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UCCJEIOBAHME PEINEHWIHA CUCTEMBI _
CUHI'YJISAPHO BOSMYIMEHHBIX JTU®PEPEHIIMAJIBHbBIX YPABHEHHUU

©Axmamos A. A., SPIN-xo0 8377-0954, Owickuii cocyoapcmeennblil yHugepcumem,
2. Ow, Kvipewizcman, abdilaziz_akmatov@mail.ru

INVESTIGATION OF SOLUTIONS TO A SYSTEM
OF SINGULARLY PERTURBED DIFFERENTIAL EQUATIONS

©Akmatov A., SPIN-code 8377-0954, Osh State University,
Osh, Kyrgyzstan, abdilaziz_akmatov@mail.ru

Aunomayus. B paboTe WuCCIeNOBaHbl pEIICHUS JHUHEWHBIE CHCTEMBbl CHHTYISPHO
BO3MYILEHHBIX U depeHnanbHbIX ypaBHEHUI, B cllydyae, KOrja Marpuua (QyHKUHS HMENIn
KpaTHbIE COOCTBEHHbIE 3HAUEHUS. A TaKKe MPU HCCIECJOBAHUU PELICHUM CHCTEMbI CHUHIYJSPHO
BO3MYILIEHHBIX Au(depeHIInaTbHbIX yYpaBHEHUN NPUMEHUM METOA JWHUU ypoBHS. Onpenenum
yCTOMYMBOTO M HEYCTOMYMBOTO MHTepBasia. HayanbHyio TOuky OepeM B yCTONYMBOM HHTEpBAJeE.
[lepexomst K KOMIUIEKCHOH 0ONacTH, OIpEneliuM 001acTh, KOTOPBIE HCCIEAYEeTCS pPEeLICHUs
paccmarpuBaeMoii 3ajaun. OmpenenseMbie 00JacTH OKOJIO OCOOOH TOYKH JETHMM Ha HECKOJIBKO
obmacteii. B kaxmoit oOmactu omeHuM pemieHus 3aaaud. [lns SToro BeIOMpaeM MyTH
WHTETPUPOBAHUS, JOKKEM JIEMMy U TeopeMmy. B urore nokakeM acCMMOTOTHYECKYIO OMU30CTh
penieHnii BO3MYIIEHHOW U HEBO3MYLIEHHOM 3aa4u.

Abstract. Solutions of linear systems of singularly perturbed differential equations are
investigated in the work, in the case when the matrix function had multiple eigenvalues. And also in
the study of solutions to a system of singularly perturbed differential equations, we apply the level
line method. We define a stable and unstable interval. We take the starting point in stable intervals.
Passing to the complex domain, we define the domain that we study for solutions of the problem
under consideration. We divide the defined areas near the singular point into several areas. In each
area, we estimate the solutions of the problem. To do this, we choose the integration path and prove
the lemma and theorem. As a result, we will prove the asymptotic proximity of the solutions of the
perturbed and unperturbed problems.

Knouesvie cnosa:  nuddepeHunanbHple  ypaBHEHHs, o0co0as TOYKa, CHUHTYISIpHBIE
BO3MYUIEHUSI, ACUMIITOTUKA, yCTOMYUBOCTD, 3a7a4a Komu, morpaHuyHbIi CIOM.

Keywords: differential equations, singular point, singular perturbations, asymptotics, stability,
Cauchy problem, sequence, boundary laver.

Ecnu coOcTBeHHBbIE 3HAUEHUS MATPUIBI UMEIOT AEMCTBUTEIBHYIO YacTh, TOTJA OIpeaeInM
yCTOMUYMBBIE M HEyCTOW4MBBIE MHTepBajibl [2, 5, 8]. M3 ycToifuMBOro MHTEepBaja BbIOMpaeM
HayaJbHYIO0 TOUYKY, KOTOpas SIBJSETCS Hayalo paccMarpuBaeMoil obnactu 3amaun. Ilepexomum k
KOMIUIEKCHOU 00s1acTU. B OCHOBHOM paccMOTpHUM MOTPaHUYHYIO 001acTh, pa3aenssi K HECKOJIbKUM
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obnmactssM. B pabore paccmarpuBaeTcs ciaydaid, Korjma wmaTtpuma (YHKIHS WMEET KpaTHBIC
KOMILIEKCHO-COTIPSKEHHBIE COOCTBEHHBIC 3HAUCHHSL.
Ecnmu B 3amaue HEOMHOpONHAsS YacTh HMMEET IOJIIOCH, TO OIICHKY MOXXHO MOJYYUTh C

TTOMOIITBIO BbIYETA [5].

Llenv uccnedosanus. JlokazaThb aCHMIITOTHYECKYIO OJIM30CTh PEIICHUH CHHTYJISIPHO
BO3MYIIICHHBIX U HEBO3MYIIECHHBIX 3a1a4. /{1 3Toro BeIOMpaeM Ha4aJlbHYI TOYKY B YCTOMYHBOM
uHTepBaiie. [lepexoauM K KOMIUIEKCHOM MIIOCKOCTH M OMPEEIHM O0JIaCTh MCCIISIOBAHUS 3aJIauu.
UToOBI OMYYUTH OLICHKY JIOKAXKEM JIEMMY B TEOPEMY.

Mamepuanvt u Memoobwl uccie008aHUs.
Paccmorpum cucremy

&'(t,£) = AQ)X(, &) + f () (1)

rae & —maneii mapamerp 0<e <&y At) =(a;, (1), f(t)=colon(f(t), f,(t),... f (1)),
X(t,&) =colon (x,(t, &), X, (t,&),..., X, (t, €)) —HensBecTHAs wckomas ¢ynkmusa. Matpuna (yHKIUS
A(t) umeer KpaTHBIE COOCTBEHHBIE 3HAYECHHS.

t
Paccmorpum  obmacte H, = (tl,tz):uk(tl,tz):Rejﬂk(r)dTSO(k:1,2) , mpuueMm T,

to

To
orpeeseTcs u3 ycioBus Re Iﬂk (r)dz=0(k=12).
to
TpeOyeM BbIMOIHEHNE CACTYIONIMX YCIOBHUIA.
& . Tlycre marpuna A(t) umeer coGctBennble 3Hauenus A, (t) = a(t) £iS(t), Takue, uro

a(t)<0 nmpu t,<t<a,; a()>0npua, <t<T,, npuuema(0)=0, HoO ﬂ(0)¢0,k=1,_n,
to’To —IOCTOSIHHBIE 4YHWcla. byaeM cuuWtarh, 4YTO t=t1+it2,T=Tl+iTz,Tl,Tz,tl,tZ—

JEMCTBUTEIIbHBIE IEPEMEHHBIE.
&,. Tlycte  O(H,)-TpOCTpaHCTBO — aHANMTHYecKHX GyHKmud B obmactm  Hyu

a;, (1) e d(H,), f,(t) e p(H,) (k=Ln);
9,. Ilyctb  cymiecTByeT — €IMHCTBEHHas  TOYKa (t,t)—  rtakas, uro

At,£)=0; A,(t,£)=0.

1

Bo3MoHBI Tpu ciyyast:
(t t)
1. (.5;) e HoRe [ 4, (z)dz = 0);
to

2). (t;,t;) € Hy;
3). (t;,t,) — GeckoHeuHO yaNeHHas TOuKa.
Hauansnas 3amaua Kommw st cucremsi (1), ¢ yaetom ycenosust &,

X(ty, &) = x°(¢) (2)

Pemenue 3amaun (1), (2) Oynem uckate B kimacce @(H,) . BeipoxxaeHHas cucrema MMeeT BHT:

—®
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 16


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu | Bulletin of Science and Practice T. 8. Ne5. 2022
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/78

AR+ f(t) =0 (3)

Briposkaennas cuctema (3) umeer pemenue X(t) = —-A7(t)f(t)=g(t), rme A™'(t) umeer

* =%

ocobennocty B Toukax (t;,t,), (t,,,).
[ycts X(t, &) =9(t)+ y(t,g), rue y(t,&) - HoBas HemsBecTHas GpyHKMsA. Toraa cucrema (1)

UMeeT BHI:
&y'(t,e) = Ay (t, &) —&g'(t) (4)

CymiectByer HeocobeHHas mpeobpasyromas marpuna K (t) —rakas, 4ro K™'AK = D(t), e
D(t) = diag (4, (t), 4, (t)...., 4, (t)). TIycts Y(t,&)=K(t)z(t,&), rne z(t,&) - HOBas HemsBecTHas

BekTop ¢ynkmus. Toraa (4) umeer BuU:

&'(t, &) = D(t)z(t, &) + e[h(t) + B(t) z(t, &) ] (5)

rae h(t) =—K™(t)g'(t), B(t) =—K ()K" (t)..
Hepo3smymienHas cucrema s (5) umeer Bug: D(t)Z(t) =0=Z(t) =0 . Ilostomy MOxHO

3a4aTb HA4YaJIbHBIC YCIIOBUSA:

2(t,, &) = 2, (¢) = O(¢) (6)

[ycts {Cl} (u1 (t,,t,) = Cl) coemuusier Touku (ty,,0),(T,,0), a {Cz} (u2 (t,,t,)=C, )TO‘{KI/I
(ty,0),(T,,0), (t, <ty <tp, <@y,8, <T, <T, <T,, t, =—1 T, =1, a, = 0) . PaccmoTpum nonocy P
OTrPAaHUYEHHYIO JIMHUSAMHU YPOBHEU {Cl} 51 {C2 } , OTPE3KaMU JCHCTBUTEIBHON OCH [tm,t02 ], [T2 ,Tl] .

Ha nmonoce P paccmorpum ypaBHeHue

u, (t,,t,) = at, +b, ()

e a= Cz _Cl b= C1T2 _C2t01
Tz _t01 Tz _t01

Ocnoenasn nemma. Bcin muaum yposus U, (t;,1,) =C (C, <C <C,) nonHocTbI0 MOKpHIBAET
nonocy P u nponssonshas touka (t,t,) monocsl P npuHAIIERUT € IMHCTBEHHOI TMHAM ypOBHS
{C}, ImA,(t)#0, 1o ypasuenne (7) B momoce P ompemensieT OIHO3HAYHYIO HEMPEPHIBHO
mapdeperumpyemyro pynxmmro t, =@(t;) c obmacteio cymectBoBanus (i, <t<T,), kpusas
(K,), ompenemsemas sToit dyHkumei, coemumser Touku (ty,,0),(T,,0), mpuuem U, (t;,d(t,))
yOBIBaeT Ha [tm,Tz] .

Hoxaszamenvcmeo. Tlycts w(t) =at, +b. Tax xak y(t;) MOHOTOHHO yOBIBaEeT Ha OTpe3Ke
[t T,] u w(t,,)=C,, w(,)=C,<C,, 10 mpu(t, <t<T,) copasemmso C,>y(t)>C,.

Paccmorpum mnunn yposus U (t,,t,) =C (C, <C<C,). Jlunnu yposus {C}c Puo 3anannomy
C-a
):

snauennto C onHo3Hauno onpenensercs 3nauenue t, =t, wu3 pasencra w(t,)=C(t, =

npruem t; E[t(,l.Tz]. Tenepp uyepe3 TOuky (t; ,0) IIPOBEJIEM MPSMYI0 IAPAJIENBHYIO Ha OCH
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opauHaT. OTa TmpsiMas C JIMHHEH ypOBHS {C} nepeceKaeTcss B EAMHCTBEHHOH TOYKe
(t;,t;) (Im A, (t) = 0).

Takum o0pazom, KaxaoMmy 3Ha4deHHIO =t € [tm,Tz] COOTBETCTBYET E€AMHCTBEHHAs TOUYKA
(t;,t;) e {C} rakoit, wurou,(t;,t;)=C=w(t)=at, +b, npuuem u,(t,,0)=C, =w(t,)=C,;
u,(T,,0)=C, =y(T,) =C,. Cymecrosanune xpusoii (K,), coenuusromeii Touku (t,,,0),(T,,0),

LEIMKOM MPHHAUIEKaIICH monoce P u umeromeii ypaBuenue (7) 10Ka3aHo.

Tak kak u,,,(t,,t,) =—ImA(t,,t,) #0, 10 U3 (7) ompexnensercs oHO3HAYHAsT HEMPEPHIBHO
Re A, (t,,t,)—a
nuddepennupyemas  pynxmus, t, = o(t,), ((o(tl) = x(tt) ], u (t,t,)=at,+b 1. e
Im 4, (t,.t;)

u, (t,, o(t,)) — yoeiBaer Ha [t01,T2] . JleMMa MOJIHOCTBIO JIOKA3aHa.
OcHoBHas jemMMa CBOeOOpasHBIM METOJOM JoKazaHa B pabore [1]. 3mech MBI mpuBen

Ipyroe gokaszarenbcTBo. Bossmem kpusyto (Ky) cummerpuunyio k (K, ). O6macts orpaHH9eHHbIHI

(Ky)u (Ky) o6o3naunm uepes K < H,.
1). [Tycth C, = %8 Ine, C,=¢lhe 0<e< e, Torma
to, =ty +a(e), ty, =ty + B(e), T, =T, — B(¢), rme

o) emef - Lol s 5 (ehe) -
ale) = 2(5|n5)+8(£|n5) 16(£|n5) +128(5|n5)

Ble)=-¢hn 8+%(€|ﬂ e) —%(gln e) +g(gln g) —...

B srom cinydae obmacte K o6osmaumm wepes K, < H,. Benmnumusr a,0 npunumaror

ehe el &[T, —2t, — 2a(e) - p(e)]
3HAYEHMs A = , b=
2(Ty —ty —a(e) - B(¢)) 2(Ty —t, —a(e) - B(&))
1

2). Ilycts C, = —55, C,=-6, rme o-const, mpuuem 0<5<<l. Torma
ty=t,+ta, T, =T, —a;t, =t,+ 5, T, =T, -5, rae
P Y L I + o) ,B:§+152 Lsi s

2 8 16 64 2 2 8

B orom cnyuae obmacte K oGosmaumm uwepes Hce = Hy . Bemmummsr a,b IIPUHUMAIOT
3HayeHus & =~ 0 b=— oy ~ 2t ~ 22— f]

Z[To_to_a_ﬂ] 2[To_to_a_ﬂ]
1 1
3). ITycTs C12_5‘97 CZ:—Egp, e O<p<lO<e<g. Torna

ty, =ty +7(e), T, =Ty —y(e); to, =t, +0(e), T, =Ty —5(&), rne

7(‘9):154'}82 +i53 +ig4 +...; 5((€'):£(C,‘p +l52p +i53p +ig4p +o.
2 8 16 128 2 8 16 128
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B orom cmyuae obmacte K o6Gosmaumm uepes S, € Hy. Bemmumunr @0 npuaumaer
g-¢’ b &It ()] el — 5()]

ATty -y(e)-6@)]  2ATo ~t ~r(e) - 5(e)]

Teopema. Ilycte BeImonHAwOTCS yenosus % — ;. Torna 3anayda (5), (6) uMeeT €TUHCTBEHHOE

3HayeHue A =

PEIICHUE U JIA HEC CIIpaBCJIMBa OLICHKA

ly(t, )| < Cs(e) (8)

rae 60(¢) 0,6 >0,teC, 6 - IIOCTOSIHHOE YUCJIO.
Jloxazamenvcmeo. 3amaya (5), (6) paBHOCHIIbHA 3a7a4¢:
‘ 9)
2(t,e) = E(t,t), )z, (e) + j E(t,z, g)[h(r) + B(7)z(z, 8)}1r

to

1 t
e E(t,7,¢) :eXp(EID(S)dS)' Cucremy (9) OyaeM pelmaTh METOJIOM MOCIEN0BATENBHBIX

T

t
npubmmwkenuit: Z,(t,&) =0; Z, (t,e)=1z,(t,e)+ j E(t,z,£)B(7)z, (7, €)d7 rne
)

t
z,(t, &) = E(t,t0,8)+jE(t,T,S)h(T)dT Ilycts O — IIOCTOSTHHOE, npuYeM 0<o<<1;

t

H ={t.t,):2u (t,t,)<ehe (k=12)};
T ={t;t,):(t,t,)eH, u she<2u,(t,t,)<0 (k=12)}
H, ={t,.t,): (t,t,) e H, u 1-(signt,)t, >5}; H, ={t.t,): (t,t,) € H, u 1—(signt,)t, <5}.

ITo teopeme Komm wuHTErpan OT aHATUTHYECKOH (YHKIIMM 3aBUCUT OT HAYaIbHOH M OT
KOHEUHO# ToukH. TakuM 00pa3oM, Kak 0XKUIAI0Ch, olieHKa (8) octaercs B cuie, korna | < H,.

Mycrs B(t) = (b, (O)1, [BW)|=0Q) npu (t;t,)e H,.

2™ (t,6) = 20t £) +jEk (t, 7. £)bu ()™ (7€) + by (1) 28" (z, ) iz,

to

rne E (t,7,8) = exp[%j'/ik (s)dsJ (k=12,..), (m=12,..)

HMMeroT MecTa OICHKH:

2 (t,€)| < |28 (¢, )| + O)

j exp(é[uk (t,.t,)—u,(z,, rz)])ﬂzf“) (z.8) +[2" (2, S)Hdr| :

rae | —nyre wunTerpuposamus, coenuusiomme TOYKM to,t. Jna  omenkm yHKumid
{Zﬁm)(t, £) }(m =23,.. k= ]?1) OyJIEM UCIIOJIB30BaTh OCHOBHYIO JIEMMY.

Tycts K=AUK e A={{t,t,)t, St <ty t, =0}, Teneps OymeM OLECHHBATH
{Z r('r? (t, 8)}(m = 2,3,__,) s Vie K . Hns Beex dynkmmit 2O (t, &) (m = 2,3,...) MyTh UHTETPUPOBAHUS

| 6YJ16T HEHU3MCHHBIM. 3}160]; TAKXKC IIYTb HUHTCTPUPOBAHUA |onpezlen${eTC$[ B 3aBHCHMOCTH OT
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KOro, KakoMy MHOKeCTBY npuHamiesxkut touka (t,t,). Ecma (t,t,) € At =t,,t, =0), to | cocrout
U3 OJHOIO OTPE3Ka NPAMOM, COEAUHAIOIIUN TOYKU (tO,O) C TOYKOMU (tl,O)(tO <t Stm). B stom

caydae Re 4, (t) < —a,a >0—const .
3
[MycTh (tl,tz)e K. Torma | = Ul,, rae |, -otpesok mpsmoii, coenunsrommii Toukn (t,,0) ¢
k=1
TOYKOM (tOl,O); |, -otpesox  kpuBoii (KO), COCAMHAIOIUM  TOYKH (tm,O) C  TOYKOM
(tl,t; = @(tl)) I, — oTpe3ok MpsAMOH, COEqUHSIOMIUN TOUKH (tl,t; ) C TOYKOU (tl,tz) .3ameTum, 4To
eciu (tl,tz)e K, 1o Ha xpusoii (KO) npy JIF000M I0mycTUMOM [, MMeeTcsl eIMHCTBEHHAs TOYKa

(tyt; = ¢(t1 ))

, ~
Ts 22(t, &) (M>2) myrs unrerpuposanus | cummerpuuen as | otocutensho
JIEUCTBUTEILHOMN OCH.

1). Ecmm K=AUK_, T0 cnipaBeyIMBbBI OLIEHKH:

jEXpl[ul(tlitz)_u1(71172]d71| =0(¢);

I ¢

J‘EXpl[ul(tl’tz) _U1(71172)1d71| - 0(50(5))’ rae 50(5): ni’ (0 <es e_l);
A

IeXp%[ul(tl’tz) _u1(71172)1d71| = O(n%) .

CrenoBaTenabHO, UIMEET MECTa OLIEHKH J.exp 1 u, t,,t,)—u,(z,,7, )]d .| =0(5, (£),
I, 3
(0 <e< e‘l) :

Takum O6p330M, CIipaBC€JIMBa OLICHKA

@) _ | € npu (tl,tz)e K, "Hyg, B
‘zk (t,e)‘SCa)(S)[l+ Céo(g)], rae @(€) {n% npu (tl.tz)e K. AH,: 0<C—const .
Jlanee moy4um OLIEHKH:
m- 1
21 < Cole i (00 + 00,1+t (0, |< Cae) . mpm
0

¢S, (e) <1 (O<g£go)(k =1n; m=12,...).

2). Ecmu K =AUH_, To nMeeT MecTa oreHku

7"t 2)| < CO(g)[l+ (ce)+(ce)f +...+ (ce)m_l]é 10('2) mpu
—ce

ce<l0<c—const(0<e<eg,) (k =1n; m=1,2,...).

3). Ecnu K =AUS,, To uMeeT MecTa OLEHKH

‘Zﬁm)(t,g)‘ < Ca)(g)bJr (ng )+ (ng )2 .ot (ng )m_l]s

Cale) npu Ce? < 1(0 <e<g, ), rae
—C

1-cegt

- 1] | & npu (tl,tz)engH(s, =
q_mln{l q,z}, a)(e)—{n% npu (tl,tz)engHt.(k_l’n’m_l’z’"”)'
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PaccmoTrpum crienyromue psibl:

2,(t, &) +[z,(t, &) — 7,(t, &) ]+ ...+ [z, (t, &) — 2, , (t, &) ]+ ... (10)
Caxe)1+(cy (8))+ ..+ (8, (&))" +...} (12)
Cefi+(ce)+..+(ce)™ +.. (12)

Cae)i+ e+ ..+ )+ (13)

Ect K=K,, wm K=H_, wm K=S5_, To paa (10) Maxopupyercs, COOTBETCTBEHHO,

cxosumest psaom (11), wmm (12), nm (13).

t
Iycrs Temeps 29 (t,e) =27,(t &) = E(t,t,,£)z,(¢) + j E(t,z,£)h(t)dr. Kak B pabore [5]
to

dynxumn 2™ (t,£) (M=12,...) peKyppeHTHO OIPENEINM CIIETYIOLIM 00pa3oM:

t
2™(t, ) = j E(t,z,6)z™(r,&)dr (m=12,...) OueBnano, uTO zM(t, &) (m=23,..) ®me
to

SIBJIIETCS OOBIYHBIM IIOCJIICAOBATCIIbHBIM HpI/I6J'II/I)KeHI/IeM HCKOMOI'0 PpCHICHUS. Torna pEeLICHUA

3amauu (5), (6), mpeacrasumo B Buze Z(t, &) = z Z(m)(t, £).
m=1

Ecmm (t,t,)eK,, wm (t,,t,) e H, ,umm(t,t,) €S,, TO, COOTBETCTBEHHO, CIIPaBEIMBA

OIICHKA:

2"t )| < Caxe)[es, ()] (k=Lmim=12...), .

t.t)eK. nH,,
e 0<c—c0nst,5o(g)=i(0<gsgo), w(e):{ng npu (t,,t,) € K, 5

||n g| % npu (tptz)EKgmHt;
‘Zﬁm)(t,g)‘ < (cg)”‘ (k =12;m =1,2,...),0 <c—const, 0< e <g,. (15)
27t 2)| < Ca@ee [ (k=1m; m=12,...), o
_ | & npu (tl,tz)engHg, o 1.
e a)(g) _{n% npu (tlftz)e Sg M Ht" A= {1_q’5}, (0< p<1)’ 0<5S80'

Tornaa pemenus 3agauu (5), (6) cyliecTByeT, €IMHCTBEHHO, MPEJCTABUMO B BUJIE

Z(t,e) = zz(m)(t,s). ¥ cripaBeuBa ouenka (14) na K,: (15) Ha H~C ; (16) Ha §g .

m=1
Ecmn (tl,t2 ) eH,, mm (tl,t2 ) € S_, To nst moboro N, >0 cymecrByer Homep N = N(n,)
N
TaKoe, uTo JUIs pemmenus 3anaun (5), (6), mpeacrasumoe B Buje Z(t,&) = Z 2M(t, &) +V, 4 (t, &),

m=1

HUMECT MECTA OLICHKHU

”VN+1 (t, 5)” =0(&g™). (17)
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3ameTum, uto mis moboro yncaa & >0 mpu & -0 cnpasemmsa €“ = 0(5, (¢)). TlosTomy
ecmn (t;,t,) € K, u 0 <n, —3amanHoe uncio, To He Beeraa cymectyer N = N(n,) takoe, 4ro

uMmena Mecta otieHka (17). Takum oOpa3om, paBHOMEpPHOE MPUOIIKEHUE C JIF000 cTereHn
TOYHOCTBIO BO3MOXKHO TOJIbKO Ha H, mim Ha S, . Teopema noka3zaHo.

Pesynomamot u oocyscoenue
W3 BbllIEe A0KA3aHHBIX JEMM M TEOPEM BHJHO, YCTAHOBWJIM aCHUMIITOTHYECKYIO OJIM30CTbH
PELICHNI CHHTYJIIPHO BO3MYIICHHBIX M HEBO3MYILEHHBIX 3a[a4 10 IPOU3BOJIBHOrO nopsaaka. Ecin
COOCTBEHHBIC 3HAUCHHSI MATPHUIBI HUMEIOT JCUCTBUTEIBHYIO YacTh, TO MOXHO OIPEICIUTh
yCcTOiunBEIi nHTepBalL. PaboTa 00CyXIeHO Ha OCHOBE IMpHUMEpa Ha HAYYHOM CeMHUHape Kadeapsl
MaTeMaTHYeCKOro aHajln3a MoJ pykoBoacTBoM npogeccopa C. Kapumona.

