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OUBNKO-MATEMATUYECKHUE HAVKH | PHYSICAL & MATHEMATICAL SCIENCES

YIK 517.928 https://doi.org/10.33619/2414-2948/101/01

MNOBEJEHWE PEIIEHA CUCTEMBI CUHT YJIIPHO BO3MY U EHHbIX
JNOPOEPEHIHHUAJIBHBIX YPABHEHUH
C OBOBHIEHHBIMHA HEO/ITHOPOJAHBIMU YACTAMU

©Axkmamoe A. A., SPIN-k00 8377-0954, Owickuii 2cocyoapcmeentblil yHUgepcumem,
2. Ow, Kvipeviscman, abdilaziz _akmatov@mail.ru
©Acamuounosa /1. 7K., Ouwickuii 20cyoapcmeenHblll yHUGepcument,
2. Ow, Kvipeviscman, asamidinovadinura5@gmail.com
©Xyoanibepouesa y. A., Ouickuii 20cy0apcmeeH bl YHUBEpCUmen,
2. Ow, Kvipeviscman, Samarkandek00@gmail.com

BEHAVIOR OF A SYSTEM OF SINGULARLY PERTURBED DIFFERENTIAL
EQUATIONS WITH GENERALIZED INHOMOGENEOUS PARTS

©Akmatov A., SPIN-code 8377-0954, Osh State University,
Osh, Kyrgyzstan, abdilaziz_akmatov@mail.ru.
©Asamidinova D., Osh State University,
Osh, Kyrgyzstan, asamidinovadinura5@gmail.com
©Khudaiberdieva U., Osh State University,
Osh, Kyrgyzstan, Samarkandek00@gmail.com

Aunomayus. B pabore  HCCIeayloTCs  CHUCTEMbl  CHUHIYISPHO  BO3MYIIEHHBIX
muddepeHInaIbHbIX YpaBHEHUH BTOPOro mopsiaka. HeomHOpOTHOCTBIO SIBIISIOTCS CHHTYJISIPHBIC
00001eHHble GyHKIMHU J(upaka, KOTOpble UMEIOT JIMIIb 3HAYEHUE B OHOM Touke. B 3TOoM ciyuae
UMeEeT MECTO SIBICHHs 3aiTATMBAHUS MOTEPHUM YCTOWYMBOCTH, A OLIEHKA PEIIEHUH CUHTYISIPHO
BO3MYULIEHHOM 3a7]a4M 3aBUCUT OT TOYKOH a ..

Abstract. The work studies systems of singularly perturbed second-order differential
equations. Heterogeneity is a singular generalized Dirac function that has only a value at one point.
In this case, the phenomenon of prolonged loss of stability takes place, and the estimate of solutions
to the singularly perturbed problem depends on the point a.

Knroueswie cnosa: CUHI'YJIIDHOC BO3MYUICHUC, HadaJlbHas TOYKa, 3aTAIMBaHUA TIOTCPU
yCTOfI‘-IHBOCTH, ACUMIITOTHKA, MaJbli napamMeTp, CUCTEMaA.

Keywords: singular perturbation, starting point, tightening of loss of stability, asymptotic,
small parameter, system.

Marpunia (QyHKIMM WMEeT JBa KOMIUIEKCHO-COMPSKEHHBIX COOCTBEHHBIX 3HAYCHHIA.
Heonnoponnast wacte Oymer oOoOmieHHas cuHryispHas ¢yHkiusa. Mccnmemyercs BIMsSHUE STOU
(GYHKIHIO K SIBJICHUIO MOTEPU YCTOMUNBOCTH PEIICHHH.

Llenv  uccneoosanus: J0Ka3aTh ACUMIITOTUYECKYIO ONU30CTh PEIICHUH CHHTYISIPHO
BO3MYIIEHHBIX  AU(EpeHIIUaIbHbIX YPaBHEHHH U  COOTBETCTBYIOIIUX  HEBO3MYIIEHHBIX
YpPaBHEHUH, B CJIy4a€ CMEHbI YCTOMYMBOCTH.
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Mamepuanvt u mMemoowl uccied08arHUs.
PaccmoTpum cucremy

&X' (t,&) = D()X(t, &) + g[5(t —a) + (L, x(t,&)] (1)
X(t,,6) = X" (€)., [x°(e)] = O(e) @
rie 0<e& — mManblil mapamerp, te[to,T] , X(t, &) = colon(x, (t, &), X, (t,£)) — HCKOMas

t 0
HeusBeCTHas QyHKUMA, S(t—a) =colon(s,(t—a),s,(t—a)) , D(t)= [ﬂié ) 1 (t)j , TOe
2

A =a®)+ipM), 4,1) =a®)—-ip(1)-
Jliia pelieHust mpaBoi YacTH mocTaBieHHON 3a7a4uu (1) TpeOyeTcsi BBIMOIHEHHUE CIETYIOIINX
YCJIOBUA:

Ul g(), T(t,x)e Q(ﬁ) - MPOCTPAHCTBO AHANUTHUECKHX (yHKIMi B o6mactu H , f(t,0)=0
(%) - f(t,i)\s M x\i—i
v2. A4(0)=a(t)1B(), Re4 () =a() <0, t <t<Ty; Re4(To) =a(Ty) =0, A(Ty) #0,

ReA(t) =a(t) >0, 0<t<T, k=12.
Nmeet mecTo CJIeayrouias Teopema:

, 0 <M — HekoTopas MOCTOSTHHAS.

Teopema. Ilycts BbImonHensl ycinoBus Ul-U2. Torma V'[E[to,T] pemenue 3amauu (1)-(2)

CyIE€CTBYCT, CAMHCTBCHHO U JIS1 HETO CIIPABEJIMBA OLICHKA

Ix(t )] <Clx, 3)

b

rae C —const.
Joxazamenvcmeo. 3anauy (1)—(2) 3aMEeHUM UHTETPAILHBIM YPaBHEHUEM

{ t t 4)
X(t, ) = x°(¢) exp[% j D(s)ds}+ j expE j D(s)dsJ.[a(T —a)+ f(r,x(z, &) [dr

Jlnsg  j[okazarenbcTBa  CYIISCTBOBAHMSI pelIeHUs ypaBHeHHsS (4) TpPUMEHUM METOJ
MOCJIEI0OBATEHHBIX TPUOTUKECHUH.
[TocnenoBarenbHbIE MPUOIMKEHUS OTIPEIETUM CIIETYIOITUM 00pazoMm:

X, (t,) =0, ®)

X (t,5) = X (&) exp[%j D(s)dsJ+jexp[%j' D(s)dsJ [5G —a)+ (e, (. 8)l7 .

me heN.
t

Tanee U(t,ty) = ReJ. D(s)ds .

ty

Onpenenum obnacts Hy = {t u(t,ty) < 0},

U3 (5) ouennm mocneaoBarensHble MPUOIMKEHNS Ha 3aMKHYTOM obnactu H)y. Torma
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X, (t,€) = X (&) em[ljﬂl(s)ds] + jfﬁl(r -a) exp(lj'll(s)ds]dr ;
€ to t &€y
X, (t,2) = X2(&) exp[ljzz (s)ds] ; j@ (z—a) exp[ljzz (s)dsjdr.
€ t to €
Orcrona umeeM: X (t, &) = X () exp [lj‘ﬂl(s)ds] +exp (lj'ﬂj(s)ds}
gt ¢ a

31ech YITEHO UToO, J.5 T— a)exp{ J.ﬂ,l(S)dedT exp[ J.ﬂi(S)de

ty

Onpenenum MOIYTbh PEIICHHIMA |Xll(t, g)| <

x] () exp(%.[ﬂi(s)ds} +exp [%Iﬂi(s)ds} .

leen] o

1
2). Ecim 1y > @ 1o amuny 3amepku pemieHuii onpeesnser BenranHa |eXp (—jﬂj(s)dsj ;
&

Bbyner nsarepo ciyuau:

1). Eciu ty <@ To mmny 3amepku pelennii onpeenser BeaHduHa

3). Ecim by =@ To mmmy 3amepskku Toxke OnpenenseT BeIMunHa

o) | A(S)dSJ;

4). Ecim @ >0, 1o ¢ynkius dupaka OymeT &,(t—a)=0 M UIMHY 33JCPXKKU PELICHUH

X! (g)exp{%j.ﬂq(s)ds} :

5). Ecin a =0, To Anuny 3a1ep>KKH OMpeesitoT BeTUnIHHA

OIpeaAcIACT BEJINYHNHA

0

exp Ejﬂq(s)ds] )

OTO o03HayaeT 4YTO, B OTOM Cllyyae SBJICHUS 3aJepKKH MOTEPU YCTOMUMBOCTU He
BBIITOJIHACTCAL.
Orcrozia NOSIBUTCSL OTPAaHUYEHUE Ha MMOCTOSHHYIO . DTOT Ciiydail He OyieM pacCMarpuBarh.

B ocTansHOM CJIydac UMECT MECTa OLICHKA t € Ho .

6
X1 (t, )| < cexp(Mj, (6)
E

rae 0<C—const, u,(t,t,) Rej'ﬂi(s)ds

CoOcCTBEHHBIC 3HAUCHHMS KOMIIJICKCHO-COIIPS’KCHHBIC ITIOOTOMY

7
iy 1,2)] < Cexp[wj, "
&
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t
rae 0<C—const, u, (t.t,) = Re [ 4,(s)ds.

exp (%j D(s)dsJ

a

Ecnm Ha omeHKY BIUsET BEIMYMHA , onieHka (6) u (7) BepHa Ha OTPE3KH

ty +a(e) <t<T-a(e),a(s) >0, £ >0 u & = o(a(s)).

Bropoe npuGmKeHnst OnpeaensieTcs CISAYOLIM 00pa3oM:
t 1t
X1 (L, €) = Xy (t,6) + _[ fl(T1 X1 X21)GXD(EI11(S)dSJdT :
to T

3nech maxﬂxll(t, 8), |X21(t, 8)|} =M |X11(t, 8)| . Torna

jxnreexp[ ws)dstr—M I[ exp[ M(s)ds}exp[ M(s)ds]]

y exp(1 | ﬂl(s)dsjdr,
g T
Otcroma

ij exp( Iﬂﬂ(s)dsjexp[ J.ﬂi(s)dsJ X! (&)M exp[%j@(s)ds}(t—to),arame

j’exp(ij@(s)ds}exp(ljﬂl(s)dstr =M em[ljﬂi(s)dsj(t ~t,).
t €3 €7 €y

Torna [X,,(t,€)| < Ce exp(Mj[H M(t—t, )]+ M exp(m}(t ~1,).
1

&

Amnanoruuno s |X,, (t, £)| < Ceexp (Mj[l-i— M(t—t, )]+ M exp [Mj(t ~t,).
& &

Tpu n =3 umeem Xi3(t,€) = Xy (t, 5)"‘_[ Ty X121 X2 EXp( J./L_(S)dsjdf

to

Orcronia max{xlz(t,g),|x22 t,g]‘}= M|x,(t,£).

Torna |x,;(t,&)| < Ce exp[ u °)j[1+M(t—to)+M72(t—to)2]+“/lzzem(ul(t’to)j(t—to)z;
&

&

t t
1
Jlst BToporo coberBennoro suadenns Xy (1 &) = Xy, (t, €) +I f,(7, X0, X5,) EXD [—Jﬁz (S)dS]dT
&
ty T

3nec max{x,,(t, &)X, (&)} = M[x,, (¢, &)

Kt )| < Cm(ﬂj[l M(t—t0>+“”72<t—to)2j+ " e[t -y,

5

Ananornano Xy, (t,€) = Xy, (t, 5)"‘] Ty Xinas Xong eXp[ J‘ﬁq(s)dsj

to
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n-1

)l(t—to)”_l]+

2
Homyanm |x,, (t, )| < Cgexp(wj(l+ M (t —t0)+MT(t ~t, ) +...+(M—
&

n-1)
n-1
L exp(ul(t’t(’)j(t—to)”1

(n—1) &
WUnu |x1n(t,g)|£Cgexp(Mjexp(M (t-t,))+ M exp(ul(t’a)j(t—to)”‘1
g (n—21)

&

Jj11 BTOporo coOCTBEHHOTO 3HAYEHHUS

Xan (1, €) = Xy (t, 5)"‘[ Fana (7 Xan1, X 1)eXp( J.ﬂ« (S)dsj

0

Moy 029 Coo 2050 1m(t-,)e Mt o M0t o
& —41)

Mt U, (tt) )y o ot
+(n_1)!eXp[ - j(t t)

Vmn |x2n(t,g)|£Cgexp( (t)) xp(M(t—t,))+ ('r\]/'_n_l)!em(uz(;’a)J(t—to)”‘l

JlokaxkeM CIPaBEeIJIUBOCTH OLIEHKHU IS n+l. Torga 3 (4) HMeEEM

Xipa (t,8) = x(s>exp[ M(s)ds} jexp( M(s)ds} 5,(z = a)+ f,(7, X0, X0 7,

v

at.0) < Coom “) oo et +Mop LW ity

&

Jns X, (t€) = XS () em[%jﬂvz (S)dsj + j.eXp(%j‘&z (S)dsj ) [52 (T - a)+ f, (7, Xy in)]dT )

V

Ko (t,€)] < Ceexp[%}m(lvl (t-t,)+ '\fﬂn em[uza’a)j(t—to)".

&
IlocnenoBarenpHEIE HpI/I6JII/I)KeHI/I$I PaBHOMCPHO OI'paHUYCHBI:

Vne N: ||Xn (t,g)” < C|X1|.
Jokaxxem CXOIMMOCTH {Xn (te )}
X (6.6) = X, (1,6)+ (%, (t.8) =X, (6. 8))+ (X (.6) X, (t,)) 4t (%, (1.6) = X1 (1 8)).
@)= %, (t8) X, (0.6) = }exp[liz(s)ds][f (e %)~ £ (£.%,,(7,6))d
to €%
Tornma

||X1(t,5) — X, (t,g)X| < (8)
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[%,(t, €)X, (t, &) < C?|x,

3

[x,(t. &)-x,4(t.&)] <C"[x,|.
%, (8 8) + (% (6 &)=, (t £))+ o (%, (t6) = X, (t 6)) < %, (& €)) +
% (t8) =, (t, )+ X, (t. €)= X, (t,8)] <[x 0L+ C +C2 +...+C™ ).

1_ C n+l
IIpaBas 4acTh paBeHCTBO (8): ”Xn (t’ 8X| = %C)’

npu N — 0 umeem ||X(t,8)| < 1|fll: < C|Xl| .

MeTooM OT MPOTHBHOTO JIOKaXeM €IUHCTBEHHOCTH pemieHus. [IycTh cyliecTByeT apyroe
penieHus 3anaun (4):

y(t, &) :y(t, ) = x"(e) exp[lj D(s)ds}jexp(lj D(s)ds] [6(z-a)+ T (z,y(zr, &)z
gto ty 3 T
X, (t,€) - y(t, &) = jexp[lj D(s)ds][f (r,%,,(7,8) - f(r,y(zr, &) 7,
ty € T

sreen X, (6.6) = X, (1,¢) + jexp[%j D(s)dsj f(r,%, 4 (r,£))d .

Torma

t t )
% (t.2) - ylt.&)| < [exp [% Re|[ D(s)dsJ %o (z,€) = y(z,)))dz < C|x,,

2

||x2(t,g)_y(t,g)|gjexp(1 Rejo(s)ds].nxl(f,g)_y(r,g)|drsc2|xl
t &€ 3

[, (t.e)- y(t.e)| < jexp(% Rej' D(s)dsJ-”xnl(r,g)— y(t,e)fdr <C"|x,.

3nech BeimosHseTcs VN € N (9). Torma B oomactu Hy:
limC"|x,|=0.

n—oo

U3 paBenctna (9) mpu n—»o0o= ||X('[, 8)— y(t, 8X| <0. Orcrona x(t, §)=y(t,&). Teopema noka3aHa.

Ipumep. Aj(t)=t+i, 1y(t)=t—i, é(t—a), a>0. Torna ycnosust U2 BBINOIHAETCS U IS PEIICHUS
3anauu (1)—(2) BepHO orenka (3).

Pesynomamet u o6cyscoenue
Ecnu HEOmHOPOIHOCTh 3TO CHHTYISIpHBIE 0000IIeHHbIE (PYHKIMH, TO UMEET MECTO SBJICHHE
3aTSArUBaHMs MOTepH ycToiumBocTH. DyHKIMM [lupaka He sBisitOTCS (YHKIHUSIMH B OOBIYHOM
cmbicie. [IoaToMy B BbIIlIE MOJIyYEHHBIX OLIEHKaX, OlleHKa pemeHui 3aga4un (1)-(2) 3aBucUT TOUKOH
. O1ieHKa pemieHni moryqaeTcsi B ACHCTBUTEILHOM 00IacTH.
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Bv16o0wbi
Ecnu HeonHopoaHOCTh OyneT (yHKIMSAMHU B OOBIYHOM CMBICIIE, TAKHE CIy4Yau UCCICAOBAaHbI B
paborax [1-3]. B mnporuBHOM ciy4ae OLEHKAa pPEIICHWA 3aBUCHT OT TOYKH CHHTYISIPHOU
o0o6menHon pynkunn upaxka.
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BJIMSIHUE ®YHKIIUU TAPAKA K 3ATAT'MBAHUIO ITIOTEPU U
YCTOUYUBOCTHU PEHIEHUU CUHI'YJISAPHO BOSMYIIEHHOU 3AJTAYU

©Axkmamos A. A., SPIN-x00 8377-0954, Owckuii cocyoapcmeenHulll yHUsepcumen,
2. O, Kvipeviscman, abdilaziz_akmatov@mail.ru
O©Kanamoan kvrzel 1., Owickuii 2ocyoapcmeenniii yHugepcument,
2. Ow, Kvipevizcman, Shirin.kalambaeva@gmail.com
O©Cpasicuoun yyny H., Ouickuii 2ocyoapcmeerHulll yHUgepcumenmn,
2. Ow, Kvipevizcman, musaev) 6@gmail.com

INFLUENCE OF THE DIRAC FUNCTION ON LOSS PROGRESSION
STABILITY OF SOLUTIONS TO A SINGULARLY PERTURBED PROBLEM

©Akmatov A., SPIN-code 8377-0954, Osh State University,
Osh, Kyrgyzstan, abdilaziz_akmatov@mail.ru.
©Kalambai kyzy Sh., Osh State University, Osh, Kyrgyzstan, Shirin.kalambaeva@gmail.com
©Srazhidin uulu N., Osh State University, Osh, Kyrgyzstan, musaev56@gmail.com

Annomayusa. HeoqHOpoaHas yacTb CHHIYISPHO BO3MYILEHHOM 3aJaud TOXE BIMSIET K
3aTSArMBaHMIO OTEpU ycToiuuBocTu. Eciiu HeogHOpoaHas YacTh OyaeT 0000IEeHHON CHHTYIISIpHON
¢bynkuueit /lupaka, To OoHa ONpeAENsSeT MOBEISHHs PEIISHHUs] CUHTYISpHOU 3anadun. Mccnenyercs
stoT ciydail. IlokaxkeM ocobeHHOcTH wuccienyeMoil 3amaun. B pesyaprare  momydum
aCHUMIITOTMYECKYIO OLEHKY. 3ajada HcclenyeTcs B JeHCTBUTENbHOM oOmacTtu. DTO IIaBHOE
IPEUMYILIECTBO, IpH OOBIKHOBEHHONH HEOJHOPOAHOCTH OILIEHKA peIIeHUs [ojlyyaercs B
KOMIIJIEKCHOW 001acTH.

Abstract. The inhomogeneous part of the singularly perturbed problem affects and prolongs
the loss of stability. If the inhomogeneous part is a generalized singular Dirac function, which
determines the behavior of solutions to the singular problem. The features of the problem under
study are shown. As a result, an asymptotic estimate was obtained. The problem is studied in a real
domain.

Knroueegvle cnoéa: CUHTYNSpHOE BO3MYILECHHME, HadajlbHas TOYKA, 3aTATMBAHMS IOTEPH
YCTOMYMBOCTH, ACUMIITOTUKA, MAJIBIA ITApAMETP.

Keywords: singular perturbation, starting point, tightening of loss of stability, asymptotic,
small parameter.

B paGore HeomHOpomHas 4YacTh OyaeT o0oOuieHHas cuHrynspHas ¢yHkuus [upaka. Ota
(GYHKIUS CUIIBHO BIHSIET K SIBICHHUIO 3aTSATMBAHHUIO MOTEPU YCTOHYMBOCTH PELICHUN CHUHTYISPHO
BO3MYILLIEHHON 3amaun. [lens uccrneooéanus: ROKa3aTh ACUMITOTUYECKYIO OIM30CTh peEIICHUs
CHHTYIISIDHO  BO3MYIIEHHOTO  TU(GQEPEHINAaTbHOTO  YpaBHEHHWST W COOTBETCTBYIOIIETO
HEBO3MYIIIEHHOTO YpPaBHEHUS B CIIydae CMEHBI YCTOMYMBOCTH

Mamepuanvi u memoowl uccnedosanus
PaccmoTpum 3agauy
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&X' (t, €) = AWX(L, ) + e[St —a) + f(t,x(t, &)] (1)

X(ty, &) =X°(g) |[x°(£)] =0O(e) ()

tE[tO,T] ’ x(t, &)

s(t-a) byukmst [fupaka KOTopast UMeeT 3Haue€HUE TOJIBKO B TOUKE d.
Jliia pelieHust mpaBoi YacTH mocTaBieHHON 3a7a4un (1) TpeOyeTcsi BBIMOIHEHHUE CIETYIOIINX
YCJIOBUIA:

e 0<& — manmiii napamerp, — HCKOMasi Heu3BecTHas (YHKIIHS,

vl 90 , ftx)eQH) _ MPOCTPAHCTBO AHATUTHYECKUX (YHKIMA B 00JacTH H ,

f(t.0)=0 ‘f(t’ X)- T, X)‘ =M X‘X - X‘ , 0<M _ yekoropas nocrosumast.

