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METOJ PET'YJISIPU3ALIUHU PEIIEHWN BUCUHI YIIPHO .
BO3MYIIEHHOMU 3AJAYH B TIPOCTPAHCTBE OBOBIIEHHBIX ®YHKIIUU

©Axkmamos A. A., SPIN-x00 8377-0954, Owckuii cocyoapcmeenHulli yHUsepcumemn,
2. Ow, Koipeviscman, abdilaziz _akmatov@mail.ru

THE REGULARIZATION METHOD OF SOLUTIONS A BISINGULARLY
PERTURBED PROBLEM IN THE GENERALIZED FUNCTIONS SPACE

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

Annomayus. 1lpu nccnenoBaHMM CHUHTYJISIPHO BO3MYIIEHHBIX 3a/ad B CilIy4yae HM3MEHEHUS
YCTOMYMBOCTH BcA paboTa TPOM3BOAMIACH B MPOCTPAHCTBE AHATUTUYECKUX  (PYHKITHA.
EcTecTBEHHO, BO3HMKHYT BONPOCBHI, MOXXHO JIM TOJY4YUTh OLICHKY PpEUICHUH CHUHIYJISIPHO
BO3MYILICHHOM 3a/1auu, HE BBIXOJS Ha KOMIUIEKCHYIO IUIOCKOCTh. B pabote nmepBhIMU MOIYy4YEHHBIMU
pe3yJIbTaTaMu  SIBJSIOTCS  PELICHUS CHUHTYJSIPHO MOTMBHUPOBAHHOW 3aJadd, HE IEPEXoAs B
KOMILIEKCHYIO IUIOCKOCTh. JIist 3TOro pa3paboTaH METON peryiIsipu3allud B IIPOCTPAHCTBE
0000111eHHBIX (DYHKLUH U MOJy4eHbl COOTBETCTBYIOIME OLIEHKH. Eciu BpIOpaTh Ha4aubHYIO TOUKY
Ha YCTOWYMBOM HMHTEpBaJie, TO BIUIOTH 1O TOYKM HEPEXOAa aCUMITOTHYECKas OIM30CTh pelleHui
BO3MYIICHHOW M HEBO3MYIIEHHOM 3aJadd HMEeT INOpAIOoK Mayioro mnapamerpa &. IlpoGmema
MOSIBUTCS, KOIZlAa TOYKAa IPHUHAUICKUT HEycTolunMBOMy uHTepBany. CrenoBareiabHO, 10 3TOTO,
paboThI MEPEXOMIIN B KOMIUIEKCHYIO TUIOCKOCTh. B Takmx 3ajadax CymiecTBYEeT MOHSATHE BPEMEHHU
3aras/blBaHMsl PELICHUII BO3MYILEHHOM M HEBO3MYILEHHOM 3anauu. JIMHUM ypoBHS MOSABATCA B
CIIOKHBIX IUIOCKOCTAX. B Takmx 3amadax CylIEeCTBYET IOHSATHUE BPEMEHU 3alla3/blBaHUs PEILICHUN
BO3MYILIEHHON M HEBO3MYLIEHHOM 3a1aud. JIMHUM ypOBHS NOSABATCSA B CIIOXKHBIX IUIOCKOCTAX. B
0COOBIX TOYKAX 3THU JUHUHM UMEIOT JUHUM KpPUTHUYECKOTro ypoBHs. [103TOMYy HEBO3MOXKHO BBIOpATh
HayaJIbHYI0 TOYKY TaK, YTOOBI MOJyYUTh MakCHUMajbHOE Bpems 3ajepxkku. Ho acuMmmnroruueckas
O1M30CTh pelIeHH BO3MYIIEHHOW M HEBO3MYIIEHHOM 3aJay BO3MOXHA IPH OTPAHUYEHHBIX
BPEMEHHBIX 3aJiepkkax. Eciyu u3yuarh pelieHHe B HPOCTPAHCTBE OOOOHIEHHBIX (YHKIMM, TO
MOKHO BbIOpaTh HauaJbHYI0 TOYKY C MaKCHUMAaJIbHOM 3a/lep)KKON 1O BpeMeHu. A Takke, He
nepexost Ha KOMIUIEKCHYIO MJI0CKOCTh, MOKHO YCTAHOBUTh ACUMITOTHUYECKYIO OIM30CTh pelIeHUH
BO3MYIICHHOM W HEBO3MYIIEHHOH 3a1auu. [ 3TOr0 BrepBble pa3paboTaH METOJ peryiaspusalnuu
pELIEHUI CUHTYJISIPHO BO3MYIIICHHOW 3a1a4H.

Abstract. When singularly perturbed problems are investigated, in the case of a change in
stability, all work was performed in the space of analytical functions. Naturally, questions will arise
whether it is possible to obtain an estimate of solutions to a singularly perturbed problem without
moving to the complex plane. In the work, the first results obtained are the solutions of the
singularly motivated task, not moving into the complex plane. For this purpose, a method of
regularization in the space of generalized functions has been developed and corresponding estimates
have been obtained. If we choose the starting point in a stable interval, then up to the transition
point, the asymptotic proximity of solutions to the perturbed and undisturbed problem is in the
order of a small parameter ¢. The problem will appear when the point belongs to an unstable
interval. Therefore, prior to this, the works moved to the complex plane. In such problems, there is a
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concept of the delay time of solutions to the perturbed and undisturbed problem. Level lines will
appear in complex planes. In such problems, there is a concept of the delay time of solutions to the
perturbed and undisturbed problem. Level lines will appear in complex planes. At special points,
these lines have critical level lines. Therefore, it is impossible to choose the starting point so as to
get the maximum delay time. But the asymptotic proximity of solutions of perturbed and
undisturbed problems is possible with limited time delays. If we study the solution in the space of
generalized functions, then we can choose the starting point with the maximum time delay. And
also, without passing to the complex plane, it is possible to establish the asymptotic proximity of
solutions to the perturbed and undisturbed problem. For this purpose, a method of regularization of
solutions of a singularly perturbed problem has been developed for the first time.

Kniouesvie cnosa:  nuddepeHnnanbaple  ypaBHEHHs, (QYyHKIHOHAN, ocolas  TOdYKa,
OMCHUHTYJISIpHBIE  BO3MYIICHMS, AaCHMIITOTUKA, YCTOMYMBOCTh, 3adada Komm, HocuTens,
perynsipuzanusi, QUHUTHOCTb.

Keywords: differential equations, functional, singular point, bisingular perturbations,
asymptotics, stability, Cauchy problem, carrier, regularization, finiteness.

Bseoenue
B nannoii pabote uccienyem pemieHusi OMCHHTYIIPHO BO3MYIIICHHON 3a/1a4H B CIIy4ae CMEHBI
ycToitunBocTH. M3BECTHO, YTO, HE yHAeTCA YCTAHOBUTH ACHMIITOTHYECKYIO OJM30CTh PEIICHUI
BO3MYILIEHHOW M HEBO3MYIIEHHOH 3a7a4yl B MPOCTPAHCTBE AeHCTBUTENbHBIX (yHKIuil [1-3, 5-7].
[ToaTomy, Bcsi paboTa BBIMONHSAJIACH, MEPEXOAsl K KOMILJIEKCHOW IUIOCKOCTH. B manHoll pabote
BIIEPBBIC pa3padarbiBaeM METOJ PEryIspH3allid PEIICHUH OMCUHTYIISIPHO BO3MYIICHHOW 3a7aud B

. 1pl
MpoCTpaHCTBe 00001IeHHON (QyHKIIUU S (R ) Llenv uccnedosanus. JlokazaTb B NMPOCTPAHCTBE

. 1Dl .
0GOGIICHHBIX ~ (BYHKIHH O (RY), ACHMIITOTHYECKYI0 OJHM30CTh pEHICHWH OWCHHTYISPHO

BO3MYILIEHHON M HeBO3MYyLIeHHON 3agauu. C 3Toil Lenbio pa3pabaTbiBaeM METO]| PEeryisipu3alus

o o o 1 1
pellIeHnil GHCHHIYIPHO BO3MYIICHHOMN 3318491 B IpocTpaHcTBe 0606mennsx gyrxumii S (R7). B

JaHHOM paboTe BHEpBbIE MOKAXEM CyTh MeToAa peryiaspuszauuu [4, c. 82—-102] u npuBenem
KOHKPETHBIN PUMeEp.

Mamepuanvt u memooul uccriedosanus
Paccmotpum 3anauy

&' (t.8) = DO Y(t, &) + & f (O + BOY(t, £)] M

Y(ty.€)=y" @

roe D(t) =diag (1, (1), 4, (1)) » y(t, &) =colon(y, (t, &), ¥, (t, &) t e R', 0<g&—manblit
napamerp, f (t) = colon(f,(t), f, (t)),[to,T]— oTpe3ok jeficTBuTenbHOM och, to<T, C* -
NPOCTPaHCTBO OeckoHeuHO auddepeHuupyeMblx QyHKImiA. 3aech S(Rl) — IPOCTPAHCTBO

. oi/pl . .
OCHOBHBIX (YHKITUH, S (R ) — MPOCTPAHCTBO 000OIIEHHBIX (QyHKIUN. JleHCTBUTEIbHBIE YaCTH

COOCTBEHHBIX 3HAu€HUN MaTpuipl D(t) HMeeT YCTOMUMBBIE M HEYCTONYMBBIE HWHTEPBAJIbI.

Hanpumep, JeHCTBUTENbHAS YacTh COOCTBEHHBIX 3HadeHmii RE A, (t)<O0, (k =1,2) B nHTepBane

—G)
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 11


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne2. 2022
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/75

te (— ©,d, ), TO 3TOT WHTEPBAJ SIBJISETCS YCTOMYMBBIM, €CIHU Re ﬂk (t) >0 , (k =1,2) B uHTEpBaNC

te (ao ,‘|‘00) - weycroitunseiv. Ecim Re 4, (ao) =0, torma Touka t = d, SABISIETCS TOYKOM TEepexoa

OT YCTOMYMBOrO HHTEpBaja K HEYCTOMUYMBOMY HWHTEpBaly. Takue HHTEpBajbl 3aBUCIT OT
KOHKPETHBIX COOCTBEHHBIX 3Ha4eHUH Marpuilbl D(t). OT ycToW4YMBOrO HMHTEpBaja BBIOMpaeM

HauaJIbHYIO TOYKY 3a1aun Komiu.
B3sB, popmanbao £ =0, moryduM HEBO3MYIICHHYIO 3a/1a4y

D(t)¥(t,0) =0, D(t) = 0. 3)
VYpaBHeHue (3) UMEET €AMHCTBEHHOE PELIEHUE B IPOCTPAHCTBE S(Rl)
y(t)=0. 4
[lycTb BBIOJHAIOTCS YCIOBUS:

L) eC”, L(t)eC”, vteC” (A (t) %0,k =12), (5)

Onpeoenenue 1. O6001IeHHON (QyHKIMEH Ha3bIBAETCS BCSKUN JTUHEHHBIH HENPEPHIBHBIM

o 1
(byHKI_II/IOHaJ'I Ha IIPpOCTPAHCTBC OCHOBHBIX Q)YHKHI/II/I S ( R ) u o0003HavaeTcs

(y(t, ), 4(t)) = fy(t,g);é(t)dt.

Onpeodenenus 2. OUHUTHBIM HA3bIBAIOT (DYHKIIMH, KOTOpPHIE OOpamaroTcs B HYNIb (YHKIUU
BHE HEKOTOPOTO KOHEYHOTO HHTEpBaJa.

Jlewma 1. B obmactu D, mnma dysxmun E(t.t,, g):yw)(g)exp{l jD(S)dSJ, CIIPaBEINBA
gt

CIIeTyIOIIast OICHKA
|E(t,t0,8)|£cg, (6)

rae C - HEKOTopast MOCTOSIHHAS.
Hokazamenvbcmeo. Jl0Ka3aTenbCTBO HPOBOAMM B IPOCTPAHCTBE OOOOIICHHBIX (YHKIHUI

1pl 0
S'(R"), u cocrasum, o onpezleneHmo (GyHKIMOHAIA YYUTHIBAs y( )(8) =&, monydaem

+o0 — D(s)ds
(E(t,ty,£),4(t)) = J.e ‘° ¢(t)dt . PunuTHAsS (YHKIMS M3MEHUT IIpEZENbl MHTErpana B

I t
S(e) = D(s) 5(e) =|D(s)ds

OKPECTHOCTH  0CO0OH  TOUKH (E(t ty, &), ¢1(t) j e ¢ (t)dt =4 (1)) I e’ dt .
-8(¢) -6(¢)
F(t

OmpenenuM  HOpMY  (DYHKIIMHM, TOT/A ||(E(t,t0,8),¢l(t)1|ﬁ 285(8)¢l(tl)exp(l—ﬁJ, e
&

Iim0 0(e)=0, e&=0(5(¢)). Orcrona BHAHO, YTO JIOKAa3aHO CIIPABEIMBOCTH OLEHKU (6) B
&>

1pl
IMPOCTPAaHCTBC S (R ) JlemmMa mokazaHa.
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t t
1
Jlemma 2. B obnactu D, nng wnrerpana E(t,7,¢) = I exp| — I D(s)ds |f (r)d 7, cnpaBemuBa
t €L

clemyromas oreHkKa

|Et,7,¢)|<cs(e), (7)

rie Iim0 0(£) =0, £=0(5(¢)), C - HeKOTOPEIEC MOCTOSIHHBIE.
£—>

Jokaszamenvcmeo. CoctaBuMm (pyHKIIMOHAT (E(t,r,g),¢(t))= J. E(t,z,&)¢(t)dt. 13 ycnoBus

+o (&)
¢bunuTHOCTH  QYHKIMH  ¢(t)  HUMeeM (E(t,f,g),@(t)): jE(t,f,g)(r;sl(t)dt. N3 kypca

-5(¢)
MaTeEMaTU4YCCKOIr0 aHajim3a H3BE€CTHO, YTO €CJIH q)yHKHH’[ E (t, T, 8) Ha I/IHTepBaJ'Ie (to ' a'o )

MOHOTOHHO BO3paCTa€T MW HCOTPHLATCIIbHA, a B HWHTCPBAJIC (a01t) MOHOTOHHO Y6I>IB8.GT nu

HEOTpHUIIATENbHA, TOra 1o dopmyne Bonne Oyzer
t %jD(s)ds %ID(S)"S 3 t
Ie ‘ f(r)dr=e * (_[ f(r)dr + _[ f(r)dz). Ecmu ¢ynxims — f(t)usTerpupyema, Torna
t ) 8
t %j‘D(s)ds %ID(S)dS
e f (T )dT =e ™ [F (t)- F(to)]. DyHKIMOHAT UMEET BUJL ONPEENSIONMM C HHTETPAIOM
ty
o(¢) %j‘D(s)ds 5(¢) %'I[D(s)ds
(E(t.z,),4:(1)= I e F(t)a®dt+F(,) j e ¢ (t)dt. Ouennm xaxmyro cnaraemyro
-5(¢) -6(&)
5(¢€) %j‘D(s)ds 5(¢) %Re"[D(s)ds
1). I e  F(t)g ()dt| <F(0)g(t,) I e dt.ITocnennuii uHTErpan CTPEMUTCS K HYIIIO
-5(¢) -4(¢)

t
mpu £ —>0, U Re I D(s)ds >0, F(0)=0.0uennm BrOpyro cnaraemyro. Torma 2).
ay

17 17
5(e) = [D(s)ds Se 7J‘D(s)ds

)
F(t,) I e ¢ (H)dt = F(t)e. (1) _[ e dt, xotopsiii crpemuTes k Hymo pu € — 0. B

-5(¢) -4(¢)
o0IieM ciydae HopMa UHTerpasa ||E(t, T, €)¢(t)|| <¢d(g). Orcrona BUaHO, 4TO OleHKa (7) TOKA3aHO.

JleMMa ITOJTHOCTBIO JOKA3aHa.

Torna umeer Mecto cienyrouias Teopema.

Teopema. Ilycts BeImonHsoTcs ycnoBus (5). Torma 3amada (1), (2) uMeeT eTUHCTBEHHOE
pelIeHue U AJis Hee CIpaBeJiiBa OLEHKa

ly(t, &) < Co(e), (8)

e a(s) -0, ¢ >0, teC, C — NOCTOSHHOE YHCIIO.

Jokaszamenvcmeo. Ot 3anauu (1), (2) npuxoauM K 3KBUBAJIEHTHOMY YPaBHEHHUIO:
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y(t,&) = y°())E(t,t,, ) + j Et, z,&)[f () + B(z)y(z, &)z ©)

to

e E(t,7,¢6) = exp[lj D(s)ds} _
&

T

VYpaBuenue (9) Oyznem pemarb METOIOM IOCIIEIOBATEIbHBIX TPHOIMKCHHIN:

yO(tig) =0, y,(t, &) = yO(E)E(t,to,é‘)-l-'t[E(t,Z',E)f(Z‘)dTa

to

t 1 t
Yo (t,€) = yi(t. &) + [ E(t,7,£)B(2)y, 4 (z,)d7, e E(L7,6) = exp{zj D(S)dS] ,neN.

