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PACIIMPEHUE OBJIACTEM NPUTSAKEHUI
PEIIEHU CUHT YJIAPHO BOSMYIIIEHHBIX YPABHEHUI

©Mpycaxynosa H. K., ORCID: 0009-0002-8805-331X, SPIN-xo00: 4710-0522, ’Kanran-Abadckuii
2ocyoapcmeennwiil yrusepcumem, 2. [icanan-Abao, Keipeviscman, kuralbekovna79@inbox.ru

EXPANDING THE AREAS OF ATTRACTION
OF SOLUTIONS TO SINGULARLY PERTURBED EQUATIONS

©Musakulova N., ORCID: 0009-0002-8805-331X, SPIN-code: 4710-0522, Jalal-Abad State
University Kyrgyzstan, Jalal-Abad, Kyrgyzstan, kuralbekovna79@inbox.ru

Annomayus. PaccMmarpuBaeTCsl CHUHTYISIPHO BO3MYILEHHOE YPAaBHEHHME IEPBOrO MOPSIKA,
BBeICHO noHsTHE oOnacTu nputshkeHus (OI1) pemieHus: CHHTYISIPHO BO3MYILIEHHOTO YPaBHEHUS K
PELIECHNI0 HEBO3MYILEHHOIO ypaBHEHMsI M JokKazaHO cymecrBoBanue OII. Ilocrasnena 3agada o
BO3MO)KHOCTHM pacluupeHust obnactedl nputsbkeHust pemeHuit CBY. JlokazaHo, eciid CyIIECTBYET
00IIacTh MPHUTSHKECHUS, TO €r0 MOXHO PAacIIMPHUTh J0 TPaHMIBI paccMarpuBaeMoil obmactu. [lpum
JI0Ka3aTeabCTBE ObUIM HCIOJIb30BaHbl I'€OMETPUYECKHUE IMOCTPOECHHS, C HCIOJIb30BAaHUEM JIMHUU
YPOBHEH COINPSDKEHHBIX-TAPMOHUYECKUX (YHKLUH, METOJ] IOCIEeI0BAaTeNbHbIX MNPUOIMKEHUNH U
METOZBI ACUMIITOTUYECKUX OLICHOK

Abstract. In this paper, a singularly perturbed equation of the first order is considered,
the concept of a region of attraction (DO) of the solution of a singularly perturbed equation to
the solution of an unperturbed equation is introduced, and the existence of an OA is proved.
The problem has been set about the possibility of expanding the areas of attraction of VCA
solutions. It has been proven that if there is a region of attraction, then it can be expanded to
the boundary of the region under consideration. In the proof, geometric constructions were used,
using the level line of conjugate-harmonic functions, the method of successive approximations and
methods of asymptotic estimates.

Kniouesvie cnosa: CUHTYISpHO BO3MYIIIEHHbIE YpaBHEHUS, aHAINTHYECKUE (QYHKIIUH, 007IacTh
NPUTSOKEHUS,, TapMOHMYECKHEe (YHKIUHU, JUHUM YpPOBHS, CXOIMMOCTh, TIOCJIEIOBaTEeIbHbIC
pUOIMKEHUS], ACUMITTOTUYECKAs OLIEHKa, 00J1aCTh.

Keywords: singularly perturbed equations, analytic functions, attraction region, harmonic
functions, level lines, convergence, successive approximations, asymptotic estimate, region.

OOBEKT ucciieloBaHys U MOCTaHOBKA 3aa4H.
[Iycth paccmarpuBaeTcst ypaBHEHHE

ex'(t,e) = a(®)x(t, &) + ¢ ((p(t) + f(t,x(t, e))), (1)
C HaYaJIbHBIM YCIIOBHEM

x(to, &) = x° )
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rie 0 < & — Maublil BeIECTBEHHbIH mapameTp; X(t, €) — Heu3BecTHas CKasipHas (QYHKIIHS;
t € D c C — MHOXECTBO KOMILJIEKCHBIX uncen, a D — oHOCBsI3HAsA, OTpaHUYeHHas 001acTh [5].

[IycTb BHINOTHSIOTCS YCIOBUS:

V1. a(t), ¢(t) € Q(D) — npocTpaHCTBO aHATUTHIECCKUX (GyHKIMHA B D.

V2.Vt € D (a(t) # 0).

V3. f(t,0)=0,f(t,x) € Q(H),H = {(t,x),t €D, |x| < My}.

V4. Y((t, %), (t, %) € H(|f(t, ) — (£, %)| < My|% — &|).

3neck u panee OykBamu My, M, ... 0003HAYMM TOJIOKUTEIBHBIX MMOCTOSHHBIX, HE 3aBUCSIINUX
oT €.

3a0aua. Ilpu cpenaHHBIX WPEANONOKESHUSAX HCCIEA0BaTh ACHMIITOTUYECKOE IOBEICHUE
pemenus 3anaun (1)-(2) B odmactu D.

[TocraBnenHas 3aga4ya uccienoBana B padborax [1-4].

IIpn pemeHur NOCTAaBICHHOW 3alaud OCHOBHOE BHHMMAHHE YAEJIEHO JI0KA3aTENIbCTBY
CYLIECTBOBaHUs oOnacTel MpUTsSHKeHUs peweHus 3anadu (1) - (2) K peleHno HeBO3MYLIEHHOIO
ypaBHeHus. HeBo3myiueHHoe ypaBHeHue mnonydaercs u3 (1) mpu € = 0. B paccmarpuBaemom
cllydae HEBO3MYIIEHHOE ypaBHeHUEe umeeT pemienue ¢ (t) = 0.

Taxkum 006pa3om, 3a/1a4a 3aKJII0YAETCS B IOKA3aTeNIbCTBE COOTHOLICHHS

3AD, € D(t, € Dy) AVt € Dy (lir% x(t, &) = 0).
E—

Onpeoenenue 1. Ecnu cymectByior obmactu Dy € D u x(t, €) — pemrenne 3amaun (1)-(2)
omnpenaenenHoe B Dy W BINONHSAETCA cooTHoIeHue t, € Dy(x(t, ) = 0 1o €) To D, Ha3bIBaeTCs
00J1acThIO MPUTSDKEHUS U perieHus X (t, €) k pemenuto ¢ (t) = 0 HeBO3MYIIICHHOTO YpaBHEHUSI.

B paGorax [3-4] pemeHsl Takue 3amaud u japyrue, cBszanHeie ¢ OIl, HO Bompoc o
pacmmpenun rpanuiibl Dy He uccnenoBad. B manHoit pabote nokasano, ecnu cymectsyet OIl, To
€ro MO>KHO PacUIMPUTh A0 TpaHuIlbl obnactu D.

Pewenue 3aoauu

Pemenne 3aaum pasenuM Ha JABE YaCTH:

1. T'eomerpuueckas. 2. AHaIUTAYECKAS.

B nmepBoil dYacTM ¢ HCHOJNB30BAHUEM JIMHMM YPOBHEH HEKOTOPBIX COIPSDKEHHBIX
rapMOHMYECKUX (QYHKUUN NpOBEIEeM TIeoMeTpHuecKhe MocTpoeHus. Bo BTopoil wactu pemum
3aJlauy O pacUIMpPEeHUU 00JIacTeil MPUTSHKEHNUS.

I'eomeTpryeckue NoCTpoeHus.

BBeznem B paccMoTpeHne QyHKIUIO

t
A(t) = f a(t)dr.
to
Cormaco VY1 A(t) € Q(D). Onpemenum  ¢dyukiuu  ReA(t), ImA(t). Jamee, 1pu
reOMETPHUYCCKUX MOCTPOCHHUAX, UCTIONB3YEM JIMHUU YPOBHS 3TUX (DYHKIIHH.
Onpeoenenue 2. MHOXeCTBa

(p) = {t € D,ReA(t) = p — const},
(@) = {t € D,ImA(t) = q — const},

COOTBETCTBEHHO HA30BEM JIMHUAME ypoBHS pyHKuil ReA(t), ImA(t).
Cormacio Y2 ¢yukuust A(t) Bobsactu D He umeer kparHbix Hyneil. ClienoBarenbHO
¢dyuakmun ReA(t), ImA(t) B D He MMEIOT pa3BETBISIONIMECS JTHHUH YPOBHS.
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Takum oGpasom, depe3 arO0YI0 TOYKY 061acTd D MPOXOAMT €IMHCTBEHHAs JIMHHUS YpPOBHS
bynakmuii ReA(t), ImA(t). Ecau yuects, nuaun ypoBHs ¢GyHkumid ReA(t), ImA(t) npoxonsiue
yepe3 3aJaHHYI0 TOYKY, B3aMMHO OPTOrOHAJIBHBEI, TO 00JacTh D IOKPBHIBAETCS CETHIO B3aMMHO
OpTOroHaIbHbIX IMHKI ypoBHEH ReA(t) u ImA(t) (Pucynok 1) [5].

Pucynok 1. ITokpeitue o6xactu D

JIuHUM ypOBHS IPOXOJAIINE Yepe3 TOUKY ty 0003HAUYMM

(po) = {t € D, ReA(t) = 0},
(qo) = {t € D,ImA(t) = 0}.

Jlunus p, pazmenser obnacte D Ha aBe yacTH, Kotopble o0o3HauuM D, D,. OyHKIUIO
ReA(t) paccMOTpUM BIOJb JIMHHH (. Bmonb muHuu p, GyHkuus ReA(t) cTporo MOHOTOHHA U
ReA(t) = 0. Torma cripaBeIMBbI OJHA M3 CIACAYIOIIUX COOTHOIICHHIA:

Vvt € D; (ReA(t) < 0) AVt € D, (ReA(t) = 0), 3)
vVt € D; (ReA(t) = 0) AVt € D,( ReA(t) < 0). €))

IpuueM paBeHCTBO BBITIOIHSIETCS TOJBKO Ha rpanuie (py).
[Tockonbky cootHomeHus (3), (4) paBHOIPABHBI, JUIsl ONPENEICHHOCTH, OyIeM CUMTaTh, YTO
BeimoniHsietcs (3) (Pucynok 2).

_(flu)__
‘ (P-f)

f~— I T — - " “ (Po)

Pucynok 2. O6mactu D4, D,, D44, Dq¢

Onpenenum JTUHUIO YPOBHS

O]
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(p-¢) € D11 (Pucynok 3).

p_. = {Vt € D;, ReA(t) = elne}

obnacth orpanuyeHHbIN (pg), (P—s) 0603Hauum D, ¢, a D;\D;, = D,;, npruem OyJeM CUnUTaTh

- (q0)
Dizl D’]]
A P-e)
k — 1 (Po)
— Dlr Dllf == s ‘

Pucynok 3. O6nacru Di,,D?,,Di,,D?;
2) Jlunus (qg)obnactu Dy, Dy, pasnenser ra uactu Di,, D, D1, DZ (puc. 3).

Ananumuueckasn yvacmo

AHaJIMTHYECKAs! YaCTh COCTOMT U3 JIBYX YacCTCH.
1. MokazarenscTBo cyuiectBoBanusi Ol MeTo0oM nociie1oBaTesIbHbIX MPUOIHKEHUI.
3amaay (1)-(2) 3amenum crnexyrommM (Uit ynoOCTBa apryMeHThl HEW3BECTHOW (DYHKITUU

)

OylieM OmycKarh)
Al) - A(D)
— 9

A(t)

—+

t
j [0(0) + f(t, 1)]exp

0
t

A(t) = fa(r)dr.

to
METOJI IOCJICIOBATEIbHBIX  TPUOIMIKCHHIA,

x = x%exp

KOTOpBIC OHNpPEACINM

K (5) npumenurs
(6)

CIIEYIOIUM 00pa3oM
t A(t) — A(7)
— =

i = xexp =2+ [ 1) + @ xm)exp
to

Xo=0m=1,2,..

(6) paccmotpuM ans t € Di, U D},. Cnyuaii t € DZ, U D, paccMaTpuBaeTcsi aHOIOTHYHO.
Bribepem myTu unTerpuposanus. [1yrs, s Beex (6), cocrout us yactu: (pg)[to, tl, (@)[E, t].
as) t € Di,.

OreHky (6) mpoBeneM ISl CIETYIONTUX CIIYYaeB:

ay) t € (po) az)t € Dy,

ITycth paccMarpuBaeTcs ciiydaii dq). [TIockombKy (pg)sIBIAsSETCS aHATUTHYECKOW KpUBOH [6],

TO HCIONB3yeM €€ mapameTpudeckoe mpeactaBieHue t; = t1(s),t; = t,(5),0<s<s, u s —
nmuHa (pg) OT TOUKH t 10 t. C yueToM BBIOPAHHOTO MyTH WHTETPUPOBAHUS (6) MPEICTABUM B BH/IE
(7)

A(t(s
X, =x0exp¥+
15
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A(t(s)) ;A(U(g)) (1 (3) + it5(3))ds

+ [ o@®) + e, 0)ex
’ Xo=0m=1,2,..
Beenem obo3nauenus Ay (S) = A(T(§)), Po(8) = (p(r(sT))(r{ ) + ity (§)),
fo&x) = f(x(3),%) - (118) + i13(3)).
Brimumem nepBoe npuoiamkenue

A(s))+fs(p0(§)epr(s);A(§) s (®)
0

x; = xexp

B (8), unrerpan npouHTErpupyeM o 4acTsaM, 3aTeM MEepexos K MOIYIIO MOIYYUM (COIIacHO

Viu(r1(8) +it(8)) € Q((po)) umeeM @o(s) € Q((po)) Torna [@o(s)| < My)
lx1] < [x°| + eMs.

Ipy JOCTaTOYHO MAJIBIX € MOXKHO CUMTATh
|x°] + eM35 < M,.
[anee nmeeM
lcs] < |xq| + |f05f0(§,x1)expwd§| < (cornacHo Y4)|x,| +
+M,(|x°| + eMj3)s, lx2,] < (|x°] + eM3)(1 + M3s).

[IponomKuB OLIEHKY IS [TOCJIE0BATENbHBIX PUOIMKEHUH, TOITYYUM OLICHKY

m-—1 (M S)k
il < (10 + £My) D Z=22 < (1) + £My) exp(Mys).
k=0 '
Ecin
(Ix°] + eM3) exp(M, s) < M,, )

TO BCC NPOBCACHHBIC OLUCHKU SBJIAIOTCSA 3aKOHHBIMU 3a CHET YMCHBIICHHA JJIMHBI S, KpI/IBOfI
(po), BCcerma MOXKHO TOOMTHCS BBIMOTHUMOCTH YCI0BHUs (9).
JInst oKa3aTenbCTBa PaBHOMEPHOM cxoquMocCTH (7), oteHuM (X, — Xpm—1). UMeeM

1| < [x°] + eM;;

%, — x1| < My [} ]x1]d5 < Ms(|x°] + eM3)s;

N 5 52

ks = o1 < My [ T, = wlds < M3+ M) T
0

|xm - xm—1| < (lxi)l + €M3)

(M3s)™ "1
(m-1)!
nMeercs orpanudenue (9). BcemencTBue ckazaHHOTO mociaeAoBaTeabHOCTh (7) paBHOMEPHO

Takum 00pasoM, Yim—o CXOIUTCS PABHOMEPHO Ui JHOOOro 3Ha4YeHHs S, HO IS S

CXOIUTCST K HekoTopoil (ynkimu x(t, &), KoTopast sBiusercs pemenuem (5) mis t € (py) npu
orpanndeHuu (9). Jlns 3Toro permeHus cnpaBeaivBa OleHKa

x| < My, Vt € (po). (10)
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Paccmotpum cnyyaii a,) u as). B (5) npoBeaem crnenyromniue npeoOpa3oBaHus

A —AD( A(®) — A7) (11)
pf{x e f}-l_

AD  (F
X =ex xp£+

to

[¢(D) + f(z,x)]expdzt

+f~ [p(T) +f(r,x)]expww

ITociie MpoBeAEHHBIX MPeoOpa3oOBaHUii, BBIPAKCHUE Ccojepikaiieecs B CkoOke {...} maer
pemenue ypapuenus (5) mpu t = u aag sToro pemenus crupasemauBa ouenka (10). VuursiBas
BbIIIIECKa3aHHOE, (11) mpencraBum B Buje

A(®) — A®D) .\ ff AW - 4@ (12)
& &€

x = x(t,x)exp [p(T) + f(z,x)]exp

t

Kak u B mpenpiaymiem ciydae kK (12) nmpuMeHUM METOIl MOCIIEI0BATEIbHBIX MPUOIUKEHUM,
KOTOpbIE OmpenenstoTcss anamoruvyHo (6). B paccmarpuBaemom ciydyae mo nytd (q) QyHKUIUS
ReA(t) cTporo yObIBaET U HHTETPA

f’ ReA(t(0)) — A(z(6)) . _
exp dU
0

&

UMEET HOPSANOK €. 0 — o3HayaeT mHy (q) or t 1o t, a (q) MMeeT mapaMmeTpUYecKoe
NpeACTaBICHNE
T, = 11(6), T, = T,(6), 0<dJ<0<o,

o A(t)—-A(D)
[Tpu OLIEHKE [IOCJIEI0BATEIbHBIX MIPUOSTNKEHU I GbyHKIHS exp———,

CylllecTBEHHA ToJbko B yacTu (q) npunamiexamee Di,. Eciu t € Di,, To 11 mocienoBaTenbHbIX
pUOIMIKEHUN UIMEEM OLIEHKY

[l < (X% + €M3) 7, e Mye < 1 (13)

Eciu t € D}y, 10

MzS
1-M;3¢’

% | < Mse <1 (14)

Takum ob6pasom, mipu t € D], U D{;, orpanuueHnii Ha IIuMHYy 0, KpuBOii (q) He MMeeTcs.
Jloka3aTeabCTBO  CXOJUMOCTH  IOCIENOBATENbHBIX MPUONMKEHUH MPOBOAMTCA, KaK U B
npenpinymeM ciydae. s pemenus (12) momydum oLeHKy

(1x°] + eM; L (15)

1—M,e '’
<! 3
x| < M

2&
——=—,teDi.
L 1— Mse 1

O6wveaunuB onenku (10), (15) moxkem Hanucath

My, t € (po) (16)

|XO|+$M3 1

x| <{ Towe + € € Die
Mzs

k 1—M3£

,t € D},
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Ornenka (16) cipaBeyiuBa npu orpannydeHuu (9).
Orpannuenue (9) cyxaer obaacts (py) U Di, U Di; (Pucynok 4).

(q0)

/ ——r\f’\‘\
/‘ f

|
|
i( 10
'l Dl 1 |

— (P-e)
S \%«’J/ fﬂ (Po)

\\ D¢ J(//" ,

f

Pucynoxk 4. O6nactu D12, D19

[ocne cyxenus umeem obmactu D12, DI?. O6nacts DiY saBnsercs o6macThio MPUTSHKEHUS 1
OHa MPOCTUPAETCS [0 IPaHuLbl oOnacTu D, mo HanpasieHuo (q).

2. Pacimpenue rpaHuIibl 0071aCTH NPUTSKEH S

[MocraBuM 3afady o pacimpenun obnactu DiY no nanpasnenuio (p_): [ 5Toro nocTynum
cnenyronmM obpazom. Touky nepecedenust (p_.) u (qy) oboznaunm T, . Cormacuo (16) mis
pewenus 3anauu (1)-(2) umeem ycnosue

x(To,€) = x1, |x1| = Me. (17)
VYpasuenue (1) ¢ ycnoBuem (17) MOXKHO TIPEACTaBUTH B BUJIE

AB-A@ (18)
£ b

x = 2exp 2+ [ [p(0) + f(z, %) ]exp

rne A(t) = f;o a(t)dr

(18) paccmotpum B obmactu Di; . K (18) mpuMeHMM MeTOH MHOCIENOBATENbHBIX
NPUOTMKEHUH, KOTOPBIE ONPEAETNM TaK

A(t)—-A(T)
€

A t
tm = x0exp =2+ [ [p(1) + f (T, %m-1)]exp dr, (19)
Xo=0m=1,2,..

Jns (19) myTs urTerpuposanus cocrout us 9actu: (p_,)[Ty, t], (o)L, t].
Teneps oLeHUM 1 JoKaxkeM cxoauMocTs (19). B ommuune oT npeasiayiero ciydas Ve € DI,
JUIS IEPBOTO TPHUONMKEHHUS TIOJTYIHM OLIEHKY

lxn| < Mye, t € Di,.
JI71st TIOCTEAy ONIMX MPUONMKEHH CIIpaBeINBa OI[eHKa
|xym| < Mge, t € D}, m=1,2,.. (20)

CxomumMocTh { X, } JIOKa3bIBaeTCs Kak M B MpenplaynieM ciydae U anas pemenus (19)
CIpaBeUINBa OIeHKa, cornacHo (20)
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lx(t,&)| < Mse, t € D}, (21)
VYyuuteiBas (16) u (21) qist pemenus 3anaqn (1)-(2)moaydum oneHKy

1) t € (CIO) [t0: TO]' (22)

t, <M
(. &)l 5{ &t € D}.

Takum oOpa3oM, Ha OocHOBaHUU (22) MOXKEM YTBEpXKIaTh, 3aja4a O PACIIUPEHUH OOJIACTH
NPUTSKEHUS pelieHa. AHaOrHuHo nokaseiBaercs, D7, asnsercsa OIl u eé rpaHMIIbl TaKKe MOKHO
PACIIUPHTH 10 HArpaBiieHU o (P_,) 10 rpaHuiis D.

3aknouenue
Ecmu  cymecTByer 00JacTh NPUTSHKEHHUS, TO €0 MOXKHO PACHIMPUTh O TPAHHUIIBI
paccMmarpuBaeMoi 00IacTy.
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MODELING THE DETERMINATION
OF WAVELENGTH USING A DIFFRACTION GRATING IN PYTHON

©Matisakov Zh., ORCID: 0009-0000-7643-5324, SPIN-code: 1645-4155, Ph.D.,
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Annomayusa. JInst MoenupoBaHus 1abopaTOPHON pabOTHI IO ONPEACIICHUIO UTMHBI CBETOBOM
BOJIHBI C WCIIONBb30BaHMEM audpaknuoHHOW pemieTkn Ha Python mpeanmaraercss Mcronb30BaTh
oubmmorekn numpy, matplotlib u ipywidgets. Co3maercss cuMynsius UIsi MOJCITHPOBAHUS
MOJIOKEHUST MAaKCUMyMOB Ha JKpaHe. Pa3paOoTaHHBIA KOJ MOXeT OBITh 3alylieH B cpele,
MOJJICP)KUBAIOIIEH BUIDKETHI ipywidgets, Takoii kak Jupyter Notebook, mns momyueHus
MHTEPAKTUBHON CHMYJISALIMU ONpEACICHUS JUTMHBI CBETOBOW BOJHBI C IMOMOIIBIO AH(PaKINOHHON
peweTku. B xoze onpeseneHs! cieayromuye maru: UMIopT HeOOXOIUMBIX OMOIMOTEK: numpy 1is
YUCIEHHBIX pacyeToB, matplotlib nns mocrpoenuss rpadukos, ipywidgets st co3znaHus
WHTEPAKTHBHBIX BHJDKETOB; OIpENENIeHHe KOHCTAaHT: d — pacCTOSHHE MEXIy IIeIsIMU
IU(QpPaKIMOHHOW pemieTkd, L — paccTosHue OT pewmeTkd [0 3KpaHa;, co3/laHue (QyHKIHMU
calculate_maxima i pacuera no3uiuii MakcuMyMoB; co3ianue GpyHkuun plot diffraction pattern
IUIE  TIOCTPOCHUS  TU(PPAKIMOHHOW  KapTUHBI;  CO3JAHWE  WHTEPAKTHUBHBIX  BUJKETOB!
wavelength slider nans u3MeHeHust AMUMHBI BOJHBI cBera, order max_slider ans u3MeHEHUs
MaKCHUMAaJIbHOTO MOpsAKa MHTEP(PEPEHIIMOHHBIX MAaKCUMYMOB; 3aITyCK HHTEPaKTUBHON CUMYIIALIUY,
KOTOpask MO3BOJISIET U3MEHATH ITapaMeTphl U HAOII01aTh pe3yIbTaThl B PEaJIbHOM BPEMEHH.

Abstract. To model a laboratory experiment for determining the wavelength of light using a
diffraction grating in Python, it is proposed to use the libraries numpy, matplotlib, and ipywidgets.
A simulation is created to model the positions of maxima on the screen. The developed code can be
run in an environment that supports ipywidgets, such as Jupyter Notebook, to obtain an interactive
simulation for determining the wavelength of light using a diffraction grating. The code includes the
following steps: 1. Import the necessary libraries: numpy for numerical calculations, matplotlib for
plotting graphs, ipywidgets for creating interactive widgets. 2. Define constants: d - the distance
between the slits of the diffraction grating, L - the distance from the grating to the screen. 3. Create
the function calculate maxima to calculate the positions of the maxima. 4. Create the function
plot diffraction_pattern to plot the diffraction pattern. 5. Create interactive widgets:

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 21



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne7. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/104

wavelength_slider to change the wavelength of light, order max slider to change the maximum
order of the interference maxima. 6. Run the interactive simulation, which allows parameters to be
adjusted and results to be observed in real-time.