U2, A =a®+iBM) ReA®=a) <0 —w<t<0. R€AT)=a(ly)=0 pA(T)=0
ReA() =a(t) >0 0<t<+oo,

HNmeet mecTo CJIeayrouias Teopema:

2

vtelt,,T]

Teopema. Ilycts BwimonHensl ycioBus Ul-U2. Torma
CYLIECTBYET, €IUHCTBEHHO U JJISl HETO CIIpaBeIMBa OLEHKA

X(t,£)| < Clx,| ©

pemenre 3amaun (1)-(2)

rne C —const
Jokaszamenvcmeo. 3anauy (1)-(2) 3aMeHUM UHTETPaIbHBIM YPaBHEHHEM

' ¢ t 4)
X(t, £) = X° (&) exp{% j l(s)ds} + j expE j ﬂ(s)ds)[cS(r—a) + f(z, X(r, &)z

JUia  nokaszarenbcTBa  CYUIECTBOBAHMSI PELIEHUS ypaBHEHMsI (4) TNpPUMEHUM  METOJ
MOCIIeIOBATENIbHBIX MPUOIHKEHUH.
ITocnenoBarenbHble TPUOIMKEHUS ONPEAETIUM CIEAYIOIIMM 00pa3oM:

X, (t,)=0 )

2

X (t,) = X°(&) exp[%jz(s)ds)+jexp&jz(s)dsJ [6-a)+ f(z,x . (r8)dr

2

rne N€ N
t
u(t,t,) =Re j A(s)ds

Janee b

H, = {t:u(t,t,) <0f

Omnpenenum 061acTh

U3 (5) olleHMM NocIe0BaTeNIbHbIE TPUOIMKEHUS Ha 3aMKHYTOM obmacti 0 . Torma
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t t t
X, (t, &) = X° (&) X 1 j A(s)ds |+ j 5(r —a)exp [1 j }t(s)ds]dr
¢ ty ty 3 T
OTcroma UMeeM:
1 15
X, (t,€) = X’ () exp| = j A(s)ds |+ exp[— j i(s)dsJ
£y &
351ech YYTEHO UTo,
t 1 t 1 t
jé(t - a)exp(—J./l(s)dstr = exp [—J‘ﬁ(s)dsJ
ty & T & a
OnpenenuM MOAY/Ib PEIICHUN
% (t, )| <[x° () exp[E | z(s)dsj + exp(1 | /I(s)dsJ
£ o4

Byner nsarepo ciryyan:

t, <a y
1). Eciin TO JJIUHY 3aJ€PKKU PELIEHUN ONPEAEIIIET BEIUYNHA

xo(e)exp(%j/l(s)dsJ

t,>a y
2). Ecim TO JJIUHY 3aJ€P>KKU PELICHUN ONPENEIIET BEINUNHA

exp E .t[ }t(s)ds]

t,=a
3). Ecim © TO JUIMHY 33J€P>KKH TOXKE OINPEIEIISIeT BeINUNHA

exp(%j%(s)ds}

2

t—a)=0

4). Ecmu a— o , To ¢QyHkuus [lupaka Oymer ( U JUIMHY 3aJ€pKKH pElIeHUN

OIpeACIACT BEINYNHA
t
xo(g)exp(1 j /I(s)dsJ
& f
5). Ecim &= 0 , TO JUIUHY 33J€P>KKU ONPEIEIAI0T BETUUNHA
1 t
exp (— I ﬂ(s)dsJ
€ 0

OTO O03HayaeT 4To, B O3TOM Cllydae SBJICHHUS 3aJepKKU TOTEPU YCTOWYMBOCTH HE

BBITTOJIHACTCA.

OTcrona nosBUTCS OTpaHUYEHNE Ha MOCTOSHHYIO 4 ot cilyuyail He OyzeM paccMaTpHUBaTh.

B ocranbHOM cityyae mmeeT MecTta orjeHKa 0.
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X, (t, ,9)|<Ce><p[u(tt )j (©)
&

2

t
u(t,t,)= Rejﬂ(s)ds
rne 0<C—const t

Ecnu na OLICHKY BJIMACT BCJIMYHHA

exp E .t[ /I(s)ds]

oreHKa (6) BepHa Ul OTPE3KU t+a(e)<t<T-ale) (@) >0 >0y &= o(a(s)).

Bropoe an6Jm>KeHH;I OIpeIeNsIeTCs CIEAYIOUIMM 00pa3oM:

X, (t,£) = X, (¢, g)+jx exp[ jl(s)dsjdr
3mechb -

j X, rgexp( jz(s)dster[ exp[ J'/l(s)ds]+exp( Ii(s)dsﬂ

0 O

‘ exp[%jx(s)ds]df

Ortcroma
M jx exp[ jl(s)ds}exp( jﬂ(s)dsJ x°(£)M exp(ijf/l(s)ds}(t ~t,)
to & t
a TaK¥XE
t 1 T 1 t 1 t
_[ exp[— _[ ﬁ(s)ds}exp(—jl(s)ds]dr =M exp[—j/i(s)dsj(t ~t,)
to €3 €% €% )
Torma
X, (t, )| < Cgexp[ (L.t )J[1+ M(t—t, )]+ M exp[u(t’tf))j(t ~1,)
&
Ipu N =3 nmeem
X;(t, &) = X, (t, g)+jx2 (7, g)exp[ jﬁ(s)dsj
[Tonyuaem
IX,(t, &)] < Cgexp(u(t’t‘))j[br M (t—t0)+M—2(t—t0)zJ+ M7 exp(u(t fo )j(t t, )
£ 2 2 £ .
AHaJoru4HO

X (te) =% (t,) +jxn_1 (r.¢) exp[ijx(s)ds]dr
(C; T

to
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[Tonyunum

2 n-1

X, (&, g)|<Cgexp(u( O)j(1+M(t—t0)+MT(t—to)2+...+(':|_1)!(t—to)”1]+

+ M i exp(u(t’to)J(t _to )n—l

(n—1) &
N
t, M u(t,a .
ot = Ceonl L Jopimt—t )+ o0 42 i,
JIOKa)xeM  CIIPaBeNJIMBOCTH  OUEHKM i N 1. Torma

X, (t, &) = X" (&) exp{%jﬂ(s)ds] + jexp[%j/l(s)ds} [8(z —a)+ f(z,x, (z,&))d7

A\

|Xn+1(t 5)| Cgexp[ . O)j (I\/l (t—to))+ erl!n exp[u(t’a))(t_to)"

&

HOCJIG,I[OBaTeJILHbIe HpI/I6JII/I>KeHI/I}I PaBHOMCPHO OI'paHUYCHBI:
vneN. X, (t, )] < C|X1|_

Jokaxem CXOJIUMOCTHU

x (t.e)]

m (4) wumMmeem

9

X (t, &) =x(t, &) +(Xz (te)- X1(t’5))+(x3(t’5) X (t,g))+ +(Xn (t,e)- Xn—l(t!g))'

(4)=
Tornma
X, (t, &) = %, (t, &) < Clx,|

X, (t, &) — %, (t, &) < C?|x,]
X3 (t,€) = %, (t, )| < C°|x,|

%, (t€) =%, (t,£) < C"x,|

[To momymto

|X1(t’5) + (Xz (t,e)- X1(t’5))+(xa (te)-x, (t,g))...+(Xn (t,&) =%, (t, 5))"‘
<|%, (8, &) +[X, (8, ) = X, (t, €)| +[X5 (t, €) = X, (t, )| + oo +[X, (. €) = X,y (t. ] +

£|x1|[1+C+C2 +..+C"

[TpaBas yacts paBeHcTBO (7):

X 1_Cn+1
|Xn (t,8)| < %C)

3

pu N—%0 yyveem
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e o) <L <y,

1-C
MeTooM OT MPOTHUBHOTO JTOKAKEM €AMHCTBEHHOCTH pemeHus. [1ycTh cymiecTByeT npyroe
pereHus 3anaqn (4):

y(t, &) y(t, &) = X° () exp % j A(s)ds |+ j exp(% j z(s)dsJ [sGz-a)+ f(z,y(r,e)) [dz

X, (t,&) - y(t,&) = jexp Ejﬂ(s)ds}[f (r,x,,(7,8) - T (z,y(z,€)[dz

9

X, ([t &) =x(t &)+ jexp Eji(s)dsj f(z,x,,(z,€))dr

371ECh
Torma
¢ 1t (8)
¥, (t &) - y(t. &)| < j oxp| —Re j Ms)ds |-[xo(z,€) - y(z,£)|dz < Clx|
ty T
t 1 t
%, (t, &) - y(t,8)| < j exp(— Re j /l(s)ds] %, (z, &) - y(z,6)|d7 < C?[x,|
&
to T
t 1 t
X, (t &) - y(t, &) < j exp(— Re j l(s)ds]-|xn_1(r,g) ~y(z,6)dz <C"[x|
g
ty T .
3necs somonnsercs VN € N (8). Torxa B oGnactu Ho :
lim C"[x,| =0
W3 pasencrsa (8) mpu N> X = |X(t’8) - y(t,g)| <0 C o, X6e)=Y(te) | Teopema
JI0Ka3aHo.
Ilpumep. AW =t+i , s(t-a) ,8>0 Torma ycioBusi U2 BBIMOMHSAETCS W JJIA PEIICHUS

3anauu (1)—(2) BepHoO orenka (3).

Pe3zynemamol u 0o6cyscoenue
Korma HEOMHOPOMHOCTH A3TO CHHTYIsApHas GyHKUH Jlupaka, TOTaa pelieHWe 3aaadu
OLICHUBAETCS B ACHCTBUTEIHHOM 00MACTH. 37IeCh BTOPOE ClIaraeMoe paBeHCTBO (4) BBIYMCISETCS 3a
cuet pynkiuu upaxa. [TosToMy moSBHUTCS BO3MOXKHOCTH OIlEHMBaTh perieHue 3amadu (1), (2) B
JNCHCTBUTENLHOM 007acTH. A TakKe MOXXHO BBIOpAaTh 3aTATHBAHHS IOTEPU yCTOWYHUBOCTHU
JOCTaTOYHO OOJIBIIKM.

Bui1600b1
Wcnone3ys cBoiicTBa CUHTYISIpHON QyHKIMHK J[Mpaka MOXKHO OLIEHUBATh penieHue 3aaadu (1)-
(2) B peiictBuTenbHOM oOmactu. OTOT cioydyail 0OCOOEHHBIM, MOTOMY YTO HEOIHOPOIHOCTh
o6o6menHas Qynkius. C 0OBIKHOBEHHBIMH HEOJHOPOIHBIMH YaCTSIMHU MCCIIEIOBAaHO B padoTax [1-
3].
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MATEMATHYECKOE MOJEJUPOBAHUE U SKOHOMETPUUECKU AHAJIN3
IMPOLHECCA CI'OPAHU A KOMIIO3UIITMOHHOI'O TOIIVINBA

OTaxcuroaesa C. T., ORCID: 0009-0006-1025-1999, OQuickuii cocyoapcmeeHublil yHugepcumen,
2. Ow, Kvipeviscman, stajikbaeva@oshsu.kg
©Tawnonomos bl., ORCID: 0000-0001-9293-7885, SPIN-ko00: 2425-6716,
0-p Qus.-mam. nHayx, QUICKULL 20CYOapPCMBEHHbLL YHUBEPCUMEM,
2. Ow, Kvipewvizcman, itashpolotov@mail.ru

MATHEMATICAL MODELING AND ECONOMETRIC ANALYSIS
OF COMPOSITE FUEL COMBUSTION PROCESS

©Tazhikbaeva S., ORCID: 0009-0006-1025-1999,
Osh State University, Osh, Kyrgyzstan, stajikbaeva@oshsu.kg
©Tashpolotov Y., ORCID: 0000-0001-9293-7885, SPIN-code: 2425-6716, Dr. habil.,
Osh State University, Osh, Kyrgyzstan, itashpolotov@mail.ru

Annomayus. ViccrnenoBaH NpOIECC CKUTAHUA KOMITO3UIIMOHHOTO ToOmInMBa. B kauecTse
00BEeKTa UCCIIEIOBAHUS ObLIN B3SAThI YaCTHUI[bI BOAOYTOJIHHOIO TOILIMBA. AHAIMU3 MpoLiecca TOPEHHS
IIPOBEJIEH Ha OCHOBE MareMaruuyeckoro MojenupoBaHus. CoznaHHasi MareMaTHdecKkash MOJEIb
peliasach YHUCJIEHHBIM METOJOM KOHEYHBIX JJIEMEHTOB C IIOMOINbIO mporpammbl Elcut, wu
pa3paboTaHa KOMIbIOTEpHAsi MOJeNb. Pe3ynbTarhl, MONTy4YeHHbIE HA OCHOBE UYHCICHHOTO METOJa,
CPaBHHMBAJIUCh C DKCIIEPUMEHTAIbHBIMU PE3YJIbTaTaMu, a TaKkKe MPOBOAMIICS IKOHOMETPUUECKUIN
aHaJIU3 U MPOTHO3 MO perpeccuoHHoi Monaenu. CpaBHEHHE MOMYyYEHHBIX PE3yAbTaTOB YMCICHHBIM
METOZIOM KOHEYHBIX JIEMEHTOB C MOMOMIbI0 Iporpammsel Elcut ¢ akcriepuMeHTalIbHBIMU JTaHHBIMU
paboT, TOKa3kIBACT, UTO MOTPEUTHOCTh COCTABIISIET B CpeIHEM 5% M CBUACTENBCTBYET O (PU3NIECKOU
000CHOBAaHHOCTH ypaBHEHHMH U TpaHUYHbIX ycioBui (1)—(7) aAns MareMaTnuyeckoro MoAeIMpPOBaHUS
paccMaTpuBaeMoil 3a/1auu M UCHoJIb30BaHue nporpammsl Elcut 1 yrcieHHOro pacyera.

Abstract. In this article, the process of combustion of composite fuel is studied. Particles of
hydrocarbon fuel were taken as the object of research. The analysis of the combustion process is
carried out on the basis of mathematical modeling. The created mathematical model was solved by
the numerical method of finite elements using the Elcut program, and a computer model was
developed. The results obtained on the basis of the numerical method were compared with
the experimental results, as well as an econometric analysis and forecast based on the regression
model. A comparison of the results obtained by the finite element method using the Elcut program
with experimental data shows that the error is on average 5% and indicates the physical validity of
the equations and boundary conditions (1)-(7) for the mathematical modeling of the considered
tasks and use of the Elcut program for numerical calculations.

Knroueswvie cnosa: dactuia BOJOYIroJIbHOTO  TOIJIMBA, MIPOLECC CropaHvd  TOIIJIMBA,
mMareMarndcckasa MOJCJNIb, pETPECCUOHHAA MOACIIb, KOMIIBFOTCPHOC MOJACIIMPOBAHUC.

Keywords: coal-water fuel particle, fuel combustion process, mathematical model, regression
model, computer modeling.
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B nactosimiee BpeMs pa3paboTka crocoO0B perieHus M00ATbHBIX IKOJIOTHYECKUX MPOOIIeEM,
TaKMX Kak HW3MEHEHUEe KJIMMaTa, 3arpsi3HeHue armocdepbl, sBISETCS OJHOW U3 Haubosee
aKkTyalabHbIX IpoOsieM. CoInacHO CTAaTUCTUYECKMM JIaHHBIM 110 MMPOBBIM  I1OKa3aTessimM
skonoruueckoit apdexrunoctu (EPI) u uncrorer Bo3ayxa (IQAir), Keipreizcran 3anumaer 126-¢
MecTo U3 180 cTpaH Mo COCTOSIHUIO OKpyXkaromiei cpenbl, 19-e¢ mecro u3 100 cTpad 1o creneHu
3arpsi3HeHusl Bo3ayxa. [lnoxoe kadecTBa BO3ayXxa MPEACTABISAET CEPHE3HYIO Yrpo3y i >KU3HU
mozgeit. CommacHo JaHHBIM BeceMupHO# opranuzaiuu 3paBooxpaneHus 3a nocieaaue 10 jget yacto
¢bukcupyeTcst pecnuparopHbie 3a0ojeBaHUs (acTMa ajuIEPTUYECKOr0 THUIA, OPOHXOJIETOYHBIE,
CEPACUHO-COCYIUCTHIE OCIOKHEHHUS).

OnHMM U3 OCHOBHBIX MCTOYHHMKOB 3arpsi3HEHUS BO3/lyXa SBISETCS YTOJb, UCIIOJIb3YeMbIN IS
oTroruieHusl kuibs. Cxuranve ymisi B KorenbHbIX TOL[ ocyiiecTBiaseTcss Mo ycTapeBIIUM
TEXHOJIOTHSIM, B PE3Y/IbTaTe MPUBOIUT K CEPHE3HBIM 3KOJIOTHUECKUM MpolieMam.

Takum o00pa3oM, BO3HUKAET HEOOXOAUMOCTh pPa3pad0TKH A(P(HEKTUBHBIX TEXHOJOTHMA
ucnonp3oBaHus yris. OJHUM M3 CHOCOO0B pelieHuss 0003HAUYEHHBIX CIIOXKHOCTEH sIBiseTCs
C)KUTaHME YIS B BUJE BojoyroiasHoro tormsa (BYT) [1].

AHanu3 pes3yabTaroB IMPEJCTaBIIAET MEPCIEKTUBHOCTh HCIOIb30BaHMUS BOAOYIOJIBHOTO
TOIIIMBA, OJJHAKO Ha CETOAHSIIHUMN JI€Hb UMEIOTCS HEPEUICHHbBIE CIIEAYIOLIUE MPOOIEMBbI:

— YBEJIMYEHHUE KaJOpUHOCTH yacTullsl BYT;

— KOMIIBIOTEpHU3AIUS MPOIECCOB MPUTOTOBICHUS, TPAHCIIOPTUPOBKE, XPAHEHUSI M CKUTAHUS
BVYT.

B ocHOBHOM uccnieoBarenu CTpyKTYpUPYIOT mpoiiecc cxxuranus yactuilbl BY T Ha 4 srana:

MIPOrpeB, UCMApPEHUE BJIaru, BHIXOA U CTOpaHME JIETY4HX BEIIECTB, BhITOpaHue yriepoaa. Ha
OCHOBE DJKCIEPUMEHTAIBHBIX MWCCIIeNOBaHuM, npoBeAacHHbIX b. B. KanrtopoBuuem u I. H.
Hensirunbim [2, 3], ObutH ceIaHbl CIASAYIOMIUE BHIBOJIBIL:

— BYT umeer BBICOKYIO PEaKIIMOHHYIO CHOCOOHOCTb;

— BOZla UMeeT OOJIBILIOE BIMSHUE Ha MPOIIECC BOCIJIAMEHEHUS U TopeHus dactulibl BY T.

N3noxeHHble BBIIIE XapaKTEPUCTUKH MPUHUMAIOTCS BO BHHUMAHHUE IPU MOJCITUPOBAHUH
ropenus yactuipl BYT u onpenenser akTyallbHOCTh CIIEAYIOIIEH 3a1a4uu.

Ilocmanosxa 3adauu

Hccnenyerca cucrema «uactuna BYT — BeicokoTeMneparypslid ra3». Yactuma BYT
MOMaJlaeéT B TMOTOK BBICOKOTEMIIEPaTypHOU cpefpl. TemioBold MOTOK IMOJBOJUTCS PaBHOMEPHO K
MIOBEPXHOCTH 4acTUlbl. [lo BIMSHMEM BBICOKOTEMIIEPATYPHOIO IOTOKAa IPOUCXOOUT B CHUCTEME:
IIPOrPEB YaCTHIIbI, UCIIAPEHUE BIIATH, TEPMUUYECKOE PA3IOKEHNE OPraHUUECKON YaCTH YITISl U BBIXOJ
JeTY4HX, Ta30(ha3HOe BOCIUIAMEHEHUE, 3a)KUraHue Kokca [4].

31eck cieayeT OTMETUTh, YTO BCE BhIIIEyKa3aHHbIE IPOLECCH TPOTEKAIOT OJHOBPEMEHHO.

Takum o6pasoM, yenvio Oamnoui cmamvu SBISETCS HCCIEJOBaHUE MpoOIlecca CrOpaHus
gactuisl BYT u pa3zpa®oTrka Maremarndeckoil monmenu mporecca. Cxema o06iacTé pelieHus
MOCTaBJIEHHOM 3a1aun oToOpakeHa Ha Pucynke 1.

Jlnia pelieHust IOCTaBIEHHOM 3a/1aud PUMEM CIIETYIOIINE JOMYIEHUS:

— Tterodusnueckue xapakrepuctuku BYT MOCTOSHHBI, T. €. HE 3aBHCIT OT KOOPAMHAT U
BpPEMEHH;

— TEIIO0OMEHHBIN MPOLECC BHYTPH YaCTUIBI OTHOMEPEH, T. €. TEIJIOTa paclpoCTpaHsIeTCs B
OJTHOM HarpaBJIeHHH;

— TEIJI0 PaclpOCTPAHIETCS KOHBEKIIMEN 1 U3ITyYeHUEM;

— B3aMMOJICHCTBUE BOABI C YITIEPOIOM HE IPUHUMAETCS BO BHUMAHHUE;

— teno yactuibl BYT umeer chepuueckyio hopmy.
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ITalr, t):

Pucynok 1. Cxema obnactu perrenus 3agauu. 1. Cyxoii cioii. 2. Mcxonnas BYT.

Cxema, mpezacrabieHHass Ha PucyHke 1, sBusercs (pU3MYECKOW MOJIENBIO JAHHOW 3aaaq.
HccnenoBanue 1000r0 (U3UUECKOTO SIBICHUS MPHBOAUTCS K BBISIBICHUIO KOPPEISIIUIO0 MEXIY
BEJIMYMHAMU, ONKCHIBAIOIIMMHU JaHHOE sIBJICHHE. MareMaTudeckas MOJIeNb JJIi CUCTEMBI «4acTUIA
BYT — BpIcOKOTEMIEpaTypHBIN Ta3», COOTBETCTBYIOIIAs 3TOM CXe€Me, OCHOBaHa HAa CHUCTEME
ypaBHeHUi [5]:

— YpaBHEHHUE SHEPTHUH JIJISl CYXOU YacTH 1)

oTy(r,t)  [0%Ti(r,t) 10T, (r,t) " Qs * ko E (1)
ot T[Tz Tr g | UMD T et )
t>0, r,<r<rmn, T,<T,

— YpaBHCHHUC XUMHYECKON KUHETUKH JJIs yTOJ'IBHOﬁ KOMITOHCHTHGI TOIIJIMBA

0771(7': t) _ QXI/IM ' kO . E (2)
0 - 1 —n(, tDT exp(— m)

t>0, r,<r<rm, T,<T,

— YpaBHEHHE HEPTUM I UCXOIHOW YaCTH TOILJIMBA

oT,(r,t)  [02T,(r,t) N 19T, (r,t) 3)
ot “ or? r or
t>0, 0<r<rm, T,<T,

¢ HauanbHbIMH (T (1, 0) = T;y) ¥ TPaHUYHBIMH yCIOBUSMHU:
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_Alw a[T. — Ty(ro, )] + €0+ [T* = T{(ro, 1)] ¥

I'paHUYHBIC YCJIOBUA YCTBCPTOT'O POJAa HA I'PaHUILIC UCIIAPpCHUA

dT;(r, t) dT,(r,t) (5)
M Q0 r=r,+0— A2 o lr=r,,—0 = QuenWaens

Tl(rw t) = TZ(rw t) = Tw (6)
aT,(0,t) (7

— =0

ar

3necw, Ty — HayanpHas Temieparypa dyactuupl, K; T, — Temmneparypa OKpyXKarolleil cpebl,
K; 7, — TnpocTpaHCTBEHHas KOOpJIMHATA TI'PaHHIbl HchapeHus, M; o = 5,67 -1078 % —

KOHCTaHTa M3JIy4eHUs] a0CONIOTHO YEPHOTO Tena, d; — KOI(D(OUIIMEHT TeMIepaTypornpoBOIHOCTH

2 2
) M o M
ucxonaHoit yactu BYT, —; a, — ko3 dunrient remmneparyponpoBogHoctu cyxoi yactu BYT, —; 44
C C
Bt

— KO3 }UIMEHT TEIIONPOBOAHOCTH HCXoAHOW dYacth BYT, -
M

;o Ay — KoacbchuHeHT
o Bt
TEIUIONPOBOAHOCTH Ccyxoil uactu BYT, e Wy en — MaccoBasi CKOPOCTh HCIIapeHus, —o Quen —

Ter10Boi 3¢ ekt chapeHHs[ QXHM TEIUIOBOM 3 (EeKT peakiuu TePMUUECKOTO Pa3ioKeHHUs,

ko — TIPEIIKCIIOHEHT XUMHUYECKON peaklny, € — CTeneHb YepHoTHl yactuiel BYT, E — sneprus

AKTUBAllUU, 1| — CTCIICHDb IIPCBPAIlCHH, R = 8,31 — YHHUBCpPCaJIbHas ra3oBas NOCTOSIHHAA.

