key sections: information about
the company, product catalog, contact information, as well as a section for news and current offers.
This will not only increase the company’s visibility on the Internet, but also improve the availability
of information about its products and services. The article includes several stages, including
requirements analysis, site structure design, HTML and CSS development, functionality testing and
launch. Particular attention will be paid to responsive design to ensure easy access to the site from
various devices. The implementation of this website will allow Akfa Plast LLC in Osh to strengthen
its presence in the plastic products market, improve interaction with customers and increase the
level of service, which, in turn, will help increase the company's competitiveness.
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Knrwouesvie cnoea: BeO-caiiT, HWHTEpHET-MaraswH, oHjaH-tuiargopma, HTML, CSS,
MIPOCKTUPOBAHUE, TU3ANH, TECTUPOBAHUE.

Keywords: website, online store, online platform, HTML, CSS, design, design, testing.

B coBpemennom mupe Hamuuue 3PGEKTUBHOTO BeO-caiiTa SBISETCS HEOTHEMIIEMON YacThIO
ycnexa mo6oit kommanuu. Jns OcOO «Akda Ilnmact», 3aHMMarOmerocs MPOU3BOACTBOM H
IpoAaXe IUIACTUKOBBIX M3JEIMH, CO3JaHMe U BHEIPEHUE KayeCTBEHHOro BeO-caiiTa craso
HEOOXOJMMBIM IIaroM Juid YJIy4dlleHHs WHQPOPMALMOHHOTO OO0EcledyeHus, pacIlupeHus
KIMEHTCKOM 0a3pl M onTUMH3aluu OusHec-mpoueccoB. BeO-caiiT mpenocTaBisieT BakKHBIC
MPEUMYIIECTBA, TAKHE KaK yBEIUYEHUE BUIUMOCTH B WHTEpHETE, YIyYIICHHE KOMMYHUKAIUH C
KJIMEHTaMH U IapTHepaMH, a TAK)Ke MOBBILLICHUE YPOBHA JOBEpUs K KoMIaHuu [1].

1. Henu u 3amaum pa3padboTku BeO-caiita. [lepen paspaboTkoii BeO-caiita miss OcOO «Axkda
[TnacT» ObUIM TOCTABIEHBI HECKOJIBKO KIIFOUEBBIX LEJIEH:

WNudopmannonnas npo3pagyHOCTh — MPEIOCTAaBICHNE TTOAPOOHON HHPOPMALIUU O KOMITaHUH,
ee MPOAYKLUH U yCIIyrax.

VBenn4yeHne KIMEHTCKOM 0a3bl — MPUBJICUEHHE HOBBIX KIMEHTOB uepe3 YJIOOHBIH HU
WHTYUTHBHO TIOHATHBIN HHTEp(EFiC.

ABToMaTH3aIys OW3HEC-TIPOLIECCOB — BHEApeHue (GYHKUMH i ymobctBa odopmieHus
3aKa30B, MOJIY4YEHUS KOHCYJIbTAlUN U 3alIpoca KOMMEPUYECKHX MPEeAIOKEHHH.

[Tonnepxka oHJIAaH-KOMMYHUKALUN — CO3/aHUE KaHAJIOB JUIsl 0OpaTHOM CBA3U C KIMEHTaMU
U TIApTHEPAMHU.

Jns  AOCTIKEHHWsI O9TUX Lened HeoOXxomumo  ObUIO  pa3paboTaTh  COBPEMEHHBIH,
(YHKIMOHAJIBHBIN U QAN TUBHBIN BeO-CaiT.

2. Drambl pa3paboTku BeO-caiiTa.

2.1. Ananu3 notpeOHOCTEH U 1eneBoi ayautopun. [lepBriM 1marom B pa3paboTke BeO-caiTa
CTaJl aHanu3 MoTpeOHocTel Ou3Heca W 1eNeBod ayautopuu. Ha sToM sTame Oblna mpoBeleHa
BCTpEYa C PYKOBOJCTBOM KOMIIAHMM, 4TOOBI IMOHSTH OCHOBHbIE TpeOOBaHHS K CalTy M ero
¢bysnkunonany. OnpeneneHbl Takue KIroueBble NOTPeOHOCTH, KaK: MpeAcTaBlIeHne HHPpOpPMaIul O
MPOAYKIMK M YyCIyrax; mnpocrora B opopMJIeHHHM 3aka3za U 3ampoce uHpopmauuu. CoznaHue
yA0OHOTO U MOHATHOTO MHTep(deiica. AHaIU3 1ENeBON ayJUTOPUH MO3BOJIUI YUECTh OTPEOHOCTH
KaK KOHEUYHBIX KIHEHTOB (TOKynareiaed NpOayKIMHM), TaK M HapTHEpOB (TMOCTABIIUKOB U
JIUCTPUOBIOTOPOB).

2.2. IlpoexTupoBanue u co3fganue au3aiiHa. [IpoekTrupoBaHue BeO-caiiTa BKIIOYAJIO CO3/1aHNE
CTPYKTYpbI, HABHTAIlUA W JU3aiiHa, COOTBETCTBYIOIIMX COBPEMEHHBIM TPEHIAM M TpPEOOBaHMIM
103a0mnTH. BeO-caiit Obl1 pa3paboTaH ¢ y4eTOM MUHUMAIUCTUYHOTO U (YHKIMOHAIHHOIO
AM3aiiHa, 4To 00eCTIeYnBaeT JETKOCTh B BOCIPUATUN HH(OPMALIUK U yI00CTBO UCIONIB30BaHus [2].
Bbutn yITeHBI KOPITOpAaTHBHBIE IIBETA M JIOTOTHIT KOMITAHUY JIJISl CO3JaHMUs €IMHOTO CTHIIS.

2.3. Pa3zpabotka dynkmonana. Ha ocHoBe aHanmm3a mMOTpeOHOCTEH M TIOCTABIICHHBIX IEJIeH
ObUT pa3paboTaH CleAyOUHi (yHKIIMOHA:

Kamanoz npooykyuu — pasnen, B KOTOPOM TIpPEACTaBIECHbl BCE TOBAapbl KOMIIAHUU C
MOJIPOOHBIMH OTMCAHMSIMH, XapaKTEPUCTUKAMU, N300pKEHUSIMH U TICHAMHU.

Onnatin-3aseéxa — (popma asi OTHPaBKH 3assBOK HA TMOKYNKY MPOAYKIIUH, C BO3MOKHOCTBIO
BbIOOpa HY>KHBIX TOBAPOB, KOJMUYECTBA U JIOTIOJHUTENIBHBIX XapaKTEPUCTHK.

Konmaxmnas ungopmayus u xapma — wHpOpMaLus O Crocodax CBA3M ¢ KOMIaHUEH U
pacroyio’keHNH 0pHCOB HA KapTe.
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Hosocmu u axyuu — pazgen ansg MHGOPMUPOBAHUS KIUEHTOB O HOBBIX MOCTYIUICHUSIX,
aKIHUAX ¥ COOBITUSX KOMITAHUH.

Obpamuas cea36 — Gopma JUIsl CBSI3U C MEHEKepaMy KOMIIaHUH uepe3 email win yar.

SEO-onmumuzayus — nns NOBBILIEHUS BUAUMOCTH B TOUCKOBBIX CHUCTEMAax M YJyULICHHS
MO3HUIIHIA caiiTa B pe3yJsibTarax moucka [3].

2.4. TlporpammupoBanue W TectupoBanue. llocne yTBepkaeHust nu3aiiHa M (YHKIHOHATIA
Havajmach peanm3anusi BeO-caiita. Pa3paboTka Benach C HCIONB30BAHHEM COBPEMEHHBIX
TexHoJoruil Bed-pazpabotku, Takux kak HTMLS, CSS3, JavaScript, a Takke nomyssipubix CMS-
wiatdopm, uTo obecrneynBaio yao0CcTBO yIpaBieHUs: KOHTEHTOM. B mpoliecce TectupoBaHus ObUI0
MIPOBEPEHO KauecTBO pabOThl BceX (YHKIMI, COBMECTHMOCTh C Pa3IMYHBIMU Opay3epamu u
MOOMIJIBHBIMHU yCTPOICTBaMHU.

2.5. BHenpenue u 3amyck caita. Ilocrme 3aBepuieHHs BceX 3TanoB pa3pabOTKH U
TECTUPOBAHUS CalT ObLT BHEIPEH Ha CEpBEp M CTall JIOCTYIEH Jyisl moJib3oBarene(puc.3). BaxHo
OTMETHTbH, YTO JIsi YCHEIIHOTO BHEAPEHHs caiiTa Obula mpoBeleHa oOydaromias ceccust IS
COTPYJIHUKOB KOMITAaHWUHU, YTOOBI OHM MOTJM 3((HEKTHBHO HCIIOJIE30BATh AIMUHUCTPATHBHYIO
MaHeJb JJ1s1 OOHOBJICHUS KOHTEHTA U 00pabOoTKH 3as1BOK [4].

3. Pesynbrarel BHeapeHus BeO-caiita. Ilocnme 3amycka caifita OcOO «Axda Ilmact»
HAOJI0TaeT PsIJT TIOJIOKUTEIILHBIX U3MEHEHUH B CBOCH JEATCIILHOCTH:

VYBenn4yeHne MOTOKa KIMEHTOB — Oarojapsi JOCTYHMHOCTH CaiTa ajsl MOTEHIHMATbHBIX
KJIIMUEHTOB, KOMIIaHUsS MPUBJIEKJIA HOBBIX MOJb30BaTeNIed U yBEJIWYWIa KOJIMYECTBO 3alPOCOB HA
IIPOLYKIHUIO.

Yno6ctBo B 00paboTKe 3aKa30B — aBTOMAaTH3alMsi MPOIECCOB 3aKa3a M OTHPABKH

nH(OPMAIIUY TIO3BOJIMIIA YCKOPUTH BPeMs OTKJIMKA M YMEHBIIUTH HArpy3Ky Ha COTPYIHHKOB.
VKperuieHHe UMHIKa KOMITAHUH — COBPEMCHHBIH U (DYHKIIMOHAIBHBIN BEO-CalT MOBBICHII
JIOBEpHUE KIIUCHTOB U MapTHEPOB.
[Ipocrora B 0O0HOBIIEHNN HH(OPMALIUK — COTPYAHUKH KOMIAHUH TETEPh MOTYT ONEPATUBHO
OOHOBJISITH JAaHHBIC O MPOJYKIIMHU, AKIMSAX W HOBOCTAX 0€3 HEOOXOIUMOCTH B TEXHHYECKON
nojaepxke [5].

Pucynoxk 1. lllanka caiita

Hawwu ycnyru

C HOMM KQYECTBEHHO 1 BbIFrOOAHO

Pucynok 2. Yenyru
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Hawm koHTakThbI

Tenedon: +996556616129

MNouta: akfaplast.com

YKkaxute anpec Bawei KoMNaHm1

in4d0®

Pucynox 3. [logsan caiita

3axnouenue

PazpaGotanHblii caliT sBIsIETCS BAXKHBIM LIaroM B HANpPaBICHWW MOJCpHHU3AIMH OH3HEC-
MIPOIIECCOB M TOBBIIMIEHUS! KOHKYPEHTOCTIOCOOHOCTH KommaHuu. Co3maHue (yHKIHOHAIHHOTO U
MIPUBJIEKATENILHOTO OHJIATH-pecypca He TOJIBKO YIYUYIIUT AOCTYIHOCTh HH(POPMAIIUU O MPOLYKIIMH
U yClIyrax, HO U TO3BOJUT KOMIAaHUU d()PEeKTUBHO B3aMMOACHCTBOBATh C KIUEHTAMH U
naptHEpamu. B xoze pa3paboTku MpoekTa ObLTH YUYTCHBI KIFOUEBBIC ACIEKTHI, TAaKWE KAaK aHaN3
[IEJIEBOM  ayAMTOPUH, TPOCKTHPOBAHUE YIOOHOW CTPYKTYpHl caiiTa M OOECIEYCeHHE €ro
aJIaITUBHOCTH JJISl Pa3IMYHBIX YCTPOWCTB. DTO TapaHTHPYET, YTO aOOHEMEHThI CMOTYT JIETKO
HAXOJUTh HYKHYIO HH(POPMAIIMIO U B3aUMOJEHCTBOBATh C KOMIIAHUEH B J1I000€ BpeMs U B JTFOOOM
MecTe. Beb-caliT cTaHeT He TOJNLKO BUTPUHOW IS MPOIYKIIUH, HO U TuIaT(hopMoi misi oOMeHa
uHpopmanuen, 4yro nomoxkerT ykpenutb UMUK OcOO «Axkda Ilmact» kak Haa€KHOrO H
COBPEMEHHOI'0 TPOU3BOAMUTENS IJIACTUKOBBIX M3/Aeiauid. PerynspHoe OOHOBIEHHME KOHTEHTa H
MOHUTOPHUHI MPOU3BOJUTENLHOCTH caiiTa o0ecrneyar ero akTyaJlbHOCTh U 3(P(PEKTUBHOCTH B
JOJTOCPOYHOM mepcrekTuBe. Takum oOpa3oM, ycCHellHas peanusalus JaHHOTO caiiTa co3lacT
IIPOYHYIO OCHOBY I JAJIbHEHIIETO0 POCTa KOMIIAHWH, NPHUBJIEYEHUsS HOBBIX I10JIb30BAaTENICd H
paciIipeHysi €€ MPUCYTCTBUS Ha PHIHKE.
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COMPARATIVE ANALYSIS OF ASYNCHRONOUS AND MULTITHREADED
PROGRAMMING METHODS IN PYTHON FOR BIG DATA PROCESSING
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Aunnomayusn.  IlpoBomuTCS  CpaBHHMTENBHBIM  aHaIM3  METOAOB  ACHHXPOHHOTO U
MHOTOITIOTOYHOTO MTPOrpaMMHPOBaHUS B si3bike Python ¢ mienpio ontumusanmu 00paboTKu OOIBIINX
JaHHBIX. PaccMOTpeHBI OCHOBHBIE KOHIIETILMH, APXUTEKTYpHbIE OCOOEHHOCTHM U HPAKTUYECKHE
acIeKThl peau3ally ¢ UCIOJIb30BaHUEM cTaHAapTHOH Ombmmoreku Python (asyncio, threading) u
JIOTIOJIHUTENBHBIX MHCTPYMEHTOB (concurrent.futures). IlpoBenéH skcnepuMeHTaIbHBIA aHaIU3
MIPOU3BOJIMTENIFHOCTH HA THUIOBBIX 3a/Ja4ax 0OpaOOTKM MAaHHBIX, BBISIBICHBI NPEHMYIIECTBA M
HE/IOCTAaTKU Ka)KJOro MOAX0/a, @ TaKXkKe JaHbl PEKOMEHAIMH MO UX ONTHUMAIbHOMY NPUMEHEHUIO
B 3aBUCUMOCTH OT XapakTepa 3aJauH.

Abstract. This paper presents a comparative analysis of asynchronous and multithreaded
programming methods in Python aimed at optimizing big data processing. The main concepts,
architectural features, and practical implementation aspects using Python’s standard libraries
(asyncio, threading) and additional tools (concurrent.futures) are examined. An experimental
performance analysis on typical data processing tasks is provided, highlighting the advantages and
drawbacks of each approach and offering recommendations for optimal application depending on
the task type.

Knrouegvie cnosa: Python, acMHXpOHHOE MPOTpaMMHUPOBAHUE, MHOTOMIOTOYHOCTH, OOJBININE
JTaHHBIE, IPOU3BOIUTEIBHOCTD.

Keywords: Python, asynchronous programming, multithreading, big data, performance.
Pa3BuTtHe TexHONOrHil 00pabOTKH MaHHBIX M POCT 00BEMOB HH(OpMaIHH, TPEOYIOMIHUX

ornepatuBHOW  00pabOTKHM, OOYCIOBMIM  aKTyaJlbHOCTh  HCHOJIBb30BaHUS  3((eKTUBHBIX
napajuieJIbHbIX TOAXOJ0B B MporpaMmMmupoBanHuu. Python, Gnaromapsi cBoeit mpoctore, OoraToid
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HKOCUCTEME M HAJUYMIO BBICOKOYPOBHEBBIX HHCTPYMEHTOB [UIsl TapajuieibHBIX BBIUMCICHUH,
CTaHOBHUTCS MOIYJISIPHOHN Mmiat(opMoil uis peanu3aluy pemieHuid B 00JIaCTH OOJBIINX JaHHBIX.
OnHako BBIOOP MEXIYy ACHHXPOHHBIMH W MHOTONOTOYHBIMH IOAXOJAaMHM 4YacTO SIBIISETCS
KPUTHUYECKH BaKHBIM ISl IOCTUKEHUST ONITUMAaIbHON TPOU3BOJUTENHEHOCTH.

B crathe paccmaTpuBaOTCs 1B€ OCHOBHBIE MapaJurMbl KOHKYPEHTHOTO NMPOTrPaMMHUPOBAHUS
B Python. C onHOI cTOpPOHBI, aCHHXpPOHHOE HPOTPaMMHUPOBAHHE, PEATH3yeMOE Yepe3 MOIyJb
asyncio, TO3BOJIIET CO3[aBaTh MaclITaOMpyemble TNPHIOKEHUS, CHocoOHbIe A(PPEKTHBHO
oOpabaTeiBaTh 0OJIBIIIOE KOJMYECTBO 3a7a4d BBOAA-BbIBOAA 0€3 OJIOKMPOBKM OCHOBHOTO moToka. C
Ipyroi CTOPOHBI, MHOTOINOTOYHOCTh, OCHOBaHHas Ha Moxayie threading W JTOMOTHUTEIBHBIX
MHCTPYMEHTaX, TakKux Kak concurrent.futures, o0OecreunBaeT mapauieIbHOE BBITOJHEHHUE
BBIUMCIIUTENIFHBIX 33Ja4, OJHAKO CONpSHKEHA C OCOOCHHOCTSAMHU TJI00AJbHOW OJOKUPOBKU
untepnperaropa (GIL).

Lenb uccnenoBaHus 3aKI0YA€TCA B CPABHUTEIHLHOM aHAIM3€ YKa3aHHBIX MOJXOA0B C TOUKH
3peHHsT MX NPOM3BOJUTEIBHOCTH TPU BBHIOJHEHWW THUIOBBIX OIEpanuii oO0paboTKu OOIBIINX
JaHHBIX. 3a/1a4l UCCIIE0BAHNUS:

e PaccMoTpeTh ~ TeOpeTHYECKHME  OCHOBBI ~ ACHHXPOHHOTO  NIPOrpaMMHUpPOBaHUS U
MHOronorouHoctu B Python.

e Pa3zpaboTaTh IKCIEPUMEHTAIBHYIO METOAUKY IUIsi CPAaBHEHUS MPOM3BOIUTEILHOCTH 00EHX
IapajgurM Ha IpuMepe pealbHbIX 3a/1a4.

e [IpoBecTu CpaBHUTENBHBINA aHAIU3 MOJYYEHHBIX PE3YyJIbTaTOB U OMPEAEIUTh YCIOBHS, MPU
KOTOPBIX OJIMH U3 TIOJXOA0B OKa3biBaeTcs Oosee 3¢ (HEeKTUBHBIM.

AKTyaJbHOCTh M CCIIEJOBAHMUSI o0ycIioBiIeHa HEO0XOIUMOCTHIO ONTUMMU3ALNU
BBIYUCIIUTENIFHBIX MPOIECCOB B MPUIIOKECHUAX, PA0OTAIOMKX ¢ OOJBIIMMU OObEMaMH IAaHHBIX, a
TaK)ke€ TOBBIIICHHEM TpeOOBaHUN K OBICTPOACHCTBHIO M MAaCIITAOMPYEMOCTH MPOTrPAMMHBIX
pelIeHHI.

B coBpemenHoit nurteparype no Python ynensiercst 3HauuTenbHOe BHHMaHuE MpodieMam
KOHKYPEHTHOTO MNporpammupoBaHusi. Tak, B pa0OoTax, MOCBSIIEHHBIX MOJYJIO asyncio (cM.
opunmanenyro nokymentauuto Python, PEP 3156), moapoOHO omMchIBalOTCS BO3MOKHOCTH
peanu3any  HEOJOKMPYIOLIMX OIepaluil BBOAA-BbIBOJA. AHAJOTHYHO, HCCIEI0BaHHUS IO
HCIOJIb30BaHUI0 MOyl threading AeMOHCTPUPYIOT MPEUMYyLIECTBA MHOTOMOTOYHBIX PEHIEHUH B
3ajavax, He orpaHnueHHbIX GIL, a Takke ONMMCHIBAaIOT HIOAHCHI UCIIOJIb30BaHUs concurrent.futures
JJIsl OpraHM3alMy ITyJjia TIOTOKOB [6].

Jlns mpoBeneHusl 3KclepUMeHTa OblIo pa3paboTaHO TecToBoe MpuiiokeHHe Ha Python,
peanusyroniee 00paboTKy OosbIIMX 00BEMOB JaHHBIX (CMHTETUYECKU CT€HEPHUPOBAHHbBIE HAOOPHI
JaHHBIX pa3MEpPOM [0 HECKOJbKUX TIuradaiit). B mpuiokeHnn peanu3oBaHbl JiBa BapHUaHTa
00paboTKu:

ACHHXPOHHBII BapMaHT — C HCIOJB30BAaHUEM MOAYJA asyncio [uid OpraHu3aluu
HEOJIOKMPYIOIUX ONepalliii BBOAA-BbIBO/IA U YIIPABJICHUS 3a/1a4aMH.

MHOTrOonoTOYHBI BapuaHT — C MCTHOJb30BaHUEM Moayss threading m concurrent.futures st
NapaJuIeIbHOTO BBIIIOJIHEHUS 3a/au.

OKcrepuMEHTANIbHAsL YCTaHOBKA BKJIIOYANA CIEAYIOLUINE KOMIIOHEHTBHI:

AmnmapaTtHoe oOecredeHnue: MHOTOSJIEPHBIM mporieccop (MunumMyMm 8 suaep), 16 T'b
ONEpPaTUBHON MaMSATH.

[Iporpammuoe obecrnieuenue: Python 3.10, omeparnmonnsie cuctemsl Linux u Windows st
IIPOBEJIEHUS CPABHUTEIBHOIO aHAJIN3A.

TecroBble naHHBIE: CHUHTETHYECKH CTE€HEPUPOBAHHBIE HAOOPHI TAHHBIX, HUMUTUPYIOIINE
OTIepalliy YTEHUs, TpeoOpa30BaHUsl M 3aITMCH WH(OPMAITUH.
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J11s OIIeHKU MPOM3BOAUTEIHLHOCTH PEATM30BaHbI CIIEIYIOIINE TECTOBBIE CLIEHAPHUH:

Cuenapuii o0paOOTKM BBOJA-BBIBOJA — UYTEHHE W 3amucCh (ailioB OOIBIIOrO pa3Mepa C
MCTOJIb30BAHUEM ACHHXPOHHBIX OTIEpaIIHi.

CueHapuil BBIYMCIUTENBHON HAarpy3Kd — BBIIOJHEHHE MAPAIIICIbHBIX BBIYMCICHUI
(HampuMmep, CTaTUCTUYECKUIl aHaIM3, arperupoBaHUE JAaHHBIX) C MHTEHCHUBHBIM HCIOJIb30BAaHUEM
MPOIIECCOPHOTO BPEMEHHU.

I'uOpuaHbIl  clieHapuii — KOMOWHANMS ONepanuii  BBOJAA-BBIBOJA W  BBIUMCIICHHIA,
OTPaXKAOIUX pealbHbIE YCIOBHS paObOThl COBPEMEHHBIX MPHIIOKEHUH.

B kaxxiom cuieHapuu U3MepsIINCh CIEAYIOLIUE TapaMeTPhI:

Cpennee BpeMst BBITIOJTHEHUS 33/1a4.

3arpy3ka nporieccopa U UCTIOIb30BaHUE MTAMSITH.

KonnuectBo 06paboTaHHBIX 3a7a4 32 (GPUKCUPOBAHHBIA TPOMEKYTOK BPEMEHHU.

Jis  obecrieyeHHs BOCIPOM3BOAMMOCTH  JKCIEpUMEHTa Ppe3yJibTaTbl 3aMEpsUIUCh €
WCTOJIB30BAaHUEM CTAHIAPTHBIX cpeacTB mnpodwmmmpoBanus Python (mampumep, momyns time,
cProfile). B xoxe skcniepuMEHTaIBHOTO UCCIICIOBAHMS, POBEIEHHOTO HA TECTOBOM IUIaTdhopMe C
MCIOJIb30BaHUEM MHOTOsIEpHOro mporeccopa u 16 I'b oneparuBHO# nmaMaTu, ObUIH peaTn30BaHbI
TPU TECTOBBIX CIICHApUS: OMNEpaluyd BBOJA-BbIBOJA (UTEHHWE M 3aMucCh OONbIIMX (ailyioB),
BBIUUCIIUTENIFHBIE 33/1a4l (arperupoBaHMe M CTATHUCTUYECKUN aHAIW3 JAHHBIX) W THOpHIHBIC
3aauu, NPEACTABISIOMKE COOOH KOMOWHAIIMIO WHTEHCUBHBIX OIEpaliii BBOJA-BBIBOAA W
BbIUUCIICHHI [4].

[Ipn peanuzanuu acMHXPOHHOTO BapuaHTa C UCHOJIB30BaHHEM MOAYJSl asyncio u
MHOTOIIOTOYHOTO BapHaHTa ¢ nNpuMeHeHueM threading u concurrent.futures ObLTH H3MEpEHBI
KITIOYEBBIC TIOKA3aTeIH MPOU3BOAUTEIBHOCTH, TAKHE KaK CpelHee BPEeMs BBITIOJIHEHUS OTEpaIny,
3arpy3ka mpoleccopa U HUCIOJIb30BaHHWE OMEPaTUBHOM mamsaTH. Pe3ynpTaThl mpoQuIMpoBaHUS,
MPOBEIEHHOTO ¢ MOMOIIBIO CTaHAApPTHBIX cpeactB Python (time, cProfile), mpogemoncTpupoBanu,
9YTO B OIEPAlUsiX, CBSI3AHHBIX C CEThI0O M (DAMIOBBIM BBOJOM-BBIBOJIOM, ACHHXPOHHBIH MOIXOJ
MO3BOJISIET CYIIECTBEHHO COKPATUTh BpPEMs OXHIAHHS, B TO BPEeMs KakK Ui BBIYHCIUTEIHHO
MHTCHCUBHBIX 3a7lad MHOTOIOTOYHBIA PEXHUM IPH YCIOBHUM ONTHUMAJIBHOIO paclpeeleHus
Harpy3ku okasbiBaercst Oosnee 3¢ddexkTuBHbIM. [Ipym 3TOM THOpPUIHBIA MOAXOA, COYETAOIIUN
MpeuMyIIecTBa 00EUX MapajurM, Mo3BOJIIET 10OUThCs emé Oosee CTaOUIIbHBIX PE3yJbTaTOB MpU
MEePEMEHHBIX YCIOBHSX IKCIUTyaTalluy MPOrpaMMHOTo odecredeHus [7].