Buisoowr
ITocnenoBarelsHOCTH {Zn(t,g} PaBHOMEPHO CXOoauTcs K Hekoropod ¢ynkuuu Z(t, ),

KoTopasi sBisgercs: pemeHrueM ypaBHeHus (1). Eciau coOcTBeHHBIE 3HAUEHUS MATPHUIBI UMEIOT
YCTOMYMBBIM MHTEPBAJ, TO MOXKHO JOKa3aTh aCUMIITOTUYECKYIO ONM30CTh PEUICHUN CHUHTYJISPHO
BO3MYIIICHHON M HEBO3MYIIEHHOW 3amaun. Ecinu coOCcTBeHHbIE 3HAYEHMs] MATPUIBl (PYHKIUU HE
UMeeT NEHCTBUTENIbHYIO YacTh, TO aCUMIITOTHYECKYIO OMM30CcTh pemieHuit 3aaauu (1)-(3) MoxkHO
MOKa3aTh, MEPeXo/sl K KOMIUIEKCHOU TuiockocTH [1, 3, 4, 7]. C moMoIbi0 METO/Aa peryispu3aiuu
pemieHuii [6], U3MEHss paccMaTpUBAEMOE IPOCTPAHCTBO MOKHO I0Ka3aTb ACHMIITOTHYECKYIO
0u30CTh perieHuit 3aaayn (1-3).
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ACHUMIITOTUKA PEINEHHUI CUCTEMBI _
CHUHI'YJISAPHO BOSMYIMEHHBIX TU®PPEPEHIIUAJIBHBIX YPABHEHUU

©Axkmamos A. A., SPIN-xo0 8377-0954, OQwickuii cocyoapcmeennblil yHugepcumem,
2. Ow, Kvipevizcman, abdilaziz_akmatov@mail.ru

ASYMPTOTICS OF SOLUTIONS
TO ASYSTEM OF SINGULARLY PERTURBED DIFFERENTIAL EQUATIONS

©Akmatov A., SPIN-code 8377-0954, Osh State University,
Osh, Kyrgyzstan, abdilaziz_akmatov@mail.ru

Annomayus. B paboTe uccienoBaHbl pEIICHUS HEITWHEHHBIX CHHTYISIPHO BO3MYLICHHBIX
muddepeHIMaTbHBIX ypaBHEHUU. MarpudHble (YHKIIUM HMEIOT HECKOJIbKO COOCTBEHHBIX
3HaYeHUH, KOTOPBIE HECKOJIBKO pa3 MEHSIIOT YCIOBUSI YCTOWYMBOCTU B pacCMaTpUBAEMO 00JaCTH.
[Ipy 3THX COOCTBEHHBIX 3HAYCHHSIX BBIMOJNHSIOTCS YCIOBUS YCTOWYMBOCTH, HO TOYKH CMEHBI
YCTOMYMBOCTH, HAYAJIbHAS U KPUTHYECKAsl COBIAIAI0T. DTO HEXapaKTEPHO sl POBOJUMEBIX paboT
B 3TOM HampasiieHMHM. HesacHo kakas oneHka B 3TOM Todke. EciaM 3Ty TOYKM paccMOTpUM B

o 1 o
KauecTBe Ha4YaJIbHOW TOYKHM, TO crpaBa oT Hee Oyzaer O(g), cieBa Ooiee O( , B caMOil TOuKe
&

O(1). Ecnu 3Ty TOYKY HPUHATH B KaYECTBE TOYKHU CMEHBI YCTOMYMBOCTH, TO IMOJYYHUM MOXOXKYIO

orieHKy. Ecim 3ToM Toukoil OyneT KpuTHYecKas TOYKa, TO Mbl HE MPUOIM3UMCA K ITOM TOUKE.
[TosToMy BBIOMpaeM HayaJIbHYIO TOYKY TaK, 4TOOBI OHA OCTABAJIOCh B paCCMaTPUBAEMOW OOJIACTH.
YroObl MOJYyYUTh ACUMIITOTUKY PEIIEHUH MCIOIb30BaH METOJ MOCIEN0BATEIbHBIX MPHOIMKEHHUH.
Pemienue mnocraBieHHOM 3agauM paccMaTpUBAETCS B KOMIUIEKCHOM IutockocTH. CoOCTBEHHBIE
3HAYEHUS] — aHaJIUTUYeCKHWe (QYHKIMM, TOITOMY HCIONb3Yysl JMHUM YpPOBHS 00€ dYacTu
aHAIMTUYECKUX (YHKUMH MOXKHO TOKPBIBaTh JIMHHUSAMHM paccMmarpuBaeMoil obnactu. [lpu
MCCIIE/IOBAaHUM PELIeHUs BbIOpaHbI IyTH MHTETPUPOBAHMS U MOIy4Y€HA COOTBETCTBYIOIIAs OLIEHKA.
B pesynbrare noka3aHbl €IMHCTBEHHOCTh U PABHOMEPHBIE CXOAMMOCTH PELICHU.

Abstract. Solutions of nonlinear singularly perturbed differential equations are studied in this
work. The matrix functions have multiple eigen values, which change the stability conditions the
region under consideration several times. For these eigen values, the stability conditions are
satisfied, but the stability change points, initial and critical, coincide. This is not typical for ongoing
work in this direction. It is not clear what the estimate is at this point. If we consider this point as

the starting point, then to the right of O(¢) it will be, to the left more, o(l)} at the point itself O(2)
&

. If this point is taken as the point of change of stability, then we obtain a similar estimate. If this
point is a critical point, then we will not approach this point. Therefore, we choose the starting point
so that it remains the area under consideration. To obtain the asymptotics of solutions, the method
of successive approximations is used. The solution of the stated problem is considered in the
complex plane. Eigen values are analytic functions, therefore, using level lines, both parts of
analytic functions can be covered with lines of the region under consideration. When investigating
the solution, integration paths were chosen and the corresponding estimate was obtained. As a
result, the uniqueness and uniform convergence of solutions are proved.
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Knrouegvie cnosa: yCTOMUMBOCTD, MaJIBIM IMAPAMETP, CUHTYJIPHBIE BO3MYILIEHHUS, HadajlbHas
TOYKAa, ACUMIITOTHKA, PpELIEHUE, IOCJIEI0BaTe/IbHblE  NPUONMKEHUS, JIMHUU  YPOBHS,
mddepeHranbHbIe ypaBHEHHS, CXOAUMOCTh, OECKOHEYHO MaJble BEIIMYHHBI.

Keywords: stability, small parameter, singular perturbations, initial points, asymptotes,
solution, successive approximations, level lines, differential equations, convergence, infinitesimals.

Panee npoBoiuMbIe pabOTHI B 3TOM HaNpaBJICHHH XOPOIIO u3ydeHsl. Tak, B paborax [1, 2, 5,
9-15, 17] paccMOTpeHBI Cily4ad, Korjga COOCTBEHHBIC 3HAYCHHS MMENU B JIEHCTBUTEIBHOW YacTH
3HAYCHUS] OTIMYHBIE OT Hyws, T.e. A, (1) =a(t)xif(t), k=12. B stux ciyyasx omnpeaeneHbl

yCTOMUMBBIE M HEYCTOHYMBBIE MHTEPBAJIbl OTHOCUTEIBHO JeHcTBUTENBbHOM obsactu. [lomyudeHs
COOTBETCTBYIOLIUE OLICHKH.

B npeanaraemoii pabore paccMaTpUBarOTCsl COOCTBEHHBIE 3HAUEHHSI, KOTOPBIE HECKOJIBKO pa3
MEHSIOT YCJIOBUS YCTOMYMBOCTH. IIpM 3TOM TOYKM CMEHBI YCTOHYMBOCTHM, HadalbHasg U
KpUTHYECKasi COBMAIAIOT.

CoOcTBeHHbIE 3HAUEHUSI KpAaTHbIE, pacCMaTpUBaeMble 3aJauu HeluHelHble. B aToM ciydae
pellIeHne paccMaTpUBaeMbI€ 3a/1a4 MOXKHO OLICHUTb U B IEUCTBUTEIBHON 00JaCTH, HO MbI [TOJIy4UM
pelleHue 3aJauu B KOMIIEKCHOH 00J1acTH.

UYroObl He ObUIO COBMNAAECHUS TOYKU CMEHBbl YCTOMYMBOCTH, C HAa4aJbHOM U KPUTHUECKOU
TOYKaMH, BEIOMpaeM HauyaIbHYIO TOYKH OTPEIEICHHBIM 00pa3oM.

Llenv uccnedoeanus. Jloka3aTb acCUMITOTHYECKYIO OJIM30CTh PEIIEHUI BO3MYILUEHHOH U
HEBO3MYIIIEHHOW 3ajiau, KOrja JeHCTBUTENbHbBIE YaCTH COOCTBEHHBIX 3HAUEHUI HMEIOT HECKOJIBKO
YCTOMUYUBBIX M HEYCTOHYMBBIX HMHTEpPBANOB. PacCMOTpeHbI Cilydau, MpU KOTOPHIX TOUKHU CMEHBI
YCTOMYMBOCTH, KpUTHUYECKas [2] 1 HayaIbHAas COBIAAAIOT.

Mamepuanvi u memooul uccredosanus
Paccmotpum 3anauy

&' (te) =DO)y(t &) + & (L y(t, ) 1)

Yt €)=Y, )

rae  D(t) =diag(4,(t), 4, (t),..., 4, (1)) , cpeam COOCTBEHHBIX 3HAYEHHWI MAaTPUIBI €CTh
kparusie, Y(t, €) = colon(y, (t, ), Y, (t,&),.... y, (t,&)) ,teQQcC, 0 < & -mansbii napamerp,
f(t,y(t,&)) = colon(f,(t,y), f,(t,y)...., f (t,&)), [t,, T)-orpesox JEHCTBATEIBHOM ocu,

t, <T,(t, >-T), Q(Q)-npocrpancTso ananmuTHueckux Pynkimii, C — KOMILIEKCHas TITOCKOCTb,
k=1n.

HYCTB BBIITOJIHAKOTCS YCJ'IOBI/If[:
24,0 Q@) vte (i, (t) %0, k=1n) (3)
F(t,y(te) eQH).H = {tykeQ |y|<5>0]

vyieﬂy|g5}(jf(t,y)— f(t,'y?)\gM(y—i})) 0< M — const (4)
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BBenem 00o03HaueHU:
Q:K@gkudyg)sakziﬁ}
Q= {(tl’tz):uk (t,t) <—&k :L_n}

Q, ={t,t,):u, (t,t,) <eh e k=1n|

Q3=(%gyudhg)s—%}m(gnik=£R0<d<LneN
&

Q, ={t.t,) U @.t,) <—d k=1n) 0<d <1)}

(5)
(6)
(7)
(8)

(9)

t —_—
rae u, (t,,t,) = Rejlk (s)ds,(k=1n), t,t,eR, Q UQ, UQ, =Q . Ipu stom QC Bes

to
KOMILJIEKCHAs! IIJIOCKOCTb.
CrnpaBeanuBa Teopema.

Teopema. Ilyctp Bemonustorcs ycnosus (3), (4). Toraa 3amaya (1), (2) uMeeT eIUHCTBEHHOE

peUICHUE U AJIs1 HEE CIIpaBEAJIMBa OLICHKA.

ly(t, &) < Co(e)

rae 0(¢) >0,& >0, teC, C — nocrossHHOE YHUCIIO.

Joxazamenvcmeo. Ot 3anauu (1), (2) nepexoanum K SKBUBAJICHTHOMY YPaBHEHUIO:

yt,e) =Y, (5))E(’[,t0 ,E)+ _t[ E(t,7,&)f(r,y(r,&)dr

to

1t
rne E(t,7,¢) = exp(—j D(S)dsj :
&
Pemenue ypasuenue (11) HaiiieM METOIOM T0CIEN0BATENBHBIX TPHOIMKEHHUIA:

y@(t,e)=0,

ymnaﬁ):yOEﬂiw8)+jEﬂﬁzdf(LynAae»da

to

t
roe E(t,t,, &) = exp(ij D(S)ds], neN.
£

[TepBoobOpasnas GpyHKIHS OT COOCTBEHHBIX 3HAUEHUI

z(t,t) = .t[ik (s)ds=u, (t) £i3 (1)

t

lllll!:!ll
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(11)

(12)

(13)
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t t
e U, (t,t,) = Rejzk (s)ds, 9, (t,t,) = |mj/1k (s)ds, k=1,n, t,,teC.
to to
Jluauu ypoBHst onpenensionecst u3 (13) sSBIAIOTCS KOMICHCHPYIOIIMMHU Apyr apyra. B
CBSI3M C OTAM [PH [OTPAHWYHBIX  CJIOAX MOXHO  HCIOJNb30BaTh JIMHHUM  yPOBHS
9 (t,t,)=-d,0<d <1k =12. Ecnu ncnonp3oBats 00e JMHUU YPOBHS OZHOBPEMEHHO, TO HMEEM

II0JIHOE TTOKPBITHE paccMaTpUBacMOM 00JIaCTH.

Onpenenenst nmytu uarerpuposanust |, |, ( neN), N npubnumxkenus u coenunenre Touku
(tO,O)c TOYKOMN (tlitz). B kxaxxaom npuOIMKeHuu IyTd UHTerpuposanus | = I,f,(j =H) COCTOSAT

U3 OTPE3KOB TuX nytei. [1yTh unrerpuposanus |, BoiGupaercs cummerpuuno | .

OO6nacte, ompezaensieMas PaBEHCTBOM (6) sBIAETCS HPOCTUPAIOIMMUCS IOIPAaHUYHBIMU
clIosiMU. DTOMY JlaHa OlleHKa B pabote [14].

Obnacte, omnpenensiemas (7) SBIsETCSs TEPEXOMHOW /s IMOTPAHUYHBIX CJIOEB. OTO
yCTaHOBJIEHO B padote [14].

Ob6nacte, onpeznensiemas (8) sBIAETCS UCKIIOYAEMON pErysspHON 00JacTbio, IOITOMY IS
MOJTyYeHHS OLIEHKU paBeHCTBA (12) MOYKHO BHIOMPATH MyTH HHTETPUPOBAHUSI.

Ob6mnacth, onpexaensemMas (9) sABIsICTCS YBEPEHHOW pEryJisipHON o0yiacThio. B 3TOM 0obOnacTw,
yuuThIBas paBeHCTBa (12) Takke MOYKHO BbIOPATh IyTH UHTETPUPOBAHUS AJIS IOJTyYEHUS OLICHKH.

VY4uuThiBasg MyTH MHTEIPUPOBAHHUSA, MPOU3BOJUM OLIEHKY IOCIIEAOBATENbHBIX MPUOIMKECHUN

Yy (t.£) = yE(t.t,,6) + [E(t.7,£) f (10)dz .

Ouenka 3amaum (1), (2) oleHUBaETCs TaKUM 00pa3oB Hy(l) (t, 8)” <Cs (€), e C_— HEKOTOpast

nocrostHHas. Jlanee yuuteiBas ycinoBus (4) umeem

[y o) <|y® )|+ [[Et.7.e) x|f (7. Y (7.6) ~ T (r.0O)de| (&) +(Co(e) . rne C—

HCEKOTOpPAas MOCTOAHHA.
Hpeﬂnonomm CIIPaBCAJIMBOCTb HCPABCHCTBA

Hy(”) (t,g)H < 65(5) + (65(‘9))2 +..+ ((-55(5))n , TIE C — Hekotopas mocrosuHas, NeN .

VYcranaBnuBaeM J10Ka3aTeIbCTBO CpaBeiuBocTH orieHKH (10).
Teneps goKakeM CXOAMMOCTH MOCIEI0BATENbHBIX MpUOIIKkeHuid. meem

ly® ol <o) <1 |y t.e) - y" )| <(Cote)f <1

Iy .0)-y@ 0] < (Co)) <1.Mpennoromn, w10 mumomssercs epavencrvo

[y &) -y 2t 6)|<(Co()) " <1 Jokamewm  cpasewmisocts  ouchxn
[y €)=yt 6)]. Hmeem |yt ) -y (1. 0)] < (Coe)) <1.

TocTpouM psix

o ) (14)
> (Ve -y (te)

k=1

Ecmun psg (14) cxoguTcss paBHOMEPHO, TO TOCJIENIOBATEIHLHOCTH {y(“) (t,g)} CXOIUTCS

PaBHOMEPHO.

—G)
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JlokaxkeM paBHOMEPHYIO CXOJIUMOCTh psifa. MiMeewm:

>y te)- y<“>(t,g>>j <Dy te) -y e =y e) -yt +

k=1

+ Hy(z)(t,g)— y(l)(t,g)” .ot Hy(”)(t, 5)— y(”_l)(t,g)” +..= 65(5) + (65(5))2 +

+t(Co(e)) +..=C5(e) x 1-(Co) " .

1-(Cs(2)

1-(Cs))"

1-Co(e)

B paccMarpuBaemoii 061acTu Hy‘”) (t,é‘)H < 65(8)>< , ¥ ipu N —> cOnoayunum
||y(t, g)|| <Cs (¢) .Teopema noka3aHa.

Ilpumep. Tlycth COOCTBEHHBIC 3HAYCHUS MATPHIIBI SIBJSIFOTCS KPATHBIMH KOMIUIEKCHO-
compskenubiMu A4 (1) =4, () =t —t+i(2t*-1) u A, ({t)=A4,(t)=t>—t—i(2t*-1). Ecm
JEeUCTBHUTENIbHASL YaCTh COOCTBEHHBIX 3HAYCHUI OTPHUIIATE/IbHA B MHTEpBaax t € (— oo;—l)u(O, ) —
TO 3TO YCTOHUYUBBIN MHTEpBai, mpu € (—].;O)u(l;+00) — HeyCTONuMBbIA MHTEpBad, a t =41 —
TOYKHM IIEPEXOJa OT YCTOMYMBOro K HeycroiumBomy uHTepBany, { =0 — Touka mepexoma or

HEYCTONYMBOIO K YyCTOWYMBOMY HHTEpBaIy.
JleiicTBUTENbHAS YaCTh XapaKTEPUCTUUYECKON (PYHKIIMU paBHA

t 4 2 (15)
Rejﬂk(s)ds =%—%

to

Pemras  (15) kak ypaBHeHws, Haiigem [ = —\/E, t,=t,=0, t,= V2. [Ipu
te (— w;—\/i)u (\/E ;+00) — CHHTYyJIsSIpHasi o0yiacTh, a mpu te (— \/E;O)U (0;\/5) — peryisipHas

obmacte. Eciu 3a Ha4YaJIbHYI0 TOUKY BO3bMEM t= —\/E, TO Touka t = 0 OJHOBPCMCHHO SBJISACTCA U
TOYKOH CMEHBI YCTOI‘/JI‘{I/IBOCTI/I, 1 Ha4YaJIbHON B KpI/ITI/I‘{CCKOﬁ. HOBTOMy HaYaJIbHYIO TOYKY BBI6epeM
HHa4€, C JOMMOJHUTCIIbHBIM YCIIOBUSM.

Pe3ynomamot u obcysncoenus
[TonBens utor, MokeM CKa3aTh, UTO MOCIEIOBATEILHOCTD {y(”) (t, g} PaBHOMEPHO CXOJUTCS K
nekoropoir ¢pyukuun Y(t,€) , kKoropas sBusercs pemenueM ypasuenus (1). Hago ormerurs uto,
ecmn t €€),, To MeeM oLEHKY paBHYIO O(€) =& . DTa 001aCTh SBISETCS YBEPEHHON PEryIsApHOI
obnacteio. Ecnu t € QQ;, To 001acTh sBISETCS HCKIIOYaeMOH peryispHoOil oOmacThio M BepHa
onenka (10). B cBorw ouepens npu &€ -0, 5(¢) — saBnserca GeCKOHEYHO MajIOi BEIUYMHOM, HO
= 0(5(8)). [TosTOMy [T pa3HBIX 00IACTEH, TOTydaeM pa3HbIe OIICHKH.

B paborax [1, 2, 5, 9-15, 17] paccmoTpeHa 061acTh, B KOTOpO# 7151 COOCTBEHHBIX 3HAUYCHUI
BBITIONHSIOTCS YCIIOBUsA (5), onpenenseMble 00JacTi COBMANaoT. B naHHOM ciydae, Toxke Tpebyem
BBITIOJTHEHUE YCIIOBHS (5), HO OHU BBIPAXKAIOT pa3Hble 00JacTH, UMEIolue OOlIe TPaHUIlbl. JTO
CBSI3aHO C BBIOOPOM COOCTBEHHBIX 3HadeHWH. Ecnum morpeOyem BBIMOJHEHUS] YCIOBHS Kak B
paborax [1, 2, 5, 9-15, 17], To umMeeM TrpaHUYHBbIC JUHUU. | paHUYHBIMHU JHHHUSIMH SBIISIOTCS
kputnueckue muanK yposHsa (ynkmuu U(t),t € C . Torma B kauecTBe paccMaTpUBaeMBIX 00IacTEM

BO3bMEM JTH JIMHUU.

—®
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3ameTuM, 4YTO OIEHKH pemeHus 3amaun (1), (2) 3aBUCAT TOJBKO OT OCOOBIX TOYEK,
cobcTBennbix 3HaueHuii Matpuipl D(t) . [TosToMy B KauecTBe paccMaTpuBaeMoii 00JaCT BO3bMEM

BCIO KOMIUIEKCHYO IJIOCKOCTh YJIOBJIETBOPSIOLIYIO YCIOBUIO (5).

Ecnu Touku cMEHBI YCTOMYMBOCTH, HavyalbHAsl M KpUTHUYECKas TOUKA COBMAJAET, TO TaKUE
Cllydau paccMOTpeHBl B pabote [2]. PaccmarpuBaemas 3amava Oblua JIMHCHHAs, W OrpaHHYCHA
MEepBBIM TPHOIMKEHWEM. 37eCh MBI TOCTYMMM TakK, 4YTOOBl 3TH TOYKH HE COBIAJAIIH,
paccMarpuBaeMbie 00JIacTH  OBUIM  HAWOONBIIMMH, a COOCTBEHHBIC 3HAYCHHUS KPATHBIMH
aHanutudeckumMu  QyHkuusmu. Ciydad, TpH  KOTOPBIX COOCTBEHHBIE 3HAYEHUS  €CTh
muddepennmpyembie PyHKIIUN paccMOTpeHBI B padoTte [17].

Ecnu coOcTBEHHBIE 3HAUE€HUS COCTOSATh OT MHUMBIX 4acTeH, TO UCCIIEI0BaTh PELICHUE 3a7aun
(1), (2) moxxHo Kak B paborax [3, 4, 16]. [lepexoas Kk gpyromMm mMpoCcTpaHCTBE MOXKHO PACCMOTPETh
Kak B paborax [6-8].

Bvi1600wb
Pemenue (1), (2) 3aBucar or BbIOOpa cOOCTBEHHBIX 3Haudenuii marpuupl D(t) u BeiGOpa

HavyanpHOM TOUKH. B pabore nokazaHa Teopema, MPH MOMOIIH KOTOPOM BBIMOJHSIOTCS YCIOBUS
YCTOMYMBOCTH. A TakKe IOKa3aHa 3aBUCHMOCTh PEIICHMs 3aJaud HE TOJBKO OT YCJIOBHM
YCTOMUMBOCTH, a TaKXe€ M OT TapMOHMYECKUX (QYHKIMHA U, (t) <0, (k =1,2), teC. B naunnoit

paboTe 00IacThIO MCCIEOBAHUS SBISETCS KOMIUIEKCHAs MIIOCKOCTh. ClieoBaTeIbHO, HA OLICHKU
pemenuii (1), (2) BAMAIOT TOJIBKO MOrpaHUYHbIE o0nacTu ;.

Ecnu noctaBuM yciioBusi BbIOOpa HauyaldbHOW TOYKH, TO MOJYYHM 3aJaud, KOTOpPblE BHYTPHU
paccmarpuBaeMoil 001acTi COOCTBEHHBIMU 3HAUEHUSMU MaTpPUIbl HECKOJIBKO Pa3 MEHSET YCIOBUS
ycroifunBocTd. B 1aHHOM cilydae Takke JOKa3aHO aCUMITOTHYECKasi OJM30CTh PEILICHHH.
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FORMATION AND HEATING OF PLASMA BY LASER RADIATION
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Annomayus. B cTaThe TNPUBEICHBI TEOPETHYCCKHE HCCICAOBaHMS B 00JacTH (DHU3UKH
B3aUMOJICMCTBUSL M3JIy4YEHMs Jlazepa C BellecTBOM. V3ydeHbl MpoLecchl HUCIAPEHHUs BEIECTBA
Ja3epHBIM M3JIyYCHHEM, 00pa30oBaHUS W HarpeBa IUIa3Mbl, MPOUCXOMASIINE B HAYAIBHOW CTaJHH
aKTa B3aMMOJICHCTBHS.

Abstract. This article presents theoretical studies in the field of physics of the interaction of
laser radiation with matter. The processes of evaporation of matter by laser radiation, formation and
heating of plasma, which occur in the initial stage of the interaction act, are studied.

Knroueswie cnosa: JIA3CPHOC MBJIYUCHUC, HOHU3AllUA, IJIOTHOCTH IIJIa3Mbl, KOHUCHTpALUN
QJICKTPOHOB, TCIIJIOBBIC BOJIHBI, HAI'PCBAHUC I1JIa3MBblI, TOpMOSHOﬁ 3(1)(1)CKT.

Keywords: laser radiation, ionization, plasma density, electron concentrations, heat waves,
plasma heating, braking effect.

K HacrosimieMy BpeMEHHM TEOPETHYECKHMMHM M SKCIIEPUMEHTAJIbHBIMU HCCIEJOBAaHUSAMHU B
o0nacTv pU3MKM B3aUMOAECUCTBUS U3IyUYEHHS Ja3epa ¢ BEIIECTBOM HAKOIJIEH OOJIbIION MaTepual.
Bonbiias yacTe 3THX HCCIEIOBAaHUN CTUMYJIMpPOBaHa MPOOJEMON OCYIIECTBICHHS YHpPaBIseMbIX
TEPMOSIIEPHBIX peakiuil, TOITOMY MOJAPOOHO U3yUYEHBI MPOLECCH] NCIAPEHHsI BEIIEeCTBA Ja3epHbIM
U3NlyueHueM, oOpa3oBaHMsI M HarpeBa IUIa3Mbl, MNPOMCXOASIIME B HayaJlbHOM CTaJuu akKTa
B3aumozeiictBuss [1-10]. Ilpm 3ToM uWHTEpeC NPEACTABISIOT TOCTHTHYTHIC TEMIIEPATYphl H
IUIOTHOCTH IIJ1a3Mbl, 00pa3yrouuecs Npu 00Iy4eHUH MPOCTHIX 10 XUMHUUECKOMY COCTaBy MUIIECHEH,
colepKalMX JeWTepuil, a pasjeT IUIa3Mbl pacCMaTpUBAETCA KakK Iapa3uTHBIM Ipolecce,
MIPUBOIAIINMI K IOTEPSM.

Teopernueckoe paccMOTpeHHE B3aUMOJIECHCTBUS JIA3€PHOTO M3IYYEHHS C TBEPIBIM TEJIOM
OOBIYHO TPOBOAMTCS HAa OCHOBE MOJENBHBIX MPEICTABICHUH, MPUOIMKEHHO OIMCHIBAIOIINX
peaJIbHbIE MPOLIECCHl B OINPEAEICHHOM HWHTEpBAj€ BEIWYMH IUIOTHOCTM MOIIHOCTH JIa3€pHOIO
n3nydenus. [1o 3Toit mpuunHe pe3yabTaThl TEOPETUYECKUX Pa0dOT JIMIIL KaYECTBEHHO COTJIacyloTCs
C OSKCIEPUMEHTAIbHBIMU U MPEJCTaBISIOT LEHHOCTh B OCHOBHOM Ui NMOHMMAaHUSA (U3HKHU
IIPOLIECCOB, MPOUCXOJALINX IIPHU B3aUMOJEHCTBUY JIA3€PHOTO U3JIyUYEHUS C BEIIECTBOM.
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JlazepHoe wu3NIy4YeHHE, B HayallbHbII MOMEHT BPEMEHHM MOTJOUIAloieecsl B TOHKOM
MOBEPXHOCTHOM cjioe 00Jy4yaeMoro TBEPAOIo Tela, SIBISETCS HCTOYHUKOM TEIJIOBOM BOJIHBI,
pacrpocTpassoleiics B riyob Marepuana. Ilpu 3tom ckopocTs Bomubl Vi~(oft) ” | rne o —

KO3 PHUIHUEHT TeMIepaTyponpoOBOIHOCTH, a t — BpeMst OT Havaia JeCTBUS JTa3epHOr0 UMITYJIbCA.

B HekoTOphlii MOMEHT BpEMEHHM TEMIIEpaTypa Ha MOBEPXHOCTU BO3PACTAET HACTOJIBKO, YTO
HAYMHAETCS UCIIapeHHE BEIEeCTBA, U BHYTPb BEIIECTBA MOUJET BOJIHA pa3rpy3ku. CKOPOCTh BOIHBI
pasrpy3ku OyneT yBEJIWYMBATHCS IO MEpe pocTa TeMIEpaTypbl MOBEPXHOCTH M JIOCTUTAeT
HEKOTOPOTo CTaloHapHOro 3HaueHus D~Q/ppf2, rne  — IJIOTHOCTh MOLIHOCTU H3TYy4CHHS
nazepa, {2 — ynenabHas TeIIoTa UCIIAPEHUs, pp— HadallbHasl JIOTHOCTh BELECTBA.