K
(Mosip-K)
KoopanHara rpanuinbl ucnapeHuss Haxoausach M3 pelleHus cuctembl ypaBHeHui (1)-(4) c

— JIMHEWHas

o Whucn
YYETOM TPaHU4HBIX yenoBuil (5)-(7) no dopmyne: & = L| — [ Vi - dt, e Vo =
M
CKOPOCTh TPOJBIKEHUS (PpoHTa McnapeHus, —. CKOPOCTh MCIAPEHUs HAXOAWJIAch MO (opMmyde:
C
W _ V . Quen - (T1—To) T V
hen = Vo exp(—R_TO_T1 ), tne Ty — Temmeparypa Ha TpaHHIE HCHapeHus, I, — cKopocTh
UCIIapEHMs TP TEMIIepaType 3aMep3aHusi, {1 — MOJIIPHAs Macca BOASHOTO mapa.

Yucnennas moodensv 3a0ayu
CoznanHasi MaTeMaTuyeckas MOJIeTb pellianach YACICHHBIM METOOM KOHEYHBIX DJIEMEHTOB C
noMmomnipio mporpamMmbl Elcut, u pa3paboTraHa kommbiOTepHas Mojaenb. B pabore mpoBeneHO
JIBYMEpPHOE UHCJIICHHOE MojeiaupoBaHue. Jlo Havyala MOJIETUPOBAHUS CIEAYyeT OICHUTH
TeII0(U3NIEeCKIEe XAPAKTEPUCTUKH BIIAXKHOW M «O0E3BOKEHHOW» YacTH TOILIMBA (Yroib MapKH
«/1») u mosTOMy OBLITN OTpPEAETEHBI C YIETOM 0ObEMHBIX JIOJIEH OCHOBHBIC TAPaMETPHI:

BTt Ik
Ty = 300K(26,85°0C), T.=1173,15 0K(900°0), A, =1655——, (C, = 2426 :
M oK Kr oK
KT Bt
p =1630 F = (100 + 500) oK ,0<e<1, o¢=0,0000000567, 7o = 1500MKkM.

T. e. HavgasbHas TeMnepaTypa gacTupl 7y W TeMmIeparypa OKpyxawmeh cpensl 7.
cootBercTBeHHOM paBHbI 300 °K n 1173 °K.
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Pewenue 3aoauu

[Ipu MopmenupoBaHWU TMpollecca TOPEHHS TEMIIEpaTypa OKPYXAroIIeH Cpeasl W JAHaMeTp
yacTuibl BYT COOTBETCTBEHHO BaphbUPOBAIHMCH B 3HAUUTEIBHO HMIMpOKoM HHTepBasie (870—1500
°K), (1000-3500 mxm). KoppeKkTHOCTh MareMaTu4eckoil MOJIETH, XapaKTepU3yIOIeld UCCIIeyeMblid
nporecc, ObUTa MPOBEPEHA IYTEM IPOBEICHHUS BBIYMCIUTEIBHOTO SKCIEPUMEHTa B CO3IAHHON
KOMIIBIOTEPHOW Mojel. Tarkke pe3yJabTaThl JKCIIEPUMEHTOB, BBIMIOJIHEHHBIX YYEHBIMHU, OBLTH
MOATBEPKIACHB pe3yabTaTaMH, IOJYYCHHBIMH Ha MOJEIH, co3laHHOW B mporpamme Elcut.
Pesynbrarel MpoBeneHHBIX MCCIIEAOBAHUN MpeACcTaBlIeHbl HA PucyHnkax 3—35.

C uenpro ompeneneHus: (HakTOPOB, BIHSIONIMX HA TPOIECC TOPEHUsS, U OICHKH YPOBHS
3aBHCUMOCTH MEXIYy HHUMH CO3JlaHa PErpecCHOHHAs MOJENh M3ydaeMoro mpoiecca. B pesynbrare
JTUHEIHAsT MOJIeTThb MHOXKECTBEHHOH perpeccuu Oblia Onpe/esieHa CIeAYIOIUM 00pa3oM:

Y =301,9—-1,59 - x; + 27096 - x, + 0,338 - x5 + 0,337 - x, (8)
Ie, X; — BpeMsA BOCIUIAMEHEHMS, X, — Jauamerp 4vactuubl BYT, x3 — Ttemneparypa
OKpyKarolei cpenbl, x,— Temneparypa yactunbl BYT uepes 1 cekynny, Y — crabunbHas

TeMIIepaTypa B IIPOLIECCE TOPEHHUS.
IIpoBepka KOPPEKTHOCTH PETPECCHOHHON MOJEIM OCYLIECTBIISIACH HMCCIENOBAaTEIbCKUM U
MOATBEPKIAIOIINM aHAIU30M. Pe3ynbraTr MOXKHO IPEeACTaBUTh rpapuuecku, Pucynok 2.

1000
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Pucynox 2. [IpoBepka KOPPEKTHOCTH PErPECCUOHHON MOJENH

Pezynomamer uucnennvix pacuemos
Ha Pucynkax 3, 4 u B Tabnume mnpuBefeHbI pe3ylbTaThl pPacyETOB I BCEX TpeX
MCIIOJIb30BAaHHBIX TPAaHUUYHBIX ycIoBHH 1is Temneparypsl (5), (6) u (7). IloaydeHHble pe3ynbTaThl
IIPEJICTABICHBl B BHJAE 3aBUCHUMOCTH CKOPOCTH W3MEHEHHUS TEMIIEparypbl OT BPEMEHHM Ha
noBepxHocTH uacTulbl. Ha PucyHke 4 mpezicraBieH IpagudeHT TeMieparypbl B cdeprueckoi
qacTHule.

Pesynomamot u o6cyscoenus
W3 mnonyueHHBIX JaHHBIX, MNpejacTaBieHHble Ha Pucynke 3 w TaOmuuel BUAHO, YTO
TeMIlepaTypa Ha MOBEPXHOCTH 4YacTUIlbl yepe3 1 cekyHny craHoButcs pasHou 110,12 °C, a gepes
14 cex 598,38 °C.
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CpaBHeHHE TIOTYYEHHBIX PE3YJIbTaTOB YHCIEHHBIM METOIOM KOHEYHBIX JJIEMEHTOB C
nomoIpio mporpammel Elcut ¢ skcriepuMeHTanbHBIMU JTaHHBIME paboT [1—4], moKa3pIBalOT, YTO
MOTPEUIHOCTh COCTaBIISIET B cpenHeM 5% U CBHICTENBCTBYET O (DPM3MYECKOH OOOCHOBAaHHOCTH
MareMaTu4ecKoro MOJEIHMPOBAaHUS paccMarpuBaeMoll 3amauu. TakuMm 00pa3om, HCIOJIb30BaHHE
nporpammbl  Elcut mo3Bossier MonenMpoBaTh paccMaTpPUBAEMBIM KJIace 3ajad C JOCTAaTOYHOU
TOYHOCTH.

T(°C)
= ! ! > ¥ © 3 ! ;
- .................. p—— LRI T . e
| E— ................. R (. — —
T SRS SO S,
S| I SO — M— UNN. B —
7o I R— A — S— SR—— — —
P VS SR S— SN, S S— A—
: ; : P i :
0 10 20 30 40 59 60 70

Pucynok 3. CkopocTh M3MEHEHHs TeMIlepaTypbl B 3aBHCHMOCTH OT IO BPEMEHM HarpeBa 3a CueT
KOHBEKLMOHHOIO ITIOTOKA
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Pucynok 4. I'paaueHT TeMneparypsl

PACIIPEJEJIEHUE TEMIIEPATYPbBI HA IIOBEPXHOCTHN YACTHLbI

Bpems (c) T(°C)
0 26.85
1 110.184
2 184.823
3 251.308
4 310.157
5 361.89
6 407.046
7 446,186
8 479.883
9 508.711
10 533.232
11 553.981
12 571458
13 586.121
14 598.38

G (Kfm)
0
34.0501
30.4985
27.1668
24.0464
21.1388
18.4515
15.993
13.7689
11.7795
10.0195
847844
7.14155
5.99141
5.00914

Gr (K/m)
0
-34.0427
-30.4919
-27.1609
-24.0412
-21.1342
-18.4475
-15.9896
-13.7659
11777
-10.0174
-84766
-7.13999
-5.99011
-5.00805

Gj (K/m)

0
0.710209
0.636037
0.566555
0.501479
0.440841
0.384798
0.333527
0.287144
0.245656
0.208952
0.176813
0.148933
0.124947
0.104463

Buvicoowl

F(Br/m2)
0

56353
50475
44961
39796.8
34984.6
30537.2
26468.5
227876
19495.1
16582.3
14031.8
118193
9915.79
8290.13

Fr (Bt/m2)
0
-56340.7
-50464
-44951.3
-39788.1
-34977
-305306
-26462.7
-22782.6
-19490.9
-16578.7
-14028.8
-11816.7
-9913.63
-8288.32

Fj (Bt/m2)
0
1175.4
1052.64
937.649
8§29.947
729.592
636.841
551.987
475.224
406.561
345816
292626
246484
206.788
172.885

Tabmnura

1 {(B1/Kom)
1655
1655
1655
1655
1655
1655
1655
1655
1655
1655
1655
1655
1655
1655
1655

1. Jlng anHanuM3a mpolecca CropaHusi KOMIO3MIIMOHHOTO TOIUIMBA OBbUIM HCIOJIb30BaHbBI
MeTozBbl «MaTeMaTn4ecKoe U KOMIIBIOTEPHOE MOJCINPOBAHNE» U «PerpecCHOHHBIN aHAIN3).
2. Ha ocHOBe 4YHCIIEHHBIX pacyeToB pPacCMOTpEeH Ipouecc cropanust dactuisl BYT u
OIpeJieNIeHbl OCHOBHBIE (DAaKTOPHI, BIUSIOIIME HA IMPOLECC, YCTAHOBIEHBI 3aBUCUMOCTH MEXIY
HumH. Co3llaHHAs B pe3yJIbTaTe UCCIENOBAHUS PEerpecCUOHHAs MO/IEIb MOXKET OBITh MCIOJIb30BaHA

AJI1 DKOHOMETPUUCCKOI'O IMTPOTrHO3UPOBAHUS ITpoLecCa CropaHus KOMIIO3UIIMOHHBIX TOIIJIWB.

3. CpaBHeHUE TOJYYEHHBIX pE3YJIbTaTOB YHMCIECHHBIM METOJOM KOHEYHBIX 3JIEMEHTOB C
noMotnnsio nmporpamMbl Elcut ¢ skcrepuMeHTaTbHBIMU JAaHHBIMU Pa0oT [2—4], MOKa3bIBAIOT, YTO
MOTPEIIHOCTh COCTaBIseT B cpeaHeM 5% U CBHUIETEIbCTBYET O (U3NYECKOM OOOCHOBAHHOCTHU
ypaBHEHUH U TpaHUYHbBIX yciioBuH (1)—(7) 11st MaTeMaTnyeckoro MOJIeIMpPOBaHUs pacMaTpruBaeMoi
3aJja4M U UCIIOJIb30BaHKE IporpaMMel Elcut ajis yncneHHoro pacuera.
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Annomayusa. MeToji CHUHTE3a KOMIUIEKCOB C COJSIMM OMOMETAJIJIOB IMEPEXOJHBIX TPYII C
aAMMHOKHCIIOTOM TPEOHHH BKIIIOYAET B ceOs YIydllleHUe PEaKIIMOHHBIX YCIIOBHH, BBIOOP PEareHTOB
U METOJOB aHaluu3a JUlsl MHOATBEP:KICHHs OOpa3oBaHUS KOMIUIEKCOB. [lenu uccnedoanusi:
MOJTyYeHNE KOMIUICKCHBIX COEIMHEHUIH OMOMETayuIoB, XJIOpWAa KoOalbTa, XJOpHAa HHUKEIS U
XJIOpU/Ia MapraHila ¢ aMUHOKHMCIOTOW TPEOHUH, a TakXKe H3ydyeHHe HX (PU3MKO-XUMHUYECKHUX HU
OuoIOrn4ecKux CBOMCTB. [IpH cHHTE3€ KOMIUIEKCHBIX COeTUHEHNI ObUT IPUMEHEH MpenapaTuBHbIN
Metoz. CocTaB 00pa3oBaHHBIX KpUCTaJI0B ObuT poaHanu3upoBad UK cnekrpockonueil. Crpoenue
u (Qopma KpucCTaUIOB KOOanbTa, HHKENIss M MapraHua ObUIM ONpPENEeIeHbl MHKPOCKOIIOM.
WNHauBHUyanbHOCTh MOJNYYEHHBIX COEIMHEHMH monTBepxkaeHa merogoM WK cmekrpockonuu u
MHUKPOCKOIIMYECKHM aHalIW3aMu. MOXHO cjenarh BBIBOJ O TOM, YTO TPEOHHMH B KOMILJIEKCE
KOOPJMHHUPOBAaH K MOHAM MeTajUla Yepe3 aToMbl KHCIOpOoAa KapOOKCHMIIBHOM M a30Ta aMUHHOW

IpymL.

Abstract. The method for the synthesis of complexes with transition group biometal salts with
the amino acid threonine includes improvement of reaction conditions, selection of reagents and
analytical methods to confirm the formation of complexes. Research purpose: obtaining complex
compounds of biometals, cobalt chloride, nickel chloride and manganese chloride with the amino
acid threonine, as well as the study of their physicochemical and biological properties. In the
synthesis of complex compounds, the preparative method was used. Compositions of the formed
crystals were analyzed by IR spectroscopy. The structure and shape of cobalt, nickel and manganese
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crystals were determined using a microscope. The identity of the obtained compounds was
confirmed by IR spectroscopy and microscopic analyses. We can conclude that threonine in the
complex is coordinated to metal ions through the oxygen atoms of the carboxyl and nitrogen groups
of the amine groups.

Knrouesvle cnosa: TpeOHUH, XJIOPHBI OMOMETAIIIOB, PACTBOPUMOCTh, K-criekTphI, THraH.
Keywords: threonine, biometal chlorides, solubility, IR spectra, ligand.

Cpemy OMOJOTMYECKH aKTUBHBIX BEIIECTB 3HAUYUTEILHOE MECTO 3aHUMAIOT aMHHOKHUCIIOTHI U
WX MPOU3BOJIHBIC, HYKIIEMHOBBIC KHCIOTHI. MHTEpeC K KOMIUIEKCHBIM COCTUHEHHSIM, COIEPIKAITIM
MIPUPOTHBIE AMUHOKHUCIIOTHI U UX MTPOU3BOAHBIC B KAUECTBE JIUTAHIOB, COXPAHSETCS Ha IPOTSHKCHUN
necatwietnid.  CTpyKTypa  aMHHOKHUCIIOT — TIPEIONpPEACTseT  BO3MOXKHOCTh  OOpa3OBaHHs
pa3sHOOOpa3HBIX KOMIUIEKCHBIX COCAMHEHUH C METAITMYECKUMU HOHAMH, BapbHPYIOUIUXCS B
3aBUCHMOCTH OT HAJIHYUsl KapOOKCWIBHON, aMHHOTPYIIIBI M JIOTIOJIHUTEIBHBIX JIOHOPHBIX TPYIII
[1-4]. Taxxe OblIa HCCIENOBaHA TPOITHASI cCHCTEMa XJIOPHU TOJIBMIS — TIIMIIMH — Bojia [S].

AMUHOKHCIIOTBI MPEICTABISIOT CO00# reTepodyHKIMOHATIBHBIC COCAMHEHUS, BKIIIOYAIOIIHE
KapOOKCUJIBHYIO TPYIINY W aMUHOTPYIIy B HUX Moiiekyae. OHHU MpOSBISIOT KpPUCTANIMYECKUE
CBOWMCTBA M PACTBOPUMBEI B BOJIC, OJHAKO OKA3bIBAIOTCS MAJIOPACTBOPHMBIMH B OPraHUYCCKUX
pPacCTBOPHUTEINIAX W TIIOABEPXKCHBI IUIABJICHUIO TPU IOBBIMICHHBIX TEMIIEpaTypax, IMPU ITOM
pacnagasck. IHTEpeCHO, YTO MHOTHE M3 HUX 00JIaJat0T CIIaJJKUM BKYCOM.

Llenv  uccnedosanus: pa3paboTarh SKOHOMHYECKH J(()EKTUBHBIE METOJUKH CHHTE3a
KOMITJICKCHBIX COCAMHCHUN METAJUIOB ¢ aMHHOKHCJIOTOW TPEOHWH. DTO BKJIIOYAET B ceOs BHIOOD
ONTUMAJIFHBIX PEAKIIMOHHBIX YCIIOBUM, PEarcHTOB U METOJIOB aHAJIM3a MPOAYKTOB PEAKITHH.

CuHTE3UpOBaTh KOMIUICKCHI OMOMETAJIJIOB, TaKUX Kak KOOajbT, HUKEIb M MapraHel C
WCIOJIb30BAaHMEM aMHUHOKHCIOTHI TPEOHWH B KA4eCTBE JIUTaHAA. DTO IO3BOJUT U3Y4YHTh, KAKHE
METaJUTBI 00pa3yloT CTA0OMIIbHBIE KOMIUIEKCHI C TAHHONH aMUHOKHCIIOTOH.

Mamepuanvi u memoowl uccnedosanus
Jlia obecrieyeHHs] AOCTOBEPHOCTH TMOJIYYEHHBIX PE3YJIbTaTOB MPOBOIUINCH KOMIUIEKCHbBIE
aHaJINM3bl JaHHBIX TPU MCIOJB30BAaHMM HanOoOJee COBPEMEHHBIX M aKTyaJbHbIX Hay4HO-
HCCIJIE0BATENBCKUX METOJI0B, U HHCTPYMEHTOB.
Bce skcnieprMeHTHI BBIONHSAINCH C MOBTOPSEMOCTBIO HE MEHee 5 pa3, 4yToObl 00ecneuuTh
HaJEeXHOCTh AaHHBIX. COCTaB M CTpoeHHE 0Opa30BaHHBIX KPHUCTAJUIOB ObLIM aHanu3upoBaHbl MK
CHEKTPOCKOMHEN U MUKPOCKOIIOM.

Pe3zynemamol u 0ocyscoenue

CocTtaB mosyueHHBIX KOMILIEKCHBIX coeanHeHui uneHTHduuupoBan WK crnexkrpockonueit
1ocJje 4ero ObUIM BbIJIEJIEHBI CIEKTPbI MOTJIOMIEHUS KOMIUIEKCHBIX coeuHeHu (PucyHok 1).

KoneGarenbubie yactorel MK criekTpockonuu KOMITJIEKCHBIX COEAMHEHHMH XJIopuaa Kobanbra
¢ tpeonuHoMm CoCl,xC4H9NO;3, xmopunma nukenss ¢ TpeoHHHOM NiCl,xC4HoNO; u xjopuaa
Maprasnia ¢ TpeoHnHoM MnCl,xC4H9NO3 nanst B TaGnwire.

MHUKpPOCKOITUYECKOE CTPOEHHE KPUCTAIUIOB KOMIUIEKCHOTO COEIMHEHHs XJIOpUAa KoOaibTa ¢
tpeonnHoM CoCl,x2CsH;10,N npexacrasieno Ha Pucynke 2. B UK-ciekTpe HOBOro KOMIUIEKCHBIX
coequHennii CoClpx2CsH;;O,N, NiCl,x2CsH110,N 1 MnClLx2CsH1;O,N B JIMHHOBOJIHOBOM
oGmactn mposBisromecs mukn 3212, 3220, 2931 ¢M ' COOTBETCTBYIOT BaJEHTHOMY KONEOAHMIO
aAMHMHOTPYIIIBI, YTO CBHUJECTEILCTBYET O KOMILIEKCOOOPAa30BaHUH, B KOTOPOM NPUHUMAET y4acTHe
aMUHOTpyIIa.
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Pucynok 1. UK-cmekTpsl mNoOrIomeHus KOMIUIEKCHBIX COEIMHEHUH: a) Xjopuia KoOambTa cC
tpeonnHoM CoCl,xC4HgNOs3; 6) xmmopuna nukens ¢ tpeonuHoM NiCl,xCy4HgNOs; B) xmopuma maprasia ¢
tpeonnHoM MnCl,xC4HgNO;

Pucynok 2. CrTpoeHHe KPHUCTAJIOB: a) aMUHOKHMCJIOTHI TPEOHHMH; b) KOMIUIEKCHOI'O COCIUHEHUS
xJyiopuja kobanbera ¢ BanmuHoM CoClyx2CsH;0,N
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HaGnromaercst cBUT TOJIOCKHI TIOIVIONICHUST BAJICHTHOTO KOJICOAHUS KapOOKCHIIBHOW TPYIIIBI
(vasCOO") Ha 60 cM ', T. €. cMelIeHa B HU3KOYACTOTHYIO o0mactb oT 1620 cM ' mo 1585 u 1617
cM |, 9TO TOATBEP)KIAET BO3MOXKHOCTh KOMILICKCOOODA30BAHHMS Hepe3 aToOM  KHCIOpOA
KapOOKCUJIbHOW I'PYTIIHI.