Pemenne paccMorpuM B R', HO3TOMy MMeEEM €IMHCTBEHHBIA ITyTh HHTETPHPOBAHHSL.
YuureiBas ieMMy 1 1 ieMMy 2, IPOM3BOIMM OLIEHKY MOCIEI0BaTEeNbHBIX TPUOIMKEHHHA

t
y,(t, &) = Yy ()E(t,t,, &) —|—J‘E(t1z',g) f(r)dr. Hna mepBoro npuOmMKEHHs BEpHA OLECHKA

t
||y1 (t, 8)” <cd(€), rneC— nexoropas nocrosiHHast. Jlanee, [y BTOPOro MPUOIMKEHHs aHATOTHYHO
MOJTyYaeM, ||y2 (t, 8)” <co(e)+ (05 (g))2 rme ( — HekoTOpble NOCTOSHHBIE. IIpeanonoxuM

CIPaBEIMBOCTh CIEAYIOMIEr0 HEPABEHCTBA ||yn (t, 6‘)” <co(e) +(co(g)* +...+(€5(e)", raeC —

HekoTopkie ocTosiHHbIe, N € N . CripaBeyIMBOCTh OLICHKH (8) J0Ka3aHa.
Teneps 0KakeM CXOIUMOCTD TIOCIICIOBATEIILHBIX MPHOIMKEeHUH. Meem

ly.(t, &) <co(e) <L)y, (t. &) - vi(t, )| < (co(e) ) <1,
Iy:(0.2) =, (6. < () <1 [yoa(t.e) =Yy (t2)] < (e5) ™ <1,

JIOKa)eM CIpaBEeIIMBOCTh OLECHKH ||yn (t,g)—yn_l(t,e)”. MMeeM 4TO pa3sHOCTh pELICHUI

BepHa ||yn (t,e)-vy.,(t, 8)” < (C5 (8))n <1.IToctpoum psin

> 10
2 (Ve t:2) - yia(t.2)). (10)

1
Ecmu psan (10) cxomuTcs paBHOMEpPHO, TO TIOCIEAOBaTENbHOCTH {yn (t,é‘)} CXOIOUTCS

PaBHOMEPHO.
JlokaxkeM paBHOMepHYIO0 cxoauMocTs psina (10). Umeem

i(Yk te)-y, (Lg)w < kZ::”Yk (t,g)— yk—l(tigm = ||Y1(t15)_ Yo (tig)l|+

k=1

+Hy.(te) =it e)l+t Yot £) = you (L e)|+.. = c8(e) + (co(e)) +

+..4(co(e))" +...=co(e) x(%]

1-(co(e))™
1-¢co(e)

B paccmarpuBaemoii oGnactu ||yn (t,e )” <co(e)x { J Ja mpu 1= 0noxyunm
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||y(t, 8)” <c¢d(e) .Teopema nokasana.
Ha ocHoBe n0Ka3aHHON TEOPEMbl BUTHO aCUMITOTHYECKYO OMM30CTh pemeHuii (8) u (4).
[TpuBenem mnpumep. Ilycts Mmarpuna-¢pyHkuuss D(t) HUMeeT CONpsHKEHHbIE COOCTBEHHBIC

3HaUYEHUE A (t) =t+iU A, (t) =t—i.OnpenenuM NeHCTBUTENbHYIO 4acTh COOCTBEHHBIX 3HAYEHUM

Re /1k (t) =1, (k =1,2). JleiicTBuTeNbHAS YacTh COOCTBEHHBIX 3HAYCHHSAX YCTOIYMBA B MHTEPBAIIC
t e(—o0,0), U HEyCTOHYMBA B HHTEpBaNe t e [0,+00). Touku mepexoma t=0 raxke BXOAUT B

HeycTOW4YMBOM MHTepBae. [loromy, uto B okpectHOocTH ToukH t = QM camoii Touke HE ONpeeIeHO
ycroifunBocTs. B KadectBe HauanbHON Touku MoxkHO B3sith — 0 <1y <0. CoGerennbie 3navenus

KOMIIJICKCHO-COIIPS’KCHHBIC, ITIO3TOMY AOCTATOYHO HCCICIOBATH ﬂl(t) =t+i. HOJIy‘-ICHHBIe O CHKHU

BBITIOJIHSIFOTCSL aHajornyHo. 3agauu (1), (2) cBeneM K SKBHBAJICHTHOM 3amave Buaa (9), yauThiBas,

uto yHKIMA f(t) MHTErpupyeMa B oTpeske [ € [tO,T], (t, <T) B BexTOpHOM BHZE:

y(t, &) = Y (£)E(t,1,,€) +jE(t,r,g)[f (r) - B(2)y(z,&)|dz. g omHOro  CcOGCTBEHHOIO

%)

( +I) (t0+i)2) 4 j’ei‘((tﬁ)z—(r-#i)z)

3HAYCHUSI HMMEEM vy, (t,&) = y1 (s)e2 f (r)dz- Ucnonp3ys nemmy 1,

to

(e Pt i)

OLICHNM TepByI0 ciaraemyio Y. (£)e2 . 3nech yf (€) =€ moxHO 3aMeHUTD, y4UTBIBAs
YCJIOBHSL YCTOMYHMBOCTH COOCTBEHHBIX 3HaueHuit. Torga cocTaBuM (DYHKIMOHAN B IIPOCTPAHCTBE
R l(( ~(to+i) ) = 1 iz—t0+i)z)
S'(RY) |ee? L B(t) —8_[928 #(t)dt. Onpenenum abcomoTHYIO — BeIUUHHY
byHKIMOHATA
l((t t0+l ) +o0 1(2 2)
e ,o(t) Sé‘jez‘E p(t)dt. Dynxuus ¢(t) huHUTHA, TOITOMY aOCOIHOTHAS
(i P-4 ?) +e Lz
BeqnuMHa (PyHKIMOHAma || 8% D) [<Le j e @ (t)dt. TIlpumenum TeopeMbl O
r
i((t+i)2—(t0+i)z) e e )

cpenHeM K (QyHKOMOHATy | &8% () [Leq(t) I e dt—0, mpu & —>0. Teneps

L{(erip—(esi)?)

t
OIIEHUM HWHTErpai I g2e f,(r)dz u cocraBum (GYHKIIMOHAT B MIPOCTPAHCTBE 00OOIIEHHBIX

yHKimit j e28 (it f(r)dr #(t) | = j j e25 e f(r)dr #(t)dt. Haitnem aGcomoriyio

—oo\ 1y

L L (i) AR
BEeIMYMHY (YHKIIOHATA jek f,(7),0(t) Sj J‘ezg f (z)dz [p(t)dt. A Tenepn
to

—oo\ ty

ONpPENETNM ¢buHUTHOCTH byHKIMH ¢(t) :
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C L (i P(esif) et L,
jeze f.(r), 4(t) sj je% fl(r)dr H(t)dt .
to e\t

WHrerpan  3amumeM B BHUAE:

1.

t L2

i(tz—rz) o 1
e " (r)dr=[e?

to to

MOHOTOHHO BO3pacCTacT M HCOTpHLATCIIbHasd, a B HHTCPBAJIC t e(O,t] MOHOTOHHO Y6HBa€T nu

Co1ge
)fl(r)de‘ez‘g(t f (r)dr. OyHKUMA e ¢ B MHTepBaie tE[tO,O)
0

HeoTpuLaTeabHa. BuaHo, uTo BeimonHseTcs ycinoBust popmysie bornne. MHTerpan MOXHO 3amucarb

1.2 o 1.5t t 1 2 o 1.,
pommte [ 7t (o)de =er' [ f,()de. Hurerpupys [er 7t (r)dr = e [F () - F,(t)]-
to to to
[TogcraBusist, 3TOT  wMHTErpal K  (YHKUMOHATY  IOIy4Yaem
t i(tz_rz) Je 1 2 Je 1 12
j e f(r)dr,é(t) | = j 2 F(t)g,(t)dt + F(t,) j g2 ¢ (t)dt. Ouernm pynxunonan. Torxa,

ty Ve

CJICAYIOIINC HUHTCTpaJibl

y‘-II/ITI)IBaSI BBIYHCIIUM
Je 1 e

j e’ F(t)g()dt <eg,(t,) j F(t)dt = e, (4)[F. (V&) ~ F.(~V2)]. Orcioma veen onerxy pasyio

C\/E , C — HEKOTOpbIE MIOCTOSIHHBIE.
Je 1 e Je 1 2
F(t,) J. ezg ¢ (t)dt = F(t,)4,(t,) jezg dt . MMomyuaem orenky paBHyo C\/E rne C - HekoTopble

TeopeMy 0 CpenHeM, UHTErpai u MIOJIY4HM,

Bropoe cllaraemMoe byHKIIHOHAA

IIOCTOSAHHBIC.

B wurore s mepBoro npuOIMKEHUS HMEEM |(y1 (t,g),¢(t)| < (C 8,¢(t)), OTCIO[A BUJHO YTO

|y1(t:5)|SC\/;.A U Uit

HOCJ’ICI[yIOH_[I/Ie HpI/I6J'II/I)I(eHI/I$I OMPEACIIAOTCA aHAJIOTHUYHO.

A,(t) umeeM |y, (t,8)|SC\/E, rie C - HekoTopble MOCTOSIHHBIE.

Pezynemamut u oocyscoenue
W3 BBIIIE TOKa3aHHBIX JIEMM U TEOPEMbI BUHO, YTO B IMIPOCTPAHCTBE 0000MIEHHBIX (DyHKITHUH
1 1 o
S'(R"), MOKHO yCTaHOBHUTD ACHMIITOTHYECKYIO GIM30CTb PELICHUH GHCHHIYISPHO BO3MYIECHHBIX

1 HCBO3MYUICHHBIX 3aj/1a4.
Meton peryispu3anun 06CY)KI[€HO Ha OCHOBC IIpUMEpa Ha HAYYHOM CCMHUHapPC Ka(l)e)lpbl
MaTCMAaTUYICCKOro aHajinia 1o pykKoBoaACTBOM npo@eccopa C. KapI/IMOBa.

Buvisoowl
IlonBeas UTOT, MOKEM CKa3arh, YTO ITOCIIENOBATEILHOCTD {yn (t,é‘ } PaBHOMEPHO CXOJUTCS K

HEeKoTopoll pyHKIMU Y(t,&), KoTOpas sBisercs pemieHueM ypaBHeHus (1). Korma coOGcTBeHHBIE

3HAQUEHUsT MATPHUIBI UMENM YCTOMYMBBIA HWHTEpPBAJ, TO MOXXHO JOKa3aTh ACHUMITOTHYECKYIO
01M30CTh pelIeHN OMCHHTYISPHO BO3MYIIEHHOW M HEBO3MYILEHHOHM 3amaud. IlosBuTcs BOmpoc:
MOXHO JIM YCTaHOBHUTb aCHUMITOTHUYECKYIO ONM30CTh peIIeHUI BO3MYIIEHHON M HEBO3MYIIEHHOU
3a/laud, KOrja, COOCTBEHHbIE 3HAYEHHsS MATPHUIIBI HE HUMENIHU YCTOMYMBOW HHTEpBal. B sTOoM
HaIlpaBJICHUH MPOJOKUM HCCIEIOBAHMH.
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ACUMIITOTHKA PEHIEHA OJHOPOJHOI'O BUCUHT YJIIPHO
BO3MYUIEHHOI'O JU®PEPEHIIUAJIBHOI'O YPABHEHUS B TEOPUH
OBOBIIEHHBIX ®YHKITAN

©Axmamos A. A., SPIN-x00 8377-0954, Owckuii cocyoapcmeenHulli yHUsepcumemn,
2. Ow, Kvipeviscman, abdilaziz akmatov@mail.ru

SOLUTIONS ASYMPTOTICS OF A HOMOGENEOUS BISINGULARLY PERTURBED
DIFFERENTIAL EQUATION IN THE GENERALIZED FUNCTIONS THEORY

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

Annomayus. B mpoctpancTBe 000011IeHHBIX (DYHKIIMI paccMaTpUBaeTCs OMHOPOAHAS CUCTEMA
CUHTYJSIPHO BO3MYILIEHHBIX AU(PEpeHIInaIbHbIX YPAaBHEHHUH B Cllydae M3MEHEHUs! yCTONYHUBOCTH.
JlokazaHna Teopema 00 OOOOILIEHHBIX PEIIEHUSAX COOTBETCTBYIOLIEH BBIPOXKACHHONM CHUCTEMBI
ypaBHeHUN. B 0c0oOBIX TOYKAax yCTAaHABIMBAETCS ACUMIITOTHYECKAass ONM30CTh pelICHUM
BO3MYILIEHHOUM M HEBO3MYIICHHOH 3a/1a4 B 0co00i obnactu. HoBu3HA paboThI 3aKII0YAETCS B TOM,
YTO BIIEPBBIC MOIYYCHA OLEHKA JUIsl CHHTYISPHOIM o0nacTu. Beipoxk/ieHHas cucTtemMa UMeeT 0Cco0yro
Touky. Ha naHHBIH MOMEHT MBI pellaeM ypaBHEHHE B 00001IeHHBIX (YHKIUAX. B cBolo ouepenp,
3TO TOK€ HOBUHKA, IOCKOJIbKY paHee BBIIIOJHEHHbIE PaO0OThl pacCMaTPUBAIM TOJIBKO KJIACCHYECKOE
pemenue. Crnenyroias HOBH3HA pabOThl 3aKIIOYAETCS B TOM, YTO MbI Oe€peM HCXOIHYIO TOYKY B
HEYCTOMYMBOM MHTEPBAJIE U TAKXKE HAIPABISEMCA K HEyCTOMYMBOMY MHTEpBalLy. JTO CBOWCTBO HE
XapakTEpHO JJIsl paHee OIMyOIUKOBaHHBIX PadoT.

Abstract. In the space of generalized functions, a homogeneous system of singularly perturbed
differential equations in the case of stability change is considered. A theorem on generalized
solutions of the corresponding degenerate system of the equation is proved. At special points, the
asymptotic closeness of the solutions of the perturbed and unperturbed problems in the singular
domain is established. The novelty of the work lies in the fact that, for the first time, an estimate for
the singular region was obtained. A degenerate system has a special point. At this point, we solve
the equation in generalized functions. In turn, this is also a novelty, because previously performed
works only considered the classical solution. The following novelty of the work lies in the fact that
we take the starting point in an unstable interval and also head towards the unstable interval. This
property is not characteristic of previously published works.

Knrouegvie cnosa: ob6oOumeHHass ¢ynkuus, nuddepeHranbable  ypaBHEHUs, (QYHKIMS
Jlupaxa, 0coOble TOYKH, OUCHHTYIISIPHBIE BOMYIIICHHS, pelIeHne, 3a1ada Komm, GpyHKIIoHaI.

Keywords: generalized function, differential equations, Dirac function, singular points,
bisingular perturbations, solution, Cauchy problem, functional.

Beeoenue

HccnenoBanne acMMNOTOTHKA PENICHUNM CHHTYISPHO BO3MYIICHHBIX IU(PEpeHIInaTbHBIX
ypaBHEHHUN B CIIy4ae CMEHBI YCTOMYMBOCTH PacCMOTPEHO B paborax [1, 2, 4-9]. BBeneno nounstue
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peryJsIpHOM W CHHTYJsIpHOUW oOmacteir [9, c. 42]. Perymsipnas oOGmacte OydeT OrpaHUYCHHO WIIA
HEOIPaHMYEHHO OTHOCHUTENIBHO KOOpIUHATHBIX oceil. Ecim o0macTh perymispHo, TO J0Ka3aHO
aCUMITOTHYECKHE OJIN30CTh pPELIEHUI BO3MYLIEHHOM M HEBO3MYIIEHHOM 3amaun. IIpucyrcTBus
Mayioro napamMerpa auddepeHnrnanbHbIX ypaBHEHUAX MPH CTAPIINX MPOU3BOTHBIX 00YCIOBISIETCS
MOSIBJICHUEM IIOIPaHUYHOrO cios. IloBeneHus pemeHuil CHHTYISApHO BO3MYILEHHOW 3aladd B
MOTPAHUYHBIX CJIOSX JOCTAaTOYHO M3y4eHO B padore [9, c. 62].

VYHUKaabHBIA METOJ B 3TOM HallpaBJIEHUE CUMTAETCS METOJ JUHUM ypoBHs [1, c. 21]. JIunun
YPOBHSI aHATUTUYECKUX (PYHKLHUH IMOJHOCTBIO MMOKPBIBAET PErYJIIPHOI U CHHTY IsIpHON obnactu. Ho
B CUHTYJISIpPHOW 0OOJIaCTH HE BBINOJIHAETCS ACUMITOTHUYECKOM ONM30CTh PELIEHUH BO3MYLIEHHOW U
HEBO3MYILEHHON 3aJayd. AKTYalbHOCTb JaHHOW pabOThI 3aK/IOYaeTCs B TOM, 4YTO BIIEPBBIE
JI0Ka3aHO ACUMNTOTHYECKHE OJNM30CTh PpEIICHU BO3MYIIEHHOM M HEBO3MYLICHHOW 3a1aud B
CHHTYJIApHOM oOnacteil. Pemenwe 3amaum paccMarpuBaeTcsi B MPOCTPAHCTBE OOOOIIEHHBIX
dbynkuuii [3, c. 24].