Knrouegvie cnosa: nubpakumoHHas penierka, UHTepPEepeHrs, MaKCUMyMbl, JJIUHA BOJIHBI,
MojenupoBanue, Python.

Keywords: diffraction grating, interference, maxima, wavelength, simulation, Python.

JudpakuonHas pemeTka NpeACTaBiIseT coO0M ONTUYECKOe YCTPOHCTBO, COCTOSIIEE W3
MHOJKECTBA y3KUX MapauUIeIbHBIX IeNiel min pudieid, paciolokKeHHBIX HA HEKOTOPOM PAaCCTOSHUU
apyr ot npyra. Korma mapaiienbHBI My4oK CBETa MPOXOTUT 4Yepe3 MUPPAKIIUOHHYIO PEIIETKY,
Kaasi 1menb Wik pudiab IeHCTByeT KaKk MCTOYHHK BTOPHUYHBIX BOJIH, M OTH BTOPHUYHBIC BOJHBI
uHTEephEepUpyIOT MKy coboit [1].

Jliis ananm3a TUQPaKIHOHHOW PEIIETKH OOBIYHO UCIIONB3YETCs YCIOBUE HHTEphEepeHITNH IS
MaKCUMyMOB 1 MHHAMYMOB WHTEHCUBHOCTH. {151 MakcuMyMa HHTEpPEpEeHIINN (IPKUH MAKCUMyM)
st TupaKMOHHON pelIeTKy, uMeromeid N IUPOKUX MapauIeIbHbIX IIeel ¢ IUpUHOU 1menu d u
paccTOSTHUEM MEXIY COCETHUMH IessiMU D, ycioBre HHTEP(EPEHIIUH 3alIChIBACTCS CIICAYIOIIHM
obpazom [1]:

dsin(0) = mA (D

rae: d — IIUpUHA KaxJIoW menu, 8 — yroja, MOA KOTOPbIM HAOMIONAeTCsl MAaKCUMYyM
uHTEepPEPEHINH, M — MOPAI0K HHTEp(hHEepeHIIUH (I[eST0e YHCI0), A — JJTMHA BOJTHBI CBETA.

Ecin m=0, 3T0 COOTBETCTBYET LIEHTPAILHOMY MaKCUMyMy, a eciu m==[,+2,£3, ..., 3TO
COOTBETCTBYET OOKOBBIM MaKCHMyMaM.

Takum o6pa3zom, Ans ompeneneHusl JUIMHBl BOJHBI CBETA C IMOMOILIBIO AU(PPaKIUMOHHON
pemIETKH HEOOXOAMMO H3MEpUTh yroia 6 moa KOTOopeIM HaOmogaeTcst UHTephepeHIIMOHHBIN
MaKCHMYM JUTS 33JJAHHOTO TOpsAKa WHTEp(EPEHIIMH M ¥ M3BECTHBIC MapaMeTphl pemeTku d u D.
[ToxcraBuB M3MEpeHHBIE 3HAYCHUS B YPaBHEHUE, MOXKHO PACCUUTATH JIJIMHY BOJIHBI CBETA A.

Mamepuan u memoOos ucciedosanus

Jlnist co3manusi CUMYISIIAN JTAOOPaTOPHOM padOTHI IO OMPEACTICHHUIO JJTMHBI CBETOBOI BOJHBI
c momouplo IudpakIuoHHON pemeTku Ha Python, mMoXHO ucnonbp3oBarh OMOMMOTEKM numpy,
matplotlib u ipywidgets ans BU3yanus3anuu 1 HHTEPAKTUBHOTO YIpaBIEHUs MapaMmerpamu [2-4].

Bbynem ucnonb3oBare ypaBHeHue (1) 1u1st MOaeIMpOBaHUS MTOJIOKEHUSI MAKCUMYMOB Ha SKpaHe
U peau3yeM KoJ.

[IporpaMMHBII1 KOJI COCTOUT U3 CIEAYIOLIUX OJIOKOB:

1. Umnopt 6ubnuorex:

- nUMpY U1 YUCIEHHBIX PacyeTOB.

- matplotlib myist moctpoenus rpadgukos.

- ipywidgets AJis CO3/1aHNS HHTEPAKTUBHBIX BHIKETOB.

2. KoHCTaHTHI:

- d — paccTosiHEE MEXTY MIETAMH JUPPAKINOHHON PEIIeTKH.

- L — paccrostHre oT perieTku 10 dKpaHa.

3. ®ynknwms calculate maxima:

- Beruucnser yrsl 0 11 3aJaHHBIX TOPSAKOB MAKCUMYMOB.

- [IpeoOpa3zyeT 3TH yIiibl B TO3UIMK Ha SKPaHe.
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4. ®ynkmus plot_diffraction pattern:

- Ucnonw3yet calculate maxima a1t moydeHust MO3UIMA MAKCUMYMOB.

- CTpouT BepTUKAIbHBIE IMHUU Ha TpaduKe I BU3yaTu3alun JUPPaKIIHOHHON KAPTHHEI.

5. HTEpaKkTUBHBIE BUJIKETHI:

- wavelength_slider mo3BossieT U3MEHSITH JJIMHY BOJHBI CBETA.

- order max_slider mo3BoJisIeT M3MEHATH MAaKCHUMAJIbHBIA MOPSIOK HHTEP(EepEeHIIMOHHBIX
MaKCUMYyMOB.

6. laTepakTuBHAS] CUMYJISIIUS:

- interact mu3 ipywidgets cBsi3bIBaeT (YHKIIMM W BUKETHI, YTO IO3BOJISICT MHTEPAKTHBHO
M3MEHATH MTapaMeTphl U BUACTh PE3YNbTaThl B PeaibHOM BpEMEHHU.

Peszynomamut u o6cyscoenue

3anyctum koj B Jupyter Notebook wumm npyroit cpene, NOAIEPKUBAIONICH BHIKETHI
ipywidgets, 4TOOBI NOTYYUTh UHTEPAKTUBHYIO CUMYIISLUIO ONPENEIICHUS JIMHBI CBETOBOM BOJIHBI C
MOMOIIBI0  TUPPAKIMOHHOW pemeTku. IlporpaMma TO3BONSET W3MEHATH JJMHY BOJHBI U
HaAOIIOATh, KaK 9TO BIMSET HA TOJIOKEHHE TU(PPAKINOHHBIX MAKCUMYMOB.

Ha Pucynkax 1-3 mnpexacraBieHbl pe3yabTarbl  paboThl  mporpammbsl.  Mcnomb3ys
UHTEpakTUBHBIE BUpKeTl  wavelength slider wu  order max slider, MOXHO  H3MEHSTH
COOTBETCTBEHHO JUIMHY BOJIHBI CBETa M MAaKCHUMaJbHBIH TOPAIOK HHTEP(HEPEHIIMOHHBIX
MaKCHMYMOB, TTOJTy4asi pa3IudHbIe TU(PPaKIIMOHHBIE KAPTHHEI.

Wavelengt... . 0.00

Orcder Max: 1

v Diffraction Pattern
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e ——— . . . . . . )
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Pucynok 1. ludpaknmonnas kaptiuHa npu 3HadeHusx A =550am, m=1
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3axmouenue

Jlns MoJienupoBaHus J1abopaTopHOi paboThl MO OMPEAETICHUIO JUIMHBI CBETOBOM BOJIHBI C
UCMOJb30BaHUEM Au(pakimoHHON pemieTkn Ha Python mpennaraercs ucnonb3oBaTh OMOIMOTEKU
numpy, matplotlib wu ipywidgets. Co3maercs cumynsammst IS OTOOpaKEHUS TOJOKECHHM
MaKCUMyMOB Ha JKpaHe. Pa3paboTaHHBIN KO MOXHO 3amyCcKaTh B Cpefle, MOICPKUBAIOIICH
BUIDKETHI ipywidgets, Takoil kak Jupyter Notebook, 4To0bI OTYyYUTh MHTEPAKTUBHYIO CUMYJISLIUIO
OTpeNieNIeHUs] JUIMHBl CBETOBOM BOJIHBI C TOMOIIbIO JU(PPAKIMOHHOW pemeTku. B kome
BBITTOJTHSIOTCS CIIEAYIOIINE IIaTH:
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1. UmmopT HEOOXOAMMBIX OHOIMOTEK: nNuMpy IJs YUCJICHHBIX pacueToB, matplotlib mis
nocTpoeHus rpadukoB, ipywidgets 1 co31aHusT MHTEPAKTUBHBIX BUJIKETOB.

2. Ompenenenne KOHCTaHT: d — pacCTOSHUE MEXAY INEIIMUA TU(PPAaKIMOHHON pemeTku, L
— paccTosIHUE OT PEIIETKHU J0 3KpaHa.

3. Co3nanue ¢pynknuu calculate maxima s pacueTa mo3UIIMA MaKCUMYMOB.

4. Coznanue ¢pynknuu plot diffraction pattern mst moctpoeHus qudpakiMOHHON KapTHHBI.

5. Co3nanue MHTEpaKTUBHBIX BUIDKeTOB: wavelength slider mist u3mMeHeHHs UIMHBI BOJHBI
cBera, order max slider i HW3MEHEHHS MAaKCHUMaJIbHOTO TMOpsAJAKAa HHTEP(HEPEHIMOHHBIX
MaKCUMYMOB.

6. 3amycKk WHTEPAKTHBHOW CHUMYJSALUHU, KOTOpas MO3BOJSET HM3MEHSTH IapamMeTpbl W
HAOJI0AATh PE3yNIbTAThl B pEaIbHOM BPEMEHHU.
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MOAEJHUPOBAHUME BHEHITHEI'O ®OTOJ3JIEKTPUYECKOI'O DOPEKTA
HA ®OTO2JIEMEHTAX C HCITOJIB3OBAHUEM PYTHON
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MODELING THE PHOTOELECTRIC EFFECT ON PHOTOCELLS USING PYTHON
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Osh Technological University after M. Adyshev, Osh, Kyrgyzstan
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Osh, Kyrgyzstan

Annomayus. st cumynsmun 1adopaTtopHoi paboTel «M3yuenne hotorddexta ¢ BHEHIHUM
doroanexTpuueckum s>dpdextom» Ha Python Opia paspaboraHa mporpamMma, MOAETHPYIOIIAS
B3aUMOJICHCTBHE CBETa C IOBEPXHOCTHIO METalla W HM3MEpPAION[as KHHETHYECKYI0 SHEPTUI0
BBUJICTAIOIIUX JJIEKTPOHOB B 3aBUCHMOCTH OT YacCTOTHI cBeTa. [Iporpamma ucross3yer OuOINOTeKy
matplotlib s Bu3yanuzaumu pe3yiabTaToB M BKIOYACT B ceOs pas3iMdHbIe OJIOKH, TaKUe Kak
UMIOPT OMONMOTEK, OIpenesieHHe KOHCTAaHT, (YHKIHU ISl pacyeTa KWHETHYECKOW SHEPTrHH U
MOCTpPOeHHsT TpaUKOB, a TaKKe HWHTEPAKTHBHBIC BHJDKETHI Ui W3MEHEHHS MapaMeTpoB W
HaOJI0ICHUS PE3yJIbTAaTOB B pealbHOM BPEMEHHU.

Abstract. To simulate the laboratory work «Study of the Photoelectric Effect with External
Photoelectric Effect» in Python, a program was developed that models the interaction of light with
the surface of the metal and measures the kinetic energy of emitted electrons depending on
the frequency of light. The program uses the matplotlib library to visualize the results and includes
various blocks, such as library imports, definition of constants, functions for calculating kinetic
energy and plotting graphs, as well as interactive widgets for changing parameters and observing
results in real time.

Knrouesvie cnosa: pororddext, porornement, anekTpoH, Jupyter Notebook, Python.

Keywords: photoelectric effect, photoelectric cell, electron, Jupyter Notebook, Python.

®oTto3dexT sABISETCS APKUM MPUMEPOM KBAHTOBOTO SIBJICHMS, KOTOPOE CTaJI0 OJHUM U3
KJIIIOUCBBIX AapPrymMcHTOB B PAa3BUTHUH KBAaHTOBOM MeEXaHHUKH. CDOTOBJ'IGMGHTBI, TaKHM€ KakK
¢doTodneMeHTl ¢ BHEMHUM (OTOd(P(EKTOM, HIrparoT BaXHYIO pOJb B HM3MEPEHUSX CBETa,

¢doromeTpun, M, KOHEYHO, B TEXHOJOIMU COJHEYHbIX Oarapeil. M3yueHue QOTOINIEMEHTOB C
BHEUTHUM (PoT03(h(PEKTOM MPUBEIO K PA3BUTHIO CIOKHBIX TEOPUN, OOBSICHSIOMIUX X paldoTy.
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DoTOrpPEKT ONUCHIBACT SABIECHUE, IPU KOTOPOM SJIEKTPOHBI BBIPBIBAIOTCS U3 MOBEPXHOCTHU
Marepuaia 1oj Bo3AeHCTBUEM CBeTa. DHeprus (POTOHOB CBETA JIOJIKHA MPEBBILIATH ONPEEIEHHBIN
MIOPOT, Ha3bIBAEMBIN YHEPTrUEH NOHU3ALUH, YTOOBI 3TO MPOU3OLLIO.

Buemnuii  gotoadpdexr Obur ob0bsicHen B 1905 romy Amnwsbeprom OitHmTeiiHoM. OH
IPEUIOKUII, YTO CBET UMEET JBONCTBEHHYIO IPUPOAY: OH COCTOUT U3 (POTOHOB, YacTUIl O€3 MacChl
U 3apsja, HO oOiajaromux sHeprued u ummnynbcoM. CornacHo 3Toi Teopuu, sHeprus ¢orona (E)
J0JDKHA OBITH OoJIble WK paBHA padoTe Beixoaa (W), HEOOXOIMMOH /IS BRIPBIBAHUS SIICKTPOHA U3
IIOBEPXHOCTH BellecTBa. Torna kuHeTudeckas 3Heprus auiekrpoHa (K) ompenensiercst kak pa3HHULa
MEXIy dHeprueu ¢poroHa u padotoi Bbxona [1]:

K=E-W (1)

B 1O e Bpems Teopus KBaHTOBOW MEXaHHWKH NPENOCTaBISET Oosee ryOokoe OObSICHEHHE
dbotordekra, mpeacTapisus CBET KaK MOTOK KBAaHTOB ((hOTOHOB), KOTOPHIC B3aMMOJCHCTBYIOT C
ANIEKTPOHAMH B Marepualie. B pamMkax KBaHTOBON MEXaHHWKH, BEPOSTHOCTh POTOI(PPEKTa 3aBUCHT
OT BEPOSITHOCTH OOHapykeHHusi ()OTOHA B ONPENEICHHOM 00BEMe MPOCTPAHCTBA, YTO IO3BOJISIET
0oJiee TOYHO ONMUCATh BEPOSITHOCTH BBIPHIBAHUS DJICKTPOHOB.

B nmpaxTrke ¢poToaneMeHThI ¢ BHEIHUM (HOTO3()(HEKTOM HCIONB3YIOTCS Ui PEOOpa30BaHUS
CBETOBOIl HJHepruu B JneKTpudeckyro. OHHU COCTOST M3 Marepuana, KOTOpbIi ob0namaer
(OTOUYBCTBUTENBHBIMU CBoOMcTBaMH. [Ipu momagaHuy cBeTa Ha IMOBEPXHOCTH (POTORIIEMEHTA,
ANIEKTPOHBI MOTYT OBITH BBIPBAHBI M3 MOBEPXHOCTH MarepHaia, co3iaBas TOK. DOTORIEMEHTHI C
BHEIHUM (HOTOA(hHEKTOM HCIONB3YIOTCS B PA3IMYHBIX 00J7acTax, BKIOYas (OTOMETPHIO,
¢dororpaduio, aBTOMaTHYeCcKOe OCBEILCHUE, COJHECUYHbIC Oarapeu W JPyrue yCTPOWCTBA, KOTOPHIC
TpeOyIOT MpeoOpa3oBaHUsI CBETOBOW JHEPTrUHM B AJIEKTpHUYECKyr0. M3ydeHue (HOTOIIEMEHTOB ¢
BHEIIHUM (oT03(h(heKToM MPOmOIHKAETCs, HANPAaBICHHOE Ha co3faHue Oonee S(PPEKTHBHBIX U
TOYHBIX YCTPOUCTB JUIS PA3IMYHBIX TPUITOKECHHIH.

Mamepuan u memoowl ucciedosanus

Jua  cumynsuuu  saboparopHoit  pabotel  "U3yuenue ¢dotosddexkra ¢ BHEUIHUM
dorornektpuueckum dpdekrom” Ha Python cozmana mnporpamma, KoTopas MOIEIHUPYET
B3aMMOJICCTBHE CBETa C TIOBEPXHOCTHIO MeETajsla U U3MEpsSeT KHUHETHUYECKYI0 JHEPTHUI0
BBUIETAIONIUX 3JIEKTPOHOB B 3aBUCUMOCTU OT 4YacTOThI cBeTa [2-4]. Jlns oToi 3amaun Mbl Oynem
WCIIONb30BaTh OubmoTeky matplotlib myist Bu3yanuzanuu pe3yabTaTroB.

[IporpaMMHBI1 KOJI COCTOUT U3 CIEAYIOUIUX OJIOKOB:

1. Umnopt 6ubnuorex:

- NUMPY UCTIOIB3YETCs IS YUCICHHBIX BHIUNCIICHUN.

- matplotlib.pyplot ucnons3yeTcst AJis BU3yanu3aiuu pe3yibTaToB.

- ipywidgets ucnomnp3yercs A CO3AaHUS HHTEPAKTUBHBIX BHIKETOB.

2. KoHcTaHThI:

- h - moctosinnas [Tnanka (J{x*c)

- C - CKOpOCTh cBeTa (M/C)

- € - aneMmeHTapHbIi 3aps (Ki)

- phi - paGora BrIx0on1a MaTepuaia (3B)

3. @ynknus calculate kinetic energy:

- Bprumcnsier KWHETHUYECKYIO SHEPrHI0 DJIEKTPOHOB, BBUICTAOIIMX W3 Marepuaga Iof

JICTBUEM CBETA 3a/IaHHON YaCTOTHI.

4. @ynkuus plot_kinetic_energy:

- Ctpout rpaduk 3aBUCUMOCTH KHHETHUECKOM SHEPTUHU DIIEKTPOHOB OT YaCTOTHI CBETA.
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- [lognuceIBaeT ocu M 3arojoBOK rpaduka.

Omna peanu3oBaHa B BUJIE cieayromeid QyHKINN:

# Function to calculate kinetic energy of electrons

def calculate kinetic energy(frequency):

energy photon = h * frequency

kinetic energy = energy photon - phi * e

return kinetic_energy

5. IHTEpakTUBHBIEC BUJIKETHI:

- frequency_slider mo3BosisieT U3MEHSATh YACTOTY CBETA, KOTOPAas BIUSET HA KHHETUYECKYIO
SHEPTHUIO AIIEKTPOHOB.

- interact u3 ipywidgets CBsi3pIBaeT (PYHKIMHM M BHJDKETBI, YTO TO3BOJIICT HWHTEPAKTUBHO
M3MEHSATH MapaMeTPhl U BUAETH PE3yNIbTaThl B PEaIbHOM BPEMEHH.

Pe3ynemamol u 0ocyscoenue

3amyctum kox B Jupyter Notebook wim npyroit cpeme, TOAAEPKUBAIOIICH BHIKCTHI
ipywidgets, 94TOOBI MOMYyYNTh WHTEPAKTHBHYIO CUMYISLUIO Ja0OpaTOpHON pabOTHI 1O M3YYECHUIO
dbotoapdexra ¢ BHemHUM (oTodnekTpuueckuM dddexToM. [IporpamMma mo3BOJIIET H3MEHSTH
4acTOTy CBeTa M HaOmooAaTh, KaK OSTO BIMSIET HAa KHHETUYECKYI0 SHEPryi0 BbUICTAIOLINX
AIIEKTPOHOB.

Ha Pucynkax 1-3 mnpencraBieHbl pe3yibrarel  paboThl  mporpamMmsel.  Mcrmosnb3yst
WHTEPaKTUBHBIN BUIKET frequency slider, MOXXHO M3MEHSTH YACTOTYy CBETa, MOJyd4as pa3iHyHbIC
3HAYEHUS] KHHETUYECKOW SHEPTUU DJIEKTPOHOB.
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Pucynox 1. I'paduk 3aBHCHMOCTH KHHETHYECKON SHEPTUM BBUICTAONINX DSJICKTPOHOB OT HYaCTOTHI
ceera. Yacrora ceera v=10"T" 0
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Pucynok 2. I'paduk 3aBUCUMOCTH KHMHETHYECCKOW SHEPTUU BBUICTAIOIIMX J3JICKTPOHOB OT YacTOTHI
ceeta. Yactora cBeta v=5x10141"11
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Pucynok 3. I'paduk 3aBUCHMOCTH KHMHETHYECKOW SHEPTUHM BBUICTAIONIMX JJICKTPOHOB OT YaCTOTHI
cBera. Yacrora csera v=10"T 11

3axnmouenue
Hns  cumymsuuu — sabopatopHoil  pabotel  «M3ydyenue Qortordpdexta ¢  BHEUIHUM
dorosnekTpudeckuM dddekrom» Ha Python Obuia paspaborana mporpamma, MOACITUPYIOMIAS
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B3aMMOJICHCTBUE CBETAa C IIOBEPXHOCTBIO METAUIa M H3MEpPSAIONas KHUHETHYECKYH0 SHEpPIHIO
BBUIETAIOIIUX NIEKTPOHOB B 3aBUCMOCTH OT YacTOThI CBETA.

[Tporpamma ucrons3yer 0ubaroTeky matplotlib mmst BU3yanu3anuu pe3yabTaToB U BKIHOYACT
B ce0s pa3inyHble OJOKM, TaKHe KaKk MMIOPT OMOIMOTEK, ONpeneneHrue KOHCTAHT, (PYHKIUH IS
pacyeTa KHHETHYECKOM 3HEPruM U MOCTPOEHUs IrpauKoB, a TAKKE MHTEPAKTUBHBIC BHIKETHI IS
W3MEHEHHUs TapaMeTPOB U HAOIOAECHUS Pe3ylbTaToOB B pEaIbHOM BPEMEHH.
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AHATOMMNYECKAS CTPYKTYPA HEKOTOPBIX KPACUJIbHBIX
PACTEHHI MAJIOT'O KABKA3A

©I'ypoanosa Jl. 3., kano. buon. Hayk, A3epoarioHcanckul 20Cy0apCmeenHblil acpapHbulil
YyHusepcumem, 2. Ianooica, Aszepbaiiodcan, lala.qurbanova78@list.ru

ANATOMICAL STRUCTURE OF SOME DYING PLANTS
OF THE LESSER CAUCASUS

©Gurbanova L., Ph.D., Azerbaijan State Agricultural University.
Ganja, Azerbaijan, lala.qurbanova78@list.ru

Annomayus. llpencraBieHsl cBefeHUST 0 MOpP(HO-aHATOMUYECKHX, KPACHIIBHBIX CBOWCTBAax
HEKOTOpbIX pacTeHuil Manoro KaBka3a, pacnpocTpaHeHHBIX Ha TeppUTOpuM AsepOaiimkaHa.
YKa3aHbl 30HbI PaCIIPOCTPAHEHUs BUJIOB, IPOBEICHBl aHATOMUUECKHE UCCIICIOBAHUS U OIIpEe/ICHbI
KaK IOCTOSIHHBIE, TaK U TMAarHOCTUYECKUE CTPYKTYpHbIE IOKAa3aTelu TaKCOHOB. BbUIO BBIABIEHO,
4YTO Yy pPAcTCHUH TOPHOM 30HBI 00Pa3yIOTCS XapaKTEpPHbIE OCOOCHHOCTH: YTOJIIECHHE JHCTOBOU
IUIACTUHKH; CUJIbHOE pa3BUTHE MAIMCAJAHOM MapeHXMMbl; YMEHbLIEHHE O0beMa YCTBbHIl, HO
yBEJIMYEHUE HUX B YUCIIE; YTOJILEHHE OOOJIOYKM M KYTHKYIbl KJIETOK 3IHAEepMHUca, 00pa3oBaHue
IJIOTHOTO BOJIOCSIHOTO MTOKPOBA; YMEHBIIECHUE U YIUIOTHEHHUE KIIETOK.