Tabnuma
OCHOBHBIE KOJIEBATEJIbHBIE YACTOTBI (cm )
B MK-crniekTpax TpEOHNHA U HOBBIX
komiuiekcHbIX coenuaennit CoCl,xC4HgNO3, NiClyxC4HgNO; 1 MnClyxC4HgNO;
Ommnecenue C4HgNO; CoCly xCqHgNO4
Vas(NH2) — 3212,93
vs(NH,) 297451 2359,79
Vas(COO) 1620,11 1612,93
vs(CO0") 1413,29 1419,03
0as(NH>) — 1078,64
0s(NH,) 1028,37 1035,55
Omnecenue C4HgNO; NiClyxC4HgNO4
Vas(NH>) — 3220,11
Vs(NH,) 297451 2359,79
Vas(COO) 1620,11 1617,24
vs(CO0O") 1413,29 1420,47
Jas(NH>) — 1080,07
0s(NH,) 1028,37 1036,99
Ommnecenue C4HgNO; MnCly xCqHgNO3
Vas(NH>) — 2931,42
Vs(NH,) 297451 2595,34
V,5(COOY) 1620,11 1585,64
vs(COO) 1413,29 1394,64
Jas(NH>) — 1028,3
0s(NH,) 1028,37 715,26
Bobi600wi

HK-criekTppl CHHTE3MpPOBAHHBIX KOMIUIEKCHBIX COCIMHEHUN METAJUIOB C TPEOHHHOM
CBUJETEILCTBYIOT O TOM, YTO XMMHUYECKasl CBSI3b MEKIY METAJUIOM U JIMTaHJOM OCYIIECTBISAETCS
Yepe3 aTOMbI KUCII0POo/ia KapOOKCHIIBHOW U a30Ta aMUHHOM TPYIIIL.

OmnpeneneHbl ONTUMAaJIbHBIE YCIOBUS CHHTE3a KOOPAMHALMOHHBIX COEJUHEHMH KOoOanbTa,
HUKEJNIl ¥ MapraHiia ¢ aMMHOKHCIOTOW TPEOHUH, obecrnedynBaroniie (GOpMUPOBAHUE OTHOPOAHBIX
MPOIYKTOB € BBIXOIOM OT 86% 10 92% uTo Ba)kHO A oOecreueHus! BHICOKON 3((eKTUBHOCTH
CUHTE3a.

Cnucok numepamypul:
1. bonorun C. H. KoopaunannonHas XxuMus npupoaHbeix amuHokucior. M.: URSS, 2008. 238

2. latnoa H. M., ®punman A. ., bapxanoBa H. H. BiusitHue 1eHTaTHOCTH M OCHOBHOCTH
JUTaHJA0B Ha  YCTOHYMBOCTH B  pacTBOpe  CMEIIAHHBIX  JIBYSACPHBIX  COCIMHEHHH
sTuieHInaMuHTeTpaaneratoB meau (M) // XKypnan neopranuueckot xumuu. 1974. T. 19. Ne4-5. C.
1318.
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B BOJIHOMU CPEJE ITPH 25°C
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INTERACTION OF VALINE WITH BIOMETAL CHLORIDES
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Annomayus. ViccnenoBanust B 00JacTH MEIUIMHCKOW OMOJIOTMU M (DapMakoIOTMU MOTYT
pacpuTh MOHUMaHUE O B3aMMOJICHCTBHM OMOMETAINIOB C aMHUHOKHCIIOTaMH, KOTOPBIE SIBISIOTCS
KJIFOUEBBIMU KOMIIOHEHTaMH OMOJOTHYECKUX CHCTEM. DTO MOXKET MPHUBECTH K pa3pabdOTKe HOBBIX
KOMILIEKCOB, KOTOPbIE MOTYT OBbITh MCIIOJIB30BAHbI B METUIIMHE, HAIPUMEp, AJIs pa3paOOTKU HOBBIX
IpenapaToB ¢ aHTUMUKPOOHON aKTMBHOCTBIO WM JJIS MOJJIEpKaHHUsI paBHOBECUSI MeTaboIM3Ma B
opranusme. Ilenv uccrnedosanusi: TMONyYE€HUE KOMIUIEKCHBIX COEAMHEHHUI OMOMETA/UIOB, XJIOpHIA
ko0asbTa, XJIOpHUJa HUKEIS M XJIOpHUJA MapraHila ¢ aMUHOKHCIIOTOM BaJlMH a TAaK)Ke U3Y4eHHE MX
(bU3NKO-XMMHUYECKUX M OMOJIOrHYecKUX CBOUCTB. [t ananu3a ObL1 ncnosab3oBaH Metoq Keenbaans
Il OoTpenieNieHus coepkanus azora. CoctaB 00pa30BaHHBIX KPUCTAIOB ObLT MpOaHaIM3UPOBAH
UK cnekrpockonueii. Ctpoenne u ¢opmMa KpHUCTaUIOB KoOanbTa, HHUKENsS M MapraHua Obuin
oTpeseneHbl MHUKPOCKONOM. MHAMBHIyalbHOCTh TOJYYEHHBIX COEIUHEHHWI IOATBEpKIeHa
MeTtonoM MK cnexkTpockonuu 1 MUKpOCKOIIMYECKUM aHaIn3aMu. MOXKHO CeaTh BBIBOJ O TOM, YTO
BaJIMH B KOMIUIEKCE KOOPIMHUPOBAH K MOHAM MeTalljla 4epe3 aroMbl KUCIIOpoJa KapOOKCUIBHON U
a30Ta aMUHHOM T'PyIIIL.

Abstract. Research in medical biology and pharmacology can expand understanding of
the interactions of biometals with amino acids, which are key components of biological systems.
This may lead to the development of new complexes that can be used in medicine, for example, to
develop new drugs with antimicrobial activity or to maintain metabolic balance in the body.
Research purpose: obtaining complex compounds of biometals, cobalt chloride, nickel chloride and
manganese chloride with the amino acid valine, as well as the study of their physicochemical and
biological properties. For the analysis, the Kjeldahl method was used to determine the nitrogen
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content. The composition of the formed crystals was analyzed by IR spectroscopy. The structure
and shape of cobalt, nickel and manganese crystals were determined using a microscope.
The identity of the obtained compounds was confirmed by IR spectroscopy and microscopic
analyses. We can conclude that valine in the complex is coordinated to metal ions through the
oxygen atoms of the carboxyl and nitrogen groups of the amine groups.

Knioueswvie cnosa: BanuH, XJI0pUIbl OMOMETAIIIOB, pacTBOPUMOCTb, K-crieKTpsl, Turans.
Keywords: valine, biometal chlorides, solubility, IR spectra, ligand.

W3yueHne BIUSHHUS COCIMHEHMN aMHHOKHCIOT Ha XMMHUYECKHE U OMOJIOTMYECKHE CBOMCTBA
HEOPTraHMYECKUX BEIIEeCTB UMeeT Ooibiioe 3HaueHHe. OHO PaCKPBIBAET, 4TO MpHU (HOPMHUPOBAHUU
TaKUX COEJTUHEHUN MPOUCXOTUT U3MEHEHHE OMOJIOrMYeCKON aKTMBHOCTH aMHHOKHUCIIOT, KOTOpas B
cBOOOHOM (opme g HuX He xapakTepHa. C ApYyrol CTOpPOHBI, COCIMHEHHS AMHHOKHUCIOT C
MeTajllaMd U HEMETaUlaMM IpPUOOpPETalOT HOBbIE XMMHUYECKHE M OHOJIOrMYECKHe CBOWCTBA,
CTaHOBACh MEHEE TOKCUYHBIMU U CIIOCOOCTBYS KaTajau3y pa3iM4HbIX OMOXMMHYECKHX IPOLIECCOB.
B pesynprare, Ha OCHOBE TaKMX COECJUHEHUH BO3MOXKHO CO3/1aHHE HOBBIX KO(EPMEHTHBIX
IpernapaToB, OMOKAaTaIM3aTOPOB, a TaKKe pa3paboTKa HOBBIX JICKAPCTBEHHBIX CPEACTB U J00ABOK,
CTIIOCOOCTBYIOIIMX YITYYIICHHUIO Ka4eCTBa MHINEBHIX MPOIYKTOB, TAK KaK OHU BKIIIOYEHBI B COCTaB
MHOTHX ()EPMEHTOB M MOTYT HCIOJIB30BaThCS Ui Oosiee TIIyOOKOTO M3Y4eHHs KU3HEHHO Ba)KHBIX
OMOXUMHUYECKUX MTPOLECCOB.

WHTepec K COEAMHEHUSIM aMHMHOKUCIOT C HEOPraHMYeCKMMHU BEIIECTBAMH BO3HHK
CpaBHHTEJIHHO HEMaBHO. B 31Ol oOnmacTu nmepBbIM uccienosareieM cran A. Albert B 1953 rony. On
oOHapyxwi, 4ro BuUTaMUH B, (pubodnaBmn) u BuTamuH B; (donmeBas Kuciora) MOTryT
00pa3oBbIBaTh KOMIUIEKCHBIE COEAMHEHHs C HOHAaMH IEPEXOAHBIX METAJUIOB, IOAOOHBIE O-
OKCHUXHMHOJIUHY, U OINpeNesIni KOHCTAaHTbl YCTOMYMBOCTH TaKUX COEIMHEHUH B BOJHBIX PAcTBOpax.
OTO uCClIe0OBaHUE IOATBEPIMIO, YTO COEAMHEHHS BUTAMHMHOB M aMHUHOKHCIOT C MeTajjlaMu
MOTYMHSIIOTCS] OOIIMM 3aKOHAM KOOPAMHAIIMOHHOW XMMHUU M MOTYT OBITh U3y4€HBl METOIaMU 3TOMN
Hayku. Kpome Toro, B [l] BmepBble yKa3aHO Ha BaXHYIO pOJb COCIWHEHUN METAIIIOB C
aMMHOKHUCIIOTAMU B MEXaHM3Me JeHcTBUS (epMEHTOB. BakHbIM 3TaroM OBLIO TakXe OTKPBITHE
BUTaMUHa B, 1 ero onpeneneHne Kkak KOMIUIEKCHOTO COEAMHEHUS ¢ KOOAJIBTOM, UTO OBLIO CIEJIaHO
B 1971 rony [2].

AMUHOKHCIIOTHI MPEJCTABIAIOT c000i rerepoyHKIMOHATIbHbIE COCAMHEHUS, BKIIIOYAIOLINE
KapOOKCHUJIBHYIO TPYIIy M aMHHOTPYNIY B MX Mojekyine. OHM NpOSBISAIOT KpHUCTANIMYECKHe
CBOWMCTBA M PacTBOPUMBI B BOJE, OJIHAKO OKA3bIBAIOTCS MaJIOPaCTBOPUMBIMH B OPraHUYECKUX
pacTBOPUTENSAX U TOABEPXKEHbl IUIABJICHUIO MpPU TOBBIILIEHHBIX TEeMIleparypax, IpU 3TOM
pacnagasck. IHTepecHO, YTO MHOTHE U3 HUX 00J1aJat0T CIIaJJKUM BKYCOM.

HauOonpiiee 3HayeHNe B aMUHOKHUCIIOTAaX UMEIOT ajlb(a-aMUHOKHUCIOTHI, Cpeu KOTOphIxX 20
SBJISIIOTCSI OCOOEHHO Ba)KHBIMM, IMOCKOJIBKY OHH BXOJSAT B COCTaB OEJIKOB M BBIMOJHSIOT KIIIOUEBbIE
(GYHKIMM B KU3HEAEITeTbHOCTH opranuima. Kaxaas amuHokucinora [3, 4] cogep uT, 1o MEeHbIIei
Mepe, /1B€ MOHU3UPOBAaHHBIE TPYIIBI: aMUHHYIO U KapOOKcHiIbHYI0. KpoMme TOro, aMuHOKHUCIOTHI
MOTYT cOJepXaTh U JApyrue (PyHKIMOHAJIbHBIE KOHIIEBBIE TIPYIIBI, TaKWe KaK aMHJHas TpyImna
(NH3), uto mpenocTaBisieT UM pa3iMyHble PEaKIIMOHHBIE [IEHTPBI, CIOCOOHBIE CBSI3bIBATh MPOTOHBI
Y MOHBI METAJUIOB.

OO0pa3zoBaHuEe KOMIUIEKCOB aMUHOKHCIOT C HEOPraHMYECKHMMM BEIECTBAMU MPHUBOAMUT K
U3MEHEHHUI0O HMX XHMHYECKUX U OWOJOTMUECKHUX CBOMCTB. BHUTaMuHBI, BKIIOUEHHBIE B TaKue
COEIMHEHUs, OOHApYXKHBAIOT OHOJOTMYECKYI0  aKTHBHOCTb. KOMIUIEKCHI ~ METalJIOB  C

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 42



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne4. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/101

AMHHOKHUCIIOTAMH MOT'YT OBITh MEHEE€ TOKCHYHBIMU U CIIOCOOCTBOBATh PA3JIMYHBIM OMOXHUMUYECKIM
mporieccaM. JTO TO3BOJISIET CO3[aBaTh HOBBIE TIpenaparbl, OWOKATaIMW3aTOphl, JIEKapCcTBA U
OMOJIOTMYECKH aKTUBHBIC J100aBKH [5—7].

KoGanbr 3ammMaer o0co0oe TOJOKEHHE Cpead  MHKPODJIEMEHTOB B  KOHTEKCTE
(U3NOTIOTHYECKON aKTUBHOCTH B OpraHu3Me 4desoBeka. CienoBarenbHO, BOIPOC 00 oOecreueHU
opraHu3ma Ko0ajJbTOM CBOJMTCS B TIEPBYIO OYepe/ib K HICTOYHUKAaM U YCBOCHHUIO BUTaMHHA B, a He
camoro kobaisra [8, 9].

Huxkenp Takke ydacTByeT B Iporeccax KpoBeTBopeHHs. Ocoboe BHUMaHUE yaeIsIeTcs
CBOMCTBAM HHKEJS Kak IOTEHIMAJIBHOTO KaHIleporeHa. B HacTosimiee BpeMs TMPOBOISTCS
WCCIICIOBAHMS, HAIIPABJICHHBIC HA M3y4YCHUE (DU3NOJOTHUECKON POJIM HUKEIIS U €ro BO3JICHCTBHS HA
3JI0pOBbE B 3aBUCUMOCTH OT OKpYy>karouieit cpest [10].

Mapraser; SBISCTCS MHKPOIJIEMEHTOM, KpaliHe BaKHbIM JIJII TEUCHHUS MHOXECTBa
(U3MOTOTHYECKUX TIPOIIECCOB, BKIIIOUAIOMIMX METAa0O0JIM3M aMHUHOKHCIIOT, JIMIKAIOB, OeCliKa,
YIIIEBOJIOB, HEOOXOAUMBIH JIJIsl HOPMAJIbHOTO (DYHKIIMOHUPOBAHUSI UMMYHHOU CHUCTEMBI, PETYISIHH
BHYTPHKJICTOYHBIX HSHEPreTHUYECKUX TPOIECCOB M CBEPTHIBAHHUS KPOBH, pPOCTAa KOCTHOHM U
COCIMHUTENIbHOM TKanew [11, 12].

Mamepuanvt u Mmemoodwl ucciedosanus

s obecriedeHus] JOCTOBEPHOCTH TOJTYYCHHBIX PE3YJIbTaTOB MPOBOIUINCH KOMIUICKCHBIE
aHAIM3Bl JAHHBIX MPU WCIOIH30BAHHHM HAWOOJEe COBPEMECHHBIX M AaKTYaJIbHBIX HAy4YHO-
UCCIIEIOBATEIbCKUX METOIOB, © HHCTPYMEHTOB.

Bce skcnieprMeHThI BBIIOJIHSUIMCH C IMMOBTOPSEMOCTBIO HE MEHee 5 pa3, 4ToObl 00eCreunTh
HAZEKHOCTD JaHHBIX.

OneITEl TIPOBOMMIIKMCH C uUcnoib3oBaHue peaktuBoB CoClLx6H,O (I'OCT HS525-77) u.,
NiClyx6 H,O (I'OCT 4038-79) x. 4., MnCl,*x4 H,O (I'OCT 612-75) 4. n. a.

CoctaB u cTpoeHHe 00pa30BaHHBIX KPUCTAUIOB ObUIH aHanmu3upoBaHbl K criekTpockomnueit
1 MUKPOCKOTIOM.

Pesynomamot u obcyscoenue

I'my6buna o0pa3oBaHMS KOMIUIEKCOB B pacTBOpe, B KOHTEKCTE B3aUMOJCHCTBUSA C
pacTBOpUTENleM, CYIIECTBEHHO 3aBUCHUT OT KadecTBa CBS3M MEXIYy IICHTPAJbHBIM HOHOM U
JUTaHJI0M. JTa MPOYHOCTH CBS3H 3aBHCUT OT HECKOJBKHX (PAKTOPOB, BKIIIOYAS MIPHPOY METaJlIa,
€ro CTENeHb OKUCICHHUS], JIEKTPOHHYIO CTPYKTYPY U pa3Mephl €ro 3JIeKTPOHHBIX 000JI0YEK, a TAKXKe
XMMHUYECKHe CBOWCTBA JUraHAa. MeHbplIMe paguychl U Oojiee BBICOKHME 3apsiibl HMOHOB
KOMILIEKCOOOPA3yIOIIEro MeTaila CIOCOOCTBYIOT 00pa3oBaHWI0 00Jiee MPOYHBIX KOMILIEKCOB,
0COOEHHO B CIIy4ae 3JIEKTPOCTATHYECKOTO B3aumoaeuncTus [13].

buonoruyeckas 3Ha4MMOCTbh KOOAIbTa CYHIECTBEHHO CBSI3aHA C €r0 Y4acTHEM B aKTHBAalUU
BUTaMMHa Bi M mporeccax, KOTOpble CBs3aHbl C OOpa30BaHMEM METHMJIbHBIX TpYII, a TaKkKe
MOBBIIIEHUEM TepMocTabuiabHOCTH Tpynnsl SH B Oenkax W moajepKaHWeM aKTUBHOCTH
KodepMeHTa A U Ipyrux OMOJOTUYECKU aKTUBHBIX MOJIEKy [14].

Butamun Bj; urpaer KiIto4eByH poJib B MPOLECCE SPUTPONOI3A, U €ro HEIOCTATOK, B
coyeTaHuM ¢ JaepuuuToM (onMeBoil KHUCIOTHI (BUTaMHHA Bg), BBI3BaHHBIM OTCYTCTBHEM B
KEITyJJOYHOM COKE CHeUH(PUYECKOro TIUKOMPOTENHA, M3BECTHOTO KaK «BHYTPEHHUH (akTopy,
MOXET TPHUBECTH K Pa3BUTHIO METallOONACTHUECKUX aHEMHid, BKIIIOYas MEPHUIIMO3HYIO
anemuio [14].

Heduuut xobanpTa MOXKET TaKXKe 3aMEIJIUTh OMOXMMHUYECKYIO PEaKLHIO, OTBEYAIOIIYIO 3a
npeBpalleHre puOOHYKIEOTHIOB B J€30KCUPHOOHYKIEOTH b M cHU3UTH cunTe3 JJHK [15].
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CocraB 00pa30oBaHHBIX KOMIUIEKCHBIX coenuHeHni unentudumupoBan MK criekTpockonueit

MOCJIe 4ero ObLIN BBIJEJIECHBI CIIEKTPhI MOTJIONIEHUS! KOMIUIEKCHBIX coennHenuit (Pucynoxk 1).
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Pucynok 1. UK-ciekTpbl moOTnomeHnss KOMIUIEKCHBIX COSUHEHH: a) XJIOpUAa KoOalbTa ¢ BAIMHOM
CoCl,x2CsH;,0,N; 6) xmopuaa wHukens ¢ BanmuHoM NiClyx2CsH;,0,N; B) xiopuna maprasiia ¢ BaJHHOM
MnC12><2C5H1102N

KonebaTenbHble YacTOTHI KOMILICKCHOTO COCIUHCHHSI XJIOPUAA HHKEIS C BaJIWHOM
NiClpx2CsH110,N nansr Ha Tabnuie. MUKPOCKOTMUECKOE CTPOSHUE KPUCTAIIIOB KOMITJIEKCHOTO
coenHeHus xynopuaa kodanbTa ¢ BamuHoM CoClyx2CsH110,N n3o6paxensl Ha Pucynke 2.

B HK-cnektpe HoBoro xomruiekcHbix coeauHeHuit CoClrx2CsH;O,N, NiCl,x2CsH;;O;N u
MnCl,x2CsH;1O;N B JUIMHHOBOJIHOBOM oOnacTu mposiisitomuecs nuku 2931, 3256, 3320 oM !
COOTBETCTBYIOT ~ BaJ€HTHOMY  KOJEOAHHUIO  aMUHOTPYIIIIHI,
KOOMIUTIEKCOOOpa30oBaHUM, B KOTOPOM TMPHUHUMAET YydacTue

YTO  CBHJETCIBCTBYET O
amuHOrpynma. Kpome Toro,
HAOJIIOMAeTCA CABUT TIOJOCHI TIOIVIOIIEHUS BAJCHTHOTO KOJIeOaHHUs KapOOKCHIIBHOW TPYIIIIBI
(vasCOO ) Ha 60 CM_I, T. €. CMEIICHa B HU3KOYaCTOTHYIO 00J1acTh oT 1564 e | 0 1612 CM_I, 4uTo
MOATBEP)KIAET BO3MOYKHOCTh KOMIUIEKCOOOpPA30BaHUS dYepe3 aroM KHCIOpoaa KapOOKCHIbHOU
TPYIIIBL
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Tabimna

OCHOBHBIE KOJIEBATEJIbHBIE YACTOTbI (cM ') B IK-CrieKTpax BalMHA ¥ HOBBIX KOMILICKCHEIX

COEeIMHCHHUI COC12X205H1102N, NiC12X2C5H1102N u MHC12X2C5H1102N.

