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Annomayus. PaccMarpuBaeTCsi aBTOHOMHAsI CUCTEMA CUHTYJISIPHO BO3MYILLIEHHBIX YPAaBHEHUM
OBICTPBIX MIEPEMEHHBIX, COCTOALIAs U3 YEThIPEX YPAaBHEHHI MEPBOr0O MOPsIKA U OTHOTO YpaBHEHMSI
MEMJIEHHOM nepeMeHHoM. Marpuna mnepBoro npuUOIMKEHHST HMEET IONapHO KOMILIEKCHO-
COIpsKEHHbIE CcOOCTBeHHble (QyHKUMU. CucremMa HMEET IOJOXKEHHE PpAaBHOBECHUS, IPHYEM,
YCTOMYMBOCTb IIOJIOKCHHSI PABHOBECHS TEPSAETCS IPU HEKOTOPOM 3HAUYEHUU MEIJICHHON
nepeMeHHoli. B 3Toi Touke neiicTBUTENBbHBIE YAaCTH BCEX COOCTBEHHBIX (DYHKIMH oOpalaroTcs B
HyJdb. B panHux pa®oTax paccMOTpeHbI Ciy4yau, KOTJa YCTOHYMBOCTH IOJIOKEHHS paBHOBECHUS
TepsieTcsl OAHOM Mapoll KOMIUIEKCHO-COIPSKEHHBIX COOCTBEHHBbIX (yHKIMI. Pemena 3agada Ha
SIBJICHUE 3aTATUBAHKUE IIOTEPU YCTOMUYUBOCTH IOJIOKEHUS PABHOBECHUS.

Abstract. This paper considers an autonomous system of singularly perturbed equations of fast
variables, consisting of four first-order equations and one equation of a slow variable. The first
approximation matrix has pairwise complex conjugate eigenfunctions. The system has an
equilibrium position, and the stability of the equilibrium position is lost at a certain value of the
slow variable. At this point, the real parts of all eigenfunctions vanish. Early works considered cases
when the stability of the equilibrium position is lost by one pair of complex conjugate
eigenfunctions. The problem of the phenomenon of prolongation of the loss of stability of the
equilibrium position has been solved.

Knrouesvie cnosa: CUHTYISIpHOE BO3MYLIEHHUE, IOJOKEHHWE PaBHOBECHs, TOYKAa IOBOPOTA,
JINHUM YPOBHEH, YCTOUYHUBOCT.

Keywords: singular disturbance, equilibrium position, turning point, level lines, stability.

Ilocmanosxa 3a0auu
Ilyctb paccmarpuBaeTcsl ypaBHEHHE
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ez'(t,e) = A(t)z(t,¢) + F(t,z(t, e)), (D)

rme 0 < € — Manbli BeuiecTBeHHbIM napametrp; t € D € €, a D — 0OAHOCBA3HAsI, OTKPHITas,
orpaHu4enHas oonacte, z = colon(zy, ..., z,), F = (Fy, ..., E,),

IF e 2 = o(llzID).

ITycte marpuiia A(t) WMeeT N pasIHYHBIX COOCTBEHHBIX 3HAYCHHIA Aj(t)(]' =1,2,..,n)
npuueM, cpeau A;(t) umeercs, XoTs 6bl OHO COOCTBEHHOE 3HAYEHHE, KOTOpas B HEKOTOPOH TOUKe
t =Ty € D umeer Hynb (KPaTHOCTh HYJISI HE UMEET 3HAYECHUE).

Ecnu BbINONHSIETCA 3TO yciIoBHE, TO OyldeM TOBOPHUTH, 4TO ypaBHeHue (1) ¢ onHOW win
HECKOJIbKMMHU TOYKaMH I10BOPOTA.

Paccmorpum ypaBHEeHME

e7'(t,€) = A()E(t &) + 2(t, &) (2(t, ), 2(t, ©)) 2
y' =1, 3)
C Ha4YaJIbHbIM YCJIOBUCM
z(ty &) = 2° 4
rie 0 <& — Manblii BelleCTBeHHBIM mapameTrp, Z = colon(zy,...,2Z4) , Z = colon(z; —

Y, 23,23 —y,Z4),
(2,2)=(z1—y)+ 25+ (23— y)*+2z{,a>0,

U R e TN e NP

Marpuna A(y) umeer cobcrBeHHble 3HaueHHS A1 ,(y) =y +i, A3,(y) =y + 2i, npudem
A1, B Touke i, a A3, B Touke +2i umeer Hynel. CrenoBaTenbHO, 5TH TOUKH SABIIAIOTCA TOYKAMU
IIOBOPOTA.

VYpasaenne (2), B Ttouke (y,0,y,0), mMeeT TOJOKECHHWE pPaBHOBECHE. DTO IOJIOKCHUE
paBHOBecue ycroiunba npu y < 0 u HeycToiuuBa nipu y > 0, T.€. IpU NepeXoe 3HAUEHUs Y 4epes
0 yCTONYMBOCTD MOJIOKEHUS] pABHOBECHUS TEPSETCA.

Ecmu z(y, €) — pemenne 3amaun (2) - (4) ocraercst OrpaHMYSHHBIM HAa HEKOTOPOM OTpPE3Ke
[—Y0,¥1] (o > 0,y; > 0), T0 OyaeM rOBOPHTH, YTO MPOUCXOAUT SIBICHHUE 3aTATHBAHUE TMOTEPH
YCTOMYMBOCTH ITOJIOKEHUS PABHOBECHS.

3amaua. MccnenoBare pemieHue z(y,€) Ha SIBICHHE 3aTSTUBaHHE TOTEPH YCTOHYMBOCTH
MIOJIOKEHUSI pPaBHOBECHUS. AHAJOTMYHbBIE 3aJlaud, KOIZa YCTOMUMBOCThH IIOJIOKEHUS pPAaBHOBECHUS
TepsieTCcsl OIHOM Mapoil KOMIUIEKCHO-CONPSKEHHBIX COOCTBEHHBIX 3HAUEHUI MCCIIEI0BAINCh paHee
[1-5].

Pewenue 3aoauu svipasicaemces cnedyroweti meopemoti:
Teopema. z(t, £) — pellleHHe 3a1a4H CyIIECTBYET HA OTPE3Ke [to, 24 —t2— 4+ tg]
(—V3 <ty <0; 0<2/4—t2— 4+ t? < 1) ucrnpaBeIHBO COOTHONIEHHE
lirr% z(t,e) = (v,0,y,0),
E—

T.C. IPOUCXOAUT ABJICHUC 3aTATHUBAHUC ITIOTCPHU YCTOIZQHBOCTH.
I[OKaSaTCJ'IBCTBO TCOPCMbI Pa3ACIIMM Ha HECKOJILKO YacTeu:
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1. IIpeoOpazoBanme HCXOAHOTO YPaBHEHUS.
Pemenue ypaBuenus (3) Bo3bMeM B Buie Y = t, U B cucTeMe (2), MOCIIeI0OBaTEIbHO MPOBEIS
3aMeHY HEM3BECTHBIX (DYHKIIUH:

Z1 =Y = U, 22 = Up, Z3 — Y = U3, Z4 = Uy;
Uy + iUy = Vg, U — TUy = Uy, U3 +IUYL = V3, Uz — LUy = Vy
cucremy (2) MPUBEIEM K CICIYIOMIEMY BUY:
ev' = A(t)v+ Vv —ea ®)
C HavaJIbHBIM YCIIOBHEM
v(to, &) = v°, (6)

e v = colon(vy, vy, v3,v,), A(t) = diag(t +i,t —i,t + 2i,t — 2i),

V=v,-v,+v3-1a=colon(1,1,1,1).

B (6) 6ynem cuurars ||v°|| < Mye. 3nech u nanee 6yksamu My, My, M5, ... 6ynem 0603Ha4arh
MTOJIOKHUTENIBHBIX TIOCTOSTHHBIX HE 3aBUCALIUX OT £. 3aaady (5) - (6) 3aMEeHUM CIIeTyIOITUM:

v=E(ttye)v’ + iftto[Vv —ea] E(t, 7, ¢)dr, (7)

. 1 . . 1 . ;
e E(t, to, €) = diag(exp - ((t + )% — (ty +1)?), exp - ((t - )% — (ty — )?),
1 . . 1 . .
exp - ((t + 20)2 — (to + 21)2),expz ((t — 20)% = (ty — 20)?)).
B (7) Oymem cuurare t =t; + it,, tne t;,t, —AelCTBUTENbHBIE MEpeMeHHbIe, [ = V—1.
AcumnToTndeckoe moBeneHue pemeHus (7) wccnemyeM B HekoTopoir obmactm t €D C C -
MHOKECTBO KOMILIEKCHBIX urcen, npudeM [ty, T] c Duty < 0,0 < T, ty, T — He 3aBUCAT OT €.

2. 'eomeTpuueckue mocTpoeHusl.
Jist onpenenenust oonacti D ucnoip3yeM QyHKIIH

A(t) = (t+10)? Ay(t) = (t—1D)?, A3(t) = (t+ 20)?, A,(t) = (t — 20)%
Paccmorpum dyukumn ReA,(t), ReA,(t), ReAs;(t), ReA,(t).

HNmeem

ReAy(t) = tf — (t; + 1)?, Red,(t) = tf — (t; — 1)?,
ReA;(t) = t? — (t, + 2)?, ReA,(t) = t? — (t, — 2)%

CripaBeisIuBO NMpeAIoKEHHE:

[1;. B To4kax CHMMETPUYHBIX OTHOCHTEJILHO ACHCTBUTENbHON ocu (yHKiuu ReA,(t) u
ReA,(t), ReA;(t) u ReA,(t) npHHUMAIOT paBHbBIC 3HAYCHUS.

Takum o6paszom, mis onpenesieHns obmactu D, H0CTaTOuHO paccMoTpeTh GyHKIMHU ReA, (t)
u ReA3(t). BBeneMm B paccMOTpeHHE TIHHUN YPOBHSI

(p10) ={t € C, tf — (t; + 1)* = 0},
(p20) ={t € C,tf — (t; + 2)* = 0}.

Jlunust (py) passerBisiercss B touke (—1,0), a (pyo) passerBisercss B Touke (—2,0) u
m10ckocTh C pa3fensor Ha yeTkipe cektopa (Pucynoxk 1).
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Pucynok 1. lenenue miockoctu C muausmu (p1g) 1 (P20)

BerBu (p;9) 0603HaUNM (p%o) , (Pfo); (p20) 00OO03HAUMM (p%o) s (pgo) (Pucynok). Ha
orpesieNieHue OONacTH OMpENeTICeHHOE BIMSHHUE OKa3bIBaeT Takke tp. Paccmorpum cremyromue

CIIy4au:
1. -3 <t, <0;
2.ty = —V3;
3.ty < —V3.

[Ipu noka3arenbCTBE CYIIECTBOBAHWS M OTPAaHMYEHHOCTH pemieHus (7) OCHOBHas pOIb
IIPUHAUIEKAT MIPENIOKEHHUIO [1,.

I1,. Ilycth cymectByeT 06macTh D C € u MHOXECTBO {(p(tg,t)) — MyTh COCAUHSIONIAS TOUKY
to ¢ mpom3BoNbHON Toukoii t € D} u ¢dyukuum ReA;(t) u ReA;(t) He BO3pacTalOT IO IMyTAM
(p(to, t)). Torna pyHkIHH

Fua(to t,€) = exp ™00, Fa1(to,t,€) = exp 20 Aso)

& &
Fiz(to,t,8) = fti) exp MCIT’ F3,(to, t,€) = ftto exp Ag(t);A3(T—) dt

OrpaHUYCHBI 110 MOAYJIIO TIpH € — 0.

Jokaxem I1,. ITyctb (p(ty,t)) COCTOUT U3 ABYX, B3AUMHO HE TIEPECEKAIOIIMXCS MPOCTHIX YT
XKopnana (p,(to, T)) u (p,(T,t)). Torna (p,(to, T)) uMeeT napamMeTpHuECcKOE MPEICTABICHUE

t=@.(s), Tmes: a; <s < ay.

(po (T, t)) umeer npeacrapienue t = @,(0), rae az < 0 < @y, IpUYEM

Vs1, 5z € [ay, az] Asy # 53 (01(51) # 91(52)).

Voy,0; € [as, ay] Aoy # 03 (92(01) # 92(02)),

@1(az) = pz(asz), p1(ar) # pz(as).

Vs € [ay, az] AVo € [as, as] (91(5) # @2(0)).

Ilycte mo (p1(ty,T)) dynkimm ReA,(t) mocrosiuua, ReA;(t) yOwBaer, a mo (p,(T,t))
¢byukuust ReA;(t) yoObiBaet, ReA;(t) mocrosaHa. OTMETHM, BO3MOXHBI M JPYIHE BapHaHTHI,
KOTOPBIC PACCMATPUBAIOTCS AHATIOTHYHBIM 00Pa3oM.

Cuauaina paccmorpuM dyukimu Fiq (tg, t, €), Fi2(to, t, €).

vVt € (pl(tO,T)) (ReA(t) = const) = ReA,(t) — ReA,(ty) = 0= |F;;(ty, t, )| = 1.
VT € (pz(T, t)) (ReAl(t) < ReA,(t) < ReA,(T) = ReAl(tO)) = ReA;(t) — ReA,(ty) <0
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= |Fi1(to, t, )| = exp(ReAl(t) — ReAl(tO)) <1
st Fiq(tg, t, €) mpennoxkenue I, mokazano. Temeps paccMorpuM dyHkmmio Fi,( to, t, €).
vr,t € (pi(to, T)) (ReA,(t) = ReAy(T)) =
1
= |fp1(to’t) exp (Al(t) — Al(r))d‘r| < |, = nnuna p, (ty, T)
VT E (pZ(T, t)) (ReAl(t) < ReAl(T)) =
1
= |fp2(T,t) exp (Al(t) - Al(r))dr| < l, = nmuna p, (T, t).

[pennoxenue I1, nokaszano mwis Fy,( ty, t, €).
st F31(to, t, €) u F35( tg, t, €) npemnokenue [T, T0Ka3pIBACTCSA aHATOTUYHO.

[ycTh paccMaTpuBaeTcs ciaydaii 1. —vV3 < to < 0.
Brenem B paccMoTpeHure TMHUIO YPOBHS

(p3) ={t€C, tf — (t, +2)* = t§ —4}.

Jluaust (p3) npoxoaut dvepe3 Touku (ty,0) , (O, -2+ 4- tg) , (—to,0) . [anee
paccMoTpuM, 4acth (p3), coenuHsromas To4ku (ty, 0) u (O, —24+.4- tg). o ycnoBuio —V/3 <

to < 0.Torna —2 ++/ 4 —t2 > —1.

VpasHenue (p3) MOXKHO 3aIIUCaTh B BUIE
t,=—2+Jt2+4—t2 ty<t; <0. (K1)
Nmeem

2
ReAl(t)=tlz—(t2+1)2=t12—(—1+ t12+4—tg) =—1+2/t2+4—t2—4+ t5.

Otcrona noayyum
2ty

(ReAl(t))tl B \/ﬁ

Takum o6paszom, dynkius ReA;(t) ybwsBaer Bmoap kpuBoit (K;) . ®ynkuust ReAs(t)
nocrosiHHa BIob (K;).

Ipennoxenue I1, cnpasemmsa it ReA, (t), ReA;(t) na kpuBoii (K;).

BBezneMm B paccMOTpeHHE THHHUIO YPOBHS

(P1)={tEC, tf—(t2+1)2=—<—1+ /4—%)}

U PacCMOTPUM dYacTh (p;) COEAMHSAIONIAS TOYKH (O,—2+ 4—t§) u (2 4—t5—

4+ t2, O). Nmeem

2 7\ 2 2 (K2)
=-1+|G+(-1+/4-8) .06, <2/4-3 - 4+

[TocraBum 3amauy: Oyaet nu GpyHkuust ReAs(t) yosiBaromieit mo kpusoit (K,)?

B Boipaskennn aist ReAs(t) Bmecto t,, moncrasisist ypasuenue (K,) momydanm
2

2 2
ReA;(t) = t7 — 1+th+<—1+ /4—t§) =—1—2\/t12+<—1+ /4—t§> —
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_(_1+ 4—t§)2=—<1+2\/t12+(—1+ 4—t§)2+(—1+ 4—t§)2>.

Ortcroma nMeem
2t

\/tf +(—1+\/4—t§)2

Mockonbky 0 < t; < 24/4 — t& — 4 + t&, 10 ReA;(t) yowBaror B1ois (K,).

Taxum o6pasom, Bronb (K,) dyukuust ReA;(t) yobiBaert, a ¢pyHkuus ReA; (t) mocrosiHHa.

[pennoxenue I1, Bepua, Ha kpusoi (K,), it ReA;(t) u ReA, (t).

IToxBenss WUTOr MOXEM CKaszaTh: mnpemioxenue I, cnpaBemmusa mias (yukiumii ReAq(t),
ReA;(t) na xpusoit (K;) U (K,). Ilpuuem upu t; = 0 ¢yuxkumu ReA;(t) , ReA;(t) umeror
0COOEHHOCTH.

Teneps, paccmarpuBas ¢ynkuun ReA,(t), ReA,(t) ompenemum xpusbie (K;) u (K;),
KOTOpbIE€, COOTBETCTBEHHO CHMMETPHUYHBI K KpuBbIM (K;), (K;) OTHOCHTENBHO JEHCTBUTEIBHOM
OCH.

(ReA (D), =~

Ha xpusoit (K;) U (K,) mna dynxuuit ReA,(t), ReA,(t) cnpasemmso npemnoxkenue I1, .
O6nacts, orpannuennsiit kpusbivu (K;) U (K,) u (K;) U (K,) 0603uauum D (PucyHok 2).
M

t;
(k) ot
- K,)
-3t P 1 t,
. >
Ky)
(K3 ¥t

Pucynok 2. O6nacts D

2. Onpedenenue nociedo8amenbHblX NPUOIUHNCEHUL U UX OYEHKA.

Jl11a moka3aTenbCTBa CyIIECTBOBAHUS U OTPAHUUYEHHOCTHU pellieHus: ypaBHeHus (7), mpuMeHUM
METOl TOoclenoBarenbHbIX MNpuOmbkeHuil. [locienoBarenbHble MNPUOMMKEHUS — OMPEIESIUM
CJIETYIONUM 00pa3oM:

Uy = E(t,ty, &)v° + éftZ[va_l —ea] E(t,1,¢)dr, (8)

UO = O,m == 1,2,...,t0,

Um = COlon(vlm’ Voms Vsmo v4m);
V=v,v,+v;3-v,,a=colon(1,1,1,1).

CHavana mpuBeIEeM AaCUMIITOTUYECKYIO OIICHKY IO £, TMOCIEIOBATENbHBIX MPUONMKCHUA B
oOmnactu D.
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Jlst peanuzanuu STOU 1eNHM BhIOepeM IyTH uHTerpupoBanus. CornacHo npenioxenus [1, Ha
OTPaHUYEHHOCTH MOCIIEI0BATEIbHBIX MPUOIIKECHUN, CYIIECTBEHHOE BIMSHUE OKa3bIBACT (PYHKIIUH
ReA;(t) (j = 1,2,3,4). Torna myTu uHTErpupoBaHus BIOepeM cornacHo I1,.

IMockonbky (ynkuuun ReA;(t) u ReA,(t), ReA;(t) u ReA,(t) B CHMMETPUYHBIX TOYKaX,
OTHOCHTEBHO JEHCTBUTENLHOM OCH, IPUHUMAIOT PABHbIE 3HAYEHHMS, TO BHIOUPAs CUMMETPHYHEIE
[yTH WHTETPHUPOBAHUS ISl Vqpy M Uz, Vs U Vg B CHMMETPHYHBIX OOJACTAX MOYKHO IMOJNYYHTH
OJIMHAKOBBIE OLIEHKH.

BribepeM myTH HHTETPUPOBAHUS Vq,y U V3py, cODIAcHO I1,.

s vy;, M Vs, OyTh uHTErpupoBanus coctout u3 uvactu (K;) U (K3) , [to,t] u
IPSIMOJIMHENRHOTO OTpesKa [t = t; + it,, t = t; + it,], pynkuun ReA,(t), ReA;(t) yOsiBaror.

JlercTBUTENIBHO, UMEEM

ReA,(t) = t? — (1, + 1)?, tne t; — const, t, < 1, < t,.
(ReA, (1)), = —2(1; + 1).
T2
CornacHO BHIOPaHHBIX MyTeil HHTETPUPOBAHHUS MOTYUMM OIEHKH
V| < Mye, t €D 9)

to + 1 — He 3aBUCHT OT €.
JInst oka3aTenbCTBa CXOMUMOCTH (8) OlleHUM |y, — Vyy_q|. UMeem

|V, — V1] < (Mye)™,m = 1,2, ....

Orcrona, npu ycnouu M,e < 1, (8) cxomuTcss paBHOMEPHO K HEKOTOpoi ¢yHkuuu v(t, €),
KOTOpast SIBJsieTcs petieHueM (7), ¥ Ut TOTO PEIIeHHsI CIIPaBeJInBa OlIeHKa, cormacHo (9)

lv(t, o)l < Mye, t €D (10)
[tO,Z 4—t5 — 4+t§] c D.

N3 (10) BeITEKAET CIPaBENIUBOCTh TEOPEMBI.

Ipumeyanue. Ecim ty — —VJ/3 + 0, to xpusas (K;) Beipoxaercs B nyu {(t;, t,) € R%,t; +
t, + 2 = 0}, npoxomsmas uepe3 touku (—v3,0), (0,—1), a kpusas (K,) BHIpOXKIaeTCs B JIyd
{(t;, t,) € R34 t; — t, — 1 = 0} npoxoasume uepes Touku (0, —1), (1,0).

OTOT cinyyail TpeOyeT OTIAeNbHOr0 HccaeoBaHus (cinydail ty = —\/§).
Crnyuaii ty < —+/3 CBOMMTCS K MCCIIEIOBAHUIO ciydas tyg = —/3.
Cnucok numepamypbi:

1. lllumkoBa M. A. PaccmoTpenme omHOUM cucteMbl auddepeHInaIbHbIX YpPaBHEHUN C
MaJibIM [TapaMeTpPOM IpH BhICIINX NMpou3BoAHBIX // Jloknaasl Akagemun Hayk. 1973. T. 209. Ne3. C.
576-579.

2. Heitrraar A. U. O 3arsaruBaHuy oTepyu yCTOMYMBOCTH MPH TMHAMUYECKUX OM]ypKaUsX.
I // Anddepenunanvubie ypaBaeHus. 1988. T. 24. Ne2. C. 226-233.

3. Ansibaes K. C. Metonx AuHHMI ypOBHS HCCIEAOBAaHUS CHHTYJISPHO BO3MYIIEHHBIX
ypaBHEHMI MpH HapylIeHuu yciaoBus ycroitunBoctu // Becthuk KI'HY. Cepus. 2001. T. 3. C. 190-
200.

4. Kapumop C. K., AOGmmnazmzoBa A. A. ACHMNOTOTHYECKOE pa3JIOKCHHE PEIICHUI
CHHTYJISIPHO BO3MYIIEHHOW cucTeMbl auddepeHInanbHbIX YpaBHEHHH B Cly4ae CMEHBI

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 18



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

ycroitunBoctH // EcrecTBenHbie n Texuudeckue Hayku. 2007. Ne4., C. 13-16.

5. TypcynoB JI. A. AcumnToTuka pemieHus: 3agaud Komwu npu HapylIeHHUH YCTOMYMBOCTH
TOYKM TOKOS B IIJIOCKOCTH «OBICTPBIX MABMKeHUU» // BectHuk ToMcCKOro rocyaapcTBEHHOTO
yHuBepcurera. Maremaruka u mexanuka. 2018. Ne54. C. 46-57.

References:

1. Shishkova, M. A. (1973). Rassmotrenie odnoi sistemy differentsial'nykh uravnenii s malym
parametrom pri vysshikh proizvodnykh. Doklady Akademii nauk, 209(3), 576-579. (in Russian).

2. Neishtadt, A. I. (1988). O =zatyagivanii poteri ustoichivosti pri dinamicheskikh
bifurkatsiyakh. II. Differentsial'nye uravneniya, 24(2), 226-233. (in Russian).

3. Alybaev, K. S. (2001). Metod linii urovnya issledovaniya singulyarno vozmushchennykh
uravnenii pri narushenii usloviya ustoichivosti. Vestnik KGNU. Seriya, 3, 190-200. (in Russian).

4. Karimov, S. K., & Abdilazizova, A. A. (2007). Asimptoticheskoe razlozhenie reshenii
singulyarno vozmushchennoi sistemy differentsial'nykh uravnenii v sluchae smeny ustoichivosti.
Estestvennye i tekhnicheskie nauki, (4), 13-16. (in Russian).

5. Tursunov, D. A. (2018). Asimptotika resheniya zadachi Koshi pri narushenii ustoichivosti
tochki pokoya v ploskosti “bystrykh dvizhenii”. Vestnik Tomskogo gosudarstvennogo universiteta.
Matematika i mekhanika, (54), 46-57. (in Russian).

Paboma nocmynuna Ipunama k nybonukayuu

6 peoaxyuro 28.10.2023 2. 04.11.2023 2.

Cevinka 0na yumuposanus:

AnsibaeB K. C., HypmaroBa M. H. SIBnenue 3arsiruBaHusi IOTEPU yCTOMUMBOCTH B TEOPUU
CUHTYJISPHBIX Bo3MylleHud // Bromnerenp Hayku u mpaktuku. 2023. T. 9. Nel2. C. 12-19.
https://doi.org/10.33619/2414-2948/97/01

Cite as (APA):

Alybaev, K., & Nurmatova, M. (2023). The Phenomenon of Delaying Loss of Stability in the
Theory of Singular Perturbations. Bulletin of Science and Practice, 9(12), 12-19. (in Russian).
https://doi.org/10.33619/2414-2948/97/01

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 19



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

YIK 517.928 https://doi.org/10.33619/2414-2948/97/02

PACHIEIIVIEHUE PEIIEHA CJABO HEJIMHEWHBIX CUHT YJIIPHO
BO3MYIEHHBIX YPABHEHHUH ITPU PEI'YVIAPHOM BBIPOXJIEHUUN

©Anwioaes K. C., ORCID: 0000-0002-7962-534X, SPIN-x00: 2396-5503,
0-p uz.-mam. nayk, Kanan-Abaockuil 20cy0apcmeenHulll YHUsepcumem,
2. Jlocanan-Abao, Keipevizscman, alybaevkurmanbek@rambler.ru
©Mpycaxynosa H. K., ORCID: 0009-0002-8805-331X, SPIN-xo00. 4710-0522,
HKanan-Abaockuii 2ocyoapcmeenHblll yHUgepcumen,

2. orcanan-A6ao, Keipevizcman, kuralbekovna79@inbox.ru

SPLITTING OF SOLUTIONS OF WEAKLY NONLINEAR SINGULARLY PERTURBED
EQUATIONS UNDER REGULAR DEGENERATION

©Alybaev K., ORCID: 0000-0002-7962-534X, SPIN-code: 2396-5503, Dr. habil.,
Jalal-Abad State University Kyrgyzstan, Jalal-Abad, Kyrgyzstan, alybaevkurmanbek@rambler.ru
©Musakulova N., ORCID: 0009-0002-8805-331X, SPIN code: 4710-0522, Jalal-Abad State
University Kyrgyzstan, Jalal-Abad, Kyrgyzstan, kuralbekovna79@inbox.ru

Annomayus. PaccmarpuBaercs ciabo HEITMHEHHOE CUHTYJISIPHO BO3MYIIEHHOE ypaBHEHUE B
KOMILJIEKCHBIX obOnacTsax. IlocTaBnena 3amaua O BO3MOXKHOCTH DACLICIUIEHHWS YpaBHEHHS Ha
HECKOJIBKO COCTaBIIAIOUINX. BBeieHneM HOBBIX HEM3BECTHBIX (DYHKIIHI, IOJIydYeHa CUcTeMa U3 JABYX
ypaBHeHuUN. Jlanee uccienoBaHO aCHMITOTUYECKOE MTOBEICHUE PEIIEHUM MOJIy4eHHbBIX YPaBHEHUN
B KOMIUIEKCHBIX oOnacTsax. Jloka3aHO, 4TO pelIeHHEe KaXKJIO0ro W3 3TUX YpPaBHEHHWH sBiseTcs
JOMUHUPYIOLIUM B ONPEEIIEHHBIX YacTsIX paccMaTpuBaeMbIX oOnacteil. Pemenne oqHOTO U3 3TUX
yYpaBHEHHH OIpeeIsieT MOTPaHUYHbIC JIMHUHU U 00JIACTH, a PEICHUE JPYrold CUCTEMBI OTpPEIEsieT
peryisipHyto 00I1acTh.

Abstract. We consider a weakly nonlinear singularly perturbed equation in complex domains.
The problem is posed about the possibility of splitting the equation into several components. By
introducing new unknown functions, a system of two equations is obtained. Next, the asymptotic
behavior of solutions of the resulting equations in complex domains is studied. It has been proven
that the solution to each of these equations is dominant in certain parts of the areas under
consideration. The solution of one of these equations determines the boundary lines and regions,
and the solution of the other system determines the regular region.

Knrouegvie cnosa: CUHTYISIpHO BO3MYILEHHBIE YpaBHEHUS, aHaJUTHYECKHe (yHKIUH,
rapMOHHMYECKHe (DYyHKIUU, pacllelieHHe, JUHUM YPOBHS, IOrPAaHCIONWHbIE JUHUM U 00nacTu,
peryisipHasi 001acTh, CXOAUMOCTb, NTOCIIeA0BaTEIbHbIE MPUOIMKEHUS, ACUMIITOTHYECKAsl OIICHKA.

Keywords: singularly perturbed equations, analytical functions, harmonic functions, splitting,
level lines, boundary layer lines and regions, regular region, convergence, successive
approximations, asymptotic estimate.

ACHUMIITOTMYECKOE  TOBEJCHHME  PEIICHWM  CUHTYJISIPHO  BO3MYIIEHHBIX  yYpaBHEHUM

uccienoBanbl B paborax [1-3]. B pabote [4] mpoBeneH 0030p pa3BUTHUSI TEOPUH CUHTYISIPHO
BO3MYIICHHBIX YpaBHEHUH C aHaJIUTUYeCKMMHM (yHKIMAMH, a B [5] ompeneneHsl MOHSTUS
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MOTPaHCIIONHBIE JTMHUU, 00TaCTH, PETYISPHBIE U CHHTYISIpHBIE 00macTH. Bo Bcex mepedyrcieHHbIX
paboTax uccienoBaHus MPOBEACHBI 0€3 pacIieruieHus peneHnid. B manHoit padote pemum 3aaaqy o
BO3MOXKHOCTH PACILIEIVICHUS PEIICHUI CUHTYJISIPHO BO3MYILEHHBIX YPaBHEHUM.

Ilocmanosxa 3adayu
[Tyctb paccmarpuBaeTcsi ypaBHEHHE

ez'(t,€) = a(t)z(t, &) + eb(t) + ef (¢, z(¢, €)). (1)

C HAYAJIbHBIM yCIIOBUEM
z(to, €) = 2°, (2)
rie 0 <& — BemecTBeHHbI mnapamerp; t €D € C u D opHOCBA3HAs, OTKpbITas u
orpaHuucHHass 001acth, z(t, &) — ckamsgpHas QyHKOus, t =ty + it,, t;,t, — JICHCTBUTEIbHBIE

[IEPEMEHHBIE, [ = V-1, to = t19 + ityp.

OTtHOcUTENBHO MpaBbIX YacTeil (1) MpennosoKuM BEIIOIHUMOCTD CIEAYIOIUX YCIOBUM:

V1. a(t), b(t) € A(D) — mpoCcTpaHCTBO aHATUTHIECKUX (PyHKIHH B o6mactu D.

1. Tnst a(t)BO3MOXKHBI pasiuyHble ciy4ad. B gactHocT a(t)B obmactu D MOXKET HUMETh
KOHEYHOE 4YHUCJIO HyJIed W MONCcoB. JlJIs MPOCTOTHI PacCMOTPUM TOJIBKO ciydaid: Y2. Vt €
D (a(t) # 0).

¥3.f(t,0) =0,f(t,x) € Q(H), tne H = {(t,x),t € D, |x| < M;}, 31ecb u naigee OykBamu
M, M,... 6yneM 0603HaYaTh HOJIOKUTEIbHbIE IOCTOSHHBIE HE 3aBUCALINE OT &, npuueM |x°| < M;.

Y4.V((t,5c'), (t,ﬁ)) eH(|f&, 0 - (6, %)| < My|x - %|).

3anava. Pacmenuts pertenue 3anauu (1) — (2) Ha HECKOJIBKO COCTABIIAIOLIMX M UCCIIEA0BATh
UX aCUMIITOTHYECKOE MOoBeJeHuE B oonactu D.

2. 3amady pemum npu ycaosuu Y1, Y2, V3, V4.

Onpenenenue 1.Ecnu BeinonHsiercs yciaosue Y2, To OyeM rOBOPUTH, UTO BCE TOUKH 00JIACTH
D sBnstoTcst mpocThiMu. HeBo3MyIieHHOE ypaBHEHUE, cooTBeTcTBYomIEe (1), nmeer peuenue & =
0 1 7TO pelIeHne He UMEET 0COOCHHOCTEMH.

Pewenue 3aoauu
Pemienne 3amaum pazaenuM Ha HECKOJIBKO YaCTE.
1. Pacwierienne pemenus.
B (1) BBenem HOBbIE HeU3BECTHBIE (DYHKITUH CIEAYIOIIIM 00pa3omM

z(t,e) = 1I(t, &) + x(t, €), 3)
rne II(t,€),x(t,e) — HOBble HemsBecTHble OGyHKIMUA. (3) moxactasisas B (1) momydnm
CIIeIytolee ypaBHEHHE:
ell'(t,e) + ex'(t,e) == a(®)I(t, &) + a(t)x(t, &) + eb(t) + e(f(t, (¢, &) + x(t, e))

VYpaBHenue (3) paciienuM Ha CIEIYIOIIYI0 CUCTeMY (apryMeHThl HEW3BECTHOW (yHKIUU
OyzieM OIycKaTh)

ell" = a(t,) + ef (¢, 10), 4)
M(¢,, g) = x°,
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ex' =a(t)x +eb(t) + e[f(t, T+ x) — f(t, D],
x(ty,€) = 0. (5)

Janee 3aliMeMcsl UCCIIEJOBAHUEM aCUMIITOTUYECKOIO TIOBEJIEHUS pelIeHUI ypaBHeHUH (4)-(5)
C 3aJlaHHBIMM HauyaJbHbIMU ycioBusAMH. i 3toro (4) — (5) 3aMeHMM CHCTEMOW HHTErpajbHbIX
yYpaBHEHUI

; _ (6)
M= xoexp@ + ff(r, H)expwdr,
; _ (7
X = f[b(r)f(r,ﬂ +x) — f(z, H)]expM dr,

rne A(t) = ftz a(t)drt. 3ameru™m, ¢Qyukuus A(t) B Touke t = t, MMEET MPOCTOM HYIIb.

[Ipexxne yeM wucciaenoBaTh aCUMIITOTHYECKOE MoBeneHue pemieHuil (6)-(7) mpoBeneM HEKOTOpHIE
reOMETPUYECKHUE TOCTPOCHUSI.

T'eomempuueckue nocmpoenust

Bossmem ¢ynkmuio A(t) u paccmorpum ReA(t), ImA(t).

Omnpenencane 2. MuoxectBo (p)={t € D,ReA(t) = p — const} Ha3oBeM JHMHHUS YPOBHS
¢byuxunu ReA(t).

Jlasiee BCe TEOMETPHYECCKHE IMOCTPOCHUs OylayT MPOBEACHBI C HCIOIb30BAHUEM JIHHUU
ypoBHeli pynkimii ReA(t) u ImA(t).

AHanoru4yHo onpenensercs JuHus yposHsa ImA(t), kortopyro obo3Haunm (q).

Beenmem B paccmotpenue uaui0 ypoBHs (py) = {t € D, ReA(t) = 0}.

IMockonbky A(ty) = 0, To nuHus (py) TPOXOTUT Yepe3 Touky t,. CormacHo Y2 Bce TOYKU D
SBJISIIOTCS TPOCTBIMU T. €. QyHKIHUS A(7) B D He uMeeT KpaTHbIX Touek. Torna uepes mo0yro TOUKY
obmacti D TPOXOOWT €AWHCTBCHHAs JTHHUS ypoBHs (yHkuuii ReA(t), ImA(t). Jluauu ypoBHS,
ReA(t), ImA(t), B Toukax mepecevyeHusi B3aMMHO OpTOrOHaNbHBI [6, 7]. OTcrona cienyeTt, 00aacTh
D TOKpBIBAE€TCS CETHIO B3aUMHO OPTOTOHAJBHBIX JIMHHN ypoBHS ¢yHKIHA ReA(t), ImA(t)
(Pucynok 1). OGnactb D OTKpbITas, TOT/Ia CYIIECTBYET CETKa CofieprKalas Touky to (Pucynok 2).

@9
27
(42
Pucynok 1. ITokpsitie obnactu D Pucynok 2. Cerka oOpa3oBaHHas JIMHUSIMH

yposreii (p), (q)
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Cerky o6o3nauuMm D,. Jlunueit ypoBHs (pgy) ceTka D pasmensiercs Ha 4acth Dy u Dy,
(Pucynoxk 2). Ha yactu iunuu (pg) © Dy BO3bMEM IPOM3BOIIBHYIO TOUKY ¢ 1 TpoBeaeM JuHuio (§).
Oyukuuo ReA(t) pacemorpum Buons (§). Ussectno [6, 7] Boonb (§) ¢yukums ReA(t) crporo
monotonHa. Eciu yuects ReA(t) = 0, TO CpaBeIuBhI CIIEAYIONIUE COOTHOLIEHHUS

(Vt € Doy (ReA(t) < 0) AVt € Dyy(ReA(t) = 0)) Vv
Vv (Vt € Dy; (ReA(t) = 0) AVt € Dy (ReA(t) < 0)),

[TpudeM paBeHCTBO UMEET MECTO TOJILKO Ha TpaHulie (py).
[TockonbKy MOIy4YeHHbIC COOTHOILICHUS! PABHO3HAYHBI, TO HE OTPaHHYMBAsE OOIHOCTH OyaeM
CUMTATh

Vt € Dy; (ReA(t) < 0) AVt € Dy, (ReA(t) = 0)

Jlia nanbHEeWIIMX MCCIIeoBaHui BO3bMeM 4acTh Dy, U BbIOEpeM MyTH UHTETPUPOBAHUS IS

(6)-(7).
Vt € Dy, MyTh MHTETPUPOBAHUS COCTOUT U3 9actu: (po)[to, t]; (§)I[E, t]. Bamuce (1)[Ty, T,] -
O3HaYyaeT 4acThb KpHUBOU

(1) coepunsiromuii Touku T; v T,. OTMeTUM, 10 BbIGPAHHBIM MY TSIM UHTerpupoBaHusi ReA(t)
He Bo3pocTaeT. Onpenenum JHHUIO YPOBHS

(pe) = {t € Dy, ReA(t) = elne}.

Junus (p,) paspenser oonacts Dy, Ha yactu D, D&l, npuyeM OyJieM CUUTATh
(re) € D(}p (po) & Dg; (Pucynox 3).

(»e)

(»o)

Pucynok 3. O6nactu DE;, D3;.

HccnenoBanne acMMOTOTHYECKOTO TIOBEICHUSI perieHu# ypaBHeHui (6) u (7)

AcCHUMIITOTHYECKOE TOBEACHUE pelieHuil ypaBHeHuil (6)-(7) B obmactu Dy, BbIpaxkaercs
CIEeAYIOIIEN TEOPEMOM.

Teopema. Ilycts Bbimomusitorcss ycioBus Y1-Y4. Torma Vt € Dyq CyHIECTBYIOT pELICHHS
ypaBHeHuH (6), (7) ¥ A7 HUX CIPAaBEAJIMBbI OLICHKU

ReA(t)
N, )] < Myexp—

lx(t,&)| < M;¢e, YVt € Dy,.

,t € (po) U D§; U Dgy;

CrpaBelTUBOCTh TEOPEMBI  YCTAHOBJISETCS MPUMEHCHHEM METOJa ITOCIIe0BATEIHbHBIX
npuomkeHuit x (6) u (7).
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IMocnemoBarebHbIe TPHOIMKEHHST OMIPEIEIISIOTCS TaK
- (8)
A(t A(t) — Az
I, = xoexp% + | f(z, Hm_l)expudr,
to

,(t,e)=0,m=1,2, ...

; _ )
X = J.[b(r) + f(t, 1+ xp_1) — f(1, H)]expwdr,

to
xo(t,e) =0m=1,2,...

(8) m (9) ouenuBarorca Vt € Dy; , COIIacHO BBIOPAHHBIX IyTeW MHTETPUPOBAHUS U
JOKa3bIBACTCS HMX pABHOMEPHAsh CXOIUMOCTh. 3aMETHM, YTO IJIMHHH YPOBHS, OIpEIeIsieMble
rapMOHUYECKUMHU (YHKIUSMH, SBISIOTCS AHAIUTHYECKUMHU KPUBBIMH U UX YpPaBHEHHUS MOXHO
MPEICTaBUTh TTApaMETPHUUECKUMHU.

Iyctb 71 = 71(5), T, = 75(5),0 < 5 < 57 MapaMeTpUUECKOE YpaBHCHUETUHUU YPOBHS (Pg),
a S-JUIMHA KpUBOH (Py) OT TOUYKH to O TOUKH

T=11+i1,; 171 =71(0), T, =7,(0), 0 < 0 < 0, NapaMeTpUUECKOE ypaBHEHUE JIMHUU
ypoBHs () TPOXOaALIas Yepe3 TOUKU £ U T.

CHauaJia IpoBeJIeM OIICHKY IOCIIEI0BaTEIbHBIX TPUOIMKEHUH (8).

ITycts t € (py).Vt € (py) (ReA(t) = 0) = || < [x°].

N3 (8), yuutsiBas Y4 noiayuum

M| < [2°] + M, [ 1T |[71(s) + it}(s)] ds < [x°] + M |x°| - Mo&(|7i(s) + +iTh(s)| <
Mo), IT,| < [x°] + M ;M |x°|3.

Jlnst BeimonHuMocTy Y4 nonoxkum |x°| + |x°|MgM ,5 < Mj.

Orcrona nmeeM

~ M; — |x°] (10)
S ——-—.
|x°| - MM ,
YuureiBas (10) nonyuum
IT,| < M.

s [1; umeem

S S
N3] < |x°| + MZMojlnllds < |xO|+M M, | (]x°] + |x°| MoM,s)ds <

0 0
§2 M3)?
< X0+ M o Molx°15 + (M ;Mo)? 2 = |x°] <1 +M3§+( 35)

2!

>, rane M ,My =M 5.
[IycTp cipaBeuIMBa OLIEHKA

—1 (M33)k
M| < ] T B2 (1

VYyuuteiBas (11) u3 (8) nomyunm
Sm-1

m m
(M33)k (M33)* (M33)*
|Hm+1|S|x°|+M3|x°|fz ' ds£|x°|+|x°|2 S
0 k=0 ' k=0

k k! k!
k=0
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CnpasennuBocts orieHkH (11) gokazana.
Ornenky (11) MOXXHO 3aMEHUTH CJIEIYIOIIAM

ITL,| < |x°|expM33 (12)

ITpu monydenun orueHok s |I1,,| MbI (OpMaNbHO MPEANOTO0KAM BBITOJHUMOCTD YCIOBHUS
V3. OcBoboauTHCS OT 3TOrO (hOopMaTM3Ma MOKHO, ITOJIOKHUB

~ ~_ 1, M
|x%|expM35 < M; wm §< M—lnlx—;|. (13)
3
Hainee, He orpanu4mBasi OOITHOCTH, Oy/IeM CUHTATh, YTO HepaBeHCTBO (10) BhIMOMHSCTCS IS
gact (py) comepkamierocs B Dy; Tak Kak pasaBuras rpaHuibl Dp; MOXKHO 00€CIEeYUTh
BbINOTHUMOCTD (13). Takum 00pa3oM Bce BBIIEHPOBEACHHBIE ONEpaly 3aKOHHBI U MOJTYYCHHbIE

oLleHKH cripaBennauBbl. Eciu yuects (13) To nmeem
M, < M;,m=0,1,.. (14)

Teneps 1okakeM paBHOMEPHYIO CXOAUMOCTb (8) i t € (py). YuuTsiBast Y4 numeem
§
|H2 - H1| S MZMO fll_[llds S M3M1§:
0

Hanee

S
32
S
|l_[3 - Hzl S M3]|H2 - Hllds S M1M32?.
5 .

[Tponomxkas npouecc moay4um
(M33)
(m—-1Dr

W3 momydeHHBIX OLIEHOK BBITEKACT, pPAaBHOMEPHAs CXOOUMOCTh IIOCIIEAOBATEIbHBIX
npubnkenuit Vt € (py) k Hekoropit ¢ynkuuu I1(t,€), xotopas sBugercs peumenueMm (6). Eciu
yuecTb (14), To A1 3TOrO pelIeHus CpaBeIMBa OllEHKa

[TI(t, )] < My, t € (po) (15)

|Hm - l-[m—ll < Ml

[Tycts t € D§;. CornacHo BEIOpAaHHBIX MyTel HHTErPUPOBaHUs (6) PEICTAaBUM B BUJIE

I N (16)
= xoepr(tT(a)) + Jf(r, l'l)epr(t(a)) . A() * (t1(s) + it3(s))ds +
0

+foff(r, Mexp w * (T{ (o) + ity (0))da.
B (16) mpoBenem npeobpazoBaHue
(17

_A(t0) - AE®)
= exp -

il x%ex

PA(ZS)) + ff(r, ) exPA(f(g)) ;A(T(S)) xx (71(5) + iti(s))ds)

+ f f(z, l'[)epr(t(&)) ;A(T(a)) XX (T{(a) + i‘ré(o’))da, rae £(3)

€ gpo)-

B (17), BeIpaxkeHue comepikalieecs B CKOOKe [...], maer pemenne ypasaenus (6) npu £(5) €
(po) T. e. TI(£(5), €). Cornacuo (15) i 5TOro peleHus CrpaBeauBa OleHKa
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M(EG), &) < My, E(3) € (po). (18)

(17) moxxem nepenucarb B BUJE

= H(f(§),£)epr(t(6)) ;A(f(g)) (19)

A(t(&)) — A(T(a)) o

&

+ | f(r,MMexp
|

X (t1(0) + it5(0))do.

st uccnenoBanust ypaBHeHHs (19) mpuMEHUM METOJ MOCIIEIOBATEIIbHBIX MPUOIMIKEHUN.
[TocnenoBarenbHbIe TPUOIMKEHHS ONPEACTHM TaK

~ 20
A(®) = AG@) (20)

I,, = (Z(5), e)exp -

A(t(®) ; A(E(®) N j Tl exp
X (r{(a) + ité(a))da. (l)'lo(t, &)=0m=1,2,..

CHauana oLeHUM nociiefoBaTelbHble npuoamkenus (20), 3aTeM JOKaKeM X PaBHOMEPHYIO
CXOAMMOCTD. YUHUThIBAs Re(f(§)) = (0 mosryuum

s Re A(t(6) (21)
I | < [TIECS), S)Iexp#-
Hanee
z Re (A(t(@) - A(x(0)))
[T, | < [M4] +M2M0f|l'[1|exp . do <
0
Re A(t(o Re A(t(o Re A(t(o
< MlexpM + M3Mlexp¥ 6 == Mlexpﬂ (1 + M;06),
Re A(t(8)) _
|H2| < MlexpT(l + M3U)
[IponomkuB mpoiiece MoayuYuM
m—1
Re A(t(c M36)* (22)
IM,,| < M,exp (¢ ))z( 39) m=1,2,..
€ k!
k=0
N3 (22) Vm € NumeeM o1ieHKY
Re A(t(6
T, | < Mlexp%))expMﬁ.
Ecnu yuects, uto D orpanndeHHas o0nacte, 70 expMzd < M,.
Taxum 06pazom
Re A(t(o
Ml < Mgerp ZALD)
Mg = M, M,. (23)

Tenep}, JOKaXEM CXOAUMOCTH ITOCJICA0OBATCIBHBIX HpH6J'IH)KGHHfI. HHH 9TOT'O OLICHUM

|Hm_nm—1|-

—G)
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Hmeem, yuntbiBas Y4 (3a cder &, Bcerga MOKHO H00uThes, utoosl (t,I1,,) € H).

Re (A(t(®) - A(x(0))) ]

o
I, — I, | < M2M0f|l'[1|exp
0

o<
€
Re A(t(o
SMngexp%)) g,
Re A(t(8)) (Mza)™t
[T, —I,,_1| < Myexp TR =12,..

Taxum 00pa3oM, Ha OCHOBE MMOIYYCHHBIX OLICHOK MOXKEM YTBEPIKAATh, YTO PS/I

Yom=1T—I,_1| cxomurcs paBHOMepHO Vt € D§; x Hekotopoi ¢yukuuu I1(t, €), kKoTopas
siBysietcst perieruemM (19) s t € D§;.

Ecau yuects (23), TO I 3TOTO peIlieHUs CIPaBEIHBA OLICHKA

Re A(t(0)) (24)

ITTI| < Msexp ,t € D§;.

Iycte t € D}, Jlna sToro ciydas, HOBTOpSA BHIYMCIEHUS HPOBEIEHHBIE B 2 MOTy4UM
aHAJIOTMYHYIO OLIEHKY, OIIeHKe (24) T. e.

Re A(t(0)) (25)

[TI] < Msexp ,t € D&,.

Oo6benunss omenku (15), (24), (25) ms [1(t, €) MOXKHO 3amUCaTh OILIEHKY

Re A(t
| < Msexpw

,t € (po) U D5y U Dy

Takum o6pa3om nepBast 4actb TeopeMsl i [1(t, €), nokasana.

Teneps noKakeM BTOPYIO 4acTh TeopeMbl. Kak ¥ B mpensiaymieM ciydae ouneHuM (9) u
JIOKaXeM WX PaBHOMEPHYIO CXOAMMOCTb. OrpaHHYMMCS TOJBKO OIIEHKOM TOJBKO TIEPBOIO
OpUOIVKEHUS, @ OLEHKA JUI OCTaBIIMXCS NPHUOIMKEHUH M JI0Ka3aTelbCTBO CXOIUMOCTH
HOBTOPSIFOTCS BEIYUCIEHUS [TPOBEAEHHBIE B PEIBIAYIIMX CIIyYasX.

ITycte t € (py). Torna

A(t(§)) — A(‘L’(S)) (z

&

X1 = f b(t)exp 1)) + i(z5(s))ds
0

(b:(®) = b (1)) +i(75()) ) = J b (e AL ;A(r(s)) i
0

K nmocnennemy mHTerpaiy, coriacHO Y2, MOXKHO NMPUMEHUTh MHTETPUPOBAHMUE IO YACTSIM.
IIpuMeHsist 5TOT METOA, 3aTeM MEPEXO K MOLYIIO, TOIYYHM

|x1| < Mge, t € (py)- (26)
t € D§; U D};. B 5ToM ciyuae, moBropss npeodpasopanue ciydas 2 (t € DE;), momyanm

A(t(&)) — A(T(S)) (T

x,(t, €) = f b, (t)exp i(s)) + l'(Té (s))ds +

0
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+

1(0)) + i(‘[é (0))da =

bl(‘[)epr(t(g)) ;A(T(O’)) (T

—a

O

= exp A(t(a));A

€) I by (D)exp LA (71 (5y) 1 i(75())ds| +

A(t(@®)-A(r(a) (T

+ f: b,(t)exp 1(0)) +i(t5(0))do (sbipaskenne comepkameecs B ckobke |...],

ecTh QyHKIH

x1(E€) (E € (o)) =x, (E(8), e)exp AL@IACD) (27)

A(t(®) — A(z(o)) (c

1(0)) +i(r3(0))do,
A(t(®) - A(E®) N

&

A(t(&)) — A(T(a)) (T

&

o
+ f b, (t)exp
0

x,(t, &) = x,(t, &) exp

+fb1(r)exp 1(0) +
0

+i(z3(0))do, ... t € D§; U D§;
B Bripaxenuu (27)
1%, (, )| < Mye,
Re A(t(6 0(1),t € D§
xp ( ( )) < { (D 01

A(t(®) — A(E®)
exp 0(¢™),n € N,t € D},

&

a K uHTerpany (KoTopblii 0003HauMM [), MpPUMEHsSS WHTETPUPOBAHUE MO YACTAM, 3aTEM
nepexoas K MOAYJIIO MOJIy4YUM
& 1
|I| < 0(e),t € D§; U Dyy.

YunTeIBas Bce CKazaHHOE, UMEEM
1%, (t,€)| < M7e,t € Dg; U Doy, (Mg < Mgy) (28)
Ha ocnoge (26), (28) MoxkeM Hamucarb OIEHKY
%, (t, €)| < Megoe, t € (po) U D§; U Dgy.

IMpu ouenke nupubmmkenuii x4 (t, &), (m = 2,3, ...) I0CTaTOYHO PaCCMOTPETHh Clydan t €
(Po), t € Dgy U Dy

Teopema nokazana. 3 teopemsl cienyetr ¢yrkius [1(t, €) cymiecTBeHHa TOJIBKO B 00JaCTH
D§, U (py). CremoBarenbHo (6) ompenensieT IMOTpaHCIOWHBIE JTHHUM W obmactu, a (7) —
perynsipabie oonactu [5].
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REGULARIZATION OF THE SOLUTION
OF ANONLINEAR INTEGRAL EQUATION OF THE FIRST KIND
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Aunnomayusn. VIHTETpajbHBIE YpPaBHEHHWS, OCHOBHOW pa3len MaTeMaTHKH, IITUPOKO
UCTIONB3YIOTCS B (PU3UKE, TEXHUKE, MEXaHUKE, TEOPUH YIIPABICHUS U APYTHX oOnacTax. CBs3aHHBIC
C TPUMEHEHHEM HHTETPAIbHBIX ypaBHEHH, pa3BUBAIOTCS HOBBIE O0JAacTH, TaKHe Kak
KOHOMHUYECKHE HayKH, HEKOTOPBIE Pa3eibl OMOJIOTHU U T. A. TeopHus MHTErpalbHBIX YPaBHEHUH B
OCHOBHOM pa3BHBajJach B KOHIIE JIEBATHAIIATOTO — HaJajie JIBAJAIATOr0 BeKa, HadWHas ¢ Buto
Bonwsrepper (1982, 1986), Dpuxa Heapa @Ppenronsma (2010), HaBuna ['mnbbepra, Dpxapna
[ImMuara U T. 4. €e HayaJlu U3y4aTh ydeHble. TeM He MeHee, B paMKax MaTeMaTH4eCKUX KOHIICTIIIH,
CYIECTBOBAaBIIMX 1O TIE€PBOH TIOJOBHHBI JBAALATOTO BEKa, TaKWe 3aJadd CUYHUTAINUCh
HEKOPPEKTHBIMH H3-32 TOTO, YTO HEOOJBIIOE W3MEHEHHE 3aJaHHbIX (QYHKIHMHA MPUBOAMIO K
OosplieMy HW3MEHEHHI0O HMCKOMBIX (yHKImiA. YpaBHeHue Bombreppa mepBoro poma — 3TO
MHTETPaJIbHOE ypaBHEHHE, KOTOPOE UMEET TOYHOE PEIICHHE TOJIBKO B HEKOTOPBIX ciydasx. [Ipenen
MHTETpalui ObUI MPOBEJEH B OYCHb HEOOJBIINX KOJIMYECTBAX MO HEKJIACCHUYECKUM JIMHEHHBIM U
HEJIMHEHHBIM MHTETPAJIbHBIM YPABHEHUSM C NEPEMEHHBIMU IpeJieslaMi U MIOCTPOSHHE PELIeHUH B
3THUX pa60TaX OCHOBAHO Ha YHCJICHHBIX METOJaX. HOSTOMy JJIA TaK Ha3bIBA€MbIX HEKJIACCHUYCCKUX
MHTETPAIBHBIX ypaBHEHMM Bonbreppa axkTyalbHBIM  SIBIIICTCS  OINpPEACIICHHE  YCJIOBHH,
o0ecrneynBaoIMX €JMHCTBEHHOCTh U peryJsipu3aliio ux perieHuil. B paccmarpuBaemoil pabore
pa3pelIeHo peleHre eAMHCTBEHHOCTH HEKJIAaCCUUECKOro HETMHEHHOrO0 MHTErpalbHOTO ypaBHEHHUS
Bonereppa mepBoro poma. llempio wmccienmoBaHWsS  SBIAETCS  PEUICHHE HEKIACCHYECKOTO
WHTETPAJbHOTO ypaBHEHHWs Bombreppa mepBOoro poaa, TO €CTh OIpENeIeHHe YCIOBHIA,
00eCrneYnBaONMX €AUHCTBEHHOCTh pEIIEeHUs] HEIMHEWHOrOo HEKJIACCHYECKOrO0 WHTErpajIbHOIo
ypaBHeHus Bonbereppa mnepBoro pozaa. IlpeanoxkeHHble MeTOAbl MOXHO HCIOJIB30BaTh IS
UCCJIEJIOBAHNUSI MHTETPAJIbHbIX, HHTErpo-aud@epeHnuanbHblX ypaBHEHUH THIIA HWHTErPajJIbHOTO
ypaBHeHUsa BombeTeppa mnepBoro poma, a Takke NPU KaueCTBEHHOM HCCIIEIOBAHUU HEKOTOPBIX
NPUKIAJHBIX TPOLECCOB B 007acTH (PU3MKHM, DSKOJOTHH, METUIMHBI, TE€O(PHU3UKH, TEOPHUU
yTpaBJIEHUS CIOKHBIMH CUCTEMaMH.

Abstract. Integral equations, the main branch of mathematics, are widely used in physics,
engineering, mechanics, control theory and other fields. Related to the application of integral
equations, new fields are developing, such as economics, some sections of biology, etc. The theory
of integral equations mainly developed in the late nineteenth-early twentieth century, starting with
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Vito Volterra (1982, 1986), Eric Ivar Fredholm (2010), David Hilbert, Erhard Schmidt, etc.
scientists began to study it. Nevertheless, within the framework of mathematical concepts that
existed before the first half of the twentieth century, such problems were considered incorrect
because a small change in the given functions led to a greater change in the desired functions. The
Volterra equation of the first kind is an integral equation that has an exact solution only in some
cases. The limit of integration has been carried out in very small quantities on non-classical linear
and nonlinear integral equations with variable limits and the construction of solutions in these
works is based on numerical methods. Therefore, for the so-called non-classical Volterra integral
equations, it is relevant to determine the conditions that ensure the uniqueness and regularization of
their solutions. In this paper, the uniqueness of the solution of the non-classical nonlinear integral
Volterra equation of the first kind is resolved. The aim of the study is to solve the non-classical
Volterra integral equation of the first kind, that is, to determine the conditions that ensure the
uniqueness of the solution of the nonlinear non-classical Volterra integral equation of the first kind.
The proposed methods can be used for the study of integral, integral-differential equations such as
the Volterra integral equation of the first kind, as well as for the qualitative study of some applied
processes in physics, ecology, medicine, geophysics, and the theory of control of complex systems.

Kniouesvie cnosa: uHTErpainbHble ypaBHEHMs, MCKoMas (yHKIMs, €JUHCTBEHHOCTD,
IIEPEMEHHBIE.

Keywords: integral equations, desired function, uniqueness, variables.

Teopernueckass yacTb MHTETPalbHBIX YpaBHEHUI H3ydajach UM MCCIEN0BAIACh BO MHOTHX
paznuuHbIX pabotax. B uactHocTH, B pabore [1] paccMOTpeH O MONMIMHEWHBIX YpPaBHEHUAX
Bonbreppa 1 poma. B pabote [2, 3] usyuarorcs «O eOMHCTBEHHOCTH DEIIEHUS OIEPATOPHBIX
ypaBHeHuil Bonbreppa» u «Perynspuzanus u eIMHCTBEHHOCTh pelIeHHH ypaBHeHHH Bombreppa
IIEPBOTO POAAY.

B paborax [4-10] uccinenoBanbsl 00 pelieHue MHTETPAIBHBIX YpaBHEHUM Bomnbsreppa nepBoro
pona. B paborax [11-14] mocTpoeH perynspu3nupyromuii oneparop A1 pelIeHns HeKJIacCu4ecKoro
MHTETPaJIbHOIO YPaBHEHUS C YCIOBUSAMH JIMMmia v JoKa3aHbl TEOPEMBI €AMHCTBEHHOCTH.

B nanHoli paboTe mpencTaBieHO pelieHWe HEKJIACCUYECKOTO HEIMHEHHOTo JIMHEWHOTO
MHTErpaibHOro ypaBHeHHs Bonbsreppa nepsoro pona.

Ilocmanosexa 3a0auu
Paccmorpum

jK(t’S’U(S))ds= ft); telt,T] ()

a(t)
me a(t) eClt,, T], a(t,)=t,, at)<t, f(t)- na orpeske [t,,T] u K(t,s,u(s))— B
oomactu G ={(t,s): t, <t<T, a(t)<s<t} (r<t a(r)<a(t)) 3anansbe Qynxmuu. u(t) —
nckoMast pynkims Ha otpeske [ty, T]. TpeOyeM BoImONHEHUS ClEqyOMUX YCIOBHIA:
1° a(t) e C'[t,,T1, o'(t) > O npu moutn Beex t €[ty T];
2° Tpu duxcuposanuemm t €[ty T], K, (t,s) € L[a(t),T] n K,(t,t)>m>0 npu noutn Bcex
telt, T1;
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3% vt,z, (t > ) npuBcex (t,9),(7,8) G,

L, >0-const .

4% Tlpu  Beex  (t,z,u) ., (s7u) , (tnu) wu  (s,7,u,)eGxR
K, (t,7,U,) = K (5, 7,u,) — K, (t, 7,1,) + K, (s, 7,uy)| < , L, >0—const  K,(ttu)=0

u K (' (t),t,u) =0, mpu V(t,u) e[t,, TIxR, K (t,5,0)=0 npu V(t,s) € G

Pewenue:
Iycrs K(t,s,u(s)) = K, (t, s)u(s) + K, (t, s,u(s))

Torna ypaBuenue (1) MOXXHO IpeICTaBUTh

t t (2)
j K, (t, s)u(s)ds + j K,(t,s,u(s))ds = f(t); te[t,,T]
a(t) a(t)
Hapsny ¢ ypaBHeHueM (2) paccMOTpuM
t t (3)
a(t, )+ j K, (t, S)V(s, £)ds + j K,(t,s,v(s,&))ds = f (t) +eu(t,); te[t,, T]
a(t) a(t)
0 < & <1 uexoropslii Manblii napamerp. Ero pemenue OyZeM HCKaTh B BUJE
v(t, &) =u(t) +<S(t, &) ; “4)

rie u(t)— pemenne ypasuenus (2), a &(t, €)— HeusBecTHast QYHKITHSL.
[ToncraBuB pemenue (4) B ypaBHeHHE (3) W BBINOJHUB psi TpeoOpaszoBanmii [11-14],
MOJTYYHM CIIEAYIOIIEe YpaBHEHHUE:

a(t) a(t) (5)
Et,e) = jH (t,7,6)E(r, )7 + _[H (t,7,6)E(r, e)d 7+ jH (t,7,6)E(r, e)d 7+
a(t)
a(t) a(t)
+ j N, (t,7,u(r), &, €), €)d T + j N, (t,7,u(z), &z, €), €)d 7 +

%) %)

+ j.Nz(t,T,U(T),é:(T,S),S)dT+U (t,e); telt,, T]

a(t)
e
i jKO(s s)ds (6)
H(trg)z—K (a(r),7)e “'@ ;
Ko (s,s)ds —i‘ Koss ds (7)
H (trg)_—le afKote [Ko(t,r)—KO(z',r)]+i W k1) = Ky (0, 0)-

1 j( "k s FT IR (6 7) = Ky (s, 0)ds
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r)dr )]

1 ,7j Ko (s,s)ds [Ko(t,T)—Ko(S!T)]ds

Hatre)=—e 7 [Ky(tr)-Ky(mo)]- jK(ss)e Eh

1 —% jKo(s,s)ds (9)
No(t,T,U(T),f(T,S),€)=;e <O Kyt nu(@) +8(z, ) - Kyt 7,u(2))]

1 —4 o(s,s)ds (10)
N, (t,7,u(z),é(z,¢),¢€) ———e [K (t,7,u(r) +&(z,€)) - K, (t, 7,u(7)) -

a X (z)

—Kl(r,r,u(f)+§(r,8))+Kl(r,r,u(r))]—— j Ko(s.s)e (T'T)dr[Kl(t,r,u(r)+§(r,g))—

- K. (s,7,u(r) + &(7, €)) — Kl(t, 7,u(7)) + K (s, 7,u(z))lds ;

1 ——; Ko (5,5)ds (11)
N, (t,z,u(z),&(z, €), &) ———e [K (t,z,u(z) + &(7, ) - K (7, 7,u(r) + &(7,€)) —

~Ky(t,7,u() + Kl(r,r,u(r»]—%jKo(s,s)e_gi“‘“”‘“[Kla,f,u(r)+g(f,g»_
& T

- K. (s,7,u(7) +&(z, €)) — K, (t, 7,u(7)) + K (S, 7,u(7))]ds ;

—%jKo(s,s)ds t —EiKo(r,r)dr (12)
Ue)=-fuO-ule ®  ~[Koss)e w T [u() - u(s)lds:
t
Jlanee HaMm MOHAIOOUTCS CIIEAYIONIUE JIEMMbI JokazaHHas B [11-14].
Jlemma 1. Ecmu Bemonnstores yenosus 1°-2°, rorna ana pymsxmuu Hy(t, 7, €) onpenenennoit

o gopmyie (8) UMeeT MecTo

a(t) 13
I|H0(t,r,g)|drﬁyo; telt, T] (13)

to

e 7o = Sup
0 velty,T] |K0 (V, V)|

Jdemma 2. Tyers H (t,7,6) u H,(,7,6) omnpenenensr mo dopmymamu (9), (10)

cooTBeTcTBeHHO. KpoMe Toro Beimonusiores ycnosus 1° — 3%, Torma cnpasemmusbl oneHku

D [H(t 7,2 s%(ze-ul), (t,7)eG, ={(t0): t <t<T, t <r<a(t)} (14

2) |H, (tT€)| , (L) eG={(t,7): t,<t<T, eaft)<r<t}; (15)

Jlemma 3. Tycrs Bomonusercs 1°-2° u ¢ynxuus U (t,e) (¢ >0) onpenenena dopmymoit
(14). Torna:
1) Ecmm u(t) e C[t,, T], 1o ma orpeske [t,,T] cnpaBennmsa onenka
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- i/f (16)
Ut &) <3u)|.e =" +a,(s”")=Cy(); 0< p=1,
o
—S <6
2) Ecmu u(t) e C7[t,, T], 0< y <1, 1o ma orpeske [t), T] cnpasemnusa onenka
Ut e).<GCre, (17)

rae Cy— sup |u(t) U(S)|

: Cy je‘m’ g,
tse[toT] t—sf

Jlemma 4. TIycrs Bemonustorcs ycaosus 19,20 u 49 gynxmmm Ny (t,7,u(7),&(7,€),¢)

N, (t,7,u(r),&(r,€),€) n N, (t,7,u(z),&(7,€),€) onpenenennr coorerctBenHo dopmymamu (11),
(12) u (13). Torma uMErOT MecTa CIEAYIONINE HEPABEHCTBA

(18)

D) No(t,7,U(2), (7, 2), )| <
- 19
2)|N1(t,r,u(r),§(r,g),5)|g%(% 4 (19)
(20)

3) N, (t,7,u(r), &(7,€), €)| < %|§(r, g)|.

Jokaszamenvcmeo. Ecnu nepexoquts Kk oueHke B (11), (12) u (13) cOOTBETCTBEHHO C y4eTOM

YCIIOBUH JIEMMBI, 110JIy4aeM TpeOyeMble OLICHKHU.

1 }KU (z,7)dz

Nyt 2,U(2). E(r.6), )| = e “™ [Ky(tz.u(r) + E(r,e)) -
&
- Kl(ail(r)1 T,U(T) + 6(7!8)) - Kl(t,T,U(T)) + Kl(ail(r)1 T,U(T))| <

<2e L@ @) e L < e ()

(t-7)

IN,(t,7,u(z), &(7,€), )| < ;e’? L(t-o)E(z, &)+

1 7£}K0(T,T)d‘[
a’(7) Ko(z.0)d7 u=t-s, dv==-K,(s,s)e * ds,
j Ko (s, s)e “ L(t—s)|E(z, &)|ds = £ ‘ <
ko (ro)dr
du = —ds, v=e
—jK e ot Lei® “EiK(rodr
ghsug[e W]+ = (t s)e L[ ()+Z [Le®  ds<
A2 T
4 1 m ] m ofl(z‘) m
e t—a'(r) —tal@) t—7 —(t0) ~2(t-s)
< L12 +L ()es B T E(z,e)| <
m & & &

< {Llizl L2l sip(e ™)+ 2L (efg(tfﬂr» e )}E (z,¢) < L (e—_l +2e" +D6(z, )]
- - m' m

v>0 &
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7%.[K0(T r)dr —EJ.KO(T 7)dr
IN, (t,7,u(z),&(z, ), g)|< —e L (t-2)&(z, g)|+—jK (s,s)e x
1 —7)' Ko (z,7)dz
u=t-s, dv ——K(s s)e “: ds,
x L, (t - s)|£(z, &)|ds < -
—7IK0(1,1)dr
du = —ds, v=e
1 —%}Ko(r,r)dr 1 -Like(roe

=g’ L(t—7)(z,&)|+=e = L (t—
£ &

Io()

+L1J

U Tak copmynupyemM OCHOBHBIE PE3YJIbTATHI.

“dslé(z, 6)| < ije‘T“‘”ds <bier o).
£ m

Teopema. Tlycts Bemonusiores yenosus 1°-4%u S = }/OEM (M) < 1, e

- gp [Kal0@))
velty T] K, (v,0)

=]
:%(e‘l+1)+h(e—+3e_l+2).
m m m

Torna: 1) Ecin ypaeuenne (1) umeer pemenne U(t) B npocrpancree C[ty,T], To pemenue
V(t, &) ypasrenns (2) mpu & —>0 cxomures mo nopme C[t,, T] k pewenuro U(t) u cnpasennuea

OLlEHKa

oM (T-t) 1 (21)
[3||U(t)|| e 7w, ()],

Jv(t.&) —u()].. <

e W, (e

|t-s|<e”?
2) Ecin ypasrenue (1) nmeer pemenne U(t) B mpocrpancrse C7[t,,T]1, (0<7<1) 1o

pelieHue V(t,é‘) ypaBHenns (2) npu & —0 cxomurcs no Hopme C[t),T] x pemenmio u(t) u
CIpaBeAJIvBa OLIEHKA

M) (22)
Hv(t £)— u(t)H -4 —CC e,
rae C, = Te’mrﬂ’ldr, C,= sup |u(t) u(s)|.
0 t,se[t0 T -9l

Hokaszamenvcmeo. B cuny nemm 1-4 u3 (7) umeem:
a(t)
&t e)| < j Ho(t,7, )¢ (z, e)dz + j H,(t,7,&)|é(r, e)dr + j H,(t,7,e)|é(r, e)dr +
a(t)
a(t) a(t)

+ [INo(t,7,u(@), &(7,6), &)dz + [N, (t,7,u(2), £(z, ), £)d 7+

[t T]:

a(t)
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a(t)
o) < néte )], + | [%(2e-1+1)+%]|§(f,g)|df+

a(t) -1 -1
S B 2e )+ e e)dr+U L) telt, TI:
m m m m

ty

Orcrona ms Vt €[ty T] momyanm

le, )], < role e, + j M[&(z, &)dz + U (t &)

-1
e M :2—L0(e‘1+1)+5(e—+3e‘1+2)
m m- m

[Ipumensis K 3TOMYy HEpaBEHCTBY HepaBeHCTBO [ponymia-benbMana, Mbl moiydaem
clieyroliee HepaBeHCTBO:

Et.2)] < roe" T e ) +e" T )],

U3 storo cnenyer (23) Ha ocHoBe iemMbl 3. Teopema gokaszana.

3axnoyenue
[TocTarieHHas 3a1a4a MOJTHOCTRIO Pa3pelieHa, T. €. PeleHUEe HEKIACCHYECKOTro HEIMHEHHOTO
WHTETPAJIBHOTO YPaBHEHHUS SBIISICTCS €AMHCTBEHHBIM U TIOCTPOEH OIIEPATOp PEryJIsipU3allHH.

Cnucok tumepamypul:

1. Amapmua A. C. O monunuHEHHBIX ypaBHEHUsiXx Bombreppa 1 poma //ABTOmMaruka u
tenemexanuka. 2004. Ne2. C. 118-125. EDN: NQTYFH

2. AcanoB A. O eIMHCTBEHHOCTH PEILICHUs ONepaTOpPHBIX ypaBHeHUI Bonbreppa // U3BecTus
AH Kuprusckoit CCP. 1988. T. 1. C. 13-18.

3. AcanoB A. Perynspuszanusi U eIMHCTBEHHOCTh pelleHui ypaBHeHui BonpTeppa nepBoro
poxa: amcc. ... Kanj. ¢us.-mar. Hayk. HoBocubupck, 1982. 91 c.

4. byxreiim A. JI. O6 oxHOM Kilacce onepaTopHbIX ypaBHeHUil Bonbsreppa mepsoro pona //
OyHKIMOHANBHBIA ~ aHaNMW3 W ero  npuwioxenus. 1972, T. 6. Nel. C. 1-9.
https://doi.org/10.1007/BF01075502

5. enucoB A. M. O npubnmkxeHHOM penleHun ypaBHeHuss Bonbreppa 1 pona // XKypnan
BBIUUCIIUTENIbHOW MaTeMaTHKH W MaTeMmatuuyeckod ¢usuku. 1975. T. 15. Ned. C. 1053-1056.
https://doi.org/10.1016/0041-5553(75)90185-8

6. Umananue M. W., AcanoB A. O pemeHusiXx CHUCTEM HEIUHEHHBIX JBYMEPHBIX
MHTErpalbHbIX ypaBHeHUN Bombreppa nepsoro pona // Jloknaasl Axaaemuu Hayk. 1991. T. 317.
Nel. C. 32-35.

7. Nmanannes M. M. OOoOmIeHHBIE pElIEHUS WHTETPANbHBIX YpPaBHEHHH IMEpPBOTO poja.
@pyn3ze: Unum, 1981. 144 c.

8. JIaBpertheB M. M. O6 uHTerpanbHeix ypaBHeHusx nepsoro poaa // JJAH CCCP. 1959. T.
127. Nel. C. 31-33.

9. Maruunukwuii H. A. JIuneitnsie naterpaibuslie ypasHenus Bonbsreppa I u Il pona // XKypnan
BBIYMCIIUTEILHOW MaTeMaTuKd W Maremarnueckod ¢usuku. 1979. T. 19. Ned. C. 970-988.
https://do1.0org/10.1016/0041-5553(79)90166-6

10. Hamok 3. b. MuTerpansubie ypaBHeHust Bonbsreppa // Utorn Hayku u Texuuku. Cepus

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



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

Marematuaeckuii ananus. 1977. T. 15. NeO. C. 131-198. https://doi.org/10.1007/BF01844490

11. AcanoB A., YorwbexkoB C. M. Perymsapuzamusi pemieHus HEIMHEWHBIX YpaBHEHHI
Bonbreppa I pona ¢ ycnoBusimu Jlunmmna // Tounas nayka. 2018. Ne23. C. 6-11. UPGRGU

12. AcanoB A. A., Horo0ekoB C. M. Penienne HekIacCHYECKHX MHTETPAJIbHBIX yYpaBHEHUH
Bonsreppa I poma ¢ BBIPpOXKICHHBIM HEJIMHEWHBIM saApoM // MeXIyHapOaHBIA HAy4dHO-
uccnenoBarenbckuid )xypHar. 2018. Ne4 (70). C. 134-138. https://doi.org/10.23670/IRJ.2018.70.029

13. AcanoB A., YorobekoB C. M. O pemieHMH JTHHEHHBIX HEKIACCUYECKHX HHTErPaTbHBIX
ypaBHeHHiI Bonbreppa mepBoro poma // Hayka, HOBbIE TEXHOJIOTUM M WHHOBamu KbeIprei3craHa.
2020. Nel. C. 3-8. https://doi.org/10.26104/NNTIK.2019.45.557

14. YorobekoB C. M. Perynsapuzanus pemieHrs HEKJIaCCUUECKOTO HWHTErPAIbHOTO ypaBHEHUS
co ycnoBusimu Jlumnmmia // Mononoii yaensriid. 2016. Ne§. C. 34-38. EDN: VWFZHJ

References:

1. Apartsin, A. S. (2004). O polilineinykh uravneniyakh Volterra I roda. Avtomatika i
telemekhanika, (2), 118-125. (in Russian).

2. Asanov, A. (1988). O edinstvennosti resheniya operatornykh uravnenii Volterra. Izvestija
AN Kirgizskoi SSR, 1, 13-18. (in Russian).

3. Asanov, A. (1982). Regulyarizatsiya i edinstvennost' reshenii uravnenii Volterra pervogo
roda: diss. ... kand. fiz.-mat. nauk. Novosibirsk. (in Russian).

4. Bukhgeim, A. L. (1972). Ob odnom klasse operatornykh uravnenii Volterra pervogo roda.
Funkcionalnyi analiz i ego prilozheniya, 6(1), 1-9. (in Russian).
https://doi.org/10.1007/BF01075502

5. Denisov, A. M. (1975). O priblizhennom reshenii uravneniya Volterra I roda. Zhurnal
vychislitel'noi  matematiki i matematicheskoi  fiziki, 15(4), 1053-1056. (in Russian).
https://doi.org/10.1016/0041-5553(75)90185-8

6. Imanaliev, M. 1., & Asanov, A. (1991). O resheniiakh sistem nelineinykh dvumernykh
integral'nykh uravnenii Volterra pervogo roda. In Doklady Akademii nauk (Vol. 317, No. 1, pp. 32-
35). (in Russian).

7. Imanaliev M. 1. (1981). Obobshhennye resheniya integral'nykh uravnenii pervogo roda.
Frunze. (in Russian).

8. Lavrentev, M. M. (1959). Ob integral'nykh uravneniyakh pervogo roda. DAN SSSR, 127(1),
31-33. (in Russian).

9. Magnitskii, N. A. (1979). Lineinye integral'nye uravneniya Volterra I i III roda. Zhurnal
vychislitel'noi  matematiki i matematicheskoi  fiziki, 19(4), 970-988. (in Russian).
https://doi.org/10.1016/0041-5553(79)90166-6

10. Tsalyuk, Z. B. (1977). Integral'nye uravneniya Volterra. ltogi nauki i tehniki. Seriya
Matematicheskii analiz, 15(0), 131-198. (in Russian). https://doi.org/10.1007/BF01844490

11. Asanov, A., & Choyubekov, S. M. (2018). Regulyarizatsiya resheniya nelineinykh
uravnenii Volterra I roda s usloviyami Lipshhitsa. Tochnaya nauka, (23), 6-11. (in Russian).

12. Asanov, A. A., & Choyubekov, S. M. (2018). Reshenie neklassicheskikh integral'nykh
uravnenii Volterra I roda s vyrozhdennym nelineinym yadrom. Mezhdunarodnyi nauchno-
issledovatel'skii zhurnal, (4 (70)), 134-138. (in Russian). https://doi.org/10.23670/IRJ.2018.70.029

13. Asanov, A., & Choyubekov, S. M. (2020). O reshenii lineinykh neklassicheskikh
integral'nykh uravnenii Volterra pervogo roda. Nauka, novye tehnologii i innovatsii Kyrgyzstana,
(1), 3-8. (in Russian). https://doi.org/10.26104/NNTIK.2019.45.557

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 37



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

14. Choyubekov, S. M. (2016). Regulyarizatsiya resheniya neklassicheskogo intergal'nogo
uravneniya s usloviyami Lipshitsa. Molodoi uchenyi, (8), 34-38. (in Russian).

Paboma nocmynuna Ipunsma k nybruxayuu
6 peoakyuio 18.11.2023 2. 24.11.2023 2.

Ccebinka 018 yumupo8anusi:

Yorobekos C. M., HorobekoBa A. M. Perymnsipuzanus pemeHusi HeIMHEHHOTO UHTETPaIbHOTO
ypaBHeHHUs TiepBoro poxa // bromnerenp Haykum u npaktukum. 2023. T. 9. Nel2. C. 30-38.
https://doi.org/10.33619/2414-2948/97/03

Cite as (APA):

Choyubekov, S., & Choyubekova, A. (2023). Regularization of the Solution of a Nonlinear
Integral Equation of the First Kind. Bulletin of Science and Practice, 9(12), 30-38. (in Russian).
https://doi.org/10.33619/2414-2948/97/03

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 38



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

YK 004.9 https://doi.0org/10.33619/2414-2948/97/04
METO/IbI PEHIEHUS JU®PEPEHIIUAJIBHBIX YPABHEHUI HA SI3BIKE PYTHON
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METHODS FOR SOLVING DIFFERENTIAL EQUATIONS IN PYTHON LANGUAGE

©Pirmatov A., ORCID: 0009-0008-2343-5185, Ph.D., Osh State University,
Osh, Kyrgyzstan, pirmatov@oshsu.kg
©Azimov B., Ph.D., Osh State University, Osh, Kyrgyzstan, azimov@oshsu.kg

Annomayus. IlpenocraBieHn 0630p MeToAoB perieHus: Au(QepeHInanbHbIX YpaBHEHHH C
MCIONIb30BaHUEM si3bIKa nporpammupoBanus Python. [logpobno paccMoTpeHbl YHCIIEHHBIE METOIBI,
Takue Kak Meron Junepa, Metoa PyHre-KyTTel u MeTOH KOHEUHBIX pa3HOCTEH, M MPEI0CTaBICHbI
IIpUMEPBl UX MPUMEHEHUs C MCIIOJIb30BaHWEM Oubianorexku SciPy. B nomnonHeHue k 3ToMy cTarbs
oOCy)KIaeT OCHOBHBIE INaru mpu pemeHud auddepeHranbHbIX YpaBHEHUH, BKIIIOYas
oTpesieTieHNe YpaBHEHUS, KPAeBbIX U HaYalbHBIX ycinoBui. [1onpo6HO paccmarpuBaroTcs MpuMeEpbl
KoZa JiyIsl OOJIerdyeHns TOHMMAaHUs U BHEAPEHHSI METOZIOB B COOCTBEHHBIE NMPOEKTHL. DTOT MaTepuall
MpeIHa3HauYCH JJIs Pa3pabOTUNKOB M UCCIIEIOBATENICH, KelaronuX d3)()EKTUBHO UCTIOIH30BATh S3BIK
Python s perenust muddepeHnanbHbIX YpaBHEHUH B pa3TUYHBIX 001aCTAX HAYKU M TEXHUKH.

Abstract. This article provides an overview of methods for solving differential equations using
the Python programming language. The article discusses in detail numerical methods such as
the Euler method, the Runge-Kutta method and the finite difference method and provides examples
of their application using the SciPy library. In addition to this, the article discusses the basic steps in
solving differential equations, including determining the equation, boundary conditions, and initial
conditions. Code examples are discussed in detail to facilitate understanding and implementation of
methods in your own projects. This material is intended for developers and researchers who want to
effectively use the Python language to solve differential equations in various fields of science and
technology.

Knrouesvie cnosa: nuddepeHnmansubie ypaBHeHHe, si3b1k Python, 6ubnmoreka SciPy, meton
Olinepa, merox Pynre-KyTTsl.

Keywords: difterential equations, Python language, SciPy library, Euler method, Runge-Kutta
method.

JuddepeHnnanbiabie YpaBHEHHsI UTPAIOT KIIOYEBYIO POJIb B MOJCITHPOBAHMHM U aHAIHM3E
JTUHAMHYECKUX CHCTEM B PA3IMYHBIX oOnacTsax. VX pemeHue mMmeer GyHIaAMEHTAIHLHOE 3HAUYCHUE
JUTS TIpEJICKa3aHusl TTOBEICHUS CHCTEM BO BPEMEHH M NIPUHSATHS O0OCHOBAaHHBIX pelleHui. B Hayke,
TEXHUKE M MHOTUX JAPYTUX TUCIHUIUIMHAX TuddepeHInanbHble YPaBHEHUS SBISIOTCS OCHOBHBIM
WHCTPYMEHTOM JIJIsl ONIMCAHUSI U3MEHEHUI BO BpeMEeHH U TipocTpancTse [ 1-3].

Heobxooumocmo pewenus oughgepenyuanvHuix ypasHeHuil:

B ¢usnke muddepeHnmanbabie YpaBHEHHS HCIIONB3YIOTCS JUISI MOJCIUPOBAHUS JIBHIKCHHUS
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YaCTHLl, PaClPOCTPaHEHUsI BOJIH, TEIUIONEPEHOCca U APYTruX (pU3MUECKUX siBIeHUil. B mHxeHepuun
OHU IPUMEHSIOTCA AJIS IPOEKTUPOBAHMSI CUCTEM U YCTPOMCTB.

B Ouonorun nuddepenHnuanbapie ypaBHEHHUST MOTYT OIMCBHIBATh JUHAMUKY TOMYJISIH,
pacripesielieHie BUPYCOB U Apyrie OMOJIOrHYecKue MpoLecchl. B MequIMae OHU UCTIONB3YIOTCS IS
MOJIETUPOBaHUs (PapMaKOKMHETHKH, PaclipOCTpaHeHus 3a00JeBaHUM U T. 1.

B okxoHomuke nud¢epeHIManbHble ypAaBHEHHMs MOTIYT ObITh  HCIIOJIB30BaHbl  JUIs
MOJICTTUPOBAHUS JUHAMUKN SKOHOMHUYECKUX CUCTEM, MHMIALNN, UHBECTUIIMIA U IPYTUX IPOLIECCOB.

Juddepennnanbaple  ypaBHEHUSI TOMOTAIOT MOJICIMPOBATh B3aUMOACHUCTBUE PA3IUUYHBIX
BUJIOB B SKOCHCTEMAaX, LIMPKYIISILUIO BOJBI M IPYTUE SKOJOTHUECKUE MPOLIECCHI.

Pemienne  nuddepeHumanbHbIX  ypaBHEHMH — oOecneyuBaeT — MHCTPYMEHTapui  Juis
NPOTHO3UPOBAHUSA W ONTUMHU3AIMHM CHUCTEM, MOBBIMIEHUS A(PPEKTUBHOCTH TMPOIECCOB U
IIPEIOTBPALLCHHSI HEXKEJIATENIbHBIX CLIEHAPUEB.

PaccmoTpuM 3HauuMocTh pelleHus JudQepeHIHaIbHbIX YpaBHEHHH € HCIOJIb30BaHHEM
A3bIKka MporpammupoBanusi Python um 6ubnuorexknu SciPy, a Takke NpenocTaBUM MpPaKTHUYECKHE
MPUMEPHI UX PUMEHEHUS B PA3IMYHBIX O0JIACTIX HAYKH U TEXHHUKH.

Yucnennvle memooul 0/l peuieHusi OuPD@epeHyuanbHblx YpasHeHull.

Pemienne nug¢epeHnuanbHplX YpaBHEHUN aHAIMTUYECKH HE BCErJa BO3MOXKHO, OCOOEHHO
JUI CIOXKHBIX CHCTEM. B Takux ciydasx NPHUXOAAT Ha IOMOIIb YHCIEHHBIE METOABI, KOTOphIE
MPEIOCTABIAIOT YPPEKTHBHBIC NMPUONMKEHHBIE pemieHus. HeKoTopble M3 KIIFOYEBBIX YHCICHHBIX
METO/IOB BKJIIOYAIOT:

Memoo Oiinepa: TPOCTON W MHTYUTHBHBIH METON, OCHOBAaHHBIMH Ha alpPOKCUMALUU
IIPOU3BOJHON KOHEYHOI Pa3HOCTHIO.

Memoo Pynee-Kymmopi: 0ojiee TOYHBIM M CTaOWJIBHBIM METOH, WCIOJIB3YIOIIMI HECKOJIBKO
I1aroOB JIJISl YTOYHEHUS PEIICHHUS.

Memoo koneunwvix paznocmeii: IpUMEHsieTCs Ui peteHus AuddepeHnnanbHbIX ypaBHEHUH B
YaCTHBIX TPOU3BOJIHBIX, AIIIIPOKCUMUPYS IPOU3BOHBIE PA3HOCTHBIMU CXEMaMHU.

Memoo koneunvix snemenmos: 3PQGEKTHBHBIA METON Ui peuieHus Iu@depeHInaIbHbIX
YPaBHEHUH B YAaCTHBIX MPOU3BOJIHBIX, pa30MBarOIINi 001aCTh HA AIEMEHTHI U alllPOKCUMHUPYIOLIHIM
pEILIEeHNE Ha Ka)KIOM JIEMEHTE.

CnexmpanvHbie MemoObl: OCHOBaHbl Ha IMpEACTaBIeHUM (QYHKIHMHA B BHJE psAga 0a3MCHBIX
GbyHKIMM (HanpuMep, TPUTOHOMETPUUYECKHUX ).

Ponv uucnennvix memooos 6 konmexkcme KOMNbLIOMEPHO20 MOOENUPOBAHUSL:

O¢p(heKkTUBHOCTP M MAaCHITa0MPYyEeMOCTb: KOMIIBIOTEPHBIE METOJbl IO3BOJIAIOT pelaTh
CIIOKHBIE CcHUCTeMBbl Au(pdepeHnanbHbIX YpaBHEHHH, KOTOpble HE MOTYT OBbITh pelIeHbI
aHAIUTUYECKHU, 00eCreunBasi BEICOKYIO A3PPEKTUBHOCTh U MaCIITAOUPYEMOCTb.

MopenupoBaHue peajbHBIX MPOLECCOB: YHUCIEHHbIE METOJbl MO3BOJISIOT MOEINPOBATH
pealibHbIE MPOLECCH] C YUeTOM MHOXKECTBA MEPEMEHHBIX M YCIOBUH, YTO YAacTO HE MPEACTaBISIEeTCS
BO3MOXXHBIM aHaIUTH4YeCKU. ONTUMU3AIUSA U NPOTHO3UPOBAHUE: YMCICHHbIE METObl BaXKHBI IS
ONTUMM3AIMK [ApaMEeTPOB CHUCTEM, IPOTHO3UPOBAHMS TMOBEIEHUs B OyaylleM U aHaiu3a
YyBCTBUTEIBHOCTH MOJIETIEH.

Hcnonp3oBaHne B WHXEHEPUM M HayKe: B WH)KEHEPUH YHCICHHBIE METONBI IIHPOKO
INPUMEHSIOTCS Ul aHajiM3a MPOYHOCTH MaTepHalloB, MPOEKTHUPOBAHUS CHUCTEM YIpaBICHUS WU
ApyTux 3a7a4. B Hayke OHM TOMOTAIOT B UCCIIEIOBAHUAX U CO3IaHUH MOJIETICH.

B 3TOM KOHTEKCTE WCIONB30BaHME YHCICHHBIX METONOB B pelieHuH auddepeHnnaibHbIX
YpPaBHEHUI CTAHOBHUTCSI HEOTHEMJIEMOM YaCThIO COBPEMEHHOTO KOMIIBIOTEPHOTO MOJECIUPOBAHMUS,
MPEOCTABIISASL HHCTPYMEHTapuil U1t 60s1ee TOUHOTO U ITyOOKOTO MOHUMAHUS CIIOKHBIX CUCTEM.
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bubnuomexa SciPy

SciPy — »3T10 Ombnmoreka st s3pika mporpamMmvupoBanus Python, mpennasHaueHHas s
BBITIOJTHEHMSI HAyYHBIX M MH)KCHEPHBIX BBIUUCICHHNA. B KOHTEeKcTe perieHus auddepeHnanbHbIX
ypaBHeHHi SciPy mpenocrapisier MONIHBIE HHCTPYMEHTHI Ul YHCICHHOTO WHTETPUPOBAHHS U
pemieHusi OOBIKHOBEHHBIX U TU(PQPEPEHIMATBHBIX ypPaBHCHUH B YaCTHBIX IPOU3BOIHBIX.
PaccmoTpum ocHOBHBIE (PYHKITMH ¥ BO3MOXKHOCTH OMOIMOTEKH SciPy.

1. Ilpumep perienne oOBIKHOBEHHBIX nu(pdepenuansabix ypaBHenuii (OAY) ¢ momomsio
s3bika Python:

from scipy.integrate import odeint

# Onpeoenenue gynxyuu, npeocmasnsowen OAY

def model(y, t):
dydt=-2*y # Ipumep: y' = -2y
return dydt

# Hauanvhuvie ycnosus
yo=1

# Bpems
t = np.linspace(0, 5, 100)

# Pewenue O/[Y memooom odeint
solution_odeint = odeint(model, y0, t)

2. [Ipumep pemenue nuddepeHanbHbIX ypaBHEHUH B YaCTHBIX TPou3BoaHbIX (YUII):
from scipy.integrate import solve_ivp

# Onpeoenenue hynkyuu, npeocmasnsarouwen Y9Il

def model_pde(t, u):
du_dt = np.zeros_like(u)
du_dt[0] = -u[0] # Ipumep: dU/dt = -U
return du_dt

# Hauanvnvie ycnosus

u0 = np.array([1.0])

# Bpems
t span = (0, 5)

# Pewenue YYII memooom solve ivp
solution_ivp = solve_ivp(model_pde, t_span, u0, method="RK45', dense_output=True)

3. JlononHuTeNbHBIE TApaMeTPbl U MeTO/Ibl OnbInoTeku SciPy.

a. SciPy npenocraBinser pa3iuyHble METObI JUISl YUCIEHHOTO MHTETPUPOBAHUS, TaKHe Kak
'RK45', 'RK23', 'LSODA', u npyrue. Bpibop Merona 3aBUCUT OT TpeOyeMoW TOYHOCTH U
XapaKTEPUCTUK 3a/1a4H.
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b. Bo3moxknocTs pemenus cucteM OJlY BbIcHIUX MOPSAKOB U CHCTEM YpPaBHEHUH B YaCTHBIX
MIPOU3BOAHBIX.

c. Jlerkast mHTErpanvs C APYTUMHU MONYJSIPHBIMA OHONIHOTEKaMH JJIsi paOOThl C MAacCHBaAMH
JAHHBIX U BU3YyaJU3alUK PE3yJIbTAaTOB.

Hcnonw3oBanue SciPy ympomaer mpoiecc YUCICHHOTro pemeHus auddepeHnnanbHbIX
ypaBHEHM, NpefocTapisis TUOKUA M A(GEKTUBHBIA HHCTPYMEHTApUil Ui Pa3sHOOOpa3HBIX
Hay4HbIX 3aJa4. ITO OCOOEHHO Ba)KHO B KOHTEKCTE MOJEJIMPOBAHUS M aHAIN3a CIOXKHBIX CUCTEM B
pa3IMYHBIX 00IACTSX.

Ipumepwl npumenenuss memooos peuieHus OuppepenyuanroHbvix ypasHeHull

1. Pemmenue nuddepeHnmnaibHOrO ypaBHEHUST METOIOM Ditiepa

import numpy as np

import matplotlib.pyplot as plt

# Onpeoenenue hynkyuu, npeocmasisaroweis OAY
def euler_method(func, y0, t):

y = np.zeros_like(t)

y[0] =yO0

# Lllae memooa Diinepa

dt = t[1] - t[0]

# Umepamuenoe peuienue memooom Jiinepa
for i in range(1, len(t)):
y[i] = y[i-1] + func(y[i-1], t[i-1]) * dt

returny

# Onpeoenenue ONY ons npumepa: y' = -2y
def model(y, t):
return -2 *vy

# HauanvHvie ycnosus
yo=1

# Bpems
t = np.linspace(0, 5, 100)

# Pewenue O/]Y memooom Diinepa
solution_euler = euler_method(model, y0, t)

# Busyanuzayus pezyromamos (Puc. 1)
plt.plot(t, solution_euler, label="Euler Method")
plt.xlabel("Time")

plt.ylabel('y(t)")

plt.legend()

plt.show()
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1. Pemenune nuddepennmansHoro ypaBHeHus MeTogoM Pynre-Ky Tt

from scipy.integrate import odeint

# Onpeoenenue Qynkyuu, npeocmasisrouei OHY
def model(y, t):

dydt=-2%y # Ilpumep: y' = -2y

return dydt

# Hauanvnvie ycnosust
y0 =1

# Bpems

t = np.linspace(0, 5, 100)

# Pewenue O/Y memooom Pynee-Kymmoi
solution_rk = odeint(model, y0, t)

# Busyanuzayus pezynemamos (Puc. 2)

plt.plot(t, solution_rk, label="Runge-Kutta Method')
plt.xlabel('Time")

plt.ylabel('y(t)")

plt.legend()

plt.show()
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1.0 A —— Runge-Kutta Method
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Pucynok 2.

O06a mpuMepa BKIIIOYAIOT KO AJist mocTpoeHus rpaduka (Pucynok 1, 2), ucnonssys GpyHKIuN
u3 6ubnmmoreku Matplotlib. Busyanuzanus pe3ynbTaToB MOMOraer Jydille MOHATH IOBEICHUE
CHCTEMbl BO BPEMEHU U CPAaBHUTbH PE3yJIbTaThl PA3IUUYHBIX METOJOB pelieHus uddepeHnnanbHbIX
YPaBHEHUM.

2. Pemenne auddepeHnnanbHOT0 ypaBHEHHS B 4acTHBIX Mpou3BoaHbx (YUII) meromom

u_q ou

— = >
KOHCUYHLIX PA3HOCTCH. PaCCMOTpI/IM OIHOMCPHOC YPAaBHCHHUC TCIIJIOIIPOBOAHOCTH ot X rae u

— 910 (QyHKIUS Temneparypsl, D — kosdduinment TemiaonpoBogHocTH, t — Bpemsa, X —
nepeMeHHasl.

import numpy as np
import matplotlib.pyplot as plt

# Ilapamempor 3a0a4u
L=10 # J{nuna cmepoicHs

Tr=1 # Obwee epems
Nx = 100 # Konuuecmseo mouek no x
Nt =100 # Konuuecmeo wazos no epemenu

D =0.01 # Koaghpuyuenm mennonpogoonocmu
# Lllacu no npocmpancmay u epemeru
dx=L/(Nx-1)

dt =T /Nt

# Unuyuanuzayus maccusa 0ns memnepamypol
u = np.zeros((Nx, Nt+1))
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# Hauanvhoe ycnosue: pacnpeoenenue memnepamypvl 8 HAUaabHblll MOMEHM 8PeMeHU
u[:, 0] = np.sin(np.pi * np.linspace(0, L, Nx) / L)

# Yucnennoe peuienue MemoooM KOHEUHbIX pa3HOCmel
for n in range(0, Nt):
for i in range(1, Nx-1):
ufi, n+1] = u[i, n] + D * dt/ dx**2 * (u[i+1, n] - 2*uli, n] + u[i-1, n])

# Buzyanusayus pesyromamos (Puc. 3)
x_values = np.linspace(0, L, Nx)

t values = np.linspace(0, T, Nt+1)

X, T =np.meshgrid(x_values, t_values)

fig = plt.figure(figsize=(10, 6))

ax = fig.add_subplot(111, projection="3d")
ax.plot_surface(X, T, u.T, cmap="viridis")
ax.set_xlabel('Space")
ax.set_ylabel("Time")
ax.set_zlabel('Temperature’)
ax.set_title("Heat Equation: Finite Difference Method")

plt.show()
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Pucynoxk 3.

3axnouenue
Ntak, paccMOTpeHbI pa3IudHbIe METO/IBI penieHus TuddepeHITnaTIbHbIX YPAaBHEHUN Ha S3bIKE
nporpammupoBanusi Python ¢ wmcnons3oBanuem Ombnmorexu SciPy. IlpuBeneHpl KOHKpeTHBIE
MIPUMEPBI YHCIEHHBIX METOJIOB, TAKUX KaK MeToj Dilniepa, Metoll Pynre-KyTTsl 1 MeTO]] KOHEUHBIX
pasHocTei, a Takke d(h(HEeKTUBHOTO MPUMEHEHUS ISl MOJCIIMPOBAHUS U aHATN3a Pa3HOOOPa3HBIX

cucreMm. [IpeumymectBa ucnonb3osanus Python u SciPy:
- S3pix Python oOmagaeT mpocThIM U YMTa€MBIM CHHTAKCHCOM, YTO YIPOLIAeT pa3paboTKy U
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omIaAKy koma. SciPy mpemocTaBiseT TOTOBBIE WHCTPYMEHTBHI IS YWCICHHOTO PEIICHUS
muddepeHnaNIbHBIX YPaBHEHUM, CHUXKAs CJIOKHOCTh Pa3pabOTKH.

- bubmuoreka SciPy mpenocrasisier pazHooOpasusie Meroas! i pemenus OLAY u YUII, a
TaK¥XKe q)yHKI_[I/II/I AJId MHTCTpalrv, OINTUMH3AIMU W aHaJIM3a AJAaHHBIX, 4YTO JCJIAaCT €€ MOIIHBIM
WHCTPYMEHTOM JUTSI HAyYHBIX HCCIICIOBAHUIA.

- Python m SciPy akTuBHO HCHOJNB3YIOTCS B HAYYHOM COOOIIECTBE, HHKCHEPHH U APYTHX
obnactsax. MIx xkomOuHaIus o0ecreunBaeT YHUBEPCAIbHOCTh M IPUMEHUMOCTD JUISl pa3HOOOpa3HBIX
3ajad.

Pecypcor:
(1). Opummansuas nokymenranus SciPy. https://docs.scipy.org/doc/scipy/
(2). JoxymenTarust NumPy. https://numpy.org/doc/stable/
(3). Matplotlib: Buzyanuzanust nanueix B Python. https://habr.com/ru/articles/468295/

Cnucok tumepamypul:
1. babuu B. M., Kanunesua M. b., Muxumn C. I. Jlunelinple ypaBHEHHS MaTeMaTHUECKON
¢busuku. M.: Hayka, 1964. 368 c.
2. bunanze A. B. HekoTophele kiaccel ypaBHEHHM B YaCTHBIX ITpou3BoaHbIX. M.: Hayka, 1981.
448 c.
3. KpacuoB M. JI. OObikHOBEeHHBIE qu(depeHraibapie ypaBaeHus. M.: Beicmn. mk., 1983.
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ISSUES OF PRACTICAL APPLICATION
OF CRYPTOGRAPHY TO ENSURE DATA SECURITY
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Aunnomayus. B coBpeMeHHOM oOmiectBe [U(POBBIE TEXHOJIOTUM  BHEIPHWINCH B
MIOBCE/THEBHYIO JKM3Hb, YBEIIMUMBAsE PUCK YTEUKH AaHHBIX. Kpunrorpadus cTaHOBHUTCS KITIOUEBBIM
CpencTBoM oOecrnedeHus] KOH(UACHIIMAIbHOCTH, LEIOCTHOCTH M ayTeHTUYHOCTH HH(OPMALH.
OI{HaKO IMPUMCHCHUC KpI/IHTOFpa(i)I/II/I CTAJIKMBACTCA C BbI3OBAMU, TAKMMHU KaK YI'PO3bI OJId CUCTEM
0€30MMacHOCTH [aHHBIX M IIOCTOSIHHOE pa3BUTHE METOAOB B3ioma. HemocraTrouHoe oco3HaHue
MOJTB30BATENIIMI  BOKHOCTH 0€30IIaCHOCTH, HCIIOIb30BaHME CIa0BIX Iaposiei, MOsSBICHHE
KBAaHTOBBIX KOMIIBIOTEPOB M HEBHUMATEIBHOCTD K 3aIUTE JTAaHHBIX YBEIMYHUBAIOT YSI3BUMOCTb. [11st
pemeHust npobieM MpeniokeH KOMIUIEKCHBIH IMOJIX0J], BKIIOUAIOMIMKA 00pa3oBaHue, yIydlleHHE
CTaHJIapTOB 0€30MacHOCTH, pa3pabOTKy KBAaHTOBO-YCTOWYHMBBIX METOJOB, COBEPIICHCTBOBAHHE
TEXHOJIOTUM ayTeHTH(UKAIUK U aKTUBHOE OOHOBIIEHHWE METOMOB I poBaHus. PaccmarpuBaroTcs
COBpPEMEHHBIE METO/bl IM(POBAHUS, BKIOUAs CUMMETPUYHBIE U aCUMMETPUYHBIE aJITOPUTMBI U
IpUMEPbl UX MCIIONB30BaHUS B IIOBCEAHEBHOM JKHM3HM, OXBarhiBasg c@epbl OT OaHKOBCKHX
TPaH3aKIHA O MECCEHDKEPOB M AMEKTPOHHON TIOYTHI.

Abstract. In modern society, digital technologies have become embedded in everyday life,
increasing the risk of data leakage. Cryptography is becoming a key means of ensuring
the confidentiality, integrity and authenticity of information. However, the application of
cryptography faces challenges such as threats to data security systems and the constant development
of hacking techniques. Lack of user awareness of the importance of security, use of weak
passwords, the advent of quantum computers and inattention to data protection increase
vulnerability. To solve the problems, a comprehensive approach has been proposed, including
education, improving security standards, developing quantum-resistant methods, improving
authentication technologies and actively updating encryption methods. Modern encryption methods
are reviewed, including symmetric and asymmetric algorithms and examples of their use in
everyday life, covering areas from banking transactions to instant messengers and email.
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Knrouesvle cnosa: 06e30macHOCTh JaHHBIX, KpuUnTorpadusi, CHMMETPUYHBIE aJTOPUTMBI,
aCMMETpPUYHbIE aJITOPUTMBI, IU(POBAHUE.

Keywords: data security, cryptography, symmetric algorithms, asymmetric algorithms,
encryption.

B coBpemeHHOM HWH(POPMAIIMOHHOM OOIIECTBE, TIne NUQPPOBBIE TEXHOJIOTHUH CTalu
HEOTHEMJIEMOI YacCThIO MOBCEIHEBHOU KHM3HH, OOEcriedyeHHe OE30MacCHOCTH JTAaHHBIX CTAHOBUTCS
KPUTHYECKH BaXKHBbIM acmekToM. KaxIplii JeHb Mbl B3aUMOJCHCTBYEM C Ppa3IUYHBIMU
AIIEKTPOHHBIMU yCTPOMCTBAMHU, I€pe/laéM YYBCTBUTENIbHYI0 HH(GOPMAIUMIO Yepe3 HWHTEPHET,
npoBOAMM (DMHAHCOBBIE OIEpalMu OHIAaWH. B Takoil cpene, rae oOMeH wuH(oOpMmaimen crai
HEOTHEMJIEMOI 4aCThIO HAIEro ObITA, PUCK YTEYKH M HECAHKIIMOHUPOBAHHOTO JIOCTYTNA K JTAHHBIM
3HAUYUTEJILHO BO3pacTaer [1].

[Ipumenenue kpunrorpaduu B IOBCETHEBHOM KU3HU CTAHOBUTCS KIIFOUEBBIM HHCTPYMEHTOM
st obecredeHust KOH(PUICHIINATBHOCTH, ETIOCTHOCTA M ayTeHTUYHOCTH MH(OpMaruu. byns To
3alIMTa JIMYHBIX [EPCOHANBHBIX JAaHHBIX, MM(POBaHHE COOOMICHWH B MECCEHDKEpax WIn
oOecrieueHrne O€30MaCHOCTH  OHJIAMH-TpPaH3aKUWK, KpunTorpaguueckue MeTodbl  UTparoT
pelIaonlyl0 poiib B TMPEAOTBpAIllEHUH KuOeparak U COXpaHEHUU J0Bepus B IHUPPOBOM
IIPOCTPAHCTBE.

Ha ceropnsmamii 1eHb MpUMeHeHHe Kpunrorpaduu ams odecrnedenns: 6e30MacHOCTH JaHHBIX
CTAJIKUBAETCSI C PSAIOM BbI30BOB M mpoOinem. C OAHON CTOPOHBI, C Pa3BUTUEM TEXHOJIOTUH U
MMOBCEMECTHBIM HCIIOJIb30BaHWEM LU(POBBIX CPEACTB OOLIEHUS W XpaHeHus uHpopManuu
pacIIMpPSIOTCS BO3MOXKHOCTH Ul 3JI0YMBIIIJICHHUKOB MPOBOJUTH aTaKl HAa CUCTEMbl U HapyllaThb
6e3onmacHOCTh JaHHbIX. C Apyroil CTOPOHBI, CaMH METOJbl KPHUNTOrpaduu TaKKe MOCTOSHHO
pa3BHUBAIOTCS, a CYIIECTBYIOIIME CTaHAAPThl MOTYT OKa3aTbCid YA3BUMBIMU Tiepel] HOBBIMU
MeToAaMu B3joma [2].

