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3AJAYN CONPSKEHUA U1 IICEBO-THIHEPBOJIMYECKOI'O YPABHEHUSA
YETBEPTOI'O TIOPAJAKA C PA3PBIBHBIMU KOO OPUIIMEHTAMU

O©IHupmamoe A. 3., ORCID: 0009-0008-2343-5185, SPIN-x00. 8965-9182, kano. ¢us.-mam.
Hayk, Owickuii eocyoapcmeennviil ynusepcumem, 2. Ow, Kvipevizcmatn, pirmatov@oshsu.kg
©Hcaxkos T. 3., ORCID: 0009-0007-2968-5396, SPIN-x00: 8282-3951, kano. neo. nayx,
Koipevizcko-Y36exckuti mescoynapoonuiii ynusepcumem um. b. Coiovikosa,
2. Ow, Koipeviscman, t_isakov57@mail.ru
©Caxmanos ¥. A., ORCID: 0009-0004-3248-3630, SPIN-x00: 1114-1664, kano. ¢us.-mam.
nayx, Quickuii 2ocyoapcmeennwiil ynusepcumem, 2. Ow, Kvipevizcman, usaktanov@oshsu.kg

CONJUNCTION PROBLEMS FOR A PSEUDO-HYPERBOLIC EQUATION
OF THE FOURTH ORDER WITH DISCONTINUOUS COEFFICIENTS

©Pirmatov A., ORCID: 0009-0008-2343-5185, SPIN-code: 8965-9182, Ph.D., Osh State
University, Osh, Kyrgyzstan, pirmatov@oshsu.kg
©lsakov T., ORCID: 0009-0007-2968-5396, SPIN-x00: 8282-3951, Ph.D., Kyrgyz-Uzbek
International University named after B. Sydykov Osh, Kyrgyzstan, t_isakov57@mail.ru
©Saktanov U., ORCID: 0009-0004-3248-3630, SPIN-code: 1114-1664, Ph.D.,
Osh State University,Osh, Kyrgyzstan, usaktanov@oshsu.kg

Annomayus. AKTyambHOCTb PabOThI OOYCIIOBJICHA JOKA3aTEIbCTBOM KOPPEKTHOCTH 3a/1a4yd
COTPSKEHUsS NIJISl TICEBAO-TUIMEPOOIIMYECKOTO YpaBHEHHUs YETBEPTOrO TMOPSJKa C pPa3pbIBHBIMU
ko3 dunrenramu. B nanHoil paGore mcronp30BaHbl MeTOAbl (QyHKIMU [pHHA M MHTETPaTbHBIX
ypaBHeHHﬁ, C MOMOMIBIO KOTOPBIX JOKa3aHa CYIICCTBOBAHUA W CAWMHCTBCHHOCTH PCHICHUSA HepBOﬁ
KpaeBo 3aja4Ml A TICEBIO-TUNIEPOOTUICCKOTO YpPAaBHEHHUS YETBEPTOrO IOPSAKA B YaCTHBIX
Mpou3BOAHBIX. [lomydeHHBIE pe3ynbTaTbl MOXKHO TMPUMEHSTh B OOYYEHHUU CTYICHTOB U
MarucTpaHTOB MaTeMaTHYECKUX CIIEIUATbHOCTEH.

Abstract. The relevance of the study is justified by proving the correctness of the conjugation
problem for a pseudo-hyperbolic fourth-order equation with discontinuous coefficients. In this
work, the methods of Green's function and integral equations are employed to demonstrate the
existence and uniqueness of solutions for the first boundary value problem of the pseudo-hyperbolic
fourth-order partial differential equation. The obtained results can be applied in the education of
students and graduate students in mathematical disciplines.

Kniouesvie cnosa: xpaeBble 3ajaud, CYyIIECTBOBAaHUE, €IUHCTBEHHOCTh, (yHKuus [puHa,
MICEBA0-TUNEPOOINUECKOE YpaBHEHNE, HHTETpalIbHbIE YpaBHEHHUE.

Keywords: boundary value problems, existence, uniqueness, Green's function, pseudo-
hyperbolic equation, integral equations.
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3amaun conpspKeHUs Uil AU QepeHInaTbHbIX ypaBHEHUH YaCTHBIX TPOU3BOIHBIX HIPAIOT
BOXHYIO POJb B TEOPUU W TPAKTHKE MOJACITMPOBAHUS CIOXKHBIX IPOIECCOB. B dYacTHOCTH,
WCCIICIOBAHNUE 3a7a4d COMPSDKCHUS JUIS TICEBIO-TUIEPOONMUYECKUX YPAaBHEHHUN C Pa3phIBHBIMH
ko3 uIreHTaMH WMEET BaXKHOEC 3HAYCHHE JJIsi OINUCAHUs TPOIECCOB, XapaKTEPHU3YIOUIUXCS
PE3KMMHU HW3MEHEHUSIMH TapaMEeTpOB B PA3JIMYHBIX 00JacTsAX. Takue ypaBHEHUS HaXOMIST
NPUMEHCHHE B MeEXaHUKe, (U3MKe, WH)XCHEPHBIX HayKaX M MHOTHX JPYIHX 00JjacTsx, rie
BCTPCHAIOTCA HCOAHOPOAHBIC CPCAbl C PA3JIMYHBIMU q)HSI/I‘-IeCKI/IMI/I CBOﬁCTBaMH, a TAaKXXC I'paHUIIbL
paszzena, Ha KOTOPBIX MPOUCXOIAT CKauyKu K03 PHUIIHEHTOB.

B 4yacTtHOCTH, YHCIIEHHBIE pEIICHHE KPAeBBIX 3alad ISl THUIEPOOIMYECKOTO ypaBHEHHUS
YEeTBEPTOrO TOpsiKa M 0030p METOmoB pemeHus audQepeHInaIbHbIX YpPaBHEHUH YaCTHBIX

MIPOU3BOJHBIX C MCHOJIB30BAaHUEM sI3bIKa MporpammupoBanusi Python paccmorpens! B paborax |[3,
4].

Mamepuan u memoowl ucciedo8anus
B o6macru D ={(x,t):-¢,<x</¢,0<t<h} (¢,¢,,h>0) paccmorpum rmceBno-
rUIepOOIMYECKOe YPaBHEHHE YETBEPTOTO MOPSIKA C Pa3phIBHBIMH KOA(PQPHUIMEHTAMH HA JTHHHU
x=0:
a’u, — U, +b (x,t)u, +c (x,t)u = f.(x,t),(x,t) e D,(i =1,2), 1)

e a =const,b.(x,t),c.(x,t), f.(x,t)(i=12) — 3aJJaHHbBIE GyHKIUH, a
D,=Dn(x>0),D,=Dn(x<0).
3adaua 1. Haittn gyrxumo U(x,t) € C(D) NC*(D), yrosnersopstomyio ypapHernto (1) B

obnactsix D, (1 =1,2), kxpaeBbiM 1 Ha4aIbHBIM YCIOBUSIM

u(?,,t) = g (t),u(-¢,,t) = ,(t),0<t <h, (2)
u(x,0) = w1 (X), U (X, 0) =y, (X), U (X, 0) = y5(X),0 < x < £, (3)
u(x,0) = l//4(X),Ut(X,O) = l,//5(X),Utt(X, 0) = WG(X)’_Ez <x<0, (4)

e ¢, (1), w;(X)([=12; ] :]TG) 3a/IaHHbIE (PYHKIMH, TIPUYEM

(91(0) = Wl(gl)’ ?, 0)= ¥, (—Zz), (91,(0) =V, (Kl)i ()
9,(0) = w5 (=1,).¥1(0) =w,(0) = 0,y4(0) = w4 (0),
v,(0) =w5(0),w5(0) = ¢ (0).
13 nocranoBku 3amaud 1 3akmodaem, uto Ha juHud X =0 BBINONHAKOTCA CiexyromIue
yenosust conpsokennst: U(+0,t) =u(-0,t) = z(t),u, (+0,t) =u, (-0,t) = v(t),0<t <h, z(t),v(t)—

MIOKa HEU3BECTHBIE (DYHKIUH.
Pemenune 3aaun | MOKHO CBECTH K PEIICHUIO JIByX BCIIOMOTaTENIbHBIX 33]1a4.

3anaua 2. Haittu pynkmmo U(X,t) € C(El), YIOBJICTBOPSIOIIYIO YPABHEHHIO
a’u, . —U. +b (x,t)u, +c, (x,t)u = f(x,t),(x,t) e D,, (6)

HayaJIbHBIM yCJIOBHM (3) U KpaeBbIM YCIIOBUSAM
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u, (0,t) = v(t),u(¢,,t) = ¢, (t),0<t <h, (7)
[Tpuuem
v(0) =1(0), 9[(0) =5 (£,). (8)

3anaua 3. Haittu pynxumuio U(X,t) € C(HZ), YVIAOBJIETBOPSIONIYIO YPABHEHUIO

alu, . — U, +b,(x,)u, +c,(x,t)u = f,(x,1),(x,t) e D,, (9)

HAYAIBHBIM YCIOBUAM (4) H KPACBBIM YCIIOBHSM
u(-t,,t) =, (t),u(0,t) = z(t),0<t <h, (10)

npudem
?5(0) =ws(=(,),¢,(0) =7(0) =0. (11)

Cuavana paccmMoTpuM 3amadqy 2. J[Baxmsl unterpupys ypasuenue (6) mo tor 0 mo t u
YUUTBIBasi HAYaJIbHbIE yCII0BUs (3) uMeeM:

- . (12)
87U, —U, =B, (U, t) = [ (x mux m)dn + £ (x,1),

rac

¢, (x,17) = =2by, (x,7) + (t = )[c,(x,77) + by, (X, )],
f, (x,17) = [a7w; (X) —w5(X) + by (x.0)y, (x) — by, (X, 0)y, ()]t +

+aly () =y, () = by (%, )y, () + [ (=) f,(x, ) d .

Pemas cmemannyro 3anauy Uit ypaBHeHus (12) ¢ kpaeBbIMU yclnoBUSAMHU (7) U HayaJlbHBIM
yenosuem U(X,0) =y, (X), yOexmaemes B ToM, uto  U(X,t) sBisieTcst penieHneM MHTErpanbHOTo

ypaBHEHHUS

2 | 2| (13)
u(xt) ==a; [ G,(x,t;0,mv(m)dn —a} [ G,.(x.t; £, ), ()dy +

[ G (L E O (E)E - [dn[ G, (L Em (€ mde +
+[dn[ G, (x G EmMb(E Mu(E e +

+[dn [[6, (& m)dn, i (€ mu(E,mde,

G(xt;&,n)= i [U(x,t;4nl, + &, n)+U (X, t;4n0, = &, ) —U (X, t;4nl, + 20, + &, 1) —
(¢

r'H N=—o0
-U(x,t;4nl, +20, - &,1)]-

¢bynkuus ['puHa cMelaHHOM 3a/1auu A1 ypaBHEHUS TeIUIONpoBOAHOCTH [1], a
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S S B ol N

0 <.
Ilycts

©,(x,1) = [ G, (x t:£,0), ()dE — a2 [ Gy, (x,ti ,, 1) (7)o -
[dn[e,(ten € mde

K, (6, 6:€,m) = ¢ (&m) [ G, (6 t:€,m)dm, +b,(E,m)G, (X, t:€,7m).
Torna ypaBuenus (13) 3anuiercs B Buje

t t 4 (14)
u(x,t) =, (1)=& [ G, (X, ;0,mv(m)dn + [dn [ K,(x,t: £, mu(&, m)d <,

Vpasuenue (14) MOXKHO paccMarTpuMBaTh Kak MHTEIPaJbHOE ypaBHEHHME THIa Bosbrepa
BTOpOro pona orHocurensHo U(X,t). IosTomy, obpammas uHTerpanbHoe ypapHenue (14) Broporo
pona orrocurenbHo U(X,t), Oynem nmers:

: (15)
u(x,t) = @, () + [ H,(x tm)v(p)dn,

rac

D,(x1) =®,(61) + [dn [ R (X6 &, m),(£m)dE,

H,(x,ti7) = &/G(x,t;0,7) =& [ d&[ G, (&30, mR (x,t: €, ),

R, (X,t;&,77) - pesonbenta siapa K (x,t,&,7).

IMTomaras X=0 B (15), monyuaem coorromenue mexay 7(t) m v(t), npunecennsie u3s
obmactu D, :

; (16)
7(t) = @,(0,t) + [ H, (0,t;7)v ().

Janee nepexonuM K BcriomorarenbHoW 3anade 3. Kak u B 3ajaue 2, HHTETpUpysl ypaBHEHUS
(9) mBaxkapi o tor 0 10 t ¥ ¢ yueToM HaYAIBHBIX YCIIOBHIA (4), HMEEM:

(17)

2

QU — Uy = =0, (X, 1)u(x, 1) - jCZ(X, mu(x,m)dn + f, (x.1),

rac
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C,(X,77) = =2b,, (X,7) + (t =) [C, (X, 7 + by, (X, 7],
£ (x,1) = [8207200 = 7 (X) + By (%, 0w, (0Tt +

2..n

+a375 (%)~ (x) b, (4. 0y, (X) = [ (=) F,(x, )l

Pemass mepByto kpaeByro 3amady it ypaBHeHuss (17) ¢ HayaJdbHBIM  yCIIOBHUEM
u(x,0) =, (X) u kpaesimu ycaosusimu U(—,,t) = @, (t),u(0,t) = z(t),0 <t < h, umeem [2]:

! f (18)
u(x,t) =a, _[Glf (Xt =, m) e, (n)dn —a, IGM(X,I;O,U)T(U)C{T} +
0 0

+ [ G &0 (D)dE - [dn [ G GEN T (& mdE +

—£, —£,

+jd771 ]1 Gl(x,t;f,nl)TCE(é,n)U(ﬁ,ﬂ)dﬂ+

—ly 0

+dn [ Gt mb, (& mu(& mds,

,’62
rae

+00

G (xt:&m) = D [Uxt2nl, +&,n)-U(xt2n0, - &,1)] -

N=—o0

Oyukuus ['prHa nepBoii KpaeBoii 3a/1a4u AJi1 ypaBHEHHUS TEIUIONPOBOIHOCTH, a

ﬂ},t >77’

1
U(xt;&n)= 2\/7ra22(t—77) exp{ 4a; (t—1)

0, t<n.
IIycts

<D3(X,t)=azszl;(X,t:—fz,n)coz(n)dn+ j G, (x,t;&,0)y,(5)dS -

7’62

_jdﬂ I G, (x,t;&,m) f, (£,m)d¢,

,fz

t

K, (%,6:€1) =6 (&) [ G (X.t: €, )drg, +10, (&) G, (X,6:€,1p).
7

Torna ypaBHenus (18) 3anumercs B Buze

t t 0 (29)
u(x,t) = D4(x,t) = a2 [ Gy, (1,0, r(m)dn + [ [ K,(xt:Em)u(&,n)dé.

_fz

O6pamas ypasuenue (19) ornocurensno U(X,t) Gynem nmers
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t (20)
u(x,t) =, (x,t) + [ H, (x tim)z(m)dn,

rue

D, (%,1) = Dy (1) + [d7 [ R, (x,6:€,m)Dy(£,7)dE,

H, (%, t7) = aiGy, (x,t;0,7) = a; [ &[Gy, (&,m:0,mR (X t;&,m)dr,

—£, n

R,(X,t;&,17) — pesonbsenta supa K, (x,t;,&,77).

n
B cuity Toro, uro 7(0) =0, pynkuuro 7(77) moskHO npencTaButh B Buje 7(77) = IT'(S)dS.

0
Torma cootnomenue (20) 3anuIIeTcs B BUJIE

¢ (21)
u(x,t) = @, (x,t) + j | (x,t;7)7'(s)ds,

rae

t (22)
1(x.tim) = [H,(x t:p)dn.

®ynxmmo Gy, (X,t;0,77) npencrasum B Buse
X i x° (23)
G (X,1;0,77) = 7 EXp ARt + R (X, t;m),

nral(t-n)2 L TRV

3

n;:o 2\/_3 (t 77)2 L 43.22(t—77)

Toraa ¢pynkumio (22) ¢ yueroM npezacraieHus (23) MOXXHO 3arucarb B BUE

+00 _ B _ 2
e PX,t7) = Z x—2In, exp _(x=2In7,) }

X 24
2a,:ft=s (24)

1(x,t;8) = T f e do+ 1, (x,t;s),

me 1,(X,;8) = jP(x,t,mdn a jdnj drsjelg (&m0,mR(6t:&,m,)d

s ~£, n
Juddeperuupys mo X coornomrenue (21), sarem monaras X =0 u ¢ yueTom npeacrapieHus

(24) Gynem umeTh GyHKIMOHANBHOE cooTHOmEeHne Mexay Gpynkuusmu 7(t) uv(t), npunecennsie
u3 obmactu D, :

(25)

V(t) = O (1) + J’I () ds+j 1. (x,t;5)7'(s)ds,
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rie O, (1) =D, (0,1).

Uckmouas v(t) u3 (16) u (25), nonyunm unrerpo-mupepeHnnaibHoe ypaBHEHHE

7'(s)ds (26)

\/ﬂf

+j Hl(oitiﬁ)dﬂf 1,,(0,7;5)7'(5)ds,

7(t) = D (t) r— jH (0,t;7)dn j

t

me @4 (t) =, (0,1) + [ H,(0,t;7)@4 (7)dn.
0

Hudbdepenunpys ypaBuenue (26) 6yaem umeThb

¢ (27)
7'(t) =@, (1) + [H(t,5)7'(s)ds,

IpILS
H, (t,77)d7
O, (t) =
© a1 (a1+a)\/7z(77 s)

!aiazgjfi 5)37(:(178);5) T az !Hﬁ(t,n)llx(om;s)dn_
I 2,8,0\t s

(8, +a,)\/7(1-5) Ha,

O6pamas ypasuenue (27), naitnem 7'(t) u Tem camum u3 25 gynxumio v(t).

Torma o hopmynam (15) u (20) onpenenum perieHus BCIOMOrareIbHbIX 3aaa4 2 u 3.
Taxkum 06pa3om, 1oka3zaHa

Teopema 1. ITycTts

v, (X),p,(X) CZ[O,fl],l//4(X), ws(X) € CZ[—ZZ,O],
y5(x) € C[0, £, ], w5 (x) € C[/,,0], (1), 0, (t) € C'[O, ],
c.(x 1), f.(x,t),b.(x,t),b. (x,t)eC(D,)(i=12)

* i
u BemonHstoTes ycnoBus (5), (8) u (11). Torma pemenune 3amaun | cymiecTByeT u
€IMHCTBEHHO.

(0,s+(t—s)0,s)do.

3axnouenue
MertonoM ¢yHKIMM [pUHAa W MHTErpajibHBIX YpaBHEHUI Jl0Ka3aHbl CYLIECTBOBAaHUE W
€MHCTBEHHOCTh PEIICHNUN 3a1a4u 2 U 3, U TEM CaMHUM YCTaHOBJIEHBI CIIPABEIIMBOCTh TEOPEMBHI 1.
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Annomayus. JleueHne OHKOIOTMYECKHUX 3a00JIEBaHUUN SIBISETCS OJHOM W3 CIIOXKHBIX 33134
KIIMHUYECKOW MEIUIIMHBI. YCIICIIHOE JICUCHUE COIPOBOXKIACTCS B PAJIE CIYy4aeB IPOSBICHUEM
pelyuaMBa ¢ MOCIENYIOIUM PEe3KUM o0ocTpeHueM 3aboseBaHus. OJHOW W3 NPUYMH pELUANBA
MOJKET SBISATHCS BO30YXICHHE POCTa IMyJia CIISIIUX KIETOK MOJ JeHCTBUEM IMpemnaparoB. B pabore
pa3paboTaHa MOZAENb POCTa OMYXOJEBBIX KJIETOK, MX YHUYTOXKEHUS 32 CYET XUMUOTEPAui U PocTa
myJa KJIETOK HE BOCHPUMMYMBBIX K mpemnaparaM. JlaeTcs oreHka pacrpeiesieHusl BEpOsSTHOCTEH
MOMEHTOB Hayaja JICYeHUsI, MOMEHTOB BOSHUKHOBEHHUS PEIIUIUBOB MTOCIIE OKOHYAHUS JICUCHUSI.

Abstract. The treatment of oncological diseases is one of the most difficult tasks of clinical
medicine. Successful treatment is accompanied in some cases by a relapse followed by a sharp
exacerbation of the disease. One of the causes of relapse may be the stimulation of the growth of a
pool of dormant cells under the action of drugs. The paper develops a model of tumor cell growth,
their destruction due to chemotherapy, and the growth of a pool of cells that are not susceptible to
drugs. An assessment of the probability distribution of the moments of initiation of treatment and
the moments of recurrence after the end of treatment is given.

Kniouesvie cnosa: ~ HOBOOOpa3oBaHME,  XMMHOTEpamus,  MareMarudyeckas  MOJEIb,
YCTOMYHUBOCTD, paclpele]IeHHE BEPOITHOCTEN.

Keywords: neoplasm, chemotherapy, mathematical model, stability, probability distribution.

HoBooOGpa3oBaHust MOJIOYHOM Kelle3bl Y JKEHIUH TOCTUTal0T 25% OT BCeX OHKOJOIMUYECKUX
3a001€eBaHUN PEMPOAYKTUBHON CHUCTEMBI XEHIIWH, Kak B PD [1], Tak U B OOJBIIMHCTBE CTpPaH
EBponer [2]. XapakTepu3yrOTCsi BBICOKOW CMEpPTHOCTBIO — oOKoyio 15% oT Bcex cmepredl B
CTPYKTypE€ OHKOJOIMUYECKUX JIOKaju3aui. Jleduenue ocyuiecTisieTcss B OONBIIMHCTBE CIyyaeB 3a
CUeT BHEIIHEro BMENIATeNbCTBA W XHUMHOTEpaluHu, KOTOpas SBISETCS KIIOYEBOM B JICUCHUU
OHKOJIOTUYECKUX 3aboneBaHuid. Ha Tekymuii MOMEHT [IOCTHUTHYTHI 3HAUUTENIbHBIE YCIEXU B
CHWKECHUU PUCKA PEIUIMBA M CMEPTHOCTH OT paka MOJIOYHOM kenessl [3, 4]. Ho BMecTe ¢ 3TuMm B
HEKOTOPBIX CIy4asx ACWCTBUE MpenaparoB Ha OMyXOJIb COMPOBOXKIAETCS MOSIBICHHEM HEOOIBIIOTO
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KOJIMYECTBA OIMYXOJEBBIX KIETOK, Ha KOTOpbIE Npernaparbl He AeWcTBYIOT. HOBBI mynm KieTok
HAuMHAET YBEIMUMBATHCS B pa3Mepax, IpOosBiIsis B MOCIEYIOIeM ce0sl Kak peluIuB 3a00JIeBaHus.
MOJIOYHBIE IPOTOKH. MOJIOYHBIE IPOTOKHU 3TO MOJIBIE HUTH CO CTEHKAMHU U3 AIUTEINAIBHON TKaHU.
Pak Moy04HO# 3kee3bl MOKET BO3HUKHYTh W3 KJIETOK SMUTEIHATIbHON TKaHU IMPOTOKOB 3a CYET
CIIy4aliHbIX MYTAallMii, BHI3BAHHBIX BHEIIHUMHU WM BHYTPEHHUMH (aKTopaMu. Y MYTHPOBAHHOM
KJIETKH HapyLIeH MEXaHU3M CaMOJMKBUJALUKU. B pe3ynbraTe oHa U €€ JoYepHUE KIETKH HAauWHAET
MOCTOSIHHO JICJIMTBHCS, 3aIOJHssI COO0M mpocBeT mpoToka. [luTaTtenbHBIE BEIIECTBAa OMYXOJEBBIE
KJIETKA, KaK U 3JI0pOBbIE KIETKH OHIHUTENUs, TMOJIy4aroT uepe3 KPOBEHOCHBIE COCYbL.
BiaumopeiicTBue neisAMIMXCS U HOPMAIbHBIX KJIETOK PAacCMaTpHUBAETCS KaK UX KOHKYpPEHIUS 3a
(GyHKIMOHATIBLHOE MPOCTPAHCTBO pocTa. [Ipu 3TOM cuMTaercs, 4To AETSAIIUECs KISTKH B YCIOBUSIX
KOHKYPEHIIMU OKa3bIBAIOT MHTUOUPYIOIIEe BIUSIHNE Ha HOPMaJIbHBIE KIIETKH [5].

OnHMM U3 METONOB JIGUEHHUs SBISIETCS XUMHOTEpanus. XHUMUOTEpAalHs CHUXKAET PUCK
peluaMBa U yaydlaeT Mmoka3arelu BebKuBaeMocTH. Hanbosee 4yBCTBUTENEH 3TOT METOJ JICUSHUS
JUIS OIyXOJIed C BBICOKMMM CTaJusIMM 3a00J€BaHMs, BBICOKUM pHUCKOM penuauBa. Tepanus
SBJIIETCS BEAYIIEH B JIEUEHUU NAIIUEHTOB ¢ HeorepaOeIbHbIM PAKOM MOJIOUHOM kese3bl. PenuauBel
3a0051eBaHUsl MOTYT OBITh BbI3BaHBI pa3HbIMU IIpuunHamMu. OJlHA U3 BO3MOXKHBIX MPUYHH - HAINYHE
B OIYXOJIM HEOOJBIIOTO KOJTMUYECTBA ACTSIINXCS KIETOK, Ha KOTOphIE MpenapaTsl He AeUCTBYIOT [6].
[Ty Takux KJIETOK HauHET yBEJIMYUBAETCS B pa3Mepax IpU YHUUTOKEHUH IpernaparaMyd OCHOBHOIO
nyna JAesIMXcs KiIeToK. Bo3MokHa W MyTalusi HECKOJIBKUX JENALIUXCS KJIETOK I0J IeHCTBUEM
npernapara, KOTopble IepecTaloT pearupoBarh Ha Mpernaparsbl.

Mamemamuueckas mooens
B maremarnueckoi MOAENM OITYyXOJIM MOJIOUHOM >KE€JIe3bl YUYUTHIBAIOTCS TPU THUIIA KJIETOK:
HOpMaJIbHbIE, JAETSIINECs U MyTUPOBAHHbBIE, KOTOPhIE BOSHUKAIOT C HAYAJIOM JCHCTBHS IPernaparoB
W3 ACJSAIIMXCS KIETOK [7]:

du (1)
d_tl = U, (1-u, —u, —u,)— Drug(t)u;,
du,
E: H,Uy (1_u1 ) _ua)_7u2 (ul +u3)’
du,
= Hall (1-B(u,+u,)—u,)+sDrug(t)u,,
rac ul — KOJIMYCCTBO AC/IAIIHUXCA KIICTOK, Uz — HOPMAJIbHBIX KIICTOK, U3 — KIICTOK, HC

MIOJIBEP/KEHHBIX JCHCTBUIO MPENaparos, I i apaMeTpsl, XapaKTEPU3YIOLUE CKOPOCTU
pOCTa YUCIIEHHOCTH KJIETOK.
B monenu (1) npennonaraercs, 4ro o0a Tuna AENALIIMXCS KJIETOK OKa3bIBalOT HHTHOUpPYIOLee

u,(u, +u
BIMSHAE Ha HOPMAJbHBIE KJIETKH, YMEHBIIAs CKOPOCTb HMX Pa3MHOXKEHHS Ha 4 2( ! 3) .
[Ipenapars! AeMCTBYIOT Ha eNALIUECS KIETKH, YHUUTOXKAsl UX IIPH HEMOCPEICTBEHHOM KOHTAKTE CO

Drug(t)u,

CKOPOCTBIO YacTp Aenadmuxcs KIETOK MaTHUPYOT I1OQ JeicTBUEM Ipemnaparos,

MOMNOJIHASL MY/ MYTaHTOB CO CKOPOCTBIO oDrug(t)y, (055<<1 ). Pasmep QyHKIIMOHAIBHOTO

IMPOCTPaHCTBA, B KOTOPOM ITPOHUCXOJUT POCT BCEX THIIOB KJICTOK, IPUHAT 3a CIUHUILY.
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[Ipenmonaraercs, 4YTo MyTaHThl B KOHKYPEHUUHU 3a (DYHKIIMOHAJIBLHOE MPOCTPAHCTBO Oojee
MHTEHCUBHO BBITECHSIOT HOPMAaJIbHbIE KIIETKH U MAaTEPUHCKHE KIETKU. DTO YUYUTHIBAETCS B TPEThEM

YpaBHEHHUHU BBEJICHUEM IMapaMeTpa B (<D 3¢} GEeKTUBHOCTH KOHKYPEHIIHH.

LU= u,=1 u,=0
3a HavaJbHBIE YCIOBUS IPUHUMAIOTCS: , ) .

To €CTh, Ipeamnojaracrcia, 4YTo B HadaJdbHBIA MOMEHT BpEMCHU B (bYHKI_II/IOHaJ'IBHOM
IIPOCTPAaHCTBE, 3allOJIHCHHOM HOPMAJIbHBIMH KIICTKaAMH, IIOSABIACTCA HEOOJIBIIIOE KOJIMYECTBO

u
JEJSIIMXCS KIeTOK. YeTelpe cramuu 3a00JIeBaHMs OMPENSIAIOTCS 4epe3 3HadeHUs (QyHKIUU
JIEKAIMX B JUana3oHax:

I

I
Il
v

~ O<uy; <025,

B 0.25§u1<0,.50.
_050<u, < 0.75’.
_0.75<u, <1 |

[To nanueim E. M. Akcens, H. H. Bunorpanosa, A. b. [onuaposa, E. I1. Konnak, R. Dent, M.
Trudeau, K. Pritchard GompimmucTBo (okomo 70%) mamueHTOB OOpaIarOTCsS 3a METUIIMHCKON
MOICPIKKON Ha TpeThell craauu 3abonesanus [1, 7, 8]. C y4eToM 3TOro mpuHUMAETCS, YTO THArHO3
CTAaBUTCSI Ha ATUX cTamusx 3aboneBaHusi. COOTBETCTBEHHO Mpemnaparbl B mojenu (1) HauymHaioT

t, 0.50<u,
BBOAWUTBLCA B MOMCHT BPpECMCHU IIpu yCJIOBHH, YTO .

B orcyrctBHe mpemnaparoB CTallMOHApHOM YCTOMYMBOW TOUKOM cuctembl ypaBHeHHM (1)

u =1 1 u, =0

SABIIACTCA To ectb JACTAIMUECA KICTKMW 3alloJIHAT BCC (bYHKIII/IOHaJIBHOC

MIPOCTPAHCTBO.

4, < Drug(t)
HpI/I BBITTIOJIHCHUM HCPABCHCTBA CKOPOCTb PpOCTa YHUCICHHOCTHU ACTIAIIUXCA
KJICTOK CTAHCT OTpULAT epHOU. TO ecTh JJI JUKBU AU JCTAIINXCA KIIETOK HCO6XOZ[I/IMO, YTO OBI
CKOPOCThb UX YHHUYTOXCHUA ObLIa BBIIIC, Y€M CKOPOCTb HUX PA3MHOXKCHUA. BwMmecTte ¢ stum npu

JIF000OM BApUAHTC BBCIACHUSA IIPCIIapaToB B MOMCHT BPEMCHU t 06pa3y10Tc;1 KJICTKU MYTAHTBI,

u,u
KOTOPBIC HAYHCT I/IHFI/I6I/IpOBaTB HOPMAJIBHBIC KJIETKH CO CKOPOCTBIO 7 3, U YMCHbLLIATH pasMep

(YHKIIMOHAJIBHOTO MPOCTPAHCTBA MAaTEPUHCKUX U HOPMAJIbHBIX KJIETOK HAa BETMYHUHY 1Up . Ilocne
IpeKpalleHus: AeUCTBUS MpenaparoB yCTOWYMBON HEMOABMKHOM TOYKOM cucTeMbl ypaBHeHUH (1)
CTaHOBUTCH

Taxum o6pasom, B mozgenu (1) B orcyTcTBHE npenaparos ( Drug(t) = 0) BCe (DYHKIIMOHAJIBHOE
MPOCTPAHCTBO OyNET 3aMOJIHEHO ACISAIIMMUCS KJIETKaMM, @ BO3HUKHOBEHHE KJIETOK MYTaHTOB IOJ
JeiCTBHEM TpernaparoB MPUBOAUT K 3aMOIHEHHUIO (YHKIIMOHAJIHHOTO MPOCTPAHCTBA JIOYEPHUMHU
JENAIIUMUCS KIETKaMH.

HMUI’HCH/}MOHHOQ MO()@JZMPO@CZHUE

[Tapametpsl, Bxoasiue B cucreMy ypaBHeHHi (1), B3sThI U3 pador [6, 9].
Jlns citydast mnapaMeTpoB:
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1, =004, 11,=0.04, 11,=004, y=002, =1 )

Ha Pucynke | mpuBemena 3aBucumocth (yHkimu U, (t) (crutomHas nuHUS) 00 BBEICHHS
npenaparoB Ha npomexytke 0 <t <t. m mocie BBegeHHMs MpemaparoB B MOMEHT BpemeHH t=t, B
xonugectBe Drug = 4. PocT MyTaHTHBIX KJIETOK OTMEUYEH IIYHKTUPHON JIMHUEH.

30Ha BO3HMKHOBEHHMS «PELMAMBA» OTMEUYEHA OKPYKHOCTBbIO. ['paHMLIBI MeXIy CTaausIMu
OTMEYEHbI TOPU30HTAIBHBIMU ITYHKTUPHBIMU JINHUSAMM.

0.75
cranus 111
. 0.5
=
= ctagus 11
‘3:. peuyuaus
0.25 S
[y Ip7
u 7~ u
1 Y4 3
I
cTaaust B ,l
() e -
0 500 1000 1500 2000

Pucynok 1. Usmenenne dynxumii U, (t) n Uy (t)

Monens (1) paccmarpuBaeTcsi Kak ONKMCaHHE pPOCTa HOBOOOPA30BaHHS y KOHKPETHOTO
«manenTay. [lapaMeTprl, BXomsKe B 3Ty CHCTEMY YpaBHEHHMH, XapaKTEPHU3YIOT OMOXMMUYECKHUE
XapaKkTepUCTUKU HOBOOOpa3zoBaHus [4, 9].

[Ipenmnomnaraercs, 9YT0 3TH MapaMETPhl B KOTOPTE MAI[IEHTOB MOT'YT OTJINYAThCSl OT HEKOTOPBIX
«0a30BbIX» 3HAYCHMH (2) He Ooee, 4yeM B TpH pasza. B pamkax 3THX MpeanoNoKeHUH U BBIOOPKH
n3 N «manueHToBy, BBIOMpas mapaMeTpbl MOJIENU CITyJaifHBIM 00pa3oM W3 3aJJaHHBIX THAlla30HOB,
CTPOUTCS BEPOATHOCTH PACHPEAEICHISI MOMEHTA Havala «JIEICHUS U BEPOSITHOCTh paclpeaeIeHus
MOMEHTa BO3HUKHOBeHMs pernmauBa. Ha Pucynke 2 mis cinyuas N =1000 nmanueHTOB HpUBEICHO
pacripesielieHie BEpOsATHOCTEH MOMEHTa Hayaja JiedeHus, a Ha Pucynke 3 — pacmpeneneHue
BEPOSITHOCTE MOMEHTA BO3HUKHOBEHUS PELU/INBA I10CIIE OKOHYAHUS JICUEHUS.

7\

0.15

0.1

AN/N

0.05 \
N

200 600 800 1000 1200 1400
Jan

Pucynok 2. Pacnipenenenue BeposITHOCTEH BpEMEHH Hadasa «JICYCHUS»
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MomeHT BpeMsi Hayasia 3a00JieBaHus B KIIMHUYECKOW MPAaKTUKE YCTAaHOBUTH HE ynaercs. Tem
HE MeHee, B pamkax Momenaud (1) W KHHETHYECKMX TMapaMeTpoB, IPHUBEICHHBIX B pabore
«”EctecTBeHHass UCTOPUSL POCTa paKka MOJIOYHOM KeJe3bl», MOJIENb IPOTHO3UPYET paclpeesieHue
BEPOSATHOCTE MOMEHTa OOpalleHHs 3a OHKOJOIMYECKOH IOMOIIbI0 OIM3KOoe K HOPMaJIbHOMY
pacrpenenenuio (Pucynox 2) [9].

Bo3HukHOBeHHE peluirMBa BO3MOKHO B TE€UEHHH rojia mocje okoH4aHus jeueHus (PucyHnok

BIVAN
o [\
0.1 I \\
1] \
0.05 \\\‘

900 150 200 250 300 350 400
JHu

3).

AN/N

Pucynox 3. Pacnipenenenue BeposiTHOCTE! BpEMEHU IIPOSIBIICHUS «PELUIUBAY»

ITo crarucThyeckuM JaHHBIM, NpHBEAcHHBIM B “Triple-negative breast cancer: Clinical
features and patterns of recurrence”, pelUIuB MPOSBISICS HAa BPEMEHHOM IPOMEXKYTKE 10 4 JieT

[8].

3axnouenue
PazpaGoranHas MoJellb MPOTHO3UPYET HauOojiee BEPOSTHO HACTYIUIEHHE TpeThell cTaauu
3a0oneBaHus yepe3 2-3 roja mnocjie ero BO3HUKHOBeHus (PucyHok 2), a nmposBieHue penuauba —
gyepe3 4-7 MecsIeB MOCIe OKOHYAHHS JIEYeHUS. OTH pPEe3ydbTaTbl COIIACYIOTCS C JIaHHBIMHU
KJIIMHUYECKOM MPaKTUKH |5, §].
[Tony4deHHbIe OIIEHKH MOT'YT OBITh HCIOJIb30BAaHbl HA CTA/IUHU TUIAHUPOBAHUS OHKOJIOTUYECKON
MOJIIEP’KKY HACETICHHUS.
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Annomayus. PaccMarpuBaeTcs NpoLECC IMOJIYyYEHHsS AKTUBUPOBAHHOW BOJIBI HAa OCHOBE
EKTPUYECKOrO TMOJds. AKTHUBUPOBAHHAs BOJA, IMOJY4YEHHass B pe3yibTrare 3JIeKTpoJIn3a,
JEeMOHCTPUPYET YHHKAJIbHBbIE (PH3UKO-XUMHUECKUE CBOMCTBA, OTIIMYAIOIIMECS OT OOBIYHOMN BOIIBI,
YTO OTKPBIBAET HOBBIC BO3MOXKHOCTM Ul IIPUMEHEHHs B Pa3JIMYHBIX OTPACIAX HApPOAHOIO
xo3srcTBa. MccnenoBanbl MEXaHU3Mbl AKTUBALMM BOJABI M HUX BJIUSHHUE HAa KHUCJIOTHO-ILEIOYHOU
OamaHc, a Takke CTaOWIBPHOCTh AKTUBHPOBAHHBIX CBOMCTB. B 3KclepuMeHTaIbHON YacTu
IIPEICTABIICHBI JAHHBIE O 3aBUCHUMOCTH PH BOIBI OT BpEMEHU AKTUBALIMM U HANPSHKCHUS MEXKIY
WIeKTpoAamMu. Pe3ynbrarbl MOKa3bpIBaKOT, YTO YBEIMYEHHE BPEMEHHM AKTUBALMM W HAIpPSHKCHUS
IPUBOJUT K 3HAYMTEIbHBIM M3MeHeHussM pH BOmu3m anona u karona. OOcykaaroTcs MpoOiieMsl,
CBSI3aHHBIE C HECTAOMIILHOCThIO aKTUBHPOBAHHBIX CBOWCTB M BIUSHHEM COCTaBa MCXOIHOM BOIBI.
Pabora nomuepkuBaeT HEOOXOAUMOCTh JAJIBHEUIINX UCCIEIOBAaHUM Il ONTUMH3AIMH TEXHOJIOTUU
MOJTyYEHUsI aKTUBUPOBAHHOM BOJIBI M pa3pabOTKU CTaHIapPTOB AJIsl €€ IPUMEHEHUSI.

Abstract. The article discusses the process of obtaining activated water based on an electric
field. Activated water obtained as a result of electrolysis demonstrates unique physico-chemical
properties that differ from ordinary water, which opens up new possibilities for use in various
sectors of the national economy. The mechanisms of water activation and their effect on the acid-
base balance, as well as the stability of activated properties, have been studied. The experimental
part presents data on the dependence of the pH of the water on the activation time and the voltage
between the electrodes. The results show that an increase in activation time and voltage leads to
significant pH changes near the anode and cathode. The problems related to the instability of
activated properties and the influence of the composition of the source water are discussed. The
work highlights the need for further research to optimize activated water production technology and
develop standards for its application.
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Keywords: activated water, electrodes, acid-base balance.

B 1972 romy B. M. baxup BhnepBble NpPOAEMOHCTPUPOBAJ, YTO AHOJUT M KaTOJIUT,
MOJTy4YeHHbIE B JUadparMEHHOM SJIEKTPOJIM3HOM PEaKTOpe U3 BOJbI C HU3KOM MHHepaiu3aluei,
CYIIECTBEHHO OTIMYAIOTCS MO CBOUM (DPU3UKO-XMMHUYECKUM CBOMCTBAM M PEAKIIMOHHOW aKTUBHOCTHU
OT MOjeJIel, CO3JaHHBIX MYyTEM PACTBOPEHUS] XMUMHUYECKHUX PEareéHTOB B BOAE B COOTBETCTBUU C
3aKOHAMHU KJIACCHYECKOTO AeKTpoiu3a [1]. DTo HepaBHOBECHOE COCTOSHHE BOJIbI, BO3HHKIIEE O]
BO3JICMCTBUEM 3JeKTpuyeckoro mois, B. M. baxup Ha3Ban cocCTOsSHUEM 3IIEKTPOXMMHUYECKOU
akTuBalu. TakuM o00pa3oM, TEPMUH «AKTUBUPOBAHHAs BOAA» IMOApPa3yMEBAaeT H3MEHEHUE
COCTOSIHHISI BOZIBI, B Pe3YJIbTare KOTOPOTO OHA MPUOOpETACT MOTOTHUTEILHBIE CTEIIEHU CBOOOBI U
HAUMHAET aKTUBHO B3aUMOJICHCTBOBATH C IPYTUMH OOBEKTAMH, T.€. aKmueayus 600bl 3aKI0YAEMCs
8 nepegooe eé 8 mepmMoOOUHAMUYECKOE HEPABHOBECHOE COCMOANUE, YO MOJCem Oblmb 00CMUSHY MO
C NOMOWBIO PUBUUECKUX, XUMUHLECKUX, DTIEKMPOXUMUYECKUX UTU OUON02UHecKux Memooos [1-4].

B pesynprare 2nmeKTpOXMMHYECKOW AaKTHUBAIMM BOJA TMEPEXOAUT B METAaCTaOWIBHOE
(aKTUBUPOBAHHOE) COCTOSIHME, YTO MPUBOAUT K YBEIUYECHHUIO €€ PEaKIMOHHON CIOCOOHOCTH B
Pa3IMYHBIX (PU3UKO-XMMHUECKHX IpOolleccax Ha MPOTSHKEHUHU HECKOJIBKUX JIeCATKOB uyacoB. Bona,
aKTUBUPOBAHHAsT Ha Karoje (KaToiauT), 0OJagacT IMOBBIIICHHON SJEKTPOHHOM AaKTHBHOCTBIO U
BBIPOXKEHHBIMA BOCCTAaHOBHUTEJIHLHBIMH CBOMCTBaAMHU. B CBOIO ouepenb, BOJa, aKTUBHPOBAaHHAsS HA
aHozie (QHONUT), UMEET MOHWKEHHYIO JJIEKTPOHHYIO aKTUBHOCTh M MPOSBISET OKHUCIUTEIbHBIC
CBOICTBA. OTWU  yHHUKAaJbHbIE  XapakKTEPUCTHUKU I[PUBJICKAIOT 3HAYUTEIbHOE  BHUMAaHUE
MCCJIEIOBATENICH U MPAKTUKOB, OTKPBIBAsI IMIUPOKUN CIIEKTP MOTCHIIUATBHBIX TIPUMEHEHUN B TaKHX
o0nacTsX, Kak MeUIMHA, CTPOUTEIBCTBO, CEIBCKOE XO3SIHCTBO, MPOMBIIUICHHOCTD U dKosorus [3].

AKTUBUpOBaHHAsl BOJA IMPOSBISET YITYUYIIEHHbIE XapaKTEPUCTUKU, TAKUE KaK IOBBIIICHHAS
pPacTBOPUMOCTb, OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIA TMOTEHIMAN, OAaKTEPUIUAHBIE CBONCTBA H
W3MEHEHHas CTPYKTypa BOJOPOIHBIX CBsi3eH. [lenv ucciedoséanus — W3YYEHHE OCHOBHBIX
XapaKTEPUCTUK METOJIA NEKTPUUYECKON aKTUBAIIMK BOJBI U €r0 TPUMEHEHHUE B CEJILCKOM XO35HCTBE.

CyTb MeTO/1a MOTyYEHH s SIEKTPHIECKH aKTHBUPOBAHHOMN BOJIBI 3aKJTFOYACTCS B MPOIECCE
AIIEKTPOJIHM3a, KOTOPBIA MIPOUCXOIUT TIPH M01a4e TIOCTOSIHHOTO 3IEKTPHYECKOT0 HAMPSKEHUSI K SJIEKTPOJIAM.
Ha karo/ie Bojia HACKIAETCS TPOLYKTAMH KATOJHBIX SJIEKTPOXUMHIECKHUX PEaKIHii, TAKUMH KaK
TUAPOKCHU/IBI METAIUIOB, 00pa3yIOIIHecs U3 PACTBOPEHHBIX COJIeH, TMAPOKCHANOHBI M BoJopoa. Ha aHone ke
BOJIa 000ranaeTcsi HPOAyKTaMU OKHCIICHUSI, BKIIFOYasi KHCIIOThI, CHHTE3UPYEMbIe U3 PACTBOPEHHBIX COJICH, a
TaK)Ke KUCIOPOJ U XJIOp. AKTHBUPOBAHHOE COCTOSIHIE XapPaKTePU3yeTCsl HEOOBIYHOM PEeaKIIMOHHON
CIIOCOOHOCTBIO KAaTOJIMTA U AHOJIMTA B OKHCIIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIUSX, YTO, B CBOIO OYEPE/b,
BBI3BIBACT U3MEHEHHS B CHCTEME MEKMOJICKYIISIPHBIX B3aUMO/ICHCTBHI U CTPYKType pacTtBopa [3].

B pesynbraTe BO3eiCTBUS AIEKTPUUECKOTO MOJIs 00pa3yroTCsl BOIHBIC CMECH C Pa3IHIHON
AKTUBHOCTBHIO U ypoBHeM pH: A — kucnotHsiit anonmut (pH < 5); AH — neiitpansasbiii aHonut (pH = 6,0+1);
AHK — net#itpansasiit anomut (pH = 7,7+0,5); AHJ| — nefitpansasiit anonut (pH = 7,3+0,5); K —
estouHoit katoyut (pH > 9); KH — neitpanbusiii katoiut (pH < 9) [1-3].

Takum 00pa3oM, aKTyadbHOCTh MPOOJIEMBI TEXHOJOTUM TOTYUYEHUS aKTHBHPOBAHHOM BOJIBI
o0ycIoBJIeHA €€ TOTCHIIMAIIbHBIMU MPEUMYIIECTBAMU TSI MEAUITMHCKUX, CEIbCKOXO03SIMCTBEHHBIX,
HKOJIOTUYECKUX U MPOMBIIIIEHHBIX TpUMeHEeHUH. OTMETUM HUXKECIEAYIONUE Ba)KHBIE MPOOIEMBI
TEXHOJIOTUH MOTYYEHUsI aKTUBUPOBAHHON BOJIBI:

1. HeoocmamouHnoe ocosHanue MexaHusmos akxmuéayuu 600bl: HECMOTPsS Ha MHOXECTBO
MIPOBEICHHBIX HCCIEAOBAHUM, MEXaHW3Mbl HW3MEHEHHS CBOWCTB BOJABI IO BO3JICHCTBHEM
ANEKTPUYECKUX, MAarHUTHBIX, YJIBTPA3BYKOBBIX M JPYTMX METOJOB aKTHBALMU JI0 CHUX IMOp HE
M3ydeHbl B MOJHOM Mepe. HayuHble cTaThbu npennaratoT pa3ivvHbIE TEOpPUHU, KacarolIuecs
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MEPECTPONKN BOJOPOAHBIX CBA3€H WM M3MEHEHHs KJIACTEPOB BOJIBI, OJHAKO E€IWHOW MOJIEIH,
oObsicHsIOIIEeH Bce HaOmromaembie 3(PQeKThl, MOoKa He cymiecTByeT. HemocratouHoe moHMMaHue
ATHX MEXaHU3MOB 3aTPYAHSET ONTHMM3ALNIO TEXHOIOTUYECKUX apaMeTpPOB MpPOIecca aKTHBALIUU
U pa3pabOTKy HAJAEKHBIX METOJHK JJIS MOJTYYECHHUS! aKTUBUPOBAHHOM BOJBI C 3apaHee 3aJaHHBIMU
cBoiicTBaMU. B pesynbrare BO3HHKAeT CIOKHOCTh B CTaHJApTHU3AllMU MPOIECCOB aKTHUBALUU TS
WCIIOJIb30BaHUS B PA3IMYHBIX 00JACTSIX, TAKUX KaK MEIUIIMHA U MUIIEBas IPOMBIILICHHOCTD.

2. Ocpanuuennass ycmouyu8oCms aKMUBUPOBAHHBIX CE0UCME: MHOTHE WCCIEeIOBAHUS
MOKa3bIBAIOT, YTO AaKTUBUPOBAaHHBIE CBOWCTBAa BOAbl (M3MeHeHuss pH, okucnuTenbHO-
BOCCTaHOBHUTEJIbHBIN MOTEHIIMAJ, KOHIEHTPALHUA aKTUBHBIX (POPM KHUCIOpOoAa) OBICTPO U3MEHSIOTCS
MocJie MpeKpalleHus mpolecca akTupauuu. Hampumep, Takue CBOHCTBA MOTYT COXPAHSATHCA OT
HECKOJIbKMX YacOB JI0 HECKOJBbKUX JHEW B 3aBUCHUMOCTH OT YCJIOBHU XpaHeHus. OrpaHuYeHHas
CTa0MIIBHOCTh ~ aKTUBHUPOBAaHHBIX CBOMCTB  3aTpyAHSIET XpaHEHHE W  TPAHCHOPTUPOBKY
aKTUBHPOBAHHOM BOJBL. DTO YCIOXKHSET NMPUMEHEHHE MAHHOW TEXHOJOTMHU B IMPOMBINIICHHOM
Macmrtabe # JUIsi KOMMEpPYECKOTO HCIONb30BaHUS, OCOOCHHO B OTpacisaX, TpeOyolux
JOJTOCPOYHOM  CTAOMJIBHOCTH  AKTUBUPOBAHHBIX CBOWCTB  (HampuMep, B  MEIULHMHCKHX
MPUIIOKEHUSIX WIIH CEITBCKOM XO3SHCTBE).

3. Bausinue cocmaea ucxoonou 600vl. 3PPEKTUBHOCTh AKTUBAIIMK BOJBI CHIILHO 3aBUCHT OT €€
COCTaBa, BKJIIOUAsl COJEpP)KaHHE MHUHEPAJIOB, AJIEKTPOJIUTOB, OPTAHUYECKUX BEIIECTB U MUKPOOOB.
VccnenoBanus mMoka3aid, YTO BBICOKHI ypOBEHb OPraHWYECKHX BEIIECTB MJIM CIUIIKOM BBICOKas
KOHLIGHTpAIMsI COJIEH MOXKET CHIDKarh dS((EKTUBHOCTh AKTHBAIMM W U3MEHSTH CBOMCTBA
aKTUBHUPOBAHHOM BOJBI. J[J1s1 JOCTHMIKEHHS] ONTUMAJILHBIX PE3YJIbTaTOB TpeOyeTcs MpeBapUTenbHas
MOArOTOBKA BOABI (OUMCTKA, peryaupoBaHue pH u 3IeKTpONpoBOIHOCTH). ITO  YCIOXKHSAET
TEXHOJIOTHYECKUH TMPOIECC M MOXKET YBEIMYHTh €ro CTOMMOCTh, OCOOCHHO B MAacCIITaOHBIX
MPUMEHEHHSIX, TAKAX KaK OYMCTKA BOJBI MIIN CEITbCKOE XO3SIICTBO.

4. Hexeamka cmaunoapmuzayuu u HOpMAMuUGO8: B HACTOSIIEE BPEMsI OTCYTCTBYIOT
OOUIETPUHATHIE MEXIyHApOJAHBbIE CTAaHIAAPThl M HOPMATUBBI AJIs Tpoliecca aKTHUBAIIMH BOJbI,
METONIOB €€ TOJIyUYeHHS W TPOBEPKU KadecTBa. DTO NPHUBOAUT K PA3PO3HEHHOCTH IOIXOJOB U
METONMK aKTHBAIIMU BOJBI, YCIOXKHSET COTIOCTABICHUE PE3YyIIbTaTOB UCCIEIOBAHUN M MTPUMEHEHHE
Ha MpakTHke. be3 cTaHnapToB CI0XKHO PEryaupoBarh U KOHTPOJIMPOBATH KAYECTBO AKTUBUPOBAHHOMN
BOJbl B HPOMBIIUIEHHBIX U MEAMLUMHCKUX TNPHIOKEHUAX. DTO TaKkKe 3aTpyIHSET COIVIaCOBAHUE
0€30IaCHOCTH WCIIOJIb30BaHMS AKTUBUPOBAHHOW BOABI [UIS THUTHEBBIX, MEAWIWHCKUX WU
CeNTbCKOXO3SMCTBEHHBIX HYX/I HAa MEXTYHAPOIHOM YPOBHE.

MHorue ucciaeloBaHUs IOKa3bIBalOT, YTO CBOMCTBAa aKTHUBUpPOBaHHOW Boasl (pH,
OKHCIIUTEIbHO-BOCCTAHOBUTENBHBIA TOTEHIIMAN, KOHLEHTPAIUs aKTUBHBIX ()OPM KHUCIOPOJA)
M3MEHSIOTCSI CO BPEMEHEM I10CJe MPEeKpalleHus Ipouecca akTuBauu. JOHako 00 cux nop HescHo,
KaK 00120 aKMuUpO8aHHAsl 800A COXPAHEM C80U USMEHEHHble C80UCMBA U OM KAKUX (hakmopos
3a8ucum ux cmaoduibHOCMb.

V3MeHeHHs CBOMCTB aKTHBHPOBAHHON BOJIBI CO BPEMEHEM IIOCIIe MpPEKpallleHus Iporecca
aKTHBALMU TOAPOOHO HCCIENOBAIUCH B psA€ HAydyHBIX pabOT. ABTOpHl M3YYWIM H3MEHEHHE
nokazareneit pH u okucnurTenbHO-BoccTaHOBUTENbHOrO moTeHnuana (OBII) B akTuBupoBaHHOMN
BOJIE MOCIe mporiecca dekTpoan3a [5]. OHu OTMETHIIH, YTO MapaMeTPhbl BOJIbI HAUMHAIOT MEHSTHCS
MPAKTUYECKH cpa3y MOocCIe MpeKpalleHHs 3IeKTpou3a. ITO CBSI3aHO C TeM, YTO aKTHBHbBIC HOHBI,
CBOOO/IHBIE paJMKaIbl M JIpyrue HecTaOWIIbHbIE KOMIIOHEHTBI, OOpasyroliuecs B Ipolecce
aKTUBAllMM, IIOCTENIEHHO BO3BPAILlAlOTCI K CBOEMY €CTECTBEHHOMY COCTOSIHHIO, CHHYKas
3¢ (HEKTUBHOCTD BO/IBI B TEUCHHE HECKOJIBKHUX YaCOB HIIH JTHEH TOCIe 00padOTKH.

B pa6ore “Effect of storage conditions on shelf stability of undiluted neutral electrolyzed
water” uccienoBaiy BIUSHHS 3JIEKTPOJIM3HON 00paOOTKM Ha CBOWCTBA BOABI, YeH M €ro KoJuleru
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OOHapYXXWUJTH, YTO CBOMCTBA aKTHBHUPOBAHHOW BOJIbI, TAKWE KaK KOHIICHTPAIMS aKTHUBHBIX (OpM
kuciopoaa, OBII u pH, co BpeMeHeM nMocTeneHHO CHUXKatTCsA. OHU OTMETUIIN, YTO CKOPOCTh ATHUX
W3MEHEHUH 3aBUCUT OT YCIIOBHI XPaHEHUsS BOIBI, B TOM YHCIIE OT TEMIIEPATyphl, OCBEIIEHHOCTH U
cocTasa Bojbl [6].

S. Park, J. Kim, H. Lee, K. Choi uccienoBaan GakTepHUIMIHBIE CBONCTBA ICKTPOIU3HOM
AKTUBUPOBAHHOW BOABI M OOHAPYKUJIHU, YTO dPPEKTUBHOCTh AE3MH(PEKIIMH YMEHBIIACTCS 4Yepe3
HECKOJILKO YacoB Tociie akTuBanuu. OHM CBS3aJIM 3TO C PA3JIOKEHHUEM aKTUBHBIX (pOpM KUCIIOpOa,
TaKMX KaK CBOOOTHBIC PaTUKaJbl, YTO MPHUBOAUT K CHIKEHUIO aHTHMHKPOOHOTO NEHCTBHUS BOIBI
[7].

X. Yao, J. Zhao, W. Li B cBo¢ii pabote, MOCBAIIEHHON H3YIEHNIO MATHUTHO- aKTHBUPOBAHHOM
BOJIbI, OOpaTWJii BHUMAHHE HA BPEMEHHYIO HECTA0WJIBHOCTh MArHWTHBIX CBOWCTB BOAbL. OHU
BBISIBUJIM, YTO CTPYKTypa W OpPHUEHTAIUs BOJOPOIHBIX CBsI3€H, W3MEHEHHBIC TOJ JCHCTBHUEM
MarHUTHOTO IT0JIS, CO BPEMEHEM IOCTEIICHHO BO3BPAIAIOTCS K CBOEMY HCXOIHOMY COCTOSIHHIO [8].

H. B. Cwmupnosa, JI. C. KosameB, E. B. AnapeeBa HaOmomaiu H3MEHEHHUS CBOWCTB
AIIEKTPOJIU3HON aKTUBUPOBAHHOW BOJIBI, HCIIOJIb3YeMOM it ne3uHpeku u o0padotku paH. OHu
OTMETHJIH, YTO Takue rmokasarenu, kak pH, OBII u xoHIleHTpamus aKTHBHBIX (OpPM KHCIOpOIa
(epoKCHIbI, CYNIEPOKCUIBI), UMEIOT TEHICHIIMIO K CHIDKEHUIO B TEUEHUE HECKOJIbKHUX YacoB MOCTe
aKTUBAIlMU, YTO CBHUJETEIHCTBYET 00 OrpaHUYEHHOM TMepuoae 3h(eKTUBHOCTH aKTHBUPOBAHHOMN
BojIbI [9].

YKa3aHHBIE UCCIICJIOBAHUS OXBATHIBAIOT PA3JIMYHBIC ACTICKThI CTAOMIIBHOCTH aKTHBUPOBAHHOMN
BOJIbI U MOKA3bIBAIOT, UTO €€ CBOMCTBA M3MEHSAIOTCS B 3aBUCUMOCTH OT BPEMEHH, YCIOBUN XpaHEHUS
U MaTepuaja KOHTelHepa. JTU HayyHble pa0OThl MOJYEPKUBAIOT BAXKHOCTh ONTHUMH3AIUU YCIOBUI
XpaHeHUs: U 00paOOTKHM BOJIBI JIJISi COXPAHCHHSI €¢ aKTUBUPOBAHHBIX CBOWCTB. DTH HCCIICIOBAHUS
MOAYEPKUBAIOT, YTO AKTUBUPOBAHHAS BOAA SIBJISIETCA NTHUHAMUYHOMW CHCTEMOM, CBOWCTBA KOTOPOM
M3MEHSIOTCS CO BPEMEHEM IOcie MpeKpalieHust mporecca akTUBAIMK. ITO CO3/1aeT TPYAHOCTH MPU
€e XpaHeHHMM U TPUMEHEHUH, a TaKXKe TMOAYEPKUBACT BAXKHOCTHh JaJbHEHUILIEro H3y4eHHs
MEXaHU3MOB CTAa0WJIM3AIMKM AKTUBHUPOBAHHBIX CBOWCTB BOABI. lcciemoBaHUsS TMOKA3bIBAIOT, YTO
aKTUBHUPOBAHHAS BOJa MOXKET COXPAHATh CBOM M3MEHEHHBIC CBOWCTBA B TCUCHHE OT HECKOJIBKUX
YacoB JI0 HECKONbKMX JHed. [lns Toro  4roObl MakCMMalbHO TMPOUIUTH CPOK JIEHCTBUS
AKTUBHUPOBAHHOM BOJBI, PEKOMEHAYETCS XPaHUTh €€ B TEPMETHUHOM Tape, 3allUIEHHONW OT CBETa,
pU HU3KUX Temreparypax. OmHaKo, 1O HACTOSIIETO BPEMEHH, HET YETKOTO MOHMMAHUS, KaKUM
o0pa3oM HEOOXOAMMO ONTHMH3HPOBATH TEXHOJOTHYECKUE IapaMmeTphbl (Hampumep, Bpems
BO3ICMCTBHSI, KOHIIEHTPALUIO aKTUBUPYIOIINX BEIIECTB M Ap.) AJs JOCTHKCHUS MaKCHUMaJbHOM
JUIUTEILHOCTH COXPAaHEHHUs CBOMCTB aKTHBHUPOBAHHOW BOABI. Hapsiay ¢ ATHM ocTaloTcs Takke
BOTIPOCHI, KaK XPAaHEHWE M KOHTAKT C Pa3jMYHbIMH Marepuanamu (TUTACTUK, CTEKJIO) BIHSIOT Ha
CTaOMITLHOCTHh AKTHBHPOBAHHBIX XapaKTEPUCTHK.

Jlo cux mop He pa3paboTaHbl ONTUMATbHBIE PEXKUMBI JUTSI KXKJI0TO METOJa aKTUBAIIUU BOJIBI,
MO3BOJIAIOIINE OOECIEeYUTh €€ IIeNieBble CBOMCTBAa Uii KOHKPETHOTO MpHUMEHEHHs. Bompocsl
KacaloTCs HE TOJbKO EJWHUYHBIX MapaMmMeTpoB, HO M WX B3auMmojeiicTBus. Hampumep, kak
coveTaeTcs JUTUTEILHOCTh BO3JICHCTBUS C HHTCHCUBHOCTBIO TIOJIS JJTST 00€CIICYCHHUS JTOJITOCPOTHOTO
3HAYCHHUS TEXHOJIOTMYECKHX IapaMeTpoB I DIIEKTPUYECKOH  aktuBarmuu  Boasl  (pH,
OKHUCIIUTETHHO-BOCCTAHOBUTEIHHBINA MOTEHINA, KOHIIEHTPALlUs aKTUBHBIX (opM Kuciopoaa). Tem
HE MEHee, Ha OCHOBE MHOTOYHCIEHHBIX HCCICIOBAHMM Yy4YEHBIX MOXXHO O00O03HAuUTh O0OIIHe
HEOOXOIMMBIE TUANa30Hbl ONTUMAILHBIX TAPAMETPOB MICKTPUYECKOH akTuBarmu [1-4]:

1. Cuna moxa (I). OntumanbHoe 3Hadenwe 0.5-2.0 A. DToT nWanma3oH CWIBI TOKa
obecrednBaeT JOCTaTOuHOe KOJIMIecTBO akTHBHBIX HoHoB (H', OHY) u gopmupoBanue cBoGOIHBIX
paJvKalioB, YTO U3MEHSET OKUCIMTEIhbHO-BOCCTAHOBUTENBHBIN MoTeHIMan u pH Boabl. Ciaumkom
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HU3Kasl cuja TOKa MPUBOAUT K HEIOCTAaTOYHOW aKTUBAIMH, a CIUIIKOM BBICOKAas MOXET BbI3BaTh
Ype3MEepHOe pa3jokKeHHE BOAbI M 00pa3oBaHUE MOOOYHBIX MPOJAYKTOB, TAKUX KaK XJOp MpHU
HCIIOJIb30BAaHUU COJICHOM BOJBI.

2. Hanpsasxcenue (U). OntumanbHOe 3HaueHue 5-15 B. HampspkeHwe B 3TOM Juana3zoHe
croco6cTByeT 3(h(PEeKTUBHOMY MPOTEKAHUIO JICKTPOMOHU3AIMK 0€3 3HAYMTENbHOTO0 HarpeBa BOJIbI
U DJIEKTpOJOB. bonee BBICOKOE HaINpsDKEHHE MOXKET BBI3BAaTh M3JIMINHUN HarpeB CUCTEMbl U
YCKOPEHHOE pa3pyllE€HUE 3JIEKTPOAOB, UYTO MOXKET INPUBECTH K HEXKEIATeIbHbIM IPUMECSIM B
AKTUBMPOBAHHOM BOJIE.

3.Bpemsa axmusayuu (t). OntumanpHoe 3HaYeHUe 5-30 MUHYT. BpeMs akTuBaInuu HampsMyro
BJIMSET Ha KOHLEHTPALMIO aKTUBHBIX MOHOB M PAJHMKAIOB B Boze. /[ momydeHUs OIIyTHMOIO
M3MEHEHUs! CBOMCTB BOAbI (Hampumep, 3HauuTenbHoro casura pH mwimm OBII) nocrarouno ot 5 1o
30 MuHyT. YBennueHue BpeMeHu cBbliie 30 MUHYT MOXKET IIPUBECTH K YPE3MEPHOM aKTHBALIMU, YTO
C/IeTIaeT BOAY arpeCCUBHON U HECTaOMIIbHOI.

4. Temnepamypa 600wt (T). OntumanbHOe 3HaueHue 20-30°C. OnTumanbHas TemMreparypa st
AJIEKTPOJIM3a BOABI — 3TO KOMHarHas Ttemmeparypa (20-30°C). B stoMm nuana3oHe HOHHas
MPOBOAMMOCTh BOIBI JOCTaroyHa s 3((EeKTHBHOro mpoTekaHwst peakuuid. [loBbimieHne
temmeparypsl cBbiie 30°C MOXET MPUBECTU K YCHUJICHHOMY MCIAapeHHI0, 00pa30BaHUIO Mapa U
CHIDKEHUIO 3((EKTUBHOCTH 3IIEKTPOIIH3A.

5. Paccmosnue meoncoy snexkmpooamu (d). OntumansHoe 3HadeHue 1-3 cm. YMeHbIIeHUE
PACCTOSIHHSI MEXKIY JIEKTPOAAMH CIOCOOCTBYET IMOBBIIMICHUIO IUIOTHOCTH TOKa U 3()(PEeKTUBHOCTH
anektponusa. OIHAKO CIMIIKOM OJIM3KOE pAaCHONIOKEHHE MOXKET TPUBECTH K KOPOTKOMY
3aMBIKAHUIO M Ppa3pyUIeHUIO 3JeKTpoaoB. ONTUMaIbHOE paccTOsHUE B auana3zoHe 1-3 cm
o0ecrie4nBaeT PaBHOMEPHOE DPACHPEACTICHHE AIEKTPHUECKOTO MOl M CTAOMIBHYIO aKTHUBAIIHIO
BOJIBL.

6. Cocmas snexmpooos. OnTUMallbHbIe MaTepHUalbl — HEP>KaBEIOIIas CTalb, INIATHHA, TUTAH
C MOKPBITUEM M3 OKCHJA PYTEHHs. DTH MarepHalibl 00Ja/1al0T BHICOKOM CTOMKOCTBIO K KOPPO3HH U
obecrieunBaoT 3(P(HEKTUBHOE TPOTEKaHUE AIIEKTpoiM3a. VIcronp30BaHWE MEHEe WHEPTHBIX
MaTepuasioB (Hampumep, MeAM WM aJIOMUHHUS) MOXKET NPHUBECTH K IIONAJaHHI0O B BOAY
HE)XeNaTeIbHbIX HOHOB U ITPUMeCeH.

7. Beauuuna pH ucxoonoii 600vl. OntumanpHoe 3HaueHue 6.5-7.5 (HeiTpanbHOe 3HaYECHUE).
OnexTponu3 Hanbosee 3¢ (HEeKTUBEH B BoJie ¢ OMIM3KUM K HeWTpanbHOMY pH, Tak kak B Takol cpene
nerdye koHTponupoBarh u3MeHenne pH u OBII Bo Bpems mporecca aktuBaruu. Kucneie wim
IIeJI0YHbIE UCXOAHbIE YCIOBUS TPEOYIOT O0JIee CII0KHOTO KOHTPOJIS TapaMeTPOB AEKTPOIIN3A.

8. Conenocms (konyenmpayus snexmporuma). OntumanbHoe 3HadeHue 0.05-0.1% NaCl
(500-1000 ppm). ob6aBieHue HEOOIIBIIOTO KOJIMYECTBA EKTPOIHUTA (HAIPUMED, XJIOPUIa HATPHS)
MOBBIIIAET AIEKTPONPOBOJHOCTD BOJBI U YCKOPSET MPOLECC MEKTPOJIN3a, YTO MO3BOISIET JOCTUYD
xenmaeMblx u3MeHeHudt pH u OBII. OpgHako CIOMIIKOM BBICOKAas KOHLIEHTPALUS COJIM MOXET
IPUBECTH K OOPa30BaHMIO HEXKENATEIbHBIX MOOOYHBIX MPOAYKTOB (TAaKUX KaK CBOOOIHBINA XJOD),
KOTOpBIE MOT'YT OBITh BPEIHBI.

9. Oxucnumenvro-eoccmanosumenvhuviti nomenyuan (OBII). lleneBoe 3HaYeHHE TIOCIE
aktuBaruu +200-800 MB (B 3aBucuMoctu ot HazHaveHwus). lleneBbie 3Hauenuss OBII 3aBucar or
NpeHa3HAaYeHUs] aKTUBUPOBaHHOW Boabl. Hampumep, ans ne3suHEKIUH PEeKOMEHyeTcs
nonoxkutenbHbliii  OBIT (+600-800 mB), Torma kak nansi TUTHEBOW BOMBI MPEANOYTUTENICH
orpunarenbusiii OBII (ot -200 MB u Huxke), Tak kKak OH cIOCOOCTBYET aHTHOKCHIAHTHBIM
cBoiicTBaM Bonbl. M3 aHanu3a jnureparyppl U C YYETOM OITHUMAIbHBIX 3HAUYEHUI OCHOBHBIX
apaMeTPOB MOXKHO 3aKJIFOUUTh, YTO ONTUMM3AIMS 3TUX TEXHOJIOTHYECKUX MapaMEeTPOB MO3BOJISIET
MOJyYUTh aKTUBUPOBAHHYIO BOJY C LIEJIEBBIMM CBOMCTBaMHU (HAllpuMep, ONpeAeTIEHHBIM YPOBHEM
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pH, OBII 1 xoHIIEHTpanMe akTUBHBIX (HOPM KHCIIOpOAA), a TAK)Ke KOHTPOJIUPOBATh CTAOMIIBHOCTD
1 3QPEKTUBHOCTH TMpollecca akTUBALUU. V3MeHeHne OHOro mapaMmerpa, Kak MpaBUiIo, BIHSIET Ha
ApyTHe, MO3TOMY MX HEOOXOIMMO MOAOMpaTh B KOMIUIEKCE, C YYETOM OCOOCHHOCTEH HMCXOTHOMN
BozbI [1-9].

Ecnu akTtuBuMpOBaHHAas BOAAa B IPUAIEKTPOIHOM Cpelie MCIOJIb3YeTCsl B TEXHOJIOTHUYECKUX
mpoueccax B TEYCHHE BPEMEHH, MEHBILEro, 4YeM BpEeMsl €ro JHEepreTHMYecKOW pesakcaiuu, TO
M30BITOUHAS TOTCHIMAJIbHAS JHEPrUs MOXET 3HAUYUTEIbHO W3MEHUTh CKOPOCTh U Jake
HaIpaBJICHUE PA3IMUYHBIX XUMUYECKUX peakiuil. Takum oOpazom, 3JEKTpOXUMHUECKasT aKTHUBALIMS
SBJIIETCS OJIHUM M3 CaMbIX MOIIHBIX METOJOB aKTHUBALMU U €IUHCTBEHHBIM JIETKO YIPaBISEMbIM
MPOLIECCOM. DTO CBSI3aHO C T€M, YTO U3MEHEHHE MOTEHIMATIBbHON 3HEPTUU TPUIJIEKTPOAHON BOIHOM
CUCTEMBI JOCTUTAeTCs 3a CUET HAIPABICHHOIO MOTOKA AJIEKTPOHOB: JUOO OT IEKTpoJa B BOILY
(BOoCCTaHOBUTENBHBIE MPOLECCHI), TUO0 OT BOABI K EKTPOAY (OKHCIHTEIbHBIE IMporecchl). [lpu
3TOM IJIOTHOCTh HPUAIEKTPOTHOM BOABI PE3KO MEHSAETCS H3-3a OBICTPOrO0 H3MEHEHUSA
pacnpezneneHusi ANeKTpoHOB. Kakaplii sieMeHTapHbI aKT W3MEHEHUS BHYTPEHHEH OJHepruu
MIPURJIEKTPOAHON BOJBI MPOUCXOIUT 3a BpEMs, COIOCTAaBUMOE C BPEMEHEM IIepexojia AIEKTPOHa
yepe3 JBOMHON anektpuueckuit cimoit (ADC) Ha rpaHHIe <«IEKTPOA—-aeKTponuT». s
Pa3IMYHBIX 3HAYCHHUN MepeHanpsHKeHus (MOISIpU3alii) 3TO BpeMs ISl pacCMaTpuBaeMOM CUCTEMBI
xone6nercs or 107 o 100 ¢. Takum o0pa3oMm, 1O CTENEHH HEPABHOBECHOCTH BO3JCHCTBHS
AJIEKTPOXMMHUUECKAsl aKTHBALMsl 3aHMMAET IMEPBOE MECTO CpelM H3BECTHBIX MeTonoB. Ilepexon
anekTpoHOB uepe3 JOC mnpu 3IeKTpOXMMHUYECKOM aKTUBALMKM HEU30€KHO COIMPOBOXKIACTCS
(U3UKO-XUMUYECKUMU TPEBPALICHUSIMHU, KOTOPbIE COOTBETCTBYIOT KOJIMYECTBY IPOMYIIIEHHOTO
AIIEKTPUYECTBA U DIEKTPOXUMHUYECKOMY SKBHBAJICHTY BOABI B MPUAIEKTPOAHON 30HE. CTemneHb
OKHUCJICHUS WJIM BOCCTAHOBJIEHUS BOJIbI ONPENENIAETCS BEIMYMHON MOTEHLMAaNa 3JEKTPoAa U, B
YaCTHOCTH, 3HAYCHUEM IMEpEHanpsKeHUs  (MOJIApU3AIMK)  DJIEKTPOXUMHUYECKUX  PEaKIIUM.
BBICOKOOKHCIIEHHBIE ~ HWJIK  BBICOKOBOCCTAHOBIEHHBIE  (DOPMBI  BOHBI,  TOABEPTHYTHIC
AIIEKTPOXUMHYECKOM aKTUBAIlMU, CO BPEMEHEM MOCIE MPEKPAILEHUS! aKTUBUPYIOIIETO BO3ACHCTBUS
MEepPeXo/AT B PABHOBECHOE COCTOSIHUE, NPUHUMAs WM OT/aBas JJIEKTPOHBI KOMIIOHEHTaM
OKPYKAIOIIEH CPEBI.

Takum oOpa3oM, SHEprus aKTHBUPYIOIIETO BO3ACHCTBUS OMpEIENseT CPEelHUE PACCTOSHHS
MEXIy YacTHIaMH (PIEKTPOHAMH, aTOMaMH, MOIEKYJIaMH) M, CJIeI0BaTelbHO, KOH(MUTYpaIuio
MPOCTPAHCTBEHHBIX CHJI MOJEKYISIPHOM CBSI3M, TO €CTh CTPYKTYpy BOIbI. V3MeHeHus 3Toit
CTPYKTYpBl pa3HOOOpa3Hee, yeMm Oosibllie BapHalMid 00pa30BaHUS OTHOCUTEIBHO YCTOWYMBBIX
KOMOMHAIMI MOJEeKyl ¢ (QYHKUUAMH pacrlpefesieHUus OJIIEKTPOHOB, OTIMYAIOIIUMUCST OT
PaBHOBECHOTO  COCTOSIHMS.  PerynmupoBaHuMe  CKOPOCTM M HampaBleHUs  Ipoliecca
MEKTPOXUMHUYECKON aKTUBALIMU OCYIICCTBISETCS MYyTEM HM3MEHEHHUs MOTEHIHaia W TOJSIPHOCTH
ANEKTPOAA, YTO SIBISIETCS 3HAYUTEIIBHBIM MPEUMYIIECTBOM IO CPAaBHEHUIO C JIPYTUMU METOIaMHU
aKTUBAIUU.

DxcnepumenmanvHas 4acmo

Jlis monydeHHs aKTUBUPOBAHHOM BOJIbI HAa OCHOBE OJJEKTPO(PU3UUECKON HOHHU3ALUU
HCIIOJIB30BAINCh JUCTWIIMPOBAHHAS WJIM OUYMILNEHHAs BOJA C HU3KUM COAEpPKaHWEM MHHEPAJIOB,
4T00Bl MUHUMM3HPOBATH BIUSHUE MOCTOPOHHUX BEILIECTB, U AIIEKTPOJIU3HBIA PEakTop, B KOTOPOM
yCTaHaBJIMBAeTCA JuapparMEeHHBIA SIIEKTPOJIM3HBIA 3JIEMEHT, pa3ieisIoIui aHOX W Karol M
MIPEAOTBpALIAONIMN CMENIMBAHNE AaHOJINTA U KATOJINTA.

B kauecTBe 37€KTPOIOB MCHOIB30BAJICSA WIEKTPOABI U3 HEPIKABEUKN C LEIBI0 MUHUMHU3ALNU
KOPpO3UM U AN O0ECleuyeHUs] TaKkKe BBICOKOW MpoBOAMMOCTH. Ha »anekTpoxmsl mojaercs
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MOCTOSIHHBIM TOK. DTO CO3[aeT 3JIEKTPUYECKOE I10JIe, KOTOPOE€ MHULIMUPYET MOHHU3ALMIO MOJEKYI
BOJIBL.

[Tox neficTBHEM AIIEKTPHUYECKOTO OIS IIPOUCXOIUT 00pa30BaHUE aKTHBHBIX (DOPM, TAKHX KaK
rupokcuibHbie pagukansl (*OH), Bogoponusie pagukansl (He) u apyrue peakiimoHHOCTIOCOOHBIE
yacTullpl. B nmpouecce HoHM3aLMK U3MEHSIOTCS BOJOPOIHBIE CBSI3U MEXy MOJIEKYJIaMH BOJbI, YTO
IIPUBOJUT K 00Pa30BaHUIO KJIACTEPOB C HOBBIMH CBOMCTBAMH.

AKTHBHpPOBAHHbBIE MOJIEKYJIbl BOJbI HAaYMHAIOT BECTU ce0sl MHA4e, MPOSABIAsS MOBBIILIEHHYIO
pEaKkLUOHHYI0 crocoOHOCTh. Ilocne 3aBepleHus mpoliecca MOHM3AIMK aKTHBMPOBAaHHAS BOAA
(aHOJIUT WK KaTOJIUT) cOOMpaeTcs B OT/CIbHBIC KOHTEHHEPHI U POBOATCS 3aMepsl (Tabmuia).