Ilocmanoska 3adauu. PaccMoTpuM 3aa4u

&y'(t.£) + D(t)y(t, &) =0 (1)
y(t,, &) =y°. 2)

rne 0 <& — manslii mapamerp, D(t) = diag (4, (t), A, (t)). y° = COIon(yf, yg) - IIOCTOSIHHBI
Bektop, te€R. JlmorHompHas wmarpuna-QyHKIHS HWMEET KpaTHYyI0 COOCTBEHHbBIC 3HAYCHHE
40 =% =a@, at) C*(R).

U. IlycTth BbINONHAKOTCA ychaoBus: a(t) >0, npu te (t*,-i-OO); a(t) <0 mnpu te (— OO,I*),
a(t’)=0.

Cucremy (1) MOXXHO paccMaTpuBaTh KaK BO3MYIIEHHYIO MO OTHOIICHHIO K BBIPOXKICHHOU
cucTeMe

D®)y(t)=0. 3)
Bripoxkaennas cucrema (3) uMeeT eJMHCTBEHHOE KIIaCCHUECKOE PELIeHHe
y(t)=0,D(t) = 0. 4)

Takue cnmyuam paccmarpuBainch B paborax [1, 2, 4-9] u noka3aHO aCHUMNTOTHYECKHE
omu3octh pemeHuidd 3amaun (1)-(2) m (3). AcuMmMnToTHdeckas OIEHKAa BEpHA, B PETYISAPHBIX
o0nacrsx.

CobcTBeHHbIE 3HaYeHUs] Marpuua-GyHKus D(t) B Touke t=t" oOpamaroTcs B Hylb. JTH

TOYKHM HA3BIBAIOTCS TOYKaMu ToBopoTa. [loaTomy ompenenum obOobOmieHHble perneHus [3, c. 52]
3amaun (3) B TOUKax t =t".
Teopema 1. BeipoxknienHas cuctema (3) uMeet 0000IIEHHBIE pEIIeHUs BUIa

y(t) =G(S(t-t"). 5)

Jokazamenvcmeo. PaccmotpuM psin Teitnnopa ¢ HHTErpalbHBIM OCTATOYHBIM YWICHOM:

H0 = $(t) + 8 G- 1) ot 4V )t ) + ©
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+%j¢(m’ (t +(1—7)%, J1-7)"(x =%, )" dz, (x e R,n > 0).

Wuterpupyem (6), ucxoas u3 ¢popmynsl Hperorona-JIeiiOHUIIa 1 MHOTOKPATO MHTETPHUPYS IO
4acTsM IIPaByIO 4acTb, OJYyYaeM

fa):f(ﬁ)+jf19ds=f(ﬁ)-jf(gda-s)=f(ﬁ)—a-s)r@n;+

+if%$@—sﬂs=m=f03+”A~ﬁ%gzﬁ—ﬁy+iiﬂggaﬁ—sy$.

OcTtaTouHblii WieH npeodpazyeM C MOMOIIBIO 3aMEHbBI

t-s=t—t' —d+d’ t=t"+7(t-1"), (0 < <1).

t—t" =(1-7)ft-t").

[ToaToMy OCTaTOUYHBIN WICH TPHOOPETACT BUI:

jfmm“*;T“‘“)a—rrﬁ_vT“dT.

Takum o6pazom,

0

CornacHo cMmbIcoy 3aAadd, TpeOyeTcsi HalTH NpaBUIIO, 10 KOTOPOMY HY>KHO BBIYHUCIATH

~
~

spauenne (Y(1),¥) nna mo6oit pynkumm WES(Rl), eciu (D(t)§(t),¢(t))=0 npu 000k
dynxumn P(t) € S(Rl).

[To ompeneneHuoo, yMHOXEHHas Ha OeckoHeuHO muddepeHpyeMyo (QYHKIHIO Ha
0000IICHHYI0, UMEEM

(DO ). 40))= (5. DR =0.

~

Takum oOpa3oM, 3HaYEHUS UCKOMOTO (DyHKI[MOHAJa V(t) Ha BcexX QyHKIUAX Bumga D(t)g(t)

#(t),(n>0)

0O3Ha4acT, 4TO 3TO (I)YHKI_II/I}I npu t = t” 06pamaeTc51 B HYIJIb. HOKa)KeM, 4YTO BEPHO U O6paTHOC, T.C.

« \N+1 « \n+1
paBHa HyNI0. 3aMETUM, 4YTO HaJU4YU€ MHOXKUTEIS (t—'[ ) y QyHKUIHUN (’[—t )

ecin O (t*) =0 HEKOTOpOH  (YyHKLUHU Ol(t) € S(Rl) , TO «(t) mnpeacraBuMa B BHIE
a(t) = (t —t*)n+l P(t), tme B(t) —HekoTopas GpyHKIMS U3 S(Rl). JlefiCTBUTENBHO, MMyCTh & (t*) =0,
at’) e S(Rl) . Bocnionb3yemcs opmyiioii (6) mpu t =t*, n=Kk:

*yk+1 1
E;%l_ja“ma*+ra—ﬁ»@—rYdr=ﬁ—ﬁT”ﬁa%

¢ﬂ0=aaw+m+ﬁ%§3&—fY+ J

rae B(t) = %Ia(kﬂ) (t* +7(t—t"))(1—7)dr. OueBuano, uto Bt) e S(Rl) , TIOCKOJBKY a(t)
"0

IIPUHAJUIEKUT B S(Rl). CnenoBarensHo, & (n)(t) MIPUHAJUICKUT B S(Rl).
[Iycts Tenepb w (t) — mpousBoibHas QyHKIUS U3 S(Rl). Ham HyXHO HaliTH, 4eMy pPaBHO
():/(t), (1)) . PaccmoTpuM BeroMoraTensHyo (yHKIIHIO
),
ki

at) =y Q) -yt )y, —y' )y —...~
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Otcroma

- _ (k) (4% - 7
0= (y(t), a(t)) =(37(t),t//(t)—t//(t*)u1 ~y' () u, —---—WTft)uk =(V(t),w(t))j— @

—w(t*)(?(o,ul)—«//'(t*)(%),uz)—...—%@a),uk).

N3 cooTHomenus (7) moiaydaem, 4To

GO w @) =T, )+ €O, 11}« 9 €T, 1)+ 4w )T W) 21, ).
3nech

T w®)=w)C, +3'€)C, +.ty O E)C,, me C, =(F(0) 4 )k =012..
W3 onpenernenns O — GyHKLIUH, TOTy4aeM, YTO
Ft).w)=(Coot-t)+Co (t—t") +...+ C. 59 t—t") (1)),
rie C, =(y(t), 14 ),k =012,....
Takum 00pazoM, 006001IeHHBIC penieHus 3a1aun (3) nmeet Bux (5)
() =C, 0t —t")+C, 5t —t") +..+C ¥t —t") =G5t -t")).
Teopema noka3zana.
O6mue pemenue 3aaa4u (1), (2)

1! (8)
V(t.€) =y exp| - [a(s)ds |.
ey
OCHOBHaH 3ajaa4da, HpI/I KaKHux t BBITTIOJIHSCTCA HpGZ[GJII)HI)If/'I HCpCXOII
lim y(t, ) = v (t). )

o 1 1
Onpeoenenue 1. TlocnenoBaTenbHOCTh OO0OOIICHHBIX (QyHKIMH Y, (t)eS'(R") cxomures,

cemn 3 Y, (1) € 8'(RY) maxan uto (1) €S, (¥, (1), 4(1) - (y(1), 4(0)).

CX0auMOCTh TaKOTO THIIAa Ha3bIBAIOT cIa00# CXOAMMOCTBIO (MJIM OTOUYEUHOI).

Onpeoenenue 2. IlocnenoBarensHocTh (yHKIMET Ha3piBaeTcss O — OOpa3HOM, €ClIM OHa
CXOIUTCSA K O — (YHKIIHH.

Teopema 2. Ecnu BemonnHsiercs yenosue U , Torma mis pemenns 3anayn (1), (2) cipaBemmBa
OLIEHKa

lyt.e)- Y] < cer, (10)

3nech n = 2k, k € N, 0 < C — HEeKOTOpbIE TOCTOSTHHOE YHCJIO.

Jokasamenocmeo. YuutbiBas omnpeneneHue 1. B paBeHCTBE (8) paccMOTpUM Kak
MOCJIEZIOBATENBHOCTD IMAKUX (QYHKIIMMA

(¥, (t &), (V) = Ly" exp(—% | a(s)ds],qzs(t)].
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JIns BbIUMCIIEHHS Tpeaena UCCIEAyeM CEMENCTBO 3HAYCHUU (y,(t, &), ¢(t)) Tpu £ —0,,
Vé(t) e S(RY). Torna

+oo —— a(s)ds o0 **j‘a(s)ds (11)

(v, t.2).6()=y j e " [4(t)—40)Jdt+ y°4(0) j e dt.

t
+00 —lJ-a(s)ds

Orcrona, BTopoe ciaraemoe paBeHcTBO (11) BepHO y J'yg (t,e)dt<y I g © dt=1.

—00

t
Craenas 3aMEHy =7, MBI BUINM, 4TO npu a<0<b
Ve
T Vez
IIm Iy (t,g)dt = IIm Vey® I ja(s)ds z=1. Ocranoce mokasarb, 4yTo B paBeHcTBe (11)
a Vez,

IIEPBBII MHTETPaJl CIIpaBa CTPEMHUTCS K HyJHo BMecTe ¢ ¢. meeM:

j Y, (t,£)[4(t) - $(0)Jdt = j Y, (t,£)[4) - 4(0) it + j Y, (t,£)[4) - 4(0)Jdt +

+ Iyg(t,g)[¢(t)—¢(0)ht.31[605 a<0<b, 0<5<%.

Bo3bmeM HOpMmy

j Y, (t,2)[$(t) - #(0) at| = j (6P — (Ot + j Y, (t,2)[$(t) - #(0)Jt +

—00

+ j Y, (t, )[4 (t) - 4(0) ot

be™d

< constO(exp(— —J-a(s)ds} + max [¢(\/_ t) - ¢(0)]

rJe uepes CoNnst o6Go3HaueHb! OLEHKN [¢(Q/Et) —¢(O)J Ha MOy OECKOHEYHBIX WHTepBaiax. B
CUJIy HETPEPBIBHOCTH ¢(t) U C YUETOM ¢ <l MOCJIE/IHEE CJIaraéMo€ B 3TOM OLIEHKE CTPEMUTCS K
n

nymo npu & — 0. Takum o6pazom onerka (10) Bepra. Teopema jokaszaHa.
Paccmorpum  mpumep. Ilycte  a(t)=t. 3agmawa (1), (2) wumeer peuieHHe BHIA
t2
e % . HayanpHas TOUKa BBIOPaHO B HEYCTOMYMBOM MHTEPBAJIE U PABHO t, = 0.

y(t,2) = \&

Ecmu Bo3pMeM dopmansHo € =0, To moayunm
ty(t) =0. (12)

YuuTsBas TeopeMy 1, 0600IIeHHbIe pemenns BEpokaerHoro ypasrenns (12): Y (t) =C,d(t),
e C, —HeKoTopasi MocTosiHHas, §(t) — yHKims JlupaKa Mopsika CHHIYISPHOCTH paBHa 1.

Ocranoch TNOKa3aTh, NpPHM KAaKMX 3HaYeHMsX L BemomHsercs pasentcBa (9). Ilycts
(v, (t.£), ¢(V)) > #(0) mamy, (t,) = 5(t).. Jlra 510r0
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+ +o + 13
(v, (t.£) 6®) = [y, @ )dM)dt = [y, (t.&)[4(1) - 4O)Jdt + 4(0) [ y, (t,£)clt ()

+00 4o t?
Bropas cnaraemas B mpaBoii yactu paBeHcTBa (13) paBHa ¢(0) I y, (t,&)dt = $(0) Ie_zdt .

J 2 re
t

CraHoBuTCSH BUJHBIM ITIOCJIC 3aMCHBI nepeMeHHoﬁ \/— =17 , OTOT MHTErpal paBC€H CAWHUIIC.
&

Ocranoch mokasarb, YTO MEpBbIM MHTerpan B paBeHCTBE (13) cTpemurcs K Hylo BMecTe € &.

3ametuM, uto Va>0 u 0< 68 < 1 . Torma umeem

+00 1 © 7& 1 ,ﬁw ® ,ﬁ —a—;
!Eyg(t,g)dt:majée Zdt:—z\/;txe 2 ag,,_agjaZﬁtxe 2dt = O(e 7).
[Toaromy
= tz _—ag’ﬁ 1 _ﬁ B as™’ 1 .
| mexp(—;}[qﬁ(ﬁt)—ﬂm]dt— ) mexp{ Zj[WEt) sk [ -
t2 ol t?
xexp(— ij b -0 ‘] smexp[— ij pet) - o) it <

2
< const x O(exp(— ;—ZJ + [ max J¢(\/Et) — ¢(0)‘,
& —as%,ag°
e uepes CONSt oGosnauens onenku ‘¢(\/Et) —¢(0)‘ Ha Mo1yOeCKOHEYHBIX MHTEpBanax. B

1 .
CHJIy HCIIPCPBIBHOCTHU t) U C YYETEM O < — IOCJICAHEE ClIaraéMO€ B 3TOU OLIEHKE CTPEMUTCSI K
2

uyis pu € — 0. Orcrona BumHO, UTO TIpeesbHbIN mepexo (9) BBITOIHAETCS.

Pesynomamot u o6cyscoenue
W3 BbIIIE JOKAa3aHHBIX TEOPEM BHJIHO, YTO B IPOCTPAHCTBE 0OOOIIEHHBIX QyHKIMH S'(RY),

MOKHO YCTAHOBHUTb ACHUMIITOTUYECKYIO ONM30CTh PpEUICHUH OWCHHTYISPHO BO3MYIIEHHBIX U
HEBO3MYILIEHHBIX 3aJ[a4 B CUHTYJISIPHOM 00acTH.

PaboTa 00CyXJ€HO Ha OCHOBE NpUMEpa Ha HayyHOM CeMHHape Kadeapbl MareMaTH4ecKoro
aHalM3a 1Mo pykoBoJcTBoM mpodeccopa C. Kapumona.

Bv16o0wbi

N3BectHo, uro [1, 2, 4-9] ToukM CMEHBI YCTOMYMBOCTH OTHOCUTCS K CHHIYJISPHBIX
uHTepBasiax. Eciay HavanbHas Toyka BbIOpaHa B CHHTYISPHOM MHTEpBaJie, TO MOBEIEHUE PEeLIeHUH
3amaun (1), (2) memsBectHo. [loaTOMy HauanpHas 3ajada BBHIOpaHA, Kak OCCKOHEYHO OOJbIIas
BennurHa. B kiaccuueckoil Teopun QyHKIIUH MOIy4aTh aCHMITOTHYECKUE OlleHKH 3a1a4u (1), (2) B
0c000li TOuKe MPAKTHUECKN HEBO3MOXKHO. JTO BUJIHO B paBeHCTBO (4). B pabote [9, c. 52] cnenano
MOTBITKA TIOJyYUTh OLEHKY B OKPECTHOCTH 0c000if Touku. Pabora Bemach B KOMILIEKCHOM
wiockocTH. Ecam mepexonuMm K Teopun 0OOOIIEHHBIX (QYHKUMN, TO MOKa3aTh aCUMITOTHYECKHE
onuzocts pemenui (1), (2) u (3) BO3MOXKHO B IPOCTPAHCTBE S'(RY).
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BJIUAHUE TETPAIUK/IMHOB HA ITATOJIOI'HIO MUTO3A
B KIIETKAX OBPA30OBATEJIbHOU TKAHU KOPHEM Allium cepa L.

