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Annomayusn. llpyu wuCCIEIOBAaHUM ACUMIITOTHYECKOTO TIOBEICHUS PEIICHUNH CHHTYISPHO
BO3MYIIICHHBIX YPAaBHEHUW C aHATUTUYECKUMHU (YHKIUSIMH TPUMEHSIOTCS Pa3InYHbIE METOIBI.
OcHoBHasl 11eTb HacTosmeld paboThl, MPOBECTH KOMIUIEKCHBIA aHANIU3 MPUMEHSEMBIX METOAOB U
pa3nenuTh UMxX 1o rpynnam. [ peanus3anuy MOCTABICHHOW LEIM PacCMATPUBAETCSA CKAJSIPHOE,
HEJIMHEMHOE YpaBHEHUE MEPBOro MOPSIAKA C HAYAIbHBIM YCIOBUEM. YPABHEHHE PACCMATPUBACTCS B
HEKOTOPOM Kpyre, KOMIIEKCHOM IUIOCKOCTH HE3aBUCUMOM MEPEMEHHOW M JAEHCTBUTEIbHAS YacCTh
byHkn — KodGGUIUEHT, TpH JUHEWHON HEU3BECTHOM (YHKIIMM MEHSEeT CBOW 3HAK C
OTPULATENBHOTO Ha MOJIOKUTEIBHBIA HA YaCTH OTPE3Ka JAEHCTBUTEIBHOW OCH, COIAEPIKALIErocs B
Kpyre. BBoguTcsi moHsTHE 00J1aCTH MPUTSHKEHUS PEIICHHS] CUHTYSPHO BO3MYIIEHHOTO YPaBHEHUSI
K pEHICHUI0 HEeJIMHEHHOTo ypaBHEHUs (BBIPOXKJICHHOTO YypaBHeHwus). I[locraBnena 3amaua
JI0Ka3aTeIbCTBA CYIIECTBOBAHUSA OONACTH NPUTSHKEHHs. B mporecce pelieHus MOCTaBICHHON
3a71a4y NMPUMEHSEMbIE METObI PA3AEIIEHBI HA TPU TPYIIIIBIL.

Abstract. When studying the asymptotic behavior of solutions to singularly perturbed
equations with analytic functions, various methods are used. The main goal of this work is to
conduct a comprehensive analysis of the methods used and divide them into groups. To achieve this
goal, a scalar, nonlinear first-order equation with an initial condition is considered. The equation is
considered in a certain circle, the complex plane of the independent variable, and the real part of the
function — the coefficient, for a linear unknown function, changes its sign from negative to positive
on part of the segment of the real axis contained in the circle. The concept of the domain of
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attraction of the solution of a singularly perturbed equation to the solution of a nonlinear equation
(degenerate equation) is introduced. The task is set to prove the existence of a region of attraction.
In the process of solving the problem, the methods used are divided into three groups.

Knrouegvie cnosa: CUHTYISIpHO BO3MYILEHHBIE YpPaBHEHMs, aCHUMIITOTMUYECKOE IIOBEJIEHUE,
KOMITJICKCHBIA ~ aHANlM3, JIMHUU YPOBHS, O0O0JAcTh NPHUTSHKCHHS, METOA IOCIEI0BaTeIbHBIX
npuOIMKEeHUH, METO/T CTallMOHapHOI (a3bl, MeTox Jlamnaca.

Keywords: singularly perturbed equations, asymptotic behavior, complex analysis, level lines,
region of attraction, method of successive approximations, stationary phase method, Laplace
method.

[Ipn uccnenoBaHUM ACHUMITOTHYECKOTO TOBEICHHS PEIICHUN CHUHTYISIPHO BO3MYLICHHBIX
OOBIKHOBEHHBIX AU (epeHIINaNbHbIX YPaBHCHUM WCIOIB3YIOTCS pa3iMuHble MeTombl [1-5],
CHHTYIISIPHO BO3MYILIEHHBIC YPAaBHEHUS C aHAIMTHYECKUMHU (QYHKIIUSIMH UCCIIETIOBaHbI B [6—8].

OcHOBHasl 11€J1b HACTOSAIIEH pabOThl, IPOBECTU KOMILJIEKCHBINM aHaJIN3 IPUMEHSEMbIX METOJ0B
B TCOPUHU CUHTYISIPHO BO3MYILEHHBIX ypaBHEHUN ¢ aHANUTUYECKUMU QYHKIMSIMH U Pa3AeIUTh UX
no rpynnam. Iy peanusamnuu e U JUist IPOCTOTHI U3JI0KEHUS PACCMOTPUM YpaBHEHUE

ex'(t,e) = 2(t + Dx(t, &) + (1 + x2(¢,€)) (1)

C HaYJIbHBIM yCJIOBUEM
x(to, €) = x° @)

rne 0 < € — MaJblil BeECTBEHHBIN MapameTp;

to,oteD ={teC,|t| <1y€R}, C,R— MHOXKECTBA KOMILICKCHBIX U BEIIECTBCHHBIX YHMCEIL;

i=+—1, t=t, +it, t;,t, — neiicTBUTEbHbIC IepeMeHHbIe, X(t,€) — HEH3BECTHAS
ckaysipHas GyHKIus, Oymem cuurtarh ty << —1.

3aoaua: VccnenoBath acuMnrtoTuyeckoe nosenenue pemienus (1)—(2) B odmactu D.

Ecmn B (1) monoxuts € = 0, TO MOIy4yuM HEBO3MYIICHHOE ypaBHeHHE. HeBo3mylieHHOE
ypaBHeHue, coorBercTBytotee (1), umeer pemrenue ¢ (t) = 0.

B [8] BBeneHO moHsITHE 0071aCTh MPUTSHKEHUS.

Onpeodenenue 1. Eciu cymectByer obmacte Dy € D u  x(t, &) pemenne 3amaun (1)—(2)
omnpeneneHHoe B D U BBINOIHAETCS COOTHOLICHHUE

Vt e Dy(x(t,e) » é(t) =0mo g),

T0 D, Ha3BIBAETCS OOIACTHIO MPUTSHKEHUS penieHus x(t, €) k perrenuio & (t) = 0.

Takum 00pa3oM, OCHOBHAs 3a/laua 3aKJIIOYaeTCs B JOKA3aTelIbCTBE CYIIECTBOBAHUS OOIACTH
MPUTSHKEHUS.

3amauy (1)—(2) 3ameHum crenyromuM (s y1oOCcTBa apryMeHThl HEU3BECTHOW (DYHKIIHMH
OyzieM OIycKarh)

X = xoexpw+f;(1+x2) expwdr, €)

& &

e F(t) = (t +i)2.
HccnenoBanne acCUMOTOTUYECKOTO IMOBEACHUSI pEIIeHUs ypaBHEHUs (3) pa3ienumM Ha 4acTu:
1. Teomerpuueckue MOCTPOEHUS U BBIOOp MyTel MHTETPUPOBAHUS. 2. AHATUTHYECKAS.

T'eomempuueckue nocmpoenus u 6blOOp Nymeu UHMeEZPUPOBAHUSL
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B naHHO# 4acTu, ¢ MCIONB30BaHUEM JHHUK ypoBHEH (ynkumii ReF (t), JmF (t), npoBeaem
reOMETPUUYECKUE TIOCTPOCHHUS.
Onpeoenenue 2. MHOXeCTBa
(p) ={teD, ReF(t) = p — const},
(@) ={teD, JmF(t) = p — const},
COOTBETCTBCHHO HA3bIBAIOTCS JIMHUK YpoBHs GyHKkuuit ReF (t), JmF (t).
®Oyukuus F(t) He umeer ocobennocreii B obnactu D. Takum 00pa3oM 001acTh D HOIHOCTHIO
3aII0JTHSICTCS, B3AMMHO OPTOTOHAIBHBIMU, TIHHUSAMHU ypoBHS (yHKImi ReF (t), JmF (t) [9-10]. Qs
HAIISTHOTO MPECTABICHHS PACIIONOXKEHHUS JINHUM YPOBHEH PaCCMOTPUM JIMHUH YPOBHS
(po) = {t €D, ReF(t) = 0},
(q0) ={teD, JmF(t) = 0}.
JIunnu (pgy), (qo) passersasrores B Touke (0; —1) (Pucynok 1).

t;

(qo1)

(gq,)

_
%)

Pucynok 1. Passersistormecs iuaun ypoBHs (pg), (qp) ¥ UX BETBH

Betsu (po), (qo) 0603Ha1MM (pOj): (qu) U=12).
JIunnu (pg), (qo) o6macts D pasnensier Ha yeThipe cekropa (Pucynok 2, 3).

Lt,‘

[ 1
‘Qll
\ / ;
.
1
-1
L Qa4 021
Ny, 1 Q45 o |
23 2
013
Pucynok 2. Cexropa Q4 (kK = 1,2,3,4) Pucynoxk 3. Cexropa (O, (k = 1,2,3,4).
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HeTpyaHo poBEPUTH COOTHOILEHHSI
ViteQ;UQ3 (ReF(t) <0), ViteQy;UQys (IMF(t) = 0),

Vte .012 U.Ql4 (REF(t) = 0), Vte ‘QZZ U924 (JmF(t) < 0)
ITpu 3TOM paBeHCTBa UMEET MECTO TOJBKO Ha TPaHUIAX CeKTopoB. Jlunuu yposus (p), (q)

(p # 0,q # 0) sBusrorcst runepoosamu (Pucyrok 4, 5).

/ |\
t ."I' |4l R
/
2 / / t \
/ |\
/|
/1 { )\
\ y A | by
§r ! ’
g /| V' X ’
/ | | \ ’
\ /] \ \ ’
S ] \ \ -~
(V4 | lL ) g
7,<i+f7. “ -
% 2 TIT G > t
—_ / \ g S~
- ¥ | s
- AN | . -~
- e SYRY lI ’ — e
e e ¥ . —_—
- \J, —

e — N S — ——
— ——— . 1N~ e
- o — ,ﬁ N —

s T \ R g -
~— ~o7 | [ N e
G ;{ ‘ | r/\
~ 27\
. \ J N
X\ [ XK
\ \ | /N
F BB ¥ \ / \
’ \ \ | \
4 \ /
’ \ \ |/ .
, \ |/ N
\ \ f /

\ f /

\ f

\
J

\ l f

'I J /

I\ " /

Pucynok 5. Jlunuu (q)

Pucynok 4. Jluauu (p)

1
Bosbmem npsimyio t, = — (t; — to).
0
Dta npsMas npoxoaut uepes Touku (ty; 0), (0; —1). YacTh npsMoil COEAMHSIONIAs 3TH TOYKU
obosznaunm (K;) . Yacre mpsmoit {t; —t, —1 = 0} coemuustomas touku (0; —1) , (1; 0)

o603naunm (K,). O6nacts orpanndennsiii (K;), (K,) u npoMexyTKoM [tg, 1] nefictBurensHO# ocu

o6o3nauum D, (PucyHok 6).
t;

(K1)

Pucynok 6. Obnacts Dy.

Henenne obmactu Dy. Dy pa3aenuM UCXOAS U3 CICAYIOMUX COOOpaXeHUH: Kak U B TEOPUH
CUHTYIISIPHO BO3MYILIEHHBIX YpPaBHEHHMH, B OKPECTHOCTHM Ha4yaJbHOTO 3HAa4YeHUS tp , JOJDKHA
MOSIBUTHCSI TIOTpaHnyHasi oonacth [1-4]; Touka t = —i, Touka moBopota [11], ciaemoBarenpHO, TIO
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Mepe MPHOIMKCHHS t K OTOW TOYKE MEHSETCS aCHMIITOTHYECKOE MoBereHue pemieHus Xx(t,€).
Takum 00pa3oM, HAJIO ONIPEICITUTh OKPECTHOCTH TOUCK to U (—1).

Ompenenum  npsmyro {t, = t; —ty + €lne} . Dra npsmas ¢ mpsmoit t, = ti(tl —ty)
0

1

t .
MepeceKaeTcsi B TOUKE (to + ﬁelns, T elns), a JICUCTBUTEIBHYIO OCh MEPECEKAeT B TOYKE

] ]
(t, — €lng, 0).
JHanee omnpenenuM npsiMbie
(Pl)={t1_t2—1+\/5}=0,(172)={t1_t2_1+q}=0,
) ={ti+t;+1-Ve}=0,(p) ={t1 +t, +1-q} =0.
Omnpenenum touku B (j = 1, ..., 13) (Pucynok 7).
x

Pucynok 7. Touku B; (j = 1, ..., 13).

Tpeyronbhuk ¢ Bepimmnamu (B, B, B3) 0603HaunM Dy ; ueTbipexyroabHuku (B, B3 BgB,) — Dy;
(B4BsBgB1g) — D3; (BsBgB7Bg) — Dy (BoByoB11B12) — Ds; (BoB12B13B7) — De.
Takum o6pazom D;, Ds okpecTHOCTH Touek ty u (0; —1).

()

Pucynok 8. O6nactu D; (j = 1, ..., 6)

TCHCpB OIMPEACIIUM ITYTU UHTCTPHUPOBAHUA, KOTOPBIC OIIPCACITIAIOTCSA cne,uylomeﬁ JIEMMOIA.
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Jlemma. Tlycte F(t) € Q(D) (D — oAHOCBs3HAs, OTpPaHUYEHHAs, OTKpHITas OOJIACTb,
cymecTByeT MHOKeCTBO {[(ty,t),l(ty, t) — mamkas win KycouHo-Tinaakas auHus JXopmana}, rme
[(ty,t) — myTh coemmustornas Touku to,t € D. Ecmm VI (to,t) € {I(ty,t)} dyukuus ReF(t) ue

Bo3pacraer, To unterpan |J(to,t,&)| = | ftt exp@ddorpaﬂnqeli no muoxectBy {I(to,t)}
0

npu € = 0.

Hokazamenscmeo. Iyctb L(tg, t) € {I(ty, t)} u ona cocrouT U3 wacreii ly; (to, ©), loo (£, t).

IIycts VT € Ly (to, ) (ReF (1) = const) u Vt € ly,(t,t) (ReF (1) — yobiBaer).

ITo ycnosuro F(t) € Q(D), torma ReF(t) — rapmonumueckas ¢ynkiws. M3BectHo [6],
rapMOHMYECKUE (PYHKIMH, CBOM 3aJaHHbIE 3HAYEHUS IPMHUMAIOT HA HEKOTOPHIX JIMHHUAX U TAKMMH
JIMHUSIMU SBJIAIOTCS JIMHUM YPOBHS TADMOHUYECKUX (DYHKIHH.

Nmeem
F(t)—F(t F(t)—F(t
|7(to, t, )| < exp%dr + exp()—()dr <
lo1(to,D) lo2(E)
ReF(t ReF(t) — ReF (T
< exp O |dt| + j exp O - ( )Idrl.
lo1(to,D) lo2(E,0)

ITo ycnoButo ly; u ly, mankue KopmanoBel juHuu [10; 12] ¥ uUX ypaBHEHHsS MOXXHO
npencraBute  napamerpudecku T = T(s), @y < s < B1(lp1), T =71(0), a0, <0 < B, , npuiem
dt = 1'(s)ds, dt = 1'(0)do (|t'(s)|, T'(0) — orpanunyensnl); Re F(t) — const Ha ly; u yObIBaeT
Ha ly, u Re F(t,) = 0, rorna Re F(t) < 0, Re F(t) — Re F(1) < 0.

W3 cka3aHHOTO BBITEKAET orpanndeHHocTs |I(ty, t, €)].

1. Ecu t e D; UD, UD3 UDs, To myrh cocrout usz vactu: (Kp) [to,t], yactu npsmoit
PH)={t;—t,—1+§=0,0<G<1-ty}[tt]

2. Ecmu t € Dy U Dy, T0 myTh coctouT u3 vactu: (K;) [to, (0; —1)], wactu (K,) [(0; —1),1],
yactu npsamoit (Py) = {t; + t, + 1-§, = 0,ve < g, < 2} [£,t].

1. 3amerum kpuBbie (K;) u (K,) ¥ TyTH HWHTEIPUPOBAHHS BBIOPAHbI HCXOAS U3
PAacCIoNOKEHNH TMHUK YpoBHEH GyHkuuu Re F(t).

2. HeTpyaHO MpOBEPHTSH, 10 BEIOpaHHBIM MyTsiM Re F (t) He Bo3pacTaer.

Ananumuueckasn yacmo
B nmanHoOIf yacTu HccienyeM acHMMIITOTUYECKOe MoBeneHue pemieHus ypaBHeHus (3) B Dy. K
(3) mpuMeHHM MeETOJ TMOCIIEAOBATENbHBIX MPUOTMKEHUN, KOTOpBIE OIMpPENeInM CIEAYIOUIM
o0Opazom

. F(® - Fto) , f FO-F@ @)

Xm = x%exp (1+x2_))exp
to

Xo=0m=1,2, ...

CornacHo BLI6paHHBIX l'[yTefI HHTCTPUPOBAHUA OLCHUM ITOCIICAOBATCIIBHLIC HpI/I6J'II/I)KCHI/I$I

4.
CHauana paccmorpum cayvaii 1.t € Dy UD, U D3 U Ds.
OuenuM nepBoe npubmmwkenue. Mmeem
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_ : _ (s)
X, = xoexp—F(t) SF(tO) + fexp—F(t) . F@ dr =
to
t t
o F(® = F(t) F(8) — F(7) F(t) — F(7)
—xoexpf+ t{ expfdr+ tf expfdt
(K1) (1)

1.1. llycts t € Dy U D,. Torna us (5) nonyyum
- .2

t1 l 2
Ft)-(1+—) ;
F(t) —F(t t 1 i
X = xoexpw+ f exp ( O) (1 + —> dr, +
€ € to
to
(PO =@ +iE+ D)
t)—(t1+i(r1+q
+ f exp ! - G (1 +i)dry.
t1
Orcroza, epexois K MOLYIIHO HOIYYUM
N e (Pl O (1 - l) % ©)
o = +1D2—t5+1 v tg) !
lxq]| < |x°] exp . +0(1) f exp - drt, +
to

tZ — (ty + D*+ G211, + ) 4
&

Tq.

ty
+0(1) j exp
ty

B (6) mepBsiii unTerpan o6osxaunm J; (ty,t,€) 1 K HEMy MPUMEHHM HHTETPUPOBAHHE IO
JacTam

b tf—(t2+1)2—(1—tl2)rf

jl(tOJ El: 8) = j exp c 0 d’[l =
to
b -+ 02— (1-)d
£ f 1 d to
= — —dex =
t2to
1\.
2 _ 2 (1 _1\=
I E A (1-2)% 1 ¢ @enr-gen
1— 1 )2t exp € 2t, exp €
2
to
" b | -G+ 1)? (1 — tlz) 72
+= | —exp 0 dt
2) 12 € !
to

Io BeIGpanHbIM yTsiM ReF (t) = t? — (t, + 1)? He Bo3pacTaer, Toraa

1
tf—(t2+1)2—<1—t—2)rf
0

exp
€

orpanuueHa npu to < 7; < £ < 1 — q u (1 — q) — He 3aBucAr ot €. Takum 06pazom
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J,(to, t1,€) < 0(e),t € Dy U D,.

Bropoii unterpan, o6osnauas J, (&, t;, €) momyuum

ti — (2 +1D*+q@2t +3) exp ti — (2 + D>+ q28H +9)

. &
~7 t;t; ==
2 (1, t1,€) 7 exp c c

Orcrona yunTsiBas
t7 — (2 + 1? + 42t + ) = 0,
tZ — (L, +1D?*+§REH+§) <0
HOJTYYUM

7,(E,, t1,€) < O (%) %)

Jlia pacemarpuBaemoro ciiydast ¢ < § < 1 —ty, 0 K g < 1, rorna
J,(,t1,€8) < 0(e),t € Dy U D,.

t2—(t,+1)>-té+1
&
®ynxuus (t2 — (t, + 1)?) rapmonnueckas, yobiaeT Ha rpanuie Dy ot ty 10 (t, — elne; 0),
Torna 5ta pyHKIMsS HauOoIblee 3HaUeHUE MPUHUMAET B Touke (ty; 0), a HauMeHblee 3HaUeHUE B
touke (t, — €lne; 0).

Paccmotpum exp

2 242
VYuuTbiBas ckazaHHoe monyunM explne(—2t, + elne) < exp M
ti—(t,+1)2—ti+1
exp 1= (& s) 0 = 0(e™),neN,t e D,.

Ha ocnoBe IMPOBCACHHBIX OLICHOK MOJYYUM

< 1,tED1;

1, te Dl, (8)
<
x| < My {e,t €D,.
1.2. Ilyctb t € D3 U Ds. [ns storo ciydas st (6), TpoBeAeM COOTBECTBYIOIINE BBIYMCICHUS.
Cuavana paccmorpuM t € Ds. B atom ciydae, npu orieHke uuTerpana J; (to, t, €), BOCIOIb3yeMCs
meronom Jlammaca [10, 13, 14]. O6GocHyem mnpumenuMocts Merona Jlammaca. Paccmorpum

(YHKITHIO

1 1 - t
o(t) = —(1 —t—z)rf @' (t) = —2(1 —t—z)rl >0 npu ty <1, <1, S\/El Ot (to <
0 0 —to
—1), T.e.tE D3.
~ t
Takum 06pazom @ (T,) CBOEro HanHOOIBIIEro 3HAYEHUS TOCTUTAET B TOUKE Ty = &7 < fto.
—to

Torna ms J; (to, £1, €) crpaBenaMBa aCAMITOTHYECKAS OIIEHKA

1\.
tf—(t2+1)2—(1—g)tf 1
€ —2 (1 —~ 12) £
tO
®ynxmus (62 — (t, + 1)2)  He Bo3pacTaeT, 1O BLIOPAHHBIM MYyTAM WMHTErPHPOBAHUS,

CJI€O0BAaTCIIbHO

J,(to, t1,€) < exp

Vet

1—¢,

1)\. .
tf—(t2+1)2—<1—t—2>tfso,t1s
0
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Vuuteias 510, nonyuum J; (to, 1, &) < 0(\/5), ty <t; < fto

_to'
Dta oueHka BepHa [yt rpanuisl (B,B; o) obnactu Ds.
IIpu ouenke unterpana J,(,, t;, €) momyuaercs onenka, anajgorundnas ouenke (7). Tonbko B
aToM citydae Ve < § < q.
TOFI[a :]2 (Eli tl’ 8) < O(\/E)
t2—(t,+1)%-t2+1
1ot ¥ )7 to 4 0(¢™),neN,teDs.

HO,I[BG,I[S[ HTOI, IIOJIYYHUM OLICHKY

Takxe exp

|x;] < MjVe, t € Dy )

Ecnu t € Dg, 10 ¥ I (ty, t1,€) npumenum meron Jlamnaca. Toabko B 3ToM ciydae @' (7,) = 0
mpnzy = 0" (0) = -2 (1) < 0.
0

s 7, (to, 1, €) CIIpaBeIJIMBa aCUMITTOTHYECKAS OLIEHKa

1
. 2_ 2 2 2
I, (ty, t1,€) = exp G A [ ad

£ 4(t2-1)

Ipu t € Ds pyukuus (t2 — (t, + 1)?) cBoero HauGONbIIErO 3HAYEHUS IPUHUMAET B TOUKE
Vetg Ve 1+ tg

Bio (— ; =1+ ) Y 3TO 3HAYCHHE PABHO € ——.
1-to 1-to 1-t,

t2-(t,+1)? 1+t
Taxum o0Opaszom Vt € De (exp % < exp 1—t°)
—to
Ha ocHOBe NpOBEJICHHBIX OLeHOK noyanm J; (to, £y, &) < MyVe, t € Ds.
tf-(t+1)?+42r1+d) _ 1)
. <1).

Hanee, npu onenke yurem Vt € Dy (exp

TOFIla jZ(Ell tl! 8) < tl - El < MO\/E
Hroro, umeem

lel < Ml\/E,tEDS (10)
Ha ocnoge (8), (9), (10) umeem
1,t € Dy; (11)

|| < M;{&t €Dy
Ve, t € D3 U Ds.

Jlia paccMmarpuBaeMoro ciydas OLEHHM Mocienyromue npuommkeHus. lpumenss meron
UHIYKIIMH U IPOBEZS COOTBETCTBYIOIINE BBIUNCICHMS], TOJIyYUM OLIEHKY

1,t€Dy; (12)
x| < My 4 &L €Dy;
Ve,t e D3 UDs, My < M,,

m=1,2,...

Jlis moKaszarenbcTBa CXOAMMOCTH TOCIENOBATEIbHBIX MPHUOMMKEHUH TOCTAaTOYHO OIIEHUTH
|xm - xm—ll [12].

Takue onleHKH MPOBEAEHHI B [6, 7].

CrpaBennuBa OlleHKa

|xm - xm_1| S (M3S)m_1,m = 2, 3, ,t ED]_ U Dz V) D3 U DS' (13)
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N3 (13) BbITekaeT paBHOMEPHAs CXOAUMOCTh {X,,} K Koropoil ¢dyHkumu x(t, &), KOTOpas
apinsierca pemenueM (3). Ecnu yaects (10), 11 3TOro pemeHus crpaBeyinBa OLeHKa

1,t € Dy; (14)

|x(t,&)] < M;{ &t €Dy
Ve, t € D3 U Ds,

Ecmu x(t,e) — pemenne (1)-(2) paccmorpers Bmoab (K;) or Touku t, mo (0; —1), To
cornacHo (14), B touke (0; —1) ms x(t, €) cupaBemnBa

lx(—=i,&)| = |x9] < M+/e. (15)

Takum o6pazom, ¢ yaeroM (15), pemenue ypaBaeHus (1) MOXKHO NMPEICTaBUTh B BUJIE

‘ _ (16)
x(t, &) = xfexp@ + f(l + x2(1,€)) expwdr

e F(t) =2 f_tl.(r + i)dt = (t + i)?. (16) Gynem paccmarpusarh 115 t € Dy U Dg.

I[Tyts uaTErpUpoBanue cocTout u3 yactu: (K,) [(0; —1), t], npamoii

(P2) :{t1 +t,+1-G, =0, Ve< g < 2} [£, t].

K (16) npumenuM MeTOA IOCIENOBATENbHBIX MPUONMKEHUI, KOTOpBIE OIPEAETUM
clenyronmM oopazom

F, AOEAGH (17

)

Xm = Xexp
£

t
() + f(l + x2,_,) exp

i
Xo=0m=1,2,...

Kak 1 B mpeaplaymux ciaydasx HpOBEIEM OICHKY U JIOKQKEM PaBHOMEPHYIO CXOIUMOCTH
(17). Cuavana (17) paccmorpum Ha rpanuiie (K,) obmactu Dg U Dg.

Onenum nepBoe npudnmkenue. Mimeem

t ~
F(t) f exp F(t) ; F(7) dr

x; = xVexp——=+
£

(18)

—i
(K2)

B (18), x uHTerpamy, KoTopblii 00603HaumM J,(—i,, £), IPUMEHHM METO CTALMOHAPHOM
dazw1 [10, 13].

F(t) = =2it;(t, + 1) = =2i(t, + 1)2.

Onpenenum pyrknuo @q(t,) = —272,

@1(1,) ipu 0 < 7; < t? B Touke T; = 0 MMeeT cTaMoHapHYIO Touky U @1 (7;) = —4 < 0.
Tornma
L F0-F® [ F@ -2
t) - F(z t) — 2it
jexpfdr = f expTl(l + i)dt, =
Zi 0

- expni) {u + Y exp (~i2) + 0(vE)}
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Taxum o6pasom |73, (—i, £, €)| < 0(Ve).
Ecmu yuects |x)| = 0(Ve), To

;| < Myve, t € (K,) (19)

Jltst x, umeeM |x,| < |xq| + 0(1) fofllxll2 dty, < Mye + Mye = Ve(My + Myve) < My/e,

My—M
TIpH ycIoBuH Ve < %
2

|x3| < |x1| +M22 < \/EMZ,

ecmn Ve < .
MZ

[Iponomxas npouecc, Noay4um
1% < VeM,, Vte (Ky), m=1,2, ... (20)
Jlajiee mpoOBENEM OLIEHKY |X,, — Xm—1| (M = 2,3, ...).
X, = x1] < 0(D) [, 12 dy < M,
s — %o] < OCD) [ 1%, — 24|16, + |y 1] dty < Mye - 2Myve,

t 2
|24 — x3] < 0(1) f01|x3 - x2|||x3| + |x2|| dt; < Mze - (ZMz\/E) .
Takxum oOpazom
-2
X — Xma| < Mge - (2MpE)" ,m=2,3, ...
[MonyueHHast OIEHKA MMOKa3bIBAET PABHOMEPHYIO CXOAMMOCTH {X,,} (Vt € (K3)), K HEKOTOpOi

byukuun x(t, €), koropast sBisercss pemienuem (16). Ecnu yuects (20), To At 9TOrO peHieHUs
CIpaBeIMBAa OLICHKA

|x(t, &)| < VeM,, t e (K,). (21)
Ha ocnose ouenku (21), ypaBHenue (16) MoxkeM 3aMEHUTD Ha CIIEAYIOIIEe

(22)

x(t, &) = xJexp

5 t
F) ~ Ft) ;F(tO) + f(l +x?) ex

pF(t);F(T)dT

to

e x(&y, &) = xg, IPHHUMAET 3HAYEHHs OT TOYKH Lo <§ +i (—1 + ?)) 10 (1;0),t e Dy U

De. (22) — ypaBHEHHE C HENPEPHIBHO MEHSIOIIMMCS HadanbHbIM yciaoBueM. K (22) nmpumeHum
METOJI OCIIeI0BATENbHBIX MPUOINKEHUH, KOTOPBIE ONPEAEISIOTCS KaK U B IPEABIAYIIUX CIIydasX.

CHauana mociefoBaresnbHble MpUOIKeHUs: oneHuM i t € Dg. B aTOM nOMUHHpYIOIUM

F()=F (&)
€

ABJIACTCS BBIPAXKEHUE Xoexp ¥ TIOJTy49aeTcsl OEeHKa |X,,| < M3/, t € Dg.

I[OKaSaTCJ'II)CTBO CXOAUMOCTH IMPOBOAUTCA KaK W B MNPCALIAYIINX CIy4dasaxX W CIpaBCIJIMBa
OIICHKa

lx(t,€)| < M3\, t € Dy. (23)

Ilycte teD, . Ilpu omeHke NOCIENOBATENBHBIX MNPUOMIKEHUH, Y4YTEM, UTO
F(t)-F(E t2—(tp+1)?
xQexp ()‘E )| _ %0 | exp 2 (£2+ )’

npuyeM tl2 — (t, + 12 < —\/Eq n 0 < g — He 3aBUCHT OT &.
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=0(e"),neN.

Jst x,,, (t, €) cupaBeminBa oneHka |x,,| < Mse, t € D,.
{x;n} (Vt € D,) paBHOMEPHO CXOTUTCS K HeKoTOpou GyHKImu X (t,€), KOTOpas SBISCTCSA
perieHueM (22) u cripaBeIiiuBa OIleHKa

Torna |xJexp w

|x(t, )| < Mze, t € D,. (24)
VYuuteiBas (14), (23), (24) nns pemenus 3aaa4u (1)-(2) moaydum oneHKy

1,t € Dy; (25)
|x(t,e)| < M{ &t €Dy UDy;
Ve, t € D3 UDs U Dy,

[Tony4eHHsbIi pe3yabTrar chopMyIHpyeM B BHJIE CICTYIOMICH TEOPEMbI

Teopema. Ilycth paccmarpuBaercst 3amada (1)-(2) mnsa t € D. Torma cymecTByeT 00JacTh
Dy = UJG-=1 D; ¢ D wu pewenue x(t, €) 3anauu (1)-(2), onpenenennoe B Dy U 11 STOIO PENIECHUS
CIpaBe/lInBa OleHKa (25).

3ameTuM, 4T0 00macTh D, COMEPKUT OTPE30K [ty; 1] medcTBUTENBHOM OCH W (YHKIHUS
Re(t + i) = t, Ha HTOM OTpE3KE, MEHSET CBOM 3HAK C OTPHIIATEILHOTO HA ITOJOKHUTEIBHOE.

Pewenue x(t, &) = 0 (V t €[ty; 1] mo ).

3axnmouenue

B nanHoit pabore, Ha OJHOM IPUMEPE CUHIYISPHO BO3MYLICHHBIX YpaBHEHMM, MOKa3aHO
KaKMe METOAbl INPUMEHSIIOTCS Ul HCCIEAOBAaHUS ACHUMIITOTHUYECKOTO IIOBEACHMS CHHIYISPHO
BO3MYILEHHBIX ypaBHEHHH. COBOKYNIHOCTb METOJOB MOXKHO pa3lJelUTh Ha CIEAYIoLue
COCTaBJIAIOLINE:

M 1. T'eomerpuueckue MOCTPOEHUS U BBIOOp IyTeH HHTETPUPOBAHUS, OCHOBaHHBIE Ha
CBOMCTBaX rapMOHUYECKUX (PYHKIIUH.

M 2. MoauduiiupoBaHHbIi METOJ MOCIEAOBATENbHBIX MPUOTMKEHNUN, KOTOPBIM BKIIOUAET B
cebe Mmocien0BaTeNbHYI0 3aMEHY Ha4aJlbHbIX YCIOBHMM Ha HEMPEPHIBHO MEHSIOIIMXCS HadyaJbHBIX
YCIIOBUH.

M 3. Meronsl: Jlartaca M cranmoHapHOM (as3bl, aCHMIOTOTHYECKOW OLIEHKH HHTErpajoB
coziepKaliux OOJBIIOH, MOJOXKUTENbHBIM NapameTp; Belepmrpacca, mocTpoeHue MaXXOpaHTHBIX
PAAOB, ISl JOKA3aTelbCTBA CXOAMMOCTH (DYHKIIMOHAJIBHBIX PS/IOB; UHIYKIIMH; HUHTETPUPOBAHUE 110
4acTsIM.

M 1. G;n30K K TONOJIOTHYECKUM MeToiaM, a M 2 u M 3- aHanuTu4yeckue.
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Annomayusn. B pabote mpuBeneHa ¢Gopmyna Ui HAXOXKACHUS CETOTHSIIHEH CTOMMOCTH
MOTOKa IUTAaTeXKeW, aHHyWTeTa. PacCMOTpeHO mpHMEHEHHe (OpPMYIbl CyMMBI OECKOHEYHO
yOBbIBaloOIIed TEOMETPUYECKOW TMPOrpeccud i  HAXOXKACHUS CETONHAIIHEH  CTOMMOCTH
OECKOHEUHOM pEeHThl. A TakKe TMPUBEIACHBI TOHATUS CXOAMMOCTH, PACXOAMUMOCTH PSIOB,
HE00X0TMMOE YCIIOBUE CXOAMMOCTH U MPU3HAK CPAaBHEHUSI.

Abstract. The paper provides a formula for finding the present value of the payments stream,
annuity. The application of the formula of the sum of an infinitely decreasing geometric progression
to find the present value of infinite annuity is considered. The concepts of convergence, divergence
of series, a necessary condition for convergence, and a sign of comparison are also given in this

paper.

Knrwouesvle cnoga: CTOMMOCTH IIIATEKEH, AHHYUTET, pAaCXOAMMOCTh DSAOB, IPHU3HAK
CpaBHEHUS.

Keywords: cost of payments, annuity, divergence of series, comparison sign.

B HACTOAIICEC BPEMA YMCHUEC ITPUMCHATE TCOPCTUUCCKUE 3HAHUSA ITPU PCIICHHUU IMTPAKTUICCKUX
3a/la4 CTAaHOBHUTCS pemaroiuM (akTopoM s W3y4YeHHs JTr000W NUCHUIUIMHBL. B wacTHOCTH,
UCXOJsl U3 MHOTOJIETHErO OIbITa MpernojaBaHusl OW3HEC MAaTeMaTHKU B SKOHOMHUYECKOM BY3e€,
aBTOpaM  MpEACTABIAECTCS  HEOOXOOUMBIM  IMPOJEMOHCTPUPOBATh  pEIICHHE  HEKOTOPBIX
SKOHOMHUYECKHX 3a]1a4 TIPU IMMOMOIIIM MaTeMaTHdeckoro amnmapara [ 1, 2].

Ecom MBI He cMOXkeM YIy4YIIUTh Mar€MaTu4C€CKOC 06p330BaHI/I€, YUUTBIBasA HOTpe6HOCTI/I
COBPEMEHHOTO MHPA U CTYJIEHTOB, Mbl HAaXOJMMCS B OMACHOCTU NPEBpAIICHUs] MaTEMAaTUKH BO BCE
0oiee «MEpTBBIN S3BIK» U OTUYKIEHHUS TPYII CTYACHTOB, MaTeMAaTUYECKUN TMOTEHIMA KOTOPBIX
OCTaHETCsl Hepa3BUTHIM |3, 4].