Abstract. The article provides information about the morpho-anatomical and coloring
properties of some plants of the Lesser Caucasus, common in the territory of Azerbaijan.
The distribution zones of species are indicated, anatomical studies are carried out, and both
permanent and diagnostic structural indicators of taxa are determined. It was found that plants in
the mountain zone develop characteristic features: thickening of the leaf blade; strong development
of palisade parenchyma; a decrease in the volume of stomata, but an increase in their number;
thickening of the membrane and cuticle of epidermal cells, formation of dense hair; reduction and
compaction of cells.

Knroueswie cnosa. najavucagHas nmapeHxmuma, yCTbula, KpaCuJIbHbIC CBOﬁCTBa, SMUACPMUC.
Keywords: palisade parenchyma, stomata, dyeing properties, epidermis.

Ilon KpacuibHBIMH pPAcCTEHUSMU IOHMMAIOT IWIMPOKYIO TPYIIy PAacTeHHH, Yy KOTOPBIX
KpacsIiye BeliecTBa coOpaHbl (B MIACTUAAX U KJIETOYHOM COKE) B UX TKAaHSAX (IpeBECHHE, KOpe) U
opraHax (KopHe, creOie, JHCThSIX, I[BETKaX, IUIojax, cemeHax). M3 4200 BuAOB pacTeHUH,
pacrpocTpaHeHHbIX B cTpaHe, 1500 061a1at0T KpacuIbHBIMUA CBOMCTBAMH.

Kak u BO Bcex BOCTOYHBIX CTpaHax, a3epOalPKaHCKUE PEMECICHHHKH H3APEBIIE HIMPOKO
WCIOJIb30BAJIM KPACUTENH, IMOJIydaeMble M3 pacTeHUil IuUKOW (GiIopsl i OKpPackd KOBPOB,
IIEJIKOBBIX TKaHE! U T. 1.
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VYKe I0Ka3aHO, YTO MUIIEBBIEC PONYKTHI, OKPAICHHBIE HCKYCCTBEHHBIMH KPACUTEISIMU, ITPU
yIOTPeOJEHUH B MUILY YETOBEKOM BBI3BIBAIOT MHOKECTBO 3a00JI€BAHUIN B OpraHU3Me (JKeNlyI04HO-
KUIICYHBIX, CEPACYHO-COCYTUCTHIX, TICYCHH, 3I0KAYECTBCHHBIX OITYXOJICH, JKelyaKa u ap.) [7].

KpacunbHble pacTeHus: HCIONB30BaUCh B AzepOaiimkane emé B IX—VII Bekax m0 Hamei
apbl. ['peyeckuit ucropuk ['eponor nucan, 4yTo B Jiecax 3ACHIHMX MECT PACTyT TaKHE JACPEBbs, YTO
MECTHBIE JKUTEJIH TOJIY4aroT U3 UX JINCTHEB Pa3HbIC L[BETA U 3TUM PAcTBOPOM JEIArOT y30pbl Ha
OJeKJ€e. DTU y30Pbl HE CTUPAINCH AAXKE TOTJA, KOrJa OAC’KAa U3HAIIKNBAIAach. AJIOAHCKUNA UCTOPHUK
Moxkcec Kanankatiu (VII Bek) nucan, yTo HaTypajibHble KPACUTENN LIMPOKO HCIOIb30BAINCH HA
Kagkase, B Tom uncie B AzepOaiigkane. Kpamenuem 3aHMManuch Kak I0Ma, Tak U B CIELUATbHBIX
KpacuiabHbIX I1exax. Ilomumo »3Toro B cpeaHue Beka B AsepOailjpkaHe ObUIO IHIMPOKO
pacIpoCTpaHEHO MPOU3BOACTBO «BOSKKEKIO» ( U3 HETO MOJIydalld 30JIOTUCTYI0 KPACKY).

Hladpan, KOTOPBINA TPUMEHSIOT MPOTUB HEM3JICYUMOM 00JIE3HU HAILIIETO BEKa TAaKXKe M3BECTEH
KAaK KpAacHJIBHOE pAacTeHHE Jaroliee >KEnTeld 1BeT. KoBpbI, COTKaHHBIE U3 HCKYCCTBEHHO
OKpAIIEHHOW Mps KM OBIBAIOT HU3KOI'O KadyecTBa; LIBeTa OBICTPO BBITOPAIOT II0J BO3JEHCTBHEM
COJIHEYHBIX JIy4el, IOABEPraroTCs BO3JCUCTBHUIO IIEIOYEH M KHUCIOT, LIBETA CMELIMBAIOTCS IpU
BO3JICHCTBUY MBUIA U PA3IMYHBIX XUMHUYECKUX MOIOIIHUX CPEACTB U T 1.

Oco60 crneayeT OTMETUTb 3acayTr BBIIAIOLIET0Cs YUYEHOro B 3Toi o01actu Mauca ["acbimoBa.
B pesynbrate ero uccienoBaHMil ObUIO YCTaHOBJEHO, YTO BCTpEYAOLMecs B Hallel cTpaHe
KpacuiibHbIe pacTeHus rpymmupytotcest B 110 cemelict, 358 pomoB u HacuuthiBatoT Gosiee 1500
BUJ0B. M. T'acbIMOB, Hapsy C APEBHUMHU CIIOCOOAMH OKpPAaCKH, MOJY4HJI OOLIMPHBIE U BEChbMa
LIEHHbIE pe3yJbTaTbl OTHOCUTEIBHO KpAacCWIbHBIX pacTeHui AszepOaiijkaHa, uX OHOJIOIUH,
reorpauu, 3KOJOI'MH, XMMHUYECKOMY COCTaBy, MCIIOJIb30BaHHIO U T. A. KpacuibHble pacTeHHs
HIMPOKO PacIpOCTpPaHEHbl B IOpHOM 30HE. Kpacurenu, mosydeHHbE U3 ITUX pacTeHHH, Ooiee
YCTOMYMBBI K HEOJArONPUSTHBIM BO3JEHCTBUSAM. DTH PACTEHUS IIMPOKO UCHOJIb3YIOTCS B OKpacke
BOJIOC U B KOCMETOJIOTHH, @ TAK)KE€ B OKPACKE MMILEBBIX IMPOLYKTOB. AHATOMHUYECKOE CTPOCHHE
ITUX PACTEHUIl U3y4YeHO OYeHb Maio [4].

Mamepuan u memoouxa

HccnenoBanus NpoBOAMINCH B OCHOBHOM B TOPHBIX yacTsx I'elirensckoro, JlamkacaHckoro u
I'enaGeiickoro paifoHoB A3zepOaiimkana. [loseBble HccieOBaHUS NPOBOJMINCH MApILIPYTHBIM U
cTarmoHapHbpIM MeTonamu. [lpu cOope u 00paboTke MaTepHaloB IOJEBBIX HCCIIEIOBAHHM
HCIOJIb30BAJIMCh KJaccuyeckue Mop(donoro-aHaToMuyeckue, GIopucTUUECKUe U CUCTEMATHUECKHE
METO/IBI.

Jlns onpeneneHus BUIOB U OOTAaHMUYECKOTO OMMCAHUS PACTEHUH MCHOIb30BATHCH TepOapHble
doumbl  ¢uopel  AsepOaitikana u  KaBkaza, a cucremr APG IV u “WFO” (http://
www.worldfloraonline.org) [13].

denoornueckue HadmoaeHus mposeaeHsl mo meroaam I1. U. Jlanunoit u U. I'. beiinmana |3,
8].

BereratuBHble  OpraHbl  pacTeHM, MNPOM3PACTAIONIMX B  IPUPOJHBIX  YCIOBHUAX
BBIIIIEYKA3aHHBIX pallOHOB, ObUIM OTOOpaHBI TOCIE JOCTHKEHUS IOJIHOM MOpGOIOrnyecKon
3pENOCTH.

Lenbto wuccnenoBaHus ObUIO M3YYEHHE SKOJIOr0-aHATOMUYECKMX M MOPQOIOTHYECKUX
0COOEHHOCTEH CTPOEHHsI HEKOTOPBIX KPACHJIBHBIX PAcTEHHH, PacIpOCTPaHEHHBIX B TOPHOM 30HE
Manoro KaBka3a u nproOpeTinx Npu3HaKky aJanTaiuy K 3TOi 30He.

[locne @ukcanuu BereTaTUBHBIX oOpraHoB pacteHudt 70% crnupToM ObUIM  ClETaHbI
BpPEMEHHBIE CpPe3bl 10 OOLIETIPUHATON METOJMKE aHATOMUYECKUX CPE30B.

ITosydeHHBIE aHATOMMUYECKHE ITPETIAPAThl UCCIEI0BAIN 110JL MUKPOCKOIIOM.
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JI1si TEpMUHOJIOTUN M aHATOMUYECKUX OMHMCAHUI HCIIoNb30BaHa TepmuHosiorus H. D3ay, H.
A. Auenu u JI. 1. JloroBoii [2, 9, 11].

Pesynomamot u obcyscoenue

Heb6naronpusartueie kmumarudeckue ycinoBusi Manoro KaBkasa (pe3kue u3MeHEHUus! B TeUeHUE
CYTOK, MHTCHCHBHAsI M3OJIALMS M YIbTPapUOICTOBOE H3IyuYE€HUE, NMOCTOSHHO AYIOUINE CUJIbHBIC
BETPbI) OKA3bIBAIOT BIUSHUE Ha MOP(OIOTHIecKOe M aHATOMHUYECKOE CTPOCHUE PACTEHHIM, a TaKKe
Ha TOSBJIICHUE Y HUX aJanTalluii K TOPHOM 30HE (MHOTOJETHEE M OTHOCHTEIBHO Cllaboe pa3BUTHE
pacTeHuii, TpHUBEJECHUE HAJ3€MHOI0 Tela K po3eToyHoi (opme, 0oOpa3oBaHHEM T'YCTOTO
BOJIOCKOBOTO TIOKPOBA H JIp. ).

[maBHBI KOpPEHb y 3TOW TpyNIbl PAaCTEHUH pPa3BUT c€1ab0, B MPHUKOPHEBOW YacTH OH
paciupsieTcss U TyneeT. B LeHTpe KOpHs copepxkarcs Kpaxmaj, caxap, HEKOTOpblE KpacUTEINH,
sdupHbIE Macia U JIp. 3alacHble BEIIECTBA. JTOT Pecypc SBISETCS OCHOBOM MUTAHUS pacTeHMS,
KOTOPO€ HAYMHAET Pa3BUBATHCS PaHHEU BECHOM.

OOBEKTOM  HCCIIENOBAaHMS  SIBISIIOTCS  HEKOTOpPBIE  KpacWJbHBIE PACTCHHUs, IIUPOKO
pacTpoCTpaHEeHHbIE B TOpHBIX paiionax Manoro KaBkaza: Alchemilla sericata Rchb. MamxkeTka
menkoBuctas; Atropa caucasica Kreyer KpacaBka xaBkasckasi.

A B

Pucynok 1. A — Alchemilla sericata; B — Atropa caucasica

Alchemilla sericata Rchb. ex Buser (Mamxerka menkoBuctas). HabmoneHus mokasanu, 9To
Alchemilla sericata wauuHaeT pa3BUBATHCS €Ille TOJ CHEXHBIM MOKPOBOM, MpuyeM naxe (Qasza
OyTOHHM3AIIMU TIPOXOUT MO/ CHEXKHBIM MTOKPOBOM. DTO, B CBOIO 04Yepe/lb, IPUBOIUT K 00pa30BaHHIO
Y4aCTKOB a’peHXHMMbl (IpUCYIIas BOJHBIM PAaCTEHUSIM), KaK B MOA3EMHBIX, TaK U B HaJ3€MHBIX
OpraHax.

Alchemilla sericata otHOcuTCs K ceMelcTBY Rosaceae PosoBeie u pony Alchemilla L.
(MamxeTtka). Ha KaBkase pacnpoctpanens 100, a B A3epOaiimkane — 21 Buj 3T0Oro poja.

W3ydeHHbI BUA pacHpOCTpaHEH B pa3HBIX COOOIIECTBAaX M Yalle BCTPEYaeTCs Ha BHICOTE
2200-3000 M Hax y. M.

DTO0 MHOTOJNETHEE TpaBsSHUCTOE pacTeHue. Boicotra crebns 10—45 cm. JlucTesa uepemkoBble,
mmHou 1-3,4 cm, mmpunoit 1,5-3 cMm, WHOTAA OKpyIIble, C 3yO4aTbIMU KpasMH, TEMHO-CEpPO-
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3€JIEHOTO I[BeTa, TyCTO MOKPBITHI BoJIOCKaMu. Yepemiku, Kak cTe0enb W JIMCThS, MOKPBITHI
JUIMHHBIMH TYCTBIMHU LIEJIKOBUCTHIMU BOJIOCKaMHU. L[BeTKH peakue, )KeaTo-3eJIeHOro 1[BeTa, JJTMHOM
1,2-3,4 cm. Yamenuctuku siduieBuanbIe. [[BeTeT B HIOHE, ceMeHa 1a€T B aBTYCTe.

CyliecTBYIOT NPOTUBOPEYUBBIE MHEHHS O TOM, IOEHACTCA JIM PACTECHUE KUBOTHBIMH.
Habmronenus nokaszanu, 4To BECHOM U JIETOM PacTeHHE HE MOEAAeTCs )KUBOTHBIMU WIIM TOEIACTCS
wioxo. [IpyunMHa 3TOro B TOM, YTO JIUCThS PACTEHUS HMEIOT HENpHUATHBIA apomar. OceHbro
HETIPUSATHBIN apoMaT MCYe3aeT M3-3a Pa3JIOKEHHUs BEIIECTB, U PACTEHUE OXOTHO MOENAETCs BCEMHU
BHUJIAMU JKUBOTHBIX. M3 CTEONS W JUCTHEB PACTCHHS NOMYYarOT KENTHIM IBET. BrepBeie B
pe3yibrate aHAaTOMUYECKHUX MCCIEJAOBAaHUN YCTAHOBIIEHO, YTO OOJbIIEE KOJIMYECTBO OTHUX
(Kpacsmmx) BemecTB COOMpaeTCsl B KOPHE PacCTCHUS.

B pacrenun umerorcst Bskymue BemiectBa. C ApeBHUX BPEMEH pacTeHUE MPUMEHSETCSA Kak
KPOBOOCTAHABJIMBAKOIIIEE CPEJCTBO B HApOAHOU memuimHe. B AsepOaiimkane umeeTcs: OOJBIION
3arac 3TOro0 pacTeHHUs, BCTpEYaeTcs Ha CyOalbIHMCKUX U aJbIMUNCKUX Jyrax, Ha KaMEHUCTBIX U
MIEOHUCTBIX y4acTKax, 1o OeperaM pek, o 000YMHaM JOPOT U TPOI, Ha macTOumax u T. 1. [5, 10].

Anamomuueckas cmpykmypa kopusi Alchemilla sericata (Pucynox 2). Kopenb Kpymiblii B
nornepedHoM cedcHnr. CHapy»XU OH OKPYKCH CI0€M MEJIKUX 3MHOJIEMHBIX KIETOK. OT 3muOIeMbl
OTXOJUT 9K307iepMa, cocTosiimas u3 2—3 cjaoeB. B aHaTOMUYEeCKOM CTPOCHUU KOpHS HaOIromaeTcs
CIJIbHOE pa3BUTHE ME30AE€pMbl. OTHU KJIETKM HMEIT Kpymniylo u Oonbmryio ¢opmy. OHH
YMEHBIIAIOTCS B 00bEME B YaCTH, TPAaHUYAIICH C SHIOIECPMOM B 9K30JIepMOii. DTO, B CBOIO OYepE/ib,
o0ecreunBaeT COeTUHEHNE OT/ICTbHBIX TKaHEeH. B KOpHEe MMEIOTCs 3amacHbIe BelecTBa (Kpaxmal,
KpacUTEeJH U Jp.).

OT 3HIOIEPMBI OTXOAUT OJWH CJIOW KIETOK MEepUIUKIa MHOroyroibHoW ¢opmbl. Kak u B
JIPYTUX OpraHax, OH MPEBpPATWICS B KOHIICHTPUUYECKUU Iap B LEHTpe KopHS. Kcuiemuble nydn
OTHOCSTCSI K TOJIMapXuueckomy Tuiy. B kaxaom nyde umeercs 3—6 BOAsHBIX cocynoB. Cocymsl
T'YCTO OKPYXEHbI JpeBecHON napenxumoii. Keunemy co Bcex cTopoH okpyskaeT nosic ¢puoamsl [1, 6,
12].

Pucynok 2. Anatomudeckas cxema kopus Alchemilla sericata: 1 — snubnema, 2 — sk301epma, 3 —
Me3ozepMa, 4 — sHoAepMa, 5 — MEePULIHMKII, 6 — KcuieMa, 7 — (uioamMa

Anamomuueckas cmpykmypa uepewka aucma Alchemilla sericata (Pucynok 3). Uepemiok
OKPY)KEH CJIOE€M KIIETOK KYTHUKYIBbl. DTH KJIETKH OTHOCHUTEIBHO YAJIMHEHBI U UMEIOT YTONIIEHHYIO
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BHEIIHIOIO 000JI04YKy. Y 3TOro pacteHuss OH CGHOPMUPOBAICS Kak MPHUCIIOCOOIEHUE K
HEeOIaronpUsATHBIM KIIMMATHYECKUM YCIIOBHSIM TOPHOW 30HBI. OH MOKPHIT CPABHHUTEIBHO TOJCTOU
KYTHKYJIOH M MOKPBIT MPOCTHIMH BOIocKaMu. OHU 3alIMIIAIOT PACTEHUE OT JKI'Y4ero BO3ICHCTBUS
yABTpaUONIETOBBIX JIydel. B depemike CHIBHO pa3BUTa OCHOBHAs MapeHXUMA. DTO SIBIISETCS
OJaronpuATHBIM yCJIOBHEM, 4YTOOBI OOMEH BEIIECTB IIEJ WHTCHCHBHEE, OOpa30BBIBAINCH U
HaKaIUTUBAIMChH KpacUTeNu. B 3THX KileTkax HaOIIOIA0TCs 3alacHbIe BeliecTBa. B meHTpe yepemnka
00pa3oBaJINCh 3 KPACHUBBIX KOHLIEHTPUYECKHUX MPOBOISIIMX ITyYKa. DTOT THUII ITyyKa 3a()UKCUPOBaH
BriepBble. Iyukn OKpyKeHbI 2 CIOSIMU OKpPYXKAIOLIUX KJIETOK. B myukax cuibHO pa3BUTHI KCUJIEMA U
¢itooma. drosma co BceX CTOPOH OKPYKAET KCHIIEMY TTOSICKOM.

e
O sy e
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Pucynok 3. Anatommyeckas cxema uepemika sumcta Alchemilla sericata: 1 — kyrtukyna, 2 —
snuAepMuC, 3 — mapeHxuma, 4 — KIETKU-CIIyTHULBI, 5 — MNPOBOAAIIMNA My4OK, 6 — Kcuiaema, 7 —
¢iosma, 8 — cepaueBuHa, 9 — MPOCThIE BOIOCKU

B nyukax wMHoro gmydei kcuiembl. OHM OKpPYXEHBl IUIOTHO c(OpPMUPOBaAHHOMN
muOpudopmoil. B meHTpe mydyka Ha HEOONBIIOM y4yacTKe pa3BUTa CEpALIEBUIHAs MapeHXUMA.
®opma, cTpoeHHe W OOpa3oOBaHHWE NPOBOASIINX IMYYKOB B AHATOMHYECKOM CTPOCHUHU CTEOIs
XapaKkTepHBI TOJIBKO ISl 3TOTO BUIAa U MOTYT CITY)KATh TMATHOCTHYECKUM ITPHU3HAKOM.

Anamomuueckas cmpykmypa aucma Alchemilla sericata. B momnepedHOM CEYEHWUU JUCT
nopcoBeHTpasibHOro Tuna. C 000MX CTOPOH OKpYXeH KieTkaMu snujepmuca. Han snuaepmucom
00pa3oBaJicsl OTHOCUTEIBHO TOJICTBIM CIIOM KYTHKYbI. JINCT MOKPBIT MPOCTHIMU BOJIOCKAMH Kak Ha
HIJKHEH, TaKk M Ha BEPXHEM NOBEPXHOCTU. BHYTpM HAXOIWUTCS CIIOHM IMAapEeHXUMHBIX KIIETOK.
3anumas 30-35% me3o¢uiuia aucta, OHM OOraThl XJOpPOIJIaCTaMH U PaclookeHbl rycro. ['youaras
NapeHXuMa pa3BUTa CUJIbHEE U COCTOMT U3 4—5 cioeB KiIeToK. OHU MMEIOT KpYIHbIE pa3Mephl U
OTHOCHTEIJIBHO PEIKO PacIoiokeHbl. MccnenoBanus mokas3aid, 4To C YBEIHUEHHEM BBICOTHI 00bEM
KJIETOK, COCTaBJISIFOIINX KOXKHILY M ME30(HIUT JINCTA, OTHOCUTEIILHO YMEHBINACTCS, UX OOOIIOYKH
YTOJIIIAIOTCSL M OHH PACIIONIaraloTCsl Jalle.

UpesBbluailHO HHTEpECHAs CTPYKTYpa HabIoaeTcs B MPOBOJAIIEH cucteMe. B 1ieHTpe nmucra
HaXOAMTCs KOHIEHTpUUecKuid mydok. Ilydok amdpukpubpansaoro tuna. Kak n3BectHo, Takoil Tun
my4Kka ObIBa€T TOJBKO Y BBICIIMX CIIOPOBBIX PACTCHUN. DTO YpE3BBIUAITHO HHTEPECHAS B CTPYKTYDA.
3nech (prmodmMa OKpyX)aeT KCUIEMY CO BCEX CTOPOH TOSCKOM. Y JIMCTa HAOMIOAAIOTCs KCePOPUTHBIC
CBOMCTBa. OTO CBA3aHO C TE€M, YTO JIUCT MMEET JIOP30BEHTPAIbHOE CTPOEHHE, YCThUIlA
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PacmoiI0kKeHbI TOIbKO Ha HIDKHEW MOBEPXHOCTH JIUCTA, 110 KOJTUYECTBY MX MHOTO , HO OHHM MaJlbl 110
00beMY, pacIOJIO)KEHUE YIVIOBATOW KOJJICHXMMBI 10 HAampaBJIEHUIO MPOBOASIIUX ITYYKOB,
o0pa3zoBaHME BOJIOCSHOTO TOKPOBA M T. JI.

Pucynok 4. Anaromuueckas cxema jucra Alchemilla sericata: 1 — kyrukyna, 2 — smugepMuc, 3 —
BOJIOCKH, 4 — TalMcaiHas MapeHxuma, 5 — ry0daras mapeHxuma, 6 — KIeTKH-CITyTHUIIBI, 7 — (hiosma, 8
— Kcuiema, 9 — yerpuna, 10 — HwkHuiA snugepMuc, 11 — yromkosast KOJIDIEHXIMA

Atropa caucasica Kreyer (KpacaBka kaBkasckasi). Afropa caucasica OTHOCUTCSI K CEMEHUCTBY
[TacnenoBeie (Solanaceae) u poxy kpacaBka (Atropa). Pactenue — mHoroserHee, Boicoton 1-1,5
(2) m. Kopau cunpHO pa3Butbl. CteOenb NpSIMOCTOSYMM, BETBHCTBIM, KPACHOBATbIM, TOJIBIA, C
OIlyLIEHHEM B BEpXHEW YacTH. JIMCTbA KpynHBIE, SWLIEBUIHBIE, MOJIHOKPAaHHUE, C OCTPHIMHU
KOHUMKaMU. Yepemok rojblii, MOBEPXHOCTb JKUJIOK PEAKO OIyIIEHHas, IOKpbITa CUITYMMHU
Bosiockamu. YamenuctHuku 10—18 MM UTMHOMN, SIMIIEBUIHBIC, TOKPBITHI )KEJIE3UCTHIMHU BOJIOCKAMH.
Crebenp THIMMHKHM JJIMHHBIA W y3/10BaThlil. Phiiblie crebenpuaroe, M0 IIAPOBUAHBIN, YEPHBIH.
Jnuna cemenu 1,5 mm. L[BeTer B mioHe-aBrycre, a Iojbl co3peBaroT B Hrosie-ceHTsope. Lnupoko
pacnpoCTpaHEH B HUXKHEM U CpeHEM ropHoM nosice Manoro Kaskasa.

Pactenue sBnsercs SA0BUTHIM, B HEM COOMpAOTCA AlKaJIOUAbl (aTPOIMH M €ro U30MEphI),
oOmajarouie CuibHBIM JelicTBueM. CoOuparoIuM KpacaBKy JIOASM cleqyeT ObITb O4YeHb
OCTOPOXHBIMHM U HE MpPUKacaThcs K IJlazaM B Ipolecce paboThl, a 10 OKOHYaHUU paboThI ciaeayeT
BBIMBITE pyKkH ¢ MbUIOM. [lo manneiM M. A. JlaMupoBa M3BECTHO, YTO KOJMYECTBO aJIKaJOWUJOB B
nucThax KpacaBku coctaniseT 0,4-0,7%, B ctedbne — 0,2-0,4%, B xopue — 0,5-0,6%, B 11BeTKax
— 0,24-0,45%, B monax — 10 0,7% [7].