OnHOM M3 OCHOBHBIX HPOOJEM SBISETCS HEJOCTATOYHOE OCO3HAHHE I0JIb30BATEISIMU
BaXHOCTU IMPUMEHEHMs] Kpunrorpaduu u coOnmofeHuss 0a30oBbIX MpaBmwil Oe3zomacHocTH. YacTo
JIOMU MCIOJB3YIOT ciabble Mapoiid, He o0ecreurBaroT MH(poBaHHE HHGOPMAIMM Ha CBOMX
yCTPOMCTBAX WM HEIOCTAaTOYHO BHUMATEIBHBI K 3aIUTE CBOUX JIMYHBIX JAHHBIX, YTO JENAET UX
ySI3BUMBIMH K KuOepartakam. Takke ¢ pa3BUTHEM KBAHTOBBIX BBIYMCIEHUN CTOUT M BOMNPOC 00
YCTOMYMBOCTH CYLIECTBYIOLUX aJITOPUTMOB KpUOTOrpaduu, IOCKOJIbKY OHHM MOTYT CTaTb
YA3BUMBIMM K aTakaM HOBOTO THIIA. DTO MOJAHMMAET BONPOC O HEOOXOAMMOCTH pPa3pabOTKU U
BHEJIPEHUS HOBBIX KBAHTOBO-YCTOMYUBBIX KpUNTOrpadhuyecKux MeTonoB [3].

Jlnst penieHus ONMMUCAHHBIX MPOOJIEM B O0JNACTU TPUMEHEHHUs Kpunrtorpaduud C IEbIo
oOecrieueHrs 0€30MaCHOCTH JIaHHBIX, B pabOTe MpeaiaraeTcsi KOMIUIEKCHBIN MTOAX0/T, BKIIFOUAOIINANA
CJIEYIOIINE IIary.

1. O6pa3oBaHue U NOBBIILIEHNE OCBEIOMICHHOCTH:

- TpoBe/ieHNe 00pa30BaTeNbHBIX MPOrpaMM Ul MOJIb30BaTeied 0 BaKHOCTH O€30MacHOCTH
JTAHHBIX, MeToJaX Mmu(poBaHus U 0Aa30BHIX MpaBHIaXx 0€30MaCHOCTH;

- perysipHble KaMIaHUH 110 UHGOPMHUPOBAHUIO O HOBBIX YIPO3axX M METOJAX 3aILUTHI.

2. VnyunieHue cTaHAapToB 0€30MaCHOCTH:

- pa3BUTHE U BHEIpeHUe 0ojiee CTPOruX CTaHAAPTOB OE30MaCHOCTU B PA3NUYHBIX OTPACIX,
TaKUX Kak (PMHAHCBHI, 3[paBOOXPAHEHNE U TOCY/IaPCTBEHHBIE CITYKObI;

- o0s3arenbHas cepTUUKAUS CHCTEM M MPWIOKEHUH HAa COOTBETCTBHE BBICOKHUM
cTaHJapTam 0e30MacHOCTH.
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3. Pa3zpaboTka 1 BHEI[peHNE KBAHTOBO-YCTONYMBBIX KPUNTOTPAPUIECKUX METOIOB!

- WHBECTHUPOBAHHWE B MCCIENOBAHUS M DPa3pabOTKy KBAHTOBO-YCTOHUYMBBIX aJrOpPUTMOB
mudpoBaHusi, KOTOpbIe ObUTN ObI YCTOMYUBEI K aTakaM KBaHTOBBIX BBIYMCIICHHIA;

- IOCTENIEHHOE BHEPEHUE STUX METOJIOB B CUCTEMbI 00paOOTKH JaHHBIX.

4. CoBepIIICHCTBOBAaHUE TEXHOJIOTHI ayTCHTHU(HUKAIINH:

- MCIIOJIb30BaHNE OMOMETPUUYECKUX METOAOB ayTeHTU(UKALMM Ul YCHIIEHHUsI 0€30I1acHOCTH
JIOCTyTa K YCTPOMCTBAM U JAHHBIM;

- pa3BUTHE U BHEAPEHHE MHOTO()AaKTOPHOM ayTeHTH(UKAUMU JUIS TPEJOTBPALICHUS
HECAaHKIIMOHUPOBAHHOIO JOCTYyIA.

5. AKTHBHOE OOHOBJIEHHE METOI0B IU(PPOBAHUS:

- peryisspHOoe OOHOBJICHHE M ajanTanus KpUNTOrpadUUYeCKUX aJIrOPUTMOB C YYETOM
MIOCJIEHUX OTKPBITHI B 001aCTH KpUIITOAHAIN3A;

- MOOLIPEeHUEe OOHOBJIEHUS IPOrPaMMHOIO OOECIEUEeHHUs] M YCTPOMCTB JUIsl MCIIOJIb30BAHUSA
MOCJIEIHUX Bepcuil 0€30MacHbIX MPOTOKOJIOB.

Jlanee MOsICHUM CyTh IIW(POBaHMS JAHHBIX B OOIIEM U PACCMOTPUM OCHOBHBIE CQEpbI
npuMeHeHus kpunrorpaduu. Kpunromorus — 310 001acTh HayKH, KOTOpasi U3y4aeT JiBa OCHOBHBIX
nporecca: mudposanue u aemmdponanue. B ee coctaB BXoaaT kpunrorpadus, 3aHUMAIONIAACS
pa3pabOTKON M aHAIU30M MaTeMaTHYECKHUX METOJIOB MpeoOpa3oBaHUS NaHHbBIX, U KPUIITOAHAIIU3,
KOTOPBIN OleHnBaeT 3(h(HEeKTUBHOCTH METOJ0B MIH(POBaHUS, a TAKKe pa3pabaThIBACT METOIBI IS
uX B3j0Ma [4].

CoBpeMEeHHBIM CpeICTBOM OOecredyeHus: 0e30MacHOCTH JJaHHBIX SABIIETCs Mn(poBaHUe. ITOT
Iporecc BKIOYaeT B cels oOparuMoe NpeoOpa3oBaHUE OTKPHITOIO TEKCTa € HUCIOJIb30BaHHEM
OTIPENICIEHHOTO AJITOPUTMA, YTOOBI TOJXYYUTh HAOOp OECCMBICICHHBIX NTaHHBIX. OJTH JIaHHBIC
CTaHOBATCA HEJOCTYIHBIMU [UIsl JIML, HE OONaJalolIUX OIpPEIEICHHBIM CEKPETHBIM KIIIOYOM.
OcHOBHOW Lenbl0 MMU(POBaHUS ABISAETCA obOecneueHre KOH(PUICHIMAIbHOCTH IepeaaBacMoil
uHpopmaumu. Kaxaplii anroputM mudpoBaHUS XapaKTEpU3yeTCs HCHOJIb30BAHUEM KIIIOYA,
KOTOPBIN OTpenesieT KOHKpETHOe mpeoOpa3oBaHue JaHHBIX. 3ammdpoBanHas HHPOPMAITUST MOXKET
ObITh paciiu(poBaHa TOJIBKO C MCIIOJIB30BAHUEM TOTO XK€ KJIHua, KOTOPBIM MOXKET MPHUHAJJIEKATh
OT/IEJIbHOMY TOJIb30BATENI0 UM Ipymie nonb3oBarene. [lndpoanue npumeHseTcs Ui 3alUThl
MHGOPMALIMU TPH XpaHEHUM B HEHAJEKHBIX MECTax W Iepenaue Mo OTKPHITHIM KaHajaM CBS3H.
OTOT mpoliecc BKJIKOYAET JBa B3aMMOCBS3aHHBIX JTama: JaHHbIE 3alIM(QPOBBIBAIOTCS MeEpPeN
OTIPaBKOW WM COXpaHEHHEM, a 3aTeM pacIiM(pOBBIBAIOTCA ISl BOCCTAHOBJIEHHS HCXOJIHBIX
nanHbIX (Pucynok) (https://kurl.ru/xdKdY). Anroputmsl mmppoBaHus MOAPA3IENSIOTCS Ha JIBE
OCHOBHBIE KaT€rOpUM: CHUMMETPUYHBIE M aCUMMETPHUYHBIE. B CHMMETpPHUYHBIX MeToJax Kak
OTIIpaBUTENIb, TAaK M TMOJy4areidb HCHOIb3YIOT OOIIMNA CEKpEeTHBIM KoY g oOecrneyeHus
muppoBaHuss U pacliuPpoBKM JaHHBIX. B cioyyae acuMMETpUYHBIX METOAOB OTIIPABUTEINb
UCTOJB3YEeT OTKPBITHIM KIItOW JUIs IIU(POBaHUSA, B TO BpeMs Kak IMOJIydaTelb paciird(poBHIBaET
JaHHBIE TIPY IOMOIIIM 3aKPHITOrO Kitoua [5].

OnuH u3 Hambonee U3BECTHBIX U 3(P(HEKTUBHBIX ANTOPUTMOB CUMMETPUYHOIO IIH(PPOBAHUS
— 3710 Advanced Encryption Standard (AES). On npumensieTcst 11 3alUThl TUIHBIX (HaiIoB Ha
KoMIlbloTepax, mudposanusa Tpaduka B cetu Wi-Fi (Hampumep, ¢ HCIOIB30BaHUEM IPOTOKOJIA
WPA2) u B chepe onnaitH-OaHkuHTa JjIsi oOecriedeHuss 0e30MmacHOCTH (PUHAHCOBBIX OIEpaIlHid.
JIpyruM npuMepoM CHUMMETPUYHOTO IuppoBaHus siBisercs aaroputMm Data Encryption Standard
(DES), xotopblii, HECMOTPSI Ha CBOIO YCTapeBLIYI0 KpUNTOrpadUyuecKyl0 CTOMKOCTh, BCE €IIe
MOMKET TPUMEHSTHCS B HEKOTOPHIX KOHTEKCTaX, HO B COBPEMEHHBIX MPUIOKEHUSAX YacTo
3aMeHsieTcs Oosee HaJIe)KHbIM BapuanTamu, Takumu kak Triple-DES (3DES).
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Pucynok. YnporieHHas cxema KpunTorpaguyeckoit cucTeMsl

Cpeny acCHMMETPUYHBIX aJTOPUTMOB IMU(PPOBaHUS HanOOJIEe PacIpOCTPAHEHHBIM SIBIISIETCS
RSA (Rivest-Shamir—Adleman), koTopsIii IpUMEHSIETCS ISl 3aIIUTHI TAHHBIX, [IEPEIaBAEMBIX IO
AIIEKTPOHHOM TMOuTe, W co3daHusl HUGPOBBIX MHoAMHCed. J[pyrumM mpuUMepoM acHMMETPUYHOTO
anroputma siiserca ECC (Elliptic Curve Cryptography), KOTOpbIil akTHBHO HCIONB3YeTCs B cepe
KPUNTOBAIIOT, TAaKMX Kak OWTKOWH, /JIS CO3JaHHUSA YHHUKAJbHBIX KIIO4eH U oOecredeHus
6e3omacHoctn Tpanzakiuid. ECC o01amaeT BBICOKOH CTOWKOCTBHIO K KPUINITOAHAIHM3Yy MpU Oolee
HU3KOM TMOTPeOHOCTH B BBIYUCIUTENBHBIX pecypcax IO CPaBHEHHIO C KJIACCHYECKUMU
aJIropuTMamMH. ACUMMETpUYHOE MH(POBAHUE YACTO MCIIONIb3YETCs Ul oOecredeHus: 6e30MacHOro
COCIMHEHHS MEXKTy BeO-Opay3epom u cepBepoM B npotokoiax SSL/TLS, kotopsie nmpeaHa3zHaueHBI
Ui Oe30macHOW Mepenadyr JaHHBIX B MHTEpHETE (HampuMep, Mpu OHJIalH-TOKyMNKax). Takxke o0a
TUIA aJITOPUTMOB YacTO HUCHOJIb3YIOTCS B KOMOMHAIIMH, YTOOBI COYETaTh MPEUMYIIECTBA KaXJIOTO.
Hanpumep, acuMMmeTpuyHble airOpUTMbI MOTYT MCIOJIB30BAaThCS Ul Oe30MacHOW mepenadn
CHMMETPHYHBIX KITFOUEH, KOTOpPBIE TIPUMEHSFOTCS IS TIOCIIEAYIONIEero MU (POBaHUS TaHHBIX.

B 3akimoueHun ciieayeT OTMETHTb, YTO TIPUMEHEHHE KpUNTOTpaguy B TIOBCETHEBHOW KU3HU
UrpaeT KIIOYEBYIO poib B oOecreueHH 0e30MacHOCTH JaHHBIX. B HacTosIee BpeMsi TEXHOIOTUU
Kpunrorpaguu BCTPOEHbI B pa3jMyHbIe AacleKThl, HauMHas OT Oe30MacHOCTH OaHKOBCKHX
TPaH3aKIMid W 3alIUTHI JIUYHBIX JAHHBIX B CETH 1O oOecreueHusi 0€30MacHOCTH MECCEHKEPOB U
ANIEKTPOHHOM MOYTHI. Bce 3TO moquepKuBaeT BaKHOCTh MOHUMAaHUS U MIPUMEHEHHs Kpunrorpadun
B [TOBCEIHEBHOMN IIU(PPOBON cpelie, MOCKOIbKY OHA CIYKUT (DyHIaMEHTaIbHBIM HHCTPYMEHTOM ISt
3alIUThl JIMYHBIX W KOH(HIEHIMAJIbHBIX JAaHHBIX, CO3JlaBasi OCHOBY i 0O€30MacHOCTH B
COBPEMEHHOM MH(OPMAIIIOHHOM OOILECTBE.
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Annomayus. PaccMarpuBaeTcs mpolecc co3iaHus U 00ydeHHus HEHPOHHOW CeTH sl 3a/1auu
KJIacCU(pUKAMKU M300paKeHUIl coO0aKk M KOLIeK C HcIojib3oBaHueM TensorFlow um apXutekTypsl
MobileNetV2. OnucsiBaeTcs MOArOTOBKAa M IpeaoOpadOTKa JaHHBIX, BKIIOYas H3MEHEHHE
pasMepoB M HOPMaJIHM3AIHMI0 H300paxkeHWi. [IpUBOMSATCS AeTanu HMHTETpalMd IPEIBAPUTEIHHO
oOyuennout wmozaenmu MobileNetV2, npemoHcTpupyercss mpolecc A000y4eHHs MOAEId Ha
cneun(UYecKX JaHHbIX, a TaKXe METOAbl IMOCTPOEHUS U ONTHUMHU3ALUM MOAETH, BKIIOYAs
n00aBiIeHNE U HACTPOUKY JIOTIOIHUTENBHBIX clloeB. OTeNbHOE BHUMAHUE YIEIEHO NMPAKTUYECKOMY
MPUMEHEHHIO OOYYEeHHOW MOJENU JUTsl KiacCH(UKAIMK HOBBIX M300pakKeHHH, BKIIOYAs 3arpys3Ky,
00paboTKy, Ipe/IcKa3aHue U BU3YyaIN3alluI0 Pe3yiIbTaToB.

Abstract. This article details the process of creating and training a neural network for the task
of classifying dog and cat images using TensorFlow and the MobileNetV2 architecture. Data
preparation and preprocessing, including image resizing and normalization, are described. Details of
the integration of the pre-trained MobileNetV2 model are given, the process of pre-training
the model on specific data is demonstrated, as well as methods of model construction and
optimization, including the addition and tuning of additional layers. Special attention is paid to
practical application of the trained model for classification of new images, including loading,
processing, prediction and visualization of results.

Knrouegvie cnosa: nHelipoHHbIE CE€TH, paclio3HaBaHUE 00pa30B, MAITUHHOE 00yUYEHUE.

Keywords: neural networks, pattern recognition, machine learning.
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B omoxy mumdpoBuzanmuy OrpoMHOE KOJWYECTBO MJaHHBIX TpeOyer dS(PPeKkTuBHBIX U
ABTOMAaTHU3MPOBAHHBIX METOJOB aHain3a, OCOOCHHO B OOJIACTH pACIIO3HABAHHUS HW300PaKCHUMA.
[Tporpecc B pa3paboTke M UCIONB30BAaHHMHM HEHMPOHHBIX CETEH 3HAUYUTENHHO MPOABHHYJ TPAaHUIIBI
BO3MOXXKHOCTEW B 3TOU cdepe, OTKphIBas HOBbIE TOPU3OHTHI B CaMbIX Pa3HOOOPA3HBIX 00JaCTIX —
OT aBTOMAaTHYECKOT0 pacro3HaBaHUs JIMI U OOBEKTOB O TOYHOM METUIIMHCKOW AMArHOCTHKU M
00pabOTKH CITyTHUKOBBIX CHUMKOB [1].

Hefiponnsie cetu, O6marogapss uX crmocoOOHOCTH 00ydaThCsl Ha OONBIIMX O0ObEMax MAHHBIX U
U3BJIEKATh CJIO’KHBIE 3aKOHOMEPHOCTHU U3 BU3YaJIbHOI'O KOHTEHTA, YK€ JJEMOHCTPUPYIOT PE3YIbTaThI,
MIPEBOCXOMAIIME YEJIOBEYECKYI0 TOYHOCTh B HEKOTOPBIX 3ajadaX. OJTO OTKPBIBAET UIMPOKUE
MEPCIEeKTUBbl Ul TMOBbIIEHUS 3()()EKTUBHOCTH W aBTOMATH3allMH PYTHHHBIX MPOIIECCOB B
pas3nuuHbIX oTpaciax. [IpumepoM MOXET CiyXUTb MEAMIMHA, 7€ HEMpPOCETH IOMOIalT B
pacrno3HaBaHUH PEHTTeHOBCKHX U MPT cHUMKOB, NOBBIIIAsE TOYHOCTh JUATHOCTHKHU 3a00JICBAHHIA.
B npombliiieHHOCTH W 0€30MaCHOCTH 3TH TEXHOJOTMHM CIIOCOOCTBYIOT Pa3BUTHUIO CHUCTEM
BUJCOHAONMIOACHHUSI W  aHajiu3a TEXHMYECKOro COCTOsSHMsS oOopydoBaHusa. A B cdepe
aBTOMOOMJIBHOTO TPAHCIIOPTAa HEHPOHHBIE CETH JIEKAT B OCHOBE Pa3pabOTKH CHCTEM aBTOHOMHOIO
BOXKJICHUSI.

Ilepeswiti sman co3naHus HEUpOCeTH IJIs pacro3HaBaHHs HM300paKeHH BKIIIOYaeT B ceds
MOJTOTOBKY M HACTPOMKY pabOYero OKPYKEHHsI, YTO BKIIIOYAET UMIIOPT CIAEAYIONINX OMOIHOTEK:

1. NumPy — 5T0 OCHOBHasi OuONMHMOTEKa Ui HaydyHBIX BbuucieHwid B Python. Omna
MIPEIOCTABIIAECT MOAAECPKKY OOJBIIMX MHOTOMEPHBIX MACCHBOB M MaTpull, BMECTE€ C LIMPOKUM
HAaOOpPOM BBICOKOYPOBHEBBIX MareMaTH4ecKuX (YHKIMHA A omepanuid ¢ 3TUMU MaccuBaMu. B
KOHTeKcTe 00paboTku n3oOpaxennit NumPy ucnomnb3yercs 1isi MAaHUITYISIUUMNA U TpaHChOpMaIIHii
JTaHHBIX N300paXEHUH, KOTOPBIE YaCTO MPEICTABIECHBI B ()OPME MAaCCHBOB.

2. TensorFlow — 310 omamH W3 HaWOoJee NOMYNSAPHBIX (HPEHMBOPKOB i TITyOOKOTO
oOyuenus. OH mpesiaraer THOKHE WHCTPYMEHTHI M OMOTMOTEKH IJii MOCTPOCHHS] U OOydeHUs
pa3IMuYHBIX BHUJOB HeWpoHHbIX ceTedl. TensorFlow obecneunBaeT mMOANEPXKKY Kak Juis
HCCIIEI0BATENbCKON pabOThl, TaK U JJIs pa3BepPThIBAaHUS MPOU3BOJICTBEHHBIX cUCTEM [3].

3. TensorFlow Datasets — 23TO yTWUIUTa, TMPEAOCTABISIONIAsS OOJBIIOE KOJTHUYECTBO
CTaHJApTU3UPOBAHHBIX, TOTOBBIX K MCIIOJIb30BAHUIO HA00poB MAaHHBIX. OHa mone3Ha s
MOJYYEeHUs M TpeABApUTENbHOM 0OpaOOTKM NaHHBIX Iepe] WX HCIOJIb30BaHUEM Uil OOydeHUs
HeWpoceTen.

4. Keras (8 TensorFlow): Keras — 310 BbicOkOypoBHEBbIM API mist co3manus u oOyueHus
Mmozeneil rmybokoro obyuenus. OH uHTerpupoBaH npsimo B TensorFlow u ympomiaer mHorue
3aJja4, Aesas ko 0oJjiee YUTaeMbIM U JJAKOHUYHBIM.

5. Cnou 6 Keras — 3T0 OCHOBHBIE CTPOMUTEIIbHBIE OJIOKM HEMPOHHBIX ceTel. B yacTHOCTH:

Dense — TIOTHOCBSA3HBIM CIIOM HEMPOHHOM CETH, INE€ KaXIblii HEWPOH CBSI3aH CO BCEMH
HEHPOHaMU B MPEABIAYIIEM CIIOE.

GlobalAveragePooling2D —  ciol, KOTOpbI YyCpedHseT KapThl INPU3HAKOB 11O
IIPOCTPAaHCTBEHHBIM U3MEPEHUSM, YMEHbIIAS KOJIMYECTBO MApaMETPOB U YIIPOLLAsk MOZEIIb.

Dropout — cnoii, KOTOpbIH MOMOTaeT MpPeAOTBPATUTh MepeoO0ydeHne B HEHPOHHBIX CETAX
ITyTeM «BBIKJIIOUEHUS» CIy4yailHOro Habopa akTUBalUi B CIIOSIX BO BpeMs 00yUYeHUsI.

6. Matplotlib — 3to rpaduueckass 6ubnuOTEKa, UCIONb3yeMas Ul BU3YyalU3alluu JaHHBIX,
YTO MOXKET OBITh IMOJIE3HBIM JJISi OTOOpaKEHUS M300pakeHUH, rpaguKoB OOyueHUs, pPe3yJbTaToB
TECTUPOBAHUSA U T. [I.

Bmopoii sman tmpouecca co3gaHUS HEUPOCETH Il pacrlo3HABaHUS HM300paKEeHUU
3aKJIIOYAETCsl B 3arpy3Ke U IOJArOTOBKE TECTOBBIX JAHHBIX. PaccMOTpUM 3TOT 3Tam Ha IpUMeEpe
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HCIIONTh30BaHUsI HA0Opa JaHHBIX «cats vs dogs»:

train, info = tfds.load('cats_vs_dogs', split=["train[:100%]'], with_info=True,
as_supervised=True)

3arpy3ka HaOopa nanHHbIX "cats vs dogs" Biiroyaer B ceds M300paskeHHs] KOTOB M COOaK,
IIMPOKO MPUMEHSIEMBIE JUIS 3a/1a4 OMHAPHON Ki1acCU(UKAIUK B 00IACTH KOMITBIOTEPHOTO 3peHus. B
3TOM TIpumepe Hucrnoib3yercs mapamerp split=['train[:100%]'], yka3bIBarouuii Ha 3arpy3Ky BCETro
100% wnabopa JaHHBIX, MPEAHA3HAYECHHOTO ISl TPEHUPOBKHU, YTO O3HAYAET MCIOIb30BAaHUE BCETrO
noctynHoro Habopa s oOyuenus Helpocetn. bmaromaps dumary with info=True momyuaercs
JONOJTHUTENbHAs HH(pOpManus 0 Habope JaHHBIX, BKIOYAsl €r0 CTPYKTYPY, KOJMUYECTBO KIIACCOB,
pa3Mep BBIOOPKM M JApyrue MeTaJaHHble, YTO BaXKHO /JIs HACTPOMKH Mpoiecca oOydyeHHUs U
Banuaauuu. Bximouenue ommuu as_supervised=True o3HauaeT 3arpy3Ky HaHHBIX B (opmarte
KOPTEXeM, Ilie BXOIHBIC JaHHBIE MPEICTABISIOT COOOW M300pakeHUs, a LieleBas mepeMeHHass —
METKH KJIACCOB (KOTBI HWJIM CO0akW), 4To 1eiaeT ¢opmar yIoOHBIM JUIS HEMOCPEICTBEHHOTO
MCIONIb30BaHUS B Mpoliecce 00ydeHHUs, TaK KaKk YETKO pa3eiseT U300paKeHUs U COOTBETCTBYIOIINE
UM METKHU.

Tpemuii >man B CO30AHUHM HEHPOCETH Uil PACIO3HABAaHHUS HW300paKEHHWH BKIIOYACT
aJIalTalluio0 BXOAHBIX JAHHBIX MO/ CHEIH(PHUKANNT TPEABAPUTEIBHO 00ydeHHOU Moaenu. OmTHIM 13
KIIFOYEBBIX MOMEHTOB Ha 3TOM 3Tarle SBJISETCS U3MEHEHHE pa3Mepa U HOpMalu3alus U300paxeHni,
9TOOBl OHHM COOTBETCTBOBAJIM TpPeOOBAHUSM IMPEIBAPUTEIHLHO OOYy4YEHHOW HeWpoceTH, KoTopas
3¢ dekTHBHO paboTaeT ¢ n300pakeHusMH pazmepom 224 x224 mukceneit. [jis Hadama HEOOXOAMMO
npeoOpazoBath m300paxkeHuii B ¢opmar float32 [5], koTOpwIid SBISETCS OOMICTIPUHSATHIM IS
paboThl C JaHHBIMH B HEMPOHHBIX ceTAx. llocie 3Toro Hy»XHO aganTUpOBaTh pazMep KaxIoro
n300paxeHus K TpedyeMbIM napamerpam (224 x224 nukceneii), 4T00bI OHU MOIJIM OBITH KOPPEKTHO
0o0paboTaHbl MpeABAPUTENIBHO OOYyYEHHONW HEMPOHHON CEThI0. 3aTeM BBINMOJNHSETCS IMPHUBEICHUE
3HauUeHUW MUKcener K nuarnazony or 0 mo 1 mist ymyureHust 5QpPEeKTUBHOCTH M CTAOMIBHOCTH
mpouecca OOy4eHHs. 3akKIIOUMTEIbHBIM  3TanoM  (QyHKIMS BO3Bpamaer oOpaboTaHHbIE
n300pakeHUsT BMECTE€ C MX MeTKaMM, oOeclieuuBasi TOTOBHOCTh JaHHBIX K HCIIOJIb30BaHHUIO B
nporecce 00y4eHusl.

Yemeepmuiti 5man SBISIETCS KPUTHUECKH BaXKHOM CTauel B MPOLECCE CO3aHUS HEHPOCETH
IUIE  pacro3HaBaHWs W300paKeHWH, HA OTOM JTale MPOMCXOTUT SIBISETCS IOATOTOBKA
00paboTaHHBIX JaHHBIX K 00ydeHuto [2, 3]. JlaHHBIE, KOTOpBIE YK€ OBLIM U3MEHEHBI B pazMepax M
HOPMAaJIM30BaHbl, Tpynnupyorcs B makeTsl (batches) mist 6onee spdexTrBHOrO M ynpanisieMoro
nporuecca o0yueHusl.

train_resized = train[0].map(resize_image)

train_batches = train_resized.shuffle(1000).batch(16)

[Ipumenenune (GYHKIUM W3MEHEHHUs pa3Mepa BKIIOYAeT HCIONb30BaHHE  (DYHKIIUU
resize image Ha KaxXaoM H300pakeHWH B HaOOpe MaHHBIX train IJs 00ecreueHHUs] COOTBETCTBHUS
BCEX M300pakeHUI HEOOXOIMMBIM TTapaMeTpaM pa3Mepa U HopMmanusanuu. Jlaiee, 1yt yimydiieHus
oOy4YeHHs W TIPEJOTBpAICHUS TEepPeoOydYeHNUs Ha KOHKPETHOM ITOPSJIKEe TaHHBIX, HCIIOJIB3YEeTCS
nepeMmennBanue AaHHbix ¢ nomoirsio shuffle(1000), paGoratomero ¢ 6ydepom pazmepom B 1000
AIIEMEHTOB. DTO CIEAYeT IPYIIMUPOBKOM TaHHBIX B TAKeThI Ipu oMoty batch(16), co3naBas Takum
o0Opa3oM makeTbl 1o 16 3meMeHTOB U MO3BOJISIA APPEeKTUBHO 00padaThIBaTh IpyHIbl 00pas3loB 3a
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OJIMH TIPOXOJ] HCHPOHHOW CETH, TEM CaMbIM ONTHMHU3HPYS IIAr rpaJieHTHOrO ciycka. B utore
(hOpMUPYIOTCS TIAKEThl JAHHBIX, TOTOBBIC K HCIIOJB30BAHHUIO B MPOIECCe OOYyUCHUS MOJEIH, YTO
MOMOTaeT YIy4YlIUTh YNPaBIIEeMOCTh U 3()PEKTHBHOCTH OOYyYCHHS, TO3BOJISISI  MOJEIH
o0pabaTeIBaTh Cpasy MENTYI0 TPYIITy H300paKEHHI, a HE KaXK/I0€ B OT/ICIHHOCTH.

Ilsmwiti 5man B pa3pabOTKe HEUPOCETH JUIS PACIIO3HABAHUS M300paKCHUH — WHTETpaIUs U
HACTPOMKa MPEIBAPUTEIILHO O0YYCHHON MOJICIH, KaK OCHOBBI JUIS JaJIbHEHIIIEro oOydeHus depe3
TpaHchepHoe oOydeHue. XOTS YacTO WCIONB3YIOTCS MPOBEPEHHBIC ApXUTEKTYPBI, TaKHE Kak
MobileNetV2, BaxHO NMOHHMMAaTh, YTO 3TOT JTam He obOs3areneH. Eciu y Bac ecTh J0CTAaTOYHO
JAHHBIX ¥ PEeCypCOB, BbI MOXKETe pa3padaThiBaTh CBOK HEHPOCETh C HYJIS, CO3/aBas YHUKAIBHYIO
aApXUTEKTYpy O€3 HCIIOJIb30BaHUS IPEABAPUTEIILHO OOYYCHHBIX MOJCNICH, YTO MOXKET OBITh
MOJIC3HBIM B CITydasiX, KOrJa JOCTYITHBIC MPEIBAPUTEIHLHO OOyUeHHBIC MO HE MOIXOMIAT WU
TpeOyeTcs 6opIIasi TMHOKOCTh U KOHTPOIb HAJl ApXUTEKTYPOil CEeTH.

base layers = tf.keras.applications.MobileNetV2(input shape=(SIZE, SIZE, 3),
include top=False)
base layers.trainable = False

B aToM ¢parmeHTe onuchIBacTCS HA4aIbHBIN dTall CO3/IaHUsI HEHPOHHOUW CETH, BKITIOYAIOIIUI
B ce0s 3arpy3ky ©0a30BOW MoOnmenH W 3aMOpO3Ky ee BecoB. [ Hadama BbIOMpaeTcss MoOJelb
MobileNetV2, uspectHass cBoell 3((HEKTUBHOCTBIO W JIETKOCTHIO, UYTO JIeJAeT €€ HACATbHBIM
BBIOOpOM /i MOOWJIBHBIX YCTPOWCTB U BCTpamBaeMbix cucteM. Ilapamerp input shape
YCTaHABIIMBACTCS TaKUM 00pa3oM, dYTOOBI COOTBETCTBOBaTh pa3MepaM  IOJATOTOBJICHHBIX
n3o0paxenmii, a mapamerp include top=False mckirouaer BepxHHE clloM MOJIENH, OOECIECUHBast
TakuM 00pa3oM ee THOKOCTh UIi pa3sHOOOpasHbBIX 3anad. Jlamee MPOMCXOIUT 3aMOpPO3Ka BECOB
0a30BOif MoOJIeNIM ¢ NOMOIIBIO YCTAaHOBKU base layers.trainable = False. 910 o3Hadaet, uTo Beca
0a30BOM MOJENTM OCTAOTCS HEUW3MEHHBIMH B TMpoliecce AalbHEHIero oOy4eHHsl, MO3BOJISIA
WCIIOJTb30BaTh YKE M3BJICUCHHBIC MTPU3HAKN 0€3 pUCKA WX UCKAKECHHS. Takol IMOIX0JI CITIOCOOCTBYET
YCKOPEHHIO OOYUICHHSI U CHIDKAET PHUCK MepeoOydeHUS Ha CTICITU(PUICCKUX TAaHHBIX.

Illecmoti 3man co3naHvs HEUPOCETH IJIS PACIIO3HABAHUS HM300paKCHHM BKJIIOUAET B ceOs
COCTaBIICHUE W KOMITUJISIIIUIO MOJIEIH. DTOT ATal KPUTHUUYECKH BaKEH, TaK KaK 3/1€Ch MPOUCXOIUT
KOH(UTYpHPOBaHHUE CI0EB HEMPOCETH U ONpEICTICHNE TTapaMeTPOB 00y ICHHSI.

model = tf.keras.Sequential([
base_layers,
GlobalAveragePooling2D(),
Dropout(0.2),
Dense(1)
/)

model.compile(loss = tf.keras.losses.BinaryCrossentropy(from_logits=True))

Jlob6aBneHne 0a30BOMl  MOJENM  UCHIOJNB3YyeT MpPEABAPUTENIBHO OOYYEHHYIO  MOJIENb
MobileNetV2  nias  u3BledeHuss TOpU3HAKOB W3 u300paxkeHuil. Ilpumensercs  cioi
GlobalAveragePooling2D, KOTOpbIii yMeHbIIAeT pPa3MEPHOCTh JAHHBIX, COXPAHSS KIIOUYEBbIE
MPHU3HAKH, YTO TIOMOTAeT YNPOCTUTh MOJAETh M CHU3WUTH PHCK IepeoOydeHus. Perymspusanus c
noMomsio ciaosi Dropout ciaydyallHBIM 00pa3oM «BBIKITIOYAET» HEKOTOpble HEMpPOHBI BO BpeMs
oOydeHus, ynydiias OOOOIIAIONIYI0 CHOCOOHOCTh MOJAEIM M TpenoTBpamas mnepeolOydeHue.
Knaccudukannonublii  cioil, BBIMOTHEHHBIM € TIOMOIIBIO OMHOTO HeilipoHa B cioe Dense,
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BBITMIOJHACT (UMHAIBHOE pEIIeHHe O TOM, IPHUCYTCTBYeT Ha M300pakeHHWH KOILIKAa WM cobaka.
Komnumsiiust Monmenu BkIouaeT BbIOOp (GyHKIMM moTepbh BinaryCrossentropy mist JTBOWYHOM
KJIacCU(PUKAIUU (KOIIKH MPOTUB COOAK), U3MEPSIONICH TOUHOCTh MOJICTTH Ha 00yYaOIIUX TaHHBIX U
HaIPABIISIONIEH MPOIIECC OOyICHUS.

Cedvmoti sman B CO3JaHUM HEUPOCETH IJISl PACIIO3HABAHUS WM300paKCHUM 3aKJIIOYaeTcsl B
00y4YeHUH MOJICIIN:

model.fit(train_batches, epochs=1)

B »tom mare MOACIIb IMPOXOAUT IPOLCCC 06yquH$1, HCIIOJIb3Yysd IIOATOTOBJICHHBIC U
npenoOpaboTaHHbIe MAKETHl NAHHBIX (train_batches). 3agada 3TOrO 3Tana — ananTHUPOBaTh Beca
MOJICTT! TaKUM 00pa3oM, YTOObI OHA MOIVIa TOYHO KJIACCH(PHUIIMPOBATh M300paKCHUSI Ha KaTerOpuu
«KOITKM» WM «cobaku». [lapameTp epochs=1 yka3bIBaeT, 4T0 MOJEIb JOJDKHA IPOMTH Yepe3 BeCh
HAa0Op TPEHHMPOBOYHBIX MAHHBIX OJUH pa3. DTOT OAHOKPATHBIM MPOXOJ IOMOTAeT ONPEACIHUThH
Ha4YaJIbHOC Ka4€CTBO U 3(1)(1)6KTI/IBHOCTI> MOZACIIH, a TAKXKC BBIABHUTH IICPBOHAYAJIBbHBIC TCHACHIIUN B
nporecce oOydeHusi. B majgpHEWIIEM KOJIMYECTBO AMOX MOXKET OBITh YBEJIWYCHO JUIs YITyUIICHUS
TOYHOCTH MOJICITH.

3axnouumenvHeiii sman Mpolecca 3aKI0YASTCs B aHAIN3E U KIIACCH(HUKALNN 3arpyKEHHBIX
n300pakeHMIA Ha IPEIMET TOTO, M300pakeH JIM Ha HUX KOT Wi co0aka.

image _files = [file for file in uploaded files if file.lower().endswith(('jpeg’, "jpg’))]
forimg file in image files:
img = load_img(img file)
img_array = img_to_array(img)
img resized, = resize_image(img_array, )
img_expanded = np.expand_dims(img_resized, axis=0)
prediction = model.predict(img_expanded)[0][0]
pred_label = 'KOT' if prediction < 0.5 else '"COBAKA'
plt.figure()
plt.imshow(img)
plt.title(f'{pred label} {prediction}’)

Ha stom srtame cHadana mpoucxoauT (MIbTpaius chucka (aiioB Tak, 4ToObl OCTaBUTh
TOJBKO H300paKeHHs C PACHIMPEHMUSIMHU .Jpeg WiId .Jpg. 3areM, A KaKI0ro H300pakeHHs B
OT(QUIBTPOBAHHOM CITUCKE BBIMOJIHSAETCS CICAYIOUIUN PNl NEUCTBHUI: U300paKEHHE 3arpyKaercs,
npeoOpasyeTcsi B MaCCUB JAHHBIX, 3aT€M pa3Mep U300paKeHUSI U3MEHSAETCs, OHO HOPMAaJIU3yeTcsl U
pacumpsieTcst Afs nojauyd B Mojenb. llocie 3TUX MOATOTOBUTENBHBIX INAroB H300pakeHue
IIOJAETCSl B MOJEIb HEHPOHHOM CETH, KOTOpas BBIJAET IpelackazaHue [4]. OTo mpenckazaHue
UCIIOJNIBb3YETCS JJIsl ONpeNeNIeHNs, U300pakeH JU Ha KapTHHKE KOT (€CiIu 3HAaYeHHME MpeicKa3zaHus
Menbie 0,5) wim cobaka (ecnu 3HadyeHUe paBHO WK Oosbiie 0,5). Monenb, CKOMIUIUPOBaHHAS C
BinaryCrossentropy(from_logits=True), mnpencka3plBaeT  «IOTUTBI» —  3HAYeHHUS  Tepen
NPUMEHEHHEM CUTMOUTHOM GyHKIMU. CurMonaHas (GyHKIMS IpeoOpasyeT JOTUTHI B BEPOSITHOCTH,
npuHUMaromue 3HadeHuss mMexay O u 1. B koHTekcre O6uHapHOM Kiaccupukauuu (KOTbl IPOTHB
cobak), ecnu MpeAcKazaHHOe 3HaueHue Onmmxe K 0, 3TO yka3piBaeT Ha OOJIBLIYIO BEPOSITHOCTh
NPUHAAIIEKHOCTH K mepBomy kiaccy (3zechk "KOT"), a ecnu 3HaueHue Ommke k 1 — ko BTOpomy
kiaccy («KCOBAKAY). Takum oOpa3om, ycTaHoBKa mopora B 0.5 sIBIsS€TCSl JOTHYHOM, TaK KaK 3TO
cepenuHa Mexxay 0 u 1, 9yTo mo3BosIsieT cOalaHCUPOBAHHO KiIaccu(UIIMPOBATh U300paKeHUs Ha JIBE
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rpynmbl. Ecnu npeackazanue moaenu Menbie 0,5, Mbl perraeM, 9To Ha H300paKeHHH CKOpPEee BCETO
KOT (Tak Kak 3HadeHue Ommke kK 0), U HA0OOpOT, e€ciau 3Ha4YeHHe paBHO WM Tpesbimaer 0.5,
npezronaraeM, 4To Ha n300pakeHnH codaka (Tak Kak 3HayeHue ommke K 1).

Hakonen, pesynabrar Tmpeacka3aHusi BUYAIM3UPYETCS: Ha DSKpaH BBIBOAMTCS CaMoO
n300pakeHre BMeCTe C MpeAcka3aHHOW METKOW U YMCIIOBBIM 3HaUeHUEM npeackazanus (Pucynox).

KOT -B.3196382522583 CO5AKA 5.205851230621328

400

800 8

1002

Q 200 400 600 800 1000

Pucynox. [Tomydennoe npeickazanue Ha OCHOBE TIEPETaHHBIX TECTOBBIX JTAHHBIX

DTOT Mpolecc MOKa3bIBaeT, KaK MOIIHBIE HHCTPYMEHTHI MAIIMHHOTO OOY4YEeHHSI MOTYT OBITh
WCIIONIb30BaHbl [IJISl  PEUIEHUST OTHOCHUTENIBHO CIIOKHBIX 3aJad, TaKUuX KakK pacro3HaBaHHE
M300paKEHH, C HCIOJIB30BAHUEM CPABHUTEIBHO IPOCTOTO0 M HHTYUTHUBHO TOHATHOTO KOJA.
Hcnone3yst MeToApl TTyOOKOTO OOy4eHHs, Mbl MOXKEM JOCTHYh 3HAYMTEIHLHOM TOYHOCTH B TaKHX
3a/lauax, OMUPAsCh HA CYLIECTBYIOIINE pa3paOOTKU U apXUTEKTYPhl, YTO CYIIECTBEHHO YCKOPSET U
YIOPOIIAET IpoLece pa3pabOTKH UHTEIEKTYyaIbHBIX CHCTEM.
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Aunnomayus. PaccMaTpuBarOTCS 3Talbl W METOABI pabOThl ¢ OOJBIIMMH JaHHBIMU.
OnwuceiBaroTCs 33/7a4 ¥ MPOoOJIeMbl B OONACTH JIECO3arOTOBOK M IMPOM3BOJCTBA MPOAYKIUU H3
JPEBECHHBI, PEIIacMble C IOMOIIBI0 aHanu3a 00pabOTaHHBIX MAaHHBIX. B cTarbe mpeacTaBiieH
aNropuT™M paboThl ¢ OONBIIMMH JAHHBIMU U €T0 pealu3alus B BUJIE MPOTPAMMHOIO KOMILIEKCa,
pa3pabotanHoro Ha s3bike Python. Ilepedncnstorcss OCHOBHBIE BBITOABI, MOTy4YaeMble Ha OCHOBE
BHU3yalu3aiui o0paboTanHoN HHGOPMAIIUH.

Abstract. This paper discusses the stages and methods of working with big data. It describes
the tasks and problems in the field of logging and wood products production, solved by analyzing
processed data. The article presents an algorithm for working with big data and its realization in the
form of a program complex developed in the Python language. The main benefits derived from the
visualization of processed information are listed.

Kniouegvie cnosa: 6onpime qaHHbIE, aHATN3 TaHHBIX, JI€CO3ar0TOBKH, A3bIK Python.
Keywords: big data, data analytics, timber harvesting, Python language.

B kauecTBe oOpraHuzanuu BBICTyHAaeT IPOU3BOJICTBEHHAs KOMIIAHUS, 3aHUMAIOLIASICS
MIPOM3BOACTBOM JAEpeBAHHBIX IUHT, (panepsl, OCH u ap. Jlns xoMmaHuu Takoro pojaa OIHOM u3
OCHOBHBIX 3aJlay SIBJIIETCS CHIKEHHME W3JEpPKEK, 4TO, B CBOIO OYepe]b, BO3MOXKHO Onaromaps
aHamu3y OONBIINX JaHHBIX, CBI3aHHBIX C JIECHBIM X03s1iicTBOM [3].

B kadecTBe mepBoro srama paboThl HEOOXOIUMO OCYIIECTBUTH cOOp OauHvix. OHU MOTYT
BKJIIOYaTh B ceOs BKIIOYass MH(GOPMAIUIO O JIECHOM XO3SHCTBE, NPUPOAHBIX SIBICHUAX (IKOJIOTHH,
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3acyxa, JIMBHHM), MUTPALlMU JE€PEBbEB M JPYTUX PEJIEBAHTHBIX MapaMmerpax. DTOT 3Tall MOMOXKET
BBISIBUTH 3aKOHOMEPHOCTH U CBSI3U MEXJy NaHHBIMU. [lockonbKy OoJjbllive HaHHble MOTYT OBITH
HECTPYKTYPUPOBAaHHBIMH U COAEP)KaTh OIIMOKH, MOCIE 3TOr0 BAXXHO MPOBECTH MPOIETYPHI
OYHCTKH JaHHBIX, YTOOBI YOpaTh IyONWKaThl, WUCHPABUTH ONIMOKH W TIPUBECTH JJaHHBIC B
NPUTOAHBIA JUIsl aHanu3a BUA. Ha ciemyromem sTame CO31al0TCs MPEAUKAThI, KOTOpble OyayT
MCIIONIb30BAThCs ISl MIPOTHO3UPOBAHUS M BBISBICHHUS BO3MOXKHBIX MpPOOJIeM WM ONTUMH3ALUU
nporeccoB. Hampumep, MOXXKHO €cO3/1aTh MPEIUKAThI, CBI3aHHBIE C POCTOM M 3pEIIOCTHIO JICPEBBEB,
MOTOJTHBIMU yCIIOBUSIMH, U T. II.

3aBepUIaroIMM TANOM SIBIISIETCS TOCTPOCHHUE aHATUTHYECKOM MOJIeIN Ha OCHOBE COOpaHHBIX
Y OYMILEHHBIX JAaHHBIX. MeToNbl JaHHOTO ATama MOTYT BKJIIOYaTh B ceOs MallMHHOE OOydeHHe,
CTaTUCTUYCCKUN aHanm3, BpeMeHHbIe psiabl U T. 1. [1]. Ilo 3aBepmieHno 0OpaOOTKH OOJBIINX
JaHHBIX BO3MOXKHO MX JalibHEHIee UCIOIb30BaHUE IS PEIICHHs Pa3IMYHbIX MpoOiIeM U 3a/1ad B
00J1acTu J1€c03aroTOBOK M MPOU3BOACTBA MPOAYKIHUU U3 ApeBecuHbl. Cpenu TakuxX 3a1ad MOXKHO
BBIJICTIUTh:

- Onmumu3zayuio 3a20MoeKu  Ccblpbs. AHANIU3 JAaHHBIX O JIECHBIX pecypcax IO3BOJUT
OTIPENICNIUTh ONTHUMAJIbHBIE BPEMEHHBIC HWHTEPBAIBI M JIOKALWU JJIi 3arOTOBKU JPEBECHHBI,
YUUTBIBasi IPUPOHBIE YCIOBUS U 3aCyXH.

- Vnpasnenue puckamu. MonenupoBaHHe [aHHBIX O TMPHUPOIHBIX SBICHUSX IO3BOJIUT
KoMnanuu 0osee 3h(HEKTUBHO YIPABISTh PUCKAMH, CBI3aHHBIMU C SKOJOTMYECKUMH M TIOTOXHBIMU
bakxTopamu.

- Onmumuzayuro npou3eoocmed. AHaNU3 MaHHBIX O TPOU3BOJACTBEHHBIX IIpoleccax U
JaHHBIX O pPBIHKE MOMOXET ONTUMU3HPOBATH IPOU3BOJACTBO U YHPABIATH 3amacamu Oosee
3 PEKTUBHO.

- CHuoicenue nomepo. llpenckazanus U peKOMEHJAlUMU, MOJTY4YEHHbIE M3 aHAJIUTUYECKON
MO/JIEJIH, TOMOTYT YMEHBIIUTH MOTEPU MATEPHAIIOB U CHU3HUTD U3JIEPIKKH.

Bce otambl paGoThl ¢ OONBIIMMHM JAHHBIMH MPEICTABISIOT COOOW  OIpe/eleHHbIN
anroputm [4]. B nanHoMm cityuyae on umeer crnenyrommii Buj (Pucynok 1).

Jnst peanm3anuy JaHHOTO anropuT™Ma ObLT pa3paboTaH MPOTOTUI MPOTPAMMHOTO KOMILIEKCA,
cobuparorero 6omnbinue AanHbie. OH mpeacTannseT co0oil mporpammy Ha si3bike Python [2].

B kauecTBe coOupaeMbIX JaHHBIX OBUTH BBIOpAaHBI TEKYyIIHE (IKCIUTyaTallMOHHBIC) 3aTpaThl Ha
OXpaHy OKpy>karotieu cpeasl o peruoHam PO (https://showdata.gks.ru/report/279336/).

B mponiecce cOopa MpOUCXOAUT 3arpoc K BBHIICYKa3aHHON BUTPUHE CTATHCTUYECKUX JaHHBIX
Ha caiiTe M moclenyollee U3BJIeUeHUE BCEX JaHHBIX.

3areM U3 ChIPBIX JJAHHBIX U3BJIEKAIOTCS JIUIITL HEOOXOANMBIE AIEMEHTHI C COOTBETCTBYIOIIUMU
KJIacCCaMH W TIPOUCXOAWT WX CTPYKTypu3amus. B Xome STOro mporecca TakXe IMPOUCXOANUT
BUJIOM3MEHEHNE TIONYYEeHHBIX 3JIeMEHTOB. Hampumep, ymansiorcs numHue nudpsl B Ha3BaHUU
peruonoB (Pucynok 2). u nunraue npo6ensl B unciax (Pucynok 3).

[Tocne ounMcTKM MaHHBIX HAa UX OCHOBE co3jmaercs 0aza manHbix SQLite ¢ ogHON Tabnuien
(Pucynox 4), uMeromiasi OfMH aTpuOyT JUIsl peTUOHA U psAl aTpuOyTOB Ha KaXIblil W3 romoB. M3
TaOJHIBI BUIHO, YTO JaHHBIC JCHCTBUTEIHHO MPOIUIM OYHCTKY M OBLTH TpPUBENEHBI K Oojee
CTPYKTYPHUPOBAHHOMY BHTY.

Jlis Buzyanuzanuu XpaHuMbIX B BJl MaHHBIX T€HEpUPYIOTCS THCTOTPAMMBI C JaHHBIMH T10
KaxjaoMy peruony (Pucynok 5). ['mctorpammsl ¢popMHUPYIOTCS HAa OCHOBE Pa3IMYHBIX 3allPOCOB K
B/l. Ongnako mepea STUM TakXkKe MPOUCXOIUT MpeoOpa3oBaHME JaHHBIX M3 CTPOKOBOTO THUIA K
L[EJI0YHUCTICHHOMY.
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B xome paboThl mporpaMMbl 3aleiiCTByeTCSl psJl CIENUATM3UPOBaHHBIX OnoOIHoTek. Cpenn
Hux: matplotlib (moctpoenue rpadukon), pandas (cTpykrypusanus AaHHbIX), sqlite3 (co3manue u
B3auMoeiicTBue ¢ 0azoil nannbix), BeautifulSoup (B3ammoneiicTBue ¢ AaHHBIMU uYepe3 KIACChI),
webdriver (B3auMoneicTBre ¢ BeO-CTpaHUIIAMU) U Psif IPYTHX OHOIHOTEK [5].

[TonyyenHnass Bu3yasm3anusi HHGOPMALIMU O 3aTparax Ha OXpaHy OKPYKAaIoIIeH Cpeabl 1o
pernonam Poccuiickoit denepanyuu MOXKeT ObITh BAXKHBIM MHCTPYMEHTOM JIJISl TIPOM3BOJACTBEHHOU
KOMIAHWH, 3aHUMAIOIIEHCS TMPOW3BOACTBOM M3ICIUN W3 JepeBa, YTOOBl CHU3UTH H3IEPKKUA U
YAYYIIUTH CBOIO KOHKYPEHTOCIIOCOOHOCTb.

AHau3 3aTpar Ha OXpaHy OKPY)KaIOIIeH Cpe/bl B Pa3JIMYHBIX PETHOHAX MO3BOJISICT KOMIAHUU
BBIOMPATh MECTOIMOJOKEHUE CBOMX IPOU3BOJICTBCHHBIX OOBEKTOB TaK, YTOOBl MHUHUMHU3UPOBATh
3aTpaThl Ha COOIONEHUE HKOJIOTUYECKMX HOPMAaTUBOB M TpeOoBaHuil. MHpopMarus o 3arparax Ha
OXpaHy OKPYXKAIOWIEH Cpeabl TaKkKe MOXKET BIUATh HAa CTOMMOCTH JIPEBECHOTO CHIPbS M €ro
JOCTYITHOCTh B Pa3HbIX PErHOHax. DTO MO3BOJSET KOMIAHHHA ONTUMH3UPOBATH IIETIOYKY MOCTABOK
CBIPbSI U CHU3HUTh U3ICPKKH HA €T0 TPAHCIIOPTUPOBKY.

3HaHue pa3nuuuii B TPeOOBaHMIX K OXpaHE OKpYXKAIOIIeH cpenbl B Pa3HBIX pPErHOHax
MO3BOJISIET KOMITAHUU 3(P(GEKTHBHO IJIAHUPOBATh M BHEAPSATH MEPBI I COONIONCHHS MECTHBIX
HOPMATUBOB. JTO MOXET BKJIIOUATh B CeOs BHEIPCHHE TEXHOJIOTMU C MEHBIIIMM BO3/ICHCTBHEM Ha
OKPYKAIOIIyI0 Cpeidy, YIpPaBJICHHE OTXONAaMH M JIPyr'He MPAaKTUKUA. AHalU3 3aTpaT Ha OXpaHy
OKpY KaroIel cpeabl MOXKET TOMOYb KOMITAHUH JIy4Ie B3aMMOJICHCTBOBATh C MECTHBIMU OpTaHaAMHU
BJIACTH, IMpe/UlaraTh COBMECTHBIC WHHIIMATHBHI 10 YIYYIIEHHIO SKOJOTMYECKOH CHUTyallid B
pPETHUOHE U MOJTy4YaTh MOAJIEPXKKY U JIbIOThI B 0OOMEH Ha COOIIOIEHUE IKOJIOTUISCKUX CTaHIapTOB.

[Tpou3BONCTBEHHBIC KOMITAHWHU, aKTUBHO 3a00TsIIHecss 00 OXpaHe OKpYIKarolled Cpelbl,
MOTYT MCIOJIB30BaTh 3Ty WH(OPMALIUIO I MAPKETUHTA CBOUX MPOIYKTOB. DTO MOKET IPUBECTH K
YBEIIMYCHUIO CIIPOCa Ha MPOAYKIHUIO KOMITAHUU U YBEIHUEHHUIO €€ PeryTaluu. 3HaHUE O 3aTparax
Ha OXpaHy OKPYXAaWIIeH Ccpeapl Takke MO3BOJSCT KOMIAHMM OoJiee TOYHO OIICHUBATh
MOTCHIIMAJbHBIE DKOJIOTUYECKHE PUCKH B pa3HBIX PErHOHaX W pa3padarhiBaTh IUIAHBI JUISL MX
yIpaBJICHUS.
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CO3JAHUE UHTEPAKTUBHOI'O CAWTA
C UCIIOJIB3OBAHUEM OBBEKTHOU MOJEJIM JOKYMEHTA
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CREATING AN INTERACTIVE SITE USING THE DOCUMENT OBJECT MODEL
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Annomayus. TIpencTtaBieH XoOA CO3[aHMs HMHTEPAKTHBHOIO CalTa C HCIOJIB30BaHHEM
00BEKTHOI MOIeNnu JOKyMEHTa. B mporecce McciieoBaHus MOKa3aHbl BO3MOXKHOCTH OOBEKTHOI
MOJCIIN JJIA KOMITOHEHTHOM pcaiusanuu HHTCPAKTUBHOI'O calita C IMPUMCHCHUEM
MOJIb30BaTENILCKOr0 MHTEpdeiica JavaScript. B pesymbrare paboTbl OBUI CHPOEKTUPOBAH U
pa3paboTaH mpocToil HHTepdelc Bed-cTpaHHIbl, (GOPMHUPYIOIIEH CIHHCOK KOMIIOHEHTOB JIJIs
MarasuHa IMPOJaXX KOMIIBIOTEPOB.

Abstract. We look at creating an interactive website using the document object model.
The research process shows the capabilities of the object model for the component implementation
of an interactive site using the JavaScript user interface. As a result of the work, a simple interface
for a web page was designed and developed that forms a list of components for a computer sales
store.

Kniouesvie cnosa: o0beKkTHas MofeNb AOKyMEHTa, y3ibl, BeO-Opay3sep, CSS-¢aiinsr, HTML-
JIOKyMeHT, uHTepdetic JavaScript.

Keywords: document object model, nodes, web browser, CSS files, HTML document,
JavaScript interface.

Be6-caiit  momken coctosteh w3 HTML-nmokymenta index.html. HWcmonwsys Opaysep,
npocMaTpuBaeM BeO-cailT, kKoTopelii otoOpakaer ¢aitiel HTML u mo0bie ¢aiinsl CSS, kotopele
N00aBISAIOT MpaBUjIa CTUJIS U MakeTa. bpayszep Takxke co3faer MpelcTaBlIeHHE 3TOro JIOKYMEHTa,
U3BECTHOE Kak OObeKTHas Monenb JokyMmeHTa. Mcmombzys DOM, JavaScript MoxeT momyyarb
JIOCTYTI M U3MEHSATh KOHTEHT U dJeMeHThI BeO-caiita. DOM (om anen. Document Object Model) —
ABIISIETCS  NPUKIAJAHBIM TporpaMMHbIM HHTepdericom (API), xoTopwlii ompenensier MOPSA0K
nepeaayn HHPOpMaIK K 00bEKTaM, U3 KOTOPBIX SIBIISETCS TOKyMeHT [ 1-6].

DOM-Moziens AOKyMEHTa HCIONIB3yeTCss Mpu padoTe C 3JIeMEHTaMH caiiTa Ha CTOpOHE
3aKa3yuka. BBl MOXETE BBIMOJIHUTH OOpabOTKYy cojepkaHusi BeO-cTpanuil depe3 JavaScript.
Baxnocte DOM-monenu 3akirodaeTcs B caeAyromiem: mnocie noiaydeHus HTML-moxkymenra,
Opaysep co3maer cooTBeTcTByromuii 00bekT Ha O3Y mns kaxgoro HTML-anemenrta, ¢ ero
CBOWCTBAMHM, METOAaMHU U COOBITUSMH. [[1s MOiyuyeHHs! CChUIKM Ha KakKOW-THMO00 OOBEKT MOMHO
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ucronb3oBarh JavaScript. OcHoBHas 3amada DOM 3akimiogaeTcss B BO3MOXKHOCTH HW3MEHEHHMSI
HTML-cTpanuIisl u Toro, Kak OHM 0TOOpaXkaroTCsl Ha AKpaHe ¢ oMokl JavaScript. CBsizu MeXIy
00BbEKTaMH Pa3IUYHBIX YPOBHEH, KOTOPHIE TTOKa3aHbl HA PucyHke 1, 03Ha4aeT, 4T0 0ObEKT BEPXHETO
YPOBHSI COAEP)KUT CCHUIKM HAa OOBEKT HWKHEro ypoBHs. Hampumep, CyIiecTBYeT CBS3b MEXKIY
00BEKTOB OKHAa C JOKYMEHTOM. DTO 3HAuWT, 4yTo y oObekra Window €cTh CBOWCTBO, KOTOPOE
Ha3biBaeTcsl Document, riie comepKUTCs CChlIIKa Ha 00beKT Tuma Documents.

Wisnbow
:l._F--"""'_F'f 'rhhhﬁ"'“““'—»}
Locatiog  —— Docunest Haagater
lmage Foan Link
Eletiyent

Pucynok 1. Uepapxust 00beKTOB BeO-CTpaHHIIBI

OcHoBHBIM 00BeKkTOM M1 paborel ¢ DOM sBnsercs mioOanbHas nepemeHHas document,
KOTOpasi OTHOCUTCS K 00bekTy Document, onucsiBatoniemy nokymeHT HTML, otoGpaxkaemblii B
okHe Opay3epa. MaccuB UCIIONB3YIOTCS 711 XpaHEHHS MPOU3BOJIILHOTO YKCIIO CChIJIOK MO 00BEKTaM,
pacmoioKeHHbIM Ha BeO-cTpanuile. Takum oOpas3om, cBoiicTBa 0o0bekTa Document, KOTOpBIii
MpeHA3HAYEH 11 COBMECTHMMOCTH C KOMIIOHEHTaMHM BEO-CTPAHMIIBI BBIIVISIAT CICAYIOIIUM
obpazom:

* links[ ] — MaccuB CCBIIOK Ha THUNEPTEKCTOBBIE CCBUIKH, chopmupoBanHsie B HTML-
JOKYMEHTE C TOMOIIIbIO 2JIEMEHTOB <a>;

* images[ | — MaccHuB CCBUIOK Ha M300pa)KeHUs, BKIIFOUEHHBIE B BEO-CTPAHUILY C TTOMOIIIBIO
aneMeHTa <img>;< li=""></img>;<>

* forms[ ] — MaccuB ccbUIOK Ha (hOPMBI, CO3/IaHHBIE C UCTIOIB30BAaHUEM dIeMEHTOB<form>.<
li=""></form>.<>

B stux Ttabmumax comepxkarcst ccbulkd oObekTOoB Link, Image m Form Tak ke, kak u
nosBisitores B Tekcte HTML-nokymenrta. Tak, images [0] ccbutaercst Ha mepBoe M300pa)KeHUE B
coctaBe web-cTpanuibl, images [1] — Ha BTOopoe m3o0pakeHue u T. A. JlepeBo mpencraBiseT
co00if 0OBEKTHI, KOTOpbIE Ha3bIBAOTCS Yy37bl. CyllecTByeT MHOXECTBO BHIOB Y3JIOB, OJHAKO
OOJBITMHCTBO BpeMEHU BBl paboraere ¢ y3ioM siaemeHToB HTML, TekcToBBIMU y37I0M JIFOOOTO
TEKCTOBOTO COJIEP)KMMOTO M y3JIOM KOMMEHTapHEB, KOMMEHTHUPYEeMbIM KoaoM. OOBEeKTOM
JOKYMEHTA SIBJIIeTCS COOCTBEHHBIN pa3ziell, KOTOPBIA HaXOJUTCS B KOPHE KaTajiora.

<IDOCTYPE htmI>

<htmI>

<head>
<title>Nodes</title>

</head>

<body>
<h1>This is an element node</h1>
<!-- This is a comment node -->
This is a text node.
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</body>

</html>

VY3en OoT KOTOpOro jayra WIeT K 3TOMY Y31y, OyZeM Ha3blBaTb POIUTEILCKUM Y3JIOM WU
poauTeneM 3Toro ysia [7].

Paboras ¢ y3znamu DOM, ux Takxke Ha3bIBalOTCA POAUTENSIMU, IOTOMKAMU U OpaThsiMU U
CeCTpaMM, HCXOIs M3 TOTO, HACKOJIBKO OHU OTHOCATCA K JApYruM y3iaam. OObeKT TOKyMEHTa —
BCTPOCHHOE YCTPOMCTBO, B KOTOPOM COJAEPIKHUTCS MHOXXECTBO XapPaKTEPUCTUK M CHOCOOOB. MBI
MoJTydaeM JIOCTYIl K OOBEKTY M MaHHUITyJUpyeM ero ¢ momoimibio JavaScript. I manumynupoBarh
DOM wu penate BeO-cTpaHuily uHTepakTUBHOM! ITOCKONBKY yXKe HE OTrpaHUYMBAETCS IMPOCTOU
CO3/IaHMEM CTaTHYeCKoro caira ¢ cogepkanreM HTML (Pucynok 2).

3

KOMIIBIOTEPBI H

KOMIIJNEKTVYIOIIHE

Bupeoxapra

Brenare Hazranwe

JOBABHWTE B CTIFICCK YIANMTE BEIEPAHHBIE

Pucynok 2. ®parmMeHT HHTEPaKTUBHBIX CalTOB

Jlis toro, 4toOBI CO3/4aTh MEXaHW3M YIPABIEHUS CTPAHHWLAMU Ha CTOPOHE 3aKa3uuKa,
Ipeiarajoch HCHOJb30BaThb MoJenb 00bekTa JoKyMeHTa. CyTh MOJENM 3akKiovaercs B
cnenytomeM: kaxapii HTML koHteiiHep siBisieTcss 0ObEKTOM, MACHTU(GHUIIMPOBAHHBIM TPOUKOMN:
CBOMWCTBA; METO/IbI; COOBITHS.

OObexTHas MOJIENIb MOYKET pacCMaTpUBaThCs Kak CIOCO0 COEAMHEHMSI CTPaHUIL ¢ Opay3epamu.
Monens 00BeKTa MPEACTaBISET OOBEKTHI, METOMBI, CBOWCTBA M COOBITHS, CYIICCTBYIOIIHE H
IpoHucXo/slIe B Opay3epe NMporpaMMHOe oOecledeHue, Mo3ToMy MOJONAET A MCIOIb30BAHUS
HTML u ckpunra uCXOIHOIrO KOAa CTpaHULbl. MOXKHO €ro HCIOIb30BaTh Ul NEpPENayd CBOUX
nokenaHui Opay3epy M IOTOM MOCETHTENIo caiiTa. bpay3ep BBITOJHUT HallM HHCTPYKUUH U
KOPPEKTHO U3MEHUT HA DKPAaHE CTPAHULLY.

OOBeKThI, MMEIOLINEe OJMHAKOBBIM HaOOp CBOICTBa, MeTONAa U COOBITHSA, OOBEIUHEHBI B
KJIaCChl €JMHOr0 Tumna o0bekToB. Kitacchl mpeacTaBisioT coboil omucanus BO3MOXKHOTO OOBEKTa.
CaM 00BEKT OTOOpa)kaeTcsi TOJNBKO MpPU 3arpy3ke JOKYMEHTa B Opay3epe WM P BBITOJIHEHUU
nporpaMMebl. Mcnonb3yrorcst MeToabl U OCOOEHHOCTH 3TOM MOJEIH, YTOOBI BBIIOIHUTH Kaxa10e
neiictBue Ha crpanune. DOM- mMonenb mpeacTaBiser co0oil BeO-JOKYMEHT, B BHJIE JIEpPEBa TETOB.
Ter B 3TOM JiepeBe M3BECTEH Kak y3en aneMeHTa. ConepKumoe Tera (TEKCT) SBISETCS TEKCTOBBIM
y3noM. Takske aTpuOyThl MapKepbl pacCMaTpPUBAIOTCS KaK y3Jbl JIepeBa. Y3Jbl JIEMEHTa U Y3JIb
TEKCTa — 3TO THUIBI AeMeHTOB. Kaxaplit Ter gepeBa MOXKET ObITh JTOCTYIEH AJIs MOJyYEHUsl WIH
U3MEHEHUS COJEPKMMOIO JepeBa MM BBINOJHUTH KaKylo-1ubo Jpyroi omepanuu. Bcee 3T0
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OCYIIIECTBIIAETCS ¢ MOMOIIBIO cBOMcTBAa U MeTogoB DOM. Msbl Bce y3Hanu o DOM-mozeneit u
paboTe ¢ AepeBO U y3JIbI.

Hcnonb3ys JavaScript, BeI nomyuute goctyn K DOM, 4To0bI yIpaBisiTh CaliTOM H JIeIaTh €ro
uHTepakTuBHbIMU. Jlia paborel HTML-kona u cueHapusi MCXOQHOW CTpaHUIbI MCIIOJIBb3YIOTCS
00BEKTBI, METO/Ibl, CBOMCTBA, COOBITHSI, IPUCYTCTBYIOLIME U IIPOUCXOASIIUE B Opay3epe.

Pa3zpa®oTaH MHTEpakTUBHBIA CalT C HMCIONB30BaHMEM s3blKa Javascript ¢ NpUMEHEHHEM
mozenu o0bekToB DOM. Cosnana Web-cTpanuia, kotopasi chopMHpoBajia CIIHMCOK KOMIIOHEHTOB
JUId MarasvHa IpOAa)K KOMIIBIOTEPOB, a TAKXKE IOJIy4EHHE JOCTyla K JIEMEHTaM IpHU MOMOIIU
nporpammsl JavaScript.
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Aunnomayus. OKHCIIEHUE OpPraHUYECKHMX CyOCTparoB € TOJIYYEHHEM BOCTPEOOBAHHBIX
MIPOAYKTOB SBJISIETCS Ba)KHOM YacTblO COBPEMEHHOW XHMMHUH M XHUMHUYECKOM TexHosoruu. 1,4-
OEH30XMHOH IIHMPOKO MPUMEHSETCS Ul MOJIy4eHHUs! KpacuTelsleH, JIeKapCTBEHHBIX IpernaparoB, a
TaK)k€ B KaueCTBE IIPOMEXKYTOYHOI'O NMPOAYKTa B OCHOBHOM XMMHYECKOM CHHTEe3€. TpaiulMOHHO
1,4-0€H30XMHOH CHHTE3UPYETCS] OKHCIEHUEM aHWIMHA CUJIBHBIMU OKHCIUTENSIMU, YTO SBISETCS
MaJO3KOJOTUYHBIM M TpeOyeT MCIOJIb30BAHUS JOMOJHUTEIBHON OUYMCTKA KOHEYHOIO IMPOJYKTaA.
[IpumeHenne  (GepMEHTOCOAEPKAIIUX  KaTalM3aTOPOB  MOXKET  CYLIECTBEHHO  IOBBICHTH
HKOJIOTUYECKHE MOKa3aTeNy JaHHOTO mpolecca. B kauecTBe GpepMeHTa, BOBMOXKHO HCIIOIB30BaHNE
OKCHJIOPEAYKTa3 Pa3iIu4HOIO CTPOCHHMs, B TOM YHCIE MEPOKCHIA3, KaTAIU3UPYIOUIMX OKHCIICHUE
OpraHMYecKHX CcyOCTpaToB TMEpOKCHUAOM Bopopoga. B Hacrosmee Bpems mnpoOieme
(epMEHTAaTUBHOTO OKUCIICHHSI OPTaHUYECKHUX CyOCTPaToB MOCBAILICHO OOMBIIOE KOIUYECTBO PAdOT,
OZHAKO BOMNPOC HX TNPUMEHEHHUS B PpEaKTopax OOJBIIOr0 00beMa PAaCCMOTPEH HEIOCTATOYHO
MOAPOOHO, B CBSA3M C YE€M MOJAEIUPOBAaHUE MOJOOHBIX CHCTEM SIBISETCA aKTyaJbHOW 3ajadeit
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COBpPEMEHHOM XUMHM M XUMHYECKOHl TexHojoruu. B cratbe mnpuBENeHBI PE3YIbTaThI
MOJICIUPOBAHMSI TPOTOUHOTO PEAKTOPA OKHCIEHUs (PeHosa MEepOKCHIOM BOAOPOJA C MOIyYEHUEM
1,4-6en3zoxunona. MogenupoBanue npoBogmiock B cpenre COMSOL Multiphysics 5.3 ¢ yderom
KHHETUYCCKUX 3aKOHOMEPHOCTEH OKHMCIeHHs ()eHOJa, MPOIECCOB IEepeHOCa BEHIECTBA, a TaKKe
TEIUIOBBIX MPOLIECCOB, MPOUCXOASIIUX BHYTPH peakropa. [loka3aHa BO3MOXKHOCTBH JIOCTHIKEHUS
Bbixoga 1,4-OenzoxuHona B 94% mpu JuiMHE peaklMOHHOW 30HBI peakropa B 4 M, yBelIHUYEHHUE
auamerpa peakuMoHHOM 30HBI ¢ 0,05 mo 0,15 M IpUBOOUT K yMEHBIIEHUIO BBIXOAA LIEJIEBOTO
npoaykra A0 50%, a yBenuuenue temmeparypsl rpetomieit crenku ¢ 30°C go 40°C npuBoAuT K
yYBEIUYCHUIO BbIxoaa Ha 15%. YBenuuenune HauanbHON KOHIIeHTparuu ¢genona ¢ 0,1 mons/n go 0,8
MOJIB/JT TIPUBOUT K YMEHBIICHHUIO BBIXOJa MpOAyKTa peakiuu 1,4-6enzoxuHoHa ¢ 94% mo 50%.
Uro moka3pIBaeT HEOOXOAMMOCThH JOOABIICHUS JOIMOJHUTEIBHBIX PEAKIMOHHBIX 30H B CIIydae
HE0OXOMMOCTH UCIIOIB30BAaHUS KOHIIEHTPUPOBAHHBIX PACTBOPOB.

Abstract. The oxidation of organic substrates to obtain popular products is an important part
of modern chemistry and chemical technology. 1,4-benzoquinone is widely used for the preparation
of dyes, pharmaceutical substances, and also as an intermediate product in basic chemical synthesis.
Traditionally, 1,4-benzoquinone is synthesized by the oxidation of aniline with strong oxidizing
agents, which is not very environmentally friendly and requires additional purification of the final
product. The use of enzyme-containing catalysts can significantly improve the environmental
performance of this process. As an enzyme, it is possible to use oxidoreductases of various
structures, including peroxidases that catalyze the oxidation of organic substrates with hydrogen
peroxide. Currently, a large number of works are devoted to the problem of enzymatic oxidation of
organic substrates, but the issue of their use in large-volume reactors has not been considered in
sufficient detail, and therefore modeling of such systems is an actuarial task of modern chemistry
and chemical technology. The article presents the results of modeling a flow reactor for
the oxidation of phenol with hydrogen peroxide to produce 1,4-benzoquinone. The simulation was
carried out in the COMSOL Multiphysics 5.3 environment, taking into account the kinetic patterns
of phenol oxidation, substance transfer processes, as well as thermal processes occurring inside
the reactor. The possibility of achieving a yield of 1,4-benzoquinone of 94% with a reactor reaction
zone length of 4 m has been shown; an increase in the diameter of the reaction zone from 0.05 to
0.15 m leads to a decrease in the yield of the target product to 50%, and an increase in
the temperature of the heating wall from 30°C to 40°C leads to a 15% increase in yield. An increase
in the initial concentration of phenol from 0.1 mol/L to 0.8 mol/L leads to a decrease in the yield of
the reaction product 1,4-benzoquinone from 94% to 50%. This shows the need to add additional
reaction zones if it is necessary to use concentrated solutions.

Kniouesvie cnosa: MopmenupoBaHue, TPOTOUHBIA peakTtop, (eHos, okucieHue, 1,4-
OEH30XHHOH.

Keywords: modelling, tubular flow reactor, phenol, oxidation, 1,4-benzoquinone.

1,4-0eH30XMHOH SBJIIETCSI BAXHBIM MOJYIPOILYKTOM OCHOBHOTO OpPTaHWYECKOTO CHHTE3a,
LIUPOKO UCIIOJIB3YEMBIM IIPU IOJIyYEHUU KPACUTEIIEH, JIEKAPCTBEHHBIX IIPENAapaToB, IOJIUMEPOB, OH
TaK)Ke IMPOKO MPUMEHsETCs B KauecTBe qyOmibHOro Bemiectsa [1]. Ilpu Tom ero npomsliieHHOE
IIOJIy4YEHUE OCHOBBIBAECTCSI HA OKHUCIECHUM AaHWIMHA B CpPEINE CEPHOM KHCIOTHI JIByOKHCBIO
Maprasua [2], 4rto compoBOXXgaeTcs OOpa30BaHMEM OOJIBLIOrO KOJUYECTBA OTXOAOB, a BBIXOJ
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1[eJeBOro Mpoaykra He mnpeBbimaeT 83%. [Ipumenenue QepMmMeHT coaepxk aliux KaTalu3aTopoB
MOXXET CYIIECTBEHHO IIOBBICUTh DSKOJIOTMYECKHE II0KA3aTeId IOJYyYEHHsS] OPraHHUYECKUX
coenunenuii [3—5]. B kauecTBe depmeHTa, BO3MOXKHO HCIIOIB30BAHNE OKCUIOPENYKTA3 Pa3IMYHOIO
CTpPOEHHUS, B TOM 4YHCII€ IEPOKCHIa3, KaTaIU3UPYIOIIUX OKHCIIEHHE OpPraHMYeCKUX CyOCTparoB
MepoKCHAOM Bojaopona [6, 7]. B Hacrosimee Bpemsi mpoOieMe (GepMEHTaTMBHOTO OKHCICHHS
OpraHUYECKHX CyOCTPATOB MOCBSIICHO OOJIBIIIOE KOJUYECTBO PadoT [3, 4, 6, 7], omHaKo Bompoca ux
INPUMEHEHHS B PEaKTopax OoJbIIOro 00beMa pacCMOTPEH HEIOCTATOYHO MOAPOOHO, B CBSA3M C YEM
MOJICTTUPOBAaHUE TIOJOOHBIX CHCTEM SABJSETCA aKTyapHOW 3agadeil COBPEMEHHOH XUMHH U
XUMHUYECKON TEXHOJIOTHH.

Memoowi uccreoosanus
Jlis  MonenupoBaHHUS TIOTOKA KHUAKOCTH B TPyO4aToM peakTope OBLIO HCIOIh30BAHO
MonuduimpoBanHoe ypaBHenue HaBbe-CTokca.

p(uV)u =V [—pl +u(Vu + (Vu)7)) — g,u(Vu)I] (D
V(pu) =0 ()
rae p — IUIOTHOCTh PacTBOpa, KI/M’, U — BEKTOP CKOPOCTH 3JIEMEHTapHBIX OOLEMOB

xuakoctu (M/c), p — nasnenue B cucteme (Ila), | — nuHamuueckas Bs3kocTh pactBopa (Ila c), I
— MaTpulla UJICHTHYHOCTH CBOUCTB cucteMbl, T — temneparypa (°C), V— omeparop Habna amis
TPEXMEPHOTO MPOCTPAHCTBA HCCIEYEMON CHCTEMBI.

MarepuasnbHblii 0ajaHC Ui pacCMaTpUBACMOM PEaKIMd MOXET OBITh BBIPAXKEH CHCTEMOMU
ypaBHeHui (3-5)

0 (3)
%(,D(qul{) + an)EH = W(beH
0 (4)
& (pwnepOKc) + vnnepoxc = M/nepOKC
—( )+ 7 =W, )
ot PWeenzoxun Ngenzoxun — YWeensoxun
9 (6)
% (pwsoam) + VnBO/I[bI = M/BO/‘.'Lbl
i€ n — BCKTOp IMEPEHOCA MACChl COOTBCTCTBYIOHLICIO BCHICCTBA, ® — CKOPOCTH ITOTOKa

AKHUJKOCTH (M/C).

C yuerom ypaBHeHUs TpaHchopMmaiun @eHona (7), KUHETHMYECKH YpaBHEHUS JUis
Pacxo/I0BaHUs UCXOAHBIX BEHIECTB U 00pa30BaHUs MPOAYKTOB PEAKIIMM MOTYT OBbITh MpEICTaBIECHbI
B Buje (7-10).

OH O

[Cat]
+ 2H202 —_—> + 3H20 (7)

denon [Tepokcun O
1,4 - OEH30XUHOH

BOJIOpOJIA
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Wc])eH = _kcgeHMcbeH (8)
VVl'leOKCI/ILL = _kCI:rlleI)OKMHepOKCI/I/I (9)
Weensoxun = kCgleHSOXI/IHM6eH30XI/IH (10)
M/BO/ILI:I = kC}?o,anBo/:La (1 1)

I7e K — KOHCTAaHTa CKOPOCTH PEaKIu TpaHchopMamuu peHona B 6eH30XuHOH (M>/(MOTIb ¢),
C — KOHIEHTpaLHs COOTBETCTBYIOIIErO BellecTBA MOIb/M’, M — MonekynsipHas Macca
COOTBETCTBYIOIIIETO BemIecTBa (KI/MOJIb).

CoBmentast ypaBHeHus (3—6) mnoiayynM oOObEAMHEHHOE YpaBHEHHE 12 MarepuanbHOTO
Oananca.

d
a (p(w¢6H + wnepox t Weensoxun T wBO/ILbl)) + v(nd)el-l + nl‘[epOKC *t Ngenzoxun + (12)
nBOLLbI) = Wd)el—[ + M/l'lepOKC+W66H30XHH+M/BOAbI

B cocrosHuu paBHOBecHs cymMMa CKOPOCTEM MOTOKOB paBHA HYJIO, TaK K€ KaK U CyMMa
MacCOBBIX CKOpOCTEW 00pa3oBaHMs M PACXOJOBAaHUSI COOTBETCTBYIOIIMX BEIIECTB, B CBSI3U C YEM
ypaBHeHue 12 MoxeT ObITh TpeoOpa3oBaHo K Oonee mpocTomMy By 13.

(13)

0
ap + V(n¢eﬂ + nnepch + Ngensoxun + nBoAbl) =0

Jl1st yueTa BIMSHUS TEMIIEpaTyphl TakKe ObLIO UCIIOJIB30BAHO ypaBHEHUE Appenuyca 14.

—E,4
k = koe BT (14)

rme ko — mnpemdkcrnoHenuanbHbll  (pakTop akTUBHOCTH; Ea — dJHeprusi axkTUBaluu
(xIx/(monp), R — ra3zoBas mocrostHHas 8,314 (x/[x/(monp K). B kauecTtBe reomeTpudeckoit
COCTaBIISAOIIEH MOZIeNn ObliIa MCIIONIb30BaHa IByMepHasi ocecuMMeTprudHas moaens (Pucynok 1).

Brixod npodykmob

=0 r

Bxad peazexmob
Pucynok 1. 'eomerpuueckas cxema UCIOIb3yeMON MOJIETH

I'pannuHbIe yCIOBUS BKJIIOYAJIM BBIXOJHOE JABJICHHE DPAaBHOE aTMOC(EPHOMY J[aBJICHUIO
(pP=parm), TPUCTEHOUYHBIH CIIOM XapaKTEpU3yeTcs OTCYTCTBUEM IIEPEXOAHOIO CJIOs, CKOPOCTh
KHUJKOCTH y CTEHKH paBHa (), BEKTOp CKOPOCTEH Mo cooTBeTCTBYIOMUM ocsiM u=0. Jlns pemieHus
ypaBHeHuss HaBbe-CTokca Oblla CreHepupoBaHa CTPYKTypUpOBaHHAsh CeTKa AJIEMEHTapHbIX
IUIOIIAZie TOBEPXHOCTH peakropa. PelieHue mnpencTaBieHHOM MoJend ObUIO MOy4YeHO ¢
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HCIIOJIh30BaHUEM TIPUKJIIAAHOTO MakeTa nmporpaMMmuoro obecneuenuss COMSOL Multiphysics 5.3.

Pesynomamot u obcyscoenue
[Tpu npoTexkaHuy UCXOAHOTO MOTOKA PEareHTOB B TPyOuaroil peakuuonHoi 30He (Pucynok 2)
HaOMoaeTcss 3aKOHOMEpHOE yBelndeHue Bbixona 1,4-6eH3oxmHoHa. [Ipu 3TOM MakcUMallbHBIN
BBIXO/l MpPOAYKTa HAONIONAeTCs B IPUCTEHOUYHBIX OOJACTAX PEAKIMOHHON 30HBI. YMEHbLIEHHE
nuamMerpa peakiioHHo# 30HbI ¢ 0,15 M 10 0,05 M pUBOAUT K YBETUYEHHUIO BBIXOAA MpoAykTa ¢ 14
1o 40%. Takum oOpazom, AUaMETp PEAKIMOHHOW 30HBI, HAPSIY C BBHICOTOW PEAKIMOHHOW 30HBI
ABJIIETCS. OCHOBOIIOJIATralOIUM IIapaMeTPOM, OIIPEEIISIOIIMM BBICOKHM BBIXOJ LICJIEBOTO MPOLYKTA.

m m m 0.2 m
0 0.4 0 0
_ . " < g 4 4 0.14
F 0.18
b 0.25
0.35
0.16
) 0.12
0.3
3
3 b{[T 3 0.2 0:14 3
]' 0.1
0.25 \L) 0.12
i l 0.15 0.08
2 m i 2 m 0.1
0.2 - I 2 m T2 m
l_ I 908 0.06
0.15
l 0.1
LY ] K 0.06
, 1 1
0.1 0.04
0.04
0.05
0.05 X
0 "0 0.02
L= / 0.02
0 0 0
<
m o m
a 0 B r

Pucynok 2. 3aBucumocTb Beixofa 1,4-06H30XWHOHA OT JJIMHHBI PEaKIIMOHHOW 30HBI MPU Pa3IHYHOM
HaYaJIbHOM JUaMETpe peakimoHHo 3o0Hbl a) 0,05 M, 0) 0,07 M, B) 0,10 m, 1) 0,15 M (Temmeparypa
PEaKIMOHHOTO MOTOKA Ha BXOJIE B PEaKIMOHHYI0 30Hy 20°C, TeMiepaTypa CTeHKH peakinoHHO# 30HbI 30°C)

VYBenuueHue HavajabHON KoHIEeHTpauuu ¢enona (Pucynok 3) ¢ 0,1 mons/n no 0,8 mMonw/n
NPUBOIUT K YMEHBLIEHHIO BbIXO/a NpoAykTa peakuuu 1,4-6enzoxuHoHa ¢ 94% no 50%. Uro
MOKa3bIBa€T HEOOXOAMMOCTh JOOABJICHUS JIOMOJHUTENbHBIX PEaKIMOHHBIX 30H B Cclydyae
HE0O0XOMMOCTH UCIOJIb30BaHUS KOHIIEHTPUPOBAHHBIX PACTBOPOB.

VYBenuueHue Temreparypbl TpEroLled CTeHKH peakiMoHHOW 30HBI ¢ 30°C mo 35°C u 40°C
(Pucynok 4) crnocoOCTByeT CyIIECTBEHHOMY YBEIHMYEHHUIO BbIXOoAa 1,4-0EH30XMHOHA, W3 YEro
clielyeT HEeOOXOAMMOCTh TIPOBEACHUS pEaKUUH OKHUCICHUS TMpu HauOoNbLIeH BO3MOXKHOMN
temrneparype. HeBO3MOXKHOCTh JanpHEHIIEro yBenuuyeHus temneparypsl Bbime 40°C cBs3aHa ¢
Je3aKTHBanuei pepmMenTa.
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Pucynok 3. 3aBucumocTb Beixofa 1,4-0€H30XWHOHA OT JJIMHHBI PEaKIIMOHHOW 30HBI MPU Pa3IHYHOM
HavyampHOM conaepkaHuu ¢eHona a) 0,1 moms/n, 6) 0,2 momne/n, B) 0,4 mone/n, 1) 0,8 Mone/n (auametp
peakimonHoi 3oub1 0,05 M, Temmeparypa peakIMOHHOTO IOTOKAa Ha BXOJIe B PEakIMOHHYI 30HY 20°C,
TeMIiepaTypa CTeHKH peakiroHHoi 30Hb1 30°C)

m m m
0.8
. a 0.7 ~ o 0.75 ~ 0
a 1 M Aa 1 4
0.68
0.75
0.66 0.7
il 3 L 14
0.64 3 3
0.7
0.62 0. 65
n I 0.6 1 0.65
i 2 m 1 2 m
0.58
l= 0.6
| ‘ 0.6
| 0.56
1 | |
gl N 1 1
0.54 |
| 0.55 0.55
0.52 |
0
e | A a
o 0.5 ]
= = 0.5
o] 0.5 Qo
a 0 B

Pucynok 4. 3aBucumocTb Beixoza 1,4-06H30XWHOHA OT JUIMHHBI PEaKIIMOHHOW 30HBI MPU Pa3IHYHOM
temneparype creaku a) 30°C, 0) 35°C, B) 40°C (mmamerp peakumoHHOW 30HBI 0,05 M, TemmepaTypa
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PCaKIMOHHOTO MMOTOKA Ha BXOJI€ B peakIMOHHYI0 30Hy 20°C, HayajibHas KOHIEHTpalus GpeHoia 0,5 Mojb/I.

3axnouenue
[IpoBeneHo MopenupoBaHuE OMOKATATUTHUYECKOTO OKHCIeHUs (eHona ¢ moyudeHuem 1,4-
OEH30XMHOHA C UCHOJIb30BaHUeM nporpammuoro komruiekca COMSOL Multiphysics 5.3. Ilokazana
BO3MOYKHOCTb JOCTHKEHUS BbIXona 1,4-0eH30xuHOHA 10 94% Ipu JUIMHE PEaKLUOHHOMN 30HBI 4 M,
MPY ATOM YyBEIUMYEHUE TUaMeTpa peakimoHHoH 30HbI ¢ 0,05 1o 0,15 M NpUBOAUT K YMEHBIICHUIO
BbIXO/1a LiesieBoro npoaykra a0 50%, a ysennueHnue temreparypsl rpetouieii crenku ¢ 30°C go 40°C
IIPUBOJMT K YBEIMUEHUIO BbIXoAa Ha 15%.

Hccnedosanue svinonnero 6 pamxax npoekma PH® 21-19-00192.
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Abstract. Rapid glucose concentration detection in technical and biological systems is
an important scientific and technical task of modern chemistry, engineering and technology.
The article provides an overview of the last technical solutions in this area. The issues of
developing first generation biosensors are considered. However, the main disadvantage of such
systems was the significant influence of ascorbic and uric acids on the generated signal, which
significantly reduced their selectivity and accuracy. To solve this problem, it is possible to use ion-
selective membranes such as Nafion and polycarbonate. The second generation of glucose
biosensors uses artificial mediators to facilitate electron transfer between the enzyme and
the electrode. These mediators can be immobilized directly by the enzyme or introduced into
an enzyme-modified electrode. Suitable mediators include conducting organic salts, ferrocene,
quinone compounds, ferricyanide, transition metal complexes, phenothiazine and foxazine
compounds. Effective interactions between enzymes and mediators are critical for efficient electron
transport. Various approaches have been proposed to tailor mediators, such as the use of Os
complexes, noncovalent functionalization of carbon nanotubes, and stabilization of artificial
mediators. The third generation of enzyme glucose biosensors uses direct electron transfer to
perform electrochemical reduction. Various approaches have been considered, including
reassembling apoproteins on cofactor-modified enzymes and electrically coupling enzymes to
electrode surfaces using redox polymers or nanomaterials such as gold nanoparticles. Such
approaches ensure the formation of an effective enzyme-electrode bond. In addition, the thickness
of the enzymatic layer can affect the performance of the biosensor. External factors such as
temperature, pH and humidity can have a significant impact on the performance of such electrodes.

Aunnomayus.  bblcTpoe  OmIpeleneHHe KOHUEHTPalWW IIIOKO3bl B TEXHUYECKUX H
OMOJIOTMYECKUX CHUCTeMax SIBJIIETCS Ba)KHOM HAy4YHO-TEXHUYECKOM 3a/lauell COBPEMEHHOH XMMMHH,
TEXHUKU U TeXHOJOrHu. B cTarbe mpoBeneH 0030p MOCIETHUX TEXHUYECKUX PEUIeHUH B JaHHOU
obnmactu. PaccMoOTpeHBl BOIpPOCH pa3pabOTKH OHOCEHCOPOB MEpBOro MokoyeHHs. OCHOBHBIM
HEIOCTaTKOM TaKHX CHCTEM OBLIO CYIIECTBEHHOE BIMSHUE Ha (OPMHUPYEMBI CHTHANl TaKHX
BEILIECTB KaK aCKOPOMHOBAs M MOUYE€Basi KUCJIOTHI, YTO CYIIECTBEHHO CHHUYKAJIO UX CEJIEKTUBHOCTH U
TOYHOCTb. {711 pemenust 3Toil mpobiaemMbl BOBMOXKHO MCHOIb30BAaHUE MOHOCENIEKTUBHBIX MeMOpaH
TaKMX Kak Kak HapuOH U moiukapOoHaT. Bropoe mokoneHne GMOCEHCOPOB IIIOKO3bI MCHOIb3YeT
UCKYCCTBEHHbIE MEIUaTophl Jjs OOJerdyeHus MepeHoca D3JIEKTPOHOB MexIy (EepMEeHTOM U
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ANEKTPOIOM. DTH MEAHATOPbl MOTYT OBITh WMMOOWMIIM30BAaHBI HEMOCPEICTBEHHO C IOMOIIBIO
(dbepMeHTa WM BHECEHBI B MOAM(DHUIIMPOBAHHBIN (epMEeHTOM 3i1eKTpo. [loaxomsmme MeanaTopbl
BKJTIOYAIOT MPOBOJSIINE OPraHUYECKHE COH, (peppolieH, XHHOHOBBIE COCIUHEHUS, (HEepPUIIMAHUI,
KOMITJIEKCHI TICPEXOJHBIX METa/UIOB, (EHOTHA3WH u coequHeHus (okcasuna. DddeKkTuBHOE
B3aUMOJICHCTBUE MeXay (epMeHTaMH ¥ MeAuaTopaMd HMEET pellalliee 3HaueHHe s
3(pPEKTUBHOTO TpaAHCIIOpTa OJIEKTPOHOB. Jlis ajanTaluu MEIMaTOpPOB OBUIM  IMPEIIOKEHBI
pa3NuYHBIE  MOAXOABI, TaKWe KakK  HCIONb30BaHME KOMIIEKCOB  Os,  HEKOBaJEHTHas
(byHKUMOHANM3AMS YIICPOAHBIX HAHOTPYOOK M CTa0MIIM3alUsi HMCKYCCTBEHHBIX MEAHATOPOB.
Tperbe moOKONIEHHE (EPMEHTHBIX OHOCEHCOPOB TIIIOKO3BI HCIOJB3YeT NPSAMYIO Mepenaqdy
ANIEKTPOHOB JUII TPOBEACHUS 3JICKTPOXHMMHYECKOTO BOCCTAHOBJICHHUS. bBBIIM paccMOTpPEHBI
pa3NuyHBIE TOAXOIBI, B TOM 4HCJIE TOBTOpHas cOopka amo0OenkoB Ha (epMeHTax,
MOIU(MUIMPOBAHHBIX KOPAKTOPOM, M DJIIEKTPHUECKOE COCTUHEHHE (EPMEHTOB C TOBEPXHOCTIMU
ANEKTPOIOB  C  HCIIOJIB30BAHUEM  OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX  TOJIMMEPOB WM
HaHOMAaTepHasoB, TAKMX KaK HAHOYACTHIIBI 30JI0Ta. Takue MOAXOAbl 00eCIeUyrBAOT 00pa3oBaHHE
s dexTuBHON CBs3U (epmeHT-dMeKTpon. Kpome Toro, tommmHa (HEpMEHTATUBHOTO CIIOSI MOXKET
BIMATH Ha paboTy OmoceHcopa, Temmeparypa, pH U BIaXXHOCTh MOTYT OKa3bIBaTh CYIIECTBEHHOE
BJIHMSIHUE Ha ()YHKIIMOHUPOBAHKE MOJOOHBIX IEKTPOIOB.

Keywords: D-glucose, biosensors, electrodes, detection.
Knioueswvie cnosa: D-1imtoko3a, GHOCEHCOPBI, SIEKTPOJIBI, OIPEIEICHHUE.

For over 50 years, biosensor technology has been advancing to support diabetic patients in
routine disease screening, diagnosis, and long-term management [4, 9—11]. Glucose biosensors are
specifically designed to measure glucose concentration in biological samples such as blood or urine.
These devices typically consist of a glucose-specific enzyme, like glucose oxidase, immobilized on
a transducer surface that converts the biochemical reaction into an electrical signal [11]. This signal
1s measured and correlated to the glucose concentration in the sample. Despite significant progress
in the development of point-of-care devices, continuous analyses, and non-invasive systems, only a
few biosensors for glucose detection have achieved commercial maturity due to several drawbacks
Research has focused on the development of cutting-edge technologies in the fields of material
science, rational design, microfluidics, sensor printing, and nanotechnology to improve the stability,
specificity, reproducibility, and reliability of biosensor technology. Nanoscale materials offer unique
properties and functionality that can increase the analytical performance of biosensors in terms of
sensitivity, selectivity, and robustness. These advancements allow for the miniaturization and
integration of biocomponents, transduction systems, electronics, and microfluidics in complex
nanobiosensor architectures capable of performing both continuous glucoses monitoring as
implantable devices and high throughput analyses as lab-on-chip devices for rapid and low-cost
screening of glucose and other physiological metabolites using small samples of patient
material [11].

There are various types of biosensors available, including enzyme-based, tissue-based,
immunosensors, DNA biosensors, thermal biosensors, piezoelectric biosensors, magnetic
biosensors, and optical biosensors. Enzyme-based biosensors are the most common and use
immobilization methods to measure glucose concentration in biological samples such as blood or
urine. Other types of biosensors use different methods to detect specific analytes, such as antibodies
for immunosensors or single-strand nucleic acid molecules for DNA biosensors. Recent
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advancements in nanotechnology have allowed for the miniaturization and integration of
biocomponents, transduction systems, electronics, and microfluidics in complex nanobiosensor
architectures capable of performing both continuous glucose monitoring as implantable devices and
high throughput analyses as lab-on-chip devices for rapid and low-cost screening of glucose and
other physiological metabolites using small samples of patient material [6]. Additionally,
genetically encoded biosensors have been developed that are user-friendly and easy to engineer,
manipulate and transfer into cells [6].

The development of enzymatic glucose sensors has gone through three generations. The first-
generation sensor, proposed by Clark and Lyon [6], monitored oxygen consumption during the
enzyme-catalyzed reaction. However, it faced interference from background oxygen. To overcome
this, the second-generation sensor, developed by Updike and Hicks [6], utilized two oxygen
working electrodes to measure the current differential and remove the noise caused by background
oxygen. Another approach by Guilbault and Lubrano involved monitoring the released hydrogen
peroxide (H20») as an indication of glucose concentration [1, 2].

The catalytic reaction in these sensors involved the reduction of the enzyme’s flavin group
(GOx(FAD)) to its reduced form (GOx(FADH2)). To maintain the enzymatic cycle, an electron
acceptor and oxidation mediator (Medox) were used to reoxidize the enzyme and regenerate the
oxidized form (GOx(FAD)). This regeneration step was crucial for the sensor's continuous
operation.

The three generations of glucose biosensors are categorized based on the type of oxidation
mediator used. The first generation utilized oxygen (O2) as a physiological mediator. The second
generation employed an artificial electron acceptor, typically synthetic in nature. The third
generation of biosensors achieved direct electrical communication with the electrode, eliminating
the need for any mediators. These advancements in enzymatic glucose sensors have contributed to
the development of more efficient and reliable glucose monitoring technologies.

DBypes of biosensors
First-Generation Enzymatic Glucose Biosensors

The first generation of enzymatic glucose biosensors used oxygen as the oxidation mediator to
regenerate the enzyme and detect glucose by monitoring oxygen consumption or the generation of
H>0,. The detection process involved the anodic oxidation and cathodic reduction of H>O». These
biosensors were stable, simple, and suitable for miniaturized applications. However, a major
drawback was the interference caused by electroactive species such as ascorbic acid and uric acid,
which reduced the selectivity and accuracy of the biosensor. To address this, permselective
membranes like Nafion and polycarbonate were used to limit the access of interferents to the
biosensor surface. Other approaches included metallized carbon and metal-hexacyanoferrate
transducers to reduce the operational potential and avoid interference. Wang and Wu developed a
glucose biosensor with high selectivity by incorporating rhodium particles in an Nafion film [6].

Various approaches were explored to improve selectivity and sensitivity, including the use of
Prussian blue (PB) as a catalyst for H2O> reduction. Nanomaterials such as carbon nanotubes and Pt
nanoparticles were also utilized to enhance selectivity. However, these biosensors faced challenges
such as electroactive interference from species like ascorbic acid and uric acid. Permselective
membranes like Nafion were employed to reduce interference. Another limitation was their
dependence on oxygen, leading to errors due to oxygen tension fluctuations. Researchers also
investigated alternative materials such as Os complexes (Tables 1, 2) and PB to address these issues

[6].
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Second Generation Enzymatic Glucose Biosensors

The second generation of enzymatic glucose biosensors incorporates artificial mediators to
facilitate electron transfer between the enzyme and the electrode. These mediators can be
immobilized directly with the enzyme or entrapped in an enzyme-modified electrode. Suitable
mediators include conducting organic salts, ferrocene, quinone compounds, ferricyanide, transition-
metal complexes, phenothiazine, and phoxazine compounds. The catalytic process involves the
reduction of the enzyme's flavin adenine dinucleotide (FAD) centers, electron transfer to the
artificial mediator, and subsequent electron transport to the electrode. The effective interaction
between enzymes and mediators is crucial for efficient electron transportation. Various approaches
have been proposed to tailor the mediators, such as using Os complexes (Tables 1, 2), non-covalent
functionalization of carbon nanotubes, and stabilizing artificial mediators.

Table 1
COMPARISON OF ANALYTICAL PERFORMANCE
OF THE GLUCOSE BIOSENSORS BASED ON MEDIATORS, REFERENCE [3]
Mediator Operating Liner range, LOD, mm Sensitivity, cm™*
potential, V mm mm*
Os-complex 0.00 0-0.7 0.0003 28.24
Os(2,2' bpy)2 -RP 0.25 0-10.0 - 16.5
1,1’ -Di-methylferrocene 0.205 1.0-30 - 6.63
Ferrocene 0.35 0.1-10.0 0.13 12.42
[Ru(NH3)e]* 0.00 0-27.7 - -
Ru3 (y3 -O)(AcO)s(Py)3(ClOs) 0.00 0.01-0.5 - 15.4
[Ru(trpy)(phen)(OH)]* 0.52 - - -
trans-[Ru(2,2’ bpy). (OH2 )(OH)]** 0.50 0-24.0 - 0.4
[Ru(4,4' bpy)(NH3)s]?* 0.24 0-5.6 - 7.2
Ru-RP -0.15 0-10.0 0.29 24.3
Table 2
DETERMINATION OF GLUCOSE CONCENTRATION IN FRUIT JUICE [3]

Juice sample Measured (g/L) Relative error (%n = 3) Reference (g/L) Recovery (%)
Apple 83.4 5.2 85.0 97.2
Blackcurrant 33.7 125 25.9 108.7
Guava 29.6 7.8 31.0 114.3
Mango 46.8 7.5 45.8 102.2
Orange 38.4 10.1 39.6 97.0

Immobilized mediator-based biosensors require proper immobilization near the enzyme's
redox center and the electrode surface to ensure efficient electron exchange. However, immobilized
mediators have limited range of motion compared to solution-based mediators [6].

Third Generation Enzymatic Glucose Biosensors
The third generation of enzymatic glucose biosensors utilizes direct energy transmission
(DET) to achieve direct electrochemistry of enzymes. Various approaches have been explored,
including reassembling apo-proteins on cofactor-modified enzymes and electrically wiring enzymes
to electrode surfaces using redox polymers or nanomaterials such as gold nanoparticles (AuNPs)
and carbon nanotubes (CNTs). These methods enable efficient enzyme-electrode connectivity but
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can be complex. DET was initially proposed by Heller and Degani, demonstrating the covalent
connection of the enzyme active site to the electrode surface. Researchers have successfully
achieved GOx electrochemistry using nanomaterial-coated electrodes, modified enzyme surfaces, or
bio-mediated nanoparticles. These advancements have led to the development of mediator-free
glucose biosensors with improved performance. However, enzyme activity in these biosensors can
still be affected by external factors like temperature, pH, and humidity. Additionally, the thickness
of the enzymatic layer can impact biosensor performance. Due to the limitations of enzymatic
biosensors, non-enzymatic glucose detection systems have been developed as the fourth generation
of glucose sensors, focusing on direct glucose oxidation on the electrode surface.

In a study conducted by Deng et al. [3] an enzyme-based biosensor, Nafion/PPMP-GOx-
BSA/Au, that is cost-effective, simple to use, and highly sensitive, selective, and stable. The
biosensor was able to detect a wide range of glucose concentrations and exhibited excellent
selectivity towards glucose monitoring. The recombinant enzyme from the corn kernel production
system used in this biosensor was found to be a low-cost, reproducible, sensitive, and selective
alternative to conventional enzymes like HRP for glucose detection. Future work involves
incorporating nanomaterials and conductive polymers to improve the LOD of the PPMP-based
biosensor, making it more effective in measuring various biofluids in real sample use [6].

The GOx catalyzed glucose oxidation in phosphate-buffered solution (PBS, pH = 7.4) during
chronoamperometry. Both PDTP derivatives afforded wide linear detection ranges, and polymer 2
gave an especially low LOD of 0.0986 uM

GOx was immobilized by covalently bonding to polymer amine groups, assisted by
glutaraldehyde (GA) crosslinking. Glucose was detected in PBS (pH = 7.0) with a low LOD of
0.348 uM, superior to many electrochemical glucose biosensors (Table 1).

Graphene biosensors

Graphene has been dubbed a “miracle material” due to its superior properties, including its
large surface area, thermal conductivity, charge carrier mobility, and mechanical strength [11]. It
can be produced easily and cost-effectively in the laboratory and quickly functionalized with
different chemical groups. Graphene has been widely used as a functional nanomaterial for
designing glucose biosensors due to its ability to operate as a label/loading agent for biomolecules
and nano-materials, as well as an electron transfer enhancer for electrochemical transduction and a
smart customized fluorescence-quencher for optical transduction. Numerous graphene sensors and
biosensors have been reported in literature, including those designed to detect main bioclinical
markers such as glucose [11].

Graphene-based optical biosensors have gained attention as an alternative to electrochemical
methods for glucose detection. These biosensors utilize the unique properties of graphene
derivatives, such as their ability to quench fluorescence through energy transfer, depending on
factors like the number of graphene layers and oxidation degree. Oxidized graphene derivatives, in
particular, have been extensively studied due to their photoluminescent properties resulting from the
recombination of electron-hole pairs within a carbon domain embedded in a matrix. By tuning the
oxygen-containing groups, lateral size, and oxidation degree, the fluorescence emission wavelength
of these derivatives can be modulated. This has enabled the development of customized DNA
sensors that interact effectively with graphene derivatives, allowing for the detection of target
analytes. The sensing mechanism involves the detachment of the single-strand DNA/graphene
complex in the presence of the analyte, leading to the recovery of fluorescence. Different graphene
derivatives, such as graphene quantum dots (GQDs) and graphene oxide (GO), have been employed
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in these biosensors. For instance, a nanobiosensor based on a graphene oxide nanocomposite
achieved glucose detection using surface-enhanced Raman spectroscopy, demonstrating a linear
response range and good recovery values in blood samples. Quantum dots, when combined with
graphene, have also shown promising performance in optical glucose biosensors, offering low
toxicity, high photoluminescence, water solubility, and excellent photochemical properties.
Additionally, bimetallic CuPd nanoparticles decorated on reduced graphene oxide have been
utilized for glucose detection based on peroxidase-like activity [11]. These nanoparticles, in
combination with glucose oxidase, facilitated the colorimetric detection of glucose. Another
approach involved using reduced graphene oxide/MnO> combined with tetramethylbenzidine and
horseradish peroxidase-mimic for glucose analysis in whole blood without sample pre-treatment.
Reduced graphene oxide has also been used in fluorescence quenching-based sensors, where its
proximity to fluorescence probes allows for the detection of glucose in aqueous solutions. These
graphene-based optical biosensors offer promising capabilities for glucose detection, with potential
applications in clinical settings.

One study by the Henry group from Colorado State University developed an ePAD for
quantifying glucose, lactate, and uric acid in human serum samples. They utilized microfluidic
channels built on filter paper and screen-printing technology to create an electrochemical cell. The
ePAD demonstrated good reproducibility and accuracy for glucose and lactate detection.

Other researchers have explored simpler configurations for ePADs. For example, Kong et
al. [6] used commercially available sensors printed on alumina and Whatman chromatography
paper to detect glucose. The paper disk with the blood sample was laminated onto the electrode
surface, and electrochemical measurements were conducted. This approach offered a linear range of
detection within the physiological range.

Different techniques have been employed to create hydrophobic regions in ePADs. Initially,
photolithography was used, but wax printing techniques have been adopted to improve
sustainability. For instance, Cinti et al. [6] fabricated a paper-based strip for glucose detection using
a printer to create a hydrophobic zone. The ePAD demonstrated filtering properties, porosity for
reagent loading, and in situ synthesis of Prussian Blue nanoparticles. Glucose detection in blood
was achieved with good accuracy [17]. Origami approach, where sheets loaded with
biocomponents, buffer, and electrochemical mediators are folded [7]. Li et al. developed an origami
paper-based device for glucose detection, which showed promising results when compared to
commercial blood glucometers [16].

Energy sustainability is another important consideration. Fisher et al. developed [7] a low-cost
and self-powered paper-based biosensor for glucose monitoring. This biosensor utilized a paper
reservoir for enzyme immobilization and operated as an enzymatic fuel cell. It demonstrated a
linear range of detection and showed suitability for clinical and social settings in resource-limited
environments.

Table 3
SUMMARY OF BIOSENSORS CONFIGURATION, MECHANISM, AND PERFORMANCE [7]
Mo Additional specie Analyte Detection Sensitivity Linear range
method
1 GOx, AuNP Glucose CA NR 50/100-2500
2 GOx, AuNP Glucose CA NR 0.0986/50-1000
3 GOx Glucose Ccv NR 0.348/50-900
4 GOx Glucose AM NR 22/45- 50,000
4 G. oxydan Glucose AM NR 81/190-50,000
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MNo Additional specie Analyte Detection Sensitivity Linear range
method

5 GOx Glucose AM 105.12 2.88/25-1,000

6 GOx Glucose AM 65.44 12.8/5-700

7 — Dopamine EIS NR 0.3/7.8-125

7 — Sialic acid EIS NR 1p/10-10°

8 Acetylcholinesterase - Acetylcholine CA NR 0.6/0.7-1,500

choline oxidase, AUNP
9 Anti-IL-1p antibodie Interleukin 13 EIS NR 3x10°
/1x0.003x107

10 GOx Glucose CAIEIS NR 10/10-10000
10 Lactate oxidas Lactate CA NR 10/10-1000
11a — Sodium ions CAJCVISS 37 20/10-10°
11b — Potassium ions CA/CVISS 49 100/100-10°
12 GDH, NAD+ 12 Glucose AM NR 4.0/10-1000
12 — Creatine DPV 0.133 0.2/0.5-900

Optical glucose sensor

An optical glucose sensor is comprised of light source(s), a detector, and an optical transducer
that converts the detected light into a measurable electrical signal. There are two modes of operation
for an optical sensor, reflection and transmission. For reflection mode, both the light source and the
photodetector are located on the same side. In transmission mode, the photodetector is located on
one side of the sample and the light source is on the opposite side [11]. An example of optical
biosensor is real-time colorimetric biosensor using affordable devices such as LDR, TCS230, and
webcam, real-time color detectors have been successfully created [7].