Bo mHOrux ClIydasix HWHBCCTHUIMOHHBIX ITPOCKTOB IIPOU3BOJACTBA BKJIIAABI BO3BpPALIAIOTCHA
OJIMHAKOBBIM MTOTOKOM IIJIaTEKEN MJIU APYTUM BUAOM BbIILIAaT. Ero Ha3bIBalOT «@aHHYUTETOMY. [5].
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Hampumep, MOXXHO TUIaTUTh (DUKCHPOBAHHYIO CYMMY JIJIsi TapaHTHPOBAHHBIX TEHCHOHHBIX
Boiuiar £14,000 B Teuenue S5 net. Eciin oMMHAKOBBIN MOTOK IJIATEKEW BO3BPAIIACTCA B TEUCHUE 7
JIET TI0 MPOIEHTHOM CTaBKe %, €ro CEroAHSIIHSS CTOUMOCTD:

PV =a(l+i) +a(l+i)” +o+a(l+i) "

M3BecTHO, YTO 3Ta MOCIEN0BaTEIbHOCTh COCTOUT M3 TeoMeTpudeckoil nporpeccun. s ee
BBIUUCIICHUS HE0053aTeIbHO BBIYUCIATh OT/IEIBHO KaX/10€ CcIaraeMoe 1 3aTeM CKJIaJbIBaTb. MOXKHO
BOCIIOJIb30BAaThCsl KOMIBIOTEpOM MM dopmynamu. CymniecTByIOT U 6eccpouHble aHHYUTETHI [6, 7].
Hanpumep, ecnu o Homunany £100 BeimaunBaroTes (GukCUpoBaHHbIe 6%, TO IeHeKHas cymMMa £6
Ha3bIBACTCS «BEUHOU» peHTOr. NPV Takoro aHHyurteTa 1o npoieHTHON CTaBKe i:

6 6 6
—t——— . ———
I+1 (1+1) (1+1i)

31ech n JIATCS OeckoHeuHO. Kanmplid ciemyrommii 4wieH yMEHbIIAeTcs, HO CyMMa 3TON
MOCIIEA0BATEIFHOCTH MPONOKaeT pacTH. CyMMy 3TOi OECKOHEUHOW IMOCIIEeJOBAaTEIEHOCTH YUCEI
HEJb3s1 BOOOpa3uTh 6e3 (hopMyITbl OECKOHEYHO YOBIBAIOIIEH r€OMETPUIECKOM MTPOTPECCHH.

CyMMy reoMeTpU4YeCcKOl MPOrPEeCcCUU MOYKHO BBIYUCIIATH MPU MOMOLIM KaibKymsitopa. s

0oJiee CI0KHBIX CJIY4acB IPpUXOAUTCA BBIBECTU Q)OpMyHy
CYMMa IICPBLIX 77 YJICHOB reOMeTpI/I‘leCKOﬁ IMpOrpeCcCcuun:

GP =a+ak+ak®+...+ak"" (1)

VYMHOKHUB KaXKI0€ ciaracMoe Ha k,
kGP, =ak +ak’® +...+ak"™" +ak"

3

BbruTeM (1)
GP =a+ak +ak®+...+ak"*

[Tomyuum
(k—1)GP, =-a+ak"
Orcrona
op _AFak _ —a(1-k") _ (-Da(1-k") _ a(1-k")
" k-1 k-1 (-1)(1-k) 1-k
Takum 06pa3zoM, GopMyiia CyMMbI T€OMETPUIECKOH TPOrPECCHH:
a(l-k"
p, 0]
1-k

B crenyromumx mpuMepax yBUAUM MPUMEHEHUS (POPMYIBI K IPOCTHIM MOCIEA0BATEIEHOCTSIM.
Ilpumep. Haitnure cymMy reOMEeTpUUECKON TPOTPECCUH, TIONB3YSICH (HOPMYIIOH.

15 45 135 405 1,215 3,645

Pewenue. 1o nporpeccusi u3 6 4IEHOB, KaXJbIH CIEAYIOUMN MOJYYEH U3 MPEAbIIYIIETO

YMHOXEHHMEM Ha 3, T. €. a=15 k=3 n=6
N3 popmynel cyMMbl T€OMETPUUECKON POTPECCUU MOTYHAEM:

1-k") 15(1-3° _ _
GPn:a(l ” )= ( > )=15(1 2729)=15( 228)=15x364:5,460

O603HaunM yepe3 R TOMOBBIE BHITUIATHI HA CPOK 7 JIET C TIPOLIEHTHOW CTAaBKOH i, TOT/Ia
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R R R
+ ot

PV =— >+ ... .
141 (1+1) (1+1i)
[IepBrlii 4iieH 3TOM MPOTrpEeCCUun
R
a:—_
1+1
3HaMCHAaTCJIb
k=1
1+1
Orcrona
R 1 1
— 11— — Ri1- \-N
a(l-k") 1+i (1 ] i)' | R{1-(1+i
oy ( ): +i ] (-1+|) _ [ ( )]
1-k -1 1+i-1 [
1+i

Taxum oOpa3om, /st aHHyHTETa:
R|1-(1+i)'|

PV =

N3 mkonpHOM MporpaMMbl U3BECTHA 3aJa4a CIEAYIOUIEro Tuma. JIArymka cuauT Ha JOLIEUKe
B LeHTpe OacceitHa. Pagumyc OGacceitna 10 M. 3a CKOIBKO MPBDKKOB JISTYIIKA JTIOCTUTHET Kpas
Oacceiina?

[Ipeanonaraercs, 94TO IpHU KaKAOM IPBDKKE JIATYIIKA IONAJAeT Ha Aomedky. [IpoineHHblit
JISATYIIKOM MYTh 3a 7 IPBIKKOB COCTOUT U3 FT€OMETPUUECKON TPOTPECCUU:

5+(0,5)5+(0,5) 5+...+:(0,5)" 5

[Ipu nocrarouHo OoJIbIIMX 7 3Ta CyMMa pacTeT, HO Hukorna He aocruraer 10 merpos. [Ipu
0eCKOHEUHO OOJIBIIOM YHCIe MPBIKKOB 001ee paccrosHue gocrturaer 10 merpos. Takum oOpazom,
MMEEM I'eOMETPUUECKUH psal. DTOT pax cxogures K 10.

I'eomeTprueckas mporpeccus MOKeT pacxoauThes. Harmpumep, nocinenoBareabHOCTb

40 60 90 135...

MOJKHO 3aMKcarh B BUJE T€OMETPUUECKOM Mporpeccuu

40 40(L5)  40(L5)" ... 40(15)"

Buano, 4TO KXl cleAylomuil wieH OoJblle NpeApiaymero. TakuMm oOpa3zom, Tpu
yBEJIMYEHHU YHCIIA ClIaraeMbIX cymma OeckoHedHo yBenauumBaercs. Cam nmocnennuii wien 40(1,5)"
O6eckoHe4HO BeJUK. CXOIMMOCTh MITH PACXOAUMOCTD psijia C TEOMETPUUECKOM MPorpeccuel 3aBUCUT
OT ee 3HaMeHarens k.

Ecnu [k[>1, T0 psig pacxonuTcs.

Ecnu |k|<1, TO psin cxomuTcs.

[IpyurHa wucnonb30BaHUs aOCOMIOTHOTO 3HAYEHHS B TOM, YTO 3HAMEHATENb MPOTPECCUU
MOKET OBITh U OTPHUIATEIHHBIM.

PaccmoTpuM (GopMyny BBIYHCIEHUS CYMMBI CXOMSIIEHCS TeOMETpHYECKOW MpOrpeccuu
(Hampumep, KaKk BEYHasi pEHTA):

o - a(1-k")
1-k

OTO MOXHO 3aIHCaTh:
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2
N B G 2)
1-k (1-k
Ecmm —1< k< 1, TO k" —0 [P N—00 , IOATOMY MPOIAJAAeT BTOPOM YIEH U CyMMa paBHA
Gp =2 3)
"o1-k

Tenepr mpumennm ¢dopmyny (2) k 3amade o Jsrymke. OOmiee pacCTosHUE MPHDKKOB

[e¢]

2.5(0.5)
n=0 .

B sroit reomeTpuueckoit mporpeccuu k=0,5 1 a=5. Cymma OECKOHEUHBIX CllaraeMbIX

a 5 b5 1
1-k 1-0,5 0,5 METpOB.

[Tonw3ysick 3TOM Qopmysnol, MoxHO Haiitu PV s BeuHoro anHyurtera. OTO OOBACHUT
CIeIYIOLIUI TPUMED.

Ilpumep. Bxian Ha HEOrpaHUYEHHBIM CpOK cocTaBui £6 B roa. Ecinu mpu 3TOM nepBbIid
Iarex rnpousBenercs depe3 12 wmecdaueB, Haiaute PV 3toro annyurera. Ilpumem
MHBECTULIMOHHYIO IPOLEHTHYIO CTaBKY BKJaaa 3a 15%.

Pewenue.
6 6 6
= t—
115 115 115 , 31€Ch N—>00.
6 -1
a=1c 15 k| <1
B oaroil reomerpuueckon IHporpeccuu 15 y '~ . Tak kak , Iporpeccus
cxoautes. OTCroz1a, MOYKHO 3alMcaTh YIPOLEHHYIO ¢hopmyny s PV:
6
NPVZlak: - 6 1 :112 1:025=£40
- 1_7 - ! - 1
115 1,15(1 1115)

[IpeanonoxxuM, aHHYWUTET BBIIUIAYMBAET (% TOIOBBIX, HAauMHAas ¢ 12 MecsleB, CTOUMOCTb
KanuTana R. JIjis 3Toro aHHyurera:

PV =R(1+i) +R(1+i)” +...+ R(L+i)" 16Ch Nt

a=R(l+i)" k=(1+i)"

[IepBblit "ieH ATOM reOMETPUYECKON IPOrPEeECCUn U 3HaMEHaTellb

[TosToMmy, U3 GOpMyITbI OECKOHEYHO YOBIBAIOIIEH reOMETPUIECKON MPOTPECCHH:
oy @ _ R@+i)" _ R R R
1-k 1-(1+i)" (1+i)[1—(1+i)‘1} 1+i-1 i

Taxum 06pazoMm, hopmyrna juist BerauciaeHus PV s Be4HOW peHTHI:

pv =R

|
[Ipumenus 31y popmyny B mpumepe, Hailaem:
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PV = i =£40
0,15
Ora dopmyna obIeryaeT BIYUCICHUS.
Onpeoenenue. Boipaxenue

© “4)
Ya,=a+a,+..+a,..
n=1

a,,8,,85,...,8,,...

COCTaBJICHHOE U3 YICHOB YHMCJIOBOH IMOCIEI0BAaTCIILHOCTH
HAa3bIBACTCA YUCIIOBBIM PAIOM.

3necs 2118285,

a
n? Ha3bIBAIOTCS 4WIEHAMU psija, a " OoOmMM WieHoM psga. M3
ONPENEICHUS] BUIHO, YTO Pl ONPENEseTCs CYMMOM CUETHOIO YMCIa CIaraeMbIX, COCTABICHHBIX

10 OIIPEJIEIIEHHOMY IPaBUITY.

Cymmbi S,=a, S,=a,+4a,,.5,=a, +a, +...+an’
COCTABJICHHBIC M3 KOHCYHOI'0 YHCJIa IICPBBIX UYICHOB pPsiAdad, HA3bIBAIOTCA YaCTUYHBIMU
CyMMaMH 3TOI0 psaa.
VuuThiBasg CYCTHOCTL UYJICHOB paaa, MOXKHO BHUACTb, YTO CaMHM YaCTUYHBIC CYMMBbI

S;,S,,..05,,...
Lr=2aes =ttt coCTaBISAIOT YUCIOBYIO TTOCIIEIOBATEIBHOCTD.

Onpeoenenue. Eciu nociredosamenvHocmos yacmuynvix cymm {S,! umeem KoOHeuHvlll npeoei

0

/ims, =S 2.2,

n—se , Mo psio "L cxooumcs, a npeden S HA3vIBAEMC s CYMMOU psdd U 3ANUCHIBACMCS 6
> a, =S

guoe n=1 .

S
Onpeodenenue. Ecnu nociedoeamenbHocmy { ”} He obnadaem KOHeYHbIM npedeliom (npeoen
beckoneueHr unu He cyujecmayem), mo pso (3) Hazvieaemcs pacxooauumcs.

Hanpumep. Uccnenyire psan:

b+bq+bq? +...+bq"* +...= > bq"?, (b = 0)
n=1

Cymma nepBbIxX N ero unenos omnpexaensercs GopMymnou:
b+bq" b b .
1—q 1-g 1—q

n

JI1st CyMMBI 3TOTO psiia MPEABIAYIIHAE YTBEPKICHUSI 3aBUCIT HEMOCPEACTBEHHO OT (.

. b
o] <1 limg" =0 S:f'lﬂsnzl_
1) Eciu , T. K. N , IM€eM KOHEUYHBIM Ipenesn q9 Te pu
b
S=——
ol <1 1-q
psIL CXOAUTCS, @ €r0 CyMMa BBIUYUCIISETCS 10 (opmyIe .
/imlgin =0 imsS,
2) Ecin |q| >1, O4EBH/IHO, "—>°O|q| . IlosTromy npu G<-1 150 he CYLIECTBYET, IIPH
/imS, =
g>1 &5 , 1 Pl paCXOIUTCSI.
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_ _ —h. /imS. =
3) Eciu q—l’ nMeeT Sy BUJI Sy =b+b+..+b=b N B srom ciaydae, T. K. N " ,

PAd PACXOAUTCA.

4) Eemn 9= 1 pan umeer sun: b-b+b-b+..+(-)"'b+...

Hns  Ttakoro psga So =S2n =0, S, =Sz, =b, (M=123..) A 93TO o03Ha4aeT HE
/AimsS, -1
CyIllecTBOBaHME mpefena "= . [ToaToMy u mpu q= PAI PACXOIUTCSI.

Teopema. Ecau pso (3) cxooumcs, at0b0l e20 oCmamox cxooumcsi u Haobopom, eciu
CX00UMCs OCMAMOK pAod, OH CAM MOHCe CXOOUMCS.

Zw:an ibn :ikan

Ecmu psim -t CXOIIUTCSI, €r0 cymMma S, To U psg "L n=1 CXOJIUTCSI U €r0 CymMMa
paBHa k-S|
o0 o0 o0
2a, b, 2.(a,£b,)
Ecmu psimpr n-t u =l CXOmATCSI, TO WU PAABI N=1 CXOISITCA U UMEET MECTO

o0

S(a, £b)=Ya, £ b,
n=1 n=1

paBeHCTBO n-1
Heobxooumoe ycnosue cxooumocmu psioos

an
Teopema. (Heobxooumoe ycnosue cxooumocmu psoos). Eciu pso "=t cxooumcsi, npu

. a
cmpemiieHuu l’lOpfl@KOGOZO Homepa K beckoneunocmu 05%{”“ yjaew " cmpemumcs K HYI0, m. e.
lima, =0

N—oo

/ima, =0
Crnedcmeue. Eciu 0ns psida ne 6bInoanaemcs yciogue == , MO ps10 pacxooumcsi.
o0 1 B B 1
> A+ fima, =/im| 1+ = |=1=0
- n2 nN—o0 nN—o0 n
Hanpumep. P -1 pacxogurcs, T.K. .
/ima, =0
Yenoue - SIBJISIETCSI JIMIIb HEOOXOMUMBIM YCIIOBHEM CXOAMMOCTH psna. T.e. eciu
0 n
2, fima, =0 fima, =0 2.4,
psan "=l cXomuTCs, TO N . Ho mpu n—>= , PSII "=*  HE BCEraa CXOTUTCH.
=1 11 1
Z— =4+ "4+ D
Hampumep, XOTSt I TapMOHHMYECKOTo psiga n-i ') 2 3 4 BBITTOJTHACTCSI
. 1
lima, =—=0
ycinosue "7 N on pacxomurcs.
Ipusnax cpasnenus
= >
Onpeoenenue. Eciu ons ecex n=123.. a,>0 , Mo ps0

8 +a,+a;+e+a o=y a
n-1

Ha3s3vleaemc: pﬂdOM C NOJIOHCUMENNbHBIMU YTIeHaAMU.

0 o0
23, b,
HYCTB HAaHbI PAABI C TOJOKHUTCIBHBIMHA YJICHAMU n=1 n=1
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n=1,23-- a,<b 2.b, 2
Teopema. Ecnu ons ecex ' — 75 n= o=l exoodumcest, psad " cxooumcsl.
a b
. =123 a,<b, 2% 25
eopema. Ecnu onsa ecex n="%n 2l pacxooumcs, =1 mooice
pacxooumcs.
1+ 1 + 1 + 1 +- 4 1 +
Ilpumep. iccnenoBars psif V2 3 4 Jn .
1 11 1
1+ —4+=+—44+—+--- ~123
Pewenue. Bo3bMeM TapMOHUYECKUU psif 2 3 4 n , Tipu nN=L449...
1 1
<
BUJIHO, 4TO | Jn , ¥ rapMoHHMYecKHuil psa pacxonutrcsa. [loaTomy mo Teopeme, AaHHBIN Psif
pacxoauTcs.
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Abstract. The paper considers such problems of linear programming as the problem of using
raw materials, the problem of composing a diet. The basic definitions, theorems, algorithm and
solution of the linear programming problem by the graphical method are given.

Annomayus. B paboTe paccMOTpeHbl TakHe 3a/laud JIMHEHHOIo MpOorpaMMHMpOBaHUS, Kak
npobjeMa UCHONb30BAaHMs ChIpbs, 3ajada COCTaBJICHMsS panuoHa. [IpuBeneHbl OCHOBHBIE
OIIpEe/IETICHUs,, TEOPEMBbI, aJIrOPUTM U pELICHHE 33Ja4d JIMHEHHOro MpOrpaMMHUpPOBAHUS
rpauyeCcKUM METOAOM.

Keywords: linear programming problems, graphical method, raw material use problem, diet
problem, function maximum, minimum, constraints.

Kniouesvie cnosa: 3anaun TMHEHHOTO MPOTrpaMMHUpPOBaHMs, TpapuuecKuil MeTo], mpobiema
MCIOJIb30BAaHUS ChIPbS, 33/1a4a JUEThl, MAKCUMYM, MUHUMYM (YHKIIUHU, OTPaHUYECHHUS.

Nowadays, the ability to apply theoretical knowledge in solving practical problems is
becoming a decisive factor for the study of any discipline. In particular, based on many years of
experience in teaching business mathematics at an economic university, the authors consider it
necessary to demonstrate the solution of some economic problems with the help of mathematical
apparatus [1, 2].

If we fail to improve mathematics education in a way that takes into account the needs of
today's world and students, we are in danger of turning mathematics into an increasingly "dead
language" and alienating groups of students whose mathematical potential remains undeveloped [3,
4].

In many cases of investment production projects, deposits are returned in the same payment
stream or other type of payment. It is called an "annuity" [5].

The subject of mathematical programming is the study of mathematical methods, the study
and solution of extreme problems. Mathematical programming methods are used to find the
extremum of multidimensional functions with given multidimensional constraints. The function for
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which the extreme value is searched is called the objective function of the problem. Constraints on
unknown variables are written as a system of equations or inequalities.

A lot of fundamental works are devoted to the methods of linear programming.
Mathematician J. Danzig introduced the concept of linear programming and in 1949 proposed an
algorithm called the simplex method [8].

Let’s consider constructing mathematical models of some simple economic problems.

The raw material use problem. In the production of n types of products, m types of raw

materials are used. Let's denote by S (i =1, m) types of raw materials; bi— stocks of raw

materials of type i ; P, j=1,n — types of products; d; — number of units of raw materials of

type i, for the production of a unit of product j ; C j— the amount of profit received from the sale

of the unit of product J . Let x j— number of units of product j , that needs to be produced. Then

the mathematical model of the problem can be represented as follows.
Find the maximum value of a linear function

L=Cx +Cx,+..+C X
subject to constraints
X +a,X, +.+aX, <b

ayu X, +a,X, +...+a,,X, <h,

2n"*n

A X F A, X, +o A, X, <b,
X; =20 (j =1, n)
The diet problem. Let the diet contain m types of nutrients in an amount of at least

b, (i zl_m) units, and it is necessary to use N types of feed. To compile a mathematical model of

the problem, let's denote by a, (i =1m; j :1_n) — number of units of nutrient |, contained in the

unit of feed j ; ¢,— per unit cost of feed j ; X;— number of units of feed j in the daily diet.

It is necessary to find the minimum value of a linear function

L=Cx +Cx,+..+C X

subject to constraints

a11X1+a12X2+"'+a1an2b1
Ay X +a,X, +...+8,,X, 2b,

2nn

X +a,X, +...+a,, X, =b,

X; >0 (j=l,_n)

Definition. Linear programming is a field of mathematical programming, which is a branch of
mathematics and studies methods for solving the extreme values of a linear function of a finite
number of variables, on the unknowns of which linear constraints are imposed.

This linear function is called the objective function, and constraints, which are quantitative
relationships between variables that express the conditions and requirements of an economic
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problem, and are mathematically written as equations or inequalities, are called a system of
constraints.

Definition. A set of relations consisting of a linear objective function and linear constraints on
its variables is called a mathematical model of linear programming.

Alinear function L=CX +C,X, +..+C X = min is given and a system of linear constraints:

a11X1+a12X2 +"'+a1nxn < bl (1)
A, X + 80X, +...+3,, X, <D,

2n’*n

X +a,,X, +...+a,, X, <b,

X; 20 (jzl,_n)

where &, bi and C j— are specified constant values.

Find such non-negative values of X, X,..., X, , that satisfy the constraint system (1) and give a

minimum value to the linear function.
As noted earlier, in a constraints’ system (1), all b, (i :]Tn) can be considered as non-

negative. The constraints’ system (1) can be either linear or nonlinear.
All or some of the equations of a system of constraints can be written as inequalities.

If all constraints (1) are given by equations and variables X; are non-negative, this type of

model is called canonical. If at least one constraint is an inequality, then the model is non-canonical.
Basic Definitions. Solution of the system of n linear equations are called such values

(051, az,...,an) , which after substitution X, =0, X, =0,.., X, =, into each equation of the
system, turn it into correct numerical equation.

Definition. A basis solution is a solution in which all free variables are equal to zero.

Definition. A feasible solution is a basic non-negative solution.

Definition. The feasible solution of the LP problem given in the standard form is an ordered
set of numbers (Xl, Xoyeees Xn), satisfying the constraints, this is the point in the N — dimensional

space. The set of feasible solutions forms the domain of feasible solutions to the LP problem.

Definition. A feasible solution in which the objective function reaches its extreme value is
called the optimal solution and is denoted by X, .

Definition. A reference solution is said to be non-degenerate if the number of its nonzero
coordinates is equal to the rank of the system, otherwise it is degenerate.

Theorem (on the replacement of linear inequality by a linear equation). Every solution

X = (a4, ;... ) of inequality 04X + QX +..+ QX < b
complies  with a  single  solution 9 = (al, Oyyoons A, an+l) of  equation

X+ aX, ..+ X +X = b and inequalities X, 2 0 and vice versa.

Thus, if the constraint system contains inequalities (in which case the linear programming
problem is said to be given in a standard form), then by introducing an additional variable into each
inequality, the system can be transformed into a system of equations. Additional variables are called
balance or slack variables.
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This leads to the rule of transition from the non-canonical form of the linear programming
problem to the canonical one. To get to the canonical form of the problem, you need to introduce a
balance variable into each inequality. At the sign of inequality < the balance variable is introduced
into the inequality with a plus sign, with an inequality sign 2 with a minus sign. Balance variables
are not introduced into the objective function.

Example. Translate inequalities into equations:

a) &% +a,X, +..+a X <b.

b) X +aX, +..+a X b,

Solution.

>0,
b) aX +a,X, +..+ax >b=>ax +ax, +..+axX —x. ., =b, x ,>0.

a) X +a,X +..+ax <bh=>ax+ax +..+ax +X,=b X

n+l

Theorem (On the extremum of an objective function in a bounded domain). If the domain of
feasible solutions given by the constraint system of the LP problem is closed and bounded, then the
optimal solution of the LP problem exists, and at least one of the supporting solutions of the
constraint system is the optimal solution of this problem.

X2 A

v

0

Theorem. (On the extremum of an objective function in an unbounded domain). If the domain
of feasible solutions is unbounded, then the optimal solution exists and coincides with at least one
of the support solutions if and only if the objective function is bounded from above for maximum
problems or from below for minimum problems.

If the conditions of the theorem do not hold, then the objective function is said to be
unconstrained in the domain of feasible solutions.

_:cﬂ

v

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 39



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne3. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/100

The graphical method is based on the geometric interpretation of the LP problem and is used
mainly in solving problems of two-dimensional space.

Consider the problem of linear programming, the system of constraints of which is given in
the form of inequalities. Find the maximum value of a linear function

L(X) =X +C,% + ... +C,X, (1)
subject to constraints

a X +a,X, +..+a,Xx, <b (2)

Ay X + 8%, +...+8,,X, <D,

A X +a,,X, +..+a,, X, <b,

mn°'n

x20 (j=1n) G

Set of numbers X, X;, ..., X, satisfying constraints (2) and (3) is called a solution. If the

system of inequalities (2) under condition (3) has at least one solution, it is called compatible,
otherwise it is called incompatible. A linear programming problem in the standard form with two
variables is

L(;() =C X, +C,X, —> Max
;X +a,X, <b
a21)(1 + aZZXZ < bZ
a‘mlxi + a‘mZXZ < bm

X; 20 (jzl,_z)

Each inequality of this system geometrically defines a semi-plane with a boundary line
a X +a,x, =b, (i :m) . This means that the line divides the plane into two semi-planes, one of

which is true for our inequality, and the other of which is the opposite.

Conditions for non-negativity of variables X 2 0, X, 2 0 cause this region to be in the first
coordinate quadrant.

To find the extreme value of the objective function in the graphical solution of linear
programming problems, is used the vector gradL on the plane )(10)(2, which we denote by N .

This vector shows the direction of the fastest change of the objective function, it is equal to

gradL = N = %él + iél
0%, X,

where €, and €, — unit vectors on axes Ox, and OXZ respectively. Thus, N :[ﬁ oL j

ox, ' O,

Coordinates of the vector N are the coefficients of the objective function L (>_<) .
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Algorithm for solving linear programming problems by graphical method.
1. Finding the feasible region from the problem constraint system.
2. Building a vector N .

3. Drawing the level line Lo , perpendicular to N .

4. Move the level line in the direction of the vector N for maximization problems and in the
opposite direction to N for minimization tasks. This movement is carried out until the level line
has only one point in common with the feasible region of solutions. This point will be the extremum
point of the objective function in the feasible region of solutions, i.e. it will be the optimal solution
of the LP problem.

5. Find the coordinates of the extremum point and the value of the objective function in it.

If it turns out that the level line is parallel to one of the sides of the feasible region of
solutions, then the LP problem will have an infinite number of solutions.

If the feasible region of solutions is an unbounded area, then the objective function can be
unlimited.

The LP problem may be unsolvable when the constraints that define its feasible region of
solutions are conflicting.

Example. Solve the linear programming problem

L(x)=-6-x+4x, - max
X-%2-2 (1
X +X, <4, (2)
x2>20,3) x,20 (4)

Solution. Let's construct a feasible region of solutions (Figure. Numerate the task constraints.
In a rectangular Cartesian coordinate system, we construct a straight line x, — x, = —2, conforming
to the constraint (1). Let us find which of the two semi-planes is the domain of inequality solutions.
For example, the line (1) does not pass through the origin, so we substitute the coordinates of the
point O(0, 0) in the first constraint 0—0> -2 . We get the correct strict inequality of 0 > —2. Hence,
point O lies in the semi-plane of the solutions. In the same way, we draw straight lines (2)—(4).

X2

v

1 1 I X

—_

We found grad L= - +4J? , draw a level line of the function, perpendicular to the gradient,

move it parallel to itself in the direction grad L. This line passes through the point X* of the
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intersection of the lines that limit the feasible region of solutions and correspond to inequalities (1)
and (2).
Determine the coordinates of the point X* by solving the system:

X =X, ==2

X + X, =4.
Get X*(1, 3). Calculate L(X*)=—-6-1+4-3=5.
So, max L(L; 3)=5.
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MATHEMATICAL MODEL OF HETEROGENEOUS TRAFFIC IN LTE NETWORKS
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Annomayus. C BHEIPECHUEM MYJIbTHMEIMHHBIX MOOWIIBHBIX MPHIIOKEHHH B COTOBBIX CETIX
UCTONB3ytoTcsl 3()(EeKTUBHBIE METO/bI MOBBIIMICHUS MPOIYCKHON crocoOHOCTH. B cratbe mis
HEOJHOPOIAHOTO Tpaduka OIpeneNsoTcss METOIbl JEJCHHUS PECypcoB CETH COTOBOHM CBSI3U
MOCPEJICTBOM ~ MaTEMAaTHYeCKOr0  MOJAETHpOBaHMA.  VlccieqoBaHBl — YMCIEHHBIE  CBOMCTBA
MoKa3aTejeii COBMECTHOTO OOCIY)XKMBaHHUSI 3asBOK, 3(PQEKTHBHOCTh COBMECTHOH Iepeaaun
Tpaduka peasbHOrO0 BPEeMEHH W 3JAaCTUYHOTO TpaduKa JaHHBIX. PaccMaTpuBarOTCS KIIHOYEBBIC
CTIIOCOOBI IPUMEHEHHUS TIOJIOCHI PECYPCOB MOIeNH Tpaduka.

Abstract. With the introduction of multimedia mobile applications in cellular networks,
effective methods have been used to increase throughput. The article defines methods for dividing
cellular network resources through mathematical modeling for heterogeneous traffic. The numerical
properties of the indicators of joint servicing of requests, the efficiency of joint transmission of real-
time traffic and elastic data traffic have been studied. Explores key uses of traffic model resource
bandwidth.

Kniouegvie cnosa: HeOmHOPOAHBIN TpadHK, MOAETb, CKOPOCTh, pecypc coTbl, ctanaapt LTE,
MIPOITYCKHAsi CIIOCOOHOCTb.

Keywords: heterogeneous traffic, model, speed, cell resource, LTE standard, throughput.

PocT 00bemMa MyabTUMEIUITHBIX MOOMIIBHBIX MPUIOKEHUN MPUBOIUT K TOMY, UTO TpeOyeMoe
KauecTBO OOCIIY)KHBAaHUSI MOXKET OBITh OOECIEYEHO TOJBKO HPU HUCMOJIB30BAaHUU SPPEKTHUBHBIX
METOJIOB MOBBIIIEHUS MPONYCKHOM COcOOHOCTH pajnouHTepdelica, Tak KaKk UMEHHO B COTOBBIX
CeTSIX BO3HUKAIOT pE3KHE TIePEeKOChl Harpy3Kd H3-3a CTOXAaCTHYECKOrO IepeMelleHUs
aboHeHTOB [3].

Lenpto naHHOM paboTHl sBiIsETCS pa3padOTKa aJanTHUBHOIO MEXaHH3Ma YIpaBJICHUS
nepeaayeil moTOKOB HEOTHOPOHOTO Tpaduka oT cucteM M2M B cetsix LTE npu neperpyskax. C
MOSIBJICHUEM HOBBIX YCTPONCTB B CEHCOPHBIX CETSIX BO3PACTAET POJIb MHTEIJIEKTYaIbHBIX CUCTEM U
TEXHOJIOTHI cOopa MH(OpMAIU, KOTOPBIE SBJISIFOTCS OCHOBHBIMH JABUTATENSIMU pa3ButTus [oT [2].
OpHako mpeanararple HOBBIE BO3MOYKHOCTH (HampuMep, IOTOKOBOE BHJIE0) TaKHE YCTpOMCTBa
TpeOyIoT OONBIINX CKOPOCTEl U BO3MOXKHOCTH Iepeaun Ha JajibHue paccTostHus. COTOBBIE CeTH
MO3BOJISIIOT OPraHU30BaTh TaKylo IMepefadyy C COBMECTHBIM HCIOJB30BaHHUEM BBIIIECKA3aHHBIX
TUIOB TpaduKa, HO TPeOYIOT MPAaBUIBLHBIX MEp AJIS paclpeieleHUs pecypcoB [4].
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DTO, HECOMHEHHO CTajl0 OCOOCHHOCTHIO TIEpPexoJa K HOBOMY MOKOJICHHIO COTOBBIX CETeil. Y
OTIepaTOPOB CBSI3U OCTAETCs aKTyallbHOM 3ajadell obecrieueHre KOPPEKTHOM pabOThl B MacCOBOM
obcimyxuBaHUM W S(PPEKTUBHOE HCTIOIB30BaHUE pecypcoB. OO0bEM TaKuX OONBIIMX JAHHBIX
pasHOro XapakTepa CO3/1aeT HEOJHOPOJHOCTh KOHEYHOro Tpaduka, IeperaBaeMoro B COTOBBIX
cersax [1].

B paborax 3apy0OexHBIX aBTOPOB M0Ka3zaHo, uTo B ceTsax LTE cyiiecTByeT HeCKOIbKO KI1accoB
ANACTUYHOTO Tpaduka, TO ecTh Tpaduka CHOCOOHOTO MPHCIOCAOIUBATHCS MPH Meperade K
M3MEHEHUSAM 33JE€PKKH M TIPOITYCKHOM CIIOCOOHOCTH, MPONOJKAs YIOBIETBOPITH MOTPEOHOCTH
npuiokeHusi. OCHOBHBIMH XapaKTEPUCTUKAMU 3TOro Tura Tpaduka SBISIOTCA: KOPOTKOE BpeMs
o0CTy)KUBaHHS M HU3Kasi HHTEHCUBHOCTD MOCTYIICHUS 3asBOK [4, 5].

ViMeHHO CBOICTBA 3NIACTHYHOTO TpaduKa Aal0T BO3MOXKHOCTH CYIIECTBEHHO IOBBICHTD
3¢ (dEeKTUBHOCTh HUCHOJIB30BAHMS pecypca Nepenadyud HHPopManuu. DTO OCOOCHHO Ba)XHO IS
MEePCIIEKTUBHBIX CeTel MOJBUKHON CBSA3H, K KOTOPBIM OTHOCSTCS cetu ctaniapra LTE, B koTopbix B
OCHOBHOM HCIHOJb3YIOTCS TOJIb30BATEIbCKUE YCTPOWCTBA C HWHTEIUICKTYyaJbHBIMU MOJIEMaMH,
YBEMYMBAIONIMMH JIOJIIO  AJIAaCTHYHOTO Tpaduka. OdUeBHIHO, YTO COBMECTHAs Ieperadya
pasHOpPOAHOrOo Tpaduka HYKIAETCS B CPEICTBAX KOHTPOJIA, OOECIIEUMBAIOUINX 3aJaHHBIC
MoKa3aTeN KauecTBa OOCITYKHBAHHSI MTOCTYMAONIUX 3asBOK.

PaBHonmoctynubie paauopecypchl cetu LTE mnpu meperpy3kax MOTYT TPUBOIUTH K
CYIIECTBEHHOMY ITaJICHUIO MPOMYCKHOW criocoOHocTH (pparmenTa cetu LTE. Dto npouncxomut npu
X 3axBare Ooyiee MHTCHCUBHBIMH TIOTOKaMH OTJAEIBHBIX KJIACCOB TOJB30BaTele M IMOTHON
ONOKMPOBKE PYTrux moisb3oBateneil. JIokanbHOE ympaBlieHUE Ha y3/ax, OrpaHHuYMBaroNue 00bemM
pecypcoB, Hauboee TUIMHYHO ISl IEPETPY30K, BHI3BAHHBIX PE3KUM YBEIMUEHUEM MHTEHCHUBHOCTH
IIOTOKA BBI30BOB Ha OIHO WJIM HECKOJIBKO MCXOJSAIIMX HAlpaBICHUN y3ia.

Mopnenp mNIaHUPOBAaHUS pecypcoB (opMmMann3oBaHa B BHIE (QYHKIUH pPacHpeieiIcHUs
noTpeOHOCTEeH B pecypcax € y4eToM pa3HOOOpa3HBIX [aHHBIX, TeHepHpyoImux Tpauk [2].
[Ipennaraembie CXeMbl OMUCHIBAIOT HAWJIyYIlIUe CIEHAPUU, KOTOPBIE HANpPaBIeHbI HA oOecreueHne
KOMIIPOMHUCCA MEXAY JBYMs TUIIaMU TpaduKa, rapaHTUPYys MPOU3BOIUTENBHOCTh CETU U HU30eras
HeA((PEKTUBHOTO UCIIOJIb30BaHUSI UMEIOIINXCS PECYPCOB.

