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Abstract

Aim. The impact assessment of ecological factors on the pigment content in
mosses collected in the Caucasian Mineral Waters Area.

The material studied consisted of epiphytic mosses (Anomodon viticulosus
(Hedw.) Hook. & Taylor), Leucodon sciuroides (Hedw.) Schwagr.) collected
from two mountainous locations — Mount Zheleznaya and Mount Beshtau.
The pigment analysis was conducted at the laboratory of the Shared Facility
Centre of Tver State University using generally accepted methodology in
2023.

Changes in the light spectrum in high mountain conditions lead to an
increase in the total pigment content due to the increase in Chl b, which
effectively absorbs short-wave intense rays and a simultaneous decrease in
Chl a. The horizontal gradient of pigment concentration variation in mosses
depends on the exposure of slopes, their steepness, plant type and other
biotopic conditions.

The study revealed the unique responses of mosses to local ecological
factors, making them potentially valuable biomarkers of ecological changes.

Key Words

Anomodon viticulosus, Leucodon sciuroides, epiphytic mosses, pigments,
environmental factors, Mountain Zhelezny, Mountain Beshtau, Caucasian
Mineral Waters Area.
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BBEAEHUE

3NUPUTHbIE MXM ABNAKOTCA BaKHbIMW BMOSOrMYECKUMM
MHOMKATOPaMK KayecTBa OKpyKatowei cpegbl. OHM YyTKO
pearvpyoT Ha M3MEHEeHMA B IKOCUCTeMAx, B TOM uucne
noABepPKEeHHbIX BO34ENCTBUIO AHTPOMOreHHbIX $GaKTopoB
[1-5]. OpHako o0cobbli  MHTepec  NpeAcTaBAAOT
MUccnefoBaHNA, KOTOpble MOCBALLEHbI U3yYEHME MXOB B UX
eCTeCTBEHHOM cpefie, Tak KaK MO3BONAIOT MOHATb, Kak
pasfiMyHble 3Konornyeckne $akTopbl BAMAIOT Ha HUX. ITH
CBEAEHUA MUMEIT BaAXKHOE 3HayYeHue [ANA MNOHUMMaHMA
cTpaTerMin afanTaumii MXOB K YC/IOBMAM OKpYy»KatoLLein
cpeapl, Heobxogumbl Aas paspaboTkM cTpaTernit no wmx
COXPaHEHMIO U OXpaHe.

CyLLecTBeHHbIM NHTEpec npeacTaBasioT
UCCNe0BaHNA  BAUAHWMA 3KONOTMYECKMX (AKTOPOB Ha
3NUPUTHBIE MXM B TOPUCTbIX MECTHOCTAX, MOCKO/IbKY
MMeHHO 3aecb 6onee APKO NPOABAAIOTCA IKOJOTUYECKME
0COBEeHHOCTU.  M3BECTHO, 4TO rOpMCTafs  MECTHOCTb
XapakTepuayeTca 3HaYMTeIbHbIMMU N3MEHEeHUAMM
3KO/IOFMYECKUX YCNOBUMA Ha HebonblwoW Tepputopuuy,
TaKMMW KaK BNAXKHOCTb, TemnepaTypa, OCBelleHWe U
npoyee [6]. B 23ToM cBA3KW, YyAOBHOW MoAenbHOW
Tepputopuein gna nposeneHUs NOJ0OHbIX UccnepoBaHUM
MOryT 6bITb 0c060-OXpaHAemble NPUPOAHbIE TeppPUTOPUN
(OONT) Kaekascknx MuHepanbHbix Bog B CTaBponosibCKom
Kpae. Hanpumep, namatHWKM npupogsl (MM) Kpaesoro
3HayeHua «lopa XenesHasa» (ropa enesHana) u «lopa
BewTay» (ropa bewrTay), KOTopble BXOAAT, Kak M Apyrue
oxpaHsemble Tepputopumn (MM «lFopa Passanka», «lopa
3meitka», «fopa MegoBas» 1 T.4.) B cocTaB KpynHoi OOMT
— TOCY[apCTBEHHOro NPUPOAHOIO 3aKasHWKa KpaeBoro
3HauyeHua «bewTayropcknin» [7-10]. Ha ckaoHax 3Tux
FOPHbIX MAaCCUBOB, W3BECTHbIX KaK JIaKKOAUTbI  UAn
NIAKKONIMTOBbIE ropbl, pacnonaratoTcs o6WupHble
obneceHHble y4acTku ¢ 6oratoi pacTMTeNbHOCTbO, KOTOpPas
B TOM YMC/ie ABNAETCA MECTOM 06MTaHMA INUPUTHBIX BUAOB
mxos [11-13].

[na nsyyeHna BANAHUA 3KONOTMYECKMX haKTopoB
Ha [AaHHbIX TeppuTopuAax LenecoobpasHo MCNonb3oBaTb
anuduTHble BUAbI MxoB — Anomodon viticulosus (Hedw.)
Hook. & Taylor) n Leucodon sciuroides (Hedw.) Schwagr.).
3TW BMAbI WMPOKO pacnpocTpaHeHbl 3aecb [10; 14], B TO
BPEMA KaK BO MHOMMX APYrMx pernoHax Poccuiickom

depepaunm  OHW  BK/KOYEHbI B CMUCKM  PeaKux MU
ucyesawwmx Bugos [15-17]. Mpu oueHKke BAUAHUSA
3KONOTNYECKNX ¢dakTopos Ha 3anuduUTHbIE MXM
MHPOPMATMBHbLIMM ABAAIOTCA AaHHble 06 U3MEHEHUAX B UX
nUrMmeHTHom cocrtase [18—19]. M3BeCTHO, UTO U3MEHEHMSA B
NMUIMEHTHOM COCTaBe Y 3MUOUTHbIX MXOB MOTYT YKa3blBaTb
Ha 9KONOrMYecKue CTpecchbl, TakMe KaK HefoCTaTOK CBeTa,
M36bITOYHOE BO3AENCTBME YIbTPAaOMONETOBOIO U3NYYEHUS,
U3MEHEHWEe BNAXKHOCTM WAW He[OoCTaTOK NUTATesbHbIX
BELEeCTB, MpeacTaBnaa MHbopmauuio 06 U3MeHeHun
610I0rMYECcKUX MPOLECCOB CUCTEMbI MOJ BO3AeNCTBUEM
YKa3aHHbIX paKTopoB.

Llene HacToAwel paboTbl — OLLEHKA BO3AENCTBUA
3KONOrMYecknx GaKTopoB Ha coaeprkaHue MNUrMEHTOB Y
OBYX aNNPUTHBIX BUA0B MX0B (A. viticulosus v L. sciuroides),
npouspactatrolmx Ha Tepputopmax asyx OOMT KasKkasckux
MwuHepanbHbix Boa B CraBponosibCKOM  Kpae. [nA
OOCTUXKEHMA  Uenu, MocTaBuauM cinegylowme  3adayuu:
1) onpeaenntb ceTb NyHKTOB 0oT6Opa (M0O) 06pasuos ABYX
3aNUPUTHbIX BUA0B MX0B B npeaenax MM «fopa KenesHas»
n MN «lopa BewTay»; 2) NpPOBECTM NWUIMEHTHbIW aHaNuU3
cobpaHHOro Mmatepuana; 3) OUEHUTb W3MEHYMBOCTb
coaepKaHuA NUIMEeHTOB Y ABYX 3NUOUTHBIX BUA0B MXOB B
pasfiMYHbIX MecTax cbopa; 4) onpenenuTb 3KONOrMYecKue
baKTopbl, KOTOpble MOFYT BAUATb HA CoAeprKaHue
NUrmeHToB Yy 060MX BUA0B MXOB; 5) CPaBHWUTb U3MEHEHMWA B
NUIMEHTHOM COCTaBe Yy ABYX BWAOB MXOB M OLUEHUTb WX
noTeHLUMaNbHble WHOMKATOPHblE BO3MOMKHOCTU B

OTHOLWIEHMU 3SKO/NIOTUYECKMX U3MEHEHW Ha JaHHOW
TEeppUTOpPUM.

MATEPUANT U METOAbl UCCNNEOQOBAHUA

ObbeKTamyn  UCCNefoBaHUA  CAYKMAW  06pasubl  ABYX

anMOUTHbIX BUMAOB MX0B — A. viticulosus w L. sciuroides.
MecTtom cbopa 06pasuoB cayxuam Tepputopun MM «lopa
enesHaa» (851 m) u MN «Fopa Bewrtay» (1400 m). Mpwm
onpepeneHnUn cetm nNyHKToB oTtbopa (MO) matepuana
(A. viticulosus, L. sciuroides) 6blnn y4TeHbl pe3ynbTaThbl
npeABapuTe/ibHbIX UCCEA0BAHUI, KOTOPbIE NOKasanu, 4To
TeHenobusbii Bug, A. viticulosus He BCTpevaeTcAa HuKe
oTmeTKn 600 m B uccnegyemom parioHe [20]. B aToli cBA3M,
Bce MO maTepuana ana uccnefoBaHusa 6bINN pasmeLLeHbl
Ha BblcoTe 600 m U Bbilwe (Taba. 1).

Tabnuua 1. KpaTkan xapaktepuctuka nyHkTos ot6opa (M0) obpasuos A. viticulosus v L. sciuroides,

cobpaHHbIX B Npeaenax ropbl bewray 1 ropbl XenesHas

Table 1. Brief description of the sampling points (SP) of mosses A. viticulosus and L. sciuroides

collected on Mount Beshtau and Mount Zhelezny

3Kcnosuuyma
Ne MO KoopauHatbl OnucaHue Cybctpat BbicoTa, m CK/IOHa
Ne SP  Coordinates Description Substract Height, m Exposition
of the slope
nn «fropa bewmay» / Mount Beshtau
=1,1 KM OT /[, BOK3ana B I. }XenesHoBOACK,
nogbem no gopore «TpaxmMT» B HanpaBaeHUU
BEpPLUMHbI BosbLol Tay, WMPOKOANCTBEHHbI
| 44123448, :ec' AO,'V‘”*t'”r’ylerEa‘sf' 6thh Ty stat Fraxinus 608 C
43.027943 pproximately 1.1 km from the railway station excelsior N

in the city of Zheleznovodsk, uphill along

the “Trachit” road towards the summit

of Bolshoi Tau, where there is a broad-leaf
forest with many beech and hornbeam trees
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44.113363,
43.026432

=2,01 Km Ha nepecevYeHnn 2-x JOPOr — NOAbEM

Ha BepLlMHY BonbLwoit Tay U KO/bLEBOMN,
LUIMPOKONNCTBEHHbIW NIeC, [LOMUHUPYET rpab, byk
Approximately 2.01 km at the intersection Fagus
of two roads - the ascent to the summit orientalis
of Bolshoi Tau and the circular road, where

there is a broad-leaf forest with a huge

number of beech and hornbeam trees

774

44.107372,
43.034143

=2,8 KM N0 KONbL,EBOW f0pore B HaNpaBAeHUn

OBWMKEHUA YacOBOW CTPEKM, LUMPOKO-

JNINCTBEHHbIN Nec, BCTpeyatoTca Ay6, KneH,

AiceHb, byK, rpab Fagus
Approximately 2.8 km along the circular road orientalis
in a clockwise direction, where there is a broad-

leaf forest with oak, maple, ash, beech and

hornbeam trees

842

C-B
N-E

44.101393,
43.039262

=3,9 KM MO KO/bLLeBOM Aopore, WMPOKO-

JINCTBEHHbIN Nec, BCTpeyatoTca Ay6, KneH,

AceHb, byK, rpab, nmna Acer
Approximately 3.9 km along the circular road platanoides
through a broad-leaf forest with oak, maple,

ash, beech, hornbeam and lime trees

842

44.092972,
43.046193

=5,8 KM N0 KO/1bLLEBOW Aopore, LWMPOKO-

JINCTBEHHBIN NEec, BCTPEYAKOTCA K/eH, ACEHD,

auvna Fraxinus
Approximately 5.8 km along the circular excelsior
road through a broad-leaf forest, where

there are maple, ash and lime trees

846

10-B
S-E

44.080963,
43.021764

=9,3 KM MO KO/bLLeBOI Aopore, NeCHble

cooblecta 6onee paspaKeHHble, BCTpevatoTes
NPenmyLLECTBEHHO HU3KOPOC/ble AepeBbs

W KYCTapHUKM (iceHb, MO KeBeNbHUK, bepesa,

Ay6, newmHa, akauma), LoOMUHMpyeT

TPaBAHWUCTAA CTeMHasA PacTUTENbHOCTb Fraxinus
Approximately 9.3 km along the circular road, excelsior
where the forest communities are less dense,

consisting of low trees and shrubs such as ash,

juniper, birch, oak, hazel and acacia,

with the predominance of herbaceous

steppe vegetation

848

(%]

44.092552,
43.008805

=11,1 Km No KONbLEBOM AOpOre, PASOM

BTOpo-ADOHCKIUI YCNEHCKUIT MYKCKOM

MOHACTbIPb, IeCHble COObLLECTBA PA3PAKEHHbIE,
BCTPEYAOTCA ACEHb, KeH,pAbuHa, Knsun,

6Y31Ha, SIeLMHa, MOXKeBEe/IbHUK, AOMUHMPYET
TPaBAHWUCTAA CTeNHasA PacTUTENbHOCTb Acer
Approximately 11.1 km along the circular road platanoides
near the Second Athos Assumption Monastery,

where forest communities are less dense,

consisting of ash, maple, rowan, cornel,

elderberry, hazel, juniper, with the

predominance of herbaceous steppe vegetation

815

t0-3
S-W

44.110348,
43.009958

=13,3 KM MO KO/bLEBOI fopore, TPaBAHUCTbIE

pacTeHWs BbITECHEHbI lEePEBbAMM, BCTPEYAOTCA

ay6, Byk, aceHb, rpab Quercus
Approximately 13.3 km along the circular road, robur
where herbaceous plants are displaced by trees,

including oak, beech, ash and hornbeam

843

C3
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MM «lfopa Mene3uaa» / Mount Zhelezny

0,2 KM OT Hayana TeppeHKypa 1, pagom

KaMeHHaAa NanTa «BOpO,CI,MHO», B CMelWaHHOM

44.138030,
43.034428

necy npeobnagaloT IUCTBEHHbIE NOPOAbI
0.2 km from the beginning of “Terrunkur 1”,
near the “Borodino” stone slab, where

Fraxinus
excelsior 648 S-E

deciduous species prevail in a mixed forest

0,4 Km OT HaYyana TeppeHKypa 1, pagom

KameHHaAa nauta «MacKapag», B CMewaHHOM

44.139263,

10 43.036139

Necy npeobaafaloT IMCTBEHHbIE MOPOAbI
0.4 km from the beginning of “Terrunkur 17,

Acer B
4
platanoides 643 E

near the “Masquerade” stone slab, where
deciduous species prevail in a mixed forest

0,6 KM M OT Havyana TeppeHkKypa 1, pagom

44.140850,

1 43.036236

KameHHas nanTta « Mublpm», cMelaHHbIN nec
0.6 km from the beginning of “Terrunkur 1”,

Acer

platanoides 648

N-E

near the “Mtsyri” stone slab in a mixed forest

=0,9 KM OT Hayana TeppeHKypa 1, B cmewaHHOM

44.142422, Niecy BCTpeYarTCcA XBOMHbIE nopoabl

12 43034764

Approximately 0.9 km from the beginning

C-B
N-E

Fraxinus

. 647
excelsior

of “Terrunkur 1”, where coniferous species

are found in a mixed forest

=1,3 KM OT Hayana TeppeHkKypa 1, pagom
AepeBaHHan ckynbnTypa «en»; B CMELWaHHOM

44143429, necy npeob1afatoT XBOMHbIE MOPOAbI

13 43.030816

Approximately 1.3 km from the beginning
of “Terrunkur 1”, the “Grandfather” wooden

Acer C
platanoides 636 N

sculpture, where coniferous species prevail

in a mixed forest

=1,7 KM OT Ha4yana TeppeHKypa 1, B cMelaHHOM

44.142638, Niecy BCTpeYaroTCA XBOUHbIE Nopoabl

14 43.028457

Approximately 1.7 km from the beginning

Quercus

4
robur 640

N-W

of “Terrunkur 1”, where coniferous species

are found in a mixed forest

=2 KM OT Hayana TeppeHKypa 1, B CMelaHHOM

44.141459,

15 43.025661

necy npeob61afaloT IMCTBEHHbIE NOPOAbI
Approximately 2 km from the beginning

C-3
N-W

Fraxinus

. 640
excelsior

of “Terrunkur 1”, where deciduous species

prevail in a mixed forest

=2,2 KM OT Hayana TeppeHkypa 1, pagom
CMOTpPOBaA N/IOLAAKA, B CMELIAHHOM aecy

44.140371, npeo61afatoT IMCTBEHHbIE NOPOADbI

16 43.024881

Approximately 2.2 km from the beginning
of “Terrunkur 1”, where there is an observation

Acer 3
platanoides 644 w

deck near which deciduous species prevail

in a mixed forest

B NN «lopa bewTtay» cetb MO maTepmana BKAKOYaNA
2 yyacTKa, OT/IMYaloWMeca No BbICOTE M MPOTANKEHHOCTMU:
nepsbliA — KPYTON U U3BMAUCTLIN NOABEM AJIMHOM 2 KM Ha
ropy bewTay co cTopoHbl . Hene3HOBOACKa Ha BblCcOTe
700-800 m (MO 1-2); BTOpOI — KONbLEBAA AOPOra BOKPYr
ropsl bewTay, no nepumeTpy aavHon 13,8 KM, Ha BbicoTe
815-850 m (MO 3-8) (puc. 1). B mecTe pacnonoxKeHus
MO 1-8 oTmedyeHa TUNWYHAA ANA YMEPEHHOrO KAMmaTta
KaBKa3CKUX rop pacTUTENbHOCTb, BCTPEYAIOTCA CMeLlaHHble
W JINCTBEHHbIE fleca, C TaKUMU [APEBECHLIMW MOPOAAMM,
KaKk ay6 vepewdatbli Quercus robur L., 6yK BOCTOYHbIN

Fagus orientalis Lipsky, rpab o6blKHOBeHHbIN Carpinus
betulus L., AceHb 0BbIKHOBEHHbIN Fraxinus excelsior L.,
nvna eeponevickan Tilia europaea L., KNneH OCTPOAUCTHBbIN
Acer platanoides L. [13]. B 3aBMCMMOCTM OT 3KCMO3ULUK
CK/JIOHA, PacTUTENbHOCTb BOKPYr TrOpbl MeEHSeTca: Ha
I0XHbIX M HOro-3anagHbIX CKAOHaxX, rae b6onblie cosiHe4yHoro
cBeTa M Tenna oTMedyeHa bHonee cyxaa M Tensontobusas
PacTUTENbHOCTb;, Ha CeBEPHbIX M BOCTOYHbIX CK/JOHaX —
6bonee BnaxHaa M TEHUCTAA PaACTUTENbHOCTb, BK/tOYan
JINCTBEHHbIE AEPEBbA, A TaKKe mxu [21].

10

ecodag.elpub.ru/ugro/issue/current




South of Russia: ecology, development 2024 Vol. 19 no.4

A.F. Meysurova

SewrTayropocei
nec

Image © 1018 DiggalEatbe, In

PucyHok 1. Cxema pacnosioxkeHusi NyHKToB oTbopa 06pa3uoB A. viticulosus v L. sciuroides,

cobpaHHbIX B npeaenax ropbl bewTay (MO 1-8)

Figure 1. The layout of collection points for A. viticulosus and L. sciuroides gathered on Mount Beshtau (SP 1-8)

B NN «lopa enesHaa» MO matepmana 6b11M yCTaHOBAEHDI
Ha Yy4yaCTKe pacnosiodKeHHOM Ha BbicoTe 630-650 m
(MO 9-16). ITOT yyacTOK, M3BECTHbIW KaK TeppeHKyp 1 uaun
JIepMOHTOBCKUI TEPPEHKYpP A/MHOW 2,5 KM, npoxoguT
BOKpPYr camoli ropsbl ¥enesHas (puc. 2) [7]. PactutenbHocTb
Ha rope *enesHana pasHoobpasHa, BK/IOYAET SIUCTBEHHbIE
(aceHb, ay6, ByK, KNeH) n xBOMHbIE AepeBbs (enb Picea L.,
nspenkKa cocHa Pinus L.), umeetca ryctoi nognecok [13]. B
3aBUCMMOCTM OT 3KCMO3WULUMM CKJIOHA PaCTUTENbHOCTb
MEHSAETCA: HA HXKHbIX U HOr0-BOCTOYHbIX CK/JOHAX ropbl
KenesHasa pacTyT cmellaHHble fieca C npeobiagaHuem
JINCTBEHHbIX MOPOA,; Ha CEBEPHOWM M BOCTOYHOWM CTOPOHAX
npeobnagatoT XxBoMHble Aepesbs [21].

B Kaxkgom MO cobupanu no ogHomy obpasuy
Kaxgoro snaa. Obuwee Yncno cobpaHHbIX AePHOBUH ABYX
BMA0B cocTaBmio 40. O6pasLbl cobupanu, NAKETUPOBAIM U
AoctaBnanu B nabopatoputo LIKM TelY ans nposeaeHun

K®K-3-30M3 (Poccusa) npu A=630, 647, 664 n 750 Hm
[19; 22]. Ona 3KcTparMpoBaHWS WCMO/b30BaNAWN aALETOH
(80 %). KoHueHTpaumio Xna paccuutanu no opmynam
1un2:

D-:,M'DEM .
C oy =2,44 — A, (1),

€ Xm = (11850, — 1540, — 0.080:34) VL (2)
=L
rae: Deso, Des7, Desa M Dysp — onTuyeckne nAOTHOCTU
3KcTpakTa npu A=630, 647, 664 1 750 HMm; V, — 0b6bem
aKcTpakTa, cm3; Vo, — obbem npobbl, am3; | — gavHa
KIOBETbI, CM.
KoHueHTpaumto Xnb onpeaennnu no popmyne 3:

Cxmp = (21.03D 47 — 543045 — 2.66Dgg0) o= 3),
m

rae: Deso, Des7, Desa M Dysp — onTMyecKne nNAOTHOCTU

MUIMEHTHOrO aHanusa. B nabopaTopHbIX YCNOBUAX C 3KcTpakTa npu A=630, 647, 664 n 750 Hm; V; — obbem
MCMO/b30BaHWEM  CMEKTPOPOTOMETPUYECKOTO  MeToja 3KCTpakTa, CM3; Vg, — obbem npobbl, Am3; | — ananHa
onpefensanun coaep:kaHue xaopodunnos a u b (Xna, Xnb) KIOBETbI, CM.

no obWenpuHATON MmeToaMKe Ha ¢OTOKoNopUMeTpe
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PucyHOK 2. Cxema pacnonoKeHusa NyHKToB oTbopa 06pasuos A. viticulosus n

cobpaHHbIX B npeaenax ropbl HenesHaa (MO 9-18)

1mage & 2018 DigitaiGiobe, Inc

BN

L. sciuroides,

.,

Figure 2. Layout of collection points for A. viticulosus and L. sciuroides gathered on Mount Zheleznye (SP 9-18)

BennuynHbI ONTUYECKMX MNIOTHOCTEN, MCMONb3yemble Mpu
pacyeTe B dopmynax 1-3, BbibMpanu ¢ y4eTom MonpasBKku,
paBHOM ONTMYEeCKOM nAOTHOCTM npu A=750 Hm. 3ITa
nonpaBKka  BblMMTAETCA M3  3HAYeHWa  M3MepeHHoM
ONTMYECKOM NNOTHOCTU. [TOBTOPHOCTb M3MEPEHMI KaXKa0ro
obpasua 6bina TpexkpaTHoW. CTaTucTuyeckas obpaboTka
JaHHbIX W onpeaeneHne nNapameTpoB (cpegHWe 3HavyeHus
KOHUEHTPALUMM XN0POGUANOB, MX COOTHOLIEHUS BHYTPU
BMAA, KO3QPUUMEHTbI Koppenaumu) NpoBenn craHaapT-
HbIMW  METOAaMM C WCNO/Nb30BAHWEM JINLEH3UOHHbIX
NPOrpaMmmHbIX MPOAYKTOB.

MONYYEHHbIE PE3YJ/IbTATbI U UX OBCYXXOEHUE

MArMEHTHbIM aHaNM3 MOKAas3an, YTo cpefHue BeNYUHBI
CYMMApHOro  cofepkaHua  nurmeHToB  (Xna+Xnb),
COOTHOLIEHNE KOHUeHTpauun xnopodunnos (Xna/Xnb), a
TaKXe WX OTAeNbHOro copepxaHusa (Xna wn  Xnb)
pasfniMyaloTcAa B 3aBMCMMOCTM OT KOHKPETHOro Buaa u
MECTHOCTU Ha KOTOPOW OH pacTeT (Tab. 2). BbiAicHeHO, uTo
cpefHU  ypoBeHb 06LEro cofep)aHua MNUIMEHTOB
(Xna+Xnb), a TaKKe oTAENbHbIE KOHLEHTpauun Xna n Xnb y
anuébuTHOro Buaa mxa L. sciuroides Bcerpa Bbiwe, Yyem vy
A. viticulosus (puc. 3). 2TM pasanumns mexay Buaamu
BEPOATHO 06yCcNoBAEHbl PasHULEN B UX aJanTaumu K cpese
obutaHuA. U3BecTHO, 4TO 3NUPUTHBIN Mox L. sciuroides
npeanoyntaer 6osee OTKPbITblE MPOCTPAHCTBA, 4acTo
nocensAsacb Ha NOBEPXHOCTU AEPEeBbEB, NPEUMYLLECTBEHHO

B WX BEPXHMX YacTax, 4Tobbl obecneunTb cebe Hanbonbwni
poctyn K csety M Boge [17]. Takas cTpaterns MoKeT
cnocobctBoBaTb Honee MHTEHCMBHOMY GOTOCUHTESY, U KaK
cnepcTeve, NpUMBOAMT K 60siee  BbICOKMM  YPOBHAM
NUIrMEHTOB Y 3TOrO BMAA MO CpaBHeHuto c A. viticulosus,
KOTOPbI pacTeT NpenmyLLecTBEHHO B H6osiee 3aTEeHEHHbIX
MecTax.

OCHOBHble MapameTpbl MUTMEHTHOrO aHa/au3a
MU3MEHAIOTCA B 3aBUCMMOCTM OT MECTHOCTM Ha KOTOpOoW
npou3pacTaloT U3yyeHHble BuAbl. BbiacHeHO, 4To obLiee
cpeaHee coaepikaHue NUrmeHToB (Xna+Xnb) y L. sciuroides
n A. viticulosus ¢ ropbl bewTay okasanocb Bblwe (2,73 u
2,50 mr/r cooTBETCTBEHHO), Yem c ropbl KenesHas (2,54 u
2,28 Mr/r cooTBeTCTBEHHO) (pUC. 3). BbifABAEHbI OTANYMNA U B
3HaYEHUAX  COOTHOLUEHUM  CPeAHWMX  KOHLLeHTpauui
xnopodunnos (Xna/Xnb). ITOT nokasaTenb Yy W3yYeHHbIX
BMAOB C ropbl bewTay noytn Basoe Hwke (1,4 n 1,34
COOTBETCTBEHHO), Yem c ropbl MenesHasa (2,15 u 2,51
COOTBETCTBEHHO).  [OBbIWEHHbIE  3HAyYeHus  obLero
cogepaHue nurmeHToB (Xna+Xnb) npu oaHOBpeMeHHOM
CHUMKEHUWM 3HAYeHWU COOTHOLLIEHWUA MX KOHLEHTpauuu
(Xna/Xnb) y w3ydeHHbIXx BMOOB C ropbl bewray moskeT
KOCBEHHO YKasblBaTb HA Ha/MyMe KOMMNEHCALMOHHOM
peakumMM Ha M3MEHeHWA YCNOBMI MNPOM3PACTaHUA Mo
CcpaBHeHUto ¢ ropoi enesHas. M3BeCTHO, YTO MO mepe
noaHATMA B rOpbl MPOCNEKMBAETCA TeHAeHuMa K
yBennyeHuto potocuHTesa [21].
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Tabauua 2. BanoBoe coepkaHue NUrmeHToB B 06pasuax A. viticulosus n L. sciuroides, cobpaHHbIx
B npegenax ropsl bewray (MO 1-8) ropbl *enesHaa (MO 9-16), mr/r
Table 2. Gross pigment content in A. viticulosus and L. sciuroides collected on Mount Beshtau (SP 1-8)

and Mount Zhelezny (SP 9-16), mg/g

L. sciuroides

A. viticulosus

no Csan Cean Csan Cean

¥ T o e e T G ) e

v v C,Chl(a/b) C,Chl(a+b) v v C,Chl(a/b) C.Chl(a+b)

1 1,66x0,04 0,77+0,01 2,17 2,43 1,560,02 1,35+0,03 1,15 2,91

2 1,7410,05 0,90+40,01 1,94 2,64 1,67+0,11 0,96+0,03 1,73 2,63

3 1,760,09 1,31+0,04 1,35 3,07 1,56+0,27  0,76%0,01 2,05 2,32

4 1,74+0,09 0,84+0,03 2,07 2,58 1,58+0,07  0,75%0,03 2,10 2,33

5 1,68+0,12 1,06+0,03 1,58 2,74 1,76+0,03 0,81+0,03 2,17 2,57

6 1,370,06 1,55+0,04 0,89 2,92 1,49+0,17  0,8040,10 1,87 2,29

7 1,260,10 1,48+0,08 0,85 2,75 0,6710,28 2,19+0,01 0,30 2,86

8 1,53+0,12 1,20+0,04 1,27 2,73 1,15+0,23 0,92+0,02 1,25 2,07

9 1,93+0,09 0,9610,04 2,01 2,90 1,750,02 0,75£0,02 2,33 2,50
10  1,79%0,05 0,72+0,01 2,50 2,51 1,58+0,07  0,58%0,01 2,73 2,16
11 1,70+0,18 0,88+0,04 1,93 2,58 1,55+0,01 0,54+0,02 2,88 2,08
12 1,760,13 0,73%0,01 2,40 2,49 1,66+0,09 0,75%0,01 2,23 2,41
13 1,380,12 0,64+0,02 2,17 2,01 1,43+0,13 0,5040,01 2,85 1,93
14  1,80%0,18 1,02+0,08 1,76 2,83 1,62+0,09 0,71£0,05 2,29 2,33
15 1,66%0,20 0,82+0,08 2,03 2,47 1,760,09 0,77+0,03 2,28 2,53
16  1,80+0,09 0,74%0,04 2,44 2,53 1,63+0,03 0,67+0,03 2,45 2,30

UccnepoBaHve  3HaAYeHWM  OTAENbLHOMO  coAeprKaHua o1 0,67 ao 1,75 mr/r; Xnb — o1 0,75 Ao 2,19 mr/r), Toraa Kak

nurmeHToB (Xna u Xnb) nokasano, 4yTo cpegHwii ypoBeHb
coaepaHua Xna Bbiwe y oboux BMOOB MXOB Ha rope
enesHasa no cpaBHeHMO Cc ropon bewrTay, a cpegHui
YpOBeHb cogep)kaHua Xnb, Hanpotus, ¢ ropbl bewTay
npesbiwaeT ypoBeHb C ropbl  enesHaa. CxoaHble
pasnMuma B COAEPXKaHUU XN0POPUANOB Yy U3YyYEHHbIX
BMAOB CBA3aHbl C afanTauMen K MeHAIOWUMCA YCI0BUAM
06YyCNOBNEHHbIM  PA3/IMYHOM  BbICOTHOCTBIO rOp, rAae
npouspacrtatot 3TM BuApl. C yBeMYEHMEM BbICOTHOCTH,
MEHAIOTCA MWUKPOKAMMATUYECKUE YCNIOBUA — YBEIWNYU-
BAeTCA OCBelLeHWe, MEHAETCA CNeKTpasibHbli COCTaB CBeTa,
YMEHbLUAETCA BNAXKHOCTb, CHUXKAeTCA Temnepatypa u T.A.
[6; 21]. C pocTom BbICOTbI B ropax KpacHble ny4u cBeTa
(630—-700 HM), KOTOpble aKTMBHO noraowWwatTca Xna
CTQHOBATCA MeHee APKUMMK, BbI3bIBAA CHUXEHWE ero
KOHLLEHTpaLMK Y U3yyeHHbIX BUOO0B. BmecTe ¢ Tem, cuHui
(425-460 HMm) u ynbTpadMoNeToBbIN CBET, HAaobopoT,
CTaHOBATCA 60/see MHTEHCMBHbIMM M3-33  pacceuBaHuA
cBeTa B atmocdepe, UTO BbI3bIBAET YyBe/UYeEHUE
copepaHusa Xnb, KoTopbli 3PPEKTUBHO NOrNOWAET CBET B
3TOM AManasoHe A/VH BOJH Y U3yYeHHbIX BMA0B. B cBoto
oyepeab, YMeHbLIEHME  BNAKHOCTU U CHUXKEHUE
TemnepaTypbl MOXeT [OMOJNHUTENbHO CTUMY/IMPOBaTb
yBennyeHne Xnb, MNockosibky OH 6onee 3ddeKTnBeH B
YCNOBUAX NOHUMKEHHbIX TEMMNEPATYP U CYXOCTU BO3AyXa.
AHanM3 BaNOBbIX KOHLEHTPAUMI MUIMEHTOB
M3YyYeHHbIX BMAOB MXOB Ha [BYyX CpaBHMBaeMbIX ropax
nokKasa/i, 4To BMAbl AEMOHCTPUPYIOT Pas3INYHYIO CTeneHb
M3MEHYMBOCTM 3TUX MOKasaTtenei. Ha rope bewrTay, Bua,
A. viticulosus [EeMOHCTPUPYET LWWPOKYID aMMauTyay
BapuauMi BafoOBbIX KOHUEHTpauui nurmeHtoB (Xna -

y L. sciuroides BcTpedyatotca 6onee orpaHuWyeHHble
KonebaHus ypoBHel xnopodunnos (Xna — ot 1,26 go
1,76 mr/r; no Xnb — ot 0,77 o 1,55 mr/r) (puc. 4; Tabn. 2).
B KOHTpacTe C 3TMM, Ha CKAOHax ropbl HenesHas, Bupg,
L. sciuroides nokasbiBaeT 6o0see LWMPOKMIA AManasoH
M3MeHEeHUA KOHUeHTpauuii nurmeHToB (Xna ot 1,38 go
1,93 mr/r; Xnb — ot 0,64 go 1,02 mr/r), B TO Bpemsa Kak Aaa
A. viticulosus xapakTepeH 6onee y3KMI AMaNasoH
Bapuaumit 3TUX e nokasartenei (Xna ot 1,43 go 1,76 mr/r;
Xnb - ot 050 gmo 0,77 wmr/r). 3TM pasanuua B
KOHUEHTPaLMAX NUrMeHTOB MoryT  obycnoBneHbl
MHOXeCcTBOM ¢$aKTopoB, B TOM 4MCNe 3SKCnosuuumewn
CK/IOHOB, UX KPYTU3HOW M TUNOM PacTUTENbHOIO NOKpPOBa.
B CNOXHOM B3aMMOAENCTBMU 3TUX GAKTOPOB B PA3NNYHbIX
3KOMIOFMYECKUX  YCNIOBUAX CKNAAbIBAOTCA  YHUKA/bHble
aflanTaLMOHHbIE CTPATErNMM MXOB FOPHbIX SKOCUCTEMAX.

B  HayyHOW  suTepaType  OTMeYeHo, 4TO
3KCMO3MLMA CKAOHA U ero KpyTM3Ha B TOPHbIX YCNOBUAX
OKa3blBaeT CyllecTBEHHOEe BAWAHWE Ha dopmMmMpoBaHUe
pasHbIX TUMOB PACTUTENBHOCTM 33 CYET PasAnyuit B yrae
NafleHna CONHeYHbIX nyder [21]. Ha HOXHbIX CKAOHaX
CO/IHEYHblE /lyYn MAJAT  MOYTM  MeprneHAUKYNAPHO,
obecneynBas 6osee CUNbHbLIM NPOrpeB MOYBbI U BO3AYXa,
YCKOPAS UCNapeHWe U OKasblBad BAUAHUE Ha pPeXum
yBNaXHeHus. HanpoTuB, Ha CEBEPHbIX CK/JOHaX Yyron
nageHua nydert 6onee nonoruii (ocTpblit), B pesynbrarte
CcBeT CcTaHoBUTCA 6osiee pacceaHHbIM. PasHble TuMbl
pPacTUTENbHOCTU CO34At0T Creunuduyeckme MMKPOKAMMATH-
yeckue ycnoBua B 6MOTONax, OKPY:KAaKOLWMX TOpY, 4TO
OTPa)KaeTcsd Ha 3HAYEHUAX BaAJIOBbIX KOHLEHTpauui
NUIrMeHTOB (Xna n Xnb) y n3yyeHHbIX BUA,0B MXOB.
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PucyHok 3. CpeaHue 3HauYeHUsA OCHOBHbIX NMapameTpoB NUIMEHTHOTo aHanu3a y A. viticulosus v L. sciuroides

cobpaHHbIX B npegenax ropbl bewTay v ropbl enesHas

Figure 3. Average values of the main parameters of pigment analysis in A. viticulosus and L. sciuroides

collected on Mount Beshtau and Mount Zhelezny

AHanu3 faHHbIX BbIABWJI, YTO BasIOBble KOHLEHTpaUun Xna
M Xnb B o00pasuax W3yyeHHbIX BMAOB MEHAOTCA B
3aBUCMMOCTM OT 3KCNO3MLMM TOPHbIX CKAOHOB (Tabn. 2). B
obpasuax L. sciuroides v A. viticulosus cobpaHHbIX C
3anafHblX, HOro-3anagHblX W ceBepo-3anafHblX CKNOHOB
ropbl bewTay 3adMKCMPOBAHO CHUNKEHHOE COAEPHKAHUA
Xna v ofHOBPEMEHHO MOBbIWEHHOE codepyKaHue Xnb.
MUHUMaNbHble BENMYMHbI BaNOBbIX KOHLEHTpauui Xna
6b111 3aperncTpmpoBaHbl B 06pasLax ¢ 3anafHoOro CKAoHa
ropsl (MO 7): y L. sciuroides — 1,26 mr/r, y A. viticulosus —
0,67 mr/r (puc. 4). dTa 0CO6EHHOCTb CcoraacyeTcs c
XapPaKTEPUCTMKAMW  MECTHOCTW,  T4e  MHTEeHCMBHOe
CO/IHEYHOE  OCBELWeHME W  BbICOKME  TemnepaTypbl
bopMUpPYIOT yCcnoBUA AR BO3HUKHOBEHWUA PA3PAKEHHOW
pacTUTeNbHOCTM,  NPeACTaBNEHHOW  MPEUMYLLECTBEHHO
HWU3KOPOC/IbIMUN AEPEBLAMM U KYCTAPHUKAMM (MOMKIKEBE/b-
HUKOM, b6epesol, gybom wu newmHon) [6; 13; 21].
MoBblWEeHHAA NPOHMKHOBEHHOCTb CBETA Ha 3TUX BbICOTAX,
060ralweHHOro CUHUMK Ny4amu cnocobCcTByeT aganTauumm
6anaHca ¢GOTOCMHTETMYECKMX TMWUIMEHTOB, 4YTO XapaKTe-
pPU3YeTCA CHUMKEHMEM KOHLeHTpauum Xna v opHospe-
MEHHOEe  yBenuYeHue  KOHUeHTpauuu  Xnb.  Takue
M3MEHEHUA OTPaNKalT MAACTUYHOCTb GOTOCUHTETUYECKOM
CUCTEMBbI, MO3BONAA aAanTMPOBATbCA K ECTECTBEHHbIM
CBETOBbIM  YC/IOBMAM  CBOMX  3KOJIOTMYECKUX  HULL.
CnocobHoCcTb K  agantauuMu Yy U3yYeHHbIX BUAOB
BbIPa)KaeTcA B Pa3HOM cTeneHW. BblACHWAOCHL, 4TO Ha
3anafHoOM CcKnaoHe ropbl Bewtay (MO 7) Hawbonblume
pasniMuma B coaepKaHumn xnopodunnos 66110 06HapYKeHO
y A. Vviticulosus. B o06pasuax 3Toro BMAA BasnoBan
KOHUEeHTpauua Xnb okasanacb B 3,3 pasa Bbile, Yem
KOHLeHTpauua Xna, u coctasuna 2,20 mr/r. Y gpyroro suaa

(L. sciuroides), BcTpe4eHHOro B gaHHOM Touke cbopa, 31O
pasHuua coctasaset Bcero 1,2 pasa. Takaa pasHuua B
aMNAnTyae W3MEHeHUW KOHLUEeHTpauuin xnopodunnos
MeXay BMAAMM, MPOU3PACTAOWMMU B OLHOM U TOM Ke
MecTe, cBUAeTenbCcTByeT O BUaocneundUyecknx ocobeH-
HOCTAX MexaHM3MoB afanTtauui K yCn0BUAM
OCBELLEHHOCTU U TEMMNEPATYPHOro pexmma.

Ha cknoHax ropsbl belwwTay, obpalyéHHbIX Ha ceBep
M BOCTOK, TAe YCNOBMA XapaKTepU3yloTcA MeHbluel
OCBELLEHHOCTbIO U 6onee NNOTHOM PaACTUTENbHOCTbIO,
BblABNEHbI 60/iIee BbICOKME BasiOBble KOHLEHTpauuu Xna y
M3y4YeHHbIX BUAOB (Tabn. 2). 3TM [OaHHble OTpaKaloT
afanTauMio MXOB K CMeKTpaibHOMY COCTaBy CBeTa W
TEMNEPaATYpHOMY  PEeXUMY, 4YTO  MOAYEPKMBAET  UX
CcnocobHocTb K  (GOTOCMHTETUYECKOW MJIACTUYHOCTUM U
BbI)KMBAHWUIO B 3KONOTMYECKM Pa3HOODOPasHbIX YCI0BUAX.
M3BECTHO, YTO KpOHa [epeBbeB OrpaHWYMBaAET AOCTYN
NPAMOro CO/MHEYHOro CBETa, CO3JaBafd MeHee APKyl U
bonee TeHUCTYyO cpeay, CNOCOOCTBYIOLLYIO YBAAXKHEHHbBIM
ycnosuam. Kpome TOro, B JIMCTBEHHbIX Jiecax MeHAeTcs
CTPYKTYpa CBETa, YBE/MUYMBAETCA AO0A Y4acTUA KpPacHbIX
Nlyyein Npu CHUKEHUW BKAaZa CUHUX [23]. MaKkcumanbHble
BE/IMYMHbI BaNOBbIX KOHUEHTpauui Xna B o0bpasuax
M3yYeHHbIX BUA0B He COBMAAaoT B O4HOW ToYKe cbopa, HO
BCE OHM PACMNO/IOMKEHbI HA CEBEPHbIX M BOCTOYHbIX CKAOHAX
ropbl bewTay, 4TO, CBA3AHO BWAMMO C JOKaJbHbIMMU
0COBEHHOCTAMMU MUKpopenbeda, co3aaoWMMK ONTUMAb-
Hble YCNOBMA ANA KAXAOro M3 BMAOB. MakcumanbHas
BasioBaA KOHUeHTpaumsa Xna y L. sciuroides BbiaBneHa B
o6pasuax 13 MO 3 (1,76 mr/r); A. viticulosus — NO 2 n 5
(1,66 1 1,76 mr/r).
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Anamaodon vitticulosus
I - Xaa / Chla
=~ Xab / Chlb

b

PUCYHOK 4. I3ameHeHWe BaNoBbIX KOHLEHTPaLMii NTMIrMeHTOB B obpasuax A. viticulosus (a) v L. sciuroides (6)

c ropbl bewray (MO 2-8)

Figure 4. Changes in gross pigment concentrations in A. viticulosus (a) and L. sciuroides (b) from Mount Beshtau (SP 2-8)

B oTAMuMe OT ceBepHOro CKAoHa ropbl belwTay, NOKpbITOro
Ay60BO-6yKOBO-rpaboBbIMM  /lecamn, rae  OTMEYEeHbl
BbICOKME Ba/iOBble KOHLEHTpauuu Xna B Mxax, ropa
enesHaa fAeMOHCTpUpyeT ApYrylo KapTuHy. HecmoTpa Ha
CXOXKMe CBETOBble YC/NOBMUA, copepaHue Xna v Xnb B
06pasuax MXOB C CEBEPHOrO CK/JOHA OKa3anocb HWU3KUM.
MWHMManbHbIe BanoBble KOHUEHTpauuuM Xna u  Xnb
3aduKcnpoBaHbl B o0bpasuax mxos u3 MO 13, rae
npeobnafatoT xBoWHble nopogbl: L. sciuroides — 1,38 u
0,64 mr/r cooTBeTcTBeHHO; A. viticulosus — 1,43 n 0,50 mr/r
COOTBETCTBEHHO (Tabn. 2). M3BecTHO, YTO XBOWHblEe sleca
MeHblle BCero MpOMnycKkalT CBeTa, B OT/IMYMM  OT
JINCTBEHHbIX N1eCOB, CTPYKTypa CBeTa B HemM He
NnoABepPraeTca CyLEeCTBEHHbIM U3MEHEHUAM, MUKPOKAUMa-
TMyeckue ycnosua bonee xonogHble n cyxue [23-24]. B
3TUX YCNOBUAX MXM aJanTUPYOTCA, Npexae Bcero, K
YCNOBUAM OCBELLLEHUA CBA3AHHOIO C ero MHTEHCUBHOCTbIO,
a He CneKTpanbHOMY CcOCTaBy, Kak Ha rope bewrTay,
onTUMM3Npya  GOTOCUHTETUYECKME  MPOLECCbl  TaKUM
06pasom, uyTobbl 3pPEKTUBHO MCNONb30BaTb AOCTYMHbIN
CBET. B TaKMX YCNOBUAX MOXKET MPOUCXOAUTb CHUXKEHUE
coaepKaHna GOTOCMHTETUUECKUX NMUTMEHTOB, TaK Kak WX
M36bITOYHOE KO/IMYECTBO He MPUHOCUT AOMNONHUTENbHbIX
npeuMmyllects B  TEHUCTbIX  ycnoBuax. [o  mepe
rnepemeLLeHna OT CEBEPHOro CKAOHA K 3amnagHbim U
BOCTOYHbIM, A€ HauuHatoT npeobnafatb JIMCTBEHHblE
nopoAbl, YCNOBUA MEHSAIOTCA, YTO 06bACHAET BO3pacTaHue
coaepKaHue XxnopodunnoB y W3y4yeHHbIX BUAOB MXOB.
Hanbonbwure BanoBble KOHUEHTpauuu xnopodunnos
BblfiB/IeHbl B 06pasuax mxoB, cobpaHHbix B MO,
pPacnonoXKeHHbIX Ha toro-socTouHblx (MO 9), cesepo-
3anagHbix (MO 14-15) n 3anagHbix ckaoHax (MO 16) ropsbi
enesHoM, rae npeobaafatoT yKe IMCTBEHHbIE NOPOAbI.
Takum  06pasom,  M3yyeHMe  cofep’KaHuA
NMUrMEHTOB Y ABYX 3NUUTHbIX BUAOB MXOB (L. sciuroides,
A. viticulosus), npouspacTaloWwmMx B PaA3HOODBPA3HbIX
ycnoBuax  KaBKasckux  MwuHepanbHbix Bog  Craspo-

NMONbCKOTO Kpas, MNOKasano 3HauyuTesbHble pas3inyus,
0bycnoBneHHble BO3AencTBMEM Pa3HOO6Pa3HbIX 3KOIOrK-
yeckux ¢aKTopoB. PesynbTaTbl MCCNELOBAHMA MOAYEPK-
HY/W, YTO BEpPTUKa/bHbIE M3MEHEHWA B COAEpP’KaHWUU
NMUIMEHTOB MPAMO  KOPPEUPYIOT C W3MEHEHUAMU B
CMeKTpe OCBelLeHUA Mo mepe MoAbéMa B TrOpHOM
MECTHOCTW, NOATBEPKAAA BAaXKHOCTb CBETOBbIX YCNOBUI Ha
pasnNYHbIX BbICOTaxX. B TO ke Bpems, N0 ropusoHTabHOMY
rpagueHTy, 3TM U3MEHEHWA OTPaXKaloT B3aMMOCBA3L C
3KOIOFMYECKUMM XapaKTepucTukamm 6noTonos.

BbIACHEHO, 4YTO C NOBbIWEHWEM BbICOTHOCTU
YBE/IMUMBAETCA CYMMapHOe cofepKaHue ¢OTOCUHTe-
TUYECKUX NUTMEHTOB (Xna+Xnb) y n3yyaembix BUAOB MXOB.
B obpasuax AByx BMAOB MX0B, COBpaHHbIX ¢ ropsl bewTay,
KOTOpas NpeBblWaeT Mo BbicoTe ropy *KenesHas, cpegHue
3HayeHunAa obLero coAepKaHUA MNUIMEHTOB OKa3ajncb
BbllLE, YEM B CPaBHMBAEMbIX 06pa3Lax ¢ ropbl KenesHoi.
AHanu3 cpegHUX 3HaAYeHW OTAENbHOro CcodepyKaHua
xnopoounnoe (Xna wn Xnb) nokasan, 4YTO yBeAUYEHUe
obuwero cogepaHUA MUIMEHTOB Y MXOB Ha 60/blnx
BbICOTax, B MEPBYH oOyepenb, CBA3AHO C MNOBbILEHWEM
YPOBHA XNb ¥ OQHOBPEMEHHO CHWMKEHWeM YpoBHA Xna.
BepoaTHO, Habtogaemoe yBenmyeHne ypoBHA Xnb Cyxut
ajanTauMen MXOB K W3MEHEHWI0 CBETOBOFO CMeKTpa WU
APYTMM  KAMMAaTUYEeCKMM  YCNOBUMAM  (YMEHbLUEHWEM
BNAXHOCTM,  CHWMKEHMeM  TemrnepaTypbl),  KoTopble
XapaKTepHbl 414 60nbluMX BbICOT. ITO NpeanosoxKeHue
NOATBEPXKAAETCA  AAHHbIMM, MOJYYEHHbIMWM B  Xo4e
nccnepoBaHuA. B yactHocTu, B obpasuax ¢ ropbl bewrTay,
cpeaHuit  ypoBeHb  cofepKaHua  Xnb  npesblwaer
cogepyKaHue 3aToro NUIrMeHTa Tex e BMA0B, CObpaHHbIX Ha
rope enesHas.

WccnefoBaHWe BbiABUAO 3aMETHbIW  TOPU3OH-
TaNbHbIN FPAgMEHT B U3MEHEHWUW BasIOBbIX KOHLLEHTPaL Wit
NMUITMEHTOB Y M3Y4YEHHbIX BMAOB, YTO OTPAXKaeT MNPAMYIO
3aBUCMMOCTb 3TUX WM3MEHEHMIU OT TAaKUX 3IKONOrMYECKUX
$aKTOpOB, KaK 3KCNO3MLMA CKJAOHOB, €ro KpyTM3Ha,

ecodag.elpub.ru/ugro/issue/current

15



A.®. MelicypoBsa

tOr Poccuu: skonorua, passutme 2024 T.19 N4

YPOBEHb OCBELLEHMUA, CNEKTPasibHble  XapPaKTEPUCTUKM
cBeTa, TWM pacTuTenbHocT u  apyroe. WccneposaHue
CK/I0HOB ropbl bewTay MoKasano, YTO MXM Ha OTKPbITbIX
3anafHbIX W 1Oro-3anafHblX CKAOHaxX afanTUMPOBanuUCh K
MUCMO/Ib30BaHNIO MPENMYLLECTBEHHO CUHEro CBeTa, 4To
OTpa)kaetca B YMEHbLWEHHOM cogepaHuu Xna w
NoBbILWIEHHOM cogepXaHun Xnb. B 6onee 3aTeHEHHbIX
CEBEPO-BOCTOYHbIX WM BOCTOYHbIX CKNOHaX, rae 6onee
NAOTHAA NecHas  pPacTUTeNnbHoCcTb  GUAbTPyeT  CBeT,
OTMEYeHO MOBbILWEHHOE coAepKaHue Xd, NO3BONAIOLLErO
Mxam 6onee apPeKTUBHO NOrNowWaTh KpacHble U AanbHue
KpacHble y4acTKu cnekTpa. Ha rope KenesHoi, KnoueBbiM
dbakTopom ANA MXOB ABAAeTcA 06WaA WMHTEHCUBHOCTb
cBeTa, a He ero cnekTp. Ha ceBepHOM CK/IOHe ropbl, rae
npeo61aaloT XBOVHbIE fIeca, CU/IbHOE 3aTeHEHUE CHUMKAET
YPOBEHb OCBeLLeHWA, ONTUMU3UPYA (GOTOCUHTETUYECKME
npoueccbl K HW3KMM 3HayYeHMsM cBeTa. JTO BefeT K
NMOHWUMKEHUIO KOHUEHTPauuii Xna u Xnb B obpasuax, Tak Kak
M36bITOK He HeceT AOMNOJIHMUTENbHOM nonb3bl. B 6onee
OTKPbITbIX MECTax, rae AOMUHUPYIOT IMCTBEHHbIE NOPOAbI
1 6onee BbICOKMIN ypOBEHb OCBeELLLEHUA, B 06pa3Lax MxoB
3aduKcnpoBaHo yBennyeHue 3HAYEHUN Ba/IOBbIX
KOHUEHTpaumi Xna u Xnb.

B uenom, nameHeHUs B cogepKaHUN MUTMEHTOB
Yy [ABYX M3y4YeHHbIX BMAOB B pailioHe KaBKasCcKux
MuHepanbHbix Bog CTaBpoOnoAbCKOrO Kpas MNOATBEPXK-
[0al0T, 4TO 3Konorvyeckne GaKTopbl, B COYETAHUM CO
cneuynounyeckumm  TpeboBaHUAMM  BUAOB, BAMAIOT HA
NMUIMEHTHbIN cocTaB. Takue [AaHHble MOryT CAYKUTb
WHOMKATOPaMM afanTaLMOHHbIX MPOLECCOB NPU KAUMATK-
YEeCKMX M3MEeHeHMAX W cnocobcTBoBaTb COXPaAHEHUIO
61opa3HO06pasnA rOPHbIX IKOCUCTEM, OTpakas BAMAHME
3KOMOrMYecknx ¢GaKToOpoB Ha COAEp)KaHWUU MNUTMEHTOB.
HakonneHHaa nHbopmaLma 0 BO3AENCTBUM IKONOTUYECKUX
$aKTOpOB Ha coaeprKaHuMe NMUIMEHTOB MOMKET OKas3aTbCA
Kno4yeBoW  AnA  paspaboTKM  cTpaTerMii  OXpaHbl
OKpyKatowen cpeabl U 3bDEKTUBHOrO  yrnpaBneHUs
NPUPOAHBLIMU pecypcamu.

3AK/NHOYEHUE

Ha ocHoBe npoBeAE&HHOrO MUIMEHTHOIO aHanAusa Yy
L. sciuroides w A. viticulosus, B3ATbIX B ABYX TOPHbIX
nokaumax KaBkasckux MuHepanbHbIx Bog (ropbl belwTtay u
enesHasa) B CTaBpOMO/AbCKOM Kpae, 6bl10 OLEHeHO
BO34ENCTBME 3KONOTMYECKUX GaKTOpoB Ha copepiKaHue
NUIMEHTOB Y ABYX aNUPUTHBIX BUAOB MXOB. MiccnenosaHus
NnoKasanu, 4YTO MU3MEHEeHWA B COAEP)KaHUU MUrMEeHTOB
KOPPEe/sMpYyT C BbICOTOM MecTHOCTU. C  yBenuueHuem

BbICOTHOCTM  OTMeYeH pPOCT O0bLero  CoaepaHus
MArMeHTOB. AgantauMa K  BbICOKOrOPHbIM  YCNOBUAM
NPOABAAETCA, MNpeXAe BCEro, 4epes CylecTBEHHOe
yBenuvueHve Xnb, 4TO cnocobcTBYEeT ONTUManbHOMY

MCMO/Ib30BAHUIO CBETOBOMO CMEKTpa Mpu MOBbIWEHHOM
COJIHEYHOW MHcoNAuMM. ITO creuunduyeckas crpartervs
ajanTauMnm  MXOB K  MEHAIWMMCA  YCI0BMAM MO
BEPTMKAZAbHOMY rpagueHTy. Kpome 3Toro, 6bia BbIBAEH
rOPU3OHTaNbHbIA FPASMEHT B M3MEHEHWUU KOHLLeHTpaLmu
MATMEHTOB Y  MXOB, 33aBUCAWMIA  OT  IOKaNbHbIX
3K0/10rMYeckmx GaKkTopoB, TaKMUX KaK 3KCMO3ULMM CKIOHOB,
MX  KPYTU3HbI, TWNA  PacTUTENbHOCTM U ApYruX
6uoTonnyecknx ycnosuii. CpaBHeHWe ABYX BUAOB BbISBUIO
WX YHWKAJIbHYIO PEaKUMI0 Ha MeCTHble 3KOoJ0rnyeckue
baKTopbl, YTO NOAYEPKMBAET UX NOTEHLMANbHOE 3HaYeHne
B KauyecTBe 6MOMAapKEpPOB 3KOOTMYECKUX M3MEHEHUI Ha
paccmaTpuBaemoi TeppUTopmM.
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Peslome

B pabote npuBegeHbl pe3y/nbTaTbl aHaAM3a BHYTPUMNONYAALMOHHOM
MU3MEHYMBOCTU W (EHOTUNUYECKOro pa3Hoobpasua NPU3HAKOB Nioaa
Prunus divaricata Ledeb. B ycnosuax BHyTpuropHoro [larecrtaHa.
dPeHOTMNMYECKAA U3MEHYMBOCTb WUCCNefoBaHA B M30/IMPOBAHHOWM
nonynauun anblun, npouspactatowas Ha lyHUMOCKOM nnato B BEPXHWUX
BbICOTHbIX Mpeaenax pacnpocTpaHeHusa Buaa (1600-1850 m). [Ans
KO/IMYECTBEHHOIO M KayecTBeHHOro y4érta 6bi1o otobpaHo 30 ocobei B
3penom reHepaTMBHOM COCTOAHUKU. Mopdosormyeckoe onucaHue W
U3MEPEeHNA NPOBOAWMIOCH MO  KOAMYECTBEHHbIM W  KayeCTBEHHbIM
NPM3HaKam N104a, KOCTOYKU U CEMEHM.

OTMeYeHHas MonynAuMA XapaKkTepusyeTcad HU3KUM  (GEeHOTUMUYECKUM
BapbMPOBAHMEM MO KayeCTBEHHbIM NPU3HAaKam ¢ npeobnagaHvem oyeHb
Menkux (ao 5 r) nnogos (66,7 %) c osanbHol dopmoit naoaa (80 %) m
YKEeNToN OKpackoW KoxKuubl (56,6 %), NO BKYCy KUC/Ible U KUCAO-CNagKue
(93,3 %). KOCTO4YKM B OCHOBHOM OYEHb MeENKME C oBasbHON dopmoi
(50 %).

MeTogamu Knactepmusaumm, MHOFOMEPHOrO LUKAAMPOBaHUA U K-cpeaHux
KOZIMYECTBEHHbIX MPU3HAKOB M/1043, KOCTOYKM U CEeMEHW YCTaHOB/IEHO
Hanuune Tpex Knactepos (rpynn) ocober B monynauuu. Mepsyto rpynny
obpasoBann $eHoTUNbl C CaMbIMWU HU3KMMM 3HAYEHUAMM MO BCEM
MHPOPMATMBHBIM NPU3HAKaM, YCIOBHO «MENKOMIOAHbIEY, BTOPYIO Fpynny
obpasoBasin 0CO6M C OTHOCUTENIbHO KPYMHbIMW pasmepamun naoaa,
MAKOTU M TONLWMHON MAOLOHOMKMN — KKPYMHOMIOAHbIE», TPETbIO Fpymmny
COCTaBMAN GEHOTUMbI CPEAHNX PAa3MEPOB NA0AA U BbICOKUMM 3HAYEHMAMM
KOCTOYKM M CeMeHM —  «KPYMHOKOCTOYKOBbIEY. Pe3ynbTathbl
0AHODAKTOPHOrO AWUCNEPCUMOHHOIO aHa/nM3a MOKA3anu [O0CTOBEPHble W
BbICOKME Pa3/InymA MeXAy Knactepamm No BCEM YUYTEHHbIM NPU3HAKaM.

KnioueBble cnoBa

Anblya pacTonblpeHHas, BHYTPUNONYNALMOHHAA M3MEHYMBOCTb,
deHoTMnMyeckoe pasHoobpasme, KayecTBEHHble W  KOJIMYECTBEHHbIE
NpU3HaKu, NNoAbl, 3HAOKapNUIA, BHyTpuropHbli JarecTtaH.
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Abstract

The paper presents the results of the analysis of intrapopulation variability
and phenotypic diversity of traits in the fruit of Prunus divaricata Ledeb. in
the conditions of intramontane Dagestan.

Phenotypic variability was studied in an isolated population of cherry
plum, growing on the Gunib plateau in the upper altitudinal limits of the
species' distribution (1,600-1,850 m). For quantitative and qualitative
recording, 30 individuals in a mature generative state were selected.
Morphological descriptions and measurements were carried out based on
quantitative and qualitative characteristics of the fruit, pit and seed.

The population investigated is characterized by low phenotypic variation in
quality characteristics with a predominance of very small (up to 5 g) fruits
(66.7 %) with an oval fruit shape (80 %) and yellow skin color (56.6 %), sour
and sweet-sour in taste (93.3 %). The seeds are often very small and oval
in shape (50 %).

Using the methods of clustering, multidimensional scaling and K-means of
quantitative traits of the fruit, pit and seed, the presence of three clusters
(groups) of individuals in the population was established. The first group
was formed by phenotypes with the lowest values for all informative
characteristics, conventionally termed ‘small-fruited’, the second group
was formed by individuals with relatively large sizes of the fruit, flesh and
thickness of the fruit-stalk — ‘large-fruited’ and the third group was made
up of phenotypes of medium-sized fruit and high values of pit and seed —
‘large stoned’. The results of one-way analysis of variance showed
significant and high differences between clusters for all characteristics
taken into account.

Key Words
Cherry plum, intrapopulation variability, phenotypic diversity, qualitative
and quantitative traits, fruits, endocarp, intramontane Dagestan.

2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
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.M. AHaTos

BBEAEHUE

[VKkne copoauun nnofoBsbix KynbTyp KaBKasa u3pasHa
NPUB/JEKAOT BHMMaHuMe 6GOTAaHWMKOB W MPAKTUKOB
pacTeHVMeBoA0B [1]. Haunbonblee pasHoobpasue

npouvspacTarowmx 34ecb BMAOB OTHOCUMTCA K CEMEMNCTBY
Rosaceae. B [larectaHe Hanbonee MHOro4yMcaeHHas rpynna
OTHOCUTCA K noacemelicTBy Prunoideae, B 601bWINHCTBE U3
HUX nonumopdHble BUAbl, Kak Hanpumep: Prunus
armeniaca L. — abpuKoc 06blKHOBEHHbLIW, P. divaricata
Ledeb. — anbiua pacTtonbipeHHasn, P. spinosa L. — TepH,
Cerasus avium (L.) Moench — uepewHsa, Microcerasus
incana (Pall.) M. Roem. — MMKPOBULLHA ceaas v Apyrue.

Cpean nnomoBbiX  KyabTyp ocoboe mecTo
3aHMMaeT anbl4a pacTtonbipeHHas (Prunus divaricata
Ledeb.). Hanbonblyo ueHHOCTb NpeacTaBAAlT Naoabl —
COYHble KOCTAHKM anuHoli 10-50 mm, 06bl4HO OKpYriow,
ANLEBUAHON UAWN yANUHEHHOW dopMbl 6e3 onyweHus, oT
61eHO-KEeNTbIX A0 NOYTU YEPHbIX, C BOCKOBbIM HaneToM.
M#AKOTb MNPenMyLLEecTBEHHO He)Has, BOAAHUCTAA WU
MYYHWUCTaA; Kentaa, KpacHaa uam pososad. KocTouka
(3HAOKapnuii) OT YKOPOYEHHOM, NOYTU Kpyraok [o
cabnesnaHon U yanuHeHHon (5-25 mm gavHa, 8—18 mm
WKnpnHa). NMoBEepPXHOCTb KOCTOYKM r/afiKas, LwepoxoBaTas
wan - amyatas.  Kak  nnogoBbii  KYCTApHUK  anblya
KY/IbTUBMpPYETCA B OXKHOW 4acTu  Poccuu, Takxke
MCMob3yeTca B 03e/leHeHNN, 0COBEHHO KaK PaHO U MbIWHO
UBEeTyWMIN KycTapHUK. CoBpemeHHOe pacnpocTpaHeHue B
npegenax Poccum — woxkHble obnactu Poccum, CeBepHbii
KaBkas, rae nocagkv 3aHumatoT 6onee 10 Tbic. ra. B
[JarectaHe NpUpoaHble nonynauum anblum
pacnpocTpaHeHbl B [lpegropHom M BO BHyTpUropHom
OarectaHe go 2000 m Hag, ypoBHEM MOpPA, Ha WEeBHUCTLIX U
KaMEHUCTbIX CKNOHaX, cpeam 3apocnert KyCTapHWKOB, Ha
onywKax 1 Baosb gopor [2-8].

HayanbHbIM 3Tanom W3y4yeHUs BGMONOTMYECKOro
pa3Ho0b6pasnA ABNAETCA OLEHKA CTPYKTYPbl U3MEHYMBOCTM
npupogHbix nonyaaumin [9; 10]. DKonornyeckne ycnosms
UrpatoT BaxkHyto GopmMoobpasyloLLy0 posib B BblBNEHUMU
NNacTUMHOCTM  BMAOB, WX  NPUCNOCOBAEHHOCTM K
KonebaHMAM yCNOBWI BHewHeW cpeabl, 6narogaps
BbICOKOMY NOANMMOPPU3MY BHYTPUBUAOBOM CTPYKTYPbI. ITU
BMAbl  MMeT  0cobbli  MHTepec, TaK Kak WX
6ruomopdonormyeckme ocobeHHoCTH oTpakatoT
rpagueHTHble agantauum M MOryT BbiTb MOKasaTenamu
ycnosuin mectoobutaHuin [11; 12]. LUupokaa amnauTyaa
YCNOBUI  Mpou3pacTaHua noapasymesaer W bonee
LUMPOKYD NOAMMOPGHOCTb M M3MEHYMBOCTb BMaos [13].
Hanbonblwyto LEeHHOCTb MpU WU3YYEHUW BHYTPUBMAOBOM
MN3MEHYMBOCTHU pacTeHui npeacrasnser aHanu3
KONIMYECTBEHHbIX MOPdOSOrMYECKUX NPU3HAKOB, TaK KaK
MMEHHO OHM YacTo CBA3aHbl C aAaNTUBHbLIMW CBOWCTBaMMU
opraHusma. WccneposaHue deHoTUNMUecKoro
pa3Hoobpa3nsa  MonyAAauMin  NO3BOAET  YCTAaHOBMUTb
3aKOHOMEPHOCTU  BHYTPUBMOOBON  M3MEHYMBOCTU W
onucaTtb NONYAALMOHHYIO CTPYKTYpPY Buaa [14].

Llenb pabomsl — oOueHKa GEeHOTUNUYECKOoM
M3MEHYMBOCTU U30/IMPOBAHHOM AMKOPACTYLLEN Nonyaauum
anblyn MO KONMYECTBEHHbIM M KAaYeCTBEHHbIM MPU3HaKam

naoga C MPYMEHEHMEeM KOMIMIEKCa  CTAaTUCTUYECKMUX
MeTOA,0B aHanu3a.

MATEPUAN U METOAbI UCCNEOOBAHUA

B pabote wuccnegoBanacb KpynHas — M301MpOBaHHan

NonynsuMA anblyM, PacnofoXKeHHaa BO BHyTpuropHom
[arectaHe Ha TyHMBCKOM NNaTto y BEPXHUX Npenenos

pacnpocTtpaHeHus snga (1600-1850 m Hag, ypoBHEM MOpS,
FOMKHbIN CKNOH T. Kanwurer). 3Ta nonynaumua MmeeT, No BCei
BEPOATHOCTM, aAHTPOMOreHHoe MnpouCXoXAaeHue. Anblua
3gecb  npovspactaeT  OTAeNbHbIMM  rpynnamu  Ha
NnocnenecHblX y4acTKax no CKNOHaM M Teppacam (ocTtaTKam
CTapUHHOrO 3em/efenva) NPeMMyLLECTBEHHO  HOXKHOWM
3Kcnosuymun. Beero 6bi10 06cnegoBaHo 6onee 150 ocobeit,
M3 KOTOPbIX A4/1A KOMYECTBEHHOrO M KayecTBEHHOro y4éTta

6bino B3aTo 30 ocobeit B 3pesiom reHepaTMBHOM
coctosHUM. B u3nyyaBlweica  BbIBOpKe  LIMPOKO
npeacTaBaeHbl OCHOBHblE KWU3HEHHble dopmbi:

OAHOCTBO/IbHbIE U MHOTFOCTBO/IbHbIE [epeBbA, U B BUAe
KycTapHuKos [15].

Ona n3yyeHuna ¢eHoTUNMYECKOW M3MEHYMBOCTU
MOpPGdONOrMYeckmx NPU3HAKOB NN0LA C KAXKAOro pacTeHus
oTbupann no 10 nnofoB PaBHOMEPHO CO BCEX CTOPOH
KpOHbl. KamepanbHas 06paboTka maTepuana nposoauaach
Nno /SIMHEWHbIM U BECOBbIM NPWM3HAKaM NI0AA, KOCTOYKM U
CEMEHM, a TaKXKe Y4YMTblBaNacCb TOALWMHA MAOAOHOMKKM.
N3mepeHua [ana  pasmepHbiX MPU3HAKOB NpPOBeAEeHbI
WTAHreHUUpPKynem ¢ TouHocTbio A0 0,01 mm, BeCcoBbIX — Ha
3N1EKTPOHHbIX BECax C TOYHOCTbIO A0 1 mr.

Mopdonornyeckoe onucaHue  KayecTBEHHbIX
NPW3HAKOB NA0AA M KOCTOMKM MNPOBOAMNACL UCXOAA W3
06LWENPUHATBIX METOAMK U C YYETOM HALIKUX AOMOJHEHWUN
[16; 17]. YHUOUKaUMA WKaN KayeCTBEHHbIX MPMU3HAKOB A/1A
KNacTEPHOrO aHanu3a nposefAeHa Mo pa3paboTaHHbIM
meTogmKam [18; 19].

MpumeHANUCb meToabl ONMUCcaTesIbHOW CTAaTUCTU-
KM (cpefiHMe M ux OWWBKKM, KoadPUUMEHT Bapuauum),
KNacTepHOro aHanusa (Knacrtepusauusa ocobelt npoBoau-
lacb MO CpefHMM 3HAYEeHMAM NpU3HaKa meTogom Bapaa c
MCMO/Ib30BaHNEM CTaHAAPTM3aUUN BapUaALMOHHOIO paaa),
MHOromepHoe LUKaMPOBaHue TyTmaHa-/InHroyca,
K-cpeaHux, AWCNEepPCUOHHbIN aHanu3, Kputepuin TbiOKK C
npumeHeHWem cucTtembl 06paboTKM pJaHHbIX Statistica
v.13.3, PAST v.4.03.

NMONYYEHHbBIE PE3Y/IbTATbI U UX OBCYXKAEHUE

Mpy npoBeaeHWW MCCNenoBaHUI BHYTPUNONYAALUNOHHOM
M3MEHYMBOCTM BaAXKHOE 3HayeHue MMeeT BCKpbITUE
NaTeHTHbIX (CKPbITbIX) rpynn ocobel NonyaauMn Ha oCHoBe
CXOACTBA W Pas3Mumit UX MOPPOCTPYKTYpPbI.

[na BblAeneHna Takux rpynn npeasapuTenbHo
nposejeHa KnactepusaumMa M MHOTOMEPHOE  LKaau-
poBaHue 13 mopdonornyecknx napameTpos naoga vy
30 ocobeli, KoTopas MoOKasasa, 4YTO Y4YTeHHble o0cobu
rPynnupyloTcA Ha TPU OCHOBHbIX Knactepa (rpynnbi).
Mepsblii Knactep obpasosann 16 ocobeit, BTopol Knactep
— 4, Tpetnin — 10 (puc. 1).

[na nHTepnpeTaumnm noayvyeHHon KoHburypaumum
6bln Mcnonb3oBaH meToh K-cpeaHux y Tpex rpynn c
MCMONb30BaHNEM CTaHOAPTUM3NPOBAHHbIX CPeaHUX 3Haye-
HUN (cpepHee=0, cTaHA.0TKA.=1). Mo wuTOoram aHanusa
BblaeneHbl Havbonee WHPOPMATMBHbIE MPU3HAKM ANA
3 KknactepoB (puc. 2). MepBblit Knactep xapakTepusosancs
HU3KMMM  3HAYEHUSMW MO  BCEM  MHGDOPMATUBHbLIM
npusHakam (X<0), YCNOBHO BblAeNEeHHble KaK
«MesikonaogHble». Bo BTOpoi Knactep Bowau ocobu c
CaMbIMM KPYMHbIMUK MO pasmepam MNaoAa, BbIXOAY MAKOTU
M TONWMHE NNOLOHOMKM, MPU 3TOM CpeaHWe 3HaYeHus
KOCTOYKM U CEMEHW — «KpynHonaoAHble». B TpeTuii
Knactep BowaM 0cobM CO CpeaHMMM  3HAYEeHUAMMU
pasmepoB N/i0Aa M BbICOKUMW 3HAYEHUAMM KOCTOUKWU U
CEMEHM — KKPYNMHOKOCTOYKOBbIEY.
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PucyHoK 1. lpadmK oKoHYaTeNbHOM KOHdUIYypaLmMmn ocobeit anbium B 4BYMEPHOM NPOCTPAHCTBE

NO KO/IMYECTBEHHbIM NPU3HaKam nnoaa

Figure 1. Graph of the final configuration of cherry plum individuals in two-dimensional space according

to the quantitative characteristics of the fruit

2,0 . .
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Standardized means

—— Cluster 1
—=- Cluster 2
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FST FL FW FT FM PL PW PT PM SL SW ST SM

PUCYHOK 2. /InHelHbI rpaduK CTaHAAPTU3MPOBAHHbIX CPeAHMX TPeX KnacteposB metoaom K-cpeaHux

lMpumeyaHue: 30eco u 0anee FST — moawuHa HoXKuU, FL — dauHa naoda, FW — wupuHa naoda, FT — moawuHa naooa,

FM — macca makomu, PL — dnuHa Kocmouku, PW - wupuHa Kocmo4ku, PT — moawuHa Kocmo4ku, PM — Mmacca KOCmouKu,

SL — dnuHa cemeHu, SW — wupuHa cemeHu, ST — moawuHa cemeHu, SM — macca cemeHu

Figure 2. Line graph of standardised means for three clusters using the K-means method

Note: here and below FST — fruit-stalk thickness, FL — fruit length, FW — fruit width, FT — fruit thickness, FM — flesh mass, PL — pit length,
PW — pit width, PT — pit thickness, PM — pit mass, SL — seed length, SW — seed width, ST — seed thickness, SM — seed mass

MonyyeHHble KAacTepbl COMOCTABAAAWUCL MO AOAAM
B/IMAHUA  pasnMumMini = mMexagy ocobsmu B obuei
M3MEHYMBOCTU, MOJIYYEHHbIM B OAHOGDAKTOPHOM Amcnep-
CMOHHOM aHanumse (Tabn. 1). MNpoBeaeHHbIN AMCNEPCUOH-
HbIl aHanW3 BbIABMA [LOCTOBEPHbIE PA3ANUMA  MEXAY
Knactepamu no Bcem npusHakam. Hambonblme pasnmums

MeXAay Knactepamm OTMeYaloTcs Mo Npu3Hakam naoaa,
HaMMeHbLLMNE — M0 CEMEHM.

Ecav  cpaBHMBaTb  MOMapHO  Kjaactepbl €
MCMONb30BaHNEM anoCTEPUMOPHOro TecTa Mo KpuUTepwuio
TbloKM, TO 3ameTHa 6osiee BbicOKas 060cobAeHHOCTb
Knactepa 1 «mesKkonnogHasa» OT Kaactepa 3 «KpynHo-
KOCTOYKOBasA». Knactepbl 2 «KpynmHOM/ioAHasA» W
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3 «KPYMHOKOCTOUYKOBasA», 06ocobsieHbl Apyr OT Apyra no
Macce MAKOTHU, TONWMHE HOXKM U nnoga. OTmeyeHHble
HeOCTOBEPHbIE PA3INYUA  MEXAY HUMKM MO  APYyrUm
napameTpam  BO3MOXHO  CBf3aHbl C  MaNeHbKMMM
pasmepamu  rpynn.  TaK¥Ke, BO3MOXHO  Ha/iuuue

nepexogHbix Gopm Mmexagy Humu. OTMeYeHO BaskHoe
3HayYeHWe TOALMHbI MAOLOHOXKM NpW  pasrpaHUyYeHnu
rpynn. [JocToBepHble Pas/iMuna MexKay KpynHOMIO0AHbIMM
beHoTMNaMM OT MeNKo- U CpeaHenNoHbIX TOBOPUT O ero
reHeTMYeCcKn 06YyCI0BEHHOM CBA3M C KPYMHOMIOAHOCTbLIO.

Ta6bauua 1. UTorv 04HOGAKTOPHOTO AUCNEPCUOHHOTO M anoCTEPUOPHOro aHaAun3a

C rpynnupytoLLein nepeMeHHOM — KnacTepbl

Table 1. Results of ANOVA and post hoc analysis with a grouping variable — clusters

Mexay BHyTpu Kputepuii Tbloku
np_;:ltasxu ss sS F P n% % Tyuki test

Between SS (df=2) Within SS (df=27) 1/2 1/3 2/3

FST 17,00 12,00 19,12 0,0000 58,6*** kK - *x
FL 15,65 13,35 15,82 0,0000 54,0%** *x ** -
FW 19,12 9,88 26,12 0,0000 65,9%** kK Hokk -
FT 17,63 11,37 20,92 0,0000 60,8*** Ak *x *
FM 19,14 9,86 26,19 0,0000 66,0%** kK *x *
PL 16,13 12,87 16,91 0,0000 55,6*** * ok -
PW 15,88 13,12 16,34 0,0000 54,8%** * ol -
PT 15,12 13,88 14,70 0,0000 52,1%** - Hokk -
PM 19,07 9,93 25,94 0,0000 65,8%** * rHk -
SL 9,69 19,31 6,78 0,0041 33,4** - *x -
SW 12,96 16,04 10,91 0,0003 44,7*** - ol -
ST 11,32 17,68 8,65 0,0013 39,0%* - *x -
SM 16,29 12,71 17,30 0,0000 56,2*** - HoAx -

Mpumeyarue: n?, % — KOMAOHEHMbI AUCepcUU; yPosHU 3Ha4Yumocmu * — p <0,05; ** — p <0,01; *** — p <0,001;

npoyepK — omcymcmeue 00CMo8epHbIX pasauyuli

Note: n? % — components of variance; significance levels * — p <0.05; ** — p <0.01; *** — p <0.001;

line — no significant differences

CpaBHUTENbHbIN  aHANM3  BbIAENEHHbIX K/AcTepPOB MO
onucaTe/ibHbIM CTaTUCTUKaM TaKxe noaTeepann
pe3ynbTaTbl aHanuMsa K-cpeaHux, a MMEHHO, pasanyuma
MeXZy Knactepamu  Hambosiee  CyLEeCTBEHHbl MO
JIMHEMHbIM W BECOBbIM TMPU3HAKam Mnioda M CeMeHU
(tabn. 2). Hanpumep, Mmacca MAKOTM B  KjaacTepe
2 coctaBuna B cpegHem 6,1 r, a B Knactepe 1 — 3,6 r.
[OnameTp NAOAOHOKKM Yy KPYMHOMNAOAHbLIX COCTaBnseT

noytm 1 mm (0,91 mm), a y MeNKonnoAHbIX B CpeaHem
0,66 mm.

AHann3  M3MEHYMBOCTM MO  Ko3ddMUMEHTY
Bapuauum (CV) Ha BHYTpMKAAcTepHOM YpOBHE MoKasan, 4To
Hanbonee CTabWNbHbIMM NPU3HAKAMM OKa3aNUCb JNHEN-

Hble MPU3HAKM NNoJa, KOCTOYKM M CEMEHM, 3a
WUCKNIOYEHNEM TONWMHBbI HOMKKW (Tabauua 2). Becosble
NMPU3HAaKM  XapaKTepu3OoBaiuCb  CPeAHUM  YPOBHEM
BapbUPOBaHUA.

Tabauua 2. CpaBHUTEIbHAsA XapaKTePUCTUKa BblAeNEeHHbIX K1acTepoBs No Npu3Hakam nioga anbium Ha N'yHnbeckom niato
Table 2. Comparative characteristics of clusters identified according to the characteristics of the cherry plum fruit

on the Gunib plateau

Knacrepbi / Clusters

"pT“;*i'ti"" 1(n=160) 2 (n=40) 3 (n=100) 2 (n=300)

X£Sx CV,% X+Sx CV,% X£Sx CV,% X£Sx CV,%
FST 0,660,005 10,0 0,910,016 11,3 0,72+0,012 17,2 0,710,007 17,3
FL 19,7+0,11 7,0 22,6%0,19 5,2 21,340,12 5,5 20,610,10 8,1
FW 18,1+0,09 6,0 21,6%0,27 8,0 20,1+0,11 5,4 19,240,10 9,2
FT 18,3+0,10 7,0 21,940,23 6,6 19,9+0,11 5,6 19,3+0,10 9,2
FM 3,610,05 18,1 6,1+0,19 20,1 4,610,07 14,2 4,3+0,07 26,5
PL 12,9+0,07 7,1 14,3+0,17 7,7 14,6+0,08 5,7 13,7+0,07 8,8
PW 9,2+0,05 7,3 10,310,13 7,8 10,5+0,06 5,9 9,8+0,05 9,4
PT 6,8+0,05 8,4 7,3+0,05 4,8 7,8+0,05 6,9 7,210,04 10,0
PM 0,42+0,005 16,0 0,57+0,017 18,3 0,62+0,009 15,1 0,51+0,007 24,8
SL 9,6+0,06 8,0 10,2+0,14 8,6 10,6+0,08 7,1 10,1+0,05 9,0
SW 5,9+0,05 9,8 6,3+0,06 5,5 6,7+0,04 5,4 6,210,04 9,9
ST 4,710,04 9,8 4,7+0,07 10,0 5,4+0,05 9,2 4,9+0,03 11,5
SM 0,130,002 20,4 0,14+0,003 12,8 0,18+0,003 16,8 0,15+0,002 24,7
B 3aKnioueHMe CTOUT OTMETWUTb, YTO MEXAY Knactepamu BblaeNeHHbIM  KnacTepbl  MOXHO  Kaaccuowu-
HabNloAAITCA PA3NNYMA NO CTENEHN CKOPPEANPOBAHHOCTU uMposaTb OT YCAOBHO «AuMKoro» (knactep 1) go
NpW3HaKoB BHYTPWM KnactepoB. B uenom B Knactepax «KYNbTUreHHoro» (Knactep 2), rae TpeTuit Kaactep
1 wn 3 Bblle CKOPPENPOBAHHOCTb MPU3HAKOB, ABNAETCA KMEPEXOAHOMN.
CpaBHEHUIO C KjacTepom 2, rae OTMeuveHbl cnabble B [yHWOGCKOM nonynaumMM TaKKe OUEHEHOo

3aBUCUMOCTU meXxAay NPU3HAKaMK Nao4a U KOCTOYKNU.

d)eHOTMI'Il/I‘-IeCKOE

pasHoobpasve no

Ka4yeCTBeHHbIM
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npusHakam nnoga. ®dopma naoAa O4YeHb  YacTo
MCMNONb3yeTc B KayecTBE OCHOBHOMO MpWM3HaKa npu

onucaHun coptoB. OHa, KakK MpaBWIO, Mano BapbupyeT
BHYTPUKPOHHO. Mo ¢dopme nnoga BblgeneHo 4 rpynnbl
pacteHuii (Tabn. 3) npu aTom nogasnawouiee 601bWNHCTBO
nmeno osanbHyto (80 %) popmy, Ha OKPYIrbIX NPUXOAUTCA
(10 %), eaMHnuHO BCTpevaeTcs AWueBunaHaa (6,7 %) wu
yaavHeHHo-oBanbHaa (3,3 %). Mo pasmepam nnoaa
noaasnsiowiee 6O/MbLIMHCTBO OTHECEHO K OYEHb MENKUM
(66,7 %) n menkum (30 %), C OTHOCUTENBHO CpPeaHUMU
pasmepamu (8—10 r) 6blaM OBHapy:KeHbl eauHWUYHbIe
ocobu. Mo OKpacke KOXWUblI BblAENEHO TPW Fpynnbl:
c xentoit (56,7 %) n KpacHoi (43,3 %), pexe po3oBoW
(6,7 %). He oTmeueHO pa3HOO6pasMsa NO OKpacKe MAKOTU
naoaa, BCE reHOTUNbl MMEIOT KenTylo OKpacky. Mo BKycy
nnoga kucnble (53,3 %) Kkucno-cnagkue (40 %), peako
cnagkve (6,7 %). B uenom KOCTOYKM He oTAensatTcs oT
mAaAKoTK (70 %), y TpeTn 0bpasuoB oHa TpyaHan (30,0 %).
BONbWMHCTBO pacTeHUn B AaHHOW MoONynaumm
umeeT oBanbHylo (50 %) pexe yA/JMHEHO-OBasbHYIO

(23,3 %) n auesmaHyto (20 %) dopmy KOCTOYKKU. Pasmepbl
KOCTOYEK, KaK U NJ10A0B B OCHOBHOM O4YeHb mesnkue (50 %)
n menkune (43,3 %) C Y3KOOKPYr/bIMM BepxywKamu u
OCHOBAHWAMM, Yalle TOACTble KOCTOUKM U Y3KMMU
MeXpebHbIMM NpocTpaHCTBaMU. Kub KOCTOYKM NOYTM Y
BCeX €nabo BblpaXkeH, C rnagkumm bokoBbIMM pebpamu.
MoBEPXHOCTb KOCTOUKM Y MHOTMX MOYTU rNajKas.
MpoBeaeHHbIN KnacTepHbit aHanus (UPGMA)
29 KayecTBEHHbIX MPU3HAKOB NA0AA MOMYAALUMKU anblun B
ycnosuax TyHMOCKOTO NAaTo MOKasan HU3KME pasanyms
BHYTpU nonynaumm (puc. 3). U3 obuweit maccbl ocobelt
Bblgenunca obpasey, Ne19 ¢ yHMKanbHbIM COYETaHWEM
NPW3HaKoB. XapaKTepHbIMK ero 0cobeHHOCTAMM ABNANCH
OKPYF/IbIl  aCCUMETPUYHBIN KeANTblh Naog C  PO30BbIM
pymaHuem,  AWLEBUOHOM KOCTOYKOW C  XOpoLo
BbIPA)KEHHbIM KMAEM W WUPOKUMK pebpamun. TaKxke
Bblaensetca obpasewy, Ne24 c oTHocMTeNbHO 60nbluMMK
pasmepamu nioAa C pPO30BOM OKPACKOM M KpacCHbIM
pyMAHLEM, CNafKoM MAKOTbIO W MENKOM KOCTOYKOM,
BO3MOXHO MMEIOLLNIA KYJIbTUTEHHOE NPOUCXOXKAEHME.