©Konuesan H. U., kano. 6uon. Hayk, I omenvckutl 20cy0apcmeenvlil yHugepcumem
um. @. Cropunvi, 2. [omens, Berapycs, ikantsavaya@mail . ru
O©OMununa A. B., [ omenvckuii cocyoapcmeenuviil yuusepcumem um. @. Ckopuul,
2. Tomenwv, benapyce, minina_anastasial 7(@gmail.com

THE TETRACYCLINES EFFECT ON MITOSIS’S PATHOLOGY
IN THE ROOT MERISTEM Allium cepa L. CELLS

©Kantsavaya L., Ph.D., Francisk Skorina Gomel State University,
Gomel, Belarus, ikantsavaya@mail.ru
©Minina A., Francisk Skorina Gomel State University,
Gomel, Belarus, minina_anastasial 7@gmail.com

Annomayus. Viccnemyercsi BIMSHUE TETPALMKIMHOB (TETPAIMKIMHA W JOKCUIIMKIMHA) Ha
MOBPEXKICHHSI TEHETUYECKOTO armapara B KJIeTKaxX KOpHEBOM mepuctemsl Allium cepa L. B nepBoit
Metadaze mocie oOpabOTKHM M IOCHE 3aBEPIICHUS BOCCTAHOBHUTEIHHOTO TNiepuona. Memoodsi
uccneoosanus: Alllum TecT, HMTOrEHETHYECKMH aHaIu3, CTaTHCTUYCCKUU aHamm3. OMBIT ObLI
BBITIOJIHEH HA TMApTUU JIYKOBHI] JIyKa OObIKHOBEHHOTO (copT LITyTTrapreH), kotopas Mo uUTOram
MHUKPOSZIEPHOTO  TECTa XapaKTepU30Bajach KaKk TEHETHYECKH HECTaOWIbHBIM MaTepual.
VYCcTaHOBEHO, YTO peakuusi TECTUPYEMOro Marepuaja Ha AEMCTBHE TETPAlMKIMHOB 3aBUCUT OT
KOHIIGHTpAIlMM U JUIUTEIbHOCTH JCWCTBUS aHTHOMOTUKOB. B menmsmimxcs kieTkax mpeobiaaanu
abeppalliy aHEYTeHHOTO THUIIa, TaKUE KaK K-MUTO3, CIUIAHHE XPOMOCOM, BIUIOTH IO 0Opa3oBaHUS
KOMKOB. JIJI1 JaHHOTO T'€HOTHIIA TOCE BOCCTAHOBHUTEIBLHOIO MEPUOJa YCTAHOBJIEHO BO3pacTaHUE
nomu IIM (cnumanue XpomMocoMm, MHOXKECTBEHHBIE MOCTBI), UCXOJOM KOTOPBIX SIBJISIETCS NMUKHO3
anep W Tubenb KIETOK. BBISBIEHO, YTO MOCIEe BOCCTAHOBUTEIHLHOTO MEpPHOAAa NP ACHCTBHH
TeTpaluuKiuHa B KoHueHTpauuu 20,0 mr/a npu skcno3uuuu 24 u 48 4YacoB CyIIECTBEHHO
BO3pacTajia JoJs KIETOK C K-MUTO30M. OTMeueHO HeraTMBHOE [EHCTBUE TETpalUKINHA B
koH1eHTparuu 100,0 mr/n, 3nadenue [IM nocrurano 64,2%; mocie BOCCTAaHOBUTEIIBHOTO TIEpHOAA
yMeHbllIeHue J07u KiaeTok ¢ [IM He ormedeHo. B oboux BapuaHTax HOMHUHHPOBAIU KJIETKH C K-
MHUTO30M M CIUNAHHEM XpoMOcoM. D(PQEeKT AOKCHUIUKINHA MPU TECTUPYEMBIX KOHIIEHTPAIMSIX
(20,0 u 100,0 mr/n) BeI3BIBAN yBenuueHue 3HaueHuil [IM Oornee yem B 2 pasza Mo CpaBHEHHUIO C
koHTposieM. [locie BOCCTaHOBUTENBHOIO NEPHOJa HE3aBUCUMO OT ONBITHOW KOHUEHTpaluu
JOKCUIIMKIIMHA 4nciio KieTok ¢ [IM Bo3pacralio 3a cyeT yBeIMYEHHs YUCIa KIETOK C K-MUTO30M U
cnunaHueM XxpomocoM. CreAyer yka3zaTh Ha pPa3HYI0 PEaklHMI0 MEPUCTEMAaTHUYECKUX KIIETOK
KOPEIIIKOB JIyKa TIPU JEHCTBUM CTPYKTYPHBIX H30MEPOB, KAKOBBIMH SIBIISIOTCS TETPAIUKIWH H
JTOKCUIIMKINH. Heo0xomuMo yd4WuThIBaTh, YTO TOBBINIEHWE KOHIICHTPAIIMH AaHTHOWOTHKOB
0aKTepUOCTaTUYECKOTO NEHCTBUS (TETpallMKINHA, TOKCUIIUKINHA), C OTHON CTOPOHBI, HEOOXOAUMO
JUIS MaKCHMaJjbHOW WHAKTUBAIMU OaKTepuil, ¢ JPyroil CTOPOHBI, B KIETKaX JyKAPUOTHUECKHX
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OpraHu3MOB BO3PACTAOT HETAaTUBHBIC IIPOLCCChI IIPH IMPOXOXACHHU KICTOYHOI'O IIHKJA, B
YaCTHOCTH MHUTO3a.

Abstract. The influence of tetracyclines (tetracycline and doxycycline) on genetic apparatus
damage 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 Stuttgarten variety which is
genetically unstable as the result of micronucleus test. It’s indicated that the reaction of the tested
material to the effect of tetracyclines depends on the concentration and duration of antibiotics.
Aneugenic type aberrations such as mitosis, chromatic agglutination up to the formation of clots
were prevailing in the cycling cells. An increase in the proportion of PM (chromatic agglutination,
various bridges), the result of which is nucleus pycnosis and cell death was indicated for this
genotype after the recovery period. It’s observed that after the recovery period there is a significant
increase of cells with mitosis under the influence of tetracycline in the concentration of 20.0 mg/l,
on exposure of 23 and 48 hours. The negative influence of tetracycline in the concentration of 100.0
mg/l was investigated, PM value reached 64.2%; the decrease of cells with PM wasn’t observed
after the recovery period. In both cases cells with mitosis and chromatic agglutination were
dominating. Doxycycline effect in the concentration of 20.0 and 100.0 mg/I caused the doubling of
PM in comparison with control. After the recovery period a number of cells regardless of
experienced concentration grew due to the increased number of cells with mitosis and chromatic
agglutination. It’s necessary to mention different effects of meristematic cells of onion roots under
the action of structural isomer which are tetracycline and doxycycline. It’s worth mentioning that
the increase in concentration of bacteriostatic antibiotic (tetracycline and doxycycline) is necessary
for maximum inactivation on the one hand. On the other hand, negative processes increase in the
cells of eukaryotic organisms during the passage of the cell cycle, particularly, mitosis.

Kouesvlie crnosa: Allium Tect, TETpallMKIMHEI, TATOJOTHSI MHTO3a.
Keywords: Allium test, tetracycline, mitosis pathology.

[Topoii OeckOHTpOIbHOE NPUMEHEHHE AHTUOMOTUKOB Ha IPAKTUKE IEPEBOJUT B PaHT
aKTyaJIbHOCTM BONPOC 00 U3Y4YEHMM BIMSHHMS [OOOYHBIX BO3JCHCTBUII aHTUOMOTHKOB,
OKa3bIBaE€MbIX Ha 3YKapHOTHYECKUH opraHu3M. B yacTHOCTH, MOGOUYHbIE Y3PPEKTH TETPALUKINHOB
CBSI3aHBI C HEM30MPATEIHHOCTHIO AEUCTBUS aHTUOMOTHKOB Ha CUHTE3 OelKa KakK B KJIETKaX MUKpPO-,
TaK U Makpoopraiusmos [1].

B HacTosmiee Bpemsi CylIecTBYeT psifi COBPEMEHHBIX MOJIEKYJISPHO-OMOJIIOTHYECKUX TECTOB,
HO WM3-32 BBICOKOM TEXHOJOTMYECKOW CIIO)KHOCTHM M CTOMMOCTHM HX NPUMEHEHHME OrPaHHYEHO.
HaGmoennst 3a 0COOEHHOCTSIMH KOPHEBO# CHCTeMbl Jiyka oObikHOBeHHOTO (Allium cepa L.)
MoKa3ajid, 4TO 3TO pacTeHHe MOXKET OBITh MCIOJIb30BAHO KaK TeCT-CUCcTeMa il OOHapyKeHUs
MOTCHIIMAILHO TEHOTOKCHYHBIX coenuHeHuid [2]. B kagectBe mokazareneid IIHTO- H
T€HOTOKCUYHOCTH KOPHEBOM MEPHUCTEMBI JIyKa, COrJIacHO MeToauKe, npempiaraemoi BO3 [3], Obuin
BBIOpAHBI IJIMHA U KOJMYECTBO KOPEIIKOB, MUTOTUYECKAsl aKTUBHOCTD, JI0JIsI a0€pPaHTHBIX KIIETOK.
PesynbraTsl TECTOB ¢ A. CEpa UMEIOT KOPPEJAIHIO C IPYTUMHU TECTaMH Ha KUBOTHBIX, PACTEHUSIX U
MHUKpPOOPTaHHU3MaXx, a TAaK’K€ MOTYT OBITh AKCTPANOJIMPOBaHbI Ha yenoBeka [3].

TerpaunkiIuHb! (TETPAIMKINH, JOKCUIIUKIMH) OTHOCSTCS K TPYIIIE aHTHOMOTHKOB, KOTOPHIE
OJIOKHPYIOT cuHTE3 Oenka nmpokapuoT. OHM SBISIOTCS UHTHOUTOPAMH JIOHTALMU OEJIKOBOM IeTH U
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npensTcTBYOT cBsi3biBaHuio aa-TPHK ¢ A-ywactkom pubocomer 70S [4; 5]. B 00buHO
MPUMEHSIEMbIX J103aX TeTPALUKINHBI (PYHKIIMOHUPYIOT OaKTepruocTaTudecku [6].

ITonsarus 6aKT€pI/II_[I/I,HHOCTI/I u GaKTepI/IOCTaTI/I‘IHOCTI/I OTHOCHUTCIIbHBI, TIIOCKOJIBKY PO
npemnaparoB MOI'yT 6BITB 6aKT€pI/IL[I/IZ[HBIMI/I 0 OTHOHUICHHUIO K OAHMM MHKPOOpTraHHU3MaM U
OakTepruocratuyeckuMu — K ApyruM [7]. [lomumo 3toro, 3¢h(eKT 3aBUCUT OT J103BI.

Llenv pabomul: BBIABIEHUE MOBPEXKICHUN T€HETUYECKOrO ammapara B KIETKaX KOPHEBOM
mepuctembl Allium cepa L. B mepBoit meradaze mnociie 00OpabOTKM B TEYCHUE OJHOIO-
TPEXKJIETOUHBIX IIUKJIOB TETPALUKINHAMU U I10CJIE 3aBEPLIEHHS] BOCCTAHOBUTEIBHOI'O IEPHOJIA.

Mamepuan u memoowt ucciedosanuil

HccnenoBanne OTBETHBIX PEAKUMK PACTEHHH JTyKa OOBIKHOBEHHOTO B YCIIOBHUSX JEHCTBHUS
BOJHBIX pAacTBOPOB AaHTUOMOTHKOB BBHIMONHAIM ¢ momompio Allium Ttecra [2] Ha copre
«IlITyTTrapren». B xadyecTBe HEraTHBHOIO KOHTPOJISI HCIIOJIB30BAIIN JUCTUILUIMPOBAHHYIO BOLY.

TectupoBanmu  cnenyromue aHTuOMOTHKHU: TeTpamukiand (PYII  «benmennpenapatsi»,
benapyce) u nokcunukiul (PYII «benmennpenapars», benapyce). Bapuantsl onbita ¢ ykazaHuem
KOHLEHTpaluH, JJIUTEIbHOCTH JEHUCTBUS W crocoba NedCTBUS yka3zaHbl B Tabnune 1 pasgena
«Pe3ynbraTel  uccnenoBanuit»y. CormacHo pekomenganmuu BO3  [3], B 3KcnepuMeHTe
JIOTIOJIHATENBHO BBIIEPKUBAIU IIEPUOJ BOCCTAHOBJICHHS JIMTENBHOCTBIO 24 yaca, B TEYEHHUE
KOTOpPOT'0 TECTUPYEMOE BEIIECTBO HE BO3ACUCTBYET (BapUaHT MOCIEAECHCTBUS, BOCCTAHOBUTEIbHBIN
MIEPUO.T), M TOJIBKO 3aT€M BBIMOIHSIN (PUKCAIMIO KOpEIIKoB. Bo Bcex BapuaHTax ombITa (hPUKCAIHS
npousBoauiack ¢ 6.30 go 7.00 yrpa.

JlaBiieHble npenaparsl JUISL LIUTOTEHETUYECKOT O aHaJIn3a, OKpallEHHbIE
alleTOreMaTOKCUIMHOM, M3TrOTaBJIMBAIU N0 oOmenpuHsaTol Meronuke [8]. IIpocmoTp mpenaparos
OCYIIECTBJISIJIM  HAa  KOMIIBIOTEPU3UPOBAHHOW  KAPUOJOTHMYECKOM  CTAaHUMHM, OCHAIIECHHOW
mukpockornom Leica DMR npu ysenuuennn 40x10%1,5. IluToreHeTHYeCKUi aHAM3 BBITOIHSIIH
o [8, 9].

Cratuctuueckyro o0paOOTKy pe3yJbTaTOB HCCIEIOBAaHMNA NMPOBOAMIM C MOMOILBIO INaKeTa
NPUKJIaHOTO TporpammHoro obecnieuenust Microsoft Excel u Statsoft (USA) Statistica v.7.0. st
JAHHBIX, MOJYUHSIOUINXCS HOPMAJIbHOMY 3aKOHY pacIpeleieHMs, HCIOJb30BaIN t-KpUTEpHid
Creronenta. HyneByro rumore3y OTKIOHSUIM TIpU  yPOBHE CTaTHCTUYECKOM 3HAYMMOCTH
p <0,05 [10].

Pezynemamut uccnedosanuii

[Ipy MHKpPOCKONMMPOBAaHMM TMpernaparoB B BapUaHTax OIbITa HAOMIOJATM B aNMKaJIbHOU
MEpUCTEME HEKOTOPBIX NMPUIATOYHBIX KOPHEH JIyKa NMpakTUYeCKu OTCyTcTBHE AeneHus (Talmuna).
Y HHMX MUTOTHYECKUI HHJEKC Obul OMM30K K HYII0 M OOJBIIMHCTBO KJIETOK HaXOAWJIUCH B
npodarudyeckoM cocTtosHUM. OAHAKO CcleayeT OTMETUTb, 4YTO TMOBBIIIEHWE KOHLEHTpaluu
terpanukianHa ¢ 20,0 o 100,0 Mr/a u yBenuyeHHe BPEeMEHHU HKCIIO3UIUN aHTUOMOTHKA (BapuaHT
10) He MOBIMSIO CYLIECTBEHHO Ha MPOTEKaHME MHUTO3a B NMPHUAATOUHBIX KOPHAX Jyka. B To ke
BpeMsl JTOKCULIMKJIMH B KOHIEeHTpauuu 20,0 Mr/a npuBOAMI MPAKTUYECKU K MOJHOMY CHHMKEHHUIO
rporecca JeJieHus: KJIETOK Ha MOMEHT ITUKa MUTOTHYECKON aKTUBHOCTH KJIETOK, ITPH 3TOM KIJIETKU U
aapa ObLIM Ha BUJ HOPMAJbHBIMU. YBEJIMYEHUE KOHUEHTpaluu JokcuuukianHa 1o 100,0 mr/n He
MOJABIISIIO MPOIIECC MUTO3a B 00pa30BaTeIbHOM TKaHW KOpHEH, HO IMpU 3TOM HaOJI0/1aI CBBIIIE
80,0% arunmuebIXx 1O QopmMe W BHUIY sAAep. AHaIW3 BOCCTAHOBJICHHS TMpollecca JICICHUS B
MEpHCTEMaTHYECKUX KIJIETKaX KOPEIIKOB TI0Ka3aJl B TpYyIIe BapHaHTOB Oojee KECTKOro
BO3/IeHCTBH (BapuaHThl 5, 9, 11) mopasieHrne MUTO3a M YBEIMUYEHHUE KOJTMUYECTBA aTUIMYHBIX sIJIEP.
B nauGonb1eit creneHu 3To nposBUiIock B Bapuante 9 (Tabnuna).
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Tabnuma
BJIMSIHUE TETPAILIMKJIMHOB HA YK CJIO KOPEIIIKOB C MUTO30M
No sapuanma Tecmupyemvle geujecmea, KOHYEHMpPAYUs 8 Me/J Yucno kopewxos
onvima ¢ mumosom, %

