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PET'YJIAPU3AIIMS PEIIEHA OIHOI'O KJIACCA CUCTEM JMHEWHBIX
HMHTETPAJIbHBIX YPABHEHUH BOJIBTEPPA IIEPBOI'O POJA
B IPOCTPAHCTBE JTN®PEPEHIIUPYEMbBIX BEKTOP-®YHKIIUU HA OCH
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©Kamobaposa A. /., Ouickuti mexnonocuueckuti ynugepcumem um. axao. M.M. Aoviuesa,
2. Ou, Keipevizcman

REGULARIZATION OF SOLUTIONS OF ONE CLASS OF SYSTEMS
OF LINEAR VOLTERRA INTEGRAL EQUATIONS OF THE FIRST KIND
IN THE SPACE OF DIFFERENTIABLE VECTOR FUNCTIONS ON THE AXIS

©Orozmamatova Zh., Osh Technological University named by M.M. Adyshev, Osh, Kyrgyzstan
©Toigonbaeva A., Osh Technological University named by M.M. Adyshev, Osh, Kyrgyzstan
©Kambarova A., Osh Technological University named by M.M. Adyshev, Osh, Kyrgyzstan

Annomayus. 11oCcTpOEHBI PEryasipU3UpPYIOLIME ONepaTopsbl 1o JIaBpeHTbEBY U yCTAHOBIICHBI
JIOCTaTOYHbIC YCJIOBHS €IMHCTBEHHOCTH PEIICHUM CHCTEM JIMHEWMHBIX WHTErPaJbHBIX YpaBHEHUM
Bonbreppa nepBoro poaa Ha ocu.

Abstract. Regularizing operators according to Lavrentiev are constructed and sufficient
conditions for the uniqueness of solutions to systems of linear Volterra integral equations of the first
kind on the axis are established.

Knwouesvie cnosa: perynsapusanus, €IWHCTBEHHOCTb DELICHMS, JWUHEHHBIE WHTETPAIIBHBIC
ypaBHeHUs BoabTeppa nepBoro poja Ha OCH.

Keywords: regularization, uniqueness solutions, Volterra integral equations of the first kind on
the axis.

ONHOBPEMEHHO pPAcCMaTpUBAIOTCS  CIEAYIOIIME CUCTEMbl JIMHEWHBIX MHTErpajbHBIX
ypaBHEHUH BHJA

¢ (1)
j K (t,s)u(s)ds = f (t),t € R = (—o0.00)

b

0 (2)
ov (t,)+ [K(t,s)v(s,£)ds = f (t) +eug,t € R = (—o0,%0),
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rae 0<&_— wmanpii mapamerp, K(t.s) _ usBectHas N*N -mepHas marpuunas QyHKIWMS,

G={(t,s);—0<s<t<ow }

ompe/eeHHas Ha f(t) — wu3BecTHas n-mepHas BEKTOP-QYHKIUA,

u(t) u v(t,e) - rckoMbie N -MepHbIe BEKTOP-DYHKIMH.

PaznuuHble BOIPOCH! MHTErpajlbHbIX YpPaBHEHHM HCCIEIOBAIUCh BO MHOIMX paboTax, B
4acTHOCTH, B pabore «HTerpanpHble ypaBHeHHS Bonbreppa» mnpeacrasieH 0030p pe3ynbTaToB MO
MHTETPAJIbHBIM ypaBHEHHSIM BToporo pona [1]. B pabore «JIuHeiiHble MHTErpaibHbIC ypaBHEHHUS
Bonbereppa nepBoro poga ¥ TpeThero poaa Julsl JIMHEHHBIX MHTErpalibHbIX ypaBHeHUM Bonbreppa
epBOr0 M  TPEeTbero poaa C  [IAJAKUMHU  AOpaMu»  JIOKa3aHO  CYIIECTBOBaHME
MHOTOIIApaMETPUUYECKOTO ceMelicTBa penienuii [2]. JlaBpenTheB M. M. paccMoTpen uHTErpajibHbIe
ypaBHEHUS U peryispusupytomme omneparopsl [3]. Jokazansl TeopeMbl E€AMHCTBEHHOCTH H
IIOCTPOEHBI peryisipusupyroniye omneparopsl mo M. M. JlaBpeHTbeBY [UIsl CHCTEM JIMHEHHBIX U
HEJIMHEHHBIX MHTErpajibHbIX ypaBHEHHMH Bosbreppa mepBoro pojga ¢ HENIAJKUMH MaTpUYHBIMU
sapamu [4, 9]. s cucteM HEIMHEHWHBIX MHTETrpajbHBIX ypaBHEHUM Bosbreppa Tperbero poja
JI0Ka3aHbl TEOPEMBbl €IMHCTBEHHOCTH U MOCTPOEHBI peryiaspusupyrouie oneparopsi no M. M.
JlaBpentbeBy [5]. [ig cucteMm JUHEMHBIX MHTErpajibHbIX ypaBHeHHH Ppearosbma TPEThEro poja
JI0Ka3aHbl TEOPEMbl €IMHCTBEHHOCTH M IOCTPOEHBI PEryisipu3Mpyrolre omeparopsl no M. M.
JlaBpentbeBy [6]. Ha ocHOBe HOBOro Imojxona U3y4eHbl BOIIPOCHI CYIIECTBOBAHUSA U
€MHCTBEHHOCTH PELIEHUN IS JIMHEVHBIX U HEJIMHEHHBIX MHTETPAJIbHbIX YpaBHeHH Ppenroapma
TPETbEro poja C MHOTOTOYEYHBIMH OcCOOeHHOCTSIMU [7]. C momomiplo MoAaudHKaLKMU NOAX0nA
M3y4YeH OAMH KJIACC CHCTEM JIMHEWHBIX U HEJIMHEMHBIX HMHTErpajibHBIX ypaBHeHUl Dpearonbma
TpeTrhero pona [6, 8]. McciaenoBanbl BONPOCH €MHCTBEHHOCTH PEIICHUS OJTHOTO KJIacca JTMHEWHBIX
MHTETPaJbHBIX ypaBHeHWH Ppearonpma mepBoro poxa Ha ocu [10]. B pabore Ha ocHOBe
MoaudUKanuel MeToa J0Ka3aHbl TEOPEeMbl €IMHCTBEHHOCTH U MOCTPOEHBI PEryIsIpU3UpPYyIOIIUe
ornepatopsl o M. M. JlaBpeHTbeBY AJis PELICHUS CUCTEM JMHEHHBIX MHTErpajbHbIX ypaBHEHUH
Boasreppa nepsoro poaa Ha ocu [4, §].

BaeneMm 0003HaYeHMS:

1. Jlun sexropos U =(U,..u,)",v=..1v,)" €R"

n n %
(U V) =uw, +..+ Uy, =D Uy, ||u||=(Zui2]
PaBEHCTBOM i U HOpMY =1 ;

2. O6o3naunM uepe3 C(R)- mpocTpancTBo Bcex (pyHKIMI HenpepbIBHBIX HA R n 0003HauuM
gyepe3 Cn(R) — mepHbIX BekTop-QyHKIMi ¢ snementamu u3 C(R);

3. O603HauuMm uepe3 CO(R) — npocTpaHCcTBO BeexX (YHKIMI HEMTPEPBIBHBIX M OIPaHUYEHHBIX
Ha R u oOo3znaunm uyepe3 Cn,0(R) — mnpocTpaHCTBO BCeX n-MEPHBIX BEKTOP-(QYHKIUI C
JIEMEHTaMU u3 CO(R) byHKIM HEIPEPBIBHBIX u OTrpaHUYECHHBIX JUTSt

u(t) = (uy(0),...,u, (1)) € C, ,(R) Ju@®), = sup,g[u®);
Cin(R)

OMIPCACIINM CKaJIApHOC IPOU3BCIACHUC

OIIpEETTUM HOPMY

4. Yepes - 0003HaYMM JIMHEHHOE MPOCTPAHCTBO BCEX N-MEPHBIX AU(D(HEepEHIIUPYEMBIX

Bexcrop-yHiii u) € Coo(R) lim,,_[u()—u,|=0,u, R ’

du®) MA(t), vVt e R

dt , TIC M — nmonoxurenpHas IIOCTOsAHHAsA, 3aBHUCAILIaA OT U(t), HO HC OT t,
A(t)20,vt e R, A(t) e C(R), VT e R, A(t) € L, (~o0,T)

YAOBJIETBOPSIONIUX YCIOBHUS:

Ilycts AM(1=12..n)_ COOCTBEHHBIE 3HAUECHHE MaTPHIIbI
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Lk n+ K 1Y), K et -
2 comnpsbkeHHast Marpuna k Marpuue K(t, t) u

A(R) =min 4 (t),te R (3)

[Ipenronoxum BEIOJIHEHUS CACAYIOIIUX YCIOBUM:

a) i K(t, s)=(k;j(t, ), 1, =1, 2, ... n; k;; (t,s) € C(G)

te R,||K(t,S)||,||K(S,S)| € Ly(-oo,hu k;(t,t) e C(R),

, IU1s1 (PUKCUPOBAHHOTO

e C(G)-mpocTpaHCTBO BCEX
HenpepwiBHBIX QyHKINH Ha G;

b) At)>0 mpu teR, u Al)eC(R),VT eR,At) e L (-0, T) . e A(t) ~ onpenesena
¢ momotisto hopmymsr (3);
C) pu t>7 JUIS JTHOOBIX (t.5).(z,8) G CIIpaBeJINBA OLICHKA

IK(t,s) - K(z,s)| < I(s)ﬁ/i(s)ds}
: e 10 €C(R)NL(R).

Jlemma 1. TlycTb BBITIONHSAIOTCS YCIIOBUS a), B) U X(t’ S"9) MarpuyHas ¢ynkuus Komm s

X = 1 K(t,t)x(),teR
£

CHUCTCMbI dt

, TO €CTh
d 4
X5, _ L nyx,se) X (L1 e) “)
dt & =1,
l,—nxn
IpILS - MepHafl CANHNYHAA ManI/IIIa. Toma CHpaBe[UH/IBa OIICHKAa

t

IX(t.s, )] < exp{—.[lit(r)df} (t.5) G
&

S

)

n
JlokazarenscTso. Jis moboro U € R™ nmeem:

%”X (t,s, g)u||2 = <% X(t,s,&)u, X(t,s, g)u> + <X (t,s, 5)u,% X(t, s,g)u> =
= <—% K(t,t)X(t,s,&)u, X(t,s, g)u> + <X (t,s, g)u,—l K(t,t)X(t,s, g)u> =
&
=—g<%[K(t,t) +KYX s, &), X(t,s,g)u> < —u—(t)”X(t,s,g)”z,(t,s) G,
& &

d 2A(t
Dixseof <=2 x s . t.9) <
To ectp dt &

3nmech Mbl yYUTHIBAIM ycloBus a), b) u (4). M3 mocieqHero HepaBeHCTBA MOJYYUM OLIEHKY
(5). Jlemma 1 nokazaHa.

1
Jlemma 2. I1ycTb BBINONHSAIOTCS YCIOBUS a), b) 1 u(t) e Cin (R) , TIe
t (6)
F(t, <) =—jX(t,s,g)M, teR
o ds
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R(t,s,g)=—1xa,s,g)|<(s,s),(t,s)eG (7
&

1
[_;K(t,t)} KB < NoAtt)

du(t)
teR,N, >0. dt
IIpHU BCEX 0 Torma cripaBenIMBa OIlCHKA

Jloxazamenvcmeo. B cuiy ycioBuro ieMMbl 2, (6) B OLICHKY (5) nMeeM

ABJIACTCA ManHqHOﬁ pCBOHBBCHTOﬁ MaTpru4HOIo sAjapa

< MA(t), Vt e R.

Feal<me,

Ngs < j exp[ j.ﬂ(r)Uf}Mi(s)ds < Mg, VteR

IF(t, &) < j IX(t,s, g)||

Jlemma 2 nokazaHa.
Jlemma 3. T1ycThb BBITIOJNHSIOTCS YCIIOBUSA a), b), ¢) H

H(t,s, g)_—lxa s, &)[K(t,s) - K(s,s)]+ jR(t 7,6)[K(t,s) - K(z,s)]dr ®)

rae (t,s) G, R(ts ) onpeneineHa o gopmysne (7). Torga cnpaBensiviBa oleHKa

[H(t,s5. &) < (€™ +No)I(s), (t,5) € G, & > 0.

lokaszamenvcmeo. BBuny ycnoBus a), b), ¢) b (7) u3 (8) monyuum

0= e e e 2t e [ s
< (s)exp{—%!i(r)dr}{%!ﬂ(r)dr}+
) iexp {—%il(r)d T}A(T)Ejﬂ(r)dr}dr <

<1(s)sup,., [e;* ]+ NOI(s)]Ee “vav= (e + N, )I(s)(t.s)eG.

JlemMma 3 moxa3sana.

K (6] < N,A()

Teopema. IlycTh BBINOJHSAIOTCS yCIOBUA a), b), c), npu Bcex L€R

1
cucrema (l)umeer perieHue u(t)GC"“(R)' Torna peuenue V(t,g) cuctembl(2) mpu £§—>0

C.o(R)k u(t)
CXOAUTCA B HOpMC ' HpI/I 9TOM CIIpaBCJINBA OLICHKA

c=Mep{(e*+N )Tl(s)ds ®
||V(t £ tm <CéE, e, ’
rae
Yucno M onpenenena B iemme 2.
Jokaszamenvcmeo. B cucteme (2) mpousBenieM 3aMeHy
v(t, &)= ut)+ £(t, ), (10)

I'ne u(t) — pemenus cucremsl (1). Ilogcrasnss (10) B (2), umeem
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11
Elte)=—= jK(s S)&(s, g)ds—; J[K(t s)—K(s,s)] &(s,)ds —[u(t)-u, ], t e R. (b
Hcronb3yst MATPHYHYIO PE30JIbBEHTY
R(t,s,g):—%X(t,s,e)K(s,s),(t,s)eG (12)
{—1 K(s, s)}
Marpu4Horo sapa L € cuctemy (11) cBoguM K 3KBHBaJIEHTHON CHUCTEME
1 1
§lt.e) === [[K@E9) - K(s:9)]¢(s, 2 )ds - [u(t)-u, -
- R(t,f,g){1 JT‘[K(T,S)— K(s,s)]f(s,g)ds+u(r)—u0}dr
—0 & —0
Ortcrona, ucronb3ys 0000meHHyI0 hopMyny upuxiie, nMeeMm
1 13
t,)= [Ht,s, )5, e)s + Flte) e R (9
rac
t 14
H(L5.2) =~ LK (69)- K(s 9]~ 2[Rl 7, £)K(e,5) - K(s.9] de, (1
& £
(15)

Ft ):—[u(t)—uo]—jR(t,r,g)[u(r)—uo]dr.

ITokaxkeM, 4TO H (t’ S g) onpeseneHHbli o popmyse (14), MmoxHO npeobdpazoBark K BUAY (8)

B camowm nene, yuutsiBas (12) u

M=1X(t,s,g)K(S,S),(t,S)EG, o
ds g
nMEEM
2 Rt ofi(e o) (s 9 =2 [HE0 (o) Ko
_ Ly (t,s,&)[K(t,s) - K(s,s)].
£
Ortcrona noay4um
(17)

K (s)-Kss=-2 X ts.2) [K(ts)-K(s.s))+

LR K (L)~ K(s5)n, (45) <6,

85
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[Toncrasnsst (17) B (14) umeem (8). AHamorudHo, ucnonb3ys Gopmyisl (16) uz (15) umeer

F(t,)=—fut)-u, ]+ [ (;; 5.)y(s)—u, Jds.t < R.

—o0

t
F(t,g):—jx(t,s,g)wds teR
Otcrona, MHTETpUpYs 10 YaCTSIM, [TOJIy4YUM o ds

Hanee, HCTOJIb3Ys JIEMMBbI 1 u 2, u3 (13) MOJTYy4YUM
t

|t s) < J(e’l + N, )I(s)|£(s, £)|ds + M, t,e R

—00
Orcrona, npuMeHsisi HepaBeHCTBO ['ponyosuia-bemsimana u yuuteiBas (10), uMeeM OIEHKY
(9).Teopema nokazana.