Tabauua 3. Xapaktepuctka ryHmbckoi nonynaumm P. divaricata no KayecTBEHHbIM NPU3HaKamM Nao4a
Table 3. Characteristics of the Gunib population of P. divaricata based on qualitative characteristics of the fruit

MpusHak F'papauusa % MpusHak F'papauusa %
Trait Gradation ? Trait Gradation °
O4YeHb KOpOoTKas
OJIVHa P 36,7 cnagkas / sweet 6,7
very short
NAOAOHOMKM BKYC MAKOTH KMCnO-ChaaKan
fruit-stalk thickness koportkas / short 53,3 taste of flesh 40,0
sweet-sour
length
cpeaHnan / average 10,0 Kucnas / sour 53,3
TOHKas / thin 90,0 OTAEeNAeMoCTb He oTaensetcs / absent 70,0
TONILMHA
NAOAOHOMKM KocTotkM oTAenseTcs naoxo
. . r 10, adherence of stone to X
fruit-stalk thickness cpearan / average 0.0 very weak 30,0
flesh
YAJ/IMHEHHO-0BaIbHanA 33 YA/IMHEHHO-0BabHanA 233
oblong oblong
dopma nnoga oBanbHas / elliptic 80,0  dopma KOCTOYKM oBanbHas / elliptic 50,0
fruit shape okpyrnan / circular 10,0  shape of stone AnuesmaHan / ovate 20,0
AnuesnaHan 67 obpaTHoAlLeBNaHanA 67
ovate obovate
04YeHb MenKui
Men 66,7 oueHb menkan / very small 50,0
pasmep nnoga very small pasmep KOCTOYKM
fruit size menkuin / small 30,0 size of stone mesnkas / small 43,3
cpeaHuii / average 3,3 cpeaHnAn / average 6,7
CUMMETPUYHbIE
p. 76,7 oxpaCKva Kpemosgas / creamy 6,7
CMMMETPUYHOCTb symmetrical cBexem
symmetry accMmeTpuyHble KOCTOYKM CBeT/10-KopnyHeBas
. 23,3 . . 86,7
asymmetrical colouring light-brown
BAaB/JIeHHasn fresh
A 33,3 KopuyHeBsas / brown 6,7
depressed stone
opma Be
bopma Bepxyuikm nnockas / truncate 46,7 bopma WWMPOKOOKpYrAaA 20,0
nnoga BEPXYLIKK oblate
fruit tip shape oBanbHana / rounded 16,7  KOCTOYKM y3KOOKpyrnas / narrow 63,3
shape
3a0cTpeHHas / acute 3,3 of stone top 3a0CTpeHHas / acute 16,7
¢dopma ocHoBaHMA BAaB/AEeHHas 26,7 LUMPOKOOKPYras 6.7
naoga depressed ’ dopma oblate ’
fruit base shape okpyrnan / rounded 73,3  ocHOBaHuA Y3KOOKpyrnas / narrow 63,3
menkas / small 23,3  KOCTOYKM BbiTAHyTOE / oblong 26,7
r1Y6UHa AMKM shape of stone base CUNBbHOBBITAHYTOE
hole depth cpeaHsn / average 76,7 ¥ 3,3
very oblong
rnybuHa 6ptowHoro otcytcreyeT / raised 96,7  yTONLWEHHOCTb ynaouweHHas / thin 3,3
wBa cnabopassuTtas KOCTOYKM .
ventral suture depth slightly sunken 33 thickness cpeaHenonnan / medium 433
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SeT KOMULLLI »wentan / yellow 56,7 Tonctas / thick 53,3
;rand collc-:ur of skin po3sosas / pink 6,7 LUMPKMHa y3Kan / narrow. 53,3
KpacHas / red 43,3  pebep cpeaHan / medium 26,7
otcytcTeyet / absent 60,0 ribs width wunpokas / broad 20,0
NOKPOBHAA OKpackKa po3oBas / pink 16,7 BbICOTa manas / low 43,3
pattern of over colour kpacHas / red 6,7 Kuns cpeaHan / medium 40,0
6opaosas /dark-red 16,7  keel height 6onbluasn / large 16,7
oTcyrereyer 60,0  BbIpa)KEHHOCTb cnaban / weak 83,3
pasmep pymsaHua absent
. " Kuna -
relative area of over maneHbKkuin / small 26,7 keel tvoe cpeaHaa / medium 13,3
colour cpeaHuit / average 10,0 P cunbHasn / strong 3,3
6onbuoii / large 3,3 TN 60KOBbIX 6opo3guatble / sulcate 16,7
ebe
oTAEeNAeMoCTb He oTaenserca 73,3 pebep ) rnagkue / smooth 83,3
KOMMLLbI absent lateral ribs type
adherence of flesh to
. OTAGNIACTCA NNIOXO 26,7  xapakTep ocTpblii / sharp 23,3
skin very weak
O4HOTUMNHasA KUIA
OKpackKa nosocT1 hgmotypic 96,7  keel character Tynoi / obtuse 76,7
hollow colour
po3osas / pink 3,3 rnagkas / smooth 23,3
roBepXHocTe noyTH rnagkKas
KOHCUCTEHLMA MAKOTU  cpeaHas / medium 76,7 KOCTOYKM K A 50,0
firmness of flesh relief of surface slightly bumpy
nnotHaa / firm 23,3 menkoamyaras / foveolate 26,7
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PucyHok 3. Knactepusaymsa ¢eHoTUNMYeckoro cxoacrsa ocobeit anbium metogom UPGMA
Figure 3. Clustering of phenotypic similarity of cherry plum individuals using the UPGMA method

3AK/TIOMEHUE

AHanu3  BHYTPUNOMYAAUMOHHON  M3MEHYMBOCTM MO
BbIIB/IEGHUIO  NaTeHTHbIX  (CKpbITbIX)  rpynn  ocobeit
NnonynsuuMM Ha OCHOBE K/lacTepu3aLMu, MHOTOMEPHOro
LUKANMPOBaHUA 1 meToda K-cpeaHux no KoAMYecTBeHHbIM
MPU3HaKam Ma04a, KOCTOUYKM M CEMEHM MOoKasan Hanudune
mopdonormyeckoi guddepeHumaumm ocobelr Ha Tpu
Knactepa (rpynnbi).

B nepsbli Knactep BOWAM 0OCOBU C HUSKMMMU
3HaYeHUAMM MO BCEM MHPOPMATMBHBLIM MPU3HAKaM,
BTOPOI Knactep o6pasoBann 0cobu C cambiMU KPYMHbIMM
pasmMepamu Naoga v MAKOTK, TO/ILLMHE NAOLOHOMKM, NpK
3TOM 3HaYeHWA KOCTOYKM M CeMEeHM cpeaHue-menkue, B
TPEeTUIA KnacTep BOLWN OCOBU CO CPesHWMM MO pasmepy
NNo4a WM BbICOKMMM 3HAYEHUAMM KOCTOUKM U CEMEHMW.

PesynbTaThl 0AHO(PAKTOPHOrO AWMCMEPCUMOHHOrO aHanusa
BbIABUAO OOCTOBEPHbIE W BbICOKME PasANUMA  MeXAay
KAacTepamu no BCEM YYTEHHbIM MPU3HAKAM.

MonapHoe cpaBHeHMEe BblAENEHHbIX  rpynn
ocobenn no Kputepuio TblOKM MNOKasan [OCTOBEPHble
pasAnuMA Mexay BCeMM rpynmnamu no ToAWMHE Nao4a u
Macce MAKOTU. Hambonblume pasivuma mexay rpynnamu
oTMeyeHbl ana Knactepos 1 n 3. OTMeYeHo cylLecTBeHHoe
3HavyeHune TONWMHbI NA0A0HOXKN ana BblAeNneHnA
KPYMHOMI04HbIX GOPM, UTO MOXET MMEeTb MpaKTUYecKoe
3HaYeHne 4NA Cenekumn.

OTmeueHHas nonynauma XapakTepusyetcs
HU3KUM dbeHoTUNMYECKUM BapbUpoBaHNEM no
KauyecTBEHHbIM MNpW3Hakam C npeobnagaHNem OYeHb
Menkux (ao 5 r) nnogmos (66,7 %) c osanbHOW popmoit
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nnoga (80 %) wn xentoit okpackon Koxuubl (56,6 %) bes
pymaHua (60 %), no BKycy KMC/Ible W KUCNO-CnagKue
(93,3 %), B OCHOBHOM OYeHb MEJKMMMU W OBasibHbIMU
KocTtoukamu (50 %). BblaeneHbl reHOTUMbl Kak UCTOYHMKMK
LLeHHbIX MPU3HAKOB.

MeTtogbl KnactepHoro aHanmza (UPGMA) wu
MHOromMepHoro wkanuposaHua (PCoA) noaTsepxaatoT
HU3KWE Pasnnuua BHYTPU NONynauMu no deHeTuyeckomy
pa3Hoobpasmio niofdoB. [lonyyeHHble [aHHble MOryT
CBMAETENbCTBOBATb O [AJIMTENbHOCTU CYLLECTBOBAHUA U
M30/IMPOBAHHOCTU NYHUBCKOM nonynsaLmu.
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Llenb: BbINONHUTb aHANM3 CYLLECTBYHOLWMX AAHHbBIX O BAWMAHUW MyTauuii B
reHoMe 4YesioBeKa Ha MaToreHe3 PecnvMpaTopHbIX BUPYCHbIX MHOEKLMI U
obCyKaeHNEe WX 3HAYMMOCTM AR KAMHUYECKOM NPaKTUKU. OCHOBHbIE
334a4M  BK/IIOYAIOT OMNUCAaHME MEXaHU3MOB TFEHETUYECKUX MyTaLui,
paccmoTpeHue MNpUMMepoB T[EeHOB W MyTauui, BAMAIOWMX  HA
BOCMPUUMUMNBOCTD U TAXKECTb 3a00/1eBaHNM, a TaKKe OLEHKY NepcreKkTuB
reHeTUYeCKoro TeCTUPOBAHMA U NePCOHANN3MPOBAHHON MeAULMHbI.
UccnepoBaHue reHeTMYecKMX GAKTOPOB, BAUAKOWMX HA BUPYCHbIE
pecnupatopHble MHEKL MM, MOKA3bIBAET 3HAYUTEIbHOE BAUAHME MyTaLUM
Ha TeyeHue U ucxopm 3abonesaHuin. Hanpumep, reH IFITM3, BaxHbI ana
OrpaHUYEHMA PENINKALLMW BUPYCa FPMMNa, U ero noammopdusm rs12252-C
ACCOLMUPYIOTCA C TAXKeAbIMWU GOopMamKM Frpunna. AHaNOMMYHO, MyTauuUn B
TLR7 cBf3aHbl c Taxenbimm popmamu COVID-19, ocobeHHO Yy MyXKUMH.
Takue [aHHble MOATBEPXKAAIOT BAXKHOCTb FEHETUYECKOro TeCcTUPOBaHUA
ONA BbIABNEHWA /UL, C MOBbILWEHHbIM PUCKOM TAXKeNblX MHOEKUUA K
noAYepKMBAOT  MOTEHWUMaN  NEepCcoHaNM3UMPOBAHHOW  MeauUMHbl B
YAYYLWEHUN UCXOA0B NievYeHUA. BaxkHO TaKkkKe y4uTbiBaTb B3aMMOLENCTBUE
reHeTMYyeckMx  GaKTopoB  C  3KOJIOFTMYECKMMM M CcOoUManbHbIMMU
LEeTepMUHAHTaMM 340P0BbA.

B o0630pe paccmoTpeHbl reHeTU4Yeckue akTopbl, BAMAOWME Ha
BOCMPUUMYMBOCTb K BUPYCHbIM PECMMPATOPHLIM MHPEKLUAM U TAXKECTb
TeyeHus 3aboseBaHuWit. OKa3aHO, YTO reHeTU4eckne MyTauuum MoryT
CyLLEeCTBEHHO B/IMATb HA MaToreHes WU TeyeHue UHPeKuui. NMoavepKHyTa
BaXXHOCTb MHTErpaunmn reHeTUYeCcKMX AaHHbIX B KAMHUYECKYIO MPaKTUKY
o5 noBblweHUA 3OPEeKTUBHOCTM OMArHOCTUKKW, MNPOrHO3UPOBaHUA U
neyeHus.

Kntouesble cnosa
leHeTUYeckne MyTaLuu, pecnvpaTopHble MHGEKLUN, BUPYCbl, NaToreHes,
TAXeCTb 3aboneBaHua, Bupyc rpunna, COVID-19.
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Abstract

Aim. To analyze existing data on the impact of mutations in the human
genome on the pathogenesis of respiratory viral infections and to discuss
their relevance to clinical practice. The primary objectives include
describing the mechanisms of genetic mutations, reviewing examples of
genes and mutations that affect susceptibility and disease severity and
evaluating the prospects for genetic testing and personalized medicine.
Research on genetic factors influencing viral respiratory infections
demonstrates the significant impact of mutations on disease progression
and outcomes. For instance, the IFITM3 gene, which plays a crucial role in
limiting influenza virus replication, along with its rs12252-C polymorphism,
is linked to severe cases of influenza. Similarly, mutations in the TLR7 gene
are associated with severe manifestations of COVID-19, particularly in
males. These findings underscore the importance of genetic testing to
identify individuals at heightened risk for severe infections and emphasize
the potential of personalized medicine to enhance patient outcomes.
Additionally, it is essential to consider the interplay between genetic
factors and environmental as well as social determinants of health.

This review examines the genetic factors that influence susceptibility to
viral respiratory infections and the severity of disease progression. It
demonstrates that genetic mutations can significantly affect the
pathogenesis and course of these infections. The importance of
integrating genetic data into clinical practice to enhance the efficiency of
diagnosis, prognosis and treatment is emphasized.

Key Words
Genetic mutations, respiratory infections, viruses, pathogenesis, disease
severity, influenza virus, COVID-19.
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Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

ecodag.elpub.ru/ugro/issue/current

29



A.[,. MOWKWH u dp.

HOr Poccuun: akonorus, passutne 2024 T.19N 4

BBEAEHUE
PecnupaTopHble MHPEKLMM OCTaloTCA OAHOM U3 TN1aBHbIX
NpUYnH 3a601eBaEMOCTM U CMEPTHOCTU BO BCEM MUPpE.
BupycHble MHEKUMK, TakuMe Kak rpunn, pecnvpaTopHo-
CUHUMTHANbHBIN BUpYC (manee — PCB), KopoHaBupychbl
(skntouan SARS-CoV-2, Bupyc, BbisbiBatowmin COVID-19),
OKa3blBalOT 3HAYUTENIbHOE BIMAHWE Ha 340POBbE YEN0BEKA
[1]. BnuaHue 3TMx WHEKUMI BapbupyeTCAs OT JNEerkux
CMMNTOMOB [0  TAMENbIX  COCTOSHMK,  Tpebylowmx
rocnuTanMsaumm U UHTEHCUBHOM Tepanuu [2].

WccnepoBaHna nocnegHUx neT noavepKuBaioT
BaXHOCTb reHeTUYecknx GaKTopoB B onpeaeseHun
BOCNPUUMUMBOCTM K  MHOPEKUMOHHbIM  3abonesBaHuAM
BMPYCHOM 3TUONOTUU U TAXKECTU UX TeuyeHua. MNoHMMaHue
reHeTUYeCKo NpPeapacrnoNoKeHHOCTM K 3TMM 3abone-
BaHWAM fBNAETCA BaXXHbIM aKTOpom npu paspaboTke
6onee 3pPEKTUBHLIX CTPATErNMn OUArHOCTUKKM, Npoduiak-
TUKM U Ie4eHnA NaUMEHTOB.

PecnupaTtopHbie MHbEKLMM NpeacTaBastoT cobomn
OfHY u3 Haubosee 3HauYMMbIX npobnem B 0b6nacTu
06LLecTBEHHOrO 34PaBOOXPaHEHUs, OCODEHHO B YC0BUAX

naHgemuin  [3]. Hanpumep, naHgemua COVID-19,
BbI3BaHHaa  KopoHaBupycom  SARS-CoV-2, HarnagHo
NpPOAEMOHCTPUPOBANa, HACKONbKO  PaspyLwmnTeNbHbIMU

MOTyT 6bITb pecnupaTopHble BUPYCHble MHGEKLMK.

PecnupaTtopHble UHEKLMM OKasblBaloT
3HaUYMUTE/IbHYIO HarpysKy Ha CUCTEeMbl 34paBOOXPaHeHus,
3KOHOMMKY M 06LLEeCcTBO B Lie oM. OHM MOTYT BbI3bIBaTb KaK
ocTpble, TaK U XPOHWYecKue 3aboneBaHUA AblxaTeNbHOMW
CUCTEMBI, NPUBOAA K O0/TOCPOYHbIM NOCNEACTBUAM ANA
300poBbA [4]. BaXKHO TaKsKe yuMTblBaTb, YTO HEKOTOpble
rpynnbl HaceneHus, BKAOYAA MOMKMUAbIX Nlog4eN, aeTel u
UL, ¢ ocnabneHHoM MMMYHHOM cuctemolit, bonee ya3BUMbI
K TAXKenbiM dopmam 3TUX MHbekumi [5].

Ha npoTaxeHuM nocnegHux pecatunetuin 6oino
NpoBeAeHO MHOXeCTBO MCC/eA0BaHMI, MNOCBALLEHHbIX
POAN reHeTUYecKnx GakTopoB B Pa3BUTUM PECIMPATOPHbIX

MHbEeKUM. Hanpumep, uWccnenoBaHMA, CBsi3aHHble C
naHgemuneint HIN1 2009 roga, nokasanu, YTo reHeTUyeckasn
npeapacrnofioXeHHOCTb  WIPaeT  BaXKHyld  posb B
onpeaeneHnn UHAMBUAYaNbHON  BOCMPUMMUMBOCTM K

TPUNNY M TAXeCTU ero TeyeHua. B yacTHocTW, Hblin
BbIAB/NIEHbI aCCOLMALMUN MEXKAY NOAMMOPPU3MaMKU B reHax,
KOAMPYIOWNX  KOMMNOHEHTbl  UMMYHHON  CUCTEMbI, U
MOBbILWEHHOW BOCNPUMMYMBOCTbIO K BUpPYCY [6-8].
MNopobHble wnccnepoBaHUA NPOBOAUAUCE U B
OTHOLUEHMMN APYTUX BUPYCHbIX PeCnupaTopHbIX MHPEKLMNA.
B YacTHOCTW, reHeTU4YecKkMe uccnefoBaHMA NaLMEHTOoB C
TAaxenoimn popmamu COVID-19 BbIABUAN TFeHETUYECKME

Bapuauuu, KoTopble MOryT cnocobctBoBath bonee
TAXENOMY TeyeHuto 6onesHu [9]. YuntbiBas aTo, yyeHble 13
YHMBEPCUTETCKON  KAMHMKM  BoHHA 1M BOHHCKOro

YHUBepcUTETa B COTPYAHMYECTBE C APYTMMU MUCCneaoBaTe-
NbCKMMM rpynnamu us Nepmanum, HugepnaHgos, McnaHum
1 UTanum nposenun uccnefoBaHWe 3HaYMTENbHOM Fpynnbl
nauyneHTos, nopagka 10 Tbicay. OHWM nopTBEpAUAU
LLeHTPa/IbHYIO M YK€ U3BECTHYIO ponb reHa TLR7 B TAxkenom
TeyeHMU 3a60/1eBaHNA Y MYXKUMH, HO TaKXKe CMOMAN HaWlTh
[AOKasaTenbCTBa  BK/laga 3TOr0  reHa B TeyeHue
3aboneBaHnAa y KeHwuH. Kpome TOro, uMm yganocb
NoKasaTb, YTO FEeHeTUYECKMe M3IMEHEHUA B Tpex Apyrux
reHax MMMyHHOW cuctembl, IFNAR2, IFIH1, wn TBK1
CnocobcTBYIOT pa3BuTUIO Taxkenol ¢dopmbl COVID-19 [10].
3TM p[aHHble NOAYEPKMBAIOT  BAXKHOCTb  AaNbHeMWmX
uccnefoBaHUn  ANA  MOHUMAHUA MEXaHUM3MOB FeHeTU-

YeCcKoW NpeapPacnooKEeHHOCTU K PeCcnMPaTOPHbIM MHPEK-
UMAM M paspaboTkn  3PpPeKTUBHbIX METOAOB  UX
NPOdUNAKTUKM N NeYeHus.

OBCYXKAEHUE

1. leHemu4ecKkue Mymayuu U ux 8/UAHUE HO MAXECMb
meyeHuA pecriupamopHsix 3a6onesaHuli

leHeTMYecKMe MyTauumn NpeacTaBasoT COO0N N3MEHEHMA B
nocnegosatenbHoctn AHK, KoTopble moryt npoucxoauTb
Mo Pas/iM4yHbLIM NPUYMHAM, BK/IOYAA OWMOKKM B mpouecce
pennukaunm [OHK, Bo3pgelictBMe MyTareHHbIX ¢aKTOpoB

OKpy)Kalowei cpeapl  (Hanpumep, paauvauum  uUan
XMMWYECKMX BELWECTB) W BUPYCHble MWHPeKumn [11].
MyTaumMm  MoryT 6biTb  TOYeYHbIMM  (3ameHa OoAHOro

HyK/JeoTMaa Ha apyroi), aeneunsamu (yaaneHue ogHon unm
HECKO/IbKMX Nap HYKNeoTMAOB), BCTaBKamu/MHCEPLMAMM

(BcTaBKa  JOMONHMTENbHBIX  HYKNEOTMAOB), a  TaKxke
CNOXKHbIMW NepecTpoKkammn xpomocom [12].
B KOHTEKCTE  pecrnupaTopHbiX  MHbEKUWH,

Hanmbosiee BaXHbl MyTaLMW, KOTOpble BAWAIOT Ha TreHbl,
CBA3aHHbIE C MMMYHHOW CUCTEMOM M OTBETOM OpraHu3ma
Ha wuHbekumto [13]. Hanpumep, MyTauum B reHax,
KOOMPYIOWMX  peLenTopbl  Pacro3HaBaHWA  NaToOreHoB
(Hanpumep, TLR, RIG-1), moryT m3meHATb cnocobHOCTb
KNETOK MMMYHHOW CUCTEMbI 0BHApYKMBaTb U pearMposaTtb
Ha BUpPYCHble YacTuupl [14].

[eHeTUYyecKkne M3MeHeHUA MOryT B/IMATb KaK Ha
BPOMKAEHHbIA, TaK W Ha agdanTuBHbIA MUMMyHUTET [15].
BpoXKAEHHBI MMMYHUTET obecrneymBaeT NeEPBYD JMHUIO
3aLLUMTbI, BK/OYAtOLWYO 6apbepHble QyHKLMM SNUTENMANbHBIX
KNETOK, a TakKe aeatenbHocTb darountoB u NK-knetok [16].
AZanTUBHbIA MMMYHUTET BK/IOYaeT akTMBauuio T- U B-
nMmoouMTOB, KoTopble obecneunBaloT crneunduyecknit
OTBET Ha UHPEKLMIO U LONTOCPOYHYI0O UMMYHONOTUYECKYHO
namsTo [17].

PecnupaTtopHble BWUPYCHble UHPEKLMM MOryT
6bITb BbI3BaHbI PA3/IMYHbIMM NATOFrEeHaMM, BK/IOYAsA BUPYChI
rpunna (Influenza), kopoHasupycbl (SARS-CoV, MERS-CoV,
SARS-CoV-2), PCB, afeHOBMpPYCbl, PUHOBUPYCbI U MHOTUE
apyrve [18]. Kawablit M3 3TUX BMPYCOB WMMEET CBOM
0CODEHHOCTM MaToreHesa W KAMHUYECKON  KapTWHbI,
O[HAKO CYLEeCTBYIOT U 0bOLWMe MexaHU3Mbl, Nexalime B
OCHOBE Pa3BUTUA PecnMPaTOpPHbIX MHbeKumi [19].

MaToreHes BUMPYCHbIX PECNUPATOPHbIX MHPEKLU
BK/1IOYAET HECKONIbKO K/toyeBblx 3Tanos [20]:

1. Bxog W nepBuyHan aaresua: Bo3bygutenu
pecnupaTopHbix 3aboneBaHWii 06bLIMHO NPOHWKAOT B
OpraHM3m 4Yepes C/AM3UCTble O0BOIOUKM  AbIXaTesbHbIX
nytei. Mocne 3Toro OHM NPUKPENNAIOTCA K NOBEPXHOCTHLIM
KNeTkam, wucnonb3ys crneunduyeckme peLentopbl  Ha
KNeTo4yHo membpaHe.

2. Bxopg, B KNETKM M penavKauma: nocne aaresuu
BMPYCHbIE YacCTULLbl NPOHUKAIOT B KNETKM, FAe HauyMHaeTcs
npouecc penankauMm BUPYCHOro reHoma. B 3aBMcMmocTum
OT TUMA BMPYCa, PEenMKaLMA MOMKET MNPOUCXOAUTb B
LMTOMNMA3Me UK AAPE KNETKU.

3. CuHTe3 BUpYCHbIX 6enkoB U cHOpKa HOBbIX
BMPYCHbIX YacTul: B KJeTKe X03AMHa CUHTe3npyloTca
BMpPYCHble 6enku, KoTopble 3aTem cobupatoTca B HOBble
BMPYCHblE YacTUupbl. ITOT MPOLECC MOXKET HapywaTtb
HOPManbHY0 GYHKLUIO KNETKU U NPUBOAUTD K eé rnbenu.

4. BbIX0OZ, BUPYCHbIX YacTWL, U pacnpocTpaHeHue
UHPeKuMU: HoBble BMPYCHblE 4YacTUUbl BbIXOAAT W3
WHOUUMPOBAHHBIX  KJETOK WM PacnpoCcTpaHAlTCA  Ha
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cocegHue KNeTKH, Bbl3blBas OanbHelwee
pacnpocTpaHeHne MHPEKL MU MO AbIXaTeNbHbIM NYTAM.

MMMyHHana cuctema opraHvM3ma OTBevyaeT Ha
BUPYCHYIO  WHOPEKUMIO  aKTMBaLMeN BPOMKAEHHbIX MU
afanTUBHbLIX MMMYHHbIX MeXxaHu3moB [21]. BpoxaeHHbIn
UMMYHUTET 0becneymBaeT HbICTPYIO, HO Hecneumudryeckyto
3alUMTy, TOr4a Kak afanTUBHbIM UMMYHUTET obecneymBaeT
bonee cneunduyecKMn U OONTOBPEMEHHBIN  OTBET,
BK/OYaOWMIN  BbIPabOTKY  aHTUTEN U aKTUBALUIO
LMTOTOKCUYECKUX T-IMMPOLUTOB.

2. leHemuyYecKue hakmopel, 8aAusouUEe Ha
80CMPUUMHUBOCMb K PECIUPAMOPHBIM UHPEKYUAM
FeHeTMUYecKne GaKTopbl MOFYT UrPaTh CYLLECTBEHHYIO PO/b
B YA3BMMOCTM OpPraHM3ma K PecnmpatopHbiM BUPYCHbIM
nHdekumam [22]. 3a nocnegHue AecaTuneTMs nNpoBeseHo
MHOEeCTBO WCCNeL0BaHWUI, HanpaB/ieHHbIX HA BbiBNEHWE
KOHKPETHbIX FEHETUYECKUX AETePMMUHAHT, BAUAIOWMX Ha
BEPOATHOCTb 3apaKEHUs BMPYCaMM, TaKMMM Kak rpunnm,

KOpOHaBMpyCcbl W apyre. B 3Tux uccnemoBaHMAX
MCNONb30BaHbl  MeToAbl TFeHOMHOTO  CEeKBEHMPOBAHUA
BMPYCHbIX M Ye/IOBEYECKMX TEeHOMOB, EeHOMHOro

accoumatmBHoro aHanusa (GWAS), a Take ¢yHKUMOHa-

NibHble UCCNef0BaHUA, HanpasieHHble Ha MNOHUMaHWe
MeXaHWU3MOB B3aMMOAENCTBUA BMpYCca U Xxo3sauHa [23—30].

OgHMM U3 nepBblX T[EHOB,  MNPUBAEKLINX
BHUMaHWe wuccneposatened, 6oin IFITM3 (uHTepdepoH-
MHOYUMPYEMbIN TpaHCcMeMbpaHHbI 6enoK), CBA3aHHbIN C
BPOXKAEHHbIM MMMYHHbIM oTBeTom [24]. WccnepoBaHue
Zhang W CcOaBTOPOB MOKas3ano, 4TO MNOAMMOPPU3M
rs12252-C B 3TOM reHe 3HAYuMTeNbHO MOBbIWaeT
BOCMPUMMYMBOCTD K BUPYCY rpunna. AHanu3npysa AaHHble
NaLMeHTOB, rOCAUTaIM3NUPOBAHHbBIX C TAXKeAbIMU GopMamu
rpunna, y4yeHble OOHAPYXWAM, YTO 3TOT BAPMAHT reHa
accoummpyeTtcs ¢ 6onee BbICOKOW BUPYCHOW Harpyskon u
XYALWUMU KIUHUYECKUMU Ucxodamu [24].

UccnepoBaHuA, HanpaB/ieHHble Ha  U3y4YeHue
KOPOHABUPYCHOMN MHOEKLUM, BbIABUIM BAaXKHYIO POJib reHOB
HLA [25]. B yacTHocTH, nccnegosaHune Nguyen U coaBTopoB
npPoAEeMOHCTPMpOoBano, 4yto annens HLA-B*46:01 accoumm-
pPOBaH C MOBbILWEHHOM BOCNPUMMUMBOCTbIO K SARS-CoV u
SARS-CoV-2. 3TM pe3ynbTathl 6bliM  NOAKpenaeHbl
QHaNU30M [aHHbIX MaLMEHTOB W3 pasHbiX CTPaH, 4TO
noaTeep)pgaetr 3HayMmoctb HLA-reHoB B MMMYHHOM
OTBETE HAa KOPOHABUPYCHYIO MHPeKumto [25].

Tabnuua 1. leHeTMYECKME AETEPMUHAHTDI, BAUAIOLME HA YA3BMMOCTb K PECMIMPATOPHBIM BUPYCHLIM MHOEKLMAM
Table 1. Genetic determinants influencing susceptibility to respiratory viral infections

FeH [etepmuHaHTa
Gene Determinant

UCTOYHUK
References

BaunsaHue
Impact

MNoBbiweHHasnA BOCNPUUMUYNBOCTb

IFITM3 rs12252-C, rs34481144

K rpunny

24

Increased susceptibility to influenza

MNoBbiweHHasA BOCNPUUMYNBOCTb

TLR3 L412F, rs3775291

K rpunny u repnecy
Increased susceptibility to influenza
and herpes

28

MosbIleHHaA BOCMPUMMUNBOCTD
K SARS-CoV 1 SARS-CoV-2

HLA-B *46:01, *15:03

25

Increased susceptibility to SARS-CoV

and SARS-CoV-2

CHUKeHne aHTuBMU pyCHOl71 dKTUBHOCTHK

OAS1 rs10774671

npu COVID-19

34

Decreased antiviral activity
with COVID-19

TLR7 €.2129_2132del, c.2383G>T

HapyweHue otseta IFN npu COVID-19
Impaired IFN response in COVID-19

10

YBennyeHne BoCNpUUMUYMBOCTU

MBL2 A/On0/0

K BUPYCHbIM UHbEKLMAM
Increased susceptibility

36

to viral infections

Monnmopdusmbl

bPPa Polymorphisms

MoBblWEeHHAA BOCNPUUMUNBOCTD
K MERS-CoV 63
Increased susceptibility to MERS-CoV

YBenunyeHue PUCKa TAXKeNoro Te4eHna

IL6 rs1800795 rpunna

45

Increased risk of severe influenza

3. [eHbl U Mymayuu, ceA3aHHbIE € MO8bILEHHOU
80CMPUUMYLBOCMbIO K PeCcrupamopHbsim 3a60/1e8aHUAM
IFITM3 (MHTepdepoH-UHAYUMPYEMbIA TPAHCMEMBPaHHbIN
6enok 3) urpaet KNYEeBYO PO/b B KJAETOYHOW 3awuTte OT
BMPYCOB NyTeM 6/10KMPOBAHMA NPOHUKHOBEHWUA BUPYCHbIX
yacTuy B KneTku [26]. Noanmopdusm rs12252-C usmeHser
aMUHOKUCNOTHYIO  noc/iegoBaTenlbHOCTL  6enika,  4To
NPUBOAUT K CHUMNKEHWIO ero aHTUBMPYCHOM AKTUBHOCTW.
JlloaM ¢ rOMO3UTrOTHBIM COCTOSIHMEM No 3Tomy annento (CC)

MMEIOT 3HAYMTENIbHO MOBbLILEHHYIO BOCMPUMMYMBOCTL K
rpunny no cpaBHeHWto ¢ reteposurotamu (CT) wam
Hocutenamu amkoro tmna (TT) [24]. BapuaHT rs34481144
TaK}Ke accoLMMPOBaH C NOBbILEHHOM BOCMPUMMUMNBOCTbLIO,
T.K. U3MEHAET YpOBEHb 3KCMPECcUM reHa u GyHKLMOHANb-
HYIO aKTUBHOCTb benka [27].

leH TLR3 (Toll-nopobHbiit peuenTtop 3) oTBevaeT
3a pacnosHaBaHWe BMPYCHbIX AByuenoyedHblix PHK u
aKTMBALMIO BPOMKAEHHOrO MMMYHHOrO OTBeTa uepes
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npoaykumio nHtepdepoHos tmna | [28]. Moavmopodusmsl
L412F n rs3775291 um3meHAT cnocobHoCTb peuenTopa
pacno3HaBaTb BUPYCHble PHK 1 akTMBMpOBaTb CUMTHAAWHT
[29]. 9TO NPMBOAUT K CHUMNKEHUIO NPOAYKLUMN UHTEPPEPOHOB
W, COOTBETCTBEHHO, MOBbILWEHHOW BOCMPUMMYMBOCTU K
pecnupaTopHbIM  BUPYCHbIM  MHPEKUMAM, 4YTO no3sonset
BMpYCaMm Jierye pacrnpoCcTPaHATLCA M Bbi3blBaTb 3a60/1eBaHMA
[30].

[eHbl rnaBHOro KomMmMnekca rMcTocoBMeCTUMOCTH
(HLA) urpatoT Knio4eByto posb B Mpe3eHTauun BUPYCHbIX
aHTUreHoB T-KNeTKam, YTO ABNAETCA BaXKHbIM (aKkTopom
ANA  afanTUBHOrO MMMyHHOro otseTa [31]. Annenb
HLA-B*46:01 6bin  uageHTUGUUMPOBAH KaK  Mapkep
NnoBbIWEHHOW  BoCcMpuMmumMBocTM K SARS-CoV-1

SARS-CoV-2. MexaHu3mbl, /fexalme B OCHOBe 3TOM
accouumaumm, BK/IlOYalOT MeHee addeKTnBHYO
npes3eHTauMl0  BUPYCHbIX NEenTUAOB, 4TO 3amennser

aKTUBALMIO LUTOTOKCUYECKMX T-KneTtok. B pesynbTate
BMpPYC WmeeT 6o/blle BpemeHW ANA penauKaumm u
pacnpoctpaHenus [32]. [Apyroh annenb, HLA-B*15:03,
HanpoTwB, LEeMOHCTpUpYeT 6bonee 3dpdeKTnBHYIO
NPe3eHTaLMI0 BUPYCHbIX AHTUIEHOB, 4TO cnocobcTByeT
6onee bbicTpoMy U 3PPEKTUBHOMY MMMYHHOMY OTBETY,
CHMXanA BEPOATHOCTb MHPUUMpOoBaHUs [33].

len OAS1 Koaupyetr 2'-5'-onvroageHunar-
CUHTeTasy, KoTopasa aktmsupyet PHKasy L, paspywatoLyto
BupycHble PHK [34]. Moanmopduam rs10774671 BnvaeT Ha
YPOBEHb  aKTUBHOCTM  3Toro  ¢epmeHTa. Jliogn ¢
onpepeneHHbIMM  BapuMaHTamMuM  3TOr0O  FeHa  UMetoT

CHWMXXEHHble YpOBHM akTmBHocTU OAS1, 4yTO ymeHbluaeT
3 deKTUBHOCTb paspyLweHma BUPYCHbIX PHK 7]
YBENNUYMBAET BEPOATHOCTb MHOULMPOBAHUA BUPyCcamM,
Takmmu Kak COVID-19. MccnepoBaHMA MNOKasblBalOT, 4YTO
aToT noaMmopousm 3HAYUTENbHO BAvAeT Ha
BOCNPUMMUYMBOCTb K PECMMPATOPHbLIM BUPYCHbIM WMHPEK-

LUMAM 4Yepe3 W3MeHeHWe aHTUBMPYCHOW aKTUBHOCTU
depmeHTa [35].
feH MBL2 KoaupyeT MaHHO30CBA3bIBAOLLUN

NIEKTUH, KOTOPbIN UrpaeT BaKHYIO PO/ib B ONCOHM3aALMKU U
3AMMMUHaUMK natoreHos [36]. Moaumopousmsl A/O n 0/0
CBA3AHbl C HU3KMMW YPOBHAMW MAHHO30CBA3bIBAIOLLEIO
IEKTUHA B CbIBOPOTKE KPOBW, YTO OCNABAAET BPOMKAEHHbIN
UMMYHHbI OTBET M YBE/NMYMBAET BOCMPUMMYMBOCTL K
pecnupaTopHbiM BUPYCHbIM MHPeKumam. WccneposaHus
NOKasblBaloT, UYTO HU3KUIK ypoBeHb MBL2 npuBoauT K
CHUMKEHHOM cnocobHoCTH UMMYHHOM cucTemsl
pacno3HaBaTb M YHWYTOXATb BMPYCHblE YacTUUbl, YTO
NOBbLILAET PWUCK 3aparKeHWUA PasINYHBIMKU - BUPYCaAMM,
BKNIOYAA rpunn 1 KopoHasupycobl [37].

4. BnuaHue 2eHemu4eckux Mymauyuli Ha maxecms
meyeHus 3a6051e8aHUA

FeHeTUYeCKMe MyTaLMU WrpaloT 3HAYUTENbHYIO pPOSb B
onpepeneHnn TAXKECTU W TeyeHua  PecnmupaTopHbIX
BUPYCHbIX WHbEKUMn. B psage cnyvyaeB reHeTUYecKue
Bapuaumm ycyrybnstoTt TedeHne 6one3Hu, npusoga K bonee
TAXENbIM CMMMNTOMaM, YBEAMYMBAA PUCK OCTOXMKHEHUM
[38].

Tabnuua 2. FeHeTMYECKME AeTEPMUHAHTDI, BAMAIOLLME HA TAXECTb U TeyeHne 3aboneBaHuA
Table 2. Genetic determinants affecting the severity and course of the disease

FeH JeTepmuHaHTa BaunaHue UcTOUHUK
Gene Determinant Impact References

MNMoHwuKeHHaA akcnpeccua IFITM3, Taxkenoe TeyeHue rpunna

IFITM3 rs12252-C Reduced expression of IFITM3, severe influenza infection 24

TLR3 LA12F HapyweHne d)yHKu,MM TLR3, Tﬂmenge TeyeHue rpunna 78
TLR3 dysfunction, severe course of influenza
M3meHeHHana akcnpeccna ACE2, Taxenoe TeyeHme COVID-19

ACE2 rs2285666, rs4646116 Altered ACE2 expression, severe course of COVID-19 40
MNosbiweHHana akcnpeccma TMPRSS2, Taxkenoe TeyeHne

TMPRSS2 rs2070788, rs383510 COVID-19 41,42
Elevated expression of TMPRSS2, severe course of COVID-19

OAS1 rs10774671, CHueHHanA akTuBHoCTb OAS1, Taxkenoe TeyeHne COVID-19 34

rs1131454 Reduced OAS1 activity, severe course of COVID-19

MNosbiweHHasA akcnpeccua DPP4, Taxenoe teyueHne MERS-CoV

DPP4 rs2070788 Increased DPP4 expression, severe course of MERS-CoV 63
MNMoHuKeHHasA KoHueHTpauma MBL, Taxenoe TeyeHune

MBL2 FeHoTtmn O/0 pecnupaTopHbIX MHPEeKLNI 36
Reduced MBL concentration, severe respiratory infections
MNosbiWweHHaa Nnpoaykuma IL-6, TAxKenoe TeyeHne

IL6 rs1800795 pecnupaTopHbIX HdEKLUin 45
Increased IL-6 production, severe respiratory infections
MNosbiweHHaa npoaykumna CXCL10, Taxkenoe TeyeHme COVID-19

CXCLio rs4>08317 Increased production of CXCL10, severe course of COVID-19 46
HapyweHHan ¢pyHKuusa CCRS, Taxkenoe TeyeHue

CCR5 A32 pecnuMpaTopHbIX MHPERLUNA 47
Impaired CCR5 function, severe respiratory infections
MoBbIWEHHbI PUCK TAXKeNoro TeueHna COVID-19

APOE e4 Increased risk of a severe course of COVID-19 48

HLA HLA-A*25:01, HLA- MoBbIWEHHbI PUCK TAXKenoro TeyeHmsa COVID-19 25

B*27:07, HLA-C*01:02  Increased risk of a severe course of COVID-19

MNoBbiweHHaa akTMBHOCTb ADAM17, TAXKenoe TeyeHme

ADAM17 rs3839024 COVID-19 49

Elevated ADAM17 activity, severe course of COVID-19
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Taxenoe TedeHue pecnmpaTopHbix MHbEKUUiA,

CDHR3 rs6967330 BbI3BaHHbIX puHOBMpYycom C 50
Severe course of respiratory infections caused by rhinovirus C

IL1RN rs419598 TAxkenoe TeyeHne a/:l,eHO.Bl/Ip.VCHOI‘/‘I' UHdeKL MK 51
Severe course of adenovirus infection
MNosbiweHHaa npoaykuua IL-10, TAxKenoe TeyeHme

IL10 rs1800896 pecnupaTopHbIX MHPEKLNI 52

Increased IL-10 production, severe respiratory infections

OfHUM M3 APKMX MPUMEPOB ABAAETCS MNOAMMOPPUIM
rs12252-C B reHe IFITM3, KOTOpbIN CyLLeCTBEHHO BAMAET Ha
TAXECTb TedeHus rpunna [39]. JaHHaa myTauma cBA3aHa ¢
NOHUMKEHHOM 3Kcnpeccuelt 6enka IFITM3, wurpatowero
KNIOYEBYIO pO/Sb B OrPaHUYEeHUM penankaumm Bupyca
BHYTPW KNeToK. UccneposaHue, nposeaeHHoe Zhang et al. ,
nokasano, 4To Yy HaceneHua Kutaa noaumopdmsm
rs12252-C 3HauynTeNbHO Yalle BCTPeYaeTcA Y MauneHToB ¢
TAXENbIMU GOPMaMM rPUMNA MO CPABHEHUIO C NALMEHTAMMU
C IETKUM TeyeHnem b6onesHu [24].

MyTtauma L412F B reHe TLR3 Takxe BAuAeT Ha
TAXECTb NPOTEeKaHUsA WHOEKUMM, acCOUMMPOBAHHOM C
BUpycom rpunna [29]. 3ToT reH KoAMpyeT ToAN-NOA06HbIN
peuenTop 3, KOTOpbIA pacnosHaeT BUpycHble PHK u
aKTUBMPYET UMMYHHbIA oTBeT. UccneposaHue Croci et al.
nokasasno, 4to mytauma L412F HapywaeT ¢yHKuuto TLR3,
CHUMXaA CnocobHOCTb MMMYHHOM cucTeMbl 3pPEKTUBHO
6opoTbeca ¢ BUpycom rpunna [29].

leH ACE2, KOoAMPYOLWNIA AHTMOTEH3UH-
npespaliarowmii - GepmeHT 2, KOTOpbIM Mcnosb3yeTca
Bupycom SARS-CoV-2 gna NPpOHUKHOBEHMUA B KNETKMU, TaKXKe
BaXKeH. Mosmmopdusmbl rs2285666 u rsd646116 moryt
B/IMATb Ha TaxKecTb COVID-19. UccneposaHue Chen et al.
NpPoAEeMOHCTPUPOBAIO, YTO 3TN NOAMMOPGU3MbI CBA3AHbI C
M3MEHEHHOM 3Kcnpeccuen ACE2, yTo MOXeT
cnocobctBoBaTh 6onee TaAXenomy TeyeHuo COVID-19.
MNosbliweHHas 3kcnpeccua ACE2, obycnoBneHHasa 3TUMM
nonumopousmamu, yBenuuuBaeT BEPOATHOCTb BUPYCHOM
WMHBA3UK M yXyaLwaeT KAnHUYeckne ncxogpl [40]

OpyrMm 3HaumMmbim reHom asnaetca TMPRSS2,
KOOMPYIOWNUIA  TpaHCMeMbpaHHylo npoTeasy CcepuH 2,
aKkTMBMpyoLyto S-6enok SARS-CoV-2 [41]. Monnmopdurambl
rs2070788 un rs383510 B 3TOM TreHe CBA3aHbl C
nosblWeHHOW TaxecTbto COVID-19 [42]. WccneposaHue
Pandey et al. nokasano, 4To 3TM BapuaLMK yBEMYMBAIOT
aKkcnpeccuto TMPRSS2, cnocobeteya 6onee adpdekTmBHOM
aKTUBALMM BMpPYCa U NPUBOAA K bonee TAXKENOMY TeYeHUIo
6onesHu.

feH OAS1, koaupylowmii 2'-5'-onuroageHnnat
CMHTa3y 1, TakxKe MmeeT 3HayeHue [43]. Nonnmopdusmsi
rs10774671 v rs1131454 B 3TOM reHe accoOLMMPOBaHbI C
noBbiWeHHOM  TaxecTbto  COVID-19.  WccnepoBaHue
Huffman et al. nokasano, 4yTo 3TM BapuauuMu CHUXKaAOT
akTMBHocTb OAS1, ocnabnfa WMMMyHHbIA OTBET MU
YBEAMYNBAA PUCK TAXKeNoro tedeHna COVID-19.

leH MBL2, kogmpyowmini MaHHO33a-CBA3bIBAOLLMI
NIEKTWUH, COMNAacHO MMELWMMCA AAHHBIM, TaKXe MOXKeT
OKasblBaTb BAMAHME Ha  TaXecTb  3abosieBaHusA
pecnupaTopHbIMU UMHeKLUMAMU. Bapuauun B 3TOM reHe,
TakMe Kak reHotun O/O, cBA3aHbl C MNOHUMEHHON
KOHLLeHTpaL et MaHHO3a-CBA3bIBAOLLLETO NEKTUHA B KPOBU
M NOBbILEHHOMN TAXECTbIO pecnupaTopHbIX nHdekunin [44].
UccneposaHune Eisen et al. nokasano, yto Aoaum ¢
reHotunom O/O umetoT 60nee BbICOKMIA PUCK pPa3BUTUA
TAXenblXx $GopM  pecnupatopHbIX WHPeKLMi, BKAOYan
nHeBMoHUIo [44].

Nonnmopdumam  rs1800795 B reHe  IL6,
Kogupytowem WNHTEPNENKUH-6, accoummpoBaH C
NOBbLILWEHHON  TAMECTbIO  PECnUPATOPHbIX  UHOEKLUNA.
UccnepgosaHne Falahi et al. BbiABMAO, 4TO 3TOT
nonMmopousm ysennumsaet npoaykumio IL-6, 4tTo moxet
cnocobcTBOBaTbL YPE3IMEPHOM BOCNANIMTE/NIbHOM peaKkumm u
YXYALWEHUIO KIMHUYECKUX ucxoaos [45].

leH CXCL10, KoaupyoLwmii XEMOKMWH,
NPVBAEKaOWMIA MMMYHHbIE KNETKU K MecTy uHbekuuu,

TaKXXe 3aHMMaeT 3HauyMmoe MecCTO B npejcKasaHum
TeYeHUna pecnupaTopHoro 3aboneeaHuwa y Aoaen.
Monumopodusm rs4508917 B 3TOM TreHe cBfzaH C

nosblWeHHOW TaxecTbio COVID-19. UccneposaHue Li et al.
Nnokasasno, 4To 3TOT  noAumopdM3m  yBeanumsaet
npoayKkumto CXCL10, 4TO MOXKET NPUBOAUTb K YCUJIEHHOM
BOCMANUTENIbHOW PeaKLMM 1 NOBPEXKAEHUIO TKaHel [46].

Mytauma A32 B reHe CCR5, Kogupylowem
peuenTop ANA XEMOKMHOB, CBA3aHa C NOBbIWEHHOM
TAXECTbIO pecnuMpaTopHbix UHdekuunin. Uccnepgosanmne Ni et
al. nokasano, yTo NtOAM C JAaHHON myTaumen nmetot bonee
BbICOKMI  PUCK  TAMXKENOr0 TEYEHUs  PecrnmpaTopHbIX
MHObEKLMI U3-3a HapylleHHoM dpyHKumm CCRS [47].

Anneno €4 reHa APOE accouumpoBaH ¢
nosblweHHoM TaxKecTbio COVID-19. UccneposaHue Chen et
al. nokasano, yto Hocutenn annena €4 umetotr 6onee
BbICOKMI PUCK TAkenoro TeyeHus COVID-19, BepoATHO,
M3-3a €ero BAMAHMA Ha MeTabosuuyeckue npoueccbl U
BocnaneHue [48].

leHbl HLA  (4enoBeyeckuint  NerMKoOUUTaPHBbIN
QHTUrEeH) TaK»Ke UrpatoT 3HAYUTE/IbHYIO PONb B NaToreHese.
OnpegeneHHble annenn HLA cBA3aHbl C  TAMXKeCTblO
COVID-19. B yacTtHoctM, HLA-A*25:01, HLA-B*27:07 wu
HLA-C*01:02 accoummpoBaHbl C MOBbIWEHHbIM PUCKOM
TAXENOoro TeyeHua 3abonesaHus. UccnegosaHue Nguyen

et al. noatBepauno 3TM accouuaumu, YyKasbiBas Ha
BaXKHOCTb  TFEHETUYECKOW  MNpeapacrnoNioKeHHOCTU B
MMMYHHOM oTBeTe Ha SARS-CoV-2 [25].

Nonnmopdumam rs3839024 B reHe ADAM17,

KOAMPYIOLWEM METANNONPOTENHA3Y, CBA3AH C NOBbILEHHOW
Taxectblo  COVID-19. MWccneposaHue Jocher et al.
Nnokasasno, 4To 3TOT  noAumopdM3m  yBeauumsaet
akTMBHocTb ADAM17, cnocobCTBYA NOBPEXAEHWUIO TKAHEN
N YXYALIEHWIO KAMHUYECKUX ncxopos [49].

Nonnmopdumsm rs6967330 B reHe CDHRS3,
KOOMPYIOWEM  KaArepuH-CPOACTBEHHbIM  benok 3,
accouMmMpoBaH C TAXKECTblo 3aboneBaHWs, BbI3BAHHOTO
puHosupycom C. Uccneposanne Bochkov et al. nokasano,
YTO AeTU C 3TOW MyTauuMen NopBep:KeHbl bonee TAxKeNbiMm
dbopmam acTmbl U pecnUPaTOPHbIX MHOEKLMI, BbI3BAHHbIX
puHosupycom C [50].

Nonnmopdumam  rs419598 B reHe IL1RN,
KOAMPYIOWEM aHTAaroHWCTa peuentopa UHTepserkuHa-1,
CBA3AH C  TAXKECTblO  aAEeHOBMPYCHOM  WHdeKLuMU.
Wccneposavne Mesa et al. BbiABMAO, 4TO  3TOT
noAMMopou3M yBEIMUYMBAET PUCK TAXKENOTO TeYeHUs
aAEHOBMPYCHON WMHGbEKUMW, YTO CBA3AHO C HapyLleHWem
peryaauumn BocnanuTtenbHoro otseTa [51].
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Monumopousm rs1800896 B reHe IL10, Kogupytowem
MHTEpPNENKMH-10, acCOLMMPOBAH C NOBbILLEHHOMN TAXKECTbIO
pecnupaTopHbiXx WHPekuuin. UccneposaHne Braga et al.
MoKasaso, 4To 3TOT noAvmopdusm  NpUBOAUT K
YBENNYEHMIO NPOAYKUMU WHTepneirkuHa-10, 4yTo MoxeT
CnocobcTBOBaTb YXYALWEHMUIO KAMHUYECKMX ncxoaos [52].

Takum 06pasom, reHeTUYeckMe 0cobeHHOCTH
X03AIMHA MOTYT OKa3blBaTb 3HaYMUTE/NIbHOE BAUAHWE KaK Ha
BOCMPUUMUMBOCTb K MHPEKLMAM, TaK U Ha TAXKECTb CAMOro
3aboneBaHuA.

5. Mpumepsi u3 kKnuHu4eckol NPAKMUKU u
anudemuosnoauyecKkux ucciedosaHuli

Mpumepsbl n3 KAMHUYECKON NPaKTUKK "
3ANUAEMMONOTUYECKMX  UCCNEAOBAHUA  MOATBEPKAAOT
3HAYMMOCTb TFeHeTUYeckMx GaKTopoB B OnpeaesneHun
TAECTU PecnupaTopHbIX BUPYCHbIX MHbeKumin [53]. B
OAHOM M3 wuccnenoBaHui [24], nposegeHHOM cpegm
KUTaWCKOM  nonynauuu,  6biNO0  yCTaHOBNEHO,  4TO
nonnmopoemsm rs12252-C B8 reHe IFITM3 BcTpeyaetca
3HaYMTeNIbHO Yalle y MALMEHTOB C TAXeNbiMM dopmamu
rpunna, 4em y Tex, y Koro 3abosneBaHue nNpoTeKano B
nerko popme. ITo yKasbIBaeT Ha TO, YTO AaHHAA MyTauma
MOMKET CNYXUTb MNPEeAMKTOPOM TAXKeCTM 3abosneBaHuA M
MUCMONb30BaTbCA ONA WAEHTUOUKALMM NUL, C BbICOKUM
PUCKOM Pa3BUTUA OCNOKHEHUIA.

INMAEMMONOTUYECKME  WUCCNEAOBAHUA  TaKxkKe
BbIABM/IM 3HAYUMOCTb reHeTu4Yeckux Gaktopos. Hanpumep,
uccnegosaHue  nonvmopdusmos B reHe  TMPRSS2
(rs2070788 1 rs383510) noKasano, YTo AaHHble Bapuauum
CBA3aHbl C NoBblWeHHOM TaxecTbto COVID-19 [54]. Mogm ¢
onpegeneHHbIMU NOAMMOPPU3MaMM B ITOM FeHE UMEOT
6bonee BbICOKMI PUCK TAKenoro TeyeHua COVID-19, uto
NoATBEPKAAETCA AAHHBIMU 3NUAEMUONOTUYECKUX Habto-
neHni [55].

Ewe ogHUM NpUmepom ABAAETCA MyTaUUA B reHe
CDHR3 (rs6967330), KoTOopas accouumpyetca C MNOBbl-
LUEHHOM TAXKECTbIO PECNNPATOPHBIX MHOEKLUIA, BbI3BAHHbIX
puHoBupycom C  [56]. KnuHuyeckne  HabnwogeHus
NoKasa/sn, YTo AEeTU C 3TOM MyTauMel Yalle CTpaZalT oT
TAXEeNbIX GOPM acTMbl U PECNUPATOPHLIX UHOEKLMA, YTO
NoATBEPKAAeT 3HAUYMMOCTb reHeTMyeckux ¢aKkTopoB B
onpeaeneHnn KAMHUYEeCcKnx ncxonos [57].

3TV npumepbl U3 KAMHUYECKOM NPAKTUKU U
3MUAEMMONOTUYECKUX  UCCNEL0BAHUI  MoAYEPKUBAIOT
BAa)KHOCTb reHeTUYecKMx GakTopoB B  onpegeneHun
TAXECTM W XO0A4a PEecnupaTOpHbIX BUPYCHbIX UHOEKLMNA.
NccnepoBaHua — MpoOJO/IKalOTCA, W HOBble  JaHHble
NOMOraloT Jlyyle MNOHUMMATb MEXaHW3Mbl BO34ENCTBUA
reHeTUYeCKMX MyTauuii Ha TedeHue 3abosieBaHUI, 4TO
OTKpbIBAaeT  BO3MOMHOCTM  Ana  paspaboTkn  bonee
30 EKTUBHBIX METOA0B /IeYEHUS U MPODPUNAKTUKM.

6. [lomeHyuan 2eHeMu4ecK020 Mecmupo8aHUA 8
MpeoCKa3aHUU pucka maxesno2o mevyeHus 3a6onesaHuli
leHeTMYecKoe TecTMpOBaHMeE NPeaoCTaBAAET BO3MOMKHOCTb
ONA PaHHErOo BbIABNEHWA UL, C NOBbILEHHON YA3BUMOCTbIO
K PecnmpaTtopHbiM MHOEKLUMAM U NpeacKasaHuA TAXKECTU
ux TeyeHua [58]. ITo 0COBEHHO BaKHO B YC/NOBUAX
naHaemui, Takux Kak COVID-19, Koraa cBoeBpemMeHHas
NAEeHTUGUKaALMA rPYyNn PUCKA MOXKET CYLLECTBEHHO CHU3UTb
Harpy3Ky Ha CUCTeMbl 34pPaBOOXPAHEHUA W yAy4ylWwUTb
ncxoapl nedenms [59].

[eHeTMYecKoe TecTUpOBAHWE HA HanWyne Noau-
mopdusmos B reHe IFITM3, Takmx Kak rs12252-C, moxer
NOMOYb B BbIABNEHUN /UL, C MOBbIWEHHbIM PUCKOM

TAXKenoro TedyeHua rpunna [60]. 3To no3BonseT NPoOBOAUTL
bonee MHTEHCMBHblE NPOOUNAKTUYECKME MEPONPUATUS,
BK/IIOYAA BaKLUMHALMIO U NPUMEHEHME MPOTUBOBUPYCHbIX
npenapaTos y 3TUX NaLNEHTOB.

AHaNOrMYyHO, reHeTMYeckoe TecTUPOBaHME Ha
myTaumm B reHe TLR7 moxeT wucnonb3oBatbca Aaa
BbIAABNIEHWUA MY}KYMH C MOBbILEHHbIM PUCKOM TAXKENOro
TeyeHna COVID-19 [61]. IT0 ocobeHHO BaKHO Ans
pa3paboTkM  UHAMBUAYANbHBIX CTPATErMi  NedYeHua WU
NPoPUNAKTUKKM, HAMpPaAB/JEHHbIX HA CHUXXEHWE pUCKa
TAXKE/bIX OC/IOKHEHWUN.

7. lMepcriekmugbel NepcoHanU3upo8aHHoU MeduyuHbl 8
s1e4yeHuU PecrnupamopHsIX UHpeKkyul
MepcoHanusupoBaHHaa MeAMUMHA, OCHOBAHHaA  Ha
reHeTUYeCKUX [AaHHbIX, OTKPbIBAaeT HOBble TFOPU3OHTbI B
NIeYEeHUN  PecnupaTopHbiX WHdeKkuuin. Wcnonb3osaHue
reHeTMyeckon  UMHPopmauum  nos3sonseTr  nopbupaTb
Hanbonee 3dpdeKTUBHbIE NPOTUBOBMPYCHbIE MpenapaTbl U
pa3pabaTtbiBaTb TapreTHble TepaneBTUYECKME MoAXonbl
[62].

Hanpumep, npumeHeHue uHrMbutopos DPP4
MOXKeT bbITb 3dpdeKkTUBHbIM Y naumeHTos ¢ MERS-CoV, Tak
KaK 3ToT Bupyc ucnonovsyet DPP4 B KayecTBe peuentopa
Oona Bxoda B KneTku. MccnepoBaHuA noKasanu, 4to
6nokmpoBaHue DPP4 moxKeT npeaoTBpawatb MHOEKLMIo
knetok MERS-CoV, 4TO OTKpbIBaeT mnepcrnekTusBbl ANA
pa3paboTKM HOBbIX TepaneBTUYECKUX NMOAXOL0B HAa OCHOBE
MHrMbuTopos DPP4 [63].

leHHan Tepanusa TaKxe MoXeT  6bITb
NepcrneKTMBHON ANA NIeYEeHUA PecnUpaTopHbIX MHbeKuun,
0COBEHHO Yy NauMEeHTOB C reHeTMYeckumu pedektamm,
BIMAIOWMMM  HA WMMYHHYlO cuctemy. [pumeHeHne
METO/Z0B peflakTMPOBaHUA reHoma, Takux Kak CRISPR/Cas9,
NO3BO/IAET KOPPEKTMPOBATb MyTaLMM B K/IOYEBLIX reHax,
BOCCTAHaBAMBAA  HOPMANbHYIO  PYHKUMIO  MMMYHHOM
CUCTEMBI M yNYYLWan ncxoapbl nedeHmns [64].

3AK/TIOMEHUE

B paHHom o0630pe 6OblIM PAacCMOTPEHbl COBPEMEHHbIE
[AaHHble O BAMAHMM MyTaLMi B Ye/IOBEYECKOM reHome Ha
BOCNPUUMUMBOCTL K  MHPEKLMOHHbIM  3abonesBaHUAM
BMPYCHOM 3TUONOTUW U TAMXKECTb MX TeueHuA. MoayepKkHyTa
Ba)KHOCTb  MHTErpauum  reHeTMYeCcKMX  AaHHbIX B
KAUHUYECKYIO NPaKTUKy ONnAa yaydleHuA AOUarHOCTUKMK,
NPOrHO3MPOBaHMA U NedeHusa  3TUX  3abonesaHui.
MepcrnekTuBbl  OyaylWMX  MUCCNEAOBaHUM  BKAKOYAOT
AanbHelllee M3ydyeHWe reHeTUdYeckux ¢GaKTopos, BAUAIO-
LWMX Ha MnaToreHe3 pPecnupaTopHbiX MHPEKUUA, a TaKkxKe
pa3paboTKy HOBbIX METOAOB rEHETUHECKON AUArHOCTUKMN U
TapreTHOM Tepanuu. BakHO NpPOAOMKATL WHTErpauuto
reHeTUYECKMX AaHHbIX B KAMHUYECKYIO MPaKTUKY, 4TobbI
nosbicUTb  3GEKTUBHOCTb  JIEYEHUS U YMEHbLUUTb
HeraTMBHOE BO3AENCTBUE NHPEKLMOHHbIX 3ab01eBaHNI Ha
HaceneHue PO.
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Pesiome

Lenb paboTbl cocTosana B pacwMPpoBKE 3MU300TUYECKOW BCMbIWKA B
oKpecTHocTAX KomcomonbcKa-Ha-Amype (XabapoBckuid Kpai) B okTabpe 2022 r.
cpeamn ANKUX U CeNbCKOXO3ANCTBEHHbIX MTULL,.

Matepnan w©n  meTogbl  BK/AKOYAAM  aHa/NM3  ANU300TUYECKUX  JaHHbIX,
naTo/loroaHaToMM4Yeckoe obcrenoBaHUe TyweK normblimx ntuy, cbop nosesoro
MaTepuana U ero TPaHCMOPTMPOBKY B Nabopatopuio 6e3 paspbiBa X0/J1040BOM
Lenoykn, nHankauno PHK Bupyca rpynna A ¢ nomouwpbto [LP B peanbHom
BPEMEHU, U30NALMI0O BUPYCHBIX LUITAMMOB Ha MOAENU Pa3BMBAIOLLMXCA KYPUHbIX
3MBPMOHOB C Noc/ieayroLWEen OLEHKON aKTUBHOCTU BMpPYCa C MOMOLLbIO peakuuu
remarrtoTMHaUMM U UHOEKLUMOHHOTO TUTPA B JIMHUWN MOYKU IMOPUOHA CBUHbBM,
CEKBEHUPOBAHME MOJIHOPA3MEPHOrO reHOMA BblAENEHHbIX BUPYCHbIX LUTaMMOB
nocpesAcTBOM HAHOMOPOBOW TexHonormm M no CaHrepy ¢ nocneayowmm
npveieyeHnem npoueayp 6MOMHPOPMaLMOHHOTO aHANU3a.

Pe3ynbTaTbl NOKasanu, 4YTO 3NM300TMA CPeAu AMKUX NTUL, Hayanacb ewé B
despane 2022 r., a MaccoBbIM Nagex Kyp Ha ntuuedabprke «Komcomonbckan»
COMpPOBOXAaNachb rMbenblo AWKUX NTUL, B ee OKpecTHocTAX. C nomolpto
MONEKYNAPHO-TEHETUYECKUX METOLOB AUArHOCTUKKU OblI0 YCTaHOBMEHO, 4TO
3TUO/IOTMYECKMM areHTOM 3MM300TUKM cTan Bupyc rpunna A nogtvna H5. Bbuin
M301MPOBaHbl 7 LWITAaMMOB BMpYyca rpunna A, aHaiv3 NOHOPAa3MepPHOro reHoma
KOTOPbIX MO3BOAUA KAaccudpuuMpoBaTb MX KaK BbICOKOBUPY/IEHTHbIE BapWaHTbI
reHeTuyeckou nogrpynnsi 2.3.4.4b cy6Tna H5N1.

3aKkntoyeHre: BoctoyHas AsuA, BKAYaA poccuiickuid  JanbHuit  BocTok,
COXpPaHAeT CTaTyC LEHTPa reHeTUYecKoro pasHoobpasvsa BbICOKOBUPYIEHTHOMO
Bupyca rpunna A H5Nx, rge Mmeer mecTto UMpPKYAAaUMA BUMpYCa Cpean MeCTHbIX
NonyaAUMn NTUL, U BbICOKAs BEPOATHOCTb PEeaccopTauuii Mexay PasivyHbIMU
BapMaHTamu BUpYyca. Takas cuTyaumsa TpebyeT NOCTOAHHOW HAaCTOPOXKEHHOCTU CO
CTOPOHbI HaA30PHbIX OPraHOB, HEYKOCHUTE/NbHOro BbINOMHEHUA TpeboBaHWM
6uonornyeckon 6e30MacHOCTU YUPEKRAEHUAMMN U OPraHU3aALUAMM, 3aHATbIMU B
chepe cenbCKOro Xo3AWCTBA U NPUPOJOMNO/b30BaHMA, a TaKXKe MNpoBeAeHUA B
pervoHe peryaapHoOro SK0a0ro-BUpycoNorMyeckoro MOHUMTOPUHTA.

Kniouesble cnoBa

Fpunn nTuy, 3NM300TUA, BbICOKOBUPYEHTHble wTtammbl, HS5N1, reHeTunyeckas
nogrpynna, 2.3.4.4b, Corvus corax, Corvus corone, Gallus gallus, KomcomonbcK-
Ha-Amype.
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Abstract

Aim of the work was to investigate an epizootic outbreak in the vicinity of
Komsomolsk-on-Amur (Khabarovsk Territory) in October 2022 among wild
and agricultural birds.

Material and methods included analysis of epizootic data, pathologic and
anatomical examination of the carcasses of dead birds, collection of field
material and its transportation to the laboratory without breaking the cold
chain, indication of influenza A virus RNA using real-time PCR, isolation of
viral strains on a model of developing chicken embryos with subsequent
assessment of virus activity using a hemagglutination reaction and infectious
titer in the a swine embryo kidney cell line, sequencing of complete genome
of isolated viral strains using nanopore and Sanger technologies followed by
bioinformatics analysis procedures.

Results obtained show that epizootics among wild birds began in February
2022 and the mass death among chickens at the Komsomolskaya poultry
farm was accompanied by the death of wild birds in its vicinity. Using
molecular genetic diagnostic methods it was found that etiological agent of
epizootic was the influenza A virus of the H5 subtype. Seven strains of
influenza A virus were isolated, the analysis of the complete genome of which
allowed them to be classified as highly pathogenic variants of the genetic
subgroup 2.3.4.4b of HSN1 subtype.

Conclusions: East Asia including the Russian Far East retains the status of a
center of genetic diversity of the highly pathogenic influenza A H5Nx virus,
where the virus circulates among local bird populations and there is a high
probability of reassortations between different variants the virus. Such a
situation requires constant vigilance on the part of supervisory authorities,
strict compliance with the requirements of biological safety by institutions
and organizations engaged in agriculture and environmental management as
well as regular ecological and virological monitoring in the region.

Key Words
Avian influenza, epizootics, highly pathogenic strains, H5N1, genetic
subgroup, 2.3.4.4, Corvus corax, Corvus corone, Gallus gallus, Komsomolsk-
na-Amure.
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BBEAEHUE

MpupoaHbIM pe3sepByapom BMpYyca rpunna A
(Articulavirales: Orthomyxoviridae, Alphainfluenzavirus)
ABNAIOTCA AWKME NTULbl BOAHO-OKOJI0BOAHOMO 3KO/OrU-
YecKoro KoMmnneKkca, B nepsyl oyepenp, ryceobpasHole
(Anseriformes) u uvaikosble (Charadriiformes: Laridae) [1].
Bce u3BecTHble 3nNuaemMuyeckMe W NaHAEMUYecKue
LITAaMMbl 3TOFO BMPYCa MMEIOT NpesLlecTBEHHUKOB cpeaum
BapWaHTOB NTUYBLETO NPOUCXOXKAEHMA [2].

B monynauuax NTUL, yalie BCEro UMPKYAUPYIOT
HU3KOBUPY/IEHTHbIE BapuaHTbl BUpyca rpunna A (LPAI — low
pathogenic avian influenza), ogHako B cnyyae noasneHuA
MyTaLuMii B caliTe NPOTEO/NUTUYECKOro pacllenneHus
remarrtoTMHMHa, GEeHOTUN WM3MEHSETCA Ha BbICOKOBU-
pyneHTHbI (HPAI — highly pathogenic avian influenza) [3],
W TaKue BapmaHTbl BUPYCa CNOCOOHbI BbI3bIBaTb CUCTEMHYIO
MHGEKLMIO CO 3HaUYUTEbHbIM (YacTo npesbiwatowmm 90 %)
YPOBHEM /IeTaNbHOCTU Cpeau NTUL, C LWMPOKMM BOBJieYe-
HMEM B 3MM300TUYECKMI MPOLECC MEHEE XapaKTepHbIX
BMAOB HA3eMHOro ApeBeCcHO-KYCTapHUKOBOrO 3KO/0rU-
yeckux Komnnekcos [4—6]. HPAl Hanbonee 3appeKTMBHO
npeogosieBaeT Mexsuaosble Hapbepbl M cnocobeH
BbI3blBaTb 3MW300TUYECKME BCMbIWKM Cpeau BOAHbIX
mnekonuTalowmx [7-10] M cnopaguyeckne BCMbIWKK Y
nogen ¢ ypoBHem netanbHocTm 55 % [11]. Mo aToi
npuyvHe, pacwmdpoBKa  3IMNU300TUYECKUX  BCMbILIEK,
cBA3aHHbIX ¢ HPAI, umeeT Ba)KHOe 3HayeHue oA NPOrHo3u-
pOBaHWA 3BO/OUMM BUPYCA rpunna A NTUL, U OLEHKM ero
3aNUAEMMNYECKOrO NOTeHUMana.

CoBpemeHHas naH3ootua HPAI H5Nx Hauanacb B
1996-1997 rr., Koraa B pe3y/ibTaTe peaccopTauumn noasuaca
npoToTunHbIi wtamm HPAI  A/goose/Guangdong/1/1996
(H5N1) [12], npuHaanexaslwmin T.H. reHotuny <0>. OceHbto
2003 r. macwrabHaa anuzooTtmsa HPAI H5N1 reHoTtuna <Z>
oxsaTtuna tOro-BoctouHyto Asuio [13], xoTa B CeBepHon Asnmn
B 3TOT Nepuoa UMpKyauMposanu auwb LPAI (B Tom uucne
H5N3) [14; 15]. BecHoit 2005 r. vepe3 /[KyHrapckoe
MWUIPALMOHHOE PYCNo, BK/OYaloWee KpynHbld Xab Ha
03. UuHxain [16], Bupyc rpunna A <Z> NpPOHUK Ha tor
3anagHo Cubupw, rae Bbi3Ban OOLWMPHYK 3MU300TUID
cpeauM  AMKUX U CeNbCKOXO3AMCTBEHHbIX MTUL, C
anuueHTpom B YaHOBCKOM 03epHOM KoTnoBuHe [17-19].
Mpu 3TOoM, 3anagHocuMbupckve U LiMHXalcKue wWwTammbl
boOpMUPYIOT, XOTb W POACTBEHHblE, HO BCE Xe ykKe
pa3nunyHble reHeTuyeckme nogrpynnoel [18; 20]. OceHbto
TOrO e rofa nepenérHble NTMUbl  PAcnpPoOCTPaHWUAK
3anafHOCUBOUPCKYIO TEHETUYECKYI0 MOArpynny, CTasLlyto
OCHOBOMOOXKHULEN MMHUK 2.2.1.X, Ha n-oB MHZocTaH [21],
eBponenckylo 4Yactb Poccum [22-24], BocToyHyio 1
3anagHyto Espony [25; 26] u Adpury [27]; Havancs
npouecc GpopMMPOBAHNA MHOFOUYMUCIEHHBIX PErMOHANbHbIX
BapunaHToB Bupyca [20]. B CeBepHoit EBpasum chopmmpo-
Ba/INCb ABE K/loYeBble TOYKM, No3sonsAowme spdpekTMBHO
OTCNEeXMBaTb U3MEHEHWe FeHOTUMOB B MPOLECCe LMPKY-
naumm  HPAI  mexay 3UMMOBOYHbBIMM U THE340BbiMMU
apeanamu [20; 28]: B EBpone — 310 KybaHcKo-A3oBcKue
MAaBHW C BbICOKOM 4acTOTOM BCTpevyaemocTu WpaHo-
CeBepOKaBKa3CKOM reHeTnyeckor nogrpynnsi [29], 8 Asuu
— 03. Ybcy-Hyp, gonroe Bpems chnyupliee MHANMKATOPOM
aBonounn TyBUHCKO-CUBMPCKOW reHeTUYecKoi noarpynmbl
2.2.2.1[30; 31].

Bnnotb go BecHbl 2008 r. HPAI H5N1 uunpkyam-
poBan B 3anagHom cektope CeBepHoW EBpasuwu, K 3anagy
oT p. EHucen (3anagHee npumepHo 100° B.4.) [32; 33]. B
anpene 2008 r. HPAI H5N1 c mwurpupylowmmm AUKUMK
nTMLamm BoONb  [anbHeBOCTOYHO-MPUTUXOOKEAHCKOro

MWIPALLMOHHOIO  pycna MNPOHWMK Ha TeppuTopuio  tora
MPUMOPCKOro Kpas, BbI3BaB JIOKa/bHYIO 3MU300TUIO Cpeauv
HEeMpuBMTLIX AOMAWHMX NTUL, B C. Bo3gsukeHKa W
PacnpoCTPaHMBLUKUCL Janee Ha CceBep, MOJOMMB Hayano
[anbHeBOCTOYHO-HKOKHOKUTAMCKOM FreHeTUYecKoW noarpynne
2.3.2.1b [34]. NMpoHukHoBeHue HPAI-BapnaHTOB BMpyca
rpunna A B 3anagHblii cektop CeBepHoli EBpasun npuseno
K MOSB/MIEHUIO HOBbLIX BUPYCHbIX BapuaHTOB: B AHBape
2014 r. Ha tore KopeWcKkoro n-Ba B 3MMOBOYHbIX
nonynauuax AMKUX NTUL, BbliM OBHapyKeHbl ABa HOBbIX
reHotuna HPAI H5N8, nonyumBwmnx obosHayeHMa <G1> u
<D3> [35]. Bo Bpems BeceHHel MUrpaumm reHotun <D3> 6bin
pasHeceH nNepenéTHbIMM MTULAMX MO 3anagHOMy CeKTopy
CeBepHoli EBpasuun, a oceHbto 2014 r. — ewé panblue: ero
WTaMMbl BblM 0BHapyyKeHbl Ha AMOHCKMX O-Bax [36] M B
AIKyTCKOM KoTnoBuHe (A/wigeon/Sakha/1/2014) [37]. OanH u3
peaccoptaHtoB <D3> — HPAI H5N2 — npoHWK Ha
Tepputopuio  CeepHoli  Amepuku [38], noatsepaus
runoTe3y [.K. /lbBoBa ¢ coasT. (2008) o Tom, 4TO UMeeTcA
... BO3MOXHOCTb B 0603pMmom byayliem 3aparkeHua B
MeCTax FrHe3f0BaHWA BMAOB MNTUL, 3UMYIOLWNX B AMepuKe
...» [34, C. 8]. CdopmupoBasLuasca npu stom Epasuiicko-
AMmepUrKaHCKana reHeTuyeckas noarpynna 2.3.4.4 okasanacb
Haubosiee ycnewHol B 3BONOLMOHHOM OTHOLWeHMUK [20].
Takum obpasom, LEeHTp reHeTU4YecKoro
pa3Hoobpasusa HPAI H5Nx pacwupunca u, B Hactosiee
Bpems, BKYaeT B ceba He Tonbko tOro-BocTounyto, HO 1
BocTouHylo Asuio, rae Havbonee akTyanbHOW ABAAeTcA
reHeTndyeckas noarpynna 2.3.4.4 [20; 39-41]. IT0T Te3uc
NOATBEPXKAAT W pe3ynbTaTbl NpeAcTaBNEHHOW CTaTby,
NOCBAWEHHON paclwndpPOBKe 3MU300TUYECKOM BCMbILWKK
cpeauM  AMKUX M AOMAWHWUX NTUL, B OKPECTHOCTAX
KomcomonbcKa-Ha-Amype B okTabpe 2022 roaa.

MATEPUAbI U METOAbI UCCNEQOBAHUA
3nuzoomuyeckue 0aHHble H6biNN NONYYEHbl COTPYAHUKAMM
dunmnana «Komcomonbckasa ropoackas cTaHuma no 6opbbe
c 601e3HAMM KMUBOTHbIX» KIBY «XabapoBcKana ropoackas
cTaHuMA no 6opbbe ¢  6ONE3HAMM  KUBOTHBIXY,
KI'BY «XabapoBcKasn Kpaesasa BeTepMHapHas nabopaTtopua»
n O®rBY «Mpumopckaa MmexobnacTHaa BeTepuHapHas
nabopaTopusa» B NPOLLECCE OCYLECTBNEHNA BETEPUHAPHbIX
UCCNe0BaHWUA, /IOKAAU3aLMKM  BCMbIWKK  3aboneBaHuA
cpeauM  NTML,  AMKBMAAULMM €€  NocneacTsun  wm
NpefoTBPALLEHMUA PACNPOCTPAHEHNSA IMU300TUMN.

MamonozoaHamomuyeckoe obcnedosaHue
mywexk  nmuy  NPOBOAUAN B  COOTBETCTBME  C
06Len3BeCcTHbIMK NpoToKoNamu [42; 43].

Monesoli mamepuan — Nynbl BHYTPEHHWUX OpraHoB
(dbparmeHTOB NIETKOrO, MO3ra, KULIEYHMKA U CTYCTKA KPOBM) OT
6 ocobeit (?) momawHux kyp (Gallus gallus domesticus) un
1 ocobum () cnbupckoro BopoHa (Corvus corax kamtschaticus)
— 6bm cobpaHbl ¢ cobnogeHnem  TpeboBaHMi
6uonornyeckolt 6esonacHOCTM B 2 M KPUONPOBMPKM
(Biologix, KHP), KoTopble TpaHCMOpPTUPOBaAUCL B COCyAax
[Opbtoapa ¢ *Kugknum asotom (-196 °C) n nocne KamepasibHOM
06paboTKM 6e3 paspbiBa XO/040BOWM LIEMOYKM XPaHWIUCL B
HWU3KOTemnepaTypHOM xonogunbHuke (-80 °C) BnaoTb A0
npoBeaeHnsa nccneaoBaHnii [42].

UHOukayus PHK supyca epunmna A
ocyuwiectenanace metogom MUP ¢ nomouwbio Habopos
«AmnanCenc® Influenza A/B-FI» n «AmnanCeHc® Influenza
virus A-tun — H5, H7, H9-FI» cornacHo WHCTpyKummn
npoussogutens (LLHWUI PocnoTtpebHagsopa, Poccus).

Peakyua eemazenromuHayuu (PTA) npoBoaunacb
B MNOAWUCTUPONOBbLIX  96-NYHOYHbIX  MAaHWeTax ¢
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U-06pasHbim gHOM ¢ ucrnonb3osaHnem 0,25-0,50 % B3secu
KYPUHbIX 3puTpounToB B pocdaTHo-conesom bydepe [44].

U3onayus eupyca epunna A nposoaunach B
cepTMdMLMpPOBaHHbIX yciosuax B HAU anugemuonorumn um
Mukpobuonorun um. T.MN. ComoBa PocnotpebHagsopa
(HUNU3M) (BnagmsocToK) [45] nytem uHokynaumm 10 %
CyCMeH3MM MynoB BHYTPEHHWX OPraHOB B a/fNAHTOUCHYIO
NnonocTb 9-AHEBHbIX PAa3BMBAOLMUXCA KYPUHBIX IMOPUOHOB
(PK3) [44]; npoBoaMAKM TpU naccaska C MCMNOAb30BaHWEM
Tpéx PK3 Ha ogHy npoby B Kakgom naccaxe. Mocne
3-ro naccaxxa B8 PK3D onpegenann tmip B8 PK3 u
MHOEKLMOHHbBIN TUTP BMpYCca No cxeme Puaa u MeHua [46]
Ha OCHOBE LIUTOMATOreHHOro AENCTBUA B KNETOUYHOM IMHUN
Nnoykn ambpuoHa ceuHbM (CMIB) Ha 5-ble cyTkM nocne
3apakeHus.

CekgeHUposaHue eeHoma eupyca epunna A
npoBOANAN MOCPEACTBOM HAHOMOPOBOW TEXHONOMMWU Ha
npubope MinlON (Oxford Nanopore Technologies,
BennkobpuTaHus) c MCNosb30BaHMEM Habopos
«Pubo-npen», «PesepTa-L» (UHWMNI PocnoTtpebHaazopa,
Poccus), AHK-nonumepassbl Thermo Scientific™ DreamTaq™
Hot Start DNA Polymerase Master Mix (Thermo Fisher
Scientific, CLLA) # onucaHHOW paHee cucCTEMbl Npalimepos
[47]. Npu Hannuumn HenpoumnTaHHbIX B MinlON dparmeHTOB
MX [LONONHWUTENbHO CeKBeHMpoBanu no CaHrepy Ha npubope
Honor-1616 (Nanjing Superyears Gene Technology, KHP) ¢
NMOMOLLbIO COOTBETCTBYIOLWLMX Map MpaiMepoB U3 TOWM e
cucTembl. BepuduKauma — aMNIMKOHOB — NpoBoAMnach
anekTpodopesom B 1 % araposHom rene.

BUOUHGPOPMAYUOHHBIU aHAAU3 OCYLLECTBAANN C
NMOMOLLBID  KOMMEPYECKMX  MPOTPaMMHbIX  MPOAYKTOB:
06paboTKa pesybTaToB CEKBEHMPOBAHMUSA U CBOPKA reHOMOB
— CLC Sequence Viewer (Qiagen, HuaepnaHabl) n Unipro
UGENE (YHWIPO, Poccus); BblpaBHMBAHME HYKAEOTUAHbIX
nocneposatenbHocteit (no anroputmy Clustal W) u
nocTpoeHue QuUIOreHeTUYECKNX AepeBbeB (MO anroputmy
«bamkanwero cocega») — Mega 7.0 [48]. O603HayeHuA
reHeTUYECKUX rpynn v NoArpynn NpueoaaTca cornacHo [20] ¢
YY4ETOM MOC/NegHUX peKkomeHZaumin Paboueir  rpynnbl
«Collaboration on H5 Antigenic Cartography», 8OCTYNHbIX Ha
caite GISAID (www.gisaid.org).

NONYYEHHbIE PE3Y/IbTATbI

JuHamuka anuzoomuu cpegu QUKUX NTUL, OTCYUTbIBAETCA
oT ¢eBpana 2022 r., Korga Ha ropoAcKon CBajike U B ee
OKPECTHOCTAX MNPOU3OLEN MaCCOBbIM MafEX BOCTOYHbIX
yepHbIx BOpoH (Corvus corone orientalis), BO BHYTPEHHWUX
opraHax KoTopbix ¢ nomouwbio [P 6bin obHapykeH
reHeTMYeckMin matepuwan Bupyca rpunna A nogtuna HS5,
0[HAKO BUONOTMYECKMI maTepuan ANs BUPYCONOTMYECKUX
uccnepgosaHuii 8 HUMOM (BnagmBocTok) He AocTaBAsACS.
BecHoli n netom 2022 r. B OKpecTHOCTAX KomcomosbCKa-
Ha-AMype MMmena MecTo cnopaguyeckas rmbenb ntuu, 4To
CTano npeamMeTom MOBbIWEHHOrO BHUMAHUA OPraHoB
CaHWUTApPHO-BETEPUHAPHOIO Hag3opa U WMHPOPMUPOBaAHUA
HaceneHMa o  HeobxogumocTM  cobaogate  Mepbl
npeaoCTOPOXKHOCTU.

24.10.2024 Ha ntuuedabpuke «KomcomonbcKkan»,
pacnonoXKeHHowu B ceBepo-3anaaHoi Yactu KomcomosbcKa-
Ha-Amype, 6bln 3adMKCMPOBAH aHOMA/IbHO BbICOKUIA OTXOZ,
Kyp-HecyweK. COoTpyaHUKM KOMCOMONBbCKOW ropoACKown
CTaHUMKM no 6opbbe ¢ 60NE3HAMU KMBOTHBIX HA OCHOBAHUMU
NaTo/I0r0aHaTOMMYECKOrO BCKPbLITUA MOCTaBUAM NpenBapu-
TENbHbIA  AMArHO3 «BbICOKONATOrEHHbIN  FPUNN  NTULY.

Mpobbl 6uonornyeckoro matepuana 6binn HanpasneHbl B
MpPUMOpPCKYI0 MeKobNaCTHYO BeTEPUHAPHYIO nabopaTopumto
(Yceypuiick), n 27.10.2022 B HuUX 6bIN0 MOATBEPNKAEHO
Ha/MuMe reHeTUYecKoro MmaTtepuana Bupyca rpunna A
nogrtuna H5. B nepuopg, 31.10-23.12.2022 Ha nTuuedabpurke
«Komcomonbckasa» AeNCTBOBaN  PEeXMM  4Ypes3BbluaiHOM
cuTyaumm, 66110 yHUUTOXKEHO nopagka 500 TbiC. roNoB Kyp u
1,2 MAH. AML, a M3 TOProBblIX TOYEK OTO3Ba/NN BCHO
NPOAYKUMIO, MOCTaB/IeHHY0, HaunHaA ¢ 01.10.2022. B 6 km
30He BOKpYr nTuuedabpuku npoBoAMNCA OTCTPEN AUKMUX
NTUL, B paMKax NPOBEAEHWUA 3KONOr0-BMPYCOOMMYECKOro
MOHWTOPWHIA, B XO4E€ KOTOPOro M 6bin gobbiT cMbupckui
BOPOH, HapaA4y C TyLUKaMM Kyp A0CTaB/eHHbI B HUMIM.

MamonozoaHamomuyeckoe obcnedosaHue
myweK nmuy, BbIABUNO AWCCEMMHUPOBAHHbIE KPOBOW3-
NMAHUMA B TKaHAX  JIETKOTO,  BHYTPUANbBEONSAPHYIO
3Kccymaumio, oTek nerkmx. Cocyapl, obecneuusatolme
KPOBOCHAb»KeHne nerkux, OblM  pacliMpeHbl, KpoBb
cryweHa. KamHmyeckas KapTMHa rmnoKcum bbina BbiparkeHa
B 6/1€4HOCTU KOMHbIX NMOKPOBOB W CAM3UCTbIX 060N0YEK,
YMEHbLIEHUN KPOBOTOKA BO BHYTPEHHUX OpraHax, rn1asHbIM
06pa3om B KMLLEYHMKE 33 CHEeT rMnepKoaryiaLmm.

UHOukayus PHK supyca epunna A B nosieBom
maTepuane bblia NONOKUTENbHA B OTHOLIEHUMU TeMarrto-
TUHMHa nogTuna H5 (Tabn. 1).

U3onayusa eupyca epunna A Ha mogenn PK3
npvBena K MoJyyeHWto 7 WTaMMOB BMpyca rpunna A
(tabn. 1), KoTopble Bbi3biBanu rmbenb PKI vepes 1 cyT.
nocne MHOKy/AAUMK, @ uMTonatuyeckoe genctene (UNA4) 8
KNneTtoyHol nuHum CM3B npossasnock yepes 2 cyT. nocne
3aparkeHus (puc. 1).

AHaAU3  2eHOMa  8bl0esIeHHbIX — WMAaMMOo8
nokasas, u4YTO OHM npuHagnexat cybtuny HS5NI1.
MonHopasmepHble HYKAEOTUAHble NOCNeA0BaTe/IbHOCTU
BCEX CEFMEHTOB BUPYCHOrO reHoma Obliv pasmelLeHbl Ha
HauMOHanbHOM  poccuitickort  nnatdopme VGARus w
OENOHMPOBaHblI B MeXAyHapoaHble 6a3bl reHeTUYeCcKUX
AaHHbIX GenBank u GISAID (tabn. 1). dunoreHeTnyeckuit
aHaNM3 HYKNEOTUAHbIX NOCNeL0BaTENbHOCTEN reMarrnioTH-
HWHa NO3BOAWUA KNaccudpuLMpoBaTh BblAeEHHbIE WTAaMMbl

K reHeTnyeckon noarpynne 2.3.4.4b (puc. 2). Cant
NPOTEONUTUYECKOTO  paclienieHna  remarrtoTUHWHA
oboralleH MNONOXKUTENbHO-3aPAXKEHHBIMU  AMUHOKUC/IO-

Tamu (Tabn. 2), 4To ABNAETCA MONEKYNAPHBIM MapKepPOM
npuHaanexHoctn Kk HPAI.