1 KOHTPOJIb (BOJIa IUCTHILIUPOBAHHAS) 100,0
terpauukiug, 20,0 - 24 yaca 88,5

3 MOCIIeACHCTBUE BapruaHTa 2 91,6

4 teTpanmkiaug, 20,0 - 48 gacos 100,0

5 mocjeaeicTBre BapuanTa 4 60,0

6 terpauukiud, 100,0 - 24 vaca 88,5

7 nocJeneicTBrIe BapuanTa 6 474

8 nmokcuiuking, 20,0 - 24 gaca 2,8

9 MOCJIeACHCTBIE BapuaHTa 8 50,0

10 nmokcurmkimg, 100,0 - 24 gaca 96,6

11 nocnenencTeue Bapuanta 10 2,2

[Ipn aHanu3e AaHHBIX, MOJYYEHHBIX B pe3yibrare MukposgepHoro tecra (Pucynok 1),
HAOMIONany HajlMdMe MHUKpOsAEp B KOHTPOJIBHOM BapHaHTE, YHUCIO KIETOK C MHUKpOsApaMu
nocrurano 0,29%. bonee uem B 3—4 pa3a yBeIMYMBAIOCh YUCIO KJIETOK C MHUKpOAJIpaMH B
BapHaHTe NMPUMEHECHUS ToKcuukimHa (20 Mmr/m — 24 vaca) U B BapHaHTE €ro mnocieneiictsus. B
OCTaJIbHBIX BapHaHTax ObLIO YCTAHOBIEHO JUOO yBEIWYEHHE KIIETOK C MUKPOSIpaMH B 2 pasa Io
CPaBHEHUIO C KOHTpPOJEM, JUOO OTMEUYEeHbl €AMHUYHBbIC KIETKH ¢ MUKposapamu. Heobxomumo
MOAYEPKHYTh, YTO MHUKpOSIIpa ObLIM OUYeHb MaJICHBKOTO pa3zMmepa. Takum o0pa3oM, Ha OCHOBaHHU
pE3yabTaTOB MHKpPOSIAEPHOTO TECTa MOXHO KOHCTATUPOBaTb, YTO JJs JIYKOBHUI[ U3 MapTUU
TECTUPYEMOTO B OTIBITE JIyKa XapaKTepHa FreHOMHasl HeCTaOUIIbHOCTb.
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Pucynok 1. BnusHuUE TeTpalMKIMHOB HA MPOIEHT KJIETOK C MHKposapamu. Bapwantel ombiTa: 1 —
BOJIa IMCTWJUTMPOBaHHAs, 2 — TeTparukint, 20,0 mr/in — 24 yaca, 3 — BOCCTAaHOBUTEJIBHBIN MIEPUOJ BApHAHTA
2; 4 — rerpauukiul, 20,0 Mr/in — 48 4acoB; 5 — BOCCTAaHOBUTEIIBHBIN TIEpHO]] BapruaHTa 4; 6 — TCTPAIIUKIIMH,
100,0 mr/m — 24 4; 7 — BOCCTaHOBUTENBHBIN TIepuo] BapuaHTa 6; 8 — nmokcunukiud, 20,0 mr/m — 24 9; 9 —
BOCCTaHOBUTEIIbHBIN 1epuo;] Bapuanta 8; 10 — moxcurukius, 100,0 Mr/in — 24 4, 11 — BOCCTaHOBUTEIbHBIN
nepuox Bapuanrta 10

[Ipu peiicTBUM TETpaLMKIMHOB HaOMIOaIN CYIIECTBEHHOE Bo3pacTaHue 3HaueHuil [IM, c
6,1% — B xouTposne mo 11,0-63,0% — B GonbIIMHCTBE OMBITHBIX BapuanTax u 10 100% moce
BOCCTaHOBHTEIILHOTO MEPHOJIa NEHCTBHS JOKCUITMKINHA (TTpu KoHIeHTparuu 100,0 M1/ B TeueHne
24 4) (PucyHnoxk 2).

[ToBbllIeHNEe KOHLIEHTPALMU TETPAUMKIMHA M JokcuiukianHa ¢ 20,0 mr/nm go 100,0 mr/n
MHUIUUPOBAJIO YBEJIIMYEHHE KOJIMYECTBA aTOJIOTHYECKUX MUTO30B B KiieTKaX. [IpoJoHrupoBaHHbIN
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3pQeKT TeTpanuKINHA HE YCHWIMBAJ HETaTHMBHYIO PEaKIMI0 Ha OOpa30BaHHE ITaTOJIOTHYCCKUX
Muto30B (Pucynok 2, Bapmant 10) mo cpaBHeHHMIO C 0oJiee KpPaTKOBPEMEHHBIM JCHCTBHEM
aHTHOMOTHKA (BapHaHT 2).
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PucyHok 2. BiusHue TETpanMKIMHOB Ha MATONOTHIO MUTO3a. OOO3HAYCHHUSI BAPHAHTOB — TE K€, YTO
Iutst Pucynka 1

B BapuaHTtax «IocneneicTBUS» CYLIECTBEHHOE CHU)KEHHE NaTOJIOTUYECKUX MMTO30B
HaOmoanu npu o6paboTke TeTpauukiIMHOM B koHueHTpauuu 100,0 mr/n (Bapuantsl 4 u 5), uTo
CBHUJIETEJILCTBYET O paboTe MeXaHM3MOB aJanTald M pernapauuud. B ocTanbHBIX ONBITHBIX
BapHaHTaX, HAOOOPOT, OTMEYad BO3pAacTaHHE IAaTOJIOTMYECKUX MHTO30B B KIETKaxX IOCIHe
BOCCTaHOBMTEJIBLHOTO NIEPUO/IA.

D¢ ekt TerpanmkinHa B KoHIeHTpauuu 20,0 Mr/i, He3aBUCUMO OT BPEMEHH HKCIO3ULMU: 24
u 48 yacoB, UMeJl IPAaKTUYECKH OIMH M TOT K€ COCTAaB U CHEKTp narojoruit mutosza (Pucynok 3:
BapuanT 2 u 10). OgHako B BapHaHTaX «IMOCIEACHCTBHS» HAOMIOMAIN K-MHUTO3 C HE3HAUYUTEIHHO
Pa3BUTON JIMIIKOCTBIO XPOMOCOM.

IloBblieHue koHUEHTpauuu TerpauukianHa 1o 100,0 MI/a MHUIOMMPOBANO MOSBICHUE B
50,0% cmyudaeB k-muto3a u B 30,1% — cinumanue xpomMocoMm. ITOT ke dPPEeKT coxpaHsics U
crycTs 2—3 KJIETOYHBIX IIUKJIOB TIOCIIC CHATHS ICUCTBUS CTPEeccoBOTO (hakTopa (BapwaHt 4 u 5).

JleiicTBue MOKCUIIMKIMHA B KOHIEHTpanuu 20,0 MI/1 WHAYIHPOBAJIO TOSBICHNE B MUTO3€E Y
20,1% xneTok BBIOPOC XPOMOCOM M OJAMHOYHBIE U MHOXECTBEHHBIE MOCTHI (BapuaHT 6). B
BapuaHTe «mociueaeucTsus» y 60,0% KIeTok oTMedanau K-MUTO3 (BapHaHT 7). YBelIUUYeHHE
KOHIIEHTPAIUN JOKCUIIMKINHA WHUIIMAPOBAIO MOSBICHUE ciumaHusi xpomocoMm y 40,2% xieTok
(BapuasT 8).
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Pucynok 3. BrusHue TeTpalMKIMHOB HA COCTaB M CIEKTp MaTojoruii murosa. OO0o3HaueHUS
BapHaHTOB — T€ ke, 4yTo A PucyHka 1
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BnusiHue TeTpalMKIMHOB HA THUIIBI MATOJIOTUM MUTO3a mpencTaBieHo Ha Pucynke 4. Bo Bcex
mpermaparax OpU  JEHCTBUU  TETPALUMKIMHOB HaOmogand u3-3a HaOyXaHUS XpPOMOCOM
dbopMupoBaHue CTpaHHBIX (GUTYp B MeTadase, PETUCTPUPOBAIA PACCEHBAHHE XPOMOCOM, HX
ciuranue (BIUIOTh 10 00pa30BaHUsI KOMKOB), MOCTHI OJMTHOYHBIE U JIBOWHBIC, B YACTHOCTH, BAPUAHT
«rerpatukiaud, 100,0 mr/m — 24 u» (Pucynox 5, 3a, 36). IloBbllieHune KOHIEHTpaLUU
TeTpalMKINHA U AokcuiukiuHa 10 100,0 mr/n uaaynuposano nossiaenue 10 30—40,0% kietok c
JUIMKAMHA XPOMOCOMAaMH, YTO CBHJIETEIBCTBYET O BO3MOXKHOW TI'MOENN KJIETOK. DTOT ke 3ddekr
COXPaHSJICS M CITyCTS 2—3 KJIETOYHBIX ITUKJIOB ITOCJIE CHATHUS JCUCTBUS CTPECCOBOTO (haKTopa.
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1) terpauukiaug, 20,0 mr/a — 24 4: a — 3aberanue XpoMocoMm; 0, B — ACHHXPOHHOE BEPETEHO JEJICHUS; B —
BLI6pOCI>I XPOMOCOM 32 BEPETEHO z[enerm
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2) mocneneiicteue (terparmkind, 20,0 MF/J'I — 24 4): a — BEIOPOCHI XPOMOCOM 3a BEPETCHO JCJICHUs; O —
SUICPHBIC TIOUKH; B — ACHHXPOHHO® BepeTeHo JICTICHUS
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3) TerpanmkiuH, 20,0 Mr/a — 48 4: a — BEIOPOC XpOMOCOMBI; O — siIEpHBIE TIOYKH U MUKPOsApa B
— pacceuBaHHE XPOMOCOM
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4) nocneneicTere (TeTpauHKJIHH, 20,0 mr/n — 48 u): a, 6 — pacceuBaHre XPOMOCOM; O — aCHHXPOHHOE
BEPETEHO JIEJICHNUS; B — HHTep(da3HbIe KIETKU (B HOpME)
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5) rterpanmknaud, 100,0 mMr/m — 24 4: a — KOMKM + paccerBaHHE XpPOMOCOM; O — OIWHOYHBIE H
MHOXECTBEHHbIE MOCTBI; B — BBIOPOCHI XPOMOCOM 33 BEPETEHO /IEEHMA
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6) nmocneneiictue (Terpanukind, 100,0 Mr/n — 24 4): a — MUKHO3; 0 — CIIMIIAHKE XPOMOCOM; B — HAJTUUHE
saaep 6onbmoro'pa3Mepa
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7) moxcurmkiuH, 20,0 Mr/n — 24 4: a — OTCYTCTBHE MHUTO3a, AApa B HOPME; O — OTCYTCTBHE MUTO3a, €CTh
aTUITMYHBIE siApa (SIIepHBIEC IPOTPY3UH); B — aTUIIMYHAsI MeTadasa

LSS SRR mys e
e 3 o @& § " ®% ¢ ® o | PR
e e@lt e’ ¢% ®e 0 0% " o
b .ﬁf‘ g p ® 50 §@ .’.’ ot & ...
OV\8 ™ o & Wo T Oy g *i 0%,
B @ .. 4 .Q."" e &g 00 .
- ® 8 @& o B8 % e 290 ’
Q’@’..'.‘ (X ) “‘. Qfﬂ‘g ‘. .. (2
e .® .’.:a 2 09, .95 5 a®o & fea:

8) mocneneiicteue (moxcunmkinH, 20,0 Mr/m — 24 4): a — paccerMBaHHE XPOMOCOM; 0 — aCHHXPOHHOE
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9) nokcunmknug, 100,0 Mr/n — 24 4: a—B — atunuuHas Metadasza + MOCT

Pucynok 4. Briusare TeTparikIMHOB Ha THITHI MATOJIOTHA MUTO3a (yBenndeHue Mukpockomna 400X,
100x)

CJ'IC,[[yeT AKICHTHPOBATL BHUMAHUC Ha 0oJlee TOKCHYHOM JIENCTBUN JOKCHUIIMKINHA IIO0
CpaBHCHHUIO C TCTPALIUKIIMHOM B JAHHOM SKCIICPUMCHTC. HCCMOTpH Ha TO, YTO U TCTPAUUKIIMH U
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JOKCHLIMKIIVH, SIBJSSICH CTPYKTYPHBIMH M30MEPAMH, UMEIOT OIMHAKOBYIO MOJIEKYJSIPDHYIO MacCy U
XUMUYECKYI0 cymMMapHyio ¢opmyny, no HomeHkinatype IUPAC y Hux ectp ommuusa [1; 5].
Heo6xonumo HalOMHHTB, 4TO paHee mpu padoTe ¢ mapTuen JykoBull copta «CTypoH», KOTOPBIH 110
pe3ysbTaraM MHUKPOSJIEPHOTO TECTa XapaKTePH30BaJCs KaK T'eHETHYECKHU CTaOWIIbHBIM Marepual,
HA000pOT, ObljIa yCTaHOBIEHA 00JIbIIAs TOKCUYHOCTh MMEHHO TeTparukinHa [11].

3aknouenue

Takum 00pa3om, OnbIT ObUT BBHIMOJHEH HA MApTUU JIYKOBHI[ JyKa OOBIKHOBEHHOTO COpTa
[lItyTTrapreH, koTtopas MO UTOraM MHKPOSIEPHOTO TECTa XapaKTepU30BaIaCh KaK T€HETHYECKU
HECTaOWIBbHBIN MaTepuar.

YcTaHOBJIEHO, YTO peaklids TeCTUPYEMOro Marepuaia Ha JAeMCTBHE TETPALUKINHOB 3aBUCUT
OT KOHLEHTPALUU U IJIUTEIbHOCTH JEHCTBUS aHTUOMOTUKOB. B nmensmuxcs kieTkax mpeobiaaanu
abeppalliy aHEYTeHHOTO THUIIA, TAKUE KaK K-MUTO3, CIUIAHHE XPOMOCOM, BIUIOTH IO 0Opa3oBaHUS
KOMKOB. JlJIsi TaHHOTO T€HOTHUIIa MOCJI€ BOCCTAHOBUTEIBHOTO MEpPHOJIa YCTAHOBICHO BO3PACTAHME
nomu [IM (cnumanue XpoMocoM, MHOXKECTBEHHBIE MOCTBI), UCXOJOM KOTOPBIX SIBJISIETCS MUKHO3
snep u rudenb KIEeTOK.

BrIsiBIeHO, 4YTO TMOCJHE€ BOCCTAHOBUTEIBHOTO IEpHOAa MpU JACUCTBUU TETPALMKINHA B
koHueHTparpu 20,0 Mr/a npu skcno3unuu 24 u 48 4yacoB CyIIECTBEHHO BO3pacTalia IO KIETOK C
K-MHTO30M.

OTMe4YeHO HeraTMBHOE JICUCTBUE TeTpalukiInHa B KoHueHTpauuu 100,0 mr/n, 3nadenune [IM
nocturano 64,2%; mocine BOCCTAHOBUTEIBHOIO MEpUO/ia yYMEHbIEHHE n0iu KieTok ¢ [IM He
OTMEYeHO. B 00oux BapHaHTaX JTOMUHHUPOBAIN KJICTKH C K-MHTO30M U CIIMITAHUEM XPOMOCOM.

Dddexr nokcunukIMHA TIPH TecTHpyeMbIX KoHIeHTpanusx (20,0 m 100,0 Mr/i) BBI3BIBAI
yBenuueHne 3HadeHuit [IM OGonee wem B 2 pasa mo cpaBHeHHIO ¢ KoHTponeM. [locne
BOCCTAaHOBHUTEILHOTO TEPUOJa HE3aBUCHUMO OT OMNBITHOM KOHIIEHTPAIMM JOKCHUIIMKIMHA YHUCIO
kietok ¢ [IM Bo3pacTaso 3a cueT yBeIHMYECHHsS YUCIIa KIETOK C K-MUTO30M U CIIUITAHUEM XPOMOCOM.

Crnenyer ykazaTb Ha pa3HYI0 PEAKIMI0 MEPUCTEMATHYECKHUX KJIETOK KOPEIIKOB JIyKa MpH
JNEUCTBUM CTPYKTYPHBIX H30MEPOB, KAaKOBBIMHM SIBIISIFOTCS TETPALMKIMH W JOKCHIIMKJIMH.
HeoOxoammo y4uThIBaTh, YTO MOBBIIICHHE KOHIICHTPAIMU AaHTHOMOTHUKOB OAKTEPHOCTATUYECKOTO
NencTBUs (TETpALMKINHA, JOKCHIIUKINHA), C OJHOW CTOPOHBI, HEOOXOAUMO IS MAaKCHMAaTbHOU
WHAKTUBAIMU OAaKTEpUH, C IPYyrol CTOPOHBI, B KJIETKaX 3YKAPUOTHYECKUX OPTaHU3MOB BO3PACTAIOT
HEraTUBHBIE MPOLECCHI IPU MPOXOKACHUH KJIETOYHOTO LIUKIIA, B YaCTHOCTU MUTO3a.

Cnucok numepamypul:

1. CenuzapoBa H. O. AHTHOMOTHKHM, HapylIaloIIUe CHHTE3 Makpomoiekyn // O030pbl 1o
KJIIMHUYECKON (hapMakosioruu u jexkapctseHHoi tepanuu. 2003. T. 1. Nel. C. 71-79.

2. Fiskesjo G. Allium test for screening chemicals; evaluation of cytological parameters //
Plants for environmental studies. 1997. V. 11. P. 307-333.

3. PyKOBOACTBO MO KPaTKOCPOYHBIM TECTaM JJIsl BBISABICHUS MYTareHHBIX KaHIIEPOT€HHBIX
XUMUYECKUX COEIMHEHUN. ['uruenndeckue Kputepuu okpyskarouen cpennl. XKenesa: BO3, 1989.
NeS1. 212 c.