Crneocmeue. Ecny BBIIONHSIOTCS yCIOBHUS a), b), C). ||K(t,t)| = Noﬂ’(t)’t €R

At)>0 te(-oo;T),

U CYIIECTBYET

T € R rakoe, uro
A
‘/"“( )CI[I/IHCTBGHHO

P MOYTH BCEX TO pelieHue cucrteMsl (1) B mpocTpaHCcTBe

ut)eC’ (R), 0<y<1

Loxazamenvcmeo. Ilyctb ABJIsieTCS peleHueM cucreMsl (1) mpu

—h n
f(t)=0. YmHOXas cuctembl (1) ckamsipHO CIpaBa W ClieBa Ha Uy = lim,., _, u(t)e R

HUMECM

<j;K(S’ s uyds, u0> + <u0 , jOOK(s, s)uods> + < j K (s, s)[u(s)-u, ds, u0> + <u0, j K(s,s)u(s)- Uo]d5> +

n CKJiaabIBas

—00 —00

o ikt sk, - v, ) ks ks o

—00 —00

.. n
rz[e< ' >CKaH}IpHOC IMPOU3BCACHUC B R . OTCIO,Z[a NMECM

NK(& )+ K" (s,)]uy, g s = —j{<K(S, SYu(s) =ty Juy ) +(us, K(s.)[u(s)-up s -

—00 —00

t

— [HKt5) - K(s,9)]uls) ug) + (up, [K ¢, 5) - K (s, 9)] u(s)) s

(18)

Janee, B cHITy yCIIOBHS CIIE€ACTBUS TeopeMbl U3 (17) momyunm

t t
2{ jﬂ(s)ds} Ju|” < ZNO[ jﬂ(s)ds} o | SUP gy u(s) - Ug | +

t

: znuonnu(tm{ ﬂ(s)dst(ad r}t c(ConT)

—00

Ortcrona noay4um

¢ (19)
o] < Ng SUp... o u(s)— o] + Juct). j I(s)ds,t € (—o0,T).

ul=0
U3 (19), nepexons k mpeneny HpI/It — ~% pmeem ” 0” . Torma u3 ouenku (9) BBITEKAET,

U =0
4TO ” 0” T. €. u(t)=0 npu teR Chencreue TEOPEMBI JOKa3aHO.
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TPETBEI'O ITIOPAJAKA C HEJIOKAJIBHBIMUA YCJIIOBUSAMMU I POJA
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BOUNDARY VALUE PROBLEMS FOR A MODEL HYPERBOLIC EQUATION
OF THE THIRD ORDER WITH NON-LOCAL CONDITIONS OF THE FIRST KIND
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Annomayusn.  PaccMarpuBaroTCs  HEJIOKalbHbIE 3azaun |  poma Uil  MOZIENIBHOIO
runepOoIMYecKoro ypaBHEHHs TpeTbero nopsjaka. IlpeacraBieHo 1oka3arenbCTBO pa3pelIuMOCTH
HEJOKaJbHBIX 3a/1ad | ponma [uisi MOJENIIBHOTO TMIIEPOOIMUYECKOr0 YpaBHEHUSI TPETHETO IMOpsiiKa.
Mertonom ¢yHkimn PruMana 3amaya nmpuBeeHa K MHTETPAIbHBIM ypaBHEHHsIM Boibreppa BTOporo
poma. MeTtonoM HMHTErpajibHbIX YPAaBHEHMM JIOKA3aHO CYIIECTBOBAHME EIUHCTBEHHOIO DPEILICHUS
HenokanpHble 3a1a4u [ pona. IlonydeHHoe pelenne HelloKalnbHbIX 33134 | poaa 1o3BossieT onucarb
Ipoliecc BiaronepeHoca B MOYBOTPYHTAX, MEpeJad TeIula B T€TepOreHHOl cpene, puiabTpanuu
KUJKOCTH B TIOPUCTBIX CPENAX.

Abstract. Considers nonlocal problems of the first kind for a model third-order hyperbolic
equation. The main goal of the article is to prove the solvability of nonlocal problems of the first
kind for a model third-order hyperbolic equation. Using the Riemann function method, the problem
is reduced to Volterra integral equations of the second kind. Using the method of integral equations,
the existence of a unique solution to nonlocal problems of the first kind is proven. The resulting
solution to nonlocal problems of the first kind makes it possible to describe the process of moisture
transfer in soils, heat transfer in a heterogeneous medium, and fluid filtration in porous media.

Kniouesvie cnosa: nuddepeHanbHOEe ypaBHEHHE TPEThEro IMOps/iKa, TUIepOoIndecKoe
ypaBHeHUe, QyHKIMS PuMaHa, HHTErpaibHOE ypaBHEHHE.

Keywords: third order differential equation, hyperbolic equation, Riemann function, integral
equation.

HccnenoBanue BnaromepeHoca B MOYBOIPYHTAX, MepeAayd TEIUla B IeTEpOTeHHOM cpele,

GbuiabTpay KUJIKOCTH B MOPUCTBIX CpellaX, MPUBOAAT K H3YUEHHUIO YPaBHEHHSIM B YacCTHBIX
MIPOU3BOIHBIX THIIEPOOIMUECKOTrO THUIIA TPEThero nmopsiaka [1-3].
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W3BecTHO, YTO penieHHe BHINIE YKA3aHHBIX W MHOTHX IPHUKJIAAHBIX 337ad OHOJIOTHH,
MEXaHUKHU, (PU3NKK CBOOUTCS K HMCCIIEAOBAHUIO JIOKATBHBIX W HEJIOKAIBHBIX KPAaeBBIX 3ajad Uis
yYpaBHEHHH TPEThEro nopsijka runepoonuyeckoro tuna. Kpaessle 3aiaun s MoauGUIMpOBaHHOTO
ypaBHEHHsI BJIarorepeHoca NcciieIoBanbl B paborax [4, 5].

HenokanbHble 3a1a4n a7l TUIEPOOIMYECKUX YPAaBHEHUH TPETHETO MOPSAKA MCCIETOBAaHBI B
paborax [6].

KpaeBble 3amaun Ui pa3iMYHBIX YPaBHEHUH TUIEPOOIMYECKOTO THIA TPETHETO MOpsIKa
u3ydeHsl B pabotax [7]. OqHako Majao MCClIeI0BaHbl HEKOTOPHIE BUBI OOIINX YPaBHEHUH TPEThEro
HOPSIIKa THIEPOOTMYECKOTO TUIIA, 00SCTIEUNBAIONINX CYIIECTBOBAHNE U €IMHCTBEHHOCTD PEIICHUS
COOTBETCTBYIOIIMX 3ajga4. JlokanpHBle, HEJIOKAJbHBIC 3aJadd JUIs YpPaBHEHUH B YaCTHBIX
MPOU3BOJHBIX TPETHETO, YETBEPTOTO MOPSIKOB THUIEPOOIMUYECKOTO TUMa u3ydeHsl B padorax JI. C.
[Tynsxunoii, M. X. [lIxanykoBa, A. ConyeBa u ux yueHukos [4, 5, 8—13].

B nmanHO#l paboTe WccienoBaHbI  HENOKaJbHBIE 3amadn | poma B oOmactu

= 0<x<1,0<y<
D {(X’ y):0=x<l0<y< h} JUISL MOJIEIBHOTO THUIEPOOIMYECKOTO YPaBHEHUSI TPETHEro MOpsKa,

pelieHusl KOTOPBIX TMOJIYYCHBI B SIBHOM Buje. [loiydeHHBIE MpPEACTaBICHUS MOTYT NMPUMEHSTHCS
IIPH PEIICHUH BBI3BIBAEMBIX OONBIION MPAKTHYECKUH W TEOPETHUYCCKUH HMHTEpPEC paszIMYHBIX
OMOJIOTUYECKUX U (PU3NYCCKHX 3a/1a4.

Ilocmanosxka 3aoauu. B obnactu D paccMOoTpuM HeNOKalnbHYIO 3amady | poma s
MOJIEIBHOTO YpaBHEHUS

Uxxy(X, y)+CU(X, y): f(X7 y)! (D
e
f (X, y),u(x,y) e C(D), u(x, y) e C**(D). (2)

3aoaua 1. Haiitu B obnactu D peuienue ypaBHeHus (1), yaOBIETBOpSIOIIEee HEIOKATbHBIM
ycnoBusim I pona:

“ 3)
[K(yu(x y)dy =0,
0
u©,y)=e(y), 0sx<h, (4)
U, (0,y) =@,(y), 0<x<h, (5)

rae ? (y)’ | :1’ 2’ K(y) _3anaHHHe TJIagKue (byHKuI/H/I.

Paszpewumocms 3a0auu

CHauaJia pacCMOTPHM BCTIOMOTATENIbHYIO 3a/1a4y.

3aoaua I'ypca (Bcnomozamenvuas szaoauya). Haiittn B obnactu D pemenue ypaBHeHus (1),
yaoBJeTBOpstoliee ycioBusMm (4), (5) u

u(x,y)=w(y), 0<y<lI, (6)

1 s 2

rae l//(X) — TIOKa HeW3BeCTHas (DyHKIMS, an/Iqu(pi(y) eC [O,h],l =L2y(x)eC [O’I]’ u
YCIIOBHAM COINIACOBAHUS

¢(0)=y(0),9,(0) =y(0), )
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VM (x,y) eD,

Jlnst ymoOcTBa TmepeiaeM K  MEepEeMEHHBIM &1 . uMeeM 00J1acTh

D,cD, D ={0<&<x,0<p<y}

. Uepes Touky M(xy) MIPOBEJIEM JIBE IpsIMbIE, apauiesbHbIE
KOOPJIMHATHBIM OcsiM. FIMeeT MecTo TOX/1eCTBO:

8
vL(u)—uL*(v):@—ﬁ ®
o o
rae L (V) =V, +eu CONPSDKEHHOE YPABHEHHUE, a Q=Vu;, —Vel,, P =Vl
Hcnone3yst popmyny I'puna, OymeM HHTErpupoBarh TOXKIECTBO (8) MO KOHTYpY ob, u
MOJIY4HM MpeJcTaBIeHue pemenue 3anaun ['ypea (4) - (6) B Buje
x y )
U(%, Y) =V, 0 Y%, 00 () + [V (%, ¥ €, 0w (£)d& = [ [v, (%, y:0,m) 0l ()
0 0
¢ 7
V. (%, Y;0,m)p; (7) + [ dE [ v(x, y; &) £ (£ ),
0 0
rae V(X’ Yi 95’ 77) — (ynkius Pumana, yaoBiIeTBOPSIONIYIO YCIOBHSIM:
V(X’ Y g’ 77) — pelIeHne CONPSKEeHHOM 3a1au.
L(v)=V,, —cv=0, (10)
V(X ¥;%,7)=0,v,(X,y; x,n)‘n:y =1, v(x,¥;&,¥)=o(X,Y,&),
rae a)(X, Y 5) — peuenue cnenyrouei 3aaaun Komm
Ve (X ¥3€,Y) =0, (11)

v(X,y:é, y)\§:X=o, V. (X ¥;¢, y)‘f:le_

HNuterpupys ypaBHEHHE fo(x’ yis, y):0 JIBAKJIBI TIO 5 B mpegenax or X o 5 u

YUYUTBIBasI CBOMCTBA (DYHKIIUH, TTOTYYHIIH:
V(X ¥;E,y)=E-X, (12)
toraa u3 (10) momyuusu cieayromiee HHTErpaJbHOE YPaBHEHHE

oy (13)
V(X' y;§177) = (: —X _deglj‘(f —fl)V(Cf,Uprﬂl)dﬂl-
X n
Pemenwne ypaBHenus (13) Hanuim METOZ0M TOCIEA0BATENbHBIX IPUOIMKEHHH [9]:
V=V, + AV + A, o+ A+,
rae A= JEACTBUTEIIbHBIN ITapaAMETP.

N3 (13) mocnenoBareabHO OMPEACIIAIN VorVisVaseensVisoee.
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2 3
=8 =~ 20(E-) (7). e
Hanpuwmep, : Ananornyno Hampm 2’3’ B
KOHEYHOM PEe3y/IbTaTe MOIYIHIHN Caeayonyo GyHKiuo Pumana:

o (14)

_ X)2n+l (77 _ y)n

Herpynno npoBeputh, uto pynkmus (14) ynornerBopset Bcem ycnoBusam 3aaauu (10), (11).
VYyuuteiBas ycnoBus (3) uz (9), umeem:

V(X y;&.1) i

rc 2n +1

h x( h (15)
w ()| K(y)v, (%, y;x,0)dy + | ( [K (e (% y:&@dy]w(é)df: 9(x)

h y ¢ n
9(x) == KU Y v, (%, y:0m) ) =V, (%, y: 0y () + +[ dE[vix, ;€ m) (& m)dm)dy

" (16)
I K(y)v.(x,y;x,0)dy =0

10 (15) MOXKHO IPUBECTH K MHTETPaIbHBIM ypaBHEeHUsAM BonbTeppa Broporo poaa. Mcnomib3ys

METOJ] TOCJIEAOBaTEeNbHBIX MPUOIMKEHUN HaWsa w(x) u moctaBisag B (9) moiyuuM pelieHue
HEJIOKaJIbHYIO 3a/1ady 1.

Teopema 1. Ecnm Bemonsstorces ycnoBuil (2)—(5) u (16) to ypaBuenue (1) B obmactu D
UMEET eJMHCTBeHHOE pemeHue. M3 crmocoba TomydeHWs peIIeHUs 3aJa4d  CIEAYEeT, 4YTO
MOCTaBJICHHBIE 3aJ]a4d MOTYT MMETh JIUIIb €IMHCTBEHHOE pEIICHUE, TaK KaK Mbl MOJYYWIIH IS
HEU3BECTHBIX (DYHKIMH SIBHBIE M OJHO3HAYHO OMNPEICIICHHBbIE BBIPAKECHUS, HE JeJas HUKAKUX
MPEANOIOKEHUHN O HUX, KPOME UX CylecTBoBaHus [ 14, 15].

B 3akmtouenue orMeTHM, 4TO 3a7aun MeTooM GyHKiuu Pumana, MoryT ObITh 0000IICHBI JTsI
runepOoIMUeCKUX YPaBHEHUM U YpaBHEHUN CMEIIAHHOTO THIA TPETHETO MOPSIIKA.
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BJIMAHUE OPU3NYECKUX ITIAPAMETPOB YIIPYI'OI'O POTOPA
HA HECUMMETPHYHBIX OIIOPAX HA HACTOTbBI
EI'O CBOBOJHBIX KOJIEBAHUU
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INFLUENCE OF PHYSICAL PARAMETERS OF ELASTIC ROTOR ON ASYMMETRIC
SUPPORTS ON FREQUENCIES ITS FREE OSCILLATIONS

©Safina G., ORCID: 0000-0002-7326-0896, SPIN-code: 4562-2453,
Ph.D., Ufa University of Science and Technology,
Neftekamsk, Russia, safinagf@mail.ru
©Kirillova E., Ufa University of Science and Technology,
Neftekamsk, Russia, elize.none@yandex.ru

Annomayusn. PaccMoTpeHa 3ajada TOMCKAa YacTOT KoJieOaHWiA YHOPYyroro potopa Ha
HECUMMETPUYHBIX onopax. C y4eToM MaibiXx CBOOOJHBIX KOJeOaHUI pOTOpa MOIYyYEeHO YaCTOTHOE
ypaBHEHUE mNpsMol 3amaun. [lo ypaBHEHMIO HCCIIEIOBAHO BIIMSHUE HA YacTOThl KOJeOaHMIA
du3MYeCKUX TapaMeTpoOB poTopa MW ero ymnpyrux omop. [loka3aHo, dYTO yBeIHYEHUE
K03 (HUILIMEHTOB >KECTKOCTeH Omop BeAET K YBEIUYECHHUIO YACTOT, a YBEIMYEHHE MAaCChl POTOpa,
HA00OpOT — K YMEHBIICHHIO YacTOT ero koneOanuii. [IpuBeneHbl 4YHCIIEHHBIE pacueThl C
COOTBETCTBYIOIIMMU Pe3yJIbTaTaMH B BHJIE TaOIHUI] U TPa@UKOB 3aBUCUMOCTEH.

Abstract. The problem of finding frequencies of vibrations of the elastic rotor on asymmetric
supports is considered. Taking into account the small free vibrations of the rotor, the frequency
equation of the direct problem is obtained. According to the equation, the influence on the vibration
frequencies of the physical parameters of the rotor and its elastic supports was investigated. It is
shown that the increase in the stiffness coefficients of the supports leads to an increase in
frequencies, and the increase in the mass of the rotor, on the contrary, to a decrease in
the frequencies of its vibrations. Numerical calculations are given with the corresponding results in
the form of tables and graphs of dependencies.

Kniouesvie cnosa: porop Ha HECUMMETPUUYHBIX OINOpPAX, YacTOThl KojeOaHWM, 4acTOTHOE
ypaBHEeHHUe, rpaduku 3aBucuMocTel, pru3nyecKkue napaMmeTpsl poropa.

Keywords: rotor on asymmetric supports, vibration frequencies, frequency equation, graphs of
relationships, physical parameters of the rotor.

VYrpyrue Baibl, POTOPBI, CTEPKHHU SBISIOTCS JUHAMUYCCKUMH MOJEISIMU  (pabounmu
OCHOBAaMH, COCTABIISIONIMMHU) MHOTHUX TEXHHUYECKUX KOHCTpyKiuu [1-5, 13-16]. UccaenoBanus
BIUSHUS (PU3NYECKUX MMapaMeTPOB HA YaCTOTHI MX CBOOOMHBIX KOJEOAHUN UTPAET BAKHYIO POJIb B
BUOPOMATrHOCTUKE TEXHUYECKUX (MEXaHUUYECKUX) cucTeM [6, 7, 14 ].
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Omnpenenenre 4acToT KoyieOaHWIl YIpyroro poropa Ha OHoOpax B 3aBUCUMOCTH OT €ro
(bu3NYECKUX XapaKTePUCTHK IOpa3yMeBaeT PAacCMOTPEHHE IMHAMHUYECKOM MOJEeNH poTopa Kak
CHUCTEMbI C KOHCYHBIM YHCJIOM CTEIeHEeH cBoOombl [8—12]. B maHHOM wHcclieoBaHUU MOAOOHAs
MOJIENIb pacCMaTpUBAETCsA I YIpyroro Baja (rpy3a), pacroyIO)KEHHOTO Ha HECHMMETPUYHBIX
OMOpax ¢ y4E€TOM I'MPOCKOIMYECKUX CBOMCTB MexaHu3Mma |5, 7].