BojHa MCTapeHus JOTOHMT BOJHY TEIUIONPOBOAHOCTH uepe3 BpeMs t~opo’(2/q?. Tlpu q
nazepa, korjaa t1<<t, peanusyercs pexuM 4MCTOTr0 UCHAPEHUs, B KOTOPOM TEIIONPOBOIHOCTb HE
UTpaeT CylIecTBeHHOH posn. BennunHa  1a3zepa B 3TOM cilyyae J10JDKHA MPEBbIIATh!

ql = 'DOQ(G/tMB )l/ ’ (1)

Bripaxxenue (1) mo3BoJisieT OLIGHUTh HWKHIOW TPaHMIly ( j1a3epa, IMPU KOTOPOW HACTYIAeT
pexxuM wucnapeHusi BemiectBa. st meramioB o=0,1 emP/eex, 2=10* Ihic/e u po=10 2/em, u
t1s=10"8cex q1=3 x108 Bm/cm?.

ITpu q > (1 xapakTep Impolecca UCIapeHusi 3aBUCUT OT BEWYHMHBI ( Jazepa. Ecnm ( mazepa
MaJll ¥ Temreparypa Ha moBepxHoctd T << W/K (W — sHeprus CBsI3M Ha aToM, K — MmocTosiHHAsI
BosibiiMaHa), To OCHOBHYIO pOJib B OaJlaHCE SHEPTU UTPAET TEIJIoTa CyOIMMaIlny.

[Tpu Gospmimx ( jasepa, korga T>>W/K, mapaMeTpbl KOHICHCHPOBAHHOTO Teja MEPeCcTaroT
OKa3bIBaTh BIUSHUE HA IPOILECC HCIAPCHHS, W PA3IMYHBIC BEIIECTBA BEIyT ceOS TOI00HBIM
obpaszom. [lanmpHeiilee yBeluveHUe ( Jiazepa MPUBOAUT K TOMY, YTO MPU HEKOTOPOM 3HAYCHUU
HAYMHACTCS 3aMETHOE IMOTJIONICHUE H3IYYCHHS B Mapax. ITO COOTBETCTBYET Hadaly MOHH3AINH

U MpoucxXoauT mpu Temmeparypax 1 =(1/7:1/5) I/K, rme | — mnoTeHIMan HWOHHU3AIIUH.
CooTBeTcTBYIOIIEE 3HaYCHHE (=3 MOXET OBbITh ONPEAENICHO W3 pPEeIIeHUs 3aJaun 00 HCIapeHuu
BEIIECTBA M3JIyY€HHEM C YYE€TOM Ta30MHAMHUYECKOTO JBUKCHHUS MApOB MPHU HAIUYUU CHIBHOTO
TIOTJIOIICHUSI.

B unTepBane mioTHocTel MOTOKOB (1<(<Q3 MOTYT CYIIECTBOBATh J[Ba pPEeKUMa HCIAPEHUS
obiydaemoro marepuaia: ¢ (a3oBbIM mepexoiaoM M 6e3 Hero. Eciam Temmeparypa BHYTpU
MIOTJIOIIAIOIETO CJI0S MEHbINE KPUTHYECKOH, TO Ha TPaHUIE KOHIESHCHPOBAHHOE TEJIO-TIAP UMEET
MecTo (azoBblil epexon. B Tom ciyuae, korna >0z, a T>Ty, BEIeCTBO BHYTPH MOTJIOLIAOIIETO
cIl0sl ieperpeBaeTcs U (ha3oBbIi epexo OTCyTCTByeT. Ha oCHOBe pe3yibTaToB ra3olMHaMUYECKON
TEOPUM MCIApPEHUsT W HarpeBaHMs BeELECTBA M3JIyue€HHEM Jia3epa pacCUMTaHbl OCHOBHBIE
ra30JJMHAMUYECKHE BEJTMUMHBI TSI MHTEpBajia INIOTHOCTEH MoToKa (1<(<Qs. B wacTHOCTH, OIIEHKA
TUIOTHOCTH MOIIHOCTH (2, XapakTepHas /s Hadala pexuMma CyOIMMaIrid, JaeT Ui JKelesa,
cBUHIA U rpaduTa Benuunsb 8,2 x108; 5,8 X107 u 5,8 x10° Bm/cm? cootBeTcTBeHHO. B TOM cryuae,
Korga (>(s, B oOpasyrolemcs Mape MPOUCXOJUT HOHHU3AIMs, UMEIOIas XapakTep JIaBUHHOTO
npobosi. B pe3ynpTare Bo3pacTaeT J0JA HEPTHH, MOTJoNIaeMasi MPOIyKTaMU Pa3pyIIeHHS, TIPU
ATOM BHYTPEHHSSI SHEPTHsl 00pa3yromielcs TuIa3Mbl ere O0osiee BO3pacTaeT, U ra30IMHAMHUYECKOe
JBMKEHUE I1a3Mbl HAUMHAET UTPATh PEIIAIOLIYIO POJIb.

ITpu BBIcOKOM (] Ja3epa oOpa3oBaHUE CIIOS IJIa3Mbl Y TOBEPXHOCTU TBEPJOTO Tella 3aHUMAaeT
OTHOCHTEIIFHO MAJIO€ BPEMsI: TIOCJIE ATOTO MPOIECC OMPEASISIETCS B3aUMOJICHCTBUEM H3ITyUSHHS C
mna3mMor.  CyIiecTBEHHOW  OCOOEHHOCTBIO — MpoIlecca B OTOM  Clly4ae  SIBJISIETCS  €ro
«CaMOCOTJIACOBAaHHOCTbY»; HAarpeBaHHE IUIa3Mbl NMPOUCXOAMT TaK, YTO €€ ONTHYecKas TOJIIIMHA
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octaercsl MocTosHHON. KauecTBeHHO 3TO Jierko 00bsicHUTh. KoadduimeHt normiomieHus cBera B
IJJa3M€ YMEHBIIAETCSI C POCTOM CKOPOCTH 3apsSKEHHBIX YACTHII, YTO MPUBOJIUT K MPOCBETICHUIO
IJIa3Mbl U YBEIMYEHHUIO CKOPOCTH MUCHIApPEHUs ¢ TOBEPXHOCTU METaJlIa, a CIEJ0BATENIbHO, U K POCTY
IJIOTHOCTH U ONTHUYECKOM TONIIMHBI TIA3MEHHOTO CIOS.

Tenepp ocTaHOBHMMCS Ha IIpolieccax, NPOUCXOASIIMX B JIA3EPHOW IIa3M€ B HayaJlbHOU
CTaJAuM €€ pa3BUTHUSA. YTO MOHM3ALUs MPOUCXOJIUT MPU CTOJIKHOBEHUSAX AJIEKTPOHOB C aTOMaMH B
OTCYTCTBHH peKoMOMHanuu. Torna AJis TEIUIOBOM U JIEKTPOHOB UMEEM YpaBHEHUE:

dne (2)
dt =ae(Te)'na'ne
rae Na — IIJIOTHOCTH aTOMOB, Te — OJJICKTPOHHAas TeMIIepaTypa. Koncranra CKOpPOCTH

HMOHM3ALMH ONIPEACIISICTCS BBIPAXKCHUCM:

| 1 (3)
o (T.)=0V,| 2+— |exp| ——
KT, KT,
rae Ve — cpelHss CKOPOCTh DJIEKTPOHOB, | — moOTeHIMan MOHM3alMU U O, — CEUEHHE
MOHM3ALMH 3JIEKTPOHHBIM yaapoM. U3 (2) cnenyer, uro:
(4)

n(t) = n(0)exp Jt'ae (T, )n_dt

Hapacranue 351€KTpOHHON KOHUEHTPALMH MPOUCXOAMUT IO MPOCTOMY 3KCIOHEHIIMAIbHOMY
3aKOHY, TaK KakK »JJICKTPOHHAas TeMmIepaTrypa 3aBUCHUT OT BpeMeHu. Jljis ompeneneHus 3Tou
3aBHUCHMOCTH HAJ0 pAacCMOTPeTh OallaHC HHEPruu JJIEKTPOHOB. /[l Manol KOHILEHTpaluu
AJIEKTPOHOB KOA(h(DHUIIMEHT YaCTOTHI TIOTJIOIICHUS CBETA ( OTPECIIICTCS BEIPAKCHUEM

Az -Ne - €2 - em ©)
me e C e (CC)Z _|_ Ucm)

Z:

rne Uem — >dexTuBnas yactora cronkHoBeHui. [Ipy Maoii CTENEHN HOHU3AIUHN TJIABHYO
POJIb UTPAIOT CTOJIKHOBEHUS JIEKTPOHOB C HEUTPAIBLHBIMUA aTroMaMu. I 5TOTO Cily4yasi UMEeM:

v., =83-10°c,n, /T, (6)

rac CCUCHHC O'a OM3KO K Ta30KUHCTHYCCKOMY. 3HepFI/I$I, nojiydyacmMas 3JICKTpOHaMHu IIpU

IIOTJIOIICHUM CBETa, TPATUTCS Ha HMOHM3ALMI0O M IEPENaeTCs aroMaM B pe3yJbTaTe yIpyrux
CTOJIKHOBEHHH. DTO MPUBOAMT K CIEAYIOLIEMY YPAaBHEHHUIO JUIsl 3JIEKTPOHHOW TeMIIEpaTyphl:

e o (7)
i.@:g.l.q(t)_ 2m .Te_él(l_L)ekTe
vem  dt 3 nNe Ma &,k 2k Te
re g(t) — MIOTHOCTH MONIHOCTH JIA3€PHOTO M3JTYYeHHs, Me M Ma — Macca dJIEKTPOHA M

atoma. CpaBHEHHE CIaraeMbIX B PaBOil 4acTy ypaBHeHnus (7) mokasbiBaeT, 9to mns =10 Bm/cm?

u t=10"% cex B WHTepecylolMe MPOMEKYTKH BPEMEHM YIpyras Hepefadya SHEpPrHd aToMaM u
MU3MEHEHNE BHEPEHHOMN SHEPTUH IIJIa3Mbl HAMHOT'O MEHBIIIE, YEM 3aTPAThl JHEPIMH Ha HOHU3ALUIO.
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C y4eTroM TOTO, YTO BILIOTH 10 TemrepaTypsl Te=0,6x10° k wacrora cBera GOJbINE YACTOTHI
CTOJIKHOBEHHH, IPOCTOE BBIYMCIICHUE JIACT JUISI BPEMEHU HOHU3AIMH 3HAYCHHUE!

t" ~0,3-10%[n nt")/n(0)]? ®)

Bpewmst noHu3anmu cabo 3aBUCUT OT HAYaJIbHOW M KOHEYHOH KOHIIEHTPAIIMHA AJIEKTPOHOB M
coctapisier npumepuo 10710 cex. PasBuTe MOHM3ALMM HPOUCXOIUT B CAMOM HAyaje Ja3epHOrO
UMIIYJIbCa U HOCHUT XapakTep JaBHHHOTO Mpo0os. [locie pa3BUTHS MOHM3ALMHU TOTJIONMICHUE CBETa
MPOUCXOUT MOJHOCTHIO B WOHM30BAaHHOM ra3e, 4TO MPHBOJUT K HArpeBy IUIa3Mbl U POCTY
KpaTHOCTH WOHU3aIuu. [1orIomeHne Hepruu U3IydeHus B TUIa3Me MPOUCXOAMT TI0 MEXaHH3MY
obOparHoro TopmMo3HOro 3(ddekTa, Mpu KOTOPOM HJIEKTPOH TNOMIomaeT (OHOH B IOJIE HOHA.
Koaddunment nornomenus Ky onpenensieTcss COOTHOMICHUEM:

1/2 h h
4(2rx Ne-ni-z”-€° " g 20N’ " ©)
v=Rl 7| ho e | let 237100 | 1-e
3\ KT h-c-m”“.v T
rae Ni m Ne — IINIOTHOCTh HMOHOB U QJICKTPOHOB B ILIa3M€ CO CPCIHHUM 3apsaaoM Z u

Temrepatypoit T, v — yacrora cBera, ¢, ¢, M, h U K — COOTBETCTBEHHO CKOPOCTh CBETa, 3apsl
9JIEKTPOHOB, Macca »dJEKTpoHa, TmocTosHHble [lmanka u bonbiMana. DKCrOHEHIMATBHBINA
MHOKHUTEJIb YYUTHIBAET YMEHBIIECHHUE MOTJIONIEHUS BCJEICTBUE BBIHYKICHHOTO HM3MydeHus. s
U3JTyYeHHs HEOJMMOBOTO J1azepa npu temneparype KT << / 5B 3TOT 4ieH NPpHOIN3UTEIBHO PaBEH
equHule. Torma

K, =K,-n -T*? (10)

[Mpu KT >>1 5B ero MmoxxHo 3aMeHUTH BhipakenreM hu/KT, u Toraa:
Wl .2 T-3/2
K,=K:n2.T (11)
Hanpumep, B BOfOponHO# mmasme mpu Temnepatype KT=10 5B u mnotHoctu ~ 102 cad
W3IydeHHe TIOTIOMaeTcs Ha paccTosHusX mopamka 1072 cu. Bpems pasHOpacmpeneneHus
HIOTJIOIIEHHON SHEPTUH MEXIy JJICKTPOHAMHU M MOHaMH Maio. [IpHOIIKEHHO OHO BBIPAXKaeTCs
COOTHOILICHHEM
1

7, =252-A-T%2. =
n

Z% A (12)

e

rae InA — kynoHoBckuii jorapudm, B MIMPOKOW 00IACTH M3MEHCHHUS MapaMeTPOB ILIa3MbI

umeeT nopsaaok 10, A — aTOMHBIN BeC MOHOB. B GOJBIIMHCTBE CydaeB 7 gj =10"11+10"1%ex, uro

3HAYUTENIBHO MEHBIIE JUINTEIBHOCTH JIA3€PHOTO MMITyJbCa. OJTO O3HAYaeT, 4YTO B TEUYEHUE
UMITyJIbCAa JJIEKTPOHBI MOTYT 3((EeKTUBHO TmepenaBaTh MOIJIOUICHHYIO JSHEPrUi0 HOHAM.
CripaBesIuBO MPEANOI0KEHUE O PAaBEHCTBE AIEKTPOHHBIX U MOHHBIX TeMmeparyp. bonee ctporoe
paccMOTpeHHEe TMOKa3bIBaeT, 4YTO NpHU OOJBIIMX HHTEHCHUBHOCTSX M3IYyYEHHs DJICKTPOHHAs
TEMIIEpPATypa MOKET IIPEBBILIATH HOHHYIO TEMIIEPATYDPY.

HarpeBanue 1uasMbl HPOUCXOJUT OIJHOBPEMEHHO C TMPOAOJDKAIOIIMMCS HCIapeHUueM
BelIeCTBa MMHIIEHH, T.€. Macca IUIa3Mbl 3aBUCUT OT BpeMeHu. C Jpyroil CTOpOHBI, Harpes
MPOUCXOJUT B YCIOBHSIX Ta30IMHAMHYECKOTO PACHIMPEHHS IJIa3Mbl. DTH OOCTOATENbCTBA JIENAIOT
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TEOPETHYECKUN aHaJIU3 TpOoIlecca HAarpeBaHUs BechbMa CIOKHOW 3amadeil. Eciaum mpeneOpedn
MoTepel SHePTUU Ha U3Ty4YeHHE, TO OallaHC SHEPTHH ONPEENISIeTCS YpaBHEHUEM:

a4
dt

(€, +E,)=K, Q) 13)

rae Ex — mosiHasg kuHeTHuYecKas 3Heprus 4acTull Iuasmsel, Epn — TenmoBas 3Heprus miasmsl,
a K, Q(t) — TOTJI0IaeMasi MOUTHOCTh U3JIy4EHUSs, SBISIOMAscsS (GyHKIHUEH mapaMeTpoB IJIa3MBl.

Pemenue ypaBuenus (13) mpu pasauyHbIX YNPOIIAKOMIMX MPEANOJIIOKEHUSX [M0Ka3aHO, YTO
M3JIydeHHe MOIIHOCTBIO Ha3epa mopsamka 10'° Bm moxeT McmapuTh Mamyro YacTHILy BEIIECTBA
HarpeTh Iia3My A0 TemnepaTrypsl okojo 100 3B .

[TockonmbKy XapakTepHOe BpeMs OOMEHa DJHEPrHH MEXAY OJJICKTPOHHOW W HWOHHOU
COCTABJISIIOUIMMHU  JIa3€pHOM IUJIa3Mbl MEHbILIE JUIMTEIIbHOCTH UMITYJIbCAa W3JIy4YeHHUs, Iula3Ma
HAaXOJUTCSI B COCTOSSHUU JIOKAJbHOTO TEPMOJMHAMUYECKOrO0 paBHOBecHs. B 3Tom ciyuae
3aCeJICHHOCTH Pa3JInYHBIX COCTOSHUM OMHCHIBalOTCA ypaBHeHUssMHU Jlenrmiopa-Caxa:

3/2
nn, 22,00 (2mkT\" (B, - AE,, (14)
nz—l Zz—l(t) h2 kT
roe m, K u h — macca snekrpona, nmoctosiHabie bombiimMana u [lnanka, Ne — IUIOTHOCTD
AIIEKTPOHOB, Nz/N;-1 — OTHOIIEHHE IUIOTHOCTEH 4mciaa HOHOB C 3apsimamu Z u (Z—1), E;-1 —
JHEprusi MOHMW3alMU cocTosiHusi (Z—1) wu3onupoBaHHBIX atoMoB W A E;-1 — monpaeka,

O6YCJ'IOBJ'I€HH85I HaJW4YMeM B3auMMOJICHCTBHUS B ILIa3ME. I[JI?I OO/IBIIMHCTBA OKCIICPUMCHTAJIbHBIX
yCJ'IOBI/Iﬁ 9Ty NOIIPABKY MOXXHO BBIYUCIIUTH I10 (1)OpMyJ'ICZ

AE,1 =~ (3Z-€%/4n&)(4nel3) M3 (15)

rae e — 3apsai dJIEKTPOHA, £ — AMAJIEKTpUdecKas npoHuuaemocts Bakyyma. Z,(T)—

CTaTu4eCcKad CymMmmMa COCTOSIHUM Z, onpeacirsicMas COOTHOCHUCM:

Zz(t):zn:gnexp(_ En/kT)a (16)

rie §,— craTudyeckue Beca, E, — »Heprus ypoBHel manHoro uonHa. Ilo dopmyie

ypaBHeHus (14) BUAHO, 4TO MPU BBICOKUX TeMIepaTypax B IJIa3Me JOJHKHBI IPeodaaaaTh OAHO WK
IBA COCTOSHHS MOHHU3ALMUA. OTO TOATBEPKAACTCA Ppe3yibTaTaMH  CIEKTPOCKOIMMYECKHX
UCCJIEIOBAHM JIa3€PHOM IUIa3MBbl, BBIIIOJIHEHHBIX C Pa3pELIEHUEM BO BPEMEHH.

B cnexktpe wu3nydeHus IuUIa3Mbl B Hayajle B OCHOBHOM IPUCYTCTBYIOT JIMHUH,
COOTBETCTBYIOIIME MOHAM JIByX IOCJIE€IOBATEIbHBIX KpAaTHOCTEH, a JIMHUU HMOHOB 0ojiee HU3KOMI
KpaTHOCTHU NOSIBIISIFOTCS 1o31Hee. OIHAKO, BCIEACTBUE HEOJHOPOIHOTO HArpeBa Ja3epHON MIa3MBl,
HEKOTOpPOE KOJIMYECTBO MOHOB HU3KOM 3apsAHOCTH MOXET 00pa30BbIBATHCS B XOJIOHBIX €€ YacTAX.

[Tocne okoHYaHMS Ja3€pPHOTO UMITYJIbCa MPOUCXOTUT CBOOOTHBIN Pa3JieT IJIa3Mbl B BaKyyMe
1oJ AeMcTBUEM IpaJueHTa AaBieHus. [Ipu 3TOM IIIOTHOCTH IUIa3Mbl YMEHBIIAETCS, & BHYTPEHHSIS
SHEPIUs NEPEXOJUT B KHHETUUECKYIO DHEPTHIO Pa3JIETAIOIINXCS YaCTHULL.

PaccmoTpuM, Kak mpoTeKaeT peKOMOMHAIIUS HOHOB B PACIIUPSIONIEMCS U OXJIaXIaloLIeMcs
rase, MIOTHOCTH KOTOPOrO MajeT co BpeMmeHeM, kak po~t 3. Ha pauHelf craaum pasnera mpu
00JIBIINX TUIOTHOCTU U TEMIIEPATYpPE BCE pelaKCallMOHHbBIE IPOLECCHl TPOTEKAIOT OYEHb OBICTPO, U
ra3 HaxOJWUTCS B TEPMOJMHAMUYECKOM paBHOBecHH. Eciam Obl 3TO paBHOBEcHE COXPaHSAJIOCH B
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TEYEHHUE BCEr0 Pa3iieTa, TO BCE IEKTPOHBI JOKHBI ObUIM 00beAMHUTBCA ¢ HOHAaMU. OJIHaKO, Kak
Obl He ObuIa BEJIMKAa B HayaJle CKOPOCTh YCTAHOBJIEHUS TEPMOIMHAMUYECKOTO PaBHOBECHS 110
CPAaBHEHHIO CO CKOPOCTSIMH PACIIMPEHHS U OXJIaXICHHS, 00s3aTebHO HACTYIUT MOMEHT, KOrJa
COOTHOILIEHHE CKOPOCTEH 3TUX MPOIECCOB CTaHET OOpaTHBIM. MOXKHO TOKa3aTh, YTO Ha CTaJUU
CWJIBHOTO paclIMpEHHs] XapakTepHOE BpeMs, B TEUEHHE KOTOpPOro IPOUCXOAUT 3aMETHOE
M3MEHEHME CTEeTIEHU MOHU3AlUHU, pacTeT ObIcTpee, yeM BpeMs t oT Havana pasziera. CiieoBaTelbHO,
peKOMOMHALIMS HAUMHAET BCe OOJIBIIE «OTCTABAThY OT OXJIAKIACHHUS, M BEPOSITHOCTH PEKOMOMHAITIH
JAHHOTO aTOMa B TEYEHHME BCErO IOCIEAYIOLIErO Ipolecca pasjeTa OKa3blBA€TCS MEHbIIE
eIMHUIIBI, T. €. peKOMOMHALMS BOOOLIE HE UAET 10 KOHLA. DTOT 3P(PEKT Ha3bIBAIOT «3aKATIKOI»
HOHOB.

OcTaHOBHMCS Ha BOIIPOCE HAapYILIEHUS MOHU3ALMOHHOIO paBHOBecus. Eciau B ctaauu, eue
ONMM3KOI K PaBHOBECHOM, OCHOBHYIO POJIb MTPAaeT PEKOMOMHAIMS B TPOMHBIX CTOJIKHOBEHUSX, TO
MOHM3aLUs  NPOUCXOAUT B  pe3yibTare OOpaTHOro  Ipolecca: OTpbIBA  3JIEKTPOHOB
[IPEUMYILIECTBEHHO OT BO30Y)XICHHBIX aTOMOB IpU YyJapax CBOOOJHBIX 3JeKTpoHOB. Torna
ypaBHEHUE KMHETUKH JUIS CTEIICHU MOHU3ALUK X=Ne/N IpHOOpETaeT BUJ:

dx 2 17
_:b.n.(xp —X2) ( )
dt
rac Xp — PaBHOBECHAsA CTCIICHb HOHU3AWH, OIIPpCACIIsICMast q)OpMYHOﬁ Caxa, Ne — IJIOTHOCTH
AJIEKTPOHOB, N — IUIOTHOCTh MOHOB M aTOMOB, D — KO3 QHUIMEHT peKOMOUHAIIMKA B TPOMHBIX
CTOJIKHOBCHUAX, OHpeI[eJ'IﬂeMI)H\/JI BI)Ipa)KeHI/IeM:
b 26.7[.1[272'.e10.z3 (18)

3% Jm-(kT)"?

[Tocne HapymeHNs: HOHU3AIIMOHHOTO PAaBHOBECHS CKOPOCTh MOHU3AIMHU MIPOIOJKAET OBICTPO
YMEHBIIATECSA C TEYCHHEM BPEMEHH I10 SKCIOHECHIMAIBFHOMY 3aKOHYy, TOT/Ia Kak CKOpPOCTb
pPEKOMOMHALINY, TPONOPIIMOHATIFHASL KBApaTy CTETIEHW MOHHM3AINH, MTaJaeT ropa3ao MeIeHHEee U
BCKOpE CTAHOBHUTCA 3HA4YMTENbHO OoJibllle CKOpocTH HoHu3auuu. Ecnu Obl ko3¢ ¢uimeHt
PEeKOMOMHALIMU HE 3aBUCEN OT TEMIIepaTypbl, TO BCIEJACTBHE OBICTPOTO pPACHIMPEHUS IIa3Mbl
peKoMOMHaIIMS BCKOPE COBCEM MpeKpaTuiach Obl. B 1aHHOM ciiyyae K03QPUIMEeHT peKoOMONHAINN
CHIJIBHO 3aBHCHT OT TemmepaTypsl (T¥2), u yMeHbIIeHne CKOPOCTH PeKOMOMHAINHY 32 CUET M CHHUS
IUIOTHOCTH KOMIIEHCUPYETCS 3a CUeT OXJIaKICHUS TUIa3MBl.

Teopernueckuii aHamu3 PEeKOMOMHALIMOHHBIX MPOIECCOB B Ja3epHOW IJIa3Me CBs3aH C
peleHneM KHHETUYECKUX ypaBHEHHWU M SIBIISIETCS BEChbMa CIIOKHOW 3a/1adyei, MO3TOMY OCOO0YIO
BAXXHOCTh MPUOOPETAIOT pe3yNbTaThl SKCIEPUMEHTAJIbHOTO HCCIEJOBAaHHUS CBOMCTB Jla3epHOMU
IUTa3Mbl Ha MO3/JHUX CTaJusAX pas3jiera, Moclieé OKOHYAaHUS PEKOMOWHAIMU. DKCIEPUMEHTAIbHO
M0Ka3aHo, 4TO 0OJIbINAsk YaCTh 0OPA3yIOIIMXCSI HOHOB PEKOMOMHHMPYET BO BpeMsl pasjieTa Miia3Mbl B
BaKyyM, a PETHCTPHpPYEMble MOHBI UMEIOT B OCHOBHOM pPEKOMOWHAIIMOHHYIO MPUPOAY, T. €. OHU
00pa3yroTcst Mpu PEKOMOWHAITMN U3 00Jiee BHICOKUX 3apsOBBIX COCTOSIHUM. DTO MOATBEPIKIACTCS
U HaJIM4YMeM B JIa3€pHOM IUIa3Me HEUTpaIbHBIX aTOMOB, OOJAJarOIIMX BBICOKOM KHHETHYECKOU
sHepruei. [lonHoe uncino noHoB B mporecce pekomounanuu ymenbiaercs B 10+100 pa3, mostomy
OTHOCHTEIIFHBIA BBIXOJI WOHOB pAa3IMYHBIX MacC W 3apsATHOCTEH OmpenenseTcs KUHETHKOM
PEKOMOMHALIMOHHBIX MPOLIECCOB.

Tenepb ocTaHOBUMCSI Ha CBOMCTBAX JIa3epHO IJ1a3Mbl Ha MO3IHUX CTaausX pasiera. [locne
OKOHYaHUS JIA3ePHOT0 MUMITyJIbCa MPOMCXOIUT pa3iieT IUla3Mbl B BakyyM. B mepBoii ¢asze pasiera,
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KOTJia IUIOTHOCTh IIJIa3Mbl JIOCTATOYHO BEJHMKA, TMPOUCXOJUT MPeoOpa3oBaHUE TEIJIOBOW SHEPTHUH
HarpeToy Ija3Mbl B YHEPIUIO HAMPABIECHHOIO Ta30JAMHAMHUYECKOTO JBH)KEHHUS, 3aTEM IJIOTHOCTH
MajaeT HACTOJIBKO, YTO TUTa3Ma CTAHOBHUTCS OECCTONKHOBUTEIBHOW U NaIbHEHINUN pa3ieT HOCHUT
XapakTep UHEPLIMOHHOTO JBHKECHUS.