These detectors were able to accurately detect changes in color depending on the
concentration of hydrogen peroxide and titanium oxysulfate in test solutions. The TCS230-based
detector proved to be the most sensitive, measuring test solutions of 0.1-1.0 mM this color sensor
was used to construct a real-time colorimetric glucose biosensor with good linearity and high
selectivity to detect glucose in blood samples, The glucose biosensor’s performance was
comparable to that of commercial glucose biosensors in a study conducted by Maryamsadat
shokrekhodaei et al. [13].

A highly sensitive electrochemical biosensor was developed using a Prussian blue-enzyme
cascade catalytic system for glucose detection. Coral-like gold micro/nanostructures were formed
on carbon cloth electrodes, followed by Prussian blue deposition to enhance electrochemical
activity. The biosensor showed a sensitivity of 454.97 pA mM ! cm 2 for hydrogen peroxide (H20,)
detection, with a linear range of 0.002 mM to 13.97 mM and a detection limit of 0.5 uM. Glucose
biosensor was constructed by immobilizing glucose oxidase on the modified electrode, exhibiting a
linear response to glucose from 0.05 mM to 3.15 mM. The sensitivity was 70.76 pA mM™' cm™ and
the detection limit was 10 uM. The biosensor demonstrated strong resistance to interference from
other electroactive materials and showed good reproducibility and long-term stability. It also
successfully detected glucose in human serum samples. This biosensor holds promise for various
biosensor applications [14].

Electrochemical biosensors
Electrochemical sensors use electrochemical cells to detect analytes through binding or
electrochemical reactions at the surface under an applied potential. This potential can be applied
using various methods, including amperometry, potentiometry, impedometry, and cyclic
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voltammetry. Transistor configurations, such as organic electrochemical transistors (OECTs), can
amplify signals and improve biosensor sensitivity. Organic electrochemical biosensors can operate
in two modes of detection mechanism: chemically modified organic semiconductors and
functionalized semiconductors with complex moieties. Chemical synthesis is crucial for accessing
novel material properties and functionalities tailored to detecting specific biomolecules. Recent
research has focused on synthesizing organic polymers with semiconducting backbones for
electrochemical biosensors, particularly conjugated polymers and polymers of semiconducting
organic dyes.

In a study conducted by Wang et al. [5] the immobilization of GOx onto a glassy carbon
electrode modified with natural sulfide minerals using glutaraldehyde is shown. The resulting
biosensor displayed effective HQ-mediated bioelectrocatalytic activities in an air atmosphere. The
biosensors exhibited a broad linear range for all four modified electrodes and showed exceptional
repeatability, reproducibility, and applicability. This GOx/GA/SFMs/GCE system has immense
potential for understanding the bio-interfaces between GOx and SFMs and expanding the
application platform for sulfide minerals [15].

Electrochemical paper-based glucose biosensors have gained popularity due to their
advantages such as low cost, simplicity of operation, portability, and disposability. While
colorimetric mPADs offer qualitative and semi-quantitative analyte determination using simple
imaging tools, they have limitations such as low sensitivity and unsuitability for colored samples. In
contrast, electrochemical paper-based analytical devices (ePADs) provide quantitative detection
with improved sensitivity, selectivity, and the ability to analyze complex matrices. The pioneering
work in colorimetric mPADs was done by the Whiteside group from Harvard University, while the
Henry group from Colorado State University [11] developed the first ePAD for quantifying glucose,
lactate, and uric acid in human serum samples. The ePAD consisted of microfluidic channels
created on filter paper using photolithography and an electrochemical cell printed with screen-
printing technology. Glucose oxidase, lactate oxidase, and uricase enzymes were selectively
entrapped in different zones on the paper to detect their respective analytes. The detection was
achieved by measuring the enzymatic by-product H>O> at the working electrode modified with the
electrochemical mediator Prussian Blue. The ePAD showed good performance in terms of
reproducibility and accuracy compared to control levels and spectrophotochemical methods.

Other ePAD configurations have been developed for point-of-care glucose detection. Some
ePADs allow for the direct detection of glucose in untreated whole blood samples without the need
for plasma separation protocols. For example, the Henry group designed an ePAD [11] with a
commercially available electrochemical sensor and blood separation zones on paper to achieve
glucose detection.

The accuracy of this ePAD was evaluated and compared to spectrophotochemical methods,
showing negligible variance. Kong et al. [6] simplified the configuration by using commercially
available sensors printed on alumina and Whatman chromatography paper. The blood sample
solution was loaded onto the paper and allowed to air dry before conducting electrochemical
measurements. To improve sustainability, wax printing techniques have been employed to create
hydrophobic and hydrophilic zones on ePADs without the use of organic solvents. Cinti et al. [6]
utilized a Xerox ColorQube 8570 printer to create a green hydrophobic zone on the paper-based
strip for glucose detection. The paper-based strip offered filtering properties, porosity for reagent
loading, and the ability for in situ synthesis of Prussian Blue nanoparticles. Glucose detection in
blood samples using this ePAD showed good linearity and correlation with commercial glucose
strips.
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Amperometric biosensors

Amperometry is a method used by biosensors to measure the current flow between electrodes
during a redox reaction. One of the most extensively studied amperometric biosensor systems is the
glucose biosensor. Glucose oxidase (GOx) catalyzes the reaction of glucose with oxygen to form
gluconolactone and hydrogen peroxide in this system. The signal is typically represented as current
(ampere) versus glucose concentration, induced by a redox reaction of a mediator or hydrogen
peroxide at the working electrode. It is worth noting that most conjugated polymer (CP)-based
amperometric biosensors belong to the third generation of biosensors, where the enzyme and
mediator are directly immobilized on the transducer. Therefore, signal detection does not rely on the
diffusion of reaction products or mediators. Singh et al. and Habermiiller et al. [8] have published
excellent reviews on PPY-based biosensors and general electron transfer principles, respectively.

A study conducted by Izadyar in 2021 [8]: the research involved analyzing a Nafion/PPMP—
GOx-BSA/Au biosensor that uses an amperometric enzyme-based approach. This biosensor is not
only cost-effective and simple to use, but it is also highly sensitive, selective, and stable. It can
detect a wide range of glucose concentrations, as demonstrated by successful LSV and
amperometric measurements. The biosensor responded well to glucose concentrations ranging from
3.1 uM to 13.2 mM [8]. To test the selectivity of the biosensor, they used an experimental solution
containing ascorbic acid and citric acid, which are common interferents in physiological samples.
Our results showed that the biosensor exhibited excellent selectivity towards glucose monitoring,
detecting concentrations ranging from 3.3 uM to 13.0 mM. The studies have also shown that the
recombinant enzyme from the corn kernel production system used in this biosensor is a low-cost,
reproducible, sensitive, and selective alternative to conventional enzymes like HRP for glucose
detection. In the future, we plan to improve the LOD of the PPMP-based biosensor by incorporating
nanomaterials and conductive polymers. This will make the biosensor even more effective in
measuring various biofluids in real sample use [8].

Wearable biosensors

Wearable sensors have emerged as a significant advancement in sensor technology for
diabetic patients. These sensors are designed to monitor glucose levels and provide clinically
relevant data for diabetes management [11]. Wearable sensors involve the integration of devices
into wearable objects or directly with the body. Initially, rigid electronic devices were developed in
the semiconductor electronics industry, but there has been a shift towards the design of stretchable
and flexible electronics. These flexible sensors address the need for cost-effective, non-invasive,
and self-testing analysis, eliminating the discomfort associated with finger pricks and skin irritation
caused by devices like GlucoWatch.

One notable example of an easy-to-wear flexible sensor is a tattoo-based epidermal device
described by Wang’s group. This device enables interstitial glucose monitoring through reverse
iontophoresis, with glucose detection achieved using glucose oxidase and a printed electrode with
Prussian Blue-modified ink. However, this method requires external instrumentation for
electrochemical signal transduction, which involves various technological challenges such as signal
generation, amplification, calibration, and compensation. An alternative approach involves fully
integrated wearable flexible systems where all components are consolidated on a flexible printed
circuit board. These systems enable the monitoring of various clinical biomarkers, including
glucose, lactate, sodium, potassium ions, and skin temperature, using amperometric glucose
detection and Prussian blue as an electrochemical mediator.

While sweat sensors face challenges related to sweat collection and extraction of glucose
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through intact skin using electro-osmotic flow, microneedle sensors offer a solution by enabling
analysis in the transdermal compartment with minimal pain. These sensors can be mass-produced at
a lower cost and are designed for short-term use before replacement. Commercially available
subcutaneous microneedle-based sensors for continuous glucose monitoring include Enlite, G5, and
the FreeStyle Libre. Next-generation microneedle sensors provide advantages such as easy insertion
and replacement, reduced biofouling effects, larger electrode surface area for improved sensitivity,
and the ability to perform multiplexing analyses [17].

In addition to sensors integrated into the skin, another appliable sensor option is contact
lenses for continuous glucose monitoring in tear fluid. Contact lens biosensors have utilized
fluorescent indicators absorbed into the lens material or embedded photonic crystals in a hydrogel
patch for glucose monitoring. Electrochemical sensors on flexible plastic supports have also been
developed for attachment onto the eye or insertion into the tear canal. However, accuracy and
interference from electroactive species in tear fluid remain challenges. A miniaturized integrated
amperometric glucose biosensor integrated into a contact lens was developed to address these
issues. This contact lens biosensor demonstrated fast response, high sensitivity, good linearity, and
low detection limit for glucose in the tear film [11].

Although the development of contact lens sensors dates back several years, there is still
significant interest from major industrial entities, including Novartis in collaboration with Google,
who aim to build revolutionary devices that measure glucose levels and assist individuals with
diabetes and eye problems.

Conclusion

This review discusses the importance of glucose biosensors in monitoring blood glucose
levels for individuals with diabetes. The working principles, advantages, limitations, and future
prospects of glucose biosensors are explored. Glucose biosensors offer convenience, rapid results,
portability, and continuous monitoring, but accuracy, calibration and maintenance, cost, and signal
interference can pose challenges. Ongoing research is focused on improving accuracy, developing
non-invasive approaches, integrating with other technologies, and advanced data analytics. With
further developments, glucose biosensors have the potential to revolutionize personalized diabetes
care and foster better glucose control.
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number 21-19-00192.
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Annomayusa. Ilotamr — onHO W3 HauOojee pacnpOCTPAHEHHBIX M BaKHBIX XMMHYECKHX
BEIIECTB, IIMPOKO HMCIOJB3YETCS B Pa3IMYHBIX OTPACSAX HAyYHOTO U MPOMBIIUICHHOIO CEKTOpa.
[Ipu npous3BOACTBE U MOMyUYEHUH IOTalla 00pa3yroTCsl HeKenarenbHble npuMecu: mienoynsle (Na,
K, Li), menounozemennupie (Ca, Ba) smementsl u np. MneHTudukanuioo Takux NOpuMecen
IpeJiaraeTcsl MPOBOAUTH MIPHU MMOMOLIM aTOMHO-3MHUCCHOHHOM CIIEKTpOCKONUMU. B naHHOi cTaThe
paccMaTpuBaeTCs aTOMHO-3MHCCHOHHAs CHEKTPOCKONMs KaK METOJ, OCHOBaHHbBI Ha aHalu3e
ONTUYECKUX JIMHEHUYaThIX CHEKTPOB M3JIyuyeHHsI aTOMOB B ra3oBoi ¢asze. DTO OIHO W3 HOBBIX U
MEPCTIEKTUBHBIX HANpaBICHUH Kauye€CTBEHHOTO M KOJIMYECTBEHHOro aHanu3a. OJHUM W3 BUJOB
aTOMHO-DMHCCHOHHOW CIIEKTPOCKONIMM SIBISIETCS IUlaMeHHas (Qortomerpus. JlaHHBI MeTOA
npuMensietrcs i onpenenenus menounsix (Na, K, Li), menounozemenshbix (Ca, Ba) u HeKoTopbIx
JPYTHUX JIEMEHTOB IO aTOMHBIM CIIEKTpaM WJIA MOJIEKYJISPHBIM nojocaMm. C LENpl0 €ro N3y4eHus
OBLT MPOBEACH aHalW3 TMAaTEeHTHOM aKTUBHOCTH TiyOmHa a0 1960 roma Ha caiiTe NaTeHTHOTO
BezoMcTBa P®. 1o maHHBIM HccnenoBaHMs OblIa clejaHa CBOJAHAs TaOMUIA U MOCTPOEH rpaduk
U3y4YEHUsl JaHHOTO METO/A U IMOJIyYEHHUs NOTalla, KOTOPbIM MOKAa3bIBAET YBEINYEHHE UHTEPECA CO
cTopoHbl uccienosareneil. [louck nareHrtoB ¢ 1960 roma mo HeIHEIIHEE BpeMs MOKa3bIBAET, YTO
MHTEPEC K M3YYEHHUIO0 aTOMHO-3MHUCCHOHHOM CIEKTPOCKONMHM KaK METOAa JIEMEHTHOIO aHalln3a
BO3pacTaeT TaK K€ KaK M MHTEepPeC K XMMHYECKUM IpolieccaM noiayuyeHus norama. [IpoBeneHHble
UCCIIEIOBaHNS JOKA3bIBAIOT, YTO MOTAIl SBJISETCS BOCTPEOOBAHHBIM MPOAYKTOM Onarojapsi ero
yCTOWYMBOMY NOTPEOICHUIO U CTAaOUIBHOMY CIIPOCY Ha PhIHKE.

Abstract. Potash is one of the most common and important chemical substances, widely used
in various branches of the scientific and industrial sectors. During the production and receipt of
potash, undesirable impurities are formed: alkaline (Na, K, Li), alkaline earth (Ca, Ba) elements,
etc. It is proposed to identify such impurities using atomic emission spectroscopy. This article
discusses atomic emission spectroscopy as a method based on the analysis of optical line emission
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spectra of atoms in the gas phase. This is one of the new and promising areas of qualitative and
quantitative analysis. One type of atomic emission spectroscopy is flame photometry. This method
is used to determine alkali (Na, K, Li), alkaline earth (Ca, Ba) and some other elements by atomic
spectra or molecular bands. In order to study it, an analysis of patent activity was carried out up to
1960 on the website of the Patent Office of the Russian Federation. Based on the research data,
a summary table was made and a graph was constructed for studying this method and obtaining
potash, which shows an increase in interest on the part of researchers. A search of patents from 1960
to the present shows that interest in the study of atomic emission spectroscopy as a method of
elemental analysis is growing, as well as interest in the chemical processes for producing potash.
Conducted research proves that potash is a sought-after product due to its sustainable consumption
and stable demand in the market.

Knrouesvie cnosa: aroMHO-3MUCCHOHHBIN CIIEKTPAJIbHBIA aHAJIN3, HATPUI B MOTAIIIE.
Keywords: atomic emission spectral analysis, sodium in potash.

XuMHUECKas NPOMBIIUIEHHOCTh SBISETCS OJHOW W3 BaXXHEWIIMX Oa30BBIX OTpacien
COBpeMEeHHOM skoHOMUKH. Ee npoaykuus BkitouaeT B ceds 6osiee 70 ThIC HAMMEHOBAHUHN U LIMPOKO
UCTIONB3YeTCS ISl TPOM3BOJACTBA TOTPEOMTENHCKHX TOBAapOB, a TaKKe B TAaKUX OTPACIAX
SKOHOMMKH, KAaK CEJIbCKOE XO3SICTBO, 0OpabaThIBaroliasi MPOMBIIIJIEHHOCTb, CTPOUTEILCTBO U
chepa ycayr [1]. OnHuM U3 TakuxX HOPOLYKTOB siBisgercss motaml. IToram — omuH u3 Haubonee
pPacIpOCTPAHEHHBIX W BaXXKHBIX XUMHYECKUX JJIEMEHTOB, KOTOPBIM IIMPOKO HCIONb3YETCsS B
Pa3IMYHbIX OTPACISAX HAYYHBIX U IPOMBIIIJIEHHBIX CEKTOPOB. DTOT AJIEMEHT, TaKXKE U3BECTHBIN Kak
KaJINW, XapaKTepU3yeTCs CBOEW YHUKAJIBHOW CTPYKTYPOM M CBOMCTBaMH, KOTOPBIE AEJAIOT €ro
HEOTHEMJIEMOM YacTbI0 MHOTUX IIPOLECCOB U IMIPOAYKTOB. B NPOMBIIITIEHHOCTH MOTAIl IPUMEHSIOT
KaKk IIOIIOTUTENb CEPOBOJOPOJA IIPU OYMCTKE Tra30B M KAaK KOMIIOHEHT /I IIOJIy4EHUs
KaTaJqu3aTopoB TaKUX Kak aJlOMOXPOMOBBIE KaTajau3aTopbl (MPUMEHSIOT B  Ipoleccax
JNETUPUPOBAHMS JIETKUX MapaUHOBBIX YIVIEBOAOPOAOB), BaHAJIMEBblEe KaTaau3aTopbl (ass
MOJyYeHUsI CEpHOM KHCIOThl KOHTAKTHBIM CIOCOOOM). 3HauuTeNbHas 4acTh IOTalla, KOTopas
UCIIOJIb3YETCS B IPOMBIIIJIEHHOCTH, IPOU3BOANUTCS U3 IPUPOIHBIX HCTOYHUKOB, TAKUX KAaK COJISIHBIE
03epa, MBOBBIE IeMed M KaMeHb MnoTama. J[pyrum cnocoOoM MpOW3BOACTBA IOTAllla SIBISETCS
MpoLecc AIIEKTPOJIN3a, MpPU KOTOPOM KaJMH-MOH W3BIIEKAETCS U3 PAcTBOPOB WM  PYIbI
(https://marketing.rbc.ru/research/39455). IlomyuyeHue moTama CONPOBOXKIAETCS  HATUYUEM
OOJIBLIIOTO KOJIMYECTBAa MpHUMeEcel — 3TO HAaTpUM, XJIOPHUbI, CEPHOKHUCIBIE COJIM, JKEIe30 U
amoMuHMi. [1o pU3MKO-XUMUYECKUM MOKa3aTesiM MaccoBas J10J1s IoTalla JI0JIKHO ObITh HE MEHee
92,5% B 3aBUCHMOCTH OT copTa (MEpBbI, BTOPOW WM TPETUH) U JUIsl KaKuUX HYXJ HE0OXOIuM
noramt [2]. s uaeHTuUKaMu XMMHUYECKOTO COCTaBa MOTYT OBITh MCIIOJIB30BaHBI CIEAYIOIINE
METOJIbl: TOTEHIIMOMETPHS; THUTPOBAHUE; MAaCC-CIIEKTPOMETPHs; aTOMHas aOcopOLus; 3MHUCCHSL.
ATOMHO-CIIEKTPOCKOIMUYECKHE METOJbl OCHOBAaHbI Ha W3MEHEHUSAX JHEPreTUYECKOIO COCTOSHUS
aTOMOB BEUIECTB M pa3IUyYaloTcs MO crnocoly MOJMydyeHus U perucrpanuu curHana. OmHoll u3
OCHOBHBIX XapaKTE€PUCTHK, 00ECMEUNBAIOIINX BO3MOKHOCTh MPUMEHEHHS] SMUCCUOHHOTO aHaIn3a
JUI  PELIEHUS KOHKPETHBIX AaHAJUTHUYECKUX 3a7ad, SBISETCS YYBCTBUTEIBHOCTH (TIpeaesn
oOHapyXeHus1), ompenenseMas HHTEHCHUBHOCTHIO SMHUCCHOHHBIX CHEKTPaJbHBIX JMHUN aToMOB
npuMecei B aHanu3upyeMom obpasiie (mpobe) [3].

PeiHOK aromMHO-dMHMccHMOHHOM cnekTpockormu ¢ 2017 . mo 2029 1. oxBarbIBaeT
OMOTEXHOJIOTHIO, (apMalleBTHUECKYI0 XHUMHIO, OKOJOTMUECKHE HCIBITaHUs, KIMHUYECKHE
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npUMeHeHus U Apyrue oTpaciau. C 1enpio M3y4eHUs aTOMHO-3MHCCHOHHOIO CHEKTPaJIbHOTO
aHajM3a ObUI MPOBEACH aHAIN3 MAaTEHTHOW aKTUBHOCTH, TITyOHMHA KOTOporo coctasisia ¢ 1960 roma
Ha caiite nmarentHoro BenoMcTBa PO (https://www.fips.ru/). OcHOBHbBIE CBEJICHHS NPEACTABICHHI B

Tabnute.

Tabmuma

CBEJIEHUS AHAJIN3A TATEHTHOU AKTUBHOCTHU

Haszsanue, Ne, Asmopei. Kpamxoe onucanue
dama Obnaoamens
nyonukayuu
Cnoco0 I'unzoypr . M. IIpennokeHo MOIy4aTh COMY W MOTALI U3 KOHIIEHTPUPOBAHHBIX

MOJTYYCHUS COJIBI
u norama, SU

[UTAKOB THAPOXUMHYECKOH MepepadoTKu He(heNnHOB MyTeM
JIBYKpaTHOM KapOOHHM3aIMH, IEPBYIO KapOOHU3ALHIO [IPOBOST IpU

198304 A1, temneparype 80-100°C no crenenu kapoonusaruu 5S0—70%, Bropyro

28.06.1967. - ipu Temneparype 70-80°C mo 107% c nocnenyrommuM oTaeICHUEM
BEITIABIIINX B OCAJIOK aIFOMOKapOOHATOB KAIHS U HATPHSL, KOTOPBIS
HAIPAaBISIOT B TIMHO3EMHOE MTPOU3BOCTBO.

Croco6 Bnamgumupos I1.  CrocoGHOCTH MOTy4YeHUs KabIIMHUPOBAHHOW COZBI HJIH MOTAIla

MMOJIy4CHUSA C. ITyTEM BOCCTAHOBJICHU A CyJ'Ib(i)aTOB B KHIIAIICM CJIOC ITPpU

KaIbIIUHUPOBaHH  PyOuHumk O. MTOBBIIIICHHOHN TeMITEpaType, OTIIMIAIOIIAsICS TeM, UTO, C IENbI0

Ol COZbI NN M. MPEJOTBPATUTh 00pa30BaHUE JIETKOIIABKUX IBTEKTHK, MTPOIIECC

noraria, BEJIETCS B PEaKTOpe, MPEABAPUTEIBHO 3aIOTHEHHOM KapOOHATOM U

SU 334182 Al, cynb(haToOM HATPHS WK KaJlwsl B KOJIHIecTBe, paBHOM 85-95%

1972.03.30 kapOoHnata u 5—15% cynbdara.

Cnoco0 AnekcanzipoB B.  M300peTeHne oTHOCUTCS K crioco0y MOTy4eHHs MmoTalia 1u3

IOJIyYEHUS B. MaTOYHUKOB KapOOHM3AIIMU TJIMHO3EMHOTO ITPOU3BOICTBA, JJIs

motamia, SU TIOBBIIIICHHUS COJIEPKAHUS B IIPOYKTE KPYIMHBIX TPYIII TOTAIIa TIPH

1265147 Al, OJHOBPEMEHHOM CHW>KEHUU COAECP)KAHUS TPUMECEN B HEM PacTBOPE

23.10.1986 MoTala, u3 KOTOPOro OXJIAXKACHUEM TOIyYaroT MPOIYKT, 10
oxnaxaeHus cmemrpaetr 60—180 MuH u nocie oxnaxaeHus Takxe
BeIOHparoT cycnensuro 90-240 mun. [lonydeHnsril mocne
nepepaboTKH MaTOYHUKOB KapOOHHU3AIMH TJIMHO3EMHOTO
MIPOM3BOICTBA MOTALTHBIN pacTBOp TeMieparypoit 125°C
MEPEMEINBAIOT, OXJIAKIAIT 10 66°C U CHOBA NEPEMELLIUBAIOT
CYCIIEH3HI0, 3aTeM (DWIBTPYIOT U MOJyYaroT MOTAIIL.

Croco6 Bceepoccutickuit  CriocoGHOCTP MOTYYEHUS MMOTaIIa U3 ero pacTBOPa, OTAEIEHUE

MOJTyYeHUS ATFOMUHHEBO- Takke KapOOHATa HATPUS U CyIh(aTOB, BKIOYAOIIUNA OUNUCTKY

roTaria, RU wmaramueBsIit pacTBOpa ynapuBaHUEM C OTIEIIEHUEM OCAJIKH, OT/IEICHUE

2132301 Cl, wuHCTHTYT KapOoHaTa HATPHs, OXJIAXKJICHUE U OTACICHUE CYJIb(aTCOACPIKAIIETO

27.06.1999. [TuxaneBckoe 0CaJiKa, BBIJICIICHHUE MOTAIlla U3 OYUCTUTEIILHOTO PacTBOpa

o0BeTMHEeHNE pacTBOpaMH, BEIIEISIOIIASCS TEM, YTO MPHU YIIAPUBaHUHU PacTBOpa
«["muHO3EMY OTJEISIOT KapOOHAT HATPHS, & JJISt OT/AEICHUS

Cynb(arcoepKaIiero 0cajka OXJIKIAIT CMECH MaTOYHBIX
pacTBOpPOB KapOOHATA HATPHSI U MOTAIA MTPU TOAJICPKAHUHN B CMECIX
MOJISIPHOT'O OTHOIICHUS KaJIHsl K CYMME KaJlisl U HATPHUs B Mpejiesiax
72,95-94,82% u nocie oTaeneHus cyiabpaTcoaepikaiiero ocaaka
OCYIIECTBISIOT YIIaPUBAHUE PACTBOPA C OT/ACICHUSIMH HATPO-
KaJIUEeBOr0 KapOoHAaTa, TOTAIl HAIIEJICS K3 MaTOBOTO PacTBOpa
KHUIKUM OXJIAXKIAKIINM BECIICCTBOM.
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Cnocob
MOJTyYeHUS
YTICKUCIIOTO
KaJus,

SU 1791386 Al,
1993.01.30

3ybkoBa E. M.

N3o6peTerne oTHOCHTCS K crtocobam. [TomydeHus yriieKucioro
Kanud. Yriaekucneiil. Kanuii mony4aroT u3 MaTOUHHUKA
KapOOHU3aIUH TIIMHO3EMHOT'0 TIPOU3BOJICTBA ITYTEM OXJIAXKICHUS
MaTOYHHUKA JIBOWHOTO COJIH, OT/ACICHUS YTICKUCIOTO KaJHsl OT
MaTOBOTO PACTBOPA, YIAPUBAHHUS TNIOTHOCTH MAaTOBOTO PACTBOPA J0
pactBopa 1,68 r/cm®, pas6aBnenus o6pa3oBaBLIeiics CycIEH3UM
BOJIOM 710 0011e# tmenounocty 360380 r/1. (B mepecyere Ha NaO),
oxnaxaenue 10 20-30°C, oraeneHue KUAKON (asbl CyCIICH3HH,
KOTOPYIO 3aT€M YIIapUBAIOT, OXJIKICHHUE MOTyYSHHOU CMECH,
000TaIICHHON YTIIEKUCITBIM KaJIUEM, C TTOCICAYIONINM BhIICICHHEM
VTIICKHUCIIOTO KaITHsl.

Crioco0 aToMHO-

Honronocos A.

N3obpeTeHre OTHOCUTCA K aHATUTUIECKONH XUMHUH, MOXKET OBITh

SMHCCHOHHOTO M., WCIIOJIb30BaHO TSI MHCTPYMEHTAILHOTO aHaJIn3a PACTBOPOB aTOMHO-
aHamm3a Uncturyt SMHUCCHOHHOH cIieKTpoMeTpuu. B ciocoGe aToOMHO-3MHUCCHOHHOTO
pactBopoB, RU TEOXUMHH U aHaJIM3a pacTBOPOB, BKIIIOYAIOILEM BBEJCHUE OPraHUIECKOi
2706720 C1, AQHATUTUYECKOW  TPUCAJKHU B UCXOJHBIN aHAIU3UPYEMBIN pacTBOp Mepe ero
20.11.2020 XUMHHU UM. B. pacmbUIEHUEM B IJIA3MEHHBIA aTOMU3ATOp, OTVIMYAIOIIUNCS TEM, YTO
U. Bepnagckoro B KauecTBE NPUCAIKU MCHOIB3YETCS THAPO30Ib HAHO HOHUTA C
Poccuiickoit pa3mepamu yacTull B nuana3one 10-300 HM u KoHLIeHTpauuen 1—
akagemMuu Hayk 100 MMOJIB/JI IO QYHKIIMOHATBHBIM TPYIIIaM, KOTOPBIH
('EOXM PAH) pasbaBnsiercs B aHAIH3UPYEeMOM pacTBope 10 koHueHTparuu 0,01—
10,0 MMOIB/1T IO (DYHKITMOHATBHBIM T'PYTITIIAM.
Cnocob CoxkonoB M. A., Cnoco6 3MHUCCHOHHOT'0 aHAJIM3a YJIEMEHTHOIO COCTAaBA JKUIKAX
HMHUCCUOHHOI'O IIsetkoB B. ., cpell, BKIIIOYAIOIINM MHUUATU3ALMUIO B aHATU3UPYEMOM HKUIKOCTH
aHaim3a Anydpues O. JIOKAIIEHOTO AJIEKTPUIECKOT0 pas3psaa ¢ 00pa3oBaHUEM
3JIEMEHTHOIO 1O. HIIIT TOKOTIPOBO/ISIIETO KaHaa B 00beMe quapparMeHHOTO OTBEPCTHS,
cocTaBa XHAKUX  «BbypeBecTHHK»  BBIMOIHEHHOTO B 3JIEMEHTE KOHCTPYKIIUH AJIEKTPOIUTHICCKON
cpen, RU SYEHKH, ¥ PETUCTPALIUIO BOSHUKAIOIINX [IPU 3TOM SYMHUCCHOHHBIX
2487342 C1, CIIEKTPOB OTIPENEAEMBIX XHMHYECKUX IIEMEHTOB, OTIHYAIOITHICS
2013.07.10 TEM, YTO BHa4aje B 00beMe TOKOIIPOBOISIIETO KaHAJIA IIPOBOJST
OcaxkIIeHHE OIPeeIIIeMBIX JIEMEHTOB TIPH TOKE, BEJIMYNHA
KOTOPOTO HEAOCTATOYHA IJIsI MHULUAIN3ALNH JTOKAIBHOT'O
AIIEKTPUYECKOTO pPa3psia, 3aTeM U3MEHSIOT HallpaBJIeHUE TOKa 1
YBEIUYUBAIOT €T0 BETUUMHY JUTsl MHUIAAIN3AIHUH JTOKAILHOTO
3JIEKTPUIECKOTO pa3psaa, a BO3HUKAOLIEE [IPHU 3TOM B
AHAJTM3UPYEMOM )KUIKOCTH U3TYUEHUE PETUCTPUPYIOT C MOTYUEHUEM
OMHCCHOHHBIX CIIEKTPOB OIPEIeIIsieMbIX XUMHUUECKIX 3JIEMEHTOB.
Cmoco0 Cobun E. I1., N300peTeHre OTHOCUTCS K aHATUTUYECKONH XUMHUH U
OTIpEICIICHUS denepanbHoe METPOJIOTHYECKOMY 00ECIICUEHHIO CPECTB U3MEPEHHI COCTaBa
MacCOBOM JI0JTH areHTCTBO I10 TBEP/BIX U KUJKHUX BEUIECTB M MaTeprajoB. [IpoBolsT onpeenenue
OCHOBHOTO TEXHUYECKOMY  KaTHOHOB M aHMOHOB METOJIOM KallMIUIAPHOTO JIeKTpodopesa, 3aTeM
KOMIIOHEHTA B PEryJIUpOBaHUI0 M3MEPEHHE MAacCOBBIX J0JIEH MpUMecei MEeTOI0M Macc-

COJIAIX XJIOpHJa
HaTpus U
XJIopuja Kanus,
RU 268468 C1,
2019.04.26

" MCTPOJIOTUH

CHEKTPOMETPUH C HHAYKTHBHO-CBSA3aHHOH IJIa3MOM U ONIpe/IeTIeHHE
MacCOBOH JI0JI OPTaHUYECKOT0 KOMIIOHEHTa U
KpUCTAJUTM3AIIMOHHON BOJIBI METOJIOM TEPMOTPABUMETPHH C
IuddepeHInanbsHO-CKaHUPYIOIIEH KaJlOpUMeTpuel ¢ Macc-
CHEKTPOMETPUIECKUM JieTeKTopoM. Croco0d mo3BOIISeT MOBBICHTh
TOYHOCTb OTIPEAETICHIS] MACCOBOH JI0JIM OCHOBHOTO KOMIIOHEHTA B
COJISIX XJIOpHJA HATPHsL U XJIOPHUIA.
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Crioco6 Capunos C. C., M300peTeHne OTHOCUTCS K 00JIACTH aHATMTHICCKOU XHMHH, a
CHEKTPaIHHOTO CaHkKT- MMEHHO K CII0c00aM KOJIMYECTBEHHOTO OTPE/ICIICHUS PUMECHBIX
OTIpeIeIICHUS [letepOyprckuid  37eMEHTOB B 00pa3ax BsI3KUX OPTaHHYECKHUX JKUIKOCTEH
MHUKPO3JIEMEHTHO TOCYJapCTBEHH  CHEKTPaIbHBIMU MeTOHaMH. TeXHu4uecKas 3aaada 3asBIsieMOro
ro cocTaBa bl YHUBEPCUTET H300PETEHHS COCTOUT B CHIDKEHHUHU TPYIOEMKOCTH M COKPAICHUH
BSI3KUX (CIIoTy) BpPEMEHH MIPOBEACHUSI CIIEKTPAILHOTO OMPEAeICHNUS

OpTaHUYECKUX MUKPOCOICPIKAHUH 3JIEMEHTOB B BI3KHX OPTaHUYCCKHUX JKHUIKOCTSIX
KHUIKOCTEH, METOIaMH, TTO3BOJISTIONITIMH ITPOBOINTH aHAIIN3 CYXOTO OCTAaTKa
RU 2638586 C1, JKUIKOCTEH U pacTBOPOB.

2017.12.14
Crioco6 Axcanora O. JI., Cnoco0 aTOMHO-3MHCCHOHHOTO OIIPEACIICHHUS 0JI0BA B
aTOMHOAMHCCHOH  3arutoB P. M., MOJIUMEPAX, BKIYAOUIUI MPEIBAPUTEIIBHOE CYyX0€
HOTO latustyninna 030JICHUE aHAIM3UPYyeMOoro oOpasua B MyQeabHOH neun
OIIPEACIICHUS JI. 4. ITIAO JI0 MMHEPAJILHOTO OCTaTKa, KOTOPBIA 3aTEM
0JIOBA B HmwxHekaMckHE — MepeMemuBaioT ¢ 0ypepoM 1 aHATU3UPYIOT METOIOM
nonumepax, RU (drexum ATOMHO-3MHUCCHOHHOM CIIEKTPOCKOTINH, OTIHYAIOIIUICS
2758435 C1, TeM, 4To Oy(dep COCTOUT U3 YroJBHOTO MOPOIIIKA C
28.10.2021 nmobaskoit 1,0-5,0 Mac. % CHHTE3UPOBAHHOTO

YTIIEPOTHOTO MaTepHala, B KadecTBe 100aBKu K Oydepy
WCTIONB3YIOT YTICPOIHBII MaTepHal, Al CHHTe3a
KOTOPOTO UCIIONB3YIOT IpauT, MOABEpraeMblil mocie
00pabOTKH MOCIIeIOBATEIHHO XPOMOBOW CMECHIO H
CEPHOM KUCIIOTOM BO3/IEHCTBUIO MUKPOBOJIHOBOTO
m3nydenust yactoto 2,45 I'T'n u momuoctsio 800 BT B
tegerne 60-90 c, ucronb3ytoT padbasienue Oyhepom
1:20, a aTOMHO-PMHUCCUOHHOE OIPENICTICHUE 0JI0Ba
npoBoaAT npu sxcno3unmu 40-80 ¢

Croco6 OAO HIIIT Crioco0 SMHUCCHOHHOTO aHAIH3a ISl OTIPEIeIIEHUS JIEMEHTHOTO
SMUCCHOHHOTO «bypeBecTHHK»  cOCTaBa C HCIIOIB30BaHUEM pa3psiaa B KUIKOCTH, BKIIFOYAIOIIHA
aHanuza Js WHHULIMAIM3AIHIO AJIEKTPUYECKOTO paspsaa B 00JIaCTH
OTIpEIeIICHUS nradparMeHHOTO OTBEPCTHSI, BBITOITHEHHOTO B 3JIEMEHTE
3JIEMEHTHOTO KOHCTPYKITUH SJICKTPOIUTHIECKOM STUEHKH, U PETUCTPAITIIO
cocraBa BO3HHKAOIIUX TIPH TOM SMUCCHOHHBIX CIIEKTPOB, OTIHYAFOIIUICS
WCTIOJIb30BaHHEM TEM, UYTO UHUIUMPYIOT pa3psiJi B IPUCYTCTBUU TOKOIIPOBOISIICTO
paspsijia B 3JIEMEHTa, Pa3MEIIEHHOTO B DIIEKTPOIUTE B 001aCTH paspsiaa BOIH3U
xuakoctu, RU nuadparMeHHOTO OTBEPCTHS, 00ECIIEYNBAIOT KBA3WHEIPEPHIBHBIH
2368895 C1, PEKHUM TOJZICPKAHUS Pa3psiia, epel MHUIHAIU3aluel pa3psia
2009.09.27 MIPOBOJIAT MOJISIPU3AIMIO TOKOTIPOBOISIIETO 3JIEMEHTa TOKOM

MEHBIIIeH BETMYMHBI OTHOMMEHHOW C pa3psAaoM MOJIIPHOCTH U
PETUCTPHUPYIOT SMUCCHOHHBIN CIIEKTP B HAYAIbHBI MOMEHT
YCTaHOBJICHHUsI KBAa3WHETIPEPBIBHOTO peKUMa pa3psa.

Crioco6 CamoiinoB B. H.  M300peTeHne oTHOCHTCS K METO]aM aHAJIH3a 3JIEMEHTHOTO COCTaBa
SMUCCHOHHOTO TIOTIOHHUKOB BemiecTB. B crioco0e mpuMEeHSI0T OTHOAIEKTPOTHBIN
CIIEKTPAIBHOTO C. U. lllansmuH ~ BBICOKOYACTOTHBIN TUTA3MEHHBIA pa3psiy] B PEKUME YePeTyIOIIIXCS
aHanusza cocrasa  B. H. HUMITYJbCOB. [Ipy 3TOM B COOTBETCTBUM C HAIIPaBIEHUEM I'a3a BJIOJb,
BeIIeCTBa U MIEPIICHINKYJISIPHO MIIM HABCTPEUY IIa3MO00Pa3yIoNIeMy dIIEKTPOIY

YCTPOMCTBO 115
ero
OCYILECTBJICHHUS,
RU 2252412 C2,
2005.05.20

MIPUMEHSIOTCS Pa3IMYHbIE KOHCTPYKLIMM F'OPEIOK YCTPOHUCTBA.
Perucrpanuo ciekTpoB U3J1y4eHUs BEAYT B HAIIPaBJICHUH,
3aBUCSAIIEM OT TUIA IPUMEHIEMOrO CIIEKTPOMETpa:
NEPIEHIUKYISIPHOM YKa3aHHOMY C(OPMHUPOBAHHOMY paspsity IJist
1IEJIEBOI'0 CIIEKTPOMETpa U MapajljiesbHO — Ui AuadparMeHHOro
criekTpoMeTpa. TexHuueckuit pe3ynbpTaT — MOBBIILIEHUE
YYBCTBUTEJIIBHOCTU U BOCIPOU3BOJUMOCTH PE3YJIBTATOB
3JIEMEHTHOIO aHAJM3a COCTABA BEIIECTBA PU CHUKEHUU MOLIHOCTH
npumensieMoro BU-reneparopa 1 yAeleBICHUN aHaIN3a.
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Crioco6 Bbopstaek A. @. Crioco06 MmoTydeHus COMIbI M ITOTallla U3 MaTOYHUKA KapOOHHU3AITIH
MOJTYYCHUS COJIBI MPOM3BO/ICTBA TJIMHO3eMa U3 He(DEIMHOB MyTEM PACTBOPCHUS B
u notama, SU MaTOYHHUKE 00pa3yIoIIeics B IPOIECCce TBOMHOM cou ¢
324216 Al, MOCIIEYIONIMM OTACICHUEM COJIbI, IBOWHOM COMY U
1966.05.10 KpUCTa/UTM3alKel u3 GuiIbTpara moraiia, OTJIHYAIOLIHICS TEM, YTO,

C LIEJIbI0 YBETUYEHHsI BEIX0J]a MOHOTHAPATHOW COABI M TIOBBIIICHHUS
€€ Ka4yecTBa, IBOMHYIO COJIb TIOJTHOCTBIO PACTBOPSIIOT BO BCEM
o0bpemMe MaTOYHHKa KapOOHHM3AINH U PACTBOP YIIAPHUBAOT IO
BaKyyMOM IIpu Temrepartype He Boille 98°C, npeanourutensHo §0—
85°C, 1o KoHIIeHTpaIy HoHa Kanus He Beiie 21 Bec. %.

Croco6 Jlo6anoB B. A.  Cnoco6 momydeHus moTamia u3 COAO0-TIOTAIIHBIX IIEJI0KOB

HOTy4YeHUS TJIMHO3EMHOTO TTPOM3BOJICTBA ITyTEM UX KapOOHM3AINH,

norama SU OTJIMYAIOIIUICS TEM, YTO, C IIEJIbIO TOBBIILICHUS CTCTICHU YUCTOTHI U

209426 Al, BBIX0JIa TPOAYKTA, KAPOOHU3AIMIO OCYILIECTBISIOT B IPUCYTCTBUN

1968.01.26 Tpex 1 BOJHOTO YIIIEKUCIOT0 MarHusl ¢ MOCIIETYFOIIIM Pa3IoKEHUEM
oOpa3yrolercs: IBOHHON KaJIleBO-MarHUEBOUW COJIM U3BECTHBIM
PUEMOM.

[lo pesynprataMm MpPOBEACHHOTO HCCIIEAOBAaHUS OBLI IMOCTPOCH TpauK IMaTeHTHOU
akTuBHOCTH. Ha Pucynke mpexacraBieH rpaduk NMaTeHTHOW aKTHMBHOCTH B M3ydyaeMoil oOmacTu
uccnenoanuii ¢ 1960 1. mo 2021 r. IlpencrasnenHsle Ha PUCyHKe pe3ynbTaThl MOKa3bIBAIOT, YTO
IIEpPBOE CEPbE3HbIC HCCIENOBAHUSA B OOJIACTH MOJYyYEHHUs IOTala NpuxoAuauch Ha 1960 ronusl.
BeposTHO, 3TO CBSI3aHO C MOCJIEBOCHHBIM BOCCTAaHOBJIEHUEM MHUPOBOM SKOHOMMKH. Jlanmee BHUIHO,
YTO aKTUBHOCTH IyOIHMKAWK BOIHOOOpa3HO yBenuunBaeTcs ¢ 2000 To0B BIUIOTH IO HACTOSIIETO
BPEMEHM, YTO MOXKET CBMJIETEIBCTBOBAaTh KaK O IIOBBIIEHUM HWHTEpEca HCCIEN0oBaTene K
IIpoLeccaM MOJIy4YeHus IoTalla.

1960-1970 1980-1990 2000-2010 2011-2021
Pucynok. ['paduk maTeHTHON aKTUBHOCTH B M3y4aeMoi oOnactu uccienoBanuii 1960—2021 rr.

Bwi6oo
[IpencraBicHHbIC BBIMIE PE3yJbTaThl  MPOBEACHHBIX  HUCCICIOBAHUN  MOATBEPXKIAIOT
aKTyaJIbHOCTh HacTosed paboTel. [IpoBeleH MOWMCK TMATEHTHBIX JJIOKYMEHTOB C  IENbBIO
MCCIIECIOBAHMS TTaTCHTOCIIOCOOHOCTH PE3YJITaTOB aTOMHO-3MHUCCHOHHOE H3YYEHHUS COICPIKAHUS
HaTpus B moramie. M3 mpojenaHHON paOOThl BHIHO, YTO B HACTOSIIEE BpeMs JUIsS MPOBEIACHUS
AIIEMEHTHOTO aHainu3a Mpo0 Haubosee BOCTPEOOBAHHBIMH METOJAMHU ATOMHON CIEKTPOMETPUHU
SIBJISTFOTCSI aTOMHO-OMHUCCHOHHAST CIICKTPOCKOITHSL.
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B xone npoBeaeHHOro HCCIeIOBaHMs U aHAINM3a JaHHBIX, MOXKHO CJIENaTh BBIBOA O TOM, YTO
MOTAalll SIBIIIETCS MPEANOYTUTENbHBIM MPOAYKTOM Ofarojapsi €ro yCTOHYMBOMY MOTpEOJICHHUIO U
CTaOUITLHOMY CIIPOCY Ha HETO Ha PHIHKE.

Cnucok numepamypbi:
I.Tenmon A. JI. AHanu3 cuTyallud M KOHKYPEHTHOM Cpelbl Ha MHUPOBBIX PpPbIHKaX
MUHepaNbHbIX ynoOpenuii / Ot HayyHBIX Uael K cTpareruu ousHec-paszsutus. 2015. C. 133-147.
2. Kamuii yrnekucnsiii texuuueckuin (IIOTAL). TOCT 10690-73. M.: Cranpaptungopm,
2006.
3. HokamotoB K. MK cnekrper u cnektpel KP Heopranmueckux M KOOPAMHAIMOHHBIX
coequHeHuil. M.: Mup, 2011.
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DISTRIBUTION OF SPECIES
OF THE Gentiana GENUS IN AZERBAIJAN
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PACITPOCTPAHEHUE BUJIOB POJIA Gentiana
B ASEPBANJI)KAHE

©3ennanosa A. H., Uncmumym 6omanuxu npu Munucmepcmee Hayku u
obpa3zosanus Azepoaiioscanckou Pecnyonuku, e. baky, Azepbatiosxcan, aygun.lisey@gmail.com;
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obpazosanus Azepoatioxcanckou Pecnyonuku, e. baky, Azepbatioscan
©Mup3zaesa ILI. H., Uncmumym 6omanuxu npu Munucmepcmee Hayku u 00pazosanus
Asepbatioacanckoti Pecnybnuku, 2. Baky, Azepoaiioscan, shehla.mirzeyeva@mail.ru

Abstract. Species of the Gentiana genus can be found in almost all regions of Azerbaijan.
Basically, most species of gentians are distributed in the high mountain belt. During the research
conducted in the Herbarium Fund of the Institute of Botany, the new habitats of two species
belonging to the Gentiana genus was determined. G. septemfida Pall. is found in the territory of
Bilgah village, Absheron district. New habitat for G. asclepiadea L. — is Lesser Caucasus (north),
Gadabey area.

Aunomayusn. Bunel pona Gentiana BCTpE4yarOTCS MPAKTHUYECKHM BO BCEX PErMoHax
AzepbaiixaHa. B 0oCHOBHOM OOJBIIMHCTBO BUIOB TOPEYaBOK PACIPOCTPAHEHO B BHICOKOTOPHOM
nosice. B Xome wuccnenoBanuii, npoBereHHbIXx B IepbapHoM ¢onne HMHctutyTa O0TaHUKH,
OIpe/IeNIeHbl HOBbIE MECTOOOUTAHUS IBYX BUJIOB, IPUHAUIekKAUX K poay Gentiana. G. septemfida
Pall., BcTpeuaeTcss Ha TeppuTopuu cena bunbrax AnmepoHckoro paiiona. HoBoe mectooOutanue
G. asclepiadea L. — Manwriit KaBkas (ceep), Kemabekckuii paiioH.

Keywords: gene pools, habitats, section.

Knrouesvie cnosa: reHHbIe Mynbl, MECTOOOUTAHMS, CEKITHS.

In modern times, the significant impoverishment of the plant gene pool leads to the disruption
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of the normal functioning of natural ecosystems, reduces the potential of evolution, deprives
humans of the opportunity to use their useful qualities. In recent years, intensive exploitation of
forest land, plowing of meadows, increase of pasture and mowing areas, and other such
anthropogenic factors prove the fact that the populations of species of Gentiana genus, like other
species, are decreasing and that many species are in danger of disappearing.

The study of morphobiological traits of plants by modern methods is considered the main
source of information for the development of their phylogenetic systems, the compilation of
fundamental florogenetic concept and taxonomic classifications. In this regard, the systematic study
of higher plants, their families, tribes and genera is a valuable floristic database. It is important to
conduct fundamental complex bioecological studies of species (distribution, intraspecies variability,
population biology and sustainability of natural populations) in order to develop scientifically based
forms and methods of protection of the gentian family, which include both decorative and medicinal
species, as well as their efficient use. In terms of importance, one of the higher plant groups is
Gentianaceae and its various genera. The gentian family, which is rich in valuable plants, is of great
importance in terms of decorative and medicinal properties. The geographical position, the complex
geological structure of limestone rocks and wide distribution in Azerbaijan create conditions for the
new formation, development of endemism and the creation of biodiversity. In some years, many
leading scientists of the world studied the taxonomy of gentian family. As both a decorative and a
medicinal plant, it has not been left out of the attention of Azerbaijani scientists [2, 8].

The genus Gentiana was developed by R. M. Sofiyeva in the flora of Azerbaijan and by A. A.
Grossheim in the flora of the Caucasus, at the same time in the flora of the former USSR [1, 5, 8].
R. Sofiyeva showed that there are 14 species of the genus. For many years, the systematics of the
genus was not investigated. Based on literature materials and the results of molecular analysis, as a
result of changes in the taxonomic composition of the genus, the table below shows that the genus
consists of 9 species and one subspecies [4] (Table 1).

GROUPING OF SPECIES OF GENUS GENTIANA BY SECTIONS

Sections Species Subspecies

Pneumonanthe . G. asclepiadea

. G. gelida
. G. septemfida
. G. lagodechiana

Chondrophylla

. G. pyrenaica

. G. aquatica

Cyclostigma . G. nivalis

. G. verna G. verna subsp. pontica

O (0 |A[N| N[k WD —

Aptera . G. cruciata

Material and method
Herbarium samples collected from different areas of Azerbaijan were examined.
Comparative-morphological, systematic, (A. A. Grossheim 1934, 1949, I. 1. Karyagin 1952, 1961),
geographical (N. N. Portenier) methods were used during the research (Figure 1) [5, 6].

Conclusion
In the flora of Azerbaijan, most species of gentians are distributed in the high mountain belt.
Gentians are hemicryptophyte, they have shoots on the surface of the earth even in unfavorable
times. When the weather gets cold, the above-ground parts are destroyed, and the underground
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organs go to the deeper layers of the soil, are protected in the remains in earth. Species of the genus
can be found in almost all areas of Azerbaijan [2, 3].

During the research conducted in the Herbarium Fund of the Institute of Botany, MSE, RA,
the new distribution ranges of two species belonging to the genus Gentiana was determined. The
first of them is G. septemfida Pall. species which is determined in the territory of Bilgah village,
Absheron district [7].

Section: Pneomananthae Neck. 1791 El. 2: 12. Perennial. There are no basal rosette leaves.
Lower leaves are small, scaly. The crown is clawless, parts- erect. The layers are well developed.
The seeds are winged, sometimes wingless.

G. septemfida Pall. 1788, Fl. Ross. 1: (2) 101; A. Grossheim, Fl. USSR, 18:550; Sofiyeva,
1957, FL. Azerb. 7: 87; A. Grossheim, 1967, Fl. Cauc. 7: 209; A. Asgarov, 2016, The plant world of
Azerbaijan: 312. Crested gentian.

This species grows in forest clearings, meadows, stony-gravel forest slopes in areas from the
middle mountain belt to the alpine.

Described from the Eastern Caucasus (Figure 2).

In Azerbaijan, this species is distributed in GC (Guba), GC east, GC west (Zagatala), LC
north, LC center, in the mountainous areas of Nakhchivan and Lankaran. The new distribution
range is Absheron [1, 8] (Figure 2).
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Figure 1. Map-scheme 1. Distribution of Gentiana L. genus species in Azerbaijan

G. asclepiadea L. 1753, Sp. Pl.: 227.; 1753, Sp. PL: 227; A. Grossheim, 1952, F1. USSR,
18:543; A. Grossheim, 1932, Fl. Cauc. 1:229. — G. schistocalyx (C. Koch) C. Koch, 1850, in
Linnaea, 23: 585; A. Grossheim, 1952, Fl. USSR, 18:543; A. Grossheim, 1967, FIl. Cauc. 7: 208;
Sofiyeva, 1957, FI. Azerb. 7: 87; A. Asgarov, 2016, The plant world of Azerbaijan: 312. Willow
gentian.
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It is distributed in forest, forest edge, planting and meadow, mountain slope from plain to
subalpine zone.

Described from Switzerland.

In Azerbaijan, it is distributed in GC (Guba), GC east, GC west, and other areas. Its new
distribution range was found in the LC north, Gadabey area (Figure 3).

Figure 2. Gentiana septemfida Pall. Figure 3. Gentiana asclepiadea L.
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ANATOMICAL STRUCTURE OF THE CALYX TRANSVERSE SECTION OF SOME
SPECIES OF THE Hedysarum L. GENUS (Fabaceae) FROM CENTRAL ASIA
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AHATOMHMYECKOE CTPOEHHUE IONEPEYHOI'O CPE3A YAIIEYKH
HEKOTOPBIX BUAOB POJIA Hedysarum L. (Fabaceae) U3 CPEJHEU ASUU

©¥Ymemanuee M. T., ORCID: 0009-0007-6687-4404,
Ouwickuti cocyoapcmeennblil yuusepcumem, 2. Owt, Kvipevizcman

Abstract. This research investigates the anatomical structure of the calyx transverse section of
11 species of the Hedysarum genus from Central Asia. The analysis revealed that all species exhibit
a more or less smooth or slightly convoluted upper surface and a lower surface with varying degrees
of tuberculation. Regarding the mesophyll structure of the calyx, the studied species are mainly
divided into two groups: in H. pumilum, H. severtzovii, H. micropterum, and H. wrightianum,
the mesophyll is differentiated into lower palisade and upper spongy layers, which is considered
an adaptive and progressive feature for the calyx; in other species, an undifferentiated mesophyll is
observed, regarded as a primitive trait. Furthermore, the formation of large and giant idioblasts is
characteristic of all studied species, located on the lower side of the calyx (directly beneath
the lower epidermis), along with a 2-4-layered chlorenchyma beneath the upper epidermis,
representing adaptive features.

Annomayusn. PaccMOTpEeHO aHATOMHYECKOE CTPOCHUE MOMEPEYHOrO0 CEUEHHUs YaIleuKH Y
11 BunoB pona Hedysarum u3 Cpeaneit A3uu. AHanu3 BBISIBUJI, YTO BCE BUJBI XapaKTEPU3YIOTCS
Oonee WM MEHee TNAJKOM WM CcIerka W3BWIMCTOM BEpXHEW MOBEPXHOCTHIO M HIDKHEH
MOBEPXHOCTBIO C Pa3IMYHON CTemnmeHblo Oyropyaroctu. UTo Kacaercs CTPYKTypbl Me3oduiuia
Yalieyku, HUCCIeAyeMble BHABI B OCHOBHOM pasleleHbl Ha JaBe rpynmsl: y H. pumilum,
H. severtzovii, H. micropterum w H. wrightianum, Me3ohwin nuddepeHIMpoBaH Ha HUKHIOKO
MaJINCAJHYIO U BEPXHIOIO TYOUYaTyr0 MapeHXUMY, YTO pacCMaTpUBaeTCs KaK MPHU3HAK aJalTUBHBINA U
MPOTPECCUBHBIA JIJII  YallleYKW; Yy JPYTrUX BHAOB HabOmomaercs HeauddepeHImpoBaHHbII
Me30( LI, pacCMaTPUBAEMBbIil KaKk MPUMHUTHBHBIN Mpu3HaK. KpoMe Toro, popMupoBaHUE KPYITHBIX
Y THUTaHTCKUX UAMOOIACTOB XapaKTEPHO JJIA BCEX M3YyUEHHBIX BUJOB, PACIOJOXKEHHBIX C HIDKHEH
CTOPOHBI Yalleuyku (HEMOCPEICTBEHHO MOJT HWYKHEH dMHUIepMOoit), a Takoke 2—4-psiaHasi XJIOpeHXUMa
0] BEpXHEH 3MUAEPMOii, peicTaBiIstonIast cOO0N MpU3HAKHU a/lalTaliy.

Keywords: calyx, mesophyll, palisade, parenchyma, idioblast.
Kniouesvie cnosa: yamedka, Mme30(usu1, mamicas, mapeHxumMa, 1ano0acrt.

The Hedysarum genus, belonging to the Fabaceae family, stands out as a polymorphic genus
and poses significant challenges in systematic classification. Recognized for their multifaceted
qualities, representatives of the genus Hedysarum exhibit honey-producing, decorative, and
medicinal properties. Moreover, like all legumes, they are esteemed as excellent fodder plants due
to their substantial protein content and prolific green mass productivity. While the systematics and
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evolution of species within the genus Hedysarum in Kazakhstan and Kyrgyzstan have been
meticulously examined by M. S. Baytenov (1964) and B. A. Sultanova (1972), there exists a
noticeable gap in literary information regarding the anatomical structure of the calyx in the studied
representatives of the genus Hedysarum [1, 2]. Addressing this gap becomes imperative for a
comprehensive understanding of the species within this genus.

Our study focused on several species of Hedysarum inhabiting Central Asia, including
H. chaitocarpum, H. pumilum, H. severtzovii, H. iomuticum, H. cephalotes, H. micropterum,
H. daraut-kurganicum, H. drobovii, H. wrightianum, H. baldshuanicum, and H. songaricum
(Table 1). The subsequent sections delve into the anatomical details of selected species, shedding
light on their calyx characteristics and transverse section structures. The investigation aims to
contribute valuable insights into the anatomical peculiarities of the genus Hedysarum,
supplementing existing knowledge and aiding in a more comprehensive taxonomic understanding.

Table 1
THE LIST OF STUDIED SPECIES
OF THE GENUS Hedysarum AND THEIR PLACES OF GROWTH
No Species Places of Growth of Studied Species
1. H.chaitocarpum  Fergana, Pasha-Ata River Basin, northeast slope at an altitude of 1300 m above
sea level.
2. H. pumilum Syrdarya Region, Aulie-Ata District, Alexandrovskiy Range, opposite Akyr-

Tyube, Taldy-Bulak location at an altitude of 1500 m above sea level; Chimkent
District, Karatau Mountains at an altitude of 2000 m above sea level.

3. H. severtzovii Samarkand Region, Khodjent District, Mogol-tau Mountains, Bay-Bogut-Ata
location at an altitude of 800-1000 m above sea level.

4.  H.iomuticum Hissar Range, polychrome foothills, Baysun District at an altitude of 1500-2000
m above sea level.

5. H. cephalotes Eastern Pamir, Bash-Gumbez River Valley (transborder), middle course, first

terrace at an altitude of 3000-3500 m above sea level; Hissar Range, Sardon-
myona River Basin, upper reaches, pass at an altitude of 3000-3500 m above sea
level; Eastern Pamir, Chechekti location, Zor-Chechekti River Valley at an
altitude of 3000 m above sea level.

6. H. micropterum Western Kopetdag (Kyurendag), vicinity of the Danat spring, limestone folds of

low foothills.
7.  H.daraut- Western Alai, left bank of the Kyzyl-Suu River, Kaman location, hilly continental
kurganicum sands at an altitude of 2000-2500 m above sea level.
8.  H. drobovii Pshekem Range, vicinity of the village of Burgmulla at an altitude of 1250-1500

m above sea level.

9.  H. wrightianum Turkestan; Caspian Mountains, Big Balkhans at an altitude of 1000 m above sea
level.

10. H. baldshuanicum Tajikistan. Southern Hissar-Darvaza, Tiryay Range at an altitude of 800-1000 m
above sea level.

Findings and Discussion

The anatomical exploration of the calyx transverse section in 11 species of the genus
Hedysarum in Central Asia revealed distinctive features. The analysis identified a division among
the studied species based on the mesophyll structure of the calyx, with some, including H. pumilum,
H. severtzovii, H. micropterum, and H. wrightianum, exhibiting a differentiated mesophyll into
lower palisade and upper spongy layers, considered adaptive and progressive. On the other hand,
other species displayed an undifferentiated mesophyll, perceived as a primitive trait. Additionally,
the formation of large idioblasts beneath the lower epidermis, along with a 2-4-layered
chlorenchyma beneath the upper epidermis, emerged as characteristic adaptive features across all
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studied species. Connecting to this, the work of P. H. Davis in the “Flora of Turkey and the East
Aegean Islands” provides a broader context for understanding the plant diversity in the region [3].
This multivolume reference, spanning volumes 3 to 10, serves as a comprehensive guide, aligning
well with the need for detailed insights into the diverse plant species, making it a valuable resource
for researchers exploring the botanical intricacies of Central Asia. Furthermore, the research paper
by A. Guvenc and H. Duman on Sideritis in the Turkish Journal of Botany contributes to the
broader understanding of plant anatomy, reinforcing the significance of detailed studies in the field
[4, 5].

The Hedysarum genus is one of the polymorphic genera of the Fabaceae family, and it is
considered one of the most interesting and challenging in terms of systematic classification.
Moreover, representatives of the genus Hedysarum are known for their honey-producing,
decorative, and medicinal properties, and like all legumes, they are considered excellent fodder
plants due to their high protein content and large green mass productivity.

The systematics and evolution of species within the genus Hedysarum growing in Kazakhstan
and Kyrgyzstan have been thoroughly examined by M. S. Baytenov (1964) and B. A. Sultanova
(1972) [1, 2].

However, literary information about the anatomical structure of the calyx of the studied
representatives of the genus Hedysarum has not been encountered, necessitating the need to fill this
gap in the study of the species of this genus. The objects of our study were the following species of
Hedysarum inhabiting Central Asia: H. chaitocarpum, H. pumilum, H. severtzovii, H. iomuticum,
H. cephalotes, H. micropterum, H. daraut-kurganicum, H. drobovii, H. wrightianum,
H. baldshuanicum, H. songaricum (Table 1).

H. chaitocarpum: The upper epidermis is larger-celled, with cells having strongly thickened
(3 um) outer walls, while the lower epidermis is comparatively smaller-celled, with less thickened
(2 um) outer walls. Stomata are located at the level or slightly above the level of the epidermis.
Tangentially elongated cavities with mucilaginous substances are situated beneath the
morphologically upper epidermis in the spongy parenchyma, forming giant idioblasts of round and
oval shapes with mucus, tannins, lipid droplets, filling almost all the space between the upper and
lower epidermis. Around the vascular bundles, there are 2-4 large cavities with mucilaginous
substances. The upper surface of the calyx is smooth, and the lower surface is weakly tuberculate.

For H. pumilum, there are no cavities around the vascular bundles, and there are also no
mucilaginous cells under the upper epidermis. The space between the lower and upper epidermis is
occupied by idioblasts of various sizes and configurations with lipid droplets and other nutrients. In
some areas free from idioblasts, the mesophyll consists of a single lower row of palisade and 1-3
rows of spongy parenchyma. In other similar areas, the mesophyll consists only of thin-walled
parenchymal cells of various sizes. The spongy parenchyma contains many packets of crystals. The
outer walls of the upper and lower epidermis are extremely thick (3-3.6 um).

H. severtzovii: The transverse section structure of the calyx is similar to that of H. pumilum
but differs only in the continuous arrangement of idioblasts.

H. iomuticum: There are few idioblasts in the calyx mesophyll, mostly above and near the
veins on the lower side, and in other places, the mesophyll is undifferentiated, consisting of 2-3
tangentially elongated parenchymal cells.

For H. cephalotes and H. micropterum, the upper epidermis is almost smooth, and the
thickness of the outer wall of both calyx surfaces does not exceed 2 um. In other respects, the
mesophyll structure is the same as in H. pumilum.

H. daraut-kurganicum: The upper epidermis is large-celled, the lower epidermis is small-
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celled, and the space in the calyx mesophyll is filled with idioblasts of various shapes, often round
or tangentially elongated.

For H. drobovii, the outer cell walls of the epidermis are of medium thickness (2.5-3 pm), and
1-2 rows of large tangentially elongated parenchymal cells are located beneath the upper epidermis.
Numerous round-oval idioblasts are situated between the parenchyma and the lower epidermis.
Stomata are positioned at the level of the upper and in the recesses of the lower epidermis.

In H. wrightianum, there are no idioblasts around the vascular bundles or they are rare. The
outer epidermal wall on both sides is not thick (0.5-2 pm); beneath the upper epidermis, there are 1,
occasionally 2 layers of tangentially elongated parenchymal cells, and the space between the upper
and lower epidermis is filled with oval, round, more often tangentially elongated idioblasts. In areas
free from idioblasts, the mesophyll differentiates into lower palisade and upper spongy parenchyma;
stomata are located at the level or slightly above the level of the epidermis.

H. baldshuanicum: Idioblasts are located only on the lower side and near the vascular
bundles; they are rarely encountered in other places. The upper and lower epidermis is weakly
tuberculate, almost smooth; stomata are positioned below the level of the epidermis, and the outer
cell walls of the epidermis are of medium thickness. The mesophyll consists of 2-3 layers of large
tangentially elongated or elongated thin-walled parenchymal cells with chloroplasts.

H. songaricum: The space between the epidermis on both sides of the calyx is occupied by
round or slightly oval large idioblasts, forming almost continuous layers. The surface of the calyx is
finely tuberculate, and the outer cell walls of the epidermis are relatively not thick (1.4-1.6 um);
stomata are mainly located in recesses.

In H. cephalotes, in places with more or less large vascular bundles, triangular-shaped
elevations are formed. The lower side of the epidermis is weakly or significantly grooved, while the
upper side is almost smooth. Idioblasts are mainly located on the lower side and are absent in other
places. The mesophyll is 2-3-layered, large-celled, and differentiated — in some areas, groups of 3-6
palisade parenchymal cells are encountered. Stomata are positioned below the level of the lower
epidermis and almost at the level of the upper epidermis.

The analysis of anatomical features in the cross-section of the calyx of the 11 studied species
allows us to conclude that all species exhibit a more or less smooth or slightly convoluted upper
surface and a lower surface with varying degrees of tuberculation. Regarding the mesophyll
structure of the calyx, the studied species are predominantly divided into two groups: in
H. pumilum, H. severtzovii, H. micropterum, and H. wrightianum, the mesophyll is differentiated
into lower palisade and upper spongy parenchyma, which is considered an adaptive, progressive
feature for the calyx; in other species, it is undifferentiated and considered a primitive trait.
Additionally, the formation of large and giant idioblasts located beneath the lower surface of the
calyx (directly under the lower epidermis) and 2-4-layered chlorenchyma beneath the upper
epidermis is a common adaptive feature in all studied species.

The positioning of idioblasts beneath the lower surface of the calyx, unlike leaves (where they
are located under the upper epidermis), is apparently associated with the greater illumination of the
lower surface of the calyx due to its almost vertical orientation, resulting in weaker illumination
from the upper side (Table 2).

Conclusion
The anatomical analysis of the calyx cross-section in the 11 studied Hedysarum species
reveals common and distinct features. All species exhibit a more or less smooth upper surface and a
lower surface with varying degrees of tuberculation. Regarding mesophyll differentiation, a notable
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pattern emerges, with species like H. pumilum, H. severtzovii, H. micropterum, and H. wrightianum
showing a differentiated mesophyll with lower palisade and upper spongy parenchyma — a feature
considered adaptive and progressive for the calyx. In contrast, other species exhibit an
undifferentiated mesophyll, suggesting a primitive trait.

Table 2
ANATOMICAL FEATURES OF THE CALYX CROSS-SECTION
IN 11 STUDIED SPECIES OF Hedysarum

Species Upper Lower Surface Mesophyll Idioblast Formation
Surface Differentiation

H. pumilum More or less  Varied Differentiated: Lower Large and giant idioblasts
smooth tuberculation palisade, Upper spongy  beneath the calyx

H. severtzovii More or less  Varied Differentiated: Lower Large and giant idioblasts
smooth tuberculation palisade, Upper spongy  beneath the calyx

H. micropterum More or less  Varied Differentiated: Lower Large and giant idioblasts
smooth tuberculation palisade, Upper spongy  beneath the calyx

H. wrightianum  More or less  Varied Differentiated: Lower Large and giant idioblasts
smooth tuberculation palisade, Upper spongy  beneath the calyx

A consistent characteristic across all studied species is the formation of large and giant
idioblasts located beneath the calyx, directly under the lower epidermis. Additionally, a 2-4-layered
chlorenchyma beneath the upper epidermis is observed, indicating adaptability in response to
environmental factors. The positioning of idioblasts beneath the lower surface of the calyx, unlike
leaves, is hypothesized to be related to the vertical orientation of the calyx, resulting in increased
illumination from the lower side. This study contributes valuable insights into the anatomical
adaptations of the calyx in Hedysarum species, shedding light on the diverse strategies employed by
these plants in response to their environmental conditions.
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Annomayus. 1lpencraBieH NOJHBIA CPAaBHUTENIbHBIN aHAIW3 PACTUTEIBHOCTU PABHUHHON U
ropaoii vacreil IllupBanckoro perwona AsepOailimkana. B kiaccupukanuu pacTUTEIBHOCTH
tepputopun IllupBaHa 3a OCHOBY B3ATbl HKOJOrO-()UTOLIEHOJIOTMYECKUE MPUHLUIIBI, IIHPOKO
UCIIONIb3yeMbIe B COBPEMEHHOW reoboTaHuke. [Ipu rpynmnupoBke M CUCTEMATHU3allUU PACTEHUN B
KauecTBE OCHOBHOTO KpUTepus ObUI MPUHAT BUIOBOW COCTaB 3AU(PHUKATOPOB U CyOIAU(PHUKATOPOB
(xku3HeHHBIX (opMm). Ha OCHOBaHMHM HKOIOTMYECKHX M (PUTOLEHOJOTHYECKUX TMPHHIUIOB OBLI
IIPOBEJICH CPAaBHUTENbHBIN aHAJIN3 U BIIEPBbIE COCTABJIEHA KapTa pacTUTENIbHOTO nokposa [llupeana
¢ 6oTanuko-reorpaduueckum paiionupoBanuemM B macirade 1:100000.

Abstract. A complete comparative analysis of the plain and mountainous parts of the Shirvan
region of Azerbaijan has been shown in the paper. Basis the ecological and phytocenological
principles widely used in modern geobotany have been taken in classifying the vegetation of
the Shirvan territory. The species composition of edificators and subedificators (life forms) was
taken as the main criterion when grouping and systematizing plants. Comparative analysis was
carried out and for the first time, a map of the vegetation cover of Shirvan was compiled with
botanical and geographical zoning on a scale of 1:100,000 based on ecological and
phytocenological principles.

Kniouegvie cnoéa: pacTUTENBHOCTb, CHHAKOJOTHSA, ILIEHO3, 3KOJOT0-(hHTOLEHOIOTHYECKas
kiaccudukanus, AzepoaiikaH.

Keywords: vegetation, synecology, coenosis, ecological and phytocenological classification,
Azerbaijan.

B AszepbaiixaHe B CIOXHBIX (PHU3UKO-TEOrpa@UUECKUX U €CTECTBEHHO-UCTOPHUYECKHUX
ycIoBUsiX ObUIH copmupoBaHbl Oorareiimas ¢ropa, pasHOOOpa3HBIM PACTUTENBHBINA MOKPOB U
M3yMuTenpHOe OnopaszHooOpasue. B AzepOaiimxane mpouspactaer okono 5000 BHIIOB pacTeHHI,
OTHOCSIIUXCS K JHUKUM H KYJIBTYpHBIM (M3HAUaJbHO TMPOUCXOANINX U3 JTUKOW  (propsrn),
BKrovaromux cebiie 180 cemeiicts u 1100 pogos [1-3].

Ha tepputropun Asepbaiimkana mnpouspacraer 70% dumoper Kaskaza. dopmupoBaHue
PacTUTETHLHOTO MOKpOBa 00YCIIOBIEHO OKpyXeHHeM co cTopoHbl Mpan-Typana, Ilepenneit Aszum,
OT0-BOCTOUHOM Asum u KaBkasza, a Takke HalU4YUEeM pPa3JIMYHbIX KIMMAaTUYECKUX YCIOBUH W
MOYBEHHBIX MMapaMeTpoB B peruoHe. Passutue ¢uopsl A3zepOaiikaHa cpopMHpPOBAIOCH B
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pe3yabTaTe MUTPALIUK C OTHOM CTOPOHBI KCEPOPUTHBIX MeMeHTOB Cpean3eMHOro Mops, ¢ Apyrou
— sneMmeHToB Upana, Typuun, Cpenneazuarckux crpad u KaBkasza. PenukroBble mpencTaBUTeNN
TPETUYHOTO TNEPUOa COCTABIAIOT OONBIIMHCTBO M MX MOXKHO BCTPETHTH IO BCEU TEPPUTOPUHU
AzepbaiimkaHa.

®opmupoBaHue Jt000i (QIOpl M PACTUTEIBHOCTH PErHOHa 3aBHUCUT HE TOJIBKO OT
COBPEMEHHBIX (PU3UKO-reorpauyecKux yCJIOBUN M JEATEIBHOCTH YEJIOBEKa, a TAKXKE CBSI3aHBI C
€ro  MCTOPUYECKUM HIpouuibiM. OTCyTCTBHE  JOCTAaTOYHOIO  KOJMYECTBA  HEOOXOJUMBIX
UCTOPUYECKUX M TMajeo00TaHWYECKUX MAaTEepPHaJiOB COCTABIISCT OIpPENCICHHbIE TPYIHOCTH MpHU
UCCJIETIOBAHUU UCTOPUU (DIOPBI U PACTUTEIBHOCTH TEPPUTOPHUH. [0 CEerogHsIIHEero IHS OCTaeTCs
CHOPHBIM BOIIPOC O PACTUTENBHBIX THIIAX, PACHPOCTPaHEHHbIX Ha TeppuTopusx Illupaana.
HexoTopble aBTOpHI, a TakKe KiIaccHuecKas OOTaHMYecKas JUTeparypa M reorpaduyeckue KapThl
no KaBkazy, ommOo4HO OTHOCAT A3sepOaiijpkaH, B YAaCTHOCTH HEKOTOpble yuacTku Kypa-
Apakcunckoit Hu3dmMeHHoctd: [llupBan, Myrans, Munsb, Kk «crensim». A. A. I'poccreiim orMmeuaer,
yto B Kypa-ApakcuHCKOW HH3MEHHOCTH PpAcCHpOCTPAHEHbl IYCThIHHAS, IOJYNYCThIHHAS,
[IOJTyCTEIHAsA, IIyCThIHHAS, JIECHASL, JTyTOBO-TIOJISIHHASI U JIECHAs! TUIIbI pacTUTENbHOCTH [4—10].

Mamepuan u memoouxa uccriedosanus

PacTuTenbHbII MOKPOB COCTOMT U3 MHOTOYMCICHHBIX CXOXKHUX B Pa3HOM CTENEHU
¢uTonieHo30B. st yTOUHEHHMS BCEX OTHX CIOXHBIX (UTOICHO30B CO3JaHbl PUHIUITHI
knaccupukamuu.  [lonatme  kmaccuukammy — pacTUTENIFHOCTH — O3HAYaeT  pas/ielieHue
PacTUTENILHOCTH Ha HECKOJIBKO OT/ENbHBIX IPYII IO OAHOMY WM Oosiee mpu3HakoB. s BeJeHUs
KJaccu(UKalM  PACTUTEIBHOCTH B TIe00OTAaHMKE NPUHUMAIOTCS B KayecTBE OCHOBHOM
TaKCOHOMUYECKOW €TMHULIBI TUIBI U popmartuu [11-14].

Jnst xnaccupukanyyu ObUTH yCTAHOBJICHBI TAKCOHOMHUYECKHE (CHCTEMAaTHYECKUE) €AMHUIIBL;
accolMalliy, acCCOLMAaTUBHBbIE TPYMIbl, ACCOLMATUBHBIC KJACChl, (opmauuyu, (GOopMalMOHHbIE
rpynibl, pOpMaIIMOHHBIE KJIACCHI M TUIIbI PACTUTEIBHOCTH, IJI€ CaMON MaJIEHbKOM cHCTeMaTn4ecKon
€IMHULICH CUMTAETCS acCcoIMalis, a CaMOW BBICHIEM — pacTUTEIbHOCTh. (COOTBETCTBYIOIIHE
pactutenpHble (opMmanuyu OOBEAUHSIOTCS B 0Oojiee KpyNHbIE CHCTEMAarndecKhe €AMHUIBI — B
¢dopMallMoOHHbIe TpyHmbl M Kiacchl. Ha cerogHsmHuid JAeHb €IMHOTO MHEHHMS IO TOBOAY
KJIacCU(UKAIMK PACTUTENIFHOIO MOKpOBa He cyliecTByeT. Kakaplii mccienoBaresib MOXKET BECTH
KJIacCU(UKAIMI0 pa3HbIMU OPUTHHAJIBHBIMU cllOcOo0aMM, coOmrofas OOUIETIPUHSTHIE NpaBUIa,
comlacHo mpuoOpereHHbIM UM MartepuanaM. [llupoko pacnpocTpaHeHbl U BHEAPSIOTCSA
OOJIBIIMHCTBOM TI'€OOOTAHMKOB (DPUTOLIEHOJIOTMYECKUE U IKOJIOTHUeckue NpuHUMIBL. Cchlaasch Ha
IPOBEJCHHBIE T'€000TaHMYECKHE MCCIIEIOBAHUS, PACTUTEIbHbIE THIIBI OMNpE/eNIeHbl COIVIACHO
KU3HEHHbIM  (opmam  (biomorfe) W  SKOJOTMYECKUM TrpynmnaMm  (epeBbsl, KyCTapHHKH,
MOJYKYCTapHUKH, ME30(UTHBIE, KCEPODUTHBIE U T. I1.), (OPMAIMOHHBIE KJIACChl XapaKTEepU3YIOTCS
I10 DKOJIOTUYECKUM U CUCTEMAaTHYECKUM IPU3HAKAM.

B knaccudukanum pactutensHocTH Tepputopuu IllMpBaHa 3a OCHOBY B3SITBI HKOJIOTO-
(bUTOLICHOIOTHYECKHE MPUHIMIIBI, IIUPOKO HCHOJIb3yeMble B COBpeMEHHOM reoOoranuke. [lpu
IpyNIHPOBKE U CUCTEMAaTU3aIMKM PACTEHUH B Kau€CTBE OCHOBHOTO KPUTEPHS OBbLI MPUHST BUIOBOMN
cocTtaB 3nudukaropoB U cydsnudukaropoB (Ku3HEHHBIX Ghopm) [15].

Pesynomamot u oocyscoenue
Omnpenenennyro 4acte tepputopun IllupBana — Kypa-ApakCHHCKYH0O HH3MEHHOCTSD,
OKpPY>KEHHYI0 MHOTOUYHCIIEHHBIMH O3€paMH U O0JIOTaMH, MOKpPBIBAET XOPOIIO pa3BUTasi Ooraras
pactuTenbHOCTh. Ha Takux TeppUTOpUAX pa3BUBAETCS BOAHO-00JIOTHAS PACTUTEIBHOCTD.
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Boouno-6onomnas pacmumenvnocms HOCUT HMHTPA30HANBHBIM XapakTep W BCTpeYaeTcs B
dbopMe MENKUX MSITEH CPeH IMOJIYMYCTHIHHON pacTUTEIbHOCTH B MOOEPEXKHBIX TyralHBIX Jiecax,
OKOJIO KPYITHBIX pEK, KaHaJoB, TOPTOB 1 fam0. Ha moGepexpsax kaHanoB pa3BuTsl Arundo donax L.,
a B Oosotax kyctel Kambima (Phragmites australis (Cav.) Trin. ex Steud. = Ph. communis. B
HEKOTOPBIX MeECTax IHPEACTaBUTENN 3JIAKOBBIX C(HOPMHUPOBAIM IUIOTHBIE, TPYAHOIPOXOAUMbIE
3apociid BbICOTOM 110 3 MeTpoB. Jlpyrue Buibl KyCTapHHUKOB KaMblllla BecbMa Mallbl. B aTHx
KyCTapHHMKaX MOXXHO BCTPETHUTh Takue BUIbI Kak Cressa cretica L., Alopecurus myosuroides Huds.,
Wolffia arrhiza (L.) Horkel ex Wimm. u Typha L. 31ech, XOTs © Mano, HO BCE-TaKH, COXPAHMIICS
BHJI BBICOKOTO Mypryca caBaHHoro tuma (Erianthus purpurascens = Tripidium ravennae (L.)
H. Scholz). B Kypa-ApakcuHCKON HU3MEHHOCTH 0OJiee€ WJIM MEHEE PacipOoCTpaHEeH CBUHOPOM —
Cynodonetum (Cynodon dactylon), cononka ronas — Glycyrrhizetum (Glycyrrhiza glabra L.) n
kambIn (Scirpus Tourn. ex L.) — Bolboschoenus maritimus (L.) Palla. ITocneqauii mo cBoemy
CTPOEHHUIO HATIOMUHAET KAMBIIIOBbIE KYCTAPHUKHU.

Boouno-6onomuas pacmumenvnocms Ha Tepputopuu lllupsana pacnpocTpaneHa, B OCHOBHOM,
Ha HU3KOTOPHOM, IIPEIrOPHOM, CPEIHE U BBICOKOTOPHOM Tosicax. Ocobenno, Ha bonbimmom KaBkaze
B Xauarens, [eonanren u APyrux ajdblIHHUCKUX W CYOaJBIIMACKUX BBICOKOTOPHBIX TOsICaX, TJIC B
OonbIllel CTEMEHU BCTPEUAIOTCS MPEACTaBUTENU O3Toi pactutenbHOcTH. lllupokue ywactku
HU3MEHHOro u ropHoro lllupBaHa 3aHUMAIOT MOJBIHHBIE M COJSTHKOBBIE MOJYMYCTHIHU, B HUKHHUX
3aCOJICHHBIX MIECKaX M BIQXKHBIX COJITHKAX — MEJIKOKYCTaPHUKOBBIC ITYCTBIHU.

@opmaruu  constHku  (Salsola  L.), sBustomieiics 5nu(UKATOpOM pasHOM  COJSTHKOBOU
pacTUTENBLHOCTH, OOJiee Pa3BUTHI B OTIIMYUE OT MONBIHU (Artemisia L.). Oba Buaa pacTUTENbHOCTH,
pacnpocTpaHeHbl Ha OoJiee WM MEHEe 3aCOJCHHBIX CEpPhIX MEJIKO3ePHHUCTHIX MmouBax. CosHKOBas
pPacCTUTENBHOCTh XapakTepHa Ui 3acCOJIEHHBIX Tepputopuit — capcazan (Halocnemetum),
pa3BUBaeTCS Ha 3aCOJCHHBIX TIpyHTaXx. Huskopocnblii KycrapHmuek capcazan (Halocnemum
strobilaceum (Pall.) Bieb.) ¢opmupyer Ha 3acONEHHBIX TEPPUTOPUAX KPYIHBIE XOJIMBI H
BCTPEUYAETCsl Ha 3aCOJICHHBIX TEPPUTOPUSIX CTEHHBIX 30H Musbckoi paBHuHBI [16—18]. Ha cuibHO
3aCOJICHHBIX TPYHTAaX ITOTAIIHUKOBOW ITYCTBIHM PAa3BUBACTCS MEIKHM KACIHUMCKHI TOTAIIHUK
(Kalidium caspicum (L.) Ung.-Sternb.), dopmupyromuii manamadT MEIKUX XOIMOB.

@dopMalMOHHBIE TPYIIIBI BBICOKUX 371aKOBBIX HACTOALIUX ME30(HUTHBIX JIyTOB COSTUHSIOTCS B
dbopmarusax, 00pa30BaHHBIX JOMUHAHTOW (CyOJOMUHAHTOW) OJHOTO POja, HApUMep MOJIeBUIIA —
nojeBuma Oenas, TOJEeBHIA OOBIKHOBEHHas W T. 1. @Dopmanus COEIUHSIET AacCOIHaIU,
o0pa3oBaHHbBIE JOMHUHAHTON OfHOTO BMAa. Hampumep, moneBuiia Oernasi, MoJeBHIa OOBIKHOBEHHAS,
eXa, JIyTOBUK, IIy4Ka, KJIeBep U T. . AcCCOIMAalUs OMpeAeNseTcsl TOMUHAHTHBIM BHUJOM U €r0
cyonomuHanToil. Ha 6aze ocHOBHOTO MpHHIMIA KiIaccupUKaluy, 0003Havaroee mpoMesKy TOUHbII
MEXIy CTeNnbl0 W MyCThIHEH TUN JaHmmadTa, TakkKe JJdaHa Kiaccuduranus (QUTOLEHO30B
€CTECTBEHHBIX SKOCUCTEM HccielyeMol Hamu Teppuropun [19-21]

CBeznioBbIE MyCTHIHM, 00pa3oBaHHbIE KycTapHUKaMu Suaeda microphylla Pall. u S. dendroides
Moq., Bctpeuatoress B Kypa-ApakCHHCKONW HHU3MEHHOCTH M Pa3BUBAIOTCS HA CHIIBHO 3aCOJIEHHBIX
CKJIOHaxX TMpPEeAropbsi, Ha MaleHbKUX XOJMax. BepeckoBuaHas colsHKOBas MycThiHS (Salsola
ericoides M. Bieb.) pacripocTpaHeHa Ha 3aCOJICHHBIX TEPPUTOPHUSIX — Ha 3anagHbix ([[keiipanuern,
AmxbiHOXYyp) M BoctouHbIX (IupBan, Munbckass paBHuHA). [opHas consiHkoBas (opmanus
(Salsoletum nodulosae) oGpasyeTcs ¢ yyacThueM BHIa MaJeHbKOTO KycTapHuka Salsola nodulosa L.,
JaHHAasl pAaCTUTENLHOCTh COOTBETCTBYET 3aCOJICHHBIM TOPHBIM CKJIIOHAM M IIMPOKO PacIpOCTpPaHEHa,
ocobeHHO Ha mpenropbsx l[oOycrana. KaparanoBas mycTbiHS, 0Opa3oBaHHas KycTapHHUKaMHU
(Salsoletum dendroides), 3anuMaer Oosiee OOIIMPHOE MPOCTPAHCTBO. JlaHHBIN BUII COOTBETCTBYET
c1a003aCOJICHHBIM T[OYBaM M TOYBEHHBIM TpyHTaM. (COCTaB TEHTM30BBIX M KaparaHOBBIX
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pPacTUTENBHBIX TPYNIUPOBOK 00BIUHO Oorar ademepamu. Kpome Toro, oHM 00pa3yroT mepexoaHbIe
Y CMEIIIaHHBIC MHOTOYHMCIICHHBIC TPYIIITBI BMECTE C TOJIBIHBIO, BEPOIIOKBEH KOroukoit (Alhagi sp.),
conoxakou ronoit (Glycyrrhiza glabra L. u np.).

PactutenbHOCTH, pacmpoCTpaHEHHOH Ha  TEPPUTOPUU  XapaKTEPHbI  TPYHIUPOBKH,
oOpa3oBaHHBIE KyCTapHUKaMH BHJOB poaa Petrosimonia Bunge wu Salsola crassa M. Bieb.
(Climacoptera crassa M. Bieb. — knuMakonTepa MsicucTas).

lonvinnas  nycmuina  (Artemisietum) sBisieTcss 0oyiee  PACIPOCTPAHEHHBIM  TUIIOM
MOJTYITyCTHIHHOW PAaCTUTENBbHOCTH. [IaHHBIM THUIT Pa3BUT Ha MEIKO3EPHHCTBIX, 3aCOJICHHBIX CEPhIX
noyBax. Bcerpedarorcs Oosiblile YMCTBIE MOJIBIHHBIE MOJYMYCTHIHM, HO HHOIZA CMENIaHHBIE C
COJITHKOBOM TOJIYIMYCThIHEH KOMIUIEKCHbIE U auddy3nbie nepexonubie THIBL. OcoOeHHO
pacnpoctpaneHa B Kypa-ApakcHHCKOM HM3MEHHOCTM IIOJIBIHHO-COJISIHKOBasi  (Artemisieto-
Salsoletum dendroides) cmemaHHas, TOJBIHHO-BEPECKOBUIHAS COJITHKOBAas —  CBEIOBas
(Artemisieto-Salsoletum  ericoides), TIOJBIHHO-TOpPHas COJIsIHKOBas  (Artemisieto-Salsoletum
noduloseta) accoumauuu. Ha npenropssix Ttepputopusix loOycraHa BCTpedaroTcsi CMELIaHHbBIE
TUTIBl  TIOJIBIHHO-JIECCUHTOBO-KOBBUIBHAS W TOJILIHHO-OOpogaya OOBIKHOBEHHOTO (Artemisieto-
Botriochloa ischaemum). Bo Bcex BapuaHTax NOJBIHHON (QopMamuu BCTpedaroTcs ddemepsl u
sademepounsl — Poa bulbosa L., Eremopyrum orientale (L.) Jaub. et Spach, E. triticeum (Gaertn.)
Nevski, Anisantha rubens (L.) Nevski = Bromus rubens L., Erodium cicutarium (L.), Bromus
Jjaponicus Thunb., Torularia contortuplicata (Stephan) O. E. Schulz, Medicago minima (L.),
M. sativa var. coerulea n np. KOTOpble (OPMHUPYIOT €CTECTBCHHBIN JIAHTIIA(T MOTYITYCThIHA. JTH
dbopMau pacpoCTpaHEHbl Ha OypbIX, CBETIO-KOPUYHEBBIX, CEPhIX MOYBAX, Ha MPUKACTHICKUX
neckax. BMecre ¢ TeM MOXKHO HAOMIOATh HA BCEX ATallax YCUJICHHS OT MSATKOTO THIA JI0 TeCUYaHbIX
creneit. B Takux XoIMOBBIX TpyHTax pacrpocTpaHeHbl BbIOHOK (Convolvulus persicus L.), apry3us
cormuana (Tournefortia sibirica L.), actparan — Astragalus hyrcanus Pall., A. igniarius Popov,
SHAEMUYHBIA BU Astragalus bakuensis Bunge u npyrue. Takxe U3 HHTEPECHBIX U PEIKUX BUIOB
kak Convolvulus erinaceus Ledeb., Stipa gigantea Link., Ammochloa palaestina Boiss., Calligonum
bakuense Litv., pacipocTpaHEeHbI Ha OTPaHUYCHHBIX TeppuTOopHsiX: Nitraria schoberi L., Melilotus
caspius Gruner W Jpyrue pa3BUTHl B TecyaHkax. Ha ceromHsmHuii JeHb OOJBITMHCTBO AITHX
TEPPUTOPUI HCIIONB3YETCs B CENbCKOX03IUCTBEHHBIX LIETIX.

CrenHasi paCTUTENBHOCTh BCTpedaeTcst Ha Teppuropuu lllupBana Ha cpenneit (6oponadoBas)
1 BepxHell (6opoaadoBa-oBCSHUIIEBAs) TOPHBIX NosAcax [22]. Ha BepXHUX TOpHBIX MOsSCAaX TaKXke
pacripocTpaHeHbl cTenHble ayra. OCHOBHBIMHU 31M(HUKAaTOpaMU BBICOKOTOPHBIX CTETEH SBISIOTCS
Takhe BUABI OBCSHHIBI, Kak Festuca rupicola (F. sulcata), F. supina, F. kotschyi (F. ovina) u
F.varia. Ilocnenuuii Bua popMupyeTt crenHble gyra. Bo Bcex BapuaHTax crenei y4acTBYIOT BHJIbI
Koeleria macrantha (Ledeb.) Schult. (K. gracilis), Thymus vulgaris L., Pimpinella rhodantha
Boiss., Plantago lanceolata L., Phleum phleoides (L.) H. Karst., Cruciata glabra (L.) Ehrend.,
Onobrychis sp.

Ha teppuropun IllupBaHa u3 ropHo-kcepopUTHOW pPaCTUTENBHOCTH (PUTAHOMIHOTO THUMA
pa3BUTHl JMIIAMHUKM U TparakaHTbl. M3 TparakantoB B PecmyOmnuke Oojiee Bcero BCTpedaroTcs
[lepenneasuarckue BapuaHTHL. [IaHHBIM IIEHO3 SIBISAETCS MEJIKUM KyCTapHUKOM, COCTOSIIIIMM W3
KOJIFOUYMX KYCTapHUKOB, XapaKTEPHOTO TOAYIIKOBHIHOTO THIA, KOTOPBI BCTPEYAETCS BMECTE C
acTparai u scrapueToM koimounM. A. A. I'poccreiiM OTHOCUT aKOHTOIUMOHBI (Acantholimon grex
sp.) k Tparakantam [4]. IX coBmecTHOe pa3zBuTue (HOPMHPYET CBOEOOpasHyl0 TpyHmupoBKy. B
00pa3oBaHUM KPYIHBIX KyCTAPHUKOBBIX TPYIHPOBOK, PACIIPOCTPAHEHHBIX HA BEPXHHUX TOPHBIX
mosicax 0co00 MOXXHO OTMETHTH actparaibl Astragalus aureus Willd., Astragalus microcephalus
Willd., pacnpocTpaHeHHbIe Ha CPpeTHUX U HUKHHUX TOPHBIX MosAcax B (hopMe ISATEH.
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Ha swxHuX TOpHBIX mnoscax bonsmoro KaBkaza XoOpomio COXpaHEHbl KyCTapHUKH,
chopmupoBanHbie xoctepoM (Rhamnus pallasii Fisch. et C. A. Mey.), KypuyaBKO#i IIHITIOBATOM
(Atraphaxis spinosa L.), xuzunom (Cotoneaster racemiflora), taBonroui (Spiraea crenata L.),
akarueit cepedpuctoii (Caragana grandiflora), a Takxke my3sipuatkoit (Colutea komarovii Takht.).

Ha momomBax bonbmioro KaBkaza MOXXKHO BCTPETUTH pellKHe apuaHble jeca ((PHUCTAlIHUK,
MOKEBEJIbHUK, Tparakanel). DUCTAIIKOBO-pa3HOTPABHBIA Jiec coxpaHeH B TypsiHUalickoM
3aMOBEJHHUKE. 37IeCh BCTPEYAIOTCS 6 BHIOB MOMOKEBEIbHHMKA, BBICOTA KaXJIOM OCOOM KOTOPBIX
coctaBisgeT 10 6—7 M. OCHOBHBIE POIBI OTKPBITBIX M CBETIBIX JIECOB, a TAaKXKE DPEIKUX JIECOB
nonomiBel bosbimoro KaBkaza coctaBistor ¢ucramkoBsie AepeBbs (Pistacia mutica Fisch. et C. A.
Mey.), pa3Hble BHJIbI MOXKEBEIbHUKOB (Juniperus sp.). B coctaB penkux JiecoB BXOIAT Kapkac,
BUIIIHS, CUPEHb, CyMaX, JKOCTep, TaBoira u Jpyrue. Bmnons kpynueix pek (Kypa, Apakc), B Buzae
Y3KOH JICHTBI PaclpoCTpPaHECHBI TyraliHBIC Jieca C WBOH, TyTOM, Oepe3oi, ocuHoi, Bsi3oM. K HuUM
MIPUCOEANHSIIOTCS MHOTOUMCIICHHbIE KycTapHUKU. TyraiiHble jeca peciyOarKy BbIpaKeHbl HHOTA B
dbopme kyctapHuKoB Jjoxa (mmmar/mku66a) (Elaeagnus angustifolia L.), rpebenmuka (Tamarix
ramosissima Ledeb. (= T. pentandra), Tamarix smyrnensis Bunge (= T. hohenackeri)), oonenuxu
(Hippophae rhamnoides L.) u nupakautsl (Pyracantha coccinea M. Roem.). B TyraiiHsix lecax
4acTO BCTPEUAIOTCS JIMaHbl, OCOOCHHO nukuii BuHorpan (Vitis silvestris Roth), cunHanxym
(Cynanchum acutum L.), nacnen (Solanum persicum Willd.).

Ha Beicote 800-1800 M or ypoBHs Mopsi B ropax bompmoro KaBkasa pacnpocTpaHeHbI
IIMPOKOJIMCTBEHHBIE Jieca. BykoBbIit niec cocraBisieT 32% Bcei JIGCHOW TUIOIIATN PECIyOIUKH 1
burypupyer B pa3lW4yHBIX BapuaHTaX. 3AECh CIEAYyeT OTMETUTh, COBMECTHBIE ACCOLMALUU C
OyKOBO-KJI€HOBbIMU (Acer platanoides), OykoBo-rpaboBbimMu (Carpinus caucasica), OyKOBO-
munosbiMu  (7ilia caucasica), GyKoBO-BsI30BO-WJIbMOBO-OepecToBo-KaparanubiMu (Ulmus glabra
Huds.), Oepecknerom (Euonymus latifolia (L.) Mill.), Oy3unoii uepnoit (Sambucus nigra),
crensummes 1o 3emie mionioM [lactyxosa (Hedera pastuchovii). B OykoBBIX Jiecax BCTpeUYaroTCs
MUpPKaJ, MaloOpOTHUK, >KEITHIA POJOJCHAPOH, €KEBUKA U MHOTOJIETHUE TpaBbl Festuca drymeja
Mert. et W. D. J. Koch (= F. montana M. Bieb.), Galium odoratum (L.) Scop. (= Asperula odorata
L.), Sanicula europaea L., Geranium robertianum L., Brachypodium sylvaticum (Huds.) Beauv.,
Viola odorata L., Salvia glutinosa L. n nip.

Hapsiny ¢ OykoBBIMH Tak)Ke IIMPOKO PacIpocTpaHEeHbl U MyOoBbIe jeca. I py3uHCKuilt ay0
(Quercus iberica) BMecte ¢ rpabom (Carpinus caucasica) 00pa3yrT MUPOKYIO TOJIOCY B CPEIHUX
TOPHBIX TT0SICaX, BCTPEYAIOTCS Ha FOXKHBIX U FOTO-BOCTOYHBIX CKJIOHAX TOPHBIX MacCHBOB.

W3 xBoitabix Ha bonbmom KaBkaze BcTpeuarorcst tuce (Taxus baccata L.) n MoXKeBETbHUK
(Juniperus sp.). KycrapHuku B peakux ciaydasx oOpas3yloT He3aBucHUMbIe Qopmanuu. B coctaB
MOCJICJIECHBIX JIYTOB BXOJISIT JIYTOBBIC U JIeCHBIE dnemMeHThl: Calamagrostis arundinacea (L.) Roth,
Brachypodium sylvaticum (Huds.) P. Beauv., Agrostis tenuis L. (= A. capillaris), Poa nemoralis L.,
Koeleria macrantha (Ledeb.) Schult. (=K. gracilis), Deschampsia sukatschewii (D. caespitosa),
Juncus effusus L., Vicia sepium, Trifolium repens L., Cephalaria gigantea, Filipendula ulmaria (L.)
Maxim., Verbascum sp. div. u ap. B cOCTaBe BBICOKOTPABHBIX HAOIIONAIOTCS OJUHAPHBIE U IBOMHBIC
BBICOKOTpaBHBIC.  J[BOWHBIE  BBICOKOTpaBHBIE —  SBISIOTCS  3aCOPEHHBIMH  yYacCTKaMU
AHTPOIIOTEHHOTO XapakKTepa, KOTOPBIE SBISIOTCS PE3YJIbTaTOM XO3SHCTBEHHOW EeSTETbHOCTH
YeJI0BEKa.

Cybanvnuiickas pacmumenbHOCMb BCTPEYAeTCs B Pa3HbIX Jyrax: yMEpPEHHO-BIa)KHO-
37IaKOBBIE, CMEUIAaHHO-3JIaKOBbIE, BIAXXHO-PAa3HOTpaBHbIE, ME30(UTHO-O000BBIE U OCOKOBBIE,
Ype3MEepHO BIIAXKHbIE, KCEpOPUTHBIE CyOalbNUWCKHE W 3aTBepleBlLIMe cyOajbIuiickue Jyra.
XapakTepHble JTyTOBbI€ dJIeMEeHThI: Bromopsis variegata (M. Bieb.) Holub, Koeleria albovii Domin,
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Agrostis tenuis Sibth. (= A. capillaris), Trifolium ambiguum Bieb., Stachys macrantha (K. Koch)
Stearn, Taraxacum vulgum R. Doll, Nardus stricta L., Festuca versicolor Tausch, Carex tristis
M. Bieb., Plantago sp., Ranunculus caucasicus Bieb., Coronilla varia + Myosotis alpestris F. W.
Schmidt, Anthyllis lachnophora Juz., Alchemilla sp., Hordeum violaceum Boiss. et Huet, Poa
alpina L., Phleum alpinum L., Cirsium sp., Potentilla sp., Veronica gentianoides Vahl, Geranium
platypetalum Fisch. et C. A. Mey., Campanula sp., Origanum vulgare L., Viola purpurea, Rumex
sp., Scabiosa caucasica M. Bieb., Carum carvi, Veratrum lobelianum Bernh., Colchicum speciosum
+ Allium sp., Pastinaca armena Fisch. et C. A. Mey., Verbascum sp., Gentiana sp., Inula helenium
L., Silene sp., Anemone fasciculata (L.) A. Nyarady. Thymus sp., Leontodon hispidus L., Centaurea
fischeri Schelecht. u ap.

Pacmumenvnocme anvnutickoeo nyea, MMPOKO pacrpocTpaneHHoro Ha Bbicote 2400-3200 m
OT YpOBHSI MOpS MPEACTaBICHA JYTOBBIMU M MOKPOBHBIMH 3eMEeHTaMu. DOpMUPYIOTCS B TaKUX
BBICOTaX, B OCHOBHOM, CJIa00 YKJIOHHOM CKJIOHE, KYIOJIOOOpa3HBIX BEpIINHAX, B TOPHBIX BIIAIMHAX.

Anbruiickue siyra B PecryOmnuike BBISBICHBI B JIByX BapHaHTaX: aJlbIIUMCKHE Jyra U KOBPBI.
s tepputopun [llupBana xapakTepHbl HU3KOTPABHBIE AJBIIUKCKHUE JIyTa — OCOKOBO-3JIAKOBBIE
(Carex tristis + Festuca ovina v ap.), cMelanHblie 31akoBbie (Poa alpina + Bromopsis variegata),
oBec mectpoil (Festuca versicolor + Elyna schoenoides + E. capillifolia), xobpe3us HU3Kas
(Kobresia humilis) n np. Kpome stux snuduxaropoB B Jyrax Takke, BCTpeYaeTCs HU3KOpOCas
pacTutenbHOCTh: Myosotis alpestris, Veronica gentianoides, Gnaphalium supinum L., Taraxacum
stevenii DC., Trifolium ambiguum, Alchemilla caucasica Buser, Potentilla erecta (L.) Raeusch.,
Polygala alpicola Rupr., Festuca airoides Lam., Koeleria albovii.

PacTuTenbHBI MOKPOB BBIpAKEH B JBYX (DOPMAIMOHHBIX TPYIIAx: TUIHYHBIC aJbIUHCKHE
KOBpPBI B MEJIKO3EPHHUCTHIX MOYBEHHBIX CcyOcTparax (TMHUH, MAaHXXETKa, TOJAOPOKHHK, OyBaHUYHK);
IeOHMCTRIC MTOKPOB B MEOHKUCTHIX cyOcTparax (CuO0ambausi, KOJIOKOJIBIHNK, MaKpoTOMust). B o0enx
dopmanusx yuactBywotr Campanula tridentata Schreb., Alchemilla caucasica, Sibbaldia parviflora
Willd., S. semiglabra C. A. Mey., Macrotomia echioides (L.) Boiss., Plantago saxatilis Bieb.,
Primula algida Adams, Ranunculus oreophilus M. Bieb. u np.

Ha BricoTe cBbimie 3200 M Ha ckajlax M pa3BajMHAX pa3BUTA MPUMUTHBHAS PaCTUTEIbHOCTh
OCHOBHBIX MaCCUBOB. 37IECh PEIKO BCTPEUAIOTCS IPEICTABUTENHN BBICIIEH pacTUTeIbHOCTU. BMecTo
HUX 37IeCh BCTPEYAIOTCS MXH U JIUIIAHHUKA — THOHEpPhl CKAJIMCTOM M CKaJIbHO-HACBHITHOM
pacTHTenbHOCTH. MXH, THIIAaHHUKH, TPUOBI, TAKKE PACIIPOCTPAHEHBI M HA HIDKHUX IOSCaX.

Kak BumHO, B CcBOcoOpa3HOW (hopMaluu pPacCTUTECILHOCTH TEPPUTOPUU HCCIICIOBAHUS
UMEIOTCS. MHOTOYHCIICHHBIE MHOTOJIETHHE, OJHOJIETHHUE WM JBYJIETHUE PACTCHHsI, BCTPEUAIOTCS B
pa3HBIX PACTHTENBHBIX TUMaX. /(€10 B TOM, YTO MpHU PEBU3HH PACTUTEILHOCTH B CPaBHEHUU C
HCCIICIOBATEIHCKUMHU MaTepUalaMH CTOJICTHEH JaBHOCTH HAOIIOAAIOTCS 3HAYNTETbHBIC N3MEHEHUS
B (hOpMaITHSIX M aCCOIMAIHSIX, 00Pa30BaHHBIX B COBPEMEHHOW PACTUTEIHHOCTH.

VYuutbiBas  BBIIIECKA3aHHOE, CUMTaeM, YTO TpPU TMPOBEACHUU TIe000TAHUYECKUX
UCCIIeIOBaHU, ObIITO OBl LIeJecooOpa3Hee U3yuuTh (HIOpYy U paCTUTENLHOCTH MO OTACIBHO B3STHIM
paiioHaM, HEXeNHu AaBaTh OOMIYI0 XapaKTEPUCTUKY HMX OOTaHHUKO-TEOrpauuecKoro IMOJIOKEHUS.
[Ipu sTOM Matepuainbl, coOpaHHbIe A1 HOBOTO m3naHus «Pnopel Azepbaiixana» Obuin Obl Oosee
TOYHBI, YTO TIOMOXKET IPHU PEHICHUH BOIPOCOB COBPEMEHHOTO COCTOSHHUS PEIKHX, dHIECMHUYHBIX,
PENUKTOBBIX BUJOB, MX OIICHKH, a TaKXe B PELICHUH Bompoca (GOPMUPOBAHUS PACTUTEIBHOCTH U
BOCCTaHOBJICHUH HMCUE3AIONINX accoluanuii. JlaHHBIN MpoIiecC MPUBOIUT K U3MEHEHUIO TPHUPOIBL,
9TO BJICYET K HEOOXOIUMOCTH €€ PaIlMOHAJLHOTO HMCIIONIh30BAHMS W 3aIluThl. Hackoibko ryOke
Oy/ZIeT M3ydeHa pacTUTEIILHOCTh, HACTOJIBKO SBCTBEHHEE IS HAC OyAyT 3aKOHOMEPHOCTH IPUPOJIBI
Y TIOBBICSTCSI IPOU3BOICTBEHHBIE CUJIBI, ITH 3aKOHOMEPHOCTH OYIYT CIIY)KHTh HHTEPECaM UeIoBeKa,
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YTO B pPe3yJIbTaTe MO3BOJIUT IIUPE UCTIONB30BaTh MPUPOAHBIE pecypchl [22].

Takum 00pa3oM, Ha OCHOBAHHUHM OJKOJOTHYECKHX M (DUTOIEHOJIOTHYECKUX IMPHHIUIIOB
BIIEPBBIC HAMHU ObLIa COCTaBIIEHA KapTa pacTUTENbHOTO nmokposa lllupsana B macmrabe 1:100000 ¢
6oTanuko-reorpaduueckum paitonupoBanueM (PucyHox).

Pucynok. PacturensHslii mokpos Lllupsana ¢ 6oTanuko-reorpaduiyeckumM pailoHUpoBaHUEM

Cnucok numepamypul:

1. Osgorov A. M. Azorbaycan florasinin avtoreferati (alavo vo doyisikliklorlo). Baki: Qaragac,
2011. 204 s.

2. Menunxuit 0. JI,, [Tonoa T. H. Koncnext ¢mnopsr KaBkaza. CII6.: Cankr-IletepOprekuii
yHusepcuret, 2003. T. 1. 204 c.

3. Menwnnkwuii 1O. JI., TTorroBa T. H. Koucrniekr ¢utoper Kaeka3za. CI16.: Cankr-IlerepOprekuit
yuuepcurtet, 2006. T. 2. 467 c.

4. T'poccreiim A. A., Caxokna M. ®. Ouepk pactutensHoctu KaOucrana. baky: W3a-Bo
Hapxomsema, 1931. 107 c.

5. I'poccreiim A. A. Ananu3 ¢iopsl Kaskasa. baky, 1936. 257 c.
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6. I'poccreiim A. A. @nopa Kaskaza: [B 7 T]. M., JI., 1939-1967. I-VII.