OtHecenue CsH11O:N CoCl,x2CsH1,0,N
Vas(NH>) — 3256,02
vs(NH,) 2973,08 2971,64

Vas(COO) 1564,10 1612,94

vs(CO0") 1328,55 1498,03
Jas(NH>) — 1354,40
0s(NHy) 1064,28 1061,40

OrtHecenue CsH105N NiCLL,x2CsH41,0,N
Vas(NH>) — 3320,65
Vs(NH,) 2979,08 2941,48

Vas(COO) 1564,10 1610,06

vs(COO) 1328,55 1424,78
Jas(NH>) — 1354,40
Js(NH,) 1064,28 1101,62

OTtHeceHnue CsH1O5N MnCl,%x2CsH;,0,N
Vas(NH2) — 2931,42
Vs(NH,) 2979,08 2595,34

Va5(CO0Y) 1564,10 1585,64

vs(COO) 1328,55 1394,64
0as(NH>) — 1028,3
Js(NH,) 1064,28 715,26

Pucynok 2. CTpoeHHE KPHCTA/UIOB: a) aMHHOKHUCIIOTHI BaJMHA; D) KOMILICKCHOT'O COCIMHEHHS
xJyiopua kobanbra ¢ BamuHoM CoClyx2CsH1;0,N

Bvi600bi
UK-cnextpsr Banmuaa u xkoMmriekcHoro coennuenuss CoClx2CsH 1O,N cBUIETENBCTBYIOT O
TOM, YTO XHUMHYECKas CBSI3b MEXKIAY METAVIOM M JIMTAHJIOM OCYIIECTBISIETCS YEepe3 aTOMBI
KHCJIO0PO/ia KapOOKCHIIBHOW U a30Ta aMUHHOM TPYIIL.
CuUHTe3UpOBaHBl KOMIUIEKCHBIE COCIUHEHHS Ha OCHOBE XJIOPHAOB MapraHiia, HHKEIs,
KoOajbTa B COOTHOIIEHHH 1:2.
MUKpOCKOTTUIECKUM MeTOIoM CHATHI KprcTauiel CoClx6H,0.
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Annomayusn. HanowacTuupl cepebpa NPUMEHSIOTCS BO MHOTHUX OOJIACTSAX MEIUIIMHBI B
COCTaBe aHTHOAKTEpUAIbHBIX U PAHO3KUBIAIOLIMX Mazel M mpemnaparoB. [lens uccnedosanus:
UCCIIeIOBAaHUE CHHTE3a HAHOYacTUI[ cepeOpa, M3ydyeHHE CTPYKTYphbl, CBOMCTB M IPUMEHEHHUS B
JICUEHUU OXOTOoBbIX paH. CHUHTE3 HaHOYAcTUIl cepedpa OCYIIECTBIEH METOAOM XHMHUYECKOTO
ocaxxaeHus. CHHTe3MpOBaHHBIE HAHOYACTUIIBI cepedpa MMET KyOMYEeCKyI0 KpPHCTAIIIUMYECKYIO
dopmy, cpenHMil pasmep HaHowacTul cocTaBinseT 18 HM. KokHo-pasapaxaromiee neiicTBue
71e4eOHOKOCMETHYECKOTO T'eJisl, COAePKAIEr0 HaHOYACTHIIBI cepedpa, He ObIJI0 0OHAPYKEHO.

Abstract. Silver nanoparticles are used in many areas of medicine as part of antibacterial and
wound-healing ointments and preparations. Research objectives: study the synthesis of silver
nanoparticles, structure, properties and applications in the treatment of burn wounds. The synthesis
of silver nanoparticles was performed by chemical precipitation. As synthesized silver nanoparticles
have a cubic crystalline shape; the average size of nanoparticles is 18 nm. No skin-irritating effect
of medicinal cosmetic gel containing silver nanoparticles was detected.

Kntouesvie cnosa:  cuHTe3, HaAHOYACTUIIBI cepebpa, CpeAHHW pa3Mep HaHOUYACTHII,
OMOMEeTUIINHA, 3AKUBJICHUE PaH.

Keywords: synthesis, silver nanoparticles, average nanoparticles size, biomedicine, wound
healing.
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Hanowactuupl cepebpa HaxoAsST IIMPOKOE NPUMEHEHHWE B MEIHUIIMHE IS JICYCHHS U
OUArHOCTUKW  pa3jMuYHbIX  3a00NeBaHMN: I JICYEHHS  JEpMAaruToB  HMH(EKIMOHHOTO
MIPOUCXOXKJCHUS pa3paboTaHa Ma3b Ha OCHOBE HaHOcepeOpa [1].

bnaromapst anTHOakTepuaNbHBIM M (YHTMLIMIAHBIM CBOWCTBAM HAHOYACTHIBI cepedpa
MPUMEHSIIOTCS B KOCMETHYECKHUX Ipernaparax TaKUX KaK YHUCTAIIMX MBUI JAJS JICYCHHUS aKHE U
3aropesiou Koxu [2].

OTMeuaroTcsi CyIIECTBEHHbIE pa3iIHuusl AaHTUMUKPOOHOW aKTHBHOCTH METAJTMYECKOTO
cepebpa M HaHOpPa3MEpHBIX 4YACTUI[ cepedpa, YTO OTpaXaeT BO3MOKHOCTh IPHUMEHEHHS
YABTPAAUCIIEPCHBIX METAJUIMYECKUX IOPOIIKOB B MEAMIIMHE A MOAU(DUKAIMM TPaTUIIHOHHBIX
MEJAMIMHCKUX MaTepHaioB C LIENbI0 MPUAaHUs UM 2PPEKTUBHBIX OMOIUAHBIX CBOMCTB [3].

D deKTHBHOCTH MOBSA30K, COACPKAIUX HAHOYACTHUIILI cepedpa, Obliia UCCIIeI0OBaHa in Vitro, U
ObUIO ONMYOJMKOBAaHO YTO OSTH TMOBS3KM OOJIAJal0T OBICTPOW W IIMPOKOM aHTHOAKTEPHATIBHOH
AKTUBHOCTBIO KaK IMPOTUB T'PAMIIONIOXUTEIbHBIX, TaK U MPOTUB I'PaMOTPHULATEIbHBIX OaKTepui.
HecMmotps Ha To, uTo moBsi3ku, coaepxamue HU Ag, 3asBrnensl kak 6e30MacHble AJi NalleHTOB U
HELUTOTOKCUYHBIE [4], HEIaBHUE MCCIEIOBAHUS MOKA3aJdl BO3MOXHOE TOKCHYECKOE BO3JICHCTBUE
Ha (GuOpOOIACTEl M KEPaTHHOLMTHI uenoBeka. L{uToTokcmueckue 3>(dextsi, HabmromaBIIdecs B
Pa3IMYHBIX KIETOYHBIX JMHUIX i1 Vitro, BKIIOYAIOT CHIDKeHUE QYHKIIMM MUTOXOHAPHUH [5].

Mamepuanvt u Memoovl ucciedo8anus.

Hanowactumbl cepeOpa CHHTE3MpPOBAHBI  KHUAKOPA3HBIM  XUMHUYCCKUM  OCAXKICHUEM
(Pucynok 1). Ilpm momomu penTreHodazoBoro ananmm3a P®DA ompeneneHbl CTPYKTYpHBIA |
(ha30BbIil COCTaBbl CHHTE3UPOBAHHBIX HAHOYACTHII cepedpa.

NK-criekTpaJbHBIM aHAJM30M BBIJCIICHBI MKW TOTIOIICHUS XapaKTepHbBIC IS KoieOaHui
OpPTraHUYECKHUX COSNMHEHHUI NIPU CHHTE3€ HAaHOYACTHII cepedpa.
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Pucynok 1. POA nanouacTtuil cepeOpa CHHTE3UPOBAHHBIX KUIKO(Pa3HBIM XMMUYECKUM OCaKACHUEM
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Koxxno-pazapakaromiee JeiicTBHE JI€4€OHO KOCMETHYECKOTO Tesii Ha OCHOBE HAHOYACTHUI]
cepebpa He Obuto oOHapyxkeHo (IIporokonm nmaboparopubix ucnbeiTanuii NeS8 ot 13.02.2024 r
JlaGoparopuu otaena ucnbITaHuidi OLICKOTO TOPOACKOTO LEHTpa MPO(UIAKTUKU 3a00J€BaHUN U
T'occandnuananzopa ¢ GyHKIUSAMH KOOPIUHALUH AESATEIBHOCTH CIIyXO0bI 110 OmIckoii o0macTh).

Pezynemamut u obcysrcoenue

XUMHUYECKUN COCTaB M CTPOCHHE CHHTE3MPOBAHHBIX HAHOUACTHI] cepedpa aHAIM3UpPOBAH
peHTreHo(a3z0BbIM aHAIU30M U HHPPAKPACHON CIIEKTPOCKOIHUEH.

[Tpu PDA anammse Obutn BhIACICHBI THKH B yriiax 2 Theta 38,11° u 44,27 °xapakTepHOro s
HaHodacTHll cepedpa. Tak ke HaHOUaCTHIIBI cepedpa ObLIM MOTYYEHBI C TPUMEHEHHUEM IKCTPAKTOB
pactenmii. CUHTE3UpPOBaHHBIM HAHOYACTHIIAM cepebpa TMpHUCyIla TpaHEICHTPUPOBAHHAS
KyOuueckas kpucramnueckas sueiika (['LK), kpucramandeckas cTpykTypa HaHOYAcTHUI] cepedpa
Fm-3m (225) noka3ana Ha Pucynke 2.

Pucynok 2. Kpucraminueckas CTpykTypa HaHOYACTHI] cepedpa ¢ rpaHelleHTPUPOBAHHON KyOMYecKOH
SIYEUKOU

[Tpu ananuze MK-cnekTpocKOMUM MOMy4YeHHBIX HAHOYACTHUIL cepedpa OBbLITU BBIJIEICHBI MUKU
B IoJjioce mornomenus 768,40 em | s C-H KoJjieOaHnuii, muku B monoce moniomenus 1026,93,
1067,15, 2914,19, 3283,31 cM | st BaeHTHBIX KosteGanmii O-H rpynimsl, muku B 1694,80 oM | st
kapbokcumar annonoB COO™, u TmHKH B o6mactH 2366,97 cM ' st GYHKIHOHATBHOMN TPYIIIBI
O=C=0 (Pucynok 3) [6].

Bv16o0wbi
Hanouactuibl cepedpa 001a1ar0T aHTHOAKTEPHUATBHBIM, PAHO3KHUBJISIFOIMM M BBIPAKSHHON
AHTUMHKPOOHOH aKTHBHOCTBIO.
[MpennoxeHHbI croco0 CHHTE3a HAHOYACTHI[ TO3BOJISIET MOJTYYUTh YUCThIE HAHOYACTHUIIHI
cepebpa 6e3 mpuMecei.
KoxkHo-pasapakaroiiee JeHCTBHE JEYeOHO KOCMETHYECKOrO Tejisi Ha OCHOBE MOJYYEHHBIX
HAHOYaCTHII cepedpa He ObLIO 0OHAPYKEHO.
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Pucynoxk 3. UK criekTpbl HaHOYACTHII cepedpa CHHTE3UPOBAHHBIX XUMHYECKHM OCAKICHUEM
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STUDY OF POPULATIONS OF Urtica dioica L. IN THE MOUNTAIN AREAS
OF NAKHCHIVAN AUTONOMOUS REPUBLIC
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Nakhchivan, Azerbaijan, turanl2beymemmed948@gmail.com
©Ganbarov D., Dr. habil., Nakhchivan State University,
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W3YUYEHUE NONYJIALUM Urtica dioica L. BTOPHOU MECTHOCTH
HAXUNBAHCKOH ABTOHOMHOMI PECITYBJINKH

©Mameonu T. b., Haxuvieanckuii 20cyoapcmeeHHblll yHUGepcument,
2. Haxuwviean, Azepbatioscan, turanl2beymemmed]948@gmail.com
©Ianébapos /. I11., 0-p 6uon. nayx, Haxuvleanckuil 20Cy0apcmeenHulil YHusepcumen,
2. Haxuwviean, Azepbatioscan, genberov?7l(@mail.ru

Abstract. The distribution, ontogenetic structure, age and growth structure of hay meadow
populations, productivity in different periods of ontogenesis of all populations of Urtica dioica L.
are considered. Populations of this species are identified and studied. Urtica dioica is a common
plant in the highlands of the Nakhchivan Autonomous Republic. An assessment of 10 populations
was carried out, the data were presented in the form of tables and graphs. The structure of
ontogenesis was studied based on the population method. It has been established that this plant is
distributed as part of plant groups in the herbaceous, shrub and forest vegetation of the Sharur,
Babek, Kengerli, Shahbuz and Ordubad administrative regions of the Nakhchivan Autonomous
Republic.

Annomayus. PaccMOTpEHBI pacpOCTPAaHEHUE, OHTOTECHETUYECKAs! CTPYKTYpa, BO3pACTHAs U
pOCTOBasi CTPYKTypa CEHOKOCHBIX IMONYJIALMNA, NPOAYKTUBHOCTh B pa3HbIE IEPUOIBI OHTOIEHE3a
Bcex nonynsauuid Urtica dioica L. BpIsiBlIeHbl U UCCII€OBaHbl MONYIALNMU AaHHOTO BUna. Urtica
dioica — o00blYHOE pacTeHue B BbICOKOropbe HaxubiBaHCKOW ABTOHOMHOM PecnyOmuku.
ITpoBenena ouenka 10 momyssuii, JaHHbIE IPEACTaBIEHBl B BUue Tabnu u rpadukoB. Ha ocHoBe
MOMYJIIUOHHOTO METO/a HM3ydeHa CTPYKTypa OHTOr€HE3a. YCTAaHOBJIEHO, 4YTO 3TO pPacTCHHE
pacrpoCTpaHEHO B COCTaBE€ TPYII PACTEHHH B TPABIHHUCTOW, KYCTAPHUKOBOM M JIECHOU
pactutensHocTH [llapypckoro, baGekckoro, Kenrepmunckoro, IllaxOyzckoro m Opmay0anackoro
aJIMUHUCTPAaTUBHBIX pailoHoB HaxubiBaHCKoW ABTOHOMHOM PecryOnuku.

Keywords: populations, forage plants, ontogenesis, phytocenosis, hay meadows, area,
productivity, growth phases.

Kntouesvie cnosa: momynsnuu, KOPMOBBIE PAaCTEHUs, OHTOTeHe3, (DUTOIEHO3bI, CEHOKOCHI,
JI0IA]Th, TPOAYKTHBHOCTH, (ha3bl pocTa.
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In the course of the research, expeditions and field studies were conducted in the territory of
the Gunnut-Kapichik physical-geographical region and it was found that 2 species of Urtica L.
genus — Nettles belonging to the Urticaceae family — Nettle Family are widespread: Urtica dioica
L. — Big-sting Nettle and Urtica urens L. — Annual Nettle. The distribution ranges and
bioecological features of species of U. dioica was studied.

U. dioica is a perennial plant, considered an important medicinal, food and fodder plant and is
of great importance in folk medicine [1-3, 9, 15].

This plant is widely used in Azerbaijan, so the current state of populations and reserves of the
plant was studied.

The studies were conducted in the spring and fall season, in all phases. The role of U. dioica
in the type of vegetation and its phytocoenological structure, it was established that in the flora of
the Gunnut-Kapyjik physical-geographical region this plant belongs to the ecological group of
mesophytes and is one of the elements of wallow-meadow and water meadow. During the
expeditions it was established that this plant is distributed as a part of plant groups in herbaceous,
shrub and forest vegetation of Sharur, Babek, Kengerli, Shahbuz and Ordubad administrative
districts of Nakhchivan Autonomous Republic [11-13].

U. dioica is more frequently found in Kyulus, Kechili and Selasuz villages of Shahbuz
district, Buzgov and Yeniel villages of Babek district, Akhura and Khavush villages of Sharur
district, Byuyukduz of Kengerli district, in grass formations and wet meadows of all Upper
mountainous areas of Ordubad district [8, 14].

The ontogeny of the species of U. dioica and the developmental stages of plant individuals
were fully determined. The ontogenetic status of plants was determined by comparison criteria by
recording at periods J, Im, V, g;, g, g3, cc, c. The results were obtained in plots located in plots
located in different phytocenosis by sequential and scattered methods. Based on the population
study method, the structure of their ontogenesis was studied on materials collected from different
phases of ontogenesis (Table 1, Figure) [4-6].

Table 1
STRUCTURE OF ONTOGENESIS OF Urtica dioica SPECIES
Ontogenetic Coenopopulations > %
period 1 2 3 4 5 6 7 8 9 10
J 3 6 0 2 9 11 4 5 0 7 47 3.46
Im 2 3 7 4 11 11 8 5 5 23 79 5.82
V 6 17 8 16 17 18 13 11 7 29 142 10.46
01 11 23 11 12 45 32 23 37 32 34 260 19.15
02 17 19 13 19 39 36 25 39 56 46 309 22.77
O3 14 32 16 23 54 43 28 46 59 45 360 26.52
C, CC 3 11 23 27 21 0 0 11 43 21 160 11.79
> 56 111 78 103 196 151 101 154 202 215 1357 100

As can be seen from the table and diagram, all populations are characterized by a
predominantly generative stage of ontogenesis. In some populations, e.g. Juvenile individuals are
not found in 3 and 9, and even in these populations the number of senile and subsenile individuals is
high (23 in 3, 43 in 9, etc.). At the same time, the dynamics of abundance in phases J, Im and V (45-
142) is very low compared to g;, g and g3 (260-360), which indicates a decrease in the dynamics of
abundance in U. dioica species populations and range narrowing in the near future.
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Figure. Ontogenetic status of U. dioica species in 10 populations
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We calculated age and effective ontogenesis indices of hay meadow populations of U. dioica
species which are presented in the Table 2 below.

Table 2
AGE (GROWTH) STRUCTURE OF Urtica dioica HAY MEADOW POPULATIONS
SP SP type Growth phases of ontogenesis, in % of total number Indexes
J Im \Y 01 (o) [OF Ccc, C A Q

1 Mature 8.4 12.3 9.8 27.20 26.0 33,3 7.7 0.58 0.42
2 4.5 20.9 19.1 21.27 33.1 17,6 5.6 0.53 0.61
8 6.2 10.4 16.7 16.70 18.8 31,8 25.0 0.44 0.54
3 ripe 0 6.0 6.7 12.70 13.6 19.0 18.2 0.43 0.22
9 0 20.9 12.1 22.30 11.6 6.2 11.4 0.28 0.21
4 transition  50.2 20.5 11.0 8.60 6.0 2.2 1.5 0.28 0.22
5 63.8 13.7 6.9 4.20 7.8 3.6 2.3 0.29 0.21
10 14.1 10.0 26.2 19.00 11.7 12.1 6.9 0.27 0.46
6  young 41.1 24.6 20.1 4.50 6.0 2.2 0.0 0.08 0.71
7 18.9 64.6 0.9 4.60 7.8 3.2 0.0 0.09 0.77

As can be seen from the Table 2, the populations predominantly contain all groups of plant
ontogenesis, but in populations 7-8 no juvenile phase was found, and in populations 6 and 7 no
individuals belonging to s and ss phases were found coenopopulations, these are young populations
and have high performance indices (0=0.71; 0.77). Coenopopulations 1, 2, 8 are fully mature

(=0.44; 0.53; 0.58).

Despite higher age values, population efficiency is also high (©=0.42; 0.54; 0.61) because all
phases of ontogenesis are detected. In transitional hay meadow populations (4, 5, 10), the rates of
individuals belonging to periods J, Im and V (10-50.2%) are higher than those belonging to the
generative period (2.2-12.1%), but individuals are also more. belonging to the senescent period
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(1.5-6.9%). Therefore, the population efficiency is not so high (0.21-0.46). However, it is obvious
that in the future the population will continue to grow, and its efficiency will increase.

By studying performance, it is possible to obtain complete information on plant resources and
determine the economic importance of hay meadow populations. The study of hay meadow
populations alone is not sufficient in this area (Table 3).

Table 3
U. dioica PERFORMANCE AT DIFFERENT STAGES
OF ONTOGENESIS (cwt/ha, raw weight)

sp. Study area Period of rosettes Mature plant
1 Shakhbuz dist, outskirt of the village of Kechili 166.12+16.8 178.00+14.67
2 Shahbuz dist., outskirt of the village of Kulyus 95.78+10.60 110.40+16.58
3 Babek dist., outskirt of Buzgov village 310.1+40.9 421.1+40.2
4 Babek dist., outskirt of Yeniyol village 113.6+11.33 124.6+21.,45
5 Sharur dist., outskirts of Ahura village 141.30+8.44 268.3+25.3
6 Sharur dist., outskirts of Havush village 167.5+21.5 196.45+19.9
7 Kengerli distr., Buyukduz village territory 262.1+28.9 340.00+20.10
8 Ordubad distr., Nus-nus village 115.4+11.33 190.00+15.38
9 Ordubad distr., Unus village 98.00+2.18 154.00+13.19
10 Ordubad distr., Pazmary village 168.00+10.00 255.20+23.30

Total 15225 2238.55

Since the rosette leaves of the study plant are nutritionally important, the fully matured plant
up to the time of budding is used for medicinal purposes and its reserves during the phases of full
maturity are studied.
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U3YUYEHUE ATPOSKOJOT'MYECKUX OCOBEHHOCTEM Ligustrum vulgare L.
B HAXUUYEBAHCKOI ABTOHOMHOM PECITYBJIMKE
U INEPCIHEKTUBBI ErO UCITOJIb3OBAHUS B O3EJIEHEHUU

©llawaes T. I0., kano. buon. nayk, Mncmumym duopecypcos Munucmepcmea Hayku u
obpazosanus Azepoaiioxcana, . Haxuuesanwv, Azepoaiiocan, teyyubpashayev@mail.ru

STUDY OF AGROECOLOGICAL FEATURES OF Ligustrum vulgare L.
IN NAKHCHIVAN AUTONOMOUS REPUBLIC AND PROSPECTS
FOR ITS USE IN GREENING

©Pashayev T., Ph.D., Institute of Bioresources Ministry of Science and Education of Azerbaijan
Republic, Nakhchivan, Azerbaijan, teyyubpashayev@mail.ru

Annomayusa. TlpuBeneHBl pPE3yNbTaThl HMCCIEAOBAHUS C IIETbI0 H3YyYEHHS BO3MOXKHOCTEH
ucnons3oBanust Ligustrum vulgare L. B o3eneHeHun ropoxnos. IIpuBonstcs cBeneHHS O
OMODKOIIOTHYECKUX 0COOEHHOCTSX Ligustrum vulgare — bupiounHbsl 0OBIKHOBEHHOH, ceMmeicTBa
MacnuHoBbIe. AHATU3UPYIOTCS BO3MOXKHOCTH HCIIOJB30BAaHHMS OSTOr0 BHUJAA IIPU  CO3/IaHHU
Pa3IUYHBIX KOMITO3MLMI M (OpM B KauecTBE JEKOPATHBHOTO pPACTCHHS. YCTAaHOBIICHO, 4YTO
MCTIOJIB30BaHUE TOTO PACTEHUS B O3EJICHUTEIBHBIX PadOTaxX MO3BOJSIET CO3JaTh KPacHBBIH ()OH B
napkax M cajax B ropojax U IOCEJKax pernoHa. B ocHoBHOM Ligustrum vulgare Ucnonb3yroT IpH
CO3IaHUM PA3IHYHBIX 3€JICHBIX KOMIIO3UIINI B KaueCTBE )KUBOTO 3a00pa.

Abstract. The results of a study are presented to study the possibilities of using Ligustrum
vulgare L. in urban landscaping. Information is provided on the bioecological characteristics of
Ligustrum vulgare — Common Privet, Olive family. The possibilities of using this species in
creating various compositions and forms as an ornamental plant are analyzed. It has been
established that the use of this plant in landscaping works makes it possible to create a beautiful
background in parks and gardens in cities and towns of the region. Ligustrum vulgare is mainly
used to create various green compositions as a living fence.