Jns HaxoXAEHUS CBS3M CBOMCTB JIa3€pHOM IUIa3Mbl HA MO3JHUX CTAAMSAX paszjera ¢
HayaJIbHBIMH €€ IlapaMeTpaMu pPacCMOTPUM TIpolecc CHEepUUYECKOro pacIIMPpEeHUs B BaKyyM
IUIA3MEHHOTO CTYCTKa C HaudalbHOW TemmepaTypoid 7 M moiaHbIM unciaoM HOHOB Ni. @usnyeckoit
MPUYMHON paszjieTa SBIACTCA HAJIMYME TPAJUEHTA IUIOTHOCTH 4YacTull B rmiasme. Crenys, 4To
3aBUCUMOCTbD IJIOTHOCTH OT pajnyca I UMEET BUI:

r2 (19)
R*(t)

n(r,t)=n,(t)-exp [—

riae R(t) — xapaktepHslii pa3Mep IIa3MeHHOTO CrycTKa, a No(t) — rotHocTh B LieHTpe. Ecnu
HPEIIONIOKHUTh, YTO MPU pacuIupeHuu (opMa MpoQuiIs MIOTHOCTH HE MEHSETCS BO BPEMEHHU, TO
CKOPOCTb IUIa3MbI OY/ICT SBJISATHCS TMHEHHON QyHKIUEH I

V(r, 1) = Vo- I/R(Y), (20)

rac Vo — XapaKTCpHasd CKOPOCTL pas3JIiCTa. YcnoBue NOCTOSHCTBA MOJHOIO YHCIa YacTHIL B
J1a3Me J1aeT.

jn(r,t) -dV = 47rTr2 -no(t).exp[— re/ Rz(t)}jr =N, (21)

W3 (20) yuutsiBas, uto R(t) = Vo t, monyuum:
N. (22)
n@t)=—————
’ N AVAN &

Honaraﬂ, 4YTO BCA TCIJIOBAsA SHEPrud IUIA3MbI npeo6pa3yeTc5{ B KHHCTUYCCKYIO OSHCPIUIO
HaIlpaBJICHHOI'O ABMXKCHUSI, ITOJIYYHM.

1 2 3, (23)
szi () VA dv = 2KT-N,

rae Mi — macca uoHa, K — mocrostnaas bonbiivana. M3 (21) u (22) Haitnem XxapakTepHYIO
CKOpPOCTb pazjieTa:

(24)

m.

1
2
VO: (Zk_T .

IImoTHOCTE HOHHOTO TOKA B ITOTOKE IIa3MBI OIMPECACIISICTCA BEIPAXKCHHUEM
ji(r,it)=e-n(r,t)-v(r,t). (25)

[ToncraBnss B (1.25) 3HaueHUE TNIOTHOCTU M CKOPOCTHU YaCTULL, OTYYUM
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. e-N.-r 1 s 2 s (26)
Ji(r,t):—'z-—4~exp(—r IV, -t )
ﬁ\/;VO t
®opmyisl (24) u (25) N03BOISAIOT BBIYUCINUTD BEIMUMHY IUIOTHOCTU MOHHOT'O TOKA B ITOTOKE
IUIa3MBl U1 TIPOM3BOJIFHOM TOYKHM IIPOCTPAHCTBA KaK (DYHKIMIO BPEMEHH B 3aBUCHMOCTH OT
HayaJIbHOM TeMIepaTyphl IUIa3Mbl U TIOJIHOTO YMCIIa YacTUll. B MHTepBajge MOLIHOCTH M3ITyYeHHS
nazepa 10°<q<10' Bm/cm? Temmeparypa miaasMbl m3MeHseTcs oT 3 10 30 5B, a IONHOE YHCIIO
YaCTHUII 3aBUCUT OT JUaMeTpa natHa $poxycuposku u npu d=10"3cyu npumepHo pasuo 101+10%2,
MakcumanbHOe 3Ha4Y€HHE IUIOTHOCTH HOHHOTO TOKAa JOCTHUTAeTCS B MOMEHT BpeMeHH t=

J2.r/V, u gna pacematpusaemoro mpumepa ¢ 1,5x10°%; 8,5x107 n 4,9x107 A /em? mpw

HayvalbHOH TeMiiepaTtype mia3Mel cootBeTcTBeHHO paBHoU 30, 10 u 3,3 2B. o nepennemy GpoHTY
HMMITYJIbCA HOHHOTO TOKA MOYKHO OIEHUTH BEJIMUMHY MaKCUMAJIbHON KHHETHYECKON YHEPTUH HOHOB
IpHOIHU3UTENBHO. Ekuar =30 KT. DTa orieHKa coriacyercst ¢ pe3ysibTaTaMy 3KCIIEPHMEHTAIBHOTO
OTlpe/eNicHUs] KUHETUYECKHX JHEPruii MOHOB B JIa3€pHOM IUIa3Me B HMHTEpBaje IUIOTHOCTH
momtnoct 10°-10 Bm/cw?.

Takum ob6pasom, TIpH (| nasepa, npesbimarontei 10° Bm/cu?, peannsyercs pexuM HCTIapeHHs
BelecTBa 0e3 Ga3oBOro mepexoaa u MojHas HavyajlbHas HOHU3alus I1a3Mbl. Ecim q>1011 Bm/cm?,
CHJIBHO BO3PACTaeT MIMPHHA YHEPTETHIECKOTO CIICKTPA MOHOB U J0JISI MHOTO3aPSTHBIX HOHOB.
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JEUCTBUE AMUHOT'JIMKO3UJIHBIX AHTUBUOTHUKOB
HA TEHOTOKCHUYHOCTD B ALLIUM TECTE
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O©OMununa A. B., ['omenvckuii cocyoapcmeernnulil ynusepcumem um. @. Ckopunbl,
2. l'omens, bBerapycs, minina_anastasial7@gmail.com

THE EFFECT OF AMINOGLYCOSIDE ANTIBIOTICS
ON GENOTOXITY IN ALLIUM TEST

©Kantsavaya I., Ph.D., F. Scorina Gomel State University,
Gomel, Belarus, ikantsavaya@mail.ru
©Minina A., F. Scorina Gomel State University,
Gomel, Belarus, minina_anastasial7@gmail.com

Annomayus. Vlccnenyercst BAMSHUE aMUHOTIIMKO3UAHBIX aHTUOMOTHKOB (CTPENTOMMIIMHA U
reHTAaMHIIMHA) Ha MMATOJOTMI0 MHTO3a B KJeTKax KopHeBoi Mepuctembl Allium cepa L. B mepBoii
Metadasze mocie o0pabOTKM U TOCHE 3aBEpIICHHUS BOCCTAHOBHTEIBHOTO Mepuona. MeTomsl
uccinenoBanus: Allium TecT, HUTOreHeTUYECKUIl aHaANM3, CTATHCTUYECKUN aHanu3. OnbIT ObLI
BBITIOJIHEH Ha mnaptuu copta LlryTTraprep, KOTOpBIM XapakTepU30BaJCsid KaK T€HETUYECKH
HECTAOMJILHBINA TI0 UTOTAaM MHUKPOSJIEPHOTO TecTa. Pe3ynbTaThl TeCTUPOBAHUS aMUHOTJIMKO3HTHBIX
AHTUOMOTHUKOB (CcTpenToMuiiuHa — B KoHIeHTparuu 1000 mr/n, skcno3unmu 24 u 48 4acos;
reHramMuiiiia — B KoHueHTpauuu 100,0 mr/m, skcnosuiuu 48 4yacoB) MoKa3aldd WX HETaTHMBHOE
BIIUSIHUE U TIOBBHIIICHHWE POCTa MATOJOTHYECKHX IPOILIECCOB B KIETKaX 00pa3oBaTeNbHON TKaHU
KOpHEH Jyka 0OBIKHOBEHHOTO. CpaBHUTENBbHBIN aHAIHU3 JI0JIeH abeppallfii KJIaCTOTEHHOTO THUIIA U
abeppaiuii aHEYreHHOTO THUIA 10 BCEM BapHaHTaM HKCCIEIOBAaHUS TIO3BOJIMI TPUUATH K
3aKJIIOUYEHHUI0, YTO TECTUPYEMble aHTUOMOTHUKHU MPOSBISAIOT OOJBIIYI0 CHOCOOHOCTH BBI3BIBATH
HapyIlIeHUs MHUTO3a, CBSA3aHHBIE C TMOBPEKICHUEM MHUTOTHYECKOTO armapaTra, YeM HapyIlIeHHs,
CBSA3aHHBIE C TIOBPSXKJICHMEM U HapyIIeHHeM CTPYKTypsl xpomocoMm. Cpemu abeppanuii
KJIACTOT€HHOTO THIA JOMUHHUPYIOT: XPOMOCOMHBIE M XpoMaTHAHbIe MOCThL. Cpenu adOeppariuit
aHEYTeHHOTO THUMA JOMUHHUPYIOT: 3a0eraHue/OTCTaBaHHE XPOMOCOM, K-MHUTO3 B HECKOJBKHX
Mop(dooruueckux BapuaHTaxX (THUIEpCIUpan3alusg XpOMOCOM M HMX paccerBaHHe B MeTadase;
paccenBaHe XpoMocoM B MeTadasze u aHadase); CiunmaHue XpoOMOCOM B Pa3HOM CTETEHH, BIUIOTh
710 o0Opa3oBaHHMs KOMKOB Ha CTagud MeTadasel ¢ 00pa3oBaHHEM aHOMAIBHBIX CTPYKTYP).
YCTaHOBNEHO, 4YTO YBEIMYEHHE MATUTEIBHOCTH JCHCTBHS CTPENTOMHUIIMHA BBI3BIBAET Ooliee
HETaTUBHbBIE TIOCJEACTBUS IO CPaBHEHUIO C MEHBIIMM CTPECCOBBIM JaBieHueM. Ilocie
BOCCTAHOBUTEIBHOTO TIEPHOJAa HA MPOTHDKCHHH JBYX-TPEX KJIETOUYHBIX IIMKJIOB B BapUaHTax
MIPUMEHEHHUS CTPENTOMUIIMHA TPOUCXOJNT YACTUYHOE BOCCTAHOBIEHHE KieToK. [Ipu neiicTBum
reHTamuiMHa otmeudanu y 80% KIETOK CIHMIAaHWEe XPOMOCOM U €JIMHUYHbIE KOJIbIIEBBIC
XpOMOCOMBI. ITH 3¢ (HEKTHI OKa3aIHUCh HEPEemapupyeMbIMU U TIOCIIE TIEPHUO/Ia BOCCTAHOBIICHHS ObLIa
ycTaHoBJeHa rudens 90% Kopemkos.
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Abstract. The influence of aminoglycoside antibiotics (streptomycin and gentamicin) on
mitosis’s pathology in the cells of root meristem Allium cepa L. in the first metaphase after
processing and after finishing the recovery period is investigated. Research methods: Allium test,
cytogenetic analysis, statistical analysis. The experiment was conducted on a batch of
the Stuttgarter variety which is genetically unstable as the result of micronucleus test. The results of
aminoglycoside antibiotics (streptomycin — in the concentration of 1000 mg/l, on exposure of
24 and 48 hours; gentamicin — 100,0 mg/l, on exposure of 48 hours) showed their negative
influence and the increased growth of pathological processes in the cells of root meristem Allium
cepa L. The comparative analysis of the part of clastogenic type aberrations and anogenic type
aberrations according to all research methods let come to conclusion that antibiotics under test show
the higher ability to cause mitosis’s pathology, connected with damage of mitotic apparatus than
pathology associated with damage and disruption of chromosomes structure. Among clastogenic
type aberrations chiasma and chromatid bridges dominate. Among anogenic type aberrations
chromosome lagging, mitosis in some morphological variants (hyperspiralization of
the chromosomes and their discharge in the metaphase; chromosome discharge in the metaphase
and the anaphase); chromatic agglutination at various degree, up to formation of clots at metaphase
with abnormal structures formation) dominate. It’s considered that increased duration of
streptomycin action causes more negative consequences in comparison with less stress pressure.
Since the recovery period partial cell repair after streptomycin occurs for 2-3 cell cycles. Under
the influence of gentamicin, chromatic agglutination and single ring chromosomes were observed in
80% of the cells. These consequences have been unrepaired and after the recovery period
the fatality of 90% rootlets was observed.

Kniouesvie cnosa: Allium Tect, aMUHOTTIUKO3U/IHBIE aHTHOMOTHKH, ITATOJIOTMSI MUTO3A.
Keywords: Allium test, aminoglycoside antibiotics, mitosis pathology.

AMUHOTIIMKO3UABl OTHOCSATCS K TpYIIEe aHTUOMOTHUKOB, OJIOKMPYIOLIUX CHHTE3 OEIKOB.
JlaHHas Trpynna aHTUOMOTUKOB HE MeEHee MHOIOYMCIIEHHAs, 4YeM TIpylna aHTUOMOTHKOB,
HapyIIAIOIIUX CUHTE3 KIETOYHOU CTeHKH Oaktepuii [1].

Hapymenne cunTe3a 0enka mpoOKapuoT MOKET MPOMCXOAMTh Ha BCEX YPOBHSX, HauWHas C
nporiecca cuntbiBanus uHpopmanmu ¢ JJHK u 3akanunBas 6;iokupoBanuem cBsizbiBanus T-PHK ¢
30S cyobeaununamu pudocom [2]. 3nech ciaenyeT OTMETUTb, YTO CTPENTOMULIMH JieicTBYyeT Ha 30S
CyObEIMHHUILY, JPyTUe aMUHOTJIMKO3UbI CBA3BIBAIOTCA C 00eMMHU CyObeIUHHUIIAMU pUOOCOM, B MX
MIPUCYTCTBUHU 00pazyeTcst HecTaOuabHbI 70S MHULIMATOPHBIM KOMILUIEKC U 0OphIBaeTCs OMOCUHTE3
oenka [3]. M30upaTenbHOCTh AEUCTBUS aHTUOMOTHKOB 3TOM TpyIIbl Ha OAKTEpUANIbHYIO KIETKY
obecrieynBaeTcsl CyIIECTBEHHBIM pa3iuuueM pubocom y OakTepuit M 3yKapHOT. YacTHIbI
OakTepHanIbHBIX pHOOCOM, o003Hauaemble Mo Kod(ppuimenty ceauMmentanuu kak 50S- u 30S-
YaCTHUIIbl, OTIMYAIOTCS IO CHOCOOHOCTH CBS3BIBATbCA C AHTHUOMOTHMKAMHM OT YacTHUIl puUOOCOM
JyKapuoOTOB, COOTBEeTCTBeHHO, 60S- u 40S-vactum. [lo 3To¥ mNpuYMHE NUTOIIA3MATUUYECKHE
puUOOCOMBI KUBOTHOM KIIETKM PEarupyloT ¢ HUMHU ropasjio ciadee Wi BOOOIIE HE CBS3BIBAIOT
yKa3aHHbIE aHTUOMOTHKH. DTO B MEPBYIO OYepelb M CO3[aeT BO3ZMOXKHOCTH HCIOJB30BAHUS ITHX
AHTUOMOTUKOB B KIIMHUKE, T.€. JENAI0T UX MaJOTOKCUYHBIMU /sl YesnoBeka [3]. AMHHOTIIMKO3HIBI
OTHOCSITCSI K MpenaparaM ¢ HU3KUM TeparneBTHUYECKUM HMHJIEKCOM, T. €. MaJlbIM Pa3pbIBOM MEXIY
TEpANEeBTUYECKON U TOKCHYECKOMN 10301 WA KOHIIEHTPALUEH.
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Ileap paGoTHI: BBISBICHHE TOBPEKICHUNA T€HETHYECKOTO armapara B KICTKaX KOPHEBOM
mepuctembl  Allium cepa L. B mnepBoit Mertadase mocie 0OpaOOTKH U IOCIE 3aBEPIICHUS
BOCCTAHOBUTCIIBHOT'O IICpHUOAa [4] npu ﬂeﬁCTBHH B TCUCHUC OJHOIO-TPEX KIICTOYHBLIX IHKIIOB
AMHUHOI'JIMKO3UIHBIX aHTI/IGI/IOTI/IKOB (FeHTaMI/IHI/IHa u CTpeHTOMI/H_[I/IHa).

Memoouka uccrnedosanuil

HccnenoBanre OTBETHBIX PEAaKIMK PACTEHHH JTyKa OOBIKHOBEHHOTO B YCIIOBHUSX JEHCTBHUS
BOJHBIX PpAacTBOPOB AaHTUOMOTHKOB BBHIMONHAIM ¢ mnomompio Allium Ttecra [5] Ha copre
HITyTTrapres. B kauecTBe HEraTUBHOI'O KOHTPOJISL MCIOIb30BAIN JUCTUNIUPOBAHHYIO BOY.

TectupoBann cienyroomue aHTUOMOTUKU: TIeHTaMUIMH (reHTamunuHa cynbdar, PVYII
«benmennpenapate», bemapycs) — 100,0 mr/m; crpentomMunuH (crpentomMuninHa cyibdar; 3A0
«bpenanos-A», Poccus) — 1000,0 mr/n. CornmacHo pexomennanuu BO3 [4], B akcnepuMeHTe
JONOJTHUTEIbHO BbIAEP)KUBAIM IIEPUOJ] BOCCTAHOBIIEHHS JIMTENBHOCThIO 24 4Yaca, B TEUYEHUE
KOTOPOI'0 TECTUPYEMOE BEIECTBO HE BO3ACUCTBYET (BapUaHT IOCIEAEHCTBHS), U TOJIBKO 3aTeM
BBITNIOJHSUIM (PUKCALMIO KOpelKoB. Bo Bcex BapuaHTax omnbiTa Gukcanus npousBoauiack ¢ 6.30 1o
7.00 ytpa.

JlaBneHsble npenapaTsl Ui LUTOI€HETUYECKOTO aHaju3a, OKpallIeHHbIE
alleTOreMaToOKCWJIMHOM, U3TrOoTaBIMBaIN 1o obwmenpuHsaToil meroauke [10]. IIpocMotp mpenaparos
OCYIIECTBJISIJIM  HAa  KOMIIBIOTEPU3UPOBAHHOMW  KapUOJIOTHMYECKOM  CTAaHUMH, OCHAUICHHOM
mukpockorniom Leica DMR npu yBenuuennun 40x10%1,5. IluToreHeTHYeCKU aHATM3 BBITOIHSIIH
o [6, 7].

Cratuctuueckyro o0paOOTKy pe3yJbTaTOB HCCIIEIOBAaHMM MPOBOAMIM C MOMOILBIO IMaKeTa
NPUKJIaHOTO nporpamMHoro obecneuenuss Microsoft Excel u Statsoft (USA) Statistica v. 7.0. st
JAHHBIX, MOJYUHSIOUIMXCS HOPMAJIbHOMY 3aKOHY pacIpeleieHMs], HCIOJb30BaIN t-KPUTEPHUil
Crbrozenta. HyneByro rurnoTesy OTKJIOHSIIM IIPU YpOBHE ctaTucTHueckoi 3HaunmoctH P<0,05 [8].

Peszynomamer uccnedosanuii
[Ipy MUKPOCKONMMPOBAHUM TMPETapaToB B BapUaHTAaX OMbITa HAONIONAIM B aANHKAILHOU
MepHCcTEME HEKOTOPBIX MPUAATOYHBIX KOpHEH JTyka oTcyTcTBUe Aenenus (Tabnuma).

Tabnuna
. BJIIMSIHWE AMUHOI'JIMKO3/IHbIX AHTUBMOTHUKOB
HA KJIETOYHBIN TUKJI MEPUCTEMHBIX KJIETOK KOPEIIKOB JIYKA OBBIKHOBEHHOI'O

Ne BapuanTa TecTupyeMbie BEIECTBA, KOHIICHTPAIUS B MT/JT Yucno Kopeniko

OIBITA ¢ MUTO30M, %
1 BOJIa BOJIOIIPOBOTHAS 100,0
2 crpenrromuniud, 1000,0 — 24 4 100,0
3 nocneaerictue (crpenromuin, 1000,0 — 24 4) 91,9
4 crpentomuniut, 1000,0 — 48 u 95,0
5 nocneaericteue (crpenromunind, 1000,0 — 48 ) 100,0
6 rearamuiug, 100,0 — 48 gy 96,4
7 nocnexaericteue (rearamuiut, 100,0 — 48 ) 0

YV HHX MHUTOTHYECKHH HHJCKC ObLI OMM30K K HYJIIO U OOJIBIIIMHCTBO KJIETOK HaxXoJuJINCh B
npodaTruyeckoM cocTostHUM. OJHAKO, €ClIi MPUMEHEHWE FeHTaMUIIMHA U CTPENTOMUIIMHA B Psilie
BAapUAaHTOB OIbITAa MOJABISUI0 MHUTOTHYECKYIO akTUBHOCTH y 5,0—8,1% KOpemKoB Ha MOMEHT
¢ukcauuu Mmarepuana, TO B BapHaHTE «IOcCieAecTBUE (T€HTAMHIIMH)» YHUCJIO BBDKHUBIIUX
KOpewmKoB coctaBwio JBa, ¢ MU pasubim 1,0-2,0%. B panHoM BapuaHTe Ha mpemnapaTax
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HaOMIOJanM KaK HOPMAaJIbHBIE Spa, TaK W aHOMaJbHbIE. B CBSI3M C HU3KOM MHUTOTHYECKOU
aKTUBHOCTBIO IO YKAa3aHHOMY BapHaHTy HE YUYMTHIBAINM IIPH aHAIM3€ DPE3yJIbTaThl KPUTEPUEB
F€HOTOKCUYHOCTH.

IIpn aHanu3e NaHHBIX, MOJYYEHHBIX B pe3yjibTare MukposepHoro tecra (Pucynok 1),
HaOIIOAAMM HAJMYUE MMKpOSIEp B KOHTPOJIBHOM BapHaHTE, YHUCIO KIETOK C MHKPOSIpaMu
nocturano 0,29%. Mukposapa GopMHUpPOBAIKMCH B pe3yJbTaTe OTIHOYKOBBIBAHUS SACPHBIX MOYEK Y
untepdasueix anep (Pucynoxk 5: la, 10). Hamumume Mmukposiiep B KJIETKax, KakK IPaBHIIO,
paccmarpuBaeTcsi Kak MOP(OJIOrHYECKUI MTACCUBHBIN MapKep MeHeTHUeCKOW HectaOumibHOCTH [9,
10]. Tecrupyemyro mapTHI Jyka OOBIKHOBEHHOTO IO JAHHOMY MapKepy MOXHO
KJaccu(uuupoBaTh Kak TI'€HETHMYECKH HecTaOMibHBbIM Marepuan. B 1,5 pasza mo cpaBHeHHIO ¢
KOHTPOJIEM YBEIMUYMBAJIOCh YHUCIIO KJIETOK C MHUKpOspamMHu B BapuaHTe «crpentomuuus, 1000,0
Mr/n — 24 gaca». B ocTanbHBIX BapraHTaxX ObUTM OTMEUYECHBI €JUHUYHBIC KIIETKH C MUKPOSIPaMHU.
Heo6xonnuMo mot4epKkHyTh, 4TO MUKPOsApa ObLTM OYEHb MAJIEHBKOTO pa3Mepa.
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o % 0,29

~

o &

s 2

2 8 0,12

o é 0.04 0,06 0.05

S U, U4 y
= - [ . [
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BapUaHThI OIIbITa

Pucynok 1. BiusHMEe aMWHOTIMKO3HMIHBIX AHTUOMOTHMKOB HAa TPOLEHT KJIETOK C MHUKPOSAPAMH.
Bapuanter ompita: 1 — Boma muctmwummpoBanHast, 2 — crpenrtomunuH, 1000,0 mr/n — 24 gaca, 3 —
nocnezaelicTeue Bapuanrta 2; 4 — crpenromunud, 1000,0 mr/n — 48 u; 5 — mocneneiicteue Bapuanra 4; 6
— redramunuH, 100,0 Mr/n — 48 4

[Ipu neiicTBMM aHTUOMOTHKOB OTMEYaIH CyIIECTBEHHOE Bo3pacTanue 3HadeHus [IM, ¢ 6,0%
— B KoHTpone a0 22,0-61,1% — B onbITHBIX BapuaHTaX. [IponoHrupoBaHHBI >PPeKT
CTPENTOMHIIMHA OKa3aJl HEraTHBHYIO peakIUi0 Ha oO0pa3oBaHHE MATOJIOIMYECKHMX MMTO30B
(PucyHok 2, BapuaHT 4) 10 CpaBHEHUIO ¢ 00Jiee KPATKOBPEMEHHBIM JICHCTBHEM aHTHOMOTHKA.

80,0
= 60,0 - _
2 0o ; r q al

20,0 t = —

0,0 . omm BB -
1 2 3 4 5 6
BapUAHTHI OIbITA
B [IM c yyerom mipodassl [IM 6e3 yuera mpodassl

Pucynok 2. BnusiHrue aMUHOTIIMKO3UHBIX aHTHOMOTHKOB HA MMAaTOJIOTHIO MUTO3a. BapuaHTh! omnbita: 1
— BOJIa TUCTHIUTHPOBaHHas1, 2 — ctpenrtomunivH, 1000,0 mr/n — 24 gaca, 3 — mocneneiicTBue BapuanTa 2;
4 — crpenromuiiug, 1000,0 mr/n — 48 u; 5 — mocneneiicrBue Bapuanta 4; 6 —rentamunus, 100,0 Mr/nm —
48 4y

B BapHuaHTax HOCHCHeﬁCTBHH 110 aMHUHOIJIMKO3HUJHBIM aHTHOMOTHKAM Ha6n}01[am/1
CYIICCTBECHHOC CHHXXCHUEC IIATOJOTHUYCCKUX MHUTO30B, YTO CBHUHACTCIBCTBYET O BO3MOXHOCTHU
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pabOThI MEXaHU3MOB aJJaNITAIMU U PETIapaliy.

JlelicTBUE CTPENITOMUIIMHA HA MTPOTSHDKEHUH OHOTO KJIIETOYHOTO ITUKIIA BBI3BIBAJIO K-MUTO3 —
45,1%, cnunanue — 18,2%, moctel — 6,2% (Pucynox 3, Bapuant 2). B BocCTaHOBUTEIHLHOM
MepHojie JAaHHOTO BapHaHTa JOMUHUPYIOIIUM THUIIOM IMATOJIOTHH cTamu MocThl (6omnee 40,0%),
CIIUIIaHWE XPOMOCOM OcCTajioch Ha mpexkHeM ypoBHe (Pucynok 3, Bapuant 3). Ilomydyennbie
pe3yabTaThl TECTUPOBAHUS CBUACTEIBCTBYIOT O JOMUHHPOBAHUU MATOJOTHIA MHUTO3a, CBS3aHHBIX C
MOBPEKICHIUEM MUTOTHYECKOTO ammapara. M3BecTHO, 4TO 37eCh 3aJeHCTBOBAHBI OCIKH, B TOM
YHCIIe ¥ [IUKJIMHBI, KOTOPhIe KOHTPOJIUPYIOT MEPEX0]] OJJHOTO dTara MUTO3a Ha CIICAYIOIIUN dTall.
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BapHaHTEI OIBITa
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Pucynok 3. BriusiHMEe aMHHOTTUKO3WAHBIX AHTHOMOTHKOB COCTaB W CIEKTP IATOJIOTHH MHTO3a.
Bapuantel onbiTa: 1 — Boma mucTwuiMpoBaHHas, 2 — crpenrtomunuH, 1000,0 mr/n — 24 gaca, 3 —
nocnezaelicTeue Bapuanrta 2; 4 — crpenromunud, 1000,0 mr/n — 48 u; 5 — mocnexneiicteue Bapuanrta 4; 6
— rentamunud, 100,0 mr/m — 48 a

IIpu neiicTBuM CTpenTOMMIIMHA B TeUeHHE 2—3 KJIETOUYHBIX LUKIOB (Pucynok 3, Bapuanrt 4,
Pucynok 4) ormeueHo npeobaananue ciunanus xpomocoM (cBeime 60,0%), Taxke 6onee 10,1%
KJIETOK UMEJH MOCTBI M K-MHUTO3. B Bapmante 5 (Pucynok 3) (mocienmelicTBue) He HaOIIOIaIH
CYILIECTBEHHBIX U3MEHEHUH 10 COCTaBy U crekTpy [IM.