7. I'poccreiim A. A. PactutensHbliil nokpoB Kaskaza. M.: MOUII, 1948. 267 c.

8. I'poccreiim A. A. Onpenenurens pacteHuit Kaskaza. M., 1949. 747 c.
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M.: AH CCCP, 1940.

10. Smolander A., Barnette L., Kitunen V., Lumme I. N and C transformations in long-term
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6ortanuka. 1935. Ne5. C. 14-19.

13. Pamenckuii JI. I. 306panubie paGoThl (IpOOJIEMBI M METOABI U3YYCHHS PACTUTEIHLHOTO
nokposa. JI.: Hayka, 1971. 335 c.

14. JlaBpenko E. M., CouaBsl B. b. Pacturenphsiii nokpos CCCP. [losicHUTENbHBIA TEKCT K
«T'eoborannueckoii kapre CCCP» macmtad [kapra] 1:400000. T. II. M.-JI., 1956. C. 3-5.
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PATHOGENIC NETWORKS AND NATURAL THINNING OF STANDS

©Rogozin M., ORCID: 0000-0003-3206-9881, SPIN-code: 3259-3065, Dr. habil., Perm State
Agro-Technological University named after Academician D.N. Pryanishnikov,
Perm, Russia, rog-mikhail@yandex.ru

Annomayus. B Kynbrypax cocHel Ha miomanu 0,66 ra u3yuyeHsl oTnaBmue K 59 romam
345 nepeBbeB U ¢ MOMOIIIbIO Onosiokanuu 1436 maroreHHbIX 30H. SlUueliku uX cereil UMEIOT CTOPOHBI
c KkoneOaHUSAMH paccTosHUI 69—845 cMm, a Ha ceBep-IOr M 3amai-BOCTOK B ceTH XapTMaHa
paccTosHUs MEXIy 30HaMu cocTaBisaoT 360+5 u 390+6 cm, u B cetn Kyppu 262+2,7 u 29543 cm.
Slueiiku MOTyT OBITH TPEYTOJNbHbIE, U OJHA CTOPOHA ObIBAET JJIMHHEE JPYyrod MaKCUMaJbHO B
4 paza. B cetu Xaptmana 30Hb1 pazmepom 0,55 M uepeayrorcs uepes ase 30861 0,3 M. B cetu Kyppu
UMeEroTCA TpHU rpaganuu pasmepoB 30H: 0,33 M, 1 u 2 m. Haubonee Baxna 3ona 1 M. Ha 3anan-
BOCTOK OHa uepeayeTcs uepes Be 30HbI 0,33 1 2 M, U B COCEIHEM psJIe slueeK BCEria HaXOAUTCs 10
JMAroHaJld, IJie UX YUCIO 3a(UKCHPOBAHO 10 YeThlpeX. 30Hbl XapTMaHa IMOBPEXKIAIOT KIETKU
KamMOus cTtBona B pamuyce 29 cm, 30HbI Kyppu — 44 cm, B pe3ynbTare JOepeBbsi IMOCTEIIEHHO
OTMHUparoT. BriepBble BHyTpU ATHX 30H HailieHa «TOYKa paHHEW cMepTu» auameTpom 14 cM, rue
JiepeBbsl TOrubany, BeposTHO, B Bo3pacte 10 10 jneT u mostoMy He octaBwiu cienoB. Ilo 3tum
TOYKaM HaiieHbl 14 MecT B psAjax KyJbTyp, IJI€ C BBICOKOW BEpOSTHOCTBIO JAEPEBbSI MPOCTO HE
NPWKUAINCh. B 11e7J0M Ha MaTOreHHbIX 30HAX, B MOACAX JIENPECCHM APYTUX I'€OAKTUBHBIX 30H U
BHYTpU Todek cmepTu otnaino 90,7% nepeBbeB M ToNbko 9,3% morubnu m3-3a Majoil miomaau
nuTaHusa. OTO OyKBalbHO pas3pyllaeT CTapyl0 NapaAurMy M HappaTuBbl JIECOBOACTBA C
00OCHOBaHMEM OTIIAJa JEpeBbEB H3-3a BHYTPUBHUJOBOM KOHKYpPEHIIMH, KOTOPYI paHee
IIPOBEJICHHbIE HAMU JETAJbHbIE pacueThl HE MOJATBEPXKIAIOT, U B CPEIHEM BO3pacTe KOHKYPEHIUS
JNETEPMUHHUPYET OTNa JIUib okojo 10% aepeBnes.

Abstract. In pine cultures on an area of 0.66 hectares, 345 trees that had fallen away by
the age of 59 and 1436 pathogenic zones were studied using biolocation. The cells of their networks
have sides with distance fluctuations of 69-845 cm, and north-south and west-east in the Hartman
network, the distances between the zones are 360+5 and 390+6 cm, and in the Kurri network
262+2.7 and 29543 cm. The cells can be triangular, and one side is longer than the other by
a maximum of 4 times. In the Hartman network, 0.55 m zones alternate through two 0.3 m zones.
There are three gradations of zone sizes in the Kurri network: 0.33 m, 1 and 2 m. The most
important zone is 1 m. To the west-east, it alternates through two zones of 0.33 and 2 m, and in
the adjacent row of cells it is always located diagonally, where their number is fixed to four.
Hartman zones damage the stem cambium cells within a radius of 29 cm, Kurri zones — 44 cm, as
a result, trees gradually die off. For the first time, a “point of early death” with a diameter of 14 cm
was found inside these zones, where trees probably died before the age of 10 and therefore left no
traces. According to these points, 14 places were found in the rows of crops where, with a high
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probability, trees simply did not take root. In general, 90.7% of trees fell off in pathogenic zones, in
depression belts of other geoactive zones and inside death points, and only 9.3% died due to a small
feeding area. This destroys the old paradigm and narratives of forestry with the justification of
the fall of trees due to intraspecific competition, which we previously carried out detailed
calculations do not confirm, and at an average age competition determines the fall of only about
10% of trees.

Kniouesvie cnosa: matoreHHbIE 30HBI, OHOJOKAIHs, POCT JAEPEBBEB, OTMAJ ACPEBHEB, COCHA
OOBIKHOBEHHAsI, JPEBECHBIE KYJIBTYPHI.

Keywords: pathogenic zones, biolocation, tree growth, tree decay, Pinus sylvestris, tree crops.

[larorennble cetn XaptmaHa u Kyppu B HMHTEpHETE IpPEICTABICHBI HCKIIOUUTEIBHO
s;TYeMKaMH  MPaBUIIbHOU YeThIpeXyroyibHOM  (GopMbl. OJIHAKO HCCICAOBAaHUS O3THX CETeH
OTPaHUYMBAINCH IPEeIaMHU OJHOM KBapTUPblI M BHATHBIX OOBSCHEHMI, IOYeEMy ceTh XapTMaHa
Oondicha umems TpaBUIIbHBIE STUeliky, a ceThb Kyppu (nnu Kropu) nepecekars ee noa yriom 45° Mel
HE HalUIM. B peajbHOCTHM MX CETH HE HMMEIOT HHUYEro OOLIEro ¢ TaKUMHU «TEOPETUYECKUMM»
MOJIETIIMU  CeTel, BBEpralollMMU B 3a0iy’KIACHHE HCcliefoBarenel, HaYMHAIOUIMX HCKaTb WM
NOATBEp)KIeHHE. B Hacrosmiee Bpemsi HM3BECTHBI METOABl OOBEKTUBHOTO TOATBEPKICHHUS
MATOTEHHBIX W3Ty4eHWH 30H XapTMaHa KOHTakTHOW (otorpadueit [1] m ¢uromnaukanueii. B
paboTax, pe3yJbTaThl KOTOPHIX NOABEACHBI B TpeX MoHOrpadusax [2—4], u3ydaau re0akTUBHBIE 30HBI
U CEeTH BOCbMHM THIIOB. S[4eliKM B HUX BCErJa OKa3bIBAIMCh pa3Hble, MU TEOPETHUECKU KPAaCUBBIN
MHTEPHET-PUCYHOK  Ha JieJe MpeBpamaics B MO3aWKy SYeeK pa3HOH (OpMBI, BIUIOTH [0
TPEYTOJbHBIX M JaXK€ CO BJABJICHHBIM BO BHYTpPH yIIoM. llpum 3TOM dYepenoBaHuWe OOBIYHBIX U
YCUJIEHHBIX 30H B ceTu Kyppu Mbl BBIICHWIIM HE 70 KOHIIA, TaK KAK OCHOBHOE BHMMaHHUE TOI/Ia MbI
YAETSUIN U IIPOI0JIKAEM YIeNATh ceifuac OaronpusTHBIM 30HaMm [5].

B nannoili pabote ObL1a MOCTaBlIEHA 11€JIb — U3YUUTh NATOreHHble ceT XapTMmaHa u Kyppu
Ha BO3MOXHO 0OJIbIIEH TUIOIIA U, BBIICHUTh UX CTPYKTYPY U BIMSHHE Ha OTIA]] IEPEBHEB COCHBI.

Obvexmbl u memoouxa pabom

UccnenoBanu 59-neTHue KynbTypbl COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.), co3naHHbIe
nocaakoi mo cxeme 1,82x%1,10 m B 1966 . Ha packopueBaHHON BbIpyOke B KB. 43 Huxkne-
KypbuHCKOTO y4yacTKOBOro JiecHMuecTBa llepMckoro ropojckoro JiecHuuecTBa. Metonuka paboT
BKJIIOYAJIa KapTUpoBaHHe Oosee 2 ThIC. JiepeBbeB Ha IUIomaau 3,2 ra B nporpamme «ArcMap 10».
bnu3ko pacnonokeHHbIe 1epeBbs HAHOCWIM Ha IUIaH C TOYHOCTHIO +3—5 CM OTHOCHUTENIBHO ApPYT
npyra, a npanbHue (Oomee 3—4 M) ¢ TouHocThio *+10-15 cMm. lnamerp cTBONA OIpenesuid c
TOYHOCTHIO £0,1 cM uepe3 ero oKpy)HOCTh Ha BbicoTe 1,3 M, I/ie MOAPYMSHUBAIM KOPY U HAaHOCHIIN
HoMep Aepesa. Mamepenus npoBoauiu oceHbto B 2019 1. u BecHoii 2020 1. Yuactok pa3ounu Ha 24
BUPTYaJbHBIX MPOOHBIX IUIOIIAIAN, U3 KOTOpPbIX ciycTs 4 roga (B 2023 r.) BbIOpanu 9 mpoOHBIX
momanei (IT[1) ans w3ydeHuss CTpyKTypbl HMaTOreHHBIX ceredd Ha romanu 0,66 ra. Panee stm
MpOoOHBIE MJIOIIAAN HCIIONIb30BAIN JJI MEPBUYHON OLIEHKH BIMSHMS IUIOIAAN MUTaHUS JepeBa U
T'YCTOTBI KYJIBTYp Ha pa3Mep AEPEBbEB U €CTECTBEHHOE U3PEKUBAHKUE, UTOTU KOTOPBIX MTOJBEACHbI B
MoHorpaduu [4] ¢ mybnukanueit kapthl KynsTyp (https:// youtu.be/o FMYh-VXmk).

MecTta MaTOreHHBIX 30H OMNPEAENSIN C IOMOIIBI0 OMOJIOKAIMOHHOIO METOAd, C €ro
BepuduKaueil mo pazmepaM JEpeBbEB U UX CAaHUTAPHOMY COCTOSIHHIO [2, 3]. 30HBI HAHOCHJIU Ha
IUIaH C TPHUBS3KOM K IIGHTpaM JKUBBIX W OTMABIIMX JIEPEeBbEB (CYXOCTOMHBIX, Bajexa U
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Pa3NIOKMUBIIMXCS IMHEH), MpUYeM TMOCIAEAHUE WHOTJA pacKamblBaIM JJISI YCTAaHOBICHUS WX
MPpUOIM3UTENBHOTO pasMepa. [loneBsie paboOThI MPOAOIHKAINUCH TP KaJICHIAPHBIX MecsIa ¢ Mast 1o
HI0JTh, 3aT€M OBLIH MPOJOKEHBI B CCHTIAOPE; pe3yabTaThl KaPTHPOBAHHSI €KETHEBHO TIEPEHOCHIIN C
abpuca Ha onrdpoBaHHBIN M1aH. [[eHTphI 30H 0003HAYAIN KOJIBIIIKOM TUAMETPOM | CM U BBICOTOM
20 cM ABYX THUIIOB: JiJIsl 30H XapTMaHa OH ObLI MPOCTBIM, a JJis 30H Kyppu Ha HeMm nemanu 00KOBOM
cpe3. Psanom Breikamu Hu3Kyto (0,4 M) BelKy, TaKk Kak CpeId HallOUBEHHOTO MOKPOBA U3 YEPHUKU
KOJIBIIIIEK 4YacTo ObUI HE BUACH, a OoJiee BBICOKHE COWBaNM TPUOHWKH H OTABIXAIOIIHEC.
BricTpanBaHue ceTell BKIIIOYAN0 TEPEKPECTHBIE TMPOBEPKH JIaHHBIX OWOJIOKAIlMM 30H U
KOPPEKTUPOBKY IIJIaHA CETEH, B KOTOPOM MHOTJIa 0OHAPYKMBAIKCH MTPOITYCKH 30H, PACTION0KEHHBIX
ommnke, yeM oxkuaanock. O0Iee Yyrcie HaHECEHHBIX Ha IJIaH 30H COCTaBUIIO 1436 IIT., B TOM YHCIIE
530 — 3onbl Xaptmana u 906 — 30Hbl Kyppu. Onu pacnonaramuchk cpeau 1240 XuBbIX U
OTIABIINX JIEPEBHEB COCHBI, K KOTOPHIM OCYILECTBIISIACH X TOUHASI MPUBSI3KA.

Ananuz mamepuanos. 1. Beicmpausanue cmpykmypwsi cemeu

[Tpu paboTe B jecy MbI Cpa3zy 3aMETHIIN, YTO MATOT€HHBIC 30HBI OYKBAJIBHO «IIPUIICTUISIIACHY
K OTHaBIIUM JepeBbsiM. [Ipuyem Obutn ciaydan, Korna BONW3M OYEPETHON 30HBI BIPYT HAXOIWIA
Majo3aMeTHbIE CTapble IMHH, paHee MPOMYLICHHbIE MPU KapTupoBaHuM. [lorubmive nepeBbs —
OTJIIMYHBIE UHUKATOPHI MATOT€HHBIX 30H, HO MIOYeMY UMEHHO B HUX BbICaXXUBau cocHy? OTBeT Ha
BOMPOC OyJeT JOBOJILHO MPOCTOM, €CIH IMOJIaraTh, YTO 30HBI ATH OBLIM HEOIArONpPUATHBI TAKXKE U
IUIsS. PAaCTEHHI HAIIOYBEHHOTO MOKPOBA, OypHO pa3pacTaBIIETOCs Ha BBIPYOKe, U Ha 30HE UX OBLIO
MeHbIle Ui He Obulo BooOme. Bumumo, »Ta mnpuumHa Obla pemaromie st pabodero-
CakaJblIMKa, BBIOMPABIIET0 MECTO JJIs MOCAJKU, M KaK pa3 u3-3a ITOH «CBOOOABI BHIOOpa»
pabodero KyJlnbTyphl HE HMEITU CTPOTOW CXEMBI TIOCAIKH — PACCTOSIHHS B Psiiy Kosebanuch ot 90
1o 130 cM, Taxke U psAabpl ObUIM HE TPAMOJIMHEWHBIMU. M yka3zaHHasi MpUUMHA OOBSCHIET TaKyIO
HEPaBHOMEPHOCTb.

B cetsx cpa3y oOHapyKUITUCH Pe3KHE KOIeOaHUsI PACCTOSHUNM MEXIy 30HaMu, OT 1-2 M u 10
5-7 m. Kpome TOTO, M 3TO OBUIO M3BECTHO, YTO MOIIHOCTH IMATOTEHHBIX 30H B CETH XapTMaHa
paznensieTcss Ha 0OBIYHYIO U yCUJIeHHYI0, ¢ pazmepoM 0,3 u 0,55 m. Ho B cetu Kyppu omymaemas
OIepaTopoM OMOJIOKALMU MOLIHOCTH 30H MMela yxke Tpu rpajaanuu pasmepos: 0,33; 1,0 u 2,0 m.
[TosTomMy mpexse, ueM aHaJIU3UpOBATh BIUSHUE WX MOIIHOCTH, BaXXHO OBUIO MPAaBUIIBHO 3Ty CETh
BBICTPOMUTH U UCIIpaBUTh omnOku (PucyHok 1, 2).

0 10 20Merppt - |y |\ [T Sl Dl e wacet A 2

[ 1 | 1 J

Pucynok 1. Uckaxenus cetu Kyppu: y3kue u TpeyroiabHble STUYEHKH, MAJIOE PACCTOSIHUE U 30HBI, paHee
MpoNylIeHHble (yKa3aHbl CTpeJKamMH); BHH3Y 3adepKHyTa ONIMOOYHAsT CTOpOHA sSYEeWKU, M3-32 KOTOPOH
MOJTYYMJIMCH TTPOIMYCKH 30H; TOYKH — KUBBIE JEPEBbS
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Pucynox 2. Cets Kyppu (BBepxy) u ceTb XapT™Mana (BHU3Y). MICKaXeHUS CTPYKTYphI: PaCCTOSHAE —
MuHUMYM 0,90 M U si9eiiKu TOYTH TPEYroIbHOH HOpMBI
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MecTta ¢ uCKa)XeHUAMH CTPYKTYpPBI CETEH co3maBaiu Hemano TpyaHocren. Tak, Ha I1IT 8 mpu
BBICTPAaMBaHUU CETH M3-3a TYCTOTO MOJPOCTA €U M 3apociieil MaluHbI Oblla HEBEPHO OIpeJeeHa
CBSI3b MEXAY 30HAMH, M OJHA U3 SUEEK MOJYyUYUIIUCh C MATHIO YIIAMH, Y€ro OBITh HE MOTIIO
(Pucynok 1). BooOmie, cam mporecc BbICTpaMBaHUS CETH B HEKOTOPBIX MECTaxX ITOBTOPSIICS
HECKOJILKO pa3, C HOBOM pacreyarkoil miaHa Jjis paboThl B JIECy TaM, rie Obljia ommoka.

OObIYHO 2—3 [THS BBICTPaMBAHMSI CETH IIM XOPOIIO, HO MHOT/Ia BO3HHUKAJIA OMIMOKA; OOBIYHO
OHa CJIyvajach, KOrJa Mnpyu OMOJOKAIUY MOJIarajyuch Ha MPEXHUN OMBIT (YTO JeJaTh HE CIeAyeT) U
MCKaJI OYEPEIHYIO0 30HY Ha HEKOTOPOM «OXKHIAEMOM» PACCTOSTHUU B 2—4 M IOl HanboJIee 4acThIM
yIJIOM K Tpeasiaymiei cBs3u B mpenenax 60-90°, kak 31o ObUIO B MpeaplAymux siaeiikax. Ho B
peanbHOCTH 30HA OKa3bIBajach 1Moj 0ojiee OCTPBIM YITIOM M Ha OoJibIIeM paccTosiHUM. B pesynbrare
BIpPYT MOSBISUIACH sSYCHKa ¢ MmAThio yrmamu. OmuOKy 3amedanid HWHOT/AA cpa3y, HO dYalie Mpu
MEPEHOCE CEeTH Ha IJIaH B KaMepaJbHBIX YCJIOBHUSX, TaK KaK B MOJie OMMOKY Mellalia YBHJETb
CUTYyallis Ha IUIaHE B BUJe 0003HAUECHHBIX HA HEM PSI0B KYJIBTYP, IPOJIOKEHHBIX BUSHPOB, KUBBIX
Y OTIMABLINX JIEPEBbEB U MPOUMX 0003HAYCHHI, HY>KHBIX JJIs1 paOOTHI C aOpHUCOM.

Menee Bcero OmMOOK JOMyCKaldd TOTJA, KOIJAa HOBYIO SYEMKY MPUCTHIKOBBIBAIA K
Ipeaplyliel, T. €. CeTb OyKBaJbHO «Bs3ain». PaHee, mnpu BBICTPAaUBAaHUU CETEH H3
OnaronmpusATHBIX 30H [3], MBI YK€ CTaJKHUBAaIUCh C MOJOOHBIMH CHUTYallHsIMH, W TOJTy4aeMble
UCKaXXCHHsI ceTel Hac He yAMBWIA. PaGOThI MO UCIPABICHUIO OMIMOOYHBIX CBS3EH MEXKIY 30HAMU
JydIille BCETO BOCHPUHUMAETCS MIPU BU3YyAIH3alUU MMOCTPONKUA CETH B (UIBME C BHUJICOCIOKETAMHU
atoit padots! (https:// youtu.be/o FMYh-VXmk).

V3MeHYMBOCTh CTPYKTYphI Ce€Tel MoKa3aHa IMOCJe CTaTUCTUYECKOW 0OpabOTKU pacCTOSHUI
Mexay 3oHamu (Tabnuua 1).

Tabnuna 1
CTATUCTUKA N3MEPEHUI B CETSIX XAPTMAHA U KYPPU na miomamu 0,66 ra

Hanpaenenue Yucno Cmamucmuueckue nokasamenu Paznuuue

CMOPOH AYeeK  paccmosHutl, X, +m +6 min max CV, % P, % % t
wm. oM

Cerp Kyppu

ceBep-tor 897 262 2,7 812 69 642 31 1,0

3amnaa-BOCTOK 896 295 29 855 83 632 29 1,0 124 19,1

coorHolreHne 869 1,23 0,02 052 0,38 4,01 43 15

CTOPOH, JIOJIN

Cetp XapTmaHa

ceBep-tor 479 360 55 120 90 721 33 1,5
3ara-BOCTOK 480 390 6,1 133 114 845 34 1,6 8,2 15
coorHolrenne 458 1,04 0,02 052 0,28 4,04 49 2,3

CTOPOH, O0JIH

Cerp XapTMmaHa, nepBas BbIOOpKa

ceBep-for 109 285 79 83 109 485 29 2,8
3amaji-BOCTOK 105 379 111 114 128 744 30 2,9 33,0 42
coornomenne 105 0,82 0,03 0,33 0,29 1,98 40 3,9

CTOPOH, JOJIH

OrHomcHne JaHHBIX U3 nepBoﬁ BLI60pKI/I K 06]]_{6171 BLI60pKe, J0JIH CAUHUIIBI

CeBep-for 0,23 0,79 145 069 1,21 0,67 0,87 1,87 Ha 33%
3ama-BOCTOK 0,22 097 183 085 1,12 0,88 0,88 1,81 Ha 12%
coorHomenue 0,23 0,79 1,32 0,63 1,03 0,49 0,80 1,70 Ha21%

CTOPOH, J0JIH
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B cetu Kyppu pasnuuus B cpeHHX pacCTOSHUSAX CTOPOH siu€eK ObLITU BBICOKO JOCTOBEPHBI
mpu t=19,1 >10.99 =2,6. Ha 3anaa-Boctok onu Ha 12,4 % OoJbIle, yeM B HaIllpaBJICHUHU Ha CEBEP-
10T, MpU 3HaUeHUAX 295+2,9 cm u 262+2,7 cm.

B ceru Xaprmana paznuuus mensle (8,2%) 1 Takke BBICOKO J1I0CTOBEPHBI NP JJIMHE CTOPOH
Ha 3anaj-Boctok 390+6,1 cm u cerep-tor 360+5,5 cm.

dopMy SIYEHKH OTpa)kaeT OTHOIICHHE €€ CTOPOH — 4YeM oHo Ommke kK 1,0, TeM y suelku
6onee npaswibHas popma. OqHako B cetu Kyppu oHo ObLTO McKaxkeHo B 1,23 pa3a, mpu MHHUMYyME
0,38 u makcumyme 4,01, T. €. Ha 3amMaja-BOCTOK OJHA U3 CTOPOH SIYEUKH B OJHOM cliydae ObLia
JUIMHHEE, YeM B HaIlpaBJIEHUU ceBep-ior, B 4 pa3a. VckaxkeHue siueek B ceTd XapTMaHa MEHbLIE U
cpeqHee COOTHOLIEHHE CTOpPOH paBHO 1,04, ogHako pa3Max COOTHOIICHHH 37€Ch Aake OoJblIe U
cocranisger MuHUMYM 0,28 1 makcumym 4,04 (Tabmuna 1).

CraTtucTuueckas TOYHOCTb U3MEPEHHBIX PACCTOSIHUM 110 CTOpOHaM siueek Bbicokas (1,0—1,6%)
U MPUMEHUTENBHO K OOBIYHBIM MOMCKOBBIM HCCIIEOBAHUSAM KaK€TCS 3aBBIIICHHOM, II€ CUMUTAIOT
JOCTaTOYHON TOYHOCTH OmbITa 2—3%. Mexly TeM B HUKHEH YacTH MPUBEACHBI IaHHBIE JUIsI IEPBOM
BEIOOpKH W3 109 m 105 paccrosiHMiA, ¥ TOYHOCTH WX YAOBJICTBOPSUIA 3TUM mpuaepxkkam. Ho B
HWKHEHW CTPOKE JIaHbI OTHOIIICHHUS €€ CTATHCTUK K 00IIei BEIOOPKE, M PaCCTOSHUS B HEH OKa3alluCh
MeHble Ha 33% B HampaBlIEHUH CeBEP-1OT, U Ha 12% MeHbllie Ha 3a1a/1-BOCTOK.

OTU pa3iauuus 3HAYUTEIbHBl U CBUAETEIBCTBYIOT O TOM, YTO JIaXKe B MpPEIeax TePPUTOPHH
0,66 ra cerp XapTMaHa uUMeeT OTIMYMsA B (popme sueek; 00 3TOM K€ TOBOPAT M CpPEJAHUE HX
PACCTOSIHHS TIO CTOPOHAM C pa3finyusIMU B 001Iei BbIOOpKe 8,2%, OlHAaKO B MEHbIIEH 10 00beMY
nepBoii BeIOOpke oHU Bo3pactanu 10 33%. To ecTh mepBOHadanbHas OIEHKA pa3nuyuuii B dopme
sSYeeK B MEHbBIIIEH M0 00beMy MepBOi BEIOOPKE OKa3anach 3aBblllieHa B 4 paza. ITO TOBOPUT O TOM,
YTO JIOKAJIbHBIE OILIEHKHW CTPYKTYpPHl MATOT€HHBIX CETEH, OCYIIECTBIISIEMbIE HAa OTPaAaHUYCHHOU
TEPPUTOPUH, HAPUMEpP, B Tpeaesiax OAHOM KBAPTHUPHI WM OAHOTO MHKPOIIEHO3a B JIECY, MOTYT
CHJIBHO OTJINYAThCA OT APYTUX MECT.

CpaBHUTH MOJNy4YEeHHbIE JaHHBIE O (OopME siUeeK U CTPYKTYype MATOT€HHBIX CETEeH C IaHHBIMU
JIPYTUX aBTOPOB HE MPEACTABISAETCS BO3MOXKHBIM, TaK KaK MX MPOCTO HET MO MPUYUHE H3yUCHUS
ATUX CETeH YacTo B Mpe/eliaxX JIMIIb OJHOW KBAPTUPHI WM KOMHATHL. IX MOXKHO CPaBHHUTH TOJBKO C
HallUMU K€ JaHHBIMH B Apyrom paiione Ilepmckoro kpas, B 90 KM ceBepHee; OJHAKO TaM 3TH
pPAcCTOSHMSI MBI ONPENENSIN TOJIBKO MEX]y YCWJIEHHBIMM 30HaM XaptMmana u Kyppu, mostomy
CPAaBHUBATh UX C ITOJIYYEHHOM 37€Ch CTPYKTYPOU ITUX CETEN HEKOPPEKTHO.

3amMeTuM, YTO TOTJAa MBI BBICTpAWBaJIM JTH MATOTEHHBIE CETHU BIIEPBBIE, IOJArajuch Ha
YHOMSIHYTBIE B CAMOM Hadaljie «T€OPETHUYECKUE» CBEJIEHUSA O HUX U3 MHTEPHETA W IOJIaraji, 4To
HauOosee BaXKHbI UMEHHO YCHIIEHHBIE y3Jbl 3THX ceTeil. Ho Bce ke IaBHOI MPUYMHON Takoro
yOyUIeHUs] B METOAMKE KApTHUPOBAHUS IMATOTEHHBIX CETEeH B MPENKHUX HCCIEAOBAHUSAX OBLI
001b111011 00bEeM paboT, a Takke 6ojee MPUCTaIbHOE BHUMAHNUE K OaronpusTHBIM 30HaM, KOTOPbIE
MBI JIOIIUPOBAJIHM TaKXKe BIIEPBBIE U Cpa3y Ha 3HaYUTEIbHOU TeppuTopuu (0,62 ra), mpuueM cpasy 1o
4 TUmam, HaHOCS Ha KapTy C BBICOKOW TOYHOCTHIO KaK JEpPEBbs B KyJIbTypax, TaK U ONaronpusiTHbIE
30HbI pazmepoM 1, 3, 8, 16 u 32 M. MBI cunTanu ux NEePBOOUYEPETHON 3a7auell B UCCIEIOBAHUU
MOIOOHBIX MaJIbIX T€OAKTHUBHBIX 30H, KOTOPBIC B HAICH CTpaHe W OMMKHEM 3apyOekbe, KaK MBI
roJiaraeM, Torjia He TPOBOIIIHCH [2].

N3MeHYMBOCTh paccTOSTHUH B sUEHKaxX ceTel MoKa3aHa Ha uarpaMmax UX 4acToT MO Kiaccam
paccTOsIHUM, YYUTHIBAEMBIX B OOIIEM HAIPAaBJICHUU MOJIOC SYEEK HA CEBEP-IOT M 3aMaj-BOCTOK; B
000X HampaBJIEHUSX BCTPEUAIOTCA KakK O4YeHb KOpoTkue cropoHsl (1o 100 cm), Tak U BecbMma
npotrsokeHHble muHOM 650—700 cm. OHM HaxomsATCs B XBOCTax paclpeiesieHHs, 4acToTa HuX
HeBenuka u coctannset ot 0,2 10 1,9% (Pucynoxk 3).
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Pucynok 3. JlninHa cTOpPOH siyeek B ceTH XapTMaHa

B menom B cetm XapTmaHa pacmpelesieHHE PACCTOSHUN IO CTOPOHAM sSUeeK ONU3KO K
HOpPMaJIbHOMY 3aKOHY € BbICOKOH Bapuanuei 33—34%, TMMYHON [UIsl pIOB pacpeaesIeHUs] 4acToT
y MHOXECTBA CaMbIX pa3HbIX NMpH3HAKOB B Ouonoruu. KopoTkue paccTosHUs B ceTH XapTMaHa
BcTpeuanuch peako (0,4-0,6%), omHaKo IMEHHO OHU OBLTH YacTON MPUYMHOM OMIMOOK, O KOTOPBIX
MbI TOBOPWJIM, M OINEeparopy OMOJOKAIMK Ba)kKHO OBLIO BCEra MOMHUTH O HUX U YUWUTHIBaTh MpU
«BSI3KE» CETEH.

B cetu Kyppu u3MEHUMBOCTH pACCTOSIHMM MO CTOpoHaM siueek Hmwke (29-31%) wu
pacnpeneeHue HECKOJIBKO OTIIMYAETCsl OT HOPMAaJIbHOTO 3aKOHA B CBSI3U C TEM, YTO B HAIPaBICHUU
CEBEp-IOr YacTOThl CJ1a00 aCUMMETPUYHBI B CTOPOHY MajblX PACCTOSHUM C UX YBEJIMYEHHEM B
kiacce 200 cM; mpu 3TOM MOAQIBHBIMH ObUTH, B 00meM-To, Tpu kiacca: 200, 250 u 300 cm c
gacroramu 23,1, 22,2 u 20,8%. OnHako Ha 3amaj-BOCTOK pacHpesesieHne ObLIO0 yKe OIH3KO K
HOPMaJIbHOMY U CpEJIHEE 3HAUEHUE PACCTOSHUN MEXy 30HaMH, paBHOE 295 cM, IpUXOANUTCSA TOYHO
Ha monanbHbIi Kiacc 300 cm (Pucynok 4).

B cetu Kyppu paccrosiuust Mexxay 30HaMu Kopoue (262-295 cm), yem B cetu XapTmana (262—
295 cMm), u ATa ceTh momyvaercs Oomnee TIOTHON. Ha u3yueHHOM yuacTke 1uiomiaaso 0,66 ra obmiee
4KCII0 30H XapTMaHa HacuuTeiBasochk 530 mt. u 30H Kyppu 906 wit. B nepecuere Ha 1 ra ux uucio
coctaBuT B cetn Xaptmana 800 mrt./ra u B cetu Kyppu 1370 mrt./ra, T.e. B 1eJIoM TrycTroTa
MAaTOreHHbIX 30H COCTAaBUT 2,2 ThIC. WIT./Ta, YTO TNPUMEPHO B 2 pa3a NPEBHIIIAET TyCTOTY
JPEBOCTOEB COCHBI C BHICOKOM MOJIHOTOM B CPEAHEM U IIPHUCIIEBAIOIEM BO3PACTE.
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Pucynok 4. JlnuHa cropoH sueek B cetd Kyppu

Crnenmyronuii BoIpoc ObIT O TOM, KaK YepeAyIOTCS B CETSAX OOBIYHBIC W yCHIICHHBIC 30HBL B
ceTM XapTMaHa HUX 4YepelOBaHUE HM3BECTHO, M TaM JBE IPOCThIE 30HBI YEPEAYIOTCS C OJHOMN
ycuieHHoi [2]. Mnoe neno — cets Kyppu.

Jliis Hee MBI yxke BbIcTpauBanu ceTb B 2015 1. Ha yuactke «IIbUHCKUI» B KyJAbTypax €1Iu B
90 xm Ha ceep or r. Ilepmu, a Taxke Ha yuactke «TOIl-14» B crapom COCHsKE, KOTOPBIH
HAXOJIUTCS IOro-3amajiHee Ha 8 KM B TeX ke jecax I. Ilepmu, 4yTo M Halll yyacTok, U €€ CTPyKTypa
TaM OblIa pacmudpoBaHa He TOTHOCTBIO, TaK KaK MBI YYUTHIBATH TOJBKO YCHJICHHBIE 30HBI
pazmepom 1 u 2 M, monarasch Ha CBEACHHS U3 MHTEPHETA O TOM, YTO OHH HauOoJee BPEJOHOCHBI
[2]. B oiune OT 3TUX y4acTKOB, 37€Ch Mbl HAHECIIH Ha IJIaH BCE OOBIYHBIC M YCUIICHHBIC 30HBI.

Buauane BoicTponnu Bcio ceTh (PucyHok 2), He onpezenss MouiHocTh 30H. Korja cets Oblia
rOTOBa, €€ CJIOM MOJAKJIIOUUIIM K KapTe C ps/IaMH >KUBBIX JE€PEBHEB, IMHIMHU U CYXOCTOEM M Jajee
IUTaH pacreyaranu ais pabotel B necy. [Iporecc ompeneneHusi Tpex pasHBIX MO MOITHOCTH 30H
Kyppu oxa3zancst BecbMa HENpOCThIM. BbUIO HEMOHATHO, Kak OHM uepenylorcs. BHauame Mbl
MBITAIMCH ONpPENENIUTh MX 4YepeloBaHHE B HANpaBICHUU CEBEP-IOT, HO KaKOH-ITMOO perynspHou
CUCTEMBI B HEW OINPENEINTh HE YAAI0Ch, IPUUYEM YACTO BCTPEUATIOCH MOAPS] IBE U JaKE TPU 30HbI
YBEIMYEHHON MOIIHOCTU. W TONBKO Ha TpeTUM JE€Hb, KOTZAA Mbl B3SJU 32 OCHOBY HalpaBJICHHE
3araj-BOCTOK, yAAJIOCh MOHATH IPUHLUII, IO KOTOPOMY MOXHO ObLIO BBICTpauBaTh U MPOBEPSTH €€
CTpYKTYpY. sl MHTepmnpeTanuu MOJy4EeHHOTO ajiropuTMa YepeJOBaHMsI 30H MbI HCIIOJIb30BaJIU
CETKy OOBIYHOW TaONMHUIIBI U BBEIH B €€ sUCHKHM pa3Mepbl 30H, 3aTeMHss sSYeiiku ¢ 30HamMu 1 M
(Pucynox 5).

UepenoBaHue 30H Ha 3aMaJ-BOCTOK BBINJIAIUT B ATON-TaONHIIe-PUCYHKE KaK TOBTOPEHHUE 30HBI
pasmepom 1 M cTporo yepes ase 30HbI pazMepom 0,33 u 2 M; MpU 3TOM B COCETHEM Psiie CBS3e
MEXy 30HAMHM OHa OKa3blBaJIaCh BCET/A B MPOTHUBOMOJIOKHOM YTy SYEUKH, T.€. 10 AUAroHalIH, U
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YHCIIO TAKUX COCEACTBYIONIMX 30H pa3mMepoM | M (GuUKCHPOBAjIOCh MO AMATOHAIM /10 YeThIpex (Ha
pUCYHKE depe3 HHX TmpodepueHbl JuHuu). Jpyrue 30l Kyppu momtHOCTRIO 0,33 W 2 M
OKa3bIBAJIUCh IIPH ITOM KaK CIpaBa, TaK U cl€Ba OT 30HBI 1 M; OHU COCEACTBOBAIM 10 3 pa3 Io
BEPTUKAIH B O0IIEM HANpaBJICHUH HA CEBEP-IOT U 110 4 pa3 1o AUaroHajHu.
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Pucynok 5. Cxema uepenoBanust B cetu Kyppu o0bruHbIX 30H pazmepoM 0,33 M (0) 1 ycuieHHBIX 30H
pasmepoMm 1 u 2 M (1, 2). Cxema cocrariena s miomaau 0,62 ra ¢ koopauHaTamu B ieaTpe N 58°02'11,7"
E 056°00'18,2"

B pesynbrare oOpasyercsi CIOXKHBIA y30p, TI€ PEIIAINIyI0 POJib B CTPYKType UTpaeT 30Ha 1
M. Bo3MokHO, UTO najee Ha IO M Ha CEBEp Ha MPOJOHKEHUU ATOM CXEMBI €€ Y30p MOXKET
U3MEHUTBCS, HO 4YEpEeAOBaHUE 30HBI pazMepoM 1 M cTporo depes ase 30HbI pazmepoM 0,33 u 2 M,
[I0-BUJIUMOMY, COXPAHUTCS JIOCTaTOYHO >KecTko. Ilouemy momydaercs MMEHHO Takasl CIIOXKHas
cTpykTypa cetu Kyppu, no-suaumomy, OyzeT pa3rajiaHo Mocje OnpeaeeHus Toka HEU3BECTHBIX €€
SHEPreTUUECKUX XapaKTEPUCTUK B OyTIyILEM.

B cBi3m ¢ 3TMM 3aMeTHM, YTO U3BECTHA IIOKA TOJBKO OJHA Hay4dHas CTarbsi C
MPEINONIOKEHUSAMUA O BO3MOXHBIX (PU3MUECKUX XapaKTePUCTHKAX HM3ITy4YEHHUS MAaTOTCHHBIX CeTel
Xaprmana. ABtop crarbu FO. I. ArGainsn [1] BrepBbie 00bEKTHBHO 3a(UKCUPOBAT TOYKHU U TOJIOCHI
BBIXO/Ia €€ DHEPTUil Ha MOBEPXHOCTh 3€MJIM C TIOMOIIBI0 KOHTAaKTHOW (hoTOrpaduu, ¢ aHAIU30M
OKO0JIO 3 ThIC. CHUMKOB. TO €CTh OH JOKa3aJl HaJluuue MaTOr€HHBIX 30H B T€X TOUKax, Ha KOTOpPbIE
yKa3blBal omeparop OMOJIOKAllMM; Ha HUX HaKJIaJbIBaJlM 3aledaTaHHyl0 B UYEpHyIlO0 Oymary
BBICOKOUYBCTBUTENIBbHYIO (DOTOIUIEHKY MIMPHHON 24 MM, U ToJbKO (BHMMaHue!) uepe3 15 cyTok Ha
Hel MoJydyaiH SpKHE TOJIOCHI, 3aCBEUEHHbIE PEHTT€HOBCKUM HM3JIydeHHEM. 10 €CTh UX H3ITyuyeHue
KpaiiHe crnaboe.
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2. Ha kaxom paccmosiHuu 3aKaH4usaemcs 0eucmeue namoceHHol 30Hvl

BrionHe MOHSTHO, YTO €C/IM HAa KaKOM-TO paguyce OT IIEHTPa 30Hbl HAYMHAIOT BCTPEYATHCS
YK€ TOJILKO BITOJIHE 3/IOPOBBIC JIEPEBHS, @ OTIABIINX JACPEBHEB HET, TO ATO U OyleT OKOHYAaHUEM UX
MaTOreHHoro neictBus. He cpasy, HO Mbl NPHUILIM K MOHUMAHHUIO, YTO PACCTOSIHHE 3TO CIIEAYET
YUUTHIBaTh HE OT IEHTpa CTBOJIA JepeBa, a OT MEepUMETpa CTBOJIA, INIE€ PACIONIOKEHbl KIETKH
KaMOusi, KOTOpPhIE M TOBPESKIAIOTCS TMATOTCHHBIM H3Iy4deHHeM. [Ipu 3ToM 3aMedeHa BaKHas
OCOOCHHOCTB: MOBPEKIAOTCS KJIETKH KaMOWs TOJBKO Ha BBICOTE CTBOJA HAYMHAS MPUMEPHO OT
0,5-0,7 M, a KOpHEBBIE JIallbl HE MOBPEXKIAIOTCS J1a)ke TOT/A, KOTJa IEHTP 30HbI HaXOAUTCS TOYHO
Ha HUX. OCOOEHHO 3aMETHO 3TO Y CTaphIX elied, (OTO KOTOPHIX Mbl IPUBOAMM B OJHOM M3 HAIIMX
pabot [5]; Mexay TeM y COCHBI, Oepe3bl, JHIbI, TOMOJS U KeJpa CHOMPCKOTO IICHTPHI 30H OOBIYHO
pacmoiarairch MEXIy KOPHEBBIMH JamaMi. B CBS3M ¢ 3TUM Mpu aHaIM3e PE3yabTaTOB MbI HAYaIH
UCIIONIb30BaTh TAaK HA3bIBAEMOE «PACUETHOE» PACCTOSHUE 10 KJIETOK KamOus CTBOJA, KOTOpOE
BIIEPBBIC MIPUMEHWIIU MPHU BBISIBICHUU MOSCOB MHTUOMPOBAHMS POCTa BHYTPH OJIATONPUSITHBIX 30H
pasmepom 1 u 3 m [3].

3nech HEOOXOMMMO MOSICHHTH, YTO TP KApTUPOBAHWU HA IUIAH BCETNa HAHOCWIA TOJIBKO
TOYKY ¢ 00O3HAa4YeHHEM ILIEHTpa JepeBa; Jajee MCIOIb30BaIM €€ KaK IeoJe3UueCKUil OPUEHTHD U
MPUBS3BIBAIN K HEH BCe M3MEPEHUS HA y4acTKe, B TOM YHKCIIE [IEHTPhI T€0OaKTHUBHBIX 30H. B cBsi3u ¢
3THUM TIPH MOCTPOSHUH T'Pa(UKOB MBI UCITOJIE30BAIH HE MPSAMOE U3MEPEHHE PACCTOSIHUS JI0 KJIETOK
KaMOus CTBOJIA, a YIIOMSHYTOE «pacdeTHOe paccTossHue». [l ero onpeseneHus Ha o poBaHHOM
B nporpamme ArcMap IjiaHe HaXOAWJIM PACCTOSTHUE MEXIY LIEHTPOM 30HBI M IIEHTPOM CTBOJIA U
BBIUMTAIN U3 HEro ‘.2 quamerpa OTMHABIIEro JepeBa B KOpe Ha BhICOTE 1,3 M, a Takke BBHIYMTAIU
paccrosiaue B 1/20 aumamerpa, KOTOpOe MPUMEPHO COOTBETCTBOBAJIO TOJIIIMHE KOPBL. B pe3ymnbrare
MIOJTYYMJIM UCKOMOE PaCCTOSHUE JIO KICTOK KaMOUs, TOYHOCTh KOTOPOTO ISl IEPEBHEB TUAMETPOM
10—-15 cMm 6bu1a mpumepno +0,5—1,0 cm. Pesynbratel npeactasiens Huke (Tadmuia 2)

Tabmuma 2
PA3MEPHI 1 PAVCHOHO}KEHI/IE JIEPEBLEB
B ITPEJJEJIAX JEMCTBUA ITATOI'EHHBIX 30H
Pazmepwr u pacnonosicenue depesves Cmamucmuxu Pasznuuue

n xcu +m mn max CV,% P, % % «kpumepuiit

JurameTp oTnaBIINX JIEPEBHEB

Ha 30nax XaptmaHna, Bcero 136 12,0 035 3 25 34 2,9

B TOM upcie Ha 30Hax 0,3 m 91 12,2 046 3 25 35 3,8 00 0,0
B TOM uKcie Ha 30Hax 0,55m 45 115 053 3 18 31 46 61 1,0
JKuevie Oepesvsi 66nusu 30n Xapmmana 24 16,2 060 12 23 36 3,7 250 53
Ha 3onax Kyppwu, Bcero 156 116 03 4 25 33 2,6

B TOM yHciie Ha 30Hax 0,3 M 53 11 041 4 17 27 3,7 00 0,0
B TOM YHCJIE HA 30HaX 1 M 5 12,1 059 4 25 36 49 91 15
B TOM YHCJIE€ HA 30HaX 2 M 48 116 05 4 24 33 47 52 0,9
JKusvle oepesvs 661usu 301 Kyppu 53 169 051 9 29 22 30 350 9,0

PaccrosiHre /10 KJI€TOK KaMOHsi CTBOJIA OTIHABIIETrO JIEpeBa OT IEHTPA 30HBI

Or Bcex 30H XapTmaHa 136 150 038 71 29 30 2,5

B TOM umucie ot 30H 0,3 M 91 148 048 71 29 31 32 00 0,0
B TOM 4ucie oT 30H 0,55 M 45 154 064 73 24 28 41 39 0,8
JKuevie Oepesvs 60nuzu 30n Xapmmana 24 21,2 153 13 38 35 72 302 4,0
Or 30u861 Kyppu 0,33 M 53 166 071 71 33 31 43 00 0,0
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Pazmepot u pacnonodicenue depesves Cmamucmuku Paznuyue
n x,cu £m min max CV,% P, % % «kpumepuit
Or 30mub! Kyppu 1M 55 186 075 65 33 30 4 120 1,93
Ot 30mb1 Kyppu 2 Mm 48 198 103 91 44 36 5,2 193 2,6
JKusvle oepeswvsi 661usu 301 Kyppu 53 23,8 108 128 45 33 45 300 57

Ha m3yyaeMbIX THUHax 30H OTMAJaroIIMe JCPEBbsl UMENH ONM3KHE CPEIHUE IUAaMETphl: Ha
30Hax XaptmaHa B cpeaHem 12,0 cm u Ha 30Hax Kyppu 11,6 cM. B npenenax ogHoro tuma 30H
pasnauyuus 1Mo UX IpajalusM Takke ObUIM HEe JOCTOBEPHHBI U B MEPBOM TuUIle cocTaBuiu 6,1%, u Bo
BTOpOM THIE Ha 30Hax Kyppu 5,2-9,1%.

B 30nax XapTmaHa pacTyT M IOKa ele XuBble 24 nepeBa B ocHOBHOM 4—5 kiaccoB Kpadra;
UX JAUaMeTpbl B cpenHeMm 16,2 cM. Pasnuume mo nuamerpaMm ¢ OTHAaBUIMMHU Ha 30Hax XapTMaHa
nepeBbsiMH Ha 25% NMOCTOBepHO mpu t = 5,3 > to,99 =2,63. BOnu3u 30 Kyppu Takke oOHapyKeHBbI
KUBBIMU 53 nepeBa cocHbl. MIX muamerpwl B cpenHeM 16,9 cM ¢ konebanusmu oT 9 10 29 cm.
Paznuune ¢ ormaBmmmu gepeBbsimu B 35% nocroBepHo npu t = 9,0 > to99=2,63.

PaccmoTpum nanee paccTosiHUS, HAa KOTOPBIX MOTHOATN KIIETKA KaMOUs ¥ OTIIaJallv IePEBbSL.

Cpeounee paccmosinue 1o kamOus Ha 3oHax Xaptmana 0,3 u 0,55 m cocraBmiio 14,8 u 15,4 cwm,
onHako pasnuuue B 3,9% Obu1o He qocToBepHO mpH t = 0,8 < toos= 1,98. Ha Tpex rpamanusix 30HbI
Kyppu oHno Bo3pactano ot 16,6 1o 19,8 cMm no mepe yBenuueHus: pasmepa 30H ot 0,33 M 10 2 M.
[Ipu 3TOM paznuuue ¢ MUHUMAILHOM 30HOU pazmepoM 0,33 M OKa3aI0Ch BHICOKO JIOCTOBEPHO IS
30HBI pazmepoM 2 M (t=2,63 > tog9 =2,63) U MPUOTMKAIOCH K JOCTOBEPHOMY JUIsl 30HBI 1 M
(t=1,93 < to,95 =1,98). [loaToMy MOXHO ToOJaraTh, YTO MPHUHATHIE MO OIIYIIEHUSM OIeparopa
Ouosokanuu rpananun 30H Xaprmana u Kyppu noarsepaninuch GUTOMHIUKAIHCH.

Maxcumanvroe paccmosanue B rpaganusx 3oubpl Xaptmana 0,3 u 0,55 M cocraBuio 29 u 24
cM; y 30H Kyppu pazmepom 0,33 u 1 M oHO Ob110 uyTh O0mbIe (32 1 33 ¢M) U pe3KO YBETUYHIIOCHh
10 44 cM B YCUJIEHHOH 30HE 2 M.

Munumanvnoe paccmosanue B rpafauusax 30usl Xaprmasa 0,3 m u 0,55 m paBHo paguycam 7,1
u 7,3 cm, a BHYTpH rpagauuii 3086l Kyppu oHo yBenuuuBaioch ot 6,5—7,1 cm B rpaganusx 0,33 u 1
M U 110 9,1 cM B rpaganuu 30Hb1 2 M (Tabnuma 2).

HaubGonee BaxkHBI MakCUMyM H MHHHUMYM OTHUX pacCTOSHUNA. MakCHMyM YKaXeT Ha
MpeKpanieHue MaToreHHOro JEeHCTBUS 30HbI, a MUHUMYM — Ha Pajuyc, BHyTPH KOTOPOTO JE€PEBbs
nmoru0anyd B caMOM paHHEM BO3pacTe, €Ile Ha CTaIuU MPUKUBAHUS, TTOATOMY YTO BHYTPH HETO MBI
HE HallUIM HUKAaKUX CIEAOB OTIABIIMX JEPEBLEB. B CBS3M C 3TUM 3TOT paJnyCc MOKHO Ha3BaTb
«TOYKOW paHHEW CMepTu» JepeBbeB BHYTpH 30HBI (PucyHok 6). Y 30nbl Kyppu umenucs Tpu
rpajaldi, U CTAaTUCTUKU IO HUM JOCTOBEPHO OTIMYAINUCH, TMOITOMY IOKaKEM HX Tpauku
paznensHo (Pucynok 7).

Ha Pucynke 6 oObeanHeHbl psJibl JaHHBIX A 30H XapTMmaHa pasmepom 0,3 u 0,55 M, Tak
KaK OHH JIOCTOBEpHO He oTinyanuck (Tabmuia 2). JlerepMuHanus CBs3M Ha 5TOM PUCYHKE HyleBas
(R?=0,003), onHako Hy)XHA IJIaBHBIM 00pa30M KapTHHA pPACCEMBaHHs TO4eK, B KOTOPYIO
BKJIMHUBAIOTCS JKUBBIE JIepeBbsi. B OONBIIMHCTBE OHU MaJI0 OTIIMYAIOTCS OT MOTHOMMX (XOTS UX
JMaMeTp JTOCTOBEPHO BBIIIE) M, CKOpPEE BCEro, OHM TaKKe MOTHOHYT uepe3 HeOOJbIIoe BpeMs.
HckntoueHne cocTaBsT, MOXKaIyi, TOJIBKO 4 epeBa, HaXOAS[IIKUECS 32 PAAUyCOM, TJ€ BCTPETHIIOCH
MocJieJlHee OTIAaBLIee JEPeBO, M JTOT paguyc, paBHBIM 29 cM, clleAyeT CUMTaTh pPajuycoM
MIPEKpaAlICHUs] NATOI€HHOIO JCHCTBUSA 30HBI  XapTMaHa. 3aMETHM, YTO €CIU PaguyC «TOUYKH
CMEPTH» 30HbI XapTMaHa yABOUTh, TO MOJy4YUM €€ pazMep 14,2 ¢cM; U 3TO UMEHHO TOT MaKCUMyM
MUTPAIIU 30HBI, KOTOPBIA MBI (PUKCUPOBAK B TIOJIeBOU ce30H 2023 T. mpy MOBTOPHOM JTOKAITHH.
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[TosicauMm, 4uto BeICOKast To4HOCTH (£0,1-0,3 cM) m3MepeHus: pacCTOSHUS MEXIy 30HOW M
IIEHTPOM CTBOJIa JiepeBa (OT KOTOPOTO PACCUMTHIBAIM PACCTOSIHHUS 10 KamOWs) JOCTHTalach IO
JIOBOJIBHO MPOCTON METOAuKe [5], B pe3yaprare NPUMEHEHHs] KOTOPOMl IMOydyaau JBa WU3MEpPEHUS
paccTosHUI ¢ pa3HBIX CTOPOH OTIIABIIETO MIIM KHBOTO JIEPEBA, YCPEIHIIN UX U MOTyYalu ApoOHOe
YHCIIO0 C JOJSIMHM CAHTUMETPA, KaK Cpe/IHee U3 JIBYX pacCTOSHUM.

WNHorna mnpuxoquyioch MPOCTO YAUBIATHCSA, HACKOJIBKO TOYHO ONPEAEISeTCs LEHTP
I€0aKTUBHOM 30HBI. B HECKOJIBKUX CilydasX KOJBIIIEK B LIEHTPE 30HBI 3aTalThIBAJIM PEKPEaHTHI, a
TaKKe KabaHbl, a HAaM BaXHO ObUIO HAlTH ee MpeKHee MOJIOKEHHE ISl BBIICHEHHS TUIe4a MUTPalun
9T0il 30HBI. [lpuxommnoce «obOpamarbcs B NPOLUIOE», M 3TOT IpUEM cpabarblBal — 30HY
JIOLMPOBAJIN, MBICICHHO MPEJCTABIIASA €€ MOJI0KEHHE B TO BpeMsl, KOra MPOBOAMIIN MIPEIbIIYIIYIO
ouonokanuto. Konpliek HaXoaAniIM U BOCCTAaHABIMBAIIM €TO MOJIOKEHHE, HAIIPUMEp MECSIII Ha3al.

Paznnuus no neiicreuro 308 Kyppu pasmepom 0,33 u 1 M Ha nuarpaMmax BBEpXY U B CpeHEN
YacTH pPHUCYHKa 7 HEBEIMKH, M OTMEYAJIUCh BBIIIE KaK MpUOIMKArOIIMecs K JOCTOBEPHBIM
(Tabnuua 2); AaHHBIX IO HUM HE TaK MHOT'O, U MOXXHO JIMIIb IPEANON0KHUTh, YTO BHYTPHU 30HBI 1 M
OmmKke K ee Kpaioo Ha paccTosHuU 18-23 cM neiicTBHE 30HBI MOYEMY-TO YCHIIMBACTCS, TaK Kak
MMEHHO 3/1eCh IMorubyo 4 BIOJHE NPUIMYHBIX JepeBa ¢ auamerpamu 20-25 cm. OHu umenu
CPEIHIOI W J@Xe BbIIIE IUIOWA[b NHUTAaHUS, U OOBACHUTH MX OTNAJ MOXHO CIEIyHOIUM
00CTOSITEIbCTBOM.

Jleno B ToM, 4TO M y 30H XapTmaHa, U y 30H Kyppu npu ITOBTOPHOI JIOKallMM B TEUYECHHE
JIETHETO ce30Ha Obula 3aMKCHpOBaHA MUTpalus Ha paccrossaue 9—13 cM, ¥ BONHM3M yKa3aHHBIX
5 nepeBbeB OHa Obla TAKOW k€. 3aMETUM Jajee, YTO y OOJIBLIIMHCTBA OTIIABLIMX JIEPEBLEB 30HA
Kypu nHaxogunace B 12-25 cm oT xamOus crtBosia (Oosiee MmioTHOE OONAaKo TOYEK Ha BCEX Tpex
auarpamMmax), U €CJIM BbIUECTh U3 ITUX PACCTOSIHUM IUIEYO MUTPALMHU, TO Y 3HAYMTEIBbHOW YacTH
OTHABIIMX M JJA)K€ y YaCTH JKUBBIX JIEPEBHEB KaMOMI BIOJHE MOT TOOBIBaTh 1—2 Mecsina BHYTpH
«TOYKM CMEpTH» WIM B ONacHOM Onu3ocTH OT Hee B 8§—13 cM OT LEeHTpa 30HBI, IE YK€ He
BCTPEYAIOTCS JKHUBBIE JIepeBbs, IIOKAa3aHHble Ha HIKHeH juarpamme (Pucynok 7). Orto
OOCTOSITEIbCTBO BIIOJIHE OOBSACHSIET W THUOENh paHee OTMABIIMX, W YKa3bIBaCT HA HE3aBUIHYIO
cynbOy OoJbIIel YacTH MOKa >KUBBIX JEPEBHEB, KOTOPHIE MO COLMAJIBLHOMY CTAaTyCy OTHOCATCS K
4 n 5 knaccam Kpadra.

BuyTpu camoil kpynHo#l rpagauuu 30Hbl Kyppu pasmepom 2 M paauyc «TOYKH CMEPTH»
TaKKe OKa3ajcs HauOOJBLIMM M COCTaBWI 9 CM; TakKe M caMmoe JallbHee OTIaBIlIee JIEPEBO
pacroyiarajioch Ha HaumOOJNbIIEM pacCTOSSHUU B 44 cM, W Takas (PUTOMHIUKALMS OOBEKTHBHO
MOATBEpANIIA e OOJBIIYI0 BPEIOHOCHOCTb, KOTOPYIO paHee ONpeeNIni oneparop OMOIoKaLuy.

3. Obwee yucno depesvbes, no2ubUUX HA HEONACONPUSMHBIX MeCmax

Pazmep «ToukM paHHel cMepTu» MO JaHHBIM PHUCYHKOB 6 M 7 OrpaHHWYeH pajinycoM OKOJIO
7 cM, U 3TOT pa3Mep ObUI HyKEH A MOUCKAa MECT B pPsAJax KyJIbTyp C HE HPHKUBIINMUCS
CaXKeHILIaMH, KOTOpbI€ TIIOKa3aHbl B OOIEM MEepeyHe OTHABUIMX Ha HEOJaronpusATHBIX MeCTax
nepesneB (Tabmuma 3).

B nenoMm ormaz epeBbEB M CAXKEHIIEB HA ydacTKe cOocTaBMi 345 IIT., B TOM 4YHCIE Ha
HeOnmaronpusaTHsl MecTax 313 mt. unn 90,7%. s cTpoku TabauIbl C He TPUKUBIIUMHUCS B «TOUKE
paHHel cMepTH» CaKeHIIAMM TOSICHUM, KaK WX HAaXOAWJIU pacdyeTHbIM myTeM. Iy sTOro mocie
COCTAaBJICHUS TJIaHA CEeTel BceX OJaromnpusATHBIX U MAaTOT€HHBIX 30H Jaljiee ONMpeessid BEpOsTHbIE
MecTa MOCAJKU COCHBI B TOM Dsiie KYJNbTYp, TA€ IO €r0 OCH HaxoJauiach MaroreHHas 30Ha. Ecim
II0CaJI0OYHOE MECTO HAXOAWJIOCh B Ipenenax £7 cM OT LIEHTpa 30HbI, T. €. B «TOYKE paHHEU
CMEpPTU», TO CaKEHELl CUMTAIM MOTHOIIMM B paHHEM BO3pacTe, TaK KakK CJIEJOB OT HEro CIyCTs
50 ner He ocranoch. TakuMm cnocoboM Mbl OOHApYKWUIM 14 MyCTBIX MOCAZOYHBIX MECT B psiiax
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KYyJIbTYP BHYTPHU IIaTOI'CHHBIX 30H U YYIM UX KaK CAXKCHIIbI, OTIIABIIXEC B IICPHUO IIPHMKHUBACMOCTH.

Tabmuna 3
JJEPEBbSI COCHBI,“OTHAB]_HI/IE B KVJIBTYPAX K BO3PACTY 59 JIET
U IIOIMABHIME B PAJIMYC JEMCTBUA ITATOI'EHHBIX 30H U B ITOSICA MHIT'MBMPOBAHU
JAPYI'MX TEOAKTHMBHBIX 30H

lepesbsi Ha paznblx nO 2e0AKMUBHOCTIU MECAX Yucno depesves Cmamucmuxu ouamempos
meppumopuu oepesbes, cm
wm. % X +m min max
OTnaBiye AepeBbs M CAXKEHIIbI, BCErO 345 100,0
B ToM unce: 136 39,4 12,3 0,42 3 25
Ha 30HaxX XapTMaHa
Ha 30Hax Kyppu 137 39,7 11,6 0,30 6 20
B IIOSICAaX MHTHOMPOBAHMS 30H 26 75 12,9 0,70 4 20
pasmepom 1, 3,8,16,32,87ull0m
CaxxeHIIbl, OTTABIINE B «TOYKAX paHHEH CMEPTH 14 4,1
Bcero otmaj Ha HeOIArONPUATHBIX MECTaX 313 90,7 11,9 0,21 3 25
Otnan Ha HEUTPATBHBIX MECTax 32 9,3 12,9 0,48 8 20
JlepeBbs, MOKa OCTAIONINECs KUBBIMHA Ha BHEIITHEM 77 16,6 0,41 9 29

nepuMmeTpe 30H XaptMmana u Kyppu

[TomoOHbIE TOUKM CMEpPTH C paHHEW TUOENbI0 JAEPEeBbEB Mbl HAIUIM TaKKe U BHYTPHU
OnmaronpusATHBIX 30H. B wactHOcTH, mpu aHanuse 370 OmarompusATHBIX 30H pa3MepoM 1 M B HX
LIEHTpe OOHAPYXKUJIOCh MECTO JUaMETpOM 4—6 CM C TOJIHBIM OTCYTCTBHEM CJIE€JOB OTHABIIUX
JIEPEBHEB, KOTOPOE MBI M HAa3BaJIU IMOCJIE 3TOTO BIEPBBIE «TOUKOM cMepTu» [5, c. 179]. Ilo manHbIM
W3 HAUX MPEIbIIyIIUX HUCCIEIOBAaHUN, TaKHe TOYKH (paHee Mbl Ha3bIBAIM MX MOsiCAaMU
MHTHOWPOBAHUS POCTA JIEPEBHEB) €CTh Y BCEX 30H OJIATOMPHITHOIO TUIA, U 3aHMMAIOT OHU MEHEe
2% mtommaau 30HHI [3].

[TomywaeTcsi, 9TO B JaHHBIX KYJIBTypax B MPOIECCE €CTECTBEHHOTO M3PEKUBAHMS MPUUNHOM
OTIajia IePeBhEB COCHBI B JECBATH CIydasx M3 JACCATH OKa3bIBaJOCh HEONATOMPHUATHOE M3ITyueHUE
T€0aKTUBHBIX 30H, B OCHOBHOM MaToreHHbiX. M Tombko 9,3% nepeBbeB MOrHOMM O APYTUM
MpUYMHAM. 3/1eCh CJelyeT HallOMHUTh, YTO paHee Mbl JAETallbHO pacCMAaTPUBAIM MPUYMHBI OTMAa
JIEPEBBEB B OTHX KYJIBTYypax B CIENUATbHOW MOHOTpaduu [4], re HUCIONb30BaIN KIACCUYECKHE
JIECOBOJICTBEHHBIE METOJIBI M1 OOpaTUJIM BHUMAaHHE MPEXKIE BCErO Ha TUIOMIAAs TUTAHUS JIepeBa.

B 7necoBoacTBe MpHUHATO CUMTATh, MpUYEM 0€3 KaKUX-TUOO pacdyeToB U KOJMYECTBEHHBIX
000CHOBaHHUM, YTO OTMAJ] AEPEBLEB CBSA3aH B OCHOBHOM C (pakTopom koHKypeHiuu. [Ipu pacuerax
KOHKYPEHTHOTO JIaBJIEHHUS MEXIy JEpEeBbSIMU B JaHHBIX KYJIbTypaxX HECKOJIBKUMH BeChbMa
CIIOXKHBIMHU CIIOCOOAMU MBI BBISICHWIIH [4], 94TO OOJBINYIO CBSA3b C pa3MepaMu [EHTPAJIBHOTO JepeBa
B OKpykeHuu 4-9 coceneil mokazana mpocTas IUIOMIAb MUTAHUS JepeBa, Kak oOpaTHas T'yCTOTe
BEJIMYMHA, OTpaxkarouasi JOCTyIHOCTh PECYpCOB MHUTAHUs JAEpeBa B MUKpOLIEHO3€. B pesynbrare
aHanm3a Oosiee 2 THIC JIEPEBBHEB B JAHHBIX KYJbTypaxX, HAHECEHHBIX Ha KapTy C BBICTpaWBaHUEM
MTOJINTOHOB THUTAHMS KAXJIOTO W3 HUX, MBI MOKa3aJid, 4TO TUIONIAJh MUTaHUs B Bo3pacte 30 et
MOBJIMsJIA HA JUAMETP KUBBIX JAepeBbeB B 55 ner Ha 9,4+0,02%, a Ha AuameTp oTmajaa JMIIb HA
1,8%. Ilpu »TOoM oTnaganu JAepeBbs  JlaXke BBIIIE CPEAHUX pPa3MEPOB, HMMEBIIMX BIIOJIHE
JIOCTAaTOYHYIO TUTOIIAAh MTUTAHUS B OKPYKEHHUH CPETHUX TI0 pa3mMepam cocenei [4, c. 77]. 3ametum,
YTO BBIMIC IS 5 TaKuUX JEPEBHEB MO JaHHBIM PucyHka 7 MBI Kak pa3 W Jajld TOAPOOHBIC
OOBSICHEHHSI O TOM, YTO OHU MOTUONIN MIPH MHUTPAIMH TATOTEHHON 30HBI U BPEMEHHOTO HAXOXKICHUS
JiepeBa B «TOYKE CMEPTU» KJIETOK KamOus cTBoja. B Hamiem ciydae y OTMaBIIMX HA HEUTPATbHBIX
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MecTax 32 JiepeBbeB TakXke OblIa ONpejeneHa MX IUIOmAab MUTaHMs, paBHas 4,12+0,20 m? mpu
cpenneM quamerpe ctBosa 12,6+0,46 cm (PucyHok 8).

25
o)
oy 20 . |
Z . . |
< I
= 15 . * . I
S E . * 0’ JR . 0’ : .
% g" 10 . 't . 0:0 . i
- * |
e~ 5 . |
() |
= |
: |
= 0

1 2 3 4 5 6 7 8 9 10

ITnomans nUTanus AepeBa, M2

Pucynok 8. Ilmomaan nuTtaHug Ha HEUTpPaNbHBIX MECTax TEPPUTOPUH Yy OTMAaBIIMX K 59 romam
JEPEBbEB: ---- CPENHAA IUIOIIAIb IUTAHUS y BCEX NEPEBbEB Ha ydacTke B Bozpacte 30 yer

Panee [4, c. 44] ™Mbl ompenenwid IUIONIA[b NUTAaHUS y BCEX OTMABIIMX JIEPEBHEB Ha
M3y4aeMOM 3/IeCh y4acTKe, M oHa Obuia 5,1+0,20 M>. B cpaBHeHMH C Hell U3 «HEHTPAIBLHBIX»
32 nepeBbeB MpEBBIIANN €€ 6 JAEPEBLEB; OJHAKO €CJIM CPABHUTHh UX MUTAHHE C MUTAHUEM JKUBBIX
nepesbeB (6,3£0,1 M%, 310 myHKTHP Ha PucyHke 7), TO TONBKO y OJHOIO OTMABIIErO JEPEBa OHA
Obu1a Oosnbie. [103TOMYy MOXKHO MOJIararh, YTo 1€PEBbs ITH IJII0XO NEPEHOCUIH BBICOKYIO T'YCTOTY U
cnaboe MHUTAaHUE M «OKEPTBOBAIM COOON» INMPH €CTECTBEHHOM H3PEKHWBAaHUH, CHIDKAs IMPUPOCT H
yXOAS B OTIMAJ, T. €. IPUYNHON MX OTHa/a ObUIa BRICOKAst KOHKYPEHIIUS, KaK 3TO U MPUHATO CUUTATh
B KJIACCUYECKOM JiecoBozicTBE. OIHAKO TAKHMX JIEPEBbEB 3/1€Ch Bcero uuib 9,3% ot olbiero yucia
OTHABIIMX JIEPEBbEB M HE MNPWKUBIIMXCS CakeHIeB. M 3Ta BelMUYMHA, OKa3aBIIAsACs CTOJb
HE3HAYUTEJIbHOW B CPAaBHEHHUM C TEM, UYTO €l IPUIIHUCHIBAIN B JIECOBOACTBE PaHEE€ KAK OCHOBHOMY
pe3yabTaTy €CTECTBEHHOI'O M3PEXKHUBAHMS, YIUBUTEIbHBIM 00pa30M COBIAJAET C TAKOM k€ Majloi
CHJIOW BIMSAHUS (PakTopa IyCTOTHl Ha YPOBHE MHKPOLIEHO3a, T. €. BIUSHHUIO IUIOMIATM MUTAHUS
JiepeBa Ha IMaMETP €ro CTBOJIA, PaBHOM B 3TUX KyabTypax 9,4+0,02% [4].

4. Obcyscoenue pe3yibmamos

Jannast paboTta mpoBOAMJIACh HAa MaTepuase, KOTOpPbI HaKaluIMBAJICS 5 JIeT, K KOTOPOMY
pe3ysbTaThl OMONOKAIMK MaTOTeHHBIX 30H JJOOABHIIUCH TOJBKO B MOCIEAHME NOaroaa. Pe3ynprars
KapTUPOBaHMs JEPEBbEB OBUIM HACTOJBKO JI€TATbHBIMH, YTO KapThl 3TUX KYyJIbTYp MNPHILIOCH
pasmectuTth B Annexc/lucke (https://disk.yandex.ru/d/OtMO1510x5;D1g).

CpaBHuBasi HallM pPe3yJbTaTbl C JaHHBIMU JPYTUX aBTOPOB OTMETHM, YTO Ha cllaboe H
npubImKaronieecss K HYJIEBbIM 3HAYEHUSM BIMSHHME KOHKYPEHIMM B MOJIOJHSKAaX COCHBI Ha
IIPOAYKIIMOHHBIE TTOKA3aTENN JI€PEBLEB BIIEpBble yKasan B. A. VYcomnbueB [6], 1 MBI C BBICOKOH
TOYHOCTBIO JIOKa3aJid €€ clabocTh B cBoux pabotax pganee [4]. O Tom, 4TO Ha POCT W OTHA]
JIEPEBHEB BIMSIOT MHOKECTBO (DAKTOPOB, B TOM UHCIIe KOCMUYecKkoro Maciraoda, FO. I1. lemakoB B
3aKJIIOYEHUN K cBoeil MoHorpadun «BimsHue (akTopoB cpelbl Ha POCT JAEPEBbEB B COCHSKAX
Pecnyonmuku Mapuit Om» [7] numer cienyromee: «BiusiHue reopuznyeckux M KOCMHUYECKHX
(akTOpOB Ha XapaKTep poCTa JIEPEBHEB U MPOU3BOIUTEIBHOCTh APEBOCTOEB M3YyUYEHO MOKa ci1ado,
XOTd pOJib 3HAaHMUK 00 OSTOM B pEHIeHUH aKTyaJbHBIX 3a/lad JIECHOTO  XO3sCTBa,
MPUPOAOIOIB30BAHUS M OXpaHbl CpeAbl TPYAHO MEpeoleHuTh. Bee Oonee oueBUIHON CTAaHOBATCS
OTPaHUYEHHOCThH CYIIECTBYIOIIUX METOJOB MOJAEIMPOBAHUS POCTA JPEBOCTOEB U HEOOXOAMMOCTD

—G)
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 131



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

MOKMCKa HOBBIX MOJXOJI0B K PEUICHUIO 3TOM MPOOIEMBbI».

Crnenyer mpu3HaTh, B CBSI3U C ATHM, YTO HOBbIE HAIpPaBJIECHUS HCCIENOBaHUI ¢ M3yuyeHUEM
9Hepeemuueckou cocmasaaowell cpeapl OOUTaHUS PACTEHHH C MOMOLIbI0 OMOJIOKALMHU, KOTOPOE
MBI 371€Ch NPEANPUHSIN, B COYETAHUU C JUMCTAHIMOHHBIMU METOAaMHU 30HAMPOBAHUS 3eMIIHU C
MIPUMEHEHHUEM T'€0CTPYKTYPOMETPUUECKOTO aHalIN3a, UCIIONIb3YeMbIX B I€0JIOTUU U TeomaTtuke [ 8, 9]
MO3BOJIUT MPOABUHYTh HAIM 3HAHMUS O JIECHBIX 3aKOHOMEPHOCTSIX Ha HOBBIH YpOBEHb, I/
reo()UTOLICHOJIOTHS U JIEKTPOPHU3NKA JIECHBIX TOYB, a TAKXKE pajapHasi CheMKa JIECHOTO TTOKPOBa
[10, 11] 3aiiMyT, HaKOHEII, CBOE JOCTOMHOE MECTO.

[To Bompocam Bo3AeicTBUS PHepruil 3emiin Ha OMOTY 3aCIy’KHBAeT COBEPILIEHHO 0COO0ro
BHUMaHus OTKpbITHE FO. M. ®@uBeHckoro [12], B pe3ynbrare KOTOPOro OH BBICKA3ajl THIOTE3Y C
ONMCAHMEM Halleld 3eMJIM B BUJE Tela, MYJIbCUPYIOLIEro ¢ yacToToll 6—10 MukpoceiicMuuecKux
KoJieOaHWli B MUHYTY. AMIUTUTYJA 3TUX KosneOaHuii odeHb mana (0,01 MM), omHAKO MPOUCXOIUT
MUJUIMOHBI JIET TOCTOSHHO. OJTa MyNbcalusi MposBIsSeT cels B BHUIE KOJBIEBBIX CTPYKTYP,
HMEIOIUX Pa3MEPHOCTh B MEPBbIE ACCATKM M COTHM MeTpoB [13]. B Hamem ciydae Mbl
paccMaTpuBaIM, BEPOSTHO, TaKWE K€ KOJBIIEBBIE CTPYKTYpbI, HO C Pa3MEPHOCTHIO B METPOBOM
JMana3oHe MX JUAMETPOB, C UX PACTSHYTHIM BO BPEMEHHU BO3CHCTBHEM Ha POCT JEPEBHEB U HA
MPOLIECC UX €CTECTBEHHOrO OTIMA/Ia.

C Touku 3peHHs] UHTYUTUBHON aHAJIUTUKH PAa3BUTHE KOCMOTEXHOJIOTHH BCKOpE MPUBENET K
CO3JIaHUIO0 TETUIOBU30POB M (OTOKAMEp BBICOKOTO pa3penicHus, ¢ (UKcanueld H3IyYCHHH B
MYJIBTUCIIEKTPATIBHBIX JUANa30HaX, YTO, BEPOSATHO, MO3BOJIUT Pa3raliaTh XapakTep W3JIyYCHUH He
TOJILKO MAaTOTEHHBIX, HO 1 MHOXKECTBA OJTarONPUATHBIX 30H MAJIbIX Pa3MEPOB, HAXOXKACHHUE KOTOPHIX
C TMOMOIIbIO OMOJOKAIMU  TPAJUIMOHHAS HayKa OTHOCUT TMOKa K pe3ylbTaraM, IOJy4aeMbIM
CyOBeKTUBHBIM MeTonoM. OJHAKO MBI YCIENTHO BEpU(UIMPOBAIU ITOT CYOBEKTUBHBIA METO,
WCIIONIb3YsI CAHUTAPHOE COCTOSIHUE JIEPEBHEB, T. €. MPOBEPUIH €ro JaHHbIe (GUTOMHAMKAIMEH U B
JAHHOM HCCJeOBaHuM ObUIO qoka3aHo, 4To B 90,7% cimyuyaeB JepeBbsi MOrHOanu MMEHHO Ha
MaTOreHHBIX 30HaX, KOTOPBIE YENIOBEK ONpeaensieT Ouonokanueil OyKBaibHO 32 CEKYH/IBI.

OOHOBpPEMEHHO OTMETHM, YTO OTKa3 OT OHMOJIOKAIlMH, KaK SIKOObI CYOBEKTHMBHOTO METO/AA
M3YYEHUST OKPYKAIOIIET0 MUPa B OXKUIAHUU Pa3pabOTKH BHICOKOUYBCTBUTEIBLHBIX MTPUOOPOB OyneT
03HauaTh HEBEpHE B MOTEHIMAJIbHbIE BO3MOXXHOCTHM YenoBeka MO3HABATH MHUP HHTYUTHBHBIMU
METOAaMH U Jasiee MEePEKPECTHO MPOBEPSITh UX AaHATUTUKON aHHBIX U GUTOMHAMKAINEH, KOTOpbIe
MBI TIPOJEMOHCTPUPOBATM B JaHHOM pabore. Ha ocHOBaHWMM CHHTE3a TOJYYECHHBIX paHEE U
MOKa3aHHBIX 3/IECh PE3YJbTAaTOB MPEIAratoTCs CIEAYIOIINE BHIBOJIBI.

Bv1600wb1

1. Cetn Xaptmana u Kyppu HMEIOT A4€HKH ¢ M3MEHUMBOCTBIO JUIMHBI CTOPOH 29-34% c
KoJIeOaHUsIMM paccTosiHUM Mexay 3oHamu 0,69-8,45 M, cO cpelHHMH pPAacCTOSIHUSIMH B CETH
XapTMaHa B HallpaBJIEHUU ceBep-1or U 3anaa-BocTok 360+5 u 390+6 cm u B cetu Kyppu 262+2,7 u
29543 cm., T.e. ¢ yBenuueHueM Ha 8—12% no mepuanany.

2. PacnipesienieHne 4acTOT pacCTOSHUM JUIMHBI CTOPOH SYeeK MPHOIMKAETCS K HOPMaIbHOMY
3aKOHY, C HEOOJBIION aCUMMETpPHUEIl B CTOPOHY MEHBIIMX PAaCCTOSHUMN B HANPaBJICHUU CEBEP-IOT B
cet Kyppu. Berpeuarorcst siueliku pa3Hoil popMbl, B TOM 4MCIIE€ TPEYrOJIbHOW, M OJlHA CTOpOHa
MOXeT ObITh JuInHHee Apyroi B 3,6—4,0 pasa.

3. Beero Ha yuacTke miomazsio 0,66 ra yureno 530 301 Xaprmana u 906 301 Kyppu. To ectsb
IyCTOTa MaTOT€HHBIX 30H COCTABUT 2,2 THIC. HIT./Ta, YTO B 2 pa3a MPEBBIIAET I'YCTOTY JPEBOCTOEB
COCHBI B CPEJIHEM U MTPUCIIEBAIOILIEM BO3pacTe.

4. B cetm XapTmaHa NOATBEPAMJIOCH YEPEIOBAHUE 30H YCWJIEHHONW MOIIHOCTBIO pa3MepoM
0,55 M gepes Be MPOCTHIX 30HBI pazmepom 0,3 m.
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5.B ceru Kyppu oOpasyercss CHOXHBIM y30p M3 €€ 30H pa3sHOW MOITHOCTH, KOTOPYIO
KJIacCU(UIUPOBATN KaK UX MATOT€HHBIM JAMaMeTp, BOCIPUHUMAEMBIH OMEpaTOpoM OHOJOKAIIMH.
Pa3zmep o0bruHbIX 30H mpuHsu paBHbIM 0,33 M, a nByX ycwieHHbIX 1 u 2 M. Pemaromryro poinb
urpaet 30Ha pasmepom 1 M. B HanpaBieHuu 3amaj-BoCTOK OHa YEPEAYETCS CTPOrO YEPE3 JBE 30HBI
pasmepom 0,33 1 2 M, U B COCETHEM DsJIE CBS3€ MEXK]y 30HAMU OHAa BCeraa B YOIy SYCUKU MO
nuaroHanu. Yucio coceCcTBYIOUX M0 AUaroHaiu 30H 1 M 3aUKCUPOBAHO OT ABYX JI0 YETHIPEX;
30Hbl Kyppu momuocteio 0,33 u 2 M HaOnronanuch Kak CIipaBa, TaK U CJ€Ba OT 30HBI 1 M H
COCEJICTBOBAJIX 110 3 pa3 N0 JUaroHaJId U B HAIIPABJIEHUU CEBEP-IOL.

6. 30HbI XapTMaHa MOBPEXAAIOT KJIETKH KaMOMs CTBOJA y COCHBI B pamuyce 30 cM, 30HBI
Kyppu — B paauyce 45 cM, B pe3ysbTare 4ero AepeBbs IOCTEIIEHHO OTMUPAIOT. BriepBbie B LIEHTpe
9TUX MaTOI€HHBIX 30H ONpEJENICHa Ul JIEPEBLEB «TOUKA paHHEH cMepTu» nuameTpoM 14 cwm, rae
Ca)KEHIIbI TOrudaly ele Ha CTauu nprkuBanus. [Ipu 1o0CTIKEHUH KIIeTKaMH KaMOUs CTBOJIA Kpast
3TOM TOUKH pacTylllee JePEBO HAYMHAET OTMHUpPaTh. [Ipu 3TOM ero pazmMep HEe UMEET 3HAYEHUSI — OHO
MOKET OBbITh KaK OTCTaBLIMM B POCTE, TaK U JIEPEBOM-TIUICPOM.

7. Ilpunsitas 1O OUIYUIEHUSIM omneparopa OWOJIOKAlMM TpaglyHMpOBKAa MOLIHOCTH 30H
Xaprmana u Kyppu, Bcero 5 rpamammii pa3mepoB, MOATBepAWach (UTOWHAMKALWEH, T. €.
COOTBETCTBYIOILIIUM YBEJIHMUYEHUEM PACCTOSHUHN 10 KamMOus CTBOJA Y JE€PEBbEB, KOTOPbIE MOTUOIU
BHYTPH 3THX IPaJalluii IaTOTEHHBIX 30H.

8. B 1enoM u3 uncna y4TEHHbBIX OTHAaBIIMMHU 345 nepeBbEB COCHBI HA MAaTOTEHHBIX MECTax
orniasid 90,7% nepeBbeB U TONbKO 9,3% mOrubaM M3-3a Majao IUIOMIAAM MUTAHHUS. DTOT BBIBOJ
OyKBaJbHO pa3pyllaeT CTApyl MapajurMy U HappaTUBbI JIECOBOACTBA, OCHOBAaHHBIE Ha HJIEE
€CTECTBEHHOI0 U3PEKUBAHUS U OTHaJa IEPEBbEB B OCHOBHOM H3-332 BHYTPUBHUIOBOM KOHKYPEHIIMH.
Ha nene ee nelicTBue mnpeBpamiaeTcss B WILIIO3HIO 3aKOHOMEPHOCTH, TaK KaK €€ IJIABEHCTBO HeE
MIOJATBEPKIAETCS pacueTaMu, U B CPEIHEM BO3pacTe CUJIA €€ BIUAHUS Ha POCT U OTHAaJl JEPEBbEB HE
npesbimaer 10%.
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MACROZOOBENTHOS OF RIVER ECOSYSTEMS OF NAKHCHIVAN
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Annomayus. llpuBeneH CpaBHUTEIBHBIN aHAIH3 PE3yJbTATOB M3YUYECHHUS MaKpoOeHTO(ayHbI
IBYX BOJOTOKOB, Illapypckoro paitona HaxudyeBanu. B makpozoobeHToce p. Apnavaii oOHapyxeHO
56 BUIOB TIOHHBIX OPraHU3MOB, a B Makpo3zoobeHroce p. [llaxOynar — 48 Bu0B. YcTaHOBIEHO, YTO
MakKpo3000eHToCc BozoeMoB [llaxOymarckoro ymienbsi MPEBOCXOTUT AKOCHUCTEMBI p. Apmnadail 1o
cpenHeronoBoii uncnennoctu (124 >x3./m?) u 6uomacce (0,270 /M%) GEHTOCHBIX OPTraHU3MOB. JTO
CBSI3aHO C HU3KOI MMOJBEP:KEHHOCTHIO p. IllaxOynar aHTpOIOTeHHBIM U 300T€HHBIM BO3JICHCTBUSIM U
OTHOCHUTEJIBHOW yCTOWYMBOCTBIO KAMEHUCTHIX M PAaCTUTENBHBIX OMOTONOB. B 00enx skocucremax
MaKCHMaJbHOE DPa3BUTHE TOHHOW (ayHbl NMPUXOAWTCS Ha BECHYy W Hadanmo yerta. s dayHb
HaxwuueBanu BrniepBbie ykazanbl Glossiphonia paludosa (Carena, 1824), Sphaerium solidum
(Normand, 1844) u Habrophlebia fusca (Curtis, 1834). PexomennoBaHo BHecTH B KpacHble KHUTH
AzepOaiikana u HaxuueBanu peaxue Buasl — Helix pomatia (Linnaeus, 1758) u Epallage fatime
(Charpentier, 1840), koTOpbI€ pacCIIpOCTPAHEHBI B TEKYIIIUX BOJOEMaX TEPPUTOPUH HCCIICTOBAHUSI.

Abstract. The article presents a comparative analysis of the results of studying
macrobenthofauna of two flowing water bodies formed in the territory of Sharur district of
Nakhchivan. In the macrozoobenthos of the Arpachay River 56 species of bottom organisms were
found, and in the macrozoobenthos of the Shahbulag River — 48 species. It was found that the
macrozoobenthos of the Shakhbulag gorge water bodies surpasses the Arpachay River ecosystems
in terms of average annual abundance (124 spec./m?) and biomass (0.270 g/m?) of benthic
organisms. This is due to the low susceptibility of the Shakhbulag River to anthropogenic and
zoogenic impacts and the relative stability of rocky and vegetated biotopes. In both ecosystems, the
maximum development of benthic fauna occurs in spring and early summer. Glossiphonia paludosa
(Carena, 1824), Sphaerium solidum (Normand, 1844) and Habrophlebia fusca (Curtis, 1834) were
first indicated for the fauna of Nakhchivan. Rare species Helix pomatia (Linnaeus, 1758) and
Epallage fatime Charpentier, 1840, which are widespread in the current water bodies of the study
area, were recommended to be included in the Red Books of Azerbaijan and Nakhchivan.

Knrouegvie cnosa: HaxuueBanp, akBaKyabTypa, 3KOJIOTHs BOIHOM Cpeibl.
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Pation uccneoosanus

Teppurtopus [lapypckoro paiioHa, pacroioKeHHOTro B 3armagHoi yactu HaxuueBanu, COCTOUT
13 TOPHOM YacTH Ha CEBEPEe U CEBEPO-BOCTOKE M HAKJIOHHBIX PaBHHUH, OTIEJICHHBIX IPYT OT Apyra
BO3BBIIIICHHOCTSIMU BJIOJIb JICBOTO Oepera peku Apakc. Apravaili — TpaH3UTHAs peKa, 3HAUNTeIbHAS
4acTh €€ CTOKa OepeT Hayajo 3a MpeieilaMud aBTOHOMHOH pecmyOnuku. Pexa Oeper Hauano B
npearopbsix CapsiOynar (3100 m Hag ypoBHeM Mopsi) Topsl Bapnenuc (Apmenust) lapanas3ckoro
xpedTta. Ero mnmuna 126 kM, miomaas BomocOopa 2630 kM2, TOm0BO# CTOK 00yCIIOBJICH CHETOM,
JOKJIIMU 1 TPYHTOBBIMU BOZaMH.

B 1977 rony Ha p. Apmadaii cO3MaHO OJHOMMEHHOE BOJOXPAHWJIHINEG I OOCCIICUCHHS
opocUTeIbHON BOMOM 20 THIC Ta CENbCKOXO3SMCTBEHHBIX yroaumid. OOImmas Iuiomanas akBaTOPHUH
6,3 kM2, 00beM Boxbl 150 MiIH M, HaxomuTCs Ha BhIcoTe 945 M Haj ypoBHeM Mops. OT Bomoema B
BOCTOYHOM M 3aIaJJHOM HAINpPABIECHUAX OTICICHBI 2 KPYITHBIX OPOCUTENIBHBIX KaHaja. 3a MOCIeIHNE
rofbl C BBOJIOM B SKCIUTyaTallMi0 COBPEMEHHBIX BOJOOYHMCTHBIX COOPYKEHHUU M PE3epByapoB
MOSIBIJIACh BO3MOXKHOCTBH Oecriepe0oitHo o0ecrieunBaTh MUTHEBOW BOMOM PEKH HACEIEHHE Topoja
Mapyp u 6muznexamux HaceJIeHHbIX MyHKTOB [3].

Peka IllaxOymaryaii Teder U3 BEPXHEH YacTU OJHOMMEHHOIO C€Jia MO0 TOPHOMY YIIETBIO C
0oraToii pacTUTENBHOCTBIO W3 KYCTapHUKOB M TpaB, M OepeT CBOE HA4Yall0 CO CKJIOHOB
Hapanaszckoro xpedta. Bona peku obecrneunBaeT NOTpeOHOCTH CENBCKOTO HACENIEHUs B MUTHhEBOM
1 OpOCHUTENbHOM Boge. OHA MaJIOBOHAS, HO PSIIOM C CEJIOM, B YIIENIbe, 00pa30BaHHOM TBEPABIMU U
BBICOKMMHM CKaJlaMU, KUTUT OypHBIA POAHUK C TOBOJILHO BBICOKMM J1e0uTOM. BomsiHOE pycio peku
IIPOXOAUT 3HAYUTEIIBHOE PACCTOSIHUE M TepsieTcs. B moliMe yCTaHOBIIEHB! YCTPOWCTBA KATPU3HOM
cuctembl. ['unpodayna lllapypckoro paifoHa B pa3sHble TOAbI MU30AUYECKH U B PA3HBIX aCMEKTax
uccaenoBano A. I. KaceimoBeiM (1972), P. A. AmumeBeim (2000), A. b. baiipamoBeim, T. M.
Mamenoseim 1 1p. (2003), A. P. AnueBsiMm u A. b. baitpamoseim (2011), C. Y. Anuesim u A. b.
baiipamossiMm (2017) [1-6].

B pesynprate ruapoOHOIOTHYECKUX HCCIEIOBAHUM, TIPOBEACHHBIX B p. Aprauail B pa3HbIe
rofibl, 0OHapykeHo 11 BHIOB 300IJIaHKTOHHBIX U 64 BHIa MaKpOOEHTOCHBIX OpraHu3MoB. CKOPOCTh
TEUEHUs] BOJBI HE TMO3BOJIsIET (OPMUPOBAHUIO B PEKE 300TUIAHKTOHHOW (ayHbl. UxtHodayHna p.
Aprnauaii 10BOJILHO OoraTta, HaCUMTHIBAeT 27 BUAOB, OTHOCAIIUXCS K 7 cemeiicTBam. B dayne pexu
nomuHupyet cemeiictBo Cyprinidae, nacunTeiBaromiee 20 BugoB pbi0. PribonoBamu-noOuTensiMu
JIOBUTCSI IIMPOKO PACHpPOCTpaHEHHas B peke apakcuHckas xpamyns (Capoeta sevangi De Filippi,
1865. K HemMHOrouMcieHHbIM BHJAM pbl0 pPEKH OTHOCATCS — BOOJMA KypUHCKas, >Xepex
KacCIUNCKUMN, ycad yaHapH, JIel] BOCTOYHBIN U cyzak peuHoii [10].

Mamepuan u memoOos ucciedoeanus

B xone HayyHO-HMCCIe10BaTENbCKUX padoT, mpoBeneHHbIX B 2020 rogy omucaHo COBPEMEHHOE
COCTOSIHME MaKpo3000eHToca, chopmupoBaBiierocs B p. Apnauaii u p. lllaxOynarygaii. Onpenenero
BIIMSIHHE a0MOTUYECKUX (PAaKTOPOB Cpe/ibl Ha pa3BUTHE TOHHOM (ayHbl. Marepuaniom rcciae10BaHus
MOCIYXHJIM TpoObl Makpo3000€HTOca, COOpaHHBIE T'HIPOOMOJIOTUYECKOM CEThI0O M3 Pa3HBIX
OMOTONOB HUXXHETO TeueHus p. Apnavaii u p. lllaxOynaryaii. Mcnonb30Banuch METOIBI U CPEACTBA,
MPUHATBIE B TUAPOOHOIOrHUecKuX uccienoBanusix. [IpoOsl n3 Apnayaiickoro BOJOXpaHUIIMINA HE
orOupanuchk. PaboThl 0XBaTUIIM Y4acTOK peKH OT IUIOTHHBI BOAOXpAHWIKIIA 10 yCThi. Pycno pexu
HUXKE MJIATUHBI 4aCTO MOAUPUIHPYIOT [7-9].

—G)
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 136



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

Pezynemamut uccnedosarnus u oocysicoerue

Makpob6enTocHast dayna p. Apmadail cocTOMT W3 56 BHUIOB W TOABUIOB, OTHOCSIIUXCS K
15 cucremarnueckum rpymnmnam. [1o BumoBomy 60rarcTBy 1OMUHUPYIOT: Kiacc Ostracoda (5 BUIOB),
orpsinel Coleoptera (6 BumoB), Diptera (5 BumoB) u cemelictBo Chironomidae (8 BHIOB).
[IpencraButens BoicIuX pakoB — Palaemon elegans Rathke, 1837 Obl1 10OBIT B yCThE PEKH.
Helobdella stagnalis (Linnaeus, 1758), Candona neglecta G. O. Sars, 1887, Cloeon dipterum
(Linnaeus, 1761), Corixa dentipes (Thomson, 1869), Hydropsyche pellucidula (Curtis, 1834),
Simulium variegatum Meigen, 1818, Tanypus vilipennis (Kieffer, 1918) u Cricotopus sylvestris
Fabricius, 1794 umerot BbICOKYy10 4acToTy BcTpedaeMocTH (P > 50%).

B nonnoii Qayne ocHoBHOe siipo Ouomacchl (OPMUPYIOT MUSBKH, MOJUTIOCKH, JUYMHKHU
pydelinukoB u xupoHomua. Jns ¢aynsl HaxwueBanu BrepBble ykazanel BUIbl Glossiphonia
paludosa (Carena, 1823) u Sphaerium solidum (Normand, 1844).

B wmaxkpo3oobentoce p. IllaxOymardaii, oTiuyaromeiics OT p. Apravdail OTHOCHUTEIbHBIM
MIOCTOSTHHBIM OMOTOITHBIM pa3HoOOpa3zuemM, oOHapykeHO 48 BUIOB U (OPM JOHHBIX OPraHU3MOB,
npuHaiexxkamux K 13 cucremaruueckum rpymnmnam. lomunuposanu otpsii Odonata (8 BUaOB) u
cemeiictBo Chironomidae (12 BumoB) O6maromapst oOMIHIO UX BUAOB B JOHHOU (ayHe. Glossiphonia
complanata (Linnaeus, 1758), Cloeon dipterum (Linnaeus, 1761), Haliplus sp., Hydropsyche
ornatula McLachlan, 1878, Eusimulium znoikoi Rubzov 1940, Cricotopus silvestris (Fabricius,
1774) w Eukiefferiella sellata Pankratova, 1950 sBISIOTCS MacCOBBIMH BHUIaMH OPTaHHU3MOB
MakpobenToca. [lo pacueram, makpozoobeHToc p. lllaxOymar mpeBOCXOIUT FKOCUCTEMBI Apriadaid
0 CpPEHErol0BON YHCIEHHOCTH JOHHBIX opraHm3MoB (124 sk3./M%) m 6uomacce (0,270 r/m?)
(Tabnuma).

Tabauia
CPEJIHUE KOHHQECTBEHHBIE HOKA3ATEJH/IUMAKPOBOOBEHTOCA
PEK APITAYAU U INAXBYJIAT'YAMU 3a 2020
OcHogHnble Konuuecmeennvie nokazamenu
cucmemamuieckue p. Apnauaii p. llaxbynazuati
cpyninol S N B S N B
Oligochaeta 4 3 0,010 3 3 0,020
Hirudinea 4 3 0,015 1 4 0,011
Mollusca 3 2 0,008 2 3 0,023
Eumalacostraca 1 3 0,013 1 12 0,025
Ephemeroptera 3 4 0,016 3 8 0,022
Odonata 4 3 0,011 8 4 0,020
Coleoptera 6 5 0,014 5 3 0,010
Trichoptera 3 5 0,020 4 17 0,042
Simuliidae 4 16 0,028 3 24 0,030
Chironomidae 8 6 0,014 9 22 0,044
Jpyrue rpymmsr* 16 3 0,012 9 16 0,023
Hroro: 56 53 0,161 48 124 0,270

IMpumeuanue: * — Nematoda, Ostracoda, Hydracarina, Heteroptera u Diptera; S — uucno BugoB; N
— 9K3./M%; B — 1/M?

WTak, BHINOJIHEH CPAaBHUTEIbHBIN aHAIM3 PE3yJbTaTOB MCCIIEOBAHUHM, IPOBEIECHHBIX B JBYX
pekax Ilapypckoro paiiona. HecMoTpst Ha MEHBIIyIO IUIOIIa L BOJOCcOOpa, Makpo3000€HTOC P.
[[TaxOynaryaii 6611 Oorade p. Aprnayaii o BUJI0BOMY pa3zHooOpa3zuto (13 cuctemarnyeckux rpyIi u
48 BHIOB) W OKOJOTHMYECKHMM TIOKA3aTeNsiM Ha CIMHUILy MecTa OOWTaHus (CpemHerojoBas
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YHCNIEHHOCTh — 124 ocobu/m> u 6uomacca — 0,270 r/m?). DTo cilenyeT OOBACHUTH MAJoif
nmoiBep>KeHHOCTRIO p. [1laxOymaryait aHTPOIIOT€HHBIM U 300T€HHBIM BO3/IEHCTBUSIM, OTHOCUTEITHLHOM
YCTOWYMBOCTHIO KAMEHHUCTBIX M MOKPBITHIX PACTUTEIHHOCTHIO OMoTOomoB. MakpoOeHTocHas (ayHa
HIKHETO Te4eHHUs Apradasi Oblia mpecTaBlieHa S6 BUAaAMH JOHHBIX OPTaHU3MOB, OTHOCSIIIIUMUCS K
15 cucTeMaTHyeCKUM rpymiam.

B kaxpoit skocucteme Onmaromapsi BUIOBOMY OorarctBy mnpeoOnanganu rpynmbl Ostracoda,
Odonata, Coleoptera, Trichoptera, Diptera u Chironomidae. Glossiphonia paludosa (Carena, 1823),
Sphaerium solidum (Normand, 1844) u Habrophlebia fusca (Curtis, 1834) HOBbIC ans ¢ayHbI
HaxuueBanu Buabl. B pekax ycTaHOBIIEHO JOMHUHHPOBAaHHE BUAOB, OTHOCSIIUXCA K PeopUIbHON
HKOJIOTHYECKOH Tpymre. MakcumallbHOE pa3BUTHE MaKpO3000€HTOca B OOBEKTax HCCIIEAOBaHUS,
pa3/eNeHHBIX OJHUM BOIOPA3ENIOM, HAOIIONEHO B BECEHHE-JETHHUE MeCAIbl. PexoMeHI0BaHO
BKIIIOUUTH penakue Bunbl Helix (Helix) pomatia (Linnaeus, 1758) u Epallage fatime (Charpentier,
1840) B «Kpacubie kaurn» AzepOaitimkana u HaxuueBanckoit ABToHOMHO# PecryOmuku.
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Abstract. The article is devoted to the results of the study of the taxonomic status and
ecological characteristics of venomous snake’s species distributed in the territory of
the Nakhchivan. Materials for research were collected in various biotopes and landscapes in
the highlands during 2011-2023. Information is given on 3 types of poisonous species: Macrovipera
lebetina, Montivipera raddei, Pelias eriwanensis.

Annomayusn. CraThsi TIOCBSIEHA pe3yJbTaTaM H3Y4YEeHUS TAKCOHOMHYECKOTO CTaryca |
IKOJIOTHYECKMX OCOOCHHOCTEH BHUJIOB SJIOBHTBHIX 3MEH, paclpOCTPaHEHHBIX Ha TEPPUTOPHU
HaxwueBanu. Marepuanbl JUis UCCIIEIOBaHM COOpaHBbl B Pa3IMyYHBIX OHOTONMax M JaHmmadrax
BbicOkoropbs B TeueHue 2011-2023 rr. IlpuBenensl cBenenust o 3 Bunax: Macrovipera lebetina,
Montivipera raddei, Pelias eriwanensis.

Keywords: venomous snakes, taxonomy, ecological feature, trophic relationship, vipers.

Knrouesvle cnosa: snoBUTHIE 3MEN, TAKCOHOMUS, IKOJIOTUYECKAsT 0COOCHHOCTh, TPOPUUECKHE
B3aMMOOTHOIIICHMS, Ta I0KH.

Species of venomous snakes occupy an important place in the reptile fauna of the
Nakhichevan. As you know, snakes the food web maintaining trophic relationships and the balance
of the number of species in biogeocenoses. If the snake is destroyed, it will be difficult to control
the number of rats and other pests of agriculture.

After the discovery of biologically active components (enzymes) in snake venom and their
medicinal properties at the beginning of the last century, increased attention was paid to the study of
venomous snakes. And for the extraction of venom, it became necessary to learn the ways of
keeping these species in artificial conditions [5].

Snake venom is a valuable medicinal raw material and preparations made from it are widely
used in medical and diagnostic research and in the treatment of various diseases. Therefore, the
study of the ecology of the species of venomous snakes, their real natural resources, ways of
sustainable use and effective protection is of primary importance.

The territory of Nakhichevan is 5.5 km? thousand. Sometimes it borders with Iran and Turkey,
in the north-west, in the north-east with Armenia. The absolute height of the area territory varies
greatly from 600 m. n. u. m. in the village of Kotam, Ordubad district up to 3906 m. n. u. m. at the
highest peak of the city. Hood of the Zangezur hares.
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The main part of the region is mountainous, where mainly Mediterranean vegetation prevails.
Medicinal, aromatic and bulbous plants prevail in the plant cover, from the point of view of species
richness.

Materials and methods

The first detailed studies of the herpetofauna of this mountainous country were conducted in
2011-2023. in route, expedition, stationery and camera-laboratory conditions. To clarify the
systematic position of the species of snakes discovered by us, the data of the existing research
works of Alekberov, Sharifov, Alieva, Iskanderova were used [1-4, 7, 8, 16, 17].

Species belonging to the majority of snakes observed in nature is determined by color
photographs. If it is necessary to study the species, some caught individuals of snakes in fabric bags
are delivered to the laboratory and after euthanizing with ether, they are placed in a pre-prepared
mixture (9 parts of 40% formalin: 91 parts of 700 ethyl alcohol) in a sealed container. Identified and
fixed specimens of poisonous snake species are placed in 700 alcohols and stored in the laboratory
of zoological research of the Institute of Bio resources of the Nakhichevan Department of the
National Academy of Sciences of Azerbaijan [24-26].

Results and discussion

Poisonous snakes of Azerbaijan have been studied for a long time as part of the herpetofauna.
As a result of studies of herpetofauna in Azerbaijan, carried out for the first time from 1830 to 1920
by traveling scientists. The composition of the herpetofauna, as well as snakes, was almost
determined in the Imperial Academy [15].

In 1929-1939, employees of the Zoological Institute and the Zoology Sector of the
Transcaucasian Branch of the USSR Academy of Sciences N. I. Sobolevsky, S. A. Chernov, A. B.
Bogachev and others, and then in 1951, specialists from the Zoological Institute of the Academy of
Sciences of the Azerbaijan SSR R. D. Jafarov and A. M. Alekberov conducted a more detailed study
of the species of poisonous snakes and established new faunal and environmental data [6, 9—14].

In general, special studies of poisonous snakes in Azerbaijan began in the 1960s. In this area,
special merit belongs to Alekberov and his students Sherifov, Aliev and Iskenderov. In the works of
these authors, the faunistic (morphology, geographical distribution, number, density) of poisonous
snakes in Azerbaijan, their maintenance in artificial conditions to obtain snake venom, as well as
exploitation and breeding are described in detail [21, 22].

Due to the fact that the territory of the Nakhichevan is geographically separated from
Azerbaijan, the degree of study of Serpents’ fauna species along with other animal species was
insufficient compared to other areas of the Republic [18, 19, 25, 26].

Currently, the systematics of the fauna of Caucasian snakes, especially species belonging to
the Viperidae family of various viper complexes (Vipera lebetina, V. xanthina, V. ursinii, V. berus
etc.) has changed significantly. The last literary data on the taxonomy and geographical distribution
of the Caucasian ophidofauna are given in the works of B. S. Tunieva [14, 20, 23].

Information on the types of poisonous snakes of the herpetofauna of the autonomous republic
is given below:

Class: Reptilia

Order: Squamata

Suborder: Serpentes

Family: Viperidae

Genus: Macrovipera
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Species: Macrovipera lebetina obtusa Dwigubsky, 1832 — Levent s viper

Features Body length reaches up to 2 m, weight is usually 3 kg. The most poisonous, long and
thick snake living in the region. Slow moving.

The front part of the head is blunt, there is an obvious separation of the neck. The head is
spotless. The upper side of the head is covered with small scales. The dorsal side of the trunk is
brown or gray-black, sometimes with large blackish, indistinct spots. The middle part of the trunk is
brick-red, the edge of which is covered with a continuous strip of black spots, which narrows on the
back of the tail. The abdomen is slightly reddish, or yellow-white, with black dots on the surface.
The end part of the tail is yellowish.

Geographical distribution
Near East, North Africa, East Asia. On the territory of the autonomous republic lives its
subspecies — Macrovipera . obtusa. It is spread in the vicinity of the city of Nakhchivan, the
village of Gahab, on the slopes of the mountains Darydag and Ilandag, on the territory of Julfa,
Ordubad and Shahbuz districts and other localities of the region (Figure 1). 3 snakes were caught on
a livestock farm on the outskirts of the city of Nakhchivan and in the botanical garden of the
Institute of Bioresources.

Figure 1. Distribution area of Levent’s viper

Habitated biotopes. Inhabits forestless flat and rocky territories. It is observed in ruins, sadiki
and on fields.

Nutrition. Small rodents, birds, lizards and snakes are the basis of the diet. First, it kills the
prey with poison, and then swallows it.

Reproduction. The female lays 5-7 eggs.

Poison. A rat’s bite kills in a few seconds. Even a snake bite can kill an animal, such as a
horse and a camel (O. O. Guru, 1999).

Genus: Vipera

Species: Montivipera raddei (Boettger, 1890) — Radde s mountain viper.

Features body length reaches 99 cm. The head is triangular in shape with a thinly expressed
neck interception. The upper surface of the head is covered with small, ribbed scales. Vertical
pupils. The upper part of the body is gray-brown, with oblique stripes or angular spots. The edges of
these spots are dark, the inside is lighter, sometimes they have a blackish color. Spots on the upper
surface of the tail form a thin strip. The bottom of the tail has a yellowish-white color, with black
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dots or small spots.

Geographical distribution. South of Armenia, north-east of Turkey, north-west of Iran. The
species in Azerbaijan is distributed only on the territory of the Nakhchivan. It lives on mountainous
areas of Shahbuz, Ordubad, Julfa and Babek districts. The species is especially often found in the
territories of “Derebogaz” Shahbuz, “Gabagly also” Ordubad and “Khezinedere” Julfa districts.
Two individuals were caught in "Hezineder" (Figure 2).
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Figure 2. Distribution area of the Radde viper

Habitated biotopes. Inhabits forestless mountain areas, various rare forests, sometimes stony
areas in forests.

Nutrition. Small rodents, lizards, birds and snakes make up the base of the fish. It mainly
feeds at night, during the day the viper becomes inactive, hides under stones. She is slow in
movements, bites under compulsion.

Reproduction. The female gives birth to 3-9 cubs.

Venom. He can be dangerous for human life. A fatal case from the bite of this species is not
known.

Genus: Vipera (Pelias)

Species: Pelias eriwanensis (Christoph, 1861) — Steppe viper.

Features A snake with a body length of about 50 cm or a little more. The surface of the head is
covered with small scales of irregular shape (oblong, polygonal) and shields (one of them is large).
Vertical pupils.

The dorsal surface of the viper is painted in a light brown-white background or in an olive-
green color. Against this background, a dark brown zigzag strip along the spine is clearly
distinguished, sometimes broken into separate spots. Often, the outer edges of the inner strip are of
a darker color. On the sides of the trunk and tail, there is a row of dark small spots, reaching the
ventral shields. This row can consist of two parts. Shields located outside the spots with black dots.
Abdomen yellowish-white. There may be black dots or spots on this background.