4. Koporses A. U., babuuer C. A. MeauuuHckas MHUKpOOHMOJNOTHs, WMMYHOJOTHS U
Bupyconorus. CII6., 2012. 760 c.

5. Mamkosckuii M. /1. JlekapctBennsle cpenctsa. M.: Hoas BonHa, 2012. 1216 c.

6. WHO. Model List of Essential Medicines 18th list (April 2013) (Final Amendments —
October 2013) 2013. https://clck.ru/apgGE

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 33


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne2. 2022
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/75

7. Octepman U. A. Tlowck u m3ydyeHHe HOBBIX aHTHOMOTHMKOB MHTHOMTOPOB CHMHTE3a OelKa:
nucce. ... 1-pa xuM. Hayk. M., 2018. 291 c.

8. Kamaes B. H., Kapmoa C. C. lLluroreHeTM4yecKuii MOHMTOPHUHI: METOJbl OLIEHKH
3arpsi3HEHUS] OKPYXKAIOIMIEH Cpeabl U COCTOSIHHSI T€HETHYECKOTO armapara opranu3ma. BopoHex:
BT'Y, 2004. 80 c.

9. Anos Y. A. llutoduzuonorus u narosorus Mmuto3a. M.: Menununa, 1972. 264 c.

10. Jlakun I'. ®@. buomerpust. M.: Beicu. mik., 1990. 352 c.

11. KonneBass M. U., XKampxko C. B., Anekceenko O. I. TectupoBaHue aHTHOMOTHUKOB
OakTeproctarnueckoro nericteus B Allium tecte // Paznoobpasue pactutenbroro mupa. 2020. Nel
(4). C. 81-88. https://doi.org/ 10.22281/2686-9713-2020-1-81-88

References:

1. Selizarova N. O. (2003). Antibiotiki, narushayushie sintez makromolekulro Obzory po
klinicheskoi farmakologii i lekarstvennoi terapii, 1(1), 71-79. (in Russian).

2. Fiskesjo, G. (1997). Allium test for screening chemicals; evaluation of cytological
parameters. Plants for environmental studies, 11, 307-333.

3. Rukovodstvo po kratkosrochnym testam dlya vyyavleniya mutagennykh kantserogennykh
khimicheskikh soedinenii (1989). Gigienicheskie kriterii okruzhayushchei sredy. Zheneva, (51),
212.

4. Korotyaev, A. 1., & Babichev, S. A. (2012). Meditsinskaya mikrobiologiya, immunologiya i
virusologiya. St. Petersburg. (in Russian).

5. Mashkovskii M. D. (2012). Lekarstvennye sredstva. Moscow. (in Russian).

6. WHO. Model List of Essential Medicines 18th list (April 2013) (Final Amendments —
October 2013) 2013. https://clck.ru/apgGE

7. Osterman, 1. A. (2018). Poisk 1 izuchenie novykh antibiotikov ingibitorov sinteza belka:
Moscow. (in Russian).

8. Kalaev, V. N., & Karpova, S. S. (2004). Tsitogeneticheskii monitoring: metody otsenki
zagryazneniya okruzhayushchei sredy 1 sostoyaniya geneticheskogo apparata organizma. Voronezh.

9. Alov, I. A. (1972). Tsitofiziologiya i patologiya mitoza. Moscow. (in Russian).

10. Lakin, G. F. (1990). Biometriya. Moscow. (in Russian).

11. Kontsevaya, 1. 1., Zhad'ko, S. V., & Alekseenko, O. G. (2020). Testirovanie antibiotikov
bakteriostaticheskogo deistviya v Allium teste. Raznoobrazie rastitel'nogo mira, (1 (4)), 81-88. (in
Russian). https://doi.org/ 10.22281/2686-9713-2020-1-81-88

Paboma nocmynuna Ipunsama k nyoauxayuu
6 peoakyuio 19.01.2022 2. 23.01.2022 2.

Cevinka 0na yumuposanus:

Konuesas U. U., Mununa A. B. Biusiaue TeTpanukJIMHOB Ha MATOJOTHI0 MUTO3a B KJIETKax
oOpazoBarenbHOl TKaHu KopHel Allium cepa L. // bronnetenp Hayku u npaktuku. 2022. T. 8. Ne2.
C. 26-34. https://doi.org/10.33619/2414-2948/75/03

Cite as (APA):

Kantsavaya, 1., & Minina, A. (2022). The Tetracyclines Effect on Mitosis’s Pathology in the
Root Meristem Allium cepa L. Cells. Bulletin of Science and Practice, 8(2), 26-34. (in Russian).
https://doi.org/10.33619/2414-2948/75/03

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 34


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne2. 2022
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/75

YIK 581.52 https://doi.0org/10.33619/2414-2948/75/04
AGRIS F30
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THE STEPS ANALYSIS OF SOME TREE PLANTS INTRODUCTION
IN EX SITU CONDITIONS (AZERBAIJAN)
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Annomayus. B crathbe aHaNM3UPYETCS CTENEHb WHTPOMYKIHMU (haHEepOPHUTOB, 00Opa3yOLIMX
KyJIBTYPHYIO JeHIpodopy ceBepo-BocTouHOM wacth bombemoro Kaskaza (AszepOaiimkaHn).
Hccnenopanue mokasano, uto u3 115 usydenusix Bujos 11 6buim Harypanmsosansl (CH'), 71 Bujx
MMell XOpOILyIo ku3HecnocobHocTh (CH?), 25 BUAOB UMeNH CpeHIoN ku3Hecnocoonocts (CH?),
8 BUIOB HMeNH IIOXylo u3HecrmocoOHocTs (CH?), meycroifumsbie Buabl (rpymma CH®) me
oOHapyXeHbl. B pesynbrare HcCIeIOBaHWM C/AETaH BBIBOL O TOM, YTO JPEBECHBIC pacTEHUS,
dbopmupytoIIHe KYITBTYpPHYIO IeHAPOMIOpy HW3y4aeMOW TEpPUTOPHH HUMENH pa3Hyl CTeleHb
UHTPOAYKIIMA B COOTBETCTBUU C DKOJIOTMYECKUMU TpeOOBaHUSMU. Pe3ynbTarhl mMccieaoBaHUs
MOKa3ajy, 4TO AJIs YCHEIIHONW MHTPOAYKIIMU M3y4aeMbIX APEBECHBIX PAaCTEHUI MOCAAKYy M MOCEB
HEOOXOIMMO TPOBOJMTH OT Pa3HBIX TeorpauyecKu MPOAYKTUBHBIX OCOOEH C pa3sHBIMH T'€HO- H
(eHOTUIINYECKUMHU TMPU3HAKaMU B €CTECTBEHHOW cpelleé OOWTaHUs C y4eTOM OHMO3KOJIOIMUYECKHX
0COOCHHOCTEH BHJa M WX HCTOpHYeckoro mpouuioro (¢unorenes). llenecooOpasnee cobpath u
MOOUITN30BaTh MaTepual.

Abstract. The article analyzes the degree of introduction of phanerophytes, which form the
cultural dendroflora of the northeastern part of the Greater Caucasus (Azerbaijan). The research
showed that out of 115 species studied, 11 were naturalized (CH'), 71 species had good viability
(CH?), 25 species had medium viability (CH?), 8 species had poor viability (CH*), resistant species
(CH® group) were not found. As a result of the research, it was concluded that woody plants that
form the cultural dendroflora of the study area had a different degree of introduction in accordance
with environmental requirements. The results of the study showed that for the successful
introduction of the studied woody plants, planting and sowing must be carried out from different
geographically productive individuals with different geno- and phenotypic characteristics in the
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natural habitat, taking into account the bioecological characteristics of the species and their
historical past, i. e. phylogenesis. It is more expedient to collect and mobilize material.

Knioueswvie cnosa: bonpmoi KaBkas, AzepOaiimkan, paHepopHUThI, HHTPOAYKIUS PACTECHHH,
CTENEeHb MHTPOLYKINH, ex Situ.

Keywords: Greater Caucasus, Azerbaijan, phanerophytes, plant introduction, introduction
degree, ex situ.

Beeoenue

B coBpemeHHOE BpeMs MpPOIECCH Jerpajaliiil MOYBHl M PACTUTEILHOCTH B OHOLIEHO3E
YCHJIMBAIOTCS B CBSI3U C YXYALICHHEM JKOJIOTHYECKOW OOCTaHOBKM M HapylieHuem Oamanca [2]. B
CBSI3M C JTUM H3YYEHHE KYJIbTYPHOH AEHAPOQIOPHI PErHOHOB, B TOM YHCIIE CEBEPO-BOCTOKA
bonbmoro Kapkasa, BayKHO U1 OXpaHbl OKPY’KarOIIEH CPeibl U CO3MAeT MOTPEOHOCTh B HAyYHBIX
uccienoBanusax [10].

Cremyer OTMETHTB, YTO CO3/IaHUE 3€JICHBIX 30H B JKWJIBIX MAacCCHBAaX OCOOCHHO aKTyaJbHO B
CJIOKHBIX TICUXOJIOTHYECKUX YCIOBHSAX, B YCIIOBHUSX OXPaHbI OKpPYKAIOLIEH Cpebl COBPEMEHHOCTH
[1]. B cBs3M C OSTUM H3yYCHHE CEJICKIMOHHBIX, HHTPOXYKIMOHHBIX W MOOMIM3AIMOHHBIX
0COOEHHOCTEH HOBBIX JEPEBBEB M KyCTAPHHKOB HA HM3y4aeMOW TEPPUTOPHH B COOTBETCTBUU C
MECTHBIMH YCIIOBHSIMH, UX CBSI3U C 31a(hUICCKUMH U KIMMAaTHUYECKUMHU (aKTOpaMu UMeEeT OOJIbIIoe
Hay4YHOE U IPaKTU4YecKoe 3Ha4deHue [5].

W3BecTHO, uYTO OMONOTMYECKHE CBOWCTBA, CHCTeMaTHka, Mopdoisorus, ¢usnonorus u
OMOXMMHUYECKHNE OCHOBBI JIEPEBbEB M KYCTapHUKOB (DOPMHPYIOTCS B peE3ylbTare BO3JACHCTBHUS
¢baxTopoB BHemHeH cpens [11].

OCHOBHBIMM ~ 3aJja4yaMH  HCCIICAOBATENICH  SBISIOTCA  M3yYeHHE  OHMOAIKOJIOTMYECKHX
0COOCHHOCTEH JIPEBECHBIX PACTCHUH, COCTABIIAIOMIMX KYJIBTYPHYIO IEHAPO(IOpy Ha M3ydaeMoi
TEPPUTOPUH, BBISIBICHHE M OXpaHa PEOKUX M HCUYE3AIONIMX BHJOB, BBISBICHUE IMEPCIEKTHBHBIX
BUJIOB, OIPEJICNICHIE CTETIEHN HHTPOAYKITUH KYJIBTYPHBIX PACTEHHI U X MCIIOIb30BAHHUE.

Mamepuan u memoouxa
B wuccnenoBanne BkiatoueHO 115 BHIIOB J1epeBbEB M KyCTapHUKOB, COCTABIISIFOLIUX
KyJBTYpHYIO JieHApoduiopy ceBepo-BocTouHOM dYactu bonbmoro Kaekaza. OcHoBHas 1eib
UCCJIEOBAHMS  3aKJIIOHaJach B  aHAJNW3€ OTHUX TAKCOHOB IO CTENEHM BHEAPEHUS B
HCCJIE0OBATENBCKUI pa3liell MaTepUalioB UCCIECIOBAHNS U OINPENEICHUHM UX NEPCIEKTUBHOCTH. B
XO0JI€ UCCIIe0BaHMS OB HCTIOIB30BaH Psial METOA0B [3-9].

Obcysrcoenue u pesynomamol
Jlis OLIEHKH CTENeHH WHTPOAYKIHMU JAPEBECHBIX pacTeHUil, (HOPMUPYIOUUX KyJIbTYPHYIO
nenapodaopy u3ydaeMoil Tepputopuu, ucrnonb3obanu mkany A. K. ['onosaua [4].
lkana, ucronb3yemasi ISl OLEHKU CTENEHH MHTPOAYKIIMHM U3y4aeMbIX PaCTEHHM, BBITVISIUT
CJIeTYIOITUM 00pa3oM:

1. CH' — TakcoH MOJTHOCTHIO HATypaIU30BaH — pACTEHHME XOPOLIO Pa3BMTO, HMMEET
3JIOPOBBIM BUJ], pETeHEPUPYET U IPUHUMAET AUKYIO GOpMY;
2. CH?> — obmanaer xopoliell >KM3HEHHON CHIOH — pacTeHHe XOpOIIO Pa3BUTO, UMEET

30POBBIA  BUJ, XOpOILIO pPa3BUThIE Mo0eru, moderu, Mop¢oJOTHYeCKUe OpraHbl, HMEET
HOPMAaJIbHYIO OKPAcKy, OOMJIHO I[BETET U XOPOIIO MJI0AOHOCHUT;

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 36


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne2. 2022
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/75

3. CH? — cpenHexn3HecnocoOHbIi — 0011as CKOPOCTh POCTA PACTEHHs HECKONBbKO cabasd,
paszBuTHE T00ETOB, OOJUCTBEHHOCTD, IIBETCHHUE U TIJIOJJOHONICHNE HE JOCTUTAIOT MAaKCUMYyMa;

4. CH* — umeer cnabyro KHM3HECTIOCOOHOCT — PACTEHHE 3HAYUTENBHO MIIOXO PACTET, POCT
MOOEroB 3HAYMTEILHO cadee, [IBETEHHUE U IJI0JOHOIICHNE HU3KUE UM HE HAOJIIOIa0TCs;

5.CH— HEYCTOMYMBBIE BUJIbl — 3TU BHUJIbl 3aHUMAIOTCS UHTPOIYKIIUEH YK€ HECKOJIBKO JIET,
HO TI0Ka HE JIOOMJIMCH JKEIaeMOro pe3yJibTaTa.

B pesynprare aHanm3za, MPOBENCHHOTO MPU HW3YyUYCHUU CTCTIICHH BHEIPCHHUS MAaTEpPHAIOB
uccienoBanus, Obi10 BheneHo 5 rpyn (Tabmura).

Ta6numa
PACTIPEAEJIEHUE M3YYEHHBIX BUJIOB I1O CTEITEHA MHTPOAYKIIMN
MNo Buo CH! CH? CH? CH* CH®
Pinophyta
1. Abies nordmanniana Spach. +
2. Cedrus libani A.Rich +
3. Cupressus sempervirens L. +
4, Cupressus sempervirens L. var. +
horizontalis (Mill). Gord.
5. Cupressus sempervirens L. +
var.pyramidalisTarg.
6 Cupressus arizonica Greene. +
7 Cupressus x leylandii A.B.Jacks &Dallim +
8. Juniperus communis L. +
9. Juniperus sabina L. +
10. Pinus eldarica Medw. +
11. Pinus halepensis Mill. +
12 Pinus pinea L. +
13. Thuja orientalis L +
14. Taxus baccata L. +
15. Taxus cuspidata Sieb.et Zucc. +
Magnoliophyta
16. Abelia grandiflora Rehd. +
17. Acacia dealbata Link. +
18. Acer campestre L. +
19. Acer velutinum Boiss. +
20. Acer pseudoplatanus L. +
21. Acer laetum C.A.Mey. +
22. Agave americana L. +
23. Ailanthus altissima (Mill.) Swingle. +
24. Albizia julibrissin Durazz. +
25. Berberis thunbergii DC. +
26. Berberis vulgaris L. +
217. Buxus sempervirens L. +
28. Broussonetia papyrifera (L.)Vent. +
29. Catalpa bignonioides Walt. +
30. Carpinus betulus L. +
31. Castanea sativa Mill. +
32. Celtis caucasica Willd. +
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Ne Buo CH! CH? CH? CH* CH®
33. Cercis siliguastrum L. +
34. Cornus mas L. +
35. Colutea arborescens L. +
36. Colutea orientalis Mill. +
37. Cotoneaster horizontalis Decne. +
38. Cotoneaster melanocarpus Load. +
39. Crataegus monogyna Jacq. +
40. Cydonia oblonga Mill. +
41. Diospyros lotus L. +
42. Elaeagnus angustifolia L. +
43. Eriobotrya japonica Lindl. +
44, Euonymus japonicus L. +
45, Eucalyptus leucoxylon F.Muell. +
46. Eucalyptus camaldulensis Dehn. +
47. Ficus carica L. +
48. Ficus hyrcana A. Grossh. +
49, Fraxinus excelsior L. +
50. Fraxinus velutina Torr. +
51. Fraxinus malocophulla Hemsl. +
52. Gleditsia triacanthos L. +
53. Hedera colchica C.Koch. +
54, Hedera helix L. +
55. Hydrangea paniculata Sieb. +
56. Hibiscus syriacus L. +
57. Jasminum nudiflorum Lindl. +
58. Juglans regia L. +
59. Laurus nobilis L. +
60. Lonicera japonica Thunb. +
61. Lonicera caucasica Pall. +
62. Lonicera caprifolium L. +
63. Ligustrum japonicum Thunb. +
64. Ligustrum vulgare L. +
65. Maclura pomifera (Raf.) Sjhn. +
66. Magnolia grandiflora L. +
67. Malus domestica Borkh. +
68. Malus silvestris Mill. +
69. Mahonia aquifolium Nutt. +
70. Melia azedarach L. +
71. Mespilus germanica L. +
72. Morus alba L. +
73. Morus nigra L. +
74. Morus rubra L. +
75. Nerium oleander L. +
76. Olea europaea L. +
77. Parrotia persica (DC.) C.A. Mey. +
78. Platanus orientalis L. +
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Ne Buo CH! CH? CH? CH* CH®
79. Pittosporum tobira Dryand. +
80. Populus euphraticaOlivier. +
81. Populus hyrcanaGrossh. +
82. Phoenix dactylifera L. +
83. Prunus armeniaca L +
84. Prunus padus L. +
85. Prunus dulcis Mill. +
86. Prunus persica (L.)Batsch +
87. Prunus domestica L. +
88. Pyrus communis L. +
89. Pyrus salicifolia Pall. +
90. Pyrus caucasica Fed. +
91. Pyracantha coccinea Roem. +
92. Quercus castaneifolia J.A.Mey. +
93. Quercus ilex L. +
94, Quercus iberica Stev. +
95. Quercus macranthera Fisih. M. +
96. Rhamnus alaternus L. +
97. Robinia pseudoacacia L. +
98. Rosmarinus officinalis L. +
99. Salix caprea L. +
100.  Salix babylonica L. +
101. Sophora japonica L. +
102.  Spiraea vanhouttei (Briot) Zbl +
103.  Syringa vulgaris L. +
104. Tamarix tetrandra Pall. +
105. Tecoma radicans Seem. +
106. Trachycarpus excelsa +
107.  Tilia caucasica Rupr. +
108.  Ulmus parvifolia Jacq. +
109.  Ulmus minor Mill. +
110.  Viburnum tinus L.Hemsl. +
111.  Vitex negundo L. +
112.  Vitis sylvestris Gmel. +
113.  Yucca aloifolia L. +
114. Washingtonia filifera H.WendlI. +
115.  Zelkova carpinifolia (Pall.) K.Koch. +