Tabnuua
3ABHUCUMOCTbD pH BOJIbl OT BPEMEHU AKTUBAIINU
TP PA3JIMYHbBIX 3HAYEHUAX HAIIPAXKEHUU MEXIY 2JIEKTPOLAMUN
Ne pH Hanpsicenue Bpemsa axmusayuu 6oovt na  pH 600w 6onusu  pH 6o0wr 601u3U
n/n mexHcoy 0CHOBE INEeKMPUYECKO20 AHOOH020 KamooHo2o
anekmpodamu, U, B noas, t, mun 9NEeKMpPoOa INEKMPOOa
1 8,13 0,5 5 7,92 8,15
2 0,5 10 7,52 8,11
3 0,5 15 7,86 8,01
4 0,5 20 7,97 8,01
5 0,5 25 7,97 8,12
6 0,5 30 7,97 8,06
1 7,99 10 5 7,83 8,04
2 10 20 7,46 8,23
3 10 60 6,61 8,87
4 10 120 4,93 9,12
5 10 180 4,75 9,74
1 7,96 20 5 7,74 8,58
2 20 20 6,89 9,26
3 20 60 5,01 9,90
4 20 120 4,90 9,68
5 20 180 4,69 9,16
1 8,17 25 5 8,14 8,58
2 25 20 7,30 9,43
3 25 60 5,12 9,94
4 25 120 4,78 9,70
3asucumocmo PH 600v1 om Hanpsicenuy mexcoy d1eKmpooamu
NpU NOCMOSIHHOM 3HAYEHUU 8DeMeHU aKmusayuy
1 8,06 0,5 20 7,97 8,01
2 10 20 7,46 8,23
3 20 20 6,89 9,26
4 25 20 7,30 9,43

AHanuz nonyyeHHwIx pe3ynomamos
1. 3aBucumocts PH 0T BpeMeHHU akTUBAlMU TIPH PUKCUPOBAHHOM HampspkeHUU. HanpsbkeHue
0,5 B: C yBennueHneM BpeMeHHU akTUBaluu oT 5 10 30 MUHYT HaOo1aeTcst He0OIbIIOE CHIYKEHUE
pH BOmm3m anoma (ot 7,92 mo 7,97) m crabmibHOe 3HaueHuWe BOMM3M karoma (ot 8,15 mo 8,00).
Hanpsoxkenue 10 B: Ilpu yBenuuenun Bpemenu aktuBauuu jgo 180 munyr pH BOmu3u aHona
3HaUUTENBHO CHIKaercs (ot 7,83 mo 4,75), Torma kak pH BOm3m karoma yBenmmuuBaercs (ot 8,04
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10 9,74). DTO yKa3bIBaeT Ha CUJILHOE BO3ACHCTBUE JIEKTPUUYECKOTO OIS HA KUCIOTHO-IIETOYHBII
6amanc Boael. Hanpspkerne 20 B: C yBennuennem BpeMeHU akTuBanuu pH BOMM3HM aHOIA Takke
3HAYUTENBHO CHIKaeTcs (0T 7,74 no 4,69), a pH BOmM3u karona yBenuuuBaercs (ot 8,58 1o 9,16).
OTO MOATBEpXkAaeT TeHHAeHIHIo, Habmomaemyto npu 10 B. Hampsokenune 25 B: CHmkxenune pH
BONM3u anona (ot 8,14 no 4,78) u yBenuuenue pH Bomm3u karona (ot 8,58 mo 9,70) npomomkaeTcs.
DTO0 MOMYEPKUBAET BIUSHUE HAMPSHKEHUS Ha MPOLIECC aKTUBALIUU.

2. 3aBucumocth pH OT HanpsikeHHs IPU PUKCHPOBAHHOM BPeMEHH akTuBaiuu. [Ipu BpeMeHu
axktuBauuu 20 munyt: C yBenuuenueM HanpspkeHus ot 0,5 B o 25 B nabmopaercsa caukenue pH
BOmm3u anoma (ot 7,97 nmo 7,30) m yBenmuenwe pH BOmm3um karoma (ot 8,01 mo 9,43). Dro
MOATBEPKIACT, YTO IOBBIIMICHUE HANPSHKEHUS HPUBOAMT K Oojiee BBIPAKEHHOMY H3MEHEHUIO
KHUCJIOTHO-ILIEJIOYHOT0 OanaHca.

Bui6oowt

1. C yBenuyeHueM BpPEMEHM AaKTHBAIlMM W HANpPsDKCHHUS HAOMIOMaeTcs 3HAUYUTEIbHOE
camwkenne pH BOmM3M aHoma um mosbiieHue pH BOmMM3M Karoma. DTO MOXKET OBITH CBSI3aHO C
00pa3oBaHHEM aKTHBHBIX (POPM, KOTOPBIEC H3MEHSIOT KUCIOTHO-IIEIIOYHBII OaIaHC BOJIBI.

2. UeM BbIIIE HANIPSDKEHUE, TEM OOJiee 3aMETHBIMU CTaHOBSTCS U3MEHEHHs pH, 4To ToBOpUT 0
OoJiee MHTEHCUBHOW MOHHM3ALMHU U 00pa30BaHUM aKTUBHBIX (POPM.

3. IlomydyeHHble IaHHBIE MOTYT OBITh HCIIOJNIB30BAaHBl IS ONTHUMH3AIMUA IPOIECCOB
aKTHBALIMU BOJBI B PA3JIMYHBIX OOJIACTSX, TAKUX KaK MEAMIIMHA U CEIIbCKOE XO3SHCTBO.

4. HeoOXomuMO POBECTH JIONOJIHUTEIbHBIE SKCIIEPUMEHTHI [T OoJiee IITyOOKOTO TOHMMaHHS
MEXaHW3MOB HM3MeHeHus pH, a Takke s W3y4eHHs BIMSHUS APYrHX (aKTOpOB, TaKUX Kak
TeMIeparypa 1 COCTaB BOJIBI.
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JABYXBAJIEHTHOT'O CAMAPUA U UTTEPBUA U UX PEAKLIUN
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SYNTHESIS OF GRIGNARD-LIKE CYMANTRENYL DERIVATIVES
OF DIVALENT SAMARIUM AND YTTERBIUM AND THEIR REACTIONS
WITH ALDEHYDE AND KETONES
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Annomayus. IlpuBoAsITCS JaHHBIE IO CUHTE3Y U PEAKIIMOHHOM CIIOCOOHOCTH JIByXBaJIEHTHBIX
caMapHueBbIX U UTTEPOMEBBIX IPOU3BOIHBIX ITUMaHTpeHa. [loka3aHo, 4TO HE3aBUCUMO OT CTPOCHUS
U TPUPOABI OPraHUYECKOTo pajguKaja, MPOAYKTAMHU B3aUMOJICHCTBHS albAETHAOB (KETOHOB) C
UMAaHTPEHUJI CAMApUEBBIMH U UTTEPOMEBBIMU TPOU3BOIHBIMHU SBJISIOTCS HE KapOMHOJIBHBIMHU
MPOU3BOJHBIMU I[IMMAHTPEHA, a PEIOKC-MPOIECCOM U COOTBETCTBYIOIIMMHU aJKEHUIbHBIMU
MPOU3BOAHBIMU. Takum 00pa3oM, MPOBEIEH CUHTE3 TPUHBSIPOIOIOOHBIX MPOU3BOIHBIX UTTEPOUS U
camapus B pactBope TT'®. M3yueHsl uX peakMOHHBIE CIIOCOOHOCTH C KETOHAMH M Pa3IUYHBIMU
albpACTUIaMU. YCTAHOBJIEHO, YTO CaMapHeBble M UTTEPOMEBBICE COEAMHEHHUsS pa3jaraercs
cootBercTBeHHO BhImie 110°C u 120°C.

Abstract. The article presents data on the synthesis and study of the reactivity of divalent
samarium and ytterbium derivatives of cymantrene. It is shown that regardless of the structure and
nature of the organic radical, the products of the interaction of aldehydes (ketones) with
cymantrene, samarium, and ytterbium derivatives are not carbinol derivatives of cymantrene, but
due to the redox process, the corresponding alkenyl derivative. Thus, the synthesis of Grignard-like
derivatives of ytterbium and samarium in a THF solution was carried out. Their reactivity with
ketones and various aldehydes was also studied. It was established that the samarium and ytterbium
compounds decompose above 110°C and 120°C, respectively.

Kniouesvie crosa: IMUMAHTPCH, ABYXBAJICHTHBIC ITPOU3BOAHLIC CaMapus U I/ITTep6I/I}I, PECOOKC-
mpomnecc, l"pI/IHI)SIpOHOJIO6HBIe MMPONU3BOAHBIC, TUMETUIIAMUHOMCETHII.

Keywords: cymantrene, divalent derivatives of samarium and ytterbium, redox process,
Grignard-like derivatives, dimethylaminomethyl.
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[TpomomkeHueM McciaenoBaHne B 00JaCTH CHHTE3, CTPOCHUE U CBOMCTBA METAIIONEHIIIBHBIX
MIPOU3BOTHBIX peIKO3eMeTbHBIX AIIEMEHTOB (JTaHTaHUIOB) SIBUJIACH, TOJTYYCHUS
TPUHBSPONONOOHBIX MPOU3BOAHBIX UMAHTPEHA UCXOS U3 caMapusl M UTTEpOUs, Takke M3ydeHUE
UX PEAKIIMOHHOMN CIIOCOOHOCTH 110 OTHOIICHHUIO anpaTndecKiM KeTOHAM | anbaeruaam [1, 2].

Kak u3BecTHO, rpUHBSPONOAOOHBIC TUMAHTPEHUIBHBIC TIPOU3BOAHBIC MOTYYCHBI KOCBEHHBIM
myTeM, peakien Mmexay H-BuMgBr u nmuMmanTpeHoM. BrIxon, pu 3TOM 10 JaHHBIM COCTaBIISIET HE
oonee 30-35% [3]. DToT MeTOX MOKa HE HAXOAMT IIMPOKOE IKCIICPUMEHTAIILHBIC TOATBEPKIICHHE.

PazpaGoran  Meron — mMONydeHHs] — TPUHBAPONOJAOOHBIX  PEAKTUBOB  LIMMaHTpEHa
(OC)sMnCsH4LNX mna ocHOBe camapuss u uUTTepOusA. I[lepCreKTHBHOCTH ATOr0 pPeaKkTHBA
3aKIII0YAeTCsl C TEM, YTO B OTIHuYUe OT MQ, ONMIKOBUIHBIE cCaMapHsi K UTTEPOUsT aKTUBUPOBAHHOTO
CO cynemoii B ycrnoBusix [4], B CHJIBHO MOJAPHOM pactBoputene — Tterparuapopypane (TI'D)
OpOMUIHbIE MM HOAWIHBIC MPOW3BOIHBIC MMAHTPEHA, OYEHb JEerKo mo peakuuu (1) oOpasyer
mpoaykKT moao0Ho peaktuBoB ['punbsapa (OC)sMnCsHy4LnX (rme Lh = Sm, Yb; X =Br, J) | - IV.

(0C)sMnCsHaX + mLn® — 25 (0C)sMnCsH, — LnX ()

-1V

Ln=Sm, m=4; X=Br(l),J (I
Ln=Yb, m=2; X = Br (Ill),J (IV)

Beixon (I-1V) mo peaknum (1) cocTapisieT NMPaKTHYSCKH KOJUYSCTBEHHBIM. Tak Kak HMX
peakuuu ¢ MesSiCl npusoaut (OC)sMnCsHsSiMes;. Peanusyemsbie 1o peakuuu (1) mpousBoassie |-
IV Ha mpumepe camapusi OepyT YETBIPEXKPATHOM H30BITKH, B CIIydae HTTEpOUS B JBYXKPAaTHOM
n30bITKU. [lonyueHHbI pe3ynbTar obecneyercs ¢ TeM, 4TO B 000MX CllydyasiX, 0OCOOEHHO B cilyyae
camapusi oOpasyeTcss KpaiiHe HecTaOWiIbHble Npou3BOAHbIE. [loaTOMY a7 mHpesoTBpalleHus
00pa3oBaHMs TPEXBAJECHTHOTO KaK CaMapHeBOE, TaK M WTTEPOHMEBOro MPOM3BOAHOTO OepyT 2-4
M30BITOK 3TUX METAJIOB B KadecTBe BoccTaHoBuTens. L{umantpenuibHbie (I-1V) mpousBommbie
IIPY KOHTAKTE C BOJOW MIHOBEHHO TMAPOJIN3YETCS U SBISAETCS 3K30TEPMHUYECKUM IporeccoM. Tak
KakK MPU 3TOM BBIICISETCs OOMBIIOE KONuecTBe Teria [5].

Oxkazanoch, 4YTO BEJEHHE B IMMAHTPEHWIbHYIO MOJEKYIly JUMETHIaMUHOMETUI
CTAOWIM3UPYIONIYIO TPYNIy TMPUBOAUT K JocTaToyHo cTabwibHeiM V-VIII  mpousBogHbiM
UMaHTpeHa. [t 3Toro cHavyasa ObUT OTY4YEeH COOTBETCTBYIOIIYIO TaJOr€HU bl [IMMAaHTPEHa

(OC)sMNCsH X + CICH, — N(CH3) — 2 MAICL 0y MnCoHs[CHoN(CH3),] — X )
o peakiun (2) CICH,;N(CHs),
(OC)sMnCsHs[CHoN(CHs)o] — X + mLn® — 25 (0C)sMnCsHa[CHoN(CHs)s] — LnX 3

V-VIII

Ln=Sm, m=2-3; X=Br (V),J (VI); Lh=Yb, m=2(3);
Ln=Yb, m=2(3); X =Br (VII), J (VIII)

Beixon npoussoanbix V-VIII ycranosnen Taxoke ux peakuuu ¢ CISiMes, koropoe Tonbko mpu
KECTKUX YCIIOBHIX o0Opasyercs B npenenax 60-82%.
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[IpouzBognasie V-VIII B otmmume ot npousBomubix |-V, mpu nauTenpbHOM XpaHEHHE WX
pacTBOpe HE MYTHEET W He 00paszyeT Kakue-nubo ocanku. M3ydeHue peakiMOHHON CIIOCOOHOCTH
Kak npousBoAHbIX Kak -1V, tak u npousBoasusix V-VIII, nocTarouHo sHEPruYHO B OYEHb MATKUX
YCIOBHSIX MHOTHMH aJIKAJI(APUI)raJIOTeHUIaMH IPUBOIUT K aJIKWJI HIUMaHTPEHA.

(4)

TOJTYOJ

(OC)sMnCsHsLnX + RX —————— > (OC)3MnCsH4R + LnX;
R=alk, X=Cl,Br,J

Oco0bIif MHTEpEC MPEACTABISIIO M3YYCHHE PEaKIIMOHHON crocoOHocTH Kak -1V, tak u V-
VIl ¢ keroHamu win anpaerngamMu. Tak Kak Ln" a stux PEaKIMAX CIIOCOOHBI MTEPEXOIUT Ln"

Jlnst uccnenoBaHue HaMH B3SITO HEKOTOPhIE CUMMETPUYHBIC U HE CUMMETPUYHBIC KETOHHBI,
HanpuMep areToH, METUJITHIKETOH, OyTaHOH, TCHTAHOH, (OPMAIJICTU, MPOMHIATICTHI,

OyTUIANIETHIN JP.

f L'\II z/('l B (5)
O —LnX + (CH3)C = 0 —> | (D —t
| SOLaX
Mn(CO) \_ Mn(CO);
— (O = (CH>
Mn(CO)EHs

LnX =SmBr; Ln=Sm, Yb; X =Br, Yb

OOmmpHOe U ITyOOKO€e HCCIIeIOBaHUE ITHX PEAKIMA 0OHAPYKEHO HE KOTOpOe 0COOEHHOCTEMH

TUX peakuui 3akiodaercs ¢ TeMm, 4To npu B3aumozeiicteue |-VIII mumanTpeHunbHbIX

MIPOM3BOAHBIX camMapus W UTTepOUs, HApUMep C aleTOHOM IIOCIIE€ PEeaKIUH MPOTYyKTaMH

B3aUMOJICHCTBUE OKa3ajloCh HE KapOMHOJIbHBIE, a COOTBETCTBYIOIME OECKUCIOPOIHBIE
OpPraHUYeCKUMU TPYIIaMU IPOU3BOIHBIE.

Ipudem mo mamusM MK-criektpa oGHApykeHO mosiBieHne B obmacti v 1620-1636 cm™

Lr* CH;
MOJIOCHI TIOTIIOIEHHSI, KOTOPOE COOTBETCTBYET BaJleHTHOM KonebanueM Lll: | rpynmbl
Lr‘ CHz
O6pazoBanue Cl Ll TPYIION TMPOU3BOAHOE IIMMAHTPEHA MPEAToNaraeTcsi, 4To TMOCie

MPUCOEANHEHNE MOHU3UPOBaHHON ¢opme LNX rpynnel Kk KapOOHWIBHBIM IpyNIaM MPOUCXOAUT
nepepacnpezeeHle MEeKTPOHHON MIIOTHOCTH KapOOAHMOHOTO LEHTPa, KOTOpPhIE 3a CYET BHICOKOU

e
OKCO(MIBHOCTBIO JIAHTAHUIHOTO aTOMa MPHUBOIUT €Tr0 OKUCIECHUIO Ln* ; Ln%

, a aroma
yriepoja K BoccTaHOBIEHHIO. C Ipyroil CTOpOHBI, B XO/€ TAKOTO IpoLecca MPOUCXOAUT TaKxkKe
ormervieHuss ot C-H cBs3eit atoma BomopoJa TO €CTh B PEJOKC Mpoliecca MPOUCXOAUT Takke [3-
AJIMMUHUPOBaHUS BOJOPOJHOIO aToMa.

CrpoeHure MOoITy4eHHbIX KOMIUIEKCOB ObUIM JI0KA3aHO C JIaHHBIMH 3JIeMeHTHOro aHanusa, UK,
SIMP 'H u Y®-cnekTpockonueid. 3a cyet HeycTounBocTH |-1V HaMm He ynanoch mpoBecTH A HUX
OIIPENeNIUTh JJIEeMEHTHbIH cocTaB. OaHaKo, (PU3MKO-XUMHUECKUMHU JAHHBIMH MOATBEPXKICHO HX

CTPOEHHE KOTOPOE COOTBETCTBYET MpEAJIaraeMoil CTpyKkType [6].
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Uro kacaercs xomiiekcoB V-VIII, oHu ObuM BBIIETEHBI U3 PEAKIIMOHHON CPEabl METOIAOM
OCaXJEHUE XOJNOTHBIM rexkcaHoM. OHU TBepable, OopAoBoro IBera BemiecTBa. Coaep uTh 0 6
MOJICKYJT KoOpAuHHpoBaHHOTO ¢ aroMamu SM u Yb TI'®. Camapuessie V-VI coenuneHue
pasmnaraercs ¢ Boiue 110° C, a urrepouessie VII-VIII 120°C.

Uro kacaercsi (U3MKO-XMMUYECKHE MOKa3aTedu MOJYyYEHHBIX MPOAYKTOB IPU HU3yUEHUE
pEaKUMOHHONW CIMOCOOHOCTH, TO BCE OHHU SIBISETCS U3BECTHBIMH JIUTEpaType MPOU3BOJIHBIC
uMaHTpeHa. Tak He 3aBUCHMO OT MX CTPOCHHUE M COCTaBa OHHU SIBJISICTCS XHIAKUMHU Tpoaykramu ¢ d
=1,263+1,316 r/em’,

Takum o6pazom ocymectBiieH B TT'® pactBope cuHTe3 [puHBAPONOAOOHBIE MPOU3BOIHBIC
UTTEpOUsT M caMapusi, U M3y4eHbl UX C PA3NIMYHBIMU AJbJACTHUAAMU U KETOHAMH PEaKIHOHHBIC
cnocoOoHoctu. [lokazaHo, 4TO B OTIMYME OT MArHUEBBIX MPOU3BOJHBIX ITUMAHTPEHA, IPOAYKTAMHU
ATUX PEAKLHUU SBISICTCS HE 3aBUCMMO OT CTPOCHHUE U MPUPOJION OPraHWYECKOro pajuKalia 3a CueT
penoKc-Tpolecca OKUCICHNUE JAaHTAHUAHOTO aToMa, OECKUCIOPOIHOTO aJIKEeHUIbHbIE TPOU3BO/IHbIC
MMaHTpPEHA.

BBenennio B HUMaHTPEHWIBHYIO MOJIEKYIY CTaOWJIM3HPYIOUIETO IUMETUIAMUHOMETUITHYIO
Tpymmy, 3TH TMPOU3BOAHBIC OBLIM BBIIEIEHBI W3 PEAKIMOHHOW CpeIbl METOJAOM OCAXKICHHUS H
OXapaKTEepPU30BaHbI C TAHHBIMU (PU3UKO-XUMUYECKOTO aHAIIK3a.
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B3AUMOJIEMICTBUE ACITAPATMTHATA KAJIUS C BUBAJTEHTHBIMU METAJIJIAMHA
(m3yuenme cucrembl MnCl,-C4HgKNO4-H,0 npu 25°C)

©0moesa XK. C., SPIN-xo0: 8581-3381, Ouickuii 2ocyoapcmeenmbiii
yuusepcumem, 2. Out, Keipevlzcman
©Anmwtoaesa /1. T., ORCID: 0000-0002-0309-3631, SPIN-x00: 6875-5463, 0-p xum. nayx,
Ouwickutl 2ocyoapemeennulil yuugepcumem, 2. Ow, Kvipevizcman, altybaeva d@mail.ru

INTERACTIONS OF POTASSIUM ASPARAGINATE WITH BIVALENT METALS
(studying the MnCl,-C4HsKNO,4-H,0 system at 25°C)

©0moeva Zh., SPIN-code: 8581-3381, Osh State University, Osh, Kyrgyzstan
©Altybaeva D., ORCID: 0000-0002-0309-3631, SPIN-code: 6875-5463, Dr. habil.,
Osh State University, Osh, Kyrgyzstan, altybaeva_d@mail.ru

Annomayus. Uccnenyercs cucrema MnCly-C4HgKNO4-H20 tipu Temmeparype 25°C ¢ nienbro
u3ydeHus (a3oBBIX paBHOBECHH U 00pa3oBaHUS pa3IMYHBIX KpucTandeckux (a3. beutn
MIPUTOTOBIIEHBI PACTBOPHI PA3MYHOIO cocTaBa. lIpoBeneHO uX wHcCmapeHHe NpU KOMHATHOM
temmeparype. [lomydeHHBIC KPUCTAUTBI aHATH3UPOBAIKMCH C TIOMOIIBIO PEHTTEHO()A30BOTO aHAIM3a
(P®A) u wMukpockonuu. Pesynmprarhl nokazaaud 00pa3oBaHHE KOMIUJIEKCHBIX —COEIMHEHUI
Mn(C4HsKNQO,4)2%x2H,0 npu cooTHomIeHHIX KOMIOHEHTOB 1:1 u 1:2, a Takske MHOTOI'HIPATHBIX
dopm MnClyx4H,0 npu nobiienHol koHuentpaun MnCly. Mopdomnorus u pazmMep KpucTaaioB
BaphbUPOBAIMCH B 3aBHUCHMOCTH OT COCTaBa pacTBOpoB. l[lomydeHHBIC IaHHBIC BaXKHBI JUIS
JAIBHEUINETO  MMOHMMAHHUS  IPOILECCOB  KOMIUIEKCOOOpa3oBaHHMSIT W KPUCTALIM3AlMU B
MHOTOKOMIIOHEHTHBIX CHUCT€Max M MOTYT OBITh IOJIE3HBI U pa3pabOTKU HOBBIX MaTepHalioB U
TEXHOJIOTHM.

Abstract. The MnCl,-C4,H¢KNO,4-H,O system is investigated at 25°C to study phase
equilibria and the formation of various crystalline phases. Solutions of various compositions were
prepared and evaporated at room temperature. The resulting crystals were analyzed using X-ray
diffraction (XRD) and microscopy. The results showed the formation of complex compounds
Mn(C4H6KNO4)2x2H20 at component ratios of 1:1 and 1:2, as well as polyhydrate forms of
MnCl12x4H20 at elevated MnCI2 concentrations. The morphology and size of the crystals varied
depending on the composition of the solutions. The data obtained are important for further
understanding of complexation and crystallization processes in multicomponent systems and can be
useful for the development of new materials and technologies.

Kniouesvie cnosa: MnCly, nupuaun-2,6-nukapookcunar kamus, HoO, ¢a3oBsie paBHOBECHS,
KOMITJICKCHBIC COCTUHEHHS, PEHTTeHO(A30BBIA aHAIN3, KPUCTAJUTU3ANNSA, THIPATAIUs, BOIHBIC

pacTBop.

Keywords: MnCl,, potassium pyridine-2,6-dicarboxylate, H,O, phase equilibria, complex
compounds, X-ray phase analysis, crystallization, hydration, aqueous solutions.

B mnacrosmee BpEMA H3YUYCHHUC BOIAHBIX PAaCTBOPOB H HX (I)HBOBLIX paBHOBeCI/Iﬁ SABIIACTCA
OJHOM M3 KIIIOUEBHIX 3a4a4 XMMHHU PacTBOPOB. OTO BaXXKHO AJI1 TOHUMAaHUA pas3JIMIHbIX ITPOLECCOB,
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TaKMX Kak pacTBOPUMOCTb, KOMILIEKCOOOpa30BaHHWE U KPUCTALIM3ALUs, KOTOPbIE WIPAIOT
3HAYUTEIBHYIO POJIb B XUMHYECKOW MTPOMBIIIUICHHOCTH, OMOJIOTHH B MaTepranoBeaeHuu [ 1].

Cuctema, cocrosimas u3 xjiopuga Mapraana (MnCl, ), nupuann-2,6-aukapOoKkcuiara Kanus
(C4HeKNO4) u Bomer (H20), mpencraBisier ocoOblii WHTEpec Osarofaps CBOEH CIOCOOHOCTH
o0pa3oBbIBaTh Pa3HOOOpa3Hble KOMIUIEKCHbIE coeauHeHus. MnCl, mmpoko wucnonbsdyercs B
METaJUTypriuu, IPOU3BOACTBE OaTapell M B XMMUYECKUX CHUHTE3aX, B TO BpeMs KakK MUPUIUH-2,6-
TUKapOOKCHIIAT KaJlsl IPUMEHSIETCSl B KQUECTBE JIMTAH/IOB B KOMIUICKCHBIX COCTUHCHHSIX. BogHbIe
PacTBOPBI ATHX BEIIECTB MOTYT 00pa30BBIBATh Pa3HOOOpPA3HBIE TUAPATHPOBAHHBIC M KOMILIEKCHBIC
(hOopMBI, UTO JeNIaeT ATy CUCTeMY HHTEPECHOM I nccaeaoBanus [2].

Ha nanHBI MOMEHT CyHIECTBYET OTpaHMYEHHOE KOJUYECTBO HCCIIETOBAHHM, MOCBAIIEHHBIX
umenHo cucreMe MnCly-C4HgKNO4-H,0, uto nmemaer Hacrosiee MccleAOBaHHWE aKTyadbHBIM H
HOBAarOpckuM. PaHHuME paboThl MO W3YyYEHUIO BOMHBIX pacTBOpoB MnCly ¥ pa3smu4HBIX
KapOOKCHIIaTOB MOKa3aJId BO3MOKHOCTh 00pa30BaHUs KOMIUIEKCHBIX COEIMHEHUI C MHTEPECHBIMU
CBOMCTBaMU, YTO MOJYEPKUBAET BAXKHOCTh JAHHOTO HccienoBanus [3].

Pe3ynbrarel, MONy4eHHBIE B XONIE MCCIICOBAHHS, MOTYT OBITh IOJIC3HBI IS JadbHEHIIEro
MMOHUMaHUS B3aUMOJICHCTBHII B MHOTOKOMIIOHEHTHBIX BOJHBIX CUCTEMAaX, a TakxKe JJisi pa3paboTKu
HOBBIX MaTe€pHUaIoOB U TEXHOJIOTHUIA Ha UX OCHOBE [4].

Lenpto wuccnemnoBaHusi sBiseTcs u3yueHue ¢a3oBeIXx paBHOBecuit B cucreme MnCl,-
C4sHeKNO4-H,O mpm  temmeparype 25°C. [l AOCTHXKEHHST 3TOW IedH OBUIM ITOCTAaBJICHBI
CIEyIONIME 3aJlayd: OIPEICICHHUE COCTaBa pPACTBOPOB IMPU PA3JIUYHBIX KOHIICHTPAIHIX
KOMITIOHEHTOB; M3y4YCHHE YCJIOBUN 00pa30BaHUs pa3IUYHbIX KpHUCTaUIMueckux (a3; aHamm3
KOMITJIEKCOOOpa30BaHUs B CHCTEME U XapaKTEPUCTUKA TOTYYCHHBIX KOMIUIEKCHBIX COCTUHEHHM.

Mamepuanvt u Memoowl ucciedo8anus.

Uccnenosanue cucrembl MnCly-C4HsKNO4-H,0 npu temmnieparype 25°C Ob110 BBIIIOJIHEHO B
naboparopuu XUMHUH AHAMKAHCKOTO TOCYIapCTBEHHOTO YHUBEPCHTETa Ha OCHOBAaHUH JOTOBOpA
Ne2 or 2023 ropa.

B pabote ucCnonp30BaIMCh COBPEMEHHBIC METOJIBI aHAJIM3a, TaKWe Kak PEHTreHo(]a30BBIH
ananmus (P®DA), nns ompeneneHus CTpyKTypbl U cocTaBa ¢a3. McciemoBaHus TpOBOIWINCH MPU
KoMHaTHOU Temneparype (25°C) amns OleHKH MOBEICHHS CHCTEMbI B YCIOBHSIX, MTPUOIMKEHHBIX K
peaNbHBIM.

JUIs  TpoBeICHUS JTAHHOTO WCCIICJIOBAHUS WCIOIB30BAINCH CIEAYIONIUE PEAKTUBBI U
MaTepHuabl:

Xnopun mapranna (IT) guruapar (MnCl;x2H,0). TIpoussoautens: Sigma-Aldrich. Yucrora:
99,9%. OOpazen npensapurenbHo BhicymieH npu 100°C B TedeHWe 2 YacoB Ui yHaJCHHS
a7IcOpOMPOBAHHOMN BIIATH.

[Mupuann-2,6-auxapookcunar kamust (C4HgKNO,). IpousBomutesns: Merck. Hucrora: 98%.
Hcnonb3oBaics 0e3 JOMOTHUTEIBHON OYHUCTKH.

HuctunnupoBanHas Bopaa. I[lomyuena B maGopaTopu ¢ TOMONIBIO ammapara Ui
TUCTUJUISIIAH. DJIEKTPONPOBOAHOCTE: MeHee 0,1 uS/cm.

[Mpurorosnenue pactBopoB. PactBopet MnCly; u C4sHsKNO, ToToBHITHCE TIyTEM pacTBOPEHHS
COOTBETCTBYIOIIMX KOJIMYECTB TBEPJOTO BEIIECTBA B JUCTHUIUIMPOBAHHOW Bozae. KoHIeHTparuu
PacTBOPOB BapbUPOBATUCH JIJISl H3yUCHHSI pA3TUYHBIX (Da30BBIX paBHOBECHI [5].

PactBop MnCI,. Ilpuroronern 0,5 M pacTBop myTeM pacTBOPEHHS COOTBETCTBYIOIIETO
konmmdyectBa MnClp,x2H,0 B aucTHUTHpOBaHHON Boje. PacTBOp TIIATENBHO IMEPEMEIIUBAJICS [0
MIOJTHOTO PAaCTBOPEHMsI TBEPIOTO BEIIECTRA.
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PactBop C4HgKNO,. ITpurotosnen 0,5 M pacTBOp myTeM pacTBOPEHHUSI COOTBETCTBYIOIIETO
kommuectBa C4HgKNO, B mucTummpoBanHoi Bojie. PacTBOp Takke TIIATENHHO MEPEMEITUBAIICS JI0
MIOJTHOTO PACTBOPEHHUSI TBEPJIOTO BEIIECTBA.

Memoowl uccreoosanus

Ucnapenne n kpuctaminzanus. [IpuroroBieHHbIE pPacTBOPHI CMEIIMBAIUCH B PA3TUYHBIX
COOTHOUIEHMSIX U OCTaBJSUIMCH MpU KOMHATHOW TeMmmeparype (25°C) nns ucnapenus. Mcnapenue
IIPOBOJIUJIIOCH B OTKPBITBIX CTEKJISIHHBIX 4Yallikax IleTpu, IOMENIEHHBIX B 3KCUKAaTOp JUId
MpeloTBpalleHusl nonajanusa npuid. OOpaslbl OCTABISUIMCH JI0 MOJHOTO HCHAapeHusi BOIBI U
o0pa3oBaHUsI KPUCTAJUIMYECKUX (a3.

Pentrenoga3zobrit aHanu3 (PDA). ITonmy4yeHnsbie KPUCTAJLIIBI IIO/IBEPraJICh
peHTreH0(a30BOMY aHANU3y [UIA ONPEACTCHUS UX CTPYKTYpbl. AHaIU3 MPOBOAMICS Ha
mudpakromeTpe ¢ ucrnoiab3oBanueM Cu Ko mznydenus. Ilar ckanmpoBanus coctasisun 0,02° 260,
BpeMsi HakoruteHuss — 1 c/mrar.

Muxkpockonuueckuii aHanus3. Kpucramnmueckue oOpasipl HM3y4YaJUCh 11071 ONTHYECKUM
MHUKPOCKOIIOM JUISI OTIpeiesieHusI X Mop(dosorun U pasmepa. Vcrnomp30Baics Moaspru3aliOHHBINA
MHUKPOCKOII ¢ yBennueHueM 10 400x.

AHanu3 cocraBa pacTBOpoB. KoHIIEHTpalliu MOHOB B pacTBOpax OINPEACISIIUCH C TOMOILBIO
MOHHOM Xpomarorpaduu. Vcmomp3oBanach CHUCTEMa C JETEKTOPOM 3JIEKTPOIPOBOJHOCTH H
KOJIOHKOM J1J11 aHUOHOB.

Bce pacTBOpbl TOTOBHIMCH HEMOCPEICTBEHHO MEpel SKCIEPUMEHTaMU, 4YTOOBl H30eKaTh
BO3MOKHBIX U3MEHEHHMH cocTaBa [6].

PacTBOpbI cMemmBanuch B pa3ianuHbiX cooTHomeHusx: 1:1, 1:2, 2:1u t. 1.

Kaxnasg cmech ocraBisuiack g ucnapeHus B otaenbHoM 4vamke llerpu. Ilocne mosmnoro
WCIIapeHUsl BO/bl KPUCTAIUIbI M3BJIEKAIUCh U aHATM3UPOBAINCH C MOMOIIbI0 PDA 1 MUKpOCKOIIUU.

HOHy‘IeHHBIe JaHHBIC HCIIOJIB30BAJINCH A IMOCTPOCHUS (ba30BOI>i JuarpaMmbl CHUCTCMbI
MnC|2-C4H6KNO4-H20.

Pezynomamur uccneoosanus

Hna wuccnepoBanus cucreMbl MnClp-C4HgKNO4-H,O  mpu temmeparype 25°C  Obuin
MPOBENEHBl DKCIIEPHUMEHTHI MO0 WCHAPEHHWIO pPAcTBOPOB pa3IMYHBIX KOHIEHTparumii. Hioke
MPUBEACHBI PE3YNbTaThl JUIsI 3 HKCIEPUMEHTAIBHBIX CEpUH C Pa3TUYHBIMH KOHIEHTPAIHSIMA
KOMIIOHEHTOB.

Cepust 1: 1:1 (MnCl3:C4H¢KNO,). Konuenrparus pactsopos: 0,5 M. YcioBus: ucrnapeHue
npu  KOMHAaTHOM  Temmeparype. Pe3ymprarel:  HaOmomanoch  00pa3oBaHHWE  KPUCTAIIOB
Mn(C4HsKNQO,4),%x2H,0. dopma kpucTauioB: TOHKHE uroisdarsie. Pasmep kpuctamios: 100-200
MKM.

Cepust 2: 2:1 (MnCl3:C4HgKNO,). Konuenrparus pactsopos: 1,0 M. YcioBus: ucnapeHue
IIpU KOMHATHOM Temmeparype. Pesynbrarel: oOpazoBanue MHororuapatHoit popmbsl MnClyx4H,0.
®opma kpuctauion: TabauTtdarsie. Pazmep kpucramion: 50—100 MkMm.

Cepus 3: 1:2 (MnCl,:C4HgKNO,). Konnientparwst pactsopos: 0,25 M. YcnoBus: ucnapeHue
Opyu KOMHATHOW Temmeparype. Pesymbrarel: oOpasoBanue kpuctamuioB Mn(C,HgKNO,),-2H,0.
dopma KpucTaiioB: npuzMarndeckue. Pazmep kpucramnon: 150-250 mxm.

dazosas quarpamma cucteMbl MnCl,-C4HgKNO4-H20 mipu 25°C.

Mukpodororpadpuun  kpuctasuioB:  cepuss  1:  Tonkme — urompyatble  KpHCTaJUIbI
Mn(C4H6KNO4)2X2H20 (PI/ICYHOK).
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P UCYHOK. Hronbuateie KPpHUCTAJJIbI

Cepus 2: tabmuruareie kpuctauibl MnCly-4H,0O. Cepust 3: mpu3MaTHYeCKHE KPHUCTAILIBI
Mn(C4H6KNO4)2X2H20.

Ha ocHoBe nosTy4eHHBIX TaHHBIX MOYKHO C/I€NIaTh BBIBOJIBI:

Oo0paszoBanue komiuiekcHbIX —coeauHenuit  Mn(C4HgKNO,)2x2H,O npoucxomut npu
COOTHOIICHUH KOMITOHEHTOB 1:1 1 1:2.

[Ipu mnoseimenHoil koHmeHTpamuu MnCl, (2:1) oOpasyercs MHororuaparHas (opma
MnCI2><4H20.

B 3aBHCHMOCTH OT COOTHOIIIEHHUSI KOMIIOHEHTOB M3MEHsAeTcs GopMma U pa3Mep KPHUCTALIOB,
YTO yKa3bIBaeT Ha PA3NIUYHS B YCIOBUSAX KPUCTAJUTH3AIMH U cocTaBa (as.

[TomydeHHBbIC pe3yJIbTaThl BaXKHBI IS TOHMMAHUS MEXaHU3MOB KOMILIEKCOOOPa30BaHUS U
KpUCTAIM3alMd B JAaHHOW CHUCTEME, YTO MOXET OBbITh IOJIE3HO B PAa3jIMYHBIX XUMHUYECKHX U
MIPOMBIIIICHHBIX TPUIOKEHUSX.

OTH naHHBIC TOATBEepkIarT cioxkHoe noseneHue cuctembl MnCly-C4H4 KNO4-HO mpu
pPa3IMYHBIX KOHIEHTPAIUSAX KOMIIOHEHTOB M OTKPBIBAIOT BO3MOXKHOCTH JUIS JTallbHEUIINX
UCCIIEIOBaHUI B 00JaCTH XMMHH PACTBOPOB U MaT€pUATOBEICHHUS.

3axnmouenue

B xome wmccnemoBanms cucrembl MnClp-C4HsKNOg-H,O mpu Ttemmeparype 25°C Obutn
MONy4yeHbl [IEHHbIE JaHHble O (Da30BBIX PABHOBECHSIX M CTPYKType OOpa3yromuxcs
KpucTaimnudeckux coenuHeHuil. Ilpu cooTHomenusix kommonentoB 1:1 m 1:2 B pacTBOpe
obpasyrorcss  komiutekcHble coeauHenust Thna Mn(Cg4HgKNO,)4x2H,0, uto moarsepkmaer
BO3MOXKHOCTh OOpa30BaHUS CTAOWIBHBIX KOMIUIEKCHBIX COCIMHEHWUH B BOmHOUN cpexae. I[lpm
noBeIeHHOW KoHIeHTpamnmu MnCly (cootHomenue 2:1) oOpasyeTcss MHororuaparHas (opma
MnCl,x4H,0, 4to yka3biBaeT Ha BBICOKYIO CKJIOHHOCTE MnCl, K ruaparaiuu B JaHHBIX YCIOBHSX.
[TomydeHHBIE KPUCTAUTBI KIMEIOT pa3iIMYHbIC GOPMBI U pa3Mephbl B 3aBUCUMOCTH OT COOTHOIIICHUS
KOMITOHEHTOB, YTO TOBOPHUT O BIIMSIHMH COCTaBa PacTBOpPAa Ha MPOIECCHl KPUCTAIUTU3AINHA U POCTA
KkpuctaioB. [lomydeHHblE pe3yabTaThl BaXKHBI I JAJIbHEUIIEr0 MOHHUMAaHUS MEXaHHW3MOB
KOMITJIEKCOOOpa30BaHUs ¥ TUAPATAIIMN B MHOTOKOMITOHEHTHBIX CUCTEMaX. JTHU JaHHbBIE MOTYT OBITh
WCIIOJTb30BaHBI IS Pa3pabOTKU HOBBIX MaTepHaioB W TEXHOJOTHH, OCHOBAaHHBIX HAa CHCTEMax C
XJIOPHUIOM MapraHiia ¥ MAPUIHH-2,6- THKapOOKCHIATOM KaJTHs.
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Abstract. In the presented article, the species included in the Pimpinella L. genus, common in
the flora of the Nakhchivan Autonomous Republic, were studied, and it was found that 11 species of
the genus were found in the study area. P. anisum L., one of these species, is cultivated. The article
also reflects the bioecological characteristics and areas of use of species belonging to the genus.
According to the literature and our research, species belonging to the genus are valuable spices and
are used in medicine, perfumery, cosmetics, food, and confectionery industries. The studied species
are widespread in the types of vegetation of the foothills, plains, and lower, middle, and upper
mountain belts of the region.

Annomayus. VIsydensl Buasl, Bxomsamue B poa Pimpinella L., pacnpoctpanennsie Bo iiope
HaxuueBanckoit ABTOHOMHOI PecnyOnuku. YcTaHOBIEHO, YTO Ha HCCIEAYEMOW TEPPUTOPHUU
obuapykeno 11 BumoB poma. KympruBupyercss P. anisum L. oTpaxkeHbl OHOIKOJOTHYECKHE
0COOEHHOCTH U 00JIaCTH MCTOIb30BaHMS BUJIOB, TPUHAIICKAITUX K pomny. [1o maHHBIM ITUTEpaTyphl
W HallUX WCCIEAOBaHUM, BHUIbI, OTHOCSIIMECS K pOMdY, SBIAIOTCS IEHHOW MPSHOCTHIO U
UCTIIONB3YIOTCS B MEAWIMHE, MaphoMepur, KOCMETHKE, TMHIIEBOM ¥  KOHAUTEPCKOU
MPOMBIIUIEHHOCTH. BUBI IMPOKO pacpOCTPaHEHbI B PETUOHE.

Keywords: bioecology, ethers, spice.

Kniouesvie cnosa: 6noskonorus, 3pupsel, NpSHOCTH.
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The flora of the Nakhichevan Autonomous Republic is rich in economically useful plant
resources. The location of the territory in the zone of sharply continental climate had a greater
impact on the flora. The flora of the region has a deep historical origin, has undergone a complex
natural-historical process of development, and has reached its current state, undergoing changes
from time to time as a result of various physical and anthropogenic impacts.

Among the natural resources of the Nakhichevan Autonomous Republic, flora occupies an
important place in terms of its soil and climate characteristics. Unlike other botanical and
geographical regions of Azerbaijan, the vegetation of the mountainous zone of the Nakhichevan MR
is richer. The highlands, mid- and lowlands, as well as the plains of the autonomous republic, are
the main habitats of various plant groups. Plants, which are the main component of the biosphere,
are considered to be among the first creatures used by man. A number of biologically active
substances contained in plants are used in medicine, perfumery, and cosmetics; in the preparation of
food and confectionery products; in many areas of the national economy; in the home; in the
treatment of various diseases; and in the medical industry.

Among the studied Apium. Of particular importance in production are species of the
Pimpinella L. genus, which are part of the family. Given the relevance of the topic, it is considered
important to conduct research in this direction.

Material and research methods

In the course of the research, generally accepted floristic, geobotanical, bioecological, and
other methods were used, and phenological observations were used. Literary sources and factual
data obtained during field studies were named as the main material of the study, and various
territories of the region were selected as the object of the study. A. Askerov "Azerbaijani flora" [2],
H. Gasimov, S. Ibadullaeva, M. Seidov, G. Shiralieva "Wild vegetable plants in the flora of the
Nakhchivan Autonomous Republic” [18], when determining the species belonging to the genus
Pimpinella L. H. Gasimov, S. Ibadullacva, M. Seidov, Z. Salaeva. “Flora and vegetation of the
Shahbuz State Nature Reserve” [17]. A based on the works of Ibragimov “Distribution, stocking,
and use of Pimpinella L. species in the territory of the Nakhchivan Autonomous Republic” [20],
Flora of Azerbaijan [6].

Discussion and conclusions of the study

Pimpinella L. is one of the economically important genera of the flora of the Nakhchevan
Autonomous Republic. As a result of personal research and available literary materials, 11 species
belonging to the genus were found in the region, of which 1 species (P. anisum) is cultivated in the
cultural flora. The systematic composition and bioecological characteristics of important species of
this genus are reflected in the table below (Table).

When analyzing the ecological groups of species included in the genus, it was found that the
species Pimpinella rhodantha, P. anthriscoides, P. saxifraga, P. puberula, and P. peregrina are
mesophytic; P. aurea, P. aromatica, and P. squamosa are xerophytes; and the species P.
pseudotragium are mesoxerophytes.

Based on the available literary sources and our own field studies, the species of the genus
belong to different ranges of class, which makes it possible to determine the migration routes of the
species to the territory.

The species of the Pimpinella L. genus distributed in the study area were analyzed in 9 areal
classes according to zonal and regional principles. It is known that the species is widespread in such
areas as Asia Minor-Caucasus, Southwest Asia, Central Asia, Iran, Iberia-Albania, the Western
Palearctic, and Atropatene. The areal class of the species P. anthriscoides is unknown.
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Table
TAXONOMIC COMPOSITION OF SPECIES OF THE GENUS Pimpinella
Species name Ecological Area class Flowering and fruiting
quarters stage
Pimpinella rhodantha Boiss. Mesophyte Asia Minor-Caucasus VILVII-IX
P. anthriscoides Boiss. Mesophyte It is not known VILVII-VII
P. aurea DC. Xerophyte Iran V1, VII-VII
P. aromatica M. Bieb. Xerophyte Iberia-Albania VILVII-VILVIII
P. saxifraga L. Mesophyte Western Palearctic VII-VIII
P. peucedanifolia Fisch. ex Ledeb. Mesoxerophyte Atropatene VII-VIII
P. squamosa Karjag. Xerophyte Atropatene VI, VII-VIL, VI
P. puberula (DC.) Boiss. Mesophyte Central Asia VII
P. peregrina L. Mesophyte Central Asia V-IX
P. tragium ssp. pseudotragium (DC.) Xerophyte Southwest Asia V, VI, VII-VIII

V.A. Matthews *

Species belonging to the genus Pimpinella L. are annual, biennial, and mostly perennial
herbs. The trunk is flat, rounded, and branched at the top. The leaves are pinnate or two- to three-
layered pinnate plants. The petals are white, less often pink, grooved at the top, and curved inward.
It blooms in June-July and bears fruit in August. The upper side of the fruit is blunt and uneven, the
outer convex, the inner flat.

The species Pimpinella rhodantha is a perennial herb found in meadows and shrublands of
the subalpine and alpine belts of the region. As an important species, the drug has long been used by
local people to treat diseases such as asthma, bronchitis, cancer, cholera, and cough.

The species Pimpinella anthriscoides is widespread in forests and meadows of the mid-
mountain and subalpine zones. The plant is a medicinal and ornamental species, used as a flavoring
agent in the food, perfume, tonic, pharmaceutical, and beverage industries.

The species Pimpinella aurea is found in rocky areas of the mid-mountain zone. The main
characteristic of the species is the pleasantness of its flowers and fruits. That is why it is important
in beekeeping. The roots and seeds of the plant are also used in veterinary medicine.

The species Pimpinella aromatica is widespread in rocky areas of the mid-mountain zone.
Medicine is an important type. The plant is used as an antitussive in the treatment of diseases such
as inflammation of the upper respiratory tract and diphtheria. Pharmacologically, the essential oil
contained in it has a resorptive and antispasmodic effect. Oil prepared from the fruits of the sweet-
scented false sedum has a bactericidal effect, affecting the liquefaction of phlegm from the bronchi,
accelerating its removal. It has a positive effect in the treatment of tracheitis, laryngitis, bronchitis,
diphtheria, chronic bronchopneumonia, and tonsillitis.

The Pimpinella saxifraga species is widespread in the subalpine and alpine meadows of the
study area. The local population mainly uses this species as feed. It is of particular importance as
the main source of nutrition for farm animals and also has a positive effect on the digestive system
of animals, increasing milk yield in cattle.

Preparations from the Pimpinella peucedanifolia species are successfully used in the
treatment of many diseases, such as gastritis, flatulence, constipation, and other diseases of the
gastrointestinal tract. Its fruits have a mild diuretic, antiseptic, and antispasmodic effect in cystitis,
pyelonephritis, and urethritis.

The Pimpinella squamosa species is found in the rocks and boulders of the middle mountain
belt of the study area. Due to the pleasant aroma of the fruits, it is used in meat and fish casseroles,
pickled cabbage, pickled cucumbers, and tomatoes.
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Pimpinella puberula is an annual herbaceous plant, widespread in Asia Minor, Iran, and
Central Asia. Pimpinella puberula grows in sparse forests, in depressions, on saline meadows, and
in river and stream valleys. Due to the action of biologically active substances contained in
Pampel's leek, it is used in medicine for the treatment of infections and other infectious diseases. It
is the main component of ointments prepared for healing wounds on the body.

Pimpinella peregrina grows on the Iberian Peninsula, in France, on the Apennine Peninsula,
on the Balkan Peninsula, in Romania, on the Crimean Peninsula, in Turkey, and in Syria, the
Caucasus, Central Asia, and Egypt. The plant is widespread in sunny and semi-shaded places, on
moist soil. Medicine is an important species.

The species Pimpinella pseudotragium is a perennial plant. It is found in Azerbaijan—
Gobustan, in the central and southern parts of the Greater and Lesser Caucasus, in the mountainous
zone of the Nakhchivan MR, in the middle mountain belt, and rarely in the lower mountain belt.
The plant is used in the essential oil and food industries.

The territory of the region is a natural grouping of natural herbaceous plants with various
shrubs and woody plants, covering large areas of the region and forming zonality. In the early
stages of the formation of high-bush groups, they are characterized by a well-developed grass stand.
Then, an extremely dense shrub layer is gradually formed, and the grass cover in the grouping
gradually becomes sparse, as a result of which the grouping is replaced by sparse herbaceous and
non-herbaceous variants. Herbs in all territories, regardless of location, are constantly in contact
with species belonging to other families and form different groups [1, 3-5, 7-16, 19, 21, 22].

Thus, it does not fully reflect the directions of use of species belonging to the aforementioned
genus Pimpinella. In our further studies, we consider it expedient to comprehensively study all the
features of the studied breed.

Conclusions

1. As a result of the conducted research, it was established that 11 species of the genus
Pimpinella L. were found in the flora of the Nakhchivan Autonomous Republic, and P. anisum L. is
cultivated in the cultural flora of these species. It is known that the species belonging to this genus
are valuable spices and are used in medicine, perfumery, cosmetics, food, and confectionery
industries.

2. When analyzing the ecological groups of species included in the genus, it was found that 5
species of the genus are mesophytic, 4 species are xerophytic, and 1 species is mesoxerophytic.
According to the analysis of the geographical classes of the range, 2 species of the genus are
grouped by Atropatene, 2 species of Central Asia, 1 species of Southwest Asia, 1 species of Asia
Minor-Caucasus, 1 species of the Western Palearctic, 1 species of Iran and 1 species of the Iberian-
Albanian range. The range class of species 1 is unknown.
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PEJIKME M HAXOJSINUECS ITOJ YT'PO301 NCYE3HOBEHHS
BU/Ibl CEMEICTBA Ranunculaceae B HAXUYEBAHU

©Cagpaposa @., ORCID: 0009-0006-3350-6093, kano. buon. nayx, Haxuuesanckuti
2ocyoapcmeentulll yHusepcumem, 2. Haxuuesanw, Azepoaiiocan, faridasafarova@ndu.edu.az

RARE AND ENDANGERED SPECIES OF THE Ranunculaceae
FAMILY IN NAKHCHIVAN

©Safarova F, ORCID: 0009-0006-3350-6093, Ph.D., Nakhchivan State University,
Nakhchivan, Azerbaijan, faridasafarova@ndu.edu.az

Annomayus. PaccMOTpEHBI OJHOJIETHME M MHOTOJIETHHE TpPaBIHUCTBIE PACTCHHUS,
otHocsmmecs Kk poay Ranunculus L. cemeiicta Ranunculaceae. Ycranosneno, uro u3z 2000 Bug0B
cemerictea 103 pacnpoctpaHensl B A3sepOaifjpkaHe, M MHOTME€ W3 HUX SJOBUTHL. B
TaKCOHOMUYECKOM criekTpe ¢uopbl HaxuueBanu BBISIBIEHO 55 BUIOB, OTHOCSIMXCS K 14 pomam
cemeiictBa Ranunculaceae, U3 KOTOpHIX 5 BUAOB, OTHOCALIUXCS K 3 pojam, SIBISIOTCS PEAKUMU U
3aHeceHbl B KpacHyro kaury HaxuueBanckoii AP. BaxxHo nmpoBectu 00ciiefioBaHNE apeajioB BUJIOB,
oTHocsIuxcst K poxy Ranunculus L., 0co0eHHO S10BUTHIX BHIOB U YAYYIIMTh KA4€CTBO MACTOUIIL U
BBITOHOB. DKOJIOr0-OMOJIOTHYeCKHEe 0COOEHHOCTH BHUJIOB MO3BOJIIOT HCIIOJIb30BaTh UX B MEIUIIUHE.
Ha ocHoBanuu mpoBefeHHBIX HcciaeqoBanuii Aconitum nasutum Fisch., Batrachium trichophyllum
(Chaix) Bosch, Delphinium foetidum Lomak., Delphinium flexuosum M. Bieb., Pulsatilla violacea
Rupr. ObLIH BBIACJICHBI KaK PCAKHUC MW HaAXOOAIIUCCA 1104 yrp030i/’1 HNCYC3HOBCHHS BHJIBI B
pacturenbHOoCTH HaxudeBaHu.

Abstract. Examined annual and perennial herbaceous plants belonging to the Ranunculus L.
genus of the Ranunculaceae family, and found that 103 of the 2000 species of the family are
common in Azerbaijan, and many of them are poisonous. In the taxonomic spectrum of the
Nakhchivan flora, 55 species belonging to 14 genera of the Ranunculaceae family were identified,
of which 5 species belonging to 3 genera are rare and are included in the Red Book of the
Nakhchivan AR. Therefore, it is very important to survey the distribution areas of species belonging
to the Ranunculus L. genus, especially poisonous species, and improve the quality of pastures and
pastures. The ecological and biological characteristics of the breed also allow it to be used in
medicine. Based on the research, Aconitum nasutum Fisch., Batrachium trichophyllum (Chaix)
Bosch, Delphinium foetidum Lomak., Delphinium flexuosum M. Bieb., and Pulsatilla violacea
Rupr. have been identified as rare and endangered species in the vegetation of Nakhchivan.

Knrouesvie cnosa: JIFOTUKOBBIC, JIIOTUK, AJ0BUTHIC PACTCHUS, aJIKAJIOUIbI, CUCTEMAaTHKa.
Keywords: Ranunculaceae, buttercup, poisonous plants, alkaloids, taxonomy.

Pe3knii KOHTHHEHTAIBHBIN KJIMMAT, BBICOKAaA COJIHCYHAA paavalvsd W HU3Kasad BJIaXXHOCTH
MOJIOKUTENBHO TOBJIUSIM Ha MPOLEHTHOE COAepKAHWE OMOJIIOTMYECKH AaKTUBHBIX BEIIECTB B
pacrenusix. HaxubiBanckass ABroHOMHas PecnyOnmuka OTJIMYaeTcss OT JAPYTMX PErHMOHOB
AzepbaifpkaHa BBICOKMM  pa3HooOpaszueM pacteHuil. B pabore H. M. Hcemaunnosa
«AnkanouoHOCHBIe pacTeHust AzepOaiimkanckor CCP» ykazano, uto B HaxusiBanckoit AP B
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cemelrictBo BXxomuT 47 BHIOB, Yy 16 — oOHapykeHbl TOKCHWYHBIC BemiecTBa [7]. IlaTh BUIOB,
MPUHAISKAINUX K 3 poaam, SIBIISIIOTCS PeAKUMHU U BKIo4eHbl B KpacHyro kaury HaxubiBaHCKOM
AP [9, 20, 23].

Mamepuan u memooonozus ucciedo8anus

B kauectBe Marepuana uccieoBaHus ObUIH W3YY€HBI BUJIbI PACTEHUHN, OTHOCAIIUECS K POIY
Ranunculus L. cemeiicta Ranunculaceae Juss. com.. B kauecTBe OCHOBHBIX HAOMIONATENBHBIX U
HKCIIEPUMEHTAIBHBIX y4YacTKOB ObUTM B3AThl XaszuHajaape, Jlemupnumar u Apadsirigar B
JUxynbdunckom paiione, ['amuras u Kanbrasirmar B Opay0anckoM paifoHe, oT cyOambIHICKOTO
nosica 10 aJibIIUHUCKOrO Mosca, a TakxkKe JiecHble 3apociu baradarckoro seca B [1laxOy3ckom paiione.
ITpu paspaborke rpanmn apeana Ranunculus L. Bo ¢uope HaxusiBanckoii AP HCIOIb30BajIMCh
repOapHble 00pa3Ibl, XpaHsIIUECS U JIMYHO coOpaHHBIe B repOapHbIX ¢oHmax HaxdpiBanckoro
rOCyIapCTBEHHOIO yHUBepcuTera, MHcTUTyTa OOTaHMKM HAlMOHAJIBHOM aKaJeMHM HayK
Azepbaitmxana, Mactutyta 6nopecypcoB HaxusiBaHcKoro (puivana HallMOHAIBHOM aKaJeMUU HayK
Asepbaitmkana u «Paopsl Azepbaiimkana» [10], ucrons3oBansl padbotsl «Paopsl Kaskaza» [1] U.
H. Beitneman [7]. YTounenue Ha3Banuii BuioB mposenaeHo no C. K. Yepenanoy [8]. SnoBuTeie u
BUJbl, BHECEHHbIE B KpacHyto kuury HaxubiBanckoit AP cKOppeKTHpOBaHbI MO Py WCTOYHUKOB
[19, 21-23].

OnucaHue 6u0os

Aconitum L. 13 60 BumoB pona Aconite, pacripocTpaHeHHBIX B yMEpEHHbBIX 30HaX CeBepHOro
nonymapusi, 6 BuAOB BcTpeuatorcss Ha Kaskaze, 3 Buma B AsepOaiipkane u 2 Bujga — B
HaxusiBanckoit AP. Pactipoctpanen B 3anaanoit Cubupu (Anrait), Cpeqneit Azuu (>xyHrapckuit
Aunraii, Tsap-11lanb). OcHOBHBIMEU MecTamu cOopa sBisitoTcst Keiproizcran u Kazaxcras.

Aconitum nasutum Fisch. ex Reichenb. pacmpoctpaned B Buae HEOOIBIIMX IOJISH OT
CyOaJIbIIUHCKOrO Mosica 0 BBICOKOTOpHOro mnosca Jlemupnuaara u Apauurgara B JKynb(pUHCKOM
pailone HaxubiBanckast ABroHOMHas PecnyOnuka, I'amuras m Kamnumu nara B OpayGanckom
paifoHe. D10 MHorosnetrHee pacteHue. Ctebenpb BBHICOTOM 10 1 M, KpymIbli, MPOCTON MM CHIIBHO
BETBUCTHIM, HEMHOTO PEOPUCTHIN, MPSIMOM, MIOTHBIM, WHOTIA cnadbiii. JIMCThs ronble, manpyaro-
MATUpa3/eabHbIe, JOJIU JaHIIETHbIE, OCTPhIE, OCTPO-OTAANEHHO-TIMIIbYaTbie. ConBEeTHsI — peaKas,
MPOCTYI0 WJIM Ppa3BETBIEHHYIO KHUCTh. lIBeTku 1umHHBIE, OneaHO-TOIYOBble WM (UOJETOBBIE.
Benuuk Beicokuit — 1-2,5 cM, ¢ 3arHyThIM BHU3 HOCHKOM, OOKOBBIE YaCTH — OKpyIvible. JlenmecTok
H30THYT MOJYCIUPAbIo. DTO SI0BUTOE PACTEHHE, COIEpIKAIIee anKanou bl [2-6].

[lBeTeT W IUIONOHOCUT B WHIOJIe-aBrycTe. Pa3MHOMKEHHE OCYILECTBISETCS CeMEHaMH |
KopHeBulIamMu. 10 Me3opur. KaBka3z BkiItoueH B TUN reorpaguueckoil 30Hbl. M3-3a HEOOIbIIOTO
KOJIMYECTBA BUJIOB U MOMYJSALMH, N3-3a 9KOJOTMYECKUX U aHTPOMOT€HHBIX (PAKTOPOB OH BKIIIOYEH B
Kpacuyro kuury HaxusiBanckoit AP co crarycom Huskoro pucka — LR (6 - Haxomsuuiicst mom
yrpo3oii ucuesnoBenus — NT) [5].

Delphinium L. — YX#aBokocTh Bo ¢umope HaxusiBarckoit AP BcTpedaetcs 8 Bumos IlInopHuka.
Delphinium flexuosum Bieb u Delphinium foetidum Lomak. BHecen B KpacHyio KHury
HaxubiBanckoit ABTOHOMHO# PecryOnuku.

Delphinium flexuosum Bieb. y4actBytor B (popMHpOBaHHH BBICOKOTPABHBIX (HUTOICHO30B
HeOONMbIIMMU TpynmnaMu B cybOanbnmiickoir 3oHe Krokymar [llaxOy3ckoro paiioHa W TOpPHOU
MecTHOCTH Apaublr JDxyiabpuHckoro paiioHa HaxubiBanckoit AP. DTo MHOrosjeTrHee pacTeHue,
nocruratomiee BeicoThl 50-100 (150) cm. Crebenb npsiMo, ¢1ab000p0o314aThlii, TONBIN UM PEIKO
pecHUTYAThIA. JIMCThS MIIMHHOYEPEIIKOBBIE, CBEPXY M CHHU3Y TOjble, C YETKMMH IMPOKHIKAMH,
OKpPYIJIO-CEpALIEBUIHbIE WM OKpPYIJIO-TIOYEYHbIE, NITyOOKONalbIEeBUAHbBIE, TpeXpa3AeibHble U
POMOOBUIHBIE, OOKOBBIC YaCTH IIUPOKUE U B CBOIO 04Yepeb 2-3-4acTHBIM.
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I'po3ap 1BETKOB TUIOTHAs, BETBSIIAscs C HUKHEW dacTu. L[BeToHOC M couBerue romble, ¢
HEOOJBIINM KOJIMYECTBOM IKECTKUX pecHHYeK. L[BeTok HachlleHHO-cuHero IBeta. JlemecTku
COLIBETHSI TOJIble, C OCNBIMH JUTMHHBIMUA PECHUTYATBIMH KpasiMu, JUTMHOH 15-20 MM, paBHBI BoJOCaM
WJIM HEMHOTO JUITMHHEE, CJIETKa 3a0CTPEHHBIE, Ha KOHUMKE MpsIMble WK 3arHyThie. L[BeTeT B uione-
aBr'yCTe M IUIOJIOHOCUT B aBrycTe-ceHTs0pe. PasMHOXKEHHE MPOMCXOAUT ceMeHaMU. JTO Me30(]HUT.
OTO0 MalloM3ydyeHHOE alikajlouaHoe pacTreHue. KaBka3 BKIIOYEH B THUI reorpaduyeckoil 30HBI.
ITockosbKy OH MPOU3pacTaeT Ha OrPAaHUYCHHON TEPPUTOPUM U MAJIOYUCIIEH, OH BHECEH B KpacHyto
kuury HaxubiBaHckoi ABTOHOMHOI PecryOonuku co crarycom Hu3koro pucka — LR (6 —
Haxopstuiicst mox yrpo3oit ucuesHoBenus — NT) [11-14].

Delphinium foetidum Lomak. pacmpocrpaneH B HeOOJNBIIMX KOJIMYECTBaX B pailoHax
I'amuras, Kanmusik u Corormar OpnyOaackoro paiioHa HaxusiBanckoit AP. Dto MHOronerHee
pacTeHue C HENpUsATHBIM pe3kuM 3amaxoM. Ero Beicota pocturaer 12-40 (50) cm. Crebenb
JUIMHHBIM, TOJCTBIN, TeMHO-Kopu4yHeBoro 1Bera. Crebenb Oopo3auarbiii, K BepXyIIKe
OOJIMCTBEHHBIH, MIEPCTUCTO-BOJIOCUCTHIN, MUNKUN. JIUCThS IIIMHHOYEPEIIKOBBIE, C 00EUX CTOPOH
MOKPBITHI CcIa0BIMU BOJIOCKaMH, Kpas KOPOTKOpecHUTHYarble. JImcToBasi MmiacTWHKA TTOYKOBHIHAS,
nIyOOKo TpexpasienbHas. llBeroynas rpynma peakas, IBETKM HEMHOTOYHCIICHHBIC, KPYITHBIC
MyprypHO-TOIyOOBaTOl oOKpacku. JIMCThs comBeTuss 2-2,5 cM JIMHOMW, MIMPOKOSIMIIEBHUIHBIE,
MpsIMble WJIM U30THYTHIE Ha BepxHeM KoHile. Ctebenb HIKHUX 1BETKOB 10 5 cM. Crebenb AITMHOM
10-12 mm. XKabpsl Bostocarsie, JUIMHOHN 10 16 MM, ¢ HOCcOM JuHOHN | MM B BepxHer dactu. L[Beret
B MIOJIE-aBT'yCTE M IUIOJIOHOCHT B aBTycTe-CeHTs0pe. Pa3MHOXKaeTcs ceMeHaMu M KOPHEBHIIAMHU.
ManousydueHHOe pacTeHHe ¢ alkajlouaamMu. ITo Me3okcepodut. HMpan BKIIOYEH B THI
reorpauyeckoi 30Hbl. [ToCKONIBKY OH BCTpedaeTcs MOOAMHOYKE WM HEOONBUIMMH TPYIIaMH, OH

3aHeceH B Kpachywo kuury HaxueiBanckoit AP co crarycom Huskoro pucka — LR (b —
Haxomstuiicst mon yrpo3oit ucuesnoBerust — NT).
Pulsatilla Hill — 3 Buma B pony Pulsatilla albana (Stev.) Berchr. et J. Presl., P.armena

(Boiss.) Rupr. u Pulsatilla violacea Rupr. Pulsatilla violacea Rupr. mupoko pacmpocrpaHeH Ha
JIECHBIX TIOJITHAX, KYCTapHUKaX, ME30(WIbHBIX JIyraX, KaMEHHUCTHIX W TPABUIHBIX CKIOHAX B
cyOanpnuiickoM U anbpnuiickoM nosicax barabarckoro miaro [llaxOy3ckoro paiiona, rop CanBapTsl,
Kanunukckoro u Cotornarckoro paiionoB OpayOazackoro paiiona HaxubiBana. DTO MHOrosieTHee
pacTeHue ¢ KOPHSIMH, MOKPHITHIMH YepHBIMU Yemryiikamu. Beicora crBoma 5-20 (30) cm. Crebenb
MSATKHH IETKOBUCTO-BOJIOCUCTHIA BMECTE C JIUCThSIMU. JIUCThsI BOKPYT cTEOJIs1 pa3BUBAIOTCSI BMECTE
C IIBETKOM, OOIIMH BHJl YAJIMHEHHBbIE, C JABYJIOMACTHBIMHM YydacTkamu. [[BeTKM NOHHKaromue,
GbuoeTOBBIE WM CBETIIO-(DHOIETOBBIE, perke OesoBarsie [15-18].

JIMcThbst COLBETHSI NUIMNTUYECKHE WIM IPOAOJITOBATO-NIPOJOITOBATHIE, CKJIaayaTrble Ha
BEpPXHEM KOHIIE, JUIMHOM 10 3 cM. Och ceMeHu BojocucTasd. LIBeTeT u MmiIoJOHOCUT B Mae — HUIOHE.
Pa3sMHOXKEHHE NPOUCXOAUT CeMEHaMHM. DTO JIEKOPAaTUBHOE U JIEKAPCTBEHHOE pacTeHue. ITO
me3o0(put. Bxogur B TN reorpaduueckoit 3oupl Manas As3us. B OCHOBHOM H3-3a J€ATEIBHOCTH
YeJI0BEeKa U HEKOTOPhIX abuoTHYeckuX (hakTopoB OH 3aHeceH B KpacHyto kHury HaxusiBanckoit AP
co crarycom «Haxozsmiics on yrpo3oit ucuesnoerus» — NT. (PrcyHOK).

Pox Batrachium (DC.) S. F. Gray Obl1 BHECEH B CIHCOK CBOOOJHBIX POJIOB, HO TOCIE
HETaBHET0 HOMEHKJIATYPHOTO HM3MEHEHHs OH ObL1 oObeauHeH ¢ pomom Ranunculus L. [24].
Ranunculus trichophyllum Chaix [Batrachium trichophyllum (Chaix) Bosch] — BoxmHbiii BHI
YMEpPEHHOTO M TEIUIOro mosica. BcTpewaercss B o3epax barabar u Y3yHoba B HaxubiBaHckoi
oOmactu. D10 MHOrojetHsst TpaBa. CTBOJ AJMHHBIA, TOHKUH W Toiblid. JIMCThS uepelkoBble,
CBETJIO-3€JIEHOTO LIBETa, TOHKHE, JIMHOM 3-4 CM, TpexJIONAcTHhIE, onmylmeHHbIe. [[BeToHOC paBeH
JIUCTY WJIX HEMHOTO JJINHHEE.
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Pucynok. Pulsatilla violacea Rupr. ITpoctpen duoseroBsrit

IBetku 8-10 (12) mm B auamerpe. Jlenectku siilieBUIHbIE, OeNble, TOYTH B JIBa pa3a AJIUHHEE
qamenucTukoB. TerunmHOK 9-13. YanoBy 15-30 mTyk, BepxHss yacTh cepoBaras. LlBerer u maer
ceMeHa B ampese-utosie. Pa3MHOXEHHE MPOUCXOIUT CEMEHaMU. MOXKET MCIONIb30BaThCs B
MapKOBBIX Tmpymax u akeBapuymax. OH rtuapodurtHbii. Bxomutr B THnm Tonmapkrudeckoin
reorpaduueckoil 30HbI. IlockonbKy Ha HEOOJBIIMX TEPPUTOPHUSIX OH BCTPEYAETCS JIMLIb B
HeOOoJIBIIMX KOJIMYECTBAX B BOAHOM cpene, oH BHeceH B Kpachyro kHury HaxubiBanckoit MO co
CTaTycoM NOHMKeHHOro pucka — LR (6 — Haxopsmiicst moz yrpo3oit ucuesnoBenust — NT).

Bu1600wbi

1. V3yuyeHbl OQHONETHHE W MHOTOJICTHHE TPaBSHUCThIE pacteHus pox Ranunculus L.
cemeiictBa Ranunculaceae Juss., nom. cons.. 103 Buza pacmpocrpaHeHsl B A3epOaiipkane, MHOTUE
BUJIBI SIZIOBUTEHI.

2. BeBiieno 55 BujoB, Bxomamux B 14 pogoB cemeiicTBa cemerictBa Ranunculaceae Juss.
COM., U3 HUX — 5 BUJOB, NpUHAMNISKAMUX K 3 poiam, SBIAIOTCS PEAKUMH M BKIIOYEHBI B
Kpacnyro kaury HaxusiBanckoit AP.

3. Batrachium trichophyllum (Chaix) Bosch, Delphinium foetidum Lomak., Pulsatilla
violacea Rupr., Aconitum nasutum Fisch. ex Reichenb, Delphinium flexuosum Bieb. — peaxue u
HaxO[sILIMECs MO Yrpo30H HCYE3HOBEHMsI B pacTuUTeNbHOCTH HaxublBaHCKOM ABTOHOMHOM
Pecny6nuku.

4. HeoOxomumo JnanpHeiIiee oOCIEAOBaHHE TEPPUTOPUM C IIEJIBI0  OMpEIeTeHUs
pacrpocTpaHeHusl Ha MacTOMIaxX BHIOB poaa Ranunculaceae u ymydmmTh KauecTBa MACTOMIN M
JIYTOB.
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Abstract. In modern times, the study of biodiversity in the context of global climate change is
becoming more and more important. The study area is the Batabat Plateau, located in the north of
the Nakhchivan Autonomous Republic, on the southern slope of the Zangezur Range. The area
surrounded by the Zangezur and Daralayaz ranges has such geographical conditions that the air
humidity is below normal for most of the year. Only in the summer months does the humidity
increase relatively. Due to the flow of moist air entering the area through the Bichanak pass, which
is a low area of the Zangezur range, the humidity of the air is relatively high, which is very
important in the formation of vegetation. As a result of our research, it was found that 968 species
of plants belonging to 58 families and 344 genera can be found in the flora of the Batabat plateau,
and the flora spectrum of the area was prepared by us. The species of plants distributed in the
Batabat plateau were analyzed according to their life forms and useful properties, and it was found
that the plant groups formed by these species contain a quantity of technical medicines, fruits and
berries, and other useful products that will provide a number of industries (food, medicine,
perfumery, etc.). Plant groups have abundant natural resources, which are used effectively.

Annomayusa. B coBpemMeHHOE BpeMsi M3ydyeHue OMopa3zHOOoOpas3usi B YCIOBHUAX II00AIbHOTO
M3MEHEeHUs KJIMMaTa CTaHOBHTCSA Bce Ooyiee BakHbIM. PaiioH mccnenoBanuss — 1uiato baraOar,
pacrnoyio)keHHOe Ha ceBepe HaxwueBaHckoil ABTOHOMHOW PecmyOnwku, Ha IOKHOM CKJIOHE
3anre3ypckoro xpebrta. Tepputopusi, okpyxkeHHas xpebramu 3anre3yp u Jlapenass, UMeeT Takue
reorpaduueckue yciaoBus, YTO OOJNBIIYIO YACTh Tojla BIAXHOCTh BO3JlyXa HIKE HOpMBI. JIMIb B
JIETHUE MeECSIbl BIAKHOCTh OTHOCHUTEJIBHO YBEIMYUBAETCSA. 3a CUET MPUTOKA BIAKHOTO BO3IYyXa,
MOCTYHAIOUIEr0 Ha TEPPUTOPHUIO depe3 mepeBan buyeHak, MpeacTaBisOMIUNA coO0W HU3MEHHYIO
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9acTh 3aHTe3ypCKOTO XpeOTa, BIaKHOCTh BO3/IyXa OTHOCUTEIIFHO YBEITMUUBACTCS, YTO OUYCHD BaXKHO
B (OPMHPOBAHWUU PACTUTEILHOCTH. B pesynbrare Hammx WCCIEIOBAHWN YCTAaHOBJICHO, YTO BO
¢dope barabarckoro rutato BcTpedaeTcss 968 BUIOB pacTeHU, OTHOCSIIUXCS K 58 ceMelcTBaM U
344 ponam, HaMU MOATOTOBJIEH CHEKTP (HIOpbI MECTHOCTH. [IpoaHanu3upoBaHbl BHIBI PACTCHUH,
pacrpocTpaHeHHBIX Ha Iiato barabar, mo WX >KU3HEHHBIM (OpMaM U TOJE3HBIM CBOWCTBAM, U
YCTaHOBIICHO, 4YTO TPYIIBI PACTCHUH, OOpa30BaHHBIC STHMH BHIAMH, COAEPIKAT HEKOTOPOE
KOJIMYCCTBO TCXHUYCCKUX JICKAPCTBCHHBIX CPCACTB, (bpyKTOB " Arod U APYTUX IOJIC3HBIX BCIICCTB,
KOTOpBIe OynyT o0OecreunBaTh psZl OTpAcield MPOMBIIUICHHOCTH (IUIIEBYIO, MEAULUHCKYIO,

napGOMEpHYIO U T. 11.).
Keywords: Zangezur, Batabat plateau, flora, useful plants, Fabaceae, Apiaceae.

Kntouesvie cnosa: 3anresyp, mnaro baraGar, ¢iopa, mnonesHble pacteHus, O00OBBIE,
30HTUYHBIE.

In modern times, the study of biodiversity in the context of global climate change is becoming
more and more important. The study area is the Batabat Plateau, located on the southern slope of
the Zangezur Mountain Range, in the north of the Nakhchivan Autonomous Republic, which is an
integral part of the Republic of Azerbaijan. The district is bounded by Bichenak Pass (2346 m
above sea level), which is the lowest section of the Zangezur mountain range, located between
“Eyrigar” mountain (2450 m) and Salvarty mountain (2346 m above sea level), from the east by
Salvarty mountain (3100 m), from the west by low hilly sections of the Zangezur mountain range,
and from the south surrounded by Big and Small Treasure hills. The district is located at an altitude
of 2100-2346 meters above sea level.

The slopes of Mount “Eyrigar” facing Batabat are intensely broken, rocky, and steep slopes.
Due to poor vegetation development in these areas, the soil cover has been largely or completely
washed away in many places. The Batabat Depression, located in the south of Mount “Eyrigar,” is a
low hilly area and represents a very rich floristic area. To the south of the area is the Batabat forest.

Numerous and abundant water springs and Batabat lakes are carrying great importance in
regulating the water balance of the Batabat plateau. Although Batabat lakes were originally natural
lakes, they were later expanded and turned into large water bodies. The total volume of water of
these lakes is 3 million cubic meters.

The amount of annual precipitation in the area varies from 600 to 800 mm. The annual
precipitation sometimes reaches 700-800 (900) mm in the high places of the Zangezur and Darelaez
ridges. In the spring months of the year, especially in April-May, and in some years even up to mid-
June, the amount of precipitation in the area can reach a maximum limit of about 2000 mm.

Snow falls in the area mainly in November, and in some cases from mid-October onwards.
Snow lies until April-May. The thickness of snow in the area of Batabat often reaches 1-1.5 meters.

The area surrounded by the Zangezur and Darelaez ranges has geographical conditions such
that for most of the year the humidity is below normal. It is only during the summer months that
humidity increases relatively. Due to the inflow of humid air coming into the territory from the
Caspian Basin through the Bichenak Pass, which is a low-lying section of the Zangezur Range, the
air humidity increases relatively, which is very important in the formation of vegetation.

The average annual air temperature in the Batabat area varies between +9 and +20 degrees
Celsius depending on altitude.

Grassy mountain-meadow, mountain-meadow steppe, and mountain-meadow forest lands are
widespread in the area.
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Material and methodology of the study
In the course of the research, generally accepted floristic, geobotanical, bioecological, and
other methods were used, and phenological observations were used. A. Askerov's "Azerbaijan
Flora" [2], H. Gasimov, S. Ibadullayeva, M. Seyidov, G. Shiraliyeva "Wild Vegetable Plants in the
Flora of Nakhchivan Autonomous Republic” [29], H. Gasimov, S. Ibadullayeva, M. Seyidov, Z.
Salayeva. It is given based on the works "Flora and vegetation of Shahbuz state nature reserve" [11]
and Flora Azerbaijan [12].

Discussion and conclusions of the study
Based on the conducted research, 1002 species of higher plants, including 74 families and 374
genera, were found in the flora of the Batabat plateau. In conducting a comprehensive analysis of
the local flora, M. M. the works of Seyidov and H. Z. Gasimov were cited. As can be seen from
Table 1, 95.41% of the flora of the area is made up of covered plants.

Table 1
DISTRIBUTION OF THE BATABAT FLORA IN THE HIGHER PLANT DIVISIONS.
MNo Higher plant divisions Families Genus Species
guantity % guantity % guantity %
1 Bryophyta 15 20,27 30 8,02 34 3,39
2 Pteridophyta 3 4,06 5 1,34 8 0,80
3 Equisetophyta 1 1,35 1 0,27 2 0,20
4 Pinophyta 1 1,35 1 0,27 2 0,20
5 Magnoliophyta 54 72,97 337 90,10 956 95,41
Total: 74 100 374 100 1002 100

Other plants are few in number and constitute 4.59% of the total flora, including ‘Bryophyta’
with 34 (3.39%) species belonging to 30 genera belonging to 15 families and ‘Equisetophyta’ with
2 (2) species belonging to 1 genus. Higher spore plants constitute 4.39% (44 species) of the whole
flora, including 36 (9.63%) genera and 19 (25.67%) families.

Holo-seeds are represented by 2 species grouped in 1 (0.27%) genus belonging to 1 (1.35%)
family, representing 0.20% of the flora. From Table 1, it can be seen that the coverts constitute
95.41% (956 species) of the local flora. Regarding the analysis of chapters "Asteraceae Dumort"
(176 species), "Fabaceae Lindl." (96 species), and “Lamiaceae Lindl.” 74 species, "Brassicaceae
Burnett” 73 species, "Poaceae Barnhart." 61 species, “Caryophyllaceae Juss.” 47 species,
"Rosaceae Juss." 47 species, “Scrophulariaceae Juss.” 41 species, "Apiaceae Lindl." 40 species,
"Ranunculaceae Juss."” 36 species and “Boraginaceae Juss.” were represented by 29 species [3-7, 9,
10, 13-19, 25].