HpOpr3I/II/I B — pacCeuBaHUe XpOMOCOM ®
. e » ‘ : . L3

w
® 9 (Y *l ! g

a

2) crpentomutiug, 1000,0 — 24 4: a-B — paccenBaHUE XPOMOCOM + CIIMIIAHUE; a — MOCT B aHadase;
a, B— KOMKHU
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3) nocneneiictue «ctpentomuiyH, 1000,0 — 24 u»: a-B — paccenBaHruE XpOMOCOM B MeTadase H
anagase, CIMIIaHAe XPOMOCOM; O — MHOKECTBEHHBII MOCT; B — MOCT
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4) crpentomunus, 1000,0 mr/n, 48 4: a-B — pacceuBaHne XpoMocoM B MeTadase u anagasze +
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5) nocnenericteue «ctpentomuit, 1000,0 mr/it, 48 u»: a, 0 — pacceMBaHHE XpOMOCOM B MeTadase +
CIIMIIAHKE; B - HOPMAJIbHBIA BU XPOMOCOM B MeTadase u anadase
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6) rearamunud, 100,0 mr/n, 48 4 : a — HaOyxaHHe M CKJICHBAaHHME XpPOMOCOM B Meradase; 0 —

paccenBaHHE XpOMOCOM B MeTadasze + KOJbIeBask XpOMOCOMa; B — HOPMAIBHBIA BHJ XpPOMOCOM B
MeTadase, cIumnaHue XpoMocoM

Pucynok 4. THIbl TATOJOTHI MHTO3a NIPH CHCTBUH aMHUHOTJIMKO3H/IHBIX aHTHOUOTHKOB (yBEIHMYECHHUE
mukpockomna 400x, 100x)

[Ipu peiictBum reHTamuimHa cpenu TunoB [IM mpeobnagano ciumanue xpomocom (Ooee
80,1%) (Pucynox 3, Bapuasr 6).

Bo Bcex mpemaparax mnpu JCHCTBHM aMHUHOTIUKO3UIHBIX AHTHOMOTHUKOB HAONIOAaIN
HaOyXaHHEe XpOMOCOM, PETUCTPUPOBAIM pACCEHBAHUE XPOMOCOM, WX CIHIaHUE (BIUIOTH M0
o0Opa3oBaHMs KOMKOB, HapuMep, BapuanT «crpentoMuitud, 1000,0 mr/im — 24 u» (PucyHok 4 , 2a,
20, 2B), MmocThl oguHOYHBIE (PucyHOK 4, 2a) U 1BOWHBIE, ACHHXPOHHOE BEPETEHO JEJICHUSI.
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B BapmanTax «mocneneiictBue» crpentomununa (Pucynok 4: 3a-3B, 5a, 50), coxpaHsIMCh
paHee HaOJIO/laeMble THUIBI NATOJOTHM, OJHAKO B BapUaHTE IMOCIEACHCTBUS «CTPENTOMMIIMH,
1000,0 mr/im — 48 4» y OTHeNbHBIX KOPHEW BHUI SJEp U XPOMOCOM ObUT HOpMasbHBIM (PucyHOK 4,
5B).

B Bapuante «rentamunuH, 100,0 mr/n, 48 u» HaOmoganu B OONBIIMHCTBE CIydacB
cnunanue xpomocoM (Pucynok 4, 6a), B psjie KOPEUIKOB - KOJIBIEBbIE XPOMOCOMBI, PACCEUBAHUE
xpoMmocoM B Mmetadaze (Pucynok 4, 60). B oTnenbHbIX KOpelkax BHJI XPOMOCOM Yy OOJIBIIMHCTBA
KJIETOK ObUT B HOpME, HO ¢ HaimuueMm B 3,1-15,2% Takoii maTonoruu Kak CIUMAHUE XPOMOCOM
(Pucynoxk 4, 6B).

3axnouenue

Takum  oOpa3om, pe3yinbTaThl TECTHUPOBAHUS  AMHHOIJIMKO3UIHBIX  AHTUOMOTHKOB
(ctpennitomuninHa — B KoHIeHTpamuu 1000 mr/n, sxcnozunuu 24 1 48 4acoB; reHTaMUIIMHA — B
koHeHTpanuu 100,0 wmr/m, skcmo3unuu 48 dYacoB) TOKa3adl WX HETaTUBHOE BIUSHUE W
MOBBIIICHUE POCTa MATOJOTMUECKUX MPOLIECCOB B KJIETKaX 00pa3oBaTelIbHOM TKAaHU KOpPHEH Jyka
OOBIKHOBEHHOTO.

CpaBHUTENBHBIN aHaNW3 J10JIel abeppalliii KJIacTOreHHOTo TUMa M abeppaluil aHeyreHHOTo
TUIMA TI0 BCEM BapUaHTaM HCCJIEJAOBAHUS TMO3BOJIMI MPUUTH K 3aKIIOYCHHUIO, YTO TECTUPYEMBIC
AHTHOUOTHKYU TPOSIBIISIFOT OOJBIIYI0 CIOCOOHOCTh BBI3BIBATH HAPYIICHUS MHTO33, CBSI3aHHBIC C
MOBPEXKICHUEM MHUTOTHYECKOrO ammapara, 4eM HapyIIeHHs, CBS3aHHbIE C MOBPEKICHUEM U
HapylIeHHEeM CTPYKTypbl XpomocoMm. Cpemu abeppauuii KIACTOT€HHOTO THUIA JAOMUHUPYIOT:
XPOMOCOMHBIC W XpOMaTHAHbIE MocThl. Cpemu abeppamnuii aHEYTeHHOTO THIA JOMUHHUPYIOT:
3a0eraHne/OTCTaBaHUE XPOMOCOM, K-MHUTO3 B HECKOJIBKHX MOPQOJIOTHICCKUX BapuaHTaX
(rumepcnupanuzanys XpoMOCOM W HX paccerBaHHe B MeTadasze, pacceMBaHHE XPOMOCOM B
Metadasze u aHadase); cmunaHue XPOMOCOM B pa3HOW CTENEHH, BIUIOTH 10 00pa3oBaHMs KOMKOB Ha
cTanuu MeTadasbl ¢ 00pa30BaHUEM aHOMAIBHBIX CTPYKTYD).

Y CTaHOBIIEHO, YTO YBEIMYCHHUE JUTUTEILHOCTH JCHCTBHS CTPENTOMHIIMHA BBI3BIBACT OoJiee
HETaTUBHbBIE TIOCIEACTBUS IO CPaBHEHHUIO C MEHBUIMM CTPECCOBbIM JaBieHueM. llocne
BOCCTAHOBUTEIBHOTO TMEPHOJA HAa MPOTSHKEHUM JIBYX-TPEX KJIETOUYHBIX LHKJIOB B BapUaHTax
MPUMEHEHUSI CTPENTOMHUIIMHA, TIPOUCXOIUT YACTHYHOE BOCCTAHOBJICHHE KJIETOK, 00 3TOM
CBUJICTEIBCTBYET CYIIECTBEHHOE CHIDKCHHE YHCJa TMAaTOJOTHYeCKUX KieTok B 1,2-2,0 pasza B
BapHaHTaxX MocleAecTBUsI. B KieTkax HEKOTOPHIX KOPEHIKOB HAOMI0Jand MHKHO3 SAep C
nocneAyomeil rubenpio  KOpHEeH, y JOpyrod 4YacTh  KOPEUIKOB  KJIETKH  TOJHOCTBIO
BOCCTaHABJIMBAJIACh O HOPMBI.

[Ipu neiictBum rentamuiinHa otmedanu y 80% KIIETOK CIMIAHUE XPOMOCOM M €IUHUYHBIC
KOJBIIEBBIE XPOMOCOMBI. OTH 3G (EeKThl OKa3zaluch HEpenapupyeMbIMU U TOCIE TMepuoja
BOCCTaHOBJIEHHs ObLTO ycTaHoBJIeHO B 90,3% rubenb KopemikoB, a B 9,7% KOpEmKoB oTMedalu
HU3KYI0 HHTEHCUBHOCTD AeneHus (1-2%).
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CIIMCOK BHUJIOB POJIA Linaria Mill. (Scrophulariaceae) B ASEPBAMJI)KAHE
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Abstract. This article includes a taxonomic review of representatives of the Linaria Mill.
genus growing in Azerbaijan. As a result of a critical review of the composition of the Linaria
genus, it was found that 18 species and one subspecies of this genus grow in the study area, of
which 3 species: L. hohenackeri, L. ordubadica, L. nachitschevanica are new to the flora of
Azerbaijan. Nomenclatural and taxonomic changes are taken into account. A new key has been
compiled to identify these species.

Annomayusn. HacTosimmasi ctaThbs BKJIIOYACT TAKCOHOMHUUYECKHI 0030p MpeAcTaBUTENCH pojaa
Linaria Mill., npouspacratonux B A3sepOaiipkane. B pesysibrare KpUTHUECKOTO MEPECMOTpa
cocraBa poja Linaria ycranoBieHo, 4TO Ha MCCIIEAyeMOM TEppUTOPHH TpouspactaeT 18 BHIOB U
1 moxBua 3TOrO poma, w3 Koropeix 3 Buaa: L. hohenackeri, L. ordubadica, L. nachitschevanica
SIBJISIFOTCS. HOBBIMH 1t (iiopbl A3epOaiikaHa. YUTeHbl HOMEHKJIATYpPHBIE U TaKCOHOMHYECKHE
n3meHeHus. CocTaBiieH HOBBIM KITHOY JJIsI ONPEICTICHUSI ’TUX BHIOB.

Keywords: Azerbaijan, genus, species, Linaria.
Kniouesvie cnosa: Azepbaiimkan, pon, Bu, Linaria.

Linaria Mill.! genus includes over 150 species growing in Europe, the Mediterranean and
extratropical parts of Asia and America. This is an extremely complex and polymorphic genus,

1'In the APG IV system (The Angiosperm Phylogeny Group, 2016), this genus is included in the
Plantaginaceae family [16].
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the taxonomy of which is based on variable, insufficiently consistent traits, which complicates the
taxonomy of the genus.

In the second edition of “Flora of the Caucasus” [6], the genus Linaria is represented by
31 species, of which L. M. Kemularia-Natadze gives 16 species of the genus for Azerbaijan, and
I. I. Karyagin 17 species of toadflax for “Flora of Azerbaijan” [5], in his revision. After that, the
genus underwent critical revisioning in a number of neighboring regions, which led to many
changes in the nomenclature and scope of species (https://www.gbif.org).

In the process of revision of the accumulated herbarium collections for the genus Linaria in
the Herbarium of the Institute of Botany of the Azerbaijan NAS (BAK), it turned out that 18 species
and 1 subspecies of toadflax grow in Azerbaijan. An analysis of herbarium materials on species of
the genus Linaria also made it possible to clarify a number of taxonomic and nomenclature issues,
data on the distribution of these species in Azerbaijan.

Specified by L. A. Kupriyanova [7, 8], from a very polymorphic L. genistifolia (L.) Mill.
Caucasian specimens of this species into a separate species L. pontica Kuprian. differ, in her
opinion, in somewhat smaller sizes of the corolla and capsule and narrower leaves. Since the
morphological traits of these two species are very variable and overlap significantly, L. pontica is
attributed to a synonym for L. genistifolia. Studying herbarium material, we found specimens
belonging to L. lineolata Boiss., erroneously redefined as L. araratica Tzvel.

L. M. Kemularia-Natadze [6] also cites L. lineolata and includes L. araratica as a synonym,
while the latter species belongs to the kinship L. kurdica Boiss. et Hohen. Sufficiently separated
specimens of L. araratica, indeed closer to the latter species, were also assigned to L. lineolata by
L. A. Kupriyanova [7, 8]. The belonging of these plants to different species is associated with
significant morphological differences. L. lineolata differs from L. kurdica with narrow-linear
leaves, thick woolly calyx, while the latter has elongated elliptical or oblong-lanceolate leaves and
an almost naked calyx.

Davis [14] divides L. kurdica into 5 subspecies, taking L. araratica as one of its subspecies —
L. araratica subsp. araratica (Tzvel.) P. Davis.

Tsvelev [12] described 2 new species from the kinship L. kurdica: L. megrica Tzvel. and
L. ordubadica Tzvel. from the Meghri and Ordubad regions, living in completely different
ecological conditions, which was well agreed with their morphological apartness. However, the
plants found, both typical in appearance for these species, and samples intermediate between them,
which vary greatly in the density of pubescence of the calyx and other features, served as the basis
for recognizing L. ordubadica as a synonym for L. megrica.

In the revision of the genus Linaria in the Caucasus and Eastern Europe by
I. M. Peskova [11], these species are attributed to synonyms of L. kurdica. As per N. N. Tsvelev
[12] L. megrica differs from L. ordubadica in narrower leaves without wax coating, dense and
several times shorter than the rest part of the stem, racemes of one-colored yellow flowers and
stems without shortened axillary shoots.

Conclusion
As a result of the revision of herbarium materials on the species L. lineolata, it was found that
this species is similar to L. hohenackeri Tzvel. described by N. N. Tsvelev in [12] in all the
characteristic features given in its description. This allowed us to consider that L. hohenackeri is
found in the flora of Azerbaijan, and not the L. lineolata, as it turned out, is found outside the
Caucasus.
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As a result, we came to the conclusion that out of 6 species of the kinship L. kurdica
represented in the Transcaucasus and distinguished by N. N. Tsvelev from the subsection Linaria of
the section Linaria into a special subsection Kurdicae Tzvel., within which 2 “aggregate species”
are accepted, 4 species are distributed in Azerbaijan — L. kurdica, L. ordubadica,
L. nachitschevanica Tzvel. u L. hohenackeri, species L. grossheimii Kuprian. et Rzazade subjected
to nomenclature changes and classified as synonyms L. schelkownikowii.

Thus, as a result of a taxonomic revision of the herbarium specimens from the collection of
Azerbaijan Herbarium of the Institute of Botany (BAK), taking into account the literature data, the
composition of the genus Linaria was supplemented by the species L. ordubadica,
L. nachitschevanica and is represented by 18 species and 1 subspecies belonging to 5 sections of
this genus [2-4].

Below is a new key for the identification of Azerbaijani species of the Linaria genus and their
brief overview. For each taxon, a nomenclatural citation, information about type specimens, the
accepted name and main synonyms, as well as specified data on their distribution in the main
botanical and geographical regions adopted in the “Flora of Azerbaijan”, and ecology are indicated.
In the summary below the sources of obligatory citation for the species are accepted: “Flora of the
USSR” [8], “Flora of Azerbaijan” [1, 5] and “Flora of the Caucasus” [6]. Other works are cited as
needed.

In our review of Azerbaijani toadflax, we follow the genus system which was proposed by
Sutton [15] and sufficiently substantiated, taking into account the changes made by Yu. L. Menitsky
[9, 10] and N. N. Tsvelev [12].

1. Perennial 13
- Annual 2
2. The part of the calyx are scarious along the edges, often pubescent on the outside or inside, or 3
glandular, differing in color and density from leaves and bracts
- The part of the calyx are herbaceous, green above, similar to bracts, completely glabrous on 11
both sides, smooth along the edges
3. Leaves lanceolate and oblong to ovate-lanceolate 9.
L. pyramidalis
- Leaves linear-lanceolate to filiform 4
4, Stems are branched, with papillose blade of seed 5
- Stems are usually simple with smooth blade of seed 9
5. The part of the calyx without membranous edge, the stems apex and torus with glandular 1.
pubescence, a bright green plant
L. vulgaris
- Part of the calyx with a developed edge 6
6. All leaves are narrow-linear, with wrapped to the underside edges 8.
L. hohenackeri
- All leaves are lanceolate, with flat edges 7.
7. The part of the calyx are along the edges, and often with short glandular hairs on the inside or 8
rarely few curled hairs at the base
- The part of the calyx covered with longer curly glandular hairs on the outside, usually 7.

reaching the peduncle and sometimes the axis of the inflorescence
L. ordubadica

8. Stems are usually branched at the apex, with arcuately branches almost the same length and 5.
ending in short, relatively few-flowered, but very dense inflorescence
L. kurdica

- Stems are usually branched in the upper part with short lateral upwards branches, with poorly 6.
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developed or loose long many-flowered inflorescence at the ends
L. nachitschevanica

9. The part of calyx ovate-lanceolate or broadly lanceolate with acuminate apex and white 10
narrow pubescent on the outside
- The part of the calyx oblong, atrophy or rounded at the ends, often less shortly acuminate, 4,

glabrous above, pubescent on the inside with wide white cilia or glands along the edge
L. schelkownikowii

10. Corolla is blue, purple or violet 3.
L. schirvanica

- Corolla is yellow 2.
L. incopleta

11. The part of the calyx ovate-lanceolate, expanded below and with capsula exceeding fruits 12
- The part of the calyx slightly expanded below and with shorter capsule in fruits 10.
L. genistifolia

12. Leaves lanceolate to ovate-lanceolate, part of calyx are strongly extended below and with 11.

auricles, stems unbranched
L. grandiflora
- Leaves are narrow-lanceolate to lanceolate, part of calyx slightly widened at the bottom, 12.
without ears, stems are branched in the upper part
L. zangezura

13. The excisions between the calyx parts are semicircular, brushy glandular the seeds are 14
discoid, broadly bordered

- The excisions between the part of the calyx are acute, bare or ciliolate along the edge 15

14. Leaves are lanceolate, regular in upper, whorls of 3-4 in lower, peduncle and part of calyx 13.

with short glandular, capitate inflorescences flowers and blue corollas
L. micrantha
- Leaves are linear-filamentous, lowers are whorled by 3-5, peduncle and calyx parts are long 14.
pedicellate- glandular, corollas are yellow with blue veins

L. simplex

15. Leaves are obovate, elliptical or lanceolate 15.

L. albifrons

- Leaves are linear 16

16. The upper part of the calyx is 1.5-2 times shorter than the others, the spur is 1.5-3 times 17
longer than the corolla tube

- The upper part of the calyx is equal or slightly longer than the others 18.

L. corrugata

17. The part of the calyx with equal capsule which are shorter than the corolla and long blue 16.
peduncle flowers
L. armeniaca

- The part of the calyx with equal corolla and white short peduncle flowers, which exceeding 17.
capsule in fruits
L. chalepensis

Sect. 1. Linaria
Subsect. 1. Linaria
1. L. vulgaris Mill. 1768, Gard. Dict. ed. 8: no 1; Kympusu. 1955, ®x. CCCP, 22: 201;
Kapsirun, 1957, ®n. Azep06. 7: 451; Kem.-Har. 1967, B I'poccr. @i Kagk. 2, 7: 477. — Antirrhinum
linaria L. 1753, Sp. Pl.: 616.
Lectotypus: “In Europae ruderatis” (LINN — 767/46) — Valdes, 1970.
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Perennial. Found in all mountain belts, at an altitude of 1400-2000 m a. s. I., on grassy slopes,
subalpine meadows, forest edges, in bushes, along riverbanks — Greater Caucasus Guba, Samur-
Devechi lowland, Caspian lowland. — Described from Europe.

2. L. incompleta Kuprian. 1936, in Sovetsk. Bot. 4: 114; Kynpusu. 1955, ®a. CCCP, 22: 315;
Kapsrun, 1957, ®n. Azep6. 7: 451; Kem.-Hat. 1967, B I'poccr. ®@n. Kask. 2, 7: 477; MeHuukui,
1998, bor. xypu. 83, 12: 129. — L. baxanensis Galushko, 1970, HoBocTu CHCT. BBICII. pacT. 6:
218. — L. macroura auct. non (Bieb.) Bieb.: Kanananze, 1988, bor. xypn. 73, 10: 1479; Ileckona,
2004, HoBoctu cuct. Beicm. pact. 36: 191.

Perennial. It grows in the middle mountain belt, on clayey slopes among shrubs. — Greater
Caucasus Guba. Described from Kazakhstan.

3. L. schirvanica Fomin, 1906, in lzv. Kavkazsk. Muz. 3: 283; Kynpusa. 1955, ®n. CCCP,
22: 216; Kapsirun, 1957, @n. Azep6. 7: 452; Kem.-Har. 1967, B I'poccr. @i Kagk. 2, 7: 479.

Typus: Azerbaijan; in provincia Baku, distr. Geokcai, jugum Daghna-dagh, 11 IV 1906,
Schelkovnikov et Schmidt s. n. (syn. TGM); prope Alpaut districtus Dzavat, 22 1V 1907, Schelkov.
et Kaznakov s. n. (syn. TGM).

Perennial. It is distributed from the lowland to the lower mountain belt, on dry clayey grassy
slopes — Greater Caucasus Guba, Greater Caucasus East, Absheron, Gobustan, the Kura-Araz
lowland (rarely), the steppe plateau — Described from Azerbaijan. Endemic of the Caucasus.

4. L. schelkownikowii Schischk. 1924, in Grossh. et Schischk., Sched. Herb. PI. Or. Exsicc.
169: 42; Kynpusna. 1955, @in. CCCP, 22: 198; Kapsrun, 1957, ®n. Azep6. 7: 450; Kem.-Har. 1967,
B I'poccr. ®@a. Kask. 2, 7: 478. — L. grossheimii Kuprian. et Rzazade, 1947, Dokl. Akad. Nauk
Azerbaidzhansk. SSR, 3: 452; Kapsirun, 1957, mur. cou.: 450; Kem.-Hart. 1967, uut. cou. 7: 478.

Typus: “Transcaucasia, pr. Erivan, distr. Novo-Bajazet, prope pag. Elenovka, Sevan, 6300, in
herbosis, 11 VI1 1923, A. Grossheim” (holo — TGM; iso — LE (1)).

Perennial. It is found in all mountain belts, at an altitude of 400-2800 m a. s. I., in subalpine
meadows, grassy slopes, in shrubs. — Lesser Caucasus center, Lesser Caucasus north, Nakhchivan
mountain — Described from South Transcaucasia. Endemic of the Caucasus.

The type specimen L. grossheimii Kuprian. et Rzazade, (“Kalbajar region, northern rocky
slopes of mount. 1500 m. R. Rzazade, 25 VIII 1946” — LE!) differs from L. schelkownikowii only
in narrow linear leaves.

Subsect. 2. Kurdicae Tzvel. 2006.

HoBoctu cuct. Beictr. pact. 38: 217. — Linaria ser. Kurdicae Kuprian. 1955, ®u. CCCP, 22:
195.

Typus: L. kurdica Boiss. et Hohen.

5. L. kurdica Boiss. et Hohen. 1844, in Boiss. Diagn. PI. Orient. Ser. 1,4: 73; Kynpusa. 1955,
@n. CCCP, 22: 195; Kapsrun, 1957, ®n. Azep6. 7: 449; Kem.-Har. 1967, B I'poccr. @n. Kagk. 2, 7:
476.

Typus: “In declivibus calcaries montis Gara Kurdistaniae, 10 VIII 1841, Kotschy 391” (holo
— G, is0o — K, LE).

Perennial. It occurs in the middle and upper mountain belts, up to 2600 m a. s. I., on dry
rocky, stony and rubbly slopes, in forest clearings, in mountain forb steppe, in brushwood —
Nakhchivan mountain — Described from Iragi Kurdistan.

6. L. nachitschevanica Tzvel. 2006, HoBoctu cucr. Boicir. pact. 38: 220.

Typus: “Transcaucasia, prov. Nachitschevanj, distr. Schachbuz, pag. Bitschenach, ca. 1600 m,
declivitas lapidosa, 17 VI 1947, A. Grossheim, 1. lljinskaja, M. Kirpicznikov” (LE).
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Perennial. It occurs in the middle mountain belt, at an altitude of 1600-1800 m a. s. I., on
rocky slopes, limestone rocks. — Nakhchivan mountain.

7. L. ordubadica Tzvel. 1959, bor. Mar. (Jlenunrpan), 18: 14. — L. megrica auct. non
Tzvel.: Kamananze, 1988, Bor. xxypH. 73, 10: 1478, p. p.; Menunkuii, 1998, bot. xypH. 83, 12: 129,
p. p. — L. kurdica auct. non Boiss. et Hohen.: ITeckoa, 2004, HoBocTu cucT. BbicIL pact. 36: 188,
p- p-

Typus: “HaxuueBanckas ACCP, Opnpy0aackuii p-H, Ha KaMEHHUCTOM CKJIOHE OTpora
3anre3ypckoro xpedTa B 5—6 KM K ceB.-BocT. oT . Opay0Oana, 18 VI 1956, Ne931, T. Eroposa,
H. Iisenes, C. Yepenanos [13]” (LE).

Perennial. It occurs in the middle and upper mountain belts, at an altitude of 1000-2400 m a.
s. |, on dry rocky slopes, among rocks, in mountain steppes, tragacanths, juniper woodlands —
Nakhchivan mountain — Described from the vicinity of city Ordubad.

8. L. hohenackeri Tzvel. 2006, HoBoctu cucr. Boicml. pact. 38: 223. — L. lineolata auct. non
Boiss.: Kynpusu. 1955, ®n. CCCP, 22: 217, p. p.; Kapsarun, 1957, ®n.Azep6. 7: 449; Kem.-Har.
1967, B I'poccr. ®n. Kagk. 2, 7: 483; Kanananze, 1988, bort. xypH. 73, 10: 1478, p. p.; Menuuxu#,
1998, bort. xypH. 83, 12: 129; [1eckora, 2004, HoBocTu cuct. Bbicul. pact. 36: 189.

Typus: “In montibus Talusch pr. pag. Swant, leg. Hohenacker, 1834” (LE, cum isotypus 3).

Perennial. It grows in the middle mountain belt, on dry rocky slopes and scree — Zuvand —
Endemic of the Talysh Mountains.

Subsect. 3. Pyramidalis Menits. 1998.

bor. xypn. 83, 12: 130. — Linaria ser. Pyramidatae Kuprian. 1950, Tp. bor. uncr. AH
CCCP, cep. 1,9: 38.

Typus: L. pyramidalis (Vent.) F. G. Dietr.

9. L. pyramidalis (Vent.) F. G. Dietr. 1818, Nachtr. Vollst. Lexic. 4: 417; Menunxwuii, 1998,
bBor. xypn. 83, 12: 130; IleckoBa, 2004, HoBoctu cuct. Bbicir. pact. 36: 189. — Antirrhinum
pyramidale Vent. 1797, in Lam. Encycl. Meth. Bot. 4: 360. — L. pyramidata (Lam.) Spreng. 1825,
Syst. Veg. ed. 16,2: 796; Kynpusu. 1955, ®n. CCCP, 22: 194; Kapsrun, 1957, ®n. Azep6. 7: 446;
Kem.-Hat. 1967, B I'poccr. ®@n. Kagk. 2, 7: 476; Kanananze, 1988, bot. xypn. 73, 10: 1477. —
Antirrhinum pyramidatum Lam. 1798, in Lam. et Poir., Encycl. 4: 360.