Geographical distribution. France, East Austria, Hungary, Central Italy, Serbia, Croatia,
Bosnia-Herzegovina, Severnaya Macedonia, Albania, Romania, Severnaya Bulgaria, Greece,
Turkey, Northwest Iran, Armenia, Georgia, Russia, Kazakhstan, Kyrgyzstan, China and east of
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Uzbekistan.

Meets in subalpine and alpine (territories of the Batabat plateau, the vicinity of the villages of
Paragachay and Pazmari of the Ordubad district) meadows of the autonomous republic.

Habitated biotopes. The view rises up to 3000 m. above sea level Inhabits grassy and stony
areas. Sometimes it is observed in forested places and bushes. Winter hibernation is spent in rodent
burrows, rock cracks, etc.
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Figure 3. Distribution area of the Yerevan viper

Reproduction. Babies are born in July-August. The female brings 4-10 cubs.

Nutrition. The basis of nutrition is insects, sometimes lizards and snakes. First, poison kills
the victim. It is the smallest poisonous snake in our territory. During the day, she prefers to hide in
hidden places.

No deaths from the bite of the steppe viper have been recorded.

Conclusion

Snake, scorpion and insect bites are common occurrences in our daily lives. We can say that
we are luckier in that the animal species of our fauna are less poisonous than species in the world.

These animals do not pose a danger to humans under normal conditions. They can be
dangerous if teased by a nature lover, researcher, or just a person relaxing in nature. To protect
snake species, it is necessary to take specific measures in their areas of high abundance and be more
careful.

During the research, it was established that Macrovipera lebetina is the most widespread and
numerous species of venomous snakes in the herpetofauna of the Autonomous Republic. Other
species are distributed in limited areas.

Snakes are unloved and even scary creatures. The main reason for this is that these animals
are considered poisonous and dangerous. This mentality stems from the lack of information people
have about snakes. Most species of snakes are non-venomous, although some are poisonous.

At the same time, you need to be careful from poisonous snakes. It must be remembered that
these animals, if not disturbed, never harm humans.

When bitten by snakes, skillful provision of medical care and injection of a special anti-snake
serum to the bitten person is the key to successful treatment.

—G)
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 144



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

Acknowledgments
We thank the management of the Nakhchivan Bioresources Institute of the Ministry of
Science and Education of Azerbaijan for their help.

References:

1. Alekperov, H. M. (1965). Fauna i ekologija nazemnyh pozvonochnyh Azerbajdzhana.
Baku. (in Russian).

2. Alekberov, A. M. & Sherifov, F. G. (1973). Ekologija gadjuki Radde i1 ee soderzhanie v
laboratornyh uslovijah. Trudy Azerbajdzhanskogo gosudarstvennogo universiteta. Serija
biologicheskie nauki, (3), 43-47. (in Russian).

3. Aliev, T. R.,, Ahmedov, S. B., & Ganiev, F. R. (1983). Redkie prilegajushhie k
Nahchyvanskoj ASSR 1 materialy po ih ohrane. Izvestija Akademii nauk Azerbajdzhanskoj SSR.
Serija biologicheskie nauki, (6), 44-49. (in Russian).

4. Sherifov, F. G. (1970). Kavkazskaja gadjuka i nekotorye svedenija ob ee obraze zhizni.
Izvestija Akademii nauk Azerbajdzhanskoj SSR. Serija biologicheskie nauki, (4), 78-80. (in
Russian).

5. Topchieva, Sh. A., & Yolchiev, Ya. Ya. (2001). Farmakologicheskie svojstva zmeinogo jada
i ego vlijanie na obmen veshhestv cheloveka i zhivotnyh. Izvestija Akademii nauk Azerbajdzhanskoj
SSR. Serija biologicheskie nauki, (4-6), 100-108.

6. Alekperov, A. M. (1958). Zemnovodnye i1 presmykajushhiesja Azerbajdzhanskoj SSR:
avtoref. diss. ... d-r biol. nauk. Baku. (in Russian).

7. Alekperov, A. M. (1961). K ekologii i rasprostraneniju gadjuki (Vipera lebetina L.) v
Azerbajdzhane. Uchenye zapiski Azerbajdzhanskogo gosudarstvennogo universiteta imeni S. M.
Kirova. Serija biologicheskie nauki, (4), 13-17. (in Russian).

8. Alekperov, A. M. (1970). Jadovitye zmei Azerbajdzhana i voprosy sostojanija ih ohrany. In
V Jadovitye zhivotnye i ih jady: Materialy Sredneaziatskoj konferencii AN Uzbekskoj SSR, 14-28.
(in Russian).

9. Alekperov, A. M. (1978). Zemnovodnye 1 reptilii Azerbajdzhana. Baku, 149-155. (in
Russian).

10. Alekberov, H. M., Aliev, T. R., & Ganiev, F. R. (1985). O rasprostranenii 1 jekologii
zakavkazskoj gadjuki v Araksskoj nizmennosti Nahichevanskoj ASSR. Vestnik zoologii Ukrainskoj
akademii nauk SSR, (3), 59-63. (in Russian).

I1. Aliev, T. R. (1972). O rasprostranenii 1 jekologii kavkazskogo medjannika v
Azerbajdzhane. Izvestija Akademii nauk Azerbajdzhanskoj SSR. Serija biologicheskie nauki, (3), 72-
74. (in Russian).

12. Aliev, T. R. (1974). Jadovitye zmei Azerbajdzhana (jekologo-faunisticheskie
issledovanija): avtoref. diss... kand. biol. nauk. Baku. (in Russian).

13. Aliev, T. R. & Ganiev, F. R. (1985). Rasprostranenie i jekologo-morfologicheskie
osobennosti stepnoj gadjuki - Vipera ursinii Bonaparte, 1835 v Azerbajdzhane. Izvestija Akademii
nauk Azerbajdzhanskoj SSR. Serija biologicheskie nauki, (1), 44-50. (in Russian).

14. Ananeva, N. B., Orlov, N. L., Khalikov, R. G., Darevskii, I. S.,; Ryabov, S. A., &
Barabanov, A. V. (2004). Atlas presmykajushhihsja Severnoj Evrazii (taksonomicheskoe
raznoobrazie, geograficheskoe rasprostranenie i prirodoohrannyj status). 183-221.

15. Bannikov, A. G., Darevskii, 1. S., & Ishhenko, V. G. (1977). Opredelitel' zemnovodnyh 1
presmykajushhihsja fauny SSSR. Moscow. (in Russian).

—G)
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 145



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

16. Iskenderov, T. M. (2019). Vnesezonnaja otkladka jaic u zakavkazskoj gjurzy Macrovipera
lebetina obtusa (Dwigubsky, 1832). IVUZ PR Estestvennye nauki. (2 (26)), 67-74.

17. Iskenderov, T. M., Ahmedov, S. B., & Bunyatova, S. N. (2017). Gadyuka Lotieva (Pelias
lotievi, Serpentes, Viperidae) — novyj vid dlja fauny Azerbajdzhana. Zoologicheskij zhurnal, 96(1),
121-124. (in Russian).

18. Iskenderov, T. M., Doronin, I. V., Mustafayeva, G. A., & Kulieva, A. M. (2021). First
record of the lizard genus Podarcis Wagler 1830 (Reptilia, Lacertidae) in the Caucasus. Biology
Bulletin, 48(8), 1319-1322. https://doi.org/10.1134/S1062359021080124

19. Terentev, P. V., & Chernov, S. A. (1949). Opredelitel' presmykajushhihsja i zemnovodnyh.
Moscow. (in Russian).

20. Tuniev, B. S. (2009). Zmei Kavkaza: taksonomicheskoe raznoobrazie, rasprostranenie,
ohrana. Moscow. (in Russian).

21. Sharifov, F. K. (1973). O prodolzhitel'nosti zhizni i skorosti rosta kavkazskoj gadjuki v
nevole. Voprosy gerpetologii. Leningrad, 187-191. (in Russian).

22. Sharifov, F. G. (1974). Presmykajushhiesja Kura-Araksinskoj nizmennosti 1 ih
prakticheskoe znachenie: avtoref. dis. ... kand. biol. nauk. Krasnodar. (in Russian).

23. Nilson, G., & Andrén, C. (2001). The meadow and steppe vipers of Europe and Asia—the
Vipera (Acridophaga) ursinii complex. Acta Zoologica Academiae Scientiarum Hungaricae, 47(2-
3), 87-267.

24. Nilson, G., Hoggren, M., Tuniyev, B. S., Orlov, N. L., & Andren, C. (1994). Phylogeny of
the vipers of the Caucasus (Reptilia, Viperidae). Zoologica Scripta, 23(4), 353-360.
https://doi.org/10.1111/j.1463-6409.1994.tb00393.x

25. Mamedov, A. F., & Bayramov, A. B. (2014). Vidy jadovityh zmej fauny Nahchyvanskoj
avtonomnoj respubliki Azerbajdzhana. Politematicheskij setevoj jelektronnyj nauchnyj zhurnal
Kubanskogo gosudarstvennogo agrarnogo universiteta, (102), 841-854. (in Russian).

26. Mamedov, A. F., & Bayramov, A. B. (2015). Vidy yadovityh zmej fauny Nahchyvanskoj
avtonomnoj respubliki Azerbajdzhana. Vestnik Altajskogo gosudarstvennogo agrarnogo
universiteta, (1 (123)), 76-83. (in Russian).

Cnucok numepamypbl:

1. AnexniepoB X. M. ®ayHa U 3K0JIOTHS Ha3eMHbIX 1T03BOHOYHBIX A3epOaiipkana. baky: U3n-
Bo Akan. Hayk A3CCP, 1965. 203 c.

2. Anexbepo A. M. Ilepudpos @. I. Dxonorust ramoku Panne u ee conepxaHue B
nabopatopHbIX ycnoBusx // Tpynel AzepOaiikaHCKOro rocyapcTBEHHOro yHuBepcutera. Cepus
ounonornueckue Hayku. 1973. Ne3. C. 43-47.

3. Amues T. P., Axmenos C. b., 'anueB ®. P. Penxue npuneratonme k HaxuueBanckoit ACCP
U Mmarepuaisl o ux oxpaHe // W3Bectus Axagemuu Hayk AsepOaitmxanckoit CCP. Cepus
ouonornueckue Hayku. 1983. Ne6. C. 44-49.

4. epucpon @. I. Kapkasckas rajmoka U HEKOTOpble cBeleHHUs 00 ee obOpase Ku3HU //
W3Bectuss Axagemun Hayk AsepOaitmxanHckoit CCP. Cepusi O6uonoruueckue Hayku. 1970. Ned.
C. 78-80.

5. Tomuuesa 1II. A., Emuuen 5. 5. dapmaxonorudeckue CBOHCTBAa 3MEMHOTO $i1a M €ro
BIMSHME Ha OOMEH BeIIeCTB 4eJoBeKa W JKUBOTHBIX // M3BecTuss AxageMuu Hayk
AzepOarimxanckoit CCP. Cepust Ouonorndeckne Hayku. 2001. Ne4-6. C. 100-108.

6. AnekniepoB A. M. 3eMHOBOZIHBIE U TIpecMbIKarommecs: AzepOaiimkanckoir CCP: aBroped.
aucce. ... a-p 6uon. Hayk. baky, 1958. 26 c.

—G)
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 146



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

7. AnexkniepoB A. M. K »sxomormum um pacnpoctpanenuro ramwoku (Vipera lebetina L.) B
AzepOarimxane // YdeHbple 3anmucku A3epOaiipkaHCKOTO TOCYJIapCTBEHHOTO YHUBEPCUTETAa MMEHHU
C. M. Kupoga. Cepus Ouonornyeckue Hayku. 1961. Ne4. C. 13-17.

8. AnexnepoB A. M. SnoButeie 3men AzepOaiikana 1 BOIPOCH COCTOSHUS MX OXpaHbl // B
SAnoBuThie KUBOTHBIE U WX sabl: Marepuansl Cpenneasuarckord koHdepeHiuu AH VY30ekckoit
CCP: 1970. C. 14-28.

9. AnexniepoB A. M. 3emMHOBOzHBIE U penTuinu AzepOaiimkana. baky: Dnem, 1978. C. 149-
155.

10. AnexbepoB X. M., Amue T. P, l'ammeB ®. P. O pacnpocCTpaHEHHMH W 3KOJIOTHH
3aKaBKa3CKOM Taatoku B Apakcckoi Hu3MeHHocTH HaxuueBanckoit ACCP // BecTHHK 300510THH
VYxpaunckoit akagemun Hayk CCP. 1985. Ne3. C. 59-63.

11. AnmueB T. P. O pacnpocTpaHeHHH U SKOJIOTUU KaBKAa3CKOTO MeIsHHUKA B A3epOaiimkane //
M3Bectust Axanemun Hayk AsepOaiimkanckonn CCP. Cepust Ouonormveckue Hayku. 1972. Ne3.
C. 72-74.

12. AmueB T. P. SInoButsie 3men AzepOaiimkana (9Koioro-hayHUCTHYECKUE UCCIEAOBAHUS):
aBroped. nucc. ... Kaga. ouon. Hayk. baky, 1974. 21 c.

13. AnmueB T. P. I'anueB @. P. PacnipocTpaneHue u 3K0JI0ro-Mopdoaorudeckiue 0CoOOCHHOCTH
CTEMHOM TalloKu - Vipera ursinii Bonaparte, 1835 B AzepOaiimxane // M3Bectus AkaieMuu Hayk
Azepbaiimxanckoit CCP. Cepust 6uonornueckue Hayku. 1985. Nel. C. 44-50.

14. AnanneBa H. b., Opnos H. JI., Xamukos P. I, [lapesckuii 1. C., Ps6os C. A., bapabanos
A. B. Amnac mnpecmbikaomuxcs CeBepHoii EBpasum (TakcoHOMHYECKOe pa3zHOOOpasue,
reorpauyeckoe pacrpocTpaHeHue U MPUPoaooXpanHslii cratyc). 2004. C. 183-221.

15. banaukoB A. T., Hapeckuit U. C., Umenko B. I. Omnpenenutens 3eMHOBOIHBIX H
npecmbikaromuxcs paynst CCCP. M.: Ilpocsemienue, 1977. 414 c.

16. UckennepoB T. M. Buece3oHHass OTKiIagka sMI] Y 3aKaBKa3CKoOMl Ttop3bl Macrovipera
lebetina obtusa (Dwigubsky, 1832) // UBY3 I1P EcrectBennsie Hayku. 2019. Ne2 (26). C. 67-74.

17. UckennepoB T. M., Axmenos C. b., bynstoa C. H. I'agtoka Jlotuesa (Pelias lotievi,
Serpentes, Viperidae) - HOBBIM Bun 151 payHsl AzepOaiimkana // 3oonornyecknii xypHai. 2017. T.
96. Nel. C. 121-124.

18. Iskenderov T. M., Doronin I. V., Mustafayeva G. A., Kulieva A. M. First record of the
lizard genus Podarcis Wagler 1830 (Reptilia, Lacertidae) in the Caucasus // Biology Bulletin. 2021.
V. 48. Ne8. P. 1319-1322. https://doi.org/10.1134/S1062359021080124

19. Tepentses I1. B., Yepnos C. A. OnpeaenuTens NPECMBIKAIOIIUXCS U 36MHOBOIHBIX. M.
Cos. Hayka, 1949. 340 c.

20. Tynue b. C. 3menm KaBkaza: TakCOHOMHYECKOE pa3zHOOOpas3we, pacrnpocTpaHEHUE,
oxpana. CII6; M.: KMK, 2009. 217 c.

21. llapudos ®. K. O npoaomKUTENbHOCTH KU3HU U CKOPOCTH POCTa KaBKAa3CKOW TaJfOKU B
Hesouie. Bonpocs! repneronoruu. JI.: Hayka, 1973. C. 187-191.

22. lllapudpos @. TI. IIpecmbikarommecs Kypa-ApakCMHCKOW HU3MEHHOCTM U HUX
MpaKkTUYECKOe 3HaYeHue: aBToped. aucc. ... kana. omon. Hayk. Kpacunonmap, 1974. 28 c.

23. Nilson G., Andrén C. The meadow and steppe vipers of Europe and Asia - the Vipera
(Acridophaga) ursinii complex // Acta Zoologica Academiae Scientiarum Hungaricae. 2001. V. 47.
Ne2-3. P. 87-267.

24. Nilson G., Hoggren M., Tuniyev B. S., Orlov N. L., Andren C. Phylogeny of the vipers of
the Caucasus (Reptilia, Viperidae) // Zoologica Scripta. 1994. V. 23. Ne4. P. 353-360.
https://doi.org/10.1111/1.1463-6409.1994.tb00393.x

(9
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 147



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

25. MamenoB A. @. O., baiipamoB A. b. O. Buasr s10BUTHIX 3Mel daynsl HaxnmueBaHckon
aBTOHOMHOU pecmyOnuku AzepOaiimxana // TlomuTemMaTHdecKuid CETEBON SJICKTPOHHBIA HAyYHBIN
xypnan Ky6anckoro rocynapcTBeHHOro arpapuoro yuusepcureta. 2014. Nel02. C. 841-854.

26. MamenoB A. ®@. O., BaiipamoB A. b. O. Buasl s10BuThIX 3Mel (hayHsl HaxumueBaHCKoit
aBTOHOMHOUM pecrnyonuku AszepOaiimkana // BecTHHK ANTalCKOTO TOCYIapCTBEHHOTO arpapHOro
yuuBepcutera. 2015. Nel (123). C. 76-83.

Paboma nocmynuna Ipunsma k nybruxayuu
6 peoakyuio 12.11.2023 2. 24.11.2023 2.

Cevlnka 08 yumuposanusi:

Mammadov A. Addendum to the Fauna of Venomous Snakes of Nakhchivan (Azerbaijan) //
bronnerens Hayku u mpaktuku. 2023. T. 9. Nel2. C. 140-148. https://doi.org/10.33619/2414-
2948/97/17

Cite as (APA):

Mammadov, A. (2023). Addendum to the Fauna of Venomous Snakes of Nakhchivan
(Azerbaijan). Bulletin of Science and Practice, 9(12), 140-148. https://doi.org/10.33619/2414-
2948/97/17

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 148



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

CEJIbCKOXO3AHCTBEHHBIE HAYKHU / AGRICULTURAL SCIENCES

VK 628.381.4: 631.67 https://doi.org/10.33619/2414-2948/97/18
AGRIS P10

BO3MOXHOCTH UCITIOJb30BAHUSA HETPAJIMIIMOHHBIX NCTOYHUKOB BO/1bI
JJI OPOLHEHUS ITPU AEOUIUTE BOAHBIX PECYPCOB
(ua npuMmepe [aBHoro Muiib-Kapadaxckoro KoJieKTopa)

©Haoupos H. I., kano. c.-x. nayx, Hncmumym nousosedenus u acpoxumuu npu Munucmepcmee
Hayku u obpazosanus Azepoaiioxcanckoii Pecnyonuku, e. baxy, Azepbatiodcan
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©OMameooesa IlI. A., xarno. c.-x. nayx, Mncmumym noueosedenus u azpoxumuu
npu Munucmepcmae nayku u oopazosanus Azepoatioxcanckou Pecnyonuxu,
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u obpazosanus Azepoatioxcanckou Pecnyonuku, 2. baxy, Aszepbaiioscan

POSSIBILITIES OF USING NONCONVENTIONAL SOURCES
OF WATER FOR IRRIGATION WHEN SCARY WATER RESOURCES
(Using the Example of the Main Mil-Garabakh Collector)

©Nadirov N., Ph.D., Institute of Soil Science and Agrochemistry of the Ministry of Science
and Education of the Republic of Azerbaijan, Baku, Azerbaijan
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Annomayusn. llpencraBieHbl pe3ysibTaThl TMPOBEACHHOW OKCIEIUIIMU TIO0  BBISBICHUIO
Ka4eCTBEHHOTO COCTOsiHUSI BOAbl [naBHoro Mub-Kapabaxckoro koJiiekTopa € IEIbI0 €€
MCIIONF30BaHUS KaK ajlbTePHATUBHOTO UCTOYHMKA opolieHus. CoOpaHHbIE MPOObI aHATM3UPOBAIUCH
U CUCTEMATU3UPOBAINCH B KaMepaJbHBIX YyCIOBUsX. lIpoaHanm3upoBaHbl MHHEpPATN30BAHHOCTb,
KOJINYECTBO CYXOIO OCTarka M CoJep)kKaHhue HOHOB. Ha OCHOBaHWU TONYYEHHBIX PE3YJIBTATOB
OINCHCHO Ka4C€CTBO BOJAbI IO CYHICCTBYIOIIMM MCTOAUWKAM MW JaHbl PCKOMCHIAIMU 110 €€
HCIIOJIb30BAaHUIO B OPOILICHUH.

Abstract. The article presents the results of an expedition to identify the quality of water in
the Main Mil-Garabakh Collector with the aim of using it as an alternative source for irrigation.
The collected samples were analyzed and systematized in office conditions. The total mass of water
in water samples was analyzed, their mineralization, the amount of dry residue and ion content were
studied. Based on the results obtained, the quality of water was assessed using existing methods and
recommendations were given for its use in irrigation.

Kniouesvie cnosa: OPOCHUTCIIbHBIC KaHaJlbl, aHAJIN3 BOAbI, COJICHOCTh, Ka4Y€CTBO BOIBI.
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B opomaemom 3emiienenun AsepOaiiykaHa OCHOBHbBIE YAaCTH UPPUTALMOHHBIX CUCTEM — 3TO
MarucTpajbHbIE BHYTPUXO3SHICTBEHHBbIE KaHalbl. HespdekTHBHOE HCIONB30BaHUE BOIHBIX
pecypcoB — OjIHA W3 OCHOBHBIX MPOOJIEM B CEIBCKOM X03stiicTBe [1].

B nacrosmee Bpemst B Pecybnuke — 610 ThIC Ta opolIaeMbIX 3eMeNb JIeTpaupOBaHbl B
MEJTMOPATUBHOM OTHOIIEHUU U 3aCOJICHBI [2].

B 2021-2022 rr. paHee ObLIM MPOBENEHBI HUCCIEIOBaHMS MO BBISBICHUIO Ka4€CTBEHHOI'O
coctosinusg Bonbl [nmaBHoro Muib-Myranckoro [3, 4], IIupBanckoro [S5S] m InmaBHoro Muiib-
Kapabaxckoro xomiekTopos [6].

B xome mpoBeAcHHON SKCHenuIMd OOBEKTOM HAIIero ucciiefoBaHus cran [maBHbi Mu-
Kapabaxckuit kxomnektop (I'MKK). OcHoOBHOW 1enbl0 HCCIEJOBaHUS ObUIO  ONpeeTCHHE
KOJINYECTBEHHBIX M KAYECTBEHHBIX IIOKa3aTeleld BOXbI, IepeHOCuMON [naBHbBIM Muiib-
Kapabaxckum KOJJIEKTOPOM IO Tpacce, U U3y4eHHE BO3MOXKHOCTEH MCIOIb30BaHUS KOJIJIEKTOPHOU
BOJIbI B IIPOIIECCE OPOLIEHU pu HeoOxoaumocTu. Muub-Kapabaxckuil Komiekrop ObUT IOCTPOEH B
1957-1962 rogax msis OTBOAA MOA3EMHBIX COJCHBIX IPYHTOBBIX BOJ ¢ Mmuibckoit u Kapabaxckoit
paBauH (EBmaxckwmii, bapnuackuii, Umununackuii, Kropmamupckuii paiioHsl) U pacrojaraics Ha
npaBoM Oepery p. Kypsl. JlnnHa kosiekTopa, BBEACHHOTO B AKcIUTyaraiuio B 1964 1, coctaBuna 152
KM, HPOM3BOAMTENLHOCTh 25 M/cex. IlomseMHble BOABI, yHaleHHbIE KOJJIEKTOPOM, paHEe
nepenaBaMch U3 aykepa nox p. Kypa B ImaBusiid IlInpBaHCKMI KOJUIEKTOP, MPOXOIAILUN Yepes
neBwlii Oeper pexu. B 2006 1, mocne 3aBepiieHus: CTpouTenbcTBa [TaBHOro Kosuiekropa Muiib-
Myranb, Kk HeMy ObUT noAKIIoueH Munb-Kapabaxckuil komekTop. B Hacrosiee BpeMs KOJUIEKTOp
cOpaceIBaeT ApeHakHbIe BoAbl ¢ 183,8 Thic. ra opomaembix u 115,3 ThIC Ta METHOPHUPOBAHHBIX
3emenb Kapabaxckoit 1 Munbckoit paBHUH B [T1aBHBIN Muinb-MyTraHCKHi KOJIIIEKTOP.

3a BpeMms skciuryatanuun Mub-Kapabaxckoro kosiekropa (akTuueckoe BOJONOTpeOieHne
KOJUIEKTOpa BO3pociio B 1,5-2 pasa mo CpaBHEHHIO C TMPOEKTHBIM MOTPEOJICHHEM 3a CYeT
paciMpeHus IUIOIIAIeH OpOIIAEMBbIX 3€MEJb B 00CIYKMBAaEMbIX UM pailoHax M Mepexo/ia Ha HOBbIE
SKOHOMHUEeckHe ycioBus. M306eiTox Boawl cOpackiBaercst B pp. Kypa, Xauun, 'aprap u Bepxne-
Kapabaxckuil kanan. [uIpoTeXHHYECKHE COOpPYXEHHs, IOCTPOCHHBIE Ha IEPECEUCHHIX C
aBTOMOOWJIBHBIMU U JK€JI€3HBIMHU JOPOTaMH, peKaMu U 00beKTaMu JTUHEHHON MH(PACTPYKTYpbI, HE
MOryT cOpacbiBaTh MOBBIIIEHHOE BojponorpedieHue. B paitone cena [llennuk ArmkabeTuHCKOro
pailoHa BoOAa KOJJIEKTOpa MPEACTaBISET yrpo3y 3arToIUICHUs MPWIETalolUuX TEPPUTOPHIl.
Pexonctpykims Munb-Kapabaxckoro KomiekTopa CUMTAeTCsl HEOTIOKHOM Mepol B IHemsx
NPEIOTBPALCHUS YXYALIEHNUs SKOJIOTHYECKOW CUTYyallud cO COPOCOM KOJUIEKTOPHBIX BOJ B PEKH.
[Ipy peKOHCTPYKLMU KOJJIEKTOpa 3a CYET YIyYIIeHHS MEIUOPATUBHOro cocTosiHUs 219,8 Thic ra
OpOILIaeMBbIX 3€Mejb, a B JAJbHEHIIEM 3a CUeT YJIyYIIEHUs MeIropanuu 35 ThIC ra 3eMenb OyayT
CO3/laHbl yCIIOBUS JJI1 YBEJIWYEHMs] IPOU3BOACTBA CEIbCKOXO3AWCTBEHHOW IPOAYKIHMH Ha
OpOIIAEMBIX 3EMJISIX, @ TAKXKE YIyUYIIEHHE YKOJIOTMYECKOe cocTossHUE P. Kypal.

Ilonesvie uccneoosamenvckue pabomei. V3yden mapuipyt InmaBHoro Muib-Kapabaxckoro
KOJUIEKTOpA, HaunMHasg OT EBnaxckoro paioHa 0 MyHKTa MOJA Ha3BaHUEM JlepeBSHHBIA MOCT B
ArmpkabenMHCKOM —paiioHe, B3SThl Ha aHaidu3 MpoObl BOABI M3 CaMOT0 KOJUIEKTOpa U
MOJKITIOYAIONIUXCS K HEMY CTOKOB B Pa3HBIX TOYKaxX, ONpENeNeHbl 0O0BbEeMBbl pacxoia BOIBI Ha
OTACIBHBIX Y4YacTKaX, MCCIEAOBAaHbl TUIIBI TMAPOTEXHUYECKUX YCTPOMCTB HA KOJUIEKTOPE M HX
COCTOSIHHE, Pa3MbIBbI, 3aMJICHHUS, PA3JIUBbI KOJJIEKTOPHOTO KaHajla.

Kamepanvuvie u nabopamopusie uccieoosanus. CodOpaHHbie MPOOBI CHCTEMATU3UPOBAIIUCH B
KaMepaJbHbIX YCIOBHUAX M OTHPABISUIMCH B JJabopaTopuio Ha aHanu3. [IpoaHanu3upoBaHbl 001as
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Macca BOJbl B Mpo0ax BOJbI, M3y4y€HA MX MHHEPAIU30BAHHOCTb, KOJMUYECTBO CYXOr0 OCTaTrka U
cofiepkaHue HOHOB. OIIGHEHO KadyecTBO BOJbl [0 CYLIECTBYIOUIMM METOAMKaM M JaHbl
pPEKOMEHJALMU [0 €€ MCHOJIb30BaHUIO B opouleHuH. [lpoBeneHbl ucciieoBaHHs OT Haudaia
I'maBHoro Munb-Kapabaxckoro kosuiekropa A0 ywacTka 10 Ha3BaHueM Taxra MocrT,
pacrooKeHHOro B ArpkaOequHCKOM paiioHe. B memsix oOecrieyeHHs TOYHOCTH M IOJHOTHI
IIOJyYEHHBIX JaHHBIX M3 XapakKTepHbIX Todek [naBHoro Mwuib-Kapabaxckoro kosiekropa ObuH
oToOpanbl TPOOBI BOJIBI, MPOAHATU3UPOBAHBI B JIAOOPATOPHBIX YCIOBUSX M IPOBEACHA
COOTBETCTBYIOIIAs OLEHKA C LIEJbIO ONPENEICHUS BO3MOKHOCTU MCHOIb30BAHUS 3THX BOX IS
neselt opouteHus. Beero mpo6s! Boab! OblIN B34TH U3 16 TOuek U 3aMKCUPOBaHbI reorpaguueckue
KOOPAMHATBI ATUX ToueK. OpUEHTUPBI, KOOPAMHATHI U PE3YJIbTaThl XMMHUYECKOTO aHalIM3a MecTa

orbopa mpod Boxbl npuBeneHs! B Tadmure 1.

Ta6mmma 1
PE3VJIbTATBI AHAJIU30B ITPOB BO/IbI,
B35TOU U3 I'NTABHOM MUJIb-KAPABAXCKOU KOJUIEKTOPHOU CETU
=~
N
| S v 2
Mecmo 3amus % S . % & % l‘f s S S
npo6 Koopounamut 8 %:) O 9) 8 g’ +y § § §
z s 32
S5 3
Q
)
Tlopora Esrax- X -40°3504.6" 0002 0023 0,053 0460 0176 0021 0022 . ...
Bapna, TMKK Y -47°0829.7" 0,05 038 152 958 880 1,76 097 " ’
Panom X-40°33'547" 0,002 0041 0014 0184 0068 0012 0012 . .0
YNpaB/ICHHCM Y -47°09498" 0,06 068 040 383 340 100 051 ’
IIOrPaHBONMCK
8 xM mmocnie X - 40°31'55.3" 0,005 0,087 0,022 0,214 2,106 0,011 0,012 2905 0457
YHpaB/ICHHA Y -47°11'58.7" 0,16 1,43 084 446 528 088 0,053 ’
IIOTPAHBOMCK
Jipen mocie X-40°3124.7" 0002 0074 0,017 0185 0088 0008 0013 . ...
mocta TMKK Y -47°12'19.6" 0,07 121 0,18 3,85 440 066 055 ’
1%[ X-40°2941" 0002 0046 0011 0122 0031 0013 0024 = o
oLV v.47014234" 005 076 032 254 154 110 103 ’
(MyTHas Boaa)
Jpen K-18 X -40°27156" 0,001 0,059 0,011 0015 0013 0005 0012 . .. ¢
zlopora K Y-47°1604" 004 096 0032 031 066 044 053 ’
Aiipuyait
MKK y c. X -40°2450.7" 0,003 0,043 0,011 0107 0035 0013 0011 . .,
Yenabu Y-47°1857.8" 1,08 071 032 223 1,76 1,10 048 ’
Tepeceuenmne X - 40°24'044" 0,004 0,040 0,014 0,137 0,044 0,013 0,017
sataa 1,345 0,269
aperoB B p Kypa Y -47°1931.7 0,12 066 040 285 270 1,10 0,73
Jlpen K-28, c. X -40°19'17.1" 0,002 0,030 0,011 0,138 0,044 0,016 0,005
, '1917.1 1,655 0,246
Hasapiu Y - 47°24'26.1 005 049 032 287 222 132 021
Tpen X-40°1739.2" 0,003 0036 0067 1640 0423 0118 0137 .
GecCTOUHBIH Y -47°25'484" 0,10 0,59 1,92 34,15 21,12 9,68 596 ’
ZMKK6Y BXOMAB v 40°17'19.7" 0,002 0,032 0,014 0,246 0,066 0,013 0,038 1775 0412
UUREDCMIACKII vy _47°5'547" 005 052 040 512 380 1,10 169 ’
panoH
Hpen K-32,y
K auiaas X-40°1529.7" 0002 0,030 0050 0705 0220 0032 0069 . . .o
BITAJIa€T B P. Y -47°27'54.6" 0,05 0,49 1,44 14,68 11,00 2,64 3,02 ’
Kypa
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N
N
N = \E z§“
I 3 v
Mecmo 63amus Y o) ‘ & & & X = 8 S
Koopo ® 5 8 2 & 5
npo6 oopouHamol 8 %:) O Q S = +y S § g
=z SIS =
S-S
O
JpeH, "
X -40°08'50.9" 0002 0029 0064 0850 0251 0075 0031 . o .
TeppUTOpHA Y -47°28503" 0,05 047 184 1770 1254 616 136 ’
Armxabenu
IMocnennuii npen X - 40°07'15.7" 0201 0022 0020 0445 0123 0,016 0,063 1985 0690
o TaxtaMocta Y -47°29'515" 004 036 056 926 616 132 274 ’
Mecro
TIepeceyeH s X - 40°06'38.8" 0,000 0,024 0,025 0,645 0,825 0,032 0,016 3400 0967
I'MKK ¢ Y -47°302.1" 002 039 072 1343 11,22 264 071 ’
l"aprapuait
TlepeBsHHbiit X - 40°06'08.5" 0,000 0,024 0,052 0,797 0,287 0,035 0,033
061085 3,475 1,232
MOCT Y - 47°30'53.6 0,02 0,30 1,60 16,59 14,30 2,86 1,44

Oyenxka opocumenvbHol 600bl no cmeneHu muneparuzayuu (M). CornmacHO TPHUHSATOU
rpaganuu, eciu M< 0,5 r/1, To Boa MOJTHOCTBHIO MPUTOIHA ISl OPOLLIEHUS, €CIIM OHA KONeOIeTCs B
npenenax M= 0,5-2,0 r/n, To oHa cyhTaeTcs MEHee MPUTOAHOM, a ecau M>5 r/m, To oHa Oyxer
OMacHO JUIsl MPOBEACHUS MOJUBOB. Pesynbrar oreHku mnpeacrarieH B Tabnuie 2. Kak BUIHO U3
TaOIUIIBI, U3 B3ATHIX P00 9 OBLTN MPUTOMHEI IS OPOIICHMS, & 7 — MEHEee IPUTOIHEI.

Tabauma 2
OLIEHKA BOJbI ITO CTEITEHA MUHEPAJIM30BAHHOCTU
Nen/m  Munepanusayus Ilpucoorocms x Nen/m  Munepanuzayus Ilpucoornocms x
60001 OpouwLeHuIo 6000l OpOUuLeHUuIo
1 2,265 MEHee PUTOTHAS 9 1,655 " -
2 1,560 MIPUTOTHAS 10 3,620 MeHee TPUTOAHAS
3 2,905 MEHEEe MPUTO/IHAS 11 1,775 MIPUTOTHAS
4 1,005 TIPUTOTHAS 12 3,775 MEHee TIPUTOTHAS
5 1,490 -"- 13 3,400 ="
6 1,205 -"— 14 1,985 MIPUTOTHAS
7 1,420 —-"- 15 3,400 MEHee TIPUTOTHAS
8 1,345 "= 16 3,475 -"-

Ilo  koagpduyuenmy opowenuss (K). CymectByer JBa MOJIXOAAa K OIpPEJIEICHUIO

koo duimenTa opourenus. s omnpenenenus koddduumenra opomenus, ecma Na'™-ClIt < 0.

288 288
K= oyl Ecnmu Nal-Cl1>0 pexkoMeHayeTcsi HCIONB30BaTh (POpMyITy K:m‘ Cyuraercs

1[e1ecoo0pa3HbIM HCMONB30BaTh Gopmyny, ecnu K>18 cuumraercs MONHOCTHIO MPHUTOAHON IS
opomienusi, ecnu K=6-18, to mnpuroanoi, ecniu K=1,2-6, To OH cuutaercs MeHee MPUTOJHBIM, a
ecin K<12, to cumraercs HenmpurogHbIM. PacueTHble 3HadeHHs] KOA(PUIMEHTa OpOIIEHUS s
o0oux ciy4yaeB npuBeAcHbI B Tadmuie 3.

Kak BumHo u3 Tabmuue! 3, mo koadduimeHTy opolieHus Boaa, 3a0Mpaemas U3 BCEX TOUYEK
KOJIJIEKTOPA, MOJHOCTBIO NMPHUro/iHA K YHoTpeOneHuto. s oyenku codepxcanus nampusa (Na%) B

. Na*x100
OPOCHUTEHHOM BOJIE CIIEAYET UCIIOJIB30BATh CIIEAYIONIYI0 (hopmyiy. K:m'

Ecmu Na% < 60%, To By MOKHO CUMUTATh MOTHOCTHIO MMPUTOAHOMN IS OPOIICHHUS, €CIIH OHA
konebnercs B mpeaenax 60-80%, ee cumTaroT MeHee mpuroaHoil, a ecnu Na% >80%, oHa
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HCIIpUTOJHAs. HOTOMy qTo, 00JIBIIIOE KOJTHYECTBO HaTpHA BBI3BIBACT YBCIUUCHUC KOJIUYCCTBA COAbI
n 06p330BaHI/Ie 3aCOJICHHA B ITIOYBCE.

Tab6numa 3
OLIEHKA BO/IbI ITO KOO®OUITMEHTY OPOUIEHUS (K)
a) i mosnoxkenust Na*-Cl™ < 0 (K=288/5xCl)
Ne n/n Ne obpa3zyos Cl, m2/sxe6 5xCl, me/oxe K Ouyenka 600bl

1 2 0,40 2,00 144 [TOJIHOCTBIO IIPHUTOIHAS
2 4 0,18 0,90 320 "=

3 5 0,32 1,60 180 "=

4 6 0,032 0,16 1800 -"-

5 7 0,32 1,60 180 -"-

6 8 0,40 0,20 1440 -"-

7 10 0,92 9,60 30 "=

8 11 0,40 2,00 144 -"-

9 12 1,44 7,20 40 -"-

10 14 0,56 2,80 103 -"-

b) s momoxenust Na-Cl>0 (k=288/(Na+4Cl))
Nen/n  Neobpazyose Cl, me/ske  Na, me/7x8 Na+4Cl, m2/sxe K Oyenka 800wl

1 1 1,52 0,97 7,05 41 [TonHOCTHIO IPUTOTHAS
2 3 0,64 0,053 2,613 110 -"-

3 9 0,32 0,21 1,49 193 -"-

4 13 1,84 1,36 8,72 33 -"-

5 15 0,72 0,71 3,59 80 -"-

6 16 1,60 1,44 7,84 37 -"-

B Tabnuie 4 mokasaHo MPOLIEHTHOE COJEpKaHUe HATpUs B COOpaHHBIX Mpobdax Boabl. Kak
BUJHO, Onarojaps MPOLEHTHOMY COACpPX AHUIO HATPUS BOJBI BO BCEX CIydasX TIOJTHOCTBIO

MPUTOJAHBI JJIS1 OPOIICHU .

Taomuua 4

OLIEHKA KAYECTBA BOJbBI ITO COAEPXXAHUIO HATPUA, %

Ne n/n Na, mz/oxe Ca + Mg, m2/sxé  Na + Ca + Mg, me/>x6 Na, % Ouenka 600b1
1 0,97 7,56 8,53 11,4 MOJIHOCTBIO MTPUTOTHAS
2 0,55 4,40 4,91 10,4 -"-

3 0,053 6,16 6,213 0,9 -"-
4 0,55 5,06 5,61 9,8 -"-
5 1,03 2,64 3,67 28,1 -"-
6 0,53 1,10 1,63 32,5 -"-
7 0,48 2,86 3,34 14,7 -"-
8 0,73 3,80 4,53 16,1 -"-
9 0,21 3,54 3,75 5,6 "=
10 5.96 30,80 36,76 16,2 -"-
11 1,69 4,90 6,59 25,6 -"-
12 3,02 13,64 16,66 18,1 -"-
13 1,36 18,70 20,06 6,8 -"-
14 2,74 7,48 10,22 26,8 -"-
15 0,71 13,86 14,57 49 -"-
16 1,44 17,16 18,60 7,7 ="
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s oyenku 6006l NO OMHOCUMENTbHOMY NOMEHYUANbHOMY Ko3ppuyuenmy nampusi (SAR).
.

Pexomennyercss ucnonb3oBath ¢Gopmyiay SAR= W . Ecnim SAR<10, Bona
MTOJTHOCTBIO MPHUTOJIHA K UCIONIB30BaHut0, eciiu SAR=10-18, To ona nmpuroana, ecim SAR=16-26,
TO BOJIa CUMTAETCA MEHee MpUrogHor, a SAR>26 cumrtaercs HenpuroaHoil. B mociennem ciydae
CTENEHb 3aCOJICHUS TMOYBBI JOCTATOYHO BBICOKA. Pe3ysibTaT OTYETOB, MPOBEIECHHBIX C LEJbIO
OIICHKH Ka4eCTBa BOBI IO OTHOCUTEIHLHOMY MOTEHIIMATBHOMY KOd()(PHUIIMEHTY HATPUS, IPUBEICH B

Ta6muue 5. Kak Buano n3 Tabnuipl, Bce 16 B3STBHIX TPOO MOTHOCTHIO MPUTOIHBI IJIs1 OPOLICHUS.

Tabmmma 5
OLEHKA BOJbI ITO OTHOCHUTEJIbLHOMY ITOTEHLUAJIBHOMY KOSOOUITUMEHTY HATPUS
No Na, Ca + Mg, 0,5(Ca + \/m Na Oyenka 6006l
n/n Me/9Ke Me/K8 Mg), me/rx6 0.5(C + Mg) C + Mg)
1 0,97 7,56 3,78 1,94 0,5 MTOJIHOCTBIO MTPHUTOTHAS
2 0,51 4,40 2,20 1,48 0,3 -"-
3 0,053 6,16 3,08 1,75 0,03 -"-
4 0,55 5,06 2,53 1,59 0,3 -"-
5 1,03 2,64 1,32 1,15 0,9 -"-
6 0,53 1,10 0,55 0,74 0,7 -"-
7 0,48 2,86 1,43 1,20 0,4 -"-
8 0,73 3,80 1,90 1,38 0,5 -"-
9 0,21 3,54 1,77 1,33 0,2 -"-
10 5,96 30,80 15,40 3,92 15 -"-
11 1,69 4,90 2,45 1,57 11 -"-
12 3,02 13,64 6,82 2,61 1,2 -"-
13 1,36 18,70 9,35 3,06 0,4 -"-
14 2,74 7,48 3,74 1,93 1,4 -"-
15 0,71 13,86 6,93 2,63 0,3 =" -
16 1,44 17,16 8,58 2,93 0,5 -"-

C yenvio oyenxu 600bI no npoyenmHomy cooepoicanuto mazuus (Mg%) pexomendyemcs
Mg*x100
Catt+Mg*t’
MPUTOIHON 7S opolueHus, eciu Mg>50%, To ee cuuTaroT MeHee NMpUrogHoi. Pe3ynbsrar oT4yeTos,
MIPOBE/ICHHBIX O OLIEHKE BOJBI 1O MPOLEHTHOMY COIEP)KaHUIO MarHus, npuBeneH B TaOmune 6.
[Tonmy4yeHHBIE pe3yNbTaThl YKa3bIBAIOT, YTO BCE B3SATHIE BOABI MO ITOMY MOKA3aTENIO IMOIHOCTHIO

MIPUTOTHBI K UCTIOJIb30BAHHIO.

ucnonvzosamo opmyny Mg%= Ecmm Mg%<50%, Boma cumTaeTcsi MOJHOCTHIO

Tabmuma 6
OLIEHKA BO/IbI I1O COJJEPKAHUIO MATHUS, %
No n/n Mg, me/oke Ca + Mg, me/oxe Mg, % Oyenka 600bl
1 1,76 7,56 23,3 MIOJIHOCTBIO TPUTOTHAS
2 1,00 4,40 22,7 T
3 0,80 6,16 13,0 "=
4 0,66 5,06 13,0 T
5 1,10 2,64 41,7 "=
6 0,44 1,10 40,0 "=
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Ne n/n Mg, me/oke Ca + Mg, me/oxe Mg, % Oyenka 6000l
7 1,10 2,86 38,5 "=
8 1,10 3,80 28,9 -"=
9 1,32 3,54 37,3 -"-
10 9,68 30,80 314 -"-
11 1,10 4,90 22,4 -"=
12 2,64 13,64 19,4 —r_
13 6,16 18,70 32,9 -"-
14 1,32 7,48 17,6 -"-
15 2,64 13,86 19,0 -"=
16 2,86 17,16 16,7 -"=

s oyenku nomenyuanvhou munepanusayuu (IIM) 600wl npednacaemcs credyowas
1 _
¢dopmyna PD=CI +ESO42' Ecim on xoneGnmercs B mpenmenax [IM=3-15, To Boma cuuTaercs

MOJHOCTBIO MPUTOIHOW i opoueHus, eciu [IM=15-20 — npuronnoi, a eciu [IM>20 —
HETIPUTOAHOU It opoleHusi. PacueTsl, Mpou3BeeHHbIE B CBS3M C OIICHKOW KauecTBa BOJBI IO
MOTEHLMAJIbHOW MUHEpaIu3aluy, npuBeaeHsl B Tabmune 7.

Tabmuma 7
OLIEHKA KAUYECTBA BOJIbl HA OCHOBE ITOTEHIIMAJILHOM COJIEHOCTH
Ne n/n Cl, me/x8 SOy, m2/ox6 0,5%xS0y, Cl+0,5 %S0, Ouenka 600bi
M2/IK8 M2/IK8
1 1,52 9,58 4,79 6,31 MOJTHOCTHIO MIPUTOTHAS
2 0,40 3,83 1,92 2,32 "=
3 0,64 4,46 2,23 2,87 -"-
4 0,18 3,85 1,93 2,11 -"-
5 0,32 2,54 1,77 2,09 "=
6 0,032 0,31 0,16 0,19 "=
7 0,32 2,23 1,12 1,44 -"-
8 0,40 2,85 1,43 1,83 "=
9 0,32 2,87 1,44 1,76 "=
10 1,92 34,15 17,08 19,00 MIPUTOTHAS
11 0,40 5,12 2,56 2,96 TTOJTHOCTBIO TIPUTOTHAS
12 1,44 14,68 7,34 8,78 "=
13 1,84 17,70 8,85 10,69 "=
14 0,56 9,26 4,63 5,19 "=
15 0,72 13,43 6,72 7,44 -"-
16 1,60 16,59 8,30 9,90 "=

IlomydeHHBIEe pe3yabTaThl MO3BOJIAIOT MPEAIONOKHUTH, YTO IO 3TOMY IOKa3aTeI0 BOLY MOXKHO
WCIIONIb30BaTh JUIsl OPOIIEHHS Ha BCEM MPOTSHKEHMM Tpacchl. Pe3ynbTaTbl pacueToB MO OIEHKE
KauecTBa BOJIbI [0 Pa3IMYHBIM MapaMeTpaM IMokKa3aiu, 4yTo Boaa Muibs-Kapabaxckoro kojuiekropa
MOJTHOCTBIO TPHUTOJHA JJsl OpPOIIEHHS MO OONBIIMHCTBY mHapameTrpoB. OIHAKo H3-3a CTENEHU
MUHEPAJIN3ALNN Kau€CTBO BOJbl B HEKOTOPBIX TOUKAX CUUTAETCS] MEHEE IPUTOHBIM.

Booonompebnenuu na pazuwix yuacmkax I nasnoeco Munv-Kapabaxckoeo konniekmopa
[Tockonpky cTpoenue Mumnb-KapaGaxckoro KoJIEKTOpa CIOKHOE W Ha Tpacce HMEIOTCS
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THIPOTEXHUYECKHE COOPYXEHHUSI C pSIOM OTpaHHMYCHHWH, €ro ApeHaKHas MOIIHOCTh YacTo
MeHsAeTcs. Tak, Kak Y)Xe TOBOPHJIOCH BBINIE, ITOCKOJIBKY IIIOIIAAb OOCTyXMBaHWS Muib-
Kapabaxckoro Koliekropa  yBEJIMYMIACh, €r0 BOAOIOTPEONEHHE IPEBBINACT IPOEKTHOE, a
MOCKOJIBKY COOTBETCTBYIOIIME THAPOTEXHUYECKUE COOPYKEHUS HE MOTYT COPOCHTH YBEIMYECHHBIN
00BeM BOJIBI, BOJ]a KOJUIEKTOpa cOpachIBaeTCs. B HEKOTOPBIX MecTax B peky Kypy. Ilostomy pacxon
KOJIJIEKTOpa HEPALMOHAIFHO YBEIMYMBACTCS M YMEHBIIAeTcs 1Mo Tpacce. Ha ucciexyemMom yuactke
KOJUIEKTOPA, €r0 MOMEePEYHOM CEUYEHUH U3MepeHa CPEAHSs CKOPOCTh MPOTOYHOM BOJBI B 7 CEKIHIX
M pacCuMTaH pacxo] MPOTOYHOW BOABI HA ATOM Yyd4acTke. B MecTax mNpoXOKIeHHs KaHasa
KOJJIGKTOpa IO IIMPOKOMY CEYCHHIO Oblla M3MepeHa IIyOuWHa BOIBI B HECKOJNBKHX MeCTax M
noxydeHa Oosnee momHas uH(Gopmanus o Gopme nHa. CXeMbl, CBEACHUS M PacyeThl, CBSI3aHHBIC C
pacnonoxenueM, (GopMmoi, pazMepaMu pa3pe3acMbIX yYacTKOB U ONPENEICHUEM pacxoja BOJBI,
IIPUBE/ICHBI HAa pUCyHKaxX 1-7.

Pucynox 1. 'MKK nopora Esnax-bapaa

$1=0,5%0,8x0,8=0,32 % $:=9.4x0,8=7,52 M’ $3=032 w’; S=8,16 M’ V=0,98 wicex;
Q=8,16x0,98=8,00 m>/cexk.

Pucynok 2. I'MKK, mocT mocne ympaBieHHs TOTPaHBOKCK

S1=0,5x0,43%0,43=0,925; S,=12,24x0,43=5,263; S3=0,925; S=7,113 ™% V=04 wm/cex;
Q=2,85 m*/cek.
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Pucynox 3. 'MKK okomno c. Yenabu
Si= S3=1,2x1,2x0,5=0,72 m?%; S,=7x1,2=8,4 m?; S=8,4+0,72+0,72=9,84 m?*;, V=1,3 m/cex;

Q=9,84x1x3=12,79 m>/cex.
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Pucynok 4. TMKK, psiioM ¢ moactaHiueit y Bbe3a B . Arpkadeau
2

S1=1,5%1,4%0,5=1,05 Mm%  S»=1,5x1,43=2,145 wa% Sy= =208 35688

Sy= 2'50;2'05><3,5=7,96 M2 Ss= 28951 M2 S6=1,95%2x0,5=1,95 % S$=21,99 Mm% V=1,1

m/cex; Q=24,19 m*/cek.
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Pucynok 5. IMKK, c. Hazapnu
Si=0,5x1,18x1,18=0,70 M?; So= 7,54x1,18=8,90 m?; S3=0,70 m?; S =10,30 m?; V=0,9 m/cex;

Q=10,3%0,9=9,27 m*/cex.
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Pucynok 6. IMKK 3nak Armxabenn

2,05+2,50

S1=0,5%2,1x2,05=2,1525; S»,=0,9%2,05=1,845; Si;= x3,5=2,275x%3,5=7,9625;
_2,50+1,43

S4—T><3,5=1,965><3,5=6,8775; Ss= 1,5x1,43=2,145; S¢=0,5%1,5x1,5=1,125; S=22,1075 M2;
V=1,1 m/cex; Q=24,32 m’/cek.

e ¥ £ f

Y
e e 8 el — — Ry
——& 4 .':] \ |~ A ilz A\ = JE
{

l |
€ 1
| @ @ O D @

Pucynok 7. IMKK Taxta moct (Armkabenu )

I 38 T < & 2 4

0,8+1,02 1,02+1,37

x2=0,96x2=1,92 m?*; S3=

0,90+1,32

x5=1,195%x5=5,975 m%;

S1=1x0,8x0,5=0.4 M2, S»=
§4=227*00, 51 135%5=5,675 M2; Ss x5=1,11x5=5,55 m?; Se==10x3 5=1,16x3,5=4,06

2
M%; S7=1x1x0,5=0,5 M%; S=24,08 m?; V=0,25 m/cek; Q=24,08%0,25=6,02 m*/cek.

Boisoo

[Tpu monMBe KOJUIEKTOPHO-IPSHAKHBIMEI BOJAMH C HU3KOW MUHEpATU3alued 1 XUMUICCKUM
COCTaBOM TIOKa3aHO BIIMSTHUE 3TOW BOJBI HAa MPOAYKTHBHOCTh PACTEHUM, MEITMOPATHBHOE COCTOSTHUE
MOYBbI, MUTPALMIO M JWHAMHUKY COJeH MO MOYBEHHOMY NPO(GUII0, M3MEHYUBOCTH MOYBEHHBIX
TOPU30HTOB CIIEAyeT U3yueHHe Takke MOHOB. JloikeH OBITh cAelaH SKOHOMHYECKHHA aHamu3, Ui
BBISIBJIICHUS OTIMYHS (DAKTUYECKOTO COCTOSIHHSI 3€MelTb, MCIIOIB3YIOIMNX HEKaYeCTBCHHYIO BOIY, OT
TE€X Mep, KOTOpbIe OyIyT MPUHATHI B OyIyIIeM JUIsl YIIyYIICHUS MEITHOPATUBHOTO COCTOSHUS ITHX
3eMEb.
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BJIUAHUE ATMOC®EPHBIX OCAJKOB HA IPOLECC 3PO3UH
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Abstract. An intensive development of some agricultural areas and positive economic
consequences were a reason for deterioration of the ecological state in the last 20-30 years. It should
be noted that change of the ecological state, increase of the anthropogenic effect on the environment
and global climate changes make necessary to protect the soils and from this point of view there is
a great need to study the climatic factors in the formation of the erosion process. According to
the comparative analysis it should be noted that an amount of the precipitation decreased 281,4 mm,
but the average annual temperature increased 0,8-1,2°C in comparison with the average index of
1977. Though an amount of the rainfall decreases, the erosion process intensity and areal are rising
in the region year after year. Its main reason is intensive shower precipitations in the autumn after
dry summer, deforestation, the man’s incorrect farming activity. According to the conducted
research in the pseudopodzole yellow soils it can be noted that the erosion process deteriorated
physical characters of the soils. So, a bulk weight increased 0,12 g/cm?, special weight 0,15 g/cm?,
but the porosity decreased 1,65% in the averagely eroded soils in comparison with the non-eroded
soils. It is necessary to conduct zonal complex fight measures against erosion in order to achieve
an intensive development of agriculture and to restore fertility, and in order to prevent from erosion
process, to protect destruction of soil cover. It is necessary to pay attention to soil-climate condition,
the factors that lead to the development of erosion, degree of soil erosion, farming direction while
these measures are worked out and realized. All the measures against erosion protect the soil cover
from leaching, destruction and it must be directed to improve fertility.

Annomayus. B mnocnennue 20-30 neT HMHTEHCUBHOE pa3BUTHE HEKOTOPBIX oOOJacTei
CEJILCKOTO XO3SUCTBA HApPSAy C TOJOXKUTEIbHBIMU IKOHOMUYECKUMH PEe3yJIbTaTaMU TOCITYXHUIIO
€IIe W SKOJOTHYECKOM IMopue MOJIOKeHHs 3eMiu Ha 3ToM ¢oHe. Hamo oTmeTuTh, 4TO B XOIE
M3MEHEHUS! SKOHOMHYECKOTO MOJIOKEHUS, YBEIMUEHUE aHTPOIIOT€HHOTO BIUSIHUS Ha OKPYKAIOIIYIO
Cpelly ¥ BO3HHMKHOBEHHE TNIOOATBHOTO KIMMATHYECKOTO M3MEHEHHUS MPUBOIUT K HEOOXOAMMOCTHU
3aIUThl 3eMeJb. I UMEHHO ¢ 3TOW TOYKHM 3peHHs B (POPMHUPOBAHHH TPOLIECCA IPO3UU TOSBISAETCS
HEOOXOIMMOCTh MCCIIENOBaHMs KIMMaTudeckux (paktopoB. Ha ¢opMupoBanue spo3un u mpoiece
€ro pa3BUTHUS BIUSIOT B OCHOBHOM (DaKTOpPBI U JIEMEHTHl KinMara. Ha OoCHOBE MpoOBeIEHHBIX
aHAJIM30B MOXKHO OTMETUTh, YTO HA OOBEKTE UCCIICOBAHUS KOTUYECTBO OCAJIKOB IO CPABHEHUIO C
1977 ronoM B cpeaHeM yMeHbIIMIOCH Ha 281,4 MM, a cpefHss rogosas TeMIEpaTypa MOBBICHIIACH
Ha 0,8—1,2° C. HecmoTpst Ha yMEHBIIEHUE KOJIMYECTBA OCAJKOB, C KaXbIM T'OJOM YBEJIMYHUBAETCA
WHTEHCUBHOCTH IPOIIECCa DPO3UH U apeajl IPO3UH B PErHOHE. B KeNTHIX MCEeBI0NO30TMPOBAHHBIX
3eMJISIX Ha OCHOBE MCCJEIOBAHUNA MOXKHO OTMETUTh, YTO B MPOLIECCE SPO3UU YXYALIAIOTCS
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¢dbuzmveckne OCOOCHHOCTH 3eMJd. YUTOOBI TPENOTBPATHTh DJPO3HI0, 3alIUTUTH 3EMIIIO  OT
MIPOMBIBaHHS, BOCCTAHOBUTH IUIOMOPOJHOCTh 3EMJIM W JOOUTHCS HMHTEHCHBHOTO DPAa3BHUTHUS
CEJIbCKOTO XO3STUCTBA HAJI0 BECTH 30HAIBHO-KOMIUICEKCHBIE MEPONPUATHS TMPOTUB 3po3uu. [lpu
pa3paboTKe W MOATOTOBKE ITHX MEPONPHSITHNA W BOIUIOMIEHWU WX B KH3Hb HANO O0S3aTEIHHO
YYUTBIBaTh 3€MEJBHO-KIIMMATUYEeCKHE YCIOBUsS, (DAKTOPBI, CIIOCOOCTBYIOIIUE PA3BUTHIO SPO3UH,
CTETICHb DPO3UM 3EMJIM, HAlpaBIICHHE XO3SiCTBA. Bce MepomnpusTHs NPOTHB SPO3UH JIOJKHBI
BOIUIOTHTHCS B KHU3Hb 0€3 MPOMBIBAHUS MTOKPOBA 3eMJTH, 3aIUIIAst 3eMIIIO OT JIecTpyKiuu. Bee 3To
JOJI2DKHO 6BITB HaITpaBJICHO HA YJIYYIICHUEC IJIOAOPOAUA 3CMIIH.

Keywords: Lankaran natural area, precipitation, water erosion, measures against erosion,
surface flow, tea plantation.

Knroueswie cnosa. HeHKopaHCKaﬂ npupoaHas 06J'IaCTB, OCaJKH, BOAHAsA 3pO3Hsd, MEPOIIPHUATUA
IIPOTHUB 5PO3HH, TIOBEPXHOCTHOC TCUCHUC, yaHas II1aHTal .

A climate condition of the Lankaran province is stipulated with some special aspects of the
zone. Directly bordering of the eastern and south-eastern end with the Caspian Sea and strongly
descending of the mountainous zones along the shore in the south created a good condition for
condensation of the water evaporation over the Caspian Sea. On the other hand, a dry strong
continental climate of the Iran mountainous plateau affected the zone climate between the Talish
and Peshtasar chains and it causes aridity. As a result, an anomalous distribution of the
precipitations in the south of the region, i.e. it increased to the height of 500-700 m in the area and
decreased in the later heights.

So, an amount of the average annual rainfall reaches 600 m in the north of the Lankaran
natural area, it increases to 1400 mm as it goes to the south, and it reaches 1900 mm in the lower
part of the valley and foothills. The most precipitation was observed in September and October
months, but the least rainfall was observed in July (Figure 1) [1].

Material and methodology

Soaking of water into the soil becomes difficult; as a result, a good condition is created for
formation of some kinds of the water erosion as a result of increase of rainfall amount (especially,
sower type) and intensity on other hand increase of anthropogenic pressure in the autumn after arid
summer months.

A main reason and riskiness of the water erosion is a rain drop erosion. The rain drop affects
the zones without plant cover at a speed of 32 km an hour and it can splash the soil particles 100-
150 cm around and 60 cm high. Consequently, approximately 257 tons of soil particles splashes and
changes a place in one hectare of the area. The soil structure is disturbed, the porosity reduces, so
soaking of water and air into soil is deteriorated as a result of the rain drop effect. An influence of
the rain drops on soil changes in connection with the magnitude of the diameter and intensity of the
drops. K. K. Bityukov showed that [2, 3] the drop diameter is 1,40 mm in the rains with 1 mm/min.
of intensity, while a diameter of each drop with an average intensity is 0,03 mm/minute.

The slope inclination, water leakage ability, granulometric, structural, aggregate structure of
the soil affect the rain drop erosion, too.
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Figure 1. Comparative character of the rainfall amount in the Lankaran natural area, mm

Kh. M. Mustafayev [4] determined that 500-520 tons of soil is leached from every hectare as
a result of the shower rain with 1-1.2 mm/min. intensity in the areas with sparse plant cover at a
slope of 15-18°.

The soil surface covered with plant is important for prevention from the rain drop erosion.
The plant cover prevents direct penetration of rain drop into the soil, gradually soaks the water into
the soil and the soils are maximally protected from such effects, at the same time the moisture loss
is prevented. It is important to determine the rainfall amount and intensity on seasons, to provide the
soil with plant cover, to study physical-chemical characters of the soil, durability against erosion.

The rain waters don’t completely soak into the soil and create the surface flow, this is resulted
in formation of the surface erosion that is a reason for inoculation of the upper fertile layer and the
light — colored lower layer is exposed. An effect of the surface erosion is mostly observed in the
arable soil plots that are not properly used. Consequently, the soils lose their fertility, and the
productivity reduces. This process continues year after year and leads to soil failure [4].

The surface erosion process is characteristic for the foothill and valley parts of the south-
eastern part of the Lankaran natural area.

The most atmospheric precipitations and sometimes their high intensity, however conduction
of all the cultivation work along the slope direction caused widespread and intensive of the surface
erosion.

Results

In the studied area, the amount of soil washed away during the rainfall of 30.2 mm that fell on
September 18, 2023, in the area of the tea longitudinal direction of the slope in the village of
Khanbulan was recorded. The observation showed that 43.2 m%h of soil was washed away due to
the impact of rainfall with an intensity of 2.0 in the tea plantation in 1975. As a result, firstly the
water-physical characters of the soil (humidity, water-absorption ability, bulky mass, porosity etc.)
have been deteriorated.

The bulky mass of soil was 1.40 g/cm?, total porosity — 47.96%, natural moisture — 22.80%,
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water-absorption ability — 60-80 mm/hour on the upper part of the soil that moderately eroded
(Table). The soil fertility was deteriorated in the zone, some plots are covered with rocky crumbs
with different diameter. The heavy and average loamy granulometric structure of the soil was
replaced by light loamy granulometric structure.

The other observation was performed in order to investigate an influence of the zone
inclination on development of the surface erosion process (Khanbulan village). The consequences
of the measurement works indicated that 43.8 m*/h of soil cover was subjected to surface erosion in
the area with inclination 60, while the average amount of soil washed from one hectare of the soil in
the tea cultivation area with inclination 30 was 14.6 m3/h.

Table
WATER-PHYSICAL CHARACTERS OF THE PSEUDOPODZOLIC YELLOW SOILS

Genetic layers and

[22] - - - — =
g .S depth, in cm 5 £ © £ < S 3
s 2 G © 2 g = S RS ST
°8 =3 =5 25 2 SR 23 =h=
Sy 25 E D> S > o . 82 T o
E =g 2 g £ g g 282
2 S S & = =2
Non eroded

1 AVYvg 0-15 1,28 2,54 49,61 34,80 27,50

5 S & AVYELg15-30 1,32 2,58 48,84 33,40 31,40
e £5 BTg30-50 1,35 2,62 48,47 32,50 36,20  150-160

= < B/Cg50-70 1,38 2,66 48,12 28,80 38,80

Cg 70-100 1,41 2,71 47,97 30,00 42,40

Moderately eroded

= AVYvg 0-10 1,40 2,69 47,96 30,20 22,80
5 s 2 "—f,\? AYELg 10-20 1,43 2,73 47,62 29,80 27,40 60-80

=<3 BTg20-40 1,45 2,75 47,27 2740 26,30

= B/Cg 40-70 1,48 2,78 46,76 25,20 30,40

The length, exposition of the slope plays a main role in formation and development of the
surface erosion process in the zone.

The observations performed in the tea plantations indicated that 150 m below the beginning
part, an amount of washed soil increased by 50.0 m3/h, while the soil washing from the flattened-
peneplained area at the beginning of the slope area. However, the washed-out soils are mostly found
in the southern and eastern parts of the slope, and less often in the northern and western slopes.
That’s why the soils developed in such areas are thick and they were able to preserve their genetic
layers. A result of the experiments performed in the tea plantation along the slope in the field with
5-60 inclined rows in the pseudopodzolic yellow soil area in the territory of the Khanbulan village
municipality in 2023 in order to prevent washing the soil surface and to regulate the surface water
flow in the in the tea plantations showed that an average annual quantity of the washing soil under
the control variant was 37.5 m3/h, but an average yearly amount of the soil washed from the variant
made in the form of temporary water retaining strips retaining between the rows 6.20 m%/h, soil
washing wasn’t observed in the variant where temporary soil logs were made between the rows.

The negative results of the surface erosion don’t end only with the reduction of soil fertility in
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the area where it occurs. In the inclined zones the unstructured materials transported from top to
bottom cover the fertile soils below, reduce their agronomic importance, and it leads to silt
collection in drainage canals, rivers, water storages, decrease of their economic rationality, spending
additional funds.

The surface flow occurs in the soils with 1-2 slopes and weak permeability when the soils
aren’t protected. Some researchers consider that the surface erosion is more danger than the linear
erosion. As the surface erosion gradually happens, it is difficult to define it at the time of its first
occurrence, until the upper fertile layer is washed away, and the lower light-colored layer comes to
the surface and is separated from the surrounding areas. We can say that it is urgent and important
to fight surface erosion. When the surface erosion wasn’t determined, it isn’t fought against, it
creates the basis for the formation of more dangerous forms (linear erosion, landslide etc.) of
erosion.

The temperature along with the rainfall affects creation of the erosion process. It can be noted
according to the research that at present an average daily temperature increased to 0.8-1.2°C
compared to 1977. Its main reason is deforestation (Figure 2).

30

1 —1977 ——2022

25

20

15

10

Figure 2. Comparative characteristics of the average monthly and annual indicators, °C

Though a climate condition of the natural province of Lankaran resemble a number of areas of
natural habitat in the Mediterranean basin, it differs from them for the soil condition and some
climate characters. The same differences are reflected with their ecological features and some
characters in the present concrete circumstances.

It is important for the modern farmer chiefs to know that which quantities of the annual
rainfalls in the concrete values of the temperature sums can meet the plant’s needs. The dry spring
season is rarely encountered in the Lankaran natural area. A role of the rain waters is great in
soilformation process, irrigation of agricultural plants, rivers nourishment.

80-100% of the annual surface flow of the Lankaran natural area is precipitation. Such
nourishment of the river basins is mainly at the expense of strong shower and continuous rainfalls.
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Rapid transition to the economy of the country in the new market economic system was a
reason for definite changes in an ecological state of the environment.

Greatness of the anthropogenic effects on a unit area, placement of the agricultural fields that
don’t match the ecological production capacity of the zone, unsystematic deforestation,
desertification, erosion etc. caused a great climate change in the province zone. As a result of the
shown ecological problems in our Republic, including repetition of the ecological risk, damages and
destructions strongly increased. Especially, erosion-landslides create an important problem in
conduction of buildings and road restoration-construction works in the arable soils. For example,
we can show erosion-landslide occasions in Lankaran, Astara and Lerik.

Complexity of the geo-morphological condition affects the climate indications. Torrential
nature of the rains creates conditions for the formation of surface water flow, this washes a fertile
layer of the soil, deteriorates its water-physical characters and as a result the arable soils it leaves
the agricultural rotation and they become useless soils. Here all the kinds and forms of the erosion
widespread, therefore the landscapes were disturbed, the soil profile was shortened, morphogenetic,
agrochemical-agro-physical indications changed, their ecological fertility potential was greatly
weakened.

So, a climate factor, especially the rainfall and temperature elements stimulate formation of
the erosion process and expansion, reduction of the soil fertility in the research soils. As a result of
the erosion process the soil formed over many years is washed away, its fertility reduces, the areas
are shattered by gorge networks, the valuable soil areas gradually become useless, humus quantity
decreases and its ingredient changes, microbiological processes weaken in the soil. It is necessary to
conduct regular fight measures against soil erosion because this process gradually develops. In
solving the problem of erosion, first of all, it is necessary to identify and eliminate the factors that
cause its occurrence. Firstly, the reasons of erosion formation should be determined in the area
under consideration, the available situation must be properly evaluated according to the soil-erosion
maps. The soil-erosion maps give a chance to evaluate relief, soil and erosion process, too.

It is necessary to conduct zonal complex fight measures against erosion to achieve intensive
development of agriculture and to restore fertility, to protect the soil surface, to prevent erosion
process. The soil-climate condition, the factors that cause erosion development, eroding degree of
soil, the farming direction should be taken into consideration while these measures are worked out
and realized. Soil fertility should be directed to improvement by protecting the soil cover from
leaching, destruction.

Agro-technical, forest-amelioration and hydro-technical measures belong to the complex fight
measures against erosion. It is necessary to achieve increase of resistance against water assimilation
ability and washing by application of soil cultivation under agro-technical measures.

Using of soil-protective characters of the annual and perennial grasses, application of the
cultivation rules of soils against erosion, artificial storage of snow in the field, regulation of snow
melting, agrochemical means of increase of the eroded soil fertility.

Inclination of the slopes, durability of the soil cover against erosion, depth of the local erosion
base and the plants which will be planted are taken into consideration and a problem of the areas
organization is a basis of the fight system against erosion.

The plant cover is considered the most important means against erosion. The plant roots bind
the soil particles tightly together and they prevent the soil particles from leaching. The surface cover
of the plants takes the slash of the raindrops and prevents the structural destruction.
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The forest-amelioration measures are considered as forest strips along the slope, in other
words, the creation of forest plantations of various purposes (windbreaker, field protector, gorge
hardener, water protector and so on). A role of the forests as a water regulator, soil protector is
great. On average 100 hectares of mountain forest turns 80300 m® of rainwater into groundwater
and prevents soil erosion [5].

A canopy, a trunk, a root system of the trees and bushes and the forest litter on the soil surface
regulate the water regime on the slopes. These elements of the forest greatly affect the soil-
formation process. It was determined that the erosion process and the soil leaching weren’t
observed in the forest though 3,1 tons of soil was washed from one hectare in the plowed area [3]. It
IS necessary to pay attention to afforestation in order to protect the soil cover from erosion on the
slopes and to regulate the water regime of the rivers. One of the important problems is to prepare
the soil correctly for sowing, to select corresponding tree and bush species according to the soil-
climate condition taking into account a local situation during the afforestation in the eroded zones.

The hydro-technical measures are fulfilled as a result of joint application. The hydro-technical
measures are applied while there are no other measures for prevention of erosion processes.
Building of the hydro-technical devices which prevent and regulate the slope flows and construction
of the dams, trenching, etc. are belonged here.

The plant cover is considered the most important means against erosion. The plant roots bind
the one of the basic factors that are a reason for erosion formation and strong continuation of
erosion process is the man’s incorrect activity. The erosion process accelerates as a result of
irrational anthropogenic effect. A reason of this is absence of the scientifically based measures,
therefore the soil resources good for agriculture reduce from year to year.

Erosion is considered an accident in the world. The desired result isn’t obtained though
different measures are fulfilled for its prevention. But prevention of erosion beforehand is easier in
comparison with the fight and elimination of the consequences.
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EFFICIENCY OF USING HERBICIDES
IN THE WEED CONTROL IN VINEYARDS

©Gadzhieva E., Ph.D., Institute of Agriculture of the Ministry of Agriculture of the Azerbaijan
Republic, Baku, Azerbaijan, esmira.haciyeva.l1962@gmail.com

Annomayus. JlaHa olleHKa NPUMEHEHHsS] TepOUIUAO0B MOMEPEMEHHO C arpoTeXHHYECKHUMHU
MEpPOTPUATHIMHA Ha SKOHOMHYECKHE ITOKa3aTesd ypokash BHHOTPala B KOMIUIEKCHOW OopbOe ¢
COpHSIKAMH, TPHU3BAHHOW YIACPKHBATh HUX pACIPOCTPAHEHUE HIDKE YPOBHA 3KOHOMHYECKOTO
ymepba. Oddekrsl  repOUNMIOB, MPUMEHsSeMbIX s OopbObl C  COpHSAKaMH, ObUIH
MpoaHaIN3upoBaHbl Mo BapuantaMm. OmpezeneH BUAOBOI COCTaB COPHSIKOB Ha BHHOTPATHHUKAX,
NPaBWIBHBI MOAOOp TepOMIMIOB, XWMHUYECKHHA KOHTPOJb IPOBOIMJICS TIOIMEPEMEHHO C
arpoTeXHUYECKUMHU MEPOTIPUSTHIMHU TIPH CTPOTOM COOJTIONEHUH TIPAaBUII IPUMEHEHUS TepOUITUIOB.
CBOeBpeMEHHO TMPOBEACHHAs XUMHUYEeCKas 0ophOa MprBena K CHUKEHHIO BPEJOHOCHBIX COPHSKOB
70 KOHIIa ce30Ha. B pe3ynbraTe CHIKEHHS SKOJOTMYECKOTO PUCKA SKOHOMHUYECKHE IMOKa3aTelln
IIPOM3BOACTBA BUHOIPAJa TaK)KE 3HAYUTEIBHO BO3POCIIU C pOCTOM ypokaiiHoCTH. [lo cpaBHEHMIO C
KOHTpOJIEM, YPOXailHOCTh BO Bcex BapuaHTax cocraBuia 12,38—18,27%, pentabenbHOCTH ObLIa
Bhbie B npexaenax 8,21-28,6%. Takum o0pa3oMm, YCTAaHOBIEHO, YTO MPUMEHEHHUE T'epOHIHIOB B
MOCeBaX BHUHOTPaZa, 3apaXCHHBIX OJHOJIETHUMU M MHOTOJIETHUMH BHUIAMH  COPHSIKOB,
HKOHOMHUYECKH dPPEKTHBHO H MO3BOJSIET MOTYIHUTH JOTIOIHUTENEHBIN JTOXO]I.

Abstract. The article examines the impact of the use of herbicides alternately with
agrotechnical measures on the economic indicators of the grape harvest in integrated weed control,
designed to keep their spread below the level of economic damage. The effects of herbicides used to
control weeds were analyzed by variant. The species composition of weeds in the vineyards was
determined, the correct selection of herbicides and chemical control were carried out alternately
with agrotechnical measures, strictly observing the rules for the use of herbicides. Timely chemical
control led to a reduction in harmful weeds until the end of the season. As a result of reduced
environmental risk, the economic performance of grape production also increased significantly with
increasing yields. Compared to the control, the yield in all variants was 12.38-18.27%, the
profitability was higher in the range of 8.21-28.6%. Thus, it has been established that the use of
herbicides in grape crops infected with annual and perennial weeds is cost-effective and allows for
additional income.

Kniouesvie cnosa: ~ BUHOTpaJ,  COPHSAKHM, HWHTETPUPOBAaHHAs  3allluTa, TrepOMLIUIb,
HSKOHOMHUYECKast 3PPEKTUBHOCTbD.

Keywords: grapes, weeds, integrated protection, herbicides, efficiency.
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C ToukM 3peHMS YIy4YIIEHUS OKOHOMHMKM BHHOTPAJAPCTBO CUUTACTCS OOHUM U3
MPUOPUTETHBIX HampaBieHui [1]. BuHorpam u apyrue NpomyKThl, MOJY4YEHHBIE W3 BUHOTpaja
SBJIAIOTCS Ka4€CTBEHHBIM IIPOJYKTOM MUTAHMSI HACEJIEHUS U BBIIOJIHAIOT BaXXHYIO POJIb B Pa3BUTUHU
HAIlMOHAJIBHOW SKOHOMMKHM PecnyOnnku. MupoBoil ONBIT NOKa3bIBAET, YTO JaX€ IPU CaMBIX
NEPCHEKTUBHBIX YCIOBMSX BEIECHUS CEJIbCKOIO XO34icTBAa B JIIOOOW CcHUCTEMEe 3eMIlefenus
HEBO3MOXKHO TapaHTHPOBATh BBICOKYIO YPOXKaHHOCTh 0€3 XOpOILIO OpPraHW30BaHHON CHCTEMbI
3alMThl pacTeHui. JJoOUThCS pa3BUTHS STON MPUOBUILHOW OTpAciy HEBO3MOXKHO 0€3 MpOBEICHUS
060pbOBI ¢ 0OTIE3HAMU, BPEIUTEISIMH U COPHIIKAMUA BUHOTPAA.

B BuHOrpagHuKax IpPOU3pPACTalOT OAHOJETHHE W MHOTIOJIETHHE COPHSAKH, HAHOCAIIUE
HauOonpmui ymiepd moceBam. B I'siHmka-I'azaxckoM permoHe BCTpEYaroTCss COpPro, CBHHOPOM,
OCOKa, TaTapHUK, KPECTOBHUK, JHMCOXBOCT, IPOCO KypHHOE, cajlaMalelKyM, JIaTyK, OAyBaHYUK,
pezak u apyrue. Ilpuy BBICOKOArpOTEXHUYECKOM BO3/EJIBIBAHUM PSAAOB BUHOTPAJHON JIO3BI
IIPOUCXOJUT YHUYTOKEHUE BCXONOB COPHSKOB, I7IC HAHECEHHBIX MU IOBPEXKIECHUE CPAaBHUTEIBHO
HeBenuko. OJIHaKo cielyeT NPOBOANUTh KOMILJIEKCHYIO O0pbOy ¢ COPHSIKaMHU.

WHTerpanbHblii KOHTPOJIb — 3TO cUcTeMa O0pbOBI, O3BOJISAIONIAS Y/IEP/KUBATh YUCIEHHOCTh
BpeIUTEIEeH HM)KE YpOBHS SKOHOMMUYECKOrO yliepOa 3a CueT IPaBHJIBHOTO HCHOJIb30BaHUS BCEX
METOJI0OB OOpbOBI C YYETOM CBSA3M OPraHU3MOB, IOBPEKIAIOIUX KyJIbTypHbIE DPACTEHMsS, C
okpyxaromeit cpenoit. [locnenneit Mepoii KOMIUIIEKCHON OOpbOBI SBISETCS XUMHUYECKUIT KOHTPOITb.
HoBast s dexTrBHas cucTemMa, XapaKTepU3yIoMasicsi TEOPETHISCKUM MOIX0A0M, Oblia pazpaboTaHa
it OOprOBI C COpHSKaMU B XOJ€ NPUKIAJHBIX HCCIENOBAaHWN, YTOOBI KOHTPOJHMPOBATH HX
pacrpocTpaHeHUe HUXKe opora SKOHOMUYECKOro yuiepoa.

OnHUM U3 OCHOBHBIX KPUTEPUEB KOMIUIEKCHOM CHCTEMBbl KOHTPOJS (MHTErpbl) IpU BBIOOpPE
METOJIOB YHHUYTOXKEHHSI COPHSKOB SIBISIETCS OIEHKAa ASKOHOMHYECKOro yiep0a, HaHOCHUMOTO
COpHSIKAMHU CEJIBCKOMY XO3sicTBY. I10 Mepe pa3sBUTHS COPHSKOB CHMXKAeTCs 3(PPEKTUBHOCTH BCEX
arpoOTEeXHUUYECKUX MEpPONPUSATHH — BHECEHHUS MMHEPAJIbHBIX M OPraHMYECKUX YHIOOpeHHUH,
MENMOpalK, IPUMEHEHHS BBICOKOYPO)KaWHBIX BUIOB M IPUMEHEHHS HOBBIX TEXHHUYECKHX
IIPUEMOB U BbIpaliMBaHUM pacTeHuil. COpHSKH, SIBIIAIOIINECS MECTOM CKOIUJIEHUsI BpeUTeaen u
BO30ynuTenel Oosne3Hel KyJIbTypHBIX PAcT€HUM, BBI3BIBAIOT HUX DPACIPOCTPAHEHUE, TEM CaMbIM
yBEIU4MBasi 00beMbl IPOBOAUMBIX paboT 1o 3auure pacteHuii [10].

CopHSIKH HAHOCAT OOJIBLION Bpel PAacTeHHWI0 BUHOTIPAJHUKA, IMOCKOJIbKY MOMIOLIAIOT U3
TI0YBbI MHOTO ITUTATEJIbHBIX BEIECTB U BOIy. MccieqoBaHys MOKa3bIBAIOT, YTO NPU HAIM4UK B 1 M?
50 onHOJNIETHUX U MHOTOJIETHUX COPHSIKOB IMPUBOAUT K notepe 12—15 11 ypokas ¢ ogHoro ra [2]. B
pe3ynbTare BO3JEWCTBUS POCTa COPHSAKOB B arpolleHO3€ BHUHOTpaJHMKAa HaOmomaercst Oonee
MHTCHCUBHOE pa3BUTHE OOJIe3HEH, B MEpPBYIO odepelb MHIAMyMa, OUJUyMa M Cepoil THWIN
CHOCOOCTBYET pPE3KOMY CHIKEHHIO 3(PPEKTUBHOCTH 3alIUTHBIX MEPONPHUSITHH NPOTHUB HHUX.
CopHsIKH  SBIISAIOTCA Cpeod OOWTaHUS MHOTHMX HACEKOMBIX M KIEIHIeH, a Takke IMepBbIM
HCTOYHUKOM 3apakeHUs TPHUOKOBBIMM M BHUPYCHBIMHM 3a00JieBaHMSIMHU. 3apakeHHE BHHOTIPAJa,
BBIPAIMBAEMOI'0 Ha y4yacTKax, IJie MPOBOIUTCS OOpbOa C COpHSAKAMH B IOCEBaX BUHOIPAIHUKA,
cHkaercsa Ha 20%, 3pPEeKTUBHOCTD 3alIUTHBIX MEPONPHUATUN MPOTUB cepoil THUIM — Ha 5—8%,
npotuB Muipauu Ha 3—-12%, a mpotuB ouaumyma — 4-10%. Ha ocHOBaHMHM MHOTOJIETHUX
WCIBITAHUN YCTAHOBJIEHO, YTO DPETYIMPOBAHHE COPHSIKOB C MOMOIIBI0 TepOMIUIOB MPHUBOAUT K
3HAYUTEILHOMY IOBBIIIEHUIO YPOKalHOCTH BUHOTrpana Ha 11-41% [12-14].

Haubonee akTyalbHBIM BOIPOCOM B HalpaBlIeHUH OOpHOBI C COpHSAKAMU SBISETCS U3yUYCHHE
OHoNOrMueckuXx U (U3MONIOTMYECKHX OCOOEHHOCTEH MOMYNALUUNA pa3HbIX BUIOB COPHSKOB,
HEO0OXOMMOCTb OIpeNeeHHUs] U CHUKEHMsI MyTell MoBbIIeHUS 3((EKTUBHOCTU TepOUIMIOB Ha
COPHSIKH, HOPM 3aTpaT. MpenapaToB, ONTUMHU3ALUS ME€PHO/Ia BHECEHUSI TepOMIIMIOB MOJ] MOCEBHI,
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coYeTaHWe TepOUINIOB M APYTHX Mep OOpPHOBI C COpHSIKaMH, SBISETCS d(H(PEKTUBHOCTD CHUCTEMBI
MIPUMEHEHHS.

B mHacrosimee BpeMsi OCHOBHOE MECTO B 3alllUTe PACTCHH BO BCEM MHpE 3aHUMAET
XUMHAYECKU MeTon O0opbObl. C ero mOMOIIbIO YCTPAHSIOTCS OCHOBHBIE MOTEPH MPOIYKTA.
TexHonorust XuMu4eckoil 00pbOBI JOBOJIBHO OBICTPO YHUUYTOXKAET COpHAKH. O4YeHb Ba)KHO 3HATh
BUJIOBOW COCTaB COpHSKOB Ha y4yacTke, rine OyaeT HMpUMEHAThCS repOuiua, 4ytoosl 3¢G(GeKTHBHO
UCTOJIBb30BaTh XUMHKATHl, NMPUMEHSEMbIe MPOTHB COpHAKOB [8]. s xummueckoir OOpbOBI €
MHOTOBUZIOBBIMA M Pa3HOOOpPA3HBIMU COPHSKAMHU HEOOXOIUM IIUPOKUH CIEKTP CEIEKTHBHBIX
3¢ HEeKTUBHBIX repOuIuIoB [9].

Ho npu npumeHeHnun xumudeckoid OOpHOBI C COpHSAKAMM, CBOAATCS K MUHUMYMY MHOTHE
KyJbTUBAIIMOHHBIE PAa0OTHI, CHIKACTCS IJIOTHOCTh IMOYBBI, YIYYIIAeTCs CTPYKTYpa, YMEHBIIAETCS
BETPOBAasi PO3MUsl TOUBBI, YIy4YIIAeTCsl adpanus MOYBbI, ACCUMUIISIMS YBEITUUNBACTCS MOIVIONICHNE
yaoOpeHHii M TUTAaTeIbHBIX BEHIECTB IIOYBOM M pacTeHHWEM, B pe3ysbTare 4ero YimydllaeTcs
KOJIMYECTBO U KauyeCcTBO ypoxas [4, 6].

D¢ dexTuBHOCTS HEHCTBHS JTIO00TO TepOWIuaa 3aBUCHT OT (GOPMBI U BPEMEHH €ro
NPUMEHEHHS, TTOYBEHHO-KIMMAaTHYECKUX YCJIOBUH, YYyBCTBUTEIHHOCTH COPHSIKOB Ha Pa3HBIX
CTaauAX pa3BUTHUA, aHAaTOMO-Mopdonoruuecknx ocobennocteit [11]. [IpumeneHne XUMUYECKOTO
KOHTPOJISL 10 WM TOCTE ONTHUMAIbHOTO BPEMEHHU MPUBOIUT B O0OMX CIy4asX K SKOHOMUYECKUM
norepsM. Tak, B MepBOM cilydae M3-3a YPE3MEPHOTO ONPBHICKMBAHUS, BO BTOPOM — HU3-3a MOTEPH
ypoKasi n3-3a 33I€P>KKH ONPBICKUBAHUS SKOHOMUYEcKas 3(dekTuBHOCTH 60pbOBI cHMXKaercs. s
NOBBIIEHUS 3()()EKTUBHOCTH XUMHUYECKOH OOpbOBI ¢ repOuIuAaMu HEOOXOAMMO YYHUTHIBATh HE
TOJILKO OMOJIOTHYECKYIO 3(h(HEKTUBHOCT, HO M IKOHOMUYECKYIO IIEHHOCTS [7].

[ToMumoO yBenMUEHUS YPOXKAaHHOCTH OT NMPUMEHEHHs] repOMIUAO0B, CHUKAIOTCS 3aTpaThl Ha
XUMHAYECKUE YTOOpeHHS M PY4YHOH Tpyd. MaccoBoe YHHUTO)KEHHE COPHSIKOB NPH MPUMEHEHHU
HEKOTOPBIX TepOMIMI0B Ha (POHE MHUHEPATbHBIX M MHKPOYIOOpPEHHIl MPUBOIUT K BBICOKOMY
YpOBHIO MpHOaBKH ypoxaiHOCTU. [Ipyu 3TOM YHCIEHHOCTh COPHSKOB Ha MOJISX, T7I€ MPUMEHSITUCH
repOuIu/Ibl, Ha CIEeTYIOIIUI TO/l OTHOCUTEIBHO CHU3MIIACKH [5].

Obvexm u mecmo ucciedo8anull

N3ydeno BiausiHUE TepOUIIUIOB, TPUMEHSIEMbIX MPOTUB COPHSIKOB B MTOCEBAX BUHOTPA/IHUKA B
['inmpxa-/lanmkecaHckoM SKOHOMUYECKOM paiioHe A3zepOaiikaHa, Ha SKOHOMHUYECKHE TMOKa3aTeln
ypoxasi BuHorpana. [Ipotus copusikoB mpumenstiuck Uroqan Forte (2,0 si/ra), Boxer (5,0 n/ra),
Knosk Out (3,0 n/ra), Reqlon super (2,0 n/ra), Raundup (3,0) n/ra) u repounuast Fyuzilad Forte
(2,0 n/ra).

st moBbitieHust 3GGEKTUBHOCTH TEePOUIINIOB, NMPUMEHSEMBIX IMPOTUB COPHSIKOB, OYEHD
BOXHO YBEJIMYUTH BpEeMs TOSBICHUS, pa3BUTUs U OopbObl C copHsakamu. [loaTomy mnepen
OTIPBICKMBaHUEM TepOUIIMIaMH M3y4Yald CTENEeHb 3aCOPeHHOCTH mois. [Ipenenom BpemoHOCHOCTH
COPHSKOB, NPe0ONafaloNuX B MOCEBAX BUHOTPAJHMKA, IPHHATO cunTath 9—10 copHskoB Ha 1 M2,
OnpeICKMBaHUE TepOUIIaMU POBOIIIIN B TIEPBOM JIeKaje ampessl MPH BBICOTE COPHAKOB 8-12 cMm
B 3aBHCHMOCTH OT METEOpOJorhueckux (paxTtopoB. I10YBBI OMBITHOTO y4acTKa CEpO-KOPUYHEBas,
pH 5,8-6,6; konmnuecTBO TyMyca cocTtasisuio 3,2-3,7%.

Ilougenno-knumamuueckue yciosus ob6vekma ucciedosanuii. 3eman I'anmpka-/lamkecanckoro
pEruoHa MIMPOKO HCIONB3YIOTCS B CEIIbCKOM XO3siicTBE. JlaHHBIM pPErvoH, SIBISISICH OCHOBHBIM
BUHOTPAJApCKUM pailoHOM AsepOaiijykaHa, CUMTAeTCs MIABHBIM LEHTPOM paclpOCTpaHEHUs
TEXHOJIOTMM BUHOTPAJapCcTBa M BUHOACIWS B JAPYTHE PErHoHbL. Tum penbeda — HaKIOHHAS
paBHMHA. DKOHOMUYECKUM paliOH paslieJieH Ha JBE MOJ30HbI: ApaH, pacmoyIO)KEHHOW Ha BBICOTE
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69450 M Hax y. M., U OPEATOPHYIO U CPEAHETOPHYIO MOJ30HY, PACIOI0KEHHOW Ha BhicoTe 600—
1200 M Hax y. M. B paBHMHHOM MOJ30HE BEJIMUYUHA AKTUBHOW TEMITEpaTypbl HAXOAUTCS B Mpeaeaax
3860—4167°C, TomoBoe KOJMYECTBO aTMOC(HEPHBIX OCAJKOB MHUHUMAIBHO 282, MaKCHUMAallbHO
451 MM, cpenHeronoBas Temmeparypa Bosayxa 12,1-13,2°C. B mpenropbsix U CpeIHEropHbIX
MoA30Hax akTuBHasA Temieparypa — 3200-3700°C, ronoBoe KOJIMYECTBO 0caakoB — 346525 mm.
CpenneromoBas TeMmIieparypa BO3ayXa B 3TOW Mom30He KoseOnmercss B mpeaemax 10,3-11,8°C.
Cymmapnas aktuBHas temneparypa — 3800—4600°C, ronoBoe KoiIM4eCcTBO ocaigkoB — 245-293
MM. B pernone npogomkuTeabHOCTh COJTHEYHOIO CBETA B T€UEHUE roga cocrasisger 2381 yac, yto
coctasisieT 45% nHeBHOro BpeMeHU. B nekaOpe 3ToT mokasarens coctaiser 13%, B mapre —
56%. CyMMapHOE TofoBOe KOJIMYECTBO CONHEUHOH paamanuu cocrasiuser 120-145 xkan/cm?, a
roJI0Bas CyMMa pauallHoHHOro 6amanca — 2545 xxan/cm?® [3].

KonudecTBO 4acoB COJTHEUHOT'O CBETA BAYKHO JJI1 HOPMAJIBLHOIO POCTA U Pa3BUTHSI PACTEHUM.
B 3umHue mecsipl, 0co0eHHO B (peBpasie, MHOIOYacOBOM COJHEUYHBIM CBET MPHUBOAUT K Pa3BUTHIO
COPHSIKOB U 0oJiee paHHEMY BBIXOAY U3 CIISTYKU BO30yauTeNeil Oose3Hei.

Ananus u ux obcysicoenue

B coBpeMEHHBIX YCIOBHUAX BaXHYIO pOJb HIPaeT HE IMOBBIIMICHUE YPOXKANMHOCTH, a
SKOHOMHYECKass dS(PPEKTUBHOCTh MPUMEHSEMBIX AarpoTEXHUYECKHMX W XHMHYECKHX METO/IOB
00pn0bI. [lo pesynpraTaM MPOBEACHHBIX UCCIICIOBAHUA YCTAHOBIECHO, YTO CyMMa SKOHOMHYECKHX
MoKa3aTeliell BBICOKA B BapHaHTAaX MPUMEHEHHS B MOCEBaX BUHOTPAJHUKA TePOUIMIOB MPOTHB
OIHOJIETHUX M MHOTOJIETHUX COpPHSAKOB. B romel uccnemoBanust ypoxkaiiHocTh (90,4-96,9 1/ra)
M3ydaeMbIX BapHUaHTOB repOuIMAa Haxomwiack B mpeaenax 11,2—17,7 w/ra mo cpaBHEHHIO ¢
koHTpoJeM (79,2 1i/ra).

B koHTponmpHOM BapuaHTe oOmmi goxon cocraBwi 3960,0 manartoB ($2329,4), mpu
CpPaBHEHUW BapHAHTOB C BHECCHHBIMH IIperiapaTaMd C KOHTPOJBHBIM (HEMEIUKaMEHTO3HBIM)
BapHaHTOM OOIIMI J10X01 HaxoauTes B mpeaenax 560,0-885,0 manatos ($329,4-520).

B xoHTposbHOM BapuanTe o0mmmii 1oxoz cocraBui 3960 manar ($2329,4), a uncThiii 1oxon —
2119 manar ($1246,4) npu o0mux 3arparax B 1841 manar ($1082,9) Ha ra BUHOTpaIHUKA.

OOmrue 3atparbl o Bapuanty ¢ oopadotkoit Uragan Forte cocraBuimm 1986 manar ($1168,2),
obmmit moxonq — 4840,0 manaroB ($2747), uucteiii goxom — 2854,0 manar ($1210,5), oOGme
3aTpaThl 10 BapHaHTy ¢ MpUMeHeHueM repounuaa Boxer (5,0 a/ra) — 2058 manaros ($). oOmumii
noxon cocraBui 4795,0 manar ($2820,5), uucteiit qoxon — 2737,0 manar ($), obrime pacxosl Mo
omuuu Knock Out — 2000 manar ($1176,4), obmuii moxomx — 4680,0 ($2752,9), uucThIit 10X01 —
2680,0 ($1576,4), obmue pacxombl, moHeceHHbIe 1O omiuu Volsaqlif — 1988 manar ($1169,4),
Bcero Jmoxon cocraBuwin 4625,0 manar ($2720,5), ywcras npuObulh coctaBmia 2637,0 maHar
($1551,1). B cayuae mnpumeneHus repOunmma Reqlon Super o0mue MOHECEHHBIE 3aTpaThl
cocrapuin 2004 manar ($1178,8), odmmit moxom — 4605,0 manar ($2708,8), urcThIii q0X0mM —
2601,0 manar ($1530), B cmyyae npumenenust Raundap — o0mue moneceHnsle 3aTparbl — 1988
MaHat ($1169,4), oOmmit qoxom — 4845,0 manat ($2850), uucTeiii goxoa coctaBua 2857,0 maHar
($1680).

B cranmaptHom Bapmante Uraqan Forte mpu oOmmx 3arparax B 2024 manat ($1190,5)
nojydyeH oOmmii noxox B pasmepe 4520,0 manar ($2658,8) u uucteiii moxom B pasmepe 2496,0
MmaHar ($1468,2).

B BapmanTax c umcnomb3oBanuem repOunuaoB Uragan Forte m Raundap crommocts 1 11
npoaykra cocrasmsier 20,51 manar ($12,06), uto Ha 2,73 manar ($1,60) Hmxe xoHTposs (23,24
maHat — $13,67), B BapuaHTax ¢ ucnoiab3oBanueM repounmaoB Knock Out u Boxer ctoumocts 1 11
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npoaykra 21,36-21 cocraBuna 1,45 manar ($0,85), uro Ha 1,88—1,79 manar ($1,10-1,05) menbIe
KOHTPOJIS, B BapHaHTax, TAe ucnoib3ytores repounuasl Volsaqlif, Reqlon Super u Fyuzilad Forte,
crouMocTh 1 11 mpoaykra cocrasisier 21,49-21,75 — coorBercTBenHo 22,38 manat ($13,16), no
CPaBHEHHIO ¢ KOHTpOJIeM oH ctoui Ha 1,75—1,49-0,86 manart ($1,02—0,87-0,5) meHbIie

Pesynprarel MccienoBaHUN MOKAa3bIBAIOT, YTO MPUMEHEHHE TepOUIIMIOB Ha BUHOTPATHBIX
MOJISAX TIOJIOKUTENIBHO BIMSET HA JKOHOMHMYECKHE IOKa3aTelld M OTPaKaeTcs Ha MOBBILICHUU
peHTabeIbHOCTH.

B BapuanTtax ¢ npumenenuem repounmaoB Raundap (3,0 n/ra) m Uraqan Forte (2,0 n/ra)
peHTabenbHOCTh OblTa Bbiie Ha 143,71-143,70% u yBenuumiack Ha 28,6% 1O CpaBHEHHIO C
KOHTPOJIEM.

B Bapmante ¢ mpumenennem Knock-Out (3,0 n/ra) ypoxkaitHocts cocraBmia 134,00%, B
BapuanTte ¢ npumeHenueM Boxer (5,0 s/ra) ypoxaitHocTh coctaBmia 132,99%, yro Ha 18,89—
17,88% BBIlLIE KOHTPOJIS.

PentabenpHocTh Ha Bapuante Reqlon Super (2,0 n/ra) — 129,79%, na 14,68% O6onbiue
KoHTposss, Ha Bapuante Volsaqlif (3,0 n/ra) penrabensHocTs — 127,72%, Ha 12,61% OGonbIe
koutposs, Fyuzilad Forte (2,0 n/ra) B repOuumaHOM BapHaHTE TOKa3aTeld PEHTAOEIbHOCTH Ha
123,32% Huxke, 4eM y OCTAJIbHBIX ONPBICKUBAEMBbIX BapHaHTOB, HO Ha 8,21% Bblle, yeM Yy
KOHTPOJILHOTO 0€3 ONMPBICKUBAIOIIETO BapHaHTa

Bobi600wi

BBIABICHO, YTO PKOHOMHYECKHE IMOKA3aTeIM BCEX BAPHAHTOB, 0OPa0OTAaHHBIX T'epPOMIIUIOM,
3HAYMTEIHHO BBIIIE [T0 CPABHEHHUIO C KOHTPOJIBHBIM BapUaHTOM.

[IpumeHeHHEe TEepOWIHMIOB B YKa3aHHBIE CPOKHM B COYCTAHUU C arpOTEXHUYCCKUMU
MEPOTPHUATHIME, TPUMCHICMBIMH B KOMIUICKCHBIX MEPOINPHUATHAX OOpbOBI ¢ TOCEBAMU
BHHOI'PAJIHHMKA, CUJIBLHO 3aCOPCHHBIMHU OJHOJICTHUMH M MHOT'OJICTHUMH BUIAMH COPHSIKOB, SBJISCTCS
YKOHOMHUYECKH BBITOJHBIM, ()()EKTUBEH U MO3BOJSCT MOJIYYHTh JOMOJHUTEIBHBIA TOXOM IS BCEX
BapHAHTOB OIIBITA.

[IpoTuB KOMIUIEKCA OJHOMOJBHBIX ¥ JBYJAOJIBHBIX COPHSKOB HEOOXOAMMO OT/IaBaTh
MpeanoyTeHne TepounuaaM, CHEKTp JEHCTBHS KOTOPhIX HaubOollee COBMECTUM C BHUIAOBBIM
COCTaBOM COPHSIKOB.
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MOJIEKYJISIPHOE BBISABJIEHUE BO3BYIUTEJIEN Anaplasma ovis
B CEPOJIOTHMYECKHX OBPA3IAX MEJIKUX KBAYHBIX )KUBOTHBIX
N UKCOAOBBIX KVIEINEHN B ASBEPBANIKAHE

©A3uzoea A. A., ORCID: 0000-0002-0363-2893, kano. 6uon. Hayx,
Bemepunapnuiii nayuno-ucciedosamenbcKull UHCMumym MUHUCIMEPCMBa cellbCKo20 X03ANCmad,
2. baky, Azepbatiosxcan, azizova_aygun@inbox.ru

Abstract. A total of 704 blood samples (561 sheep, 143 goats) were examined for
the Anaplasma ovis infection during a 1-year period. PCR and ELISA were used for the detection of
the 4. ovis antibodies. PCR assay identified A. ovis in 20 (8.1%) sheep and 15 (6.09%) goats. Using
ELISA assay, 8.53% (31) were positive (21 sheep, 10 goats). A total of 246 blood smears were
examined for the presence of intra-erythrocytic inclusions using Giemsa stain. Among
the collected specimens, 60 were found positive with an overall prevalence of 24.3%. Among
the 60 positive animals, 26 (43.3%) were sheep and 34 (56.7%) were goat. In the peripheral blood
samples, the other piroplasmids — Babesia ovis, Theileria ovis, Th. recondita — were followed in
an associative form. The ticks were collected, and the species composition was appointed in order
to determine the ticks parasitized and have a pathogenic lifestyle in small ruminants. The intensive
infection with the ticks of 2 genera — Rhipicephalus and Hyalomma was followed in small
ruminants. It was determined that 45.8% of sheep and 35.1% of goats were infected intensively
with the ticks of the Hyalomma genus. 110 samples prepared from the ticks of the Hyalomma genus
were tested from the PCR test according to the Anaplasma ovis pathogen. 45 samples (40.9%) were
assessed positively that 21 samples of them belonged to sheep and 24 of them to goats. 80 samples
prepared from the internal organs of the ticks were examined according to the A. ovis parasite and
the obtained results were analyzed. In 5 out of 35 samples which detected the parasites, 4. ovis was
followed, and in 30 samples, the associative parasites: Th. ovis, B. ovis piroplasmids. The Rickettsia
and Coxiella pathogens were also detected in the samples.

Annomayus. 3a 1 ron uccienosano 704 obpasma kposu (561 oBma, 143 ko3) Ha uHDEKIHIO
Anaplasma ovis. [Ins oOHapyxeHust aHTUTEN K A. ovis ucnoib3osanu [P u UDA. TP BeisaBun
A. ovis 'y 20 (8,1%) oBert u 15 (6,09%) xo3. IIpu ucnonszoBanuu ananuza MDA 8,53% (31) Obiu
nojoxurenbHbiMA (21 oBma, 10 ko3). Bcero uccnenoBano 246 Ma3koB KpOBM Ha HallMdue
BHYTPUIPHUTPOLIMTAPHBIX BKIIFOYEHHH € MTOMOIIbI0 oKpacku 1o ['umze. Cpeau coOpaHHbIX 00pa3iioB
60 okazanuch MOJIOKUTEITBHBIMU € 001Iel pacrpocTpaHeHHOCThIO 24,3%. Cpean 60 KUBOTHBIX C
MOJIOKUTENBHBIM pe3ynbsratoM 26 (43,3%) Obuu oBubl U 34 (56,7%) — ko3bl. B oOpasmax
nepupepuyecKoil KpOBU B aCCOLIMATUBHOM (opMe HaOII0AaIiCh U APYTHe MUpoIuia3Mubl: Babesia
ovis, Theileria ovis, Th. recondita. Knemeii coOupanu u onmpenaesuii BUAOBOKW COCTaB C IEIBIO
OTpe/IeNICHUs] KIIeUle, Mapa3suTHPYIOIMX W BEAYIIUX IaTOTeHHbIH 00pa3 KU3HU Yy MEJIKUX
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YKBA4YHBIX )KUBOTHBIX. HaOmromamocr MHTEHCHBHOE 3apayKeHUE KIIeIaMu JABYX PoAoB: Rhipicephalus
u Hyalomma. Ycranosneno, uto 45,8% osen u 35,1% k03 ObUIM MHTEHCUBHO 3apa’K€HbI TKAHSIMHU
pona Hyalomma. TIIP-trecrom Ha Bo3Oymutenst Anaplasma ovis wuccnenosano 110 o06pasios,
MIPUTOTOBIIEHHBIX U3 Kienie poxa Hyalomma. [lonoxurensHo otieHeHbI 45 mpob (40,9%), u3 HUX
21 mpoba nmpuHamiexkana obuam, 24 — ko3zam. MccnenoBano 80 o0pasmoB, MPUTOTOBICHHBIX W3
BHYTPEHHHUX OPTaHOB KJIeIIeH, Ha mapa3uTa A. ovis U MPOaHaTU3UPOBAHbI MOTYYCHHbIE PE3yJIbTaThI.
B 5 u3 35 npo0, B KOTOpBIX ObLTH OOHApY:KEHBI Mapa3uThl, Habmoxancs 4. ovis, a B 30 npobax —
acCOIMaTHBHBIC TTAPA3UTHl — MHUPOTUIA3MUILI Th. ovis, B. ovis.

Keywords: molecular identification, polymerase chain reaction, ELISA, Anaplasma, 1xodidae,
small ruminants.

Knroueswie crosa: MOJICKYJIApHasi I/II[eHTI/I(bI/IKaHI/Iﬂ, nmojiuMEpasHass L€IHasd pCaKmus,
SH3UMCBSI3aHHBIN HMMYHOCOp6eHTHBIﬁ aHaJIu3, Anaplasma, HUKCOAOBBIC KJICHIHW, MCIIKHUEC XBAYHBIC
KHUBOTHBIC.

Anaplasma ovis is gram-negative rickettsial bacterium transmitted by the tick belonging to the
genus Anaplasma, family Anaplasmataceae, and order Rickettsiales. Anaplasma ovis is transmitted
by the ticks and reproduces asexually by the infecting the erythorocytes of their hosts. In addition to
the biotic factors, the age and gender composition of the animals are also influenced to the
distribution of the Anaplasma ovis parasite in sheep and goats. The local sheep and goats genera
were used in our experiments. They aren't very sensitive to Anaplasma ovis and the other primitive
blood parasites, in contrast to the animals brought to the republic. But the intensive infection
showes the complexities with the decrease in weight in the animals, the death of the young animals
and the other invasion diseases (eimerioses and helminthiases) in the older animals and causes the
serious economic damage to the animal husbandry [1, 2]. 6 species caused to the disease of the
Anaplasma genus noted the parasitise in cattle and small ruminants: A. ovis, A. marginale, A.
centrale, A. platys, A. bovis and A. phagocytophilum [3]. A.ovis causes to the anaplasmosis in sheep
and goats, and A.bovis in cattle [4]. The A. ovis parasite was observed in subclinical or mild form in
small ruminants. And in case of intensive infection, it results with the anemia, miscarriage in the
animals [5].

Azerbaijan is an agricultural country and engage with the animal husbandry for300 years. The
animal husbandry sector plays an important role in its national economy. The invasion diseases
influence negatively to the intensive development of the animal husbandry in the republic. In the
recent years, our researches shows that the invasion diseases are observed more in an associative
form (primitive parasites, helminths). In Azerbaijan, in cattle, 4 species of the piroplasmidoses
(theileriosis, anaplasmosis, piroplasmosis, francaiellosis) are distributed, and in small ruminants, 5
species (babesiosis, theileriosis, anaplasmosis, piroplasmosis, francaiellosis). In Azerbaijan, in cattle
and small ruminants, 4.marginale in cattle and A4.ovis in small ruminants from the piroplasmidoses
are noted more intensively [6].

For the first time, the serological samples of sheep and goats and the transmitting ticks were
researched by the molecular examinations according to the A.ovis parasite, compared by the
microscopic examinations, the results were analyzed. The intensive infection with the A.ovis
parasite is noted in goats in the researches conducted by us in the 1 year. In the animals with a high
temperature, the examinations were conducted by the Romanovsky-Giemza dyeing,the causative
parasites were detected in the erythrocytes. The A. ovis parasite was detected in the internal organs
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(spleen) of the dead kids [7]. The researches were continued at the level of the molecular biology,
and the obtained results were compared by the classical examination methods.