OBCYXAOEHUE

MaccoBas rubenb BOpoH B peBpane, A0 Hayana Ce30HHbIX
MUrpaumii NTUL, BOAHO-OKONOBOAHOMO 3KO/IOrMYECKOro
KOMMNJEKCa, CBUAETENbCTBYET O LMPKYAAUMM BO3byauTens
HenocpeacTBEHHO B MOMNYAAUMAX — MECTHbIX  NTUL,.
BocTtoyHaa yepHaA BOpPOHA He OTHOCWUTCA K MepesieTHbIM
nTULAM, HO CoBepLUaeT BAMKHME MUTrpaL MK, NpeBpaLLanch
B XapaKTEPHOro AnA tora poccuinckoro JanbHero BocToKa
CMHAHTPOMa, B 3HAYUTE/IbHbIX KO/IMYECTBaX 3acenstoLero
CBa/ZIKM B OKPECTHOCTAX HacefieHHbIXx NyHKToB [49; 50].
9nM300TMM, Pa3BMUBAIOLMECA B KPYMHbIX CKOMJIEHUAX NTUL,
Ha3eMHOro M KYCTapHUKOBOTO 3KO/I0TMYECKMX KOMMIEKCOB
BOKPYr HaceNeHHbIX NMyHKTOB B 3UMHWI Nepuos, OnucaHbl
Hay4yHoi nuTepatype ans HPAI MpaHo-CeBepoKaBKa3CKoOM
noarpynnbl U3 reHeTUYeckon nuHum 2.2.2 [4], ogHako ann
EBpasuiticko-AmepuKaHckon nogrpynnsl  2.3.4.4  Takue
AaHHble B ycnosuAx [anbHero BocToka 3aduKcnpoBaHbl
Brepsble.
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WUCTBEHHbIX NTUL, U3 3NNAeMNYEeCKOUN BCMNbILLKA

Tabnuua 1. Pe3ynbtaThl M30naumMm 1 naeHtTudmkauum wrammos Bupyca rpynna A HSN1 oT AMKux n cenbckoxosst

B Komcomonbcke-Ha-Amype oceHbto 2022 .

Table 1. Results of isolation and identification of influenza A H5N1 virus strains from wild and farm birds from the epidemic outbreak in Komsomolsk-on-Amur in autumn 2022
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PucyHok 1. KnetouHas nmHua CMN3B: cneBa — MHTaKTHaA Yepes 3 CyT. Nocne nepecesa; cnpasa — yepes 3 CyT. nocne nepecesa
1 2 CyT. NOCNe MHOKyAAUMK wTammom A/carrion crow/Komsomolsk-na-Amure/FE-3413/2022 (H5N1)

Figure 1. SPEV cell line: on the left — intact one 3 days after the passage; on the right — 3 days after the passage

and 2 days after inoculation with the strain A/carrion crow/Komsomolsk-na-Amure/FE-3413/2022 (H5N1)

Tabnunua 2. AMMHOKMCNOTHAA NOC/NELOBATEIbHOCTL CaliTa NPOTEO/IMTUYECKOrO pacLuenaeHns
remarriTMHUHA U30IMPOBAHHBIX LWITAMMOB (TMPe 03HAYaeT COOTBETCTBUE KOHCEHCYCY)
Table 2. Amino acid sequence of the hemagglutinin proteolytic cleavage site of isolated virus strains

(a dash indicates compliance with the consensus)

Homep amuHOKMUCNOTHOrO .
o o o~ o o o o o o o o o [22] o o [22] [a2] [a2]
OCTaTKa on o [e0] [e0] [e0] [e0] [e0] o o o o o [e2] o o [e2] [e2] [e2]
Amino acid residue number
KoHceHcyc / Consensus L R N S P R E R R R K K R G L F G

A/chicken/Komsomolsk-na-
Amure/FE-3350/2022 (H5N1)

A/chicken/Komsomolsk-na-
Amure/FE-3352/2022 (H5N1)

A/chicken/Komsomolsk-na-
Amure/FE-3353/2022 (H5N1)

A/chicken/Komsomolsk-na-
Amure/FE-3354/2022 (H5N1)

A/chicken/Komsomolsk-na-
Amure/FE-3404/2022 (H5N1)

A/chicken/Komsomolsk-na-
Amure/FE-3406/2022 (H5N1)

A/carrion crow/Komsomolsk-na-
Amure/FE-3413/2022 (H5N1)

OuKkne nTuupl cTanu Havbonee BEPOATHBIM WCTOYHUKOM
3aparkeHna Kyp Ha ntuuedabpuke «Komcomonbckas» [51]
HECMOTpA Ha BCE MPUHATbIE Mepbl MPeaOCTOPOKHOCTU B
CBA3M C 3NM300THEN Cpean ANKUX NTUL,. KaK NOKasbiBaeT onbIT
anusootnn HPAI HS5N1 B CeBepHoit EBpasuu, HauuHas c
2005 1., MENKMM WU CPeOHWM XO3AWCTBAM KpaliHe CI0XKHO
MOJIHOCTbIO U30/IMPOBAThb CE/IbCKOXO3AMCTBEHHbIX NTUL, OT
BMPYCHbIX KOHTaMMHaUMIA CO CTOPOHbI AWMKUX NTUL, Mpu
MaccoBbIX CKOMJieHMsax nocnegHux [4; 17-19; 32; 34].
M3BecTeH cnydyald, Koraa anmM300TMYecKas BCrbiwKa HPAI B
3UMHUIA Nepuog, Bbina Bbi3BaHA 3aBO30M 3apParKEHHHbIX MTUL,
Ha MTnumii pbiHOK B Mockse [24], ogHako B paccmaTpu-
BaeMOM c/lydae nofobHas cuTyauma Bbina UCKAOYEHa.

BopoH — HecMOTpA Ha CBOW WHTENNEKT U
cnocobHOCTb K coumanmnsaumm [52] — meHee cTaiHbI BUA, NO
CPABHEHMIO C BOPOHOM, HO M OH B 3MHMI nepuog dopmmpyeT
CKOMMIEHUA W BCTPEYAETCA B OAHMX MeCTax O0buTaHua C
APYrMMU KpynHbiMK BpaHoBbimK (Corvidae) [50]. BopoH, u3
buonornyeckoro martepuana Kotoporo 6bil M301MPOBaH
wramm A/carrion crow/Komsomolsk-na-Amure/FE-3413/2022
(tabn. 1), 6bin pO6LIT nNpumepHO B 4,5 KM OT rpaHuL,

nTMuedabpukn B NPUPOAHBLIX YCNOBUAX B XOA4E MOHWTO-
PUHIOBOrO OTCTPENa AMKMX NTULL. ITO UAMOCTPUPYET TE3UC O
TOM, 4TO BMpYC rpunna A rnyboKo NPOHWMK B MOMNyAALMM
MECTHbIX NTUL, U GOPMMUPYET He TONbKO CE30HHble, HO U
NOCTOSIHHbIE ~ yCTOMYMBbIE NpupoAHble o4yarn [53] Ha
TeppuTopun poccuiickoro [anbHero BocToka. o cux nop
KPYr/I0roAMYHOE HaxoXAeHWe BUpyca rpunna A B NPUPOLHbIX
ouarax CesepHoii Espasun’ obcyaanock B ceasm ¢ ambo LPAI
B HasemHblX nTMUax (Hanpumep, cpeay O6bIKHOBEHHbIX
¢dasaHos (Phasianus colchicus) 8 Mpumopckom Kpae [54]),
Mbo BMep3aHMeM BUpYCa B 1e40BbIN NOKPOB BOA0EMOB [55].
BbiaBneHHaa wHTeHcndMKauma umpkynaumm  HPAI  pesko
MOBbILAET BEPOATHOCTb peaccopTauuu, MPUBOAAWENR K
NOABNEHMIO MATOrEHOB C M3MEHEHHbIMW BMONOTMYECKUMU
csoncteamu [1-3; 22; 33].

! 30ect ciedyem ymouHumes, Ymo 6uHUE 3UMOBOYHbIE apeasbl MMuUY 600HO-
0K0/10800H020 3K0/102U4ECKO20 KOMIMNAEKCA HE OMHOCAMCA K CeBepHoﬁ ESpG3UU -
Hanpumep, ynoMuH@eWanAca 8 Cmameoee IOHHAA Yacmob Kopel‘icxoeo n-ea
omHocumcs K BocmoyvHol A3uu; mo e cripagednuso 04: OxHoli Eeponsl u
BauxcHezo Bocmoka / It should be clarified here that the near-wintering ranges

of birds of the aquatic ecological complex do not belong to Northern Eurasia —

for example, the Southern part of the Korean Peninsula mentioned in the article
belongs to East Asia; the same is true for Southern Europe and the Middle East.
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GenBank

D LWiraram (eyBrun)

MexeTveckan
noarpynna

MeneTueckan
rpynna

GUD02678.1 Afduck/Egypt/0955-NLAP/2009 (HSN1)
IN80O7843.1 Afchicken,/Egypt/116AD/2011 (H5N1}
HQ198269.2 Afchicken/Egypt/1063/2010 (HSN1)
CY062605.1 Afchicken/Egypt/35.3/2008 (H5N1)
CY¥126136.1 Afchicken/Giza/CAIB/2008 (HSN1)
KR732527.1 Afchicken/Egypt/096L-NLOP/ 2009 (HSN1)
CY062484.1 A/Egypt/N03072/2010 (HSN1)
C¥062472.1 A/Egypt/NO1982/2010 (HSNL)

221a

2.2.1.1.0riginal

2.2.1.Egypt

JNEO7T97.1 Afchicken/Egypt/105135/2010 [HSN1)
INBO7861.1 Afduck/Egypt/111935F/2011 [H5N1)
I¥A56101.1 A/Egypt/NOD951/2012 (H5N1)

221.2

DOBBAT19.1 Alchicken /Volgograd/? 36,/2006 (H5N1)
EF165049.1 Afbuzzard/Bavaria/5/2006 (HSN1)

EF165057.1 Afbuzzard/Bavaria/13/2006 (H5N1)

DOB50659.1 Afchicken/Crimea/04,2005 (H5N1)

EF205154.1 Afchicken/Suzdalka/06/2005 (HSN1)

HM172087.1 Abar-headed goose/Tibet/8/2006 [H5N1)
CYO4B091.1 Afguinea fowl/Nigeria/08RSBA8-10/2006 (HSN1)
AMAD3460.2 A/mute swan/GermanyRB5/2006 (HSN1)
DQ389158.1 AfCygnus olor/Astrakhan/Ast05-2-1/2005 (H5N1)
DO3F9540.1 AfCygnus olorfAstrakhan/Ast05-2-8/2005 (H5N1)
0Q230521.1 Afgrebe/Novesibirsk/29/2005 (HSN1)
ELM41937.1 Afpigean/Rostov-on-Don/6/2007 (H5M1)
EU486855.1 Afstarling/Rostov-on-Don/39/2007 (H5N1)
EU401751.1 Afchicken/Rostov-on-Don/35/2007 (H5N1)
DO864720.1 Afcay/Dagestan/87/2006 (H3N1)

EF205159.1 Afchicken/Krasnodar/123/2006 (H5N1)
EF362426.1 Afchicken/India/NIV33491/2006 (H5N1)
EFB0S603.1 Afchicken/Russia Krasnodar/2/2007 (HSN1)
CYD37770.1 Afchicken/Sihala/NARCI303.4/2006 (H5N1)
EU401795.1 Afgoose/Lahare-Pakistan/NARC-3321/4/2006 (H5N1)
C¥021373.1 Afchicken/alghanistan/1573-7/2006 (HSN1)
DOB61291.1 Afduck/Tuva/01/2006 (HSN1)

AB263752.1 Afwhooper swan/Mongalia/2/2006 (H5N1)
DO8BEI5S03.1 AfGrebe/ Tyva/TywD6-8/2006 (HSN1)
EU257631. 1 A/Cygnus cygnus/Krasnodar,/329/2007 [H5N1)
CY0BE8769.1 A/Bangladesh/3233/2011 (H3M1)

GO917229.1 Afchicken/India/WB-NIVIES26/2009 [HSN1)

HM172454.1 A/bar-headed goose/Qinghai/3/2005 (HEN1)

3anapHoesponeickan

BanagHocubupcran

Wpako-
CeBspokaBkasckan

22141

Unnxaiickan

[UnHxai-CuBupcran)

2.2

lMeHeTu4eckan rpynna

MNC 007362 1 Afgoose/Guangdong/1/1996 (HSN1)

CeHoTvn <0

CY028969.1 Afduck/Hunan/533/2004 (H5N1)
HM172105.1 Afduck/Hunan /70/2004 [HSN1)
AY737289.1 Afchicken/Guangdong/191/2004 (HSN1)
HM172116.1 Afduck/Guangdong/2 3/2004 (H5N1)
CY016867.1 Afchicken/Viet Nam/10/2005 (H5N1)
KC357320.1 Afbarn swallow/Hong Kong/1161/2010 (HSNI)
AB436550.1 Afwhooper swan/Hokkaido/1/2008 [H5N1]
EU676174 Afchicken/Primorie/1/2008 (H5N1)
GU182166.1 Afduck/Hunan/8/2008 [HSN1)

1X576788.1 Afenvironment/Hunan/3,/2011 (H5N1)
KF715205.1 Afduck/Bangladesh/19097/2013 [H5N1)

2.3.2.1.Criginal

2321b
[B-H0K

232a

CYDB3318.2 Afgreat crested -grebe/Qinghai/1/2009 (H3N1)

—— INB07978.1 Afchicken/Korea/IC546/2011 (H5N1)

37—

2]

57—

a6|

PucyHOK 2. Mlepapxumyeckasn CTPYKTypa HYKNeOoTUAHbIX I'IOCI'Ie,CI,OBaTel'IbHOCTeﬁ NONHOPAa3MepHbIX reHoB remarr1lnTMHUHaA

&8

ABS17667.1 Afwheoper swan/Mongolia/8/2009 (HENL)
HO131674.1 Afgreat crested grebe/Tyva/22/2010 (H5N1)

2321c

CYO98T37.1 AfGuizhou/1/2009 (H5N1)

CY099973.1 Afduck/Viet Nam/TMUDZ23/2009 (H5N1)
CY098304.1 Afchicken/Lao/LH2/2010 (H5N1)
EU930996.1 Afchicken,/Vietnam/216/2005 [HSN1)
HM114617.1 A/Vietnam/HN3 14320/ 2008 (MSN1}

2341

2342

HM114593.1 A/Vietnam,/UT3139411/2008 (HSN1)
HM114609.1 AfVietnam/UT3141311/2008 (H5N1}

2343

GU727661.1 Afduck/Eastern China/031/2009 [H5N5)
GU727669.1 Afduck/Eastern China/108/2008 [H5N1)

2344

PPO98353.1 Afchicken/Komsomolsk-na-Amure/3350/2022 (HSN 1)@
PPO9EITT. 1 Afchicken/Komsomalsk-na-Amure/3354/2022 (H5N1)@
PP998369.1 Afchicken,/Komsomalsk-na-Amure/3353/2022 (H5N1 )4
PP898385.1 A/chicken/Komsomolsk-na-Amure/3404/2022 (H5N1)4@
PRAGE3a3, 1 Afchicken/Komsomolsk-na-Amure/3406,/2022 (H5N 1)@
PPO98361.1 Afchicken/Komsomaolik-na-Amuref3352/202 2 (HSN1 )
PPO38401.1 Afraven/Komsomolsk-na-Amure/3413/2022 (H5N1) @
LCT1R250.1 Afjungle crow/lwate/03041001/2027 (H5N1)
QP030702.1 Afduck/Bangladesh/51601/2021 (H3N1)

OP030710.1 Afduck/Bangladesh/51600/2021 (HSN1)

OP030686.1 Afduck/Bangladesh/51602/2021 (H3N1}

LE765293.1 Afcrow/Fukuoka/TU48-37/2022 (HEN1)

LCT65300. 1 Aferow/Miyagi/TUGS-55/2023 (M5N1}

OR3IRETEL.1 Affeline/South Korea/SNU1/2023 (HSN1)

PPGE0285.1 Afduck/Bangladesh/58592/2023 (H5N1)

PPE80231.1 A/duck/Bangladesh/58826/2023 (H5N1)

PP&E0472.1 Afduck/Bangladesh/SE828/2023 (HSN1)

23.4.4b

KP307976.1 A/Morthern pintail Was hinglan/40964,/2014 (H5N2)
KI509164.1 Afspot-billed duck/Karea/Ha55-42/2014 (H5NE)

2344c

EPI 150 18119960 Afduck/Vietnam/CRIP-HNS144/2018 (HSNG)
ABI7S487.1 A/muscovy duck/Vietnam/LBME35/2014 [H5N1)

2344g

EPI 15L 19271027 A/Env/Changsha/2018CSESIL 2018 (HENS)
EPI ISL 19158182 Afchicken/Vietnam,/LBFecall07C1/2019({HSNE)

234.4h

LC276E11.1 Afchicken/Kumameto/45/2016 (HSNG)

MNS77334.1 Afwild duck /South Korea/1920/2019 [H5NB)
EPII5L 238148 A/Mandarin duck/Korea/K16-1873/2016 (HENG)
LC275013.1 Afcoot/Shiga/2501T010/2017 (H5NG)

LC318639.1 Afmute swan/Aomori/4/2016 (H53NE)

LCI0B914.1 Afnorthern goshawk,Tochigi/091 2A004/2016 {HSNG)
MHD22716.1 Afgreenwing duck/ShanghaifSH1/2016 (H5NB)
LC31EER4, 1 Afwhite-fronted goose/Mivagi/1/2016 (HSNG)
LC318920.1 Afperegrine falcon/Niigata/12/2017 (H5ME)

LC316707.1 Aftundra swan,/Niigata/5112007/2016 (HSNG)

2.3.4.4e

lexemideckan rpynna 2.3 (MpuTuxcokeadckan)

OCHOBHbIX FeHeTUYeCcKux rpynmn, cbopmmnpoBaBLLNXCS B NpoLiecce coBpemeHHon naH3ooTun HPAI HSNx. Ltammbl,
M30/IMPOBaHHbIE B NpoLiecce pacMppoBKM 3MM300TUHECKOM BCMbIWKK B KOMcOMobeke-Ha-Amype oceHbto 2022 1.,

OTMeYeHbl KpaCHbIMU KPYXXKaMun

Figure 2. Hierarchical structure of nucleotide sequences of complete hemagglutinin genes of the main genetic groups
formed in the process of the modern HPAI H5Nx panzootics. Virus strains isolated during decoding of the epizootic outbreak
in Komsomolsk-on-Amur in the autumn of 2022 are marked with red circles
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leHeTuyeckas nogrpynna 2.3.3.4b cy6tvna H5N1, KoTopoi
npvHagexar BMPYCHble BapWaHTbl, BbI3BaBLUME
3MM300TUYECKYIO BCMbILWKY B OKPEecTHOCTAX KomcomosbeKa-
Ha-Amype oceHbto 2022 r., cpopmmpoBanack oceHbto 2020 T. B
Espone (npototun A/Eurasian wigeon/Netherlands/1/2020) s
pesynbTtaTte peaccopTaumi BapWaHTOB H5N8
(A/chicken/Iraq/1/2020) " H5N1 (A/black-headed
gull/Atyrau/6558/2015) [56]. B cneaytowem roay 2.3.3.4b
BECHOM NPOHMK B CMBUPb, @ OCEHbIO — B 3MMOBOYHbIN apean
Ha TeppuTtopun tOro-BoctouHoit Asum [57; 58]. Torga ke,
oceHbto 2021 r. nepeneTHble NTULbI, NO-BUANMOMY, 3aHECIU
2.3.3.4b B HWKHee TeuyeHne Amypa BAONb OAHOMO U3
oTBeTBNAeHUI [lanbHEBOCTOUHO-TIPUTUXOOKEAHCKOrO  MUrpa-
UMOHHOrO pycna. Bupyc 3akpenwaca B nonynaumMm MecTHbIX
BPAHOBbIX M BO BPEMA MX MAcCOBOrO CKoMneHusa B despane
2022 r. Ha cBasnke B Komcomonbcke-Ha-Amype M Havanacb
onucbiBaemas anmM3ooTus.

HelipamuHmngasa nogtmna N1 BblgeneHHbIX
wrammoB (Tabn. 1) vmeer ysenudeHHyo aauHy (471 a.o.
BMecTo 06blyHoM 450 a.0. anA reHotmna <Z>) 3a cuyeT
20-4N1eHHOM BCTaBKM B NO3numax 49—-68 M TOUEYHOWN BCTaBKM
C140. JaHHana MmoaMOUKALMA YOAMHAET KHOMKY» MOJEKybl
NA ¥ paccmaTpvBaeTcA  KaK  MapKep  MOBbIWEHUA
PENIMKAaTUBHON aKTUBHOCTU B 3nuUTeAMoumMTax nuy, [22; 28].
BapuaHT N1, 6/M3KMI K M30/IMPOBAHHbLIM LWTamMmam, 6bin
obHapyxeH ewe B anpene 2015 r. y 03epHO Yaillkn B
oKkpectHoctAx  lypbeBa  (KasaxctaH):  A/black-headed
gull/Atyrau/6558/2015  (H5N1), GenBank  PP411214.
MPOHUKHYB 3aTemM BAOAb  MWIPALMOHHbIX NyTeld Ha
Tepputoputo  EBponbl, 3TOT BapuaHT NPWHAN yyacTve B
dopmmnpoBaHUM reHeTM4YecKom noArpynnbi 2.3.4.4b
(cm. Bblwe).

Peuentop-cBA3bIBAOWMI  CAaWT  remarrIloTMHUHA
M30/IMPOBaHHbIX LWTaMMOB (Tabn. 2) He MMeeT aMMHOKMC-
NOTHbIX ~ 3aMeH,  CBMAETE/NbCTBYIOWMX O  MOBbILEHUN
abPUMHHOCTM MO OTHOWEHWKO K a2-6-cMano3mnaam, u4To
ABNAETCA MAPKEPOM CMeumMdUYHOCTM K KeTKam anutenus
BEPXHUX OTAENOB  PECnMPaToOpHOro  TPaKTa  4YenoBeKa
[3; 28; 32; 33].

CalT NpOTEONIUTUYECKOrO PacCLLenIeHus remarrito-
TWUHWUHA, OOOraleHHbIi  MONOXKWUTENbHO  3apAMKEHHbIMMU
aMMHOKMCNOTaMKM, 4YTO XapaktepHo pna  HPAI-dpeHoTuna,
COOTBETCTBYET BapuMaHTamMM 3Toro  ¢parmeHTa, BCTpe-
Yalowmxes  y  LUTaMMOB EBpasunitcko-AmepurKaHcKol
reHeTMyeckon noarpynnol 2.3.4.4 [20; 35; 38]. OgHako 2 u3
7 aMMHOKWUC/IOTHBIX nociefoBatesnibHocTel (28,6 %) vmenu
3amMeHbl OTHOCUTE/IbHO KOHCEHCyca A/1A paccMmaTpuBaemon
3MM300TUYECKOM BCMbIWKK. Mpn 3TOM, Jaxe B WITaMmax OT
Kyp B 16,7 % WTaMMOB MMeNAcb aMMHOKWUCIOTHAA 3ameHa
K333R, noBblwatowas MONOKUTENbHbIA 3apag, U YPOBEHb
natoreHHocTM Bupyca. Lltamm oOT BOpoHa copepkan
OHOBPEMEHHO [Be aMMHOKMUC/IOTHble 3ameHbl, H327Q u
R335K, HECKONIbKO CHUMKAMOLLME CYMMAPHBIN MOIOMKUTE/bHbIN
3apAg, caiiTa NPOTEO/IMTUYECKOro paspesaHus. MosyyeHHble
JaHHble  CBMAETE/NIbCTBYIOT O  FeTepPOoreHHOCTU  YPOBHA
NMaToOreHHOCTN BO3OYAUTENS C Er0 CHUMKEHMEM B MONYAAUUAX
OVKUX NTUL, — TaKas MOHMMKAIOLWAA BUPYNEHTHOCTb AMHAMMKa
bbina paHee oTmeuyeHa gnAa TyBMHCKO-CubBupckon (2.2.2.1),
MpaHo-CeBepoKaBKasckon U [JanbHeBOCTOYHO-HOXKHOKM-
Taickoi (2.3.2.1b) reHeTuyeckux noarpynn [28].

3AK/TIOYEHUE

Takum 06pasom, reHeTuyeckan nogrpynna 2.3.4.4 HPAI H5N1
(ocobeHHo 2.3.4.4b) NpoaoKaeT aKTUBHO UMPKYANPOBATL B
BocTouHOM A3unM, B 4YaCTHOCTM — Ha HOre POCCUNCKOro

OdanbHero Boctoka — yto  Tpebyer
[OCTaTOYHOTO ~ YPOBHS  TOTOBHOCTM K BO3MOMKHOMY
obocTpeHnto  cutyauMm B obnactm  6uonormyeckom
6e30MacHOCTU: NOCTOAHHOW HACTOPOMKEHHOCTU CO CTOPOHbI
Haf30PHbIX  OPraHOB;  HEYKOCHUTENIbHOTO  UCMOAHEHWA
TpeboBaHWII HOPMATUBHbIX LOKYMEHTOB YUYPEXAEHUAMU W
OpraHU3aLMAMM, 3aHATBIMU B chepe CeNbcKoro Xo3sicTsa U
NpUPOAONO/Ib30BaHUA; NPOBEAEHWA B PETUOHE PEryNAapHOro
9KOJ/I0r0-BMPYCONOMMYECKOTO MOHUTOPUHIA C HanpasAeHUem
6uonornyeckoro matepuana Kak B LIEHTPasbHble, TaK W
pervoHanbHble HayYHO-UCCNIE0BATENBCKME YUPEKAEHNS.
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Pesiome

Llenb — wuccnepoBatb CNOCOOHOCTb K MPOHUMKHOBEHUIO B KAETKM U
QHTUPETPOBUPYCHbIE CBOWCTBA MOAUDULMPOBAHHbLIX ONUFOAE30KCUPU-
H6OHYKN1€0TNA0B, HAMPaBAEHHbIX HA BbICOKO KOHCEPBATMBHbIE Y4YACTKU
reHoma BWUY-1. WccnepoBaHuMe npoBOAMAM C  UCMO/Ib3OBAHUEM
MOANPULMPOBAHHBIX OJIMFOHYKNEOTUAOB, CoAepXKawmx TuodocdaTHble,
docdopunryaHnanHoBble UK AOAELN/IbHbBIE OCTATKU.

M3yyeHne cnocobHOCTU ONIUFOHYKNEOTUAO0B K WHrMbMpoBaHUIO BUpyca
6bIN10 NPOBEAEHO C MCMO/Nb30BaHWEM MOZeNU ANMGOOUAHOW KynbTypbl
KNeToK yvenoseka MT4, WHPULMPOBAHHBLIX OXapaKTEPM30BAHHbLIM
BbICOKOMPOAYKTMBHbIM WTammom BUY-1, oTHOcAWMMCA K reHOBapuaHTy
cybTna A6, LUMPOKO PacrnpOCTPAHEHHOro Ha TeppuTopun Poccuiickoi
depepaumm. OueHKY NPOHUKHOBEHUA OJIMTOHYKNEOTUAO0B B KAeTkn MT4
NpPoOBOAW/IY METOAOM KOHPOKANbHOM MUKPOCKOMUN.

MoKasaHo, 4yTo TModocdaTt- U AoAeunn-coaeprKallime ONUroOHYKAeoTUab!
CNOCOGHbI MPOHWMKATb BHYTPb KNETOK 6e3 MCNo/sb30BaHWA KaKUx-1mbo
OOMONHUTENbHbIX  TPaHCeumpyoLWnx areHToB. YCTaHOBNEHO, 4TO
TModOoChaTHbIE OJIMFOHYKNEOTUAbI, TpaHcheuupoBaHHble B COCTaBe
Oynnekca C AO0AEeuUnn-CoaeprKalyMyu MPOU3BOAHLIMKM, JIOKAAN3YHOTCA
BHYTPU KNETKM B AAPe U AAPbLILKE U CNOCOOHbI NOAABNATL PENPOAYKLUIO
BbICOKOMNPOAYKTUBHOIO wramma BUY-1. Ona nccnenoBaHHbIX
OJIUTOHYKNEOTUAHBIX NPOU3BOAHBIX onpeaeneHbl 50%-Has TOKCUYHaA
003a (TC50) n 50%-Haa nHrMbupyowasa KoHueHTpauma (IC50), 3HayeHue
KOTOPOW B c/y4ae TMOPochaTHbIX ONIMFOHYKNEOTUA0B COCTaBUIO MeHee
0,5 MKM.

MonyyeHHble AaHHble CBUAETENbCTBYIOT O BO3MOMXHOCTU MCMOJ/Ib30BaHMWA
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Abstract

Aim. To investigate the cell entry and antiretroviral properties of modified
oligodeoxyribonucleotides targeting highly conserved regions of the HIV-1
genome: the study was conducted using modified oligonucleotides
containing phosphorothioate, phosphorylguanidine or dodecyl moieties.
The ability of oligonucleotides to inhibit the virus was studied using a
model of lymphoid culture of human MT4 cells infected with a
characterised high-productive strain of HIV-1 belonging to the subtype
A6 genovariant widely spread in the Russian Federation. The entry
of oligonucleotides into MT4 cells was assessed by confocal microscopy.

It was shown that phosphorothioate- and dodecyl-containing
oligonucleotides are able to penetrate inside cells without the use of any
additional transfection agents. It was found that phosphorothioate
oligonucleotides transfected in duplex with dodecyl-containing derivatives
were localized inside the cell in the nucleus and nucleolus and were able
to inhibit the reproduction of a highly productive HIV-1 strain. A 50% toxic
dose (TC50) and a 50% inhibitory concentration (IC50) were determined
for the oligonucleotide derivatives studied, the value of which was less
than 0,5 uM in the case of phosphorothioate oligonucleotides.

The data obtained indicate the ability of the modified oligonucleotides
studied to be used as potential antiviral agents against HIV-1.
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BBEAEHUE

B Hactoswee Bpemsa gns nedeHns BUY-nHdperkuun
NPUMEHAIT  KOMOWHWPOBAHHYID  aHTUPETPOBUPYCHYIO
Tepanuio, KOTOpasa  HanpaBneHa Ha  noAaB/ieHue
penpoaykuum BuMpyca B OpraHuMaMme 4esioBeka Ao
Heonpegenaemoro yposHA PHK BMY-1 B nnasme Kposwu
(APBM). NaHHaA Tepanua NpoaneBaeT KM3Hb NauneHTa, HO
He B COCTOAHMM NOJIHOCTbIO M36aBUTb OPraHM3m OT BUpYCa,
KOTOPbIN COXPAHAETCA B KNETKaxX B SIATEHTHOM COCTOAHUU.
Mpu  3tom npuMeHsemble npenapatbl  TpebyioT
0653aTe/IbHOrO0 MOXU3HEHHOro NPUemMa, KOTOPbIN MOXKeT
BKNIOYATb B cebs KOMBUHaALMKM M3 ABYX, Tpex uaun bonee
CpeacTs, HanpaBAEHHbIX Ha pasHble 3Tanbl WU3HEHHOro
LUMKNa Bupyca. BoamorkHble nMobouyHble 3ddeKTbl U, Kak
cneacTeue, HA3Kan NPUBEPIKEHHOCTb MALMEHTOB K Tepanuum
B KOMMAEKCe CO CMOCOBHOCTbIO 06PaTHOW TPAHCKPUNTasbl
BMpyca K GOPMMPOBAHUIO MyTaUMA MOFYT NPUBOLUTL K
06pa3oBaHNI0 M PACNPOCTPAHEHUIO PE3UCTEHTHbIX Popm
BUY, He noaaatowmxca nedeHunto [1]. Bce aTo aenaer nouck
OPYrUX aHTUPETPOBUPYCHbIX MPEenapaToB aKTya/lbHbIM W
TpebyeT n3y4yeHna HOBbIX NOAXOAOB K N€YEHUIO NALMEHTOB
¢ BUY-uHdpekrumen.

M3BecTHbI pasniMyHble noaxopabl K
MCMoNb30BaHMIO onMroHykneotnaos (OH) Kak cpepcts
reHHoW Tepanuu ana 6opbbbl ¢ BUY-uHbekumen [2-4].
KomnnekcHble TepaneBTUYeCKMe npenapatbl Nnpotus BUY,
MMeA pasHble MULIEHM U MEXaHU3Mbl peanusauunn
NPOTUBOBUPYCHOTO  AENCTBUA, MOKa3blBalOT  BbICOKYHO
3bdEKTUBHOCTb NOAABNAEHUA PENIMKALUM PE3UCTEHTHbIX K
cospemeHHbIM  APBIT  BWY-1 pasHbIX reHeTU4yeckux
BapuaHTOB BMUpyca [5].

C pasBUTMEM HAYYHbIX TEXHO/IOTUI MOABASAIOTCA
HOBble 3HaHMA O MOJIHOW CTPyKType reHoma BUY-1 ¢
YYETOM C/IOXKHOW COBOKYMHOCTM MeX- W BHYTPUMO-
NEKYNAPHbIX  B3aUMOAEWNCTBUM,  KOTopble  ABAAIOTCA
BaXXHbIMW  MeAMaTOpaMu  OTAE/NbHbIX  3TanosB  ero
BOCNPOMU3BOACTBA:  PEenMKauuu, AAepHO-LMTOMNIa3ma-
TUYECKOro  TpaHCMNopTa, TPaHCAALMMU, AUmepusauunu,
yNakoBKKU. [MOHMMaHMe MHOXecTBa noc/iefoBaTe/IbHbIX
B3aumogericteun PHK-PHK w©n PHK-6enok nossonstor
onpepenATb HOBble MWLWEHW ANA BO34ENCTBMA  Ha
COCTaBAAOWME BMPYCA C MOMOLLBID ManbIX MOJEKYN,
nenTMAoB, O/IMTOHYKeoTMaAoB [6—8].

Llenbro HacTosiwel paboTbl 6bI10 McCcnesoBaHMe
cnocobHocTn moanduumposaHHbix OH, HanpaBAeHHbIX Ha
BbICOKO KOHCepBaTMBHble Y4YacTKM reHoma BUY-1, K
NMPOHMKHOBEHUIO BHYTPb K/AEeTOK 6e3  ucnonb3oBaHUsA
OOMNOJIHUTENbHBIX TpaHcdeumpyoLwmx areHToB "
WHIMOMpPOBAHMIO  PenpoayKLMM  BUpyca Ha Moaenu
KYNbTYpbl KAETOK u4enoseka MT-4, WHOULMPOBAHHOM
BbICOKOMPOAYKTUBHbIM WTammom BUY-1 reHosapuaHTa A6,
LUIMPOKO pacnpocTpaHeHHOro Ha TeppuTopun Poccum.

MATEPUA/bI U METOAbl UCCNEAOBAHUA
KnetouyHasa kynbtypa MT-4 nonyveHa u3 konnekumm ®BYH
THU, BB «Bektop» PocnotpebHagzopa. Knetkn MT-4
KyNbTUBMpPOBanu Ha cpeae RPMI-1640, coaepawei 0,2 %
6uKapboHaTa HaTpus c pobasBneHuem 10 %
WHAKTUBMPOBAHHOM  deTanbHOM  CblIBOPOTKKU, 2 MM
L-rnytammHa M 20 MKr/MA reHTamuuMHa B 3aKpbITOi
KynbTypanbHOW  nocyse B  CO,-uHKybaTope  npu
Temnepatype 37 °Cn 5 % CO,. MNocagoyHaa KOHUEHTpauma
cocrasnana 500 000 kneTok Ha 1 mn cpegpbl.

B pabote ncnonb3osanu wramm BUY-1 cy6Tmna A
(npu penpoaykumm Ha MT-4 Bbi3biBaeT 100 % rubenb
KNeToK) u3 nabopatopHoit Konnekumm OBYH THL BB

«BekTop» PocnoTpebHaasopa. BMY-1 npepgapuTensHo
HapabaTbiBann Ha KynbType KNeToK MT-4 c
KoHUeHTpauuen 400 000 knetok B 1 mn cpeabl. Yposkai
WHPEKLMOHHOrO  BMpyca MOAyY4ann Ha 5  cyTku
KyNAbTMBMpPOBaHUA. KynbTypanbHyio cpegy oTbupanm,
KNeTouHbl pebpuc yaananu ueHtpudyrupoBaHuem, a
cynepHaTaHT pasinBanu B Kpnonpobupkn no 0,5-1,0 mn,
3amopaxkumBanm npu -70 °C 1 xpaHUAN B KMUOKOM a3oTe 40
MCMNo/b30BaHMA.

OnpeaeneHne UHPEKLMOHHOCTU HapaboTaHHOro
Bupyca (TCID50) npoBogunu Ha 96-1yHOYHOM MAaHLWETE.
Ona TecTupoBaHUA McNonb3oBann Knetkn MT-4 B dase
norapudmmyeckoro pocta. Knetkm B NOSHOM POCTOBOM
cpege RPMI-1640 ¢ KoHueHTpaumeir 300000 B 1 mn
pas3nMBanM NO NyHKaM naaHweta B 06béme 100 mKA.
Bupyc pasmoparkmanu Ha BoasHoi 6HaHe npu 37 °C un
rotToBWIM  €ro nocnefoBaTeNbHble  pa3BefeHus B
oTaenbHOW nocyge Ha cpege  RPMI-1640. 3atem
npuUroToBneHHble passegeHua Bupyca (B 3-x nosTopax) B
06béme 100 mKn Ao6aBnAnM B COOTBETCTBYHOLLME NYHKU
NAaHLWeTa C KyNbTYpOMn KNETOK.

[anee MHOMUMPOBaHHbIE KNETKM HA N/aHWeTe
Kynbtusmposann B CO,-MHKybaTOpe npu TemnepaType
37 °Cun 5 % CO,. OnpepeneHve KOHUEHTPALUMUMU BUPYCHOIO
6enka p24 B KynbTypanbHOM XWOKOCTU NPOBOAWMAM HA
5 cyTku KynbtMBMpoBaHuA. TCID50 Bupyca onpepensnu
meTogom Puaa — Menya [9].

MccnepoBaHne cnocobHOCTU O/IMFOHYK/IE0TUA0B
K MNPOHWKHOBEHWIO B KJETKM MNPOBOAUAN Ha CyCneH-
3MOHHOM  KynbType MT-4. KoHeyHasa KOHUEHTpauus
O/IFOHYKNEOTMAOB B KyNbTypasbHON cpeae cocTasaana
2 MKM. KneTouHyto cycneHsuto BHocuam B ob6veme 300 mkn
Ha opuH Konogeu, nnawku (Eppendorf Cell Imaging
Coverglass). MpoBoanan TpaHcheKuno B TeyeHne 16 yacos
C nocneayowen OTMbIBKOW M dMKcaumein Ha nawkax c
nomoLbto NonnansumHa. MNocne dukcauum Ha nNoanaU3nHe
(12 yacoB) KynbTypanbHylO cpesy M3 KONOALEB aKKypaTHO
yAaNAAu n GUKCMPOBANN MOHOCNION KETOK OXNaXKAEHHbIM
4% napadopmanbgerngom (400 MKn Ha Kosiogeu) B
TeyeHne 20 muHyT. MNocne ypaneHua OUKCUpPYOLWEro
pactBopa B Konogubl 3anveann  docodatHbIi  Bydep
(pH 7,2). MuKpocKkonuyeckoe uccnefoBaHWe NpoBoauau
Ha Nla3epHOM CKaHupylowem mukpockone LSM 780 NLO
(Carl  Zeiss Microscopy GmbH, Tepmanusa). Ans
BM3yanum3aumm obwero BMAA KAETOK  MCMO/b30Baau
cuctemy DIC KoHTpacTa B npoxoasuwem csete. KnetouHoble
Agpa oKpawwmsanu ¢ nomolubto DAPI (Servicebio, Kutait).
[Ona petekuMM KNeTOYHbIX AfAep MCNo/ab30Bann nasep C
OMHON BOMHbI 405 HM. [1nA AETEKUUN O/IUTOHYKIe0TUAOB,
MeYeHHbIX 6-KapbokcndayopecuenHom (FAM), wcnonb-
30Bann nasep ¢ AMHOW BONHbI 488 HM. [na nonyyeHua u
06paboTkM M306paXKeHNn WUCNoNb30BaAW MNPOrpammHoe
obecneyeHne ZEN2010 (Carl Zeiss Microscopy GmbH,
FepmaHus).

CVMHTE3  O/UFOHYKNEeoTWAOB, B TOM  4ucne
cogeprawmx TmodpochatHble (5, PucyHok 1) u docdo-
punryaHuanHosble mogubukaumm (X, PucyHok 1), a Takke
MX MNPOU3BOAHbLIX C OCTaTKaMW AOofeuun-coAepKallero
HEHYKNeoTUAHOro moHomepHoro 3seHa ([Dcyl], PucyHok 1)
n ¢dnyopecueHTHoro Kpacutens FAM  (PucyHok 1),
nposoannn TeepAodasHbiM amnaodochuTHbIM MeToL0M
Ha ABTOMaTUYECKOM HK-cuHTe3atope ACM-800
(«BrocceT», Poccua) € WUCNonb30BaHWMEM pPeareHToB U
NPOTOKON0B, B TOM 4YWUC/E€ MOCTCUHTETUYECKOMN OYUCTKM,
onucaHHbIX paHee [10; 11].
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PacTBOpbl ONMIOHYKNEOTMAOB UM UX AYNJEKCOB rOTOBUAU
pasbaBneHMem 40 YKa3aHHbIX KOHLEHTpaLMiA U3 CTOKOBbIX
pacTBOPOB HENOCPeACTBEHHO nepes  TeCTMPOBAHUEM.
Mpenapatbl coctoann u3 (i) ogHOLENOYEYHbIX OJIMTOHYK-
neotmpos (ouOH) wmam (i) ux aynnekcos ¢ pogeumn-
coAepKallMmu  MNpou3BOAHbIMWU. [lynnekcbl roTOBWUAW,
cmewmBan ouOH c cOOTBETCTBYIOLWMUM KOMMNIEMEHTAPHbIM
emy pojeumn-cofepawmm npoussogHsim (1:1), 3atem
nobasnanm PBS (10x) u3 pacyeta 10 % K KOHeYHOMY
obbemy cmecu. lanee cmech Harpesanun 3 muH npu 90 °C m
OX/1aXK 43NN A0 KOMHATHOM TemnepaTypbl.

WccnepoBaHne NpPOTMBOBUMPYCHOM  aKTUBHOCTM
O/IFOHYKNEOoTMAOB  MPOBOAMAM  HA  CYCMEH3MOHHOW
KyNbType Knetok MT-4 B OTHOLIEHUM POCCUIMCKOrO WTamMmma
BMY-1 cybtuna A6. Cepum passegeHuit ouOH wuam ux
Aynnekcos (B Tpex MOBTOpax) NepeHocunuM Ha 96-Tu
JNIYHOUHbIA  MNaHWeT, npeaBapuUTeNlbHO  3aCeAHHbIN
KNeTkamu. MHKybaumsa ONIMFOHYKNeOoTUAOB C KaeTKamu
MT-4 po BHeceHua BUY-1 coctasnana 24 vaca. Yepes
24 yaca Ky/nbTypy KNEeTOK WHOULMPOBANM MNOCTOAHHOM
[o30i Bupyca, cootsetcTeytower 300 TCID50. UHRybauma
¢ BMpycom coctaBnana 5 cytok B CO, MHKybaTOpe npwu
Temnepatype 37 °Cu 5 % CO,. B KoHUe nHKybauun Bupyca
C npenapaTamu oTbupanu npobbl KyNbTypanbHOU cpesbl
ON1A KONIMYEeCTBEHHOTO uUccnefoBaHua 6enka p24 metoLom
MMMyHodepMeHTHOro aHanusa (M®PA), gaHHble cobupanu
ONA Tpex He3aBWCUMMbIX MOCTAHOBOK, MNpuWBEAEHHble B
cTaTbe  3Ha4YeHUs  npeacTaBnaloT  coboi  cpegHee
3HayeHue  cTaHAAPTHOE OTK/IOHEHMe.

OnpepeneHve UUTOTOKCUYHOCTU UCCefyeMblX
OH npenapatoB metogom MTT-Tecta nNpoBOAUAM Ha
96-1yHOYHOM MAaHwWeTe. B AyHKM naaHweTa BHOCMAM MO
40 000 knetok MT-4 B 100 MKA NOAHOW POCTOBOW cpeAbl
RPMI-1640. TutpoBaHnme OH npousBoAWAM C LIATOM
pasBeseHnAa — Tpu, no 3 nostopa Ana kKaxgoro OH,
KoTOpble A06aBNANM B COOTBETCTBYIOLLME NYHKU NAAHLWeETa
C KynAbTypoWh Knetok. WHKybaumio kKnetok MT-4 ¢
nccnegyembiMmn passegeHmamm OH nposoaunm 5 cytok B
CO, nHkybatope npu Temnepatype 37 °Cu 5 % CO,. NMocne
3TOro B KaXKAyt NyHKy c obpasuyamm OH m B KOHTpoOsb
KneTok pobasnanu pactBop MTT-peareHTa B 0bbeme
20 mKn. Yepes 2 yaca AONOIHUTENBHOIO MHKYBUPOBaHMA B
TepmocTaTe U3 JIYHOK MAaHWeTa yAaANAAN Ky/bTypanbHYIO
cpefy, a 06pa3oBaBLIMCA 0cafoK dopmasaHa pacTBOPAAU
B M30MponaHosie Npu BCTPAXMBAHUM B TeyeHne 30 MUHYT.
Mocne pacTBOpeHWA KpucTanios B  M3oMponaHone
MHTEHCUMBHOCTb CUHEro  OKpallMBaHMUA  U3MEpAnn ¢
nomouwbto cnektpodoromerpa (Varioskan LUX, Thermo
Fisher Scientific, CLLA) Ha aByx A/ivHax BoaH (540 wu
690 HM). u3HecnocobHOCTb KNETOK OUEeHMBAAM MO
MHTEHCUBHOCTM NpeBpalieHns umu pactsopumoro MTT
(3-(4,5-gumeTnntnason-2-un)-2,5-gubeHmntetpasonua
6pommnaa) B Kpuctanibl GopmasaHa.

MNONYYEHHDIE PE3Y/IbTATbI U UX OBCYKAEHUE

Ha ocHoBe u3yyeHMA NOAMMOPOU3MA HYKNEOTUAHOM
nocaen0BaTeNbHOCTN reHoma BNY-1 C yyetom
dYHKLUMOHaNbHOM 3HauMmocTn obnacteir reHoma 6binn
BblbpaHbI KOHCepBaTUBHbIE paioHbI BMpyca  —
NoTeHLUMaNbHbIEe MWLWEHW [ANA BO34ENCTBMA, pPacnoso-
*eHHble B reHe pol (bparmeHTbl obnacteil, KOANPYIOLWNX
MHTerpasy 1 obpaTHyto TPaHCKpUNTasy Bupyca), B 061actu
npamep-ceasbiBatoLLero canra (PbS), B reHe gag BUY-1. B
Tabnuue 1 npuseaeHbl NOCNef0BaTENbHOCTU ONUTOHYK-
NleoTMA0B, HanpaB/ieHHble HA JaHHble Y4acTKM reHoma
BMY-1.

Ha nepBom 3Tane 6blAM  CUMHTE3MPOBAHbLI U
nccnepoBaHbl  21-22-3BeHHble  OMTOAE30KCUPUBOHYK-
NeoTuabl, Hanpas/ieHHble Ha Yy4acTKM reHoma BWY-1,
Kogupytowme pepmeHT nHTerpasy, nog Homepamu |, 11, 11

(Tabnvua 1). B KayecTBe CpeAcTB [OCTaBKM AaHHbIX
O/IUFOHYKNEOTUAOB  BHYTPb  KJAETOK  MCMO/b30Banu
COOTBETCTBYIOLIME  KOMMIEMEHTAPHbIE UM  KOPOTKME

13-3BeHHble OJ/IMTOHYKNEOTUADbI, COAepiKalime Tpu aoae-
umMnbHbIX octatka ([Dcyl], PucyHok 1) B cBOeit CTpyKType:
DI, DII, DIl (Ta6auua 1).

MpoTUBOBUPYCHAA  aKTMBHOCTb  OJIUFOHYK/Eo-
TMAOB 6Oblla M3yyeHa Ha KneTKax uyenoBeka MT-4,
MHOMUMpOBaHHbIX BUY-1, onpepeneHbl nokasatenu 50 %
UHIMbuMpylowen KoHueHTpauum (IC50), Kak onucaHo B
maTepuanax u metogax (Tabauua 2).

Mo pesynbTaTam MUCCNEfOBaHWA  Hauaydwwue
nokasartenu IC50 BMY-1 KoHuUeHTpauuu Obiin BbiABAEHbI
ana OH Il (Tabnuua 2). OcHOBLIBAACb Ha MOJYYEHHbIX
OaHHbIX, Ha cneaytowem 3Tane bbln OCyWEeCcTBNEeH CUHTE3
O/ITOHYKNeoTaAa 1, cogepKalero pasnunyHble
moanduKaumm, ANA  CPAaBHUTENBHOTO  U3yYyeHUa WX
NPOTUBOBUPYCHOWM aKTUBHOCTU:

- ONMroAe3oKcMpuboHykneotns, Ha 3'-KoHel,
KOTOporo 6binn BBeAeHbl aBe dochopunryaHnanHosble
moandukaumm (PucyHok 1, X) ana nosblWeHMA YCTOWYM-
BocTu OH K aeicteumio Hykneas [12] (I1I(O), Tabanua 1);

- TanMmepHbIi  ONUrOAE30KCUPUBOHYKNeOTUA,
KOTOPbIN COAEPXKUT Mo ceMb ¢GochopuaryaHMaMHOBbIX
moamduKkaumii ¢ 5'- n 3'-koHuos (IHI(XOX), Tabnuua 1);

- NOSIHOCTbIO MoaMOULMPOBAHHDIN
dochopunryaHmamnHosbli OH, copepKalimii gBa AOMNONHK-
TeNbHbIX TUMMAMHA HA 5'-KoHUe, npucoeanHeHHbIX
nocpeacteom ¢dochoamnsadupHbIX CBA3En AONA  Nydllein
pactsopumoctn OH B Boge (llI(X), Tabaunua 1);

- MNoJHOCTbIO  THodocdaT-moanPULMPOBAHHbIN
(PucyHok 1, S) onurogesokcupuborykneotng  (II(S),
Tabnuua 1), NOCKO/MbKY M3BECTHO, YTO Haauuume
TModocdaTHbIX MogMdUKauuii cnocobcTBYeT NPOHUKHO-
BeHuto OH BHYTpb pas/iMyHbIX KNeTok [13-19];

- O/NIMTOPUBOHYKNEOTUA, COAepKalmii  Kak
2'-OMe moandurKaumm Ha NPOTAXKEHUU BCEro OCTOBA, TaK U
nse dochopuaryaHManHosble moanduKkaumm Ha 3'-KoHue
(1n(OMe), Tabauua 1).

CornacHo MoOMy4YeHHbIM  pesynbTaTam, cpeau
JaHHbIX  WCCNEO0BaHHbIX  MPOU3BOAHBIX  HaUyYLLIYytO
AKTUBHOCTb B MHrMbUposaHun BUY-1 nposasun OH 1I(S)
(Tabnuua 2).

Momumo OH npou3BOAHBIX, HaNPaB/iEHHbIX Ha
bepMeHT  uMHTerpasy, Janee 6blAM  CUHTE3MPOBAHbI
35-3BeHHble  onuroaesokcMpuboHykneotnasl R u RS
(Tabnunua 1), HanpaBneHHble Ha UHTMBUPOBaHWE obpaTHOM
TpaHcKpunTasbl BUY-1. B onunronesokcMpuboHyKneotTms
R Ha 3'-koHeu, 6binn BBefeHbl Ae ¢ochopunryaHu-
AVHOBble MoAMdUKALMKM ANA 3alWWTbl OT HyK/Aeas, a Ha
5’-KoHel, bblM NpUCOegUHEHBI TPU A0AELMAbHbBIX OCTaTKa
ONA YNyYWeHUA NPOHWKHOBEHWUA B KAETKU. TakKe 6bin
CcMHTe3upoBaH ero TnodocdatHbiM aHanor RS. Wccnepo-
BaHWe NPOTMBOBUPYCHOM akTUBHOCTM R 1 RS nokasano, 4to
OH RS obnagaet cxoxew aktuBHocTblo ¢ I(S) (Tabaunua 2),
Torga Kak ana R 3HaueHue IC50 6bino 6onblue, yem B
2 pa3sa, B CpaBHEHUW ¢ TakoBbIM Ans RS.

BBuay 3Toro Ha creaytowem sTane paboTbl Mbl
cuHTe3nposanu 20- u 30-3BeHHble TMODOCHATHbIE MPOU3-
BOAHbIE, HYK/NeoTUAHas Moc/ieno0BaTelbHOCTb  KOTOPbIX
6blna HanpaBneHa Ha KOHCEPBATMBHbIE YYaCTKM reHoma
BWY-1 B 06nacTn npaimep-cBaAsbiBatolLero caita (PbS) ans
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06paTHOM TpaHCKpMNUUKM 1 reHa gag: PbS-1, PbS-2, Gag-1
1 Gag-2 (Tabnuua 1). Bblio NoAyd4eHo, YTO HaMMeHbllee
3HaveHue IC50 xapaktepHo ansa OH Gag-2 (Tabauua 2).

OH, HanpaBneHHble Ha OAMH U TOT e Y4acTOK reHoma
BMY-1, wumetoT 6onee BbLICOKYHO 3PDEKTUBHOCTL B
MHIM6MpoBaHUM BWY-1 B CpaBHEHMM CO CBOMMM

Kpome 3Toro, 6b110 oTMeYeHo, 4To 6osiee NPOTAXKEHHble YKOPOUYEHHbIMU BapuaHTamu.

Ta6nuua 1. MocneaoBaTeNBHOCTM ONNTOAE30KCMPUBOHYKNEOTUA0B**, nccneaoBaHHbIX B JaHHOMN paboTe
Table 1. Sequences of oligodeoxyribonucleotides** studied in this work

0O603HaueHune
OJINTOHYKNeoTuaa NocnepoBaTtenbHoOCTb 5'-3'
Oligonucleotide Sequence 5'-3'
designation

ONUroHyKneoTuaHble NPOU3BOAHbIE, HanpaB/ieHHble Ha KOHCEPBAaTUBHbIE YYacTKu reHoma BUY-1
B 0621aCcTH 3KCcNpeccun pepmeHTa MHTerpasbl:
Oligonucleotide derivatives targeting conserved regions of the HIV-1 genome
in the integrase enzyme expression domain:

| CCAATCCCCCCTTTTCTTTTAA-NH;
Il AATACTGCCATTTGTACTGCT-NH;
1l CTTGACTTTGGGGATTGTAGGG-NH,

OnuroHyKneotTuaHble NpousBoaHblie ansa gocrasku I, II, 1l B kKnetku:

Oligonucleotide derivatives for delivery of |, Il, Ill into cells:
DI T[Dcyl][Deyl][Deyl TAAAAGAAAAGGG
DIl T[Deyl][Deyl][Deyl]AGCAGTACAAATG
DIl T[Dcyl][Dcyl][Deyl[CTACAATCCCCAA

O/IMroOHYKNEeOTUAHbIE MPOU3BOAHDbIE HAa OCHOBE NocneAoBaTenbHOCTH lll, cogeprKawme pasinyHble
KOoM6uHauum moandukaumin:
Sequence lll-based oligonucleotide derivatives containing various combinations of modifications:

111(0) CTTGACTTTGGGGATTGTAG*G*G
111(XOX) CT TG AXC TXTTGGGGATT G T AXG*G*G
1I(X) TTCTX T GXAX O T TXTXGX GXG*GX A TX TX GXTXA*GXG*G
1I(S) CT TG ASC T T TS G G G G AT TS G TSASGG G
111(OMe) CUUGACUUUGGGGAUUGUAG*G*G
ONUroOHYKNEOTUAHbIE NPOU3BOAHbIE, HAaNPaB/IeHHbIE HA KOHCePBATUBHbIN Y4acTOK reHoma BUY-1
B 061acTn akcnpeccun pepmeHTa 06paTHON TPaHCKPUNTasbl:
Oligonucleotide derivatives targeting a conserved region of the HIV-1 genome
in the reverse transcriptase enzyme expression domain:
R T[Dcyl][Dcyl][Dcyl]CCTCCAATTCCCCCCTATCATTTTTGGTTTCCXAXT
RS CSC TS CC ASASTS TS CS C3 CS S CS C TS AST AT TS TS TS TSGSG TS TS TS CS CSAST
ONIUrOHYKNEOoTUAHbIE NPOU3BOAHbIE, HanpaB/ieHHble Ha KOHCePBaTUBHbIE YY4acTKU reHoma BUY-1
B 06/1acTK Npaiimep-CBA3bIBAIOLLLErO CalTa AN 06PaTHOM TPAHCKPUNLMM U TeHa gag:
Oligonucleotide derivatives targeting conserved regions of the HIV-1 genome in the primer-binding site region
for reverse transcription and the gag gene:
PbS-1 G T CCC TG TS T CGSG3GSCSGSCSCSASCST
PbS-2 G T CCC TG T T C GGG CS G CS CSASCS TS GSCS TS ASGSASGSASTST
Gag-1 TSCSGSCSASCSCSCSASTSCSTSCSTSCSTSCSCSTST
Gag-2 TSC3GSCSASCSCSCOASTSCSTSCSTSCOTSCSCSTSTSCSTSASGSCSCITSCSCSG
KOHTpO/IbHbIE 0/IMTOHYK/IE0TUADI ANA IKCNEPUMEHTA MO U3YYEeHUI0 NPOHMKHOBEHUA B KNETKMU:
Control oligonucleotides for cell penetration experiment:
FAM-ON [FAM]ASGSTSCSTSCSGSASCS TS TSGSCSTSASCSC
DON T[Dcyl][Deyl][Deyl]-GGTAGCAAGTCGAGAXCXT

Mpumeyarue: [Dcyl] — HeHykneomudHoe dodeyun-codepxcauiee 36eHo; NH; - 2ekcamemuneHosbili nuHkep; X — gpocpopunzyaruduHosas

modugpukayus; S — muogochamrasn modugpukauus; FAM — ocmamok Kpacumens 6-kapboKcugbayopecueuHa. ** — 3a ucknodyeHuem
1ll(OMe) — onuzopuboHykneomuda, codeprcaujezo 2'-OMe ModuguKkayuu Ha MPOMAXEHUU 8ce20 0cmoaa, 0603Ha4YeH Kypcueom
Note: [Dcyl] — non-nucleotide dodecyl-containing unit; NH - hexamethylene linker; * - phosphorylguanidine modification;

S - phosphorothioate modification; FAM — 6-carboxyfluorescein dye residue. ** — lll{lOMe), an oligoribonucleotide containing

2'-OMe modifications throughout the backbone, is indicated in italics

Ana COEAMHEHMVI, NOKasaBWKNX Haunyywune noKasatenum MUCNO/Ib30BaHNEM

KOHTPONIbHOrO  HecneuuduyHoro OH

IC50, 6bina onpepeneHa 50% TokcuyHasa posa (TC50)
metogom MTT-Ttecta. Bce wuccneposaHHble OH npoge-
MOHCTPUPOBANN HU3KYIO LUTOTOKCUYHOCTL (Tabaunua 3).
M3BecTHO, uTo THOdOChaTHble OH  moryT
CaMOCTOATE/IbHO NPOHUKATL B OTAE/IbHbIE TUMbI KNETOoK 6e3
MCNONb30BaHUA  AOMOJNIHUTE/IbHBIX  TPaHChELMPYOLLMX
areHtos [10-14]. Mbl nposenn wuccnepoBaHve cnocob-
HocTK TModocdhaTHbIX OH NPOHMKATL BHYTPb KAeTok MT-4 ¢

FAM-ON (Tabnuua 1), coaepKawero Ha 5-KoHuUe ocTaToK
dnyopecueHTHoro Kpacutena. bbino nokasaHo, yto OH
FAM-ON 3¢¢deKkTMBHO npoHuKaeT (PuUcyHOK 2) u
pernctpupyetca BHyTpu Knetok MT-4 (PucyHok 3). 3atem
npoHukHoBeHne OH FAM-ON 6b1710 McCNen0BaHO TaKKe B
Aynaekce € YaCTUYHO  KOMMJIEMEHTApHbIM  emy
O/MrOHYKNeoTMaom-goctaswmkom (DON, Tabauua 1),
cogepXawmm Ha 5'-KoHue Tpu [A04eunnbHbIX OCTaTKa
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(Tabnmua 1). AHanNM3 NonyYeHHbIX N306paKeHN nokasan,
YTO HA ONTUYECKMX Cpes3ax, MNpPoXoAAlMX 4Yepe3 ALPO
KNETKU U uMTonNasmy, pacnpeaeneHne GayopecueHTHOro
curHana ot pgynnekca FAM-ON/DON oukcupyetca He
TO/IbKO B UMTOMMAa3me U AApe KAEeTKU, HO U B A[pbILLKe
(PucyHOK 5), 4TO CBMAETENbCTBYET O BbICOKOM TpaHcde-

o
?
e 0=P—0"
[Devl] = { g
||D|| ‘:; “5“ ? qu 'F:HE ?
AR AU N
lel':cr S-—E|'=D [ >—_.\'—1|>=D
0 R )
i i CH, 3

umpytowei cnocobHoct OH, MMeroWwmxX B CBOEM cocTase
AofeumnnbHble  OCTaTKWU.  [lonyyeHHble  pesynbTaTbl
cornacylotca ¢ paHee oOnNy6AMKOBAHHbIMM LAaHHBIMU O
BbICOKON  3PPEKTUBHOCTM  MPOHUKHOBEHUA  A04EUMNA-
cofepalmx OIMIOHYKNE0TMA0B BHYTPb KaeTok [10].

NH, =

PUCYHOK 1. CTPYKTYpbl HEHYKNEOTUAHbIX 3BEHbEB M MEXHYKIeoTUAHbIX docdaTHbIx rpynn: [Deyl] — gogeunn-coaepikaiiero
3BeHa, [FAM] — 6-kapbokcudayopecuenH-cogeprkalero 3seHa, """ — ctpykTypa pocdoamsadupHol rpynnbl

B OCTOBE 0/IMrOHyKneotuaa, ""

nxn

3'-KOHL,EeBOro reKCameTU1EHOBOIO AMUHOJINHKEPa

— CTpYKTypa TModochaTHOM rpynmnbl B OCTOBE OIUTOHYKNE0TUA],
— CcTpyKTypa dpocdopunryaHMaMHOBOM rpynnbl B OCTOBE OANFOHYKNEoTUAa, -NH; — cTpyKTypa

Figure 1. Structures of non-nucleotide units and internucleotide phosphate groups: [Dcyl] — dodecyl-containing unit,
[FAM] — 6-carboxyfluorescein-containing unit, "°" — structure of the phosphodiester group in the backbone

of the oligonucleotide, ">" — structure of the phosphorothioate group in the backbone of the oligonucleotide,

"X — structure of the phosphorylguanidine group in oligonucleotide backbone, -NH, — structure

of the 3'-terminal hexamethylene amino linker

Ta6amua 2. [laHHble No oLeHKe NPOTUBOBUPYCHOM aKTUBHOCTM OIMFOHYKNEOTUAOB

Ha KneTKax yenoseka MT-4, HGMUMpPOBaHHbIX BUY-1

Table 2. Data on the assessment of the antiviral activity of oligonucleotides on human MT-4 cells infected with HIV-1

0603HaueHne ONIMroHYKNeoTUaa 1C50, mKkM
Oligonucleotide designation IC50, uM

I* 5,30+0,11

I* 5,60+0,15

= 2,20+0,11

1(0)* 1,90+ 0,04

I1(X)* 7,10+0,20

II(XOX)* 7,80+0,16

1I(S)* 0,09 + 0,01

II(OME)* 4,00+0,12

R 0,29+0,01

RS 0,10+ 0,04

PbS-1 0,45 + 0,05

PbS-2 0,09 £ 0,01

Gag-1 0,15+ 0,02

Gag-2 0,04 + 0,01

MpumeyaHue: * — daHHbIE 0AU20HYKAEOMUObl 00CMABAAAU 8 KAeMKU 8 OYraeKcax ¢ CO0maemcmayowumu
UM KOMAemMeHmMapHeImMu 000eyun-cooepuawyumu onu2oHykneomudamu
Note:* — these oligonucleotides were delivered into cells in duplexes with their corresponding complementary

dodecyl-containing oligonucleotides
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Ta6nuua 3. PesynbTaTbl MCCEA0BAHWA LIUTOTOKCUYECKOTO BO3AEMCTBUA OIMTOHYKIEOTAO0B Ha KieTku MT-4
Yyepes 5 cyTok nocne ux fob6aBneHUn B KybTypasbHYO cpeay

Table 3. Results of the study of cytotoxic effects of oligonucleotides on MT-4 cells 5 days after their addition
to the culture medium

0603HauYeHne ONUroHYKNeoTUAA TC50, mkM
Oligonucleotide designation IC50, uM
11(0) 117+7,8
1(S) 78,5+5,5
R
RS >90,0
PbS-1
PbS-2
>1
Gag-1 33,0
Gag-2

MpumeyaHue: TC50 — 50 % mokcuyHasA 0o3a
Note: TC50 — 50 % toxic dose

PUCyHOK 2. M1306pakeHne knetok MT-4 nocne uHkyb6aumm ¢ FAM-ON, nosyyeHHoe MeTo40oM KOH$OKaNbHOM
MMUKPOCKONUU. M306parkeHne KNeToK Nosly4eHbl: BBEPXY C/1eBa — C UCMO/Ib30BaHMEM Sla3epa C AJIMHOM BOJIHbI

405 Hm (cuHnin — DAPI); BBepxy cnpaBa — B cucteme DIC KOHTpacTa; BHWU3Y C/ieBa — C UCMOJIb30BaHWEM /1a3epa

C ANVHOM BO/HbI 488 HM (3en1éHbIi — FAM-ON); BHM3y cnpaBa — COBMELLEHME BCEX TPEX KaHa0B

Figure 2. Confocal microscopy image of MT-4 cells after incubation with FAM-ON. Images of cells were obtained:
top left - using a 405 nm laser (blue — DAPI); top right - in the DIC contrast system; bottom left - using a 488 nm laser
(green — FAM-ON); bottom right — combination of all three channels
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PucyHok 3. Npoduam cMrHanos MHTEHCUBHOCTU dayopecueHumnn (cuHuii — DAPI, aapo; 3eneHbiii — FAM)
B KneTkax MT-4 nocne nHkybaumm c FAM-ON

Figure 3. Signal fluorescence intensity profiles (blue — DAPI, nucleus; green — FAM) in MT-4 cells

after incubation with FAM-ON

PucyHok 4. N306pakeHne knetok MT-4 nocne nHkybaumm ¢ aynnekcom FAM-ON/DON, nosyyeHHOe MeToaom
KOH(OKaNbHOM MUKPOCKONUK. M306parkeHne KNETOK NoayYeHbl: BBEPXY C/leBa — C UCNO/Ib30BaHMEM flasepa C ANMHOW
BO/HbI 405 HM (cHUI — DAPI); BBepxy cnpasa — B cucteme DIC KOHTpacTa; BHM3Y C/eBa — C MCMO/b30BaHWEM a3epa

C ANNHOM BO/IHbI 488 HM (3e1éHbIi — FAM-ON/DON); BHM3Y CripaBa — COBMeLLeHME BCEX TPEX KaHaoB

Figure 4. Image of MT-4 cells after incubation with the FAM-ON/DON duplex obtained by confocal microscopy.
Images of cells were obtained: top left — using a 405 nm laser (blue - DAPI); top right — in the DIC contrast system;
bottom left — using a 488 nm laser (green — FAM-ON/DON); bottom right — combination of all three channels
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PUCYHOK 5. Mpodunam cMrHanos MHTEHCMBHOCTU dayopecueHunn (cuHuin — DAPI, agpo; 3eneHbli — FAM)

B KneTkax MT-4 nocne uHkybaumum c gynnekcom FAM-ON/DON

Figure 5. Signal fluorescence intensity profiles (blue — DAPI, nucleus; green — FAM) in MT-4 cells

after incubation with the FAM-ON/DON duplex

3AK/NIOMEHUE

Cnepyet OTMETUTb, YTO 6GONBWMHCTBO UCCNEAOBAHWUM
QHTUPETPOBUPYCHOWM aKTUBHOCTM BbIMOHAIOT Ha MOAEeNAX
[20-22], ucnonb3ylowmx MoseKkynapHble KaoHbl BUY u
CneunannsMpoBaHHble reHeTUYeckn MoamdUuMpoBaHHble
KNeToyHble NWHWKW. B HacToswen paboTe [NA OUEHKM
aHTUPETPOBUPYCHOM adpdeKTMBHOCTM OH 6bina
MCNONb30BaHAa MaKCUMasIbHO NPUBAUKEHHAN K peanbHOMY
npoueccy MHOEKUUN MOAENb KyNbTypbl KNETOK YesnoBeKa
MT-4, HOULMPOBAHHAA BbICOKONPOAYKTUBHBIM LUITAMMOM
BUY poccuiickoro reHoBapuraHTa Ab6.

C NOMOLLbIO COBPEMEHHbIX MeToZ0B
bNYoOpeCLLEHTHOM  MUKPOCKONUM  ObII0  MOKa3aHo, u4To
BBeAeHne TuodocdaTHbix MoauduKaumi nossonsetr OH
NPOHMKATb BHYTPb AUMPOUAHbIX KNEeTOK yenoBeka MT-4
6e3 KMcnonb30BaHMA AOMNONHUTENbHbIX TPaHCdeuUpyoLnX
areHToB. [lpM 3TOM wUcnosb3oBaHMe TUodochaTHbIX
MmoanduKaumii U O04EeUMN-COAEPKALMX NPOU3BOAHbIX B
OOHOM  TPAHCMOPTHOM  KOHCTpyKumn  (FAM-ON/DON)
nossonset OH NPOHWKaTb He TO/IbKO B AAPO KJETKU, HO U B
AOPBIWKO, YTO MOMKHO CYMTATb OAHMM U3 OCHOBHbIX
NpPemyLLEeCTB ons OanbHenwen pa3paboTku
AHTUPETPOBUPYCHbIX KOHCTPYKLMI Ha ocHoBe
O/IMFOHYKNEeoTMAO0B. [MOKa3aHO, YTO OAUIOHYKNEOTUABI,
copepKawme TModochaTHble MmoauduKauMu, UMetoT
aHTUPETPOBUPYCHYIO  aKTUBHOCTb, MNpUM  3TOM WX
NpoTUBOBUPYCHBIN 3ddeKT conoctasum ¢ adpdektom OH,
MMeIoLMX B CBOEM COCTaBe A04eLMN-CoAepKaLLMe 3BEHbSA
(Tabnuua 2). YuutbiBas, uTO 3HaYMMble MpoLLecChl
KM3HEHHOro uumkna BUY npoxomaTr m B Aagpe KAeTKu
(npouecc uHTerpaumm ¢ xossanckoin [HK), nonyyeHHble
pe3ynbTaTbl CBUAETENbCTBYIOT O BbICOKOM MOTeHLUMane

MCMNONb30BaHMA AAHHOTO MOAX04A ANA  pa3paboTku
CpeacTB TreHHOM TepanuM W NPOGUNAKTUKM NPOTUB
BUY-mHbekLmm.
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Pesiome

Llenblo sBnsetca uccneposaHue in silico, HanpaBneHHoe Ha M3yyeHue
B3aMMOAENCTBMA HelipamuHMAa3bl Bupyca rpunna ntmy A/HSN8 c
33aHAMMBMPOM C MOMOLLbIDO METOAOB CPABHUTENBHOrO MOAE/IMPOBAHUA U
MOJIEKY/IAPHOrO AOKWHra. B paboTe paccmatpuBann wWTamMmbl BUpyca
rpunna nTuL, A/chicken/Tatarstan/88/2017 (aukuni ™n),
A/chicken/Tatarstan/112/2017 (myTauua N294S) B Kommniekce cC
UHTMOUTOPOM HelpaMuHMAA3bl 3aHaMUMBUMPOM. B pesynbTtate 6bin
No/slydeHbl CTPYKTYPbl KOMIMJIEKCOB HeWpamMMHMAasbl ABYX LITaMMOB
Bupyca rpunna ntuuy, A/H5N8 ¢ 3aHaMMBMPOM, NPOBEAEH aHaNN3 AaHHbIX.
Mcnonb3oBaHMe TakKMX METOAOB KaK CPaBHUTENbHOE MOAE/NMPOBAHUE U
MOJIEKYNAPHbIM  AOKMHT  AaeT uHOOpMAaLMIO O cpoactee  npwu
B3aMMOZENCTBUM C UHIMbUTOpamu. [loslyYeHHble [AOaHHblE MOXXHO
MCNoNb30BaTh A/1A Aa/ibHellwen paboTbl MO ONpefAeneHuto CTPYKTYp M
BbIACHEHWNIO BO3MOYHbIX MEXaHU3MOB PE3UCTEHTHOCTU HEeMPaMMHNAA3bI.

Kntouesble cnosa
Bupyc rpunma  nTuu,
MOIERYNAPHBIN LOKUHT.
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Abstract

The aim of the study is an in silico modeling of avian influenza A/H5N8
virus neuraminidase and zanamivir interaction using homology
modeling and molecular docking. A/chicken/Tatarstan/88/2017 (wild
type) and A/chicken/Tatarstan/112/2017 (N294S mutation) influenza
virus strains with zanamivir complexes were considered. The
structures of two avian influenza virus A/H5N8 neuraminidase
complexes with zanamivir were obtained and analysed.

Homology modeling and molecular docking provides information
about neuraminidase and inhibitors affinity. The data obtained can
be used for further investigation to determine the structures and
elucidate possible mechanisms of neuraminidase resistance.

Key Words
Avian influenza virus; neuraminidase; inhibitor; mutation; molecular
docking.
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BBEAEHUE

B nocnegHue roabl Mo BCEMY MWUPY PerncTpupyroTcs
BCMbILKK  BbICOKOMATOrEHHOrO  BMpyca rpunna Nty
A/H5N8 ¢ maccoBbimM Maaexom, BbIbpakoBKON MHOULMPO-
BaHHbIX NTUL, W MIEKONWUTAIOWMX, YTO MPMBOAMT K
OrpaHUYeHMAM TOProBAM W YCUIEHUIO Mep Haa3opa.
BblcokonaTtoreHHbI Bupyc rpunna ntmuu, A/HSN8 Bnepsble
6bin BbifiBneH B WpnaHguu B 1983 rogy [1]. C Tex nop
nepuoamnyeckn Nno BCemy MMUPY PErucTPUPYIOTCA BCMbIWKK
cpeau gMKoM U gomalwHen nTuubl [2-5]. HecmoTpa Ha To,
YTO PUCK 3apaKeHuns yenoseka cy6bTmnom A/H5N8 ocraetca

e
Afchicken/Tatarstan/112/2017 1
Afchicken/Tatarstan,/88/2017 1

celisevs Tawes Taees Lo
ERVTQWYNTSVVEYVE GA
....................................... 100

Afchicken/Tatarstan,/112/2017 51 REYNE
Afchicken/Tatarstan,/88/2017 51

HU3KMM, B 2021 roay BO BpeMs BCMbIWKW cpeam AOMaLLHEN
NTUUbI BblN 3apEerncTpMpoBaH CyYyan BblAENEeHUA B Yncne
COTPYAHMKOB NTMLedabpuku [6].

HelipamunHugasa Bupyca rpunna — 370
roMOTETPAaMEpPHbIN BENOK, B KaXA0M MOHOMEpPe KOTOPOro
pacnono)KeH aKTUBHbLIN LeHTp cuanugasbl (puc. 1). OH
chHOPMMPOBAH M3 KAPKACHbIX aMUHOKUCNOTHbIX OCTAaTKOB B
BMAE KapmaHa W KaTa/IMTUYECKMX OCTaTKOB, KOTOpble
Hanpamylo B3anmmogencTeytoT ¢ cybetpatom (10 u 8 a.o.,
COOTBETCTBEHHO).

20 30 40 50
I TP Y T (DR I DR DA |

MNPHOFIATIGSISLGLVVFNVLLHAVSITLMVLALGESENNGICEGTIV S50
....................................... 20

70 80 90 100
s oo e Tvoew Deeve ] sossl
WNTEPICDVEGFAPFSK 100

T B ey

Afchicken/Tatarstan/112/2017 101 DHGIRVGSRGHIF?I&EPWSCSFVE CRTFFLTQGAL LNDKHSNGTVE]:DE 150

Afchicken/Tatarstan,/88/2017 i i e ey

s alMr s a i aaaa s s ane 130

RO | T IR | MRWORL [NV ) L N e, e B
Afchicken/Tatarstan,/112/2017 151 SFFRTLMSVEVGQS QARFEAVAWSATACHDGEEWMTVGVTGPDSEA 200
Afchicken/Tatarstan,/88/2017 s AT ORI | . E.....H... 200

SN R R | B G R e (P et it

A/chicken/Tatarstan/112/2017 201 VAVVHYGGVPTDVVNSWACDILRTQESSCTCIQGNCYWVMTDGEANRQAQ 250

Afchicken/Tatarstan,/88/2017 o e AT T B e s et B 250
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PSRN, | R PP WO D o — 1 o—_—
Afchicken/Tatarstan/112/2017 251 YRIYRANQGRIIDQTDVSFSGGHIEECSCYPNDGEVECVCEDSWTGTNRE 300
Afchicken/Tatarstan,/88/2017 BT commems mmiome gmm m m m mict m  m o ;_ ............... B-N....... 300
310 320 330 340 350

T el el U Ry Py L) ey e et |
A/chicken/Tatarstan/112/2017 301 VLVISPDLSYRVGYLCAGLPSDTPRCGEDAQFVGSCTSPMGHQGYGVEGFEG 350
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Afchicken/Tatarstan/112/2017 351 FRQGTDVWVGRTISRTSRSGFEITRIRNGWTQTSKEQIRRQVVVDNLNWS 400

Afchicken/Tatarstan,/88/2017 i o B e et e TR B s e T e 400
410 420 430 440 450
E I N e T RN R et e |
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460 470

AU R D
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PUCYHOK 1. AMMHOKUC/IOTHbIE NOCNeA0BaTENbHOCTM HEMPAMUHUAA3bI: 3e/1EHBIM LiBETOM BblAE/IEHbI aMUHOKUCOTHI,
BXOAALLME B COCTaB aKTUBHOIO LIEHTPA, XKeNTbIM — B COCTaB KapKacHoi obaactu

Figure 1. Amino acid sequences of neuraminidase: amino acids that make up the active center are highlighted in green,
and those that make up the framework region are highlighted in yellow

Cpeau HelipamMuMHMAA3 BUpYca rpMNNa 3TM aMUHOKUCAOTbI
BbICOKOKOHCEPBATUBHbI W MyTaUMW B HUX BbI3bIBAKOT
CUNbHBbIN  deHoTUNMYecKUA  3ddeKT, CBA3AHHbIN  C
bepmMeHTaTUBHON  aKTUBHOCTbO 3TOoro 6enka w  ero
BOCMNPUMMYMBOCTBIO K /IEKAPCTBEHHbIM  MpenapaTtam,
OCHOBaHHbIM Ha NPUHUWMNE MMUTMPOBaHUA cybcTpaTta anA
KOHKYPEHTHOM 6/10KMPOBKU AKTUBHOTO LeHTpa.
HelipamuHunaasa N8, BxoguT B coctaB ¢puaoreHeTU4eCcKom
rpynnsl, obbeauHawowert cybtunbl: N1, N4, N5 n N8, u
cnocobHa UMpPKYNMPOBaTh B COCTaBe BUPYCOB rpunna ntud,
MMEKLWMX BbICOKONATOreHHbl  ¢eHoTnn. OpgHol  um3
OYHKLUMI  HelpamuMHUAA3bl ABNAeTca  BblicBobOXAeHMe
HOBbIX BMPYCHbIX 4acTUL, M3 WMHOULMPOBAHHBIX KNETOK
nyTeM paclienieHnAa OCTAaTKOB CMANOBOM KUCNOTbl Ha

NOBEPXHOCTU KNETOK-X031eB W BUPYCHOW o0b6osouKe.
Bnarogaps 3TOMy NpesoTBPALLAeTCA arperaums BUPYCHbLIX
YacTuU, 4YTO MO3BOAAET BUPYCY WHOUUMPOBATb HOBble
KneTkn. Kpome Toro, CHUXKaeTca CnocobHOCTb CBA3bIBAHUA
BMpPYCa MYUMHAMWU CAUBUCTOM OBO/IOYKM [AbIXaTe/bHbIX
nyTemn, COAEPKALMMM OCTaTKM CUANOBbIX KUCAOT.
MpumeHeHWe  UHIMBUTOPOB  HeMpamuMHMAA3bI
ABNAETCA O4HMM M3 METOAOB MPOTUBOBUMPYCHOW Tepanuu
npu rpunne. WHrMbuTOpbl  HelMpamuHMaasbl — 3TO
coeamMHeHus, 6N0KMpYlOLME aKTUBHOCTb GepmeHTa W,
CNepoBaTesibHo,  MPEnAaTCTBYIOWME  PACNPOCTPAHEHUIO
BMpyCa B OpraHM3Me, YTO CMOCOBCTBYET CHUNKEHMUIO
TAKECTU U MPOLO/IKUTENBHOCTU 3a60neBaHMA. MexaHu3m
AeNCTBUA  MHITMBUTOPOB HeMpamuHMAA3bl OCHOBaH Ha
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CBA3bIBAHUM C aKTUBHbIM LEHTpPOM depmeHTa, 4YTO He
no3BonseT emy B Ja/ibHellem paclennaTb CUaNoBYIO
KUCNOTY. 3TO NPUBOAMUT K CHUXKEHMUIO BbICBOBOXKAEHUA
BMpyca M3 MWHPUUMPOBAHHBLIX K/IETOK, OrpaHUYeHUto
pacnpocTpaHeHUs BUPYCa B AblXaTeNbHbIX NYTAX, @ TaKXKe K
NOTEHUMANbHOMY YMEHbLUEHUIO BWPYCHOW Harpyskn B
opraHusme B UesoM. CHMXKas NPOAYKTUBHbLIA BbIXOZ,
BMPYCHbIX yactumu, WMHIMBUTOPDI HelpaMmnHMAasbI
OrPaHNYMBAIOT CMNOCOBHOCTb 3apaXeHHOro WMHAMBMAA K
KOHTaMWHaLMM  OKpyKallein cpeabl Bupycom. Kak
cnepcTeue, PEesUCTEHTHOCTb K WMHIMbUTOpam Helpamu-
HWA@3bl MOXeT MpPUBOAUTb K MOBbIWEHHOMY PUCKY
nepegaun  uHdpekumn. HecmoTpa Ha 3PPEKTUBHOCTD
Of00pPEHHbIX  HAa  AaHHbIM MOMEHT  npenapaTos
(OcenbTammeup, 3aHamusup, Mepammsup, JlaHMHamMBKP),
MyTaLMM B reHe HeMpamMMHMAA3bl MOryT NPUBECTM K
CHUMKEHWUI0  BOCMPUMMYMBOCTM K 3TUM  UHTMBUTOpam.
MOHUTOPUHI  WITaMMOB BMpyCa TFpunna Ha npegmer
PE3UCTEHTHOCTU K WMHIMBUTOPaAmM HeMpamuHUAA3bl MmeeT
Ba)KHOE 3HauyeHuWe, OCODEHHO BO BPEMA BCMbILWEK,
NMOCKO/IbKY NEKAPCTBEHHAA YCTOMYMBOCTb MOMKET MOBAUATD
KaK Ha 3¢pPEeKTUBHOCTb JiIeYeHUsi, TakK M B LENOM Ha
NONOMKUTENbHbIN  UCxopd 3abonesaHus. HecmoTpsa Ha
HU3KKIA puUcK 3aparkeHua Yyenoseka, oueHKa
YYBCTBMTE/IbHOCTU BMPYCOB rpunna NTuL, K aHTUHeMpamu-
HUAA3HbIM Npenapatam Heobxoauma AR OTCAEXMBaHUA
noABAEHUA LWITaMMOB c BbICOKMM 300HO3HbIM
noteHunanom. MssectHo, 4to mytauma N294S npusoguT K
CHUXEHUIO YYBCTBUTENbHOCTM K WHrnbutopam [7; 8J.
Llenoto paHHOM paboTbl OblI0 KOMNEKCHOE Nccnef0BaHMe
in silico, HanpaBneHHOe Ha W3y4YeHWe B3aMMOLEWNCTBUA
HelMpamuHMaasbl Bupyca rpunna ntuy,  A/HS5N8 ¢
3aHaMMBUPOM, C NMPUMEHEHNEM METOL0B CPAaBHUTE/IbHOIO
MOAENNPOBaHMA U MONEKYAPHOTO JOKUHTa.

MATEPUA/IbI U METOA4bl UCCNEAOBAHUA

LWTammbl  BMpyca rpunma  NTML, W UHIMBUTOPBI:
A/chicken/Tatarstan/88/2017 (ankni ™n),
A/chicken/Tatarstan/112/2017 (mytauma N294S). AmMUHO-
KMUCNIOTHblE NOCNeAoBaTeNbHOCTU 6enka HelpamuMHUAa3bl
B3ATbl B 6a3e gaHHbIx GISAID (gaTta obpalueHus: ceHTAGPb
2024). B KauyecTBe MHIrMbUTOpA HeMpamMnHUAA3bI UCMOJIb-
30Banu 3aHamusup. CTpyKTypa MHrMbutopa B3ATa B base
AaHHbIXx PubChem (CID: 60855).

MonyyeHne TpexMepHbIX CTPYKTYP Y KOMMAEKCOB:
TpexmepHana CTPyKTypa 6enka no/sydyeHa MeToLoM
CPaBHUTENIBHOTO MOAENMPOBAHUA C  UCMOJIb30BaHUEM
nporpammbl MODELLER. B kayectBe wabnoHa BbibpaHa
CTPYKTYypa u3 6asbl gaHHbix pdb (2HTS5). MoarotosKka
MoneKkyn 6enka v AvraHga npoBoguaack B Nporpamme
AutoDock Tools. CTpyKkTypa KomnaeKca HelpamnHuAasbl C
3aHAaMMBMPOM  MOCTPOEHA METOAOM  MOJIEKYNAPHOIO
[OOKMHTIa € ucnonb3oBaHnem nporpammol AutoDock Vina.

MNONYYEHHDIE PE3Y/IbTATbl U UX OCBYKAEHUE
Wrammbl A/chicken/Tatarstan/88/2017 "
A/chicken/Tatarstan/112/2017, npuHagieskalime K Knage
2.3.4.4b, 6binn BblgeneHbl B Poccum B 2017 roay. Mo
pe3ynbTaTam Npeablaywmnx nccnegosaHmuin 6oina BbiaBaeHa
aMUHOKUCNOTHaA 3ameHa B nosuumu N293/294S (pganee
ucnonblyerca Hymepaums N8/N2; cooTsBeTcTBME MeEXKAy
Hymepauuamm N8 n N2 onpepenserca B COOTBETCTBUM C
BblpaBHMBAHMEM, MpPEACTaBAEHHbIM B  MCCAeL0BaHWUM
Yang H. u ap. [9]) ¥ oueHeHa BOCNPUUMUMBOCTL K
3aHamwusupy [10].

B npouecce paboTbl 6blia oTObpaHa Mmogenb,
pacnono)eHue AuraHaa B KOTOPOW COOTBETCTBYET MeCTy
CBA3bIBAHUA B MOXOMMX  CTPYKTYpaX,  MONYYEHHbIX
aKkcnepumeHTanbHo (pdb 2HTQ) (puc. 2). na Komnaekca ¢
3aHamaBuMpom AG nO/My4Y4EHHbIX MoOZeNeln cocTasuna

-7,274 pna agmkoro TMna u -5562 pana myTtaHTHOro
BapuaHTa.