The number of species included in these families is 720 species (176 to 29), representing
74.46% of the whole flora. The number of species ranges from 20-6 to 10 families and 122 species,
representing 12.62% of the total flora, and 41 families with a number of species ranging from 5-1 to
125 species, representing 12.92% of the total flora (Table 2, 3).

Asteraceae Bercht. & J. Presl. (46), Brassicaceae Burnett (34), Apiaceae Lindl. (34), Poaceae
Barnhart (33), Lamiaceae Lindl. (19), Fabaceae Lindl. (18), Caryophyllaceae Juss. (16),
Boraginaceae Juss. (16), Scrophulariaceae Juss. (13), Rosaceae Juss. (11), Ranunculaceae Juss.
(10), Polygonaceae Juss. (6) families dominate by the number of genera (Table 4). Some genera on
the Batabat Plateau play an important role in the formation of phytocenoses as subdominant and
dominant species because of the large number of species [1, 8, 22-24, 26-28].
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Table 2
FLORA SPECTRUM OF THE BATABAT PLATEAU
MNo Families Genus Specie M Families Genus  Specie
S S
1  Alismataceae Vent. 1 2 30  Juncaginaceae Rich. 1 1
2  Amaryllidaceae J.St.-Hil. 1 16 31  Lamiaceae Martinov. 19 74
3 Araceae Juss. 1 2 32 Liliaceae Juss. 3 13
4 Amaranthaceae Juss. 2 2 33 Linaceae DC.ex Perleb. 1 2
5  Apiaceae Lindl. 34 40 34 Lythraceae J.St.- Hil. 1 1
6 Apocynaceae Juss 1 1 35  Malvaceae Juss. 2 4
7 Asphodelaceae Juss. 1 1 36  Menyanthaceae Dumort. 1 1
8  Aspleniaceae Newm. 2 4 37  Onagraceae Juss. 2 6
9  Asteraceae Bercht. & J.Presl. 46 176 38  Orchidaceae Juss. 4 7
10 Boraginaceae Juss. 16 29 39  Papaveraceae Juss. 3 6
11 Brassicaceae Burnett 34 73 40  Plantaginaceae Juss. 2 5
12 Butomaceae Mirb. 1 1 41  Plumbaginaceae Juss. 1 2
13 Campanulaceae Juss. 3 14 42  Poaceae Barnhart. 33 61
14 Caprifoliaceae Juss. 5 16 43  Polygalaceae Hoffman. 1 1
15 Caryophyllaceae Juss. 16 47 44  Polygonaceae Juss. 6 20
16  Convolvulaceae Jus. 2 3 45  Potamogetonaceae Berc. 1 3
17  Crassulaceae J.St.-Hil. 3 5 46  Primulaceae Batsch 2 4
18 Cupressaceae S.F.Gray 1 2 47  Pteridaceae Kirchn. 1 1
19 Cyperaceae Juss. 2 16 48  Ranunculaceae Juss. 10 36
20 Colchicaceae DC 2 5 49  Rosaceae Juss. 11 47
21 Dryopteridaceae Ching 2 3 50  Rubiaceae Juss. 3 8
22 Euphorbiaceae Juss. 2 5 51  Rutaceae Juss. 1 1
23 Equisetaceae Michx. ex DC. 1 2 52  Salicaceae Mirb. 1 2
24 Fabaceae Lindl. 18 96 53  Saxifragaceae Juss. 1 3
25 Gentianaceae Juss. 5 7 54  Scrophulariaceae Juss. 13 41
26  Geraniaceae Juss. 2 6 55  Sparganiaceae Rudolphi 1 3
Hyacinthaceae Batsch 5 12 56  Typhaceae Juss. 1 2
27  Hypericaceae Juss. 1 6 57  Urticaceae Juss. 2
28 Iridaceae Juss. 3 10 58  Violaceae Batsch 1 5
29 Juncaceae Juss 2 4 - - - -
Total 344 968
Table 3
PLANT FAMILIES WITH THE MOST GENERA AND SPECIES IN THE BATABAT PLATEAU
No Plant families Genus % Species %
1 Asteraceae Bercht. & J.Presl. 46 13,37 176 18,18
2 Fabaceae Lindl. 18 5,23 96 9,92
3 Lamiaceae Lindl. 19 5,52 74 7,64
4, Brassicaceae Burnett 34 9,88 73 7,54
5 Poaceae Barnhart. 33 9,59 61 6,30
6 Caryophyllaceae Juss. 16 4,65 47 4,86
7 Rosaceae Juss. 11 3,18 47 4,86
8 Scrophulariaceae Juss. 13 3,76 41 4,23
9 Apiaceae Lindl. 34 9,83 40 413
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MNo Plant families Genus % Species %
10  Ranunculaceae Juss. 10 2,90 36 3,72
11  Boraginaceae Juss. 16 4,65 29 3,00
12 Polygonaceae Juss. 6 1,74 20 2,07
Total: 256 73,30 740 76,45
Table 4
BATABAT PLATEAU GENERA WITH THE HIGHEST NUMBER OF SPECIES

No Genus Number of species Total number as %
1 Allum 16 1,65

2  Astragalus 14 1,45

3 Rosa 14 1,45

4 Cirsium 13 1,34

5 Silene 11 1,14

6 Centaurea 10 1,03

7  Potentilla 8 0,83

8 Salvia 6 0,62

9  Alchemilla 9 0,93

10 Carex 8 0,83

11 Pyrethrum 6 0,62

12 Veronica 6 0,62

13 Ranunculus 7 0,72

14 Vicia 7 0,72

15 Gagea 5 0,51

Total 140 14,46

As can be seen from the table, there are 140 species in 15 genera with the number of species
from 5 to 16, which is 14.46% of the total number of species. The genera Allum (16), Astragalus
(14), Rosa (14), Cirsium (13), Silene (11), Centaurea (10) dominate in number of species. Of the
remaining 329 genera, 828 species were collected, representing 85.54% of the total flora.

Results

As a result of our research, it was found out that 968 species of plants belonging to 58
families and 344 genera are encountered in the flora of the Batabat Plateau, and for the first time the
flora spectrum of the area was developed by us.

When analyzing the plant species distributed in the territory by life forms and useful
properties, it was found that in the groups of plants formed by these species, there is a sufficient
number of technical and medicinal plants, fruit and berry plants, and other useful plants to provide a
number of plants; industries (food, medical, perfumery, etc.) have rich natural resources, and these
plants are used effectively.
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Abstract. The species included in the Tragopogon L. genus, common in the flora of
Nakhchivan, have been studied. 12 species of the genus have been described. A systematic analysis
has been performed, and an ecological characteristic of the species has been given. For all the
described species, a practical analysis of the possibility of using them in medicine, agriculture, etc.,
has been presented. The applied value is diverse—these are medicinal plants with a large number of
biologically active substances (alkaloids, glycosides, organic acids, vitamins, saponins, tannins,
phytoncides, mineral elements, etc.), spicy-aromatic, essential oil, food, fodder, and weed, as well
as promising species for introduction into culture in the region.

Annomayus. 3ydensl Buasl pona Tragopogon L. Bo ¢guiope HaxuueBanu. Onucano 12 BUaOB
pona. BEHITIONIHEH cHCTeMAaTHYeCKUi aHalIu3 M JaHa IKOJOTUYEeCKas XapaKTepucTuka BUIOB. J[iis
BCEX OMNHMCAHHBIX BUJIOB NPEJCTABIECH aHAJIU3 IMPAKTHUYECKOIO HCIOJIb30BaHUS B MEIOUIMHE U
cenbckoM xo3siiicTBe. [lpukimamHoe 3HaueHHWE pPazHOOOpPa3HO — ITO JIEKAPCTBEHHBIE PACTEHUS C
OOJBITUM  KOJIMYECTBOM  OHMOJIOTMYECKH AKTUBHBIX BEIIECTB (QJIKAJIOWUJOB, TJIIHMKO3UIOB,
OpraHUYECKUX KUCJIOT, BATAMUHOB, CAlIOHWHOB, TyOUIHHBIX BEMIECTB, (DUTOHIIUIOB, MUHEPATHHBIX
SIIEMEHTOB W T. II.), MpsSHO-apoMaruyeckue, d3pupoMaciuyHble, MHUILEBbIE, KOPMOBBIE, COPHBIE, a
TaKXke, ePCIEeKTUBHBIE BUbI JIsI BBEACHUS B KYJIbTYpPY Ha TEPPUTOPUU PETUOHA.

Keywords: Tragopogon, taxonomic composition, food.
Knroueswvie cnosa: K03H060pOIlHI/IK, TaKCOHOMHUYECKUI COCTaB, KOpM.
Asters (Asteraceae Giseke) are considered one of the leading families of the flora of the

Nakhchivan Autonomous Republic. As a result of recent studies, it was found that 357 species
belonging to 92 genera of the family are found in the region. The genus Tragopogon L. is
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considered one of the leading genera of the family, 12 species of the genus are distributed in the
study area. In addition to the ornamental plant, the studied species are used in medicine, as feed, a
source of food for pollinators and humans. Given the relevance of the topic, it seems appropriate to
conduct research in this direction.

Material and methodology of the study
The studies covered all the territories of the Nakhchivan MR, starting from 2024. The object
of the study was the territory adjacent to the region, and the material was the species of the genus
Tragopogon L. A. Aserov "Plants of Azerbaijan" [2], M. Seidov, S. Ibadullaeva, H. Gasimov, Z.
Salaeva "Flora and Vegetation of the Shahbuz State Nature Reserve” [19], when determining the
species belonging to the genus Tragopogon. L. and clarifying their names according to the works of
Flora of Azerbaijan [11].

Discussion and conclusions of the study
Tragopogon L. is one of the genera of economic importance in the flora of the Nakhchivan
Autonomous Republic. As a result of personal research and available literary materials, 12 species
of the genus were found in the region. The systematic composition and bioecological characteristics
of the species belonging to this genus are reflected in the table below (Table).

Table
TAXONOMIC COMPOSITION OF SPECIES OF THE GENUS Tragopogon
Species name Environmental Area class Flowering and
groups fruiting stage

Tragopogon acanthocarpus Boiss  Xerophyte Northern Iran VILVII-VILIX
T. Krascheninnikova S. Nikit Xerophyte Caucasus-Central Asia vV,V-V VIl
T. latifolius Boiss Mesophyte Asia Minor V., VI-VILVII
T. reticulatus Boiss. & Huet. Mesophyte Caucasus V VI-VILVII
T. buphthalmoides (DC.) Boiss Xerophyte Asia Minor V-VIII
T. coloratus C.A. Mey. Xerophyte Asia Minor VVI-VILVII
T. sosnowskyi Kuth. Xerophyte Atropatene V-VIII
T. marginatus Boiss. & Buhse. Xerophyte Caucasus V. VII-VILVIII
T. serotinus Sosn. Xerophyte Iran IV-VII
T. graminifolius DC. Xerophyte Mediterranean Sea IV,V VI-IX
T. pusillus Bieb. Xerophyte Atropatene IV,V-VI
T. nachitschevanicus Kuth. Xerophyte Caucasus VI-VII

Representatives of the genus are biennial or perennial herbs, the basket is large and multi-
flowered. All flowers are lanceolate, bisexual, yellow or red. Planting is single-row, the flowerbed is
bare. The seeds are uneven and scaly on the outside. Some of its representatives are used as wild
vegetables. In Azerbaijan, there are 20 species of this genus, and in Nakhchivan - 12 species.

When analyzing the ecological groups of species included in the genus, it was found that T.
acanthocarpus, T. buphthalmoides, T. krascheninnikovii, T. coloratus, T. sosnowskyi, T. marginatus,
T. serotinus, T. graminifolius, T. pusillus, T. Nachitschevanicus species are xerophytic, T. latifolius
and T. reticulatus species are mesophytic.

Based on available literature and our personal field research, it has been established that the
species of the genus belong to different range classes, which allows us to determine the migration
routes of the species into the range.
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The analysis of the species of the genus Tragopogon L. distributed in the study area, was
carried out according to 7 range classes according to zonal and regional principles. It is known that
the species is widespread in such areas as Northern Iran, Iran, the Mediterranean Sea, the Caucasus-
Central Asia, Asia Minor, the Caucasus and Atropatene. Below is information on the used species of
the genus Tragopogon.

Tragopogon acanthocarpus is a perennial herb found on the subalpine and alpine slopes of the
region. In addition to being used as an ornamental plant in gardens, it is also used to combat erosion
and as a groundcover plant. It is also used as a medicinal plant, its leaves are used to treat fevers,
inflammations and skin diseases.

The species Tragopogon krascheninnikovii is common on dry slopes of the middle mountain
zone. It is used as an ornamental plant in gardens and parks. The plant is used as a medicine in the
treatment of various diseases, such as colds, coughs, stomach aches.

The species Tragopogon latifolius is common in the meadows of the middle alpine and
subalpine zones. It is used as an ornamental plant and groundcover plant in gardens. It is also used
as a medicinal plant in the treatment of skin diseases and wounds.

The species Tragopogon reticulatus is widespread in alpine and subalpine meadows. The
leaves of the plant are rich in vitamins C, B,, B3 and Bs. It also has strong antioxidant properties due
to the content of phenols and flavonoids.

The species Tragopogon buphthalmoides is common in arid regions of the middle and
subalpine zones. It is used as an ornamental plant in parks. It is used as a medicinal plant in the
treatment of various diseases such as fever, headache, stomach ache. It is also used as a dye for
dyeing fabrics.

The species Tragopogon coloratus is a naked biennial plant. It is common in rocky and stony
areas of the middle mountain zone. It is used as an ornamental plant in gardens and parks. The plant
is used as a medicinal plant in the treatment of various diseases, such as fever, colds, coughs, and
abdominal pain.

The species Tragopogon sosnowskyi is common in the high mountain zone. Local people use
the plant to increase the production of feed and honey.

The species Tragopogon Marginatus is common on dry slopes of the middle zone. In addition
to being used as an ornamental plant, it is also used as a primary food source for bees and other
pollinators. It is also used in traditional medicine to treat digestive problems, skin problems, and
respiratory diseases.

Figure 1. Tragopogon latifolius Figure 2. Tragopogon sosnowskyi
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Figure 3. Tragopogon marginatus Figure 4. Tragopogon gramminifolius

The species Tragopogon serotinus is common on dry rocky slopes. In addition to being an
ornamental plant, it is used in folk medicine to treat diseases.

The species Tragopogon graminifolius is found in meadows, thickets and mountains up to the
mid-mountain zone. The powder obtained from the plant plays an important role in increasing feed
intake and improving egg production in hens. At the same time, it is recognized as a species with
positive characteristics as a medicinal plant. It plays a great role in stimulating the secretion of
digestive enzymes, increasing the amount of dietary fiber and accelerating gastrointestinal transit.

The species Tragopogon pusillus is found from dry hills, deserts to alpine zones. It is used as
an ornamental plant in parks. It is also used as a medicinal plant in the treatment of various diseases
such as fever, cough, cold.

Tragopogon nachitchesvanicus is a biennial herb that is used as an ornamental plant because
of its attractive flowers and leaves. In traditional medicine, it is also used in the treatment of many
diseases such as fever, headache and skin diseases.

The fact that the Nakhchivan MR, which is the area of research, has a sharply continental
climate, due to the sharp change in the amplitude of the temperature difference between seasons,
caused the development of weakly monotypic, i.e. xerophytic type plants, which affected the
formation of vegetation [1, 8, 12, 17, 20- 25].

In general, in these territories, the species belonging to the genus are characterized by the
formation of strongly closed groups with plants of other families. The territory of the region is a
natural grouping of natural herbaceous plants with various shrubs and trees, occupying large areas
in the region and forming a belt. Regardless of the location, herbaceous plants in all territories are
constantly in contact with species of other families and form different groups. Based on this,
numerous eco-geographical groups of shrubs and grasses are formed in typical forest-surrounding
thickets, making up the forest-shrub complex. Thus, in the formation of phytocenoses, the dominant
and cognitive species are plants belonging to the families Fabaceae, Malvaceae, Rosaceae and
other families. [3-7, 9, 10, 13-16, 18].

Thus, it does not fully reflect the directions of use of species belonging to the above-
mentioned genus Tragopogon L. In our further studies, we consider it appropriate to
comprehensively study all the features of the studied breed.

Conclusions
1. The conducted research showed that there are 12 species of Tragopogon L. in the flora of
the Nakhchivan Autonomous Republic. It is known that the species belonging to the genus are not
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only ornamental plants, but are also used in medicine, as food and as a source of food for
pollinators.

2. When analyzing the ecological groups of species included in the genus, it was found that 2
species of the genus are mesophytic and 10 species are xerophytic. According to the analysis of the
classes of the geographic range, the genus is monotypic: 3 species from Asia Minor, 3 species from
the Caucasus, 2 species from Atropatene, 1 species from the Mediterranean Sea, 1 species from
Northern Iran, 1 species from Iran and 1 species from the Caucasus-Central Asia.
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Abstract. The article presents information on the taxonomic composition of the genus
Orobanche L. The article provides information on the distribution of the genus species in the flora
of Nakhchivan. A brief overview of practical use is given. Sixteen species of this genus have been
found in the flora of Nakhchivan, including Orobanche sintenisii Beck is present in the cultivated
flora. The species of the genus are used as ornamental, fodder and food plants, as well as in
medicine.

Annomayus. TIpencraBieHbl CBEJCHUST O TAKCOHOMHYECKOM COCTaBe poja 3apasuxa
(Orobanche L.). TlpuBenens! cBefeHus O pacnpocTpaHeHud Bo (iope HaxuueBanu BHIOB poja.
Jlan kpaTkuii 0030p MPAKTHYECKOro UCIonb30oBaHus. Bo duiope HaxuueBanu oOHapyxeHo 16 BUIOB
aToro pona, cpeau koropsix Orobanche sintenisii Beck mpucyrctByet B KynbTypHO# (iope. Bub
po/Ia UCTIOJB3YIOTCS KaK JJCKOPATHBHBIC, KOPMOBBIE H MTHIIEBBIC PACTCHUSI, 4 TAK)KE B METUIINHE.

Keywords: Orobanche, taxonomic composition, biotope.
Knrouesvle cnosa: 3apazruxa, TAKCOHOMUYECKHHN COCTaB, OMOTOTI.
The flora of the Nakhchivan Autonomous Republic is distinguished by its unique and rich

vegetation. The flora includes samples of all types of habitat: ancient forest, boreal, steppe,
xerophilous, desert, Caucasian and adventive plant types.
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Orobanchaceae (Orobanchaceae Vent.) is one of the families included in the flora of the
Nakhchivan Autonomous Republic. The chapter is represented by 7 genera and 55 species. The
section includes the genus Orobanche L., which has rich species diversity.

In Azerbaijan, there are 31 species of the genus, and in the Nakhchivan region — 16 species.

Orobanche L. — Orobanche species are found in different areas from meadows to the upper
mountain belt. The species included in the genus are not only ornamental plants, but are also used in
medicine, feed and food in the wild.

Taking all this into account, the study of the taxonomic composition and directions of use of
Orobanche L. — the genus Orobanbash was considered a relevant topic.

Material and methodology of the study

The studies were conducted in various areas of the Nakhchivan MR in 2023-2024. The object
of the study was the shrubby rocky slopes of the middle alpine and subalpine belt of the region, and
the material was the species of the genus Orobanche L.

The definition and names of the species belonging to the genus Orobanche L. are given on the
basis of the books by A. Aserov “Plants of Azerbaijan” [2], “Flora of Azerbaijan” [11] and other
works. Recent taxonomic changes were verified using World Flora Online
(https://www.worldfloraonline.org/).

Discussion and research conclusions
Orobanche L. is one of the genera with a rich species composition in the flora of the
Nakhchivan Autonomous Republic. There are 31 genera in Azerbaijan, and 16 genera in
Nakhchivan region. The systematic composition of species included in the genus, ecological
groups, habitat, phases of flowering and fruiting are shown in the table below (Table).

Table

TAXONOMIC COMPOSITION OF SPECIES OF GENUS Orobanche L

Species name

Environmental

Area class

Flowering and

groups fruiting phase
Orobanche alba Steph. Mesoxerophyte Eastern Europe V, VI-VII, VI
O. alsatica Kirschl. Xerophyte Adventive VILVI: I-VII, XI
O. caryophyllacea Smith. Xerophyte Adventive VVII-VI, VI
0. connata C.Koch. Xerophyte Asia Minor V, VI-VII, VIII
O. crenata Forssk. Mesoxerophyte Asia Minor V VII-VI, VI
O. cumana Wallr. Xerophyte The Caucasus VVII-VI, VI
O. elatior Sutt. Xerophyte Adventive VILVII-VII, VI
O. glabricaulis Tzvel. Xerophyte The Caucasus VILVII-VII, VI
O. grossheimii Novop. Xerophyte The Caucasus VILVII-VII, XI
O. kurdica Hausskn. Mesoxerophyte The Mediterranean Sea ~ VI,VII-VII, VIII
O. lutea Baumg. Xeromesophyte Adventive V VII-VI, VI
O. minor Smith. Xerophyte The Mediterranean Sea  V,VIL,VII-VIII, IX
O. raddeana G. Beck. Mesoxerophyte Asia Minor VI,VII-VI, IX
O. rosea Tzvel. Xerophyte The Caucasus VILVII-VII, VI
O. sintenisii G. Beck. Mesoxerophyte Adventive VIL,VII-VII, XI
O. vitellina Novopokr. Mesoxerophyte Eastern Europe V VII-VI, VI
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These are annual, biennial and perennial plants with dense, simple or branching stems covered
with alternate scales. Flowers are collected in a spike-shaped or racemose floral group, 2 flowers
with or without an apex near the calyx. The calyx is bell-shaped, with 4-5 sharp teeth, often deeply
dissected in the direction of the axis of the floral group or divided towards the base. The crown is
tubular or bell-shaped, with two lips, the upper lip is two-lobed, the lower lip is three-lobed.

When analyzing the ecological groups of species included in the genus, it was found that the
species Orobanch alba, O. crenata, O. kurdica, O. raddeana, O. sintenisii, O. vitellina are
mesoxerophytic, O. alsatica, O. caryophyllacea, O. connate, O. cumana, O. elatior, O. glabricaulis,
O. Grossheimii, O. minor, O. rosea species are xerophytes, and O. lutea species are
xeromesophytes.

Based on available literary sources and our own field studies, the species of the genus were
assigned to different range classes, which make it possible to determine the migration routes of the
species to the territory.

The species of the genus Orobanche L. common in the study area were analyzed in 5 areal
classes according to zonal and regional principles. It is known that the species is widespread in such
areas as the Caucasus, Asia Minor, the Mediterranean, and Eastern Europe.

The species Orobanch alba is an annual plant of reddish color. It is usually distributed on dry
sunny slopes, in steppes, subalpine and alpine meadows, on calcareous, solonetzic, sandy or clay
soils. It parasitizes on the species Salvia, Thymus, Galium. It parasitizes on ornamental and spicy
plants and reduces crop yields.

The species Orobanch alsatica is common on grassy and rocky slopes of the mid-mountain
and subalpine belt. It parasitizes on the species Hieracium L. the plant parasitizes on agricultural
crops and reduces crop Yields.

The Orobanch caryophyllacea species is common on shrubby and rocky slopes of the mid-
alpine and subalpine belt. It parasitizes on Galium L. species. The plant is used in folk medicine to
treat various diseases.

The Orobanch connata species is common in rocky, stony areas of the mid-mountain belt. It
is used as an ornamental plant in gardens and parks.

The Orobanch crenata species is common in forests and thickets of the mid-mountain belt. It
parasitizes on legumes. The plant is used in folk medicine due to its anti-inflammatory,
antimicrobial and wound-healing properties.

The species Orobanch cumana is distributed on stony, rocky slopes of the middle mountain
zone. The plant is mainly parasitic on Artemisia L., Xanthium L., Helianihus L. genera from
asteraceae. It grows on the roots of agricultural plants — sunflower, tomato and tobacco, and
becomes a parasite, reducing the level of productivity.

The species Orobanch elatior is distributed on the stony slopes of the middle mountain belt.
Parasitic on Centaurea L. and Echinops L. species. By parasitizing plants, which are a source of
food for insects, pollination decreases.

The species Orobanch glabricaulis is a perennial plant, distributed in stony and rocky areas of
the middle mountain zone. The plant is used as an important herb in the treatment of headache,
stomach ache and skin diseases.

The species Orobanch grossheimii is common on grassy and rocky slopes of the middle
alpine and subalpine belt. Cephalaria schrad. ex Rem and Schult. is parasitic on species. The plant
is used as an important medicinal plant in the treatment of a number of human diseases, such as
anthrax and dermatological problems.
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Orobanch kurdica is common on rocky slopes of the middle mountain belt. It is parasitic on
species Tanacetum L., Carduus L., Phlomis L.. It is used as a medicinal and food plant in many
parts of the world.

Orobanch lutea is found in meadows, pastures and areas with sandy-gravel soil. It is parasitic
on species Medicago L.. The plant is used as an ornamental plant in gardens and parks. In
traditional medicine, it is also used in the treatment of various diseases, such as fever, headache and
stomach problems.

The Orobanch raddeana species is common on grassy and rocky slopes of the subalpine belt.
It is a parasite on Campanula L. species. It is collected in the wild and used as food in traditional
medicine.

Figure 1. Orobanche alba (https://lyl.su/eKID) Figure 2. Orobanche elatior
(https://yl.su/eKID)

The Orobanch rosea species is common in stony, rocky areas of the middle mountain belt.
Prangos ferulacea (L.) is a parasite on species. The plant is used in phytochemistry and
pharmaceuticals.

The Orobanch sintenisii species is an annual plant species found in dry and sandy soils. The
plant has been used as a medicine to treat various ailments, including headaches, stomach aches and
skin diseases. In addition to being used as an ornamental plant in gardens, the plant is also
considered an important type of feed in animal husbandry.

Orobanch minor grows in wet, light (sandy), medium (clayey) and heavy (clayey) soils. It is a
parasite on Trifolium. Parasitizing the root system of food plants, it negatively affects the vital
activity of the plant, reduces the quality of productivity.

Species of Orobanch vitellineum are annual or perennial herbs. It is found on dry sandy soils,
in areas with sparse vegetation. It is used in folk medicine for the treatment of various diseases.

The flora and vegetation of the Nakhchivan MR, which is the territory of the studies, was
formed due to the migration of species with different habitats to the region along with the
xerophytic type of territory and the preservation of ancient relics to the present day [12, 21].
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Figure 3. Orobanche kurdica (https://lyl.su/eKID) Figure 4. Orobanche minor (https://lyl.su/eKID)

Thus, in the studied territories, species belonging to the genus form different levels of
formations with plants of other families. The territory of the region forms natural groups of natural
herbaceous plants with various trees and shrubs, covering a number of areas of the region and
forming zonality [1, 8, 20, 22, 23].

Grasses in all territories, regardless of their location, contact with species belonging to a
number of families and form different groups [9, 10, 14].

In a typical forest environment of the region with a forest-shrub complex, multifaceted
geographic and ecological groups of shrubs and grasses are formed. In the formation of such
phytocenoses, the dominant species are plants belonging to the families Fabaceae, Malvaceae,
Rosaceae and others [3-7, 13, 15-18].

Thus, it does not fully reflect the directions of use of the above-mentioned species of the
genus Orobanche L. In our further research, we consider it appropriate to comprehensively study all
the features of the studied breed.

Conclusion

1. The conducted research showed that 16 species of the genus Orobanche L. were found in
the flora of the Nakhchivan Autonomous Republic. It was found that 9 species belonging to the
genus are medicinal, 3 are ornamental, 4 are fodder and some of them are parasitic.

2. The analysis of ecological groups of species included in the genus showed that 9 species of
the genus are xerophytic, 6 species are mesoxerophytic and 1 species is xeromesophytic. According
to the analysis of geographic range classes, 5 species of the genus are adventitious, 4 species are
Caucasian, 3 species are Asia Minor, the Mediterranean and East European classes are represented
by 2 species each.

We would like to express our gratitude to Professor Dashgin Ganbarov for identifying the
studied species.
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BUO3KOJOI'MYECKASA U 'TEOTI'PAOUYECKASA XAPAKTEPUCTHUKA
POJA Alyssum L., PACITIPOCTPAHEHHOTI'O BO ®JIOPE HAXUYEBAHU

©Anuesa A. M., ORCID: 0009-0009-8075-9490, kano. buon. nayx, Haxuuesanckuti
2ocyoapcmeennwlil ynusepcumem, 2. Haxuuesanu, Azepoaiioscan, afagaliyeval00@gmail.com

THE BIOECOLOGICAL AND GEOGRAPHICAL CHARACTERISTICS
OF THE Alyssum L. GENUS COMMON IN THE FLORA
OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC

©Alieva A., ORCID: 0009-0009-8075-9490, Ph.D., Nakhchivan State University,
Nakhchivan, Azerbaijan, afagaliyeval00@gmail.com

Annomayus. TlpencraBieHa OMOIKOJIOTHYECKass W Teorpaduyeckas XapaKTepUCTHKA pojaa
Alyssum L. — oaHoOro M3 KpymHBIX pomoB cemeiicTBa Brassicaceae, pacnpoctpaHeHHOToO BO (uiope
HaxwuueBanu. B pe3ynbrare npoBeneHHBIX UccieaoBanuii Bo guope HaxuueBanckoii AP BbIsSBICHBI
Buzbl: Alyssum calycinum L., Alyssum dasycarpum Stephan ex Willd., Alyssum gehamense Fed.,
Alyssum hirsutum M. Bieb., Alyssum murale Waldst. & Kit., Alyssum parviflorum Fisch. ex M.
Bieb., Alyssum persicum Boiss. (A. muelleri Boiss. & Buhse), Alyssum stapfii Vierh.
(A. buschianum Grossh.), Alyssum strictum Willd., Alyssum strigosum Banks & Sol. (A. campestre
L.), Alyssum szowitsianum Fisch. & C. A. Mey., Alyssum tortuosum Waldst. & Kit. ex Willd.,
Alyssum turkestanicum Regel & Schmalh. (A. desertorum Stapf) poma Alyssum L. Ilpusenensr
CBCJACHHA O PACHpPOCTPpaHCHHH BHAOB poOJa Alyssum L. 1m0 BBICOTHBIM noscam, DKOJIOTUYECKOM
cpene, denodase, xu3HeHHON (opMe, TUIMAX reorpa@uueckux 30H M SKOJOTHYECKOH Tpymme Mo
BJIAKHOCTH. I[aHO MMPAKTUYCCKOC NPUMCHCHHUEC BUJOB poAda W BbIACICHLI Cy63HI[eMI/I‘~IHI)Ie BHU/IbI
AzepOaiimxana dopsl HaxuueBanckoit AP.

Abstract. The article mentions the bioecological and geographical characteristics of the genus
Alyssum L. - one of the large genera of the Brassicaceae family, widespread in the flora of
the Nakhchivan Autonomous Republic. As a result of the studies, the following species were
identified in the flora of the Nakhchivan Autonomous Republic: Alyssum calycinum L., Alyssum
Stephan ex Willd., Alyssum gehamense Fed., Alyssum hirsutum M. Bieb., Alyssum murale Waldst.
& Kit., Alyssum parviflorum Fisch. ex M. Bieb., Alyssum persicum Boiss. (A. muelleri Boiss. &
Buhse), Alyssum stapfii Vierh. (A. buschianum Grossh.), Alyssum strictum Willd., Alyssum
strigosum Banks & Soland. (A. campestre L.), Alyssum strictum Willd., Alyssum tortuosum Waldst.
& Kit. ex Willd., Alyssum turkestanicum Regel & Schmalh. (A. desertorum Stapf) of the genus
Alyssum L. Here is information about the distribution of representatives of the genus Alyssum L. in
the territorial flora by altitude zones, ecological environment, phenophase, life form, types of
geographic zones and ecological group by humidity. Also mentioned were useful features of
the genus, subendemic species of Azerbaijan, species characteristic of the flora of the Nakhchivan
Autonomous Republic.

Kniouesvie cnosa: Bun, poi, ceMeicTBo, Oypadox.

Keywords: species, genus, family, Alyssum L.
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Bo ¢unope HaxusiBanckoit AP HacunThiBaetcs 165 BumoB cemeiictBa KamyctHbie, coOpaHHbIe
B 67 ponoB. B Azep0Oaiimkane HacuutbiBaercs 21 Buag poma Alyssum L., a Bo ¢mope HaxubiBana —
13 BuzmoB [5, 16]. OTu BUABI pacnpOCTpPaHEHbl B Pa3HBIX BBICOTHBIX IOACAX MU IKOJIOTMUYECKHUX
cpenax. OHM SBJISIOTCSA MPEUMYIIECTBEHHO KCEPOPUTHBIMU, ME30KCEPO(PUTHBIMHU, OTHOIETHUMH U
MHOT'OJICTHUMH BHJAMH W PAaCHPOCTPAaHEHBI B pasHbIX paiioHax pecrmyonuku [1-3]. Cpenu BUIOB
poma Alyssum L. BBIIENSIOT JEKapCTBEHHBIC, IMHIICBBIC, MPSIHbIC, KOPMOBBIC, KOCMETHUCCKUE H
JieKopaTuBHbIe pactenus [ 1, 3, 14].

Lenbp cocTOMT B TOM, YTOOBI W3Yy4YUTh BIUSHHE OXHUAAEMOTO IIIOOAJIBHOTO W3MEHEHHS
KJIMMaTa Ha OuopasHooOpasue, BKJIro4Yas cemeiicTBo Brassicaceae Burnett. Ilnanupyercst usydenue
MCYE3aroIINX BUJOB U CO3/IaHUE TEHHOTO (POH/a JIJIsl OXpaHbl OMOpa3HOO0pa3usl.

Mamepuan u memoouxka ucciedo8anusl

N3ydena TeppuTopusi BRICOKOTOPHOTO MMOsiCa, HaUMHAask ¢ HIXKHETO TOpHOro nosica babekckoro,
Kenrepnuuckoro, Jxynbdunckoro, OpayOanckoro u IllaxOy3ckoro paiioHoB HaxdbiBaHCKO#
AproHomHoOI PecniyOnuku. MccnenoBanust 0XBaTUiIM NEPUOIbI MHTEHCUBHOTO Pa3BUTHSI IEPBUYHON
BEeCEHHeW (Mapr-ampeinb) (IOpbl M MPONOIDKATINCH M B TEPHONbI OKOHYAHUS BETETALIMOHHOTO
MepHo/ia BUJOB B aBT'yCTE-CEHTSOpE.

OOBEKTOM HCCIIeI0BaHMs CTay BUabI poxa Alyssum L.

B xome skcmeguiuit u cBOOOAHBIMH MapuIpyTaMH IO paiiOHAM OIPEAENICIUCh JKOJIOTr0-
reorpauuecKkue YCIOBUS PACIpOCTPAHEHUs BHIOB pOjAa, COOpaHbl 0O0pas3lbl pacTeHUd u
OTpe/ieTICHbI BUBI C TIOMOIIBIO UIEHTU(PUKATOPOB.

[Ipu pa3paboTke cHUCTEMaTHKH poJa HCIONb30BANCS TAKCOHOMHUYECKHH CIEKTp (Iopbl
HaxubiBanckoit ABronomHoi PecriyOmuku [16].

OmnpeesieHre MPOBEACHO 10 PSAY ONPEASIUTENeH U CUCTEMaTHUeCKUX daHHbIX [4-6, 12, 13,
17, 18, 21].

B xome wuccrnegoBaHuii ObLTM  OMHMCAHBI SKOJOrO-Teorpaduyeckue ycIoBHS OHOTOMOB
HaxusiBanckoit AP [7].

[IpoBeneHo cpaBHeHHE c pacnpocTpaHeHueM BHI0B poja Alyssum L. B CuOupu u apyrux
peruonax Poccuiickoit ®eneparmu u 3apyodexss [8-11, 20].

Obcysicoenue noryuyeHHbIX pe3yibmamos:
Pox Alyssum L. — oguH 13 pomoB ¢ OOJIBIINM KOJMUYECTBOM BHIOB ceMeiicTBa KamycTHBIX BO
¢dnope HaxusiBanckoro AP.
Cucmemamuka
Omoen — Magnoliophyta
Knacc — Magnoliopsida
Iopsioox — Capparales
Cemeticmeo — Brassicactae
Poo — Alyssum L.
Buowi
1. Alyssum calycinum L. — Bypadok uarieyHbrit
2. Alyssum dasycarpum Steph. — Bypadok myImcTomIoHbIH
3. Alyssum Gehamense Fed. — Bypauok ["eramckuii
4. Alyssum hirsutum Bieb. — Bypauok_mepmaBbiit
5. Alyssum murale Waldst. & Kit. — Bypauok crennoii
6. Alyssum parviflorum Fisch. ex Bieb. — Bypauok MenkomBeTKOBBIi
7. Alyssum persicum Boiss. (A. muelleri Boiss. & Buhse) — Bypadok Mrosiepa
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8. Alyssum Stapfii Vierh.(A. Buschianum Grossh.) — Bypauok Byia

9. Alyssum Stapfii Vierh.(A. Buschianum Grossh.) — Bypauok Bymia

10. Alyssum strictum Willd. — Bypauok npsimoii

11. Alyssum Szovitsianum Fisch. & C.A. Mey. — Bypadok_CoBuua

12. Alyssum tortuosum Waldst. & Kit. ex Willd. (A. bracteatum auct.) — Bypauoxk
HU3BUJIMCTHIN

13. Alyssum turkestanicum Regel & Schmalh. (A. desertorum Stapf) — Bypauok
TYPKECTaHCKUI

Jluctes pactenuii poga Alyssum L. uMeroT mpooiroBaTo-oBaibHy0 hopmy. Beicota crebis
y KaXJO0TO BH/Ja, KaK OJHOJETHEro, TaK M MHOTOJICTHErO pacTeHus, pa3inuyHa. VMmeer Oebie,
XKenThle U (pUOJIETOBBIC MeNKue, 0ojiee MM MeHee apoMaTHbie IBETKH. COIEPKUT aJIKaJOUIbl U
dmaBonous [8, 21].

Bbuoskosnornueckas xapakTeprcTiKa BUaoB poza, Alyssum L. pacnpocTpaHeHHbIE B MECTHOM
dnope npexncrapneHa B Tadmwe 1.

Tabauna 1
BUOSKOJIOTMYECKASI XAPAKTEPUCTUKA BHJIOB POJA Alyssum

No Buow Buvicoma, Denogasa Dopma rHcusHu
cm

1. Alyssum calycinum L. — Bypa4ok yamieuHblii 5-25 IV-VI OnHoneTHHiI

2. A.dasycarpum Steph. — b. mymmcTomnioansii 10-25 -V OnHoneTHUH

3. A. Gehamense Fed. — B. I'eramckuii 10 VII, VI MHoroeTHuH

4. A hirsutum Bieb. — B. _meprraBsrii 8-25 IV-VI OnHoneTHHI

5. A.murale Waldst. & Kit.— B. crennoii 18-25 VI-VII, VII-VIIl  MHoronerauit

6 A. parviflorum Fisch. ex Bieb. — Bb. 4-40 v, V-VII OnHoJIeTHUH
MEJIKOIBETKOBBIN

7. A persicum Boiss. (A. muelleri Boiss. & Buhse) 5-15(25) (V) V-VI, (V)  MuoroneTHuii
— b. nepcuackuii VI-VIII

8.  A. Stapfii Vierh.(A. Buschianum Grossh.) — 5-20 V, VI OnHoneTHui
b. byma

9.  Alyssum strictum Willd. - Bypadok mpsimoii 10-20 V, VI-VII OnHoneTHHi

10. A strigosum Banks & Soland. (A. campestre L.) —  8-20 (35) V-V (VI), V- OnHoneTHUH
b. meruHuCTHII Wil

11. A. Szovitsianum Fisch. & C.A. Mey. — 5-15 V-V, V-VI OnHoJIeTHUH
b. CoBuua

12.  A. tortuosum Waldst. & Kit. ex Willd. (A. 8-25 V-VIII, VI-IX MHoroneTHui
bracteatum auct.) — B. u3BHIHCTEIIA

13. A turkestanicum Regel & Schmalh. (A. 6-15 (20) (1 v-v, 1v- OnHoneTHUH
desertorum Stapf) — B. TypkecTanckuii VI

Ha ocnoBe ananuza nanubeix Ta6muiel 1 Buaa (30,76 %) poaa sSBASIOTCS MHOTOJIETHUMU, a Y 9
BUI0B (69,23 %) npeobnanaeT ogHONETHSA *KU3HEHHas Gopma. OCTanbHBIE XapaKTePUCTUKU Poja
Alyssum L. npencrasnens! B Tabmwuiie 2.

Tpu Buna (23,07%) pona Alyssum L. BcTpeuaroTcsi B HUXKHEM M CPETHEM TOPHOM Mosicax, 2
Buna (15,38%) — B cy0anpbnmUHCKOM W BBICOKOTOPHOM Tmosicax, S5 BumoB (38,46%) — B
cpenHeropHoM mosice, 3 Buaa (23,07%)) oObIYHA B HIKHEM TOPHOM MOsice. BONBITMHCTBO BHUIOB
pola mpou3pacTaer B cpeHeM ropHom mnosice. 13 atux pacrenuit 10 BumoB (76,92 %) oTHOCSITCS K
rpymnmne kcepoguron, a 3 Buna (23,07%) — k rpynne kcepomezoputoB. KcepoputHbie pacTeHus
MMEIOT IPEUMYILECTBO, UTO 00pa3yIOT KJIaCTEPHI.
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Tabnuua 2
OKOJIOTUYECKA S XAPAKTEPUCTUKA BHUJJOB POJIA Alyssum L.
Ne Buowi Buvicoma nosica Oronoeuveckas cpeda Axonoeuueckas
epynna
1. Alyssum Cpennuii ropHblii mosic  Cyxue, KAMEHHUCTBIC CKIIOHBI, cTerd.  Kcepodur
calycinum L. Ioxynepunckuit, LllaxOy3ckuit
paiioH
2. A. dasycarpum Hwusko-cpemunit Cyxue, TTUHHUCTbIE 1 KaMEHUCTHIE Kcepodur
Steph. TOPHBIH MOSIC CKJIOHBI, Oepera pek, mecyaHbie
JIIOHBI, TOCceBBI, canbl. [llax0y3ckuit
paiioH
3. A. Gehamense Cybanbmnuiickue u PaznuBbl 1 KAMEHUCTHIC MECTA. Kcepodur
Fed. AJBIIUICKHE BBICOTHI JLxynehuHCKHA paiioH
4. A hirsutum Bieb. Ot paBHuUHBI 10 Cyxue, TTUHUACTBIE CKIIOHBI, CTETIH, Kcepogur
CpeIHEr0 TOPHOTO 3apOCIIH.
nosica
5. Amurale Waldst. CyGanpnuiickue u KycrapHuku, KaMeHUCTBIC 1 Kcepomezoput
& Kit. ANBITUACKHUE BBHICOTHI rpaBuiiHbIe MecTa [[XynbpuHCKHIA,
[Tax0Oy3ckuii pallOHBI
6. A parviflorum Hwxnauii ropuslii nossc  KaMmeHucThie, mecyaHnbie MecTa, Kcepodur
Fisch. ex Bieb. CTEIH, CyXUE XOJIMBI, CKJIOHBIL.
[Max0Oy3ckuii palioH
7. A. persicum Cpennntii ropsblii mosic - Cyxue, KAMEHUCTBIS, TIIHHUACTHIC Kcepodur
Boiss. (A. (penxo CKJIOHBI, U3BECTHIKOBBIE MECTa.
muelleri Boiss. & cybanpnuiickue ax6y3ckuii paiion
Buhse) BO3BBIIIIEHHOCTH)
8. A Stapfii Husko-cpenauii Cyxwue MecTa, KAMCHHUCTBHIE, Kcepodur
Vierh.(A. TOPHBIN TOSIC rpaBuiiHble. babekckuii,
Buschianum [Tax0y3ckuii paiioH
Grossh.)
9. A strictum Willd. Cpenuuii ropasiit Cyxue, KaMECHHUCTBIE CKIIOHBI. Kcepodur
nosic, MHOT/1a 10 Joxynedunckuit, OpryOanckui,
BEPXHET0 FOPHOTO [Max0y3ckuii palioOHBI
nosica.
10.  A. strigosum Hwuskuii u cpennnit Cyxue IIMHUCThIE, KAMEHUCTHIC Kseromezofit
Banks & Soland.  ropusiii mosic (peako MecTHOCTH. KycThl, MOCeBEI, callbl,
(A. campestre L.)  cybambruiickue Oepera pek, MyCOpHBIE MecTa
BO3BBIIIEHUS)
11.  A. Szovitsianum Cpenuwmii ropubiii mosic - Cyxue, KaMeH- Kcepodur
Fisch. & C.A. UCThIE, [NIMHUCTHIE CKIOHBI.
Mey. [Max0y3ckuii palioH
12.  A.tortuosum OT HUXKHETO 10 I'paBuii, kKaMmeHHCTBIE MECTA, Kcepodur
Waldst. & Kit. ex  BepxHero ropHoro TpaBSHUCTHIE CKIOHBI. Oprybanckuit
Willd. (A. nosica paiioH
bracteatum auct.)
13.  A.turkestanicum  PaBHuHHBIN, HWKHUKA  [lOdyIyCTBIHS, TJIMHUCTBIC, Kcepomezoput

Regel &
Schmalh. (A.
desertorum Stapf)

TOPHBIH mosc (B
OCHOBHOM CpEJTHUI
TOPHBIN TIOSIC)

KaMEHUCTBIE MECTa, OKparnHa
CEIIbCKOXO3IMCTBEHHEIX IIOJICH,
MeCYaHbIC JIOHBI, PUOPEIKHBIH
[Max0Oy3ckuii palioH

Cpemn mpencrasuresneir poma Alyssum L ecte u mose3Hble BHABI, XapaKTE€PHBIC IS
cyosHemudeckoit Guiopsl A3epbaiimkana u HaxasiBana. O6 3tom coobmraercs B Tabmuie 3.

Jlo cux TOp OTMEYaloTCs TONBITKA paccMmarpuBarh A. desertorum kak Oosiee mo3IHEe
naszanue A. turkestanicum. Ha camom genme, A. desertorum wusHagaibHO (HOPMHPOBAICS Kak
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aneMeHT toro-3anaaa Mpano-Typanckoit (mopuctuueckoit obmactu, 1. €. B FOro-3amagnoit Asum,
MO3/IHEE MHUPOKO PACTIPOCTPAHUBIIUICS TIO cCeMUapuIHbIM obmacTsMm EBpombl u CeBepHoil A3uu
[9-11].

Tabnuna 3
TTOJIE3HBIE CBOMICTBA Alyssum L 1 TUIIBI TEOTPA®HNYECKOI'O APEAJIA

No Buow Tun ceoepaguueckozo

apeana

Tlonesnvie ceoticmsa

1. Alyssum calycinum L. JleKkopaTHBHEIE, KopMoBbIe, Cpeau3eMHOE MOpe
JIEKapPCTBEHHBIC U MEJIOHOCHBIC
2. A.dasycarpum Steph Kopmosrie Upano - Typanckuit
3. A Gehamense Fed. — Cesepnbiit Upan
4. A. Gehamense Fed. — Bocrounoe
Cpenu3eMHOMOPhE
5. A murale Waldst. & Kit. JlexopaTuBHbIE BocrouHoe
Cpenn3eMHOMOPBE
6.  A. parviflorum Fisch. ex Bieb. JlekopaTHBHbIE, KOPMOBBIE Apmenuns-Hpan
7. A.persicum Boiss. (A. muelleri Boiss. & JlekapcTBeHHsbie, nekopaTuBHbie  Mpan
Buhse)
8.  A. Stapfii Vierh.(A. Buschianum JlekapCTBEHHbIC ATtponaran
Grossh.)
9. A strictum Willd. JlekopaTHBHbIE Maias Asust
10. A strigosum Banks & Soland. (A. CpenuzeMHOMOpbE-
campestre L.) Upan-Typan

11. A Szovitsianum Fisch. & C.A. Mey. JlekopaTUBHbIE, KOPMOBBIE [Mepenusis Asus

12. A tortuosum Waldst. & Kit. ex Willd. JlekopaTHBHbIE Bocrounoe
(A. bracteatum auct.) Cpeau3eMHOMOPbE

13. A turkestanicum Regel & Schmalh. (A.  JlekopaTtuBHbIC Bocrtounsrit Upan-
desertorum Stapf) Typau

Bonbinas yacts BumoB pona Alyssum L. — 7 BunoB (53,84%) UMEIOT I€KOPAaTHBHOE 3HAUCHHUS
[3].

Alyssum Szovitsianum Fisch. & C.A. Mey., Alyssum turkestanicum Regel & Schmalh. —
cyOsHaeMuuHble BUIbI A3epOaiimkanckoil Pecriyomuku.

Alyssum dasycarpum Steph., Alyssum persicum Boiss. (A. muelleri Boiss. & Buhse) u
Alyssum Szovitsianum Fisch. — tunuunsie By 1t HaxubiBanckoit ¢iopsr AzepOaiimkana [1].

Buisoo

Bo ¢uope HaxupiBanckoii ABTOHOMHOHN PecmyOmuke pacmpocrpaneno 13 BumoB pona
Alyssum L. 4 Buna (30,76%) pona Alyssum L. sBistorcst MHOTONIETHUMH, a 9 BUIOB (69,23 %) —
OJTHOJIETHUMHU pacTeHusiMu. 5 Bua0B (38,46%) mpouspacTaroT B cpegHeM ropHoM mosice. 10 BumoB
(76,92%) — kcepoduter, a 3 Buma (23,07%) — xcepomesodputsl. 7 BugoB (53,84%) —
nexoparuBHbie pactenus. Alyssum Szovitsianum Fisch. & C.A. Mey., Alyssum turkestanicum Regel
& Schmalh. — cy6sunemsr Azepbaiimkanckoit Pecryonuku. Alyssum dasycarpum Steph., Alyssum
persicum Boiss. (A. muelleri Boiss. & Buhse) u Alyssum Szovitsianum Fisch. u K.A. —
xapaxTepHsl 171 praopsl HaxusiBanckoit AP.

Buvipasicaro oepomnyro 6arazooaprocmo 3aciysiceHHoMy yueHomy Azepbatioscana, Akademuxy

AH A3zepbatioscanckoi Pecnyonuxu T. I. Tanvibo8y 3a ouenv yeHHvle cO8embl U BANCHLIE
3ameyanusl.
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Pyxoeooumenio Uncmumyma o6uopecypcos (Haxuwiean) 3a 6uonoeuueckyro s3xcneouyuo u
NPeooCmaseHHYI0 803MOICHOCMb U3YUeHUs (propucmuyeckoeo paznoobpasus Haxuvieanckoii AP.
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Abstract. The biomorphological and ecological structure of plant species on the coast of the
Caspian Sea is presented. The coastal flora encompasses a range of life forms, with herbaceous
plants (45.5%) being the most prevalent. Biomorphological classifications indicate that therophytes,
hemicryptophytes, and cryptophytes are the dominant groups. Based on ecological grouping, most
plants belong to mesophytes (40.7%) and psammophytes (23.0%), reflecting the adaptation of the
local vegetation to the climate and soil characteristics of the area. This diversity underscores the
unique botanical composition of the Caspian coast and its ecological adaptations. The study
highlights the significance of biomorphological and ecological analyses for understanding the
region’s biological diversity and ecosystem balance, providing valuable insights for sustainable
ecosystem management.

Aunnomayus. IlpencraBieHa Ouomopgosornyeckass M SKOJIOTMUYecKas CTPYKTypa BHUIOB
pactenuii Ha nobepexxbe Kacnmiickoro mops. Ilpubpexxnas ¢opa oxBaThIBaeT psi JKU3HEHHBIX
dopm, mpu STOM  Hamboyee  paclpoCTpaHEHbl  TpaBsHHCThIE  pacTeHus  (45,5%).
buomopdonoruueckas kimaccuuKkanus MOKa3bIBAET, YTO JOMUHHUPYIOUIMMH TPYMIAMH SBISIOTCS
Tepo(UTHI, TEMUKPUIITOPUTHI U KPUNTOPUTHI. BOIBIIMHCTBO pacTeHHi OTHOCATCA K Me3ohutam
(40,7%) m ncammodutam (23,0%), YTO OTpakaeT aJamNTaIMi0 MECTHOM pACTUTEIBLHOCTH K
KJIMMAaTHYeCKUM M TIOYBEHHBIM XapaKTEpUCTHKaM pailoHa. DTo pa3HooOpasue MOJUYepKUBAET
YHUKaJbHBII OOTaHWYeckHil cocTaB mobepexkbs Kacnuilckoro Mops M €ro 3KOJOTHYECKYIO
ananrtanuio. IlokaszaHa BaxHOCTb OHOMOP(OIOTHYECKOTO M HSKOJOTHYECKOTO aHajau3a st
MMOHUMAaHUs OMOJIOTUYECKOr0 pa3HooOpasus M OajlaHCca 3KOCHCTEMBbI PETHMOHA, YTO JAeT LIEHHYIO
MH(OPMALIUIO ISl YCTOHUMBOTO YIIPABICHUS SKOCUCTEMOM.
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Keywords: Caspian coast, biomorphological analysis, ecological analysis, plant life forms,
ecosystem balance.

Knrouesvie cnosa: mobepexne Kacrus, OuoMopdonorudeckuii aHamm3, 3SKOIOTHYSCKHMA
aHaJIM3, )KU3HEHHbIC (POPMBI PACTEHU, OaTaHC SKOCUCTEMBI.

The flora along the Caspian Sea coast exhibits a rich diversity of plant life forms, influenced
by the region’s unique ecological and biomorphological characteristics. Due to its geographical
location and climate, the Caspian coast supports a wide range of vegetation types, including desert,
semi-desert, wetland, and meadow species [1-6]. The local flora, shaped by variable moisture levels
and diverse soil types, represents significant adaptability among plant species, which contributes to
the overall biodiversity and resilience of these ecosystems (https://www.worldfloraonline.org/).

A systematic study of the Caspian coast flora’s life forms can reveal much about the strategies
plants use to survive under different environmental pressures, from water scarcity to salt tolerance.
This study, grounded in the classifications developed by Raunkier (1934), Serebryakov (1964), and
Shennikov (1963), explores how plants’ biomorphological and ecological adaptations enhance
ecosystem stability and allow vegetation to thrive across varying microhabitats [27-30].

Understanding these adaptations and ecological roles is crucial for effective conservation and
sustainable management of this ecosystem, which is increasingly under threat from human activity
and climate change (https://lyl.su/y4Q0).

Methodology

Biomorphological Classification. The biomorphological classification framework adopted in
this study is based on established methodologies by Raunkier (1934), Serebryakov (1964), and
Shennikov (1963). Raunkier’s life-form classification categorizes plants by the location of their
perennating organs, while Serebryakov and Shennikov expand upon these foundations, emphasizing
ecological-morphological adaptations and environmental conditions influencing plant structure.
Key life forms considered in this study include therophytes, hemicryptophytes, cryptophytes,
phanerophytes, and chamaephytes. By examining morphological adaptations, such as underground
storage organs in cryptophytes or reduced transpiration in xerophytic therophytes, this classification
provides a structural and functional overview of the vegetation across the Caspian coast [27, 29,
30].

Ecological Classification. The ecological classification focuses on water requirements,
categorizing plants as mesophytes, xerophytes, psammophytes, halophytes, and hydrophytes. This
classification is particularly relevant to understanding the Caspian coast, where moisture availability
and soil composition vary significantly. Each ecological group represents distinct adaptations:
mesophytes thrive in moderate moisture, xerophytes in arid conditions, psammophytes on sandy
soils, halophytes in saline environments, and hydrophytes in water-rich areas. This approach offers
insights into the types of habitats each plant group occupies and their role within the coastal
ecosystem [25, 26].

Data Collection. Fieldwork was conducted along various Caspian coast locations, covering
diverse habitats, including semi-deserts, sandy dunes, wetlands, and coastal meadows. Species were
identified, cataloged, and recorded for analysis. Using observational and sampling methods, data
were collected on species distribution and morphological characteristics, and plants were
categorized into appropriate biomorphological and ecological groups [1-8].
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Results
Biomorphological Analysis. The biomorphological composition of the Caspian coastal flora
shows a clear predominance of herbaceous plants, constituting 45.5% of the total species [1-9]. This
distribution of life forms reflects the adaptations of plants to the region's specific environmental
conditions, as detailed in Table 1.

Table 1

BIOMORPHOLOGICAL CLASSIFICATION OF CASPIAN COASTAL FLORA

Life Form Species Percentage (%)
Therophytes 479 45.5
Hemicryptophytes 287 27.2
Cryptophytes 150 14.2
Phanerophytes 67 6.4
Bryochamephytes 40 3.8
Chamaephytes 31 2.9

Therophytes are the most abundant, highlighting a strategy of rapid life cycle completion in
response to seasonal moisture changes. These annuals capitalize on favorable conditions and enter
dormancy through their seeds when resources are scarce. Hemicryptophytes and cryptophytes,
forming 27.2% and 14.2%, respectively, are perennials that use structural adaptations, such as soil-
surface or underground buds, to survive unfavorable seasons like winter or drought [10-15].

Phanerophytes, at 6.4%, include woody species that maintain above-ground growth year-
round, adapting to more stable, protected microhabitats. Bryophytes and chamaephytes, although
comprising smaller proportions of the flora, contribute to soil stability and moisture retention with
their low-growing, dense structures that minimize water loss and protect the soil from erosion. In
summary, the biomorphological diversity in the Caspian flora reflects a range of survival strategies,
with therophytes leading in adaptation to the region’s semi-arid and seasonally variable conditions
[16].

Ecological Analysis. The ecological classification reveals that mesophytes are the largest
group, followed by psammophytes and xerophytes. Table 2 outlines the ecological distribution:

Table 2
ECOLOGICAL GROUPING OF CASPIAN COASTAL FLORA
Ecological Group Species Percentage (%)
Mesophytes 429 40.7
Psammophytes 242 23.0
Xerophytes 203 19.3
Hydrophytes 92 8.7
Halophytes 88 8.3

Mesophytes, making up 40.7% of the flora, indicate a preference for moderate moisture
environments, commonly found in meadows, moist forest clearings, and other areas with stable
water sources. This prevalence suggests that the Caspian coast supports a considerable range of
habitats with regular moisture availability [17-20].

In contrast, psammophytes (23%) and xerophytes (19.3%) reflect adaptations to challenging
conditions. Psammophytes are adapted to sandy soils, often with minimal nutrients and limited
water retention, while xerophytes are specialized for dry, arid areas where water conservation is
essential.
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The ecological diversity in the Caspian flora reflects the region's varied conditions, supporting
both mesic (moderate moisture) and xeric (dry) habitats. This range of adaptations contributes to the
overall resilience of the Caspian coastal ecosystem, allowing a broad spectrum of plant species to
thrive under distinct environmental constraints [21-26].

Discussion

The biomorphological and ecological analysis underscores the Caspian coast's environmental
heterogeneity and the adaptability of its flora. The dominance of therophytes in biomorphological
groups highlights the ecological significance of annual plants in arid and semi-arid environments.
Their ability to rapidly complete their life cycle in response to seasonal water availability is a
crucial adaptation for survival under fluctuating climatic conditions. This feature aligns with the
coast’s desert and semi-desert landscapes, where plants must exploit short periods of favorable
conditions to reproduce and disperse seeds.

In terms of ecological grouping, the prevalence of mesophytes suggests the importance of
moderate moisture availability in maintaining the stability of coastal ecosystems. Mesophytes play a
critical role in supporting diverse plant communities by thriving in habitats with balanced water
levels. The significant representation of psammophytes and xerophytes indicates that much of the
Caspian coast consists of sandy and arid areas where plants must adapt to low water availability.
Psammophytes, for instance, are well-suited to sandy soils with their tolerance to soil movement
and sparse nutrient availability.

Additionally, the presence of hydrophytes and halophytes reveals specialized plant
adaptations to waterlogged and saline environments. Hydrophytes thrive in aquatic conditions,
while halophytes have evolved mechanisms to tolerate high salt levels, commonly found in coastal
areas affected by saline groundwater or sea spray. These adaptations are essential for sustaining
plant diversity and enabling vegetation to persist in challenging habitats.

Conclusion

This study provides a comprehensive biomorphological and ecological analysis of the
Caspian coastal flora. The dominance of herbaceous plants and mesophytes reflects the flora's
adaptation to the region's moderate moisture levels, while the presence of xerophytes and
psammophytes demonstrates the adaptability of plants to the arid and semi-arid landscapes
characteristic of the Caspian coast. The findings emphasize the ecological resilience of the Caspian
coast, supported by diverse life forms and ecological groups that enable plants to survive and thrive
in various microenvironments.

Understanding the structure and function of the Caspian coastal flora is crucial for developing
effective conservation strategies. As climate change and anthropogenic pressures continue to impact
these areas, it is essential to monitor and preserve the ecosystem balance to maintain biodiversity
and habitat stability. Future research should focus on long-term ecological monitoring to assess the
effects of environmental changes on the flora and to guide conservation efforts.
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Abstract. Various types of phytochemicals are present in plant parts such as bark, stem, roots,
and other plant components. The distribution, chemical composition, and use of anthracene
derivative-containing plants growing in Azerbaijan were investigated. Anthraquinones can be used
as agents that have an active effect against malignant tumors and stimulate immunity against new
malignant derivatives. Oxy- and oxymethylanthraquinones of fennel have antispasmodic and
diuretic effects, and the content of calcium and magnesium phosphates in them ensures the
fragmentation and removal of urinary stones from the body. Methyloxyanthraquinone derivatives
are present in the bark, leaves, shoots, and fruits of Rhamnus cathartica. Freshly picked pods
contain anthraglycoside frangulioriside, which oxidizes and turns into glucofrangulin when stored
in pods for 1 year. Rhubarb root and its extracts have a laxative effect, increasing intestinal
peristalsis. Aloe is used for skin care.

Annomayusa. Pa3nuuHple THUNBI (UTOXMMHYECKHX BEIIECTB IMPUCYTCTBYIOT B YacTAX
pacTeHuii, TakuMX Kak Kopa, credeib, KOPHH M JApyrue KOMIIOHEHTbl pacTeHuid. MccienoBaHbl
pacupoCTpaHeHHe, XMMUYECKHM COCTAaB M INPUMEHEHHE DPACTEHMH, COJIEp KallMX IPOU3BOJHBIC
aHTpalleHa U Mpou3pacTaroliux B A3zepOaiipkaHe. AHTPAXHMHOHBI MOTYT OBITh MCIIOJIb30BAHbI KaK
CPEICTBA, OKa3bIBAIOIIME AKTUBHOE JCHCTBUE IIPOTUB  3JIOKAYECTBEHHBIX  OIYyXOJIEHW U
CTUMYJIUPYIOUIME HMMYHHUTET TPOTHB HOBBIX 3JI0KaY€CTBEHHBIX NpPOU3BOAHBIX. Okxcu- u
OKCHUMETUJIAaHTPAaXUHOHBI (peHxelsi 0OBIKHOBEHHOI'O 00JIaJal0T CHa3sMOJIUTHUYECKUM U MOYETOHHBIM
JeicTBUeM, a colepkaHue B HHMX (hocdaroB Kanblius W MarHus oOecneyuBaeT ApoOJieHue u
BBIBEICHHE MOUYEBBIX KaMHEl w3 opraHusma. IIpousBogHble  METHIIOKCHAHTPAXWHOHA
NPUCYTCTBYIOT B KOpe, JHCThsX, moberax u twiomax Rhamnus cathartica. CeexecoOpaHHbIe
CTPYYKH COJEpXaT aHTPAIIMKO3UJ (PpaHTyIuopu3HJa, KOTOPHI NpHU XpaHEHHHM B CTpPYYKax B
TeueHue 1 royja OKUCIsAETCs U MpeBpaliaercs B miokodpanrynuH. KopeHb peBeHs U ero SKCTPaKTh
OKa3bIBAIOT CIIa0MTENbHOE JIEHCTBHE, YCHIIUBAs MEPUCTANBTHKY KHUIIEYHUKA. AJO€ HCIIOJIb3YeTCs
JUISL yXOJ1a 3a KOYKEH.

Keywords: Azerbaijan, anthracene, anthraquinone, plant materials.

Knrouesvie cnosa: AzepbaiiikaH, aHTpalleH, aHTPaxXUHOH, PACTUTENIBHOE ChIPheE.
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The study of biologically active substances contained in plants and the determination of their
chemical and physical properties is considered necessary for obtaining new, more effective drugs
from them. The main feature of herbal preparations obtained from medicinal plants, as well as other
drugs, is that the various biologically active substances contained in them are in complex
relationships with each other and with the patient's body. Thus, many anthraglycosides are able to
enhance the peristalsis of the large intestine, due to which drugs based on them, as well as infusions
and culinary products, tinctures, and extracts prepared from plant materials (senna, rhubarb, etc.),
have a laxative effect. Anthraquinones have the ability to activate photooxidation and
photoreduction reactions and are also biochemical electron carriers. Thus, various therapeutic
effects of anthraquinones exist: antibacterial, antidepressant, antispasmodic, diuretic, antitumor,
immunostimulating, etc. At present, their antitumor effect is being studied in a wide range. They are
used not only in the medical industry but also their compounds with heavy metals—
hydroxyanthraquinones are called "varnishes" and are used as dyes [1, 6, 7].

Anthracene derivatives are a group of phenolic compounds containing various forms of the
anthracene ring. The aglycones that comprise them are aromatic compounds. Anthracene
derivatives are very common in nature. They are found in higher plants, fungi, mushrooms, and in
the bodies of some insects and sea creatures. Most of the currently known anthracene derivatives
are obtained from higher plants. Anthracene derivatives are found in plants in both free and
glycoside forms. Glycosides of anthracene derivatives are called anthraglycosides, and their sugar
moieties are glucose-rhamnose, xylose, arabinose, etc., including monosaccharides. Most
anthraglycosides are O-glycosides, and the sugar residue is attached to them in the a- or B-position.
Common anthraglycosides in medicinal plants are ruberic acid, sennosides A and B, gluco-aloe-
emodin, etc. An example can be given. Most natural derivatives of anthracene are anthraquinones
with substituents -CH3, -CH,OH, -CHO, -COOH, -OH, and -OCH;. Emodins are more common in
plants—derivatives of oxymethylanthraquinone, differing from each other in the position and
number of functional groups. The names of oxymethylanthraquinones are directly related to the
names of the plants from which they are collected (frangula-emodin in brittle and laxative species,
rheum-emodin in rhubarb and horsetail, aloe-emodin in azvai).

Material and methodology of the study
The various types of methods are applied for the treatment of humans through medicinal
plants. From plants and prepared medicines are used for the treatment of various diseases. physical,
chemical, and biological methods based on chemical components [3, 4].
In the course of the research, generally accepted floristic, geobotanical, bioecological, and
other methods were used; phenological observations were used. H. Gasimov, S. Ibadullayeva, M.
Seyidov, G. Shiraliyeva "Wild vegetable plants in the flora of Nakhchivan Autonomous Republic"

[2].

Discussion and conclusions of the study

Anthracene derivatives are crystalline substances, the color of which varies from yellow to
red. Aglycones are insoluble in water, poorly soluble in benzene, and soluble in chloroform and
alcohol. Glycosides are insoluble in organic solvents but soluble in low-molecular alcohol and
acetone (some are also soluble in water). A medicinal product containing anthracene derivatives
undergoes sublimation when the plant material is heated to a temperature of more than 210°C.
Many anthraquinones are able to increase peristalsis of the large intestine and, due to this, have a
laxative effect. Anthraquinones have the ability to activate photooxidation and photoreduction
reactions and are also biochemical electron carriers.
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Oxy- and oxymethylanthraquinones of a common dye have an antispasmodic and diuretic
effect, and the content of calcium and magnesium phosphates in them ensures the fragmentation
and removal of urinary stones from the body. Anthraquinones can be used as agents that are active
against malignant tumors and stimulate immunity against new malignant derivatives.

Due to their chemical structure, they are not absorbed in the large intestine. They affect the
intestinal epithelium and change absorption and secretion. In doing so, they change intestinal
peristalsis. However, if they are consumed in excess, pseudomelanosis fungi form in the intestinal
mucosa. Sometimes this leads to cancer. According to studies, such exposure to anthracene
derivatives leads to the formation of tumor cells. Although short-term use of these substances is
generally safe, long-term use is not recommended [2, 5].

Since their first appearance by the Arabs in the 19th century, anthracenes have been widely
used as lactic acid agents. Due to their natural origin, they are considered harmless and are therefore
popular remedies. They can also be considered lactic acids of medicinal origin. Their effect was
first used on animals and then tested on humans. Frangule bark - Cotex Frangula

Plant: Frangula alnus Mill.

Chapter: Rhamnaceae

A small tree or shrub of blackish color. Blooms in May-June. Common in Guba, Khachmaz,
Shamkir, Goygol, and other regions of Azerbaijan. Bark 0.2-0.5 mm thick is used as a medicinal
raw material. The upper part of the shell is concave-protruding; the lower surface is smooth. The
presence of burrs on the surface of the shell is not allowed. The smell of the raw material is weak;
the taste is bitter. It is recommended to use peeled peels after 1 year of storage. The bark raw
material is collected in early spring.

Methyloxyanthraquinone derivatives are present in the bark, leaves, shoots, and fruits of the
brittle blackthorn. Freshly picked pods contain anthraglycoside frangulioside, which oxidizes and
turns into glucofrangulin when stored in pods for 1 year. Glucofrangulin bioside is broken down by
enzymes into frangulin monoside and glucose. In addition, the crust of the brittle impurity also
contains chrysophanol and rot. For medicinal purposes, a decoction (1:10) and a transparent and
solid extract of the decoction are used. Since freshly picked bark contains anthraglycoside
frangulioside, side effects appear—vomiting, nausea. Therefore, it is used either after aging for 1
year or after heating at 100°C for 1 hour.

Effects: Babatsilin, formed around the anus, is a natural medicine that reduces the risk of
constipation, regulates digestion, promotes the renewal of liver cells, and at the same time helps to
remove harmful toxins. Mordarchi bark has a diuretic effect, removes salts from the kidneys and
urinary tract, and protects intestinal health, preventing the formation of parasites. also eliminates
gases and bloating; these peels, having an antispasmodic effect, relieve spasms that occur in the
muscles; is an effective cure for poisoning and also has an emetic effect; balancing blood
circulation, reduces the risk of vascular occlusion and heart disease; maintains the smooth
functioning of the spleen, helps bile to cleanse and flow; has a good effect on headaches, nausea,
and insomnia.

Plant: Rhamnus cathartica L.

Working mud is a bush or tree with black bark. In the wild, it grows in different regions of
Azerbaijan, from Ojumla to the Nakhchivan Autonomous Republic. There are spherical, berry-
shaped, juicy pome fruits (Figure).

It is not allowed to mix ripe and dried pome fruits with fruits of fragile foam since they cause
vomiting. They are distinguished by the presence of a beak-shaped protrusion on the seeds.Ripe
fruits contain frangulin (rhamnoxanthin), frangulemodin and zosterin. The amount of
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oxymethyltrichanone in the fruits is 1%. Brewing and cooking are used as a laxative for atonic and
chronic constipation, when intestinal activity is weakened.

Figure. Fructus Rhamnus cathartica L.

Rhubarb root — Rheum palmatum L.

Plant: Tangut rhubarb — Rheum palmatum L. var tanguticum Regel.

Chapter: Polygonaceae.

This is an upright plant with a highly developed rhizome.

It has roots that are yellow on the inside, which are covered with a thin gray-brown cork on
the outside. The roots have a bitter taste and a unique smell.

Contains anthracyclines and vaccines. More than 5% of rheochrysin, glucoalo-emodin
(glycoside of aloe-emodin), etc., are present. The plant accumulates aglycones and their original
forms—anthranols. In summer and autumn, the plant accumulates more oxidized anthraquinones
and reduced anthranols. Increasing intestinal peristalsis, it has a laxative effect. Vaccines have a
strengthening and anti-inflammatory effect. The astringent effect of vaccines, as well as the laxative
effect of anthraglycosides in large doses, is manifested when taken orally in small doses. doses.

A tree-like plant — Aloe arborescens Mill.

Chapter: Asphodelaceae.

This is an evergreen, juicy, tree-like, South African plant. Freshly squeezed juice, dried juice
(sabur), biogenic stimulant preparations, as well as fresh leaves. This is a solid product obtained by
drying the juice of Sabur-azvai leaves. Consists of black-brown pieces. It has a bitter taste and a
faint unpleasant odor. Aloe—emodin (up to 2%), etc. Includes anthracyclines. Other types include
aloin (barbolin), isobarbolin, nataloin, etc., which refer to anthracene.

Aloin, when hydrolyzed, forms aloe-emodin and arabinose. Freshly squeezed juice is used as
an appetite suppressant. Taken orally 2-3 times a day. Facilitates digestion, having a positive effect
on the digestive system. Cleanses bile and relieves constipation. It is useful for stomach problems
such as gastric ulcers. Reduces pain from burns. Very useful for skin inflammations and sunburn.
Azvai, which is also used for skin care, moisturizes and renews worn-out skin. In addition to
strengthening the immune system, it helps eliminate diseases such as goiter and tumors. It helps
protect the body from infections.
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Results
1. Based on literature data, we have determined that one of the most common biologically
active substances in plants is anthraquinones.
2. In medical practice, it is mainly used as a laxative, antibacterial, antidepressant,
antispasmodic, diuretic, antitumor, and immunostimulating agent.
3. The distribution, chemical composition, and use of brittle impurities, laxative impurities,
rhubarb root, and azvai, which are part of anthracene derivatives, were studied.
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W3YYEHUE YOPUPOMACITNYHBIX PACTEHUI ABEPBAHI)KAHA
N 3HAYEHUE UX OKCTPAKTOB

©Hopazumosa A. M., Ph.D., Haxuuesanckuii 2ocyoapcmeenmniii yHusepcunem,
2. Haxuuesanw, Azepbaiiosxcan, a.ibrahimova@yahoo.com

STUDY OF ESSENTIAL OIL PLANTS
OF AZERBAIJAN AND THE IMPORTANCE OF THEIR EXTRACTS

©Ibragimova A., Ph.D., Nakhchivan State University,
Nakhchivan, Azerbaijan, a.ibrahimova@yahoo.com

Annomayus.  Ha  tepputopum  A3zepOaiijpkaHa  MpoOW3pacTaeT  MHOTO  IEHHBIX
3(1)I/IpOMaCJII/I‘IHI>IX paCTeHI/II\/JI, KOTOPBIC MOT'YT HMCIIOJIB30BAaTbCA BO BCCX HAIIPABJIICHUAX HAPOIHOIO
XO3SMCTBA. YCIIOBHSI IPOU3PACTAHMSI CIIOCOOCTBYIOT HAKOIUICHUIO OOJIBIIIOTO KOJIMYeCTBa d(UPHBIX
Macen B pacTeHusix. DPdexTuBHOE HUCHOIB30BaHHE APUPOMACTUYHBIX PACTEHUN YBEIMUHMBAET
IMPOU3BOACTBO KOPMOB, JICKAPCTB, INPOAYKTOB IMHUTAHHA, KOXHU, KpAlUCHHUA WU T. . oOecrieunBaeT
pa3BUTHE MPOMBINUICHHBIX TEPPUTOPUH. BONBIIMHCTBO 3(pUpOMACTHYHBIX PACTEHUH SBISIOTCS
JICKAPCTBCHHBIMU PACTCHHSIMH W IIUPOKO KCIIONB3YIOTCS B (UTOTEpanuu. ABTOp Ipeiaraet
WCIIOJIB30BaTh ISl TOJIydeHHsI 3(UPHOTO Macia Pa3lIM4HbIe METOIbl. PaccMOTpEeHBI HEKOTOpBIC
METO/bl U3BJICUEHUS Macell U3 PaCTEHUH U JlaHa OlLIEHKA uX 3((PeKTUBHOCTH.

Abstract. There are many valuable essential oil plants growing in Azerbaijan that can be used
in all areas of the national economy. Growing conditions contribute to the accumulation of a large
amount of essential oils in plants. Effective use of essential oil plants increases the production of
feed, medicines, food products, leather, dyeing, etc., and ensures the development of industrial
areas. Most essential oil plants are medicinal plants and are widely used in phytotherapy. The author
suggests using various methods to obtain essential oil. Some methods of extracting oils from plants
are considered, and their effectiveness is assessed.

Kniouesvie cnosa: Azepbaiipkan, pacteHusi, putorepans, 3pUpHbIEe Maca.
Keywords: Azerbaijan, plants, phytotherapy, essential oils.

OnHuM M3 MIaBHBIX HOpUPOAHBIX OorarctB HaxubiBanckol ABTOHOMHOI PecmyOnukun
SIBIISICTCS €€ Pa3HOOOpas3ue pacTuTeIbHOCTH U (utopsl [1].

B pacreHusix OMONOrMYECKH AaKTHBHBIE BEIECTBA MPHUCYTCTBYIOT B OIpPEAEICHHBIX
COCTOSIHHMSIX U KOJIMYECTBAX B 3aBUCHMOCTH OT ()aKTOPOB BHEIIHEW CpeJibl, B CBSA3H, C YEM H3yUCHHE
3aBUCHMOCTH 3aKOHOMEPHOCTEH HAaKOIUIEHUS 3THX BEIECTB OT YCIOBUH B INPUPOAE, Tak U B
KYJIBTYPHBIX YCJIOBHUSX SIBIISIETCSI BECbMA aKTyaJlbHOU Ipo0ieMoii. D(upHble Macia pacTeHU OYEeHb
LIEHHBI C XO3AHCTBEHHOW TOUKM 3peHHs. Mcrnonb30BaHne TOPEKO-apOMaTHUECKUX, IPUPHBIX Macell
U SKCTPAKTOB JIEKAPCTBEHHOTO CHIPbs MO3BOJSET 00ECHeunTh BBICOKYIO 3()(PEeKTHUBHOCTH psaa
BUJIOB pacTeHuil. M3yueHune 3pupomMacaInuHbIX pacTeHH, a TaK)Ke UX IPUMEHEHHE B IPOU3BOJICTBE
IIPOAYKTOB IUTAHMs SIBJISIETCS MEPCIEKTUBHBIM HAIIPABICHUEM JUIsl IOIY4YEHHSI HOBBIX NPOJYKTOB C
YIIYYIIIEHHBIMH BKYCOBBIMHM CBOMCTBaMH U TOBBIIIEHHBIM COJEPKAaHHEM OMOJIOTMYECKH aKTHBHBIX
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coenuHeHnil. MHorue pacteHusi (mopbl HaxublBaHCKOW pecyONMKU SBISIISIOTCS OOBEKTOM
HAyYHBIX HCCIICIOBAHUI C IIETbI0 OMOXUMHUYCCKUX U PUTOCAHUTAPHBIX UCCICIOBAHHUIA [2].

CBoiicTBa pacTeHHi, paclpOCTpaHEHHBIX Ha TeppUTOpuM A3zepOaiikaHa, 10 CHX IMOp HE
u3y4eHsl [5].

[TockonbKy 3¢upHOE Macio — JeTydee BEUIECTBO, OHO Cpa3y IMpeBpaliaerca B Map.
[Tomyuenue 3TuX 3(UPHBIX Macel B OCHOBHOM [EIHUTCS Ha 3 TPYIIbI: METOAbl AUCTUJUIALINU,
OKCTpAaKUMU U mpeccoBaHus. CrenyeT OTMETUTh, 4TO BO (iope AsepOaitmxana 1547 Buios
JICKapCTBEHHBIX PAaCTEHHH, U3 KOTOPBIX Oosee 800 OTHOCATCS K HE3aMEHUMBIM pacTeHusM [3].

B HaxusiBanckoii ABTroHOMHOW Pecnybnmuke wumeercss okoio 650 sdupomMacimaHbIx
pactrennii. C. C. MbangynnaeBa B cBOMX paboTax oueHb MOAPOOHO paccMOTpesia psll BOIPOCOB IO
pacnpoCTPaHEHNI0, HCTOPUM HCIOJb30BAaHUS M COBPEMEHHOMY COCTOSHHUIO apeajoB psjaa
JICKapCTBEHHBIX pacTeHui. [2-7].

Omnucano 6 ponos, 23 Buna u 1 moasun u3 Apiaceae 1 guopsl AzepOaiimkaHa, 2 BUIa U3
cemerictBa Lamiaceae, B ToM uuciae 6 BumoB st ¢uopel HaxusiBanckorr MP. CoctaBieHo
OIMCaHUEe BUJOB ceMelicTB Apiaceae, Malvaceae, Lilaceae, Iridaceae, Polygonaceae u Lamiaceae,
Fabaceae, m3ydena ux OuO3KOJIOTHS, (DUTOLEHONIOTHUS M XO3SHCTBEHHOE 3HAYCHHE, COCTABIICHBI
KapThl apeanoB 10 300 BUIOB.