Pacuernas auHaMuyeckas MoOJeNb YIPYroro poropa maccod m, ¢ Koddduuuenramu
KECTKOCTEH ¢;, ¢, HECHMMETPUYHBIX €ro ornop (CHUcTeMa C ABYMS CTEIEHSIMU CBOOOIbI) MOKa3aHa
Ha Pucynke 1.

m f ay,

+ @y,

Pucynok 1. PoTop Ha HECUMMETPHUYHBIX OMopax

Ecmu mpunste 3a 0000mIeHHBIE KOOPAWHATHI MPOTHOBI POTOpA BAOJE TOPU3OHTAIBHON WU

. . =Yy, (Xt = T
BEPTUKAJILHON OCell er0 CUMMETPUHU, COOTBETCTBEHHO, (DYHKIIMH ¥ =¥%(x1) , Y2 =Y2(y:1) (tme ¢
— BpeMsi), TO CBOOOHBIE KOJIEOaHUsI pOTOpPAa MOXKHO onucarh Ju(phepeHIMaIbHBIMU YPABHEHUSIMU

[7]:
-my, —c,y, +ay, =0; (D

-my, —c,y, +ap, =0,

B KOTOPBIX KOA(PPUIUEHT & TMPOCKONUYECKOW HArpy>KEHHOCTH POTOpa CBSI3BIBAET YITIOBYIO
CKOPOCTb €r0 BpallleHUs] C MOMEHTOM MHEPIUH LIEHTPa MACChI.
be3 ydera Tpenus peuieHus cucteMsl (1) npuHUMaeM B BUJE:

Y, (X%, t) =M, el , Yo (Y, ) =M, e, (2)

rne @ — cobcTBennas yactora, M;, M, — aMIUIMTY/IBI KoJdebaHuii poTopa.
IToncranoBka (QyHKIMI (2) BMECTe ¢ MX MPOU3BOIHBIMU BTOPOro mopsjka B cucremy (1)
MIPUBOAMT K CUCTEME JIMHEHHBIX YPaBHEHUM OTHOCUTEIBHO HEHYJIEBBIX aMILIUTY/] KOJIeOaHU:

~Mmw’A—c,A+aioB =0; (3)

~-Mw’B - ¢,B—aiwA =0.

B urore mocne packpbITHs ONpEIENUTENs] MaTpUllbl cucTeMbl (3) U MpUpPaBHUBAHUS €r0 K
HYIIO MOTYYMM YaCTOTHOE YPaBHEHHE PACCMAaTPUBAEMOM CIIEKTPAIbHOW 3a/1a4u:

m’w* —(M(c, +¢,) +a*)o’ +cc, =0. (4)

PaccmoTpum Tenepb 3aBUCHMOCTH 4acTOT KojeOaHUM ympyroro poropa oT ko3dduireHTon
AKECTKOCTEH ero HeCUMMETPHUYHBIX OIOP.
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UwucneHHble pacueThl 0 YpaBHEHUIO (4) 3HAYCHUH 9acTOT KoJieOaHUH poTOpa MPHU Pa3TUIHBIX
3HAYEHUSX JKECTKOCTEH omop mpeacTtaBieHbl B Tabmune 1 u rpadukax Pucynka 2 (K TpOBOAMMBIM

pacderaM UCIOJIb30BAINCH KOMaH bl M (PyHKIIMOHAN MatemMaThnaeckoro nakera Maple [8]).

3ABUCUMOCTb COBCTBEHHbBIX YACTOT o, (k=12) KOJIEBAHUI POTOPA

Tabmuna 1

OT KORO®PUIIMEHTOB XXECTKOCTEM HECUMMETPUYHBIX EI'O OIIOP 1P m =1xe

Cl,H/./Vl CZ,H/M a)lycil a)2,071
1 0,1 0,3095 1,0218
2 0,1 0,3120 1,4290
3 0,1 0,3141 1,7439
4 0,1 0,3146 2,0102
5 0,1 0,3149 2,2452
Wi, 1/c Wz, 1/c
0,316 2,5
0,315 5 o
g //9
013 15 —
r 7] /
0,312 1 o
0,311
0,31 0
0,309 0
0 1 2 3 4 0 1 2 3 4 5 6

KoahdUUMeHT XXecTKOCTH C1, Him

KoathuymeHT kecTkoCcTu ¢4, H/m

6)

Pucynoxk 2. 3aBUCHMMOCTb COOCTBEHHBIX 4acTOT @, (a) U @, (0) konebanuit poTopa oT ko3P durnenTa

)KECTKOCTH C; (¢, = const) ero onopsl

[To pacyeram U MOCTPOEHHBIM 3aBHUCUMOCTSIM MOXKEM OTMETUTh, YTO POCT K03 PUIIMEHTOB
KECTKOCTEH HECUMMETPUYHBIX OMOP POTOPa BEAET K POCTY 3HAUEHUH 4aCcTOT €ro KoieOaHuil.

B Tabmuue 2 u rpaduxax PucyHka 3 mpencraBiieHbl 3aBUCUMOCTH 3HAU€HUU YacTOT
KoJIeOaHUI pOTOpa OT €ro Macchl, B KOTOPHIX Mbl HAaOI0AaeM 00paTHYIO CBsI3b: POCT Macchl poTopa
BEJIET K YMEHBIIICHUIO 3HAYEHU YacTOT ero KoJebaHuH.

Taomuua 2

3ABUCUMOCTb COBCTBEHHBIX YACTOT % (k=12 KOJIEBAHUM POTOPA OT ET'O MACChI

(TIpH KECTKOCTSX OIOp

c,=1H /M, c 2=0,1H/M)

m, e @, , C_l @, , c
1 0,3145 1,0055
2 0,2230 0,7091
3 0,1822 0,5784
4 0,1789 0,5007
5 0,1413 0,4477
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wi, 1 w2, Tic
0,35 12
0.3 1
0,25 0,8
0,2 06 —
0,15 .
0,1 a
0,05 0.2
0 0 )
0 1 3 3 a 5 0 1 2 3 4 5
Macca poTopa m, kr Macca potopa m, k&
a) 0)

Pucynok 2. 3aBucumMocTh 4acTtoT @, (a) u @, (0) KonebaHuii poTopa OT €ro Maccsl poropa (Ipu

xectkocTsx onop C,=1H/m, ¢ ,=0,1H / m)

AHaJOrMYHbIE 3aBUCUMOCTH IIPOBEJCHBI U MPU APYTUX 3HAYCHUSIX IapaMeTpoB. YHcCIeHHbIE
pacyeTsl ¥ IpU ApYrux (PU3NYECKUX MapaMeTpax pacCMaTpUBAaEMOIo POTOPa Ha HECUMMETPUYHBIX
Oropax IMOKa3bIBAIOT, YTO YBEIMYECHHE KECTKOCTEH ero omop (Kak OIHOM, TaKk M 00OMX) BENET K
YBEJIMYCHUIO YaCTOT KOJIEOAHUH pOTOpa, a yBEIHMUYEHHE MACChl pOTOpAa — K YMEHBIIEHHIO YacTOT.
3aMEeTUM TakK)Ke, 4TO YCTAHOBJICHHBIE 3aBHUCHMOCTH IPHUMEHSIOTCS NPU IIOCTAHOBKE U PEIICHUU
OoOpaTHBIX 3a/ay, B YaCTHOCTH, IPU 3ajadyaX BUOPOIUMArHOCTUKHU POTOpA C YYETOM COXPAHEHHS
9acTOT €ro CBOOOTHBIX KOJICOAHUH B MPEKHUX O€30MaCHBIX ISl PYHKIIMOHUPOBAHUS U TIPUPAOOTKU
MEXaHH3Ma JUarna3oHax.

Takum oOpa3om, B paboTe HaWJEHO YaCTOTHOE ypaBHEHME 3aJayl CBOOOIHBIX KosieOaHWH
poTopa Ha 0aJOYHBIX HECUMMETPUYHBIX OINOPAX, C MOMOIIbIO KOTOPOIo MCCIEI0BAaHO BIUSHUE HA
4acTOThl KoJieOaHUH (PM3NYECKUX MapaMeTPOB U YCIOBUM 3aKpeIIEHUS MEXaHUYECKOW pOTOPHOM
KOHCTpyKIMH. IIpoBeneHHbIE HcceoBaHMS BaXKHbI MPU PACCMOTPEHHMM 3aJadyd BHOPO3alllUThI
M0JI00HON KOHCTPYKIUH, CBI3aHHON C M3MEHEHUSIMHU ero (pu3nueckux napameTrpoB. [Ipobiaemy ke
COXpaHEHHUs1 0e30MacHBIX YacTOT KojeOaHWi poTopa Ha HECUMMETPUYHBIX ONOpax MOXHO OyaeT
PEIINTh OCTAaHOBKOI 00paTHON K pacCCMOTPEHHOM 371€Ch CIIEKTPaIbHON 3aauu.
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Annomayus. PaccMoTpeHa mpsiMasi CIEKTpalibHasi 3ajada ONpEIeNICHHs 4acTOT CBOOOIHBIX
KPYTUJIBHBIX KOJEOaHWH pa3gaTOYHOrO PEAyKTOpa, COCTABHOW YaCTH CHJIOBBIX YCTAaHOBOK C
JM3ENIbHBIM TOIIMBOM, KOPOOOK Tiepead. PenqykTop cMoieupoBaH JMHAMUYECKON MEXaHHYECKON
CHCTEMOW C TpeMsi CTENEHSMHU CBOOOJBI W3 IMOJAUIMITHUKOB W IecTepHH. HalijeHo uyacToTHOE
YpaBHCHHE TPSIMOM 3a/Ja4¥, MO KOTOPOMY IPOBEICHBI YUCIICHHBIC PACUEThI MO TOUCKY YacCTOT
KPYTUIBHBIX KOJeOaHWH pa3gaTodHoro peaykropa. K BBIBOJAY ypaBHEHHS W TIOMCKY 4YacTOT
KoJIeOaHHUH peAyKTOpa MpHBEeHAa MPOrpaMMHAas pealin3alus MpeoOpa3oBaHUi ¢ MCIIOIb30BAaHHEM
¢dbyHKIIMOHAMa 1 OMOIMOTEeK MaTeMaTH4ecKoro nakera Maple.

Abstract. Considers direct spectral problem of determination of frequencies of free torsional
oscillations of transfer gearbox, component part of power plants with diesel fuel, gearboxes.
The gearbox is modeled by a dynamic mechanical system with three degrees of freedom of bearings
and gear. The frequency equation of the direct problem was found, according to which numerical
calculations were carried out to search for the frequencies of torsional vibrations of the transfer
gearbox. To the conclusion of the equation and the search for the frequencies of the gearbox
oscillations, a software implementation of transformations using the functionality and libraries of
the Maple mathematical package is given.

Kniouesvie cnosa: mpsiMasi CHEKTpaslbHas 3ajada, pas3laTOYHBId PENYKTOp, KPYTHIIbHBIE
Kojie0aHMsl, YaCTOTHOE ypaBHEHHUE, nakeT Maple.

Keywords: direct spectral problem, distribution gearbox, torsional oscillations, frequency
equation, Maple package.

N3BecTHO, YTO PEeayKTOPHI, BAJIbI, My(QTHl U IPYTHE DJIEMEHTHI SBISIOTCS BAKHBIMU YaCTSIMHU
Pa3IUYHBIX TEXHUYECKUX KOHCTPYKIIMI, B TOM YHCJIE CHJIOBBIX YCTAHOBOK C IU3EHHBIM TOTUTMBOM,
KOpoOOK mepemay u T. 1. [ 1-4].

PaccmoTpennas B paboTe 3amada MoOHMCKa 4YacTOT CBOOOJHBIX KONEOAHWN pPa3gaTOYHOTO
pEAyKTOpa OTHOCHTCS K KPYTHJIBHBIM KOJICOAHHSIM YIIPYrO-MacCOBBIX CHCTEM, OIaCHBIC
JTUHAMAYECKHUE WM YCTAJOCTHBIE HATPY3KH KOTOPHIX MOTYT MPUBOANUTH K PA3IMYHBIM aBapUHMHBIM
noBpexaeHusM [5—7]. Takue nmpoOIeMbl Yale pemarTcsl ¢ MOMOIIBI0 TEXHOJIOTHH aKyCTHYECKOM
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BHOPOMArHOCTUKA MEXaHMYECKUX cucTeM wmiu ero dactedl [8—11, 14, 15]. JIlmarHoctuka sxe
cUCTeM Kak oOpaTHas CIEeKTpajibHas 3aJadya He MOXKET HCCIelIOoBaThCs 0e3 MOJeIHpoBaHUI B
NpPSIMBIX CIIEKTPaJIbHBIX 3a1auax [2-5, 12].

B mnactosiiee Bpemsi CYIIECTBYIOT BO3MOXKHOCTH TNPUMEHEHHUS K MCCIEIOBAaHUSIM Kak
MPSIMBIX, TaK U 0OpPaTHBIX 33J]a4 KOMIBIOTEPHBIX CPEJCTB, B TOM YHCJIE MAaTEMAaTHYECKUX MAaKETOB,
MIPOrpaMMHBIX aJIrOpUTMOB. B Hamlem wWccineqoBaHMM IIOJIy4€HA MaTeMaThuecKas MOJENb K
pEIICHUIO 3a7aud OMPEJCIICHUs] YacTOT KPYTUIBHBIX KOJICOAHMH pa3JaTOYHOrO PEAYKTOpa Kak
TPEXMAaCcCOBOW JMHAMHYECKONM CHCTEMbI W K TIOMCKY YacTOT MpPUMEHEH (PYHKIIMOHAT
MareMaruuyeckoro makera Maple [13].

PaccmoTpuM  pa3naTodyHblii penyKTOp, COCTOSIIMH K3 Bajla C HACaXEHHBIMU KpPACBBIMU
MOJIIMITHUKAMHA ¥ TIepearouHoi 3yOuaroii mectepHedd (PucyHok a) kak cucreMy ¢ Tpems
CTETeHSIMH CBOOO/IBI — BaJia ¢ TpeMs Maccamu (PucyHok 0).

/, I8
I _
( Cs
(M e s
a) 0)

Pucynox. Jlunamudeckast MOJENb pa3laTOYHOIO PEAYKTOPa

P k=13
I (k=1,3)

3necs: — 00001eHHBIE KOOPIUHATHI — YITIBI 3aKpyYUBaHHUA MaccC (MOAMIUITHIKOB

c, C o
U IIECTEePHH); — MOMEHTBI MHEPLIHUHU Macc;, 1, 2 — KO3(PPUIHUEHTHI KECTKOCTEH, C
KOTOPBIMH 3aKpy4YHBAIOTCS yYACTKM Bajla MEXKIy MaccaMd. TakoW IMepexoa K JHHAMHYECKOU
MOJIEIH C TpeMs CTENEHSMHU CBOOOIBI TPHBOJAUT K HW3BECTHOW cHCTeMe IU(QPepeHIIHATHLHBIX

ypaBHEHUH KojebaTenbpHOro npoiecca B Buse [1]:

d2 (1)
|1dT§§1_01(¢1_§02) =0;

d2
Iz?(?"'cl(%_(pz)_cz((oz_¢3):O;

d2
|3dT¢z)3+Cz((02 - ;) =0.

C yuyeToM MamnbIX CBOOOJHBIX KOJIeOaHMM MOJENHM NpPUHHMMaeM pelieHus cuctemsl (1) mo
rapMOHHUYECKOMY 3aKOHY B BUJE:

¢ =M, cos(pt+a) ()

M, (k=13) pt+a

rae P — coOCTBeHHasl 4acrora, ¢daza xonebaHuil B

MOMEHT BpPEMCHH /.

— aMIUTATYBI,
2
d o,

. 2
CranjapTHas MocTaHoBKa GyHKmmA 7% u mx mpomssogmpix Ot
MIPUBOAMT K CUCTEME YpaBHEHHI:
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1,p*M, —¢,(M, - M,) =0; 3)
1,p°M, +¢, (M, ~M,) ~c,(M, ~M,) =0;
1,p°M, + ¢, (M, —M,) =0,

[Tonyuennyro cucremy (3) pemaeM OTHOCUTEIbHO HETPUBUAIBHBIX 3HAYEHHH aMILIUTYS M,

(k=13) KomebaHWII M TPUXOAUM IOCNIEC MPEOOPA30BAHMIA COOTBETCTBYIOIIETO OMPEICIIUTEIS

TPETHCTO MOPAAKAa K BEKOBOMY YPABHCHHIO 3aJa4u:
4 2
LLLp* = (el (I +1,)+ 6,1, (1, + 1)) p> +cc, (I, + 1, +1,) =0. “4)

YucreHHbIe pacyeThl ¢ MOMOIIBI0 BEKOBOTO YpaBHEHUs (4) MO3BOJISAIOT ONPEEIIATh 3HaUCHUS
94acTOT KoJeOaHW pa3fgaToOduHOro PelyKTopa MO M3BECTHHIM 3HAYCHUSM MOMEHTOB MHEPIHH Macc
[IECTEPHN W TOAIIUITHUKOB, & TAKXE M3BECTHBIX KOA(PQPHUIMEHTAX MKECTKOCTEH y4YacTKOB Basia
penykropa Ha KpydeHue. IlpoBeneHHble pacueTbl BaKHbl U YCTAQHOBJICHHUS  BIIUSHUS
XapaKTepUCTUK MEXaHWYEeCKOM cHCTeMbl Ha 3HA4€HUS 4YacTOT M AaMIUIMTYl €€ CBOOOIHBIX
KpYTUJIbHBIX KojieOaHui. C IOMOIIBIO BEKOBOIO ypaBHEHUs (4) MpPOBENEHbI TaKkKe HCCIEA0BaHUS
BIIMSIHUSL HA YaCTOTHl KPYTHIBHBIX KOJICOAHUH Pa3aTOYHOTO PENyKTOpa (PU3MYECKUX MapaMeTpOB
Macc (MOMEHTOB HMHEpPIUM MacC — IIECTEpPHU M IOJALIMIIHUKOB) IapaMeTPOB IKECTKOCTEH
(k03¢ pULIMEHTOB KECTKOCTEN Ha KpyuyeHHE yJacTKOB Baja MEKIY MOJIIIMITHUKAMH U LIECTEpPHEN ).
K mpoBoguMBIM B HCCIIEIOBAaHMM AaHAIWTHYECKHM W YHCICHHBIM IIaraM OBUIM HCIIOJNB30BaHbBI
(byHKIMOHATBHBIE KOMAH/Ibl U BCTPOCHHBIE OMOMMoTekn Maremarnieckoro makera Maple [13].