W3 umeromuxcst ICTOPUUYECKUX JaHHBIX O IPUMEHEHUH KpPAacaBKU BUIHO, YTO €r0 IPUMEHSIN
KaKk CTUMYJSITOp LEHTPaJbHOM HepBHOW cucteMbl emé ¢ XV Beka. PomoBoe ums «Atpona»
MIPOUCXOIUT OT MMEHU ATpOINBI, CTapuied u3 TpEX cecTep, pelIaBIINX CyAbObI JIIOAEH, COrIacHO
JpeBHErpedecKkuM JiereHaaM. Ha3paHue «mpekpacHas JamMa» pacTeHHE MOJIy4MsIO B PE3ysbTare
TOT0, YTO UTAJIbSHCKUE KEHILMHBI [TOJINBAJIM I1a3a COKOM II0A0B pacTeHus. Conepkalinuiics B HEM
aJIKaJIONJ1 aTPOIIUH PACIIMPSII 3pAYKH U €Al )KEHIINH IIPUBJIEKATEIbHEE.

W3 nuctheB U KOpHEH pacTeHUs TOTOBAT CIIa3MOJIMTUYECKUE U 00€300IMBatoIIKe MTpenaparsl,
KOTOpbIE NPUMEHSIOT TpU S3BEHHOM OOJIE3HM JKeIy[Ka, >KeTYHOKaMEHHOW OOJIe3HH, TeMoppoe,
HEBPAJITUsAX U OPOHXMAJIBHOHM acTMe.

W3 pacteHus ¢ ApeBHUX BpeMeH noiydyanu cuHuil nset. lllepcTsaHble HUTKH, OKpaIlEeHHBIE B
ATOT I1IBET, HUKOTJAa HE BBITOparoT. JKWTEnu TOPHBIX palioHOB A3zepOaikaHa 10 CHX TOp
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UCIONB3YIOT 3TO pAacTeHHE KakK Kpacsiliee pacTteHue. Ero Ttakxke HCIONB3YIOT B KOCMETHKE.
KyneTuBupytor B Ykpaumne u KpacHomape, MOCKOJBKY 3TO LIEHHOE JIEKAPCTBEHHOE M Kpacsiiee
pactenue. B Azepbaiimkane, cormacHo gaHHbBIM A. A. I'poccreiiMa BHIHO, YTO €XKETOTHO MOXKHO
noctasisATh 70 40 T nMcThEB KpacaBku (0e3 ymep6a Ui JanbHEHIero pa3BuTHs pacTeHHs).
Anamomuueckaa cmpykmypa cmebna Atropa caucasica. Ha monepeyHOM CEUEHUM HMEET
Kpymyto Gopmy, HOKPHIT BotockamMu. CHapy»KU OKpYyKeH ciaoeM snujaepmuca. [IokpoBHbIE KIETKU
UMEIOT KpyTiyto (opmy, HeOobIIHE 110 00BbEMY, PACTIONIOKEHBI IIFIOTHO, HOKPBITHI TOJICTBIM CI0EM
KyTUKYJbl. BHYTpH 13 KOXHIBI (POPMHPYIOTCS 2—3 CJIOS XJIOPEHXUMBL. XJIOpEHXUMa 00paszyercs
KaKk MpHUCIOCOOJIeHHE K HEJOCTarKy OpraHW4YecKMX MUTATeIbHBIX BEUIECTB B  OBICTPO
pa3BuBaroeMcs credne. BHyTpu xJ0peHXuMbl HaX0auTCs 4—5 CI0€B MapeHXUMBbI KOPBHI.

PucyHok 5. Anatomuveckas cxema ctedist Atropa caucasica: 1 — kyrtukyia, 2 — snujaepMuc, 3 —
BOJIOCKH, 4 — XJIOpeHXuMa, 5 — napeHxuma, 6 — dosama, 7 — kambuii, 8 — kcmiema, 9 — nubpudopm,
10 — cepaneBrHa

B omimume oT m3yyaeMbIX paHHEE BHJIOB, OCHOBaHHE CTEOJSI 3aHATO MPOBOMISIICH TKAHBIO.
Kcunema u ¢rnosma cunbHO passutel. Kcunema oOpasyer MHorouuciensbele (48—50) mnyun
HEOOBIYHOTO CTPOEHUS, HE CBOMCTBEHHOrO CTEONISIM TPaBSHOTO THMA. BoasHble cOCyIbl MIOTHO
OKpyXeHbl Juopudopmom. [IpoBoasiue Mydkn OTKpPHITOTO KojutarepaibHOro THma. dmosma u
KCWJIeMa OTJIEJICHBI OPYT OT jApyra 2—3-cloiHbpIM kKamOueM. dro3Ma MHOTOCIOWHAs, COCTOUT W3
NEepBUYHBIX TPYOOK M coceiHux kieTok. Kcuiema HaumMHaeTcst OT LeHTpa cTeOisl, LIEHTP 3aHAT
CHJIBHO Pa3BUTBIMU CEp/LIEBUHHBIMHU KJIETKaMU. DTHU KJIETKM B 4YacTH, IpaHUYAIIel ¢ KCHIIEMOH,
OTHOCHUTEIIFHO MEJIKHE, K IIEHTPY YBEIMYUBAIOTCI B OObEME M PAaCIONaraloTCs CPaBHUTEIBHO
penko. B aTHX KieTkax coOuparoTcs 3amachkl M KpacuTenu. biaromapsi cBoeMy CTpOEHHUIO cTeOelnb
o0pa3yeT NepexXOAHbIH Nepexof MeEXIy TPaBIHUCTHIMH U TOJYKYCTAPHUKOBBIMHM PACTCHHUSIMHU.
Oco0eHHO 3TO MPOSABISETCS B CTPOCHUU CHCTEMBI Mepenadd. Takoe CTpOeHHE XapaKTepHO TOJIBKO
JUIS 3TOTO BHJIa U MOXKET OBITh HCIOJB30BAaHO KaK JUArHOCTHYECKHM NpH3HAK. JTO, B CBOIO
odepesib, UMeeT O0JIbIII0e TAKCOHOMUYECKOE 3HAYEHHUE.

Anamomuuecxkas cmpykmypa aucma Atropa caucasica. B TIONEpEeYHOM CEYEHUU OH
JOP30BEHTPATIbHBIN. JIUCT MOKPHIT CI0EM KYTHUKYJBI ¢ 00EMX CTOPOH. DMUIEPMHC OIHOCIOWHBIMN.
Kietku BepxHeit 1epMbl UMEIOT O0IBIION 00BEM U UMEIOT TOJICTYIO 000JIOUKY.
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Pucynok 6. Anaromuueckas cxema Jjicra Atropa caucasica: 1 — kyTukyma, 2 — 3MUaAepMHUC, 3 —
TPUXOMBI, 4 — MajucaJHas MapeHxuMa, S — ryouaTas napeHxuma, 6 — YCTbHILA, 7 — KIETKH CIyTHHLBI, 8
— ¢nooma, 9 — kcmiema, 10 — HIDKHMIA dnaepmuc, 11 — ocHoBHas mapeHxuMa

[lanucanHas mapeHXMMa OAHOCJIOWHAsA, IUIOTHO YIaKOBaHHAs, Ooraras XJIOpOIUIaCTaMHU.
['yOuatas mapenxuma umeeT 3—4 CJIOS U PacHoIOkKEeHAa OTHOCHTENIHHO peako. JKuikoBaHue jucTa
CIJIBHO Pa3BUTO U BBICTYIMAET HApYKy C 00eMX MOBEPXHOCTEH. 37ecCh pacrojararorcs OObIYHBIE
KJIETKH MMapeHXHUMBI. PazBuBaeTcs HEOONBIIOE KOJIMYECTBO YITIOBATOW KOJUIEHXHMMBIL. [IpoBomsias
TKaHb TPEJCTABISICT COOOW COBOKYITHOCTH BBICOKOPA3BUTHIX ITYYKOB KOJUIATEpAJbHOTO THIA. B
KCHUJIEME B P PAaCHONOKEHbl MHOTOYHCIEHHBIE BOAHBIE cocyabl. OHH TyCTO OKpYXECHBI
mubpudopMoM, pa3BUTHIM Ha O0EUX IMOBEPXHOCTSX Iy4yKa. YCThHIIA BCTPEYAIOTCS TOJIBKO Ha
HIDKHEW TOBepXHOCTU JucTa. KyTukyna BMecTe ¢ BHEUIHEH OOOJIOUKOW AMUIEpPMUCA COCTaBIISAET
40-45%. Takoe cTpoeHHE CIEIYeT paccMaTpUBaTh KaK MPU3HAK aJanTallid PaCTEHUN K CYpOBBIM
KIIMMaTUYECKUM YCIOBUSM TOPHOI 30HBI.

Anamomuueckan cmpykmypa kopusa Atropa caucasica. B monepedyHoM CEYeHUH OH KPYIJIbIi.
CHapyXu OH TOKPBIT TPOOKO#, cocTosmel u3 2—3 cinoe. OT TpOOKH BHYTPbh HAXOAUTCS TIOTHO
pacroyIoKeHHas MapeHXxuMa KOpbl OKpYIIoi Gpopmel, cocTosimast u3 7—8 cioeB. OCHOBaHUE KOPHS,
KaKk M y cTeOnsl 3aHSTO MPOBOISAIICH TKaHBIO M CHJIBHO pa3BUTON (prosmoiil. Tpaxewnabl MIOTHO
OKpYyXeHBI TUOprpopMOM. Mexay HEKOTOPHIMU JTydaMH TakKe Pa3BHIIMCh CEPALICBUHHBIC TTy4H.
OT 1ieHTpa KOPHS HAYMHAIOTCS JTyYd KCUJIEMBI, B IIEHTPE KOPHS MUMEIOTCS CJIEbI MEPBON KCUIIEMBI
MOJIMAPXHOTO THUIA U PA3BUTHI 3 ydacTKa adpeHXUMBI. AdpeHXUMa 00pa3yeTcs B KOPHE pPacTeHHS,
KOTOpOE Jy4YIlle pacTeT BO BIAXKHBIX U OONOTHUCTBIX MECTaX, KaK MPHCIOCOOIeHHE K HEeIOCTaTKy
BO3YXa.

B aHaromMuueckoM CTpOGHMHM KOpPHSI CHUJIBHO Pa3BUTHI TMPHU3HAKU KpHOKcepodUuTtuma
(oOpazoBanue MPOOKOBOTO CJIOSI, OYEHb CHJIBHOE pa3BUTHE MPOBOISAIICH TKaHU, 0Opa3oBaHME
MHOTOYHMCIIEHHBIX BOJOIMPOBOIHBIX COCYJOB, CPABHUTEIHLHO HEOOJBIIOE U MJIOTHOE PACIIONOKEHUE
KJIETOK TMapeHXUMbI KOpbl u 1p.). CpaBHUTENbHBIE MOP(]OIOro-aHaATOMUYECKHUE HCCIEAOBAHUS
MOKa3aJii, 4YTO BIWSHUE HEONIArOMPUITHBIX KIUMATHUYECKUX YCIOBUU (pe3KHe W3MEHEHUS
TeMIiepaTypbl B TEUEHHE CYTOK, WHTEHCHUBHAs WHCOJSIUS U YABTPAPHUOIECTOBOEC H3ITyYCHHE,
MOCTOSIHHO JYIOLIME BETPbI, JUIMTENIbHBIA CHEXHBIA TIOKPOB, CHJIBHBIE MOPO3bl M T. [I.)
CHOCOOCTBYIOT MPOUCXOXKICHHUIO Psiia U3MEHEHH B CTPYKType pacTeHuid. Tak, ¢ yBelnueHHUEM
BBICOTHI BETETAIlMOHHBIM mepuon cokpamraercs (80—110 mHelt), y pacTeHHWil TIaBHBIM KOPEHb
pa3BuBaeTcs c1ad0, y KOpHEBOW MIEUKH OH PacIIUpSETCs.
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Pucynok 7. AmatoMmudeckas cxema Kopus Atropa caucasica: 1 — demnema, 2 — demtonepma, 3 —
¢dnosma, 4 — kamOuii, 5 — kcwiema, 6 — nmuopudopma, 7 — adpeHxuMa, 8 — ceplleBUHHBIC JTyud, 9 —
CJIe/Ibl IEPBUYHOM KCHIIEMBI TIOJIHAPXHOTO THIIA

HecMoTpss Ha mpuHAUIEKHOCTh BUJOB K Pa3HBIM CEMEHCTBaM, y HHMX BBISBICHBI 00IIUE
IIPU3HAKK, KOTOpblE O00pa3oBalMChb Y HUX B pe3yiabrare ajanTaldd K TOPHOW MECTHOCTH:
o0pa3oBaHHE BOJIOCSHOTO MOKPOBA; YTONIIECHHE BHEUIHEW OOOJIOYKM SHHUIEPMHUCA; PACIIOIOKECHUE
YCTBUI] TOJBKO HA HUXKHEM DSIMHJEPMUCE, YBEIMUYEHUE UX MO YUCJICHHOCTH U YMEHbBILIECHUE B
o0beMe; yMeHbIlIeHHE 00beMa OCHOBHBIX KIJIETOK IMAPEHXUMBI, IIJIOTHOE PACTIOIOKEHHE U CHIIbHOE
UX Pa3BUTHUE; CWIBHOE Pa3BUTHE CEPALIEBUHHOMN MAPEHXUMBI.
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FLORA CURRENT STATE OF Rosaceae WOODY SPECIES IN MOUNTAIN
XEROPHYTIC AND STEPPE VEGETATION OF ORDUBAD DISTRICT
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COBPEMEHHOE COCTOSIHUE ®JIOPBI JIPEBECHBIX BUJIOB Rosaceae B TOPHO-
KCEPO®UTHOM U CTEITHOM PACTUTEJIBHOCTHU OPIYBAJCKOI'O PAHOHA
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Abstract. The current state of the tree family Rosaceae is considered. As a result of
the research, the taxonomic composition, life forms, ecological groups, geographical areas and
classes of tree species of the Rosaceae family, widespread in the mountain-xerophytic and steppe
vegetation of the flora of the Ordubad district, were revealed. When characterizing the Rosaceae
tree species of the mountain-xerophytic and steppe zone of the flora of the Ordubad region, it was
established: Rosa — 14 (29.1%), Prunus — 6 (12.5%), Crataegus — 5 (10.4%), Pyrus —
5(10.4%), Sorbus — 5 (10.4%), Cotoneaster — 5 (10.4%), Rubus — 3 (6.25%), Spiraca —
2 (4.16%) and 1 (2.08%) each of Malus, Louiseania and Pyracantha. The structure of the flora of
the Ordubad region is dominated by species belonging to the genus Rosa L. They are part of
the shrub steppes and form independent groups and unique communities.

Annomayus. PaccMaTpuBaeTcsi COBPEMEHHOE COCTOSTHUE JPEBECHBIX ceMeiicTBa Rosaceae. B
pe3yibprare  WCCIENOBAHMM  BBISIBICH  TAaKCOHOMHYECKMH  COCTaB, KU3HEHHBIE  (OPMBI,
HKOJIOTHYECKHE TPYIIbI, TeorpaduyecKkue apeanbl M KIAcChl IPEBECHBIX IMOPOJ CceMeHcTBa
PO3OIBETHBIX, IMUPOKO PACHPOCTPAHEHHBIX B TOPHO-KCEPO(MUTHONH M CTEHMHOW pPaCTHTEIHHOCTH
¢dbnoper  OpayOanckoro paiona. Ilpm xapakrtepucTuke IpeBecHBIX Tmopoa Rosaceae ropHo-
KcepodUTHOHN U cTenHoi 30HbI Guopsl Opaydaznckoro paiioHa ycraHosieHO: Rosa — 14 (29.1%),
Prunus — 6 (12.5%), Crataegus — 5 (10.4%), Pyrus — 5 (10.4%), Sorbus — 5 (10.4%),
Cotoneaster — 5 (10.4%), Rubus — 3 (6.25%), Spiraea — 2 (4.16%) u no 1 (2.08%) Malus,
Louiseania u Pyracantha. B ctpykrype ¢aopel Opnybanckoro paiioHa mpeoOialaioT BHUIBI,
oTHocsalmecss K poay Rosa L. OHM BXOIAT B COCTaB KYCTapHUKOBBIX CTemned, 0o0pa3yroT
CaMOCTOSITeNIbHBIE TPYIIBlI U YHUKAJIbHbIE COOOIIECTBA.

Keywords: mountain-xerophytesteppe, taxonomic composition, life form, ecological group.

Kntouesvie crnosa: TopHO-KCcepo(UTHAS CTEIb, TAKCOHOMUYECKUN COCTaB, KU3HEHHas (opma,
AKOJIOTMYECKas Tpymmna.

Due to its rich flora, Nakhchivan Autonomous Republic has always attracted interest by being
different from other botanical-geographical regions of Azerbaijan and the Caucasus. As a result of
the fact that the Autonomous Republic is a typical mountainous country, vegetation is divided into
distinct zones. One such zone is the territory of Shahbuz region, which differs from other places due
to its vegetation and fertile soil. There are many studies on the composition, structure and dynamics
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of the vegetation of Shahbuz region. However, little attention has been paid to the characteristics of
mountain-xerophyte and steppe vegetation in the region.

The mountainous relief of Nakhchivan MR has caused the vegetation of the region to be
divided into easily distinguishable zones. The research conducted by us allows to determine the
important features characteristic of the woody species of the Rosaceae family of the mountain-
xerophyte and steppe zone flora of Ordubad region. In the structure of the mountain-xerophyte and
steppe complex, shrubs, especially woody species of the Rosaceae family, occupy an important
place.

Material and methodology
Research has been carried out since 2019. The mountain-xerophyte-steppe zone of the flora of
the Shahbuz region of Nakhchivan MR was chosen as the study area, and tree species belonging to
the Rosaceae family were chosen as the object of study. To clarify the species, we used the books
by A. M. Askerov “Flora of Azerbaijan” [5], A. Sh. Ibragimov, M. Z. Piriev, D. Sh. Ganbarov
“Trees and shrubs of the Rosaceae family on the territory of the Nakhchivan Autonomous
Republic” [17].

Discussion and conclusions

Rosaceae family is one of the main families spread in the flora of Nakhchivan Autonomous
Republic. In the mountain-xerophytic and steppe vegetation of the flora of the Autonomous
Republic, tree species of the Rosaceae family are characterized by 79 species belonging to 12
genera of the family. Thus, as a result of processing the materials of personal field research
conducted by us, it was established that in the mountain-xerophytic and steppe zone of the flora of
the Ordubad district of the region, 48 species belonging to 11 genera of the Rosaceae family were
found. The systematic composition and floristic analysis of tree species of the Rosaceae family,
widespread in the mountain xerophytic and steppe vegetation of the study area, are reflected in
Table 1[1, 3, 4, 7, 8, 11-14].

Table 1
SYSTEMATIC COMPOSITION AND FLORISTIC ANALYSIS OF WOODY SPECIES

OF THE Rosaceae FAMILY SPREADING IN THE STUDIED AREA

No Species name Life forms Ecological Geographical area
groups classes

1. Cotoneaster integerrimus nanophanerophytes xerophytes Europe
2. C. melanocarpus nanophanerophytes xerophytes Palearctic
3. C. multiflorus nanophanerophytes xerophytes Central Asia
4. C. suavis nanophanerophytes xerophytes Central Asia
5. C. saxatilis nanophanerophytes xerophytes Central Asia
6. Crataegus caucasica microphanerophytes ~ xeromesophytes  Atropatan
7. C. cinovskissi microphanerophytes ~ mesophytes Atropatan
8. C. monogyna microphanerophytes ~ mesoxerophytes  Europe
9. C. orientalis microphanerophytes ~ mesoxerophytes  Eastern Mediterranean
10. C. pallasii microphanerophytes ~ mesoxerophytes  East-Pontic
11.  Louiseania ulmifolia microphanerophytes ~ mesoxerophytes ~ Unknown
12.  Malus orientalis microphanerophytes ~ mesophytes Caucasus
13.  Prunus communis microphanerophytes ~ mesophytes Front Asia
14.  P.divaricata mesophanerophytes mesophytes Eastern Mediterranean
15.  P.fenzliana microphanerophytes  xerophytes Front Asia
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MNo Species name Life forms Ecological Geographical area
groups classes

16.  P.incana nanophanerophytes xerophytes Iran

17.  P.microcarpa nanophanerophytes xerophytes Iran

18.  P.nairica nanophanerophytes xerophytes Atropatan

19.  Pyracantha coccinea nanophanerophytes mesophytes Eastern Mediterranean

20.  Pyrus medvedevii mesophanerophytes xerophytes Atropatan

21.  P.oxyprion mesophanerophytes xerophytes Atropatan

22.  P.salicifolia mesophanerophytes mesophytes Iran

23.  P.georgica mesophanerophytes xerophytes Iberia

24.  P.megrica microphanerophytes ~ mesoxerophytes  Atropatan

25.  Rosa brotherorum nanophanerophytes mesophytes Caucasus

26.  R. buschiana nanophanerophytes mesophytes Caucasus

27. R.canina nanophanerophytes mesophytes Western Palearctic

28.  R. chomutoviensis nanophanerophytes mesophytes Unknown

29. R. hracziana nanophanerophytes xerophytes Atropatan

30. R.iberica nanophanerophytes xerophytes Asia Minor

31.  R.multiflora microphanerophytes ~ mesoxerophytes  Eastern Mediterranean

32.  R.nisami nanophanerophytes mesophytes Atropatan

33.  R.orientalis nanophanerophytes xerophytes Atropatan

34.  R.sachokiana nanophanerophytes xerophytes Albania

35.  R.sosnovskyana nanophanerophytes mesophytes Caucasus

36. R.tomentosa nanophanerophytes mesophytes Europe

37. R tschatyrdag nanophanerophytes xerophytes Unknown

38.  R.tuschetica nanophanerophytes xeromesophytes  Caucasus

39.  Rubus anatolicus nanophanerophytes mesophytes Caucasus

40.  R. caesius nanophanerophytes mesophytes Western Palearctic

41.  R.ibericus nanophanerophytes mesophytes Caucasus

42.  Spiraea crenata nanophanerophytes mesoxerophytes  Pontic Sarmatian

43. S, hypericifolia nanophanerophytes mesoxerophytes  Pontic Sarmatian

44.  Sorbus persica microphanerophytes ~ mesoxerophytes  Iran

45. S luristanica microphanerophytes ~ xeromesophytes  Iran

46.  S.roopiana microphanerophytes ~ mesophytes Iran

47. S takhtajanii microphanerophytes ~ xeromesophytes  Unknown

48.  S.turcica microphanerophytes  xerophytes Atropatan

Life forms, as types of adaptation structures, demonstrate on one hand the ways in which

different types of plants adapt to the same conditions, and on the other hand, the possibilities of
similarity of these ways in unrelated plants belonging to different species, genera and families.
Therefore, the classification of life forms cannot be compatible with the usual classification of
systematics based on the structure of reproductive organs and reflecting the common origin of
plants. The classification of life forms is based on the structure of vegetative organs.

Based on K. Raunkier’s system, an analysis of the life forms of tree species belonging to the

Rosaceae family of the mountain-xerophytic and steppe zone of the flora of the Ordubad region was
carried out. Although his system was relatively simple, it was nonetheless a perfect system. He
argues that to identify forms of life, one must pay attention to three basic nuances. This system is
characterized mainly by important morphological features rather than by the appearance of the plant
(2,9, 18].