Haumnas ¢ 30-40-x rofoB wuCClEOBaHUSA PACTUTENBHBIX pecypcoB A3zepOaiimkaHa
npoBoguiuch B HMHctutryre OoTammku. M3yueno ngo 1 000 nexapctBennbix, Oomee 1 000
sapupomacinysbix, 10 200 mumeBsx pacteHuid Gpruopsl AzepOaiikaHa U pazpadoTaHa TEXHOIOTHS
W3BIICUCHUS U3 HUX OMOJOTMYECKH aKTHUBHBIX BellecTB. B mocnenHue roapl 0COOEHHO aKTUBHO
MPOBOIUJIOCH M3Y4YEHHE XHMHUHM OHOJOTHYECKH aKTUBHBIX BEHIECTB pacTeHUl  (uopsl
AzepOaiipkaHa, a TakKe BO3MOXXHOCTM HMX HCHOJNBb30BaHUS. l3ydyeH 3amac JieKapCTBEHHBIX
pactenumii (ropsl A3epOaiipkaHa ¥ BIEPBBIC CO3/IaHa AIICKTPOHHAS 0a3a JaHHBIX, OXBATHIBAIOIIAS
1600 BumoB [1].

B 6uopaznoobpazun Azepbaiimkana oOHApYKEH ChIPhEBOW MCTOUYHUK HEKOTOPBIX BEIECTB,
HCIIOJIb3YEMBIX B JIEKAPCTBEHHBIX Ipenaparax. M3 xopHeill u cemsiH 5 BUIOB pojaa O0nMrosnosa
MOJIY4eHO 15 HOBBIX MHIMBHAYAJIBHBIX BEIIECTB /I Hayku. Bo dmope AzepOaiimkaHa BBIIEIECHO
85 BHIOB >QUpHOro Macia, M3yuyeHa HMX JAMHAMUKA B 3aBHCHUMOCTH OT YCJIOBUN OKpYyKarouen
Cpelibl, BBISIBII X KOMIIOHEHTHBIM cocTaB. B pe3ynbrare uccienoBanuii 0OHAPY:KEHO HAKOIUICHHE
3(hUpHOTO Maciia Bo BcexX opraHax y 72-75% BUAOB, BCTPEUAIOIIUXCS B CTEIISIX, @ TAKXKE B IIBETaX U
ceMeHax JeCHbIX BUI0B (39-42%), onpeneneHo aHTUMUKPOOHbIE CBOMCTBA 3(pUPHBIX Maced.

DdupomaciruHble pacTeHHs COAEPHKAT CIIOKHbIE OMOIOTUYECKH aKTUBHBIE BEIECTBA, 3TO U
MPUBOAUT K HEOOXOAMMOCTH H3YYE€HUS UX paclpocTpaHeHHsS U d(PPEKTHBHOTO HCIONb30BAHUA.
@OUTOHIM/IHBIC COCAMHEHUSI OKa3bIBAIOT aHTATOHMCTHYECKOE NCHCTBHE HA MUKPOOpPraHW3MbI [4].
MacnuuyHble U 3(QUpHBIE pacTeHHs HUMEIOT OONbIIOE MHINEBOE W TEXHUYECKOE 3HAYEHUE.
PactuTenbHble Macna MCTHOIB3YIOTCA B MUIIEBOM MPOMBIIIJIEHHOCTH, B XJIeOOMEeKapHOM fele, Mpu
MIPUTOTOBJIEHUN PA3IMYHBIX KOHCEPBOB, KOHAMTEPCKUX W3JEIUI, MaprapyuHoB M Macell, NpHu
MIPOU3BOJICTBE JIMHOJIEYMAa M CTEAPUHOBOM KHUCIOTHI, JIAKOKPACOUHBIX, TKALIKUX, MBIJIOBAPHBIX,
KOXKEBEHHBIX M JIp. U3/eiuil. MaciauuHble ceMeHa TakXKe SIBISIFOTCS MCTOUHHUKOM PacTUTEIbHOTO
Oenka. B macrne, moiay4eHHOM M3 CEMSH MAcIUYHBIX KYIBTYp MpH mepepadoTke Macia, KOTOpoe
MpEJICTaBIsIeT cOO0M KOHIIEHTPUPOBAHHBIN, OOTAThI OEIKOM M KMPOM KOPM JJIsi CKOTa, OCTAeTCs
35-40% Oenka. MHOTMEe MaciM4yHbie M d(PUPHBIE PACTEHHs SBISIOTCS XOPOIIUMHU MEJOHOCAMHU.
benku mionmoB M ceMsSH pa3MYHBIX MACIUYHBIX PACTEHHMH CoJepaT MHOI0 He3aMEHUMBIX
aMUHOKHCIIOT (JIU3UH, TpUNTO(haH, IUCTENH, apTUHUH U Jp.), YTO JAeNaeT UX LEHHbIMU [5].

CymiecTByeT HECKOJIBKO CIIOCOOOB TMoiydeHus 3¢UpHbIX Macen. Cpenam HHUX caMblid
HEJIOpOroi M MPOCTONW METOA — METOJ MEeperoHku. B imabopaTropHbIX YCIOBUSAX 3(UpHOE Macio,
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MeperoHseMoe B HEOOJBIIOM 00bEME TOJBKO ISl aHaJIN3a, MEPETOHSIOT BhlTapuBaHueM. DdupHoe
Maclio TEPEeTOHSAIOT NPEUMYIIECTBEHHO METOAOM TuiapoaucTwuisiuud. Ha mnpousBomctse B
pe3yibTare KUISIYCHUS ¥ BBIIApUBaHUs OMOMACCHI, TPUHOCUMOM € MIOMOIIBI0 eMKOCTEH OOJBIIOro
obbeMa, »d(puUpPHOE MaciIO BBITECHSETCS H coOupaeTrcsi B €MKOCTH, 4YTO Ha3bIBaeTCs
TUCTWUSIIUOHHBIM MaciioM. B MOMEHT KumsiYeHHs] MOBEPXHOCTb pACTeHUs Msrkas, 3pupHoe
MAacJi0 U3BJIEKAETCS W3 KAaHAJIOB M YCHJIMBAETCS HcCHapeHue. TeXHOJIOTHUs W3BJICYEHHs] dPUPHOTO
MacJia B TPOU3BOACTBEHHBIX YCIOBUSAX. DPUPHBIC Macia cymar 0e3BOJHBIM CYIIb(aroM HATPUSI.

Onpenenenrne (QU3NKO-XUMUYECKUX KOHCTAHT 3(DUPHBIX Macel JOHKHO COOTBETCTBOBATH
I'OCTy, KOMIIOHEHTHBI CcOCTaB JS(PUPHBIX Macel OMNpeaeisiaTh B XxpomMarorpade MeETOI0M
ra3okuAKOCTHONU XpoMmarorpaduu. s Oosee TOYHOrO HU3BICUEHUS d(PUPHBIX Macenl HEOOXOAMMO
MCIIOJIb30BaTh CIIEAyIOIUe HeakTuBHBbIC (as3bl: cMaszka Apiezon L. (30%); T1D T'A-2000 (5%);
CunukonoBsiit 702 (30%) u Lemut 545/80-100,15.

bonee nonnas porauus PE.E.C.A. nommstunenmukonsaaunuuar-2000 (5%) B HeaKTUBHOMN
daze uaer c: MenHoM KojoHKoW 0,75Mx3MM; moHM3MpoBaHHBIN jaetekTop 250°C; Mcnaputens ¢
temneparypoir 250°C; cKOpOCTh ra3a-HOCHTENS Tenust 15 MiI/MUH.; CKOPOCTh MOTOKa Bomopoaa 20
wir/mMuH.; gasinerne Bo3ayxa 0,41 3nmax.; ot 70° 1o 220° co CKOPOCTBIO 6°/MHH. TPOrpaMMHPYEMBII
kpa#; 0,03-0,71MKIT 3HPHOrO Maciia, IOAaBaeMOro B arnapar; To4HoCTh 1/8-1/16.

KonmuyecTBO  MOEHTH(HUKAIMOHHBIX IHWKOB KOMIIOHEHTOB 3aBHCHT OT  KOJHMYECTBA
n00aBIIEHHBIX Ha XpomarorpamMMmy BemiecTB. KonM4eCcTBEHHYIO OIICHKY COCTaBa KOMIIOHEHTOB
pPacCUMTHIBAIOT MyTeM BHYTPEHHEH HOpManu3aluu Ioomaneid nukoB. OOmas mionaab BEpIINH
coctraBnser 100%. DdupHble Macna W3 KOXKYpPhl U COKAa LUTPYCOBBIX (amesibCHHA, JHMOHA,
rpeindpyra, MaHIapUHA U AP.) MOKHO SKCTPAarupoBarh 06e3 meperoHku [5].

JlJ1g 3TOr0 KOXKypy OYMILAIOT U IPECCYIOT, @ U3 MOJyYEHHOI0 PacTBOPA BBITECHAIOT d(PUPHOE
Maciio. ECTh M pacTeHUs ¢ HeXHBIM 3allaxoM, HarmpuMmep, 3PUPHOE MACIIO I[BETKA KaCMUHA MOXKET
pasnararbCsl Jake MPHU BBICOKUX Temreparypax. J(upHoe Macio MOXKHO HOIYYUTh, MCIOIb3Ys
cucteMy aHQIepaHr Ha TaKUX pacTeHUsX. AH(IepaHI — OueHb CIOXKHBIM W JOPOrod METO..
DdupHbIe Macia, MOJYICHHBIE TAKMM CITIOCOOOM, CIIEAYeT XpPaHHWTh B ciHpTe. B HacTosmee Bpems
MIPOMBIIIUIEHHOE HCTIOIh30BaHUE A(UPHBIX Mace, MOJTYyYEHHBIX 3TUM METOJIOM, HEd(PPEKTUBHO.

DO¢dupHbie Macia B KOXYype IHUTPYCOBBIX MONY4YalOT METOAOM mpeccoBaHus. I[lockoibKy
adupHbBIe Maca, coAepKaliuecs B IIUTPYCOBBIX, TAKUX KaK JIMMOHBI, HEYCTOWYMBHI K TEMIIeparype,
a¢uUpHBIE Maclia MOJIy4aroT MYyTeM MPECCOBAHUS CBEXEU KOXKYPBI ATUX (PYKTOB, MOCKOJIBKY 3TO
cambiii mpocroir cmocod [6]. Tlomyuuth 3¢upHbIE Macia MOKHO, BBIICPKHBAs IBETKU
OOJBIIMHCTBA APOMATHIECKUX PACTCHUH (MPSAHBIX PACTEHUIT) B OPraHUYECKUX PaCTBOPUTENSX [7].

N3ydenne npuoOpeTeHrs He3aMEHUMBIX KHUPHBIX, JETYUYHUX BEIIECTB YBEIUYUT MEPCIIEKTUBHI
WX WCIONb30BaHUs. Pacmipenue HaydHbIX pa0OT, TPOBOAMMBIX B HAIIel pecnyOnuke B
naphromepun, QGuUTOTEpaUM U JAPYTHX OOJACTAX, CHITPAET BAXHYIO pPOJIb B PaCHIUPCHUHU
BO3MOXKHOCTEH HCIONIL30BaHUSI MHTPOIYLIMPOBAHHBIX BHJIOB M OoJjiee TTyOOKOM HMX H3yueHuu. B
HaIINX HCCIEOBAHMIX HM3YYalUCh BHUJIbI, Oorarbie 3(DUPHBIMU MacjiaMH U HUMEIOIIUE OOJBIIYIO
postb B apomayxose [1].

Takum o0OpaszoMm, ucciemoBanue PUPOMACTUYHBIX PACTCHHM, a TakK)Ke WX TPUMECHEHHE B
MIPOM3BOJICTBE TMPOAYKTOB THUTAHMS SBJISETCS TMEPCIEKTUBHBIM HAMPaBICHUEM JUIsl TIOTyYEHUS
HOBBIX MPOAYKTOB C YJY4YIIEHHBIMH BKYCOBBIMH CBOMCTBAMH W TMOBBIINIEHHBIM COACpPKAHUEM
OMOJIOTMYECKH aKTUBHBIX COSTUHEHUH.

Cnucok anumepamypbi:

1. MextueBa M. II. JlekapcTBeHHBIe pacTeHHs (iopsl A3zepOaiiikaHa, mpUMEHSEMblEe B
romeonaruu // Tpaguimonnas meaununa. 2009. Nel (16) 2009. C. 12-20.

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 112



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne12 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/109

2. Ucaes JI. U. Pecypchl AuKOpacTymIuX JICKAPCTBEHHBIX PACTCHHM 3ararajibCKOro paioHa
(Azepbaitmkan) // Pactutenbnbie pecypesl. 2005. T. 41. Ne2. C. 72-80.

3. Araesa J. 3., Ubanymnaesa C. J[. DTHOOOTAaHMYECKUE HCCIENOBAHUS MO MPUMEHEHUIO
pacteHuil mpu OoJe3HSAX MEIOHOCHBIX muen AsepOaiimkana // 'eorpaduueckas cpema U KUBbIE
cuctemsl. 2013. Nel. C. 5-9.

4. Ibadullayeva S. S. Botanikanin osaslari ilo farmakognoziya. Naxgivan, 2015. 700 s.

5. Ibadullayeva S.S.Nax¢ivanin dagliq rayonlarinin yem bitkilari (miixtolif otlar). Baki, 2015.
222 s.

6. Ibadullayeva S. S., Mommadli T. B. Giinniit-Kapiq bdlgasinin yay vo qis otlaglarinin bitki
ortiiyiiniin hazirki voziyyati // Azorbaycan Milli Elmlor Akademiyas1 Botanika Institutunun elmi
asarlori. 2011. sah. 83-91.

7. Ab6bacosa 3. I. K., Mamenosa 3. A. K., Mamenos P. M. O. UHTpOOyKIMS HEKOTOPBIX
MEPCIEKTUBHBIX JICKAPCTBEHHBIX W A(PHPOMACIUYHBIX PACTCHHI B MapaaksHCKOM JeHapapuu //
Xumus pacTuTenbHOTO Chipbs. 2009. Nel. C. 121-124.

References:

1. Mekhtieva, M. P. (2009). Lekarstvennye rasteniya flory Azerbaidzhana, primenyaemye v
gomeopatii. Traditsionnaya meditsina, (1 (16) 2009), 12-20. (in Russian).

2. Isaev, D. I. (2005). Resursy dikorastushchikh lekarstvennykh rastenii Zagatal'skogo raiona
(Azerbaidzhan). Rastitel'nye resursy, 41(2), 72-80. (in Russian).

3. Agaeva, E. Z., & Ibadullaeva, S. D. (2013). Etnobotanicheskie issledovaniya po
primeneniyu rastenii pri boleznyakh medonosnykh pchel Azerbaidzhana. Geograficheskaya sreda i
zhivye sistemy, (1), 5-9. (in Russian).

4. lbadullaeva, S. S. (2015). Farmakognoziya s osnovami botaniki. Nakhchyvan. (in
Azerbaijani).

5. Ibadullaeva, S. S. (2015). Kormovye rasteniya (razlichnye travy) gornykh raionov
Nakhchyvana. Baku. (in Azerbaijani).

6. Ibadullaeva, S. S., & Mamedli, T. B. (2011). Sovremennoe sostoyanie rastitel'nosti letnikh i
zimnikh pastbishch Gyunnut-Kapygskogo raiona. In Nauchnye trudy Instituta botaniki
Natsional'noi akademii nauk Azerbaidzhana, 83-91. (in Azerbaijani).

7. Abbasova, Z. G. K., Mamedova, Z. A. K., & Mamedov, R. M. O. (2009). Introduktsiya
nekotorykh perspektivnykh lekarstvennykh i efiromaslichnykh rastenii v Mardakyanskom dendrarii.
Khimiya rastitel'nogo syr'ya, (1), 121-124. (in Russian).

Paboma nocmynuna Tpunsma x nyonukayuu
6 pedaxyuio 12.11.2024 2. 22.11.2024 2.

Ccebinka 0na yumuposanus:

HNo6parumoBa A. M. M3yuenue spupoMacinyHbIX pacTeHH A3epOaiipkaHa W 3HAYCHHE HUX
9KCTpakToB // bromnerens Hayku u  mpaktukd. 2024, T. 10. Nel2. C. 110-113.
https://doi.org/10.33619/2414-2948/109/14

Cite as (APA):

Ibragimova, A. (2024). Study of Essential Oil Plants of Azerbaijan and the Importance of
Their Extracts. Bulletin of Science and Practice, 10(12), 110-113. (in Russian).
https://doi.org/10.33619/2414-2948/109/14

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 113



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne12 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/109

VK 595.768.1 https://doi.org/10.33619/2414-2948/109/15
AGRIS H10

AOMHUHHUPYIOIIME HACEKOMBIE-BPEJUTEJIN
3EJIEHBIX HACAXKJIEHUM T'OPOJA OIIl 1 ETO OKPECTHOCTEM
N BUOJTOI'MYECKOE OBOCHOBAHUE MEP 3AIIUTHI

©Teweobaesa 3. A., ORCID: 0000-0002-3257-9219, SPIN-kx00. 6868-4058, kano. buon. nayx,
Ouwickuti mexnonozaudeckuti ynusepcumem um. M. M. Aoviwesa,
2. Ow, Kvipevizeman, zulumkan9@mail.ru
©Auamuesa T. A., ORCID: 0009-0005-0025-6553, SPIN-xo0: 1327-0502,
Ouwickuti mexnonozcudeckuti ynusepcumem um. M.M. Aoviwesa,
2. Ow, Kvipevizeman, tamaraaitieva65@gmail.com
©3pxunobai kvr3er Y., ORCID: 0009-0003-1641-5913, Ouwickuii mexnonocuueckuti yHugepcumem
um. M.M. Aoviwesa, 2. Ow, Keipevizcman, umutaiturdueva@gmail.com
©Kymaxkeesa A. T., ORCID: 0009-0003-9123-4004, Ouickuii mexnono2uueckuii yHuSepCument um.
M.M. Aovrwesa, 2. Ow, Koipevizeman, Azhumakeeva@mail.ru
O©Tokmopanues b. A., SPIN-xo00: 1884-2322, akaoemux HAH KP, 0-p 6uon. nayk,
Huemumym b6uonocuu HAH KP, . buwxex, Kvipevisckas Pecnyonuxa toktoraliev@inbox.ru
OCuwiovixoaesa K. A., ORCID: 0009-0003-8724-1199, Owickuii mexnonocuyeckuii
yausepcumem um. M.M. Aoviwesa, 2. Out, Kvipeviscman, skichaim@mail.ri

DOMINANT INSECT PESTS OF GREEN PLANTATIONS OF OSH CITY AND ITS
COUNTRYSIDE AND BIOLOGICAL JUSTIFICATION OF PROTECTION MEASURES

©Teshebaeva Z., ORCID: 0000-0002-3257-9219, SPIN-code: 6868-4058, Ph.D., Osh
Technological University named after. M. M. Adysheva, Osh, Kyrgyzstan, zulumkan9@mail.ru
©Aitieva T., ORCID: 0009-0005-0025-6553, SPIN-code: 1327-0502, Osh Technological University
named after. M. M. Adysheva, Osh, Kyrgyzstan, tamaraaitieva65@gmail.com
©Erkinbay kyzy U., ORCID: 0009-0003-1641-5913, Osh Technological University named after. M.
M. Adysheva, Osh, Kyrgyzstan, umutaiturdueva@gmail.com
©Zhumakeeva A., ORCID: 0009-0003-9123-4004, Osh Technological
University M. M. Adysheva, Osh, Kyrgyzstan, Azhumakeeva@mail.ru
©Toktoraliev B., SPIN-code: 1884-2322, Academician of the National Academy
of Sciences of the Kyrgyz Republic, Dr. habil., Institute of Biology NAS KR,
Bishkek, Kyrgyz Republic, toktoraliev@inbox.ru
©Sydykbaeva K., ORCID: 0009-0003-8724-1199, Osh Technological University
named after M. M. Adysheva, Osh, Kyrgyzstan, skichaim@mail.ri

Annomayus. TIpuBOOSATCS HAaHHBIE IO DKOJIOTHYECKOMY M (DPUTOCAHUTAPHOMY COCTOSHHIO
3eneHbIX HacaxaeHud T Om. OOmed npuunHOM ocnabiaeHusl, YChIXaHUsI M CHID)KEHUS
JIEKOPAaTUBHOCTH 3€JIEHBIX HAaCaXACHUH Tropoja SBISETCS HEAOCTaTOYHOCTh arpOTEXHUYECKUX
MEpPONPUATHIA M TOJMBA B JKapKOoe BpeMs JieTa, HapylleHHEe MpaBWJI MOCAJKU HACaKICHUH,
BCIIBIIIIKM MacCOBOTO pPa3MHOXEHHUsI OOJI€3HEH W BpeIUTeNei, HECOBEPIICHCTBO BEICHUS 3allIUTHBIX
MEpPOIPUATHI MPOTUB BpenuTenel u 6osae3Hell. BrisiBIeHbI TOMUHUPYIOIHE HACEKOMbIE-BPEIUTEH
JPeBECHO-KYCTaPHUKOBBIX HacaxJeHui ropona Omi, BKIoyaromuid 56 BUAOB HACEKOMBIX.
[TomaBmsitoniee  OONBIIMHCTBO  BpemUTeNeld OTHOCWIOCh K orpsgam: Lepidoptera-17sunos,
Hemiptera-12, Homoptera-11. B 2024 rogy B r.Om u ero oKpecTHOCTeH HaOonanach BCIIBIIIKA
MaccoBOTO pa3MHOXKEHHs 1yO00BOro MUHHpYroIero muiuibirka (Profenusa pygmaea Klug, 1816)
Ha MyOOBBIX HACAXICHHSX, BI30BOr0 MHHHUpYyromiero muimwibimka (Fenusa ulmi Sandevall, 1844)
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Ha Bsze, Manoil TyroBoii orueBku (Glyphodes pyloalis Walker, 1859) Ha 1reiaxoBuIle, HBOBOTO
mucroena (Plagiodera versicolora Laicharting, 1781), masmoBoro mmcroema (Xanthogaleruca
luteola Statius Miiller, 1766), Bocrounoro nucroena (Agelastica orientalis Baly, 1878) Ha Bs30BBIX,
MBOBBIX M TOIMOJEBBIX HACAKICHHUSX. Pe3ynbTarhl NPUMEHEHHUS OHOJIOTHYECKOro Iperapara
Axrtopodut 1.8 nokazanu 93-100% Ouonornyeckyro 3ddexkTuBHOCT MpH O00pbOE ¢ TyOOBBIM U
BSI30BBIM MUHHUPYIOIIMMHU THIIBIMKAMA U MaJIOW TYTOBOW OTHEBKOH.

Abstract. The article presents data on the ecological and phytosanitary condition of green
plantations of Osh city. The general reasons for the weakening, drying, and decrease of the
decorativeness of green plantings of the city are the insufficiency of agrotechnical measures and
watering in hot summer time, violation of rules of planting of plantations, outbreaks of mass
reproduction of diseases and pests, and imperfection of protective measures against pests and
diseases. The dominant insect pests of tree and shrub plantations of Osh city, including 56 species
of insects, were identified. The overwhelming majority of pests belonged to the detachments:
Lepidoptera—17 species, Hemiptera—12, Homoptera—11. In 2024, in Osh city and its
countryside, an outbreak of mass reproduction of oak miner sawfly (Profenusa pygmaea Klug,
1816) on oak plantations and elm miner sawfly (Fenusa ulmi Sandevall, 1844) on elm was
observed; small mulberry firefly (Glyphodes pyloalis Walker, 1859) on mulberry, willow leaf beetle
(Plagiodera versicolora Laicharting, 1781), willow leaf beetle (Xanthogaleruca luteola Statius
Miiller, 1766), and oriental leaf beetle (Agelastica orientalis Baly, 1878) on elm, willow, and poplar
trees. The results of the application of the biological preparation Actorophyte 1.8 showed 93-100%
biological efficiency in the control of oak and elm miner sawflies and small mulberry fireflies.

Knrouesvie cnosa: Om, HacaXaeHUsi, HACEKOMbIC-BPEAUTENIN, UHBA3HUH, JIMUUHKA, TYCCHHUIIA,
OMOJIOTUYECKHUI TIperapar.

Keywords: Osh, plantings, insect pests, invasions, larva, caterpillar, biological preparation.

Topon Om pacrnonoxkeH B BOCTOYHOM uwactum DepraHckoil monuHbl KwIpreisctana, B
npearopbsix Amaiickoro xpe0Ta Ha c€1a00 pacwICHEHHOW —aJUTIOBHABHO-TIPOIIOBUAIBHOM
MOBEPXHOCTH MPEArOPHBIX paBHUH Ha BbicoTe 700-1200 M Hax ypoBHEM MOpSI, Tie BCXOJIMIICHHBIC
NPE/rophsi, MOCTEIIEHHO CIVIaXXHUBAsCh, MEPEXOSIT B HAKIOHHYIO PABHUHY, CO3aHHYIO KOHYCAMHU
BbIHOCa pek Tamabik, Ak-Oyypa. Ero teppuropus cocrasnser 182,5 KM°. AGCOTIOTHas BBICOTA
TeppuTopun ropoaa Omr Bo3pacTaer ¢ ceBepa Ha tor oT 900 no 1200 M. B Hacrosiiiee Bpems oO1mas
TUTONIA/Th 3eJICHBIX HacaxKaeHui ropoaa Om cocrasiet 6osee 2315 ra [9].

B O, B ropofcKuX JIEKOPAaTUBHBIX U CaI0BO-MAPKOBBIX HACAKIACHUIX MPOU3PACTAIOT Oosee
100 BHIOB IpeBECHO-KYCTapHUKOBBIX Topon. M3 mpencraButeneit neHapoduopsl B ropoae Omr
npouspacraioT Tonosss bome (Populus bolleana Lauche), tomonas mupamumanbubiid (Populus
pyramidalis L.), Torone Genbrit cepedopuctsiii (Populus alba L.), Tomone gepusiii (Populus Nigra
L.), Tonons kamaackuii (Populus canadensis Moench), Bsa3 mepucro-BerBuctbiii (UImus pinato-
ramosa Dieck.), B3 magkuit (Ulmus laevis Pall.), Bs3 npuzemuctsiii (UImus pumila), akamus Oenas
(Robinia pseudoacacia L.), kien sicenenuctHbiii (Acer negundo L.), kien cepeOpucthiii (Acer
saccharinum L.), kiieH JIokHOTIaTaHOBBIH, Win siBop (Oenbiii) (Acer pseudoplatanus L.), ua Genas,
wiaky4as (Salix alba L.), kamran xonckuit (Aesculus hippocastanum Mill.), Gapxar amypckuii
(Phellodendron amurense Rupr.), menkoBuma Oenas (Morus alba L.), psOuna 0OObIKHOBEHHAs
(Sorbus aucuparia L.), 6epe3a nosucnas (Betula pendula Roth.), cupenp oObikHOBeHHas (Syringa
vulgaris L.), ny0 uepemmuarbiii uiau oObikHOBeHHBIH (Quercus robur L.),cnmpes (Spiraea sp.),
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kaiuaa (Viburnum sp.), ouprouraa oosikHOBeHHas (Ligustrum sp.) camiut (OyKCyC) BEUHO3EIEHBIMH
(Buxus sempervirens L.), enp Taub-manbckas (Picea schrenkiana Fisch. Et Mey.), enp kosrodas
(Picea pungens Engelm. f. glauka), enp kanajickas, cocHa oobikHoBeHHas (Pinus sylvestris L.) u
kpeiMckas (Pinus pallasiana D.Don), Tys 3anagnas (Thuja occidentalis L.) u Bocrounas (6uota)
(Thuja orientalis L.), mox:keBenbHUK BUpruHCKHi (Juniperus virginiana L), mapkoBble pO3bI
(Rosa), Gospeimauk (Crataegus), skumosocts (Lonicera), siceHb OOBIKHOBCHHBIM WIIM SICCHB
Beicokuit (Fraxinus excelsior L.), iox y3komuctasiii (Elaeagnus angustifolia L.).

Takoke BIOJBb JOPOT BCTPEUANOTCS IUIONOBBIC pacteHus: BuiHs (Prunus), somous (Malus),
ciusa (Prunus), abpukoc (Armeniaca vulgaris L.), rpyrira (Pyrus), nieauuus TpEXKOIIOUYKOBast, WIH
obsikHOoBeHHas (Gleditsia triacanthos L.), obnenuxa kpymuHOBHIHast, BuHOTpa BUHHBIH (Vitissp.),
aifBa, opex rpelKuii, odnenuxa u ap.

B mapkax, ckBepax, ajuiesXx U BO3JIE aJMHHHCTPATHUBHBIX 37aHUH  BCTPEYAIOTCS
BTOpOCTEIEHHbIe penkue Buabl: muxta (Abies), scenp (Fraxinus), ckymmnus xokesennas (Cotinus
coggygria Skop.), xanuHa OOBIKHOBeHHas wWiu KamuHa kpacuas (Viburnum opulus L.), aiiBa
smorckas (Chaenomeles japonica Lindl.), kusunpauku (Cotoneaster),  ykcycHoe JepeBO
(Rhustyphina L.), nimaran Boctounstit (Platanus orientalis L.), naBnoBuus Boinounas (Paulownia
tomentosa) v Ap.

Bpenurenu-HacekoMble U MATOTCHBI PACTCHUN B YCIOBHUAX TIIO0AIHHOTO U3MEHEHHUS KJIMMara
U3y4CHBI PSJIOM HCClienoBaTenei B ycinoBusx tora Keipreiscrana [17, 19, 20], a sHTOMOKOMILIEKC
TOPOJICKMX HACKIACHUHN B YCIOBUAX I.OII HE TOCTaTOUYHO U3YUEH.

Bonbioe  pasHooOpasue  TOPOJNCKUX  JPEBECHO-KYCTAPHHKOBBIX  HACAKICHHH ¢
OJaronpUATHBIMU KITMMAaTHYECKAMHU YCJIOBUSMH CIOCOOCTBOBAJIM PAa3BHTHIO OOJBIIOTO 4YHCIA
HACEKOMBIX-BpeauTeIeid 1 00Ne3Hel, KOTOphIe HAaHOCAT YHIepO TOPOJCKUM HACaKACHUSM ropoia
Omr u ero okpectHocteil. Takke 3a mocnennue 20-30 et B rOposCKOl cpejie MOSBUIINCH OTIACHBIC
WHBa3MBHBIC BPEIUTENN Kak JyOOBbId MuHHpYyromui mumwibinuk (Profenusa pygmaea Klug) na
nybe, BA30BbI MmuHHpyouwi mammibinnk (Fenusa ulmi Sandevall) va Bsize, manas TyroBas
orreBka (Glyphodes pyloalis Walker) na rreikoBuiie, KOTOpble MOT'YT MPHBECTH K YCHIXaHHIO U
MOTEPE ITUX HACAKICHUM.

OCHOBHOW TIENIBI0 HWCCIICJIOBAHHS CTAJ0 HM3YYCHHUE SKOJOTHYECKOrO0 M (PUTOCAHUTAPHOTO
COCTOSIHUSI TOPOJACKHMX HacaxJeHWil . OIl, BISBICHHE OCHOBHBIX JIOMUHHUPYIOIIUX BPEIUTEIICH-
HAaCEKOMBIX, KOTOpBIE TPHBOAAT K OCIA0JICHWI0O W YrHETEHHIO HACaXICHWH H pa3paboTke
OMOJIOrMYeCcKUX Mep O0pHOBI C HUMH B YCIIOBUSX TOpoOJa.

BbIsIBIIEHBI HAaCEKOMBIC-BPEAMTENM TOPOACKUX HacaxaeHuit ropoma Ol  OCHOBHBIMHU
NPUYMHAMH OCJIAa0JICHUs] W CHW)KCHUS JICKOPATUBHOCTH M YCBIXaHUS HACAXKICHHH SBISICTCS
OTCYTCTBHE IOJINBA B APKYIO TOT0y, OTCYTCTBUE 3alIUTHBIX MEPONIPUSITHI MTPOTHB BPEAUTEIICH U
BO30OyuTeNnel 0oyie3HEl IPEeBECHO-KYCTAPHUKOBBIX IMTOPO/I.

Obvexmbl U Memoobl UCCAE008aAHU

DKonmoruyeckoe u  (UTOCAHUTAPHOE COCTOSHUE 3€JIEHBIX JIPEBECHO-KYCTapHUKOBBIX
HacaxieHui ropona Our U ero OKPeCTHOCTEH, BBISIBICHUE BPEAUTENICH W MAaTOTCHOB, H3YYCHHUE UX
OMOIKOJIOTHYECKUX OCOOCHHOCTEW MPOBEJECHO BECHOM, JieToM M oceHbio 2024 roma B mapkax,
CKBEpax M 3€JICHBIX JIPEBECHO-KYCTApHUKOBBIX HacaxaeHusx [3, 7, 8, 12-14].

OO6cnenoBanue MPOBOAMIOCH MapHIIPYTHBIM METOAOM. HacekoMbIX Ha pa3HBIX CTaIuiX
pa3BuTHs coOupany U GUKCUPOBAIH 10 OOIIECTIPUHITHIM METO/IaM.

OmnpenerieHne HaCEKOMBIX-BpEAUTENEH MPOBOAMIM IO psiay omnpeaenurenei [1, 2, 4, 5, 10-
14].
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Pesynomamet u oocyscoenue

B r. Om u ero okpectHocTsx 3a nocieanue 30 ner u Oonee HE MPOBOAMIOCH 3aNTUTHBIX
MEPONPUSATHI MPOTHB BPEIUTENICH-HACEKOMBIX M 0OJEe3HEH 3eJCHBIX TOPOJACKUX HacaXieHud. B
HACTOsIIIee BpPEMsI TOPOJCKHE 3eleHble HacaxIcHUs I. Ol M ero OKPEeCTHOCTEH HaxOIsITCsS B
HEYJOBJICTBOPUTEILHOM COCTOSIHUH, MTOBPEXKIICHBI OOJIC3HSIM U BPESAUTENSIM. E3KeroHo ¢ anpens no
OKTAOph MECSIIBl M3-32 YPE3MEPHOTO OOBEIaHUS BPEAUTEIIMU-HACEKOMBIMU JIUCTBA TOPOJCKUX
HACaXJCHUH TOABEpraroTcs Aedoaraluu, JIepeBbs IOJHOCTBIO HE IPOU3BOIAT IPOIECC
¢doTocuHTe3a, HAOMIONACTCS YCHIXAHUE W YTHETCHUE HACAXKICHHH, MMOITOMY HYKHO MPOBOIMTH
HAayYHO OOOCHOBaHHBIC JKOJIOTU3UPOBAHHBIC 3aIUTHBIE MEPOIPHATUS TPOTUB HACEKOMBIX
BpeIUTENeH U 00JIe3HEH, TPOBOJUT HAYYHO-000CHOBAaHHBIE PAOOTHI 110 03EJICHEHUIO rOPO/Ia.

3eseHble HACaKACHUS TOPOJCKOW cpenbl B I Ol M €ro OKPECTHOCTEH HMEIT O0JbIIoe
CaHUTAPHO-TUTUCHUYECKOE, JKOJIIOTHUECKOE, PEKPeallMOHHOe, JIaHIAQTHO-apXUTEKTYpHOS H
Hay4yHO-TIpakTH4eckoe 3HaueHue. OCHOBHbIC (DYHKIIMU 3€NICHBIX HACaXICHUH, 3TO obecrieycHue
YCTOMYUBOTO PA3BUTHUSI TOPOJA, CO3/JaHUE OJIATONPUSATHBIX YCIOBUH JUISI HACENICHHsI, OYHCTKA
BO3/yXa BBIXJIONMHBIMH Ta3aMH W JPYTUMH 3arps3HCHUSMH, COXPaHCHUs OHOpa3HOOOpa3usi
IIPUPOJIHBIX COOOILECTB.

Bo Bpemst MmapuipyTHOTO 00CiieIoBaHUsl ObUTH BBISIBICHBI, YTO BO MHOTHX TOPOJICKUX 3€JICHBIX
HacakACHUAX ropoaa Omnl He MPOBOIATCS IOJIMB HACAKIACHUN BO BpPEMsl CHIBHOHW Kapbl W3-3a
OTCYTCTBUS apbIYHOHN CETH Ha OOJBIIMHCTBE YJIUIAX, U3-3a ITOTO MOJIO/bIC MOCAIKU Ha yIHIaX Y.
Canuesa, B )xunmaccuBax Manac Ata, Anail 1, Anaii 2 yacTU4HO BBICOXJIM, a Ha ynuuax Kymanxan
Jlarka, Jlennna, PazakoBa, MacanueBa M3-3a HEJOCTaTOUYHOCTH IOJIMBA HAOIIOMACTCS YChIXaHHE
KPOHBI CPEIHEBO3PACTHBIX M CTAPOBOCTACTHBIX JICPEBHEB U TMOPOKCHUIO UX BPEAUTEISIMU U
OonesnsiMu. M30bITOUHAs MHCOJSIMS JISTOM TakXe IPHUBOIUT K TMOJCHIXaHUIO JIUCTBEB U
MOSIBJICHHEO 0YKOTOB.

B xome nerampHOrO 00CIEAOBaHMS TOPOACKMX HACAKICHUMN, BBISBICHBI 0Yard HACEKOMBIX
BpEIUTEIICH.

OCHOBHBIMU JIOMHHUPYIOIIMMHU BPEIAUTEIISIMH TOPOJICKUX HacaxJIeHui ropoaa Ol SBUIHCH
17 BUOOB YelIyeKpbUIbIX BpenutTened, 11 MOMy)KeCTKOKpBUIbIX, 12 paBHOKPBUIBIX, 7
MEPENOHYATOKPBUTBIX, 9 KECTKOKPBUIBIX BPEAUTEIICH.

JlyOoBbrii MuHHpyromuii mumuasinuk (Profenusa pygmaea Klug), BS30BBIiI MUHUPYIOMINT
muwteinnk  (Fenusa ulmi Sundevall), BumHeBblid cnm3ucTeiii mummieinmk  (Caliroa cerasi
Linnaeus), TyroBas manas oruéska (Glyphodes pyloalis Walker), nucroBeptka po3annas (Archips
rosana Linnaeus), sumuss nsgenuna (Operophtera brumata Linnaeus), msaeHuiia o6aupaio
oosikHoBeHHas (Erannis defoliaria Leach), nuctoBeptka 3enenas (Pandemis chondrillana Herrich-
Schiffer), Bocrounstit muctoen (Agelastica orientalis Baly), unsmoBsiii arcroen (Xanthogaleruca
luteola Mull.), nemapusiii menkonpsi (Lymantria dispar L.), Bocrounstit aucroen (Agelastica alni
orientalis Baly), mumuasinuk Bosocatsiii (Trichiocampus viminalis L.), cuHuil WBOBBIH JHCTOEN
(Plagiodera versicolora Laicharting), 3enenas nukaaka (Cicadella viridis L.), kpoBsHas Tis
(Eriosoma lanigerum Hausm), 3enenas sionmonnas Tis (Aphis pomi Deg), rpymieBas TJisi-
mucrokpytka (Dysaphis reaumuri Mordv), Yepsenr Komcroka (comstocki Kuw), akaruesas
noxuomuTtoBka (Parthenolecanium corni Bouche), cnuBoBas nmoxuommroBka (Sphaerolecanium
prunastri Fonsc.), kamudopuuiickas mutoBka (Diaspidiotus perniciosus Coms), sOmoHHas
wonoxkopka (Laspeyresia pomonella L.), opexoBas nukteonuna (Erschoviella musculana Ersch.),
ropoackoii ycau (Aeolesthes sarta Sols.), u3 uH(ppakiacca K€y JOMHUHHAPYET OOBIKHOBEHHBIN
naytuHHbIH Kiaemnr (Tetranichus urticae Koch.).

HauGonpmmii yiep0 HaHOCSAT B OCHOBHOM JIMCTOTPBI3yIIUE U cocyinue Bpeautenu (Tabmuma
1).
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BUIOBOM COCTAB JIOMUHUPIOIUX BIjEI[I/ITEJIEfl JPEBECHO-KYCTAPHMKOBBIX
IF'OPOACKUX HACAXAEHNUN 'TOPOJA O KbIPI'BI3CTAHA

Tabmuma 1

No Buo Tospeocoaemas Topooicaembiii

n/n nopooa

opeau

Bcempeuaemocms

Omps0 Lepidoptera — Yeutyexpuiivie
Cem. Ocnesxu — Crambidae

1. Tyrosas manas oruéska Glyphodes [enkxoBwuia Jluctes falekl
pyloalis Walker, 1859
Cem. Lymantriidae — Bonnauku
2. Hemnapwubrit menkonpsn Lymantria dispar ~ SI610Hs, uBa, KieH, Jluctes il
Linnaeus,1758 OOSPHIIIHAUK, TUIATAH
3. HBosas Bonusanka Leucoma salicis WBa, Tonoius Juctes *x
Linnaeus,1758
Cem. Hacmosuyue wenxonpsios: — Bombycidae
4.  TyroBsiii menkonpsa Bombyx mori enkoBuia Jluctes e
Linnaeus,1758
Cem. Geometridae — I1s0enuywi
5. 3Bumnas naaenunmna Operophtera brumata Iy6, 6epesa, opex, JIucTths *x
Linnaeus,1758 WBa, po3a, KalTaH
6. Ilagernna-oO0anpao OOBIKHOBEHHAS Kien, OosipbImHuK, Jluctes il
Erannis defoliaria Clerck, 1759 aypria, i0JIOHS U JIp.
7. Tyrosas nagenuria Apocheima cinerarius IllenxoBuIa, B3, [Toukwu, el
Erschoff, 1874 TOIIOJIb, AKALIKS, JIUCTBSA
TUIO/IOBBIE KYJIBTYPHI
Cem. Tortricidae — Jlucmosepmxku
8. JlucroBeptka 3enenas Pandemis Tomomns, UBa, KIIEH, IMouxu, falsled
chondrillana Herrich-Schiffer, 1860 BSI3, SIOTIOHS JINCTHS
9. Jlucroeeptka po3zanuas Archips rosana Tormouns, uBa, B3, Jluctes falekl
Linnaeus,1758 KJICH, SICCHB, PSIOMHA,
sI0JIOHS
10. Ssl6monesas miomoxopka Cydia pomonella S6m0ms, aiiBa ITnomer ikl
(cun. Laspeyresia pomonella)
Linnaeus,1758
11. T'pymesas miogoxopka Cydia pyrivora I'pymia [Tnonet e
Danilevsky, 1947
Cem. Noctuidae — Coexu, unu HOUHUYbL
12. OpexoBas HukteonuHa Erschoviella I'penkwuii opex [Tnoxer ol
musculana Erschoff, 1874
Ioocem. Sarrothripinae — Yeanounuywi
13. Yennounuiia asuatckas Nycteola asiatica  VBa, TomoJb, 6epesa Juctes wx
Krulikovsky, 1904
Cem. Cossidae — /[pesomouywl
14. [IpeBorouer maxyuwii, uBOBbI COSSUS Wgsa, Tonons, 1y0 JIy6 **
cossus Linnaeus,1758
Cem. Gracillariidae — Moau-necmpanxu
15. Moup-TiecTpsIHKA TOTIONIEBAS Paznuunbie BUIbI Jluctbs falelad
HiwkHecTopornsist Lithocolletis TOTIOJISI
populifoliella Treitschke, 1833
Cem. Yponomeutidae — I 'opnocmaegvie monu
16. Sl6monHas ropHOCTaeBasi MOJb 6105 JIuctes e

Yponomeuta malinellus Zeller,1838

Cem. Coleophoridae-Yexnonocku
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No Buo Tospeocoaemas Iopooicaemsiii  Becmpeuaemocmo
n/n nopooa opean
17. Tlnonmosas uexnukoBas moib Coleophora Bosipeiinuk, upra, JIuctes il
hemerobiella Scopoli, 1763 610Hs1, psIOHHa,
TEpH, aiiBa

Ompso Hemiptera — [lonyscecmkokpblivle
Cem. Aphididae — Tau

18. Kpossuas s Eriosoma lanigerum S1670Hs, B3 Bersn, il
Hausmann, 1802 rnoberu,
CTBOJI, KOPHH
19. TomoneBo-moTrkoBas Tisi Thecabius Tomnonb yepHbIi JIMCTBS e
affinis Kaltenbach, 1843
20. BssoBo-cmopoauuHas Tt Eriosoma ulmi Bs13, cmopoanHa JInctss, *
Linnaeus, 1758 KOpHH
CMOPOIUHBI
21. Bonbmras uBoBas /st Tuberolachnus WBa BetBu **
salignus Gmelin, 1790
22. 3enenas siononHas T Aphis pomi De SA6nons, rpyma Jluctss, il
Geer, 1773 nooderu
MOJIOJIbIE
23. T'pymieBas Tis-muctokpytka Dysaphis ['pyma Jluctes falaled
reaumuri Mordv.
24. Posannas tas Macrosiphum rosae Poza Jluctes **

Linnaeus,1758

Cewm. Benokpsuiku — Aleyrodidae

25. Benokpbuika Terrynas Trialeurodes BosipbIiHuK, Jluctes falaled
vaporariorum Westwood, 1856 KaJnHa, OMpIoYnHa
Cewm. Cicadellidae
26. Posannas nukangka Edwardsiana rosae Po3a, GOSIPBIIIHUK, Jluctes *x
Linnaeus1758 KaJIMHa, SI0JIOHS,

rpyla, BUIIHS,

CIIMBA, YepPeIHs,
TEpH, Upra, psiouHa,

CHpEHb, aKalys

Cem. Pentatomidae — Kitonpl-luuTHUKHA

**

27. Mpamopssiii kion Halyomorpha halys I'pymra, s0moHs, Jluctes,
Stal, 1855 CIINBa IUIOJIBL,IIO0ErH
Cem. Eriococcidae-Botinounuxu
28. CpenHea3naTCKUil HBOBBI BOMIIOUHUK HBa IToGern,
Gossyparia salicicola Borchsenius 1949 BETBH

**

Ompso Homoptera — Pasnokpulibie
Cenm. Cicadellidae — Luxaoku

29. 3enenas nukanka Cicadella viridis IlenkoBua, JIuctes, BeTBH Fkk
Linnaeus, 1758 SI0JIOHST, BUIIIHS,
CIuBa
Cem. Coccidae — JIOKHOITUTOBKHU
30. AxaumeBas JIO)KHOIIIMTOBKA KpbiKoBHUK, CIUBA, BerBu Fkx
Parthenolecanium corni Bouche, 1844 CMOpO/INHA,
LIEJIKOBHIIA,
BHHOTPAJI
31. CnuBoBas JIOXKHOIIUTOBKA CrnuBa, abpukoc, [ToGerwu, kel
Sphaerolecanium prunastri Boyer de BUIIIHSA BETBH
Fonscolombe, 1834
32. MopmuHrCcTas JToXHOIIUTOBKA Eulecanium HBa, Tomon, BETBU *x
rugulosum Archangelskaya, 1937 SI6JIOHSL, TPyIIIa
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No Buo Tospeocoaemas Iopooicaemsiii  Becmpeuaemocmo
n/n nopooa opean
Cem. Diaspididae — [lJumosxu
33. CpenHea3naTcKas 3alsATOBHIHAS IIUTOBKA Tormnomb, Bs3,KJIeH IToGeru, **
Lepidosaphes mesasiatica. BETBH
Borchsenius,1949
34. CpenHeaznarckas HBOBas LIIUTOBKA Tomomb, nBa CTBOJIBL, **
Chinoaspis polypora Borchsenius,1949 BETBH
35. TormoneBas BhIMyKJas MUTOBKA HBa, Tomoias CTBOHI, **
Diaspidiotus slavonicus Green,1934 1moGeru, BETBU
36. sl0moHHas 3amATOBHIHAS IIIUTOBKA Tomomns, uBa, 1yo0, IToGeru, **
Lepidosaphes ulmi Linnaeus, 1758 KPBDKOBHHUK BETBH, CTBOJIBI
37. Kamudopnwuiickas mutoBka Diaspidiotus S6n0Hs, cnuBa, Betsu, cTBOM, il
(Quadraspidiotus) perniciosus aypua JICTBA,
Comstock,1869 TUTOJTBI
38. Tyrosas murtoBka Pseudaulacaspis [MlenkoBwuIa, ITo6Gerw, ikl
pentagona Targioni-Tozzetti, 1886 psaduHA, CHPEHb, JIUCTBA,
KJICH, BHIIHS, CJIHBA IJIOBI
Cem. Flatidae — cemeticmeo pasHOKpbLIbIX HACEKOMbIX
39. Iukaznxa 6emas Metcalfa pruinosa S1610Hs1, aOpHKOC JIuctes, *x
Say,1830 mooern
Cem. Pseudococcidae — Myunucmoie uepseywi
40. Yepsen Komcroka Pseudococcus MBa, miejnkoBHIa, ITobern falaled
comstocki Kuwana,1902 aiiBa
Ompsio Hymenoptera — Ilepenonuamoxpoiivie
Cem. Tenthredinidae — Hacmoswue nununvuyuxu
41, BuiHeBbIH CIU3UCTBIN THIMIBIINK Bumns, ueperntas, JIuctes falaled
Caliroa cerasi Linnaeus, 1758.) rpyia, OOSIPBINIHHUK,
cnmBa, psOWHA, TEPH,
42. J1yOoBbIft MEHAPYIONIUH MATHITBIIIK Hy6 Jluctes il
Profenusa pygmaea Klug, 1816
43. Bs30BbIil MUHUPYIONIMN TAIMIIBIIAK Bas Jluctes falekal
Fenusa ulmi Sandevall , 1844
44. ToroJeBblii TOYSUHBIA THIIBIINK Tomoapb, UBBI JIucTes Fkx
Pristiphora discoidalis C. G. Thomson,
1888.
45. TIuawiaslnuk Bojocatslii Trichiocampus Tomnomnb JlucTea Fkk
viminalis Fallén, 1808
46. Weosas moxymeunumna Pulvinaria HWBa, Tomoin BerBu *x
salicicola Borchsenius, 1953
Cem. Torymidae — Topumuout
47. Apuosslit cemeen Megastigmus fidus Apua Cemena **
Nikolskaia, 1966
Ompsio Coleoptera — Kecmxokpulivle
Cem. Jlucmoeow: - Chrysomelidae
48. Cunnii uBoBsIit mucroen Plagiodera HBa, Tomoin JIuctesa Fkk
versicolora Laicharting, 1781
49. Hnwpmossiii (Kaparauessrit) microen Pa3nuyHble BUIBI JIuctes ik
Xanthogaleruca luteola Statius Miiller, BsI3a
1766 (cun. Galerucella luteola Mull.)
50. Bocrounsrii tuctoen Agelastica orientalis Pasnuunbie BB JIuctesa Fk%
Baly, 1878 TOIIOJISI U UBBI
51. Tomonessrii mucroen Chrysomela populi Tormosns, uBa JIUCThSI falekl
Linnaeus, 1758
Cem. Scolytidae — Kopoeowt
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No Buo Tospescoaemasn THopoocaemviti  Becmpeuaemocmeo
n/n nopooa opean
52. Toponckoii ycau Aeolesthes sarta Solsky, Tomnosns, uBa, CrBou, n1y0, el

1871 Kaparad, IIeJIKOBHIIA 3a00JI0Hb
53.  Apuossiii iy6oex Phloeosinus Apua CtBout **

turkestanicus Semenov Tjan-Shansky, (MO’KEeBEJIBHUK)

A.P., 1902
54.  Apuossiii ty6oen Phloeosinus Apua CTBOJI **

turkestanicus Semenov, 1902

Cem. Curculionidae — [loneonocuxu

55.  MopimuHHCTHIH 3a0070HHUK SCOlytus S10JI0HSI, BULLIHS, CTBOJI, BETBH **
rugulosus Muller, 1818 ciuBa (ajbrua)
Cem. Buprestidae — 3namxu
56. Apuoas 3matka Anthaxia conradti Apua Kopa, cyuss **
Semenov,1891
Ipumeuanue: * — BcTpewaercs peako, ** — Bcrpedaercs dacto, *** — Bcrpewaercs wacTo m
MHOTOYHCIIEHHO

OTH HACEKOMBIE BPEIUTENM HAPYIIAIOT HOPMAIBHYIO >KH3HEICSITEIBHOCTh TOPOACKHX
HaCaXACHUH, 0caaliaioT UMMYHHYIO CUCTEMY, YXYIIIAOT 3CTETUYECKUNA U JIEKOPAaTUBHBIN BUJ, B
UTOT'€ 3€JIeHbIe HACAKACHUS TEPAIOT YCTOMUMBOCTD K BPEIUTEISAM U OOJTIE3HIM.

Bo Bcex Bs30BBIX HacaxaeHHX ropoma Om 3a mocienHue 6 JieT HaOJIroJaeTCsl BCIBIIIKA
MHBAa3MOHHOTO BHJAa — Bs30BOro MuHHpyromero mwmwibimka (Fenusa ulmi Sandevall, 1844).
Bs30BbI  MUHHMpYIOLIIMM NWIMIBIIUK BbIsABIeH B Hadane 2015 r Ero Ouoskonormueckue
0cO0EHHOCTH B ycioBusix I. bumikek nzyueno K. Temupkyin k. [16].

JIMYMHKH MOBPEKAAIOT BCE BUIIBI BA30BBIX HacaxaeHuin — Bs3 mankui (UImus laevis Pall.),
BSI3 TEPUCTOBETBHUCTHIN, wiu Kaparad (Ulmus pinnato-ramosa), Bsi3 IuepiiaBblid, WM TOPHBIH
(Ulmus glabra Huds.), B3 Auapocosa (Ulmus Androssowii Litv.). B 2024 rogy MUHHPYIOIIHi
nUITHIBINKK Bei3Bat 40-50% nedonualiuio JUCTheB BA30BBIX HacaxaeHuit (Pucynok 1).

Pucynok 1. BeTBu Bsi3a, nopakeHHbIE BA30BBIM MUHUPYIOIIMM MUWIMIIBIIMKOM, Mal, 2024r. 1.0m
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JlyooBsiii Munupyromui mumasinuk (Profenusa pygmaea Klug, 1814) — uHBa3suBHBIN BU/I,
B ycnoBusx ropoga Om mosBuwics B 2010 r., 3a mocneanue 4 roga HapacTUI CBOKO TOIMYIISIIHIO,
CWJIBHO BPEIUT JHCTHSIM JYOOBBIX HACAKICHHM, JIOKAIBHBIE OYard HaOIIOAAOTCS B MOJIOIBIX
nocagkax ayoa. B 2024 romy BBICOKash YMCIEHHOCTb AYOOBOIO MHMHHUPYIOIIETO NHJIMIIBIIMKA
npusena k 60% nedonuaryu 1y00BbIX HacakaeHui ropona (PucyHok 2).

Pucynoxk 2- BetBu ny6a, mopaxeHHbIe 1yOOBbIM MUHUPYIOLIMM MHIMIBIIUKOM, T.Om, Maii, 2024 r.

Manas tyroBas orueBka (Glyphodes pyloalis Walker) BriepBbie oOHapykeHa B (epranckoi
nomuHe B Hadasie 2000 . B 2024 1. B xoxe oOciemoBaHus TOPOACKUX HacaxaeHud T.Omr ObuIH
OoOHapyXeHbl BCHBIIIKKM MAacCcOro Pa3MHOXEHHUs BpENUTENsl Ha HACAKICHHIX ILIEIKOBMIBI BIOJb
Jopor. YnCIIeHHOCTh MaJloi TyTOBOI OIHEBKM B CpPEJHEM COCTAaBIsUIAa S5-7 SK3EMILJIEPOB HAa OJHOM
micrte. Jleonmmamus JUCTheB B HACAKICHHUAX IICTKOBUIBI BO BTOPOU JIEKa/Ie CEHTSIOPs JocTUraia
80-100%. Dxomorust © OUOJIOTUS TYTOBOM OTHEBKH B YCIOBHUSX fora KeIprei3cTaHa JOCTaTOYHO HE
n3ydeHa. MlHBa3us TyroBoit orHeBkH B KeIprezcran npounsonuia B Hagane 2000-2005 rr. BeTpom co
CTOpOHBI Y30€KHCTaHa, BO3MOKHO M IOCAJOYHBIM MaTepuasioM. ['yceHMIbl neperndaroT JucT U
MUATAIOTCS MAPEHXUMOW Ha HWXKHEH CTOpoHe JmcTa. B omHOM nucte oOHapyxkuBamu oT 3 g0 6-7
T'YCEHHI] BpenuTelns. | yceHUIa MpOoXOAHT ISTh BO3pacToB. JlTMHA T'yCEHUI] MEPBOTO BO3pacTa B
cpennem 3,5-3,7 mm, mocieanero Bo3para 18-20 mm (Pucyrnok 3)

Pucynok 3. I'ycenunbl Manoi TyTOBOM OTHEBKH Ha LIEJIKOBHLE
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st GopbOBI ¢ TOMUHHPYIOUIMMH HAaCEKOMBIMHU- BPEAHMTEISIMHA IPOBOIMIIN HCIBITAHUE B
MOJIEBBIX M J1a0OPaTOpPHBIX YCIOBHSAX Omonormueckoro mpemapara Axrtapodut 1.8 Poccwuiickoro
npousBoAcTBa.  Aktapodur 1,8  HHCEKTO-akapulu]  KOHTAKTHO-KUIIEYHOTO  JCHCTBHSI,
JIEUCTBYIOIIMM  BEIIECTBOM KOTOPOTO SIBIISICTCS KOMILUIEKC MPHPOJHBIX aBEPMEKTHHOB H
YMMAaMEKTHHOB, KOTOPBIE MPOAYIIUPYIOTCS MOJIE3HBIM TOYBEHHBIM MUKPOOPTaHU3MOM Streptomyces
avermitilis (ue menee 1,8%). OOpabOTKy B MOJIEBBIX YCIOBHSX MPOBOAMIIM MOCIIE 3aX0/1a COJHIA B
BEUEpHEE BpEMSI.

A b B

Pucynok 4. A - menkoBuiia MOpo>KEHHas TYCEHUI]AMH MaJod TyTOBO# orHeBkH, BbI3BaBmIast 100%
nedoaranuio JTUCTHEB, PAAOM LIeNKOBUIAa o0padoTanHas Aktopodutom 1.8, centsiOps, 2024 r. r.0Om; b -
100% nedonuarus meaTKOBUIBI MaIOH TyTOBOW OIHEBKOM,HE 00pabOTaHHBIM y4acTOK BAOJIb aoporu Omi-
a’pormopT, ceHtsaops r.0m, 2024; B - menkoBuna obpadoranas Axropoputom 1.8. r. Om, ceHTs10ps, 2024
T.

Pesynpratel  uccnemoBaHus — mokazanmu  93-95%  Ouonoruueckyro  3¢p¢HEKTUBHOCTH
Ouonorudeckoro npenapara Akrapo¢ut 1,8 B OTHOIIEHUH JIMYMHOK MUHUpYIOLIEH 1y00oBOH Moy,
MUHHPYOLIETo Bs30Boro mumwibiipka u 100% Ouonorndeckyro 3pQeKTHBHOCTh MPOTUB TYCEHUI]
MaJioll TyTOBO# OTHEBKH B TIOJIEBBIX ycioBusx (Tabmuia 2).

Tabnuna 2
BUOJIOTUYECKAS DODPEKTUBHOCTD AKTOPO®UT 1.8 (ne menee 1,8%)
B ITOJIEBBIX YCJIOBUAX
' s Cmepmuocmo S
§§ § JUYUHOK/2YCeHU g i
® {N'E Y Y nO OHAM 3 § S
= 2 Q Q, = o9
2 SESES, ! NS
) T g S
Haumenosanue epeoumens S So Sy 39
© S35 = N
2 =3T3 1 2 3 8 S5
& 888 N 23
0 ® <
SRl S LQ“&
23 A &
JIMYMHKY BA30BOTO MUHHPYIOLIETO 1:200 400 265 99 17 381 95+4.,8
mummeinuka Fenusa ulmi S.
JInurHkH 1y00BOr0 MUHHPYIOIIETO 1:200 400 287 77 9 373 93,3+4,8
mtibinyka Profenusa pygmaea K.
I'ycenursr Manoit TyroBoii oruesku Glyphodes — 1:200 400 311 89 - 100 100
pyloalis W.
Kontponb Bona 400 0 0 0 - -
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[IpoBeneHHBIC PKCIIEPUMEHTHI TIOKa3aJii, YTO MCIOJb30BaHUE OMOTOTHYECKOTO MHCEKTHUITUIA
Axtapodur 1.8 mo3BOJISIET CHU3UTh YHUCICHHOCTh JyOOBOTO MUHUPYIOIIETO MIJIUIIBIITNKA, BI30BOTO
MUHHUPYIOIIETO NWIWIbIIMKA M MaJOW TYTOBOM OrHEBKH JIO HHXE IOpOra 3KOHOMHUYECKOM
BPEJOHOCHOCTH.

OO6mieit mnpuyMHOM OCHa0JICHUsS, YChIXaHUS W CHIDKCHHS JIEKOPAaTUBHOCTHU 3€JIEHBIX
HacaxaeHui ropoaa Ol SABISETCS HETOCTATOYHOCTh arpOTEXHUYECKUX MEPONPHUSATHH M MOJIMBA B
KapKoe BpeMs JieTa, HapyIICHWE TMPaBUJ IMOCAJKH, BCIBIIIKA BpeauTeNied W OoNe3Hed u
HECOBEPIICHCTBO BEACHHUS 3AIUTHBIX MEPONPUITUN IPOTHB ITUX BPEIUTEINCH 1 OOJIC3HEH.

[IpoBeneHHBIC HCCIIEIOBAHUS BBIIBWIM PsJiI HauOoJee OMACHBIX BHIOB, KOTOPBIC JArOT
BCITBITIIIKY MAaCCOBOTO Pa3MHOXEHUS (yOOBBI MUHUPYIONUN MWIHIBIINK, BI30BbIA MUHUPYIOIIHUNA
NWIWIBIIUK, Majas TyTOBas OTIHEBKA, TOIOJIEBBIM JIMCTOEA M Jp.), KOTOPbIC MPEIACTABIISIOT
OMACHOCTh JUIS TOPOJCKHMX HACaXJCHUU. YPOBEHb jaedoiuanuu B TIEPHOJ MPOBEACHUS
HCCeIOBaHM cocTaBmwil B cpenHeM OT 50-60% s BSI30BBIX W JIYOOBBIX HACaKIACHHM, IS
menkoBubl 100%.

B ycnoBusax roponckoil cpenbl peKOMEHyeM IMPOBOIUTH 3aIUTHBIE MEPONPHUSTHS MPOTHB
3TUX BpeauTec OuomormdeckuM mpemaparoM Axtopodur 1.8, KOTOpBIA IMOKa3al B MOJEBBIX
ycnoBusix HanbombIryto 93-100% Ouonorndeckyro 3pPpeKTUBHOCTD IPOTUB ITHX BPEIUTEICH.

Paboma ewvinonusnace 6 pamkax HUP OwTY npu nooodepoicke epanmos Munucmepcmeo
oopaszosanus u Hayku Kvipewvizckoii Pecnybnuku
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OITACHBIN MHOFpﬂI[HLIﬁ BPEJIUTEJIb CEJILCKOXO3}II7ICTBI§HHI>IX KYJIbTYP
JIYTOBOU MOTDBIJIEK (Loxostege sticticalis L.) B ASEPBAUI’KAHE

O©Mycmadghaesa I. A., AuthorID: 390429, 0-p 6uon. nayx, OOO «lloddepoicka cészeli yueHvlx ¢
Gepmepamuy, 2. baky, Azepoaiiocan, zoolog88@mail.ru

A DANGEROUS POLYPHAGOUS PEST OF AGRICULTURAL CROPS, THE MEADOW
MOTH (Loxostege sticticalis L.) IN AZERBAIJAN

©Mustafaeva G, AuthorID: 390429, Dr. habil., Supporting connections between scientists and
farmers NGO, Baku, Azerbaijan, zoolog88@mail.ru

Annomayus. JIyroBoit MOTBUIEK OTHOCUTCS K demryekpsutbiM (Lepidoptera, Crambidae). On
SBJIIETCS. ONACHBIM MHOTOSAHBIM BPEIUTENEM CEIbCKOXO3WCTBEHHBIX  KylbTyp. Brepsbie
yKasbIBatoTcs i payHbl AzepOaiipkana. Bux oTimyaeTcst BCOBIIIKAMA MacCOBOTO Pa3MHOMKEHHMS,
IpU  ONpENEeNEHHBIX YCIOBHSAX IPOMCXOIUT MAacCCOBBIM BbUIET 3TOro Hacekomoro. Ilpu
HEOOXOIMMOCTH OHH MOTYT mpeoposieBarb Aaxke 900 KWIOMETpPOB, TMOITOMY HX MHUTPAUU
Ha3bIBAIOT aKTUBHBIMU. B A3zepOaiikane B KOHIIE TEPBOM JAEKaIbl CEHTSIOPS OBLIT MAaCCOBBIA BBUIET
JYTOBOI'O MOTBUIbKAa, B OCHOBHOM Ha ATIIEPOHCKOM IoiyocTpoBe, B ropoae baky u Cymraure,
MOXeET OBbITh Ja)kK€ MUI'PALIUsS 3TOTO BPEIUTES.

Abstract. The meadow moth belongs to Lepidoptera (Crambidae). It is a dangerous
polyphagous pest of agricultural crops. For the first time it is indicated for the fauna of Azerbaijan.
The species is characterized by outbreaks of mass reproduction; under certain conditions, there is a
mass flight of this insect. If necessary, they can overcome even 900 kilometers; therefore, their
migrations are called active. In Azerbaijan, at the end of the first ten days of September, there was a
mass flight of the meadow moth, mainly on the Absheron Peninsula, in the cities of Baku and
Sumgait; there may even be a migration of this pest.

Kniouesvie cnosa: nyroBol MOTBUIEK, MHOTOSIHBIA BPEAUTENb, ITOKOJIECHHUE, IOJIOBOMU
auMopdu3M, Murpanus, 6abouku, ryCeHHUIb.

Keywords: meadow moth, polyphagous pest, generation, sexual dimorphism, migration,
butterflies, caterpillars.

babouka oTHOCHTCA K Tpylie 0co00 ONacHBIX MHOTOSIHBIX BpEIUTENEH, MPOSBISIONIMX
CBOIO BpPEJOHOCHOCTh B TEPUOJBI TMOABEMA UHUCIEHHOCTH U MAacCOBOTO Pa3MHOXKEHUS,
MIPOUCXOIAIINX C HUKJINYHOCTBIO B 6-7 JIET.

B chnucke mnoemaeMbIX 3TMMM TyCEHMIIaMM pPAacT€HUN HAacuUThIBaeTcs He MeHee 250
paszHoBuAHOCTEN. Crapiiee MOKOJIEHHE T'YyCEHMI] IIOXKHUPAET BCE, YTO BCTPEYAET HA CBOEM IyTH, a
IIPU MacCOBBIX HalaJeHUsIX yliepd CTAHOBUTCS MOUCTUHE KOJIOCCATLHBIM.

Hacexomoe motpebmnsier OONBIIMHCTBO KYIbTYp, KOTOpPbIE YEJIOBEK BbIpAlIUBacT AJsi ceOs.
Bpenutens oTinyaercs BCIBIIIKAMH MAacCOBOIO Pa3sMHOXKEHMs, 0aO0OUYKM MOTYT MpeooseBaTh
OoJIbIIIME PAcCTOSHUS M OCBAaUBaTh OTPOMHBIE TeppUTOpUU. MIMEHHO 3T 0COOEHHOCTH Clenaiu
HAcEKOMO€ OJIHMM U3 CaMbIX OMACHBIX JUIsl IOCEBOB.
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Pe3zynemamol u ux oocyscoenue

JlyroBeie Mmoteuibku (LOXostege sticticalis L.) npuHammexkar K OTpsay HACEKOMBIX
gemryekpbuible, Wi 0adouku (Lepidoptera, Crambidae). Crambidae — OrHEBKU-TpaBSIHKH, WIH
TpaBsHbIE OTHEBKU — CEMEICTBO HACEKOMBIX M3 OTPs/Ia YCIIYEKPBLIbIX.

Bun pacnpoctpanén B EBpomne, A3um u CeBepHoli Amepuke. Bbicokass 4uCIEHHOCTH
HaOmonanack B CepOun, XopBatuu, bocaun u I'epueroBunsi, bonrapum, PymbiHuu. Benrpuw,
Uepnoropuu, Makegouuu, Asctpun, Yexuu, CioBakuu, Ciosenuu, [lonsine, Ykpaune, Monnasuu,
Momnronuu, Kurae, Typuun, Upaxe.

B Poccuun nambonee BbICOKash YMCIEHHOCTh HAOIIONAETCS B JIECOCTEIHOM, CTEMHON 30HaX U
IOKHOW 4YacTu Ta&xHOW 30HbI. babouku JIyroBOro MOTBUIbKAa OTMEYalIUCh B 0oliee CEeBEPHBIX
palioHax B TEpPUOAbl OOIIMPHBIX BCHBIIMIEK MAaCCOBOTO PAa3MHOXEHUS M JOCTUTAU JIMHUHU
Cwmonenck-Tsepb. JIyroBblii MOTBUIEK paclpoCTpaHEeH MOBCEMECTHO, HO Hanbosee BPEeJOHOCEH Ha
Cesepnom KaBkase, Ha [loBoibkbe 1 Ypasie, B FOOKHBIX YacTsax 3amaaHoi u Bocrounoit Cubupu.

Hau6onpimuii yiepd HaHOCUT caxapHO# CBEKJIe, KyKypy3e, KapTodeo XJIOMYaTHUKY, TabaKy
JIIOLIEpHE, KJIEBEPY, TOPOXY, IMOACOJHEYHHUKY, MHOTOJIETHUM OOOOBBIM W OBOIIHBIM KYJIBTYpaMm.
CnocobeH TMOBpEeXIaTh SYMEHb, MIICHUILY, COPIO U JIPYrHe CEIbCKOXO3SHCTBEHHBIE KYIBTYPHI.
CunpHO BpEeIUT U MHOTUM JIPYTMM OTOPOAHBIM, OAXU€BBIM M TEXHUYECKUM KYIBTypam. 3aceisieT
6onee 200 BHIOB NMKOPACTYIIMX U COPHBIX PACTEHUN, HA KOTOPBIX MOMYJISIUU COXPAHSIOTCH,
pa3BHUBAIOTCS B (Da3bl IEMIPECCHH WIIM CHIDKCHUS YUCICHHOCTH. [ToBpekaaeT BUHOTPAl, HEKOTOPBIC
JPEBECHBIE TOPOABI M 3JIaKOBBIE, HO B MeHbIel creneHu. [Ipeamountaer nmurarbecs Ha 00OOBBIX,
HEKOTOPBIX CIOXKHOIBETHBIX. B TObI MaccoBOTr0 pasMHOXKEHUSI BPEAUTENsl TIOTEPU YpOXKas MOTYT
cocTaBUTh gaxe 10 50%.

OH siBNsieTCS TEPBOCTEIIEHHBIM BPEIUTENIEM CaxapHOW CBEKJIbI. Tak K€ JIYTOBBIM MOTBLICK
o0yajaeT BBICOKOH CTENEHBIO BPEIOHOCHOCTH. ET0 TYCEHUWIBI TOBPEKIAIOT JIHCThS, CHEIAOT
JUCTOBYIO IUJIACTUHKY 3TUX JIMCThEB U TOJHOCTBIO CKEJIETUPYIOT HX, BBITPbI3as OTBEPCTHUS,
OCTaBIISAIOT OAHM depemku. VHorma 3Ty BpeAuTenu o0beAaoT cTeOsin (HampuMmep, BCXOJIOB
KapTodesi) U reHepaTuBHYIO 4YacTh pacteHuil. [Ipm mMaccoBOM MOSIBICHMH JYrOBOIO MOTBLIbKA
PaCTUTENHHOCTh MOXKET OBITh ChelieHa 1EeTUKOM. [loBpeKIeHHbIE paCTeHHs] OTCTAIOT B POCTE WIH
MOTuOaroT.

babouku akTUBHBI B cyMepKax. B 0CHOBHOM pa3BUTHE MPOUCXOIUT B JBYX-TPEX MOKOICHUSX.
B Oonee XomomHBIX MecCTax HACEKOMBIE pPa3BUBAIOTCS B OJIHOM IIOKOJIEHWH, HAlpuUMeEp, B
HeuepHoszemHoli 30He. /IBa MOKOJIEHUS B JIECOCTENHBIX M CEBEPHBIX CTEMHBIX pailoHax Cubupu u Ha
HansHem Boctoke. Tpu-yueTbipe MOKOJEHUS HACEKOMOE JAeT B IOKHBIX CTEMHBIX pailoHax, Ha
Cesepnom KaBkase u B 3akaBKasbe.

Bripaken monioBoit nuMopdusm, camiiel 6abodexk MeHbIe caMKu. PazMax KpbUIbEB CaMmIlOB
nocruraetr 18-20 mm, camok — 20-26 mm. [lepeqHue KpbUihsi C IByMS )KEITOBAaTHIMU IMSATHAMH U
Y3KOM JKENTOM MOJOCKOW BIOJIb BHEIIHETO Kpas OKpAIleHbl B CEpOBATO-KOPUYHEBBIN LIBET; 3aHUE
— JKEJITOBATO-CEphIE€ C ABYMsI NapalIeIbHBIMU MOJOCKaMH 110 HApYKHOMY Kparo. Y CaMIIOB YCUKH
MUJIBYAThIE, Y CAMOK — HUTEBUJIHBIE. [IpOI0mKUTENbHOCT KU3HU UMAro coctasisieT 4=20 nHeil.

HNmaro NEpE3MMOBABLICTO IMTOKOJICHUS JICTAIOT B MaC-UIOHC. Ocobu MEPBOIo MOKOJICHUS B HFOHC-UTOJIC,
ocobu TPETHETO MMOKOJICHUS — B KOHIIC aBr'yCTa U B Ha4aJIC CeHTH6p$I. HerBLIﬁ MOTBUICK PA3BHUBACTCA
nocreneHuo. 13 ﬁﬁua BBIXOJUT I'yCCHHUIIA, BIIOCIICACTBHUU OHA MCPEXOAUT B CTAUIO (l)OpMI/IpOBaHI/I}I
KYKOJIKH, & IOTOM TOsIBJIAEeTCS nMaro — Oabouka [1, 2].

[Tocne Toro kak 0ab0OYKM TOKHIAIOT CBOM KOKOHBI OHHM CHApPUBAIOTCS W TMPHUCTYMAKOT K
sTTIeKIaaKe (Ha 5-7 IeHb), KOTOpasi MPOTEKAeT MPUMEPHO 2 HEJIEIH.

Bce PucyHnku sBIsitOTCS OpUTHHATBHBIMU, OBUTH CIENIaHBI BO BPEeMsI HCCIIeI0BaHUM. PucyHku,
0003HaUEHHBIC 3HAKOM * B3ATHI U3 IPYTMX UCTOYHUKOB.
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Pucynox 3. Jlyrossriii moTsuiék (Loxostege sticticalis L.)
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Pucynok 4*. I'ycennna-mnanHKa TyroBoro MoTeiibka (Loxostege sticticalis L.) Ha pacTeHun

Ilocne nOMONHUTENBHOrO MUTAHUS U CHapuBaHHUA 0a0OYKM TNPEUMYILECTBEHHO HOUBIO
OTKJIAJIBIBAIOT SIMLA. Bpenurenu pa3sMemaroT Aina ¢ ThIIbHOM CTOPOHBI JIMCTBBI, a TAK)KE HA CyXHe
OCTAaTKM PAcCTUTEIbHOCTH WJIM KOMOYKH 3eMid rpynnaMu no 15-20 mryk. fifa pazmeriaror Ha
IIPUKOPHEBBIE JIUCThSI BCXO/AOB, 4alle BCEro Jjebelbl, BbIOHKA, MHOTOJETHHX OOOOBBIX TpaB U
apyrue KyabTypsl. Korma nutanue uist ocobeil XBaTaeT, CaMKH CO3PEBAIOT OKoJo 5-7 nHel. [l
Pa3BUTHS UM HEOOXOTMMO JIOTIOJHUTEILHO MUTATHCS HEKTapOM, OJHAKO €ClU B (pa3e T'yCEHHIIBI
BPEIUTETIO OBUIO O0ECIEYeHO KAYeCTBCHHOE MHTAHME, IS Pa3BUTHUS B3POCION 0coOu Oymer
JIOCTaTOYHO TOJIBKO BOIBL. Eciau Boga MpUCYTCTBYET B HEJOCTATOYHOM KOJIMYECTBE, YHCIEHHOCTD
ocoOell MOXKET CHM3UTbCA M3-3a Oecriogus umaro. JKuByT B3pociible 6a004ku B cpenHeM 4-5
HeJeNb. 3a BECh MEPHOJ] CaMKHU OTKJIAABIBAIOT B cpeaHeM okosio 200 sui, HO B OiarompusiTHbIN
nepuoy 3Ta mudpa yBenuuusaercs 10 800. B rogsl MaccoBOro pa3MHOXKEHHUS MOTEPH ypoXKasi OT
JYTOBOT'O MOTBUIbKA MOTYT cocTaBuTh 50-100 %.

Sitna menkue qmmHoM 0,8-1 MM, yITMHEHHO-OBallbHBIE, TUIOCKHE, ONECTAIINE, KETTOBATO
Oenple WM MOJIOYHO-Oenble ¢ TepiaMyTpoBbiM Oneckom. Ilpum Hm3kmx Ttemneparypax (16°C)
MI0JIOBBIE MPOAYKTHI HE CO3PEBAIOT, @ MPU BBICOKUX (35-40°C) — AUYHUKU CaMOK JE€Tre€HEpUpPYIOT.
Sliflia MOJKHO 3aMETHUTh Ha BHEIIHEH CTOpPOHE JMCThEB, MHOTA Ha CTEOMAX U peako Ha nouse. OHu
HAaKJIaAbIBAIOTCA ApYyr Ha apyra. Sillja caMKoil OTKIIaAbIBAIOTCS HAa HWKHUE CTOPOHBI JIMCTHEB
KOPMOBBIX IIOPOJI JI€PEBbEB, IPyIIIaMH, pexe — 10 oJHOMY. Eciau cTouT *apkas, cyxas 1noroza, To
OoubIasi 4acTh SIMI] 3aChIXaeT OT HemocTarka Biard. ONTHManbHas TeMIleparypa Ui pa3BUTHS
sMOproHOB — 28°C, a BIaXXHOCTh Bo3ayXa He MeHee 75%. IIponomkuTenbHOCTh pa3BUTHS Siia 7—
15 pueit. I'yceHMIIbI, TOJIBKO YTO BBILIEANINE W3 SIUI], BOASHUCTO-3E€JIEHBIE C TEMHOW TOJIOBOW;
CTapIIUid BO3PACT JUTMHOM 110 35 MM, cepo-3eJieHbIe ¢ MPOJOJIbHON TEMHOM MOJOCKOW Ha CIIMHE U
HECKOJIbKMMU OOKOBBIMU mosiocaMu. OKpacka I'yCeHHI] BeCbMa U3MEHYNBAsA, BAPbUPYET OT CBETIIO-
3en€HOM 10 cepo-3eNn€HoM, mopoit moutu 4y€pHoit. Ha crimHe u mo 6okaM MpoXoasT TEMHBIE MOJIOCH.
I'onoa ué€pHas co cBemibIM pucyHkoM. Cragus rycenuns! jummrea 10-30 gueil. CniepBa IyCEeHHIIbI
HAXOJATCA Ha JIUCTBhSIX IOJ CIUIETEHHWEM M3 HUTEH IIeNKOBUHBI, B OoJiee MO3JAHMUX BO3pacTax
HAUMHAIOT MUTAThCSl YK€ OTKPBITO, 00benast JUCThs, a MHOrAa M cTeOnu. ['yCceHHIIbI o]l KOHell
CBOEr0 Pa3BUTHSI IOCTUTAIOT JJIUHBI 35 MM [1, 2].