Knrouesvle cnosa.: GuprounHa oObIKHOBEHHAsI, 03€JIEHEHHUE, OMOIKOIOTHSI.
Keywords: Ligustrum vulgare, landscaping, bioecology.

HaxuueBanckass ABroHomHas PecnyOnuka pacrioniokeHa B roro-3amajgHoil dactu Manoro
KaBka3za. OToT pernoH mnpezacTasisieT co00i TUMUYHYIO TOPHYIO CTPaHy M UMEET OU€Hb CIIOKHbIE
MpUPOAHO-TeorpaduIecKre yCIOBUS. PerneHue HSKOJIOTHYECKUX MpoOiIeM, BOMPOCOB OXPaHBI
OKpYXarolllel Cpebl, pacllIUpeHusl 3eJeHBIX 30H BCErAa JOJDKHO OBITh B LIEHTpPEe BHUMaHHs. B
borannyeckom cany HaxmdeBaHCKOro WHCTUTYTa OHOpECYpCOB B IPOBOISTCS HCCIEIOBAHUS
ACKOPATUBHBLIX JACPECBHEB M KYCTAPHUKOB, NPUBE3CHHLIX M3 Pa3HbIX CTpaH MU MECTHOI'O PETHOHA.
N3yueHne pacTUTEIBHOIO MUPA, PACIPOCTPAHEHHOTO HA 3€MJIE, BBISBICHUE €r0 (IOPUCTUYECKOTO
COCTaBa M OpraHM3alUsl Mep OXpaHbl BCErJa HAaxXOAWINCh B ILIEHTpE BHUMaHuA. Pe3ko-
KOHTUHEHTAJIbHBIN KJIMMAT, MaJIO€ KOJIMYECTBO OCAJIKOB, BBICOKME CYTOYHbBIE Y TOJOBBIE aMIUIUTYIIbI
TEMIIEpaTyp SABJISIOTCS OCHOBHBIMH (haKTOpaMu, BIUAIOMIMMU Ha (POPMUPOBAHUE PACTUTEIHHOCTHU B
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HaxwuueBanckoit AP. borarctBo ¢uopsl perroHa oOBSICHSETCS €€ TECHOM CBA3bI0 C (IIOpoi
Cpenmzemnoro wmopss u Ilepenneit Asum, Bkmrodas Mpan. TopHbiii penbed oOycroBuI
BEPTUKAJIIbHYI0 30HAJBHOCTh IOYBBI, KJIMMara M pacTuTenbHOCTH. HaxuueBaHckas AP
pacroiiokeHa B 1ro-3anajgHoi yactu Manoro KaBkasa u sBIsIOmMascs TUIMYHOW TOPHOU CTPaHOM,
UMEEeT OYEHb CJIOXKHBIE MpHUpPOAHO-reorpaduyueckue ycioBusi. Penbed B OCHOBHOM COCTOUT U3
PaBHUHHOW M TOPHOM 4YacTeil, cpenHss BbicoTa HajA ypoBHeM Mopsi 1400 m. Paznuna ammiuTyn
a0COMOTHOM BBICOTHI MecTHOCTH cocTaBisieT oT 600 M (cemo Koram) o 3906 m (nmuk Kanmymkyk).
Cpennsist BeicoTa paBHUHHOM [IprapakCHHCKON HU3MEHHOCTH CUMTAIOLIEHCS CaMOW HU3KOM 30HOM
pecnyonuku, npuodmmkaercs kK 800 M.

B nocnennue rogpsl B aBTOHOMHOM peCyONIuKe BEETCSl CTPOUTENIBCTBO U Pa3BUTHE MAPKOB U
caslioB, YAUI M ajUled TOPOIOB M IIOCEJIKOB, BHOBb CO3/IaBa€MbIX CEIbCKHX IIEHTPOB, OOOUYMH
LI0CCEWHBIX JOpOr U T. A. OJHUM U3 IIaBHBIX BOIPOCOB SIBJIETCA 110100p JEKOPAaTUBHBIX JIEPEBHEB
U KYCTAapHUKOB, MHCIIOJIb3YEMbIX B O3€JICHEHHUU, OOpa3loB pACTEHUH, HCIONb3yEMbIX B
JIEKOPaTUBHOM CaJI0OBOZICTBE.

[TouBeHHO-KJIMMaTHUECKHE YCIOBUS HAlIEH pecryOIrKy MO3BOJISAIOT BHIPALUBATh B MECTHBIX
YCIIOBUSIX MHOXKECTBO Pa3JIMYHbIX BUJOB pacTeHUi. C ATON TOUKM 3peHUs] MPOBOASATCS HAydHbIE
UCCIeIOBaHUs Ha oOpa3lax JIeKOPAaTUBHBIX PACTEHUN, MHTPOAYLIHPOBAHHBIX M3 OTEUECTBEHHOM
Giopel M JIPYrHX CTpaH, HCIOJIB3YEMBIX IPU OCYIIECTBICHUH O3€JICHUTENbHBIX paboT, u
OTIPEEIISICTCS UX YCTOMUMBOCTD K TOYBEHHO-KIIMMATHIECKUM (DaKTOPaM.

3aMeHa TMPHUPOTHBIX SKOCHUCTEM OOJNBIIMMH TEPPUTOPUSMH OOWTaHUs, OypHOE pa3BUTHE
CEJIbCKOTO XO3SHCTBAa M KMBOTHOBOJCTBA, PAaCIIUPEHHE TOPHOMOOBIBAIOIICH MPOMBIILIEHHOCTH,
CTPOUTENLCTBO MAaruCTPalbHbIX HE(TENPOBOAOB U Ta30MpPOBOJOB, aBTOMOOMIIBHBIX U KEJIE3HBIX
JOPOT CO3/AI0T CTHMYN JUISI BO3HUKHOBEHHS TIOOAJIBHBIX IMPOOJIEM OKpYKAIoMmeW cpeapl. ITo
IIPUBOAMT K CEPHE3HOM JIerpaJalluy MIOIOPOIHBIX 3€Meb, PE3KUM U3MEHEHUIM KIIMMaTa, 3acyXaMm,
HABOJHEHUSM U JIECHBIM TNOXKapaM. YUHUTbhIBasi reorpaduueckoe mojaokeHue, penbed, mpupoaHbie
KIIMMaTU4YECKHUEe ¥ MTOYBEHHBIE XapaKTePUCTUKU, BOAHBIN MoTeHnran HaxuueBanckoii ABTOHOMHOMN
PecnyOnuku, ocoboe BHUMaHHE CIIEAYET YIACNATh MEPONPHUATHSIM MO O3€JICHEHUIO, 00JIECEHUI0 U
JIECOBOCCTAHOBIICHNIO, KaK Ba)KHEHIIMM NPUPOAOOXPAHHBIM MEPONPUSITHUAM, a TAKXKE CO37aBaThb
OXpaHsieMble IPUPO/IHbIE OOBEKTHI.

Obvexmbl u Memoowl
OOvbexT uccnenoBanust — Ligustrum vulgare L. Mecto npoBenenuss — boranudeckuii can
HaxuueBanckoro  uHCTUTyTa  OMopecypcoB  MwuHHCTepcTBa HayKu U 0Opa3oBaHUs
Azepbaitmxanckoit Pecriyonuku [1].
B pabote ncnonb30BaHbl cTaHAApTHBIE METOABI U3yueHus [2—4].

Pesynomamot uccreoosarnuil

Ilo pesynbTaraM MHOTOJIETHHX HCCII€OBaHMNA, MPOBEICHHBIX HaJ HHTPOAYLUPOBAHHBIMU
BUJAMU PACTEHUH, MOXHO CKa3aTh, YTO HEKOTOPHIE U3 3TUX PACTEHHM MOAXOMAT Ul MOYBEHHO-
KiuMarnyeckux ycioBuih HaxuueBanckoit AP, mostomy 1enecooOpa3sHO HUCHOIb30BaTh HMX B
o3eneHeHnu. OrpernerieHa TOJNTOBEYHOCTh J3THUX JEPEBBEB M KYCTApHUKOB, aNalTHPYIOIIUXCS K
pPETMOHANIBHOMY KJIMMAaTy M PEKOMEHJIOBAHO JUIsl MCIIOJIb30BaHUS B O3CJNIEHEHUHM MyTEM HX
pa3MHOXeHus [5—7].

B BoranwueckoMm caay TpoOM3pacTarOT M HCCICAYIOTCS MECTHBIE W MPUBO3HBIC JEPEBBS U
kycrapuuku: Cotoneaster horizontalis Decne., Lonicera iberica M. Bieb., Hibiscus syriacus L.,
Jasminum fruticans L., Eucalyptus obliqua 1'Hér., Cercidiphyllum japonicum Siebold et Zucc.,
Broussonetia papyrifera (L.) L’Hér. ex Vent. u ap. [7-9].
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B Teuenne 1981-2003 1T. B camy BBINIOJIHEHA OTPOMHAas paboTa, KOJUICKIIUU OOOTaTHIINCh
COTHSIMU 00pa3liaMH IUIOJIOBBIX U SITOJHBIX E€PEBbEB, KYCTAPHUKOB, PEIKUX BUHOTPAJAHBIX COPTOB,
JEKOPAaTUBHBIX, TPOMHMYECKUX, CYOTPONUYECKHX BHJOB PACTEHUH, MPOBOAMIACH HHTPOLYKLIHUS
37IeCh IIEHHBIX JIGKAPCTBEHHBIX M KOPMOBBIX BUAOB pacteHumil. B 2003 romy oOmias miomans
Bboranmnueckoro caga Obuta goBeaeHa a0 13,2 ra, co3maHbl TeHOGOHIBI — KOJUICKIIMOHHBIE CaJIblI
MECTHBIX IUIOJOBBIX COPTOB U (POPM, MPUOOPETEHHBIX U3 IUIONOBBIX U (EPMEPCKUX XO3AUCTB U3
BCeX paiioHOB ABTOHOMHOM PecrnyOnuku. 3a 3TH TOABI CIOXKHIACh OOMIas CXeMa 3TOro
YUPEKACHUS, CO3JaHbI KOJUICKIIUH JIJIs TIPEICTABUTENCH OTACIBHBIX THIIOB (JIOp, PEAKHX PACTCHUN
Y aJlJIed, TIUTOMHUKH, PO3aPUH, YUACTKHU JIJIs CaKeHIeB [ 1].

OnHuM W3 TakuX BHJIOB sBisieTcst Ligustrum vulgare L., npuHajyiexamui K pony Ligustrum.
Pacrenus pona Ligustrum — BEUHO3€JEHbIE WU JINCTOINAHBIE AEPEBbS U KYCTAPHUKU CEMENCTBa
MacnuHoBble. BOIbIIMHCTBO pacTeHUud pona Ligustrum MMEIOT IEKOPATUBHBINA BUJ, SIPKO-3€JICHBIE
JUCTHSI U JOJNTOXKHUBYIIME apOMaTHbIE I[BETKU, YTO JieJlaeT ux OoJiee MOMY/ISPHBIM B JaHAapTHON
apxutekType. Ligustrum vulgare L. nekopaTHUBHBIA KyCTapHUK B JHUKOM MPHUpOJE, BCTpEUaETCs B
3anagnoi u Llenrpansnoit Eporie (Yikpauna, MongoBa, Kpeim u KaBkas), CeBepHoit Adpuke u
Manoit Azuun. lupoko ncnosb3yercs B KadeCTBE JKHUBBIX M3TOpOJIEeH, TaK Kak JIETKO NMEPEHOCUT
CTpWXKKY W QopmupoBaHHe KpoHbl. Huxke mnpuBeneHa CBOJHAS XapaKTepUCTUKA BHJA
(https://www.impb.ru/eco/show_info.php?id=1342)

Hassanwue Buna Ligustrum vulgare L.; Buptourta 0ObIKHOBEHHAS
Takconomus Oleaceae, Ligustrum L. (MaciunHble; buprounna)
Xuznennsie popmel o PayHnkuepy BEYHO3EJICHBIE; Me30(HT, CKIepout
OtHomenne k ope JE€KOPaTUBHBIM HHTPOIYLIEHT

OKosoro-1ieHOTHYECKKE rpynmna u noarpynna  Kcepoduibnas

Tun ctparerun no ['paiimy SC

Jkonozuueckue quuKamoprle 3HAYeHUsl

[To Dmnenbepry Temmneparypa 6
KOHTHHEHTAJILHOCTD 3
YBII&XKHEHHE MTOYBHI
KHCJIOTHOCTD ITOYBBI 8
a30To000€ecIeueHHOCTh 0
OCBEIIEHHOCTH 7

[To Jlannonbty TeMiiepatypa 4
KOHTHHEHTAIbHOCTD 3
yBIIQXKHEHHE MOYBHI 3
KHCJIOTHOCTb TIOUBHI 4
a30T000eCIeYeHHOCTD 2
rymyc 3
rpaHyJOMeTpHUYECKUil cocTas 4
OCBELIEHHOCTb 3

[To IpiranoBy temneparypa: 7-13
KOHTHHEHTAJILHOCTE = 3—12
OMOPOKITUMATH.
KpUOKIuMaTu4. 8—12
VBIQKHEHHUE MOYBBI 7—17
KHCJIOTHOCTh ITOYBBI 7—11
azoroobecneyeHHoCTh 1-9
colieBoe 6orarcTeo 58
OCBEIIEHHOCTh 1-6

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 61



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne4. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/101

Mopdgonocuueckoe onucanue. Ha xoHIIaX BeTBEH pacroiOkKeHbl MeEJKHEe Oenble LBETHI CO
crenupuUecKuM 3armaxoM, HMEIIMe NupaMujanbHylo ¢opmy. llBeTeHue mnponomkaercs ¢
CEpEeINHBI Masl 10 HIOHB, I10CJIE YEro KPYIJIble YEPHBIE TUIOBI 10JITO COXPaHsAI0TCs Ha KycTe. KycTbl
HOPMAaJIbHO Pa3BHBAIOTCS B MECTax C OOJBIIMM KOJIMYECTBOM COJHEYHOTO CBeTa U TeHH. [lomumo
TOT0, YTO OHM MEHee TPeOOBaTeNIbHBI K 3eMJI€, OHU MOTYT HOPMAaJbHO MPUKUTHCI U PAa3BUBATHCS
Jla’ke Ha HEeOJIaronpHUsATHBIX MOYBaX. DTU PACTEHHsI MOTYT MPOU3PACTaTh JaXke B YCIOBUSX, KOTAa B
3arpsi3HEHHOM BO3/1yX€ TOPOACKON Cpe/ibl MHOTO MbUIBHBIX U BPEIHBIX BenlecTB. [lockonbKy 3TM
pacTeHUsIM MOXHO TMpHIATh pasHylo ¢opMmy, oOpe3aB HX, OHM LIMPOKO HCIOJIB3YIOTCA B
o3elieHeHuU. B OCHOBHOM pa3MHOKaeTCsl BEre€TaTUBHBIM CIIOCOOOM M3-3a HEOOJBILIOTO KOJMYECTBA
CEMSH U BBICOKOM BCXOXKECTH. ODTOT METOJ CYHMTAeTcss Oojee MpUEeMIIEMbIM B DPa3BEACHUU,
IIOCKOJIbKY ITPOLIEHT IPOU3PAcTaHUsl YEPEHKAMU OYEHb BBICOK.

B pe3ynbrare MHOTOJIETHUX UCCIIEI0OBAaHUM YCTaHOBJIEHO, YTO MCIIOJIB30BAHNUE ITOIO PACTECHUS
B O3€JIeHUTENbHbIX paboTax B HaxuueBaHckoir AP mo3BoiuT co3naTh KpacuBbId (OH B Mapkax U
caJax B HallUX Topojax M mocenkax. Ero HCmonb3yloT Hpu CO3MaHUM PA3IUYHBIX 3€JIEHBIX
KOMIIO3UIIMH B Ka4€CTBE KMBOTO 3a00pa. BricakuBaeTcst 1 pa3sMHOXKACTCS B OTKPBITHIX YCIOBUSX B
BoranndeckoM cagy MHCTUTyTa OMOpPECYpPCOB, MCIONB3YETCS IS CO3MAHHS Pa3IndHBIX (GopM U
03€JICHEHUS TOPOJIOB U MOCEIKOB aBTOHOMHOW PECITYOINKH.
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AGRIS F40

CUCTEMATHYECKHUMN COCTAB POJIA BEPOHUKA (Veronica L.)
HA CEBEPE MAJIOI'O KABKA3A

©Ab6acosa JI. M., Azepbatiodxncanckutl 20Cy0apCcmeeHHblll AepapHbulil YyHUsepcument,
2. baky, Azepbaiioocan, abbasova0915@mail.ru

TAXONOMY OF THE Veronica L. GENUS
IN THE NORTH OF THE LESSER CAUCASUS

©Abbasova L., Azerbaijan State Agricultural University,
Baku, Azerbaijan, abbasova0915@mail.ru

Annomayus.  Tepputopuss ~ AsepOaiikaHa  OTIUYAaeTCS  OOJBIIMM  pPa3HOOOpa3ueM
pactutenbHOCTH. bonpmmHacTBO M3 5000 BUAOB pacTeHM, OINMCAHHBIX B A3sepOaiikaHe,
mpouspactaloT Ha ceBepe Manoro Kapkaza. M3yueHn cocraB poma Veronica L., cemeiicTBa
Plantaginaceac. B xome pabotel Obutm ompenenenbl: 21 Bug u 2 momBuga. Bo Bcem wmwupe
HacuuthiBaetcst 200 BumoB 3Toro poxaa, Ha Kaekaze — 53, B AszepOaiimkane — 40. B pabote
MIPHUBENICH CUCTEeMaTHUYeCKUIl aHHOTHPOBaHHBIN CIMCOK BCEX BBIABICHHBIX BHAOB poaa Beponuka.

Abstract. The territory of Azerbaijan is distinguished by a wide variety of vegetation. Most of
the 5,000 plant species described in Azerbaijan grow in the north of the Lesser Caucasus.
The composition of the Veronica L. genus, Plantaginaceae family has been studied. During
the work, 21 species, 2 subspecies were identified. There are 200 species of this genus throughout
the world, 53 in the Caucasus, and 40 in Azerbaijan. The work provides a systematic annotated list
of all identified species of the Veronica genus.

Knrouesvie cnosa: Beponunka, Manbrit KaBkas, AzepoaiimxaH.
Keywords: Veronica, Lesser Caucasus, Azerbaijan.

DKOIOTUYECKUNA MOHUTOPUHI PACTUTENLHOCTH W (PIOphl UMEEeT OOJbIIOe 3HAYEHHE, ITO
CIOCOOCTBYET OXpaHe MECTOOOMTaHUI BUIOB PACTEHUH U UX 3KOJIOTUYECKOU cpesbl [S].

Cucremariyeckuil aHaJIM3 W BBISABICHUE HOBBIX MECTOOOWTAHMM, WX OIHUCAHHE — OYCHb
BaXXHO ISl COXpaHeHHusi OumopazHooOpasusi Tepputopuu. OmuH U3 HUX — poxa Veronica L.
cemeiicTBa Plantaginaceae, BXOAUT B COCTaB Pa3IMYHBIX PACTUTENBHBIX COOOIIECTB HA TEPPUTOPUHI
ceBepa Manoro Kagskaza [4, 6, 7].

VY nmnpencraButeneit cemeiictBa Plantaginaceae nuCTBhS TPOCTBIE WM CJIOXKHBIE, YacTO
PaCIOJIOKEHBI IO CIIUPATIA WK CYITPOTUBHO BJIOJB cT€Os. [[BETKM MHOTHX BHUOB MMEIOT BEHUHUK C
IBYMsl Ty0aMu, HO B OCTAJIbHOM CTPYKTypa IBETKa UMEET MaJlo OOIUX 4epT. Y HEKOTOPHIX POIOB
YacTU 1BETKa cuibHO yMeHbleHbl. CemelictBo Ilogopoxuuku (Plantaginaceae) — omHoneTHHE
WM MHOTOJIETHUE TPaBbl M OUYE€Hb pazHO0Opa3Ho 1Mo (opme, pacipoCTpaHEHHBIE 10 BCEH TUIAHETE.
Pacnipoctpanenue Plantaginaceae mo4Tr KOCMOTIOIUTHYHO, XOTSI OOJIBIIMHCTBO BUIOB BCTPEUACTCS
B paiioHax ¢ yMEpPEeHHbIM KiIuMaroM. HekoTopble M3 HMX MMEIOT SKOHOMHUYECKOE 3HAU€HUE Kak
JIEKOPATUBHBIE PACTEHUSI, COPHSIKU UJIM UCTOYHUKHU JieKapcTB [ 1-3].
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Pon Veronica L., nacuutbeiBatronuii okojio 450 BUIOB, SIBISETCS KPYMHEHIIUM B CEMEHCTBE
Plantaginaceae. Pactenusi, MHOTHME U3 KOTOPBIX HM3BECTHHI KaK BEPOHHKH, PACIPOCTPAHEHBI B
ocHOoBHOM B CeBepHOM nofymapuu [2, 6].

Ha3Banue ponma umeeT IpEeBHIO HCTOPUIO M JBa 3HAu€HUs: l. MO OKpacke I[BETKOB U
BHEIIHEMY BHJYy HEKOTOPBHIX BUJOB OH ObLI Ha3BaH 3MEHWHOM TpaBoW M 2. HEMEUKHUM y4yeHbIM JI.
dykcoM poj Ob1a HazBaH Beponuka B uecth «CBATON BepoHUKN.

Beponuku sSBISIOTCS OTIAMYHBIMUA MEIOHOCAMHU, PACTEHUS MHOTHX BHJIOB Pa3BOSTCA B CaJlax
Ha OTKPBITOM BO3yXe, IEHSATCS KakK 3a MPHUBJICKATEIIbHBIC IBETKH, TaK U 332 OOIIYI0 H3SIIHOCTh
obnuka. B Meaunune BepoHuka npumeHsieTCsl NMpU JIEUEHUU KOXKHBIX 3a00JIeBaHUM, MPOCTYIE,
KpOBOTEUEHUH, 3a00JeBaHUI  KEIYIOYHO-KUIIEYHOTO TpakTa, MpU JICYCHUH MEAJICHHO
3aKHUBAIOLIUX paH [5].