Pe3ynbpTaThl 3KCHEpUMEHTOB MpeicTaBlieHbl Ha Pucynke 1, rae mokazaHa auarpamma
3aBUCUMOCTH  CpPEJHEr0  BPEMEHHM  BBIMOJHEHHWs  3a7ad  OT  BBIOpaHHOW  MapagurMbl
nporpammupoBanus. Takke cpaBHUTENbHas Tabmuia, npuBenEHHAS HUXKE, OTPAKAET IMOKa3aTeNn
Harpy3KH IpoIeccopa ¥ UCIOIb30BaHUE AaMSTH B KaKJIOM TECTOBOM crieHapuu. B Tabmiwiie BuaHO,
YTO JJIs ONepalliii BBOJIa-BbIBOJIA ACHHXPOHHBIN MOAXO0/ AEMOHCTPUPYET HAUTYUIlINe TTOKa3aTeNu,
TOTJa KaK B BBIYMCIMTENBHBIX 337jayaX MHOTOMOTOYHOE MPOrpaMMHUPOBAHUE JAET MPEUMYILECTBO
3a cuéT 3(HEKTUBHOTO pacnpeieTICHUs BBIYUCIUTEILHON HATPY3KH.

'uOpuaHpIii  pekuM TO3BOJSIET COATaHCHUPOBATh IMPOW3BOAMTENBHOCTh, OOECIIeYnBast
CTa0MIIbHYIO Pa0bOTy B YCIOBHMSX IMEpeMeHHOM Harpy3ku. Kpome Toro, Habmoaanoch, 4To IpH
ACUHXPOHHOM TPOIPaMMHPOBAHHUU YPOBEHb HCIIOJIB30BAaHMs ONEPATUBHOM MaMSATH HECKOJBKO
BHIIIE W3-32 OCOOCHHOCTEH OpraHM3aldd oOdYepelied 3aaad, OJHAKO O3TO KOMIICHCHUPYETCs
CHIKEHUEM Harpy3KH Ha IIEHTpaJIbHBIN Tporieccop [3].

[TpoBenéHHOE SKCIIEPUMEHTAIBLHOE MCCIIEOBAHUE IO3BOJMIIO BBISBUTH CYIIECTBEHHBIC
pasnuuus B paboTe ABYX MapaurM KOHKYpEHTHOro mporpamMmmupoBanus B Python. Ha ocHoBanuu
MOJIyYeHHBIX JaHHBIX MOXKHO CJI€JIaTh BBIBOJ, YTO ACHHXPOHHOE MPOTPAMMHPOBAHHE SIBIISETCS
ONTUMAIIGHBIM JUIS 3a/1a4, CBSI3aHHBIX C BBICOKMM KOJMYECTBOM OIEpaIfii BBOJA-BBIBOJIA,
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MIOCKOJIBKY OHO MHUHUMM3HUPYET BpeMs OKUAAHUA 332 CUET HEOJOKUPYIOLIErO BBIIOJIHEHHUS 3a/ad.
MHOTOnoTOYHBIN MOAX0I, HATPOTHB, IPOAEMOHCTPUPOBAT TyUIIyI0 3()(PEKTUBHOCTD IPU PELICHUN
BBIYMCIIUTEIBHO MHTCHCUBHBIX 3aJa4 3a CUYET MAPAUICIIbHOIO PACIPEICICHUS HArpy3Ku MEkKIy
norokamu. Ilpu 3ToM rHOPUIHBIN peKUM, COUYETAIOUIMM 3JIEMEHThl 000MX IOAXO0J0B, IO3BOJIAET
JNOOUTbCS KOMIIPOMUCCHOTO BapHaHTa, OCOOCHHO AKTYyaJIbHOTO Ui PEalbHbIX MPUIOKEHUH, e
3a71a4M 4acTo MPEJICTABISIIOT CO00I KOMOMHAIMIO ONepalvii BBOIa-BbIBOIA U BEIUUCICHUH [1].
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nporpaMmMupoBaHne
Tun NporpamMmMUpoBaHUs

Pucynox 1. J[lmarpamma 3aBHCHMOCTH CpPEOHETO BPEMEHHM BBINOJHEHHS 3adad OT THIA
MPOrpaMMHUPOBAHUS

Taobmuma 1
CPABHUTEJIbHBIN AHAJIU3 TIOKA3ATEJIEU [TPOU3BOAUTEJIBHOCTH
1O TECTOBBIM CLHIEHAPUSIM
Tecmoguviii cyenapuii Acunxpounwiii Mnoconomounwiti I'ubpuonwviii  3aepyska  Hcnoavsosanue
pedicum, MS pedxcum, MS pexcum, ms  CPU, % namsmu, MB
Onepaluyu BBOJIa-BIBO/IA 120 210 135 30 450
BrruucnurensHble 3a1a4ni 350 280 310 70 550
IMubGpunHeIA crieHapuit 240 260 220 50 500

B cOBOKYNMHOCTH pe3yibTaThl 3KCIEPUMEHTOB YKa3bIBalOT Ha TO, YTO BHIOOP MOJX0/a T0JIKEH
OCHOBBIBaThCsl Ha crernuduke o0pabaTbIBaeMbIX MTaHHBIX M XapaKTepe BBIMOJIHAEMBIX 3a/ad.
Hanpumep, ans BeO-TpuUIoKeHUH, aKTUBHO B3aWMOJICHUCTBYIONINX ¢ 0a3aMu JaHHBIX U CETEBBIMU
pecypcamMu, aCHHXPOHHOE MPOrPaMMHUPOBAHHE MOXKET CYIIECTBEHHO TIOBBICUTH IIPOIYCKHYIO
CrocoOHOCTh cucTeMbl. C Ipyroi CTOPOHBI, ISl aHATUTHYECKUX CHCTEM, BBITIOTHSIONINX CIIOKHBIC
MaTeMaTHYeCKHUe PacuéThl, MPUMEHEHHE MHOTOITIOTOYHOCTH TIO3BOJIUT COKPATUTh BpeMsi 00pabOTKu
1 o0ecneunTh OoJiee paBHOMEPHOE pactpeielieHne Harpy3Ku 1o sapaM Mpoleccopa.

[Ipu cpaBHEHHWH IMOJYYCHHBIX PE3yJbTaTOB 0CO0OC BHUMAHHE CICAYET YACTUTh HE TOJIBKO
BPEMCHHU BBITNIOJIHEHNA, HO U BOIIpOCaM YCTOﬁqHBOCTH CHCTEMBI, MaCI_HTa6I/IpyeMOCTI/I 1 CIIO)KHOCTH
pa3paboTKu. ACHHXpPOHHBIE TPUIOKEHHS, HECMOTpPS Ha CBOM MPEUMYIIECTBA, TPEOYIOT
BHUMATEIHHOTO TMOAXOJa K OpraHu3allid JIOTMKW yIpaBlIeHHS 3aJadyaMu, TOTJa Kak
MHOT'OIIOTOYHBIC PCHICHUA YaCTO CTAJIKHMBAKOTCA C HpO6HeMaMI/I CUHXPOHU3AIlUN H ri100aJIbHOI
onokupoBku uHTEprnperaropa (GIL). 910 00CTOATENHCTBO OCOOEHHO 3aMETHO TPH BBHITIOJHEHUN
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NapajyIe/IbHbIX BBIYMCIEHUH, 4YTO MOXET NPUBOAUTH K HEOOXOIUMOCTH HCIOJIb30BAHUS
JIOMONTHUTEBHBIX ~ OMONMMOTEK, Takux Kak multiprocessing WM CHEIHATM3UPOBAHHBIX
uHCTpyMeHTOB Jutst ooxona GIL [1].
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Pucynok 2. I'paduk cpaBHeHus ucnonp3oBanuss CPU u maMaty B pa3siIuYHBIX pexXuMax 00paboTKu
TaHHBIX

B o0cyxleHun pe3ynbTaToB SKCIEPUMEHTOB MOKHO OTMETHTb, 4YTO JUISI JOCTHUKCHHS
ONTUMAJIBHBIX PE3YJbTATOB PEKOMEHAYETCS MCIOJIb30BaTh KOMOMHUPOBAHHBIM IOAXOM, Tl
OIl€palli¥ BBOJA-BbIBOJA PEAIMU3YIOTCA ACUHXPOHHO, 4 BBIYMCIUTEIBHBIC 3alayd IIEpENaroTCs B
OTJENbHbIE MPOLECChl WM MOTOKH. Takol TuOpuUIHBIA MeXaHU3M MO03BOJsSeT 3(P(PEKTUBHO
HCIOJIb30BaTh Kak IPEUMYIIECTBA HEOJIOKHUPYIOIIET0 BBOAA-BBIBOAA, TaK M BO3MOKHOCTH
NapajyIeIbHOTO BBIYMCICHUS, YTO OCOOEHHO aKTyaJbHO JUIS paclpelel€éHHBIX CUCTEM 00pabOTKU
OOJIBIINX JTaHHBIX.

Tabmuua 2
MNPEMMVYILIECTBA N1 HEIOCTATKHN UCCJIEAYEMbIX ITAPAINT'M
Hapaouema Ipeumywecmea Heoocmamxku
ACUHXpPOHHOE Db dexTUBHOE BHITIOHEHNE OTIEpaliii BBO1a- boiee BhICOKas CII0KHOCTH OpraHU3aIin
MpOrpaMMUPOBaHUE BBIBOJA; CHHKEHNE BPEMEHHU OKUIAHUS; JIOTHKH; TIOBBIIIEHHOE MOTpeOieHHe
MaciuTadupyeMocTh naMsIT
MHuoronortoyHocTs [lapannensHoe BEIIOTHEHHE Orpanndenue GIL; npoOiemsl
BBIYHCIUTENBHBIX 3a/1a4; Ty4lllas 3arpy3ka  CHHXPOHHU3AINH; PUCK
CPU B3aUMOOJIOKUPOBOK
I'ubpuanslii pexxuM bananc Mexay BBOJIOM-BBIBOJIA U C10’)KHOCTb MHTETPALIMH IBYX [TOJIXO/IOB;
BBIYUCIICHUSAMH; THOKOCTD apXUTEKTYPBHI; MOBBIILICHHBIE TPEOOBAHUS K OTJIAKE

AIallITUBHOCTH K pPa3HbIM 3aia4aM

Taxum oOpa3om, pe3ybTaThl FKCIIEPUMEHTOB JEMOHCTPUPYIOT, YTO YHUBEPCAIBHOE PELICHHE
i1 00paboTKK OoNbIIMX JaHHBIX B Python nomkHO ydnThIBaTh crielu(UKy KOHKPETHBIX 3a/a4 U
YCIOBUSA OJKCIUTyaTalluM CHCTeMbl. J[nsg npuioxeHud, TpeOyromuX BBICOKMX IOKa3aTenen
OT3BIBUMBOCTH TpU  OOJBIIOM KOJUYECTBE 3alpOCOB, MPEANOYTHTEIbHEE HCIOIb30BaTh
ACHHXPOHHOE MporpaMMHupoBaHue. B cBoio odepesib, BHIYMCINTENBHO HHTEHCUBHBIE 3a/1a4H JIy4Ile

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 135



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

peuars ¢ MPUMEHEHHEM MHOTOIIOTOYHBIX MM MHOTO-IIPOLIECCHBIX cTpaTeruid. [ mOpuaHbIil moaxon
MO3BOJISIET OOBEAUHUTH CUJIIBHBIC CTOPOHBI O0OMX METOIOB, YTO JENIaeT €ro MEPCIEeKTHBHBIM
HANpAaBJIEHUEM ISl JajdbHEUIIMX ucciaenoBanuil. [logBoast UTOrM MPOBEAEHHOTO MCCIENOBAHUS,
MOXXHO CJIeaTh BBIBOJ, 4TO 3((HEKTUBHOCTh 00paOOTKH OOdbIMX JaHHBIX B Python Hampsmyto
3aBUCUT OT BBIOpAaHHOM MapagurMbl KOHKYPEHTHOTO MPOrpaMMHUpPOBaHUSA. ACHHXPOHHOE
MPOrpaMMHUPOBAHKE, pEATH3yeMOe dYepe3 asyncio, JEMOHCTPHPYET SBHOE MPEUMYIIECTBO B
CIICHAPHUSX, CBSI3aHHBIX C OMEPAHUSIMH BBOJIA-BBIBOJIA, MO3BOJSS CYIMIECTBEHHO CHU3HTH BpEMs
OKUJIAHUS U TIOBBICUTD MPOITYCKHYIO CIIOCOOHOCTH CUCTEMbl. MHOTOMOTOYHBIE PEIICHUS, HECMOTPS
Ha orpaHuueHusi, cBs3aHHble ¢ GIL, obecneunBator 3¢ dexkTuBHOE  pacnpeseseHue
BBIYHUCIUTEILHON HArpy3KH, 4YTO OCOOCHHO BaXXHO [UIsl 3ajad, TPEOYIOIUX HMHTEHCUBHBIX
BBIYHCIICHUH. Pe3ynbTarhl CpPaBHUTENBHOTO aHAIM3a, MOIKPEIUIEHHBIE AKCIEPHUMEHTAIbHBIMU
JTAHHBIMU, [MOKa3bIBAIOT, YTO Ui ONTUMHU3ALMU PAOOTHI COBPEMEHHBIX CUCTeM 00pabOTKU JTaHHBIX
1enecoo0pa3Ho  MPUMEHSATh TUOPHAHBIM TMOAXOJA, COYETAIOUIMI 3JIEMEHThl ACHHXPOHHOIO
MPOrPaMMHUPOBAHHUS W MHOTOTIOTOYHOCTH. Takoi MOJIXOJ IMO3BOJSET JOCTUTaTh ONTUMAIBHOTO
OamaHca MEXKIY CKOPOCTBIO BBIMIOJNHEHUS, 3(PPEKTUBHOCTHIO WCIOIB30BAHUS PECYpCOB U
MacIITabuPyeMOCThIO perieHuid [2].

B nanpHeiiniemM pekoMeHAyeTCsl IPOBECTU JIOMOTHUTENbHBIE UCCIEAOBAHUS 10 ONTUMHU3AIUU
B3aMMOJICHCTBUS MEXAY ACHHXPOHHBIMH W TMapaJUICIIbHBIMH MEXaHH3MaMH, a TaKKe HW3yYHTh
BIIUSHUE HOBBIX OHONMHOTEK ¥ (PpPEHMBOPKOB, NpEIAraloNIuX aJTbTCPHATHBHBIC METOBI
peaiM3allii KOHKYPEHTHOTO mporpammupoBanusi B Python. BrisiBneHHble B JaHHON cTaTbhe
PE3yNbTaThl MOTYT CIY>KUTh OCHOBOM UIsl pa3pabOTKU MPaKTUYECKUX PEKOMEHAALUNA IpU BBIOOpE
APXUTCKTYPHBIX PEHICHUN JJI CHCTEM, pa0OTaONUX C OOJBITUMHU 00bEMaMU JTAHHBIX B YCIIOBUSIX
M3MCHSIIOLIUXCS BBIYUCIIUTEIBHBIX TpeOoBaHuii [5].
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TecToBble cLeHapuu

Pucynok 3. I'paduk cpaBHEHHsT BpEMEHHM BBINOJHEHMS 33Ja4 B aCHHXPOHHOM M MHOT'ONOTOYHOM
pexxumax

JlanbHeiimee pa3BuTHE B 00JacTH  ONTUMHU3AIMH  OOpabOTKM OOJBIIMX JIAHHBIX C
ucnoib3oBanueM Python npeanonaraer n3yueHre HOBBIX HHCTPYMEHTOB U OUOJIMOTEK, CIOCOOHBIX
00OMTH OrpaHWYEHHs CTaHAAPTHBIX MojayJeil. [lepcrneKTUBHBIM HaIlpaBICHUEM  SIBISETCS
UCCIIeIOBaHNE UHTETPAllM ACUHXPOHHBIX (PPEHMBOPKOB C MHOTOIIPOLIECCOPHBIMU CUCTEMaMHU, YTO
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MO3BOJIUT emi€ OO0JbIe TOBBICUTh 3PPEKTHBHOCTh OOPaOOTKM BBIYUCIUTEILHO HHTCHCHUBHBIX
3agad. Takke CTOMT pacCMOTPETh BO3MOKHOCTH HCIIOJIB30BAaHUS PacHpeAeIEHHBIX BBIYUCICHHH €
MOMOIIIBI0 TaKUX TeXHOJOrwid, kak Apache Spark mmm Dask, unrerpupoBannbsix ¢ Python, uto
OTKPBIBAET HOBBIC TOPU3OHTHI B 00paOOTKE TAaHHBIX B PEaIbHOM BPEMCHHU.

| ! [j - +| Reporting
-} = g ’/ —
3 g g
L : N —
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5 o @ AN - )
g ) : .
o - =
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Pucynok 4. Cxema ruOpuAHOTO MOJX0/1a B OPraHU3alluy 00pa0OTKK OONBIINX JaHHBIX
Tabmuma 3
UTOI'OBBIE [TOKA3ATEJIN [TPOU3BOJUTEJIBHOCTHU 1O BCEM TECTOBBIM CLHEHAPUAM
IHapaouema Cpeonee CPU, [lamameb, Ipumeuanus
epems,ms % MB
ACHHXPOHHOE 150 35 460  Jlyumwme pe3yabTaThl Ui OTIEpaIiii BBOa-BBIBOIA
POTpaMMHUPOBAHHE
MHoromnoTo4HOe 300 70 540  DddexTuBHEE MTPY BEIYUCIUTEIHHBIX 3a/1a9ax
MIPOrpaMMHUPOBaHHUE
I'ubpuaHbIA pexuM 220 55 500 bBananc Mexay aCHHXPOHHOCTBIO U
napaJjIeIbHOCTHIO
3axnouenue

[TonpITOXKUBAS, MOKHO YTBEP)KIaTh, YTO KOMILJIEKCHBIM MOAXO0J K ONTUMH3aLUU 00pabOTKU
Oonpmx AaHHBIX B Python, OCHOBaHHBI Ha CpaBHUTEIBHOM aHAIHW3€ ACHHXPOHHOTO H
MHOT'OIIOTOYHOTO IIPOrPaMMHUPOBAHUS, IO3BOJISAET MMOIYYUTh LIEHHBIE IPAKTUYECKUE PEKOMEHIallNN
Ul pa3padOTKH  BBICOKOIPOM3BOJUTENBHBIX cucTeM. Peanuzamuss THOpUAHOTO METOAA,
coyeTarollero B cede mIpeuMyliecTBa OOOMX IOAXOJIOB, SBISETCS HanOojiee MepCHeKTUBHBIM
HaIpaBJICHUEM,  MO3BOJLIOIIMM  YYUTBIBATH  JUHAMUYECKYI0  IPHUPOAY  COBPEMEHHBIX
BBIUUCIIUTENBHBIX 3a7ad. IlomydeHHble pe3ynbTaTbl MOTYT OBITH HCIHOJIB30BaHbI B pa3paboTke
MPOrPaMMHBIX MPOAYKTOB, TPEOYIOUIMX BBICOKOH MacmTaOMpPyeMOCTH, YCTOMYMBOCTH U
a/IalITUBHOCTH NpU paboTe ¢ O0IbIIUMU 00bEMaMH JTaHHBIX.

Takum 00Opa3oM, MpeacTaBIEHHOE UCCIEI0BAaHHE JEMOHCTPHPYET, YTO BHIOOP KOHKPETHOU
napajurMbl IpOrpaMMHUPOBAHUS JIOJKEH ONUPAThCs Ha aHAJIN3 XapakTepa oOpabaTbiBaeMbIX 3ajad,
TpeOOBaHUN K MPOW3BOJUTEIHLHOCTH M OCOOEHHOCTEH ammapaTHOW MIaT(GOpPMBI, YTO TIO3BOJISET
BbIpaboTaTh 00OCHOBAHHbIE PEKOMEHIALMHU JJI ONITUMU3AIMH TPOTrPAMMHBIX pemieHuit Ha Python.
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AHAJIN3 JAHHBIX
C UCITOJIB30OBAHUEM SI3bIKA IIPOTPAMMMUPOBAHUSA PYTHON
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DATA ANALYSIS USING PYTHON PROGRAMMING LANGUAGE
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Annomayus. Cerogas 3k Python siBisieTcst caMbIM MOIIHBIM SI3BIKOM MPOTPAMMHPOBAHUS
s 00paboTKM W aHamu3a OOJNBIIMX JAaHHBIX. JTO JOCTUTAeTCSd 3a CYET MHOTHUX TOJIE3HBIX
OUOINOTEK SI3bIKA, KOTOPBIN KaX/IbIii IeHh OOHOBIISIOTCS C 100aBJICHUEM HOBBIX BO3MOXKHOCTEH. B
JaHHOM CTaThe pacCMAaTPHUBAETCS] aHAIM3 JeMOTpapUIecKOro COCTOSIHUS HaceneHus: Kelpreizcrana
3a 2019-2023 roapl ¢ UCMONB30BaHUEM s3bIKa MporpammupoBanusi Python u ero 6ubnuorek amns
00paboTKK W Bu3yanus3anuu AaHHbIX. McnonbpzoBanue Python s ananmza gemorpaduueckux
JTAaHHBIX TO3BOJISIET 3(p(EKTUBHO 00padoTaTh OOJbIINE MAacCHBBI HWH(GOPMAIUU, BBISBUTH
3aKOHOMEPHOCTH M TPEACTAaBUTh PE3yJIbTaThl B HarsIHOM (Qopme. Takoil moaxon MoXKeT ObITh
M0JIE3€H /ISl TOCYAApCTBEHHBIX OPIaHOB M HMccieloBaTelel Mpy MIIaHUPOBAaHUU AeMorpaduyeckon
MTOJIUTHKHU.

Abstract. Today, Python is the most powerful programming language for processing and
analyzing big data. This is achieved through many useful language libraries, which are updated
every day with new features. This article discusses the analysis of the demographic state of the
population of Kyrgyzstan for 2019-2023 using the Python programming language and its libraries
for processing and visualizing data. Using Python to analyze demographic data allows you to
effectively process large amounts of information, identify patterns and present the results in a visual
form. This approach can be useful for government agencies and researchers when planning
demographic policy.

Kniouesvie cnosa: python, pandas, matplotlib, ananmu3 nanHbBIX, 00paboTKa JaHHBIX,
BU3YaJIN3aIUs TaHHBIX.

Keywords: python, pandas, matplotlib, data analysis, data processing, data visualization.
AHanmu3 JaHHBIX — 3TO MPOLEcC 00pabOTKU CTPYKTYPHUPOBAHHOM M HECTPYKTYPHPOBAHHON
I/IH(bOpMaIII/II/I C HCIIOJIB30BAHHUEM CTATHUCTUYCCKUX MCETOAOB, BBIYHUCIWUTCIBHBIX aJITOPUTMOB H

HHCTPYMCHTOB BU3YyaJIM3allNH. Ero ocuoBHas OCJIb — BBIIBJIICHHUC 3HAYHMMbIX SaKOHOMepHOCTeﬁ,
HU3BJICUYCHUC LICHHOI>'I I/IH(I)OpMaI_II/II/I U MPOTrHO3UPOBAHUC TCHHCHHHﬁ. Hpouecc aHajIM3a JaHHBbIX
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BKJTFOYAET HECKOJIBKO KJIFOYEBBIX ATAmoB: cOop mHbopmaruu, e€ npeaBapuTenbHas oOpaboTka u
OUYHMCTKA, UCCIICIOBAHUE U MHTEPIPETAIUs PE3yIbTATOB, & TAKIKE BU3YAIU3AIMIO U MPEACTABICHUE
BEIBOJIOB B yJ00HOM ¢opMmarte. B xozme aHanm3a MPUMEHSIOTCS Pa3HYHBIC METOMbI, TaKWE Kak
omnucareibHas CTATHUCTHKA, KOPPEISALMOHHBI W pPErpecCMOHHBbIM aHauu3, KiacTepu3aius,
KJaccupuKalus U Apyrue alropuTMbl HHTEIJIEKTYaIbHOTO aHajIn3a AaHHbIX [1].

B coBpeMeHHOM MUpe aHAIMW3 JAaHHBIX WUIPAET KIIOUEBYIO POJIb B NMPUHSATHU PEIICHUN B
pa3nu4uHbBIX cdepax, BKIOYas OW3HEC, MEAMIIMHY, HayKy W TexHojoruw. Python cran ognum u3
HauboJjee MOMYJISIPHBIX SI3BIKOB MPOrPaMMHUPOBAHUS AJi pabOThl C JaHHBIMU Ojarogapsi cBoei
MPOCTOTE, THOKOCTH ¥ MOIIHOMY HaOopy OHOJMOTEK, KOTOpbIE TMO3BOJAIOT S(PPEKTUBHO
oOpabaTeiBaTh OoybIIMEe MacCUBHI HHpoOpManuu. B uucie Hamboiee YacTO HCIOIB3YEMBIX
OMOIMOTEK BXOJIUT:

Pandas — wuHCTpyMeHT s pabOThl C TaOJUIIAMH U CTPYKTYPHUPOBAHHBIMU JAHHBIMHU,
MO3BOJISIIOIININ 3arpyKaTh, OUUIIATh U AHAIU3UPOBATH JJAHHBIE.

NumPy — Oubnmorexa mansi pabOTBI ¢ MacCMBaMH W MAaTpPHUIAMH, HPEIOCTABISIONIAS
WHCTPYMEHTBI JUTsI BBIMIOJTHCHUSI MATEMAaTHICCKUX BBIYMCICHUH, TAKUX KaK CIIOKEHUE, YMHOKCHHE,
CTaTUCTUYECKHUE ONEPallMi U MHOTO€ JPYroe.

Scikit-learn — wuWHCTpYMEHT JUIS MAIIMHHOTO OOYYEHHS, BKJIIOYAIONIMNA AJITOPUTMbI
KJIAaCCU(UKALINH, KIACTEPU3AIUH H MIPEICKA3ATSIILHOTO MOJICITHPOBAHHSL.

Matplotlib u Seaborn — OuOMMOTEKW ISl BU3YyalIHM3alluM JaHHBIX, TO3BOJISIONINE CTPOUTH
rpaduky, AMarpaMMbl U APyTUe BUBI BU3YaJIbHBIX MpeacTaBieHuil nHpopmanuu. C UX MOMOIIBIO
MOKHO CO3[aBaTh JIMHEIHbIEe TpauKy, TUCTOTPAMMBbI, AMArPaMMbl pACCeSIHUS U JApYyTue
AHATUTUICCKUE BU3yaTN3aIIHN.