IIponomKUTENbHOCTD Pa3BUTHSI T'YCEHUI] TAK)XKE CYIIECTBEHHO MEHSIETCS B 3aBUCHMOCTH OT
temreparypsl. [Ipu ontumansroit Temneparype 25—-30°C ono npomonkaercs 14—17 quelt, a ipu ee
CHIDKEHNH MOXKET 3aTaruBarbca 10 30 mueld.
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I'ycennunbl 1 Bo3pacta rUrpouiIbHBL, HO MO MEpPe HUX pPOCTa U PA3BUTHUS OTHOCHUTEIbHAs
BJIQXKHOCTh BO3/lyXa HAYMHAET UIpaTh MEHEEe CYIECTBEHHYIO POJib. | YCEHUIbI MIIAJIIIUX BO3PACTOB
OIUIETAIOT JIUCThS KOPMOBBIX PAaCTEHUN MAyTHHOM, a CTApUIUX — JKUBYT OTKPBHITO, OHM OUYEHb
MIPOKOPJIUBEI M TOJABMXKHBI. JIyrOBble MOTBUIBKM MHOTOSIHBIE BPEAUTENIHU, T'YyCEHHUIbI MOEIaloT
OBOIIHBIC U 3€PHOBBIE KYIBTYpBI, TPHI3YT BCE, UTO PAcTET HA Oropojie, BKIoUas COpHIKU. B cBoem
Pa3BUTUM TYCEHMIIA MPOXOAUT IIECTh BO3pacToB. 3a 15-30 aHEd JMYMHKM MHOTO €IST, MOCJe
NpSYyTCs B 3€MJIIO, TaM OHMU CO3JAIOT KOKOH M OKYKJIMBAIOTCSA. ['YCEHMIIbI THUTAIOTCS Kak
KYJABTYPHBIMH, TaK U JUKOPACTYIIUMHU PACTEHUSMH, HA KOTOPHIX OHM >KUBYT. Hanbomnee momysipHbI
caxapHasi CBEKJia, TOpOX, OaxueBble U OBOIIHBIC KYIbTYphl. MOXHO YBUIETh Ha KyKypy3e, parce,
MOJICOJTHEUHUKE U JibHE. Takyke T'yCEeHHIIbl MUTAIOTCS Jake TOPbKOM M S10BUTOM TpaBoi. B sto
BpeMs I'yCEHUIIbI TUTAIOTCS BECh JIEHb U OCTAHABIIMBAIOTCS TOJBKO Ha JIMHBKY.

3UMYIOT TYCEHHMIIbI, 3aKOHYMBIINE TUTAHUE, B IOYBE B KOKOHE, PACIIOJIOKEHHOM BEPTHKAJIBHO
y camoil moBepxHocTH. Kykomnka mjiHO#M 10 25 MM, CBETJIO-KOpUYHEBas B KOKOHE. CTaausi KyKOJKHU
mmtcs oT 14 mo 30 gHeit. Okpacka KYKOJKH MOMKET OBITh OT CBETJIO-XKENTOH N0 TEMHO-
KOPHYHEBOM.

3UMyOLIME TYCEHUIIbl OYEHb YCTOWYUBBI K X001y (BBIIEPKUBaIOT Temneparypsl 10 -30°C) u
OOBIYHO HE BEIMEP3AIOT 3UMOM.

UYepes nBe Henmenu nosiBisieTcs 6abouka. OHa yxke rotoBa K pasMHokeHuio. Camasi 6osnbias
aKTUBHOCTH HaOMrOMaeTCcs HOUYbI0. J[HEM, KOr/ia MPUITeKAeT COJHIIE, JIYTOBBIC MOTBUIBKHU TIPSIIYTCS B
TyCTOM TpaBe WJIM TOJ JUCThIMH. BaOOUKM JTyroBhIX MOTBUIBKOB MUTAIOTCS HEKTApPOM, MPU 3TOM
OHH COCTAaBIISIIOT KOHKYPEHIIUIO MEIOHOCHBIM MmueiaM. OTMEUeHo, 4TO TaM, Ilie UMeeTcs OOJIbIIoe
KOJIMYECTBO JIYTOBBIX MOTBUIBKOB, 3aMETHO CHIDKAeTcsl cOOp Mena Ha macekax. B3pocibeie ocobu
YaCTeHBKO MEMIAIoT cOOpy MEma, a TYCEHHUIbI HACTOJIBKO IPOXKOPJIMBBI, YTO YHHYTOXKCHHE
TIOJIOBUHBI YpOXKasi Il HAX HE sIBISIETCS OOJBIION mpoOiieMoii. [Ipu HE0OOXOMUMOCTH OHH MOTYT
npeoponeBats Aaxe 900 kM, TO3TOMY UX MUTPAIIMU HA3bIBAIOT AKTUBHBIMHU.

[To mpoKOPIUBOCTH T'YCEHUI] TyTOBOT'O MOTBLIbKA MOYKHO CPaBHUTH TOJIBKO ¢ capaHuoil. [Toka
HE YAQJIOCh TOHATH, MOYEMY BCIBIIIKKA CIY4YalOTCS HUKINYHO. MIMEIOTCS MpearnoyioKeHHs], 4To
OCHOBHOW TPUYMHOW CTAHOBSTCS KJIMMAaTUYECKHE YCIIOBUS, a Takke maccoBas Mmurpamnus. Bo
BpeMs TMEpEceeHHs] Ha HOBbIE TEppPUTOpHH OaboukaM ynaercs H30ekaThb CBOMX E€CTECTBEHHBIX
BparoB. Knajka nuumHOK 3aMeTHa Ha noceBax. Hepeako BpeauTens BCTpedaroT Ha nade. B nepuoa
AKTUBHOTO POCTa HACEKOMOE MOXKET YHUUYTOXHUTH OOJBIIYI0 4acTh MOCEBOB. CO CTOPOHBI MOXKET
MOKAa3aThCsl, YTO TaKOE HACEKOMOE HE MOXKET CTaTh MPHYMHON OonbImx mpobiem. Ha camom nemne
BpEN MPUHOCHUT HE CTOJNBKO 0abouka, CKOJIBKO MOTOMCTBO, KOTOpOoe OHa AaeT. babouka oTHOCcUTCS K
rpyrime 0co00 OMacHBIX MHOTOSITHBIX BPEIUTENEH, MPOSIBISIONINX CBOIO BPEIOHOCHOCTh B MIEPHO/IBI
noabEMa YUCICHHOCTH M MAacCOBOTO Pa3MHOXKEHHUSI, MPOUCXOIAIINX C IUKIMYHOCTHIO. 3acemser
JTUKOPACTYIIUE U COPHBIC PACTEHUS, HA KOTOPBIX MOMYJISIIMN COXPAHSIIOTCS U Pa3BUBAIOTCS.

babouky mepBOro MoOKOJIEHHS B KOXKHBIX PErHOHAX HAUMHAIOT JIET B KOHIIE ampens, a Ha
CEBEpPHBIX TEPPUTOPUSAX — B Hadaine HIOHS. [IposABISIOT aKTMBHOCTH TOJBKO B HOYHOE H
CYMEpPEYHOE BpeMsl, OTHAKO UX JIETKO MOXKHO CITYTHYTh U JHEM.

OrpomMHOE KOJMYECTBO TYCEHHII MOTYT TEperoi3arh ¢ OJHOTO y4acTKa Ha JPYro, W Mpu
9TOM YHUYTOXATh BCE, UYTO UM TOMaaaeTcs. biaronpustHeie yCIoBuUs 11 MACCOBOTO Pa3MHOKEHUS
JIYTOBBIX MOTBUIBKOB — JIOCTATOYHOE KOJIMYECTBO OCAAKOB U Temriieparypa okono 170C. Ecmu
CTOUT 3acCyNUIMBas TOTOAa, TO TMOMYMSIUS JTYTOBBIX MOTBUIBKOB PE3KO CHHUXKaeTcs, 0abouku
CTAHOBATCA OECIIOAHBIMU.

JI€r 6abouek HauMHAETCS B Mae IpU cpeaHecyTouyHou Temmneparype He Huxke 170C. {nem
0a00YKH MaJIOAKTUBHBI U TOYTH HE JeTaroT. MaccoBbii JIET HAOMIOMAETCS B BEUEPHUE U YTPEHHUE
9gacekl B TEIUIyI0 Moroay. baGo4yku IyroBBIX MOTBUIBKOB MHTAIOTCS HEKTApOM, MPH ITOM OHU
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COCTABIIAIOT KOHKYPEHIIMIO MEAOHOCHBIM muenaM. OTMedeHo, 4TO TaM, 1€ MMeeTcsl OoJblloe
KOJIMYECTBO JIYTOBBIX MOTBUIBKOB, 3aMETHO CHMKaeTcs cOOp Mena Ha macekax. B3pocnbie ocobu
YaCTEHHKO MeEHIaloT cOOpy MEIa, a TYCEHUIbl HACTOJIBKO MPOXKOPIHMBBI, UYTO YHUYTOXKCHHE
MIOJIOBUHBI ypOXKas Il HUX He SBJSIETCs OONBIION MPOOIEeMO.

VY JyroBoro MOTBUIbKA BBIJCNAIOT JBa Tulla Murpanuil. IlepBelii cBsi3aH C aKTUBHBIMHU
nepeneramy, coBepliaeMbIMM OaboukamMu, MHOIAa Ha pacctosHue 10 20-25 KM, B MOHMCKax
[BETYIIEH pACTUTEIBHOCTU JUIsI OOS3aTeNbHOTO JOMOJIHUTEIBHOTO TNHUTAHUS W ONTUMAJIbHBIX
YCIIOBHIA JJIs1 OTKJIAQJIKU STUI] U PA3BUTHUS TYCEHHUI MIIQAIINX BO3PACTOB, TPEOOBATEIBHBIX K TUTPO-
TEPMUYECKOMY pEXHUMY. BTOpoil ¢ maccuBHBIM pacceleHueM, Korja BMECTe C TEIUIbIMH TOKaMHU
BO3/1yXa 0a00YKM MOT'YT MOJHUMATHCS HA BBICOTY /10 HECKOJBKUX JECATKOB METPOB HaJ 3eMJeH U
JlaJiee YBIJIEKAThCS CUJIBHBIMU BO3AYIIHBIMU TEUEHUSIMHU M MEPEHOCUTHCS HAa OOJIBLINE PACCTOSHUS
(o 1000 km). IMeHHO cO BTOPBIM TUIIOM MUTPALMi CBSI3aHbl TPYIHOCTH IPOTHO3a YUCIEHHOCTH U
HEOKMJIaHHbIE TOSBJIECHUS JYTOBOI'O MOTBUIbKA B Maj03aCElICHHBIX MECTaxX WJIM Ha TePPUTOPHSIX,
rae He Qopmupyercs 3uMyOLIMH 3amac BpexuTens. Tak, B IOXKHBIX paloOHax YpajdbCKOro M
3anagHo-CrOMpPCKOro PETHOHOB MAacCOBBIE Pa3MHOXKEHHS 3TOTO BPEIUTENsT HAOIIOMAIOTCS B TOJBI
OOIMIMPHBIX MUTpanuii 6abouek U3 CTeNHbIX pailonoB Kazaxcrana.

Takoke BpeaUTENM HAHOCAT YPOH MOJIOJBIM CaXkKeHLaM JiepeBbeB. Eciin Ha cakeHIle caxapHOn
CBEKJIbI HAXOJIUTCsI IPUMEPHO 6 T'yCEHUI] JIyTOBOTO MOTBUIbKA, TO ypokaiiHOCTh najaeT Ha 50-60%.
Ecnu rycenun okosno aABaamnary, TO 3a HECKOJIBKO JHEH MOCEBBI MOTYT OBITh YHHUTOXKEHBI. A ecliu
CTOUT >KapKasi IOrofia, TO BPEAUTEIN MOT'YT paCIIPaBUTHCSI C ITOCAAKOM BCETO 3a HECKOJIBKO YacoB.

IIpoTuB 3TOrO BpeANTEIIs MOXKHO U HYXKHO MCIIOJIb30BaTh CeNyrolue Mepsl 60pb0sI [2, 3]:

ArporexHudeckue mMepbl O0pbObl. 3s1071€Basi BCIAlIKa, YHUUYTOXKEHUE COPHSAKOB Ha MOJSAX U
CKalllMBaHME HUX Ha KpaeBBIX YyYacTKaX, KYIbTUBALUA MEXAYypAIud. YUacTKH, 3aXBauCHHbIE
T'YCEHHIICH, TOJDKHBI OBITh TIIyOOKO BcraxaHbl. [locne phIXiieHHS pacChIIalOT CeMEeHa PAacTEHU.
Mornonas ryceHuua, MOKpbITas 3eMilel, He MOXKeT BblOparbesi. Takke JOMKHBI YHUUTOXKATh
COPHSIKM HE TOJBKO Ha IOJIEBBIX IOCEBaX, HO M Ha OOKOBBIX JOpOrax. OTO HY)KHO CliesaTh 10
MOSIBJIEHUS JIETHUX MOTBHUIBKOB. CaMKa JYyroBOr0 MOTbUIbKA HE HAXOAMUT MOAXOISIIEEe MECTO IS
KJIQJK{, OHa IPOCTO MepeseTaeT 4yTh B CTOpPOHKY. llpu  wmcmonp3oBaHUM TepOMLIUMIOB OHU
YCIIEBAIOT CAENaTh KJIAaJAKy, HO JIMYMHKH, TMOSBUBIIMECS W3 SAMIL, OKA3bIBAIOTCSA JIMIIEHHBIMU
HEOOXOIMMOTO MHUTAaHUS U OBICTPO yMHparoT. [lpyrue arporeXxHu4eckre Mepbl OOphObI C JTYTOBBIM
MOTBUIBKOM BKJIIOYAIOT MEPEKONKY MEXAYPSINN, PErylsspHOE PHIXJICHUE U OKYYMBAaHHE PaCTEHUU.
Takue KOMIUIEKCHbIE MEPONPUSTHS MO3BOJSIIOT CHU3WUTH MOMYJSALUi0 Bpeautens B 1,5-2 pasza.
Mormnonple ryceHHIbl, Oyayud 3achlllaHHBIMH TIOYBOM, HE HMEIOT CHUJ BBIOpAaTbCS HApPYXKYy U
3aIBIXA0TC.

Mexanuueckuii meron OopbObl. MexaHudeckuid MeTon OOphObI CUMTAETCS CaMbIM
Mano3((HEeKTUBHBIM M CIOXKHBIM. Ero MOXHO NpPUMEHATHh HCKIIOUWUTENBHO Ha HEOOJIbIION
tepputopun. CHauana cienyeT yopaTb pykaMH BCeX I'YCEHHI] M JIMYMHOK ¢ oropoja. Toibko mocie
3TOrO MPUCTYNAIOT K yAaJeHUIO COpHSAKOB. HyXHO MOHUMATh, YTO, €CIM yOMpaTh HEOCTOPOKHO
3apakKCHHbIE JMYMHKAMM PACTEHHs, HACEKOMOE MOXKET IIONAacTh Ha 310pOBblE Mocaiku. Yem
MEHBIIIE COPHON TpaBbl Ha OrOPOJI€, TEM MEHBIIE BEPOSTHOCTh 3apa)KCHUs! JIYTOBBIM MOTBIIBKOM.
[ToaToMy BaXXHO CIEUTH 3@ YUCTOTOU I'PAJIOK U HE JOITYCKATh 3aCOPEHMUS.

Xumuueckue Mepbl 00psObl. B mepuonsl Hambonee akTUBHOTO Pa3sMHOKEHHS MOTBLIbKA
arpoTeXHUYECKUX U MEXaHMYECKUX METO/IOB ObIBaET HEJOCTATOUHO. B 3TOM cityyae B X011 MyCKalOT
MHCEKTUIUABL. THCeKTUIIMAaMy ONPBICKMBAIOT HE TOJIBKO CaMU OBOILIHBIE PACTEHHUS, HO U TPaBy IO
Kpal ydacTKa, €CJIM Ta 3acejieHa T'yCEeHUI[aMH MOThUIbKAa. XUMHYECKUM CpPEICTBOM OOpHObI
C JIyTOBBIM MOTBUIBKOM SIBJIIETCS NPUMEHEHHE WHCEKTUIUIO0B B IIEPUOJ BEreTallid pPACTEHUS.
Takue cpencra Joka3aiu CBOIO A(PPEKTHUBHOCTh HAa MOJIOJBIX T'YCEHMIAX, CTapliee MOKOJIeHHE
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BBIpAa0OTaI0O  YCTOMYMBOCTh K HWHCEKTHIUAAM. bBOpPOTBCS ¢ OTHM BpeOuTeIeM HYXHO
CHCTEMAaTHYeCKH. JTO TMO3BOJHT 3alllUTUTh YPOXKall TEKYIIEro ce30Ha W 3aMETHO YMEHBIIUT
YHCIICHHOCTh BPEIUTENS B CICIYIOIIEM TOY.

buonornueckne merom OOpbOBI. Y 3TOrO0 HACEKOMOTO €CTh €CTECTBCHHBIC Bparm —
sHTOMO(DAru, KOTOphIe MOMOTAIT OOpPOThCs ¢ mpobiemoi. Korga MOTBUICK HaYMHAET JIETaTh Ha
MOJISIX C MIOCEBAMM, Ha HUX CIEIHAIbHO BBITYCKAIOT TPUXOTPAMMY.

Pucynok 5*. Tpuxorpamma - mapasur siiil JiyroBoro Mothiika (Loxostege sticticalis L.) na pacrenus

[Tapazut, KOTOpbI pa3Memaer CBOM siia B sAHIAX MOTHUIbKA M BBIMICAIINE JIMYMHKU
YHUYTOXKAIOT MX. B pe3yiabrare MOHHUTOPHHTa B 3aBUCHMOCTH OT MOMYJISAIHH Oabouex
OTIPEJIeNISIETCSl 1 HOpMa BBIITyCKa Mapa3uTa Ha Moy ¢ moceBaMu. [Iporenypa mpoBoguTcs He OJUH
pa3 3a ce3oH, a 2 wiu 3. UnTepBan — 45 nHeil. Dta 60pbba Joka3ana cBOIO 3PPEKTUBHOCTH B
TeueHre MHoOrux JieT. [Ipu 3ToM oTnagaer HeoOXOIMMOCTh UCII0JIb30BaTh XUMUYECKHE IIpenaparsbl.

Jlpyrue napasutbl, ClIOCOOHbIE TTOMOYb B OOpPHOE C JIYTOBBIM MOTBLJIBKOM, MyXa TaxWHa U
JMYMHKA Hae3JHWKAa. MOTyT BHECTH CBOW BKIJIAJ B COXPAaHEHWH ypoXKas W INTHIIBI, KpOME HUX, U
KYKETHUIIA.

Pezynomamut

CnenoBarensHo, Loxostege sticticalis L. — nyroBsiii moteuiek u3 otpsiia (Lepidoptera,
Crambidae) obnapyxena B A3sepOaiimkane. B koHie mepBoil aekamsl ceHTsiops 2021 r ObLI
MAacCOBBIil BBLJIET JIyTOBOTO MOThUIbKA. JIyroBBIii MOTBUICK 0O0JIaaeT BBICOKOH CTEMECHBIO
BPEIOHOCHOCTH. baboYka OTHOCHTCS K TpPyIIle OCO00 OIaCHBIX MHOTOSIHBIX BpEIUTENIECH,
NPOSIBIISIIONIMX ~ CBOKO BPEIOHOCHOCTh B IMEPHOMABI IMOABEMA YHCICHHOCTH W MAacCOBOTO
Pa3MHOKEHUSI, TIPOMCXOMSAIINX C IMKIMIHOCThIO B 6-7 neT. Bpeaurtenb OTIMYAETCS BCIBIIIKAMU
MAacCOBOTO Pa3MHOKCHHs, 0a004YKM MOTYT MpeojojieBarh OOJBIINE PACCTOSHHUS W OCBAaWBATh
OTPOMHBIE TeppHUTOpUH. VIMEHHO 3TH OCOOCHHOCTH CIeald HACEKOMOE OJJHUM M3 CaMbIX OIMacHBIX
st moceBoB. HamOonmpmmii  ymiep0 HAHOCHUT caxapHOM CBEKJE, KyKypy3e, KapToderto
XJIOMYATHUKY, Ta0aKy, JIOLEpHE, KJICBEpPY, TOPOXY, MOACOIHEYHUKY, MHOTOJICTHHM OOOOBBIM M
JIPYTUM OBOIMHHM KyAThTypaM. OH SIBISIETCS IEPBOCTEIICHHBIM BPEIMTEICM CaxapHOU CBEKJIbL. B
OCHOBHOM BpEIl PACTCHUSM IIPHHOCAT TYCEHHIBI JIyTOBOTO MOTBUIbKA. B TOIBI MaccoBoro
Pa3MHOKEHUSI BPEIUTENSI ITOTEPH YpoxKask MOTyT cocTaBuTh 10 50%. I[IpotuB sToro BpemuTens
MOXKHO M HYXHO HCIIOJB30BaTh CICAYIOLIHE MEpbl OOpHOBI: arpOTEXHUUYECKHE; MEXaHHYECKHE;
XUMHYECKUE; OUOJIOTHUECKHE.
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Annomayusa. Jns TOro 4YTOOBI KOHTPOJIMPOBAaTH W CHW)KAaTh HETAaTWBHOE BO3JCHCTBUE
BBIOPOCOB HA OKPYKAIOUIYIO CPEeAy, MPEeINpUATHIO HEOOXOIUMO MPOBOAMTH PAcUEThI IJIaTEKEH 3a
BBIOPOCHI 3arpsA3HAIOLINX BELIECTB. DTH PAcUyeThl MOI'YT OCHOBBIBATHCS HA Pa3lIMYHbIX METOIHUKAX,
BKJIIOYAsh HOPMATHUBHO-CIPABOYHbIE JaHHBIE, DPE3YJAbTaThl MOHMTOPUHIAa BBIOPOCOB, a TaKKe
3aKOHOJNIATEIbHBIC TPEOOBAHUS U CTAaHIAPTHI IO OXpaHe OKpyKaromel cpeasl. [lmara 3a BEIOPOCH
MOXET PACCUMTHIBATHCS MCXOIs M3 00beMa BHIOPOCOB, KOHIICHTPALMU 3arps3HSAIONINX BEIIECTB, a
TaK)Ke HUX BO3JCHCTBUS Ha OKpYXarwllylo cpeay. O¢pQeKTUBHOE YyIpaBieHue BblOpocaMu u
COOTBETCTBHE 3KOJIOTUYECKUM TPEOOBAHUSAM HE TOJBKO CIIOCOOCTBYET COXPAaHEHHMIO HMPUPOIABI U
3JI0POBBS JIFOJICH, HO TaKK€ MOXKET IMOBBICUTH KOHKYPEHTOCITIOCOOHOCTH MPENIPUATHS Ha PBIHKE U
VIYYIIUTH €T0 PEIyTaluio Cpean MOoTpeOuTeNneil ' WHBECTOPOB. MoJepHU3aIHsl MPEIIPUITHS C
LIEJIbI0 CHWKEHHs HETaTUBHOIO BO3JCHCTBUS XO3SWCTBEHHOM MAEATENbHOCTH HAa OKPYXKAIOIIYIO
cpeny — JAOporocrosiiuii, Ho camblii 3(PQEKTUBHBIM MyThb C TOYKH 3PEHUS SKOJIOTMUYECKOH
0esonacHoct. IIpuoOpereHme ™ yCTaHOBKAa Ha MPEINPUATHH COBPEMEHHBIX OUYMCTHBIX
COOpPYXECHUH TIO3BOJSIET B HECKOJIBKO pa3 CHHU3UTH 3arps3HeHus arMochepHOro Bo3mIyxa.
PexomeHnyeTcss yCTaHOBUTb Ha MPEANPUATHH, KpPOME BBITSDKHOIO 30HTA, TpyOdaThlit
anekTpodmisTp cepun JS-GD ¢ 3pPeKTUBHOCTh OUMCTKH Tra3000pa3HBIX M MbUICOOPA3HBIX
npumeceit 96% wu Bbime. Pabora HampaBneHa Ha wuccieqoBaHue 3((EKTUBHBIX METO/IOB
CTUMYJIMPOBAaHUS TPEANPHUATHA K OoJiee OTBETCTBEHHOMY OTHOIIECHHIO K OKpYXKAaloIIeH cpeie H
UCIOJIb30BAaHUIO MPUPOIHBIX pecypcoB. B pamkax paboTsl OyayT paccMOTPEHBI OCHOBHBIE
INPUHIUIBl YCTOHYHMBOTO Pa3BUTHS, a TAaKXKE IPEUIOKEHbl KOHKPETHBIE MEphI IO IMOBBIIICHUIO
HKOJIOTUYECKON OCO3HAaHHOCTH U 3(PPEKTUBHOCTH MPHUPOIONOIb30BaHUs Ha mpeanpusatus OO0
«ATIIaHT».

Abstract. In order to control and reduce the negative impact of emissions on the environment,
the company needs to calculate payments for emissions of pollutants. These calculations can be
based on various methodologies, including regulatory and reference data, emission monitoring
results, as well as legislative requirements and standards for environmental protection. The fee for
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emissions can be calculated based on the volume of emissions, the concentration of pollutants, as
well as their impact on the environment. Effective emission management and compliance with
environmental requirements not onlycontributes to the preservation of nature and human health but
can also increase the competitiveness of an enterprise in the market and improve its reputation
among consumers and investors. Modernization of an enterprise in order to reduce the negative
impact of economic activity on the environment is expensive,but it ist the most effective way from
the point of view of environmental safety. It is recommended to install, at the enterprise, in addition
to the exhaust hood, a tubular electrostatic precipitator of the JS-GD series with a cleaning
efficiency of gaseous and dust impurities of 96% and higher. The work is aimed at studying
effective methods of stimulating the enterprise to a more responsible attitude to the environment
and the use of natural resources. The work will consider the basic principles of sustainable
development and also propose specific measures to increase environmental awareness and the
efficiency of nature management at the enterprise of OOO Atlant.

Knrouesvle cnosa: mpupoonoab30BaHNE, IPUPOAHBIE PECYPCHI, YCTOMYMBOE Pa3BUTHE.
Keywords: environmental management, natural resources, sustainable development.

B coBpeMeHHOM Mupe  BONPOCHI  YCTOMYMBOIO  pa3BUTHS M PALMOHAJIBLHOIO
MIPUPOAOTIONB30BAHUS CTAHOBITCA BCe OoJiee aKTyalbHBIMH. ATMOC(HEpHBIH BO3IyX  SIBISIETCS
OJHMM U3 CaMbIX BaXKHBIX OJIEMEHTOB OKpyXaroleil mnpupomHoir cpeasl [1]. Passuthe
MPOMBIIIJICHHOCTH, POCT TOPOJOB, YBEIMYCHHE KOJMYECTBA TPAHCIIOPTA, AKTUBHOE OCBOCHHUE
OKOJIO3EMHOTO MTPOCTPAHCTBA MPUBOIAT K U3MEHEHHUIO Ta30BOTO COCTaBa aTMOC(hEphl M HAPYIICHUIO
e€¢ mnpupomHoro Oamanca. CoxpaHeHHe arMOC(PEpHOro BO3AyXa, MPHUTOIHOTO [UJIS JIbIXaHUS,

ABIISIETCA aKTyaJlbHOW mpoOsieMol. 3arpsi3HeHue armocepbl — 3KOJIOTMYEcKas KaracTpoda,
3aTparuBarollas Bce )KMBOE Ha IUIaHETe.
00O «ATnaHT» — KOMIIAHMS, KOTOpas YCHEIIHO 3aHUMAeTCs IMPOU3BOJICTBOM CYXHUX

CTPOMTENBHBIX CMECEH, JAKOKPACOYHON MPOIYKIIMH U PeaTu3yeT KPaCOYHO MIHPOKHHA aCCOPTUMEHT
TOBApOB JUIS PEMOHTHBIX M OTJEJOYHBIX pabOT JIAKOKPACOUHBIX MaTepualoB U CyXHX
CTPOMTENBHBIX CMecell BBICOKOro kauecTBa. IIpeampustue, pacnoioxeHHoe B ropoae Kaszanb Ha
neBoM Oepery Bomru, 3annmaer coro Teppuropuio B CoBeTckoM paiione. Kommanus ocHOBaHa B
1998 1. 3aBoj XapakTepu3yeTcsi BBHICOKOH MPOM3BOMUTEIBHOCTBIO cyxue cmecu — 2400 Tt/ron,
JakokpacouHble Marepuanbl — 1500 T1/rog. IIpoM3BOACTBO MHOCTOSHHO OOHOBJISETCS U
MOJIEpHU3UPYET 00OpYIOBaHUE, YTOOBI OBITH Ha MEPEAOBOW B OTpaciu M Npeanararb KIHEHTaM
MPONYKIMIO BbICOYAiIIero kadecTBa. [IpoAyKmms, TPOW3BOMAIIASACA HA 3aBOAE, XOPOIIO
3apeKOMEHJI0BaJIa ce0si Ha PHIHKE CTPOMMAarepuasoB M KpacoK, 3aBOEBAB MOIYISPHOCTb, KaK B
Tarapcrane, Tak W 3a ero mnpenenamu. llpennpuarue TOPAUTCS CBOMMHU TEXHOJIOTMUECKUMHU
BO3MOKHOCTSIMU U CTPEMUTCS K TIOCTOSSHHOMY YITYYLIEHHIO TPOU3BOJCTBEHHBIX MPOLIECCOB.

Mamepuan u memoowt ucciedosanus
[Ipou3BOACTBO  JAKOKPAaCOYHBIX  MAaTE€pHaiOB  OTHOCHTCS cornmacHo  CaHuTapHO-
SMHUJIEMHONIOTUYECKUM TpaBwiaM u HopmaruBam CaunlluH 2.2.1/2.1.1.1200-03 k 2 xmaccy
OIAaCHOCTH, TaK KakK IpH MpOou3BoACTBe oOmupHoi npoaykuuu JIKM (smanell, rpyHTOBKH, JIaKOB,

KpacoK, CyXHX CMecel | JIp.) IPUCYTCTBYIOT BpeHble BemiecTsa [2-10].
[Ipu mpou3BOACTBE JIAKOKPACOYHBIX MaTEpPHAIIOB B pabouell 30HE O0OOPYIOBaHUS
HaOII0at0TC BBHIOPOCHI 3arps3HAIONIMX BellecTB B arMocdepy. Cpenn OCHOBHBIX BEIIECTB,
KOTOpBI€ BBIACISAIOTCS MPU U3rOTOBJICHUH JTAKOKPACOYHBIX MAaTEPUAIOB, MOKHO BBIJICJIIUTH KCUJIOM,
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CIUPT-H-OYTHUIIOBBINA, STAHOJ, CONBBEHT, ATHUIUIONEIUIO30JIbB, TOIYyol U Oytuiornerar. B Tabmure 1
MIPEJICTABJICH HE MOJHBIN MepeueHb U3rOTaBIMBAEMON MPOAYKIIMN HAa JAHHOM NPEANPUSTHH, a TaK
K€ BCHICCTBA BBIACIACMBIC IIPpU H3IOTOBJIICHHUU 3J3TUX JIKM mn BCHICCTBA BBIACIIKICMBIC [IPpU
MIPOMBIBAaHUH 000PYAOBaHUS C UCTIOIH30BAHHEM PACTBOPHUTEIIS.

Tabmuma 1
BEIIECTBA, BBIIEJIAEMBIE B BO3AYX PABOYEWN 30HBI OT OBOPYJIOBAHU A
Haumenosanue Buioensiiowuecs epednvie geugecmea
JIKM Haumenosanue Maxkcumanvro Maxcumanvro pazogwiti
Pazoswlil 6b1OpOC NPU  BLIOPOC NPU NPOMBIBAHUU
nepemeuusanuu 2/c pacmeopumenem 2/c
Omans ['®-92  [IumernnOen3on (KCuiion) 0,019 0.0209
byrtan-1-o11 (ciupT H-OYTHIOBBII) 0,00113 0,00114
I'pyar [®-021  TumeTniiOeH301 (KCHITON) 0,019 0,0209
Jlak JIBC-20 Dranon 0,0049 0,0049
Omans MJI 12 Byran-1-on (ciupt H-OYTHIIOBBII) 0,00113 0,00114
2-DTOKCHATAHOI (3THIIEIIO30JIbB) 0,00038 0,00038
ConbBeHT HadTa 0,06 0,06
Jlak AK 112 Byrunanerar 0,008 0,0078
Byran-1-o1 (ciupT H-OYTHIIOBBII) 0,001133 0,00114
DraHon 0,0049 0,0049
MeTun6eH30i (ToIryoor) 0,016 0,00167

CormacHo  Meronuke  «YaenbHble — IOKa3aTeau  oOpa3oBaHMsI  BpPEAHBIX  BELIECTB,
BBIICJIAIONIUXCS B arMoc(epy OT OCHOBHBIX BUIOB TEXHOJIOTHYECKOTO OOOpYAOBaHMS IS
npennpustiii»y [11-13] npousBeneH pacyer BaJOBBIX BBIOPOCOB BELICCTB B BO3MyX. Pe3ynbrarhl
pacueToB BaJIOBBIX BBIOPOCOB BEIIECTB BBIJACISIEMbIE B BO31yX paOouell 30HbI NMPOU3BOAWICA IO
KaxaomMy HaumeHoBaHuto JIKM, yuuTeIBasncs npoiecc BbIIEICHHUS BEIECTB MpU MepeMEIINBAHNH,
a TaKKe IpU NPOMBIBAaHMM pacTBopureneM. Kpome Toro, mpeanpusrue MMeeT ToJOBOM pacxon
torBa 10 T/rom M MO3TOMY KOTENbHAsh HPOW3BOAUT BHIOPOC 3arpsA3HSIONIMX BEIIECTB Ha
arMoc(epHbIN BO3yX MPHU CKUTAHUU KOTOPBIX BBIIEISIOTCS CIEAYIOIINE 3arps3HSIOLINE BEIIECTB:
OKCHJlT M JUOKCHU] a30Ta, ca)ka, CEpHHMCTBIN aHTHAPUMA, OKCHJ yIiepoja, NbUib. PacnpeneneHue
BAJIOBBIX T'OZIOBBIX BBIOPOCOB B INPOLEHTaX MMEET CIEeAYIOUIMi mopsaok: mbuib (60,89%), okuch
yrnepoaa (20%), nuokcua azota (18,29%), caxa (0,33%) u np.

Cornacno [Ipuxa3zy Munnpuponst Poccuu [Moctanosnenuto [IpaBurenscta Ne 881 ot 31 mas
2023 r., mpencTaBieH MOPSAOK UCYMCICHHS IIJIaThl 32 HETaTUBHOE BO3JEHCTBHE HAa OKPYKAIOIIYIO
cpeny [14]. PaccmarpuBanuch TpH BUJa IJ1aThl 32 BBIOPOCH! B BO3IYX:

1. mu1aTa 3a BBIOPOCHI 3arps3HAIONINX BEIIECTB, B Ipezenax (paBHBIX WM MeHee) HOPMaTHBOB
JIOMTYCTUMBIX BBIOPOCOB, TEXHOJIOIMUECKUX HOPMATHUBOB;

2. mjara 3a BbIOPOCHI 3arpsA3HSIONIMX BEHIECTB B IpeAeiaX BPEMEHHO pa3pelieHHBIX
BBIOPOCOB, IPEBBILIAIOIINX HOPMATUBHI I0IYCTUMBIX BEIOPOCOB, TEXHOJIOTHYECKHNE HOPMATUBBI;

3. muara 3a BBIOPOCHI 3arps3HAIONIMX BEIIECTB MPHU MPEBHILIEHUH YCTAHOBJIEHHBIX
HOPMAaTHBOB JOMYCTUMBIX BBHIOPOCOB HJIM HOPMATHBOB JIOIYCTHMBIX COpPOCOB, TEXHOJIOTHYECKHX
HOpPMAaTHBOB.

JlanHasi MeTo[MKa pacueToB Oblla MpPUMEHEHa Ui OMpEAeNIEHUS IUIaThl OT MPEeANPUSATHS
OO0 «Atnanty (Tabmumna 2).

PacueTsl muarexei NpeANpUATHS IOKa3aJd 4YTO, IUIATEXH 3a 3arpsa3HeHUs BO3lyXa He
BBICOKHE M cocTaBisitoT 2066,27 pyOneil. EqMHCTBEHHBIM BELIECTBOM, 3a KOTOpPOE ILIaTa BHICOKA,
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sBasieTcs ATaHou. Ilnara 3a Hero cocrasisier 2055,58 py6/roz, HO 3TO BEIIECTBO HE OMACHO, TaK Kak
OTHOCHUTCSI 4 KJIaccy OMAacHOCTH, IMOATOMY CHJIBHOTO BO3JCHCTBUS HA OpPraHW3M 4YeJIOBEKa HE
okasbiBaet (OCT 12.1.005-88) [15].

B maHHOM KOHTEKCTE PEKOMEHJAlMU 10 MOBBINICHUIO SKOHOMHUYECKOH 3ddexTuBHOCTH
MPEANPUITHS WUTPAIOT BaXKHYIO poib. OHM HampaBJICHbl Ha ONTHUMHU3AIMIO OW3HEC-TPOIECCOB,
yaydiieHne (UHAHCOBBIX IMOKa3aTesield, CHIKEHUE U3IEPKEeK U yBeIrn4YeHue npuobuti. Kpome Toro,
PEKOMEH/IAlIMK TIOMOTalOT BBISIBUTH MOTEHIIMAII JIJISl PA3BUTHS, YIIYUIIUTh KAaU€CTBO MPOAYKIUU WU
YCIIYT, @ TaK)K€ MOBBICUTH YPOBEHb YOBJIETBOPEHHOCTH KIIMEHTOB.

Tabnuna 2
PACYET ITJIATHI 3A BBIBPOCHI 3ATPA3HAIOIINMX BEIIECTB
B BO3J1YX ITP1 M3I'OTOBJIEHMU JIKM
Bewecmeo Mmnoi — macca Hnni —cmasku  Kom Kno Keo  Kuno IThama,
8610pP0OCO8, M niamol, pyo/m pyo.
JumetnnOen3ou (KCUIo) 0,0876 29,9 - 1 - 1,26 3,3
Byran-1-on (ctimpT H- 0,00771 56,1 - 1 - 1,26 0,55
OYTHJIOBBIN)
Dra”oi 0,02218 73553,2 - 1 - 1,26 2055,58
2-9TOKCHAITaHOII 0,00086 209 - 1 - 1,26 0,23
(3THNLIETI030I1bB)
CouibBeHT HadTa 0,136 29,9 - 1 - 1,26 512
Byrunanerar 0,015528 56,1 - 1 - 1,26 1,1
MeTunben3om (Toryour) 0,03154 9,9 - 1 - 1,26 0,40
2066,27

Ha npemnpustad COBEPIIECHCTBYIOT TPOIECC OYMCTKH PEAKTOPOB, HCIONB3YS TOJYOIL.
OmHako, B paboTe mpeiaracTcs MPOU3BECTH 3aMEHY 3TOTO PACTBOPHUTEIIS Ha KCHIIOJ, KOTOPBIH HE
TOJILKO oOecrnieunBaeT d3(()EKTUBHOE MPOMBIBAHKE, HO U SIBIISICTCS SKOHOMUYECKH 00JIee BBITOTHBIM
BeI0OpOM. KCHIT0)T — 3TO yHHBEpCAILHOE PACTBOPUTEIBHOE CPEICTBO, KOTOPOE 00JIAIaeT BHICOKOM
pPacTBOPUMOCTBIO U OTIMYHON 3(P(HEKTHBHOCTHIO B TMpOIECCe OYMUCTKH. Ero HcCmonb3oBaHUEe
MO3BOJIUT CHU3UThH 3aTpParhl HA MPOU3BOJICTBO M MOBBICUTH 3(P(HEKTHBHOCTH PAOOTHI MPEIIPHUSITHS
(Tabmnuma 3).

Tabmuma 3
OKOHOMUNYECKAA DODPEKTUBHOCTH B UCITOJIb3OBAHNU KCUJIOJIA U TOJIYOJIA
Xapaxmepucmuxa Tonyon Kcunon
Ilena3a 1n 297 250
Pacxopn 3a rox (1) 3200 3200
CTOMMOCTH 3a rojt 950 400 800 000
OkoHOoMUuecKas 3 HEKTHBHOCTh 0 150 400

Hcxons w3 pacueroB, BHEIPEHME KCHJIOJA B IIPOLECC IPOMBIBKM PEAKTOPOB OyneT
SKOHOMHYECKH BbIrosieH Ha 150 400 pyOneit B ron, a Takke MPUBEAET K IMOBBIIMIEHUIO KauecTBa
IIPOU3BOJICTBA.

3axnmouenue
OTxompl  JaKOKPACOYHBIX MAaTepuajoB, SBIAACh TOKCHYHBIMH W B3PBIBOONACHBIMH,
MIPEJICTABISIIOT CEPBE3HYIO0 Yrpo3y JUIsl OKpyXKarouled cpenpl M 4denoBeka. (CBOeBpeMEHHas
yrumsanusg orxonoB JIKM mo3Bossier nzbexars 3tux npobaem. [Ipennpusitiio pekoMeHayercs
repefaBarb CBOM OTXoApl B BuAe ocaiaka oT JIKM Ha crnenmanu3upoBaHHBIE NPEATPUITHS,
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3aHUMAloIMecs TnepepaboTko u yruimsanuend Takux orxomoB. Ocamok ot JIKM Moxker ObITH
WCIIONIh30BaH KaK CBHIPbE IS MPOU3BOJICTBA HOBBIX MaTE€pPUajOB WM TOABEPTHYT CICIHATBHON
obOpabotke mnst Oe3omacHoi yrwimzanuu. OTHOW M3 TaKUX KOMIAHHWNA SBISETCS «IKOJIOTHUS U
besonacHocte» (OO0 «3Ob-CepBuc»), KoTOpas 3aHMMAeTcs COOpPOM, TPaHCIOPTUPOBKOM U
YTUJIM3AlMEN pa3InYHbIX BUAOB OMACHBIX OTX0J0B, BKItodas JIKM.

PexomenayeM mpennpuaTHIO TMepeaBaTh OTXOMABI JIaKOKpacouHbIXx MatepuasioB (JIKM) B
OO0 <«QOxonorust u beszomacHoctby». BpiOop TpyOuaToro »sneKkTpopmiIbTpa MOXKET OBITh
3G GEKTUBHBIM pEIIeHUEM Ui TPEANpPUSTHS, KOTOpPOE CTaJKuBaeTcs ¢ mpobiemoi BBIOpoca
TOKCHYHBIX M II0KapOOMACHBIX Ta30B W TBUIM B MPOIECCEe IPOU3BOJCTBA JIAKOKPACOUHBIX
MaTepHaJioB.

B wmenom, coueranue Mep Mo OOECHEYEHHIO O€30MacHOCTH pPAadOT W ONTHUMH3AIMU
MIPOU3BOACTBEHHBIX MPOIIECCOB SBISICTCS] BAKHBIM CTPATETHYSCKUM IIIarOM, KOTOPBIHA CIIOCOOCTBYET
HE TOJBKO COXPAHEHHWIO 3/I0POBbSI COTPYIHUKOB M 3aIUTE OKPYKAIOMIEH Cpeabl, HO TaKXKe
obecreuynBaeT YJKOHOMUYECKYIO0 YCTOMYMBOCTh M POCT MPEANPHUATHS B TOJITOCPOYHON MTEPCIIEKTHBE.
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AGRIS P01

3KOJIOT'MYECKOE COCTOSSHUE XAUJJAPKAHCKOI'O PTYTHOI'O KOMBUHATA,
MNPOMBIIIVIEHHBIE OTXO/bI

©Anapoaii keizel C., Hncmumym npupoonvix pecypcos um. A.C. [icamanbaesa,
FOsicnoe omoenenue, HAH KP, 2. Ow, Kvipevizcman

ECOLOGICAL STATE OF THE KHAIDARKAN MERCURY PLANT,
INDUSTRIAL WASTE

©Anarbay kyzy S., Institute of Natural Resources named after A.S. Dzhamanbaeyv,
Southern Branch, NAS KR, Osh, Kyrgyzstan

Aunomayusi. B XBocToXpaHWwIMIax XaWJapKaHCKOIO PTYTHOro KoMmOMHAaTa cpeaHee
COZIEp)KaHUE PTYTH U JAPYTruX 31eMeHToB cocrariseT: As — 0,23%; Hg — 0.0046%, Sb — 0.36%.
Ha Tteppuropumn HaceneHHoro myHkra YayBail, BBISBICHO INPEBBILICHHE KOHIEHTPAUU PTYTH
orocutensHo IIJIK B (0,005mr/m) u IIJAKBp (0,0003 mr/m) B mpobax: peka Yarmazap-Caii
(0,0008mr/im). Pekomenmyercsi pazpaboTaTh Mporpammy padoT MO PEKYIbTHBALUU TEPPUTOPHUH,
CIIeIOBATENIFHO, HEOOXOAMMO YIIIyOJICHHOE MCCIICIOBAHUE ISl BBISBICHUS HanOoIee HMHTCHCUBHO
3arpsI3HEHHBIX YYaCTKOB, OTPENEIICHHS ITOAXO0AAIIeH KOHIENIMY U 3TalloB NPOU3BEICHUS PadoT 1
3aJa4 HKOJIOTUYECKOTO BOCCTAaHOBJICHHA. [|JIsT BOCCTaHOBIIEHUS TEPPUTOPUH XalJapKaHa MOYKHO
MCTIOJIb30BaTh XUMUYECKAN U OMOTOrHYecKnii MeToabl. HeoOx0qmmMo mpensiTcCTBOBaTh CBOOOAHOMY
JOCTYIly MECTHOTO HAcCeJICHHs, a TaKKe IUKHUX M CEIbCKOXO3SMCTBEHHBIX JKUBOTHBIX K OMAacHBIM
ydacTKaM.

Abstract. In the tailings of the Khaidarkan mercury plant, the average content of mercury and
other elements is: As - 0.23%; Hg - 0.0046%; Sb - 0.36%. In the territory of the settlement of
Chauvay, an excess of mercury concentration relative to the MAC (0.005 mg/l) and MACvr (0.0003
mg/l) was found in samples from the Chatmazar-Sai River (0.0008 mg/l). It is recommended to
develop a program of work on the reclamation of the territory; therefore, an in-depth study is
necessary to identify the most intensively contaminated areas, determine an appropriate concept and
stages of work, and the tasks of environmental restoration. Chemical and biological methods can be
used to restore the territory of Khaidarkan. It is necessary to prevent free access of the local
population, as well as wild and farm animals, to hazardous areas.

Knrouesvie cnosa. 3arpsA3HCHUC, TAXKEIIbIC METAJIJIbI, OTXOIBbI, HJTCP’IH, XBOCTOXpaHUJIUIIIA.
Keywords: pollution, heavy metals, waste, matte, tailings.

barkeHckass oOmacTh pacnojokeHa B Ioro-zamagHod vactd Keipreickoit PecnyOnmkw.
Bonbias yacTe pernoHa ropucTas, Ho OHa TaK)Ke BKIII0YaeT B cebe 00raryro CeabCKUM XO3SHCTBOM
@epraickyto JOJUHY. B coBeTckyro 31moxy A3TOT Oorarblii MOJE3HBIMH HCKOIAEMBIMH PETHOH
MHTEHCUBHO MCIIONIb30Bajach MJIsi TNPOM3BOJCTBA CTPATETHYECKUX METAJUIOB, BKJIIOYAsl PTYTh,
CypbMa M ypaH, C MakCUMaJIbHBIM IPOU3BOACTBOM BO BPEMs XOJIONHOM BOWHBI. ANAApKEHCKUN
(XaiimapkeHckuif) pTyTHbIM 3aBon (XP3).pacnonoxeHHslii B ropoae Aiinapken Kanmamkaiickoro
paitfona barkeHckoil 00651aCTH, OCTAeTCsl OJHUM U3 KPYIHEUIINX MPOU3BOJUTENEH TEPBUYHOMN pTYTH
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B Mupe. [Ipous3BoACTBa pTYTH NPHUBENO K HACIEACTBEHHOMY 3arps3HEHHUIO OKPYXKAroIIed Cpeslbl.
XaWIapKeHCKHI pTYTHBIN 3aBOJ] OXBaThiBaeT okoJyio 1417 ra.

B nacrosmee Bpemsi XaiiapkaHCKUN PTYTHBIM KOMOMHAT mpeoOpa3oBaH B XaigapKaHCKOE
rocyaapcTBeHHOe pTyTHoe akuuoHepHoe oOuiectBo (XI'PAO) u Bemer A00bIYM MOHOMETATIBHBIX
(PTYTHBIX) M KOMIUIEKCHBIX (PTYTHO-CYpMSIHHO-(DIIIOOPUTOBBIX) pyd TOJIBKO XailIapKaHCKOTO
MectopoxaeHus. XI'PAO BblllycKaeT METa/UIMYECKYyl0 PTyTh Mapok P-1,P-2; miaBuUKOBBINM mImar
KoHLIeHTpaT Mapku DPD-95 nudPC-95. IlepepabarbiBacT PTYTHO-CYpbMSHHOM KOHILIEHTpAaT Kak
COOCTBEHHOTO TMPOU3BOJACTBA Tak M uMmnoptupyembiii. XI'PAO Bblycka METaNIMYECKYIO PTYTh
MapokK.

B Kanmamkaiickom paiione barkeHckoit obnmactu B Ommkaiilnee BpeMs OXHUIAeTCS clada B
skcrutyarannio OcOO «Yaysaii-Ken». IIpon3BoncTBeHHas MOIHOCTh IUIAHUPYETCS HA YpOBHE 25
TBIC. T pTyTHOro koHmeHtpara no 2033 roma. [lo Hamie#l oreHke, 0ObEM BBIACICHUS PTYTH B
OKPYKAIOUIYIO Cpeay MpHXKUTaHuu J00bIToro 3a roa B Keiprescrane yris cocrasiser 298,99 kr, B
barkenckoii obmactu 65,5 kr. Ilpu mepepabotke HedtH, 100bITOM B KbIprei3crane u obnactu, B
arMoc(epy MOXKET BBIIEIATHCS PTYTH: 10 pecnyomuke 138 kr, mo barkeHckoi oomactu — 6,05 kT,
HO 3arpsi3HeHus reorpadudecku He npuBsi3ansl k oomactu (https://lyl.su/lIQie).

[maBHBIM PYIHBIM MHHEpAIOM pTYTHBIX pya sBisiercss kuHoBaph — (HQS).OcHOBHBIM
pyIHBIE MHHEpaIbl-KMHOBAp, HWHOTAA METAallMHHA0ApWUT, JUBUHICTOHUT. ChIpbeBoW 0azoi s
Xaigapkanckoe, YayBaiickoe U ap.

W3BecTHO, 4TO PTYTh SBISETCS JIETKO JIETyYUM 3JIEMEHTOM M OOHAapyXUBAaeT BBICOKYIO
T€OXUMUYECKYIO MOJIBKHOCTh B PA3IMUHBIX MPUPOAHBIX MPOIECCaX, a TaKKe TOKCUYHOCTh PTYTH
3aBHCHUT OT BHJIa €€ XUMHUYECKUX COCAMHEHUU. XUMUYECKOEe U OMOXMMHUYECKOE METHIMPOBAHUE
PTYTH IPUBOJIUT K 00Opa30BaHUIO PTYThOPIaHUYECKUX COETUHEHUH, KOTOPbIE UTPAIOT BAXKHYIO POJIb
B IIUKJIE PTYTH B OKpyxaromeh cpene. Comepxkanue pryru (BasioBoe) >001 MI/Kr ¢ BBICOKUM
cogepxanueM rymyca (5-8%) co3maer OnmaronpusTHHBIE YCIOBUS AJI1 yCTOMYMBON copOuuu u
METWJIMPOBAHUS PTYTH. MeTUIMpOBaHHAS PTYTh XapaKTEpU3YeTCsl BBHICOKON OHMOYCBOSEMOCTBHIO U
TOKCHUYHOCTHIO [ 1, 2].

B necuannukax u KopOOHaTHBIX Mopojax kimapk pryta no A. A. beycy pasen 0,074 u 0,45
MI/KT; B 0cafiouHbIX nopoaax no X. boyeny pasen 0,19 m/kr, o A. I1. BunorpanoBy 0,083 mr/kr B
3eMHoM Kope [3]. Ilo nannsiM B. B. Epmakosa (1991), koHnieHTpaiuu pTyTH B mouBax AljapkeHa
kosebanuck ot 0,110 10 24,050 mr/kr [4]. Tlo nanusiM b. M. [I)xen6aesa, ot 0,042 no 34,837 Mr/kr
cyxoro BemiectBa. Conmepkanue pTyTu xBocroxpanuiuiie B 10 pasza 6onwiie [1/IK, Ha Tepputopun
MeTaJUTypruueckoro 3aBozaa B 14 paza Oombiue, conepxanue cypbMbl B 110 pasa, cBunna B 2,5 pas
oonbmie TTJIK. Takxke ycTaHOBICHBI BBICOKHE KOHIICHTPAI[MH OTACIBHBIX TsDKEIbIX MeTasoB (Pb,
Cu, Zn) B paiioHe XBOCTOXpaHWIHII. B 11eoM ypoBeHb PTYyTH B pacTeHusx mpesbimaer MIAY u
ITJK, conepxaHre B Ha3eMHBIX pacTeHUAX AaHHOM Teppuropuu npessimaer [1JIK — ot 2 no 7,4
paza [5].

PTyTh sBiIleTCS OMHUM U3 CaMbIX OMACHBIX 3arpsA3HSAIOIINX OKPYKAIOLIYIO CPEAdy METaJUIOB.
IIpakTyeckn BO BCEX CTpaHaX OHA BXOAUT B «UYEPHBIE CIHMCKW» XHMHUYECKHX BEILECTB,
MOJTEKAIIX 0COOOMY IKOJOTHUECKOMY U THTHEHUYECKOMY KOHTPOITIO [6].

Bo Bcex pa3BUTBHIX CTpaHax pPTYTh BXOAWT B CIUCKE XMMHUYECKHUX BEIIECTB, MOAJIEKAIIUX
0Cc000MY 3KOJIOTHYECKOMY T'MTHEHMUYECKOMY KOHTposto, PTyTh BemiecTBO | Kilacca OMacHOCTH,
0COOEHHO BpeIHBI e€e mapbl. PTyTh He pasznaraercs, M OJHAXKIbl M3BJICUEHHAs W3 HEIp 3eMIIH
HaBCerja ocraercs B KpyroBopore mnpuponabl. OHa oOnagaeT CBOMCTBOM HAKaIlUIMBATHCSA B KUBBIX
OpraHmMs3Max, BKJIIOYasl 4eJIOBEeKa, OKa3blBas HETaTMBHOE BMEIIATENIbCTBO HA MHOTHME >KU3HEHHO
Ba)KHBbIE OMOXUMHYECKHE TIPOLecCHI [7].
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B pesynbrare AIUTENBEHOW SKCIUTyaTallid MECTOPOXICHUH PTYTH ¥ CYPbMBI HAaKOIHJIOCH
OoJIbIIIOE  KOJIMYECTBO TBEPABIX OTXOJOB B BHJAC OTBAJIBHBIX IOPOJ, IIJIAKOB, OTapKOB,
IJIaMOOOPA3HBIX XBOCTOB oOoraimieHrue U (UIOTalu. DTH OTXOABI COAEPX AT COTHHU ThICSY TOHH
COCMHEHUI PTYTH U CYpPbMBI, MBIIIbSK, (DIFOOPUTHI, COSAMHCHHUN TSHKETBIX METAJUIOB U JIPYTHe
TOKCUYHBIC DJIEMCHTBHL. YCTAaHOBJICHO, YTO, B XBOCTOXpAHWIHUINAX XaiJIapKaHCKOTO PTYTHOTO
KOMOMHATa CpelHee COIepKaHWEe PTYTH M JIPyrux 3jeMeHToB coctaBiser: AS — 0,23%; Hg —

0.0046%, Sb — 0.36%. B orapkax cpeaHee coaep)KaHHE 3THX 3JCMEHTOB COCTaBisieT: AS —
0,061%; Hg — 0.0017%, Sb — 0.106%. Conepxanue B otBanax coctasiseT: 0,047%; 0,01%;
0,63% [8].

Ha teppuropun nacenenHoro nyHkta Yaysaid, B ampesne mecdar 2015 r., mo KOHIEHTpaluu
PTYTH B IIOYBEe OTOOpaHHBIE MPOOBI MpeBbIIaT yecranoBieHHyto [1JIK B 3aBucuMocTH OT paiioHa.
IIpeBbimienne usmenserca or 1,1 no 247,95 pa3. MakcumasibHbIE IPEBBILIEHUE 3arpsi3HEHUs
HaOmonatores B cene Yaysait 520,7 mr/kr u 203,4 Mr/kr.

Ha teppuropuun HaceneHHoro myHkta YayBaii, BbISIBICHO MPEBbIIICHUE KOHIEHTPALUN PTYTH
orHocutenbHo [T1JIK B (0,005 mr/i) u ITAKBp (0,0003 mr/m) B npodax: pexa Yarmazap-Caii (0,0008
Mmr/1); pexa Yaysaii-Caii Beie cena Yaysaii (0,0006 mr/i).

B cene Duime, rie B kauecTBe MOJIMBHOM BOABI UCTIOJIB3YIOT MIAXTHYIO BoAy U3 pyaHuka XPK,
ObUTH O0TOOpaHbI MPoObI cBexkel KapToluku. Pe3ymprarhl aHanu3oB mokazanu mpesbimenue 1K
pTyTH B 2-2,5 pa3a. Heo0xoaumo Takke yuecTh, 4To IpoObl OTOMpau B CEpeIMHE BEreTalliOHHOTO
nepuosaa. Pesynbrarel aHanuza npod W3 POJHUKOB BOKPYI OTBAJIOB XalJapKaHCKOTO PTYTHOTO
koMOuHara mokasanu npessiienue [TJIK prytu B Bozge B 400 pas [9].

OKcnepumenmanvhas 4acmo

Ompenenenue pryTd  Bo3ayxe (OTOMETPUYECKMM  METOAOM (C  KPUCTAJUTMYECKUM
¢uoneroBsiM). s ompeneneHuss pTyTH B BO3AYyXE B KIOBETE€ TOJILIMHOM 5 MM, HCIOJIb30BaIU
AaHHyr0 Mertomuky. Omperensemblii MOMIOTHTENIbHBIA pacTBOp (2,5 T KpuCTann4eckoro
BO30rHaHHOro ioga B 1 1 3% pacTBopa MOAMCTOro Kajiusl) U3MEPUIM ONTHYECKYHO IIOTHOCTh
HCCIIEIyeMOTO PacTBOpa B CpaBHEHUH XoJocToi poOsr JI=560 HM ¢ ciekrpodoTomerpom 113-5400
Y®. VIHTeHCHUBHOCTh CBETa Ha PE30HAHCHOW 4acTOTe OMMChIBaeTCs 3akoHOM byrepa-Jlambepra:
cofiep’KaHue PTYTH PACCUUTHIBAIOT 110 TPaTUPOBOYHOMY IpaUKY.

O6paboTka FKCIIepUMEHTATBHBIX JJAHHBIX MPOBOJMINCH HA OCHOBE CIEAYIONIeH Gopmyre:

X = GXV/V1X Vzo

rre G — KoIuM4ecTBO PTYyTH B Ipobe, HalWJeHHOe MO KaluOpOBOYHON KpUBOM, MI; a —
KOJIMYECTBO JIaHTaHA, HalJIEHHOE B XOJOCTOU mpobe, MKT; V — o0muii 06beM npoosl, Mi; Vi —
o0BeM TpOOBI, B3ATHIM AN aHanmm3a, Mi; Vo — 00beM BO3/yXa, OTOOpaHHBIN ISl aHAlW3a U
MPUBEJICHHBIN K CTaHIAPTHBIM YCIOBUSAM, JI.

Copepxanue napoB pTytu B Bozayxe Ttepputopun XPK cocrasnsror 0,021 mr/m>, B 2 paza
npessiatot [TIK (https://lyl.su/FhZZ).

B mpouecce mnepepaboTku pTyTH mHapooOpasHas PTyTh C BETPOM IOCTYHNAIOT TOYBY M
BojoeMoB. 'K (ryMHHOBBIE KHCIOTBI, TYMYCOBBIE COJIM CO3/AlOT OJAaronpUsTHBIC YCIOBHS IS
yCTOHYMBOM copOumu U 00pa3zoBaHHe OMOJOTHUYECKUX COEAMHEHUN (METUIIPTYTH).

MetunupoBaHHasi PTYTh XapaKTepU3yeTCs] BHICOKOW OHOYCBOSEMOCTHIO M TOKCHYHOCTEIO.
HccnenoBana croyHast Bojia OKoJo Teppuropuu T. Xainapkas. [Ipessimenue [1/IK B 4,0 pasa [10].

Jlsi BOCCTaHOBIIGHHUSI TEPPUTOPHH XalJapkaHa MOXHO HCHOJIb30BaTh XUMUYECKHH METO]
(memepkypu3zaiusi) U OHoJOrHuYecKuil Meton (OcakIeHHe 3apaXKEHHBIX OOBEKTOB YCTONYMBBIX
MHOT'OJIETHBIX TPaBaMH).
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Buvisoout

1. Pexomenayercs pa3paboTarh NporpamMmy pabOT MO PEeKyJIbTHUBAIMA TEPPUTOPHH,
CJIEJIOBATEIILHO, HEOOXOMUMO YIITyOJIEHHOE MCCIICIOBAHUE JIJIsl BBISBICHHS HAanOOJIee MHTCHCUBHO
3arpsiI3HEHHBIX YYaCTKOB, OMPEISICHUS MOIXOASAICH KOHIEIIINA U ATAOB MPOU3BEIECHUS padoT U
3aja4 3KOJIOTUYECKOTO BOCCTAHOBIICHUS. B 1eoM, peKylbTHBAILUS JOJDKHA BKJIFOYaTh MEpPHI 10
YCTPAHCHUIO WM CBEJICHUI0 K MUHUMYMY NyTEH 3arps3HEHHs M BO3ICHCTBHUS Ha 3I0pPOBHE
YeNIOBEKAa U OKPYKAIOIIYI0 Cpery. ITO MOXET OBITh JOCTHTHYTO C IMOMOIIBIO Pa3IUYHBIX MEp,
BBIKJTIOYAsl CUCTEMY MTOKPBITUS U OTXOJIa BOJI, M IMOCIIECAYIOIIYIO PEKYIBTUBALIUIO CO3/IAaHHE 3EJIEHOTO
MOKPOBA.

2. OcCylIecTBICHHYIO MeEpbhl JIOJDKHBI TPEIOTBpAIiaTh 3PO3UI0 M PACCEHBAHUE BPEIHBIX
BEIIIECTB BETPOM WJIM OcagkaMu. Kpome Toro, mpeanpruHIMaeMble MEphl JOKHBI MPENSTCTBOBAThH
CBOOOTHOMY JOCTYITY MECTHOTO HACETICHUS, a TAK)XKE TUKUX U CEIbCKOXO3SIMCTBEHHBIX )KHBOTHBIX K
OTIaCHBIM Y4aCTKaM.
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Abstract. The article examines the application of blockchain technology for decentralized and
secure data exchange. The primary focus is on blockchain's advantages, such as high security, data
immutability, and the potential for process automation through smart contracts. Key challenges in
implementing the technology are also discussed, including scalability issues, high energy
consumption, and legal restrictions. The article suggests solutions to these challenges through the
development of efficient consensus algorithms and integration with advanced technologies, such as
artificial intelligence. The research findings highlight blockchain’s potential as a viable solution for
secure data exchange across various industries.

Annomayus. PaccMarpuBaeTcs NpPUMEHEHHME TEXHOJIOIMHM OJOKYeHH s obecredeHus
JCIIEHTPAIN30BaHHOTO | Oe3omacHoro oOMmeHa maHHbIMH. OCHOBHOE BHHMAHHUE YICINSETCS
npeuMyliecTBaM OJIOKYeHa, TaKUM KaK BbICOKas CTENEHb 3alUThl, HEU3MEHHOCTb JaHHBIX U
BO3MOXKHOCTh ~ABTOMAaTH3allMd TPOLIECCOB C IOMOILNBIO CMapT-KOHTPAakToB. OOcyxkaaroTcs
KJIIOUEBBIE BBI30BBI BHEAPEHMsI TEXHOJIOTUH, BKJIIOYash MpoOIEeMbl MacHITAOUPYEMOCTH, BBICOKHE
SHEpPreTUUeCKHEe 3aTpaThl U MpaBoBble orpaHudeHus. [Ipeqnaraorcs myTu pemenus 3Tux npoonem
yepe3 pa3BUTHE OJPQPEKTUBHBIX aJrOPUTMOB KOHCEHCYCa M HMHTETpalMi0 C MEepeJOBbIMU
TEXHOJIOTUSIMH, TAKUMH KaK UCKYCCTBEHHBIN MHTEIUIEKT. Pe3ynbTarTsl HCCIEN0OBAHUS [TOMYEPKUBAIOT
NoTeHIMal OJIoKUeiiHa Kak peleHus A1 6e30nacHoro oOMeHa JaHHBIMU B Pa3IMUHBIX OTPACIIAX.

Keywords: blockchain, data security, decentralization, smart contracts, scalability,
technologies.

Knrouesvle cnosa: 6nokueitH, 6€30MaCHOCTh JAHHBIX, JELEHTPATU3AINS, THTEIUICKTYaIbHbIC
KOHTPAKThI, MACIITAOUPYEMOCTh, TEXHOJIOTHH.

In the modern world, data transmission has become an integral part of all spheres of human
activity, from business to healthcare and government. As the volume and importance of information
increase, traditional centralized data exchange systems face new security threats, including hacks,
cyberattacks, and data breaches. Ensuring the confidentiality and security of information has
become a top priority for many organizations and states, as data compromise can lead to significant
financial and reputational losses.
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Blockchain is a decentralized and distributed data storage technology, organized as a chain of
blocks that are sequentially linked to each other and secured through cryptography. Originally
developed to support cryptocurrencies, the technology is now seen as a potential solution for
building decentralized data exchange systems capable of ensuring security and transparency. Unlike
centralized systems, blockchain allows for trust among network participants without the need for a
central governing authority, which can enhance the system's resilience to various attacks.

However, the application of blockchain for data transmission faces a number of challenges.
These include scalability issues, low transaction processing speed, and high resource costs. There
are also legal barriers and difficulties in integrating blockchain with existing systems. The aim of
this study is to analyze the prospects and challenges that blockchain faces in the field of secure data
exchange and to propose possible solutions to current problems.

Main part. Principles of blockchain for secure data transmission

As previously mentioned, blockchain is a decentralized distributed system organized as a
chain of blocks, where each block is linked to the previous one and secured through cryptography.
The main features of the technology include immutability, decentralization, and the use of
cryptographic methods to ensure security. Due to the characteristic of immutability, each block in
the blockchain network contains the hash of the previous block, timestamps, and transaction
information, preventing retroactive changes to the data. These qualities make the technology
resistant to forgery, as an attacker would need to alter all previous blocks to modify one.

Unlike centralized databases, where data is stored and controlled by a single node, in
blockchain, each node in the network stores a complete copy of the entire chain of blocks—this is
the feature of decentralization. This characteristic helps to avoid dependencies on a single central
element, making the system less vulnerable to external attacks and failures.

There are consensus mechanisms that allow participants in the blockchain network to agree on
the authenticity of data without centralized control. The main types are Proof of Work (PoW),
where participants solve complex problems to add a new block, and Proof of Stake (PoS), which
reduces energy consumption by linking the probability of adding a block to the stake of
cryptocurrency. There is also Delegated Proof of Stake (DPoS), where users vote for delegates,
increasing the speed and efficiency of consensus. These principles can be beneficial for systems
requiring guarantees against forgery and maintaining data integrity [1].

Blockchain can become an alternative for ensuring the security and decentralization of data
exchange. For instance, in the field of medical data, blockchain can be used to create a
decentralized database where patient information is stored immutably and accessible only to
authorized individuals. The data is protected and cannot be changed without the consensus of all
network participants. In the corporate environment, blockchain can be used for secure document
transfer between partners and clients.

Smart contracts based on blockchain automate data exchange upon meeting conditions,
eliminating the need for intermediaries and reducing the likelihood of errors. This is especially
relevant in highly regulated industries such as banking and pharmaceuticals. Additionally,
blockchain finds applications in Internet of Things (IoT) networks, where millions of devices
exchange data. In traditional centralized 10T networks, there is a threat of hacking a centralized
server, which can jeopardize the security of the entire system. In a distributed blockchain system,
such a server is unnecessary, reducing the risk of attacks and increasing trust between devices [2].

Limitations and paths for improving blockchain technology

Despite its numerous advantages, blockchain technology encounters significant technological

and organizational limitations that extend beyond its applications in cryptocurrencies. One of the
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primary challenges is scalability. Traditional blockchain networks, such as those supporting Bitcoin
and Ethereum, require substantial computational resources and time to add each block, constraining
their transaction processing capacity. For instance, the Bitcoin network can handle approximately 7
transactions per second, whereas traditional payment systems, such as Visa, process around 1700
transactions per second (https://lyl.su/PRSv; https://chainspect.app/dashboard). This relatively low
transaction speed limits blockchain’s utility for high-volume, real-time applications, particularly in
contexts requiring rapid data exchange. The figure below illustrates a comparison of transaction
speeds across popular blockchain networks and traditional payment systems, highlighting these
performance disparities.
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Figure. Number of transactions per second between popular payment systems and blockchains

Another significant limitation is the high operational costs of blockchain networks. The
consensus mechanism PoW used to secure these networks requires enormous computational power,
making them extremely energy-intensive. Estimates suggest that the energy consumption of the
Bitcoin network is comparable to that of small countries. For example, in 2024, Bitcoin is expected
to consume approximately 150 TWh per year, exceeding the energy consumption of Argentina (121
TWh) and the Netherlands (108.8 TWh) (https://ccaf.io/cbnsi/cbeci).

This results in high costs and complicates the use of blockchain for creating environmentally
sustainable data transmission systems [3].

Additionally, there are legal barriers and challenges in integrating blockchain with existing
systems. In several countries, legal regulations limit the use of decentralized systems, complicating
the implementation of blockchain technology. Privacy concerns, such as compliance with GDPR in
the European Union, also present challenges, as the immutability of data in blockchain can conflict
with the right to be “forgotten” guaranteed by this legislation. In the United States, regulatory
challenges arise due to varying federal and state-level approaches, creating a complex legal
landscape that can hinder widespread adoption of blockchain technology.

Social and organizational barriers also hinder the adoption of blockchain in traditional
business processes. Many organizations adhere to established procedures, and transitioning to
blockchain requires significant changes in data management and operational activities. It is also
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important to consider that the lack of knowledge and skills among professionals can restrict the
successful implementation of the technology.

Despite these limitations, the development of blockchain technology continues, and new
approaches are emerging to help overcome its challenges. One such approach is the use of second-
layer protocols, such as the Lightning Network for Bitcoin. These solutions allow transactions to be
processed outside the main blockchain, recording only their final values on the blockchain, which
improves data processing speed and reduces the load on the network. The Lightning Network
enhances scalability potential, enabling thousands of transactions per second, making it suitable for
widespread use [4].

To address the high costs and energy consumption of blockchain networks, more efficient
consensus algorithms are being actively developed, such as PoS, which require significantly fewer
computational resources than PoW. Additionally, hybrid models that combine centralized and
decentralized elements provide flexibility in data management and reduce operational costs (Table).

Table
ENERGY CONSUMPTION OF BLOCKCHAINS BASED
ON THEIR CONSENSUS MECHANISM (https://lyl.su/Fehv)

Consensus Energy Comments

mechanism consumption
(TWhyear)

Proof of Work 100-150 High energy consumption, requires substantial
(PoW) computational resources (e.g., Bitcoin).

Proof of Stake 0,01-0.1 Significantly lower energy costs, utilizes minimal
(PoS) computations (e.g., Ethereum after transitioning to PoS).

Centralized 20-50 Energy consumption depends on infrastructure, but
Systems generally lower than PoW.

Blockchain technologies can be successfully integrated with advanced solutions such as
artificial intelligence (Al) and cloud computing. The combination of blockchain and Al can aid in
analyzing large volumes of data, identifying anomalies, and enhancing security. For instance, Al can
analyze anomalous patterns in the network and predict potential security threats, thereby increasing
the security of decentralized systems. Cloud computing, in turn, enables data storage in a distributed
network without being tied to a specific server, which enhances fault tolerance and reduces the risk
of data loss. Thus, the future of blockchain technology in decentralized data exchange largely
depends on developers' ability to address current technical and organizational challenges. The
development and refinement of protocols, increasing the speed and efficiency of systems, as well as
integrating blockchain with advanced technologies, can facilitate its successful application for
secure data transmission.

Conclusion

Blockchain represents an innovative technology capable of transforming approaches to secure
data exchange. Its decentralized nature, data immutability, and application of cryptographic
methods provide a high level of protection and transparency. However, despite the technology's
advantages, it faces challenges, including scalability, high energy costs, and legal restrictions. The
prospects for successful blockchain implementation depend on further research, the development of
effective consensus algorithms, and integration with advanced technologies such as artificial
intelligence. These efforts could make blockchain a viable solution for secure data exchange in the
future.
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Annomayus. IlpuBeneH mporecc co3gaHus Telerpam-00Ta isl arperanuyd COOOIIEHUN C
LEIbI0 YIPOIIEHUSI KOMMYHHUKAIIUU MKy CAMOYIPaBIEHUEM U CTyJEeHTaMH OOIICKUTHUS By3a (Ha
npumepe Hedrexkamckoro ¢unmmana YYHuT). Kon 60ota Hamucan Ha sI3pIKe MPOTrpaMMHPOBAHUS
Python B cpenme mporpammupoBanms PyCharm. [lns 3amycka 0o0Ta HCHONB3YeTCS XOCTHHT,
cnienuanu3upoBanueiid moa Python-npoextsi: PythonAnywhere.

Abstract. Describes the process of creating a telegram bot for aggregating messages in order
to simplify communication between local government and students of the university dormitory. The
bot code is written in the Python programming language in the PyCharm programming
environment. To launch the bot, hosting is used, specialized for Python projects: PythonAnywhere.

Knrouesgwie cnosa: telegram-6ot, pazpabotka, s3eik Python, oHnaitH-XOCTHHT.
Keywords: telegram bot, development, Python language, online hosting.

Telegram — meccenmkep, MOMYYMBIIMN IIMPOKOE PACIPOCTPAHEHHE BO MHOTHX CTpaHaXx.
Ceromnsi TenerpaMm-kaHajl CTajl HPaKTUYECKH 00s3aTENbHBIM aTpUOyTOM JH00OW KOMIIaHMH,
MEIUMHON JMYHOCTH, cBOM KaHaibl ecTb y CMU m rocynmapcTBeHHBIX ydpexaeHuid. MHorue
KaHaJlbl B MECCEHIDKEpEe JUIsl YHPOILEHHUs B3aUMOJCHCTBUS CO CBOEH ayauTopuel mpuberaroT K
ucrnonp3oBanuo 60toB [1]. Ob6macte mpuMeHeHHs OOTOB OrpaHUYEHA JIMINb BO3MOXKHOCTSIMHU
COBPEMEHHOT0 NMPOrpaMMHPOBAHUSI.

PaccmoTpum mpouecc coznanus cBoero 6ota i Telegram Ha s3pIke MpOrpaMMHpOBAaHUS
Python. Bee cTynenTs, npoxwuBatormiue B oomexutnn Hedrekamckoro punmana YYHuT cocrosT B
rpymre B Tenerpame. [TomrMo 00bsiBIeHUN caMOyTIpaBlIeHHUs ¥ MPEATIOKEHHH (Ipoch0) CTYIEHTOB
B yaTe TaKXe MPOMCXOJUT MOCTOSHHOE OOIleHUe, YTO 3aTpyAHseT paboTy camoynpasieHus. Jls
pemeHuss 3Tol TpoOieMbl paszpaboTany YaT-00Ta, KOTOPBHIA MOXET MPUHUMATh JKajloObl M
MIPEJUIOKEHUS, aJ[peCOBaHHbIE CTApOCTaM OOIIEKUTHS, U MepechbllaTh UX B OTAEIbHYIO Oeceny, B
KOTOPOM COCTOST TOJIBKO YJIEHBI CAMOYIPABICHUS.

Jlst Hauanma HY)XKHO 3aperucTpupoBaTh HOBOro 0oTa yepe3 npyroro 6ora — BotFather. [lns
3TOr0 JAOCTAaTOYHO CJIEOBATh MPOCTHIM MHCTPYKLUHUAM, MPUAYMaTh UMsl 00Ta U €ro YHHKAaJIbHBIN
norud. Ilocne »Toro monydyuM TOKEH Hamero 00Ta — CTPOKY W3 pa3IUYHBIX CHMBOJIOB,
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UCIOJIb3YEMYIO [T IOCTyNa K HameMmy 00Ty. TokeH Baiero 60Ta He0OX0AMMO XPaHUTh B CEKpETE.

Teneps, koraa 60T co3naH, 700aBisgeM ero B Oecemy, Kyaa OH OyIeT mepechliaTh COOOIIECHNUS.
Jiis aToro HeoOxoaumo y3Hath id Gecenpl. CaenaTh 3TO MOKHO HECKOJIBKHMHE CIIOCO0aMU, OJTUH U3
HUX — J00aBUTh B ydacTHHKH Oecenbl 00ota LeadConverter m oTmpaBuTh TyJa k€ COOOIIEHUE:
“Iget_chat_id”.

[Tepexoaum Kk HanmucaHuio koaa 6ota. B mporpamme PyCharm oTkpbsiBaeM HOBBIM MPOEKT H
co3maéM (aiin «main.py». [IpoekT MOKHO pa3IeTuTh Ha HECKOJIBKO (ailyioB, COAEpIKAIIMX TJIABHOE
TeJNO KoJa, GYHKIIMU U MIEPEMEHHBIE, HO MporpamMma OyAeT KOMITAKTHOW, U HaXOIUThCS 1IETHKOM B
“main.py”.

B nanucanuu xoxa Oyzaem ucnosb3oBaTh 0Oubauoreky pyTelegramBotAPI: import telebot.

Hanee cozmaém riobaibHBIE TIEPEMEHHBIE, COJIEpKalIie TOKeH 0ota u id yaTta, B KOTOpPBIH
OyayT nepechlIaThbCs COOOICHHUS:

BOT = telebot.TeleBot(<Troken 60oTa>)

CHAT ID = <id yara>

Tenepp MOXKHO HammcaTh INIaBHYIO (QYHKIHIO-00paboTunka 60Ta, KoTopas OyneT mpoBepsaTh
MOJyYEHHOE OT IOJIb30BaTENsl COOOMICHWE W BBI3BIBATH COOTBETCTBYIOIIYIO (DYHKIIMIO OTBETa C
UCIIOJIb30BaHUEM CIIEIUMANBbHOTO JleKoparopa message handler u3 panee ycTaHOBJIEHHOMN
OMOJIMOTEKH:

@BOT.message_handler()

def get_text_messages(message):

if message.text.upper() == "[IPUBET" or message.text == "/start":

greeting(message)

elif message.text == "/help":

bot_help(message)

elif message.text.split()[0] == "problem:":

forward(message)

else:

exception(message)

Jlanee peanu3yem Bce BhIIIEYKa3aHHbBIE (PYHKITHH:

“greeting” — QyHKUUS TPUBETCTBUSI, BBI3BIBACTCS IPU MOIYYCHUH CJOBA IIPHBET» HIH
CTaHIapTHOW KOMaHbI “/start”;

“bot_help” — cranpaprHas ¢pyHKIUS cripaBKHU, BeI3bIBacMast o komanse “/help”;

“forward” — ocHoBHas (yHKIMs Hamero 00Ta, KOTOpas IEepechulaeT COOOIICHHE B
OT/eNbHBIN YaT, €CJIM OHO HAaYMHAETCA CO CJI0Ba «problem: »;

“exception” — (yHKIMS HMCKIIOYCHUS, BbI3bIBAcMas, €CJIM HE OBUIM BbI3BaHBI OCTAJIbHBIC
GyHKIUH.

def forward(message):

BOT.forward_message(CHAT _ID, message.chat.id, message.message_id)

BOT.send_message(message.from_user.id, fCoo0iieHne oTnpaBieHo: «{message.text}»)

def greeting(message):

BOT.send message(message.from_user.id, «[IpuBet, s 60T obmexutus. Ecau y Tebst ecth
3aMevaHusi K paboTe YIpaBJICHUsS, TBOUM COCEISIM MM CaMOMY OOIICKUTHIO, Hamuimu: “problem:
<coobmienue>". TBOE cooOIIeHHE YBUAST TOJIBKO CTAPOCTHI').

def bot_help(message):

BOT.send message(message.from user.id, «Ecnmu xouems oTnpaBuTh cOOOIMIEHHE O
npobieMe, HamuIIU: «problem: <cooOieHne™>)

def exception(message):
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BOT.send message(message.from_user.id, «fI Te6s He mornmaro. Hanumm /helpy)
OcHoOBHasl 4acTh MPOrpaMMbl 3aBeplIeHa, OCTAIOCh BbI3BaTh (QyHKIMIO «infinity pollingy,
KOTOpasi MO3BOJUT OOTY MOJy4aTh OOHOBJICHHS W 3aIlyCKaTh COOCTBEHHBIH KOJI HEOTPAaHUYCHHOE

konmaectBo pa3: BOT.infinity_polling()

Ham 60T rotoB. Ero MOXHO BKIIIOYHTH, 3ayCTHB (pailil «main.py», HO, KOT/Ia BBIIOJIHEHHE
daiina nmpekpaTuThcs, 00T OCTaHOBHUTCS. PemmTs 3Ty mpobiemy mnpepiaraeM 3alyCKOM TJIABHOTO
daiina Ha cepsepe. s 3TOr0 Mbl OyaeM HCHoib30BaTh cepuc “PythonAnywhere”. Dtot cepBuc
npeaHasHaueH i pabotel ¢ Python-mpoextamu Ha cepsepe.