The wvarious serological methods — PCR (polymerase chain reaction), enzyme-linked
immunosorbent assay (ELISA) tests were used for the detection the specific antibodies to the
anaplasma. The competitive ELISA (cELISA) is depending on the use of a monoclonal antibody
(Mab) ANAF16C1 that recognizes the conserved (MSP-5) antigen of different Anaplasma ovis and
has high sensitivity and specificity for detection of Anaplasma antibodies [8, 9].

The “Gold standard” method for the diagnosis of Anaplasma spp. relies on the combination of
the microscopic examination and cELISA [10]. The indirect immunofluorescence antibody test is
widely used for the diagnosis of blood protozoon and Rickettsia. The ELISA test is commonly used
in epidemiological studies because of its low costs.

Molecular identification methods such as Polymerase chain reaction (PCR) have several
advantages compared to the traditional serologic and blood smear tests [11]. PCR is the most
sensitive and reliable diagnostic tool that allows discriminating between Anaplasma subspecies. In
addition, PCR can detect the coinfections with multiple Anaplasma subspecies [12]. The aim of the
study was to assess the sensitivity and specificity of the different diagnostic tools used for detecting
anaplasmosis in sheep and goats.

Material and methods

The researches were conducted in the livestock farms of the Shirvan-Salyan economic regions
of Azerbaijan. The animals were researched for the anaplasmosis from March 2021 to April 2022.
The microscopic examination of the blood smear was mainly used as the reference diagnosis of the
anaplasmosis. ELISA are the most commonly used serological methods for the detection the
antibodies against to the anaplasma. PCR is the most reliable diagnosis for the anaplasma invasion.

The collection of the blood samples for the molecular examination

A total of 704 blood samples were taken from 561 sheep and 143 goats of differentage groups
(from 6 months to 2 years and over 2 years). To separate sera, the additive-free blood was allowed
to clot for about 15-30 min at room temperature. The tubes then centrifuged at 10002000 rpm for
10 min and serum was collected. The serum specimens were stored at —20 °C for further use.

Competitive ELISA (cELISA) assay

Sera were screened for the Anaplasma immunoglobulin G (IgG) by a semi- quantitative
indirect ELISA commercial kit (Fuller, USA), according to the manufacturer instructions. Briefly,
sera samples were diluted in phosphate-buffer saline (PBS) and 25 pl were transferred to the slide
wells. The slides were incubated at 35°C for 30 min then washed with PBS followed by distilled
water to remove the unreacted antibodies. Twenty five pl anti-ovine conjugate with DyLight 488
dye (Fuller, USA) were added and incubated then removed by washing as previously described.
The slide was examined by the standard fluorescence microscopy (Olympus BX50, Japan) at 400X
magnification, the positive reaction appears as green fluorescent small cocci with a red background.

DNA extraction and PCR

DNA extraction was carried out using the G-spinTM Total DNA Extraction Kit (iNtRON
Biotechnology, Korea) according to the instructions of the manufacturer. PCR was performed to
detect both Anaplasma phagocytophilum, Anaplasma ovis using Bioin Gentech Veterinary PCR
Kits (Concepcion, Chile) according to the instructions of the manufacturer. The cycling conditions
were initial denaturation at 94 °C for 2 min, 35 cycles (94°C 30 s, 57°C 30 s, 72°C 30 sec) and a
final extension at 72°C for 5 min.
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Microscopic examination

Thin blood smears were prepared for microscopic examination accordingly the standard
protocol [13].

The slides were allowed to air-dry before being fixed with absolute methanol. Fixed smears
were stained with 10% Giemsa (Cresent diagnostic, KSA) and examined by using compound
microscope under oil immersion lens. About 25 fields were examined from each slide for the
presence of Anaplasma and the number of infected erythrocytes. Anaplasma was identified on the
basis of its morphology [14].

The collection of the ticks

Ticks were collected by the generally accepted method, namely, when examining the animal,
the identified ticks were removed, placed in a clean, dry container or container with a tight-fitting
lid. Ticks were also collected from walls and floors in places where animals were kept (on pastures,
meadows, in the soil). The collected mites were fixed, placed in closed test tubes, labeled, and stored
in a refrigerator at minus 20°C.

Analysis of the obtained results

The double samples of the examined animals: sheep 561 (79.7%) and 143 (20.3%) of goats
were taken. The animals were classified into three age groups: the samples collected from the
animals aged 6 months to 1 year (172; 24.4%) were belonged to the first group, > 1-2 years old
(250; 35.5%) animals to the second group and the animals older than 2 years to the third group
(282; 40.1%) (Table 1).

Table 1
THE BASIC DEMOGRAPHICS OF THE SAMPLED ANIMALS
Categories
Gender Female 324 (46,0%)
Male 380 (54,0%)
Host Sheep 561 (79,7%)
Goat 143 (20,3 %)
Age Age group | (6 m-1y) 172(24,4%)
Agegroup Il (Ly-2y) 250 (35,5%)
Age group 1 (>2y) 282(40,1%)

Competitive inhibition ELISA (cELISA) assay
The overall prevalence of Anaplasma spp. using cELISA was 8.53% (n=31), including 21
(67,4%) specimens from sheep and 10 (32,6%) from goats. In sheep, the infection rates were higher
among males (66,7%), animals of the age group I (42,9%). While in goats, the prevalence was
60,0% among males, 60,0% among age group | animals (Table 2).

Table 2
ELISA TESTING RESULT
Regions Animal type Serumsample Testing result
Positive Negative Suspected
Bilasuvar goat 70 5 58 7
Salyan sheep 53 5 43 5
Hajigabul sheep 120 16 102 2
Shirvan goat 120 5 115 -
Total 363 31 330 12
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31 positive samples were analyzed by the regions and 5 infection cases were noted in the
Shirvan region, 5 in the Bilasuvar region, 5 in the Salyan region, 16 in the Hajigabul region. The

high infection by the A.ovis parasite was noted in sheep in the Hajigabul region.
Table 3
THE ELISA TEST RESULTS FOR THE HAJIGABUL REGION

1 2 3 4 5 6 7 8 9 10 11 12

A 100 |117,28| 4904 | 48 | 883 | 28 | 752 | 784 | 24 | 576 | 888 | 5328
B 0 3304 | 976 | 48 |8608| 576 | 7,12 | 66,64 | 192 | 04 24 | 576
C 2384|2896 |3952| 696 | 19,2 | 4456 | 048 | 6,9 | 872 | 088 | 772 | 04
D | 5816 (107,76| 53,44 | 7,36 | 872 | 0,88 | 0,56 | 7,36 | 872 | 0,24 | 872 | 28
E |3072| 808 | 7,36 | 7,52 | 74,08 | 52,56 | 0,32 | 752 | 7,84 | 772 | 7,84 | 576
F 1392 | 76,4 | 752 | 712 | 9,44 | 048 | 696 | 70,08 | 6,96 | 0,56 | 6,96 | 04
G |328)| 772 | 712 | 28 | 976 | 056 | 676 | 7,36 | 7,36 | 032 | 7,36 | 48,88
H |27,04| 204 | -056 | 304 | 28 | 032 | 752 | 056 | 048 | 0,56 | 7,52 | 0,24
1 2 3 4 5 6 7 8 9 10 11 12
PCR analysis

The overall prevalence of Anaplasma spp. using PCR was 14,2 % (35), of which 20 (57,1%)
were sheep and 15 (42,9 %) were goats (Table 5). In sheep, the infection rate was higher among
males (45,0%), animals of the age group I (55,0%). While in goats, the prevalence was 60,0%
among males, 53,3% amongage group I animals (Table 5).

Table 4
MOLECULAR IDENTIFICATION
Region Animal type Sampletype Quantity Testing result
Positive Negative

Bilasuvar,Salyan Sheep, goat blood 120 20 100
Shirvan sheep blood 46 5 41
Hajigabul Sheep, goat blood 80 10 70
Total 246 35 211

110 samples prepared from the tick smears were tested from the PCR test according to the
Anaplasma ovis parasite in order to detect the causative agent of A.ovis in the ticks. The results
showed that the ticks are invasion with the parasites (Figure 1).

The microscopic examination of the peripheral blood samples of the animals involved to the
PCR examination were conducted. A total of 246 blood smears were examined for the presence of
intra-erythrocytic inclusions using Giemsa stain. Anaplasma spp. appeared as small spherical
deep purple intraerythrocytic inclusions. Among the collected specimens, 60 were found positive
with anoverall prevalence of 24.3%. Among the 60 positive animals, 26 (43.3%) were sheep and 34
(56.7%) were goat (Table 2).

The difference in Anaplasma prevalence in sheep and goats was not significant (P> 0.05).
While there were 35 positive evaluations in the PCR examinations, this number increased to 60 in
the microscopic examinations. The other piroplasmids — Babesia ovis, Theileria ovis, Th.
recondita were followed in an associative form in the peripheral blood samples (Figure 2).

The examinations were also conducted by the Giemsa method, 80 samples prepared from the
internal organs (salivary gland, ovary, intestine) of the ticks were examined according to the
Anaplasma ovis parasite. 4. ovis was followed in 5 of 35 samples detected parasites, and the
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associated parasites — Babesia ovis, Theileria ovis, Th. recondita piroplasmids in 30 samples. The
Rickettsia and Coxiella pathogens were also detected in the samples (Figure 3).

Figure 1. The infection level of the pathogenic ticks

xbit. Babesidoyis

Figure 2. The piroplasmids in the erythrocytes

Table 5
MICROSCOPIC EXAMINATION
Host Demographic factor Positive animalspercentage
Sheep (n=120) Gender Male (75) 15 (12,5%)
Female (35) 11 (9,2%)
Age Group | (33) 10 (8,3%)
Group 11 (37) 9 (7,5%)
Group 111 (40) 7 (5,8%)
Goat (n=126) Gender Male (76) 19 (15,1%)
Female (50) 15 (11,9%)
Age Group 1 (62) 16 (12,7%)
Group 11 (31) 11 (8,7%)
Group 111 (33) 7 (5,6%)
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Figure 3. The Rickettsia and Coxiella pathogens (by the microscopy method)
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The other piroplasmids (Babesia ovis, Th. ovis, Th. recondita), as well as the Rickettsia and
Coxiella pathogens were detected during the classical examinations of the negative samples
according to the A.ovis tests in the molecular examination.

Discussion

The anaplasmosis is noted in the agricultural animals, as well as in humans in the American,
European and Asian countries [15-17]. Epidemiologic studies aimed to determine the prevalence of
anaplasmosis uses different diagnostic tools, such as microscopic examination of stained blood
smears, serological, and molecular tests. The reliability of the diagnostic tests is crucial for accurate
diagnosis and estimation of the disease prevalence. Despite microscopic examination and serologic
tests are practical and reliable diagnostics to detect Anaplasma spp. infection, they have limitations
[18]. While the sensitivity against to one causative agent is checked in the molecular examinations,
it is possible also to detect the other causative agents at the same time in the microscopic
examinations. Our experiments confirmed that it is possible to detect the other piroplasmids and
pathogens in addition to the A. ovis parasite by this method. As well as, the microscopic
examinations are more efficient also financially for the big farmer farms. The accuracy of the
stained blood smear examination can be hindered by the low number of the infected cells, lack of
expertise of the examiner, and/or the occurrence of intracellular artifacts. In the early acute phase of
the infection, serologic assays have limited value, due to the absence of the detectable antibodies
[19].

In our researches, it was determined that the peripheral blood samples of the animals
influenced negatively to the A.ovis tests were invasion with the other piroplasmids and pathogens.
This shows that the microscopic examinations are practical for detecting more extensive invasions.
Anaplasma is routinely diagnosed by the microscopic examination of the Giemsa stained blood
smears and detection of intraerythrocytic Anaplasma inclusions. The microscopic examination is
suitable for diagnosis of acute anaplasmosis, but it is not applicable for the detection of pre-
symptomatic or carrier cases due to low numbers of Anaplasma infected cells in circulation, which
falls below the detection limit [20].

In this study, based on the age factor, it was found that age group I (6 m — 1 yrs) had the
highest rate of anaplasmosis. The showing a higher result of the anaplasmosis infection in the young
animals in small ruminants was related not only with the immune system in the animals, but also
with their associative infection with the other parasites. The infection with the piroplasmids at the
same time with the dicroceliosis and strongyloides of the respiratory tract in the associative form
were noted in sick sheep aged from 6 months to 1 year. The treatment was ineffective in the delayed
form, the death was followed in the animals. In goats of that age group, the infection with the
moniesiosis were detected in an associated form with the anaplasmosis that it also caused the death
of the kids. The death was not followed in 1-2-year-old animals, the long-term treatment resulted
with the recovery of the animals. And in animals older than 2 years, the clinical signs were showed
weakly, the death was not followed, the decrease in weight was noted in the animals infected
intensively with the ticks. The productivity decreased by 3.5-4 kg in sheep infected with the ticks
and by 3 kg goats in 6 months. The animals’ skin was unusable for the leather production.

Several studies have reported that ELISA may be used as an alternative to PCR [21] for the
detection of anaplasmosis among sheep and goats [22]. A previous study reported a similar level of
the specificity and sensitivity for ELISA when compared with PCR.

Detection of carrier animals is very important, as they play a significant role in the disease
epidemiology as reservoirs. Furthermore, it is essential for epidemiologic studies to discriminate
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between Anaplasma species [23]. PCR is reported to be more sensitive than conventional
parasitological techniques in different hosts. It also enables the identification of different species.
Therefore, we also evaluated PCR for the detection of the Anaplasma species in animals in
comparison with ELISA.

35 out of 246 samples of our PCR tests were positive (14.2%). The sensitivity of the PCR
results was 100% compared to the other diagnostic results. And Babesia ovis, Theileria ovis,
Th.recondita parasites were detected in 25 more samples in the microscopic examinations. The
results confirmed that 25 head animals were sick with the other piroplasmidoses. This shows that
although the PCR tests are favorable in order to determine one parasite, it does not allow to
determine the causative agents of the disease like the microscopic examinations. In recent years, our
experiments confirmed that the A.ovis parasite, which is characteristic for the lowland landscapes,
has distributed intensively among sheep and goats in the mountainous and foothill regions of the
republic. And this indicates the increase of the infection risk of the anaplasma species with the
zoonotic potential to humans.

Conclusions

Proper disease diagnosis requires reliable tests. Therefore, it is important to evaluate the
existing diagnostic methods. The evaluation depends on several factors as; whether the test is
suitable for the field and/or the laboratory settings; cost; and time required. The microscopic
examination provides reliable results, but it is not suitable to diagnose carrier animals. cELISA is
known for its ease of use, low cost, and for being quantitative and is an economical and easy
method to perform. In the present study, ELISA was highly specific and sensitive, but it requires
special laboratory settings such as fluorescent microscope. PCR is the most sensitive and reliable
diagnostic tool that achieves simultaneous differentiation between different Anaplasma subspecies.
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Annomayus. MacTUT KOPOB — 3TO 3a00JIeBaHUE, MPH KOTOPOM IPOUCXOUT HH(DUIIUPOBAHKE
¥ BOCIIAJICHHUE MOJIOYHOM KeJie3bl KOpoB. 3a00JieBaHNE BO3HUKACT IPH TONMAJaHIH HH(EKINH depe3
COCOK B BBIMS KMBOTHOIr0. OOBIYHO 3apaXCHUC IMMPOUCXOOUT IIPU HCCO6JHOIIGHI/II/I IMpaBUJI TMT'UCHBI
BO BpeMs JIONKM WM B MPOMEXKYTKE Mexay novikamu. boinee 140 BuIoB OakTepuil BBI3BIBACT
MacTUT. Tak Kak KOPOBBI IIOCTOSTHHO COTIPHKACAIOTCS ¢ BHEIIHEH CPEIOi, HEBO3ZMOXHO MOJITHOCTHIO
MNpeaAOTBPATUTH IIOMaJaHUuC MI/IKpO6OB, BBI3BIBAIOIIHUX MACTUT, HYKHO YACIATH BHUMAHUC MCTOJaM
OOpBOBI C MACTUTOM H €ro POMUIAKTHKONH. MacTUT min 3a00JIeBaHNE MOJIOYHON JKEJIE3bI SBIISETCS
OCHOBHOH MPUYMHOM MPOU3BOACTBA MOJIOKA Y KOPOB. YBEIWYEHHE MOTOJIOBbS KOPOB C MAacTUTOM
WIH CyOKJIMHUYECKMM MACTHTOM OTPHUIIATEIIBHO CKa3bIBACTCS Ha KaueCTBE TOBAPHOTO MOJIOKA U
MIPOU3BOMMOTO MOJIOKA B II€JIOM. B OOJBIIMHCTBE CIy4aeB JICUEHHE Teparnuell 3aHUMaeT MECHII.
[TpodwmnakTika BKIIOYAET: COONIONEHUE TOCIIEIOBATEIIEHOCTH OMEPAIUi 10 U BO BpEMs JOCHUS;
WCIIONIb30BAaHUE TEPCOHAJIOM CpPEACTB HHIWBUAYaTbHOW 3alIUThl (TEpUaTKH, CIICLOAEKIA);
MEXMOJIOYHAs Je3MH(EKIMS JOWIBHOTO afmapara; MCIHOJIb30BaHHE BBICOKOA(P(HEKTUBHBIX
Ne3UHPUIUPYIOMINX CPEACTB IS OYUCTKH BBIMEHU TIEepe] JTOCHHUEM; 3alllhTa TMOCIEePOJOBOTO
IPYAHOTO  BCKAapMIIMBaHUS; TNPOPUIAKTUYECKUE MEPONPHUITHS 1O CHUXKEHHIO OCHOBHBIX
pasapaxuTeneit; 310poBas U yIpyras Koka; UCTHOIb30BaHHe BUTaMuHa E, celneHa u MUHEpalIbHbBIX
N00aBOK; TPOBEACHHE THTHEHUYECKUX MEpONPUATHIl (Moiika, Ie3uH(EKIus) B TMOMEIIECHUH;
yCTpaHEHUE CTpecca; oOecreueHue aJanTHBHOTO THUTAHHWS B COOTBETCTBHH C JTAllOM JIOCHUS;
THIAaTCJIbHAA OYUCTKA 1 ]ICSI/IH(beKHI/IH HpeZ[MOJ'IO‘-IHOI\/’I MMPOAYKIIH.

Abstract. Cow mastitis is a disease in which infection and inflammation of the mammary
gland of cows occurs. The disease occurs when an infection enters through the nipple into the udder
of an animal. Infection usually occurs when hygiene rules are not followed during milking or in
the interval between milking. More than 140 types of bacteria cause mastitis. Since cows are
constantly in contact with the external environment, it is impossible to completely prevent
the ingress of microbes that cause mastitis, it is necessary to pay attention to methods of combating
mastitis and its prevention. Mastitis or breast disease is the main cause of milk production in cows.
An increase in the number of cows with mastitis or subclinical mastitis negatively affects
the quality of commercial milk and milk produced in general. In most cases, treatment with therapy
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takes a month. Prevention includes: compliance with the sequence of operations before and during
milking; use of personal protective equipment by personnel (gloves, overalls); disinfection of
the milking machine; use of a highly effective disinfectant to clean the udder before milking;
protection of postpartum breastfeeding; preventive measures to reduce the main irritants; healthy
and elastic skin; Use of vitamin E, selenium and mineral additives; carrying out hygienic measures
(washing, disinfection) in the room; eliminating stress; providing adaptive nutrition in accordance
with the stage of milking; thorough cleaning and disinfection of dairy products.

Knioueswvie cnosa: KpynHbIi porateiii CKOT, BBIMSI, MOJIOKO, MACTHT, JICUCHHE, TEPAITHUSI.
Keywords: cattle, udder, milk, mastitis, treatment, therapy.

Monoko — 3TO CIOXHBIA NHIIEBOM TPOMYKT, COAEPIKALIMI IUTATeJIbHBIC BEIIECTBa,
’KM3HEHHO Ba)XKHBIE JJIsI POCTa MIICKONUTAIONIMX. B mepBoM mepuose >KU3HH MIIEKOIUTAIOINE
YIOTPEOIIAIOT NCKITIOYUTETIFHO MOJIOKO, TTOJIC3HBIC BEIIECTBA, COIEpXKAIUecs B HEM, 00€CIeYnBaloT
UX DHEPrueil U aHTHTEIaMH, TOMOTAIOIIMMHU POTHBOCTOATh HH(pEKIUAM. J[J1s1 YeoBeKka MOJIOKO U
MOJIOYHBIE MPOIYKTHI SBISIOTCS BaKHBIM HCTOYHUKOM KajbLlUsl, MarHus, cejeHa, puOodaBuHa,
BUTaMuHa Bi2 1 MaHTOTEHOBOH KHCIOTHI (BUTaMHH Bs) W mMOTOMYy HWIparoT KIIOYEBYIO pOJb B
pa3BuTHH. MOJIOYHBIE TIOPOJIBI, CYIIECTBYIOIINE CEUac, — 3TO Pe3yJbTaT THICSUEICTHEH CeTeKIIH
JMKUX >KHBOTHBIX, KOTOPBIE JKMJIM HAa PAa3HBIX BHICOTAX W B PA3HBIX IIUPOTAX, OPOH B CYpPOBBIX U
IKCTPEMAIIBHBIX MTOTOTHBIX YCIOBHUIX. METOIbI MOyYeHUSI MOJIOKA OT KOPOB, KO3, OBEIl U OyHBOJIOB
c(opMHUpOBAIKNCh MPUMEPHO WIECTh ThHICAY JIeT Ha3ad. JTUX JKMBOTHBIX JOAT M JO CHUX IIOp.
EctecTBeHHO, 4TO 4eNOBEK BBHIOpAI ATHX TPABOSIHBIX IS YAOBICTBOPEHUS MOTPEOHOCTH B MHUIIE U
OZIe/Ie, Bellb OHU HE TaK OINACHBI, U COACPKaTh WX IMPOIIE, YeM XHUIIHUKOB. JKHBOTHEIE, AAOIINe
MOJIOKO, — 3TO JXBAa4HbIE, OHU €IIT OBICTPO M B OOJIBIINX KOJMYECTBAX, a MUILY [E€PEBapUBAIOT
HEKOTOpOe BpeMsi cIycTs. MacTUT — 5TO BOCHAJCHHE MOJOYHOM Kele3bl. Bo3Hukaer
3abosieBaHNE, Yalle BCEro, B IEpBbIC HEAEIHM IOcie OTelda KOpoBbl. OnHako, 00JIE3Hb MOXKET
NPOSIBUTECS M B JIFOOOHM Jpyrodl MOMEHT JIaKTalk. MacTUT OKa3blBaeT BIHMSHHE Ha 37J0POBHE
KMBOTHOTO, KayeCTBO W KOJMYECTBO MOJIOKA W €ro peanu3aiuio (oHa HEeBO3MOXKHa). MHbIMHU
ClIOBaMH, 3a00JIeBaHHE BIUSET HE TOJIBKO Ha caMy KOpPOBY, HO M Ha XO3siICTBO, KOTOpOE HeceT
YOBITKH M3-32 OTCYTCTBHS MPOAaX MOJIOKAa M MOJIOYHOW MPOAYKIIMH, JICYeHHUE KOPOBBI WM JTaXKe
[IEJIOTO CTaja. YTBEPXKAAIOT YUYEeHbIe U BETEPHUHAPHI, OCHOBHOW MPUYMHONW 3a00JIEBaHUS SIBISIETCS
naTtoreHHass MUKpoguiopa okpyxaromieit cpensi [1].

Ha ceronusmnuit neb n3BectHo 90 BUIOB MUKPOOPTraHU3MOB, CIOCOOHBIX BBI3BAaTh MACTHT.
[Tarorensl, momanasi B BBIMS KOPOBBI, HAYMHAIOT PAa3MHOXKAThCS M BBIACIATH NMPOAYKTHI CBOCH
KHU3HENIEATEITLHOCTH, KOTOPBIC SIBISIFOTCS TOKCHUYHBIMH JIJISl )KUBOTHBIX. MacTHT uim 3aboiieBaHHe
MOJIOYHOM KeJe3bl ABISETCS OCHOBHOW MPUYMHOM MOTEPH MOJIOKA y KOPOB. YBEITMUEHHUE MTOT0JI0BbS
KOPOB C MAacTHTOM HWJIM CYyOKJIMHMYECKHM MAacCTUTOM OTPHIATENIbHO CKa3bIBae€TCs HA KauecTBE
TOBAapPHOT'0 MOJIOKA U MPOU3BOAMMOTO MOJIOKA B 11eJIOM. ECTh HECKOJIBKO CTUMYJISITOPOB, OT KOTOPBIX
OOJICIOT MOJIOUHBIE JKeJe3bl. B 3aBHCHMOCTH OT TMaToreHe3a KIMHWYECKUX IPOSBICHUH
paszapakuTeled MX AENAT Ha CBSI3aHHBIE C KOPOBAMH M CBSI3aHHBIE C OKpY’Karollend cpenoil. B
OOJIBLIMHCTBE CIy4yaeB JieYeHHE Tepanued 3aHuUMaeT wMecsn. llpodumakThka BKIIOYAET:
COOMTIO/IEHHE TOCIEJ0BATEILHOCTH ONepalfii 10 U BO BpeMsl JOEHUS; UCIOIb30BaHUE MEPCOHAIOM
CPe/ICTB HMHIMBUAYATBbHONH 3amuThl (NEpYaTKH, CIEHOASKI); MEKMOJIOYHAs Ie3WHPEKINs
JOWJIBHOTO amapara; HCHOoIb30BaTh BHICOKOA((EeKTHBHOE Ae3MHOUIMPYIOIIEe CPEICTBO IS
OYMCTKM BBIMEHM IIepe]] JOEHHEM; IIOCIepOioBas 3alluTa TIPYAHOTO BCKAPMIIMBAHUSA; IPO-
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¢buiakTH4YecKre MEpPONPHUATHS MO CHIXKEHHIO OCHOBHBIX pas[pakuTelnel; 3740poBas M ympyras
koxa; Mcnonp3zoBanue BuTaMuHa E, cesieHa 1 MUHEpaIbHbBIX J0OABOK; IPOBEAECHUE THTHEHUYECKUX
MEpPONPUATHIA B TOMELIICHUH (MBIThE, Je3UH(EKIHUs); yCTpaHEHHE CTpecca; oOecredeHne
aJlalTUBHOTO THTAaHUS B COOTBETCTBUHU C (pa30il JTOCHHUS; TIHIATEIBbHAS OYMCTKA W Je3WHQEKIUS
IpeIOMIbHBIX ~ cockoB.  Hambonee  pacnpoCTpaHEHHBIMM — pa3fApaKUTENIMU  SIBJISIFOTCA:
Corynebacterium bovis, Escherichia coli, Klebsiella, Mycoplasma bovis, Staphylococcus aureus,
Streptococcus agalactiae, S. dysgalactiae, S. uberis.

[lonatHo, uyTO mnpodmIakTUKa — caMblii 3((eKkTuBHBI crOcO0 OOpPHOBI C MAaCTUTOM.
Berepunapbl  cuMTaloT  rUrMeHy ~— HaumOosnee  JOCTYHHBIM  METOAOM  HPO(QUIAKTUKU
(https://kurl.ru/DKjtG). Ocoboe BHUMaHHE YIEISICTCS BaKHOCTH OYUCTKH BBIMEHHM M COCKOB H
KOHTPOJIIO 32 pabOTOW JTOMJIBHOTO ammapara BO BpeMs JOeHHsA. PekoMeHIyeTcss TUrueHHYecKas
obpabotka BeiMeHH 10 U tociie goerus (https://kurl.ru/ORmP1, https://kurl.ru/HLhBK).

OCHOBHOW 1I€NIbI0 TUTMEHUYECKOW OOpaOOTKM BBIMEHM SBJIAETCS JOCTHUIXKEHUE €ro
MaKCHMaJIbHON CTEPUIIBHOCTH M 00€CIIeueHHEe €ro COXPaHHOCTH B nepuon Aoiku. Cienyer UMeTh B
BUJY, YTO 3HAYMTEJIbHAs Iepenada MH(EKIMOHHBIX MHUKpPOOPTaHW3MOB OT OOJBHOH KOPOBBHI K
37I0POBOI TPOUCXOAMT Yepe3 HaaeThie HarpynHuku. OOmas mpoMbIBKa JOWJIBHOTO armapara He
pa0oTaeT, ecii BbIMS U COCKU He uucTble. ClielyeT yuuThIBaTh, YTO OJHHUM aIlllapaToM 3a 2 yaca
noenus nosaT 15-20 xopo. Heo6xonumo nposBIsTh OCTOPOKHOCTh MIPU BBIOOPE M UCIOJIb30BAaHUU
XMMHAYECKUX BEIIECTB JUISI THTHEHBl BBHIMEGHM M COCKOB. BHHMMAarenpbHOCTh K THIATEIBHOW
MEXaHMYECKOH OYHMCTKE CBOAUT K MUHHMYMY XHMHUYECKOE BO3/ICHCTBHE. YUUTHIBAS aKTyalbHOCTh
BOIPOCA, NOCTABJIEHA 1IeJIb TOCTPOUTh MaTEMAaTUYECKYIO MOJIEIIb IIPOLlecca MEXaHUYECKON OYUCTKU
HUMIenae u 000CHOBaTh pabouue napaMeTpbl COCKU HKCIIEPUMEHTAIbHBIMU UCCIIEI0OBAHUAMHU.

B kadecTBe 00beKTa UCCIENOBAHUS OBUIH B3SITHI KOPOBBI M COCKH, a TAKXKe MPOLECC TOCHHUS U
000pyIOBaHUE UISI MBIThSI COCKOB. DKCIEPUMEHTAIbHBIE HCCIECAOBAHMS MPOBOAMINCH HA OCHOBE
CTaHJapTOB, IPUMEHSAEMBIX B UCIIBITAHUAX JIMHEHHBIX JOMIIBHBIX YCTaHOBOK [ 1-3].

PazpaGoran ajiroputM mnpuMeHeHus ycTpoilctBa. Teopermueckas W HpakTHYECKas
3HaYMMOCTh HCCiefoBaHus. HaydHoe 3HaueHre NMEIOT MPEUIOKEHHBIE TEXHUKO-TEXHOJIOTUIECKHNA
METOIl M CpeNICTBa sl 0oJiee TOJHOTO HCIIOJNB30BAHUS T€HETUYECKOTO TOTEHIIMANa JKUBOTHOTO
yTeM MEXaHWYEeCKOM OUMCTKM KOpOBbEH IIKYpsl M BbIMEHHM. Pa3zpaboTaHHas Ha YpOBHE
KOHCTPYKTHBHO TIOJIE3HOM MOJENN KOHCTPYKIHMsA, ee OOOCHOBaHHbIE palouue mapaMeTpsl Hu
IpaBWJIa HKCIUTyaTallud UMEIOT NpaKkTU4YecKoe 3HaueHue [4—06].

Oddexr ounctku cockoB BeiMeHU (Ke) siBnsieTcs QyHKUMEW YeThIpex Tpylll MEepeMEHHbIX:
napameTpoB cocka (Me), mapameTpoB KOHCTpyKuuH mmetku: (Mft), pexumoB ouuctku (Mtr),
napameTpoB 3arps3HeHus (Mu). DTo MOXKHO 3amucarh CIEAYIOIIUM 00pa3oM:

Ke:{Me’Mft’Mtr’Mg } (D

B nenoM moarotroBka KOpPOBBETO BBIMCHHU K HNPCANOCHHUIO MOXKET OBITh BBIpAXKCHA PAIOM
napaMeTpoOB, BIIMAIONINX HA S(I)(I)CKT OYHCTKH COCKOB!

Ke={Le’de’Ee’Kef’Kek’Df’It’ dt’nd’Bt’Nin’a)’Qmi (2)
Kios» Kig ot Pt 07, Ko, Koo Mo, K o, Koo K

cev? “ee? fm s

rne L. — JJMHA COCKOB, MM; de — JIMAMETP COCKa, MM; E, — MOIYyJIb YIPYTOCTH COCKOB,
Krc/MM?; Dy — nuamerp MIETKH, MM; /; — JJMHA LIETOYHON NPOBOJOKH, MM; d; — JIUAMETP
IIETOYHOW TPOBOJIOKU, MM; g — KOIMYECTBO MX B HaOOpe MPOBOAOB; B; — MOAYIb JKECTKOCTH
MIPOBOJIOYHOTO KOMILJIEKTA, KIXCM; Nj; — MOIIHOCTh MepeAayu IMETOYHON KOHCTpyKuuu, W; @ —
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YIJIOBasi CKOPOCTh BpAaIeHHsI IIETKH, pan/c; Om — pacxoll MOIOIIETO CPEICTBa, MMOJAaBAEMOTO Ha
IIETKY, M>/MHH; f, — BPeMs OYUCTKU MOBEPXHOCTU COCKA, CEK; Peey — Kpyropas cuia, N; fee —
BpEMs OYMCTKM HWKHEH YacTH COCKa, CeK; Yy — JIMHEIHAas CKOPOCTh MIETKH, MM/CEK; M, — Macca
rpsi3y, T ¥ KOOPPUIueHThl: Kor — Gopma rpyau; Kex — MIEpOXOBaTOCTh MOBEPXHOCTH COCKH; Ky —
BJIArOyJIEp)KaHUE MICTOYHOH MPOBOJNIOKH; Kif — KANMWUIAPHOCTh INETOYHOW MPOBOJOKH;, Kg —
WHTCHCUBHOCTh MEXaHHYECKOTO BO3JICHCTBHs HaOopa IIETOYHBIX MPOBOJOK HAa OJIUH OTPE30K
cocku; Kgp — pa3MmelieHue KOMIUIEKTa INETOYHBIX NPOBOJOK Ha Oapabane; K — Qusmko-
MEXaHMUYECKHEe CBOMCTBA Marepuana Ips3u; K., — arperaTHoe COCTOSHUE TPSA3HOro marepuana; K
— oOmacth 3arpsi3HEHHsI cocka. [IpyHHMMaeMm, 4YTO COCKM OYHMINACTCS OT TPS3H KOMIUIEKTOM
IIETOYHBIX TPOBOJIOK. Ero skecTKOCTh By CBsI3aHa € )KECTKOCTHIO OT/ACIBHO B3STON MPOBOJIOKH:

B, = K,EJn, (3)

rne Ko — nokaszarens, Ko <1,0; £ — Moaynp ynpyrocTd Marepuania 1meTo4yHON MPOBOJIOKH,
E=2,5-10* kr/cm?; J — MOMEHT MHEpIMK HOMEPEUHOr0 CeUeH s MEeTOUHO mpoBonoku, cm*. Eciu B
30HE KOHTAaKTa IETOYHOIO IMPOBOJA C HHUIIIEIEM HECKOJIBKO KOMIUIEKTOB IIPOBONOB HAJ, TO MX
KECTKOCTb COCPEAOTOYCHA:

By, = K,EJn, -n,, 4

JlelicTBUE NMPOBOJIOKH, YCTAHOBJICHHOIN Ha HMIIIENE, 3aBUCUT OT JIMHUU U YIJIOBOH CKOPOCTH
IBWOKEHUsT ILIETKU. JlaboparopHble uCCIEIOBaHMUS IIETKOOUYMCTUTENS JJIi aBTOMAaTH4yeCcKOro
JIOUJIBHOTO  ammapara IpPOBOAMIMCh Ha CTEHJE, OOOpYIOBAaHHOM HCKYCCTBEHHOM TIpYIbIO.
HckyccTBEHHbIE ITyCTHIIKHA OOBIYHO U3TOTABIMBAIOTCS U3 PE3UHBI WIIM OPraHUUYECKOro cTekia [5].

IIpu BbIOOpE 00PA3LOB MCKYCCTBEHHBIX COCKOB JUISl MCCIIEAOBAaHUN OBIJIO YCTAHOBJIEHO, YTO
HanOoMpIMK KO3((UIIMEHT TPEHUSI UMEIOT Pe3UHOBBIE COCKHA. OOpa3Ibl COCKOB M3 HATYPaJbHON
KOYKM M JIepeBa BIMTHIBAIOT OOJIBILIOE KOJIMYECTBO BOAbl. Bo Bcex BapuaHTax, KpoMe 00pa3LoB U3
CTEKJIOOPraHMYECKOr0 Marepuana, Cujla TpeHHUs MOBbIIeHa. B mocnenyromux nabopaTopHbIX
HCCIIEIOBAHUAX MCIIOIb30BAIMCh 00pa3Ilbl HArPYAHOTO CTEKJIA U3 OPraHMUECKOTo CTEKJIA.

Pesynprarel nccienoBaHus MOKas3ajid, YTO MpH yBelauueHuu aasieHus ot 150 go 250 xlla
BpanieHue yenuuuBaetcs ot 1,5 no 4,0 Hm. UccnenoBanue cuiibl ynpyrocTy mieTOYHOro Habopa
(ammapaT KOMIUIEKTyeTcsl 7 BUAAMU IIETOYHBIX HAOOPOB) MOKAa3ajio, YTO JKECTKOCTh UIETOK
u3MeHsiercs B 2—3 pasa 3a nepuoj. [Ipu 3ToM pasHHIIa MEX]y JUAna3oHOM TBEPJOCTH 00pa3loB
HIETOYHOTO KOMIUIeKTa cocTapisieT a0 10 pa3. [IpeumymiectBo B Bapuante ¢ aguamerpom 0,18 ...
0,20 mm, qymHOM 15 ... 18 MM, KonmuuecTBOM npoBoJioK B mmyuke 120 ... 180 mr. ITpu sTom Moxynb
YIIPYTOCTH KampoHoBOro Bojoca E = 2,5x104 kr/cm?. PesymbTaThl MCCIEI0OBAaHHS 3aBHCHMOCTH
CKOPOCTH BpAIll€HUs] THEBMONEPEHOCHBIX IIETOK OT JaBJIEHHs BO3JyXa MpeICTaBlIeHbl rpaduuecKu
Ha Pucynke 1. Korma meTkn HaMOKArOT, CONMPOTUBIECHUE MEXIY MPOBOJIOKOM IIETKH W HUIIIEIEM
YBEJIMUYMBAETCS. DTO CHUKAET CKOPOCTh BpalleHus 1ieTok. [lo Mepe yBennueHus Miomaan corpu-
KOCHOBEHHSI C COCKOM CKOpPOCTh BpamieHus MmeTrok cHuxaercs Ha 40%. I[lomyuennbie
3aKOHOMEPHOCTH TO3BOJIIOT (PMKCHPOBATH HA4Yasl0 YUCTKH TPpyau. DTO MPOJOIKAETCS C MOMEHTA
NpUOTMKEHUST KUCTOUEK K KOHYMKY COCKa JI0 MOABEMa UX Ha JTHO U CHATHUS KHCTOYEK C KOHUMKA
COCKH. DTO OY€Hb BAXKHO IS YNPABJICHUS MPOLECCOM OYHMCTKH. YCTaHOBJIEHO, YTO CO3/aBaeMasi
mieTkaMu cuia BozaeicTBus cpeabl usmensiercss Ha 40 ... 50% B paGoueMm auanazoHe MOAAYU
JaBJICHUS BO3yXa Ha IMHeBMoarperar. VccienoBaHus Moka3aiad, YTO MPOBOJIOYHBIN HAOOp IIETKU
BBINOJIHEH U3 MaTepPHaJIOB ¢ KaWJUIIPHBIMH cBoiicTBamu (PucyHok 2).

[lletkn u3 kampoHOBOW mpoBosioku auameTpom 0,18 mwm, mmmuoi 15 MM, HaGop 150 T,
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mieTka quamerpom 60 MM, miuHa meTku 120 MM, Habop MPOBOJIOK OKPYKHOCTHIO. bbu1o 0TOOpaHO
18 mTyk ¢ GoJbIel MPON3BOAUTEIBHOCThIO. MaKCUMAIBHOE BOJIOTIOTIIONICHHE KHUCThIO COCTABHIIO
18 . DTO COOTBETCTBYET PEXHUMY, IIpU KOTOpoM HHXkKeKTOp noxaer 30—40 r Boabl B CEKYHIY.
Hacanka nomxkna pacnbuiats Boay mmpuHoi 130 mm u mmpunoid 60—80 mm Ha kucth. [Ipu atom
pacxon Boabl coctaBisieT 10...15 r/cek. YBennueHue 3TOro 3HaYEHUS HE YBEIUYHBACT KOJUYECTBO
BOJIBI B IIETKaX ¥ 3PPEKTUBHOCTh OYMCTKU cocka (PucyHox 2).
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Pucynox 1. l3MeHeHHE CKOPOCTH BpAaIlEHHUs LICTOK B 3aBUCHUMOCTH OT JAaBJCHHS BO3LyXa B
IIHEBMOTPAHCMHUCCUH: 1 — MPU HAHECEHHMM COCKH TUIONIAIBIO MONEPEYHOTO ceueHus 3,0 cM? CyXoi KUCTBIO;
2 — TpU HAHECCHUU BJIAXKHOW IIECTKOW HAa COCOK IUIOIIAJBIO IMOMEPEHYHOro ceueHus 3,0 cM% 3 — npu
BO3/IEICTBUM Ha COCOK IUIOIIAJIbI0 MOMEPEYHOro cedeHus 6,0 cM? CyXoil INETKOii; 4 — Ipu HaHECEHUH
BIIAYKHOM MIETKOI HA COCOK IUIOMIABI0 MONEPEYHOro ceueHus 6,0 cm?.
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Pucynox 2. BnuTeiBanue BOJIbI MIETKAMH

HccnenoBanus 1o ONpeneseHUu0 KOJWYECTBA TPSI3H, YAAIAEMONW M3 COCKH, IOKA3aJId, YTO
BJIQKHBIE IIETKU (XOPOIIO MPOMUTAHHBIE BOJIOM) OUMIIAIOTCS JIydlle, YeM CyXue IMIETKH (J1M0o oT
HaBo3a, 1100 oT rpsa3u). Korma ckopocTs BpalieHus METOK YMEHbIIAeTCsl, IPsA3b TPYAHO YAANSeTCs
co mietku. Kpome Toro, rpsi3p NpuinMnaeT K MOKpOHM IIETKE B JBa pa3a CHUJIbHEE, YEM K CYXOH.
W3ydeHne ouMIarOLIero JEeHCTBUS BBISBUIIO, 4TO ISl Oosiee 3(PPEKTUBHOM OUMCTKU COCKa OT
CMECH HaB03a, HABO3a W HANOJBHOIO MaTrepHalia CIEAYeT peaJn30BaTb TAKOM aIrOpUTM, MpPH

—G)
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 190



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

KOTOPOM IIETKHU CJIEAYeT 3aMauyuBaTh B BOZAE JUIsl OYUCTKH KaXKIOrO COCcKa. B 3ToM ciyyae MOXKHO
MOBBICUTH A (HeKTUBHOCTH 0uUCTKU 10 Kad = 99,8%. JKenarenbHo B 1Ba 3Tana O4YMCTUTH COCKH OT
3arBepaeBmied rps3u. Kuctu cnemyer maBarth OOJNbIIE KUAKOCTH JUISi OYMCTKH OT Tpsizu. [lo
pesyapTataM HCCIIECIOBaHHWA pa3paboTaH ajirOpuTM MPUMEHEHHUS AaBTOMATHYCCKUX JTOWIBHBIX
anmnapaToB Ha BBIMEHU U COCKOBO-YIPAaBIsieMbIX (epMax Ijsl MPUMEHEHUs OObIUHBIX JIMHEHHBIX
JOUJIbHBIX ~allapaTtoB JJIs OYHUCTKM COCKOB OT MpeafgoubHOW rpsizu. Jlo mnpoBeneHus
IKCIIEPUMEHTOB OAKTEPUOJIOTUYECKOE 3arps3HEHHWE MOJIOKA, TPOU3BOAUMOTO B  XO3SICTBE,
MIPOBEPSUIOCH HA KOPOBAX, BBIJCICHHBIX B KAaYECTBE KOHTPOJBHBIX U IKCHEPUMEHTAIbHBIX TPYIII,
IIPUYEM MOJIOKO OOEMX TPYI OTHOCHJIM KO BTOPOMY KJIACCy MO MHUKPOOHOMY 3arpsi3HEHUIO, a
KaueCTBO MOJIOKA CUUTAJIOCh YIOBIETBOPUTEIbHBIM. Pe3a3yprHOBbIN NMPOOHUK MOKa3ajl HajJudue B
1 mi momnoka ot 500 Teic. 10 4 miH OakTepuii. Ha 10 mens skcniepuMeHTa pe3asypruHoBasi mpoda y 4
13 5 KOpOB TMOKa3aja, 4To KOJIMYeCcTBO OakTepwii B 1 M1 Mosioka coctapisieT MmeHee S00 Teicsd. D10
MOJTBEPIUIIO, YTO MOJIOKO XOPOILIEro KaueCTBa M OTHOCUTCS K YUCTOTE MEPBOTO Kilacca.
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TEHAEHIIUN CMEPTHOCTHU B 2023 I'OAY JKUTEJIEN AJITACKOI'O KPA4,
MNOABEPI'HINXCH BO3AEUCTBUIO NHOHU3UPYIOIEI'O U3JITYYEHUA

©Konsaoo H. b., ORCID: 0000-0002-7531-4675, SPIN-x00: 2068-4904, xano. meo. Hayk,
Hayuno-uccredosamenvckuii uncmumym pe2uoHaibHbIX MeOUKo-3K0I02UYeCKUX npooiem,
2. bapuayn, Poccus, irmep@yandex.ru
©IInyzun C. B., ORCID: 0000-0002-6288-9146, SPIN-k00: 1677-2351, kano. meo. Hayx,
Hoeocubupckuii cocyoapcmeennulii meouyunckuil yuueepcumem, Hayuno-ucciedosamenvbckutl
UHCIMUMYM Pe2UOHATbHBIX MEOUKO-IKO02UYECKUX NpobeM,
2. bapuayn, Poccus, serplugin(@yandex.ru

MORTALITY TRENDS IN 2023 OF RESIDENTS OF THE ALTAI REGION EXPOSED
TO IONIZING RADIATION

©Kolyado 1., ORCID: 0000-0002-7531-4675, SPIN-code: 2068-4904, M.D., Institute of Regional
Medico-Ecological Problems, Barnaul, Russia, irmep@yandex.ru
©Plugin S., ORCID: 0000-0002-6288-9146, SPIN-code: 1677-2351, M.D.,
Novosibirsk State Medical University, Institute of Regional Medico-Ecological Problems,
Barnaul, Russia, serplugin@yandex.ru

Aunnomayusn. Yacth HaceneHus AdnTaiickoro Kpas Obula IOABEPrHyTa BO3ACHCTBUIO
MOHU3HPYIOUIETO MU3JIYUYEHUS! MPU PA3IMYHBIX PaTAANUOHHBIX HHIUACHTAX MPOIUIOrO CTOJETHS.
J11 BBISIBJICHHSI METUIIMHCKUX MTOCIEICTBUI TAaKOTO BO3/ICUCTBUA B Kpae ObUT CO3/1aH ClielUaIbHbIN
MEIMKO-103UMETPHUECKHUI PETUCTp, COAEepKAIINUNA CBEICHUS O COCTOSHUU 37I0POBbSI KOHTUHITCHTOB
peructpa. B nmanHoi pabore mpencTaBlieHbl pe3yibTaThl aHaIM3a MOKa3aTelel CMEPTHOCTH JIHII,
cocTosnMx Ha ydyetre B peructpe B 2022 u 2023 ronax. BeisiBieHsl HanOosee 3HaYMMbIE TPUIHHBI
CMEPTH, YPOBHHM MOKa3aTelel CMEPTHOCTH JUIsl CaMbIX MAacCOBBIX KAaTETOpUN ydeTa perucrpa u
TEeHJICHLIUM TMHAMUKU Toka3areneil B 2023 romy.

Abstract. Part of the population of the Altai Region was exposed to ionizing radiation during
various radiation incidents of the last century. To identify the medical consequences of radiation
exposure, a special medical dosimetric register was created in the province, containing information
about the health status of the register’s contingents. This paper presents the results of the analysis of
mortality rates of persons registered in the register in 2022 and 2023. The most significant causes of
death, mortality rates for the most massive categories of register registration and trends in
the dynamics of indicators in 2023 have been identified.

Knrouesvie cnosa: paguanilnoHHOE BO3ACHCTBUE, 310POBbE HACEIEHUS, PETUCTP, CMEPTHOCTb.
Keywords: radiation exposure, public health, register, mortality.
3HauuTeNbHAS YaCTh HACEeNeHWs AJNTalCKOTO Kpas Oblla TOIBEPrHYTa BO3JCHCTBUIO

HOHU3UPYIOUICTO U3JIYUYCHUS B PE3YJILTATC AACPHBIX ucnbITaHui Ha CeMHUIIAIaTHHCKOM IOJIHT! OHC, B
pe3yJIbTaTeC aBapHUU Ha qepHO6BIHLCKOﬁ A3C, aBapuu Ha IMPOHU3BOACTBCHHOM O6T>€,[[I/IH6HI/II/I
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«Masik» ¥ pu IPyTux 00CTOATENBCTBAX. J{J1s1 BBISBICHHS BOZMOXXHBIX MEIUITUHCKHUX TOCIICACTBUN
JTAHHOTO BO3JCHCTBHUSA, B TOM YHCJIE OTAAJICHHBIX, B Kpae OBLI CO3MaH CHEIHATbHBIA MEIUKO-
JIO3UMETPUYECKUIN PErucTp, B COCTaB KOTOPOTO BXOASAT JIAaHHBIE O COCTOSSHUU 370POBbS JIMII,
MOJIBEPTIINXCSA  PAAUAIMOHHOMY BO3JEHCTBUIO, TMOJYYEHHbIE B pE3yJbTaTe CHEIUaIbHOTO
€XKETOTHOTO MEIMIIMHCKOTO HAOIIOeHUs — Auciancepu3anuu [1, 2].

Mamepuanvi u memooul ucciedosanus

B nmanno#i paboTe mpencTaBieHBl Pe3yNbTaThl JUHAMUYECKOTO M CPABHUTEIBHOTO aHAIIN3a
CMEPTHOCTH B OT/ICJIbHBIX, HAMOOJIEe MACCOBBIX, KaTeropusax ydera peructpa B 2022 u 2023 rogax
[3-8]. Ilpu ananuse CMEPTHOCTH JIWII, COCTOSIIIIMX HA YU4E€TE B PETUCTPE, MHTCHCUBHBIC MTOKA3aTEIN
paccuuthiBamuch Ha 1000 nmu, cocrodmux Ha ywere. Tak Kak sBiIeHUE (CIydyaul CMEPTH)
PETUCTPUPOBAIOCH B TEUEHUE BCErO I'0/1a, TO IPU pacyeTax MCIOIb30BAIOCh CPEIHETOIOBOE YNCIIO
COCTOSIIIMX Ha y4eTe (CpeaHee M3 YKciia COCTOSIIMX Ha y4YeTe Ha Hauyajo rofia U Ha KOHEIl rojia).
[Tokazarenu 2023 roga sSBIAIOTCA MPEIBAPUTEIIHHBIMHU.

ITo coctostamio Ha 31 oxTsi0pst 2023 I. Bcero B perucTpe COCTOUT Ha yuere 22794 yenoseka.
W3 Bcero crekTpa Kareropuid ydyera B pErHCTpe HaumOoyiee aKTyajdbHbl KOHTHHICHTBI JIHII,
MOJABEPIUINXCS ~ PAaJUAIMOHHOMY  BO3JCMCTBHIO  BCJIEACTBHE  SIICPHBIX  HCIBITAaHUM  Ha
CemunanaruackoM nonurone. Hanbonee Muorouncinennas kareropus 31o «CUIIS: ot 5 1o 25 ¢3By,
T.6. 3TO JMIla, NodyuyuBlIMEe 103y oT 5 1o 25 c3B. Ux cocrour Ha yuere 16507 uyenoBek.
[IpencraButeneii kareropuu yuera «CHUII25: 6onee 25 ¢3By», T.€. UL NONY4YUBIIUX 103y 25 c3B U
OoJbllie, cOCTOUT Ha ydete 4342 yenoBeka.

ITo kareropun «CHUII-netn», T.e. MOTOMKU MEPBOTO U BTOPOTO IMOKOJECHUS MpPEICTaBUTENEH
NIEPBBIX JABYX KaTreropuii, cocrout Ha yuere 348 yenosek. [lo kareropuu yuera «HADC: OJIby, T.e.
9TO JIMIIA, TOMYYHUBIIKE B pe3yibrare aBapuu Ha YepHoObUIbCKOM ADC OCTpyIO JIy4eByr0 OOJIE3Hb,
cocTout Ha yuete 415 yenoek. B kareropun «4ADC: nukBuaaropsl 86-87», T.€. 3TO JIMKBUIATOPBI
nocienctsuil  aBapuun Ha UYADC 1986-1897 romoB, coctoutr Ha yuere 915 denosek.
[IpencraButeneir kareropun «YADC: MOTOMKH», T.€. MOTOMKOB IIEPBOTO, BTOPOTO U TPETHETO
MOKOJICHUH NIpeCTaBUTeNel ABYX NMPEAbIAYIINX KaTeropuil 3aperucTpupoBano 423 yenoBeka.

Pesynomamet u ux obcyscoenue

AHanu3 nokasarejaeil CMEPTHOCTH BCEX JIML, COCTOSAIIMX Ha y4eTe B PETUCTpe, MoKa3ai, YTo
oOHIMii ypoBEeHb HMX CMEPTHOCTM HMMEET NO3UTHBHYIO AMHAMUKY. Tak, B 2022 romy ypoBeHb
nokasarens cocrasui 12,1+0,7 na 1000 cocrosimux Ha yuere, a B 2023 1oy OH YMEHBIIUIICS 10
6,3+0,5%o (Temn yobumu —47,9%).

CaMoil 3HaYMMOW NPUYMHONW CMEPTH B LEJIOM IO PETUCTPY SBISIOTCS OOJE3HU CHCTEMBI
kpoBooOpamienus. B 2022 roxy ypoBeHb mnokaszarens coctaBui 6,0+0,5%o, B 2023 rony oH ObLI
paBen 3,3+0,4%0 (temn yObutm —45,0%). BTOpoii Mo 3HAUMMOCTH NPUYMHONW CMEPTHU 3]eCh
SBJISIIOTCSL  3JI0KAYE€CTBEHHBbIE HOBOOOpa3oBaHus. JlMHaMuKa MX T[IOKa3aTeled Takke HOCHIIa
NO3UTUBHBINA Xapaktep. B 2022 rony ypoBeHb ux nokasarens coctaBui 1,9+0,3%o, HO B 2023 romy
oH cHm3wica 10 1,3+0,2%o (temn yobun -31,6%). Tperbell Mo 3HAYMMOCTH MPUYMHON CMepTH
OTMEYEeHbI 00J1e3HU opraHoB jbixaHus. B 2022 rony ypoBenb ux nokasarens Obut paBeH 1,1+0,2%o,
a B 2023 rony o omyctuics no 0,4+0,1%o0 (temn yObum —63,6%). Hammenee 3naummoi u3
paccMaTpuBaeMbIX NMPUYMH CMEPTH OBLIM TpaBMbI M OTpaBieHMs. J[MHaMMKa mokazaTeneil Takxke
HOCHJIa TO3UTUBHBIN Xapakrep. B 2022 rony ypoBenb ux nokaszarens coctasui 0,3+0,1%o, B 2023
roay oH cHuzmics 10 0,12+0,1%o (temmn yosimu —60,0%).

AHanu3 nokaszatesiell CMEPTHOCTH CPEM COCTOSALIMX Ha ydere no kareropun «CUIIS: ot 5 no
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25 ¢3B» BBIABWII, YTO OOIIUH YPOBEHh MX CMEPTHOCTH MMEET MOJOKUTEIBHYIO TUHAMUKY. Tak, B
2022 roxy ypoBeHnb nokazatens Obut paBeH 10,8+0,8 ma 1000 coctosmux Ha yuete, a B 2023 rogy
oH moHm3miIcs 10 5,8+0,5%o (Temn yobutn —46,3%). Camoii 3HAYMMOI MPUYUHON CMEPTH 311eCh
SIBIISTFOTCSI OOJIC3HU CUCTEMBI KPOBOOOpAIIIEHUSI.

B 2022 rony ypoenp mnokazarens coctaBui 4,9+0,6%0, B 2023 romy OH CHMU3WICS 110
3,0£0,4%0 (temn yOpum —38,8%). Bropoil Mo 3HAYUMOCTH MPUUMHOM CMEPTHU SBISIOTCS
3710KaueCcTBEHHBIE HOBOOOpa3oBanus. B 2022 roxy ypoBenb mokasarens Obi1 paBeH 1,84+0,3%o, HO B
2023 romy on ymenbmwics 10 1,3£0,3%o (temn yosumm —27,8%). Tperseil mo 3HaunMocCTH
MPUIMHON CMEPTH SBISFOTCS Oosie3HM opraHoB nbixanus. B 2022 romy ypoBeHb IOKa3aTels
coctaBui 1,14£0,2%o0, B 2023 roxy on cHm3mics 1m0 0,4+0,1%o (temn yobumm —63,6%). Hanmenee
3HAaYMMOM M3 PAcCMaTpUBAEMBIX NPUYMH CMEPTHU SBISAIOTCA TpaBMbl U oTpaBieHus. Eciau B 2022
rony ypoBeHb nokaszarens Obul paBeH 0,26+0,1%o0, B 2023 romy - 0,10+0,10%0 (Temn yObun
—61,5%).

AHanm3 mokazareseil CMEPTHOCTH CPeId COCTOAIMMUX Ha ydeTe no kareropuu «CUII25: 6onee
25 ¢3B» MO3BOJMJ YCTAaHOBUTH, YTO OOLIMI YpOBEHb HMX CMEPTHOCTH HMMEET OJaronoiaydHyro
nuHamuky. Tak, B 2022 rony ypoBeHb mokazarens coctaBui 19,042,1%o., a B 2023 rogy ou
noHm3mwicsa 10 8,9+1,4%o0 (temn yOwutu -53,2%). Camoli pacpoCTpaHEHHONW MPUYMHON CMEpPTH B
JAHHOU TPYTINE yueTa SBISIFOTCS 00JIE3HH CUCTEMBI KPOBOOOPAIIICHHUS.

B 2022 rogy ux moxka3zarens Obut paBeH 11,0+1,6%o0, B 2023 romy oH coctaBmi 5,4+1,1%0
(temnt yosuin —50,9%). BTopoii 1o 3HaYMMOCTH MPUYMHON CMEpPTH, B JTaHHOW IpyIIe, SBISIOTCS
37I0KaYeCTBEHHbIE HOBOOOpa3oBanus. B 2022 romy ux mokasarenb Obu1 paBeH 2,6+0,8%o, B 2023
rony oH coctaBun 1,240,5%0 (temn yObutm —53,8%). Cnenmyromieil mo 3HaYMMOCTH HPUYUHOU
CMEpTH SIBJISIFOTCS O0Jie3HU opraHoB jabixanus. B 2022 romy mokasarens Obut 1,4+0,6%0, a B 2023
rony — 0,2+0,2%o (Temn yosumm —85,7%). HaumeHee pacnpoCTpaHEHHOH M3 paccMaTpHBAEMBIX
MPUYMH CMEPTH SABJISIOTCS TpaBMbl M oTpaBieHus. B 2022 u 2023 rogax mokaszaTeiab COCTaBUJI
0,2+0,2%eo.

ITo kareropun yuyera «CUII-netn» B TeueHUE UCCIETyEMOIO MEPHOAA ObLT 3apErUCTPUPOBAH
OJIMH cTyyall CMEpPTH OT TpaBM U oTpasiieHu# B 2022 roxy.

AHanu3 nokasarenaed CMEPTHOCTH Cpelu cocTosAmmX Ha ydere no kareropun «HAIC: OJIb»
MoKa3all, 4YTo UX OOIIMH ypOBEHb CMEPTHOCTH MMEET MO3UTHBHYIO JuHamMuKy. Tak, B 2022 romy
ypoBeHb TMokazarensi coctaBmi 14,5+5,8 na 1000 coctosmux Ha ydere. B 2023 rogy oH MOHU3MICS
10 12,245,4%o (Temmn yobimu —15,9%).

Camoili pacrpocTpaHeHHOW MPUYMHOM CMEPTH B 3TOW IpyMIe yuyeTa SBIAIOTCS OoJIe3HU
cucteMbl KpoBooOpamieHus. B 2022 rony noxaszarens coctaBui 4,8+3,4%0, HO B 2023 roxy oH
ymeHbmuics A0 2,4+2,4%o (temn yosumn —50,0%). Bropoii mo 3HaUMMOCTH HNPUYMHON CMEpTH
SIBJISIFOTCSL  3JIOKQYE€CTBEHHBIE HOBOOOpa3oBaHUWs. JIMHaMHMKa T[OKa3aTelied uMela HeraTHBHBIN
xapaxkrep. Tak, B 2022 rony ypoBeHb noka3zareins cocTaBuil 2,4+2,4%o, a B 2023 rogy OH MOBBICHIICS
no 4,943,5%0 (temn mpupoctra +104,2%). Takue >xe mokazarenu HMenud OOJE3HUM OPraHOB
nbixanus. B 2022 rony ypoBeHb nokasatens Obul paBeH 2,4+2,4%o, a B 2023 roxy oH BO3pOC A0
4,943,5%0 (Temn mpupocta +104,2%). B 2022 u 2023 romax B JMaHHOW TpYyIIEe y4yeTa CIydaeB
CMEpTH OT TPAaBM U OTPABJIEHUN HE PErHCTPUPOBAIIH.

AHanu3 nokaszareneil CMEPTHOCTH CpEeIu COCTOSIMX Ha ydere o kareropun «HADC:
JMKBUAATOPHI 86—87» mokasall, 4To OOIMIMUNA YPOBEHb UX CMEPTHOCTH UMEET HETaTUBHYIO TUHAMUKY.
Tak, B 2022 rony ypoBeHb nokasarens coctaBuia 8,8+3,1 nma 1000 cocrosmmx Ha ydere, B 2023
roay oH nossicuiics 10 10,043,3%o (Temm npupocta +13,6%).

Haubonee pacmnpocTpaHeHHONW TNPUUYMHOW CMEPTH 3]1eCh SIBISIOTCS OOJIE3HH CHCTEMBI
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kpoBooOpamenus. B 2022 rogy ypoBeHb mokasarenst coctaBui 5,5+2,4%., a B 2023 romy oH
causmics 1o 4,4+2.2%o0 (temn yowsumm —20,0%). Bropoil mo 3HaUMMOCTH NPUYMHON CMEpPTH
SBIISIIOTCS 3JI0Ka4€CTBEHHBIE HOBOOOPA30BAHMUS.

B 2022 rony ypoBenb ux mokazatens Obu1 paBeH 1,1+1,1%o, HO B 2023 roqy OH yBeaHUMIICS
no 3,3+1,9%o0 (temn mpupocta +200,0%). Jlamee mo pacnpoCTpaHEHHOCTH CIEAYIOT OOJIe3HH
opranoB neixanus. B 2022 romy ypoBenb mnokaszarenss Obu1 paBeH 1,14+1,1%o, a B 2023 roay
2,2+1,6%0 (temn npupocta +100,0%). B 2022 u B 2023 romax ciay4yaeB CMEPTH OT TpaBM U
OTpaBlieHUH 371ech He 3apeructpupoBaiu. [lo kareropuun yuera «HADC: noroMku» ToibKO B 2022
roay ObUT OTMEUYEH €AMHUYHBIN CIIydad CMEpPTH OT TpaBM M OTpaBJeHMii ¢ moka3ateneM 2,442.,4%,.
OO6muit mokazareab CMEPTHOCTHU Takke Obu1 paBeH 2,442,4%o.

3axnouenue

Takum  o00pa3oM, aHadM3 CMEPTHOCTH  JIMI, 3apETUCTPHUPOBAHHBIX B  MEIUKO-
JIO3UMETPUUYECKOM PETUCTpE B ANTAalCKOM Kpae, MO3BOJIMJI YCTAHOBUTH, YTO B PA3HBIX KaTErOPHUSIX
ydeTa ypoBEeHb CMEPTHOCTH pazinuaerca. Hanboee BrICOKHE MOKa3aTeId CMEPTHOCTH OTMEUYECHBI B
kareropusax «CUIIS: ot 5 1o 25 ¢3B» u «HADC-OJIb». CambiMu pacripocTpaHEHHBIMU IPUYHMHAMU
CMEPTH B HUX SBJIIOTCSI OOJIE3HH CHCTEMBI KPOBOOOpAIIICHUS 1 HOBOOOPAa30BaHUSI.

B kareropusix «CUII-getn» u «HADC: moromku» B 2022 roay ObUIO BBISIBIEHO MO OJHOMY
CJIy4alo CMEPTH OT TPaBM U OTpaBJICHUUN. YPOBEHB OOIICH CMEPTHOCTH IO BCEM KAaTErOPHUsM yueTa
B I1I€JIOM, a Tak)Ke [0 Hambosee MaccoBbIM Kareropusm yudera B 2023 rogy MMeeT TEHIEHLUIO K
yMmeHblieHuto. Mckitouenue cocraBwia numb kareropus «HYADC: nukBuaaropsl 86—87», rae
OTMEUYEHA TEeHJEHUHUS K YBEIMYEHUIO MoKa3aress. TeHJeHIrs K CHH)KEHUIO YPOBHEH CMEPTHOCTH
OTMEYEHA M0 OOJIBIIIMHCTBY KaTErOPHid y4eTa 1o OOJBIIMHCTBY MPUYHH CMEPTH.

Tonbko B kareropusix «HADC-OJIb» u «HADC-nukBuaaropsl 86—87» OTMEUEHO HEKOTOPOE
MOBBILICHUE YPOBHS CMEPTHOCTH OT 3JI0KQYECTBEHHBIX HOBOOOpa30BaHUN M OoJe3HEH OpraHoB
JIBIXaHUS.

Y asmoposé nem kongpruxkma unmepecos
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YIK 614.2 https://doi.0org/10.33619/2414-2948/97/24

JTUHAMUKA PACHPOCTPAHEHHOCTH BOJIE3HEN CPEJU )KEHILVH
®EPTUJIBHOI'O BO3PACTA YAPBIIIICKOTI'O PAMOHA AJITAMCKOI'O KPASI,
MMPOKUBAIOIIUX BBJIN3U PANOHOB ITAJIEHUS
OTAEJISIIOIINXCS YACTEN PAKET-HOCHUTEJIEN

©Konsaoo U. b., ORCID: 0000-0002-7531-4675, SPIN-x00: 2068-4904, xano. meo. nayx,
Hayuno-uccredosamenvckuii uncmumym pe2uoHaibHbIX MeOUKo-3K0I02UYeCKUX npooiem,
2. bapuayn, Poccus, irmep@yandex.ru
©lInyzun C. B., ORCID: 0000-0002-6288-9146, SPIN-xo0: 1677-2351, kano. meo. nayx,
Hoeocubupckuii cocyoapcmeennulii meouyunckuil yuueepcumem, Hayuno-ucciedosamenvbckutl
UHCIMUMYM Pe2UOHANbHBIX MEOUKO-IKOI02UYECKUX NpobeM,
2. bapuayn, Poccus, serplugin(@yandex.ru

THE DYNAMICS OF THE PREVALENCE OF DISEASES AMONG WOMEN
OF FERTILE AGE IN THE CHARYSHSKY DISTRICT OF THE ALTAI REGION,
LIVING NEAR THE FALL AREAS OF SEPARABLE PARTS
OF LAUNCH VEHICLES

©Kolyado 1., ORCID: 0000-0002-7531-4675, SPIN-code: 2068-4904, M.D., Institute of Regional
Medico-Ecological Problems, Barnaul, Russia, irmep@yandex.ru
©Plugin S., ORCID: 0000-0002-6288-9146, SPIN-code: 1677-2351, M.D.,
Novosibirsk State Medical University, Institute of Regional Medico-Ecological Problems,
Barnaul, Russia, serplugin@yandex.ru

Annomayus. Yacts Tepputropun ANTaiicKoro Kpas 3aJelCTBOBaHA B PaKETHO-KOCMHUYECKOM
JESITEIbHOCTH B KQUECTBE PAOHOB MaJIEHUS OTACISAIOIINXCS YacTel pakeT-HOCUTENEeH. JTO co3aeT
psa cnenu@uuecKux mpooiaeM A SKOJIOTHYECKOM CUTyallui U HaceJIeHHUs, IPOKUBAIOIIETr0 BOIU3U
paifoHoB maznenus. C yuetom oboctpuBlielics B Poccun aemorpaduueckoit cuTyanuu B JaHHOU
paboTe npOBEAECH JAMHAMUYECKUH aHajdu3 pacHpOCTPAHEHHOCTH OoJe3Hel cpenu >KEHIIUH
¢deptunpHOro Bo3pacta CEHTENEKCKOro ceabcoBeTa YapblIIICKOro paiioHa, Kak TEeppUTOPHUH,
npujeraromeid K 30HE pPaKeTHO-KOCMHYECKOM aedrenbHOCTH. B pabore uncnosnb3oBauch
pe3yabTaThl MEIUIIMHCKOTO 00cnenoBanus Hacenenus B 1999, 2006, 2011 u 2015 ronax. BrisneHs
HauOosee 3HauMMble OOJE€3HM U OCOOCHHOCTH JUHAMHMKHU II0Ka3aTeseld pacrnpoCcTpaHEHHOCTH
KJIacCOB 00JIE3HEN U OTAETbHBIX HO30JIOTHH.

Abstract. Part of the territory of the Altai Region is involved in rocket and space activities as
fall areas of separable parts of launch vehicles. This creates a number of specific problems for
the ecological situation and the population living near the fall areas. Taking into account
the aggravated demographic situation in Russia, this paper presents a dynamic analysis of
the prevalence of diseases among women of fertile age in the Senteleksky village Council of
the Charyshsky district, as a territory adjacent to the zone of rocket and space activities. The results
of the medical examination of the population in 1999, 2006, 2011 and 2015 were used in the work.
The most significant diseases and features of the dynamics of the prevalence of classes of diseases
and individual nosologies were identified.
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Kniouesvie cnosa: pakeTHO-KOCMHUYECKAsl EATEIBHOCTD, 3I0POBbE HACEICHUS, YKCHIIMHBI
(hepTHUIBPHOTO BO3pacTa, pacpOCTPaHEHHOCTh 00JIe3HEH.

Keywords: rocket and space activities, public health, women of fertile age, prevalence of
diseases.

Yacte Teppuropun ANTAlCKOTO Kpas 3aXBaThIBAlOT PacueTHbIE KOHTYpPbI YETHIPEX pailoOHOB
najieHus OTHesomuxcs 4acte paxer-Hocutenein (OYPH), 3amyckaembix ¢ KocMoapoma
baiikonyp, 30ub1 FO-30 (NeNe 306, 307, 309, 310) oOmiei rmiomaabio OKOJIO MOJYyTOpa ThHICAY KB.
kM. Croma momazaer 4acTb TEPPUTOPUM TpPETBAKOBCKOro, 3MEMHOIOPCKOro u Yapelmckoro
palioHoB kpas. HecKoJIbKO necATUIeTUI TOPHBIE U IPEArOPHBIE TEPPUTOPUU F0r0-3aI1aJHOM 4acTH
ANTalCKOro Kpas TOIBEpPraioTcs BO3ACHCTBHIO HETATUBHBIX (AKTOPOB PAKETHO-KOCMHYECKOM
JESATEIBHOCTH, B TOM YHCJIE 3arpA3HEHUI0 TOKCHYHBIMA KOMIIOHEHTAMU PAKETHOI'O TOILIUBA, MX
npou3BogHbiMH U ¢parmeHTamu OYUYPH. D10 co3maer psan cnemuduyeckux mnpodiem s
MIPOXKUBAIOLIETO TaM HAaCEJEHUS U yXYALIAeT SKOJIOIMUECKYIO0 CUTYalUIO B pallOHaX MaJeHUs U Ha
MpWIEralomux K HUM Tepputopusx [1-8]. BaxuHelmunm MHAMKATOPOM TAKOTO0 aHTPOIOIE€HHOI'O
BO3/ICHCTBHUS HA TEPPUTOPHIO SIBIISETCS 310pOBbe HaceaeHus [9—11].

B nacrosimee Bpems nepexn Poccueil Bctanma  gemorpaduueckas mpobsiema,  T.€.
HEOOXOIMMOCTh YBEIMYCHHS YMCIIEHHOCTH HACEJICHHs CTPaHBI B IIEJIOM M OTJEIBHBIX PETHOHOB, B
ocobenHoctn B Cubupu n Ha JlanbHem Bocroke. OCHOBHBIM IyTEM pEIICHUS JaHHOW MPOOIEMBI
ABJIACTCS yBEJIIMYEHUE E€CTECTBEHHOI'O IPUPOCTA HACEJICHUs, IPEKIEC BCETO 3a CUYET YBEIUYCHHUS
poxaaemMocTi. TakuM 00pa3oM, OLIEHKa COCTOSIHUS 3/10pOBbsI JKEHIIUMH (EepTUILHOIO BO3pacTa Ha
TEPPUTOPUSX, IPUIIETAIOIIMX K paiioHam nanenuss OUYPH, sBisercs BecbMa akTyalnbHOM.

Mamepuansi u Memoowvl uccied08anus

B pamkax ®enepanbHoil kocMuueckoi nmporpammbl Poccuu Ha 2006—2015 ronpl, Ha 2016—
2025 romet u panee KI'BY «HHUUW pernoHanpbHBIX METUKO-IKOJOTHUECKUX Mpobiem» Obun
BBITNIOJIHEHBI Pa0OThl MO MEIUIIMHCKOMY 00cienoBaHuI0 HaceneHus CEeHTENEeKCKOro CeIbCOBETa
Yapslickoro paiioHa AnTaiickoro Kpas, YIIyOJeHHbIM MEIUIMHCKHA OCMOTpP KOTOPOTO
npoBoauiics B 1999, 2006, 2011 u 2015 romax. OOcnemoBaHue HacCeICHHS MPOBOIUIOCH
HKCHEIULIMOHHBIM METO/IOM B MECTaxX €ro IMpoXKWBaHUS CHEUaIbHO COPMUPOBAHHON BpaueOHOMN
Opuramoii [12].

B nanHoli paboTe ObUI MPOBEJEH AWHAMHUYECKHUN aHaIM3 PACHpPOCTPAHEHHOCTH Oose3Hen
cpenu *eHIMH ¢epTriibHOoro Bo3pacta (1549 ner) CeHTeneKCKoro celbCKoro coBeta YaphIickoro
pailoHa, Kak MPOXKUBAIOIINX BOMM3H PallOHOB Ma/leHUs OTACIAIOMINXCS YaCcTe pakeT-HOCUTENeH, 3a
BCE TOJbl HAOMIONEHUS C 1EJbl0 HAydyHOro OOOCHOBAaHMS HEOOXOAMMOCTH JaibHeHIen
peaOunuTany HaceleHuss AJNTalCKOro Kpas, NpPOKMBAIOIIEro BOIM3M pailloHOB MajgeHUs
OTACISAIOIINXCS YaCTEeH PaKeT-HOCUTEIIEH.

3a Bpemst paboThl skcnenuuu 1999 roga Bcero 6110 0cMOTpeHO 296 KEeHIUH (EepTHIILHOTO
Bo3pacta. [lo uroram skcneauiuu 2006 roma Ob10 obcimemoBano 227 xenmwH, B 2011 romy
ocmotpenu 181 >xkenmuuay u B xone skcneaunuu 2015 roma Obumm oOcnemnoBanbl 160 >keHIIUH
¢deprunbHOoro Bo3pacra. Ilpu craructuueckoir oOpabOTKe BBIABICHHBIX CilyyaeB OoJie3Heil ObLIH
UCKJIIOUeHbl JaHHble mo AByM kiaccaM MKB-10 — «Baemnue npuuyuHbl 3a007€BaeMOCTH U
cmeptaocT. Kimace XX» (VO01-Y98) um «®DakTopsl, BIUAIONIME HAa COCTOSHHE 3I0POBBS U
obparieHuss B yupexacHus 3apaBooxpanenus. Kimace XXlIy» (Z00-Z99). Beuim paccunTaHbl:
MHTECHCUBHBIE MOKa3zaTesnn (Kod(p(UIMEHT pacnpoCTpaHEHHOCTH BbISABIEHHBIX Oose3ner Ha 1000
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OCMOTPEHHBIX XEHIIWH B ILIEJIOM U IO OTIAENbHBIM KjaccaM M HO30JIOTHSIM — %o), UX OIIKOKa
penpe3eHTaTuBHOCTH (+m). {1 OleHKH JOCTOBEPHOCTH paszfuyMsl MOKa3aTeseil pacCUUThIBANICA
kod¢pdurnment CteroneHTa (t).

AHanu3 MOJIy4eHHBIX JTaHHBIX MMOKa3all, 4YTO OOLINI ypOBEHb PACIPOCTPAHEHHOCTH OOJIEe3HEH
cpenu o0cieIoBaHHBIX KeHIIHH B 1999 rogy ObuT BeICOKHN U cocTaBmi 4263,543,8 ciyvast Ha 1000
OCMOTpPEHHBIX (Tabnmuua). Yaiie Bcero Ha NaHHOW TEPPUTOPUU CPelr OOCIEIOBAHHBIX KEHIIUH
BCTpeYaInch «boJe3HN SHAOKPUHHOW CHCTEMBI, pAacCCTPOWCTBA MUTAHHMS W HApYIICHUS OOMEHa
BeuiectB. Kmacc IV» (E00-E90), ypoBenb mnoxazatens koTtopbix coctaBuil 1047,3+1,9%0. U3
JAHHOTO KJIacca 4YacTo BBIABISLIM Oone3Hu mutoBuaHOM xkene3bl (E00-E07) ¢ mokazarenem
878,4+19,0%o, u3 HUX — npyrue Gopmbsl HeTokcuyeckoro 306a (E04) ¢ mokazarenem 398,6+28,5%o.
BTtopoii no 3HaunMocTu narojioruei B JaHHOM kiacce sBisiercs: oxupenue (E66). B 1999 romy
YPOBEHb IMMOKa3aTelsi pacCIpOCTPaHEHHOCTH JaHHOM marosioruu coctaBuil 138,5+20,1%0. YpoBeHb
pacnpocTpaneHHocTH caxapHoro auabera (E10-E14) 6b11 paBen 23,648,8%eo.

CyuiecTBeHHbIN BkiIaJg B (popMHpoBaHHE OOIIETO MOKA3aTesiss BHECIH TAKKE TaKUE KIIACCHI
Ooe3Hel (B MopsIke 3HAYUMOCTH ), Kak «boiie3an mouenonoBoii cucremsl. Kimace XIVy» (N00-N99)
¢ ypoBHeM mokazarens 750,0+£25,2%o, «bone3nu cucremsl kpoBooOparieHus. Kinacc I[X» (100-199)
— 445,9428,9%0, B TOM uucie OONE3HU, XapaKTEPU3YIOMIHECS MOBBIIICHHBIM KPOBSIHBIM
nasinenueM (I10-115), T.e. paznuunbie (opmbl runepronndeckord Oonesnun — 108,1£18,0%0 u
nerenepanus mMuokapzaa (151.5) ¢ mokazarenem 168,9+£21,8%o;

«Hooo6pazoBanusi. Knacc II» (C00-D48) — 348,04+27,7%o, B TOM 4ncCiie 310Ka4€CTBEHHBIE
HoBooOpazoBanusi (C00-C97) — 16,9+7,5%0; «bone3nn 11a3a W ero MpuUIATOYHOTO armrmapara.
Knacc VII» (H00-H59) ¢ ypoBuem mokazarens 334,5+27,4%o, B TOM uucie OOJE3HU MBIIII] IJ1a3a,
HapyIIeHHUs] COAPYKECTBEHHOTO IBIKEHHUS IU1a3, akkomomauuu W pedpakumu (H49-HS52) —
293,9+26,5%0; «boje3HH KOCTHO-MBIIICYHON CHCTEMBI M coeauHuTelbHor TkaHu. Kimace XIID»
(M00-M99) c noxkazarenem 273,6+25,9%o0, B TOM 4YHUCII€ OCTEOXOHJPO3 MO3BOHOYHMKA (M42) —
199,3423,2%o0; «I[Icuxuueckue paccTpoiicTBa u paccTpoiictBa noseaenus. Kimacc V» (F00-F99) —
260,1£25,5%0; «CUMITOMBI, MPU3HAKK ¥ OTKJIOHEHUS OT HOPMBI, BBISIBIICHHBIE TTPU KIMHUYECKUX U
71a00paTOPHBIX HCCIEJOBAHUSX, HE KIacCUPUIMpOBaHHbIE B Jpyrux pyopukax. Kmacc XVIII»
(R00-R99) — 260,1£25,5%0; «bonesnu opranos npixanus. Kmace X» (J00-J99) — 226,44+24,3%o, B
TOM 4YHCIIe TPHOOPETEeHHOE WCKpUBIEHHE HOCOBOH meperopoaku (J34.2) — 16,9+7,5%o,
XpoHUYecKue OoNe3HW MHUHAAIUH U aaeHouaoB (J35) — 118,2+18,8%0. bonesnu u3 apyrux
KJIaCCOB BBISIBIISIIIACH PEXKE.

AHann3 MHTEHCUBHBIX TOKa3aTeNell Mo UToraM MeAMIMHCKOro obcnenoBanus B 2006 romy
MoKa3aj, 4To OOIIMil ypOBEHb PACIpPOCTPAHEHHOCTH OOje3HEel cpenu O0OCIeNOBAaHHBIX KEHIIWH
dbepTmbHOTO BO3pacta cymiectBeHHO (p<0,001) monmswmiics m cocraBun 3885,5+4,1 cnydas Ha
1000 ocMOTpEeHHBIX. DTO MPOU30LLIO 38 CYET MOHUKEHUS! YPOBHSI PacpOCTPaHEHHOCTH OOJIbIION
94acTH KJIACCOB 0OJNIE3HEH U OTACNBHBIX HO30JIOTHIA.

Tak, 3HaUUMO YMEHBIIIHIICS TTOKa3aTelb pacnpocTpaneHHocTH «HoBooOpazoBanuit. Knacc 11»
(C00-D48) — mo 123,3+21,8%0 (p<0,001); «bonesHeld »HIOKPUHHOW CHCTEMBI, PACCTPOIHCTB
nuTaHus U HapymeHuid oomena BemecTtB. Kimacc IV» (E00-E90) — no 607,9+£32,4%o (p<0,001), B
ToM uucie Oone3ned mmroBuaHOM >kene3bl (E00-E07) — mo 378,9432,2%0 (p<0,001), apyrux
¢dopm Hetokcuueckoro 306a (E04) — mo 286,3+30,0%0 (P<0,01); «Ilcuxuueckux paccTpoicTB u
paccrpoiictB moBeaenus. Knacc V» (F00-F99) — mo 44,1+13,6%0 (p<0,001); «bonesneit yxa u
cocueBuiHoro orpoctka. Kimace VII» (H60-H9S5) — no 8,8+6,2%0 (p<0,001); «bone3neit opranos
neixanus. Kmace X» (J00-J99) — mo 92,5+£19,2%0 (p<<0,001), B TOM uncie XpOHHYECKUX OOJIE3HEH
MUHJIMH U aaeHouaoB (J35) — no 8,8+6,2%0 (P<0,001); «bone3Heil opraHoB NHILEBAPECHHUS.
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Knacc XI» (K15-K93) — no 8,8+6,2%0 (p<0,001) u np. Bmecte ¢ tem, Ha ¢Qone ob1iero
MMOHMKEHUS YPOBHSI pacIpOCTPAHECHHOCTH O0JIE3HEH cpei OCMOTPEHHBIX JkeHIH B 2006 romay, 1o
psay kiaccoB OoNie3HEH W OTAENBHBIX HO30JOTHH OBUIO OTMEYEHO CYIIECTBEHHOE IOBBIIICHHE
YPOBHS IOKA3aTEJICH.

Tabmuua
JUHAMUKA TTIOKA3ATEJIEM PACITPOCTPAHEHHOCTHU BOJIE3HEN CPEﬂUI/I
OBCJIEAOBAHHBIX )XEHIIVH ®EPTUJIBHOI'O BO3PACTA YAPBIILICKOI'O PAMMOHA
(P Ha 1000 o6cnenoBaHHBIX £M)

Knaccot MKB-10 u 1999 200 2006 200 2011 200 2015 200
HO30102UU P +m P +m P +m P +m
I (A00-B99) 37,2 11,0 66,1 16,5 49,7 16,2 2125 32,3
11 (C00-D48) 348,0 27,7 123,3 21,8 171,3 28,0 337,5 37,4
B 1.4. C00-C97 16,9 7,5 4.4 4.4 55 55 25,0 12,3
111 (D50-D99) 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
IV (E00-E90) 1047,3 19 607,9 32,4 939,2 17,8 1087,5 2,6
B 1.4. E00-EQ7 878,4 19,0 378,9 32,2 508,3 37,2 593,8 38,8
EO04 398,6 28,5 286,3 30,0 425,4 36,7 362,5 38,0
E10-E14 23,6 8,8 8,8 6,2 55 55 0,0 0,0
E66 138,5 20,1 207,0 26,9 397,8 36,4 368,8 38,1
V (FO0-F99) 260,1 25,5 44,1 13,6 3315 35,0 0,0 0,0
VI (G00-G99) 33,8 10,5 700,4 30,4 55,2 17,0 606,3 38,6
VIl (HO0-H59) 334,5 27,4 616,7 32,3 425,4 36,7 418,8 39,0
B T.4. H49-H52 2939 26,5 2775 29,7 292,8 33,8 306,3 36,4
VIII (H60-H95) 50,7 12,7 8,8 6,2 16,6 9,5 100,0 23,7
X (100-199) 445,9 28,9 378,9 32,2 685,1 34,5 475,0 39,5
B 1.4. [10-115 108,1 18,0 136,6 22,8 182,3 28,7 118,8 25,6
I151.5 168,9 21,8 171,8 25,0 248,6 32,1 287,5 35,8
X (J00-J99) 226,4 24,3 92,5 19,2 9171 20,5 350,0 37,7
B T.4. JO0-JO6 0,0 0,0 13,2 7,6 22,1 10,9 0,0 0,0
J20-J22 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
J34.2 16,9 7,5 35,2 12,2 442,0 36,9 12,5 8,8
J35 118,2 18,8 8,8 6,2 176,8 28,4 162,5 29,2
J45 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
X1 (K15-K93) 60,8 13,9 8,8 6,2 55 55 31,3 13,8
B T.4. K29 13,5 6,7 4,4 44 55 55 0,0 0,0
XII (LO0-L99) 37,2 11,0 70,5 17,0 66,3 18,5 175,0 30,0
B T.u. L70 0,0 0,0 4.4 4.4 11,0 7,8 37,5 15,0
X1 (M00-M99) 273,6 25,9 326,0 31,1 281,8 33,4 343,8 37,5
B T.u. M42 199,3 23,2 2775 29,7 248,6 37,1 0,0 0,0
X1V (N00-N99) 750,0 25,2 757,7 28,4 469,6 37,1 837,5 29,2
XV (000-099) 16,9 7,5 17,6 8,7 0,0 0,0 6,3 6,2
XVII (Q00-Q99) 70,9 14,9 8,8 6,2 0,0 0,0 12,5 8,8
XVIII (RO0-R99) 260,1 25,5 0,0 0,0 16,6 9,5 12,5 8,8
X1IX (S00-T98) 10,1 5,8 57,3 154 0,0 0,0 37,5 15,0
HUTOI'O 4263,5 3,8 3885,5 4,1 4430,9 49 5043,8 5,6

*) — pa3nuuus mokasaTesel JaHHBIX U MPEIBIAYIINX JET cTaTHcTHUecku 3HaunMbl (P<0,05)
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Tak, cymiecTBEHHO YBETHUYHIICS TOKa3aTeldb pacmpocTpaHeHHocTu oxuperus (E66) — mo
207,0£26,9%o0 (p<0,05); «bone3neit HepBHO# cuctemsbl. Kitacc VI» (G00-G99) — no 700,4+30,4%o
(p<0,001); «bone3neit maza u ero npuaaroudoro ammapara. Kmacc VII» (H00-H59) — no
616,7+32,3%0 (p<0,001); ocreoxonapoza (M42) — no 277,5429,7%0 (p<0,05); «Tpasm,
OTpaBJIECHUH W HEKOTOPBIX APYTHX MOCICACTBUI Bo3aecTBUSA BHemHUX puanH. Kimace XIX» (S00-
T98) — no 57,2+15,4%0 (p<0,05).

AHanu3 NHTEHCUBHBIX NIOKa3aTeeil 1o UToraM MeIUIMHCKoro ocMotpa B 2011 roxy BeISBUIL,
9T0 OOmMi ypOBEHb PACHPOCTPAHCHHOCTH OoOJIe3HEH cpenu OOCIEOBAHHBIX IKCHIIUH
cymectBeHHO (p<0,001) moBbicuics u cocraBmi 4430,9+4,9 ciyuast Ha 1000 ocMOTpeHHBIX. DTO
MPOM30IUIO 32 CYET MOBBILICHHS YPOBHS PacCpOCTPAHEHHOCTH psijia KiaccoB Oose3Hed u
OTAENBbHBIX HO30ioTWH. Tak, 3HaYMMO BBIPOC YPOBEHb TIOKa3aTellsi pPAaCHpPOCTPAHECHHOCTH
«bone3Hel HIOKPUHHON CUCTEMBI, PACCTPOICTB MUTaHUA M HapylleHH oOMeHa BemecTB. Kiacc
IV» (E00-E90) — mo 939,2+17,8%o (p<0,001, Temn mpupocta +54,5%), B ToM uncie OGone3Hen
uroBuaHou kenessl (E00-E07) — mo 508,3+£37,2%0 (p<0,05, Temn npupocra +34,2%), npyrux
dopm Herokcmueckoro 300a (E04) — mo 425,4+36,7%0 (p<0,05), oxupenus (E66) — mo
397,8+36,4%o (p<0,001); «Ilcuxuueckux paccTporcTB u pacctpoiictB noseaeHus. Kmacc Vy» (FOO-
F99) — nmo 331,5+35,0%0 (p<0,001); «bone3neit cucremsl kpoBoobpameHus. Kiacc IX» (100-199)
— 1o 685,1+34,5%0 (p<0,001); «bone3neit opranoB npixanus. Kmacc X» (J00-J99) — no
917,1£20,5%0 (P<0,001), B ToM uMcie NpuUOOPETEHHOIO HMCKPUBIEHUS HOCOBOM MEPETrOpPOIKU
(J34.2) — no 442,0+36,9%0 (p<0,001), xpoHnueckux 00Je3HEW MUHAAIMH U ajieHouaoB (J35) —
1o 176,8+28,4%o (p<0,001).

Bwmecre ¢ Tem, Ha QoHe 0OOLIEr0 MOBHIIICHUS YPOBHS PAaCcpOCTPAHEHHOCTH OOJIe3HEN cpeau
OCMOTpEHHBIX eHIIUH B 2011 roxy, mo psiay kiaccoB Oosie3HEN M OTIENIBbHBIX HO30JIOTMM ObLIO
OTMEYEHO TIOHIDKEHHE YpOBHS ToOKaszareneid. Tak, CyImEeCTBEHHO YMEHBIIWICS MOKa3aTesb
pacnpoctpanenHocTH «bosesneit HepBHO# cuctembl. Kimace VI» (G00-G99) — mo 55,2+17,0%o
(p<0,001); «bomesneit ra3za u ero mpumarouHoro ammapara. Kmacc VII» (H00-H59) — no
425,4+36,7%0 (p<0,001); «bonesneii mouenosnoBoit cucremsl. Kmacc XIV» (NO0-N99) — no
469,6+37,1%o (p<0,001); «bepemeHHOCTH, pOoIOB TOCIepooBoro mepuoaa. Kimace XV (000-099)
— 10 0,%o0 (p<0,001); «TpaBM, OTpaBiIeHHH M HEKOTOPHIX APYTHMX MOCIEACTBUN BO3AEHCTBHS
BHemHux npuunH. Kmace XIX» (S00-T98) — mo 0,0%0 (p<0,001). ITo ocrasbHBIM Kiaccam
0oJIe3HEeW M OTHENBHBIM HO30JIOTHSIM CYIIECTBEHHBIX WM3MeHeHu# mokaszateneil B 2011 romy He
MIPOU3OIILIO.

[lo pe3ynpraTamM aHandM3a WHTEHCUBHBIX T[OKa3aTeleil IO HWTOraM METUIIMHCKOTO
obcnenoBanust B 2015 romy OBUIO yCTaHOBJIEHO, YTO OOLIMI YpPOBEHb PacCHpPOCTPAHEHHOCTH
Oone3Heill cpenu oOcieNOBaHHBIX KEHIIMH cyniecTBeHHO (p<0,001) moBbicMiCS M COCTaBUI
5043,8+5,6 cinyuas Ha 1000 OCMOTpeHHBIX. DTO CTaJl0 pPE3yJbTaTOM IIOBBIIICHUS YPOBHS
PacrpoCTPaHEHHOCTH OOJBIIOrO KOJMYECTBA KJaccoB Ooyie3Hel M OTJeNnbHBIX Ho30J0rHui. Tak,
3HAYUMO TIOBBICHJICS TIOKa3aTelb pachpocTpaHeHHOCTH «HeKOoTOphIX HHQEKIMOHHBIX U
napasurapHeix 6onesneil. Knace I» (A00-B99) — no 221,5+32,3%o (p<0,001); «HoBooGpa3zoBaHMii.
Knace II» (C00-D48) — mo 337,5+37,4%0 (p<0,01); «bose3Heir SHIOKPUHHONH CHCTEMBI,
pacCTpOMCTB NHUTaHMs M HapylieHui oomeHa BemectB. Kmace 1Vy» (E00-E90) — mo 1087,5+2,6%o
(p<0,001), «bonesneit mepeHo# cuctemsl. Kimacc VI» (G00-G99) — no 606,3+38,6%0 (p<0,001);
«bonesneit yxa u cocueBugHoro orpoctka. Kimace VIID» (H60-H95) — o 100,0£23,7%o (p<0,01);
«bonesneit koxku u moakoxkHo kieruatku. Kiace Xl (L00-L99) — mo 175,0+£30,0%0 (p<0,01);
«bonesneit mouenonosoii cucremsl. Kitace X1V» (N00-N99) — no 837,5+29,2%o (p<0,01) u mp.
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Bwmecte ¢ Tem, Ha (hoHe 001Iero MOBBIIICHUSI YPOBHS PACIPOCTPAHEHHOCTH OO0JIe3HEN cpeau
OCMOTPEHHBIX XeHIUH B 2015 roay, mo psmy kiaccoB 00JE€3HEH M OTAETBHBIX HO30JOTHH OBLIO
OTMEUYECHO MOHIKEHUE YPOBHS IMOKA3aTeICH.

Tak, CyIIECTBEHHO YMEHBIIHWICSA TIOKa3aTelb pacrnpocTpaHeHHOCTH  «llcuxmdeckux
paccTpoiicTB U pacctpoiictB moBenenus. Kmace V» (FO0-F99) — mo 0,0£0,0%0 (p<0,001);
«bonesneii cucremsl kpoBooOpamienus. Kiace IX» (100-199) — no 475,0+£39,5%0 (p<0,001),
«bonesneit opranoB apixanus. Kimace X» (J00-J99) — no 350,0+£37,7%0 (p<0,001), B Tom uucie
OCTPBIX PECITUPATOPHBIX MHPEKIMI BepXHUX AbixareibHbix myTei (J00-J06) — mo 0,0%o (p<0,001);
NpUOOPETEHHOrO HUCKpUBJICHHS HOCOBOM meperopoaku (J34.2) — mo 12,5+£8,8%0 (p<0,001),
ocreoxonapoza (M42) — no 68,8+20,0%0 (p<0,001). Ilo ocTtampHBIM KJlaccaM MaTOJIOTUU U
OTJEJIbHBIM HO30JIOTUSIM CYIIECTBEHHBIX W3MEHEHUN ypoBHEHl mnokaszatened B 2015 romy He
OTMEYEHO.

Bu1600wb1

1. O6mwuit ypoBeHb PacIpOCTPAHEHHOCTH OOJIE3HEN CpeH KEHIINH (PEepTUIIBHOTO BO3pacTa B
nuHamuke B 2006 roay cymiectBeHHO yMeHbuiwics, a B 2011 u 2015 rogax, HanpoTuB, IOBBICUIICS,
T.€. 3/1eCh YETKOM TEHACHIIMU HE TPOCIICKUBACTCS.

2. B 1999 romy Haubosee 3HAYMMBIMU OOJIE3HSAMH SIBISTUCH (B TOPSAKE 3HAYMMOCTH)
00JIe3HN SHAOKPHHHOM CHCTEMBI, PACCTPOICTBA MUTAHUS U HApYyIICHUS OOMEHa BEIIeCTB, OOJIEe3HH
MOYETIOJIOBOM CHUCTEMBI, OOJIE3HH MOYETIOJIOBOW CHCTEMBI, OOJIE3HH CHCTEMBI KPOBOOOpAIICHHUS,
HOBOOOpa3zoBaHus, 0OJe€3HM IMa3a M ero mnpuaaroyHoro ammapara. B 2006 romy cambiMu
3HAYMMbBIMU ObUTH 0OJI€3HU MOYETIONIOBOM CHCTEMBbI, OOJE3HU HEPBHOI CHCTEMBI, OOJE3HU Tla3a U
€ro MPHUIATOYHOTO ammapara, OOJEe3HH SHAOKPHUHHOW CHCTEMBI, PAaCCTPOICTBa NHUTAHUA U
HapylleHuss oOMeHa BelecTB, 00yie3HHU cucTeMbl KpoBooOpamieHus. B 2011 rony xak nambonee
3HaYMMbIE OTMEUYEHBI OOJIE3HU SHIAOKPUHHOW CHCTEMBI, PAcCTPOMCTBA MUTAHUS U HapyIICHUS
oOMeHa BellecTB, OOJE3HU OPraHoB JbIXaHUs, OOJIE3HH CHUCTEMBI KpPOBOOOpaIleHHs, OOJIEe3HU
MOYETOJIOBOM CHCTEMbI, OOJIE3HU IN1a3a W ero mpujarouHoro anmnapara. B 2015 rony Benymummun
SIBJISUTACH OOJIE3HU YHIOKPUHHOMN CHCTEMBI, pACCTPONCTBA MUTAHKS U HapyIIeHUs 0OMEHa BEIIECTB,
00JIe3HN MOYETIONIOBOM CUCTEMBI, 00JIE3HN HEPBHON CHCTEMBI, 00JIE3HHU CUCTEMBI KPOBOOOpAILIEHNUS,
00JIe3HHU IV1a3a U €ro MPUAATOUYHOTO arnmapara.

3. YMeHbIIeHHE WM YBEIWYECHHE OOIIETO0 YPOBHS PacIpOCTPaHEHHOCTH OOJIe3HEH cpenu
o0cneJOBaHHBIX KEHITUH (HEePTUIIHLHOTO BO3pacTa MPOUCXOAMIIO 3a cueT cymecTBeHHoro (p<0,05)
CHIDKEHMsI WJIM TOBBIIIEHUS YPOBHEH paclpOCTPAaHEHHOCTH OOJbIIEH YacTH KJIaccoB OOJIE3HEH.
OnHako mpH 3TOM IOKa3aTelId YacTH KJIAccoB OoJie3HEH M OTAEIbHBIX HO30JIOTUH CYIIECTBEHHO
(p<0,05) MeHSIUCh B MPOTHUBOIOJIOKHYIO CTOPOHY, a IO YacTH KJIACCOB OOJIE3HEW MoKa3aTesn
3HAYUMO He MeHsuUCh (p>0,05).

4. TlomydyeHHble pe3ysibTaThl OYIyT MCIIOJIB30BaHbI Ul Pa3pabOTKH MPEUIOKEHUH o
JanbHeme peabuaMTaluM HaceleHUs AJNTAWCKOro Kpas, MPOXKHMBAIOLIEr0 BOJU3U paiioHOB
Na/IeHUS OTAEISIOIUXCS YacTel pakeT-HOCUTENEH.

YV asmopos nem kongauxma unmepecos.
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COCTOSAHUME 'EMOJANHAMUMKHU COCYIOB CETYATKHA
IPU MIEPBUYHOM OTKPBITOYI'OJIBHOM INMIAYKOME Y BOJBHBIX
C CAXAPHBIM JUABETOM 2 THUIIA

©Y¥cenko B. A., ORCID: 0000-0001-7533-7773, kano. meo. HAYK,

Kuipevizckuii 2ocyoapcmeentbiii MEOUYUHCKULL UHCTMUMY M Nepeno020mo6KU U NOBbILUEHUS
keanugpuxayuu um. C.b. lanusposa, e. buwkex, Kvipevizcman
©Kepumxkynosea M. H., ORCID: 0000-0002-3488-3687, Kvipevizckuii cocyoapcmeenHblii
MEOUYUHCKULL UHCIMUNYM Nepeno02omosKu u nosviuenus kearugurxayuu um. C.bB. Janusaposa,
2. buwrkex, Kvipevizcman, m.kerimkulova@list.ru

THE STATE OF HEMODYNAMICS OF RETINAL VESSELS IN PRIMARY
OPEN-ANGLE GLAUCOMA IN PATIENTS WITH TYPE 2 DIABETES MELLITUS

©Usenko V., ORCID: 0000-0001-7533-7773, M.D., Kyrgyz State Medical Institute of retraining
and advanced training, Bishkek, Kyrgyzstan
O©Kerimkulova M., ORCID: 0000-0002-3488-3687, Ph.D., Kyrgyz State Medical Institute
of retraining and advanced training, Bishkek, Kyrgyzstan, m.kerimkulova@list.ru

Aunnomayusn. lenb: wU3yuyuTh OCOOEHHOCTH  JIMHEHHOW  CKOPOCTH  KPOBOTOKA  C
KaIuOpoMeTpHel B LIEHTPaJbHOM apTepuu M BeHbl ceTyaTku y OosibHBIX ¢ [IOYI u caxapHbiM
muaberom 2 tumna. O6cnenoano 220 a3 (110 GonmpHBIX) ¢ caxapHbM nuaderom 2 tuna u 40 a3
(20 OGompHBIX) ¢ ITOYI 6e3 caxapHoro amabera. Cpemnmii Bo3pact 58+0,35 mer. Hapsgy c
OOIIETPUHATHIMA METOIAMU UCCIIEAOBAaHUS MPOBOAMINCE: opTarbMOcKonus ¢ TuH30¢ [onbpamMana,
ounokynspublii  opranbMockon (Schepevsa), u nuu3zoit Volk-90,0D (USA), ronuockomus c
mun3amu (Kpacuosa, Goldman), Tonomerpust mo MaxkmnakoBy, mHeBMoToHOMeTpust NT-2000 ¢upmsr
Nlidek (Anonus), ynpomennas toHorpagus no HecrepoBy, OCT nucka 3puTenbHOr0 HeEpBa U
xenroro msaTHa Carl Zeiss Cirrus, HD OCT Model 4000/5000 Germany, OCT cocymoB ceT4aTku
kamuOpomerpueir (Cirrus HD-OCT Carl Zeiss), ynabrpasBykoBas nuarHoctuka (Y3/[) cocynos
[EHTPAJILHOW apTepuu M BeHBI ceTdaTku (Y3 crcTeMa 3KCIepTHOro kiacca Sono Scapesq), Y3U
rma3a. [lomydeHHble JaHHbBIE MMOABEPIHYTHl CTAaTUCTUUYECKOM 00paboTke. BrisgBieHBl y OOJIBHBIX C
I[TOVYT ¢ C/I 2 tuna nonmwxkenus JICK B LIAC npu HavanbHOM U pa3BuTol cranusax a0 12,5+0,66
cm/cex u 11+0,46 cm/cek, ¢ 3ameanenreM kpooToka B cocyaax LIBC-JICK pasna 8,0+0,5 cm/cex u
9,0+0,52 cm/cex. Hapsany ¢ aTum, umeet mecto pacupenue kanuopa cocynos LHAC no 91,5+0,67
MKM U 93,540,65 MKM Mpu Ha4aJIbHOM U Pa3BUTOM CTAAMSIX TNIAYKOMBI M Cy)KE€HHE KanOpa COCY/I0B
BC coorBerctBeHHO — 97,6+£0,19 Mxm B 75% u 93,5+0,9 mxm B 50%, u pacmmpenue 10
141,5+0,7 mxm — 27,7%. BpIsBI€HHbIE MUKPOLMPKYJIATOPHBIE HapylIEHUs B COCydaxX CETYaTKU
npu IIOYI ¢ caxapHbiM nuaGeToM 2 THIa MO3BOJSIOT PEKOMEHJOBaTh OOJBHBIM IMPOBEICHHE
aJICKBAaTHOM TEPAITHH.

Abstract. Objective: to study the features of linear blood flow rate with central artery and
retinal vein calibration in patients with POGC and type 2 diabetes. Examined 220 eyes (110
patients) with type 2 diabetes and 40 eyes (20 patients) with PAH without diabetes. The average age
— 58 years old — 0,35. In addition to the common methods of research were: ophthalmoscopy with
Goldman lens, binocular ophthalmoscope (Schepevsa), and lens Volk-90,0D (USA), gonioscopy
with lenses (Krasnova, Goldman), tonometry by Maccov, Nlidek (Japan) pneumototometry NT-
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2000, simplified tonography for Nesterov, OCT optical nerve disc and yellow spot Carl Zeiss
Cirrus, HD OCT Model 4000/5000 Germany), OCT retinal vessels with calibre meter (Cirrus HD-
Octiss Ultrasonic), Carl Ultrasonic (ISS) Central artery vessels and retinal veins (UZ — expert class
system Sono Scapesq), ultrasound of the eyes. The data are processed statistically. In patients with
PSA with SD 2 type of LSC reduction in the CAC at the initial and advanced stages up to 12.5 0.66
cm/s and 11 0.46 cm/s, with blood flow slowing in the CNS-LCC vessels 8.0.5 cm/s and 9.0 0.52
cm/s. In addition, the vascular calibre of the CAC increased to 91.5 0.67 um and 93.5 0.65 pum at
the initial and advanced stages of glaucoma, and the vascular size of the CAC was reduced to -97.6
0.19 um at 75% and 93.5 0.9 um at 50%, respectively, and expanded to 141.5 0.7%,7%. Revealed
microcirculatory disorders in retinal vessels at POGC with type 2 diabetes allow recommending
patients to conduct adequate therapy.

Knrouesvle cnosa: caxapHblit quadet 2 Tuna, riaykoma, 1uadeTndeckasi peTHHOIATHS.
Keywords: type 2 diabetes mellitus, glaucoma, diabetic retinopathy.

Caxapuplii  guaber 2  TUma  OTHOCHUTCS K  TOJHCHUCTEMHBIM  3a00JIEBaHUSM,
COIPOBOXK/IAIOIIUICS MATONOTHEH psila OpraHOB B OpraHU3MeE U B MEPBYIO OUEpelb OpraHa 3peHusl.
Hapsiny ¢ o>tum, nepBuuHas oTkpbiToyroiaerasg miaykoma (IIOYI') paccmarpuBaercst kak
MOJIMATHOJIOTMYECKOEe 3a00JIeBaHME, B Pa3BUTHM KOTOPOrO IMPENIOJAraercs BaKHas pojb
Pa3IMYHBIX MMAaTOTEHETUYECKUX MEXaHU3MOB — COCYAHCTBIX, TUCTPODUUECKUX, METAOOINYECKUX,
MMMYHHBIX, BBI3BIBAIOIINE CPBIB PETYISIIUU BHYTPUIIIa3HOTO AaBneHus [1, 2].

[lepBuuHasg OTKpBITOYrojibHas IJAaykoMa W caxapHblii auaber 2 TUHa OTHOCATCS K
KOMOpPOUHBIM 3a00JI€BaHUSIM, COUETAaHNUE ITUX MATOJIOIUH COCTaBIISIET BO BceM Mupe oT 5,9% no
13% [3]. Bompocs! matorenes3a u 6uonorunueckux cpsizeit pazpurus [IOYID u CJ] 2 Tuna sBistoTcs
MPEeIMETOM, MHOTOUMCIICHHBIX HCCIeNoBaHMii. Pa3BuTHe TiaykoMbl MpU caxapHOM auadere, Mo
JTAHHBIM JINTEPATyphl, cocTaBisieT 2,5—15,6% [4—6].

C pocToM JUIMTETBLHOCTH TEUEHUs TuabeTa OTMEUYEHO NOBBIIIEHHE (PAKTOpa pUCKa pa3BUTHS
miaykoMel [7]. B HacTosiiiee BpeMs INepBHYHAs OTKPBITOYTOJIbHAs INIaykomMa M JauabeThdeckas
perunonatust (/[IP) sBufroTCA NIUAMPYIONMMH TNPUYMHAMM CIEMOTHl BO BCEM MHpE Cpeau
TpyaocnocoOHoro Bo3pacta 10 20-30% [8, 9].