PaccMoTpuM  OCHOBHBIE  WHCTPYMEHTBI  BBIIICIICPEUYHCICHHBIX  Oubmmorek  Python,
UCIIONIb3YEMbIe JJIsi aHajdu3a JaHHBIX, W TOKaKXEM HUX MPUMEHEHHEe Ha MpHUMepe aHaIu3a
nemorpaduueckoro coctostHus HaceneHus: KpIprbizctaHa. DTO MO3BOJIUT MPOAEMOHCTPUPOBATH,
KaK METOJbl aHajdu3a JaHHBIX MOTYT OBITh HCIIONB30BAHBl JUIS BBISBICHUS KIFOUEBBIX
nemMorpauueckux TEHAEHIMH U MPOTrHO3MpoBaHUS Oynymux wusMmMeHeHuil. llenecooOpasHo
MOKa3aTh BO3MOXKHOCTH si3bika Python Ha mpumepe ananmuza aemorpaduUyeckoil CcUTyaluu
Keiprescrana. s 3ol paboThl pa3paboTaH CIEeTYIONIHA alrOpUTM:

1. CoOpath JaHHBIE U3 OTKPHITHIX HCTOYHUKOB JJIs JAJTLHEHIIIETO aHaIH3a.

2. UreHnune paHHBIX U3 (baiiia, COOTBETCTBYIOIIETO ONpeIeiecHHOMY (hopmary.

3. UroObl HE meperpyxaTh MaMsiTh, U3BIEKUTE YacTh JAHHBIX JUIsI 0OpaOOTKH, CO3[aB TaK
HA3BIBAEMBIN «KaJp JAHHBIXY.

4. BeiOpaTh Juisi aHalM3a TOJIBKO HEOOXOJMMBIEC CTOJIONBI, BKIFOUYAs Ha3BaHUS OOBEKTOB U
3HAYCHUS U3yYaeMbIX (PaKTOPOB.

5. Crpynnupyiite 0O0BEKTHl ¢ OJMHAKOBBLIMH XapaKTEPUCTHKAMHU M HCIONB3YHTE MpaBuia
00paboTKM 3HaUeHUI KOA(PPUIIMEHTOB I KX I0H IPYTIIIbL.

6. CpaBHUTE JaHHBIC IO CTOJOIAM, YTOOBI BBISIBUTH 3aKOHOMEPHOCTH.

7. BeiOepuTe ONTUMANBHBIN THI TpaUUecCKOro MPEJICTaBICHHS JAHHBIX B 3aBUCHMOCTH OT
[eJTH aHaJIH3a.

8. Co3znaiiTe BEIOpaHHBIN IpadUK WK AUArpaMMy Ha OCHOBE OTCOPTHPOBAHHBIX JTAHHBIX.

MBI paccMOTpeNH OTKPBITBIE MCTOYHUKH JIJIsi cOopa JaHHBIX. B OCHOBHOM HEOOXOJIMMBIE
JaHHBIC OBUIM TOJYYCHBI M3 OTKPBITBIX HMCTOYHUKOB: caiiTa HalMOHaIBHOTO CTATUCTHYECKOTO
kommuTera (opendata), roI0OBbIX OTYETOB [2].

CoOpaHHbIe TaHHBIE COXPAHSIIUCH B ANeKTpoHHON Tabmuie Excel B hopmare CSV (Pucynox
1).
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A B C D E
oblast,2019r.,2020r.,2021 r.,2022 r.,2023 1.
baTtkeH,13123,11263,10303,11342,12380
Wanan-Abapn,26564,23307,21660,22701,25402
Mcebik-Kyns,7298,6078,5208,6039,7532
Hapbin,4109,3579,2977,3197,5597
Ow,29464,25443,21969,24305,29530
Tanac,4575,3972,3577,3846,4794
Yyi1,18299,14342,12314,14102,15659
ropog buwker,24780,20236,21312,22509,8369
10 Iropo,ﬂ, Ow,11977,9915,11969,10783,5214

W00~ U W=

Pucynok 1. ®aiin nanneix “grow_of people.csv”

Python mpenocraBisier oOmUpHBIE BO3MOXKHOCTH [UIsl aHANW3a IaHHBIX, HAYMHAS C UX
3arpy3Ku U mpeaBaputeabHoi 00padboTku. OAHUM U3 KIIOYEBBIX 3TAMIOB aHATMTUYECKOTO Mpoliecca
SBIIAETCS HMIIOPT JAHHBIX, KOTOpbIH B Python MOXXHO BBINONHATH C TMOMOIIBIO PA3TUYHBIX
o6ubmmotek. OHM MO3BOJISIIOT 3arpy’KaTh HH()OPMAIMIO U3 MHOXKECTBA HCTOYHHUKOB, BKitoyast CSV-
u Excel-gaiinbl, 6a3p1 manabix SQL, BeO-cTpaHuIbl u qpyrue Gopmarel.

OnHoit u3 Hanbosiee BOCTPEOOBAHHBIX OMOIMOTEK ISl padOTHI ¢ JaHHBIMH sBisieTcs Pandas.
C e€ momorpto ObLIH 3arpykeHbl AanHble U3 CSV-(aiina, Ha OCHOBE KOTOPHIX C(HOPMHUPOBAHBI
natadpeiiMbl ¢ HHPOpMaIMeil o ecrecTBeHHOM npupocte HaceneHus 3a 2019-2023 roasl. Kpome
TOTO, TIPOBEJEH aHAIHM3 YHCICHHOCTH HAaceJeHHs (BKIFOUYas paclpe/esieHre IO IOTy), JaHHBIX O
BHEIIHEW MUTpaiuu (KOJIUYeCTBO MPUOBIBIINX U BHIOBIBILKX), a TAK)KE MOKa3aTellel poKIaeMOCTH
u cmeptHOCTH [3].

import pandas as pd
if _name_ ==' main__":

data = pd.read_csv(‘grow_of people.csv")
print(data.head(10))

data_2019 = data//'oblast’, '2019 2.']]

data_2020 = data[['oblast’, '2020 2."]]

data 2021 = data[['oblast’, 2021 2.']]

data 2022 = data[['oblast’, '2022 2.']]

data 2023 = dataf[['oblast’, '2023 2."]]

plt.plot(oblast,data_19)
plt.plot(oblast, data_19, label="2019", color="blue", linestyle="-", marker="0")

plt.plot(oblast, data_20, label="2020", color="red", linestyle="--", marker="s")
plt.plot(oblast, data_21, label="2021", color="green", linestyle="--", marker="0")
plt.plot(oblast, data_22, label="2022", color="yellow", linestyle="--", marker="s")

plt.plot(oblast, data_23, label="2023", color="black", linestyle="-", marker="0")
plt.legend(loc="upper left", bbox_to_anchor=(1, 1))

plt.grid(True)

plt.show()

Pesynomamui u suzyanuzayus OaGHHbIX
C ucnons3oBanueM 6ubanorek Pandas u Matplotlib B s3pike nporpammupoBanus Python 6b11
MpOBEeACH aHanmu3 JeMorpaduueckux maHHbIX. Ha PucyHke 2 mpeacraBiieHa BuU3yaau3aius
ecTecTBeHHOro npupocrta HaceneHus Keipreizcrana 3a 2019-2023 rogpl.
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HecMmoTps Ha cTaOMIBHBIA POCT YHCIEHHOCTH HaceneHus, KeIprei3ctan ocraeTcsi HaMMeHee
HACCJICHHBIM T'OCYJapCTBOM B HCHTpﬁJ’IBHOﬁ A3I/II/I, 4TO BO MHOI'OM CBsA3aHO C MHUI'PALIMOHHBIMU
npoueccamu (Pucynok 3) [4]. OmHako B mocieqHHe rojbl HAOJIIONACTCS YBEIHMUYCHHUE 4YHCIIA
rpakiaH, BO3BPAILAIOIIUXCS B CTPaHy, 4TO OOYCIIOBJICHO MOSBJICHHEM HOBBIX pabOYMX MeCT

(Pucynok 4).
30000 1 -e— 2019
-m- 2020
-e- 2021
25000 A 2022
—— 2023
20000 A
15000 1
10000 1
5000 1
BaT‘KEH )KaJ’IaJ"I-ASaﬂ MCCbIK‘nyﬂb Ha[;h\H OLu TaJllac ‘+3|(|7| ropoj éMLIJKeK ropoh Ow
Pucynok 2. CBeieHUsI 0 €CTECTBEHHOM IpupocTe HaceaeHus 3a 2019-2023 romsr
data = pd.read_csv(‘migration.csv')
data_obl=data[['country]
data 2019 = data[['country’,'2019 2."]]
data 2020 = data[['country’, 2020 2."]]
data 2021 = data[['country’, 2021 2."]]
data 2022 = data[['country’, 2022 2."]]
data 2023 = data[['country’, 2023 2."]]
00 { 2 2020 !
-e- 2021 ,"\‘
5000 :’,
4000 +
3000 +
2000 +
1000 A
o1 - ;“——_-i-—' ==
3CTO‘HVIR I'epM‘ava Mapz‘awnh CIJJA

AszepbangxaH ApMmeHna Benapycns  KasaxcTaH Mongosa Poccus  Tamxukuctan Y3bekuctaH — VkpauHa NuTea

Pucynok 3. Uucio BeIObIBIINX U3 cTpaHbl 32 2019-2023 rr.
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Pucynox 4. Yncno npudsiBimx B Keipreizcran 3a 2019-2023 rr.

[TomyuyeHHbll rpaduk HarIsHO OTpakaeT pe3yJbTaTbl 00paOOTKM JaHHBIX O JIHOJSX,
NpUOBIBIINX B CTPAHY 3a MOCIEIHUE TOJIBL.

bubnmoreka Matplotlib mpemocrapiseT MMPOKUE BO3MOKHOCTH JUIsl HACTPOWKH BHEIITHETO
BUJa rpa)uKOB, MO3BOJISAS U3MEHATh CTUIIb OTOOPA)KEHUS SJIEMEHTOB, LIBETOBBIE CXEMbI, IIPUDTHI U
apyrue napaMeTpbl. KpoMe Toro, pesyiabTaTbl MOKHO HPEICTaBUTh B TaOJIMYHOM (opmare, 4To
YIIPOIIAET UX JAbHEHIIHNIA aHATN3 U 00BbEJMHEHUE C IPYTHMH JaHHBIMU [5].

AKTHUBHOE M B HEKOTOPOH CTEIEHH XaOTHYHOE pa3BUTHE dKocucTeMbl Python oObscHsercs
€r0 OTKPBITBIM HCXOJTHBIM KOJIOM M CBOOOJHBIM paclpocTpaHCHHEM. DTOT (PaKTOp CrocoOCTBYET
€ro NMPUMEHEHUIO B CaMbIX pa3HBIX OOJIACTSX HAYKM M IMPHUKJIAAHBIX HcclefaoBaHui. braronaps
3TOMY Kak Mpo¢ecCHOHAbHbIE MPOTPAMMHUCTBI, TaK M SHTY3HACThl BHOCAT BKJIAJ B €0 Pa3BHUTHE,
paciupsis GyHKIIMOHATbHBIE BO3MOKHOCTH SI3bIKa U ero oudanorex [6].

[Ipouecc pa3paboOTKM W TECTHUPOBAHUS MPUKIAJAHOTO KOMIBIOTEPHOTO MPUIOKEHUS
MOJATBEPAMSI JIOCTYIHOCTh M HPOCTOTY peaju3alii aJIropuTMOB O0OpaOOTKM JaHHBIX C
ucrnoib3oBanueM Python. OcHOBHas 1enb CO3JaHHOTO aNropuTMa — IPOJEMOHCTPHUPOBATH
BO3MOXXHOCTH Oubnuotexkn Pandas, momuepkHyTh ynoOCTBO €€ MCIOJIB30BAHMUS U HArJISHOCTh
M0JIy4aeMbIX PE3YyJIbTaTOB.

Ha ocHoBe pa3paboTaHHOro ajropurMa oOpaOOTKM M aHajM3a MAacCUBOB JaHHBIX C
UCMOJIb30BaHUEM si3bIKa IporpammupoBanus Python m 6mbmmorex Pandas m Matplotlib moxHO
BBIIETIUTH CIEAYIOLINE MPEUMYIIECTBA TaHHOTO MOAX0Aa:

Bech nporiecc — 0T 3arpy3ku JaHHBIX /10 UX rpaduueckoil BU3yanu3alii — BHIIOJIHSAETCS B
pamMKax OJHOIO MPHUIIOKEHUS.

[Monnepxkka paboThI ¢ MacCHBaMU JITaHHBIX B PA3JIMYHBIX (popMaTax.

I'mOkocte B BbIOOpE HYXHBIX JaHHBIX U3 OOLIEro MaccuBa, 4YTO YNPOINAET
HCCIIEIOBATENILCKHI TTPOIIeCC.

B03M0OXHOCTE COPTUPOBKM HHPOPMALIUH T10 JIFOOBIM 3a/IaHHBIM TapaMeTpaM.

Yn0o06HOe W HarIgIHOE NpEeACTaBICHUE pe3yJIbTaToB B BHJE TpadUKOB, IuarpaMMm WId
Ta0JIHII.

OTKpBITBIA HCXOAHBIN KO, TOCTYITHOCTh U IMMPOCTOTA UCITOJIb30BAHUS.

VY4uuThIBas NEpEUnCICHHBIE TPEUMYLIECTBA, JAHHBIN AITOPUTM MOXHO PEKOMEHA0BAThH JUIS
IIPUMEHEHHST B Pa3JIMYHBIX HAy4YHBIX M TNPUKIAAHBIX MCCIEAOBAaHUAX. B 4acTHOCTH, aBTOpPBI
IUTAHUPYIOT HCIONb30BaTh €ro s oOpaOoTku 0a3 JaHHBIX, CBS3aHHBIX C I[apaMeTpaMu
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COJTHEYHOTO W3JIy4eHHUs U MOTOKaMHU BO3yXa B aTMocdepe OTAENbHBIX PErMOHOB. JTO MO3BOJIUT
aHAIM3UPOBATh U3MEHEHHUSI MOIIIHOCTH COJTHEYHBIX U BETPOBBIX dJIEKTpocTaHIui. s peanuzanuu
JaHHOW 3aJa4u  MOTpeOyeTcs TMOAKIIOYCHUE OMOTHHUTEIbHBIX OMOMUOTEK, JOCTYIIHBIX Ha
CHeIHaATM3UPOBAHHBIX IIaTPOopMax.
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Annomayus. Ilpu TJIAHUPOBAHMM CETEW COTOBOM CBSI3M BaKHOM 3ajlaueid  ABISETCA
ontuMaibHoe pacnonoxeHue 0azoBbix craHimii (BC). Ilpu »ToM HeoOxomumo obecrneyuTh
HA/IOKHYI0 cOBMeCTHYIO pabory BC M TexHHMUYeCKHX CpejicTB, pabOTalomIMX Ha 3TOM ydacTke. B
CTaThe MPOBEJICH aHAJN3 CYMISCTBYIOIIMX METOOB PEIICHHUS JJI ONTHMAJIBHOTO PACIIOIOXKCHUS
0a30BbIX cTaHIUN. Jlat0TCs KpaTKUe OMUCAaHUs MOJIeIe M METOAOB pacueTa OCHOBHBIX MOTEPh MPHU
paclpoCTpaHEHHUH CHTHAla B pPa3jMYHBIX YCIOBUSX. B ceTsaX MOABMKHOW CBSI3U CBS3b
OCYIIECTBISIETCS MeX Ty cTarpoHapHoid BC W MoJBMKHBIM a0OHEHTCKUM TEPMUHAJIOM, TIPH 3TOM
mapaMeTpsl JTUHUU CBS3M U3MEHSIOTCS. B CBS3M C 3THM Il OTNHMCAHUS TOBEJCHHUS CUTHAJIOB B
M3y4aeMOl MECTHOCTH TONB3YIOTCA CTaTUCTUYECKUMH MeTonaMu. CyIIecTBYeT HECKOIbKO
MaTeMaTHYeCKUX MOJENIeH U METO/I0B, MO3BOJISIONINX MPOU3BOAUTH PACY€T OCHOBHBIX MOTEPH MPHU
pacipoCTpaHEHUH CUTHAJIA B YCIOBUSAX PACIPOCTPAHCHHSI B TOPHOW MECTHOCTH. M3 sMIMpHYecKuX
MoJienielt Hanboliee MUPOKO UCTIONB3YyeTcsl MoJenlb OKaMyphI 110 TIPECKa3aHUI0 YPOBHS CUTHAJIA B
mpenenax COThl, KOTOpash OCHOBBIBAETCS Ha JIKCIEPUMEHTANIbHBIX pe3ynpTaTax. C ydeToM Bcex
JOCTOMHCTB M HEJIOCTAaTKOB PACCMOTPEHHBIX B CTaThe MOJENEH celaH BBIBOJ O BO3MOXHOCTHU
MPUMEHECHHS JMITMPUYCCKUX MOJCNIed ¢ TNPUMEHEHUEM IOMPABOYHBIX KOI(DPHUIMCHTOB IS
penbeda ropHO MECTHOCTH.

Abstract. When planning cellular networks, an important task is the optimal placement of base
stations (BS). It is necessary to ensure the reliable interaction of BSs and technical equipment
operating in the given area. This article analyzes existing methods for solving the problem of
optimal base station placement. Brief descriptions of models and calculation methods for basic
signal propagation losses under various conditions are provided. In mobile communication
networks, communication occurs between a stationary BS and a mobile subscriber terminal, with
the parameters of the communication line changing over time. Therefore, statistical methods are
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used to describe signal behavior in the studied area. Several mathematical models and methods
allow for the calculation of basic signal propagation losses, particularly in mountainous terrain.
Among empirical models, the Okumura model is the most widely used for predicting signal levels
within a cell, as it is based on experimental results. Considering the advantages and disadvantages
of the models reviewed in the article, a conclusion is drawn on the feasibility of using empirical
models with correction factors for mountainous terrain.

Kroueswvie crnosa: 6azoBas CTaHL s, MOOHMIIbHAS CTaHIMA, MOJACIIUPOBAHUC, OIITUMU3ALIUA.
Keywords: base station, mobile station, modeling, optimization.

B Hacrosimee Bpemsi HaOmrogaercs OOJBIIONW POCT pa3BUTHS OECIPOBOAHBIX TEXHOJOTHUI
nepenaun nHGopmaruu. CyniecTByomnme CUCTeMbl OECIIPOBOIHOM Mepeaauu IBUIUCH YCIIEITHBIMU
[0 CKOPOCTH IN€peJaud B CpPaBHEHHMM C IIPOBOJHBIMH CHUCTEMAaMM, KOTOpPbIE TpPaJULMOHHO
CUMTAIIUCH 00JIee BBICOKOCKOPOCTHBIMH M OOJIaJarOIIMMHU OOJbIIEH JOCTOBEPHOCTHIO TNEpeaayu
uHpopmanuu. D10 00bsACHsAETCS ABYyMs (aKTOpaMH: pa3BUTHE HAYYHO METOAMYECKOro ammapara,
MIO3BOJISIFOIIETO MMPOBOJUTH COOTBETCTBYIOIINE PACUEThl; BO3MOXHOCTh TEXHUYECKON peaanu3aluu
JAHHBIX METO/IUK.

Llenvto Oannoli pabomoel SABISIETCS 0030p CYIIECTBYIOUIMX METOJIOB pacdyeTa 30H IMOKPBITHS
0a30BBIX CTAHIIUN COTOBOM CBS3U /7Sl TOPHON MECTHOCTH.

Boei6op sHepreTuyeckux MmapaMeTpoB ammaparypbl B CHUCTEMax MOJBIKHOM pagroCBI3U
JOJDKEH 00ecrieunBaTh YBEPEHHBIN IpreM B 30He oocimyxuBanus bC. B Toukax mpuema Ha rpaHuie
COThl YPOBHM CHUTHAJIa Pa3jMuYHbl BCIIEJCTBHE HEOJUHAKOBOTO BIIMSHHUSA 3aCTPOMKU U penbeda
MecTHocTU. [l pacueta BiMsSIHHMS penbeda MECTHOCTH NPUMEHSIOT JBa OCHOBHBIX METOJA:
JETEPMUHUPOBAHHBIA M CTaTUCTUUYECKUM. Vcrionb3ys 1eTepMUHUPOBAHHBIA METOJI, pACCUUTHIBAIOT
MHOXHUTENh OCJIA0JICHUSI TPACcChl PACHPOCTPAaHEHHUS MO KOHKPETHOMY Mpoduito mposera. Takoi
METOJI IPUMEHMUM JUIsl JIMHUM CBSA3M IO CXEME «OT TOYKH K TOYKE», HAPUMEP B paAHOpeseHHBIX
JUHUAX, TAE€ MECTOIOJIOKEHHs IEpeAarolleld U NPUEMHON aHTEHH He MeHsercd. B cucremax
MOJIBUKHOM CBSI3W HCHOJB3YIOT CTATUCTUYECKHH METON, MpH KOTOPOM MapaMmeTpsl penbeda
(BBICOTA MPENATCTBUHN, UX (hOpMa, B3AUMHOE PACIOJIOKEHNE, HAKIIOH MECTHOCTH U IIP.) CUUTAIOTCS
CITy4yallHBIMH BeruauHamu [1].

YacTte Moaenelt npeacTaBiser coboil aHaTMTUYECKUE MOJEIH, YaCTh IMIIMPUUYECKIE MOJAEIH.
Hekotopele Monenu, Takue Kak Moaenb Oxamypbl, MpencTaBisioT coboi  Habop
SKCIIEPUMEHTAJIbHBIX KPHUBBIX OCJIA0JIEHHUs CUTHAja, IOJIyYEHHBIX B pE3yJbTaTe IPOBEICHUS
00JIBIIOr0 KOJIMYECTBA U3MEPEHUHN YPOBHS NMPUHUMAEMOIo CUTHaja. B mocienHee Bpemsl HaXOIAT
IPUMEHEHHE MOJeNU B MNPUOIMKEHUH TreoMeTpudeckod onTuku. OCHOBHOW wHIeeill JaHHBIX
MoJIesIel ABISETCA OLEHKA CHJIbI CHUTHAJIa ¢ MOMOUIbI0 TPACCUPOBKHU Jydel OT 6a30BOM CTaHIMU
(BS) x mobunbHoOM ctaniuu (MS). Ho crnegyer oTMeTHTh, YTO 3T MOJIEIN HA JAHHBI MOMEHT
MPUMEHUMBI TOJIBKO Ul pacyéTa BHYTPU MOMEILIEHUH, Tak Kak TpeOyrT OOJIbIIOro KOJIMYecTBa
BBIUUCIICHUH W BXOJHBIX JaHHBIX 00 00BEKTax, BIMSIOIIMX Ha oclabieHue curHaia. B cBssu c
9THUM, NIPEANIOYTEHNE OTAAETCA Yallle BCErO IMIMPUUYECKUM MOJIEISIM.

Ocnogubie mooenu u Memoobl NPeoCKA3aAHUs YPOBHI NPUHUMAEMO20 CUSHANA

OO0mieit xapakTepHOW YEpPTOM COBPEMEHHBIX METOJMK pacdyeTa 30H MOKPHITHS 0a30BbIX
CTAaHLIMM SBJSETCS HCIOJb30BAHUE OLEHKM 3HAYECHUM HANpsDKEHHOCTUM moJisl curHaina YKB
JManazoHa B JIIOOOW TOYKE MPOCTpPAHCTBA B Mpejenax BceH 30HBI MOKPBITUS 0a30BBIX CTaHLUH
(BC). VYcnoBHO uX pa3AensoT Ha CTATUCTUYECKHE U JETEpMUHUpPOBaHHBIE [2-4]. PaccMoTpuM ux
XapaKTepPHbIE 0COOEHHOCTH.
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Moodenv Oxamypsi TIO TIpENCKAa3aHUIO YPOBHSI CUTHAJa B IpeJeiaX COThl OCHOBBIBAETCS Ha
AKCIIEPUMEHTAJIbHBIX pe3yJIbTaTaX, MOJYYEHHBIX MPU CICAYIOIIUX YCJIOBHUSIX: BBICOTA IMOJIBECA
anteHubl bC Haj cpeaHUM ypoOBHEM KBa3UTIIaaKod mMecTHOCTU (Tpacchl) 200M, BhICOTA aHTEHHBI
MC 3wm, paccrosaue r Mexay bC u MC (1...100) kM (uiMHHBIE Tpacchl), AMANa30H YacTOT
((100...3000) MI'n. MecTHOCTB, HAa KOTOPOM CpeaHssl BbICOTa HEPOBHOCTEW HE IpeBbIimaeT 20M,
onpenensiercss B Moaesn OkaMypbl Kak «kBazuriagkas» [1].

Jlnst  MeCTHOCTH, KOTOpasi HE OTHOCUTCA K KBa3UIVIAAKOM, Mojenb Okamypbl
MpeAyCMaTpPUBAET BBEACHUE TOMPaBOYHBIX KOddduimenTon B (1):

P;'-’I,z[rrf) = 'PM (T",fj + KZDTE‘:[} + Kz:—:aec_r[ + KEED,{[[—: + KZ}:u.rm (1)

rae K ;1 — HONPaBOYHBIA KO3()(QUIMEHT Ui HPUIOPOIHON 30HBI UIIM OTKPBITOM TPacChI;
K axn — TONPABOYHBINA KO3 PULIHMEHT 1JIs TPACCHI C HAKIIOHOM;
Kz

Kz ome — TOTIPABOYHBIN KOI(DMUITUESHT AJIS1 XOJIMHUCTOH (TOPHOI) MECTHOCTH.

soms —— TONPABOYHBIN KOO(D(MULIMEHT IS TPACCHI 3€MJIA-BOJIA;

B npuroponHoil 30H€ NOTEpU CHUTHala IPHU PACHPOCTPAHEHHWU MEHBIIE, YEM B TOPOJE,
IIOCKOJIBKY B HEH MEHbILE CTPOCHUI M OHU HIKE 10 BbIcoTe. Ellle MeHblIe OTEpU Ha OTKPBITON
MECTHOCTH. DTH TOTEPH YMEHBIIAIOTCA C POCTOM YaCTOTBI M MOTYT OBITh HaWICHBI U3
3aBUCHMOCTEH, OKa3aHHbIX Ha Pucynke 1.