.'iy; pythononywhere
1 ARACOMOA

Dashboard

CPUUsager 11N gaed - 11 2750 W Feems w 22 b 2 e (CRERD)
e sornge 1\ Wi xr\.u:'m','.'-bkuwm

New console =D -
oD -

Rocerd L Recert o Reormt ja o

Consoles 21'1-)  Files Notebooks Web apps

S Sawn conscle 34aan e Wy TOUL T iy o — manhnaysses
Ayt Nettocky (fg e s - -
MO 13 Pt areer ‘?“"“"‘

Dashboard Conscles Files Wed Tasks Datadases
Welcome, lury2003

Pucynok 1. I'naBHas crpanuna cepsuca PythonAnywhere

CTapoCThbl.

"problem: <coobuieHne>"

@ Write a message...

Pucynok 2. Tect 6ota

Mpueer, s 60T 0bwwaru. Ecam y Tebs ecTb 3aMeyaHus k pabote
YNPaBNEHUS, TBOVIM COCEAAM UMW CaMOMY OBLLEXUTMIO, HAaNMMLLIA:
"problem: <coobeHne>". TBoé coobLyeHne YBUAAT TOALKO

Ecav xouelus otnpaeButb coobueHve o npo6neme, Hanuwiu:

Istart 1709 o

e R -

problem: coceay wymMaT 1731

= =T

= L 5 \ _:
CoobueHvie oTnpaseHo: "problem: coceau Wymat"  17.34 Qé iy
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[Tocne mpocToit perucrtpanu Ha CEpBUCE HEOOXOAMMO BBITPY3UTh Haml (aili: ¢ TIIaBHOU
crpanuibl nepexoauM B meHio “Files”, naxumaem nHa kaonky “Upload a file” u BeiOupaem Ham
¢aitn. Tlocme sToro Bo3BpamaeMcss Ha TVIABHYHO CTPaHHUIly M HakuMaeM KHOnKy «$ Bashy.
OTKpbIBaE€TCS KOHCOJIb, B KOTOPOH MbI BBOJUM KOMaHAY JUIs 3arpy3KH HCIOJIB3yeMOW B HaIIeM
6ote 6ubaroTeku: pip3 install --user telebot.

Korpma Oumbnmoreka 3arpykeHa Ha cepBep, (ain yxke roroB k padore. s ero 3amycka
Heo0X0IMMO BBECTH KOMaHAy: python main.py.

Tenepr Ham 60T paboTaeT Ha cepBepe W HE 3aBUCHT OT TOT'O, 3alyIIEH OH Ha KOMIIBIOTEpE
wi HeT. OIHAKO TaK KaK Mbl UCIOJIb3yeM OCCILIaTHYIO BEPCHIO CEpBEPa, Mbl HE MOXKEM JT00ABUTH
3ajJjadyy aBTOMATMYECKOrO 3amycka (¢aiiia 1mocie Tepe3arpy3kd cepBepa WM JAPYroro
HenpensuaeHHoro cOos. Tem He MmeHee, Ha cepBepe PythonAnywhere 6ot moxker paborath
JOCTAaTOYHO JIOJITO, & IPU OTKJIFOYCHUH HAJI0 OY/IET MOBTOPUTDH MOCIIEAHIO KOMaH/y B KOHCOJIH.

Takum oOpazom, paspaboTtaH, 3amymieH U MPOTeCTUPOBaH nmpoctoil Telegram-0ot, nMerommiA
OTBETHl Ha HECKOJBKO 0a30BBIX KOMAaHJ M PEAIM3YIOIINHA OCHOBHYIO (DYHKIHMIO — TEPECBHUIKY
COOOIIEHUH B CICIHMAIBHBIA YaT CaMOYIIPAaBJICHHUS OONICKUTHSA. BHeIpeHne 3Toro 00Ta MOXKET
YIIPOCTUTH PabOTy CTYACHYSCKOTO CAaMOYIPABICHHUS M HAIAIWTh B3aUMOJICHCTBUE CO CTYJACHTAMH.
CyIecTBYeT TakKe BO3MOXKHOCTB TIOCIICAYIONIETO paciupeHus pyHKIOHaIa yaT-00Ta.

Hcmounuxu:
2. TelegramBotAPI. https://lyl.su/dzUr
3. Python. https://www.python.org/doc
4. PythonAnywhere. https://www.pythonanywhere.com.
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IMPOLIECC CO3JIAHUSI B CPEJE PABPABOTKHU UNITY
OBYYAIOIIEN AHTJIMHCKOMY SI3bIKY UT'PbI
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CREATING AN ENGLISH LEARNING GAME
IN THE UNITY DEVELOPMENT ENVIRONMENT

©Safina G., ORCID: 0000-0002-7326-0896, SPIN-code: 4562-2453, Ph.D.,
Ufa University of Science and Technology, Neftekamsk Branch,
Neftekamsk, Russia,safinagf@mail.ru
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Annomayus. llpuBeneHbl MOLIAroBble KOMIIOHEHTBI M pE3YAbTarhl Ipoliecca pa3padoTKu
oOyuaroleil Urpsl ¢ MOMOIIBI KpocciuiarpopMeHHoi cpeapl Unity — pemaktopa (IBYXKKA) UIs
pa3pabOTKN KOMIBIOTEpHBIX Urp. Mrpa mpusBaHa oka3aTh MOMOIIb OOYYarOIIUMCS B MEPBUYHOM
3HAaKOMCTBE M OCBOCHHUHU AHIVIMMCKOTO sI3bIKa IOCPEICTBOM B3aMMOJEHCTBHSI C MHUPOM U €ro
n3ydeHus. KomoBas yacTh WIphl peaqu3oBaHa C MOMOIIBI0 OMONMMOTEK W (YHKIMOHANA SI3bIKA
nporpammupoBanus C#, s Bu3yaqu3alMud TpOeKTa (MIPbl) MPUBJICYEHBI BO3MOXHOCTH 3d-
MOJIETTUPOBAHHUS.

Abstract. Shows the step-by-step components and results of the process of developing a
training game using the Unity cross-platform environment—an editor (engine) for developing
computer games. The game is designed to help students in primary acquaintance and mastering the
English language through interaction with the world and its study. The code part of the game is
implemented using libraries and functionality of the C# programming language; 3D modeling
capabilities are involved to visualize the project (game).

Kniouesvie cnosa:  nBuxok  Unity, pa3paboTka Wrp, aHDIMHCKUM — A3BIK,  SI3BIK
nporpaMmupoBanus C#, KOMIBIOTEpHbIE UTPbI, 3d-MO/IeTMpOBaHIE, UTPOBOE OOyUEHUE.

Keywords: Unity engine, game development, English, C # programming language, computer
games, 3d - modeling, game learning.

Buneourpsl MOryr NpUHOCHUTH MHOTO TOJB3bI, OBITH HE TOJILKO pa3BiedeHueM. OHU
MOMOTal0T pa3BUBaTh pazIMYHbIE KOTHUTHBHBIE HaBbIKM. Harmpumep, MHOrue urpbl TpeOyroT
CTPAaTerMYecKOro MBIIIICHUS U OBICTPOTO pearupoBaHMs, YTO TPEHHPYET MO3I M I103BOJISET
YIY4LIUTh peakuuio. Mrpas B urpsl Ha MHOCTPAHHOM S3BIKE, Bbl YCBaWBaeTe HOBBIE CJI0BAa U (hpas3bl
B KOHTEKCTE, YTO MOYKET IIOMOYb Pa3BUTh HABBIKM YTEHUs, TOHUMAaHUS TEKCTA HA JPYIOM S3BIKE
[1,2].

PaccmoTrpuM mpouecc Co31aHusl KOMIIBIOTEPHON UIPBI, UAES KOTOPOH 3aKJIFOYAeTCs ITOMOILH
UTPOKY B M3YyYEHUU AHITIMHCKOIO SI3bIKA IIOCPEACTBOM IIOCTPOCHUS CBA3U BHU3YaJIbHO 3HAKOMOIO

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 155



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne12 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/109

00BEeKTa C ero Ha3BaHWEM Ha MHOCTPAHHOM si3bIKe. JIJIsl peann3anuy MPOeKTa UCIIOIb3YeTCs cpea
pa3paboTKH KOMIBIOTEPHBIX HWrp Unity, MO3BOJISIONIAs CO3/aBaTh MPHIOKCHUS IS Pa3HBIX
wiarGopM, OIEPAMOHHBIX CHCTEM, YCTPOWCTB W 0Osamaromias 0OraTblM MarasMHOM T'OTOBBIX
HabopoB pecypcoB. IlepBoHadanbHO B pa3paboTke co3maeM HOBBIA 3d-mipoekT (Momens) mox
nasBanuem “Learn English” [2, 3]. IIporecc co3nanus npeacrasieH Ha Pucynke 1.

9

30 |Butt-bs Tense Pretee

20 Dby imaser Pywio
’

Pucynox 1. Co3nanue HOBOro mpoeKkTa

Jlanee HY)KHO pean30BaTh MIPOKA, JOKALUIO M TECTOBBIC MpeaMeThl. /i co3maHusi urpoka
noMeIiaeM KyO, KOTOpbId OyJeT SBIATHCS TEJIOM, BHYTPb Kamephl, Ha3BaHHOW Main Camera
(Pucynox 2). Eii mob6aBmsem cBoiictBo RigidBody, mo3Bosstoiiee crath (U3MYECKH TBEPABIM
00BEKTOM, Oarofapsi KOTOPOMY MbI HE CMOKEM ITPOXOUTH CKBO3b JPYTUe TBEPIbIe 00bEKTHL. Tery
urpoka aooasisieM cBoiicTBo Box Collider, koTopsIid MOMOraeT yCTaHOBUTH TPAHMIIBI TIPEIMETa B
npocTpanctse [3, 4].

50 Main Camera

<) Cube

Pucynok 2. Uepapxust KOMIOHEHTOB UTPOKa
Jliig mepeMeleHusl Urpoka Co3aeM U 3aKperisieM cieayroumii ckpunt Ha Main Camera:

public class move : MonoBehaviour

{

public float speed = 1.5f;

public Transform head;

public float sensitivity = 5f; // uyBcTBUTEIEHOCTE MBIIITH

public float headMinY = -40f; // orpanuuenue yria s rojgoBbIl

public float headMaxY = 40f; // orpanuvenwue yria jijisi FOJIOBbI

private Vector3 direction; // xpaHuT BEeKTOp HaIpaBJICHUS IBUKEHHUS

private float h, v;

private int layerMask;

private Rigidbody body;

private float rotationY;

void Start()

{
body = GetComponent<Rigidbody>();
body.freezeRotation = true;
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Cursor.visible = false; //ckpsiBaem Kypcop
Cursor.lockState = CursorLockMode.Locked:;

}
void FixedUpdate()

{
body.AddForce(direction * speed, ForceMode.VelocityChange);

// OrpaHn4YeHne CKOPOCTH, HHaYe 0OBEKT OyIET MOCTOSHHO YCKOPSIThCS
if (Mathf.Abs(body.velocity.x) > speed)// npoBepka Ha MPEBBIIICHHE CKOPOCTU U €€
OrpaHUYEHUE 110 X

{
body.velocity = new Vector3(Mathf.Sign(body.velocity.x) * speed,
body.velocity.y, body.velocity.z);
}

if (Mathf.Abs(body.velocity.z) > speed)// nmposepka Ha mpeBBIIEHHE CKOPOCTH U €€
OIrpaHHUYCHUC 110 Z
{
body.velocity = new  Vector3(body.velocity.x, body.velocity.y,
Mathf.Sign(body.velocity.z) * speed);
}
}
void Update()
{
h = Input.GetAxis(""Horizontal™);
v = Input.GetAxis("Vertical);
// ynpaBJICHHE TOJIOBOM (Kamepoii)
float rotationX = head.localEulerAngles.y + Input.GetAxis("Mouse X") * sensitivity;
rotationY += Input.GetAxis("Mouse Y") * sensitivity;
rotationY = Mathf.Clamp(rotationY, headMinY, headMaxY);
head.localEulerAngles = new Vector3(-rotationY, rotationX, 0); // npumenenue
Bpalll€Hus K I'OJIOBC
// BEKTOp HaIpaBICHUS ABUKCHUS
direction = new Vector3(h, 0, v);
direction = head. TransformDirection(direction);
direction = new Vector3(direction.x, 0, direction.z);
}
Jlo6aBUM BO3MOYKHOCTH COBEpPILATh MPBDKKU C MOMOINBIO CIEAYIOLIEro CKPHUMTA, KOTOPbII
TaKXKC IoMEiacM Ha Main Camera:
public class JumpScript : MonoBehaviour
{
public float speed = 10f; // ckopocTs mpbikKa
public Rigidbody rb;
private bool isJumping; //¢nar, yka3siBaromiuii Ha TO, TPOUCXOIUT JIU Celdac MPbHKOK
void Start()
{
rb = GetComponent<Rigidbody>();
isJumping = false; // copoc duara npsikka

¥
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void Update()

{
if (Input.GetKeyDown(KeyCode.Space) && isJumping == false) //mpoBepka Haxkarus
npoberna
{
rb.velocity = new Vector3(0, 5, 0);
islJumping = true;// ycranoBka (iara npebkka B 3HadeHue true
}
}
private void OnCollisionEnter(Collision collision)
{
isJumping = false;// copoc duara npebrka
}

Crenyronym 1aroM co3jaéM HECKOJIBKO MapajuleenuIeoB — o U OTPaXIeHUs JIOKaLuy, a
TaK)Ke TeCTOBBIE MTPEMETHI, B JAHHOM CJIy4ae 3TO KyO, map u kamncyna (Pucynok 3). /lo6aBnsem um
croiictBo Box Collider, uTo0ObI Henb3s OBLIIO TPOUTH CKBO3b HUX [3].

Pucynox 3. TecroBas jokarus

Hamee paspabareiBaeM uHTepdeiic oOyuaromeit urpel. s storo co3maem Canvas u
TEKCTOBBII 00beKT, KoTophIii HazsiBaeM OnHoverText (Pucynok 4).

r) Ldanvas

) OnHoverText

Pucynok 4. Uepapxust o6bekra Canvas

CJ'IC,ILYIOH_[I/IC ABa CKpHUIITA pCAIINU3YIOT (I)YHKI_II/IOHaJIBHOCTB HaBCACHUA KypCOpa Ha 00OBLEKT:
Il cxpunt g Canvas
public class UlManager : MonoBehaviour
{
private static TextMeshProUGUI OnHoverText;
void Start()
{
OnHoverText =
GameObject.Find("Canvas/OnHoverText").GetComponent<TextMeshProUGUI>();
}

public static void SetOnHoverText(string objName)
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{

}
public static void OffOnHoverText()

{

ki
¥

[l cxpunt ais 00bEKTOB
public class Hoverable : MonoBehaviour

{

private void OnMouseEnter()

{
k

private void OnMouseEXxit()

{
k

Kornma xkypcop MbIm HaXoquTcs B 00macTi 00bekTa, oH BbI3bIBaeT MeTo SetOnHoverText B
kiacce UIManager nist oToOpakeHusl Ha3BaHus oO0bekTa. Korjga Kypcop MbIlM MOKUAAeT 06jJacTh
oObekra, BbBBIBacTca Meton OffOnHoverText, kotopelii ymanser tekctT. Ilpuctymaem kK
TECTHPOBAHUIO. 3allyCKaeM UTPYy M TOAXOIUM K OOBEKTaM, WX Ha3BaHMS YCIICUTHO BBIBOAATCS Ha
skpaH. Jlamee no0aBuM OOJIbIIE SJIEMEHTOB JIOKAIMM M CHOBAa MpoTecTHpyeM. Hekoropsie
pe3yNbTaThl TECTUPOBaHUS NpecTaBieHbl Ha Pucynke 5 (a, 6, B, ).

OnHoverText.text = objName;

OnHoverText.text = """

UlManager.SetOnHoverText(gameObject.name);

UlManager.OffOnHoverText();

Pucynok 5. TecTsl pacnio3HaBaHHS 00BEKTOB
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Takum o6paszom, ¢ momompbio penakropa Unity m s3eika mporpammupoBanus C# Obuia
yCIIENIHO pa3paboTaHa KOMIBIOTEpHAs WIpa, MOMOramouas B OOy4YEeHUHM AHIIMICKOMY S3BIKY.
[TpoexT ocHamieH spkod TpaduKOH UM MHTYHTUBHO TOHSATHBIM HHTEp(dencoM, 4To JenaeT ero
MPUBJIEKATEIbHBIM, CIIOCOOCTBYET N3YUYSHHIO aHTIIMACKOTO SI3BIKA.

Hcmounuxu:
(1). Unity. https://docs.unity3d.com/Manual/index.html
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(3). Scientific Benefits of Playing Videogames. https://lyl.su/6eOy
(4). FPS ckpunrt ynpasieHuus ot nepsoro guna. https://lyl.su/M5SKJ
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YTEUYKHU ITAMSATH B SPA:
METOAbI IPO®PUJTAKTUKHU, OBHAPYXXEHUSA 1 BOPbBbI C HUMH
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Abstract. This article addresses the issue of memory leaks in modern single-page applications
(SPAs). By investigating the causes of leaks associated with dynamic content updates, active
interaction with the document object model (DOM) interface, and asynchronous operations,
developers gain insights into avoiding the excessive accumulation of unused objects in memory.
The article discusses methods for preventing and addressing leaks, including the use of weak
references, component state management, and optimizing asynchronous requests. It also emphasizes
the importance of using monitoring tools, such as Chrome DevTools, and integrating automated
testing into the continuous integration (CI) and continuous delivery (CD) process. The article offers
a comprehensive approach for efficient memory management and preventing performance issues in
SPA applications.

Annomayus. B naHHOH craTbe paccMaTpuBaeTcs MpobieMa yTedek MaMsATH B COBPEMEHHBIX
OJHOCTpaHUYHbIX npuiokeHusax (SPA). MccnenoBaHue npUYMH —YTEYEK, CBSI3aHHBIX C
JMHAMUYECKMM OOHOBJICHHWEM KOHTEHTa, AaKTUBHBIM B3aMMOJICHCTBHEM C IPOrPAMMHBIM
unTepdpeiicom DOM u acHMHXPOHHBIMHM OIEpaLUsAMHU IOMOTraeT pa3paboTYMKaM TMOHATh, Kak
n30eKaTh U3JUIIHETO CKOIUIEHUSI HEHCIIONb3yeMbIX OOBEKTOB B MaMsATH. PaccMaTpuBaroTCsl METOABI
NpoGWIAKTUKA W yCTPAHEHUS yTeUeK, BKIIOYas HCIOJIh30BaHUE CIAOBIX CCBHUIOK, YIpPAaBJICHUE
COCTOSIHUEM KOMIIOHEHTOB, a TaKKe€ ONTHMH3AIMS PadOThl C AaCHHXPOHHBIMH 3arpocamu. Taxke
aKIIEHTUPYETCs BHUMAHHE HA HCIOJIb30BAHHMM WHCTPYMEHTOB MOHHUTOpHHTA, Takux kak Chrome
DevTools, u wuHTerpamuu aBroMaru3upoBaHHOro TtectupoBanus B mnporecc CI/CD. Crarps
IpejlaraeT KOMIUIEKCHBINH 1oaxof s 3((EeKTUBHOIO yIpaBlIeHUs NaMsAThIO U MPEIOTBPALCHUS
po0JIeM ¢ MPOU3BOAUTENLHOCTHIO B SPA-TIPUITOKEHHSIX.

Keywords: memory leaks, single page applications (SPA), document object model (DOM),
asynchronous operations, monitoring, optimization.

Kniouesvie cnosa: yreuku mamsTH, ogHOCTpaHuuHble mpuiokerus (SPA), document object
model (DOM), acuHXpOHHBIE OTIepaIii, MOHUTOPHHT, ONITHMHU3AIHS.

Memory leaks are one of the common and complex issues faced by developers of modern
single-page applications (SPAs). The key feature of such applications is that they dynamically
update content without requiring page reloads, which leads to the retention of large amounts of data
in the system’s memory. This approach enhances user experience, but if memory management is not
handled correctly, unused objects may accumulate in the application, resulting in memory leaks.
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The problem is further exacerbated by the complexity of state management in SPAs, where data can
change throughout the application's lifecycle and interact frequently with various external data
sources such as application programming interfaces (APIs) and databases.

Additionally, the nature of asynchronous requests and event handlers often leads to situations
where references to objects are not deleted in time, leaving them in memory even though they are
no longer needed. The prolonged accumulation of such objects can significantly degrade application
performance and even cause crashes once the memory limit is reached. With the growing
complexity of web applications and their increased interaction with users, memory leak issues are
becoming increasingly critical. The aim of this study is to explore the factors contributing to
memory leaks in SPAs and propose methods for their prevention and remediation. To achieve this,
the causes of memory leaks, tools for their detection, and modern approaches to their prevention are
examined.

Main part. Main characteristics and causes of memory leaks in SPA

Memory leaks in SPAs occur for several reasons related to the peculiarities of their
architecture and handling dynamic data. Unlike traditional multi-page applications (MPAs), SPAs
dynamically update content within a single page, which requires constant use of RAM to store data
and Ul elements. This characteristic, along with intensive interactions with the document object
model (DOM) and asynchronous operations, increases the likelihood of memory leaks.

A memory leak, regardless of the architecture type, represents a serious challenge to the
security and functionality of web applications. It can be exploited to disclose sensitive information,
inject malicious code into the program's memory, and even be used in DoS (Denial of Service)
attacks [1]. This is particularly concerning for DoS attacks, which, according to statistics, are
increasing in scale (Figure). In the context of SPAs, memory leaks can be classified by their source
types. One of the most common types is DOM element leaks, which occur when interface elements
are dynamically created but not properly removed. For example, if the application adds nodes to the
DOM based on user actions but fails to remove them when the state changes, those nodes continue
to occupy memory even though they are no longer necessary [2].

Another type of leak involves closures. Closures, which are functions that have access to
variables from an outer context, can hold references to objects even if they are no longer in use. In
SPA, where asynchronous functions and event handlers are frequently used, poor management of
closures can lead to the accumulation of references to outdated objects. Leaks caused by incomplete
network requests and timers are also common. For instance, if an application creates multiple
asynchronous requests or timers but does not stop them when the state changes, the resources
associated with these operations remain in memory. This is especially significant in SPA, as such
applications extensively use AJAX requests to exchange data with servers [3].

One of the primary causes of memory leaks in SPAs is their architectural approach, in which
the interface is loaded once, and subsequent content changes happen without full page reloads. This
approach ensures high interactivity but requires the constant retention of component states in
memory. During operation, especially with frequent interface updates and significant state changes,
memory may be unnecessarily occupied by unused elements and objects. The SPA approach heavily
interacts with the DOM, and each DOM element occupies a significant amount of memory. In
situations where interface elements are dynamically added or modified but not removed, even if
they are no longer needed, this leads to the accumulation of unused DOM nodes that remain in
memory. This issue worsens when DOM elements contain nested objects, such as images or
multimedia files, as they occupy more memory and require additional resources. Moreover, SPA
widely uses asynchronous operations and event handlers, increasing the likelihood of
“dead”references”—situations where objects remain in memory despite no actual use. For example,

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 162



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne12 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/109

events attached to objects that have been removed from the DOM continue to exist if they were not
explicitly removed. This results in associated objects continuing to occupy memory, causing
unwanted leaks. Finally, it is important to note that memory leaks can also arise from unoptimized
code and a lack of a well-thought-out state management architecture (Table).
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Figure. Volumetric DDoS Attacks 1H 2023 vs. 1H 2024 (https://lyl.su/09Si)

Table
EXAMPLES OF COMMON MEMORY LEAKS IN SPA FRAMEWORKS
(https://lyl.su/Bcmg; https://lyl.su/U5hQ) [4]
Framework Typical leak Cause Remediation method
React Dom element leak Incorrect state handling  Use useeffect for cleanup
Angular Leak from asynchronous operations  Unfinished http requests  Use ngondestroy
Vue Event leaks Unremoved event Use beforedestroy to remove
handlers events

In the context of SPAs, state management is often handled using libraries such as React,
Angular, and Vue, which store application state in memory. Without proper memory management,
this can lead to the accumulation of outdated states, which continue to consume system resources.
Additionally, unoptimized code, featuring bulky closures and unnecessary references to objects, can
further exacerbate this issue.

Methods for resolving detected memory leaks

Eliminating memory leaks in SPAs requires systematic, technically sound methods. The
resolution phase involves not only identifying and freeing up memory but also implementing
measures to prevent their recurrence. It's essential to address DOM leaks, optimize closures, and
handle asynchronous requests and event handlers appropriately.

Leaks DOM element occurs when nodes are dynamically created but not removed after they
are no longer needed. To resolve this, developers should maintain strict control over the creation
and deletion of DOM nodes. A common method is to manually remove unused nodes, freeing up
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memory occupied by outdated Ul elements. This can be achieved by using functions that both
remove elements from the DOM and clear any references to them in the code.

Automatic DOM management can also be a helpful solution for SPAs, especially when
working with a large number of dynamic objects. Modern frameworks like React and Vue support
virtual DOM, allowing for automatic cleanup of removed or modified elements. However,
developers must remember that even with a virtual DOM, memory leaks can occur if references are
not managed properly. Therefore, it is important to use built-in cleanup methods and element
removal techniques. For example, React's useEffect hook allows developers to configure automatic
resource cleanup after they are no longer in use [5].

Closures, being an essential part of functional programming, often lead to memory leaks when
captured variables remain in memory even when their values are no longer needed. To prevent and
resolve closure-related leaks, it is recommended to remove references to closures when they are no
longer required. An important method is the use of weak references, which allow developers to
create references to objects without keeping them in memory, thus enabling the garbage collector to
reclaim unused memory more effectively. In some cases, regular functions containing closures can
be replaced by lighter callback functions, allowing memory to be freed immediately after the
operation completes. For example, in asynchronous operations where closures use temporary
variables, it’s crucial to ensure that function calls are correctly concluded after execution.

Another common source of memory leaks is event handlers that remain attached to objects
even after those objects are removed from the DOM. This problem arises when event handlers are
not detached when the component’s state changes or when an element is removed. To prevent and
fix this, it is necessary to explicitly remove attached event handlers using the removeEventListener
method in JavaScript. An example of such an approach is using React hooks, which provide
automatic tracking of a component’s state. The useEffect hook can accept a cleanup function that
removes all attached events on each component update, thereby preventing the accumulation of
unused references. Other frameworks offer similar capabilities, utilizing built-in methods that track
component state changes and perform automatic cleanup of handlers.

Memory leak monitoring and automation testing in SPA

One of the key steps in preventing memory leaks in SPA applications is continuous
performance monitoring and automated testing. These approaches not only help identify memory
leaks early in the development process but also ensure effective performance management in real
time. It is essential for developers to use both analysis tools and approaches integrated into CI/CD
(Continuous Integration and Delivery) systems to thoroughly check and automatically resolve
memory leaks [6].

Modern browsers provide various tools for performance monitoring and detecting memory
leaks. Chrome DevTools is one of the most powerful solutions for analyzing memory usage in web
applications. With tools such as Heap Snapshots, Timeline Profiling, and Allocation Tracking,
developers can track which objects remain in memory after the application finishes and identify
objects that were not deleted in a timely manner. These tools help developers and testers pinpoint
where memory leaks occur and which objects are causing them.

An example of using such tools is executing heap snapshots in Chrome DevTools, which
provide detailed reports on which objects are consuming memory, how much memory has been
allocated for each object, and how much memory was not freed after the operation finished. This
data can be used to identify issues related to dynamically creating and deleting elements in the
DOM, as well as analyzing the handling of asynchronous operations.

Memory leak monitoring and performance testing should be integrated into the CI/CD process
to detect issues early in development. This reduces the likelihood of memory leaks being discovered
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only during the application's production stage. Automation of testing, using tools like Jest, Mocha,
and Cypress, can include creating tests that monitor memory usage and alert to deviations during
test execution. In addition to these tools, performance testing libraries such as jest-memory-leak can
run automatic memory leak checks during the testing process. These tests can be configured to
monitor memory allocation with each code update, helping prevent situations where a memory leak
goes unnoticed until the application is deployed.

State management libraries and tools

State management libraries like Redux, Vuex, and MobX are widely used in SPAs for
centralized data storage. However, if state is not managed properly, data can accumulate in memory,
causing leaks. It is important to integrate tools like Redux DevTools or Vue DevTools to track state
changes and identify potential leaks.

Redux DevTools, for instance, allows developers to monitor all state changes in the
application and shows which objects have been stored in memory. Vue DevTools similarly lets
developers observe component states and dynamically changing data. These tools help identify
leaks related to unnecessary references to data and allow developers to fix application behavior
before deployment. One way to minimize memory leaks caused by asynchronous operations is by
using «cancellation callbacksy». These functions enable the cancellation or completion of operations
related to network requests or timers once a component has been destroyed. This is crucial for
preventing the accumulation of asynchronous operations that remain active even after the state
changes. Integrating such methods into automated tests provides further assurance that the
application will not have unused asynchronous processes lingering in memory, thus improving
performance and reducing the likelihood of leaks in the production version.

Conclusion

Memory leaks in SPA applications present a significant and frequent issue that requires
careful attention to design, development, and testing. SPA architectural features, such as dynamic
content updates and the heavy use of asynchronous operations, increase the likelihood of memory
leaks. However, with the right memory management methods, monitoring, and automated testing,
these issues can be effectively prevented.

Key preventive measures include using modern monitoring tools like Chrome DevTools and
integrating memory testing into the CI/CD process, which helps identify leaks early in
development. Additionally, it is crucial to manage component states correctly, use weak references,
and terminate asynchronous operations when they are no longer needed.

Substantial attention should be paid to training the development team and employing code
review practices to minimize the chance of memory leaks. Continuous monitoring and the use of
memory testing tools should become an integral part of the workflow, ensuring the long-term
stability and performance of SPA applications.
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Annomayusa. PaccmarpuBaloTCs KpUTHYECKHE IpOOJIeMBbl, CBA3aHHbIE C oOOecledeHuemM
6e3onacHocTH U HazaexHocTu cucteM (MH), 0ocOGEHHO B TakMX BAXKHBIX HPUIOKEHUSX, KaK
aBTOHOMHBIE TPAHCIOPTHBIE CPE/ICTBA, 3/1pAaBOOXpPAHEHUE U (PMHAHCOBBIE TEXHOJOTHMH. OCHOBHAas
[eNb — BBIIBUTH YA3BUMOCTH B anroputmax MU u mpennoxuts >PQeKTHBHBIE CTpaTeruu
cmsiryeHusi. Ocoboe BHUMAaHHE YIENSIETCs COBPEMEHHBIM Yrpo3aM, BKIIIOYAsi COCTS3aTeIbHbIE
araky, aJrOPUTMHUYECKYIO HENpPO3PayHOCTb, YTEUKHM JAHHBIX U O3TUYECKHE IOCIEICTBHS
pasBeprbiBanust M. Cocts3arenbHble aTaky, Py KOTOPBIX HE3HAUYUTEIIbHBIE BOBMYILIEHUS BXOJAHbBIX
JAHHBIX BBI3BIBAIOT CYILIECTBEHHbIE OUIMOKHU KJIacCU(PUKAIMH, MPEACTABISIOT 3HAYUTEIbHBIA PUCK
s HanesxxkHoctu M. Takue MeTozibl, Kak HajlexHOe 00ydeHue, BKIIIOYAIoIIee MOIeIN 00yUeHHs Ha
COCTSI3aTebHBIX IpUMeEpax, Mokazaidu 3(P(EeKTUBHOCTh B IMOBBILIEHUU YCTOMYMBOCTH, XOTA M C
OoJiee BHICOKUMH BBIYHCIIUTEIBLHBIME TpeOoBaHusMU. PaccmarpuBatotes uacTpymentsl MU (XAL),
takne kak LIME u SHAP, xoTopple MOBBIIIAIOT TPO3PAaYHOCTb, MPOSICHSISI MPOLECCHl MPUHSTHS
peuieHu CIOXKHBIX Monened. IIpo3padyHOCTs KM3HEHHO BaKHA JUISl YKPEIUICHUs JIOBEpUS
noJb30BaTeneil, 0COOEHHO B TaKMX 00IaCTIX, KaK MEIUMIIMHA U (PUHAHCHI, I7Ie TOHUMaHUE PelIeHui
NN umeer Baxknoe 3HaueHue. [lomxompr XAl obecrieunBarOT JTydluii Hag30p M COONIOJCHHE
THYECKUX craniapToB. [IpoOneMbl KOH(DUIEHIINAIBHOCTH JAHHBIX PEIIAIOTCS C TOMOIIBIO TaKUX
METOZIOB, Kak JuddepeHnnanbHas KOHPUISHINAIbHOCTb, KOTOpas 3allUIIaeT KOH(QUICHIMATIBbHYIO
uHpOpMalLMI0 TyTeM Jo0aBieHUs IIymMa, U ¢enepaTuBHOE OOydeHHe, KOTOpOe IO3BOJISIET
MPOBOAMTH JACLEHTPAIU30BaHHOE OOyueHHe Mojenu 0e3 pacKpbITUs HeoOpaOOTaHHBIX JaHHBIX.
Pe3ynpraTel MOKa3bIBAlOT, YTO OSTH CTPATerMd 3allMIIAIOT JaHHbIe, COXpaHsisd MpH STOM
¢ dexkTuBHOCTE Moaenu. MHTerpupys HaJeXHOCTb U OOBSICHUMOCTh, 3TO MCCIEI0BAaHUE BHOCHUT
IIPaKTHYECKHE peleHus Uil ykperiaeHus cucteM MM npoTus pa3zBuBaromuxcs yrpo3, MOBBIILIEHUS
6e3onacHocty UM u ykperieHus A10Bepust K ’TUM TEXHOIOTUSM.

Abstract. This study investigates the critical challenges associated with ensuring the security
and robustness of artificial intelligence (Al) systems, especially within high-stakes applications
such as autonomous vehicles, healthcare, and financial technologies. The primary objective is to
identify vulnerabilities in Al algorithms and propose effective mitigation strategies. The research
emphasizes contemporary threats, including adversarial attacks, algorithmic opacity, data breaches,
and the ethical ramifications of Al deployment. A review of current literature reveals that
adversarial attacks, where subtle input perturbations cause significant misclassifications, present a
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considerable risk to Al reliability. Techniques such as robust training, involving training models on
adversarial examples, have shown effectiveness in improving resilience, albeit with higher
computational demands. The study also explores the importance of explainable Al (XAl) tools like
LIME and SHAP, which enhance transparency by clarifying the decision-making processes of
complex models. This transparency is vital for fostering user trust, especially in fields like medicine
and finance, where understanding Al decisions is essential. XAl approaches enable better oversight
and adherence to ethical standards. Data privacy concerns are addressed through methods such as
differential privacy, which protects sensitive information by adding noise, and federated learning,
which enables decentralized model training without exposing raw data. The findings indicate that
these strategies secure data while maintaining model efficacy. By integrating robustness and
explainability, this study contributes practical solutions to strengthen Al systems against evolving
threats, advancing Al security and fostering trust in these technologies.

Knrouesvle cnosa: 6€30macHOCTh HCKYCCTBEHHOTO MHTEIUIEKTa, HagekHOCTh MU, saTHdeckue
CTaHJapTHI.

Keywords: artificial intelligence safety, Al reliability, ethical standards.

C pasButueM wuckycctBeHHoro wuHtTemekra (M) Bompocsl ero 6Oe3omacHOCTH U
YCTOMYMBOCTH CTAaHOBATCS BCE Oosee akTyanbHbIMU. CoBpeMeHHble M-cucTeMbl nenonb3yroTcs B
IIMPOKOM CIIEKTpEe OTpaciieil, OJHAKO HX YA3BUMOCTh K pa3jiMYHbIM arakaM, TakuM Kak
COCTSI3aTelIbHbIC aTaKH, yTeUKa JaHHBIX U HENPO3payHOCTh AJTOPUTMOB, BBI3bIBAECT 3HAYUTEIbHBIE
onaceHus. MccnenoBanue HalpapieHO Ha aHAJIN3 CYLIECTBYIOIIMX METONOB 3amuTel M -cucrem,
nux 3(1)(1)€KTI/IBHOCTI/I, a TaK)Xe BO3MOKHOCTCH ITOBBIIICHUS MMpO3pav4YHOCT MU JOBEPHA K TAKHUM
cHCTEMaM.

Mamepuan u memoouxa

B pamkax o03opa nuTeparypbl pacCMOTPHUM KIIIOUEBBIE HMCCIIEIOBAaHUS, HallpaBlIEHHbIE Ha
pelieHre BOmpocoB 0e30macHOCTH U ycToiuuBocT M.

Cocmsaszamenvuvie amaxu u  ycmouuusocmv MM, B HcciaenoBaHuM — BIEPBBIE
MIPOAEMOHCTPUPOBAIIM, KaKk HEOONbIINE HCKAKEHUS BXOJHBIX JAHHBIX MOI'YT CYHIECTBEHHO
HapymuTh padoty MM-cucrem, coznaBas cocTs3arelbHblE NPUMEPHI, KOTOPbIE CIIOCOOHBI BBECTHU
Mozens B 3abmyxaenue [1]. Mx uccienoBaHue mMokasajo, YTO TakUe aTakd MOTYT NMPHUBECTH K
3HAUUTENbHBIM CcOOSIM B aBTOHOMHBIX CHUCTEMax, 4YTO JeJaeT 3Ty Yrpo3y KpaiiHe omacHOil B
KPUTHUYECKHU Ba)KHBIX MPUIJIOKEHUSIX, TAKUX KaK MEIUIIMHA WA aBTOHOMHBIN TPaHCIOPT.

Taxke mNpennoXuwiu METOJUKY YCTOWYMBOIO OOY4EeHHs HAa OCHOBE IPOTHUBOCTOSIINX
IIPUMEPOB, KOTOpast OKa3aja BbICOKYIO 3(p(EeKTUBHOCTH B MOBBIIIEHUN YCTOWYMBOCTH HEHPOHHBIX
cerell K TakuM atakam [2]. Meron 3akitouancs B 0Oy4yeHMM MOJeNel Ha CIEeUaIbHO CO3AaHHBIX
aTaKkyloIluX IpUMepax, YTO MO3BOJMIIO MOJENSAM aJalTUPOBAThCS U CHUXKATH PUCK OLIMOOK IMpH
peanpHBIX aTaKax.

IIpo3paunocmov u odowsacuumocmos UH. B 2016 rony ObIITH TIPETIOKEHBI METOBI OOBSICHUMOTO
NN (XAl), Takue kak LIME u SHAP, xoTopble MO3BOJIAIOT IOJIb30BATENSAM MOHUMATh JIOTUKY
npussaTys pemennii U-mopensamu [3].

DT MeToAbl MPEAOCTABISIOT WHTEPIPETUPYEeMble OOBSICHEHMS CIIOXKHBIX MOJENeH, 4To
KpaiiHe BakHO Juisi npuMeHeHUss W B kputnyeckux oOnacTsx, TaKMX KakK 3paBOOXpPAaHEHHE U
¢uHaHCOBBI cekTop. Takke B HCCIEAOBAaHMM MPOJEMOHCTPUPOBAIN METOABl BHU3YyaJIU3alUU
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BHYTpPEHHEH paboThl CBEPTOUHBIX HEUPOHHBIX ceTeil (CNN), 4To mO3BOIMIIO JTyUIlle TOHUMATh, KakK
TaKWe MOJEIU MIPUHUMAIOT PEIICHUS HA Pa3HbIX YPOBHIX UEPAPXUH MPU3HAKOB [4].

Konghuoenyuanonocmo Oannvix u 3awuma om ymeuexk. OTHUM M3 KIIOUEBBIX ACIEKTOB
6e3omacHoctu MU siBisieTcst 3almMTa JaHHBIX, HCIIOIB3YEMBIX 1 00yueHus monenei. B 2016 rony
ObUTa mpeanoxkeHa KoHUenmus auddepeHuanbHON TPUBATHOCTU, KOTOPass MUHUMHU3UPYET PUCK
YTEUKH KOHPHUACHIIMATHHON HHPOPMAITUU 32 CYET TO0ABICHUS CIIy4aifHOTO IIyMa K JaHHBIM [5].

DTOT momxox oOecledyrBaeT 3allUTy JAaHHBIX 0€3 3HAYUTENLHOTO YXYIIICHUS KadecTBa
Mmozenei. Meron deneparuBHoro oOydeHus, mpemiokeHHbd B 2017 romy, mMo3BOJIIET MOJACISAM
oOyyarbcs Ha pacrpeneiEHHBIX JaHHBIX 0e3 HeoOXOAMMOCTH MepeaaBarb UX Ha IEHTpaIbHbIE
CEpBEpBl, UTO CHIDKAET PHUCK YTEUEK JAHHBIX M TMOBBIIIACT YPOBEHb KOH(HIAECHIMATHHOCTH,
MMOCKOJIbKY JJaHHBIE OCTAIOTCSl HA CTOPOHE KJIMEeHTa [6].

Taxoke ObUIO BBISBICHO, YTO MOJICIH MOJBEP>KEHBI aTakaM Ha YICHCTBO, KOTOPBIC MTO3BOJISIOT
3JIOYMBIIIJICHHUKAM OIpEAeTuTh, Oblla JIM KOHKPETHas 3alKcCh HCIOJIb30BaHA MpU OOy4YeHUU
MOJIENU. DTO MOJYEPKHUBAET HEOOXOAMMOCTb pa3pabOTKU JOMOJIHUTENBHBIX METOOB 3allUThI
JTAHHBIX, UCIIOJIL3YEMBIX JUTs 00ydeHus [7].

Pezynomameut

Mopnenu r1yOokoro oOyuyeHMs MOKa3aJld YS3BUMOCTb K COCTA3aTENIbHBIM arakam, IJe Jaxe
HEOONIbIIINEe HWCKAKEHUS JaHHBIX MOTYT TPHUBOAWTH K HENPAaBUIBHBIM TPEACKA3aHUSAM. ITO
OTKPBITHE TIPOJEMOHCTPUPOBAIO HEOOXOJUMOCTh Pa3pabOTKH Oosiee yCTOWYHMBBIX METOJOB
oOyuenust [1]. YcroiiunmBoe oOydeHHE Ha OCHOBE AaTaKyIOLIMX JAHHBIX 3HAUUTENIBHO CHUXKAET
3pPEeKTUBHOCTh COCTS3aTeNbHbIX arak. OpHako JaHHbI Meron TpeOyeT 3HAYMTENbHBIX
BBIUYHCIIUTENBHBIX PECYPCOB, UYTO MOXKET CTaTh MPEMSTCTBUEM ISl €T0 IMIMPOKOTro MpUMEHEHUS [2].

Mertonsl o0bsicaumoro WM 3HAUMTENBHO YIYYIIWIIA TOHMMAaHHE TOTO, KaK MOJIENN
IIPUHUMAIOT pelIeHUsl, 0COOEHHO B CIOXKHBIX CHUCTEMaX, TAaKUX KaK MEIUIMHCKHE MPHIIOKEHUS U
(uHAHCOBBIE AITOPUTMBL. DTO MOBBICHJIO J0Bepue moib3oBarenedl k MM-cuctemam u nano
BO3MOKHOCTH JIydIlleé KOHTpOJIMpoBaTh ux padory [3]. Taxxke ObUIO MPOIEMOHCTPUPOBAHO, Kak
BU3yaJIM3allisl BHYTPEHHUX CJIOEB HEHPOHHBIX CETed MOXKET MOMOYb B NOHMMAaHUU MEXaHU3MOB
npuHATUs pemenuit MW, uro nemaer takue Monenu Oosee MpO3payHbIMU U MHTEPIPETHPYEMBIMU
[4].

Metonsl muddepeHunanbHOl NpuBaTHOCTU 3()(HEKTUBHO 3alllMIIAlOT KOH(UIEHIIMaIbHbIE
JaHHbIE, HE CHWXKAas IpU ITOM KauecTBO paboTbl mozened. OnHako WX BHEApPEHHE Tpedyer
TIIATeNBHOTO OajaHca MeXIy A00aBJIeHHEM IlyMa M COXpPaHEHHMEeM TOYHOCTH Mozenu [5].
deneparuBHOE 00yyeHHE pelIaeT npodieMy nepeaadd JaHHbIX, MO3BOJISAS MOAEISM 00ydyaTbes Ha
CTOpPOHE KJIMEHTA, YTO 3HAYUTEITLHO CHUKAET PUCK yTeueK [6].

Taxke ObUTH BBISBICHBI YA3BUMOCTH MOJENIel K arakaMm Ha YJIEHCTBO, YTO MOAYEPKUBAET
BO)XHOCTb 3aIUThl JAHHBIX, UCIOJB30BaHHBIX JUIsI OOyueHHs. DTO OTKPBITHE OTKPHUIO HOBBIE
HalpaBJICHUs B 3alllUTE JAHHBIX, BKJIIOYAs yIydlIeHHe 0e30MacHOCTH MOJIEeN U CHIYKEHHE PHCKOB
yTeuexk [7].

UccnenoBanus mnokaseiBatoT, 4ro HMU-cuctemsl ysa3BUMBI K psAy yrpo3, BKIrOYas
cocTsA3areibHble aTakh, YTeUKy IaHHBIX W HEMpo3padyHOCTh anroputMmoB. OnHako pa3paboTka
METOJIOB YCTOMUMBOro OOydeHHs, TAaKUX KaK IMPOTHBOCTOSIINE MpUMEphl, U 00bsicHUMbIX M-
MHCTPYMEHTOB MO3BOJISICT 3HAYUTENBHO YIYUIIUTh Oe30macHoCTh 1 Joepue k .

Buwioowi:

1. MeToapl ycTOHYMBOTO 00yUeHUs ToKa3aiu CBOIO A((EKTUBHOCTh MPOTUB COCTA3ATENbHBIX
arax [2].
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2. Unctpymentsl obwbsicaumoro MU crocobcTByroT ymydmeHuro mpo3padHocta U, yto
0COOEHHO BaKHO JIJIs1 KPUTUYECKH BXKHBIX CHCTEM [3].

3. MeTtoapl 3alIUThl TaHHBIX, Takue Kak JudQepeHnnanbaas MpUBaTHOCTh U (enepaTHBHOS
00yueHHe, CHIDKAIOT PUCKH YTEUeK JaHHBIX [5, 6].

Tem He MeHee, OCTAlOTCS BOMPOCHI, CBSI3AHHBIE C BHEIPEHHEM 3THX METOJOB B pEalbHBIX
CUCTeMax, 4yTo TpeOyeT AaNbHEHIINX UCCIeA0BaHNN U TECTUPOBAHHUS.
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PERFORMANCE ASSESSMENT OF IPV4 AND IPV6 ROUTING PROTOCOLS
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Annomayusn. IPv6 cuutaercs HamOoJjiee TEPCIEKTUBHBIM IPOTOKOJIOM ISl CIIOKHBIX H
pacnpeneneHHbIX CeTeBbIX NpriokeHnid B anoxy [oT. OnHako ero BHeApEeHHE B IPOMBIIIIEHHOCTD,
OCOOCHHO B HHTEJUICKTYyaJbHOEC IPOM3BOJICTBO, PA3BHBAIOCH MEIJICHHEE, YeM OXKHUIAJIOCH.
Hecmotrpss Ha 1O, uro mpeumymiectBa IPv6 mns mpomsbinuienHoro [oT —TexHOMOTHN HIMPOKO
MIPU3HAHBI, €r0 HUCIIOJIb30BAaHUE HA IPAKTUKE CONPSIKEHO C OMNPENCICHHBIMM TPYIHOCTAMH. B
JTAHHOW CcTaThe MPOBOJIUTCS KaueCcTBeHHas oleHka [Pv6 u 3amensl IPv4 Ha IPv6.

Abstract. IPv6 is considered the most promising protocol for complex and distributed network
applications in the 10T. However, its adoption in industry, especially in smart manufacturing, has
been slower than expected. Although the benefits of IPv6 for industrial 10T technologies are widely
recognized, its use in practice is associated with certain difficulties. This paper provides a
qualitative assessment of IPv6 and the replacement of IPv4 with IPVv6.

Knroueswvie cnosa: nporokon, IPv4, IPv6, mapmpyTtusanus, ceTu, pa3Mep Makera.
Keywords: protocol, IPv4, IPv6, routing, networks, package size.

Wntepuer-nporokon (IP) sBisercs oqHuM U3 BaxHbIX npoTokoioB B TCP/IP. DtoT mpotokosn
UACHTU(QHUIMPYET XOCTHI U HaMpaBIseT NaHHbIe MeXTy HUMH 4yepe3 MuTtepHeT. [lepBoe mokoneHue
IP-anpecoB, koTopoe MUPOKO ucmonb3yercs, — 310 [Pv4. D10 monroe BpeMs MOAAEP>KUBAIO POCT
Nutepuera. OH ObuT 3amylleH B JOBEPEHHOM 3aKpbITOM cpeae. Takum oOpazom, eMmy He TpedyeTcs
KakoH-InO0 MexaHu3M Oe30macHOCTH sl obOecneyeHHss O€30MacHOCTH XOCTOB M CETEBBIX
anemeHToB. [Ipeamnonaraercs, uro [IPv4 Oyner mocnenneit croiikoit ¢ agpecamu (4000 MUIIIHOHOB).
[lonumasi, yTo B HamM JHU MOOWIbHBIE Tele(OHBI, HACTOJIHHBIE KOMITBIOTEPHI U OTPOMHOE
KOJIMYECTBO JIPYTUX HWHTEPHET-yCTPOMCTB, NOAKIIOUEHHbIX K WMHTepHery. Onnako OwicTpoe
pacmupenue [P-ampecoB mnpuBoguT k HexBatke I[Pv4-ampecoB. B MoMeHT ero Hawama ObLI
npenoctaBieH [Pv4, KOTOpbIi HUKOTZIa HE YYHUTHIBAI O€30MacHOCTb, MPOCTOTY HACTPONKH,
yBenu4eHue KoiaundecTBa [P-aapecoB u kauecTBO 00CTy)KUBaHHUS.

Cnenytomee nokonenue [P-aapecos, monyyuBiee MHUPOKOE pacrpocTpaHeHue — 3to [Pvo.
IPv6 Obln pa3paboraH Juisl pelieHHs] MpoOjIeM HEXBaTKU aJpecallid U OCHOBHOTO OTpaHHYEHUS
IPv4. Mapmpyrusanus O4YeHb TpeOoBaTellbHA K CIOXKHBIM U PACIpEelICHHBIM CETEeBBIM
TEXHOJIOTHSIM.
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Memoowvl u mamepuanvl

Paznuuusg mexny IPv6 u IPv4 mposiBAsitOTCS B MSATHM KIIOYEBBIX acleKTax: ajpecauus u
MapupyTu3amnus, 6e30macHOCTb, TPeoOpa3oBaHUE CETEBBIX aAPECOB, A[IMUHUCTPATUBHAS HATrpy3Ka
U TOJJIepKKa MOOWIBHBIX yCTpoucTB. [Pv6 Takke mpeiaract IMaBHYH (QYHKIHIO: HAOOp
BO3MOXKHBIX TUIaHOB Mmurpainuu u nepexona ¢ IPv4[1]. IPv4 — »sT10 yeTBepras Bepcus Internet
Protocol (IP), craBmias mepBoi MMPOKO pacpOCTPaHEHHOW BEpCcHeEil AToro mpoTokosna. Bmecre ¢
[Pv6 oH ne)XUT HAa OCHOBE CTAaHJAPTHBIX METOJ0B MEXCETEBOI0 B3auMoieicTBuUs B IHTEpHETE.

[Pv4 nponoimkaet ocTaBaThCsi CaMbIM PAcpOCTPAHEHHBIM MTPOTOKOJIOM Ha MHTEpHET ypoBHe,
HCIIONB3Yys 32-OMTHYIO aJipecanuio u noaaepxkuBas 10 4 294 967 296 ynukanpHbIX anpecoB. IPvo,
unu Internet Protocol Bepcum 6, Taxke mzBectHb kKak [Png (IP HOBoro mokoneHus) — 3T0 Bropas
BEpCHsI MHTEPHET-IIPOTOKOJIA, KOTOpask OOBIYHO HCIONB3yeTCs B BUpPTyalbHOM Mupe. IPng Obun
pa3paboTaH Ajsi TOro, YTOObI ClleNaTh 3BOJIIOLMOHHBIN mar no cpaBHeHuio ¢ IPv4. Bee dynkumn
paborasmme B IPv4 coxpanunuce u B IPng.

Pezynemamol u 0ocyscoenue

WuTepHer mposBisieTcss 4epe3  INepenady  JaHHbIX ~ MEXJIy  XOCTaMH, KOTOpbIe
MapLIPYTU3UPYIOTCS MO CETAM B COOTBETCTBUHU € IIPOTOKOJIAMU MapuIpyTH3anuu. /st 5TuX 1aHHBIX
Tpelyercs cuctema aapecanuu, takas kak [IPv4 unu IPv6, ans onpenenenus ajpec HCTOYHUKA U UX
HazHaueHHus. Ka1oMy XOCTy, KOMIIBIOTEPY WIIH IpYroMy ycTpoicTBy B MHTepHEeTe HeoOxomum IP-
aapec s CBA3U.

Pa3Butue TeXHONIOIUi BbI3BAJIO HEOOXOIUMOCTh B 0OJIbILIEM KOJIMYECTBE aJPECOB, YEM MOIJIO
Ob1 ObITH Ipu ucnoib3oBaHuu IPv4. IPv6 mpencrasnsier co0oil makeT ceTeBOW MapLIpyTHU3aLUU
MHTEPHET-IIPOTOKOJIA YPOBHS U 00€CIeurBaeT CKBO3HYIO Mepeaady AelTarpaMM 4yepe3 paziudHble
IP-cetu. IPv4 ucnons3yer 32-6uTHbIE ajipeca, yTo odecrneunBaeT 232 BO3MOXKHBIX a/ipecos, a [Pvo
ucnonszyer 128-OuTHble ajpeca, YTO MO3BOJSET CO3/[aTh MPOCTPAHCTBO aapecoB ¢ 27128
(mpumepno 3,4x10738) kauecTBEHHBIMHM ajpecaMu. Takoe yBeJIHMUYEHHE KOJIMYECTBa aJpEecoB
MO3BOJISIET TMOJKIIIOYATh OOJbIIEe KOJUYECTBO YCTPOWCTB M TOJH30BATECH, a TaKKe IMOBBIIIACT
rMOKOCTh pacmlpeesieHHbIX aapecoB U 3¢ dexktuBHOCT, Mapuipytuzanuu. Kpome toro, IPvo
UCMOJIb3YeT HEOOXOAUMOCTh B TpaHCIALUU ceTeBbIX afapecoB (NAT), kotopas craja MOMyJIspHON
11 pereHus npoGiem ucuepnanus [Pv4-aapecos [2].

[Pv6 mpenocraBnsieT WHTEpPHET-NIPOBaliepaM BO3MOXKHOCTb IIpejjiararb yHHKalbHble [P-
aapeca KaXXIOMY IIOJb30BaTeNII0 YCTPOMCTBA, HE3aBUCUMO OT TOIO, HAaxOOUTCA OHO 3a
OpaHIMay3poM WIM HET. DTO TaKKe YCTPaHSET OCHOBHYIO MNMOTPEOHOCTh B CETEBOM ajipece
tpancmsiuug (NAT), koropass moiyuuia HIMPOKOE PAacHpOCTpAaHEHHWE B IOIMBITKE YMEHBUIMTH
ucyepranue aapecon [Pv4 [3].

NAT (mpeoOpa3oBaHHE CETEBBIX aJPECOB) CTAJI0 OUYEHb PACHPOCTPAHCHHBIM METOJOM
pewenust npodnemsl HexBaTku IP-aapecos. K coxanennto, NAT He odeHb Xopolo paboTaer s
MHOTHUX HHTEPHET-IIPUIIOKEHUM, HadyMHas OT CTapblX HaaexHbIX, Takux kak NFS um DNS, un
3aKaH4YMBas HOBBIMM MPUJIOKEHUSMH, TAKUMH KaK IPYNIOBbIe KOH(pepeHuu [4].

OnHolt W3 1enel paclUpeHus agpecHoro mnpocTpaHcTBa I[Pv6 saBmsieTca ycTpaHeHHe
HeooxoaumocT B NAT, uro obecneunBaeT OOIIyIO CBsI3b, HAJEKHOCTh M THOKOCTH ceTu. IPvo
obecreynBaeT MPO3PaYHOCTh M CKBO3HYIO Nepenady Tpaduka yepe3 MHrtepHeT. BTopas BaxHas
uenb [Pv6-cokpamienue BpeMeHH, HEOOXOMUMOTO JJisi HACTPOWKH M yIpaBieHHs ceThio. [Pvo
MOJJEPKUBACT aBTOMAaTHUECKYI0 TEXHOJIOTHIO «0€3 COCTOSHUS», IMpU KOTOPOH yCTPOMCTBO
CaMOCTOSITENILHO ToJydaeT yHUKanbHbIA [P-anpec, ucnonb3ys cBoit MAC-aapec ¢ npedukcom,
IIPEIOCTABIIAEMBIN CETEBBIM MapuipyTuzaropoM. Eime onHoil BaxHOW nensto [Pv6 saBmsercs
noaaepxkka VPN.
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[Tporokomner 6e3omacHocT IPSec, ESP u AH, kotopsie siBisitorcs mononmHenusmu Kk [Pv4. B
[Pv6 mpoTokosbl 6€30MacHOCTH TO3BOJISAT CO3/1aBaTh W pa3BOpauynMBaTh OE30TMACHBIC CETH B MHPE
[Pv6. IPv6 yxe n0cTaTo4HO pa3BUT JUIS UCHOJIb30BAHMS B KOPIIOPATUBHBIX 1 KOMMEPUYECKUX CETSIX,
4r0 oOecreumBaeT MOMJEPXKKY KIIOUeH M TEeXHOJNOrud mo Bcemy Mupy. Ilpusnakamu
HeoOxonumocTu BHepeHus IPv6 MoryT nociyxuts cieayrouee:

1. 3akaHuuBaeTcs aApeCcHOE IPOCTPAHCTBO

2. TpeOyeTcst HOATOTOBKA CETEBBIX MPUIIOKEHUH I pacMpeHHbIX GyHKIusAX [Pv6

3. Tpebyercst ckBO3Hasi 0€30MACHOCTH I OOJIBIIOrO KOJMYECTBA MOJIb30BaTENIeH, a TeKyIlee
aJipeCHOE MPOCTPAHCTBO HE MOXKET €€ 00ecIeunTh, JUOO0 BO3HUKHET TPYIHOCTU C peaju3aluen
NAT.

Jlns ynpouieHust pazpabotan HaOop npuHIMIOB, u3BecTHBI kak SIT (simple internet
transition), koTopeiii BKJIFOYAET B ceOsl IPOTOKOJIBI U MIPABUIIA YIIPABICHHS IS IUTABHOTO TIEPEeXo/a.
OcHoBHbIMU xapakTepuctukamu SIT sBisitoTCS:

1. Bo3MOXHOCTh IOCTENIEHHOT'O MEepexo/ia: 0OHOBIEHHE XOCTOB M MaplIpyTH3aTopoB a0 [PV6
MOXET IPOUCXOIUTH MOITAITHO, 0€3 HEOOXOMMOCTH ITOCTOSTHHOTO OOHOBIICHHS JIPYTHX YCTPOMCTB.

2. MunuManbpHble TpeOOBaHUS K OOHOBIICHHWIO: JJIsi OOHOBIICHHSI XOCTOB TpeOyeTcs JIHIIb
DNS-cepsep, nomaepxxuBatomuii agpec IPv6 st ynpasiaenus. [ mapuipyTu3aropoB He
TpebyeTcs HUKaKuX TPeOOBaHMIA.

3. IIpocToTa agpecaryiv: MapmpyTU3aTOp WM XOCT MOTYT OOHOBiATCS 1m0 IPv6, mpu 3Tom
MO’KHO MPOJOJKUTH UCIIOIb30BaHue ajpeca [Pv4.

Mexanusmsl, ucnionb3dyemsie SIT, Bkitouarot cienyromee [S]:

1. Crpykrypa anpecos IPv6, no3Bonsromas nonyuuts [Pv6-anpeca na ocnose [Pv4-anpecos.

2. WCHIONB30BaHMUS JBOMHOTO CTEKAa Ha XOCTaX M MaplIpyTHU3aToOpax, INPH KOTOPBIX
ucnonb3ytorcs kak [Pv4, tak u IPv6 oqHOBpeMeHHO.

3. Meron wunkancymsuuu [Pv6-makeroB BHyTpu I[Pv4-makeTsl, MO3BONSAIOMIME S UX
Iepejlady uepes3 ceTh He nopaepkusaromue [Pvo.

4. Meton nipeoOpa3oBanus 3arojaoBkoB IPv6 B 3aronoBku IPv4 u obparHo, 4yToOBI Ha Gosee
MO3/IHUX ATanax MOJKJIOYEeHUs y370B ¢ [Pv4 MOXXHO OBLIO MOAKIIIOYUTHCSA K y371aM JOCTYITHBIMHU
TONBKO 11 IPv6.

ITogxox SIT oGecneunBaer coBMecTuMocTh XocToB IPv6 ¢ xoctamu IPv4 Ha coBpemeHHOM
sranie pa3Butus. [lo 3aBepuieHMM mepexoga 3TO COOTBETCTBUE OyleT oOecrneuuBarbcs Ha
JIOKaJIbHOM YypOBHE emi€ J0Jiroe Bpems. OTO IMO3BOJIIET COXpaHUTh HUHBeCTHUIMH B [Pv4-
obopynosanue. [IpocTeie ycTpoiicTBa, He nojaepkuBatomue [Pv6, Takue kak cereBble IPUHTEPHI U
TepMUHAJIbHBIE CepBephl, OyayT mpojokarb paborate ¢ IPv4, moka oHu ocraroTcs
BocTpeOoBaHHBIMU. [locTeneHHbIN Mepexo]] MO3BOJSET MPOU3BOAUTENSAM HHTErpupoBars [Pvo B
obopynoBanue u nporpamMmmHoe obOecriedeHue. Korma oHu OyayT TOTOBBI, MOJIB30BATEIM CMOTYT
HayaTh MUTPALIMIO B yT0OHOE 11 HUX BpeMs [5].

[Iponiecc MapupyTH3aiy CTaHOBUTCA Ooiee ciokHOU B ceTsax [Pv4 u IPv6. ITockonbky 311
JBa TPOTOKOJIA HECOBMECTHUMBI, ANl 00eux ceTeid TpeOyroTcs pas3Hble HAOOpbl MPOTOKOIOB
Mapupytusauuu. Hanpumep: mist cereir [Pv4, RIPS, OSPFv26, BGP 7 u 1. n., a mis cereit
IPv6RIPng8, OSPFv39, BGP+10u T. x.

OnHuM 13 (akTOPOB YXYAIIAIOMIUX TPOU3BOIUTEIBLHOCTh CETH SBIsiETCS pa3Mep naketa. Ilo
Mepe yBeIHUEHHsI pa3Mepa IMaKkeTa MpOoIyCKHasi ClIOCOOHOCTh CETH YMEHbBIIAETCs, TOCKOIBKY MOCIe
NepeceyeHus] BBIJCIIEHHOTO pa3Mepa MakeTa OHa BBLACTUT BJIBOE TpeOyeMblil pazMep makera U
3allOJIHAT MYCOpP B HEpACHpe/lelIeHHOM IPOCTPAHCTBE I[AKeTOB, TEM CaMbIM yMEHbIIas
MIPOMYCKHYIO CIIOCOOHOCTb.
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[Ipon3BoAUTENBHOCTD 3THX MPOTOKOJIOB B ceTsix [Pv4 u IPv6 TecTupyercst Ha OCHOBE pazMepa
nakera. MojenupoBaHue MPOBOIUIIOCH Ha OecripoBOmHBIX ceTsax co 100 yzmamu. AHamu3upyercs
UX BIIMSIHUE HA CETb.

IP sBisiercst HarboJiee MIUPOKO MCTIONB3YyEMBIM MPOTOKOJIOM, UCIONB3yeMbIM B MHTEepHETE. C
MOSIBJIEHUEM HHTEpPHET BELIEH, YCTPOWCTB M INPUIOKEHUH crpoc Ha [P 3HaumTenbHO BO3poC 3a
MOCJIeTHUE HECKOJIbKO necatuieruil. [IPv4 mpexacrasnser coboi 32-OMTHYIO cxeMy aapecaii U
OTCIOJIa MOXKET aJpecoBarhb 110 232 ycTpoicTB (4,3 MuILTHapaa apecon).

B nauane 90-x rogoB ObIJIO OTMEUEHO, YTO OYEHb CKOpOo IP mpoToKoiBI OynyT McUepraHsl U
BO3HUKHET HEOOXOAMMOCTh B HOBOM cxeme aapecanuu. s Toro 4toObl yIOBIETBOPUTH CIIPOC Ha
IP mporokon mosiBMWIIaCh HOBas cxema ajapecanuu, nporokon IPv6. IPv6 sBnsercs wHTEpHET-
MIPOTOKOJIOM CJICNYIOIIETO TOKOJICHUss co 128-OMTHOM cxemol ajapecanmuu, T. €. OH MOXKET
anpecoBarb 2128 ycTpoiicTB, uT0 HAMHOTO OoJbIe, YeM [Pv4.

OcHoBHasg mpoOiieMa ¢ 000OMMHM TPOTOKOJAMH 3aKjatovaercss B ToM, urto IPv4 He uMmeer
oOparHoil coBMectuMocT ¢ [Pv6 m HaoOopoT. MonenupoBaHie UTrpaeT O4YeHb BAXKHYIO POJIb B
pa3paboTKe M TECTUPOBAHUH CETEBBIX MPOTOKOJIOB M MPOU3BOIUTEILHOCTH CETH.

OnHako MOJEIMPOBAHUE CIOXKHBIX CETEH MO-TPEXHEMY SBISIETCS OOpEeMEHUTENbHOMN
paOoroif, koTopas  TpeOyeT  MOIIHOW  BBIYUCIUTENbHOW  TexHMKH. i1  mpoBepku
npousBoguTenabHocTH cereil IPv4 u IPv6 Obl mpoBefeHbl MOAEIMPOBAHUS C HMCIIOJIb30BAHUEM
nakera nmporpamm. Ha PucyHke mpencraBineH pe3yinbTar MOAETUpPOBaHUs MOOWIBbHOM cetn Ha 100
y3JI0B.
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[IpoTOKOIBI C pa3HBIMH pa3MepaMu
Pucynok. MoaenupoBanust MoOmIbHOM ceTH Ha 100 y3110B

3aknoyenue

B naHHOH cTarbe MBI IIPOBEIM CPAaBHUTEIBbHBIM aHanu3 mnporokosnoB IPv4 u IPv6. Ilpu
pazpabotke IPv4 mpomomkasoch €ro HCIONb30BaHUE, OJHAKO C POCTOM 4YHCIA YCTPOMCTB,
MOJKITIOYaEMbIX K CETH, BO3HHUKIIA CIOXKHOCTh. B Xoze mccnenoBanusi ObUIM BBISIBICHBI OCHOBHBIE
Henoctatku IPv4, a Takxke OCHOBHBbIE mpeumylnecTBa [Pv6, koTopele pemiaoT 3TH MPOOJIEMBI.
OnHoOl M3 OCHOBHBIX MpoOJieM SBISETCS HEXBaTka aJpecHOr0 MpPOCTPAHCTBA, TaK Kak C
yBenudyeHuem kommdectBa yctporctB (I1K, HOyTOyKOB, cMapTdoHOB U T.11.) Bo3poc crpoc Ha IP-
aapeca. OTO co3maeT yciuoBusi wucuepnanus azapecoB IPv4 B Oymymem. Ilpotokom IPv6
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o0ecreurnBaeT 3HAYUTEIHHO OOJIbIIEe apecHOe MPOCTPAHCTBO, YBEIMYUBAET pa3Mmep ajpeca ¢ 32
our B [IPv4 no 128 our B IPv6.

Eme ogaum HenoctarkoMm IPv4 siBisiercss ero orpaHuyueHHas MOJ/EpKKa MOOMIIBHOCTU: TIPU
CMEHE MECTONOJIOKEHHsI MOOMIIBHOTO y3i1a coszfaercs cBoi [P-anpec, u TpeOyeTcst ero moBTOpHas
HacTpoiika. B otnnuue ot [IPv4, IPv6 noBsimaer nmoaaepky MOOMILHOCTH, TTO3BOJISIS YCTPOHCTBAM
MEHSATHh MECTOIOJIOXKEHUE 0e3 HeoOxoauMmocTH nepe3arpy3ku IP-aapeca. besonacnocts [Pv4-momns
(IPSec) sBnsieTcss OMONHUTEIBHOW, W OE30MACHOCTh 00ECIeYMBACTCS HEMOCPEICTBEHHO Ha
KOHEYHBIX y3JIaX, 4YTO COOTBETCTBYET ypOBHIO 3auiuThl. B none IPv6 IPSec

Ot10 none peanm3oBano ¢ nomoiibio AH, ESP u IKE. B IPv4 nactpoiika IP BeimonHsiercs
6o BpyuyHyw, Jmbo c¢ mnomombio DHCP, wo IPv6 ympocTunm HacTpoWKy C IOMOIIBIO
aBTOMAaTHYEeCKOM HacTpoiku. COracHo MpeablIyIM cooOpaskeHusIM, TpoTokout IPv6 Oyner mydmne
[0 CpaBHEHUIO ¢ MpoTokoyioM [Pv4. OH nosiBuIiICS Kak cieayroiee nokoieHue NHTepHeT-mpoToKo
U TPEIOCTABISIET HECKOJbKO (PYHKIMOHAIBHBIX BO3MOKHOCTEH [UIsl yCTpaHEHHUS OTrpaHUYeHUi
IPv4. Tlporokonsr mapmpytuzanuu maius ceteir [Pv4 m IPv6 tecTupyroTcs ¢ HCHOIb30BaHHEM
[IAKETOB PA3JIMYHBIX pa3MepoB. Pe3ynbTarbl W3MEHEHHUs 3aKJIIO4aloTCs B TOM, 4YTO IO Mepe
yBENMYEHUsST pa3Mepa mnakera obmas 3¢dexkruBHOCTE ceTn yBenuumBaercs. [Ipum HeOoIbIIOM
pa3Mepe YMAaKOBKM HMX KOJIMYECTBO Ha MCXOAHOM Y3JI€ YBEIMYMBAETCA, a MPU YBEIMYECHUU
KOJINYECTBA MPUTOKA MAKETOB, YTO TAK)KE CHUKACT aJIMUHUCTPATUBHBIE pacxoibl. Cpenu YeThlpex
MIPOTOKOJIOB HAWIYYIIYIO TPOU3BOAUTENBHOCTh TMokazan RIPng. OH uMeer MakcHMMallbHYIO
IIPOITYCKHYIO CIIOCOOHOCTh U KOA(PPUIIMEHT JOCTABKHU [MaKETOB ¢ MMHMMaJbHOU 3anepkkoil. OSPF
s ceteit [Pv4. B OymyiiieM Mbl XOTUM OLEHUTH U aHAJIU3UPOBATh IPYTUX MPOTOKOJIOB 10T.
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MOBBIIIEHUE KAYUECTBA KOMIIO3UTHBIX KEPAMUYECKHWX U3AEJUIA
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IMPROVING THE QUALITY OF COMPOSITE CERAMIC PRODUCTS
USING VARIOUS TYPES OF ACTIVATION
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Aunnomayus. IlpemmMeToM JaHHOW CcTaThbM  SBISIETCS  pa3pabOTKa  KOMITO3UIIMOHHBIX
MaTepualioB C HCIIOJIb30BAHUEM METOAOB AKTHBALIMM ChIpbs M aKTUBAlLMM BOAbl. B 3TON crarhe
OCHOBHOM yHop JeNaeTcss Ha JJIEKTPUYECKYI0 aKTHUBAI[MI0 BOJbL, HCIOJIb3yeMON Ipu
MIPUTOTOBJIEHUN KEPAMUYECKOM MacChl. DIIEKTPOXUMHUYECKAsl aKTUBALMS BOAbI OCYILIECTBIISECTCS B
ANIEKTPONIU3EpPE C AHOAHOM M KarOJHOM 30HAMU TIOCTOSHHBIM MAarHUTHBIM moneMm. Jlis
AJIEKTPOAKTUBALIMM BOABI OBUIM IPOBEAEHBI ciieAyroume padoTel. Boay momemianu B €MKOCTh C
3JIEKTpoJaMH (aHOJOM M KaToJO0M) M IOJIBEPraju BO3JEHCTBUIO AleKTpuueckoro nosd. Ha nepsom
JTare nepej akTUBalKuen u3MepsUIcs BOAOPOAHbIN noka3arens pH cpenbl Boasl. [locne 3aBepiieHus
aKTUBAIMH, 3aHOBO U3MEPSUIM BOIOPOIHBIN Mmokazarenb pH cpenpl aKTHUBHUPOBAHHOW BOJBI, 3aTEM
bunbTpoBaNM UIA  yoajeHus 00pa3oBaBIIMXCS OcaakoB. /[l momydeHuss KOMITO3HUIIMOHHBIX
MaTepualioB KCIOJNb30BAJIaCh IMMHA TYJIEHKEHCKOTO MECTOPOXKIEHUS B IOKHOM PErHOHe
Keipreizcrana. [oToBble 00pa3iibl MPOLUIM UCHIBITAHUS HA IPOYHOCTH HA CXKaTue, BOAOMOIVIOIICHNE
U MOPO30CTOMKOCTb. Pe3ynbrarsl MOKa3aiu, YTO MEXAHOAKTUBALMS IJIMHBI M JIEKTPOAKTHBALIMS
BOJIbI ITOJIOKUTEJIBHO BIIUSIIOT Ha UX IMPOYHOCTh, BOJIOMOIVIOIIEHHUE U MOPO30CTOMKOCTh. Ocaaku,
BBIICTISIIOLIUECS] B MIPOLIECCE aKTUBALMM, MO3BOJISIIOT YIAJIUTh U3 BOJBI COJENOAOOHBIE BEIECTBA.
Takum oOpa3oMm, mnpeanaraemblii crnoco0 MO3BOJSET IMOBBICUTh KayeCTBO  KOMITO3UTHBIX
KEpaMHUYECKHX MaTepHaJioB U CHU3UTH 3aTPaThl HA IPOU3BOJICTBO.

Abstract. The subject of this article is the development of composite materials using methods
of activation of raw materials and activation of water. This article focuses on the electrical
activation of water used in the preparation of ceramic mass. Electrochemical activation of water is
carried out in an electrolyzer with anode and cathode zones with a constant magnetic field. The
following works were carried out for the electroactivation of water. Water is placed in a container
with electrodes (anode and cathode) and exposed to an electric field. At the first stage, before
activation, the hydrogen index pH of the water medium was measured. After activation was
complete, the pH of the activated water was measured again and then filtered to remove any
sediment that had formed. To obtain composite materials, clay from the Tuleiken deposit in the
southern region of Kyrgyzstan was used. Grinding of raw materials in the process of mechanical
activation leads to an increase in the homogeneity and density of the product microstructure, a
decrease in energy costs, and an improvement in the quality of the finished product. The finished
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samples were tested for compressive strength, water absorption, and frost resistance. The results
showed that mechanical activation of clay and electrical activation of water have a positive effect on
their strength, water absorption, and frost resistance. The sediments released during the activation
process allow the removal of salt-like substances from water. The precipitates released during the
activation process allow the removal of salt-like substances from the water. Thus, the proposed
method allows for the improvement of the quality of composite ceramic materials and reduces
production costs.

Knrouesvie cnosa: MexaHHMdecKas AKTHUBallMH, OJCKTPpHUYCCKasA aKTHUBalWA, CYILIKa,
TEMIIEpaATypa O6)I(I/IFa, ycaaka, BpEMsI BBIACPIKKHU, IIJIACTUYHOCTD, CYITIMHOK, I'TIMHA.

Keywords: mechanical activation, electrical activation, drying, firing temperature, shrinkage,
exposure time, plasticity, loam, clay.

C 1enpl0 TOBBIIIEHUS KAa4eCTBA KOMITO3UIIMOHHBIX KEPAMHUYECKUX H3ICTUH MPUMEHSIOT
pasnuyHble BUABI akTHBauWu. Hampumep, omHuM U3 HambOoiee pacnpoCTPaHEHHBIX METOIOB
aKTUBAIlMU  SIBIIETCS MEXaHWYecKkas aKkThBauus. MeXaHHYeCKyl) aKTHBALUIO  OOBIYHO
OCYIIECTBIIAIOT ITyT€M H3MeNbueHUs. B 9TOM citydae asisi M3MeNbueHusl UCIONb3YIOT IIapOBbIE UITU
BUOpAIIMOHHBIE MENBHUIBL. M3MenbueHne NPUBOAUT K Ppa3pyIlICHUI0 BHYTPEHHEH CTPYKTYpPHI
CBIPbSI, CHHKCHHUIO SHEPro3aTpar MpU MPHUTOTOBICHUH, TOBBIIMICHHIO OJHOPOAHOCTH M IUIOTHOCTH
MUKPOCTPYKTYpBl MpOAYKTa. M3yyamach MeXaHOAKTMBALMS TMPU IJIACTHYECKOM (OPMOBAHUU
KepamMHuecKknx macc. PaccMoTpeHO BiIHMsSHHE MEXaHOAKTUBAIMU HA CHIPhE M HM3MEHEHHE (U3HKO-
TEXHUYECKHX XapaKTEPUCTUK MAaTepHUajoB W U3AEIHH, MOJYYSHHBIX B Pe3yJbTare 3TOTO IMpolecca
[1-5].

Psg  wuccnemoBareneil  paccMaTpuBalOT  TEOpETHYECKOE  OOOCHOBAHHWE  KOHILICTILIUU
WCIIONIb30BaHUS PA3IMYHBIX BUAOB (PU3MUECKOI aKTUBAIIMK BOABI C IIEJIbI0 H3MEHEHHSI €€ CBONCTB U
EJICHANPABICHHOTO BO3JCHCTBUS Ha CTPYKTYpPHBIC U KOATYJISIIIMOHHBIC CBOWCTBA KepaMukH [6, 7].
B Hacrosiiiee Bpemsi CyIIECTBYIOT pa3iIMYHbIe METONBI U TEXHOJIOTMH OYHCTKU BOJBI. I[IpoBomsTcs
paboThl MO OYUCTKE BOABI YIBTPA(PHOIETOBHIM H3ITYYCHHEM, SJIEKTPUYECKUMU U MarHUTHBIMU
Metofamu. [IpoBeneHbl HCCIeIOBaHUS MO METOAY aKTHUBAI[MM BOJBI U TOJIy4eH MaTeHT. [[aHHas
paboTa mpeaycMaTrpuBaeT OYMCTKY BOJBI ITOJT BO3IEHCTBHEM AIIEKTPUUYECKOTO T0JIs, CO3/[aBaeMOTO B
AHOJIHOM M KaTOJHOM 30HaX 3eKTposusepa [8].

B aHOomHOM M KarogHOM 30HAX HIEKTPOJU3Epa CO3JAETCSA JIOMOJHUTENIBHOE MHOCTOSHHOE
MarHuTHoe noje. Vcnomnb3yst 3TOT METOA, OHM YBEJIWYMIN 3(P(PEKTUBHOCTh U CTENEeHb aKTHUBAIMU
BoAsl. B pabGore aBTOpPOB WHCCiEAOBaHBl AHTHAKCHIAHTHBIE CBOMCTBA DIEKTPOXUMHUYECKU
aKTUBUPOBAHHBIX (hpakiil BOAbI, IOIYYEHHBIX B JUapparMeHHOM 3JeKTponusepe [9].