\viee

PucyHok 2. KapmaH €BA3bIBaHNA 3aHAaMUBMPA B aKTUBHOM LIeHTpe HeilpamuHmaassl N8
Figure 2. Surface area of zanamivir binding pocket within the NA active site for N8 neuraminidase

Mpeanonaraembii MEXaHU3M PE3UCTEHTHOCTU MYTAHTHOTO
TMNa HelpamuHMaasbl N8 3aknoyaeTca B CreayloLliem:
3aHamuMBMpP 0bBpasyeT cBA3b C HelipamuHUAason N8 yepes
cnegyowme aMMHOKMCNOTHbIe ocTaTkuM: ARG116, ARG150,
TPR177, GLU275, CLU276, ARG291, ARG368 (puc. 3).
AcnaparvH B 294 nosuvumm benka aukoro tmna obpasyet
BOAOPOAHbIE CBA3U C APrMHUHOM B NO3UUMKN 292 aKTUBHOIO

LEeHTpa, 4TO MNO3BOAAET eMy NpW yyacTum anaHvHa 246
06pa3oBaTb AONONHUTE/IbHYIO CBA3b C 3aHAMMBUPOM. TaKUM
obpasom atom O acnaparMHa MOXKeT MonepemeHHo
cBasbiBaTbca ¢ NE 1 NH2 rpynnamm aprmHuHa 292, no3sonas
B TO e BpemA 3aHaMWMBMPY YCTaHaBAMBATb LOMOHU-
Te/IbHYIO CBA3b B KapMaHe aKTMBHOro LeHTpa 6eska yepes

NH2-rpynny apruHuHa, TeM camMbiM CTabUAN3MPYA KOMMIEKC
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3aHaMMBUP-HEWPAMU-HMAR3a. 3amMeHa acnaparvHa 294 Ha
cepyH 6esika MyTaHTHON GOPMbI MCKAKOYAET B3aMMOAENCT-
BME C a/flaHMHOM 246 W NpPUBOSMT K MoTepe OHON U3

3aHaMMBMpPaA C aprMHUMHOM 292. Takum obpasom, CcTabusb-

HOCTb KOMNAeKca 3aHaMMBVIp-aKTVIBHbIl71 LEeHTP

HelpaMMHMAA3bl CHUXKAETCA, YTO B CBOIO OYepeab NPUBOAUT

BOLOPOAHbIX CBA3EM C aprMHMHOM 292, TeM Cambim K CHUMKEHUIO BOCMPUMMUMBOCTH WwTamma
npegoTBpawas o0bpas3oBaHMEe  AOMNOJSIHUTENbHOW  CBA3M A/chicken/Tatarstan/112/ 2017 k 3aHamuBuMpy.
Ta6bamua 1. AMMHOKWUC/IOTHbIE OCTaTKM, yyacTeytoLwme B 06pasoBaHNM BHYTPU U MEKMOIEKYNAPHBIX CBA3EM
Table 1. Amino acid residues involved in the formation of intramolecular and intermolecular bonds
A/chicken/Tatarstan/88/2017 A/chicken/Tatarstan/112/ 2017
A/rypvua/Tatapctan/88/2017 A/xkypuua/Tatapcran/112/2017
. B3aumogpeicreue . B3aMmopgeicTeme
aMUHOKUCNOTHDI AnvHa AMUHOKMUC/IOTHbI OnvHa
yepes aTom ) yepes aTom .
OCTaToK interaction cBAsm Link OCTaToK interaction through cBAswm Link
amino acid residue through the atom Length (A) amino acid residue the atom Length (A)

AMMWUHOKUCNOTHbIE OCTaTKM, y4acTByloLMe B 06pa3oBaHUM CBA3U C 3aHAMUBUPOM
Amino acid residues involved in the formation of a bond with zanamivir.

ARG118 NH1 2.423 ARG118 NH1 2.423
ARG152 NH1 3.115 ARG152 NH1 3.116
TRP178 0} 3.246 TRP178 (0] 3.247
TRP178 0} 2.963 TRP178 (6} 2.964
GLU276 OE1l 2.713 GLU276 OE1l 2.670
GLU277 OE2 2.716 GLU277 OE2 2.686
ARG371 NH1 3.101 ARG371 NH1 3.099
ARG371 NH2 3.146 ARG371 NH2 3.149
ARG292 NH1 3.434 ARG292 NH1 3.429
ARG292 NH2 3.503
BHYTpUMMONeEKynApHble CBA3U C yHaCTUEM aMUHOKMUC/IOTHOrO OCTaTKa 294 no3uuum
Intramolecular bonds involving amino acid residues at position 294

HIS274 ND1 3.061 HIS274 ND1 3.074
ALA246 (o] 2.765

ARG292 NE 2.936

ARG292 NH2 2.738

W -
= o, e

\/*,;\

N

P
o SN U ()

\ 7
ARGIS2

o

\
{ ‘\n\ { v
PucyHOK 3. CTpyKTypa KOMMIEKCOB HeilpammnHmnaasbl wutammos A/chicken/Tatarstan/88/2017 (rony6oit)
n A/chicken/Tatarstan/112/2017 (opaH»eBblit) 1 3aHamunBMpa (3eneHblit)
Figure 3. Structure of neuraminidase complexes with zanamivir (green) for A/chicken/Tatarstan/88/2017 (blue)
n A/chicken/Tatarstan/112/2017 (orange)
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Ona noaTtBepKAeHUs pe3ynbTaToB MOAEAMPOBAHUA MU
bonee MONHOM  KapTUHbI  HeobxoAMMO  MoAny4aTb
KpUCTaNIMYecKne CTPYKTYpbl KOMMAEKCa 3aHaMuBMpa U
HEMPaMMHNAA3bI AUKOTO TUMA U LUTAaMMA C MyTauuen.

3AK/TKOMEHUE

[Ona HelpamuHmnaassl wramma A/chicken/Tatarstan/88/2017
acnaparvH B nosvummn 294 yuyacteyeT B 06pa3oBaHMM
KOMIM/IeKCa C 3aHaMMBMPOM, a €ro 3aMeHa Ha CepuH A/1s
LTaMmma A/chicken/Tatarstan/112/2017 MOXeT
noTeHUManbHO Aenatb AaHHbIM  Y4acTOK He aKTMBHbIM.
MonyyeHHble AaHHblIE MOFYT CBUAETE/NbCTBOBATbL O TOM, YTO
MyTauma B No3uLmMmn 294 B reHe HEMPaMMHUAA3bI A8 LWITAMMA
A/chicken/Tatarstan/112/2017 npuvBOAMT K  CHUMKEHMUIO
BEPOATHOCTU CBA3bIBAHMA C 3aHaMWBMPOM, BCAEACTBME Yero
OaHHbIN  WITaMM  MOMKET MPOABAATb  YCTOMYMBOCTb K
MHIMBUPOBAHUIO.

B/IATOAAPHOCTb

PaboTa no in silico mofennpoBaHuio BbINOJIHEHA NPU
noaaepke MUHUCTEPCTBA HayKKM U BbiCLIEro obpasoBaHus
Poccuiickoit depepaumm (cornawenmve ot 12.10.2021

Ne 075-15-2021-1355) B pamKax peanusaumm oTaenbHbIX
meponpuatTuii GegepanbHol HayYHO-TEXHUYECKON
nporpaMmmbl PasBUTUA CUHXPOTPOHHbIX U HEUTPOHHBIX
nccnefoBaHWU U UCCneaoBaTeIbCKON MHOPACTPYKTYPBI.
FeHeTU4YecKnit aHaM3 WTaMMOB BbINOHEH MPK
noaaepxke rpaHta PH® Ne23-64-00005.
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Abstract

Aim. Angaracris barabensis is widely distributed across the Asian
grasslands. It is often qualified as one of the important pests. The aim of
the paper is to estimate possible shifts of its distribution relative to global
warming.

The geographic coordinates of 384 localities were determined for the
species. Two different approaches to species distribution modelling
(maximum entropy and multidimensional ellipsoid envelope) were used.
The general patterns of distribution were described. Several models of the
species distribution were generated and compared. The main factors of its
distribution are revealed. Ecological modelling predicts opportunity of
possible northward shifts of the species range in Central and East Siberia
and persistence of areas of possible harmfulness in South Siberia,
Mongolia and North China.

Our predictions show two opposite trends. In the western and south-
eastern parts of the species range, suitability of conditions will decrease.
In the central and north-eastern parts, the suitability will remain almost
the same or even increase.

The comparative analysis shows there are no evident contemporary shifts
of range boundaries of A. barabensis associated with global warming per
se or this tendency is extremely weak. However, the distribution of
suitable conditions can change significantly during the next several
decades.

Key Words
Inner Asia, Acrididae, grasslands, steppe, range, population, modelling,
plant protection, forecast.

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
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MpuHaTa 15 okTAbpa 2024 .

Pesiome

Lenb. Angaracris barabensis — BwA, WWPOKO PACNpPOCTPAaHEHHbIW B
3/1aKOBHUKAxX A3uM. YacTo OH CcyMTaeTcs OJHMM M3  BaXKHEMLUX
BpeauTenen. Llenb cTaTb — OLEHUTb BO3MOMKHblE W3MEHEHUA €ero

pacnpocTpaHeHuUs B yCA0BUAX r106a1bHOIO NoTENAEHUS.

OnpeaeneHbl reorpaduyeckme KoopguHatbl 384 ToyeK Haxo4oK BMAa.
Mcnonb3oBaHbl aga pasHbIX nogxopa K MOAE/IMPOBaAHMIO
pacnpocTpaHeHus (MaKCMManbHOW 3HTPOMUMM U SNAUNCOUAANbHBIX
MHOFOMEPHbIX 3KONIOTMYECKUX HULL).

OnucaHbl 06LmMe 3aKOHOMEPHOCTU pacnpocTpaHeHusa. CreHepupoBaHbl U
COMOCTaB/IeHbl HECKONbKO Mogenen pacnpegeneHva Buaa. BbisBneHbl
OCHOBHblE daKTopbI ero pacnpocTpaHeHus. JKosiormyeckoe
MOAEeNNpoBaHME AEMOHCTPUPYET BO3MOMKHOCTb CABWUIA €ro apeana Ha
ceBep B CpegHeir u BoctouyHOW CubUPU WM COXpaHEHWEe palioHOB
BO3MOXHOM BPELOHOCHOCTM BWAA Ha tore Cubupu, B MoHroamm u
CeBepHom Kutae.

BbisBNEHbI ABa MPOTUBOMOJIOXKHbIX TPeHAa. B 3anagHoi u toro-3anagHom
YyacTax apeana BUAA BEPOATHO CHUXKEHME NPUTOAHOCTU MecToobuTaHuiA. B
LeHTPaNIbHON U CEBEPO-BOCTOYHOM YaCTAX YPOBHU MPUrogHOCTU AN6O He
U3MeHATCA, b0 BO3PacCTyT.

CpaBHUTE/IbHbIN aHa N3 NOKa3blBAaeT OTCYTCTBME OYEBUAHbLIX CMELLEHWU
rpaHuy, apeana A. barabensis, KOTopble MOXHO 6bl10 6bl CBA3ATb C
rnobanbHbIM MNOTEN/IEHWEM KAK TAKOBbIM NIMOO 3TOT TPeHA MoYTU He
npocnexunsaetca. Bmecte ¢ Tem pacnpegeneHne noaxogawmx Ana Buaa
YCNOBUIN MOXKET CYLLECTBEHHO U3MEHUTCA B BAMMKaNLLNe aecaTuneTms.

Kniouesblie cnosa
BHyTpeHHAs A3us, Acrididae, 3n1aKoBHUKM, cTenu, apeas, Nonynauus,
MOAENNPOBaHMe, 3alliMTa PacTeHUIA, MPOrHOo3.

2024 Astopbl. K02 Poccuu: 3Konozus, pazsumue. 3TO CTaTbA OTKPbLITOrO [OCTYyMa B COOTBETCTBMM C ycnosBusamu Creative Commons
Attribution License, KoTopas paspeluaeT MCNO/b30BaHWE, PacnpoCTpaHeHWe M BOCMpPOM3BeAeHME Ha b6OoM HocuTesne Mpu YCI0BUM

NPaBW/IbHOTO LUTUPOBAHUA OPUTMHANLHOW PaboTbl.
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INTRODUCTION

The Baraba buzzing grasshopper, Angaracris barabensis
(Pallas), is the only species of the genus Angaracris Bey-
Bienko from the tribe Bryodemini [1-3]. This tribe includes
several genera mainly associated with the steppes, semi-
deserts and arid mountains of Inner Asia [3-5]. The only
species distributed across almost all Palaearctic Region is
Bryodemella tuberculata (Fabricius) [3; 5; 6]. Adults of this
group (in many species, both females and males) are able
to fly very well and can stay in the air during several
minutes and more, but these flights are not typically
associated with active dispersal. The flying Bryodemini
adults commonly produce sounds by wing crepitation [7;
8].

The Baraba buzzing grasshopper is widely distributed
across grasslands of the temperate parts of Asia, from the
Ural Mts. up to the northeastern parts of China and from
the forest-steppes up to the semi-deserts and the arid
mountains of the Tibetan Plateau. It prefers different
variants of the steppes and the northern semi-deserts.
Both grasses and dicots are its favorable food [9; 10]. Its
abundance is usually relatively low, especially in the
western and northern parts of its range. It may rarely
damage agricultural fields and rangelands. However, local
populations of the species can be very dense in the arid
mountains of South Siberia and over grasslands of
Mongolia and adjacent parts of China. In the beginning of
the 21st century, over these territories, A. barabensis
became one of the important pests [11-14]. The actual
problem is how the species distribution and the areas of its
possible harmfulness may change in the future, especially
relative to global warming. The aim of the paper is to
estimate some possible shifts of the A. barabensis
distribution as a potential pest species across its whole
range.

MATERIALS AND METHODS

Study territory

Field data were collected from 1977 until 2023 in the
southern parts of Siberia and in the northern parts of
Kazakhstan. The Ural Mts. mainly borders this area on the
west, and the Da Hinggan (Great Khingan) Mts. — on the
east. Its northern boundary is approximately defined by the
southern border of the taiga life zone (about 56°N), and the
southern one — by the deserts (about 40°N). Some
populations of the species are known from the arid
mountains of south Mongolia and the Tibetan Plateau as
well [3; 4; 15]. Originally, these territories were covered by
forest-steppes, steppes and semi-deserts, but many local
landscapes were converted to agricultural lands (fields and
pastures) [16; 17]. Across the local plains, average
temperatures are relatively moderate (mean temperatures
of the warmest month are between 16 °C to 24 °C, the
same for the coldest month may be from —4 °C to —34 °C),
and average annual precipitation amounts vary between
125 to 610 mm [16; 18].

Field studies

The species distribution was characterized by collecting in
natural, semi-natural and transformed ecosystems, usually
in July and August when adults were dominated [19]. Three
different quantitative methods were used. First, sampling
during a fixed period of time was done in each site
investigated [20; 21]. Orthopterans were collected with a
standard net (commonly 40 cm diameter) over a period of
10-30 minutes. Results for each habitat have been

recomputed to an hour. Second, the standard sweep
nettings were done (from 50 to 200 sweep numbers).
Results have been recalculated to 100 sweeps. Third, we
estimated insects’ densities on randomly placed plots 0.25
x 0.25 m? (in some cases — 0.5 x 0.5 m? or 1 x 1 m?). Two
or three methods were frequently used in the same time.
After 1998, the Glonass/GPS navigation devices were used
to determine geographic coordinates. Some possibilities of
Google Earth Pro (©Google 2022) were also handled to
ascertain the same parameters for habitats studied before
2000. The main part of studied specimens is in the
collections of Novosibirsk State University, the Institute of
Systematics and Ecology of Animals (Novosibirsk),and the
Federal Scientific Center of the East Asia Terrestrial
Biodiversity (Vladivostok).

Data analysis

Besides our field data, we examined some old data as well,
especially collected during the expeditions of Novosibirsk
State University (1960-1986) and the Institute of
Systematics and Ecology of Animals (the former Biological
Institute, Novosibirsk, Russia). We also used the data from
different publications [3; 19; 22-39] and data from the
collections of Zoological Institute (Saint Petersburg, Russia),
including materials of the so-called Soviet-Mongolian
expeditions, Novosibirsk State University, and the Institute
of Systematics and Ecology of Animals. Our set includes the
geographic coordinates of 384 localities.

We used two different approaches to produce the
species distribution models over the whole range: first,
Maxent 3.4.4 based on the machine learning, maximum
entropy modelling [40-43], and, second, 'ellipsenm’
producing a multidimensional ellipsoid envelope model of
an ecological niche [44]. Both have some limitations. They
are based only on presence data, depend on the number of
points, selected options of modelling and selected sets of
variables [40-45]. Besides, the last one is very sensitive to
correlation between variables. To create the Maxent
models we exploited the full sets of the applicable
bioclimatic variables to equate results for the same
territory, but for different periods. Accuracy of these
models was rated by using the AUC (the area under the
receiver operating characteristic curve) values for sets of
25 replicates with cross-validation. Significance of climatic
variables was rated by their predictive contributions and
Jackknife tests. The maximum entropy models were
generated with following options: features — auto, output
format — cloglog, regularization multiplier = 1 [40]. To
produce the ‘ellipsenm' models we selected only 6
variables from the 19 standard annually averaged
bioclimatic ones [46; 47], namely the annual mean
temperature (biovall), maximal temperature of the
warmest month (5), minimal temperature of the coldest
month (6), annual precipitation (12), precipitation of the
warmest quarter (18), and precipitation of the coldest
quarter (19). In this case, 25 replicates were counted as
well, the method was covmat and the level used to
produce the ellipsoids was 99%. The resources of
WorldClim 2 [46; 47] were used, such as "Historical climate
data" (19 standard annually averaged bioclimatic variables
at the 30 arcsecond spatial resolution) and "Future climate
data" (19 standard averaged bioclimatic variables) for
2021-2040 and 2041-2060 downscaled from the global
climate model [46] CNRM-ESM2-1 (Centre National de
Recherches Météorologiques and Centre Européen de
Recherche et de Formation Avancée en Calcul Scientifique,
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France) [48] at the 30 arcsecond spatial resolution and for
the three Shared Socioeconomic Pathways (1-2.6, 2-4.5,
3-7.0) [49]. Maps of species distribution were produced on
the basis of geographic coordinates with QGIS 3.18.3. A
Lambert conformal conic projection was chosen as the
basic map. We also used the Map Comparison Kit 3.2.3 [50]
to compare maps for different periods.

RESULTS

General distribution
barabensis

The range of Angaracris barabensis is mainly associated
with the Asian grasslands (Fig. 1). It is bordered by the
northern limits of the Siberian forest-steppes (56-57°N) on
the north and by the southern areas of the semi-deserts
(about 48-49°N in the western part of the range, and
about 40°N near the northern and north-eastern limits of
the extreme areas of the Gobi Desert) on the south (except
its mountain parts). In Inner Mongolia, the species range

and bionomics of Angaracris

0 500

1,000 km
[ [—

loops southwards, crosses the Loess Plateau and stretches
to the northern and northeastern ranges of the Tibetan
Plateau. On the west, the range is almost limited by the
Ural Mts., and on the east, by the Great Khingan Mts.
However, some populations are found on the plains of
Heilongjiang (NE China) as well. A. barabensis is not known
from mountains of Tarbagatai and Tien Shan (Kazakhstan
and NW China), but occurs in the arid mountains of south
Mongolia (e.g. Noyon, Gurvan Saikhan, Khanbogd) and in
the northern, eastern and south-eastern parts of the
Tibetan Plateau. The upper altitudinal limit of the Baraba
buzzing grasshopper is elevated southwards from 1300 m
in the northern parts of the Altai-Sayan Mts. to 1900 m in
their southern parts [51; 52] and up to 3200-3800 m in the
Tibetan Plateau [37; 38]. In the western parts of the species
range, there is no significant difference between the
species distribution until the 1960s [3; 19] and in the
second half of the 20th century and in the beginning of the
21st century.

Figure 1. General distribution of Angaracris barabensis over its range
PucyHok 1. O6wee pacnpocTpaHeHune Angaracris barabensis B rpaHuuax apeana

In the northern part of the range, A.barabensis inhabits the
forest-steppes. However, its distribution is extremely
localized. Its populations may be usually observed in the
overgrazed steppe pasturelands. The species abundance is
commonly low (as a rule, less than 10 grasshoppers per
hour). In the steppes, its populations are associated with
either the local watershed plains or the droughty habitats
of upper flood plains and lower terraces, and the stony
southern slopes of hills. Near the western boundary of the
range, its abundance is low [32; 53]. In the southern part of
West Siberia, its abundance is not very high as well
(commonly between 4 and 60 per hour or between 10 and
600 per ha), but population densities may vary significantly
from year to year. The geographic range of A.barabensis
occupies also the semi-deserts of the central and eastern
parts of Kazakhstan, but its local colonies are insular and its
density is very low. In the steppes of south West Siberia
and Kazakhstan, the Baraba buzzing grasshopper can also
occupy local transformed habitats [53; 54], especially old
abandoned agricultural fields and dry ditches along roads.

In the semi-arid mountains of South Siberia, the
species prefers the typical and dry steppes, often rocky. Its
populations may be relatively large (with abundance more
than 100 per hour or 1-2 per sq m). For instance, in 2018,
in the typical steppes of the central parts of Tuva, the
abundance of the Baraba buzzing grasshopper varied
between 250 and 612 per hour and the average density
was about 3 per sq m. Besides, in the region, A. barabensis
actively penetrates into transformed landscapes and
occupies different crop and abandoned fields, canal and
road sides. A. barabensis is common in the steppes of the
Loess Plateau [55] and in different grasslands of the Qilian
Mts. (NE Tibetan Plateau) as well [38].

It is a univoltine form with overwintering eggs [19;
37; 56]. Its supercooling point is very low (—32.7 °C) [56].
Adults are common during the second half of summer [19;
56]. In the steppes of the Korgalzhyn Biosphere Reserve
(Kazakhstan: Akmola region), A. barabensis feeds mainly on
different forbs, such as Dodartia orientalis Linnaeus,
Artemisia spp., Limonium gmelini (Willdenow) Kuntze,
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Salsola sp., Trifolium hybridum Linnaeus. Besides, it actively
consumes local lichens, namely Xanthoparmelia vagans
(Nylander) Hale [2]. In the steppes of Altai-Sayan Mts., the
species prefers to consume different groups of plants:
some dicots (Caragana pygmaea (Linnaeus) de Candolle,
Bassia prostrata (Linnaeus) Beck, Artemisia frigida
Willdenow) and grasses (Agropyron cristatum (Linnaeus))
[9]. The similar pattern is described for the steppes of Inner
Mongolia [12; 57; 58]: in the region, A.barabensis feeds
mainly on sagebrushes (Artemisia spp.), cinquefoils
(Potentilla spp.), and Allium bidentatum Fischer. ex
Prokhanov & lkonnikov-Galitzky. In the alpine grasslands
(Gansu, NW China), it commonly eats the plant species
from Polygonaceae and Asteracea [37].

In South Siberia, the species was mentioned as
possible pest only in Transbaikalia (Dauria) [19]. Later, its
harmfulness was noted for almost all steppes of South
Siberia and Kazakhstan [59; 60]. In the end of the 20th
century and in the beginning of the 21st century, it was
mentioned as the important pest across the easternmost

0 500 1,000 km
| I

parts of its range, namely in Mongolia [14] and China (Inner
Mongolia and the Tibetan Plateau) [12; 13; 61].

Ecological models of the species distribution

The analysis of the predicted distribution of A. barabensis
established on its occurrence and two modelling
approaches (Fig. 2 and 3) shows all steppes and semi-
deserts between the Ural Mts. on the west and the Great
Khingan Mts. on the east are very suitable for the species.
Besides, very suitable conditions for this species are in the
mountains of Tien Shan (NW China and Kyrgyzstan),
Tarbagatai (Kazakhstan and NW China), Barlyk (Birlik), Maili
and Jair (NW China) where A. barabensis is not found.
Elevated levels of habitat suitability in the eastern part of
the species range show opportunities of its upsurges (cf.
[14]). Besides, the territories of the forest-steppes and the
south taiga in south Siberia (e.g. along the Angara River)
may be very applicable for this grasshopper. The ellipsoid
envelope model (Fig. 3) shows the similar pattern, but with
relatively low levels of condition suitability than the
maximum entropy one (Fig. 2).

1100

Suitability of conditions

0.01 0.2 0.4
0.1 03 0.5

0.6 M 08
7 0.7 M 0.9

Figure 2. Predicted probabilities of suitable conditions for Angaracris barabensis (all bioclimatic variables

for 1970-2000; point-wise means for 25 replicates) (Maxent model)

PucyHoK 2. OLeHKa NpurogHoCcTM MectoobutaHuin Angaracris barabensis no mogenvu MakCMmMmanbHOM SHTPONUK
(Bce BUOKNMMaTMUECKME NepeMeHHble aaa nepuoga 1970-2000 rr.; cpeaHue Mo NUKCeNsam no 25 NoBTOPHOCTAM)

The Maxent models are well supported (Fig. 4 and 5). The
most significant variables for all data are the annual mean
temperatures, annual precipitation, isothermality,
temperature seasonality, and precipitation of the coldest
quarter (Table 1), and precipitation of the warmest
quarter, and minimal temperature of the coldest month as
well (Fig. 5).

Ecologico-geographic  modelling of  Angaracris
barabensis distribution in 2021-2040 and 2041-2060
predicated on the climatic model CNRM-ESM2-1 for several
Shared Socioeconomic Pathways (1-2.6, 2-4.5, 3-7.0)
displays that the local parts of the range may shift
northwards and northeastwards (Fig. 6). However, these
shifts will be relatively weak (especially in comparison with

the forecasted shifts for the Oedaleus decorus (Germ.)
distribution in West Siberia [62]. In any case, the main
areas with suitable conditions for A. barabensis remains
almost the same, but in the western and the southeastern
parts of its range, the level of their applicability may
significantly decrease relative to the modern situation.

As may be expected, the forecasted shifts become
more significant if the level of greenhouse emissions
increases (from the 1-2.6 to 3-7.0 Pathways). They also
increase from now until 2041-2060. Almost all possible
shifts are predicted for East and Central Siberia. The local
parts of the species range will be able to move northwards
and northeastwards to the modern forest-steppes and
south taiga. As a result (especially after 2041 and if
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greenhouse gas emission will remain high), A. barabensis where the species will be able to occur are in the
will be able to penetrate into several new regions, namely mountains of Tien Shan (mainly in NW China and
the Irkutsk Region (north-western parts) and the Republic Kyrgyzstan). However, these mountain areas are far away
of Sakha (Yakutia) (central parts). Besides, some areas from the real southern boundaries of the species range.
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Figure 3. Predicted probabilities of suitable conditions for Angaracris barabensis (selected bioclimatic variables

for 1970-2000; point-wise means for 25 replicates) (ellipsoid model)

PucyHok 3. OueHKa NpurogHoCcTM MectoobuTanuii Angaracris barabensis no Mogenun snAnNNCoONaHON MHOTOMEPHOM
3KON0rMYecKoi HUWK (0TobpaHHble BUOKAMMATUMYECKME NepemMeHHble AnA nepuoaa 1970-2000 rr.;

cpeHve No NUKcenam no 25 NoBTOpHOCTAM)
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Figure 4. Reliability test for the Angaracris barabensis distribution model (bioclimatic variables for 1970-2000;

25 replicates with cross-validation)

PucyHok 4. NpoBepKa HafeKHOCTU MoAeNn pacnpocTpaHeHuna Angaracris barabensis (6uokanmaTMyeckne faHHble
3a 1970-2000 rr.; 25 NOBTOPHOCTEM C KpOocc-Bannaaumen)
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Table 1.Predictive contributions for all data

Tabauua 1. MNpeackasaTenbHblit BKAaL 6UOKAMMATUYECKUX NMEPEMEHHDbIX

Bioclimatic variable
Buoknnmartmnyeckan nepemeHHasa

Percent contribution

N Permutation importance
MpoLueHTHbIN BKNAA,

Ba)KHOCTb MepecTaHOBKM

nepemeHHoOM
1 — Annual mean temperature 16,1 355
CpeaHerofoBas Temnepartypa
2 — Mean diurnal range 14 42
CpepHuii CYTOYHBIN Aana3oH TemnepaTyp (MomecsayHo) ! !
3 — Isothermality 12,3 44
MN30TepMUYHOCTb
4 — Temperature seasonality 10,8 24
Ce30HHOEe BapbUpOBaHWE TemnepaTypbl
5 — Max temperature of warmest month 01 13
MaKcrMmanbHas TemnepaTypa camoro Ten0ro mecsaua ! !
6 — Min temperature of coldest month 6.5 12
MuWHMMaNbHan TemnepaTtypa CaMoro Xo/04HOro Mmecaua ! !
7 — Temperature annual range 05 09
ABCONIOTHAA aMNANTYAa TemnepaTyp ! !
8 — Mean temperature of wettest quarter 15 11
CpeaHnan TemnepaTypa Camoro BAasKHOro KeapTana ! !
9 — Mean temperature of driest quarter 06 53
CpefHAa TemnepaTtypa CaMoro Cyxoro KBaprana ! !
10 — Mean temperature of warmest quarter 02 03
CpefHAA TemnepaTypa CaMoro Tensoro Keaprana ! !
11 — Mean temperature of coldest quarter 03 6.7
CpefiHAA TemnepaTypa CaMoro X0/104HOro KBapTana ’ ’
12 — Annual precipitation 13,6 247
lof,0Bas cymma 0CaZikoB
13 — Precipitation of wettest month 13 36
OcajiKu1 Camoro BAaXKHOro Mecala ! !
14 — Precipitation of driest month 4 11
Ocafkn camoro cyxoro mecsua ’
15 — Precipitation seasonality 09 06
Ce30HHOEe BapbUpPOBaHWE O0CaKOB ! !
16 — Precipitation of wettest quarter 0 0
Ocafikn CaMoro BNaXKHOroO KBapTana
17 — Precipitation of driest quarter 02 02
OcajKu camoro Cyxoro Keaprasa ! !
18 — Precipitation of warmest quarter 19 09
Ocafikm camoro Tensioro KBapTana !
19 — Precipitation of coldest quarter 10,8 0

Oca/ikn Camoro X0/04HOro KBapTana

Note: In highlighted green—five most significant variables

lMpumeyvaHue: 3eneHbim 8bl0esieHbl 5 Haubosee 3HAYUMBbIX nepemeHHbIX

DISCUSSION

The ecologo-geographic modelling of the species
distribution demonstrates that both models for climatic
conditions of 1970-2000 almost coincide with the real data
on the A. barabensis distribution over its range, but the
maximum entropy model demonstrates higher levels of
suitability than the ellipsoid envelope one. The recent
finding of this species near the westernmost segment of its
geographic range on the European slope of the Ural Mts.
validates partly our prediction [63].

The first maximum entropy model of the species
distribution was published in 2018 [14], but it was limited
to the territory of Mongolia. If one compares our model
and the model for Mongolia some evident similarity would
be observed, however, our model shows the wider
distribution of the areas suitable for A. barabensis across
all territory of the country. These differences may be
explained by both the limited set of the original data

concerning Mongolia and some disagreements in the
climatic variables, because the authors used the set of local
data for the country [14]. The similarity remains almost the
same for forecasted shifts based on increasing greenhouse
gas emissions.

Our predictions, especially based on the high levels of
greenhouse gas emissions, show two opposite trends. In
the western and south-eastern parts of the species range,
suitability of conditions will decrease, and one may
forecast that A. barabensis will become relatively rare and
its abundance will decline (Fig. 7). In the central and north-
eastern parts of the range, especially in the intermountain
basins of the Altai-Sayan Mts., in Mongolia, and in the
southern parts of East Siberia, the suitability will remain
almost the same or even increase. This means the Baraba
buzzing grasshopper may remain one of the main pests
across these territories.
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Jackknife of regularized training gain for Angaracris_barabensis
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Figure 5. Jackknife of regularized training gain for the Angaracris barabensis distribution model
(all bioclimatic variables for 1970-2000; 25 replicates with cross-validation)
PUCYHOK 5. TecT CKNafHOro HOXa AN MOLENWN pacnpocTpaHeHua Angaracris barabensis
(Bce BMOKAMMaTMYECKMNE NepeMeHHble aaa neproga 1970-2000 rr.; 25 NOBTOPHOCTEN C Kpocc-Banuaaumen)
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Figure 6. Predicted probabilities of suitable conditions for Angaracris barabensis (forecasts of bioclimatic variables

for 2021-2040 and 2041-2060 according the global climate model CNRM-ESM2-1 [48]; point-wise means for 25 replicates):
(A), (C), (E) — 2021-2040; (B), (D), (F) — 2041-2060; (A), (B) — the 1-2.6 Shared Socioeconomic Pathway based on low
greenhouse gas emissions; (C), (D) — the 2—4.5 Shared Socioeconomic Pathway based on intermediate greenhouse gas
emissions; (E), (F) — the 3-7.0 Shared Socioeconomic Pathway based on high greenhouse gas emissions [49]

PUCYHOK 6. MporHo3npyemble BEPOATHOCTU pacnpeaenieHna noaxoaalmx ycnosuii ana Angaracris barabensis (NporHossl
B6UOKNMMATUUYECKUX NepeMeHHbIX 33 2021-2040 rr. u 2041-2060 rr. B COOTBETCTBUM C [1106a/1bHOM KAMMaTUYECKOM
mogaenbto CNRM-ESM2-1 [48]; cpegHue no nukcenam ans 25 nostopHocrten): (A), (C), (E) — 2021-2040 rr.;

(B), (D), (F) — 2041-2060 rr.; (A), (B) — cueHapuit U3MEeHEHUA KOHLLEHTPaLMKN NapHUKOBbIX ra3oB B aTMmocdepe 1-2.6,
OCHOBaHHbIV Ha HWU3KUX YPOBHAX SMUCCUM NAPHUKOBBIX ra3os; (C), (D) — cueHapuit USMEHEHUA KOHLLeHTPaL MK
NMapHUKOBBIX ra3os B aTMocdepe 2—4.5, OCHOBAHHBbIN Ha CPeHNX YPOBHAX SMUCCUM MAPHUKOBLIX Fa30B;

(E), (F) — cueHapuit U3MeHEeHUA KOHLEHTPaUUM NapHMKOBbIX ra3os B atTmocdepe 3—7.0, OCHOBaHHbIM

Ha BbICOKMX YPOBHAX 3MUCCUM NAapPHMKOBbIX ra3os [49]
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Figure 7. Forecasted trends in the Angaracris barabensis distributions: Predicted suitability for current conditions versus
for 2041-2060 and the 3—7.0 Shared Socioeconomic Pathway based on high greenhouse gas emissions

(cf. Fig. 2 and 6, F). Positive trend in red, negative one in blue

PucyHok 7. MporHo3unpyemble UsmeHeHuaA pacnpegenenusa Angaracris barabensis: ConoctaBneHue oueHOK NPUrogHoCcTU
MecToobUTaHUI Ans coBpemeHHOoro nepuoaa v gna 2041-2060 rr. No cLeHapuio USMEHEHUA KOHLEHTPALLMM NAPHUKOBbIX
rasos B aTmocdepe 3—7.0, 0CHOBAHHOMY Ha BbICOKMX YPOBHAX 3IMUCCUM MAPHUKOBbBIX ra3os (cp. Puc. 2 u 6, F).

YnyyweHue ycaosuli 8bi0eneHO KPACHbIM, yXyoweHUe — CUHUM

CONCLUSIONS

Examination of the published and unpublished data
concerning the latitudinal, longitudinal and altitudinal
distribution patterns of Angaracris barabensis shows there
are no evident contemporary shifts of its range boundaries
associated with global warming per se or this tendency is
extremely weak. Main changes look like very limited and
may be explained by changes of annual precipitation levels

and/or their rhythms. Besides, they may be determined by
local transformations of ecosystems resulted from
increasing human activity, for instance, agriculture field
abandoning, overgrazing, development of irrigation
systems. However, the distribution of suitable conditions
can change significantly during the next several decades.
Ecological modelling predicts opportunities of possible
northward and northeastward shifts of applicable habitats
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in Central and East Siberia and persistence of areas of
feasible harmfulness in South Siberia, Mongolia and China
(mainly across the Tibetan Plateau). However, in this huge
area, there are very sparse monitoring systems. In this
context, integration of ecologo-geographic modelling and
data of remote sensing [64; 65] on the basis of the GIS
looks like very prospective and important [66; 67].
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Pesiome

Llenb: n3yyntb AonosHUTENbHbIE CBeAEeHUA O pa3Hoobpasmmn rannoobpasyroLmx
Hacekomblx B JlarectaHe, WX PacnpPOCTPAHEHUM, TPODUYECKUX CBA3AX MU
0CObEeHHOCTAX 06pPa3oBaHMA KOMMIEKCOB AOMWMHUPYIOWMX BUAOB Ha 06LLMX
pacTeHMX X03AeBaXx.

Matepuanbl cobpaHbl B pPaBHUHHOM W ropHom [arectaHe. Mcnosnb3oBanucb
CTAaHOAPTHbIE METOAbl: OCMOTP PACTEHMA, MOUCK M MaccoBblii cbop rannos,
nposegeHWe 3MMOBKM B 1abOpPaTOpHbIX YCIOBUAX, BbiBeAeHWE MMaro,
W3roToBNEHME NPEenapaToB IMYNHOK U UMaro.

BblfiBNEHbl HOBblE U Manou3BecTHble Ansa dayHbl [arectaHa rannavubl (27 suaos
u3 16 pogos), no 1 Buay KpyxeBHUUbl (Hemiptera, Tingidae) u yYexnoHocku
(Lepidoptera, Coleophoridae) 1 no 2 Buga M3 2 pPoAOB OPEXOTBOPOK
(Hymenoptera, Cynipidae) n yetbipexHorux Kneuweu (Acariformes, Eriophyidae).
Hosble Cecidomyiidae gna d¢ayHbl [arectaHa — 25 BuaoB 13 pogos, M3 HUX
5 BMAoB — HoBble ana Poccun: Asphondylia ziziphorae Fedotova, 1985, Contarinia
perplicata Fedotova, 1997, Mycodiplosis glycyrrhizae Fedotova, 1985, Izeniola
potanini (Fedotova, 1982) u Jaapiella inulicola Fedotova, 1993; 4 Buga — HoBble
ons Kaskasa: Placochela nigripes (Low, 1877), Arthrocnodax galiobiae Fedotova,
1997, Jaapiella volgensis Fedotova, 2008, Macrolabis luceti Kieffer, 1899. Apyrue
rannoobpasosartenun: knew, Aceria galiobia (Canestrini, 1891) — HOBbIX BUA, Ana
KaBKasa, rannosas 4yexnoHocKka Auagasma atraphaxidellum Kuznetsov, 1957,
opexotBopku Aulacidea hieracii (Bouché, 1834) wn Diastrophus rubi (Bouché,
1834) — HoBble gna darectaHa. lannoobpasosatenu (33 Buaa 13 22 poaos) 6biau
BbIsIB/IEHbl Ha pacTeHuax 28 BuAoB M3 25 pogoB M 13 cemelcTB, U3 KOTOPbIX
5 BuMmoB u3 5 popos, BKAOYaA 3HAEeMUKOB KaBKasa, ABNAKOTCA HOBbIMM
pacTeHUAMU-X03AeBaMMN ANA FANAUL, U APYTUX rannoobpasosaTenei.

CBegeHuMA 0 KomnieKcax rannoobpasosarteneit [larectaHa v Ux 0BLLUX pacTeEHUAX
aKTyaslbHbl AN peLleHUA BOMPOCOB CUCTEMATUKMU, COMPANKEHHOW GUAOTEHUN U
W3YYEHUs 3BOJIIOLMOHHbIX 0OCObEeHHocTel rannoobpasosaHua. WM3-3a cnaboi
usydeHHocT  dayHbl  rannoobpasosBatener, TPOPUYECKMX  CBA3EM MU
pPacnpocTpaHeHUs HepoCTaTOMHO OLEHEHO WX XO03AMCTBEHHOE 3HayeHue WU
NepcrneKkTMBbl MPUMeHeHUsA ANA GUTOCAHUTAPHOIO KOHTPOASA NPWU CO3[AHUK
OXPAHAEMbIX TEPPUTOPWUI, MAPKOB M WCMO/Ib30BAHUW CE/bCKOXO3ALCTBEHHbIX
noneu.

KnioueBble cnosa

Komnnekcbl  rannoobpasosaTtenen,
pacnpoctpaHeHune, KaBkas, [larecrtaH,
Acariformes, Eriophyidae.

rannbl, rannuubl, PACcTEHME-XO3AMH,
Caliophoridae, Cynipidae, Tengidae,
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Abstract

Aim. To develop additional information about the diversity of gall-forming
insects in Dagestan, their distribution, trophic links and features of the
formation of complexes of dominant species on common host plants.

The materials were collected in the plains and mountains of Dagestan.
Standard methods were used: plant inspection, search and mass collection
of galls, wintering in laboratory conditions, breeding of imago and
preparation of larval and imago slides.

New and little-known gall midges in the fauna of Dagestan (27 species
from 16 genera) were identified: 1 species of lace bat (Hemiptera,
Tingidae) and case-bearer (Lepidoptera, Coleophoridae) and 2 species
from 2 genera of gall wasps (Hymenoptera, Cynipidae) and mites
(Acariformes, Eriophyidae) were identified. New Cecidomyiidae in the
fauna of Dagestan were 25 species of 13 genera, of them 5 species of
5 genera were new in Russia: Asphondylia ziziphorae Fedotova, 1985,
Contarinia perplicata Fedotova, 1997, Mycodiplosis glycyrrhizae Fedotova,
1985, Izeniola potanini (Fedotova, 1982) u Jaapiella inulicola Fedotova,
1993; 4 species were new for the Caucasus: Placochela nigripes (Low,
1877), Arthrocnodax galiobiae Fedotova, 1997, Jaapiella volgensis
Fedotova, 2008 and Macrolabis luceti Kieffer, 1899. Other gall-formers
include the mite Aceria galiobia (Canestrini, 1891), the case-bearer
Auagasma atraphaxidellum Kuznetsov, 1957, the gall wasps Aulacidea
hieracii (Bouché, 1834) and Diastrophus rubi (Bouché, 1834), all new for
Dagestan. Gall-formers (33 species from 22 genera) were identified on
plants of 28 species from 25 genera and 13 families, of which 5 species
from 5 genera, including endemics of the Caucasus, are new host plants
for gall midges and other gall-forming plants.

Information about the complexes of gall-formers of Dagestan and their
common plants is relevant for solving the problems of taxonomy,
associated phylogeny and study of the evolutionary features of gall
formation. Due to the poor study of the fauna of gall-formers, trophic links
and distribution, their economic significance and prospects for use for
phytosanitary control in the creation of protected areas, parks and the use
of agricultural fields have not been sufficiently assessed.

Key Words
Gall forming complexes, gall midges, plant-host, distribution, Caucasus,
Dagestan, Caliophoridae, Cynipidae, Tengidae, Acariformes, Eriophyidae.

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

ecodag.elpub.ru/ugro/issue/current

91



3.A. degoToBa U Op.

HOr Poccuun: akonorus, passutne 2024 T.19N 4

BBEAEHUE

Fannnupl — oOpJHO W3 Havbonee KPynHbIX CeMencTs
OBYKpbInbIX. CornacHo Kartanory muposoi ¢ayHbl [1], B
HacTosAwee BpemA wm3BecteH 6651 Bug m3 832 poaos.
Cpegu rannuy 6onee wusBecTHbl ¢uTOodarn, umerowme
X03AMCTBEHHOE 3HayeHWe, HO OCHOBY ¢ayHbl COCTaBAAOT
muueTodarn, BbIBNAEHbI XUILHUKM W WHKBWAMHbLL. [OnA
MHOrMX BUA0B GUTOdaros xapakTepHo rannoobpasosaHue,
KOTOPOEe 3BO/IIOLMOHHO COMPOBOXAAN0Ch YCTAHOBNEHNEM
cneumoeuyYeckmx cBAse MO OTHOLWEHWIO K pacTeHuto-
X03aunHy. OcHoBy dayHbl dUTOParos coctaBnAT MoHodarun
N y3Kkne onurodparn, ANA KOTOPbIX XapaKTepHbl ransbl,
BO3HMKalowWwme 0bblYHO TONIbKO Ha onpeaenéHHbIX opraHax
pacTeHul, N UMeloLMe XapaKTEPHYIO ANA BUAA ranauubl
dopmy. MUTaOTCA TONLKO NNYMHKM FaNANLL, YHACTBYIOLLME B
dopmupoBaHun rannos. Hambonbline noBpeKAeHUA
NPUYUHAIOT  BUAblI  Tajiuvy,  passBuBaloWMeca  Ha
reHepaTUBHbIX OpraHax pacTeHui, 4TO NPUBOAUT K NOAHOWM
notepe cemsH.

B ycnoBuax MAapKOB M MHbIX PeKpeaumoHHbIX
30H TpebyoT BHUMAHNA MacCOBble NMOBPEXAEHUA, KOTopble
BbI3blBalOT dunnodarn wAM BUAbI, Pa3BUTUE KOTOPbIX
BHYTPW LBETKA NPMBOAMT K cUAbHOMN aedopmaumm byToHoB
W BNOCNEACTBUWM — OTCYTCTBMIO LBETOB. ITWU NOBPEXAEHMA
B/MAIOT Ha 3CTETUYECKWUW BUA pacTeHui. He cmoTpAa Ha
C/ly4anm MACCOBOrO MOPAXKEHWA PaCTEeHWH, Bbi3blBaeMbIX
rannvuamu, B HacTosliee BPeMA NUlb eAUHUYHbIE BUAbI
YUYUTLIBAIOTCA MpPU  PUTOCAHUTAPHOM KOHTPO/ie AaHHbIX
HacaxkaeHuin. Komnnekcbl ¢uUTOdParos, U3yyeHHble BO
MHOFMX ropoZax Halel CTpaHbl, OTAM4YaloTCA HoNbLIMM
pasHoobpasnem. Cpeau HWUX pona rannoobpasosaTtenew,
Hanpumep, B NecoHacaxaeHmax Mocksbl gocturaet 11,8 %
[2].

B ycnosuax CesepHoro Kaskaza B 80-x roagax
NpOLWNOro CTONeTUA BrepBble MNPOBOAMAOCH W3yYyeHUue
KOMM/IEKCOB YNEHUCTOHOIMX, MOBPEXAAIOWMX SeCHble U
[EeKopaTUBHbIE PacTeHWsA, B TOM YUC/IE B PEKPEALMOHHbIX
30HaX, C Uenbld BbIABNEHUMA UX  pa3Hoobpaswus,
BPEAOHOCHOCTM W ynpaBneHua uucneHHoctblo [3]. Ha
Tepputopun [larectaHa uccnefoBaHWA NPOBOAMINCL B
oKpecTHoCcTAX MaxayKasnbl, oTHocAwelca K JepbeHTckomy
pekpeaunoHHomy noapalioHy CesepHoro Kaskasa. B
NecHbIX HacaxaeHusax CeBepHoro KaBkasa bblin oTMeYeHbl
YyneHucToHorne 326 BUA0B, U3 HUX 16 — rannoobpasytowme
rannvubl, NOBpeXAalowme enb, NUXTY, TUC, MOXKe-
BeNbHUK, bepesy, byK, oyb, camwuT, Anny, ocMHy u ney. Ha
3TUX YKe PacTeHUAX 6blNKn BbifBAEHbI rafbl, 06pasoBaHHble
KNeLamm, OpexoTBOPKaMu, NMCTob0WKammn, 6aboukamm n
rannoobpasyrowmmu nepenoHyaTokpbiasimmu (Eulophidae).

Mpwn M3y4yeHumn 61opasHoobpasmna "
TpodMUecKnx cBA3el ranauy, v Apyrux rannoobpaso-
Batenax [arectaHa B 2021-2023 r.,, Mmbl obpatuau
BHMMaHWE Ha U3MeHeHMe BUA0BOrO COocTaBa rannuy [4; 5],
CBA3AHHOrO C NOSB/MIEHMMEM WMHBAWAEPOB — rNeguymMeBom
(Dasineura gleditchiae (Osten Sacken), 1866) u pobu-
Huesol rannuy (Obolodiplosis robiniae (Haldeman, 1847),
KOTOpble  BbI3bIBAlOT MACCOBOE MOpPaXEHUEe JINCTbEB
Gleditsia triacanthos L. n Robinia pseudoacacia L. 3a Bpemsa
nccnenoBaHuii HanpgeHo 110 sugos rannvy 52 popos, 13
HUX 42 BMAA OKasanucb HoBbIMKU gnAa Poccuun. BoiasneHbl
HoBble pana ¢ayHbl [arectaHa rannoobpasosaTenun w3
oTpagoB Hemiptera, Lepidoptera, Hymenoptera wu
yetepexHorue knewwm (Acariformes, Eriophyidae). lns Bcex
BMAOB YCTAHOBAEHbl TpodUYecKMe CBA3M W HaNAeHbl
Hen3BEeCTHble A/17 HUX AaBTOXTOHHbIE PacTeHUA-X03A€eBa.

M3yueHne rannoobpasosateneil, 3IBONOLUOHHO
CBA3QHHbIX C PACTEHUAMM, CONPANKEHO C onpeneneHHbIMU
TpyaHocTAMM no  cbopy rannoB M BbIBEAEHUIO
ranoobpasoBaTesieil: KOPOTKMM NEPUOSOM Pas3BUTUA MUX
JINYMHOK Ha pacTeHnn, GeHoNormyeckMMm ocobeHHOCTAMM
rannuy, n pacteHnin. PopmmpoBaHMe OpraHoB pacTeHUM, Ha
KOTOpbIX 0OpasyloTca ranibl, AUWb B ONpenefieHHbIN
nepvoa, Beretauum 4acto CnocobCTBYeT PasBUTUIO NINLLb
OAHOTO MOKO/MEeHUA rannvy B rogy. OyeHb 4acTo Ha
pacTeHWAX MOMHO OBHapyXuTb MycTble UAW  ewe
HepasBuTble ransbl, umerowme Gopmy, XapakTepHyo AnA
onpeaeneHHOro BMAA, a TakKe UxX pacnosoxeHue. Mo aToi
npuunHe cbop cBeAeHWM O Trannax, XO3AWMH KOTOPbIX
0OCTaéTcA HeU3BeCTHbIM, Bcerga nmeet 6onbluoe 3HayYeHne
AN MOBTOPHOTrO MX MOMCKa, cbopa 3penbix rannos,
HabntoaeHua, BbiBeAeHWA UMaro ransoobpasosartenein u
ux onpepeneHuna. CeeAeHMA O HEU3BECTHbIX BUAAX
rannoobpasosaTtenen, c ONUCaHMEM raisioB U UX CTPOEHMUS,

npusoaATca B CNUCKaxX noTeHUManbHO OnacCHbIX
Bpe,a,menel‘& CeNbCKOro M NECHOTo X03AMCTBA.
HaCeKOMbIe-Faﬂﬂ06p33OBaTeﬂI/I 3aHUMAKT

Bedyliee MeCTo Cpeau pPas/iyHbIX Tpynn rannoobpa-
30BaTesniell, cpeamn KOTOPbIX BUPYCbl, BAaKTepuw, Hu3lwMe
rpnbbl, HemaToabl, Hacekomble, Kaewu. [Ona dayHbl
ManeapKTUKM M3BECTHbI NPEACTaBUTENMN LIECTU OTPALOB:
NONYXKECTKOKPbINIbIE,  YKECTKOKPbl/ble,  PaBHOKpbIAble,
yellyeKpbl/ible, MepernoHYaToKpbIble M ABYKpbiible. WX
obuiee uncno cocrasnset cebiwe 2000 sngos. Hanbonee
6oraTbl N0 BUAOBOMY COCTaBY WU LUMPOKO PacnpoCTpPaHeHbI
rannoobpasosatenM U3 OTPALOB  ABYKPbUIbIX U
nepenoHYaToKpbIAbIX [6].

OuyeHb 4acTO HECKO/IbKO BMAOB ranauL, U3 pasHbiX
poaoB ocBauMBaloT ob6wMe BUAbI PaACTEHMI, CamoCToA-
TEeNbHO NpoWaA MNyTb ajanTauuu K XMMWM3MY pacTeHus-
X03ANHa. MXx cneunmduyHOCTb NO OTHOLWEHUIO K BUAAM,
pogam M cemencTBam pacTeHUM, BEPOATHO, 0bbAcHAeTcA
CXOAHbIMM  TEHAEHUMAMM B WX 3BOMIOLMM, a TaKkKe
ocobeHHOCTAMW  GOPMMPOBaAHUA  OTBETHOM  peakuuu
pacTeHus.

B AaHHOM TpeTbem COOBLWEHMU Mbl NPOAOIKAEM
nyb6anKaumio ceegeHuin o rannoobpasosarensx [arectaHa.
B nepsom coobuweHun [4] 6bin Bnepsble npeacTaBaeH
BMAOBOM cocTaB ranavy JlarectaHa, BKAOYAOLWMI
67 BuMaos 39 poaoB, KOTOpble MOBPENKAAT pacTeHus
56 Bugos u3 46 popos u 23 cemelictB. [lo3xke
OOMNONHUTENBHO 6b1n BbIABEHbI apyrue
rannoobpasosartenu; knewm (Eriophyidae) — 7 Bugos u3
5 popoB u Hacekomble — 24 Bupa u3 12 poaos, cpegu
KoTopbix 16 BMAoOB M3 7 pomoeB — ranauubl (Diptera,
Cecidomyiinae), 3 Buaa “3 2 pooB — NOJYXKECTKOKPbIbIe
(Hemiptera, Tingidae, Aphididae), 5 sugos 13 3 pogos —
nepenoHYaToKpbl/ible (Hymenoptera, Cynipidae).
YTOYHEHb! AaHHble MO WX TPoPUYECKUM cBA3AM, B1oaorumn

M pacnpocTtpaHeHuio. Bo BTopom coobleHun [5]
paccmaTpusanucb cneunduryeckume KOMIMIEKCbI
rannoobpasosateneit, coctosAwMe U3 nNpeacTasuTenen

pasHbiX OTPAJOB HACEKOMbIX W KNewen, y KOoTopbIX
OTMeYeHbl NPeAnoYTEHNA B COBMECTHOM OCBOEHMM 0BLLmX
rpynn pacteHuii. Ha npumepe dayHbl rannoobpasosartenei
[JarecTtaHa BbIfABNEHbI AOMUHUPYIOLLME KOMMIEKCHI XO3A€B,
rannbl KOTOPbIX OBbIMHO COCEACTBYIOT Ha PaACTEHMAX U3
06LWMX, POACTBEHHbIX U HEPOACTBEHHbIX CUCTEMATUYECKUX
rpynn. lpuyem, 3TO COCEACTBO  XapaKTepHO  AnA
npeacTaBuTeNeil onpeaenéHHbIX OTPAL0B HACEKOMbIX M
4eTbIPEXHOTUX KNeLLewn.
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B npepnaraemom 34ecb TpPeTbeM COOBLLEHMM OCHOBHOE
BHUMaHWe yaenseTcs U3y4yeHuto BMOO0BOrO pasHoobpasua
rannoobpasosartenei B yCAOBUAX PAaBHUHHOIO U FOPHOrO
[arectaHa, a TaKkkKe uXx TpoduYecKknx cBaAsen C
aBTOXTOHHbIMMU W WHBA3WBHLIMW  BUAAMM  PACTEHUNA.
Bosiblwan YyacTb BUAO0B NpUASNEXT raanmuam (27 sMaos u3
16 popos). [Opyrve rannoobpasoBatenu npeacTaBieHbl
BMOAMU U3 OTPAZOB Yellyekpbiibix (1 BuA), nepenoHya-
TOKpbINbIX (2 BUAA M3 2 POLOB) U YETbIPEXHOTUX KAeLLei
(Acari, Eryophyidae) (2 Buaa u3 2 pogos). UccnepgosaHus
NpPOBOAMAUCL B HECKONIbKMX paiioHax [arectaHa. Bnepsble
rannmubl 6b1am cobpaHbl B CeprokainMHCKoOM,
KapabypaxkeHTckom u  ByiHakckom  paioHax. [Ans
HEKOTOpPbIX paHee HaWAeHHbIX rannoobpasosaTeneit bbiin
BbifIB/IEHbl  AOMNONHUTE/IbHbIE MecToobuTaHua. Ocobbili
WHTEpec MNpeAacTaBAAOT Haxogku B [larectaHe HOBbIX
pacTeHuli-x03AeB, paHee HeusBecTHX Ans rannvu. Cpeaum
HUX OKasanucb 3HAemMuKM KaBkasbl WM npeacTaBuTenU
TpeTnyHol ¢nopbl. Becero rannoobpasylome Hacekomble,
pPaccMOTPeHHble B AaHHOW cTaTbe, HalAeHbl B [larectaHe
Ha pacTeHuax, NpuMHagnexawmx 28 sugam us 25 pogos um
13 cemeicts, B TOM uucne Ha 23 Buaax m3 21 poga
pacTeHuit 11 cemelicTB pa3BMBALOTCA IMUMHKM FanauL,

B [arectaHe BblfiBNEHbl KPyMHble rpynnbl POLOB U
BMAOB ranavy, cneunmpuyeckMx Mo OTHOLWEHWIO K
noapoAam U CeKUMAM PacTEHUM, OTHOCALMXCA K pofam
nonbiHb (Artemisia), TaBonra (Spiraea) [4; 5], noamapeHHUK
(Galium), npytHak (Bassia) u ap. CneuyuduyHocTb no
OTHOWEHUIO K PACTEHMIO-XO3MHY TaKe BAWAET Ha
0COBEHHOCTM PasBUTUA FANAWUL, MPU  UX COBMECTHOM
obuTaHuu B rannax [7].

BO3MOXHO, AaXKe egUHUYHbIE CyYan, CBA3AHHbIe C
rannoobpasoBaHvem, AenatoT pacteHue AOCTYNHbIM ANs
ero OCBOEHMA APYrMMW rannoobpasoBaTensimu, a TaKkKe
0CNabnAlT MMMYHUTET pPaACTeHWA MpU ero MaccoBOM
nopaxkeHuu rannamu. Ffannuubl No pasHoobpasuio BUMA0B
06bIYHO JOMUHUPYIOT B KOMMN/IEKCax rannoobpasosaTenei,
ABNAIOTCA NPEUMYLLECTBEHHO Y3KMMU onurodaramu, pexe
MoHodaramu. MHoraa OHM ABAAKOTCA WMHKBUAMHAMWU WAW
XULWHUKaMM B rasanax apyrux rannoobpasosarenei.

NONYYEHHDIE PE3Y/IbTATbI U UX OBCYXKAEHUE

B AaHHOW paboTe npuBeseHbl CBeAEeHNA O HOBbIX HAaX0A4Kax
raaivy, M ApYyrMx  HaceKombix-rannoobpasosatensx
(Hemiptera, Hymenoptera, Lepidoptera) u knewei
(Eriophyidae), koTopble 6binu BbisiBNEHbI HAMK B [larecTaHe
BO Bpems nonesblx pabot B 2023 r. [na psga BMAOB,
HaWaeHHbIX paHee [4; 5], BbiABAEHbI HOBble MeCTO06U-
TaHWA, YTOYHEHbI JaHHbIE O PACNPOCTPaHEHUH, rannoobpa-
30BaHUK,  TPOPUYECKMX  CBA3AX M 0COBEHHOCTAX
YKU3HEHHbIX UuKAoB. MpuBeseHbl CBeAEHUA O COBMECTHOM
OCBOEHMU TannoobpasoBaTensimu, NpPUHALAEKAWUMU K
pasHbIM CUCTEMATUYECKUM TPYNMNMM, OBLWMX pacTeHuit
xo3seB. [lanee B NOBUAOBbIX OYEPKax HOBble ANA dayHbl
[JarectaHa pogpl M BMAbl rannoobpasoBaTteneit NnokasaHsl
3Bé3pukamu (*). [laHHble no obuiemy pacnpocTpaHeHuto
BMAOB rafnuL, NnpeacTaBneHbl B COOTBETCTBUM C KaTaslorom
MupoBol ¢ayHbl [1] M AONOAHEHUAMM NO OTAENbHLIM
LUMTMPOBAHHbIM CTaTbAM.

TakcoHomu4ecKuli cocmae

Knacc Insecta Linnaeus, 1758 — Hacekomble

Otpsapg Diptera Linnaeus, 1758 — [ByKpblible
CemeiictBo Cecidomyiidae Newman, 1934

Haprpuba Asphondyliidi Rilbbsaamen et Hedicke, 1925

Tpu6a Asphondyliini Riilbsaamen et Hedicke, 1925

Pop Asphondylia Loew, 1850
*Asphondylia echii (Loew, 1850) — cuHsAKoBas ranauua
Martepuan. [arectaH, KapabyaaxKeHTCKMI p-H,
4 Kkm. ceepHee. c. Typbyku, y poporu, 42°64'85.11"N,
47°44'57.83.55"E, Ha cuMHAKe o0b6blkHOBeHHOM (Echium
vulgare L., Boraginaceae), useTtoyHble rannsi, 08.07.2023,
Bbiner 10.07 (depotoBa 3.A., Haxubawesa [I.M.,
MyxtapoBa .M.); CeprokanuHckuii paioH, 1,2 km C3 ot
LeHTpa c. BaHawmmaxu, novima p. BaHawumaxu, pogHuK,
42°40'90.44"N, 47°59'49.68"E, 15.07.2023, BbineT 18-30.07
(denoTosa 3.A., Haxnbawesa .M., bekwokosa MN.A.).
dkonorua. Y3kui onurodar. Hento-opaHKesble
JINYUHKM Pa3BMBAOTCA MO OAHOW B HEPACKPbIBLIMXCA cnabo
B3AYTbIX LBETKAaX WM TOHKOCTEHHbIX OBA/bHbIX rannax,

obpasytowmxca BmMecTo LBeTKoB (puc. 1 a). OB6blyHO
MOBPEXAEHNA B  COLBETUAX CHapPYXM  He3ameTHbI.
JIMuMHOYHAA Kamepa M3HYTPU BbICTAAHa MULLEIMEM.

OKyK/NMBaHUWe B rannax, 3a rof pasBuBaeTcA 2 NOKOJIEHUA.
BctpeyaeTca pegko.

PacnpoctpaHeHue. Espona: lepmanua, lMonbuia,
Yexocnosakua, Asctpua, Wtanua, BeHrpua, PymbiHuA,
Orocnasus, WM3paunb. Poccua: JleHUHrpagackaa obnactb,
CpegHee MMoBomkbe [8]. PaHee BuA 6bin 0B6Hapy»KeH B
KpacHopapckom Kpae: Couu, MukpopavoH Kyapencra,
28.07.2008 (dPepoToBa 3.A.). Hosbilt BUA, ana [LdarectaHa.
3anagHonaneapKTUYECKUN.

Asphondylia menthae Kieffer, 1902 — matosasa raanmua

Marepuan. [arectaH, KapabymaxKeHTCKUIA p-H,
4 Km. ceBepHee. c. [ypbykn, y goporun, Ha maTte (Mentha
sp., Lamiaceae), 42°64'85.11"N, 47°44'57.83.55"E,
08.07.2023, Bbinet 10-15.07 (Pepotosa 3.A., Haxmnbawesa
r.M., Myxtaposa I.M.).

dKkonoruAa. Y3kuit  onurodar. OpMHOYHAA
enTaa JIMYMHKA B YBE/IMMEHHOM  HepacKpbiBLUEMCSA
ugeTke. OKyKNMBaHWe W 3MMOBKa B ranne. 3a rog

pa3BMBaeTcA 2 NOKONEHMUA.

PacnpoctpaHeHue. PaHee B [arectaHe Bug
oTmeuancs B 'ymbeToBckom palioHe Ha Mentha arvensis L.,
B depbeHTckom u KymTopkanuHckom — Ha M. caucasica
Gand. [4]. WwvpoKo pacnpoctpaHeH B EBpone u B
KasaxctaHe [9]. Poccus: UEHTp eBpoOMenckor 4acTy,
[OarectaH, CpepHee [Nosomkbe [4; 8-10]. Esponeiicko-
3anafHOCUBUPCKO-ropHOCPeAHEa3naTCKuii bopeanbHbIii.

Asphondylia salviaflorae Fedotova, 2003 - wandeiiHana
LBeToYHasA raanamua

Marepwman. [arectaH, r.o. Maxaykana, J/IeHUHCKU#
paiioH, 10 Km toro-3anagHee Maxaukanbl, 1,6 km C3 c.
Tanru, TanrvHckoe yui., Ha wandee (Salvia nemorosa
subsp. pseudosylvestris (Stapf) Bornm. = Salvia tesquicola
Klokov & Pobed., Lamiaceae), uBeTo4Hble rannbl,
42°87'65.16"N, 47°44'17.79"E, 08.07.2023, sbinetr 11.07
(PepoTtoBa 3.A., Haxubawesa .M., Myxtaposa [.M.);
CeproKannHckum palioH, 3anagHasn OKpaunHa
c. BaHawwumaxu, 42°40'19.57"N, 47°60'17.7"E, 15.07.2023,
Bbiner 18.07 (depotosa 3.A., KananHa A.B., BekloKkos
K.C.).

dKonoruAa. Y3kuit  onurodar. CBeTNo-po3oBble
JIMYUHKM pa3BMBalOTCA B C€nabo B3gyBwmxca OyTOHax
(puc. 1 b, c). Salvia nemorosa subsp. pseudosylvestris,
S. nutans L., S. stepposa Des.-Shost., S. pratensis L., Salvia
pratensis var. agrestis (L.) Nyman [8; 11]. OkyknuBaHue B
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rannax uam noyse, 3MMyIOLLEro NOKoAeHMA — B nouse. 3a [8; 11], oTmeueH B [arectaHe: B ByiiHakckom 1 KaiTarckom
rog, pasBMBaeTcA 2 NOKONeHUA. palioHax /MYMHKKM  pasBuBaloTcA B uUBeTKax Salvia

PacnpoctpaHeHue. Bua onucaH u3 CpegHero verticillata L. [4; 5] u 6aun3 c. Tanru (r.o. Maxaykana).
MososxkbA: Camapckaa obnactb, 30 km OB r. Camapa

PucyHoK 1. LiBeTouHble rainbl raning u Knewemn, HanaeHHblix B [larectane: a — Asphondylia echii Ha Echium vulgare;
b, c - A. salviaflorae Ha Salvia nemorosa subsp. pseudosylvestris; d — Placochela nigripes va Sambucus ebulus;

e — Schizomyia galiorum, f — Contarinia perplicata v g — Aceria galiobia (Acari, Eriophyidae) Ha Galium verum;

h, i — Contarinia craccae Ha Vicia cracca

Figure 1. Flower galls of gall midges and mites found in Dagestan: a — Asphondylia echii on Echium vulgare;

b, c — A. salviaflorae on Salvia nemorosa subsp. pseudosylvestris; d — Placochela nigripes on Sambucus ebulus;

e — Schizomyia galiorum, f — Contarinia perplicata and g — Aceria galiobia (Acari, Eriophyidae) on Galium verum;

h, i — Contarinia craccae on Vicia cracca
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*Asphondylia ziziphorae Fedotova, 1985

Martepuan. [arectaH, AXTbIHCKWIA palioH, 6au3
c. Axtbl, 0,8 Km C3 ot ueHTpa c. Kypykan, 41°43'52.23"N,
47°68'03.7"E, Ha 3u3dope TUMbAHOBUAHOW (Ziziphora
serpyllacea Bieb., Lamiaceae), useTbl; 12.07.2023, Bbinet
22.07 (bepotosa 3.A., KanauHa A.B.).

3konorua. Y3kuih  onurodar. fApKo-po3oBble
JIMYMHKM Pa3BMBAIOTCA MO OAHOM B C/Nerka B34yBLUMXCA
OBa/IbHbIX  HEPACcKpbIBWMXCA  OyToHax. Yawenuctuku
aedbopmupytotca, cTaHoBaTca NECTpbiMuU. OKyKIMBaHWE B
ranne. JIMUMHKM 3UMYIOLLErO MOKO/MIEHUA OCTaloTCA B
COLBETUAX U OKY/NMBAIOTCA BEeCHOW. 3a rog pasBuBaeTcA
2-3 nokoneHua. CemeHa He obpasyroTcs.

PacnpocrpaHeHue. Bug onucaH u3 KasaxcraHa
(Tanacckuit AnaTay), rae BCTpeyaeTcd B Npearopbax u
cpeaHeropbax Ha Ziziphora bungeana Juz., Z. clinopodioides
Lam., Z. vychodceviana Tkatsch. ex Tulyag. HoBbili ann
Poccum v JarectaHa.

Noartpuba Schizomyiina Enderlein, 1936

*Pop Placochela Rilbsaamen, 1916
*Placochela nigripes (Low, 1877)

Martepuan. [arectaH, CeproKaivMHCKWIA pPaioH,
1,2 km C3 oT ueHTpa c. BaHawwumaxm, noima
p. BaHawwnmaxu, pogHuk, 42°40'90.44"N, 47°59'49.68"E, Ha
6y3unHe TpassHMCcTON (Sambucus ebulus L., Adoxceaae),
LBeTouHble rannsl, 15.07.2023, sbinet 29-31.07 (Pegotosa
3.A).

3konorua. LLUnpokuii onurodar, passusaerca Bo
B34YTbIX HEPaCKpPbIBLIMXCA OyTOHaX, KOTOpble CHapyXu
MHOT4A KaXkyTca HenospexaeHHbimu (puc. 1 d). JInumHKkm

APKO-KPaCHO-OpaHKeBble,  OKYKAMBAKOTCA B  rannax,
3MMHero nokoneHMa — B noysBe. Pasa KyKONKM
npogonkaetrca 11-14 pgHei. 3a rop  pasBuBaeTca

2 NOKONEHWA, OKYK/NUBAHWE JIMYMHOK 2-TO MOKONEHUA
NPOUCXOANT nocne 3MMOBKU. BcTpeyaeTtcs vacto. B rannax
OfiHOBPEMEHHO pa3BuBatoTcA CBETN0-pO30BaTo-
OpaH)KeBble JIMUMHKM UHKBUAWHA Arnoldiola sambuci
(Kieffer, 1901), KoTopble OKyK/AMBalOTCA B  To4YBe.
Heobxoanmo yTouHeHue TpodUYecKnx cBA3en [aHHOro
BMAA, TaK KaK ANA Hero NpuMBOAATCA PaCTeHUA-XO3AeBa,
npuHagnexawme K Tpém cemelictBam (Adoxaceae,
Caprifoliaceae, Oleaceae) [1; 12; 13].

PacnpoctpaHeHue. LUnpoko BCTpeyaeTca B
EBpone, py3ua. Poccus: LLeHTpasibHblE U 0XKHble 061acTu.
Bnepsble oTmeyeH ana ¢dayH KaBkasa n [larectaHa.

*Schizomyia galiorum Kieffer, 1889 — noamapeHHUKoBas
LBETOYHaA rannmua
Martepman. [arectaH, bByiHaKcKuiA p-oH, 64u3
c. Kogap, nepepg nepesanom Bonubu BopoTa, 42°60'31.8"N,
47°23'24.24"E, 08.07.2023, Ha NOAMAPEHHUKE KEJTOM
(Galium verum L., Rubiaceae), uBeTOYHble rannbl;
AXTbIHCKMI p-oH, 0,5 Km CB oT ueHTpa c. [AblHK,
41°46'24.11"N, 47°66'19.96"E, 13.07.2023 (depotoBa 3.A,,
KanauHa A.B.).
dkonorua. Lupokuit onurodar, OpaHxeBble
JIMYUMHKM pa3BuBatoTca no 1-3 BO B34yBLUMXCA LBETKAX C
CUNbHO PA3POCLIMMCA COMKHYTbIM BEHYMKOM, KOTOpPbI
YacTo OKpawwuBaetca B ¢uoneToBbld uBeT (puc.l e).
OKyKAuBaHMe B noyse. 3a rof pa3smMBaeTCA 2 MOKOJIEeHUs,
JINUMHKM 3UMYIOLLLETO MOKONIEHMA OKYK/MBAKOTCA BECHOMN.
CemeHa He pasBuMBatloTcA. BmecTe € AaHHbIM BMAOM Ha
OLHOM M TOM K€ PacTEHMU UM Ha COCeOHUX BCTPeYatoTca
rananbl ranavy u Knewen (puc. 1 g), obpasyowme oblwmi

KomMnaeKkc rannoobpasosateneit (puc. 1 e-g). B Espone
oTMeYeH Ha pacteHuax 19 sngos 13 4 pogos (Asperula L.,
Cruciata Mill.,, Galium L., Rubia L) [12]. BeposaTHo,
BCTpeYaeTca TONbKO Ha Galium spp., cBegeHuna o
pacTeHMAX-X03AeBax, NPUHAANENKAWMNX K APYITMM poaam,
HY)KAQI0TCA B NOATBEPKAEHW.

PacnpoctpaHeHue. EBpona, Amxkup  [14];
KasaxcraH [9]. Poccus: CpegHee Mosonkbe [8], CMbupb Ao
r. Tomcka u tora KpacHosipckoro kpas [9; 10]. Hosbii ana
[JarecTaHa.

NoacemeiictBo Cecidomyiinae Newman, 1934
Hapgrpuba Contariniidi Rilbbsaamen et Hedicke, 1925
Tpu6a Contariniini Rilbsaamen et Hedicke, 1925

Popg Contarinia Rondani, 1860
*Contarinia achilleae Fedotova, 1992

Marepwman. JarectaH, YHMOCKUIA palioH, B6AU3N
roctesoro goma Canta, 5 km 03 c. Canrta, y gopory,
42°41'79.55"N, 47°01'81.95"E, Ha  TbICAYENUCTHUKE
apabckom (Achillea arabica Kotschy, Asteraceae), rannbl u
NMYUNHKK, 8.07.2023, Bbinet 30.07 (PesoTosa 3.A.).

dKonorua. MoHodar. JINYNHKM Kentble,
pa3BMBAOTCA B KOP3WHKAX, B OCHOBAHUM OTAE/bHbIX
LLBETKOB, BbI3blBafA MOYEPHEHUE W HeLopPa3BUTME CEMSAH.
CHapyXM KOP3WHKM cnerka gedpopmupytoTcs U He
NOMIHOCTBbIO PACMyCKalOTCA, HO UBET MX He MeHseTcA.
OKyk/nMBaHWe B noyse. Pasa KyKOAKM B NabopaTopHbIX
ycnosuax npu Temnepatype 202C npoaosxKanacb 35 gHen.
3a ropg, pa3suBaeTca 1-2 nokoneHus. BctpeyaeTcsa B macce.

PacnpocrpaHeHue. OnucaH 13  BoctoyHoro
KasaxctaHa (xp. Tapbaratait), u3 cousetnin Achillea
millefolium L. Poccua: CpeaHee [MNosonkbe, Camapckas
06n. 30 kKm HOB r. Camapa [8]. HoBbit gns [arecTtaHa.
EBponeickocnbupckui.

*Contarinia craccae (Loew, 1850)

Martepman. [arectaH, CeprokasMHCKMI p-OH,
c. Aanusumaxm, 42°23'06"N, 47°37'17"E, 30.06.2024,
ropoLek mbiwuHbIl (Vicia cracca L., Fabaceae), usetouHble
rannbl U AMYNHKK (Terimypos A.A.); ByiHaKcKuiA p-oH, 6au3
c. Kogap, nepeg nepesanom Bonubu BopoTa, 42°60'31.8"N,
47°23'24.24"E, 08.07.2023; 6n1un3 c. BepxHuii [KeHryTai,
42°65'20.71"N, 47°23'43.68"E, 08.07.2023 (depoToBa 3.A,,
Haxubawesa .M., Myxtaposa I.M.).

3KonoruA. Y3kuii onurodar. JIMUMHKKM Benble,
nepes oKyKIMBaHUEM KeNTO-OpaHKeBble, Pa3BUBAIOTCA MO
3-8 BO B3agyBwemcss OyTOHe, KOTOPbIA CTaHOBUTCA
LWApPOBMAHbIM, Ha BepwuHe C YAJUHEHHbIM TOHKUM
KOHYMKOM, COCTOALLMM W3 CXKaTOM BEpLIMHbI BEHYMKA
(puc. 1 h, i). OkyknuBaHWe B noyse. 3a rog pasBuBaeTcA
2 nokoneHus. BcTpeyaetca yacto. B EBpone AaHHbIN BUA,
rannuy, nospexaaet 8 sngos poga Vicia L. [12].

PacnpoctpaHeHue. Llupoko BcTpeyaetca B
Espone; Tpysua, Typuusa, Poccua (eBponeiickas 4acTb,
3anagHas Cubupb); NleHuHrpaackas, Camapckaa obnactu,
KpacHogapckuin Kpait [1; 8; 10; 14; 15]. Hosbili BUA anA
[JarectaHa. EBponeiickocMbupckuii.

*Contarinia onobrychidis Kieffer, 1895
Martepuan. [arectaH, byiHaKckuit paiioH, 6au3
c. Kogap, nepes nepesasnom Bonubu BOpoTa, Ha acnapuerte
(Onobrychis sp., Fabaceae), 42°60'31.8"N, 47°23'24.24"E,
8.07.2023, useTouHble rannbl n AnumHKkn (dGegotosa 3.A.).
dKonorua. Y3kuit onurodar. JIMUMHKN cepoBaTo-
6enoBatble, nNpbiratolimMe, pPa3BMBAKOTCA  CKOMJAEHUAMM
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mexay aedopmMUpPoBaHHBIMU HYaCTAMMU LIBETKOB. ByTOHbI He
pacKpbIBAlOTCA,  CUAbHO  B34YyTbl, 4YacTO  MOKPbIThI
po3oBaTbiMKn NATHaMn. OKyK/IMBaHMe B MOYBE, 3MMYHOLLLETrO
NOKONEHMA — BECHOM. 3a rof, pa3BMBaeTCA 2 MOKONEHUA.
CemeHa He pas3BMBatoTcA, BYTOHbI Nocae BbIXOAA MYMHOK
TEMHET U BCKOpPe onajatoT.

PacnpocTtpaHeHue. BenankobputaHua, Hopeerus,
®dpaHuma, lrepmanusa, Yexns, ChoseHuns, BeHrpusa, YKpanHa,
Pymbina, Bonrapua, ApmeHuda, KasaxcraH, Poccusa
(CpeaHee Mosonxkbe, 3anagHaa Cnbups) [8; 10; 12; 14]. B
EBpone u3BecTeH Ha 3cnapuete necdaHom (Onobrychis
arenaria (Kit.) DC.), ropHom (0. montana DC), nocesHOM
(0. sativa Lam.), BukonuctHom (O. viciifolia Scop.) [12].
Hosbilt ans dpayHbl JarectaHa. EBponeickocMbUpcKuii.

*Contarinia perplicata Fedotova, 1997

Martepuan. [arectaH, BbyiHakckuit p-oH, 61u3
c. Kogap, nepep, nepesanom Bonubum BopoTa, 42°60'31.8"N,
47°23'24.24"E, Ha nogMmapeHHuKe xentom (Galium verum
L.), uBeTouHble rannbl 08.07.2023 (dPegoTosa 3.A., KanaunHa
A.B.).

dKonoruAa. MoHodar. JIMuMHKKM  KenToBaTto-
opaHXxeBble, pa3suBatoTcA No 10-45 3K3. B BepxyLUeYHbIX
CKYYEHHbIX rasiax B BUAE nepenyTaHHOro, NAOTHO CXKaToro
couBeTUa HenpaBubHOW rybkosuaHon dopmsbi (puc. 1 f),
okpyrnble 1.5-3.0 cm B auameTpe WAWU YANUHEHHbIE.
MHOro uBeTKOB B COLBETUM He[opPasBUTbI, 4YacTb UX
OTKpbITa, OTAE/IbHblEe YY4acTKu ranna bopaosbie. JIMYUHKK
Haxo4ATCA MeXA4y MIOTHO CKaTbiMM U YKOPOYEHHbIMU
ctebnamm M uBeTOHOXKamu. OKykAuBanme B MOYBe.
leHepauua ogHoroguyHas. ®asa Kykonkum 13-32 gHs.
MoBpekAeHUA Ha NoAgMapeHHWUKe, Bbi3blBaeMble AAHHbIM
BMAOM, MOXOXW Ha rannbl PacTUTENbHbIX Knewewn, ans
KOTOPbIX XapaKTepHa O4YeHb TMIOTHAA CKYYEHHOCTb U
HenpaBuabHaa dopma. BcTpeyaeTcs peakKo.

PacnpocrpaHeHue. Bug onucaH u3 BocTtoyHoro
KasaxctaHa. OTmeuyeH Ha xpebTtax Tapbarata u Cayp.
HepasHo ob6HapyKeH B [aHuu [16]. HoBbit gns dayHbl
Poccuu. EBponeickocnbupckmi.

*Popg, Harmandiola Skuhrava, 1997
*Harmandiola populi (Riibsaamen, 1917) - ocuHoBas
TOHKOCTEHHas ranauua

Martepwman. [larectaH, ByiHaKCcKuIA p-oH, 2,4 KM

lO)KHee  C. BepxHuit  [keHrytan,  42°65'20.71"N,
47°23'23.43.68"E, Ha ocuHe (Populus tremula L.,
Salicaceae), 08.07.2023, JINCTOBbIE rannbl

(Haxnbawesa I.M).

dKonorua. Y3kuii onurodar. XKento-opaH:kesble
JIMYMHKM PA3BMBAIOTCA NO OAHOM B IMYMHOYHOM Kamepe B
wapoBuaHbIX raanax 3—-4 mm. [annbl 3eneHble wWan
KpacHoBaTble, OObIYHO CBeT/ble, C TBEPAbIMWU TOHKMMMU
CTEHKAMM, PaCMOJIOXKEHbl Ha HUXKHEW CTOPOHE JInCTa
(puc. 2 a). B ocHoBaHWUM ranna nHoraa passuTo Hebonbluoe
BO3BbILIEHWE B MecTe ero npuKpenaeHna K aucty. Ha
BEPXHEW CTOPOHEe NNCTa Kpas raina He BO3BbILIAKOTCA Hag,
ero noBepxHOCTbl. lann packpbiBaeTca B BUAE TOHKOW
LWenn npu BbIXOAE JIMYMHKM, KOTOpas OKYKAMBAETCA B
nouyse. leHepauma ogHoroamnyHasa. BcTpevaetca pegko. B
Espone oTmeueH Ha Populus alba L., P. x canescens (Aiton)
Sm., P. tremula.

PacnpocrpaHeHue. Llupoko BCTpeyaetca B
Espone, B TOmM uucne B LBeuun wu Hopserun [15];
KasaxcTaH. Poccus: B €BPOMEMCKOM  4acTM  NOYTU
noscemectHa [10]; 3anagHas Cubupb: TbiBa M Xakaccus

[17]. Hosbii pna  dayHbl
bupcKuit.

[arectaHa. Esponeiickocu-

Tpuba Halodiplosini Fedotova, 1989

*Pogp Asiodiplosis Marikovskij, 1955
Asiodiplosis sp.

Martepwman. [arectaH, BylHaKckuit p-oH, 9 Km
ceBepHee T. BylMHaKCK, tO)KHaA OKOHEYHOCTb Xp. Yemayn,
42°54'45.1649"N, 47°05'05.5557"E, Ha consHKe BepecKo-
BuaHon (Salsola ericoides M. Bieb., Amaranthaceae),
21.05.2024 (Haxubalwesa .M., Myxtaposa .M., Telimypos
AA.).

dkonorua. MoHoodar. EanHcTBEHHaA opaHKeBas
JIMUMHKA pPasBMBaETCA B JIMCTOBOM MNOYKOBOM rasse,
KOTOPbIA ~ COCTOMT M3  HEOMyLWEeHHbIX  PO30BUAHbIX,
COMKHYTbIX B OCHOBAHMUM PACLUMPEHHbBIX IMCTOYKOB, MNOTHO
NpUMbIKaOWKMX Apyr K Agpyry (puc. 2 b). JIMuMHKK
OKYKNMBAIOTCA B rasinax. 3a rog passuBaercsa 1 nokoneHue.

3ameuaHne. B  MpaHe 6blM  HalgeHbl
OfHOKaMepHble  OMyleHHble  Taaibl  Ha  CONAHKe
apesosBuaHol (Salsola dendroides Pall.), Ho aBTop cTaTbu
Y. Karimpour [18] onpegenun Bug Kak Halodiplosis
araratica Mirumian, 1991 [19]. B KpaTKom AnarHose
rannoB Npu NepBoONUCaHUN 3TOro BMAA 06 MX onyleHun
He coobuanockb.

HbiHe pop Halodiplosis Kieffer, 1910 sasnsaetca
CMHOHMMOM  Asiodiplosis Marikovskij, 1953 [20]. Mpwm
nepsoonucaHun Halodiplosis araratica w3 Tunosoro
mectoobuTaHmsa (ApmeHus) 6blIM  NpuBeAeHbl  UMble
npusHaku rannos [19]. BeposATHo, B JaHHOM C/ly4ae MOXKHO
CYMTaTb, YTO CYLLECTBYET 3 BMAA rafinL, UMetoLLMe pasHble
raanbl W  PacTeHUA-X03AeBa: HeOoNyLWeHHbI OfHOKa-
MepHbI Ha Salsola dendroides w3 WpaHa; noaobHbIli BUg,
13 [arectaHa Ha Salsola ericoides co cnabbim onyweHnem
(puc. 2 B), Kak Ha doTo M3 ApmeHnu [21]; a TaKKe KpynHbI
OKPYrNbI rann Ha S. ericoides n3 ApmeHMU, NOKPbLITbIN
cepebpuUCTbIMU KeCTKUMU BoIoCKaMu. OH MPUHAANENKUT
Asiodiplosis araratica (Mirumian, 1991). MNpu onucaHuu
rannos, cobpaHHbIx B MpaHe, aBTOp ccbliaeTca Ha paboty
[21], B KOTOpOM oOnylweHWe ranna M ero pasmepbl He
YyKa3BaloTcs. BO3MOXHO, MajsieHbKue ranbl, JUWEHHble
BOJIOCKOB, ABAAKTCA HayasbHOW cTaaven GopmupoBaHuUsA
ranna A. araratica, TaK Kak B 3TO BpeMs roga, B Mae, ranbl
HOBOTO MOKOJ/IEHMSA el HeJ0CTaTOYHO BbIPOC/U.

Supertribe Mycodiplosidi Harris, 1966
Tpuba Mycodiplosini Harris, 1966
Moarpuba Mycodiplosina Harris, 1966

*Popg, Mycodiplosis Rilbsaamen, 1895
*Mycodiplosis glycyrrhizae Fedotova, 1985

3ameuaHue. Bug onuncaH us KOxkHoro KasaxcraHa
(ropbl  etbl-on, vyuwenbe Kapa-KoHbi3, 16 km 03
n. MacaHuyu, U3 NUCTOBbLIX FANNIOB Ha CO/IOAKE YypasbCKOM
(G. uralensis Fisch., Fabaceae) [22].

Martepuan.  [arectaH, KapabypaxkeHTcKuit
pavioH, 8 km lOB ot ueHTa c. ybaeH, Ha rpaHuue ¢
CeprokannMHCKMm  paioHom,  conku,  42°50'99.88"N,

47°63'07.25"E, Ha conoake ronoi (Glycyrrhiza glabra L.,
Fabaceae), nuctosble rannbi, 15.07.2023, sbinet 17-22.07
(depotosa 3.A.).

dKonorus. JIn4unHKM CBET/I0-PO30BaATO-
enToBatble, 06Hapy)KeHbl B Ba/IMKOBUAHO 3aKpy4YeHHbIX
no Kpaw nucTa rannax (puc. 2 ¢, d). B kaxgom ranne
pa3sBuBaeTca oT 2 A0 8 /JIMYHOK. JIMCTbsA 3aBepHyTbl Ha
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HUXKHIOIO €ero CTOPOHY, He YTOAWATCA, HO B MecTe
nospexxaeHus Ha G. uralensis ctaHoBATCA cBeTnee. MHorga
Ha G. uralensis NWYUHKM pasBMBalOTCA NO OAHOM
HenocpeAcTBEHHO HA HWXKHENW MOBEPXHOCTU /ncTa B
06pa3oBaHHbIX UMK Hernybokux BmATUHax. OKyKaMBaHWe
Ha G. uralensis npoucxogmno B nouse, Ha G. glabra — B
ranne, 6e3 ob6pa3oBaHMA KOKOHa. CTaauA KYKOJIKM
npogomKkaetca 10-16 aHel. 3a BeCeHHe-NeTHU Ce30H
passuBaetcA 3—4 nokoneHua. [lannbl B KasaxcraHe
BCTPeYatoTca yacTo.