Pon ommmuarorcss MeNKMMHM 1[BETKAMH COOpaHHBIMH B pa3iUYHbIE KOJIOCOBHJIHBIC,
30HTUKOBUJIHBIE M METENbYaThle COLIBETHS, KOTOpbIE CHUIAT Ha JUIMHHBIX I[BETOHOXKKaxX. L[BeTku
HenpaBWIbHbIe, 4—-5-ujeHHbIe, CHHUE, PO30BbIE, Oelble, ToyObie Win OJae1HO-(PHOTIETOBBIE, PEIKO
JKEJThIE WU OeJIOBaTO-3€JICHOBATHIC;, YallledKa ITyOOKO paslieibHas WM K€ JO0JId €€ BBICOKO,
MOTIAPHO CPOCIIHECS; BEHYMK C KOPOTKOW TPYOKOH WM pexe ¢ Oojiee UIMHHON, HO HE
MpeBbIIIAONIe 2/3 BEeHYMKAa U C KOJECOBUIHBIM HIIM JIBYTyObIM OTTHOOM U3 4—5 HEpaBHBIX
JI0TIacTel, OTOTHYTHIX WIIU MPSIMOCTOSIINX; THIYMHOK 2, MPUKPEIUICHHBIX K TPYOKe MEX1y BepXHen
U OOKOBBIMHU JIONACTSIMH, TBUIBHUKH C JBYMS TMapajuleJbHBIMU THE3IaMH PaCKPBIBAIOTCA
MIPOJIOJILHOM HIEJIbIO; IECTUK C JTTHHHBIM CTOJIOMKOM M MAaJICHBKUM TOJIOBYATHIM PBLIBIIEM.

BepoHuku UMEIOT TOJICThIE BETBUCTHIE WIIM YKOPOUCHHBIE KOPHEBUIIA UM OOWIbHBIE TOHKUE
KOPHHU.

Crebmu pacTeHUsT MOTYT OBITh TMOJ3YYMMHU WM TPSIMBIMH, B OCHOBHOM CYIIPOTUBHBIMH U
LETBHBIMU JIUCTHSIMU, & IUCThS MOT'YT OBITh TOJIBIMH HJIA T'YCTO OIYIIEHHBIMHU [7].

Mamepuan u memoowi
Buns! pona Beponuka cesepa Manoro KaBka3a n3ydeHsl KJIaCCUYeCKMMHU MeTofaMu. B xoxe
sKcneanui 011 coOpaH repOapuil U Bce IK3eMIUIAPhl UIEHTU(UIIMPOBAaHbI, MECTAa HaX0/I0K BHIOB
ykazansl B GPS xoopaunarax [4, 7].
V3MeHeHHs HOMEHKIATypbl JaHbl B COOTBETCTBMHM C MEXAYHApOAHOH HOMEHKJIATypon
(http://wcsp.science.kew.org, http://www.worldfloraonline.org).

Pezynomameut
Pon Beponuka — oaMH M3 pacnpocTpaHEHHBIX poioB B AzepOaiijmxane. Bo Bcem mupe
HacuuThiBaetcst 200 BumoB poma, Ha KaBkaze — 53, B AzepOaiimxane — 40 [1]. Bo dmope

AzepOarimxana B pabote A. AckepoBa «Azorbaycanin bitki alomi» ormedeno pacnpocrpanenue 42
BUJIOB ponia Beponuka.

Ha ocHOBe HOMEHKJIATypHBIX M3MEHEHHH, MPOU30IIEeIINX B MUPOBOH (Iope 3a mocieaHue
TO/IbI, PACCMOTPEH TAKCOHOMUYECKUN COCTaB BHAOB POJa, PACIpPOCTPAHEHHBIX Ha ceBepe Mamoro
Kaska3a.

B HacTosmee BpeMs Ha 3TOW TeppUTOpUU pacnpocTtpaneH 21 Bua. Tpu U3 HUX MPEACTaBICHBI
MOJIBUIAMH:

Veronica polita subsp. polita Fr.;

Veronica telephiifolia subsp. telephiifolia Vahl;

Veronica gentianoides subsp. gentianoides Vahl.

JlBa moaBua paHee BBIACISUIMCH B CAaMOCTOsATENbHBIE BUIBL: V. polita subsp. polita Fr. = V.
didyma Ten. u V. telephiifolia subsp. telephiifolia Vahl = V. minuta C. A. Mey.

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 65



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne4. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/101

JIBa moaBuaa s AzepOaiikaHa BeISIBICHBI BIIEPBEIC: V. gentianoides subsp. gentianoides v
V. telephiifolia subsp. telephiifolia [6, 7].

1. Veronica arvensis L. Sp. PlL: 13. 1753. — Beponuxa nonesas. Bctpedaercs BO Bcex
paiioHax A3zepOaiipkaHa, OT HU3MEHHOCTEH O CPEIHEro rOpHOro MOsica, B TAJICYHBIX PEYHBIX U
npuMopckux necyanbix aroHax. [B. IV-V, . V-VI. Onucan u3 3anaagnoit EBpornsl.

2. V. armena Boiss. & A. Huet Diagn. Pl. Orient. Ser. 2, 3: 166. 1856. B. apmsanckas.
Pacnipoctpanen Ha ceBepe Manoro KaBkasa, B Beicokoropuom mnosice. L. VI, mu. VII. Onucan c
ropsl Tex-gar.

3. V. barrelieri H. Schott ex Roem. & Schult. in Syst. Veg., 1: 94. 1817. — B. 6apenve.
PacnpocTtpanen Ha cyxux ckiioHax ceBepa Manoro Kaskaza. [[B. VII. mi. IX Onucan u3 EBporbl.

4. V. ceratocarpa C. A. Mey. Verz. Pfl. Casp. Meer.: 106.1831. — B. pozconioounas. llupoko
pacnpoCTpaHEH B HUKHEM M CpPEJIHEM FOPHOM IOsCE, Jecax U KyCTapHHMKaX, ca/laX U IUIaHTAlUsX.
B. IV-V, mn. V=-VI. Onucan u3 Jlenkopanu.

5. V. chamaedrys L. Sp. Pl.: 13. 1753. — B. dybpasras. PacnpocTpaHeH OT HUKHETO TOPHOTO
70 CyOaNbIMIICKOTO TI0sICa, Ha JIGCHBIX M CyOampbIUiCKuX nyrax, 3apocisix. LB, VI-VII, mi. VII-
VIII Onucan u3 3anagnoii EBpornsl.

6. V. crista-galli Steven. in Trans. Linn. Soc. London 11: 408. 1815. — B. nemywuii-epebens.
PacmipocTpaHeH OT HHU3MEHHOCTH JI0 CPEIHETOPHOro IMosica, B JecaX, 3apocisX, OMyIIKaX, B
VIIENbAX Ha CKasax, mo 6eperam pek. L. [IV-V, . V. Onncan u3 Azepbaiimkana (okp. rop KyOsr).

7. V. beccabunga L. Sp. Pl.: 12. 1753. — B. nomounas. PacupocTpaHeH Ha TEPPUTOPUSAX OT
HU3MEHHOCTH M HIKHET0 TOPHOTO IMOosica 10 BEPXHEro TOPHOTO Mosica, Mo Oeperam peK U pOAHHUKOB.
. VI-VIIL, mn. VII-IX. Onucan u3 3anaanoit EBporbl.

8. V. polita Fr. in Novit. Fl. Svec.: 63 (1819), nom. cons. — B. ersnyesas. PacpocTpaHeH 1o
BceMy A3zepOaiiKkany, OT HU3MEHHOCTEH JI0 CPEeHEro TOPHOro mosica, B MoceBax, cajax, 000unHax
JIOPOT, CKajiax, T'paBuu U KameHUCThIX ckioHax. L[B. III-IV, mi. V-X. Onucan u3 Utanuu.

[Ipencrasnen nonsuaoM V. polita subsp. polita Fr. = V. didyma Ten.

9. V. filiformis Sm. in Trans. Linn. Soc. London 1:195. 1791. B. hnumesuonas. Pacnpoctpanen
B CpPEIHEM M BEpXHEM IOPHBIX MOsicax, B jiecax U ropHeix jgyrax. Ls. V, mi. VI. Onucan ¢ Kaskasza.

10. V. telephiifolia Vahl. Pl. 1: 65. 1805. — B. meneguenucmnas. PacupocTpaHeH B
anbIHiickoM Tmosice, Ha KaMeHUCTHIX ochimsax. [[B. VI, mn. VIIL Onucan u3 AsepOaiimkana
(Tydannar).

[Ipencrasnen moasunom V. telephiifolia subsp. telephiifolia Vahl = V. minuta C. A. Mey.

11. V. officinalis L. Sp. Pl.: 11. 1753. — B. nexapcmeennas. OT CpeAHEr0 TOPHOTo Mosica J10
BBICOKOTOPHOTO I105ICa BCTPEYaeTCs B Jiecax, Ha TOpHBIX Jyrax, yacro B Boxe. LB. VI, mun. VIIL
Onwucan u3 3anaaHoi EBpomnsi.

12. V. melissifolia Poir., Encycl. 8: 526. 1808 — B. menucconucmuas. PacupocTpaHeH B
CPEIHEM M BEpPXHEM TOPHBIX MOsAcax, B Jiecax U Ha ropusix ayrax. L[B. VI-VIL. mn. VII-VIIL
OmnucaH No KyJIbTYPHOMY 3K3EMILISPY.

13. V. peduncularis M. Bieb. Beschr. Land. Terek Casp.: 126. 1800. — B. ygemonoorckosas.
PacnipoctpaHeH Ha TEpPUTOPUU OT CPEAHETOPHOTO 10 CYOANBIUNHCKOTO MO0sICa, B JIECaX U 3apOCIIfX,
Ha CyOaNBMHUICKUX Jyrax, Ha cKajax W Ha kKameHHUCThIX ochimsix. [[B. V-VII (VIII), mn. VI-VIIL
Onucan ¢ KaBka3a.

14. V. orientalis Mill. Gard. Dict., ed. 8: no. 10. 1768. — B. socmounas. PacupocTpaHeH ot
HIDKHET0 TOPHOTO TOfica J0 BEPXHEro TOpHOTo Mosica MO CYXHWM, IIIMHHUCTBIM, KaMEHHCTBIM,
KaMeHUCThIM ckioHaM u jponuHaMm. LB. V-VIII, mn. VII-VII. Omnucan no KyasTypHOMY
IK3EMILIAPY.
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15. V. persica Poir. in Lam. & Poir., Encycl. 8: 542.1808. — B. nepcuodckas. Pactipoctpaner
OT HU3MEHHOCTEW, WHOTIA J0 CPEJHEro ropHOro mosica, Mo MOCeBaM, MOJSIM, CajJaM, Oropojam,
myram, Kyctapaukam u 1o 6eperam pek. [[B. — ur. IV-VIII (IX). Onucan u3 llepenneit Azum.

16. V. serpyllifolia L. Sp. Pl.: 12. 1753. — B. mumvsnonucmuas. PacupocTpaHeH B HIDKHEM U
CpeIHEM FOPHOM MOSICE, BO BIAKHBIX MECTax, jJecax, KycrapHukax u cajgax. [[B. V-VI, mi. VI-VIL
Onucan u3 EBpomnsl.

17. V. verna L. Sp. PL.: 14. 1753. — B. secennss. PacripocTpaneH OT paBHUHBI IO CPEIIHETO
TOPHOTI'O M05Ca, 10 NIMHUCTBIM M KAMEHUCTBIM CKJIOHAM, CKajaM, U3BECTHSIKOBBIM MECTaM, JIyTaM,
o6ounnam nopor. L[B. IV-V, mn. VI-VII. Onucanue u3 lIBennn.

18. V. gentianoides Vahl. Symb. Bot. 1: 1. 1790. — B. 2opeuaskosas. PacnpocTtpaHeH B
CyOaJIBITHCKOM U aJbIIMICKOM I0sice, Ha BbICOKOTOpHBIX Jyrax. L[B. V-VIII, mn. VII-VIIL. Onucan
¢ KaBka3za.

[Ipencrasnen moasuaoM V. gentianoides subsp. gentianoides Vahl.

19. V. austriaca L. Syst. Nat., ed. 10, 2: 849. 1759. — B. ascmpuiickas. OObIYeH B CpeAHEM
TOPHOM II0sICe, Ha TOpHBIX Jiyrax u B 3apocisax. L[B. V=VII, mn. VII-VIIL. Onucan u3 3ananHoit
EBpomnsl.

20. V. multifida L. Sp. Pl.: 13. 1753. — B. mnozopasoenvnas. OT HUKHETO U CPEIHETO
TOPHOTO TOsica JI0 BBICOKOTOPHOTO IMOsiCAa PACIpPOCTPaHEH HAa CYXUX IJIMHHUCTHIX, KaMEHHCTBIX
CKJIOHAaX, Ha cKajlaX, KycTapHukax U ocbinsx ckai. L[B. V-VII, mu. VII-VIIL. Onucan ¢ FOxHoro
Kaska3a.

21. V. anagallis-aquatica L. Sp. Pl: 12. 1753. — B. xmwouesasn. PacmpocTpaHeH ot
PaBHUHHOTO JI0 CyOalbIHICKOTO MOsica, B Jiecax, 3apocisiX, cajaX, BIAKHBIX MECTax, BOKPYT
poaHukoB, pek u ozep. L. (IV) V-VIIL, mn. V-VIII (IX). Onucan u3 Esponsl.
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OIIEHKA BJIMSAHUS TPAHCIIOPTHOI'O 3AT'PAASHEHMS
HA ®U3HUOJIOTNMYECKHUE CBOMCTBA Platanus orientalis L.

©Mameooea P. H., ORCID: 0000-0001-8978-374X, kano. 6uon. nayx,
Hncmumym nousoseodenus u azpoxumuu, e. baxy, Azepbatiosncan, roza2919@mail.ru

TRANSPORT POLLUTION IMPACT ASSESSMENT ON THE Platanus orientalis L.
PHYSIOLOGICAL PROPERTIES

©Mammadova R., ORCID: 0000-0001-8978-374X, Ph.D., Institute of Soil Science
and Agrochemistry, Baku, Azerbaijan, roza2919@mail.ru

Annomayus. PacCMOTpEHO BIMSHHE aBTOTPAHCIOPTHOTO 3arpsi3HEHUS Ha (PU3UOIOTHYECKUE
CBOMCTBa JIPEBECHOr0 pacTeHus IuiataH BocTouHbld (Platanus orientalis L.) B ycioBusix ropoja
baky (A3zepOaiimkan). s oOneHKH (U3MOJOTHYECKOTO COCTOSHHS PACTEHHUH TPOBOIUIICS
CPaBHMUTENIBHBIN aHAM3 TIOKa3zaTeleld 3aMeIUIeHHON (III0OPECHEHIUH X10poduiia da JHCTHEB
JIEPEeBbEB, pACTyNIMX Ha TEPPUTOPUSAX HAXOSIIMXCS HA pa3IMYHOM DPACCTOSIHUU  OT
aBTOMArucTpaiy. XapakTep U3MEHEHHsI Pa3INuHbIX (a3 MHIYKIMOHHON KPHUBON MUJLTHCEKYH/IHOM
KOMITOHEHTHI 3aMeJICHHON (hiyopecteHun x1opoghunia a UCIOIb30BAIICS AL OLCHKHU COCTOSHHUS
¢dortocucremsl 11. Pe3ynbpraTsl ncciaeoBaHus MOKa3alid, YTO KaK JIOHOPHAs CTOPOHAa (DOTOCHCTEMBI
Il, Tak w® akuenTopHas, MpPOSBISIOT JOCTAaTOYHO  BBICOKYIO  YYBCTBUTEIBHOCTH K
aBTOTPAHCIOPTHOMY 3arpsi3sHeHHI0. B pesynprate — 3¢ ¢dexTuBHOCTS mporecca (OTOCHHTE3A
YXY/IIACTCs B YCIOBUSAX 3arps3HEHHs. DTO JIeNiaeT BO3MOXHBIM Hcrmosib3oBanue P. orientalis B
Ka4eCTBE PACTCHUSI-WHANKATOPA JJIsl OLIEHKH KayecTBa CPEeIbl.

Abstract. The influence of vehicle pollution on the physiological properties of the woody
plant Oriental plane tree (Platanus orientalis L.) in the conditions of the city of Baku (Azerbaijan)
is considered. To assess the physiological state of plants, a comparative analysis of indicators of
delayed chlorophyll a fluorescence of leaves of trees growing in areas located at different distances
from the highway was carried out. The pattern of changes in the various phases of the induction
curve of the millisecond component of the delayed fluorescence of chlorophyll a was used to assess
the state of photosystem Il. The results of the study showed that both the donor side of photosystem
Il and the acceptor side exhibit a fairly high sensitivity to vehicle pollution. As a result, the
efficiency of the photosynthesis process deteriorates under polluted conditions. This makes it
possible to use P. orientalis as an indicator plant to assess environmental quality.

Kniouesvie cnosa: nnatan BOCTOUHBIN, (OTOCHHTE3, XJIOPOPUILI, (IIyOpECLIEHIIHS.

Keywords: Platanus orientalis, photosynthesis, chlorophyll, fluorescence.

B COBPCMCHHOM MUPEC aBTOTPAHCIIOPTHOC 3arpA3HCHUC ABJIACTCA CCpBCSHOP'I HpO6J‘ICMOﬁ BO
MHOT'HMX TYCTOHACCJIICHHBIX W MPOMBIIIJICHHO PA3BUTHLIX CTpaHax MHUpaA. B HCKOTOPBIX TOpOJdax 3a
IIOCIICAHEE HOCCATUIICTUEC KOJIUYECCTBO aBTOMOOMIIEH YBCINYHUIIOCh BABOC. Takne TeMIIbI pocrta

KOJIMYECTBA aBTOMOOWJIEH U ObICTpas ypOaHW3alMs OKa3bIBAIOT CEPbE3HOE BIUSHUE HaA
IKOJIOTHYECKOE COCTOSIHHE OKpYKameld cpeasl. ABTOMOOWIBHBIE TPAHCIOPTHBIE CpEICTBa
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SIBJISIFOTCS HCTOYHUKOM BBIIEJICHUS B OKPYKAIOLIYIO cpey 0KoJio 200 pa3inyHbIX 3arpsA3HIIOIUX
BELIECTB B 3aBUCUMOCTHU OT KauecTBa TOILIMBA, KOTOPOE OHU NOTPEONSIOT, M 3(PPeKTUBHOCTU
neuratensi. OCHOBHBIMU 3arpsi3HUTENISIMHU, BBIICISIEMBIMU B BBIXJIONMHBIX Tra3aX TPaHCHOPTHBIX
CPEACTB, SBIAIOTCA OKHCh YIJIEpOJa, OKCHAbI a30Ta, OCH30J, albJIeTUibl, OKCUIBI CEpHl,
MOJUIUKINYECKUE apOMaTHYECKHUE YTIIE€BOIOPO/Ibl, TBEPIbIC YACTHUIIbI, CBUHEILL U JIpyTHE [5, 8, 12].

KiroueBbIM KOMIIOHEHTOM YJIYYILIEHHS] KaueCTBA TOPOJICKOM CPEJIbl SIBJIAETCS UX O3€JICHEHUE.
[Tpu 3TOM cTpaTernyecky Ba)KHBIM SIBJISICTCS MPABHIIBHBIA BBIOOP BHJIIOB PAaCTEHUI YCTOMUYMBBIX K
3arpsi3HEHUI0. 3a IOCJIEAHME HECKOJIBKO JIET KaK pe3yJbTaT CTPEMUTEIbHOW ypOaHU3aluu
KOJMYECTBO TPAHCHOPTHBIX cpeAcTB B baky — cronmune AsepOaiipkaHa ObICTPO BO3POCIO, YTO
MIPUBEJIO K MOBBIILICHUIO YPOBHS COACPKAHUS 3arpsi3HSIONIMX BELIECTB B CPEAE U PACTEHMSIX
BOJIM3M aBTOMAruCTpaiei.

Jns oszenenenus ropona baky B mapkax, BHOJIb JOPOr M YIMI[ BBICAKUBAKOT IUIaTaH
Bocrounblid (Platanus orientalis L.). YuutsiBas 310, B paboTe omnpeeiieHa CTEIeHb YCTOMYMBOCTH
Platanus orientalis L. x aBTOTpaHCIIOPTHOMY 3arpsi3HEHHIO. PaccMaTpuBaIOCh BIIUSHHE
3arps3HEHUS] TIOYBBI M BO3JyXa BBHIOPOCAMH aBTOTPAHCIOPTa Ha (HU3MOJIOTHYECKHE CBOWMCTBA
JUCThEB IUIaTaHa. MPU3MOIOrMYECKHE MapaMeTpbl IMO3BOJISIIOT BBISBISATH B PAacCTEHUM pPaHHHE
M3MEHEHUS elIe 10 TOT0, KAaK OHU CTaHYT BU3YyaJlbHO BUAUMBIMH [4].

Mamepuan u memoowl ucciedosanus

B kadecTBe 00beKTa MccienoBaHus ObLT BRIOpaH utatad Boctounbli (Platanus orientalis L.).
D10 apeBecHoe pacteHue BXxoautT B pox [lnaran (Platanus) cemeiicta Ilnaranoeie (Platanaceae).
Beicota — 25-50 M, ¢ HEpOBHBIM, Y3J710BaThIM, MOLIHBIM cTBOJIOM. KpoHa — packuaucras. CTBoJ
— CBETJIO-CEPHIH WK 3eJIeHOBaTO-cephlil. Kopa oTnamaer KpynmHbIMA TOHKMMHU YEITysSIMH, KOTOpPBIE
OOHaXAIOT MATHA 0O0Jiee CBETJIOTO BHYTPEHHETO CJIOSI KOPBI OEJI0r0o HIIM JKEJITOBATO-CEPOTO IIBETA.
Jluctes mATH-, peXxe CEeMMHIIONAcTHbIE, M peako TpéxisonacTHele. B AszepOaiimxkane 310 JepeBo
UCIIOJIB3YETCS JAJIsl 03€JICHEHHUS U IEKOPATHBHOTO oopMIIeHus TeppuTopru ropoja baky [11].

HccnenoBanne MmpoBOIWIIOCH Ha Teppuropur ropona baky cromuibl A3sepOaiimkaHCKON
PecniyOnuku. [TpoGHbIe mutomanku ObUTN 3a7105KE€HBI Ha pacCTOSHUU 3—4 M OT 000YMHBI JOPOTH C
MHTEHCHBHBIM TPAHCIIOPTHBIM JIBMKEHHEM B Acamanvckom paiione (N 40°22'22,2" E 49°48'57,7").

KonTtponbHast mpoOHas ruiomaaka Obuia 3aj0’KeHa Ha TeppuTopuu JleHiponoruyeckoro caaa
B OTHOCHTEJIPHO JKOJIOTHUECKH YUCTOM Iocellke MapaaksH B Xaszapckom paiione (N 40°29'26,8"
E 50°09'45,8").

COop nUCTbEB MPOBOAMIIN COTNIACHO METOUKE, onmucaHHOoU B paboTe P. H. Mamenoga [9].

W3onsanuio  XJIOPOMJIAcTOB M3 JIUCTbEB IMPOBOAMIOCH MeToAOM AuddepeHnnaIbHoro
ueHTpudyruponanus [6].