PaccmoTrpum mnpouecc mnoctpoeHuss mozpenu. Yepes C 0003HAYMM CKOPOCTH Iepesadu
uHpopMaluy, 00ecrneynBaeMoil TEXHUYECKMMHM BO3MOXHOCTSIMHM OTIENBHOIO (parMeHTa CeTH
craggapra LTE. Ilponecc mocryrmuieHus 3asBOK MOXHO OTPaHUYMTh OJHUM IIOTOKOM 3asiBOK Ha
oOciyxMBaHHE TpaduKa peaqbHOro BPEMEHU M OJHUM IOTOKOM 3asBOK Ha Iepesady 31acTUYHOrOo
Tpaduka naHHbIX. [Ipumem, 3asBKM Ha mepenady Tpaduka pealbHOrO BPEMEHHU MOCTYMAaKT O
IyaCCOHOBCKOMY 3aKOHY € MHTCHCHBHOCTBIO ;. . Jlisi 0OCIyXuBaHWs OHOW 3asiBKU TpeOyercst

BBIIEIUTh M3 UMEIONIEHCS MPOIMYCKHOM CIOCOOHOCTH COTBI pecypc B pasmepe C, Out/c. Bpems

OOCITy)XMBaHHSI 3asiBKH PEaTbHOTO BPEMEHH tr AMEET HKCIIOHEHUMAIIBHOE pAaCIpPENEIICHUE CO
CpEeIHUM }/ . 31ech ;;, — TapaMeTp SKCIOHCHINAIBHOTO PaCIPE/ICIICHHIS.
Y78
Taxoxe MMPUMEM, YTO INPOHCCC MOCTYIVICHUSA 3ad4BOK Ha MEPEAaYy AaHHBIX TAKXKC IMOJYHUHACTCA
ITyaCCOHOBCKOMY 3aKOHY C HMHTEHCHUBHOCTBIOA [ 00CTy)KUBaHUS OHOW 3asBKU M3 UMECIOIICHCS

CBOOOTHOM MPOMYCKHON CIOCOOHOCTH COTHI BBIJIENISIETCS MaKCHUMalbHO BO3MOXHBIM pecypc B
pasmepe ¢, OHT/C, YIOBICTBOPSIOLIMH HEPABCHCTBY ¢ <c, <c, - DCIMYMHBL ¢ M ( 3aJal0T

COOTBCTCTBCHHO MHUHUMAJIbHYIO U MAKCHMAJIbHYIO CKOPOCTU CKaYMBaHUA (I)aﬁHOB, npuMeEM, 4TO
C, <Cy- B mopenu IIPUHATO, YTO 00BeM nepeaaBacMoro (I)afma JaHHBIX MMCCT J3KCIIOHCHIIMAJIBHOC

pacnpeaciicHue Co CpCaAHUM 3HAYCHUCM F , BBIPAKCHHBIM B ourax. O‘-IeBI/IIIHO, 4TO BpPEMA
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nepenadn (aina ¢ UCIIOIB30BAHUEM TOJIBKO MUHHUMAJBHOM ¢, ¥ TOIEKO MAaKCHMAaJIbHOM ¢, CKOPOCTEH

MMEET KCHOHCHIMAIBHOE PACIpPEEICHHE ¢ TApaMETpaMi COOTBETCTBEHHO L 1 U [y 5 . SHAYCHUS

IAPAMETPOB [y 1 U [y 7 ONIPEEISIOTCS U3 COOTHOIECHUHM 44, |, = % Mgy, = C% .

B Mozmenu Take HMpUHATO, YTO 3asBKM Ha Hepenady Tpaduka peasbHOT0 BPEMEHU HMEIOT
OTHOCUTEJIbHBIA TPUOPUTET NPU HCIOJIB30BaHUM pecypca mepenadd uHGopmarmu. O603HAUYNM
4epes j U j, YHCIIO 3asBOK Ha Iepeady Tpaduka, COOTBETCTBCHHO, PEabHOIO BPEMCHH H JaHHBIX,

HAXOSIIUXCS HAa OOCITYy)KMBAaHHHM B MOMEHT TOCTYIUICHHUS 3asBKH Ha mepenady Tpaduka peaabHOro
Bpemenu. Ecimmu ¢QparmeHT ceTm pacrnonaraer JOCTaTOYHBIM CBOOOIHBIM pEcypcoMm, T. €.
BBITIOJIHACTCA HEPABEHCTBO j ¢ +j,c, <C, TO 3adBKa NPUHUMACTCA Ha 0OCITy’)KMBaHHE U Ui 3TOTO

BBIJICIICTCS pecype B o0beMe ¢ Out/c.
Eciu ykasaHHOM BEIMYMHBI PECypca HET, HO BBIIONHSCTCS HEPABEHCTBO j ¢ i c, +c, <C > TO

CKOPOCTh II€pC€aadn BCEX (baﬁJ'IOB, HaxogAIIUuXCsa Ha 06CJ'Iy>KI/IBaHI/II/I, YMCHBIIACTCA C BCIMYHHBI

C-i.C, C—(i, +1)c,
i 10 3HA4YECHUS i [TockonbKy cCIpaBeyIMBO COOTHOLLIEHUE i,c, +iyc +c, <C > TO

HOBOE 3HA4YCHUE CKOPOCTH Iepenaun Qaiina Oymer He meHee Gy, T.€. YIOBIETBOPAET IPUHATOMY

C—(i, +1c, S
COIVIALIEHHUIO O nepeade (aitioB MOCKOIbKY BBITOIHAETCS HEPABEHCTBO: iy = G,
Ecii BBINONHSACTCS HEPABEHCTBO j ¢ +j,c, > C » TO IOCTYIHBIIAS 3asBKa Ha Iepejady ¢aiinos

MOJIy4aeT OTKa3, MOCKOJIbKY B paccMarpuBaeMoil cuTyanuu OO0 HET CcBOOOJHOTO pecypca B
o0beMe ¢ OuT/C, MO0 HENb3s MOMYYUTh YKA3aHHYIO BEIMYUHY PECYPCa YMEHBIIMB CKOPOCThH

nepenaqn j, GaiaoB, HAXOMAUMXCA HAa OOCIY)KMBAHHM, T.K. YKa3aHHOE JECHCTBUE YMEHBIIUT
CKOPOCTD Tepe/iaun Beex (aiios, BKIIOYAs IIOCTYNUBIINM, 10 3HAYCHHS MEHBILIETO YEM (.

JI71st OCTpOEHUsI MOJENH pacpeiesieHUsl pecypca NpOoaHAIU3UPYEM MTPOLIECC PACTIPEACICHUS
pecypca B ornenbHol corte cetu crannapra LTE. OGoznaunm vepes (i ,i,) BEKTOP COCTOAHUS

YHucCja 3asABOK HaxXOJAIIMUXCSA Ha O6CJ'IY)KI/IBaHI/II/I B COT€. BI[GCB ir — YHUCJIO 3a4BOK Ha IMepeaady

Tpaduka pealbHOrO0 BPEMEHH, j — YHUCIO 3asBOK Ha mepenady ¢aiinoB. Bpems oOcmyxuBaHus

s iy
KaXIO0W W3 j 3asiBOK Ha Tepeaady TpaduKka peaJbHOTO BPEMEHH HMMEET SKCIOHEHIIMAIBHOE
pacnpenenenue ¢ napamerpoMm M. . Ha obcinyxnBanue Tpaduka peaJbHOro BPEMEHH B COCTOSHUH
(i, ,iy) BBIICISIETCS] PECYPC COTHI B pasMepe ¢, out/c.

Bpewmst oOcimy>xuBaHust KaKI0M U3 , 3aJBOK Ha mepezady (haisIoB B COCTOSIHUA (i, ,iy) TaKxe
UMeET DKCIOHEHIMaAbHOe pacnpezenenre. OGO3HAYMM TapaMeTp pachpeneieHuss udepe3 My .

Bennuuna ﬂd 3aBUCUT OT CTCIICHU 3arpy3KH COTHI. Ecnu BBIONHAETCS COOTHOILIECHUE i,c, +igc, <C>

TO KaXKIBIH 3 j, 00CTyKHBAaeMBIX (haiilloB mepenaeTcss ¢ MAKCHMAIBbHO BO3MOXKHOI CKopocThio Cy .
B sroii curyannn Ha obcnyxuBaHHE TpaQuKa NaHHBIX B COCTOSIHHM (i i) BBUIEIAETCA PECYPC
COTBI B pa3Mepe j,c, out/c. Tlpu 3TOM HacTh pecypca COTBI B pasMepe C —i,c, —iyc, OCTAETCS He
3aJIeliCTBOBAHHOM B CHJTy OTpaHUYEHUN HAa MaKCUMAaJIbHO BO3MOXKHYIO CKOPOCTh MEpeaaun JaHHbIX.

c
Ilapamerp pacmpernesneHust BpEMCHH OOCIY)XKUBAHHS OMPEACISCTCS M3 COOTHOLICHHS 44y , = % .

Ecnn ke BBINOIHAETCS 00paTHOE COOTHOLIEHHUE | ¢, +i,C, >C » TO KOKIBIA U3 i, 00CITY)KHBAEMBIX B
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. C-i.c .
COCTOSIHMHM (i _,i,) (aiioB mepenaercs €O CKOPOCTBIO ”i . B oroli curyanuu Ha
d

00CiTy)KMBaHKUE TpauKa JaHHBIX BBIIEISIETCS PECYPC COThI B pasMepe C —i ¢, OUT/C U BECh pecype

COTBI 3ajeiicTBOBaH Ha oOcCiyxuBaHHE mocTynuBiuero tpaduka. [lapamerp pacnpeneneHus

C-ic

BpEMEHH INepenaun (aiina onpenensercs U3 COOTHOUICHUS [y = i, OGo3naunm uepes C; 4

BCJIIMYMHY pECypcCa 3aHATOTO B COCTOSIHUU (ir!id) Ha 06CJIy)KI/IBaHI/Ie MNPHUHATBIX 3asABOK. Cxema

(YHKIIMOHUPOBaHUS IOCTPOCHHON MOJIeNiv Moka3aHa Ha Pucynke 1.

JICHCTEHE MEXAHMIMI KOHTPOI
3 PACTIPCAQICHHEM pecypea

et op M
”(‘Cl_\ll-lt‘"llk‘ nepeavn llll(ti PMatn

JARBOK HA Nepeiayy
rpadika ceprrcon .

CKROpOCTH COTI, ,

DCWILHOIO BPCMCHH Pecype coru,

TP C T HE M

)\‘ R npejocrasmeMsii B oduiece
E QJIHOH HOCTY IRBIICH TONKRO RIS AOOHEHTAM
sasnKe pasm ¢, Gir/c C
e e
] e
Hocryiace 2 5
(;IS-.IIHH\ Hi '"',‘,'fl‘ wmyy CROpocTS COTHI, ) e K |
AanHs X (paitnon) npeOCTARTSEMAS e e e —
OO nocTy numireh
—_—— JIABKE, JABHCHT OT
>‘d JATPYKEHHOCTIH COTRI
W HAMHYCCRM
MCHACTCR OT ¢, Our/e
J10 ¢ Gur/e

Pucynoxk 1. Cxema ¢pyHKIMOHUpPOBaHUS MoAeH ¢pparmMeHTa cetu cranaapra LTE

Takum 00pazom, MpH HW3MEHEHHWU CKOPOCTU Tepelayd B TOW ke IMPOIMOPIUU H3MEHSIETCS
cpelHee 3HAYeHHE OCTaTOYHOTO BPEMEHHM OOCTY)KMBaHUS 3asBKH Ha mepenady ¢aitna. Ckopoctu
nepenayd JaHHBIX W3MEHSETCS JUHAMUYECKHM B COOTBETCTBMM C 3arpy3kod cotel. Ilpum masoi
sarpyske ¢parmenta cetu LTE nanHbie nepenarorcss ¢ MakCMMajibHO BO3MOXKHOW CKOPOCTBIO¢,,

KOTOpasi MOJACP>KUBACTCSI TEXHUYECKMMU BO3MOXKHOCTAMHU cucteMbl LTE, npu Gosnbiioit 3arpyske
CETH — CO CKOPOCTBIO¢ . OTMETHM, YTO MPH STOM UCHOJB3YEMBIH PECYpC, a, CIENOBATENbHO, U

CKOPOCTb Iepesiauu Tpaduka cepBUCOB pealbHOrO BpEMEHH HE MEHSIOTCSI.

Peskoe yBenmmueHue B Omkaiiinee BpeMs Takke Tpapuka OT  MEXMAaIIMHHOTO
B3aumozpeiicteuss (M2M), KOTOpBId, Kak MpaBWIO, OONAgaeT SIaCTUYHBIMH CBONCTBAMH H
ITO3BOJISIET M3MEHATh CKOPOCTh IEpefadd JaHHBIX B HEKOTOPBIX Ipeleiax, B 3aBUCUMOCTH OT
YCIIOBUHM Ha CETH, TO €CTh YBEIMUYEHHUE AIACTUYHOro Tpaduka. YToObl MOBBICUTH 3PPEKTUBHOCTD
pecypca mepenaud JaHHBIX IpeJUlaraeTcsi YIpaBisATh CKOPOCTBIO AJIACTUYHOTIO Tpaduka. ITo
MO3BOJIMTH HE TOJBKO IOBBICUTH THPOIYCKHYIO CIIOCOOHOCTh, HO M YIYYIIUTh Ka4eCTBO
00CTy)KUBaHHS.

[Ipu opranuzamnmu cBs3u Tpaduk OyneT pas/ieicH Ha ABa TUNA: A — BBICOKUN U B — HU3Kui
YPOBHHU NEpeAaoNMX U MpUHUMaeMblx M2M ycrpoiictBamu. Tpaduk, mocTynarommid oT Takux
anmaparoB cOopa HH(pOpPMAIMK KaK BUJEOKAMEpPbI, COOTBETCTBYET TUMY A, TpeOYIOIMX OO0JIbIION
IIOJIOCHI MPONYCKaHUsA, B TO BpeMs Kak TUIly B mojmexar ycTpoHcTBa pearmpoBaHHs, KOHTPOJIS
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WA OOHapy)KEHHUS TeX WM MHBIX BHEIIHMX XapakTepucTuk. Cora, oOciykuBaromas oba Tuma
TpaUKOB MOXKET CTOJIKHYTbCA C PE3KHUM YBEIUYEHUEM BOCXOIAIIMX HArpy3oK, 3aMmeyiss
KOPPEeKTHYI0 palboTy Bceil cereBoil MHPpacTpyKTypbl. TakoMy MOTOKY AAHHBIX, UCXOISAIIAX M3
pasHOro THIMA TeHepaluuu, TpeOyeTcsi MEXaHW3M YIPABICHUS C IEJbl0 H30eXaHWs MOTepU
nosie3HbIx nakeros naHaeix B LTE/5G.

IIpoBeneH aHanu3 pabOThl COBPEMEHHBIX MeEp IENCHHsI pajnopecypcoB 0a30BBIX CTAHLUM.
Mogens IaHupoBaHus pecypcoB (popMaIn30BaHa B BUJE PYHKIUHU pacipeaeeHus noTpedHocTei
B pecypcax C y4eToM pa3HOOOPa3HBIX JAHHBIX, TEHEPUPYIOUNX Tpaduk [2].

B pacnpenenenue pecypcoB MexIy IByMs THUIAMU TpaduKa KaHalbl OINpPENeNstoTCs
CIIEAYIOIINUM 00pa3zoMm:

Crrese = C—R 1rese Cnve = C — Rys. (1)
IIpu SKCILUTyaTalMy OJHOTO KaHala Ul TUIA A JUIMTEIbHOCTD 00CITy)KUBAHHS COCTABUT:
pl=v/p,d=1 @)
IIpu >KCILUTyaTaluy OJHOrO KaHana Juisl Tuia B:
p2=210,b=1 ©)

Torma cxema neneHus pecypcoB JUIsl pa3HbIX TpaHUKOB MpencTaBieHa Ha Pucynke 2.

P1=v/pd=1 P2=%8b=1

RLTEI."SG RNB

™~

SO0 00 - OO0

Pucynok 2. Cxema esieHus pecypcoB JUisl pa3HbIX Tpa(UKOB

[Ipu TakomM MomenupoBaHUM TpaduKa HCIONB3YETCS KIACTEPHI, KOTOPHIC MPEACTABISIIOT
co0oif MapKoBCcKHii mporiecc.

JleficTBue MexaHW3Ma JIE€NIEHUs paJuopecypca OIpeAensercss TeM, 4YTO 3asiBKU Ha
npoxokaeHue Tpapuka B Tuna umeror ckopocTh ¢ 1 6UT/c M mocTynuBIIas 3asiBKa Ha IMPOX0XKIECHUE
Tpaq)m(a A Thnna mmeer CKOPOCTb COTHBI, KOTOpasd 3aBHCHT OT 3arpy>KCHHOCTU COTBI U MCHSCTCS
JTMHAMUAYECKHU.
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ITpennaraemble cXeMbl OMUCHIBAIOT HAMIYYIINE MTyTH, KOTOPBIC HAIIPABJIEHBI HA OOeCIIeueHNE
KOMITPOMHCCA MEXIy IBYMsI THIIAaMU TpaduKa, rapaHTHPYs MPOU3BOJUTEIBHOCTh CETH M M30eras
Hea(p(peKTUBHOrO MCHONB30BaHUS MMeEomMXcs pecypcoB. AuddepenuupoBannoe oOCITyKUBaHNUE
HEOJHOPOTHOTO Tpaduka Ha OCHOBE HCIIONB30BAHMUSA IPEUIOKEHHON TMpPOLEAYpbl s
JAMHAMHYECKOTO CLEHAPHS PACIpEeNICHNUs] PECYPCOB, B OTIAMYHE OT TPAJUIMOHHOTO PEUICHUS TON
e 3aJ]a4M C MCIOIb30BAHUEM CTATHYECKOTO CIIEHApHs, MOKET TIOBBICHTH Kaue€CTBO OOCITy)KHBaHHE
CEaHCOB CBS3H U MOBBIIIEHHE YPPEKTUBHOCTH UCIIOIB30BAHUS PECYPCOB.

Buvi6oo

Co3pnana mMaremarudeckas MOJIeJIb HEOJHOPOAHOIO Tpaduka, a Takke ObUl pa3padoTaH METO[
aHanmu3a JIeJIEHUS pecypcoB coToBOM ceTd. C TOMOLIbIO IMOMYYEHHOH MOJENH BO3MOXKHO
MCCIIEIOBATh JallbHEHIINE XapaKTePUCTUKH U OCOOEHHOCTH MEpefadd pa3sHoro pona Tpaduka B
OJIHOU COTOBOWU CETH.

VccnenoBanbl 4YMCIIEHHBIE CBOMCTBa IOKa3zaresnell COBMECTHOIO OOCIIY)KHBaHUS 3asiBOK,
KOTOpBIE TMOKa3anu 3(PQEeKTUBHOCTb COBMECTHOH TIepenaud Tpaduka peaJbHOr0 BPEMEHU U
AJIACTHYHOTO Tpaduka IaHHBIX C LENbI0 TOBBIIICHUS 3arpy3kd pecypca (parMeHTa CeTH.
IToctpoeHHass Mojenb JaeT BO3MOXHOCTb YHUCICHHO OLEHUTh IPEUMYIIECTBA COBMECTHOM
nepeaayy pa3HoOpOJHOro Tpaduka.

Cnucoxk numepamypbi:

1. Abneipaecea H. P. OcoGennoctu OecripoBogHOM mmMpokonoigocHoit cBszu LTE ¢
UCIONIb30BaHWEM (paKkTalbHOM aHTEeHHbI Ha ocHoBe KpuBoi Koxa // broinerenr Hayku u
npaktuku. 2018. T. 4. Ne3. C. 164-169. EDN: YSOPOA

2. ArronoBa B. M., Ko3nosa A. C. Aranu3 Mojaenu pasjueicHus pecypco B cote cetu LTE //
pr,Z[I:I CeBepo-KaBKa30K0r0 (bmmana MOCKOBCKOro TEXHHUYECKOI'O YHUBCPCUTECTA CBA3U U
unpopmaruku. 2016. Nel. C. 24-27. EDN: WMAMFX

3. MyxamemxkanoBa A. [I., TymanbaeBa K. X. CpaBHHUTEIBHBIA aHAIN3 MATEMaTHYCCKUX
Mozeneit Tpapuka M2M // BectHuk KazaxcTancko-BpuTaHCKOro TEXHHYECKOTO0 YHHMBEpPCUTETA.
2021. T. 16. Ne3. C. 150-156.

4. Vishnevsky V. M., Samouylov K. E., Naumov V. A., Krishnamoorthy A., Yarkina N.
Multiservice queueing system with MAP arrivals for modelling LTE cell with H2H and M2M
communications and M2M aggregation // Distributed Computer and Communication Networks:
20th International Conference, Moscow, Proceedings. Springer International Publishing, 2017. P.
63-74. https://doi.org/10.1007/978-3-319-66836-9_6

5. Saddoud A., Doghri W., Charfi E., Fourati L. C. 5G radio resource management approach
for multi-traffic 10T communications // Computer Networks. 2020. V. 166. P. 106936.
https://doi.org/10.1016/j.comnet.2019.106936

References:

1. Abdyraeva, N. (2018). Feature of wireless broadband communication LTE using a fractal
antenna based on Koch curve. Bulletin of Science and Practice, 4(3), 164-169. (in Russian).

2. Antonova, V. M., & Kozlova, A. S. (2016). Analiz modeli razdeleniya resursov v sote seti
LTE. Trudy Severo-Kavkazskogo filiala Moskovskogo tekhnicheskogo universiteta svyazi i
informatiki, (1), 24-27. (in Russian).

3. Mukhamedzhanova, A. D., & Tumanbaeva, K. Kh. (2021). Sravnitel'nyi analiz
matematicheskikh modelei trafika M2M. Vestnik Kazakhstansko-Britanskogo tekhnicheskogo
universiteta, 16(3), 150-156. (in Russian).

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 49



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne3. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/100

4. Vishnevsky, V. M., Samouylov, K. E., Naumov, V. A., Krishnamoorthy, A., & Yarkina, N.
(2017). Multiservice queueing system with MAP arrivals for modelling LTE cell with H2H and
M2M communications and M2M aggregation. In Distributed Computer and Communication
Networks: 20th International Conference, DCCN 2017, Moscow, Russia, September 25-29, 2017,
Proceedings (pp. 63-74). Springer International Publishing. https://doi.org/10.1007/978-3-319-
66836-9_6

5. Saddoud, A., Doghri, W., Charfi, E., & Fourati, L. C. (2020). 5G radio resource
management approach for multi-traffic 10T communications. Computer Networks, 166, 106936.
https://doi.org/10.1016/j.comnet.2019.106936

Paboma nocmynuna Ipunsma k nyoruxayuu
6 peoakyuto 14.02.2024 2. 20.02.2024 2.

Ccebinka 05 yumuposanus:

AlnpipaeBa H. P., MbikbieB 3. Maremaruueckas MoJiellb HEOJHOPOJHOTO Tpaduka B CETAX
LTE // bronnerenp Hayku u npaktuku. 2024. T. 10. Ne3. C. 44-50. https://doi.org/10.33619/2414-
2948/100/04

Cite as (APA):

Abdyraeva, N., & Mykyev, Z. (2024). Mathematical Model of Heterogeneous Traffic in LTE
Networks.  Bulletin  of  Science and  Practice,  10(3), 44-50. (in  Russian).
https://doi.org/10.33619/2414-2948/100/04

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



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne3. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/100

XUMUYECKUE HAYKHU / CHEMICAL SCIENCES

UDC 547.541.2. https://doi.org/10.33619/2414-2948/100/05
AGRIS F62

SYNTHESIS OF AMIDES AND SALTS OF OXALIC ACID
AND THEIR USE AS PLANT GROWTH REGULATORS
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CUHTE3 AMHUJIOB U COJIEN IIMABEJIEBOM KUCJIOTHI
W WX IPUMEHEHHUE B KAYECTBE PET'YJIATOPOB POCTA PACTEHUI
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Abstract. Oxalic acid plays a very important role in the life of plant organisms. In addition, its
salts and amide derivatives also have growth-stimulating properties. In this work, we show
the results of research in the field of synthesis of amide derivatives of oxalic acid, and also
investigated their growth properties using the example of some agricultural crops. Have found that
the mono amide of oxalic acid has a stronger effect on the growth of pea seeds compared to
the disubstituted amide of this acid. Thus, we can conclude that salts and amide derivatives of
oxalic acid have a pronounced regulatory property during the ripening of pea and corn seeds. In this
regard, they have been recommended as growth stimulants for these plants in agricultural practice.

Annomayus. 1llaBeneBas KHUCIIOTa WIpaeT OYEHb BAXKHYIO pOJIb B IKU3HEACSATEIbHOCTH
pacTUTENbHBIX OpraHu3MoB. Kpome Toro, ee comum ¥ aMuJHbIe NMPOU3BOJIHBIE TaKXke 00JaJar0T
CTUMYIUPYIOIIUMHU  POCTOBBIMU CBOMCTBaMM. IToxazansr PE3YIbTaTbl CHUHTC3a aMUIHBIX
IIPOM3BOAHBIX ILABEIEBOM KHCIOTHI, a TaKXXE€ HMX POCTOBBIE CBOMCTBA HAa INPUMEPE HEKOTOPBIX
CEJIbCKOXO3SIIICTBEHHBIX KYJIBTYp. YCTaHOBJIEHO, YTO MOHOAaMHJ| IIABEJIEBON KHCIOTHI OKa3bIBAET
OoJsiee CUIIBHOE BIMSHUE HA POCT CEMsH ropoxa [0 CPABHEHUIO C JU3aMEILEHHBIM aMUAO0M ITOH
KHCIIOTHI. Takmm o6pa30M, MOXHO 3aKJIIOUUTh, YTO COJM W aMHIHBIC ITPOHU3BOIHBLIC maBeneBoﬁ
KHUCJIOTHl 00JaJaloT BBIPAXXKEHHBIM PETYISATOPHBIM CBOICTBOM NpU CO3PEBAaHHM CEMSH ropoxa U
KYKypy3bl. B CBSI3UM C 3TUM OHM PEKOMEHIOBAHBI B KAUE€CTBE CTUMYJISTOPOB POCTA ITUX PACTCHUN B
CEJIbCKOXO035IMCTBEHHOM IIPAKTHKE.

Keywords: oxalic acid, oxalates, acid amides, growth substances, growth stimulants,
phytohormones, plant growth regulators.

Kniouesvie cnosa: 1aBeneBasi KUCIIOTa, OKCalaTbl, aMHJbl KUCJIOT, POCTOBBIE BEILECTBA,
CTUMYJISITOPBI pOCTa, PUTOTOPMOHBI, PETYISATOPHI pOCTa PACTEHUH.

Oxalic acid is the simplest representative of dibasic aliphatic acids and has all the properties
of the latter.
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oxalic acid

This acid easily forms amides and salts, both partial and complete salts and amides:
COOH-COOH + 2 Na — NaOOC-COONa + H,

Oxalic acid is capable of reacting with ammonia when heated in an acidic environment to
form oxamide and water:

COOH-COOH + 2 NH3 — NH,— CO — CO —NH; + 2H,O0.

At insufficient temperature, the reaction may proceed differently and leads to the formation of
ammonium oxalate:

COOH-COOH + 2 NH3 — NH4 — CO — CO — NHy4

In this work, we review the results of research in the field of synthesis of amide derivatives of
oxalic acid, and also show the main areas of application of these compounds. Thus, in works [1, 2] a
new method for the preparation of oxalic acid esters and amides with a substituent of various
chemical natures is described and it is shown that these compounds have many industrial
applications, mainly as intermediates and stabilizers in the field of polymers.

Another patent [3] proposes a method for producing oxalic acid amide esters and their salts,
which includes the following stages: introducing a certain amount of ammonia gas into low-
temperature anhydrous ethanol to obtain an ethanol solution of anhydrous ammonia; and reacting an
ethanol solution of ammonia used as an aminolysis agent with diethyl oxalate (or dimethyl oxalate)
to produce oxalic acid amide ethyl ester (or oxalic acid amide methyl ester). This method has great
economic benefits, can greatly improve product quality, and meet stringent product quality
requirements in fields such as biochemical reagents and the like.

Patent [4] describes a method for producing amidoesters of oxalic acid, and patents [5, 6]
propose a composition suitable for use as a friction modifier for an automatic transmission,
containing a bis-amide or amide ester of oxalic acid containing at least two hydrocarbyl groups with
a number of carbon atoms from 12 to 22.

Oxalic acid monoamides are of interest as bioisosteric replacements of phosphate groups in
the creation of new enzyme inhibitors [7]. In this work, the authors demonstrated the use of oxalic
acid as a Wang resin linker for the synthesis of single or series of phosphate biosters. The highly
reactive acid chloride bound to the resin reacts with arylamines to form resin-bound N-aryloxamic
acids (oxanilic acids). This methodology is particularly useful for the rapid synthesis of 2-
(oxalilamino)benzoic acids (OBAs) as it can be used to synthesize libraries and eliminates the
intermediate purification step required in solution-phase reactions. The products are cleaved from
the resin with trifluoroacetic acid in dichloromethane in good yields.

1) DIPEA, CH,Cly

o )
onl | B ")
OH ———» /
CHCly S FYNH, HO ) \ //
Wang Resin > R

2) TFA
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The synthesis and study of the areas of application of oxalic acid amides were also considered
in [8, 9].

In [10] presents a stable new synthesis of oxalamides by the acceptorless dehydrogenation of
ethylene glycol with amines to form H2, homogeneously catalyzed by a ruthenium chelate complex.
The reverse hydrogenation reaction is also carried out using the same catalyst. A probable reaction
mechanism is proposed based on stoichiometric reactions, NMR studies, X-ray crystallography, and
the observation of probable intermediates.

® e
’ -p7

2 v o] 0 ' I/ \'BU
v N—-R—
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@ high efficiency * broad substrate scope ¢ atom-economy * reversibility

Research has also been devoted to the synthesis of oxalic acid amides [11, 12].

The patent [13] proposes a method for protecting organic materials that can be damaged by
ultraviolet light from exposure to ultraviolet rays, characterized in that an oxalic acid amide ester is
included in or applied to the surface of the protected materials. or a filter layer containing oxalic
acid amide esters is placed in front of these materials.

Crystalline salts of oxalic acid stearamide, oleamide and elaidamide, consisting of 2 mol
amide per 1 mol oxalic acid, were prepared and characterized using melting points, as well as IR
and X-ray diffraction measurements [14]. Their IR spectra are compared with the spectra of amides.
Long distances are reported for crystalline salts, as well as long and short distances for these amides
and linoleamide.

It has been reported [15] that a-hydroxyamides are an important class of compounds found in
natural products and bioactive molecules of drug candidates. In this work, the authors report a
simple and direct approach to these compounds through the decarbonylation/decarboxylation of
oxalic acid during a three-component Passerini reaction under solvent-free conditions under
microwave heating. This very convenient procedure provides the title compounds via a possible
concerted intramolecular decarbonylation/decarboxylation from an a-acyloxyamide intermediate.

P-3CR
H 5 o . o
f OH 2 solventdroe C)r lO i . O O mild reaction condiions
HO™ T’ il Cr"R' 7 TN O-_-:-'«-__\&.O\/\‘ R ~— R N"u\/0~q Q sheoret roaction tenes
9 Y e I N A £
0 9 LRl é R/"\R" ,,; H RIR! Q sotlvent- and additive-free
R' R : a-hydroxy amides @ Broad scope

«-acyloxy amides 83 examples

In [16], amides of succinic and oxalic acids were synthesized based on their reaction with
monoethanolamine in molar ratios of 1:1 and 1:2. IR spectra of the resulting substances were
obtained, their structure was determined and confirmed, and physicochemical properties were
studied. 10% aqueous solutions of these substances were prepared, their physicochemical properties
were determined, and their bactericidal properties were studied. The bactericidal effectiveness of
succinic acid N-monoethanolamide was 82.9% at a concentration of 25 mg/l, 88% at a
concentration of 50 mg/l and 95% at a concentration of 100 mg/l. The bactericidal effectiveness of
Ni,N;-succinic acid bis-monoethanolamide was 69% at a concentration of 25 mg/L, 83.2% at a
concentration of 50 mg/L and 90% at a concentration of 100 mg/L. The bactericidal effect of oxalic
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acid N-monoethanolamide was also studied: 82% at a concentration of 25 mg/l, 91% at a
concentration of 50 mg/l and 97% at a concentration of 100 mg/1.

Thus, from the above analysis of research results, we can conclude that amide derivatives of
oxalic acid have a wide range of applications.

Among these areas, special mention should be made of the use of oxalic acid and its
derivatives as plant growth regulators. In this direction, results were previously shown that
described the stimulating properties of this acid and its functionally substituted derivatives. Thus, in
works [17,18] it is noted that oxalic acid and its derivatives play an important role in the regulation
of plant growth and development and participate in reactions that affect both biotic and abiotic
stresses.

[19] collected and developed data indicating that calcium oxalate plays a significant and
previously unanticipated role in the biochemistry of the extracellular matrix (ECM) of higher plants.
Germine, long known as a protein marker of early growth in germinating wheat and later known as
ECM protein, has been shown to be an oxalate oxidase. Dissolution of calcium oxalate and germin-
induced degradation of the resulting soluble oxalate can lead to the release of Ca*" and H,0,, which
are known to play a central role in ECM biochemistry in higher plants. The discoveries about
oxalate as a source of H,O, complement Warner's current understanding of the central role of H,O,
in the development, differentiation, vascularization and signaling processes of higher plants.

germin

It has been shown [20] that oxalic acid is widely distributed in plants and performs various
physiological functions. It has been suggested that oxalic acid is biosynthesized in plants through
three pathways, namely the glyoxylate-glycolate, ascorbate and oxaloacetate pathways. Oxalate
decomposition occurs through oxidation, decarboxylation and acetylation. In addition, plant
varieties and agronomic practices influence the accumulation of oxalic acid.

The secretion of oxalates by fungi provides many benefits for their growth and colonization of
substrates [21]. The role of oxalic acid in pathogenesis is to acidify host tissues and sequester
calcium from host cell walls. The formation of calcium oxalate crystals weakens cell walls, thereby
allowing polygalacturonase to degrade more quickly in a synergistic response. There is a good
correlation between pathogenesis, virulence and oxalic acid secretion. Solubility of soil nutrients is
achieved by soil species when cations liberated by oxalate diffuse into clay layers and increase the
effective solubility of Al and Fe. Oxalate stored in the hyphal mats of mycorrhizal species increases
the availability of phosphates and sulfates. The formation of calcium oxalate crystals provides a
reservoir of calcium in the ecosystem. The ability of oxalate to bind divalent cations promotes the
detoxification of copper, which is especially noticeable in wood preserved with copper salts.
Oxalate plays a unique role in the degradation of lignocellulose by wood-decaying basidiomycetes,
acting as a low-molecular-weight decay-initiating agent. In addition, in white rot fungi, oxalate acts
as a potential electron donor for lignin peroxidase-catalyzed reduction and chelates manganese,
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allowing Mn 3+ to dissolve from the manganese-enzyme complex and thus stimulating extracellular
manganese peroxidase activity. Biosynthesis and degradation of oxalates are discussed.

The patent [22] describes a method of controlling pathogens using an oxalate-producing
enzyme, alone or in combination with a toxic protein, which can be applied directly to the plant or
produced by microorganisms on it, or by genetically modifying the plant to produce the enzyme.

Research has also been devoted to studying the role of oxalic acid and its derivatives in plant
organisms [23-29].

Considering the above, it was of interest to conduct research in the field of studying the
regulatory properties of salts and amide derivatives of oxalic acid in relation to the seeds of some
agricultural crops [30-32].

For this purpose, we synthesized mono- and disubstituted salts, as well as ethanolamine
complexes of oxalic acid and prepared their solutions of various concentrations: 0.05, 0.01, 0.005,
0.001 and 0.0001% and tested them as growth regulators for corn and peas. For comparison,
solutions of indolylacetic acid, which is often used as a plant growth regulator, were prepared in the
same concentrations. The calculated amount of seeds of the indicated plants was placed in two Petri
dishes, and distilled water was added to one of the dishes, and prepared solutions of the analyzed
substances were added to the other. After several days of observations, it was noticed that 0.001-
0.0001% solutions of oxalic acid derivatives promote intensive growth of both types of seeds and
growth of both the root and above-ground parts of plants is observed. It has been established that in
the case of salts, complete salts of oxalic acid have a more pronounced growth property compared
to acidic salts, but in both cases an increase in seed growth is observed.