Chauasia 6bUTH OTIpe/IeNIeHbl CBOMCTBA UCXOAHBIX MPOO AMCTHIIIIMPOBAHHOM U MUTHEBOM BOJIBI.
ITocne 3Toro GbLIM ONpeAETIeHbl KaYECTBEHHbIE U KOJMYECTBEHHbIE CBOICTBA BOJI, MOABEPTHYTHIX
ANEKTPOXUMHUECKON aKTUBalMKM 0e3 0OaBlIEHUs] PEareHTOB, M JO0Ka3aHO, YTO KaTOJUT oOsiagaer
AHTHOKCHJIAHTHBIMH CBOMCTBAMH HE3aBHCHMO OT MUHEpAJIH3aIMN POIHUKOBOM BOABI. B pesynbrare
ANIEKTPOXUMHUUECKONH aKTHUBAIlMM C TIOMOMIIBIO TIOCTOSHHOTO TOKa, BoAa NpHOOpeTaeT psi
aHOMAJIbHBIX CBOMCTB. B XMMMuecKoil 4nMCTOI BOAE KOHIIEHTpAIMsl HOHOB BOJOPO/AA U TUIPOKCH]
HMOHOB OJIMHAKOBa, BCJIEACTBUE YEro BoJa MMeEeT HelTpaibHylo peakuuio. Ilpu pacTBOopeHun
MHOTHX COJIed B BOJE WX HWOHBI, OOpa3ylolmuecss B pe3yibTare JAUCCOIMAIUH, BCTYMAIOT BO
B3aMMO/ICHCTBHE C MOHAMHU BOJIBI, TIPU 3TOM MOXKET MPOU30MTH CBs3bIBaHUE MOHOB H+ mimu OH— ¢
MOHAMH COJI C 00pa30BaHHUEM MalIOIMCCOLUPYIOMUX coeannenuit [10].
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N3ydeHsl BOIOPOIHBIE CBA3U MEXIY MOJIEKYIaMHU BOJIBI C UCIIOJIb30BAHUEM AJIEKTPUUECKUX U
MarHuTHBIX Tosier [11]. Korma Boma mpoTrekaeT depe3 3IEKTPHUUECKOE WIM MAarHHTHOE IOJie C
MOCTOSIHHOM CKOPOCTBIO MPU ONPENEIICHHBIX YCIOBHAX, OHA CTAHOBUTCS aKTUBUPOBAHHOW BOJIOW U
HA3bIBACTCS DJIEKTPUUYECKM AKTUBUPOBAHHOM BOAOW WM MAarHUTHO-aKTUBUPOBAHHOM BOJOM.
AKTHUBAIUsL CHIPbS SIBIISICTCS TEPCIICKTUBHBIM METOJIOM YIYYIICHHS (HU3UKO-TEXHOJIOTHUYECCKUX
CBOMCTB MOJIy4a€MbIX MaTepuUalioB U W3Aeiuil. B HacTosiiee Bpemsi akTyaJdbHO HCIIOJIb30BaHUE
HOBBIX TEXHOJOTHHA JUIsi pa3pabOTKH KOHKYPEHTOCIIOCOOHBIX KOMITO3UITMOHHBIX CTPOUTEIBHBIX
MaTrepuajioB U3 IKOJIOTUHYECKH YHUCTOTO IPUPOJHOTO ChHIPbSI.

Mamepuanst u Memoowvl uccied08anus
Jlis uccienoBaHusl MO aKTUBM3AMM OBLT CO3/aH AKTUBAaTOp, Ha OCHOBE IPUBEACHHOMN
MPUHIMIHAIBHONU cxeMbl Ha Pucynke 1.

Fﬂ/@\/z
_/

| E—

_I'il

4

\

Pucynok 1. IIpuHnunuanbHas cxeMa 3JIeKTpOaKTUBAaTOpa BOJABI: | — MCTOUYHUK 3NIEKTPONIUTAHUS;, 2 —
amnepMetp (A); 3 — coeAWHHTENBHBIE TPOBOJA DJICKTPUUECKOW Ienmu; 4 — BBIKIIOYATENb, KOTOPBIN
COEIUHSET W pa3beAUHSET DIEKTPUUYECKYI0 Lemb; 5 — BoabTMeTp (V); 6 — NOTEeHIHOMETp A
PEryJIupOBaHUs MOIIHOCTH; 7 — KaToJ — OTPHULATENbHBIN 3JIEKTPO; 8 — aHOA-TIOJIOKUTENbHBIN 3neKTpo; 9
— Memouek u3 OpeseHTa; 10 — BBIIPSAMHTENb, MMOABM)KHBIE KOHTAKTBI JUIS PEryJIMPOBAHMS PACCTOSHHI
MEXIy 3eKTpogamu; 11 — Boga-3neKkTponut, IpoBOASAIIMM TOK; 12 — cOCyA-eMKOCTh

VYcraHoBKa paboTaeT cieayrolMM o0pa3oM: B €MKOCTh HAJMBAeTCs BOAA, B 3Ty €MKOCTb,
MIOMEIIAETCSI IEKTPOIMU3ED, COCTOSIINN U3 KaToJa U aHoja. K BBIIPSAMUTENIO C IIII0OCOBOW CTOPOHBI
kpenurces aHod. Ha 3Toil miiacTuHe, B CBOIO ouepenb, 3aKpeIuisieTcs Meniodek u3 Opesenra. [Ipu
1ojjaue IEKTPUUYECKOr0 TOKAa BOJA AKTUBHUPYETCS ANIEKTPUUYECKUM II0JIEM, CO3AABAEMBIM MEXKAY
aHoZoM M KaronoM. Ilepen axTuBamued M3MEpUIN 3HaYEHHE BOAOPOAHOro nokasarens pH cpenbl
OOBIYHOM BOAONPOBOAHOM BOAbl. OTMeuass BpeMs M HampsOKeHHE, H3MEpsUld CHIly TOKa B
amnepmerpe. Ilocne mnpomecca wusmepsnu 3HadyeHue pH cpeapl akTUBUPOBAHHOW BOIBI, U
MOJTy4YeHHbIE JaHHbIE 3aHecnu B Tabmuiy 1.

Tabmuua 1
M3MEHEHUE BOJOPOIHOI'O ITOKA3ATEJLA pH BOJIbI
J0 U IIOCJIE DJIEKTPUYECKOU AKTUBALIN
I A V, B Boodopoouwiii nokazamens, pH Bpems evtoeporcku
Obblunoil 60001 Arnonum Kamonum I, mun
0,56 15 8,08 6,58 8,90 20
0,52 15 8,46 6,33 9,06 30
0,39 15 8,44 5,33 9,66 60
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Ha Pucynke 2 mokazaHo BIMSIHHME 3J€KTPUYECKOTO WJIM MAarHUTHOTO MOJII Ha KIJIACTEpPhI
MoJsiekysl Boabl [11]. BogopoaHbie CBA3M MOTYT M3MEHATHCS H3-3a MPHUIIOKEHHS AJIEKTPUUECKOTO
IoJIsi, 4TO MPUBOAHUT K HU3MCHCHHUIO €TO cBOHCTB. B TO XK€ BpeMs IJid aKTHBHpOBaHHOﬁ BOAbI
cymiecTByeT «3(h(eKT BpeMeHn», TO €CTh ocie 00padOTKH BOABI ANEKTPUICCKUM HITU MATHUTHBIM
MOJIEM M3MEHSIIOTCS €€ COOTBETCTBYIOIIME (PU3UYECKHUE CBOMCTBA, U 3TO H3MEHEHHE MOXKET
COXPaHATHCS B TEUEHUE HEKOTOPOT'O BPEMEHHU JI0 aKTHUBAIUH.

¢
HanpasneHue NoToxa oAbl ’ Q“
)

3IIEKTPH"IECKOE WA MarHWTHOE noae I . ‘

Pucynoxk 2. Cxema BO31€HCTBUS 3IEKTPUUECKOTO MM MAarHUTHOTO I10JIS1 HA KJIACTEPhl MOJIEKYJI BOJBI

[Ipu 3JIEKTPOXUMHUYECKON aKTHBAIIMKM CIIA00MHUHEPAIM30BaHHOM BOJbI B JHa(pparMeHHOM
ANEKTPOJIM3EPE TMOJIYYaroT JBE (pakiuu: KarodUT M aHONUT. Karonmut cpasy jke rmocie
MIPUTOTOBIICHUS MIPEIICTABISIET COO0M BOY C OCEIAIONINM XJIOBEBUIHBIM OcaakoM. [Ipu aTom, yem
BEIIIIE 00IIIasi MHHEpAIH3aIUs BOIBI, TEM OOJbIIe ocaaka [9].

a §)

Pucynok 3. OwibTpamnus dIIEKTpUYECKM aKTUBHPOBAHHOM BOJBI: a) mpolecc (QHIbTpamun
aKTUBHPOBAaHHOM BOABI; 0) OeJbIif 0caloK Ha IHE cocya.

Yepes HECKOJIBKO YacOB IMOCIE OKOHYAHHUS MTPOLIecca NEKTPOAKTUBALIMY BOABI, HAa IHE COCYaa
ckomuics Oenblii ocafok. 3arem Bony QuubTpoBanu. Ha Pucynke 3 mnokazaHa ¢uibTpanus
NMEKTPUYECKN aKTUBHPOBAHHOUM Boibl. M3 PucyHka BUIHO, 9TO O€NBIM OCaqOK CKOMHIICA Ha JIHE
¢wibTpa M Ha aHe yamu. OOpaseny cymuHKa TyneHKEeHCKOro MeCTOpPOXIEHHUS OUYHUIIAIN OT
BpPEIHBIX TpHUMeced, H3MeNpyaal B JpOOMIIKaX, MOABEPrajid MEXaHHMYECKOW aKTHBALUU B
nabopaTopHOM MIapOBOM MEIbHUIE B T€UeHHE | yaca M MPOIYCKaIu yepe3 CUTO. 3aTeM TOTOBWIN
Maccy BIAKHOCTBIO 22% ¢ go0aBineHHWEM OOBIYHOW BOJOTPOBOMHOM, JOXKIEBOM U
ANIEKTPOAKTUBUPOBAHHOW BOAbl. HaBecky mpuroroBineHHON Macchl copMupoBaiv B BHIE KyOa
pazmepoM 50x50x50 MM M BBICYIIMIM B €CTECTBEHHBIX ycioBMsX. Ilociie ecTecTBEHHOW CyLIKH
U3MEpPSUIM Maccy U pa3mepbl 00pa3lioB, a 3aTeéM MOBTOPHO BBICYIIMBAJIN B CYIIMJIBHOM IIKady Mpu
TeMIlepaType 110°C. Hocre CYLIKHA OOXHUT MPOU3BOJMICS B JaOOpaTOpHON My(esrbHON meuu Mmpu
temmneparype t=900, 950, 1000°C ¢ BbiaepxkKoii Temneparypsl 15, 30, 45 MUHYT.
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Pezynemamul u 0ocyscoenue

Jannble B Tabnuie | mMoka3bIBalOT, KaKk M3MeHseTcsl 3HaueHue pH Boabl mociie akTUBAUU
ANEKTpUYECKUM ToneM. [[isi u3MepeHus MbI HCIOJB30BaIM OOBIYHYIO BOJOIPOBOIHYIO BOAY,
KOTOpasi IOCJIe aKTUBAIMK ObLIa pa3/ieieHa Ha aHOJIUT (BOJIa, COZIepIKallasi KHCIIble KOMIIOHEHTHI) U
KaToJHT (BOJAA, COeprKallias 1IeJI0uHble KOMIIOHEHTHI). 3HaueHue pH mpocToil Boabl 10 aKTUBALIUU
nmerna 8,08—8,46, 3To coOTBETCTBYET ciiaborienoyHoi cpeae. M3menenue pH aHonvTa 3HAYUTEIBHO
Ooyiee HU3KOE IO CpaBHEHHIO C OOBIYHON Bomou (5,33—6,58), uTo yKa3bIBaeT Ha IMOBBILICHHYIO
KHCIIOTHOCTh. JTO OOBSCHSETCS TEM, YTO HA aHOAE OOpPa3yIOTCSl KHCIbIE KOMIIOHEHTBI, TAKHE KaK
MOHBI BOJIOPO/a, KOTOpPbIE YBEIWYHBAIOT KHUCIOTHOCTH cpefbl. Karomut, ¢ Apyroil CTOpOHBI,
JEMOHCTpUpYeT 3HauuTenbHOe moBbimieHne pH (8,90-9,66), uTo ykas3piBaeT Ha TOBBIIICHUE
IIEIOYHOCTH CpPEIbl. 3aBHUCHMOCTh OT BPEMEHH YIep)KaHHUS IO Mepe YBEIMYCHUS BpPEMEHHU
aktuBatuu (20, 30, 60 munyr) pH anonura mamaer, a pH karonmura yBeaM4HMBaeTCs. ITO
MOATBEPKIACT, YTO JUIMUTEIbHOE BO3ACHCTBHE AIIEKTPHUYECKOTO MO yBeJIWYMBaeT pa3Hully B pH
MEXIYy aHOJUTOM U KaTOJIMTOM, YBEJIMYMBAs pAaclICIUICHHE Ha KHCIOTHBIE U IEJIOYHbIE
KOMITOHEHTBHI.

B npornecce aktuBanuu cuiia Toka mocreneHHo ymenninaercs ¢ 0,56 A 1o 0,39 A. D1o MoxeT
ObITh CBSI3AHO C M3MEHEHHEM BOJONPOHHUIIAEMOCTH, KOTOPOE TakKe MOXKET TMOBJIHUATh Ha
3G dEeKTUBHOCTh pa3lielieHus aHONUTa M Katoiuta Mpu oOpaborke. IlomydenHble 00pa3ibl
MOJBEPTaICh HCIBITAHUSAM HAa TMPOYHOCTh K CHKATUIO, BOAOIONIANICHHE W MOPO30CTOMKOCTb.
Jlannble npeacrasieHsl B Tabmuie 2.

Tabnuma 2
OU3UKO-TEXHOJIOTMYECKUE XAPAKTEPUCTUKU O]iPA3I_IOB, I/I3FOTOBJ;IEHHI>IX n3
MEXAHOAKTHUBUPOBAHHOI'O CBhIPLS 13 OBBILIHO}/I BOJIbI, JOXKJIEBOU BOJBI 1
OJIEKTPOAKTUBHPOBAHHOU BOJGI.

Ne Du3uKo-mexHoI02UecKue XapaKmepucmuky 0opasyos

n/n Mo oboicuea, Ilocne obocuea, Am,2 T, el b mun 0, W, % R, MIT My, yux
my, 2 m,, 2 C o/em® a 7

[IpuroToBseHHBII Ha OOBIYHOM BOJIC

1 210 196 14 900 45 1,680 24,4 6,97 15

2 208 188 20 950 30 1,598 23,4 7,7 15

3 212 182 30 1000 15 1,580 24,2 7,33 15

4 212 182 30 1000 45 1,577 21,9 9,8 15

JloxmeBast BOa 1 MEXaHHUUECKH aKTHBHPOBAHHOE CHIPhE

1 204 174 30 900 45 1522 218 12,06 25

2 208 176 32 950 30 1527 204 13,48 35

3 212 180 32 1000 15 1546 194 17,24 35

4 222 190 32 1000 45 1476 179 20,22 35

DNEeKTPHUUESCKH aKTUBHPOBAaHHAsI BOJIA (KATOJIHT)

1 202 188 14 900 45 1,582 21,2 11,9 25

2 204 182 22 950 30 1,548 20,8 13,11 25

3 206 178 28 1000 15 1,529 21,3 12,14 25

4 206 176 30 1000 45 1,481 19,3 15,23 35

DJIeKTpUUYECKH AKTUBUPOBAHHAS BOJIA (AHOJIHT)

1 202 186 16 900 45 1,566 22,5 11,63 25

2 206 184 22 950 30 1,548 21,7 11,88 25

3 204 178 26 1000 15 1,530 21,3 12 25

4 200 172 28 1000 45 1,464 20,9 13,19 35

m Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)



Bronnemens nayxu u npaxmuxu | Bulletin of Science and Practice T. 10. Ne12 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/109

DKclepuMeHTallbHbIE JaHHbIE MpeacTaBieHHble B Tabnuie 2 mpeacTaBieHbl TaKKe B BUIE
nuarpammbl. Ha Pucynke 4 npeacraieHa quarpaMma 3aBUCUMOCTH TJIOTHOCTH (p, r/cM®) obpasia
ot Temrepatrypbl 00xura (Togx., °C) 1 BpeMeHH TeMIeparypHOl BBIACPKKH (t, MUH).

p,r/em’ ® lpuraronnennii Ha
L7 obuunoit noae
1,65 1~ o [lOMALSAN DOAA W
MEXAHHYECKN
1,6 AKTHOMPOBANNHOE ChIpbe
B INeNTPHIeCKH
155 'l AKTUBMPOBANHAR BOARY
(aronur)
15 o o ; B INeRTPHMECKH
AKTHOMPOBANHAR HOAS
1,45 | I {anonnT)
14 4 j i | =
1,35 L ——— e W W——
t=45 mun. | =30 MuM, | 1oL muK, | 145 mun, | T MUMYTS;
O
T=900 °C; T«950°C; | T=1000"*C; | T=1000*C; T, C

Pucynok 4. 3aBUCHMMOCTH IUIOTHOCTH TUIOTHOCTH 00paslia OT TEMIEpaTypbl O0XKHra M BpPEMEHHU
TEeMIIepaTypHOH BBIAECPKKU

Ha Pucynke 5 npencrabieHa 3aBUCUMOCTb IIPOYHOCTH Ha CXKAaTUE OT TeMIleparypbl 00Xkwura,
BPEMEHHU TEMIIEpPAaTYpHOH BBIIEPKKU U croco0a MPUIOTOBIEHUS oOpasla. AHaJU3 IMOJyYEHHBIX
JAHHBIX TOKa3bIBAIOT, YTO B Cllydae IOJydeHHs] OOpasloB C HCIOIH30BAHHEM OOBIYHOW BOIBI
YCTaHOBJICHO, YTO OOpasllbl MMEIOT HauOojblnee M3MeHeHue Macchl (10 30 T') U OTHOCHUTEIHHO
BBICOKYIO MPOYHOCTh Ha cxkarue (1o 9,8 MIla). Ognako mIOTHOCTH ocTtaerca Ha ypoBHe 1,577-
1,680 r/cm?®. Ilpu uCHONIB30BAaHUHH JOXKAEBOM BOABI M MEXaHUYECKU AKTUBUPOBAHHOE CHIPHE
HaOroaercst CHIKeHne TIOTHOCTH (10 1,476 r/cM®) W 3HAUUTENbHOE yBEJTHMUYEHHE MPOYHOCTH Ha
cxkarue (o 20,22 MIla). 1o MOXeT CBUAETENHLCTBOBATh 0 Oosee 3PpPEeKTUBHOM B3aUMOJICHCTBUU
KOMITOHEHTOB IIPH UCIOJIb30BAHUH AKTUBUPOBAHHOTO CHIPbs. A KOTZa MCIIOJIb30BAaHA MIEKTPUUYECKU
aKTUBHPOBaHHAs BOJA (KaTOMUT M aHOJIUT), TO TNIOTHOCTH 00pa3IoB Bapeupyercs oT 1,464 no 1,582
r/cM?.

Rewx, MrMa

. ® NpuroTosnesniin Ma
25 o
obuiunoi poge

20 ¥ B flomaesans 8BOAa n
MEXIHUUECKWN

AKTHBMPOBANHOE

= SABkTpuueckn

AKTHEMPOBIHMAA ROAA
(karonur)

15

10 ¢

B INexTpHYecKn
ANTHEMPOBAMMAN BOAA
(amwonuT)

=45 s t, MUHYTS;
r=1000°; | T, °C

1245 mmn.

=900 *C; T=950°C; T=1000°C;

=30 Mmmn | =15 M.

PucyHok 5. 3aBUCHMMOCTh MPOYHOCTH HA CXKATHE OT TeMIepaTypbl 00XKUTa, BPEMEHH TEMIIepaTypHOi
BBIICP)KKH M CIIOC00a IIPUTOTOBIICHHUS 00pasiia
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[IpodyHOCTh Ha cKaTue Tak)Ke MOKA3bIBAET XOPOIIWE pe3yabTarhl, gocturas 15,23 Mlla pis
karonuta u 13,19 MIla nnsg aHonuTa. OTO yKa3bIBaeT HA MOJIOKUTEIBHOE BIMSHUE ANEKTPUUECKOU
aKTHUBAIIMK BOJbI HA MEXaHUYECKHE CBOMCTBA.

B okcmepuMeHTax WCClieOBaHA TaKXKE BIMSHUAE TEMIEpaTypbl M BpEeMEHU OOXHTa u
YCTaHOBJICHO, YTO MPHU yBelIWueHUH Temmeparypbl ookura (1o 1000°C) u Bpemenu (10 45 MuH)
HaO01aeTCs TeHACHIMS K YMEHBIICHUIO TUIOTHOCTH W YBEJIMUYEHHUIO NMPOYHOCTH HA CXKaThe. JTO
MOKET OBITh CBSI3aHO C YIYYIIEHHWEM CTPYKTYphl MarepHalia U €ro KPUCTALUTHYCCKON PEIIeTKH.
Bpewmst 06xmura Tak:xe OKa3bIBaeT 3HAUYMTEBHOE BIMSHIE HA H3MEHEHHE MacChl. boree nmuTenbHoe
BpeMsl OOXKHMra, Kak IpaBHJIO, MPUBOAUT K OONbIIEMY YMEHBIIEHUIO MAacChl, YTO MOXXET ObITh
CBSI3aHO C yIAJICHUEM BJIard M JIPYTHX JIETYYUX KOMIIOHEHTOB.

Buvisoowt:

1. Vcnionb3oBaHue A0XKIEBOM BOIBI U MEXaHUYECKU AKTHUBHUPOBAHHOIO CHIPbSl 3HAYMTEIHHO
yAy4lIaeT MPOYHOCTHBIE XapaKTEPUCTHKH OOpaslloB MO CpPAaBHEHUIO C OOBIUHOM BOIOM, T.e.
CIOCOOCTBOBYET YITYYIIICHUIO TPOYHOCTHBIX M (PU3UKO-TEXHHUSCKHUX XapaKTEPUCTUK 00pa3IoB.

2. DIIEKTPUYECKU aKTUBUPOBAaHHAS BOJA TAK)KE MOKA3bIBACT OOHAICIKUBAIOIINE PE3YIbTATHI,
YTO OTKpBHIBACT HOBbIE TMEPCHEKTUBBI MJIS HUCCIENOBAHUS €€ TNPUMEHEHUS B IPOU3BOACTBE,
MOCKOJBKY  TpeljaraeMblii  crmoco0  MO3BOJIET MOBBICUTH  KAaueCTBO  KOMIO3UIIMOHHBIX
KepaMHYECKHX MaTEpHAJIOB U CHHU3UTHh CEOECTOMMOCTh MPOU3BOJICTBA. DTO CBSA3aHO C TEM, YTO C
MTOMOIIIBIO SJIEKTPUYECKON aKTUBAILIUU U3 COCTABA BOJBI MOKHO YIAIUTh COJIEMO00HBIEC BEIIECTRA.

3. OnTumuzanusi Temreparypbl U BpeMEHH OOXKHra SBISIETCS KPUTUYECKH BaKHOM IS
TOCTHKEHUS JKeTaeMbIX (PU3UKO-TEXHOIOTUYECKUX CBOUCTB.

4. IlpouHocTh OOpPA3LOB YBEJIWYUBAECTCS C YBEJIMYEHHEM TEMIEpaTypbl O0XKHra, BPEMEHU
TEMIIEpaTypHOU BBIICPKKHU U CIOocoOa mpUroToBiieHust oOpasnoB. OOpasipl ¢ 10KAEBOW BOJOW U
MEXaHMYECKOM aKTHBaIlMeld HMMEIOT MPOYHOCTh Ha cxarue ao 20,22 Mlla, BomomnoriomeHue ao
17,9%. IlpuroTtoBieHHble 00pa3Ibl U3 KaTOJIWTAa W AHOJIUTA OOECIEUMBAIOT MEHEE BBIPAKECHHBIN
MIPUPOCT MPOYHOCTHU MO CPABHEHHIO C MEXAHUYECKU aKTUBUPOBAHHBIM CHIPHEM.
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O HEKOTOPBIX BOITPOCAX BO B3AMMOJIENCTBUA
KEJE3HOJOPOXHOI'O U MOPCKOI'O TPAHCITIOPTA
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ON SOME ISSUES IN THE INTERACTION
OF RAILWAY AND MARITIME TRANSPORT

©Wydashenko P., ORCID:0000-0002-7844-3579, Ural State University of Railway Transport,
Yekaterinburg, Russia, Vydashenko@mail.ru
©Koshcheyev 1., ORCID: 0009-0001-8453-5007, Ural State University of Railway Transport,
Junctions and Freight Work, Yekaterinburg, Russia, Rentgen02@mail.ru

Aunomayusn. Bcnenctsue  BBENEHMS — 3alafHBIX  CAHKIMM, BbI3BABIIUX  HM3MEHEHHE
TPaHCIIOPTHOM JIOTMCTHKH, MOPCKHE IIOPThHI CTOJKHYJIMCh C IIE€PEOPUEHTALUEN IPY30II0TOKOB,
HAIUJIBIBOM HOBBIX TI'PYII T'PYy30B, 3arPy’KEHHOCTBIO JKEJIE3HOW JOPOTH M CKJIAJCKHX MOILHOCTEH,
YTO INPUBEIO K OCJIOXKHEHUIO B3aHMOACUCTBUS MOPCKUX IIOPTOB M KEJIE3HOW NOPOru. BHemHssa
TOPIrOBJISl NEPEOPUEHTUPOBAJIACh HA DPBIHKM JAPYXKECTBEHHBIX CTpaH. OCHOBHBIE HalpaBJICHUS
BHEUTHEOKOHOMUYECKON JEATEIILHOCTH B HACTOSILEE BPEMS 3TO BOCTOYHOE M a30BO-UEPHOMOPCKOE
PaccmarpuBaroTcs npuyMHBI BOZHUKHOBEHUS MPOOJIEM, BO3HMKAIOIIMX IPU IEPEBaJKEe I'Py30B B
MOPCKHUX nopTax Poccuu npu COBMECTHOM YYaCTUH MOPCKOTO M JKEJIE3HOAOPOKHOIO TPAHCIIOPTa, a
TaKXKe MPeI0KEHbl MEPOIIPHUATHS, CHUXKAIOIIME BIMSHIE HEIaTUBHBIX (DAKTOPOB Ha MEPEBO30YHBIN
mpouecc.

Abstract. Due to the introduction of Western sanctions, which caused a change in transport
logistics, seaports faced a reorientation of cargo flows, an influx of new groups of cargo, and
congestion of the railway and warehouse capacities, which led to complications in the interaction of
seaports and the railway. Foreign trade was reoriented to the markets of friendly countries. The
main areas of foreign economic activity at present are the eastern and Azov-Black Sea. The causes
of problems in the transshipment of goods in the seaports of the Russian Federation are considered.
Measures are proposed to reduce the impact of negative factors on the transportation process.

Kniouesvie cnosa: MOpcKue NOPTHI, KEIE3HOJOPOXKHBIM M MOPCKOW TPAaHCIOPT, NepeBajka
Ipy30B.

Keywords: seaports, rail and sea transport, cargo handling.

YpoBeHb B3aMMO3aBCUMOCTH Ipy300TIPAaBUTEIEH, TPY30BBIX OIEePaATOpPOB,
JKEJIE3HONOPOKHUKOB U BIAJENBLEB IOPTOB TPYAHO IIEPEOLEHUTh. HbIHEmHAd cuTyanus
OIUCHIBAETCST OAHOHM (hpa3oii: Bce B OAHOM JIOIKE, YKOHOMHYECKHE PE3YyNbTaThl KaKIOro OYECHb
CEPBbEZHO 3aBUCAT OT JEHCTBHM JPYIMX YYaCTHUKOB Ienoykd. Hampumep, 10X0abl MOPTOB 4acTo
HanpsIMyIO0 3aBHCAT OT IPOBO3HOM CIIOCOOHOCTH JKEIE€3HOJOPOKHBIX MAarucTpajei, BeayluX K
HUM, a Tpy30000pOT KeJIEe3HON JOPOTU 3aBUCUT OT JIMHAMHMKH OOBEMOB 3Kcmopra M uMriopTa. Ha
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MPOTSHKEHUU TOCEIHUX JIET XapaKTepHa TEHACHLMS MO YBEJIMYEHHUIO TepeBajKu I'Py30B yepe3
Mopckue moptsl Poccuiickoit denepanuu (1).

[IpenmymiecTBEHHO MOPTHI PaOOTAIOT € SKCIIOPTHBIMH I'Py3aMH, YTO 00YCIOBICHO SKCIIOPTHO-
CBIPBEBBIM XapPaKTEPOM 3KOHOMHUKH CTpaHbl, 32 2023 o1 107151 SKCIOPTHBIX TPY30B B TPY30000poTE
cocraBuna 690,5 muH ToHH wu3 883,8 MiaH TOHH. Ilpm s3TOoM Hambonee mMONMYISAPHBIMH
HAIpaBlICHUSIMU  SBJISIOTCS TOPTHI  A30Bo-UepHomopckoro u JlalbHEBOCTOYHOTO OacceiHOB
(HoBopoccuiick, Tamanb, Tyance, BmagumBoctok, Haxomka, u BocTounslii), 94T0 0O0YCIOBICHO
BBEJICHUEM CAaHKLIMW M CHM)KEHUU JI0JIM IIOCTAaBOK B cTpaHbl EBpomnbl yepe3 noptel bantuku (YcTh-
Jlyra, IIpumopck, boabmmoit nopt Cankr-IlerepOypr). B cBs3u ¢ BozoOHOBiIeHHEM npoekta MTK
«Cesep-lOr» B 2023 roay nmepcneKTUBHBIM CUMTArOTCs MopThl Kacnmiickoro 6acceitna (AcTpaxaHb
n Maxaukaia), 4To 3aMETHO 110 POCTy rpy30000pota Ha 29,7%. [lannsie npenctasieHsl B Tabmuie
1.

Tabnuna 1
I'PY300BOPOT MOPCKUX ITOPTOB B IIEPMO/ 2021-2023 1.
baccetin 2021 I-X11 2022 1-XI1 2023 I-XI1

MIH M x 2020 MIIH M K 2021 MJIH M K 2022
ApPKTHYCCKUI 94,3 -1,9% 98,5 +4,4% 97,9 -0,7%
BanTtuiickuii 252,8 +4,7% 2455 -2,9% 248,6 +1,3%
AzoBo-UepHoMmopckuit 256,8 +1,9% 263,6 +2,7% 2914 +10,4%
Kacnuiickunii 7,0 -14,0% 6,0 -13,9% 7,8 +29,7%
JlanbHEeBOCTOYHBIH 2243 +0,6% 227,8 +1,5% 238,1 +4,5%

Poct rpy3oo0opora 3a yka3aHHbBIM NEepUOA NPOMCXOAWI B OCHOBHOM H3-3a YBEJIWYEHHUS
OTHPABOK KaK 3KCHOPTHBIX, TAaK ¥ UMIOPTHBIX TPYII I'Py30B uepe3 nopThl. K rpymnmne 3KkCnopTHBIX
OTHOCATCS: HEPTh M HEPTEIPOAYKTHI, 3€PHO, YEePHBIE METAILIBI, MUHEPAJIbHBIC YIOOPEHHUS, YTOlb U
rpy3sl B KoHTelHepax. Cnang B 2022 r 1o OTAENbHBIM BHJIaM I'py30B 00YyCJIOBJIEH W3MEHHUBIIEHCS
MOJIMTUYECKON 0OCTaHOBKOM, OJJHAKO, KaK BUHO IO MPEACTaBIEHHBIM HUXKE JaHHbIM, B 2023 pocT
MOJIOXKUTENbHBIN U npeBbickil okaszarenu 2021 r. Jlannsle npeacraiensl B Tabnuue 2 u Pucynke.

Taomuua 2
ITOKA3ATEJIA TPY300BOPOTA I10 I'PYIIIIAM I'PY30B
Tpy3zv 2021 1-XI1 2022 1-XI1 2023 1-XI1
MAH M x 2020 MIH M K 2021 mawm  K2022
He(TEIPOAYKTHI 238,1 +1,3% 138,8 -5,3% 121,5 -12,6%
He(Th 146,7 +2,7% 256,0 +7,5% 272,2 +6,3%
CKMIKEHHBIN a3 32,3 -0,7% 35,2 +8,8% 34,1 -3,2%
YTOJIb 202,7 +7,6% 206,5 +1,8% 205,6 -0,4%
KOHTEHHEPHI 61,2 6,1% 453 -26,0% 70,6 +160%
3epHO 42,4 -15,8% 45,1 +6,4% 50,1 +10,4%
YEpHBIE METAJLIIbI 29,0 +7,8% 24,5 -15,7% 36,7 +150%
MUHEpaIbHBIC YI00PEeHUS 19,3 +0,4% 24,2 +25,1% 21,3 -12,8%
pyna 11,9 -9,6% 12,6 +6,0 9,8 -23,0%

Onnako ¢ yBenuueHHEM OObeMa Tpy30MOTOKA, WAYIIEro Ha SKCIOPT, Yepe3 pOCCHICKHE
MOPTHI BBISIBWJIMCH Y3KUE MECTA, HETaTUBHO BIMSIONINE HA MTEPEBO30YHBIN Tpouecc. B paBHOI mepe
JaHHbIE MPOOJIEMBbl 3aTpParMBalOT KakK MPEACTaBUTEIEH MOPCKOrO, TaK M IKEJIE3HOAOPOKHOIO
TpaHcmopTa (2).
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Pucynok. Pacnipenenenue rpynn rpy3os no noptam P®. Mopckue noptel Poccun. 4 xBapran 2023
rojga

B memouke <«kene3Has [Opora-mopT» B HAcTOsIIEee BpeMs HMEIOTCS ILENblid  psf
«0OJIE3HEHHBIX TOYEK»: HEJOCTATOK B MPOMYCKHOW M MPOBO3HON CITIOCOOHOCTEH JKEIEe3HON JOPOTH
Ha (oHE MPOPUINTA MOPTOBBIX MOLTHOCTEH, HU3KHIA YPOBEHb B3aUMOJICHCTBHUS HA TOUKE MEpeaaqn
MEXAYy JBYMs TpPAaHCIIOPTAMH, BBI3BAHHBI OTCYTCTBHEM EAMHBIX HH(OPMAIIMOHHBIX CHCTEM,
U3MEHEHHE PEKUMOB paboThl MOPTOB A30Bo-UepHOMOpCcKOro OacceliHa B CBS3U C PHUCKOM
MPOBEJICHUS TEPAKTOB CO CTOPOHBI HEIPY)KECTBEHHBIX cTpaH [1, 3].

[Ipobirema HEpPaBHOMEPHOTO Pa3BHUTHUS HKEJIE3HOAOPOKHOW HMHQPPACTPYKTYPBI M MOPCKHX
nopToB siBjigeTcss He HOBOM. Tak B 2015 r Ha [[anbHEBOCTOUHOM KEIE3HOM JOpOre nepea nopTamMmu B
cpenHeMm ctosisio okono 300 «OpomieHHbIx moe3noB». [lpu sTom Habmromancs poct mpoduiuTa
noptoBbiXx MorHocTel. [1o cocrosinuio Ha 2023 r Ha JlaneHem BocToke npowusorien poct Ha 38%
(241 mun 1), CeBepo-3anane — 47% (321 man ToHH), Ha FOre — Gonee 50% (488 mun T). Ilpu
5ToM K 2030 r 3amaHupoBaH JajdbHEHIINN POCT MepeBaJIouHbIX criocoOHocTel Ha FOre — 538 mutn
T, Ha CeBepo-3amage — 463,9 mun 1, JlanmpHem Boctoke — 453,2 mua T. Bo3MOXHOCTH
YBEJIMUYEHUS TPY30IMI0TOKA, IPOXOAIIET0 Yepe3 MOPCKUE MOPThI, B HACTOSILEE BPEMSI CAEPKUBAET
MH(PPpaCTPYKTYpHBIE OTPaHUUYEHUS JKeNe3HOU Joporu. OCOOEHHO OCTPO MPOSIBUIIACH MpoOiieMa Mpu
CMEHE HaIlpaBJICHHsI IPY30II0TOKOB 110CIJI€ BBEICHUS CAHKIIUH.

[IpyunHON BO3HMKHOBEHMS HEPABHOMEPHOIO pa3BUTUS JIByX OTpacieid  BbI3BAHO
HecOallaHCUPOBAHHON  MoJepHM3ael MHQPACTPYKTYpbl MOPCKOTO U JKEJIE€3HOAOPOKHOIO
TPAaHCIOPTAa, 3AIUIAHUPOBAHHOM B MPOEKTE «KOMIIEKCHBIN IJIaH MOJEPHHU3ALMU U PACIIUPEHUS
MarucTpaibHON UHPPACTPYKTYphI»: yBEIHMUEHHE MEPEBATOYHBIX MOIIHOCTEH MOPCKUX IOPTOB HE
ObUIO B JIOCTAaTOYHOM CTEMEHM YBA3aHO C HApALIMBAHUEM IPOBO3HOM CIOCOOHOCTH JKENe3HOM
noporu. B Tabnuiie 3 mpencraBieHO CpaBHEHHME MOITHOCTEH TMOPTOB M MPOBO3HAs CIIOCOOHOCTH
KEJIe3HOOPOXKHBIX 1M0/1X0/10B K HUM Ha 2023. HegocTaTok npomyckHOM 1 MPOBO3HON CLIOCOOHOCTH
BbI3BaH Y3KUMH MECTaMHM B >KEJIE3HOJOPOXKHON HH(PACTPYKTYpe: HEIOCTATOUYHOE KOJIUYECTBO
[JIaBHBIX MyTeW Ha MEeperoHax, Mojie3Has JUIMHA MyTed Ha CTAHLUSAX HE COOTBETCTBYET JUIMHE
oOpalaroumxcs Moe30B Ha ydacTKax, Oojibllas JJIMHA NEePEeroHOB, BCIEACTBUE YETO BO3HUKAIOT
CIIOXKHOCTH TIPH MPOITYCKE TTOE3/I0B M0 OJJHOMYTHBIM JIMHUSIM [2].

Haubonee paunuvoHambHBIM pelIeHHEM JaHHOM MpoOjeMbl  SABISETCS IpUMEHEHHE
KOMIUIEKCHBIX Mep, TpeOyroIUX OONBIINX KAaMUTAIbHBIX BJIOXKEHUH, KOTOpPBIE MpPEIyCMaTpHBaIOT
pa3BUTHE U IEPEBOOPYKEHNE HECKOIBKUX XO3SIMCTB: MOBEIIEHUE BECOBBIX HOPM, YBEIMUEHHUE CUJIIBI
TATH W CKOPOCTH JBYDKEHHSI TOE37I0B, CTPOHMTENHCTBO JIBYXITYTHBIX BCTaBOK M BTOPBIX IJIABHBIX
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IyTedl Ha IeperoHax, yAJIMHEHHE CTAHIHOHHBIX IyTE€H M CTPOMUTEIBCTBO HOBBIX pa3IeibHBIX
nyHKTOB [3].

Tabmmma 3
CPABHEHUE MOIILHOCTEM I[TOPTOB U [TPOBO3HOM CIIOCOBHOCTHU
JKEJIE3HO/JIOPOXXHBIX ITOIXO/10B K IIOPTAM

Pezuon Mownocma IIpososnas cnocodbnocms legpuyum npososnoii cnocobnocmu

NOPMO8, MJIIH M 2CO NOOX00A, MIH M 21C0. N00X0008 K MOUWHOCIU NOPIMO8
IOxHbII 488,0 125,1 390,2%
CeBepo-3amnaaHblii 312,0 145,6 214,3%
JlanbHEBOCTOYHBIH 2410 173,0 139,3%

[Ipu 3TOM pmanpHElIIee pa3BUTHE KEIC3HOAOPOKHONH HWHQPPACTPYKTYPHI JOKHO OBITh
YBSI3aHO C YK€ UMEIOIIMMUCS MOPTOBBIMU MOIIHOCTAMHU ISl COOMIONIeHHs OaaHca MEeXIy HUMH,
YTO MPEAOTBPATUT TPYIHOCTH WX B3aUMOACHCTBUS Ui OOECIECUEHUS MEPEBAIKU HEOOXOIMMBIX
00BEMOB T'PY30B.
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MMPOBJIEMATHUKA B TAPU®HOU MOJIMTUKU HA T'PY30BBIE
AKEJIE3HOJOPOXHBIE ITEPEBO3KHU B COBPEMEHHBIX YCJIOBUAX

©Buwtoawmenko JI. A., ORCID:0000-0002-1372-5516, SPIN-xo0: 8436-5179,
Ypanvckuii cocyoapcmeennuiii ynusepcumem nymeti cooouyeHusl,
2. Examepunbype, Poccus, dashenko@mail.ru

PROBLEMS IN TARIFF POLICY FOR FREIGHT RAIL TRANSPORTATION
IN MODERN CONDITIONS

©Wydashenko L., ORCID:0000-0002-1372-5516, SPIN-code: 8436-5179,
Ural State University of Railway Transport, Junctions and Freight Work, Faculty of Transportation
Process Management, Yekaterinburg, Russia, Vydashenko@mail.ru

Annomayusn. B Hacrosimee Bpemst y komnanuu OAO «PXKJ[» ecTh psa HEpelIeHHBIX
BOIPOCOB B OOJACTH LIEHOOOPA30BaHUS W PETYIMPOBAHMSI TPAHCIOPTHBIX TapH(OB OT I'PY30BBIX
nepeBo30K. OCHOBHBIE JOXO/bl KOMIIAHUS MOJIY4YaeT OT IPY30BbIX IEPEBO3OK U 3a 9 mecsues 2024
rox ux oobem cocrtaBui 6oee 80%. [py3oBbie mepeBO3KH 0OCCIICUNBAIOT OCHOBHOE (DMHAHCOBOE
MoJIoKeHUe  orpaciu. JlelcTByromass HOpMaTuBHas ©0a3a 10  ompeaeiieHur0  TapudoB
dbopmupoBanace B 2000 romax, 3a mpomemmue 20 JET MPOU3ONLIM OOJBIIHE W3MCHCHHS B
[peiickypante 10-01, KOTOpBIN MEHsUICA B TEUEHUH 3TOTO BPEMEHH U MOACTPAUBANICA K YCIOBUAM
pBIHKAa Ipy30BBIX NepeB0o30K. Bo3moxHocTu koppekTupoBku Ilpeiickypanta 10-01 u BHeceHus
W3MEHEHUN BCE HMCUEpIaHbl, U BCE OYECBUIHEE CTAHOBUTCS HEI((HEKTUBHOCTH CYIIECTBYIOIINX
mpaBwI peryiupoBaHus TapudoB. B mocnennee Bpems akTUBHO OOCYKTAIOTCS IpaBHiia
pedopmupoBanus xkenesHogopoxHbIX TapudoB. B OAO «PX/[» neHsl Ha rpy30BbI€ MEPEBO3KU
dbopMUpPYIOTCS  Tak, YTO TIOTPy3Ka HHU3KOJAOXOMHBIX TPY30B CyOCHAMpyeTcs 3a CYeT
BBICOKOZIOXOHBIX. DTO MPUBOAUT K COKPAIICHHUIO TOXOJ0B KOMIIAHUH, YTO BEAET, KaK CJIE/ICTBHE, K
CHIDKEHHUIO PACXOI0OB HA MOJEPHM3AIMI0 M PA3BUTHE IKEIE3HOAOPOKHOW HHPPACTPYKTYpHI, U
OCNabNeHUI0 KOHKYPEHTOCIIOCOOHOCTH C JPYTMMH BHJAaMHU TpaHcmopta. PaccmarpuBarorcs
CYIIECTBYIOIIKE MPOOJIEMBI B 00JIaCTH 1IEHOOOPa30BaHUs M HANIPABJICHUS JaTbHEHIIIETO Pa3BUTHS B
obnactu ¢popMupoBaHus TapruoB HA TPY30BBIC KEIE3HOAOPOKHBIE TIEPEBO3KH.

Abstract. JSC Russian Railways has a number of unresolved issues in the field of pricing and
regulation of freight transportation tariffs. The company receives its main income from freight
transportation. For 9 months of 2024, their volume amounted to more than 80%. Freight
transportation provides the main financial position of the industry. The current regulatory
framework for determining tariffs was formed in the 2000s. Recently, the rules for reforming
railway tariffs have been actively discussed. At JSC Russian Railways, freight transportation prices
are formed in such a way that the loading of low-income cargo is subsidized at the expense of high-
income cargo. This leads to a reduction in the company's income and a decrease in expenses on the
modernization and development of railway infrastructure. Existing problems in the field of pricing
are considered.

Kniouesvie  cnosa:  mpeWckypaHT,  MHJIEKcallus, IOJUTHKa  TapudooOpazoBaHus,
HU3KOJIOXOAHBIE U BBICOKOIOXOAHBIE TPY3HI.

Keywords: price list, indexation, tariff policy, low-income and high-income cargo.
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Bompocer B oOmactu 11eHOOOpa3oBaHUST W PETYIMPOBAHUS TPAHCIOPTHBIX TapuQoB
000CTPSIIOTCST ¢ KKIBIM TOJIOM U TPEOYIOT HE3aMemIuTenpbHOro pemieHus. Tapudnas cucrema B
cdepe Tpy30BbIX MMEPEBO30K JODKHA OBITH aJaNTHPOBAaHA K TEKYIIUM SKOHOMHUYECKHM YCIOBHSIM
COBPEMEHHOI0 pBIHKA, T.€. 3aTpaTbl OTpPacid Ha OCYILECTBIECHUE CBOEH JEATEIBHOCTU U
CTPOUTENILCTBO HOBBIX HMH(PPACTPYKTYPHBIX OOBEKTOB JOJDKHBI KOMIICHCHPOBATbCi 3a CUET
IPaMOTHO OTPEryAUpOBaHHOM TapuHOM monuTuku. OCHOBHBIM IOKyMEHTOM JIsl pacuéra TapuQon
3a TEPEBO3KY TPY30B KEJIE3HOMOPOKHBIM TpancrnoptoM sisgercs l[Ipeiickypant Nel0-O1. Ha
CEroJHsl MCUEepIiaHbl BCE BO3MOXHOCTU KoppekTtupoBku Ilpelickypanta Ne 10-01, B xoTopslii B
TeueHuu npomeamux 20 JIeT MOCTOSHHO BHOCHUJIMCh M3MEHEHHS U BCE OYEBUIHEE CTAHOBUTCS
Hea(pPEKTUBHOCTH CYIIECTBYIOLIUX MPaBUI peryinpoBanus Tapudos. B nocnennee Bpemsi akTUBHO
o0CyXJaroTcsi mpaBuia peGopMUpOBaHHS KEIE3HOAOPOKHBIX Tapu(oB M BHIPAOOTKA HOBBIX
nonxozos k IIpeiickypanty

3a mocneiHHe HECKOJIBKO ACCATHIIETUH PBIHOK KEJIE3HOAOPOKHBIX TPAaHCHOPTHBIX YCIYT
MOTepIeNl 3HAauUMTEeNbHbIE W3MeHEeHHs. CTalu aKTUBHO Pa3BUBAThCS HOBBIE YYAaCTHUKU pPbIHKA —
TPAHCHOPTHBIE NPEANPUATUS, KOTOPbIE HUMEIT COOCTBEHHBIM WM apeHJOBaHHBIM IOJBUKHON
COCTaB, UX y4YacCTHE B IEPEBO30YHOM IIPOLECCE CO3JAET JOINOJIHUTEIbHYIO KOHKYPEHILIMIO B ATON
oTpaciu. YacTHbIe TPAHCIIOPTHBIC MPEANPUATHS CHITPAIH BEAYIIYIO POJIb B YBEIUYECHUH MPUPOCTA
00BEMOB MEPEBO30K U TPY30000pOTa HA KEJIE3HBIX TOPOrax.

B Hacrosimiuii MOMEHT IjlaTa 3a NEPEBO3KY I'py3a HANPSAMYIO 3aBUCUT OT IMOBBIIIAOIIETO,
MH/IEKCUPYEMOTO KaKIbIi rof, koddduuuenta. Exeromno MUHHCTEPCTBO IOCTHIIMU PETUCTPUPYET
npuka3 GAC PO o006 wuHOekcanuu Tpy30BBIX KeIe3HONOpPOXKHBIX TapudoB. Ha 2024 rop
omybonukoBan npukaz GAC ot 19.10.2023 Ne 750/23.

Cormacuo mpuka3za @AC Poccun No750/23 ot 19 oktsaops 2023 roma ¢ aexabps 2023 roma
MIPOU30MAYT CIAEAYIOLUINE U3MEHEHMUS:

—-rpy3ootnpaButenu B gekadbpe 2023 r u B 2024 r B cpeaHem OyAyT miuaTuTh Tapud 3a
rpy3oBble iepeBo3ku Ha 10,75% Bblie;

—100aBUTCS POCT HaI0ABKU Ha KalMTaJIbHbBIN peMOHT uHpactpykTypsl ¢ 1,05 go 1,07;

—TMOSIBUTCS MHAEKC K 0a30BbIM CTaBKaM ILIaThl 3a IEPEBO3KU CIELUAIbHBIX TI'PY30B U
cocrtaBur 1,64;

—-OylIeT yCTaHOBJEHa JOIOJIHUTENbHAs IieneBas HaabOaBka (B Buae Kkoddduimenra
JIOTIOJIHUTENBHON HHJEKcaluu TapudoB) K Tapudam, 1isi (UHAHCUPOBAHUS MEPONPUATUH I10
o0ecrniedyeHnto TpaHcnopTHOW Oe3omacHocTH B pasmepe 1,01 ¢ 1 gexabps 2023 r. mo 31 nexaOps
2024 r. BxmounTensHO U B pazmepe 1,02 ¢ 1 suBapst 2025 1. o 31 nexabpst 2025 r. BKIIOYUTEIBHO;

— IOTIOJTHUTENIbHAA 1LesIeBasi Hajl0aBKa (B BUJE KOA((UIIMEHTa JONOIHUTEIbHON HHAEKCALIUH )
K Tapudawm, B pazmepe 1,07 ¢ 1 nexkabps 2023 r. o 2025 r.

Kaxnprit ron BeixomsaT HOBble Tpukazbl MAC (Tabnuia), B KOTOPHIX MPOMHUCAHBI HOBBHIE
K03((UIIMEHTHl UHJEKCAIlMM, UCXOJ U3 rpadyKa M3MEHEHUs Kbl pa3 B OOJBIIYIO CTOPOHY.
[TpyHIMNO OATOCPOYHOIO PEryaupoBaHUs Tapu(OB NMpennojaraeT CTabUIbHYI0 IKOHOMUYECKYIO
cpeny. B cnyuae u3MeHeHMs BHEIIHUX YCIOBMH (DYHKIMOHMPOBAaHUS (TIOBBILICHUS YPOBHS
MHQISIIMK), COOTBETCTBEHHO YBEIMUYUBAIOTCSA PACXO/bl KOMIIAHUU, TIO3TOMY KOMIIEHCALUS TaKHUX
pacxofioB TMPOMCXOAUT 3a CYET YCTAHOBJIEHHUS HAA0aBOK K MHJEKCaM Tapu(oOB 3a Tpy30BbIE
MIEPEBO3KHU.

B nmnocnegnee Bpemst mo0as cdepa JEATETBHOCTH «OINyTHIa Ha cebe» BIHsSHHE
MTOJINTHYECKON 00CTaHOBKH, Mpoucxosiiee He 0oonuio ctoponoit 1 OAO «PXK/», uro oTpasunoch
Ha CHIKEHUU JIOXOAHOCTHU OT I'PY30BbIX MEPEBO3OK.

VYxe ¢ 2022 r OAO «PXK]/]» oTka3piBaeTcs OT BCEX MEPOIPUATUH, KOTOPHIE HANpPSIMYIO HE
CBSI3aHBIX C OpraHu3aluell NepeBo30K. /J[aHHbIe MepBI, 10 cI0BaM IeHaupeKkTopa komnanun Onera

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 192



T. 10. Nel12 2024
https://doi.org/10.33619/2414-2948/109

bBroanemens nayxu u npaxmuxu [ Bulletin of Science and Practice
https://www.bulletennauki.ru

benoszepoBa, HEOOXOIMMBI, YTOOBI MOJAEPKATh JHMKBUIHOCTh 3a CYET CHUKEHHS pPAcXoiOB U
chopMupoBaTh HCTOUYHUKH (PUHAHCUPOBAHMS JeATeNbHOCTU. [IpuBeném CHUCOK KOHKPETHBIX
MEPONPUATHHN:

- Terepb 3a YCIYTH 10 nepeBo3ke rpy3oB oepetcs 100% npenomnara;

- 0TKa3 OoT pabOThl 0 OAHKOBCKUM T'apaHTHIM;

- BPEMEHHO BBEJEH MOpATOPUM HAa KOHCAITHUHIOBBIE, HOPUAUYECKUE U HAYYHO-
HCCIIEA0BATENIbCKUE YCIIYTH.

Tabmuma
KOBSPOUITUMEHTHI UHAEKCAIIM TAPHDPOB
HA I'PY30BBIE ITEPEBO3KH XXEJIE3HOJJOPOXXHbBIM TPAHCIIOPTOM

Too Ilpoyenm unodexcayuu Tlpuxas Jlama ecmynnenus é cumy
2024 10,75 Ipuka3z ®AC Poccuu Ne750/23 ot 19.10. 2023 ¢ 01.01.2024
2023 8 [Mpuka3z ®AC Ne797/22 oT 11.11.2022 ¢ 01.01.2023
2022 5,8 [Mpuka3z ®AC Nel1402/21 ot 13.12.2021 ¢ 01.01.2022
11 [Tpuka3z ®AC Ne408/22 ot 26.05.2022 ¢ 01.06.2022
2021 3,7 [Tpuka3z ®AC Nel557/19 ot 26.11.2019 ¢ 01.01.2020
2020 3,5 [Mpuka3z ®AC Nel557/19 ot 26.11.2019 ¢ 01.01.2020
2019 3,5 [Mpuka3z ®AC Nel1482/18 ot 30.10.2018 ¢ 01.01.2019
2018 3,9 [Tpuka3z @AC Nel687/17 ot 18.12.2017 ¢ 06.01.2018
2017 4,2 [Tpuka3z ®AC Nel863/16 ot 26.10.2016 ¢ 01.01.2017
2016 4.3 [Mpuka3z ®AC Nel789/15 ot 28.12.2015 ¢ 01.01.2016
2015 4,0 [Mpuka3z ®AC Ne2005/14 ot 26.12.2014 ¢ 01.01.2015
2014 55 [puka3z ®AC Nel674/13 ot 20.12.2013 ¢ 01.01.2014
2013 6,0 [Tpuka3z ®AC Nel761/12 ot 27.12.2012 ¢ 01.01.2013
2012 6,5 [Mpuka3z ®AC Nel1898/11 ot 28.12.2011 ¢ 01.01.2012
2011 4,6 [puka3z ®AC Ne3037/10 ot 29.12.2010 ¢ 01.01.2011
2010 4,5 [Tpuka3z ®AC Ne2750/09 ot 25.12.2009 ¢ 01.01.2010

Anamuzupyst nokymeHTl @DAC, MOXHO 3aMETUTh BEChbMa OIIYTHUMBIH pocT TapudoB
nepeBo3unka. PabotHuku LleHTpa MOMMTIKOHOMUYECKUX MCCIIENOBAaHUN cuuTatoT, uto B 2023 romy
ynepkarb ko3(pUIMEeHTbl MHIEKCAllMU Ha 3allJJaHUPOBAaHHOM paHee ypOBHE OBLIO HEBO3MOXKHO.
ITockonbky B Poccnn Mcnonb3yeTcsi CIOXKHBIM MEXAHU3M HHJEKCUPOBAHUSA, TO Yy PETYIUPYIOIIMX
OpPraHoOB MOSIBISIETCS BO3MOXKHOCTh IOBBIIIATh IMPOLIEHT HE TOJbKO y 0a30BOM MHIekcauuu (B
pamKax MpUHIMNA «MHQIIALNS MUHYC»), HO U 'y HaJI0aBOK, YK€ BKIIIOUEHHBIX B TapU{( paHee.

Pacnopsixkenuem [IpaBurenscta Ne2991-p ot 29.12.2017 1. onpeneneHa TapudHast MoJMTHKA
Ha 2019-2025 rombl, Ie yCTaHOBIECHO, YTO €XKETOJHBIM TEMI pocTa TapudoB MPHU MEPEeBO3KE U
OKa3aHWM YCIYT OyJeT WHIEKCUPOBaThCs Ha ypoBHE MHDmsamu munyc 0,1 mporeHTa. IT0 3HAUUT
kommnanusi OAO «PX» Geper Harpy3ky Ha ceOs, HEIOMOJIy4ast JOXOAbl U MOAMEHsS (QYHKIIUU
roCy/lapcTBa.

Kak mpaBwmio, miara 3a NepeBO3KY I'Py30B OINPEAEIAETCS HAa OCHOBE JIBYX NPUHIUIIOB!
KOMIICHCAITUU Ce0eCTOMMOCTH (IMTOKPBITHE 3aTpaT Ha MEePEBO3KY) U MPHUHITUIIA TUIATEKECITOCOOHOCTH
(6omee moporue rpy3bl MEPEBO3IATCS MO O0JIee BBHICOKYIO Tary). [ ecTecTBEHHO MOHOMOJIBHBIX
PBIHKOB TOCYIapCTBO YCTaHaBIMBAET MpeenbHble Tapudsl U ko3dduumentsl kK HUM. Hanpumep, Ha
KEJIe3HOAOPOXKHOM TpaHcropTe Tapudsl HHAEKcUpYIoTcs ¢ yuétom UIIL] ¢ moMoIpio MOBBIIIEHUS
K03((UIIMEHTOB K cTaBKaM, ykazaHHbIM B [Ipeiickypante 10-01.
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JlomycTuMbIi ypOBEHb MHIEKCAIIUN PACCUMTHIBAETCS Ha OCHOBE (DOPMYJIbl, YCTAHOBIEHHOU B
pacniopstxennu [IpaButensctBa PO No2991-p:

WIIL,_, + WITL, + WITHq + W,

I = 13 5 — 0,001

rae UIIL,;_; — dakTrueckuii MHIAEGKC MOTPEOUTENHCKUX IIeH 3a Tox t-1, mpeamecTByronui
rony t mpuHATUS TapudHOro pemieHus (B CpeaHEM 3a ToJ), OIpelesieMblii [0 JaHHBIM
@enepanbHOil cimyxObl TOCymapcTBeHHOM cratuctuku Poccuiickoit ®@eneparun, %; HWIIL, —
WHJICKC TMOTPEOUTENbCKUX IIEH, MPOTHO3UPYEMBIM Ha TEeKymwui rox t (B cpemHeM 3a Tof), B
COOTBETCTBHM C aKTyaJbHBIM Ha JaTy MPHUHATHS TapU(HOTO pelIeHUs MPOTHO30M COIHMAIbHO-
SKOHOMHYECKoro pa3Butus Poccuiickoii ®@enepauny Ha COOTBETCTBYIOIIMM nepuox, %o
WUIIL; 1, AT, — WHACKCH TOTPEOMTENHCKUX IIEH (B CpeaHEM 3a Toj), MPOrHO3UPYEMbIE Ha
roabl t+1 u t+2 COOTBETCTBEHHO, B COOTBETCTBHH C aKTyaJbHBIM Ha J1aTy MPUHATHSA TapUPHOTrO
pellieHrs TMPOTHO30M COIMAIbHO-PKOHOMHUYECKOro pa3BuTusi Poccuiickoit @enepanuu Ha
COOTBETCTBYIOIIUHI Tiepuoa, %; t — rox npuHATHS Tapu()HOTO PEeLICHHS.

Takum 00Opa3om, HECMOTpsi Ha TO, YTO CYHIECTBYET 3aKOHOIATeIbHas Oa3a Js pacdera
WHJCKCAMK Tapru(oB Ha OCHOBE BaJOBOM BBIPYYKH, HA MPAKTHKE WHACKCALUS TMPOU3BOIUTCS IO
MPUHINITY «UHQIAIHUS MUHYC», C YU€TOM MHJAEKca moTpedutensckux 1eH. Ha Pucynke mokaszaHo,
KaK MEHSETCS MHICKC MOTPEOUTENbCKUX 1IeH U UHACKC Tapu(OB Ha KEJIE3HOAOPOKHBIE TIEPEBO3KH.
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Pucynok. CoorHomenne WIIL u wHnekca tapudoB Ha Ipy30Bbie MEPEBO3KU JKEIE3HOIOPOKHBIM
TPaHCIIOPTOM

Ha nporsoxenun uccnenyemMoro nepuona, MHAEKC LUEH MPOU3BOAUTENEH ITPOMBILIIEHHBIX
TOBapOB OOJNbIIEH 4YacThlO TMPEBBIMAT HHIEKC pocTa Tapu(poB Ha TPY30BHIE MEPEBO3KU
KEJIE3HOIOPOKHBIM TPAHCTIOPTOM. 3HAYUTEIIBHOE TMPEUMYIIECTBO HHICKCAIMU TapudoB Ha
YpPOBHEM HWHJIEKCA IIEH MPOU3BOAUTENCH ObLIO 3aMedeHo Toibko B 2008, 2019 u 2022 rogax, 4To
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CBSI3aHO C HEOOXOIMMOCTBIO JOMHAEKcAauu TapudoB 3a mpomenmue roaa. [lo uroram Bcero
nepuoja, CymMMmapHas MHJIEKcalus Tapu(oB Ha TIpYy30Bbleé IEPEBO3KU KEIE3HOAOPOKHBIM
TPAHCIIOPTOM OKa3aJjiaCh HUXKE, YeM MHJIEKC LIEH MPOu3BoAuTeNeH, modToMy B KoMmranuu OAO PXK]]
HY)KHO YUYUTBIBaTh UHJEKC POMBIIIIEHHOW HHIEKCALIUH.

BaxHbIM BONPOCOM B 4acTU TApU(PHOrO PETYINPOBaHMS SBISIETCS 00ECHeYeHHe PpaBHO-
BBITOJHBIX YCIIOBUI KOHKYPEHIIMM MEXKIY Pa3JIW4YHBIMU IIEPEBO3YMKAMU, a TAKXKE C BIIaJeiIbLaMu
coOCTBeHHBIX Moe3AHbIX (hopmupoBanuii (CIID) npu nepeBo3ke pa3IndHbIX TPy30B. [eiicTBytomue
tapudsl 3a ucnonb3oBanue uHpacTpykrypsl PXKJ] kak 1si HE3aBUCHUMBIX MEPEBO3UYMKOB, TaK U
CII® nocTpoeHbl Ha 3aTPaTHOM OCHOBE M CO3JAIOT 3HAYMTEIBHO JIYIINE SKOHOMUYECKHUE YCIOBUS
U TeM, U ApYr'uM 1o cpaBHeHuto ¢ Tsroi PXK/I npu nepeBo3kax rpy30B ¢ MOBBIIEHHBIMH 0230 BBIMU
tapudamu pasnena 2 Ilpeiickypanta Ne 10-01 mns rpy3oB TpeThero kjacca U HE(TEIPOMYKTOB.
Pasnuna mexnay OazoBeiM Tapudom, korga nepeBo3unmk PXKJ[ co cBOMM JOKOMOTHBOM, M 3a
UCIOJIb30BaHNE MH(PACTPYKTYphl (HE3aBUCUMBIN IE€PEBO3YMK) NPH IEPEBO3KE IPOKAaTa YEPHBIX
METAJUIOB U JU3EIbHOTO TOIUIMBA Ha IOPSIOK BBILIE IO CPaBHEHUIO C IIeOHeM. DTa pa3HMILA,
MPECTABIISIOMAs MapKy HE3aBHCHMOTO MEPEBO3YMKA, CTAHOBHUTCA emle OOJbIIe B COOOIIEHHSIX
yepe3 MOrpaHuYyHbIE MEPEXO/Ibl YEPE3 TPETbU CTpaHbl, HE BXoAsuiue TaMoxkeHHBbINH coro3. Jleno B
ToM, uYro Ha Tapudsl pasgena 4 Ilpelickypanta He pacHpOCTPaHSAIOTCS MOBBIILIAIOIINE
K03((UIIMEHTHI, UMEIOIIHE 10 CYLIECTBY 3arpaJuTeIbHbII XapakTep.

Uro ’xe KacaeTcs 4aCTHOM TATM, TO Ha psAJie MapLIPyTOB YK€ AABHO PabOTAIOT IECATKU
coOcTBeHHBIX Moe3nHbIX (popmupoBanmii (CIID). OmxHako WX BIAAETBILI HE OOJATAIOT CTaTyCOM
nepeBo3uuka. IIpu 3TOM OHM MMEIOT BCE BBITOABI IIEPEBO3YMKOB IIPU JOCTAaBKE JOPOTOCTOSIIUX
I'Py30B, HO HE HECYT OTBETCTBEHHOCTH 32 IIEPEBO3KH.

ITo cymectBy, CII® ¢usnuecku ¥ MO 3arparaM Majo 4YeM OTIWYAIOTCS OT JIOKAIbHBIX
[IEPEBO3YMKOB, paOOTAIONINX KOJIBLIEBBIMU MaplIpyTamMu. B To jxe Bpems ¢ paBOBON TOYKU 3pEHUS
pasnuuus CyLIECTBEHHBIE, IIOCKOJIBKY TOJBKO IIEPEBO3YMKH OTBEYAIOT 3a mepeBo3Ky. Ilomyudaercs
IIPOTUBOPEYHE: TPAHCIIOPTHBIMHM CPENCTBAMHU BIIAJEET OIEPATOP, a OTBETCTBEHHOCTH JIEKHUT Ha
PX/. CII®, B ornuume OT MEPEBO3UYMUKOB, HE MMEIOT MPABOBOrO CTAaTyca B 3aKOHOJATENIbCTBE U
CYLIECTBYIOT KaK ITOHSTHE TOJBKO B BEJOMCTBEHHOM akTe MUHTpaHca.

KapauHanbHbeIM perieHreM A7si 000CHOBaHHOW TapU(pHMKALMK HE3aBUCHMBIX IEPEBO3UHKOB, B
T. 4. U KypCHUPOBaHMsI WHOCTPAaHHBIX IepeBo3unkoB Ha cetn PXXJI, sABnsercsa coznaHue HOBOM
cucreMbl TapupoB, B KOTOPbIX Oa30BBIMH CTaBKaMH CTAHOBSTCSI IUIaThl 3a MHCIOJIb30BAHUE
UHQPACTPYKTYpbl, C HAYMCIEHWEM Ha HUX BceX TapupHblXx KodpduuuentoB. K HuM npu
ucnons3zoBanuu Tru PXXJ npennaraercst 106aBUTh JIOKOMOTUBHYIO COCTABIISIONLYIO B OJMHAKOBOM
pa3Mepe 1o BceM rpy3aM. OueHb Ba)KHO, YTOOBI JJOKOMOTHBHAsI COCTABJISIOIIAsl Oblla BhIpaXKEHA B
pyOisIX 3a BaroH JUIsl COMOCTaBMMOIO COM3MEpeHus ¢ 0a3oBbIM Tapudom, a HE B IMPOLEHTAX.
AHanorom mnpejaraeMoro mojaxoja sBjsieTcs OAMHAKOBas JUIS BCEX I'PYy30B ILJIara 3a UCIOJIb30BaHHUE
BaroHOB OOILEro mapka, Kak 3To Obulo mpuHATO B pedopme 2003 1, OTKpBIBIIEH JBEpH IS
MOJTHOLIEHHO!N KOHKYPEHILIUH MEKIAY COOCTBEHHHMKAMU BarOHOB.

IIpu coxpanenun aeiicreyromero [Ipeiickypanta Nel0-01 MOXKHO BBIUECTH U3 IEHCTBYIOIIETO
06aszoBoro  Tapuda  JIOKOMOTHBHYKD  COCTAaBJISIONIYIO, HO HE  OIyCKarb IOJy4YEHHbIE
MH(QPACTPYKTYpHbIE CTaBKU HUXKE PACXOJ0B, 3aBUCSIIUX OT 00bEMa mepeBo3ok. HbIMH cloBaMu,
€CJIM TIOJlyYEHHBIM pE3yJIbTaT BBIYMTAHUSA OKAKETCS HIDKE JTOM BEJIMYMHBL, TO IUIaTa 3a
UCMOJIb30BaHNE MH(PACTPYKTYphl JTOJDKHA YCTAHABIMBATHCS HAa YPOBHE 3aBUCSIIUX PACXOIOB C
MUHUMAaJIbHOM peHTa0eNbHOCThI0. Takol mNoaxol K TapuUKalUUu MPAKTHUECKH peaTu3yeM,
YUUTBIBasi IOBCEMECTHOE MPUMEHEHNE aBTOMATU3UPOBAHHOM TAKCUPOBKU MPOBO3HBIX TLIAT.

Pazymeercs, ocTaHyTCs HETOYHOCTM MO BHMJAM TATU. J[Is1 3/eKTpoBO30B moOTpelyercs
N00aBUThH 3aTpaThl HA ANEKTPOCHAOKEHUE WM OIUIauuBaTh UX OTAenbHO. [lpu TakoMm moctpoeHuu
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Tapuda HCXONHbIE KOHKYPEHTHBIE YCJIOBUS OyAyT B 3HAYUTENbHON Mepe coOMIoaeHbl, HO
SKOHOMHYECKH, KOHEYHO, YacTHbIE IMEpPEeBO3YMKH BCE pPAaBHO HE CMOTYT BO3UTh Ha OoJblIue
paccrosiHus JemieBble rpy3pl. Ho 310 OynyT He agMHHHCTpPaTHBHbBIE, & BIIOJIHE IKOHOMUYECKHE
OTpaHUYEHUS, B paMKaX KOTOPBIX MECTO HE3aBUCHUMBIX, B T. Y. 3apyOCIKHBIX MEPEBO3UUKOB OyIET
YEeTKO O4YEPUECHO.

K Tapudy 3a npober nobaBsaTcs paznuuHbie cOOpHI U IJIaThl 32 CTAHIIMOHHBIC IYTH U yCIYTU
e¢ Bnanenbua. [losBsaTcs B3anMHbIE 0053aTEBCTBA U CAHKIIMU KaK C BIIAJAENbIa HHPPACTPYKTYPHI
PXJI 3a oOecnieueHue mpomycka COCTaBOB, MX 3aJEPXKKY, TaK M C JIOKAIbHBIX MEPEBO3YUKOB 32
HapyIICHUs TEXHOJIOTUHU, CKOPOCTHOTO PEKKMMa YaCTHOTO JIOKOMOTHBA, HecoOIo/IeHue rpaduka mo
BUHE CTOpOH. B uucne TpeOGoBaHUIl K MEPEBO3YMKY Ha 3arpyKCHHBIX JUHHUSIX MOXET ObITh
COOMIOIEHNE YCTAHOBJICHHOTO Beca M JUIMHBI cocTaBa moesfa. Ho rmaBHoe — mpoBo3Hasl Iara
OyzeT B3UMaThCsl C MEPEBO3YMKA HE 3a Kpardaiilliee, a COIIACOBAHHOE PACCTOSHUE, T. €. C YYETOM
YCTaHOBJICHHBIX OKPYXHOCTEH.

Wtak, K OCHOBHBIM HENOCTAaTKaM JIEHUCTBYIOIIMUX KEJIE3HOAOPOXKHBIX Tapu(oB MOXKHO
OTHECTHU:

— MPUMEHEHHE B KauecTBe Tapu(HOM 0a3bl cpeHeceTeBOl ce0eCTOMMOCTH IMEPEBO30K,
mudQepeHIMPOBaHHOW TI0 pPoAaM TPY30B, BHJAAM COOOIICHHWS, THUIAM HCIOIB3YEMbBIX LIS
IIEPEBO3KM BaroHOB U JAJbHOCTU IE€PEBO30OK U HE YUWTHIBAIOIIEH DPA3NIUYUs €€ Ha OTAEIbHBIX
HAIMPAaBIICHUSAX U YUYaCTKaX MEPEBO3OK:

— MOCTPOCHHUE JACUCTBYIOMIMX Tapu(OB MO 3aTpaTHOMY NMPUHIMITY O€3 ydyeTa crpoca Ha
UX MEPEBO3KY;

— MPUMEHEHHUE TPUHIUIA, TP KOTOPOM Tapud ycTaHaBIMBaeTcs 0e3 ydera cmpoca Ha
MEPEBO3KY HA TAKOM YPOBHE, UTO ObI IOXO/ABI IO KXKIAOMY BHAY IEPEBO3KH MOTHOCTHIO MTOKPHIBAIU
IIPEJIBAPUTEILHO OTHECEHHbIE HAa JAHHYIO IEPEBO3KY pacXoibl M IPUHOCWIM OIPEICICHHYIO
pUOBLIb;

— MHJEKCAIMIO TPY30BbIX M MACCA)KUPCKUX Tapu(pOB HA OCHOBAHUM HU3MEHEHHUs 0OIIei
BEJIMYMHBI JIOXOI0B U PacX0JI0B B IaHHOM BH/JI€ IEPEBO30K;

—  YCTaHOBJEHHE TpPY30BBIX Tapu(OB IO YCIOBHUIO IOJHOTO HCIIOJIb30BaHUS HOPM
TEXHMUYECKOM 3arpy3Ky BaroHOB IIPU MEPEBO3KE JTAHHBIX BUI0B I'PY30B.

M3-3a BBICOKOTO YpOBHSI KEJIE3HOAOPOKHBIX TapU(OB, HANpUMEp, PpPa3yMHBIH BHIOOP
3¢ ($EeKTUBHOTO MPUMEHEHUSI aBTOMOOMIBHOTO U JKEJIE3HOIOPOKHOTO TPAHCIIOPTA C 3KOHOMUYECKON
TOYKHM 3pEHHs] TOTepsi CBOE 3HAYEHWE, TaK KaK >KEJIEe3HOAOPOXKHBIM TpPAaHCHOPT Ha BCeX
pacCTOSIHUAX HEKOHKYPEHTEH IIpHM IEPEBO3KE IPAKTHYECKH BCEX TIPY30B, 3a HCKIIOYCHHEM
MacCOBBIX HAaBaJOYHBIX. DTO MPHUBOAUT K M3JIMIIHUM HEOOOCHOBAHHBIM 3aTparaM Ha TPaHCHOPT U
OTpakaeTcs Ha KOHEYHBIX IleHaX. Tapudbl Ha MEpPeBO3KM B TPYIHOAOCTYIHBbIE pallOHBI Ha
(denepanbHOM YpOBHE HE PETYNUpYIOTCs. TpaHCIIOPTHBIE TEPMUHAJBI KaK OOBEKTHI PEryIHMpPOBaHUS
HE paccMaTpUBAIOTCs U Tapu(Hasi MOJUTUKA B 3TOM YacTH HE ONpeJieNeHa.

Bbicokuii ypoBeHb Tapu(pOB BO MHOIOM OIpeleNseTcss TeM, YTo Oonblias YacTb
MIPOM3BOACTBEHHBIX (DOHA0B O€37AeMCTBYET, CIOKUINCH HEOIAronpUsATHBIE TEHACHIIUY B H3MEHEHUN
MIPOU3BOAUTEILHOCTH BBITIOJHEHHUS TPAHCIIOPTHOW pabOThI; BBIPOCHA 3aTpaTHas pojb «BTOPUUYHON
UHPPACTPYKTYpbl» (COLMANBHOM, NPOU3BOJICTBEHHOM, IMOICOOHON), a J>Kele3Hble JO0pOoTH He
IIPOSBIISIIOT JOCTATOYHON KOMMEPUYECKON 3aMHTEPECOBAHHOCTH B CHI)KEHUU 3aTpar. PerynupoBanue
TPAHCHOPTHBIX Tapu(OB IOIKHO KOMIUJIEKCHO YYUTHIBATh HApOJHOXO3SIIICTBEHHBIE U OTpacieBbIe
YCIIOBUS, JTOJDKHO OBITh HAaIlpaBJIEHO HA YCWJIeHHE (QYHKUMNA TapudoB B ycIoBUAX 3(PPexTHBHON
HSKOHOMHKH, YUUTHIBATh MIPOLECCH] MPHUBATH3AIMU B cepe TpaHCIopTa.
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Annomayus. TlpoBeneH aHaIM3 COBPEMEHHOTO Pa3BUTHS TPAHCIIOPTHOW MHQPPACTPYKTYpPHI B
Koipreisctane. B pabote paccmarpuBaloTcs — KIIOUEBblE  TEHICHIMM W HAIpaBJICHUS
rOCyJapCTBEHHOI MONUTHKU B JaHHOU cdepe. MccnenoBanue mokasbiBaer, 4to B KeIpreiscrane
HaOroAaeTcsl yCcToiunBas MOJ0XKUTENbHAsA AUHAMUKA Pa3BUTHS Pa3IMYHbIX BUAOB MACCAKUPCKUX
U TPYy30BBIX IHEpeBO30K. OTmeudaercss pPOCT OOBEMOB aBTOMOOWIBHBIX, JKEIE3HOJIOPOKHBIX,
aBUALMOHHBIX M JAPYTUX TpPaHCHOPTHBIX Yyciyr. Ocoboe BHUMaHHME YIENAETCS pealu3aluu
MaciITaOHBIX HMH(PACTPYKTYpHBIX IPOEKTOB IO PEKOHCTPYKLIUH MU MOJEPHHU3ALMH KIHOYEBbIX
aBTOMOOWJIBHBIX Maructpained, coeauHsoonmx KbIprei3cTaH ¢ COCEAHMMH CTpaHaMH. ITO
CIOCOOCTBYET MOBBIIIEHUIO KAauyecTBa W JIOCTYMHOCTH TPAHCIOPTHBIX KOMMYHHUKAIMM, a Takxke
MHTETrpalii CTpaHbl B pErMOHANbHbIE U TJ00albHBIE JOTMCTUYECKUE LIEMOYKH. B aBuaIimoHHOM
OoTpacid TNPEJIPUHHUMAIOTCS MEpbl [0 paCIIMPEHUI0 MAapHIPYTHOM CETH HAlMOHAJIBHOTO
aBHAaNepeBO3YMKa, MOBBIIIEHUIO KaYeCTBA a3PONOPTOBBIX YCIYr U OOHOBJIEHHUIO MapKa BO3AYIIHBIX
cynoB. IIpoBoaumele B KbIprei3ctaHe KOMIUIEKCHBIE Mepbl B cdepe TpaHCHOPTHOM
MH(QPACTPYKTYphl HANpaBi€Hbl Ha MOBBILIEHUE 3(PPEKTUBHOCTH, KOHKYPEHTOCIOCOOHOCTH U
9KOJIOTMYHOCTH HAI[MOHAJIbHOW TPAaHCHOPTHOW CHUCTEMBI, UYTO HWIpPaeT KIIYEBYIO pOJb B
o0ecreyeHnn 3 KOHOMUYECKOT0 pOCTa M YCTOHYHNBOTO Pa3BUTHS CTPAHBI.

Abstract. The article is devoted to the analysis of the modern development of transport
infrastructure in Kyrgyzstan. The work considers the key trends and directions of state policy in this
area. The study shows that Kyrgyzstan has a stable positive dynamic in the development of various
types of passenger and freight transportation. There is an increase in the volume of automobile, rail,
air, and other transport services. Particular attention is paid to the implementation of large-scale
infrastructure projects for the reconstruction and modernization of key highways connecting
Kyrgyzstan with neighboring countries. This contributes to improving the quality and availability of
transport communications, as well as the country's integration into regional and global logistics
chains. In the aviation industry, measures are being taken to expand the route network of the
national air carrier, improve the quality of airport services, and renew the aircraft fleet.
Comprehensive measures in the field of transport infrastructure carried out in Kyrgyzstan are aimed
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at increasing the efficiency, competitiveness, and environmental friendliness of the national
transport system, which plays a key role in ensuring economic growth and sustainable development
of the country.

Kntouesvie cnosa: TpancnopTHass WHQPACTPyKTypa, aBTOMOOMIJIBHBIE JOPOTH, aBHAIMS,
MYJIbTUMO/IaJIbHbIE IEPEBO3KH, YCTOWYMBOE Pa3BUTHE.

Keywords: transport infrastructure, highways, aviation, multimodal transportation, sustainable
development.