[Io MHpPOBBIM JNaHHBIM pa3BUTHE AMAOETHUUECKON PETHHOMATUU OTMEYAETCS y KaxJ0ro
TPETbero OOJILHOTO ¢ caxapHbIM auabeToM, y kaxaoro 10 pa3BuBaercs yrposa norepu 3penus [10].
OnHuM U3 (PakTOpoB pPa3BUTHUS U TNPOrPECCHUPOBAHUS TUAOETHMUECKOM PETUHOINATUU SBISIOTCS
MOpaXEHUsI apTepUoJ, KalWUIAPOB M TMOCTKANWUISPHBIX BEHYJ C Pa3BUTUEM MHUKPOAHEBPU3M,
KpOBOM3JIUSHUN, HEOBACKYJIApU3allMM Ha IIAa3HOM JHE M MOCIEAYIOUMX MNpoiaudepaTuBHbIX
nporeccoB [11]. [To gaHHBIM JUTEPATyphl, BHISBICHO YMEHBIIEHUE apTEPUOI CETYATKU Y OOIBHBIX
c CI 2 tuna [12, 13].

B ocHOBe martoreHe3a MUKpPOLMPKYJIATOPHBIX HApPYIIEHUM HMEET MECTO IOPAKEHUE
SHAOTENNS COCYAMCTON CTeHKH, ee Oa3ajibHOW MEeMOpaHbI U MEPHUIMTOB Ha (POHE XPOHUUECKOH
runeprmkemun  [14, 15].  Ilatorene3 TEpBUYHOW  OTKPHITOYTOJBHOW  TJIAyKOMBI, Kak
MHOTO(aKTOPHOTO HEHpPOJEreHepaTUBHOTO 3a00J€BaHUs, OCTAeTCs A0 KOHIA HEU3YyYEHHbIM U
UHAUBUYaTbHBIM. OCOOEHHO KpalHe Ba)KHO BBISBIEHUE MEXaHM3Ma MOBBIIIEHHUS] BHYTPUIIIA3HOTO
NaBiieHUs y OOJBHBIX caxapHbIM AuabeToM 2 Tuma. B mocneaHue rozapl Joka3aHa KOppessLus
HapylLIeHUs KPOBOTOKAa B LEHTPAJbHOM apTepuy CEeTYaTKH C HU3KOYACTOTHOM aMIUIUTYAO0N
prosuuedanorpadus (POI') mamouxoBbix (oTtopenentopoB [16] B COOTBETCTBHUM C 4YeM,
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MPEACTABISIET MHTEPEC UCCIICI0OBAaHNE TEMOIMHAMHUKHN COCYJIOB CETYATKH I1a3a y 0osbHbBIX ¢ [IOYT
U caxapHbIM auaberoM 2 Tuma. B CBsI3M C BBINIEW3JI0KEHHBIM IIOCTaBleHA IeNb: M3yunTh
O0COOCHHOCTH JIMHEHHOW CKOPOCTH KPOBOTOKA ¢ KaTMOPOMETPHUEH B IICHTPATHHOW apTEepPUU M BEHBI
ceryarku y 0oibHBIX ¢ [IOYT u caxapubiM quaderom 2 TUna.

Mamepuanvl u memoovl

[TpoBeneno o6cnenoBanne 220 ma3z (110 OGONBHBIX) C TEPBUYHOM OTKPBHITOYTOJIBHOU
raykomoii (ITOVT) ¢ caxapubim amabetom 2 tuma u 40 mia3 (20 GombHBIX) ¢ TIaykoMou 0e3
caxapHoro auabeTa.

Ilo so3pacmuomy cocmagy 007BHBIE OCHOBHOM TpyIIbl pacnpenaessumch: 10 50 ger — 20
genoBek (18,2%); ot 51 mo 60 netr — 40 genosek (36,3%); ot 61 no 70 ner — 30 yenosex (27,3%);
crapuie 70 et — 20 uenosek (18,2%). Cpennuii Bo3pact cocrabisin 58+0,35 met; 35 G0NBHBIX
MYy>K4MH — 32% 1 75 GONbHBIX KeHIIUH — 68%.

[To nnuTenbHOCTH TeueHUs: caxapHoro auabdera o 5 et — 25 venosek (22,72%); ot 6-10
net — 35 genoBek (31,8%); ot 11 mo 20 netr — 25 venosek (22,73%); Boime 20 geT — 25 yenoBex
(22,73%).

Ha TabnetupoBanHOM pexxume Haxoauiaoch 60 yenoBek — 55%, Ha uHcynuHe — 50 yenoBek
(45%). B 3aBUCHMOCTH OT ypoBHS IHKupoBaHHOro remoriioonna HBA1C: 1o 6,5% — 30 6onbHbIX
(27,2%), ot 6,5% no 7,5% — 40 6onbubIX (36,4%), BBIIIE 7,5% — 40 607BHBIX (36,4%).

Cornacao knaccudukanuu muadernmueckoit pernnomatnu (/IP) mo E. Kohner u M. Porta
(1991): AP I cragum nemponudepatuBHot — 147 a3z (73 OGonbHbIX, 66,8%); AP Il cramuu
npenponudeparuBHoit — 47 a3 (26 6onpHBIX, 21,4%): AP Il cranuu nmponudepatuBHO — 26
a3 (13 6onbubIx, 11,8%).

[lepBuunas otkpeiToyrosnbHas maykoma (IIOYT) pacnpenensuiack o cTtaausM: ¢ HadyaJlbHON
cragueit — 136 a3 (73 GonbubIX, 61,8%); ¢ pasButoit — 80 1ma3 (52 GombHBIX, 36,4%); C
nanexosarnreaiein — 4 rnasa (4 601bHBIX, 1,8%).

Hapsiny ¢ oOmenpuHSATHIMH METOJAaMH HCCIECIOBAHUS IMPOBOIMINCH: O(TaIbMOCKONHUS C
nuH30i [onbnmMana, OMHOKYIsIpHBIA o¢Tambmockon (Schepevsa), u mun30i Volk-90,0D (USA),
ronuockonus ¢ auH3amu (KpacHosa, Goldmana), TonHomeTpus mo MakiakoBy, THEBMOTOHOMETPHUS
NT-2000 ¢upmbr Nlidek (SAnonus), ynpomennas ToHorpaguss no Hectepopy, (OCT) nucka
3putenbHOro Hepsa u xkentoro nsatHa Carl Zeiss Cirrus, HD OCT Model 4000/5000 Germany),
OCT cocynoB ceruarku ¢ kanuOpomerpueil (Cirrus HD-OCT Carl Zeiss), ynabTpa3BykoBas
nuarnoctuka (Y3/]) cocynoB 1eHTpanbHOM apTepun U BeHbI ceTyaTtku (Y3 - cucTemMa IKCIepTHOTO
kjacca Sono Scapesq», Y3U masa.

CraTucTHuecKnil aHaIN3 MCCIIEOBAaHUS IPOBOAMIICS COMIACHO OOIIETPUHATHIM METOTUKAM C
MOMOIIIBI0 TTporpaMMHBIX cpeacTB Microsoft Office 2010 mst onepanronnsix cuctem Windows XP
U mporpaMmbl Statistica. JlaHHbIe mpeacTaBlIeHbl cpenHel apudMETHUYEeCKONH U ee CTaHAapTHBIM
otkiioHeHneM (M=+m). 3a JOCTOBEpPHBIN MOKa3aTeNnb NPUHUMAaNach pa3Huia BenuunH P<0.05.

Obcyarcoenue pe3yniomamos
OgHuM W3 TIABHBIX HCTOYHHKOB KPOBOCHAOKEHMsI UCKA 3PUTEIBLHOTO HEpPBA SBISIOTCS
COCYIUCTBIE BETBH IleHTpanbHOU aprepun ceTdatku (LJAC), mpu matonoruu KOTOPHIX y OONBHBIX C
MEePBUYHON OTKpBITOyronpHOM raykomoii (ITOYT) pa3sBuBaetcs ontudeckas Heiiponarus (['OH).
YyuTeiBas HapyIICHUSI MUKPOIUPKYJISAIIMN B COCYIaX MPH caxapHOM JuadeTe, MPEeACTaBISIeT
HWHTEpeC 0COOCHHOCTHU MAaTOJIOTUH COCYIOB ceTdarku y 00mpHbIX ¢ [IOYT ¢ CJI 2 Tumna.
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Tabmuma 1
COCTOSIHUE TEMOAMHAMUKHA B COCYJJAX CETUATKUA
I[MPU TTIOYT Y BOJIbHBIX CAXAPHBIM JJMABETOM 2 TUIIA

Cmaouu 110YT Tokazamenu 2eMOOUHAMUKU 8 COCYOAX CEMUAMKU
JICK [JAC Ri JAC JICK IIBC JICK BI'B
cm/cek cm/cex cm/cex
¢ CJ 2 tuna I cragus 136 a3 12,5+0,66 AA 0,800,014 A 8,0+0,5 AA 11,2+0,42
be3 C/1 2 tuna (20 rma3) 16,0+0,51 0,82+0,014 A 5,24+0,53 10,8+0,52
II cragms ¢ CJ] 2 tuna (80 rma3) 11,0+0,46 AA  0,83+0,014 A 9,0£0,52 AA  12,3+0,46 A
Bez C/I 2 tuna (23 rnaz) 12,8+0,66 A 0,940,015 A 6,8+0,54 10,4+0,49
KT 20 rna3 6e3 riiaykoMsl 15,50+0,6 0,650,012 4,0-6,0 8,0-10,0

A-P < 0,05 AA-P < 0,01

Kak Bugno u3 nanubix Tabmuier 1y 6onbabIx ¢ [IOYI npu CJI 2 Tuma BBISBICHBI SIBICHUS
anruocnasMa cocynoB IHAC kak npu HayaibHOM, TaK M IPU PaA3BUTOH CTAAUSAX IJIAYKOMBI.
Koadpdumment pesucruBroctu (Ri) paBern coorBercrBernHo 0,80+0,014 u 0,83+0,014, mportus
0,65+0,012 B KI' (P<0,05). B CcOOTBETCTBMM C 3TUM, BBISBICHO JOCTOBEPHOE pPacCTpPONCTBA
nuHeitHoi ckopoctu kpoBoToka (JICK) B aprepmo-Benosnoit cucreme - (HAC u ILBC). Tax,
ormeuaercss aocrosepHoe mnoHmxenue JICK B LIAC y OGompubix ¢ [IOYI ¢ CI 2Ttuna npu
HavaJIbHOU M pa3BUTOM cTamusx 1o 12,5+0,66 cm/cex u 11,0+0,46 cm/cex, mpoOTUB TIOKa3aTenei 6e3
caxapHoro auabera cooTBeTcTBeHHO- 16,0+0,51 cm/cex u 12,8+0,66¢m/cex u KT - 15,50+0,6¢cm/cex
(P<0,05) (Pucynox 1).

20
: ‘._H_S/A 153
10 B-1T0 ——I1IBC
5 — 05,0
0
npu CI{ 6e3 C/] KI'

Pucynok 1. JICK B cocynax ceryarku npu pazsutor ctaauu [IOYT ¢ C/I 2 tuna

Hapsiny ¢ atum, umeeTr Mecto 3ameyienre kKpoBoToka B cocynax LIBC y 6ompabix ¢ [IOVT u
CH 2 tuna. Tak, mpu HadanbHOW U pa3BuToi ctamausx riaykoMmbl JICK paua 8,0+0,5cm/cex u
9,0+£0,52 cm/cex mpotuB 5,2+0,53cm/cexu 6,3+0,54cm/cex 6e3 auadera u KI' — 5,040,52 (P<0.05)
(Pucynok 1). Onnum u3 ¢akropoB Hapymenus JICK B cocynax cerdarku siBiseTcss U3MEHEHUs

kanu6pa LIAC U 1IBC.
Kak BunHo u3 nanubix Tabmuuel 2 u Pucynka 2 — y OonbHbix ¢ [IOVYID mpu CI 2 tuma
BCJIE/ICTBUE 3aMEUIEHHsS KpOBOTOKa B BeHO3HOW cucreme — I[[BC ormeudaercs pacummpeHue

kanuopa cocynoB IIAC no 91,9+0,67 mxm Ha 76 Tiazax - 56,2% u 93,5+0,65 MM Ha 43 rmazax —
54,5% npu HayaJbHOM M pa3BUTON cTaausx riiaykoMmbl, mpoTuB 103,64+0,62 MKM y OONBHBIX C
raykoMon 06e3 caxapHoro nuabera u mokazarens KI' — 80,040,33mkm y 3mopoBsix aur (P<0,01,
P<0,05).
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Pucynoxk 2. Kamubpomerpus cocynos cetuatku npu [IOYT ¢ C/] 2tuna
Tabmmma 2

KAJIMBPOMETPHUA COCYJOB CETHATKMU ITPU [TOYT Y BOJIBHBIX CI 2 TUITA

Cocyovl cemuamxku

=

3 N BBA u HBA BBB u HBB

S % npu C[{ bez CII (40 npu C/{ oe3 CJ[ (40 ana3z)

2nas)
: 3 : 3
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S

§ 91,9+0,6756,2% - 103,5+0,62 - 143+0,73 97,6£0,9  141,5+0,7  102+0,9
2 (76 tnasz) AA 75% (16 18,7% (25 75% (102 6 25,5% 20% (8

rias3) AA rimasz) AA rma3) AAA (10 rmas) 1a3)
A

8 93,5+0,6554,5% - 103,6+0,62 - 141+0,76 99,5+0,9 142+0,76 101+0,6
g (43 rnas) AA 56,5% (13 50% (40 50,0% (40  20,0% (8 32,5% (13
§ = rinaz) AA rmaz) A rma3) A riias) rima3z) A
[&]

82 80,0+0,33 120+0,45

E i e

S EE

28

Hapsiny ¢ atum, y 6onbabIx ¢ I[IOYT 6e3 caxapHoro amabera 4acToTa pacHIMPEHUs] COCYI0B
IHAC mpu HayanbHOM cTaauu Belle — 10 76%, 1Mo cpaBHEHMIO ¢ 0OIbHBIMU maykomoit ¢ CJ[ 2
THIIA — 70 56,2%.

Cyxenue kannbpa BeHo3HbIX cocy1oB LIBC y 6onbabIx ¢ [TOYT ¢ C/] 2 Tuna umeer Mecto 10
97,6£0,9 mxm — B 75% (102 ma3a) mpu HavaabHOM CTauM TJayKoMbl, U 10 99,5+0,9 MmxMm B 50%
(40 ma3) mpu pa3BUTOM CTaaAMUU, MPU KOTOPOH BBIABIEHO paciuiupenue kanuodpos cocynos LIBC no
141+0,76 mxm B 50% (40 11as).

VY 6oabubIx ¢ [TOYT ¢ CJ] 2 Tumna, npyu Ha4aIbHOM CTaJANMU IIIAyKOMBI MPEBATUPYET CYKEHHE
kanmubpa cocynoB [IBC mo 97,6+0,9 mxm (102 taza) — 75% npotu kaimbpa cocynoB [IBC 6e3
caxapHoro auabera 102+0,9 mxm — 20% (8 m1a3) ¢ npeobnaganueM pacmupenus g0 141,5+0,76
MKM — 25,5% (P<0.001). Takas >xe TeHIEHIUS UMEET MECTO M MpPH Pa3BUTON CTAJIUU CYKECHUS
kanu6Opa [IBC npu CJ] 2tumna cocrasnset 99,5+0,9 mxm — 50% (40 ma3) u 6e3 caxapHoro quabera
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101+0,6 mxm — 32,5% (13 m1a3) Pucynok 2.

[TpoBenennsie nccnenoBanus cocyaoB y 00ibHBIX ¢ [IOYT u CJ] 2 Thna BeISBUIH:

- noctoBepHOoe 3amenneHue kpoBoToka B I[IBC mo cpaBHenwmio ¢ GombHbIMU [IOYT 6e3
caxapHoro auadeta ¢ ymenbinenuem JICK B cocymax [AC.

- TIOJTHOKpOBHE C yBenmueHueM kanuopa cocynoB L{AC y 6onbnbl ¢ [TOYT ¢ CHI 2 Ttuma Ha
¢done cyxenus kanuopa cocynoB [IBC B otmuunm ot 6ompHBIX [IOYIT Ge3 caxapHoro nuabera, y
KOTOPBIX Mpeodianano pacmmpenue kaauodpa cocynos LIBC B HayaibHOM CTaIuu IayKOMBI.

- BBISIBJICHHbIE MUKPOLIMPKYJSATOPHBIE HapylleHus B cocyngax cerdarku npu IIOVYI ¢ CI 2
THUIIA, TTO3BOJISIIOT PEKOMEHI0BaTh OOJILHBIM MPOBEICHUE a/IeKBAaTHOM Teparuu.

- 0COOEGHHOCTH TMAaTOJIOTUU COCYIOB CETUaTKW IpPHU caxapHOM auadere 2 THUMa SIBISIOTCS
(akTOopaMu prcKa JUIsl IPOTPECCHH ITIayKOMBI.
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PAHHSAA PEABMJIMTAIIAA BOJIBHBIX IEPEHECHINX UINEMWYECKHN
HHCYJIBT B YCJIOBUAX CIIEHUAJIM3NPOBAHHOI'O CTAIMOHAPA T. BUIIKEK

©Cyamanosa K. O., [ opoockas knunuueckas bonvrnuya Nel, e. buwkex, Kvipevizcman
©Cynmanmypamoe M. T., SPIN-x00: 3636-1398, 0-p meo, nayx,
2. buwxkek, Kvipevizcman
OBbynapkueea 3. A., 0-p meo, Hayk, Kvipevl3cKuti HaQy4HO-UCcie008amenbCKull
UHCMUMYm KypoOpmoio2uu U 60CCManogumenbHoco nedenus M3 KP,
2. buwxex, Kvipevizcman, ebularkieva@mail.ru

EARLY REHABILITATION OF PATIENTS WHO SUFFERED ISCHEMIC STROKE
IN A SPECIALIZED HOSPITAL IN BISHKEK

©Sultanova K., City Clinical Hospital no. 1, Bishkek, Kyrgyzstan
O©Sultanmuratov M., SPIN-code: 3636-1398, Dr. habil., Bishkek, Kyrgyzstan
©Bularkieva E., Dr. habil., Kyrgyz Research Institute
of Balneology and Rehabilitation Treatment of the Ministry of Health
of the Kyrgyz Republic, Bishkek, Kyrgyzstan, ebularkieva@mail.ru

Annomayus. IlpoBenen ananu3 cocrossHus 50 mnamueHTtoB (r. buiikek), mnepeHecmmx
UIIeMUYEeCcKUil UHCYNbT. B cocraBe 24 xeHmuHbl U 26 Mmyx4uuH. Bo3pact namuentos ot 50 qo 81
JIeT, cpenHuil Bo3pact — 65,3 roga. Hapymienue u cTeneHb BOCCTAHOBJIIEHUS HEBPOJIOTHYECKHUX
GyHKIME OmpenensuMch ¢ moMmomblo uHAekca bapren, mxkaner Jlmammapka m CkaHAWHABCKOM
mkanel. [Ipy npuMeHeHUWM paHHEH peaOWiIMTalUd B CHEIUATM3HUPOBAHHOM  CTallOHApe
noBbIIANach 3p(HEeKTUBHOCTh peaOMINTALIUY TAIIMIEHTOB MOCIe HHCYIIBTA.

Abstract. An analysis of the condition of 50 patients in Bishkek, the Kyrgyz Republic, who
suffered an ischemic stroke, was carried out. The team consists of 24 women and 26 men. The age
of patients ranged from 50 to 81 years, the average age was 65.3 years. The impairment and degree
of recovery of neurological functions were determined using the Barthel index, the Lindmark scale
and the Scandinavian scale. When using early rehabilitation in a specialized hospital,
the effectiveness of rehabilitation of patients after a stroke increased.

Knrouegvle crnosa: nieMuuecKkuii MHCYNBT, paHHSS peaOuINTaIMs, dTanbl peaduIUTalNu.
Keywords: ischemic stroke, early rehabilitation, rehabilitation stages.

Bynyun ocHOBHOI MpUYHHON TTyOOKOM M JIUTENHHOW WHBAJIMAU3AIMUA HACETICHUS, HHCYIBT
OCTaeTCsl OTHOW M3 BAKHEUIUX MPoOieM coBpeMeHHoro oodrectsa [1, 2]. OrpoMHBIi COIUaTbHBIN
U OKOHOMHYECKHU ymiep0 OT COCYOUCTHIX 3a00J€BaHU TOJOBHOTO MO3Ta OOYCJIOBJIMBACT
aKTyaJIbHOCTh COBEPILEHCTBOBAHUS MEIUIIMHCKON MOMOIIM NpPHU MHCYIbTaX. B mocienHue roisl
HEYKJIOHHO PACTET 4acTOTa MOCTUHCYJIFTHON MHBAIUIM3AIMU. YPOBEHb MHBAIMIU3ALMN Yepe3 Toj
MocJie TEPEeHECEeHHOro HHCyNnbra Konebnercss or 76 mo 85%, K TpyaoBOH AESITEIbHOCTH
Bo3BpamawTcs He 6onee 10—12% mnocTuHCYNMBTHBIX manueHToB, a 25-30% 10 KOHIA >KU3HU
OCTarOTCsI TITyOOKMMU UHBAIUAAMH [3, 4].

Peabunuranus nmaiueHToB ¢ MHCYIBTaMU JOJKHA HAUMHATHCSI B MAKCUMAJIBLHO PaHHUE CPOKH,
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COOTBETCTBEHHO OCOOEHHOCTH €€ TMPOBEACHHS B KaXJIOM KOHKPETHOM Cllydyae JOJIKHBI
oOCyXKIaTbcd C MOMEHTa TOCHUTAIM3alUu NalueHta. [Ipu OTCYTCTBUM MPOTHUBONOKA3aHUM,
KOTOpbIE OTMEUYECHBI HIDKE, pPEaOMIUTAIMOHHBIE MEPOINPUSATUS, B TOM YHCIE AaKTHBU3AILUIO
Y BEPTUKAJIU3ALIMIO MTAlIMEHTa, HEOOX0IMMO IIPOBOIUTH YXKE B IIEPBbIC Yachl HHCYIbTA. CyllleCTByET
psia nokazarenbeTB 3D (PEeKTUBHOCTH paHHEH peaOuIuTaIlK MAllMeHTOB, IEPEHECIIUX UHCYIBT. Tak,
[0 JaHHBIM MHoOroueHtpoBoro wucciaenoBanuss AVERT, npoBeneHHOro B COOTBETCTBUU C
MPUHIMIIAMA JTOKA3aTEIbHON MEIWIIMHBI, PAHHSS PEaOWINTALS CHIDKAET YPOBEHb CMEPTHOCTH
Y MHBAJIMJIM3ALIMN [TALMEHTOB [10CJIE€ UHCYJbTA, UX 3aBUCUMOCTH OT OKPY’KAIOLUX JIUL, YMEHbIIAET
YacTOTy M BBIPAKEHHOCTh OCIIOKHEHUH HMHCYNIbTa, @ TaK)Ke CYHIECTBEHHO YIy4llaeT KaueCTBO
YKW3HU MAIMEHTOB [5].

AHanu3y ObUTH TOABEPTHYTHI pe3ynbTarbl jedeHus S50 mamueHToB (24 >KEHIIUHBI U 26
MY’K4YMH), IEpPEHECIINX HIIeMUYecKUil MHCYabT. Bo3pact manuenroB ot 50 no 81 met, cpeanwuii
Bo3pacT — 65,3 roga. ['pynmnel ObLIM CTaHIAPTU3UPOBAHBI IO PA3IMYHBIM MOKA3aTeNsIM, TAKUM Kak
BO3pAcCT, MOJ, CTENEHb BBIPAKEHHOCTH HEBPOJOTMYECKUX M ICHXOAIMOLUMOHAIBHBIX HapYLICHHH,
ypOBeHb OBITOBOWM ajamnTalui, a TakKe IMPOBOAMMBIE BHIbI M METOABl (DU3UIECKOH,
(U3HOTEPANICBTHYCCKON, HEHWPOIICUXOJIOTHYECKOM M TICHXOTEPANeBTHYCCKON  peaduiIuTanum
(mpuniun matched-controlled). [Ipu ananuze pe3ynbTaToOB JIEUEHUS YUYHUTHIBAIKHCH CIIEAYIOIINE
napaMeTphl: BOCCTAHOBIICHHE HEBposornueckux GyHkiuil. Hapyienue u cteneHb BOCCTaHOBJICHUS
HEBPOJIOTUYECKUX (QYHKUUN ONpeAesiINch C MOMOIIbI0 MHJekca bapren, mxkanbsl JInHamapka u
CxaHAMHABCKOM IIKAJbI.

ITo unpexcy bapren oneHuBanuch ABUratelbHble (yHKIUW, MO mkajge JluHamapka —
GYHKIMM  JBUKEHUS W UYyBCTBUTENBHOCTH, MO CKaHAMHABCKOM — JIBUTaTelbHBIC, pPEYEBbHIC
(YHKIMH, OPUEHTAIUSI BO BPEMEHH, TPOCTPAHCTBE M COOCTBECHHOM JIMYHOCTH.

Breraucnsanace cpemuss  apudmermyueckas cymma OamioB, HaOpaHHas IO BCEM TpeEM
MepeyrcleHHbIM IKanaM. 3HadeHue wmeHee 30% OamnoB OT MaKCHMAalbHOTO KOJMYECTBA
pPacUEHUBAJIOCh KaK OTCYTCTBHE BoccTaHOBieHMsS, 30—49% — MUHMMalIbHOE BOCCTaHOBIIEeHUE, 50—
74% — ynosnerBoputenbHoe, 75-94% — nocrarounoe, 6onee 94% — mosHOE BOCCTaHOBJICHUE.

Kputepun BrIIIOYEHHsSI NAUEHTOB B HACTOsIIEE MCCIEAOBaHUE: JAMAarHo3 — HHQapKT
TOJIOBHOTO MO3Ta, MOATBEPKACHHBIN IPU MPOBEAECHUN KOMIIBIOTEPHOUN WJIM MAarHUTHO-PE30HAHCHOMN
ToMorpaduu; CTETeHb HApYyIIEHUS HEBPOIOTUYECKUX (DYyHKIUH (KOTMYECTBO OassioB MO MHIAEKCY
bapren, mkanam Jlunamapka u CxannnHaBckoil — He 6onee 24% OT MakCUMaJIbHOTO KOJIMYECTBA);
CTENEHb COIMAJIbHO-OBITOBOM J1e3aJanTaliH.

Craructuyeckuil aHanu3 pe3yibTaToB UCCIEIOBAHUS TPOBOJUIICS C UCIIOJIb30BAHUEM MAKETOB
nporpaMMbl SPSS 16.0. /{nst cpaBHEHHsI Kady€CTBEHHBIX MPU3HAKOB M IIPOLEHTHBIX COOTHOLICHUM
WCIIONIH30BAIMCh KPUTEPUN HE3aBUCHUMOCTH KadeCTBEHHBIX (KaTeropuaibHBIX) TMPU3HAKOB )2,
TouHbIH KpuTepuil duiepa u ko3 ULIKUEHT HeonmpeaeneHHoCcTH. Hanuune 3aBUCHMOCTH MEXAY
M3y4aeMbIMH MPU3HAKAMU MPU3HABAIOCH, KOT/IA JOBEPUTENbHBIN ypoBeHb cocTanisin p<0,05. Ilpu
4acTOT€ H3y4aeMoro CoOOBITHS MEHee TATH HaOMIoAeHUW B OAHOW U3 siUeeK TaOIuUIIbI
HICTIONBb30BAaHHE KPUTEPHs > PacCMATPUBATIOCh KaK HEKOPPEKTHOE M TPeGOBalo HCIONb30BAHHUS
TOYHOTO KpuTepus Puiiepa.

CormacHo  pe3ynbTaraM  HCCJEOBaHMS, IMpPUMEHEHUWE paHHEH  peaOwiuTanuu B
CHEIHAIM3UPOBAHHOM CTAIIMOHAPE MOBBIMIAT0 YPPEKTUBHOCTh peadMIUTAIIMN TAIIMEHTOB TOCIe
WHCYNBTA (TIOTy4YeHHbIE Pe3yNIbTaThl CTATUCTUYECKHU 3HAUMMBI). Tak, B TpyIINe MarueHTOB, KOTOPBIM
MPOBO/MJIACH JIOCTAaTOYHAsh W IOJIHAS CTENEeHb BOCCTAHOBJICEHHS HEBPOJOTHYECKUX (QYHKUUN
oTMmeuanach y 63,7% OONbHBIX, a B TpyIne cpaBHeHH — ToJbko y 21,3% (p < 0,001).

Pe3ynbprarhl MpPOBENEHHOTO HWCCIEIOBAHMS JIEMOHCTPUPYIOT IPPEKTUBHOCTh MPUMEHEHUS
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paHHeH peaOWiIMTalMU B MOCTHUHCYIBTHOM Iepuone. Vcronp3oBaHMe B paMKaxX KOMIUIEKCHOM
peadHINTAIINK CTATHCTUYECKU 3HAYMMO TIOBBIIIACT ITOKA3aTEIH BOCCTAHOBICHHS HEBPOJIOTHIECKUX
byHKUIUH.

Cnucox numepamypoi:

1. UBanoga I'., Ilerposa E., CkBoprioBa B. Pannss peabunuraiusi 00JbHBIX IiepeOpaibHbIM
uHcynsToM // Bpad. 2007. Ne9. C. 4-8.

2. Cxopomery A. A., Crkopomer A. I1., Ckopoment T. A. Hepubie 6oneznu. M.: ME/lmpecc-
undopm, 2007. 551 c.

3. CxBopuoBa B. U., Yazoa U. E., Craxosckas JI. B., & IlpsauukoBa H. A. IlepBuunas
npodunaktuka uacynsTa // KauectBo xusnu. Menununa. 2006. T. 2. C. 72-77.

4. CkBopuoBa B. W. CHmwxkenue 3a001€BaeMOCTH, CMEPTHOCTM M WHBAIMIU3AIMUA OT
nHCynbTOB B Poccuiickort @enepannu // XKyprHan HeBposnoruu u ncuxuarpuu. 2007. C. 25-29.

5. Bernhardt J., Dewey H., Collier J., Thrift A., Lindley R., Moodie M., Donnan G. A very
early rehabilitation trial (AVERT) // International Journal of Stroke. 2006. V. 1. Ne3. P. 169-171.
https://doi.org/10.1111/5.1747-4949.2006.000

References:

1. Ivanova, G., Petrova, E., & Skvorcova, V. (2007). Rannjaja reabilitacija bol'nyh
cerebral'nym insul'tom. Vrach, (9), 4-8. (in Russian).

2. Skoromec, A. A., Skoromec, A. P., & Skoromec, T. A. (2007). Nervnye bolezni. Moscow.
(in Russian).

3. Skvorcova, V. I, Chazova, 1. E., Stahovskaja, L. V., & Prjanikova, N. A. (20006).
Pervichnaja profilaktika insul'ta. Kachestvo zhizni. Medicina, 2, 72-77. (in Russian).

4. Skvorcova, V. . (2007). Snizhenie zabolevaemosti, smertnosti i invalidizacii ot insul'tov v
Rossijskoj Federacii. Zhurnal nevrologii i psihiatrii, 25-29. (in Russian).

5. Bernhardt, J., Dewey, H., Collier, J., Thrift, A., Lindley, R., Moodie, M., & Donnan, G.
(2006). A very early rehabilitation trial (AVERT). International Journal of Stroke, 1(3), 169-171.
https://doi.org/10.1111/j.1747-4949.2006.000

Paboma nocmynuna Ipunsama k nyboauxayuu
6 peoaxkyuro 31.10.2023 2. 09.11.2023 2.

Ccebinka 018 yumuposanusi:

Cynranoga K. O., CynranmyparoB M. T., bynapkuesa O. A. Pannsis peabunuranusi OOJbHBIX
MEePEeHECIINX UIIEMUYECKUI UHCYIBT B YCIOBUAX CHEIMATU3UPOBAHHOIO CTallMOHapa I. bumkek //
bronnerenp Hayku u nmpaktuku. 2023. T. 9. Nel2. C. 215-217. https://doi.org/10.33619/2414-
2948/97/26

Cite as (APA):

Sultanova, K., Sultanmuratov, M., & Bularkieva, E. (2023). Early Rehabilitation of Patients
who Suffered Ischemic Stroke in a Specialized Hospital in Bishkek. Bulletin of Science and
Practice, 9(12),215-217. (in Russian). https://doi.org/10.33619/2414-2948/97/26

—G)
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 217



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

YIK 614.2 https://doi.0rg/10.33619/2414-2948/97/27

COIIUAJIBHBIN ACIIEKT IIPU PAHHEW PEABUJINTAIIAY BOJIbHBIX
MNEPEHECHINX NIIEMWYECKHA UHCYJIbT B YCJIOBHUAX
CIIEHUAJIM3NPOBAHHOI'O CTAIIMOHAPA I'. BUIIIKEK

©Cynmanosa K. 0., ['opoockas xnunuyecxasn oonvruya Nel, e. Buwxex, Kvlpevizcman
©Cynmanmypamos M. T., SPIN-x00: 3636-1398, 0-p meo, nayx,
2. buwxkex, Kvipevizcman
Obynapkueea 3. A., 0-p meo, Hayk, Kvipevl3cKutli Hay4HO-UCcie008amenbCKull
UHCMUmMym Kypopmono2uu u 60ccmanogumenbrozo nevenus M3 KP,
2. buwxkex, Kvipevizcmarn, ebularkieva@mail.ru
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Annomayusn. Bce Oonee akTyaqbHOM CTAHOBHTCS IpoOJieMa HE MPOCTO «BBDKUBAHHSDY
OO0JIBHOTO, HO U MOBBIIICHHUS KaueCTBA €T0 KU3HU KaK CyObEeKTUBHOM YIOBIETBOPEHHOCTH YPOBHEM
CBOEro (PyHKIIMOHMPOBAaHUS B YCJIOBUAX Oosie3HU. OCTpO CTOMT mpobieMa BOCCTaHOBJIEHUS
yTpayeHHbIX (DYyHKIMHA NpH 3a00JIeBaHUIX, KOTOPbIE MMEIOT YETKO BBIPAKEHHYIO COLMAJIBbHYIO
3HAYUMOCTb. YPOBEHb OBITOBOW M COLMAJBHOW aJanTalldy OIpenessuics MO LIKajle CaMOOLIEHKU
OBITOBBIX BO3MOXHOCTEW TMOBCeqHEeBHOW >km3HM MeptoH u CartoH. AHamu3 npoBeacH Ha S0
nanueHTax (24 >KeHIMHBI U 26 MY>XKYHMH), TEPEHECHINX HIIEMHYECKHH HMHCYNBT. BBISBIEHO, 4TO
UCTOJIb30BaHNE paHHEW peaOMIUTAalluM OKa3blBaeT CTATUCTMYECKH 3HAYMMOE IOJIOKUTENBHOE
BIMSHHE Ha JIOCTHKEHHE MNallMeHTaMH HE3aBHCUMOCTU IPHU BBINOJIHEHHUH OCHOBHBIX OBITOBBIX
HaBbIKOB.

Abstract. The problem of not just the “survival” of the patient, but also improving the quality
of his life as subjective satisfaction with the level of his functioning in conditions of illness is
becoming increasingly urgent. The problem of restoring lost functions in diseases that have a clear
social significance is acute. The level of everyday and social adaptation was determined using
the Merton and Sutton scale of self-assessment of everyday life capabilities. The analysis was
carried out on 50 patients (24 women and 26 men) who suffered an ischemic stroke. It was found
that the use of early rehabilitation has a statistically significant positive effect on patients achieving
independence in performing basic household skills.

Knrouegvle cnosa: WmeMudecKuil WHCYIBT, PaHHSS peaOWIUTAIUS, CIEeNHUaTU3UPOBAHHBIHN
CTaIMoHap, dTaIbl peaduIuTaIUN.

Keywords: ischemic stroke, early rehabilitation, specialized hospital, rehabilitation stages.
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Octpoe Hapymierue mo3roBoro kpoBooOpamienuss (OHMK) sBusercs omHuM M3 caMbIX
pPacpoOCTPaHEHHBIX HEBPOJOTHUECKUX 3a00JIeBaHWN, MPHOOPETAIONIUH BCE OOJBIITYI0 MEIHKO-
COLIMAIBHYIO ¥ 5KOHOMHUYECKYI0 3HAYUMOCTH [1].

Peabunuranuss mogoOHOM KaTreropuu OOJBHBIX, LENbIO KOTOPOH SBISETCS MaKCUMAalbHOE
MOBBIIIEHUE KayeCTBa UX >KU3HHU, JOJDKHA MMETh KOMIUIEKCHBIH MEIMKO-COLMANbHbIN moaxon [2].
Ha coBpemeHHOM 3Tane pa3BUTHUS MEAMLMHBI BCe Oosiee aKTyalbHOH CTaHOBMTCA IMpoOieMa He
MPOCTO «BBDKUBAHUA» OONBHOTO, HO W TOBBIIICHUS KayecTBa €ro JKW3HU KaK CyObEeKTUBHOU
YIOBJIETBOPEHHOCTH YPOBHEM CBOETO (YyHKUMOHHUPOBAHHMS B YCJIOBUAX Oone3Hu. Bnomne
OIIPAaBJAHHBIM SIBJISETCSI TO, 4YTO IOHITHE «KA4E€CTBO JKU3HU» IIOJO)KEHO B OCHOBY HOBOH
napajurmMbl IOHUMaHUs 00JIe3HU U onpeeneHus 3(p(HeKTUBHOCTH ee JIeUEeHHUS.

[To ompenenenuto BO3, xayecTBO JKM3HM — HMHTErpaJIbHAS XapaKTEPUCTHKA (HU3MUECKOTO,
MICUXOJIOTMYECKOTO, SMOIMOHAIBHOTO U COLMAIBHOTO (DyHKIIMOHMPOBAHUS OOJLHOTO, OCHOBAHHAS
Ha ero cyobekTMBHOM Bocopusatuu [3]. Takum oOpasom, mpu oueHke 3¢dexkruBHOCTH
peaOunuranuu NpUIAeTcs 0co00€ 3HAYEHUE MHEHHUIO0 CcamMoro OOJIbHOrO, KOTOpOE MOXKET He
COBIIAJIaTh C TOYKOM 3pEHMSI Bpauya U pPOJICTBEHHUKOB [4].

OcoOeHHO OCTpPO CTOMT MpoOJIeMa BOCCTAHOBJICHHUS YTPAYCHHBIX (YHKUUH TIpu
3200J1€BaHUAX, KOTOPbIE MMEIOT YETKO BBIPAKEHHYIO COLMAJIbHYIO 3HAUUMOCTh. B cBs3M ¢ 3TuUM
0c0o0y10 KJIMHUYECKYI0 3HAUUMOCTh IPUOOpeTaeT 3a7adya pa3padOTKU MEpONPUSATHHA, HPULIEIBHO
HaIpaBJIE€HHBIX Ha YJIy4YllIEHHE KayecTBa >KM3HU OOibHBIX. B mporecce BOCCTaHOBUTEIBHOIO
JiedeHus OOBHBIX TTOCJIE UHCYJIBTA BBIICISAIOT TPU YPOBHS peadunuranuu [S].

IlepBblif ypOBEeHb 3aKJIIOYACTCS B BOCCTAHOBICHMM HAapyIIEHHbIX (YHKUUH, KOTOpBIE
BO3BpALAOTCA WM, 110 KpaiiHel Mepe, MpuOIMKalOTCs K HCXOAHOMY YPOBHIO.

Bropoii ypoBeHb — 9TO KOMIIGHCAIHMsi, KOTOpas OCHOBaHa Ha (PYHKIHMOHAIEHOM
npeoOpa3oBaHUM COXPAHHBIX CHCTEM MO3ra M MPEIyNpexIacT pa3BUTHE IaTOJIOTHYECKHX
COCTOSIHUH, NPEnsATCTBYIOIUX OOpaTHOMY pa3BuTHIO Jedekra. M, HakoHel, TpeTuil ypoBeHb —
peananTauus, T.e. npucrnocobineHue K aedexry. Peananranus B pamMKax BOCCTaHOBHUTEIBHOIO
JeYeHHss — HEOoOXOAWMa B CIy4asX BBIPQKEHHOTO CTPYKTYPHOTO TIOPaXEHHS MO3ra, MpU
HeoOpaTUMOCTH aHaTOMHUYecKoro U (yHKumoHanmpHOro nedexra. I[lepBele 1Ba  ypoBHS
BOCCTAHOBHMTEIBHOIO JICUCHHUS pacCMaTpUBAIOTCd B paMKax MEIUIMHCKOW peaOwiuTanuu, a
MOCJIEIHUM — B paMKax COLIMAIbHOM [6].

B MupoBoOIi pakTHKE UMEETCsI XOPOLIO pa3paboTaHHas CUCTEMa OKa3aHUs TOMOIIN OOJIbHBIM
C MHCYJIBTOM, B KOTOPOI1 OO0JIBIIIOE MECTO OTBOAUTCS peadUINTalluH, B TOM YHCIie U paHHel [7].

B HacTosmee BpeMs  cO3AaHbl M JlOKa3aJud CBOIO 3(P(EKTHBHOCTb CIykObl paHHEH
peaOuIMTalMi B paMKax COCYJUCTBIX HEBPOJIOTHYEeCKUX oTneneHuil [8]. OcHOBHas Lienb paHHeH
peabunuTanuu — 3TO NMpOoQUIAKTHKAa 00pa30BaHMsl YCTOWYMBBIX MAaTOJOTMYECKHUX CHCTEM WM
YMEHBIIIEHNUE CTETNEHHU BBIPAKEHHOCTH HX 3a CUET aKTHUBAI[MM CAHOTCHETUYECKUX MEXaHU3MOB U
paspylieHHsl  MATOJOTMYECKHMX CUCTEM C  IPHUBJICYCHHMEM KaK  MEIUKAMEHTO3HBIX U
HEMEIMKAMEHTO3HBIX METOJOB BO3ACHCTBUA [9].

CymiectByeT cucTeMa HTAllHOW peaOMIMTALMU IOCTUHCYJIBTHBIX OOJBHBIX Ha OCHOBE
MHTErpaly  CTAIlMIOHAPHOTO,  MOJMKIMHMUYECKOTO M  CAHAaTOPHO-KYPOPTHOIO  3TaroB,
COOTBETCTBYIOLI[asl ~TPEM YypPOBHSAM  peaObMIuTanuu  (BOCCTAHOBJIEHHME, KOMIEHCAlMUs |
peananTanus [10].

Ananuzy ObUIM TOABEPTHYTHI pe3ynabrarhl JieueHus 50 manueHtoB (24 KeHIIMHBI U 26
MY’K4YMH), TIEpEeHEeCIINX HIIeMuueckuil uHcynasT. Bo3pact manuentoB ot 50 mo 81 met, cpeanwmii
Bo3pacT — 65,3 roga. YpoBeHb OBITOBOM M COIMAIBHOW aNanTalMHd OMPEACISUICS 10 IIKaje
CaMOOLIEHKH OBITOBBIX BO3MOXKHOCTEH MOBCEIHEBHON >XM3HM MepTroH um CarToH: OTCYTCTBHE
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ObITOBOM amanTanuu — () 6ayIoB, MUHUMaJbHAS afanTtanus — 1—29 6anioB, ynoBIECTBOPUTEIbHAS
— 30-45 6amnos, nocrarounas — 46—58 Gamios, nmonHas — 59 6amioB. Kpome Toro, oneHnBanach
CIIOCOOHOCTh K HE3aBUCMMOMY BBIMIOJTHEHHUIO OTAEIBHBIX OBITOBBIX HABBIKOB (HCIIOJB30BaHUE
TyaJleTa, yMbIBaHUE, MPUHITHE BaHHBI, OJICBAHHME, MPUEM U MPUTOTOBJICHUE IHUILIU, BOXKJICHUE
ABTOMOOMIIS ).

Ucnonp3oBanue  paHHell  peaOWiIMTalMd  OKa3blBa€T  CTAaTUCTUYECKH  3HAYUMOE
MOJIOKUTENIbHOE BJIMSIHUE Ha JIOCTWKEHUE MallMeHTaMU HE3aBUCHUMOCTH TIPU  BBIIOJIHEHUH
OCHOBHBIX OBITOBBIX HABBIKOB. Tak, B rpymnme OOJBHBIX, B JICYEHUH KOTOPBIX HCIIOIH30BAIACH
panHss peabunutanus 59,6% npuoOpenu He3aBUCUMOCThH MPU UCHOIb30BaHUM Tyanera (35,2% B
rpynne cpaBHenus, p<0,0001), 84,8% — npu ymbiBanuu (69,8% B rpynne cpaBuenus, p<0,001),
77,0% — npu npueme nuum (57,0% B rpynne cpaBHenus, p<0,01), 71,7% — npu oneBanuun
(50,0% B rpynme cpaBuenus, p<0,05). Kpome Ttoro, 54,3% OOIbHBIX, B JICUEHHH KOTOPBIX
MPUMEHSUICS DPaHHAS peaOuiuTaIMs, CMOIIIM CaMOCTOSTEeNIbHO INPUHUMATh BaHHY (B Tpymrme
cpaBHeHus Tonbko 11,4%), 46,5% — rotoButh nuuty (22,0% B rpynme cpaBHenus), 23,1% —
yrpasisaTs aBroMoomiem (11,0% B rpynmne cpaBHeHUs).
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Annomayus. Ilpenapar IIpoHTOCaH NpenHa3HauYeH Ul JIEYEHUS OCTPBIX U XPOHUUYECKUX paH
TOJIBKO TOTJa, KOIJa OHU TpeOYyIOT OuuieHHs. TUIbl paH, C KOTOPbHIMH MOXXHO CTOJKHYTbHCS,
BKJIIOYAIOT: OCTpble HEMH(DULIUPOBAaHHbIC U MH(UIMPOBAHHBIE PaHbl, TAKWE KaK TPAaBMaTHYECKUE
paHbl (pBaHble PaHbl KOXXH, YKYCbI, IOpPE3bl WJIH Pa3MO3KEHHUS) U IOCIEONEPALUOHHBIE PaHBI.
CoctaB  mpemapaTa  COAEpKUT  rejp  0e3  3amaxa,  yHJACLHWICHAMMJONPONUIOETanH,
MOJMAPHUHONPONMIOUTYAaHH I, TJIMIEPUH, TUIAPOKCHATIILEIUIION03Y ¥  OYHUINEHHYIO BOJY.
ATNIMPOTEHHBIN PacTBOP, UCIIOJIB3YEMBIN IS JICUEHUS paH, KOTOPBIM CTEPUIIEH IIPH ACENITHYECKOM
IIPOU3BOJCTBE A0  MEPBOrO  OTKPBITUSA  NPOAYKTa.  BBINOJHEHO  JIAApOCKONMYECKHX
anpeHamdKkToMuil 18 GonbHbIM (14 — mpaBOCTOPOHHSASA, 4 — JEBOCTOPOHHSA), 4 OOJIBHBIM IO
noBoAy OOJBHIMX pa3sMEpOB OINyXOJM IPOU3BEJCHA JIAlapOTOMUs, YJIAJIEHUE OIyXOJIH
HAAMOYEUHUKa, OJHOMY OOJBHOMY H3-3a IPOPACTAaHUS OIMYXOJM B HIDKHIOIO IOJIYIO BEHY HeE
yJlaloch TPOU3BECTH aJPEHAIPKTOMUIO. BHenpeHue mep NpoQHUIAKTUKKM M JI€UeHHs THOWHO-
BOCTIAJIMTEIbHBIX OCIOXKHEHUH CIOCOOCTBOBAJIO YIYYIIEHUIO PE3yJIbTaTOB JIYEHUS OOJBHBIX C
THOWHBIMM paHamu. BHenpeHue pe3ynbTaToB HCCIEAOBAHUSA: PE3yJbTaThl pabOThl BHEIPEHHI B
xupyprudeckux otneneHusx OI'Kb u OMOKDB (Mepsl npoduaakTUKH OCIOKHEHUH C
npuMeHeHueM npenapata [Ipontocan). [IpoHTOCaH MO3BONIAET MPOBOANUTH TIIATEIBHOE OUYMIICHHE
paHeBOll MOBEPXHOCTH, YBIAXHATH PaHy M MOJABIATH OakTepualbHyl0 (iopy, dTo co3maer
YCIIOBHSI JUIsl CKOPEHILIEro paHEBOIO 3a)KUBIICHHSL.

Abstract. Prontosan is intended for the treatment of acute and chronic wounds only when they
require cleansing. Types of wounds that may be encountered include acute uninfected and infected
wounds, such as traumatic wounds (skin lacerations, bites, cuts or crushes) and surgical wounds.
The composition of the drug contains odorless gel, undecylenamidopropyl betaine,
polyarninopropyl biguanide, glycerin, hydroxyethylcellulose and purified water. A pyrogen-free
solution used for wound treatment that is sterile by aseptic processing until the product is first
opened. Study of the features of the drug Prontosan in the treatment of purulent wounds. We
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performed laparoscopic adrenalectomies in 18 patients (14 — right-sided, 4 — left-sided),
4 patients underwent laparotomy and removal of the adrenal tumor due to large tumor sizes, one
patient was unable to undergo adrenalectomy due to tumor growth into the inferior vena cava.
The introduction of measures for the prevention and treatment of purulent-inflammatory
complications contributed to improving the results of treatment of patients with purulent wounds.
Implementation of the research results: the results of the work were implemented in the surgical
departments of the Regional Clinical Hospital and the Regional Medical Clinical Hospital
(measures to prevent complications with the use of the drug Prontosan). Prontosan allows for
thorough cleansing of the wound surface, moisturizing the wound and suppressing bacterial flora,
which creates conditions for rapid wound healing.

Knwouesvle cnosa:  THoWiHbIE panbl, [IpoHTocaH, 3(dexTuBHOCTh, O0OmUN aHaANMM3,
JICHKOLMTAPHBIN WHJICKC, 32)KHBIICHUE PaH.

Keywords: purulent wounds, Prontosan, effectiveness, general analysis, leukocyte index,
wound healing.

C Xupypruyeckol TOYKM 3pEHHUs, 3aXHUBICHME DPAaH IPOUCXOAUT, KOIAAa Kpas YUCTON
XUPYPrUU€CKOil paHbl aJalTUPYIOTCS C IOMOILBbIO HEHATSHKHBIX IBOB U ckoO [1]. 3akuBneHue paxn
ABISICTC ~ BOKHEHIIMM  (PU3MOJIOTMYECKHUM  MPOIECCOM,  OOECIEYMBAIONIMM  COXpAaHEHHE
LIEJIOCTHOCTH KOXKH KaK MEXaHUYECKOro 0apbepa 1ociie TpaBMbl. B 11e10M €ro MOKHO pa3fiesuTh Ha
reéMOCTAaTHYECKYI0, BOCHAIUTENbHYIO0, MponudepaTuBHyl0 U (a3y pemoaenupoBaHus. CloxHble
paHbl KJIACCHYECKH IpeKpamatTcs B ¢a3e BocnayieHus 0e3 nanpHeimero nporpeccupoBanus. K
ATOMY MOTYT NMPHUBECTH MHOTHE (DaKTOPBI, B TOM YHCJIE IJIOXHE CUCTEMHBIC YCIOBHS WM ILIOXas
MECTHas TKaHeBas CpeAa, HalpuMep COCYIUCTble HapylieHus wuiau uHbekuus. IIpaBunbHOe
[OHMMaHME Ipolecca 3aKUBJIECHUS HMMEET Ba)KHOE 3HAYEHUE IPU JICUEHUH JIHOOOM CIIOXKHOMN
pausI [2].

JIroboit MeToJ JleueHHs paH JOJKEH MPHUMEHSAThCS € y4eToM (¢asbl paHeBoro mpoiecca. B
nepBylo a3y daile HCHOJb3YIOT JBa OCHOBHBIX METOJa JICUEHHs THOMHBIX paH: 3aKpBITHIA C
pPa3IMYHBIMM METOJAaMH JPEHUPOBAHHUSA M METOJ JICUEHUS II0J TOBS3KOM C INPUMEHEHUEM
Pa3IMYHBIX MpenapaTroB, KOTOpble BO3JAEHCTBOBaIM Obl Ha PaHEBYIO MOBEPXHOCTh. DTOT METOJ]
OoJiee MIMPOKO MPUMEHSIETCS Ha TipakTHKe [3].

AHanu3 MUTEpaTypHBIX CBEACHUN I10KA3aJl, YTO B JICHEHUH THOWHBIX PaH UCIOJIb3YETCs OUEHD
MHOTI'O MEIUKaMEHTO3HBIX CPEACTB U (U3NUYEeCKHX (aKTOPOB, HO B HACTOALIEEC BPEMs OHHM €Ile He
YIOBJIETBOPSAIOT XUPYProOB, UAYT MOMCKM BCE HOBBIX M HOBBIX METOAOB JICUEHHUS. DTO SIBISETCA
OCHOBaHHUEM JIJIsl TIOUCKA BCE HOBBIX METO/IOB JIEUEHMSI, KOTOPbIE MO3BOJIMIN Obl COKPATUTh CPOKH
JeYeHUs U JOOUTHCS XOPOIIUX PE3YyNbTaroB, YTO M SIBWJIOCh OCHOBAHUEM JJs IUIAHUPOBAHUS
JAHHOTO HCClIeIoBaHMA. 3agauu uccienoBaHus: 1) onpeaenuts 3GGEKTUBHOCTh TPAAULMOHHOTO
METO/1a JIeueHHs] THOMHBIX paH (KOHTPOJIbHAs TPyIIa) MO MaTepuallaM XUPypruyeckux OTAEIeHUN
Omickoil ropoACKON KIMHUYECKOW OOJIBHUIIBL; 2) pa3paboTaTh MMOKa3aHUs K IPUMEHEHUIO JeUEHUs
THOMHBIX paH npenapara [IponTocan; 3) npencraBuTh AMHAMUKY T€UEHUS paHEBOTO MpoIecca Mpu
ucrnonb3oBaHuM npenapara Ilpontrocan (ocHoBHas rpymnmna); 4) /laTe cpaBHHUTENbHYIO OIICHKY
pe3yabTaTtaM TPaAULMOHHOTO METoJa U ITpH IpUMEHEHHUH npenapara [IpoHrocaH.

I'emb m pactBop «lIponTOocan» HambOonee A(PGEKTUBHBI M TIO3BOJIMIN COKPATHTh CPOKH
3akuBjeHue paHbl Ha 24%. Menee s¢ddexTuBHBIM ObUIO IpUMEHEHHE Ma3u «JleBoMekonby», u
pacTBOopa XJIOPreKCHJIMHA. OTH CpPEACTBA MO3BOJWINM YCKOPUTH IPOLIECC pEreHepalnuu
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JKCIIEpUMEHTANIbHOM paHbl Ha 13-17%. Perenepaunu y manueHTOB Ha paHbl KOTOPBIX HAHOCHIIACH
Ma3b «JIeBOMEKOIbY), pacTBOp XJOPreKCUAWH HauumHaiach Ha 10-12 cyTku, B TO BpeMs Kak B
onbITHOM Tpynne (renb «lIpoHTOCan») paHa HauMHaIa pereHEpUpOBaTh yxke Ha 8-¢ cyTku. B
KOHTPOJIBHBIX T'PyIINax 3aKUBJICHHE 3aKaHYMBAIACh C (POPMUpPOBaHUEM Tpydoro pyoua [4].

Onenka mnpumeHeHus mnpemnapara IIponTtocan y 10 mnanueHTOB, MHPOAOIKUTEIBHOCTh
XPOHUYECKHUX paH KOTOPbIX MpeBbilana 1 rox, nokaszana yto [IponTocan st opolieHus paH u rejib
[TpoHTOCaH SIBISFOTCS TOAXOASIIEH aTbTEPHATUBON JJIsl OYMCTKH, YBIKHEHUS U 00€33apaKuBaHUs
WHKPYCTUPOBAHHBIX, 3arPSA3HEHHBIX U XPOHUUECKUX KOXKHBIX PAH M MOXKET OKa3aTh CYIIECTBEHHOE
BJIMSIHUE HA KAYECTBO )KM3HU TaKUX MAlUEHTOB [5].

Mamepuanvi u Memooul ucciedosanus

OOmmii aHaTM3 KPOBH C BBHIYMCICHUEM JIEUKOIUTAPHOTO MHJEKCa MHTOKCUKaIu 1o Kanbg-
A. A, Kamudy (1941), onpenenenust mmomanu pansl mo JI. WM. ITomoroit (1942), uuronorus
oraemsiemoro mo M. II. Tlokposckoit m M. C. MakapoBy (1942), GakTepHOIOrHUECKOE
HCCIIEIOBAHUE OTACIISIEMOr0 paH M KIMHUYECKUE TMOKa3zaTenu (HOpMaM3alus TeMIlepaTyphl,
CHajZicHue OTeKa M TUIIEPEMUU, TOSIBJICHUE TPAHYJALMA U SMUTEIU3alNA, CPOKU CTAI[MOHAPHOTO
neuenws) [6-8].

KonuuectBo 601pHBIX 156 uenoBexk:

B KOHTPOJILHOM rpymime 1 — 68 GoIbHBIX (BHYTPUMBIIICYHOE BBEICHUE AHTHOMOTUKOB M Ma3h
JIEBOMEKOJIb );

B KOHTPOJBbHOI rpymnmne 2 — 23 O0yibHBIX (BHYTPHUMBILIEYHOE BBEJCHHE aHTHOMOTHUKOB U
pacTBOp XJIOPTEeKCUINHA);

B OCHOBHOH rpymme — 65 OOJbHBIX (BHYTPUMBIIICYHOES BBEJICHUE AHTUOMOTHKOB W TEIb
[IponTtocan.

Bospact — ot 21 no 70 net. KoHTposbHYyIO Ipynny cocTaBuiIn 68 4eloBEeKa CONMOCTAaBUMBIX
[0 MOJy, BO3pPacTy C WACHTUYHBIMU THOMHHBIMHM paHaMH, IOJIyYaldd TPAJULMOHHBIA BapHaHT
JeyeHus: (BHYTPUMBILIEYHOE BBEJICHUE AaHTHOMOTUKOB, UCIIOJIb30BaHUE BOIOPACTBOPUMON Ma3u —
JleBoMekob).

Pesynomamot u o6cyscoenue

Ocobennoctu npenaparoB JleBomekonb U [IpoHTOocaH BKIIIOYAsh MX COCTaB, JNEHCTBYIOLIUE
BELIECTBa, (papMaKoIMHAMUYECKHUE 0COOEHHOCTH, (PapMaKOKUHETUKY, TOKa3aHUS K PUMEHEHUIO U
no6ouHbIe 3¢ (HeKThl MPUBEICHBI HIDKE.

Jlesomexonw. IIponzBonutens — Huxdapm AO, Poccusi.

CocraB Ha 1 r mpemnapara: AEHCTBYIOIIHME BEIIECTBA: JIHOKCOMETHIITETParupoOnupuMUIuH
(metunypammin) — 40 mr, xnopam@penukon — 7,5 Mr; BCIIOMOrareibHbIE BEIIECTBA — MaKpOIoJ-
1500 — 190,5 mr, makporon-400 — 762 mr.

dapmakosoruueckoe Jeiicteue. JIeBoMeKkoab — KOMOMHMPOBAaHHBIN Ipenapar HIMPOKOTO
CIEKTpa JEHCTBUSA MECTHOro HaszHaueHus. Okxa3plBacT YrHETAIOIIEEe BO3JCHCTBHE Ha
IPaMIIONIOKUTENbHBIE M T'PaMOTpPULIATENIbHbIE MHUKPOOBI: KHUIIEYHbIe MaJIOYKH, CHUHETHOIHBIE
Oaktepuu, crapuinokokku. [Ipm HaHeceHMM aKTHBHBIE BEIlECTBa IMPOHUKAIOT B JMHJIEPMUC, HE
MOBpeX/1ast OMOJIOTMYECKUE MEMOPAHBHI.

JleiicTBytone BEUIECTBA, BXOAAIIME B COCTaB Mas3H, HANpaBIEHbl Ha  TaKoe
(dapmakooTUuecKoe JICUCTBUE:  XJIOpaM(PEHUKON  SBJISETCS  aHTHOMOTUKOM  MPUPOIHOTO
npoucxoxaeHus. BkiroueH B rpynmy aM(eHHUKOIIOB.

MeTtuiaypauuil CUUTAETCS XUMHUECKUM 3JIEMEHTOM, OO0NaJalouMM aHa0OJMYECKUMH U
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aHTUKATa0OJIMYECKUMU CBOMCTBaMH. Perenepupyer noBpekIeHHbIE JIEMEHThI, aKTUBUPYET CUHTE3
HOBBIX KJIETOK, OKa3bIBa€T MPOTHUBOBOCIIATUTENILHOE JICHCTBUE.

dapmMakoAMHAMHYECKHEC OCOOCHHOCTH: JIETUIPATUPYIOIIIEe BO3/ICICTBHE;
MIPOTUBOMHUKPOOHBIE CBOWMCTBA; 3a)KUBJICHUE PAH THOWHBIX M HEKPOTHYECKHX; BOCCTAHOBIICHUE
HYKJIEMHOBOTO OOMEHa; SMUTENHU3alMsl; CO3PEBAaHUE U pa3pacTaHue TKaHe! IpaHy IsIMOHHOTO TUIIA;
BBIBEJCHUE U3JIMIIHEN )KUIKOCTH U3 TKAHEH.

dapmakokuHeTnka. OCHOBa CpeACTBa CIOCOOCTBYET aAcoOpOLMU THOMHOTO JKcCyaara cpasy
MOCJIe TPOHUKHOBEHUS B MOBPEKICHHBIC TKaHU. [lociie HaHeCceHUsT Ma3eBast CTPYKTypa CTAHOBUTCS
KHUJAKOHM, Onaromaps udeMy ObicTpee BcachiBaeTcs B smnuaepmMuc. OIHAKO ypOBEHb CHCTEMHOTO
MIPOHUKHOBEHUSI HEM3BECTEH.

[Toxazanus. MaduumpoBaHHbIe paHbl (BKIIOUAs TOPE3bl U CCAMHBI) PA3IMYHON JIOKATH3AIMN
(B TOM ymucIiie HHOUIMPOBAHHBIC CMEIIIAHHON MUKPO(MIOPOii) B TIEpBOH (aze paHEeBOTo Mmporiecca.

[To6ounbIe 3D (PEKTHI: AITTEPTUUESCKUE PEAKIIHH.

Ilponmocan. 1TOTOBBIH K TIPUMEHEHUIO CTEPUJIBHBIA Telb A paH, CoOJepkKallui
MOJIMTEKCAHU]T U YHJSIWICHaMUopornua O0eranH. [IpeqHazHaueH Ui OYMIICHUS, YBIQXKHCHUS U
JICKOHTAMUHAITUY PaH Pa3IMYHOTO MPOUCXOKICHHS: ITTUTSIIEHO HE 3QKUBAIOIIUX TPOPUICSCKUX 3B
IpU apTepualbHOM M BEHO3HON HEIOCTaTOYHOCTH, AMAOETHYECKOH cTome, MpOJekHed u T. 1.,
0KOTOB, JOHOPCKHUX YYaCTKOB IOCJICONEPAIMOHHBIX U IMOCTTPABMATHUYECKUX PaH, HAPYXKHBIX S3B
IPU  OHKOJIOTMYECKHX 3a00JCBAHMSIX M MOPAKCHHA KOXHU TMPH OSK3EME W HEUPOIEpMHUTE
(https://kurl.ru/UiQAD). IIpousBonutens. b. Bpayn Menbssynren Al IlIBetinapusi.

CocraB. /[lelictByromue Bemecta: 0,1% ynneununenoBoro amuponponui-oeranna; 0,1%
noJimaMuHoIponuia Ouryanuaa (MOJTUTeKCaHuN).

dapmaKkoIOrHIecKoe eHCTBUE. 3KUBICHUE PAHEBOW TTOBEPXHOCTH MOXKET 3aMEIJISThCS H3-
3a IPUCYTCTBHSI B paHe dKCCyaara, 00pa30BaHUI B BUJIC TUICHOK, KOPOK M CTPYIIa U3 OMEPTBEBIICH
TKaHU U KJIETOYHOTO AECTPUTA W/WIM OUOIICHOK. DTH MOKPBITHS C TPYAOM YAAJISIOTCS U CO3/AI0T
XOpOIIIHE YCIOBUSA 7Sl pOCTa MaToreHHOW Mukpodopsl. Kpome Toro, naxe BHEIIHE YUCThIC PaHBI,
OCOOCHHO  TOCTTpPaBMAaTUYECKHE, MOTYT OBbITh KOHTAMHHHUPOBAHBI  MHKPOOPTAHU3MAMHU,
CIIOCOOHBIMU BBI3BaTh WH(EKIIMOHHBIC OCIOKHEHUS B paHe. [IpOHTOCAH TO3BOJISET MPOBOIUTH
THIATEIbHOE OYHIIECHHWE PaHEBOI MOBEPXHOCTH, YBIAXKHATH paHy U TMOAABISATH OaKTEPUAIBHYIO
¢bopy, 4TO CO3/1aeT YCIOBHS JIJIsl CKOPEUIIIEr0 paHeBOTO 3a)KUBJIeHUS 1ocie 96 yacoB (PucyHok).

Pucynok. 3axxuBreHue paHbl ociie MpuMeHeHus npenapara [I[ponTocan

bnaronmapst antubakTepuanbHOMY KOMIIOHEHTY [[pOHTOCAH MOXKET C YCIIEXOM HCIOIb30BaThCs
JUTS TIpEAYTIPEXIeHIST HHQUIIMPOBAHKS PaH IMATOTE€HHBIMH MHUKPOOPTaHW3MaMH U MPO(UITAKTUKA
pa3BUTHs WHOEKIIMOHHBIX OCIOKHEHHUH B PaHe.
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[lokazanus. I'enp nusg paH — U1 OYMIIEHUS, YBJIQXXHEHUS U JIEKOHTAMUHALMHA: THOWHO-
HEKPOTUYECKHUX PaH Pa3jIn4HOro MPOUCXOXKIACHUS, B TOM YHCIIE JUIMTEIBHO HE 3a)KUBAIOIIKX PaH,
TaKMX KaKk TPOPUYECKUE SI3BBI, MPOJCKHH W T. JI.; MOCTTPABMATHYCCKUX pPaH C HAJIUYACM
WHOPOJIHBIX M HEKPOTHYECKUX TKAaHEH; TEPMUUICCKUX H XUMHUYECKUX OKOTOB, B OCOOCHHOCTH MPHU
MOPaXEHUSIX C OOJBIIMM KOJIMYECTBOM HEKPOTHUECKUX TKAaHEH M CTPYyIa; paHEBBIX MOBEPXHOCTEH
BOKPYT CTOM, KaT€TE€pPOB WJIM 30H]I0B; [1OCIECONEPALUOHHBIX PaH.

[IporuBonokazanusa. UnauButyanbHas HENEPEHOCUMOCTh KOMIIOHEHTOB Mperapara.

N3berars momaianus B 11a3a U Ha THATMHOBBIC XPSIIIH, IPU MOMAJaHUH TIIATSILHO MPOMBITh
(bU3HOIOrHYECKUM PAaCTBOPOM.

[ToGounbie neiicTBuss. Penko: HEOONMbIIOE YYBCTBO JOKEHHUS, KOTOPOE HCYE3aeT uepe3
HECKOJIbKUX MUHYT.

Bu1600wb1
Bnaxnas cpena, cozmaBaemast renem IIpoHTOcaH, MO3BOJIET 3aXHMBaTh IMOBPEXKICHHUSIM B
HanboJiee ONTUMANIBHBIX YCJIOBHSAX, B KpaTyalIllie CPOKM U C MHHHMAJIBHBIM pyOIleBaHHEM DaH.
[IpoBeneHHOE HCCIEAOBAaHUE II03BOJIAT TOBBICUTH AS(P(EKTUBHOCTh OKa3aHUs MEIULIUHCKON
IIOMOIIY U COKPATUTh CPOKH TOCIUTAIN3ALUH [TAI[UEHTOB.
Bueapenue Mep npoduIaKTUKH M J€YEHHUS T'HOMHO-BOCIHAIMTENBHBIX OCIOKHEHHUH Oyner
CIIOCOOCTBOBATH YAYUIICHHIO PE3YIBTATOB JICUCHHUS OOIBHBIX C THOWHBIMU paHAMHU.

Cnucok numepamypul:

1. Heal C. F.,, Banks J. L., Lepper P. D., Kontopantelis E., van Driel M. L. Topical antibiotics
for preventing surgical site infection in wounds healing by primary intention // Cochrane Database
of Systematic Reviews. 2016. Nel1. https://doi.org/10.1002/14651858.CD011426.pub2

2. Labib A. M., Winters R. Complex Wound Management // StatPearls [Internet]. StatPearls
Publishing, 2022.

3. TabGangsieB A. T. CoBpeMEHHBIE METOABI JICUCHUsI THOMHBIX paH M UX 3PPEKTUBHOCTH //
bronnerenp Hayku u npaktukd. 2022. T. 8. Nel2. C. 311-319. https://doi.org/10.33619/2414-
2948/85/36

4. TabangsieB A. T. DddexruBHocts mpenapara [IpoHTOCaH B KOMIUIEKCHOM JICYEHUU
THOWHBIX paH // bromnerens Hayku u  mpaktuku. 2023, T. 9. Ned. C. 211-217.
https://doi.org/10.33619/2414-2948/88/23

5. Horrocks A. Prontosan wound irrigation and gel: management of chronic wounds // British
journal of nursing. 2006. V. 15. Ne22. P. 1222-1228.

6. Kanpd-Kamug . S. O nedkonuTapHOM HMHIIEKCE MHTOKCHUKAIIMM M €r0 MPaKTHYECKOM
3Hauenuu // BpaueOnoe nemno. 1941. T. 1. C. 31-3.

7. Ionosa JI. H. Kak n3MeHSIOTCS rpaHUIlbl 00pa3yroIerocs SnuaepMuca npu 3aKUBICHUN
paH: ABToped. auc. ... KaHa. Mea. HayK. Boponex, 1942. 14 c.

8. Ilokposckas M. II., Makapo M. C. lluTtonorus paHeBOro 3Kccyjaara Kak IOKa3aTellb
Ipolrecca 3aKuBiieHns panbl. M.: Menrus, 1942. 43 c.

References:

1. Heal, C. F., Banks, J. L., Lepper, P. D., Kontopantelis, E., & van Driel, M. L. (2016).
Topical antibiotics for preventing surgical site infection in wounds healing by primary intention.
Cochrane Database of Systematic Reviews, (11). https://doi.org/10.1002/14651858.CD011426.pub?2

2. Labib, A. M., & Winters, R. (2022). Complex Wound Management. In StatPearls

—G)
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 226



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

[Internet]. StatPearls Publishing.

3. Tabaldyev, A. (2022). Modern Methods for the Treatment of Purulent Wounds and Their
Efficiency.  Bulletin of Science and  Practice, 5(12), 311-319. (in  Russian).
https://doi.org/10.33619/2414-2948/85/36

4. Tabaldyev, A. (2023). Efficiency of Prontosan in Complex Treatment of Purulent Wounds.
Bulletin of Science and Practice, 9(3), 211-217. (in Russian). https://doi.org/10.33619/2414-
2948/88/23

5. Horrocks, A. (2006). Prontosan wound irrigation and gel: management of chronic wounds.
British journal of nursing, 15(22), 1222-1228. https://doi.org/10.12968/bjon.2006.15.22.22559

6. Kal't-Kalif, Ja. Ja. (1941). O lejkocitarnom indekse intoksikacii i ego prakticheskom
znachenii. Vrachebnoe delo, 1, 31-3. (in Russian).

7. Popova, L. N. (1942). Kak izmenjajutsja granicy obrazujushhegosja jepidermisa pri
zazhivlenii ran: Avtoref. dis. ... kand. med. nauk. Voronezh. (in Russian).

8. Pokrovskaja, M. P., & Makarov, M. S. (1942). Citologija ranevogo jekssudata kak
pokazatel' processa zazhivlenija rany. Moscow. (in Russian).

Paboma nocmynuna Ipunsima k nyoruxayuu
6 peoaxyuro 07.11.2023 2. 21.11.2023 2.

Cceblnka 018 yumupo8anusi:
TabangsieB A. T., blnsipsicoB U. T., Tomuybaesa 3. T. OcobennocTu npenapara [Iportocan B
KOMITJIEKCHOM JICYeHUH THOWHBIX paH // bromnerenp Hayku u npaktuku. 2023. T. 9. Nel2. C. 222-

227. https://doi.org/10.33619/2414-2948/97/28

Cite as (APA):

Tabaldyev, A., Idyrisov, 1., & Topchubaeva, E. (2023). Features of Prontosan in the Complex
Treatment of Purulent Wounds. Bulletin of Science and Practice, 9(12), 222-227. (in Russian).
https://doi.org/10.33619/2414-2948/97/28

—G)
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 227



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne12. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/97

VYIK 617.753.2 https://doi.org/10.33619/2414-2948/97/29

OIIEHKA TMTOKA3ATEJIEA OITUYECKON CUCTEMbBI U TUIPOAUHAMUKHU TJIA3
C MUONIUEM NP JJEYEHUHU OPTOKEPATOJIOT' MYECKUMHU JIMH3AMUA

©Y¥cenko B. A., ORCID: 0000-0001-7533-7773, kano. meo. HAYK,
Kuipevizckutl cocyoapcmeennviii MeOUYyUHCKUN UHCIMumym nepenoo2omosKu U NOGbLULEHUS
keanupuxayuu um. C.b. lanuaposa, e. Buwxex, Kvipevizcman
©A6camaposa H. A., ORCID: 0000-0002-3766-7517, Kvipewizckuii 2ocyoapcmeeHtblil
MEOUYUHCKUTL UHCIUMYM nepeno02omosku u nosviutenus keanuguxayuu um. C.B. [Januaposa,
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EVALUATION OF INDICATORS OF THE OPTICAL SYSTEM
AND HYDRODYNAMICS OF EYES WITH MYOPIA
IN THE TREATMENT OF ORTHOKERATOLOGICAL LENSES

©Usenko V., ORCID: 0000-0001-7533-7773, M.D.,
Kyrgyz State Medical Institute of retraining and advanced training, Bishkek, Kyrgyzstan
©Absatarova N., ORCID: 0000-0002-3766-7517, Kyrgyz State Medical Institute of retraining
and advanced training, Bishkek, Kyrgyzstan, nurzid82@mail.ru

Annomayus. 1lenb: N3y4nTh OCOOCHHOCTH W3MEHEHUH IOKa3aTresiell ONTHYECKOM CHCTEMBbl U
TMJIPOJMHAMMKH TJIa3 ¢ MUOINHUEH IpU JIEYEHUH OPTOKEPATOJIOTMYeCKMMHU JuH3aMH. OOcien0BaHO
80 marmmenToB (160 m1a3), ¢ Gnu3opykocThio ciiaboii creneHr — 30 maruerToB (60 mia3) u cpenHeit
crenenn — 50 nanuentoB (100 mia3) 1o M mocie JeYeHUs OPTOKEPAaTOJIOTMYECKUMHU JIMH3AMU.
Buzomerpus, aBropedpakromerpus, odTaibMoMeTpus, Ouomerpus,  Keparoromorpadus,
onpeneneHue nokazareneid akkomonanuu (AOA, 30A) u ruapoarHaMHUKa 11a3. BeISBICHO mocie
IPUMEHEHHS OPTOKEPATOIOTNYECKUX JIMH3 B HOUHOM PEXHME JOCTOBEPHOE MOHMKEHUE UCTUHHOTO
B.T. 1. (Po) m yBenuuenue ko3dduumenta nerkoctu orroka (C) ¢ akTuBanued Mokaszaresneu
akkomonauun — AOA u 30A, cnocoOCTBYIOIINE CHUKEHUIO CTEIIEHU MHUOMNHMM U TMOBBILIECHUIO
HEKOPPETUpOBaHHON OCTPOTHI 3peHus. OaHuM u3 (PakTOpoB PPEKTUBHOCTH JICUYCHUS MHUOIUHU
OPTOKEpaTOJIOTHUYECKUMHU JIMH3aMH  SIBISIOTCS TOKa3aTelnd TUIPOJUHAMUKM IVa3 U YCHIIEHUE
¢GyHKIMM akkoMofanoHHoro annapara — nosbienne AOA u 30A.

Abstract. Purpose. To study the features of changes in the parameters of the optical system
and hydrodynamics of eyes with myopia during treatment with orthokeratological lenses.
80 patients (160 eyes) with mild myopia were examined — 30 patients (60 eyes) and 50 patients
(100 eyes) with moderate myopia before and after treatment with orthokeratological lenses.
Research methods. Visometry, autorefractometry, ophthalmometry, biometry, keratotopography,
determination of accommodation indicators (AOA, ZOA) and hydrodynamics of the eyes. Results:
It was revealed after the use of orthokeratological lenses in the night mode, a significant decrease in
the true vg d (Po) and an increase in the coefficient of ease of outflow (C) with the activation of
accommodation indicators — AOA and ZOA, contributing to a decrease in the degree of myopia
and an increase in uncorrected visual acuity. Conclusion: One of the factors of the effectiveness of
the treatment of myopia with orthokeratological lenses are the indicators of the hydrodynamics of

the eyes and the strengthening of the functions of the accommodation apparatus — an increase in
AOA and ZOA.
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Knrouesvle cnoséa: Muonvs, akkOMOJIAIIUs, IOKA3aTeIH THAPOIHHAMUKY 1a3, OK-uH3bI.
Keywords: myopia, accommodation, indicators of eye hydrodynamics, OCULAR lenses.

[Ipodunaktuka u jgeyeHre NPOrpecCUpyronieil MUOMUN B TEUEHUHM MOCIECAHUX JECATUICTUI
OTHOCSITCSI K  TPUOPUTETHHIM  HANpaBICHUSIM  HAy4YHBIX  HCCIENOBAaHMM B  JETCKOM
odrarbMonaTronorui. IT0 00YCIOBICHO POCTOM OMH30PYKOCTH Y JIETEH U MOAPOCTKOB IIKOJIHHOTO
Bo3pacra. Tak, nmo uroram Bcepoccuiickoil nucnancepusanuy 3a001€BaeMOCTh JAeTell MUONHen 3a
nocnennue 10 net Beipocia B 10 pas [1].

[To maHHBIM nuTEpaTypbl pocT Gnu3zopykoctu 3a 5 net coctaBui ¢ 40,8% no 46,2% [2], 3a
nociaennue 20 et ysenuuuics B 1,3 pasza [3, 4].

B coorBercTBUM € uYeM, KpailHE akKTyajeH IOMCK HOBBIX METOIOB KOPPEKLHMH MHOIIUH,
TOPMO3SIIMX €€ MporpeccupoBanue. B Hacrosiee BpeMs Bce Oouiblliee pacpOCTPaHEHUE MMEET
OpTOKEparoJyiorus, o0ecreunBaroas MPEeuMYIIECTBO B KOHTAaKTHOW KOPPEKIHH OIM30pPYKOCTH,
IIyTeM U3MEHEHUs (POpPMbI POTOBMIIBI U N1O/IaBICHUS IPEPETHHAIBHOIO Aedokyca [5].

OnHako, O HACTOSIIET0 BPEMEHM MEXAaHHU3M TOPMOXEHMS MPOTPECCUM ONU30PYKOCTH HE
SICeH, TPOBEJICHHbIE HEMHOTOUHCIICHHBIE UCCIICI0BAHUS PA3HOPEUUBHI [6, 7].

He3nauntenpHble YMEHBIICHHS TOJIIIMHBI dnuTenus poroBuilsl Ha 0,01 MM B LIEeHTpasIbHOM
30HE MpU NPUMEHEHUU OPTOKEPATOJIOTMYECKUX JMH3 Y MAUEHTOB C MaJOMl M CpelHel CTerneHu
MHOITUU MOTYT OBITh TOJBKO OIHUM U3 (HaKTOPOB, TOPMO3SIIIUX HMPOTPECCUPOBAHUE OIM30PYKOCTH
[8].

B cooTBeTcTBHM C YeM, aKTyallbHbI MPOBEACHUE NATbHEUIINX HCCIEAOBAHUMN Ui H3YUYCHUS
[IaTOr€HETUYECKUX MEXAHU3MOB IPH NPUMEHEHUH OPTOKEPATOJIOIMYEKHUX JIMH3, MPUBOIAIIUX K
TOPMOXEHHIO Hporpeccupyromieii muonuu. I[lo naHHBIM JUTEpaTypbl H3BECTHO, YTO YPOBEHD
BHYTPUITIA3HOTO JaBieHUS (B. I. [I.) OKa3bIBaeT BIMSIHHE Ha HANpPSKEHHE KOPHEO-CKIEPalbHOM
00O0JIOYKM TJAa3HOrO sI0JOKa M MOXET CIOCOOCTBOBaTh PACTSKEHUIO TJa3a U MPOTPECCHI0
om3opykoctH [8].

Hapsiny ¢ oTum, Takue CcBOHCTBAa pOTOBUIBI KaK pPUTHIHOCTb, TOJIIMHA, KPUBHU3HA,
BSI3KOAJIACTUYECKHUE CBOMCTBA, BIMAIOT HA MOKA3aTeNId THAPOAMHAMUKY 1a3a [9-12].

3HAUUTENbHYIO pOJIb B DPAa3BUTUHM U NPOTrpeccuu OIM30PYKOCTH HMEIOT paccTpoiicTBa
akkomopanuu [ 13, 14].

[lo nanHpiM JuTepaTypbl [15-19] BbISIBIEHO 3HAUMTENbHOE TIOBBIIIEHHWE IOKa3aTenei
akkomonanuu (AOA, 30A), y mamMeHToB ¢ Maloil U CpeaHeil cTeneHW Ha (oHE MPUMEHEHHS
OpTOKeparojorndeckux JuH3. IIpencraBisier MHTEpEC B3aUMOCBS3b YPOBHS B.LLJ. M COCTOSIHUE
aKKOMOJIallUM B TATOr€He3€ MpPOrpeccUpOoBaHUsl MHUOINWU. BbIsBIeHHas caboCTh aKKOMOAALMM U
MOBBILIEHNE UCTUHHOTO BHyTpUrIazHoro nasieHus (Po) ot 18,0 MM.pT.CT. U BbIlIE€ CITOCOOCTBYIOT
pocTy GIM30pYKOCTH M YBEJIMYEHUIO NiepeiHe-3aaHel ocu miaza (I130) [20].

B mpennaraemoil TEOpUM — KOHBEPIEHTHO- aKKOMOJALMOHO T'MIPOAMHAMUYECKOW, OTpakKeH
CHUMIITOM IOHMXEHUSI OTTOKA BOIASHUCTOM Biary [21] nmpu nporpeccupyromeil MUOIIHH.

W3MeHeHus TOHyca HUIMAPHOM MBIMIIBI MPUBOAUT K KOJEOAHUSM YpPOBHS BHYTPHUINIa3HOTO
JIaBJICHUS, BCJEICTBUE HApYLIEHUs] TpPaOEKYyISIpHOTO U YBEOCKJIEpaJbHOIO IMyTel OTTOKa.
HHTeHCHBHOE 3pUTENbHOE HAMpsKEHUE BOIM3HM 0€3 OYKOB MM BJAJIb 0€3 OYKOB C THIIOKOPPEKIIEH
OMM30PYKOCTH MPHUBOAAT K YXYAUICHHUIO YBEOCKJIEPAJIBHOIO MYTH OTTOKA U MPOTPECCHPOBAHHIO
muonuu BeieAcTBue Onokansl YCIIO u HapymieHue nmuTaHUS 3aJHEH 4acTH CKJIEpPbI, MPU STOM
YMEHBIIIAETCS CEKPEIs BHYTPUITIA3HON KHUAKOCTH [22].

ITo mepe yBenmuuenus 130 mia3a npu mporpecCHpOBaHUN MUOIMM BBISABIISETCS NOHMKEHUE
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HMCTUHHOTO BHYTPHUIIIa3HOTO naBieHus 10 14.0 M. pt. ct. ipu I130 Gonee 25 mm [23].

Hapymenust cexkpenyinn (QyHKIIMHA IIWJIMAPHOTO Tela, OOYCIOBICHHBIE HEIOCTATOYHOCTHIO
KPOBOCHAOKEHUSI, COMPOBOXKAAOTCA TPOPHUSCKIMH MU3MEHEHUSIMH CO CTOPOHBI ONTHYECKHUX CPET
r1a3a, JPEHAKHOH CHUCTEMbI, CHIKEHHEM OTTOKA BHYTPHUIIA3HOW JKUAKOCTH KaK dYepe3 yroi
nepeaneit kamepsl (YIIK), Tak u yBeockiepainsHoro mytu ortoka (YCIIO) [24].

B cooTBeTcTBMM € OTHM, TIPEACTABISACT HMHTEPEC XapakTep HM3MEHEHHs IoKa3aresien
THIPOJMHAMHUKY W aKKOMAJIaTHBHOTO armapara y MalUeHTOB C MaJloi M CpPeJHEH CTeleHu,
MIPUHUMABIIINE OPTOKEPATOTEPANUI0O B HOUHOM pexume. Llenb: nu3yduth 0COOCHHOCTh M3MEHEHUU
MoKa3areyel ONTUYeCKOW CUCTEMBI M TUAPOJMHAMUKY I71a3a Y MAIlMEHTOB C MUOIIUEH TPU JICYCHUU
OPTOKEPATOJIOTUIECKHMU JINH3aMHU.

Mamepuan u memoowvl ucciedosanus

O6cnenoBanuto nmomexano 80 mamueHToB (160 m1a3), 30 manmuentoB (60 ma3) ¢ MHONUEH
cnaboit crenenn u 50 marmuenToB (100 1ma3) — cpenneii creneHu. CpeaHU BO3pacT COCTABIISACT
12,0+£0,38 ner (ot 9 mo 16 ner), neBouek — 45 4YenOBEK, MATBUUKOB — 35 uyenmoBek. Muomnus
CJ1a0oii CTENEHH COCTaBisuIa B cpenHeM (-) 2,2+0,25D, cpenneit crenenu (-)4,7+0,22D.

Hanuune acturmarusma npu OIuM30pyKocTH cinaoii creneHu BoisiBieHa B 40% ciydaeB Ha 24
ma3ax (18 marmentoB) — (-) 0,7540,22D; cpenneii crenenu B 60% Ha 60 rm1a3ax (25 nanueHToB) (-
) 0,92+0,54D.

Konrtponphyto rpynmy coctaBuiu 20 nanueHtoB (40 mia3) ¢ MuONMEN KOpperupoBaHHBIX
o4uKoBbIMH JTuH3aMHu U 20 desnoBek (40 m1a3) — 3740pOBbIE IETH MOAPOCTKOBOTO BO3PACTa.

Bcem manmeHTaM MpOBOIMIIOCH CTaHAapTHOE O(TaabMOJIOTHYecKoe oOcienoBaHue:
Buzometpus, aBropedpakromerpus (Grand Seiko YR-2100), opransmomerpus (Topcon KR-7300),
ouometpus (Zeiss iol master 500), keparoronorpadusi (Kopreotonorpadudeckas cucrema SW-
600), ckumackonus IUKIOIUIETHYECKas, Oumommkpockornms (meneBas Jjamma  [-0240),
odranpMockonust  OuHOKymsipHas Schepens, mnmH3a VOLK-90D, wuccrnegoBanue oObema
abcomotHol akkomonanuu (AOA) Ha ammapare AKA-0,1, 3amaca OTHOCHTENBHONW aKKOMOJIAIIAN
(30A) mno wmerony AserucoBa—lllamoBamoBa (uepe3 1-3-6-12 wmecsneB). OmnpeneneHue
TUApOAMHAMHUKU Ta3a 1mo HecrepoBy. MccnemoBaHus MpPOBOAMIMCH 10 U TOCHE MPUMEHEHUs
OpPTOKEPATOIOTUYECKUX JTUH3.

Bcem manuentam Obuti momgoOpaHbl OPTOKEPATOJIOTHYECKHE JIMH3BI OOpAaTHON TE€OMETPHUH
“Moonlens” ¢upmel “Sky Optix”. Bo Bpems nmoadopa opTOKEpaTOJOTHUYECKUX JUH3 U B TEUECHHE
BCETO Meproia HaOIIOIEHUs! OCIIOKHEHUI HE BBISBICHO.

CratucTUueckuii aHaau3 Pe3yJIbTaTOB MCCIEIOBAHUS MPOBOAMIICS COTIIACHO OOIIECPUHSITHIM
METOJIMKaM C TTOMOIIBI0 TTporpaMMHBIX cpeacTB Microsoft Office 2010 aist onepalinoOHHBIX CHCTEM
Windows XP u mporpammer Statistica. JlaHHBIE TpeaCTaBIeHbI CpelHEeW apu(pMETHUECKON U ee
CTaH/IapTHBIM OTKJIOHEHUAM (M=£m).

3a 1oCTOBEpHBIN MOKa3aTeab MpUHUMAaach pazuuna senuyud P <0,05

Pesynomamot u obcyscoenue
Kak BugHOo u3 mpencrtaBieHHo Tabmuibl 1 y manueHTOB co ciaaboW CTENMEHbIO MHOIHUH
CpPEeIHUI YpOBEHb HEKOPPETUPOBAHHOW OCTPOTHI 3peHus a0 Jjedenus: coctasiser 0,3+0,01, npu
CpelHel creneHu — B JBa pa3a Huke -0,15%0,14, nmocne nposenenHoro neuenus OK-nuHzamu y
BCEX MAIMEHTOB Yyke depe3 1-3 Mecsia MakcuMaiabHas BEIMYHWHA OCTPOTHI 3PEHUS MOBBICHIIACH
cootrBeTcTBeHHO 10 1,0+0,02 m 0,9+0,028, koTOpas coxpaHsiach Ha BECh MEPUOJI MOCIECIYIOMIETO
HabOmonenus (uepes 6-12 mecsuen) (P<0,001). KopperupoBanHasi ocTpoTa 3peHUs! O JIUECHUS B
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CpelHeM cocTaBisiiia B o0eux rpynmnax mamueHToB -0,7+0,16 u 0,8+0,014 mo neuenus u 1,0+0,02
nocie nederus (P<0,05) (Tabmuma 1).

. Tabauma 1
TIOKA3ATEJIM OIITUYECKOU CUCTEMBI I'JTA3ZA
I[P MUOITMH 1O U ITOCJIE JTEYHEHUS OPTOKEPATOJIOI MYECKMMU JIMH3AMU

Konnuectso ria3 HKO3 KOC ABTOpedpakTOMETpHS AcTHrMaTH3M 130
(GombHbix ¢ Jo Mocae Jlo Mocaie To Mocaie Iocaie ocae
Muonueit) Jo neyenus o neyenust
JeYeHHusl | JieueHHsl | JedeHHsl |JeueHHsi | JedeHHS | JieueHHs! JIeueHHst JleveHHst

Muonus ciiadoi
crenenn 60 ras | 030,01 | 1,0+0,02 | 0,7+0,16 | 1,0+0,02|(-)1,5£0,25 (-)0,46+0,15 | (-)0,75+0,22 |(-)0,64+0,22| 24,76+0,28 |25,34+0,14
(30 mauenToB) A A A A 40%
Muonus cpenneit
crenern 100 ra3 (,15+0,14(0,9+0,028|0,8+0,014|1,0£0,02 | (-)4,7£0,22 | (-)1,0£0,2 |(-)0,920,54 |(-)0,84+0,23| 25,16+0,14 | 25,4+0,14
(50 manueHTOB) A A AA 60%
KT 40 raa3
(20 naumenton) | 1,0£0,02 23,8£0,13

CpenHsst BeIMYMHA MUOIIMU y TIAIIMEHTOB C MAJIOK CTENeHbIo0 KoHcTatupoBaHa (-) 1,5D+0,22
0 JedeHus, npu cpenHed creneHu —(-) 4,7D+0,22 — mnpoTuB mokazaTelieid Mocie JCUCHUsS
cooTtBeTcTBeHHO — (-) 0,46 D+0,15 u (-) 1,0 D+0,2 (P<0,01) (Pucynox 1).

-1,00
MUOIINSL CPEJL CTEIEHN |
-4.70

-0,46
MUOIINA CIIa00N ¢TenEeHN
-1,50

-5,00 -4,50 -4,00 -3,50 -3,00 -2,50 -2,00 -1,50 -1,00 -0,50 0,00
B ocne jgeueHusd M 10 IeUEHUS

PI/IcyHOK 1. Crenenr MuONMHU A0 1 ITOCJIC JICUCHHUA OPTOKEPATOJIOTMYCCKUMMU JIMH3aMU

[IpencraBisier UHTEpEC COXPAHHOCTh CTaTHYECKOTO acTUTMaTH3Ma B 00euX Tpymmax mocie
neuenus 1o (-) 0,64D+0,28 B 40% u (-) 0,84D+0,23 B 60% y Habm0gaeMbIX NMALUEHTOB, IPOTUB (-)
0,75D+0,22 u (-) 0,92 +0,54 no neveHwus.

JlocToBEpHOE CHIDKEHUE CTETEeHW MUOIUHU, TOBBIINICHHE OCTPOTHI 3PEHHS] U COXPAHHOCTh
acTUTrMaTh3Ma COMPOBOXKAAIOTCS OTCYTCTBHEM JIOCTOBEPHOTO YBEITUYEHUS TMEpeaHEe3aTHell ocu
(IT30) a3 B HabmromaemsbIx rpynmnax. Tak, [130 g0 jgeueHnst COOTBETCTBEHHO COCTaBIsIET 24,76 MM
+0,28 u 25,16 mm £0,14, npotus 25,34mm+0,14 u 25,4mMmM=0,14 nocre nedenus (Tabnuma 1).

O4eBHIHO BEPOSTHBIM OHUM U3 (aKTOPOB, CIIOCOOCTBYIOIIUX MOBBIIIICHHIO OCTPOTHI 3pEHUS
SBIIIETCS JOCTOBEPHOE YyBelIHueHHe oObema abcomoTHOM akkomomammu (AOA) u 3amaca
otHocutenbHON akkomomaruu (30A) (PucyHok 2) y TanueHTOB claboll W CpemHel CTeneH!
Muonuu nocie jgedenus 1o 7,6 D+0,23 u §,5D+ 0,01 npotus 5,2D+0,07 u 5,8D+0,14 no neyeHus
(P<0,05) (Tabnuua 2).
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Tabmuma 2
HOKA3ATEJUII/I AKKOMOJALIM 1 TUAPOAVMHAMUKUA V ITALIMEHTOB
C MUOIINEU ITPU JTEYEHUMU OPTOKEPATOJIOI' MUECKMMU JIMH3AMU

Crenenn AOA ARKOMO/AI 30A Po mm.pT.mMT. C MM3/MHH.MM.pT. F mm3/mun.
MHOIUH Ho Mocae o Mocne |[o Mocne |[o Mocae Ho Mocae
JiedeHHsl | JieYeHWsl | JieYeHWs |JledeHHd |JIeHeHHsl |IeveHHsl |edeHHus |IeueHusl |IedeHHs |TeueHns
Muonus ciaboii
crenenn 60 rnaz| 5.2+0,07 | 7,6+0,23 | 3,3£0,36 |5,240,14| 15,0£0,33 | 14,1+0,32(0,18+0,02| 0,22+0,03 | 1,0£0,17 | 0,8+0,22
(30 nanuenToOB) A AA A A
Muonus
cpenHei
cTeneHu 5,8+0,14 8,95£0,01 2,85+0,23 3,00,2 15,6+0,45 14,0+0,34 0,15+0,14 0,24£0,04 0,6+0,14 1 0,8+0,22
AA AA A A
100 raa3 (50
MALHEHTOB)
KT 40 raa3 110
(20 nauuenToB) ' 4,5D+0,02 15,240,32 0,22+0,04 2,2540,22
D+0,03

Hapsimy ¢ aTuM, BBIsABIEHO yBenudeHwe B 1,5 pasza 3amaca OTHOCHTEIHLHOW aKKOMOIAIIUU
(30A) (PucyHnok 2) B 00enx Tpyrmiax, Tak J0 JedeHusi kKoHctatupoBano 3,3D+0,36 u 2,85D+0,23,
npotus 5,2D+0,14 u 5,0D+0,2 nocne neyenus (P<0,01), (Tabmuna 2).

11,00

0,00 2,00 4,00 6,00 8,00 10,00 12,00

B ocie neuenns M 1o aeyeHus
Pucynoxk 2. U3meHeHus nokasaresnei akkoOMOJaluy MPH JIEYEHUH OPTOKEPATOIOrMUECKUMU JINH3aMHU

Takum 006pa3oM, OAHMM K3 MEXaHU3MOB, CIIOCOOCTBYIOIIUX 3(PPEKTUBHOCTHU MPOBOAUMOIO
nedennst OK-nuH3aMM TaniueHTaMm ¢ OMM30PYKOCTHIO CJIa00OW M CpEeHEW CTENEeHH SBIISETCS
JIOCTOBEpHOE yayuieHue mnokaszareneid akkomomaumn — AOA u 30A. OgHuM U3 BeOyLIUX
(bakTopoB B (PyHKIHOHHUPOBAHUHM ONTHYECKON CHCTEMBI INIa3a UMEET COCTOSIHHE THAPOJUHAMHKHU
I71a3a ¢ COXPaHHOCTBIO ayTOPETY/ISIIUU ee TToKazarenei [25].

[IpoBeneHHbIE UCCIIEAOBAaHUS Y MALMEHTOB €1a00i U cpelHel CTENEeHN MUOMUU 0 JEUCHUS
OK-nuH3aMu BBISIBWIIM JIOCTOBEPHOE CHIDKEHHE CpPEIHEro ypoBHS HcTUHHOro B.nA. (Po) c -
15,0£0,33 mm. pt. ct. u 15,6£0,45 mm pt. cT. npotuB 14,1+0,32 mm prt. ct., 14,0£0,34 MM pT. €T U
KT (P<0,05) (Tabauma 2).

VY mamumeHToB co cimaboi cremeHpio Onu3opykocTd 0 JedeHus OK-nmmH3aMu BBISIBICHBI
Konebanus B. T. 1. 10 17,7 MM pT. cT. Ha 19 mazax (17 mauuentoB) — 33,3%, npu cpenHeil CTeneHu
1o 19,8 mm pr. ct. Ha 27 mazax (25 manueHtoB) — B 27,3%, mocie JiedeHus B 00eux rpymmnax
MoJbeMa YpPOBHSI MCTMHHOTO BHYTPUIVIA3HOTO JAaBlieHUS He HaOmomanochk. Hapsimy c¢ atum, y
MalUEeHTOB €O claboi U cpenHed CTeNeHbl0 OIU30pYKOCTH KOHCTAaTUPOBAHO IOBBIIIEHUE
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k05(puIKEeHTa JTEerKOCTH OTTOKa BHYyTpuriasHoil xuakoctd (C) mo 0,22+0,03 MM3/MUH MM pT. U
0,24+0,04 mm3/Mun MM pr. mocne nedenus OK-nuuzamu, npotus 0,18+0,02 MM3/MuH MM PT. 1
0,15+0,014 Mm3/Mun MM pT. 10 nedenus (P<0,05) (Pucynok 3).

0,3

0,24
0,25 0,22

0,2 0,18
0,15 0,
0,1
0,05
0
Ao neyeHuns Mocne neyenHun

Pucynoxk 3. Ilokazarenmu xoaddummenta nerkoctu (C) 10 © TOCHe JI€YEHUS MHOIUH
OPTOKEPATOIOTHYECKUMHU JIMH3aMU

Takum o0Opa3oM, IPOBEACHHBIE WCCIICAOBAHUS THAPOJUHAMHUKHU IJIa3 ¢ MUOMHEH ciaboil u
cpenneii crenenu npu jedeHun OK-nuH3amu BbIIBUWIM Ha (DOHE TOBBIIICHUS] HEKOPPETUPOBAHHOM
OCTPOTHI 3PEHUS U CHIDKEHHUS CTENEHU ONM30PYKOCTH JOCTOBEPHOE TOHUKEHUE HCTHHHOTO
BHyTpuriazHoro naeieHus (Po) u mosblienne kodpuIueHTa JErkoCTH OTTOKA BHYTPHUITIA3HON
xugkoctu (C), compoBOXKIaroeecss aKTUBAIMEH IMOKa3aTesied aKKOMOJAIMOHHOTO amnmapara —
abcommoTHOTO 0OBeMa akkoMonanuu (AOA) 1 3anaca oTHOCUTEIbHON akkoMonaruu (30A).

3axnouenue
YuuTeiBas pe3ynbTaThl MPOBEICHHBIX WCCIIEAOBAHUN, CIEAYET I0JIaraTh, 4TO OIHUMH M3

¢dakTopoB, criocoOcTByroIIee Y3PPeKTUBHOCTH JieueHuss Mmuornu OK-uH3aMu SBISIFOTCS:

- ylydlIeHHe TOKa3aresieil TMAPOJMHAMHMKH IJia3a- UCTUHHOTO BHYTPHUIVIA3HOTO aBJICHUS
(Po) u xoadpdunmenta nerkoctu orroka (C).

- aKTHUBalMs TOKaszaTesel akKoMoaaluuu — abcosoTHOro oovema axkomomamuu (AOA) u
3araca OTHOCUTeNIbHOM akkomonanuu (30A).

- B coorBercTBUM ¢ yeM, HEOOXOAMMO TMAIMEHTAM C MUOMHEW MPOBEICHHE HCCIIENOBAaHUS U
KOPPEKIMU THAPOINHAMUKH I71a3 U aKKOMOJIAIIUH.
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OIIBIT MIPUMEHEHWS BPEMEHHOM FAJIJIOHHOMN OKKJIIO3UM AOPTBI
AJIAA POJOPA3SPEIIEHUSA ITPU ITPEJVIEZKAHUM ITVIAHEHTbBI
C BPACTAHHUEM (PL. PERCRETA) (KIMHUYECKOE HABJIIO/IEHUE)

©Illocmax /1. I1., ORCID: 0000-0002-7312-1423, SPIN-xo00: 9484-5366,
banmuiickuii gpedepanvhwiii ynusepcumem um. M. Kanma, Pecuonanvuwiil nepunamanvuuiil yeHmp,
2. Kanununepao, Poccus, shinshilla x@mail.ru

EXPERIENCE OF USING TEMPORARY BALLOON OCCLUSION
OF THE AORTA FOR DELIVERY IN PLACENTA PREVIA WITH ACCRETA
(PL. PERCRETA) (CLINICAL OBSERVATION)

©Shostak D., ORCID: 0000-0002-7312-1423, SPIN-code: 9484-5366,
Immanuel Kant Baltic Federal University, Regional Perinatal Center,
Kaliningrad, Russia, shinshilla x@mail.ru

Annomayus. llpuBeneH KIMHUYECKUM cilydaid ¢ IOBTOPHOOEPEMEHHOW MOBTOPHOPOASILIEH
KCHIIMHBI C TPUMEHEHWEM BPEMEHHOH OaJJIOHHOW OKKIIIO3MH AOPTHI U PONOPA3PEIICHHS MPU
IpeUIe)KaHuu IUIALeHThl ¢ BpactaHueM. [logpoOHO omucaHa KIMHMYECKas KapTHHA U CHOco0
pozmopaspelieHus. B 3akitoueHun aBTOp JieslaeT BBIBOJ, YTO KOMaHjHas padoTa W NpUMEHEHHUe
COBPMEHHBIX MEIUIIMHCKUX TEXHOJOTUM, IMO3BOJIMIM CHU3UTh HMHTPAONEPALMOHHBIE DPUCKU U
COXPHAaUTh KaueCTBO JKU3HU MAlUEHTA.

Abstract. A clinical case is presented of a multiparous multiparous woman using temporary
balloon occlusion of the aorta for delivery of placenta previa with accreta. The clinical picture and
method of delivery are described in detail. Teamwork and the use of modern medical technologies
made it possible to reduce intraoperative risks and preserve the patient’s quality of life.

Knrouesvle cnosa: npeyexxanue mialeHTsl, BpacTaHUe TUTAlEHThI, KECapeBO CEUCHHUE.
Keywords: placenta previa, placenta accreta, cesarean section.

HcTnHHOE BpacTaHue IUIaleHThl Berpedaercs ¢ yactoToi 1:2500—1:7000 ponoB u BapbupyeT
ot 1:540 ponoB B Taunanze,1:1000 pogos B IOxuoit Adpuxe no 1:93 000 pomos B CIIIA [1, 2].
[Ipu 5TOM B mOCHIE€AHME TO/IbI PACTIPOCTPAHEHHOCTh JAHHOM MATOJIOTHH 3HAYUTEIBHO YBEIUYMIIACh
BBUJly pPOCTa OINEPATUBHOIO pa3pelleHusl MyTeM KecapeBa cedyeHus. OCHOBHBIMHM MPUYUHAMU
BpacTaHUs IUIALICHTHI SIBISIOTCS pyOell Ha MaTke Iocie KecapeBa CEYeHHMs U IpeulekKaHue
mianeHTbl. CaMbIM Cepbe3HBIM MOCIEICTBUEM BpPACTAaHUS IUIALIEHTHI SBJISETCS MOBBIILIEHHBIN PUCK
pa3BUTHS KPOBOTEUEHHS] NpHU €€ OTAelieHMu. B mocnenHue roipl craja MPUMEHSTCS TEXHUKa
BpEMEHHOU OaJUIOHHON OKKJIIO3UM aopThl NPU KECApeBOM CEUYECHUH, MO3BOJISIOMIAS CHU3UTH
MHTPAOTIEPALIMOHHYIO KpPOBOIIOTEPIO M, B HEKOTOPBIX CIIydasiX, COXPAHHUTb PENpPOAYKTHBHYIO
(YHKIHIO )KEHIIUHBI (TIPU BO3MOXKHOCTHU BBIMOJIHEHUS OpraHOCOXpaHSIIOUINX onepanuil) [3, 4].

Knunuueckuti cnyuaii

[ToBTOpHOOEpEMEHHAS TIOBTOpHOpOAIIas >keHiHa 3. (38 yer) ObLIa rocnmUTaTU3UpPOBAHA
28.12.2021 mo moBoay mNpeaiexkaHus IUIALICHTHI B CpoKe 25 Henelnb U | JeHb B OTIEIEHUE
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natomorun Oepemennoctu Nel PIII[ r. Kamuaunarpama. Ha wmomeHT ocmorpa xkaino0 He
npeabsBisuia. AHaMHE3 )XKU3HU — 0e3 ocoOeHHocTel. HacnencTBeHHbIN U ajuieproanaMaes — 0e3
ocobeHHocTell. BpeaHble NPHUBBIUKH — OTPUIAET. AKYHIEPCKO-TMHEKOJIOTMYECKUI aHaMHes3:
MeHcTpyauu ¢ 14 net, mo 4-5 nueit uepe3 30 guelr — perynspuble, 6e30one3nennbie. [lonosas
Xu3Hb ¢ 18 ner. ['mHekomornueckue 3aboneBaHust orpuiaet. bepemennocts — 3-s1, poasl — 3-H.
2006 . — pombl CpOuYHBIE ONepaTHBHbIC (TUIAHOBOE KecapeBO CEYeHHE BBUIY Ta30BOTO
npeiesxkanus miaoga); 2015 . — poasl cpouHble ONepaTUBHbIE (IKCTPEHHOE KECApEBO CEUECHUE
BBUJIy HECOCTOSITEIBHOCTH pyoOua Ha marke); 2021 r. — Hacrosmas 6epeMeHHOCTh. bepeMeHHOCTh
MpoxoauT Ha (oHe aHemMuu 2 cTeneHu (MeauKaMeHTO3Has Koppekius). B cpoke 26 Henenb (B
crainonape PIIL[) BemonHeHo: mpemnexanue toaneHThl. [Ipupamenue mranents? Y3U B 28
HeJeNb: Tpeyiekanue rmianeHTel. He uckimtoueHo Bpacranue tmianeHtol. Y3U B 30 Henmenb:
npeayiexxanue IutanieHTel. Henb3s uckimounTh Bpactanue 1mianeHtsl. MPT B 30 Hemenb
(3axirouenue): cocrosaue mocie 2-x KC. bepemenHocts 29 Henmenb, MONEpPEYHOE IMOJIOKCHHE
wioga. MP-kapTuHa UEHTpaNbHOTO TMpeanekaHus IaneHTsl. MP-kapTuHa He M03BOJSIET
MCKJIFOYUTDH MIPU3HAKK BPacTaHU IUIAICHTHI 1O TUITY pl. increta B oOmacTy nepeHei CTeHKN MaTKH,
a TaKXe LIEHTPaIbHO-JIaTEPAJIbHO CIIpaBa C IEPEX00M Ha 3aJIHIOI0 CTEHKY, U B 00JIacTH nepereiika
MaTKH, C MOJ03PUTENbHBIM YYaCTKOM B OTHOIIEHUHU HAJUYUS COCYIOB, JOCTHUTAIOIINX CEPO3HOTO
MMOKPOBa MOUYEBOTO MY3BIPs, a TakKe OOJIACTH MapaMeTpHs cipasa (OLEHUTHh Ha MPEICTaBICHHBIX
MPT ne mpencrasisieTcs Bo3MOXHBIM). MP-kaptuna uctonuenust pyouo Ha marke or KC. B
nanpHedeM ObUla mpoBefeHa TeineMmenuuuuckas koHncynptanusa ¢ OIYHUAulT um. B. U
KynakoBa: ObLIO MPUHATO pElIEHUE MPOBECTH POIOpA3pEIICHNE MyTeM KecapeBa CEUeHUs! B CPOKE
3637 nenens B ycnoBusix PIIL r. Kanununrpaga ¢ yuacTuem coCyaucTOro Xupypra.