Typus: “Linaria orientalis lilii persici foliis, florum spica densissima et pyramidata.
Tournefort” (P — Tourn. 967).

Perennial. It grows in the middle mountain belt, at an altitude of 1600 m a. s. ., on dry rocky
slopes, on lava outcrops. — Zuvand — Described from Turkish Armenia.

a) L. pyramidalis subsp. lenkoranica (Kuprian.) D. A. Sutton, 1988, Revis. Antirrhin.: 297
Menwunkwuii, 1998, Bot. xxypH. 83, 12: 131. — Linaria lenkoranica Kuprian. 1950, Tp. bot. uHcT.
AH CCCP, cep. 1, 9: 67; ona xe, 1955, ®n. CCP, 22: 194.

Species L. lenkoranica is described from Talysh. Type: “Lankaran district, near the village
Goydara, northern slope, 13 VII 1931, n572, E. Matseesa” (LE!).

Sect. 2. Speciosae (Benth.) Wettst. 1891
in Engl. u. Prantl. Naturl. Pflanzenfam. 4,3: 59; Sutton, 1988, Revis Antirrhin.: 312, p. p.
Lectotypus: L. genistifolia (L.) Mill.
10. L. genistifolia (L.) Mill. 1768, Gard. Dict. ed. 8: no 14; Kympusu. 1955, ®n. CCCP, 22:
188; Kem.-Har. 1967, B I'poccr. ®@un. Kask. 2, 7: 480; Kamananze, 1988, bor. xypH. 73, 10: 1476,
p. p.; Menuuxwuii, 1999. bor. xypH. 84, 1: 126, p.p. — Antirrhinum genistifolium L. 1753, Sp. Pl.:
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616. — Linaria pontica Kuprian. 1950, in Trudy Bot. Inst. Akad. Nauk SSSR, Ser.1, 9: 64; ona e,
1955, mur. cou.: 189; Kem.-Har. 1967, uur. cou.: 482; Kapsirun, 1957, ®n. Azep6. 7: 446.

Lectotypus: (Davis, 1978): Herb. Linn. N 767/40 “genistifolium (Siberia)” (LINN).

Perennial. It grows in all mountain belts, at an altitude of 700—2200 m a. s. I, in forests,
shrubs, on scrap slopes, among rocks, in meadows, in gardens. — Greater Caucasus Guba, Greater
Caucasus East, Lesser Caucasus Center. — Described from Siberia.

11. L. grandiflora Desf. 1808, in Ann. Mus. Hist. Nat. 11: 51; Kynpusu. 1955, ®a. CCCP,
22: 167; Kapsirun, 1957, @n. Azep6. 7: 445; Kem.-Hat. 1967, B I'poccr. @n. Kask. — . 2, 7: 480.
— L. dalmatica (L.) Mill. var. grandiflora (Desf.) Boiss. 1879, Fl. Or. 4: 376 L. dalmatica subsp.
grandiflora (Desf.) Rech. f. 1950, Osterr. Akad. Wiss. Math.-Nat. Denkschr. 87,4: 92.

Typus: “Armenia, Linaria orientalis, flore luteo maximo, Tournefort” (P-Tourn. 966).

Perennial. It occurs in the middle and upper mountain belts, up to 2300 m a. s. I., on stony,
rocky and gravelly slopes, in gorges along riverbanks, among shrubs, on limestone, sandy places —
Lesser Caucasus (the whole), Nakhchivan mountain, Lankaran mountain, Zuvand. — Described
from Turkish Armenia.

12. L. zangezura Grossh. 1929-30, XXypH. Pycck. 6ot. o6m. 14, 3: 313; Kynpusu. 1955, @
CCCP, 22: 188; Kapsirun, 1957, ®n. Azep6. 7: 445; Kem.-Har. 1967, B I'poccr. @n. Kask. 2, 7:
481; Kanananze, 1988, bot. xxypH. 73, 10: 1477; Menuukwuii, 1999, bot. xypH. 84, 1: 127.

Lectotypus: “Transcaucasia, Armenia, Zangezur, prope oppidum Gerjusy (Goris), ca. 1600 m.
24 V1111926, A. Grossheim et P. Jaroschenko” (ERE).

Perennial. Grows in the middle and upper mountain belts, at an altitude of 1300-2000 m a. s.
., in forb steppes, on forest edges, in bushes, shibliak, on rubbly slopes — Lesser Caucasus north,
Lesser Caucasus center, Nakhchivan mountain, Lankaran mountain — Described from Nakhchivan
(Bichenakh) and Armenia (Goris).

Sect. 3. Supinae (Benth.) Wettst. 1891.

in Engl. u. Prantl. Naturl. Pflanzenfam. 4,3: 59; Sutton, 1988, Revis Antirrhin.: 361.

Typus: L. supina (L.) Chaz.

13. L. micrantha (Cav.) Hoffmanns. et Link, 1813, Fl. Portug. 1: 258; Kymnpusu. 1955, ®.
CCCP, 22: 224; Kapsarun, 1957, ®n. Azep6. 7: 456; Kem.-Hat. 1967, B I'poccr. @n. Kask. 2, 7:
480. — Antirrhinum micranthum Cav. 1791, Icon. 1(69): 51.

Typus: [Madrid Tum: SPAIN]; “in Retiro et alibi, 1803 Cavanilles s. n.” (lecto. Valdes, 1970:
97,99).

Annual. It grows in the lowlands and foothills and vegetable gardens. — Absheron, Kura-
Araz lowland. — Described from Spain.

14. L. simplex (Willd.) DC. 1805, in Lam. et DC. Fl. France, ed. 3,3: 588; Kynpusu. 1955,
@n. CCCP, 22: 223; Kapsirun, 1957, ®n. Azep0. 7: 455; Kem.-Har. 1967, B I'poccr. @n. Kagk. 2, 7:
479. — Antirrhinum simplex Willd. 1753, in L. Sp. PI. 3: 243.

Lectotypus: “Habitat in Europa australis” (UPS — Herb. Burser) — Valdes, 1970.

Annual. It occurs from the lowlands to the middle mountain belt, at an altitude of 400—-1600 m
a. s. l., on dry rocky slopes, sandy places, in bushes, in shibliaks, on fallow lands, sometimes in
crops — Throughout Azerbaijan (usually). — Described from Southern Europe.

Sect. 4. Diffusae (Benth.) Wettst. 1891.

in Engl. u. Prantl. Naturl. Pflanzenfam. 4,3: 59; Sutton, 1988, Revis Antirrhin.: 335.
Lectotypus: L. reflexa (L.) Chaz.
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Subsect. 1. Diffusae Benth.

15. L. albifrons (Sibth. et Smith.) Steud. 1821-1824, Nomencl. Bot. ed. 1: 482; KynpusHh.
1955, ®n. CCCP, 22: 225; Kapsirun, 1957, ®n. Azep6. 7: 456; Kem.-Har. 1967, B I'poccr. ®i.
Kask. 2, 7: 484. — Antirrhinum albifrons Sibth. et Smith. 1809, FIl. Graec. Prodr. 1: 432.

Annual. — Absheron — Described from the island of Rhodes.

Subsect. 2. Macrocentrum (D. A. Sutton) Menits. 1999.

bot. sxypu. — Linaria sect. Macrocentrum D. A. Sutton, 1980, Journ. Linn. Soc. London
(Bot.); id, 1988, Revis Antirrhin.: 452.

Typus: L. armeniaca Chav.

16. L. armeniaca Chav. 1833, Monogr. Antirrh.: 147; Kynpusua. 1955, ®n. CCCP, 22: 218;
Kapsrun, 1957, ®n. Azep6. 7: 452; Kem.-Har. 1967, B I'poccr. @u1. Kagk. 2, 7: 484.

Lectotypus: (Sutton, 1988: 455): “Linaria Armenia foliis Linariae vulgaris flore caeruleo
palato carente, Tournefort” (P-Tourn. 986).

Annual. It occurs in the lower, middle and upper mountain belts, at an altitude of 400-2100 m
a. s. |, on dry clayey stony and rocky slopes, screes, along pebbly rivers — Absheron, Lesser
Caucasus Center, Nakhchivan mountain, Zuvand — Described from Turkish Armenia.

17. L. chalepensis (L.) Mill. 1768, Gard. Dict. ed. 8: no 12; Kynpusia. 1955, ®x. CCCP, 22:
217; Kapsirun, 1957, ®@n. Azep6. 7: 452; Kem.-Har. 1967, B I'poccr. ®@n. Kask. 2, 7: 484. —
Antirrhinum chalepense L. 1753, Sp. Pl.: 617.

Lectotypus: (Sutton, 1980): Herb. Linn. N767/53 “23 chalepense” (LINN).

Annual. It occurs in the lower and middle mountain belts, at an altitude of 400-1800 m a. s. I.,
on dry rocky and rubbly slopes, limestone, scree, among the rock — Nakhchivan mountain,
Lankaran mountain — Described from Italy.

Sect. 5. Versicolores (Benth.) Wettst. 1891.

in Engl. u. Prantl. Naturl. Pflanzenfam. 4,3: 59. — Sect. Corrugatae Kapanadze, 1988, Bor.
xypH. 73,10: 1480.

18. L. corrugata Karjag. 1944, U3B. A3. ®PAH CCCP, 10: 52; Kapsirun, 1957, ®n. A3zepb. 7:
455; Kem.-Har. 1967, B I'poccr. @n. Kagk. 2, 7: 484; Kananamze, 1988, bor. xxypn. 73, 10: 1480;
Menunkuii, 1999, Bor. xypH. 84, 1. 132. — L. corifolia auct. non Desf.: Kymnpusu. 1955, ®.
CCCP, 22: 219.

Typus: «3akaBka3sbe, A3ep6. CCP, AnmepoHckuii M-oB, 0koJ0 ¢. MapakuaHsl, B mocese, 12.
V. 1930, U. Kapsrun» (BAK).

Annual. Grows in crops of barley, on seaside sands — Absheron. — Described from
Azerbaijan (Absheron — Mardakan). — Endemic of the Absheron Peninsula.
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STUDY OF RARE AND ENDANGERED SPECIES
OF THE Astragalus L. GENUS IN THE NATURAL FLORA OF AZERBAIJAN
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W3YUYEHME PEJKWX U HCUE3AIOIIIUX BUIOB POJIA Astragalus L. B IPUPOJHOM
®JIOPE ABEPBAMI)KAHA
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Abstract. In the study, analysis of 29 rare and endangered plant categories of 156 species of
Astragalus L. naturally distributed in the flora of Azerbaijan, was conducted. The study found that
the area of most species is much smaller than in previous years, and the gene pool of some is
endangered. The article provides information on the habitats, biological characteristics, reserves,
reasons for changes in natural resources and conservation measures. In the research work,
15 species of Astragalus L. genus were included in the book “Rare Trees and shrubs of Azerbaijan”
(2016). As a result of our research, it was determined that 30 new species of the Astragalus L.
genus have a small area because of the exposure to anthropogenic factors, and very rare in nature
due to lack of special protection. In carrying out the necessary protection measures in the studied
species, it was found that 7 new species are endemic, and 23 species are recommended to be
included in the Red Book of Azerbaijan as endangered shrubs and plants.

Aunnomayus. B xXone wmccnenoBaHusl ObUT TpOBeNEH aHamM3 29 peAKUX M HCYE3aAIOINX
pactennii u3 156 BumoB Astragalus L., pacmpoctpaHeHHBIX Bo ¢uope AsepbaiimxaHa.
HccnenoBanue Mokasano, 4TO apeand OOJBIIMHCTBA BHUJIOB 3HAUUTENBHO MEHBIIE, 4YEM B
MpebIIyIINe TO/Ibl, a TEHO(POH]I HEKOTOPBIX HAaXOJUTCS MOJ yrpo3oi HMcue3HOBeHUs. B crarbe
MIPUBEACHbI CBEACHHUSI O MECTOOOMTAHUSIX, OHOJOTMYECKUX OCOOEHHOCTSIX, 3allOBEIHUKAX,
NPUYMHAX W3MEHEHMs TPUPOAHBIX PECypcoB U Mepax Mo oxpaHe. B uccriemoBaTenbckoil pabore
15 BugoB poma Astragalus L. Obutn BritOueHbl B KHHTY «Penkue aepeBbss M KyCTapHHKH
AzepOarimxanay» (2016). B pesynpTaTe Hammx UCCIeIOBaHUN OBUIO yCTaHOBJIEHO, 4TO 30 HOBBIX
BU10B poja Astragalus L. umerot HeOOIbIION apean n3-3a BO3CHCTBHS aHTPOIIOTCHHBIX (PaKTOPOB,
U O4YEHb pEIKH B IPUPOJE U3-3a OTCYTCTBMs CHENMANbHOM oxpaHbl. llpu mnposeneHun
HEOOXO/MMBIX MEPONPUATHI MO OXpaHe H3yYCHHBIX BHUJIOB YCTAHOBJIEHO, YTO 7 HOBBIX BHJIOB
ABIIAIOTCS DHAEMUKaMM, a 23 BHMJa pEKOMEHIOBAaHbl K BKIOUeHHIO B KpacHyro KHHUTY
AzepbaiixaHa KaK ucUe3arolie KyCTapHUKH U PACTEHUSI.

Keywords: Astragalus L., rare species, endangered species, endemic species, flora,
dendrochronological studies, Red Book.
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Knioueswie cnosa: Astragalus L., penkwe BHIbI, MCUE3aIONIME BHIbI, DHICMHUYHBIC BHIHI,
(bnopa, ACHAPOXPOHOJIOTHUECKHE HcclieoBanus, KpacHas kHura.

Introduction

The research analyzed the category of rare and endangered plants of 29 species distributed in
Azerbaijan out of 156 species of Astragalus L. genus naturally distributed in the flora of
Azerbaijan. During the preparation of the article, monitoring was carried out on the natural habitats
of the species collected as a result of many expeditions, business trips and research, and distribution
of the populations was studied. Observations have shown that the range of most of the species listed
in the article is much smaller than in previous years and that the gene pool of some is endangered.
From this point of view, the reasons for the reduction of the habitats of the studied plants were
investigated, and their danger criteria were determined according to version 3.1 of the ICRC. In
addition, the article provides information on the habitats, biological characteristics, reserves, causes
of changes in natural resources and conservation measures. The article recommends that new
species of the endemic, rare and endangered genus Astragalus L. studied to be included in the Red
Book of Azerbaijan.

Materials and methods

The study analyzed the natural distribution areas of 37 species of Astragalus L. shrubs
distributed in the natural flora of the Republic of Azerbaijan, the reasons for shrinkage, hazard
criteria, biological characteristics, reserves, causes of changes in natural resources and protection
measures. The studied species are grouped according to version 3.1 of the IUCN. In the study, Flora
of Azerbaijan, vol. | (1950); Trees and shrubs of Azerbaijan I C (1961, 1989); Synopsis of
Azerbaijani flora, vol. 1-111 (2005, 2006, 2008); Dendroflora of Azerbaijan, vol. I (2011); etc.,
literary materials and personal research were used [1-5].

The studied species belong to the category of rare and endangered plants, and
recommendations were given for inclusion in the 3rd volume of the newly published Red Book of
Azerbaijan.

The article is based on version 3.1 of IUCN (2001), where plants were grouped to: Extinct
(EX), Extinct in the Wild (EW), Critically Endangered (CE), Endangered (EN), Vulnerable (VU),
Near Threatened (NT), Least Concern (LC), Data Deficient (DD), Not Evaluated (NE) species. In
the study, it was determined which rare plants belong to the categories of danger accepted by
international organizations, and various protection measures were selected. The classification of
taxa presented in the article is based on the APG 111 system.

Analysis and discussion

There are about 500,000 species of plants in the flora of Azerbaijan, of which more than 4,600
species are naturally occurring trees and shrubs. It should be noted that about 156 of 3,000 species
of Astragalus L. genus in the world are naturally distributed in Azerbaijani flora. There are
37 shrubs out of 156 species, which are included in vol. 11l (2016) of the Azerbaijani dendroflora.
Currently, 15 species of the Astragalus L. genus are included in the list of rare and endangered trees
and shrubs.

It should be noted that in 1975, 24, in 1984, 28, and in 1989, 45 species of rare and
endangered woody plants, i.e., trees and shrubs species were identified in Azerbaijan. Due to
the growing number of rare plant species, finding the causes of this problem and their protection is
one of the most pressing issues.
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Observations show that some of the habitats of rare and endangered plant species belonging to
the Astragalus L. genus in the flora of Azerbaijan do not have a protection strategy. The main
purpose of the research was to identify these species, to prepare accurate lists, and to classify them
as rare and endangered plant categories. For this purpose, the distribution of species, population
size, ecological needs, physiological tolerance, reproductive biology were analyzed. Species
belonging to the Astragalus L. genus are mainly observed in the mountainous areas of Nakhchivan,
the Greater Caucasus, the Lesser Caucasus and Hirkan.

Species belonging to the genus Astragalus L. (Table).

Table
ENDEMIC, RARE AND ENDANGERED AZERBAIJAN SPECIES
OF THE Astragalus L. GENUS
No Occurred in dendroflora Area Distribution in Status
Azerbaijan
1. A. andreji Rzazade Azerbaijan Nakhchivan, Endemic (VU C
Bozdag p. 2a)
2. A. barba-caprina Al. Fed., & Caucasus, Azerbaijan,  Nakhchivan, Endemic (VU C)
Fed. Rzazade Nakhchivan Shakhbuz
3. A. beckerianus Trautv. Caucasus, Central Greater Caucasus NT
Asia, Pamir-Altai, (Guba)
Samarkand
4, A. caspicus M. Bieb. Greater Caucasus, Talysh mountains NB (CR B)
Russia, Turkey, Iran
5. A. caucasicus Pall. Caucasus Lesser Caucasus NT
6. A. compactus Lam. Azerbaijan Nakhchivan, NT (CR B)
Ordubad, Karabakh
7. A. denudatus Steven Greater Caucasus, Karabakh, Guba NB (CR B1)
Russia (Buduq), Altiagaj
8. A. eurylobus (Barneby) Central and Lesser Nakhchivan, NB (VU A)
Barneby Caucasus Ordubad, Oxchachay
9. A. flavirubens Theodorov et  Lesser Caucasus (Gapija) Nakhchivan NB (VU C)
al.
10.  A.gudrathii Al. Fed., Fed. &  Azerbaijan, Nakhchivan Endemic (CR B)
Rzazade Nakhchivan
11.  A. hohenackeri Boiss. Azerbaijan, Zuvand, Lankaran (Diabr.) NB
Iran (VUA)
12.  A. husseinovii Rzazade Caucasus, Azerbaijan  Lerik, Goshmalayan ~ Endemic (VU C)
and Hovery
13.  A.xiphidium Bunge Lesser Caucasus Lesser Caucasus, NB (VU A)
Ganja
14.  A.insidiosus (Boriss.) Boriss. Caucasus and NB (CR B)
Azerbaijan
15.  A.igniarius Popov. Azerbaijan Kur-Araz, Absheron- NB (VU C)
Turkan, Zira, Gala,
close to Khazar
16.  A.jucundus Al. Fed., Fed. Azerbaijan, Nakhchivan, Endemic (VU C)
Rzazade Nakhchivan Garagush mountain
17.  A. karjaginii Boriss. Northern Iran Lankaran and NB (VU D)

Masalli
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No Occurred in dendroflora Area Distribution in Status
Azerbaijan
18. A karabaghensis Bunge Azerbaijan, Lesser Caucasus and ~ NT
Nakhchivan, East Nakhchivan
Anadolu and North-
West Iran
19. A lussiae Rzazade Greater Caucasus, Nakhchivan NB (VU A)
Lesser Caucasus, Oxchachay, Guba-
Nakhchivan Shabran
20. A maraziensis Rzazade Caucasus, Azerbaijan ~ Maraza, Gobustan Endemic (VU D)
21. A meyeri Boiss. Lesser Caucasus Nakhchivan NB (VU A)
22. A. microcephalus Willd. Lesser Caucasus Lesser Caucasus, NT
Nakhchivan
23. A oleifolius DC. East Azerbaijan Nakhchivan Endemic (CRB
1ab)
24. A persicus (DC.) Fisch. & Azerbaijan Zuvand Nakhchivan Endemic (CRB
C. A. Mey. mountain 2ab)
25.  A. pycnophyllus Steven West and Middle Asia, Lerik and Lankaran Endemic (CRB
Caucasus, Iran and 2ab).
Turkey
26. A strictilobus Barneby Azerbaijan Talagon Nakhchivan NT
27. A. terekensis Al. Fed., Fed. & Greater Caucasus, Lesser Caucasus (VUA 2C + 3cd)
Rzazade Dagestan
28. A theodorianus Fed. & Azerbaijan Lankaran, Lerik, Endemic (VU
Rzazade Sonayolja D2)
29. A vedicus Takht. West Caucasus Lesser Caucasus, NB (CR B)
Nakhchivan,
Zangazur

1. A. andreji Rzazade

It was first described in Nakhchivan, in the Bozdag area. It grows at an altitude of 200—-300 m
above sea level, on clay and rocky slopes. It is recommended to be included the in the Red Book of
Azerbaijan as an endemic one (VUC2a).

2. A. barba-caprina Al. Fed., Fed. & Rzazade

Forms sparse formations in the Caucasus Mountains, Dagestan and on the shores of Lake
Baikal. Grows on dry, rocky slopes, at an altitude of 1400-1500 m above sea level. Occurs naturally
in Azerbaijan in the Shahbuz region (Tirkesh village) of Nakhchivan A. R. as a rare plant and
recommended to be included in the Red Book (VU C).

3. A. beckerianus Trautv.

Natural distribution in the Caucasus, Central Asia, Pamir-Altai, Samarkand mountains. It is
found in the high mountain belt of the Greater Caucasus (Guba region). It is one of the rare plants of
Azerbaijan (NT) and recommended to be included in the Red Book.

4. A. caspicus M. Bieb.

It is distributed in the lower reaches of the Greater Caucasus Mountains, Russia (Dagestan),
Turkey and Iran. It grows wild in the stony, sandy and clayey soils of Azerbaijan. It is a rare and
endangered plant species (CR B) and included in the Red Book of Azerbaijan.

5. A. caucasicus Pall.

It was found in the north of the Lesser Caucasus Mountains. It is spread on the rocky slopes
of the middle mountain belt, in calcareous places. It is a rare and endangered plant species (NT) and
recommended to include Azerbaijan in the Red Book.
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6. A. compactus Lam.

It is widespread in Azerbaijan and found in the Ordubad region of Nakhchivan A. R. and in
the foothills of Karabakh. It is an endemic plant of Azerbaijan (CRB) and included in the Red
Book.

7. A. denudatus Steven

Widespread in the Greater Caucasus, Russia (Dagestan), naturally found in Karabakh, in
Guba and Budug and in Altiagaj. It grows on rocky, rocky slopes and is light-loving. It is a rare and
endangered plant species (CR B1) and recommended that Azerbaijan be included in the Red Book.

8. A. eurylobus (Barneby) Barneby

Widespread in the Central and Lesser Caucasus, it is found in the foothills of the Ordubad
region of Nakhchivan A. R. in the territory of Oxchachay. It is light-resistant and grows on open dry
rocky rocks in clay soils. This plant is resistant to severe frosts. It is a rare plant in Azerbaijan (VU
A) and recommended to be included in the Red Book.

9. A. flavirubens Theodorov et al.

Naturally, it grows in the Lesser Caucasus in Azerbaijan. It is depicted on Gapija mountain of
Nakhchivan A. R. It grows in the upper reaches of the mountains, on rocky dry slopes at an altitude
of 1700-1800 m. above sea level. It is a rare plant in Azerbaijan (VU C) and recommended to be
included in the Red Book.

10. A. gudrathii Al. Fed., Fed. & Rzazade

It is found in Nakhchivan A. R. in the south of the Caucasus in Azerbaijan. It is a rare and
endangered plant in Azerbaijan (CR B) and recommended to be included in the Red Book.

11. A. hohenackeri Boiss.

It was first described in the Zuvand area of the Hirkan flora of Azerbaijan and is widespread
in northern and western Iran. It is found in the Diabr area of Lankaran and grows on dry rocky
slopes. This plant is resistant to heat and drought. It is a rare plant in Azerbaijan (VU A) and
recommended to be included in the Red Book.

12. A. husseinovii Rzazade

It grows naturally in the Caucasus and Azerbaijan. It was first described on the mountain
slopes near the villages of Goshmalyan and Hovari in the Lerik region. It is a rare plant of
Azerbaijan (VU C) and recommended to be included in the Red Book.

13. A. xiphidium Bunge

It is distributed in the Lesser Caucasus Mountains. It grows in a small area near Ganja, on dry,
rocky slopes and in wormwood semi-deserts. It is a rare plant in Azerbaijan (VU A) and
recommended to be included in the Red Book.

14. Astragalus insidiosus (Boriss.) Boriss.

It grows naturally in the Caucasus and Azerbaijan. It is spread in the highest alpine meadows,
dry, rocky slopes of the mountains of Ordubad region in Nakhchivan A. R. It grows at an altitude of
1000-1200 m above sea level. It is a rare plant in Azerbaijan (CR B) and recommended to be
included in the Red Book.

15. A. igniarius Popov.

It was first described in a narrow area in Azerbaijan. It grows in sandy, sunny, humid places
in the Kur-Araz plain of Azerbaijan, in the villages of Absheron-Turkan, Zira, and Gala, near the
Caspian Sea. It is an endemic plant of Azerbaijan (VU C) and recommended to be included in the
Red Book.
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16. A. jucundus Al. Fed., Fed. Rzazade

It is widespread in Azerbaijan in the Lesser Caucasus, in the middle belts of the Nakhchivan
Mountains. It is a rare plant in Azerbaijan. There is no wide distribution area. It is a rare plant of
Azerbaijan (VU C) and recommended to be included in the Red Book.

17. A. karjaginii Boriss.

It is found in northern Iran. It is distributed in Lankaran and Masalli in Azerbaijan. It grows
on dry, rocky slopes in the middle mountain range. It is a rare plant of Azerbaijan (VU D) and
recommended to be included in the Red Book.

18. A. karabaghensis Bunge

It was first observed in Karabakh in Azerbaijan. Widespread in Nakhchivan, Eastern Anatolia
and Northwestern Iran, it is resistant to heat and drought, and grows in the upper reaches of the
mountains, at an altitude of 1800-2300 m above sea level, on dry, rocky and clay slopes, in deserts
and slopes. It is a rare plant of Azerbaijan (NT) and recommended to be included in the Red Book.

20. A. maraziensis Rzazade

Widespread in the Caucasus, Azerbaijan, it was first described in the Maraza Mountains in
Azerbaijan. It is distributed in the lower regions of the Gobustan mountains, and grows on sunny,
moist, rocky slopes in dry and clayey areas. It is a rare plant of Azerbaijan (VU D) and is
recommended to be included in the Red Book.

21. A. meyeri Boiss.

It is widespread in the Lesser Caucasus Mountains and occurs naturally in Nakhchivan. It
grows in the middle mountain ranges, mainly in the south and in dry rocky places. This plant is rare
in Azerbaijan (VU A) and recommended to be included in the Red Book.

22. A. microcephalus Willd.

It is distributed in the northern part of the Lesser Caucasus Mountains and grows in
Nakhchivan in the middle mountain ranges and in some cases in the upper mountain ranges. It is a
rare plant of Azerbaijan (NT) and recommended to be included in the Red Book.