[IpuBeaeM JIMCTHHT NporpaMMbl (C TMOSCHEHUSIMH LIaroB ajirOpUTMa) AJs ONpeAeieHUs
YacTOT KOJICOAHUH pa3laTOuHOrO peayKTopa. 3ajaeM TOYHOCTh paOoThl (BBIYMCICHMI) B MAKETe.
[Tonxirowaem OuOIMOTEKY 1O IMHEHHOM anredpe: D restart; with(LinearAlgebra):

dopMupyeM XapaKTepUCTHUECKUN (YaCTOTHBIA) ompenenuTens 3amadu: > M:= Matrix(3,
[[11*p"2-cl, cl, 0], [c], i2*p"2-c1-c2, 2], [0, c2, 13*p"2-c2]]);

117 — ¢l ol 0
M= cf I'Qp2 —ecl—¢2 &2
0 e2 i34 — ¢2

HaxonuMm onpenenuTens MaTpuibl CUCTEMBI (TIOIy4aeM BEKOBOE YPaBHEHHE):
B> y:=Determinant(M);

yi= (12130 — clili3p' — eli2i3p — e2ili2p — c2ili3p + cle2ilp + clc2i2p + el 230

['pynnupyeM ypaBHEHHE OTHOCUTENIBHO YacTOThI KojeOaHuii: B> eq:=collect (y, p, distributed);
eg == i1i2i30° + (~clili3— cli2i3— e2ili2— c2ili3) p' + (clc2il + cl c2i2+ ¢l e2i3) pF
3anaem (uzmdeckue mapameTpsl cuctemsl: B> cl:=0.3*10"3; ¢2:=0.34*10"3; 11:=4.7; 12:=8.2;
13:=4.3;

cl = 3000
c2 = 340.00
il:=4]7
i2:= 8.1
i3:=43

[ToncraBnsem 3HaueHus GU3MUECKUX TTApaMETPOB B YaCTOTHOE ypaBHEeHHE: B> eql:=eq;
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eql == 165.7225° — 36616.0000 5" + 1.754400000 10° 5

Pemaem BekoBoe ypaBHeHue: B> p:=fsolve(eql,p);
pi=—1227600315 -8 381412884 0,0, 8381412884 12 27600315

BriensieM 3HaueHus 4acToT konebanuii: > pl:=p[5]; p2:=p[6];

pI = 8381412884
p2 = 1227600313

3aMeTHM, YTO B YMCIEHHON 4YacTH aJrOpUTMA MOIydeHbl YaCTOThl KojeGaHMil peaykTopa
paBHble p, =8,3814 ¢ u p,=12,2760 ¢ npu xecrkoctsx ¢ ,=0,3-10°H/m, ¢ ,=0,34-10°H /m u

MOMEHTax UHepUuu |, =4, Tre- M, I, =8,2xe M l,=4, 3kz- m® Macc JMHAMUYECKOU MOJICIH.

B 3akimioyeHMM OTMETHM, YTO NPEJICTaBICHHME pa3JaTOYHOIO peAyKTopa B BUIE
IMHAMUYECKON MEXaHMYeCKOW MOJENM C TpeMsi CTeNeHsMH CBOOOAbI (IBYX KpaeBbIX
HNOJIIMIIHUKOB W IIECTEPHH, HACAKEHHBIX Ha Bajly) I103BOJIMJIO HAaWTH BEKOBOE YpaBHEHUE
CBOOOJHBIX KPYTHJIbHBIX KOJI€OaHUI peayKkTopa CTaHJIApTHBIMU IpueMamu. Pa3paboTaHHbIe
MIPOTpaMMHBIE PEIICHUS 3a/1la4d B MaTEeMaTH4YeCKOM makere Maple moaTBepain aHaIUTHYECKHE
BBIBOJIbI, @ TAaK)KE pPalMOHAIM3UPOBAIM IIPOBEICHUS UNCJIEHHBIX pPAacyeTOB II0 IOJYYEHHBIM
MOJIEJISIM 3a7a4H.
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ACUMIITOTHKA PEHIEHUA ABTOHOMHBIX CHHI'YJISPHO BO3MYIIEHHBIX
YPABHEHHMI ITPU CMEHE YCTOMYHUBOCTH MOJIOKEHUSI PABHOBECHSI
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ASYMPTOTICS OF SOLUTIONS OF AUTONOMOUS SINGULARLY PERTURBED
EQUATIONS WHEN THE STABILITY OF THE EQUILIBRIUM POSITION CHANGES
AT SEVERAL POINTS

©Nurmatova M., ORCID: 0009-0003-4082-1161, SPIN-code: 2628-2591, Jalal-Abad State
University Kyrgyzstan, Jalal-Abad, Kyrgyzstan, nurmatova_mairamgul@mail.ru

Annomayus. PaccmarpuBaeTcss cucTeMa, cocCTosIas M3 2n ypaBHEHUH C OBICTPBIMHU
MEPEMEHHBIMH U OJJHOTO YPaBHEHHs C MEIJICHHOM MepeMeHHOH. MaTpuia nepBoro npuOImKeHus
CUCTEMBI OBICTPBIX NEPEMEHHBIX MMEET 21 IOMAPHO KOMIUIEKCHO-CONPSDKEHHBIX COOCTBEHHBIX
3HaueHui. Ha ycTOH4YMBOCTh MOJ0KEHUSI PABHOBECHS CUCTEMBI OBICTPBIX IIEPEMEHHBIX BIMSIOT BCE
COOCTBEHHbIE 3HaYCHUsA. B paHHUX UCCIEIOBAHUAX PACCMOTPEHBI CIIydau, KOIZa Ha YCTOHYHUBOCTb
MOJIOKEHUSI PABHOBECHS BIHUSET TOJNBKO OJHA Tapa KOMIUIEKCHO-COIPSDKEHHBIX COOCTBEHHBIX
3HaueHui. Pemena 3amaua Ha 3a7€pXKKy PpELICHUS CUCTEMbI OBICTPBIX IEPEMEHHBIX, BOIU3U
BO3HUKILETO HEYCTOMYMBOIO IOJOXKEHMs paBHOBecus. OmpeneseH OTpe30K BPEMEHHU 3aJEPiKKH
peLeHHUS.

Abstract. Considers a system consisting of 2n equations with fast variables and one equation
with a slow variable. The first approximation matrix of the system of fast variables has 2n pairwise
complex conjugate eigenvalues. The stability of the equilibrium position, a system of fast variables,
is influenced by all eigenvalues. Early studies considered cases where the stability of
the equilibrium position is affected by only one pair of complex conjugate eigenvalues.
The problem of delaying the solution of a system of fast variables near an unstable equilibrium
position has been solved. The delay time for the decision is determined.

Kniouesvie cnosa: CUHTYISPHO BO3MYILEHHBIE YpPaBHEHHUs, IIOJOXKEHHE paBHOBECHS,
YCTOMYMBOCTb, OrPAaHUYEHHOCTb, CXOAMMOCTb, aHAJUTHUECKHE (DYHKUMU, TapMOHHUYECKHUE
(GYHKIUY, TMHAN YPOBHS, 3a/IeP’KKa peIIeHusl.

Keywords: singularly perturbed equations, equilibrium position, stability, boundedness,
convergence, analytical functions, harmonic functions, level lines, solution delay.

Ilocmanoexa 3a0auqu. HYCTB paccMarpuBacTCd CICAYHOIIad CUCTCMa

expj_4(t, &) = (3’ - aj)(xzj—l(t' g) — )’) —x2;(t, &) + (1)
+V? (x1 (t, &) =y, x2(L, €), o, Xon—1 (£, &) — ¥, X2 (¢, 5))(x2j—1(t' ) — Y)
ex3i(t,€) = xp5_1(t, ) + (v — j)xz(t, &) +
+V2 (xl(t: &) =¥, x(t, &), e, X1 (t, &) — ¥, X200 (t, 5))x2j(t» £),

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 40



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne5. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/102

y'(®)=1j=12,..,n (2)

rne 0 < € — Masblil BEIECTBEHHBIM MapameTp; a; € R — MHOX€ECTBO BEIIECTBEHHEIX YUCEI U
0=, <a,< .. <a,; teD ={t € C— MHOKECTBO KOMILUIEKCHBIX YHceJ, |[t| < r, €
_ 2 2 2 2
Roay, <1}, V(X1 =¥, X3 e, Xon-1 — Vi Xon) = (X1 —¥)* + x5 + o + (Xon—1 —¥)° + x5,

C HaYaJIbHBIM yCIIOBHEM
X2j_1(to, €) —y(to) = x3,_4,  x;(t,€) = x3; 3)

cucrema (1), B mpocTpaHCTBe OBICTPHIX NepeMeHHBIX, B Touke (Y,0,...,y,0) umeer
MOJIOKEHHE paBHOBecue. Marpuia nepBoro mnpuOmmkeHus cucremsl (1), umeer coOCTBEHHBIE
sHaveHua Ay () =y —aj+ i, ;) =y—a;—1i, j=1,2,..,n

Takum o00pa3oM, Ha YCTOWYMBOCTbH IOJIOKEHHSI PABHOBECHsI BIMSIOT BCE COOCTBEHHBIE
3HAYEHHUsI, IPUYEM YCTOMYMBOCTH MOJIOKEHUS paBHOBecus Hapymaercai npu y = 0,4,, ...,4,, T. €. B
n Toukax. PAooM aBTOpPOB paccMOTpEHBI Cilydau, KOIZa YCTOWYMBOCTH ITOJIOKEHUS pPaBHOBECUS
OTIPENIeNIICTCSl ONHOW TMapod, a B JBYMsS IapaMH KOMIIJIEKCHO-CONPSKEHHBIX, COOCTBEHHBIX
3HAYEHUI, TIPUYEM YCTOWYMBOCTD MOJIOKEHUSI PABHOBECHS TEPAETCA TOJIBKO B OfHOM Touke (y = 0).
[1-6].

Onpeoenenue. Ecnu MpOUCXOIUT CMEHA YCTOMYMBOCTH TMOJOKEHHUS PaBHOBECUS U MPU ITOM
pElIeHNEe CHUCTEMBbl OBICTPBIX IEPEMEHHBIX HE Cpa3y IOKHWJIAeT BO3HMKIIEE HEYCTOWYHBOE
IIOJIOKEHUE DPABHOBECHE, a B TEUEHHWE KOHEYHOIO BPEMEHHU OCTaeTcsi BONM3M HEro, To Oyaem
TOBOPUTH O TOM, 4YTO MPOU3OILIA 3aJepKKa peHIeHUs BOJIM3M HEYCTOWYMUBOTO IOJOKEHUS
paBHOBecHsI, kpaTko 3P.

3aoaua. Uccnenosars pemenue 3aaaqn (1), (3) na 3P.

J1st pertieHus MOCTaBIEHHOM 3a/1a4i BOCIIONB3YEeMCsl METOaMU U3JI0OKEHHOTO B [5—8].

Pewenue 3a0auu:

Crnenys, pelieHue 3aa4u pa3eiuM Ha 4acTu:

1. IIpeobpazoBanme UCXOAHOTO YpaBHEHUS

2. 'eomeTpuueckue MoCTpoeHus U BIOOp MyTell HHTETPUPOBAHUS

3. AHanutuueckas [6].

1. Ilpeobpazosanue ucxoono2o ypagHeHus.
Hanee, 1isi MpPOCTOTHI, apryMEHTbl HEWU3BECTHOW (YHKIMM Oygem omnyckarb. PemeHue
ypaBHeHUs (2) Bo3bMEM B Buae y =t U B (1) BBeieM HOBBbIE HEM3BECTHBIE (QYHKIMH CIEIYIOIIUM
00pasoM Xp;_1 — Y = Uyj_1,X2j = Upj, j = 1,2,...,n. Iomyunm

EUyj_q = (t —aj)ugjor — uzj + V2(Uy, Up, ., Upn)Upjog — &, 4)

— 0 _ 0
Uzj-1(t0, €) = Xgj_1 — to, Uzj (Lo, &) = X3; )
B (4) nepBoe ypaBHeHHe YMHOKUB Ha (+1), 3aTeM CKJIaabiBas Ha BTOPOE YPABHEHHUE TIOTYYMM

ezy; 1= (t—a; +1)25_1 + V2(21, ., Z2n)Z2j-1 — &, (6)

€z,; = (t- a — i)zzj +V2(21, e, Z2n) 225 — &,
VYcnosuem

Zj-1(to, &) = Zgj—pzzj(to. €)= Zgj (7
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rac V(Zl, Zy, ""ZZTI.) =712y + ... + Zoyn—-1"Zon-

Janee Oynem cuuTarh |Z§j_1| < Mg, |zgj| < M,¢. 3nech u nanee OykBamu M, M, ... Oynem
0003HA4YaTh TOJOXKUTEIBHBIX TOCTOSHHBIX, HE 3aBHCAIMX OT & .3amauy (6)-(7) 3ameHuM
CJIEYIOLUM

Fj-1(6) = Fpj-1(t) | 1 Fpj-1(8) = F5;-1(0) ®)

_ .0 2j-1 2j-1lo t 2 2j-1 2j-1

Zyj_1 = Zyj_1€XP 5 + Efto(V — &) exp 5 drt

F; () — Fpj(to) | 1 ¢ F,;(t) — Fp;(7)
Zpj = Z,j€xp 2 5z 2/20 +§fto(V2—£)exp 2 o 22 dr

2
rie obo3Hadensl Fyj_q (t) = (t —a; + i) JFi(t) = (t —a; — i)z.

2. ['eomempuueckue nocmpoenus u 8b100p nymeti UHMEZPUPOBAHUS

Jisi TeOMETPUYECKUX MOCTPOCHUH HCIONb3yeM JIMHUU YPOBHS M CBOMCTBAa (DyHKIMI
ReF,;(t), JmF,;(t),ReF,j_4(t), JmF,;_4(t) . ®ynxuuu F,;(t), F5j_1(t) COOTBETCTBEHHO B
Toukax t=@; —i,t =a; +i HMEIT [BYXKPAaTHbIE HYJIM M JIMHUM YPOBHA (QyHKIMHA
ReF,;_1(t),JmF,;_1(t), ReF,;(t), JmF,;(t) pa3BeTBIAIOTCA B ITHX TOUKAX.

Beenem obosnauennst (pgj—1) = {t € D, ReF,;_1(t) =0}, (po2j) = {t €D, ReF,;(t) =
0} (Pucynox 1).

Pucynox 1. Pa3BeTBusttomiuecs TMHUN (po 2 j—1)' (po 2 j).

Omnpenenum npsmyto (Py): t, = %(tl — ty), KOTOpast MPOXOaAUT depe3 Touku (ty; 0), (—1;0),
npuyeM Oyaem cuurtarh ty < —1.

Yacte (P;), coemunsronryio Touku (ty; 0),(—1;0) obo3nauum (K;). Yacts BerBU (Pg1),
coequusiomas Touku (0; —1), (1; 0) o603naunm (K,). Onpenenum (K;), (K,). Cummerpuio 6yaem
MOHMMaTh OTHOCUTENBHO AeHcTBUTeNnbHOM ocu. O6macts, orpanudenssii (K;), (K;), (Ky), (K5)
0003HauuM D,. C ydyeToMm JajabHEHIINX BhIYUCIEHUHN 00nacTh Dy pa3aenuM Ha HECKOJbKO YacTew.
Jlnst sToro onpenenum npsivbie (Py):{t € D, t; —t; — 1+ e =0},

(P3):{teD, t; —t, —1+q, = 0,0 K g; K 14 He 3aBUCHUT OT €},
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(P):{teD, t;+t,+1—+e=0},
(:Ps){tED, t1+t2+1_CI1=0}
U MIpsSIMbIC (3_’]) (j =2, ...,5) cummeTpuuHbIC K (iP]) (G =2,..5).

8% D
Q™
(Ky) $ > (K2)
»
&
Dy -1

Pucynok 2. lenenue obnactu Dy.

[TpsiMbivMu (P]), (33]) ( =2,..,5) obmacte D, pasmensercs Ha uactu D; (j =1,..,6),
D3, Dy, Ds.

Tenepr BbiOepeM mnyTtu wuHTerpupoBanus mns (8). Ilyrm uHTErpHpoBaHHs BBEIOMpPAIOTCS
COIVIACHO CJICIYIOIICH JIEMMBI.