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

43



Bronnemens nayxu u npaxmuxu | Bulletin of Science and Practice T. 10. Ne7. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/104

Taking into account the above, the life forms of the woody species of the mountain-xerophyte
and steppe zone of the Shahbuz region flora, which are included in the Rosaceae family, are
grouped into 3 subtypes of phanerophytes. Mesophanerophytes are trees up to 8-30 m tall,
microphanerophytes are trees and shrubs up to 2—8 m tall, and nanophanerophytes are shrubs less
than 2 m tall. Of the woody species of the mountain-xerophyte and steppe zone of the Ordubad
region flora, 27 are nanophanerophytes, 16 are microphanerophytes, and 5 are mesophanerophytes
(Figure 1) [8, 16].

i

m nanophanerophytes
® microphanerophytes
= mesophanerophytes

Figure 1. Life forms of woody species belonging to the Rosaceae family of the mountain-xerophyte
and steppe zone of Ordubad region flora

Water is important as an ecological factor in spreading plants over wide areas under different
climatic conditions, spreading them in different areas and forming different groups. Plants are
divided into different ecological groups. Spreading of woody species of the Rosaceae family of
Nakhchivan MR by ecological groups was carried out according to Shennikov’s classification
system. Mesophytes occupy an intermediate position between hydrophytes and xerophytes in their
relation to moisture and their requirements. Mesophytic plants are mainly forest, shrub, subalpine,
alpine plants. Xerophytic species are plants that spread mainly in dry areas and have acquired
various adaptations to moisture deficiency. This group of plants includes desert, dry steppe, thorn
sparse forest, rocky, etc. refers to the plants common in the areas. There are also plants that are
mesophytic in origin and lead a relatively xerophytic lifestyle by adapting to their ecological
environment. These plants are mesoxerophytic plants. Xeromesophytes occupy an intermediate
position between xerophytes and mesoxerophytes. They are mostly found in forest clearings and
sparse bush areas, and especially in the north-west and south-west of the mountain slopes [6].

m xeromesophytes
38%

B mesoxerophytes
= xerophytes

3% 35% m mesophytes

Figure 2. Ecological groups of woody species belonging to the Rosaceae family of the mountain-
xerophyte and steppe zone of Ordubad region flora
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From Figure 2 it is known that in the mountain-xerophytic and steppe regions of the Ordubad
region, mesophytes are represented by 17 species, xerophytes — by 18 species, mesoxerophytes —
by 9 species, xeromesophytes — by 4 species.

Areal types of species reflect the relationship between the flora of the studied region and the
flora of large areas surrounding this region, leading to the study of species' migration routes from a
historical point of view. Based on available literature sources and our personal field research, it was
determined that the woody species of the Rosaceae family of the mountain-xerophytic and steppe
zone of Shahbuz region belong to different areal types and classes, which allows us to determine the
migration routes of the species to the area.

Based on zonal and regional principles, the woody species of the family spreading in the
studied area were analyzed in 4 types of geographical areas and 15 areal classes [10; 15].

As can be seen from the given diagram, the Xerophilic areal type includes 26 species, the
Caucasian areal type-9, the Boreal areal type-6, and the Desert areal type 3 species (Figure 3). The
habitat type of 4 species is unknown.

m Xerophilic

m Boreal
Desert

m Caucasian

m Unknown

Figure 3. Areal types of woody species belonging to the Rosaceae family of the mountain-
xerophyte and steppe zone of Ordubad region flora

Thus, as a result of the conducted research, the taxonomic composition of 48 woody species
of the mountain-xerophytic and steppe zone of the Ordubad region flora included in the Rosaceae
family was determined and grouped according to their life form, ecological group and areal classes.
The result of the research was considered an important scientific base for studying the flora of the
mountain-xerophyte and steppe zone of Ordubad district flora.

Conclusions

1. As a result of the conducted research, it was determined that woody plants belonging to the
Rosaceae family are characterized by 48 species belonging to 11 genera in the mountain-xerophytic
and steppe areas of Ordubad region, and it was found that Rosa — 14 (29.1%), Prunus — 6 (12,
5%), Crataegus — 5 (10.4%), Pyrus — 5 (10.4%), Sorbus — 5 (10.4%), Cotoneaster — 5 (10.4%),
Rubus — 3 (6, 25%), Spiraesa — 2 (4.16%), Malus, Louiseania and Pyracantha — 1 species
(2.08%) are found.

2. The analysis of life forms shows that the woody species of the mountain-xerophyte and
steppe zone of the Ordubad district flora, which are included in the Rosaceae family, are grouped
into 3 subtypes of phanerophytes. It was found that mesophanerophytes are represented by 5
(10.5%), microphanerophytes by 16 (33.3%), and nanophanerophytes by 27 (56.2%) species.
According to ecological groups, mesophytes are represented by 17 (35.41%), xerophytes 18
(37.5%), mesoxerophytes 9 (18.75%), xeromesophytes 4 (8.33%) species.
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3. In the mountain-xerophytic and steppe areas of Ordubad region, there are 26 types of
woody plants belonging to the Rosaceae family, Xerophilic areal type-9, Caucasian areal type-9,
Boreal areal type — 6, and 3 species of the Desert areal type. The areal type of 4 species is not
known.
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MOUNTAIN-XEROPHYTIC VEGETATION TYPE FOUND IN DARIDAG
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T'OPHO-KCEPO®UTHBIN TUII PACTUTEJIBHOCTH JJAPUJIATA

©Ieitoaposa A., ORCID: 0000-0002-4974-0849, Haxuuesanckuii 20cy0apCcmeeHHblll
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Abstract. Information about the mountain-xerophytic type of vegetation of the Daridag area is
presented. Areas at an altitude of 1200-1600 m above sea level are characterized by plant species
with mountain xerophytic vegetation. Mountain xerophytic flora is not homogeneous and represents
a set of individual phytocenosis. Ephemeral plants play an important role in this vegetation. In
addition to ephemerals, the vegetation includes bulbous, tuberous, and various grasses, mainly:
Rhamnus pallasii Fisch. & C. A. Mey., Astragalus microcephalus Willd., Astragalus beckerianus
Trautv., Astragalus aduncus Willd., Thymus kotschyanus Boiss. & Hohen., T. collinus M. Bieb.,
Euphorbia seguieriana Neck., Caragana grandiflora (M. Bieb.) DC., Atraphaxis spinosa L.,
Acanthophyllum mucronatum C. A. Mey., Zygophyllum atriplicoides Fisch. & C. A. Mey., Z. fabago
L., Acantholimon araxanum Bunge etc. In total, the study identified 6 groups of formations and 16
associations. These include thorn shrubs, monodominant tragacanth xerophytic shrubs, cushion
xerophytic shrubs, subshrub phrygana and mixed shrubs, which are included in the mountain
xerophytic vegetation type. The phytocenosis of mixed herbaceous shrubs is comprised of 35
species, of which 10 species are shrubs (28.56%), 1 species is a semi-shrub (2.86%), 1 species is a
shrub (2.86%), 2 species are semi-shrubs (5.72%), and 21 species are perennial and biennial (60%)
plants. With regard to their life forms, of the 21 species included in the monodominant tragacanth
xerophytic shrub grouping, three species are shrub-like, two species are shrubs, two species are
semi-shrubs, and 14 species are perennial grasses.

Annomayus. TlpencraBieHbl CBEJEHHS O TOPHO-KCEPO(UTHOM THIE PACTUTEIBHOCTH
HMapunara. J{ns yuactkoB Ha BbicoTe 1200-1600 M Hax ypoBHEM MOPsI XapaKTEpHBI BUJIbl pPACTECHUN
c ropHo-kcepouTHON pactutenbHocThio. [OpHas kcepoduTHass ¢opa He OAHOpPOAHA U
MPEACTABISIET CO00M HA0OpP OTAENBHBIX (PUTOLIEHO30B. DdeMepHbIe PACTEHUS WUTPAOT BAXKHYIO
poib B 3TOM pacTuTenbHOCTH. [loMuMO 3emepoB, B cOCTaB paCTUTEIBHOCTH BXOJAT JIYKOBUYHBIE,
KIIyOHEBbIE, pa3IMyHbIe 3J1aKU, B OCHOBHOM 3T0: Rhamnus pallasii Fisch. & C.A. Mey., Astragalus
microcephalus Willd., Astragalus beckerianus Trautv., A. aduncus Willd., Thymus kotschyanus
Boiss. & Hohen., T. collinus M. Bieb., Euphorbia seguieriana Neck., Caragana grandiflora (M.
Bieb.) DC., Atraphaxis spinosa L., Acanthophyllum mucronatum C. A. Mey., Zygophyllum
atriplicoides Fisch. & C. A. Mey., Z. fabago L., Acantholimon araxanum Bunge u T. 1. Bcero B
X0JIe MCceoBaHusl ObUIO BbIABIECHO 6 rpynn ¢opmauuit u 16 accormanuif. K HuUM oTHOcATCs
TEPHOBBIE  KYCTapHHKH, MOHOJOMHHAHTHBIE TpPAarakaHTOBBIE KCEPO(MUTHBIE KYCTApPHUKH,
MOJYIIKOBUIHBIE KCEPOPHUTHBIE KYCTapHHUKH, TIOTYKYyCTapHUKOBas (pUraHa W CMeEIIaHHBIC
KyCTapHHMKH, KOTOpble BXOAAT B TOPHO-KCEPO(PUTHBIM THUII PACTUTENBHOCTH. DUTOLEHO3
CMELIAHHBIX TPABIHUCTBIX KYCTApPHUKOB COCTOMT U3 35 BHIOB, M3 KOTOphIX 10 BHIOB —
KycTapHukH (28,56%), 1 Bun — nonykycrapauku (2,86%), 1 Bung — kycrapuuuku (2,86%), 2 Bunia
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— nonykyctapHuku (5,72%), 21 Bung — mHorosietHue u asyaetaue (60%) pacrenus. 13 21 Buna,
BXOJSIIIET0 B MOHOJOMHHAHTHYIO TIpYNIy KCEpO(QUTHBIX KyCTApHUKOB, 3 BHUAA SBISIIOTCA
KYCTapHUKOBBIMH, 2 BUJAa — KYCTapHUKaM{, 2 BHUJA — IMOJyKyCTapHUKamMu U 14 BUIOB —
MHOTOJICTHUMH TPaBaMHU.

Keywords: Daridag, mountain-xerophyte vegetation type, phytocenosis, formation,
association.

Knrouesvie cnosa: Jlapunar, ropHO-KCEpO(UTHBIII THI PACTUTENBHOCTH, (DUTOLICHO3HI,
dbopmarm, accolralui.

The territory of the Nakhchivan Autonomous Republic is a distinctive region in terms of the
richness and variety of its vegetation. The primary factor contributing to this diversity is the region's
diverse physical-geographical and natural-historical conditions. From this perspective, the Daridag
area in the Nakhchivan Autonomous Republic stands out for its rich and distinctive vegetation. The
elevation above sea level in these areas is characterized by the development of various types of
semi-desert, mountain xerophyte (gariga, frigana) and mountain steppe vegetation, as is the case
throughout the entire territory of the republic. The vegetation of this area contains a considerable
quantity of essential oil, which can be poisonous and thorny. As one progresses towards the plains,
this vegetation is observed to intermingle with semi-desert species. Conversely, as one ascends in
altitude, it is observed to form transitional groups by intermingling with mountain xerophyte
species. Nevertheless, mountain xerophyte vegetation constitutes a distinct zone and is typified by
its own distinctive flora.

One of the most distinctive features of the vegetation in the Nakhchivan Autonomous
Republic is the prevalence of xerophytic elements, including grass polycarpia, numerous
ephemerals, widespread xeromorphic shrubs and semi-shrubs, and mountain-xerophyte vegetation
found in mountainous areas. This vegetation is particularly prevalent in areas between 1,200 and
1,300 meters above sea level and 1,600 meters, with the greatest density observed in the foothills.
However, in some areas, it is represented by small fragments, limited to dry, well-lit rocky and
gravelly slopes. The diversity of these groups is characterized by the presence of pillow-shaped,
dwarf, shrub and semi-shrub forms or small trees, which can be distinguished by their gradual
transitions. A considerable number of species belonging to the genera Astragalus, Onobrychis, and
Acantholimon exhibit prickly pillow-shaped forms. They typically do not develop semi-bush, hard-
leaved plant formations, closed cenoses, such as phrygana and tragacanths. This vegetation is often
referred to as garigue vegetation, which is defined as a community of shrubs and semi-shrubs that
do not exceed knee height.

Material and methodology of the research

The research object was the study of the plants included in the mountain xerophyte vegetation
type of the Daridag flora and the phytocenosis formed by them between 2018 and 2024. The flora
of Daridag, the study area, is notable for its extensive area of gray and light chestnut-colored soils,
which occur at altitudes ranging from 800 to 1927 meters above sea level.

Researchers who have been studying the vegetation of the Nakhchivan Autonomous Republic
for an extended period, including A. Sh. Ibrahimov, have provided detailed descriptions of the types
of vegetation that are found in the region. A. Sh. Ibrahimov, who has recently conducted research on
the Nakhchivan Autonomous Republic, has observed that the region comprises 1,700 associations,
which are divided into 430 formations belonging to 17 distinct vegetation types [4, 16—19].

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 50



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne7. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/104

It is important to note that while the mountain xerophyte vegetation of the flora of the
autonomous republic, as well as the Daridag flora, has been studied in general, these studies do not
fully reflect the mountain xerophyte vegetation of the Daridag flora.

Experimental section

The flora of the Daridag region, situated at an altitude of 1200-1500 meters above sea level, is
distinguished by the presence of plant species belonging to mountain xerophytic vegetation.
Mountain xerophyte vegetation is not a homogeneous entity, but rather a complex assemblage of
distinct phytocenosis. In fact, the characteristics of the phytocenosis that comprise freegana
vegetation can be modified depending on the exposure of the areas where the phytocenoses are
located, the slope of the mountain slopes, the bioecological characteristics of the species that
comprise the phytocenosis, and the abundance of stony-rocky and outcrops in the area. Conversely,
the prevalence of these phytocenosis is also contingent upon the diversity of species present in the
surrounding vegetation. It is also noteworthy that ephemeral plants play a significant role in this
vegetation. The presence of these plants in the composition, like that of other species, contributes to
the species richness of the area. In addition to ephemerals, bulbs, tubers, various grains and mainly
Rhamnus pallasii Fisch. & C. A. Mey., Astragalus microcephalus Willd., Astragalus beckerianus
Trautv., 4. aduncus Willd., Thymus kotschyanus Boiss. & Hohen., T. collinus M. Bieb., Euphorbia
seguieriana Neck., Caragana grandiflora (M. Bieb.) DC., Atraphaxis spinosa L., Acanthophyllum
mucronatum C. A. Mey., Zygophyllum atriplicoides Fisch. & C. A. Mey., Z. fabago L.,
Acantholimon araxanum Bunge and other types of plants that form the main cenoses, a wide range
of other plant species are also found in Phrygana [1, 20].

At the time of the study, the mountain xerophyte vegetation type was found to include six
distinct formations and 16 associations within the following formation classes: thorny bushes,
monodominant tragacanth xerophytic bushes, pillow-shaped xerophytic bushes, semi-bush
phrygana, and mixed bushes.

Thorn bushes. Indeed, these phytocenosis comprise a heterogeneous assemblage of semi-
desert vegetation and original mountain xerophyte plants. They extend to considerable heights in
arid clay and stony, infertile soils, particularly in low hilly areas and along the sides of valleys. They
also accommodate other xerophyte shrubs and wormwoods.

Thorny phytocenosis are dominated by Prunus fenzliana, Atraphaxis angustifolia,
Zygophyllum atriplicoides, Caragana grandiflora, Rhamnus pallasii species, which are found in
xerophytic shrubs. In addition to the aforementioned plants, Hedysarum formosum, Isatis bungeana,
Bromus scoparius, Nonea caspica, Senecio vernalis, Stipa lessingiana, some Astragalus species,
Allium szovitsii and other similar species are also found in phytocenosis (Table 1).

Table 1
PHYTOCOENOLOGICAL STRUCTURE AND SPECIES COMPOSITION
OF THORN BUSHES FORMATION
No Name of species Abundance, point  Height withcm  Tier
1 Zygophyllum atriplicoides Fisch. & C.A. Mey. 3-4 75-90 I
2  Prunus fenzliana Fritsch 2-3 200-300 I
3 Rhamnus pallasii Fisch. & C.A. Mey. 3-4 90-150 I
4 Atraphaxis spinosa L. 4-5 40-95 I
5 Isatis iberica Steven. 1-2 15-20 I
6 lsatis ornithorhynchus N. Busch 1-2 15-18 I
7  Hedysarum formosum Fisch. & C. A. Mey. ex Basin. 2-3 20-50 1
8 Roemeria refracta DC. 2-3 35-40 1
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9  Gladiolus atroviolaceus Boiss. 1 45-60 I
10 Bromus japonicus Houtt. 1-2 25-30 11
11  Stipa lessingiana Trin. & Rupr. 2 30-35 Il
12 Nonea rosea Link. 1-2 6-15 v
13 Senecio vernalis Waldst. & Kit 3-4 20-50 I
14 Ajuga orientalis L 2-3 10-15 v
15 Gypsophila szovitsii Fisch. & C. A. Mey. ex Fenzl 1 25-45 1
16 Iris caucasica Hoffm. 1 6-8 v
17  Leopoldia caucasica (Griseb.) Losinsk. 1 5-10 v
18  Tulipa biflora Pall. 1-2 6-8 v
19  Odontarrhena muralis (Waldst. & Kit.) Endl. 1-2 10-15 v
20  Ziziphora tenuior L. 2-3 8-15 v
21  Euphorbia marschalliana Boiss. 2-3 5-8 v

Mixed bushes. The formation class in question comprises xerophytic plants and a variety of
xerophytic shrubs, situated at an altitude of 1200-1500 meters above sea level.

Mixed thickets with various herbs. The formation of multi-herb thickets is composed of
xerophytic shrub plants, which are found on the northern and northwestern slopes of the valleys in
the area, especially towards the beds of the valleys, mainly at the bottom of the valleys. Small trees
and shrubs are occasionally observed in small, isolated clusters in the narrow, rocky soil areas on
the slopes of the valley. The Rosa L., Crataegus L. and Rhamnus L. species are distinguishable by
their single, small bushes that are particularly prevalent in the rocky interstices. In areas of higher
elevation, particularly in those with soil, bushy forms such as Pyrus salicifolia Pall. and Rosa
canina L. are observed [5-7, 11-14].

The relatively large number of shrubs coenosis towards the interior of the valleys is likely a
consequence of the high humidity caused by the accumulation of more water in the valleys during
the spring and autumn rains. Although the shrub coenosis appear to be dense and compact, they are,
in fact, distributed at considerable distances from one another and form mixed communities.
Tamarix ramosissima Ledeb. bushes are observed in the area. Small bushes of Ephedra procera
Fisch & C. A. May are interspersed in the relatively stony areas along the side of the stream towards
the mountain slopes. In particular, the presence of small shrubs such as P. microcarpa, Cotoneaster
suavis, C. saxatilis, Acer monspessulanum, Rhamnus pallasii, Prunus fenzliana although relatively
uncommon, contributes to the distinctive character of the vegetation in stony-rocky areas. It also
illustrates the intricate composition of shrub phytocenosis.

Pyrus medvedevii a rare plant species within the phytocenosis, is observed in only two
locations [10].

It is evident that the development of grass and shrub-like polycarpy in the northern and
northwestern exposures of the mountain slopes appears to be mesophytic. However, both grass and
shrub plants found in these areas are elements of a highly xerophytic nature. It can be reasonably
assumed that, given the high angle of sunlight received by these areas, elements of a mesophytic
nature should have developed. In the higher zones, especially in the middle and other areas at this
altitude (1927 m), mesophytic elements, mainly in the northern and northwestern exposures of the
area, should have been noticeable at least to some extent. However, the inclination of the mountain
range where Daridag is located towards the plain area of the autonomous republic creates conditions
that favour the development of xerophytic elements in the studied area.

The bush senoses exhibit a diverse composition, with the grasses displaying varying
compositions that have been influenced by the elements of polycarpy in different areas and in
varying forms. This has led to a relatively complex composition of the senoses. Among the
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representatives of the polycarpia genus, the most common herb in phytocenoses, mixed-herb mixed-
shrub senoses are found in the Daridag region, which is located on brown mountain soils and on
mountain slopes at an altitude of 1200-1600 m above sea level.

The phytocenosis comprised 35 species, of which 10 were shrubs (28.56%), 1 was a semi-
shrub (2.86%), 1 was a shrub (2.86%), 2 were semi-shrubs (5.72%), and 21 were perennial and
biennial plants (60%). The phytocenosis, which comprises 35 species, is dominated by xerophytic
elements. The formation is dominated by shrubs. Level IV is discernible in the structure of the
phytocenosis. The first layer of the phytocenosis is composed of shrubs. Tier III is composed of
shrubs and tall grasses. In certain areas, thorn bushes may form the second layer. In phytocenosis,
the project cover of grass polycarpia is estimated to be between 60 and 70%. The formation is
composed of a single association.

Cereal mixed-herb thickets with stony-gravel and poorly developed soil layers are prevalent
on the slopes of valleys and mountainsides. The composition of the phytocenosis is more diverse
than that of other cenoses, with a greater prevalence of xerophytic elements. In fact, these
phytocenosis are semi-closed phytocenosis. In particular, in stony and rocky areas, they become
sparser and more become open phytocenosis. As the plant group becomes more diverse in thick soil
and relatively north-facing exposures, it forms closed communities. Although stratification is
clearly visible in areas rich in soil and species richness of phytocenosis, in stony and gravelly areas,
stratification is not very clearly distinguished, depending on the species richness.

This phenomenon is particularly evident in areas where shrub vegetation is sparsely
distributed. In some instances, the phytocenosis can be divided by natural factors, particularly in
rocky and rocky areas, ravines, and ravines. Despite the fact that grass cover is more densely
located in more areas within the cenoses, shrub plants are very sparsely distributed. In areas with
dense grass cover, species are taller than in open areas. In particular, the height difference is more
pronounced in the shrubbery of the valleys. It is evident that the species composition of the
phytocenosis in the Daridag area becomes increasingly diverse with increasing altitude. This
phenomenon is associated with the observed migration of high mountain steppe species to the area.
In areas where there is no shrubbery at the edges of the stream, tall cereal plants are often replaced
by Eryngium campestre, Ziziphora biebersteiniana, Achillea nobilis, Thymus collinus, Nepeta
meyeri, Silene arenosa, Eremostachys molucelloides, Th. kotschyanus, Phlomis orientalis, Prangos
acaulis species, particularly in the gravelly areas of the pomegranate. In particular, the gradual
increase of various legume species (Astragalus beckerianus Trautv., A. caraganae Fisch. & C.A.
Mey, A. prilipkoanus Grossh. Onobrychis montana DC. etc.) towards sandy and rocky areas, and
the increase of legumes and more towards the edges, mainly of Tragacanthus species (Thymus
collinus, Th. kotschyanus) in sandy and stony rocky areas, demonstrates the dominance of thyme
associations. The presence of ephemeral and ephemeroid plant species plays a distinctive role in the
enrichment of phytocenosis in areas where plant diversity is limited.

In general, the flora of these areas is composed of plants that have evolved to thrive in the
xerophytic environment, exemplified by semi-desert plants. These species exhibit xerophytic
characteristics in their general structure. These plant species have evolved certain characteristics in
response to the extreme conditions of the area. The highest plant mass is observed in subshrubs,
while the lowest is observed in ephemerals and ephemeroids. The water content of the leaves
exhibited a range of 47.6% to 68.5%. The most water-deficient plants were observed to be the
ephemerals, with the least water-deficient plants being the perennials, particularly the subshrubs.
Xerophytes demonstrate adaptation to drought through the general reduction of the transpiration
surface with the metamorphosis of the above-ground part, accompanied by an increase in the root
sphere.
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The aforementioned areas are most susceptible to anthropogenic influences during the spring
and autumn seasons. The regular grazing of these areas, particularly following the autumn rains and
during the peak of humidity in the spring, is a significant contributing factor to the degradation of
vegetation and soils. In the contemporary era, the dynamics of semi-desert, mountainous xerophyte,
and mountain steppe vegetation are largely influenced by anthropogenic factors, including
reclamation, construction of hydrotechnical facilities, reforestation, grazing, and other activities.

The association encompasses a total of 35 species. The following table illustrates the
composition of the phytocenosis (Table 2).

Table 2
PHYTOCOENOLOGICAL STRUCTURE AND SPECIES COMPOSITION
OF MIXED SHRUBS WITH CEREAL GRASSES

No Name of species Abundance, point Height, cm Tier
1 Prunus fenzliana (Fritsch) Lipsky 2 150-200 |
2 Prunus microcarpa C. A. Mey. 1-2 80-120 |
3 Cotoneaster suavis Pojark. 1-2 75-95 |
4 Cotoneaster saxatilis Pojark. 1-2 50-70 |
5 Pyrus medvedevii Rubtzov 1-2 300 |
6 Pyrus salicifolia Pall. 1-2 250-300 |
7 Rosa canina L. 1-2 80-100 |
8 Rhamnus pallasii Fisch. & C. A. Mey. 1-2 125-180 |
9 Astragalus microcephalus Willd. 3 50 Il
10  Acantholimon araxanum Bunge 1-2 15-20 I
11  Astragalus argyroides Beck 1-2 20-25 I
12 Astragalus beckerianus Trautv. 1-2 25-30 I
13 Thymus kotschyanus Boiss. & Hohen. 1-2 9-10 v
14 Thymus collinus M. Bieb. 2 15-25 I
15  Eryngium campestre L. 1-2 20-28 il
16  Ziziphora biebersteiniana Grossh. 1-2 15-25 11
17 Achillea nobilis L. 1-2 25-30 1
18  Onobrychis montana DC. 1-2 30-35 I
19  Prangos acaulis (DC.) Bornm 1 20-25 Il
20  Silene arenosa K.Koch 1 15-20 11
21  Eremostachys molucelloides Bunge 1 70-95 |
22 Nepeta meyeri Benth. 1-2 15-30 I
23 Phlomis orientalis Mill. 1-2 23-26 Il
24 Astragalus prilipkoanus Grossh. 1 25-30 I
25  Medicago varia Martyn. 1-2 25-30 I
26  Medicago minima (L.) Bartal. 1-2 18-25 11
27  Tamarix ramosissima Ledeb. 1-2 80-90 |
28  Celtis glabrata Stev. ex Planch. 1 120-150 |
29  Euphorbia marschalliana Boiss. 1-2 12-15 v
30  Reseda lutea L. 1-2 20-25 11
31  Cymatocarpus grossheimii N.Busch 1 15-20 I
32  Lepidiumdraba L. 1-2 12-15 v
33 Scutellaria darriensis Grossh. 1 15-20 v
34  Rubia rigidifolia Pojark. 1-2 18-25 Il
35  Verbascum pyramidatum M.Bieb. 1-2 40-50 I
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Monodominant tragacanth xerophytic thickets. The plant species included in this class are
tragacanth plants, which are found in most parts of the autonomous republic.