23. A. oleifolius DC.

It was first described in the eastern part of Azerbaijan and distributed in the foothills of the
Nakhchivan Autonomous Republic, in the middle mountain belts, on the rocks and sometimes on
the slopes with more or less humidity. It is a rare plant of Azerbaijan and recommended to be
included in the Red Book.

24. A. persicus (DC.) Fisch. & C. A. Mey.

It was first described in the Zuvand Mountains of Azerbaijan. Naturally distributed in a
narrow area in Nakhchivan A. R., it grows on dry slopes in mountainous areas. It is a rare plant of
Azerbaijan (CRB2ab) and recommended to be included in the Red Book.

25. A. pycnophyllus Steven

It is found in natural conditions in South and Central Asia, the Caucasus, Iran and Turkey in a
narrow area in Lerik and Lankaran in Azerbaijan. It is a rare plant of Azerbaijan (CRB2ab) and
recommended to be included in the Red Book.

26. A. strictilobus Barneby

It was first found in the Talagon gorge in Azerbaijan. It grows in Nakhchivan on the middle
and upper mountain ranges, on dry rocky slopes. It is a rare plant of Azerbaijan (NT) and
recommended to be included in the Red Book.

27. A. terekensis Al. Fed., Fed. & Rzazade

It is distributed in the northern and eastern part of the Greater Caucasus Mountains, in
Dagestan and found in the upper mountains of the Lesser Caucasus. It grows in the middle
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mountains, on dry and bare slopes. This plant is rare in Azerbaijan (VUA2C + 3cd) and
recommended to be included in the Red Book.

28. A. theodorianus Fed. & Rzazade

It was first encountered in Azerbaijan. It is found in Lankaran, around Sonayolja village in the
Lerik region and grows on dry, sandy slopes in the middle mountain belts. It is an endemic plant of
Azerbaijan (VU D2) and recommended to be included in the Red Book.

29. A. vedicus Takht.

It is endemic to the South Caucasus, and naturally distributed in the Caucasus and Azerbaijan.
It grows wild in Nakhchivan, Ordubad and Karabakh. This plant is rare (CR B), its inclusion in
the Red Book is expedient.

Conclusion

Studies have shown that many species of the genus Astragalus L. are on the verge of
extinction in our flora, and it is important to take a number of measures to ensure the survival and
protection of such species. At the same time, it is expedient to add some Astragalus L. species that
are not in the Red Book of Azerbaijan to the new book. From this point of view, it is important to
protect and justify the species of Astragalus L. species in the natural flora of our country.

First of all, the factors that led to the reduction of the range of rare and endangered species of
trees and shrubs in the country and their extinction were studied. As a result of many anthropogenic
factors, the range of species of this genus has been reduced, and even endangered.

One of the factors contributing to the decline or extinction of these species is fires. Many
areas of the country have tree-shrub vegetation. Such areas are very sensitive to fire. During fires,
some species of the genus Astragalus L. growing in these areas may be threatened with extinction.
Therefore, it is necessary to take some protective measures to prevent fires.

The book “Rare trees and shrubs of Azerbaijan” (Baku, Science 2016) provides information
on 189 rare and endangered species of trees and shrubs belonging to 71 genera in 42 seasons
naturally distributed in the flora of the country. In my research work, 15 species of Astragalus L.
genus were included in the book “Rare Trees and Shrubs of Azerbaijan” Baku, EIm, (2016). As a
result of my research, it was determined that 30 new species belonging to the genus Astragalus L.,
have a small distribution area, have been exposed to anthropogenic factors and are very rare in
nature due to lack of special protection. In carrying out the necessary protection measures in the
studied species, it was found that 7 new species of endemic and 23 species of rare, endangered
shrubs and plants should be included in the Red Book of Azerbaijan.
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Aunomayus. B cTarbe TPHUBOIATCS PE3YNbTaThl OKCIEPUMEHTAIBFHOTO HCCIIEIOBAHUS
BOJIOPOJHOTO  [OKa3aTeds Ha  npubope  HOHOMep  yHuUBepcanbHbii  OB-74  (pH-
METPMHJUTUBOIETMETP). AKTHUBALHSI BOJIBI TPOBOIUIIUCH B ABTOHOMHOM YCTPOMCTBE, COCTOSIIIEM U3
MeMOpaHbl (IopHCcTas Meperopojka) ¢ pasmepamu mop or 5 no 100 MKM, TOJIIHMHA KOTOPOI
cocTaBisieT 1-2 MM M METaJUIMYECKUX 3JIEKTPOIOB, OMYCKAaeMbIX B cocyl] ¢ Boiou. Ilmomans
MeMOpanbl cocTaBiana 25-30 cm? MccrenoBaHue BIMAHHS HA BCXOXKECTh, POCT M Pa3BHTHE
OBOIIIHBIX KYJbTYp NMPOBOAMUIIOCH HA CIEIYIOIUX BUAAX BOJI: OOBIKHOBEHHAs! BOAOIPOBOIHAS BOJA
(nns xoHTpons), pH=7; karomgnas (menouynas) Boga (R-sona), pH > 7 u anonHas (kucimoTHas) Boaa
(L-Boma), pH < 7. BiusiHue akTHBUPOBAaHHOW BOJBI Ha BOJIHBIH OOMEH, pocT U (HOPMHUPOBAHUE
OTYpLIOB MNPOBOJIWINCH Mepuoauueckd B TedeHuun 30-mHedl Ha orypmax copra KoHKypeHT.
IToka3aHo, 4TO CTENEHb MPOPACTaHUS CEMSH OTYPIIOB 110 CPAaBHEHHIO C MOJIMBOM OOBIKHOBEHHOMH
BOJIONIPOBOJIHOM BOJIBI BBIIIE IMPU HUCIOJIB30BaHMHM KaToiMuTHON Boabl (R-Boma) Ha 50,7% wu
aHosmtHoM Bonbl (L-Boma) — ma 132,8%, T.e. HUCMONB30BaHWE AaKTUBHUPOBAHHOW BOIBI,
MOJTyYEHHBI Ha OCHOBE 3JIEKTPO(PHU3UYECKON HMOHM3ALMHU, CIIOCOOCTBYET POCTY M Pa3BUTHIO U
MIPOPACTAHUS CEMSH OTYPIIOB.

Abstracts. The article presents the results of an experimental study of the hydrogen index on
the universal EV-74 ionomer (pH-millivoltmeter). Water activation has been carried out in an
autonomous device, consisting of a membrane (porous partition) with pore sizes from 5 to 100
microns, the thickness of which is 1-2 mm and metal electrodes lowered into a vessel with water.
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The membrane area was 25-30 cm?. The influence of water properties on the germination, growth
and development of vegetable crops has been performed on the following types of water: ordinary
tap water (for control), pH=7; cathode (alkaline) water (R-water), pH > 7 and anode (acidic) water
(L-water), pH < 7. The effect of activated water on water metabolism, growth and formation of
cucumbers has been carried out periodically for 30 days on Konkurent cucumber variety. It is
shown that the degree of germination of cucumber seeds compared to irrigation of ordinary tap
water is higher when using catholyte water (R-water) by 50.7% and anolyte water (L-water) - by
132.8%, i.e. the use of activated water, obtained on the basis of electrophysical ionization,
promotes the growth and development and germination of cucumber seeds.

Knroueswvie cnosa: BOJa, aKTUBUpPOBAHHASA BOJA, 3JICKTPUYCCKOC II0JIC, 3H€KTp0(1)H3I/I‘IeCKa$I
HOHU3alUs, KOMIIOHCHTEI BOAbI, paCTCHUS, OTYPCLI.

Keywords: water, activated water, electric field, electrophysical ionization, water components,
plants, cucumber.

Beeoenue

B cBa3u ¢ TeM, YTO pPacTUTENBHBII MHUpP B 3HAYUTEIIBHOM CTENEHM COCTOMT M3 BOABI U
OOJIBIIMHCTBO OHMOJOTMYECKHX MOJIEKYJI B PACTCHUSAX (DYHKIMOHHPYET, HAaXOAsIChb B BOJE, TO
MCCIICIOBAaHNE U3MEHEHHS CBOWCTB BOJIBI IO AecTBUEM AnnekTpodusnueckort nonuzammu (ODN)
U BIIMSHUS 3JIEKTPOAKTUBUPOBAHHOM BOJIbI HA PACTUTENbHbIE CUCTEMbl MMEET OOJbILON Hay4dHO-
npakTuieckuil uHTepec. [loaToMy HMccaenoBaHus BOJbl IPUBJIEKAET MHTEPEC HE TOJIBKO C TOUKH
3peHust (yHIAMEHTAIbHBIX 3HAHWKA O TPUPOAE BOIBL, HO, M B CBSI3U C BO3MOXKHOCTBIO
HEOOXOMMBIX MPUKIATHBIX TpUIIoKeHUI[1-6].

W3BecTHO, 4TO, pu Oo0Jiee HU3KUX TeMIIEpaTypax MOJIEKYJbI BOAbI, 00pa3ysi OE€CKOHEUHBIH
KJlactep, OOBEAMHEHBbl B TPEXMEPHYIO CETKY BOJIOpOIHBIX cBs3ell. To ecTh, Boma sBiseTcs
TeTCPOrCHHBI, MHOTOKOMIIOHCHTHBIH pacTBOp, COCTOSIIMKA W3 PacTBOpUTENs (MaTpHILbI),
CTPYKTypa KOTOPOT'O OIpeNesieTcsl CeTKOM BOAOPOJHBIX CBSI3€i U KOHAEHCHUPOBAaHHAs BOJIa UMEET
cnaboe, HO YIHOPSJOYEHHOW CTPYKTYphl, M, Kak TIIOKa3bIBAlOT HCCIEIOBaHMs, B TaKoW
KOH/ICHCUPOBAHHOM BOIHOM cucteme o0pasyercs (pakTajibHast CTPyKTypa.

B paborte 1. ®penkenb BBEN MOHITHE «CTPYKTYPa» BOIBI M TI0 €70 MHEHHIO BOJIa UMEET TPH
pa3iauyHble 3HaYeHHs] — MrHOBeHHas (l-cTpykTypa), konedarenbHo-ycpeaHeHHas (V-cTpykTypa) u
muddy3rnoHHO-yCcperHeHHast cTpykTypa (D-ctpykrypa) [7].

Pesynbrarel pabotsl [1-3] MOKa3bIBAIOT, YTO KJIACTEPhl aKTHBUPOBAHHOW BOJBI MPUMEPHO B
2 pa3a MEHbIIIe, YeM KJIACTEPBI BOJOTPOBOIHON BOJBI, T. €. BOJA MO BHEITHIUM BO3JIEHCTBHSM, T10-
BUJIUMOMY, IMPEBpALIAeTCs] B MHUKPOKJIACTEPHYI0 BOAY M OOJAJAIOT BBICOKOM TEKYUYeCThIO H
pacTBopsIoLIe CIOCOOHOCTHIO.

Kak um3BectHo, P. Mak-Kunnon u II. Orp B 2003 r. nomyuunu HoOeneBckyio mpemuio mo
XMMHU 32 OTKpPBITHE O TOM, YTO Yepe3 KJIETOYHYI0 MeMOpaHy BHYTPb KIETKH MOTYT IMPOHHMKATb
TOJIBKO MUKPOKJIACTEPhI pa3MepoB He OoJiee TeKCOHANBHOT0. [103TOMy MOKHO MPEANONOKHUTH, YTO
TeKCOHAJIBHBIN KJIacTep — 3TO camasi Mellbyaliias BOJASHAs 4YacTHIAd, HA KOTOPOH, BO3MOXKHO
IIPUPO/Ia OCHOBAJA KU3Hb.

Knacrep akTUBHPOBaHHOH BOABI UMEET 5—6 MOJEKYJ, TOTAa Kak OObIYHAs BOJA COJIEPKUT
13-16. Taxxe OTMETHM, YTO aKTUBHPOBAaHHAs BOJA SIBIISIETCS 0oJjiee aKTUBHOW MO (H3MYECKUM,
XUMHYECKUM U OMOJOTHUYECKUM CBONCTBAMHU.
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W3BeCTHBI pa3iuyHbIe CIOCOObI aKTHBAIMK BOJBI [1-3], OCHOBHBIMH M3 KOTOPBIX SIBISIOTCS:
AJICKTPOMAarHuTHasE o0paboTka (DIEKTpOJIM3), JAerazalus W «OMarHu4YuBaHue» u Ap. Kaxmpiid
CIOcO0 AaKTHBALMM BOJBI PEATM3YETCS MPH TOMOIIM COOTBETCTBYIOIIETO yCTpoicTBa. Tak,
AMEKTPOPUZNUECKUN CIOCOO AaKTHUBAIMU BOJBI peaTu3yeTcs MpU MOMOIIM JAuaparMeHHOTO
AJIEKTPOJIM3Epa, T. €. MCIIOJIB30BAaHHE DIICKTPUUYCCKOTO TOKA JIJISl MMPOBEIACHUS (PU3NKO-XUMHUECKUX
MPOIIECCOB HA TPAHUIIC METAJUI-AJICKTPONPOBOSIINNA pacTBOp-BoAa (dnekTposnut). B mpornecce
00pabOTKH BOJBI JEKTPHUSCKUM IOJIEM, HAXOSIIEECS B COCY/Ie, TPOUCXOAUTh AKTUBAIIHSI BOIBI.

Mamepuan u memoowt ucciedosanus

B npoBeeHHBIX SKCIIEPUMEHTAaX aBTOHOMHOE YCTPOHCTBO COCTOSIIIO M3 MeMOpaHbl (IOpUCTast
neperopojika) ¢ pazmepamu nop ot 5 10100 Mkwm, TonmmHa Kotopas 1—2 MM, METaUTMYECKUX
AJIEKTPOIOB, OIMYCKaeMble B COCYJl C BOJOW M M3MEpHUTENbHbIC MPHOOPHI (TEPMOMETp, LUPPOBOH
mynsTuMep). Tnomans Memopansl coctapisia 25-30 cm?. B nmporecce NOAKIIOUEHHs] YCTAHOBKHU B
JNEKTPUYECKUN TOK, BOJA HAXOMAIIECHCS MEXIY SJEKTPOJAMM pa3jlaraeTcsi Ha KHCIOTHYK H
LIEJIOYHYIO YaCTb.

Kak mokazano B [3], M0 MexaHWU3My BO3JCUCTBHUSI IJICKTPUUYECKOTO TOJISI HAa BOAY, BOJa
pasiaraeTcsi Ha KaTOJMTHYIO («KHBas») BOIY, MPEACTABISIONIMA COOON MPaBOAKTHBUPOBAHHYIO
(R) Bomy u aHomuTHyrO («MepTBas»), seBoBpamaromyto (L) Bomy. CsoiictBa R- u L-Bojbl,
3HAYUTEILHO OTIMYAIONIMECS OT CBOMCTB MUTHEBOW BOJIBI, CBSI3aHbI ¢ KoHIeHTpauueid H u OH B
pa3IMYHbIX KOMIIOHEHTax BoJbl. TO ecTh HeWTpajbpHas Bojaa cocToMT u3 R u L Boxbl, KoTopble
MOKHO Pa3Ie€IUTh C MOMOIIBI0 MEMOPAHHOTO 3JeKTponu3epa. Toraa, sl akTHUBUPOBAHHOM BOJIBI
MO>KHO HCIIOJIB30BaTh MapaMeTp KUCIOTHO-ILETOYHOTO WM OMOIHEPTreTHIECKOTO PABHOBECHS.

Jl1si paBHOBECHOI'O, HEUTPAJIBHOIO COCTOSIHUA pH=7, W COOTBETCTBEHHO, yBEIWYECHHE pH
(pH> 7) o3Hauaer yBenuueHUE R-KOMIOHEHTHI BOJbl, a yMeHblueHHWe pH — yBenuueHue L-
KOMIIOHEHTBI BOJIBL. 1IpH «3JIEKTPOIHM3€E» MOJIEKYIIbI TUTHEBON BOJbI PACIIaJArOTCs HA HOHBI — H
u OH . BojopoaHblii MMOKa3arellb U3MEPSIM Ha MpuOope MOHOMEp yHUBepcanbHblii OB-74 (pH-
METPMIJLTUBOJIBTMETD). [lomydeHHyt0, TakuM 00pa3oM, aKTHBHPOBAHHYIO JICKTPHUYCCKUM MOJIEM
Boay npoBepsuid Ha PH. [TomyuenHsie pe3ynbTaThl puBeaeHbl B Tabnuue 1.

Taomuma 1
CBOMCTBA AKTHBHPOBAHHOU BO/bI
Haszeanue ucmounukos 600ul L]enounas Kucnomnas Hevimpanvnas
R -600a, pH > 7 L-600a, pH <7 800a
OOBIKHOBEHHAsI BOJIOIIPOBOHAS BOJIA pH=9-10 pH=5-6 pH=7
HuctunnupoBaHHas Bosa pH=7.,5 pH=6,5 pH=7

W3 Tabauus! 1 BUAHO, YTO Ui HIETOYHOM YacTH BOAOIPOBOJHON BOJBI cocTaBiseT pH=9—
10, a y KUCIIOTHOM 4acTh BOjbl pH=5-6, 3T0 03HAYa€eT, YTO KOHIEHTpAIKs HOHOB Bojgopoaa (H') B
R-kommnonente Boawsl Ooibine, yem B L-kommonente. [lo-Bumumomy, (u3MKO-XUMUYECKas
aKTUBallMs BOJABI HAa OCHOBE DJEKTPOPU3NUECKOW HWOHM3AIMM  SIBISETCS  pe3ylbTaToM
KOJIJIEKTUBHOT'O (KOOTIEpaTUBHOT0) HEPABHOBECHOTO IMHAMHUYECKOTO CTPYKTYpHOTrO cocTosiHUA R 1
L Boas! [6]. CrenoBaTenbHO, YIIpaBICHHE aKTUBHOCTBHIO BOJBI OCYIIECTBISIETCS MyTEM M3MEHEHHS
MacCOBOI KOHIIGHTPAIMU KATHOHHBIX M aHMOHHBIX KOMIIOHEHTOB BobI (Tabnmua 1).

Ha ocHOBaHUM ONBITHBIX TaHHBIX, TOJYYEHHBIX OT€YECTBEHHBIMU U 3apyOeKHBIMH YUEHBIMH,
YCTaHOBJIEHO, YTO Jt00asi aKTHBUPOBAHHAsl BOAA CIOCOOCTBYET YCKOPEHUr0 pocma u pa3eumuisl
pacmenuil, nogvliueHuio ux ypooicatinocmu [8].
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Kak u3BecTHO, B CE€IbCKOM XO341CTBE, B YaCTHOCTH, B TEIIMYHBIX XO3SHMCTBAX MPU MOJIUBE U
MOJKOPMKE PACTeHUN BEIyT KOHTPOIb NApAMEempo8 UCXOOHOU 600bl U paboue2o pacmeopa
y0obpenuii. CylieCTBEHHOE BIMSIHHE HA PACTBOPBI YIAOOPEHUN OKa3bIBAIOT XUMHUYECKHI COCTaB U
ypoBeHb PH ucmonb3yemoii Bojbl. [Ipu 3TOM Hanboiee BayKHOM SIBISIETCS ONTUMU3aIUs ypoBHS PH
nokasaresis. Bo MHOIMX TEITMYHBIX XO3SIMCTBaX 3Ty KOPPEKTHPOBKY MPOU3ZBOIAT C MOMOUIBIO
noGasienust oprohocGOpHO WITH a30THOM KUCIOTHI B 0aKH ¢ MATOYHBIMU PACTBOPAMH.

B Ta6muue 1 mpeacrapiensl mokasarenu PH KOMIIOHEHTOB BOJIbI, 6€3 UCTIOIB30BAHUS KHCIIOT
W IIeNoYeid Ha OCHOBE METOJa JJICKTPO(U3MUECKON HMOHUW3AIUU. BiusHHUS CBOWCTB BOABI HA
BCXOXECTh, POCT M pPa3BUTHE OBOIIHBIX KYJbTYp MPOBOIWINCH Ha CIEIYIOIIMX BHJAX BOJI:
0OBIKHOBEHHAs BOJONPOBOIHAS BoAa (1711 KOHTpoJist), pH=7; katonnas (menouynas) Boaa (R-poma),
pH > 7 u anomnas (xucnotHasi) Boja (L-Boma), pH < 7. BiusiHue akTUBUPOBAHHOW BOABI Ha
BOJHBINA 00MEH, pocT U (hopMHUpOBaHUE OTYPIIOB TPOBOAMIUCH HAMU MIEPUOANYECKH B TedueHuu 30-
JHEeW Ha orypiia copta KoHKypeHT.

Jnsa onbita B3summ 100 cemsH: 50 M3 HUX B TEUYEHUME OJHOTO 4Yaca 3aMauyMBAIA B
aktuBHpoBaHHyIO Boxy (PH=3,5 u 11,5), a 50 B 0OBIKHOBCHHYIO BOJOTPOBOJIHYIO BOay ¢ pPH=7.
3aMOYCHHBIE CEMECHA B aKTHBHUPOBAHHYIO BOJY PaCKIaJbIBAIM Ha (UIBTPOBAIBHYIO OyMmMary u
CBEpXy Ha CEMEHa HAaKJIaJbIBaJli BTOPYIO AHAJIOTHYHYI0 OyMary, CMOUYEHHYI BOJOMPOBOTHOU
Bofoi. O0e Oymaru CKpy4HBalld B PYJIOH U MOMEINAIN B CTEKISIHHYI0 O0aHky o0bemoMm 1,0 1, B
koTopyto HanuBanu 100 Mi BogompoBoJHON BoAbl. baHKy ¢ OyMa)XHbIM PYJIOHOM CTaBWIH B
CBETJIOC TIOMEIIEHHE W uepe3 nBa AHS B OaHku ponuBaiv 1o 50 MJI BOJOMPOBOJHON BOJIBI.
OnbITHBIE JaHHBIC TTpHUBeIeHbI B Tabnuie 2.

Tabmuna 2
MACCOBEBIE ITOKA3ATEJIU 3EJIEHBIX HPUI/IPOCTKOB OFYPL[AU COPTA KOHKYPEHT I1O
OTHOLIEHMIO K KOHTPOJIbLHOM BOJOITPOBOIHOM BOJE, %

Buo noausounoii 600wt

00ObIKHOBEHHASL B0OONPOBOOHAS 800A Kamoaumuas (weiounas) AHOIUMHASL (KUCIOMHASL)
(OBB)pH =7 r-eooa, pH>7 I-600a, pH <7
100 137 228

Kak BumHO W3 naHHbIX TaOmuibl 2, MPUPOCT 3€JICHOM MAacChl OTyplia MO CPAaBHEHHIO C
MOJIUBOM OOBIKHOBCHHOM BOJIOMIPOBOIHOM BOJIBI BBIIIE MPH UCIIOIB30BAHUH MICTOYHONH R-BOJIBI Ha
37%, a kucnorHoit L-Boasr Ha 128%.

Tabnuua 3
ITPOLIEHTHBIE TTOKA3ATEJIM CTEIIEHU ITPOPACTAHUS CEMSH OI'YPLHA COPTA
KOHKYPEHT HA PA3HBIX THUITAX (KOMIIOHEHTAX) BOJIbI

No n/n Tun (xomnonenmot) 600vl

00bIKHOBEHHAS Kamoaumuas anoaumuas (kuciomunas) L-
6000nposodHas 6oda,  (wenounasn) R-600a, 600a, pH <7
pH=7 pH>7
1 24,3 31,2 51,6
2 35,4 64,2 74,3
3 33,9 15,1 59,3
4 24,8 66,2 90,2
Cpennee 29,6 44,16 68,9
% TI0 OTHOIIIEHUIO K 100 150,7 232,8
OOBIKHOBEHHOM

BOJIOITPOBOJAHOM BOJIbI
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ITo manHbIM TaOmuIel 3 BHJIHO, YTO CTEIICHD MPOPACTAHUS CEMSH OT'YPIIOB IO CPABHEHUIO C
MOJINBOM OOBIKHOBEHHOM BOAOIPOBOIHON BOJIBI, BHINIC MPU MUCIOIH30BAHUU KATOJIUTHON BOJBI —
Ha 50,7% u aHoauTHOM BoabI — Ha 132,8%.

B pesyiapTaTe NpPOBEACHHBIX  HMCCICAOBAHHWNM  YCTAHOBJIICHO, 4YTO  HCIOJIb30BaHUE
aKTHBHUPOBAHHOM BOJBI Ha OCHOBe syekrpodusnyeckoii wonumsanuu (R-Boma u  L-Boja)
CHOCOOCTBYET POCTY M PA3BUTHIO M MPOPACTAHUSI CEMSIH OTYPIIOB.

3axnouenue
1.B mpomecce akTHBAllUM JJICKTPUYECKUM TIOJIEM TIPOUCXOJUT HU3MEHEHHS (U3HKO-
XUMHUYECKUX MapaMeTpoB BOAbL: y mienoyHoit Boasl (R-Bona) — pH=9-10, a xucnoruoi Boasr (L-
Boaa) — pH=5-6.
2. CTeneHb mpopacTaHus CEeMsH OTYPIOB [0 CPaBHCHHIO C IIOJMBOM OOBIKHOBEHHOM
BOJIONPOBOAHON BOJBI BBIIIC MPU HCIOJNBb30BaHUK KartonuTHOW Boabl (R-Boma) Ha 50,7% wu
aHoysuTHOM BoAbl (L-Bosa) — Ha 132,8%.
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CUCTEMATHYECKAS 1 BHODKOJIOT MYECKASI XAPAKTEPUCTHKA
Gypsophila L. BO ®JIOPE A3EPBAIUKAHA
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SYSTEMATIC AND BIOECOLOGICAL Gypsophila L. CHARACTERISTIC
IN AZERBAIJAN FLORA

©Novruzov V., Dr. habil., Corresponding Member of Azerbaijan NAS, Ganja State University,
Ganja, Azerbaijan, vnovruzovl@rambler.ru
©OGuliyeva R., Ph.D., Ganja State University, Ganja, Azerbaijan, rguliyeva87@gmail.com

Annomayus. TlpuBEeNeHBI CBEICHUS O CHUCTEMAaTHUYECKOM COCTaBE M OHOIKOJIOTHYECCKHX
ocobernoctTsix poaa Gypsophila L., Caryophyllaceae (I'Bo3auunbie). ComocTaBieHbl KH3HCHHBIC
(OpPMBI, IKOIOTHYECKHE OCOOEHHOCTH, TeorpaduiecKuil apean u 3HIeMu3M BUAOB. G. tenuifolia
M. Bieb. (KaBka3), G. stevenii Fisch. ex Schrank (KaBka3), G. robusta Grossh. (Kakaz),
G. acutifolia Fisch. (Ka3zaxcran). KaBkaszckue sunemuku: G. capitata M. Bieb., Gypsophila lipskyi
Schischk., G. szovitsiana Lazkov Buapl sBistoTCS CcyOdHIemamu A3sepOaiikaHa. AHanu3
CYOSHIEMUYHBIX M DHIEMHYHBIX BUAOB pona Gypsophila L. mokasan, 4ro apeanbl BUIOB HMEIOT
eBpOIICHiCKoe U Kcepo(UIIbHOE TPOUCXOXKICHUE. DTO YKa3bIBaeT Ha TO, 4To Typims umeer Oosee
cTapbie (JIOPOTCHETUYECKHE OTHOLICHHUS C IIEHTPaMu KcepouIbHOH (Iopbl.