PacnpocrpaHenue. KasaxcraH: xp. Kapartay,
Kupruscuii Anatay, tOxkHoe Mpubanxawbe (novima p. Uau,
cpefHee TeyeHue p. KapaTan), OTMeYeH TO/MbBKO Ha
Glycyrrhiza  uralensis. [OarectaH: KapabyaaxKeHTCKuM
paioH, B COOTBETCTBUM C €AMHCTBEHHbIM MecTom cbopa,
OTMeYeH To/bKO Ha G. glabra. B [larectaHe G. uralensis He
npouspactaer. Hosbii Bua ana  ¢ayHbl Poccun  u
[JarectaHa.

f

PucyHoOK 2. Mo4yKoBble, INCTOBbIE U cTebAEBbLIE FraN/bl FANNUL, HallaeHHbIX B JarectaHe: a — Harmandiola populi
Ha Populus tremula; b — Asiodiplosis sp. Ha Salsola ericoides; ¢, d — Mycodiplosis glycyrrhizae va Glycyrrhiza glabra;
e, f— Lasioptera sp. Ha Ferula calcarea; g, h — Dasineura trifolii va Trifolium hybridum

Figure 2. Bud, leaf and stem galls of gall midges found in Dagestan: a — Harmandiola populi on Populus tremula;

b — Asiodiplosis sp. on Salsola ericoides; c, d — Mycodiplosis glycyrrhizae on Glycyrrhiza glabra;

e, f — Lasioptera sp. on Ferula calcarea; g, h — Dasineura trifolii on Trifolium hybridum
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Tpub6a Lestodiplosini Harris, 1966

*Arthrocnodax galiobiae Fedotova, 1997

Martepuan. [arectaH, ByMHakckuit p-oH, 61m3
c. Kogap, nepeg nepesanom Bonubm BopoTa, 42°60'31.8"N,
47°23'24.24"E, Ha nogMmapeHHuKe xentom (Galium verum
L., Rubiaceae), 08.07.2023 (denoToBa 3.A., KanauHa A.B.).

dKonormAa. MoHodar. JIMYMHKM  OpaH:KeBble,
pasBMBaeTCA B penyYaTblX,  KOHUYECKMX,  WHOrAa
HenpaBuMAbHOW GOPMbI rannax, KoTopble Bcerga MMerT
330CTPEHHYIO BEPLUMHY. ITU ranibl 06bI4YHbI Pa3BMBAOTCA B
COUBETUAX, HA BepxyweuyHblx W OOKOBbIX MOYKax
nogmapeHHukos (Galium mollugo L., G. verum L.,
Rubiaceae) (puc. 1 g). U3HyTpW rann 3anonHeH CNiOLWHOM
rybuyatoir maccoli, B KOTOpOM pa3BuBaloTCcA Kaewwm Aceria
galiobia (Canestrini, 1891). CHapyXu rannbl rnagkue,
CBeT/I0-3e/1eHble, MHOrAa C MPOAO/bHbIMM 6OpO3aKaMM
WAW NNaBHbIMW U3rMbamu, 6-9 Mm AauHbI, 4—6 MM
WWPKUHBL.  JIMMMHKKM  TanauL-XULWHKOB  BecnopaaoyHo
pacnpegeneHbl B rybyaToli macce rannia, OKyK/auBaloTcA B
noyse M rannax. 3a rog passusaeTcA 2—3 MOKONEHMUA.
3UMytOT B MOYBE, OKYKIMBAKOTCA BecHOM. Pasa KyKOJKu
npopgonKaetca 12—14 nHeld. Bctpeyaetca yacto.

PacnpocTtpaHeHue. Bug onucaH m3 BocTovHoro
KasaxcTaHa, ceBepHbIx oTporos [sKyHrapckoro Anatay [23].
Poccua:  JleHuHrpaackas, Camapckasa obnactm  [8];
CtaBpononbCKMi Kpa, 6am3 r. Kucnosopck, napk, Manoe
ceano, 4.08.2009 (depotosa 3.A.). HoBblilt BUA ana dayHbl
KaBkasa u [larectaHa.

NoacemeiictBo Lasiopterinae Riibsaamen et Hedicke,
1925

HapgTpuba Lasiopteridi Riilbsaamen et Hedicke, 1925
Tpuba Lasiopterini Rilbsaamen et Hedicke, 1925

Pop Lasioptera Meigen, 1818
*Lasioptera sp.

Martepuan. [larecTaH, r.o. Maxaukana,
NleHuHckmin p-oH, 10 km O3 Maxaukanbl, 1,6 km C3
c. Tanrn, TanrmHckoe yuwi., 42°87'65.16"N, 47°44'17.79"E,
Ha ¢epyne wusBecTHaKoBoi (Ferula calcarea Pimenov,
Apiacea), ctebnesble rannbl, 08.07.2023 (PepotosBa 3.A,,
Haxubawesa .M., Myxtaposa I".M.).

dKonoruAa. MoHodar. OpaH¥KeBble  IMYUHKMK
pPa3BMBAOTCA B OKPYMbIX WAW YAJVHEHHbIX, HEeCcyLmx
CY)KEHMA U NEepeTAXKW, KPYMHbIX, 2-5 CM 3eNeHbIX
TO/ICTOCTEHHbIX TBEPAbIX rannax, PacrnosOXKeHHbIX B
OCHOBAHWM PacTeHWUA HA YTONLLEHHbIX BETOYKax (puc. 2 e,
f). MHoraa maneHbKue rannbl pasBMBalOTCA B OCHOBaHWMU
60KOBbIX BETOUEK. BOKpYr HWUX pacTeKkaloTcs CMONOBUAHbIE
KOpPWYHEeBble  Han/blBbl. [eHepauua  OAHOroAMYHasA,
JIMUMHKM 3MMYIOT B Tajax, OKYK/IMBaHWe BecHoW. B
eJMHCTBEHHOM MecTe HaXOZKW BCTpeyatoTcA yacto. Hosoe
pacTeHue-Xxo3auH ANA rannuvL, — sHAeMuK [arectaHa.

PacnpocrpaHeHue. Bua He onucaH.

*Pog Izeniola Fedotova 1985
*Izeniola potanini (Fedotova, 1982)

Marepwman. JarectaH, KyMTOpKaANUHCKUIA PaloH,
I0XKHbIA Kpal gavHoro noc. Kpueaa 6anka, B NA040BbIX
rannax Ha 6accum npocrteptoit (Bassia prostrata (L.) Beck,
Amaranthaceae), 43°18'10.8 "N, 47°47'22.34"E,
11.07.2023, sbineT 14.07, nnoaosble rannbl; HoBonakckui
pailoH, BOCTOYHaA rpaHuua c. lamusax, y A4oporu,
43°11'56.53"N, 47°46'73.59"E, 17.07.2024 (PepnoTtosa 3.A,,
KannuHa A.B.).

dkonorua. MoHodar. JIMYMHKKM  OpaH¥KeBble,
pa3BuBaloTcA B CTebsieBbIX  NOYKOBMAHbLIX  rannax,
BbI3bIBAIOLLMX CKYYEHHOCTb JINCTbEB HA BEPXYLLKAx noberos
AN U3rMb cTebna, NoBPEXKAAT LUBETKM U NI0AbI; PeaKo —
B OTAE/NIbHOM Kamepe nog anuaepmmcom. B ToHkocTeHHOM
ranne, KoTopbld He OT/AMYaeTcs MO LBETYy OT pacTeHwus,
pa3BMBAETCA MO OAHOW JIMYMHKE. 3UMYeT MpeaKyKosKa B
rannax. 3a rog  passuBaeTrcA  2—3  MNOKOJIEHMA.
BpepoHoOCHOCTb CBA3aHa C yTOH4YeHuem cTebna B mecTe
NUTaHUA IMYNHOK, KOTOPbIN 0b6aambiBaeTca nocne BblieTa
KOMapUWKoB. CHMXaAeTcAa BbIXOA 3eN1eHOM MacCbl U CEMSAH.
BctpeyaetcA  nMpeMMyLLECTBEHHO B MOAYMNYCTbIHAX,
NecyaHblX M COJIOHYAKOBbLIX MYCTbIHAX, MO MPeAropbam,
KaMEHWUCTbIM U FIMHUCTbIM OCTEMHEHHbIM CKIOHaM.

PacnpoctpaHeHue. OnucaH m3 KasaxctaHa, rae
LWMPOKO BCTpeyvaeTca Bassia iranica, B. prostrata B
3anagHom, HOxkHom, HOro-BoctouHom 1 BoctouyHOM
KasaxctaHe: nnato YcTiopT, lNpukacnuiickue Kapakymebl,

NnonyocTpos bysaum, BocTouHO-MaHrbiwnakckas
KOTNOBWHA, HOXKHO-MaHrbIlWNaKckoe nnato, Y3eHbcKas
BMaguHa, xpeber Kapartay, Bopongaiitay, Tanacckui,

Kupruckuin, 3amnuinickuii n [KyHrapckuii Anatay, xpe6bT
Cayp u Antaii (xpebTbl Asytay u Hapbimckuit) [9]. Bug
Brepsble HailgeH B Poccum ([arectaH). BcTpevaeTca B
npubpeKHOM NoNYNYyCTbIHHOM 30He. PeaKo. TypaHCKUNA.

Pogp, Ozirhincus Rondani, 1840

ManeapKTMUYeCKUii poa, BKAtOYaeT 4 B1Aa, pa3BMBaOLLMXCA
B CEeMAHKaX KOP3MHOK C/IOXKHOUBETHbIX MNoAemelcTea
Anthemideae (Asteraceae). B [larectaHe 1 Bua.

Ozirhincus millefolii (Wachtl, 1884) - 03MpUHKYC
TbICAYENIUCTHUKOBDIIA

Marepuan.  [arectaH, KapabypaxkeHTcKuit
pavioH, 40 Km toxkHee Maxaykanbl, 42°67'65.45"N,

47°56'91.29"E, Ha TbicAYenncTHUKe apabckom (Achillea
arabica Kotschy, Asteraceae), NMYMHKM B CEMAHKaX,
8.07.2023, Bbinet 9-15.07; 4 Km. ceBepHee c. Nypbyku, y
poporn 42°64'85.11 "N, 47°57'83.55"E, Bbinetr 9-12.07
(Pepotosa 3.A., Haxubawesa .M., Myxtaposa .M.); 4 km
loXKHee OT UueHTpa c. KapabygaxkeHt, 42°67'21.58"N,
47°57'00.04"E, 15.07.2023 (Haxubawesa .M., beKkwokoB
K.C., Bekwokosa M.A.).

dkonoruAa.  Y3kuit  onurodar.  OpaH:KeBble
JINUMHKM Pa3BMBAIOTCA MO OAHOM B CEMAHKax, NpeBpaLLan
X B JINYMHOYHYIO Kamepy, KoTopaa aedpopmupyertca u
yBennumeaetca B pasmepax. OKyKAMBaHME U 3MMOBKa B
CEMAHKAX, MONHOCTbIO 3aMO/IHEHHbIX TENIOM /IMYMHKK. 3a
rof, pasBMBaeTca 2 NOKOJIeHuA.

PacnpoctpaHeHue. [0NapKTUYECKUIA, WHBA3UB-
Hbi B CeBepHo Amepuke; KasaxctaH, ApmeHusa. Poccus:
CpepgHee MNoBonkbe, Cnbupb, Mpumopckuii kpan [1; 8-10;
14; 15; 21]. HanpgeH Ha HOBOM pPacCTEHUU-XO3AMHE ANA
haHHoro Buaa. PaHee B [arectaHe oTmevanca Ha Achillea
millefolium B KaiTtarckom, ByiHakckom, [ymbeToBCKOM
pavioHax; Ha A. millefolium, A. biebersteinii - B
AXTbIHCKOM).

Tpu6a Dasineurini Rilbbsaamen et Hedicke, 1925

Popg Dasineura Rondani, 1860
*Dasineura axillaris Kieffer, 1896

Marepuan. [arectaH, ByMHaKckuit p-oH, 6au3
c. BepxHuin [ykeHryTtan, 42°65'20.71"N, 47°23'43.68"E, Ha
Knesepe nonesom (Trifolium campestre Schreb., Fabaceae),
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08.07.2023, ANMU4MHKM M no4dKoBble rannbl (GegoTtosa 3.A.,
KannuHa A.B.Haxubawesa [.M.).

3konorua. Y3kuih onurodar. JIMYMHKKM APKO-
KPacHO-po30Bble, pas3BMBaloTcA No 2—-3 B  JIYKOBU-
LeobpasHbIX 6esbIX NAOTHLIX MACUCTbIX MOYKOBbIX rasnnax.
JINYMHKM  OKYK/AMBAKOTCA B MoYBe, B 6eNblX KOKOHaX.
JINYMHKM 3UMYIOLLLETO MOKONIEHUA OKYK/IMBAIOTCA BECHOM.
3a rog, pa3BuBaeTca 2 NoKoneHusa. BcTpevaetca peako. B
EBpone oTmeyeH Ha 6 Buaax Knesepa [12], B Tom uncne B
Poccun Ha Trifolium fragiferum L. v T. medium L. [10]. B
[arectaHe BnepBble HalgeH Ha Trifolium campestre,
KOTOPbIN ABNAETCA HOBbIM PACTEHUEM-XO3AMHOM AN
Dasineura axillaris.

PacnpoctpaHeHue. LUuMpoko BcTpevaetca B
Espone: BenukobputaHusa, ®paHuma, Yexus, Cnosakus,
PymbiHMA 1 WUTanua. B Poccum paHee 6bin M3BecTeH M3
Tynbckoli obnactu [10]. Bnepsble oTmeuyeH ans dayHbl
[arectaHa. 3anagHonaneapKTUYeCcKuii.

*Dasineura capsulae Kieffer, 1901

Martepuan. [arectaH, KyMmTOpPKa/IMHCKUIA PaioH,
IOXKHbIV Kpan gavHoro noc. Kpueaa 6anka, 5- Kapaman,
6nm3  caHaTopua Kusnapckaa naryHa, 43°12'22.16"N,
47°46'93.41"E, Ha Mosiouyae npyTbeBuaHom (Euphorbia
virgata Waldst. et Kit.,, Euphorbiaceae), B no4ykoBbix U
LBeTOYHbIX rannax, 11.07.2023 (depotosa 3.A., KanivHa
A.B.).

3konorua. Y3kui onurodar. JIMUMHKKM  ApKO-
OpaHXeBaTo-KpacHoBaTble, passueatotcA no 5-10 B
OBaJIbHbIX Kancy/a0BUAHbBIX, FaAKNX, CBETN0-3e/1eHbIX UK
KPacHOBATbIX OKPYI/bIX WMAW YAJWHEHHbIX Y3KUX rannax,
06pasylomxca BMECTO LBETKOB, NAOL0B WAW BereTa-
TUBHbIX NOYEK HA pasHbiX 4YacTax pacteHusa (puc. 3 j, k).
[ann TOHKOCTEHHbIW, C LenbHbIMKU CTeHKamu 6e3 cnenos
CpacTaHuA INCTbEB WM YacTel UBETKA, YacTO M3OTHYT B
BMAE POXKa, OKONo 1 cm AnuHbl. BHYTpM ranna opHa
NpoCTOpHasA Kamepa. BeplwinHa ranna yTtoH4yaetca B Buae
Y3KOro OTPOCTKA, KOTOPbI KOCO ycevyeH Ha KoHLe. 3a rog,
passuBaetcA 1 nokoneHve. OKyKIMBaHMe B MNOYBeE.
BcTpeuaetcs peako. B [larectaHe AaHHbIN BUA OTMEYEH Ha
HOBOM AO/11 HEro pacteHuu-xo3auHe Euphorbia virgata. B
EBpone BuA oTmedeH Ha Euphorbia cyparissias L. n
E. boisieriana (Woron.) Prokh. [12].

PacnpoctpaHeHue. LLnpoko otmeuyeH B EBpone;
Ipy3ua, Amkup, TyHuc. Poccuma: BCTpevaeTcAa B LEHTpe
eBponenckon 4actu. Hosbii ana  ¢ayHbl KaBkaza u
[arectaHa. B antepatype MHoraa npuBoamTca olwMbo4YHoe
npeacrasneHve o Gopme ero rasna B BUAE BEPXYLIEYHOro
KOHWYECKOro, CNOMEHHOro M3 NJI0THO MPUXKaTbIX INCTbEB
[10, co ccbinKoM Ha PUCYHOK Kancy0BUAHOTIO rannal.

3ameuvaHue. B [larectaHe Ha Euphorbia virgata
BbIAB/IEH KOMMJEKC rannuu, KOTopble 4acTo obpasyioT
raanbl Ha OAHOM W TOM Xe pacTeHWu WA B OAHOM
mectoobutanuu: Dasineura capsulae, Spurgia euphorbiae
(vallot, 1827) w Euphorbomyia loewii (Mik, 1882).
UnntocTpaumm nx rannoB BMecTe pasmeLleHbl Ha puUc. 3 c-K.

*Dasineura rosae (Bremi, 1847) — po3aHHas nucrosas
rannuua

Martepuan. [arectaH, ByliHaKkcKuiA p-oH, 2,4 KM
loXKHee  Cc.  Bepxuuih  [KeHrytan,  42°65'20.71"N,
47°23'23.43.68"E, Ha wwnnoBHMKe cobadybem (Rosa canina
L., Rosaceae), nnctosble rannbl ¥ AnuYMHKKM, 08.07.2023,
Bbinetr 20-31.07 (depotosa 3.A., Haxubawesa [.M);
YHUYKYNbCKUIA paiioH, 3 Km. OB c. Tumpsbl, TMMpUHCKasa

bawHs, 42°74'75.63"N, 46°87'43.86"E, cbop 07.07.2023
(dPepoToBa 3. A., KannvHa A.B.).

dkonoruAa.  Y3kuii  onurodar, B  EBpone
pa3BMBaeTCA B IMCTOBbIX raniax Ha 17 BuAax LWMNOBHUKOB
[12]. Tannbl B BUAE CNOXMKEHHOTO BAO/Ib CPEAHEN KUAKKU
nvcta. Hapy)KHas CTOpOHA /IUCTa OKasbiBAeTCA BHYTPU
ranna (puc. 3 a, b). CTeHKM ranna cHapy»u c po3oBaTbiMn U
60paoBbIMK  MATHAMW, BAONb CpPeAHeN UKW Cchnerka
nedopmmMpoBaHbl M paclMpeHbl  BOKPYr 0b6beMHOW
JIMYMHOYHOW Kamepbl. MHOrAa rannbl TOHKME, BONTHOBUMAHO
M30rHYTbl. JIMUMHKM PO30BATO-OPaH¥KEBble, Pa3BMBAOTCA
no 3-15 B ranne, BbIXOAAT B MOYBY Ha OKYKAMBAHME.
WHorga B rannax ogHOBPEMEHHO XMUBYT Benble NNYMHKK
rananubl-uHKBUAMHaA Macrolabis luceti Kieffer, 1899,
KOTOpble TaKKe OKyKnuBatotca B noyse. Oba BMAA
pa3BMBAlOTCA B [ABYX MNOKOJIeHMAX 3a rod. Bcrpeuvaetcs
pefKo. MIHKBUAMH OTMeuveH B rannax, cobpaHHbix 6au3
c. BepxHuit xkeHryTan.

PacnpoctpaHeHue. LLUMpoKko pacnpocTpaHeH B
Maneapktuke [14; 15]. UmmurpaHT 13 EBponbl B CeBepHyto
AmepuKy; CeBepHan AdpuKa; KasaxctaH [9]. Poccusa: ueHTp
eBponenckon Yactu, HuxkHee 1 CpegHee Mososikbe, Kpbim,
MpeakaBkasbe, CpeaHuit Ypan, 3anagHaa Cubupb, HOxHoe
Mpumopbe [6; 8; 10; 17]. NaHnaneapkTuyeckuit. Hoebin
ana dayHbl JarectaHa.

Dasineura trifolii (L6w, 1874)

Martepuan. [arectaH, ByhHaKCKuit p-oH, 6au3
c. Kogap, nepeg nepesanom Bonubu BopoTa, 42°60'31.8"N,
47°23'24.24"E, Ha kneBepe rmbpuaHom (Trifolium hybridum
L., Fabaceae), nuctoBble rannbl M AnuunHkK, 08.07.2023
(PepoTosa 3.A., KananHa A.B.).

dKonorus. Y3Kui onurooar. JIN4mHKM
OpaH}KeBble, pa3BuBalOTCA No 1-5 B AMCTOBLIX rannax,
cBepHyTbIX nonosam (puc. 2 g, h). Boonb cpegHelt *KuUaku
obpasyetca cnabo B34yTbIN, CNerka obecuBeYeHHbIN rann,
Kpas KOTOpPOro M/OTHO CXaTbl 340POBbIMM, MNIOTHO
NPUMbIKAOWUMU  APYr K Apyry, NONOBUMHKaMK /uCTa.
JINUMHKM BbIXOAAT B MOYBY M OKYKAMBAKOTCA B Oenblx
KOKOHax. 3a rofg pa3suBaetcA 2—3 nokoneHuA. OKyKau-
BaHWE 3MMYIOWEro MOKONAEHUS TMPOUCXOAUT BECHOW.
BcTpevaeTtca peako. B EBpone oTmeyeH Ha 8 Bupgax
knesepa [12], a Takxke Ha Trifolium canescens Willd. [1]. B
Poccum BcTpeyaeTs Ha 5 Bugax, B Tom uncne Ha Trifolium
hybridum [10].

PacnpoctpaHeHue. LUupoko BcTpevaetca B
Maneapktnke, wummurpaHt B CLUA. B Poccum noutm
noBceMecTeH B eBPOMencKon Yactu, HanaeH Ha CpeaHem
Ypane [10]. Bnepsble oTmeyeH gns dpayHbl [larectaHa.

*Popg, Geocrypta Kieffer, 1913
*Geocrypta galii (Loew, 1850) — nopmapeHHUKOBasA
rannuua

Marepwman. [arectaH, byliHakckuit p-oH, 6au3 c.
Kogap, nepea nepesanom Bonubu BopoTa, 42°60'31.8"N,
47°23'24.24"E, (Ha nogmapeHHUKe xentom Galium verum
L), cTebneBble M no4ykoBble rannbl, 08.07.2023
(depoTosa 3.A., MyxTtaposa .M.).

dkonoruA. Y3kuii onurodar, passuBaeTcA B
cTebnesbix rannax Galium uliginosum L., G. mollugo L.,
G. verum. JINUMHKN CBETNO-OPaHIKEBbIE, PAa3BMBAOTCA MO
1-5 B 6enbix rybyaTbix rannax, 4acto C po30BaTbiMU
natHamu. lannbl 06pasyloTcA Ha BepxywkKe cTebna, B
OCHOBaHWW /NIUCTbEB WM B couBeTuax. [annbl COYHble,
TO/ICTOCTEHHbIE, C LWMPOKUMWU JIMYMHOYHBIMKU Kamepami,
NPOXO4ALLMMMN BHYTPb CTEB/A, KOTOpble pacTpecknsatoTcs
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NONacTAMM nepes BbIXOAOM AWMUMHKK. OKyKAMBaHWE B
nouse B 6e/1bIX KOKOHaXx. 3a rof, pa3BMBaeTcs 2 NOKoAeHus,
OKYK/MBaHME JIMYMHOK 3MMYIOLLErO MOKOJEHMA Npouc-
XOAMWT BeCHOW. BcTpevaetca yacTo.

g

PacnpocrpaHeHue. LLnpokoe B [ManeapKtuke, B
T. Y. /lutea, JlatBua, YKpauHa, KasaxcraH n Poccua: HuxHee
n CpepgHee lMoBoskbe, MNpumopckuii Kpali [6; 8-10; 14].
HoBbilt ana Aarectana. MaHnaneapKTUYECKUN.

PUCYHOK 3. J/InCcTOBbIE 1 LBETOYHbIE Fa/bl FAAIUL, Hal4eHHbIX B [arectaHe: a, b — Dasineura rosae Ha Rosa canina;
¢, d — Jaapiella thalictri va Thalictrum minus; e, f — Spurgia seguierianae, g, h, i — Euphorbomyia loewii

nj, k—Dasineura capsulae Ha Euphorbia virgata

Figure 3. Leaf and flower galls of gall midges found in Dagestan: a, b — Dasineura rosae on Rosa canina;
¢, d —Jaapiella thalictri on Thalictrum minus; e, f — Spurgia seguierianae, g, h, i — Euphorbomyia loewii

and j, k — Dasineura capsulae on Euphorbia virgata
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*Pop Jaapiella Riilbsaamen, 1915
*Jaapiella inulicola Fedotova, 1993

Martepwuan. [larectaH. AXTbIHCKMIA p-oH, 0,5 km CB
OT ueHTpa c. FapiHK, 41°46'24.11"N, 47°66'19.96"E, 1400 m
Hag yp. M, Ha neHTaHeme LwepoxosaTol (Pentanema
asperum (Poir.) G.V. Boiko et Korniy, Asteraceae), "M4NHKM
B KOp3KHKax, 13.07.2023 (depoTosa 3.A., KanauHa A.B.).

JKonorua. Y3kuit onurodar. JIMUMHKM po30Bble,
Pa3BMBAIOTCA B KOP3MHKaX Mexay YacTaAMM LBeTKoB, 61u3
AoHUA. [MoBpeKAeHWA KOP3MHOK CHApYyXXM MNoyTu He
BMAHbl. OKyKNMBaHMe B no4yBe B HesblX KOKOHax. 3a rog
pa3BMBaeTCA 2 TMNOKONEHMWA, OKYK/JWBAHWE  JINYMHOK
3MMYIOLLErO MOKOJEHUs Npoucxoamut BecHol. CemeHa B
KOP3MHKax B MeCTax MWUTaHMA JIMYUHOK YepHelT U
OCTaloTCA HepasBUTbIMU. BcTpeyaetca yacto. PaHee BuA
6bln  M3BECTEH TONbKO Ha NeHTaHemMe WBOJIMCTHOW
(Pentanema salicinum D. Gut. Larr et al.) (syn. Inula salicina
L.). B JarectaHe obHapyeH Ha HOBOM ANl HEFO PacTeHUK-
X03AnHe Pentanema asperum.

PacnpoctpaHeHne. OnucaH un3 KasaxcraHa.
Espona: [aHus, Weeuns, Hopserua [14; 15]. HoBbit BUA,
ana dayHbl Poccun n [larectaHa.
*Jaapiella schmidti (Rilbbsaamen, 1912) - saanuenna
Lmunara

Martepuan. [arectaH, ByMHaKckuit p-oH, 61u3
c. Kogap, nepeg nepesanom Bonybu BopoTa, 42°60'31.8"N,
47°23'24.24"E, Ha nopopoXHUKe Ypsunna (Plantago
urvillei Opiz, Plantaginaceae), LBeTOYHble W NJA0AOBbIE
rannbl, 08.07.2023, Bbinet 23-31.07 (dPemotosa 3.A.,
Haxubawesa .M.); AXTbIHCKMI1 paiioH, 0,5 Km CB oT ueHTpa
c. [abiHK, 41°46'24.11"N, 47°66'19.96"E, 13.07.2023,
1400 m Hag yp. M, Bbinet 29.07-5.08 (depgotoBa 3.A,
KanauHa A.B.).

3konorua.  Y3kuii  onurogpar.  OpaHxkeBble
JIMYMHKM Pa3BMBAOTCA B COLBETUAX U COMAOAMAX 5 BUAOB
nogopoxHukos [10; 12]. NoBpexaeHna couBeTuit 06blYHO
He BWAHbI CHapy:xu. Mnaog cnerka ysennyeH. JIMYMHKK
MUTAOTCA Ha NOBEPXHOCTU NJIOAA NOA NJIEHKOW, roToBbl K
OKYKNMBAHMIO B TO BPeMSs, KOr4a CpeaHAsa 4acTb couBeTUA
ewé Haxogutca B dase uBeTeHUA. OKYKNMBAIOTCA B ranse,
YacTb IMYMHOK — B nouyBe. dPasa KYKONKM MPOJO/KAETCA
8-12 pHeW. 3a rog passuBaeTca 2—3 MOKONEHUS, TUUNHKMU
3UMYIOLLLETO MOKOJIEHUA YXOOAT B MOYBY, OKYK/IMBAOTCA
BECHOW. BcTpeyaetcs Ha 3anexax, BAosb gopor. Yacto. B
EBpone BuA oTmeyeH Ha 5 Bugax poga Plantago L. [12], B
Poccun — Ha 3, B Tom uncne Ha P. urvillei npnBogutca
TonbKo gns Poccum [10].

PacnpocrpaHeHue. LUnpoko BCTpeyaetca B
Espone, B T. 4. YKpauHa, ApmeHua. Poccua: ueHTp
eBponenckon yactu [8; 10; 14; 15]. Hoeblii ansa [arectaHa.

*Jaapiella thalictri (Riibsaamen, 1895)

Martepuan. [arectaH, CeproKasiMHCKUIN p-OH,
3anagHas OKpawuHa [ BaHawmnmaxu, POAHUK,
42°40'17.44"N, 47.60'17.44"E, Ha BaCUMAUCTHUKE Ma/IOM
(Thalictrum minus L., Ranunculaceae), B NO4YKOBbIX M
UBeTOYHbIX rannax, 15.07, sbiier 2.08.2024 (depotoBa
3.A,, KananHa A.B.).

3konorua. Y3kuit onurodar. KpacHble NUYUHKK
pa3suBaloTCcA B 6€10BaTbiX B34YTbIX MOYKOBUAHbBIX rannax,
B3HMKAMOLWMX Ha BepXyLKax noberos B COLBETUAX BMECTO
usetkoB (puc. 3 ¢, d). Jluctouknm ranna benvble,
YTO/ILLEHHblEe, ryb4YaToN KOHCUCTEHL MM, 06Pa3yIoT pbix/ble
po3eTkn, oTAnvalowmecs no dopme M pasmepam
(4-10 mm). JIMYMHKM pa3BMBAIOTCA MEXKAY CTBOPKamMM

ranna, rae OKyKMBAlOTCA B 6ENOM KOKOHE, Yy 3UmyloLLero
NoKoNeHna — B no4yse. 3a rog, pa3BMBaeTCsA 2 NMOKONEHUA.
BcTpevaeTca peako.

PacnpocrtpaHeHue. FepmaHus, CpenHee
Mosomkbe [8], KasaxctaH [9]. Hosbii gnsa [arectaHa.
EBpONencKocMbUpPCKUiA.

*Jaapiella volgensis Fedotova, 2008

Martepwman. JarectaH, lamunbckuin p-oH, 600 m
KO3 c. Toop, BawHu lFoop, 42°43'00.37"N, 46°56'.49.62"E,
Ha JnobasHuMke obbikHoBeHHOM (Filipendula vulgaris
Moench, Rosaceae), uBeTouyHble rannbl, 07.07.2023
(denpoTosa 3.A., KannmHa A.B).

3KonoruAa. MoHodar. JIMuMHKM Benble  uau
CBET/I0-pO30Bble, B3POC/ble — OpaH¥KeBble, Pa3BUBAOTCA B
CUNbHO B34YBLUMXCA LBeTKax, 6—8 mm B gnametpe. [annbi
6enble ¢ po30BaTbiIMU MATHAMU UAU PO30BbIE, OKPYFble
WAW  CNerka CaTble  [0pPCO-BEHTPANbHO.  JIMUMHKM
OKYK/IMBAIOTCA B NOYBE, 3UMYIOLLETO MOKOJIEHUA — BECHOW.
dasa KyKonkuM npogonkaetrca 11-13 pgHein. 3a rog
pa3BuBaeTca 2 nokoneHua. Bctpevaetca pegko.

PacnpocrpaHeHue. Poccus: onmcaH 3 CpeaHero
Mosonkba, Camapckasa 064., 30 km HOB r. Camapa, 6113
noc. YcTtb-KuHenbckuii, BCcTpedyaeTca B Murynesckom
3anoseaHuKe, Hwurynesckne ropbl. HoBbli BUA pNA
KaBkasa 1 [larectaHa.

*Popg, Macrolabis Kieffer, 1892
*Macrolabis luceti Kieffer, 1899

Martepwman. [larectaH, byliHakcKkuii paioH, 2,4 Km
lO)KHee  C. BepxHuit  [keHrytai,  42°65'20.71"N,
47°23'23.43.68"E, Ha wKNoBHUKe cobaubem (Rosa canina
L., Rosaceae), nuctosble rannbl, 08.07.2023, BbineT
20-31.07 (PenoTosa 3.A., Haxnbawesa .M).

dKonoruA. Y3kuii onurodar, UHKBUAUH. Benble
JIMUMHKK pa3BuBaloTcA B rannax Dasineura rosae (Bremi,
1847). Tann B BUAE CNOXKEHHOTO BAOJIb CPEAHEN KUIKKU
INCTA,  XPALWEBUAHO  YTOJILLEH,  CHapPYXWU  MOKPbIT
po30oBaTbiMK U BaegHO-3eneHbIMU NATHAMWU. OKyK/ANBaHWe
B Nno4se, OMBONBTUHHbIN. BcTpeyaeTca pegKo.

PacnpocrpaHeHue. LLinpokoe B Espone;
KasaxcrtaH [9]. Poccua: CpegHee MoBosixKbe [8]. HoBbIl BUA,
ana Kaskasa u [larectaHa.

Pop, Spurgia Gagné, 1990
*Spurgia euphorbiae (Vallot, 1827)

Martepman. [arectaH, CeprokaivMHCKUIA pPaioH,
3aMagHasa oOKpauMHa c. BaHawwumaxu, 42°40'19.57"N,
47°60'17.7"E, Ha Monovae npyTbesuaHom (Euphorbia
virgata Waldst. et Kit., Euphorbiaceae), B nouykoBbIx rannax,
15.07.2023 (Haxnbawesa .M., bekwokosa MN.A.).

dKonoruA. Y3kuin onurodar. JIMUMHKK KenTble,
pa3BuBatoTCA CKOMNIEHUAMM B BEPXYLUEYHbIX
NIYKOBULLEOBPA3HbIX MOYKOBbLIX rannax, KoTopble MOryT
6bITb NNOTHLIMU WK PLIX/IbIMU, CNOMKEHbI U3 U3 MHOMMX
po3eTouHbix auctees (puc. 3 e, f). Cousetus He
passuBatoTcA. OKyK/AMBaHWeE B rasse B NAOTHbIX NJeHYaTbIX
6enblXx KOKOHax. 3a rog pas3BMBaeTcA 2 MNOKOJIeHUsA.
3MMOBKA /NIMYMHOK B MNOYBE B KOKOHAX, OKYyKAMBaHMWe
BecHol. BcTpevaetca pegko. B EBpone passuBaeTcs Ha
15 supgax Euphorbia [12], AoNOAHUTENbHO B APMEHMM — Ha
E. iberica Boiss. [21].

PacnpoctpaHeHue. LUupoko BcTpedaetca B
Espone, ummurpanHt B KaHage wn CLIA B pesynbrate
MHTpoAyKUuMM Euphorbia esula L. [1]. Poccua: ueHTp
eBponenckon yactu. Hosbi gns dpayHbl [JarectaHa.
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Tpub6a Oligotrophini Riibsaamen et Hedicke, 1925

Pop Euphorbomyia Fedotova, 1994
Euphorbomyia loewii (Mik, 1882)

Marepuan. [arectaH, KapabypaxkeHTCKui
paiioH, 6au3 noc. Nypbyku, 42°64'85.11"N, 47°57'83.55"E,
Ha MoJsiodae npyTbeBuaHom Euphorbia virgata. (Waldst. &
Kit.), AuvumHkn B uBeTkax, 08.07.2023, sbinet 15.07
(Myxtaposa .M., MyxTtapos M.A., Haxubawesa .M.).

Jkonorus. MoHodar. JIN4nHKM CBeTNo-
OpaH)KeBble, pasBMBalOTCA MO 3-8 B O0Ba/bHbIX WAU
OKPYT/IbIX PbIXNbIX rannax, 06pasyoWwmnxcs BMeCTO LLBETKOB
(puc. 3 g. h, i). CTBOpKM ranna HaNnOMWHAKOT NPULBETHUKM,
cXxo4AWMecAa BMeCTe Ha ero BepxyLlKe, U OXBaTbiBatoline
€[VHCTBEHHYIO MPOCTOPHYKD JIMYMHOYHYIO Kamepy, B
OCHOBaHUK KOTOpoW  3ameTHa  AedopmupoBaHHasA
Hepopa3BMTaA 3aBA3b. [10 LBETY rasibl He OT/MYatoTCcA OT
HEenoBpEeXKAEHHbIX LBETKOB M NiofoB. MHoraa maneHbkue
OBa/sibHble rannbl 06pas3yloTCA U3 BereTaTMBHbLIX HOKOBbIX
noyek. 3a rog passmsaetca 2—3 nokosneHuAa. CospeBaHue
rassioB NepBoOro MOKOJEeHUA Habn[aeTca K KOHLUY mas,
BTOPOrO K KOHUY MIOHA, TpeTbero — K cepeauHe
ntona.OKyKnmMBaHue B noyse. Pasa KyKOAKM NPOLONKAETCA
9-25 pHei. BcTpeuyaeTca B macce. [JaHHbI BUA Brnepsble
oTmeueH Ha Euphorbia virgata.

PacnpocrtpaHeHue. Bupg, nepeonuncaH n3
3anagHoro KasaxcraHa: Mpwuapanbckne Kapakymbl, 65 Km
C-3. 1. HoBOKasanuHck; Tam e, 6au3 r. Yenkap [24].
WLnpoko oTmeuyeH B EBpone: ®paHumsa, [lepmaHus,
Pecny6nunkn Yexma wu CnoBakus, ABCTpua, BeHrpus,
PymbiHus, Bonrapusa, YkpauHa, Kasaxctan [9; 14]. PaHee
3TOT BMA 6bin OoTmeyeH B KymTOpKasMHCKOM paiioHe, y
nogHoxua bapxaHa Capblkym, Ha monoyvae Cerbe
(Euphorbia seguieriana Neck.).

OTpsaa Hemiptera Linnaeus, 1758

NopoTtpapg, Sternorrhyncha Amyot et Serville, 1843 —
Fpyaoxo60THble

Hagcemeiicteo Miroidea Chandler, 1957
CemeiictBo Tingidae Laporte, 1832 — Kpy»keBHULbI

Pog Copium Thunberg, 1822
Copium teucrii subsp. teucrii (Host, 1788)

Marepwman. [arectaH, r.o. Maxauykana, J/IeHUHCKU#
pavioH, 10 km O3 Maxaukanbl, 1,6 km C-3. c Tanry,
TanrnHckoe yuw,., 42°87'65.16"N, 47°44'17.79"E, Ha
Teucrium pollium L. (Lamiaceae), LBETOYHbIE M NOYKOBbIE
rannbl, 8.07.2023 (Haxubawesa .M., Myxtaposa .M.);
[JarectaH, Ceproka/MHCKMIA palloH, 3anafHas OKpauHa
c. Banawwumaxu, 42°40'19.57"N, 47°60'17.7"E, 15.07.2023
(Haxnbawesa .M., bekwokosa M.A.).

dKonoruaA. Y3kuit onurodar, otmeyanca Hamu B
[JarectaHe paHee [4; 5] Ha Teucrium canum Fisch. et
C.A. Mey, T. chamaedrys L w T. polium. BctpeyaeTtcs B
macce.

PacnpoctpaHeHue. Lupoko BcTpevaetca B
3anaaHow Maneapktuke, CeBepHoit AdpuKe. Poccus: cesep
M ceBepo-3anag, eBponeinckol yactu, Kaskas. B JarectaHe
HalpeH B [depbeHTckom, KaiTtarckom, KymTopKanmHcKui
pavioHax [4; 5], BnepBble oTMeuyeH 6113 1. Maxaukanbl U B
CeproKanMHCKOM palioHe.

OTpsapa Lepidoptera Linnaeus, 1758 - YewwyeKpbinbie
Hagcem. Gelechioidea Stainton, 1854

Cem. Coleophoridae Hiibner, 1825 - YexnoHocku
*Pog Augasma Herrich-Schiffer, 1853

B oTanume oT 60/bWIMHCTBA NPeACTaBUTENEN YeXIUMKOBbIX
MOJIEN, TYCEHWULbI KOTOPbIX KMBYT B YeXAMKax, MUHUPYSA
JNNCTbA PacTeHUi, pop, Augasma OTHOCUTCA K peakomy
cpeay YelwyeKkpbiabix 6MoNOrMyeckomy TUny ranoobpaso-
BaTenel [25]. Pog BKkaovaeT 5 BUAOB.

*Auagasma atraphaxidellum Kuznetsov, 1957

Martepwman. JarectaH, byiMHaKkckuit p-oH, 10 KM K
cesepy OT r. byiMHaKck, ropa Tencenutay, 42°55'19"N,
47°05'55"E, Ha KypyaBKe paarectaHckon (Atraphaxis
daghestanica (Lovelius) Lovelius, Polygonaceae),
noberosble rannbl, 15.09.2024 (Teiimypos A.A.)

3Konorua. Y3kun onurodar, obpasyrowmin rannbl
Ha BereTaTMBHbIX W reHepaTuBHbIX noberax (puc 4 a, b).
lyceHuUbl  pa3BMBAlOTCA NO  OA4HOWM B rannax,
obpasytowmxcsa Ha noberax — cHa4yana 3eNeHOBaTbIX, 3aTEM
TEMHELWMX, KOpUYHeBaTo-cepbIX. [anbl 0AHOKaMepHble,
MOryT 6biTb ABYX TUMOB: KPYMHble, CUAbHO B3AyTble
(7-15 mm B ANUHY, 5-7 MM B WMPUHY), CUNLHO PaCLUMPEHbI
B OCHOBAHMM, K BEpPLUMHE MOCTEMEHHO CyXKaloTca U
KPIOYKOBMAHO  M3rMbatoTcs, WAW  MenKue, TOHKMe,
BepeTeHoBUAHble (8—12,5 MM B A/IMHY, 2—3 MM B LUMPUHY),
co cnabo u30rHyTOM BepLWUHOW. [loBepPXHOCTb ranna
OepeBAHUCTAn, rNagKas WA cnabo pebpuctas, CTEHKM
ranna TOHKWe, HO MpoyHble. MyCEHMLA 3UMyeT B raine B
NNeHYaTo-BOJIOKHUCTOM KOKOHe, 3apaHee nporpbi3aer
OTBEPCTME B CTEHKE Traana pgas  Bbixoga 6abouky,
OKyKNuBaue BecHol, B ranne. O4HO NokoneHue B rogy. Bua
CTPOro MPUypoOYeH K FOPHO-MYCTbIHHBIM cTauuam. PaHee
6bl1 M3BECTEH TO/ILKO Ha 3 BUAAxX Kypyasku (Atraphaxis
replicata Lam., A. spinosa L., A. virgata (Regel) Krasn.)
[25-27]. Hosoe ans BMAa pacTeHue-X03sauH
A. daghestanica — s3HgemuK BoctouHoro KaBkasa.

PacnpoctpaHeHue. OnucaH no martepuany w3
TypkmeHun (3anagHblii Konetaar, 6am3 noc. Kapa-Kana),
Apmennn (EpeBaH), KasaxctaHa (Kapatay, Tepckei,
3aunuiicknii, KyHre u Kuprusckmit Anatay, 6HacceiH
p. Wnun), Knprmusmm (6am3 r. ®OpyHse, HbiHe — BuLKek)
[25; 28], PymbiHua [29]; Poccua: Kanmbikus, AcTpaxaHcKas
obnactb [27]. Bnepsble oTmeueH gna dayHbl [arectaHa.

OTtpag Hymenoptera Linnaeus, 1758 —
MepenoH4aToKpbiNble

Nopotpag Apocrita Gerstaecker, 1867
Hapcemeiicteo Cynipoidea Latreille, 1802
CemeiictBo Cynipidae Latreille, 1802 — OpexoTBopKu

*Pop Aulacidea Ashmead, 1897
*Aulacidea hieracii (Bouché, 1834)

Martepuan. [JarectaH, TanrmHcKui panioH, 6au3
noc. Tanrm, 43°00'00.5692"N; 46°43'41.1399"E, Ha
AcTpebuHouke (Pilosella sp., Asteraceae), crebnesble
rannsl, 24.06.2024 (Teiimypos A.A.).

3Konorusa. Lvpokuin onvrodar. benble AMUMHKK
pasBMBalOTCA B CTEHAX, B KPYMHbIX 40 3 CM YAJIMHEHHbIX
WAW  OKPYFAbIX CUABbHO B34YTbIX ranfax HenpasuibHOM
dopmbl, KOTOpble O6bIMHO BO3HWMKAOT Ha BepXyLUKax
noberos (puc. 4 c, d, e). Yactb pacteHusa Hag ranniom
06bIYHO CU/IbHO yrHeTeHa. Fann MoXKeT 6bITb rNafKUM Uan
MOKPbITbIM TOPYALWMMMK BENbIMU BONOCKAMU, COAEPHKUT
HECKONIbKO DenblX NMYMHOK, KaKAasa HaxoauTcs B CBOeM
AYenke. MOHOBONIbTUHHDLIA, 3MMOBKA  JIMYMHOK U
OKyKAuBaHue B ranne. OKyKAMBaHWE NPOUCXOAMUT BECHOM.
B EBpone paHHbIV BuA nospexaaeT 15 Bnaos pacteHui,
npuHagnexawmx K poay actpebuHka (Hieracium L) w
Schlagintweitia intybacea (All.) Griseb.) [12].
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PacnpocrpaHeHue. LUnpoko BcTpevaetca B Espone, Ypan, BoctoyHas u 3anagHas Cubupb, OanbHuii BocTok
KasaxctaH, MoHronua u inoHuna. B Poccuun: cesep, LeHTP, [30]. MoHnaneapKTUYeCKunit.
BOCTOK eBponeiickoi 4actn, CesepHbiii KaBKas, Kpbim,

PucyHok 4. CtebneBble 1 IUCTOBbIE rainbl Hacekomblx (Lepidoptera, Hymenoptera) u knewei (Eriophyidae),
HalaeHHbIx B JarectaHe: a, b — Auagasma atraphaxidellum wa Atraphaxis daghestanica (Coleophoridae);

¢, d, e — Aulacidea hieracii (Cynipidae) Ha Pilosella sp.; f, g, h, i — Diastrophus rubi (Cynipidae) Ha Rubus caucasicus
Figure 4. Stem and leaf galls of insects (Lepidoptera, Hymenoptera) and mites (Eriophyidae) found in Dagestan:

a, b — Auagasma atraphaxidellum on Atraphaxis daghestanica (Coleophoridae); ¢, d, e — Aulacidea hieracii (Cynipidae)

on Pilosella sp.; f, g, h, i — Diastrophus rubi (Cynipidae) on Rubus caucasicus
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Pop, Diastrophus Hartig, 1840
*Diastrophus rubi (Bouché, 1834)

Martepman. [arectaH, Ka3beKOBCKMI palioH,
1,5 Km 3anagHee c¢. [leptma, 43°00'00.5692"N,
46°43'41.1399"E, Ha exeBMKe KaBKa3ckoi (Rubus
caucasicus Focke), ctebnesble rannbl, 25.08.2024
(Termypos A.A.).

dKonoruA. Yskuii onurodar. benble AMUMHKK
pa3sBMBAIOTCA B  KPYMHbIX OAPEBECHEBWWX  AJMHHbIX
paBHOMEPHO B3AYyTbIX rafjax Ha 3e/ieHblX O4HOrOAMYHbIX
cTebnax exesuku (puc. 4 f, g, h, i). AnuHa ranna 2-15 cm,
WKpKUHA 1 cM, OHWM YACTO WM3OrHYTbl W BbI3bIBAIOT M3rMb
ctebns. BHyTpM ranna nAoTHO APYr K APYry pPacrnonoXKeHbl
JIMUMHOYHbIE Kamepbl, B KOTOPbIX Pa3BMBAETCA MO OAHOM
6enoit  nnunHKe. [eHepauus OAHOTOAWMYHAA, 3UMYIOT
NIMUMHKK. B3pocable 0cobu NoABAAOTCA cneaylollein
BecHol. B EBpone [JaHHbIM BMA noBpexkaaeT 8 BUAOB
Rubus, B rannax otmedvaetcs go 200 nuumHoKk [12]. B
[JarectaHe BbifABNIeH Ha HOBOM A/a f[aHHOTO BMAA
OpEexoTBOPKM pacTeHuM-xo3amHe — Rubus caucasicus,
KOTOPbI ABAAETCA BOCTOYHO- M 3anafHO3aKaBKa3CKUM
3HAEMMUKOM U NPeACTaBUTENEM TPETUYHbIX PENIUKTOB.

PacnpoctpaHeHue. LUupoko BcTpeyaetca B
Espone: Asctpus, [HaHua,  PpaHuma, Fepmanua,
BenukobputaHusa, BeHrpua, Ucnanvua u Weeuna; U3pannb.
Poccua: cesep, LEHTP, BOCTOK W tOF €BPOMENCKOM 4acTy,
CeBepHbli KaBkaz u Kpbim [30]. Hosbii ana  ¢ayHbl
[JarecTaHa.

Knacc Arachnida — NayKkoo6pasHbie
Noaknacc Acari Leach, 1817 — Knewm
Hapotpaa Acariformes Zakhvatkin, 1952 —
AKapudopmHble Knewm

OTtpsag Trombidiformes Reuter, 1909 —
TpombugudopmHbie Knewm

Nopotpapg Prostigmata Kramer, 1877
Cemeiicto Eriophyidae Nalepa, 1898 — Fannosble
yeTbIpEXHOINE Knewm

Noacemeiicteo Eriophyinae Nalepa, 1898
Tpu6a Aceriini Amrine et Stasny, 1994

Pog Aceria Keifer, 1944
*Aceria galiobia (Canestrini, 1891)

Martepuan. [larectaH, byiHaKckuit paiioH, 61u3
c. Kogap, nepep, nepesanom Bonubum BopoTa, 42°60'31.8"N,
47°23'24.24"E, Ha nogMmapeHHuKe xentom (Galium verum
L., Rubiaceae), 08.07.2023 (denoToBa 3.A., KanauHa A.B.).

dKonormAa. MoHodar. JIMYMHKM  OpaH:KeBble,
pa3BMBaeTCA B penyaTblX,  KOHWYECKUX,  WHOrAa
HenpaBuMAbHOW GOPMbI rannax, KoTopble Bcerga MMeroT
330CTPEHHYIO BEPLMHY. TN rannbl 0BOblYHbI B COLBETUSAX,
Ha BepXyleyHblX W OOKOBbIX MNOYKAX MNOAMAPEHHUKOB
(Galium mollugo L., G. verum L., Rubiaceae) (puc. 1 g).
CHapyXu rannbl rnagKue, CBeTNO-3eNeHble, MHOrAa C
npofonbHbiMM 6oposakamu, 6-9 Mm AauHbl, 4—6 MM
LWMPUHBI. M3HYTPU rann 3anosHeH CrIOWHOW rybyaTton
Maccoi, B KOTOPOM pa3BMBatoTCA Kaewm. JIMYMHKK rannumuy-
XUWHKOB Arthrocnodax galiobiae B macce BcTpeuvatoTcs
BMeCTe C KNelamu, OKYKNMBAIOTCA B NOYBE WM rannax. 3a
rog, passuBaetcA 2—3 NOKoAeHMA. 3MMYyIOT B nouse,
OKYKNMBalOTCA BecHOW. ®Pasa KyKONKM npoaosKaeTca
12-14 pHeWn. BcTpeyaeTtcs yacTo.

PacnpoctpaHeHue. LUupoko BcTpeyaetca B
Espone; KasaxctaH. Poccus: esponelickas 4vactb. Hosbit
BuA ona dayHbl KaBKasa u [arectaHa.

Tpub6a Eriophyini Nalepa, 1898
Popg Eriophyes von Siebold, 1851
Eriophyes pyri (Pagenstecher, 1857) — rpywiesbiii
rannoBbli Knewy,

Martepuan. [arectaH, ByiHaKcKuiA paioH, 9 Km
ceBepHee . byiHakck, 42°54'45.1649"N, 47°05'05.5557",
Ha rpywe wmeonuctHon (Pyrus salicifolia Pall., Rosaceae),

nuctosble  raanbl, 21.05.2024  (Haxubawesa [.M.,
MyxTaposa .M, Teiimypos A.A.).
dkonorua. LUupokuin  onurodar, BbI3bIBAET

obpa3oBaHMe Ha BepxHeW CTOPOHE /IUCTa MaNeHbKUX
OKpyr/ibiXx cnabo B3gyTbix 6nsweK ANAMHOW [0 2-4 MM,
KOTOpble CO BPEMEHEM C/IMBAOTCA, @ 3aTEM YepHelT
(puc. 4 j, k). Knewm »K1MBYT BHYTPM aHOMANbHO PbIXA0M
rybyaTolt napeHxumbl. [annbl OoAHOKamepHble, rnagkue
WAW  LWepLluaBble CBET/0-3e/IeHble € KOPWYHEBATbIMU
wrpuxamu. Knewm passuBaloTca B 2—-3  reHepauuax,
3UMYIOT MOA, YellyiMkamu nodvek. B Tpysum cnocobeH
hasaTb A0 5 nokoneHwi 3a roa. B EBpone oTmeueH Ha
21 Bupae poaoB AepeBbeB M KYCTapHUKOB M3 7 poaos,
NpUHagNexalmx K CemMencTsy posouBeTHbix  [12].
Bbi3biBaeT MmaccoBoe noBpexpgeHwe uctbes. [pya
msonuctHaa  (Pyrus salicifolia), npowuspactaiowans B8
€CTeCTBEeHHbIX MecToobuTaHuax B [larectaHe, aBnseTcA
aHpemuKkom KaBkasa. BnepBble NpMBOANTCA KaK pacTeHue-
x03sMH gns Eriophyes pyri.

PacnpocTtpaHeHue. KocmMononut, BCTpeyaeTcs Ha
BCEX KOHTUHEHTAX, rae npouspacrtaeT rpywa. Bctpeyaetca B
CeBepHoit, CpegHeit n 3anagHoli Espone, B Bonrapuu,
Utanun; Manon Asum, CesepHoit Amepuke, CeBepHOl
HOxkHOW AdpuKe, ABCTpanuu; NoYTM BO BCEW €BPOMNENCKOM
yactn 6. CCCP (YKkpauHa, Mongosa, benapych), Ha KaBkase
(8 Tpysuun, AsepbaiigrkaHe, ApmeHuun), B KasaxcTaHe,
CpepHeit Asum, Cubupm u Antalickom Kpae. B Poccuum
BCTpeYaeTcs ovaramum, Hambosee yacto B LleHTpanbHom u
LeHTpanbHo-YepHo3emHOM paioHax [31]. B [arectaHe
OTMeYeH NoBcemMecTHo B KMsmniopToBcKom palioHe [32].

Pabota no wu3yyeHWUO ranauy, U ApYyrux
rannoobpasosatenei [arectaHa, npuHagaeXawmx K
oTpagam HaCeKoMbIX (Hemiptera, Lepidoptera,
Hymenoptera) M rannoBbiM YeTbIPeXHOIMM  Kjellam
(Eriophyidae), nposogunacb Hamu B 2021-2023 r. B
pasNnMyYHbIX paioHax [arectaHa: AXTbIHCKOM, ByiiHaKcKom,
JepbeHtckom, KapabypaxTtuHckom, CeprokasMHCKOM W
TanrMHckoM. M3 HEeKOTOpbIX PaloOHOB M3BECTHbI TOJIbKO
oTAesNbHble Haxo4KWM BWAOB rannoobpasosatenei. Mo
dayHe rannuy, [epbeHTcKoro paroHa 6bl10 NpoBeaeHo
CneuManbHOe UCCNefOBaHME, BK/IOYalOWeEe W3yyeHUe
Tpoduryecknx ceaseit [33].

Mo Hawum HabnwoaeHusm w cbopam rannos,
Havbonbwee  pasHoobpasve  BUAOB  NPeACTaBNEHO
ranavuamu [4; 5; 33]. Fannbl 60nbWIMHCTBA BUAOB ApPYruX
rannoobpasosatenen, NPUBEAEHHbIX B  AAaHHOM MU
npeablaywem coobueHunsx [5], 6b11m 06HapyKeHbl BMecTe
C rannamu rannuuy, Ha pPacTeHUAX, OTHOCALLMXCA K O4HOMY
WUWN HECKO/IbKMM 06Wwum BrAam. YacTo Ha 3TUX pacTeHUAX
obpasytoTca ux oblme Komnaekcol. HaxoxaeHve rannos,
npuUHagNeKawmx ranamuam, SABASETCA  MHAMKATOPOM
BO3MOMHOIO MNPUCYTCTBMA HA 3TUX PACTEHUAX TranioB
APYrMX BUAOB TafAuL, W WHbIX rannoobpasosaTtenel,
NPUHASNEKUWMNX K PasHOOOPasHbIM CUCTEMATUYECKMM
rpynnam.

Haunbonee pasHoobpasHble NO COCTaBy KOMMAEKCHI
rannvy, obHapy)KeHbl Ha PACTeHUMAX M3 CaMblX KPYMHbIX
CEMENCTB, YTO paHee TaKXKe OTMeyanocb B pesysbTaTe
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aHanusa dayH rannuy, apyrmx permoHos [8; 9]. YuutbiBas
JaHHble No TPEM rogam uccaenoBaHui, 6bin10 BbiABAEHO,
4YTO  Ccpean  pacTeHuii-xosaeB  rannauy,  [larectaHa
OOMMHUPYIOT — NpeacTaButenn  cemeWcts  Asteraceae,
Fabaceae, Lamiaceae. B Tabnuvue 1 nokasaHbl AonNon-
HeHHble cBeAeHWA no cbopam, He BKIKOYEHHbIM B

npegblaywue coobuwenma [4; 5], HO obcyaaemble B
[aHHOW cTaTbe. 34ecb BnepBble NPUBOSATCA CBEAEHUS O
4 Bupax rannvy u 1 Buge Eriophyidae, BcTpeyatowmxca Ha
Galium verum. 3TW BuAbl BCTPEYAlOTCA OAHOBPEMEHHO,
4acTo Ha OAHOM UM COCEAHUX PACTEHUAX.

Tabnuua 1. [lononHeHue gaa dayHbl rannnobpasosaTteseit arectaHa U pacnosioKeHue raanos Ha UX pacTeHUAX-Xx03eBax
Table 1. Supplement for the fauna of gall-formers of Dagestan and the arrangement of galls on their host plants

CemeiCTBO pacTeHun
Family of plants

PacTreHue-Xo03AuH
Plant-host

Bugbl rannuy u apyrux rannoobpasosateneit
Species of gall midges and other gall-formers

Adoxaceaae Sambucus ebulus Placochela nigripes L,
Amaranthaceae Salsola ericoides Asiodiplosis sp.
Bassia prostrata Izeniola potanini N, C, N
Apiacea Ferula calcarea Lasioptera sp. C
Asteraceae Achillea arabica Contarinia achilleae L,

Pentanema asperum
Pilosella sp.

Ozirhincus millefolii NMn
Jaapiella inulicola L,
Aulacidea hieracii (Cynipidae) C

Boraginaceae

Echium vulgare

Asphondylia echii L,

Euphorbiaceae

Euphorbia virgata

Spurgia euphorbiae N; Euphorbomyia loewii L,

Fabaceae Glycyrrhiza uralensis Mycodiplosis glycyrrhizae N
Vicia cracca Contarinia craccae L,
Onobrychis sp. C. onobrychidis L,
Trifolium campestre Dasineura axillaris 1N
T. hybridum D. trifolii N

Lamiaceae Mentha sp. Asphondylia menthae L,
Salvia nemorosa subsp. A. salviaflorae L,
pseudosylvestris

Teucrium canum, T.
chamaedrys, T. polium
Ziziphora serpyllacea

Copium teucrii subsp. teucrii (Tingidae) L, N

Asphondylia ziziphorae L|

Plantaginaceae Plantago urvillei

Jaapiella schmidti L, Nn

Polygonaceae Atraphaxis daghestanica

Auagasma atraphaxidellum (Coleophoridae) M, C

Ranunculaceae Thalictrum minus

J. thalictri U, N

Rosaceae Filipendula vulgaris J. volgensis L}
Pyrus salicifolia Eriophyes pyri (Eriophyidae)/l
Rosa canina Dasineura rosae, Macrolabis luceti
Rubus caucasicus Diastrophus rubi (Cynipidae) C,
Rubiaceae Galium verum Arthrocnodax galiobiae U, N; Schizomyia galiorum L;
Contarinia perplicata L;
Geocrypta galii C, N; Aceria galiobia (Eriophyidae) L, N
Bcero: 13 28 Bnpos n3 25 pogos 33 Buaa 13 22 pogos
Total: 13 28 species from 25 genera 33 species from 22 genera

B 1.4. ana ranamy: 12
Including for galls: 12

23 Buaa u3 21 poaa
23 species from 21 genera

27 Buaos 13 16 poaos
27 species from 16 genera

MpumeyaHue: Tunel 2ann08: J1—aucmossie, 1 — no4kosele, 11 — naodossie, C— cmebnessle, L| — ysemoyHele
Note: Types of galls: /1—leafy, M — bud, Mna — fruit or seed, C— stem, L| — flower

B AaHHOM CoObOWEHUN npUBOAATCA AOMNOJHUTENbHbIE
cBefeHUA O HaxoxaeHum B [arectaHe 33 BMAOB
rannoobpasoBatenein us 22 poaos, U3 KOTopbix 27 BMAOB
13 16 popos oTHocATCcA K rannvuam. OHWM noBpexgatoT
23 BWAA pacTeHWi, nNpuHagnexawmx K 21 poay w3
12 cemelictB. Bcero BbISIBAEHO AOMOJIHUTENBHO MO
CpaBHEHUIO C Npeabliaywumu uccnegoBaHuamu [4; 5]
28 BMAOB pacTeHuit u3 25 pogoB M 13 cemeicts, Ha
KOTOpPbIX 06pasyloTcA pasHoobpasHble rasnfbl, KOTopble
oTanyatoTca no Gopme U PacnosiOKEHUIO Ha pacTeHuw.
OHWM NpuHagneXKaT K pasHbiM CUCTEMATUYECKUM Fpynnam
rannoobpasosartenei, cpegy KOTOpbIX NpuBeAEHHble B
OAHHOM CTaTbe Hacekomble w3 cemelictB Tingidae
(Hemiptera), Coleophoridae (Lepidoptera), Cynipidae
(Hymenoptera), u knewwm Eriophyidae (Acariformes).

BTopoe mecto no pasHoobpasuio BMAOB cpeau
rannoobpasosarteneit 3aHMmatoT Eriophyidae. Hosbit ans
[OarectaHa Aceria galiobia, pa3suBatowuiica Ha Galium
verum, JOMNONHAET CNUCOK BUAOB [5], BKAOYAOWMI HblHe
8 BMAOB U3 5 poaoB, KOTOpble MPeanoYvYmMTaloT pacTeHus
cemiicTBa Lamiaceae.

B cneundunyecknx MHOroKamepHbix cTebnesbIx
rannax Ha Pilosella sp. (Asteraceae) v Rubus caucasicus
(Rosaceae) 6bliv OB6HapyKeHbl OpexoTBOPKKM (Taba. 1),
KOTOpble TaKXe OKas3anucb HoBbiMM ana [larectana. Mo
OaHHbIM, OMNy6AMKOBAHHLIM BO BTOPOM cooblieHun [5],
OpPEexoTBOPKM MO BMAOBOMY pa3Hoobpasuto rannoobpaso-
BaTenel 3aHUMmalOT 3-e mecTo. B HacToslwee Bpemsa B
[JarectaHe ob6HapyXeHO 7 BUA0B OPEXOTBOPOK U3 5 poaoB,
KOTOpble LOMUHUPYIOT HA pacTeHunax cemeicTs Rosaceae u
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Fagaceae. Bnepsble B [larectaHe HailgeHa rannoobpa-
3ylowan u4exsooHocka — Auagasma atraphaxidellum
(Coleophoridae), pasBuBatowanca Ha KypuyaBKe
narectaHckon (Atraphaxis daghestanica, Polygonaceae) B
ctebneBbIX M NOYKOBbIX rannax. B JarectaHe mbl oTmevanu
W apyrue rannbl, o6pasoBaHHbIe YelyeKpblIbIMK, HO 3TU
[OaHHble NoKa He 06paboTaHbl.

Haunbonblee paszHoobpasme KOMMNIEKCOB ran/ioB
NPUHASNEKUT raiNnLLam, KoTopble NpeacTaBieHbl BUAAMM
M3 O4HOr0 WM HECKONbKMX POAOB M MOBPEKAAIOT pasHble
opraHbl pacteHuin [5]. Hambonbwee pasHoobpasue
KOMMN/IEKCOB TannuL, 06Hapy»KeHo B 30He NycTbiHb. OHKU B
Macce Mopa)KaloT 34ecb MNOTU  BCe  3AMOMKATOPbI
pactutenbHoro nokposa. Cpeaun Hux Artemisia austriaca
(3 Bnga rannuy 3 3 pogos), Bassia prostrata (3 Buaa u3
2 pogaos), Bce Buabl Salsola, Kaxablii U3 KOTOPbIX MMeeT
cneumouYeckmMii KOMNAEKC FaNNL, XapaKTePHbI MMEHHO
AN JaHHOTO BMAA pacTeHus. B npearopbsax u ropax
rannoobpasoBatenn  nNpeanoynuTaloT  KYCTapHUKM U3
cemeiictBa Rosaceae. Hanpumep, Spiraea, Ha KoTopoi
BblABAEHbI ranabl 5 BMAOB rannuy, u Rosa — no 2 Buga
rannuny, v OpexoTBopoK [5].

PaHee Mbl OTMeYanu, 4YTO HaA pasHbIX BUAAX
pacTeHulit BCTPeYaloTCA KOMMNEKCbl rannoobpasoBaTtenew,
KOTOpble OTHOCATCA K OObIYHO BCerga COCeACTBYHOLWMM
cucTeMaTMYecKkum rpynnam. PasHoobpasne KOMNIEKCOB He
BE/INKO, HO OHW MPEANOYUTAIOT Pa3BMBATHCA HA OAHMX U
TeX e o0b6lWMXx BMAAX PaCTeHW, XOTA OTHOCATCA K
HEPOACTBEHHbIM CUCTEMATUYECKMM TPynnam W3 pasHbIX
oTpagoB. B [arectaHe TaKyto o6LLytO rpynny KOMM/IeKCcoB
COCTaBAAIOT ra//nLpbl, OPEXOTBOPKM, NCUANUAbI U KNewm,
KOTOpble BMEeCTe BCTPEYaloTCA Ha TamapucKe, cakcayne,
nybe, mse u Tonose. Mpuyem Bce BMAbI rannoobpaso-
BaTeneun ABNATCA MOHOdaraMm Uan y3kumm onurodparamm
Mo OTHOLWIEHWUIO K CBOEMY PaCTEHMIO-X03AUHY. BO3MOXKHO,
aHaN3 TaKUX NMPUMEPOB NMOMOKET HANTK cneunduyeckune
nytTM agantauumn  rannoobpasosatesnen K - XMMU3MY
pacTeHul, K KOTOPOMY OHM MPULLIAN CAMOCTOATENIbHO UK
6narogaps  obWMM  BMONOTMYECKMM  MEXaHW3Mam,
npucywmm oéutodaram B uenom. Y ranavu, passuBsato-
LMXCA Ha WWMOBHMKAX, cneunduyHOCTb NO OTHOLIEHMUIO K
pPacTEHMIO-X03AUHY BbIpa)keHa cnabee, TaK KaK WX BUAbI
OTHOCATCA K KpynHbIM, pogam (Dasineura, Macrolabis,
Contarinia), KoTopble He ABAAIOTCA chneuudpuyeckummu no
OTHOLWIEHWIO K poAy pacTeHusa-xo3suHa. HanpoTus,
OpexoTBOPKM MNpeacTaBneHbl Bugamu m3 poga Diplolepis,
Pa3BMBAOLMMMCA MPEUMYLLECTBEHHO HA LUMMOBHMKAX.
[aHHbI Npumep cBUAETENbCTBYET 006 WMHAMBUAYANbHOM
nyT¥ agantaumm rannoobpasosaTens K CBOEMYy PacTEHUIO-
XO3AMHY.

BonblWwoi MHTepec NpPeacTaBAAOT HAXOAKW ranios
Ha peaKux U 3HAEMWYHbIX pacTeHuax ¢aopbl KaBKasa,
NOCKO/IbKY rannoobpasosatenu, ABAACL MOHOdaramm M
y3KMMU onmrodaramMm B CBOEM Pas3BUTUWU OYEHb CWUIbHO
3aBUCAT OT BO3MOXKHOCTM HAWTU CBOE KOPMOBOE pacTeHue.
CoxpaHeHWe BWAA B NPUPOLE 3aBUCUT OT COCTOAHMA W
YCNOBUIM Npou3pacTaHUsA WX pacTeHuin-xosaes. [pexae
BCEro, 3HAEMMYHBIX U PedKUX, HYXKOAIOWMXCA B OXpaHe B
MX NPUPOAHbIX MONYAALUAX.

B Hawwux cbopax oKasanucb BUAbI rannoobpaso-
BaTenen, KoTopble OblAM OOHapyXKeHbl BrepBble Ha
sHAemuKax KaBKasa — Rubus caucasica, Ha KoTopon bbina
obHapy)keHa opexoTBOpKa, Atraphaxis dagestanica -
HoBOE pacteHue-xo3auH ona rannoobpasytoLen
YexN0HOCKK, a TakXke Ferula calcarea, Ha KoTopoW HalaeH
ewgé HeonuncaHHbIV BMA, rananubl Lasioptera sp. Mpywesbin

KMew, TaKxe OTMeYeH Ha 3HAemMMKe KaBKasa Pyrus
salicifolia. Bnepsble B [arectaHe 6blan BbiiBNEHbl HOBblE
pacTeHWA-X03aeBa 419 rannuu, y3kux onurodaros: Trifolium
campestre v Euphorbia virgata, Ha KOTOPbIX AaHHblE BUAbI
paHee He BCTpeYanuch.

B HacToAWLee BpeMs cnedyeT OLeHUBaTb COCTOSHUE
M3YYEeHHOCTM Fanauu, M ppyrux rannoobpasosatesnein B
[arectaHe Kak oyeHb cnaboe. TaKke B cBA3U 6oabWMM
BMOOBbIM pasHoobpasuem raaivy, Ha conpenenbHbIX
TEPPUTOPUAX, 3HAUMUTENbHBIM XO3ANCTBEHHbIM 3HaYeHUeM
WX PACTEHWI-X03A€B (NeCHbIX, MOMEBbIX U AEKOPATUBHbIX
Ky/NbTyp), B HacTosllee Bpems MNpeacTaBleHWEe O UX

BPEAOHOCHOCTM  CU/IbHO  3aHWXKeHo. B Komnnekcax
rannobpasosaTenieil, OCBOMBLUMX pacTeHWe, MOMMMO
duTOdaros, MPUCYTCTBYIOT XULWHUKKW, MuueTodparn u

napasuTUYecKne nepenoHYaToKpbIble, KOTOPble ABAAIOTCA
NpeacTaBUTENAMM YCTONUYMBBIX MHOFOIETHUX BMOLLEHO30B.
OcobeHHOCTM GOPMUPOBAHUA ITUX KOMMJIEKCOB WU UX
nocieaylouiee passuTMe Ha ob6LEM pacTeHWM OcCTaloTcA
HeusyyeHHbIMM.

3AK/NTIOYEHUE

dayHa rannvy, n gpyrux rannoobpasosaresei 8 JarectaHe
M3yyeHa HeaO0CTaTOYHO. X03AMNCTBEHHOE 3HAUYeHWe rannu,
CYLEeCTBEHHO  MOBPEXAAILWMX  JIeCHble,  CE/IbCKOXO-
3ACTBEHHble,  [eKopaTUBHble pacTteHus, ocTaércA
HeJoOUEHEHHbIM. M3yyeHne BMAOBOro pasHoobpasus
HaCeKOMbIX W Kjeliei, ydyacTeylowmx B 06pa3oBaHMM
KOMMNEKCOB rannoobpasoBartesieit Ha OBLWMX pPacTEHUAX-
X03f€Bax, MOMOMET pelnTb BOMPOCbI CaHWTAPHOro
COCTOSIHUA  fleca,  HeobXOAMMOro  mpu  CO34aHWM
OXPaHAEMbIX TEPPUTOPUIA M NApKOBbIX 30H. JOMNO/HK-
Te/bHble  WCCNELOBaHMA MO M3yyeHMto  dayHbl
raanoobpasosateneli, pPasBMUBAIOLLMXCA Ha pPEaKUMX U
3HAEMMYHbIX PaCTEHMAX KaBKa3CKOM ¢nopbl, nepcnek-
TUBHbI /17 U3YYEeHUN IBOJIIOLMOHHbIX CBA3EH MEXAY HUMMU
B CBA3M C BONPOCaMu BMA006pa3oBaHNA 1 0COBEHHOCTAMM
bopmmpoBaHMA rannos.
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Abstract

This paper examines the bacterial composition of soils in the Fatala River
basin, Republic of Guinea.

This work is based on molecular genetic analysis.

The research findings indicate that the most prevalent phyla are
Proteobacteria, Firmicutes, Actinobacteria and Acidobacteria. Notable
dominant species include Candidatus Koribacter versatilis and Candidatus
Solibacter usitatus. In facies 11, particularly in a bauxite mining zone, there
is an increase in cyanobacteria, potentially due to their capacity to enrich
soil fertility. Alpha diversity peaks in facies 10, 12, 17 and 18 and bottoms
out in facies 7. The decline in alpha diversity in facies 7 might be attributed
to the increase in plankomycetes, which produce antimicrobial substances
to outcompete other species. When examining beta diversity, facies 10, 12
and 17 show the highest similarity, while facies 3, 5, and 7 exhibit the most
significant differences compared to all points analysed.

The identification of the prevailing bacterial phylum and dominant species,
along with specific taxa exhibiting increases or decreases in biodiversity, is
a crucial first step in characterising the microbial communities found in the
natural environments studied. The methodology established can be
employed in environmental surveillance and evaluation of the health of
diverse soil types.

Key Words
Microbiome, bacterial composition, ecology, species diversity indices, soil,
river basin, Fatala River, Republic of Guinea.

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
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Peslome

B paHHOM cTaTbe paccmaTtpuBaeTcA 6aKkTepuanbHblA COCTaB MNOYB B
bacceiHe pekun datana (FBuHelickas Pecnybivka).

PaboTa ocHoBaHa Ha MONEKYNAPHO-TEHETUYECKOM aHaNU3e.

Pe3ynbTaTbl MCCNEA0BaHMA MOKA3bIBAlOT, YTO Haubosee npeacTaB/ieHHble
dunymbl — 310 Proteobacteria, Firmicutes, Actinobacteria v Acidobacteria.
B KayectBe BMA0B-AOMWHAHTOB Haubosnee 4Yacto oTmeueHbl Candidatus
Koribacter versatilis w Candidatus Solibacter usitatus. B ¢aummn 11, B
pavioHe, cneuManusMpylowemcs Ha p[obbide 6oKcuToB, Habatogaetcs
YBE/IMYEHNE UMAHODAKTEPUW, UTO MOXKET ObiTb CBA3aHO C WX
CNocobHOCTbIO BOCCTaHaBAMBaTb niogopoane noys. Hanbonee BbicOKMe
nokasartenu anbda-pasHoobpasus dukcupytotca B paumax 10, 12, 17 n 18,
a HaumeHblmne — B pauum 7. CHuKeHMe anbda-pasHoobpasua B daunn 7
MOJET OblTb CBA3AHO C YBE/NMYEHWEM YWUCAEHHOCTU MNAHKOMMULETOB,
CNocobHble BbipabaTbiBaTb aHTUMUKPOOHbIE BELLECTBA ANA YCTPaHEeHuA
BUOB-KOHKYpeHToB. Mpu oueHKe 6eTa-pa3HOO6pasua BbIABAEHO, YTO
Hambosnee cxoxxkmmu asaaoTca daumm 10, 12 n 17, a dpaumm 3, 5 n 7 umetot
HanMbonbWwne OTNNMYMA B CPaBHEHUW CO BCEMW MPOAHANU3UPOBAHHBIMMU
TOYKaAMM.

BbifsBneHne npeobnagaowmx HakTepuanbHbix GUAYMOB U BUAOB-
OOMUHAHTOB, a TaKXKe cneuuduyeckux BUAOB C GUKcaumMelrt NoBbIWeHUA
WUAN NOHWUMKEHUA BMOpPa3HO0bpPasnA ABNAETCA BAaXKHbIM LLIArOM A/1A OLEHKMU
XapaKTEPHbIX AAA UCCAeAyeMblX MPUPOAHbIX OB6bLEKTOB MMUKpoopra-
HM3MOB. Pa3paboTaHHbIM MOAX0d, MOMeT 6biTb NpuUMeEHeH AnA
NpoBeAeHNA 3KONOTMYECKOTO MOHWTOPUMHIA U OLLEHKM COCTOSIHUA
Pa3NIMYHbIX TUNOB NOYB.
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Pecnybnuka.
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INTRODUCTION

The Republic of Guinea, a West African nation, boasts
substantial mineral, hydropower, and agricultural resources,
ranking as Africa's top and globally the second-largest
bauxite exporter, with reserves also including gold, uranium,
iron ore, and diamonds [1]. The Fatala River basin spans
Boke and Kindia provinces, home to the majority of Guinea's
aluminum ore reserves [2—4]. The rich bauxite deposits of
Fouta Djallon province, holding up to a third of Guinea's total
aluminum reserves [5; 6], fuel industrial growth and
infrastructure development, consequently impacting the
environment [7]. Anthropogenic influences on Guinea's
landscapes are mainly driven by urban expansion and a lack
of active introduction of modern working methods into
industrial enterprise activities aimed at reducing negative
impact on the environment [8].

To mitigate the adverse, often devastating impacts
of mining and safeguard natural landscapes, comprehensive
environmental monitoring is essential. This involves periodic
assessments of the extent and magnitude of human-induced
landscape transformations, followed by the development of
strategies for their rehabilitation. A key indicator of soil
health is the analysis of its bacterial diversity [8-10].
Moreover, targeted manipulation of soil bacterial
composition using both natural and synthetic microbial
communities can aid in repairing and protecting healthy soil
ecosystems, thereby mitigating or reversing environmental
damage [11]. Nevertheless, the relationship between the soil
microbiome of Guinea and its ecological and geographical
landscape features remains unexplored to this day.

Soil, as a vital living system, underpins Earth's life
support functions, with its microbiome serving as the
primary driving force [12]. Soil hosts an extraordinary density
of microorganisms, up to 10% bacterial cells per gram,
contributing significantly to its biomass [13]. These
microorganisms play a pivotal role in biogeochemical
nutrient cycling, mobilising and stabilising nutrients for
plants, thereby impacting overall soil fertility and plant
health [14]. The soil microbiota mitigates greenhouse gas
emissions, sequesters carbon, aids in pollutant degradation
and disease suppression and secures nutrients for growth
[15].

The soil microbiome is indispensable to the proper
functioning of soil ecosystems [16]. Its abundance and
diversity are shaped by soil type, climate, edaphic factors,
nutrient availability, and oxygen levels [17]. Bacterial
composition differs across habitats, from deserts to forests
and is heavily influenced by abiotic and biotic factors such as
pH, carbon content, soil structure, texture, vegetation and
can vary markedly depending on the ecosystem and the
corresponding inhabitants [16]. Soil microbiome composition
is largely dictated by soil edaphic properties, acting as the
primary ecological filter [16]. Surveys of diverse soils reveal
that soil bacteria predominantly belong to phyla such as
Verrucomicrobia, Acidobacteria, Proteobacteria
(Alphaproteobacteria,  Betaproteobacteria, =~ Gammapro-
teobacteria, and Deltaproteobacteria), Planctomycetes,
Bacteroidetes, and Actinobacteria [18]. Soil structure
influences mesofauna development, with micropores of clay
molecules potentially impeding microbial predation and
lighter structures promoting bacterial growth. Moisture
content impacts the microbiome, as water availability
enables bacterial existence, mobility, nutrient dissolution,
and gas diffusion. Different soil microorganisms prefer
distinct pH ranges, as seen in correlations with specific
microbiome compositions. For instance, liming acidic soil

triggers high-frequency changes in bacterial composition and
abundance, notably affecting phyla such as Actinobacteria,
Gemmatimonadetes, B and &dProteobacteria, Chloroflexi, and
Nitrospirae [16].

Beyond their direct roles in nutrient cycling and
organic matter transformation soil microorganisms can
reshape the soil habitat through numerous biochemical and
biophysical processes, leading to notable environmental
impacts [19]. This becomes increasingly relevant in
contemporary times, as global changes like anthropogenic
soil threats (e.g., forest conversion to agriculture) and
climate change challenge normal soil functioning. To ensure
soil health, it is vital to have trustworthy indicators that
pinpoint the nature of harmful changes and reflect soil
quality [20]. Rapid advancements in molecular (DNA-based)
methods now enable deciphering microbiomes and revealing
associations between microbial communities and soil
ecological states [21].

The objective of this study was to describe the
bacterial diversity of soils within the Fatala River basin, which
exhibits a range of ecological and geographical features,
through molecular genetic analysis.

MATERIALS AND METHODS

The Fatala River serves as a vital waterway for the
surrounding region, with its basin encompassing diverse
landscape zones, such as plains, hilly terrain and mountain
systems. This variability offers an ideal setting for
expeditionary research.

The Fatala River is located in the Republic of
Guinea, in its western part and belongs to the Atlantic Ocean
basin (Fig. 1). The relief of the territory is diverse: the coastal
plains give way to the dismembered Fouta Djallon plateau, in
the east there is an elevated stratum plain and in the south
the North Guinean Upland with low mountains rises. The
climate of the Fatala River basin is subequatorial, with
pronounced wet and dry seasons. The average annual air
temperature range is 24-30 °C. The rainy season lasts from
May to October, during which time the bulk of precipitation
falls, which maintains a high level of humidity and
contributes to the rapid development of vegetation [22].
Soils in the basin are mainly represented by three types:
lithic leptosols, ferrallitic soils and thionic fluvisols [23]. The
vegetation within the basin comprises tropical forests,
savannas, and dense shrubby thickets.

During the expedition studies, 18 facies in various
landscape conditions were described. In each, soil profiles
were established and horizons identified and described (Fig.
2). Samples from each horizon were collected to ascertain
soil bacterial composition. Table 1 offers a concise
description of the sampled facies.

METHOD FOR ISOLATING TOTAL DNA FROM SOILS

A detailed soil profile was made at each of the 18 chosen
facies, followed by a thorough soil description. Soil samples
were collected from each selected horizon, with
approximately 15-20 ml of soil placed in a 50 ml tube and
preserved with a 95% ethanol solution to maintain the
bacterial composition unchanged. Total DNA was extracted
from all selected samples, except for facies 14 due to
irreparable damage during transportation. Prior to
extraction, soil samples were removed from the alcoholic
solution into a 1.5 ml tube (700-800 mg), centrifuged at
5000 rpm for three minutes, and the supernatant was
discarded. The remaining pellets were heated in an oven at
50°C with open lids until all alcohol had evaporated.
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Figure 1. Geographical location of the Fatala River basin
PucyHok 1. l'eorpaduryeckoe nonoxeHune bacceHa peku ®atana

[ Soil sampling points

— Rivers

I:l Fatala River Basin

Figure 2. Sampling points in the Fatala River basin
PucyHok 2. Touku otbopa npob B HacceiHe pekn PaTana
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Table 1. Brief description of the studied facies [22]
Tabnuua 1. KpaTkas xapakTtepucTuka ucciegyemoix dauuii [22]

Facies

Description / O
daumn iption / OnucaHue

Narrow, gently sloping (1-2°) watershed surface of south-southwest exposure, composed of Devonian
siltstone-mudstones, mudstones with interlayers of fine-grained sandstones, with a low-growing,
single-storied sparse forest on medium-thick, weakly humus-bearing, skeletal sandy loam leptosols

on stony-blocky eluvium of Devonian deposits.

1 MoBepxHOCTb BOAOpa3aena y3Kan cnaboHakNoHHasA (1-2°) oro-toro-3anagHoi aKCnosmumu,
C/IO¥KEeHHasA AEBOHCKMMU aNeBPO-apruIMTaMum, aprmainuTamm C NPOCAOAMMU U3 MENKO3EPHUCTbIX
NecyaHMKOB C HU3KOCTBO/IbHbIM O4HOAPYCHbLIM Pa3peXKeHHbIM 1eCOM Ha IMTOCONAX CPEeAHEMOLLHbIX
€n1aborymycmMpoBaHHbIX CynecyaHblX CUAbHOCKENETHbBIX Ha KAMEHWUCTO-T/1bIBUCTOM 3/1H0BUN SEBOHCKMX
OT/IOKEHWUN.

Steep (23°) middle part of the slope of southern exposure, composed of Devonian siltstone-mudstones,
mudstones with interlayers of fine-grained sandstones, with a dense, low-growing, single-storied forest

on shallow, poorly humus-bearing sandy loam leptosols on the bedrock massif of Devonian deposits.

CpefiHAA YacTb CKAOHa KpyTas (23°), 103KHOM 3KCNO3MLMM, CNOXKEHHAN [EeBOHCKUMU aNeBpo-apruaanTamu,
apruanUTamm C NPOCI0SMMU U3 MEIKO3EPHUCTBIX MECYAHMKOB C IYCTbIM HU3KOPOC/IbIM OAHOSAPYCHBIM 1ECOM

Ha IMTOCOIAX MAJIOMOLLHbIX C1aBOryMyCHMPOBAHHBIX CyNnecyaHbIX Ha CKaJIbHOM MacCUBe eBOHCKUX OT/IOKEHWNA.

Gently sloping (1-2°) surface of the Fatala River high floodplain of west-north-western exposure, composed
of Devonian coarse-grained quartz sandstones, gritstones and conglomerates, with a dense, tall, two-storied
forest on fluvisols, thick, poorly humus-bearing, light loamy soil on alluvium of Devonian deposits.

3 MoBepXHOCTb BbICOKOM MoMMbI pekn daTana cnaboHakNoHHaA 1-2°, 3anagHo-ceBepo-3anagHoi 3KCNo3uLmu,
CNIOXEHHanA 4eBOHCKMMM KPYMHbIMM KBAapLEBbIMM NecYaHUKaMM, rPaBeMTammn U KOHFIOMepaTamMm C rycTbiM
BbICOKOPOC/bIM ABYAPYCHbIM 1€COM Ha a//1l0BMaIbHON MOLLHOW CNaborymycupoBaHHOM 1erkocyrMMHUCTON
MoYBe Ha a//IlOBUUN LEBOHCKUX OTI0KEHN.

Gentle (5-10°) upper part of the slope of south-southwestern exposure, composed of Devonian coarse-grained
quartz sandstones, gritstones and conglomerates, with a dense, tall, two-storied forest on medium-thick,
low-humus, skeletal sandy loam leptosols on the colluvium of Devonian deposits.

4 BepxHAs YacTb cknoHa nosoras (5—10°), toro-toro-3anagHom sKCNO3NLUUK, CIOKEHHANA AEBOHCKMMM KPYMHbIMK
KBApLEBbIMM NECHAHMKAMMU, TPABEIUTAMM U KOHTNIOMEPATaMM C IyCTbIM BbICOKOPOC/IbIM A,BYXbAPYCHbIM 16COM
Ha IMTOCONAX CPEAHEMOLLHbIX MAaNOTYMYCHbIX CYNecYaHbIX CUIbHOCKENETHbIX Ha Ae/t0BUN [EeBOHCKUX
OT/IOXKEHUN.

Gentle (10-15°) watershed surface of the ridge of southern exposure, composed of Devonian coarse-grained
quartz sandstones, gritstones and conglomerates, with a dense, tall, two-storied forest on deep, poorly
humus-bearing, skeletal sandy loam ferralitic soils on the eluvium-colluvium of Devonian deposits.

5 BopopasgenbHas noBepxHOCTb xpebTa nosoras (10—15°), 10XKHOW 3KCMO3MLIMK, CNIOKEHHAA AEBOHCKMMM
KPYNHbIMUW KBapL,EBbIMWU NEeCYaHUKaMM, FPaBeNTaMmn U KOHITIOMEPaATaMu C ryCTbIM BbICOKOPOC/IbIM
[BYAPYCHbIM IECOM HA }KEeTO3eMaX MOLLHbIX C1a60ryMycMpoBaHHbIX CynecyaHblX CUAbHOCKENETHbIX
Ha 3/110BO-A,/110BUM AEBOHCKUX OT/IOKEHUN.