In addition, we have found that the mono amide of oxalic acid has a stronger effect on the
growth of pea seeds compared to the disubstituted amide of this acid.

Thus, we can conclude that salts and amide derivatives of oxalic acid have a pronounced
regulatory property during the ripening of pea and corn seeds. In this regard, they have been
recommended as growth stimulants for these plants in agricultural practice.
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Annomayus. HanouacTHIIbI OKCHAA IIMHKA TPECTABISIOT OTPOMHBIA UHTEPEC B MPUMEHEHUH
B pa3IMYHbIX 00J1acTsSIX BKIIFOYAs 6I/IOM€Z[I/IHI/IHy, MUIICBYIO IPOMBIIIJIICHHOCTD, CEJIbCKOC XO3SHUCTBO
u T.0. [lerv uccnedosanus: WCCIENOBAaHWE CHHTE3a HAHOYACTHII OKCHJA IIMHKA, HW3y4YCHHE
CTPYKTYpBl, CBOWCTB W TPUMEHEHHE B MEIUIMHE MpHU 3XKHUBICHUU paH. BrepBeie CcUHTE3
HAHOYACTHIl OKCHJIa IIMHKA OCYIIECTBIEH METOIOM XUMHUYECKOTO OCa)XJCHUS U3 IUTpaTa LUHKA,
MO3BOJISIFOINMI SKOHOMHUTH SHEPTHI0, TEMIIEPAaTypy M 3aTparbl Ha JOPOTOCTOsIIee 0O0OpyIOBaHHE.
CuHTe3UpOBaHHbIE HAHOYACTHUIBl OKCHJA IIMHKA MUMEIOT KyOMYEeCKYI0 KPHUCTAJUIMUECKYIO (opmy,
pa3Mep HaHOUYaCTHI] OKCHIa IMHKa Bapbupyercs or 17 mo 25,5 um. KoxHo-pazgpaxaroriee
JeicTBHE J1e4eOHO-KOCMETHYECKOrO Telii Ha OCHOBE HAHOYACTHI[ OKCHAAa IIMHKa U cepedpa
MOJIYYCHHBIX JaHHBIM CIIOCOOOM HE OBLIO OOHAPYKEHO.

Abstract. Zinc oxide nanoparticles are of great interest for use in various fields including
biomedicine, food industry, agriculture, etc. Research objectives: study the synthesis of zinc oxide
nanoparticles, structure, properties and application in medicine in wound healing. For the first time,
synthesis of zinc oxide nanoparticles performed by chemical precipitation from zinc citrate, which
saves energy, temperature and cost expensive equipment. The synthesized zinc oxide nanoparticles
have a cubic crystalline shape, ZnO nanoparticles size varies from 17 to 25.5 nm. The skin-irritating
effect of the medicinal cosmetic gel based on zinc oxide and silver nanoparticles obtained by our
method was not detected.
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Knrouegvie cnosa: HaHOYACTULIBI OKCHJA LIMHKA, CHHTE3, XMMHYECKOE OCaXJACHUE, pa3Mep
HaHOYACTHUII, KyOudeckasi Kpuctandeckas popma, IpUMEHEHHE B MEAUIIMHE.

Keywords: zinc oxide nanoparticles, silver nanoparticles, synthesis, chemical deposition,
nanoparticle size, cubic crystalline form, medical applications.

HanoyacTuipl okcHla IIMHKA UMEIOT IUPOKHNA CIIEKTP MPUMEHEHUS B PA3IMYHBIX OTPACIIIX
CTOMAaroJIOTUH, DHIOJOHTUM, PET€HEPATUBHOW SHIOJAOHTUH, MAPOJOHTOJOTMHU, IPOTE3UPOBAHUM,
OPTOAOHTUH, OpPaJbHOM MEIUIMHE, JHArHOCTHKE paka, JIeHTaJIbHOW HWMIUIAHTOJIOTHUH,
npodunakTudeckon cromarojorun [1]. HaHouacTuubl oOkcHMIa I[IMHKA TPUMEHSIOTCS B
MCCIICIOBAHUAX B OOJIACTH TEKCTMWJIBHOM MPOMBIIUIEHHOCTH [2], B OMOMEIUIIMHCKUX HayKaxX, I7e
HeoOXxoauMo pa3paboraTh OMOCOBMECTHMEBIE/OHOpa3naracMble HAaHOMIAT(HOPMBI OKCHIA IMHKA IS
MOTEHUUATIBHBIX KIMHUYECKUX PE3yJIbTaToB.

Hanouactuipl okcuaa UHKa ObLIIM CUHTE3UPOBAHBI PA3IMYHBIMU CIIOCOOAMU: XUMUYECKUMU
U (UBHYECKUMH METOJaMH, 30JIb-T€b, THAPOTEPMAIBHBIM, OCAKICHHEM W COOCAKICHHEM,
XUMAYECKUM OCXJICHHWEM U3 TMapoBOW (a3pl, MUPOIU30M, pACIbUICHHEM, MarHUTHBIM
HaIlbUICHHEM M OMOJIOTHYECKUM MeToaamH [3].

HanouacTuipl okcuja IIMHKA BBI3BAU 3HAYUTENbHBIN MHTEPEC B CEIbCKOXO3SHWCTBEHHOU U
MUIICBOM  MPOMBIIUICHHOCTH KaK CPEJICTBO YHUYTOXKEHUS WJIM CHUKCHHS aKTHBHOCTH
MHUKPOOPTraHU3MOB. AHTHOAKTepHUAIbHBIE CBOWCTBA HAHOYACTHI[ OKCHJIA IIMHKA MOTYT YIyYIIUTb
KaueCcTBO IMPOAYKTOB IMUTaHUS, YTO OKa3blBaCT HEMOCPEJACTBEHHOE BIHUSHUE HA 3JI0POBbE
yesoBeka [4].

Cpenu MHOTOOOpa3Wsi CTPYKTyp okcuma ZnO, HUCHONB3YeMBIX JUISI OHOAHAIMTUYCCKUX
NPUMEHEHUH, HEOOXOIUMO OTMETHTh TaKyld MOpPQOJIOTHI0, KaK HAHOCTEP)KHU (MaccUB
HAHOCTEp:KHEW Ha IMOAJIOKKE), KOTOphle OOMamaroT psaoM ocobeHHocTeil. Ha Hacrosmmuit neHb
pa3paboTaHO MHOXKECTBO METOJIOB MOJYyYEHUS BBICOKOYMOPSAOYEHHBIX MAaCCHBOB HAHOCTEPIKHEH
ZnO [5], xoropsle 007MaAIOT OOJBIION IUIOMIAbI0 MOBEPXHOCTH, W, KaK CIIEICTBHUE, BBICOKOU
Harpy»aemMocTblo, U TO3BOJIAIOT YIOPSIOUMBaTh Ouomarpuily Ha mnoBepxHocTH ZnO. Jlpyroe
MPEUMYIIECTBO HaHOCTepkHel 7ZnO (kak W ApYyrux TOJYMPOBOJHUKOBBIX HAHOCTEPIKHEH)
3aKJIIOYaeTcss B TOM, YTO BIHMSHHE TIOBEPXHOCTH HAHOKPHUCTAUIOB (T€ W TMPOUCXOIUT
OMOXMMHUYECKasl PEAKIHs) Ha AIEKTPOXUMHUECKHE CBOMCTBA TI0BOJILHO BEJUKO [6].

Mamepuanvi u memoowl uccnedosanus

HaHouacTuupl OKCHZa LIMHKAa CHHTE3MPOBaHBl XUMHUECKUM ocaxjaeHueM. llpum momomm
peHTtreHodazoBoro anHanu3za P®A  ompeneneHsl  CTPYKTYpHbIM U (pa3oBbIi  COCTaBBI
CHHTE3MPOBAaHHBIX HAHOYACTHIl OKcHa IMHKA. MK criekTpambHBIM aHATM30M ONpENEeNIeHbl MUKU
NOMIOUIeHUs XapakTepHble i ZnO.

KoxHo-pa3apaxaroniee JeiicTBue jiede0HO KOCMETHUYECKOro Telsl Ha OCHOBE HAHOYACTHUI
OKcHZa IMHKa W cepeOpa MOJYYEHHBIX HalIMM crocoOoM He Obuto oOHapyxeHo (IIpoToxon
naboparopHbeix wucnbiTanuii Ne52 ot 05.02.2024 JlaGoparopuu otaena wucnbTaHuii Omickoro
TOPONICKOTO IIeHTpa mpodunakTuku 3abomeBanmii u [occamdmmmHam3opa ¢ QyHKOIHAMHA
KOOPJMHALIUH JIETETBHOCTH CIYXO0bI 110 O1Ickoi 0051acTh).

Pesynomamot u o6cyscoenue
XUMUYECKUH COCTaB M CTPOCHUE CHHTE3MPOBAHHBIX HAHOYACTHI[ OKCHJA IIMHKA U cepedpa
ObutH  ompeneneHbl peHTreHoda3oBbiM aHamm3oM P®DA (Pucynok 1) u  wuHbpakpacHoi
cnekTpockonuei (Pucynox 2).
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Pucynox 1. I'padux POA HanogacTHIl OKCHAA IMHKA CHHTE3UPOBAHHBIM XHMHYECKIM OCaXKICHHUEM

XapakTepHble TMKH OKCHJIa IIMHKA OBbLIW BBIJCICHBI B obOnacTsax 31,76, 34,42, 36,25, 47,53,
56,60, 62,86, 66,37, 67,96, 69,09 2-Theta.
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Pucynoxk 2. UK-ciekTpbl poryckaHusl HAHOCTPYKTYPUPOBAHHOTO OKCHA IIMHKA

[Tpu ananmuze MK-cnekTpockonuy HAHOCTPYKTYPUPOBAHHOTO OKCHJIA IIMHKA OBUTH BBIJEICHBI
MUK B moiioce mommomenus 436,63, 468,22, 517, 643,45 oM ! XapakTepHbIEC IS BAJICHTHOTO
KojneOanua Zn—O, nuku B monoce mormomenus 871,82, 1379,49, 1559,79, 1629,85 eM | s
kapoOokcunar annonoB COO , muku B monoce nornomierust 1028,06, 2650, 2854,65, 3735,73 oM !
st O-H rpynnei, nuku 2032,32, 222247, 2359,79 cM ' B TONOCE MOMIOUIEHHS  JUIs
dyHkrmonansHoi rpymmel O=C=0 u 1384.89 cM ' xapakTepHOil 115 (GYHKIMOHATEHONR TPYIIIBI
C=0[7].
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Bu1600wbi

HanouacTumpbl oOKcHga ITMHKA OO0NAJalOT aHTHOAKTEPUAIBHBIM, PAaHO3)KHUBIISIONIAM
3¢ dEeKTOM U BBIPAKCHHONH aHTUMHUKPOOHON aKTUBHOCTBIO.

Paznpaxkaromuii  koxky 3(@deKT KOCMETHYEeCKOro  JIe4eOHOro  remsi,  COJepIKallero
CHHTE3MPOBaHHBIC HAHOYACTHUIIBI OKCH/IA IMHKA HE ObLT OOHApYXKEH.

[IpemioskeHHbIH CrIOcO0 CHHTE3a HAHOYACTHII MO3BOJISICT TMONYYHUTh YHCTHIE HAHOYACTHUIIBI
OKcHa HUHKa 0e3 IpUMEeCeH.

CuHTe3UpOBaHHBIE HAHOYACTHUIIBI OKCHJA IIMHKA HMMEIOT rekcaroHaibHyio P63mc (186)
KPUCTAJUIMYECKYIO CTPYKTYPY.
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MNOJYYEHHUE JJAHTAHA JIMTUETEPMUYECKUM METOAOM
©39pkunobaesa H. A., Owickuti mexnonoeuveckuui ynueepcumem, 2. Owi, Kvipeviscman
PREPARATION OF LANTHANUM BY THE LITHIUM-THERMIC METHOD

©Erkinbaeva N., Osh Technological University, Osh, Kyrgyzstan

Aunomayusn. OUYUCTKA PpEAKO3EMEIbHBIX IPOAYKTOB OT HEXKEJATENIbHbIX IpUMeEcel
MPOBOJWIOCH C TMPUMEHEHHEM HEOPraHMYEeCKUX U OpPraHuYeCKHX pEareHTOB OCaJuTeNeH.
B xadecTBe opranmdeckux ocaauTeneil ucnosibzoBaiu 1 M pactBop 8-okcuxosuHa. [Ipumenenue
OpraHMYEeCKHUX OcaauTesneil oOpa3yeT ¢ KaTHOHAMU METaJUIOB YCTOWYHMBBIC BHYTPUKOMILJICKCHBIC
coeMHEHUs. B kauecTBe HEOpPraHMUECKUX OCAIUTENICH HMCIIOIb30BAIM PACTBOPHI XJopuaa Oapus,
aMMHa4gHOro pactBopa. st ocaauTens BeIOpamy crienuUIHbIe U IPH HArPEBAHHUH JIETKO JICTydUe
peareHThI-ocaauTenu. M3 uccneayemMoro mpoaykTa U3BIEUEHBI HOHBI XKele3a, aTFOMUHHUS, HaTpUs U
Cylb(ar MOHBI, TOTOMY YTO B XMMHUYECKOM COCTaBe IIjIaka copiepkanue ux oonpiie. OdoramieHHbINd
KOHIIEHTPUPOBAHHBIN IMOPOIIOK XJOPUJA JJAHTAHA BOCCTAHOBWJIM C JIUTHEM JI0 METAJTMYECKOTO
nanTaHa. JIaHTaH MOMy4aroT B BUE KPYITHBIX KPUCTALIOB C YUCTOTOM 99,6% OT Macchl.

Abstract. Purification of unwanted impurities from rare earth products was carried out using
inorganic and organic precipitating reagents. A 1 M solution of 8-hydroxycholine was used as
organic precipitants. The use of organic precipitants forms stable intracomplex compounds with
metal cations. Solutions of barium chloride and ammonia solution were used as inorganic
precipitants. For the precipitant, specific and highly volatile precipitant reagents were chosen when
heated. Iron, aluminum, sodium and sulfate ions were extracted from the product under study,
because the chemical composition of the slag contains more of them. Enriched concentrated
lanthanum chloride powder was reduced with lithium to lanthanum metal. Lanthanum is obtained in
the form of large crystals with a purity of 99.6% by weight.

Knioueswvie cnosa: ocaxnenue, n3BJIeUeHNE, OUNCTKA, IPUMECH.
Keywords: precipitation, extraction, purification, impurity.

B mnacrosimee Bpemsi Ha Ttepputopun Kamamkaiickoro cypemsiHoro komOuHara (KCK)
Koipreisckoii PecriyOnuku, uMEIOTCS A1€CSITKH MUJUTMOHOB TOHH IPOMBIIIIEHHBIX OTX0A0B. OIHUM
U3 TpPUMEPOM TaKOro TEXHOIeHHOro ooOpas3oBanuss B Kuprusckoit Pecnybnuke sBisercs
HakonuBIuecs: orxoabl Kagamkaiickoro cypsmsiHoro kom6unara (KCK), npencrasnstoniuii co6oit
TEXHOT€HHBIM CBIPBEBBIM PECYPCOM, HMEIOUIMX LEHHOCTh JUIsl pa3HbIX OTpacied HapoJHOTO
xo3diicTBa cTpaHbl. [loaTomMy pa3paboTka TEXHOJOTMHM HCIOJIb30BAaHUS HAKOIUIEHHBIX OTXO/IOB
SBIISIETCS aKTyallbHOM 3ajadel W ans KoMmMOWHaTa, W I OJKUTEled JaHHOTO perHhoHa.
[TpompbliieHHbIE OTXO/BI COCTABIAIOT 10 90-98% OT Bcex A00bIBaEMBIX MPUPOAHBIX PECYpPCOB,
Mo3TOMy MpoOiemMa pa3pabOTKH TEXHOTEHHBIX «MECTOPOXKACHMI» MpUOOpeTaeT BcCE OOJBIIYIO
aKTyaJIbHOCTH [ 1, 2].

JUid pa3MmeleHusi TBEPAbIX OTBAIBHBIX IMPOAYKTOB OTIEICHUS PYAOTEPMHUUECKUX MEYEH,
00pa3ylomuxcsi B pe3yjbTare MHPOMETAJUTYpPrHUYecKOro crnoco0a TMOIyd4eHUs MeTalTHuecKoi
CYpbMBbI, HMCIIOJB3YETCSI OTBAJ, PACIOJOKEHHBIM Ha paccTOsIHUM 1,5 KM OT 1exa OCHOBHOIO
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MPOU3BOJCTBA HA IOXKHOM CKJIOHE cyxoro pyciia Auxop-Caii. IlITeliHOBBIA OTBaj, IJIOMIAAbIO
2,4 ra, conepkuT 283 THIC T. MTEHA C yAEIBHBIM BecOM 2,5 /™. IlTeiin MPEACTABISIET COOOM
TBEPJIbIA MOPOMIKOOOPa3HBI MaTepuall OJMBKOBO-UYEPHOTO LBETa. XMMHUYECKHI COCTaB IITEHHA:
Fe — 45%, Na,O — 8-15%, S — 25-35%, Sb — 3-5%, As — 0,2-1%, Si — 2-5%.

B cBsi3M ¢ MOBBIIEHHBIM COACP)KAHUEM CYPbMBI IITCHH OCAAUTEIBHOW IUIABKH HE MOXKET
CUMUTAThCS OTBAJIBHBIM MPOAYKTOM. B HacTosiiiee BpeMss KOMOWHATOM NpopadaThIBA€TCs BOIPOC
pa3paboOTKM TPOEKTa IO DSKOJOTHYECKOW peadWINTAlMi IITEHHOBOTO OTBaja C MOIYTHBIM
MOJIYYEHUEM CYPbMOCOJIEPKAIIIETO MPOIYKTA.

[IInakoBBIi OTBaJ paCHOJIOKEH Ha OOIIeH WHKEHEPHO-OOYCTPOCHHOW TEPPUTOPUU CO
TEHHOBBIM oTBajioM. [nomane orBana cocrasiusier 4,2 ra. [1lnak — TBepAbIid OTBaJIBHBIN MPOITYKT
OTJCIICHUsI PYIOTEPMHUUYECKHUX Teued, OOpa3ylomuiics B pe3ylbTare MHPOMETAITyPTUYeCKOrOo
crioco0a MOIy4eHUs] METAaNTMIeCKOH CypbMbl. XUMUYECKOH cocTaB nuiaka: cypbMbl — 0,2—0,5%,
okcu Hatpus — 8—15%, okcun kpemuuss — 50—-60%, oxkcua kanbuust — 8—15%, okcu amOMUHUS

— 6-10%, Mbimbiaxk — 0,05%. Knacc onacHoctn otxoma — Tpetuil, MaKTUYECKU YI0KEHHBIN
00beM nu1akoB — 447,3 ThIC T.
Cxila yclOBHO-OTBaJIbHBIX KekoB. Kekum — mactooOpasHblii WM HOPOLIKOOOpPa3HBIN

MaTtepuall, SBJIAIOLIMICA OCTAaTKOM MPOLECCA BBIIIETAYMBAHUS MPU THAPOMETAILTYPTrUYECKOM
crioco0e MoNyuyeHus: MeTaTNYeCcKol cypbMbl. [locne mMpoMBIBKH U CYIIKH, KEKU pa3MelaroTcs Ha
CHELMAIbHOM, HMH)KEHEPHO-OOYCTPOEHHOM  XpaHWiMIle. XpaHWIMLIE 3aHMMaeT 2  Tra.
DneMeHTapHBI XUMHUYECKHI cOCTaB KeKOB: cypbMma — 2,5-3,0%, okuch kpemuust — 35,0-37,0%,
okuch Kanbiuss — 3,0-4,0%, okucek Hatpus — 5,0—6,0%, mbeimbsik — 0,4%, cepa obmas — 16,0—
17,0%.

Kanamxaiickuil onbITHO-IIPOMBILIUIEHHBIHN 3aBOJT OKA3aJICsl LIEHTPOM BCeX paloT, CBSI3aHHBIX C
pa3paboTKOi MUPOMETAILTYPrHUH CyphMbI MecTHBIN Kamamskarickmii, Xainapkanckuii, YayBanckuid,
Vnyy-Toockuii oboramenHsle pyabl, npuBo3uian u3 Typuuu, Poccun (Skytus, Uura), Taxxukckuit
(An300) [3, 4].

OKcnepumenmanvhas 4acmo

Meroauka nposeaenus pad6ots! npuseneHa B [OCT P 70815-2023 (MCO 22444-1:2020).

B KOHHUECKYI0 KonOy BMecTHMOCTH 100 cM’ [OMEIIAIOT HABECKY HCIIBITYEMOTO BEIECTBA I
MIPUJIMBAIOT OIPENIEICHHbI 00beM BOIbI, JOOABISIIOT COOTBETCTBYIOLIEE KOJIMYECTBO PEAreHTOB
WM WX CMecH, JoBoAsAT pH-pacTBopa 1o yHHBEpCaldbHOM WHAMKATOPHOW Oymare 10
OIIPEEIAEMOTO 3HaYEHMsI. 3aTEM PacTBOP OCTABIIAIOT Ha 2—3 Yaca MPU TEMIEPATYPE OKPYKaOLIEN
cpenbl 3aTeM (pUIBTPYET Yepe3 BOPOHKY C MOPUCTHIM (PUIBTPOM IOJT BAKYYMOM.

Ocasok TOpOMBIBAIOT, MPOMBIBHBIE BOAY COCAUHSIOT € (UIbTpaT. AHAJIUTUYECKOTO
OlpesiesieHue  MpUMecel XHMHUYECKHUX D3JIEMEHTOB, MOIYYEHHBIX METOJAaMH OCAXKIACHHUS U CO
OCaKJEHUS, UCTIONb30Banu npuioxenus b. Tabnuma 1 [6].

Tabmuma 1
Obvexm Ipumecu snemenmos Peazenm, 3nauenue pH Cnocob omoenenus
ananusa (ocadumeny) ocaoka
Coenuuenue Al, Mo, Nb, Ta, W, V, Zn Komexrop La(OH)3 dunpTpanus

JJaHTaHa

JIns BOCCTAaHOBJIEHHMSI CKaHAWs MCIHOJB30BAINA IIEJIOYHOM MeETAT JuTUid. Duibrpar
YIapuBaroT JI0CyXa C KOJUIEKTOPOM, 22 T XJIOpUJ ckanausa v 20 I JTUTHS 3arpy’Kar0T Ha TAHTAJIOBBIN
turenb. HarpeBaem, B3auMoJelCTBUE JUTHUS € XJIOpUiaMu cKanaus npoucxoaut npu 50 °C, xorma
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XJIOPUIBl HAXOIATCS B TBEPAOM COCTOSHHUU. JIMTHETEPMUYECKUIN MPOIECC COCTABISIOT OKOJIO
700 °C. Jlutuerepmuyeckuii npouecc 3akanuupaercs npu 1000 °C, nmonydaercsi TBEpIbId METaI.
Jns  mosydeHHsl JIaHTaH BBICOKOM CTEMEHM YMCTOThI, TOJIYYEHHBIM MPOAYKT OYHUIIAIOT
TUCTHJUISIIINCH B BaKyyMme, a JUTHA pa@UHUPYIOT HETIOCPEICTBEHHO B allliapare BOCCTAHOBJICHHE,
MIPEJICTABIISIIONIEM CO0O0M TOPU3OHTAIBHYIO PETOPTY U3 KOPPO3HMOHHOCTOMKOW cTanu. XJIopua U
TUTUH, B3AThIH ¢ 10% H30BITKOM, TOMEIIAIOT B JABE TAHTAJOBOM JIOJIOYKH W YCTAaHABIMBAIOT HX B
peropty. PeTtopTy BakyyMHpYyIOT M BbIAEpKHBaloT B TeueHue 2 ydaca nipu 860 °C. Konaencarus
HATPUEBBIX IMAPOB — B XOJOAHOM KOHIIE Y3KOTO BaKyyMHOW TPYyOKM Ha Ha4allbHOUM CTaJIMW HarpeBa
o0ecreurBaOT TepMETH3ALUI0 PETOPThl. TemmeparypHblii TpajgueHT MO [JJIMHE PETOPThHI
OTIPE/IETISIOT MOCPEACTBOM KOHTPOJs Temmeparypbl 3 Toukax neud. [Ipoaykr peaxnuum LiCl u
M30BITOK JIUTUN OTTOHSIOT U3 JIoHouku mipu 950 °C U KOHJICHCHPYIOT B XOJIOIHOM KOHIIE PETOPTHI.
JUIMTeNnbHOCTh Ipoliecca MUCTWILIALMU cocTaBisgeT 24 4 P3M mosyuyaroT B BUAE KPYIHBIX
KpUCTAIIOB 4UCTOTOU 99,6% (0T Macchl) [7].

CocTaB WUCCIIEIOBAHHBIX KOMIIO3ULIMA W pE3yAbTaTbl M3MEPEHUs BpeMs TOpEeHUs U
TEeMIIEPaTypsI MpecTaBicHa B Tabmuie 2.

Tabnuma 2
Cocmas cmecu macc, % Bpems copenus, u Temnepamypa, °C
20% naHTaH XJI0pUCTHIH + 22% MeTalmMYecKui TNTUH 2 950

B mporecce MerauioTepMUYECKOW Tporecce ObLI TOMY4YeH JIAHTaH W JIPYrHe IMOOOYHBIE
npoaykTsl (PucyHok).

l L
\7

Pucynok. Cxema TexHOJIOTHs [TOJIyueHUs JiaHTaHa: 1 — apoOiieHue ChIphsi, 2 — CyIlIKa, 3 — BecoBas,
4 — TaHTANOBBIA EMKOCTh C XJIOPUJIOM JIAHTaHa, 5 — BOCCTAHOBUTEINh, 6 — METAJUTUYCCKUil TaHTaH, 7 —
IaK

Bv1600wb1
Vcnonb30Banyu TaHTAJIOBBIA THUTENb, MOCKOJIBKY IPU PEAKIMM B HEM HE 3arpsa3Hsercs
noslydyeHHbld nponaykT. Peakuus nHaunercs mnpu 50 °C. [lonHoe BOCCTaHOBIEHHE JIaHTaHa
npoucxomut mpu 950 °C uepe3 2 wuyaca. [Insg AUTHETEPMHUECKHI pPEAaKIUH HCHOJIb30BaJIH,
oOoraimieHHbI XJIOpUJ JaHTaHa. TeMIepaTypHbIil peKUM JIMTUTEPMUUYECKOTO Tpolecca (IoJHoe
BOCCTaHOBJICHHE JIaHTaHa) u3MepeHo nupomerpom CEM JIT-8865.
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OINIPEAEJIEHHUE JIAHTAHA U3 CYPBMSAHBIX OTXOA0B
CIIEKTPO®OTOMETPUYECKUM METOJ1O0OM

©3prunbaesa H. A., Owickuii mexnonocudeckuti ynusepcumem, 2. Owi, Koipevizcman

DETERMINATION OF LANTHANUM FROM ANTIMONY WASTE
BY SPECTROPHOTOMETRIC METHOD

©FErkinbaeva N., Osh Technological University, Osh, Kyrgyzstan

Annomayusa. Jlna  onpeneneHus ONTHYECKOM IUIOTHOCTH  MCCIIENYyEeMOTrO  BELIECTBa
ucnonb3oBamu crnekrpoporomerp I13-5400Y®D. Hccnenoanbl xpomarorpamMmbl mpu 600 HM.
OmnpeneneHbl ONTUMAIBHBIE YCIOBHS IS TPOBEACHUS (POTOMETPUIECKOTO aHAN3A.

Abstract. To determine the optical density of the test substance, a PE-5400UF
spectrophotometer was used. Chromatograms at 600 nm were examined. The optimal conditions for
carrying out photometric analysis have been determined.

Kniouegvie cnosa: cieKTpoOTOMETp, JIAHTAH, XpOMAaTrorpamMma.
Keywords: spectrophotometer, lanthanum, chromatogram.

Ha Tepputopun Kagamxkaiickoro cypsmsiHoro komOrnara Keipreizckoit Pecniyonuku, numeercs
00JIbIIIOE KOJTMYECTBO TPOMBIIUICHHBIX OTXOJ0B. MeTaiuisl moOoyHoM moarpynmsel 111 rpymnmsl.
JlantaHounel. B 3Ty rpymnmy BXOAAT CKAaHAWW, WTTPUM, JIAHTaH, aKTMHUM M JBa CEMEHUCTBA
14 snemenToB. M3BECTHO, UTO K PEIKO3EMENBHBIM METaUIaM OTHOCATCSA: JIAaHTaH, LIEPUil, HEOINM,
Mpa3eouM, camapHii, MPOMETUH, TaJONWHUM, eBpONUil, TepOuii, TONbMUN, AUCTIPO3UH, IPOHIi,
UTTEpOUH, JIOTEIUH, TYIUN, CKAaHAWM, UTTPUNA. ATOMBI 3TUX JIEMEHTOB UMEIOT MOTPU BaJIEHTHBIX
ANIEKTPOHA: JIa AJIEKTPOHA B S-COCTOSHUM HA BHEIIHEM U OJUH B d-COCTOSHMU Ha IpE] BHEIIHEM
YPOBHSAX .AJIEMEHThl NOATPYNIbI CKAaHAMUA SBIAIOTCA d-3J€eMEHTaMM U Ul HHUX XapaKTepHO
TPEXBAJIEHTHOE COCTOSIHUE. ATOMBI 3THX JIEMEHTOB CXOAHBI C aTOMaMH 3JEMEHTOB ITIaBHOU
MOATPYIIIBI 110 YHUCTY BaJEHTHBIX 3JIEKTPOHOB, HO OTIMYAIOTCS IO 3JIEKTPOHHOW KOH(UTyparuu
BHEIIHEr0 M Mpeja BHEIIHEro ypoBHeH. M3-3a 0oibImIMX pa3MepoB aTOMOB M MOHOB 3JIEMEHTOB
no0o4yHo# moarpynmns! 111 rpynnsl U HaaM4YUS TOJBKO JIBYX AJIEKTPOHOB HA BHEIIHEM YpPOBHE, 3TH
ANIEMEHTHI MPOSABIISIIOT 00Jiee IPKO BhIpa)KEHHBIE METAJUINYECKHE CBOMCTBA, YEM JIEMEHTHI IJIABHOU
rpynmnsl. [To 3Tol mpuuMHE OHM OOHAPYXUBAIOT HEKOTOPOE CXOJCTBO CO IIEIOYHO3EMEIbHBIMU
Mertamtamu [ 1-3].

Penko3emenbHbIE  DIEMEHTHI  WCHIOJIB3YOT B Pa3jIMYHBIX  OTPACIAX TEXHUKU: B
parMo3JIeKTPOHUKE, B MPUOOPOCTPOCHUH, ATOMHON TE€XHUKE, B MAIIMHOCTPOCHUH, B XMMHYECKON
NPOMBIIUICHHOCTH, B Metaiutypruu u ap. [llupoko npumensitor La, Ce, Nd, Pr B crexonbHOit
IIPOMBIIIIIEHHOCTH B BUJIE OKCUJIOB U APYTHX COCUHEHUN. DTH DJIEMEHTBI BXOJAT B COCTAaB CTEKOJI
CMELMANIBbHOTO  HAa3HAYeHMs, MPONYCKAIONIMX HWH(pPaKpacHble JIydd U  MOTJIOIIAOIINX
yIbTpaUOJIETOBBIE JIyYd, KHUCIOTHO- U >KapOCTOMKHX CTEeKOJ. boiblloe 3HadYeHue MONydrIn
pEeaKO3EeMENIbHBIE JIEMEHTHl M X COEAUHEHUE B XUMHUYECKOW MPOMBIIUIEHHOCTH, HAllpUMeEp, B
MIPOM3BOJICTBE MUTMEHTOB, JJAKOB M KPAaCOK, B HEPTSIHONW MPOMBIIIIEHHOCTH KaK KaTalu3aTophl.
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Penko3eMenbHbIE 37IEMEHTHI TPUMEHSIOT B IPOU3BOJCTBE HEKOTOPHIX B3pPHIBUATHIX BEILECTB,
CHELUAJbHBIX CTaJ€l M CIUIABOB KAaK Ta30NOITIOTUTENU. MOHOKPUCTAININYECKOE COEOUHEHUE
PEAKO3EMENBHBIX 3JIEMEHTOB MPUMEHSIIOT JIJISl CO3/IaHUs Ja3€PHBIX U JPYTUX ONTHYECKU aKTUBHBIX
Y HEJIMHEHHBIX 3JIEMEHTOB B OMNTO3JIEKTPOHHMKE. Bhicokue Temmbl pocta 3a mociennue 20 ner
BbI3BaHbl YBEJIMYEHHUEM CIPOCAa Ha XKECTKUE IHCKH, MEPCOHAIbHOE 3BYKOBOE O0OpYyIOBaHUE U
HeOOoJIbIIINE IEKTPOJBUTATENN B HEKOTOPBIX aBTOMOOWIAX. Ha Meramnypruyeckue mpenioKeHus,
KOTOpBIE BKIIIOYAIOT B ce0e MCIOIb30BAaHUE PEIKUX 3eMeIb B HUKEIb-MeTauT-Tuapuanbix (NiMH)
Oarapesix. NiMH-06arapen mokas3anu camble BBHICOKHE TEMIIBI pOCTa B ATOM CEKTOpE B TEUCHHE
MOCJIEHET0 ACCATHIICTHS, YTO M3HAYalbHO OblIa O0OyCNOBIIEHA YBEJIMYEHHEM CIIpoca Ha
MOPTAaTUBHOE 3JIEKTPOHHOE OO0OpyIOBaHME, a 3aTeM MCIOJb30BaHMEM JSTUX Oarapeil B
anekrpocucremax HEV.

Jlerkue penko3emenbHble uieMeHThl (LREE) ucnonp3yroTcss B NpPOM3BOACTBE KHUIKHUX
Karanu3aTopoB kaTtanmutudeckoro kpekunra (FCC) u aBTO Karanm3aTopoB, KOTOpbIE BMeECTE
COCTaBJIAIOT 0KOJI0 16% muposoro crnpoca. IlepecMoTp ucnonb3zoBanus P33 B MarauTax u no6oi
MIPOJIOJKUTEIBHBINA TIEPHUOJT BEICOKHX IIEH MOTYT OTPAaHHYUThL HCIIONb3oBaHne MarauToB NdFeB B
AJIEKTPOJIBUTATENSAX C MIOCTOSTHHBIMU MarHUTaMH JIJIs1 SJICKTPOABTOMOOMIICH U BETPOBBIX TPUOYH.

NunuBuayansuble P30  ucnonb3yloTcss B MPOM3BOJACTBE KATATUTHYECKUX (DUIBTPOB-
HeHTpanu3aTopoB (1e3uii, Heoaum). B metamnyprun P3M wucnonb3yrores Uil MOTYYeHUS OCOOBIX
COPTOB 4YYryHa, CTald H CIUIaBOB 1BETHOM Meramutyprud, P3M mnoBblmaoT KadecTBO
METAJUTYPTHUECKUX TMPOAYKIUH, yIydllaloT MX CBOWCTBA, B YAaCTHOCTH YJap  MPOYHBIE H
KOPPO3UOHHOCTOMKHE.

PenxoseMenbHbIe METAIIbI TAKKE UCHOIB3YIOTCS B BOCHHO-ITPOMBIIIJICHHOM KOMILIEKce, 0e3
HUX COBPEMEHHBIC JIBUTATEIM OCCIMJIOTHBIX JIETATCNBHBIX aIlllapaToB ¥ OOJBIIHE YaCTH
o0opymoBaHusi ¢ OCCKOMITBIOTEPHBIM YIIPaBICHUEM HEBO3MOXHO. [lepedncinm B KadecTBe
npuMepa, TIe MOXHO HANTH peAKo3eMeNbHbIE 3JIEMEHThl B OOOpPYIOBAaHUU M BOOPYKEHUU
MoluHenme Poccuiickoii moaBoAHOM JIOJKHU Kiacca «AHTe». B Mpou3BOACTBE Te€HEpaTOpOB U
ANEKTPONPUEMHUKOB (JIAHTaH, IMPa3eoJuM, JHUCIPO3WA W TEpOMii), B CCHCOPHBIX JaTYMKAX U
JFOMUHO(OPHI TUCIIIEEB HA KOMAaHIOBaHUH, C UCTIONb30BanueM P33 addekTuBHO paboTaerT.