Pemenue o paciupenun oobema onepanuu NpUHATh UHTpaonepuonHo. 17.03.2022 1. nocie
KaTeTePU3AMOHHON IIMCTOCKOIMA M JHJOBACKYISIPHON OaJIIOHHOW OKKIIFO3UsI OPIOIIHOW aopTHI
ObUTa Mpou3BeNeHa HIDKHECPEAUHHAs J1anapoTOMUs, KECapeBO CEUEHHE, dKCTUpHAIMs MaTKu 0e3
npunatkoB. B mpomecce omepamuu  npu  nomomu  anmapata CATS  mpoBomunach
aytroreMoHTpachysus (peundysus 472 w1  KpoBu). VHTpaomeparioHHO ¥W B paHHEM
MIOCJIEONIEPAllMOHHOM NIeproJie MPOoBoAMIach MmiuazMoTpaHcys3us. O01as KpoBooTepsi cocTaBuiia
2200 M. B ynoBIETBOPUTEIIBHOM COCTOSSHUM C aHEMHUEH JIETKOM CTENEHU POAMJIBHUIIA BBIHCAHA
Ha 7 CyTKH.

PebGeHok — B y/OBJIETBOPUTEIHLHOM COCTOSIHMM MOJ HAONIOAEHUEM B OTAEJICHHUH MaTOJIOTUU
HOBOPOXKJEHHBIX BBUY I'€CTAllMOHHOIO CPOKa (TpU POXKIACHUU — KMBasi HEJOHOIIEHHAs JI€BOYKa,
2700/49, 8/9 6annos mo mkane Amnrap).

3aKJIFOUUTENBHBIN TUAarHO3: PObl 3 OlepaTUBHbBIE IPEKIECBPEMEHHBIE IIPU CpOKe 36 HENenb U
4 nHs B sAromuyHOM mpejiexkaHuu. Ilpennexxkanue muaneHtel. Bpactanue mumanentsl (placenta
percreta) B BEpXHIOIO TPETh BIIarajiviia M rmapameTpuu ¢ AByx cropoH. OAT'A. 2 pyOua Ha marke.
[TnanoBas namapotomus. JloHHOe KecapeBO cedeHHe. OKCTUpMNalUs MaTku 0e3 MpUAaTKOB.
JpenupoBanue OpromHONH mosnocTH. Karerepuzamuss MoueTouyHMKOB. BpemeHnHas OasioHHas
OKKIIIO3Us1 a0pThl. AyToremorpaHcdy3us. [Inazmorpancysus.

Kak MbI BUauM, KomMmaHaHas paboTa U IPUMEHEHNE COBPMEHHBIX MEIUIIMHCKUX TE€XHOJIOTUH,
MIO3BOJISIIOT CHU3UTh UHTPAONIEPALIMOHHBIE PUCKH U COXPHAUTh KaUYECTBO KU3HU MAI[UEHTA.

Buipaoicaro  6nacooaprocme  konneeam uz I'BY KO «PIIL]y u omnedennus cepedeyHo-
cocyoucmoti xupyeuu KOKDB 3a nposedennyto onepayuio u npedocmasiennvlii Mamepuda.
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OCOBEHHOCTH UMMYHOJIOTHYECKOI'O CTATYCA Y JIETEX
C 9XMHOKOKKO30OM JIEI'KHUX
B IO)KHBIX PETTOHAX KBIPThI3CKOH PECITYBJINKH
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oonvruya, 2. Ow, Keipeviscman
©Maiimepoesa I. 111., SPIN-x00: 5574-4022, 0-p meo. nayk, bBuwikekckuil MexicOyHapOoOHbLlL
Meouyunckutl uncmumym, 2. buwxex, Keipevizcman
©Awmepanuee M. E., SPIN-ko0: 7775-6010, 0-p meo. nayx, Hayuonanvnwiii yenmp oxpauol
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FEATURES OF IMMUNOLOGICAL STATUS IN CHILDREN WITH PULMONARY
ECHINOCOCCOSIS IN THE SOUTHERN REGIONS OF THE KYRGYZ REPUBLIC

ORyskulbekov M., SPIN-code: 7221-4908, Osh Interregional Children s Clinical Hospital,
Osh, Kyrgyzstan
©Maimerova G., SPIN-code: 5574-4022, Dr. habil., Bishkek international medical institute,
Bishkek, Kyrgyzstan
©Asheraliev M., SPIN-code: 7775-6010, Dr. habil., National Center
for Maternal and Child Health, Bishkek, Kyrgyzstan

Annomayus. B crarbe mpeACTaBlieH aHalu3 pe3ynbratoB oOcienoBanus 105 gereit c
9XMHOKOKKO30M JIETKMX B Bo3pacte OoT 4 10 16 5er, moJy4yuMBIIMX CTAalMOHAPHOE JIEYEHUE B
TOpAaKaJIbHOM XHPYpruyeckoM otaeneHun Omckoi MexoONIacTHOW JETCKOW KIMHUYECKOM
OompHuIBL.  Llenplo  mccnenoBaHUMS  SBWIOCH HW3YyYeHHE MMMYHHOTO CTaTyca IalHueHTOB,
CTpaJalolIMX  OXWHOKOKKO30M  JIETKMX. MeronqoM — HccienoBaHusi  Oblla  KOMILJIEKCHAst
MMMYHOIPaMMa, ONPEIEAIONas COCTOSHHE T'yMOpPaJbHOIO HMMYHHUTETa. BbIABIEHO, 4TO Ha
WHBa3MI0 Tapa3uTa pearupyeT OpraHu3M pebeHKa B BHUAEC XPOHUYECKOW WHTOKCHUKAIIWU,
MpOosBJISIOLIasics B BUAE Ae(UIIUTa Macchl Tejla, OTCTaBaHUS B (PU3NYECKOM PAa3BUTHH, aJUHAMUH,
TUIIOXPOMHOM aHEMUH, JHCIpOTEeMHEMHMH W T. 1. Kpome Toro, y paere Ipu COYETAHHOM
SXMHOKOKKO3e, ypoBeHb obmiero IgE Gomee yem B 4 pasa Bblme, 4eM y OOJBHBIX C JPYTHMH
dbopMaMu  OXMHOKOKKO3a  JIETKMX, HO TPU  ITOM, HE  U3MEHSETCSs  KOIUYECTBO
ManonuddepenrpoBanHbix GopM T-KIETOK M UX MPEAIIeCTBEHHUKOB. OOBSCHAETCS 3TO TEM, UTO
B OpraHu3Me JeTei, CTpaJarollUX COYETaHHON QOpMONH HXMHOKOKKO3a, MMMYyHHas CHCTEMa
MOJIBEPraeTcsl KOJOCCAIbHBIM U3MEHEHHSIM U TpeOyeT 0co00ro BHUMAaHUS JIeHallero Bpada myTeM
yriIyOneHHOro oOcieoBaHusl B J10-, MOCJIEONEPAllMOHHOM MEepUoJax M HM3yYeHHe OTHaIeHHBIX
pE3yJIBTaTOB.

Abstract. The article presents an analysis of the results of a survey of 105 children with
pulmonary echinococcosis aged 4 to 16 years who received inpatient treatment in the thoracic
surgical department of the Osh Interregional Children's Clinical Hospital. The aim of the study was
to study the immune status of patients suffering from lung echinococcosis. The research method
was a complex immunogram, which determines the state of humoral immunity. It was revealed that
the organism of a child reacts to the invasion of the parasite in the form of chronic intoxication,
which manifests itself in the form of a lack of body weight, lag in physical development, adynamia,
hypochromic anemia, dysproteinemia, etc. In addition, in children with combined echinococcosis,
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the level of total IgE is more than 4 times higher than in patients with other forms of echinococcosis
of the lungs, but at the same time, without changing the number of poorly differentiated forms of T
cells and their precursors. This is explained by the fact that in the body of children suffering from
a combined form of echinococcosis, the immune system undergoes tremendous changes and
requires special attention by the attending physician through an in-depth examination in the pre- and
postoperative periods and the study of long-term results.

Knroueesvie cnosa: netn, IMMYHHBIN CTaTycC, SXMHOKOKKO3, JIETKHUE, UMMYHOIJIOOYJIHH.
Keywords: children, immune status, echinococcosis, lungs, immunoglobulin.

VY nereil B opranu3Me UMMYyHHasi CUCTEMa OCYLIECTBISICT BaXXHEHUIINE MMMYHOJOTHYECKUE
¢dbenomennl. PaccmarpuBas (puU3MOIOrHYECKUE MapamMeTpbl MMMYHHOM CHCTEMBI B KOHKPETHOM
MOMYJIALUN UM KaTerOpUU HACEJTICHMs], CIeAyeT YYUTHIBAaTh BOZMOKHBIE M3MEHEHHSI UMMYHHUTETA
MOJ BIMSIHHEM pPa3iNdHbIX (hakTopoB. Takoil MOIXOM K OIEHKE MMMYHHOTO CTaryca JETCKOTO
HaceJieHUs TMPOJMKTOBAH PE3KUM YXYAIICHHEM YCJIOBUH TPOKUBAHUS M  DKOJIOTHYECKOU
00CTaHOBKH, MPUBOJIALINM K CYIIECTBEHHBIM CABUTaM B PEAKIIMH KIMMYHHOI cuctemsl [1-3].

[IpoBeneHne WMMYHOJIOTHYECKOTO CKPUHHHTA TIO3BOJSIET COCTaBUTh 0Oojiee YEeTKOoe
MPEACTABICHHE 00 MMMYHHOM CTAaTyCE€ Ye€JOBEKa B Pa3JIMUHBIX YCIIOBUSIX, a TAaKXE BBISIBUTH B
CTPYKTYypE TMOMYJSLUUUA JIUI ¢ UMMYHOJOTMUYECKUMHU HAPYUICHUSIMU, CBS3aHHBIMH C BIIMSTHUEM
HeOJIaronpusATHBIX (GaKTOPOB BHEIIHEH cpenbl [4].

NMMyHHBIH cTaTyc 340pOBOTO pebeHKa CBS3aH HE TOJBKO C BO3JeHCTBHEM (HaKTOPOB
BHEIIIHEW Cpebl U CHOHTAHHBIMU KOJIEOATEIHbHBIMH MPOILIECCAMU B UMMYHHOM CHCTEME, HO M C
TCHETUYECKOM JETEPMUHUPOBAHHOCTHI0 MMMYHOKOMIIETEHTHBIX KJIETOK. OT COCTOSIHUS UMMYHHOM
CUCTEMBI BO MHOTOM 3aBHUCHUT HCXOJl OTBETa OpraHM3Ma Ha BHEApeHUe 0O0Je3HETBOPHBIX areHTOB,
BKJItOYasi OakTepuu, BUPYCHI, TPUOBI, TO €CTb MMMYHOOHOJOTHYecKas aKTUBHOCTh OpTraHH3Ma.
3HAUUTEIBHYI0 POJb B HM3MEHEHHUM COCTOSHHS HMMMYHHOM CHCTEMBl WIPAIOT COIHAIBHO-
SKOHOMUYECKHE YCJIOBHUSl MPOKMBAHUSI UYETIOBEKa, BpEIHbIE (akTophl cpeipl U OakTepuaibHas
Harpy3ka. MIMMyHonmoruueckue uccienoBaHus B MEAMATPUU UMEIOT 3HAY€HUE JUIsl AMArHOCTUKH,
a/ICKBaTHOM OLIEHKU TeUeHHUs 3a00JeBaHUI U KOHTPOIS Haj JeueHuem [5-11].

Mamepuanvl u memooul

OOwIeKIMHUYeCcKOe HCCIeIOBaHUE MPOBOJAMIOCH IO OOLIETPUHITOM METOJHMKe, KOTOpas
BKJIOYaJIa: OOIIMH aHaiu3 KpPOBM, OOIIMN aHajau3 MOYHM, KOMPOIMCTOTpamMMmy, OMOXMMHYECKOE
UCCJIEIOBAHUE KPOBHU (AJIEKTPOJIUTHL, OOmMi Oesnok, ¢GyHKuuM medeHd U T.4.). [lokazaremm
ryMOpaJbHOTO MMMYyHHUTeTa (ompenenenue obmiero u cnenududeckoro IgE, IgM, IgA, 1gG,).B
KOMIIJIEKCHOW MMMYHOTpaMM€, MCIOJIb3yeMOM Il OLEHKH MMMYHHOIO CTaryca JEeTel, Hapsxy ¢
cyononynsuusiMu  T-KJIETOK, M3y4aJUCh TakXke B-KIeTKH, OTBETCTBEHHbIE 3a T'yMOpaIbHBIN
UMMYHHTET. JlJIs yTOUHEHHsS 3HAYUMOCTH MMMYHHBIX U UMMYHODPETYISTOPHBIX HapyLIEHUH mnpu
OXMHOKOKKO3€ JIETKMX IIPOBEIEHO MCCIEN0BaHUE napaMeTpoB T-kierouHoi, B-knerounoii
aKTMBHOCTH. [l pemieHuss Lenu HCClIeJOBaHUS HaMU OBbLIO TPOBEACHO KOMILIEKCHOE
oOcienoBaHue OOJBHBIX MATH TPYII C HCHOJIB30BAHUEM COBPEMEHHBIX HMMYHOXHMHUYECKHUX
MeToI0B. bonpHbIe ObUIM pa3/ieleHbl B 3aBUCHMOCTH OT JIOKAJIM3alMU U CTAaJUU SXHMHOKOKKO3a
nerkux. 1 rpynmny cocrasuiu 28 (26,7%) nereit ¢ AMarHo3oM « 9XMHOKOKKO3 IIPaBOro JIETKOro». Bo
BTOpYI0 Tpymmy Bomu 17 (16,2%) manueHToB ¢ IUArHo3oM «IDXMHOKOKKO3 O0OMX JETKHUX». 3
rpynmy 60iabHbIX cocTaBuiu 22 (20,9%) 60AbHBIX C TMAarHO30M «DXHWHOKOKKO3 JIEBOTO JIETKOTO». 4.
«OXMHOKOKKO3 JIETKUX B COYETAHMM C SXMHOKOKKO30M APYTHUX OpPraHOB», PErHCTpUpoBaics B 25
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ciydasx (22,8%). 5 rpynmy Bouumm 13 (13,4%) nereit ¢ nuarHo3oM «OXHMHOKOKKO3 JIETKHX,
ocJIOKHEHHBIN». CratucTudeckas oOpaboTka oOpabateiBamuch 1o mporpamme EXCEL-2017
(MicrosoftCo, 2017, CIITIA) Statistica 6.

Pezynemamot u ux obcysxicoenue

Y nmerel ¢ 3XMHOKOKKO30M IIPaBOTO JIETKOTO BBHISBICHO IMOBBIIICHUE TOKa3aTelnei
otHocuTenbHoro (30,5%) u abcomotHoro (49,2%) uncna T-1MMPOLUUTOB, YTO CBUAETEILCTBYET O
HANpSHKEHHOCTH KJIETOYHOTO MMMYHHOTO OTBETa B ATOHM TIpymie ManueHToB. OTIHYUTEeTbHOU
4epTol (YHKIHH HWMMYHODIIOOYJIMHOB CIYXHT TO OOCTOSTENHCTBO, YTO WMEHHO DPa3IH4us
3¢ GeKTOpHBIX (YHKIMA OTIASNBHBIX KJIACCOB HMMMYHOTIIOOYJIMHOB OMPEACISIOT OCOOCHHOCTH
MEXaHU3MOB Pa3BHUTHS MMATOJIOTHYECKOTO MpPOIEcca MPU Pa3IMUHBIX 3a00JICBAHUAX, CBSI3aHHBIX C
MMMYHOJIOTHYeCKUMH KoH(pukTamu (Tabmuma 1).

Tabmuna 1
COJIEP’)KAHUE IgA B CBIBOPOTKE KPOBU Y ﬂETEI?'I C BXMHOKOKKO30M JIETKUX (r\n)

Bospacm  300pogvlie  OXumoxkokk03 ~ ODXUHOKOKKO3 — DXUHOKOKKO3 OXUHOKOKK03  OCHOMCHEHHbIN

demu npaeozo 000uXx ecKux 7186020 opyeux IXUHOKOKKO3
n=20 Mtm sreexoco Nn=30 M=Em J1eeKko2o opearosn=20
MEm n=27 M+m ME+mn=28 M=+m

4-6 ter  0,91+0,21 0,941+0,10 1,96*+0,09 1,28*+0,08 0,87*+0,07 0,84+0,12

7-10 n 1,36+0,42 1,40+0,09 2,614*+0,10 1,42+0,07 1,32+0,09 1,23+0,011+

11-13n  1,52+0,45 1,55+0,11 2,94*%+0,42 1,56+0,18 1,49+0,11 1,33+0,1

14-16 1 1,73+0,64 1,77+0,12 3,10*%+0,53 1,77+0,11 1,686+0,46 1,53+0,07

Ipumeyanue: * — docmogepHocmyv paznuduii NOKazamenel no CpagHeHur co 300poguimu demovmu, p<0,01

Anamusupyss  naHHble  Tabmuubel 1, MOXHO  HPEONONOXKUTb, 4YTO  IOBBILICHHE
MMMYHOITIOOYJIMHOB A y JeTel ¢ MOpakeHUEM IIPaBOro, 000MX U JIEBOTO JIETKOTO CBUJIETEIbCTBYET
O BBIPQXEHHOM MECTHOM 3aIMTHOIN peakluy Ha BoCHANIUTENbHBIA (aktop. [Ipum 3TOM BBISIBIEHO
4TO, MPHU MOPAKEHUH OOOMX JIETKUX IMOoKa3arenu [gA 3HaYMTENbHO BBIIIE, YEM NpPU HMOPaKEHUU
OAHOTO Jierkoro. HanmpoTus, 3Ha4MTENIbHOE CHUKEHNE UMMYHOITIOOYIMHA Kilacca ATNIpH MOPaXKEHUU
JPYTUX OPraHOB M OCIIOKHEHHBIX MOPAXEHUSAX JIETKOTO, CBUJIETENBCTBYET O JAeduuute (HakropoB
MMMYHOJIOTHYECKOM 3alIUThl CIU3UCTBIX 000JI0UeK Yy peOeHKa, BCBSI3U C HEIOCTaTOYHOCTHIO
MECTHOI'O HMMMYHHUTETa, OOYCIIOBIEHHONM TOKCHYECKHUM IOBPEXKAECHUEM, HapylIEHHEM CHHTE3a,
BbIpR)XKEHHBIM KaTaboln3MoM U ucTolieHueM IgA. V aereil npu nopaxkeHun odboux jerkux (5,1%),
[0 CpPaBHEHUIO C OOJBHBIMHM JI€TBMH C TMOpPaX€HHUEM TMpaBoro Jjerkoro (22,2%), BBISIBIECHO
JIOCTOBEpHOE TOBBIIIEHHE KOHIeHTpanuu I[gA B ceiBopoTke KpoBu B 1,4 paza (paznuuus
noctoBepHsbl, p<0,05). IIpu uccnenoBaHUN TyMOpPAIbHOIO 3B€HAa MMMYHUTETA, BBIABICHA OOpaTHas
3aKOHOMEPHOCTb: a0COJIFOTHOE KOJIWYECTBO B-IuMQonuToB ObUIO BBINIE y JA€TeH € MOpakeHHEM
oboux nerkux (37,1%) mno cpaBHeHuro ¢ (28,8%) OOIBHBIMH JETBMH C MOpPAXKEHUEM
IIPaBOTOJIETKOT0, XOTs pa3nuuus HegoctoBepHbl (p>0,05). [Ipu 3ToM QyHKIMOHATIBHAS aKTUBHOCTh
B-nmum¢ounTtoB Obuta CHIKEHA, Tak Kak cozxepxkanue Ig kimacca G 1 M B ChIBOPOTKE KPOBHU dallle
MOBBIIAJIOCH Y AETEH MPU MPABOCTOPOHHEM SXUHOKOKKO3€ JIETKHX.

Ananu3upys naHHble TaGmuiel 2, MOXKHO MPEATIONIOXKUTh, YTO yBelIndeHue ypoBHs IgM npu
MOpaXEHNU O00OMX JIETKHUX, a TAaK)Ke NMPH COYETAHHOM SXMHOKOKKO3€ CBSI3aHO C aKTHBalMed Ha
IIEPBOM DJTallé MMMYHHOIO OTBETa B COCYAUCTOM pycie. OHM WIpalOT BaXHYIO poOjib IpU
OakTepueMHM Ha paHHUX cTaausx uH@exkmmu [11]. MHOroBaJeHTHOCTh 3TUX AHTUTEN AETaeT MX
0COOEHHO aKTHMBHBIMH B PEAKIMAIX arIIOTHHAIIMK U Ju3uca [6-8].

—G)
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 242



T. 9. Nel2. 2023
https://doi.org/10.33619/2414-2948/97

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice
https://www.bulletennauki.ru

Tabmuma 2
COJIEP)KAHME IgM B CBIBOPOTKE V¥ JIETEI C 9XMHOKOKKO30M JIETKHX (r\n)
Bospac 300posvie OXUHOKOKKO3 OxXunokokko — OXUHOKOKKO3 — OXuHOKOKK03  OCnodicHeHH
m demu. npagozo 1e2ko2o 3 0boux 71€8020 1e2K020 opyaux bill
M+m n=20 M+Em aezkux M+m M=m 0p2anos IXUHOKOKKO3
n=30 n=27 n=28 M+mn=20

4-6 et 1,20+0,08 1,65+0,09* 1,29+0,11 1,28+0,08 1,36+0,08 1,11+0,07

7-10 n 1,33+0,10 1,92+0,06* 1,24+0,13 1,39+0,09 1,39+0,09 1,23+0,01

11-13 n 1,11+0,11 2,03+0,11* 0,86+0,12 1,39+0,08 1,14+0,11 0,98+0,22

14-16 1 1,10+0,12 1,92+0,18* 1,04+0,10 1,17+0,10 1,17+0,10 0,99+ 0,21

Ipumeuanue: * — docmoseprnocms pasiuyuii nokazameinell N0 CPABHEHUI0 co 300posbimu demomu, p<0,01

AHanmusupys JgaHHbie TaOnuipl 3, MOKHO MPEAINONI0KUTh, YTO yBeIu4YeHue ypoBHsa [gGrnpu
HXUHOKOKKO3€ IPABOro U JIEBOI'O JIETKOTO, a TAK)Ke MPUCOUYETAHHOM XHMHOKOKKO3€ OOJIbHBIX CBSI3aHO
C YCTaHOBJICHHEM KOHTPOJISl Ha/l BOCTIAIUTEIHHBIM MTPOLIECCOM.

Tabnuna 3
COJIEPXKAHUE IgG B ChIBOPOTKE V JETEM C 9XMHOKOKKO30M JIETKHX (r\n)
Bospac  300posvie OXUHOKOKKO3 ~ OXUHOKOKKO3 ~ OXUHOKOKKO3 ~ OXUHOKOKK03  (OCl0diCHeHH
m oemu npagoeo 1e2ko20  0OOUX Ie2KUX — 1e6020 1e2K020 opyeux bill
n=20 M*m n=30 M+m n=27 M+m n=28 M=+m 0peanos IXUHOKOKKO3
n=20 M+m

4-6 et 9,40+0,09 10,35+0,14* 9,52+0,09 9,73+0,17 9,83+0,99 8,8+0,90

7-10m  9,80+0,11 10,75+0,18* 10,03+0,40 10,09+0,93 10,30+0,48 10,0+0,9

11-13 1 9,9+0,12 10,85+0,09* 10,20+0,09 10,25+1,3 10,35+1,1 10,1+0,81

14-16 1 10,40+0,13 11,6+0,11* 10,60+0,18 10,66+1,10 10,75+1,10 10,5+1,02

Tpumeuanue: * — docmogeprocmov paziuduii ROKA3amenei no CPAGHEHUI0 co 300posuimu Oemovmu, p<0,01.

[ToBeienue oduero IgE nabmonanocs y 41,2% OONBHBIX B IPYIIIE UCCIEAYEMBIX OOJIBHBIX U
y 85,6% OONpHBIX JBYCTOPOHHEM TMOPAKEHUHU, HYTO CBHUJAETENHCTBYET O BO3PACTaHUH POJIU
AIJIEPTUYECKUX PEaKIUil Mpu BO3ACHCTBUU TPUITEPOB M TOBTOPHBIX SIMH30/I0B 3a00J€BaHUSA Y
nauHbIX nanueHToB (Tabnuma 4). Hanbonpmmii mokaszarens IgE oTmeuancs B Bo3pacTHOM rpyrine oT
7 no 16 net, HauMeHbIIUKA — OT 4 110 6 JIeT. YCTaHOBJICHA 3aBUCHMOCTh MU3MEHEHUI CONIEep KaHUS
obmiero IgE ot Tsbxkectn Teuenus 3aboneBanus (r=0,45). BrigBneHo, 4To y AeTeil mpu coueTaHHOM
HXUHOKOKKO3€, TOCHUTAIM3UPOBAHHBIX B OTAeNeHue TopakanbHoU xupypruun u OPUT, ypoBeHb
obmiero IgE Oonee uem B 4 pasa Bblllle, 4eM y OONBHBIX B APYTruX (hopMax 3XMHOKOKKO3a JIETKUX.

Tabmuma 4
COJIEP)KAHME IgE B CbIBOPOTKE V JIETEM C DXMHOKOKKO30M JIEI'KHX (r\i)
Bospacm 300posvie  OXUHOKOKKO03 OXUHOKOKKO3 OXUHOKOKKO3 — Oxunokokko3  OclodcHeHHbll
demu n=20 npagozo 000UX 1e2KUX 71€8020 opyaux IXUHOKOKKO3
M+m e2K020 n=27M+m J1e2K020 opzaanoe M+m
n=30 M+m n=28 M+m

4-6 ner 24,08+2,31  36,55+1,99*  81,1+*4,17  67,78+2,31*  42,5+1,11* 29,09+1,09

7-10 ner 33,51+1,83  72,59+2,14* 92,242 35* 86,1+1,99* 96,54+2,12* 30,11+1,9

11-13 n 38,54+£2,15  82,35+2,81* 105,5+£3,38*  90,4+2,95* 93,34+2,98* 41,11+3,31

14-16 n 39,82£1,88  114,5+2,31*  139,2+£3,58* 112,6£2,67* 107,54+1,21* 41,07+2,01

[Ipumeuanue: * — TOCTOBEPHOCTH pa3IMYMid IOKa3aTelNeH 110 CPaBHEHHIO CO 3J0POBBIMU JeTbMH, p<0,01
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Buv1600b1

1. Ha ocHOBaHMM W3y4YeHHUs KOMIUIEKCHOM HMMYHOTPaMMbl 3IOPOBBIX JETEH IIKOJIHLHOTO
BO3PAcTa, MOKHO OTMETHTb, YTO (PyHKIIMOHAJIBHBIC TIOKA3aTeId MMMYHHON CHCTEMBI HaXOAATCS B
npeznenax (hU3MOIOTHUECKUX HOPM, YCTAHOBJICHHBIX JJIsl aHAJOTMYHBIX BO3PACTHBIX TPYHI JIETEH,
npokuBaromux B FOxHbIX pernonax Keipreizckoit Pecryomukm.

2. Ha ocHOBaHMHU COIOCTaBICHUAUMMYHOTpaMMbly Aeteid 2 rpymme (5,1%), mo cpaBHEHUIO €
6osnpHBIMU AeTbMU | Tpynmsl (22,2%), BBISBICHO JTOCTOBEPHOE MOBBIIICHUE KOHIIEHTpauuu IgA B
CBIBOPOTKE KpoBU B 1,4 paza (pasmuums poctoBepHbl, p<0,05). Ilpum stomM ¢yHKIMOHANBHAS
aKTUBHOCTHh B-nmum@onuToB OblUla CHUXEHA, Tak Kak cojepxanue Ig kimacca G u M B ChIBOpOTKe
KpOBH 4Yalle TOBBIIIAJIOCh y JneTeid B 1 rpymme OonbHBIX. BhIsSBICHO, 4TO y AeTei B 4 rpyrmre,
TOCIUTAIN3UPOBAHHBIX B OTAeNeHUe TopakanbHoU xupypruu u OPUT, ypoBens obmiero IgE Gomnee
yeM B 4 pasza BbllIe, 4eM y OOJBHBIX B JPYrux (hopMax 3XMHOKOKKO3a JIETKUX,HO IPU 3TOM, HE
U3MEeHAS KonuuyecTBO ManonupdepeHmpoBanubix ¢opM T-KIETOK M UX MPEAlIeCTBEHHUKOB.
Bmecte ¢ Tem, oOpamjaer Ha ce0s BHHMMAaHUE OIpEAENCHHBI MMMYHHBI OTBET, B KOTOPOM
BBISIBJICHO TOPMOXKEHHUE U 3TO OBLIO XapaKTEpPHO IO BCEM ITOKA3aTEIISM.
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Annomayusn. IlpepocraBieH peTpOCHEKTHBHBIN aHanu3 124 cioydaeB aHTEHATaJIbHOU
CMEPTHOCTH THOENH 1013, B CpoKe OepeMeHHOCTH OT 34 Hezenb u Oonee. M3yueHa MenuiMHCKas
JOKYMEHTAIMsl MalMeHTOK, KOTOpble IMOCTYNWUIM B OpraHMU3allMM 3/1paBOOXpPAHEHUS IS
ponopaspemienusi ¢ 2020 mo 2021 rr. BeisiBiens! ¢pakTopbl HEHAAJIEKAIIETO YXO/Aa, MOJAAI0IINECS
WM3MEHEHUIO Ha YpOBHE OKa3aHUs MEIUIIMHCKON momomiu. [IpoBeneH peTpoCleKTUBHBIN aHaIHu3
CIy4aeB aHTEHATAJIbHOW Tulenu 1jiojga B cpoke OepemeHHoctu 34 Henmenb u Oonee. M3ydena
MeAMIMHCKAs ToKyMeHTauus 124 ucropuii ponos (popma 094 V) nanueHTOK KOTOpbIE TOCTYHIIN
B OpPTraHU3allMM 37paBooXpaHeHus it popopaspemienus ¢ 2021 no 2022 rr. BeIsiBI€HBI OCHOBHBIE
(bakTOpbl HEHAJUIeKAILEr0 yX0/1a, MOAJAI0IINecs U3MEHEHUIO Ha YPOBHE OKa3aHUS MEAMIIMHCKON
MTOMOIIIH.

Abstract. Article provides a retrospective analysis of 124 cases of antenatal mortality, fetal
death, in pregnancy from 34 weeks or more. The medical documentation of patients who were
admitted to health organizations for delivery from 2020 to 2021 has been studied. The factors of
improper care that can be changed at the level of medical care have been identified.

Knrouesvle cnosa: anteHaraabHasi CMEPTHOCTb, HOBOPOXK/ICHHBIE, 0EPEMEHHOCTb.

Keywords: antenatal mortality, newborns, pregnancy.

AnteHaranpHas rubens twioga (AITI) Ha cerogHSAIIHMN [1€Hb SBISETCS aKTyalbHOU U
COITMAIEHO-3HAYMMOW MPOOJIeMON HEe TONBKO B aKylIepcTBe, HO H B IIEJIOM CHCTEME

3npaBooxpaneHus [ 1-4].
YacTtoTa aHTeHaTaJIbHON rMOeNH 1012 B pa3BUTHIX cTpaHax coctasiseT 0,5-1%, B CIIIA —
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1%, Peciybnuka Kazaxcran 6—19%. AHTeHatanbHas rubeib IUIOa MOXET HACTYNUTh B JHOOOU
MOMEHT OEpPEMEHHOCTH, IO 3aBUCUMBIM U HE 3aBUCUMBIM IIPUYMHAM YeJIOoBeKa [5]. AHTeHaTanbHas
ru0enp 1101 SBJISIETCS. HE TOJIBKO PENPOAYKTUBHON MOTEpEei, HO KpaiHe OMacHBIM ISl 37J0POBbS U
KU3HU KeHIMH. K coXalneHuto, HECMOTPSL Ha €XETrOAHBIM MPOrpecc B aHTEHATAJIbHOM OXpaHe
miona (Y3U, KTI, ckpgHUHTOBBIE TECTHI U T. [1.), €KETOHO YBEIMYMBACTCS aHTEHATaIbHasl THOCIb
mona [S].

CornmacHO JaHHBIM MPOBEACHHOTO HccienoBanus B KeIpreiscrane mporpecc B 001acTu
OXpaHbl 3I0POBbS JIeTeH M HOBOPOXKIEHHBIX OoJiee YCHEIIeH: MOKa3areNb JIETCKOH CMEPTHOCTH B
Keipreizcrane camsuics B 3,3 pasa (¢ 65 mo 20 ciywyaeB cmeptu aeredt mutamame S5 ser Ha 1000
pPOIUBIINXCS XKUBBIMH). HeoHaTanpHas cMEepTHOCTh CHU3MIACh B 2,2 pa3a (¢ 24 B 1990 1. 1o 11 B
2017 1. cayuaeB cmeptu jnereid B Bo3pacte 0-27 nueit Ha 1000 pomuBIIMXCS KUBBIMH).
MeprBopoxaaemocTs cHu3unach B 1,6 pas (¢ 14 B 2000 r. no 9 ciyuaeB cmeptu B 2016 T Ha 1000
POIMBIIMXCS >KMBBIMU U MEPTBBIMU [6]. 3a mociegHue msATHaAUATh JieT KuIprei3cTany ynanoch
NOOUTHCS CHIDKEHUS T[OKa3arejel HeoHaraldbHOW cMmepTHOCTH Ha 39%, mnepuHaTanbHOR
CMEpTHOCTH — Ha 42%, mpu 3TOM paHHsISI HEOHaTalbHas CMEPTHOCTb CHU3MIAch Ha 45,9%, a
MepTBOpoXIaeMocte — Ha 37% [6]. Bmecte ¢ TeMm, B PecnyOnmuke eXeromHo MPOAOIIKAET
peructpupoBarbcsi okono 2000 ciydaeB cMepTH HOBOpOXAEGHHBIX H Ooinee 1400 cmydaes
MEPTBOPOXKICHHUA (Ha MT00ATHHOM YPOBHE €KEroHO — 2,7 MIIH Clly4yaeB HEOHATAIbHON CMEPTU U
2,6 MJTH CJTy4aeB MEPTBOPOXKICHHS).

Mamepuanvl u memooul uccredosanus
HccnenoBanue MpOBOAMIOCH B POJMIIBHBIX CTAallMOHApPAX OPraHU3alMM 3]IPABOOXPAHEHUs
Ksipreckoi PecniyOnuku ¢ 2020 mo 2021 rr. Ha ocHOBaHMH peTPOCHEKTUBHOIO aHANIW3a, IyTeM
W3y4EHUs MEAMIMHCKOM JOKyMeHTauuu (ucropuu Oone3neit) 124 ciayuyaeB aHTeHaTalbHOM
CMEPTHOCTH I'M0enu 1I0Aa, B cpoke OepeMeHHOCTH oT 34 Hezxenb u Oonee. Bo3pact GepeMeHHbIX
KeHIIMH cocTaBuil oT 20 u 6osee 36 sieT. CTaTUCTUYECKUI aHAIU3 MPOBOIMIM C UCIIOJIB30BaHUEM
MPUKJIQJHOTO TTAaKeTa KOMIBIOTEPHBIX Iporpamm Microsoft Excel.

Pesynomamot u obcyscoenue.

Cpennuii Bo3pacT Mmarepeir coctaBun 29,8+6,5 npu aHTeHaTaapHOW norepu Iuiona. M3 Hux
TOJBKO 56,5% >KEeHIIMH cOCTOsAIM Ha ydere 10 12 Henenb OepemeHHocTH. A 43,5% OGepeMeHHbIX
KEHILMH HE COCTOSUIM Ha y4eTe HUTTIE.

Co cmocoby pomopaspemienuii npeodnagamun 79,0% BaruHaneHeIM myTem, a 21,0% —
KecapeBO CeueHMs. AHTEHaTallbHas CMEpPHOCTh IO MOy MpeobOnagana y MaiasuukoB 69,4%, a
nesouek cocraBmwia 30,6%. OCHOBHBIMM TNpPUYMHAMHU aHTEHaTaldbHOM rubenu miona 46,8% -
BHYTpUYTpOOHast rudens miozna, 9,7% — uHdexunonuslie 3a0oneBanus, 8,9% UMeno MECTo CMEPTh
IUI0/1a 110 HEYTOYHEHHOW mpuuuHe, 6,4% — Opyrue HapylleHUs,, BO3ZHUKAIOIME B aHTEHATaIbHOM
nepuoge. Taxke MATOJIOTHYECKHE COCTOSHUS MAaTepH, KOTOpbleé MpPHUBEIM K aHTEHaTaJbHOU
CMEPTHOCTH, ObUIN CBA3aHHBI C OCJIIOKHEHUSIMU OEpEeMEHHOCTH y Marepu — 46,8%, MeTuIIMHCKHE
U XUPYprHYECKHe OCJOXHEHHUS cocTaBUiIu 25,8%, OCIOXKHEHMSIMH CO CTOPOHBI IUIALEHTHI,
ITyTMOBUHBI U TUIOAHBIX o0onouek — 11,2%, npyrue oclIoXHEHUSX B poJax M poJlopa3perieHust —
6,4% u xareropuu 0€3 OCIIOKHEHUH CO CTOPOHBI MaTepu — 5,6%.

Kak BuaHO n3 Tabnuibl npu aHaiuse clydyaeB aHTEHATaJIbHOW CMEPTHOCTH BBISBWII, YTO Ha
JTarie aHTEHATaJbHOIO yXoJa CYILIECTBYIOT MPOOJEMBbI, KOTOpbIE CBSA3aHbl COIMAIBHBIMH U
MEAMIMHCKUME (akTopamu. Cpeau colManbHBIX (AKTOPOB, CBSI3aHHBIX C JKEHLIMHOW U ceMbei
Haunbosee yacTo, ObUIM BBIJICJIEHBL: [T03/IHEE OOpallieHue JUIsl TIOCTAHOBKY Ha aHTEHATAJIbHBINA y4eT B
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41,9%; ¢unancoBble 3aTpynHeHus: B ceMbe B 13,7% cimyuyaeB. DakTophl, CBA3aHHbBIE C JOCTYIIOM K
MEAMIMHCKON momomu — Oosnee 1 yaca ¢ MomMeHTa oOpallleHHs 3a MOMOIIBI0 U 0 MOMEHTa
npuObITHST B poamibHOoe otaeneHue B 21,7%. MenunuHckue ¢GakTopel/mpodecCuOHATBHBIC
(baxTopbl (CBs3aHHBIE ¢ 00BEMOM M Kaue€CTBOM OKa3aHHOW momoru) coctaBuiu 61,6% (mo3anee
B3ATHE Ha ydeT, He mpoBoaminock Y3U Ha 18-20"° Hemene, oTCyTCTBHME MOHMTOPHHTA 3a
IIeBeJIEHUEM U cep/iieOueHrneM 1oa, TpaBuorpaMMa He 3anoiiHeHa). Takke npodeccuoHanbHble
(baxTopbl (CBA3aHHBIE C OOBEMOM M KaueCTBOM OKa3aHHOM MenuiuHckoi momornn). 100% wnmerno
MECTO OTCYTCTBHE MH(POPMHUPOBAHHOCTH 00 OMACHBIX MPU3HAKOB MPU OEPEMEHHOCTH.

CTPYKTYPA ®AKTOPOB HEHAJJIEXKAIIEI'O YXO/A, feome
CBS3AHHBIE CO CMEPTHOCTBIO B AHTEHATAJIBHOM ITEPUOJE
@akmopyl yxooa Abc. %
DaxTopBl HEHAIIEKAIIETO YX0/1a 469 100,0
dakTophI, CBI3aHHBIC C )KEHIIUHON/CEMbEl/ COIMAbHBIC: 69 14,7
[To3aHsist ABKA/TIOCTAHOBKA HA yUYET 52 419
(DUHAHCOBBIE 3aTPYTHEHUS B CEMbE 17 13,7
®daxTophl, CBSI3aHHBIE C JOCTYNOM K MEIHIMHCKOH ITOMOIIN 74 15,8
OtcyrcTBue Y3U nommuiepa Bo BpeMsi OepeMeHHOCTH 47 37,9
[Ipomuto Gosee 1 yaca ¢ MOMeHTa Kak Bbl periym oOpaTUTHCS 32 MMOMOIIBIO U 27 21,7
JI0 MOMEHTA NPUOBITHSL B POMIBHOE OT/ICICHUE
[Ipodeccuonanpapie GakTOpsH! (CBSI3aHHBIE ¢ 00HEMOM M Ka4E€CTBOM OKa3aHHON 289 61,6
TTOMOIIIHN):
He nposoaunocs Y3U na 10-12*6 nenene 67 54,03
He nposoaunocs Y3U na 18-20*6 nenene 57 45,9
OtcyTcTBHE MOHUTOPHUHTA 32 ILIEBEJIICHUEM U CepALeONeHUEM TII0Aa 59 47,5
He 3anonnena rpaBugorpamma 54 43,5
[To3mHee B3sITHE HA y4eT 52 419
Hpyrue pakTops! (KOHCYIBTUPOBaHKE, OOIIICHHE, 00CIICIOBAHNUE) 37 79
OtcyTtcrBue HHOOPMUPOBAHHOCTH 00 OMACHBIX MPU3HAKAX MTPH OEPEMEHHOCTH 37 100,0
10,5

17,7
2500,0 —2999,9

= 3000,0 — 3499,9
= 3500,0 — 3999,9
29,8 4000,0 u 6o1tee

= HeT gJa”HHBIX

r |

Pucynok. AHTeHaTanbpHas CMEPTHOCTh B 3aBUCUMOCTH OT Beca NpH poxkaeHuu (%)
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Kak Bumno Ha Pucynke 2, y 36,3% anrenaransHoro rubenu mioga — 3500,0-39999 1, y
29,8% noBopoxaeHHbIX BecoM 3000,0-3499,9 r nmeno mecto AI'TL, y 17,7% nereii ¢ Becom npu
poxaennu 2500,0-2999,9 r ormeuanoce AITL, y 10,5% anrenatanbHas ru0ens miona, HO K
COXAJICHUIO Macca Tena He Obuia m3BectHa Uy 5,6% mpu AI'TI macca Tena cocraBuia 4000,0 u
Ooiree.

Boiso0wi
OcCHOBHBIMHU (paKTOpPaMH HEHAJICKAIOIIETO YXO/Aa, MOAMAINIMECSs U3MEHEHUIO Ha ypOBHE
OKa3aHUsl MEIUIMHCKONH ITOMOIIM OBLIM CJICIYIOIIME MOMEHTBI: ITO3JHEEC B3SITHEC Ha YYeT;
OTCYTCTBHE MOHHMTOPHHIA 3a IICBEJICHHEM M CEepIIlcOMEeHUEM ILI0/a; HEIOoJHas y3U JIMarHOCTHKA
MTOPOKOB; OTCYTCTBUE HHPOPMHUPOBAHHOCTH 00 OMACHBIX MPHU3HAKAX MTPH OEPEMEHHOCTH.
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AHAJIA3 IIPUMEHEHUA MAPKIPOBAHHOI'O ITPOITAHTA ITPH TPOBETEHUH
MHOI'OCTAAUHUHOTI'O I'PIT HA OBBEKTE 10B1
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ANALYSIS OF THE APPLICATION OF MARKED PROPPANT WHEN CARRYING OUT
MULTISTAGE FRACTURING OF THE OBJECT YUV

©Nanishvili O., SPIN-code: 8482-1528, Yugra State University,
Khanty-Mansiysk, Russia, olgayugu@yandex.ru
©Strukov E., Yugra State University, Khanty-Mansiysk, Russia, 20strukov03@mail.ru
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Annomayus. B cTaTbe IPOBENEH aHAJIW3 PE3yJIbTaTOB IPUMEHEHHUS TEXHOJIOTUU MOHUTOPUHIA
MIPUTOKA B TOPU3OHTAIBHBIX JOOBIBAIOMUX CKBaXHHAX «GeoSplity, cyTh KOTOPOW 3aKIIOYAETCs B
IIPUMEHEHUN KBAaHTOBBIX MapKEPOB-PENOPTEPOB, SIBISIOIINXCS HCTOYHUKAMHU TOYHOM MH(OpMaLUU
0 npuTOKe BOAbl U HepTH. OJHUM U3 CIIOCOOOB pa3MEIllEeHHs MApKEpOB B CKBAXKHHE SBISCTCS
CMEIIMBAaHNUE HUX C IIPONAHTHOM OCHOBOM IPU NMPOBEIEHUU MHOIOCTAJUWHOIO THMIPABINYECKOIO
paspeiBa macta (MI'PII). JlaHHas TeXHOIOTHS MO3BOJSIET MOMy4YaTh WHGOPMALUIO O MPUTOKE MO
kaxxaoMmy narepsainy MI'PII B TeueHue mimTenpsHOro NpoMexyTKa BpEMEHH.

Abstract. The article analyzes the results of using the inflow monitoring technology in
GeoSplit horizontal production wells, the essence of which is the use of quantum marker-reporters,
which are sources of accurate information about the inflow of water and oil. One of the ways to
place markers in a well is to mix them with a proppant base during multi-stage hydraulic fracturing.
This technology makes it possible to obtain information about the inflow for each multi-stage
hydraulic fracturing interval over a long period of time.

Kniouesvie cnoéa: MHOTOCTaIUIHBIN IMJIPABIMUECKUN pa3pbIB IJ1aCTa, MOHUTOPHHI, MapKep-
penoprep, MHAUKATOP MPUTOKA.

Keywords: multi-stage hydraulic fracturing, monitoring, marker-reporter, inflow indicator.

MHoroctauiiHplii TUAPABIMYECKUA pa3phlB  IUTaCTa SABIAETCS OJAHHM W3  CaMBIX
pacrnpoCTpaHCHHBIX MECTOJOB YBCIIMYCHUSA He(bTeOT)Ia‘—II/I, MMPUMCHAIOIINXCA B COBpeMeHHOﬁ
HedTerazoBoi orpaciau. OJHMM W3 HEJIOCTATKOB JJaHHOTO METOJA SIBIISIETCS HEBO3MOXKHOCTH
OTIpe/IeTICHUs] PE3yJIbTaTOB Pa3pbiBa OMPEIEICHHOTO HHTEepBaia 0e3 MPOBEAEHUS JOMOTHUTEIbHBIX
uccienoBanuii. Ha maHHbBIII MOMEHT, JUIsl ONpe/leIeHHs JaHHBIX Pe3yIbTaTOB MPUHSATO MPOBOIUTH
npombicioBo-reopusnueckue wucciuenoBanus (I1I'M), omnako, B TakoM ciiydae HEOOXOIUMO
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OCTaHaBJIMBaTh pabOTy CKBaXXHHBI, a PE3yJbTaThl, MOJyUYEHHbIE JAaHHBIM METOJOM, IMO3BOJISIOT
OLICHUTh JaHHbIE TOJIBKO B TOM MHTEpPBAJIE BPEMEHHM, HAa KOTOPOM HCCIEN0BATEIBCKOE
000pyJ0BaHNE HAXOIMJIOCHh B CTBOJIE CKBaXXHHBI. IIpu 3TOM, IpoBeieHNe KapOTaKHON OTepaliy B
TOPU3OHTAILHONW CKBAXKUHE SIBJIICTCSI JIOPOTOCTOSIIIIUM TPOLIECCOM, TPEOYIOUIMM HCIIOIb30BaHHUE
ruokux HacocHo-kommpeccopHbix Tpyo (I'HKT) mmum Tpakropos. CyimiecTByeT aabTepHATHBHOE
penieHue — MPUMEHEHHE MapKUPOBAaHHOT'O IMPOIAHTA, OCHOBAHHOI'O HAa TEXHOJIOTMU MapKepOB-
pEnopTEpPOB, KOTOPBIE 3aKAUYMBAIOTCA B CKBaxuHy npu npoBeaeHnunn MIPIL. Jlng xaxmoro
uccnenyemoro unrepBana MIPII ucnone3yercs CBOs yHUKallbHas CUIHATypa, IO3BOJISAIOIIAS
MOJTYYUTh TOUYHYIO HH(POPMAITHIO O TPUTOKE MO KaXKI0H OTIEIbHO B3sTOM cTtamuu [1, 2].

[IpeumymiecTBa TeXHOIOrUM [3]: HU3Kasg CTOUMOCTh IO CPAaBHEHUIO C TPAJAUIIMOHHBIMU IITH,
MPU TIPOBEJCHUH KOTOPBIX HCIIOJIB3YIOTCS THKT WJIM TPAKTOPHI; OoJiee BBICOKAs OMEPATUBHOCTH
HCCJIEIOBAHUM MO CpaBHEHUIO C TpaauluoHHbiIMU Metogamu [MC; oTcyTcTBHE PUCKOB Mpu
MIPOBEJCHNN BHYTPUCKBAKMHHBIX paboT (TakUX KaK MpUXBAaT 00opyaoBaHus); He Tpelyercs
M3MEHEHHUsI B KOMIIOHOBKE MIPI MU oOOcagHOW KojoHHe. [laHHas TexHojorus 6asupyercs Ha
CJIEIYIOIIUX KOMITOHEHTax [4]:

KBanToBBIE TOYKM — OTO TOJYINPOBOJHUKOBBIE HAHOKPUCTAUIBI, pa3Mep KOTOPHIX
coctapinseT oT 2 10 10 uM. JlaHHBIe KpUCTAIIBl 00pa3yIOTCs B pe3yJbTare BHICOKOTEMIIEPATyPHOTO
KOJUTOMAHOTO cuHTe3a. KomaougHbple KBAHTOBBIE TOUKH MPEICTABISIIOT cO00M Kiacc JTIOMHUHO(OPOB
C YHHKQJIbHBIMU CBOMCTBaMHU (pIIyOPECHEHIINU 32 CYET KBaHTOBO-pazmMepHoro 3¢dexra. Mapkepsi-
penopTephl MPEACTABIISIOT U3 Ce0sl HOCUTETH MH(POPMAIIHH B BHJIC MTOJIUMEPHBIX MOHOIUCIIEPCHBIX
chepruecKnX 4YacTHUll, COJIEp)KallMX B CBOEM COCTaBE OIpE/CICHHbIC 3a/JaHHble KOMOWHAIIUU
KBaHTOBBIX ToueK. [I[pruMeHeHue MapKkepoB pernopTepoB MO3BOJISET MOMyUaTh TOUHYIO HH(OPMAITUIO
O IPUTOKE IO KAKIOMY HHTEpBally Jaxe cmycTs Bpems nocie mnposeneHuss MIPIL. TIpoObt
IUTaCTOBOTO (IIIOMIA, OTOOpaHHBIE CO CKBAKMHBI, AHAIM3HPYIOTCS B JIA0OPATOPHH METOIOM
MPOTOYHON 1uTOMeTpun. VToroBas nHdopmaius mo3BosseT ckoppekTupoBarh nuzaiH ['PIT mns
6onee 3¢ (eKTUBHOTO BO3ICHCTBUS Ha ILIACT B OyIyIIeM.

Ipumenenuu mexnonocuu « GeoSplity na oovexme FOB

ITponyxruBHsbIi maact FOB1 o6nafaeT OTHOCUTENEHO HU3KUMU (DHIIBTPALIMOHHO-EMKOCTHBIMU
XapakTepucTuKamMu, uid 3GGEeKTUBHON 100bun (Uronga U3 KOTOPOro HEOOXOAUMO HMpPHUMEHEHHE
METO/I0B MHTEHCU(UKAUU HEPTEOoTAa4uH, K KoTopbiM oTHOcuTcss MI'PIIL.

ITo cocrosinuto Ha 1 sHBapst 2021 roga Ha o0wvexte FOB1 BoimonHeno 723 onepauuu I'PIL, B
toM uymcine 653 omnepauuu I'PII Ha noGwiBatomem ¢oHne ckBaxkuHel W 70 omepanuii Ha
HarHeTarenbHOM. [locnme I'PIT ckBaxkuHbI ObITM BBIBEJEHBI B SKcIUTyartanuio. CTeneHb oxBara
donna ckBaxkud metonoMm ['PIT cocraBisier 91%. IlpoBenenue I'PII Ha moOBIBaromux CKBakMHAX
o0bekTa FOB1 yBennunn no6s1ay HedTH Ha 9,9297 MiIH. T, IPU 3TOM NPUPOCT B IEpPECUETE HA OAHY
CKBa)XMHHO-OMepanuio coctaBui 15,6 Teic. T. HayaneHblf ¥ CpeaHEro0BOM MPHUPOCT 10OBIYU
HedTu nociue ['PII cocraBunu 13,9 1/cyT 1 15,5 T/cyT COOTBETCTBEHHO.

Texnonorus «GeoSplity mpuMeHsnack Ha 3-X TOPU3OHTAIBHBIX ckBaxkuHax (Nel000I', 1001T°
u 1002I") npu nposenenun MI'PII. Ha ckBaxkune Nel000I" 6511 mpoBeaen I'PIT 14.09.2019 r., BBox
B okcrutyaranuio BemosHeH 21.09.2019 r. B xome 4-craamitHoro mporiecca ['PIT B mmact Owu10
3akadaHo 1o 30 TOHH MPOMAaHTa, U3 HUX B KAKAYIO CTAUIO 3aKa4€HO 10 15 TOHH mponaHTa MapKu
«GeoSplity ¢ makcumanbHOM KoHUeHTpamuei 900 kr/mM3 W pacxomoM KHUAKOCTH pa3pbiBa 3,5
M3/muH. HaumbGonbme 3HadeHHs] MPUTOKA KUJIKOCTH M3 IUIAcTa IMOJy4eHbl Ha 4 CTYIEHH.
Hakonuennslit n1e6ut Ha ganHoi crynenu cocrasisier 30,3 % (Pucynoxk 1).

Ha ckBaxkxune NelOO1I' I'PII Bemonnen 28-29.04.20120 r., 3amyck B paboTy HpOU3BENEH
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21.05.2020 r. B xoxe 5-craguitnoro mpomecca I'PIT 6p110 3akauano mo 31 T mpomnaHTa, U3 HUX B
KaKIIyI0 CTaIMIO 3aKadaHo 1o 15 T mapku «GeoSplity ¢ makcumanbHOl KoHIIEHTpanue 900 Kr/m®
M PacXOIOM JKUAKOCTH paspbiBa 3,5 M>/muH. HamGonpumii mputok ObLI HOJTydeH Ha 4 CTyHeHH.
HakoruieHHbIit 1eOUT naHHoM cTyneHu coctapiseT 24,3% (PucyHok 2).

ﬂeﬁHTbl BOAbI Pabouuit % kawgoi mydrel MIPM (c 21.09.19 no 19.10.20)
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Pucynoxk 1. Jlebutsl HeTH U pacmpenesieHne IPUTOKa MO CTyIeHs M ckBakuHbl Nel1000T

p‘efme BOAbI PaBouuii % kamgoi mydter MIPM (c 21.05.20 no 19.10.20)
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Pucynoxk 2. J1eOuThl HeTH U pacipeeieHue IPUTOKa M0 CTyneHsIM ckBaxuHbl Ne1001T
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Ha ckBaxune NelOQ02I' T'PI1 Bemomnen 24-26.07.2020 r., 3amyck B paboTy MHpou3BEIcH
19.08.2020 r. B mpouiecce nposenenus 8-tu craguitnoro ['PII B muiact 3akauano no 30 T nmpomanTa,
u3 HUX 1o 15 T mapku «GeoSplity B kaxaoi craauu, Npu MakcUMalibHO# KoHueHTpaun — 800
KI/M3 U pacxojie KUAKOCTH pa3pbiBa — 3,5 M3/MuH. Hanbospime npuToku HeTH HA IPOTSHKCHUH
BCEro nepuoja usmepeHuit noiayyet Ha 8 crynenu (14,9% ot o6mero) (Pucynok 3).

ﬂ,eﬁuTbl BOAbI PaBouuii % Kawpgoii mydtel MIPM (c 19.08.20 no 19.10.20)
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Pucynoxk 3. JleOuThl HeTH TIO CTYNEHM, pacipeelieHre PUTOKA MO CTYMeHsIM cKBaXuHbI Nel1002I

IIpu npoBenenun I'PII kaxnas TpemnHa Obla 3aloOJIHEHA IPOMAHTOM C pa3pylLIaeMbIM
MIOJINMEPHBIM  [TOKPBITUEM, B KOTOPOM COAEpXKaJICd OAUH M3 § Ppa3IMYHBIX TPaccepoB,
BBIITOJIHEHHBIX 10 TEXHOJOTHH C IIPUMEHEHUEM KBAaHTOBBIX ToueK. Bo Bpems mponecca I'PII Ha
ckBakuHe NelO02IT ObuM mMpOBEACHBI KOMIUIEKCHBIE paOOThl MO MHKPOCEHCMUYECKOMY
MOHHUTOpUHTY. 3a mnepuon HaOmomeHuit ¢ 23.07.2020 r. mo 27.07.2020 r. ocyulecTBiIEHa
perucrpanms MUKpOCEHCMUYECKON aMuccuu ipu npoussoactse MI'PII Ha BocbMu nHTEpBaIax.

MUKpPOCEUCMUYECKH ~ MOHHUTOPMHI  MHOTOCTQIMHWHOIO  THUApOpaspepiBa  IUIacTa  Ha
MECTOPOXKACHUN OCYIIECTBISAECTCS TMOCPEACTBOM PETUCTPALMA MHKPOCEMCMUYECKOM 3MHCCHH,
BO3HHKAIOIIEH B pe3yabTare oOpa3zoBaHuE TpeHIuH Ipu npoBeaeHun omnepanuii ['PII, nHa nHeBHOM
IIOBEPXHOCTH C IOMOIIBI MaJIONEPTYPHOU AHTEHHBI, PACIIOJIOKEHHON B JIHLEHTPAJIbHON 30HE
MCTOYHUKOB SMHUCCHM, U CIEUUATIU3UPOBAHHONH 0OpabOTKM JaHHBIX C IOMOILIBIO KJIACTEPHBIX
BBIUHCIICHHH [5].

Pemraemblie 3amaun npu mukpoceiicmuyeckom MoHutopurre MI'PIL: onpenenenne nnuHbel u
a3uMyTa 30HBI TPEUIMHOBATOCTH; OMNPEACICHHUS MapaMeTPOB MUKPOCEHCMHMUYECKHX COOBITHH u
mporecca  3aKauykd  OKUAKOCTH B TpEIIMHAX; BO3MOXKHOCTh  BHU3yaJHM3allMM  00JIACTH
MHKPOCEHCMHUYECKOW aKTHUBHOCTH; ITOCTPOCHUE KapT IUIOTHOCTH 3HEepruu; aHanu3 craauid MI'PII
Ha OCHOBE TMOJCYETa JHEPreTUYECKUX NapamMeTrpoB. PucyHkum 4 u S5 [marOT TPEACTaBICHHUE O
JMHEWHBIX pa3Mepax 00IacTH MUKPOCEHCMHUECKON aKTUBHOCTHU. L[BeT mpencTaBisieT COBOKYITHYIO
IUIOTHOCTH SHEPTHH MUKPOCEHCMHUYECKUX COOBITUH.
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Ha kaptel HaHeceHa Tpaektopus cTBojia CKBaxXUHBI Nel(002I, cooTBeTCTBYIOIIME MTOPTHI
BBIZICJICHBI 1IBETOM. JIMHEWHBIC pa3Mepbl 00JIaCTH MHUKPOCEHCMUYECKONH aKTUBHOCTH TIO TITyOHWHE
cocTaBiAIoT nopsiaka 20 m.
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Pucynox 4. Kapra pacnpeneneHus HCTOYHUKOB MHUKPOCEHCMHYECKOW 53MHCCHM B MPOLECCE
obpazoBaHmst TpemmHbl paspeiBa Tpu mnposeneHnr MIPII B ckBaxkmre NelOO2IT B mpoekumu Ha
BEPTHKAJIBbHYIO TIIOCKOCTH (A: opThl 1-4, b mopThI 5-8)

S4%e

297

Pucynok 5. Kapra miIOTHOCTHM 3HEPrMM HCTOYHHMKOB MHUKPOCEHMCMHUYECKOW SMHUCCHM B IPOLIECCE
oOpa3oBaHMsl TpelMHb paspbiBa npu npoBeaeHun MIPIT ckBaxkunsr NelO02IT B mpoekiuu Ha
BEPTHKAJIBHYIO TIIOCKOCTH (A: mopThl 1-4, b mopTsI 5-8)
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I[To Bcem oOpa3mam oOTOOpaHHBIX MPOO OBUT TMPOBEACH KOMILJIEKC WCCIIENOBAaHUNA 10
BBIJICTICHUIO KBAaHTOBBIX TPAacCepPOB OTACIBLHO W3 Kaxaoh (as3pl, HCCICNOBAHUIO METOJAMU
MPOTOYHON HUTOMETPHH U ¢ 00pabOTKON 3aTeM pe3yIbTaToOB M TeHepalield 0T4eTa B MPOorpaMMHOM
komruiekce “GeoSplit”.

[TonBoast UTOT, MOXKHO CKa3aTh, 4TO INpUMEHEeHHE TexHonoruu “GeoSplit”, mocpencTBoM
3aKauMBaHMS BMECTE€ C TPOMAHTHOM CMEChI0 MapKEpOB-pENOPTEPOB, OCHOBAHHBIX Ha
WCII0JIb30BaHUU KBAHTOBBIX TOYEK, MO3BOJISIET IMOJIy4YaTh JAaHHBIE O MPUTOKE MO KaXKIOW CTYIEHU
nocie mnpoeaeHuss MIPII B teuenunm mnopsigka 5 Jsier, 6€3 HEOOXOAUMOCTH HCIIOJIb30BaHUS
MIPOMBICIIOBO-TE€O(PU3UUECKUX HCCICIOBAHUMA, TEM CaMbIM OTHAJAaeT HEOOXOAMMOCTh B OCTAHOBKE
CKBQ)KHMHBI JUIsl IPOBEJICHUS UCCIICIOBAHUM U YMEHBIIACTCS BPEMS TTOJIyUCHUS PE3yJIbTaToB.

Hcnonb3oBanue TaHHON TEXHOJIOTUH MO3BOJISIET MOIYyYaTh aKTyaJbHbIC JAHHBIC U BBITIOJIHATD
MouuTopuHr I'PII, yTo B cBOIO ouepenpb aeT BOBMOXKHOCTh BHECTH KOPPEKTUPOBKU B MIPOBEICHHE
omepanuii Kak Ha JJaHHOW, TaK M Ha COCETHUX CKBaXMHAX, TAKUM 00pa3oM, MOBBIIIAETCS TOYHOCTh
1 3(p(peKTHBHOCTH IPOBENIEHHS OTIEpAIIHii IO YBETMYECHUIO HE(PTEOTaaun Ha TAHHOM OOBEKTE.
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OCHOBHBIE HAITPABJIEHU S PA3BBUTUSA UTHO®PACTPYKTYPbI
TPAHCIIOPTHOI'O KOMILIEKCA KbIPTbI3CKOM PECIIYBJIUKH
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©Apanébaes A. b., Ouickuii mexnonozcuueckutl yHugepcumem um. akao. M.M. Adviwesa,
2. Ow, Kvipevizcman, perizatalisheva@gmail.com

MAIN DIRECTIONS OF DEVELOPMENT OF THE INFRASTRUCTURE
OF THE TRANSPORT COMPLEX OF THE KYRGYZ REPUBLIC

©Alisheva P, Ph.D., Osh Technological University named by M.M. Adyshev,
Osh, Kyrgyzstan, perizatalisheva@gmail.com
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Osh, Kyrgyzstan, perizatalisheva@gmail.com

Annomayus. B ycnoBusax miobaln3alud M COBPEMEHHOH CTPEMHUTENIBHO Pa3BUBAIOIIEHCS
KU3HU TPAaHCIOPTHBIE MEPEBO3KH CTAJIM OIHOM M3 COCTAaBIISIOIIMX UYEIOBEUECKOH JEATEIbHOCTH.
PaboTbl 1Mo mnepeBo3Ke TIpy30B SABISIOTCS OJHOM M3 CAaMbIX BAaXKHBIX YacTell Jel0BOro MHpa,
IIOCKOJIBKY OOJIBIIIMHCTBO MAPTHEPCKUX OTHOIIEHUI OCHOBaHbI Ha BHITOAHOM TOBapHO-JIE€HEKHOM
obmeHe. D¢ eKTUBHOE MPOTHO3UPOBAHME TPAHCHOPTHBIX MEPEBO30K SBIIAETCS 3HAYMTEIbHBIM
KOHKYPEHTHBIM IPEUMYIIIECTBOM Ha PhIHKE TPAHCIIOPTHBIX YCIYT.

Abstract. In the context of globalization and modern rapidly developing life, transportation
has become one of the components of human activity. Cargo transportation work is one of the most
important parts of the business world, as most partnerships are based on a profitable commodity-
money exchange. Efficient forecasting of transportation is a significant competitive advantage in
the transportation services market.

Kniouegvie cnosa: nHppacTpyKTypa, TPAaHCIIOPTHBINA KOMITJIEKC, YIIpaBJIeHNUE.
Keywords: infrastructure, transport complex, management.

TpancmopT BMecCTe ¢ CO3JaloIIel yCIOBUS €ro paboThl TPAaHCIOPTHOW WHMPACTPYKTYypoOi
BBICTYIIaeT OJHOM W3 CHUCTEMOOOpa3yloIIMX OTpaciied 5SKOHOMHUKHM JH00ro rocynapcrsa,
00eCreynBaoIIel  ero  TEepPPUTOPUAIBHYIO  LEIOCTHOCTh M €IWHCTBO  3KOHOMMYECKOIO
npocTpaHcTBa.  [noGanm3anuss  HKOHOMHKH, pacIIMpeHHe  MacIITadOB  BHYTpEHHEH U
MEXIyHApOIHON TOProBiIM 00YCIOBUIM MOTPEOHOCTh B (POPCUPOBAHHOM Pa3BUTUHU TPAHCIOPTHOU
nHQpacTpyKTypsl Kak ©0a30Boro (axropa HalMoOHaJIbHOW O€30MacHOCTH, YCTOWYMBOTO U
JUHAMHYHOIO pOCTa OTEYECTBEHHON JKOHOMHUKH, €€ WHTErpald B MHUPOBYH) IKOHOMUYECKYIO
cucremy [1].
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Henocrarounsiii ypoBeHb MEXOTPACIECBOM M MEKPETHOHAIBHOW KOOPAWMHALIMK B Pa3BUTHHU
TPAHCIOPTHON MHGPACTPYKTYpPHI BEJET K psALy MpobieM, BKIIOUas HepaloHaIbHOE pacXoJOBaHUE
pecypcoB u cHmkeHHE O((EKTUBHOCTH paboOThl CUCTeMBbl TpaHcmoprta. OTcyTcTBHE
COIVIACOBAHHOCTH MEXIY Pa3JIMYHBIMHU BHJAMH TPAHCIIOPTAa MOXET MPHBECTU K JyOIHPOBAHHIO
UHQPACTPYKTYPbl U U30BITOUHOCTH PECYpPCOB, @ TaKkKe K HEOOXOIUMOCTH MEPEKIaIbIBaTh IPYy3bl C
OHOTO BHUJA TPaHCIOPTa Ha JPYrod, YTO HPUBOAMT K 3aJ€p>KKaM U YBEIUYECHHUIO BpPEMEHHU
nocraBku. Kpome Toro, HecornacoBaHHOCTb CUCTEM TPAaHCIOPTHOTO COOOIIEHUS MEX1y perHOHaMu
MOXET YCHUJIMTh HEPAaBHOMEPHOCTb PA3BUTHUS TPAHCIOPTHOW WMH(PPACTPYKTYPbl B Pa3HBIX YacCTSIX
CTpaHbl, YTO MOXKET MPUBECTU K MPoOIeMaM C JOCTYHMHOCTbIO TPAHCIOPTA U MEPEBO3KON TPY30B U
naccaxupoB. B Hacrosiee BpeMs TpaHcropTHas cucreMa Kbipreisckoit PecnyGnuku oTrcraer or
OOJIBIIMHCTBA Pa3BUTHIX CTPAH B 00JACTH MYJIBTUMO/IAIBHBIX TIEPEBO30K [2].

I'eorpaduueckoe pacnonoxxernne Keipreisckoit PecyOmnuku, Haxoasmiecs B IEHTPE peruoHa
lenTpanpHas A3usi, cpeld Trop M TOPHBIX XpeOTOB, BAANM OT MOPCKHX IOPTOB, [EJaeT
TPAHCHOPTHYIO HH(PACTPYKTYpY CTpaHbl OCOOCHHO YS3BUMOM M BBI3BIBAET MPOOJIEMBI, KOTOPHIC
MPOSIBIISIIOTCS. OCOOEHHO pEe3KO B pervoHajibHOM acnekre. HecmoTps Ha pocT MOOMIBHOCTH
HaceneHus 3a nocieanue 30 jJeT — mepuoja cyBepeHHOro pas3BuTHs KblpreiscraHa — cpeaHuit
MoKa3aTellb PeCyONuKN 3HAYUTEILHO HUXKE, YEM B PA3BUTHIX CTPAaHAX.

CrnenyeTr OTMETHTh, UTO HEJOCTATOYHO PA3BHUTHIN YPOBEHb TPAHCIIOPTHON HMHQPPACTPYKTYPHI
TECHO B3aUMOYBS3aH C (DaKTOpaMH, BIHSIOIMIMMH Ha TPAHCHOPTHYIO Oe3omacHocTh. [limoxoe
COCTOSIHHE JIOPOT M JOPOKHOM HMHQPPACTPYKTYPHI MOXKET NMPUBECTH K aBapUSM M IOBBIIICHHOMY
pucky JTII. Kpome Toro, HegocTaTouHas pa3BUTOCTh TPAHCIIOPTHON MHPPACTPYKTYpPhI B pETHOHAX
4acTO MPUBOAUT K TOMY, YTO TPYy3bl M MACCAXKUPHI MEPEBO3SITCS Ha HEPETYISPHBIX MapuipyTax,
YCIIOBHSI KOTOPBIX HE OTBEUAIOT TpeOoBaHMsIM OezomacHOCTH. Esxkeromslii ymepd OT HETaTHBHBIX
MOCJIEZICTBUI TPAHCIIOPTHOM MAESITEIBHOCTH MOXET ObITh 3HAYMTEIbHBIM M BapbUpOBAaThCi B
3aBHUCHUMOCTH OT psijfa (akToOpoB, TaKuUX Kak Treorpapuueckoe pacrojokeHHe, CTPYKTypa
SKOHOMHKH, HHOpacTpykrypa u npyrue ¢akropel. [lo oIleHKamM JKCHEpTOB, MOCIEACTBUS
HEHAJUIeKAIETO0 Pa3BUTHs TPAHCIIOPTHON CQepbl MOTYT yrpoKaTh Pa3BUTHIO CTPAHBI MaJCHHEM
BBII ot 2% 1o 5%.

B ycnoBusx mnpopomkaromerocss (OpMHUPOBAHUS HOBOIO MHPOXO3SHCTBEHHOIO YKIIAJaa
KbIpreizctany BakHO ynenaTh OoJiblliee BHUMaHUE Pa3BUTHIO TPAHCHOPTHOW HH(PACTPYKTYpHI,
COOTBETCTBYIOLIEH HaI[MOHAJIbHBIM HMHTEpPECaM CTPaHbl. JTO MOXKET BKJIIOYaThb B Ce0sl pa3BUTHE
JOPOXKHOW HHQPACTPYKTYpbl, >KEIE3HOJOPOKHOM CETH, a’poNopTOB, a TaKXKe CO3/JaHHuE U
pacupenre MHGPACTPYKTypbl TPAHCIIOPTHOM JIOTUCTUKU. BakKHbIM acmeKkToM mnpu pa3paboTke
COBPEMEHHOW TPAaHCIOPTHOW HH(PACTPYKTYpHl SIBISETCS y4YeT HKOJIOTMYECKHMX M COLHUAIBHBIX
aCIEeKTOB — TaKUX KaK CHHKEHHE BBIOPOCOB BPEIHBIX BEILECTB M YMEHBIIEHUE WX BO3IEHCTBUS Ha
OKPY’KaIOILYI0 Cpeay, a TAKKe YIydIlleHHue TOCTYITHOCTH MHOTUX BHUJIOB TPAHCIOPTA AJII MECTHBIX
XKHUTeJel, oOecrneyuBarollee pPOCT COLMAIbHOM 3aluiieHHoCTH. s pa3sBUTHS COBpPEMEHHOH
TPAHCIOPTHON HMHQPACTPYKTYpbl B CTpaHe HEOOXOIMMO NpPUBJICYEHHWE WHBECTUIMHA M pa3BUTHE
MApTHEPCKUX OTHOLIEHWM C JpYyrMMHM CTpaHaMM M MEXKIYHAapOOHBIMU oOpraHusamusmu. B
MOCJIEIHUE TOJbl OOOCTPHIIMCH BOIPOCHI HE TOJNBKO TPAHCIIOPTUPOBKU TPY30B OTEUECTBEHHBIX
OTIIpaBUTENIEH U MOTyvaresel, HO U TPaH3UTHOTO 00cykuBaHus [3].

Keipreizckas PecnyOnmuka MCIosib3yeT CBOM TPaH3UTHBIM MOTEHLMAN KpaiiHe HEJ0CTaTOYHO.
[TosToMy pa3BUTHE aBTOMOOMIIBHBIX M JKEIE€3HOAOPOKHBIX KOPHIOPOB BHICTYNAET KaK BaKHEUIIINE
HaIpaBJI€HUS! B MOJEPHU3AIMHA OT€YECTBEHHON SKOHOMHKH, KOTOpPBIE B HEJAIEKOM OyayIieM OyayT
CHocoOCTBOBaTh TpaHC(POPMALIMU CTPAHBI B «IIEPEKPECTOK» HOBBIX TOPrOBBIX MyTEH peruoHa u
MUpa. ABTOMOOWJIBHBIN TpPAHCIOPT, BCIEACTBUE Teorpaduyeckoro pacroyioxkeHus Koiprsizckon
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PecniyGnuku, mpeobiagaeT B TPAHCIIOPTHOM CEKTOPE CTPaHBI M SIBJSIETCS CBSI3YIOIIMM 3BCHOM B
Pa3BUTUU JIPYTUX CEKTOPOB DSKOHOMHKH, TakKe oOecredynBas CBSI3b MEXIY pa3IndHBIMHU
peruoHamMH M HaceJIEHHBIMU ITyHKTaMu. J{oJisg aBTOTpaHcmopTa npessimaeT 95% ot obmiero oobema
IPY30BbIX U MACCAKUPCKUX MEPEBO30K B CTPAHE.

[TosTOMy 3HaueHHE aBTOMOOMJIBHBIX JOpPOT B dKOHOMHKE KbIprbI3ckoii PecryOmuku Hemb3st
HEJI0OLICHUBATh, OTCTABAaHUE B ATOW MPHOPUTETHOM cdepe CIIOCOOHO MPUBECTH K CYIIECTBEHHBIM
SKOHOMHUYECKUM TMOTEpsM, KOTOPHIX MOXXHO M HYXXHO H30exarb. Bmecrte ¢ Tem, HECMOTps Ha
OOIIECTBEHHOE MPH3HAHUE 3HAYMMOCTH ABTOMOOWJIBHBIX JIOPOT Ui MaKpO3KOHOMHUYECKOTO M
PErMOHAIBHOTO Pa3BUTHS CTPaHbI, CUTyalus ¢ (MHAHCUPOBAHUEM MEPOIPHUATHI 110 COXPAHEHUIO U
Pa3BUTHIO HHPPACTPYKTYPHI TOPOKHOM CETH OCTACTCS KPUTHUECKOM.

I[To pmamaeiM MunucrepctBa ¢uaancoB KP, Owomker MuHHcTEepcTBa TpaHCIOpTa |
kommynukanuii (MTK) KP na 2022 r. cocraBuin 22 229,6 MiIH COMOB, B TOM YHCJI€ TEKYIIUN
oromker — 3 198,7 MIH COMOB, BBIILIATHI MO JIMHUKM TOCHHBECTHIMH — 13 797,1 MJIH COMOB U IO
CTaTh€ «KaluTajdbHbIC BIOXEHUs» — 5 233,8 MiH coMoB. HecMOTpsi Ha €KeroHOe yBEIUYEHUE
rOCYIapCTBEHHOTO (MHAHCHPOBAHUS, a TaKXKE WHBECTHIUNA OT MEXIYHAPOIHBIX (PMHAHCOBBIX
OpraHu3alii B BHUJIE€ KpPEIUTOB MW TpaHTOB, KBIPrbI3cTaH BCE €IIE€  HUCIBITHIBAET
«uHppactpykrypHsiii gedunut» (https:/kurl.ru/rlIUY).

B oroit  cBa3m, HeoOXOMMMO OOBCKTUBHOE HCCIICIOBAaHHE MPOOJIEMBbI  Pa3BUTHS
UHPPACTPYKTYpbl TpPaHCHOPTHOTO KomIiekca Keipreisckoit PecryOmuku, HyxHa paspaboTka
METOJIMYECKUX PEKOMEH AWM TI0 PeaInu3aluy MPorpaMM KOMILJIEKCHOTO Pa3BUTHS OTPACIH, B TOM
yucie, 1Mo (OPMUPOBAHMIO HWHTETPUPOBAHHON TPAHCIIOPTHOM CHCTEMBI, CBS3bIBAIOIIEH BCE
PETHOHBI CTPaHBI.

OOGecrnieunBasi HAACKHYIO M JIOCTYIIHYIO CETh AaBTOMOOWJIBHBIX M >KEJIE3HBIX JIOPOT,
a’pOIOPTOB, TPAHCIIOPTHAST UHPPACTPYKTYpa MO3BOJISIET MPEANPUATASIM TPAHCIOPTUPOBATH CBOIO
MPOAYKIMIO KaK Ha BHYTPEHHHUI, TaK W HAa MEXIYHApOAHBIA PBIHKH. JTO CIOCOOCTBYET POCTY
TOPTOBJIY, PACIIMPSIET SKCIOPTHHIE BOBMOXKHOCTH U MPUBJIEKAET MHOCTPaHHbIC MHBECTULIMH. boiee
TOTO, OH O0ECIEYMBAET CBOCBPEMEHHYIO TOCTABKY CHIPhSi B OTPACld U PACIPEACSIEHUE TOTOBOM
MPOAYKIIMU TTOTPEOUTEISIM, ONTUMHU3HUPYS LIETIOYKH MTOCTABOK M CHIDKAS 3aTpaThl HA JIOTUCTUKY. B
1enom, HajaexHas u 3hGeKTuBHas TpaHCHIOPTHAsT UH(PPACTPYKTypa HEOOXonuMa IJis yCTONYMBOTO
SKOHOMHYECKOTO pa3BUTHS cTpaHbl. OH JEHCTBYET Kak KaTalu3aTop TOPTOBIIH, MPOU3BOACTBA,
MOOUIIBHOCTH paboyuell CUJIbl U TypU3Ma, CIOCOOCTBYSI SKOHOMUYECKOMY POCTY, CO3/IaHUI0 pabodYnx
MECT M TIOBBIIIEHUIO KauecTBa XU3HU. [[paBUTENbCTBAM M JUPEKTUBHBIM OpraHaM CJIeIyeT yAeNaTh
MPUOPUTETHOE BHUMAHHE WHBECTHIMSIM B TPAHCHOPTHBIA CEKTOp, YTOOBI YIYYIIUTH CBS3b,
obecrnednTs OecriepeOOoHbIN TOTOK TOBAPOB M YCIYT U PACKPHITH BECh IKOHOMUYECKUN MOTEHIINAT
cTpansl [4].

Taxxe BaxkHO OOpaTHTh BHUMaHWE Ha YIYYIICHHUE YMIPABICHUS W KOOPAUHAIMH B cdepe
TpaHcmopTa. OTO BKJIOYaeT B cebsd pa3paboTky dGGEKTUBHBIX CTpaTeruil  pa3BUTHA,
YCOBEPIIICHCTBOBAaHNE MPABOBOM 0a3bl W MEXaHH3MOB PETYJIHPOBAaHHS, a TakkKe YKpEIUICHHe
MapTHEPCTBA MEXIY TOCYIapCTBEHHBIMH OpraHaMH, YaCTHBIM CEKTOPOM M OOIIECTBEHHOCTHIO.
Takoli mOAXOM CMOCOOCTBYET COAJTaHCHPOBAHHOMY W YCTOMYHMBOMY Pa3BUTHIO TPAHCIIOPTHOM
cucteMbl. HeoOxomuMo Takke oOOpaTHTh BHHMAaHHME Ha PETHOHATBHYIO HWHTETPAMIO U
COTpPYIHHUYECTBO B cdepe TpaHcmopra. KeIprbi3cTaH sBIsSeTCS TPAaH3UTHOW CTPAaHOW Ha IMyTH
MEXIYHAPOIHBIX TOPTOBBIX MAapIIPyTOB, U pPAa3BUTHE TPAHCHOPTHOW HHQPPACTPYKTYPHI MOXKET
CrocoOCTBOBATh YKPEIUICHUIO €ro MO3WIuu B peruoHe. [lommepkka M pa3BUTHE TPAHCIOPTHBIX
CBSI3€H C COCETHUMU CTpaHaMu OyAeT CrioCOOCTBOBATh YBEIUYCHHUIO TOPTOBOTO 000pOTa M MPUTOKY
MHBECTUIIMH B H3KOHOMUKY Ksipreisctana. B 1enoMm, akTuBHOE pa3BUTHE TPAHCHOPTHOM
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uHppacTpykTypsl Kbiprei3crana siisieTcss BaxHbIM (aKTOPOM ISl €r0 SKOHOMHUYECKOTO pocTa U
YCTOMYMBOTO pa3BUTHSA [5].

Cuctema oOcCHyXMBaHUSI JOPOT TAKKE SIBISIETCA BAXXHOW YacThIO MOJENU YIPABICHUS
aBTOMOOWJIBHOW  WHGpAcTpyKTypoil. Bximiowas perynsipHoe  oOCHTyXHBaHHE, PEMOHT U
MOJIEPHM3AIIMIO  JOPOI, OHAa O00ecleyrMBaeT COXPAHHOCTh W KayeCcTBO  TPAHCHOPTHOM
UHQPACTPYKTYpbl. XOpOIIO 00CTyKHUBaeMble JOPOTH CHIXKAIOT M3HOC aBTOMOOWJIEH, MOBBIIIAIOT
KOM(pOPTHOCTH IMTEIIECTBHS U YIIyUIIalOT MPOIYCKHYIO CIOCOOHOCTH [6].

Cuctema 0€30MaCHOCTH TAaK)KE UIPAET BAXKHYIO POJIb B MOJEIH YNPaBICHHUS aBTOMOOMIBLHON
uHppactpykrypoidl. OHa BKIIO4aeT B ce0s Mepbl MO MPEIOTBPALICHUIO U YMEHBUICHUIO aBapuid,
TaKue Kak pa3MeTKa JIOPOT, OTrpaXkJEeHMs, OCBELIEHHWE M Jpyrue TeXHUYecKue peueHus. Kpome
TOTO, BXHBIMH SIBJIAIOTCS TPOrpaMMbl 1O OOYYEHHIO BOIMTENEH, IMpomaragaa O0e30macHOro
MOBEJICHHUS Ha JOPOrax M KOHTPOIb 33 COOMIOICHUEM MPABHII JOPOXKHOTO JIBMKeHUsI. CoBpeMeHHast
MOJIeNIb YIIpaBJIEHUs aBTOMOOMIIbHOM MHGpacTpykTypoil KbIprei3crana mo3BosisieT A0CcTU4b Oolee
6e3omacHoro u 3p¢GeKTUBHOTO IBUKEHHS TPAHCTIOPTHBIX CPEJICTB.
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ANALYSIS OF FREIGHT TURNOVER ALONG THE INTERNATIONAL NORTH-SOUTH
TRANSPORT CORRIDOR AND ASSESSMENT FOR THE TRANSPORTATION
OF GOODS IN FREIGHT TRAINS ACCORDING TO A FIXED SCHEDULE
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Annomayus. B cBsi3U ¢ MOCIETHUMHU COOBITUSMHU B CTpaHe, KOrJa HE TOJBKO Ha OTAENbHBIC
NPEANPUATHS, HO JaXe Ha Lenble OTpacid Halmed cTpaHbl, EBpocoro3  HakiaablBaeT
JKOHOMHYECKHE CAHKLMHU, OJHOM W3 IVIABHBIX 3aJa4 [PAaBUTEIIbCTBA SBISETCA 3alUTa H
YKpEIUUICHUE HAlMOHAJIbHOM DJKOHOMHUKH, CHUKCHUE 3aBUCHMOCTH OT 3alafHbIX KOMIIAHUU H
YCTAQHOBJICHHE CBSI3€H C MpeanpusaTusMu cTpaH Asuu, Adpuku, MHnokuras. BenenctBue udero
0oJbIlIOe 3HAYEHHE MpUOOpeTaeT MEXIyHapOIHbIM TpaHcopTHbIN kopuaop «Cesep-IOrm». MTK
«CeBep-lOr» mnpencraenser cobol KOpHUIOp, CO3MAaHHBIA A 3(PPEKTUBHOM IOCTaBKU T'Py30B
Mexnay rocyaapcrBamu CeBepo-3amanHoil EBpombl u  ctpanamm  Kacmuiickoro 6acceiina,
[lepcuackoro 3anuBa, llenTpansHoil, HOxnoii u IOro-Boctounoii A3zum, ¢ HCHOJIB30BaHUEM
TpaHCIIOPTHOM HMHPpacTpykTypbl Poccuu. Ha naHHBIT MOMEHT 3TO OIMH M3 CaMbIX KOPOTKUX
MapHipyToB, coequnsomux Poccuto co crpanamu OmmkHero Bocroka, KOro-Bocrounoit Asueit u
Wupnueit. Lenbto cTarhu siBiseTcs aHanu3 o0beMoB nepeBo3ok rpy3oB no MTK «Cesep-lOr» u3
Poccun u crpan Kuras, Upana, Typunn, Maaum, a Takke OLIEHUTh NOTEHIMA Pa3BUTHS KOPHUIOpa
JUISL OCBOEHHSI BO3PACTAIOLINX 00BEMOB U MEPEBO3KHU IO TBEPIOMY PACIIHCAHUIO.

Abstract. In connection with recent events in the country, when the European Union imposes
economic sanctions not only on individual enterprises, but even on entire industries of our country,
one of the main tasks of the government is to protect and strengthen the national economy, reduce
dependence on Western companies and establish ties with enterprises countries of Asia, Africa,
Indochina. As a result, the North-South transport corridor is gaining great importance. The North-
South ITC is an international transport corridor created for the efficient delivery of goods between
the states of North-West Europe and the countries of the Caspian Basin, the Persian Gulf, Central,
South and Southeast Asia, using the transport infrastructure of Russia. At the moment, this is one of
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the shortest routes connecting Russia with the countries of the Middle East, Southeast Asia and
India. The purpose of the article is to analyze the volume of cargo transportation along the North-
South ITC from Russia and the countries of China, Iran, Turkey, and India, as well as to assess
the potential for the development of the corridor for the development of increasing volumes and
transportation on a firm schedule.

Kniouesvie cnosa: TpaHCTIOPTHBIN KOPUAOP, MApPIIPYT, UMIIOPT, SKCIOPT, TPY30000POT.
Keywords: transport corridor, route, import, export, cargo turnover.

Tpu eemxu. Ilepcnexmussi. I pyzonomoku

Kopunop mnpuobOperaer OONBLIYI0 aKTyalbHOCTh M IPEIyCMaTpUBAcT TPH OCHOBHBIX
MapluIpyTa rpy30B oTHOcUTeNbHO Kacnuiickoro mops [4].

TpaHckacnuiickasl mpeLycMaTpUBaeT MPOXO IPy30B uepe3 nopTshl AcTpaxaHu U Maxaukasl.
Coemunsier moptel P® ¢ mopramu Wpana na rore Kacnuiickoro mops. C Hauana roma To
TPaHCKaCIHUICKOMY MapuIpyTy ObLI OTMEUEH POCT OTIPABOK KIIFOYEBBIMU KJIMEHTaMU B CPaBHEHHUU
C QaHAJIOTMYHBIM MIEPUOJIOM MTPOILIOro roga — ¢ 5,5 Teic A0 19,1 Thic T [4].

[IpomyckHbie U mepepadaThIBAIONINE BO3MOXKHOCTH IKENE3HOAOPOKHON HHPPACTPYKTYpPhI
CTpaH, 4Yepe3 KOTOpbl€ IPOXOJUT BETKA, HE CIPABISIIOTCS C PACTyIIUM OOBEMOM INEPEBO3OK,
MO3TOMY CpPOK JOCTaBKH IO TpaHckacnuiickon BeTke MTK yBenuuuBaercs, B CBSI3M C ITHUM,
KOMIIaHUM NIEPEHANPAaBIISAIOT IPY30II0TOKHM Ha 3anagHyo U BocTouHyo BeTku MTK [1].

3anagHeiii MapmpyT — udepe3 AsepOaiimkan u MpaH xKene3HOZOPOKHBIM TPAHCIIOPTOM C
HCIIOJIb30BaHUEM aBTOMOOUJIBHOTO TpaHCHOpTa Ha ydacTke Pemr-Acrapa, Tak Kak 3TOT y4yacToK,
JUIMHOW 162 KM, SIBISIETCS HEAOCTAIONIMM 3BEHOM JUI HEMPEPBIBHOCTU KEJIE3HOIOPOKHOTO
coobmienusi. B cepenune mas 2023 r npesuaentsl Poccun Bnagumup [lytun u Upana D6paxum
Paucu omoOpuiu moAamucaHue COIVAIIEHUS O CTPOUTENBCTBE >Kele3Hoi moporu Pemr-Acrapa.
Bmecto 3040 cyTtok rpy3sl OyayT MpeoaoieBaTh 3TO paccTosiHue Bcero 3a 10, 4ro yBETUYUT
KOJIMYECTBO IEPEBO30K II0 KOPUJIOPY U CHHU3UT CTOMMOCTh IepeBO3KU. Bocrounas —
KEJIEe3HOAOPOXKHBIN MapmpyT M3 Poccum uepe3 Kazaxcran m TypKMEHHCTaH € BBIXOJOM Ha
KEJIE3HOAOPOXKHYIO ceTh MpaHa 1o nelicTByromeMy norpanuyHomy nepexony Temxen-Cepaxc [2].
O06beM nepeBo3ok 1Mo BocTouHo# BeTke B 2022 rony coctaBun 0,5 muH T [3, 4].

OnHOM U3 KIIIOYEBBIX 0COOEHHOCTENH BOCTOYHOIO MapIIpyTa KOpUI0pa SBJISIETCS €r0 HaIn4Ke
MOJTHOM MHPPACTPYKTYpPbl U (PyHKIIMOHAIEHONW TOTOBHOCTH, KOTOpPBIE 00€CIIeUnBAIOT HEMPEPHIBHOE
KeJe3HOJOpoKHOe coolmienne mMexay Poccuelt u Mpanom uepe3 Typkmenucrtan u Kaszaxcras.
NmenHo no stomy mapuipyTy B utoHe 2022 r Oblla OpraHu3oBaHa OTIPaBKa IEPBOTO TECTOBOIO
KoHTelHepHoro mnoe3fga u3 Poccun B Muauto. PaccMoTpum 00beMBI MEPEBO3UMBIX T'PY30B IIO
TpaHcnopTHOMY kopunopy ¢ Kuraem, Wpanom, Typumein m MHauen, KOTOpbIE HUCHOIB3YIOT 3TOT
KOpu0p [2].

I'py30060pom Poccuu u Kumas

Poccus nepeoprenTHpoBanack Ha BOCTOK — HACTOJNBKO, HACKOJIBKO 3TO BO3MOXKHO. 3a CYET
Kuras nnanupyercss BOCCTaHOBUTH SKCIOPT U UMITOPT U 3aKPBITh HYX/IbI poccuiickoro ousneca. C
2010 roga Kurait — kpynHeWmui Toproselii naptaep Poccun, ecnu He cuurare EBpocorosa. Ilo
9TOH NPHUYMHE COTPYIHUYECTBO MEXAY JTHUMM JBYMs CTpaHaMM CTajo KpailHE BaXKHbIM. 3a
MOCJIETHAE TISATH JIET 00bEM TPy30B, MEPEBO3UMBIX Mex Ty Poccueit m Kutaem, BEIpoC mouTH BIBOE
(Pucynox 1, Tabmuma 1). Ilo maHHBIM KHTalCKOMl TaMOXXHHU, HUMIOPT POCCHUHCKHX TOBAapOB
cocTaBis 79,32 muipn noiapoB, B ToM yncie Kutail 3akynan ceipyto HedTh U yronb. Poccus s
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KHP — omua w3 Beaymmx OSKcmopTepoB HedTH, ycTymaer Toibko CaynoBckol ApaBuu
(https://journal.tinkoff.ru/china-partnership/).

TpaHcNopTHLIE KOPUAOPHI: MapuwpyTts! Kopuaopa Cesep—IOr:

CesepHblit EBpasniickuit e 3anagHbli
e | leHTP@IbHbIF EBpa3uiickuii seeeee  TpaHCKACAWICKMI
———  TPACEKA mmmi BOCTOYHBIN
== Cepep—IOr ABTOLOPOXHBIN Poccusa— Ipyaus — ApmeHus

HuxHuiA Mepmb
\\ w -\Exarepmnﬁypr POCCUA
wa KpacHospck

A®GTAHUCTAH

NPAK

Benpgep-A6bac

Ha Mymbéaii MHANSA

Pucynok 1. Cxema MTK «Cesep-1Or»

. Tabnuna 1
OBBbEM BHEIIHEUN TOPI"OBJIN, munpz momiapos
2018 2019 2020 2021 2022
Hmnopt 52,2 54,1 54,9 72,7 76
Okcnopt 56,1 56,8 49,1 68 114
9,70% ® Ma1yHel, 000pyI0BaHKUE ¥ TPAHCTIOPTHbIE

cpencTaa
2,10% B TekcTuiab U 00yBb

HpOI[OBOJ'II:CTBeHHLIC TOBApPbI U U3ACJTUA

60,30% 11% W3 HUX
B [IpoayKiusi XUuMHUYECKOM
MPOMBIIIIJICHHOCTH
7,50% B MeTasuisl U U3OETINS U3 HUX

Pucynok 2. Ctpykrypa poccuiickoro ummnopTa u3 Kuras

Bo BHemiHel Topropiie BaXHa HE TOJBKO CTPYKTypa, HO W OamaHc. Poccuiickuii TOproBwIid
O6amanc ¢ Kutaem ocrtaercs MonoOXUTENbHBIM. TO €CTh MBI 3apabaTbiBaeM OOJBIIE, YEM TPaTHM.
PaccmoTpum Ha auarpaMMe MpUOPUTETHOCTh UMIOPTHBIX Tpy30B (Pucynok 2). Kutaii ctaHOBHTCS
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IJIaBHBIM OOBEKTOM Ui COTpyAaHHuYecTBa ¢ Poccueil, oH crapaeTcsi 3aHATh OOJbIIe MecTa Ha
POCCHUIICKOM PBIHKE MOTPEOUTETHCKUX TOBAPOB.
I'py3o06opom Poccuu u Upana

HecmoTpst Ha CIIOXKHYIO T€OMOTUTUYECKYI0 OOCTaHOBKY B perroHe, Mpan ocraeTrcst OqHOH U3
KpYIHEHIINX CTPaH PETHOHA C PA3BUTOM TOIUIMBHO-3HEPIe€THYECKOW MPOMBIIIJIEHHOCTBIO U
IUBEpCU(PUIIMPOBAHHBIM UMIOPTOM. Jlake B YCIOBHUSIX CAHKIMOHHBIX OrPAaHUYEHHH 3KCHOPT
CTpaHbl JEMOHCTPUPYET B TMOCJIEAHHE TOIbl CTAOMIBHOCTh 32 CYET IIOCTaBOK HEPTH W
HedrenpoaykroB  (https://www.kommersant.ru/doc/5844429). Jlngs uwMmopra  HETaTUBHBIC
MOCJICZICTBUSl CAHKIUI TMPOSABIAIOTCA B OOJbIIEH CTENEeHH, B MPeoOialaHud MPOMBIIUIEHHBIX
TOBAPOB I10 MMPOKO HoMeHKarype (Tabmuma 2).

ITo uroram 2022 r. ToBapoobopot Poccun u Mpana cocraBiseT MpuMEpHO 5 MIIPA JOJUL., U3
KOTOPBIX OKOJIO 4 MJIpJ IPUXOAUTCS HA pOCCUICKUM 3KenopT u 1 mipa — Ha umnopt u3 Mpana. Ho
peanbHast nudpa B3aMMHBIX IOCTABOK MOXKET OKa3arbcs Bbimie (Tabnuua 2, PucyHnok 3).

. Tabmuma 2
OBBEM BHEIIHEUN TOPI"OBJIN, mnpa mosiapos
2018 2019 2020 2021 2022
Nwmmopt 0,538 0,584 0,796 0,967 0,99
Okcnopt 1,21 1,52 1,43 3,068 3,99
3% B JIpoayKuus pacTUTEIBHOTO POUCX 0K ICHUS
T 12% B JlekapCTBEHHBIC CPEIICTBA
IIpouas cenbCckOXOXSAUCTBEHHAS TPOAYKIUS
75%
\I\ 6% B OOopyIOBaHKE U armmapaTrypa
4% B JTpyroe

Pucynoxk 3. Crpykrypa poccuiickoro umnopta u3 Upana

I'py3oob6opom Poccuu u Typyuu

B ycnoBusax MexayHaponHOM HampsbkeHHOCTH Typuust mo-npekHemy ocraercs ansa PO
OJTHUM M3 IEPCIEKTUBHBIX TOPTOBBIX NAapTHEPOB. PazBuTHe TOProBhIX OTHOLIEHUHN Mexay Poccuent
u Typumeit mosnydaer ocoOyr IMHAMHMKY. DTO 3aMETHO IO OCHOBHBIM I1OKa3aTesiM HMIOpPTa-
skcniopra. C Havana poccuiickol crneunonepaunu Ha Ykpausne Typuus, crpana HATO, 3asBuna o
CBOEH BEPHOCTH OOOMM TMapTHEPAM U HE y4acTBOBaJIa B CAaHKIUAX MPOTHB Poccun. DTO mpHUHOCHUT
Typuuu cBou mozasl. 3a rog umnopt u3 Poccun u sxcnopt B Poccuto yasounuce. B 2022 r Poccust
cTaja KpynHeHmuMm ToproBbiM mnaptHepoMm Typruuu, cMmeHuB I'epmanuio, coobmaer Hemerko-
TypelKas MpOoMbIIIJIEeHHO-ToproBas nanara B CramOyne (Tabnuna 3, Pucynok 4).

5 Tab6muna 3
OBBEM BHEIIHEUN TOPI"OBJIN, mupa mosiapos
2018 2019 2020 2021. 2022.
Nmnopt 4218 4978 5,110 6,494 6,5
DKcnopt 21,353 21,149 15,730 26,837 26,5
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21%
B [Ipoaykuus pacTUTEIBLHOIO IPOUCXOKACHUS

23%

B MaruHbl, 000pyJOBaHUE U anmapaTtypa
B TeKkcTHIIb

B Tpancnopt

H [ImactMmacca

B MeTaJuiel

Jpyroe

Pucynox 4. Ctpykrypa poccuiickoro ummnopta u3 Typruu

I pyzoo6opom Poccuu u Unouu

Wmnopr Wuanm npencraBnseT co00il MPEUMYIIECTBEHHO CHIPHEBBIC TOBAphl, B MEHBIICH
crereHd noaBepkeHHble KoHTeitHepuzammu (https:/kurl.ru/qLOHp). DkcnopTHbI moTeHIMA
CTpaHbl, C TOYKM 3pEHMsS KOHTEHHEPHBIX IE€pPEeBO30K, CBsi3aH ¢ (hapmaneBTUKOM (0KOIO 5%
CTOMMOCTHOT'O 3KCIOpPTa) ¥ TeKCTHIIbHBIMU u3aenusimMu (Tabmuna 3, Pucynok 4). ToBapooGopoT ¢
WNunneit 3a veromubiid 2022—-2023 dbuHaHCOBBIN Toa yBenuumics B 2,4 paza u goctur 39,8 mipn
JIOJUIAPOB TI0 cpaBHEeHHIO ¢ 13,1 Mipa JoIapoB rofoM paHee 3a CYeT POCTa HKCIOPTa TOTUIMBHO-
HHEPreTUUECKUX TOBAPOB U MPOIYKIIUU XUMUYECKONW IPOMBIIIIIEHHOCTH.

Tabmmna 3
OBBbEM BHEIIHE TOPI'OBJIM, Mitpy 10/12poB
2018 2019 2020 2021 2022
Wmmopt 3,224 3,921 3,458 4,427 25
Jkcnopt 7,752 7,308 5,798 9,128 37,3

22%

B [IpoayKuus XUMHUYECKOH TPOMBIIIIICHHOCTH
B MamuHsl, 000pyAOBaHHUE U allapaTypa

0
5% ¥ [TpoayKThl paCTUTENBHOTO IPOCX0XKICHHUS

V B MeTajuibl ¥ U3IEIIHS U3 HUX

B TexcTHIbL

7%

B [InacTmaccsl, KaydyK U pe3uHa

9% 23% HApyroe

8%

Pucynoxk 5. CtpykTypa poccuiickoro umnopra u3z Uunuu

Oxcnopm P® 6 2023 200y

I'py3onorok Ha MTK pe3ko BeIpoC 3a MOCIEIHUN IO/ TOCJE€ BBEACHHBIX CAHKIIUNA CO CTOPOHBI
3ama/HbIX rocyaapcTB. Beero ¢ Hauana roga norpy»eno 517,6 MiH ToHH, uTto Ha 0,5% OGosnblie, uem
3a aHAJIOTMYHBIN NIEPHOJ MPONLIOro roja [4].

«I'py3omnoTok B 3TOM HampasieHuu K 2025 rogy J0KeH BO3pacTH B JiBa paza — 110 30 MIIH
TOHH, a K 2030 rogy — 1o 35 muH ToHH. 310 155% 10 oTHOMIEHMIO K 2021 roxy», — ckazan M. 111.
XycnymiuH  (http://government.ru/gov/persons/620/bio/) B xome kpymioro crona «Pa3Butue
MEXYyHapOIHOTO TpaHcnopTHoro kopuaopa "Cesep-tOr'"y» (Tabmuma 4).
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Tabmuma 4
OKCITIOPT POCCUU, mapn gom.
2018 2019 2020 2021 2022, 2023
Dkcnopt 86,415 86,777 72,058 107,033 181,8 75,72

I'pyzoobopom no MTK Cesep-IO2 2018-2022 200
BunHo, 4TO SKCHOPT CTPEMHUTENBHO pacTteT, HO W umnopr B PD 3a marte et umeer
noJsiokuTeNbHy0 nuHamMuky (Pucynok 6). IlepeBo3ka mmnopra mo MTK "Cesep-lOr" Bmecto
Cy»s1Koro KaHaja CyIeCTBEHHO COKPATHT PAcXo/Ibl Ha MEPEBO3KY, TaK KaK YMEHBIIUTCS PACCTOSHUE
nepeBo3ku  (https:/kurl.ru/gBNWE). Ha mnpomenmeM CeHTIOPbCKOM CaMMHUTE COIVIaCOBAJIH
OTKPBITHE TAaKOTO KOPHUJIOpa Yepe3 CTPaHbl MEPCUICKOTO 3aJIMBa, KOTOPBIM COCTABUT KOHKYPEHIIHIO
KUTalCKOMY KOopuaopy «OAHH TOSIC — OIUH Iy THY.

2022

2021
54,9 0,796 6,494
54,1 0,584

2019 3,921

2018 3,224

B Kyuraii M Upan Typuus ™ HWHaus

Pucynok 6. O0muit MIopT 3a 5 IeT, MIPA TOII.

OcHoBHasl BeTKa TPaHCHOPTHPOBKM HMHJUNCKHUX TOBApPOB HPOXOAUT mo MapuipyTty WHaus-
OAD-Caynosckasa Apasusi-H3pawis, a ganee yepe3 mope B EBpony. OnHaKo, y4uThIBas TEKYILYHO
cutyauuio B M3pawmne, miuansl HapyuieHsl. Yepe3 W3paune B Onuokaiinnel mepcrekTHBE HUKaKUe
TOProOBbl€ MyTH TOYHO He mpoiayT. ¥ MHauum ocrancs emie oauH BapuaHT TpaH3uTa — B 00X07
W3pauns uepes Upak u Typuuro. Ho u 31ech nomkuiaet npodiema.

OO6xonHolt myTh uzaer 4yepe3 Mpak, y KOTOPOro HET *KeJe3HOW TOpPOrH MO 3TOMY MapHIpPYTY.
ITonsTHO, uTO ¢ pecypcamu Caynosckoit Apasuu, OAD n MHauu, NOCTPOUTH KEIE3HYIO 10POTy B
Hpake He mpoOiema, HO pPELIUTh BOMpPOC O€30macHOCTH MaplipyTa, HM3-3a HaJIM4uus Kyp/oB,
COBEpIICHHO HEpeaJbHO, YUYUTHIBAas IOCTOSIHHbIE omepanuu Oppaorana B Cupum u Hpake,
HalpaB/IeHHbIE TPOTUB KYp/IOB, OTBETHBIE MeEphbl 00s3aTeNbHO OyIyT HampaBlieHbl Ha CpPbIBBI
Joructudeckux nenoyek (Pucynox 7, 8).

BBenennele mnpotuB Poccum CaHKIMM TO3BOJWIIM  ONPEACNINATH JAJbHEWIIUN BEKTOP
MOCTPOEHUSI HOBBIX TOPTrOBO-DKOHOMHUYECKHUX OTHOIIEHHH C PSIOM CTpPaH, a TakXe YKPENnuThb
HMEIOLIUECS CBSI3U C IPYKECTBEHHBIMU I'OCY/1apCTBAMH.

N3-3a Ttexymen curyauuu B M3spaune, y Uugum u crpan Ilepcuackoro 3anmBa ocraercs
€IMHCTBEHHBIM BapuaHT TPaHCIOPTUPOBKH ToBapoB — Kopuaop «Cesep-lOr». MapuipyTt yxe
ornpoOOBaH U yCHEIHO paboTaeT, U UMeeT OOJBIIYIO MPOTHKEHHOCTH 110 KEJIE3HOH 1opore.
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114 399 265 |
2022 — 373
2021
2020
2019 | T 7.308

56,1 1,21, 21,353
2018 | 7,752

B Kurati ® Unau Tvnriugs B Uanug

Pucynok 7. O0muii 3kciopt 3a 5 aeT, MIpA T0JUT

\D

[ ka3axcTan |

’ %“ POCCHS
o

YepHoe Mope

P
YR

ECVNET. |

= Kopuaop TRACECA

st CPBIpHHLIA KOPAIOP Yepe3
AzepSaigpran U ApMeHHO

= KOPHROP 4epe3 Vpak U Typumo

=5 KOPHAOP, NOARSDKSHHLIA
Ha camte G20, s MHam
vepes OAIMKCA

Pucynok 8. [lepcriekTuBHBIE MapIIPYTHI

[IpobnemMy nocTaBKM TIpy30B Ha  OOJbIIME pAcCTOSHUS — Mpenjaraercs  pelIuThb
(opMHpOBaHUEM I'PY30BBIX IIOE3/I0B € TBEPABIM pacnucanueM. [’ py3osas 6a3a qoctarouHa 0osbas
U B IIepCleKTUBE OyldeT Tropas3io BBIIIE C YYETOM pOCTa 00BEMOB IepeBO30K. OpraHuszanus
JBUKECHUSI TPAH3UTHBIX, KOHTEHHEPHBIX M OTIENIbHBIX MapLIPYTOB HA BCEX MAaruCTPasAX CTpPaHb
OCYILECTBIAETCS 1O TBEpPAOMY TIpaduKy, UYTO TOJOKUTEIBHO CKa3blBae€TCs Ha BCeX
SKCIUTyaTallUOHHBIX MOKa3aTesnsix. J{BrkeHne rpy30BbIX MOE3I0B MO TBEPJAOMY I'padUKy MOBBIIIAET
3¢ (GEeKTUBHOCTH UCTIOIB30BaHUSI HUHPPACTPYKTYPhl U KOHKYPEHTOCIIOCOOHOCTH JKEI€3HOI0POKHBIX
nepeBo3ok. [l nanpHeimei ycrnenHoi padboTel KOpuIopa He0OOX0AUMO YBETHYUTh IPY30MOTOK U
CO371aTh KaYeCTBEHHbIE JJOTHCTUYECKHE CEPBUCHI, KOTOPbIE OYIyT CIIOCOOCTBOBATH SKOHOMUYECKOMY
Pa3BUTHIO U YKPEIJICHUIO OW3HEC-OTHOLIEHUI MeXAy BCEMHU CTpaHaMHU-YYaCTHHMIIAMHM KOPHUIOpa.
Heo0xonmmMo MUHUMU3HPOBATH «y3KHE MECTa»: ONTUMU3UPOBATH U YIPOCTUTH JOKYMEHTOOOOPOT,
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o0ecreunTh Hamuuue Tpedyemoro oObema KOHTEHHEpOB B CTpaHaX OTIPABIEHHUS, OPraHU30BaTh
peryisipHble KOHTEHHEpHbIE peiickl Ha MapuipyTe Actapa-MockBa [Jisi YMEHBIIEHUS CPOKOB
JIOCTaBKH [4].
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