Periodically flooded, slightly wavy, gently sloping (1-2°) surface of the Fatala River floodplain of north-

northwestern exposure, composed of Devonian dolerites, congadiabases and gabbro-dolerites, with a dense,

single-storied floodplain forest on fluvisols soails, thick, poorly humus-bearing, light loamy soil on gravelly alluvium.
6 MoBepxHOCTb NoWMbl pekn daTana, nepuogmnyecku satoniaemas, cnabosonHucras, cnaboHaknoHHan (1-2°),

ceBepo-ceBepo-3anagHoMN 3KCNO3MLMUM CNOXKEHHAA 4EBOHCKMMM SONEPUTAMM, KOHragmabasamm

1 rabbpo-goneputamm ¢ NOMMeHHbIM OAHOAPYCHbIM NYCTbIM JIECOM Ha anNt0BUANbHOW MOLLHOM

cnaborymycmpoBaHHOM IEFKOCYT/IMHUCTOM NOYBE Ha ra/Ie4HMKOBOM ajlItoBUU.

Slightly wavy, gently sloping (1-2°) watershed surface is of south-south-western exposure, composed

of Devonian siltstone-mudstones, mudstones with interlayers of fine-grained sandstones, with a grass
monodominant community on shallow, low-humus, skeletal sandy loam leptosols on the stony-blocky

eluvium of Devonian deposits.

MoBepxHOCTb BOAOpasaena cnaboBonHucTasa cnaboHaknoHHan (1-2°) 1oro-toro-3anagHoi 3KCNo3mLMmn CAOXKEHHasn
[EeBOHCKMMM aNespo-apruannutaMmm, aprmaauTamm ¢ npocaoAMmM U3 MeNKO3EPHUCTbIX NECHAHNKOB CO 3/1aK0BbIM
MOHOZLOMMUHAHTHbLIM COOBLLECTBOM Ha IMTOCOIAX MANIOMOLLHbIX MAZIONYMYCHbIX CyMecyaHbiX CUNbHOCKENETHbIX
Ha KAMEHWCTO-T/1bIBUCTOM 3/1H0BUM AEBOHCKUX OT/IOKEHWIA.

Inclined (5-7°) upper part of the slope of north-eastern exposure, composed of Devonian siltstone-mudstones,

fine-grained sandstones and mudstones, with shrub communities and isolated standing trees on deep,

poorly humus-bearing, skeletal sandy loam ferralitic soils on the stony-blocky colluvium of Devonian deposits.
8 BepxHAs YacTb CKNOHA HaKNOHHAsA (5—7°) ceBepo-BOCTOYHOM IKCMO3ULMM CIOKEHHAA 4EBOHCKMMM aneBpo-

APTUNNUTAMU, MENKO3EPHUCTLIMU MEeCYaHMKAMM U apruAAUTaMM C KYCTapHUKOBBIMUM CO0BLLeCTBaMMU

W AMHUYHO CTOALLMMUN AEePEBBAMM HA HKENTO3EMAX MOLLHBIX C/1abOrymycMpoBaHHbIX CyrnecyaHbixX

CUNbHOCKENETHbIX Ha KAMEHUCTO-T/IbIBUCTOM AEN0BUN LEBOHCKUX OTIOMEHUN

Steep (40-45°) lower part of the slope of the Fatala River valley of north-western exposure, composed
9 of Devonian siltstone-mudstones, mudstones with interlayers of fine-grained sand, with a two-storied
broad-leaved forest on deep, poorly humus-bearing, medium loamy skeletal ferralitic soils on the stony-blocky
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colluvium of Devonian deposits.

HUKHAA yacTb CKNOHa AOAMHbI pekun daTana, KpyTan (40-45°) ceBepo-3anafHOW 3KCNO3ULMK CNOXKEHHanA
[EeBOHCKMMMU aNeBpo-apruaiuTamu, apruaanTamm ¢ NPoca0SMU MeNKO3EPHUCTOTO NECKa C ABYXbAPYCHbIM
LIMPOKOIMCTBEHHBIM IECOM Ha KETO3eMaX MOLLHbIX C1a6orymycMpoBaHHbIX CPeAHEeCYrMIMHUCTbIX
CKE/IETHbIX HAa KAMEHWCTO-T/IbIBUCTOM AENIOBUM AEBOHCKUX OTIOKEHUN.

10

Periodically flooded, slightly wavy, gently sloping (5-7°) surface of the first terrace above the floodplain

of the Fatala River of south-eastern exposure, composed of Devonian siltstone-mudstones, fine-grained
sandstones and mudstones, with a two-storied broad-leaved floodplain forest on fluvisols, deep, poorly
humus-bearing, medium-heavy loamy soil on sandy-boulder alluvium.

MoBepxHOCTb NepBOM HAaANOMMEHHOM Teppackl pekn PaTtana, nepuoanyecky satonnsemas, cnabosonHucTas,
NOJIOroHaKN0OHHaA (5—7°), Oro-BOCTOYHOM SKCMO3ULMUM CNOXKEHHAN AEBOHCKUMM aNeBpO-apruaanTamm,
Me/IKO3€PHUCTbIMM NECYaHUKAMM U aprUAIUTaMU C MOMMEHHbBIM ABYXbAPYCHbIM LMPOKOAUCTBEHHbIM IECOM
Ha anNtoBNANIbHON MOLHOM cNaborymycMpoBaHHOW CpeHe-TAXKENOCYTIMHUCTOM NoYBe Ha NecyaHo-BasyHHOM
aNNoBUN.

11

Wavy, gently sloping (1-2°) surface of the watershed of northeastern exposure, composed of Silurian siltstone-
mudstones, mudstones with interlayers of fine-grained sandstones, with a regenerated young forest on medium-
depth, poorly humus-bearing, skeletal sandy loam leptosols on the stony-blocky eluvium of Silurian deposits.
MoBepxHOCTb BOAOPa3Aena BOHUCTasA claboHakNoHHan (1-2°), ceBepo-BOCTOUYHOW 3KCMO3ULMK, CIOKEHHAA
CUNYPCKUMU aNeBPO-apruiuTaMu, aprmaanTamm ¢ NPpoCaoAMMU U3 MENIKO3EPHUCTbIX NECHAHUKOB

C BOCCTAHOB/IEHHbIM MO/IOAbIM 1€COM HA JIMTOCONAX CPEAHEMOLLHbIX C1aBoryMycMpoBaHHbIX CynecyaHbIx
CUNbHOCKENETHbIX HA KAMEHUCTO-TNbIBUCTOM 3/I0BUUN CUTYPCKUX OTIONKEHWA.

12

Gentle (6—7°) middle part of the slope of the watershed ridge of southern exposure, composed of Silurian
siltstone-mudstones, mudstones with interlayers of fine-grained sandstones, with a dense regenerated young
forest on medium-depth, low-humus, skeletal sandy loam leptosols on the stony-blocky colluvium of Silurian
deposits.

CpeaHaAn YacTb CKIOHA BOAOPA3AeNbHON rpaabl nonoran (6—7°), loXKHOM 3KCNO3ULMK, CNOKEHHANA CUNYPCKUMM
aNeBpPoO-apruaanTaMm, apruaanTamm c NPOCI0OAMMU U3 MENKO3EPHUCTbIX NECYAHUKOB C NYCTbIM BOCCTAHOBNEHHbIM
MO/I0A,bIM JIECOM Ha JIMTOCONAX CPEAHEMOLLHBIX Ma/IOTYMYCHbIX CynecyYaHbIX CUIbHOCKENETHbIX Ha KAMEHUCTO-
rNbIBUCTOM L,ENI0BUM CUNYPCKUX OTNIOKEHWUIA.

13

Periodically flooded, slightly wavy, gently sloping (5—-14°) surface of the first terrace above the floodplain

of the Fatala River of south-southwestern exposure, composed of Silurian siltstone-mudstones, fine-grained
sandstones and mudstones, with a dense single-storied broad-leaved floodplain forest on fluvisols, gleyed,
deep, poorly humus-bearing, medium loamy soil on Silurian alluvial deposits.

MoBepxHOCTb NEPBO HaAMoOMMEHHOM Teppackl peku daTtana, nepruogmyeckn satonasemas, c1abososHUCTaA,
No/sIoroHakNoHHas (5-14°), oro-toro-3anagHoi 3KCNO3ULMM CIOXKEHHAA CUNYPCKUMM aneBpo-apruaamnTamm,
Me/IKO3€PHUCTBIMM NEeCYaHUKaMM U aprUAIUTaMU C MOMMEHHbBIM O4HOAPYCHBIM LUMPOKOUCTBEHHBIM FyCTbIM
JIeCOM Ha aI/Il0BMAIbHOWN OT/IEEHHOM MOLLHOW C1aborymycMpoBaHHOM CpeaHEecyr/IMHUCTOM NOYBE Ha astoBUMK
CUNYPCKUX OTNIOKEHUN.

14

Wide, slightly wavy, gently sloping (3—4°) surface of the watershed of southern exposure, composed of Silurian
siltstone-mudstones, mudstones with interlayers of fine-grained sandstone, with a grass-shrub association

on shallow, poorly humus-bearing, skeletal light loamy leptosols on the stony-blocky eluvium of Silurian deposits.
MoBepPXHOCTb BOAOPa3AebHas, WMPOKas, cnaboBoNHMUCTaA C1aboHaKNOHHanA (3—4°), I0XKHOM 3KCNOo3numK,
C/IOKEHHasA CUNYPCKUMM aneBPO-apraanTammn, apruanmTaMmm ¢ NPOCIoAMM U3 MEeIKO3ePHMCTOro necyaHuKa

CO 31aKOBO-KYCTapHUKOBOM accoumaumein Ha INTOCONAX MaNOMOLLHbIX C1a60ryMycMpOBaHHbIX 1ErKOCYTIMHUCTBIX
CKENETHbIX HAa KAMEHWCTO-T/IbIBUCTOM 3/1H0BUN CUNYPCKUX OTNIOKEHWIA.

15

Stepped, gentle (2-7°) middle part of the slope of a low watershed ridge of north-western exposure, composed
of Ordovician coarse quartz sandstones, gritstones and conglomerates, with grassy communities in combination
with scattered shrubs on deep, poorly humus-bearing sandy loam ferralitic soils on the bedrock massif

of Ordovician deposits.

CpeAaHAn YacTb CKAOHA HM3KOM BOAOPa3aeNnbHOM rpagpl, CTyneHYaTtan noaoras (2—7°), cesepo-3anagHoi
3KCMO3MLUN, CNIOXKEHHAA OPAOBUKCKUMM KPYMHBIMUW KBAPL,EBbIMW NMEecYaHMKaMM, rpaBeanTamm u
KOHI/IOMepaTamu CO 3/1aKOBbIMWN COOBLLECTBAMU B KOMMEKCE C €AUHUYHO CTOALLMMM KYCTapHUKaMM Ha
YeNTo3eMax MOLLHbIX C1a60oryMmyCcMpoBaHHbIX CynecHaHbIX Ha CKaJibHOM MacC1Be OPAOBUKCKUX OTIOMKEHWIA.

16

Periodically flooded, slightly wavy, gently sloping (2—3°) surface of the first terrace above the floodplain

of the Fatala River of southern exposure, composed of Ordovician coarse quartz sandstones, gritstones and
conglomerates, with a dense two-storied broad-leaved floodplain forest dominated by palm trees, on fluvisols,
gleyed, deep, poorly humus-bearing, medium-light loamy soil on Ordovician alluvial deposits.

MoBepxHOCTb NEPBO HaAMoMMEHHOM Teppackl peku daTtana, nepruogmyeckun satonaaemas, cn1aboBosHUCTasnA,
cNaboHaKNOHHAA (2—3°), OXKHOW 3KCMNO3NLUM CNOKEHHAA OPLOBUKCKMMU KPYMHLIMU KBApLEBbIMM NMecYaHUKamMMm,
rpaBesiMTaMm 1 KOHrIoMepaTamu € NOMMEHHbIM ABYXbAPYCHbIM LUMPOKONUCTBEHHbIM MYCTbIM JIECOM

C LOMUHUPOBAHMEM MaJibM Ha a/lItoBMAJIbHOW OTIEEHHON MOLLLHOM C/1aborymycMpoBaHHOM
cpeaHe-nerkocyrMMHMUCTON NoYBE Ha a/IloBUN OPAOBUKCKUX OTI0XKEHNI.

17

Gently sloping (5—-7°) lower part of the slope of the hill of south-western exposure, composed of Ordovician
coarse quartz sandstones, gritstones and conglomerates, with a single-storied low-growing forest on deep,
low-humus, light loamy ferralitic soils on the colluvium of Ordovician deposits.
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HWXHAA 4acTb CK/I0Ha X0AMa nosioras (5—7°), 1oro-3anagHoi 3KCNo3nuUMM, CI0MKEHHAA OPA0BUKCKUMM
KPYMHbIMM KBapL,EBbIMU NMecYaHMKaMu, rpaBeuTamm M KOHIOMepaTamm C O4HOAPYCHbIM HU3KOPOC/IbIM
IECOM Ha }KeNTo3emMax MOLLHbIX MasIOryMYCHbIX 1ETKOCYTTIMHWUCTbIX Ha AE/H0BUN OPLOBUKCKUX OTIOKEHUN.

Gentle (4°) upper part of the slope of a gentle low hill is of western exposure, composed of Ordovician coarse
quartz sandstones, gritstones and conglomerates, with a sparse open forests on deep, poorly humus-bearing,
medium loamy ferralitic soils on the colluvium of Ordovician deposits.

BepxHAf YacTb CKNOHA MOIOrOro HU3KOTO X0IMa nooras (4°), 3anagHoi 3KCNO3ULMK, CNOMKEHHAA OPAOBUKCKUMMU
KPYMHbIMM KBapL,EBbIMWU NeCYaHMKaMM, rpaBenTamm U KOHITIOMEePaTaMu C PaspeskeHHbIM peaKonecbem

Ha KeNTo3eMax MOLLHbIX C1a6OryMyCMPOBAHHbIX CPEAHECYTTMHUCTLIX HA AE/0BUN OPLOBUKCKUX OTIOKEHU.

18

Total DNA was isolated from selected soil samples using
the protocol developed by the Phylogenomics and
Transcriptomics Scientific and Educational Research
Equipment Sharing Centre of the A.O. Kovalevsky Institute
of Biology of the Southern Seas of the Russian Academy of
Sciences (RAS). This process was designed to isolate total
bacterial DNA from soil samples for subsequent analysis of
soil bacterial composition via mass parallel sequencing
[24].

The resulting filler liquid contained a solution of
purified total DNA suitable for the preparation of
metagenomic libraries. The assessment of the quality and
quantity of the isolated DNA was carried out using real-
time PCR (PCR-RV). Samples for which the threshold cycle
value (Ct) was 30 or less were used for further analysis.
Samples with a Ct value of more than 30 were isolated
repeatedly.

Preparation of metagenomic libraries with subsequent
sequencing for the analysis of the bacterial composition of
soils

The bacterial diversity of the selected soil samples was
analyzed using the Phylogenomics and Transcriptomics
Scientific and Educational Research Equipment Sharing
Centre at the A.O. Kovalevsky Institute of Biology of the
Southern Seas of the RAS, according to the technology
developed by the authors for assessing soil bacterial
composition via mass parallel sequencing of V3 and V4
amplicon libraries from the 16S rRNA gene [24].

Raw sequencing data (fastq) was analyzed using
FastQC and MultiQC utilities for bioinformatic analysis. Key
metrics, including read quality, read length, GC content
distribution, and other parameters that allows the
evaluation of the quality of sequencing and the efficiency
of the device, were presented in a detailed HTML report.
This information was used to make decisions about the
parameters for further data filtering. At the subsequent
stage, we employed the Trimomatic tool to remove subpar
data. Throughout this filtration process, we eliminated
reads exhibiting an average quality score below Q25, as
well as the removal of adapter sequences and nucleotides
at read ends with a quality score below Q20. This improved
the overall quality of the data before further analysis. For
taxonomic classification, we employed the Kraken2 tool,
utilizing its proprietary database, Minikraken v2. To
visualize the results and generate an HTML report featuring
Sankey diagrams, we used the web version of the Pavian
utility. Additionally, we created tables and graphs based on
Kraken2's output files to facilitate operation. To this end,
we developed custom Python scripts that automated data
processing and visualization generation.

Methods for identifying dominant species and assessing the
alpha and beta diversity of soil bacteria

At each site studied, we identified dominant, subdominant,
secondary and rare species based on standard criteria for
the distribution of individual numbers in the biocenosis, as
presented in Table 2.

Table 2. Criteria for the distribution of the importance of species in the biocenosis
Tabnuua 2. Kputepum pacnpeseneHuns 3HayMmocTv BUA0B B b1oLeHo3e

Position in the biocenosis
MonoskeHne B 6MoLeHO3e

Relative abundance (%)
OTHocuTenbHoe obunve (%)

Dominant species / Buabl-40MWUHaHTbI 10-100
Subdominant species / Buabl-cy640MUHAHTbI 1-10
Secondary types / BropocteneHHble BUAbl 0,1-1

Rare species /Peakve Buapl

less then 0,1 / meHee 0,1

To evaluate the alpha diversity of microbial communities,
we computed the Margalef species richness index, the
Shannon index, the Simpson index, and the Pielou's
evenness index. The Margalef's species richness index (Dwg)
gauges biodiversity within a specific area, leveraging
absolute values, i.e., abundance, rendering it highly
sensitive to sample size. It is calculated using the formula:

DMg =(S-1)/In(N), (1)
where S represents the total number of species, and N
signifies the total number of individuals. A higher index
value indicates that the community is richer in species
diversity.

The Shannon index (H) is a diversity measure that
considers both species richness and evenness. It is
calculated using the formula:

H=-3(pi * In(p})), (2)

where p; represents the relative abundance of the i-th
species. A higher Shannon index value corresponds to
greater species diversity.

Simpson's diversity index (D) quantifies species
diversity, with heightened sensitivity to dominant species.
It is calculated as:

D=2(n;* (ni-1)) /(N *(N-1)), (3)

where n; is the number of organisms of species i, and N is
the total number of organisms. Simpson's diversity index
ranges from 0 to 1, with higher values indicating lower
diversity. To facilitate comparison with other alpha-
diversity indices, the value of (1 - D) was also calculated.
The Pielou's Evenness (E) metric quantifies the
uniformity of species distribution within a community. It is
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calculated using Shannon's Index and falls within the range
of Oto 1.

E=H/InS, (4)

where H — the Shannon Index, S — number of identified
species. The closer the value is to 1, the more evenly
species are distributed within the community.

To analyse the beta-diversity among microbial
communities, the Jaccardand Bray-Curtis indices were
calculated. The Jaccard similarity index (JI) is a measure of
the similarity between two communities, focusing solely on
the presence or absence of species and ranging from 0 to 1.
A value closer to 1 indicates a higher degree of similarity
between the two datasets.

Jl = C/(A+B-C), (5)

where A is the number of species in the first community, B
is the number of species in the second community, and C is
the number of shared species between the two
communities. The Bray-Curtis dissimilarity (BC;) is used to
quantitatively assess the compositional dissimilarity
between two different communities based on abundance
data, considering both the presence/absence and relative
abundance of species. Values closer to 1 indicate a higher
degree of dissimilarity between the two datasets.

BCij=1-(2*Cj)/(Si+S), (6)

where Cjj represents the sum of the lesser values among
the species found on each plot, S; is the total number of
individuals on plot i, and S; is the total number of
individuals on plot j.

RESULTS AND DISCUSSION
Presence of Bacterial Phylum in Soils
In analysing bacterial diversity among types across 18 sites,
it was found that the most prevalent phyla were
Proteobacteria (ranging from 19.3 % to 46.8 %), Firmicutes
(ranging from 8.5 % to 5 2%), Actinobacteria (ranging from
7.6 % to 30.5 %), and Acidobacteria (ranging from 3.6 % to
15.8 %). Based on the data collected, we constructed
diagrams illustrating the distribution of phyla in the humic
horizon of soils (Fig. 3).

The phylum Proteobacteria is dominant in facies
1 (359 %), 2 (36.3 %), 7 (46.8 %), 10 (35.2 %), and
12 (36.2 %), while Firmicutes dominates in facies 3 (34.5 %),
4 (38.7 %), 5 (52 %), 6 (50.9 %), 9 (50.5 %), 13 (34.6 %),
15 (30.3 %) and 18 (45.6 %). In facies 8, 11, and 17,
Proteobacteria and Firmicutes are equally prevalent
(27.3 % and 30 % in facies 8; 33 % and 29.9 % in facies
11; and 31.2 % and 30.2 % in facies 17). In facies
16, Actinobacteria and Firmicutes are equally dominant
(30.5 % and 27.2 %, respectively).

The content of Proteobacteria is lowest in facies
5 and 6 (20.5 % and 19.3 %, respectively), and the number
of phylum Firmicutes decreases sharply in facies 7 (up to
8.5 %), also in this area the lowest content of bacteria of
the phylum Actinobacteria (7.6 %), but there is an
increased content of Planctomycetes (149 %),
Thermotogae (2.4 %) and Verrucomicrobia (2.7 %). The
least Acidobacteria was found in facies 4 (3.6 %), and the
most in facies 3 (15.8 %). The highest amount of
Cyanobacteria is observed in facies 7, 11 and 15 (5,1 %,
7,8 % 5,3 %). The phylum Caldiserica is specifically present
in small numbers in facies 10, 15 and 17, the phylum
Candidatus Cloacimonetes in facies 2 and 10, Candidatus
gracilibacteria in facies 5, Candidatus Micrarchaeota in

facies 3, Kiritimatiellaeota in facies 8 and 12. The phylum
Armatimonadetes is specifically absent in facies 6,
Candidatus Saccharibacteria and Euryarchaeota in facies
facies 7, Chlorobi in facies 5, 7, 9. Cyanobacteria in facies
16, Deferribacteres in facies 2 and 9, Dictyoglomi in facies
5.

Bacterial Diversity in Soils

Based on the acquired data, we constructed diagrams
displaying the distribution of dominant and fluctuating
subordinate species (Fig.4).

Upon analysing the bacterial diversity across 18 sites,
calculating relative abundances, and identifying dominant,
subdominant, secondary, and rare species, it was found
that Acidisphaera sp. G45-3 is a dominant species in facies
7 (13.3 %) (and also a subdominant species in 6 facies and a
secondary species in 9 facies). Aneurinibacillus soli is
dominant in facies 9 (18.8 %) and absent in facies 3. It is a
secondary species in facies 2 and 7, and subdominant in
the remaining facies. Candidatus Koribacter versatilis is
dominant in facies 3 (11.3 %), 5 (10.4 %), 8 (10.3 %),
11 (11.5 %), and 15 (12.1 %). It is a secondary species in
facies 7 (0.7 %) and subdominant in the other facies.
Candidatus Solibacter usitatus is dominant in facies 1
(13.4 %), 2 (10 %), 3 (14.2 %), 7 (15 %), 8 (14.9 %), 10
(12.8 %), 12 (12 %) and 17 (11.1 %), and is subdominant in
the remaining facies. Cutibacterium acnes is dominant in
facies 2 (16.4 %) and is subdominant in facies 6. It is a
secondary species in the remaining facies. Rhodoplanes sp.
Z2-YC6860 is dominant in facies 4 (11.3 %) and is
subdominant in the other facies. Scytonema sp. HK-05 is
dominant in facies 11 (12.1 %), is subdominant in facies
8 and 16 and is absent in facies 3, 5, and 6. Luteitalea
pratensis is subdominant, except in facies 7 where it is a
secondary species (0.2 %). Mahella australiensis is
subdominant in facies 10 and 16, and is secondary or rare
in the other facies. Methylobacterium sp. 4-46,
Singulisphaera acidiphila, and Planctopirus limnophila are
subdominant in facies 7 and are secondary or rare in the
others. Moraxella osloensis is subdominant in facies 11,
and is rare or secondary in the others. Mycoplasma
wenyonii is subdominant in facies 2 and17 and is absent in
facies 3, being rare or secondary in the others.
Paeniclostridium sordellii is subdominant in facies 5, 6, and
18 and is absent in facies 3, 7, 9, and 13. Planctomyces sp.
SH-PL62 is subdominant in facies 7 and absent in facies 3.
Prevotella intermedia is subdominant in facies 6 and either
absent or rare in the others. Sphaerochaeta globosa is
subdominant in facies 15. Thermanaeromonas toyohensis is
subdominant in facies 12 and 13. Jeotgalibacillus
malaysiensis is subdominant in facies 3 (2.6 %) and
secondary in facies 5 and has not been found in the other
facies. Lysinibacillus sp. Marseille-P5727 is subdominant in
facies 5 and rare in facies 3 and has not been found in the
other facies.

Bacterial community alpha-diversity in soil

According to the Margalef richness index, facies 1 and 16
exhibit the highest species richness (10.6 and 10.51,
respectively). The lowest species richness is observed in
facies 7 and 11 (both 8.6). The remaining facies show
intermediate values ranging from 9.1 to 10.1. The highest
Shannon index values are recorded in facies 10 (3.88),
12 (3.86), 17 (3.92), and 18 (3.85), while the lowest value is
found in facies 7 (3.13). Simpson's index exhibits its lowest
value in facies 7, aligning with Margalef's and Shannon's
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indices, while its highest value is seen in facies 18,
consistent with the Shannon index. Based on Pielou's
evenness, the lowest evenness is found in facies 7, while

FACIES 1, PHYLUMS

FACIES 2, PHYLUMS

FACIES 9, PHYLUMS

FACIES 13, PHYLUMS

FACIES 18, PHYLUMS

W Acidobacteria

M Bacteroidetes

W Cyanobacteria

M Proteobacteria

Figure 3. Content of major bacterial phylum in soil
PucyHok 3. CogeprraHve 0CHOBHbIX GUNymMoB 6akTepuii B noyuse

Bacterial community beta-diversity in soils
Upon calculating the Jaccard similarity index, it was found
that the most distinct bacterial communities are those of
facies 3 (0.51 £ 0.01) and facies 5 (0.56 + 0.02). The most
similar communities are those of facies 10 and 17 (0.99), as
well as facies 2 and 10 and facies 8 and 16 (0.98).

For facies 1, the closest community is that of
facies 16 (0.95), for facies 2, it is facies 10 (0.98), 12 (0.96),

B Gemmatimonadetes

the highest evenness is observed in facies 10, 12, 17, and
18. Table 3 presents calculated alpha-diversity indices for
bacterial communities.

FACIES 3, PHYLUMS FACIES4, PHYLUMS

FACIES12, PHYLUMS

M Actinobacteria
W Chloroflexi

M Firmicutes

B Planctomycetes

M others

and 17 (0.95). Considering its significant difference from
other points, facies 3 is most similar to facies 5 and
17 (0.53). Facies 4 is most similar to facies 8 (0.96) and
12 (0.95). Both facies 5 and 3 exhibit notable differences in
species composition with all studied facies, with facies 7, 9,
and 13 (0.58) being the closest among the investigated
sites. Facies 6 is most similar to facies 16 (0.91) and
12 (0.9), facies 7 to 2 and 12 (0.91), facies 8 to 16 (0.98),
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12 (0.97) and 4 (0.96) and facies 9 to facies 4 and 8 (0.94).
Facies 10 exhibits the highest index values among all
studied points and is most similar in species composition to
facies 17 (0.99) and 2 (0.98). For facies 11, the closest
communities are facies 18 (0.9), 4 and 12 (0.88). Facies 12
shows the greatest similarity with facies 8 and 16 (0.97)
and also with facies 2 (0.96). Facies 13 is most similar to

FACIES 1, SPECIES

FACIES 2, SPECIES

FACIES 6, SPECIES

.
9 .y

FACIES 9, SPECIES FACIES 10, SPECIES

FACIES 15, SPECIES

FACIES 18, SPECIES

M Luteitalea pratensis

W Scytonema sp. HK-05

Q

M Acidisphaera sp. G45-3

B Candidatus Koribacter versatilis

facies 16 (0.95), 8 and 17 (0.93). Facies 15 is most similar to
facies 4, 8, and 17 (0.91). Facies 16 is most similar to facies
8 (0.98), 12 (0.97) and 17 (0.96). Facies 17 has the highest
index value of 0.99 with facies 10 and also exhibits high
indices with facies 16 (0.96) and 2 (0.95). Facies 18 is
similar to facies 8 and 16 (0.95).

FACIES 3, SPECIES FACIES 4, SPECIES

—

FACIES 7, SPECIES FACIES 8, SPECIES

FACIES 16, SPECIES FACIES 17, SPECIES

W Aneurinibacillus soli
B Candidatus Solibacter usitatus
B Rhodoplanes sp. Z2-YC6860

other

Figure 4. Facies distribution of dominant species and a selection of subordinate species

with the most variable representation

PuUcyHOK 4. [inarpammebl pacnpegeneHus B paumnax BUA0B-AOMUHAHTOB M pAAa BUAOB-CY640MUHATOB

¢ Hanbonee N3MeHUYMBOW NPeaCTaBAeHHOCTbIO

This allows us to identify the most distinct communities in
terms of species composition for facies 3 and 5, as well as a
similar group of communities comprising facies 2, 4, 8, 10,

12, 16 and 17. Table 4 presents the most similar
communities based on species composition.
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A statistical inconsistency has been found between the
Jacard index and the Brey-Curtis index. While the
differences between facies 3, 5 and the rest remain
relatively high (0.51+0.08; 0.5+0.07), there are several
points where the differences are more pronounced,
whereas in previous calculations, the greatest differences
were observed when comparing facies 3 and 5 with the
overwhelming majority of facies. According to the Brey-

Table 3. Alpha-diversity indices for bacterial communities

Curtis index, the most distinct facies are 7 and 5, 7 and 9
(0.73), 7 and 16 (0.72), as well as there are very high
differences between facies 7 and 6, 7 and 11 (0.7), 7 and 2
(0.69). Consequently, the community of facies 7 is the most
variable, with an average Brey-Curtis index of 0.65+0.06
(p<0.05). The results of the Brey-Curtis index calculation
are presented in Table 5.

Tabauua 3. MiHgeKcbl anbda-pasHoobpasunsa bakTepuanbHbIX coobuiecTs

Facies Margalef index Shannon index Simpson index Pielou's evenness
[OFTIVE NHpekc NHAaeKkc MHpekc CumncoHa BbipaBHeHHOCTb MNueny
Mapraneda LLleHHOHa

1 10.60 3.84 0.96 0.83

2 9.89 3.68 0.95 0.81

3 9.69 3.48 0.94 0.76

4 10.06 3.71 0.96 0.81

5 10.14 3.55 0.95 0.78

6 9.20 3.77 0.96 0.84

7 8.58 3.13 0.93 0.70

8 9.55 3.69 0.95 0.81

9 9.42 3.54 0.94 0.79

10 9.30 3.88 0.96 0.86

11 8.61 3.57 0.95 0.80

12 9.62 3.86 0.96 0.85

13 9.32 3.72 0.96 0.82

15 9.14 3.73 0.96 0.83

16 10.51 3.76 0.96 0.82

17 9.51 3.92 0.97 0.86

18 9.44 3.85 0.97 0.85

Table 4. Similar communities identified through beta-diversity index calculations
Tabnuua 4. BoiasneHHble Npy pacyete MHAEKCOB 6eTa-pa3Ho06pasnsa cxoxme coobLiecTsa

Facies The most similar communities Average similarity
daumn Hanbonee cxoxue coobliecTsa CpefHAA CXOKeCTb
1 16 (0,95) 0,85+0,13
2 10 (0,98), 12 (0,96), 17 (0,95) 0,86+0,14
3 5,17 (0,53) 0,51+0,01
4 8(0,96), 12 (0,95) 0,85 +0,13
5 7,9,13(0,58) 0,56 + 0,02
6 16 (0,91) 1 12 (0,9) 0,82+0,12
7 2,12(0,91) 0,84+0,12
8 16 (0,98), 12 (0,97), 4 (0,96) 0,88 + 0,14
9 4,8(0,94) 0,85+ 0,12
10 17 (0,99), 2 (0,98) 0,86 +0,14
11 18 (0,9), 4, 12 (0,88) 0,82+0,11
12 8, 16 (0,97), 2 (0,96) 0,88 + 0,14
13 16 (0,95), 8, 17 (0,93) 0,86 £ 0,12
15 4,8,17 (0,91) 0,84 +0,13
16 8(0,98), 12 (0,97), 17 (0,96) 0,88+0,14
17 10 (0,99), 16 (0,96), 2 (0,95) 0,87+0,13
18 8, 16 (0,95). 0,86+0,13
DISCUSSION (Table 1). Members of this phylum are highly adapted to

It has been observed that the phylum Proteobacteria,
which includes methanotrophic bacteria [25], iron bacteria
comprising acidophilic aerobic iron oxidizers, neutralophilic
aerobic iron oxidizers, neutralophilic anaerobic iron
oxidizers, anaerobic photosynthetic iron oxidizers [26],
thiobacteria [27; 28] and denitrifying bacteria [29]
dominates in facies 1, 2, 7, 10 and 12 (Fig. 3A, 3B, 3G, 3J,
3L), which are characterized by soils composed of Devonian
(with the exception of facies 12, which belongs to Silurian
deposits) aleurite-argillites with fine-grained sandstones

carbon-rich conditions, enabling high metabolic activity,
rapid growth, and reproduction and are thus considered
copiotrophs or fast-growing microbes [30]. Consequently,
their abundance may increase in soil contaminated with
petroleum hydrocarbons, as proteobacteria are capable of
biodegrading them [31; 32]. Notably, some pathogenic
representatives of proteobacteria, such as the genus
Salmonella, exhibit enhanced survival in clay-rich soils
[33; 34]. Moreover, the lowest abundance of
Proteobacteria was observed in facies 5 (coarse sandy soil)
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and 6 (light loamy soil) (Fig. 3E), located in the
northeastern part of the study area (Fig. 2) and
characterised by the presence of thick weakly humus soils
on Devonian deposits (Table 1). Furthermore, the
abundance of Salmonella in soil can increase with
increasing soil moisture and location at the top of the slope
[35], but no significant correlations with these factors were
found. In facies 6, located on the periodically flooded

Table 5. Brey-Curtis index
Tabauua 5. MHaekc bpea-Keptuca

surface of the Fatala River floodplain, the phylum
Armatimonadetes, which metabolises various forms of
carbon [36], disappears (Fig. 3F). Previously, a decrease in
the abundance of this phylum was observed with the
transition from leptosols to luvisols, accompanied by an
increase in soil carbon content, water-stable aggregates,
porosity, moisture and acidity [37].

2 3 4 5 6 7 8

10 11 12 13 15 16 17 18

O 00 N O U1 A W N -

N e e e e =
N ot w N Rk O

0.24 050 045 044 042 064 031 048
0.52 052 054 047 069 043 0.52

0.55 055 053 061 031 o061

0.25 043 021 030 037 035 0.22 038
034 049 031 042 047 043 031 047
0.45 050 043 044 050 058 048 0.55

The Firmicutes type, which includes pathogenic and
industrially significant bacterial strains [38], dominates in
facies 3, 4, 5, 6,9, 13, 15, 18 (Fig.3C-3F, 31, 3M, 3N, 3Q). In
most of these facies, dense, tall, two-story forests (facies 3,
4, 5, 9) or dense, single-story floodplain forests (facies 6,
13) grow, with exceptions being facies 15, characterised by
grass communities with scattered shrubs and facies 18,
featuring sparse, open woodlands. These facies are
positioned in floodplain (facies 3, 6, 13) and slope (facies 4,
5, 9, 18) areas in the landscape (Table 1). It has been
previously established that bacteria of this type can
dominate in soils with less favourable ecological conditions,
as they help maintain the stability of the soil ecosystem
[39]. For instance, a representative of Paenibacillus
polymyxa enhances plant growth in an unfavorable
environment and provides protection against abiotic
stresses [38]. It has also been noted earlier that Firmicutes
are widely distributed in the soils of deciduous forests [40]
and meadows [29], which aligns with the findings of this
study.

The phyla Proteobacteria and Firmicutes are
equally dominant in facies 8, 11, and 17 (Fig. 3H, 3K, 3P),
which are gently sloping (1-2°) and low-angle (5-7°) slope
segments containing restored young (facies 11) and
low-stature forests (facies 17) or shrub thickets (facies 8)
(Table 1). These phyla, along with actinobacteria, share the
ability to degrade oxalate to obtain carbon and energy,
which is commonly found in natural environments as free
acid or in the form of salts [41].

Actinobacteria, on par with Firmicutes, dominates
in facies 16 (Fig. 30), located in the southwestern part of

the Fatala River basin (Fig. 2) and characterized by
medium-light clayey soil with floodplain two-story broad-
leaved dense forest dominated by palms (Table 1). The
disappearance of the nitrogen-fixing phylum Cyanobacteria
is noted. The lowest abundance of Actinobacteria and
Firmicutes, with an increase in Planctomycetes,
Thermotogae, Cyanobacteria, and Verrucomicrobia, and
the specific disappearance of the phylum Candidatus
Saccharibacteria and Euryarchaeota, is observed in facies 7
(Fig. 3G), located closer to the central part of the studied
territory (Fig. 2) and distinguished by a grass
monodominant community on thin, low-humus leptosols
(Table 1). Bacteria of the Planctomycetes phylum actively
interact with phototrophs and utilize carbon but have very
slow growth and may be outcompeted in this ecological
niche, potentially leading to the production of
antimicrobial substances to deter bacterial competitors
[42; 43], which may explain the decrease in the abundance
of Actinobacteria and Firmicutesphylum, as well as the
disappearance of Candidatus Saccharibacteria and
Euryarchaeotaphylum. The increase in Cyanobacteria and
Proteobacteriaphylum can be attributed to the absence of
competition with planctomycetes due to different
ecological niches.

Acidobacteria are least abundant in the soils of
facies 4 and most abundant in those of facies 3 (Fig. 3C),
both of which are located in the northeastern part of the
Fatala River basin (Fig. 2). However, there is a transition
from  medium-textured, low-humus, sandy-skeletal
leptosols on Devonian large quartz sandstone, gravel, and
conglomerate alluvium to a thick, weakly humified, sandy-
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silt soil on Devonian alluvium (Table 1). Previous studies
have shown a decrease in Acidobacteria populations when
leptosols are replaced by luvisols, accompanied by an
increase in porosity, moisture, acidity, and carbon content,
as well as water-stable aggregates [37]. Additionally,
Acidobacteria are known to possess a wide range of
transporters for the uptake of multiple substrates and can
easily adapt to oligotrophic conditions and complex
environments [42].

The highest abundance of Cyanobacteria, which
are nitrogen-fixing bacteria, is observed in facies 7, 11, and
15 (Fig. 3G, 3K, 3N), located on water divides and mid-slope
positions of low water divides with slopes ranging from
1° to 7° with thin, weakly humified sandy soils (Table 1).
The presence of Cyanobacteria in facies 11, located in the
vicinity of bauxite mining operations, can be explained by
their ability to enhance soil fertility and restore soil
properties [45,46]. Caldiserica, containing acetate-
degrading bacteria [47] and serobacteria [48], specifically
appears in facies 10, 15 and 17 (Fig. 3N, 3P). Candidatus
Cloacimonetes, containing a row of syntrophic bacteria
specialized in the anaerobic fermentation of propionate
[49] and also involved in nitrogen and carbon metabolism
cycles [50], arises in facies 2 and 10 (Fig. 3B, 3J). These
areas are characterised by the presence of forests on low-
humus soils, formed on Devonian aleuroliths and fine-
grained sandstones (Table 1). The heat-loving
chemoorganotrophic phylum Dictyoglomi [51] disappears,
while Candidatus Gracilibacteria, whose significance for
soils is poorly understood, arises in facies 5 (Fig. 3E) on the
water divide surface of the ridge (Table 1). Acidophilic
archaea Candidatus Micrarchaeota [52] arise in facies 3
(Fig. 3C), which is the surface of the high floodplain of the
Fatala River (Table 1). It is known that this phylum is widely
distributed in thermophilic and mesophilic acidic
environments [53].

The phylum Kiritimatiellaeota, which includes
strains that can break down sulfated polysaccharides under
anaerobic conditions [54], has been discovered in facies 8
and 12 (Fig. 3H, 3L). These facies consist of sandy, highly
skeletal soils that have formed on rocky debris from
aleuritic-argillaceous rocks and fine-grained sandstones
(Table 1). Chlorobi is absent from facies 5, 7, and 9
(Fig. 3E, 3G, 3l) that contain low- and medium-humus,
skeletal, and highly skeletal soils (Table 1). Previous studies
have shown a correlation between the presence of this
phylum and soil texture, quality and organic carbon
content [55]. Deferribacteres disappears in facies 2 and 9
(Fig. 3B, 3l), which are located on steep slopes composed
of Devonian aleuritic-argillaceous rocks, argillites with
interbeds of fine-grained sandstones, and forests on
weakly humus soils (Table 1). It has been previously
observed that this phylum dominates in forests undergoing
restoration, a process that enhances ecosystem stability by
increasing the number of nitrogen and phosphorus cycling
species. This may indicate the involvement of these
bacteria in enhancing soil multifunctionality [56].

Upon analysing facies 7 (Fig. 4G), which is
characterised by a grass-dominated community on thin,
low-humus leptosols (Table 1), it was found that
Acidisphaera sp. G45-3 is the dominant species. The genus
Acidisphaera, belonging to the alpha-proteobacteria
phylum, consists of acidophilic chemoautotrophs that
thrive in acidic and strongly acidic environments and are
capable of photosynthesis [57]. They produce
bacteriochlorophyll-a in the presence of zinc sulfate [58].

Methylobacterium sp. 4-46, Singulisphaera acidiphila, and
Planctopirus limnophila are subdominants in this facies.
Methylobacterium sp. 4-46 belongs to the nitrogen-fixing
bacteria, but, unlike other members of this genus, it cannot
perform methylotrophy. The mechanism of their symbiotic
relationship with the host organism is not yet fully
understood [59]. Singulisphaera acidiphila bacteria are
moderately acidophilic, mesophilic planctomycetes that
can grow and degrade various biopolymers under acidic,
microaerobic and cold conditions [60]. One of their key
ecological roles is the ability to utilise chitin as a growth
substrate [61]. Planctopirus limnophila are planctomycetes
that produce bioactive molecules, form biofilms in water,
actively metabolise carbon and, like other Planctomycetes,
can synthesize their own antibiotics to compete with other
species in their niche [42; 62]. Luteitalea pratensis is a
secondary species in facies 7 (subdominant elsewhere), a
slow-growing psychrotroph and a chemoorganotroph [63].

Candidatus Solibacter usitatus is the dominant or
subdominant species across all studied sites (Fig. 4A-4Q). It
belongs to Acidobacteria, which are widely distributed in
soils and sediments [64] and play a role in soil organic
carbon cycling [65]. The enhanced competitiveness of this
bacterium in exploiting environmental resources, coupled
with its possession of a vast array of diverse genes that
enable a broad spectrum of metabolic and regulatory
functions [64], accounts for its dominance and
subdominance in virtually all points. Among the
acidobacteria is also the species Candidatus Koribacter
versatilis [66], which dominates in facies 3, 5, 8, 11, 15
(Fig. 4C, 4E, 4H, 4K, 4N), characterised by sandy (except for
facies 3) weakly humus soils (Table 1). Its ecological role is
to utilize soil carbon [65].

Aneurinibacillus soli dominates at facies 9
(Fig. 41), found on the steep (40-45°) lower slope of the
northwest-facing Fatala River valley, underlain by Devonian
aleurolithic-argillites, argillites interbedded with fine-
grained sand with a two-story broad-leaved forest on
ferralitic soils of thick weakly humus medium-loamy
skeletal soils on rocky-blocky colluvium of Devonian
deposits (Table 1) and is absent at point 3 (Fig. 4C) — a
gently sloping (1-2°) high floodplain surface of the west-
northwest-facing Fatala River, underlain by Devonian
coarse quartz sandstones, gravels, and conglomerates with
a dense tall two-story forest on thick weakly humus light-
loamy fluvisols on the alluvium of Devonian deposits
(Table 1). This species possesses capabilities for the
biosynthesis of streptomycin, taxol, auxin and gibberellin
inactivation, which causes plant hormone degradation,
suggesting active interactions with plants [67].

The species Cutibacterium acnes, which is
pathogenic to humans and causes dermatological diseases
[68], predominates in facies 2 (Fig. 4B) in the northwest
part of the Fatala River basin (Fig. 2). The species
Rhodoplanes sp. Z2-YC6860, an anaerobic phototrophic
bacterium of the alpha-proteobacteria class [69],
dominates in the headwaters of the river (Fig. 2) — in facies
4 (Fig. 4D). This genus of bacteria is capable of degrading
pollutants such as polyaromatic hydrocarbons and
polybrominated diphenyl ethers [70] and is also able to
participate in nitrogen fixation [71]. The species Scytonema
sp. HK-05 is dominant, while Moraxella osloensis is
subdominant in facies 11 (Fig. 4K), which is located in an
area with a high concentration of aluminum ore mining
facilities. Scytonema sp. has been observed to produce
cyanobactins — peptides associated with cytoxicity, antiviral
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and antimalarial activity [72], as well as the ability to fix
nitrogen [73]. Moraxella bacteria produce an enzyme,
which degrades non-biodegradable plastics such as
polyethylene terephthalate and polyurethane, as well as
biodegradable synthetic polyethers such as
polycaprolactone, polyhydroxybutyrate, polybutyle-
nesuccinate and polylactic acid [74]. The relationship
between the genera Scytonema and Moraxella and
aluminum pollution is not yet studied.

Facies 7 (Table 3) has the lowest alpha-diversity,
as indicated by Margalef, Simpson and Shannon indices and
the least even species distribution in the bacterial
community. This facies is a gently sloping (1-2°) water
divide surface with a south-southwest exposure, composed
of Devonian aleurite-argillites and argillites with interlayers
of fine-grained sandstones, with a monodominant
grassland community on thin, low-humus, sandy-skeletal
leptosols over rocky-eluvial weathering of Devonian
deposits (Table 1). Decreasing alpha-diversity can be linked
to an increase in the abundance of planctomycetes
(Fig. 3G) on this site, which are capable of producing
antibiotics to outcompete other species that actively
consume carbon [42].

According to Shannon and Simpson indices, the
highest bacterial alpha-diversity is observed in facies 18
(Table 3) on the upper, gentle (4°) slope of a gentle, low hill
with a western aspect, composed of Ordovician large
quartz sandstones, gravelites and conglomerates with
sparse woodland on ferralitic soils, moderately thick,
weakly humic, medium-loamy loess on the deluvium of
Ordovician deposits (Table 1). The most even species
distribution is observed in bacterial communities of facies
10, 12, 17, and 18 (Table 3).

Based on calculations of Jaccard (Table 4) beta-
diversity indices, it was found that the most distinct in
terms of species composition are the communities of facies
3 and 5 and a group of communities with similar species
composition was also identified, including facies 2, 4, 8, 10,
12, 16, and 17. Facies 3 is a high floodplain surface of the
Fatala River, covered with a dense, multi-layered, tall forest
on powerful, weakly humus, light loamy fluvisols, overlying
Devonian large quartz sandstone, gravelite, and
conglomerate alluvium (Table 1). Facies 5, on the other
hand, is a water divide surface of a ridge with a dense,
multi-layered, tall forest on powerful, weakly humus,
sandy, strongly skeletal ferralitic soils, developed on the
eluvium and colluvium of Devonian large quartz sandstone,
gravelite, and conglomerate (Table 1). Facies 2, 4, and 12
are characterized by the presence of forests of different
ages on thin to moderately thick leptosols with low to
moderate humus content and sandy loam texture. Facies
10 and 16 consist of periodically flooded, gently undulating
surfaces of the first floodplains of the Fatala River,
supporting a two-story broad-leaved forest in the fluvisol,
thick, low-humus soil (Table 1). The Brey-Curtis index
distinguishes a narrower group of points with similar
species composition — facies 10, 12, and 17 (Table 5).
Furthermore, based on the calculations, facies 7 (Table 5)
stands out as the most distinct, being a gently sloping
water divide surface with a grass-dominated
monodominant community (Table 1). On this site,
Planctomycetes (Fig.3G) dominate, producing antimicrobial
substances to compete against other species [42; 43],
which likely accounts for the striking differences in
bacterial diversity observed.

CONCLUSIONS

Based on the research conducted, several correlations
between soil bacterial composition and soil characteristics
have been identified. The dominant phyla were
Proteobacteria, Firmicutes, and Actinobacteria. Meanwhile,
reduced levels of the Proteobacteria phylum were
observed on areas with thick, low-humus soils (facies 5 and
6), while Actinobacteria dominated in the medium-light
clay soil (facies 16), with the disappearance of the
Cyanobacteria phylum. The decrease in Actinobacteria and
Firmicutes and the increase in Planctomycetes,
Thermotogae, and Verrucomicrobia, as well as the absence
of phyla Candidatus Saccharibacteria and Euryarchaeota
and the dominance of the species Acidisphaera sp. G45-3 is
likely due to the presence of a grass-dominated
monoculture on thin, low-fertility leptosols (facies 7).

The highest abundance of the phylum
Cyanobacteria was recorded on poorly and weakly humus
leptosols on water divide surfaces and yellow earths on
interfluve slopes (facies 7, 11, 15). The prevalence of this
phylum in an area with a high concentration of bauxite
mining enterprises (facies 11) can be preliminarily
explained by the ability of cyanobacteria to restore soil
fertility and quality. Across a vast number of facies, the
species Candidatus Solibacter usitatus dominates, owing to
its enhanced competitiveness, which is facilitated by its
possession of genes that confer an expanded repertoire of
metabolic and regulatory functions. In several weakly
humified sandy and loamy soils with varying topographic
positions (facies 3, 5, 8, 11, and 15), the species Candidatus
Koribacterversatilis dominates. At the lower slope of the
Fatala River valley (facies 9), the dominant species
Aneurinibacillus soli has been identified, which is
completely absent from the high floodplain surface (facies
3). In the northwest-north part of the Fatala River basin
(facies 2), Cutibacterium acnes is the dominant species. In
the headwaters of the Fatala River (facies 4), Rhodoplanes
sp. Z2-YC6860 is the dominant species. In an aluminum-rich
area (facies 11), the species Scytonema sp. HK-05 is
predominant.

The lowest bacterial diversity and poor species
evenness are observed in thin, low-humus sandy, strongly
skeletal leptosols with grass monodominant vegetation
(facies 7), with the acidophilic species Acidisphaera sp.
G45-3 being dominant. The decrease in alpha-diversity is
presumably associated with an increase in Planctomycetes,
which are capable of producing antimicrobial compounds
to eliminate competitor species that actively consume
carbon. The highest bacterial diversity is observed in thick,
weakly humified, medium-loamy ferralitic soils with sparse,
open forest (facies 18).

Beta-diversity analysis revealed that the most
distinct facies are several in the northern part of the basin,
namely: facies 3 — high floodplain surface composed of
large Devonian quartz sandstones, gravelites and
conglomerates with dense, tall two-story forests growing
on thick, weakly humified, easily clayey fluvisols over
Devonian deposits; facies 5 — water divide surface on the
ridge composed of large Devonian quartz sandstones,
gravelites and conglomerates with dense, tall two-story
forests growing on thick, weakly humified, sandy, strongly
skeletal ferralitic soils over Devonian eluvium and
colluvium; facies 7 — gently undulating water divide surface
composed of Devonian aleurolites and argillites with layers
of fine-grained sandstones, featuring a grass-dominant
monodominant community on thin, weakly humified,

ecodag.elpub.ru/ugro/issue/current

123



D.A. Ignateva et al.

South of Russia: ecology, development 2024 Vol. 19 no.4

sandy, strongly skeletal leptosols over Devonian rocky and
bouldery eluvium. Despite their differences in vegetation
cover and topographic position, several facies (10, 12, 17)
exhibit a great similarity in their bacterial composition.
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Llenb: onpeaenntb KOHUEHTpPauMio Taxenbix metannos (Cu, Zn, Pb) B
NPOAYKTaxX PacTUTENbHOTO U XMBOTHOTO NPOUCXOXKAEHUA, MOABEPIKEHHDbIX
BNUAHUIO ANaBEPACKOTO MegHO-XMMUNYECKOTo KOMBMHaTA.

Matepuanom paa p[aHHOW paboTbl MOCAYKMAW NULLEBbIE NPOAYKTbI
pacTUTENIbHOTO M KMBOTHOTO MPOUCXOXKAEHWUA (Aiua, MOJIOKO, aiiBa,
TonMHambyp, KpacHoe A6GNOKO, MyLIMYyNa, KOPOAEeK, KapTodenb),
cobpaHHble W3  OKpecTHocTer ANaBepACKOro  MegHO-XMMWYECKOro
KOMbWHaTa Ha pacctosHMM 5000-8000 m (cc. CaHawmH, Oa3yH, AxTtana).
KoHueHTpaumu Cu, Zn, Pb onpeaensnm Metofom aTOMHO-abcopbLMOHHOM
cnekTpodoTtomeTpum (AAS extraction & 1ISO-8288).

AHanusbl Nokasanu, 4YTO cogepaHue Pb B MpoayKTax COOTBETCTBYET
HOpMaM, OAHAKO KOHUeHTpaumMu Cu WM Zn NpeBbIWAOT [OMYCTUMblE
ypoBHU. HeraTMBHOe BO34elCTBME KOMOMHATa Ha OKpYKatowylo cpeay
COXpaHAeTcA M Ha pacctoaHum 8000 m. 3arpAsHeHWe npoAyKTOB
TAXENbIMU METaNNaMN MOXKET UMEeTb IKOJIorMyeckue u buonoruyeckune
nocneacTeus.

MonyyeHHble pe3y/abTaTbl MOKa3aau, YTO B OKPEcTHOCTAX AlaBepAcKoro
MeZHO-XMMWUYECKOro KOMOMHATa nuLEeBble MPOAYKTbl KMBOTHOTO W
PacTUTENIbHOTO MPOUCXOXAEHWUA 3arpA3HEHbI TAXKENbIMU MeTannamu (Zn,
Cu). CpegHue KoHLeHTpauumn Cu 1 Zn B HEKOTOPbIX NPOAYKTaxX NpeBbILLanm
MaKCMMaNbHO [AOMNYCTUMblE YPOBHM, YCTAHOB/IEHHbIE MEXAYHAaPOAHbIMM
opraHmsaumamn. CogeprkaHme meay M LMHKA Ha pacctoAaHum 5000-8000
M OT ANnaBepau, rae Haxoamutca MeAHO-XMMWUYECKMI KOMOWHAT, Bbllle
HOPMbI, COAEpP)KaHWe CBUHLA COOTBETCTBYeT Hopme. [lpeBbilatoLiee
HOPMY COAEpIKaHMe TAMKENbIX METa/IIoB B MULLEBbLIX NPOAYKTax ABAAETCA
PUCKOM A1A 300POBbA HaceneHusa, MNOTEeHUMaNbHO WX ynotpebneHue
MOJKEeT HaHecTu Bpes, 340poBbio. lMpeacTaBneHHble pe3ynbTaTbl MOTYT
6bITb MCMNONb30BaHbl A/A 3KOJOrMYECKOTO MOHUTOPUHIA B FOPHOA06bI-
BAOLWMX U METANNYPIUYECKUX paioHaX.

Kntouesble cnosa
TaxKenble meTannbl, MEAHO-XMMUYECKUIA KOMBUHAT, AnaBepau, nNuiLesble
NPOAYKTbI, 3KOJIOFMYECKUA MOHUTOPUHT.
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Abstract

Aim. Determination of heavy metals (Cu, Zn, Pb) concentration in plant-
and animal-based food products (FP) in locations adjacent to the Alaverdi
Copper Chemical Combine (CCC).

Analysis has been undertaken of local FP of plant and animal origin (eggs,
milk, quince, Jerusalem artichoke, red apple, medlar, persimmon and
potato) collected within 5,000—-8,000 m from the Alaverdi CCC (villages of
Sanahin, Odzun and Akhtala). Concentrations of Cu, Zn and Pb were
determined using atomic absorption spectrophotometry (AAS extraction &
ISO-8288).

Analyses revealed that Pb levels comply with permissible standards,
whereas Cu and Zn concentrations exceed allowable limits. The combine’s
negative impact on the environment persists even at distance of 8,000 m.
Contamination of FP with heavy metals may lead to adverse ecological and
biological consequences.

The findings indicate that FP of plant and animal origin in the vicinity of
the Alaverdi CCC are contaminated with heavy metals (Zn, Cu). Average Cu
and Zn concentrations in some products exceed the maximum levels set
by international standards. The elevated levels of copper and zinc at
distances of 5,000-8,000 m from Alaverdi CCC present a health risk to the
population with potential adverse effects from FP consumption. These
results can be used for ecological monitoring in other mining and
metallurgical regions.

Key Words
Heavy metals, copper-chemical plant, Alaverdi CCC, food products,
environmental monitoring.

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

132

ecodag.elpub.ru/ugro/issue/current




tOr Poccuu: akonorua, passutme 2024 T.19N 4

N.C. MupymsH u dp.

BBEAEHUE

MoTpebneHne B MUYy NPOAYKTOB,  3arpA3HEHHbIX
TAXENbIMW  METaNIaMK, ABAAETCA BaXHOW npobiemoit
COBPEMEHHOT0 34paBOOXPAHEHUA, CBA3AHHOW C pUCKaMu
4N 340pOBbA YesioBeKa. B 3TOM OTHOLWIEHMM BaXKHOE
3HayeHWe WMeeT 3arpasHeHWe MMUKpPOo3/eMeHTaMu B
pe3ynbTaTe AeATeNbHOCTU Ob6BEKTOB ropHoA06bIBatoLWEeln
NPOMBILLJIEHHOCTH.

FfopHOe [eno W MeTannyprua BeKamMu Urpanu
OFPOMHYIO pPOJIb B IKOHOMMYECKON IKU3HWU ApmMeHuu.
AnaBepackui MeOHO-XMMUNYECKUNI KOMbBUHaT -
NpoMbIlWIeHHOe npeanpusatve B . Anasepau, 6bin
obpasoBaH nyTtem cAvAHMA AnaBepAcKkoro megenna-
BMJIbHOTO 33aBOAAa C XMMUYECKMMM 3aBOAamMU. AnaBepacKuit
MeAHO-XMMWUYECKM 3aBog, paboTaeT C MOMEHTa ero
npusaTtusaummn 8 1997 rogy, Ho ero 3akpblan 8 2018 roay.
Yepes 4 roga 3aBoz BHOBb 6bin OTKpbIT [1]. KpynHeliwwnii B
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Figure 1. Map of Alaverdi and its surroundings

m

MATEPUANT U METOAbl UCCNNEAOBAHUA

MaTepuan ana uccnepoBaHua cobpaH M3 npuaeraloLmx
Tepputopui AnasepacKoro MeAHO-XMMMUYECKOro
KOMBMHaTa, B HaceseHHbIX nyHKTax CaHauH, Oa3yH v B
OKPEeCTHOCTAX AXTafbl, HAaXOAALMXCA Ha PACCTOAHMM OT
5000 go 8000 m ot ropoaa Anasepau (tabn. 1). Ha
onpefeneHMe  KOAMYecTBa  COAEepXKaHWUA  TAXKEeNbIX
meTannos (Pb, Zn, Cu) 6b11m B3aTbl NPO6bLI U3 CneayoWmX
MULLEBbLIX NMPOAYKTOB: AML, MOJIOKA, alBbl, TONMHambYypa,

KpacHblX AGMOK, MylWwMynbl, Koponbka — no 30
3K3eMNNAPOB KAXAO0ro NpoaykTa. Bce npoayKtbl 6bian
nepegaHbl Hamu B Pecnyb/iMKaHCKMI  BeTepUMHApPHO-

ApMEHWUM NPOMBILNEHHbIA OOBEKT PACNONONKEH B LEeHTpe
r. Anasepan Ha ceBepo-BOCTOKe ApmeHuu, B Jlopuiickoi
obnactn, Heganeko oT rpaHuubl ¢ pysuein (41°05'28,3"
c.w., 44°39'32,4" B.4.), Ha BbicoTe 1000 M Hag ypOBHEM
mopA. PalloH OKpY)KeH BbICOKMMM Topamu M necamu
(puc. 1).

PaHee B ApMeHWW MPOBOAUAUCL UCCNEAO0BAHUA
Mo HaKOMJEHWUID TAXeNblX MeTaNnoB B OpraHM3Max
6ecno3BOHOYHbIX, OOUTAlOWMX B MO4YBE, PACTEHMUAX,
rmgpoakocuctemax [2—-6]. OgHaKoO B YCNOBUAX MNOCTOAHHO
MEHSIOLWEeNCA  3KONOTMYECKON  CUTyauum  BO3HMKaeT
HEeobXoAMMOCTb B NPOAO/KEHUM NOAOOHbIX wccneno-
BaHWN.

Llenbto paboTbl ABNAETCA U3MEPEHME KOHLEHT-
pauumn HeKoTopbix Taxenblx metannos (Cu, Zn, Pb) B
NUWEBbIX MNPOAYKTaX, COBPaHHbIX W3  OKpecTHocTel
AnaBepCcKOro MegHO-XMMUYeCcKoro KombuHara.

waruiya wiTy Anpym

N
Suwidjnin LhhipLu | Utd Uypnid
REVARG Mokp Aipym

kbnpn Uypnud
q
Hexoy,
uknng
125 |
Axnat
Luwinujun
Llaxkawat
Buwnlwzwwm

CaHWUTApPHbIN N GUTOCAHUTAPHbLIN UEHTP /NabopaTopHbIX
nccnefoBaHWin.  Bbin nNpumeHeH  MeToA  aTOMHO-
abcopbumoHHoi cnekTpodoTomeTpum AAS extraction &
ISO-8288 onpeaeneHnA TOKCUYHbIX 31EMEHTOB B MULLEBbIX
npoAyKTax M nuwesom cbipbe. B3aumocBaAsb mexay
cofepKaHvem Taxenbix metannos (TM), a TaKkKe mexay
TM 1 6uomaccoi onpegensanu no kputepuio CtotogeHTa (T-
Tect) [7]. PaboTa BbinonHeHa B HayyHom LieHTpe 300/10rMun
n  rmgpoakonormm HAH  Pecnyb6avku  ApmeHua u
ApMAHCKOM rocyapcTBeHHOM nefarorMyeckom
yHuBepcutete um. X.AboBsHa (/labopaTopua OLEHKM
3KOJIOMMYECKOro MOHUTOPMHIA, No nporpamme 10-5/1-4).

Ta6nuua 1. KoopauHaTbl NyHKTOB cbopa B OKPECTHOCTAX I. Anasepau
Table 1. Coordinates of collection points in the surroundings of Alaverdi CCC

MyHKTbI cbopa Llnpora [Aonrota BbicoTa H.y.m. PacctosHue oT KOMbUHaTa B M
Collection points Latitude Longitude Height ASL Distance from Combine in m

Canaun 41°5'9.28"C 44°39'54.16"B 1077 8000

Sanahin

OA3yH 41°2'48.28"C 44°36'41.38"B 1144 7000

Odzun

Axtana 41° 8'59.90"C 44°46'13.87"B 677 5000

Akhtala
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MONYYEHHbIE PE3YJ/IbTATbI U UX OBCYXXOEHUE

B wuccnesoBaHUMM  6blIM M3MEpPEHbl  KOHLLEHTpaLuK
HeKoTopbIX TAXenbix metannos (Cu, Zn, Pb) B npoayKTax,
NMOTEHUMaNbHO MOABEPIKEHHbIX B/IMAHUIO 3KCrIyaTaumm
ANaBepAcKoro  MeAHO-XMMWUYECKOro  KombuHaTta, Ha
OCHOBAHWM KOTOPbIX OLEHEHbl 3arpsi3HEHWE TAXKEebIMU
MeTannaMM W WX 3KoNorMyeckme W 6uonorvyeckue
nocneacTsma. KoHUeHTpauum Taxenbix metannos (Cu, Zn u

MYLUMY/1a, KOPOJIeK, aiBa), MO/JIoOKe M AlLax C Lesblo
OLEHKM HAKOMNEHUA B HUX TAXKeNbix meTannos. [lo
pesynbTaTam aHaAM30B Ha TAXenble meTannbl (no MYK
4.1.98600, TOCT EN 14084-2014) nokasaHo, 4TO B
pesynbTaTe aKcnayataumum MeTaNypruyeckoro
npeanpuatTMa B anuax, Abaokax, mywmyne, TonuHaméype,
KOpO/ibKe, KapTodesne, aiBe M MO/IOKE COAepKaHue
CBMHLA COOTBETCTBYeT HOpME, a COAep)KaHue megu W

Pb) u3mepanuMcb B PasAUYHbIX MULLEBbLIX NPOAYKTaX: LMHKa NpeBbIWaeT Hopmy (Tabn. 2, 3).

oBowax (tonuHambyp, Kaptodenb), opykTax (A610KM,

Tabnuua 2. CogeprkaHue TAXKeNbIX METANN0B B MPOAYKTaX PacTuTeNbHOro npoucxoxgeHuns no FOCT EN 14084-2014
Table 2. Content of heavy metals in products of plant origin according to GOST EN 14084-2014

MNMoka3sartenu MyHKTbI

no NOCT EN cbopa OasyH CaHauH CaHauH Axtana Axtana AxTtana

14084-2014 Collection Odzun Sanahin Sanahin Akhtala Akhtala Akhtala

Indices points
di

tchcg;'FnEgN MpoAyKTbl Kaptodenb A6noKo Mywmyna Tfe:t;':;?p Koponek AiBa

14084-2014 Products Potato Apple Medlar artichoke Kinglet fruit Quince
CsuHew, <0,02 <0,02 <0,021 0,026 <0,02 0,02
Plumbum
Meae 0,8 <0,5 15 15 <0,5 0,9
Copper
Hukk 2,4 <0,5 1,8 3,8 <0,5 2,4
Zinc

Tabnuua 3. CoaeprkaHue TAXKeNbIX MeTaJIOB B MPOAYKTaX XMBOTHOro npoucxoxaeHus no FOCT EN 14084-2014
Table 3. Content of heavy metals in products of animal origin according to GOST EN 14084-2014

Mokasartenu MyHKTbI c6Opa Axrtana CaHauH
no N'OCT EN 14084-2014 Collection points Akhtala Sanahin
Indices according to GOST MNpoAayKTbI Anuo Monoko
EN 14084-2014 Products Egg Milk
CeuHey, <0,02 <0,02
Plumbum
M
eab 0,5 <0,5
Copper
LIMHK
. 11,3 2,4
Zinc

PaccuMTaHHas C MNOMOLLbIO KpUTEpUs [AOCTOBEPHOCTU
pasHuubl no CrblogeHTy [7] B3auMmMocBA3b  mexay
TAXeNbIMU MeTannamm n buomaccort (M, N) nokasana, uTo
BO BCEX MPOAYKTax NoKasaTenu csuHua (Pb) B npegenax
HOpMbI, a cogepxaHue meamn (Cu) M umMHKa (Zn) — Bblwe
Hopmbl (Tabn. 4). B Tex npoayKrax, rae nokasartesb

foctoBepHocTH (p) meHbwe 0,05, yKasblBaeT Ha BbICOKOE
cofieprkaHue TaxeNblx MeTannos: meap (Cu) — AOCTOBEpHO
MoBbIWEHHOE COAEepsKaHMe B TonuHambype, mywmyne,
KapTodene M ainee, UMHK (Zn) — B npegenax HoOpmbl B
A6710Kax 1 KOPO/IbKe, B OCTaNlbHbIX NPOAYKTaX CoAeprKaHue
[OCTOBEPHO MOBbILWEHO.

TaGnuu,a 4. CpaBHVITeﬂbeIe NOKa3aTenn coaepaHua TAXKebIX MeTanN0B B NULLEBLIX NPOAYKTaX

(M £ m, N=30)
Table 4. Comparative indicators of heavy metal content in food products (M + m, N=30)

HanmeHoBaHue npoayKra CeuHel, Mepb LIMHK

Product Name Plumbum Copper Zinc

Ao / Egg 0,02+0,0013 0,5+0,0051* 11,3+0,087*
TonuHaHbyp / Jerusalem artichoke 0,0260,002 1,5+0,0028* 3,8+0,17*
fi6noko /Apple 0,02+0,0021 0,5+0,073* 0,5+0,064"
Mywmyna / Medlar 0,02+0,003 1,5+0,0019* 1,8+0,021*
Koponek / Kinglet fruit 0,02+0,002 0,5+0,0061* 0,5+0,071*
Kaptodenb / Potato 0,02+0,003 0,8+0,073* 2,4+0,22*
AiiBa / Quince 0,020,002 0,9+0,081* 2,4+0,23*
Monoko / Milk 0,02+0,0013 0,5+0,0049* 2,4+0,27*

lMpumeyvaHue: * — 0603HaYeHb! docmosepHsbie 3HaveHus (p < 0,05)
Note: * — significant values are indicated (p < 0.05)
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3AK/TIOMEHUE

Takum obpasom, B OKpecTHOCTAX AnaBepackoro megHo-
XMMMUYECKOTO KOMBMHATA NULLEeBble NPOAYKTbl XXUBOTHOTO
N PacTUTENbHOTO NPOUCXOMKAEHUA 3arpA3HEHbI TAXKEAbIMU
meTannamu (Zn, Cu). CopepskaHve megM M LMHKA Ha
paccroaHun 5000-8000 m ot ropoga Anasepam, rae
Haxo4UTCA MeAHO-XMMMYECKMIA KOMBMHAT, Bbille HOPMbI,
copep’kaHue CBMHUA cooTBeTcTByeT Hopme. OTcloaa
cnegyeTr, 4to [Ja)ke Ha pacctoaHum 8000 m ot
NPOMBILLIEHHOTO 06bEeKTa COXpaHAEeTCA ero Bo3gencreune
Ha OKpyXalouwyl cpegy, a AnaBepacKuiA  MeaHOo-
XUMMUYECKMI KOMOBUHAT npeacTaBnser coboil UCTOYHMK
3KO/MIOrMYECcKoro 3arpsasHeHus. [lpesblwatowee Hopmy
coAepiKaHue TAXKeNblX MeTaNNoB B MULLEBbIX MPOAYKTAX
aBnserca pUcKom ana 340p0BbA HaceneHus.
MpeactaBieHHble pe3ynbTaTbl MOTYT 6biTb MCNO/Nb30BaHbI
ONA 3KONIOTMYECKOTO MOHUTOPUHIA B TOPHOA06bIBAOLLUX U
METaINIYyPrmyecknx pamoHax.

B/IATOOAPHOCTb

Paborta BbinonHeHa npu noaaep:kke Komureta no
BbiCLUEeMY 06pa30BaHMIO U HayKe PA B pamKax Hay4HOro
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Peslome

Llenb — onpefenvtb HeMaTULUAHYIO aKTUBHOCTb abOpUreHHbIX U301ATOB
H6aKTepuin BbloeNeHHbIX U3 pu3ocdepbl NMOPaAXKEHHbIX TOMATOB CEBEPHOW
rannosoi Hematogon Meloidogyne hapla.

WccnepoBaHve NpoBOAMAOCH C  MUCMONb30BaHMEM  BaKTepuanbHbIX
U30NATOB, MOAYYEHHbIX W3  pwu3ocdepbl TomaTa, MOPAKEHHOIO
MenonAorMHO30M, BUAOBAA NPUHAANENKHOCTb KOTOPbIX Bbla onpeseneHa
npY NOMOLLM aHaNMU3a HYKNeoTMAHOW nocnegosatenbHoctn AHK. AHanus
nposoauavM Ha npubope DNeasy Plant Mini Kit u ngeHTMduumposanm
nojly4yeHHble pe3y/abTaTtbl C UCMONb30BaHMem nporpammbl Unipro UGENE.
HemaTMumpHas aKTUMBHOCTb PACCYUTLIBANACh MCXOAA M3 KoJiMyecTBa
MEpPTBbIX 0ocobelt  HemaTohd, MOCYUTAHHbIX C  MCMONb30BaHUEM
MWKpPOCKONa.

M3 pusocdepbl TOMATOB, MOPAXKEHHbLIX CEBEPHOWN rannoBOK HemaToaoM
Meloidogyne hapla, BbligeneHo B YNCTYIO KyAbTypy U MAEHTUOULMPOBAHO
10 wu30nATOB 6aAKTEPUM-aHTArOHMCTOB. YuWUTbIBas 6Ge3omacHoCTb AnA
YesloBEKA W TEMNOKPOBHbIX KMBOTHbIX, 7 W3 HUX MPOBEpPUIM Ha
HEMATULMAHYIO  aKTMBHOCTb.  COrnacHO  MOAYYEHHbIM  AAHHbIM,
npumeHeHne 5 uccnesyemblx LUTAMMOB HGaKTepWU BbI3blBaIO MaCCOBYIO
CMEepPTHOCTb JIMYMHOK CEBEPHOM ranioBOM HeEMaToAbl, HA4YMHaA ¢ 24 Yacos
M K 96 Yacam nocne 3akNagkm onbita goctmraa 92,2-97,2 %.

Ltammbl 6aktepuin Bacillus thuringiensis U617 (tutp 1x10°, KOE/mn),
Pseudomonas silesiensis U618 (tutp 1x10°, KOE/mn), Bacillus mycoides
MB19 (tutp 1x108, KOE/mn), Glutamicibacter arilaitensis U623 (tutp 1x108,
KOE/mn), Pseudomonas silesiensis U624 (tutp 1x107, KOE/mn) npoasnatoT
BbICOKYIO HEMATULMAHYIO aKTUBHOCTb B OTHOLUEHUW IMYMHOK M. hapla v
MOTYT 6bITb MCMONb30BaHbI A1 CO34aHMA BUOHEMATULMAOB.

KnioueBble cnoBa
Meloidogyne hapla, HematTuuMAbl, CEKBEHUPOBAHUE,
M30/1ATbl, BbI)KMBAaeMOCTb HemaTog, MNLP-aHanus.
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Abstract

Aim. To determine the nematicidal activity of native bacterial isolates from
the rhizosphere of tomatoes affected by the northern root-knot nematode
Meloidogyne hapla.

The study was carried out using bacterial isolates obtained from the
rhizosphere of a tomato affected by meloidogynosis, the species of which
was determined using DNA nucleotide sequence analysis. The analysis was
carried out on a DNeasy Plant Mini Kit and the results were compared
using the Unipro UGENE program. Nematicidal activity was calculated
based on the number of dead nematodes counted using a microscope.
From the rhizosphere of tomatoes infected with the northern root-knot
nematode Meloidogyne hapla, 10 isolates of antagonist bacteria were
isolated into a pure culture and identified. To consider their safety for
humans and warm-blooded animals, 7 of these were tested for
nematicidal activity. According to the data obtained, the use of 5 studied
bacterial strains caused mass mortality of northern root-knot nematode
larvae, starting from 24 hours and reaching 92.2-97.2 % by 96 hours after
the start of the experiment.

Bacterial strains Bacillus thuringiensis 1B17 (titer 1x10°, CFU/ml),
Pseudomonas silesiensis IB18 (titer 1x10°, CFU/ml), Bacillus mycoides 1B19
(titer 1x108, CFU/ml), Glutamicibacter arilaitensis 1B23 (titer 1x10°,
CFU/ml), Pseudomonas silesiensis |B24 (titer 1x107, CFU/ml) exhibits high
nematicidal activity against M. hapla larvae and can be used to create
bionematicides.

Key Words
Meloidogyne hapla, nematicides, sequencing, bacterial isolates, nematode
survival, PCR analysis.
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BBEAEHUE

HemaTtogbl — OA4HA M3 MHOTOYMCAEHHbIX TPYMM KUBbLIX
OpraHM3moB, obuTatolwmx B noyse. OHWM y4yacTBYIOT B eé
MWHEpanu3aLuMmM W Kpyrosopote 6GuMoMacchl, WMeT
6onblwoe BAUAHME Ha Apyrue opraHusmbl [1]. B uenom,
nosiBNEHNE B NMOYBE HEMATOZL MOJIOXKUTEIbHO CKasblBaeTcA
Ha COCTOAHMM 3KOCUCTEMBI, HO PUTONAPA3UTUUECKME BUAbI
nogaBAAOT pPasBUTME Ky/AbTYpHbIX pacTeHuin. Hambonee

pacnpocTpaHéHHbIM  BMAOM  duTONaTONapasUTUYECKMX
HemaTog ABAAETCA CeBepHas rajnoBas HemaTosa
Meloidogyne hapla Chitwood, 1949 [2]. B Poccuu

pacnpocTpaHeHa NOBCEMECTHO OT LeHTpasbHbIX obnactel
Ao npegropuii KaBkasa. B mupe apean o6uTaHmA
oxBaTbiBaeT Espony, KaHagy, CLUA, HOxHyi0 Amepuky,
LleHTpanbHyto 1 HOKHyo Adpuky [2; 3]. BpegoHocHOCTb
M. hapla 3akniovaetca B H6J0KMPOBKE TOKa MUTATE/IbHbIX
BELLLECTB Yepes MPOBOAALLYIO cMCTEMY. ITOT BUA, HEMATOA
CTUMY/IMPYET  pa3BUTME  MATOreHHbIX WHOEeKuun, B
pe3ynbTaTe WX MPOHUKHOBEHUA 4Yepe3 MOBPEXAEHHYIO
KYTUKyny pacteHus [4]. JIM4MHKM BTOpOro BoO3pacTta
MWIPUPYIOT Yepes NOYBY C KOPHEN NOPaKEHHOro pacTeHuA
Ha 3g0poBoe. WHBasWpys  KOPHW  KY/IbTYPHbIX U
AMKOPACTYLWMX PACTEHUI OTKPLITOrO M 3aWMLLEHHOTO
rpyHTOB, 06pasytoT rainbl UAW CUHrannbl [5]. YuutbiBas
0COBEHHOCTN KM3HEeHHoro uukna Meloidogyne hapla,
NMOYBEHHbIE MWKPOOPraHU3Mbl, o0bnajalolme Hematu-
LUMOHOW aKTUBHOCTbIO, 6yayT 3bPEKTUBHBI AR KOHTPONS U
60pb6bI C gaHHbIM dUTOMapasuTom [6; 7).

C uenblo yMeHbLEHUA XMMUYECKOM Harpy3Ku Ha
buocoepy, npu 6opbbe c HemaTogamMu BCE yalle
npuberaioT K npenapatam 6MONOrMYECKOTO MPOUCXOXK-
AeHuns. Cpegn NaTtoreHOB HeMaTon, M3BECTHO MHOMKECTBO
MHOEKUMI  BaKTepuanbHOTO  MPOUCXOMKAEHMA,  4YTO
no3BoaseT co3gasaTb HemaTuuuaHble Buonpenapatbl Ha
WX OCHOBE.

OAHMM M3  [N1aBHbIX MEXaHU3MOB HemaTo-
TOKCMYHOCTM BaKTepuit ABnseTca AelcTBue NpoAyKTOB
meTabonusma  6akTepuid, nNpeacTaB/ieHHbIX  pPogamu
Bacillus, Pseudomonas, Pasteuria, Azotobacter, Clostridium,
Desulfovibrio, Serratia v Hirsutella.

Cpegu coenHEeHun c HemaTuuMaHom
aKTUBHOCTbIO  M3BECTHbI BTOPUYHbIE ~ MeTabonuTbl,
npuvHagfexawme K TaKMM  KNaccam  OpraHUYecKux
COEAMHEHWUN, KaK XWHWHbI, anKkaaouabl, TeprneHougbl,

nentuabl M HadptanuHbl [8-18]. O6HapyKeHo, u4TO
b6aktepun pogos Bacillaceae, Serratia, Corynebacterium wn
Stenotrophomona o6napatoT cnocobHOCTBIO K Mpoayuu-
pPOBaHUIO pPAAA AUTUYECKMX (GEpPMEHTOB, BAMAIOWMX Ha
pas3/inyHble 3Tanbl KU3HEHHOrO UMKAa Hematom [19].
BakTepun moryT npoayumpoBaTb cypdakTuH, 6Gauunno-
MUUMH D, deHrnumH, UTYpuH U 6akTepuoumH. [aHHble
nvnonentuapl  BbI3bIBAOT — noBpexaeHue  6enkosoi
CTPYKTYpbl AUL, M KYTUKyAbl HemaTod. lpoayumpyembie
b6akTepuamu GpepmeHTbl, 3a CYET aKTUBM3aUUKN BUOCKHTE3A
rOPMOHOB GUTOANEKCMHOB W (EHOMbHbLIX COeAUHEHUN,
CTUMYNIMPYIOT MOBbIWEHWE YCTOMYMBOCTU pPacTeHUN K
¢uTonatoreHam [19; 20]. Hussain T. et al. oTmeyeHo, yTO
aHTUOUOTUKKN, BHEKNETOYHble GepMeHTbl UK apyrue
TOKCUYHbIE COEAMHEHUA, NPUCYTCTBYIOWME B  Ky/AbTy-
panbHOW makoctu wrtamma B. subtilis Hussain T-AMU
3HaYMTEeNbHO YBEAMYMBAET CMEPTHOCTb JIMYMHOK J2 un
noAasnseT OTKNAAKY AUL, NO CPABHEHMIO C KOHTpoaem [21].

Takum obpasom, 6narogaps meTabonutam,
BblAeNAeMbIM BaKTEPUAMM BO BHELLHIOO cpesy, MHOTvMe 13
HUX MOryT 6bITb 3pdeKkTMBHbI B 6Gopbbe C rannosoi

HEeMaTo4ol B CEe/bCKOM XO3AMCTBE M MOWMCK HOBbIX
6aKTepuit-aHTaroHUCTOB ABAAETCA BaXHOW 3agayer Ans
LOCTUKEHUA 3TON Lenu.

MATEPUAN U METOAbl UCCNEOOBAHUA

O6beKToM UcCNefoBaHMA NOCAYKMNA CeBepHasa rannosas
HemaTtoga Meloidogyne hapla, n3 konnekumn nabopatopun
OMOpPaUMOHaNbHbIX  CPEACTB W TEXHONOTUI  3aLMUTbI
pacTeHuii gna BeAeHUA 3K0N0TM3MpPoBaHHOro, pecypcocbe-
peraoLLero U opraHMYeckoro cesbckoro xosaicrea, PreHY
®HLB3P. BblaeneHne abopureHHbix 6HakTepuit  u3
pusocdepbl pacTeHUn TomaTa NPOBOAMAN NO METOAMKE,
onucaHHo besnepom, XycceiHom u [leTiopeHKo [22].
Mopdonornio nNosyyYeHHbIX M30NATOB 6aKTepuii ONuchbl-
Ba/N C UCMONb30BaAHNEM OKpacku no Mpamy [23].

Ona onpepeneHva BWAOBOM MNPUHAANEKHOCTU
BblA€NEHHbIX W30/MATOB OaKTepuih NPOBOAMAN aHaNU3
HyKneoTMagHon nocnegosatenbHoct [AHK o6pasyos ¢
ucnosnb3osaHMem npubopa DNeasy Plant Mini  Kit
KomnaHum QIAGEN cornacHo MmeToAMKe, OMWCAHHOW B
npoTokone wusrotoButena. B npouecce onpeaeneHuna u3
b6akTepuanbHbIX M30nsT0B Bblaensnn AHK n npoussoamnm
CeKBeHMpoBaHMe eé onpepenéHHblx obnacteit. 3atem
BbinonHanu MLUP-aHanM3 ¢ ucnosib3oBaHMemM Npaimepos.
Mapametpbl MUP 6binn cnegytowmmm: 95 °C—2 muH,
nanee 30 umknos: 95 °C — 30 cek, 60 °C — 30 cek, 72 °C —
1 MWH, nocne Yero NPoBOAMAN GUHANBHYIO 3/1I0FAHLMIO NPU
72 °C B Te4eHue 5 MUH.

Mpoayktel amnandukauumn pasgensam B 2 %
TAE-arapo3sHom rene, nocne yero JHK-6eHabl Bbipe3anu u
OYMWANM MO NPOTOKOAY, TMPUNONKEHHOMY K Habopy
peaktmeoB MinElute PCR Purification (QIAGEN). CekBeHu-
poBaHWe BbLIMNOAHANM Ha TreHeTUYeCKOM aHanusaTope
ABI3130x| no metogy CaHrepa ¢ UCNONb30BaHUEM NPSMOTO
1 o6paTHOro Nnpamepos.

MpoBepKy McxogHbIX ¢alkinoB pna Haubonee
YOAYHbIX pPe3ynbTaToB CEKBEHMPOBAHWA MPOBOAUAN MNpWU
nomown nporpammbl Unipro UGENE. C ncnonbsoBaHuem
CTaHAAPTHbIX NapameTpoB B 6ase aaHHbIx GenBank NCBI
OCYLLEeCTBAAAN NMOUCK NOCNeA0BaTENbHOCTEN U UX BUAOBYIO
naeHTuduKaumo. BoipaBHMBaHWE NocnenoBaTelbHOCTEN U
NMOWUCK MONMMOPOHBIX YYACTKOB BbIMOMHAAN C MCMNO/b30-
BaHuem Clustal Omega, a KnacTepusaumo reHoTMnos — B
nporpamme MEGA-X no napametpam UPGMA.

MepBUYHYO OLLEHKY HeMaTUUMAHON aKTUBHOCTU
abopureHHbIX  WTaMMOB  OaKTepuit B OTHOLUEHWUM
Meloidogyne hapla npoBoaunn no metoguke KoHpat u ap
[24]. OaHHbIW cnocob no3BO/IAET OLEHUTb CMEPTHOCTb
HEMATOZA, WCK/YaA HematocTaTuyeckuit apdeKT, 3a cyér
[OMNONIHUTENBHOTO  GUNBLTPOBAHUA CYCNEH3UM HemMaTon
cnycta 96 4acoB nocse Hayana onbita. CrepunbHoM
O[HOPA30BOM MUMETKOM, CycneH3uio Hematosd obbemom
1,0 mn, cogepawyto 50 wt. M. hapla BHocMAM B YaluKu
Metpu (4M) guameTtpom 35 mm B 4-x noBTOpHOCTAX. Mocne
BHeceHuUa Hematog B Kaxaywo UM, pgobasnann 1,0 mn
nccnesyemblx 6akTepuit U OCTaBAANM NpU TemnepaTtype
25 °C. YYET MEPTBbIX U KMBbIX HEMATOZL MPOU3BOAWIU C
ncnonb3oBaHnem mukpockona «Nexcope NE 700» uyepes
24 vaca, 48 yacoB, 72 yaca nocse Havyana onbiTa U Yyepes
24 yaca nocne punbTPaunn HemaTtog, [24; 25].

CMepTHOCTb HemaTog, Ha KaxAable CyTKM 6blna
paccumTaHa no ¢opmyne LWHanaepa-Opennu:

C = (Cs — C)/(100 — C,)*100,
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roe C — cmepTHOCTb Hematog (%); Cs — cmepTHOCTb B
BapuaHTe (%); Cx — CcMepTHOCTb B KOHTpone [24; 25].

CraTucTMyecKkaa 06paboTKa [aHHbIX OCyLLecTB-
nanacb € ucnosib3oBaHvem nporpamm Microsoft Office
Excel 2007 u Statistica 10.0.

NONYYEHHDIE PE3Y/IbTATbI U UX OBCYXKAEHUE

Bcero BblAeNEHO B UYUCTYIO KyAbTypy W  OMMUCaHO
10 u30nATOB HaKTepwuit-aHTaroHUCTOB, KoTopble 6binn
BHECEHbl B pabouylo Ko/anekumto nabopaTtopum €
npucBoeHMeMm nocaenoBaTesibHbIX HOMepoB. bakTtepuanb-

Hble KOJIOHUU UMenu 6enblii UBeT, Npu 3TOM BCTPeYanucb
KaK NoYTM Npo3payHble, TaK U NPaKTUYECKW Henpo3payHble
KONOHMU. MWKPOCKONMPOBaHWe MO3BOANAO OBHaPYXUTb
TO/MIbKO BHaKTepuu NanoyKoBUAHOM GOPMbI, KOTOpblE
OT/IM4ANUCh NO pPasmepy, CNopoobpasoBaHWIO U OKpacke
no Mpamy.

KonoHus wusonata WUB16 npospauHan, 6enoro
uBeTa, Kpyrnoi ¢opmbl, BbIMyKAas, Kpah KOJNOHUM
TNagKuii, MNOBEPXHOCTb KOMOHUWM Tnagkas, 6Gnecrawas,
avametp — 3—4 mm. KopoTKkue nanoyku, oaMHOYHble, He3
crnop, rpamnonoxKuTenbHble (puc. 1).