Tragacanth plants are primarily composed of species of Astragalus L. They are typically
found on open rocky and clayey erosion slopes, cliffs, and on the edges of conglomerates. They are
also present to a lesser extent on plains and humus soils.

Tragacanths, the most prevalent species of chasmophyte groups, serve as the foundation for
petrophytic tragacanthous plants of mountain xerophyte and mountain steppe vegetation. In local
populations, their numbers range from a single specimen to several hundred individuals. It is
noteworthy that this grouping is particularly susceptible to decline due to anthropogenic pressure. In
fact, this formation class is manifested in the form of several associations, but the dominance of
mixed Astragalus L. species is evident [3, 8].

The composition of the formation is primarily Astragalus L. and various Acantholimon
Boiss.. These species are particularly prevalent in the north-east, south and south-east exposures of
the area. The presence of a variety of ephemeral and grain plants, as well as other fodder species,
within the phytocenosis renders these areas more susceptible to anthropogenic influences. In
particular, the utilisation of these areas as pasture during the winter months serves to accelerate this
process. Although the majority of the groupings are composed of tragacanthic elements, the growth
in the area is notably weak, regardless of the seeding process. The species included in the grouping
are xerophytic elements that are widely distributed in stony-gravel and relatively poor soil areas.
The plants are typically small in size and exhibit some characteristics commonly observed in
xerophytic plants, including leaf thickening, leaf transformation into thorns, and other distinctive
traits. Notwithstanding these considerations, the species composition of the group is notably
diverse. However, it is an open grouping. From an ecological perspective, the majority of the
group's constituent elements are xerophytic plants. Of the 21 species included in the grouping
according to life forms, 3 species (14.3%) are shrub-like, 2 species are shrubs (9.5%), 2 species are
semi-shrubs (9.5%), and 14 species are perennial herbs (66.7%). In certain instances, the
composition of the group may vary depending on the level of exposure. Nevertheless, in all cases of
phytocenosis formation, the dominant plant species are the thorny Astragalus L. species. The
phytocenosis includes Astragalus beckerianus Trautv., A. crenatus Schult., A. caraganae Fisch. &
C. A. Mey and other species from the Astragalus L. species. Additionally, this composition
encompasses Teucrium polium, Hypericum scabrum, Acantholimon karelinii, Thymus kotschyanus,
Atraphaxis spinosa and other analogous species [2, 3, 8]. The total project coverage of phytocenosis
is estimated to range from 55% to 60%.

Cushion-shaped plants. The group of cushion-shaped xerophytic shrubs includes species such
as the smaller Acantholimon karelinii, A. araxanum, Astragalus microcephalus Willd. (A.
pycnophyllus Stev.) and A. karjaginii (Boriss.) Podlech. The roots of cushion plants extend deeply
into the soil. These plants branch above the root throat to form short branches with dense leaves.
The branches are dense and thin, approximately equal in length, and give the plants a pillow-like
shape. The small leaves of the plant are located within the cushion, thereby protecting the plant
from the effects of drought and lack of water. The layer of dead leaves that accumulate inside the
cushion over an extended period of time can serve as a protective barrier for the plant, as they retain
moisture for an extended period due to the influence of the water they receive during the rainy
season. The mineral substances contained in the humus and dust brought by the wind are of great
benefit to plant nutrition. Conversely, the temperature is relatively lower than the ambient
temperature due to the air circulation within cushion-shaped plants. This allows plants to thrive in
environments with high solar radiation.
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Although the composition of these phytocenoses is not floristically rich, it varies depending
on the exposure of the mountain slopes, the slope of the area, the height above sea level, and the
composition of the substrate. The design cover of vegetation typically ranges from 45% to 50% and
60% to 70%, respectively, contingent on the exposure of the area. The mixing of Onobrychis
cornuta (L.) Desv. species towards the upper zones relative to the composition of phytocenoses
results in qualitative variation of the species composition of phytocenoses..

The grouping of thistles is primarily observed in stony rocky areas and on soils with low
humus content. Nevertheless, the content of these phytocenoses is more diverse than that of other
areas. In particular, the migration of mountain steppe elements to the area serves to enhance the
richness of the area. The phytogrouping of Acantholimon araxanum Bunge, Astragalus karjaginii
Boriss., A. microcephalus Willd., Thymus collinus M.Bieb., Th. kotschyanus Boiss. & Hohen.
species is a recognized phenomenon. In certain instances, the incorporation of species belonging to
Nepeta, Phlomis, Salvia and other genera within the claystone regions of the territory contributes to
the further diversification of the phytocenosis. In areas with a stony-rocky terrain, the composition
of the tsetse grouping may be heterogeneous, comprising different types of tsetse.

The total project coverage of phytocenosis is estimated to range from 70 to 80%. However, in
rocky areas, the phytocenoses become more sparse and form open groups. In areas with thick soils,
the composition of the grouping is relatively homogeneous due to the high diversity of plant
species. Given the richness of the soil in these areas and the high competitiveness of these species,
it can be expected that the grass communities formed in the soils of these areas will be degraded,
especially as a result of various anthropogenic effects.

Vegetation formed by mountain xerophytic elements is composed of species that have adapted
to the harsh ecological conditions of highly extreme environments, such as semi-desert and rock
vegetation. Conversely, the harsh living conditions result in the selection of a limited number of
species, or ecotopic selection, which are capable of surviving in these conditions. Consequently,
highly specialized groups of species evolved in these mountain areas, exhibiting genotypic and
phenotypic adaptations to specific environmental conditions and life strategies. The most notable
adaptive features of xerophytic plants adapted to these areas are efficient dispersion forms, the
capacity to recuperate rapidly following rest, drought tolerance, diverse growth forms, the hardness
of leaves, the development of thorns, hairiness, the secretion of essential oils, and pillow-like forms.
As a consequence of ecotopic selection, each species will occupy a distinct ecological niche within
the mountain xerophyte area. Consequently, the succession of mountain-xerophyte vegetation is
primarily influenced by the alteration of edaphic conditions resulting from the accumulation of
mineral compounds and humus in the substrate.

Mountain xerophyte vegetation occupies a unique position within the Nakhchivan
Autonomous Republic. Subsequently, the semi-desert vegetation of the region evolved in the arid
zones of the low mountain belt, particularly in areas with limited water availability due to the high
permeability of the underlying rocks or where a significant amount of moisture is lost from the bare
rocky and gravelly slopes. The southern slopes, in particular the lower mountain belt of the region,
are the most arid areas. In these areas, more resilient and drought-resistant plants, including semi-
desert and steppe species, are prevalent. In the region's flora, the most prevalent xerophytic forms,
such as those belonging to the genus Tragacantha, are observed in the form of cushion-shaped
thorny semi-shrub plants. These plants possess long roots that extend to the moist layers of the
subsoil. The uniform temperature maintained between the cushion-shaped, dense stems and spines
of Astragalus reduces evaporation. Additionally, the area is home to a number of shrub species that
are characteristic of the region.
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Type: Mountain-xerophyte vegetation classification
Formation class: Astragaleta tragacanthus
Formation: Pure Astragaleta
Association: 1 Astragaletum microcephalus,
2. Astragaletum caraganae,
3. Astragaletum prilipkoanus;
4. Astragaletum beckerianus
Formation class: Thorn bushes
Formation: Zygophylleta atriplicoidae
Association: 1. Zygophylletum - varioherboso - peganosum)
2. Zygophylletum — graminoso - reaumuroso - atraphaxosum)
Formation: Caraganeta grandiflorae
Association: 1. Pure Caragana grandiflora
2. Caraganetum — varioherboso - zygophyllosum
3. Caraganetum - varioherboso - graminosum
Formation class: Cushion-shaped xerophytic thickets
Formation: Astragaletum acantholimonosum
Association: 1. Pure Acantholimonetum araxanum
2. Acantholimonoso - astragalosum
3. Pure Astragaletum microcephala
4. Acantholimonetum — artemiso - eremostachosum
Formation class: Friganas with half sleeves
Formation: Thymeta kotschyanus
Association: 1. Pure Thymus kotschyanus
2.Thymetum - astragaloso - acantholimonosum
Formation class: Mixed bushes
Formation: Variofruticosetum - varioherbosum
Association: Variofruticosetum — varioherboso - graminesum

Conclusion

The flora of Daridag at an altitude of 1200-1600 m above sea level exhibited mountain
xerophyte vegetation and was classified according to five formation classes, six formation groups,
and 16 associations.

The phytocenosis of multi-herb mixed bushes consisted of 35 species, of which 10 species
were shrubs (28.56%), 1 species was a semi-shrub (2.86%), 1 species was a shrub (2.86%), and 2
species were semi-shrubs (5.72%). Twenty-one of the identified types were composed of perennial
and biennial plants (60%).

A total of 3 species (14.3%) of the 21 species included in the Monodominant tragacanth
xerophytic shrub grouping are shrub-like, 2 species are shrubs (9.5%), 2 species are semi-shrubs
(9.5%), and 14 species are perennial grasses (66.7%).
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HEPBASI HAXOIKA Dysdera armenica Charitonov, 1956 (Araneae: Dysderidae)
N3 ASEPBAWI)KAHA

©Xacaeesa I1I. H., ORCID: 0009-0000-3052-5105, Uncmumym 300102uu npu Munucmepcmee
Hayku u obpazosanus Aszepoatiodcana, 3anaono-Kacnuiickuil ynugepcumem,
2. baky, Azepbatioacan, shafa_xasayeva@mail.ru

THE FIRST RECORD OF Dysdera armenica Charitonov, 1956 (Araneae: Dysderidae)
IN AZERBAIJAN

©Khasayeva Sh., ORCID: 0009-0000-3052-51035, Institute of Zoology of the Ministry of Science
and Education of the Republic of Azerbaijan, Western Caspian University,
Baku, Azerbaijan, shafa xasayeva@mail.ru

Annomayus. Dysdera armenica Charitonov, 1956, panee uzBectnas u3 Apmenuu u [pys3unu,
BIIEPBBIC OTMeUeHa [T (ayHbl maykoB AzepOaiimkana. [IpuBeseHo nepeonrucanne caMmia BMECTE C
¢dororpadusMu ero maabIbL.

Abstract. Dysdera armenica Charitonov, 1956 previously known from Armenia and Georgia,
is newly recorded for the spider fauna of Azerbaijan. A redescription of the male along with
photographs of its palp are provided.

Knrouesvie cnosa: Araneae, Dysdera, Dysdera armenica, A3epOaiiixan.

Keywords: Araneae, Dysdera, Dysdera armenica, Azerbaijan.

Dysdera Latreiile, 1804 is the largest genus within the spider family Dysderidae C. L. Koch,
1837 comprising over 325 described species [8]. Except for the cosmopolitan Dysdera crocata C.
L. Koch, 1838 and two erroneously placed species from South America [6], the genus is confined to
the West Palearctic and with it is major diversity center is located in the Mediterranean region [2,
p.141-269].

In the fauna of the Caucasus Dysdera is among the most speciose spider genera with 30
species and 2 subspecies currently known [5, 7]. Most of these taxa have been included in Dunin’s
revision of the Caucasian Dysderidae [3].

Currently, 16 species belonging to the genus Dysdera have been recorded in the spider fauna
of Azerbaijan.

During the course of a study of the spider fauna of western Azerbaijan we found a male
specimen D. armenica Charitonov, 1956, a species new for the fauna of this country that is reported,
redescribed and illustrated in the present paper. Dysdera armenica Charitonov, 1956 was
previously known in Armenia [1] and Georgia (Figure) [4].

Materials and methods
The specimen was hand collected from the leaf litter in mid-mountain forests in western
Azerbaijan. It was preserved in 75% ethanol and brought back to the laboratory, where it was
examined, using a Nikon SMZ 1270 stereomicroscope. All measurements used in the descriptions
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are given in mm. The specimen is deposited in the collection of Institute of Zoology of the Ministry
of Science and Education of the Republic of Azerbaijan (Baku, Azerbaijan).

The following abbreviations are used in the text. Male palp: AD — dorsal arch of anterior
diverticle, MA — median apophysis, PA — posterior apophysis, SP — spermatheca, TB — transverse
bar of posterior diverticle. Eyes: AER — anterior eye row, AME — anterior median eyes; PER —
posterior eye row, PLE — posterior lateral eyes, PME — posterior median eyes. Leg segments: Fe —
femur, Mt — metatarsus, Pt — patella, Ta — tarsus, Ti — tibia. Leg spination: Pd — prodorsal, Pl —
prolateral, Rd — retrodorsal, Rl — retrolateral, V — ventral.

Results
Family Dysderidae C. L. Koch, 1837
Genus Dysdera Latreille, 1804
Dysdera armenica Charitonov, 1956 (Figure).

1 2

Figure. Male of Dysdera armenica, bulb. 1 retrolateral 2 prolateral Scale bar = 0.2 mm.

Material — examined. 173, Azerbaijan, Gedabey District, Novo-Saratovka  vil.
(40°37'18"N 45°38'50"E), 19.04.2016, E. F. Huseynov.

Diagnosis. According to leg spination and conformation of the copulatory organs Dysdera
armenica belongs to the azerbajdzhanica species-group sensu Dunin [3].

Description. Male. Total body length 10.0. Carapace dark red 4.0 long, maximum width 3.0,
anterior margin width 1.7. AME diameter 0.19, PME diameter 0.16, PLE diameter 0.17. AER 0.5,
distance between AME approximately their diameter. PER 0.65, PME almost touching, distance
between PME and PLE less than half their diameter. Sternum, labium and maxillae orange.
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Chelicerae dark red, basal segment (lateral external view) 1.8 long, fang 1.3 long. Legs dark yellow,
formula I > IT > IV > III. Segment lengths are shown in Table 1. Legs I and II spineless. Legs III
and IV only with tibiae and metatarsi armored with spines. Leg spination is given in Table 2.
Abdomen cylindrical, greyish white 6.0 long.

Male palp as in Figure. Posterior apophysis with broad sclerotized proximal margin. Laterial
margin of lateral sheet broadly bifurcated either with three median teeth between two lateral ones.

Ecology. The specimen was found in the leaf litter in mid-mountain deciduous forests.

Distribution. The specimen was previously known from Armenia and Georgia. Thus, the
material represents a new record for Azerbaijan.

Table 1
LEG MEASUREMENTS OF Dysdera armenica MALE
Legs Fe Pt Ti Mt Ta Total
I 3.3 2 3 2.7 0.7 11.7
I 2.9 1.8 2.7 2.65 0.65 10.7
Il 2.25 1 15 2.1 0.6 7.45
v 3 1.35 2.2 2.65 0.7 9.9
Table 2
LEG SPINATION OF Dysdera armenica MALE
Leg segment Pr Rd Pl RI \Y
Ti I 1.1 0.1 0.0.2
TilV 0.1 11 0.0.2
Mt 11 111 1.1.0 1 1.2.0
Mt IV 1.1.1 1.1.1 2.2.2
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Annomayus. YenoBedeckuii OpraHU3M CYHIECTBEHHO HYXKIACTCS B XUMHUYECKHX SJIEMEHTax
AJIA pa3iIMYHbIX OMOXHUMHUYECKUX MponeccCoB U MeTa0O0INYECKUX peaKuHﬁ. MI/IKpOE)J'ICMCHTI)I TaKXKEe
HEOOXOIMMBI B OpPraHM3ME 4YENIOBEKA JIIS BBINIOJIHEHUS BaXHEWIMX (YHKIMHA B OpraHU3MeE
yenoBeka. [lenu uccredosanus: W3ydeHHE OUOJIOTUYECKOW 3HAYMMOCTH MHUKPOAIEMEHTOB B
OpraHU3Me YeJIOBEKa BXOISIIMX B CTPYKTYpy OHOJIOTMYECKH aKTUBHBIX BEIIECTB: (HEPMEHTOB,
TOPMOHOB U BUTaMUHOB. [Ipou3BeneH nuTepaTypHbi 0030p [0 3HAYUMOCTH MHUKPODJIEMEHTOB B
OpraHu3Me 4YejoBeKa, MPUBEICHBI TPUMEPhl BOSHUKAIONMUX OOJE3HEH MPH HEI0CTaTKe M M30BITKE
MHUKpPODJIEMEHTOB B Opranusme. HemocTarok MHKpPORIEMEHTOB TMPUBOAUT K CEPbe3HBIM
3a00JIeBaHUSIM OpraHu3Ma TaK KaKk OHU y4acTBYIOT B OOMEHE OEJIKOB, )KHPOB, YIJIEBOJOB, CHHTE3E
OelNKOB B OpraHm3Me, TEIUIOOOMEHE, KPOBETBOPEHHH, KOCTEOOpa30BaHUM, PENPOTYKIIHH,
UMMYHHBIX  peakiusx. [lpu  ynorpebneHnn  paUHUpPOBAHHBIX  MPOIYKTOB  HEXBATKY
MHUKpPODJIEMEHTOB W BHUTAMHUHOB MOXXHO YCTPAHHUThb TMPUEMOM MOJIMBUTAMHUHHO-MHHEPATbHBIX
KOMILIEKCOB.

Abstract. The human body essentially needs chemical elements for various biochemical
processes and metabolic reactions. Microelements are also essential in the human body to perform
essential functions in the human body. Research objectives. to study the biological significance of
microelements in the human body that are part of the structure of biologically active substances:
enzymes, hormones and vitamins. A literature review was carried out on the importance of
microelements in the human body, examples of diseases that occur with a deficiency and excess of
microelements in the body are given. A lack of microelements leads to serious diseases of the body
as they are involved in the metabolism of proteins, fats, carbohydrates, protein synthesis in the
body, heat exchange, hematopoiesis, bone formation, reproduction, and immune reactions. When
consuming refined foods, the lack of microelements and vitamins can be eliminated by taking
multivitamin-mineral complexes.

Knroueswie crosa: MHKPOSJICMEHTBI, OPraHnu3M YCJIOBCKA, oboMeH BCIIICCTB.
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MHUKpPOIIEMEHTH  OOHAPYXHBAIOTCS B OpraHmsMe B KoHIeHTpamusx 107-107%. Ecmm
KOHIIEHTpaIus s1emMenTa Huwxke 10—5%, To ero cuuTaroT ynpTpamMukposnieMmeHToM. Heopranuueckue
BEIIECTBA B )KHBOM OpPTraHHU3Me BCTPEUYAIOTCS B PA3IMYHBIX popMax. BoIbIIMHCTBO HOHOB METAIIOB
00pa3yroT cBsi3M ¢ OuomoruueckuMu oObekTamMu. CerofHs yKe YCTaHOBIEHO, YTO MHOTHE
(bepMeHTbl (OMOJIOTHYECKHE KaTajdu3aTophbl) COIEp’Kar HOHBI MeTauioB. Hampumep, mapraner
BXOJUT B cocTaB 12 pa3znuuHbIX (hepMeHTOB, xkeine30 — B 70, menp — B 30, a iuHK —B Oosee yem
100. K OCHOBHBIM MHKpPO3JIEMEHTaM, HEOOXOAMMBIM OPTraHU3My, OTHOCSTCS HOJl, MarHUM, KeJe30,
IUHK, KanblUui, Kanuid, ¢ocdop, cenen u ¢rop. buorenHsie smeMeHTH — 3TO XHMHYECKHE
AJIEMEHTBI, TMOCTOSIHHO BXOIAIIME B COCTaB OPraHU3MOB M  HEOOXOIMMBIE JUISI  MX
KHU3HEACSITENTbHOCTH. BakHeHIIMMu OWOTEHHBIMU DJIEMEHTaMH SIBJISIOTCS: KUCIOPOA, YIIEpO.,
BOJIOPOJI, a30T, a TaK)KE KaJIbIMH, KaJluid, KpeMHUH, MarHui, Gocdop, cepa, HaTpuH, XJI0p, KEIe30.
Nx cpeanee conmepkanue cocrasimser Oonee 0,01% Owmomaccel. DTH MUTATENBHBIC BEIIESCTBA
COCTABJISIIOT TPYIITY MaKpO3JIeMeHTOB [1].

Knaccudukanus xumMuueckux 31eMeHTOB. Ha ocHOBe COBpEeMEHHON KBaHTOBOMEXaHUYECKOM
untepnpetanuu [IC kiaccudukanus XUMAYECKUX 3JIEMEHTOB MPOU3BOIUTCSA B COOTBETCTBHH C UX
ANIEKTPOHHOM KoH(uryparueil. B ero ocHoBe IIeKUT MpUPOAa 3alONHEHUS aTOMHBIX opOuTanei
ANIEKTPOHAMH. B COOTBETCTBHM C 3THM MPHHIIUIIOM BCE DJIEMEHTHI ACIATCSA Ha S-, p-, d- u f-O10ku
W cemeiicTa [2].

B unciio makposnemMeHToB BXoIAT 4 3nemeHTa: Boxopoa (6 kxr), a3ot (1,8 kr), kanbruit (1 kr)
u docdop (0,78 kr), a B UUCIO MHKPOIIEMEHTOB — 3 snemeHTta: pyobunuit (0,68 r), cTpoHIHIA.
(0,32 1) u 6pom (0,17 r). Toraa k kKakomy kjaccy cienyeT oTHecTu 10 snementoB ot kanus (140 r)
1o 1upkonust (1,7 r), K KOTOpPbIM OTHOCATCS Takue 1eMeHThl, kak: Harpuil (100 r), marawuii (19 r),
xene3o (4,2 1) u T. 1. B COOTBETCTBUU C 3TUMU KPUTEPHUSIMH K YIBTPAMHUKpPOAJIEMEHTaM OyayT
OTHOCHUTBCSI TaKUE PACHPOCTPAHEHHBIE B OpraHU3Me 4YeJOoBeKa 3JIeMEHTHI, kak cBuHeln (120 mr),
Menb (72 mr), amomunuii (61 mr) [3].

Crnenyer MOQYepKHYTh, YTO COACPIKAHWE OJHUX U TEX K€ DJIIEMEHTOB B OpPraHU3ME Pa3HbIX
JIOACH SBISETCS BEIMYMHOM IEPEMEHHOM W MOXKET CYLIECTBEHHO paznuyarbes. Hampumep,
cofiepaHre MarHus MoxeT konebarbest ot 21 g0 28 1, nuaka — ot 1,4 1o 2,4 r (pazuuna — 1,7),
BaHanusa — oT 10 go 25 mr (pa3uuna —2,5) [4].

Mox HeoOXommM st BBIPAGOTKH TOPMOHOB IIMTOBHMAHON keme3bl. Hemocrarok ifoma B
OpraHu3Me TMPHUBOJUT K HAPYHIICHUIO pa0OThl HEPBHOM, CEPAEYHO-COCYAHCTON CHCTEM U
KENyAOYHO-KUIIIEYHOTO TpakTa. Y JeTed HaOmomaeTcss CHUKEHHE YMCTBEHHOTO, (PU3MYECKOTO U
CEKCYaJIbHOTO Pa3BUTHS, WHTEJUIEKTYaJIbHBIX CIOCOOHOCTEeH u mamsaru. Hopma #ioma cocramisier
150-300 MKT B CyTKH.