Abstract. Data on the systematic composition and bioecological features of the genus
Gypsophila L., Caryophyllaceae. Life forms, ecological features, geographic range and endemism
of species are compared. G. tenuifolia M. Bieb. (Caucasus), G. stevenii Fisch. ex Schrank
(Caucasus), G. robusta Grossh. (Caucasus), G. acutifolia Fisch. (Kazakhstan). Caucasian endemics:
G. capitata M. Bieb., Gypsophila lipskyi Schischk., G. szovitsiana Lazkov species are subendems
of Azerbaijan. Analysis of subendemic and endemic species of Gypsophila L. genus showed that the
ranges of the species are of European and xerophilic origin. This indicates that Turkey has an older
florogenetic relationship with centers of xerophilous flora.

Knioueswie cnosa: Caryophyllaceae, Gypsophila L., Guomopd, snaem, cyosHaem.
Keywords: Caryophyllaceae, Gypsophila L., biomorph, endem, subendem.

OxpaHa u 3(p(eKTUBHOE UCIOIB30BaHHE MPUPOAHBIX PECYpCOB SBISIETCS OJHUM M3
INPUOPUTETOB OOTAaHMKOB Ha Tepputopun AsepOaiikana. [losTroMy HeoOXonMMO NPOBECTH
MHBEHTAapH3alMi0 BUAOB (ropsl A3zepOaiipkaHa, YTOYHHUTh HX TAKCOHOMHUYECKHH CTaryc,
MIpOaHAIN3UPOBaTh PEAKUE U HCUE3aI0UINe BUAbI, pa3paboTaTh CTPATErHI0 OXPaHbl PEIKUX BUJOB.
[To »sToif mpuumHe ObUI M3y4YeH CHUCTEMAaTHUYECKUH CTaTyc, OMOAKOJIOTMYECKHEe OCOOEHHOCTH,
MIPOaHATU3UPOBAH SHIEMHU3M, pa3paboTaH IJIaH MEPONPUATHH MO OXpaHE PEAKHX W MCUE3AIOLINX
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BunoB Gypsophila L. (Caryophyllaceae). Ananu3 ObIT OCHOBAaH Ha IOJIEBBIX HCCIICIOBAHUAX H
JUTEPaTyPHBIX JaHHBIX.

Mamepuanst u Memoowvl Uccied08anull

Marepuanom s McCIeIOBaHUS MOCTYXWIH Buibl poaa Gypsophila L., oTHOcsammecs K
cemerictey Caryophyllaceae (I'Bo3mmunbie). [l BBISICHEHHS XapakTepa paclpoCTpaHEHUs
M3y4aeMbIX BHJIOB B PaliOHE MCCIICIOBAHUI MPUMEHSIN OOIEPUHSATHIC T€000TAaHUYECKUE METOIBI
Ha KOHEYHBIX TOYKaX BUIOB ((uromenosax) [1].

Takconomuueckuit coctaB poma luncoduna npuBomutcs mo: Propa Kaskaza, diopa
AzepOarimxana, The Euro-Med Plantbase (2006) u np. [2-5].

Ha ocHOoBe MOpPQOIOro-CHCTEMATUYECKUX HCCIICIOBAHUN YTOYHEHBI TAKCOHOMHS U
HOMEHKJIaTypa BUIOB B pe3yJbTare aHaiam3a repOapHbIX 00pa3IioB, COOPAHHBIX B Pa3HbIC TOIBI, U
M3YyYEHHBIX JUTEpaTypHbIX MarepuanoB. Mopdonoruueckoe CTpoeHUE BUAA MU3Y4Yald C MOMOIIBIO
ounokysipHor aynsl MBXK-3. Tlpu onpenenennu Buaa UCIOIb30BAIM B OCHOBHOM (hopmy JncTa,
(dhopMy [IBETOYHOM TPYTIIBI, OKPACKY JICTIECTKA.

Marepuanbl, coOpaHHBIC B Pa3HBIX pailOHAX HCCICIOBaHHM, (HDEHOIOTHYCCKUE HAONIONCHUS
MO3BOJIAIOT 00OOLIUTH CBEJCHHS O BUJIAX, IPUHAUISkKAIIUX K poay [urncoduia, yToUHUTH MOTHOE
OIMCAaHUE BUJA.

buomopdonornyeckuil aHanu3 wm3ydaeMmblXx BUIOB ObLT mpoBeneH mo . Paymkuepy [6],
reorpaduyeckuii: A. A. I'poccreimy [3], H. H. IToptHepy [7].

Pesynomamot u ux obcyscoenue

Bunet Gypsophila L. OnHOIETHUKH W MHOTOJETHUKM — TPABSHUCTBIE PACTEHMS, PEIKO
oOpasyromue HebopIme noaymapus. [1omyKomoHH DIMPOKO pacpOCTPAaHEHBI B BHICOKOTOPHBIX
paitonax. Okono 150 BunmoB u3BectHbl B KOxHoit EBpome, Ha Oeperax CpeanseMHOro Mopsi U B
Asuun. U3 28 BumoB, Berpevaromuxcsi B EBpasun u Ha KaBkase, 17 BUI0oB BeTpedaroTcst Bo iope
A3epbaiimkana [8, 9].

VY Bua0B, npuHaANIEeKAIMX K pony Gypsophila L., daimedka KoJIOKOJIbUaTasi Win Tpyodarasi, ¢
5 3yOuamu u 5 mpojoibHBIME nojocaMu. Mmeer menkue Oenble, 6e10-3e1€eHbIe, PO30BBIE IIBETKH,
cOOpaHHBIE B XOpOILIO pa3BUTYIO MOJMY30HTHUHYIO IIBETOYHYIO rpymmy (auxasuit). Jlemectku
cyxatoTcsi K Hu3y. Cre0enb BETBUCTBIN, JIUCThsI TUHEHHBIE U MpooaroBarbie. KolnyecTBO ThIUMHOK
10. Tlnmox oaHOTHE3AHBIN, MHOTOCEMSHHBIA, KOpoOouka, OTKpbIBaeTcsi 4 Kpblmeukamu. CemeHa
MEJIKHE, TOYKOBU/IHBIE, OKPYIJIbIE, CIIETKA BBITYKJIBIE.

Otnen Magnoliophyta
Kitacc Magnoliopsida
[Topsinox Caryophyllales
CewmeiictBo Caryophyllaceae
Pox Gypsophila L.

[Tonpon Dichoglottis (Fisch. & C. A. Mey.) Peterm.
Cexnus Dichoglottis (Fisch. & C. A. Mey.) Boiss.
1. G. szovitsiana Lazkov = G. szovitsii Fisch. & C. A. Mey.
Cexnus Elegantes Tkonn.
2. G. elegans M. Bieb.
3. G. heteropoda Freyn & Sint. = G. nanella Grossh.
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[Monpon Gypsophila
Cexnus Paniculaeformes F. N. Williams.
4. G. bicolor (Freyn & Sint.) Grossh.
5. G. paniculata L.

[Monpon Acutifoliae Barkoudah
6. G. acutifolia Fisch. = G. albida Schischk.

[Tonpon Suffruticosae (Boiss.) Barkoudah
7. G. lipskyi Schischk.
8. G. takhtadzhanii Schischk. ex Tkonn.
9. G. virgata Boiss.

[Monpon Trichotomae F. N. Williams
10. G. robusta Grossh.
Cexknus Excapae F. N. Williams.
11. G. pulvinaris Rech. fil. (G. aretioides auct. non Boiss.).
Cexknus Capituliformes F. N. Williams.
12. G. capitata M. Bieb.
13. G. cappadocica Boiss. & Balansa

[Monpon Caespitosae (Boiss.) Barkoudah
14. G. tenuifolia M. Bieb.
Cexuus Eugypsophila Boiss.
15. G. stevenii Fisch. ex Schrank

[Tonpon Pseudosaponaria F. N. Williams
Cexuus Pseudosaponaria
16. G. pilosa Huds. = Silene porrigens Gouan ex L. = Gypsophila porrigens (L.) Boiss. =
Pseudosaponaria pilosa (Huds.) Ikonn.

[Tonpon Macrorrhizae (Boiss.) Pax et K. Hoffm.
Cexuus Macrorrhizae Boiss.
17. G. muralis L. = Psammophiliella muralis (L.) Ikonn.

Ha ocHoBaHMM MONIEBBIX MCCIEIOBAHUN U JUTEpaTypbl Bo (rope AsepOaiikaHa BbISBICHO
17 BunoB pona Gypsophila L. (Caryophyllaceae) — 8,1%. Ha3Banue poma o3Hauaer «IoOHUTENb
TMIICOBBIX IOYBY», TOUHee, BUAbl pona Gypsophila L. BcTpedaroTcs Ha THUIICOBBIX IOYBaXx.
Berpeuatorces B OonbIIMHCTBE pailoHOB A3zepOaiiakaHa, OT HU3MEHHOCTEH 10 albIIMICKOro mosca,
MPEUMYIIECTBEHHO Ha W3BECTHSIKOBBIX IT0YBAaX, IIMHHACTO-KAMEHHCTBIX CKJIOHAX, Oeperax pek,
NpUOPEXKHBIX NECKaX, OyphbsIHAX.

CucremaTHueckuil CTaTyc HEKOTOpbIX BHJOB cemeiicTBa Caryophyllaceae no konma He
yCTaHOBIIEH. B kadecTBe MpOMOIKEHUsT UCCIEIOBAaHUNH MOPQOIOTHHA U aHATOMHYECKOTO CTPOCHUS
ATHX BHUJOB OyIyT MEPEeCMOTPEHBI B CPaBHEHWH C JAPYTUMH BHJIaMH, a TaKKe Ha TCHETHYECKOM
YPOBHE.
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[Ipu OGuomopdonornyeckoM aHajau3e BHUJIOB B KadeCTBE OCHOBHOIO KpUTEpUS TPUHSATA
kinaccudukanus JK. Paynkuepa [6]. Buomopdonorudyecknii aHanu3 BUIOB, TPUHAIICKANTUX K POTY
Gypsophila L., nokazan, uyto u3z 17 BumoB 13 (76,5%) BumoB Obutm TeMuUKpuUNITOPUTAMH, a
4 (23,5%) — Tepoduramu.

[Ipn ananusze BHUOOB MO OHKOJOTMYECKHUM TpYIIaM YYUTBHIBAIOT pelibed apeanoB HUX
pacnpocTpaHeHus, MOTPEOHOCT, B  BOJE, DJKOJIOTMYECKOE COCTOSHHE TOYBBI, CTPOCHHUE
o0Opa3oBaHMii, B KOTOPBIX OHU pacmpocTpaHeHbl. [lo sxomornyeckum rpymmam 15 (88,2%) Bumon
otHOCsTCS K Keepoduram u 2 (11,8%) Buma — k me3oduram.

['eorpaduueckuii anaau3 BUIAOB MOKa3all, 4To 17 BUIOB 00pa30BaIMCh U3 KCEpODHIBbHBIX (8),
KaBKa3ckux (6), OopeambHbix (1), cremubix (1), apealbHBIX THUIOB, IpUYeM apeaid | Buzaa
Heu3BecTeH. ToT ¢axTt, urto Buabl pona [mncoduna umeroT Gombine KCepo(UIbHBIX JIEMEHTOB B
TUIIE apeayia, CBHUJETEIbCTBYET O OOJbINEH CKIOHHOCTH K KcepoMopgo3y. DKOIOTHYECKHE,
reorpauyeckie W CE30HHBIE CBS3M BHJOB, HapsAly C IMajeoreorpauueckuMu JaHHBIMU,
MO3BOJIAIOT MIPEJICTABUTH ATAIbl (OPMUPOBAHUS TAKCOHOMHUYECKOTo pazHooopaszusi Caryophyllaceae
Ha TeppuTopuu AszepOaiikaHa, YTO MOXKET CUUTAThCS HAyYHOH OCHOBOM Kak MoJieNb (JioporeHesa.
[ToaTomy Takue ucciaenoBaHUS MOAXOAAT AJIs peUIeHUsl TPoOJieM, CBSI3aHHBIX C COCTOSIHUEM POJIOB
Y BUJIOB, U BQKHBI B Pa3BUTHH CUCTEMATUKHU U TEOPUH IBOIIOIIH.

Ha ocHoBe ananm3a MOJEBBIX HCCIEAOBAHUHN, JIUTEPATyphl U WHTEPHET-0a3 JaHHBIX ObLI
MPOBEJCH aHAIM3 DJHACMUYHBIX U CyO’HAEMHYHBIX BUIOB poma Gypsophila L. Bo ¢ope
Azepbaiipkana. B pesynbrare WcciaenoBaHUN YCTaHOBJICHO, YTO JHIACMUYHBIC BUIBI OOUTAIOT HA
KaMEHHUCTBIX, HMIEOHUCTHIX, MU3BECTHSAKOBBIX TOPHBIX CKIOHAX M 3aCyIUIMBBIX JaHAmadrax. ITo
CBUJCTEIBCTBYET O TOM, YTO B BBICOKOTOpbE OHHU OoJjiee pacIpOCTPAHEHBI, YEM B HHU3KOTOPBAX U
CPEIHETOpbsAX, B 3aBUCUMOCTHU OT TMIICOMETpPHYECKOro ypoBHsA. Ha ocHoBaHuuM uccienoBaHuil u
JTUTEPaTypsl MOKHO CKaszaTh, YTO OJHO M3 OCHOBHBIX HalpaBlieHWH BUA000pa3oBaHHs BO (iope
Azep0aiipkaHa CBSI3aHO C DBOJIOIUOHHBIM TPOIIECCOM KcepoMmodoreHesa, MPOUCXOIAIINM B
TOpHBIX paiioHax, kak u Bo ¢uope Cpenueit Asuu. Kcepobunbnsie Buabl G. capitata M. Bieb.,
G. lipskyi Schischk., G. szovitsiana Lazkov sBisirotrcst cy0sHaemMamu A3epOaiikaHa.

G. capitata M. Bieb. — Kauum ronosuatsiii. MHOrOoN€THEE pacTeHUE, Y OCHOBAHUS CUJIBHO
BETBUCTOE U JpeBecHeromiee. [omoBanbie cTeOnu 0. WIM M. MHOTOYHCIICHHBIE, NMPYTHEBHUJIHBIC,
TOJIbIe, CU30BaThIe, MPSIMBbIEC WIIM BOCXOASIINE, MPOCThIE WU Malo BeTBUcThie, 20—40 (60) cM BBIC.
Jluctes ronble, TOJNCTOBATHIC, JIMHEHHO-UIOBUAHBIE, 1-2,5 (3) cM mi1. 1 10 1 MM mup., CU3bIe.
[IBeTkM Ha KOHIIAX cTeOs U BETBEH B MIApOBUAHBIX TosoBkax 6—12 (15) mm B auam. IlpuiBerHbie
JTUCTHSI OeNoTUIeHYaThble, MUPOKOSIMIIEBUAHBIE, OCTPhIE HIIM C KOPOTKHM MSTKUM OCTPOKOHEUHEM,
paBHBIE YallleuKe WU KOpOYe ee, MOKPHIThIe CHapyKU OeNbIM MYYHHCTHIM HalleToM. Yaiieuka oK.
3,5 MM AJ1., UJIHM M., TIOYTH KOJIOKOJIbYATasl, IIyO)ke cepeiMHbI pa3JielieHHasl Ha OJe/lHble, 0 Kpasm
OenoruIeHYaThIe, SMIIEBUIHBIC, OCTpoBaThie 3yOubl. JlermecTku Oenble, OK. 5 MM yI., JHHEHHO-
npoponrosareie. Kopobouka siilieBUIHO-IIAPOBUAHAS, 2,5 MM B JIMaM., OJIHOCEMSHHAs; CEMEHa
CIUTIOLIEHHO ILIapoBHJHBIE, Tyno Oyropuarsle, ok. 1,5 B muam. VI-VIIL. Pacnp. B Azep6. BK
kyounck. Ko6. [Ipukacn. O6b14H0. B HMXKHEM U cpelHEeM TOpHBIX mosicaX. Ha CyXuX TIMHUCTBIX U
KaMEHHCTBIX CKJIOHAX U Ha OCBHITISIX, TT0 CYXUM PycCiaM peK.

G. szovitsiana Lazkov — Kaunm [lloBuma. MuoronetHee pactenue. Crebmu 0. Wi M.
MHOT'OYHCIIEHHBIE, OT OCHOBaHUs BeTBUCTHIE, (25) 30—-50 (60) cM BbIC., BHU3Y BMECTE C JUCThIMHU
KOPOTKO JKEJIe3UCTO-OmyIieHHbIe. JlucTes nunennsie, 2-3 (4) cm 0,5-2 (4) MM mup., OCTphIe,
caMble BEpXHHE MOYTH HUTEBUAHBIC. MeTeNKa MHOTOKPAaTHO CUIIBHO PACKHUINCTAs, ¢ MHOTOKPATHO
BWJIBYATO- U TPOWCTBEHHO-BETBUCTHIMH BOJIOCOBUIHBIMUA BETOYKAMH. L[BETOHOXKH 5-25 mMm jyi.
[TpUIBETHUKN — JMHEHHO- WM JIAHIIETHO-IIMJIOBUIHBIC, TT0 Kparo TuieHYarkle. Yamieuka 2 MM [T,
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KOJIOKOJIbYaTasi, 1O CEpeIuHBbl pacceyeHHas, C SHIEBUAHBIMU TYObIMH 3yOllaMH IO Kparo
rieHyaTsle. JlemecTku po3oBble, MPONOJTOBaThie, B '2—2 pas3a JynMHHee yamiedku. KopobOouka
siflieBuiHas, paBHas vamieuke. CemeHa ok. 1 MM B amam., menkoOyropuatsie. V—VI. Pacmp. B
A3zep6. Kyp. pasa. MK nentp. Hax. paBa. Hax. ropn. Ha paBHuHe 1 B HIbKHEM ropHoM mosice. Ha
MECYAHbIX U INIMHUCTHIX, CYXUX KAMEHUCTBIX MECTAaX M Ha M3BECTKOBBIX CKJIOHAX M CKaJlaX.

Gypsophila tenuifolia M. Bieb., G. stevenii Fisch. ex Schrank, G. robusta Grossh.,
G. acutifolia Fisch. aBnsitoTCs KaBKa3CKUMU YHIEMUKAMHU.

Gypsophila tenuifolia M. Bieb. — BBIHOCIMBOE MHOTOJIETHEE TPABSHUCTOE PACTCHUE
BbicoTol 10-30 cm. l[BeTeHne mpUXOIUTCS Ha HIOIL-aBrycT. Berpedaercs B AszepOaiimkane Ha
bonasmom KaBkaze, Ha ceBepe Manoro Kapkasza, B CcyOaJbIMMICKOM M aJBIIHMHACKOM TOsCaX, B
MIPEATrOPbSIX.

AHanu3 cyOdHIEMOB U SHIEMHYHBIX BUJIOB poja ['uncodumna mo apeanam mokasaj, 9ToO BUIBI
HUMEIOT eBpOMeicKoe U Kcepo(uIbHOE MPOUCXOXKACHHE. JTO yKa3bIBaeT Ha To, 4To Typrus mmeer
Oonee crapbie (IOPOreHeTUYECKHe OTHONICHUS C LEHTpaMu KcepouiibHOM ¢uopsl. B menom stu
npusHaku Caryophyllaceae MOXHO cuuTaTh HayYHON OCHOBOH /7151 (PUIIOTEHETHYECKOTO aHAJIH3a.
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BOTANICAL DESCRIPTION AND PHYTOCHEMICAL COMPOSITION
OF GLOBE ARTICHOKE (Cynara scolymus L.) INTRODUCED IN ABSHERON
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BOTAHUYECKOE OITMCAHUE U ®UTOXUMHUYECKHUIT COCTAB APTHUILIOKA
(Cynara scolymus L.), HHTPOAYLIUPOBAHHOI'O HA AIIIIIEPOHE

©Mameoos T. C., 0-p buon. nayx, unen-xkopp., Uncmumym
oenoponozuu HAH Azepbaiioscana, 2. baky, Azepbaiioxcan, Dendary@mail.az
©Caovicosa K. A., Uncmumym oenoponocuu HAH Azepbaiiocana,
2. Baxy, Azepbationcan, kemale.sadiqoval960@mail.ru
©Anbanuesa Ill. b., Incmumym oenoponocuu HAH Azepbaiioscana,
2. Baxy, Azepbationcan, senayalbaliyeva@gmail.com

Abstract. The article presents: a botanical description, information on the decorative
appearance during cultivation, the preservation of a beautiful appearance in the winter months and
the influence of the external environment on the growth and development of the species Cynara
scolymus L. Extracts from the leaves, inflorescences, fruits of Cynara scolymus L. and
the component composition were studied by gas-liquid chromatography on the Crystal 2000 M
device. Cynara scolymus L. is a very useful plant, rich in vitamins, minerals and antioxidants. Thus,
the presence of linol, citonellol, mirtenol, geranyl acetate, caryophyllene contributes to
the prevention and treatment of cardiovascular diseases and hypertension; nerol, neryl acetate and
synarin, which are in the plant, neutralize toxins in the blood, promote the renewal of liver cells
(with hepatitis, cirrhosis), and insulin regulates the normalization of blood sugar balance. This
plant, which has a multifaceted significance, can be widely used in various sectors of the national
economy (as a medicinal, vegetable, fodder, ornamental plant).

Aunomayus. B craTthe mpeicTaBiIeHb: OOTaHMYECKOEe OMNHMcaHue, HWHpopMmaluus IO
JEKOPaTUBHOMY BHEIIHEMY BUJY IIPU BbIPAILMBAaHUU, COXPAHEHUIO KPACHMBOI'O BHEIIHETO BUIA B
3MMHHE MECSIBl M BIMSHUIO BHEIIHEH cpelbl Ha pocT M pasBuThe Bujpa Cynara scolymus L.
DKCTpaKThl U3 JHCTHEB, COLBETHIA, 1o0B Cynara scolymus L. 1 KOMIOHEHTHBIH COCTaB M3y4ain
METOJIOM Ta30)KUIKOCTHOM Xxpomarorpaduu Ha npudope «Kpucramn 2000 M. Cynara scolymus L.
— O4YeHb II0JIe3HOE pacTeHue, Ooraroe BUTAMMHAMHU, MHMHEpaJaMH W aHTHOKCHIaHTaMHu. Tak,
HAJIMYME JIMHAONA, IUTOHEIUIONa, MHUPTEHOJa, TepaHWIalerara, KapuoQuiuieHa CHocoOCTBYeET
MpOPUIAKTAKE U JICUCHUIO CEPICUYHO-COCYIUCTHIX 3a00J€BaHUM M THIIEPTOHUYECKON OOJIe3HH;
HEepoJ, HepuJaleTaT U CUHApUH, HAXOJSALIUECS B PAacTEeHHH, 00E€3BPEKUBAIOT TOKCHUHBI B KPOBH,
CIIOCOOCTBYIOT OOHOBJIGHHIO KJIETOK Te4YeHW (MpH TemaTtuTe, UUppo3e), a WHCYIUH Peryiupyer
HOpMalM3aluio OanaHca caxapa B KpPOBU. DTO pacTeHHE, MMEIOIee MHOTOTPaHHOE 3HAaYeHHE,
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MOXKET HaMTH IIMPOKOE NPHMEHEHUE B PAa3IMYHBIX OTpAcisAX HApOAHOIO XO03sAWcTBa (Kak
JIEKapCTBEHHOE, OBOIIHOE, KOPMOBOE, IEKOPATUBHOE PAaCTEHHUE).

Keywords: Cynara scolymus L., Absheron, development, phytotherapy, medicine,
importance.

Kniouesvie cnosa: Cynara scolymus L., AmmiepoH, pa3Butue, (uroTepanus, MEIUIMHA,
3HAYCHHE.

The diversity of soil and climatic conditions in Azerbaijan creates conditions for the planting
and cultivation of a wide range of medicinal plants. The flora of Azerbaijan is rich in up to 40% of a
variety of useful medicinal plants. In this sense, the flora of Azerbaijan is a source of medicinal,
essential oils, in general, plant raw materials rich in biologically active substances. “If there are a
thousand pains, there are a thousand and one medicines”, said our ancestors, who from ancient
times used plants to treat their diseases. Knowledge and information about this have been
accumulated as a result of many years of experience of our ancestors and passed down from
generation to generation. Many years of public observation have shown that herbal medicines have
a greater effect than synthetic drugs. The chemical composition of medicinal plants is very rich [6].
From this point of view, it is very important to cultivate medicinal plants on a large scale and study
them on a scientific basis. At the same time, it is necessary to use medicinal plants both for valuable
food and as a means of treatment [9]. Among the medicinal plants in the flora of Azerbaijan,
C. scolymus L., which has the characteristics of multifaceted use, is not sufficiently planted and
cultivated in our republic. C. scolymus L. has a special place in the plant collection of the Institute
of Dendrology of Azerbaijan NAS. The Institute of Dendrology is located in the north-eastern part
of the Absheron Peninsula. The Institute has a rich collection of Azerbaijani flora and plants
imported from around the world.

Materials and methods

The study was conducted in the experimental field of the Institute of Dendrology on
the species C. scolymus L. In our study, the taxonomic composition of the species C. scolymus L.
was referred to as A. Engler-Prant | and the 2016 APG IV (Angiosperm Phylogeny Group V)
systems [10]. Phenological observations on the species under study were studied with reference to
standard methods used in botanical gardens. To determine the heat resistance of the studied species
was used K. A. Akhmatov’s method, P. A. Genkel’s method for determination of the drought
resistance, and revised scale by E. O. Iskandarov was used to determine the perspective of
introduction in cultural conditions [11, 12]. In order to carry out the research, extracts from the
leaves and cluster of flowers were obtained at different stages of the vegetation, and oil was
obtained from the fruits. The component composition of the extract from the leaves, the cluster of
flowers and oil from the fruits was determined by gas-liquid chromatography of the Crystal
2000 M.

Results and discussion
According to Greek legend, Zeus, the god of the sky, fell in love with Sinara, the daughter of
the earth, and invited her to Mount Olympus. One day, Sinara returns to Earth without Zeus’
permission. Enraged, Zeus turns him into a thorny plant, Sinara. In Greek it means “dog” (because
its flowers and fruits fall to the ground during ripening), and in Italian it means “pinecone”. Cynara
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scolymus L. looks like thistle, people sometimes call it a thistle. Both plants belong to the
Asteraceae family [8]. However, the large petal-like leaves and large flowers are bluish, and the
daisies are purple red in color.

Cynara L. is native to the Mediterranean countries. Up to 12 species are found in the middle
belts of Europe, North and South America, and the Canary Islands. It is spread to other countries
from Italy. There are 2 species of this plant in Azerbaijan: C. scolymus L. and C. cardunculus L.
The most common is C. scolymus L. [7].

C. scolymus L. is a perennial herbaceous plant up to 2.5 m tall, with a blue-green surface. It is
cultivated in Lerik, Shamakhi, Maraza, Absheron regions of the republic [4]. The stems and leaves
are covered with dense hairs. The body is straight, fleshy, densely branched. The shaft has a root
system, with a large number of side roots. The leaves are large, small, feathery, light blue on the
surface, silvery at the base, densely hairy, growing up to 120 cm in length and 50 cm wide. The
flowers are blue, purple, sometimes white, spherical, semicircular, in a large cluster of flowers, they
cross pollinate. The cluster of flowers is 10-20 cm in diameter, spherical, semicircular. It blooms in
June and bears fruit in July-August. The seeds are black, 5-8 cm long, ovate. The seeds contain up
to 30% fat [2]. The weight of 1000 seeds is 45-55 g. Planted plants are propagated by seeds and by
vegetative (in the absence of seeds). In the propagation of the plant, the method of reproduction of
more seeds is widely used. The seeds of the plant are stored in moist sand at a temperature of 1—
2 °C for 30-45 days before planting in the soil. The seeds of C. scolymus L. make the first
germination 12-15 days after planting in the ground, and mass germination 30-35 days later. If this
plant is agro-technically maint