Tpancnopr sBiseTCs KIIOYEBBIM  JIEMEHTOM  COLIMAJIBHO-3KOHOMUYECKOIO  Pa3BUTHUS
Keiprencrana. OddexTuBHOEC (QYHKIHMOHUPOBAHUE TPAHCIOPTHONW HHQPPACTPYKTYPHI OMPEACIISET
KOHKYPEHTOCIIOCOOHOCTh ~ HALIMOHAJIbHOM  HSKOHOMHUKH.  TpaHCHOpPTHblE  KOMMYHMKALlUU
o0ecrneynBaT TEPPUTOPUAIBHYIO LEJIOCTHOCTh U HAIMOHAIBbHYIO O€30MacHOCTb CTPAHBI.
CHOXHBII TOpHBIN penbed, CypoBbIe KIMMAaTUYECKUE YCIOBHS CO3JAIOT JOMOJHUTEIBHBIC BBI3OBEI
JUId pa3BUTHS TpaHcrnopra. HeoOXxonuMoCTh MpeopoieHusl TPAHCIOPTHOW H30JMPOBAHHOCTH U
o0ecrieyeHns: BHYTPEHHET0 M BHEIIHEro TpaH3uTa. BaKHOCTh HMHTErpaluu B MEXIAYHAPOIHbIC
TpaHCHOpTHbIE Kopuaopbl. KominekcHoe wuccienoBaHue HMHQPACTPYKTypbl TpaHCHOpTa B
Koipreisckoii PecriyOnuke 1mo3BosIMT ONPEAENUTh CTPAaTETHYECKUE HAPABICHUS €€ MOJEPHU3ALUuU
U pa3BUTHUSA, YTO OyJET CIOCOOCTBOBATh YCTOMUNBOMY COIL[MAIbHO-IPKOHOMUYECKOMY POCTY CTPAHBI.
HccnenoBanue pa3BUTHUA TpaHCHOPTHOM MHpacTpykTypsl B Keipreizckoit PecnyOnuke siBisiercs
aKTyaJllbHOW TeMoll. [lenvio uccnedoeanus sABIsieTcs pa3paboTka HayvyHO-0OOCHOBaHHBIX
pPEKOMEHJAMK TI0 COBEPIICHCTBOBAHMWIO W MOJCPHHU3ALMU TPAHCIIOPTHOH HH(PPACTPYKTYpHI
Koipreisckoii Pecniyonuku. st nocTukeHHs] JAaHHOW LENM TOCTaBJIEHbI CIEAYIOLIME OCHOBHBIE
3aJja4uu:

- IIpoBecTH BCECTOPOHHUI aHaNIW3 COBPEMEHHOIO COCTOSHUS M TEHISHIMH pa3BUTUSA
Pa3MYHBIX BUAOB TPAHCIIOPTHOU MHPPACTPYKTYphI B KbIprbi3crane

- BBISIBUTE OCHOBHBIE TTPOOJIEMBI, OTPAaHUYEHUS U «y3KHE MECTa» B Pa3BUTHH TPAHCIIOPTHOU
UHPPACTPYKTYPHI.

- Ilpoananu3upoBarh BIHAHUE TeorpaduUUYecKux, KIUMATHUECKUX U  COLHUAJIBHO-
HYKOHOMHUYECKHX (HaKTOPOB Ha (PYHKIIMOHMPOBAHWE TPAHCIIOPTHOW CHCTEMBI. Peanmm3arus JaHHBIX
3aJ1ad MO3BOJIUT C(HOPMHUPOBATH KOMIUJIEKCHBIM MOJAXOJ K MOJIEPHHU3ALMH M COBEPILIEHCTBOBAHUIO
TpaHcnopTHON HHppacTpykTypbl Kbipreizckoit Pecniyonuku ¢ ydyetom ee cneuupuku, uyto Oyner
CIOCOOCTBOBaTh YCTOMYMBOMY COLIMATBHO-3KOHOMUYECKOMY Pa3BUTHUIO CTPAHBI.

HccnenoBanne MeXAyHapOIHOTO M OTEUECTBEHHOIO OIbITAa pa3BUTHUS TPaHCIOPTHOMN
WHPPACTPYKTYPHI SBISIETCS BAKHOM TEMOW MJIsl M3Y4YEeHHUs, OCOOCHHO B YCIIOBHSIX TIIOOATBHBIX
M3MEHEHUH U TpeOOoBaHMN K yCTOWYMBOMY pa3BUTHIO. O MEXIyHApOIHOM OIBITE, TPAHCIOPTHAsS
MHPACTPYKTypa U 3KoHOMHYeckoe pa3putue BHecnu Bkiaj JK.II. Pompurue [8] B 3TOM KHUTE
paccMaTpUBarOTCSl OCHOBHBIE KOHIIETIUM M MOJENM Pa3BUTUS TPAHCHOPTHBIX CHUCTEM B pa3HbIX
ctpanax. [lo mH(pacTpykType u ycroilunBomy pa3zButuio pabora banucrepa JI. [6] mocssieHa
BOIPOCaM YCTOWYHMBOIO TpaHCHOpTa U pa3paboTke HHGPACTPYKTYpbl C YYETOM OHKOJIOTHH U
skoHOMUKHU. Tpancnopr B EBpormeiickom Coro3e OTYET COACPKUT CTATHCTUKY U aHAIUTHYECKHE
JIaHHBIE IO TPAHCHOPTHOM MHGpacTpykType crpan EBporneiickoro Coroza [7].

Pa3Butne TpancnoptHoi nHdpacTpykTypsl B Poccun. Mpuna BanepreBna Kuposa uccnenyer
TPAHCHOPTHYIO HHPPACTPYKTYPY POCCUNCKHUX PETHOHOB, CUMTASI €€ KIIFOUEBOM MPENNOCHIIKON IS
YCIIEIITHOTO YKOHOMHUYECKOTro pocTa [4].
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K. C. Topmuenko wu . W. HukoHoBa 3aHUMAlOTCS Pa3BUTUEM TPAHCIOPTHOM
uHbpacTpykTypsl Poccuiickoit deaepalivu 1 ee ajanTanureil K COBpeMEHHBIM BbI30BaMm [2].

C. M. Pesep, T. A. IlpokopreBa u C. C. [oHYapEHKO HCCIEAYIOT MEXIYHAPOIHBIE
TPAHCIIOPTHBIC KOPUAOPHI U TPoOIeMbl UX (HOPMHUPOBAHUS U pa3BuTHs [5].

A. A. Tones, A. M. CtpuxkeBckuii, B. C. ['oprolinHCKUI aHATU3UPYIOT TEKYIIUE TEHICHIIUU B
Pa3BUTHH TPAHCIIOPTHOM HHPPACTPYKTYphI B Poccuu 1 BO3MOXKHOCTH 151 MojiepHu3aiiuu [1].

Tocyoapcmeennas nonumuka 6 obnacmu mpancnopma. Jns Kelprbi3ctana, Kak CTpaHbl C
OTPaHUYCHHBIMH TPUPOIHBIMU PECYpCaMU, HO BBITOAHBIM TI'€OCTPATETUYECKUM TOJOKEHUEM,
BOIPOCHl  COBEPILIEHCTBOBAHHUS  TPAHCIOPTHOM  HMHQPPACTPYKTYphl MPUOOPETAIOT  0COOYyIO
3HAYUMOCTb.

Tabauma
IMEPEBO3KHM ITACCAXHWPOB T10 BUITAM TPAHCIIOPTA, man. uenosex [3]

Haumenosarnue noxkazamenetl 2020 2021 2022 2023
Bcero 422,0 504,2 526,9 578,5
Kene3sHoqOpOKHBIHN, THIC. Yell. 72,4 255,2 268,7 247,0
ABTOOYCHI 368,6 440,0 4557 502,3
Tpomneioyco 21,8 30,7 34,8 35,4
Takcu, ThIC. Yel. 31116,7 32 400,0 34 806,1 39 375,5
Bozaymrasiii TpaHCTIOPT, THIC. Yel. 436,8 847,8 1240,4 1290,0

HaGnromaercss yCcTOWYMBBI pOCT OOBEMOB TpPY30BBIX M IMACCAKUPCKHUX IIEPEBO3OK
aBTOMOOWJIBHBIM, BO3AYIIHBIM M JKEJIE€3HOJOPOKHBIM TpaHcnopTroM. IlpencraBineHHble AaHHbBIE
JEMOHCTPUPYIOT JUHAMUYHOE PA3BUTUE [MACCAKUPCKUX IEPEBO30K pPa3IMYHbIMM  BHJIaMU
TpaHcnopta B Keipreizcrane B 2020-2023 rr. O6muii 00beM maccaxupckux MepeBO30K HEYKIOHHO
pactert: ¢ 422,0 Toic. yenoBek B 2020 . g0 mporHo3upyeMsix 578,5 Teic. yenosek B 2023 r. (poct Ha
37%). Jlumupyromiyro TO3WIMIO 3aHUMAIOT aBTOOYCHBIC TEPEBO3KH, OOBEMBI KOTOPBIX
yBenuuuBaiotcs ¢ 368,6 toic. yenmoBek B 2020 1. 1o 502,3 Thic. yenoBek B 2023 1. (poct Ha 36%).
JXKene3HONOPO)KHBIE NTACCAKUPCKUE MEPEBO3KU IEMOHCTPUPYIOT 3HAYUTEIBHBIA pOCT: ¢ 72,4 ThIC.
yenosek B 2020 r. 1o 247,0 Teic. yenosek B 2023 1. (yBenuuyeHue 6onee yeM B 3 pasza).

AKTHBHO pa3BUBAETCsl CETMEHT TaKCOMOTOPHBIX nepeBo3ok — ¢ 31 116,7 Teic. yenoBek B
2020 1. no mporHo3upyemsix 39 375,5 teic. uenoBek B 2023 r. (pocT Ha 26%). HabGmromaercs
MO3UTHBHAs JIMHAMMKA B c(epe BO3MYIIHBIX MACCAKUPCKHUX MepeBOo30K: ¢ 436,8 ThIC. YETIOBEK B
2020 . mo 1 290,0 ThIc. yenoBek B 2023 1. (Gosiee yeM TpeXKpaTHbIM pocT). YcToiiunBoe pa3BUTHE
J€MOHCTPUPYIOT TpoJuieiiOycHble nepeBo3ku: ¢ 21,8 Tric. yenosek B 2020 r. 10 35,4 ThIC. 4ETOBEK B
2023 r. (poct Ha 62%). Takum o00Opa3oM, NpenCTABICHHbIE JaHHBIE CBHUJIETEIHCTBYIOT O
MO3UTHUBHBIX TEHICHLUAX B cepe maccaxMpcKux nepeBo3ok B KeIpreizcrane.

Peanusyrorcs MaciitabHble MHQPACTPYKTYpHBIE NPOEKTHI, HANpPaBICHHbIE Ha pa3BUTHE U
MOJIEPHM3AIMI0  aBTOAOPOXKHOW  CETH  CTpaHbl. Bemercd  peKOHCTPYKIUS  KIIIOUYEBBIX
ABTOMArucTpajie, COeIMHSIoMMX KBIPrbI3cTaH € COCEOHUMH TrocynapcTBaMu. PaszButue u
MOJIepHHU3AIHs TPAHCIIOPTHON MH(PACTPYKTYyphl, coenuHstomed Kblprei3ctan ¢ conpenenbHbIMU
CTpaHaMH, SIBISIETCS. OJJHUM U3 MPUOPHUTETHBIX HANpaBlIEeHUH roCyJapCTBEHHON MOJUTHUKU B cepe
TpaHcnopta. Benercs MacmraOHash peKOHCTPYKLHS KIIIOYEBBIX aBTOMAarucTpayiell, CBA3BIBAIOLINX
Keipreiscran ¢ Kuraem, Poccueii, Kazaxcranom u Y30ekucranom.

Pexoncmpykyus asmooopoeu buwxex-Hapwin-Topyeapm, ceasvisaioweli Kvipevizcman c¢
Kumaem. OOGHOBIEHHE IOPOXKHOTO IIOJIOTHA, PACHIMPEHHE MPOEIKEH YacTh M CTPOUTENHCTBO
TOHHEJIEH MO3BOJIMIIO 3HAYUTEIBHO YIYUIIUTh MPOMYCKHYIO CIOCOOHOCTh M 0€30MacHOCTh 3TOTO
CTpaTernyecky Ba)KHOTO TPAHCIIOPTHOTO KOPUAOPA.
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Mooepruzayus asmomacucmpanu buwxex-Ow, coedunsioweti cesep u e Kvipevizcmana.
OcymiecTBisieTcss PEKOHCTPYKLMSI JTOPOXKHOTO  TOKPBITHS, BO3BEIEHHE HOBBIX MOCTOB U
MyTENPOBOAOB, YTO CIIOCOOCTBYET TIOBBIIICHUIO CKOPOCTH U HAJECKHOCTH TPY30BBIX U
[IaCCAKUPCKUX NEepeBO30K. PexoHcTpykumsa ydactka asrogoporu Om-CapsitTam-HMpkemram Ha
rpanune ¢ Kutaem. IIpoBonuMbie paGoThl 10 PaCIIMPEHHUIO U YKPEIUIEHUIO TPAacChl 3HAYUTEIHHO
YAYYIIAIOT JJOTUCTUKY BHEUTHETOProBbIX onepauuit Keipreizcrana.

OoOnoBnenune aprogoporu bumkek-Amnmarel, coeaunsomeit Keiprencran ¢ Kasaxcranow.
PeMOHT JOpOXXHOTO TMOJIOTHA M BO3BEJCHHE HOBBIX Pa3BA30K IOBBIIIAIOT OE30MAaCHOCTh U
MPOIYCKHYIO CIOCOOHOCTH 3TOT0 BaKHOTO MEXAYHAPOIHOTO aBTOMOOHIIBHOTO KOPUIOpa.

Mooepruzayuss  asmomacucmpanu  OQui-Anocusin,  cesazvisaoweti  Kvipeviscman ¢
V36exucmanom. Peanusyemple TNPOEKTHI IO PEKOHCTPYKLIMHU JOPOT, MOCTOB M TOHHEJIEH
CIIOCOOCTBYIOT POCTY TPAHCTPAaHMUYHBIX MACCAXKHPCKUX M TPY30BBIX NepeBO30K. HayuHblii ananms
MOKa3bIBACT, UTO peanusyembie B KbIprei3crane kpynHoMacitraObHble HHPACTPYKTYPHBIE MTPOEKTHI
10 PEKOHCTPYKIIMH KJIFOYEBBIX aBTOMArucTpaieidl UMelT cTparerniyeckoe 3HaueHue. OHU He TOJIBKO
MOBBIIIAIOT KaYeCTBO U JOCTYMHOCTb TPAHCIOPTHBIX YCIYr BHYTPU CTPaHbl, HO M YCHJIMBAIOT
uHTerpanuio Kelprei3crana B peruoHalIbHbIE U IT100aJIbHbIE JIOTUCTUYECKUE LIETIOUKH.

B aBumanmonHO# cdepe NpeanpuHUMAIOTCS Mepbl MO PaACIIUPEHUI0 MapUIpyTHOH CeTH,
MOBBIIICHUIO KAyeCTBAa adpOIOPTOBBIX YCIYr W OOHOBIEHUIO TIapKa BO3AYIIHBIX CYIOB
HAIlMOHAJILHOTO aBHarepeBo3uuka. lIpeanpuHuMaloTCs yCUIUs MO Pa3BUTHIO MYJITHMMOAAIBHBIX
[IEPEBO30K, YTO IO3BOJSET ONTUMHU3UPOBATH JIOTUCTUYECKUE LIEMOYKH M CHU3UTH TPAHCIOPTHBHIE
usnepkku. Hapsigy ¢ MoaepHu3anueid aBTOMOOMIBHOM HMH(PACTPYKTYphl, TOCYAapCTBEHHAs
nonutuka KeIprei3cTana B TpaHCIOPTHOM cepe HampaBieHa Ha pa3BUTHE aBUAIIMOHHOM OTpaciu u
BHEJJPEHUE MYJIBTUMOJAJIBHBIX IEPEeBO30K. PaciiupeHue MaplIpyTHOW CEeTH HalMOHAJIbHOIO
aBHANepeBO34MKa. 3a TocJeqHue ToAasl reorpadus moietoB aBuakommnanuu "Keiprencran Jiip"
3HAYUTEIBHO pACIIMPUIACh, BKIIOYash HOBBIE MEXKIyHAapoJHble HampasieHuss B crpanbsl CHI,
bmmxnero Boctoka u As3uu. DTO CHOCOOCTBYET pPOCTY MACCAXHUPONOTOKA M YBEIUUYCHHIO
TPaH3UTHOIO MOTEHIMaa BO3AyIIHON raBanu KeIpreizcrana.

Mooepnuzayus u nosviuienue Kaiecmea a’sponopmosuvlx yciaye. Peann3yroTcst mpoeKThl 1o
PEKOHCTPYKLIMU a3pPOBOK3aJbHBIX KOMIUIEKCOB, OOHOBJICHMIO HA3eMHOW HWHQPACTPYKTyphl U
BHEJIPEHUIO HOBBIX CEPBHUCOB JUIsl ACCaXKUPOB. J[aHHBIE MEPBI HANPABJICHBI HA YIYYIIEHUE YPOBHS
koMmdopTa u 6e30macHOCTH aBuanepeBo30Kk. OOHOBJIEHUE MTapKa BO3AYIIHBIX CYAOB HAIlMOHAJILHOTO
aBuarepeBo3uMKa. 3a nociuegaue rojsl "Koipreizctan Diip" cymecTBeHHO 0OHOBUII CBOM aBHamapk,
npUOOpeTss HOBBIE COBPEMEHHBIE CAMOJIETBl. DTO MO3BOJMIIO MOBBICUTH AKCILTYaTallMOHHYIO
3pPEKTUBHOCTH, IKOJIOTUYHOCTh U KOHKYPEHTOCIIOCOOHOCTh aBUAKOMITAHUH.

Pazeumue mynoemumooanvuvix nepesozok. IlpennpuHUMarOTCs Mephl 10 HUHTETpalUU
Pa3IMYHBIX BHUJIOB TPAaHCIOpPTa (aBUALMOHHOI'O, aBTOMOOMIIBHOTO, JKEJIE€3HOJOPOKHOTO) B €IUHYIO
JIOTUCTUYECKYI0 CHUCTEMY. OTO CIIOCOOCTBYeT ONTHMHU3ALMM TPAHCIOPTHBIX MapUIPYyTOB,
COKpAIICHUIO CPOKOB JOCTAaBKM M CHI)KEHUIO M3/EPKEK I'PYy30BIaJEIbLEB. AHAIN3 NOKAa3bIBAET,
YTO KOMIUIEKCHBIE YCHJIMS TOCYJapcTBa IO MOJEPHH3ALMM ABUALMOHHON OTPAcid U Pa3BUTHIO
MYJIBTUMOJIAIBHBIX TEPEBO30K BHOCST BECOMBIM BKJIaJ B MOBBIIIEHHE APPEKTUBHOCTH U
KOHKYPEHTOCIIOCOOHOCTH TPAaHCHOPTHOM cucTeMbl KbIpreiscrana. DT Mephl MPU3BaHbl YCHIUTH
MHTETPALIUIO CTPaHbl B PETMOHAJIBHBIE U TI00aJIbHbIE JJOTHCTUYECKHE [IETIOUKH.

VYnensercst NOBBILIEHHOE BHUMAaHKE BOIIPOCAM KOJIOIMUYECKOH 0€30MacHOCTH Ha TPaHCIOPTE,
BHEJIPSAIOTCSI «3€JIEHbIe» TEXHOJIOTMM W HWHHOBALIMOHHBIE pelIeHHs. Bompochl 3komornyeckoi
0€30I1acHOCTH Ha TPAHCIIOPTE CTAHOBSTCS Bce OoJiee akTyalbHbIMU A1 KbIprbi3cTaHa B KOHTEKCTE
OOIIEMHUPOBBIX TEHJCHLUMH YCTOHYMBOro pa3BuTHs. [ocymnapcTBeHHas MONUTHKA B 3TOH cdepe
IIPElyCMaTpPUBAET AKTUBHOE BHEAPEHHUE «3EJIEHBIX» TEXHOJOIMH M WHHOBALMOHHBIX DPELIEHUI.
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BHenpeHue skoI0ru4ecky YUCThIX BUIOB TpaHcnopTa. B Keipreiscrane Habmomaercs pocT mapka
MEKTPOMOOWIICH U THOPUIHBIX aBTOMOOWIICH, a TAaK)Ke Pa3BUTHE TPOJUICHOYCHBIX MEPEBO30K, UTO
CIOCOOCTBYET CHWIKCHHIO BPEIHBIX BBEIOPOCOB B arMmocdepy. BHempsioTcs WHTEIICKTYyalbHBIE
TPAHCIIOPTHBIE CHUCTEMBI, HCIOJB3YIOIINE «3€JIEHYI0» JHEPreTuKy, a TakKe TEeXHOJOTUU
peKynepanuu 3HEprud Ipu TOpMOKEHMU. MHTerpauus pasivyHbIX BUIOB TPAHCIOPTA
(>Kee3HOJJOPOKHOTO, ~ ABTOMOOWUJIBHOTO,  ABUAIMOHHOIO)  CIIOCOOCTBYET  ONTHUMH3AIUU
JIOTHCTUYECKHX IIETIOYEK M COKPAIICHUIO OOIIET0 YIIIEPOAHOTO CIIea.

Cosepuiencmeosanue HopmMamueHo-npaeosoti 6asvl. 1IpuHUMAIOTCS MEPHI MO0 TAapMOHU3ALUU
HAI[MOHAJILHOTO 3aKOHOJATEIbCTBA C MEXAYHAPOAHBIMU IKOJIOTMUECKHMMH CTaHIapTaMu B cdepe
TpaHcnopra. IlpoBomsTcs HHPOPMALIMOHHO-TIPOCBETUTENBCKUE KaMIIaHUM, HaIpaBiIeHHBIE Ha
(dbopMupOBaHHWE OTBETCTBEHHOTO OTHOIICHUS CpPEAM HACENEHUS K BOMPOCAM AKOJOTHYECKON
0e30MacHOCTH Ha TpaHcmopTe. HaydHbIi aHann3 MOKa3bIBaeT, uyTo peanusyemble B KbIprbi3crane
MEpbI [0 BHEAPEHUIO «3EJICHBIX» TEXHOJIOTHM 1 MHHOBALMOHHBIX PEUICHUI B TPAHCIIOPTHOM cdepe
BHOCSIT BECOMBIl BKJaa B 0O€ClEUeHHE HKOJIOTMUYECKOM YCTOMYMBOCTU PAa3BUTHUSL CTPAHBL. IJTU
YCWJIMS ~ COOTBETCTBYIOT  OONIEMHPOBBIM  TEHICHIHMSAM ¥  CIIOCOOCTBYIOT  ITOBBIIICHUIO
KOHKYPEHTOCIIOCOOHOCTH HAIIMOHAJILHON TPAaHCIIOPTHOM CHCTEMBI.

KbIprei3cTany mpeacToUMT pPeUInTh Pl CUCTEMHBIX MPOOJeM — HEXBaTKy WHBECTULIUU,
W3HOIIEHHOCTh MaTepuaIbHO-TEXHUYECKON 0a3bl, HEIOCTATOUHYIO MHTETPAIUIO B MEXKTyHAPOIHbIC
TPaHCIOPTHBIE KOPUIOPHL. JlabHENIIee COBEPIIEHCTBOBAHUE TOCYAAPCTBEHHOM MOJIMTUKH B 3TOU
cdepe Oyaer crmocoOCTBOBATh POCTY SKOHOMUYECKOTO TIOTEHIIMANA CTPaHbl. B 1enom, npoBogumbie
B KbIprei3crane KOMIUIEKCHBIE MEPHI B chepe TPAHCIIOPTHON HHPPACTPYKTYPBI HOCAT CUCTEMHBIN U
LI€JICHAIIPABJICHHBIN XapaKTep.

OHu HampaBJIeHBl Ha TOBBIIICHHE A()(OEKTHBHOCTH, KOHKYPEHTOCIIOCOOHOCTH |
9KOJIOTMYHOCTH HAIMOHAJBHOM TPAHCIOPTHOM CHCTEMBI, YTO UIpPaeT KIIOUEBYI0 pOJb B
o0ecreueHnr IKOHOMUYECKOTO POCTa U YCTOMYUBOTO PAa3BUTHS CTPAHBI.
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Annomayus. PaccMarpuBaroTCsl TEXHOJIOTMM pa3pabOTKU KOMIIO3UIIMOHHBIX MaTepUalioB Ha
ocHoBe Tys-MoroHckoro  Oaputa, 007a7alolIEro  YHUKaJIbHBIMU  (DPU3MKO-XUMHUYECKUMU
CBOMCTBaMH, 4TO JI€JA€T €ro NEPCIEKTUBHBIM I CTPOUTENIBHOM oTpaciu. Mccnenyrorcss MeTonbl
CHHTE3a, XapaKTepPUCTUKH U MOTEHIHAIbHbIE 00JacTH NMPUMEHEHUs OapuTa, a TakXe ero poiib B
CO3/IaHUU PaJIMallMOHHO-3AIIUTHBIX MaTepuasioB. AHaJIU3UPYETCsl XUMUYECKUN cocTaB OapuTa U
€ro BJIUSHUE HA MPOYHOCTHBIE U TEIJIOU30JISILIMOHHBIE XapaKTEPUCTUKU MOTYyYEHHBIX KOMIIO3UTOB.
Pe3ynbTarhl 3KCIIEPUMEHTOB IOKA3bIBAIOT, UYTO YBEIMYEHHUE COJEpXKaHMsS OapUTa IOJIOKUTEIBHO
CKa3blBaeTCsI HA IMPOYHOCTH MaTepualloB, a TaKXKe CIIOCOOCTBYET  YIYYIIEHUIO HX
TEIUIOU30JISIIMOHHBIX CBOMCTB. Pa3paboTka NaHHBIX MaTepualoB HMMEET Ba)KHOE 3HAYEHUE s
MOBBIIEHUSI KOHKYPEHTOCIIOCOOHOCTH CTPOMTEIbHBIX HW3IEIUH M ONTUMM3ALUU MCIIOJIb30BAaHUS
MecTopokaeHui 6apurta B Keipreiscrane.

Abstract. Discusses technologies for the development of composite materials based on
Tuyamoyunsky barite, which has unique physico-chemical properties, which makes it promising for
the construction industry. The methods of synthesis, characteristics, and potential applications of
barite, as well as its role in the creation of radiation-protective materials, are investigated. The
chemical composition of barite and its effect on the strength and thermal insulation characteristics
of the obtained composites are analyzed. The experimental results show that an increase in the
barite content has a positive effect on the strength of materials, as well as improves their thermal
insulation properties. The development of these materials is important for improving the
competitiveness of construction products and optimizing the use of barite deposits in Kyrgyzstan.

Knrouegvie cnosa: Tys-MoroHckuil 06apuT, KOMITO3WIIMOHHBIE MAaTepUalibl, paJdallMOHHAS
3amTa, 6apuTOBBIE KOMITO3UTHI.

Keywords: Tuya-Moyunsky barite, composite materials, radiation protection, barite
composites.

B HacTosiiiee Bpemsi 6apuT sIBIseTCs  OCTPOASHUIIUTHBIM TOJE3HBIM HCKOMMAeMbIM, KOTOPHIE
WCIIONB3YIOTCSl ITUPOKUM KPYroM OTpaciieidl MpOMBIIIIEHHOCTH. OH MIMPOKO HCIOJB3YETCS B
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MIPOMBILJIEHHOCTH Onarojapsi BbICOKOMY yaenbHOMY Becy (4,5 r/cm®). B CIIA 90% O6apura
MpUMeHsieTcs B He(hTera3oBoM CEKTope Jisl OypOBBIX PACTBOPOB M YTSKEIUTENEH, U OH BKIIIOYEH B
CIHCOK KpPUTHYECKUX MHHEPAJIOB H3-3a €ro BaXXHOCTU JUIS HAIMOHAIBHOW O€30TacHOCTH,
HSKOHOMHUKM W TEXHOJOTMYECKOTO pa3BUTHSA. bapuT  Takke HCIONb3yeTCsl B aBTOMOOMJIBHOU
MPOMBIIUICHHOCTH, JIMTEHHOM TMPOM3BOJCTBE, PAJUMAIMOHHON 3alUTe M MEAMIHMHE Kak
KOHTpacTHoe BemiecTBO. Ero coenuHeHus HaXoAsST NpPUMEHEHHE B KEpaMUYECKOW Iazypu u
OINITUYECKOM CTeKJIe. B yCloBUAX MOCTHaHAeMUn OapuT CTall KPUTUYECKH BaKHBIM MUHEPAJIOM U3-
3a epe0oeB B Lenoukax nocraBok[1-3].

[IpuMmeHeHue SACPHBIX TEXHOJOTMHM B pa3IUYHbIX cdepax, OT IHEPreTUKH A0 MEIULUHBI,
TpeOyeT HaJeKHOM 3alUThI OT MOTEHIIMAIBHO OMACHBIX MMOCIEICTBUH I YeI0BeKa U IKOCUCTEMBI
2).

B cBsi3u ¢ aTUM pa3paboTka 3(PEKTUBHBIX pauallMOHHO-3aIIUTHRIX MaTEePHAIOB CTAHOBHUTCS
BOKHOM aKTyaJIbHOM U HAYYHO-TIPAKTHUYECKOM 3amadyeil. OMHUM U3 NEPCIEKTUBHBIX HANPaBICHUN B
CO3/IaHUU HOBBIX PAJAMALMOHHO-3AIMUTHBIX CTPOUTEIHHBIX MATEPUAIOB SIBISIETCS HCIIOJIb30BaHUE
CTIEIUATBHO Pa3pabOTaHHBIX OOJIETYEHHBIX COCTABOB, B KOTOPBIX OAapUTOBBIA KOHIIEHTPAT
BBICTYIIA€T B pOJIM HamoJHUTENs. Takol Moaxol MOXKET 00ecneyuTh HEeOOXOOUMYIO 3alUTy OT
paauanyy Ipyu COXPAHEHUH YIKOHOMUYECKOM 11e71eco00pa3HOCTH MPOU3BOJCTBA

3amacet  Oaputa B Taup-lllane wu  Ilammpo-Anae  Keipreickoir — PecryOnuku
(3aperectpupoBanHo 6omee 40 00beKTOB OapuTa) COCTABIIAIOT MIJLTMOHBI TOHH, YTO JEJacT CTPaHy
MIEPCIIEKTUBHBIM WUIPOKOM Ha MHPOBOM pbIHKE B cdepe n00buuM M npousBoactBa. Ha rore
KbIpreizcTana mpoMbIIUIEHHOE 3HAaUYeHHUE UMEIOT MecTopoxaeHus «ben-Opyk», «Kapaxbirauy» u
«Tee-Moton». Ha Tepputopun, mexay roponamu Hookat u ApaBan Omickoit 061acT, HAXOAUTCA
MaccuB «Tee-MoroH». DTU MeCTOPOXKAEHUSI UMEIOT MOTEHIMaJ JJIs AAJbHEHIIEro pa3BUTHUS, U OH
UMeeT BaKHOe 3HaueHWe Juisi ’KoHoMUKH KP, Tak kak ucmonbzyercss B OypeHWH HE(PTAHBIX U
ra3oBbIX CKBaKWH, CIIOCOOCTBYS Pa3BUTHUIO DHEPreTUYECKOTO CEKTOpa, a TakKe MPHUMEHSETCS B
CTPOUTENBCTBE, UTO MOJIOKUTEIBHO BIMSIET HA Pa3BUTHE UH(PPACTPYKTYPHI.

Hanpumep, unterpanus 6apuToBOro KOHILIEHTpara B COCTaB OETOHOB IO3BOJISIET CO3/1aBATh
Marepuaibl, o0ecreunBaromuye 3QpGeKTUBHYIO pagualiMoHHy0 3amuTy. OIHAKO AJIs UX YCIIELIIHOTO
NPUMEHEHHUsT HEOOXOJMMO JETajJbHO H3YYUTh BCE ACHEKTHl MOBEJECHMS 3TUX MAaTepUalIOB MO
BO3JCMCTBUEM MOHU3MPYIOIUX W3JIyYEHUH, TaK KaK IUIOTHOCTb UIPAET KIIOUEBYIO pOJIb B HX
3alUTHBIX CBOMCTBaX. YIy4lIeHHE paJlallMOHHO-3alIUTHBIX CBOMCTB LIEMEHTHOTO KaMHS MOXET
ObITh JTOCTUTHYTO IMYTEM H3MEHEHHUS €ro XMMHMYECKOTO COCTaBa M IJIOTHOCTH CTPYKTYpbl. DTH
XapaKTePUCTUKUA LEMEHTHOTO KaMHS MOXHO H3MEHHMTh C IOMOIIBI0 MHHEpAJIbHBIX J00aBOK,
COAEpXKAIIUX DJIEMEHTHI C BBICOKOW aTOMHOW MacCOW, IIPHU NMPOYMX paBHBIX ycioBHsAX. [loaTomy
pa3paboTKa KOMIIO3UIIMOHHBIX 0apUTOCOJEPKAIIMX MATEPUAIOB C UCIIOJIb30BAaHUEM MUHEPAIBLHOTO
CBIpbSl, OCHOBaHHasT Ha WHHOBAallMOHHBIX METOAAX YIpPABIEHUS CTPYKTYpOH, a Takxke
rapaHTHPOBAHHOE JIOCTH)KEHHE TpPeOyeMbIX OHKCITyaTallMOHHBIX XapaKTEepPUCTHK (IIPOYHOCTH,
paJMaIMOHHOM 3aIIUThI, 0€30IIACHOCTH | JIP.) SBISETCS BAXKHOW MpHAyYHO#l 3amadeii [1, 2].

MO)XHO MPeAnoaokuTh, 4To 3(h(HEKTUBHOCTh YNpPABJICHUS CTPYKTYpOil Bo3pacTaeT MpH ee
MIPOBEJICHUH Ha BCEX MAcHITaOHBIX YPOBHSIX MarepHasa. BaXkHO oCyllecTBISAThH MMOCIEN0BATENbHOE
MOIU(UIMPOBAHNE HA CIEAYIOUIMX YPOBHAX: MaKpOypOBEHb — MUKPOYPOBEHb — HAHOYPOBEHb.
OcHOBHOH 1IeTbI0 MOJAM(UKALMYU SBISETCA CO3AaHUE TUIOTHOM CTPYKTYphl Ha KaKIOM U3 3TUX
YPOBHEH, 4YTO, COIIACHO 3aBUCHMOCTH, mpemnokeHHod I1. A. PeObunmepom [4], mpemmonaraer
ycTpaHeHue 1e(eKTOB COOTBETCTBYIOLIETO MacITaba.

B o6nactu panuanmoHHOM 3alllUThl COBPEMEHHBIE MHUPOBBIE TEHACHIMH B OCHOBHOM
COCPENOTOYEHBI HA HCIIOJIB30BAaHUU TSKEIBIX MAaTepUasoB, TAKUX KaK CBHMHEL, C MEHbILIEH N0
npuMeHeHHs Oaputa. B mocnennue roasl GapuTocoiepKaliie MaTepualbl U U3/AEIUs CTaHOBSITCS
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Bce Oonee 3HAYMMBIMU IS CO3JAHMS PagUAllMOHHO-3AIIMTHBIX KOHCTpyKiuil. OpaHako,
HaAIpaBJIEHHOE PEryJUpOBaHUSl CTPYKTYphl OapUTOCOAEpKAIIMX OETOHOB JUIsl JOCTHKEHUS HE
TOJIBKO PaUallMOHHO-3AIIUTHBIX, HO W YIYUYIIEHHBIX TEXHOJOTMYECKUX, SKCILTyaTallUOHHBIX M
SKOHOMHUYECKUX XapaKTEPUCTUK OCTAETCS HEJOCTAaTOYHO M3y4eHHOW. BmecTe ¢ 3TUM BOMpOCHI,
Kacalolluecss TEXHOJOTMYECKHMX M CBHIPhEBBIX OCOOCHHOCTEH MpOU3BOACTBA A(PPEKTUBHBIX
OOJIETYEHHBIX PaJUMAlMOHHO-3AIIMTHBIX OeTOHOB TpeOyroT Tmimybokoro wuccienoBanusa. Kak
W3BECTHO, HAIMPABICHHOE PETYIUPOBAHUE CTPYKTYPHl KOMIO3UIIMOHHOTO OapuUTOCOAEPIKAIIETO
Marepuaia u odecredeHrne HeoOXOMUMBIX IKCIUTYaTallHOHHBIX XapaKTEPUCTUK, TAKUX KaK JIETKOCTh
CTPOUTENIbHBIX W3JENHUMA, UX MPOYHOCTh M 3alIUTa OT MOHU3UPYIOIIUX H3IYyYCHHH, MOXET OBITh
JOCTUTHYTO C TIOMOIIIO MHHOBAIIMOHHBIX METOJIOB YIIPABIIEHUS CTPYKTYpOW Ha MaKpOYpOBHE.
[TpuMeHEeHHEe TOHKOMOJIOTOTO OAPUTOBOTO KOHIIEHTPATa B KAYECTBE HAIOJHUTEIS TIO3BOJIUT CO3/1aTh
MaTpUIly Ha MUKPOYPOBHE, ONTUMAIBHO OOBETUHSIONTYI0 KOMITOHEHTHI CMEKHBIX MaTEPHUAIIOB.

Mamepuanvt u memoowvl ucciedo8anui

Tys-MOrOHCKHH OapuT TIPEICTaBISIET cOOOHW MUHEpal, coAeprKaiimii Oapwii u cyib(aTHbIC
rpynmel.  briaromapss c¢BoMM CBOWCTBaM, TaKMM KakK BBICOKas IUIOTHOCTh, YCTOHYHMBOCTB K
XUMHUYECKUM BO3JACHCTBUSIM ¥ HHU3Kas TEIUIONPOBOAHOCTh, OSTOT MHHEpal MOXET ObITh
WCIIONIb30BaH ISl CO3/IaHUSl HOBBIX CTPOUTENBHBIX MaTepUaliOB, OOJAJAIOUINX YIy4YIICHHBIMU
IKCILTYyaTAlMOHHBIMH XapaKTEPUCTUKAMHU [5].

CocraB 311eMEHTOB-TIpUMECE B OapuTe OmpenesieH ¢ momoulpio crekrpodoromerpa CD-46.
g otaeneHus: Cynb(UTHOW 4YacTH OT OApUTOBOI, mpoba moMelianach B KBAapLEBBIM THUTelb C
noGasienueM napckoit Boaku. Ilocne ¢unbrpoBanus cynbQUTHAS 4acTh MMEPEXOMIIa B PacTBOP, a
Oaput B ocamok. HaBecka Oaputa CIutaBisiach ¢ Comoi (cooTHomIeHWe 1:6) mpu Temmeparype
900°C. CruiaB OXJMaKHalCcs M BBHIMIEIAYMBAICS AUCTHIUTMPOBAHHON BOXOW. I0MydeHHbIC JaHHBIC
npeacrarieHsl B Tadmure 1.

Tabmuma 1
XUMUYECKUI COCTABA BAPUTA TOO-MOIOHCKOI'O MECTOPOXJIEHUS (Macc%).
Xumuueckue snemenmol, COCOUHEHUS. Ipoyenmnoe cooepoicanue, %
BaSO, 56,19
CaCoO; 7,43
SO, 9,65
Fe, 0, 3,66
Marnwnii (Mg) 0,23
Mapranern(Mn) 0,03
Amomunami(Al) 0,02
Mens (Cu) 0,02

W3 Tabnuiel 1 BUAHO, YTO OAPHT, UCIOIB3YEMbIH B Ka4eCTBE HAIIOJIHUTEINS JUIS MOJYYCHHUS
3alIUTHOTO KOMITIO3UTHOTO Marepuaja OT paJhallid, COCTOMT W3 HECKOJIBKMX OCHOBHBIX
komrioHeHTOB (BaSO,4, CaCO3, SO3 u Fe,03):

BaSO, (cymedar Oapus) cocraBiaser 56,19%. DTO OCHOBHOH KOMITOHEHT, KOTOPBIN
OTIpE/IEIIIET CBOMCTBA OapHTa, TAKKE KaK €ro MPUMEHEHHE B CTPOUTEIBCTBE U IPYTUX OTPACIIAX;

CaCO; (xapOonar xampius) — 7,43%. DTo coenvHEHHWE MOXET BIHSTH HA MPOYHOCTHHIE
XapaKTEePUCTUKH U KOPPOZMOHHYIO CTOMKOCTh MaTepHalioB, B KOTOPBIX MCIIONIB3YETCs OapHT;
SO3 (cympumubrii okcun) — 9,65%. Beicokoe copepxkanne SOz MOXKET yKasblBaTh Ha

HaJIN4ynue Cy.]'II)(l)aTHI)IX COGHHHGHI/If/i, KOTOPBIC MOTI'YT OKa3bIBaTb BJIHWAHHUEC Ha XHMHUUYCCKYIO
CTOMKOCTBH OapwuTa.
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Fe,O3 (okcua xene3a) — 3,66%. JKene3o MOXKET BIUATH Ha I[BET M MPOYHOCTH MaTepHaa, a
TaK)Ke Ha €r0 KOPPO3HOHHYIO CTOMKOCTb.

Maruamiit (Mg) — 0,23% u Mapranen (Mn) — 0,03%. DTu 37eMEHTBHI B HEOONBIIHX
KOJIMYECTBAX MOTYT OKa3blBaTh HE3HAUUTEIbHOE BIMSHHE Ha CBOWCTBAa OapuTa, OJHAKO MX
MPUCYTCTBUE CTOUT YUUTHIBATH MIPH OL[EHKE KAa4yeCTBa.

Amromunnit (Al) — 0,02% u Menp (Cu) — 0,02%. Huzkoe conmeprkaHue 3THX 3JIEMEHTOB
YKa3bIBa€T Ha BBICOKYIO YHCTOTY 00pas3ia.

Takum oOpa3om, BbicOkoe coaepkanue BaSO, mnoarBepkmaer, yro Oaput oOmagaer
XOPOIIMMH IKCILTyaTallMOHHBIMU XapaKTepuCTHKaMu [4].

C yuerom copepxkanuss CaCOsz m SOs, GapuT MOXET OBITh HCIOJIB30BaH HE TOJIBKO B
CTPOUTENLCTBE, HO U B JPYTUX OTpacisiX, TAKMX KakK IPOU3BOJACTBO CTEKJIA U Kepamuku. Hanuuue
npumeceii, Takux kak Fe;Os m gapyrue meramibl, TpeOyeT NalbHEHIIEro H3y4eHHs, UYTOOBI
ONpENeNTUTh HMX BIUSHUE Ha CBONCTBA KOHEYHOro mponaykra.HeoOxoaumo Takke OLICHUTH
BO3MOXKHOCTh HUCHOJb30BaHHS OapuTa B PA3JIMYHBIX CTPOUTENBHBIX M  IPOMBIIUICHHBIX
MIPUJIOKEHUSAX C YUYETOM €r0 XMMUYECKOI'0 COCTaBa.

Texnonmorust mepepabOTKu OApUTOBOTO KOHIIGHTpara JUIsl IMOJMydeHHs OapuTa COCTOHT B
cienyromeM: bapuroBas pyna u3mMens4aeTcsi MOKPbIM CIIOCOOOM B LMIUHAPUYECKUX MENbHHIIAX, C
MOMOINIbI0 YYTYHHBIX IIapOB paboTaromux ¢ KiaccupuKaropaMyd B 3aMKHYTOM LiMKIe. Bepxuuit
cimB Kiaccudukaropa ¢ ¢paknueii 6apura 10 0,06 MM. OTHENSAIOT OT TBEpAOH (pakmum. 3arem
CBIPbE C BIAXKHOCTHIO 710 30% 3arpykaroT B €eMKOCTh, Ky/la [T01aeTCsl OapuTOCOEp KAl pacTBOp
C CEpHOM KHCIIOTOM, KOTOpas Obljla MCIOJIb30BaHA Ha BTOPOW cTaiuu Aisi o0paboTku GapuTOBOTrO
coipbs. [lyapny moaBepraroT UHTEHCUBHOMY IepemernnBanuio 10-20 MUHYT, IpH coOTHOLIEHUH T:
XK = 1: 6. 3arem mynblly noABEpraroT (QUIBTPALUU U B TOM K€ €MKOCTH MOJBEPraroT o0paboTke
CEpHOH KHCIIOTOH, TONBKO 0oJiee KOHIIEHTpHUpOBaHHOKW. OOpabOTKy Ha BTOPOH CTaJWH BEIYT OKOJIO
1,5-2 yaca, npu UHTEHCUBHOM IepeMenInBaHIM. PacTBOp nmepekaurnBaioT B eMKOCTh JJIsl THIPOJIN3a,
B BOJY J00ABIIAIOT a30THYIO KUCIIOTY, Ha 3TOM CTauM OCaJ0K Cyinbdara 6apusi MpOMBIBAIOT BOAOK
710 HEHUTPaTBbHOM peakluy ¢ TMOIydeHHeM MmacThl «Onanpukca». O0paboTKy OapuTa MPOBOIAT B JIBE
CTaJuy MpuU nepememnBaHuy. Ha mepBoil cTaguu KCHONB3yeTCs CepHas KUCIOTa ¢ MOHUKEHHON
KOHLIEHTpalue u OapuT KOHAECHCUpPYETCS TIepel BTOpOHl craavell pacTBOpeHHs B Oosee
KOHLIEHTPUPOBaHHOM cepHoil kucnore. Tak kak 00paboTKy BiaxHoro 6aputa BenyT B 90% cepHoit
KHMCJIOTE, YTO II03BOJIIET IOJYYUTh TOTOBBIM NPOAYKT BBICOKOM OUYUCTKH cOpTa «OIaHpHUKCY.
CoBmemiass 3TH J1Ba TEXHOJOTMYECKOIO IMpollecca MOXKHO IOJIy4aTh OapUT YTSDKEIMTENb MOcie
pa3mosa 6apuTOBOM py/bl U Mociie 00pabOTKU OapuTa XUMHUECKUM IYTEM MOKHO MOJIydaTh OapuT
HAIMoJHUTEID (2).

Jlia monydeHus] KOMIIO3ULIMOHHBIX MaTepuajioB MCHOIb30BAIUCH CIEAYIOLUINE KOMIIOHEHTHI:
Tys-MOIOHCKMIM  OapUT, OCHOBHOM HAalOJHUTENb, OOJAAAIOMINUKA BBICOKOM IUIOTHOCTBIO U
XMUMHUYECKON YCTOHYHMBOCTHIO; MOIMMEPHI(IMOKCUIHBIE CMOJIbI), KOTOPhIE 00eCIeYNBAIOT MaTPUILY
ISl CBSI3BIBAHUSI KOMIIOHEHTOB, HAIOJHUTENHU (MIECOK M MICOCHB), HCHONB3YeMbIe /IS YITyUIlICHUS
MEXaHHUYECKUX CBOWCTB M CHWKEHUSI CTOMMOCTH MaTepHasioB. TakuM 00pa3oM LeNbI0 HACTOSLIETO
UCCIIEIOBAHUS SIBJISIETCSI CO3/IaHME HOBBIX KOMITO3ULMOHHBIX MarepHalioB € HEOOXOIUMBIMU
MIPOYHOCTHBIMU XapaKTEPUCTUKAMHU, CTOMKOCTBIO K arpecCHUBHBIM CpelaM, TEPMOCTONKOCThIO U
JIOJITOBEYHOCTBI0O M ONTHMHU3ALUS HCIIOJIB30BaHUA OapuTOBOro MectopoxjaeHus Tys-MoroHCKOro
MECTOPOXKJICHHS, U3BECTHOTO BHICOYANIIIMM KaYE€CTBOM M BHICOKMMHU 3aracaMH.

Kommnozunnonusle marepuaibl ObUIM MOTYyYEHBI METOAOM MEXAHHYECKOIO CMEIIMBaHUS U
nocyeayomero orsepkaeHus. ONeHUBAINCh pPa3IMYHbIE COOTHOIIEHUS KOMITIOHEHTOB ISt
JOCTH)KEHUS] ONTUMAJbHBIX XapakTepucTuk. lIpouecc cuHTe3a HaYMHAICA C MEXaHWYECKOro
CMELIMBAHUS BCEX KOMIIOHEHTOB. DTOT 3Tall BKJIOYAET CIEAYIOIIHE IIIaru:
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Iloozomoska ucxoOHvix Mamepuanos. BCe KOMIOHEHTHI MPeIBAPUTENHLHO MOArOTaBINBAJINCD,
BKJTIOYast u3MelnpueHne Tys-MoroHCKoro O6aputa 10 Heooxoaumoi dpakuuu (00sraHO 100-200 MKM)
JUTSl TOCTUKEHUS OTHOPOAHOCTH CMECH;

Cmewusanue. WCHONB30BAJINCH MEXaHHYECKHE CMECHTEIH, KOTOphle OOecreynBain
paBHOMEpHOE pacrpenesieHre OapuTa B monuMepHodW Mmarpuie. CMelmBaHUE MPOBOAUIIOCH B
teueHue 20-30 MUHYT, 4TOOBI TapaHTUPOBATH MOJIHOE O0bETUHEHNE BCEX KOMIIOHEHTOB.

Onmumuszayuss coomHOUleHUll: OLEHUBAINCh PpPa3JIMYHbIE COOTHOILEHUS IOJIMMEPOB H
HanoJgHuTenen. J{nsg KaxIod napTuuM Marepuajja BapbUpPOBAIOCH colepxaHue Tys-MOKOHCKOTO
6aputa (ot 10% nmo 50% oT macchl MOIMMEPHOM MaTpUIbl) U APYTUX HAIMOIHUTENEH, 4TOObI
OTIPEICTTUTh ONTUMAJbHbIE MPOMOPLUUU JUIA TOCTHKEHUS MaKCUMAJIbHBIX (PU3NKO-MEXaHHUECKHX
cBOMCTB. OnTUMU3AIUS COOTHOIICHWM KOMIIOHEHTOB SIBJIIETCS KJIIOUEBBIM ATAllOM, KOTOPBIM
MO3BOJISIET JOCTHYb JKEIaeMbIX CBOMCTB MU TOBBICUTH KOHKYPEHTOCIIOCOOHOCTH MarepuajoB Ha
pBIHKE CTpoUTeNbHBIX u3nenuil. [lociae MexaHHMYecKoro CMeNIMBaHHS MONTY4YEHHAs KOMITO3HIIUS
MoJBeprajiach Mpoleccy OTBEPKICHHUS.

dopmosanue: cMech ToMenianach B ()OPMbI, COOTBETCTBYIOIINE HEOOXOAUMBIM pazMepam U
(dbopMe KOHEYHOTO MPOoayKTa. DOPMBI MOTIH OBITH H3TOTOBJICHBI U3 PA3IMYHBIX MATEPHAIIOB, TAKUX
KaK CUJIMKOH WJIM METaJll, B 3aBUCUMOCTH OT TPEOOBaHUI K KOHEUHOMY U3JICIHUIO.

Omeepoicoenue. B 3aBUCUMOCTH OT BBIOPAHHOTO TMOJHMMEpa, MPOLECC OTBEPXKICHHUS MOT
MIPOUCXOJUTH KaK MPU KOMHATHOW TeMIIepaType, Tak U MPH MOBBIIICHHON TeMIieparype (Harmpumep,
B nieun npu 60-80°C). Bpemsi oTBepkIeHHs] BapbUPOBAIOCH OT 24 YacoB /10 HECKOJIBKHUX JTHEH, B
3aBUCHMOCTH OT THIIa KCIOJIB3yeMOro MOJIUMEpa M IKellaeMbIX CBOWCTB Marepuana. [locie
3aBEpIICHUS MPOIIecca OTBEPIKACHUSI IIPOBOAMINCEH UCTIBITAHUS JJI OLICHKU (hPU3UKO-MEXaHUUYECKUX
CBOICTB IMOJYYEHHBIX MaTepuajoB: U3MEPSIIMCh MPOYHOCTh HA CHKAaTUE M M3TUO. DTU UCTIBITAHUS
MIPOBOJMIIMCH B COOTBETCTBHH C MEXKIYHAPOAHBIMU CTaHIapTaMHU.

Xumuueckas ycmouuugocms’ 00pasiibl MOJABEPTATUCH BO3ACHCTBUIO PA3TUYHBIX XUMUYECKUX
BEIIECTB (HAIpUMepP, KUCIIOT U LIEJI0uei) ISl OLEHKHU UX KOPPO3UOHHOM CTOMKOCTH.

Tennonposoonocms. U3MeEpATach TEIJIONPOBOAHOCTh IOJYYEHHBIX MarepuajioB  AJis
OTIpEICTICHUS UX TETUTON3OJISIITAOHHBIX CBOMCTB.

Takum 06pa3zoM, METONIBI CHHTE3a KOMIIO3UIIMOHHBIX MaTepHalioB Ha OCHOBE TysI-MOIOHCKOTO
OapuTa, BKIIOYAIOIINE MEXaHUYECKOE CMEITUBAHUE U OTBEPIKICHUE, TO3BOJIMIH MOTYIUTh U3AETHSI
C 9KCILTyaTallMOHHBIMH XapaKTePUCTHKAMH, ITpeICTaBIeHHbIe B Tabmuie 2.

Taobmuma 2
[MPOYHOCTHD U TETUIOITPOBOJHOCTH KOMITIO3ULIMOHHBIX MATEPHUAJIOB C .
BAPBLMPOBAHUMEM COAEPXXAHUA TYA-MOKOHCKOI'O BAPUTA U IPYTUX HAIIOJIHUTEJIEU

Cooepoicanue Ilpounocms  Ilpounocms  Tennonpoeo
Tys-Motwmnckozo  Ilonumepnoti  Ilecka %  Illebna %  Ha colcamue Ha u32ub OHOCMb
bapuma % mampuywt % Mlla Mlla Bm/mK
10 70 10 10 25 12 0,15
20 60 10 10 30 15 0,14
30 50 10 10 40 20 0,12
40 40 10 10 45 22 0,11
50 30 10 10 50 25 0,10

Pesynomamot u oocyscoenue
Bnusinue conepxanus Tysa-MoroHcKoro 6apura Ha IPOYHOCTh: MPH YBEITMYEHUN COJIEpKaHUs
Tys-Motonckoro 6aputa ¢ 10% o 50% naOmrogaercss pocT MPOUYHOCTH Ha CxKaTHe U U3THO.
ITpounocts Ha cxarue yBenuuubaetcs ot 25 MIla (10% Gaputa) 1o 50 MIla (50% Gaputa).
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[IpounocTs Ha U3rub Takxke Bo3pacraet, nocturas 25 MIla npu 50% Gaputa. ITO yKazbIBaeT
Ha TIOJIOKHUTENFHOE BIUsSHUE OapUTa Ha MEXaHWYECKHE CBOMCTBA MaTepuaa.

Brnusinue mnonuMepHOM MaTpHUIbl: C YBEJIMYEHUEM COAEpXkKaHUs Oaputa MPOUCXOIUT
MPONOPIUOHAIBHOE YMEHBIICHHE COJCPKAHUS IMOJIMMEPHOM MATpPUIbl. DTO MOXET BIMATH Ha
BA3KOCTh M ajre3uto marepuana. [Ipu 50% OGapura conepkaHue MOJIMMEPHONW MaTPUILIbI COCTABIISET
30%, 4TO MOXET CHU3HUTH OONIYI0 TMOKOCTh M IPOYHOCTh HA H3TMO, HECMOTPS HA BBICOKHE
3HaYEHUs MPOYHOCTHU HA CIKATHUE.

TermnonpoBOAHOCTh:  TEIUIONPOBOJHOCTh  Marepuaja YMEHBIIAETCS C  yBEIMYEHUEM
conepkanus Tys-MoroHckoro 6aputa. 3HaueHUs TeIIonpoBoAHOCTH cHIKaroTes ¢ 0,15 Bt/MeK o
0,10 Bt/m*K mpu yBenuueHuu m07aM Oaputa. ITO MOXKET CBHUIACTEIBCTBOBATH O TOM, YTO OapuT
CIOCOOCTBYET YAYUYIICHHIO TETIOM30JISIIMOHHBIX CBOMCTB MaTepuraa.

3axnouenue

Pa3paboTka KOMITO3UIIMOHHBIX MarepuanoB Ha ocHOBe Tys-MoroHCKOro 6aputa OTKphIBAET
HOBBIE TMEPCHEKTUBBI I UX TPUMEHEHHS B CTPOUTENbHON oTpaciu. Bricokue ¢usnko-
MEXaHMYECKUE CBOMCTBA, YCTOWYMBOCTh K XHMMHYECKAM BO3ACHCTBUSAM UM  OTJIUYHBIC
TETUION30JSIIIMOHHBIC XapaKTEPUCTHKH JICIAI0T 3TH MaTeprajbl KOHKYPEHTOCIIOCOOHBIMH Ha PHIHKE
CTPOUTENbHBIX MaTepHaJioB.

1. VBenmuenue copepxkanus Tys-MoroHCKOro OapuTa B KOMIO3HIIMOHHBIX MaTepuaiax
MOJIOKUTENIBHO CKa3bIBA€TCS HAa MX IMPOYHOCTHBIX XapPaKTEPUCTUKAX, KaK Ha CXKaTHe, TaK U Ha
U3ruo.

2. CHIKEHHE TEeIJIONPOBOAHOCTH C YBEIMUYEHUEM coaepkaHus OapuTa JenaeT Marepuan
Oosiee MOAXOMAIIMM Il IPUMEHEHHUS B PaJHallMOHHO-3AIIUTHBIX KOHCTPYKIUSX, TJ€ BaXKHA Kak
MIPOYHOCTh, TaK U TEIJIOU30JISLIUA.

3. HeoOxomuMo yuuThIBaTh OaJIaHC MEXKITY IPOYHOCTBIO U IPYTHMH CBOMCTBAMU, TAKUMHU KaK
rHOKOCTh ¥ TEIJIONPOBOAHOCTh, MPU MPOCKTUPOBAHUM KOMIIO3UIIMOHHBIX MaTepUajoB IS
KOHKPETHBIX MPHUIIOKEHUI.
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Annomayusa. PaccMarpuBaeTcs HPUHLUUI pabOThl CEIbCKUX paclpelesIuTeNIbHBIX CceTel
Hanpsbkenuem 0,38 kB, a Tarxke aHamu3 u BBIOOP 0COO0O aKTYalbHOTO TEXHHYECKOTO PEILeHHS,
MIO3BOJISAIOILETO cOaaHCUPOBaTh HECUMMETPHUUHBIE PEXXUMbI paOboThl ceTu HanpskeHuem 0,38 kB.
beum MMPOBCACHBI CTATUCTUUCCKUEC HUCCICIOBAHUSA C LCJIBIO IMOBBIIICHUA 3(1)(1)CKTI/IBHOCTI/I KadyeCcTBa
ANIEKTPOIHEPTUHU U K03(D(PUILIMEHTa IOTEPh MOIIIHOCTH B CETSIX.

Abstract. Discusses the principle of operation of rural distribution networks with a voltage of
0.38 kV, as well as the analysis and selection of a particularly relevant technical solution that allows
balancing the asymmetric modes of operation of a network with a voltage of 0.38 kV. Statistical
studies have been conducted to improve the efficiency of electricity quality and the power loss
coefficient in the networks.

Knrouesvie cnosa: pacnpenenutenbHas cHUCTeMa, JJIEKTPOCHAOXKEHHE, paclpeneieHue
ANEKTPOIHEPIHH, HArPYy3Ka EKTPOIHEPTUH.

Keywords: distribution system, power supply, electricity distribution, electricity load.

B cenbckoil pacnpenenuTenbHON cucTteMe HaOIOaeTcsl yBeIUUYeHUe ObITOBBIX HArpy30K Ha
0,38 kB. Kpome Toro, MomHOCTh OAHO(A3HBIX MOJb30BaTEell OOBIYHO YBEIMYUBAETCH.
CrencTBueM 3TOTO SIBIISIETCS YBEIIMYEHHWE HECHMMETPHUH TOKOB M HANPsHKEHUH, TO €CTh 3HAUYCHHM
OTPHIIATETIFHOTO W HYJIEBOTO MOPSAKA MX CHMMETPUYHBIX COCTABIISIONINX. B HH3KOBOJIBTHBIX
cuUcTeMax M3-3a HECUMMETPUYHBIX HArpy30K M HEpaBHOMEPHOro rpaduka moTpebiieHus MOoTepb
SHEpPrus 3HAYUTENBHO YBEJIUYMBACTCS, KAaueCTBO YXY/IIIAETCS JAJS OMNBITHBIX MOJb30Barenei (B
HU3KOBOJIBTHBIX CHUCTEMax IOTeps MOIIHOCTH JoJkHa ObIThb paBHa 2..3% daxtuuecku 12%
nepemaaBaemoit momHocTH 18%). Kpome Toro, B cenmbckoit MecTHocTu ¢ HampsikeHuem 0,38 kB
NPUYMHON HU3KOTO KauyecTBa AJIEKTPOIHEPTUHU SBISIETCA BBICOKOE PEAKTUBHOE COMPOTHUBICHHE
(cos ¢ =0,6, 0,8), mosiBICHHE KOTOPOTO CBSI3aHO C HCIOJB30BAHUEM MHOXECTBA ACHHXPOHHBIX
ANIEKTPOJBUTATENEH U OTCYTCTBHEM COOTBETCTBYIOIIETO YpaBHEHUSI.

[Toka3zareneM >(QQEKTUBHOCTH pELICHHUs 3aJayd JHEPreTMYECKOro KOMILIeKca SIBIseTcs
YPOBEHb MOTEPh IEKTPHUECKON SHEPTHH B DJIEKTPUUYECKHUX CETAX. MaKCUMalbHble 3HAYCHUsS 10
MIPOIIEHTY TIOTePh ycTaHOBIEHBI: K 2024 roxy — 8,7%; 1o 2025 rona — 6,3%.
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Ananmu3 npo6nemsl HecumMmeTpuu 0,38 kB B cembCKuX CETSX MOKa3all, YTO CYIIECTBYIOIINE
METOZbl pacueTa HECUMMETPUHU U IMOTEPb MOILIHOCTU B ATHX CETSIX HE MO3BOJSIOT ONPEHETIUTh
3aKOHOMEPHOCTH MX U3MEHEHHS 10 Harpy3KaM U mapameTpam CETH, MIPOaHaJIU3UpOBaTh NOTEPU IIPH
paboTe SIEKTPUUYECKUX TPUEMHUKOB B Pa3IMYHBIX peXUMax paldoThl, pa3paboTarh HamOosee
3¢ deKTUBHBIE METOIbl M CpEICTBAa pacyeTa HECUMMETPUU U TOoTepb MOIIHOCTH. llockonbky
METOIbl, TOCTYIHBIE B METOAAX, HE MO3BOJIAIOT HAM OIpPEAEATh 3aKOHOMEPHOCTH MX U3MEHEHHUS B
3aBUCMMOCTH OT Harpy3kd U TapaMeTpOB CETH HECHMMETpPUS TOKa B CETAX YUHUTHIBAECTCS
MpUOTH3UTENLHBIME MeToaMu. Kpome Toro, B OOJBITMHCTBE HAYYHBIX CTaTEH HE pacCMaTpUBACTCS
npo0siemMa KauecTBa IEKTPOIHEPTUH B 11eoM [ 1].

Mamepuanst u Memoowvl uccied08aHull

Hecummerputo TokoB u Hampsbkenuit B cetu 0,38 kB ¢ pacnpenenenHoit Harpyskou
HEBO3MOJKHO YCTPaHUTb TOJBKO IyTeM IUIAHUPOBaHHUA Mepolpustuil. Jlns ee ycTpaHeHus
HEOOXOMMO HCIIOJIb30BaTh YCTPOMCTBA CUMMETPUPOBAHMS Pa3IM4HON KOHCTpykiuHu. Ha ocHoBe
aHaJIi3a METOJOB U TEXHUYECKUX IOAXOI0B K CUMMETPUYHOMY pexumy pabotsl cereit 0,38 kB
YCTaHOBJICHO, 4YTO Hambosee dP(EKTUBHBIM CIIOCOOOM SIBISETCS HCIOJIB30BAHHE IIYHTO-
CUMMETPUPYIOLIMX YCTPOWCTB, OONajarolluX HAUMEHBIIUM COMNPOTUBIEHUEM TOKaM HYJIEBOMH
MOCJIeI0BAaTEILHOCTH [2].

Bonbmioit Bkiag B pa3paboOTKy METOAOB MOBBIMICHUS YPPEKTHBHOCTH AJIEKTPOCHAOKEHHUS,
pacdera MmoTephb AIEKTPOIHEPTHHU, & TAK)KE CIOCOOOB M CPENCTB CHIDKEHHS ATHX MOTEPb B CETIX
0,38 kB cuenamu psg uccnenosareneii [1-5].

HIyHTO-CUMMETPUPYIOLINE YCTPOWCTBA TAK)KE MOTYT OBITh OTHECEHbl K KaTeropusM Tak
Ha3bIBAEMbIX (UIBTPYIOIIMX LENeil, OCOOEHHOCThIO KOTOPBIX SIBJISETCS TO, YTO OHU HMEIOT
MUHUMAaJIbHO BO3MOXHOE€ COINPOTHUBIEHHE TOKY HYJIEBOM IocienoBareslbHOCTU. M3-3a 3TOrO,
OosiblIasi 4acTh TOKOB HyNeBOW mocnenoBarenbHocTu cetd 0,38 kB 3amblkaeTcs Ha y4acTke, Ife
IIYHTO-CUMMETPUPYIOIee YCTPOHCTBO IMOJKIIOYAETCS K CETH U CaMUM YCTpOHCTBOM. Jlpyrumu
CIIOBaMH, 3TH YCTAHOBKH KakK OBl 3aMBIKAIOT Ha MeCTe (UIYHTHPYIOT) TO, YTO SIBIISIETCSI OCHOBHBIM
MOCJIEZICTBUEM U TOUKHU HE MpEASIaraloT ux Ha Apyrux ydactkax auauu 0,38 kB [3].

CoBpeMEHHBIE METONBI MCCIEN0BAaHUS HECUMMETPUM NMPUMEHSIOTCS B CETSIX HANPSIKEHUEM
0,38 kB, uTO NPUBOIUT K yBEIMUYEHHIO MOTEPh AEKTPUUECKON SHEPrUH, a TaKKe K HECUMMETPHH
WIM METoJaM CHIKeHHs mnotepb. LlyHTo-cuMMeTpupyloliee YCTPONCTBO KOTOPBIM sIBIsSeTCS
MIpeIMETOM MPUMEHEHMSI AJIsl CHUKEHUSI TIOTEPb, MOAKIIIOYAETCSI K CETH U CAMOMY YCTPONCTBY. DTO
YCTPOMCTBO camMO OJOKHpYeT (IIYHTUPYET) MOTOKU HYJIEBOW MOCIE0BATENLHOCTU M MPAKTUYECKU
HE ToAaeT ux Ha Apyrue ydactku JuHuu 0,38 kB [4].

Onextpuueckue cetu HanpsokeHuem 0,38 kB urpaioT BakHYI pojib B paclpeneieHHH
AMEKTPOIHEPTHH OT DIEKTPOCTAHIMK K moTpeduTensiM. OHu oOpa3yrOT KOHEYHOE 3BEHO B IICTIH
pacripesiesieHus] 1 BaXKHBI 17151 o0ecriedeHns: 3pPEKTUBHOTO U HAJEKHOTO AIeKTpocHadxkeHus. Cetn
HanpspkeHuem 0,38 kB cocraBmsatoT okono 40% ot o01ei mpoTsHKEHHOCTH BCEX MEKTPOceTe. ITo
CBHUJIETENILCTBYET O IIMPOKOM HCIIOJIB30BAaHUM TAaKMX CETed M HX BaXHOCTH Ui OOIei
nHQpacTpyKTypbl nnekTpocHabxkeHus. Hagexxnocts n ucnonb3oBanue cereir 0,38 kB oka3biBaioT
peliaroniee BIMSHUE Ha HAJEKHOCTh, KadyecTBO U 3(PPEKTUBHOCTH 3IIEKTPOCHAOKEHUS
norpeduteneil. Heo6xoqumMo NpuHATH COOTBETCTBYIOIIME MepHI A obecrieueHus: OecriepeOoiHoN
paloThl 3TUX ceTel U oOecreueHus] UX HauIydIIero UCrojab30BaHus. TOUHOCTh pacyera MoTeph B
cetax 0,38 kB Taxke BakHa. DTO MO3BOJSET BBIABIATH M OLIEHWBATH KOMMEPUYECKHE IOTEPH,
KOTOpbIE MOTYT BO3HHUKHYTh IpH pAacCIpeleleHUH 3JIeKTPOIHEpruu MO O3TUM ceTsM. boree
JeTajdbHBI pacyeT MoTepb NOo3BONIAET 3(P(PEKTUBHO KOHTPOIMPOBATh M PETYIUPOBAaTh IOTOK
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AIIEKTPOPHEPTUH, YTO B KOHEYHOM HUTOre CMOcOOCTBYeT TOBBIIIEHHIO 3(PPEeKTUBHOCTH U
SKOHOMUYHOCTH SHEPTrOCUCTEMBI [5].

Cenbckue anexrpuueckue cetu 0,38 kB ¢ koMMyHanbHO-OBITOBOM HArpy3KoH, KaK MpPaBUIIO,
XapaKTePU3YIOTCS pacrpeie]CHHOM Harpy3koit (PucyHok).

Pucynok. Cxemsl yyactka anexktpuueckoit cetu 0,38 kB ¢ pacnpenenurensHoi Harpy3koi

Vcnonb3yst BeIpakeHUs Uil TOKasaresiei He cuMmMeTpun Hanpspkenuid B cetn 0,38 kB ¢
COCpPEIOTOYCHHOU B y3J7ie 1 Harpys3koi, mosydeHusie B 1. 2.1... 2.5, onpenenum moka3areiaud He
CUMMETPUU TOKOB Ha y4yacTke 1-2 JIMHMHM W TIOKa3aTeld HECUMMETPUU HaANpsDKeHU B y3ie 2

(Pucynok). Cuctema HampspKCHH B y3Jie HECMMMETpU4YHas B KomiuiekcHoir ¢opme: U, U,
U, . Pasnoxum 5Ty cucteMy HampsbKeHHH Ha cummeTpuuHoe cocrtaimstomue U ,, U ,, U ;.

3aMEeHUM KOMIUIEKCHbIE KOA(Q(PUIIMEHTH HE CUMMETPUU U HEYPaBHOBEIICHHOCTH HANpPSKEHUI B
y3ie 1:
U, . U,

E = —= " = — f
urd ’ — und
U nl U 1l

Bui16oo

Ha ocHoBe mpoBenEHHOrO aHalM3a CIOCOOOB M TEXHMYECKUX CPEACTB CUMMETPHUPOBAHHUS
pexxumoB  pabotel cereit 0,38 kB ycTaHOBieHO, 4TO Hamboiee palOHANbHBIM SIBJISETCS
IIPUMEHEHHE IIYHTO-CUMMETPUPYIOIIMX YCTPOUCTB. KOTOpBIE MMEHT MHHMMAJIBHO BEPOSTHOE
CONPOTHUBJICHUE TOKaM HYJIEBOH IOCIEN0BATEIBHOCTH, U, B IIEPBYIO OYEPE/lb, YCTPOWCTB HA OCHOBE
MHAYKTUBHO-€MKOCTHBIX 3JIEMEHTaX, MPUMEHEHHE KOTOPBIX JIONyCKAaeTcss He TOJNBKO 3()h(HEKTUBHO
MOBBICUTH YHEProcOepex eHne, KauyecTBO AEKTPOIHEPIUH U YMEHBUIUTD JONOJIHUTENbHBIE TIOTEPU
MOIIHOCTH, 00yCJIOBJIEHHbIE HECUMMETPHEN TOKOB, HO U CHU3UTh MOTEPU AEKTPOIHEPTUH.

Cenbckue pacnpeeuTeNbHbIe CETH XapaKTepPU3YIOTCsl 3HAYUTENIbHON HECUMMETpUEH TOKOB
n HanpspkeHuem 0,38 kB, 4ro sABISETCS OOHONW M3 OCHOBHBIX IPUYMH CHUKECHMSI KauecTBa
IEKTPOIHEPIUH U YBEIUYEHUS MOIIHOCTH B CETH.

[Toka3aHo, YTO 3HAUYUTEIBHOE CHU)KEHHE ITOTEPH IEKTPUUECKON SJHEPIUH U3-3a HECUMMETPUHU
TOKOB B CEJIbCKUX pacHpeleNuTeNbHbIX ceTsx HampsbkeHueM 0,38 kB ¢ koMMyHanbHO-OBITOBBIMU
Harpy3kaMu MOXKET OBITh JIOCTUTHYTO 3a CYET MCIIONB30BaHUS METOJOB M TEXHHYECKHX CPEICTB
CHIDKEHMs TOKa B HYJIEBOW MOCIENOBATENIbHOCTU ceTh. K HUM OTHOCSATCS CHOCOOBI U CPEACTBa,
CHWXXAIOIIME  HECUMMETPUYHOCTb  HArpy3kd, a  TaKkkKe  COINPOTHUBICHHE  HYIEBOU
MOCJIEZIOBATEIBHOCTH B Y3JI€ HAarpy3ku ¢ OAHO(A3HBIMU M HECUMMETPUYHBIMU Tpex(da3sHbIMU
NIEKTPONPUEMHUKAMH, B YaCTHOCTH, LIYHTUPYIOLIE-CUMMETPUYHBIE YCTPOMCTBA
NIEKTPOMArHUTHOIO ¥ UHUBUIYAJIBHO EMKOCTHOI'O THUIIA.
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Aunnomayusn. PaccmarpuBaeTcsi BONPOC YCTAHOBKM KOMMEPUECKMX CHCTEM  ydeTa
NEKTPOIHEPTHH, B ITHX YCIOBUSAX BO3MOXKHO TOJIbKO Ha TMOJCTAHIUAX TMOTpeOUTeNe. 1o
MIO3BOJISIET MEepCcoHaNy npennpusatuid ucnonb3oBarb ACKYD u st onepatuBHOro KOHTPOIs, U AJis
PETYIUPOBAHUS PEKUMOB COOCTBEHHOTO SHEPrONOTPEOICHHUS.

Abstract. This article discusses the issue of installing commercial electricity metering
systems; in these conditions, it is possible only at consumer substations. This allows the personnel
of enterprises to use the ASKUE both for operational control and for regulating the modes of their
own energy consumption.

Knrouesvie cnosa: HU3MCPCHUSA DJICKTPOSHCPIrUH, daBTOMATU3UPOBAHHAA CUCTEMA, YYCT
QJICKTPOIHEPIHH, COBIT QJICKTPOIHEPIHH, 3HepFOHOTpe6J'IeHI/Ie.

Keywords: electricity measurements, automated system, electricity metering, electricity sales,
energy consumption.

HeoOxomumocTh yyeTa 60IbIIOT0 MOTOKA EKTPOIHEPTUU BO BPEMS HIKCIIOPTA M B MaciiTade
SHEPTrOCUCTEM, KOMOMHUPOBAHHBIX YHEPTrOCHCTEM M €IMHOM DHEPrOCUCTEMBI TpeboBasia CO3/IaHuUs
JIOKaJbHBIX aBTOMATHU3UPOBAHHBIX CHUCTEM Il H3MEpeHus siekTpodreprun (ACUD). [ns
HCCJIEIOBAHMSI aBTOMAaTU3MPOBAHHOW CHUCTEMBI KOHTPOJISL M y4eTa 3JIEKTPOIHEPTrUU MPUMEHSIOTCA
paznuuyHble METONbl. MeToNbl TEOPHUH BEPOSTHOCTEH CIy4alHBIX MPOLECCOB, MAaT€MaTUYECKOM
CTaTUCTHKHU, TEOpUHU ouepeaeii. OHU MOMOTA0T ONTUMHU3UPOBATH MTPOU3BOIUTEIHLHOCTD JIOKAJTBHBIX
BBIYMCIUTENBHBIX ceTeld mepenaun maHHbIX ACKYD. Meronsl Teopuu SJIEKTPHUUECKUX IIETIeH,
CHUCTEMHOTO aHalln3a, TEOPUU CHCTEM MAacCOBOTO OOCIyXuBaHUs, ceTeil. C MX MOMOIIBIO PEIIaroT
334  ONTUMM3ALMU, TEOPUM TNOTPEIIHOCTeH, TEOpPUH HAAEKHOCTH, MATEMaTHYECKOro H
MMUTAIIMOHHOTO MOJICTTUPOBAHMS, HATYPHOTO SKCIIEPUMEHTA, aJTOPUTMH3AlUA U JIpyrue. Meron
CpPaBHEHHUs XapaKTePUCTUK IU(PPOBBIX HM3MEPHUTENBHBIX TpaHchopmaropoB. OH MO3BOJSET
ONPENEIUTh TUIBI U XApaKTEPUCTUKU YCTPOMCTB JUIsi MOBBIIMICHUS TOYHOCTHBIX W YIYYILIEHUS
IKCIUTYaTallMOHHBIX XapakTepucTuk cucreM ACKYD.

Takum 00pa3oM, akTyaJdbHOCTh pabOTHl SBISETCA HEOOXOAMMOCTHIO JAIbHEUIIIETO
MOBBINICHUST  d()PEKTUBHOCTH  aBTOMATH3WPOBAHHBIX  CHCTEM  yMPaBICHHUS 32  CUET
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COBEpIICHCTBOBAHUS MaTEMaTHYECKHX, aJTOPUTMUYECKUX M MPOTPAMMHBIX MPOLEAYp MPUHATHUS
pELICHHUIA.

OcHoBHast crneuu(puka HKOHOMHYECKH BBITOJHOTO METOJa YIPABICHHUS - YYUTHIBAHUS
HHEPronoTpedsIeHUs] KaKk OCHOBHOT'O 3BEHA, YIPABISIOMIETO PHIHKOM 3JIEKTPOIHEPTHH, KOTOPHIH B
CBOIO O4Yepelb MPEACTABISAETCS COBOKYIMHOCTbIO COOCTBEHHO TEXHOJIOTUYECKOro Ipoliecca
(mpou3BOACTBa, TNepenauyu, paclpeneineHuss ¢ MOTPeOJNIeHUs ANEKTPOIHEPrHH), Y4YETHO-
(DMHAHCOBOTO  TEXHOJOTMYECKOTO IPOIECCa DHEPromoTpeONeHHs, a TaKKe IOJIUTHKO-
SKOHOMHUYECKOT0 (OTPa)karollero TEKYIIYI MOJUTHKY B OOJaCTH 3HEProUCHOJIb30BaHUSA). ITO U
SIBJIICTCS MTOJIOKEHHUEM JIsl YIIPABJICHUS PHIHKOM 3JIEKTPOIHEPTUH OCPEACTBOM CO3AaHUS €IUHOM,
00BEeTMHEHHOM, CHCTEMBbI yIpaBlieHUs sHepronoTpediaecHueM Ha 0aze cuctem ACUD, ACYIICD,
ACIY u ACKVYD.

Lenp wuccrnemoBaHus COCTOMT B TOM, 4YTOOBI TOYHO M 0€30MMOOYHO TPOBEPATH H
aBTOMAaTUYECKU YYUTHIBATh MOTPEOJICHUE SHEPruu Ha MPOMBIIUICHHBIX MPEANPUATUAK, YTO
MIOMOXKET MOBBICUTH 3HEProd((HeKTUBHOCTh. AHANU3 aBTOMATU3HPOBAHHBIX CHUCTEM YIPaBICHUS
HHEPromnoTPeOICHUEM MOKA3bIBACT, YTO MX HCIOJIH30BAHUE CETOAHS Ha MPEANPHUATHIX OOJBIION
MOIIIHOCTH MOXXET OBITh IIEJIECOO0Pa3HBIM ISl OINpPEACICHUS TOUYEK OOIIero MmoTpeOieHus
AIIEKTPOIHEPTUU U 00ecTieueHrs MOBBIIICHUS Y(PPEKTUBHOCTH SHEPrONOTPEOICHUS B ITUX TOUKAX
3a c4eT BHEAPEHUs] OPraHU3aIMOHHBIX U TEXHHYECKuX mep [1].

Buenpenne ACOIYD (aBromaTusupoBaHHas CUCTEMa ONEPATHBHO-IUCIETYEPCKOTO
VIIPaBJICHUSI DHEPrONMOTPEOICHHEM) 3HAYUTENLHO IOBBIIIAET HAIEKHOCTD AJIEKTPOCHAOKEHHUS
00BEKTa U CHUXKAET SKOHOMHYECKHE 3aTpaThl SHEPTOCHUCTEMBbI HA BOCCTAHOBIEHHE HOPMAIbHOMN
paboTHI.

ABTOMAaTU3UpPOBAaHHAs CUCTEMA OINEPATUBHOIO YIPABIEHUS U KOHTPOJIL SHEPropecypcoB
paspaboTaHa Uisi: OINEPATHBHBIA KOHTPOJb TEXHOJOTHYECKUX MapaMEeTPOB OSHEPrOCHUCTEM
NPENNpUsITHs; CO3/aBaliTe CUTHAJIBI TPEBOTM U OMNOBEUICHHS O COCTOSIHHUHM YCTPOWCTBA;
MIPOTHO3UPOBAHKUE MOTPEOICHUS ICKTPOIHEPTHH U MOIIHOCTH;, TEXHUYECKUN y4eT MOTpeOrIeHHUs
SHEpPruM, MPOU3BEIECHHOIO WIHM PACIPENEICHHOIO Ha NPEII