PucyHok 1. 3onat UB16. a — KonoHum Ha FPM; b — MUKpoCTpyKTypbI
Figure 1. Isolate IB16. a — Colonies on GRM; b — Microstructures

KonoHus usonata UB17 He npospauyHasa, 6enoro uBeTa,
Kpyrnoi ¢Gopmbl, BbINYKNAsA, Kpal KONOHUW BOSHUCTbIN,
NOBEPXHOCTb KOJMIOHWM T[NafKaa, bnectawasn, avametp —
1-2 mm. KopoTKve najsoyku, oAuMHO4YHble, 6e3 cnop,
rpamoTpuuatensHble (puc. 2).

KonoHusa wusonata WB18 npospayHan, 6enoro
uBeTa, Kpyrnioi ¢opmbl, BbINyKNasa, Kpak KOAOHWM
BOJIHUCTbIA, MOBEPXHOCTb KOMOHWW rnafKasa, bnectawas,
anameTtp — 2—3 mm. KOpoTKMe nanoyku, oAnHOYHble, 6e3
cnop, rpamoTpuuaTtesibHble (puc. 3).

KonoHus nsonata UB19 He npospayHasn, 6enoro
uBeTa, Kpyrnoi ¢opmbl, BbIMYyKAas, Kpal KONOHUM
BOJIHUCTbIW, NMOBEPXHOCTb KOJMIOHUW TnagKas, bnectawas,

avametp — 1-2 mm. [AuHHbIe MNanoyku, cobpaHHble B
Lenoyku, 6es cnop, rpamnoiokuTenbHole (puc. 4).

KonoHusa mnsonsata U620 He npospayHas, 6enoro
LBeTa, Kpyrion Gbopmbl, NAOCKAsA, Kpail KOJOHUWN TNaaKuiA,
NMOBEPXHOCTb KOJIOHWM [NafKasA, bnecTawasn, Avametp —
1-2 mm. Mano4ykn, pacnonoxeHbl Lenoykamm U OANHOYHO,
06pasytoT Cropbl, FPAamMNoNoKUTENbHbIE (puC. 5).

KonoHus usonsata UB21 HenpospayHas 6enoro
LBeTa, HenpasubHOM GOPMbI, BbINyKNasA, Kpail KONOHUM
3ybuaTblil, NOBEPXHOCTb rNafKas, bnecrawasn, gnameTp —
3-5 mm. Menkue (cpegHwe) NanouvkW, PaCMONOXKEHbI
Lenoykamm W OJMHOYHO, MMEITCA CMopbl, Fpamnoso-
XutenbHble (puc. 6).

PucyHok 2. N3onat UB17. a — KonoHuum Ha TPM; b — MUKpoCTpyKTypbI
Figure 2. Isolate IB17. a — Colonies on GRM; b — Microstructures
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PucyHok 3. U3onat UB18. a — KonoHuu Ha TPM; b — MUKpOCTPYKTYpbI
Figure 3. Isolate 1B18. a — Colonies on GRM; b — Microstructures

o

PucyHok 4. N3onat UB19. a — KonoHuum Ha FPM; b — MUKpoCTpyKTypbI
Figure 4. Isolate 1B19. a — Colonies on the GRM; b — Microstructures

PucyHok 5. M3onat UB20. a — KonoHun Ha FPM; b — MUKpOCTpYKTypbI
Figure 5. Isolate 1B20. a — Colonies on GRM; b — Microstructures

KonoHus wusonata MB22 HenpospayHas 6enoro LuBeTa,
HenpasuAbHOM  GOPMbI,  BbIMyKAas, Kpak  KOJOHWUK
BOJIHWUCTbIW, MOBEPXHOCTb rNafKan, baectawan, guamerp —
3-5 mMmm. Menkne MNanoyvku, pacnonoxKeHbl LEenovykamu u
OOMHOYHO, 6€e3 cnop, rPamnoNoKuTeNbHble (puc. 7).
KonoHun nsonsata U623 6enoro uBeta Kpyrible ¢
LepoXoBaToOli MOBEPXHOCTbIO, 06pPa3yloT ANMHHbIE HUTU
Mmuuenua. F[pamnonoXnTenbHble aKTMHOMULLETLI (puc. 8).
KonoHua usonsata UB24 HenpospayHaa 6enoro
uBeTa, Henpasu/abHOW GOPMbI, BbINYKNaA, Kpak KOAOHUMU

BOJIHWUCTbIN, NOBEPXHOCTb rNafKan, bnecrawasn, guameTp —
1-2 mm. [NWHHbIE MANOYKM, OAMHOYHbIE NO 2, MMeKTCA
Cropbl, FPAmMMNoNoXKuTenbHble (puc. 9).

KonoHus nsonata UB25 He npospayHasn, 6enoro
LBeTa, Kpyr/ion ¢popmbl, NAOCKasA, Kpaih KOJNOHUWN TNaaKui,
NMOBEPXHOCTb KOJIOHWM [NafKasA, bnecTawas, Avametp —
1-2 mm. Menkue nanoyku, OAMHOYHbIE U LLEMOYKaMMW,
MMETCA CNopbl, FPamnonoXkuTesnbHble (puc. 10).
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PucyHok 6. N3onat NB21. a — KonoHun Ha TPM; b — MUKpoCTpyKTypbI
Figure 6. Isolate IB21. a — Colonies on GRM; b — Microstructures

-
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a
PucyHok 7. U3onat UB22. a — KonoHuu Ha TPM; b — MUKPOCTPYKTYpbI
Figure 7. Isolate IB22. a — Colonies on GRM; b — Microstructures

PucyHok 8. M3onaT UB23. a — KonoHun Ha TPM; b — MUKpOCTPYKTypbI
Figure 8. Isolate I1B23. a — Colonies on GRM; b — Microstructures
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PucyHok 9. N3onat UB24. a — KonoHuu Ha FPM; b — MUKpoCTpyKTypbI
Figure 9. Isolate I1B24. a — Colonies on GRM; b — Microstructures

a
PucyHok 10. N3onat UB25. a — KonoHuu Ha TPM; b — MUKpoCTpyKTypbI
Figure 10. Isolate IB25. a — Colonies on GRM; b — Microstructures

Mo KYNIbTypasbHO-MOPdONOrMYeckomy onucaHuio
BblAE/IEHHBIX KY/bTYP U Ha OCHOBE aHa/n3a INTepaTypHbIX
JaHHbIX,  MOMHO  MPEeAno/oNKUTb,  4YTO  U30NATbI
BblAe/NeHHbIX BGaKTepuii OTHOCATCA K MpeacTaBUTENAM
pogaos Bacillus v Pseudomonas.

AHanM3  HYKNeoTMAHOW  MocnefoBaTENbHOCTH
MO3BOJIM/I YTOUHWUTb POAOBYHO U YCTAHOBUTb BUAOBYHO
NPUHaANEXKHOCTb Kaxaoro obpasua. Mouck nocneposa-
TeNbHOCTEM U onpejefneHne  UX  UAEHTUUKALMM
OCYLLECTBAANN C WCMO/b30BAaHUEM CTaHAAPTHbIX Mapa-
meTpoB B 6a3e gaHHbIXx GenBank NCBI (taba. 1).

Mocne onpeaeneHnsa BMAOBOM NPUHAANEKHOCTH
WwTammbl 6akTepuin  Bacillus idriensis, Bacillus cereus,
Brucella  intermedia  6bian  yTMAKM3MpOBaHbl. Mo
IMTePaTypHbIM  aHHbIM, OHU  XapaKTepu3ylTca  Kak
OMacHble A/18 Ye/N0BEKa U TEeMIOKPOBHbIX ¥KMBOTHbIX [26].
LLtammbl  Pseudomonas  silesiensis  WB16;  Bacillus
thuringiensis U617; Pseudomonas silesiensis W618; Bacillus
mycoides WB19; Lysinibacillus fusiformis WB22; Bacillus
thuringiensis W623; Pseudomonas silesiensis U624 6binn
oTObpaHbl AN Aa/fbHEMWero 3KCnepMmeHTa no onpeae-
NIEHUIO UX HEMATULMAHON aKTUBHOCTH.

Tabnuua 1. PesynbTaTbl aHaM3a HYKAEOTUAHOW NOCNE40BATENbHOCTM UCCAELYEMbIX U30NATOB
Table 1. Results of analysis of the nucleotide sequence of the studied isolates

Homep
usonata
Isolate number

MocnenoBaTeNIbHOCTb HYKNEOTMAOB
Nucleotide sequence

BupaoBas npuHagnexHocTb
Species affiliation

GTTTTTCTGGGATTAGCTCCCCTCGCGGCTTGGCACCCTCTGTACCGACATTGT
AGCTAGTGTGTAGCCCAGGCCGTAAGGGCCATGATGACTTGACGTCATCCCC
ACCTTCCTCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACCATTACGTGC
TGGTAACTAAGGACAAGGGTTGCGCTCGTTACGGGACTTAACCCAACATCTC
ACGACACGAGCTGACGACAGCCATGCAGCACCTGTCTCAATGTTCCCGAAGG

n616

CACCAATCCATCTCTGGAAAGTTCATTGGATGTCAAGGCCTGGTAAGGTTCTT
IB16 CGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCA

Pseudomonas silesiensis
99,33 %

ATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCAACTTAATGC
GTTAGCTGCGCCACTAAGAGCTCAAGGCTCCCAACGGCTAGTTGACATCGTTT
ACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCAC

CTCAGTGTCAGTATCAGTCCAGGTGGTCGCCTTCGCCACTGGTGTTCCTTCCTA

TATCTACGCA
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GCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGT
TTGTCACCGGCAGTCACCTTAGAGTGCCCAACTTAATGATGGCAACTAAGATC
AAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGA

UE17 CGACAACCATGCACCACCTGTCACTCTGCTCCCGAAGGAGAAGCCCTATCTCT Bacillus thuringiensis

1B17 AGGGTTTTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAAT 100,00 %
TAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCA ’
GCCTTGCGGCCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAACTTCAGCACT
AAAGGGCGGAAACCCTCTAACACTTAGCACTCATCGTTTACGGCGTGGACTAC

CAGGGTATCT

AGATTAGCTCACCTCGCGGTTTGGCCACCCTCTGTACCGACCATTGTAGCTAG
TGTGTAGCCCAGGCCGTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCC
TCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACCATAACGTGCTGGTAA

UE18 CTAAGGACAAGGGTTGTAGCTCGTTACGGGACTTAACCCAACATCTCACGACA Pseudomonas silesiensis

1B18 CGAGCTGACGACAGCCATGCAGCACCTGTGTCAGAGTTCCCGAAGGCACCAA 9863 %
TCCATCTCTGGAAAGTTCTCTGCATGTCAAGGCCTGGTAAGGTTCTTCGCGTT ’
GCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATT
TGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCAACTTAATGCGTTAGC

TGCGCCACTAAAA

GGTCGTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTC
ACCGGCAGTCTCCTAAGAGTGCCCAACTTAATGATGGGAAAAAAAAGCAAGG

nb19 GGTGTGCTGGCTGTGCGAGTTTTACCCAAATCTCTCGACACGAGCTGAGGAC Bacillus mycoides
1B19 ACCCCTGCACCCCCTGTGTCTCTGCTCCCCAAAAGCACCATTATCTCTATAGTT 84,47 %
GTAGAGGATGTCACGACCTGGGAGGTTCTTCGCGCGGCTTCGAATTAAGAAA
TGCTTACCCGCGTGC

GAGAATGTTTTCTATGGGATTGGCTAAACCTCGCGGTGTCGCCGCTGTTTGTT
CCCCCCATTGTAGCATAGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTG
ACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCA
ACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACC

UE20 CAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTTTGTC Bacillus idriensis

1820 CCCCGAAGGGGAACCTTCTATCTCTAGAAGTGGCAAAGGATGTCAAGACCTG 98.00 %
GTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCG ’
GGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGG
AGTGCTTAATGCGTTAGCTGCAGCACTAAAGGGCGGAAACCCTCTAACACTTA
GCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCC

CACGCTTTCGCGCCTCAGCG

GCGGTGTTGCCGCTCTTTGTTCGCCCATTGTAGCTAGTGTGTAGCCCAGGTCA
TAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGG
CAGTCACCTTAGAGTGCCCAACTTAATGATGGCAACTAAGATCAAGGGTTGC
GCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCAT
GCACCACCTGTCACTCTGCTCCCGAAGGAGAAGCCCTATCTCTAGGGTTTTCA

nB21 GAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACAT Bacillus cereus

1B21 GCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGCCTTGCGG 99,06 %
CCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAACTTCAGCACTAAAGGGCG
GAAACCCTCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTAT
CTAATCCTGTTTGCTCCCCACGCTTTCGCGCCTCAGTGTCAGTTACAGACCAGA
AAGTCGCCTTCGCCACTGGTGTTCCTCCATATCTCTACGCATTTCACCGCTACA
CATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCCCAGTTTCCAATGACCCT

CTCGCGAGTTGTCAACCGTTTGTATCGTCATTGAGGCTAGTGTGTAGCCCAGG
TCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCCCG
GCACCCTAAGTGCCCAACTAAATGATGGCAACTAAGATCAAGGGTTGCGCTC
CTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACACCCCTCCCC
CACCTGTCACCGTTGCCCCCGAAGGGGAAACTATATCTCTACAGTGGTCAACG

nb22 GGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGC Lysinibacillus fusiformis

1B22 TCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCG 96,93 %
TACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAA
ACCACCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTA
ATCCTGTTTGCTCCCCACGCTTTCGCGCCTCAGTGTCAGTTACAGACCAGATAG
TCGCCTTCGCCACTGGTGTTCCTCCAAGTCTCTACGCATTTCACCGCTACACTT
GGAATTCCACTATCCTCTTCTGCACTC

GTGTCTCCCCTATTGTATCGGCCATTGTAGCTAGCGTGAAGCCCAAGACATAA
GGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGAGTTGACCCCGGCAC
nB23 GCCCTGAGTCCCCACCACTACGTGCTGGCAACATGGAACGAGGGTTGCCCTC Glutamicibacter arilaitensis
1B23 GTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACACCCCTGCAC 96,50 %
CACCTGTGAACCAGCCCCGAAGGGAGAACTCCATCTCTGAAGCGGTCTGGCA
CATGTCAAGCCTTGGTAAGGTTCTTCGCGTTGCATCGAATTAATCCGCATGCT
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CCGCCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTTAGCCTTGCGGCCG
TACTCCCGAGGCGGGGCACTTAATGCGTTAGCTACGGCGCGGAAAACGTGGA
ATGTAAAATAATACCTAGTGCCCAACGTTTACGGCATGGACTACCAGGGTATC
TAATCCTGTTCGCTCCCCATGCTTTCGCTCCTCAGCGTCAGTAATGCCCAGAGA
CCTGCCTTCGCCATCGGTGTTCCTCCTGATATCTGCGCATTTCACACGCTACAC
CAGGAATTCCAGTCTCCCCTACATCACTCTAGTCTGCCCGTACCCACCG

CGGTTTGGCCACCCTCTGTACCGACCATTGTAGCATAGTGTGTAGCCCAGGCC
GTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCG
GCAGTCTCCTTAGAGTGCCCACCATAACGTGCTGGTAACTAAGGACAAGGGT
TGCGCTCGTTACGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGC
CATGCAGCACCTGTGTCAGAGTTCCCGAAGGCACCAATCCATCTCTGGAAAGT
TCTCTGCATGTCAAGGCCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCA
CATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTGC
GGCCGTACTCCCCAGGCGGTCAACTTAATGCGTTAGCTGCGCCACTAAAATCT
CAAGGATTCCAACGGCTAGTTGACATCGTTTACGGCGTGGACTACCAGGGTA
TCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTCAGTGTCAGTATCAGTCCAG
GTGGTCGCCTTCGCCACTGGTGTTCCTTCCTATATCTACGCATTTCACCGCTAC
ACA

Pseudomonas silesiensis
99,49 %

nb24
1B24

GAGATTAGCTCAACTCGCGTGCTCGCTGCCCGCTGTACTCCACCATTGTAGCA

CTATGTGTAGCCCAGCCCGTAAGGGCCATGAGGACTTGACGTCATCCCCACCT
TCCTCTCGGCTTATCACCGGCAGTCCCCTTAGAGTGCCCAACTGAATGCTGGC

AACTAAGGGCGAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGA

CACGAGCTGACGACAGCCATGCAGCACCTGTCTCCGATCCAGCCGAACTGAA

GGATAGTGTCTCCACTAACCGCGATCGGGATGTCAAGGGCTGGTAAGGTTCT

GCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTC
AATTCCTTTGAGTTTTAATCTTGCGACCGTACTCCCCAGGCGGAATGTTTAATG
CGTTAGCTGCGCCACCGAAGAGTAAACTCCCCAACGGCTAACATTCATCGTTT
ACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCAC

CTCAGCGTCAGTAATGGTCCAGTGAGCCGCCTTCGCCACTGG

Brucella intermedia
98,95 %

nB25
1B25

Yepes 24 wyaca B UM Cc KUAKMMKU  KyIbTypamu
MWKPOOPraHNM3MOB CMEPTHOCTb JINYMHOK  Meloidogyne
hapla pocturana ot 45,5+1,2 % po 85,0£2,8 %. LUtammbl
6akTepuin Lysinibacillus fusiformis U622 (3x10° KOE/mn)
nokasanu MEeHbLUYIO CMepPTHOCTb. MposepeHne
OAHOPAKTOPHOrO AMCMEPCMOHHONO aHanau3a Mo3BO/IUAO
BbIABUTb  CTAaTUCTUYECKM 3HAUYMMYIO PasHULy NO WX

HEeMaTULMAHOM aKTMBHOCTU. Mexay WTammamu 6akTepmit
Pseudomonas silesiensis W618; Bacillus thuringiensis N623;
Pseudomonas silesiensis WB24 3HauMmbIx pas3nvuuii He
BbIIBNIEHO, YTO YKa3blBaeT Ha MX OAMHaKoBYK 3ddek-
TMBHOCTb npotne M. hapla B npegenax norpelwHoctTn. B
KOHTPO/IbHOM BapuaHTe ¢ 0b6paboTKoM BOAOM, Bce
JINYUHKM BbINK KKBbI (Tabn. 2).

Tabnuua 2. BAnaHWE KUOKUX KYNbTyp GaKTePUt Ha CMEPTHOCTb raiJIoBbIX HEMATOZ,

(M. hapla) B nabopaTopHbIx ycnosuax Yepes 24, 48, 72 yaca nocne 06paboTkm 1 24 yaca nocne ¢punbTpauun, %
Table 2. Effect of liquid bacterial cultures on root-knot nematode mortality (M. hapla)

in laboratory conditions in 24, 48, 72 hours after treatment and 24 hours after filtration, %

Yepes 24 yaca
In 24 hours

Ltammbl
Strains

Yepes 48 yacos

Yepes 24 yaca nocne
dunbTpaummn
24 hours after
filtration

Yepes 72 yaca

In 48 hours In 72 hours

Pseudomonais silesiensis U616
(2x10° KOE/mn)

Pseudomonas silesiensis 1B16
(2x10° CFU/ml)

47,1+0,6

51,1+0,6 60,4+1,5 62,2+1,0

Bacillus thuringiensis U617
(4x10° KOE/mn)

Bacillus thuringiensis 1B17
(4x10° CFU/ml)

83,411,1

94,0+2,3 98,9+1,1 92,2+1,0

Pseudomonas silesiensis U618
(2x10° KOE/mn)

Pseudomonas silesiensis 1B18
(2x10° CFU/ml)

81,8+2,0

91,6%1,5 97,0+1,1 93,9+1,0

Bacillus mycoides 619
(3x108 KOE/mn)
Bacillus mycoides 1B19
(3x108 CFU/ml)

85,0+1,7

98,9+0,6 100,0+0,1 97,2+1,0

Lysinibacillus fusiformis U622
(3x10°KOE/mn)

Lysinibacillus fusiformis I1B22
(3x10° CFU/ml)

45,5+1,0

48,90,2 57,1+0,7 57,2+0,7
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Bacillus thuringiensis U623
(3x10%KOE/mn)

Bacillus thuringiensis 1B23
(3x108 CFU/m)

82,4+1,4

92,9+1,4 97,3+0,9 94,4+0,6

Pseudomonais silesiensis U624
(2x10°KOE/mn)

Pseudomonas silesiensis 1B24
(2x10° CFU/m)

81,9+0,5

91,8+0,8 97,3t1,4 95,0+1,0

KoHTponb (cTepunbHas sBoga)

+
Control (sterile water) 0,00,0

1,5+0,1 2,4+0,1 5,0%0,2

HCPqs

LSDos 128

1,22 1,04 0,88

C TeyeHMem BpemeHu, uYepe3 48 vacoB M 72 uaca
Habnoganacb noxoxaa TeHaeHuma. Yepes 72 yvaca
WwTammbl 6akTepuii Bacillus mycoides U619, Pseudomonas
silesiensis U624, Bacillus thuringiensis U623, Pseudomonas
silesiensis 618 w Bacillus thuringiensis U617 nokasanu
HanMbobLWY0 HEMATULMAHYIO aKTUBHOCTb, F4e CMEePTHOCTb
NIMYNHOK HemaTton 6bina 6Gonee 92,2 %. LWrtamma
Pseudomonas silesiensis W618; Bacillus thuringiensis N623;
Pseudomonas silesiensis U624 He NoKasanum CTaTUCTUYECKMU
3HAYUMMOW pasHuLUbl 3PPEKTUBHOCTU, U3 YEro MOMKHO
caenatb 3aknoyeHue, 4To UX 3PPeKTUBHOCTbL Oblna Ha
OZLHOM YpPOBHe.

Ons UcKAYeHna HemaTtocTaTUyeckoro sddekrta
Unn 06e3nBMKMBaHUA HEMATOA NO UCTedeHuto 96 Yacos ¢
Hayana 3aKNagKW onbiTa nposefeHa WX ¢uabTpaumsa.
YCTaHOBNEHO, YTO CMEPTHOCTb JIMYMHOK C HaWBbICLIMMM
NoKasaTeNAMM MOJyYEHA B TEX Ke BapuaHTax, 4To U B
KOHUe onbiTa 6e3 ¢unbtpaumn. Mo nokasatento HCPgs
wrammbl  Pseudomonas  silesiensis  WB18;  Bacillus
thuringiensis WB23; Pseudomonas silesiensis WB24
NoKasanu oAMHAKOBYIO CMEPTHOCTb MYMHOK M. halpa. Bo
BCEX BApMaHTax oOmMbiTa Obl1 OTMEYEH HE3HaAYUTEsbHbIN
HemaTocTaTuyeckuin  sddeKkt, 4YTo He NOBAUANO Ha
WUTOTOBYIO HEMATUUMAOHYIO aKTMBHOCTb  LUTammoB. B
KOHTpOJIe C TMNPUMEHEHWEeM CTepuibHOU Boabl, bonee
95,0 % NMYMHOK OCTaBa/IMCb NOABUMKHbBIMU U }KUBbIMMU.

3AK/THOMEHUE

B pesynbTate paboTbl 6bIAN NOAYYEHBbI U30NATLI BaKkTepuit
13 pusocdepbl pacTeHU ToMaTa, NOPANKEHHbIX CEBEPHOM
rannosoli Hematomon Meloidogyne hapla. TposeaeHo
KYNbTypanbHO-MOPPONOrMYECKOE ONUCAHME U aHanu3
HyKNneoTuaHoW nocnegosatenbHoctn ux OHK. MonyyeHbl
[aHHble O BbICOKOM HeMaTUUMAHOM aKTUBHOCTUM B
OTHOWEHWUWN CeBEPHOW rannosBoit Hematoabl M. hapla
XKUOKUX KYyNbTyp WwTammos 6aktepuit Bacillus thuringiensis
MB17 (tutp 1x10°, KOE/mn), Pseudomonas silesiensis U518
(tutp  1x10%, KOE/mn), Bacillus mycoides WB19 (tutp
1x108, KOE/mn), Glutamicibacter arilaitensis U623 (tutp
1x10%, KOE/mn), Pseudomonas silesiensis WB24 (tutp
1x107, KOE/mn). [aHHble wWTammbl MOryT 6biTb B
AanbHellemM MUCNonb3oBaHbl A/A Co34aHuA BuoHema-
TMUMAOB.
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Pesiome

Llenb: BbIABUTb OCOBEHHOCTM HAKOMIEHUA XMMUYECKUX 3/1IEMEHTOB
HEeKOTOPbIMM BUAAMU MAKPOOUTOB AenbTbl Boaru.

Ob6beKkTamy MCCNefoBaHUA ABAANUCE MHOTOKOPEHHWK OBbIKHOBEHHbIN
(Spirodela polyrhiza L.) n POrONINCTHUK TEMHO-3€/1EHbIN
(Ceratophyllum demersum L.). Ot6op npob pacTeHUn npou3BogUACA
genbte Bonru. OnpefeneHne KOHUEHTPALMM XUMWUYECKUX 3/1EMEHTOB

OCYLLECTBAANOCH C MOMOLWbID MeToga aTtoMHO — abcopbuuoHHON
CMEeKTPOMETpUM.
B pesynbTaTe NpPOBEAEHHbIX WCCAEA0BaHUA MOKasaHbl HEKOTopble

CXOACTBa B HaKoM/ieHUW meTannos Spirodela polyrhiza v Ceratophyllum
demersum. Tak, enes3o M MapraHel, MCCieAOBaHHble BUAbI PACTEHUN
AKKYMynupyloT B 6onblueit mepe, a COAepXKaHWe KaamMuAa B HUX
MWHUMaNbHO. lNpu 3ToM OTMeyeHa BMAOBaA cneunPUUHOCTb PacTEHUN
AKKYMYyNMPOBaTb XMMUYECKME 3/IEMEHTbI: MO CpaBHEHWO ¢ Spirodela
polyrhiza B8 Ceratophyllum demersum BbiaBneHo 6o0siee BbICOKOE MX
cofepaHue, 4To obycnosneHo 6uMonormyeckummn U GuU3noNorMyeckumn
0COBEHHOCTAMM PACTEHUN.

Ceratophyllum demersum obnapaetr cnocobHocTbio 6onee 3dPeKTUBHO
KOHLUEHTPMPOBaTb XMMMUYECKME INEMEHTbI, Takne Kak Fe, Ni, Pb u Zn u3
OKpyrKatolleit cpeabl, 4em Spirodela polyrhiza. B cBa3M c 3Tum
POro/INCTHUK TEMHO-3€/IeHbIi PEKOMEH0BAH B Ka4yecTBe UHAMKATOPHOro
BUAA B MOHUTOPWHIE 3arpsisHEHMA BOAHbIX SKOCUCTEM.

Kniouesble cnoBa
Bbicwan BOAHaA PaCTUTENBHOCTD,
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Abstract

Aim. To identify the features of accumulation of chemical elements by
some types of macrophytes of the Volga Delta.

The objects of the study were common mulberry (Spirodela polyrhiza L.)
and dark green hornwort (Ceratophyllum demersum L.). Plant sampling
was carried out in the Volga Delta. The concentration of chemical
elements was determined using atomic absorption spectrometry.

As a result of the studies conducted, some similarities in the accumulation
of metals Spirodela polyrhiza and Ceratophyllum demersum are shown.
Thus, the plant species studied accumulate iron and manganese to a
greater extent, whereas the cadmium content is minimal. At the same
time, the species specificity of plants to accumulate chemical elements
was noted: compared with Spirodela polyrhiza, Ceratophyllum demersum
revealed a higher content due to the biological and physiological
characteristics of the plants investigated.

Ceratophyllum demersum has the ability to concentrate chemical elements
such as Fe, Ni, Pb and Zn from the environment more efficiently than
Spirodela polyrhiza. In this regard, the dark green hornwort is
recommended as an indicator species in monitoring pollution of aquatic
ecosystems.

Key Words
Higher aquatic vegetation, macrophytes, Volga Delta, accumulation,
chemical elements.

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
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A.C. KyaHoBa u dp.

BBEAEHUE

[enbta pekn Bonra npeactaBnser coboi YHWKaNbHbIN
06beKT ANA uMccnenoBaHUA npoueccoB TpaHchopmauum
3arpsAsHALWLMX BelecTs. [ebToBble BOAOTOKM U YCTbeBble
OTMENU  XapaKTepusytoTcs Heb60oNbLUO rnyéuHom
(1,5-2,5 M) M BbICOKOI CTeMeHbl 3apacTaHuA BbiCLLEMN
BOZHOW pacTuTesibHoCTbHo [1].

BbicluiMe BOAHblE paCTeHWs BbIMOJHAT POJb
6apbepa, nornowas pasanyHbie XMMMUYECKUE 31eMeHTbl 13
BOAOEMOB M CMOCOBCTBYIOT CHUMEHMIO MX KOHLEHTPaLUMK B
OKpYy»Katowen BogHol cpege [2; 3].

MATEPUA/IbI U METOAbl NCCNEAOBAHUA
O6beKkTamy M3y4yeHUA ABNANUCL NPeACTaBUTENN BbiCLLEN
BOJHOW PaCcTUTE/IbHOCTU AeNbTbl Boarn: MHOroKopeHHMK

06bIKHOBEHHbIN (Spirodela polyrhiza L.) v poroancTHuk
TeMHo-3eneHbll (Ceratophyllum demersum L.).

Otbop npob pacTeHUn ocywecTBasanca B
BOAOTOKax AefibTbl Bonru.
OnpegeneHve  KOHUEHTPaUMM  XUMUYECKMX

31EMEHTOB B 0OBEKTax MCCAef0BaHMA OCYLLECTBAANM HA
Kadeape «mapobuonorusa n obwas skonorua» GreQy BO
«ACTpPaxaHCKUA rocyAapCTBEHHbIM TeXHUYECKUI yHuBep-
CUTET»,  UCMONb3ya  MeToh4  aTOMHO-abcopbLMOHHOWM
CNEKTPOMETPUMN.

NONYYEHHbBIE PE3Y/IbTATbI U UX OBCYXKAEHUE

Mpu nccnefoBaHNU COAEPIKAHMA XMMMUYECKUX 3/IEMEHTOB B
Spirodela polyrhiza oTmeyeHo, 4yTO B Haubonblem
KO/MIMYECTBE aKKYMY/IMPOBA/INCL KENe3o W MapraHel,
(tabn. 1).

Tabauua 1. CogepraHne XMMUYECKUX 3/1eMeHTOB B Spirodela polyrhiza v Ceratophyllum demersum, mr/Kr cyxoro Bewiectsa
Table 1. Content of chemical elements in Spirodela polyrhiza and Ceratophyllum demersum, mg/kg of dry matter

Bug, Xumuueckuii anemeHT / Chemical element
View Fe Mn Ni Zn Pb Cu Cd
. . 201,43+ 198,878, 11,75+ 5,33% 4,93+ 0,23+
+
Spirodela polyrhiza 12,5 3 03 0,8 03 2,33+0,8 0,01
Ceratophyllum 486,57+ 240,1344, 21,98+ 16,42+ 14,27+ 742402 0,66+
demersum 9,3 7 0,3 2,8 2,4 e 0,1

CopepskaHune xenesa cocrasnano 201,43+12,5 mr/kr, a
mapraHua — 198,87+8,3 mr/Kr cyxoro BelyecTsa.
BbifiBNEHHbIE Pa3nnumnA B 3HAYEHUAX KOHLLEHTPaLUK Keesa
M MapraHua B  MHOFOKOPEHHUKe  OObIKHOBEHHOM
CTaTUCTUYECKM He3Hauumbl (p>0,05).

CoaeprkaHune Ni, Zn n Pb B Spirodela polyrhiza
cocrasnaam 11,75%2,5, 5,33%0,8 un 4,93+0,3 mr/Kr cyxoro
BelecTBa  COOTBETCTBEHHO.  KoHueHTpauma  Kagmwua
cocrasnana 0,23+0,01 mr/Kkr cyxoro BeuiectBa, a
cogepKaHue Kobanbta M xpoma OBHapPYKEHO B CNef0BbIX
KO/INYECTBax.

Mo KoHueHTpaumm B  Spirodela  polyrhiza
XMMWYECKME 3N1IeMEHTbl pacnpefensanucb B Creaylollem
ybbiBatoLem paay:

Fe >Mn > Ni>Zn 2 Pb > Cu>Cd.

B Ceratophyllum demersum B Haubonblwem
KonnyecTse BbIAB/EHO cogepkaHue xenesa
(486,5749,3 mr/Kr cyxoro BellecTBa), a coAepKaHue
MapraHua coctasnano 240,13+4,7 mr/Kr cyxoro BeliecTsa,
4TO B 2 pa3a MeHblUe, YeM XKenesa.

Kak M y MHOroKopeHHUKa OB6bIKHOBEHHOrO Yy
POrO/IMCTHMKA TEMHO-3€/1€HOI0 KOHLLEHTPALMU OCTasbHbIX
NCCNEe0BaHHbBIX XMMUYECKUX 3/IEMEHTOB Ha MOPALOK HUXKE,
yemM mapraHua v kenesa. Tak, KoHueHTpaumu Ni, Zn n Pb
cocrasnanm 21,98+0,3; 16,42+2,8 n 14,27+2,4 mr/Kr cyxoro
BELlecTBa COOTBETCTBEHHO. CTATUCTUYECKUX Pasanyvmii B
3HaveHuax Hakonsienna Cu, Cr n Co pOroMCTHUKOM He
oTmeyeHo (p>0,05). KoHUEHTpauuu Bbile OTMEYEHHbIX
XUMUYECKUX 3/1eMeHTOB cocTasnanu 7,42+0,2; 6,74+2,1;
4,75%0,2 Mr/Kr cyxoro BellecTBa COOTBETCTBEHHO. B
HaUMEHbLLEM KOIMYECTBE B PACTEHUAX OOHaPYXKEH Kagmui,
KOHUEHTpauua Kotoporo coctasnsnia 0,66+0,1 mr/Kr cyxoro
BellecTBa.

CpefHve KOHLEHTpaLMM U3YyYEHHbIX METaIoB B
Ceratophyllum demersum npepcTaBnstoT cobol cnegyroLmin
ybblBatoWmii pag;:

Fe>Mn >Ni>Zn2Pb>Cu2Cr2Co>Cd.

CpaBHWTENIbHbIN aHaNM3 COLEPHKAHUA XMMUYECKUX
anemeHTOB B Spirodela polyrhiza v Ceratophyllum demersum

MOKa3an HeKoTopble CXOACTBA B HAKOMNEHUM METaIIoB. TaK,
efeso M MapraHel, McCnefoBaHHble BMAbl PaCTEHWMIA
AKKYMyAUpYIOT B BosblLel mMepe, a coaeprkaHue Kagmusa B
HWUX MWHUMaNbHO. Kpome Toro, y oboux BUAOB pacTeHui
obHapy)eHa aHasorMyHaA 3aKOHOMEPHOCTb pacnpeje-

NEHUA  XMMMYECKMX  3/IEMEHTOB MO  3HAYeHuUam
KOHLEeHTpaLuum B ybbiBatoLWMX paaax.

eneso ABNAeTCA OOHMM M3 BaXKHEMLKX
MMWKPO3/1EMEHTOB, HeobXoAMMbIX  pacTeHusam  afd

HOPMaJIbHOTO POCTa U Pa3BUTUA, OHO YYacTBYET B NpoLecce
doTOCMHTE3a M AbIXaHWA, T.K. OHO BXOAMT B COCTaB
bepmeHTOB, OTBEYalOWMX 33 MEePeHOC 3/1EeKTPOHOB B
MUTOXOHAPUAX M Xnoponnactax [1]. MapraHeL, agnseTca He
MeHee  Ba)KHbIM  MMKPO3/IEMEHTOM, YEM  KENe3o
HeobXoAMMbIM  TaKe ana  ¢GoTocuHTE3a M Apyrux
MeTabo/IMYecKnxX NPoLEeccoB y pacTeHuit [4]. BepoaTHo, posb
3TUX METaN/IoB B OpraHvM3ame pacTeHuit u obycnasnusaert
HanboblIMEe KOHLEHTPALMMN STUX XMMUYECKUX S/1EMEHTOB.

B TO }Ke Bpems y UcciefoBaHHbIX BUAOB PacTeHuMit
OoTMeYeHa BMAOBasA  CMeuMPUUHOCTb B  CMOCOBHOCTU
aKKYMyNMpoOBaTb B CBOEM  OpraHM3Me  XMMUYecKue
anemeHTbl. TaKk, No cpaBHeHuto ¢ Spirodela polyrhiza
Ceratophyllum demersum obnapaet 6onbwmmm
KOHLUEHTPaUMAMMU  XMMUYECKUX 3dnemeHToB. OgHoil u3
MPUYMH TaKMX PasNnuMii B CMOCOBHOCTM aKKyMy/nMpOBaTb
XUMUYECKME 3/IeMEHTbI ABNSAETCA CTPYKTypa M Naowagb

NOBEPXHOCTM  PACTeHMn. Y MHOTOKOPEHHWMKa OObIKHO-
BEHHOTO MJIOTHAA CTPYKTypa W  MeHbluas naowaab
NOBEPXHOCTM, MO3TOMYy OH  WMEEeT  OrPaHUYEHHYIo

CNOCOBHOCTb K MOMNOLWEHMI0 TAXenbix metannos [5]. Ewe
O4HOW NPUUYNHOW, NPUBOAALLEN K PA3NINYHOMY HAKOMIEHUIO
XMMMYECKMX 3/1IEMEHTOB B UCCeA0BaHHbIX BUAAX PACTEHUM,
ABNAETCA CTeNeHb UX MOrPYsKEHHOCTM B BoAy npolieccos [6].
Tak, Ceratophyllum demersum, ABnAACb MNOJHOCTbIO
NOrpy>KeHbIM B BOAY PacTeHnem, crnocobeH 6onbluemy
MOI/IOLWLEHMIO TAXKENbIX METaNNoB M3 BOAbl, HAa YTO paHee
obpawan csoe BHMMaHue A.M. Cagunkos [3]. Kpome Toro,
M3BecTHo, yto B Ceratophyllum demersum npocTtas ¢popma
ANCCUMMNALMOHBIX NpoueccoB [7], KoTopasa He Mo3BosiAeT
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3¢¢'€KTMBHO PacwennAaTb U BbIBOAUTb TOKCUYHbIE BELLECTBa,
B TOM 4ucne TAXKe/Nble MeTannbl, U3 OpraHn3ma, B
pe3ynbraTe 4ero OHM HakanMBakoTCA B TKAHAX paCTeHVIi;I [8]

3AK/TKOYEHUE

Takum 06pasom, B cuay 6Monormyeckux ocobeHHocTen u
LUIMPOKOMY PACMPOCTPAHEHUIO HA BCEX Y4acTKax AenbTbl
Bonru Ceratophyllum demersum obnagaeT cnocobHOCTbIO
6onee  3pPeKTMBHO  KOHLEHTPUPOBATb  XMMUYECKUE
anemeHTbl, Takne Kak Fe, Ni, Pb n Zn u3 oKpyatowien
cpeabl, yem Spirodela polyrhiza. B cBA31 ¢ 3TUM POrOANCTHUK
TEMHO-3e/1eHbIVi PeKOMEeHA0BaH B Ka4yecTBe UHAMKATOPHOro
BMAA B MOHWUTOPUHIrE 3arpsisBHEHWA BOAHbIX 3KOCUCTEM
3TUMM METANTAMM.
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Lenbto paboTbl ABNAETCA  MUCCNEAOBAaHWE  COLEPKAHUSA  CYMMbI

$bNaBOHOMAOB M aHTOLMAHOB B HaA3EeMHBbIX opraHax Silybum marianum (L.)
Gaertn L., npouspacTatolierr B NPUPOSHbIX YCNAOBUSAX, M OLEHKA MX
HaKOM/IeHNA B 3aBUCMMOCTM OT YC/I0BUA MeCTa Mpou3pacTaHua (BbicoTa
Hag ypoBHem mops) B ycnoeusax JarectaHa (Poccus).

B ¢a3y userteHuna 2013 rogy cobpaHa HaA3eMHas YacTb PacTeHUs B
npUPogHbIX nonynaumax. MWcnonb3oBaHue obwenpuHaTon andde-
PEHLMANbHON CNEKTPOMETPUYECKOM METOAMKMU NMOKa3ano, YTO CYMMapHoe
copepKaHue G1aBOHOMAOB M aHTOLMAHOB BO BCEX OpraHax He3aBUCUMO
oT mecta cbopa coctaBnser 0,22-3,07% B nepecyeTe Ha PYyTUH, U
0,03-0,26% B nepecyeTe Ha 3-IOKO3UA LMAaHMANHA, COOTBETCTBEHHO. Bo
BCEX YaCTAX PACTEHWI OTMEYEHO copeprKaHue GEHOJbHbIX COEANHEHUN:
MaKCMMaNbHOE COAEpKaHMe UX — B INCTbAX U COLBETUAX, MUHMMA/IbHOE —
B CTebnax. 3aBUCMMOCTb CYMMAPHOro cogepaHus ¢GaaBoOHOMAOB U
QHTOLMAHOB OT BbICOTHOrO (GAaKTOpa HOCUT PAa3HOBEKTOPHbIM XapaKTep, B
60/1bLUIMHCTBE C/ly4YaeB CBA3b HECYLLECTBEHHAA.

MoCcKoNbKY BNepBble U3y4anocb CymMapHoe cogeprkaHme GpnaBoHOMA0B U
QHTOLMAHOB BO BCEX OpraHax HaZA3eMHOW 4YacTu NPUPOAHbIX 06pasuos
pacToponun NATHUCTOM, TO NOJyYeHHble pe3yabTaTbl 6yayT MHTEPECHb! B
acrneKkTe KOMM/IEKCHOTO MCMO/Ib30BAaHUA Cbipbsi. Pe3y/ibTaTbl OLEHKM
U3MEHYMBOCTU COAEPKAHUA (EHONbHbIX CoeauHeHul B obpasuax B
33aBUCMMOCTM OT KOMMJEKca (aKTOpPOB BbICOTHOrO rpagueHTa B
NPUPOAHbLIX ycnosuax [larectaHa AatloT MHOOPMALMIO ANA BbIACHEHMUA
MeXaHU3MOB HaKOMEeHWUA BTOPUYHbIX METAOOINTOB.

Kniouesble cnoBa
Silybum marianum (L.) Gaertn L., dnaBoHOMAbI, aHTOLMAHbI, KOpPenauus,
npupoaHble 06pasLibl, BbICOTHbIN FPagUeHT.
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Abstract

The aim of the work is to study the content of flavonoids and anthocyanins
in the above-ground organs of Silybum marianum (L.) Gaertn L., growing in
natural conditions, and to assess their accumulation as this depends on
the conditions of the place of growth (altitude above sea level) in
Dagestan (Russia). In the flowering phase of 2013, the above-ground part
of the plant was collected from natural populations and using the
generally accepted differential spectrometric technique. This showed that
the total content of flavonoids and anthocyanins in all organs, regardless
of the place of collection, is 0.22% — 3.07% in terms of rutin, and 0.03% —
0.26% in terms of 3-glucoside of cyanidin, respectively. Phenolic
compounds were noted in all parts of the plants: their maximum content
being in the leaves and inflorescences, while the minimum is in the stems.
The dependence of the total content of flavonoids and anthocyanins on
the altitude factor is multi-vectoral; in most cases the connection is
insignificant. Since the total content of flavonoids and anthocyanins in all
organs of the above-ground part of natural samples of milk thistle was
studied for the first time, the results obtained will be interesting in terms
of the complex use of raw materials. The results of assessment of the
variability of the content of phenolic compounds in samples depending on
the complex of factors of the altitude gradient in the natural conditions of
Dagestan provide information for clarifying the mechanisms of
accumulation of secondary metabolites.

Key Words
Silypum marianum (L.) Gaertn L., flavonoids, anthocyanins, correlation,
natural samples, altitudinal gradient.

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
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BBEAEHUE

Pactoponwa naTtHuctasa (Silybum marianum (L.) Gaertn. L.),
poga, Silybum Adans., cem. Asteracea) aBnsetca ogHUM U3
CaMbIX PACNpPOCTPAHEHHbIX /IEKAPCTBEHHbIX PACTEHUN B
MMpe, KOTOpOe MpOM3pacTaeT BAO/b [OPOr, Ha CyxXux M
copHbix MecTax [1-3]. Kak nekapcTBeHHOe cpeacTBO
M3faBHa WMCNONb3yeTcA B TPAAMUMOHHOW MeAMLMHE npwu
3aboneBaHMAX MeYeHW, MpU  BOCMANEHUAX  BEPXHUX
ObIXaTeNbHbIX NyTEW U NErkKUX U Apyrux 3abonesaHusax [4].
Hanbonee  M3y4eHHbIMM  KOMMOHEHTaMM  ABAAIOTCA
$NaBoNUrHAHLI, cofeprKallmMecs B NAOAAX PaCTEHUA W
KOTOpble OnpeaensAtoT renaTonpoTEKTOPHY aKTUBHOCTb
pacToponwu naTHucTol [2; 3; 5-10].

B nnogax pacToponiim MATHWUCTOM CcoAepsKaTea
dnaBoHOMABI, OPraHUYECKMe KUCNOTbl, TOpPeyn, CMOJbl,
MPHOE Macno, MaKpo- U MUKPO3EMEHTbI, 30/1a, apupHoe
macno, 6enku, He3ameHUMble AMWHOKMUCNOTbI,
dochonunuapl n apyrme Bewecrsa [1-4; 8; 10-13]. B
HacTosillee Bpems BedyTca paboTbl MO MOMCKY 06pasuos
pacToponwy  MATHUCTOM C  BbICOKMM  COAepKaHuem
$NaBONUIHAHOB, A TaKXKe U3yyeHUe BANAHUA SKONOMUYECKUX
baKTOpoB  MecTa  KyAbTUBMPOBAHWA  COPTOBbIX  dopm
PacToOpONLUIN U arpOTEXHUKWU BO3AE/bIBAHWUA HA HaKoMNIeHUe

¢dnaBonurHaHos B MX nnogax [14-16]. Kpome Toro,
WNHTEpPECHbI AaHHble, Kacatowmecs HaKonneHuna
¢dnasoHONAOB, aHTOLMAHOB, AHTUOKCMAAHTOB,

$NaBONMIHAHOB B TPaBe, JIUCTbAX, MA0AAX AMKOPACTYLUMX
06pasyos pactoponwm natHucton [1; 3; 5; 9]. Kak
MOKasblBaeT aHAaAM3  MTepaTypbl, UccnegoBaHusa S
marianum B OCHOBHOM KacCaloTCA M3y4eHUs XMMWUYECKOro
COCTaBa ee N0A0B, B YacTHOCTU GpNaBONUIHAHOB, UMEIOLLMX,
HECOMHEHHO, BaXHoe 3HayeHue. Ho, HeManoBaXKHy Posb,
KaK MpoAyKTa KOMMIeKCHOW nepepaboTku naogos, urpaert
XWUpHOe Macno, $eHoNbHble CoeaMHEHMs, NposBaAloLLee
LUMPOKNIA cnekTp dapmaKonorMyecknx ceoicte [17]. Ha
CEroAHA O4YeHb BaXKHbIM AB/AETCA KOMIJIEKCHOE U3yYeHue
BCel Hag3eMHoM Yactu gaHHoro suaa [7; 17] CeeaeHuit o
XMMMYECKOM COCTaBe HAA3eMHOM 4YacTu  pacToponLum
NATHUCTOW, KaK Ky/bTUBMPYEMOM, TaK W AMKOpacTyLien,
BECbMa MasoumncienHbl [1; 3; 5; 18]. U3 Tpasbl pacTtoponiimn
NATHUCTON BMEpPBble BblAENEHbI U UAEHTUPULMPOBAHDI
WecTb WMHAMBUAYaANbHbIX COEAUHEHUI ¢GNAaBOHOMAHOU U
dbeHmnnponaHoMaHOM npupoabl (anureHuH, n-Kymaposas
KUCNOTA, 5-M-KYMapoWNXMHHasA KUCNOTa, KodelHas KMCNoTa,
xnoporeHoBaakuciota) [2]. B aucteax S.  marianum
COAepKaTCA  IMAPOKCUKOPUYHbBIE  KUCAOTbl,  CTePUHbI,
dnaBoHOMABI: ANUIeHWH, NIOTEONIUH, Kemndepon u ux
rIMKO3MAapl; B-cMTOCTEPON M €ro rNMKO3WAbl, NpU 3TOM
CUIMMApUH He 6bin obHapyxeH [1; 19]. Astopbl [1]
OTMEYAIOT  CBA3b  MeXAy HaKOM/IeHNeM  CyMMbl
$NaBOHOMAOB B JINCTbAX WM OKPACKOW KOMYpbl MaoAa
pacToponn NATHUCTOM, @3 MMEHHO: YemM TeMHee OKpacKa,
TeM Bble HakonieHve ¢nasoHoMAoB B ¢dase UBeETEHMA.
Kpome TOro, npu paHHem ugeTeHUW S. marianumw n npu
NpoJoMKUTENbHOW  dase UBETEHMSA MPOUCXOLAUT  MaKCu-
Ma/fibHOe  HakonneHue ¢NaBOHOMAOB B JIMCTbAX MU
$bNaBoNUrHAHOB B N0AAX PACTOPONLM NATHUCTOMN.
HakonsneHne ¢eHoNbHbIX COeAMHEHUN, K KOTOpPbIM
OTHOCATCA GNABOHOMAbI M AHTOUMAHDI, B PACTEHUAX 3aBUCUT
OT pAfda ¢aKTopoB: YacTu pacTeHus, dpeHodasbl, BpemeHU
cbopa 1 Apyrux 6MOTUYECKUX U abuoTudeckmx ycnosuit [20;
21]. WmetoT BaXKHOe afanNTMBHOE 3HaYeHWe, ABAAIOTCA
NPOAYKTaMW BTOPUYHOTO MeTaboInM3ma BbICLLUMX PacTEHUM U
BXOAAT B COCTaB aHTUOKCUZAAHTHOM CUCTEMbI PACTEHUN,
BbINONHAA QYHKLMM MeMBPaHOCTabnnnM3aTopos, 3aWwuTbl OT
Y& - u3nyyeHus, cTpeccoBblx  dakTopos,  OT

MWKPOOPraHM3MOB M OTBEYaA 33 MNWUIMEHTauMio OpraHoB
pacteHuin [21-27]. deHonbHble coeauMHeHUA, 0CcobeHHOo
nonndeHonbl, nponsAAlT npoTMBOANNEPIUYECKUE,
NpPOTMBOONYXO/IEBble,  AHTUIMNEPTEH3UBHbIE,  AHTUMMK-
pobHble, aHTUOaKTEepPMasIbHble, aHTUOKCUAAHTHbIE CBOWMCTBA
W Ana opraHuama 4enoseka [28]. Mockonbky [arectaH
M3BECTEH CNOXHbIM penbedom, TO MONKHO OXKMAATb
BbICOKYIO M3MEHYMBOCTb B  HaKoMieHWn PeHONbHbIX
CoeaMHeHWI B IeKaPCTBEHHbIX PacTEHUAX, NPOU3PACTaOLMX
Ha ero TeppuTopuUMm.

Kak BWMAHO M3 aHanuM3a HAy4yHOW AUTepaTypbl,
WUCCNeA0BaHUN  Hag3eMHOW 4acTu  (TpaBbl), pPa3InYHbIX
opraHoB S. marianumwn o4yeHb Mano, a Tem 6Gonee,
AvKopacTylwmx o6pasuoB AaHHoro Buaa. MccneposaHus,
npexae BCEro, KacaloTca M3ydYeHWA XMMWMYECKOro CoCcTaBa
naoAo0B, a3 UMeHHO, GNaBOIMIHAHOB U KMPHOTO Macna, XoTa
M3Y4YEeHHOCTb MPHOKUC/MIOTHOrO COCTaBa XWMPHOFO Macna
Janeka [0 3aBeplieHus. YTo Kacaetca mccnegoBaHUi Mo
M3YYEeHUIO HaKoMJeHUsa cymmbl GpNaBOHOMAO0B B NioAax M
NMCTbAX S. marianum HOCAT OOpPbIBOYHbLINA XapaKTep, a
AaHHbIX MO coAep)KaHuio $GIaBOHOMAOB M aHTOLMAHOB B
opraHax HaZ,3eMHOW YacTW PacTeHUA OTCYTCTBYIOT.

MATEPUAN N METOAbl UCCNEAOBAHUA
PacToponiwa nATHWCTaA pacTeT Ha CYXMX CKNOHaX, Nonsx,
[0 H/XKHEro ropHoro noAca, CnJ/ioLHOM Nos0Co OT ceBepa
K tory JarectaHa (Poccus) [29].

MockonbKky TpaBa S. marianum w3 nUTEepaTypHbIX

AaHHbIX CYUTaeTCA NepcnekTMBHbIM BUMAOM  NEKapPCT-
BEHHOro pacTuTenbHoOro CblpbA, uenb Hawunx
VICCﬂep,OBaHlAljl CTaNo uU3yyvyeHue cogepaHna CymMmmbl

HEKOTOPbIX PEHObHbIX COEeAMHEHUM B HAZ3EMHOM 4acTu
pacToponiinm  NATHUCTOW, COBpPaHHOW B  Pa3fIMYHbIX
NPUPOAHbLIX reorpaduyecknx nyHKTax, 4Tobbl BbIABUTbL
BAUAHWE abuoTMYecKnx GaKTopoB cpeabl NPOM3pacTaHUA
Ha HaKOM/IEHWE Y U3MEHUYMBOCTb CYMMAPHOTO COAEPHKAHUA
M3y4YaemblX KOMNOHEHTOoB. [11A peannsaumm nocTaBaeHHoM
uenn Heobxoammo 6bi10 cobpaTh 06pasLbl AMKOpaACTYyLLEei
S. marianum BO BpemsA LBETEHWA, MOArOTOBUTb Cbipbe K
aHaNM3y COrNacHO CTaHAAPTHbIM CMEKTPOMETPUYECKUM
MeToZam.

Matepuan pgna uccnegoBaHua 6bin cobpaH B
pasHbIX reorpaduyeckux Toukax [arectaHa (Poccus) B pasy
useTeHna 2013 roga. MoprotoBka cobpaHHOro cbipbA K
aHanmsy, nonyyeHne 70 % BOAHO-CMMPTOBbLIX IKCTPAKTOB
M3yyaembix 06pasLOB AaHHOrO BMAA M JanbHelwee
onpegeneHne CYMMapHOro coaepaHus $GaaBoHOMAOB M
QHTOLMAHOB NPOBOAMAN MO OBLLENPUHATBIM CTAaHAAPTHBIM
meToguKam [30].

CoaeprkaHue CYyMMbl dnasoHoMz0B "
QHTOUMAHOB  OMnpeaenanu  cnekTpodoTOMETPUYECKUM
meTogom (CP-56) c ncnonbsoBaHMem peakuum obpasosa-
HUA KOMMIEKCHbIX COeAMHEHUI C X10PMAOM ANHOMUHUA
(cTaHAQpPTHBIN pacTBOp — PYTUH) U C XN10pUAOM KobanbTa
(cTaHAapTHBIN pacTBOp — 3-rNtoKo3uA unaHnauH) [31].

Ona craTucTuyeckon 06paboTKM  MONYyYEHHbIX
pe3ynbTaToB 6blNa MCMONb30BaHA AMLEH3NOHHAA CUCTEMA
06paboTkn paHHbIX Statistica V.5.5. n nakeT nporpamm
«MS Excel».

MONYYEHHbIE PE3YJIbTATbI U UX OBCYXKOEHUE
PesynbTaTbl aHanusa npeactasfieHbl B Tabnauuax. B
Tabavue 1 faloTcA AaHHble, XapaKTepusylolme Mecto U
Bpema cbopa pacTeHus, M CyYMMapHoe coAeprKaHue
$eHONbHbIX COeAUHEHUI B pa3HbIX OpraHax pacToponiuu
NATHUCTOMN.
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Ta6nuua 1. CoaeprkaHue $b1aBOHOMAOB U aHTOLIMAHOB B AareCTaHCKUX NPUPOAHbIX 06pasuax

S. marianum (L.) Gaertn, ¢a3a useteHus, 2013 r.

Table 1. Content of flavonoids and anthocyanins in natural samples of S. marianum (L.) Gaertn in Dagestan,
flowering phase, 2013

BbicoTa Hap ConepsKanme CopepikaHue
MecTo cbopa yp. mopsa, m Yactb pacteHus AEP AHTOUMAHOB, %
. . ¢dnasoHoupos., % .
Gathering place Altitude above Part of a plant . Anthocyanin
Flavonoid content, %
sea level, m content, %

OKpecTHOCTH nocenka
KpacHoapmeliick (Maxaukana),

1>.05.13. . 15 Cougerus 1,68:0,01 0,10£0,00
Vicinities of the village Inflorescences
of Krasnoarmeisk (Makhachkala),
15.05.13
Jnctba
- + +
/-] 15 Leaves 1,790,01 0,22+0,00
1111 15 Cre6/m 0,26£0,01 0,030,00
Stems e e
Tpasa
- + +
/1-111 15 Grass 0,85+0,01 0,08+0,00
OKpecTHOCTM cena. Yanyouii,
E.VV.IH.a!(CKVIM pamc.)H, 19.06.13 . 34 CougeTusa 1,21 £0,01 0,1240,00
Vicinities of the village of Ullubiy, Inflorescences
19.06.13.
Jnctba
- + +
11111 34 Leaves 2,34+0,01 0,14+0,00
Crebnu
- + +
11111 34 Stems 0,22+0,01 0,03%0,00
Tpasa
- 4 1,16+0,01 +
11111 3 Grass ,1610,0 0,06%0,00
OKpecTHOCTHK cenla 3uapbsH,
Aebentckuit paiion, 16.05.13 35 Cougervia 1,29£0,01 0,08+0,00
Vicinities of the village of Zidiyan, Inflorescences
16.05.13
Nuctba
- + +
1/-1/ 35 Leaves 2,8410,01 0,14+0,00
1111 35 Cre6/m 0,4040,01 0,030,00
Stems T e
Tpasa
- 1,49+0,01 11+
/-1 35 Grass ,4910,0 0,11%0,00
OKpecTHocTK nocenka Tanru,
JIeHVHCKWIA paiioH,
Jlnctba

r. MaxauKkana, 22.05.13 150 1,98+0,01 0,16%0,00

Vicinities of the village of Talgi Leaves
((Makhachkala),22.05.13
Tpasa
/1-1/ 150 Grass 1,11+0,01 0,10+0,00
OKpecTHOCTM cena T'mnnap,
MarapamKeHTCKMI palioH, Couperns
16.05.13 153 1,37+0,01 0,11+0,00
S . Inflorescences
Vicinities of the village
of Giliyar, 16.05.13
Nuctba
/1-1/ 153 Leaves 2,4610,01 0,17+0,00
1111 153 Cre/m 0,310,01 0,04£0,00
Stems ! ! ! !
Tpasa
//-1/ 153 Grass 1,55+0,01 0,12+0,00
OKpPEecCTHOCTM cesla IMUHXIOP,
CyneimaHn CTanbCKuUIi paiioH, Cousetna
16.05.13 212 1,52+0,01 0,18+0,00
Inflorescences

Vicinities of the village
of Eminhyur, 16.05.13
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Jlnctba
- + +
el 212 Leaves 3,07+0,01 0,12+0,00
1111 212 Cre6nm 0,5240,01 0,050,00
Stems e e
Tpasa
- 212 1,34+0,01 11+
1111 Grass ,3410,0 0,11£0,00
OkpecTHocTH cena Hosbil
nocenok, CyneimaH CTanbckui Cousetus
pavioH, 16.05.13 434 4 2,43+0,01 0,12+0,00
o . Inflorescences
Vicinities of the New village,
16.05.13
JlnctbAa
- + +
e 434 Leaves 1,77+0,01 0,26%0,00
Crebnu
- + +
e 434 Stems 0,24%0,01 0,07+0,00
Tpasa
- + +
1111 434 Grass 0,75%0,01 0,11£0,00
OKpecTHOCTM cena [)kenensb,
MarapamKeHTCKuI Cousetus
paiioH,16.05.13 540 4 0,84+0,01 0,07+0,00
o . Inflorescences
Vicinities of the village
of Dzhepel, 16.05.13
JluctbAa
- + +
e 540 Leaves 0,97+0,01 0,25+0,00
Crebnu
- 4 2240,01 +
1111 540 Stems 0,22+0,0 0,06+0,00
Tpasa
- + +
1111 540 Grass 0,79£0,01 0,1340,00

[nAa  OUEHKM 33aBUCMMOCTM HAKOMNEHUA CYMMapPHOro
cogepXaHua un3yyaemblx (PeHONbHbIX COegUHEHUI OT
BbICOTbI MecTa cbopa CbipbA U  KOPPENALMUOHHOM

3aBMCMMOCTU 3TUX MNOKasaTesfel OT BbICOTHOro ¢akTopa
npusegeHbl Tabnuubl 2,3. Bce npuseneHHble TabanyHble
pe3ynbTaTbl 3HAYMMbI Ha JOCTOBEPHOM ypoBHe p < 0,05.

Tabamua 2. OgHODaKTOPHbIV ANCNEPCUOHHBIM aHAaNN3 NO BbICOTHOMY rpagueHTy S. marianum (L.) Gaertn.

(OTmeueHHble 3ddeKTbl 3HaYMMBbI Ha yposB. p < 0,05)

Table 2. One-way analysis of variance along the altitudinal gradient of S. marianum (L.) Gaertn.

(The noted effects are significant at the p <0.05 level)

MNMokasaTtenb

Indicator F h?(%) r
1 4420,48 99,9 -
2 324,51 99,3 -
3 17700,44 100 -
4 1099,14 99,8 0,64
5 11351,58 100 -
6 321,67 99,3 -
7 1520,19 99,8 0,55
8 89,06 0,70

MpumeyaHue:1 — codepraHue ha8oHOUO08 8 cousemusix, %; 2 —cooepraHue aHMoyuaHos e coysemusx, %;

3 —codepxcaHue ¢1a8oHOUO08 8 AUCMbAX, %; 4 —cOO0epH aHUEe AHMOUUAHO8 8 AUCMbAX, %,

5 —codepxcarue ¢pnasoHoudos 8 cmebasx, %; 6 — codepicaHue aHMoyuaHos 8 cmebnax, %;

7 — codepxaHue paasoHoudos 8 mpase, %; 8 —codepraHue aHmoyuaHos 8 mpase, %, F — kpumepuli Puwepa;

h?, % — cuna enusHus pakmopa; r’— KoaghguyueHm demepMUHAUUU MeX Oy 8bICOMHBIM YPOBHEM U U3y4aemMbiM MPU3HAKOM
Note: 1 - flavonoid content in inflorescences, %; 2 — anthocyanin content in inflorescences, %, 3 — flavonoid content in leaves, %;
4 — anthocyanin content in leaves, %; 5 — flavonoid content in stems, %; 6 — anthocyanin content in stems, %;

7 — flavonoid content in grass, %; 8 — anthocyanin content in grass, %; F — Fisher’s criterion;

h2, % — strength of influence of the factor; r2 — determination coefficient between the altitude level and the studied trait

C NoOMOLLbID AUCKPUMWMHAHTHOrO aHasnM3a nokasaTenein
CYMMapHOro cogepaHua GeHOoNbHbIX COefUHEHUN B
Pa3NYHbIX YacTAX pacTeHUW S. marianum, cobpaHHbIX C
pasHbIX NyHKTOB [arectaHa, 6bina npoBeAeHa OUEHKA
cteneHn  060CcOBNEHHOCTM  M3yyaeMmblX  MONYyASAUUNA.
PucyHok 1 nokasbiBaeT pacnpegeneHve ob6pasuos
(nonynaumii) B npocTpaHcTBe ABYX ¢GakTopoB abuoTtu-
Yyeckou cpeapl.

Takum 06pasom, ¢ MOMOLLBI0 UCKPUMUHAHTHOTO
aHaNM3a yaanocb 06BACHUTb U3MEHUMBOCTb COAEPIKAHUA
$EHONbHbIX COeQMHEHUI B Pa3/INYHbIX OpraHax obpasuos
S. marianum, KoTopble Mog4 BAUAHMEM abUOTUYECKMUX
baKTopOB cpeabl NPomn3pacTaHMA NOAHOCTLIO pa3geseHbl B
camocToATe/IbHble NONyAALMKU. 33 UCKAOYEeHWem nonyns-
unmn  ynnybuickonr (h=34 m Hag ypoBHem mopAa) u
okenenbckoit (h=540m Hag, ypoBHEM MoOpsA), OCTajibHble
pacnonoseHbl 6/M3KO A4PYr K ApYyry no nepBOMy KOPHHO
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BAO/Mb  BO3PACTaHMA  BbICOTbl Hag YPOBHEM  MOPSA. Msyyaemblx  nonynauuin.  MckaloueHme  cocTtasnifer
YAnybuiickaa nonynauMa TakKe pacrnosioXkeHa BAO/b AXKenenbcKas Nonynauma, KOTopas pacrnonoXunnack BLO/b
NepBOro KOPHSA, XOTA U OTCTOWUT A,0BO/bHO Aa/eKO OT BCEX BTOPOro KOPHS.

Tabauua 3. KoppenaumoHHbI aHaNN3 HaKoNeHUa coaepKaHna GAaBoHONA0B M aHTOLMAHOB B OpraHax NPMPOAHbIX
obpasuos S. marianum (L.) Gaertn, ¢asa yseteHus, 2013 rog, B4,0/1b BbICOTHOTO rpagueHTa (3HaYMMOCTb Koppenauni
Ha ypoBHe p < 0,05 N=21)

Table 3. Correlation analysis of accumulation of flavonoid and anthocyanin content in organs of natural samples

of S. marianum (L.) Gaertn, flowering phase, 2013 along the altitudinal gradient (significance of correlations

at the level of p £0.05 N=21)

MNokasarennb

Indicator 1 2 3 4 > 6 7 8
1 1,00 - - - - - - -
2 1,00 - - - - - -
3 1,00 - -0,62 -0,81 0,56 -
4 1,00 -0,83 -0,51 -0,61 0,65
5 1,00 0,88 - -0,77
6 1,00 - -0,54
7 - 1,00 -

MpumeyaHue: 1 —codeprcaHue 1a8oHOUO08 8 cousemusix, %; 2 — coOepiaHue aHmMoyuaHoe 8 cousemusx, %;
3 —codepxaHue ¢hnasoHoudos 8 Aucmosx, %; 4 —co0epHaHuUe aHMoYUaHo8 8 AUCMbAX, %;

5 —codepixcaHue pnasoHoudos 8 cmebsx, %; 6 —cO0epHaHUe AHMOYUAHO8 8 cmebnsx, %;

7 —codepxcaHue ¢hnasoHoudos 8 mpase, %; 8 —codepxcaHue aHmMoyuaHos 8 mpase, %

Note: 1 — flavonoid content in inflorescences, %; 2 — anthocyanin content in inflorescences, %;

3 —flavonoid content in leaves, %; 4 — anthocyanin content in leaves, %; 5 — flavonoid content in stems, %;

6 — anthocyanin content in stems, %, 7 — flavonoid content in grass, %; 8 — anthocyanin content in grass, %
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PucyHok 1. pynnupoBKa NpupogHbix nonynaumii S. marianum (L.) Gaertn. B npocTpaHcTae
nepBbIX ABYX KAHOHUYECKUX KOPHEN (AUCKPUMMHAHTHbIN aHanums)

Figure 1. Grouping of natural populations of S. marianum (L.) Gaertn. in the space

of the first two canonical roots (discriminant analysis)

Kak BmaHO, B pesynbtaTe wccnefoBaHWA Pa3/IUYHbIX He3aBUCMMO OT MecTa cbopa cbipbA copeprKaHue
OpraHoOB PAacTOPONLUM MATHUCTOW HaMW BbIIBIEHO, YTO BO dnaBoHonpoB Habaoaaetcs B npegenax 0,97 % — 3,07 %; 8
BCEX WM3y4aeMbIX NPUPOLHbIX 0bpasuax, He3aBMCMMO OT cousetmax — B npegenax 0,84 % — 2,43 %; B TpaBe — OT
pa3nnuHbix dakTopos (deHoTnn, mecto cbopa, aHanu- 0,79 % po 1,55 %; B ctebnax — ot 0,22 % po 0,40 %. Yto
3Mpyemana  4acTb  pacTeHuWs) cpegHee  CcymmapHoe KacaeTcA HaKoMAeHWA aHTOLMaHOB, TO COAEep)KaHUe UX B
copepskaHue ¢nasBoHoMaoB Konebnetca ot 0,22 % po AncTbax BapbupyeT B npegenax 0,12 % — 0,26 %; B
3,07 % B nepecyete Ha pPyTMH, a cpeAHee CymMMapHoe cousetmax — B npegenax 0,07 % — 0,18 %; B TpaBe — B
copeprkaHue aHtoumaHos o1 0,03 % no 0,26 % B nepecyeTte npegenax 0,06 % — 0,13 %; B cTebnax — B npegenax
Ha 3-rioKo3na uuMaHuauMHa. Hambosblwee HaKonieHue 0,03 % — 0,07 %. MNpu 3TOoM pasHULA B HaKONAEHUU
$naBoOHOMAOB M aAHTOLMAHOB MPOUCXOAUT B JINCTHAX, ¢$bnaBoOHOMAOB Bblle, YeM AaHTOLMAHOB.

couBeTMAX, a HauMmeHbluee B cTebnax. TaK, B /UCTbAX
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B suTepaType NpUBOAATCA  AaHHble  MCCNeAoBaHUA
CYMMapHoOro cogepkaHua ¢G1aBOHOMAOB B JIUCTbAX
pacToponiuM nNATHUCTOW. TakK, COrnacHo JaHHbim [2] B
auetesx  S. marianum  copepKaHve  dnaBoHoMA0B
Konebnerca B npegenax 1,17 % — 1,37 % B nepecyeTte Ha
UMHapo3ua. Mo pgaHHbim - apyrux  astopo  [1] B
3aBUCMMOCTM OT roga M mecTa cbopa cbipbA cofeprkaHue
bnaBoHOMAOB B JIUCTbAX  PACTOPONWW  MATHUCTOWM
Bapbupyet ot 2,39 mr/r go 13,85 mr/r u 4,12 mr/r go
13,96 mr/r; 3,59 mr/r go 13,05 mr/r n 4,42 mr/r — 14,1 mr/r.
B nepecyeTe Ha UuuHaposug. CpaBHeHMe pe3ynbTaToB
HaWKWX W NUTepaTypHbIX WCCNEAOBAHUA HEKOPPEKTHO,
NOTOMY YTO WMCMO/Ib30BaHbI B METOAMKE PasHble PacTBOpbI
cpaBHeHuA. MOCKONbKY B AUTepaType HeT CBEeAEHUN O
CYMMapHOM coaeprKaHun GnaBoOHOMAO0B U aHTOLMAHOB B
Pa3/IMYHbIX OpraHax pacToponwu MATHUCTOW, TO Halu
MUcCcNefoBaHNA B 3TOM acnekTe ABAAOTCA nepsbiMu. PaHee
Mbl MPUBOAWIM MEPBUYHbIE AAHHbIE, Kacatowmeca 3TOro
sonpoca [17].

B perroHax ¢ 6osbwum  pasHoobpasvem
3KO/IOFMYECKUX YCNOBUIM HabnogaeTca BbICOKOE KOJU-
YeCcTBEHHOE UM KayecTBEHHOe pasHoobpasue Hakanau-
BaeMbIX pacTeHuaMU eHOoNbHbIX coeanHeHun [27].
MockonbKy [arecTaH BXOAWUT B YMCAO TAKUX PErMOHOB, TO
MOHO OXMAATb BbICOKYID M3MEHUYMBOCTb B HAKOMIEHUU
bEHONbHbIX COEAMHEHUIN B NEKAPCTBEHHbLIX PACTEHUAX,
npouspactalolmx Ha ero TeppuTopuM, B YaCTHOCTH,
S. marianum.

M3yyeHne M3MeHUMBOCTU copeprKaHusa GeHONbHbIX
COefMHEHWI B 3aBUCMMOCTM OT BbICOTbI MecTa cbopa Hap
YPOBHEM MOpPA A3eT HaM BO3MOXKHOCTb OLEHUTb BAUAHUE
abuoTnyeckoro pakTopa BbICOTHOrO rPagMeEHTa U BbIABUTb
obpasubl (nonynauum) C  BbICOKMMKM  NOKasaTensimu
beHoNbHbIX coeauHeHWW. TaK, OueHKa pe3ynbTaTos
KOZIMYECTBEHHOTO coaepKaHua dnasoHONA0B "
aHTOLMAHOB MO3BOJIMMIA BbIAEANTb 06pasLbl pacTeHUN,
NepcrneKkTMBHbIE C TOYKM 3pPEHUA  HaKoMNeHua  3ITUX
BTOPUYHbIX  MeTabonutoB.  O6pasubl pacToponium
NATHUCTOW, cobpaHHble C OKpecTHocTel cena [kenenb
(540 m Hag, ypoBHEM mops), 06/1a4at0T CaMbIMU HU3KMMU
NoKasaTensiMm B COAEP’KaHWUM M3y4aeMbIX BTOPMUYHbIX
MeTabonnToB, a MaKCMMasibHble NoKasaTenn — B 0bpasuax,
cobpaHHbIX Ha BbicoTe 434 m Hag yp.mops, 34 M Hag yp.
mopA, 35 n 153 n 212 m Hag yp. mopA. Kpome Toro,
OCHOBHbIMW WCTOYHUKAMM GaBOHOMAOB W aHTOLMAHOB
MOryT ObITb  /IUCTbA, COUBETUA, TpaBa pacToponm
NATHUCTON, cOBpaHHbIe BO BPEMA LBETEHWA.

B cBA3M C Tem, 4TO ¢eHoNbHble CcOoefUHEHUsA
(aHTOUMaHbl U dnNaBoHOWMAbI)  BbLIMOMHAT  BaXKHYIO
dYHKUMIO 3almTbl pacTeHuit oT YO — nyyenn, oT Apyrux
CTPECCOoBbIX ~ YCNOBWWA, TO  MOMHO  MpPEeAnonOXKUTb
yBeNUYEHMEe HAKOMIEeHUA UX BO BCEX OpraHax pacToponiun
NATHUCTON C POCTOM BbICOTbl Haj, YPOBHEM MOpsA MecTa
cbopa pacteHusn. MonyyeHHble AaHHblE CBUAETENLCTBYIOT O
pa3HOHANpPaBNeHHOM  BAMAHUKM  (GAKTOPOB  BbICOTHOMO
rpagueHTa Ha X coaeprkaHue, B 6ONbLUMHCTBE CNyYaeB He
MMelLWme [OCTOBEPHOM CBA3W. B pasHbix opraHax
BbIIB/IEHbl KaK MOJIOXKUTE/IbHbIE, TaK M OTpuULATE/IbHbIe
KOPPEeNAUMOHHbIE CBA3M MeXAY HaKoniaeHnem rpynn
deHoNbHbIX coeguUHEHN U BbiCOTON mMecTa cbopa cbipbs
npv gosepuTesbHOM yposHe p < 0,05 (Tabn. 2 u 3).

OueHKa M3MEHYMBOCTM CYMMAPHOro COAep’KaHus
$N1aBOHONA0B M AHTOLMAHOB B Pa3HbIX YACTsAX PacToOponium
NATHUCTOM C NOMOLLBIO AMUCNEPCUOHHOTO OAHODAKTOPHOIO
aHanM3a noKasana bo/blWyl  pPasHULY B HaAUuuM
U3MEHYMBOCTU  MeXAYy MNONyAAUMAMM, YemM  BHYTpU

nonynaunin  (tabn. 2). CnepoBaTenbHO, W3yyaemble
06pasupbl PacTOPONLUN NATHUCTOW COCTABAAIOT OTAE/NbHble
nonynauun.

3AK/THOMEHUE

Hamu Bnepsble 6biAM  UcCCAedoBaHbl  AarectaHcKue
npupogHble o06pasubl S. marianum Ha cymmapHoe
cofeprKaHne  HeKOoTopblX  (EHOJMbHbIX  COeaUHEeHWN

(bnaBoHOMAOB M aHTOUMAHOB).

YCTaHOB/NEHO, YTO WMCTOYHMKamU GAaBOHOUAOB M
QHTOLMAHOB PACTOPONLUM NATHUCTOW ABNAETCA HaA3eMHas
YacTb pacteHus (couBetus, aUCTbA, cTebnaun, Tpasa). Tak,
MaKCMManbHoe cogepskaHue GNaBoHOMA0B U aHTOLMAHOB
ycTaHoB/ieHO B ncTbAxX (o1 0,97 % ao 3,07 % v ot 0,12 %
0o 0,26 %, COOTBETCTBEHHO); B CTEBNAX — MUHUMabHOE
copepkaHue (ot 0,22 % ao 0,40 % m ot 0,03 % no 0,07 %,
COOTBETCTBEHHO).

CornacHo NoNy4YeHHbIM OaHHbIM, mexay
nonynauuamm otmedaetca 60/bllas W3MEHYMBOCTL B
KOZIMYECTBEHHOM CYMMApPHOM cogepyKaHun GpaaBoHOMA0B
M QHTOLMAHOB, YeM BHYTPM NOMyAALMUMN.

MpoBeaeHbl MCCNEAOBaHUA MO OUEHKe BUAHMUSA
abuoTnyecknx ¢GpakTopoB BAO0J/b BbICOTHOIO rpagueHTa Ha
copepykaHme eHONbHbIX coeguHeHWt B obpasuax
pacToponiin  NATHWUCTOM, COBpPaHHbIX B  NPUPOAHbIX
ycnosuax [larectaHa.

MonyyeHHble Hamu pes3yabTaTbl MNPeACTaBAAOT
WHTEpEeC  ANA  BbIABNEHWA  MEXaHM3MOB  BAUAHMA
abuotmyeckux ¢akTopoB cpeapbl (BbICOTHbIN ¢akTop) Ha
M3MEHYMBOCTb COAEPKAHUA HEKOTOPbIX GEHONbHbIX Fpynmn
CoeAMHEHWI, TaK M A4 NOWCKa 06pasLoB C BbICOKMM
cogepKaHnem ¢p1aBoOHOMAOB U aHTOLMAHOB.

B/IATOOAPHOCTb
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Pesiome

Llenb coctoana B oueHKe BAUAHUA KNMMATUYECKMX GAKTOPOB U peKkpeaLmm
Ha AMHaMWKY paguanbHOrO MNpUPOCTa U AENOHUMPOBaHUA yraepoga B
CTBO/IOBOWN ApeBecrHe COCHbl OBbIKHOBEHHOW B YC/10BUAX /1ECOCTEMHOWM
30HbI.

WccnepoBaHna npoBoAWAUCE Ha  Tepputopuu YcmaHckoro 6opa B
BopoHexckoit obnactu. [na M3yyeHMA QHTPOMOreHHOro B/MAHMA Ha
COCHOBbIE HACaXKAEHWA 3aN0’KeHbl MPOOHblE NAOWAAWM B HaCAKAEHWUAX
COCHbl 06bIKHOBEHHOI B Bo3pacTe 105—145 neT Ha pPasinYHbIX CTaguax
peKkpeauyoHHoM LUrpeccum. Ha 06beKTax OTO6paHbI Z
npoaHan3MpoBaHbl KepHbl co 120 gepeBbes.

MpoBegeH aHanW3 UMKAUMYECKON AMHAMWMKW pPagMasbHOrO MpPUPOCTa,
CBA3EW C KAMMATMYECKMMM daKTopamMu, OLeHKa CUAbl  BAWUAHWUA
KNMMaTUYECKUX MapameTpoB Ha MPUPOCT, a TaK¥Ke pacyeT roAnYHOro
LENOHMPOBaHMA  yrnepoda. BbiABNeHO  3HauMTenbHOEe  CHUXKEeHue
pagvanbHOro NPUPOCTa APEBOCTOEB HA MO3A4HMX CTagMAX AUrpeccuw,
HapyLweHue LMKIMYHOCTU npupocra. YcTaHoBNEHa BbICOKaA
NONIOXKUTENbHAA CBA3b MeXAy aTMOCPEepHbIMM OCagKamu U UHAEKCaMu
npupocTa B BeceHHe-neTHMe mecaubl (r = 0,50 npu p < 0,05). Y aepesbes,
KOTOpble MEepeXuau 3acyxy M He nocTpafdanu OT noxapos B 2010 roay
HabaloAanacb 3Ha4YMTEIbHAA U MPOAO/IKUTENbHAA AeNpeccus B NpUpocTe,
KOTOpas He 3aBepLIMach AaxKe CnycTa NATb JeT nocie HebaaronpuATHbIX
YC/IOBUM.

B  ycnosBuAx, Korga  aHTPOMOreHHas  pPeKpeauMoHHasa  Harpyska
HaKnagblBaeTcA Ha BO34eWcTBMEe HebnaronpuATHbIX  KAMMATUYECKUX
$aKTOpOoB, Aerpajauns APEBOCTOEB COCHbI YCUAMBAETCA. ITO coYeTaHue
$aKTopoB nNpuMBOAUT K ewe 6osee 3HAYUTENbHbIM U3MEHEHUAM B
NPoAyKTUBHOCTM  gpeBocTtoeB. [pu 3TOM, CNocobHOCTb AepeBbeB
OEnoHMpOoBaTb  yriepos,  3HAaYMTeNbHO  CHWUXKaeTcA no mepe
nporpeccupoBaHma crtaguu aurpeccun. OCHOBHbIM  IMMUTUPYIOLWUM
$aKTOpoOM ANA COCHbl B /JIeCOCTEMNHOM 30HEe ABNAKTCA OCAAKW, OAHAKO
CyMMapHoe B/MAHME KAMMATUYECKMX GaKTopoB OKasasnocb 6Honee
3HAaYMMbIM, YEM UHAMBUAYAIbHOE BO3AENCTBME KAXKAO0IO U3 HUX.

Kniouesble cnosa
MHOEKC MpupocTa, KAMMAaTUYEeCKME W3MEHEeHWsa, YraepoaoAenoHu-
poBaHuWe, AeHAPOXPOHOIOTUA, PeKpeaLnoHHan aurpeccus.
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Abstract

The aim was to assess the influence of climatic factors and recreation on
the dynamics of radial increment and carbon sequestration in the stem
wood of Scots pine in the environment of the forest-steppe region of
Voronezh, Russia.

The research was carried out in the Usmansky Bor, Voronezh region.
Sample plots were established in 105-145-year-old pine stands at
different stages of recreational degression to study the anthropogenic
impact on pine forests. Cores were taken from 120 trees in the sample
plots and analysed.

We analysed the cyclical dynamics of radial increment, relationships with
climatic factors, assessed the strength of the influence of climatic
parameters on increment and calculated annual carbon sequestration. A
significant decrease in radial increment of tree stands in late degression
stages and a violation of increment cyclicity was observed. A strong
positive relationship between atmospheric precipitation and incremental
indices was found in spring-summer months (r = 0,50, p < 0,05). Trees that
survived recent drought and were not affected by wildfire in 2010 showed
a significant and prolonged depression in stem growth, which had not
completed even after five years of adverse environmental factors.

When anthropogenic recreational pressure is combined with the effects of
adverse climatic factors, the degradation of pine stands increases
significantly. This combination of factors leads to even more significant
changes in forest productivity. At the same time, the carbon sequestration
capacity of the trees decreases significantly as the stage of degradation
progresses. The main limiting factor for pine in the forest-steppe zone is
precipitation but the total influence of climatic factors was more
significant than the individual effects of each of them.

Key Words
Incremental index, climate change, carbon deposition, dendrochronology,
recreational degression.
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BBEAEHUE
Nleca ABNAOTCA KNOYEBbIM KOMMOHEHTOM r106anbHOro
yrnepoaHoro uukna. Mo nocnesHUMm AaHHbIM, rnobanbHbli
CTOK yrnepofa B flecax OCTaBasicAa CTabuibHbIM B TeyeHue
nociegHUX Tpex AecATUNeTMid Ha yposHe 3,6 + 0,4 [T
C/roa. OgHaKko 3a 3710l obuieit cTabuNbHOCTbIO He3amerT-
HbIMW OCTAIOTCA 3HAYUTE/IbHbIE PEFMOHA/IbHbIE USMEHEHWA,
B YaCTHOCTW YyBe/AMYEHME CTOKA B ymepeHHbix (+30%) u
CHWXeHWe B HopeanbHbix (—36%) necax M3-3a ycuneHus
HapyweHW B NIeCHbIX 3KocucTemax M obesnecexua [1]. B
nocnefHve  AecATMNeTMA  HabalogaeTca  ycTtoWumBas
TEHAEHUMA K COKPALLLEHMIO N/IOLWAAM IECHBIX 9KOCUCTEM HA
$OHEe YCUNMBAIOLWLErocA BAMAHUA NOCNEACTBMIA KAMMATK-
YyeckmMx wusmeHeHuin [2; 3]. loBbilweHMe TemnepaTypbl
BO34yXa W W3MEHEeHMEe peXMMa OCaZKOB MPUBOSAT K
YBENNYEHMIO YACTOTbl HapyLeHUM B lecax U yXyALWeHuio
CaHWTApHOTO COCTOAHWA [PEBOCTOEB, 4YTO HEraTMBHO
CKa3blBAaeTCA Ha MX YrnepogonenoHupytoleit cnocob-
HocTm [4].

Momumo  KAMMATUYeCKuX aKkTopoB, cyluecT-
BEHHOE B/IMAHWE HA NPOAYKTUBHOCTb JIECHbIX 3KOCUCTEM
OKasblBaeT aHTPOMOreHHasa Harpyska, B  YacCTHOCTU
peKkpeaumoHHOe MCNoAb30BaHWe fiecoB. PekpeaunoHHas
Harpyska Ha JlecHble HACaAEeHWUA MNpPUBOAUT K WX
nocTeneHHoOW Aerpajaumu, BblpajKkaloWwencs B CHUKEHUU
NPOAYKTUBHOCTU, YXYALIEHUW CAHWTAPHOro COCTOAHUA,
HapyweHUM CTPYKTYpbl M BUAOBOrO COCTaBa PacTUTE/b-
Hoctu [5]. B ycnoBuax LieHTpanbHol necoctenu Pycckoit
paBHMHbI 0COBEHHO OcTpo nposAsaseTca npobnema
PEKPEALUMOHHON  AUIPECcCUM  HaCaXKOeHWn B  mecTax
MaccoBOro oTAbixa HaceneHua. Ocobbli  UHTepec
npeacrasnset n3yyeHue COCHOBbIX HacaxaeHu
YcmaHcKkoro 60opa, 3aHMMAOLWMX OKO/MO MNO/MOBWHBI €ro
NAOWAAN U UTPAOWUX BaXKHYIO PONb B AEMNOHWPOBAHUMU
yriepoga B MasioNIeCHOM JIecocTenHom pervowe [6; 7; 8]. B
YCNOBUAX WHTEHCMBHOM PEKPEeauMOHHOM Harpyskm U
MEHSIOWEroca K/AMMaTa OLeHKa UuX YriepoLofenoHu-
pytoLiel cnocobHocTu npuobpeTaeT ocobyto akTyalbHOCTb

ona  pas3paboTKM  cTpaTernii  CMArdeHuUsa MNOCNeacTsui
KAMMATUYECKMX  W3MEHEHWW W COXpPaHEHMA  JIeCHbIX
3KOoCUCTEM.

OueHKa yrnepoaoAenoHupyoLWwen cnocobHocTH
NIECHbIX 3KOCUCTEM W  (AKTOPOB, BAMUAIOWMX HA Hee,
ABNAETCA BaXHOM HAYYHOM W NPAKTUYECKOW 3ajayen.
[aHHble O 3amacax W NOTOKax yrnepoga B Jecax

HeobxoaMmbl AAA  pa3paboTKM cTpaTernii  CMArYeHus
nocneacTsuii  U3MeHeHusa  Kaumata.  Kpome  Toro,
UHPOPMALMA O BAUAHUM KAMMATUYECKUX WU3MEHEHMI U
aHTPOMOreHHON [AeATeNbHOCTM Ha MPOAYKTUBHOCTb U
Yr1epoaoaenoHNPYIOLLYHO CnocobHOCTb necos
Heobxoauma Ansa paspaboTkn 3pPeKTUBHbIX Mep no
COXpPaHEeHWI0 W BOCCTAaHOB/IEHWUIO JNIECHBIX 3KOCUCTEM
[9; 10].

Llenbio AaHHOTO MCCNeA0BaHNA ABAAETCA OLEeHKa
BAVAHUA KAMMATUYECKMX (GAKTOPOB W peKpeaunoHHOM
HarpyskM Ha AMHAMWKY pPaZManbHOro nmpupocta U
[JenoHUPOBaHWE yr1epoaa B CTBOIOBOW APEBECUHE COCHbI
06bIKHOBEHHOW B YC/I0BMAX J1IECOCTEMHOM 30Hbl.