I'muaponokatopsl M ONTHYECKHUE CHCTEMbl HAONIONEHHUS W YIpPaBICHHUS JIBI)KEHUEM
MpOM3BENEeHbl C TMPUMEHEHHEeM HeoAuMa, TepOws, JaHTaHa M Iepusd, a s BBIIyCKa
AJIEKTPOINPUBO/IOB  OTMEPEHHS CTAOMIIM3aTOPOB OANIMCTUUECKUX PAKET, CHUCTEM KOHTPOJIS
TpaBUTAIMU CTAOMIN3aTOPaX «yMHBIX» OOMO MCTONB3YETCSl CaMapuil U HEOUM.

JlaHHBIE BJEMEHTBHI HUCIOJIb3YIOTCSI B COBEPLIEHHO pa3IMYHBIX oTpacisx. Hampumep, ux
IIMPOKO HNPUMEHSIOT B  CTEKOJBHOM NPOMBIINLIEHHOCTH. Bo-MepBbIX, OHU MOBBIMIAIOT
CBETOMPO3PAYHOCTh CTEKJIA, & BO-BTOPBIX 3TU METAJUIbI UCIIONB3YIOTCS NIl MPOU3BOACTBA CTEKJIA
CIEIMATFHOTO Ha3HAYECHHSI — CTEKJIa MOTIOUIAIONINE YABTPA(PHUOIETOBBIC JTyUd WU MPOITYCKaHUE
uH(ppakpacHbIX u3MydeHHi. C MOMOIIBIO PEAKO3EMENbHBIX BEIIECTB MPOU3BOASAT >KapOCTOMKHUE.
Campble BpICOKHE TeMIlbl pocTa P30 nporHo3upyercs s MarHUTOB KaTalu3aTOPOB U KEPAMUKH CO
CPEeIHUMH €XKETOJHBIMU TeMIaMH pocTa 6% 3a nepuof. JIroMHUHOGMOPHI M MUTMEHTHI COCTABIISIFOT
gyTh Oosiee 6% oT olmiero ooreMa MOTPeOICHHS PEIKO3EMETbHBIX 3JIEMEHTOB, HO 1moutu 15% 1o
CTOMMOCTH.

JlromuHOopOp SABISETCSI OCHOBHBIM DPBIHKOM JUIsl €BPONHUS M HUTTEPOUs, TSHKEIbIX
peakozemenbHbIX 51eMeHTOB (HREE) ¢ BbICOKOH cTOMMOCTBIO, a Takke uepus [4].

Onpenenenne P33 mnpoBoauTcs BeCOBBIM, KOHIYKTOMETPUYECKUM, (HOTOMETPUUYECKUM,
PEHTIeHO(IIYOPECIIEHTHBIM, CIIEKTPOTpa@UIECKUil METOIOM, CLIEKTPOPOTOMETPUIECKUM U T. 1.
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MaccoBasg aind  KaKIOTO OTHENBHOIO JJIEMEHTa B Marepuane COIECpXKaIleM CMECh
PEIKO3EMENbHBIX 3JIEMEHTOB, 110 CPABHEHUIO C OOIIUM COJAEPKAHUEM PEIKO3EMENbHBIX 3JIEMEHTOB
B Marepuasne [5].

[Toka3aHna BO3MOXKHOCTh KOMIUIEKC OOpa3oBaHMs CKaHAWS, WTTpUsS M Tpazeoguma [-
TMAPOKCUIMAJICHHUMUJIOM M HaANJECHbI ONTHMAJIbHBIE YCIOBHHM 3TOTO IIPOLECCA, YKBUBAJICHTHAsS
3NIEKTPONPOBOAHOCTh KOMIUIEKCA CKaHIUS, UTTPUS U IIpa3eoauma ¢ [-TuApOKCUIMAICHHUMHUIOM.
PazpaboTanHas KOHAYKTOMETPHUECKAsT METOIUKA OIPEEIICHUs] CKaHIUsl, UTTPUSA U TIpa3eonuma O
LIEHE Ha METPOJIOTUYECKUI, U3YUEHO MEUIAIOIINE BIUSHUE, PE3YJIBTAThl IPUMEHEHBI JJI aHAIU3a
Pa3IMYHBIX TPUPOAHBIX OOBEKTOB [6].

doTtomeTpuss  mpeAcTaBisieT  co0OM  YacTh  aOCOPOLMOHHOM  CHEKTpPOo(pOTOMETPHUH,
OXBaThIBAaIOIIYI0 00JacTb BHUAUMOro u3dydeHuss. DOTOMETpPUUECKHE METOAbl OIPENEICHUS
3JIEMEHTOB OCHOBAaHbl Ha IPOCTOM 3aBUCUMOCTH MEXJ1Yy HMHTEHCUBHOCTH OKpAacKud pacTBOp U
KOHIIEHTpalueil BemecTBa B pactBope. s (poTOMETpUUECKOro OnpeaesieHusl NCIOIb3yeTCsl WIn
OKpacka caMoro ajIeMeHTa (MOHa), WM 4TO CiIydaeTcs Oojiee 4acTo, OKpacka COEAMHEHUs, B
KOTOpPO€ MIEPEBOAMUTCSA OIpeAesieMblil 37eMeHT. Eciu aneMeHT (MOH) HE OKpalleH U €ro Helb3s
[IEPEBECTU B OKPAIIEHHOTO COEIMHEHUH, TO UCIOJb3YIOT KOCBEHHbIE (DOTOMETPUUECKUE METObI.
DOoTOMETPUYECKME METOABl OCHOBAHBI HAa IBETHBIX PEAKLMSX, B PE3YJIbTaTE KOTOPBIX OKpacKa
HOSIBJISIETCS, U3MEHSIETC MM ucde3aeT. MeToapl 3T OTIMYAETCS YHMBEPCAIbHOCTBIO, BBICOKOM
YyBCTBUTEIHHOCTHIO M TOYHOCTHIO. B HacTosmee BpeMs pa3paboTaHbl (OTOMETPUIECKHE METOMIBI
olpesieNIeHUs] MPAKTUYECKU BCEX 3JIEMEHTOB, 32 UCKIOYEHHEM OJIaropoJHbIX razoB. OnpezeneHue
3JIEMEHTOB MOYKHO IIPOBOJIUThH B OYEHb IIMPOKOM MHTEpBaJIe KOHIIEHTPALUU KOMIIOHEHTOB MPOOBI:
oT MukpokonnuectBa — 50—1% 10 MUKpOKOIMYECTBA MOPSAIKA 107°-10"%%. [Ipuyem o TouHocTH
dboTromMeTprUeCKrEe METOIBl TPEBOCXOJSAT MHOTHE JpPYyrue€ WHCTPYMEHTAIBHBIE METOMABI, K
[IEPEYUCIIEHHBIM TpeuMyllecTBaM (HOTOMETpUM ciaeayeT Jo0aBUTh €€ JocTynHocTh. CpenHei
(OTOKOJIOPUMETP-OCHOBHOM ITPUOOP (POTOMETPUM B HACTOSIIIEE BPEMs OTHOCUTEIBHO JEIIEB, €ro
CTOMMOCTb 3HAaYMTEIbHO HW)KE CTOMMOCTH  HPUOOPOB, HEOOXOAMMBIX JUIsl MHOTHMX JIPYTHUX
MHCTPYMEHTAJIBHBIX METOJI0B aHanu3a [7].

Omnpenenenre peaKo3eMeNbHbBIX 3JIEMEHTOB PEHTI€HO(IYyOpECEHTHBIM METOA0M. MeToinka
XRF-SCIENTIFIC. PentreHoguyopecleHTHbBIM 3KCIPECC METOJOM  OINpPEAENSIOT ChITyYUX BCE
MOPOIIOK 00pa3HbIX Mpo0 ¢ ammapatom XL3T-960 (CIIIA).

Kommnexc cnekrporpadpuueckuit MCII-28 u WCII-30 mpenHasHaueH A CHEKTPAIbHOIO
aHaJlM3a TBEPAbIX MPOO M MPHUMEHSIETCSd B HUCHBITATENIbHBIX J1a00paTOpUSAX METAITyprUYecKux
IPOMBIIIIEHHOCTH  [IpyHIMI — EeHCTBUSA KOMIUIEKCA OCHOBAaH Ha METOJE€ OSMHUCCHOHHOIO
OINTUYECKOT0 CHEKTPAJIBbHOIO aHajau3a ¢ BO30YXJeHHeM MpoObl ¢ MoMollblo HCKphl. Kommuiekce
cnekTporpaguueckuii BKItO4aeT B cebe cmnekTporpad ksapuebiii HWCII-28 ¢ uckpoBbIM
reaepatopom WI-3 wu cnekrporpad xBapuesbii WCII-30 ¢ nmyroBeiM reHepatopom [I-2,
Mukpomerp M®-2 Hckposoii reneparop MI'-3 m nyrosoit reneparop I'-2 npenHazHayeH i
BO30YKJIEHHUsS] SMUCCHOHHOTO MOTOKA M3JIyde€HHE OT UCKPbI (AyTrn) MeXy 00pa3lioM M 3JIEKTPOAA.
CrnexTpaibHbIl COCTaB HM3IY4YEHHUs ONpEAENAeTCs XUMHUYECKMM COCTaBOM MCCIEIyeMbli mpoO.
Crnekrporpadgsr  kBapueBsle HWCII-28 u  UCII-30 npeanasHaueHbl A aHajiu3a U
¢dotorpadupoBaHHsl SMHUCCUOHHOTO MOTOKa M3iny4deHHs. CrekTporpadsl COCTOST U3 ONTHYECKON
CHUCTEMBI, KOTOpass (OKycHpyeT HMHCCHOHHBIM TOTOK M3JIy4E€HUS  BXOJHOW  IIEJH,
JUCTIEPTUPYIOIIEH KBapleBOW Npu3Mbl. M3ilyuyeHue CHEeKTpaJbHBIX JIMHUN 3  BBIACIISAEMBIX
MpU3MOM, (QOKycupyeTcsi 0ObeKTHMBOM M TMpoernupyercs Ha (oTomnacTUHKy. CTerneH 3acBeTKH
(movyepHeHus1) U300paKEHUsT KaX/10i CIIEKTpaIbHON JIMHUU Ha (DOTOIMIACTUHKE MPONOPLHUOHAIBHO
MHTEHCUBHOCTH NUHMHU. [locie mpoBeneHHUs M3MEpeHud M MpOsSBKU (OTOMIIACTUHKU ONTHYECKas
IUIOTHOCTh KaX10M JIMHUU, COOTBETCTBYIOIIEH MHTEPECYIOIINM XUMHUYECKUM 3JIEMEHTaM B Ipobe,
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dboromerpupyetcst Ha MUKpoMeTpe Tuia M®-2 wii Ipyrom, U3MEpSIFOIIeM ONTHIECKYIO MIIOTHOCTh
B auana3zoHe or 0 mo 1,40 b ¢ aGcomoTHOM morpemHocThio He Oonee +0,02b. [[ns mepeBona
3HAYEHUH ONTUYECKOW IUIOTHOCTH CIEKTPAIbHBIX JIMHUN Ha (DOTOIIIACTHHKE B KOHIIEHTPAIUIO
XUMHYECKOTO D3JIEMEHTa B MPOOE MPOBOAMTCS TOCTPOCHUE TPaJUPOBOYHBIX 3aBHCHMOCTEH Ha
OCHOBE aHaliM3a CTaHJAPTHBIX OOpa3lOB COOTBETCTBYIOIIMX CILIABOB METAJUIOB POJCTBEHHBIX
M3MEPSIEMBIM.

CHeKkTpoMeTpU4ecKrii MeToJ — OJWH HaumOoJee pacHpoCTPaHEHHBIX METOJIOB Kak
KOJIMYECTBEHHOT0, TaK M KaUYeCTBEHHOTO aHajn3a B coBpeMeHHOW xumuu. CrekrpodoTomerpus B
yIbTPadUOIETOBOM M BHIUMOW 00JaCTAX CIIEKTPa — 3TO METOJ MOJIEKYIJISIPHON abCOpOIMOHHOM
CIIEKTPOCKOIIMKM, OCHOBAaHHBIX Ha HM3MEPEHHS W  HM3YyYCHHH CIIEKTPOB  IOTJIOIICHHUSI
ANEKTPOMArHUTHOTO HW3IIyUYEHUs MOJIEKyJIaMd B ONTHYECKOW obnactu. W3mepeHus OOBIYHO
MIPOBOASAT ONMMKHEH yIbTpaduoIeTOBBIA 00JacTH (uana3zoH BOJIHBI mpuomusuteabHo 180—400 M)
U BUAUMOM 00macTH (auana3oH BosHbI npubimsurensao 400-800 um) [8].

OKcnepumenmanvhas 4acmo

HaBecky koHnenTpara conepsxauiero P33 nomemator B ctakad emkoctd 100 mi1, cMaunBaroT
HEOOJIBIIIMM KOJIMYECTBOM BOJbI, NIpUOaBIAOT paccuuTaHHoe ¢ 30% H30BITKOM IO OTHOILEHHIO K
HaBECKe KOJMYECTBO COJIAHOM KucioThl (1:1) HarpeBaroT M ymapuBarOT Ha BOASHOW OaHe. 3arem
N00aBIISIFOT TOBTOPHO TAKOE€ )K€ KOJIMUYECTBO COJSHOM KHMCIIOTBHI M YIapUBalOT pacTBOP Ha BOASIHOM
O6ane 10 00pa3oBaHUS BIAXHBIX coiieil. OCTarok mocie BBIMAPUBAHUS PACTBOPSIIOT B BOJAE IPH
claboM HarpeBaHUM OT(WIBTPOBBIBAIOT HE PACTBOPUMBIM OCAJ0K MPOMBIBAIOT 3 pa3a mo 2 Mi
JUCTUUIMPOBAHHOW BOAOH, MEPEHOCAT pacTBOpP B MEPHYIO KOJOy €MKOCTbIO 25 MJI U JIOBOJSAT
0o0beM pacTBOpa 0 METKH Bomoi. CTaHIapTHBIM pacTBOpP JIAHTAHA, MPUTOTOBUT B MEPHOU KOJIOE
emkocTbio 100 M nuctmimupoBanHoi Boasl 0,2058 1 nanTaH a3oTHOKUCHBINA 6-BosHbIN La(NO)sx
6H,0. CrangapTHbIil pacTBOp HUTpaTa JaHTaHa cogepkamuii 0,5 mr La B 1 mi.

T'oToBAT mosiocky GUIBTpoOBalbHONW Oymaru, HaHocAT MukponuneTkod 0,05 mi pacTBopa
HUTpara JiaHTaHa, uMeromiero pH=5, u BbICyIIMBalOT Ha BO3Ayxe. 3areM Oymary MOTpyXxaroT Ha
5 cex B 0,001 M BOIHO-CIUPTOBOTO PEAKTHBAa METHJIOBOTO THMOJIOBOTO CHHETO, BBICYIIMBAIOT HA
Bo31yxe B TedeHHe 30 MUH M CHHUMAIOT CIEKTp OTpaxeHus. s mocTpoeHHus KaJluOpOBOYHOTO
rpaduka Ha MOJIOCKM Oymaru HaHocsT MuUKponunerkoid mo 0,05 ma pacTBopa HMTpara JIaHTaHa,
cogepxamux 60, 90, 120, 150 u 180 mkr nantana u umeromux pH=5. Bymary BbICyIIUBaIOT Ha
BO3JIyX€ W 3aTeM KaXIyI0 IOJOCKY B OTIAEIBHOCTH Torpyxatror Ha 5 cek B 0,001 M BomgHO-
CIIMPTOBOM PacTBOP METUJIOBOTO TUMOJIOBOTO CUHETO.

[Tocne BbICyImIMBaHUS Ha BO3Ayxe B TedeHHEe 30 MUH ompeAessitoT Kod((UIIMEHT OTpaXeHus
OKpaleHHbIX 30H npu L=600 HM U CTpOAT KamuOpOBOYHON rpapuk «KOIPPUIUEHT OTpaKEHUS-
KOHIIEHTpAIMH JIaHTaHa. DTAJIOHOM CpPaBHEHUS CIIYKUT (UIBTpOBajbHAs Oymara, morpyxeHHasi Ha
5ceK B pacTBOP METHIIOBOTO THMOJIOBOTO CUHETO TOM K€ KOHLIEHTPALMHU U BBICYLIEHHAs B TCUECHUE
30 muH Ha Bo3nyxe. OmnpezneneHue ko3(h(GUIUMEHT OTpakeHHUsI U3MepeHo crekTpodoromerpom 19
5400 y¢p uccnemyemoit xpomarorpamMmel mpu 600 HM, MpH NOMOLIM KaaMOpPOBOYHOIO rpaduka
HaxOJsIT HEM3BECTHOE CO/IEpKAHUE JIAaHTaHa B MCCiemyemMoit mpobe [8].

O06paboTka IKCIEPUMEHTATbHBIX JAHHBIX MPOBOMINCH HA OCHOBE ClieAyIoel GopMyIbl:

X = (A-a) x 1000
v
rre A — KOJMYECTBO JIaHTaHa B Mpo0Oe, HalJeHHOE MO KaJIuOPOBOYHOM KPHBOHM, MT; a —
KOJIMYECTBO JIaHTaHa HaiJleHHOe B XOJOCTOW mpobe, mr; V — o0beM pacTBOpa, B3STOH IS

aHaJIm3a.
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PEJAKHUE U BBIMUPAIOLIUE BUJbI POJA Sorbus L. (Rosaceae)
BO ®JIOPE HAXUBIBAHCKOI ABTOHOMHOM PECIIYBJINKH
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RARE AND ENDANGERED SPECIES OF THE Sorbus L. GENUS (Rosaceae)
IN THE FLORA OF NAKHCHIVAN AUTONOMOUS REPUBLIC

©Gulamova A., ORCID: 0000-0002-2086-7408, Nakhchivan State University,
Nakhchivan, Azerbaijan, aynurequlamova82@gmail.com

Annomayus. TlpuBeNeHB XapaKTepHBbIC MPU3HAKK PENKUX M HAXOIIIIMXCS IO YrpO30i
ucue3HoBeHus BunoB Sorbus subfusca (Ledeb. ex Nordm.) Boiss., Sorbus persica Hedl., Sorbus
roopiana Bordz., Sorbus kusnetzovii Zinserl., Sorbus caucasica Zinserl., Sorbus luristanica
(Bornm.) Schonb.-Tem., oTHocsmuxcss k poxy Sorbus L., xoTopas pacmpocTpaHeHa Bo Qiope
HaxupiBanckoli ABroHomHOM PecmyOmuku. Kpome 3Toro ompeneneHsl apeaisbl pacpoCTpaHEHUs,
W3Y4YCHBI MIPUYMHBI Pa3pYIICHUs, YKa3aHbl IIyTH BOCCTAHOBIICHUS U BOIIPOCHI OXPaHBI 3TUX BUIOB.
VYCcTaHOBJIEHO, YTO MPHUYMHOM COKpallleHWs apeaja 3TUX BHJAOB SBISETCS HX HEyIoOHOE H
WHTESHCUBHOE MCIOJIb30BAaHUE U COOP JIJISl PA3IMYHBIX IICIICH.

Abstract. The article presents the characteristic features of rare and endangered species of
Sorbus subfusca (Ledeb. ex Nordm.) Boiss., Sorbus persica Hedl., Sorbus roopiana Bordz., Sorbus
kusnetzovii Zinserl., Sorbus caucasica Zinserl., Sorbus [luristanica (Bornm.) Schonb.-Tem.
belonging to the Sorbus L. genus, which are widespread in the flora of the Nakhchivan Autonomous
Republic. In addition, the distribution areas have been determined, the causes of destruction have
been studied, ways of restoration and issues of protection of these species have been indicated. It
has been established that the reason for the reduction of the range of these species is their
inconvenient and intensive use, as well as their collection for various purposes.

Kniouesvie cnoea: Sorbus L., KpacHast kHura, peakue BUIbl, aHTPOIOT€HHbIE (PaKTOPBI, 30HbI
pacnpoCTpaHEeHHUs.

Keywords: Sorbus L., Red Book, rare species, anthropogenic factors, distribution zones.

dusnko-reorpaduueckue ycimoBus HaxusiBanckoii ABTOHOMHOW PecnyOnwky MOBIMSIIM Ha
MOYBY U PAaCTUTEIBHOCTb, MPHUBEIN K OHOpa3HOOOpa3nio BUAOB U U3MEHUYMBOCTU (PUTOIIEHO30B.
Bunst pona Sorbus L. oOpa3yror ¢opmanuu ¢ pa3HbIMH PAacTEHHUSAMHU M 00pa3yloT (HUTOLEHO3BI.
Wuorna onm obOpasyror ¢opmanuio CopOysTa WHAMBHUIYAIbHO, UTPAOT B 3THX (PHUTOLEHO3aX
cyomomuHaHTHYIO poib U Gopmupytorcs Bo II u III spycax [6]. Bunsl pona Sorbus L. onau u3
MOJIE3HBIX M IIEHHBIX pAacTeHUi aBTOHOMHOW pecnyonuku. OpHako Hed(h(deKTHUBHOE U
HENPABWJIBHOE HCIIOJIb30BAaHUE JTUX PACTEHUH NPUBOIUT K YMEHBIIEHUIO YHMCIEHHOCTH BUJOB,
COKpAIICHUIO X apeaja U yrpo3e Mcue3HOBeHus. Peaxue u ncuesaromuye BUAbI JOLKHBI N3y4aThCsl
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BMECTE€ C TMPUPOTHON Cpenol, B KOTOPOW OHHM pacHpOCTPaHEHBI, a MX OXpaHa JOKHA OBITh
OpraHM30BaHa Kak rpymma BMecTe ¢ ¢popMalueii, KOTOpyro OHU OXBaThIBAIOT.

Mamepuanvt u Memoouvl
B xome wuccienoBaHuil MCHOIB30BANINUCH (DIOPUCTUYECKHE U Te00OTaHMYECKHE METOAbI, a
Takke o0pasubl repbapusi, coOpaHHBIE B XOJ€ IOJEBBIX HCCIEIOBAHUN, (PUTOIICHOIOTHYECKHE
JaHHbIE M JUTEepaTypHble HUCTOUYHUKHM, B yacTHOoCcTH; «KpacHas kHura AsepOaiikaHckon
Pecriyomukm» [1], «Pemxue nepeBbs W KycrapHuku AsepOaiimxanay [2], «TakcoHOMHUYECKHIA
cnektp (iopel HaxupiBanckoit ABroHOMHOHN Pecnybmukm» [5], «®Dnopa AszepOaiimxana» [9],
«Psi6unsl (Sorbus L.) 3anagHoit A3uu u ['mmanaeB » [8] u 1p. paGoTHL.

Obcyaicoenue pe3ynbmamos

Kak m B apyrux peruoHax AsepOaipkanckord PecryOnuku, O0ibIIOe 3HAYCHHE B
HoJ/iepKaHUM OajlaHca NMPHUPOJHON Cpesbl MUMENT MOMYJISALMH, CHOPMHPOBAHHBIE PACTCHUSIMHU,
pacnipoctpaneHHbiMH BO (iope HaxubiBanckoit ABTOHOMHOHN PecmyOnmuku. YHUUYTOXEHUE WU
yrpo3a NCUE3HOBEHHS STHX BUIOB MPUBOIUT K HAPYIICHHUIO ATOTO OanaHca. Busel, BXoasmue B pon
Sorbus L., nomumo HopMUpOBaHUS JIECHOW 3KOCHCTEMBI, SBISIOTCS €I1€ U LIEHHBIMU PACTEHUSMH,
U CPEIU 3TUX BUJIOB €CTh U T€, KOTOPbIE HAXOIATCS MO/ YTPO30i ucue3HoBeHus [3].

Sorbus subfusca (Ledeb. ex Nordm.) Boiss. — Psbuna OypoBaras. DTO IepeBO WIH
KycrapHuk BbicoTOoi 8—10 M. Ha kopmuneBaro-cepoil kope crTeOisi pachoioKeHbl YEYEBHUKH
naxJjaaBoBUAHON (opMbl. Pazmep moGeroB, MOKPHITHIX CHapyXH 3 yeuryikamu, coctasiser 5—10
MM. Kpail noGeroBbix 4yenryek JIMIKUNA U HETYCTO HOKPBIT BaTHBIMM BosiockamM. Kpail mucTbeB
UMeeT JiBa psaaa 3yOuukoB. JIMCTBS OKpYyINIbIE K OCHOBAHUIO, OOpaTHOSNLEBUIHBIC, HIXKHSSI YacTh
MIOKpPBITA BOJIOCKaMU. Yepellok JucTa KpacHO-KOpU4HEBbIH, inHOM 0,5-2,0 cM. OH umMmeer rpynimy
IIBETKOB B (hOpMeE 30HTUKA U SABJISIETCS CaMbIM MO3IHOLBETYIIUM Cpeau BUAOB paOunsl (Sorbus L.).
KpacHble mapoBuiHbIE TUIObI UMEIOT Oelible MATHA. Pa3MHO)XKEHNE HOCUT I'eHEpaTHBHbIN XapakTep.
Oto penkuii Bua B AzepOaiimkane. HanmonanpHas oneHka kareropuu BeceMupHOro coro3a oxpaHbl
npuponsl (IUCN) — VUD2. B nenom B AsepOaiipkaHe OH MMEET HE OYeHb IIMPOKHM apean. B
HaxubiBanckolt ABroHoMHOM PecnyOnmke Bctpeuaetcst Bokpyr cen Krokro I1laxOy3ckoro paiiona u
FOxaps! Bysros babekckoro paitona. VX momyssiiust HaXoIuTcst Mol yrpo3oil. OCHOBHOM npUUnHON
M3MEHEHUsl MPUPOAHBIX PECYPCOB SBISETCS HETAaTUBHOE BO3JIEHCTBUE AHTPOIOTEHHBIX (PAKTOPOB.

Psabuna OypoBarass umeer nexopatuBHbI BuJ [4]. Tunm reorpaduyeckoro apeana — KaBkas.
Brecen B Kpacnyto kaury Asepbaiipkanckoit PecryOnuku.
Sorbus roopiana Bordz. — PsOuna Poomna. 1o nepeBo WM KycCTapHUK BBICOTOH 10 4—5 M.

Ps6una Poona umeer momyrnpoctoil u nmomycinoxHblid nucT. OH Hecer MHoro 1BetoB (40—80) Ha
LBETOYHOU rpynne B (opMe JIOKHOTO 30HTHUKA. JIMCThS KPOHBI MMEIOT JUIMHHBIE BOJIOCKU Y
OCHOBaHUs. BpeMs 1BETeHMsI — ¢ KOHLIA Mas 10 Hadaja uroHs. [lnonel, cocrosimue us 3—5 ceMsH,
IIapOBUJIHBIE, KpacHOro 1BeTa. Eme onHONW oTImMunTeNnbHOM 0coOeHHOCThIO BUJa Psbunel Poona
SBJISIETCS TO, YTO HMIKHSS WJIM BEPXHsISl YAaCTh IJIOAA PEJIKO MOKPHITAa OeNIbIMU BaTHBIMU BOJIOCKaMH.
Oto peaxuid Bua A3sepOaimxanHa. HammoHanpHas olleHKa MO KareropusM BcemupHOTro corosa
oxpansl npuponsl (IUCN) — CR B2b (II, III). Pasbuna Pooma pacnpocTpaHeHa B OCHOBHOM B
BepxHeM ropHom nosice. Bo ¢nope HaxusiBanckoit ABToHOMHOM PecryOnuku oHa pacnpocTpaHeHa
B okpecTHOcTsX cena buuenek IllaxOy3ckoro paiiona (B buuenekckom jecy). B obmem ero apeain
He OueHb olmmpeH. B pe3ynbrare HEraTUBHOTO BIMSIHUS aHTPONOTEHHBIX U MPUPOAHBIX (aKTOPOB
€ro MPHUPOAHBIM pecypc u3MeHWwIca. Tum reorpaduyeckoro apeaisa — HWPAHCKO-TYPAHCKHM.
3anecen B KpacHyto kaury Asepbaiikanckoit PecrryOnuku.
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Sorbus kusnetzovii Zinserl. — Psa6una Ky3nemnoBa. 9T0 KycTapHUK WM IEPEBO BBICOTOM 5—6
M. [ToBEpXHOCTh €ro BOWJIOYHO-OIMYIICHHBIX MOOEroB MOKphITa 3—4 4enryiKamMu >KEJITOTO IIBETA.
Cpennsisi 4acTh €ro JIMCThEB HECKOJIBKO IHpe. MEeCTO COeNMHEHMs JIUCTa CO CTEONEM CYXKEHO
kiuHOM. Kpail nuctbeB nmeet nBa psaja 3youukos. B rpymnmne nsetkoB 20—40 userkoB. Ero temHo-
KpacHbI€ TUIOJIbI UMEIOT MIAPOBUIHYIO (DOPMY U CO3PEBAIOT C CEHTAOPS MO OKTIOph. PasmMHOXKeHue
— reneparuBHOe. Penkuii Bua AsepOaiimxkana. CormacHo HarmumonanpHOM onenke BcemupHoro
coro3a oxpanbl mpuponbl (IUCN) Bum otHocutcs k kareropuu Blab (II, II) + 2ab (III).
Berpeuaercs B pekux Jiecax U Ha KAMEHHMCTBIX CKJIOHAX CPEJHETr0 M BEPXHEro ropHoro mnosica. Bo
(dbnope HaxupiBaHCKON ABTOHOMHOWM PecrmyOnMku OCHOBHOM pacipoCTpaHeH BOKpYT cena buuenex
[ITax0y3ckoro paitona u cema Hypryr OpayOanckoro paiiona. Apean orpanuyeH. OcoObIX mep
OXpaHbl HeT, HeoOxomumo 3aHeceHne ero B Kpacuyio kuury. Cpenu (akToOpoB, BBI3BIBAIOIINX
M3MEHEHHE eTr0 PUPOIHBIX PECYPCOB, MPE0OIaIaloT AHTPOIIOTEHHBIE (DAaKTOPBHI.

Sorbus caucasica Zinserl. — PsOuna kaBka3ckas. ITO JE€pPeBO WJIM KyCTapHUK BBICOTON 4—7
M. Kopa crBO;ma ¢ miagkoi NOBEpXHOCThIO ceporo IBeTta. JIMCThs oOpaTHOsANIIEBUIHBIE, B
HEKOTOPBIX CIIydasx IpO0JIroBaTo-3uiunTuyeckue. Kpas qucTbeB pacceueHHbIE, a YUCII0 3yOUHKOB
nocturaer 30-35. B nBerounoit rpynme on Hecer 40-50, a unorma u g0 70 1uBerkoB. Ilmombr
OBaJIbHOM QopMBI, KpacHOTO 11BeTa. [Ipu BhichIxaHuu OH cuHeeT. [11obl co3peBatoT B ceHTIOpe.

DTo BUJ, HaxoIsALMiics moa yrpos3oil ucyeznoBeHus, co ctarycom NT (Near Threatened).
Pacrer B necax Bokpyr cenma boinaxman J[xynbduHCcKOro paiiona, cena buuenek IllaxOy3ckoro
paiiona u Ha tepputopuu Ilaparagait Opmaybanckoro paitona. Ero npuponssiii pecypc HeBenuk. B
OCHOBHOM OHU BCTPEYAIOTCS OOJNHOYKE. DTO BUJ, KOTOPBIA HEOOXOJMMO COXPAHUTh U3-3a HU3KOU
IUIOTHOCTH monmynsanuu. HeT HUKaKuX MPUHATHIX CHenHanbHbIX Mep 3amuThl. MMeer KaBkazckuii
apeaybHbIN THII [ 1, 2].

Sorbus luristanica (Bornm.) Schonb.-Tem. — PsOuna nypucranckas. DTO JE€pEeBO HIH
KYCTapHUK BbICOTON 5—6 M, mHorna no 10 m. Kopa cTBona riaakasi, KpacHOBAaTO-KEITOTO I[BETA.
Konuuk denryn mokpeIT Oeiblii BHITHBIMU BOJOCKaMH. JIMCThS y3Kue, EpPEeBEPHYTO-SHIICBUIHBIE,
3a0CTPEHHBIE, CTEOCNb TUCTa peaKo omymieHHbH. Hecer 1o 25—40 mBETKOB B 1IBETOYHOU TpYIIIIE.
[11n0a61 KpacHOBATO-KENTHIE, CO3PEBAIOT B CEHTIOpe. Pa3MHOXKeHNEe reHepaTuBHOE.

SBnsiercs peaxkuM BUIOM B AsepOaifpkaHe. OTO BHUA, HAXOAAIIUNCA TOA YIrpO30i
ucuezHoBeHus, co crarycom NT (Near threatened). Bo ¢nope HaxubiBanckoii ABTOHOMHOMN
PecniyOnuku oH BcTpeuaeTcst BOKpYr ceHokocHoro jieca IllaxOy3ckoro paiiona m o3epa bara0ar.
PacnipoctpaHen B cpellHEM M BEpXHEM TOpHBIX mosicaX. IIoCKoNbKy OH pacTeT OJUHOYHO, €ro
MIPUPOAHBIE PECYpPChl HEBENUKHU. [IpUUMHON HETOCTATOYHOCTH MPUPOJHBIX PECYPCOB, HAPAIY C
HKOJIOTHYECKUMU (paKTOpaMH, SBISETCS HETaTUBHOE BIUSHUE aHTPOMOTeHHBIX (pakTopoB. OcoObIX
Mep 3aiuThl HeT. paHcKo-TypaHCKUii apeaibHbIi Tvm [2].

Sorbus persica Hedl. — Psbuna mnepcuackas. I3to nepeBo BbicoTor 3—7 M. IloGeru
SMIIEeBUIHBIE, CHApYXKU OKpYXeHbl 3 demyiikamu. CteOenb TuCTa MO Mepe MPUOIIKEHUS K
OCHOBAHUIO MOKPHIT O€IbIMU BaTHBIMU BOJIOCKaMHU. JIMCTBS AIIUOTHYECKHE U YIUTHHEHHbBIE. MeeT
10 2040 uBeTKOB B 30HTMYHOM LBETOYHOM rpymme. Ero kpacHo-opaHXeBbI€ IJIOAbI HWMEIOT
OBaJIbHYIO (JOPMY U CO3PEBAIOT B CEHTSAOpe-OKTsIOpe [7].

Hanmonanenas onenka HanmonanbHOM oneHke BcemupHOro coros3a oxpaHbl NPUPOIBI
(IUCN) mo kareropusiM u kputepusiMm umeeT ctaryc Vulnerable — VU Blab (II, II)+2ab(III).
@nopa HaxubiBanckoii ABTOHOMHOH PecmyOnmku BcTpeuaercs B Jiecax BOKPYr cen buuenek,
Kroxkro [laxOy3ckoro paitona, Apadca [xynphunckoro paiiona u Hypryr Opaybaackoro paiiona.
HmeeT He cUIIKOM MHUPOKUI apeas. B BepXHUX FOpHBIX MOsACaX pacTeT MOOJMHOYKE, B HEKOTOPBIX
ciydasx rpynmamu. Mmeer nexopatuBHBIA BuA. 3aHeceH B KpacHyro kHury AsepOaiimkaHCKoi
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Pecniyonmuku. Oxpansiercs B 3aHTe3ypCcKOM HallMOHAJBLHOM IMapke uM. akan. [. AmumeBa. Mmeer
WPAHCKO-TYPAHCKHI apeaabHbIN THII.

3axnouenue

B xome npoBeieHHBIX UCCIIeNOBaHUM OBIJIO YCTAHOBIICHO, YTO BUIBI Sorbus subfusca (Ledeb.
ex Nordm.) Boiss., S. persica Hedl., S. roopiana Bordz., otHocsamuecs k pony Sorbus L.,
BiIoueHsl B KpacHyio kHury AsepOaiimxkaHckod PecmyOnuku ¢ y4eToM pEenKOCTH U
rcuesHoBeHus [1].

Taxoke yTOuHEHbI 30HBI UX PACIIPOCTPAHEHUS, BBISICHEHBI IPUYUHBI UX PAa3pyLICHUs, YKa3aHbI
IIyTU BOCCTAHOBJICHUS M BOIIPOCHI UX COXPaHEHUSI.

AKTyalbHBIM SIBIISICTCSI BKIIFOUCHHUE BUIOB Sorbus kusnetzovii Zinserl., S. caucasica Zinserl.,
S. luristanica (Bornm.) Schonb.-Tem. B HOBoe wm3nanme KpacHoit kuuru AszepOaiimkaHCKOM
Pecniyonuku m HaxubiBaHCKOM ABTOHOMHOW PecryOiuku ¢ ydyeTom, 4To apealibl BUAOB CYKAIOTCS.
Pexomenyercst 111 BUIOB, KOTOPbIE UMEIOT COKpALIAIOIIMi apeall — opraHu3anus padoThl O UX
BOCCTAHOBJICHHUIO B COOTBETCTBYIONIUX OMOTOIAX.