Jlo perucTpamuu CHEKTPOB 3aMENJICHHOW (UIyopecleHInd XJI0podmnia B CyCHEH3UsX,
KaXyl0 MnpoOy ypaBHMBAJIM IO KOJMYECTBY Xjopodumia (B Kaxaod mnpode — 15 mkr/min
xynopoduiuia). KomuuectBo xiopodmina B mpolOax ONPEAETsUId  CHEKTPOPOTOMETPUUECKUM
MeTonoM Ha crektpoporomerpe Jenway 7300 (Anmms). Xnopodwmun skcTparupoBain 96%
3TaHOJIOM [6].

Jlnist perucTpanyivi WHIYKIIMOHHBIX KPWUBBIX MWDIHCEKYHIHOW KOMITOHEHTBHI 3aMeUIeHHOU
¢bnyopecuenuuu xaopoghunrna a (Mc3® Xin a) aUCTheB ObUIa UCMONb30BaHa (hOTOMETpHUECKass
ycTaHoBKa ¢ ¢pocdopockoriom [7, 10].

[IpyeMHMKOM KBaHTOB CBE€Ta B YCTaHOBKE CIyKui (oroymHOoxkutenb ®IOVY-51. Iluranue
(OTOYMHOXHTENSI — OT BBICOKOBOJBTHOrO BbiIpsimutenss BC-22. Perucrtpauust ¢dotoToka
npousBoawiack Ha camonucue KCII-4, noakntouennoro yepe3 ycunurens JIITY-01.

JIucThs B yCTaHOBKE OCBelIainy Jamnoil HakanuBanus (500 BT) ¢ BoasHBIM TEMIOQHUIBETPOM.
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Jlo TOro kak MpUCTYNHUTh K PETHMCTPAllMd MHAYKIIMOHHBIX KpUBBIX Mc3®D Xn. a, CyCleH3un
noMenanyu B kamepy Gocopockorna, 3aKpbIBaId KPBILIKY, IOBEPHYB €€ /10 yropa MIpOTUB YaCOBOMH
CTpEJIKH, ¥ BhIACpKUBaIH 10 MUHYT [ TEMHOBOW a/IaNTalluy KakJ0ro oopasua.

Hcnonb3oBana mporpamma Corel Draw Ha oOCHOBe YCpeAHEHHBIX IIOKa3areien
WHAYKIIMOHHBIX KPpUBBIX MC3D Xi1. A.

Pezynemamut u obcysrcoenue

Ha Pucynke noka3zanbl HHAYKIIMOHHBIE KpuBble Mc3® Xi. a micteeB nepesbeB P. orientalis,
MIPOU3PACTAIONINX B OTIMYAIOLIUXCS 110 CTETIEHU yJAIEHHOCTH OT aBTOMAarucTpalu.

B uccnenoBanum paccMaTpuBarOTCs U3MEHEHHS JBYX (a3 MHIYKIIMOHHON KpuBOH mc3D X
a, orpaxatomux cocrosiaue OCIIL. Dto OpicTpas (asza orpaxaromias akuentopayto croporny ©C Il u
XapaKTepu3yomas COOBITUS B ONDKalieM OKpyxeHuu peakimonHoro nenrpa ®C II, B yvactHocTH
€ro Imepexojl B3aKpPhITOE COCTOSIHME (BOCCTAHOBJICHHE MEPBHYHBIX aKLENTOPOB), U MeEIJICHHAs
¢daza oTpaxkaromas CTaOMJIBHOCTh IMOTOKA AIEKTPOHOB K Qa M XapakTepusymolas COOBITHUS Ha
nonopHoit cropore OCII. locTikeHne cTalimOHapHOTO COCTOSIHUS HA UHOYKYUOHHOU Kpueou mc3D
Xn. a oTpaxaeT YCTaHOBJIEHHE CTAllMOHAPHOIO COCTOSIHUS OKHUCIIUTEIbHO-BOCCTAHOBUTEIHHOIO
MpOIIECCa, CBA3aHHOIO ¢ IEPEHOCOM 3JIeKTpOoHOB B npeaenax OC II [1-3].
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Pucynok. Munyknnonssie kpusbie mc3® Xu. a nucthes P. orientalis
N3 Tabnuiisl BUIHO, 9TO KOJWYECTBEHHBIE MMOKA3ATENM KHHETHYECKUX KPUBBIX Mc3D Xu. a B

CYCHEH3HSX XJIOPOIUIACTOB JIUCTHEB Y IEPEBLEB, B 3aBUCMMOCTH OT MECTa IIPOU3PACTAHUS, 3aMETHO
oTnyaroTcs. Tak, WHTEHCUBHOCTh OBbICTpOM (a3bl MHIYKIMOHHOM KpuUBOM mc3®P Xn. a y
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P. orientalis, pacTymux Ha 0004YMHE TOPOTH, YMEHBIIAETCA MPUMEPHO B 1,5 pas3a, HHTEHCHBHOCTH
MeyIeHHOM (a3bl MpUMEpHO B 2,2 pa3a, a BBICOTa CTAllMOHAPHOTO YPOBHSA B 1,6 pa3 1o cpaBHEHUIO
C 30HOM KOHTPOJISl. DTO YKa3bIBACT HA TO, YTO COOBITHS, IPOUCXOIAIINE HA TOHOPHOU cTopoHe DC
II, B GombIIel CTENEHH YyBCTBUTEIBHBI K CTPECCOBBIM (paKTOpaM CpPE[Ibl, a aKIENTOPHAs CTOPOHA
@®C II 6onee ycroitunpa.

CooTHolIeHrEe 3HaYeHHs] HHTEHCUBHOCTU OBICTPOH (ha3bl K 3HAYEHHUIO CTAllMOHAPHOTO YPOBHS
B 30HE KOHTPOJIS YBEIMYUBACTCS pUMEpHO B 1,9 pasa, a COOTHOIIEHUE 3HAYCHUS MEAJICHHOU (pa3bl
K 3HAYCHHUIO CTAIlMOHAPHOTO YPOBHS MpUMEpHO B 2,1 pa3 Mo CpaBHEHUIO C JKOJOTHYCCKH
puckoBaHHOU 30HOH. WTak, B nmucThsx P. orientalis cyiiecTBeHHbIe M3MEHEHHUS TPOUCXOIAT M Ha
aKIenTopHoil U Ha JoHOpHOU cTopoHe DC II.

B 30HEe pucka MOBBIMIAETCS BHICOTA CTAIMOHAPHOTO YPOBHs. DTO YKa3bIBaeT Ha TO, YTO B
YCIIOBUSX CTpecca MOHMWXKaeTcs 3pEeKTUBHOCTH Mporiecca (POTOCHHTE3A.

Tabmnua.
3HAYEHUS UHTEHCUBHOCTU @43 MC3® XJI. A IUCTLEB P. orientalis
N NX OTHOIIEHHWE K MIHTEHCUBHOCTHU CTALIMOHAPHOI'O YPOBHJSI
30Ha D Mo cy b®/CY MD/CY
Konrtponb 14,2+0,93 10,3+0,49 2,7+0,63 5,2+0,73 3,84+0,67
30Ha pucka 9,6+0,76 6,4+0,57 3,5+0,48 2,7+0,56 1,8+0,95

Ipumeuanue: bO — OpicTpas paza, MO — meanennas daza, CY — cTaunoHapHBIA YPOBEHb

[logaBneHne WHTEHCMBHOCTM Kak OBICTPOH, Tak W MeIEHHOW (a3sl B YCIOBHSIX
ABTOTPAHCIIOPTHOI'O 3arpsi3HEHUsI YKA3bIBAECT HA TO, YTO U3MEHEHUsS IIPOUCXOAAT U HAa JOHOPHOU H
Ha aKLeNnTOpHON cropoHe peakuuoHHoro nentpa ®C II. O1o B CBOIO ouepenp OTpaKaeTcss Ha
3ppexTUBHOCTH mporecca (OTOCHHTE3a, NMPHUBOAS K 3aJCpKKEe JOCTHKEHHs CTallMOHAPHOIO
COCTOSIHHSI OKHCJIMTEIBHO-BOCCTAHOBUTEIIBHOIO IPOLECCA, B PE3yibTare IOBBIIAETCS BBICOTA
CTallMOHAPHOI'O YPOBHS.

3axnouenue

Ha ocHOBe mONYy4eHHBIX peE3yJabTaTOB MOXHO CHAENaThb 3aKIOYEHHE O TOM, YTO
¢dorocuHTeTHUeCcKUi amnmnapar P orientalis He yCTOWYMB K BO3/AEWCTBHUIO aBTOTPAHCIOPTHOIO
3arpsiI3HEHUs, TaK KaK U JOHOpHAas U akuenTtopHas cropoHa ®@C I mposiBIAIOT 1OCTaTOYHO BBICOKYIO
YyBCTBUTEIBHOCTL K CTPECCOBOMY BO3JIEHUCTBHUIO, 4YTO IIPUBOAUT B LEJIOM K IOHWKCHUIO
spdexTuBHOCTH Tmpouecca @otocuHTe3a. Ho, 3TO OTKpBIBa€T HOBBIE BO3MOXKHOCTH IS
HCIIOJI30BaHUSI B MOHUTOPUHIE COCTOSHMS CpeNbl Ul DKCIPECC-IUAarHOCTHKM €ro KadecTBa
(byopecuieHTHBIX TapameTpoB P. orientalis.
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XAPAKTEPUCTHUKA MOJYIIYCTBIHHOM PACTUTEJILHOCTHU
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Abstract. This article provides information on the semi-desert vegetation type of the Daridagh
Massif. It was found that the areas of the massif at an altitude of 800-1200 m are characterized by
plant species specific to semi-desert vegetation. In the ecological-geobotanical research,
phytocenosis dominated by Artemisetum and Salsoletum plants were recorded in the semi-desert
vegetation type in the Daridagh Massif. The semi-desert vegetation type in the region was classified
into 1 formation class, 2 formation groups and 8 associations. Temporary Artemisetum fields cover
a large area in the plains at the foot of Daridagh Massif. Artemiseta lerchianae and Salsoleta
dendroidanae formations are found here and these are the formations that attract more attention.
The Artemisia lerchiana formation covers a wide area from the plain to the 1200 m altitude of
Daridagh Massif. Artemisia lerchiana + Salsola nodulosa is relatively common in the lower plain
parts of the Daridagh Massif. Artemisia lerchiana + Tulipa biflora + Allium rubellum +
varioherbosa is found in relatively less saline and relatively stony areas, mainly in clayey stony-
gravelly areas on open slopes with a slope of 5-30°. The main regulators of the varioherboso -
artemioso - salsolletum dendroideae association are Artemisia lerchiana and other species.

Anunomayusa.  IlpenctaBieHbl  JaHHbIE O  IOJNYNYCTBIHHOM THIIE  PACTUTEIbHOCTH
Jlappiiarckoro MaccuBa. YCTaHOBJIEHO, 4YTO TeppUTOpuM MaccuBa Ha BbeicoTe 800-1200 M
XapaKTepU3yIOTCSl BUIAMU PACTEHUH, CTIENU(UYHBIMU JUIS TIONYITYCTHIHHON PacTUTEIHHOCTH. B
HKOJIOTO-T€OOOTAHNYECKHX  HMCCIEJOBAHUSX B TONYIIYCTBIHHOM  THIIE  PAcTUTEIBHOCTH
JlapblIarckoro MaccuBa OTMEYEHbI (PUTOLIEHO3BI C JIOMUHUPOBAaHMEM DACTeHUU Artemisetum
Salsoletum. I1onynyCTBIHHBIA TN PACTUTEIBHOCTH pervoHa ObLI pasjesieH Ha 1 (popMaroHHBIH
KJ1ace, 2 (hopMaIoHHbBIE TPYIIIBI M 8 acconuanuii. BpeMeHHbIe 1oJIs TOJTBIHU 3aHUMAIOT OOJIBIITYIO
TEPPUTOPHUIO HA PaBHUHAX Y MOTHOXHSA J[apbIaarckoro MaccuBa. 3/1€Ch BCTPEUYAIOTCS 00pa3oBaHHS
Artemiseta lerchianae n Salsoleta dendroidanae, 1 ”MeHHO 3T 00pa30BaHUs MPUBJIEKAIOT OOJIbILE
BHUMaHusA. Popmanus Artemisia lerchiana oxBaTbiBaeT OOHIMPHYIO TE€ppUTOpUIO Jlapbliarckoro
MaccuBa OT PaBHUHBI 70 BbICOTHI 1200 M. Artemisia lerchiana + Salsola nodulosa oTHOCUTENBHO
pacpoCTpaHEeHbl B HIDKHUX PAaBHUHHBIX YacTsIX peruoHa. Artemisia lerchiana + Tulipa biflora +
Allium Rubellum + Varioherbosa BcTpedaeTcsi Ha OTHOCUTEIBHO MEHEE 3aCOJEHHBIX U
OTHOCUTEJIbHO KaMEHHUCTBIX Y4acTKaxX, MPEHMMYILECTBEHHO HA IIMHUCTBIX KaMEHUCTO-IIEOHUCTHIX
y4acTKax Ha OTKPBITBIX CKJIOHaX C YKJIOHOM 5-30°. OCHOBHBIM JIOMHHAHTOM AaCCOLMAIMU
Varioherboso-Artemioso-Salsolletum dendroideae sBnsrotcs Artemisia lerchiana v apyrue BUABL.

Keywords: Daridagh Massif, semi-desert, vegetation type, association.
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Knroueswie crosa: I[apbmarcm/lﬁ MacCCHUB, IIOJYITYCTBIHA, TUII PACTUTCIBHOCTHU, aCCOLTUAIIUA.

Defines vegetation as a set of phytocenosis in a given of Daridagh Massif area. Unlike flora,
which is characterized only by species composition, vegetation includes both species composition
and the number of individuals, both in individual plant taxa and for the area considered as a whole,
and taxa included in groupings formed by them. The study area conducted ecophytocoenological
and geobotanical surveys, which identified different vegetation types for the area [1].

To evaluate the condition of vegetation and soil in semi-desert ecosystems and determine the
extent of degradation caused by natural and anthropogenic factors, it is essential to focus on the
vegetation formation. Semi-desert ecosystems have sparse vegetation consisting of perennial arid
grasses, Salsola, Salsola and Artemisia, as well as ephemeral plants [2].

The study of Daridagh Massif area comprises a vast expanse of grey and light chestnut-
colored soils, ranging from 800 to 1927 m above sea level. The semi-desert region is characterized
by a very hot climate and prolonged drought. Humidity is very low in semi-deserts, and the summer
period sees almost no precipitation. Therefore, the advantage of xerophytic grass plants, which are
quite rare in these areas, is evident. The region is characterized by a desert landscape, despite the
relatively mild climate compared to other deserts [3].

It is important to note that while the semi-desert vegetation in the region has been studied in
general, only certain areas have been studied in detail. Although the vegetation of the Daridagh
Massif has been studied in general, detailed information about the area’s vegetation has not been
provided. Therefore, it is crucial to analyze the vegetation in the study area [4].

Material and methodology of the research
Since 2018, research has been conducted in the Daridagh Massif. The aim of the research was
to examine the plants found in the semi-desert region and their phytocenosis. The landscape
features of semi-deserts were first noticed by E. A. Eversmann (1840) and described as ‘bare
deserts’ (1907). Some authors prefer to refer to semi-deserts as the steppe-desert region [2, 4].

Experimental section

The Daridagh Massif at an altitude of 800-1200 m is characterized by the presence of plant
species typical of semi-desert vegetation.

The soils in this region are predominantly covered with grassy-cereal plant groups. Despite
the small amount of humus in these soils, they are considered almost unproductive areas due to their
transformation into mobile sandy areas as a result of human economic activities. However, the
vegetation in the natural area is diverse and vibrant. It includes genera such as Stipa, Artemisia,
Agropyron, and Festuca valesiaca, as well as Poa bulbosa.

While the area is used as pasture in April and November, the onset of the dry season in June
causes the vegetation to disappear, turning the semi-desert area into a desert [2].

Semi-desert vegetation develops in plateau conditions under the influence of an arid climate
and represents semi-closed (or seasonally closed) xerophyte groups. The cenological point, i.e. the
mutual influence of the aboveground or underground organs of plants, is always present and clearly
manifested [3].

The semi-desert group consists of two main groups of plants that react and adapt differently to
external conditions.

1) The arrangement of perennial plants determines the grouping of plants.

2) The grouping of annual spring plants
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Artemisia plants often form groupings in semi-deserts, which may contain areas of bare soil.
These areas are typically characterized by open clumps.

The semi-desert region contains both steppe and desert plant species. During spring, transient
annual plants bloom for a short time before completing their entire development cycle.

No changes in content were made as per the instructions provided. The vegetation in the
desert-steppe zone is mainly composed of Salsola, Artemisia, and Stipa capillata L. The common
mallow covers large areas, creating a dull and monotonous appearance. It is important to note that
this improved text adheres to the desired characteristics of objectivity, comprehensibility and logical
structure, conventional structure, clear and objective language, format, formal register, structure,
balance, precise word choice, and grammatical correctness. The vegetation in the desert-steppe zone
is mainly composed of Salsola, Artemisia, and Stipa capillata L. The common mallow covers large
areas, creating a dull and monotonous appearance. Atriplex plants are sometimes found among
Artemisia in these areas. The soil is dominated by water-soluble salts and is poorly developed. Old
alluvial deposits, reorganized by the winds, dominate between the soil-forming rocks. Grey to light
maroon soils is characteristic of these areas.

The short growing season of plants in these natural areas is similar to that of the northern
regions. The regeneration capacity of plants is very weak due to the lack of a fertile layer.
Unfavorable natural conditions, heavy rainfall, and strong winds cause erosion in semi-deserts. The
level of humidity or dryness is a limiting factor and has a greater impact on plant life than other
environmental factors [5-9].

Semi-shrub communities, which play an important role in semi-desert vegetation, are
perennial plants and consist of soda grass and Artemisia species. Artemisia is the main component
of semi-desert vegetation. On the plains at the foot of Daridagh Massif, temporary Artemisia fields
cover a large area and appear in various formations. Of particular interest are the Artemiseta
lerchianae and Salsoleta dendroidanae formations.

Artemisia lerchiana. The formation covers a wide area from the plain to the 1200 m elevation
of Daridagh Massif. The presence of perennial shrub-like grass polycarpies as well as annual
ephemeral plant species in the formation leads to regrowth within the formation. In some cases, the
formation was subjected to fragmentation in the valleys formed by the flood waters coming from
the mountain slopes during heavy rains in spring or autumn, and in some cases in the foothill plains
due to mudslides. However, despite all these, it covers large areas. The formation sometimes
contains pure Artemisia and sometimes mixed associations of Artemisia lerchiana with different
species. In all cases Artemisia mainly acts as an organizer. It should be noted that in all cases the
Artemisia associations are open groupings.

Artemisia lerchiana + Salsola nodulosa. The association of Artemisia lerchiana + Salsola
nodulosa is relatively common in the lower plains of the region. The vegetation cover is sparse. The
total vegetation cover does not exceed 30%. The total height of the vegetation does not exceed 25-
30 cm. Species richness is quite low, generally 11-12 species per 100 m®. These plants include
Salsola dendroides Pall., Eremopyrum triticeum (Gaertn.) Nevski, Avena persica Steud., Lolium
perenne L., Aegilops cylindrica Host, Medicago minima (L.) Bartalini, Alhagi pseudalhagi (M.
Bieb.) Fisch, Iris lycotis Woronow, Camphorosma lessingii Litv., Carduus thoermeri Weinm.,
Filago arvensis L., Tragopogon reticulatus Boiss. et A. Huet. Artemisia lerchiana and Salsola
nodulosa are used as teaching species in this group. In general, seasonality is very important for the
development of the group.

The group Artemisia lerchiana + Tulipa biflora + Allium rubellum + varioherbosa is found in
relatively less saline and relatively stony areas, mainly in clay-stony-gravelly areas on open slopes
with a slope of 5-30. The grass cover of the area is relatively sparse.
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The average height of the vegetation cover is 12-25 cm. The total vegetation cover does not
exceed 40-45%. The species richness of the vegetation is relatively low and usually consists of 15-
20 species per 100 m>. A significant part of the floristic composition of Association is made up of
ephemeral plants. The group of ephemeral plants occupies 10-15% of the project area, 15-20% of
the project area is occupied by rabbit grass and 8-10% by other grasses. As in all semi-desert areas,
these plant groups are of particular importance for agricultural development and are very important
as winter pastures. Temporary plants that develop well in the spring are highly valued as fodder.
Representatives of the Artemisia group and various grasses make up the winter fodder. It should be
noted that the increase in slope leads to a weakening of the species composition. The decrease in
species richness on steep slopes is related to the corresponding ecological situation. The floristic
composition of the Association is shown in the table below (Table 1).

Table 1
THE PHYTOCOENOLOGICAL STRUCTURE AND SPECIES COMPOSITION
OF THE ephemeral - varioherbico-artemioso
MNo Name of species Abundance, point Height with cm Tier
1  Artemisia lerchiana Weber, 1775 2-3 20-30 |
2  Stipa lessingiana Trin. & Rup. 2 35-40 |
3 Medicago minima (L.) Bartalini 1 6-7 1
4 Erodium cicutarium Her. 1 8-10 i
5  Achillea millefolium L. 1-2 20-25 1
6  Filago pyramidata L. 1-2 6-8 I
7 Glaucium elegans Fisch. & C. A. Mey 1 8-9 I
8  Nepeta meyeri Benth. 1-2 15-20 Il
9 Poabulbosa L. 1 10-12 1
10 Hordeum leporinum Link. 1 10-18 Il
11  Alhagi pseudalhagi (M. Bieb.) Fisch. 1-2 18-20 I
12 Anthemis candidissima Willd. ex Spreng. 1-2 10-15 I
13 Achillea tenuifolia Lam. 1-2 18-20 1
14 Allium rubellum M. Bieb. 1-2 18-20 Il
15 Gagea commutata K. Koch 1-2 10-12 Il
16 Tulipa biflora Pall. 2 9-10 11
17  Fritillaria gibbosa Boiss. 1-2 8-15 11
18 Iris caucasica M. Bieb. 1-2 4-5 11

Varioherboso - artemioso-salsoletum dendroideae. The main organizers of this association are
Artemisia lerchiana and other species. Salsola dendroides Pall. rarely forms pure clumps. The
species included in the grouping are usually far apart and representatives of various grasses are
scattered among them. Although such a grouping of perennial herbs resembles closed coenosis, they
are in fact open coenosis and are mostly found on plains and not very steep mountain slopes. The
main regulators of the grouping are similar in size but differ in color. The grouping is usually found
in more gravelly areas. Tragopogon graminifolius DC., Tragopogon reticulatus Boiss. & Huet,
Alhagi pseudalhagi (M. Bieb.) Fisch., Centaurea pseudoscabiosa Boiss. & Buhse, Nepeta meyeri
Benth., Medicago minima, etc. enrich the composition o