AHanu3 UHTPOAYKIIMM H3y4aeMbIX PACTEHHWH Ha H3y4yaeMOW TEepPpPUTOPUHU TOKazal, dYTO
Hanboee MHOTOUMCIEHHOH TPYIION ABIAIOTCA BUBI, oTHOcsmuecs k rpymmne CH? (Cupressus
arizonica, Thuja orientalis, Acacia dealbata, Acer campestre, Berberis vulgaris, Caprinus betulus,
Catalpa bignonioides, Celtis caucasica, Coluteaarborensis, Cotoneaster horizontalis, Crataegus
monogyna u 1p. — 62%). Pe3synprartel ¢eHONOTHUECKNX HAOMIONCHUN MOKa3ajid, YTO POCT U
pa3BUTHE BHJIOB, OTHOCSIIMUXCS K ITOW Tpymme, B OOBIYHBIX YCIOBHUSX MPOTEKAET HOPMAaJIbHO
(Tabnuua). Pactenust aTol rpynmbl XOpPOLIO HBETYT M IJIOAOHOCAT. [loka y 3THX BUAOB Majo
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BO3MOXKHOCTEH JUIsl mepexofa U3 KyJIbTYpHBIX YCIOBHIl B CHUTyaTMBHbBIE (CaMOBOCCTAHOBJICHHE U
T. 1.).

Bropoe Mecto 3aHuMaroT (aHepodutel, oTHocsmmecs k rpymme CH? co  cpemmeit
xu3Hecriocoonocteto (Cupressus x leylandii, Taxus baccata, Abelia grandiflora, Berberis
thunbergii, Broussonetia papyrifera, Buxus sempervirens, Cercis siliguastrum, Eriobotrya
japonicaunp. — 21%). CpaBHuBas 00IyI0 HHTEHCUBHOCTb POCTa PAaCTEHHI ATOW TpyMIbl, OBLIO
YCTaHOBJICHO, YTO POCT B YCJOBHUSX eX Sif OTHOCHTEIBHO cHalblif, T.e. MpoLecC LIBETEHUS U
IUIOZIOHOIIEHUSI HE JIOCTUIaeT CBOEro Makcumyma [6]. MokHO cka3aTh, 4TO NpUYMHA 3TOrO B
OCHOBHOM CBfI3aHa C YCJIOBHSMH OKpyXkaromiei cpensl. HekoTopble M3 BUIOB, OTHOCSIIUXCS K
rpynne CH?, B mocnesuue rojsl MUPOKO HCHONL3YIOTCA B KYIbTYpe, 4 HEKOTOPbIE M3 STHX BHJIOB
[0 TE€M WU WHBIM MPUYUHAM WHOT/IA OTHOCHUTEIHLHO IUIOXO PACTYT B KYJIBTYpPE MO CPABHEHHIO C
IPUPORHEIMH ycnoBusamu.Cllabo Mo CPaBHEHHUIO C BHAAMHU, OTHOCAIMMUCS K rpyrme CH? rpymma.

B pesynbrare nccienoBaHus yCTaHOBICHO, UTO TPETHE MECTO 3aHUMAIOT BUbI, OTHOCSAIINECS
x rpynne CH' (Pinus eldarica, Ailanthus altissima, Ficus carica, Fraxinus excelsior, Quercus
iberica, Rhamnus alaternus, Tamarix tetrandra, Quercus macranthera, Hedera helix n T1.11.).
BoJNBIIMHCTBO BUIOB ATOH TPYIIITBI BCTPEYACTCS B Pa3HBIX peruoHax AsepOaiimkana.O6cnemoBaHus
u ¢eHomornyeckue HaOIIONEHUs B pailoHE HUCCIEAOBAaHUN BBISIBUIIM, YTO OOJIBIIMHCTBO BHJIOB
rpynnsl CH! yXozsT u3 Ky/IbTypbl B eCTECTBEHHBIE YCIOBMS (MKOpacTylue Buabl).Pactenus stoit
TPYyNIBI TIPOU3PACTAIOT XOPOIIO HA U3yY4aeMOW TEPPUTOPUU DTH PACTEHHUS HAXOIATCS B IPOIECCce
CaMOBOCCTAHOBJICHUST W PACIIUPEHHUS CBOCH TEeppUTOpUH bBONBIIMHCTBO 3TUX BUIOB JIaBHO
UCIIONB3YIOTCS M KYJIbTUBHUPYIOTCSI.

YeTBepTOE MECTO 3aHUMAIOT BUIbI, oTHOCsIuecs k rpynne CH* (Cedrus libani, Pinus pinea,
Taxus cuspidata, Albizia julibrissin, Castanea sativa, Hydrangea paniculata, Magnolia grandiflora
u ap. — 8%) (PucyHok).

mC1
mCcz2
mC3
mCc4
mcs

PPlcyHOK. PacnpeneneHHe H3y4aCMbIX BUIOB IO CTCTICHU MHTPOAYKIIUH

Pactenus, oTHOcsAlMecs K 3TOM TIpymne, MEHEe YCTOMYUBBI K MPHUPOJHBIM YCIOBHIM
U3yyaeMoil TEeppUTOpPHM, WHOINA TOJ] BIMSHUEM KIMMAaTHYeCKuUX (AKTOpoB HaOmMoa0TCs
MOBPEXJICHHUSI HEKOTOPBIX MOP(OJIOTHUECKUX OPTaHOB, OTHAKO Yepe3 HEKOTOPOE BPEMsSI OHH MOTYT
OBITH BOCCTAHOBIIEHBI JI0 HpeskHel (popMbl 6e3 motepu aekoparusHocTy. Ipynna CH’ He BKIIOUana
HU OJIHOTO BUJA PacTEHUH, Tak Kak HHGOpMAIK 00 3TUX BUAAX HEAOCTATOYHO, TO3TOMY paboTa B
9TOM HAIlPaBJIEHUU BEIETCS.

Pesynprarel aHanu3a MMoKa3ajid, YTO MHTPOAYKLMS JEPEBBEB M KYCTAPHMKOB Ha HM3y4aeMOM
TEPPUTOPUU HE CTOUT Ha MEPBOM IUIAHE MO CPAaBHEHUIO C APYTMMHU pEerHOHaMU A3zepOaiimxkaHa.
OnHa U3 IPUYMH 3TOTO 3aKII0YAETCS B TOM, YTO 3KOJIOTMYECKHE YCIOBHSI 3TOTO PErMOHa HE CTONb
OaronpUATHBI 7Sl STUX BUJOB PACTEHUNA. DTH PAaCTeHHsS B OCHOBHOM HUMIIOPTUPYIOTCS U3 IPYTHX
peruoHoB A3zepOaiikaHa, a Takke M3 pa3HbIX cTpaH Mupa. CpaBHUBAs HKOJIOTMYECKHE YCIIOBHUS
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M3y4aeMOil TeppUTOPUU C FTUMH pailOHaMH, OBLIO YCTAHOBIIEHO, YTO HCCIEeayeMas TEeppUTOpHUS
MMEEeT OTHOCHUTENIbHO CYPOBBIN KIIMMAT, B CBSI3U C 3TUM OTHOCHUTENIHO CJIa00 pa3BUTHI PACTEHUS,
oTHOCAIMECS K n3ydaemoii rpynme CH*,
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AGRIS F30

VARIOUS HERBS BIOLOGICAL CHARACTERISTICS DISTRIBUTED
IN THE IRRIGATED AREAS OF THE NORTHERN PART OF LESSER CAUCASUS

©Tagiyeva Z., Ph.D., Ganja State University, Ganja, Azerbaijan, abayramova@rambler.ru

BUOJIOTNYECKAS XAPAKTEPUCTHUKA PA3JIMYHbBIX TPAB,
PACITPOCTPAHEHHbBIX HA OPOIHAEMBIX TEPPUTOPUAX
CEBEPHOU YACTH MAJIOT'O KABKA3A

©Tacuesa 3. U., kano. c.-x. HayK, [IHOAHCUHCKULL 20CYOAPCBEHHBLIL YHUBEpCUMENT,
2. I'anooca, Asepoaiiodcan, abayramova@rambler.ru

Abstract. Except for grain herbs, legumes, and sedge, all herbaceous plants are included in
the agrobotanical group, called various herbs. Different herbs are found in forested meadows and
humid places. Generally, different herbs are found in each of the natural climatic regions. As a result
of the research, 13 species, 12 genera, 9 families from various herbs are spread in the irrigated areas
of the northern part of the Lesser Caucasus. A comparative analysis of the variety of herbs
distributed in the area, the quality of feed, and the agrobotanical groups was conducted.

Annomayus. Bece TpaBIHHUCTBIE paCTEHUsI, KPOME 3J1aKOBBIX, O0OOBBIX M OCOKOBBIX, BXOISAT B
arpoO0TaHUYECKYIO TPYMITY, Ha3bIBAEMYIO PA3JIMUYHBIMU TpaBaMu. PazinuHbie TpaBbl BCTPEUYAOTCS
Ha JIECHBIX JIyrax M BO BIAXHBIX MecTax. Kak mpaBuiio, B KaXXJOM HPHUPOIHO-KIMMATUYECKOM
pEruoHe BCTPEUaroTCsl pa3Hble TpaBbl. B pe3ysnbrare vcciieqoBaHUN HAa OpPOLIAEMBIX TEPPUTOPHSIX
ceBepHolt yactu Masnoro KaBkasa pacnpocrpaneno 13 BumoB, 12 ponoB, 9 ceMecTB U3 pa3InuHbIX
TpaB. l[IpoBeneH CpaBHUTENBHBIA aHAIU3 Pa3HOOOpa3us pPACHPOCTPAHEHHBIX B palOHE TpaB,
KadyecTBa KOPMOB, arpOOOTAaHUYECKUX TPYIII.

Keywords: grain herbs, legumes, various herbs, forage crops.
Knrouegvie cnosa: 3makoBbie TpaBbl, 0000BbIE, Pa3IMUHbIE TPABbl, KOPMOBBIE KYIbTYPHI.

Increasing feed production, expanding crops, pastures, and herbage areas and increasing
productivity are key factors in improving livestock production and increasing productivity in our
country. Increasing livestock products, above all, can be achieved by developing fodder in our
country and creating a feed base. It is impossible to develop animal husbandry without feed, to meet
the increasing demand for livestock products, the livestock industry, and to protect people's
health [3].

Different herbs are found in forested meadows and humid places. Generally, different herbs
are found in each of the natural climatic regions. Compared to other agrobotanic groups, the species
composition of the various herbs has been rich, and feed quality has been studied very little.
Usually, these plants are considered as plants as harmful or low-quality feed and are not desirable
for grass and pastures. However, many species of different herbs (dandelion, caraway, hawkweed,
etc.) are eaten well in the grass and in the pasture by the animals [1].
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F. A. Stepanov shows that the cows eat well these: Jarrow, dandelion, tussock Centaurea,
hawkweed, caraway, self-heal [2].

Observations show that the eating of these species is considerably reduced after the stages of
the floristic vegetation. It should be noted that, as the feed quality of different plants included in the
herbs group differs from one another, the same plant species has different feed quality, depending
on the natural environment in which it relies on sea level.

There are a number of herb varieties that attract attention as different fodder plants within
different herbs. Thus, the fodder crops which have recently been introduced in the natural
vegetation of our republic have been identified and their feed quality has been studied. Some
promising species are already used in many regions. From these species can be shown Sosnovski
cow-parsnip, cypress [4].

This plant is well mixed with a mixed state with clean and hard-mixed plants. 1 kg cow-
parsnip of mixed contains 85,0% water, 1,9% protein, 6,19% non-azine extractive acid, 2,9%
cellulose, 1,53% oil, 2,34% ash and 1,2% carotene. Green mass and mixed are well digested.

In one center of the green mass, 14 fodder units are contained in proteins digested in 1 kg,
while in mixed there are 115 feed units and 1,3 kg of digested protein.

Together with the creation of agrosenos, it is also important to make these areas useful by
sowing its seeds in winter pastures in the semi-desert and steppes of natural vegetation. Scientific
research in this field has already given a positive result. The task is to disseminate this work on a
large scale and to make the country's natural winter pastures useful.

The experiments show that as a result of sprinkling seeds cypress with 5 kilograms per hectare
in the steppe fields used as grass plant, the productivity of the grass vegetation has increased by 8,3
cents per hectare compared to the second year. This means that, in addition to 1 hectare, 449,3 feed
units, 461 kg of digested protein is obtained [4].

Different herbs can be divided into two subgroups, such as high-trunk and low-trunk:

1. Rapidly growing high-trunk species of different herbs compresses grains and legumes
which are valuable forage crops (horse dock sorrel, Sosnowski cow-parsnip, hellebore, colt s foot,
cephalgia). In the meadow, these are considered harmful plants for the farm. Their presence in the
composition of the herbs is undesirable. So, they have big, hard, and badly digested trunks. After
drying the leaves of the gathered grass are completely poured.

2. Low-trunk various herbs (bellflower, plantain, cranesbill, speedwell, etc.) have a small
number in grass mix.

Semi-parasite and parasitic plants are also found in different herbs. Examples include
eyebright, Chionanthus, lousewort, and so on. Can be shown. The roots of half-parasitic plants have
the ability to suck. They suck foodstuffs from the roots of other plants and weaken valuable fodder
plants by developing. From parasitic plants to dodder, broomrape the herb feeds at the expense of
other plants, which ultimately leads to its destruction. Well, in these natural plants, these plants are
rarely found. Many types of herbs are toxic and harmful. It is frequently encountered in plants
(harmful plants) that do not contain poisonous substances but have a bad effect on the health of
animals that lower the quality of animal products when eaten. There are also plants that give an
unwanted taste to milk when they are eaten by cows. Such plants include penny-cress, wild
cabbage, wormwood, mustard, winter-cress, and so on. species. There are also some plants that
paint the milk in red, blue, and yellow. Such plants forget-me-not, spurge, onion, bedstraw, cow
wheat, and other types. When animals eat some plants, the digestive tract produces severe disorders,
which in turn ultimately leads to pain in the stomach, and so on generates. Such plants can be
shown cottongrass, palm-grass, so on. Many plants make wool dirty. These include stick-seed,
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hounds tongue, and so on. The systematic structure of the various herbs spread in natural and
irrigated areas is given in Table [4].

Table
DIFFERENT HERBS
Families Gender Species
Plantaginaceae Juss Plantago L. P.major L.
Lamiaceae Lindl Mentha L. M.longifolia (L.) Huds.
Polyginaceae Juss. Polygonum L. P.alpestre C.A.Mey.
Rumex L. P.acetosella L.
P.acetosa L.
Brassicaceae Burnett Sinapis L. S.arvensis L.
Apiaceae Lindl. Apium L. A.graveolens L.
Convolvulaceae R.Br. Convolvulus L. C.arvensis L.
Malvaceae Juss. Malva L. M.neghecta Wallr.
Amaranthaceae Juss. Amaranthus L. A.sylvestris Vill.
Asteraceae Dumort Arctium L. A.lappa L.
Cichorium L. C.intybrus L.