Jlemma. Tlycte cymectByet MHOXecTBO I1 = {p(t,, t), (p(to, t)) — aHaJIMTUYeCKasi KpUBas,
coeJIMHsSIOIAsA TOYKH ty,t € D} . Ecmu V(p(ty,t)) €, dbyuxkumu ReF,(t) (k =1,...,2n) He
BO3pacTaroT, U ¢(7) € Q(D), TO UHTETpAITBI

Gt = [ p@en O g

(p(to.1))
orpaHuueHsl ipu € = 0.
JoxazarensctBo. Ilycth mO (p(to, t)) dyuxius ReF, (1) ctporo y6biBaer. Io ycnosuio
(p(to, t)) aHaJIMTHYECKasl KpHUBas, TOINa YypaBHEHHE (p (to, t)) npejcTaBUMa B BHJE T; =
7,(8), 7, = 15(S), TIE S — ITMHA KPUBOIA (p(to, t)) n0<s<sy< oo,

Tenepy Ji(to,t,€) mpeactaBum Ttak Ji(0,s,¢€) = f;<p(r(§))expw(ri(§) +

ReF (t(5))—ReFk(t(3)) ds
£

it5(8))ds. Orciona umeem |Ji| < M fOS exp

®yukius ReFy (7(8)) crporo yosiBaer, To (ReFk(T(§)))’ <0.

Torna | J,| < My&,0 < M; — He 3aBUCHT OT E&.

Cuyuaii, korna ReF, (T) mocTosiHHA paccMaTpuBaeTCst aHAJIOTHYHO. JleMMa oKa3aHa.

Mycrs (p(to,t)) mna z,;_, cocrour: ecm t € D;UD;UD,UD;UD, , 10 u3 wacrm
(Ky) [to, t]; wactu mpsimoii (Py):{t; —t, — 1+ G, =0,0<G, <1-—ty};

ecmu t € D,UDsUDUDs, To u3 xpusoit (K;) [to, (0; —1)]; wactu (K,) [(0; —1); £], wactn
Pt +t,+1-G, =0,Ve < §, <2} [E¢].
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ITytn anst z,; BIOMPAOTCA CUMMETPHYHBIMM, K IYTSAM JUIS Zp;_;. HeTpyaHo mpoBeputs,
BbIOpaHHBIEC IYTH YOBJIETBOPSAIOT YCIOBHUIO JIEMMBI.

3. Ananumuueckas. K (8) nmpumMeHUM METOH MOCIEAOBATENIbHBIX MPUOIMKEHUIN, KOTOpbIE
OIIPEEIUM CIIEIYIOMNM 00pa3oM

Fpj 1(t) = Foj_1(to) | 1 (¢ Fpj 1 (t) — Fp54(7) 9)
Zyj-1m = 23 exp—L= > 2120 +Eft0(V,$l_1—s)exp 21 5 22 dr
Fi(t)—Fi(ty) 1 .t Fyi(t) — F,;(1)
Zajm = Zj€XP 2] 57 220 +Eft0(V,$l_1—£)exp 2 P 27 dr

Zj_10=0,250=0,m=12,..,

eV 1 =Zimo1 " Zame1 t o FZano11 " Zon1-

Jlanee, kak 1 B [6], IPOBOAMUTCS OIIEHKA M J0KA3aTEIhCTBO paBHOMEPHOU cxomumMocTH (9) B
obnactu Dy. [locnenoBarensHbie pubIMKEeHUs B Dy paBHOMEPHO CXOIATCS K HEKOTOPOU (PyHKIIUU
z(t, €), KoTOpast ABJISETCS pereHreM (8) U It 3TOr0 PEIICHUs CIIPaBEIINBa OIICHKA

e, teD,UD,, (10)
Ve, t € D;UD,UDsUD,UD;UD,UDs

5

te U(Dj uD;) |uDs

j=3

ot )l < M, |

Onenky (10) paccmorpum nns t € R. Torna

gto <t <1-— (11)
Ve l—-+Ve< t<1

N3 (11) BeiTekaet, uto pewenue (1) ¢ ycnosuem (3) 3aaepkuBaeTcsi BOIM3U HEYCTONYUBOIO
MOJIOKEHHUS paBHOBecHs Ha orpeske [0; 1].

(¢, ol < Mz{
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UTOI'M TAJTJEOBOTAHUYECKHUX HCCJEJOBAHUM TEPPUTOPUHN
HAXYbBIBAHCKOU ABTOHOMHOMU PECITYBJIMKU ABEPBAUIZKAHA
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Abstract. The article indicates the results of paleobotanical research in the territory of
the Nakhchivan Autonomous Republic of Azerbaijan. Materials for fossil plants in the territory
Nakhchivan Autonomous Republic show that the development of the Mesophytic era covers
the Permian, Triassic, Jurassic, Cretaceous, during which existed Neomesophyte and
Palacomesophyte flora. Cenophytic era covers Paleogene, Neogene and Quaternary period. Flora of
Nakhchivan Autonomous Republic relates to Mesophytic and Cenophytic era. Modern vegetation of
the region is dominated by open and semi-open coenosis i.e. rather primitive in its phytocenotic
essence. These xerophilous coenosis have deep ancient roots of its origin. Flowering flora
originated on the globe in the first half of the Cretaceous period. The oldest plant residues, which
are known in Nakhchivan Autonomous Republic, refer to the end of the Cretaceous period. Found
that modern flora and vegetation of their origin, above all, connected with the ancient Iranian,
mainly Asia Minor or North Iranian flora penetrated here with Tertiary and being penetrated at the
moment. From the more important temperate eastern slopes of the Lesser Caucasus in the Tertiary
period, the study area was fenced off by the high perched Kongur-Alangez mountains and
Zangezur.

Annomayus. IlpencraBieHsl pe3ylbTaThl MaJ€000TaHUUECKUX UCCIEIOBAHUN HA TEPPUTOPUN
HaxusiBanckoit ABTOHOMHOHI PecnyOnukm  AzepOaiimkana. Marepuansl 1O  HCKOIaeMbIM
pacTteHusIM Ha Tepputopuu HaxubiBaHCKON ABTOHOMHOI PecryOinku mokas3bIBalOT, YTO Pa3BUTHE
Me30(pUTOBOM Hpbl OXBaTHIBACT IEpPMb, TpHAc, IOPY, Mel, B KOTOPOW CyIIECTBOBAJIU
HeoMe3o(puroBas u naiseomeszodputosas ¢iopsl. KaitHoduroBast spa oxBaTblBaeT majeoreH, HEOreH
U 4eTBepTHYHbIN nepuon. dnopa pacturenbHoro Mupa HaxubiBanckoit ABToHOMHOU PecmyOnuku
OTHOCUTCSI K Me30(HUTOBOH M KailHO(PUTOBOH 3paM. B coBpeMeHHON pacTUTENBHOCTH JaHHOTO
peruoHa npeodaaaloT OTKPBITbIE M MOJYOTKPBITHIE LIEHO3BI, T. €. JIOBOJBHO MPUMUTHBHBIE IO
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CcBOEM (PUTOLIEHOTUYECKONW CYIIHOCTH. ODTH KCepO(UIbHBIE IIEHO3bI UMEIOT IIYOOKHE JIpEBHUE
KOpHHU CBOETO MpoucxoxaeHus. L{BeTkoBas ¢uopa BO3HMKIIA Ha 3€MHOM IIape B MEPBOW MOJOBUHE
MenoBoro rmnepuona. Haumbomee apeBHHE pacTUTENBHBIE OCTaTKH, KOTOPHIE W3BECTHBI B
HaxupiBaHCKOiT ABTOHOMHOU PecryOnnke, OTHOCATCS K KOHITY MEJIOBOTO IMEpPHOAa. YCTaHOBIEHO,
YTO COBpeMeHHas (iopa, a TakKe PaCTUTENbHOCTh CBOUM IPOMCXOXKIIEHUEM, IPEXKIE BCETO,
CBs3aHa C JAPEBHEH HMPAHCKOH, MPEMMYIIECTBEHHO CEBEPOMPAHCKOM WM Malloa3uaTCKON (IIopoi,
IIPOHUKABILEH ClOla C TPETUYHOIO IEpHUo/a M IpOHUKarouleil B Hacrosiuee Bpems. Ot Ooiee
BIIQXKHBIX YMEPEHHBIX BOCTOYHBIX CKJIOHOB Mainoro KaBka3a yxe B TPETHUYHBIM IEPUOL
UCCIIETyeMbIil perroH ObLI OTrOpPOXKEH B3TPOMO3AMBIIMMHUCA BblcodaiimuMu ropamu Konryp-
Ausanresa u 3aHresypa.

Keywords: Nakhchivan Autonomous Republic, Mesophytic era, Cenophytic era, plant
residues, flora, fossil plants.

Knrouesvie cnosa: HaxubiBaHCcKasi aBTOHOMHas peciyoinka, Me30(puToBas 3pa, KaitHo(uToBast
3pa, paCTUTENbHbBIE OCTATKHU, (JIOPA, UCKOIIAEMBIM PACTEHHUS.

The Nakhchivan Autonomous Republic differs from other physical-geographical regions of
Azerbaijan in its sharply continental climate. The main factors shaping the climate of the region are
the abundance of solar radiation, the complexity of atmospheric circulation and the wide variety of
relief. The rich xerophytic flora of the Nakhchivan Autonomous Republic has historically
developed and was formed in close genetic connection with the flora of the Mediterranean Sea,
Western Asia and Iran. Continental, sharply continental climate and high volatility in Nakhchivan
does not exist in Azerbaijan and in general in the Caucasus [1], therefore, more than half of the flora
of this region is xerophytic plant species [2].

As a result of floristic studies carried out in recent years, it turned out that in the modern
biodiversity of the flora of the Nakhchivan Autonomous Republic, higher spore plants,
gymnosperms and angiosperms are represented by 160 families, 910 genera and 3021 species [3].

The issues of the study of fossil plants of the Nakhchivan Autonomous Republic were
engaged many prominent scientists, such as [4-18], and others. They found that modern flora and
vegetation of the Nakhchivan Autonomous Republic was formed under the influence of natural
history, environmental and anthropogenic factors after the long evolutionary path of development.
Found the most ancient plant remains date from the late Cretaceous period. Location of some
interesting representatives of the fossil floras of Nakhchivan Autonomous Republic Sequoia
reichenbachi (Heer, 1868), Brachyphyllum araxanum 1. Pal., Populus hyrcanica 1. Pal., Pteris
pennaeformis Heer, Zelkova araxina Palib., Parrotia fagifolia (Goeppert) Heer, Pisonia eocenica
Ettingsh., Eugenia bogatschhevii Palib., Palibinia nachitschevanica Kassum., Cinnamomum
lanceolatum Ung. are Daridag, Duzdag, Avush, Kultepe etc. The phylogenetic scheme indicates that
the lower plants (Thallophyta) developed from primary colorless heterotrophic organisms (Bacteria,
Fungi, Myxomycetes, Lichenes, Cyanophyta, Rhodophyta, Pyrrophyta, Euglenophyta, Chlorophyta,
Charophyta, Chrysophyta, Xanthophyta, Phacophyta, Bacillariophyta).

The development of higher plants (Telomophyta) A. N. Krishtofovich divides into four eras:
Thalassophytic (sea flora), Palaecophytic, Mesophytic and Cenophytic [11, 12, 19].

Thalassophytic era of development of plants covers the whole Pre-Cambrian, Cambrian,
Ordovician and Silurian part, during which there phycomycophytic flora (flora of bacteria, algae
and fungi). Palaeophytic era covers part of the Silurian, Devonian, Carboniferous period, during
which there were existing Anthracophytic and Psilophytales flora, in which there was
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Palacocenophytic flora. Available materials for fossil plants in the territory Nakhchivan
Autonomous Republic show that the development of the Mesophytic era covers the Permian,
Triassic, Jurassic, Cretaceous, during which existed Neomesophyte and Palacomesophyte flora.
Cenophytic era covers Paleogene, Neogene and Quaternary period. Flora of Nakhchivan
Autonomous Republic relates to Mesophytic and Cenophytic era. Modern vegetation of the region
is dominated by open and semi-open coenosis i.e. rather primitive in its phytocenotic essence.
These xerophilous coenosis have deep ancient roots of its origin. Flowering flora originated on the
globe in the first half of the Cretaceous period.

The oldest plant residues, which are known in Nakhchivan Autonomous Republic, refer to the
end of the Cretaceous period. For the Upper Cretaceous period in Nakhchivan Autonomous
Republic plant remains found by N. I. Yakovlev near to Avush village of Daralageze in Sharur
region and were treated by 1. V. Palibin [5-7]. Finding the Cretaceous deposits in the region indicates
that the Cretaceous period modern South Caucasus does not constitute a continuous water basin, but
that there existed more or less considerable size of the islands. At this point, the following balances
were found: Sequoia reichenbachi (Heer, 1868), Brachyphyllum araxanum 1. Pal., Araucaria sp.,
Protodammara angusta 1. Pal., Populus hyrcanica 1. Pal., Dryanora jakovlevi 1. Pal., Platanus
velenovskyana Krasser. The Sequoia genus with many kinds of very characteristic of Cretaceous at
all (S. reichenbachi (Heer, 1868)).

One of the most common types, Brachyphyllum, conifer with not yet established position in
the system, is very characteristic of the Cretaceous flora. Platanus is one of the oldest forms of
bipartite, Populus — known even from the Lower Cretaceous.

It originated in the high latitudes and spread to the south. At the end of the Mesozoic era
(Cretaceous) Southern Transcaucasia was an island (or islands of the system), lapped by the waters
of the vast space of the ancient Tethys.

Land of the Southern Caucasus was associated with a vast continent of Asia Minor, the
Balkan Peninsula and Central Europe. The vegetation of the local land was of a peculiar character
of the forest vegetation, dramatically different from today’s forests and especially from modern
xerophilous coenosis edge. According to I. V. Palibin [6, 7], in the river basin of Araz, at the Eastern
Arpachay river and its tributaries, there was a forest-type vegetation. In addition to Plane Trees
(Platanus velenovskyana Krasser) there also indicated the remains of broadleaf species poplar
(Populus hyrcanica 1. Pal.) and shrubs Dryanora jakovlevi 1. Pal. As well as several species of
conifers, already endangered in the Cretaceous Brachyphyllum araxanum 1. Pal., Araucaria sp.,
Protodammara angusta 1. Pal. and in addition, it is very common in the Cretaceous of the Old and
New Worlds Sequoia (Sequoia reichenbachi (Heer, 1868)).

Information about Eocene flora are reflected in some the geological works for Alindzhachay
(Daridag) location of fossil plants. A. N. Krishtofovich [11] for Julfa indicates two fossil plants fan-
leaved palms: Pteris pennaeformis Heer and Osmunda sp. In 1934, the Geology Sector of
Azerbaijan Branch of the Academy of Sciences of USSR, found Eocene rich flora in the Daridag
mountain. In this flora were numerous palms, ferns and magnolias. With the onset of the Tertiary
period there was a great change of physiographic conditions on the continents. Consequently, there
comes a new change of vegetation, the extinction of ancient and new forms.

A stretch of water of the Tethys washed the islands of Caucasus, stretching far to the east and
west. In these circumstances, on land developed vegetation composition close to vegetation of
warm humid countries. Thus, the plant remains of that time, found in the territory Nakhchivan
Autonomous Republic dramatically different from modern xerophilous plants.

The Eocene sediments of Daridag mountain, contain prints of fan palms, and in the same
location found by I. V. Palibin [5-7] Blechnum braunii Ett., Pteris oeningensis Heer, Sabal
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haeringiana (Heer) Ung., Podocarpus eocenica Ung., Cinnamomum lanceolatum Ung.,
C. sezannense Watt, C. scheuchzeri Heer, C. rossmaesleri Heer, Zelkova araxina Palib., pizonin
Pisonia eocenica Ettingsh., Mirka Myrica hakeaeifolia (Ung.) Staub., Ziziphus ungeri Heer,
Eugenia bogatschhevii Palib. One can imagine the splendor and uniqueness of the forest vegetation
of the Eocene. Lush vegetation, which has much in common with tropical vegetation such as the
neighboring islands of the Main Caucasian, covered with spots and Caucasus Minor islands. In
1934, an employee of Botany sector of Azerbaijan Branch of the Academy of Sciences of USSR L.
L. Prilipko found Zaxodioxylon distichum Merckl., in the Oligocene sediments of Kechaldag near
the lake Ganligel of Shahbuz area which was determined by A. V. Yarmolenko [10].

In 1934-1936 V. V. Bogachev and K. N. Paffengoltz discovered leaf imprints in Daridag
mountain in dense gray tuff sandstone Oligocene [2, 4, 9]. Material collected by these researchers,
has been transferred for processing by I.V. Palibin, who identified and described the following types
of fossil plants from this collection: Pteris oeningensis Heer, Blechnum braunii Ett., Podocarpus
eocenica Ung., Panicum miocenicum Ett., Sabal haeringiana (Heer) Ung., Myrica hakeaeifolia
(Ung.) Staub., Zelkova araxina Palib., Cinnamomum scheuchzeri Heer, C. sezannense Watt,
C. polymorphum (A. Br.) Heer, C. lanceolatum Ung., Eugenia bogatschhevii Palib., Pisonia
eocenica Ettingsh., Banisteria haeringiana Ett., Leucothoe protogea Schrimper, Aralia cordifolia
Sap., Ziziphus ungeri Heer. In the Caucasus, the fossils of palm trees belong to the representatives
of the Sabal, Trachycarpus, Livistona and Chamaerops genera. The Tertiary floras of the Caucasus,
this genus is represented by Oligocene and Miocene species, where the species were found first in
the Autonomous Republic in the neighborhood of Julfa (Daridag). In 1947, near Julfa A. N.
Krishtofovich discovered and described also print of falunian fan palm and fern: Pteris
pennaeformis Heer, Osmunda sp. [11].