Cnucok 1umepamypa:

1. Azorbaycan Respublikasinin Qirmiz1 Kitabi: nadir, nasli kasilmokds olan flora névloari.
Baki, 2023. 512 s.

2. Mommoadov T. S., isganderov E. X., Talibov T. Q. Azarbaycan nadir agac vo kollar. Baki:
Qaragac, 2016. 380 s.

3. Ibrahimov A. M. Nax¢ivan Muxtar Respublikasinin florasinda kiirokon névlerinin (Sorbus
L.) sistemli tohlili vo yayilma zonalar1 / AMEA Nax¢ivan Bolmaosinin Xaboarlori, tobiat vo texniki
elmlor seriyasi. 2008. Ne 4. soh. 94-97.

4. Talibov T. G. O., Ibrahimov A. M. O. Azorbaycan Naxg¢ivan Muxtar Respublikasinin
tosorriifat faydali agac bitkilori vo onlardan istifads perspektivlori / Hortus botanicus. 2015. T. 10.
soh.149-152.

5. Talibov T. G., ibrahimov A. S., Ibrahimov A. M. Nax¢ivan Muxtar Respublikasi florasmnin
taksonomik spektri (sporlu, gimnosperm vo angiospermli bitkilor). 2021. Baki, 426 s.

6. Talibov T. G., ibrahimov A. M., Volisoy A. N. Naxcivan Muxtar Respublikasimnin mesa
ekosisteminin formalasmasinda subdominant bitkilor // Tarix vo miiasirlik: konfrans materiallari.
Baki, 2007. soh.346-355.

7. Qulamova A. G., Ibrahimov A. M. Sorbus persica Hedl ndviiniin biomorfoloji vo ekoloji
xiisusiyyotlori. Naxc¢ivan Muxtar Respublikasinin florasinda // Elmin miiasir problemlori:
beynolxalq elmi konfransin materiallari. Gonca, 2019. soh.67-70.

8. T'abpuamsa D. 1. Psabuna (Sorbus L.) 3anmanunoit Asum u ['mmanaes. Epean: U3n-so AH
ApMCCP, 1978. 264 c.

9. ®dnopa AzepbOaiimkana. baky: M3n-Bo Axan. nayk A3CCP, T. 5: Rosaceae-Leguminosae.
1954. 580 c.

References:
1. Krasnaya kniga Azerbaidzhanskoi Respubliki: redkie, ischezayushchie vidy Flory (2023).
Baku. (in Azerbaijani).
2. Mamedov, T. S., Iskenderov, E. Kh., & Talybov, T. G. (2016). Azerbaidzhanskie redkie
derev'ya 1 kustarniki. Baku. (in Azerbaijani).

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 77



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne3. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/100

3. Ibragimov, A. M. (2008). Sistematicheskii analiz 1 zony rasprostraneniya vidov ryabiny
(Sorbus L.) vo flore Nakhchyvanskoi Avtonomnoi Respubliki. [Izvestiya Nakhchyvanskogo
Otdeleniya NANA, seriya estestvennykh i tekhnicheskikh nauk, (4), 94-97. (in Azerbaijani).

4. Talybov, T. G. O., & Ibragimov, A. M. O. (2015). Khozyaistvenno-poleznye drevesnye
rasteniya Nakhchyvanskoi Avtonomnoi Respubliki Azerbaidzhana i perspektivy ikh ispol'zovaniya.
Hortus botanicus, 10, 149-152. (in Azerbaijani).

5. Talybov, T. G., Ibragimov, A. Sh., & Ibragimov, A. M. (2021). Taksonomicheskii spektr
flory Nakhchyvanskoi Avtonomnoi Respubliki (sporovye, golosemennye i pokrytosemennye
rasteniya). Baku. (in Azerbaijani).

6. Talybov, T. G., Ibragimov, A. M., & Valisoi, A. N. (2007). Subdominantnye rasteniya v
formirovanii lesnoi ekosistemy Nakhchyvanskoi avtonomnoi Respubliki. In Istoriya i
sovremennost': materialy konferentsii, Baku, 346-355. (in Azerbaijani).

7. Gulamova, A. G., & Ibragimov, A. M. (2019). Biomorfologicheskie 1 ekologicheskie
osobennosti vida Sorbus persica Hedl. vo flore Nakhchyvanskoi avtonomnoi Respubliki. In
Sovremennye problemy nauki: materialy mezhdunarodnoi nauchnoi konferentsii, Gyandzha, 67-70.

8. Gabrielyan, E. Ts. (1978). Ryabina (Sorbus L.) Zapadnoi Azii i Gimalaev. Erevan. (in
Russian).

9. Flora Azerbaidzhana (1954). 5: Rosaceae-Leguminosae, Baku. (in Russian).

Paboma nocmynuna Ipunsama k nyoauxayuu
6 peoaxyuro 24.01.2024 2. 04.02.2024 .

Ccvlnka 018 yumuposanusi:

I'ymamoBa A. Penkue u BeiMupatonue Buabl pona Sorbus L. (Rosaceae) Bo ¢umope
HaxusiBanckoit ABroHomHo# Pecnyonuku // Bromierens Hayku u npaktuku. 2024, T. 10. Ne3. C.
74-78. https://doi.org/10.33619/2414-2948/100/09

Cite as (APA):

Gulamova, A. (2024). Rare and Endangered Species of the Sorbus L. Genus (Rosaceae) in the
Flora of Nakhchivan Autonomous Republic. Bulletin of Science and Practice, 10(3), 74-78. (in
Russian). https://doi.org/10.33619/2414-2948/100/09

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 78



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne3. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/100

UDC 574: 575.174.015.3 https://doi.org/10.33619/2414-2948/100/10
AGRIS F30

STUDY OF THE GENOME DIVERSITY OF Cornus L. AND Mespilus L. CULTIVATED
IN THE NORTHERN REGIONS OF AZERBAIJAN
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N3YYEHUE TEHOMHOTI'O PASHOOBPA3US KU3UJIA U MYUIMYJIbI,
BO3JEJBIBAEMbBIX B CEBEPHBIX PAMOHAX ASEPBAUKAHA

O©Iyceitnosa H. T., kano. ouon. nayk, baxunckutl 20cy0apcmeenHvlil yHusepcument,
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VHusepcumem, . baxy, Aszepbaiiodcan, basti.mirzoeval 984@gmail.com

Abstract. Cranberry and medlar are common in the Guba, Gusar, and Sheki regions of
Azerbaijan. A study was conducted to determine the habitats of wild growing forms and
biomorphological features. Identification was carried out based on molecular markers.
A comparative study of the biomorphological characteristics of genotypes, economic indicators,
pomological analysis and assessment of similarity by quantitative indicators was carried out.

Annomayua. Kuznn u mymmyna pacrpoctpanensl B ['younckom, ['ycapckom, Llleknnckom
pailonax A3zepOaiimxkana. i onpenenaeHus apeanoB JUKOpacTyIiux GpopM, 6MoMophoaorudecKux
ocobeHHOCTel TpoBeaeHO uccienoBanne. [IpoBeneHa uaeHTUPUKAIMA HA OCHOBE MOJIEKYISPHBIX
MapKkepoB. BBINOMHEHO CpaBHUTENBHOE H3yYeHHE OMOMOPQOIOrMYECKUX OCOOEHHOCTEH
T€HOTUIIOB, PKOHOMMYECKUX IOKa3aresiel, MOMOJOTMYECKOro aHaliu3a M OLEHKH CXOACTBAa IO
KOMMYECTBEHHBIM TIOoKazarelisiM. Ha ocHoBanmmu IMOJTYYCHHBIX PC3YyJIbTAaTOB IMOATOTOBJICHBI
XapaKTePUCTUKH H3Yy4aeMbIX PAcTEHUN M peKkoMeHAaluHu Mo 3((EKTUBHOMY HCIOJIb30BAaHUIO B
CEJIEKLIMOHHBIX MPOrpaMMax.

Keywords: molecular marker, genome, trait, genotype, antioxidant.
Knrouesvie cnosa: MonekyasipHbIii MapKep, TeHOM, PU3HAK, TeHOTHI, aHTHOKCHIAHT.

Cornus L. 1s a plant genus belonging to the Cornaceae family. Cornaceae trees of the same
age growing in forest areas have different forms in appearance, such as bushes and trees. They are
dense and tall in light areas where the trees are sparse, the umbrella is developed around, and they
have a low and skinny trunk in thick forest. According to literature data, dogwood (Cornus mas L.)
tree has a lifespan of about 300 years. The fruits are round, oval, pear-like and cylindrical in shape,
the color is red, dark red, black red, and some forms are light yellow. Dogwood (Cornus mas L.)
fruit is completely different in size, shape and color. Wild Cornaceae seeds in the forest are small,
one grain weighs 2-5 grams, and one grain of cultivated Cornaceae in gardens weighs up to 20-22
grams. The aroma of fruits depends on the content of essential oil [1].

The taste is sour or sweet-sour, the taste of a fully ripe Cornaceae becomes sweet due to the
effect of biochemical processes. Fruits contain 22-25% glucose, fructose, sucrose, 11-12%, organic
acids: lemon, malic, amber, folate, etc., 7-8% vaccine, carotene and vitamin E, B, B,, dye 0.
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Contains 62-1.6% pectin substances, 17% antioxidants, 1.14 amino acids, 1.3% cellulose, 1.18%
mineral substances: iron, calcium. Since it contains up to 55 mg of vitamin C, it is used in medicine
against scurvy and many other diseases. Due to the high content of tannins in unripe fruits, it has the
ability to astringent the mouth. Kernels contain 30% fat, are very hard, and kernel ends can be
swollen or blunt. Blooms in February-March long before it leaves. The yellow flowers are gathered
together and hang like an umbrella. The fruits ripen in late August and September. Fruit is used by
humans as food fresh, dried and cooked. Prevents cancer of the brain, lung, and intestine, regulates
the amount of insulin, is useful for heart diseases, and helps to eliminate urinary tract infection.
Useful for kidney stones. acidifying properties dissolve stones, prevent bacteria from sticking
together, and eliminate infection. Freshly fruit and juice are used in folk medicine for diabetes. It is
used as a medicine against diarrhea and dysentery in children by roasting the grass and turning it
into a powder. In general, in the folk medicine of Azerbaijan, fruits have been used against fever
(malaria) since ancient times.

Mespilus (Mespilus L.) is a genus of plants belonging to the family of the family of florets.
There is enough information in the literature about the benefits of medlar, but there is very little
information about its genomics. The fruits of help in the complex treatment of anemia, are diuretic,
and regulate the activity of the immune system. Tea made from medlar fruits is a medicine for
chronic cough. It has a positive effect against diseases such as asthma and bronchitis. As it has a
strong antioxidant and astringent effect, it helps heal wounds in the mouth faster. As a completely
natural source of healing, the seeds of medlar, like its fruit, are very useful for the digestive system.
Infusing the seeds in water also increases urine output, helps dissolve kidney stones and reduce
kidney cramps. The seeds of the fruit should be boiled and drunk as tea. Like all fruits, blueberries
are best eaten fresh. For those who follow a diet, argyle seed tea is a very useful product. This tea
ensures rapid burning of excess fat accumulated in the body. Medlar, which has irreplaceable
qualities, can be used abundantly in its season to benefit from its endless benefits. Although the
center of origin of Medlar is the South Caucasus, it is currently found in the European continent and
Western Asia [5]. It is one of the tumescent plants widely distributed in Zagatala, Gabala, and Sheki
in Azerbaijan [2].

Varieties and forms of local and introduced Cornus L. and Mespilus L. collected from Guba,
Khachmaz, Gusar and Sheki regions of Azerbaijan, having a high degree of polymorphism, were
used as the research object.

The main goal of the research work is to determine the areas of local and introduced varieties
and wild forms of Cornaceae and azgil distributed in Guba, Khachmaz, Gusar and Sheki regions of
Azerbaijan, to analyze their current status, to study their biomorphological characteristics, to
identify them based on molecular markers, to determine the degree of genetic kinship, and to select
based on them programs have been used effectively. Determination of biomorphological
characteristics and economic indicators of the plant was carried out on the basis of "Program and
method of sorting of fruit, berry and fruit crops" (1973) [3].

In order to realize this goal, the following issues have been put forward: detection and
registration and varieties and wild forms common in individual farms, backyards, and mountain-
forest areas with scientific expedition research in Guba, Khachmaz, Gusar and Sheki regions of
Azerbaijan, GPS technology determination of areas by means of;, Comparative study of
biomorphological characteristics of genotypes, economic indicators, pomological analysis and
evaluation of similarity according to quantitative indicators; Characterization of genetic diversity
through microsatellite markers, calculation of polymorphism information volume; Determination of
genetic relatedness and efficiency of the marker system among the studied samples using ISSR
markers. In order to determine the genetic diversity and relatedness of the studied samples, DNA
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was extracted using the CTAB protocol proposed by S. O. Rogers, PCR reaction was performed,
and the obtained amplification products were electrophoretically analyzed in agarose gel [6].

The average value of the investigated biomorphological, pomological and biochemical
parameters was used for statistical calculations. The relationships between the signs were
investigated by principal component analysis (PCA). Statistical analyzes were performed in SPSS
16.0 and PAST statistical computer software. The standard deviation (SD), standard error (SE),
minimum, maximum, average values and coefficient of variation (CV%) for the studied
characteristics are given in Table 1. Among the signs, the highest coefficient of variation was
determined in the mass of 20 fruits (1595%), and the lowest coefficient of variation was determined
in the mass of the kernel (1%). One can mention the length of the leaf (178%) among the traits that
showed a high coefficient of variation. Also, the maximum value of the mass of twenty fruits had
the highest index (224).

Fruit length, width, stem length, fruit mass, Latin mass, pith length, pith width, sugar content
and leaf parameters were also studied. The length of the fruit varied between 7.6-29.4 mm
depending on the varieties. The highest indicator was observed in the common Cornaceae
(Khachmaz) variety, and the lowest in the Crab Cornaceae (Gusar) form. The size of the width of
the fruit was also different. Crab Gusar form had the lowest index of 11.3 mm, while Caucasian
variety had the highest index of 28.6 mm.

Along with other parameters, the length of the fruit stalk was also studied. These sizes ranged
from 30.2 to 63.3 mm, and the shortest stem was found in the Crab Gusar, and the longest in the
Caucasian variety.

In the study, the average weight of one fruit varied from 1.01 to 11.2 g. Thus, the fruit with
the smallest mass was observed in the form of Gusar, and the fruit with the highest mass was
observed in the Caucasian berry variety.

In order to determine the quality of the studied varieties and forms, the percentage of total
sugar in the juice was studied. The highest sugar content was found in the form of Common berry
Khachmaz (26.9%), and the lowest in the Amber Crab berry variety (11.3%).

Table 1
ECONOMIC INDICATORS AND POMOLOGICAL ANALYSIS
OF VARIETIES AND FORMS OF THE BERRY PLANT

Characters Abbreviation Min Max Average SX SK CV%
length of the fruit LF 8 29 22 0 4 16
width of the fruit WF 7 29 21 1 4 19
length of the stem SL 24 63 39 1 8 67
mass of the kernel KM 0 1 1 1 0 1
latin mass LM 1 25 24 0 3 9
Total sugar TS 11 27 16 0 4 16
length of the core LC 6 13 7 0 2 3
width of the core WTC 6 10 4 0 1 2
mass of the fruit MF 1 11 10 0 2 4
mass of twenty fruit MTF 20 224 203 5 40 1595
Leaf stalk length LSL 30 52 22 1 5 20
Leaf length LL 64 122 58 2 13 178
Leaf width LW 28 68 41 1 8 68

Thus, these research results can be used in the creation of new varieties that are more
productive of good quality, have a good appearance, and meet the market demand.
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ISSR is a fast, simple, highly reproducible method. ISSR markers usually show high
polymorphism, and their biggest advantage is that no prior information about the genome sequence
is required [4]. In the study of the genetic diversity of the cranberry genotype, a total of 68 points
were synthesized on 8 ISSR primers characteristic for fruit plants, of which 47 (69.1%) were
polymorphic, and 21 (30.9) were monomorphic. The number of amplified fragments per locus
varied between 7-10. The length range of the obtained fragments was 100-1200 n. c¢. changed
between

The largest number of amplicons (10 units) was synthesized with IS 50 and IS 54 primers.
8 amplicons synthesized with IS 50 primers were polymorphic. In the IS 54 primer, 5 of
the synthesized points were polymorphic, and the other 5 were monomorphic. The lowest number
of amplicons was recorded in primers IS 3 and IS 48 (7 amplicons). 4 of the amplicons in the IS
3 primer are polymorphic. Using the IS 48 primer, 5 of the synthetic compounds were polymorphic.
The number of polymorphic items varied between 4-8, on average it was 5.9 items. The number of
items per primer was 8.5.

Table 2
KEY PARAMETERS OF POLYMORPHISM AND GENETIC DIVERSITY DETERMINED
IN BERRY GENOTYPES BY ISSR PRIMERS

Q s
o = b
2 S & 358 5 o o
@ a Q2 2] = o o 9 = >
= s £ ESER s¥ & ¥ § = £ 0©
a & s Z28° =
(75) — o)
o [a
IS2 (GA)C 9 6 70 5.56 0.33 6.75 2.2 0.02 0.96
IS 3 G(TG)g 7 4 57 7.46 0.41 4.1 1.6 0.02 0.85
IS 37 (CA)GT 8 6 75 5.00 0.33 5.6 1.7 0.03 0.94
IS 47 (ACC)s 8 5 62.5 6.30 0.41 5.6 2.3 0.02 0.91
IS 48 (ATG)g 7 5 71.4 5.16 0.43 4.2 1.7 0.03 0.93
IS 50 (GAA)g 10 8 80 7.34 0.45 8.0 3.6 0.01 0.97
IS 54 (AG)sC 10 5 50 8.34 0.41 8.0 3.3 0.01 0.93
UBC 868 (GAA) 9 8 89 4.46 0.32 6.8 2.0 0.03 0.89
Common - 68 47
Average - 8.5 59 69.4 0.92
price

As can be seen from Table 2, the polymorphism indicator for primers varied between 50-89%,
the average polymorphism was 69.4%.

In another direction of the work, the antioxidant properties of medlar collected from Guba,
Gusar, Sheki regions of Azerbaijan were studied. The dried fruits are crushed until they become a
powder (the size of the particles is about 1 mm). Ethyl acetate stored at room temperature in the
ratio of 1:20 is added to the obtained powder (20 ml of ethyl acetate per 1 g of powder). After one
day of storage, it is filtered through a special paper filter. After filtration, the solution was
evaporated at room temperature and the extract was dried to constant weight in a vacuum oven. In
the model of cumene oxidation, the antioxidant properties of azgil extract were studied using the
kinetic method. Oxidation experiments were carried out in a nanometric apparatus with automatic
pressure control. The oxidation of cumene was monitored by the oxygen absorption method.
Chlorobenzene was used as a solvent. In all experiments, the volume of the mixture was 5 ml, and
the concentration of cumene was 2.87 mol/l. Experiments have shown that during the oxidation of
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cumene, clearly defined induction periods are formed on the kinetic curves of oxygen absorption in
the presence of the studied extracts. The formation of the induction period indicates the presence of
antioxidant substances in the extracts. The detected induction periods were described by the
equation T = f-[InH]0 Vi, which allowed to determine the effective content of antioxidant
(f -[I n H]) in modern fruit extracts. Here [I n H ]0 is the antioxidant content in a given sample of
essential oil, V i is the onset rate, f is the ginger factor. Thus, research has shown that ethyl acetate
extracts of German gooseberries contain antioxidants and exhibit antioxidant activity. Moreover, the
amount of antioxidant substances in the extracts of elderberries grown under natural conditions is
slightly higher than that of cultivated elderberries.

A total of 68 points were synthesized for the ISSR primer, of which 47 (69.4%) were
polymorphic, and 21 (30.9%) were monomorphic. The number of fragments amplified at the locus
varied between 7-10.

Primer UBC 868 was found to be most effective as an ISSR for polymorphism and genetic
diversity assessment in a collection of cranberry samples. In addition, studies conducted in other
directions have shown that the amount of antioxidant substances in the extracts of elderberries
grown under natural conditions is slightly higher than that of cultivated elderberries.
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BJIMSTHUE UCXOJTHOM BUOMACCHI KYJIBTYPBI Azolla caroliniana
HA IMPOAYKTHUBHOCTD B YCJIIOBUSAX IO KHOTI'O KBIPT'BI3CTAHA

©Abovipaxmanosa K. C., ORCID: 0000-0001-8706-6675, SPIN-x00: 3201-4558,
Ouwckuil eocyoapemeennulil ynusepcumem, Ow, Koipeviscman, jazgulabdyrahmanova@gmail.com

INITIAL BIOMASS EFFECT OF Azolla caroliniana CULTURE ON PERFORMANCE
IN THE SOUTHERN KYRGYZSTAN CONDITIONS

©Abdyrakhmanova Zh., ORCID: 0000-0001-8706-6675, SPIN-code: 3201-4558,
Osh State University, Osh, Kyrgyzstan, jazgulabdyrahmanova@gmail.com

Annomayus. OObeKTOM uccienoBanus nocnyxuna Azolla caroliniana Willd. cobpannas u3
BOJIOEMOB KOJIJIEKTOPHO-JPEHAXHBIX CETEeH, B OKpecTHOCTAX I. O (b6acceliH p. Ak-byypa), a Takxe
BEIpAIICHHAs B TaOOPATOPHBIX YCIOBUAX. JlJIsl ompeesieHust HCXOMHOM OHMoMacchl KynbTyphl Azolla
caroliniana BBIpAIIUBAIN Ha OTKPHITOM BO3yX€ B JOTKOBBIX YCTAaHOBKAX IUIOIIAbIO 1 M’ BOJIHOI
MOBEPXHOCTH, BMeCTUMOCTHIO 500 11, iyOuHo# 50 ¢M U MUTaTeNbHOM Cpeaoi, MPUTOTOBIEHHON U3
KypuHOTO 1omeTta (5 T/i1), KOTOpyro Kaxaple 5 aHei oOHOBisuH. McxomHas Omomacca KYIIBTYPBI
a30JuUTbl, BHECEHHOW B joTkH B | Bapumanrte cocrammsuia 100 F/Mz, Bo Il Bapuante 200 F/MZ,
11l Bapuanrte 300 r/m% IV Bapmante 400 r/m’, V Bapmante 500 r/m>, VI Bapmante 600 r/m7
VII Bapuante 700 r/mM*. Boicokas NPOAYKTUBHOCTh A. caroliniana B Bapuanrtax IIl u IV sBnsercs
pe3yJIbTaTOM €€ CYyTOYHOM WMHTEHCHBHOCTH pOCTa. B pesynbrare CyTOYHBIM MPUPOCT COCTABWII B
III Bapuante 129,0+0,4 /M, uB IV Bapuante 112,4+0,3. [Tpu HU3KO# OmMoMacce (B BapuaHTax [ m
II) a3omna He ycmeBaeT MOJHOCTBIO MCIOJNB30BaTh HMEIOLIYIOCS MUTATEIbHYIO Cpeny, H3-3a
M30BITOYHOCTH MUTATENFHOM CPEIbl MPOUCXOAUT CHIIBHOE Pa3BUTHE APYTUX BOIHBIX PACTECHHUH U
BO/IOpOcCIieid. B ¢BsI3u ¢ 3THM pOCT U pa3BuUTHE TOOETOB U PU3OUIOB a30Jutbl 3amenisiercsa. B 11 u
IV BapuanTax ombiTa 3a CYET MOJHOTO YCBOEHUS MUTATEIHHBIX BEIIECTB MPOUCXOIUT HOPMAIBHOE
pa3BUTHE KOPHEBOW CTPYKTYPHI U MOOEroB a30JUIbl, COOTBETCTBEHHO CYyTOYHAsi CKOPOCTh MPUPOCTa
CBIpOii OroMacchl ObLIa BBIIIE, Y€M Y OCTAIbHBIX BapUaHTOB. TakuM 00pa3oM, MPHU BBIpAIIMBAHUN
Azolla caroliniana B ONEBBIX yCIOBUSIX WIK B TEIUTMIAX 1ieiecoo0pa3Ho ucnonb3osats 300400 r
HICXOJHOIT GroMacch Ha | M” BOIHOI TIOBEPXHOCTH.

Abstract. The object of the study was Azolla caroliniana Willd., collected from reservoirs of
collector-drainage networks in the vicinity of Osh (Ak-Buura river basin), and also grown in
laboratory conditions. To determine the initial biomass of the culture, Azolla caroliniana was grown
outdoors in tray units with an area of 1 m? of water surface, a capacity of 500 1, a depth of 50 cm
and a nutrient medium prepared from chicken manure (5 g/1), which was renewed every 5 days.
The initial biomass of the Azolla culture added to the trays in option I was 100 g/m?, in option II
200 g/m?, option III 300 g/m?, option IV 400 g/m’, option V 500 g/m?, option VI 600 g/m’, VII
option 700 g/m”. The A. caroliniana high performance in variants III and IV is the result of its daily
growth rate. As a result, the daily increase was 129.0+0.4 g/m” in option III, and 112.4+0.3 in
option IV. With a low biomass (in options I and II), azolla does not have time to fully use
the available nutrient medium; due to the excess nutrient medium, other aquatic plants and algae
develop strongly. In this regard, the growth and development of Azolla shoots and rhizoids slows
down. In the IIl and IV variants of the Azolla experiment, due to the complete absorption of
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nutrients, normal development of the root structure and shoots occurs; accordingly, the daily growth
rate of raw biomass was higher than in the other variants. Thus, when growing Azolla caroliniana in
field conditions or in greenhouses, it is advisable to use 300-400 g of initial biomass per 1 m? of
water surface.

Knrouesvle cnosa:  asona  KapolWHCKas, IPOAYKTUBHOCTb KYIBTYp, OHOJOrMYecKas
azor¢ukcalys, bnomacca, KyIbTUBUPOBAaHHE BOJHBIX PACTCHUI.

Keywords: Azolla caroliniana, crop performance, biological nitrogen fixation, biomass,
aquatic plant cultivation.

C KaXIpIM TOJOM BO3pACTaeT CIPOC HA ECTECTBEHHBIC BBICOKOIUTATEIBHBIC IMPOMYKTHI
nuTaHus. s pa3BUTHS )KUBOTHOBOJCTBA HEOOXOAMMO CO3/IaHHE KOPMOBOM 0a3bl, KOTOpas CBS3aHa
C pacHIMpEHUEM IOCEBHbIX IUIOMAACH W TOBBIIICHUS YPOKaWHHOCTH CEIbCKOXO03iCTBEHHBIX
KynbTyp. Ilepen cenbCckuM XO3SHCTBOM CTOMT 3a/lada — BBIIBUTH IYTH Y/JCIICBICHUS KOpMa U
MTOBBICUTH €€ KaueCTBO 3a cueT o0oraimeHust KapoTuHom [1].

B cBsa3u ¢ 3TUM 060ibIIOE BHUMAHUE YYEHBIX MPHUBICKAIOT SIBICHUS OHOJIOTUYECKOMN
¢bukcanuu arMocdepHoro azora pacreHussMU. OcoObI MHTEpeC MPEICTABISIIOT CUMOMOTHYECKUE
CHCTEMBI, KOTOPBIE BKJIIOYAIOT B ce0s1 ()OTOABTOTPO(HBIE, a30TPUKCHPYIOITHE OpraHu3Mbl. K unciy
TaKUX CUMOMOTHYECKHUX CUCTEM OTHOCUTCS Azolla — Anabaena azollae 2, 3].

B Snonun, Kutae u FOro-Bocrounoit A3uu B KauecTBE 3€J€HOTO YAOOPEHHS AJisi PUCOBBIX
MoJiel HWCHOJNB3YIOT a30JUly, OCHOBBIBasCh Ha ee azoTdukcupyromeil crnocodHoctu. CumOno3
azoJuia-aHabeHa crocoOeH naBarh A0 250 kr azora ¢ 1 ra. CumMOM03 IPOUCXOJUT HA BCEX CTAIUAX
pa3BUTHA NANIOPOTHUKA [4].

AxOapoBa U Jp. PEeKOMEHIYIOT B ycioBusax CamapkaHACKON o0iacTtu, B J1a0OpaTOPHBIX U
OTPaHUYEHHBIX BOAOEMax, JUIsl Pa3MHOXKEHHS a30JUIbl HCIOJb30BaTh mepenpeniuii HaBo3 KPC
10 v/ + KNO; (/1) 1 kypunsiii nomet 10 /1 + KNO; (/1) [5].

B Pecnybnuke VY30ekuctaH ycraHoBieHO, uTo mnuctus (Pistia stratiotes L.), sixopHus
(Eichhornia crassipes (Mart.) Solms)) u azomna (Azolla caroliniana Willd.) moryt ObITH
MCIOJIb30BaHbl IPU OMOJIOTMUECKON OYHCTKE TOPOICKUX CTOYHBIX BOJ [6].

Mamepuan u memoowl ucciedosanus

OObexkToM wuccienoBanus mnocnyxuna Azolla caroliniana, cobpaHHas U3 Bomoema
KOJUIEKTOPHO-IPEHAXKHBIX ceTell B okpecTHOocTsx T Om (Oacceitn p. Ak-byypa), a Ttakxe
BbIpalieHHasl B JabopaTtopHbIX ycinoBusax (Pucynok 1, 2).

JIJiss BBIpanIMBaHMS a30JUTbI HUCIIOJB30BAIMCHh CTEKIIOIUIACTHKOBBIC JIOTKOBBIE YCTAHOBKH M
OeToHHpOBaHHBIE OaccelHbl. B kauecTBe MUTATENHHON CPEbl MPUTOTOBIIIM OPTAaHUUECKYIO Cpexy
U3 KypHHOTO TIOMeTa B KOHIIEHTpanuu 5 1/11. [IpomyKTUBHOCTH a30JIbl OMPEIENSAINd BECOBBIM
METOZIOM IO MPHUPOCTY ChIpO Ouomacchl. PocT u pa3BuTHE a30/UIbl B KYIBType MPOXOIUIO Ha
Pa3IMYHON OpraHMYEeCKON MUTATEIBHOU cpene. HabmoaeHus 3a HUM MPOBOIUIIN TTOJT MUKPOCKOTIOM
MBC-2.

[Ipn mnpoBeneHHWH OMBITOB W3MEPSIIM TeMIeparypy Bo3ayxa u Boawl. ConepikaHue
PacTBOPEHHOTO KUCIOPOa MOPTaTUBHEIM pH-MeTpoMm.
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Pucynok 2. Kynstuuposanue Azolla caroliniana mo oTKpbITEIM HEOOM

Pe3zynemamul u 0ocyscoenue

[TpoAyKTUBHOCTh BOMHBIX PACTCHUM, IUTABAIOIINX HAa TIOBEPXHOCTH BOJBI PABHOIICHHO
3aBHCHUT KaK OT UCXOJHOW OMOMACCHI KYIbTYpBI, TaK U OT COCTaBa MUTATENbHON cpenbl. Hampumep,
JIOTyCTUMasi UCXofqHas OmomMacca KyIbTYpbl pSACKM Malloii B ycioBusx ora KeIpreiscrana
coorBerctByer 500—700 (pexxo 800) /v’ [7].

Jlyis  ompeneneHuss MCXOMHOH OWoMacchl KYIBTYpwl Azolla caroliniana BeIpammBaiv Ha
OTKPBITOM BO3/yXe B JIOTKOBBIX YCTAHOBKAX ILTOMAAbI0 | M’ BOXHOI MOBEPXHOCTH, BMECTHMOCTBIO
500 1, ryOunoi 50 cM M NUTATENbHOW CpeloM, MPUTrOTOBIEHHOM M3 KypuHOro momerta (5 r/m)
KOTOPYIO KaK/Ible 5 THEeW OOHOBIISIIH.

Kak BumHO n3 Tabmuiiel, ncxomHas Onomacca KyJIbTyphl a30JUThI, BRIPANICHHOW B TEIUTHIIE B |
BapuanTe coctasmsin 100 r/m?, Bo II Bapuante — 200 r/m?, 111 Bapuante — 300 r/m”, IV BapuanTe
— 400 r/™*, V BapuanTe — 500 r/m°, VI Bapuante — 600 /M, VII Bapuante — 700 r/m”.

B xone skcriepuMenTa U3MEpSUTUCh TeMIleparypa Bo3ayxa U Boabl, pH mutarenbHOl cpenbl u
oCBeNIeHHOCTh. CyTOUHYIO CKOPOCTh MPUPOCTAa OMOMACCHI a30JUTBI OTPEICISUIA, PA3SIUB OOIIYIO
o6uomaccy azosuisl Ha 30 (Tabmura).

Haubonpimas 6uomacca HakarumBanach B BapuanTax III u IV Bo Bce BeceHHHE MECSIIBI.
buomacca a3omibl, BeIpallleHHOW B TeueHue Mecsna, B Bapuante Il cocrasmsier 3870,9+13,6 1“/M2, B
BapuanTe IV — 3373,3+9,1 r/m?, CpexnecyTodnsiii mpupoct B Bapuante 111 cocramser 129,0+0,4
r/M” B cyTku. B Bapuanre IV ona cocrasmia 112,4+0,3 r/m’.
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Tabimna
BJIMSIHUE UCXOJIHOM BUOMACCHI HA IMPOAYKTUBHOCTD Azolla caroliniana

Bapuanmur Hcxoonas Buomacca 3a mecsy, 2/m” Cpeonecymounwiii npupocm,
buomacca, 2/m° o/m?
I 100 689,3+11,2 22.9+0,7
I 200 2376,4+23,6 79,2+1,2
Il 300 3861,3+18,9 128,7+0,9
v 400 3492,2+17,1 116,4+0,8
V 500 2772,6+45,0 92,4+1,5
VI 600 2411,6+35,3 80,4+1,2
Vil 700 2358,7+32,1 78,6+1,1

B I u Il BapuaHTax SKCIIEPHMEHTA HH3Kas HCXOZHas Guomacca KyasTypsl (100, 200 r/m?)
MoKa3ajia HU3KYI CKOPOCTb CyTOYHOro pocta. C yBeJIMUEHUEM HCXOAHON Ouomaccel a3oiuibl (V u
CJIEIYIOIME BapUAHThI) TPOUCXOUIIO CHIKEHUE KOJIMYECTBA OMOMACCHI.

Bricokas nponyktuBHOCTh A. caroliniana B Bapuantax Il u IV sBasercs pesynpratoMm ee
CYTOYHOM HMHTEHCHBHOCTM pocTa. B pesynbrare cyTrouHblid npupocTt cocrtaBuin B III Bapuante
129,0+0,4 F/Mz, u B IV Bapmanre 112,4+0,3. XoTs KOIMYECTBO OMOMACCHI a30JUTbI BHINIC B
Bapuantax V u VII mo cpaBHenuto c¢ Bapuantamu | u II, BHOBb oTnmenuBmivecs mnoOeru
XapakTepu3yrTcs CBoeH ciiabocThio Mo cpaBHeHUIO ¢ BapuanTamu III u IV, kopHeBas cTpykTypa ux
pa3BUTa HEAOCTATOUHO, T. €. MAJIBIM KOJINYECTBOM KOpPHEH.

IIpn Hu3koM ucxonHoil 6uomacce (B BapuaHtax | m II) asomia He ycmeBaeT HMOJHOCTHIO
UCIIONIb30BaTh HMMEIOIIYIOCS THTATENbHYIO Cpely, H3-3a HM30BITOYHOCTH IUTATENIbHON Cpebl
MIPOUCXOAUT CUJIBHOE Pa3BUTHUE APYTUX BOAHBIX PACTEHHUUM M BOJOpOCIEil. B cBA3M ¢ 3TUM pocT U
pazBuTue mo0OeroB U puzouaoB azoiuiel 3amemnsercs. B Il u IV BapumanTtax ombita azoia
pacnpezensercss Ha MOBEPXHOCTU BOJbI PAaBHOMEPHO, 3a CUET IOJHOTO YCBOEHUS MUTATEIbHBIX
BEIIECTB MPOUCXOAUT HOPMAIbHOE PA3BUTUE KOPHEBOM CTPYKTYPHI U MOOETOB, TKAHU BEr€TaTUBHBIX
OpPraHOB PACTEHMs MOJIHOCTHIO (POPMHUPYIOTCSA, COOTBETCTBEHHO CYTOYHAs CKOPOCTb HpPUPOCTa
ChIpOii OMoMacchl Obliia BBIIIE, YEM Y OCTAJIbHBIX BapPHAHTOB.