Taraxacum Wigg.

T.officinale Wigg

One of the benefits of various herbs spread in natural and irrigated areas is their pasture value.
Forage crops are important in increasing the productivity of the pastures, enriching and improving
the vegetation cover. For example, alfalfa, sainfoin orchard-grass mixed with the fodder crops while
sprinkling seeds, increase the productivity of the pastures and enriches the vegetation. One of the
positive signs of feed crops is that in our country, these plants produce crops in the mountainous
zone, where annual precipitation amounts to 450-550 mm. As a result of the research, 13 species, 12
gender, 9 families from various herbs are spread in the irrigated areas of the northern part of the
Small Caucasus. A comparative analysis of the varieties of the variety of herbs spread in the area,
the quality of feed, and the agrobotal groups was conducted. As a result of the research, it has been
established that when fodder is grown, various herbs compete with sainfoin and alfalfa produce
grasses as much as them [4, 5].
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STAGES OF PHENOLOGICAL DEVELOPMENT
OF SOME OF THE SPECIES OF Magnolia L. IN ABSHERON

©Askerova P, Institute of Dendrology of Azerbaijan NAS,
Baku, Azerbaijan, shixaliyeva.pervin@mail.ru

ITAIIBI ®PEHOJIOI'MYECKOI'O PA3BBUTHUA
HEKOTOPBIX BUIAOB Magnolia L. HA AIIIIEPOHE

©Ackeposa I1. C., Hncmumym oenoponoeuu HAH Azepbaiioscana,
2. baky, Azepbatioscan, shixaliyeva.pervin@mail.ru

Abstract. The article analyzes the stages of phenological development of 3 species of
the genus Magnolia L. In the research work, the biology of leafing, budding, flowering, fruit-
bearing of some species belonging to the genus Magnolia in Absheron conditions was studied on
a scientific basis. The vegetation period of the species we studied was studied and climatic factors
that positively or negatively affected this period were studied. The studied species were divided into
groups according to the onset of flowering and the duration of this period. Thus, the entry and
duration of Magnolia L. species in the Absheron region depends on the meteorological and climatic
factors of the region where they are introduced, especially the air temperature and relative humidity.

Annomayusn. B crarbe NMpoaHAIM3WPOBAHBI dTalbl (PEHOJOTHUECKOTO Pa3sBUTHS 3-X BUIOB
pona Magnolia L. (Marnonus). B HayuHo-uccienoBaTensCckoil paboTe Ha HAy4YHOH OCHOBE M3y4eHA
Ouosiorusi OOAMCTBEHHOCTH, OyTOHHM3alMM, LIBETEHMs, IUIOJOHOILIEHUS HEKOTOPbIX BHUJIOB,
OTHOCSIIUXCS K poay Magnolia, B ycnoBusx AmimepoHa. V3ydeHbl BereTalmoOHHBIA MEPHUOJ
O0OBEKTOB HCCIIEJIOBAHUS, a TAaK)K€ KIMMaThuyeckue (hakTopbl, MOJTOKUTEIBHO WM OTPHUIIATEIbHO
BIIMSIONIME HA 3TOT nepuol. Mccnenyemble BUibl ObUIH pa3/ieieHbl Ha TPYIIIBI [0 Hayaly [IBETEHUS
U MPOAOJDKUTEIBHOCTH 3TOTO Mepuoaa. Takum o0pa3oM, MPOHUKHOBEHHE M MPOJOIKUTEIBHOCTh
BceneHus: BUAOB Magnolia L. B AmnmepoHCKuil pailoH 3aBHUCHUT OT METEOPOJOrHYEeCKUX U
KJIMMaTHYeCKUX (PaKTOPOB PErMOHA, B KOTOPOM OHU MHTPOAYLUPOBAHBI, OCOOEHHO OT TEMIEPATyphl
Y OTHOCHUTEIIBHOM BIA)KHOCTH BO3/yXa.

Keywords: magnolia, flowering, buds, fruiting, phenological development, vegetation period.

Knroueswvie cnosa: MarHoJius, IBCTCHHUC, 6YTOHI:>I, IJIOAOHOIICHHUC, q)eHOJ'IOFI/ILIeCKOC pa3BUTHC,
BEreTallMOHHBIN nepuon.

Introduction
Trees and shrubs with decorative features are widely used in ornamental gardening in our
republic. It should be noted that the correct choice of ornamental plants in single and group
plantings in the planting of modern greenery is one of the important issues in parks and gardens.
The aim of the research is to study the phenological developmental phases of some species of the
newly introduced magnolia genus in the construction of parks and gardens of the Absheron
Peninsula [1].

—G)
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 47


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne2. 2022
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/75

Materials and Methods
The experimental area of the Institute of Dendrology was chosen as the object of research.
The annual growth and development of plants were studied by the methods of P. 1. Lapin [3], A. A.
Molchanov, V. V. Smirnov [5]. Measurements were taken on selected specimens every 10 days from
the beginning to the end of the growing season to determine the growth dynamics of 1-3-year-old
plants. Observations on the stages of seasonal development were carried out in accordance with the
methods proposed by the General Botanical Garden of the Russian Academy of Sciences named
after V. N. Sin [4] and I. N. Beidemann [2]. The onset, end, and duration of seasonal developmental
stages (shoot swelling, leaf opening, budding, flowering, beginning and end of growth) were
analyzed for older specimens. Daily observations on the opening and pollination of flowers were
studied according to the methodology of A. N. Ponomarev [7].
In addition to personal research on the phenological stages of development of species
belonging to the genus Magnolia, other literature was used.

Analysis and Discussion

Magnolia grandiflora L., Magnolia kobus DC., Magnolia liliiflora belonging to the genus
Magnolia L. were analyzed for phenological stages of development in Absheron conditions —
budding, beginning of flowering, mass flowering, and end of flowering.

One of the main indicators of the adaptation of Magnolia L. species to the conditions of new
introduction is the successive stages of phenological development and, as a result, the assessment of
the degree of adaptation to these conditions. Phenological developmental stages — the seasonal
development of individual organs of plants leads to the development of the plant organism,
reflecting the morphological stages and appearance [6].

In the course of the study, it was found that the beginning, end, and duration of the
developmental stages of the season are characterized by many characteristics of the species: the
geographical origin of the species, systematic status, age, etc. At the same time, as a result of
climate change in the Absheron Peninsula, the plant was more affected by complex climatic factors.
These factors affect the rhythm of the phenological stages of development of plants during the
growing season; play an important role in the development of branches, differentiation of flower
organs, in the dormant period. It should be noted that the study of the sequence of phenological
developmental stages of the applied species is one of the key factors in the field of introduction and
acclimatization. The research covers the years 2017-2021, and the following results were obtained
in the analysis of the stages of phenological development (Table 1).

In the analysis of phenological developmental phases, it was found that the beginning of each
developmental stage occurs under certain temperature conditions. The results of the study of
seasonal growth rhythms in the dry subtropical climate of Absheron showed that the active period
of activity of magnolias was observed at a temperature of 16—18 °C. The sooner such temperature
conditions are observed, the sooner the seasonal development stages begin. During this period, the
flower organs begin to grow, and this stage coincides with the beginning of the budding phase. In
winter, the flower organs do not change significantly. In the later stages of organogenesis,
flowering, growth and maturation of fruits and seeds occur. Studies have shown that the formation
and differentiation of buds at the stages of organogenesis of generative and vegetative buds of
deciduous and evergreen species did not occur simultaneously: it was found that the process of
differentiation is faster in short branches with early growth [8—10].
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Table 1

STAGES OF PHENOLOGICAL DEVELOPMENT OF SOME
OF THE SPECIES OF Magnolia L. IN ABSHERON (2017-2020)

@ kS Flowering S 5 Leaf shedding
55 5 - = 2. 5
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T2 £ S ELT & = = Te EX = > 38
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h = o (OIR7) L > = (O] Ll >
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Magnolia grandiflora
25.03+£5 10.04+3  01.05+4 15.05£3  15.06£5 10.07+4 20.08+4  10.10+5 08.11 03.12 21545
Magpnolia liliiflora
28.04+4  10.0544 05.03£5 15.04£5 05.05#4 20.05£5  30.05 — 281044  07.11+4 24045
Magnolia kobus
10.04£6  15.04£4 20.02+42 25034  05.04+5 20.04=4 25.05£3 30.09+3  10.10£6  25.10+5 245+5

In some species, because the generative organs do not go through a period of rest, the shoots
are located at the ends of short branches, shoots formed on long branches are formed relatively
quickly, grow in size and develop better [3].

Observations showed that swelling of new leaf shoots of the evergreen Magnolia grandiflora
occurs in the third decade of March (25,03+5), and leaf opening occurs in the first decade of April
(10,04+3). Budding is observed in early May — 01,05+4. The first flowers appear on the plant in
mid-May (15,0543) (Figure 1). The flowers appear on the branches of the current year. Mass
flowering is observed in the second decade of June (15,06+5). During this period, large, porcelain-
like, white, fragrant flowers up to 18-20 cm in diameter can be seen on the plant. Flowering in large
magnolias lasts longer than in other species and ends on 10,07+4. Thus, the surface of the tree is
covered with buds, at the same time a small number of flowers bloom, and as a result, flowering
continues for a long time in a row. The life of each flower is 2-3, sometimes 7-10 days, depending
on climatic conditions. In Absheron conditions, flowering of each large Magnolia lasts up to 55+4
days. Full ripening of the fruit is observed in early October (Figure 2).

Figure 1. Appearance of a flower of the Figure 2. Magnolia grandiflora species
genus Magnolia grandiflora at the stage of fruit ripening
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In the fast-flowering M. liliiflora species, budding and flowering are observed before the
opening of the leaf shoots (Figure 3). Thus, budding is observed in the first decade of March —
05,03+5. The first flowers open in the second decade of April (15,04+5). Mass flowering is
observed after 11-15 days, in the first decade of May (05,05+4). Before the leaves open, the plant is
covered with raspberry-purple flowers on the outside in the form of a cup (lily) and white on the
inside, 3-4 cm in diameter.

The duration of the flowers depends on the temperature and humidity. Thus, the life of a
flower is 7-10 days when the temperature is high (24 °C) and the relative humidity is low (60—
70%), and when the temperature is relatively low (20-22 °C) and the relative humidity is high (85—
100%) it will be 12—14 days. Flowering period lasts up to 35 + 4 days. Flowering of lily magnolia
ends in the second decade of May (20,05+5), depending on climatic conditions. In some cases, the
plant blooms one by one for the second time in late summer. Swelling of the leaf shoots was
observed in late April — 28,04+4, and opening in the first decade of May (10,05+4). There was no
fruiting stage of this species. Yellowing and shedding of leaves lasts from 28,1044 to 07,11+4.

M. kobus is a fast-growing species compared to the large-flowered magnolia species. Buds are
observed before the leaf shoots open (20,02+2). Swelling of flower buds is observed in late
February and the first flowers open in the third decade of March (25.03+4) (Figure 4).

Figure 3. Buds and first flowering of Figure 4. Flowering in species of
Magnolia liliiflora Magnolia kobus

Mass flowering appears in the first decade of April (05,0445). There is a time of 9-12 days
between the first flowering and mass flowering. Flowering ends in late April (20,04+4). The
flowering period lasts 25+4 days. Swelling of the leaf shoots occurs on 10,04+6 depending on
climatic conditions. Already during this period, enough flowers are observed on the plant. The
lifespan of a flower is 6-9 days. No second flowering was observed in the plant. The opening of the
leaves is celebrated in the period after mass flowering — on 15,04+4. The fruits begin to form in
late May and fully ripen in late September. From the first decade of October, gradual yellowing and
shedding of leaves is observed (10,10+6 — 25,10£5).

Thus, the entry and duration of Magnolia L. species in the Absheron region depends on the
meteorological and climatic factors of the region where they are introduced, especially the air
temperature and relative humidity.

The species we studied were divided into 3 groups according to the duration of flowering:
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1. Early flowering species (flowering begins in the second and third decade of March): M.
kobus;

2. Medium-flowering species M. liliiflora (flowering begins in the second decade of April)

3. Late flowering species (flowering begins in mid — May): Magnolia grandiflora.

The species we studied were divided into 3 groups according to the duration of flowering:

Group I: flowering ends soon — M. kobus (flowering begins and ends in 25 days).

Group II: lasts for a medium time — Magnolia liliiflora (beginning and end of flowering
lasted 35 days).

Group III: flowering lasts a long time — Magnolia grandiflora (flowering lasts up to 55
days).

During our observations, the vegetation period for the studied species was also announced. It
is known that the duration of phenological phases also depends on temperature. For the flowering
period as a whole and for some of its phases individually (mass flowering period and end of the
flowering period), the same period is observed with increasing temperature, and the minimum
temperature plays a greater role than the average and maximum temperature. However, the budding
stage is conditioned by the opposite of the flowering stage: when the minimum temperature is high
enough and does not fall below a certain threshold, the budding time will be shorter.

When studying the duration of vegetation, it was found that temperature changes are
characterized by faster onset and late end of vegetation. Based on our observations in Absheron, it
became clear that early onset and late termination of vegetation, depending on climatic factors, lead
to an increase in vegetation period, while late onset and early termination lead to a decrease in
vegetation period. In the nightshade Magnolia kobus species, the vegetation period ends with the
shedding of leaves and lasts up to 245+5 days. In M. liliiflora, the vegetation period lasts 24045
days. In the evergreen Magnolia grandiflora, it lasted 215+5 days longer than in other species.

Age of first flowering

The inclusion of the introduced plants in the flowering phase was the main indicator of its
adaptation to local conditions, along with the climatic characteristics of the conditions (temperature,
humidity, precipitation and number of light days during the growing season). There is some
information in the literature about the age of the first flowering of Magnolia L. Our research was
mainly conducted on older copies. Among the species studied in Absheron conditions, Magnolia
kobus entered the flowering stage at the age of 12, M. grandiflora at the age of 14, and Magnolia
liliiflora at the age of 9 (Table 2).

Table 2
DURATION OF FLOWERING (2017-2020)
Species Age of entry into Duration of The life of a Air Relative
the flowering stage,  flowering, flower, temperatur  humidity, %
days days Day e,°C

Magnolia grandiflora 14 55+4 3-5 20.0-28.0 80-85

Magnolia liliiflora 9 35+4 7-10 13.0-20.0 75-80

Magnolia kobus 12 25+4 6-9 15.0-22.0 70-75

It is known from the literature that flowering II is very rare in the studied species (2). V. Z.
Gusinashvili shows the flowering II as a remnant of seasonal development [3].

The duration of a flower was also studied during the observations (Table 2). The duration of a
flower in the studied species depends on climatic conditions, lasts up to 10 days, and in sunny
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weather the duration of a flower is reduced by half. Low temperatures and high relative humidity
increase the life of the flower. The average lifespan of a flower is 5—10 days at an average
temperature of 10-24 °C and relative humidity of 60—70%. The maximum lifespan of a flower was
10 days when the average daily temperature was 8.5-22 °C and the relative humidity was 85-90%.
On sunny days, the life of the flower is shortened, and the minimum lifespan of a flower is 3—5
days. Information on the age and morphological characteristics of the studied Magnolia species is
described in Table 3. Phenological development stages, age and morphological indicators of the
studied species during 3 years (2017-2020) were analyzed and the results of the research are given
in Table 3.

Table 3
AGE AND MORPHOLOGICAL CHARACTERISTICS
OF SOME STUDIED SPECIES OF Magnolia L
Species Age, location Vital Height, Body diameter, Umbrella
year area Form M cm diameter, m
Magnolia grandiflora 15 Baku A 8.5 9 8.5x35
Magnolia liliiflora 10 D/1 K 6.5 5 (multiple stems) 1.5x20
Magnolia kobus 12 Baku A 12.70 7 34x3.6

Conclusion

As a result of the research work, it was found out that Magnolia grandiflora, M. liliiflora, M.
kobus species belonging to the genus Magnolia have adapted to the conditions of Absheron, entered
the biology of budding, flowering, fruit-bearing, completely completes vegetation and is intended
for use in decorative landscaping. In M. liliiflora, although fruit cones were formed, no seeds were
obtained.

In the research work, the phenological development phases of Magnolia grandiflora, M.
lilitfflora, M. kobus species in Absheron conditions, vegetation period, and flowering and fruit-
bearing biology were studied on a scientific basis. The studied species are divided into 3 groups
according to the flowering period:

1. Rapid flowering species (flowering begins in the second and third decade of March): M.
kobus;

2. Medium-flowering species M. liliiflora (flowering begins in the second decade of April)

3. Late flowering species (flowering begins in mid-May): Magnolia grandiflora.

Magnolia species are also divided into 3 groups according to the duration of flowering:

Group I: flowering ends soon — M. kobus (flowering begins and ends in 25 days).

Group II: lasts for a medium time — Magnolia liliiflora (beginning and end of flowering
lasted 35 days).

Group III: flowering lasts a long time — Magnolia grandiflora (flowering lasts up to 55
days).

In addition, the age and morphological characteristics of the species were analyz