In 1950 in greenish-gray sandy clays of upper Miocene deposits in the surroundings of
Karabaglar village, Sh. A. Azizbayov [1] found imprints of leaves belonging to the family
Leguminosae. In 1957 an expedition trip was made to the area of location of the fossil flora of
Daridag mountain where V. V. Bogachev in 1934 and K. N. Paffengoltz in 1936 (Paffengoltz, 1940)
made collections. As a result, it was found out that there is not only the sandstones contain fossils of
plants: they are also found in mudstones and tuff breccias. Power flora containing species reaches
10 m were determined from: Pteris oeningensis Heer, Blechnum braunii Ett., Sabal haeringiana
(Heer) Ung., Zelkova araxina Palib., Quercus neriifolia (Heer) A. Br., Persea speciosa Heer,
Cinnamomum rotusum Fisch., C. scheuchzeri Heer, C. sezannense Watt, C. lanceolatum Ung.,
C. rossmaesleri Heer, Eugenia bogatschhevii Palib., Pisonia eocenica Ettingsh., Banisteria
haeringiana Ett., Leuica Ett., Leucothoe protogea Schrimper, Rhamnus dechenii Neb., Ziziphus
ungeri Heer, Gleditsia sp., Dalbergia sp., Aralia cordifolia Sap., Folium indet. In the early Miocene
Tethys significantly decreased, retreated, leaving bared an extensive land anterior-Asian continent
[15].

It first joined the South Caucasus, and later with the Main Caucasus and has been subject to
rapid processes of secondary mountain building, characteristic of the Miocene epoch. Lesser
Caucasus Mountains were separated by Sarmatian Sea from the main mountains. As a result, land
formed closed seas. Extensive land lying to the south of the Caucasus Isthmus, according to A. A.
Grossheim [8] should be the scene of the formation of xerophilous flora, as well as the creation of
conditions of continental climate with distinct seasonal changes.

Iranian xerophilous flora center was one of the earliest occurring much later than Central
Asian (Mongolian). The southern end of the Lesser Caucasus, associated with extensive land and
opened a wide path of penetration xerophilous elements with older xerophilous centers in Central
Asia and Asia Minor, and others. This flora is quickly replaced Eocene and Oligocene flora and the
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entire southern part of the Lesser Caucasus, creating new xerophytic formations.

Species included in the local ancient vegetation of the island, under the influence of changed
conditions become processed, creating new forms and endemic species adapted to local conditions,
as well as newcomers, particularly testing conditions for an almost closed basin, partially reshape
steel. Found during expeditions of the salt pans (Duzdag) plant fossils have enabled formation of
some idea of later Sarmatian flora of Nakhchivan.

Among the fossil material is able to establish species found for the first time as part of the
flora: Chamaecyparis sp., Thuja sp., Castanea gigas (Goepp.) lljinskaja, Quercus sp., Myrica
vindobonensis (Ettingsh.) Heer, Tamarix sp., Populus populina (Brongn.) E. Knobloch., Salix sp.,
Acer trautvetteri Medw., A. velutinum Boiss., Zelkova carpinifolia (Pall.) K. Koch, Fagus orientalis
Lipsky., Quercus castaneifolia C. A. Mey., Buxus sempervirens L., Pistacia lentiscus L., Gleditsia
knorrii (Heer) Hantke. Found genus Chamaecyparis sp. as fossils are rare. This is the first discovery
of Miocene deposits of the Caucasus. The most interesting finding in this list is Castanea gigas and
especially Acer velutinum, indicating to great similarity of the Hirkan forest flora.

Thus, the modern flora and vegetation of their origin, above all, connected with the ancient
Iranian, mainly Asia Minor or North Iranian flora penetrated here with Tertiary and being penetrated
at the moment. From the more important temperate eastern slopes of the Lesser Caucasus in the
Tertiary period, the study area was fenced off by the high perched mountains Kongur-Alangez and
Zangezur. In this regard, the influence of the surrounding areas on the composition of the vegetation
was much weaker. Along with the old-established, although primitive in structure, xerophilous
phytocenosis middle and upper mountain belt in the region, there are low-lying strip and younger
groups. Some low-lying area of the strip is not immediately freed from the ancient water bodies
preserved in the form of fragmented small pools. As they dry in the liberated areas of saline
gradually formed a kind of halophytic plant communities. These small pools of drying treatment
under the influence of climatic and tectonic processes, in turn, become small centers of formation
phytocenosis, which include those frequent endemic species.

In 1936 M. M. Iljin found in the surroundings of Nakhchivan a number of interesting new
species of the families Chenopodiaceae — Anabasis eugeniae 1ljin, Salsola tamamschjanae 1ljin, S.
takhtadshjanii 1ljin, that are currently yet endemic flora of Nakhchivan Autonomous Republic [20].

The alpine vegetation from the Tertiary period also bore the imprint of a large aridness of the
region and different poverty alpine flora, compared with other areas of the Lesser and Greater
Caucasus. Vegetable biocenoses already formed respectively characteristics of the region and were
mainly characteristic to alpine steppes. Composition of phytocenosis formed from the elements of
more mesophilic phytocenosis neighboring highlands of the Lesser Caucasus and part of the Main
Caucasian ridge, but, in addition, developed local forms. High mountain region strip across a range
of conditions so dramatically different from the conditions of the middle mountain belt of
neighboring, more humid areas of the Lesser Caucasus, in particular, from the northern and north-
eastern slopes of the Zangezur and Kongur Alangez that could be occupied mainly phytocenosis
type xerophilous southern areas of northern Iran. More mild and temperate climate of the Tertiary
period in the mountainous part contributed to the development of larger and large forest patches
than in the present. In the salt-formation the remains of the following were found near Nakhchivan:
Cistus, Alnus, Acer (Palatanus), Crataegus, Prunus avium pliocenicum Bogatsch., Pyrus salicifolia,
Ostrya paleocarpinifolia Bogatsch. related to the Pliocene age. Of these, Pyrus oxyprion,
P. salicifolia, Prunus divaricata, Acer ibericum the same kind of more or less closely related species
are now major components of shrub forests, and Garigou and forests of Nakhchivan Autonomous
Republic.

In the Tertiary period, the xeromorphic forests-bushes lowered a few below, and then either
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destroyed, or because of changed habitat conditions climbed higher into the mountains. Thus,
already in the past nature of Nakhchivan Autonomous Republic had family roots with neighboring
Iran, the Persian, Anatolian nature, as well as with other southern xerophilous centers. The upper
part of the mountain and high-mountain strip was largely influenced by the vegetation of the Lesser
and Greater Caucasus. The influence of the Quaternary period in the Lesser Caucasus and, in
particular, on Zangezur and Alangez is little known. If the toe of glaciers took place, it was very
weak. Effect of changed climate and local glaciers lead first of all, to change of the boundaries of
vegetation zones. The boundaries of these is lowered and raised according to the new glaciations.
Ice Age established in the Tertiary formations has not made a significant change. The most notable
changes were subjected to high-formation, enriched in its composition in the quaternary period,
elements of Caucasian and the northern boreal flora.

An analysis of fossil and modern floral relations in the Caucasus isthmus allows to set a deep
organic relationship of Caucasian flora with the northern flora. In all regions of the Caucasus,
including in Nakhchivan Autonomous Republic value of boreal element is very high, so almost half
of the Caucasian endemic species has its roots in the boreal flora. From the Cretaceous genera of
northern origin Populus, Platanus were in the flora of the Caucasus as an impurity to a common
tropical or subtropical composition. A clear factor is the presence in the Upper Cretaceous of poplar
and sycamore and the Oligocene genus of Prunus, in the early Miocene Pinus and Castanea. The
Sarmatian remains of the northern and tropical elements are distributed almost equally, but still the
general character of the flora is tropical or subtropical. From Sarmatian known for following arcto-
tertiary (Turgai) genera: Abies, Pinus, Pyrus, Carpinus, Salix, Juglans, Ulmus, Picea, Planera
(Zelkova), Crataegus, Ostrya and species: Prunus avium pliocenicum Bogatsch, Pyrus salicifolia,
Populus populina (Brongn.) E. Knobloch., Salix sp., Acer trautvetteri Medw., A. velutinum Boiss.,
Zelkova carpinifolia (Pall.) C. Koch, Fagus orientalis Lipsky.

A. A. Grossheim [8] considers that favorable conditions for the formation and dispersal of
xerophilous flora in the South Caucasus have come since the time of the Sarmatian Sea, and even
earlier, when the South Caucasus, the Caucasus and later merged with the vast land, located to the
south. All the above relates to only a mesophilic flora.

Thus, the modern flora and vegetation of Nakhchivan Autonomous Republic was formed
under the influence of natural history, environmental and anthropogenic factors, having a long
evolutionary path of development. Below are some interesting representatives of the location of
fossil floras of Nakhchivan Autonomous Republic said in the Catalogue of fossil plants of the
Caucasus, under edition of. A. A. Kolakovskiy [20]: Ziziphus unegri Heer, Lower Oligocene
(Nakhchivan; Daridag) Ziziphus ziziphoides (Ung.) Heer, Zelkova araxina Palib. Lower Oligocene
(Nakhchivan; Daridag) Trachycarpus rhapifolia (Sterub.) Takht, Sabal haeringiana (Ung.) Heer.
Lower Oligocene (Nakhchivan; Daridag); Ribes sp. aff., R. alpinum L. Miocene, Sarmatian
(Nakhchivan); Pyrus sp. aff., P. communis L. Miocene, Sarmatian (Nakhchivan); Pisonia eocenica
Ett. Lower Oligocene (Nakhchivan; Daridag), Pistacia cf. mutica E. et M; Parrotia fagifolia Palib.
Miocene, Sarmatian (Nakhchivan), Padus — Rosaceae; Palibinia nachiczevanica Kassum.
Sarmatian, Miocene, (between Hinjab and Karabaglar villages), Panicum miocenicum Ett. Lower
Oligocene (Nakhchivan; Daridag), Myrica hakeaefolia (Ung.) Scap. Lower Oligocene (Nakhchivan;
Daridag), Leucothoe protogea Schrimper, Andromedia protogaea Unger. Lower Oligocene
(Nakhchivan; Daridag), Cinnamomum polymorphum Heer. Lower Oligocene (Nakhchivan;
Daridag), Cinnamomum lanceolatum Heer. Lower Oligocene (Nakhchivan; Daridag), Cinnamomum
scheuchzeri Heer. Oligocene (Nakhchivan; Daridag), Cinnamomum sezannense Watt. Oligocene
(Nakhchivan; Daridag), Eugenia bogatschhevii Palibin. Lower Oligocene (Nakhchivan; Daridag),
Cerasus avium (L.) Moench. pliocenica. Tun — Prunus avium pliocenica; Buxus sempervirens-
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fossilis Engl. Tun — Buxus sempervirens L. fossilis Engelhardt et Kinkelin. Miocene, Sarmatian
(Nakhchivan) Banistera haeringiana Ett. Tun — Ettingshausen. Lower Oligocene (Nakhchivan;
Daridag), Aralia cordifolia Sap. Lower Oligocene (Nakhchivan; Daridag).

The studies revealed that the remains of different past eras found by the paleobotanists
(Cretaceous, Miocene, Sarmatian, Pliocene, Oligocene, Oligocene to Lower etc.), many species of
flowering plants, having long historical evolutionary path, reached to our days.

An example is below mentioned plant species: Pyrus salicifolia, P. communis, P. oxyprion,
Parrotia persica, Quercus macranthera, Q. castaneifolia, Pistacia mutica, Ceracus avium, Acer
trautvetteri, Anabasis eugeniae, Salsola tamamschjanae, S. takhtadshjanii, Prunus divaricata, Acer
ibericum, Juglans regia, Comarum palustre, Menyanthes trifoliata, Galium uliginosum, Scilla
atropatana, Thlaspi rostratum, Peltaropsis grossheimii, Dorema glabrum, Artemisia scoparia,
A. scoparioides, Bienertia cycloptera and etc. Currently, they are rare, endangered, endemic, relict
species of flora of Nakhchivan Autonomous Republic that require strict protection and recovery
[21-23].

However, the flora of Nakhchivan Autonomous Republic was not purely Hyrcanian in the late
Sarmatian. In all likelihood, above the zone of the Tertiary Hyrcanian forest there was a belt of
coniferous forests of fir and pine which are currently absent in the forests of Talish. Unfortunately,
the scarcity and poor preservation of fossil material do not allow us to define the species of pine and
fir. But the collection contains excellent prints of Glyptostrobus europaeus which suggests the
existence of a swamp forest at that time. If we add Glyptostrobus to the picture of a modern lowland
swampy Hyrcanian forest with alder and lapina, then we will get a probable landscape of the
lowland late Sarmatian forest of Nakhchivan Autonomous Republic.

The picture of the flora of Nakhchivan Autonomous Republic in the late Sarmatian is
complicated by the discovery of a magnificent imprint of a Pistacia lentiscus leaf. The discovery of
this typical Mediterranean species so far from the eastern border of its modern range (Kayseri and
Hatay vilayets in Turkey) is of great historical and floristic interest. Of course, the discovery of one
of the characteristic elements of the Mediterranean maquis does not mean that maquis vegetation
was developed on the territory of Nakhchivan Autonomous Republic.

Thus, in a limited area of the accumulation basin there existed a coniferous forest, a deciduous
forest of the Hyrcanian type and perhaps, vegetation of the Mediterranean type. This indicates a
fairly large ruggedness of the relief and a significant diversity of environmental conditions.
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Abstract. Provides information about the phytocoenological analysis of the species included
into the Malvaceae Juss. family, spreading in the Nakhchivan Autonomous Republic flora. It was
found out from the conducted researches that, since the species included into this family spreading
in the area with different ecological characteristics, are quite different. Although the species
belonging to the Malvaceae family in the research area do not directly have a dominant feature in
plant phytocenosis, they are considered to be very important species in the formation of plant
phytocenosis. It is clear from the conducted phytocoenological analysis that Alcea flavovirens
(Boiss. & Buhse) Iljin, Alcea rugosa Alef., Alcea tabrisiana (Boiss. & Buhse) Iljin, Althaea hirsuta
L., etc. species are among the elements that form xerophytic coenosis on the dry hard mountain
slopes, in the lower and middle mountain zones.

Annomayus. IlpeacraBneHsl CBeeHNS O (PUTOLIEHOJIOIMYECKOM aHAJIN3€ BUJIOB, BXOASIIUX B
cemeiictBo Malvaceae, pacnpocTpaHeHHbIX Bo (uiope HaxubsiBanckoit ABToHOMHO# Pecniy6nuku. B
pe3ynbrare MPOBENEHHBIX MCCIENIO0BAaHUM BBIICHWIOCH, YTO, IOCKOJBKY BHJbI, BXOASAIIME B 3TO
CEMEICTBO, PacpOCTPAHEHHbIE HA TEPPUTOPUU C PA3HBIMHU HKOJIOTMUYECKMMH XapaKTEPUCTUKAMU,
BECbMa pa3JInUHbl. XOTSA BUIBI ceMelcTBa ManbBOBBIE HAa TEPPUTOPUHU HMCCIEAOBAHUN HE MMEIOT
HENOCPEACTBEHHOTO JOMHUHAHTHOTO IMPHU3HAKa B PACTUTENbHBIX (DUTOLIEHO3aX, OHU CUUTAIOTCS
BECbMa BaXHBIMH BHUAAMHU B (DOPMUPOBAHUU PACTUTENBHBIX (UTOLEHO030B. M3 mpoBeaeHHOro
(UTOLICHOJIOTUYECKOTO aHajdu3a BUIHO, YTO K YMCIY 3JIEMEHTOB, 00pa3ylolMx Kcepo(huTHBIE
11eHO03bI, oTHOCSTCS Alcea flavovirens (Boiss. & Buhse) Iljin, Alcea rugosa Alef., Alcea tabrisiana
(Boiss. & Buhse) Iljin, Althaea hirsuta L. u np. Ha CyXuUX TBEpABIX CKJIOHAX TOp, B HIDKHEM H
CpeIHeM rOpHOM TosCe.

Keywords: Malvaceae, phytocoenological analysis, plant grouping, plant coenosis,
geobotanical description.
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Knouesvie cnosa:  ManbBOBbIe,  (DUTOIICHOJOTHMYSCKHA  aHANU3,  (DUTOTPYIITUPOBKH,
($buTOIIEHO3bI, Te0O00TAHUIECKOE OMMCAHUE.

The geographical location of the Nakhchivan Autonomous Republic, relief features, soil and
climate factors have led to the creation of special vegetation here. One of the main natural resources
of this region is its rich vegetation. Numerous studies have been conducted to study the structure,
composition and dynamics of the vegetation of the region. The formation of vegetation first of all
begins within the phytocenosis itself. Then, the ongoing interactions between plants and the
environment ensure the formation of phytocenosis. Plant groups are found in all landforms, water
basins, slopes of river valleys and fields, ravines, high mountain slopes. Often these completely
independent phytocenosis form the most diverse groupings. Obviously, this is due to both optimal
soil-climatic conditions and strong of the terrain, which creates a large number of different
ecotopes. Malvaceae species have their own place in the formation of regional vegetation, in the
formation of various plant groups and in the enrichment of the species composition of this
vegetation.

Research material and methodology
During the research, generally were used accepted floristic, geobotanical, bioecological, etc.
methods, phenological observations and routes. As the main research materials, reference was made
to the literature sources and actual data obtained during the field researches. Based on V. V.
Alekhin’s methodology there have been used [1], B. A. Bykov, R. D. Yaroshenko [2, 6], Y. M.
Lavrenko [4], L. L. Prilipko [5], A. Sh. Ibrahimov’s [3] and the works of other researchers.