Taxum 06pa3zoM, ipu BeipanuBanuu Azolla caroliniana B OJAEBBIX YCIOBUSIX WU B TEIUTUIAX
nesnecoodpasHo ucnoib3osarb 300—400 r ncxoaHo# Onomaccsl Ha | M” BOJHOI MIOBEPXHOCTH.
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OUTOLEHO3bI C YYACTHUEM BUJOB POJIA Gentiana L.
HA TEPPUTOPHUM ABEPBAMI)KAHA

©3eninanosa A. H., Uncmumym 6omarnuxu npu Munucmepcmee Hayku u 06pazo8anus
Aszepbatiodcanckou Pecnyonuxu, e. baxy, Azepoatiodican, aygun.lisey@gmail.com

PHYTOCENOSIS WITH THE PARTICIPATION OF SPECIES
OF THE Gentiana L. GENUS ON THE TERRITORY OF AZERBAIJAN

©Zeynalova A., Institute of Botany of the Ministry of Science and Education
Republic of Azerbaijan, Baku, Azerbaijan, aygun.lisey@gmail.com

Annomayus. Buapl TOpEYaBKH BCTPEYAIOTCS B PA3HBIX THUIAX PACTUTEIBHOCTH B Pa3HBIX
paionax AsepOaiimkana. BerpewaroTcs NperMyIECTBEHHO B TPaBSIHOM, JIECHOM, KaMEHHCTOM,
KYCTQpHUKOBOM U JIECHOM THUIIaX PACTHUTEIBHOCTU. OJTU BHUIBl IIMPOKO PACHPOCTPAHEHBI B
€CTECTBEHHBIX (PUTOIICHO3aX W UTPAIOT BAXHYIO POJIb B (DOPMHUPOBAHUU OMOMACCHI (DUTOLIEHO30B.
OnucaHbl OCHOBHBIC THITHI (DUTOIICHO30B C y4acTHEM TOPEYaBKM Ha Tepputopuu A3zepOaiipkaHa.
JlaHa ieHOTHYEeCKasl XapaKTePUCTHKA.

Abstract. Gentian species are found in different types of vegetation in different regions of
Azerbaijan. They are found mainly in grass, forest, rocky, shrub and forest types of vegetation.
These species are widespread in natural phytocenosis and play an important role in the formation of
the biomass of phytocenosis. The main types of phytocenosis with the participation of gentian on
the territory of Azerbaijan are described. A cenotic characteristic is given.

Knrouesvie cnosa: GpuTOLIEHO3bI, TUIl PACTUTEIBHOCTH, TOpeuaBKa, AzepoaiKaH.
Keywords: phytocenosis, type of vegetation, Gentiana, Azerbaijan.

Bunel ropedyaBku yyacTByeT B (POPMHUPOBAHUU PACTUTENBHOCTU TeppUTOpUM A3epOaiiikaHa
(https://wfoplantlist.org/taxon/wfo-4000015502-2023-12?page=1). Pa3nuuHble BHIBI TOPEYABOK
MO>XXHO BCTPETUTH KaK B JIYTOBOM, CTEITHOM, TaK M B JIECHOM THUIIE pacTuTenbHOCTH [1, 2, 10].

Jlyeosoti mun pacmumenvHocmu. ITOT THI PACTUTENBHOCTH TOJpa3AeiseTcs Ha
CyOanbNUUCKUM U anbNUuNCKUi. [OpHBIE JTyra BCTpeyaroTcsl MPEeUMYIECTBEHHO B ropax bombIoro
u Masnoro KaBka3a, B ropHbix pailonax HaxusiBana u Tansimia. BeicoTta 31ech 00bIYHO KoJIeOneTcs
or 2000 mo 3500 merpoB. CyOanbnuiickas JyroBas M JieCHas pPacTHTEIbHOCTh IpEACTaBIEHA
MIPEUMYIIECTBEHHO BBHICOKMMH Pa3HOTPaBbsIMU U 31akamu [5, 8]. Jlyra mo BIaXXHOCTH JendTcs Ha
BIIQXKHBIE, YMEPEHHO BIAXHBIE W Cyxue cyOanmpruiickue yyra. [locnme cy0ambMUiCKUX JTYTOB MBI
BCTpeYaeM cyOaiblUiCKUe CTEMU, KOTOphle B OCHOBHOM BcTpeuaroTcsi Ha Manom Kaskaze. B
CyOaJbIMIICKOM pErHoHEe Mpeo0sIafaoT Me30(QHUIbHBIC JIyra ¢ Pa3HOTPAaBBEM, 3a HUMHU CIEAYIOT
3naku. Cpeay ropeyaBoK Ha CyOalbMUICKUX Jyrax U jecax BcrpeuatotTcst Gentiana asclepiadea L.,
G. gelida M. Bieb., G. verna subsp. pontica (Soltok.) Hayek, G. aquatica L., G. verna L.,
G. pyrenaica L. n np.

Ha ™e3o¢pwmibHBIX 5yrax pacTyT cBoeoOpa3Hee pacTeHHs, B OCHOBHOM U3 CeMeHCTBa
Compositae Buabl ponos [nula L., Centaurea L., Psephellus Cass.; n3 cemeiicrsa Plantaginaceae,
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BUIBI poaa Veromica, w3 cemeiictBa Ranunculaceae Bumbl poma Ranunculus L.; u3 cemeicTBa
Geraniaceae Bubl poga Geranium L. u ap.

B ropax Gonee pacnpocTpaHeHbl BBICOKOTPaBbs, UTO OOYCIIOBJIEHO BBICOKOW BIQKHOCTBIO U
Ha3bIBACTCSl CYOANBIUHCKUM BBICOKOTPABHEM, TPUBICKAIONIMM HACEKOMBIX CBOUMH SIPKHMU
1BeTKaMU. ['paHuna cyOaJbNUICKUX JYroB 3aKaHUMBACTCS JIECHBIM IIOSCOM, BBICOTA KOTOPOIO
nocturaer  1700-1900 MeTpoB W CUMTACTCAd BTOPUYHBIMH  CYOQIBIMIMHUCKUMH  JIyTaMH.
CyOanpnuiickue Jyra MCHOJB3YIOTCS KakK NacTOWINa W3-3a OOWIHS 37eCh OOOOBBIX U 3TAKOBBIX
Bu0B. Ha ckamax cy0anmbIHMiiCKOro rmosica BIaKHBIE CyOaJIbITUHCKUE JIyra YepenyrTcs C CyXUMHU
cyOanbIMiCKUMU JiyramMu. B BpIcOKOropbe moj BO3JEHCTBHEM OKpYXarolled cpelbl MPOMCXOIUT
psl M3MEHEHUH, B pe3yinpTare KOTOpBIX BbIpyOaeTcs Oojbllas 4acTbh JIECOB U 00pasyrorcs
BTOpUYHbIE Jyra. OTcCrola MOXKHO C/EJIaTh BBIBOJ, YTO HACTOSIIUX CYOaJbIIMHCKUX JIYTOB OYEHb
MaJIo. DJIEMEHTHl CyOaNblUHCKUX JIYTOB YBEIMYUBAIOTCS IO MEpEe YBEIMYEHHUS BIAKHOCTH,
co3JaBasl cpeny, MOXOXKYI0 Ha HacToslre cyOanbluicKue j1yra. 31ech O0JIblIe BCTPEUaroTCsl TaKHe
BUJIbI KaK THICSUEJIMCTHUK, KpayBa, TOHHUK, KJIEBEp U T. [I.

B cybanpnmiickoM mosice Jarie BCTpedaroTcsi Me30(MIbHBIE U CyXHe KcepouiibHbIe Tyra. B
CyOaJbIMIICKOM TOSICE Yallle BCTPEYArOTCS ME30(MIBHBIC U CyXHe Kcepo(MiIbHbBIE JTyra. A TakkKe
3/IeCb HEMaJo CTENHBIX JYroB. B 1ienoM pacTuTenbHOCTh CyOaqbOUHCKUX JIYTOB O4YeHb Oorara.
3uMOIl TycTOH CHEXHBI IIOKpOB, BECEHHHE JOXJIU CIIOCOOCTBYET IOSBICHHUIO OOJIBIIOTO
KOJIMYECTBA BUJIOB PACTEHHUI Ha CyOaJbIUNUCKUX JIyraX BBICOKOTOPHOIO IOsica C IJIOAOPOAHBIMU
nmoyBamMu. B pasmuunbIX paiioHax AsepOaiimkana (3ararama, lllekum, I'ycap, I'yba, Kemabek,
HaxuypiBaH U JIp.) BCTpedaroTcs Jiyra KOTOpble 00pa3yloT BHJIbI CEMEHCTB cnapkeBbie (Bellevalia,
Muscari n np.), opxunusie (Dactylorhiza, Orchis u np.), 3nakoBblie (Festuca, Poa), po301IBETHbBIS
(Potentilla, Rosa w np.), 606oBeie (Trifolium, Vicia w np.), ¢uankoseie (Viola). Ha nyrax
npeodIagaroT Me30(IIIbHBIE TPaBbl, UMEIOIINE HOPMAJIbHBIA BEreTallMOHHBIN mepuos. TpaBsHOMH
IIOKPOB JIYTOB COCTOMT IPEUMYIIECTBEHHO M3 MHOIOJIETHUX PpAacTeHUH, peXe BCTPEYaIOTCs
OJHOJICTHUKM M JBYNeTHUKH. Jlyra nensTcs Ha paBHUHBI U cyxue Jjyra. IlepBele cocToAT u3
3aTOIJICHHBIX JIYT'OB, a BTOpbIE IO BIAXKHOCTH MOAPA3JEIAIOTCS Ha BBICOKO3ACYILJIMBBIE JIyTa,
HOpMaJIbHbIE 3aCYIIUIMBBIE JIyTa U KpaiiHe BiIaxHsle jyra [9, 10].

Anpnuiickuil 1yr BcTpedaeTcs B BocTouHoW yacTu bonbmoro Kaskasza na Beicote 2600-3200
M Haja ypoBHeM Mops, B Illaxgarckom xpe6te Manoro KaBkaza na Bwicote 3600-3800 M Han
YpOBHEM MOpsi, Ha CEBEpO-BOCTOUHBIX CKJIOHaX. bompmoro Kaskasza, B Kapabaxckom xpeOTe Ha
BbicoTe 2400 M Hag ypoBHeM Mops. Ilo Mepe mpoaBukeHHs BBEpX OT CyOalbNMMCKUX JIYTOB
BBICOKOTPaBbsl CMEHSIOTCSI C KOPOTKMMH TpaBaMH, OTMeuas Hayallo aibluickux JyroB. Ha
JIBITUICKUX JIyrax npeo0i1ajaroT HEBBICOKUE, IIOAYIIKOBUIHBIE TPABbI, KOTOPbIE YIUIOTHSIOT MTOYBY
1 00pa3yloT TPaBOCTOM, Ha3bIBaEMbIN aJbIIMICKUMH KOBpaMH. 37ech AJOMUHUPYIOT Nardus stricta
L., Poa alpina L., Festuca ovina L., Bromopsis variegata (M. Bieb.) Holub. Ha anpnuiickux myrax
Takxke BcTpeyatorcs Primula algida Adams, P. ruprechtii Kusnezowa, Campanula ciliata Steven u
Jp. BUJIBI.

Jlecnoii mun pacmumenvnocmu TPEICTAaBICH OOJBLUIMM KOJWYECTBOM JIEPEBHEB U
KycTapHUKOB. B necax Asep6aiimxaHa BcTpeuaercsi Oosiee 72 BUAOB JIepeBbeB U 266 BUAOB
KyctapHukoB. 10% Tepputopun AzepOaiimxaHa — C JICCHOH pacTUTEIBLHOCTHIO. B ocHOBHOM —
LIMPOKOJINCTBEHHBIE M XBOMHBIE Jieca. IlepBble BcTpedaroTes Ha ckioHax rop bosbemoro u Maioro
KaBkasa, oco6enno B Tambimickux ropax. Ot 3amafHbIx paiioHoB A3ep6aiimkana (I'ax, 3ararana,
banakan u ap.) k BocToky (Cusizanp, [llabpan u ap.) 3TH Jleca mpocTUparoTes emie 0oJbine. 3/1ech
pacripocTpaHeHbl BUIbI TopedaBok G. septemfida, G. gelida, G. cruciata. [Tox BausiHHEM BIaKHOTO
BO3/yXa C OK€aHOB M3MEHSIOTCS TYCTOTa, BBICOTA JIeCOB. B 3amafHbIX paiioHax jeca 6osee rycThie,
Me30(HIIbHBIE U BBICOKHE, @ B BOCTOUHBIX, HA00OPOT, 0ojee pelKue W KOPOTKUE, NMPeodiasatoT
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KkcepodunbHble KycTapHMKH. brnaromapst Bimare Kacrmiickoro wmops neca Kyosr um Kycapa
CTaHOBATCA Me30(UIBHBIMU. DTO IMOKA3bIBACT, YTO OH OOJbIIE MOXO0X Ha 3amaaHble Jieca. Jleca
Manoro KaBkaza mpomomkaroTcsi Ha Tepputopuu 3anrunaHa u JxeOpamna. 3mech Ooubie
KCEepO(MIBHOCTH, JIeca Pa3peKeHbl, MPeodIaIaloT TakKe KCepOoPHiIbHbIe KycTapHUKH. OCHOBHOE
MECTO B JICCHOH PAaCTUTENBHOCTH 3aHUMAIOT cyOanbnuiickue jeca. VccienoBaTenu, U3ydaronue
pactutenbHOCTh A3epOaiipkaHa, Ha3BaIM TEPPUTOPHUIO MEKIY CYOaNbIMICKUM MOSICOM M JIECOM
cyOanbrnuiickumu Jiecamu [2].

Cybanprniuiickue neca nensrTcs Ha aBe dacTu: 1. CKIOHBI TOp WM Jieca, BBIIICIIINE H3-TI0]]
Jeca WM ONpeleNieHHas 4YacTb KOTOphIX Oorara pacreHusimu; 2. CKIOHBI TOp, TNl JEPEBbsA
CIIOMaHbl, YHHUYTOXKEHbl WM TOJHOCTHIO BbIpYOJeHbl. B cybanbnuiickux JiecaX BBISBICH pPSI
dopmanuii. Cybanbnuiickue OykoBsie jeca (Fagus orientalis L.) Dta ¢opmanus BcTpeyaercss BO
Bcex Jjecax AszepOaiijkana, 3a uckimodenneM HaxusiBanckoit AP. Ilomumo Oyka, B 3THX Jiecax
BcTpevarores ayo (Quercus), 6epesa (Betula) u 1. 1. BykoBsie jieca 00bIYHO 00pa3yrOTCs Ha KPYThIX
CEBEPHBIX CKJIOHAX CO CKYIHBIM IOYBEHHBIM ITOKPOBOM, a MHOTJA U KOPEHHBIMU MOpoaamMu. Busl
G. cruciata, G. gelida, G. septemfida, G. asclepiadea mupoko pacnpocTpaHeHbl B JICCHOU
pactuTenbHOCTH |5, 7].

CkanvHas pacmumenbHOCMb PACIPOCTpaHEeHa HA BHICOKHUX BEpIHMHAX rop, oOpaiaeT Ha cels
BHUMaHUE TEpPBUYHAS PACTUTENBHOCTh cKasl. CKanpHash pacTUTENBbHOCTb MMEET O4YeHb OOraThli
¢dnopuctrueckuii coctaB. ['eorpaduueckass MMPOTa, BBICOTA, COCTaB TOPHBIX TOPOZ HIPAIOT
KIIIOYEBYIO POJb B (OPMUPOBAHMM CKaJlbHAs pacTUTENbHOCTH. Ha ckamax pacrer Oosbiioe
KOJMYECTBO BHJIOB BBICUIMX PACTEHUM, 00pa3yloUIMX CBOEOOpa3Hyl pacTureiabHocTh. [lo cBouM
KU3HEHHBIM (popmaM Xa3MO(MUTHI U JTUTOPUTHI PACPOCTPAHEHBI B TpeUIMHAX U OopTax cKal C
MOMOIIBI0 CBOMX JUIMHHBIX KopHeBuil. Hampumep: Bumsl pomos Sedum, Minuartia, Pastinaca u
T. 1. Co BpeMeHeM MOpoJAbl HAYMHAIOT pacTEeKaThCs M 00pa3yroTcs nBe (HOpMBI KaMHENajaa
(MOBMXKHBIA KaMHENaa U 3aTBEPACBIINN KaMHEMNald), IPU KOTOPHIX PACTEHUS pacTyT Ha BBIXOJAX
CKall ¥ CKOIUICHHSX MMO4YBbI Mexay kamusmu. Hapsimy ¢ Dryopteris, Astragalus, Potentilla, 3mech
BCTpeuaroTes Takke Bubl G. lagodechiana, G. aquatica [3, 4].

Gentiana asclepiadea, G. cruciata, G. aquatica, G. lagodechiana, G. septemfida oTHOCATCS K
BUJAMHU TOPEYABKH, BIHIIOMIMM Ha HMX paclpOCTpaHEHHWE B MPHUPOAHBIX (PHUTOIEHO3aX U
dbopmupoBanue 6uomaccel GUTOIEHO30B [3, 7, 5].

@UTOLEHO3BI, B KOTOPBIX Y4aCTBYIOT BHJIBI TOpEeYaBKH, BcTpeyatoTcsa B HaxusiBaHckon AP, B
HUOKHEM, CpeIHEM, CyOanbNHUiicKoM U anblnuiickoM nosgcax bombsmoro u Manoro Kaskaza, B
JIECHBIX, KYCTApPHUKOBBIX U CKaJIbHBIX 3KocucTeMax [7, 9, 10].

Takue ¢uroneHo3sl 6ojee pacnpocTpaHeHbl Ha TeppuTopusix Kybunckoro paiiona bossiroro
KaBkaza u HaxubsiBanckoii AP na Manom Kaskaze. Tak, Bo ¢uope HaxubiBanckoii AP
HacuuThIBaeTcsl 14 BUIOB, MpUHAIJISKAMUX K 5 pomam cemeiictBa (Gentianaceae, TOrJa Kak B
JpYTUX perruoHax AsepOaiiikaHa B pa3NuYHbIX (PUTOIEHO3aX YYaCTBYIOT 5—6 BHIOB.

Bunet  ropewaBku ~— BCTpedaroTcsi B OOJBIIMHCTBE  PEerHOHOB  A3sepOaiimkana,
IIPEUMYILIECTBEHHO B MPHUPOAHO-X03sicTBeHHBIX paioHax HaxusiBanckoit AP (Illax0y3, Opay6arn,
babek), Kybe, Kycape, 3ararane, Oryse, Kabane, Jlsakspane, Jlepuke, Kenabexe, Tayse, ['azaxe, ot
CPEIIHEeTO TOPHOTO TMosIca 0 CyOATBIMIUCKUNA, MHOT/IA aJbITUUCKUHN TIOSIC.

Ha Ttepputopun A3zepOaiiikaHa pacHpOCTPAaHEHBI BCE THUIIBI PACTUTEILHOCTH, HO BHJIBI
TOpPEeYaBKU BCTPEYAIOTCS TOJNBKO B TPeX THUIMAX PACTUTEIBHOCTH (JieC, JIyI W cKaibl). M3yuenue
MOpPOJIbl MPOBOAMIIOCH HAa BHJAX, PACIPOCTPAHEHHBIX B Pa3HBIX SKOJOTHYECKUX YCIOBUSX, C
pasHbpIM penbedom, B ecrtectBeHHOU cpere: Illadpan, Kyba-Kycap, Illemaxa, 3ararana, Illexwu,
Iaamka, Kenabek. B »Tux paiioHaX MOXXHO BCTPETHTH OOJbIle BUIOB TOpedaBKU. Buiwl pona
OTJIMYAIOTCS JIPYr OT JApyra mo (akropam OKpyxaromed cpeisl U cpene obutanus. [opeyaBku
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MPeINoYUTalOT Me30-KcepoutHbie cpeny. OAHAKo cpead HUX HEMalao BHUIOB, JKHUBYIIMX B
Me3oduTtHOU cpeme. OO0 3TOM TOBOPHUT TOT (aKT, YTO BUJ OOMTACT B CPEIHEM U CYOQIBITHUICKOM
mosicax.

Kycmapnux u necnoii maccue. KycTapHUKOBasi pacTHTEIBHOCTh PACIpPOCTPAHSETCS Ha
BbicoTax 1200-3200 M 1 moIHUMAETCS IO TPAHMI] CYOATBITMICKOTO M aJIBITMICKOTO TosIicoB. bonee
TUMUYHBIE 3apOCIW U TPaBSHO-KYCTapHUKOBBIE PACTEHMsI PACHOJOXKEHbl B TOPHBIX 30HAX
Azepbaiikana. JlecHas pacTUTENBHOCTh 00paszyeT koBep Ha BbicoTe 1500-2700 M Hanm ypoBHEM
Mops. Ha cyxux myrax BOMHM3M Jieca KCepO(QHUTHOCTh BHINIC, TPABSIHOW MOKPOB pa3pekeH. [109BbI,
Ha KOTOPBIX B JIECY PAaclpOCTpaHEHbl Me30(UTHbIE TpPaBbl, MPEACTABISAIOT COOOM IIIOJOPOIHBIE,
BJIQXKHbIE, OOrarble T'yMyCOM IIOYBBI, CO3/AIOIIME YCJIOBHS i 0oOpazoBaHusi Oojiee TYCTOH H
BBICOKOM pacTUTENbHOCTH. Ha 3TMX Me30(pHUTHBIX Jyrax Hapsily C THIHYHBIMH JTyTOBBIMU
pacTeHHSIMH YCIIOBUS, CO3[[aBacMble 3a CYET BUJOB PACTCHHH W3 COCEAHHMX Tpymil (JIECHBIX,
CTEMHBIX M OOJIOTHBIX), MPHUBOAAT K PazHOOOpa3Hs PACTUTENBHOrO MOKpoBa. B 3Tux mneHosax
npeodyagaloT OCOKM M 3J7aKoBble pacteHus. Heckonmbko BuaoB (entianaceae BCTpeyaroTCsi Ha
OITyIIKaX Jieca ¥ Ha BHYTPEHHUX JIECHBIX JIyrax. Taxke BcTpedatorcsi Carex tristis M. Bieb., Carex
divulsa subsp. leersii (F. W. Schultz) W. Koch, C. melanostachya M. Bieb. ex Willd., Agrostis
vinealis subsp. planifolia (K. Koch) Tzvelev, A. capillaris L., Arrhenatherum elatius (L.) P. Beauv.
ex J. Presl et C. Presl, Poa nemoralis L., Platanthera chlorantha (Custer) Rchb., Anacamptis
palustris (Jacq.) R. M. Bateman, Pridgeon et M. W. Chase, Ranunculus polyanthemos L., Potentilla
argentea L., Filipendula ulmaria (L.) Maxim, Geum rivale L., Inula auriculata Boiss. et Balansa,
Plantago lanceolata L., Rumex acetosa L., Origanum vulgare L., Galium verum L., Leopoldia
caucasica (Griseb.) Losinsk., Allium cardiostemon Fisch. et C. A. Mey. u 1. 1. [IpoextuBHOe
MOKPBITUE TAKUX (PUTOIICHO30B BapbupyeTcs oT 75-80% m0 90-95% [4, 10].

HexoTopble BUIBI TOpEYaBOK HAXOASTCS TIOA MECTHOH oxpaHoil. B AszepOaiipkaHe 3TH BHIBI
He 3aHeceHbl B Kpacuyro Kuury, nHo Gentiana nivalis, G. verna, G. lagodechiana cnenyer
pexkomenioBath B IV uznanue Kpacnoit Kuuru.
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GEOGRAPHICAL ANALYSIS OF BERBERIDACEAE FAMILY PLANTS FOUND
ON THE TERRITORY OF NAKHCHIVAN AUTONOMOUS REPUBLIC
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T'EOTPA®UYECKUN AHAJIN3 PACTEHUM CEMEMCTBA
Berberidaceae, PACIIPOCTPAHEHHBIX HA TEPPUTOPUU
HAXYBIBAHCKOM ABTOHOMHOWM PECIIYBJIUKHA

©Canmanosa H. I'., ORCID: 0000-0002-3924-3339, Haxusiganckuti 20cyoapcmeeHHblil
yHusepcumem, 2. Haxuwiean, Azepbaiiocan, aydansalmanova@gmail.com

Abstract. 1t becomes difficult to determine the first historical range of the plant, which moved
far from its prehistoric territory. It has been controversial in this aspect to determine the historical
geographical range of plants also included in the Berberis L. genus. Genera and species of
Berberidaceae family in Nakhchivan AR migrated from the flora of the Caucasus, Central Asia, East
Asia, Iran. The territory of Iran is dominant and represented by 4 species in this family. As a result
of the analysis, it was found that plants belonging to the Berberidaceae family, found on
the Territory of Nakhchivan Autonomous Republic which relate predominantly to xerophilic,
Caucasian and boreal geographical types.

Annomayus. TpyHO OIIPENENINUTD NIEPBBIA NCTOPUUECKUI apeasl pacTeHUs, YIAJIEHHOIO OT €T0
ucTopuyeckoil Tteppuropuu. OnpeneneHUe HCTOPUKO-Teorpauyeckoro apeajga pacTeHHH,
BXOISIIIIUX B pon Berberis L., B 3TOM OTHOIIEHUM BBI3bIBAET CIOPHL. Poabl M BUIBI ceMelcTBa
Berberidaceae u3 HaxubiBanckoit AP murpuposanu u3 ¢uopst KaBkasza, Cpeaneit Asuu, Boctounoi
Azun, Hpana m Jpyrux Onmsnexamux peruoHoB Tepputopuu. Ha teppuropum Hpana 3710
CEMEICTBO ABIAETCA [NOMMHHUPYIOIIMM UM TIIpeAcTaBieHO 4 Buaamu. B pesynasrare aHanmsa
YCTaHOBJIEHO, 4TO pacTeHusi cemelictBa Berberidaceae, pacnpoctpanenHoro B HaxubiBaHcKoi
ABroHOMHON PecnyOnuke, OTHOCATCS NPEUMYIIECTBEHHO K KCepO(UILHOMY, KaBKa3CKOMY,
6opeanabHOMY reorpau4eckiuM THIIaM.

Keywords: Berberis, geographic range, Caucasus, flora.
Kniouesvie cnosa: Gapbapuc, reorpapuueckuit apean, Kaskas, ¢giopa.

The geographical area of plants is the area where they first formed and spread. However, the
majority of plants extend their areal and spread to other nearby places, where they thrive and
multiply intensely, while certain plant species stay endemic and are unable to grow. Scientists have
determined that the species included in this genus, distributed in secondary centers, have an ancient
origin. Due to the geographical distribution of modern species and remains in the case of
excavations, it is believed that species of the genus barberry appeared in the Cretaceous period of
the Mesozoic era before the collapse of the mainland of Gondwana and spread in the lower tiers of
Subtropical broadleaf forests as an ancient plant among the first terrestrial vegetation.
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Plants belonging to the Berberidaceae family are mostly found in the world’s northern
hemisphere. The tropical mountain forests of India, as well as South and North America,
particularly the Andes, are home to a large number of species belonging to the genus Berberis L.,
which makes up the majority of the family's species. However, the distribution of the majority of
the species was found in East Asian regions. And the species of barberries distributed in the
Caucasus are distinguished by their endemicity, adaptation to optimal living conditions. The
vegetation cover of the Republic of Azerbaijan was also studied by researchers in different periods
in the composition of the Caucasus and phytocoenological and geographical areal types were
identified. When studying the flora of the Caucasus, N. I. Kuznetsov (1909) divided the territory
into 19 provinces, A. A. Grossheim and D. 1. Sosnovsky (1929) divided it into 10 provinces. In his
book “Analysis of Caucasian flora” he divided the flora of this place into 7 geographical types [4].

In this book, A.A. Grossheim not only gave a botanical description of each species, but also
noted the geographical areal type of these plants. In the table given by A. A. Grossheim (1936) to
the geographical types of areal, he noted 7 types, 16 classes, 47 groups, 49 additional groups [1]. A.
A. Grossheim included a total of 1148 species of plants in the flora of Nakhchivan AR.

At present, the geographical analysis of the flora of the Caucasus is increasingly frequently
conducted using the N. N. Portenier approach. The idea of phytochorions is founded in N. N.
Portenier’s system, and Portenier demonstrates how the inclusion of phytochorions at the
geographical level produces geographic features [9].

Materials and methods
Conducting areological analysis of plants of the Berberidaceae family, the works of A. A.
Grossheim [5, 6], E. M. Gurbanov [7], N. N. Portenier [9], as well as such fundamental works as
“Flora of Azerbaijan” [2], “Flora of the USSR” [3] were used, the geographical areal types of
species were specified.
Plants belonging to almost all geographical types are found in the vegetation cover of
Azerbaijan.

Research results

A. A. Grossheim showed the ancient (The third period) type of forest habitat in the Caucasian
flora as developing in two centers different from each other, “Colchian” and “Hyrcanian”. Species
belonging to the genera Jeffersonia W. Bartram, Podophyllum L., Diphylleia Michx., Achlys DC.
and Nandina Thunb., members of the Berberidaceae family of this period, are not found in nature in
the Caucasus. However, one of the relict genera of this period of Hyrcanian origin, the Epimedium
L. genus is wide found in Azerbaijan. In the Talysh Mountains, famous for their relict plants,
Epimedium pinnatum — a species of ancient origin is found in the forests of Zuvand, as a rare plant.
Epimedium pinnatum is considered a plant species endemic to the Caucasus zone, unable to grow in
its range.

Ronald Goode was the first to identify the boreal type. Boreal woods that stretch from North
America to Eurasia define this region. The vegetation in this region are nearly equivalent to those in
Siberia, the largest state in Europe. Since the majority of the plants in the boreal type, also known as
the Holarctic treasure, have extended from the south to the Caucasus, this type is known as
circumboreal. The mountain ranges of the Greater and Lesser Caucasus include elements of the
boreal type, whereas the lower zones have smaller amounts of these elements. Most species
belonging to the Berberidaceae family belong to this type. This type includes elements of the
Holarctic, Polar and European groups, which include light-loving, drought-resistant and cold-
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resistant plants. A. A. Grossheim indicated the geographical range of Berberis vulgaris L. species as
European [6].

The Bozgir type is characterized by plants of Iranian, Western Asian, South Russian and
Turanian origin, some of Mediterranean origin. In our country, plants belonging to this type are
found in the flat and foothill zones.

Xerophilous type — includes the Mediterranean, Western Asia, Central Asia and other range.
The xerophilic type is also called the ancient Mediterranean type. Although most of the plants
growing in this area are xerophytic plants, they also include mesophytic, hygrophytic, and
hydrophytic plants. Berberis densiflora species belonging to Berberidaceae was assigned to this
type by A. A. Grossheim [6].

Desert type — A. A. Grossheim attributed the Sahara-Iranian and Turanian elements to this
type.

Iranian-Turanian geographical area — P. E. Boissier noted the existence of such an area type
in his work “Flora orientalis”. This region includes parts of Turkey and Syria, Mesopotamia, Talysh
forests, the Iranian side of the Caspian Sea, the northern part of the Himalayas, the south of the
Volga River and so on. The great merit of the Russian botanist E. M. Lavrenko in the study of the
flora of the Iranian-Turanian area [8].

This area includes the Bongardia chrysogonum Bongardia genus species and Leontice minor
of Leontice genus belonging to the family Berberidaceae. Leontice minor is considered an endemic
plant for the Nakhchivan Autonomous Republic.

The Caucasian and adventitious types include plants found in small quantities. This includes
marsh plants, distributed mainly around the Kura-Araz lowland.

Conclusion
As a result of the analysis, it was found that plants belonging to the Berberidaceae family,
distributed in the Nakhchivan Autonomous Republic, belong mainly to xerophilic, Caucasian,
boreal geographical types. Geographical areal types of species within the chapter in the flora of the
territory can be given on the basis of the following table (Table).

Table
GEOGRAPHICAL AREAL TYPE OF PLANTS IN THE Berberidaceae family

MNo Species names Area types included

1  Berberis vulgaris Europe

2  Berberis iberica Eastern Caucasus — Northern Iran
3 Berberis densiflora Front Asia — Central Asia

4 Berberis orientalis Iran

5 Berberis integerrima East Asia — Central Asia

6  Berberis heteropoda Central Asia

7  Berberis turcomanica Central Asia

8  Berberis thunbergii East Asia

9  Leontice minor Atropatene

10 Mahonia aquifolium Europe

11 Nandina domestica East Asia

It was concluded from the provided table that the species belonging to the Berberidaceae
family are included in the several categories of areal types provided by Grossheim. Among them,
1 species of Iran (9.09%), 2 species of East Asia (18.18%), 2 species of Europe (18.18%), 1 species
of East Caucasus-North Iran (9.09%), 2 species of Central Asia (18.18%), 1 species of front Asia-
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Central Asia (9.09%), 1 species of East Asia — Central Asia (9.09%), 1 species of Atropatene
(9.09%) (Figure).
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Figure. Berberidaceae distribution of species within the family according to the type of geographical
area

When the plants belonging to the family Berberidaceae are studied according to their
geographical area, it is known that the genera and species of this family in Nakhchivan AR migrated
to the flora of the Caucasus, Central Asia, East Asia, Iran and other nearby areas or spread to the
autonomous republic from those areas. If we look at the distribution of the plants of the
Berberidaceae family according to geographical areal classes, we will see that the territory of Iran is
more dominant and represented by 4 species in this family.
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BHO3KOJOI'MYECKASA XAPAKTEPUCTUKA BUIOB POJA Cirsium Mill.,
IMPOU3PACTAIOIINX HA CEBEPO-BOCTOKE MAJIOI'O KABKA3A

OAnvimannn Y. C., Uncmumym 6omanuku npu Munucmepcmee HayKu u 00pa308aHus.
Aszepbatioscanckou Pecnyonuxu, e. baxy, Azepboatiodcan, gulay.adigozalliwmail.ru

BIOECOLOGICAL CHARACTERISTICS OF THE Cirsium Mill. SPECIES
GROWING IN THE NORTHEAST OF THE LESSER CAUCASUS

©Alyshanly U., Institute of Botany of the Ministry of Science and Education of the Republic
of Azerbaijan, Baku, Azerbaijan, gulay.adigozalli@mail.ru

Annomayus. Pon bomsk — BuI, OAMH W3 CIOXHOUBETHBIX (Asteraceae), 3aHMMAIOIIUX
OoNBIIYI0 TUIOIIAAh B MHpE. Apeal BHIOB J3TOr0 poja IMPOCTUPAETCS Ha BCE OOTAHUKO-
reorpadguyeckue paitonsl AzepOaiipkana, 0coOOeHHO B [SIHIKUHCKOM paiioHe. B crarbe oTpakeHsbI
OMOdPKOJIOTHYECKasl ~XapakTepUCTUKa U 3HaueHue BuIoB poma Oomsk (Cirsium Mill.),
pacmnpocTpaHeHHbIX BO ¢uiope ceBepa Manoro Kaskaza (okpectHoctu r. ['sHmka). M3 15 Bugos
pona, pacrpocTpaHeHHBIX B A3sepOaiimkane, 12 — oOHapyxkeHbl B [STHIKE W TpUIIETAIONIUX
TeppUTOPUSX. BUIBI BCTpEUarOTCs B pa3IMYHBIX 30HAX — OT HU3MEHHOCTH JI0 aJILITUHCKOTO TI0sICA.

Abstract. The Cirsium genus is a species of Asteraceae family that occupies a large area in
the world. The range of species of this genus extends to all botanical and geographical regions of
Azerbaijan, especially in the Ganja region. The article reflects the bioecological characteristics and
significance of species of the Cirsium Mill. genus, wide found in the flora of the northern regions of
the Lesser Caucasus (around Ganja). Of the 15 species of the genus found in Azerbaijan, 12 were
found in Ganja and adjacent areas. The species live in a wide variety of territories — from the
lowlands to the alpine belt.

Kniouesvie cnosa: 00151k, acTpOBbIe, OMOIKOJIOTHUSI.
Keywords: Cirsium, Asteraceae, bioecology.