Marnuii moMoraetr opraHu3My IpPEOAoJIeTh MEpeyTOMIIEHUE, MEePEeBO30YKIECHUE, BHI3BAHHOE
Ype3MepHBIM YHoTpebaeHneM Kode, ajakoroyis, HUKOTHHA, a TakKe OBICTPO BOCCTAHOBUTH CHIIBI
MOCJI€ CHJIBHBIX TICUXHUYECKUX HArpy30K, HEPBHBIX CPHIBOB U TSIKEIBIX TICUXHUYECKUX TIEPEKUBAHUM.
Pexomenayercs GepeMEHHBIM JKEHIMHAM W TEM, KTO CHIUT HA <CKECTKOW» IHUeTe, MPUHUMAET
CHOTBOpPHBIE U TPOTHUBO3aYaTOYHBIC CPEIACTBA. YPOBEHb IMOTPEONICHUS AJsi B3POCIOTO 4YellOBEKa
cocranisger 400-800 mr B cyTku. BepxHuil nepeHOCUMBIN ypoBEHb MOTPeOIeHUs cocTaBisieT 45 mr
B CyTkH. VCTOWHMKH: CYONpOMYKTHI, MsCO, TpuUOBbI, Tpedka, Kakao, YEPHHKA, OpPEXU. ITOT
MHUKDPODJIEMEHT UTpPaeT BAXKHYIO pOJIb B Pa3BUTHH HWMMYHOJIOTHYECKHX pEaKIMi, OCOOEHHO
KJIETOYHOTO UMMyHHUTeTa. [[MHK mpuHUMaeT ydactue B (DYHKIIMOHMPOBAHUHM TOPMOHOB TUMO(H3a,
HAAMOYEYHUKOB M TOKETYNOuHON xkene3bl. OH He3aMEeHUM JJIs HOPMAalIbHOTO pa3BUTHS U
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(GYHKIIMOHUPOBAaHUS OpPraHOB UYYBCTB: BKyca, 3peHHs, 00oHsHusA. CyTouHas NOTPeOHOCTh
cocrasiser 10-20 mr.

Kanpumii 3a00TUTCS 0 GOPMUPOBAHUM M YKPEIUICHHH KOCTHOH TKanu. HeoOxoxuMm i pocra
3y00B. CriocoOCTBYET BOCCTAHOBIICHHIO BCEX KJIETOK, TAaK KaK SIBISICTCS HEOTHEMIIEMOW YacThIO HE
TOJIBKO MX SIApa, HO M KJIIETOYHOM U TKaHEBOM KUIAKOCTHU. «[IuTas» HEpBHYIO CHUCTEMY, OHA HE JAeT
HepBaM «pacuiararbesi». ObecrednBaeT HoOpMalibHOE (YHKIIMOHUPOBAHHE IKelle3 BHYTPEHHEH
cekperuu. J[nst B3pociaoro ypoBeHb moTpeOnenus kambiwsi coctasiseT 1000-2500 mMr B CyTKH.
Hopma yBenuumBaeTcs Mpu 3aHATHSIX CIOPTOM, MPU JUIMTEIBHOM MPUEME TOPMOHAJIBHBIX
[IpernaparoB, Npy 3a00JeBaHUIX KPOBH, KUIIEYHUKA U TIOYCK.

Kanuit momoraer cepaiy OUThCS CIIOKOWHO, PUTMUYHO U PAaBHOMEPHO, PETYIHUPYET BOAHO-
coleBoii OOMEH B OpraHu3Me, y4acTByeT B TIPOBEIACHHHM HEPBHBIX HMITYJIBCOB K MBIIIIAM,
HOpMaJIM3YeT YITICBOAHBIN U )KupoBor 0OMeH. CyTouHas 1032 — 2,5 T sl B3POCIBIX, I JETeH —
10-15 r. McTtouynuku: Kypara U JIpyrue cyxoppyKTbl, KapTodenb, MOPCKHE BOIOPOCIH, OaHAHBI,
anesbCUHBI.

docdop, BMECTe ¢ APYTMMHU MHUHEpAJIaMU OH CTPOUT KOCTHYIO CHCTEMY H OJIATOTBOPHO
BIUsEeT HA (YHKIMHU HEPBHON CHUCTEMBI U TKaHEW rojJOBHOro Mo3ra. OOecnednBaeT HOPMaJbHOE
(GYHKIIMOHUPOBaHUE TIEUEHH U MoYeK. YpoBeHb norpebnenust 700-1600 mr B neHb.

CeneH y4yacTByeT B 3alllUT€ UMMYHHOM CHUCTEMbl OT pPa3pyLIMTEIBHOIO BO3ICHCTBUSA
OakTepuii, BUPYCOB M JPYrUX HETaTHBHBIX (HaKTOpoB. Ero maxe CYUTAIOT TPOTHBOPAKOBHIM
CpPE/ICTBOM M3-3a €r0 CIIOCOOHOCTH JeMCTBOBATH NMPOTUB CBOOOIHBIX panukaioB. brmaromaps emy
KJIETKH >KMBYT JOJIbLIE, UMEHHO IO3TOMY CEJIEH CUUTAETCS <«BJIEMEHTOM Joisrojetusi». Hopma
notrpebnenuss — 60-150 mkxr B genb. Ero comepxanue B moyBe, BoJIe W Bo3ayxe PecmyOnmuku
benapych cocramsier 10-12% HOpMBbI. ICTOYHUKH: YECHOK, OBCSIHKA M TPEYKA, TUBHBIE JIPOHOKH,
MOpPCKHE BOmOpociu. B padMHUpPOBAHHBIX U MPUTOTOBIICHHBIX MPOAYKTaX COJEP)KAHHE CeJieHa
cHmxaercs Ha 50%.

Mensb conepxurcs B opranusme B konnuectse 70—120 mr. [Ipumepno no 30% npuxoaurcs Ha
MEYCHb U MO3T, a OCTaJIbHAs YacTh PacCHpelesieTCs B MBIIIIAX, KOCTAX, KPOBU U Mmovkax. Meap —
KU3HEHHO BAXKHBIM DJIEMEHT, BXOSIINA B COCTaB MHOTUX (DEPMEHTOB U JBIXaT€IbHBIX TUTMEHTOB.
OnHa urpaeTr 3HAUUTENBHYIO POJb B OCYIIECTBICHHH BaKHEUIIHNX (DU3HOIOTHUECKHX IMPOIIECCOB.
Hedbuut Meau MoxkeT ObITh MPUYMHON YacThIX MEPEIOMOB, TaK KaK OHA SBISIETCS Ba)KHBIM
KOMIIOHEHTOM OEJTKOBOTO KapKaca KOCTEH.

Jebuut Meau TpoO3UT JTHOOUTENSIM 00pabOTaHHBIX W YPE3MEPHO paPUHUPOBAHHBIX
MPOAYKTOB, a TaKXe CTOPOHHUKAM MOJIOYHOW JueThl. JledhunuT Menau Tpo3UT IHOOUTENsIM
00paboTaHHBIX M Ype3MEepHO padUHUPOBAHHBIX MPOAYKTOB, a TaKXKE CTOPOHHHUKAM MOJIOYHOMN
nuetel.  Jlepuuut Memum  xapakTepu3yercs OBICTPOM  yTOMIISIEMOCTBIO, TIOCTOSSHHBIMH U
OECTIpUYMHHBIMU TOJIOBHBIMU OOJISIMM, OOJISIMH, IUIOXMM HAaCTPOEHUEM, Pa3Ipa’kUTEIbHOCTHIO.
Henocratok Meau MOXKeT MPUBECTH K Mojarpe, a u30bIToK — K Oone3nn Bunbcona-KonoBanogsa.

KobanbT comepKuTcsi B OpraHu3Me B3pOCioro 4eioBeka B konuuectse 1-2 mr. Hambonbmas
KOHIIEHTpaIus kobanbra HabOmromaetrcst B meueHu (0,076—0,201 Mmr/kr), 3a HeW CIEAYIOT TMOYKH,
MOJKENTyIouHas JKene3a U cene3eHka. KobanbT BIMsSeT Ha KpOBETBOPHBIE MPOLIECCHI, YIaCTBYET B
oOMEeHE BElIeCTB, CTUMYIUPYET OOpa30BaHHWE TIeMOITIOOMHA U JPUTPOLIUTOB, YYacTBYeT B
ouocunTesze Butamuna B12. Jlegunut Buramuna B12 npuBoauT K NEpHULIMO3HON aHEMUH.

Mapraser| coaep>KUTCsl B KOCTSIX, IEYSHH, TOYKAX U CEPIIe; €ro colep:kaHue KoueOneTcss oT
12 mo 20 mr. [IpuHuMaet ydyactue B BeIpaboTke 1 oOMeHe HeipoTpancmutTepoB B [IHC, ycunuaer
JIEHCTBUE WHCYIMHA, MOMIEPKUBAET CTAOMIBHOCTh CTPYKTYPHI KJIETOUYHBIX MEMOpaH, MPUHUMAET
y4acTHE B CHHTE3€ TOpPMOHA IIMTOBUIHOW JKEIe3bl — TUPOKCHHA, CIIOCOOCTBYET HOpMAIU3AINH
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SHEpPreTHYecKoro OanaHca, ynydmaeT GyHKIMOHUPOBAHUS UMMYHHOM CHCTEMBbI U HEOOXOIUM ISt
cuHTe3a uHTepdepona [5].

MonubneH — OUOTEHHBI MHUKPOIJIEMEHT, COACpKAaHHE KOTOPOrO B OpPraHM3ME YeJIOBEKa
cocTaBisieT 0kojio 9 Mr. OCHOBHAsi €ro 4acTh COCpPENOTOYEHA B KOCTHOM TKaHH, MEYEHH, MOUYKAX,
TOJIOBHOM MO3r€, MOMKEIYyIOYHON M IIUTOBUAHOM >Kene3aX M HaArnovyeyHukax. MonubaeH
BBIMIOJIHSET B OpraHusMe cienyronie (GyHKIUH: CHOCOOCTBYeT OOMEHY O€lKOB, KHpPOB U
VIJICBOJIOB, AKTHBHUPYET pPsl (EPMEHTOB, HEOOXOAMMBIX JUISI PAa3BUTUS M POCTAa OPTraHU3MA,
YVKperisieT 3yOHbIe TKaHW, 3aluiias 3yObl OT pa3pylIeHHs W TIOMOras NpeJOTBPaTUTh Kapuec,
YCKOpSIET paclICIVICHUE IIYPUHOB U BBIBEIEHHE MOYEBOM KUCIOTHI U3 OpraHU3Ma.

Cepa cocrasusier 0,25% Macchl Tena 4yeaoBeKa U BXOJUT B COCTaB KJIETOK HEPBHOM, KOCTHOM
U XpSLIEBOM TKAaHM, a TaKXXE BOJIOC, KOXKM W HOITeH. YdacTByeT B OOMEHHBIX MPOIECCaX U
CIOCOOCTBYET UX HOPMAJIM3AIMU, BXOIUT B COCTaB Psifa aMHUHOKUCIIOT, BUTAMUHOB, (DEPMEHTOB U
TOPMOHOB (B TOM YHCJI€ UHCYJIMHA), UTPAEeT BAXKHYIO POJIb B MOJJEPKAHUU KUCIOPOIHOrO OanaHca,
yay4iniaer paboTy HEpPBHOM CHCTEMbI, CTaOWIM3UPYET YPOBEHb caxapa B KPOBH. YPOBEHb,
MOBBIIIACT UMMYHHUTET, OKa3bIBAE€T MPOTUBOAILIEPTHUECKOE JIEUCTBHE, OKA3bIBAET PAAMO3AIIUTHOE
JIEUCTBUE.

Jl1ig ocyliecTBIeHUs )KU3HEHHO BaKHBIX (DYHKIIUH ISl SJIEeMEHTA CYIIECTBYET ONTUMATbHBIN
nuana3oH KoHueHtpanuil. [Ipu aedunure uam n30HITOYHOM HAKOIIJICHHH 3J€MEHTOB B OpraHU3Me
MOTYT MPOUCXOJIUTh CEPbE3HbIE M3MEHEHUs, OOYCIIaBIMBAIONINE HAPYIICHUE AKTUBHOCTH IPSIMO
WJTM KOCBEHHO 3aBUCSIINUX OT HUX (hepMeHTOB [6].

YacTh MHUKpPORJIEMEHTOB 4YEJIOBEK IIOJy4aeT W3BHE BMECTE C MHUILEH, BOJOH U BO3TYXOM.
Panmon, cocrosmuii w3 padUHUPOBAHHBIX TMPOAYKTOB, He oOecrneynBaeT HEOOXOAMMOIo
KOJIMYECTBA BUTAMHHOB U MUKPO3JIEMEHTOB, TOTPEOHOCTH B KOTOPHIX 3HAYUTEILHO BO3PACTACT IIPU
HEOJIArONPUATHBIX YCIIOBUSAX OKPYKAIOIIEH cpenbl, GU3HMUSCKUX U IICUXOJIOTHYECKUX Meperpy3Kax.
K paduHupOBaHHBIM IPOIYKTaM OTHOCSITCS, HApuMep, OeJbIil puc, MaHHAs KpyIia, MyKa BBICIIETO
copTa, caxap W Wu3[enus W3 HUX. EcaM panuoH COCTOUT U3 TakuX MPOAYKTOB, Aeduuut
MHUKDPOZJIEMEHTOB ¥ BHUTAMHUHOB MOXXHO YCTPaHUTh MPUEMOM TMOJWBUTAMHUHHO-MHUHEPAIbHBIX
komruiekcoB (https://kurl.ru/JQHFW).
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CPEJIM MEJIKOI'O POI'ATOI'O CKOTA HA CEBEPO-BOCTOYHbBIX TEPPUTOPUAX
MAJIOT'O KABKA3A ABEPBAVI)KAHCKOH PECITYBJINKH
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Abstract. Helminthological studies of sheep and goats were conducted in the northeastern
territories of the Lesser Caucasus of the Republic of Azerbaijan in 2013-2022. The northeastern
areas of the Lesser Caucasus include Ganja and Goygeli, Dashkesan, Geranboy, Naftalan, Samukh,
Shamkir, Tovuz, Agstafa, Gazakh and Kadabek districts, as well as the areas around the Kura and
Jeyranchel rivers, which are wintering places of livestock farms. This process plays a special role in
the formation of helminth fauna of animals, as small horned livestock farms in these areas lead a
nomadic and sedentary lifestyle. As a result of helminthological research 52 species of helminths,
including 43 species of nematodes were identified. Of these, 7 species are indicated for the study
region for the first time. All detected nematode species were registered in sheep, while only 26
species were found in goats, which are common to the sheep helminth fauna. These helminth
species can be considered as permanent elements of the helminthofaunistic complex of livestock
production in the studied region. It was found that young sheep and goats are relatively heavily
infested with helminths. Infestation is higher in late spring — early summer and early fall. For this
purpose, 957 sheep and 619 goats were examined for nematode pathogens in different landscape-
ecological zones of the region by the method of complete helminthological autopsy according to K.
I. Skryabin. Some species of helminths are absent in the studied animals before driving them to
summer pastures but are observed in them after their return to wintering. Animals become infected
by ingesting larvae or mature helminth eggs on summer pastures.

Annomayus. B 2013-2022 rogax npoBeAeHBI T€IbMUHTOJIOTUUECKUE UCCIIEI0BAHUS OBEIl U
KO3 Ha CEBEpO-BOCTOUHBIX TeppuTtopusx Manoro KaBkaza A3zepOaiimkanckoir Pecnyonmuku. K
CEBEpO-BOCTOYHBIM parioHam Manoro KaBka3za orHocaTca [SHIKUHCKMEA ©  [elrenbCckui,
HNamkecanckuit, I'epan6oiickuii, Hadrananckuii, Camyxckuii, [lamxupckuit, ToBy3ckui,
Arcradunckuii, ['azaxckuii u Kenabekckuil pailoHbl, a Takxke TEeppUTOpHH BOKpYr pek Kypa u
JlxxelipaHuenb SBISIONIUECS MECTaMH 3MMOBKH XHBOTHOBOJYECKHX (hepM. DTOT MPOIECC UTPaeT
ocoOylo ponb B (OPMHUPOBAHUHU TeIbMHUHTO(GAYHBI JKUBOTHBIX, TaK KaK MEIKOpOraThie
YKUBOTHOBOJYECKHE XO3SMCTBA B ITHUX paloOHaX BeIyT KOYEBOW M oOcemiblii oOpa3 ku3Hu. B
pe3yJsbTare MPOBEACHHBIX TeIbMHUHTOIOTHYECKUX MCCIICIOBAHUSX BBISBIICHO 52 BUA TeJIbMUHTOB,
B ToM uucie 43 Buaa Hemarod. M3 Hux 7 BUIIOB yKa3aHbl JJI1 U3y4aeMOro peruoHa BrnepBbie. Bee
oOHapyKeHHbIE BUIbI HEMATO/l 3apETUCTPUPOBAHBI y OBEIl, TOT/IAa KaK y KO3 OOHApYKEHO TOJIBKO 26
BHJIOB, KOTOpPBIE SBJISIOTCS OOIMUMHM ISl TeIbMHUHTO(GAYHBI OBEIl. DTU BHJBI T€IBMHUHTOB MOXHO
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paccmarpuBaTh ~ KaKk ~ IOCTOSIHHBbIE  3J€MEHTHl  IeJIbMUHTO(AyHHUCTHUYECKOTO  KOMILIEKca
KUBOTHOBOJICTBA M3y4aeMOI'O PETHOHA. YCTAHOBJIEHO, YTO MOJIOAHSIK OBEIl M KO3 CPaBHUTEIBHO
CHWJIBHO 3apa)KeH TeJIbMUHTaMHU. 3apa’KEHHOCTh BBILIE B KOHIIE BECHBbI — Hauaje JieTa U Hayaje
ocern. C 3TOH 1ENIbI0 METOJIOM TIOJTHOTO TelbMHUHTONIOTHYeCKOTO BCKphiThs 10 K. U. Ckpsiouny B
Pa3IMYHBIX JAHAIAPTHO-IKOJIOTMYECKUX 30HaX peruoHa 010 obciemnoBano 957 osen u 619 ko3
Ha BO30ynuTenel Hemaroqo30B. HekoTopeie BUABI TEJIBMUHTOB OTCYTCTBYIOT Y MCCIIEIOBAaHHBIX
KUBOTHBIX JI0 BBITOHA Ha JICTHHE MACTOMWINA, HO HAOIIOAAIOTCS y HUX TOCIE BO3BPAIICHUS Ha
3UMOBKY. JKMBOTHBIE 3apa)atoTcs MMPHU 3arIaTbIBAHUU JTMYMHOK WJIA CO3PEBIIUX SUIl TeIbMUHTOB Ha
JIETHUX MacTOUIIax.

Keywords: goats, sheep, helminths, nematodes, bio-ecological characterization, Lesser
Caucasus, Azerbaijan.

Kniouesvie cnosa: x03bl, OBIBI, TEIBMUHTBI, HEMATO/bI, OMOAKOJIOTUYECKAsT XapaKTEPUCTHKA,
Mansriit KaBkas, AzepOaitmkaH.

The helminth fauna of livestock has been studied in the north-eastern territories of the Lesser
Caucasus of Republic of Azerbaijan. In 1975, maps were drawn up to study the prevalence of
helminthic diseases of farm animals in Azerbaijan. The territory of Azerbaijan Republic has a great
variety of physical-geographical conditions, and in connection with this — and the presence of
different landscape-ecological zones. This largely determines the nature of livestock breeding, as
well as activities to increase the productivity of livestock and control the causative agents of their
helminthiasis. The north-eastern territories of the Lesser Caucasus of the Republic of Azerbaijan are
very representative in this respect. In this region, practically all large farms engaged in keeping
livestock apply the distant form of cattle breeding. Over many years of activity, the livestock farms
in the region have developed considerably and have infrastructure meeting modern requirements,
including sheep barns, for intensive sheep breeding. In spring, most of the sheep are moved from
the lowland areas of the region to the subalpine and alpine meadows of the Lesser Caucasus, and
back in the fall.

In sheep farms, along with sheep, there are often domestic goats, which are also objects of
distant livestock farming. In rare cases there are purely goat farms. Due to the large number of
animals and haphazard use of winter pastures, the region is overloaded with animals. Because of
this, sheep often do not receive the necessary amount of feed, which negatively affects their
productivity and significantly reduces the economic efficiency of farming. In spring, sheep are
driven to summer pastures located in the highland part of the region, where the availability of
sufficient natural fodder has a favorable effect on the physical condition of sheep.

Prior to our studies, the helminth fauna of livestock n the north-eastern territories of the
Lesser Caucasus of the Republic of Azerbaijan was poorly investigated [1, 4].

In addition, the data of previous studies conducted about 60 years ago are rather outdated. In
this regard, the aim of this article is to identify the current state of helminth fauna of the above-
mentioned region.

The intensive spread of nematode pathogens is also related to animal housing conditions and
climate. These nematodes damage the mucous membrane of the animal's stomach and disrupt
nitrogen metabolism.

Material and methods

The materials for this article were the results of helminthological collections conducted by us

in Ganja and Geygel, Dashkesan, Goranboy, Samukh, Shamkir, Tovuz, Akstafa, Kazakh and
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Kedabek districts from April 2013 to November 2022 by the method of complete helminthologic
autopsy [5].

1576 heads of livestock, including 957 heads of sheep and 619 heads of domestic goats were
examined. Incomplete helminthologic autopsies were also conducted on 200 sheep and 120 goats to
identify the causative agents of the most dangerous helminthic diseases, including Haemonchosis.
In a number of cases, caprological studies were also conducted. Thus, 485 fecal samples were
examined by the method of Weid, Fiilleborn and sequential washing and viewing of sediment.

For the most complete coverage of all landscape-ecological zones of the region, studies were
conducted both in summer pastures Safykurd, Khachagaya, Kerogly Deresi, Kyapaz, Khachbulag,
Duz Rasullu of Kedabek district located in mountainous and foothill areas, and in wintering
grounds located within the steppe Zayam Jeyranchel. In the livestock farms of Naftalan district
animals lead a sedentary lifestyle. Here the studies were conducted in different seasons of the year.

All detected helminths were appropriately recorded and transported to the laboratory for
further desktop processing. Trematodes and cestodes were fixed in 70° ethyl alcohol and nematodes
in 4% formalin solution. For species determination, trematodes and cestodes were stained with alum
carmine and after passing through alcohols of increasing concentration, dehydration in clove oil,
were enclosed in Canadian balsam, thus making permanent preparations. Nematodes were
examined in temporary preparations, in which they were clarified in a mixture of lactic acid and
glycerol in a ratio of 1:1. Olympus microscopes at x20 and x40 magnification were used to identify
helminths.

Results and discussion
As a result of our research, 43 species of nematodes were found in sheep and goats in the
north-eastern territories of the Lesser Caucasus of the Republic of Azerbaijan (Table).
From this number Ostertagia gruehneri, Ostertagia sp., O. leptospicularis, Capillaria bovis,
Protostrongylus raillieti, Protostrongylus skrjabini, Nematodirella longissimesspiculata are noted
by us for the first time in this region.

Table
SPECIES COMPOSITION OF SHEEP AND GOAT NEMATODES IN THE NORTH-EASTERN
TERRITORIES OF THE LESSER CAUCASUS OF AZERBAIJAN REPUBLIC

Helminths in sheep in goats are common

Chabertia ovina Fabricius, 1788 +

Bunostomum trigonocephalum (Rudolphi, 1808) + + +
B. phlebotomum (Railliet, 1900) +

Trichostrongylus andreevi Grigorian, 1952 + + +
T. axei Cobbold 1879 + + +
T. capricola Ransom, 1907 + + +
T. colubriformis Giles, 1892 + + +
T. skrjabini Kalantarian, 1928 + + +
Trichostrongylus vitrinus Looss, 1905 + + +
T. gaobovi Seidov, 1965 +

T. assadovi Kolesnichenko et Zaidova, 1967 +

Ostertagia ostertagi Stiles, 1892 + + +
O. circumcincta Stadelmann 1899 + + +
O. occidentalis Ransom, 1907 +

O. trifurcata Ransom, 1907 + + +
O. trifida Gulle Marotel et Panisset, 1911 + + +

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 72



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne7. 2024

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/104
Helminths in sheep in goats are common
O. gruehneri Skrjabin, 1929 +
O. davtiani Grigorian, 1951 + + +
O. leptospicularis Asadov, 1953 +
Ostertagia sp. +
Teledorsagia davtiani Andreeva et Satubaldin, 1954 + + +
Marshallagia marshalli Ransom, 1907 + + +
M. dentispicularis Assadov, 1954 + + +
Haemonchus contortus Rudolphi, 1805 + + +
Cooperia oncophora Raillet, 1898 +
C. punctata Linstow, 1906 +
C. zurnabada Antipin, 1931 +
C. pectinata Ransom, 1907 +
Nematodirus abnormalis May, 1920 + + +
N. helvetianus May, 1920 + + +
N. oiratianus Rajewkaja, 1929 +
N. spathiger Raillet, 1896 + + +
N. junctispicularis Assadov, 1958 +
Dictyocaulus filaria Rudolphi, 1809 + + +
Protostrongylus hobmajeri Schulz, Orloff et Kutass, 1933 + + +
P. kochi Schulz, Orloff et Kutass,1933 +
P. railleti Schulz, Orloff et Kutass, 1933 +
P. skrjabini Boev, 1936 + + +
Gongylonema pulchrus Molin, 1957 +
Trichcephalus ovis Abilagaard, 1795 + + +
T. skrjabini Baskakov, 1924 + + +
Capillaria bovis Schinder, 1906 + + +
Nematodirella lonissimespiculata Romanovitsch, 1915 + + +
Total 43 species 43 26 26

All nematode species of the parasitic worms we observed were recorded in sheep, while only
26 species were found in goats, all of which are common to the sheep helminth fauna. Table 1
shows that sheep and domestic goats have common helminths B. trigonocephalum, Tr. andreevi, Tr.
axei, Tr. capricola, Tr. colubriformis, Tr. skrjabini, Tr. vitrinus, Os. ostertagi, Os. circumcincta, Os.
trifurcata, Os. trifida, Os. davtiani, Teledorsagia davtiani, Marshallagia marshalli, M.
dentispicularis, Haemonchus contortus, N. abnormalis, N. spathiger, N. helvetianus, Dictyocaulus
filaria, Protostrongylus hobmajeri, P. skrjabini, Trichcephalus ovis, T. skrjabini, Capillaria bovis,
Nematodirella lonissimespiculata.