Discussion and conclusions of the study

During field researches, there have been carried out the geobotanical descriptions of all the
species including into the Malvaceae, family, and all vegetation where the species are spreading in
the region, was determined by analyzing the obtained materials. Also, spreading of the Malvaceae
family species in the plant formations formed by the species, their position in the formation was
analyzed and the structure of the coenosis formed by these species was studied in a comparative
manner. Since these plant species spread in the areas with different ecological characteristics, the
characteristics of the plant coenosis in which they are included are quite different. In particular, the
variety of rocky and gravelly areas where xerophytic elements spread, forest and forest edge areas
where mesophytic elements spread, edges of agricultural fields, ditches and relatively humid areas
means the variety of coenosis formed in these areas.

A florocenosis (plant community) is understood as a natural combination of developed
species, which includes 1) relationships between species, 2) adaptations to the conditions of a
certain environment, and 3) the history of a certain area and its flora.

Each sufficiently formed plant group has a certain floristic composition, structure and
physiognomy. The plant species that make up the Nakhchivan Autonomous Republic flora, form
different plant groups in the territory of the region.

The formation is characterized by common dominant and determinant species, but this is not
characteristic of their entire range, but only in the part where phytocenotic and biogeographic
relationships and corresponding ecological potential are maintained at a certain level. Identification
of formations by dominants and determinants should be carried out within the groups and classes of
formations, which ensures their structural and ecological commonality, as well as the necessary
territorial localization. In this case, plant formation may include genetically and ecologically
distinct plant groups.
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With the dominant approach, syntaxons are distinguished according to the dominants of
individual layers of plant groups.

The main unit of the dominant classification is the formation — the sum of associations
formed on the basis of one dominant (for example, the formation of oak forests) and dominants of
different layers. This approach is simple and fully applicable where there are several distinct
dominants with strong structural features in the grouping, and the vegetation is highly discrete.

However, this approach cannot be applied to the vegetation classification of meadows, steppe
vegetation, sparse and burned areas, where the dominant species can change rapidly in different
years and even seasons, and which have weak structural characteristics that cause great variability
in the species composition of groups, and the vegetation is characterized by discontinuity and
extreme characterized by durability. Therefore, the floristic approach is becoming more and more
widespread.

The plant association is the main classification unit of plant groups, a set of homogeneous
phytocenosis with the same structure, species composition, and similar relationships between
organisms and their environment. Each plant group is associated with certain ecological conditions:
climate, soil, as well as the animal world that lives there. It is characterized by a certain productivity
(reserve and growth) of the plant mass.

Based on all these indicators, we were able to determine the groupings of coenosis formed
with the participation of species of the Malvaceae family. In fact, the species included in the
Malvaceae family do not directly have a dominant feature in the plant phytocenosis, but they are
very important species in the formation of plant phytocenosis. Alcea flavovirens (Boiss. & Buhse)
Iljin, Alcea rugosa Alef., Alcea tabrisiana (Boiss. & Buhse) 1ljin, Althaea hirsuta L., etc. species
are among the elements that form xerophytic coenosis on the dry hard mountain slopes in the lower
and middle mountain.

Figure. Coenosis formed by the species Alcea rugosa
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These plants are part of the Cereal — various grassed xerophyte type formations formed in
these areas. In addition to the species indicated in these groupings, Trisetum rigidum (M. Bieb.)
Roem. & Schult., Bromopsis variegata (M. Bieb.) Holub, Phleum phleoides (L.) H. Karst., Koeleria
bitczenachica (Tzvelev) Tzvelev, K. albovii Domin, Dactylis glomerata L., Poa bulbosa L.
Ziziphora rigida (Boiss.) Heinr. Braun, Centaurea squarrosa Willd., Thymus kotschyanus Boiss. &
Hohen., Th. collinus M. Bieb., Scutellaria sevanensis Sosn. ex Grossh., Teucrium polium L.,
T orientale L., Nepeta trautvetteri Boiss. & Buhse and leguminous species such as Astragalus
euoplus, A. lagurus Willd., Medicago caerulea Less. The main dominant elements of these
groupings are the representatives of the Cereal types. Especially in the rocky and gravelly streams,
species of Malvaceae family Astragalus lagurus, Prunus fenzliana, Scrophularia variegata,
Dianthus orientalis, Nepeta trautvetteri, Asperula glomerata, Michauxia laevigata, etc. are included
into the coenosis formed by plants [7-11].

Malva aegyptia L. aggr. M. iljinii 1. Riedl and in the composition of the xerophytic plants in
the semi-desert area, are included into the composition of various herbaceous formations that are
characteristic for these areas.

The mesophytic species Dagestan phloem Althaea armeniaca Ten. (Althaea daghestanica L.),
hemp-like phloem (A4/thaea cannabina L.) species form groups with large plantains and various
types of mesophytic plants in relatively humid areas, in yards and orchards.

Althaea rosea L. and Althaea officinalis L. forms groups of different composition in forest
edges and forest clearings. These groups include Anthriscus sylvestris Hoffm., Astrantia maxima
Pall., Poa nemoralis L., Dactylis glomerata, Campanula latifolia, Delphinium szowitsianum Boiss.,
Primula macrocalyx Bunge, Poa pratensis, Ornithogalum ponticum, Lotus corniculatus, L. tenuis
Waldst. & Kit. Ex Willd, Trifolium pratense, T. canescens, Vicia elegans Guss., Gladiolus
kotschyanus, Phleum phleoides, Alopecurus armenus (K. Koch) Grossh., Lathyrus miniatus,
Chaerophyllum aureum L., Ch. macrospermum (Willd ex Spreng.) Fish. & C. A. Mey., Malva
neglecta Wallr., Malva sylvestris L., etc. species are included, and they form equal groups with
other types of weeds.

6 species of the Malvaceae family are planted and propagated as decorative and technical
plants. Although some species, especially Chinese rose (Hibiscus rosa-sinensis L.), Syrian hibiscus
(Hibiscus syriacus L.), Pont hibiscus (Hibiscus ponticus Rupr.), Kanaf hibiscus (Hibiscus
cannabinus L.), are planted as decorative plants, Abelmoschus esculentus (L.) Moench-Edible okra
is propagated as a food plant. Gossypium hirsutum L. — as in other countries of the world, Uplag
cotton is planted and propagated as a technical plant in large areas in the form of agrocenosis,
covering large areas.

However, it should be noted that these phytocenosis are very rare in different areas, and as a
result of long-term grazing, the species in these phytocenosis are eaten without producing fruits and
seeds, so they gradually continue to disappear. Important plant species such as the medical,
technical, food, etc. types included into the composition, are gradually disappearing and it is very
difficult to restore these phytocenosis.

Conclusions
It is clear from the conducted phytocoenological analysis that Alcea flavovirens, Alcea
rugosa, Alcea tabrisiana, Althaea hirsuta, etc. belonging to the Malvaceae family in the study area.
Such species are considered to be species that form xerophytic coenosis on dry hard mountain
slopes in the lower and middle mountain zones.
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Annomayusa.  IlpuBomsTCsl  NaHHBIE  PACOPOCTPAHEHHBIX B JIECHBIX  3KOCHCTEMAax
3anaranbckoro U benokanckoro paiioHoB AzepOaiiakana penukroB 11l nepuona, peakux npeBecHo-
KYCTapHHUKOBBIX BUJIOB, IPUBOJUTCS MX KJIacCU(UKAIUSA U CTATyC MO TeOJOTHYECKUM nepuoaam. B
pe3yJbTare MCCleIOBaHUN W aHanu3a BUAbl laxus baccata L., Hedera pastuchovii Woronow ex
Woronow u Smilax excelsa L. Obuti BKIIOUYEHBI B penuKTHI IlonraBckoil ¢uiopsl. B nmecHbIX
HKOCUCTEMAaX MCCIEyEeMbIX TEPPUTOPUI BBIABICHBI 6 JPEBECHO-KYCTAPHUKOBBIX PEIMKTOBBIX
BHJIOB, OTHOCSIIUXCS K 6 cemeiicTBaM M 6 pomaM cyOTpornuyeckoil BeuHoseneHoil [lonraBckoii
(biopel (Me3oTepMalibHBIE PENUKTHI apkTudeckoit dmopser I mepuona): Taxus baccata L., Platanus
orientalis L., Punica granatum L., Hedera pastuchovii Woronow ex Woronow, Smilax excelsa L. u
Diospyros lotus L. 3a uckmrouenueM Smilax excelsa L., npyrue 5 BunoB 3aHeceHsl B «KpacHyro
kHUry  A3sepOaiimkanckort PecnyOnuku». B 3akaransckom u  benokanckoMm — paiioHax
pacnpoCTpaHEHbl  PEIMKTOBbIE  JPEBECHO-KYCTAapPHUKOBBIE  PACTEHHUs,  OTHOCSIIMEcS K
15 cemeiictBam, 23 pomam u 30 BupaM apkTHuecKoM W JucromagHoi Typraiickoi ¢uopsl
(Me30TepMainbHble penuKThl apkTrueckoit ¢iopsl Il nepuona). M3 vux 10 Bunos (Pinus kochiana
Klotzsch ex K. Koch = Pinus sylvestris var. hamata Steven, Fraxinus coriariifolia Scheele,
Castanea sativa Mill., Quercus iberica Steven ex M. Bieb., Pterocarya pterocarpa (Michx.) Kunth
ex lljinsk., Juglans regia L., Acer pseudoplatanus L., Acer hyrcanum Fisch. ex C. A. Mey., Corylus
colurna L., Vitis vinifera L. cuutaiorcs peIKuMu pacTeHusMu A3zepOaiikaHa. YCTaHOBJIEHO, UTO
Ha TEPPUTOPHUH HCCIENOBAHUN DPACIPOCTPAHEHBl 38 pEAKHUX JPEBECHO-KYCTAPHUKOBBIX BHU/IOB,
MPUHAJISKANX K 35 pomam 23 CeMEeCTB.

Abstract. The article provides data on period III relicts and rare tree and shrub species
common in the forest ecosystems of the Zakatala and Belokan districts of Azerbaijan, and their
classification and status by geological periods is given. As a result of research and analysis, the
species Taxus baccata L., Hedera pastuchovii Woronow ex Woronow and Smilax excelsa L. were
included in the relicts of the Poltava flora. In the forest ecosystems of the study areas, 6 tree and
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shrub relict species belonging to 6 families and 6 genera of the subtropical evergreen Poltava flora
(mesothermal relicts of the Arctic flora of the III period) were identified: Taxus baccata L.,
Platanus orientalis L., Punica granatum L., Hedera pastuchovii Woronow ex Woronow, Smilax
excelsa L. and Diospyros lotus L. With the exception of Smilax excelsa L., other 5 species are listed
in the Red Book of the Azerbaijan Republic. In the Zakatala and Belokan districts, relict tree and
shrub plants belonging to 15 families, 23 genera and 30 species of Arctic and deciduous Turgai flora
(mesothermal relicts of the Arctic flora of the III period) are widespread. Of these, 10 species (Pinus
kochiana Klotzsch ex K. Koch = Pinus sylvestris var. hamata Steven, Fraxinus coriariifolia
Scheele, Castanea sativa Mill., Quercus iberica Steven ex M. Bieb., Pterocarya pterocarpa
(Michx.) Kunth ex Iljinsk., Juglans regia L., Acer pseudoplatanus L., Acer hyrcanum Fisch. ex C.
A. Mey., Corylus colurna L., Vitis vinifera L., are considered rare plants of Azerbaijan. It was
established that 38 rare tree and shrub species belonging to 35 there are 23 families.

Knrouesovle cnosa: 3akarana, benokaHbl, peJMKTOBBIA BUJI, PEJIUKTOBBIA apean, Typraiickas
dopa, [Tonrasckas duiopa, neaapodiopa, nec, Kpacnas kaura.

Keywords: Zakatala, Belokan, relict species, relict habitat, Turgai flora, Poltava flora,
dendroflora, forest, Red Book.

3akaransckuii U benokanckuii paiioHbsl A3epOaiipkaHa pacrojioKEHBI Ha CEBepo-3arajie
CTpaHbl, Ha IOKHBIX CKJIOHax bonbmoro Kaskasckoro xpedbra, Ha tomaau 2271 km2
PacturenbHOCTh pailioHa OTHOCHUTCA K AJazaHb-DHpuyaiickoi 1oiauHe O0TaHMKO-reorpapuueckon
obmactu bompmoro KaBkaza AsepOaitmkana u 3amagHoi ¢uopuctudeckoil obmacti Bombmioro
Kagxkaza (Pucynox).

Pucynok. boranuko-reorpadudeckue paiionsl AzepOaiimkana: 1 — bosbiioi KaBkas, 2 — Majibiit
Kagkas, 3 — Kypa-Apaxkc, 4 — Taneim, 5 — HaxusiBan; Teppuropus ucciieqoBanmii — A
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Hccnenyemast o6macTh 0XBaThIBaeT Ha CEBEPE U CEBEPO-BOCTOKE IOXKHBIE CKJIOHBI ['1aBHOTO
KaBka3ckoro xpeOTa, MEHTpaJbHYI0 YacTh JOJWHBI [ aHBIX-DWpuyail, a Ha [Ore W IOro-3amaje
pPaBHHMHBI U3 HU3KOTOPHBIX (popMm penbeda. Bricota B paBHMHHOM YacTu npumepHo 200—600 M, B
ropHo#t yactu (ropa ['yroH) 10 3648 M. ['opbl B OCHOBHOM MOKPBITHI JIECOM U MPOCTUPAIOTCS HA
ceBepe 10 anbnuiickux paBHUH. Camble BBICOKHE TOpHbIe BepuiuHbl: ['yron, Caranrap c
nepeBanamu ['yoek, TunoBpocco (Cyaitupan). Ha Tteppuropusix 3akaTtaibckoro u benokaHckoro
paiioHoB mpoTekaloT peku ['anbix (Anazanb), Kartexc, bamakenuaii, Masumuaii, Tana, Myxakc,
bexmes u nip.

N3 7 xioumarnyeckux 1mosicoB Mupa AsepOaiikan umeer cyOrpomnuueckue (65%
TeppUTOpUN) U yMepeHHsbie (35% TeppuTOopuu) KIUMaTuyeckue nosica. B 3aBUCUMOCTH OT BBICOTHI
u reorpadUUEeCKUX YCIOBHM Ha TEPPUTOPUU 3aKaTaibCKOro M bernokaHCKOro paiioHOB
npeolIagaroT «yMEPEHHO-TEIUIBIA KIUMAaT C CyXOW 3HMOH», «YMEpPEHHO-TEIUIBIH KIMMaT ¢
pPaBHOMEPHBIM pACIIpPE/IEJICHUEM OCAJKOBY», «XOJNOJHBIA KIMMAT C CyXOW 3HUMOIl», «XOJIOIHBIH
KJIUMaT ¢ OOWJIbHBIM KOJHMYECTBOM OCAJKOB B TEUEHHE To/ia» M «TOPHBIA TYHIPOBBIM KIMMAaT.
CpenneronoBoe konuuectBo ocagkoB 600—-1600 MM, romoBoe ucnapenue 824 mm. Hanmenbiee
KOJIMYECTBO OCAJKOB BbINaaaeT B aprycre (30 Mm) u ssHBape (25 mm). [{i1s Tepputopun xapakTepHbl
HABOJHEHUS, IITOPMBI, IPOIUBHBIE N0KaU. Cpeanerogosas temmeparypa konebnercs ot —10°C o
—1,5°C B sHBape u ot 5 g0 24°C B urone. B Beicokoropesix Habmonatorcs mopossl —45°C, a Ha
paBHuHax 40°C xapa. [0110Boe KOJIMYECTBO COJIHEUHBIX YacoB cocTanisieT 2240 yacos, u3 Hux 40%
MIPUXOIUTCS Ha JIETHUE MecsIb. [12].

I. A. Anues [1] paznenun nouBeHHbIN OKpoB bosbinoro KaBkaza Ha 6 BepTUKaIbHBIX 30H:
CHEXXHYIO MU CKaJUCTYIO, BBICOKOTOPHYIO, CyOalbIHICKYI0, TOPHOJIECHYI0, TOPHO-ITYCTHIHHYIO,
MOJIYITYCTBIHHYIO0. B 3THX 30HAaX BCTpEUarOTCsl pa3HbIE TUIIBI U ITOATHUIIBI IIOYB.

B 3araranbckom n benokaHckoM pailoHax pacnpOCTpaHEHbI TUIIbI: «TOPHO-JIYTOBBIE YIO/IbSI»
(ua Beicote 1800-3500 M), «ropHo-necHbie yroabs» (400-2000 m), «Oypbie TOPHO-JIECHBIE YTOAbSI»
(1100-1100 ™), «kamranoBble mouBbl» (400-800 M), «ropuble depHo3zemb» (700—1500 m). Ha
PaBHUHHBIX TEPPUTOPHUAX, MO OeperaMm peK TYrailHbIX JIecOB (HOPMHPOBAIUCH AJLTIOBUAIBHBIC
JyTOBO-JIECHBIE U JYTOBO-0OJIOTHBIE THIBI MOYB. BeTpeuatrores B AnasaHb-OHpHUalCKONW JTOJUHE.
[7,21].