K zomp.1b
30
OTKpbiTan /
25 || MEeCTHOCTb
20 L — Cenbckaa ||
MECTHOCTL
[
15
10 Epnropo,q
—
5

01 02 05 10 fLITu

Pucynoxk 1. 3aBucuMocTH ONPaBOYHBIX KO3()PUIIMEHTOB OT YaCTOTHI JIJIsl PA3JIMYHBIX TPACC

[Ipu pacuere ocnabieHusi CMrHaia, MPU PACHPOCTPAHEHUU €Tr0 HaJ XOJIMHUCTON (TOpHOM)
MECTHOCTBIO, BEIWYMHA JOMOJHUTENBHOTO oOclabneHuss (1m0 CpaBHEHUIO C KBa3HIJIaJKON
MECTHOCTBI0) 3aBHCUT OT CpeJIHEH BBICOTHI HEPOBHOCTEM

Ah = h(10%) — h(90%) (2)

rae h (10%), h (90%) — 3HaueHus BBICOT MECTHOCTH Ha TpPacce MPOTHIKEHHOCTHI0 okoJio 10
kM, coctasisitore 10% u 90% Touek npoduist coorBeTcTBeHHO (PHCyHOK 2).
h

h(10%) /N

h(90 %)

N

c— ~10km ——>

Pucynoxk 2. Onenka XoJIMUCTOM (TOPHOH) MOBEPXHOCTH
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Mooenv Oxamypa-Xama. SInonckum wHxeHepoM Oxamypa OBUIO MPOBEAECHO MHOXKECTBO
HaTypHBIX M3MEPEHUN MO PACHPEICIICHUIO YPOBHS CHUTHAjla I Pa3IUYHBIX THUIIOB TOPOJICKOM
3acTpoikd B I. TOKHO M IOCTPOEHO HECKOJBKO HSKCIIEPUMEHTAIbHBIX KpUBBIX. Ha 0aze atux
JKCIIEPUMEHTAJIbHBIX TaHHBbIX, B 1980 I. AMOHCKUI y4eHbIN XaTa, BBIBE] HECKOIBKO IMIUPUUECKUX
dbopmyn. B pesynpraTe dYero, Ha MaHHBIA MOMEHT Mozeinb Okamypa-Xara SBISETCS CaMOM
MOMYJISIPHON U IPUMEHMMA JUIsl pacyeTa ocaabieHusl CUTHaNA JUIsl pa3iIudHbIX TUIIOB obisacteit [5].

Jlanee mpUBOASTCS OCHOBHBIE OIPAaHUYEHMS [JIsl MCHOJb30BaHUs Mojenun OxaMmypbl-Xara.
Monens OxaMmypbl-Xarta MO3BOJSET MOJIy4YaTh AOCTATOYHO TOUHBIE 3HAYEHUS] MEIUAHHBIX MOTEPh
Ha TpaccaX Ha3eMHOW MOJBMXKHOM CBSI3W NIpPU CIEIYIONIMX OTPaHMYEHHUSX: YacToTa CHUTHala
=100.....3000 Mr1; mampHOCTh cBs3u R=1....300 xm; BeIcOTa monaBeca anTeHd BTS : 30-200 wm;
BbIcOTa aHTeHHBI MS ¢: 1-10 m.

Mooenv Jlu cocrout u3 nByx 4vacreid. IlepBasi yacTh (PErMOH-PErvOH) HCHOJB3YETCS JUIS
olpejeNieHUs] MOTEPb MpPHU PACIPOCTPAHEHHHM HAJ OTHOCUTENIBHO IUIOCKOW MOBEPXHOCTHIO 0e3
MIPUHATHS BO BHUMaHUE TEPPUTOPUATIBHBIX OCOOCHHOCTEH:

j— r " _:
L=—P,—ylog(r) — b, ©)
rae Po — wmomHocte npuéma Ha paccrosnun 1 kM or bC, nb; y — yron HakioHa
XapaKTePUCTHKHU TOTepb, ab/mexk; bm — JOTIOJIHUTENbHBIE TOTEPH, 3aBUCSAIIME OT YaCTOThI U

BBICOTBI aHTEHH.

Bropas yacTb (TOUKa-TOUKa) MCIIOJIB3YET PE3YIbTaT, I0JIyYeHHBbIH B IEPBON YaCTH, 32 OCHOBY
U noiydaer Oojiee TOUHOE MpelcKazaHue. Bropas uacTb, OCHOBaHHAas Ha JaHHBIX HPOQUIIA
IIOBEPXHOCTH, YYMUTBHIBACT YCJIOBHS IPSAMOM BUAMMOCTH WIM €ro OTCyTcTBHs. Ecnm mnpsmas
BUJIUMOCTb MEXAY IPUEMHUKOM M INEPENATYUKOM CYIIECTBYET, TO YYHUTHIBACTCA BIIMSHHE
OTpaXE€HHBIX BOJH. Ecim yciioBue mpsiMoOl BUAMMOCTH HE YJIOBJIETBOPSIETCS, TO MOJAEIUPYETCS
IuQpakus paAuoBOJIH Ha MPEMATCTBUAX HA IyTH PACIIPOCTPAHEHHUS.

Kak yxa3pIBanocs Bblllle, IOTEPU IIPU pacIpOCTpaHEHUH curHana, mexxay BTS u MS, cunbHo
3aBUCAT OT TOrO, B KaKOW Cpelleé CHTHajJ pacmpocTpaHsercs. B cBA3M ¢ 3TUM HEOOXO0AMMO
ONpeNeNnuTh 3Ha4YeHus g00aBouHbiX moreph (Tabmuma 1) A pa3iMYHBIX  THIOB  CPEl
pacnpoCTpaHEHUs] paAMOCUTHAJIA W NI Pa3jM4YHBIX YaCTOTHBIX JHAlla30HOB, TaK Kak IOTEPH
CHUTHAJIa CUJIbHO 3aBHCAT OT YaCTOTHI CUTHAJIA [6]

Taomuma 1
3ABUCUMOCTD ITOTEPH OT TUITA MECTHOCTU
Tun pationa llomepu, dB Ilomepu, dB
(uanazon yacmom 900 MI'y) (Huanaszon wacmom 1800/1900 MIy)
I'oponckas 3acTpoiika 22.6 25.1-28.1
[Tpuropon 17.6 20.1-23.1
Jlec 11.6 16.9
Bomoémer 0.1 2.9
Bororo 12.6 13.8
HepeBHs 12.6 15.2
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Kmaccuuecknit  Merom  pacdera 30H  OOCHyXHBaHMs. B KJacCMYECKOW  Teopuu
pacnpocTpaHEHHUs PaJUOBOJIH MPH pacuérax ypOBHS IMPUHUMAEMOTO CHUTHaja Ha TPacce MEXKITY
nepeAaronuM U TPUEMHBIM ITyHKTaMU UCIOJIb3YyeTCsl KBajipaTuuHas ¢popmyia Beenenckoro [5]

E. = 2.18,/P,D, h,h, 4)
e :I..Z A ' MB/M,
race r — pacCTOSAHHUC MCKAY nepenalomeﬁ n HpHéMHOﬁ AHTCHHaMM, KM., -ILl — BBbICOTA

Hepefaroeil aHTeHHbI, M.; i, — BbICOTa MPUEMHOM aHTEHHBI, M.; P, — MOILHOCTb NEpeaTyuKa,
kBt.; A — umHa BomHBI, M.; E; — JeHCTByOIlee 3HAUYEHUE HANPSHKEHHOCTU nosd; D) —
KO3 (QUIIMEHT HAMPABICHHOTO ACHCTBHSI IEPEIAIOIICH aHTCHHEI.

®opmyna Beenenckoro nMeer GyHaaMeHTaIbHOE 3HAUEHUE Ui PACUETOB YIBTPAKOPOTKUX
JIMHUU CBSA3U U BECbMA HAIVIIHO XapaKTepU3yeT 3aBUCUMOCTb YPOBHS IPUHUMAEMOIO0 CUTHAJIA OT
pacCTOAHUS, JUTMHHBI BOJIHBI U BBICOTHI AHTEHH.

Tabauma 2
CPABHUTEJIbHBIN AHAJIN3 PACCMOTPEHHBIX METO/IOB
Mooenu Ilocmouncmea Heoocmamku
Cratuctuyeckue IIpakTruecku Bce OCHOBHOI HEIOCTATOK- OYCHB
MOJIENN CTaTUCTUIECCKUE METOJIBI, KaK MPUOTU3UTETHHOE MPEICTABICHUE
MPaBHUJIO, MO3BOJIAIOT PACCYMTATh  HMH(OPMALIMKU O peaabHOl Gopme penbeda
CTaTHCTUYCCKHI PaInyC 30HbBI 1 00BEKTaX MECTHOCTH

MTOKPBITHS 0a30BOY CTaHIINU

Bce 3Tu MeTOIBI OCHOBAHBI Ha pacyeTax,
BBITIOJIHCHHBIX B APYTUX CTpaHax, U
MOATOMY UX NPUMEHEHHE K penbedy
Halled CTpaHbl OPUBEIET K
JOITOJIHUTECIBbHBIM omnoKkam
[Ipumenenue B ropHoit  C y4eToM IIIIOCOB U MUHYCOB JJAHHBIX MOJIEJIEH, BO3MOKHO MPUMEHEHHE Ha

MECTHOCTH ONpEeJEICHHbIX YYaCTKaX JIJIsl ONPEACIICHHsI IEPBOHAYAIBHBIX JAHHBIX
Omnupuyeckas Moaenb [IpuBeeHHbIE BBILIE METOBI TpeOyroTcs 3HAUNTENTFHOE KOJIIMIECTBO
Oxkamypa-Xata IO3BOJIIIOT HaubojIee TOYHO HWCXOJJHBIX JaHHBIX U 3HAUUTEIILHBIE
y4ecTh BIMSHUE peibeda. BBIYUCIIUTENbHBIE 3aTPATHI.
Kpome Toro, nocrarouno Hcnonb3zoBanue nporpaMMHOIO
BBICOKHI JTAIa30H padodnx obecrieyeHnsi, OCHOBAaHHOIO Ha
4acTOT, IPUBOAUT K TOMY, UTO SMIUPUYECKUX JAHHBIX, €T
PaaMOBOIHEI 00TaIAI0T MAJIOH rpreMIeMble (He TOYHBIE) PE3yTbTaThl
TUGPAKIIMOHHON CIOCOOHOCTEIO  TOJIBKO B Y3KOM JTHAIa30He
XapaKTepUCTHUK
Anamutnyeckas Hcnonb3yroTest onoaHuTeNbHbIe  Heo0X0MuMbl IMPOKHIA qUaa3oH
mozelb JIn KOPPEKTUPYIOLLUE paboYmx 9acToT AJIS TOTO, YTOOBI
KO3 (UITUESHTHI ISl IOBBIIICHHST  PAJAMOBOJIHEI 00J1a/1aTi He3HAYUTEIHHON
TOYHOCTH PACUYETHBIX BEJIMUMH JTU(GPaKIMOHHONM CIIOCOOHOCTBIO, U

BBICOKAsi TOYHOCTh MPOTHO3UPOBAHHUS

JJICKTPOMArHUTHON JIOCTYIHOCTH.
[Ipumenenune B ropHO  DMIHPUYECKHE MOJIENH SBJISIOTCS HanboJsiee MPUeMIIEMBIMH JIJISi TOPHOTO
MECTHOCTH penbeda.
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Bvi16o0owi

Ananu3, TpuBelEeHHBIH B paboTe, NpeAcTaBIseT COOOH TOJBKO HAYaIbHYIO CTaIuIO
npoektupoBanus (Tabnuna 2). 3a mocineqHIe HECKOIBKO JECATUICTUH STIOXH MOOMIIBHON COTOBOM
CBSI3U OBUIM MPEJCTABICHBI Pa3HbIE SMIMPUUYECKUE MOJIENIN Ul pacyeTa paJuoNOKpbITHS, KOTOPbIE
IPOAOIDKAIOT JONMOJHAThCA 1O Hacrosiee Bpems. C yd4eToM BceX JOCTOMHCTB M HEAOCTATKOB
PacCMOTPEHHBIX MOJIENEH MOYKHO CZENaTh BBIBOA O BO3MOXKHOCTH IPUMEHEHHUS 3MIMPUUYECKUX
MoJIeNIel ¢ TPUMEHEHHEM MOIIPaBOYHbIX K03 puimeHToB A penbeda ropHO MECTHOCTH.

[IpoekTupoBanue coToBhIX ceTedl cranmapra GSM  Ha CErogHAIIHMA MOMEHT He
IpeJCTaBIsieT OONbIIONH CIOXKHOCTH. Bce oTpa®oTaHHble sMmupuyeckue Mojenu (ux Oosee
JIECSITKA) CBEJICHBI B CICIIMAILHOE MPOTrpaMMHOe 00ecrieueHrne, OUeHb yI00HOE B UCIIOJIb30BAHUU U
Jarollee KaueCTBEHHbIE pe3yJibTaThl. Ho 3TO He 03HauaeT, 4yTo 3aja4a 0 paguoNOKPBITUN PELICHA.

CToUT MNOMHMUTH, YTO MPUMEHEHHE MPOrPaMMHOIO OOECleYeHUsi, OCHOBAaHHOTO Ha
SMIMPHUYECKUX JIAaHHBIX, JAET IpHUEMIIEMble (HE TOYHBIE) PE3YJIbTaThl TOJBKO B y3KOM JUala30He
3aJlaHHBIX XapakTepuUCcTUK. Ha naHHBII MOMEHT HE€ MpeICTaBIseTCS BO3MOXKHBIM HaXO0XKJIEHUE
a0COJIOTHO TOYHBIX M JIOCTATOYHO OOIIMX METOAOB Ui PEIICHHs 33/Ja4d PAJUOTIOKPBITHS IS
Pas3IUYHBIX MECTHOCTEH, B YACTHOCTH JUIsl TOPHOM.
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Annomayus. Metozn accolMaliuy sBISETCA MUPOKO PACIPOCTPAHEHHBIM METOJOM B 001aCTH
XYJ0’)KECTBEHHOT0 TBOpYecTBa. l3ydarorcs MeTonapl accouuanuu M HMX I[PUMEHEHHE IpU
pa3paboTke mMozeneil KocTioMoB. 1o KaxxoMy MeTOJy IpeACTaBIECHbl Pe3yJIbTaThl UCCIIEAOBAHMS,
B KOTOPBIX IIOKa3aHbl U 0XapaKTEPU30BaHbl HOBbIE MOJIEIN KOCTIOMOB.

Abstract. The association method is a widely used technique in the field of artistic creativity.
Explores the methods of association and their application in costume design. For each method, the
research results are presented, showing and describing new costume models.
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IIpu pa3zpaboTke HOBBIX MOJENEH NU3alHEPHI-MOJENbEPhl UCHOIB3YIOT PA3TUYHBIE METO]IbI
[1, 2]. Kaxxapiit nu3aiinep BbIOWpAET TOT UM MHOW METOJ IpU pa3pabaTbIBaHUU HOBBIX MOJIENCH B
3aBHCHMOCTH OT CBOETO YPOBHSI TBOPUECTBA, OIBITA B Xy/10)KECTBEHHOM MPOEKTUPOBAHUHU U APYTUX
¢dakTopoB. Jlns MOJOABIX IU3aiHEPOB-MOJEIBEPOB M CIEHUAIUCTOB, HAYMHAIOUMX PabOTy Ha
MIPOM3BOJICTBE BBIOOP METO/1a, IPEACTABISIET ONpeIeTIeHHbIe TPYAHOCTH. BO3MOXKHO, 3TO CBsi3aHO ¢
TEM, UTO OHU B TIOJTHOW Mepe HE OCBOMJIM KaXKJbI METOJI XyA0KECTBEHHOT'O TPOEKTUPOBAHHUS.

BonbIIMHCTBO N1€BYIIEK U MOJIOABIX KEHIIMH XOTAT KaXIbli HOBBIM CE30H roja HaJeBaTh
HOBYIO, OCOOEHHYIO, HU Ha YbI0O HEMOXOXKYI0 MOJENb 0/1eXk/1bl. HEeBO3MOXHO MOCYUTATH CKOJIBKO
notpelyercst pa3paboraTh Mojeneil, 4ToObl 00ecreunTh KaKAYI0 M3 JAEBYIIEK HOBOW MOEIbIO
KocTioMa. /1711 BBIMOJIHEHHSI STUX TpeOOBaHUN BpeMEHU HEOOXOAUMO 3aMHTEpPECOBATh AU3aiiHEPOB
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OJICXJIbI, OCOOCHHO MOJIOZBIX JIU3AHMHEPOB HMCIIONB30BaTh d()(HEKTHBHBIC METOJIBI MMPOCKTHPOBAHUS
1 00y4aTh uX 3ToMy [5].

Llenv pabomoei: O3HAKOMHUTH MOJIOIBIX IU3AWHEPOB U JIU3AMHEPOB-MOJCIBEPOB, TOIHKO
HAYMHAIOIIHUX PadoTy, C METOJAAMH M IPUEMaMH XYI0KECTBEHHOIO MPOCKTHpoBaHus. [IpuMeneHune
MPUEMOB METOJIa ACCOIMALIMKM MOCPEACTBOM €r0 HMCCJCIOBAaHHUS IO3BOJIUT IIIYOOKO OOYYHUTH €My
MOJIO/ICXKb.

Mamepuanvt u Mmemoowvl ucciedos8anus

Pasznuunbie mpeamersl B npupone, ¢ayHa, (iaopa, sBICHHS; HOBOCTH B HayKe, TEXHHKE U
TEXHOJIOTUSX, MOJEIH U KOJUICKIIMM W3BECTHBIX W HAIIMOHAIBHBIX JIOMOB MOJIbI, 3HAMEHUTHIX
MHUPOBBIX JU3alHEPOB; CYOBEKTHUBHBIC MPEACTABICHUS CTall MaTepUalaMd WIH IPEIMETOM
uccrnenoBanus. K BBIOpaHHOMY TpeaMeTy ObUITH TPUMEHEHBI METOIbl  SMIUPUYCCKOTO
UCCIIC/IOBAHMsI, a K HaWJICHHBIM HJIesM pa3paboTaHbl 3cku3bl Mojeneil. K kaxmomy
pa3paboTaHHOMY 3CKH3Y OBUTH NMPUMEHEHBI TaKHE METOJIbI MCCIICIOBAHUS KaK aHAJIU3, CPABHCHHE,
00001IeHNe, TeTYKINS, JIOTHKA, a K KOCTIOMY BBIOPAHBI MOJICIIH.

Pezynomamer uccnedosanus

[loxazaHo Ha HMpaKkTHKE NPUMEHEHUE MPUEMOB METO/A ACCOLMAIMK MpU pa3pabOTKe HOBBIX
MoJienelt KocTioMa. Pa3paboTanbl HOBbIE MOJIENIM KOCTIOMA JIJIS IEBYIIIEK M MOJIOABIX KeHIHH. [Ipu
MIPOCKTUPOBAHUU HOBBIX MOJEIEH OJEXKAbl, A IOMCKAa HOBBIX HAEH HCIOJIb3YETCSd METOJ
BJIOXHOBEHMS U AMOLIMI, MOJYyUYEHHBIX OT TBOPUYECKOTr0 UCTOUYHUKA. DTOT METOJ SIBJIIETCA OJHUM M3
OCHOBHBIX, U OH HCIIOJIB30BAJICA B IPOILIbIE BEKA, a TAK)KE IMPUMEHSAETCS W B HACTOSILEE BPEMs.
Hcnons3oBanne MeTofa TBOPYECKOIO MCTOYHMKA JUIS MOJIOJEKH SIBISETCS CIIOXKHBIM, TaK Kak B
XYJ0’)KECTBEHHOM MPOEKTUPOBAHUM MJii HEro TpeOyeTcsi MHOTOJIETHUN OmbIT. M3BecTHble U
OTBITHBIE JM3alHEPHl MPUMEHSIOT STOT METOA C OONbIIMM TBOpYECTBOM. B ux Momemsx
TBOPUYECKUI UCTOYHUK HUKOTJA OTKPBITO HE MOKA3bIBAETCS, HO OH BUIUTCA 3aKPBITHIMH TJIa3aMH,
CIIBIIIUTCA MY3bIKOM B ymax, Osaroyxaer apomaramu. [losTomy, A MoJiofeXu NpPUMEHEHUE
METOZAa TBOPYECKOI0 MCTOYHUKA IIPEACTABIIACT OIpPENCIICHHbIE CIOXKHOCTU. Elne omnumu us
METO/IOB, NPUMEHSEMBbIM B MPOUUIOM W B HACTOAIIEE BpPEMs, SIBISAIOTCA METOJAbl M3BECTHBIX
JTU3aifHEPOB-MOIENIbEPOB U [JoMOB MOJIbI. 3HAMEHUTHIE TU3AHEPHI-MOIETbEPHI, paboTasi BMECTe C
CBOMMM YY€HUMKaMH, OOyd4aroT HX CBOMM JAM3aiiHEpCKMM IpuemMaM M MactepctBy. Hy, a B
u3BeCTHBIX JloMax MOl OTOOpaHHBIM TAJAHTIMBHIM MOJIOABIM JIIOASM MPENoJaBalId IpaBUiia
nu3aitHa. [losToMy, Ucnosib3yemble U3BECTHBIMM JU3aiiHEpaMu U JJomamMu MOJbI JINYHBIE METOIBI,
IIepeaaBasicb M3 IMOKOJICHUS B IIOKOJIEHWE, COXPAaHWINMCh /10 CErOAHSAIIHUX JHEW. Bo3moxkHO,
JKeJlaHue MOJIOJBIX JHU3aiiHEpOB-MOEIbEPOB OBITH MOXOKMMHU Ha 3HAMEHMTHIX Au3aiiHepoB (Koxo
Hanens, Kpuctuan luop u Ap.) crnocoOCTBYeT HMIMPOKOMY HMPUMEHEHHIO 3THX METOJOB Cpelu
MOJIOICXKH [6, 7].

CymiecTByeT MHOIO BHAOB 3BPUCTUYECKUX METOJOB, pa3pabOTaHHBIX CHEIUAIBHO IS
Xy/I0’)KECTBEHHOTO MPOeKTUpOBanus [3, 4].

B pabore wuccienyercs OJHO M3 HANpaBIEHHH 3THX METOJOB — METOJ AacCOIMALUU U
noka3aHa OOHIMPHOCTH NMPOCTPAHCTBA METOJa acCOLMAIMM Ul moucka uzaei. Ilpuemom merona
accolMaly SIBISETCS IPUMEHEHNE OTKPBITUM B HAyKe, TEXHUKE, TEXHOJOTHUIX U MaTepHasiax s
MoKCKa HAeH WM Xe AJid pa3paOoTKu HOBBIX Mojenel. [l uccienoBaHUs IPUMEHEHUs TOro
npreMa TepelOBhIX TEXHOJIOTUN BBIOpaHBl MEXaHU3MBI, MEHSIOIIUE CTPYKTYpy TEXHUKU;
TEXHOJIOTUM HM3MEHEHHUs ILBE€Ta C IOMOLIBIO JAMOJOB M MaTepuasbl-XxameneoHsl. lccienoBaHbl
BCEBO3MOXKHbIE HAINPaBJIEHUS NIOUCKA UAEH Ul pa3pabOTKU HOBBIX MOJEJEH KOCTIOMA C TTOMOIIbIO
CHoCcOo00B, MEHSIOIIUX CTPYKTYpY KOCTIOMAa; M BBISBJIEHO, YTO TakWxX HampasieHudl mHoro. [lo
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KaXX/IOMY HAaIIPaBJICHUIO TOWCKA HJEH Pa3paOd0TaHO MHOXKECTBO ACKM30B. TakkKe MCCIEIOBaHBI U
BBISIBJICHBI CYIICCTBYIOIIME HAIMPABICHHUS TMOWCKA WICH Ui pa3pabOTKU HOBBIX MOJENEH B
OTHOIICHUM W3MEHEHHS I[BETa C MOMOIIBIO TUOJIOB U MAaTepPUAIOB-XaMeleoHOB. [lo kaxmomy u3
ATUX HANPABJICHHUH IJIs UaeH pazpaboTaHo HeMaio 3CKu30B. M3 pazpaboTaHHBIX MOJIEIeii BEIOpaHbI
MOJIETI, KOTOpbI€ H3TOTOBJIEHBI M3 MaTepuaioB C HEOHOBBIMU XaMEJIEOH KpUCTaUIaMHU. OTH
pa3paboTaHHbBIE /IS ICBYIIEK U MOJIOJIBIX JKCHIITUH MOJISNIN MIPeICTaBICHBI Ha Pucynke 1.

Pucynok 1. [IpuMmeHeHune npuema nepeioBbIX TEXHOJIOTHIA METOA aCCOLMALIU

Mooenv A. Monenb, PEeICTaBISIONIAs PYCAIKY, H3TOTOBJICHA C IPUMEHEHUEM MAaTepUalioB C
HEOHOBBIMH XaMEJIHOH-KPUCTAJUTAMH, MEHSIONUMHU IIBET U MEJTKOW TEChMBI ¢ 3P deKToM Oecka.

Mooenv b. Mojenb CIIEHMYECKOTO KOCTIOMa BBITIOJIHEHA W3 MaTepHajioB C HEOHOBBIMU
XaMEJTHOH-KPUCTAJUIAMHU, MEHSIOIIIMMU IIBET U MEIIKOH TEChbMBI ¢ 3P PEKTOM OJecKa.

Mooenv B. Mojenb CIIEGHHYECKOTO KOCTIOMa HM3TOTOBJICHA M3 MAaTEpUANOB C HEOHOBBIMHU
XaMeJIMOH-KPHUCTANIAMHU, MEHSIFOIIIMMH [IBET U MEITKOH TeChbMBI C 3pdexTom Oirecka.

Ot MOJCJ/IM, BBIIIOJHCHHBIC TOJIBKO IIO OJHOMY HAIIPaBJICHHUIO, IIOKAa3bIBAIOT, 4YTO
CYWCCTBYIOT pPa3JIMYHBIC HAITPABJICHUA IMOMCKA HOBBIX H)Ieﬁ M 9TO IO KaXXJAOMY HAITPABJICHUIO €CTh
BO3MOYKHOCTh pa3paboTaTh MHOKECTBO MO/ICIICH.