N3ydenne OMONIOrMUEcKoro pazHooOpasusl CUMTAaeTCs OJHOW U3 Hauboyiee aKTyalbHBIX TEM
COBPEMEHHOTO €CTECTBO3HAHHA. B yCIOBHUAX COBPEMEHHOTO AHTPOIIOTEHHOTO BO3JEHCTBUSI Ha
OKpY)Kalolllylo cpeay HeoOXoauma pa3paOoTka Mep 10 YIpPaBIEHUIO, OLIEHKE U OXpaHe
Ouopa3zHoOOpa3usi, JeTalbHOE (IOPUCTHYECKOE W3YyYCHHE TEPPUTOPUN U  YCTAHOBIICHUE
MPUPOAHBIX CHUCTEM JKHMBBIX OPraHM3MOB IYTE€M CHCTEMaTU3allMyd HAIIUX 3HAHUM O KOHKPETHBIX
TakCOHOMUYeCKUX eanHunax. C 2Toi TOYKU 3peHus OOoNbIIOe 3HAYCHHE HUMEET HU3yYeHHe
OMODPKOJIOTMYECKUX OCOOEHHOCTEN OTIEIbHBIX CE30HOB.

Ceepo-BocTouHbIi cki1oH Manoro KaBkaza pacmosioskeH B 3amaaHoi yactu AzepOaixaHa.
On oxBareiBaeT OonbiIyr0 Tepputoputo KaBkaza. 5 amMuHUCTpaTUBHBIX paiioHOB (Kemabekckuid,
Hamkecan (B uenom); CeBepo-BocTouHbld CKJIOH [elirenbckoro, Illamkupckoro u ToBy3ckoro
palioHOB, BKJIIOYAsi TOPHBbIE palOHBI) BKIIIOUAET pa3sHooOpasHbie JaHamadTel. B 3T0i MecTHOCTH
€CTh BBICOKHE TOPBI, CKJIOHBI, TOJINHBI, BIAKHBIE U 3aCyIIIUBbIE TIEHO3HI [3].
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CeBepo-BocTOuHBI CKJIOH Masnoro KaBkaza xapakTepHu3yeTcsi MOSCHOM pacTUTEIbHOCTHIO.
Boimenator 3  ocHoBHble mosica: 1. [Ipenropess w  Hu3koropHeid mosic  (600-1200 ™).
2. Cpenneropnslii mosic (1200—1800 m). 3. Boicokoropsslii nosic (Bbiie 2800 m).

CnoxHoupeTHble (Asteraceae) — OIHO M3 KpyHHeWIIMX ceMmeicTB B mupe. B ero cocras
BXOJIUT OKOJI0 225 ponoB u 10 3500 BHAOB, pacCpOCTpaHEHHBIX MO Bcemy mupy. [IpencraBurenu
polia UrparoT BaXKHYIO poiib B (hopMUpOBaHUU pacTuTenbHOCTH CpenHelt A3uu, a Takke BXOIAT B
COCTaB MHOTHX aHTPOIOTIE€HHBIX (UTOCUCTEM. MHOTHE BHIBI CIOKHOIBETHBIX KYIBTHBHPYIOTCS
YeJIOBEKOM KaK IMHIIEBbIE, KOPMOBbIE, TEXHUUECKUE, KPACUIIbHBIEC, TEXHUUECKUE U JIEKAPCTBEHHbIE

pacTeHusl.
OnHuM U3 pacpoCTpaHEHHBIX POJOB CeMeICTBa ClIOKHOLBETHBIE siBisieTcs boask. Bo duope
AzepOaiimkana HacuuTeiBaeTcs 15 Bunos, a B I'stnmxe — 12 BunoB. Pox Cirsium conepxut Bce

IIPU3HAKU, TUIIMYHBIE JUI CEMENCTBA CJI0KHOLIBETHBIE.

boask wacto mpuauMarot 3a ueprononox (Carduus L.). OCHOBHOW OTIMYUTENBHBIA MPU3HAK
— OIyLIEHUE JIETATeJNbHOIO armapara IUIOAOB, KaXJ0€ BEPLUIMHHOE BOJIOKOHIIE KOTOPOTO
HAIIOMHUHAET NTUYbE 1epo. Kop3uHKH MOTyT OBITH CpelHEell BeTUYMHBI WM KPYIHBIC, OAMHOYHBIE
Ha BepXylIKe cTeOned M BETOYEK WJIM CKYUEHHBIE 110 HECKOJbKY, PEXE Ia3yIIHbIE KOP3UHKH.
Jluctouku 0O6epTKU YepenuTuaTsie, 3a0cTpeHHbIe (6onee win MeHee). HikHue u cpeiHre JTMCTOUKH
LeTbHOKpaliHUe, 0 Kparo 4acTO pecHUTYarblie. J[TMHHBIC MpsSMbIE WIH OTOTHYTHIE LIUIBI, Y3KHE
BHYTPCHHHE JIMCTOYKH, YIJIMHEHHBIE M OOBIYHO IEeperoHyarbie Ha Bepxymke. LlleTwmHuCThHIC
BOJIOCKM IIOKPBIBAIOT BCE LIBETOJIOKE. LIBETKM mypHnypHO-KpacHble, KpaCHOBATble, pExXe
xKenrToBarele. Bce 1BeThl TpyOuarbie, OOOEMONbIE, WHOTAA OJHOIOJIbIE, W TOTAA pPAaCTEeHUs
IBYIOMHbIC. BeHUUK, B paclIMpeHHOW YacTH HAApe3aHHBIA MOYTU JO OCHOBAHHS Ha OAHY TPETh
WIM Ha I[OJIOBUHY JUIMHBL. Y TBIYMHOK OOBIYHO €cTh BosIoChl. CeMSHKM IVIaJIKMe, Clerka
CILTIOCHYTBIE ¢ 00EMX CTOPOH M KOCO CPE3aHHbIE Ha BEPXYIIKE. XOXOJIOK OIagaeT, MHOTOPSIIHBIH, C
JUIMHHO-TIEPUCTBIMU  BOJIOCKaMH, CHAsHHBIMM B KOJEUKO Yy ocHoBaHus. OfHO-, [BYX- H
MHOTOJIETHHE PACTEHHUS C MEPUCTOJIONACTHBIMH WM MEPUCTOPA3IETbHBIMU JIUCTHIMU, PEXKE MOUTH
LEIbHBIMU JIUCTBSMH, U KOJIFOYMMH I10 Kparo WJIX N0 BCEW BEpXHEN IIACTUHKE JIUCTA.

[IpencraBuTenu poga — MEJOHOCHBIE, JIEKAPCTBEHHBIE PACTEHHUS, ONbUISIEMbIE HACEKOMBIMHU.

Bonsik mpouspacraer Bo BIaXHBIX MeCTax, B JOJMHAX peK, Ha 00OYMHAX JIOpOT, B JIecy, Ha
3apOCHIMX IMOJISX, Ha TOPHBIX JIYrax, CKAIbHBIX OOHAXXEHUSAX M CKaJlax, OT PaBHUH JI0 aJIbIIUIICKOro
nosica [2, 4].

[To uroraMm moJeBBIX HCCIEIOBAHWM, MPOBEICHHBIX B MpWJIEraromux K [SHIKE palioHax
(ToBy3, Hlamkup, Kemabek), ObLIM THIaTENBHO H3Y4eHBl cOOpaHHblE TrepOapHble Marepuasbl,
paccMOTpeH psizt tuteparypHbix AaHHbIX [ 1—4] (http://www.worldfloraonline.org) [.

Jlig paboThl UCHIOIB30BAIUCH CUCTEMAaTHUECKHM, 3KOJIOTMYECKUM, reorpa@uueckiii MeTobl
[1,4].

[Iponsonuin M3MEHEHHs B TAaKCOHOMHYECKOM CTPYKType BHUAOB pPOJAA, M3MEHEH CTaTycC
HEKOTOpBIX BUAOB. MHOIrHE BUIBI BBICHIMX COCYAUCTBIX PACTEHUM NpETEPIEIN HOMEHKIATypHBIE
u3menenus (http://www.worldfloraonline.org ; http://www.ipni.org).

Kparkas xapakTepucTiuka MECTOOOUTAHUMN BBISIBICHHBIX BUJOB:

1. Cirsium vulgare (Savi) Ten. OT HU3BMEHHOCTH 110 CyOambIUICKOTO Tosica. BeTpewaercs Ha
JIECHBIX TIOJISIHAX, 3aMYCOPEHHBIX MECTaxX, XJIONKOBBIX MOJISIX, OOOYMHAX JOPOT, ONU3 KUIIbS.
IIBeTenue u miogoHomenue VI-IX.

2. Cirsium isophyllum (Petr.) Grossh. Ha ceBepe Manoro KaBkaza pacmpocTpaHeH B
aNbIIMICKOM M CyOaJbMUNCKOM IMOsicaX, Ha KaMEHUCTBIX M IIEOHUCTBIX ydyacTKaX, OOphIBax M
oOHakeHUsx ckaj. [[Berenue u miogonomenue VII-IX.
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3. Cirsium ciliatum (Murray) Moench. OT paBHMHHOTO [0 CYyOaJmbIIMICKOTO TIOsIicCa
pacIpoCTpaHEH IO OMYIIKaM Jieca, MoJI JIECOM, Ha 00pabdaThIBaeMBbIX TOJISX, IO 000YMHAM J0POT, Ha
3aMyCOpeHHBIX yyacTkax. L{Berenue u miogonomenune VII-VIIIL.

4. Cirsium cosmelii Fisch. & C. A. Mey. Bcrpedaercss B CpeaHETOPHOM M CyOaIbIHIICKOM
nmosicax, Ha CyXHX CKJIOHaX, 1o obournHam sopor. L{perenne u mmononomenne VII-IX.

5. Cirsium schelkownikowii Petr. Penmko BcTpewaercss B CyOajdblUMCKOM M albITUHCKOM
nosicax, Ha ayrax. L{Berenne u mogonomenue VII-IX.

6. Cirsium echinus (M. Bieb.) Hand.-Mazz. Ot npearopuii 10 cyOanpnuiickoro mosica, Ha
TOPHBIX JIyrax, mactOumiax, oOOYMHAX JOPOI, COPHBIX MOCEBaX U T. 1. PACIPOCTPAaHEHBI B
nono0OubIx MectaX. [IBerenne VI-VIII, miogonomenune VII-VIIIL.

7. Cirsium osseticum (Adams) Petr. PactipocTpaneHa B cpeqHeM JIECHOM U CyOambIMUHCKUX
Mosicax, Jecax U ropHsix gyrax. l{serenue u mnononomenue VII-IX.

8. Cirsium osseticum subsp. tricholoma (Fisch. & C. A. Mey.) Petr. PacnpocTpanen B
cyOanpnuiickoM mosice, Ha tyrax. L{perenue u miononomenne VI-IX.

9. Cirsium arvense (L.) Scop. Bcrpedaercst Ha OOMIMPHBIX TEPPUTOPUAX OT PABHUHHOIO [0
cyOanbIuiickoro Tmosica. JIerko pacTteT Ha TOCIENECHBIX JIyraX, M0 O0O0OYMHAM JIOpOr, Ha
pyAepalbHBIX MeCTax U COpHO B nocesax. L{serenue V-VIII, nnononomenue VII-IX.

10. Cirsium obvallatum (M. Bieb.) M. Bieb. Bcrpeuaercs B cy0anbnuiicKoM W HUYKHEM
aJBITUHACKOM I0SICE, HA BBICOKOTPABHBIX JIyrax, pyubiax U nactoumax. l{BeTeHue u miogoHoIIeHe
VII-IX.

11. Cirsium esculentum (Siev.) C. A. Mey. PactipocTpaneH B cyOanbIHIICKOM U albIIHICKOM
[05ICE, Ha BBICOKOTOPHBIX JIyrax M Jyrax, paclojOXeHHbIX 3a JjecoM. l[Berenne VI-VIII,
mononomenue VIIIL

12. Cirsium arvense subsp. vestitum (Wimm. & Grab.) Petr. Illupoko pacmpocTpaneH ot
HU3MEHHOCTEH 10 cy0anbIIUIICKOTOo Mosica, B 3apOCisiX U AOJIHMHAX.

W3 15 BumoB poma, pacmpocTpaHEeHHbIX B AsepOaiimkane, 12 oOHapyxkeHbl B ['sHmKE U
npuieralomux paoHax. OHM NpUCIOCOOMINCH OOUTAaTh Ha OYEHb OOLIMPHBIX TEPPUTOPHSIX,
HauMHas OT HU3MEHHOCTH M 3aKaHUYMBas aJbIHUIICKUM I0OSCOM. BereranuoHHbIE NEPHONBI B
OCHOBHOM IIPUXOJATCS Ha JIETO U PAHHIOIO OCEHb.
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USES Eriobotrya japonica (Thunb.) Lindl. IN GREENING IN AZERBAIJAN
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HCIIOJIb3OBAHMUE Eriobotrya japonica (Thunb.) Lindl.
B O3EJIEHEHUU B ABEPBAUI’)KAHE
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Abstract. Information is provided on the structure, reproduction and decorative properties of
Eriobotrya japonica (Thunb.) Lindl. In Absheron it is used as an ornamental plant. The plant
blooms and bears fruit within 7-8 months; 6-7-year-old trees begin to bear fruit. This is a light-
loving plant. Easily propagated by seeds. It is advisable to use the plant as a promising species in
landscaping, landscape architecture and horticulture, taking into account the characteristics of its
flowering and fruiting. The biological and ecological characteristics of the plant are analyzed.

Annomayus. TIpuBeneHbI CBEIEHUS O CTPOSHUH, Pa3MHOKCHUU U JIEKOPATUBHBIX CBOHCTBAX
Eriobotrya japonica (Thunb.) Lindl. B AOmepone wucnonb3yercss Kak ACKOPAaTHBHOE pacTEHUE.
PacTenue mBeTeT M IUIOOHOCHT B TeUEHHE 7—8 MECSIEeB, IIOJOHOCUTh HAYMHAIOT O—7-JIETHHE
JepeBbs. DTO CBETONIOOMBOE pacTeHue. Jlerko pasMHoxkaercs cemeHamu. LlenecoobpasHo pactenue
HUCITIOJIB30BAaTh KAaK HepCHGKTHBHBIﬁ BHU B O3CJICHCHUH, HaHI[HIa(i)THOI;'I APXUTCKTYPEC U CaAOBOACTBC,
YUUThIBaA 0CcOo0eHHOCTH OBETCHUA W IIJIOJOHOIIICHUS. AHaJ’II/ISI/IpyIOTCﬂ Onolorn4yeckKmue u
HKOJIOTUYECKUE OCOOCHHOCTH PacTEHHUS.

Keywords: Eriobotrya japonica, Absheron, greening, landscape, decorative.
Knrouesvie cnosa: mymimysna simoHcKas, ATIIIEPOH, 03eJIeHeHne, TaHAmadT, JeKOPaTUBHOCTD.

Decorative plants are widely used in the construction of parks and gardens in our country.
Eriobotrya japonica (Thunb.) Lindl., popularly known as ‘Musmula’, is one of the plants with a
decorative appearance throughout the year and valuable fruits in landscape architecture [1, 7].

This plant has a very beautiful appearance from a decorative point of view. Eriobotrya
japonica (Thunb.) Lindl. is planted and cultivated as a decorative plant in urban parks and streets in
the protection of greenery in the dry subtropical climate of Absheron. The species Eriobotrya
japonica (Thunb.) Lindl. is widespread due to the beautiful appearance of its trees and the quality of
its fruits. One of the main characteristics of this tree is that it is evergreen. It does not shed its leaves
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in winter. The average height can reach up to 10 meters. From a decorative point of view, it has a
very beautiful appearance. I would like to mention that especially those planted with stilts are
intolerant to very cold weather. But those grown from seeds and fenced can withstand harsh
winters [3].

Materials and methods
Research were carried out on the Eriobotrya japonica in the Absheron area and in the
experimental field of the Institute of Dendrology. Phenological observations on the studied species
were studied with reference to standard methods used in botanical gardens [5].

Conclusion and discussion

Eriobotrya japonica (Thunb.) Lindl. is naturally distributed in Central China, North India,
Himalayas, and cultivated in Mediterranean countries and other subtropical climate zones of the
world. At the end of the 19th century, it was brought from Japan to the Black Sea coast and the
subtropical zones of Georgia, and from 1930 to Azerbaijan. It is successfully cultivated as one of
the main elements of the landscape in most regions of Azerbaijan [1].

It is a light-loving plant. In many regions of Azerbaijan, it is found in parks and gardens, in
the greenery of the streets [2].

Eriobotrya japonica (Thunb.) Lindl. belongs to the genus Eriobotrya. It is an evergreen, 5-10
m tall, round-wide umbrella-shaped tree. It can grow up to 5 m in Absheron conditions. The leaves
are quite large (length up to 40 cm, width 10-15 cm), dark green on top, smooth, and covered with
felt-like hairs on the bottom. The edges are finely serrated. The flowers are white, fragrant, in erect
clusters. It is a monoecious, bisexual plant [1].

The plant does not shed its leaves in winter. From a decorative point of view, it has a very
beautiful appearance (Figure 1).

Figure 1. Flowering of Eriobotrya japonica (Thunb.) Lindl. tree

Eriobotrya japonica in Absheron area blooms in November-December and fruits ripen in
May-June. Its dark yellow fruits are very tasty. Its fruits contain 87.5-90.2 percent water, 0.23-1.36
percent malic acid, 10.6 mg percent vitamin C, and 7-14.2 percent sugar [4].
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As a result of ripening, sugar and malic acid are reduced, and a small amount of alcohol and
acetic acid is produced [6]. Fruits with a sour taste contain 1-4 large brown seeds (Figure 2).

Eriobotrya japonica is cultivated mainly as an ornamental plant in Absheron. The fact that the
plant flowers and fruits for 7-8 months in Absheron increases its decorative value. In Absheron
(Baku), 6-7-year-old trees begin to bear fruit. It is a light-loving plant. It is easily propagated by
seeds. If the seeds are planted immediately after eating the fruits, the percentage of seed
germination is high [3].

The fruit has a different taste when first picked. After a while, it becomes soft and delicious.
Compote, jam, marmalade, pastilla, powidl are made from its fruit. Its fruit is rich in carotene and
vitamin C, as well as minerals such as iron, phosphorus, calcium, etc. reduces thirst, regulates blood
circulation, stops diarrhea, normalizes liver function and eliminates stomach inflammation. With its
antioxidant effect, it allows the removal of toxic substances.

In addition to the cooling effect and taste of the fruit, studies are also being conducted to
prevent skin cancer. It is a must-eat fruit during pregnancy. Because it prevents miscarriage and is
rich in minerals. It also reduces back pain. It expels excess fluid and is suitable for those who want
to lose weight. Japanese squash contains vitamin A. This can help keep your eyes healthy. Its fruit is
even used to lower blood pressure.

{ — ¥
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Figure 2. Fruits of Eriobotrya japonica (Thunb.) Lindl. tree

A large number of Eriobotrya japonica trees have been planted in Azerbaijan, especially in
the capital Baku. Eriobotrya japonica is the majority of the trees in front of the building of Baku
City Executive Authority (Figure 3).

In our country, Eriobotrya japonica species is planted and cultivated due to its beautiful
appearance and the quality of its fruits. If the planting scheme is 4x6 m, with 600 plants per hectare,
one 5-7-year-old Eriobotrya japonica tree can yield 12-15 kg per year. With agrotechnical care,
1 hectare of Eriobotrya japonica L. garden can be harvested from 7 to 9 tons per year.

From the sale of this product at the market price (1-2 manats), it is possible to get 7-14
thousand manats for harvesting 12 kg of crops, and 18 thousand manats for harvesting 15 kg of
crops. The propagation and cultivation of Eriobotrya japonica in large areas can bring great income
to the economy of our country.
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Figure 3. Eriobotrya japonica (Thunb.) Lindl. species

Conclusion

As a result of the conducted scientific research, it was found that the species Eriobotrya
Jjaponica adapts well to the climatic conditions of Azerbaijan, and the reproduction of Absheron in
the dry-subtropical climate gives effective results.

It was determined that when agrotechnical care was provided, its height and development
were normal, and there was no need for special care in its cultivation.

Thus, it is appropriate to use Eriobotrya japonica as a promising plant in greening, landscape
architecture, and horticulture, taking into account its flowering and fruiting characteristics.
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DEVELOPMENT FEATURES of Eurygaster integriceps Puton, 1881 - A PEST OF
GARDENS IN THE KAZAKH-TOVUZ ECONOMIC REGION OF AZERBAIJAN

©Abbasova A., ORCID: 0009-0006-9141-3020, Institute of Zoology of Azerbaijan Ministry of
Science and Education, Baku, Azerbaijan abbasova.aynura83@gmail.com

OCOBEHHOCTM PA3BUTUSA Eurygaster integriceps Puton, 1881 - BPEJUTEJIA CA1OB
B KA3AX-TOBY3CKOM 3KOHOMMWYECKOM PAHOHE A3EPBAMIJKAHA

©Aéobacoea A., ORCID: 0009-0006-9141-3020, Hncmumym 300102uu MUHUCMEPCMEA HAYKU U
oopaszosanus Azepoaiioxcana, e. baxy, Azepbatioscan abbasova.aynura83@gmail.com

Abstract. The results of studies conducted in 2022-2023 are reflected. Periods of activity of
Eurygaster integriceps, a serious pest of grain farming in the Shamkir district, have been identified.
This is one of the main grain regions of Azerbaijan. The studied species, when present in high
numbers, causes serious damage to grain farms. It has been established that the pest under these
conditions produces one full generation and is more active in the agrocenosis from May to June.
A phenological calendar is presented, which can be used in the development of planned measures
for protection against this pest.

Annomayus. OTpaxeHbl pe3yJbTaTbl HCCIEAOBaHWM, NpoBeaeHHbIX B 2022-2023 ropax.
BrisiBneHbl 1niepuoabl aKTUBHOCTH Eurygaster integriceps, CEpPbE3HOTO BPEIHUTENS 3EPHOBOIO
xo3siicTBa IllamMmkupckoro paiioHa. DTO OAMH W3 OCHOBHBIX 3€PHOBBIX PErHOHOB A3zepOaiimkaHa.
HccnenyeMblil Bu py BHICOKOM YHMCICHHOCTH HAHOCHUT CEPhE3HBIN yIIepO 36pHOBBIM X03SCTBAM.
YCTaHOBJEHO, YTO BPEAUTENh B ATHX YCIOBHSIX JA€T OIHO MOJHOE MOKOJIeHHE U Ooliee aKTUBEH B
arporieHo3e ¢ Masi 1mo HioHb. lIpuBeneH ¢GeHONOTHYECKUN KaJeHAapb, KOTOPHIA, MOXET OBITh
WCIIOJIH30BaH MIPH pa3pabOTKe MIIAHOBBIX MEPOMPHUITHH 110 3aIIUTE OT 3TOTO BPEIUTEIIS.

Keywords: Azerbaijan, Kazakh-Tovuz, Eurygaster integriceps, ontogenesis.
Knroueswvie cnosa: AzepOaiimxan, Kazax-ToBy3, BpenHas yepemnaiika, OHTOT€HE3.

Grain growing is one of the oldest agricultural fields, it is estimated that it existed in the VII-
VI millennium BC. There are a number of theories about the origin of grain growing in Eastern Asia
and Transcaucasia [3, 5].

Wheat, being the most widely grown crop in the world, is considered the most important
source of carbohydrates for ensuring food security. It provides about 60% of the energy and protein
needs of humans. According to official statistics, the demand for wheat in Azerbaijan is
approximately 3.3-3.4 million tons. 1.9 million tons of the indicated amount is made by local
production. The rest are imported from other countries. Therefore, expansion of this field and
increase of productivity are among the most important issues of the day.

The high production of wheat and the quality of the product directly depends on the
implementation of effective measures against pests in addition to proper agrotechnical care of the
plant. It is for this reason that determining the species composition of plant-damaging insects,
monitoring the development of species that seriously damage productivity in agrocenosis, and
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specifying their phenological calendar can play an important role in the timely implementation of
effective pest control measures.

Taking into account the above, in 2022-2023, we found it necessary to conduct research on
the activity of the Eurygaster integriceps that causes serious damage to productivity in the grain
farms of Shamkir district, which is one of the main grain-growing regions of the Republic.

Materials and methods

During experiments related to the biology of the Eurygaster integriceps, individuals collected
from wintering places in early spring were used. Wheat sprouts planted in vegetation pots were used
to feed the Eurygaster integriceps. After wheat sprouts fully emerged in the pots, one female and
one male individual were transferred to each. Vegetation containers with seedlings were covered
with a filter and visual observations were made on the development and reproduction of individuals
regularly every day. During observation, the number of eggs laid by females, embryonic
development, hatching of larvae from eggs, shell changes, periods of development of larvae to
imago, etc. determined by monitoring biological indicators. During the laboratory experiments, the
temperature in the room was 23-25 °C, and the relative humidity was 50-65%. Experiments were
performed with at least 5 replicates.

Phenological observations were carried out in agrocenosis and surrounding biocenoses of the
grain farms of Shamkir district (40'45'24" sm. e.; 45'52'45" sm. e.) with general methods has been
held [6, 10, 11].

Analysis of the obtained results

Eurygaster integriceps Puton, 1881 belongs to the Furygaster genus of the Hemiptera order,
Scutelleridae family.

The body length of the imago varies between 10-13 mm. The edges of the front back are
convex, rounded. Front spar at least 1.5 times longer than head.

The first information about this species being a serious pest came from Baghdad at the end of
the 9th century [12].

The first information about the pest of this species in Russian territories was recorded in
1865-1867. In those years, information was given about the massive growth and reproduction of the
Eurygaster integriceps in the desert areas of the Stavropol region and serious damage to plants.
Later, such information began to come from the southern regions of Russia and the regions close to
it. One of the mass increases was recorded in the Kuban territories in 1995-1996 [7].

The area where the pest is spread is Romania, Bulgaria, Yugoslavia, Croatia, Bosnia, Albania,
Macedonia, Greece, Italy, Cyprus, Egypt, Syria, Jordan, Israel, Lebanon, Turkey, Iran, Iraq,
northern regions of Pakistan, northwestern China, northern and northeastern regions, Afghanistan,
etc. countries are also included [13].

According to Asanova, this pest is widespread in the western, southwestern and central steppe
areas of Kazakhstan [2]. It is noted that it is distributed in the south of Turkmenistan, along the
Amudarya River of Uzbekistan and in the southern areas, in the river valleys of Tajikistan and
Kyrgyzstan, and in the areas with wild vegetation of mountain slopes.

Eurygaster integriceps does not rise above the forest belt (1800-2000 m above sea level). In
the Qashqa-Derin province of Uzbekistan, stilts winter in the Hissar areas at altitudes up to 3000
meters above sea level [1].

Although there is enough information about the northern and eastern areas of the pests, the
opinion of the authors does not coincide. For example, according to Puchkov [9, 14], in the years of
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mass increase of the pest, its range expands to the north along Cherkas-Sumu-Kursk-Tambov. The
species mentioned further north probably belongs to Eurygaster maura.

According to other information of Puchkov, the North-West Caucasus can be considered the
first distribution area of the garden Eurygaster integriceps, because the population of the integriceps
in these areas has not yet lost contact with wild fodder plants [9]. In contrast to this, the main mass
of the population of Eurygaster in the steppes of European regions prefers to feed on cultivated
cereals [8].

Eurygaster integriceps is considered a serious pest that damages grain crops in Turkey.
According to research conducted in 62 provinces of the country (42 million hectares), in 2019, 2.25
billion Turkish liras of the national income were spent on the fight against this pest on 9.8 million
hectares in 30 provinces. This figure once again proves how dangerous this pest is.

In Turkey, the mass growth of the Eurygaster integriceps was considered for the first time in
South Anatolia in 1927-1929. 1939-1941 in Southeast Anatolia; in 1955-1959 and 1965-1973,
periodical mass growth of Eu. integriceps was recorded. In the mentioned regions, since 1977, a
massive increase of Eu. integriceps has North the Aegean Sea and Thrace in 1982, and in Central
Anatolia in 1990, and the process is still ongoing. 7 out of 15 species belonging to the Eurygaster
genus have been recorded in Turkey. Among them are FEurygaster integriceps Puton, 1881,
Eu. maura (Linnaeus, 1758), Eu. austriaca (Schrank, 1776) species are economically important
species for the country.

Eurygaster integriceps, which belongs to the Eastern Mediterranean species group, is
distributed almost everywhere in Azerbaijan. It was one of the species that caused serious damage
to grain growing in the republic, several times massive growth jumps occurred (1940-1941; 1949-
1951; 1957 and 1970). In the conditions of Azerbaijan, it is noted that it is more widespread in the
foothills and mid-mountain regions, than in the Kura-Araz plain. It hibernates in foothill forests,
mountain slopes, lowland regions in parks, gardens, forest strips, under layers of fallen leaves,
topsoil, etc. occurs in secret places [4].

In 2022-2023, in the areas where we conducted the research, the emergence of the integriceps
from wintering was recorded in early spring — in the second half of March (March 18-20, 2022),
(Table).

Table
THE PHENOLOGICAL CALENDAR OF THE Eurygaster integriceps
(Shamkir 2022-2023)

Months March April May June July August September

Decades 1 2 3 12 312 312 312 312 31 2 3

Overwintering (+) (+) (H)+ + + + + +

individuals +
First
generation - - - - -
+ + + + 4+ + + + + + (+) (¥)
Note: (+) — overwintering individuals; + — active individuals; - — egg; - — larva

Out-of-hibernation larvae first migrate to crops near their overwintering sites. Individuals can
be found flying over the fields in warm, windy weather. Eurygaster integriceps first migrate to fall
grain crops and then to spring crops. In order for individuals to reach egg-laying capacity, they
actively feed on plant sap for several days. In cold weather, they stop feeding and hide under plant
debris or soil debris.

Fertilization occurs in early April after the imagoes feed on the nectar of plants.
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Females start laying eggs 7-15 days after migration to the fields. The first egg-laying occurs
in the second decade of April (13-15. IV). The egg-laying process continues until the end of the
second decade of May (Table). In favorable weather conditions, this process ends in 15-20 days. In
cool, rainy weather, the egg-laying process can last up to 35-40 days. Late laid eggs are highly
infected with parasites. Females lay their eggs on the undersides of weed leaves, stems, and
sometimes in soil clods. They usually lay 14 eggs in 2 rows, 7 in each row. The potential egg-laying
productivity of females ranges from 70 to 84. The actual number is 28-42 eggs. Embryonic
development can vary from 7 to 19 days depending on the temperature. Hatched larvae gather near
eggshells without feeding.

Hatched specimens are called ‘nymphs’. So, they look like adults. Nymphs shed their shells
every 5-6 days to develop into the adult stage.

Hatched nymphs are yellowish-green in the first instar, and completely brown after about an
hour. The body length of nymphs is 1-2 mm. After 4-6 days of the first instar stage, the nymphs
change their shells and enter the second instar stage. Nymphs in the second instar stage have black
heads, light brown bellies, and body lengths of 2-3 mm. At the end of the second instar, the nymph's
abdomen becomes swollen and pinkish-brown in color. In the third age stage, the color of the
nymphs is yellowish-brown, and the body length is 3.5-4.5 mm. During this period, shields begin to
appear on the nymphs. In the fourth instar stage, the color of the nymphs is yellowish-brown, the
body length is 5-6 mm. Shields almost cover the thorax.

Wheat grains are in the milk phase when the wheat is 2-4 years old. Therefore, the larvae pass
there and suck the juice of the grains. Larvae move down the stem of plants in warm weather and
during the process of shedding, settling in the lower part of the stem or in the root throat.

Fifth instar nymphs resemble adults in size and shape. Their body length varies between 7-9
mm. Shields develop and spread up to the third segment of the abdomen. At this age, nymphs
change their shells and become adults after 6-10 days. As the mouthparts of adults and their nymphs
are piercing-sucking, they pierce the stem, shoots and seeds of the plant and suck their sap.

As can be seen from the table, the development of larvae continues until the end of the second
decade of June. The first images begin to appear from the beginning of June.

Depending on the air temperature, the development of larvae can sometimes vary between 27-
35 days. After the fifth molt, young Eu. integriceps are formed. They actively feed and accumulate
the necessary reserve fat for wintering. Their feeding continues even on mowed grounds. When the
harvest is over, the young Eu. integriceps fly to their wintering grounds.

Eurygaster integriceps borer produces one generation per year in the study areas. Their
lifestyle is divided into two phases, active and passive.

The passive period, which lasts about 8 months, includes part of the summer season, fall,
winter and the beginning of the spring season.

Before entering the passive period, the adult individuals from the winging phase feed greedily
in the wheat fields, accumulating fat and preparing for wintering. Adult individuals use their
accumulated fat reserves sparingly and go to the spring of the next year with that reserve. Although
they use the oil reserves with minimum savings in winter, the use of oil increases in hot summer
days.

The active period of the past begins with its migration to grain fields after wintering. Of
course, the timing of migration varies depending on the climate. At the same time the phenology of
cereal plants can be different.

Pests mainly in the passive period, the individuals that come out of hibernation actively feed
and reach sexual maturity. Feeding is mainly more active in windless, sunny weather, while in rainy,
rainy and windy weather, they do not feed and hide at the root base of plants and in soil cracks.
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Adults of the new generation can be seen in grain fields in late May and early June. Although the
seeds are yellow-white during this period, the pests feed on various organs of the plant (mainly
spikes). In order to collect spare food (fat) for wintering, adult individuals feed very actively and
greedily during this period, causing serious damage to farms. After 20-25 days of active feeding in
grain fields, when the air temperature is above 30-32°C adults migrate to wintering places. The
active period of the pest ends with their migration to their wintering places.

Imagoes spend their winters in various plants, mainly oak, pine, astragalus, juniper, etc. they
spend around the roots of trees, under the bark and under the remains of fallen leaves.

The information we obtained regarding the development and phenology of the pest can be
used when preparing a plan of complex control measures to be taken against it in agrocenosis.
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Annomayusn. VI3ydeHO TIPOCTPAHCTBEHHOE paclpelesieHHe, BHIOBas CTPYKTypa |
IKOJIOTHYECKHE TI0Ka3aTelid MaKpo3000€HTOCa TEKyYyHMX BOJOEMOB I10 BBICOTHBIM MOsiCaM
HaxusiBanckoii ABroHoMHO# Pecnyonmku. MakpoOenTocHas ayHa pek perrmoHa Gopmupyercss B
ncaMmMopeoPmibHOM, — GUTOpeOPHILHOM ©  TeNOpeoUILHOM  OHOICHO3aX C  OOJBIIHM
MPEUMYIIECTBOM JINTOPEODMIBHOTO OHoIeHo3a. JIutopeoninbHbI OHOLIEHO3 peK TOPHOTO M
BBICOKOTOPHOTO IOSICOB OTIMYAETCSI OOIIMPHOCTHIO TUIOMIAIU U OOMIIMEM BHIOBOTO Pa3HOOOpa3Hsl.
Snpo nIUTOpPeOPHUIBHOrO OHOLIEHO3a COCTAaBISAIOT MOMYISLUH PEOPUIBHBIX OPraHU3MOB —
PYUYEHHUKOB, IMOJCHOK, BECHSHOK W CHUMYIHJ, €ro OOBIYHBIMH OOMTATEISIMU SIBIISIOTCS TaKXkKe
peoduabHbIE JMYMHKKA XUPOHOMHUJT ponoB Polypedilum, Endochironomus, Eukiefferiella,
Cricotopus w Orthocladius. YcTaHOBIEHO, UYTO CeMEHCTBEHHBIH cocTaB (ayHbl MO pekam
OTHOCUTENIbHO cTabuieH. Pasznuuuss B BHIOBOM cOCTaBe MakKpOOEHTOCHOM (ayHbl, CMeHa
JOMUHHPYIONINX BHJOB B OHMOIIEHO3aX CBSI3aHBI ¢ OMOJOTHYECKUMH OCOOCHHOCTSMH OCHOBHBIX
BUJIOB, AQHTPONMYECKHMMH U AaHTPOINOTEHHBIMH BO3/ICHCTBHSIMH, a TaK)K€ pa3HbIM BpEMEHEM
IpOBeeHUsT HcciaenoBaHnil. BupoBoil cocTaB Makpo3000€HTOCAa PEeK aBTOHOMHOH pecrmyOIuKu
YMEHBIIIAETCs OT UCTOKA K YCThIO.

Abstract. Spatial distribution, species structure and ecological indicators of macrozoobenthos
of flowing water bodies by altitude belts of Nakhchivan Autonomous Republic were studied.
Macrobenthos fauna of the rivers of the region is formed in psammoreophilic, phytoreophilic and
peloreophilic biocenoses with a great advantage of lithoreophilic biocenosis. The lithoreophilic
biocenosis of rivers of the mountain and high-mountain belts is characterized by extensive area and
abundance of species diversity. The core of the lithoreophilic biocenosis is composed of populations
of rheophilic organisms such as moths, 