B ecrectBenHnoii drope AzepOaitmxanckoil Pecriyomku HacuuTeiBaeTcst 4557 BUIOB BBICIIMX
pacteHuii, npuHauiexamux K 125 cemeiictBam u 930 pogam. U3 nux 450 Bunos (11%) sBisrorcs
JEPEeBBSIMU U KycTapHUKaMH. 328 BuI0B aeHapodaopbl — kyctapHuku (75%), 107 Bunos (25%) —
nepeBbs. JlepeBbs U KycTapHUKH 00beTuHeHbl B 48 cemeiicTB 1 135 pogos. OOmias miomaas J1ecos
cocraBisger 1021 teic ra. 10 11,8% Tepputopun AszepOaimxkana. B XVIII u XIX Bekax 35%
TeppuTopun A3sepbaiipkaHa ObUIO TOKPBHITO JiecoM. 49% mnecHOW TEeppUTOPUUM OTHOCUTCS K
Bonsmomy Kagkazy, 34% — Manomy Kaskagy, 15% — Tanbimickoit 3oue u 2% — ApaHCKOi 30HE
(Bmecte ¢ HaxusiBanckoit AO). Ha 10’kHBIX U ceBepO-BOCTOUHBIX ckJIOHax bosbiioro KaBkasckoro
XxpebTa pacnojokeHa HaumOONIblIas TEPPUTOPUS JIECOB. 3/1€Ch Jieca B OCHOBHOM IIOKPBIBAIOT
ropaytlo 4yactb McmammnuHckoro, ['abamuuckoro, Orysckoro, IllekuHckoro, I'axckoro,
3aratajibcKoro W benokaHCcKoro agMHUHHCTPAaTUBHBIX pailoHOB. 31ech Haubosee pacnpoCcTpaHEHbI
nopoas! Oyka (31,68%), rpada (26,01%) u gy6a (23,4%). B necax Azepbaiimkana copMUpOBaHO
18 necHbIX Qopmaruii ¢ JOMHUHHpPOBaHUEM jay0a, Oepesbl, siceHs, (PUCTAIIKH, JKEJIEe3HOTo JepeBa,
opexa, XypMsl, Bsi3a U Ap. ponoB [6].

JlannmagTHble mMosica 3akaTalbCKOro M benokaHckoro paiioHa MO CBOMM  3KOJIOTO-
reorpauyecKuM XapakTepUCTUKaM pa3/iesieHbl Ha 4 nanamadTHbIEe 30HbI [24].

1. Anpnuiickue nyra ¢ NPUMHUTUBHBIMH ITOYBAaMH BBICOKOTOPHOIO JaHAIMA(QTHOro mosca
(2500-3500 m).
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2. Cybanpnuiickue Jyra ¢ TPaBSHUCTBIMH TIOYBAMHU BBICOKOTOPDHONW W CpPETHErOpHOM
nauamadTHOM 30HBI (1800-2500 m).

3. 'opHonecHo#l nanamadTHeIA 1MOsIC ¢ OYpbIMH U CBETJIO-KOPHYHEBBIMH  TIOYBAMHU
cpenneropbs (1000-1800 m).

4. PaBHUHHBIH JIeCOCTENHOM JaHAMA(THBINA MMOSIC C TEMHO-KOPUYHEBBIMU U OYpBIMH MOYBAMU
(500-600 m).

buopasznoobpasue ¢nopsl 3akaranbCcko-belokaHCKOro permoHa B OCHOBHOM  BKJIFOYAeT
AIIEMEHTHI KaBKa3CKOH, OopeasbHOM, APEeBHEH, CTEHON 1 Kcepo(UTHOH (Iopsl U UMeeT Oorarbie
necHble pecypcebl. JlecHol mokpoB benokaHckoro paiioHa cocraBisieT 5% JIeCHBIX pecypcoB. 70—
85% cylIecTBYIOMIMX JIECOB PACIOJIOXKEHBI B TOPHOH MecTHOCTU. Bronbs pexku Kanbix (Asazanb)
BCTPEYArOTCs TyraliHbIe Jieca.

Jleca Ha uccieyeMbIX TEPPUTOPUSIX PACIIPENEIICHBI 110 3aKOHY BEPTUKAIbHONW 30HAJIBHOCTH.
JlyOoBBbI€ j1eca BCTpeUaroTCs B IPeAropbsax u Ha bo3reipckom 1iaro. B nonune Aitpudaii UMerOTCS
HeOOoJbIlINe YYaCTKH PaBHUHHBIX JIeCOB. B HMKHEM TOpPHOJECHOM MOSICE€ PAaCHpPOCTPAHEHBI BHJIbI
Quercus iberica Steven ex M. Bieb. — ny0 rpy3unckuii u Carpinus betulus L. — rpab
OOBIKHOBEHHBIN; B CpeiHEe TopHOJIecHOM mosice Fagus L. — Oyk, Carpinus L. — tpab u Mespilus
germanica L.— MyliMyna kaBKas3ckasi; B BEpXHeM TropHojecHoM mosice Betula pendula Roth —
Oepesa, Quercus macranthera Fisch. & C. A. Mey. ex Hohen. — ny6 Bocrounslii, Sorbus L.—
psibuHa.

Tpu 30HBI, cyOanmbIuiickas, aablUNCKas W CYOHWBAJIbHAs, CMCHSIOT JAPYr JIpyra Mo Mepe
noabeMa HaJl BEpXHEH TpaHUIlei J1ecoB. 31eCh paclpoCTpaHEHbl CyOalbIHUICKUE U albIUNCKUE
myra.

B ropubix necax npeoOmanator Buasl: Fagus L. — Oyk, Carpinus L. — rpad u Quercus L. —
ny6. Pacturensrocts 90% Bcex JIeCOB COCTOUT M3 BUAOB, IPUHAICKANUX K STHM TPEM POJIaM.

He6onpuyro miomaap 3aHUMAIOT Jieca ¢ IpeodiaanueM IPYTuX BUIOB, TAKUX Kak Fraxinus
L. — scenn, Populus L. — Tonions, Betula L. — 6epesa, Acer L. — kiien. Ha Beicote 1800—2000 m
BCTPEUAIOTCS HEOONBINNE yJacTKU qy0a BocTouHoro (Quercus macranthera Fisch. & C. A. Mey. ex
Hohen.), Knen Tpayrderrepa (Acer heldreichii subsp. trautvetteri (Medw.) A. E. Murray) u
YHUKaJIbHOTO JJsi TeppuTtopuu AsepOaifjpkaHa (3akaTalbCKUN 3allOBEJHHMK) POJOAEHAPOHA
KaBka3ckoro (Rhododendron caucasicum).

B ropsbIxX, IpeIropHbIX U paBHUHHBIX Jiecax BcTpewatorcsi Taxus baccata L. — tucc, Celtis
caucasica Willd. — xapxac kaBkaszckuit, Hedera pastuchovii Woronow ex Woronow — IITIOIIT
KaMeHHbIH, Juniperus polycarpos K. Koch — MoxkeBeTbHUK MHOTOIUIONHBINA, Danae racemosa
(L.) Moench — nanas BerBuctas, Corylus colurna L. — opex mensexuit, Pterocarya pterocarpa
(Michx.) Kunth ex Iljinsk. — nanuna, 7ilia caucasica Rupr. — nuna xaBKa3ckasi, U APyrue O4eHb
LIEHHBIE, PEIKHUE BUJbI JEPEBbEB U KYCTAapHUKOB. Ha CKamuCTBIX mepeBanax U KPYThIX TOJIBIX
ckasax B Oacceitne pexu ®@unuzvaii (banakenmait) Ha Beicote 800-1000 M Hax ypoBHEM MOps Ha
tomaau okoio 10 ra pacnpoctpanen Bua Pinus kochiana Klotzsch ex K. Koch = Pinus sylvestris
var. hamata Steven.

Haxonsmmiics Ha TeppUTOPUM UCCIEAOBAaHUS 3araTajbCKUd TOCYIapCTBEHHBIM 3aMTOBEIHUK
(urommane 47,4 Teic Ta) ObLT co3maH B 1929 romy. 3mechk pacmpoctpaneHo Oomee 900 BumoB
pactenuii. 83% Teppuropuu MoOKpsITO Necamu, 10,5% cyOanbmuUiCKUMU U aTbIUIUCKUMU JIyTaMU,
4% KaMEHHCTBIMH, KPYTHIMH CKAJIMCTBIMU BEPIIMHAMHU U TOJBIMU TOPHBIMU CKJIOHaMU. /[Be TpeTu
3anoBeaHuKa (39 852 ra) npuxoautcs Ha TeppuTopuio berokanckoro paiiona [2, 22, 29].
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Mamepuan u memoowi

Marepuanom uccienoBanus sSBstoTcs penukThl I mepuona, pacnpocTpaHEeHHbIE B JTECHBIX
HKOCUCTEMax 3ararajibCkoro u bemokaHckoro paitoHoB AszepOaiimkana. Kmaccudukanms u oOmuit
[IEPEYEHb PEIUKTOB IO TE0JIOrMYECKUM IepruoiaM MpuBoAsTcs 1o faHHeIM A. A. I'poccreiima [13],
B. U. bapanoga [8], A. H. Kpumrodosuua [20] u C. I'. I'apaesa [10]. PacnipocTpanenne u3y4eHHbIX
BUJIOB PacTEHUIl Ha TEPPUTOPUU HCCIENOBAaHUU ONpenessuioch ¢ ucnoab3zoBaHueM pador K. C.
Acanosa [4], A. M. Ackeposa [5] u HabIrOEHUT.

Ha3zBanust ponoB ¥ BUAOB JaHbl 1O JAaHHBIM MH(pOpMaMoHHOW cuctembl J. M. I'ypGaHoBa
[14], C. K. YUepemanosa [31] u http://www.theplantlist.org/.

B kadyectBe OCHOBBI JUIsl OIpEJENIEHHs] KPACHOIO CHHCKa M CTaryca HM3Y4YEHHBIX PEIKHX
pacteHuii Obutn ucnonb3oBaHbl «KpacHas kHura AsepOaimxaHckoit PecmyOmmxu» [18, 19] u
pabotsr T. C. Mamenosa u nip. [23].

Pe3zynemamol u ux oocyscoenue

B III nepuoge mnpeuMyIIECTBEHHO TEIUIbIM, JOXKIJIMBBIA  TPOIHMYECKUM  KIIMMAT,
OXBAaTBIBAIOIIUI OOJIBIIYI0 YacTh BCEro Mupa, crail IudQepeHImpoBaThCsa, B PE3yIbTare 4ero
OAHOpPOJIHAs Tponuueckas ¢uiopa paszienuiack Ha 3 rpynnbl. TakuMm 06pa3oM, B UCTOPUM Pa3BUTHUS
O6uocdepbl BO3HUKIN pa3Hble HampasieHus. B CeBepHOM moiyiiapuu Ha okpanHe Tponuyeckoit
IIPOBUHLIMM BO3HUKJIA TOJIAPKTHYECKas (OT IPEYECKOr0 «Troj0C» — BECh, «APKTUKOC) — CEBEP)
rpymnmna ¢uopsl. B Hero Bxonmi onuH pernoH ¢iopsl — lonapkrudeckuii pernoH. Bommsu sxBatopa
Bo3HMKIA [laHTponuueckas (OT Irped. «IIaHTPONM» — TPOIMK, OXBATHIBAIOIIMNA 00a MOJIyIIapHsl)
rpynna ¢iuopsl, BKIrouaBias Heorponuueckyro (HOByr Tponuueckyro) u Ilameorponnyeckyro
(IpeBHIOIO Tpomuyeckylo) obmactu ¢uiopel. B KOkHOM monmymapuu Ha TpaHUIE TPONUYECKOH
obmactu chopmupoBanuchk ABcTpanmiickas, Kamckas w AHTapKTHUeckas o0iacté (iIopsl,
Bxoasmue B rpymnmy l[omantapkrudyeckort ¢iopsl [3, 16] (Pucynok). Takum oOpa3oMm, Hayanu
(dopmMupoBaTbCS 6 OCHOBHBIX PErMOHOB (IOPHI, CYILIECTBYIOLINX B COBPEMEHHOM MHpE.

B. B. Anexun u np. [3] cunrasim KaBka3 mpunamiexamieii k EBpasuiickoil momoOnacTtu
lonmapkruku, a I1. M. XKykoBckuii [16] — k otnenbHoi KaBkasckoi nogo6nactu. A. 1. Tonmaues
[30] u C. A. OsecHoB [25] paszgenun ¢uopy 3eminum Ha 6 QuopucTHYecKuX obnactedl u
34 cyOnpounumu: ['onapkruc-I'onapkrudeckyro (9 cyonpoBunimii), [Taneorponno-Ilaneorponnyto
(12 cybnpoBunumit), Heorponno-Heorponnyo (5 cyOnposunumii), Kanencuc-Kanckckyro
(1 cybnpoBunus),  ABcTpanug-ABcTpanuiickytro (3 cyOmpoBuHIMH) U AHTapKTHIa
(4 cyonpoBunmn). Onu otHecnu KaBkas, Britouas AsepOaiimkan, k HWpano-Typanckoit
cyorpoBuHIMK [onapkTuyeckoit 06aacTu Gropsl.

Ecnu npuHSTh BO BHUMaHHE TaKCOHOMHUYECKOe pazHoobOpasue ¢uopsl KaBkaza (cBeime 6000
BUJIOB), OOraTcTBO PHJIEMUYHBIX, PEIMKTOBBIX POIOB M BUAOB, peibed, KIUMar, mo4By, reorpado-
re0JIOTMYECKYIO YHHUKAQJIBHOCTB, 1eJ1ec000pa3Ho PacTUTEIBHOCTD I'onmapxtuyeckoi
¢dopuctuyeckoit obmactu nmo npemnoxenuto 1. M. XKykoBckoro paccMmarpuBaTh Kak OTIENbHYIO
1o700J1acTh KaBKa3CKOM (IIOpHL,.

B naneouenoBsIii 1 3011eHOBBIN dTanb! 111 nmepruona xaitHo30MCcKoOM 3pbl KJIMMAT ObUT TEIUIBIM U
BIaXHbIM. B atoT mepuon Bo duiope Ilontassl mpeoOnagany MperMYIIECTBEHHO BEUHO3EICHbBIE
pacrenus. C HayajoM OJMIOLIEHOBOIO JTala TPETUYHOIO IEPUOJa BEUHO3EJIEHAs IOJITABCKas
¢iopa cMeHMIIach JIMCTONAIHOM Typraiickoit (iopoit. ToT nmporiecc Hadascs U3 EBponsl U momen
Ha ceBep. B Tom wumcne oxsarbiBaio CpenuzemHoe mope u Kaskaz. Bo d¢umope Typras
nomuaUpoBanu Fagus L., Ulmus L., Betula L., Quercus L., Juglans L., Pterocarya Kunth, Acer L.,
Vitis L., Zelkova Spach u ap.
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B cepenune ommrorena Typraiickas ¢uopa pacmnpocTpaHuiach ot Asuu 10 SmoHWH, OT
Caxaimuna no Kaszaxcrana, Ypama, B EBpone go Illortnanauu, AHIIIMU U 3amojOHWIA apeajibl
XBOWHBIX 1Opod. B cBsa3u ¢ onenenennem B xoHue Il m mayana IV nepuopna, apeansl Typraickou
(I1opBI, MHPOKO PaCIpOCTPaHEHHON B OJMIOIeHOBOM mepuoae B Empome, Asum, na KaBkase, a
TaKXe Ha TEPPUTOPUHU COBPEMEHHOTO A3epOaiikaHa Hauaau cokpamarscs [ 15, 17, 20, 28].

B npouwiom oyeHb 60MbIION, a CO BpeMEHEM YMEHbBIIEHHBIM apean CUUTACTCS PEIUKTOBBIM
apeajyioM, a caMm BHJl — PEIIUKTOM. PeuKTOBBIN (Jat. relictum — OCTAaTOK) — BUIBI PACTEHUHN WIN
KUBOTHBIX, KOTOpPbIE OBLIM IIMPOKO PACIPOCTPAHEHBI B MPOILIOM, HO CE€HYac COXPaHWIUCH JIUIIb
Ha HEeOOJIBIIION TEPPUTOPHUH, TIPOAOIIKASI CyIleCTBOBaHuUE [3].

Tepmun «PenukT» BriepBble ObUI BBEJACH B HAYYHYIO JHTEpaTypy B 1875 romy Hemenkum
reorpadom u anrpomnosnorom Ockapom @epaunangom Ilemenem [35].

N3-3a orpannumBaronmx apean ¢akTopoB (Kammar, 30aduT), BUAOB JIPYTHX PACTCHHU,
reorpao-reoJoru4eckoil (ropHsie, JOJMHHbBIE, CKAJIbHBIE, BOAOEMbI) TUHAMUKNA U MU3MEHYUBOCTH,
IPAHMIIBI APEAJIOB PACIPOCTPAHEHHUS BUJIOB PACTEHUN B HCTOPUYECKU I'€OJIOTMYECKUE NTEPUObI HE
Obun ycTOMUMBHIMH. B nanmpHeieM BechbMa CEpbEe3HOE BIHMSHHE HAa PACTHTEIbHBIC apeasl,
0COOEHHO Ha rPpaHUILy JIECOB, OKa3aJId U AaHTPOIIOTEHHBIE (DaKTOPBHI.

N3yuenue, 3amura, yCTOMYMBOE HCIIONB30BAHUE U COXPAHEHUE PEIMKTOBBIX PACTEHUU B
Pa3IMYHBIX acleKTax s OyIylIuX MOKOJIEHUH Bceraa ObUIM B IIEHTPE BHUMaHUsA OOTAaHUKOB BCErO
mupa. C. B. CakcoHOB M JApyrue. aHalIM3UpPys HCCIIEAOBAaHUSA, NPOBEJIEHHBIE C PEITUKTOBBIMU
pacTeHusIMH, OOHAapy)XKeHHbIMH B [IOBOIDKBE, MPUILIM K BBIBOLY, YTO HAPSAY C HCTOPUYECKUM
dbopmupoBaHueM (QIOpbl MECTHOCTH I€1€CO00pa3HO H3y4aTh dSKOJIOro-reorpaguueckue u
OMOPKOJIOTUYE