WccnenoBanusi, MPOBEJICHHbIE B OTHOIICHWW TIpUeMa IEPEIOBBIX TEXHOJIOTUH METo/a
aCCOIMAlMM TaKXe TPOBOAMINCH M OTHOCHUTEIFHO JPYTHX IPHEMOB METO/AA acCOIHAIUH:
aHAJIOTHH, ACCOIMAINU, HEOJIOTUH, OMOHWKH, IMITATHH W THrepOosbl. HBIMU ClIOBaMH TOBODS,
ObUT BBIOpAH MpPEIMET HCCICIOBAaHUS B 3aBHCHUMOCTH OT YCJIOBHU BHJA MpHEMa METoJa
aCCOIMAIlMHU; OIPENEICHbl BO3MOXKHBIC HANPABJICHUS MOWCKA HACH JUIs MOJeNed, MpeaMera;
pa3paboTaHbl 3CKHU3BI TI0 HANPABICHUSIM; Ha OCHOBE MPOU3BEICHHOTO aHAJIN3a ICKU30B OTOOpaHBI
MOJIENIM M JaHa MX XapaKTEPUCTHKA, OIIEHEHa BO3MOXXHOCTh MpHEMa HAXOJWUTh HOBBIC HIEH IS
mogenei. [Ipu pa3paboTke MOJEIM C MOMOINBIO TpPHUEMa aHOJIOTHS METOJa acCOIMalUs UCU
ObUTH B3ATHI M3 MOJIEJICH M3BECTHBIX JTU3AHEPOB, U3 UX KOJUICKIIMH, HAIIMOHAIBLHBIX KOCTIOMOB,
JICKOPATHBHO —IPUKJIAAHBIX u3aeauii u ap. (PucyHok 2).
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Pucynox 2. [IpuMenenre npruemMa aHajJoTHH METO]1a aCCOIMAIIIH

Mooenv A. Amnanorom MOAEIU TOCITYXKHJIO SMOHCKOE HAIlMOHATIbHOE KuMaHOo. Kumano
JIEKapUPOBAHO PUCYHKAMHU IBETYIIEH CaKyphl, SIBISIIOLIEHCS TPAJAUIIMOHHBIM JEPEBOM SIOHIIEB.

Moodens b. Ananorom »Toii MOJENH SIBJISIETCS KBIPTHI3CKasl HallMOHANbHAs oaexaa. KocTiom
COCTaBJICH U3 TOJIOBHOTO yOopa — TebeTeil Ha COBpEMEHHBIN JIaJl, UIMHHOTO TUIaThsi U pacHallHON
100Ku — OenbieMund. beapaeMun MOJenH U akceccyaphl yKpaIIeHbl KbIPTHI3CKUMU OPHAMEHTAMH U
y30pamu.

Moodenv B. B kauecTBe aHalora MOJENU BbIOpAaH KHUTAaWCKHUN HalMOHAIBHBIM KOCTIOM,
O0COOEHHOCTh KOCTIOMAa B €r0 KOHCTPYKIIMM U B PUCYHKaX Ha TKaHH, BBITIOJHEHHBIX B TEXHHUKE
OaTHK.

OTHU MOJIENH, BBHIMOJHEHHBIE C TIOMOIIBIO MPUEMa aHAJIOTHH, MOKA3bIBAIOT, YTO KaCaTEIhHO
HallUOHAJBHBIX KOCTIOMOB IIOMCK HOBBIX M€ MOXHO OCYIIECTBIATh B HAINpPABICHUSX, IO
KOJMYECTBY PaBHOIICHHBIX YHCIY HApPOJOB MHPA M UYTO €CTh BO3MOKHOCTh pa3pabOTKu OOJIBIIOTO
KOJIMYECTBA MOJIENiel Mo KaKJoMy HampasiieHuto. [Ipuem pa3zpaboTku Mojenel, OCHOBaHHBIM Ha
WCIIOIb30BAaHUM B KA4eCTBE HJIEU TPEACTaBICHUN B CO3HAHWU YEJIOBEKA, BO3HUKAIOIIMX O]
JIEHCTBUEM Pa3IMUHBIX (PAaKTOPOB BHEIIHEH cpebl (KakoW-T1M00 BU3yalbHBIM O0BEKT, 3BYK, 3alax,
MEJOHS U T.J.) ABIISETCS OJHUM U3 BUOB MeTofa accormanuu. Crnosa K. [lnopa: «Bce, 4to BuKy,
CHBIIIY W 3HAIO, sl MPEBPAIAI0 B KOCTIOM» HAaBEPHOE OTHOCATCS K 3TOMY METOJy accouuanuu. B
MOJCINISAX, pa3pabOTaHHBIX C TPUMEHEHHWEM JTOTr0 METOAa, B KauyeCTBE WJCH, 3PUTEIHHO
BOCITPUHSATHIX TIPEIMETOB TOCITYKHIIH: KOKOP, COCYI JIJIsl KbIMbI3a (KOOBLTRE MOJIOKO), KBIPThI3CKast
1Opma 1 KbIPTBI3CKU MY3bIKaJIbHBII CTPYHHBIH HHCTPYMEHT — Kbisik (PucyHok 3).
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Pucynok 3. IIpuMeHeHne MeTo1a accolauu

Moodenv A. B 3cku3e mepBod MOJENU MIACTHYHBIN BUJ COCyJa KOKOp, HATypalbHas KOXa,
UCIONIb3yeMasi B KauecTBe MaTepuala, CUIIy3T MOJIEIH MpuMeHeHb!I 11 GopMbl 1 pakTypsl. BMecTe
C O3THM KpBIIIKa KOKOpa CTHUJIM30BaHA KakK CHJIYdT TOJIOBHOTO yOopa MOJENH. Y30pbl KOKOpA,
BBINIOJJHEHHBIE KBIPTBI3CKMMU MAcTEpamMH, MPUMEHEHbl B MOJEIH JUIA OTHAEJIKH KOCTIOMa B
TpaHC(POPMUPOBAHHOM BHJIE.

Moodenv B. Bo BTOpoil mMojenu B kadecTBe (DakTyphl KOCTIOMa HCIOJIB30BAaHBI KadyeCcTBa
MarepHuaia — IIbIpJIaka U3 BOMJIOKA, MOKPBIBAIOIIETO KBIPTBI3CKYIO 0pTy. IS OTIENKN KOCTIOMA
WCIIOJIB30BaHbl TPAaHC(POPMUPOBAHHBIE M CTUJIM30BAaHHBIE Y30phl W OPHAMEHTHI, YKpaIllaloIIHe
LIBIPJIAK U KBIPTBI3CKYIO FOPTY

Moodens B. CumysT 3TOM Mojenu ObUT B3AT U3 (GOPMBI OJJHOTO M3 HAPOIHBIX MY3BIKAIBHBIX
WHCTPYMEHTOB — Kbl1 Kblak. JleTalm KbUI KbISIKa, HATATUBAIOIINE CTPYHbBl HHCTPYMEHTA,
TpaHCOPMHUPOBAaHbI B HEOOBIYHYIO (GopMy pykaBoB. [lns ¢akTypbl KOCTIOMa HCIIOJIb30BaHA
0COOEHHOCTH JIepeBa, MPUMEHSIOIETOCS JIJIsl U3TOTOBIEHUS KbUT KbISKA.

YenoBek ¢ MOMOIIBIO OPraHOB YYBCT BUAUT, CIIBILIUT, MPEACTABISAECT MHOKECTBO IIPEAMETOB.
[TosToMy, HampaBlIeHMH ISl TIOMCKA WAEH MO METOAY acCOLMalMM O4YeHb MHOro. Mopjenu Ha
Pucynke 3 moka3pIBalOT, UTO MO KaXKI0MY HAIPABJICHUIO MOXKHO pa3pad0TaTh MHOT'O MOJIEIIEH.

CoBpeMeHHbIE UEU B MOJIE UCIOJB3YIOTCS AU3aliHEpaMu BO BCEX ClIydasiX MOKa HE yCTaperoT
MOpaibHO, Mcuxonorudecku. Ho, 4To0bl pazpaboTaHHas MoOJENbh C MPUMEHEHHEM IMOCTOPOHHEH
WJIeW HE OKa3ajlaCh IJIarMaTOM HY)KHO 3aJaThCs BOMPOCAMU: YTO HYXXKHO M3MEHHUTH B Iporiecce?,
YTO HY)KHO MU3MEHUTH B IPOTOTHUIE?, KaK HY)KHO U3MEHHUTH? U U3MEHUTH MOJICIIb B COOTBETCTBUU C
stum. [Ipuem mMeTona accommanuu, KOTOPBIA HE TpeOyeT MoucKa uiaed njs pa3paboTKh MOJEINH,
Ha3bIBACTCS HEOJIOTHUEH.

Mopenu, pazpaboTaHHbBIE C MPUMEHEHHEM TIpHeMa HEOJIOTHUH TIPEACTaBIeHBI Ha PucyHke 4.
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Pucynox 4. [IpuMeHeHne npremMa HEOJIOTHH METO/Ia aCCOLUAIAN

Mooenv A. Jlns pa3pabOTKM MOJACITH HCIOJIB30BaH KOCTIOM B CTWJIC JIeHUM. B mojenu
aHaJIore OCYUIECTBJICHbI CIEAyIOIIMe H3MEHEHUs: (OpMbl KOHCTPYKTHUBHBIX JeTallell KOCTIOMA;
IIPWIETAOIIMNA CHUIIYIT; OTHEJIKA IICYEBOrO IOsiICAa U PYKaBOB KYPTKHM KOCTIOMa PACTUTEIbHBIMU
OpHAMEHTaMH B CTHJIM30BAaHHOU (hopMe, CyKaluMHCs aKIIETOM KOCTIOMa

Mooenv b. Tlpu BBIOJHEHUH MOJEIU HCIIOJIB30BAJIM KOCTIOM B KJacCHYecKOM cTuie. B
aHaJore KOCTIOMa OCYILIECTBJIEHbI CIEIYIOLIHMEe H3MEHEHHUs: JKaKeT MpeBpaTtuics B 0oepo
HEOOBIYHON KOHCTPYKIIMHM M TOBEpX OpIOK-KJelm J00aBHJIM KOPOTKYIO pachailiHyl 0Ky —
OenpaemMun. B kauecTBe akIeHTa KOCTIOMa OesIbJIeMUr yKpallleHa pUTMUYHBIMU OpPHAMEHTAMHU.

Mooens B. JIns M3roToBieHUs] MOJENIN NIPUMEHEHA OJIeKa B CTUJE oBepcail3. B xoctiome
u3MeHeHsl ¢opma M 1BeT mporotuna. [lomouka oxpexabl YyKpamieHa Yy3opamMu B (opme
CTWJIN30BAaHHBIX PACTEHUI

C nomol1pio npuemMa HEOJOTHH MOYKHO pa3paboTaTh pa3sinyHbIe MOJETH, U3MEHSS KaXKIYIO
MOJIHYI0O MOJIellb B pa3HbIX HampaBieHUsX. llosToMmy, nmpuem HEONOrHMHM CO37aeT HIMPOKYIO
BO3MOYKHOCTb [UI pa3paOOTKM HOBBIX MOJENEH MO BCEM BO3MOXHBIM HAIPaBICHUSAM, PaBHBIM
KoJIM4yecTBy Mojenelt B moje. Ilpuem MeTona acconuanuu mnoj Ha3BaHUEM OMOHUKA HAIPABISET K
MOMCKY MJIe MOCPEACTBOM IPOBEJIEHUS HAONIOJEHUIN 3a MPUHIMIIAMU B KMBOW MpPHUPOJE, €€
OpraHu3alyei, CTPOEHUEM, XU3HbIO M JApyruMH ycinoBusMmu. Ha PucyHke 5 pansl mopnenw,
pa3paboTaHHbIE C IOMOIIBIO 3TOTO MPHUEMA.

Mooenv A. buonnueckuii 00beKT — Oenblil jeGenb, SBISIOMUNACSI CHUMBOJIOM KpPacoThl U
mo6Bu. Mojienb pazpaboTaHa Ha OCHOBE UEH, B3ATHIX U3 cTpoeHus Oenoro sedens. O6pa3 6emoro
nebens UCTIONb3yeTCs BO MHOTUX MPOU3BEIEHUAX. B acku3e 1is pacKpbITUSl XapaKTepHOro odpasza
Oenoro jede1st UCTIOIB30BaHbI €r0 JBMIKEHUS, CUITYIT U IIBET.

Mooenw b. B 310# Mozienu OMOHUYECKHM OOBEKTOM CITY>KUT FOpHBIN 6apaH — apxap. M3naBHa
apxap y KbIPIbI3CKOT'O HapoJia CUMTalCs CBAIIEHHBIM. CTHIM30BaHHAsA (popMa ero poros MIUPOKO
MCIOJIb3YETCS 10 CUX MOP B KBIPIBI3CKMX OPHAMEHTaX. DCKU3 MOJIETN pa3paboTaH Ha OCHOBE UACH,
B3STBIX M3 XapaKTEPHBIX Ui apxapa (popm, cTpoeHus, OBICTPOTHI U JIOBKOCTH €T0 JBUKEHHH
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Mooenv B. bBuoan4eckuM o0BETOM B 3TOM BapHaHTE SBISIETCS mapb rop Ana-Too — CHeXXHBIN
O6apc. Monenb BBITIOJNIHEHA HAa OCHOBE HJICH, MOMYYEHHBIX M3 XapaKTEPHBIX ISl CHEXXHOTro Oapca
IPO3HOCTU, CKOPOCTH €T0 JIBHXKEHHH, KPACOThI M U3SIIECTBA €r0 CTPOCHHUSL.
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Pucynok 5. [Ipumenenue npuema OMOHHKA METOA aCCOUAITUN

Kak BUAHO B 3TUX MOJENSAX, IPUHIUIIBI, CTPOEHUE U KU3HBb KaXK10T0 )KMBOTO CYILIECTBA JA€T
HampaBlieHue Ui pa3paboTKu pasNu4HbIX Mojenei. Tak kak, Kakaas >KUBHOCTh JIa€T MHOTO
HaHpaBJ'IeHI/Iﬁ JJIS1T HAXOXICHU I I/II[Gf/i, TO 3TOT MPUEM ITO3BOJIACT HalTH HUJICH B HAIIPABJICHUAX, I10
KOJIMYCCTBY IMPEBOCXOAAIINX KOJIUYCCTBO JXUBBIX CYIICCTB B MUPC. HpI/IeM OMITIaTus MpEaAHa3HAYCH
Ui 00ecTieueH s MOJISH YTUIIMTAPHBIX (QYHKITHH, 3()()EKTUBHOCTH BO BCEX YCIOBUAX XU3HU. J{71s
W3TOTOBJICHHS MOJIEJIH TI0 3TOMY IpUeMy HE0OXO0JUMO, YTOOBI Au3aiiHep caM BBIMOMHSS (QYHKIUN
MozeNu (OACK/IbI) B pa3HBIX YCIOBHIX, BCECTOPOHHE OINPEICIHI Bce TpeboBaHus K Mojenu. [Ipu
pa3paboTKe MOJIeNM YYMTHIBAIOTCS BCE BBISIBICHHbIE TpeOoBaHU. Mogenu, pa3paOoTaHHBIE
COTJIaCHO YCJIOBHMH MpHeMa 3MMaTHs nokazansl Ha PucyHke 6.

Moodens A. Monenb MOTYNPUIETAIOIIETO CUTYdTa — MPAKTUYHBIN, (YHKIIMOHATBHBINA KOCTIOM,
B KOTOPOM OTCYTCTBYIOT Hapy»HbI€ XJISICTUKH U mosica. [IpaBoe miuedo KypTKH KOCTIOMA, a TaKXKe
€ro pykaBa OT/IeJIaHbI B KaUeCTBE aKI[€HTAa OPHAMEHTAMH U3 PACTUTEIHLHOTO MUPA B CTUIIM30BAaHHOM
opwme,

Moodenv b. KocTioM mpeqHa3zHadyeH Jig TOBCETHEBHOW HOCKHM M HE CO3JAaeT KaKuX IJMOO
Hey2106CTB. PYKaBa HU3JCINA YKPAIICHBI PUTMUYHBIMHU OPHAMCHTAMH, SABIAIOIIUMHUCA aKIICHTOM B
KOCTIOME.

Moodens B. Mojaenb BBITIOTHEHA ¢ MOMOINBIO Mpuema smnaTus. KoHCTpyKius KOCTOMa He
CO3/1aeT HUKAKWUX HEynoOCTB MpHW SKCILTyaTallid, BHIIOJHEHUH ABWKeHUU. B Takoit omexne, 6e3
KakuxX Ju0O0 LETUISIONIMXCS JAeTaiei, 4elOBeK MOXEeT 0e3 3aTpyJHEHUI BBIUTH W3 TOJIBI WU
TpaHCHopTa.

Bo BpeMA HCCICAOBaHUA )11/13a171Hep MOXKET OHNpCACINTE BCCEBO3MOXHBIC Tpe60BaHI/I$I,
npeabsBisieMble K Mojenu. Ha OCHOBaHMHM 3TOro ONpEeenstoTCs BO3MOXHBIE HANpPaBICHUS AJis
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pa3pabOTKKM HOBBIX MOJIENCH, COOTBETCTBYIOIIHME KOJWYECTBY TpeboBanmii. Kak moka3zaHo Ha
Pucynke 6, mo kaxxqoMy U3 HalpaBIeHUH MOXHO pa3padoTaTh MHOKECTBO MOJICIICH.

Pucynox 6. [Ipumenenue nmprema 3MIaTusi METOa ACCOLMALINH

Eme ogHuM M3 OCOOEHHBIX NPUEMOB METOJAa acCOLMALMU SIBISETCS MpueM rumnepbona. B
3TOM IpueMe ujaes Oepercs U3 HEOOBIUHBIX BHUIOB OJEXK[bI, SIBICHUH, BCTPEYAIOLIUXCS Cpenu
HaceleHus (CMEUIHBIX W JIp.). B pesynbraTe McciieoBaHMs STOTO IMpueMa pa3padOTKH MoJenei
M3TOTOBJIEHBI MOJIEIIH, IIPEICTABIICHHBIE HA PrucyHke 7.

PI/ICYHOK 7. HpI/IMCHeHI/IC npucema I‘I/IHCp6OJ'Ia METOJa acCoualnu
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Mooenv A. KocTioMm mpenHa3HadyeH I PacKpbhITHS 00pa3oB Ha CIIEHE W VIl KapHABaJIOB.
KocTioM nosynpuieraronero cuiry3ra 1 COCTOUT U3 IUaThs U JOcUH. [lonouka miates U JOCUHBI
YKpalleHbl OpHAMEHTAMU PACTUTEIBHOTO MUPA MIPUPO/IBI B CTUIIM30BaHHOU (opMme.

Moodenv b. KocTioMm BbINONHEH Uis KapHaBaioB. OH COCTOMT W3 IJIaThs, OPIOK-KJIEHI U
HeoObIuHOI nuIsAnel. B KauecTBe akiieHTa Ha MPaBOW CTOPOHE IUIAThSA U HA €r0 MOJ0JIe Pa3MEIICHbI
CTUJIM30BAHHBIC PACTUTCIILHBIC OPHAMCHTHI.

Mooenv B. OcOOEHHOCTh ATOH MOJENN 3aKI0YaeTcsi B TYHHKE C pyKaBaMH M B OpIOKax,
JIEKOPUPOBAHHBIX CTUJIM30BAHHBIMU MOTUBAaMU OPHAMEHTOB U3 PACTUTEIHLHOTO MUPA.

JlokazaHo, 4YTO NOpPUMEHSAS NpuUeM TrudepOOJIBl MOKHO MPEBPATUTH MOJAETH KakKoH-Inbo
OJICK/Ibl B CMEIIUTMBYIO MOJIENIb. DTO MOKA3bIBAET, UTO y MpHEMa IHIepoosia, TakKe Kak Uy Jpyrux
IMpUEMOB, €CTb 60JIBIJ_II/I€ BO3MOXXHOCTH AJIsA p213pa6aTbIBaHI/ISI HOBBIX MOI[CJICﬁ OACKIHI.

Pesynomameor:

Kaxnapiii u3 npuemMoB MeToAa acCOUMALMKU, B 3aBUCUMOCTH OT YCIIOBHM, MPH HAXOXKJICHUHU
uJeu s pa3paOOTKA MOJIETN KOCTIOMa MPEIOCTABISIET BO3MOXKHOCTH JIJisi TIOMCKAa MHOKECTBa
HanpaBJICHUMN.

Kaxnioe HampaBieHue co31aeT yCIOBUS sl JU3alHEPOB, MIPEAOCTABIIASI UM MHOXKECTBO HEH
pu  pa3pabaTbIBaHUM HOBBIX MOJIEJEH, B 3aBUCHMOCTH OT HX YPOBHS XYI0>K€CTBEHHOTO
TBOPYECTBA U ONBITA.

Jlis MOJoIbIX NW3aiiHEpOB MPUMEHEHHE METOAa accolualuu Mpu pa3paboTke Mopenei
KocTioMa sBIsieTCS A(G(EKTHUBHBIM, TaK KaK MPUEMBbl 3TOTO METOJa MPEJOCTaBISIOT MHOXECTBO
HanpawjieHUd sl noucka uaed. [lo kaxaoMmy W3 HampaBi€HUW BCErJa €CTh BO3MOKHOCTh
BBITIOJTHEHUS OO0JIBIIIOTO KOJIMYECTBA MOJIEIICH.

Bv16o0owi

1. Kaxnaplii U3 MpUEMOB XY10KECTBEHHO-TBOPYECKOIO METOJA aCCOLUAMU IPEJOCTABIISIET
HaIpaBJIeHUs JJIs TOMCKa UJIed U X BUIBI 1)1 pazpabaTeiBaHUs Mojelnel kocTioma. MccinenoBanus
MoKa3aJii, 4To pa3paboTKa HOBBIX MOJIeNIel KOCTIOMA 10 KaXX/IOMYy M3 HaIlpaBJIeHUNA BO3MOXKHO.

2. JIns MOJIOABIX JW3aifHEPOB-MOJENIbEPOB, PAa0OTAIOMIMX Ha IMPOU3BOACTBE; MOJIOAEKH,
HaYMHAIOIIEH JU3alHEPCKYIO NEeATEIbHOCTD, a TAaKXKe JJIsl CTYJE€HTOB, BBIIOJHSIONUINX BBITYCKHbIE
KBaJIM(DUKAIIMOHHBIE paOOThI U KyPCOBBIE MPOEKTHI, PEKOMEHAYETCSl IPUMEHEHNE IPUEMOB METO 1A
accollMaluy B pa3paboTke Mojieneil KocToma.
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Annomayus. OOBEKT UCCIEAOBaHUSA: TPOSKTUPOBAHUE U3CIUN JIETKOM MPOMBIIIIIEHHOCTH U
onexbl. [Ipeamer mcciiejoBaHUS: UCIOJIB30BAHUE B MPOCKTUPOBAHUU KOCTIOMOB JUIS JIEBYIICK
IBPUCTHUYECKUX METOJIOB XYJI0’)KECTBEHHOTO TpoekTtupoBanus. llenb uccnenoBanus: PaspaboTka
HOBBIX MOIIGJIGI;'I KOCTIOMOB UIsI JCBYIICK. Bwmecte ¢ 9TUM, IPHU3BIBAHUEC MOJIOABIX HHBaﬁHepOB K
WCIOJIb30BaHUI0 METOJIOB 9BPUCTHKU XYAOXKECTBEHHOTO MPOEKTUPOBAHUS B Pa3pabOTKE HOBBIX
Mozeneil. MccnenoBanue OCyIIECTBICHO C MOMOIIBIO IKCIEPEMEHTATBHOTO METOa UCCIIeI0OBAHUS
SMIUPHUYECKOTO YPOBHA. [IpyM TOJABEACHWHM WTOTOB DKCIIEPHMEHTA WCIIOIH30BAHBI CIICAYIOIINE
MeTO/Abl OOIIEro Hay4YHOTO HWCCIEAOBAHMS: aHAIW3, CpaBHEHHE, 00o0OIeHue u Jjoruka. Kaxmas
pa3paboTaHHasi MOJIENb SBJSETCS HOBOM MOJENBIO NS JEBYIIEK M MOJOJBIX KeHIIMH. [lokasana
3¢ (HEeKTUBHOCT, METOJIOB ABPUCTUKH TPU XYyA0KECTBEHHOM MPOEKTUPOBAHUU HOBBIX MOeNei
OACXKbI. HOJ'Iy‘-IeHHBIG PE3YIbTATHI: Hosrie MOZACJIN KOCTIOMOB IJId JC€BYIICK.

Abstract. Object of study: the design process of light industry products and clothing. Subject
of research: the use of heuristic artistic design methods in designing costumes for girls. Purpose of
the study: development of new models of costumes for girls. At the same time, young designers are
encouraged to use artistic design heuristic methods in the development of new models. The study
was carried out using an experimental research method at an empirical level. When summing up the
results of the experiment, the following methods of general scientific research were used: analysis,
comparison, generalization and logic. Each developed model is a new model for girls and young
women. The effectiveness of heuristic methods in the artistic design of new clothing models is
shown. Results obtained: new models of costumes for girls.

Kntouesvie cnosa: wmopaenb, KOCTIOM, IW3ailH, auU3aifHEp,TBOPUYECTBO, MeETOH, (Hopma,
accomuarysi, KOMOMHATOPHKA, TEKOHCTPYKIINS, TBOPUECKHI UCTOYHUK.
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Keywords: model, costume, design, designer, creativity, method, form, association,
combinatorics, deconstruction, creative source.

Kaxxnas neByIika Kax/blii HOBBII CE€30H roja Xo4yeT Ha/leBaTh HEOOBIUHYIO, HEMOX0XKY HU
Ha YbI0 JPYTYI0, MOJEb OJeKAbl. HEBO3MOXKHO MOCUNTATh, CKOJIBKO HYXHO pa3paboTarh Mojeliei
OJICK/IbI, YTOOBI 00ECTIEUYUTh KaXIyI0 JEBYIIKY HOBOM MOZENBIO KOCTIOMA. J{JIs1 BBIMOJIHEHUS STHX
TpeOOBaHUN BpPEMEHHM HYXXHO MOTHUBHPOBATH IAM3AMHEPOB OICKIBI, B OCOOCHHOCTH MOJIOJBIX
IU3aiiHEPOB, K MCIOJIb30BaHHIO I(P(GEKTUBHBIX METOJIOB IPOEKTHPOBAHUS HOBBIX Mojeneill. B
pa3paboTke W3JeNUN JIErKOW MPOMBINUIEHHOCTH M HOBBIX MOJAEIEH OAEXKIbl MCIIOJIb3yeTCs
OoJIbIIIOE  KOJMYECTBO KaK METOJOB, HCIOJNb3YEeMBbIX C TMPOLUIBIX BEKOB, TaK W HOBBIX
pa3paboTaHHbIX MeTOAO0B. OIHUM M3 METOJOB, HUCIOJb3YEeMBIX B TNPOLUIbIE BEKa, TaK U B
HACTOsIIee BPeMs SABISETCS METO/I, MOTy4aroLIHi BIOXHOBEHUE U SMOLIMOHAIIbHOE OO0YXKAEHUE OT
TBOPYECKOI0 HCTOYHHKA JUIs TIOMCKA HOBBIX uyei [1, 2].