These helminth species can be considered as permanent elements of the helminthofaunistic
complex of livestock in the studied region. It should be noted that among the nematodial pathogens
of livestock n the north-eastern territories of the Lesser Caucasus of Azerbaijan Republic, there are
species that were not observed before our studies. As it is known, during the last 30 years, some
livestock farms of Nagorno-Karabakh region have settled in the north-eastern territories of the
Lesser Caucasus of the Republic of Azerbaijan. Since, helminths spread in the external environment
and helminth exchange occurred in these regions. During the studies it was established that animals
are more susceptible to nematodosis pathogens at younger age stages.

Infestations are relatively high in late spring, early summer and early fall. In addition, the
observed nematode species such as Tr andreevi, Tr. axei, Tr. capricola, Tr. colubriformis Os.
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circumcincta, Os. trifurcata, Os. trifida, Os. davtiani, Teledorsagia davtiani, Marshallagia
marshalli, Haemonchus contortus, N. abnormalis, N. spathiger, T. skrjabini are absent in the studied
animals before driving them to summer pastures, but are noted in them after their return to winter
pastures. This suggests that infestation occurs in summer pastures. Apparently, this may be an
example of the influence of distant confinement of livestock on the infestation of sheep and goats
with one or another helminthic agent [2, 3, 6].

Nematodes infestation such as 7r axei, Tr. vitrinus, Os. ostertagi, Os. circumcincta, Os.
trifurcata, Os. trifida, Haemonchus contortus, N. abnormalis, N. spathiger, N. helvetianus,
Trichcephalus ovis, T. skrjabini, Capillaria bovis was noticeably higher in sheep than in goats [6,
71.

The studied territories by their landscape-ecological features are favorable regions for
nematode distribution. Therefore, infection of livestock with nematodes occurs in all seasons of the
year Figure.

e I 1 ]

(=T TR )

Summer Autumn Winter Spring

Figure. Infection of livestock with nematodes occurs in all seasons of the year

Of the characteristic elements of helminthofaunistic complex of sheep and goats in lowland
areas in the north-eastern territories of the Lesser Caucasus of the Azerbaijan Republic, the most
epizootologically important species are of Haemonchus contortus, Trichcephalus ovis, Dictyocaulus
filaria.

Analysis of the species composition of nematode pathogens in the studied areas confirmed
that the species Trichostrongylus colubriformis occurs more frequently in the plains than in
mountainous and foothill areas. There is information that this species is more intensively found in
the plains of other regions of Azerbaijan [4].

These studies allow improving their devastation methods and developing effective control
measures. In most of the study areas, about 15% of the studied sheep were infected with Chabertia
ovina species. Javadov (1935), Gaibov (1947), Asadov (1959) also found this species in sheep in
Azerbaijan [1].

Conclusions

Livestock farms in the north-eastern territories of the Lesser Caucasus of the Republic of
Azerbaijan play an important role in supplying the population of the Republic of Azerbaijan with
meat and dairy products, including wool and leather. The bioecological features of each species of
these helminths should be studied in order to develop control measures against helminths causing
serious damage to livestock farms.

As a result of the study of helminth fauna of livestock in the north-eastern territories of the
Lesser Caucasus of Azerbaijan, 43 species of nematode pathogens were found. All found species
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were registered in sheep, only 26 species were found in goats, which are common with sheep
helminthofauna. These helminth species can be considered as permanent elements of the
helminthofaunistic complex of livestock in the studied region. The infestation is higher in late
spring - early summer and early fall, 18 helminth species are absent in the studied animals before
driving them to summer pastures but are observed in them after their return to wintering grounds.
Among the helminths found Haemonchus contortus, Trichcephalus ovis, Dictyocaulus filaria are of
the greatest epizootological importance.

In the study of helminth fauna of livestock of the region, the peculiarities of distribution of
these helminths were analyzed, special attention was paid to the presence of intermediate and
reservoir hosts. It was also established that helminth fauna of livestock depends on the conditions of
ferrying and keeping of animals. The reasons for the intensity of helminth infestation of livestock
were also investigated.

Localization of helminths is different in goats and in sheep. Different species of helminths
occur in different localization sites. It should be noted that the intensity of infection of goats with
helminths leads to the infection of goats with various skin diseases. In our studies conducted in
different districts of the region, scabies, nodules on the skin and wool loss were observed in goats.

In Tovuz and Gazakh districts, the local population noted cases of premature calving of
helminth-infected goats in private and farms.

In goats, many species of protostrongylids and metastrongylids cause severe lesions,
localizing in the lungs. They are observed at different levels of pathology, causing severe
bronchopneumonia. These helminths cause more severe complications in younger age groups.

Conducting an ecological and geographical analysis of the helminth fauna of livestockin the
region allowed us to identify helminths dangerous for humans and other domestic animals in these
animals.

Epizootological and epidemiological assessment of helminth fauna of livestockof the region
provides preparation of scientific basis for preventive and sanitary veterinary measures against
dangerous helminth infections.

These studies should be taxonomic in nature, and the species identified should be defined at
the systematic level. When studying the distribution of the constituent elements of
helminthocenoses in ecological and geographical zones, the dominant species in the study area and
changes in the population dynamics of a particular species under study are taken into account [6]. In
analyzing helminthocenosis, one of the relevant problems is to determine whether nematode
pathogens are potential or permanent components. There is information in the literature that species
of O. ostertagi, C. oncophora are permanent species in the ruminant helminth fauna complex [3].
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Annomayus. B cratbe paccMaTpuBaeTcs MpoOjeMa IMOXKapoB KakK CEpbe3Has yrposa ais
KU3HU, SKOHOMHKU U DKOCHUCTEM, BbIIENSAS HEOOXOAMMOCTh pAaHHEr0 OOHApYKEHUS M TYLICHHS
noxapoB. HMccnenyercss moreHIMan KOMOMHALMM JMCTAHIIMOHHOTO 30HJIMPOBaHMA 3eMiId U
HeifpoceTelt 11 OBICTPOrO M TOYHOTO OOHApYXEHUs NPUPOIHBIX MoxkapoB. IloguepkuBaercs
3HAYMMOCTh MPUMEHEHUS HCKYCCTBEHHOI'O MHTEIIEKTAa, Pa3BUTHUSI METOJOB IIyOOKOro oOydeHHs
MoJIeJIell HEMPOHHBIX CETEH, JUIsl aHaJIn3a KOCMUYECKUX CHUMKOB W BBISIBIICHUS PAHHUX MPU3HAKOB
noXxapoB. B cTarbe Takyke NpUBOIATCS MPUMEPHl YCHEIIHBIX IPOEKTOB U MCCIEJOBaHUI B 001acTH
oOHapyXeHUsl MPUPOIHBIX MOXKAPOB. 3aKIIOYUTENbHAS YaCTh CTaTbU MOAYEPKUBAET HEOOXOIUMOCTD
JAJIbHENIIIET0 HMCCIIEIOBAaHUS M Pa3BUTUS METOIOB OOyueHHs HEHpPOHHBIX CeTeH, pacllupeHue
HaOOpOB OOyYaroMMX JaHHBIX M YIYYIIEHUS TEXHOJIOTMH MOJY4YEeHHUS KOCMUYECKUX CHUMKOB IS
3P PEeKTUBHOTO KOHTPOJS U HPEAOTBPAIICHUS MOXAPOB, C LEJNbI0 3aIUTHl OKpYXKarollel cpeasl u
MUHHMM3ALUS yiiepoa ais JoeH.

Abstract. The article discusses the problem of fires as a serious threat to life, economy and
ecosystems, highlighting the need for early detection and suppression of fires. The potential of the
combination of Earth remote sensing and neural networks for rapid and accurate detection of natural
fires is studied. The significance of applying artificial intelligence, the development of deep
learning methods for neural network models, to analyze space images and detect early signs of fires
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is emphasized. The article also provides examples of successful projects and research in the field of
wildfire detection. The final part of the paper emphasizes the need for further research and
development of neural network training methods, expansion of training datasets and improvement
of space imagery acquisition technologies for effective control and prevention of fires, in order to
protect the environment and minimize damage to people.

Knroueswie cnosa: MNpUPOAHBIC IIOXKApbl, AUCTAHIIMOHHOC 30HAUPOBAHHUC, KOCMHNYCCKHUC
CHUMKHU, MOHHUTOPHHI.

Keywords: natural fires, remote sensing, space images, monitoring.

[Tokapsl ABISAIOTCA CEPHE3HOM YrpO30M JUIsl )KM3HU JIFOJEH U KUBOTHBIX, TAKXKE 3TO OOJIBIION
yAap IO 3KOHOMMKE rocynapcra. PaHHee BBISBICHHE O4YaroB MOXKapa M MX TYIICHUE SBISETCA
aKTyaJIbHOW IMpOOJEeMOH, peleHHe KOTOPOil MOMOXXET MHUHMMHU3MPOBAaTh yuepO A HPUPOABI U
yesoBeka [2].

OnHuM M3 TaKUX MHCTPYMEHTOB SIBJISICTCS NUCTAHIIMOHHOE 30HAMpoBanue 3emuu ([133) —
HaOIIOleHHEe Ha PACCTOSHMM 32 [OBEPXHOCTbIO 3€MJIM HA3eMHBIMH, aBUAIMOHHBIMU U
KOCMUYECKHUMHU CPEACTBAMU, OCHALLICHHBIMU PA3JINYHBIMU BUJJAMU ChEMOYHOH anmapaTypsbl.

C pa3BUTHEM MCKYCCTBEHHOTO MHTEICKTAa TMOSBUJIACH BO3MOXKHOCTH HCITOJIB30BAHUS
Helpocerelt it ObICTpoil 00pabOTKHU, KiIaccH(UKAIMU CHUMKOB, ITOJIYY€HHBIX C momorbio (33,
YTO CHOCOOCTBYET OBICTPOMY M TOYHOMY OOHApYKEHHIO MECTOIOJOKEHHUS I[0XKapoB, HX
MHTEHCUBHOCTHU U XapakTepa pacnpocTtpaHeHus. Ha Pucynke npencraBieHsl KOCMUYECKHE CHUMKHU
co cmyTHHKa Sentinel-2 ¢ pa3pemiennem 10 meTpos, anmapatypoit L2A.

CHUMKHM TIpeACTaBICHbl B KOMOMHALMK PA3TUYHBIX KaHAJIOB JUISL JIy4IIEeH BU3yaIH3alud
noxapa:

A) KomOunamus «ecrectBennble 1BeTa» (Red, Green, Blue), ucmnonb3yrorcs KaHaibl
BUIMMOTO JHana3oHa, OObEKThl 3€MHOW MOBEPXHOCTH BBIIISAAT TOXOXKHMHU Ha TO, KaK OHHU
BOCTIPUHUMAIOTCS YEIIOBEUECKUM TIIA30M.

b) KomOunamus «ycrpanenue armocdepnbix spdextoB» (SWIR2, SWIRI, Red8) ona ne
BKJIOYAET HU OJIHOTO KaHajlla M3 BHJMMOIO Juara3oHa M 00ecleunBaeT ONTUMAJIbHBIA aHaIu3
COCTOSIHMSI aTMOC(EPBI.

B) Komb6unanus «xopotkoBonHoBoi nHppakpacusiit» (SWIR2, Red8, Red) Heobxoauma s
UCCIIEIOBAHUN COCTOSIHUSL PACTUTEIBHOCTH, OOHApY)KEHHsI M3MEHEHHH MouyB. DTH KOMOMHALUU
MIOMOTYT OIpPENENUTh TOYHBIE KOOPIMHATBHI IOXAapa, CTEMEeHb €ro pacHpOCTpaHEeHHs, OdYaru
MOXKapOB, COCTOSTHUE U TUI PACTUTEIILHOCTH B 00JIACTH, OXBAU€HHOM MoXkapom [1].

Ipumenenue Hetipocemeti 8 0OHAPYIHCEHUU NOHCAPOB

Ha ceronusamHuii 1eHb aKTUBHO MpHUMEHSIOTCS MeTonabl J[33 ans oOHapykeHHs MOXapoB, B
TOM YHKCJE€ B 9TOM [OMOTaeT MCKYCCTBEHHBIM MHTEIUIEKT. HelipoHHBIE CEeTH MPEeNCTaBISIFOT COOOi
KOMIUIEKCHBIE MaTeMaTH4YECKUEe MOJIETTH, KOTOPhIE MOTYT 00ydaThCsl Ha OOJBITNX 00beMaxX JaHHBIX,
YTO TIO3BOJISIET MM BBIABIATH 3aKOHOMEPHOCTH U Pa3iudHbIC MIa0JOHBI TTOBEICHHUS, CBSI3aHHBIE C
noxkapamu. CyliecTByeT HECKOJIbKO THUIIOB MOJENed HEMPOHHBIX CETEH, KOTOPHIE YCIEIIHO MOTYT
MPUMEHSThCS IS OOHapyKeHus: moxapoB. Hampumep, cBeprounbie Heliponnbie cetu (CNN)
WCTIONB3YIOTCS JUISI aHAIM3a U300paKeHHsI M OOHAPYKEHUS TPU3HAKOB MOXKapa, TAKUX KaK JIM WA
mnamsi. Pekyppentasie Helipornasie cetd (RNN) aHanu3upyroT mocineaoBareIbHOCTh JaHHBIX, TAKHE
KaK BPEMEHHBIE Pl TEMIIEPATYPbl UM UHTEHCUBHOCTD CBEUCHMUS.
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[IpenmyiiecTBa HMCMOIB30BaHUSI HEUPOHHBIX CETEH B OOHAPY)KEHHWH TOXKApOB BKJIIOYAIOT
BBICOKYIO CKOPOCTh M TOYHOCTH OOpaOOTKH JaHHBIX, CIIOCOOHOCTh K OOyUYeHHIO. AHaIU3HPYS
KOCMHUYCCKHUEC CHHUMKMU, I/ICKYCCTBCHHbIﬁ HUHTCJUICKT MOXCT BBIYUCIUTH TOYHBIC I'PAHUIBI YYaCTKOB
3eMJTH, 3aTPOHYTHIX TOKAPOM JaKe HA OYCHb OOJBIIION TEPPUTOPHH.

PI/ICYHOK. Kocmuueckmnii CHHUMOK noxapa B KOM6I/IHaLII/II/I Pa3HbIX KaHaJIOB
(https://eos.com/products/landviewer/)

B Poccun ToXke aKTUBHO pa3palOaThIBAlOTCSI M BHEAPSIOTCS NMOAOOHBIE CHCTEMBI, OHA U3
takux — npoekT «lludposas 3emis» rockopropamnuu «Pocckocmoc». CepBUCH TIAT(HOPMBI
«udpoBas  3emus» nOpeAHa3HaueHbl s oOecneyeHHs  MOJb30BaTene  IUPPOBBIMHU
AQHAIUTUYECKUMHM MPOAYKTaMU O Beayllelcs XO3sMCTBEHHOM JeATENbHOCTH U COCTOSHUM
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TEPPUTOPUIN U MPUPOTHBIX PECYPCOB B MaciiTabax Bcel CTpaHbl HA OCHOBE JJAHHBIX KOCMUYECKOU
ceemku (https://dgearth.ru/).

B pamkax 3Toro mpoekTa ecTh pelieHus no 00HapyKEHUIO MOKapoB Ha TeppuTopun Poccun ¢
HCIIOJIb30BAaHUEM JJaHHBIX, IIOJYYEHHBIX OT PAa3JINYHBIX CIIYTHUKOB. {7151 MOHUTOpPHUHIra PUPOAHBIX
MOKapoB MOXHO HCMOJb30BaTh poccuiickuil cnyTHUK «Kanomyc-B-MK», Tak kak oH umeer
BBICOKO€ paspelieHne B MHOTO30HAJIbHOH CheMKe 12 MeTpoB W OOJBIIYIO MOJOCY 3axBara 23
kwiomerpa. [lomumo TpanunmonHoro mis anmaparoB cepuu «Kanomyc-B» MoOHOOOK 1eeBOi
anmaparypbl, BKIIOYaeT B ce0s MaHXpPOMAaTHYECKYI0 WU MHOTO30HAIBHYIO CHEMOUYHBIE CHCTEMBI,
kocmuueckuil ammapar «Kanomyc-B-MK» ocHailieH MHOrOKaHambHBIM PaHOMETPOM CPEIHETO U
JalbHEero HMH(pakpacHeIX auana3zoHoB. Amnmaparypa «Kanomyc-B-IK» mo3Bonser mnoiydarb
KaueCTBEHHO HOBYIO MH(OPMALIMIO 32 cueT 0o0Jiee BBHICOKOTO MPOCTPAHCTBEHHOTO pa3pelieHHs U
mpokoi mosiockl 3axBara 2000xkmM. Ho maBHBIM JOCTOMHCTBOM MpHOOpa SIBISIETCS CIIOCOOHOCTH
oOHapy)KHMBaTh MaJlopa3MEepHbIE Ouark Iokapa IUIOMAAbI0 BCEro 25 M2, YTO 3HAYUTENIbHO
yrnpomaet 60ps0y ¢ HuMH (https://www.roscosmos.ru/24985/).

OnHako, HECMOTpPsSI HAa pa3BUTHUE U NPUMEHEHUE CHUCTEM AMCTAHLIMOHHOTO 30HIAMPOBAHUS
3emin B 00JIacTH OOHApY)KEHUSI MOXKAPOB CYMISCTBYET psia mpolieM W orpanmdeHuit. OmHa w3
OCHOBHBIX MpOoOJIEM — HE aKTyallbHbIE AaHHble. HeqocTaroyHoe KOMTMYECTBO MPOJIETOB CIIYTHHKOB
HaJ BCEW TEeppUTOpPHUEIl CTpaHbl HE JaeT CIEAUTHh 3a OOCTAHOBKOW B pealibHOM BpeMeHHu. Takske
IJ10Xask MOrofiHasi BUJMMOCTbh HE BCErAa IMO3BOJIAET MOJIy4daTh CHUMKU B XOPOLLIEM KayecTBE IS
nanpHelmen o0paboTku u aHanmza. Bee 310 cHMKaeT 3PEeKTHBHOCTh OOHAPYKEHUS TTOXKAPOB C
MTOMOIIbIO CITYTHUKOB, a 3HAUUT 3aMeJISIeT pearupoBaHue ciyx0 st 00pbObl ¢ HUMHU.

[IpuMeHeHre HEHPOHHBIX CETEeW CYIIECTBEHHO IMOBBICUT CKOPOCTh U 3(PGHEKTUBHOCTH
00paboOTKM W aHaW3a KOCMHYECKHMX CHHUMKOB, TaK KaK HCKYCCTBEHHBIM HHTEIUIEKT CIIOCOOCH
M3y4yarh CIIOKHBIE 3aKOHOMEPHOCTH U OCOOEHHOCTH Ha OONbIIMX HabOpax JaHHBIX, YTO MO3BOJUT
BBISIBJISITH paHHHUE MPU3HAKU TMOXKapa, TaKhe Kak NUIeH(bl JbIMa WM TEIUIOBbIE aHOMAIUU JaXKe B
YCIOBUSIX HHM3KOIO KayecTBa M300paKEHHUS, MOJIYYEHHOTO [0 MPUYMHE TIUIOXOH MOTOJHON
BUJIUMOCTH U T.II. Vicniob3yst HEMPOHHBIE CETH JIJISl TAKOTO aHAJIM3a CHUMKOB B KpaTdyailliue CpoKH,
CTaHOBUTCS BO3MOKHBIM OBICTPO U TOYHO OOHAPYKUBATh MPUPOIHBIE TIOKAPHI [3].

OnHo M3 wMccneoBaHUM B 007acTH aKTMBHOTO OOHApyKEHMs IOXKapoB Ha CIYTHUKOBBIX
CHMMKaX, B OCHOBE KOTOPOIO JIKHUT MHCIOJIb30BAHUE METOJOB INyOOKoro oOydeHus,
JIEMOHCTPUPYET, UYTO Pa3IMYHBbIE ApPXUTEKTYPbl CBEPTOYHBIX HEHPOHHBIX CETE€H MOIYT YCHEIIHO
MCIIOJIb30BaThCs I alpOKCUMAIMM aJIrOPUTMOB, CO3/IaHHBIX BPYYHYIO, U JOCTUTAIOT BBICOKOMN
TOYHOCTH IpH OOHapyXkeHHu mnoxapoB 87,2-92,4%. Apropsl paboTsl “Active fire detection in
Landsat-8 imagery: A large-scale dataset and a deep-learning study” mnpencraBuin
KpyIMHOMAacCIITa0HbIM HaOOp MaHHBIX, coaepxamuii 6omee 150000 ¢parmeHTOB H300pakeHMI
Landsat-8 nyist oOyuenus u orieHku mozenen [1].

Vcnonb3oBaHne KOMOMHALMK AMCTAHIIMOHHOTO 30HIUPOBAaHUS 3eMJIM M HeHpoceTed uis
00paboTKN H300paXKeHUH MpencTaBiseT co00il mepcrneKTUBHBI M 3(GEKTUBHBIN MOIXOJ K
PELICHHUIO aKTyaJIbHON MPOOJIeMbl IO CBOEBPEMEHHOMY OOHAPY)KEHHUIO MOXKapOB. DTH TEXHOJIOTHU
MOMOT'YT 3HAYUTEIbHO YIYYIIMTH CIIOCOOBI KOHTPOJS U MPEAOTBPALICHUS MOXApOB, YTO 3al[UTHUT
OKPYKaIOIIYIO Cpey, COXpPAHUT MPUPOIHBIE PECYPCHI U COKPATUT yIepO JUIsl JTIOEH.
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Annomayus. PaccmarpuBaercss mpo0iieMa MOATOIUIEHHUS HACEJICHHBIX MYHKTOB BCIEACTBHE
MaBOJKOB, YTO HAHOCUT SKOHOMHYECKHMH yIIep0 W MpeACTaBlseT Yrpo3y AJs >KU3HHU JIIOJCH.
BauManue ynensercs MeTogaM paHHErO BBISBICHUS MOJHATHS YPOBHSI BOJBI JUIsi MUHHMU3ALUU
nocienctBuii. COBpeMEHHBIE TEXHOJOTUU JUCTAHIIMOHHOTO 30HIUPOBAHUS 3EMJIH, KOTOpPBIC
JIOTIOJHSIIOT TPAJWIMOHHBIE METO/ABl TUAPOJOTMYECKUX HAONIOJACHUN, TNPEACTaBISIOT HOBBIC
BO3MOXXHOCTH [UUISl HaONIOJIGHHWS W TPOTHO3UPOBAHHUS MAaBOJKOBHIX cuTyanuid. I[IpuBeneHHbIE
MpUMEphl  JTAHHBIX JIUCTAHIIMOHHOTO 3O0HJIUPOBAHUSA 3€MJIM M CTaTUCTHUYECKUE JaHHBIC
WUTFOCTPUPYIOT 3(P(HEKTUBHOCTh TMPUMEHEHHS COBPEMEHHBIX TEXHOJoruid. B  3akimodeHun
MOMYEPKUBAETCSI  HEOOXOIMMOCTh  JAbHEWIIEr0  COBEPIICHCTBOBAHHUS  TEXHOJOTHH 1O
OOHApYKEHHUIO TABOJKOBBIX CHUTYyallUW JUIS TMOBBIMIEHUS d(P(GEKTUBHOCTH YIPABIEHUS PUCKAMU
3aTOIUIEHUH U oOecrieueHus: 6e30MacHOCTH HAaCeIEeHNs U SKOHOMUKH PETHOHOB.

Abstract. The article deals with the problem of flooding of settlements due to floods, which
causes economic damage and poses a threat to human life. Attention is paid to methods of early
detection of water level rise to minimize the consequences. Modern remote sensing technologies,
which complement traditional hydrological observation methods, present new opportunities for
observation and forecasting of flood situations. Examples of remote sensing data and statistical data
illustrate the effectiveness of modern technologies. The conclusion emphasizes the need for further
improvement of flood detection technologies to enhance the effectiv