PacnipocTpaHeHHBIMM METO/aMHU, HCHOJIb3YEMBIMU B MPOILJIOM W B HACTOSIIEE BpeMs
SIBJIIFOTCSI METO/Ibl U3BECTHBIX MOJIENIbEpOB U JJoMOB MoJibl. MI3BecTHBIE AU3aliHEPbI- MOJAEIBEPHI B
paboTe cCO CBOMMH yYE€HUKaMH 00ydaliM UX CBOUM JM3allHEPCKUM MeToJaM U mactepcTBy. Ilpu
Jlomax MOJbl OTKPBIBAJIMCH CHElIMaJbHbIE KJIACChl, B KOTOPBIX OOydanu MpaBuUiaM Ju3aiiHa.
[loaTomMy MeToxabl, HCHOJIB30BABLIMECS] M3BECTHBIMU Ju3aiiHepaMu U [omamu MO/IBI,
nepeaBaliuCh U3 MOKOJICHHUS B MOKOJICHHE U COXPAHHJIKCh JIO CErOMHSIIHUX qHeH [3, 4].

OBpPUCTUYECKHE METO/bl XYJOXXECTBEHHOIO MPOCKTHUPOBAHHUSA, SBIABLIMECS METOAAMU
IIPOEKTUPOBAHUS MPOILIBIX BEKOB, U CETOJHS ILHUPOKO NPUMEHSIOTCA HpU pa3paboTKe HOBBIX
Mo/iereit koctioMoB [4, 5].

Jnsi oueHKH YpoBHA S(PGEKTUBHOCTH HCIOIB30BAHUS BIOXHOBEHHS OT TBOPYECKOTO
MCTOYHHMKA M METOJIOB 3BPUCTHKU H3BECTHBIMH JAM3aiiHepaMu U JlomMamu Mojbl ObLI HpOBEIEH
cleayromuii sxcnepument. I'pymnne, cocrosieit u3 20 cTyieHTOB, ObUIO 1aHO 3aJlaHie HAaUTH UJCI0
C MPUMEHEHHEM Ka)X/I0ro M3 3THUX METOJOB U MpopaboTaTh €€ 3CKHU3. YUAaCTHUKU SKCIEPUMEHTa
ObUTM BBIOpPAHBI U3 CTY/IEHTOB, O0yUalOLUIUXCA 110 HanpaBieHUsIM «JlnzaiiH ogexap» u «lckycctBo
KOCTIOMa M TEKCTHJIs». J[1st paboThl ¢ KaXIbIM M3 METOMOB ObLIO BBIAEICHEHO ABe Hexenu. Ilo
3aBEpIIEHUM OHKCIEPUMEHTa ObLI MHpoM3BEeNEeH OTOOp (IKCHEepTH3a) 3CKHU30B HOBBIX Mojenen
KOCTIOMOB JJIsl JIEBYILIEK U MOJIOJIBIX JKEHIIWH U BbIOpaHbI JyLINE 3CKU3bl HOBBIX Mojienei. bbuio
BBISIBJIEHO, 4TO 82% OTOOpaHHBIX ACKMU30B BBHINOJHEHBl C MCIOJIb30BAHUEM 3BPUCTHUYECKHUX
MeTo0B. CTano u3BeCTHO, 4To 17% CTYJEHTOB UCMOIb30BAIM METOJl TBOPUYECKOr0 UCTOUYHMKA. Ha
OCHOBE OIIPOCa BBIICHEHO, YacTh CTYAEHTOB HE XOTEJIM HMCIOJIb30BaTh 3TOT METOM, a APYI'MM HeE
XBaTWJIO MacTepCcTBa JJI1 €ro HCIOJIb30BaHMs. BTOpbIMH 1OCiie METOJOB ABPUCTUKH YacTo
UCIOJIb3YEMBIMH  METOJAMM  SIBJISIFOTCSL METOJbl M3BECTHBIX JAu3aiiHepoB. BbulOpaHHblE WU
pa3paboTaHHbIE C MOMOIIBIO IBPUCTHUECKUX METOJIOB XYHA0KECTBEHHOI'O MPOEKTUPOBAHUS ICKU3BI
MoJiesielt pecTaBieHbl B PucyHkax ¢ ykazanueMm BHJa MeToaa. Kak M3BeCTHO, BUIOB METOIOB
ABPUCTUKH MHOTO. CaMbIMU pacpOCTPaHEHHBIMU MU pa3paboTKe MojeNell KOCTIOMOB METOJaMuU
CUUTAIOTCSI: ACCOIMAIIHSI, KOMOMHATOPUKA U JEKOHCTPYyKIws [2-5].

W3BectHble cnoBa Kpucrtuana Jluopa: “Bcee, uto s 3Hat0, BUXKY MM CIBIILY, KaXaas 4acTb
MO€EH KM3HU MIPEBpPaALIACTCs B KOCTIOM OTHOCSTCS K 3TUM MeTonaM [1].

Cy1iecTBYIOT pa3fiu4Hble BHJIbI METOJIOB 3BPUCTHUKHM B 3aBUCUMOCTH OT BHJa BHEIIHHUX
BJIOXHOBJISIFOIIUX (PAKTOPOB. DTO CIEAYIOUINE METO/IbI, KOTOPBIE IHUPOKO MUCHOIB3YIOT TU3alHEPHI
OJICK/IBI: acCOIMalMs, TNepeoBble TEXHOJOTHH, aHaJorus, OMOHUKA, TUnepOoia, HEONOrus |
smmnartus. Mojenu, pa3paboTaHHBIE C MCIOIB30BAaHUEM KaXKJOI0 MX 3TUX METO/0B, PEICTABICHBI
B PucyHkax Huxe.
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Memoowvl accoyuayuu Accomruanus — 3TO BBIPa3UTEIBHBIN 00pa3, BOSHUKAIOIMINA B MBICIISIX
YCJIOBCKA 11014 BOSIICI;'ITBI/IGM BHCHIHGfI BHOXHOBHHIOIHGﬁ CpCI[LI. K BHCINIHUM BJIOXHOBJIAIOIIUM
(akTopaM OTHOCSITCS BEIIECTBA B MPUPOC, AOCTPAKTHO MBINIJICHHE, TICHXOJIOTHYECKOE COCTOSTHUE
U peanbHbIe sBIIEHUS (3BYK, MENOAMs, 3amaX, pa3Hble BU3yalbHble O00BEKTHI). Mcmonp3oBaHue
BO3HHUKAIOIIMX B MBIIUICHUH PA3IWYHBIX AacCCONMAIMN JJIsi HaxOXIeHUsS (OPMBI MOICIH
Ha3bIBACTCSI METOJIOM acCOLUAIU

MeTtoj acconpanuu npejiaracT UCKaTh HICI0 JUIS MOJACTH B OOBEKTHBHON BHEIIHEW cpele,
dayne u nope, IpUPOIHBIX SBICHUIX: a — MOJAEIb, UAEs JUIsl KOTOPOH BO3HUKIIA U3 PA3IUTOIO
KJIest, 0 — Mojielb, ujes B3sATa U3 jJeTaroniei 6abouku (Pucynox 1).

Pucynok 1. MeTopn acconmmanuu: — MOZENb, HIEA Ul KOTOPOM BO3HMKIIA M3 Pa3IUTOrO Kies, —
MOJIeNb, HJes B3ATa U3 JeTarouiel 6a00ouku

Mertox mepetoBbIX TEXHOJIOTHI MOTHBHPYET UCKATh UACH U MOJIEIICH B OTKPBITUSIX HAYKH,
TE€XHUKU M TEXHOJOTMH C MCIIOJIb30BAaHHEM HEOOBIUHBIX MaTepHalIOB: a — TKaHb, MEHSIOIIAs! [[BET
U JIEKOp B 3aBUCUMOCTH OT CBETa, OCBEILAIOLIETO JUI0; O — IMepeoBble TEXHOJIOTMH B peKaMe, B
— MOJeNb, ujeel i1 KOTOPOH MociyXuil 00beMHbIN MaTepuain (PucyHok 2).

buonnveckuii MeToj Tpe/IaracT WCKaTh WACKD JUIA MOJAeNel B 00BEKTax MPHPOJIBL:
CTpOeHUH, (QYHKIMAX, TMPUHIMIAX OpPraHU3allMM >KUBOTHBIX, PACTEHUIl W HACEKOMBIX: a —
CHEXHBII Oapc; 6 — MoJelb, ujieel g KoTopoi nocmyskuna nuena (PucyHok 3).

Memoo ananocuu. B xauecTBe nepBOHAYAIBHON UAEH OEpETCs aHAJIOT — MOJIENIH U3BECTHBIX
JU3aiiHepOB, KOJUIEKIMU U T.J., KOTOPBIH MCHOIB3yeTcs sl pa3paboTku Mojenu. Kak anasor
MOTYT OBITh HCIIOJIb30BaHbI MpeIMeTHI, JekopaTtuBHble Bemu (PucyHnokk 4). lns moxenel a u 6

HCIOIL30BaHbl B KadecTBe aHanoroB Mmonaenu Koko Illamens, mist mMomend 0 — aHAJIOTHYHOE
pereHue B3sITO U3 KUTAalCKOTO0 HAPOAHOTO KOCTIOMA.
Kombunamopmnvie memoowvl. MeTon KOMOMHATOPUKH — OTO HCCIIEIOBATEIHCKUM METOI,

OCHOBaHHBII Ha IIOHCKE, HCCICAOBAHHU U IMPUMCHCHUHN BaKOHOMepHOCTCﬁ BapHUaHTHOT'O
HU3MCHCHUA KOHCTPYKTUBHBIX, ITPOCTPAHCTBCHHBIX, (I)YHI_[I/IOHaJ'ILHBIX u rpa(pnqecxﬂx CTPYKTYP.
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PI/IcyHOK 2. Ucnonp3oBanne HEOOLIYHBIX MAaTCpUaJIOB: a — TKaHb, MCHAIOIIAad LBET U OCKODP, 6 —

TEXHOJIOTMHU B PEKJIaM€E, B — MOIECJIb C 00BEMHEIM MaTrepuajioMm

Pucynoxk 3. Unes nns moneneit B 00beKTax MPUPOBL: @ — CHEXHBIN Oapc; 6 —ruena

I[Ipu pa3paboTke Mopened, KOMOMHATOPHBIMH  METOJAMU  CUHUTAIOTCA  METOJ
TpaHcopMaIi, KOMOMHATOPUKH, KWHETH3M, CO3JaHHE OJEXKIbl W3 JIOCKYTOB TKaHEH,
W3TOTOBIICHHE Oe3pa3MepHBIX W3JAeNUid U MOIyNbHbIE MeTOAbl. (OCHOBHBIE TMPUEMBI
KOMOWHATOPHBIX METOJOB: KOMOWHHMpOBaHWE, TPYNIHUPOBAHUE, COOMpPAHHWE, HN3MECHCHHE
HaNpaBJICHUH, TIEPEBOPOT, OPraHM3AlWs PUTMA, COCIUHEHHE NeTalieil, BHEIPEHHE IPYTHUX
AJIEMEHTOB U JBPUCTHYECKAs CMEHA MECT MPOCTHIX (UTYp, ACKOpa MU IENbIX CTaHIAPTHBIX
JeTaneid ¢ MPUMEHEHHEeM pa3MYHbIX KOMOWHAIM. DCKHU3Bl MOjeNel, pa3paOOTaHHBIX C
MCTIOJIh30BaHNEM KOMOMHATOPHBIX METOOB NIPECTaBICHBI Ha PUCYHKax HUXKe.
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a B

Pucynok 4. Mogenu accouuanuid ¢ W3BECTHBIMHM JU3ailHEpaMu: a, B — aHaioru monaenu Koko
[[Tarenp, 6 — W3 KUTAHCKOTO HAPOIHOTO KOCTIOMA

Kombunamopnvie memoosi. B 3ToM MeTone pa3paOoTaHbl HOBBIE MOJEIH C NPUMEHEHHUEM
BCEX METOJIOB KOMOMHATOPUKH JUTS IPOCTHIX QuUryp u aekopa (Pucynok 5)..

Kunemuueckuii memood. 310 KOMOMHATOPUKA PUTMA, U3MEHEHUS U JUHAMHUKYU WIN JBUKCHHUS.
[Tpu pa3paboTke Mozemnei MPUMEHsIeTCsI W3MEHEHHE PUTMA B JUHAMUKA (UTYPHI, JIeKopa U APYTUX
anemeHToB (PucyHoxk 6).

Tpancghopmayusa. HaszpiBaromuecs: B HacToAIEe BpeMsi TpaHChOpMEpaMH U3JIEHsl SIBISIOTCS
MoensIMU MeToAa TpaHcopmaiuu (Pucynok 7).

Memoo cozdanusi 00edncovl u3 10ckymos mranetl. Monenu pa3paboTaHbl IyTEM COSAMHCHHUS
Pa3IMYHBIMU cTIOCO0AaMU JIOCKYTOB TKaHel ApyT ¢ apyrom (PucyHok 8).

Mooynvnwviii memoo. Kakas-nn0o reomerpuueckas Gpurypa, KOHCTpYKIUA, QyHKLUS, IEKOP,
SBJICHUS U JIpyrHe 00BEKThl MPUHUMAIOTCS KaK MOAYJb (€IMHUIIA) U C TOMOILBI0O KOMOWHATOPHBIX
METO/I0B pa3zpadaTeiBatoTcst Mojenu (Pucynok 9).

Memoowvr dexoncmpyrkyuu. CBOOOTHOE MAHUITYJIMPOBAHUE (POPMOM OACKIIBI, €€ CTPOCHUEM,
MOLIMBOM M TMOCAJAKOM M3Jenuil Ha (Qurypy denoBeka, HOBBIH MOAXOJX K pa3paboTke Mojenei
Ha3bIBAETCSI METOAOM JEKOHCTPYKIMH. B 3TOM MeTo/ie He YUUTHIBAIOTCS BKYC U€JIOBEKa B OACKAE,
0o0ObIYHOE, OOIIECTPUHATOEC NMPUMEHEHUE OJeXkbl, ee dopma U npyrue ocodeHHoctu. Haobopor,
CTaparoTCs OTHAIUTCS OT 3TOro. B 3aBucHMOCTH OT (aHTa3uu au3aifHepa TOT METOJ MOXKET
INPUMEHATBCS B PA3UYHBIX HANpaBlIeHUSX MO pazHoMmy. CrnocoObl MeTona pa3pylleHus
KOHCTPYKIIMHU, HCIIOJIb3yeMbI€ 0 CETOMHSIIHUMN JeHb, AENATCS Ha YeThIpe BHJA: pa3pyllIeHHE
KOHCTPYKIIMH, Pa3pylICHHE KOMITO3UIIMU, Pa3pylIeHHE TEXHOJOTHH, Pa3pylICHHE MPUBBIYHOTO
KoMIuiekTa ofex bl (Pucynox 10).

Mopenu KocTioMa, pa3paboTaHHbIE METOJIOM JAEKOHCTPYKIIMH MIPUBEICHBI HA PUCYHKaX HIKE.

Memoo paspywenua xoncmpykyuu. TIoMCK uaen sl MOJENU IMPOBOAUTCS B HAaIpaBlICHUH
pa3pyIeHuUs IPUBBIYHON KOHCTPYKIIMH OJCkK IbI, e cTpoeHus (Pucynok 11).

Memoo paspywenus mexuonoeuu. Ilouck waew aias MOAENU MPOBOAUTCS B HaAIpPaBICHUU
pa3pylLIeHus MPUBBIYHOI TEXHOJIOTUY MomuBa ok bl (PucyHok 12).

Meton paspymienus kommno3unuu I[lowck uaen [uis MOAETH HPOBOJUTCS B HalpaBICHUHU
paspyieHus 3akoHoMepHocTel komno3unuu (Pucynok 13).

Mertox pa3pymieHus! IPUBBIYHOTO KOMILUIEKTa OJkKAbI. [T0MCK MIen IIsl MOIEIH MPOBOJNUTCS B
HalpaBJIEHUH pa3pylIeHUs] KOMIUIEKTa oJ1ex bl (PucyHok 14).
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Pucynok 7. Tpancopmanusi: a — MOJENb U3MEHSATCA B TpeX BapHaHTax, 0 — MOJesb UMEeT /Ba
BHUJIa, B — MOJIENb U3MEHSIETCSI B UeThIPEX BapHaHTax
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Pucynok 8. MeToa co3maHuss OAEKIB W3 JIOCKYTOB TKaHeW: a, 6 M B- MOJETH pa3paboTaHbl C
HCIIOIb30BAaHUEM JIOCKYTOB Pa3IMYHBIX TKAHEH

Pucynok 9. MonyinbHblid MeTOa: a — Qurypsl ¢ yriiamu, b — ¢urypa B ¢opme pomOuka, B —
MHOTOYTOJIbHOCTh U3 KPUBBIX JINHUH MPUMEHEHA B KAY€CTBE MOJIYJIS

Pucynok 10. MeTonbl 1eKOHCTPYKIIMH
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Pucynok 11. Meton pa3pyuieHns: KOHCTPYKIMH: Y MOZICJIEH a, B — pa3pylIcHa KOHCTPYKIHS KaKeTa U
KOCTIOMa, 0 - KOCTIOMA pa3pyIIeHa KOHCTPYKIHS BCEX JeTaleH

B

Pucynok 12. Meton pa3pyuieHnsi KOHCTPYKLMH: Y MOAEJIEH a, B — pa3pylLleHa KOHCTPYKIHS XKaKeTa u
KOCTIOMa, 0 - pa3pyleHa KOHCTPYKIUS BCeX JieTaneit

a
Pucynok 13. Metoj pa3pymieHusi KOMITO3UIMH: a — IIBBI BEIXOISAT HAPYKY OACKIBI, O — pa3pylieHa
TEXHOJIOTHS TOIIMBA HU3a PYKABOB M KOCTIOMA, IIBbI BHUJAHBI CHAapyXH, B B — MOJEIHU pa3pyllieHa

TEXHOJIOTHSI COEAUHEHMS IeTaIEH
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Pucynok 14. MeToj paspylieHHs MPUBBIYHOIO KOMILJIEKTA OAEKIbl: a — IpPHUMEHEHa upe3MepHas
oThenka, 0 — KOMIIO3WLMOHHBIM IIEHTP OTCYTCTBYET, HE COOIIONCHBI CUMMETPUS U paBHOBECHE, B —
paBHOBECHE OTHOCUTEIBHO CUMMETPHUHU HE BBIICPKAHO

AKTHUBHOE NMPUMEHEHHUE METOOB XYJO0KECTBEHHOTO MPOECKTHUPOBAHMS CTYJIEHTAMU TPYIIIIHI
MOKHO OOBSICHUTH CIICAYIONTUMH MPUIMHAMH: OOJIBIIIOE KOJIMYECTBO U PA3HOOOpa3re HaIPaBICHUN
MOKCKa UAEH IS MOAEeNeH, I UCIOIb30BaHUSI METOJOB SBPUCTHKU HE TpeOyeTcss MHOTOJICTHUMN
OMBIT, CYIIECTBYET MHOIO HAaIpaBJICHUH, YCHJIMBAIOIIMX 3MOLUOHAIBHYIO 3aMHTEPECOBAHHOCTH
(mepenoBbIe TEXHOJOTWH, OWOHWKA, TpaHchopMalus W T.JO.), HX YyI0OCTBO I JCBYIICK
(Monoie’kn) B moMCKe uuen st mozenei. Ilo pesynpraraMm sKcmeprMEHTa METOMbl W3BECTHBIX
JIM3ailHEP-MOJENbEPOB  SIBIIAIOTCS  MOMYJSIPHBIMA ~ TIOCJIE€  METOJIOB  XYJ0’KECTBEHHOT'O
MpoeKTUpOoBaHus. BO3MOXKHO, 3TO keaHNe MOJIOJESKH OBITh TOX0KUMHU Ha U3BECTHBIX JU3AIHEPOB
(Koko Ilanens, Kpuctuan Hduop u np.). Yactoe nmpuMeHEHHE CTyACHTAMH METOJOB AHAJIIOTHH U
HEOJIOTUU OOBSICHSIETCS HECIOXHOCTBIO HCIIOIB30BaHUSI METOJOB HM3BECTHBIX JIU3aMHEPOB W
OTCYTCTBHEM HEOOXOAMMOCTH 00JbIIoro ombita (Pucynok 15).

Pucynox 15. B Moaensix HapyIieHBI IpaBUiia HaICBAHUS OJCHKIIBI M KX KOMIUICKTHI
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[IpoBeneHHBIN SKCIIEPUMEHT IOKa3all, YTO NPUMEHEHHE METOJa TBOPYECKOTO0 HMCTOYHHKA
SIBJISIETCSL JIJISl MOJIOJICKU CJIOKHBIM U TpeOyeT OMpPEIeSIEHHOIO OmbITa. V3BeCTHBIE W ONBITHHIC
IU3aiHEPBI UCTIOIB3YIOT ATOT METOJ C 0COOBIM TBOPUECKHUM IOAXO0JI0OM. B UX MOJENsSIX TBOpUYECKUI
MCTOYHUK HUKOI/Ia OTKPBITO HE OTPa)xaeTcs, HO TeM HEe MEHee, OH YyBCTBYETCS Ja)Ke C 3aKPbIThIMU
rJla3aMu, 3BYYUT MY3bIKOH B yIiax u Oiaroyxaet apomatom. [loatomy, i MOJIOAEKH IPUMEHEHUE
METO/ia TBOPYECKOTI'O UCTOUHHUKA SIBJISIETCS CJI0KHOBATHIM.

3axniouenue

1. DKcnepuMEHT IOKa3all, YTO METOJbl XYJI0’)KECTBEHHOTO IPOECKTHUPOBAHUS 00JIagatoT
MHOKECTBOM HANpaBlIEeHUH JUId TOUCKAa MJEH W HUX pazHoOOpaszue SIBISIETCS HEUCCAKACMbIM
HMCTOYHHUKOM JJISI MOJIOJIEKH B pa3pabOTKe HOBBIX MOJIETICH.

2. I MOJONBIX JHU3AHEPOB-MOJEIBEPOB, PAOOTAIONIMX B MPOHU3BOJACTBE, IS MOJIOACHKH,
HAYMHAIOIIEH JAU3aiHEPCKYIO ACSITeNbHOCTD, a TAKXKe JJISl CTYJCHTOB, BBIMOIHSIONIMX BBITYCKHYIO
KBAIM(UKAIIMOHHYI0 pPabOTy W KypCOBOM MPOEKT MpeAjiaraercs HCIOJIb30BaTh METO/bI
XYJI0’KECTBEHHOTO ITPOCKTUPOBAHUS
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Annomayus. llpencraBieHa HCTOPHS, COCTOSIHME W TEPCHEKTHBA a0JOMUHOIUIACTHKH B
tacTHuecko xupypruv. Ha cerognsmHuii 1eHp abOMUHOIIACTHKA oOpalaer Ha ceds ocoboe
BHUMaHHE H3-3a TIOBBIIIEHHOIO CIpoca MalUueHTOB [UIsl YCOBEPIIEHCTBOBAHHWE CBOETO Tela,
BCJIE/ICTBUE pa3NUYHbIX JAedopmanuii mepeaHei OpromHONW creHKd. B pesynbrate anamuza
BBISICHEHO, YTO B OOJIBIIIMHCTBE CIIy4yaeB PEKOMEHIYIOT ITPOBEJACHUE ONEPAaTUBHOIO BMEIIATEILCTBA
rocje MoTepu Macchl Tela, 3TO JaeT Oosee KpaCUBBIN ICTETUYECKUN BUJ, HO OHA TpedyeT 0coboro
BHUMAaHUS M 3HAaHUS B 00JIACTM aHATOMHUU TIEPEIHEH OpPIONIHON CTEHKH, M3-3a TOCIEAYIOIIETO
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Pa3sBUTHUA ocioxxHeHUH. Omnmcanbl HCTOPUYCCKHUE AaCIICKTbl BOIIPOCOB a6I[OMI/IHOHJ'IaCTI/IKI/I u
COBPCMCHHBIC B3IIAIbl HA TCXHHUKY BMCHIATCIILCTBA, HpO(bI/IJIaKTI/IKy U JICUCHHUE OCIIOKHCHHUIA.

Abstract. The literature review presents the history, status and perspective of abdominoplasty
in plastic surgery. Today, abdominoplasty draws special attention due to the increased demand of
patients to improve their body due to various deformities of the anterior abdominal wall. As a result
of the analysis it was found out that in most cases it is recommended to perform the surgical
intervention after weight loss, it gives a more beautiful aesthetic appearance, but it requires special
attention and knowledge in the field of anatomy of the anterior abdominal wall, because of the
subsequent development of complications. Historical aspects of abdominoplasty issues and modern
views on the technique of intervention, prevention and treatment of complications are described.

Knrouesvie cnosa: a6,I[OMI/IHOHJ'IaCTI/IKa, MCPCaAHAA 6pIOI_HHa$I CTCHKaA, IIaCTUYICCKAA XUPYypIrus.
Keywords: abdominoplasty, anterior abdominal wall, plastic surgery.

B mnactuueckoit xupyprun abpomusoruiactuka (ABII) 3aHumaer nuaupyromee MecTo u3
Bcex onepauuu. Mcropun ABII 6onee 130 et u no ceil 1eHb MOJEPHU3UPYETCS U Ha 3TOM HE
orBanuBaercs. KbuIprei3ctaHe, Kak U BO BCEM MHUpPE HJAET aKTUBHOE COBEPLICHCTBOBAHUE BCE
cioco6oB ABII 1enpro yiydnieHuss KauyecTBO KHM3HM paHHEM I10CIICONEpallMOHHOM Imepuoje. B
JTAHHOM 0030pe OIMCaHbl BCE paHHEE BO3HMKIINE BOMPOCHI, MPOOJEMBbl B pe3yibTaTe pPa3BUTUSA U
craHoBieHust ABIIl. M3BecTHO U3 MCTOpUM, YTO yUYEHUS O KOHCTUTYLMHU YEJIOBEKa TEIOCIOKEHUE
BCEI/la pacCMaTpUBAJIOCh C JIBYX NMO3ULUI — 3/I0pPOBBS U ICTETUKH, TaK KaK UMEET TECHYIO CBS3b,
YTO ONMCaHBbI B iuteparype [ 1-5].

Bompocsl, cBs3aHHBIE ¢ KOHCTUTYLUEH YEJIOBEKAa B ICTETHMUECKON CTOPOHE, CUMUTAIOTCA HE
PELIEHHBIMH, TIPU 3TOM HE BBI3BIBAET COMHEHMSI TOT ()aKT, COXpaHEHUsI KPaCUBOI'O TeJla OCTAaeTCA
KeJIaHWEeM Ka)/10ro 4eJI0BeKa HE 3aBUCUMO OT MoJja. DTO CUUTAETCS] €CTECTBEHHBIM MPOLIECCOM IS
MOJIEpPHU3ALIMH, YCOBEPLICHCTBOBAHUS DPA3BUTHUS IUIACTUYECKON XHUPYPIHH. 3a IOCIEIHHUE TOJbI
UJET aKTUBHAs TEHJCHLIUS B KOPPEKIUH NepeIHel OprOIHONW CTEHKH M KOHTYpHas MJacCTHKA BCEro
tena. Yactora BeinosniHeHus ABII B cTpyKType Bcex IUIACTUYECKUX ONEpaluil COCTABIISET OKOJIO
20%.

B 1980 rr. BnepBble NpOBENNM HMCCEYEHHE H3IUIIHEH KOXKM HAa JKMBOTE B COYETAHHH C
MyNoOYHOU TpbDKel u caenanu 3tTo Demars u Marx [6]. A 1899 roay Kelly pa3paboran oneparuto
ABIIL. B 1939 rogy Thorek omucan cBoii meTon omepanuu, KOTOpbld oH Ha3zBan «llmactuueckoe
yaaneHue KUpoBOM TkaHW». OHU BBINOJHSUIUCH, TOJBKO C (YHKIMOHAIBHOM ILENIbI0 IS
yCTpaHEHUs OOJIBIIMX KOKHO-KMPOBBIX (DapTyKOB M JIETJIM B OCHOBY COBpeMeHHOM MeToauku ABIT
[7].

B xupypruu Oounblnyio poibp urpaer omnepatuBHble goctymnbl, C. W. IlneryHoBa u coaBT. B
Hay4YHOU pabore oTpasuwinu 14 crmocoOoB J0CTyma, OOJBIIOE KOJIMYECTBO W3 HUX HECYT JIHIIb
uctoputo ABII, KOTOpBIX HE MPUMEHSIOT B IIacTHUecKoil xupypruu [8]. B nepsyro ouepens ABII
BJIEUET 3a COOOI 3CTETMUYECKYIO CTOPOHY M pa3padaThIBAIMCH Pa3IMYHbIe CIOCOOBI TOCTYNOB U B
L[EJIOM TEXHUKU OIlepalid, KOTOPbI COCTOMT W3 OIpENEelIeHHbIX YacTell XHUPYPrHuecKoro
BMeEIIATENbCTBA: YKPEIJICHHE MBIIIEYHO-aIOHEBPOTHUECKOI0 OCTOBA MEpeHEN OpIOIIHON CTEHKU;
KOPPEKIHIO (pacualIbHBIX CTPYKTYpP; YCTpaHEHHE AUacTa3a MpsSMbIX MBI )kuBoTa [9, 10].

B cBoux paborax JI. I'. AranoB u coaBT. npeanaraioT kiaccudukanuio: kinaccuueckas ABIL,
muHnadaomunoruiactuka (MABIT) u penko ucnonb3yemsie meroauku [11].

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 173



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne5 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/114

b. XK. Myca u B. A. 3otoBa, cuntanu, uro kpome Tpamuuuonnoit MABII, ctoco6om BeIOOpa
MOXeT ObITh KoMOuHupoBaHHass ABII ¢ BepTUKaIbHBIM M TOPHU3OHTAIBHBIM JOCTYIIOM U BEPXHSSA
ABII, co3paromas BO3MOKHOCTb OJHOBPEMEHHO C IIACTUKON MEpEAHEN CTEHKU >KMBOTA IIPOBECTU
Mammoriactuky [12]. CymectByer anroputm ABII: 37acTHYHOCTE KOXH M CIOCOOHOCTHh €€ K
COKpAIllCHUIO, CTENEHb pa3BUTUSA  IOJKOXKHOM KMPOBOM  OCHOBBL, TOHYC  MBIIIEYHO-
allOHEBPOTUYECKOT0 KapKaca, HaJM4YME UacTa3a IPSIMbIX MBI KHBOTA M BEHTPAIbHBIX TPBIK
[13].

[Ipn m3ydennn pador C. II. 'amuy U CoaBT., aBTOPHI ONMHUCHIBAIOT 5 BUAOB AchOpMaIN
nepenHel OpIOIIHOM CTEHKH: IMEePBOMY THUIy OTHOCHUTCS — IIOCJIEPOJIOBBI NMTO3 B 00JACTH
THIIOTAcTpus U eopManys BOSHUKIIAS TOCIE MPEABIIYIIUNX ONEpallii; BTOPOU TUI 3TO M30BITOK
KUPOBOM TKaHU TOJILIMHOW, MEHEE 5 CM B I'MIIOracTpUU U B ME30racTpUH, IIPU 3TOM MBIIIEYHO-
arlOHEeBPOTUYECKUN KapKac He M3MEHEH; TpeTHil Tum aedopmanuu rnepeiaHen OproIIHON CTEHKHU C
M30BITKOM XKUPOBOH TKaHU Oosee 5 cM Buae (papTyka, ¢ MPUCYTCTBUEM AHACTa3a MPSMBIX MBIIII]
KMBOTA; YETBEPTHIM TUN TepenHssi OprolmmHas CTeHKa [IeOpPMHpPOBAHA BHIY «KYIOJa» C
penakcanuel MbIIIEYHO-allOHEBPOTUYECKOIO KapKaca, JKUpOBas TKaHb B IPEJEIax HOPMBI; IpU
MATHIM TUI BbIpaxKeHHast nedopmMains ¢ U30BITKOM KHUPOBOM TKaHM C HapylieHHeM (QYyHKUIUU
OpPraHoOB OpIOIIHOM MOJIOCTH WM OMOPHO-JABUTATEIbHOrO ammnapara. J[aHHbIe THIBI HU3Y4YEHBI U
IIPOBEJICHBl HA OCHOBE KJIIMHUYECKUX OIBITOB, IIPU 3TOM JAaHbl PEKOMEH/IALUHU, YTO IIPU YETBEPTOM
u nsatom ture npoeaeHuss ABIl nemocrarouHo, Becerga HEOOXOIUMO MPOBOAUTH B COYCTAHUU C
YKPEIUICHUEM U YCTPAHEHUEM JIMacTa3a MpsSMbIX MBIIII KUBOTA [14].

B 2010 r. 1. A. MusueBbiM 1 C. A. AnumanoBeiM pa3padoran u moaudunpoan ABII, B
4YeM OH 3aKJI0YaeTCs OHHU BBINOJHSIOT JUCCEKIMI0 KOMXHO-XMPOBOTO JIOCKyTa HIDKE IyIKa C
cCOoXpaHeHueM Ha anoHeBpose 0,8 ¢cM KUPOBOM TKAHU C MOCIEAYIOLIEH JIUIMOCAKLIUEN, YTO CHUYKAET
YacTOTYy OCJIOXKHEHUW M TpPaBMAaTUYHOCTb OIEpallMd M3-3a COXPAHEHUsI KPOBEHOCHBIX U
mumbaTuieckux cocyaos [15, 16].

B Hayunbix Tpygax O. B. lluxupMaH onucasbl, 4YTO OCJE€ 3HAYUTEILHONW OTEPU MaccChl Tea
HaOJIOIAl0TCA HAWTy4dlIMe pe3yJIbTaThl ONEPAaTUBHOTO BMELIATENbCTBA, MUHUMAaJbHBIE PHUCKU
ocioxHeHu#. [Ipy 3TOM, OH CUMTAET, YTO BBHINOJHEHHE KOMOWHUPOBAHHBIX Pa3pe30B, MIACTHKA
MBILIEYHO-aIIOHEBPOTHYECKOTO KOMIUIEKCA, IPUMEHEHHE METOANKH «II€PEBEPHYTON OYKBBI V» 1is
IUTACTUKM IMyNKa M OTKa3 OT YPE3MEPHOr0 HATSDKEHUs TKaHeW s MPOQPHIAKTUKH OCIO0XHEHUH,
MO>KHO JIOCTHYb HaWJIy4dIllue pe3yiabTaThl onepauuu [17].

BonbHBIM ¢ MOpPOMIHBIM  OXXHPEHHEM HEOOXOJMMO TMEpBBIM ATAllOM IMPOBOAMTH
OapuaTpUyecKue orepalry, TOJIbKO Moce 1eaecoodpazno u 6e3onacHo BemoaHUTh ABIT [18-20].

I'maBHO# npoOnemoii mocne ABIT ocraercs GoneBoii cunapom, ecinu 1o nposeneHus ABIL y
nanueHTa uMeeTcsi 00JIbHOM MPOLIEHT KUPOBOW TKaHU, TO MHTEHCUBHOCTh OOJIM yBEJIMYMBAETCS, a
TO M HOCUT XPOHHUYECKHI XapakTep, UYTO yCYryOJIATh KayecTBO >KU3HM MAIMEHTOB B OTJAJIEHHOM
nepuoze [21].

Atroper A. E. KomacoB uw C. TI. Mopo3oB [0Ka3pIBalOT, YTO YPOBEHB
MIPOTUBOBOCHAIINTENBHBIX LUTOKMHOB B KPOBHM y JKEHIIMH ¢ oxupeHueMm III cremenm mnopoi
NPEBbIIACT HOpMY Ooyiee yeM B 2 paza M OCTaeTcs BBICOKMM Ha MPOTSHKEHUU HEJENU IOociie
npoBeaeHHOM ABII, yeMm y manMeHToB UMEIOIINe HOPMaIbHYI0 Maccy Tena [22].

JIroboe onepaTHBHOE BMEIIATENIBCTBO HE 3aCTpaxoBaHa OT pa3BUTHs ocioxHeHui 1 ABII He
uckioueHne. Hanbosnee dacTeie OCIOKHEHHS: CEPOMBI, T€MAaTOMBbI, HECOCTOSITEILHOCTh I11Ba [23—
25].

Ocnoxuenue cBsizanHble ¢ ABIl HaxonmdTrcss NTPUCTAIBHOM BHUMAHUU XUPYPrOB H
nato¢usnonoro. Hayunsle corpyauukamu HWW oOmeit maromormu u marodusuonoruu (T.
MockBa) MpOBENEHO MCCIEA0BaHUE DJKCIPECCUUM XEMOKMHOB B HEUTpopmiax M KIETKax
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MOJKOKHOTO KHpa MAIMEHTOB OXUPEHUEM M HOpPMalIbHOM maccoi Tena. OHU OOKa3ald, 4To y
MALMEHTOB B N30BITOYHBIM MaccaM TeJa 3KCIPECCUsI XEMOKHMHOB MOBBIIIEHA, YTO aCCOLUUPYETCS C
YBEJIIMYCHHBIM TPUTOKOM HEUTPOPHIOB B KHPOBYIO TKaHb, 4TO, B CBOIO OYepeab, MOXKET
MPOBOLMPOBATh  YCWJIEHHE  JIEHKOIUTApHOM  MHOUIBTpALMU, CBA3aHHBIX  AKTUBHOCTHIO
MIPOTEOJUTUYECKUX (PEPMEHTOB HEUTPO(PUIOB U MOBBIIACTCS PUCK PA3BUTHS OCIOKHEHUI mMocie
ABIL. Taxke  goKasaHo, 4TO JKCIIpeccus XEMOKHUHOB, acCOLMUPOBAHHBIX c
MOHOIIUTaMU/MakpodaraMi, B KJIETKAaX IOAKOXKHOW KUPOBOH TKAaHM HAXOAUTCA B MPSIMOMH
KOPPEJSALMOHHON 3aBUCUMOCTHU C KOJIMYECTBOM KHpa B opraHuszme [26—28].

Cepoma — 3TO CKOIUIEHHE CEPO3HOM JKUJIKOCTHU, 3HAYUTEIBHOE KOJIUYECTBO KOTOPOU MOKET
MPUBECTH K OTCIAMBAHUIO KOXKHBIX JIOCKYTOB C HApPYLICHHEM KPOBOCHAOKEHUS TKaHeW Hamboiee
4acTOE OCJIOKHEHUE Pa3BUBAIOIIASACS MTOCTIE MPOBEICHHBIX MIACTUYECKUX onepaiuii [29].

B pesynbTare moBpeXIEHHBIX KJIETOK >KUPOBOM TKaHU MUTPUPYIOT Makpodaru U siBISIFOTCS
rncrouyHukamu xemokrnHa CCL2, moaaepKuBaroiero 3KccyiaTuBHoe Bocnainenue [30].

YacroTa pa3BuTHs cepoMbl Bapsupyetcs ot 3—5% [31, 32].

Jlia cHwxeHuss 4yactoThl ociokHeHud H. O. MuiaHoB M COaBT. CUMTAIOT IPUMEHEHUE
OMOJIOTHYECKOT0 KJIesl Ha OCHOBe OmononauMepa ¢uodpuna [33].

B nacrosee Bpemsi yuennsle pekoMeHaytoT ABII paccMarpuBarh cuMysbTaHHAs ONEPALIMS
[34].

Hanpumep, oxxupenne, BEeHTpalbHbIC TPHDKH U JKEITYHOKaMeHHast 6os1e3Hb [35-37].

. T1. YymOypuaze U COaBT., OTPAXKAIOT CBOMX HAYYHBIX TPYAaX, YTO OKUPEHHUE COUETAHUE
BEHTPAJIbHOMN I'PBIKHU U KOKHO-KHUPOBOI'O MTO3a SIBJIAETCS CEPHE3HBIM HE TOJIBKO 3CTETUUECKUM, HO
U (QYHKIMOHATIBHBIM JEePEKTOM, YTO YXYIIIAIOT moka30aTean KauyecTBO KU3HU B SMOIIMOHAIHLHOM
IUTaHE, TIPU OTOM IeNIecO00pa3sHO BBHIMOJIHEHUS TEPHHOIUIACTHKH C PEKOHCTPYKTHBHBIMU
BMeEIIIATEILCTBAMHM Ha MepeHel OprorHon cTeHke [38].

[IpoBeneHbl  KIMHUYECKHME  HMCCIENOBAHMS M TOJYYEHBbl  XOpOIIME  Pe3yJbTaThbl
XUPYPru4ecKoro jeyeHus: 46 MmauueHTOB KOTOPHIM IMPOBEIEHA XOJEHUCTIKTOMHUS B COUYETAHUM C
ABII [39].

CumynbTaHHasl XONEIUCTIKTOMUSA, TPbIKU TepeaHeit OpromHol crenku npu ABII sBisercs
ONTUMAJIHOW ISl OJIHOBPEMEHHOI'0 YCTpPaHEHUs aOCOIIOTHO Pa3HBbIX XMPYPIUYECKHX MpoOiieM
[40-41].

B coBpemennoit menuuune xupypruu ABII sBrsercs 40cTaTOYHO HATOYEHHOM U M3BECTHOM
omepauueil Kak s TJIAaCTUYECKUX, Tak M Ul OOLIMX XHUPYProB, OJHAKO OIEpaTHBHOE
BMEIIIATENIbCTBO NMPUMEHUMBIX Il MAIMEHTOB MOcie OOJbIION MOTepu Macchl Tena, CUUTAETCS
OYE€Hb CIIOKHBIM TEXHHUUYECKOM IUIaHE, TAaK YXKE CYLIECTBYET BbIpaKEHHbIE H3MEHEHUSIMH aHATOMUU
nepeHel OpIOIIHOM CTEHKU U BHYTPEHHUX OpraHoB. biarogapsi HOBbBIM TEXHOJIOTHUSM B MEAMIIMHE
3HaHUS XUPYProB TEXHUKA a0JOMUHOIUIACTUKH YCOBEPILIEHCTBYETCS M HE OCTAaHABIMBACTCS.

Kongnukm unmepecos: aBTOpPBI TMOATBEPKAAIOT OTCYTCTBHE KOHQIMKTa HMHTEPECOB, O
KOTOpPOM Heo0xoammo cooOmuTh. [Ipo3padyHocTh (PMHAHCOBOM AEATENHHOCTH: HUKTO W3 aBTOPOB

HC UMCCT (I)HHaHCOBOﬁ 3aMHTCPCCOBAHHOCTH B MIPCACTABJIICHHBIX MAaTCpUaIaX UJIN MCTOAaxX.
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IIYTHU COBEPIIEHCTBOBAHMS NIPO®PUIAKTUUYECKUX MEPOIIPUSITUI
NP ACENITUYECKOM HEKPO3E I'OJIOBKH BEJJPEHHOM KOCTH
(0030p JMTEpPATYyPHI)

©Abovimananoe b. A., ORCID: 0009-0009-9705-6783. Kvipevizcko-y36exckuii
MedcOyHapoonwlil ynusepcumem um. b. Coiovikosa, e. Ow, Kvipevizcman

WAYS TO IMPROVE PREVENTIVE MEASURES
IN ASEPTIC NECROSIS OF THE FEMORAL HEAD
(literature review)

©Abdymanapov B., ORCID: 0009-0009-9705-6783, Kyrgyz Uzbek
International University named after B. Sydykov, Osh, Kyrgyzstan

Annomayus. AcenTHUECKUN HEKpO3 TOJIOBKM OEApEHHOM KOCTH — TshKesoe 3a0ojieBaHMe,
NPUBOASIIECE K MHBAIMAM3ALMU NALMEHTOB TPYyAOCHOcoOHOro Bo3pacta. B crarbe mpencraBiieH
KOMIUIEKCHBIN aHAJIN3 COBPEMEHHBIX MOJIX0A0B K MPOo(UIaKTHKE, paHHEH AMATHOCTHKE M JICYCHUIO
AHI'BK, ocHOBaHHBI Ha CHCTEMATHU3alMHM JAHHBIX MEXIAYHApOJHBIX HccienoBaHui. lLlenpro
UCCIIEIOBAHMsl SIBJISIETCS  peaju3alisl KOMIUIEKCHOIO IOJAXOoJa K MpOo(pUIAKTHKE, paHHEH
JMArHOCTHKE, MEPCOHAIM3UPOBAHHOMY JICUEHUIO, COXPAHEHHIO (DYHKIUHM CYyCTaBa U Pa3BUTHIO
HAy4YHO-OPraHU3allMOHHBIX MEp JUIsl CHMXKEHHS 3a00J1eBa€MOCTH, MHBAIMJIW3ALMU U YIy4ILIECHUS
KauecTBa XU3HU IALMEHTOB C aCENTHYECKMM HEKPO30M TrOJIOBKM OeapeHHOl kocTu. OCHOBHOE
BHUMaHME y/I€JICHO paHHEMY CKPUHUHIY C Hcnoyib3oBaHrueM MPT, BbIABIISIOIEMY JOKIMHUYECKUE
craqun y 85% manueHToB W3 TPy pHucka (MpUEM KOPTHUKOCTEPOHMIOB, TPABMBI, AJIKOTOJbHAs
3aBucuMOcCTh). [loguépkuBaercs ponb Moaudukanuu oOpas3a KU3HHU, BKIIOYas OTKa3 OT aJIKOToJIs U
Kypenusi, Hopmanuzauuio UMT, a Takke npuMeHeHue Kaiublus, BUTaMuHa D u Oucdocdonaron
JUIg YKPEIUIEHUs KOCTHOM TKaHW. PaccMOTpeHBl CTpaTeruv ONTUMH3ALUU TEpanuu CHCTEMHBIX
3a00JIeBaHUI: 3aMEHa KOPTUKOCTEPOHUI0B Ha OMOJIOTUUECKUE areHThl, KOHTPOJIb THIEPIUINIEMHUH,
nuabeta u runepkoarysinuu. Ocoboe 3HaueHHE MPUAAETCS MEKIUCIUIUIMHAPHBIM TTPOTOKOIAM,
TaKMM Kak SIMOHCKas MporpaMMma CKpUHUHIa, CHU3UBILAS YacTOTY NMo3AHeH quarnoctuku Ha 40%, u
NIEPCOHAIN3UPOBAHHBIM  TOAXOJAaM, BKIIOUAIOUIMM T€HETHUYECKOE TECTHpOBaHHe. ABTOp
aKIEHTHUPYET HEOOXOJMMOCTb BHEJPEHUS 00pa30oBaTeIbHBIX IPOrpaMM JUIsl Bpauell U MalueHToB, a
TaKKe MHTETPaAIlliU TEXHOJIOTHH (TeleMeIUIIMHA) TSl TOBBIIEHUS (P GEeKTUBHOCTH MPODUTAKTUKH.
PesynbpTatel MccienoBaHUN  MOATBEPXKIAIOT, YTO KOMIUIEKCHBIE MEpbl CHHXKAIOT — PHUCK
nporpeccupoBanusi Hekpo3a Ha 40—60%, cokparast MOTpeOHOCTh B 3HIONPOTE3UpOoBaHUU. CTaThs
CITy’)KUT OCHOBOM Ui pa3pabOTKU KIMHUYECKUX PEKOMEHJAIMI U TOCYJapCTBEHHBIX MPOTPaMM,
HaIpaBJIeHHBIX Ha cHIKeHue 3aboneBaemoct AHI'BK.

Abstract. Aseptic necrosis of the femoral head is a severe disease leading to disability of
patients of working age. The article presents a comprehensive analysis of modern approaches to the
prevention, early diagnosis and treatment of ANFH, based on the systematization of international
research data. The aim of the study is to implement a comprehensive approach to prevention, early
diagnosis, personalized treatment, preservation of joint function and the development of scientific
and organizational measures to reduce morbidity, disability and improve the quality of life of
patients with aseptic necrosis of the femoral head. The main attention is paid to early screening
using MRI, which detects preclinical stages in 85% of patients from risk groups (taking
corticosteroids, injuries, alcohol dependence). The role of lifestyle modification, including quitting
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alcohol and smoking, normalizing BMI, and using calcium, vitamin D and bisphosphonates to
strengthen bone tissue is emphasized. Strategies for optimizing therapy for systemic diseases are
considered: replacing corticosteroids with biological agents, controlling hyperlipidemia, diabetes
and hypercoagulability. Particular importance is attached to interdisciplinary protocols, such as the
Japanese screening program, which reduced the incidence of late diagnosis by 40%, and
personalized approaches, including genetic testing. The author emphasizes the need to implement
educational programs for doctors and patients, as well as the integration of technologies
(telemedicine) to improve the effectiveness of prevention. The research results confirm that
complex measures reduce the risk of necrosis progression by 40-60%, reducing the need for
endoprosthetics. The article serves as a basis for the development of clinical guidelines and
government programs aimed at reducing the incidence of ANFH.

Kntouesvie cnosa: acenTHYeCKUH HEKPO3, PaHHSS JUArHOCTUKA, CKPUHHHT, NpoduIaKkTHKa,
KOPTUKOCTEPOUbI, MonuuKaims, oucdochonaTsl, reHeTHIeCKHe (aKTOPHI.

Keywords: aseptic necrosis, early diagnosis, screening, prevention, corticosteroids,
modification, bisphosphonates, genetic factors.

AcenTtudeckuii HeKpo3 TosioBku O6enpennoi koctu (AHI'BK) npencrasisier coboii cepbe3Hoe
3a0o0NieBaHKe, XapaKTEepU3YIOIlleecs: HapyIIeHHeM KPOBOCHA0KEHUS TOJIOBKU OEIPEHHON KOCTH, YTO
NPUBOJIUT K HEKPO3y KOCTHOM TKAaHU M TMOCIEAYIOIIUM CTPYKTYpPHBIM HM3MEHEHHSIM. JTO
3a0oJeBaHWE, TOMHMO 3HAUUTENIFHOTO YXYALICHHS KauecTBa JKU3HM IAallUCHTOB, HEPEIKO
MPUBOJIUT K CTOWKONH HHBAJIMIHOCTH, OCOOCHHO Yy Il TpymocnocodHoro Bo3pacra. AHI'BK
3aHMMaeT Ba)KHOE MECTO B CTPYKType OpToIeAuueckux 3aboseBaHuii. YacToTa €ro BbISBICHHS
MPOJOJKAET PACTH, YTO CBA3aHO C YBEIWYCHHEM MPOJODKUTEIBHOCTH KU3HU HACEJICHUS,
pacnpoCTpaHEHHOCThIO COCYJUCTBIX 3a00J€BaHUM M BO3JIEHCTBHEM BHEIIHUX (AKTOPOB PHUCKA,
TaKMX KakK 3JI0YNOTpeOJIeHUE alKoroJjieM, JINTENbHOE MPUMEHEHHUE TIIFOKOKOPTUKOCTEPOHUIOB, a
TaK)K€ TPaBMAaTUYECKUE MOBpexaeHus [1].

Bonpocs npodumnaktukn AHI'BK 10 cux mop ocTaioTcs HEIOCTaTOYHO H3yUEHHBIMH,
HECMOTPS Ha 3HAYUTENIbHBIN Nporpecc B JUarHOCTUKE U JIEYEHUH. BOIBIIMHCTBO METO/I0B JI€UEHUS
HaIpaBJIeHbl HAa yCTpaHEHHE IMOCJIECTBUII HEKPO3a, TOIr/1a KaK BO3MOYKHOCTH PAHHETO BBISIBJICHUS
(akTOpOB pHUCKA U MpeAyNpexIeHHs 3a00J1€BaHHs UCTIOIB3YIOTCS HE B OJIHOM Mepe [2].

Baxnoil 3amaueli COBpeMEHHOH MEIWIMHBI SBJseTcs  pa3paboTka  d()PeKTUBHBIX
Npo(UIAKTUYECKUX MEpOIPHUATHIM, BKIIOYas BBISIBICHHE W KOPPEKLIHIO (AKTOPOB PpHUCKA,
ONTHMHU3ALMIO METO/IOB PaHHEW JMArHOCTUKH, a TAK)KE€ BHEApPEHHE 00pa30BaTENbHBIX MPOTrpamMm
Ul TalMeHTOB W MEIUIMHCKUX  crenuanuctoB  [3].  Ocoboe BHMMaHue —yaemsiercs
MHOT0()aKTOPHOMY TOJAXOJY, BKJIIOYAIOIIEMY KOHTPOJIb COCYIUCTBIX HApyUICHHUH, YIydllleHHe
0oOMEHa BEIeCTB M BOCCTAHOBIIEHUE MUKPOLUPKYJISIIUN B IOPXKEHHON obyacTu [4].

Taxum 00pa3oM, coBepIIEHCTBOBaHHE MPO(PUIAKTHIECKUX MEPONPUITUN MPU aCENTUYECKOM
HEKpO3e TOJOBKU OeIpeHHOW KOCTH SIBIISETCS BAXXHOW M aKTyalbHOM NpoOiieMoi, pelieHne
KOTOPOH MO3BOJIUT CHU3UTH 3a00JIEBAEMOCTh U YIYUIIUTh KaU€CTBO KU3HU MAIlUEHTOB.

Llenv uccneoosanus: peanusalnus KOMIUIEKCHOTO TOAXOJa K MpodUIaKTUKE, paHHEH
JMArHOCTHKE, TMEPCOHATM3UPOBAHHOMY JIEYEHHIO, COXPAHEHHI0 (YHKIUH CyCTaBa U Pa3BUTHIO
HAy4YHO-OPTaHU3ALMOHHBIX Mep JUIsl CHHXKEHHUS 3a00JI€Ba€MOCTH, MHBAIUIU3ALNUN U YIy4IICHUS
Ka4yecTBa J)KU3HU MAIlMEHTOB C ACENTHYECKUM HEKPO30M T'OJIOBKU O€ApEeHHOMN KOCTH.
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Pannsas pexommpeccusi TOJOBKM Oelpa B COYETaHHMM C BBEJCHHEM ME3EHXHUMAaIbHBIX
CTBOJIOBBIX KJIETOK CHMKAaeT pHUCK Kosuianca Ha 60%, nmoayepkuBasi BaXXHOCTb IPEBEHTHBHBIX
BMEIIATEILCTB [5].

BoisiBuneHa mnpsiMasi CBSI3b MEXKAY THIEPIMIUIEMHEH, alKoroieM M HIIEeMUeld KOCTHOMI
TKaHH, YTO MOATBEPXkAAeT HEOOXOIUMOCTh MPOrpamMM Mo MoauduKkanuu obpasza xu3Hu. Jlokazain
ponb reHermueckux (akropoB (myraumu COL2A1) B pasutuum AHI'BK y mnaunuenTtoB ¢
AJIKOT'0JIbHOM 3aBUCHUMOCTBIO [6].

Pa3zpaboranbsl npotokonasl MPT-ckpuHuHra 11l Tpynm pucKa, YTO TMO3BOJIMIIO BBISBISTH
JNOKJIMHUYECKUE cTaguu y 85% nanueHToB Ha KOpTUKOCcTeporaax [7, c. 893].

3arpaThl Ha SHJONPOTE3UPOBAHME B 7 pPa3 MPEBHINAIOT PACXOAbl Ha MPOPHIAKTHKY.
Buenpenne ckpununra (mo moaenu Fukushima W.) cokpamaer 6romkeTHbIe pacxosl Ha 30% [8].

[Ipemnoxena renernyeckoe tectupoBanue mnoaumopdusmoB VEGF mis mpornosa pucka
AHT'BK y mnamuentoB ¢ CKB o0OocHoBan mnpumeneHue OucGocPOHATOB Yy IMAIMEHTOB C
OCTEOITOPO30M ISl MPOPUIAKTHKN MUKPOIIEPETIOMOB [9].

PexoMeHaanuy 1o MUHUMU3aLKU 7103 KOPTUKOCTEPOHUI0B IIPH PEBMATOMIHOM apTPUTE CTAIU
OCHOBOM Jy1s1 0Opa3oBaTeabHbIX porpamm it Bpaueid EC [10].

[IpoBenens! kMHUYECKUEe ucnbiTanus antaronnctoB VEGF (GeBannzymad) st CTUMYTISIIUU
anruorenesa [11]. Paspaboransl anroputmsl 1 npornos3a pucka AHI'BK Ha ocnoBe EHR-nannbIx
[12].

SnoHckas Mozaens OOBEAMHUIIA OPTOINEAOB, PEBMATOJIOIOB W PagUOJIOTOB B paMKax
HalMOHAJIBHOM MPOrpaMMbl CKPUHUHTA, CHU3UB YaCTOTY MO3/1HeW quarHoctuku Ha 40% [13].

HccnenoBanust KITFOUEBBIX aBTOPOB MOATBEPKAAIOT, YTO COBEPUICHCTBOBAHHE MPODUITAKTUKA
AHI'BK tpebyer: BHenpenus renerndeckoro 1 MPT-ckpuHuHra, o0pa3oBareibHbIX IPOrpaMM JUIs
Bpauell U MalMeHTOB, TEXHOJOTUH (TeIeMeInIIMHa), MeXAUCIUITTMHAPHBIX TPOTOKOJIOB. A TaKKe
ylydiieHrue mpopUIaKTUUECKUX MEPONPUATUN MPHU aCENTUYECKOM HEKpPO3€ TOJOBKH OeIpeHHOI
koctu (AHI'BK) TpeOyeT KOMIIJIEKCHOTO TOAXO0/a, HAMpaBJICHHOTO Ha YCTpaHEHHE (PaKTOpOB
pHUCKa, paHHEE BBISABIIEHUE MATOJIOTMH U MOBBIIEHHE OCBEAOMIEHHOCTH MAllUEHTOB U Bpayei.

Pannee evissnenue u CcKkpuHuHe acenmuueck020 HeKpo3a 20]068KU OeOpeHHOU Kocmu
(AHI'FK).

D@ heKTUBHBIN CKPUHUHT TIO3BOJSIET BBIIBUTH 3a00JIeBaHME HAa JIOKJIMHUYECKOW CTaIuH,
KOI'JIa KOHCEPBaTUBHOE JIEUEHUE MOKET IPEIOTBPATUTh KOJUIAIC TOI0BKH Oenpa. LleneBbie rpymnisl
JUIS CKpUHUHTA.

[TanmeHTs!, MOMyYarOMKE BBICOKUE J03bI KOPTUKOCTEPOUIOB. PaKTOpPBI PUCKA: JUIMTEIbHAS
Tepanusi NpeAHU30J0HOM (>20 Mr/cyT B TedeHue 3+ MecseB) Wil KymyiasTuBHas 103a >2000 mr.

[Taronoruu, TpeOyrommMe HWMMYHOCyNpeccun: cucteMHass KpacHas Bomdanka (CKB),
PEBMATOUHBIM apTPUT, TPAHCIUIAHTALMS OPraHoOB. | TIOKOKOPTUKOM]IBI NOJABIISIOT aHTMOTEHE3 B
CcyOXoHIpasbHOM KocTH uepe3 nHruouposanue VEGF [14].

VY 35% nmauuentoB ¢ CKB, nomyuaromux KOpTUKOCTEPOUIbI, pa3BUBaeTCsd 0€CCUMITOMHBIN
AHI'BK, BeisBnssemsrit Tompko Ha MPT [15].

Jluya ¢ anko2onbHoU 3a8UCUMOCIBIO, OCMEONOPO30M, CEPROBUOHO-KIEMOYHOU AHEMUEI.

MexaHU3MBbI: aJIKOTOJIb BBI3BIBAET OKCHIATHUBHBIN CTPECC M KHUPOBYIO JUCTPOPHUI0 KOCTHOTO
Mo3ra.

CepnoBHIHO-KJIETOUHAs aHEMHs. MHKPOCOCYIHUCTbIE OKKJIIO3UU MPOBOLMPYIOT HIIEMUIO
TOJIOBKH Oefpa.

OcTteonopo3: CHUKEHHUE IIIOTHOCTH KOCTHOW TKaHU MOBBILIAET PUCK MUKPOIIEpeaoMoB [16].

VY 42% mnauueHTOB C aJKOTOJILHOM 3aBUCUMOCTBIO U Oonbio B Oenpe BoisaBnsiercs AHIBK.
[Ipu cepnoBunno-knerounoit anemuu puck AHI'BK nocturaer 50% x 35 rogam.
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llayuenmovr ¢ mpasmamu  masobedpennozo cycmasa 6 aumamueze. IlaTtorenes:
noctrpaBmatudyeckuii AHI'BK Bo3HMKaeT u3-3a NOBpEXKIEHUS COCYIOB (HAIIpUMED, MPHU IepesioMax
mIeku Oespa) iu ITPOTCHHBIX BMEIIATEIIbCTB.

Hccnenoanus npu nepenomax meiiku O0enpa puck AHI'BK nmocturaer 25% naxke mocie
ycnemHoi penosunmu. Mauffrey C. et al. pekomengoBan MPT-ckpuHuHT uepe3 6 MecsIeB mocie
TpPaBMBbI JJIs MAIIMEHTOB C BBICOKUM CMEILIEHUEM OTIOMKOB [17].

Memoowi ckpununea. MarHUTHO-pe30oHaHCcHas Tomorpadust (MPT). UyBcTBuTensHOCTE: 99%
Ha paHHUX CTAUAX (0 MOSABICHUSI PEHTICHOJIOTMYECKUX U3MEHEHUI).

Kpumepuu ouacnocmuxu: TpU3HAK «IBOMHOW JMHMM» (TUIMOMHTCHCHBHAas 30Ha Ha T1,
runepuHTeHcuBHas Ha T2) — knaccuueckuit mapkep AHI'BK.

Otex koctHOoro Mmosra (Bbicokuil curHan Ha STIR-mocnenoBarenbHOCTAX) — paHHUMN
MPEIUKTOP MPOTrPECCUPOBAHHUS.

PekoMenganuu mo 4acToTe CKpUHUHIA: JUIS MAallMEHTOB HAa KOPTUKOCTEPOMAX: €KErojHas
MPT B TeueHue nepBbixX 3 JET TeparuH.

[Tocne TpaBm Tazobenpennoro cycrara: MPT uepes 6 u 12 mecsiies.

Pentrenorpadus. OrpaHudeHus: BBIABISET TOJBKO MO3AHHME CTaAuH (CKIEPO3, KOJIAIC
rojoBkH). UyBCTBUTENBHOCTh HA paHHUX cTaausax — menee 20%.

Poib B CKpHHMHTE: HCIIOIB3YETCS KaK MEPBUYHBIN METOJI IIPpH kKajlodax Ha 00k B Oenpe, mpu
OTPHUIIATENILHOM pe3yJibTaTe — 00s13aTesbHOe HanpasieHue Ha MPT.

Hayuno obocnosannvie ancopummsl ckpunuuea. Jns TAUMEeHTOB Ha KOPTHKOCTEPOUAX
nporokon oT ARCO (Association Research Circulation Osseous): rpymnma Bbeicokoro pucka: J{o3a
npeaHu3oa0Ha >20 Mr/cyT >3 Mecsues.

Ckpunune: 6a3oBast MPT no nauana tepanuu. [loBropnas MPT uepes 6, 12 u 24 mecsna [18].

Uccnenosanue JIC (Japanese Investigation Committee): exxeroausiii MPT-CKpUHUHT CHU3HIT
4acTOTY KoJuiarnca royioBku 6eapa ¢ 78% no 32%.

JIisi manMeHTOB € CeproBHIHO-KIeTouHOW aHemued pekomenmanuu oT NIH (National
Institutes of Health): nHawano ckpununra c 10 ner: exerogHas pentreHorpagus. MPT npu
MOSIBJIEHUH OOJIM WM TIOJI03PEHUH Ha paHHUE U3MeHeHus [19].

Hnnosayuonnvle nooxoosi. buomapkepsl KpoBu. [IpOKanblIMTOHMH W OCTEONPOTETEPUH:
[loBpIllIEHNE YpPOBHSA KOpPpENIHUPYET C AaKTHUBHOCThIO KOCTHOW pe3opoumu npu AHI'BK [20].
Mapxkeps! anruoreresa (VEGF, HIF-1a): Canxenne KOHIIEHTpAIMU TPEAIECTBYET uiemMun [21].

SInoHckasi HalMOHANbHAas TMporpamMma: o0si3aTenbHbld MPT-CKpUHUHT A7 TAIMEHTOB Ha
KOPTUKOCTEPOUIaX CHU3UJI YaCTOTY NO3AHEN nuarHocTuku Ha 40%.

CIIA (Mayo Clinic): CKpUHUHI NalME€HTOB C CEpPHOBUAHO-KIETOYHOW aHemuend y 68%
CJIy4aeB I03BOJIMII HAa4aTh jiedyeHue Ha | cragum.

Moougukayus obpaza odacusHu 011 NPOPUIAKMUKU ACENMUYECKO20 HEKPOo3d 20J108KU
beopennotl kocmu (AHI'FK).

Koppexyus obpaza owcusnu — KIIOUEBOM DIEMEHT CHIDKEHUS pHCKa pa3BUTHUS H
nporpeccupoBanuss AHI'BK. Ona HampaBiieHa Ha ycCTpaHeHHE MOAUPHUIMPYEMBIX (HaKTOPOB,
YIIy4IIeHHEe MUKPOLMPKYJISALMUA U YKPEIIJIEHUE KOCTHOM TKaHHU.

CHuotcenue gpaxkmopos pucka. A. OTKa3 OT ajJKorojiss U KypeHus. MexaHu3Mbl BIUSHUS Ha
AHT'BK: ankoromnb: BBI3BIBaE€T CIa3M COCY/JOB, CHIDKas KPOBOTOK B CyOXOHApPaTbHON KOCTH.
VYBenuuruBaeT ypoBeHb CBOOOJHBIX KUPHBIX KUCIOT, MPOBOLUPYS >KUPOBYIO 3MOOJHUIO COCYJIOB
rojoBku 6empa [22].

Kypenue: HUKOTMH WHTUOMpPYEeT CHHTE3 OKCHIAa a30Ta, Hapylias Ba30IWJIATAIUIO.
VYriekucslii ra3 CHUKaeT OKCUTE€HAIMI0 KOCTHOTO MO3Ta.
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IIpoecpammol u memoOwi:

1. Koncynbramuu nHapkosiora: Koruutuno-nosenendeckas tepamnus (KIIT) nns BoisBieHus
TPUITEPOB 3aBUCHMOCTH.

Hasnauenune dapmakorepanuu: Hantpekcon (0J0KaTop OMHOUIHBIX PELENTOPOB) —
CHIDKAET TATY K ankoroiio. Bapenukinun (YaMnukc) — yMeHbIIaeT CUMIITOMBI OTMEHBI HUKOTHHA.

2. I'pynmnsl noanepxku: AHoHUMHBIE ankoroysmku (AA) m Smokefree.gov — mmatdopmsl ¢
MOIIAroBGIMU IIJIAHAMHU OTKa3a. MoOuibHble npuiiokeHus: Sober Grid (TpeKMHT TPE3BOCTH),
QuitNow! (cratucTrka o 0TKa3y OT KypeHHsI).

3. CoumanbHble uHULMATUBBL: [Iporpamma «l12 miaroB» ¢ akUEHTOM Ha JyXOBHOE H
¢dusnueckoe o3noposnenue. B Ounnsaauu npoekt “Tobacco-Free Hip” causmin yacrory KypeHwus
cpenu nauuentoB ¢ AHI'BK na 27% 3a 5 ner.

4. Hopmamu3zanus unpaekca mMacchl tena (MMT). Pons oxupenus B matorenese AHI'BK:
VYBenuueHue Harpy3kd Ha Ta300eIpeHHBbIH cycTaB B 4—6 pa3 npu xonp0e. BucriepanbHbIN Kup
BBIICTISIET MpoBocHanuTeNbHbie TUTOKUHBI (IL-6, TNF-a), yckopstomnue nerenepariio KOCTH.

Pexomenoayuu no cnudscenuio seca:

— Jluera: cpeau3eMHOMOpCKas AHeTa: akKUEHT Ha omera-3 (JIococh, TPELKUE OpPEexH),
AHTUOKCHUJIAHTHI (STOABI, ILIMUHAT), KIETY4aTKy (LIeTbHO3EpHOBBIC). VICKiIIOUeHHE TPaHCKHUPOB
(pacrdyn, maprapun) u padurupoBaHHOrO caxapa. HuskoyrneBomnas nuera (LCHF): Ilokazana
MalUeHTaM C UHCYJIMHOPE3UCTEHTHOCThIO [23].

— ®dusnueckas aKTHUBHOCTh: IUIaBaHUE: CHW)KAeT HArpy3Ky Ha CYCTaBbl, YJIyd4IlIaeT
KpoBooGpanienne. Benmocumen: ykpemiseT MbIIbl Oeapa 6e3 yaapHoro Bosjeiicteus. Mora u
MTUJIATEC: MTOBBIIIAIOT THOKOCTh M CTAOMIIBHOCTH CYyCTaBOB.

— Ilcuxonoruueckass mnogaepkka: MOTHUBAallMOHHBIE MHTEPBBIO JUISl  [PEOJOJICHUS
SMOLIMOHANBHOTO mnepeenanus. [Ipunoxenus: Noom (mcuxonorust noxynenusi), MyFitnessPal
(tpexunr kanopuii). Ilporpamma “Healthy Weight for Your Joints” (CIIA) momoria 68%
yyacTHUKOB cHU3UTh UMT Ha 10% 3a roja, ymeHbuB 00Jib B cycTaBax [24].

— VYkperuienue koctHoW TkaHu. [Ipuem kanpuus um ButamuHa D. HayuHoe oGocHoBaHue:
Heduuut ButammuHa D (<30 Hr/mi) accoumupoBan ¢ 2-kpaTHbiM puckoM AHI'BK. Kanbimii
y4acTBYET B PEMOJEIUPOBAHUM KOCTH, IPEJOTBpaIlas MUKPOIEpENIoMsl [25].

Pexomenoayuu:

— Jlo3upoBku: kampiuit: 1200-1500 mr/cyt (couetanue numu v no0aBok). Burtamun D:
20004000 ME/cyT (npu ypoBHe B KpoBH <30 Hr/mi);

— HWcrounuku: Kanbuuii: MOMOYHBIE MPOIYKTHI, CApAUHBI, MUHAANIb, OOOTAIIEHHBIE COKU.
Butamun D: xupnas peida, asuuHbIi xentok, Y @-o6myuenue (15 Mun/ness);

— MonuTtopunr: Ananmu3 kpoBu Ha 25(OH)D u MOHM3MPOBAHHBIN KaJblUil Kaxible 6
MmecsieB. Koppekuus 103 mpu 3a001€BaHUsAX TOYEK WK TUIIEPKATIbIIMEMUH;

— bucdochonarsl. Mexanusm JeicTBUSA: HHTHOMPYIOT OCTEOKIIACTHI, 3aMEIsAs Pe30POIHI0
KOCTH. YMeHbIAroT mromas Hekposa nmpu AHI'BK wa 30-40%.

Ilpenapamovr u cxemwi: anerapoHat: 70 Mr/Hemem0 MepopaibHO (MPH OCTEOMOPO3e);
30JIEJ[POHOBAsl  KUCJIOTA: S5 MI/TOA BHYTPUBEHHO (JUIsI TAIMEHTOB C HENEPEHOCUMOCTHIO
nepopanbHbiXx (opm). IlporuBomokaszanus: moueunas HegoctarouHocTh (CK® <35 wmu/mum).
bepemeHHOCTH M TaKTaLMS.

WccnenoBanus: MeTaaHasiu3 mokas3ai, yTo 6ucdochoHaTsl CHUKAIOT PUCK KOJIATNCa TOJIOBKH
oenpa Ha 50% mpu paHHEM Ha3HaueHUU [26].

JononuurenbHble cTpaterud. ['unepbapuueckas okcureHauuss (I'BO):  yBenuunBaer
NapUUaIbHOE JaBJICHUE KUCIOpOo/ia B KOCTHOM TKaHHU, CTUMYJHpys anruorenes [27]. Kypc: 20-30
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ceancoB 1o 90 munyT npu 2,4 at™m. Y napHo-BosiHoBast Tepanus (YBT): aktuBupyer gaktops! pocta
(VEGF, BMP-2), yny4mast perapaliuo KOCTH.

Onmumusayus nevyeHus CUCMEMHbIX 3a001e6aHuti 015 NPOPUIAKMUKU ACENnMUYecKo20
Hekpo3a 2on0eku beopennoi kocmu (AHI'BK)

Koppekius Tepanuu CHUCTEMHBIX 3a00JI€BaHUI M KOHTPOJIb COIYTCTBYIOIIMX IATOJIOIMH
MO3BOJSIIOT  CHU3UTh puck pasButuss AHI'BK, ocobeHHO y DanmueHToB, MOIYyYarolMX
MMMYHOCYTIPECCUBHYIO Tepanuto. OCHOBHBIE TOAXO bl U HAyYHOE 000CHOBAHHUE:

1. AnbTepHATUBBI KOPTUKOCTEPOUIaM: IPUMEHEHHE MeHee TOKCHYHBIX
MMMYHOCYIIPECCAHTOB.

IIpenapamul u mexanuzmvl OeUCMEUL:

1. Merorpekcar: HHrHOUpyeT AUTHIPOQONIATPENyKTa3y, MONABISS  MPOTUdepariio
MMMYHHBIX KJeTOK. CHIKaeT moTpeOHOCTh B KopTukocTeponaax Ha 40—-60% mpu peBMaTOUTHOM
aptpute [10].

2. AzatronpuH: antumMeradbonut, onokupyroumii cuare3 JIHK B mumdonmrax. Dddexrnsen
IIpY ayTOUMMYHHOM T'€llaTUTe U CUCTEMHOM KpacHoil Bomuanke (CKB).

3. buonornyeckue arentsl: uHruobuTopsl TNF-a (amanumymald, nHbIMKCHMA0): TOJABISIOT
MIPOBOCHAJIUTEIbHBIE  LIUTOKUHBI. WNurubutoper JAK  (Todamutunud): OJIOKUPYIOT
BHYTPUKIIETOUHbIE CHUTHaJbHble NyTH. KomOuHanusi MeToTpekcara C HHU3KUMHU J103aMU
npeanu3onona cHmwkaer puck AHI'BK wa 30% mno cpaBHeHHMIO ¢ MOHOTEpamuend CTEpPOUJIaMH.
Ilepexon Ha OGuompenapaTsl IpU PEeBMATOUJAHOM apTPUTE COKpAIAeT 4acTOTy OCTEOHEKpOo3a B 2
pasa.

4. JlokalibHble MHBEKLMU KOpPTUKOCTEpouaoB. IIpenmyiiecTBa: MUHHUMHU3ALUS CHUCTEMHBIX
mo6ovHBIX 3¢ (dekToB (ocTeomopo3, runeprimkemus). TodedHoe BO3JCHCTBHE HA BOCIAJICHHBIN
CyCTaB.

ITpumMepsl MpUMEHEHMsI: HHTPAAPTUKYJIAPHbIE HHBEKLIUN TPUAMLIMHOJIOHA IIPU OCTEOAPTPUTE
KOJeHHOro cycrtaBa [28]. WHbexkuMM METHUINpPEAHU30JI0OHA B Ta300€IpEHHBI CycTaB Ipu
aHKUJIO3UPYIOIIEM crioHauauTe [29].

OrpannyeHus: puck HHGEKIUH U TOBPEKICHUS Xpsllla pu yacToM BBeeHuu [30].

2. KoHTposib CONYTCTBYIOIIMX NAaTONOrWi: runepiaunuaemus. Bimsaue nHa AHIBK:
munornporenHbl HU3koM MmiotHoctu (JIITHII) orknagpiBaioTcst B cocynax, NMUTAIOLIUMX TOJOBKY
Oenpa, BbI3bIBAs UIIIEMUIO.

TakTuka nedeHus: cTaTUHBI (aTOPBACTATUH, PO3yBacTaTWH): cHMXkaioT ypoeHb JIITHII Ha
50-60%. IlomaBnsroT BocmajgeHue uepe3 yMeHblneHHMe C-peakTuBHOro Oenka; (GuOpaThl
(benodubpar): KOPPEKTUPYIOT AUCIUITHIECMHIO y MAIIMEHTOB C TUA0ETOM.

3. Caxapubiii auaber. Ilarorenes AHI'BK: xpoHuueckas rumeprivkeMus IOBPEXKIACT
SHJIOTEHNH COCy10B (OKUCIUTENBHBIN CTpece, IITMKUPOBaHNE OEIKOB).

Pexomenpanmu: mneneBoit yposenb HbAlc <7% (ADA, 2023). IlpumeHeHne WHTHOUTOPOB
SGLT-2 (ammarmu¢io3nH): CHIKAIOT CEpACYHO-COCYIUCThIE PUCKH M YIYYIIAlT Tephy3uto
TKaHEMN.

4. Tunepxoarymauus. Poms B AHI'BK: Tpombodwmuu (nepuuur mnporeunos C/S,
aHTU(HOCPOIUITUIAHBIN CHHAPOM) IPOBOLUPYIOT MUKPOTPOMOO3 COCY/IOB TOJIOBKU Oepa.

Jleuenue: aAnTukoaryisHtel: Bapdapun (unenesoe MHO 2-3) npu mnoarBep:kaeHHON
tpoMOominu. IlpsimMpie uHrHOUTOpPHl (akropa Xa (puBapokcabaH) — MEHBIIMH pPUCK
KpOBOTEUEHHI; aHTHarperanTsl: Acriupud (75—100 mr/cyT) Ui NalMEeHTOB C YMEPEHHBIM PHCKOM
TpoMOO30B; MEPCOHATM3UPOBAHHBIM  MOAX0J]. ['eHeTmdyeckoe TecTUpoBaHHE: BrisBieHue
nomumoppusmoB reHoB COL2A1  u VEGF , accouuupoBanHbix ¢ puckom AHIBK;
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(dapmakoreHomuka: Ilogbop 103 MMMYHOCYIpPECCAaHTOB Ha OCHOBE AKTHBHOCTH (DEpPMEHTOB
uuroxpoma P450.

[Tpotokon “STERIOD-SPARING” (EC): 3ameHa KOPTHKOCTEpOHMJOB Ha TOLMIM3YMad mpu
CKB chuzuna yacrory AHI'BK ¢ 22% no 6% 3a 5 ner [31]. Ilporpamma “DIABETIC BONE
CARE” (CHIA): xoutpons HbAlc m Ha3HaueHHWE CTAaTHUHOB COKPATHUJIM PHCK OCTCOHEKPO3a Y
nuabeTukoB Ha 45% [28, 29, 32].

3axniouenue

Pannuii ckpuanar AHI'BK TpeOyeT nmepcoHaM3upOBaHHOTO MOAXO0AA IS KaKIOH TPYIIIBI
pucka. MPT ocraercs 3070THIM CTaHAApTOM IHMAarHOCTUKH, HO BHeapeHue OmomapkepoB u NU
MOXET TMOBBICUTh 3P (EKTUBHOCTh mporpamMm. HayuHble paboOTHl 3al0KHUIM OCHOBY JUIS
COBPEMEHHBIX PEKOMEHJAlUii, a SMOHCKUN ONBIT JEMOHCTPHPYET YCHEIIHOCTh CHUCTEMHBIX
CKpUHUHTOBBIX MHHMIHATHB. Moaudukanus obpaza >xu3Hu npu AHI'BK TpeOyer komruiekcHOro
MOJX0JIa: OT OTKa3a OT BPEIHBIX MPUBBIYEK /10 MEPCOHATU3ZUPOBAHHON HYTPUTHUBHOW MOAJIEPIKKH.
[Tporpammel, coueraromue auery, JIOK u dapmakorepanuio, 1eMOHCTPUPYIOT CHUKCHHUE PUCKA
nporpeccupoBanuss Hekpo3a Ha 40-60%. BHeapeHue 3TuX Mep B KIMHUYECKYIO IPAKTHKY,
MOJIKPEIJICHHOE JaHHBIMH HCCJEIOBAaHUM, CIIOCOOHO YIy4YIIUTh KAa4yeCTBO JKU3HM MAIUEHTOB U
COKpaTUTh MOTPEOHOCTh B XHPYpruuyeckoM JiedeHHH. ONTUMU3ALMSA JIEYECHUS CHCTEMHBIX
3a0oseBaHui TpeOyeT 3aMeHBbl KOPTHKOCTEPOHIIOB HA MEHEe TOKCHYHBIE MMMYHOCYIPECCAHTHI,
KOHTPOJISI METa0OJNYECKUX HApYIICHUH U IPUMEHEHUS IEPCOHATTU3UPOBAHHBIX CXEM.
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