MATEPUANBI U METOAbl UCNNEQOBAHUA
YcmaHcKuii 6op npuypoyeH K Bogopasgeny pek BopoHex u
YcMaHb M HaxoauTcA B JlecocTenHon 30He. bonblien
YacTbl0O OH PacrnosioXKeH Ha TeppuTopuM BopoHEXKCKOM
06nacT1, oAHAKO ero ceBepHas 4YacTb NPOCTUPAETCA M Ha
JNlvneukyto obnactb. HecmoTpsa Ha To, YTO B HacTosuee
BpeMa [ONA  eCTeCTBEHHbIX COCHAKOB COKpaTuiacb
NPUMEPHO A0 MNONOBUHbLI OT 06lWeN naowagu, Ha ero
TEppUTOPUM BbISENAKOTCA BCE TUMbI COCHOBOIO Neca.

N3yyeHne aHTPOMOreHHOro B/UAHWA OCYLLECTB-
NANOCH Ha NOCTOAHHbIX NPOBGHbIX Naowaaax (ganee — MM).
PalloH uccnepoBaHuA — TypucTuyeckaa 6asa  «JleTHue
30pu», B6AM3M KOTOpoW Bblan 3anoxkeHbl 5 MMM, Kaxkpan
naowaasbto 0,5 ra (50 m x 100 m), 3a ucknroveHnem MM N1,
naowaap Kotopoh cocTasuna 1 ra. BospacT 4uCTbIX
€eCTEeCTBEHHbIX COCHAKOB ANa uccaegosanua — 105-145 ner.
MM npuypoyeHbl K TUNY IecOpacTUTE/IbHbIX ycaosuit B, ¢
npeobnafalolMm TUNOM Jsleca COCHAK TpaBAHOM (Cepr).
Pacnonoxxenwne MMM 66110 BbIBPAaHO TaKMM 06pa3om, YTOObI
yyecTb BCe CTafuW peKpeaLMoHHOW gurpeccumn. Uccnepo-
BaHWA MO3BO/UAM BbIABUTb OCnabieHne WMHTEHCUBHOCTM
AMrpeccun, ceBasaHHoe C yaaneHnem oT Typbasbl. Tak, B
MM N1 HacaxgeHWa XapaKTepusyloTca YeTBepTol cTaguen
ourpeccuun, B MM N2 oTmevaercsa nepexos C TpeTbew
cTaguu B yetsepTyto, B MM N3 — co BTOpON B TpeTbio, B
MM N4 — coxpaHsaeTca BTopasa ctagus, a B NN N5 apesocton
XapaKTepu3yeTca OTCYTCTBMEM aHTPOMOreHHbIX Hapylue-
HUR.

TakcauMoHHaA XxapaKTepuCTMKa APeBOCTOEB Ha
MM B ycnoBuAx pa3HON CTEMEHW AHTPOMOreHHOW Hapy-
LWeHHOCTM 0606LWeHa 1 NpeacTaBneHa B Tabamuy 1.

Tabamua 1. TakcaUMOHHan XapaKTePUCTHUKA SPEBOCTOEB COCHbI 06bIKHOBEHHOM HA NPOBHbLIX NIOWAAAX

JNleBOBEPEIKHOIO YHaCTKOBOrO /IeCHUYECTBa

Table 1. Characteristics of Scots pine stands on sample plots of Levoberezhny district forestry

Mpo6Has naowaab / Sample plot fni nn2 nns nna4 nns
SP2 SP 3 SP4 SP5
CTagua pekpeauuoHHOi aurpeccum
- . =1V 11111 Il |

Stage of recreational degression
Tun necopacrwrenb_H.mx ycnosui B, B, B, B, B,
Forest growth conditions type
Tun neca / Forest type Cepr Cepr Cepr Cepr Cepr
Cocras / Composition 10C 10C 10C 10C 10C+b
Bospacr, net / Age, years 152 116 116 142 157
Bonutert / Site index 1] 1] 1] 1] Il
CpegHssn Bbicota, m / Mean height, m 32 30 29 29 29
CpegHuii gnametp, cm / Mean diameter, cm 42 41 39 40 42
NonHorta / Canopy cover 0,55 0,58 0,54 0,53 0,58
3anac Ha 1 ra, m® / Volume stock, m3 462 360 328 302 335
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Ha obbeKTax uccnesoBaHun B ceHTabpe 2022 r. oTobpaHbl
C NOMOLLbIO BO3pPacTHOro bypaBa KepHbl CO CTBONOB HA
ypoBHe 1 m OT 3emHOi nosepxHocTM y 120 pepesbeB
COCHbl  OObIKHOBEHHOW, M3  KoTopbix 100 KepHOB
MCMONb30BaNM AAA aHaNvM3a UMKAMYECKOW AUHAMUKK
pagManbHOro NPUpPOCTa ¢ Noc/ieayoWwmnM BbisiBNeHEM eé
CBA3M C  KAMMATMYECKMMM  napameTpamu. Pasbpoc
BO3PACTHbIX 3HaYeHUI bbin He BenuK — 116—157 ner.
LUnpunHa roamyHbix Kosel, B obpasuax KepHOB
onpeaenanacb ¢ Nnomolbto yctaHoBkM LINTAB-6 1 nakeTa
npuknagHbix nporpamm TSAP-Win (Rinntech Inc.). Kpome
TOro, OblIM  PaccynTaHbl OTHOCUTE/IbHbIE WHAEKCbl C
nomouwbto nporpammbl TREND [11] no obuwenpuHaTton
meToamKke [12]. [Onsa pacyéta BO3PACTHOrO TpeHaa
BblIOMpPANcA pasnMuYHbLI Nepuos OCPefHEeHWsA, Npu 3TOM

NPUMEHANCA  MEeTOf, CKONb3ALWEro  CrAa)kMBaHuA ¢
nocnegytouien annpoKcMmaumen NOJIMHOMMANbHOM
byHKLMEN.

[Ona peHApOXPOHOMIOTMYECKMX PALOB PACCUUTLI-
Ba/IMCb TPAAWULMOHHbIE A1A BAPUALMOHHOW CTaTUCTUKMU
rMoKasaTennm — cpegHee 3HayeHWe LWUPUHbI FOAMYHbBIX
Konewu, BeposATHas OWKbKa, Ko3pPUUMEHT Bapuauuuy,
CTaHZAPTHOE OTK/IOHEHME, a TaK¥XKe CrneunannsmpoBaHHble
COOTHOWeEHUA — curHan-wym (SNR) 1 BbipaXKeHHbIN cUrHan
nonynauuu (EPS) [13].

[OnAa  oueHKM  cxoAcTBa  MAM  pasnuuA
WHAMBUAYANbHBIX ~ XPOHONIOTUIA  TOAMYHbBIX — Kojey, C
OCpegHEHHbLIM NOKasaTeNem PaccynUTbIBaNM KO3GOUUMEHT
koppenaunn (CC), KoadduumeHT cuHXpoHHOCTU (GLK) wn
YPOBEHb  CMHXPOHHOCTM  (GSL), a TaKkke MHAEKC
nepeKkpecTHOro AaTMpoBaHuA WHAMBUAYAIbHbIX
XpoHonornn co cpegHer (CDI) [12]. Mpu 3ToM 3HaYeHun
GLK meHee 67 % OTHOCUAM K HU3KOM CUHXPOHHOCTM PALOB
CcO cpefHUM, a 3HavyeHma GLK B gmnanasoHe 79-100 % — K
BbICOKOM CMHXPOHHOCTU. 3HauyeHua GSL Huke 56 %
CBUAETENLCTBYIOT 06 OTCYTCTBMM CUHXPOHHOCTW. Mo mepe
pocTa nokasaTeNAa CUHXPOHHOCTb TaK¥Ke BO3pacTaer:
57-60 % — nomevaetca 3Be3goykon (*); 60-64 % -—
nomeyaetca (**); >68 % — nomeuaetca (***). Mexrogosyto
M3MEHYMBOCTb  MPUPOCTa  TOAWYHbIX  Kojew, — Aans
MHOMBUAYANbHBIX XPOHOJ/IOMMIA BbIPaXKatoT MpU MNOMOLLM
K03 durLMEHTa YyBCTBUTENBHOCTU, KOTOPbIN NpeacTaBnseT
coboli oTHOCUTesIbHYIO BenuuuHy. [na pacyérta uHAaekca
NepeKkpEcTHOro [aTMpOBaHUA WHAMBUAYANbHbBIX XPOHO-
norui co cpepHeit (CDI), 3HaYeHMA KOTOPOro NPUHMMAKOTCA
[OCTOBEPHbIMKU NpK MoKasaTenax 6onee 10%, ucnonbso-
Bann KoadpdpuumeHT cuHxpoHHocTM (GLK), KoadpdpuumeHT
Koppenaumu (CC) n t-kputepuit CtoloaeHTa (tst).

KnumaTtuyeckme  napameTpbl 48 aHanusa
nonyyeHol Ha meTeoctaHumm N34123  «BopoHex»
(51°42'55" c.w., 39°12'57" B.4.) [14]. PacyéTbl npousBo-

AWAKUCH C UCMOb30BaHNEM CYMM aTMOChEPHbIX 0CagKoB U
cpeaHeMecaYHbIX TemnepaTyp Bo3gyxa.

[Ona  oueHKM CBA3M  MeXAy  paguanbHbiM
NPUPOCTOM  COCHbl W KAMMATUYECKUMK  dakTopamm
MUCNoNb30Banca Ko3IhOULMEHT NMHENHOW Koppenauuu

MupcoHa (r), a ANA ero MHTENpeTaunmM NPUMEHANACH WKana
Yeppnoka. Kpome TOro, ans yactn aepeBbeB, BKAOYEHHBIX B
BbIOOPKY MO cTaguaAm gurpeccuu, 6bin NpoBeAeH aHaAN3 UX
peakumMm Ha 3acyxy. [Ons 3toro OblAn BblAeneHbl Tpu
BpemeHHbIXx oTpe3ka [15]: 3a 2-3 roga [0 3acyxu,
cobCcTBEHHO 3acyxa, KOTOpan CO34aeT CTPECCOBbIe YCI0BUA,
a TakKe 2-3 rofja nocne cTpeccupytowero cobbiTuA
(3acyxm).

MpoayKTMBHOCTb APEBOCTOA U AEeMNOHUPOBaHUE
yrnepoga ApesBecuHol (Mpu 3Tom BKNAZ B AeNOoHMpOoBaHWeE
KPOHbI U KOPHEW HE YUUTHIBAICA — TONIbKO HAa3eMHOM 4acTu
CTBO/1a) OLLEHMBAAWN MO FOAUYHOMY O6BEMHOMY NPUPOCTY
3a nocnegHue 10 net, npu 3TOM NpeAnosarasocb, 4To
BbiCOTa JAepeBa OCTaétcA HeusmeHHoW. [oapobHoe
U3/10KEeHNe MeTOAMKM PacyEéToB NpeAacTaB/ieHo B paboTe
[6].

Bce 6as3oBble CTAaTUCTMYECKME pPaACYETBl W
KOPPENALUNOHHBIA aHanu3 MnpoBOAMAN MOMOLLBbK NaKeTa

cTaTuctmyeckoro aHanmsa STATISTICA 13.0. Bo Bcex
pacyéTax NPUHAT ypPOBEHb 3HaYnumocTm p < 0,05.
NONYYEHHbDIE PE3Y/IbTATbI U OBCYXAEHUE
Pe3ynbTaTbl KOMMAEKCHOrO CTATUCTMYECKOro aHanusa

Nosly4yeHbIX AeHAPOXPOHONOMMYECKUX AaHHbIX NOKasanw,
YTO  napameTp  COOTHOWeHUA  curHan-wym  SNR
XapaKTepu3yeTca CyLLecTBEHHOM BapuabenbHOCTbiO B
AuanasoHe 65—-85 eguHMU, npu 3TOM ero 3HayeHusA
OEeTePMUHUPOBaHbI CTaanelt peKkpeaLMoHHOW AUrpeccuu
ApeBOCToeB. 3TO, HECOMHEHHO, YKa3blBaeT Ha BbICOKYHO
cTeneHb  reTeporeHHocT  oboOWEHHOW  ApeBecHo-
KONbLEBOW  XPOHO/IOTMM,  CHOPMUPOBAHHON  MyTEM
WHTErpaumMmM WHAMBUAYAbHbLIX AEeHAPOXPOHONOIMYECKUX
PAA0B Uccneayemoi BblbopKu.

BbifABneHHaa  BapuabenbHocTb  obycnossieHa
NpenMyLLECTBEHHO BO3JeNcTBMEM KAMMaTUYECKNX
OETEPMUHAHT, 4YTO CBMAETENbCTBYET O 3HaYMTeNbHOM

YYBCTBUTENIbHOCTU ncenegyembix ApeBocToeB K
M3MEHEHUIo Knumata. Pasmep BbI6OPKK, NpeacTaBieHHOM
B HaCTOALLEM UCCNef0BaHUN, ABNAETCA A0CTAaTOYHbIM, YTO
ybeguntenoHo noaTeepxaaerca KONIMYeCTBEHHbIMU
NOKa3aTeNAMMU BbIPaXXEHHOro curHana nonynaummn EPS.
MocnepHWIt U3MEHANCA B aHAaNU3UPYEMBIX XPOHO/IOTUAX B
y3KOM  wuHTepBane 0,97-0,99, 4TO  CyLECTBEHHO
NPEeBOCXOANT 06 ENPUHATLIM noporosbii yposeHb 0,85
(tabn. 2).

Ta6auua 2. CtatucTnyeckne napameTpbl 0OCpeaHEHHbIX APeBECHO-KO/bLEBbIX XPOHOIOMMI COCHbI

(Pinus sylvestris L.) B rpagmeHTe pekpeaLmMoHHOW aurpeccum

Table 2. Statistical parameters of averaged tree-ring chronologies of Scots pine in the recreational degradation gradient

Crapgua aurpeccum

\ I I -1l H-Iv v

Degression stage
Mepwoa / Term 1865-2022 1880-2022 1906-2022 1906-2022 1870-2022
Anuna paaa, net 157 142 116 116 152
Series length, years
Cpeanee, mm 1,38 1,32 1,27 1 1,1
Mean, mm
Mutmmym 03 0,2 0,1 0,05 0,05
Minimum
Maxcumym 32 3 3 2,2 1,9
Maximum
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CraHpa PTHOEe OTK/IOHEeHUue

. 0,854 0,996 0,448 0,335 0,412
Standard deviation
Cranpapthan owmbka 0,085 0,09 0,074 0,102 0,078
Standard error
EPS 0,98 0,98 0,97 0,98 0,99
CnefosatenbHO,  MOXHO  C  BbICOKOW  CTeneHbto Ha BCeX CTaAmMAX AMIPECCUOHHOM TPaHCHOPMaLMM XBOMHbIX
[OCTOBEPHOCTM  KOHCTAaTUPOBaTb, YTO  MOJIyYEHHbIE [pPeBOCTOEB.
[OPEBECHO-KO/bLEBbIE  XPOHO/MIOMMM  XapaKTepu3yrTCA O606WWEHHbIE B Tabauue 3 nokasaTtenu

penpeseHTaTMBHOCTbIO, a cpefHeapudMeTMYEcKMe 3Have-
HMA pafManbHOrO MPUPOCTa ANA KaXAOoro KaneHaapHoro
roAa ABAAKOTCA CTaTUCTUYECKM 3HAYUMBIMU UHAMKATOPaMM
AMHAMUKM pOCTa reHepanbHOM COBOKYMHOCTM APeBOCTOeB

MO3BO/IAIOT OLUEHUTb CUHXPOHHOCTb POCTA [EpPEeBbeB B
PasAUYHbIX YCIIOBMAX, @ TaKKe WX YYBCTBMTENbHOCTb K
KAMMATUYECKUM U3MEHEHUAM.

Tabnuua 3. KoadpduumeHTbl CUHXPOHHOCTM OCPeAHEHHbIX PALO0B PafMabHOrO NMPUPOCTa COCHbI

(Pinus sylvestris L.) no obwen apesecuHe

Table 3. Synchrony coefficients of averaged series of Scots pine radial growth by total wood

N kepHa / Core No

GLK, % GSL

CC, % CDI, % Ks

WI-1V cragua gurpeccum / Degression stage 3—4

1 47 - 60 8 0,41
3 65 * 92 19 0,38
4 84 *Ex 92 67 0,35
7 75 *kx 90 45 0,44
10 53 - 87 7 0,36
14 82 Hokk 95 56 0,39
15 79 Hkx 95 41 0,45
18 64 * 94 26 0,35
20 80 *Ak 95 37 0,37
22 79 *Ak 84 33 0,41
CpegHee / Mean 66 ** 79 31 0,42
IV ctragua gurpeccum / Degression stage 4
3 60 - 64 17 0,31
4 55 - 90 9 0,30
6 68 * 87 24 0,32
7 64 * 81 23 0,36
9 59 - 65 3 0,37
10 64 * 12 63 0,35
15 63 - 91 23 0,38
16 63 - 53 7 0,32
18 71 *x 42 17 0,31
20 61 - 77 20 0,33
CpegHee / Mean 65 * 66 21 0,35
| cragma aurpeccun / Degression stage 1
4 44 - 53 31 0,55
5 76 Hkx 89 26 0,68
9 80 Hkx 82 45 0,51
10 83 Hkx 76 36 0,55
11 66 * 87 9 0,57
13 81 *Ak 93 49 0,65
8 78 e 94 36 0,64
19 66 * 91 26 0,63
20 78 e 95 48 0,66
23 79 Hokk 81 28 0,51
CpegHee / Mean 73 *kk 78 42 0,61
AHanu3npya AaHHble Tabauubl 3 NO cTaguaMm Aurpeccum, Ha -1V cTaguun purpeccum xapakTtepusoBascA YpOBHEM

MOXHO 3aMeTUTb, YTO Ha Haya/bHbIX 3Tanax MokasaTenu
GLK »n GSL wumeloT 60nee BbICOKME 3HAYeHUA, 4TO
YKa3blBaeT Ha bonee BbIpaXKEHHYID CUMHXPOHHOCTb POCTA
nepesbeB. Pe3ynbTaTbl NOKA3aM 3HAYUTE/IbHBIN AMANa30H
konebaHuit GLK — ot 47 o 80 %. /luwb oamH 13 obpasuos

CUHXPOHHOCTN 47 %, uto cornacHo wkane C.I. LUuAtosa
[13], cooTBeTCcTBYET OTCYTCTBUIO CUMHXPOHHOCTU. CpegHue
3HAYEHUA  CUHXPOHHOCTU  ANA  Pas3/IMYHbIX  CTagui
OUrpeccumn pacnpegenvuiucb cnegyrowmm obpasom: ans
-V n IV cTtagnn cpepHee 3HavyeHue COCTaBUIO 66 % wm
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65 % COOTBETCTBEHHO, OTpa)kas HU3KUN ypoOBEHb
CUMHXPOHHOCTH, a anAa | ctagun — 73 %, 4To cooTBeTCTBYET
CpefHeMy YPOBHIO CUHXPOHHOCTU. 3TO MOXKeT ObITb
CBA3aHO C 6onee cTabWUIbHBIMKU YCIOBUAMWU Cpedbl U
MEHbLIMM aHTPOMOreHHbIM BO3AENCTBMEM Ha APEBOCTOM
Ha | cTagum gurpeccum.

OueBMAHO, YTO 3TW pe3y/abTaTbl NOAYEpPKMBAlOT
3HauYUTENbHbIe Pa3/IMYNA B YPOBHAX CUMHXPOHHOCTU Ha
pasHbIX CTaAMAX AUTPECCUU, U OTPAXKAIOT BAUAHUE YCIOBUI
MeCTONpPOM3pacTaHnA AepeBbeB Ha ucciegyembix NPoBOHbIX
naowaaax. [lo mepe nporpeccMpoBaHuA  AUrpeccun
HabnoAaeTCA CHUKEHWE 3TUX MOoKa3aTeslel, YTo yKasblBaeT
Ha BO3pacTatollee BAUAHME HebNaronpuATHbIX GaKTOPOB U
yBennyeHve BapuabenbHOCTM NpupocTa.

Koapouument Koppenauum cC TaKKe
AEMOHCTPUPYET 3aKOHOMEPHY AMHAMUKY, XOTa U bonee
BapunaTtmeeH, yem GLK. Ha paHHuMX cTagmax gurpeccum oH
umen 6onee BbICOKME 3HAYEHMA, 4YTO YKasblBaeT Ha
CUNbHYIO B3aMMOCBA3b MENXKAY pPOCTOM [epeBbeB U
BHEWHMMMU  paKTOpamu, Hanpumep, KAUMATUYECKMMU
ycnosuamn. OfHaKO Ha NO34HUX CTagMAX 3TOT NOKasaTenb
CHUXKancs, yTo MOKeT CBMAETeNbCTBOBATDL o
npeobnajaowem BAVAHUM MHbIX GAKTOPOB HA NPUPOCT
OepeBbeB,  BK/IOYAA  MNepeynnoTHeHMe B BEPXHMUX
rOPU30OHTaxX NECHbIX MOYB, U3MEHEHUE TMAPONOrMYEeCcKoro
peMma WA gpyrme  NocCAeAcTBMA  QHTPOMOreHHOro
Bo3gencTena [16]. MHAEKC nepeKpecTHOro AaTtMpPOBaHMA
CDI Take noKa3an CHUMKEeHWEe Ha Mno3gHUX CTafanAax
aurpeccuu,  NOATBEp)KAaAa  rmMnotesy o TOM, 4TO
KAMMaTUYeckne GaKTopbl UrpatoT MeHee 3HAYUMYIO POJb B
YCNOBMAX  WHTEHCMBHOW  @HTPOMOrEeHHOM  HarpysKu.
CpeagHee 3HayeHue CDI Ha IV cTagumn pgurpeccun camoe
HU3Koe — 21 %, Npu 3TOM AMana3oH KonebaHU MHAeKca
COCTaBAAN O4MH NOPAJOK —oT 3 % A0 63 %.

HeobxoaAMMO OTMETUTb, YTO 3HayeHUsA Koappu-
UMeHTa 4yBCTBUTENbHOCTM Ks npeBblWwaloT MNoporosoe

3HadveHue 0,3, Bo3pactada ot 0,35 Ha IV ctagum go 0,61 Ha
| ctagun aurpeccum. Ha OCHOBaHWM 3TOF0 MOXKHO 3aK/to-
YATb O  AOCTAaTOMHO  BbICOKOM  BOCMPUUMMYMBOCTYM
nccnesyemMbix  ApeBOCTOEB K CTpeccoBbiM  dakTopam
OKpYrKatoLLen cpeapbl.

AHanus BapnabenbHOCTU paguanbHOro NpUpocTa
apesoctoeB P. sylvestris L. B ycnosusx pekpeauyoHHOro
BO34ENCTBUA AEeMOHCTPUPYET 3HAUYUTENIbHYIO 3aBUCMMOCTb
OT 3KCTPEMA/IbHbIX KNMMATUYECKUX PpaKTOPOB, B YaCTHOCTH,
3acywnmebix nepuopos.  Ocobbiii  Hay4yHbId  MHTepec
npeacTaBnfeT peakuma APEeBecHbIX HacCaKAeHUM Ha
NPOJIOHIMPOBaHHbIe nepuoabl 3acyxu, 0cobeHHo
OBYXNeTHMe, 3adpMKCcMpoBaHHble B nepuogbl 1971-1972 um
2009-2010 rr. B pe3synbTaTe ux BO34ENCTBMA OTMEYEHO
CyliecTBeHHOe noBbiWeHne Ko3pdULMEHTOB BapuaLumy,
NpeBbICMBLINX NOPOroBoe 3HayeHue 60 % (Tabn. 4).

MNpumeyatenbHo, 4YTO  OTBETHaA peakuua
[peBOCTOEB MPOABAAETCA Ha MPOTAMEHUU 2-3 neT nocne
BO3JENCTBUA 3KCTPEMANbHbIX KAUMATUYECKUX YCIOBUM
(nepuogpbl 1973-1974 n 2011-2013 rr.), Korga oTmevaroTca
NnoBbllEHHble  3HayeHuA  Ko3bOUUMEHTOB  Bapuauuw.
Hanbonee BblpaKeHHas AMHaMMKa noKasaTesnen
Bap1abenbHOCTM pagmanbHOro npupocTa 3adpuKcMpoBaHa
B 2011-2013 rr. NMpu 3TOM 3aMeTHbI Pa3ANYMA B OTBETHOM

peakuuMu HacaxkAeHUMn B 3aBUCMMOCTM OT CTereHu
PeKpeauMoHHON Harpysku: B Apesoctosx | craguu
aunrpeccum (KOHTpPONB) KoadpduumeHT Bapuauum

ysennuunnca ¢ 19,6% no 48,9%, Torga Kak B HaCaXKAeHUAX
II-1V cTaguii gurpeccumn AaHHbIM NokasaTenb Bo3pacTan Ao
88,9%. MaKcnmanbHble 3HayeHuA KoapduuMeHTa
BapuaumMm 6bliM  3aduUKCMpoBaHbl B ABa Haubonee
3acywamebix roga (1924 v 1975 ropbl), a Takxe B rodbl C
HanMboNbWKMM KOIMYECTBOM BECEHHE-NETHUX aTMOChepHbIX
ocagkoB (1973 1 2012 roap!l) (tabn. 4).

Tabnuua 4. BpemeHHasa nuameHumsoctb (CV, %) pagmManbHOro NpupocTa cocHbl 06bIKHOBEHHOM (P. sylvestris L.)
M TOYHOCTb OnpeaeneHnsa CpeLHEro NPMPOCTa B YCNOBUAX Pa3IMYHON peKpeaLmoHHOM HarpysKku
Table 4. Temporal variability (CV, %) of radial growth of Scots pine and accuracy of mean growth

estimation in the recreational degradation gradient

Cragua o CpepgHee 3HayeHue
CpeaHee Avanas3oH MakcumanbHbiid N
purpeccumn - BEPOATHOU oWKn6KM (Ps,)
. 3HaueHue CV KonebaHuii CV CV/roa
Degression . Mean of probable
Mean CV CVrange Maximum CV / year
stage error (Ps)
| 28,6 19,6 — 48,9 48,9 /2012 5,4
1l 33,7 22,7-54,8 54,8 / 1992 4,6
I1=11 45,1 26,8-61,2 61,2 /1983 4,5
=1V 59,7 41,4-76,5 76,5/ 2012 5,0
v 66,1 52,2-88,9 88,9 /2010 5,6

AHanu3 AMHAMWKM NPUPOCTA FOAMYHbLIX KOMel, AepeBbeB
NMo3BO/INA  BbIBUTb C/IOKHOE B3aMMOLEWNCTBME MeXAY
KIMMaTUYECKUMUM  PaKTOpaMM UM MPUPOCTOM CTBOJIOBOW
ApesBecuHbl. HecmoTps Ha TO, 4YTO nepuoabl 3acyxu
[OCTAaTOYHO  OTYET/IMBO  OTPAXKAlOTCA Ha  AMHaMUKe
npupocTa, nX BANAHME He Bceraa npsamo
NPONOPLMOHANIBHO MHTEHCMBHOCTM, YTO CBA3AHO C PAAOM
MHbIX (GAKTOPOB, TAKMX KaK BO3pacT nepeBa, ero
du3MoNOrMyeckoe  COCTOAHME, @  TaKXKe  CTeneHb
BO34ENCTBUA APYrMX 3Konornyecknx ¢pakropos. Hanbonee
3HAYMUTENIbHOE CHUXKEHMEe LWUPUHBI FOAUYHbBIX KoJsiel, no
HaWWM AaHHbIM AeUCTBUMTENbHO Habaoaanock B nepmosbl
CUNbHbIX 3acyx B8 1939, 1972 wn 2009-2010 ropmax. B
YaCTHOCTH, B UHTepBane ¢ 1938 no 1942 roa mbl 0OTMeYanu
3aMeTHOe yMeHbLUeHWe pagnanbHOro NpMpocTa AepeBbes.

OnutenbHasa genpeccusa paananbHOro NpUMpoCTa B Nepuog,
2010-2014 rr. 6blna  3aduKCMpoOBaHa Yy [EpPeBbeB,
NPOABUBLLMX YCTOMYMBOCTb K 3KCTPEMabHbIM
rMAPOTEPMUYECKUM YCNOBUAM U NMUPOreHHOMY daKTopy B
2010 roay. 3T10T dpeHomeH 0COBEHHO APKO MPOABAANCA Y
pepesbeB Ha |V cTraguum purpeccum fgaxe HeCMOTPA Ha
6naronpuATHble rmapoTepMmmnyeckmne ycnosuma B
nocnepyowme rogbl: 8 2012 n 2013 rogax B TeyeHue
BEreTauMOHHOIO Ce30Ha BbiNaZann ObBW/bHbIE OCaAKM.
Kpome TOro, B KepHax, OTOOpaHHbIX Yy AepeBbeB Ha
IV cTaguu purpeccMm 3HauuMTeNbHO uYalle BCTPevannchb
NIOXKHble KO/MbLA@ — aHOMa/JMM B CTPYKType ApeBecuHbI,
BO3HMKaloLWMe B OTBET Ha KPATKOBPEMEHHbIE U3MEHeHUs
YC/IOBUA OKpyrKatowen cpedbl, TakMe KaK BHe3anHble
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NOX0/I04aHNA UM BPeMeHHble yaydlweHusa Bnaroobecne-
YEHHOCTU.

PucyHok 3 wnntoctpupyetr nameHeHUA MHAOEKCOB
NpPUpPOCTa  eCcTeCTBEHHbIX COCHOBbIX [JPEeBOCTOEB Ha
Pa3NNYHbBIX CTaAUAX PEKPEALMOHHOW AnUrpeccuu.

C Hayanom peKpeauMOHHOro BO3AEUCTBUA B
1970 roay Npoun3oLWwno 3aMeTHOE CHUXEHWE pPaaMnanbHOro
npupocta ApeBoCcTOeB. 3aTeM OTMeYaeTcA HeKoTopoe
yBe/NnYeHne rokKasaTena WHAeKca npupocta. [aHHble
MUCCNefoBaHUI  MO3BOAAKOT  3aK/OUUTb, 4YTO  NpU
COXpPaHEeHUM YPOBHA Harpysku nokasatenu paguanbHoOro
npupocTta byayT ymeHblaTtbea. B nepuoabl 1991-1997 rr.,
a Takke ¢ 2007 r. no HacToAuiee BpPemA Ha y4yacTKax C

IV cTagueit aurpeccum oTmevaeTca yMeHblueHre npupocTa.
Mpn 3Tom pana | cTaguuM pgurpeccunm  oTmedaeTtca
COBEpPLIEHHO WHas KapTWUHA: Ha TMNPOTAMEHUM BCEro
paccmaTprMBaemMoro BPEMEHHOro MWHTepBana AWHaMKKa
ocTaertca HEeU3MeHHON, amnantyga KonebaHui
paBHOMEpPHa, a «penepHble» rofbl MPOCAEKMBAIOTCA O4EHb
ABHO.

BAnsHMe  peKkpeaumoHHOro  BO34encTBUA B
Hanbosblwel CcTeneHn MpoC/iexunBaeTca B 00pasyax,
NONMIyYeHHbIX W3 HacaxaeHun IV cragum aurpeccuw.
paduKM NO3BONMAOT OTMETUTb HapyLUEHUE LMKIAMYHOCTU
paananbHOro NPMPOCTa, a TaKXKe yBeMYeHne amnanTyapl
KonebaHui.
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PucyHoK 1. [luHamMMKa OTHOCUTE/IbHbIX MHAEKCOB MPMPOCTa APEeBOCTOEB COCHbl 06bIKHOBEHHOM (P. sylvestris L.)

Ha pasHbIX CTaAMAX PEKPEALMOHHOW aUrpeccmm

Figure 1. Dynamics of relative incremental indices of Scots pine stands at different stages of recreational degression

B LLe/10M BbICOKWI YPOBEHb PEKPEeaLMOHHOM HArpysku u eé
ANvTenbHoe  BO3AeicTBMe  0OYyCNIOBNMBAET  CHWMKEeHWe
npuMpoCTa, YTO HEeraTMBHO CKa3blBaeTCA Ha ApeBOCToe:
AepeBbA CTaHOBATCA ocnabneHHbimu. HanpoTtus, npwu
MWUHUMaNbHOM BO3AEMNCTBUM OTMEYAETCA MHAA TeHAEeHLUMA
npupocta, KOTopas B TOM u4ucne MO3BOJIAET BbIABUTL
3aBUCMMOCTb OT K/AMMaTM4YecKux ¢aKTopoB. B uyacTHOCTY,
OTMeYaeTcA  yMeHblueHue  aMnauTyAbl KonebaHui
nccnesyemoro rnokasatens mexay obpasuamu ot | K IV
CcTaguu gurpeccum.

BereTtaunoHHble nepuogbl nocae 3acyxu 2010 r.
OT/IMYANUCL TENIIMU M BNAXKHBIMWU YCJI0BUAMM, OOHAKO,
HECMOTPA Ha 3TO, WMWPUHA FOAMYHOIO KO/bLA JaXe B
APeBOCTOAX, MOABEPNKEHHbIX MWHUMANbHOW  pekpea-
LLMOHHOM Harpyske, ocTaBasiacb manoi (snnotb Ao 2022 r.).
B o6bpasuax gpesoctoa Ha Il n IV craguax aurpeccun
oTCyTCTBYET NONOXKUTE/IbHanA OVHAMUKa LWMPUHbI
rogMYHOro Ko/blia Aa)ke B OMNTUMANbHOM MO YCAOBUAM
2013 r., 4TO NO3BONIAET FOBOPUTbL O COXPAHEHUN TEHAEHUNMU
ycbixaHua nocne 3acyxu 2010 r. To ecTb MHTEHCUBHaA
peKkpeaumoHHaa Harpyska BbICTYNWAA AOMOJAHUTENbHBIM
dakTopom, KOTOpbIN ycyryoun HecnocobHoCTb

ocnabneHHbIX fepeBbeB K BOCCTAHOBAEHMUIO NOCAe 3acyxu
2009-2010 rr. B ob6bpa3suax aepesBbeB, MNOABEPKEHHbIX
MWHUMaNbHOWM Harpyske, HanpoTuB., oTMeyvaeTcs
yBeAuYeHMe nNpuMpocTa Nocie  3aBeplleHus  3acyxu
(8 2014 r.). B uenom aHanu3 roAuMYHbIX Konel 3a nepuog,
1865-2022 rr. BO Bceli BblbopKe MNoATBEPAWS, YTO
Hanbosee 4acTo BbiMajalmolWMe KoO/bL@ OTMeyatoTcA
MMEeHHO B nepuoabl Hanbonee cunbHbIX 3acyx (1921, 1936,
1975 wn 1992 rr.). Mpu 3TOoM Hambosbliee KOAMYECTBO
CNy4aeB  BbiNajaloWwmx Kosew, 3adpuKcMpoBaHO  gnA
Yy4acTKoB, NOABEPKEHHbIX Haubonblueih peKkpeaunoHHOM
Harpyske (IV ctagua aurpeccum).

Bonee Toro, B o06pa3uax, OTOBPaAHHbIX Ha
IV cTaguun gurpeccuu, Bbinagatolime Kosbla OTMeYatoTes y
bonbluelt YacTM AepeBbEB AaKe B YCN0BUAX Bonee cnabbix
N HEeMnpOAO/IKUTENbHBIX 3aCyX. TO MOKET BbITb CBA3AHO C
0COBEHHOCTAMM BEePTUKANIbHOW CTPYKTYPbl HAacaXKAeHuA: a
MMEHHO, OTCYTCTBMEM HUMKHUX APYCOB PaCTUTENbHOCTM.
3TO NpWMBOAMUT K MOBbIWEHWIO CKOPOCTU MWCMAPEHUA C
NOBEPXHOCTM MOYBbI: MHTEHCMBHOTO (3aBucAlero ot
MeTeoycnosuit), ybbiBatowero (oTmeyaemoro npu muccyule-
HWUW TOHKOTO NOBEPXHOCTHOIO €105 MOYBbI) U HU3Koro [17].
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Mbl TaKe paccMoTpenu peakumio natu  Haubosee
YYBCTBUTE/NIbHbLIX XPOHONOMMIA MHAEKCOB MPUPOCTa COCHbI
Ha | 1 IV cTagusax AMIPeccum Ha 3acyxu 3a TPU BPEMEHHbIX
oTpesKa (puc. 2): neproa, nepes 3aCcyxoi, nepnoa 3acyxm u
nepuog, nocne 3acyxu v BbliABUAM AnddepeHLMPOBaHHYIO
peakumio oTAe/bHbIX aAepeBbes. [AudpdepeHunposaHHan

peakumsa Ha 3acyxy Habnganacb Kak Yy [AepeBsbes,
npouspactalowmx Ha | cragum aurpeccun, Tak Uy
JepeBbeB, npouspacTalowmx Ha IV crtagum aurpeccum.
BapuaTMBHOCTb peaKkuuM [OepeBbeB COCHbl Ha PasHbIX
CTagMAX AUrPeccHUm NoKasaHa Ha PUCyHKe 2.
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PUCYHOK 2. PeaKkumsa 1 AMHaMMKa MHAEKCOB NPUPOCTa MO OTAE/bHbIM AePeBbAM BO BPEMS 3aCyxu,
00 v nocne 3acyxu: (a) | cragus gurpeccuu; (b) IV ctagus gurpeccumn

Figure 2. Response and dynamics of growth indices for individual sots pine trees during drought,
before and after drought: (a) degression stage 1; (b) degression stage 4

Ha npumepe oTaenbHbIX AepeBbeB 3aMeTHO, YTO 3acyxa
NpPUBOAUT K 3aMef/IeHUI0 pocTa B TeyeHue roga nocne
3acyxu, cnefoBaTeslbHO, MUHUMYM NpUpOCTa HabatoaaeTca
rnocne BO3AEWCTBMA  KAMMATMYeCcKoro cobbitmvA. Ha
IV cTagmun gurpeccum MoXKHO HabntogaTb cnafbl pocTa, B
nepuoa [0 3acyxu, 4YTO MOXKeT ObiTb CBA3aHO CO
CHMXEHMEeM O0CafKoB B TeyeHMe pafda neT nepej
HacTynieHnem 3acyxu, 1ecopacTUTesIbHbIMU YCNOBUAMM,
roe  npouspactaeT  AaHHOe  AepeBo, @  TaKXke
WHTEHCUMBHOCTU peKpeaLMoHHOro BO3aencTeuns.

Mepvoabl Aenpeccun nNpupocTa MOryT MMETb
pas/IMYHYIO NPOAO/IKUTENBHOCTL AaXKe B Npeaeniax 04HOro
OpeBOCTOA: peaKkuMA AepeBbeB Ha  KAMMATU4YecKue
BO34eNCTBUA WHAMBMAYaANbHA. B 4yacTHocTM, oTAesbHble
AepeBbA AEeMOHCTPUPOBA/IM UHTEHCUMBHOE U MPOAO/IKU-
Te/lbHOE CHUXXEeHMe TMpupocTa B OTBET Ha BHelHee
BO3/eNCTBME 3KCTPeMasbHbiX (AKTOpOB, NpUYemM OHO
MOr/10 NPOAO/IKATLCA B TeUyeHMe Tpex — YeTbipex NeT; Y
OPYrUX AepeBbeB CHUMKEHWE NPUPOCTa NPOUCXOAUIO0 NULLb
Ha oAuMH — ABa ropga. lMpumeyaTenbHO, YTO Y HEKOTOPbIX
AepeBbeB BOBCe He 0OHAPYKMBANOCh CHUXKEHME NPMpPOCTa
WX }Ke OHO NMPOUCXOAMNO C 3ana3ablBaHNEM Ha OAWH roA.

OueHKa BK/1afa KAMMATUYECKUX MapameTpoB B
M3MEHYMBOCTb MNPUPOCTA COCHbI HA [ABYX KOHTPACTHbIX
CTaguMaAx pekpeaunoHHoi aurpeccun (I v IV) npoBeaeHa Ha
OCHOBe KOPPeNALMOHHOIO aHaM3a NapHbIX CBA3EN MeXay
MHAEKCAMM  TOAMYHbIX  KOMew, UM KJAMMATUYEeCKUMMU
NoKasaTensiMmm — CYMMOM aTMOCPEpHbIX O0CagKoB U
TemnepaTypoi Bo3ayxa (puc. 3 n 4).

M3 aHanm3a pucyHKa 3 BUAHO, YTO 3HAUYUTENbHYIO
posb B GOPMUPOBAHUM TOAMYHBIX KOJIel, UFPatoT OCaAKM,
BblMajaolmMe B anpese U Mae: MMEHHO B 3TM MecAubl
K03bduMumMeHTbl Koppenauuun aocturatoT r = 0,31 n r = 0,50
COOTBETCTBEHHO (Npu p < 0,05), yTo oTBevyaeT nepuoay
dopmupoBaHMA paHHel apeBecuHbl. Hanpotus, ocagku B
MapTe He OKa3blBalT 3HAYMMOro BAUAHUA. AHANOMMYHO
anpento, HabnwgaeTca CxoAHoe BAWAHWE  OCAAKOB,

BbiNaJalowWwmx B aBrycre, Korga npomcxoaut Gopmmuposa-
HWe no3gHei papesecuHbl. Cnabas  oTpuuaTesibHan
Koppenauus Habnoganac Mexay MHAEeKcamu
pafManbHOro NPMPOCTa COCHbl M OCagKamu B OKTabpe.
Mcxoga w3 AaHHbIX, NPeACTaBlAeHHbIX Ha PUCYHKe 4,
HabnogaeTca HU3KasA CBA3b PaAMasbHOro NPUPOCTa COCHBbI
C NETHMMM OCaaKamu — KO3GOULMEHT Koppenauum B mae
npocturaet 0,23 (cnabaa cBAsb) Ha IV cTtaguu gurpeccuu.

KosdpduumeHT Koppenaumm C  ocafkamu  OKTabpsa
noKasblBaeT  TaKXe  OTPULATENbHYIO  3aBUCMMOCTb
(r=-0,11).

HeobxoaMmo oOTMeTUTb, 4YTO KOppPenauMoHHan
CBA3b WMHAEKCOB MPMPOCTa C OCagKaMu Bbllle, Yem C
TemnepaTtypor Bo3Ayxa, MNpU  3TOM  KOIPPULMEHTbI
KOppenauum ¢ TemnepaTypol Bo3gyxa ANA OTAE/bHbIX
MecALEeB OKas3a/nncb CTAaTUCTUYECKM He3HauyuMmbl. AHanus
KOPPENALUMOHHON CBA3U MeXAy WHAEKCaMW TOAMYHbIX
KONew, W KAMMATUYECKMMM NapameTpamu No3BoAseT
roBOpUTb O TOM, YTO B Hambosblueir CTeneHn BAWAHUIO
KAMMATUYECKMX (GaKTOPOB MOABEP)KEHbl HacaXAeHusa C
HaMMEHbLUMM  YPOBHEM  PEKPeaLMOHHOM  Harpysku
(I cragua aurpeccun).

[na Bcex HacaxaeHWn BbIGOPKM OTMevanacb
3HaYMManA 3aBUCMMOCTb MeXKAy NoKasaTesem paguanbHoOro
npupocTa U CyMMOM OCaZlKoB B UIOHe Tekyluero roga. Mpu
3TOM CTeneHb CBA3M YMEHbLUAETCA OT MeHee HapyLUeHHbIX
y4acTKoB K 6onee  HapyweHHbIM (0T  3HaYeHui
KoapodumumenTa 0,24 Ha | ctagum gurpeccum go 0,13 Ha
IV ctagmu). B HacaaeHuUAX C MUHMMANbHOW HarpysKoM
(I ctapmsa purpeccvn) oTMevaeTca oOTpuUUaTeNbHas CBA3b
NnokKasaTena NPUpPocTa COCHbI C TeMnepaTypamn Bo3ayxa. B
YacTHOCTH, BbICOKMNE TemnepaTtypbl aekabps,
npeaLwecTBoBaBLLUEro BereTallMoOHHOMY Ce30HY, HeraTMBHO
CKasblBalOTCA Ha npupocte. OAHako B OT/ivyne oOT
nokasaTesie OCagKoB anpena W Masa TeKywero roaa,
OaHHbIN NapameTp, O4YEeBUAHO, ABAAETCA HE BAUAKOLWUM
$aKTOpPOM, @ UL KOPPENTUPOBAHHbLIM.
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PUcyHOK 3. B3aMmMoCBA3b KNMMATUYECKMX NAapaMeTPOoB U PaiMasbHOro NPUPOCTa COCHbI 06bIKHOBeHHOM (P. sylvestris L.)

Ha y4acTKax C Haya/bHOM CTagueit pekpeaLMoHHOW aUrpeccum

Figure 3. Relationship between climatic parameters and radial growth of Scots pine at sites with the initial stage

of recreational degression
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PUCYHOK 4. B3aMMOCBA3b KNIMMATUYECKMUX NAapaMeTPOB U PafiMasbHOrO MPUPOCTa COCHbI 0BbIKHOBEHHOW
(P. sylvestris L.) Ha yqacTKax c IV cTagneit pekpealmoHHOM Anrpeccum
Figure 4. Relationship between climatic parameters and radial growth of Scots pine at sites

with the IV stage of recreational degression

Mo BCeM Haca)KAeHWsM, BK/IOYEHHbIM B BbIBOpPKY, 6bina
obHapy)KeHa 3HAUMMaA Koppenauma Mexay Temnamu
pagmManbHOro NpUMpocTa M CYMMOM OCaZKOB, BbIMABLIMX B
WIOHe TOro e roga. Cuna 3TOM CBA3M  HECKO/IbKO
ocnabeBaeT OT MeHee HapylWeHHbIX MEeCToObUTaHUn K
6onee HapyweHHbIM, O YeM CBUAETENbCTBYET CHUXEeHUe
KoadpduumeHTos ¢ 0,24 Ha | ctagun gurpeccum go 0,13 Ha
IV ctagmu. B HacaxkgeHuax, noaBeprwmnxca MMHUMa bHOMY
peKkpeauMoHHOMY Bo3geicTBuio (I cTagua), oTmeveHa
oTpuuaTeNbHan KOppenauma mexgy NpupocTomM COCHbl U

TEMNepaTypol OKpyxKatoLwen cpeapl. NprumeyatenbHo, YTo
noBbllWEHHblEe TeMnepaTypbl B AeKabpe, npealiecTsyowme
BereTauMoOHHOMY Nepuoay, HeraTUBHO BAUAIOT Ha MPMPOCT.
OAHaKo Npv CpaBHEHUW € ApyrMmu KoabduumeHTamm, sTa
cUTyaumsa, no-sMOUMMOMY, CBUAETENbCTBYET O KOppPeanpo-
BaHHOCTM GaKTOPa, a HEe ero NPUYUHHOMN PONW.
NccnepoBaHua ONHaMUKK paguanbHoro
NPUPOCTa COCHOBbIX APEBOCTOEB B OTHOCUTE/IbHO CyXWX
YCNOBUAX JIEHTOYHbIX 60poB [MPUUPTBILICKOrO perMoHa
BoctouHoro KasaxcraHa no3BoJINAN YCTaHOBUTb
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CYyWECTBEHHYIO 33aBMCMMOCTb [aHHOTO MoKasaTena oT
TemnepaTypHoro pexuma [18]. CornacHo noay4YeHHbIM
pe3ynbTaTaMm, 3a NATUAECATUNETHUI Nepuos HabnogeHn
oTMeYeHa auddepeHUMaUNs BAUAHUA TemnepaTypHOro
¢daKTopa: 3adMKCUPOBAHO CHUNKEHUE 3HAYMMOCTM MANCKUX
TemnepaTyp TeKyllero BereTayMoHHOro nepuoga npu
O[HOBPEMEHHOM YCUNEHUN KOPPENALUMNOHHbIX CBA3EW C
VIONbCKMMM MOKasaTensmu. B nocnegHue nontopa-gBa
OECATUNETUS  BbIABNEH  YCTOMYMBBLIN  MOJIOXKUTE/IbHbBIN
TPEHA BO3AEWCTBMA TMO3AHENETHUX W PaHHEeOCEHHMX
(aBryctT—ceHTAbpb) TemnepaTyp BO34yXa. AHanormyHas
TeHOEHUMS NPOCNEKMBAETCA B OTHOLIEHUW aBryCTOBCKUX
aTMmochepHbIX 0CaaKoB npeaLwecTByHOLLErO roga.
OTMEYEHO TaKKe, YTO CBA3b MeXAy KOIMYeCTBOM OCaZKoB
B MIOHe—MAe M TOAMYHBIM  MPUPOCTOM  COCHBbI
OKasblBaeTcA HecTabunbHOW BO BpemMeHW. BbifiBNAeHHble
3aKOHOMEPHOCTN CBUAETENbCTBYIOT O TpaHchopmauum
KIMMaTUYECKOTO OTK/IMKA APEBECHbIX PACTEHUI B YC/IOBUAX
COBPEMEHHbIX U3MEHEHMWIN PErMOHANbHOMO KANMmaTa.

MonoxutenoHole KoapOULMEHTbI  Koppenaumm
MeXay MPUPOCTOM COCHbl M 3MMHUMM TemnepaTypamu
6bI1M OTMEYEHbI BO MHOTUX UCCNEA0BAHUAX, NPOBEeAEHHbIX
B pa3/nuHbIX pervoHax Esponbl [19; 20]. BeposATHo, 3Ta
TeHAeHUMA ob6bACHAETCA MNOBpEeXAEHUMEM LepeBbeB U UX
KOPHEBbIX CUCTEM B YC/IOBUAX CUNbHbIX MOPO30B. Kpome
TOoro, npu raybokom npomepsaHuy nousbl (B ycnoBuaAx
HU3KUX TemnepaTyp deBpans) yBennumBaertca nepuog, eé
oTTamBaHuA. HanpoTtuse, mArkne 3umbl cnocobctytoT 6onee
paHHeMy BO30OHOBNEHMIO KambwanbHOW aKTUBHOCTU U
co3atoT bnaronpuATHble ycnosua ana ¢oTocmMHTesa.

CTaTMCTUYEeCKMEe pacyeTbl MO3BONAIOT A0Ka3aTb,
YTO Ha NPUPOCT COCHbI 3HAYUTEIbHOE BIMSIHUE OKa3blBalOT
KAMmaTtndeckne ¢aktopbl — OCagKkM W TemnepaTtypa
BO34yXa, NpWYEM Haubonee  BbIPAKEHO  BAUAHME
aTMocdepHbIX O0CafKOB 3a TMAPO/SOTMYECKUI rof B
ApesocTonax Ha | ctaamm aurpeccun (4o 76 %) (taban. 5).

Tabnuua 5. Cvna BAMAHWA KIMMATUYECKMX GAKTOPOB Ha NPUPOCT COCHbI 06bIKHOBEHHOM (Pinus sylvestris L.)
Table 5. Strength of influence of climatic factors on the growth of Scots pine

MHAaeKcbl npupocTta Ha pasHbIX
cTapuAx gurpeccumn

Knumatunueckue pakropbl
Climatic factors

Growth indices at different

degression stages t Py P
|
crap,uﬂ‘,qurpeccuu 0,41 0,73 0,76
Degression stage 1
1l c*ra,quﬂ‘,qurpeccuu 0,36 0,71 0,73
Degression stage 2
- c-rap:vm pvrpeccumn 0,30 0,62 0,60
Degression stage 2—-3
-
crag,ua Aurpeccum 0,22 0,40 0,36
Degression stage 3—4
IV cragua aurpeccumn 0,14 0,25 0,29

Degression stage 4

MpumeyvaHue: t — memnepamypa 8030yxa, °C; Pny— ammocgepHsie 0cadku 3a 2udposozudeckuli 200, MM;

Py — cymma ammocghepHbix 0cadKo8 3a 200, MM

Note: t — air temperature, °C: Pwy,— precipitation for the hydrological year, mm; P, — total precipitation for the year, mm

B uccnepgosaHumn LUuaTtoBa c coasT. [21], nocBsAweHHOM
aHaNu3y B/IMAHUA KPYNMHOMACWTAOHbIX KAMMATUYECKMX
LUPKYNALUA Ha PEKOHCTPYMPOBAHHYHO AMHAMUKY OCaflKoB
no AeHAPOXPOHONOrMYECKMM  LaHHbIM  INCTBEHHULbI
cMbMpPCKOM, BbiABNEHA [AOCTOBEPHAA MOJOXKUTE/bHAsA
33aBMCMMOCTb MEXAY pPaguanbHbiM NPUPOCTOM ApPEeBEeCUHbI
M aTtmochepHbIMW OcagKkamu B nepuosn ¢ despans no
OKTABPb, a TaKXKe B U0/ie—aBrycTe nNpeALwecTByoLLEero roaa
BeretTaumMm. B To e Bpems KOpPPensuMOHHbIM aHanu3
NPOAEMOHCTPUPOBAN 3HAYMMYIO OTPULLATENIbHYIO 3aBUCKU-
MOCTb mexay LWMpPUHOM roANYHbIX Koneyw u
TEMMepaTypHbIM  PEeXUMOM B Mae—ceHTAbpe/okTabpe
roga, npealecreytowero ¢opMmmMpoBaHUIO roANYHOIo CNoA
ApeBecuHbl. Ha OCHOBaHMWM MOJIYYEHHbIX pPe3y/nbTaToB
ABTOPbl BbIABUIAKOT TUMNOTE3y O HEraTMBHOM BAUAHUMU
NMOHWMKEHHbIX  Temnepatyp B 3asepwatowenn  ¢dase
BeretTauMoHHOro nepuoga (oKTabpb) Ha npouecchbl
KCWU/IOFTEHe3a, YTO HAxXoAUT OTpaKeHne B peayKLuuu
pagmnanbHOro NPMpPOCTa APEeBECUHbI.

Mo mepe yBennyeHUA BO3pacTa COCHOBbIX
HacaXAeHU, WUX CcrnocobHOCTb K  AENOHWPOBAHMIO
yrnepoga TakXe Bo3pactaet. [lpy 3TOM cpegHue
NoKasaTe/M  U3MEHEHMA  CKOPOCTM  AEeNOHWPOBAHMUA
OOCTUTAlOT MWKOBbIX 3HAYEHUM K YeTBepToMy KJaccy
BO3pPacTa, a 3aTeM CHUXKAIOTCA B BOCBMOM U NOC/AeAyLWmnX
Knaccax [22]. B uccnepoBaHMsAX — OTMeYaeTcs, 4To

CTapOBO3pacTHble J1eca TaK¥Ke BbIMOAHAIT BaXHYHO po/b B
MUTUFAUMU KAIMMATUYECKUX U3MeHeHUN [23; 24]. HecmoTps
Ha To, YyTo B BOo3pacTe 6onee 150 neT cocHa He UMEET CTO/b
3HAUYUTENIbHOTO MOT/NOWEHNA Yrnepoda U CKOPOCTU pocCTa,
Kak B 6onee paHHMX Knaccax BO3pacTa,
yrnepogoAenonupyowan ¢GyHKUMA TaKKe NpoaosiKaeT
BbINOJ/IHATLCA APEBOCTOEM.

CornacHo nposeaeHHbIM nccnefoBaHUAM,
cpefHerofoBoe AenOHUPOBaHWE yriaepoja B CTBONOBOW
LpeBecMHe OAHOro «cpegHero» aepesa B 160-netHem
apesoctoe Ha | cragum pgurpeccum 3a  AeCATUNETHUMN
nepuog, HabaogeHnin (2013-2022 rr.) No HaWKMM pacyeTam
coctaeuno 15,2 r. CneayeT MNoAYEpPKHYTb, YTO AaHHbIN
NoKasaTe/lb XapaKTepu3yeTcA 3HAYMTENbHON MeXrofoBol
BapnabenbHOCTbIO:  MUHMMAJIbHbIE  3HayeHus  Hbian
3a¢pukcuposaHbl B 2013 roay (10,31 r), B TO Bpemsa Kak
MaKCUManbHbIA  YpPOBEHb  AENOHWPOBAHMA  yriepoaa
Habntoganca 8 2022 roay (22,55 r) (puc. 5).

Mo  pe3synbtaTam  AEHOPOXPOHONOTNYECKOro
aHaM3a yCTaHOB/IEHO, YTO aKKyYMyNAUUA yrieposa O4HUM
«cpegHMm»  gepeBom  Ha IV ctaguu  aurpeccuu
XapaKTepu3yeTca CyLLeCTBEHHO MEHbLUMMMU 3HAYEHUAMM:
cpegHeronosoe LenoHnpoBaHue yrnepoga 3a
aHaNOIMMYHbIA  Nepuom, CcocTaBuio 2,6 I, Npu  3TOM
amnauTyaa KonebaHui BapbuMpoBana OT MMHUMAIbHOTO
3HayeHua 0,92 r (2013 r) o makcumyma 6,56 r (2021 r).
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Kpome TOro, geHgpoxpoHonoruveckaa cepua 2010-2013
rr.  AEMOHCTPUPYeT aHOMa/lbHO  HU3KME  3HayeHuA
pagmanbHOro npupocta JApesoctoa Ha IV cragum
Aurpeccun, 4To, HECOMHeHHO, 06ycnoBneHo 3KcTpe-
manbHoh 3acyxor 2010 ropa. KnumaTtuyeckue ycnosus
2014-2015 un 2020 rogoB TaKXe XapaKTepu3oBanucCb
BbIPaXeHHbIM TMAPOTEPMUYECKUM CTpeccom (puc. 5).

AHanus  ApeBeCcHO-KO/bLEBbIX  XPOHO/OrUM
nokasan, 4yto pAans Apesoctoes | cragum  gurpeccum
KMOUEBbIM  IMMUTUPYIOWMM  GaKTOPOM  paAmManbHoro

npupocTa M, cnepoBaTenbHO, AEnNOHMPOBaHWA Yraeposa
ABNAETCA TUAPOTEPMUYECKUIA PEXUM, B OCOBEHHOCTU
Ce3oHHOe pacnpegeneHne 0cagkoB. B To e Bpems,
apesocton IV cTagMu  gMrpeccMm  LeMOHCTPUPYIOT

—_ —_ —_
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MpupocTt apeeecuHsl / Wood increment:
=== | ctagna aurpeccuu / Degression stage 1

mmm |\/ ctagusa gurpeccum / Degression stage 4

YCTOMYMBYIO [Enpeccuto paguanbHOro NpuMpocTa Kak B
nepuoa ao 2010 roga, TaK 1 nocnae Hero.

[JeHapoxpoHonormyeckaa  PeKOHCTPYKUMA U
KO/IMYECTBEHHbIN  aHa/M3  MOTrO4MYHOW  U3MEHYUBOCTM
npupocta MO3BOMIAOT CYyAWTb O TOM, YTO HAYa/bHbIN
nepuvoa peKkpeauuoHHOro BO3LENCTBUA XapaKTepusyeTcs
3HauMTeNbHOW  Aenpeccver  pagManbHOro  MpPMpocTa
COCHOBbIX ApeBOCTOeB. XOTA B nociaegyloune roapl
Habnopaetcs HeKkoTopas cTabunusaums cpepHux
3HaYeHUW MPUPOCTa, MOMNKHO C BbICOKOW CTEMeHblo
BEPOATHOCTM MPOrHO3MPOBaTb, YTO AANbHENLIee ycuneHume
pPEeKpPeaumoHHOM  Harpysku HeusbexHo npusener K
CYLLECTBEHHOMY CHWMKEHMUIO KaK paZManbHOro npupocTa,
TaK M NokasaTenen AenoHMpPOBaHUA yraepoaa.

25

Yrnepopa apeBecuHsl, I/ Wood carbon, g

2022

Yrnepog gpesecuHbl / Wood carbon:
=== | ctagua gurpeccun / Degression stage 1
**+** |V cragmsa gurpeccum / Degression stage 4

PUCYHOK 5. l0AWMYHOE AenoHUPOBaHUE yrieposa O4HUM CPeaHUM SEPEBOM COCHbI 0BbIKHOBEHHOM Ha | cTagmu aurpeccun
Figure 5. Mean annual carbon sequestration by model trees of Scots pine at degression stage 1

3AK/TIOMEHUE
PesynbTaThl  NpoOBeAEHHOrO0  MUCCNEAOBAHUA  BblABUAMN
3HaumMTe/IbHblE n3meHeHuA B KoadpduumeHTe

M3MEHYMBOCTU MNPUPOCTa ApPeBeCcuMHbl Ha BCeX CTaamAax
aurpeccun B nepuog, 2011-2013 ropos, ¢ 0cobeHHo
pe3kumu KonebaHusmu B Haubonee 3acywnvsblie U
B/1a’KHble roAbl. YCTaHOBAEHO, YTO ANHAMMUKA paAnanbHOro
npupocra ApeBocToeB Ha nocnegHux CTaanax
peKpeaunoHHOM aurpeccum LEeMOHCTpUpyeTt
3HauMTeNbHYl0 BapuabenbHOCTb MNoKasaTenen roAMYHOro
npupocta, npu 3Tom, Ha IV cTagum aurpeccuu
HabnoAaeTcA CyWeCTBEHHOE CHUMKEeHWe amnautyapl u
nectabunmsauma  LMKAMYHOCTM MPUPOCTA APEBECUHbI U
OEenoHMPOBaHMA yraepona. AHanu3 ApeBecHO-KO/bLEBbBIX
XPOHO/IOTUI  CBUAETENbCTBYET O HA/NMYMKM [LOCTOBEPHOM
NONIOXKUTENbHOW CBA3U MEXAY KOIMYEeCTBOM aTMochepHbIX
0CaJKOB M MHAEKCAMM pafuMasibHOro NpUpocTa B nepuoapl

dbopmupoBaHUA paHHel (anpenb — Mai) M nosaHewn
ApeBecyHbl (asrycr). HaHHas 3aKOHOMEpPHOCTb
ybeanTeNnbHo  NOATBEPXKAAET  AOMWHUPYIOWYHO  POJb

rMOPOTEPMUYECKOrO pPEeXMMa KaK OCHOBHOrO JIMMWUTU-
pylowero ¢akTopa, AeTepMUHUPYIOLLEro KambuanbHyo
aKTUBHOCTb CcOCHbl. CnegyeT 0cobo noAYEPKHYTb, 4TO
CUHEpPrnyecknin sdpdeKT aHTPOMOreHHOM peKpeaLoHHOM
HarpyskM M HebNaronpuATHbIX KAMMATUYECKUX (aKTopoBs
NPVBOAUT K YCU/IEHWUIO Jenpeccun npupocTa B COCHOBbBIX
[ApPEeBOCTOAX, YTO OTpaxKaeTcA Ha GOPMUPOBAHUMN FTOANYHBIX
KONew, W, Kak cneacreve, MpPOABAAETCA B CHUXKEHWUM
NPOAYKTUBHOCTU JIECHbIX 3KOCMCTEM W CEKBecTpauuu
yrnepopa.

OyeBnAHO, 4yTO CnocobHoCTb  AepeBbes
AEeNOHMPOBaTb YINepos, 3HAaYNTENIbHO CHUXKAeTCA No mepe
nporpeccMpoBaHnA CTagun  [Urpeccuu, 4To 0COBeHHOo
3ametHOo Ha IV cragum. B uenom, pesynbraTbl
NoAYEpPKMBAIOT  Ba)KHOCTb  yyeTa  KAMMATMYECKUX U
QHTPOMOTrEeHHbIX M3MEHEHUM W WX BAUAHWUA Ha NecHble
3KOCUCTEMbI B JOITOCPOYHOM NepcneKkTuBe.

174

ecodag.elpub.ru/ugro/issue/current




South of Russia: ecology, development 2024 Vol. 19 no.4

D.A. Litovchenko et al.

B/IATOAAPHOCTb

PaboTa BbiNoNHEHA B pamMKax rocyAapCcTBEHHOMO 3a4aHun
MwuHUCTEPCTBA HayKM 1 Bbiclwero o6pasoBaHus
Poccuiickoit ®epepaunn N 1023013000012-7
«BMOreoXMMMYeCcKMin MOHUTOPUHT LMKAA YIrieposa B
NPUPOAHbIX U AHTPOMOreHHbIX IKOCUCTEMAX BopoHeKcKoM
o6nacTu B ycnosumaAx rnobanbHOro U3MeHeHUs Kaumara
(FZUR-2023-0001)».

ACKNOWLEDGMENT

The study was carried out within the state assignment of
Ministry of Science and Higher Education of the Russian
Federation (theme No. 1023013000012-7, Biogeochemical
Monitoring of the Carbon Cycle in Natural and
Anthropogenic Ecosystems of the Voronezh Region under
Conditions of Global Climate Change (FZUR-2023-0001)).

BUBJIMOTPAGUYECKUIA CNIUCOK

1. Pan Y., Birdsey R.A., Phillips O.L., Houghton R.A., Fang J.
et al. The enduring world forest carbon sink // Nature.
2024.V.8021. N 631. P. 563-569.
https://doi.org/10.1038/s41586-024-07602-x

2. De Frenne P., Lenoir J., Luoto M., Scheffers B.R.,

Zellweger F. et al. Forest microclimates and climate change:

Importance, drivers and future research agenda // Global
Change Biology. 2021. V. 27. N 11. P. 2279-2297.
https://doi.org/10.1111/gcb.15569

3. Pardi F., Ruziman H.H., Suratman M.N. The Vulnerability
of Forest Resources to Climate Change / Ed. by A. Raj et al.
Wiley, 2023. P. 103-131.

4, Lazaro-Lobo A., Ruiz-Benito P., Cruz-Alonso V., Castro-
Diez P. et al. Quantifying carbon storage and sequestration
by native and non-native forests under contrasting climate
types // Global Change Biology. 2023. V. 16. N 29. P. 4530-
4542, https://doi.org/10.1111/gcb.16810

5. Tumawyk A.A., NoTtanoBa 3.H. J/lecoBoACTBEHHAA OLEHKA
COCHOBbIX HaCaXKAEeHWUI B 30HE PeKpeaunoHHOro
BO34elCcTBMA B BopoHexckoi obnactu //
JlecoTexHuyeckuit }kypHan. 2016. T. 6. N 1. C. 53-61.

6. Matsees C.M., /lutosyeHko [.A. [leHapoKknMmaTonorma
COCHbl 06bIKHOBEHHO (Pinus sylvestris L.) B ycnosuax
YcmaHckoro 6opa BopoHeskckoi obnactv //
JlecoTexHuuyeckuii }kypHan. 2024. T. 13. N 4. C. 110-136.
https://doi.org/10.34220/issn.2222-7962/2023.4/20

7. Crapopybuesa E.A., XaHuHa /1.[. Knaccudukayma
pacTuTenbHOCTM BopoHexcKoro 3anosegHuka //
PactutenbHoctb Poccuun. 2009. T. 14. C. 63-141.

8. Morkovina S., Sheshnitsan S., Panyavina E., lvanova A,,
Kuznetsov D. Opportunities and prospects for the
implementation of reforestation climate projects in the
forest steppe: an economic assessment // Forests. 2023. V.
14. N 8. P. 1611. https://doi.org/10.3390/f14081611

9. KoHcTaHTMHOB A.B. CLeHapHbIN NOAX0A4 K afanTaumm
NecHbIX akocucTem Poccuitickon ®epepaumm B yCnosBuax
n3MeHeHuit Knumata // U3sectus PAH. Cepua
reorpaduyeckan. 2023. T. 87. N 4. C. 558-567.
https://doi.org/10.31857/52587556623040039

10. Anderson-Teixeira K.J., Herrmann V., Morgan R.B.,
Bond-Lamberty B., Cook-Patton S.C. et al. Carbon cycling in
mature and regrowth forests globally // Environmental
Research Letters. 2021. V. 16. N 5. Article id: 053009.
https://doi.org/10.1088/1748-9326/abed01

11. MupoHeHko A.B., Matsees C.M., JlInutosyeHko [.A.
Mporpamma a1a 06paboTKM BpemMeHHbIX PAS0B MeToAamM
CKO/Ib3SILLLETO CPeAHEro U MaTeMaTUYecKoro
mogenmposanua. NMateHT PO, N 2023615502, 2023.

12. Wnaros C.I'., BaraHos E.A., KupaaHos A.B., Kpyrnos
B.B., Masena B.C. u ap. MeToapb! 4eHAPOXPOHONOIUN.
KpacHospck: U3aaT. ueHTp KpacHosp. roc. yH-Ta, 2000. 80
c.
13. WesenuHa W.B., Harumos 3.4., Hypues [.H.
OcobeHHOCTU pocTa 03eNeHUTeIbHbIX NOCaA0K bepesbl B T.
Ekatepunbypre // Matepuansi | Bcepoccnitckoi HaydHo-
npaKkTuyeckon KoHdepeHuun «JlaHawadTHaA apxMTEKTypa:
Tpaauumun n nepcnektmsbl — 2022», EKatepunbypr, 2022. C.
195-200.

14. MeTeocTaHuma «BopoHex». Kaumat BopoHea //
MNoropa n knumart. URL:
http://www.pogodaiklimat.ru/monitor.php?id=34123
(maTa obpaweHus: 20.10.2023).

15. Lloret F., Siscart D., Dalmases C. Canopy recovery after
drought dieback in holm-oak Mediterranean forests of
Catalonia (NE Spain) // Global Change Biology. 2004. V. 12.
N 10. P. 2092-2099. https://doi.org/10.1111/j.1365-
2486.2004.00870.x

16. ibicnkos A.b., CygHuubiHa T.H. BanaHne pekpeaumn Ha
NnoyBY IMCTBEHHbIX HacaxKaeHnn CepebpaHobopcKoro
onbITHOro necHnyectsa // NlecosepeHue. 2008. T. 3. C. 47—
56.

17. MupoHoB B.A. Konornyeckne ocobeHHOCTH U
BOCCTAaHOBMTE/IbHAA AMHAMMKA TEMHOXBOMHbIX N1€COB
CpegaHero Ypana. CBepanosck: YpO AH CCCP, 1991. 127 c.
18. flaHuyeBa A.B., 3anecos C.B., MykaHos b.M. Baunsaxwue
KAMMATUYECKMX GAaKTOPOB Ha pasmabHbI NpUpoCT
[AepeBbeB B COCHAKAX Ka3aXxCKOro MesIKoConoYHuKa //
MeKayHapOaHbIM HAayYHO-UCCeL0BATENbCKUIM XKYpPHa.
2020.T.93. N 3. C. 68-76.
https://doi.org/10.23670/IRJ.2020.93.3.010

19. Dauskane I., Elferts D. Influence of climate on Scots
pine growth on dry and wet soils near Lake Engure in Latvia
// Estonian Journal of Ecology. 2011. T. 60. N 3. C. 225.
https://doi.org/10.3176/ec0.2011.3.05

20. Edvardsson J., Rimkus E., Corona Ch., Simanauskiené S.,
Kazys J., Stoffel M. Exploring the impact of regional climate
and local hydrology on Pinus sylvestris L. growth variability
— A comparison between pine populations growing on peat
soils and mineral soils in Lithuania // Plant and Soil. 2015.
V. 392. N 1-2. P. 345-356. https://doi.org/10.1007/s11104-
015-2466-9

21. WnaTos C.I'. leHApOXPOHONOMMA, ee NPUHLMMDbI U
meToabl. CBepaNnoBCK: Ypanbckuii HayuHbiii LleHTp AH
CCCP, 1973.

22. Poxkkos J1.H. FToanuHana abcopbuma yrnekucioro rasa
COCHOBbIX APEBOCTOEB B CBA3M C Bo3pactom // Tpyabl BITY.
Cepus 1, JlecHoe X03814CTBO, NPUPOAOMNO/Ib30BaHME U
nepepaboTka Bo3obHOBASEMbIX pecypcoB. 2020. T. 234. N
2.C. 64-68

23. JlykuHa H.B. CmupHoB B.3., TebeHbKosa [.H.,
JOanunosa M.A., TuxoHosa E.B. n gp. Ponb
CTapOBO3PACTHbIX JIECOB B aKKYMYNALUU U XPaHEHUU
yrnepoaa // Ussectua Poccuiickoit Akagemum Hayk. Cepus
leorpaduyeckan. 2023. T. 87. N 4. C. 536-557.
https://doi.org/10.31857/52587556623040064

24. Luyssaert S., Schulze E.D., Borner A., Knohl A,,
Hessenmoller D. et al. Old-growth forests as global carbon
sinks // Nature. 2008. V. 7210. N 455, P. 213-215.
https://doi.org/10.1038/nature07276

REFERENCES
1. PanY., Birdsey R.A., Phillips O.L., Houghton R.A., Fang J.
et al. The enduring world forest carbon sink. Nature, 2024,

ecodag.elpub.ru/ugro/issue/current

175



O.A. lutoBYeHKo u dp.

KOr Poccuun: akonorus, passutne 2024 T.19N 4

vol. 8021, no. 631, pp. 563-569.
https://doi.org/10.1038/s41586-024-07602-x
2. De Frenne P., Lenoir J., Luoto M., Scheffers B.R.,

Zellweger F. et al. Forest microclimates and climate change:

Importance, drivers and future research agenda. Global
Change Biology, 2021, vol. 27, no. 11, pp. 2279-2297.
https://doi.org/10.1111/gcb.15569

3. Pardi F., Ruziman H.H., Suratman M.N. The Vulnerability
of Forest Resources to Climate Change. Ed. by A. Raj et al.
Wiley, 2023, pp. 103-131.

4. Lazaro-Lobo A., Ruiz-Benito P., Cruz-Alonso V., Castro-
Diez P. Quantifying carbon storage and sequestration by
native and non-native forests under contrasting climate
types. Global Change Biology, 2023, vol. 16, no. 29, pp.
4530-4542. https://doi.org/10.1111/gcb.16810

5. Timashchuk D.A., Potapova E.N. Silvicultural assessment
of pine plantations in the zone of recreational impact in the
Voronezh region. Lesotekhnicheskii zhurnal [Forestry
Engineering Journal]. 2016, vol. 6, no. 1, pp. 53-61. (In
Russian)

6. Matveev S.M., Litovchenko D.A. Dendroclimatology of
Scots pine (Pinus sylvestris L.) in the Usmansky pine forest
conditions of Voronezh region. Lesotekhnicheskii zhurnal
[Forestry Engineering Journal]. 2024, vol. 13, no. 4, pp.
110-136. (In Russian) https://doi.org/10.34220/issn.2222-
7962/2023.4/20

7. Starodubtseva E.A., Khanina L.G. Classification of the
vegetation of the Voronezh Nature Reserve. Rastitel'nost'
Rossii [Vegetation of Russia]. 2009, vol. 14, pp. 63—-141. (In
Russian)

8. Morkovina S., Sheshnitsan S., Panyavina E., Ivanova A.,
Kuznetsov D. Opportunities and prospects for the
implementation of reforestation climate projects in the
forest steppe: an economic assessment. Forests, 2023, vol.
14, no. 8, pp. 1611. https://doi.org/10.3390/f14081611

9. Konstantinov A.V. Scenario approach to adaptation of
forest ecosystems in the Russian Federation under climate
change. Proceedings of the Russian Academy of Sciences.
Geographical Series, 2023, vol. 87, no. 4, pp. 558-567. (In
Russian) https://doi.org/10.31857/5S2587556623040039
10. Anderson-Teixeira K.J., Herrmann V., Morgan R.B.,
Bond-Lamberty B., Cook-Patton S.C. et al. Carbon cycling in
mature and regrowth forests globally. Environmental
Research Letters, 2021, vol. 16, no. 5, article id: 053009.
https://doi.org/10.1088/1748-9326/abed01

11. Mironenko A.V., Matveev S.M., Litovchenko D.A.
Programma dlya obrabotki vremennykh ryadov metodami
skol'zyashchego srednego i matematicheskogo
modelirovaniya [Program for processing time series by
moving average and mathematical modeling methods].
Patent RF, no. 2023615502, 2023.

12. Shiyatov S.G., Vaganov E.A., Kirdyanov A.V., Kruglov
V.B., Mazepa V.S. et al. Metody dendrokhronologii
[Methods of Dendrochronology]. Krasnoyarsk, Krasnoyarsk
State University Publ., 2000, 80 p. (In Russian)

13. Shevelina I.V., Nagimov Z.Ya., Nuriev D.N. Osobennosti
rosta ozelenitel'nykh posadok berezy v g. Ekaterinburge
[Growth features of birch plantings in Yekaterinburg].
Materialy Vserossiskoi konferentsii «Landshaftnaya
arkhitektura: traditsii i perspektivy», Yekaterinburg, 2022

KPUTEPUU ABTOPCTBA

[Japbs A. JIuTosyeHKo cobpana smnmpuyeckme faHHble,
npoBena aHann3 KNMMaTUYeCKnX n
AEHAPOXPOHONOTMYECKUX AaHHbIX, Hanucana PyKonuchb.

[Proceedings of All-Russian Conference “Landscape
architecture: traditions and prospects”, Yekaterinburg,
2022]. Yekaterinburg, 2022, pp. 195-200. (In Russian)

14. Voronezh weather station. [Climate of Voronezh]
Pogoda i klimat. (In Russian) Available at:
http://www.pogodaiklimat.ru/monitor.php?id=34123
(accessed 20.10.2023)

15. Lloret F., Siscart D., Dalmases C. Canopy recovery after
drought dieback in holm-oak Mediterranean forests of
Catalonia (NE Spain). Global Change Biology, 2004, vol. 12,
no. 10, pp. 2092-2099. https://doi.org/10.1111/j.1365-
2486.2004.00870.x

16. Lysikov A. B., Sudnitsyna T. N. The influence of
recreation of soils under deciduous stands of the
Serebryanoborskii Forestry. Lesovedenie [Russian Journal
of Forest Science]. 2008, vol. 3, pp. 47-56. (In Russian)

17. Mironov B. A. Ekologicheskie osobennosti i
vosstanovitel'naya dinamika temnokhvoinykh lesov
Srednego Urala [Ecological peculiarities and regeneration
dynamics of dark coniferous forests of the Middle Urals].
Sverdlovsk, Ural Branch of the USSR Academy of Sciences
Publ., 1991, 127 p. (In Russian)

18. Dancheva A.V., Zalesov S.V., Mukanov B.M. Influence of
climatic factors on radial growth of trees in pine forests of
Kazakh Upland. International Research Journal, 2020, vol.
93, no. 3, pp. 68-76. (In Russian)
https://doi.org/10.23670/IRJ.2020.93.3.010

19. Dauskane I., Elferts D. Influence of climate on Scots
pine growth on dry and wet soils near Lake Engure in
Latvia. Estonian Journal of Ecology, 2011, vol. 60, no. 3, pp.
225. https://doi.org/10.3176/ec0.2011.3.05

20. Edvardsson J., Rimkus E., Corona Ch., Simanauskiené S.,
Kazys J., Stoffel M. Exploring the impact of regional climate
and local hydrology on Pinus sylvestris L. growth variability
— A comparison between pine populations growing on peat
soils and mineral soils in Lithuania. Plant and Soil, 2015,
vol. 392, no. 1-2, pp. 345-356.
https://doi.org/10.1007/s11104-015-2466-9

21. Shiyatov S.G. Dendrokhronologiya, ee printsipy i metody
[Dendrochronology, its principles and methods].
Sverdlovsk, Ural Scientific Center of the USSR Academy of
Sciences Publ., 1973. (In Russian)

22. Rozhkov L.N. Annual carbon dioxide absorption of pine
stands in relation to age. Trudy BGTU. Seria 1, Lesnoe
khozyaistvo, prirodopol'zovanie i pererabotka
vozobnovlyaemykh resursov [Proceedings of BSTU. Series
1, Forestry, Nature Management and Processing of
Renewable Resources]. 2020, vol. 234, no. 2, pp. 64-68. (In
Russian)

23. Lukina N.V., Smirnov V.E., Tebenkova D.N., Danilova
M.A., Tikhonova E.V.et al. Role of old-growth forests in
carbon accumulation and storage. Proceedings of the
Russian Academy of Sciences. Geographical Series, 2023,
vol. 87, no. 4, pp. 536-557. (in Russian)
https://doi.org/10.31857/52587556623040064

24. Luyssaert S., Schulze E.D., Bérner A., Knohl A,,
Hessenmoller D. et al. Old-growth forests as global carbon
sinks. Nature, 2008, vol. 7210, no. 455, pp. 213-215.
https://doi.org/10.1038/nature07276

AUTHOR CONTRIBUTIONS

Daria A. Litovchenko collected empirical data, analyzed
climatic and dendrochronological data, and wrote the
manuscript. Sergey S. Sheshnitsan analyzed and interpreted

176

ecodag.elpub.ru/ugro/issue/current




South of Russia: ecology, development 2024 Vol. 19 no.4

D.A. Litovchenko et al.

Cepreii C. LLewHWLaH NpoBOAMA aHANU3 U UHTEPNPEeTaLMIO
[AAHHbIX, NOArOTOBUA PUCYHKMN U KOPPEKTUPOBAA PYKOMUCH
[0 nogaun B pefakumio. Hatanma B. AkoBeHKO
KOPPEKTMPOBaaa PyKoNuch 40 NoAauYn B pefaKkLumio.

Bce aBTOpbI B paBHOM CTeNeHW HecyT OTBETCTBEHHOCTb

npu obHapyKeHWM NaarvaTa, camoniarvaTa uam apyrux
HeaTUYecKux npobaem.

KOH®/TUKT MHTEPECOB
ABTOpbI 3aABAAIOT 06 OTCYTCTBMU KOHDNNKTA UHTEPECOB.

data, prepared figures, and proofread the manuscript
before submission to the editorial board. Natalia V.
Yakovenko proofread the manuscript before submission
to the editorial board. All authors are equally responsible
for plagiarism, self-plagiarism and other ethical
transgressions.

NO CONFLICT OF INTEREST DECLARATION
The authors declare no conflict of interest.

ORCID
[Oapba A. lutosyeHko / Daria A. Litovchenko http://orcid.org/0000-0003-2973-7447

Cepreit C. WewHunuaH / Sergey S. Sheshnitsan http://orcid.org/0000-0002-8027-855X

HaTtanusa B. fikoseHko / Natalia V. Yakovenko https://orcid.org/0000-0003-4203-0040

ecodag.elpub.ru/ugro/issue/current

177



eoakonormnsa

HOr Poccuu: akonorus, passutne 2024 T.19N 4

OpwuruHanbHas ctatba / Original article
YJIK 63.631.1
DOI: 10.18470/1992-1098-2024-4-15

PervoHanbHble aganTtayMoOHHble mepbl N0 MUHMMMU3ALUN
KAnmaTtnyeCKux pucKos B Ce/ZIbCKOM Xo3fucrBe

Camup A. Teiimypos, Maromep-Pacyn A. Kasues, Abaynmeaxump A. baromaes
depepanbHbIN arpapHbIN HayyHbIM LeHTp Pecnybavkm JarectaH, Maxaykana, Poccus

KoHTaKTHOE nyo

Camup A. TelimypoB, KaHAMAAT
CeNbCKOXO3ANCTBEHHbIX HAYK, BeAyL M HayYHbIN
COTPYAHMK 0TAENa arponanawadpTHoOro
3emnegenusn, PreHY «depepanbHbili arpapHbii
Hay4HbIi LeHTp Pecnybaunku Jarectan»; 367014,
Poccus, r. Maxaukana, MKP HayuHbIli ropoZoK, yi.
A. LLlax6aHosa 30.

Ten. +7 (903) 499-13-22

Email samteim@rambler.ru
ORCID https://orcid.org/0000-0002-0336-7380

dopmat UUTUpOBaHUA

Teimypos C.A., Kasnes M.-P.A., baromaes A.A.
PernoHanbHble agantaunoHHble Mepbl No
MWHUMU3ALUN KAUMATUHECKUX PUCKOB B CE/IbCKOM
xo3ancree // FOr Poccuu: akonorus, passutume.
2024.T.19, N 4. C. 178-190. DOI: 10.18470/1992-
1098-2024-4-15

MonyyeHa 2 niona 2024 r.
Mpowna peueHsnposaHue 26 ceHTAbpa 2024 r.
MpuHaTa 15 okTAbpa 2024 .

Pesiome

LUenb. OnpeaeneHne Komnaekca perMoHasbHbIX aAanTaLlUMOHHbIX Mep Mo
CHUXXEHUIO OTPUUATE/NbHbIX MNOCNEACTBUN  KIMMATUYECKUX PUCKOB B
cenbCKoMm xo3anctae [arectaHa.

MaTtepnanom  UccnegoBaHWn  nocayKuno cbop M obpaboTKa
KNIMMaTUYECKUX WM3MEHEHUA MO [AaHHbIM WMCTOYHMKa nporpammbl ERAS
(aTmocdepHbit  peaHanus rnob6anbHOrO KAMMaTa MATOrO MNOKOAEHMA
ECMWEF, oxBaTbiBatowmii BpemeHHoOW guanasoH ¢ 1979 no 2022 rog c
NPOCTPAHCTBEHHbIM pa3peweHnem 30 Km). Komnnekc aHanUTUYEecKux
paboT, Hay4YHbIX UCCNEL0BaAHUI MO OLLEHKE PUCKOB W aAanTaLyMmn CebCKOro
XO3ANCTBa, aHa/n3 COBPEMEHHOro COCTOAHWA W pPecypcoBenvyecKkoro
NoTeHLUMaNa NOYB apUAHbLIX SKOCUCTEM PaBHMHHOM 30HbI [arectaHa.

B Pecnybnvke [arectaH MOXHO HabnoAaTb LMKAMYECKMI XapaKkTep
KNIMMaTUYECKUX M3MEeHEeHUW, HaumHas ¢ 1979 r. C 1979 no 2022 roabl
rogoBOE€ W3MEHEHME CpefHel TemrepaTypbl yBenanuunocb Ha 2,8 °C
(nMHKMA TpeHaa Ha 2,3 °C), a cpeaHee KOMYECTBO OCaAKOB YMEHbLUIMAOCH
Ha 173,4 mm (nnHMA TpeHaa Ha 196,3 mm). C yBe/nMyeHWem cTeneHu
3aCyLW/IMBOCTM W yracaHua rMapoMopdHOro pexkMma no4soobpasoBaHUA
ONA MUHUMM3ALMU KAMMATUYECKUX PUCKOB PAaBHWHHOM 30HbI JarectaHa
BblAe/NIeHbl MATb 3KONOTMYECKUX TPYNM MO CTENeHW Aerpajauuun: 3emau
XOpoLlero, yA0BJeTBOPUTENbHOIO, NOCPEACTBEHHOIO, MIOXOF0 U OYeHb
NJI0XOr0 arpo3K0/I0FMYECKOro COCTOAHMA. [peanoXKeHbl Mepbl aganTauum
no MMHUMM3ALUM KAUMATUYECKUX PUCKOB B CENbCKOXO3ANCTBEHHOM
cekTope.

AZanTaunoHHble Mepbl, HEObXoA4MMbI MO YNPABAEHUIO MPUPOAHLIMU U
3KOJIOTMYECKMMW  PUCKaMKM, K  M3MEHEHWIO  KAMMaTa  [OJ/IKHbI
COOTBETCTBOBATb COBPEMEHHbIM TpeboBaHWAM BeAEeHWA YCTOMYMBOrO
CeNbCKOoro X03AW1CTBA, cnocobcTBoBaTh COBEPLUEHCTBOBAHUIO
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Abstract

Aim. Definition of a set of regional adaptation measures to reduce the
negative effects of climate risks in agriculture in Dagestan.

The research material was the collection and processing of climate change
data gathered during the ERA5 programme (atmospheric reanalysis of the
global climate of the fifth generation ECMWF, covering the time range
from 1979 to 2022 with a spatial resolution of 30 km). Analytical works,
scientific research on risk assessment and adaptation of agriculture, and
analysis of the current state and resource potential of soils of arid
ecosystems of the Dagestan plain zone were used in this study.

In the Republic of Dagestan, data on the cyclical nature of climate change
can be observed, starting in 1979. From 1979 to 2022, the annual change
in average temperature increased by 2.8 °C (trend line by 2.3 °C), while the
average precipitation decreased by 173.4 mm (trend line by 196.3 mm). In
analysing the increase in the degree of aridity and the extinction of the
hydromorphic regime of soil formation, five ecological groups were
identified according to the degree of degradation in order to develop a
strategy to minimise the climatic risks of the Dagestan lowland (plain)
zone: lands of good, satisfactory, mediocre, poor and very poor
agroecological condition. Adaptation measures to minimize climate risks in
the agricultural sector are proposed.

Adaptation measures necessary to manage natural and environmental
risks to climate change should meet modern requirements for sustainable
agriculture and contribute to the improvement of agricultural production.

Key Words
climate change, adaptation measures, fertility, irrigated agriculture,
agricultural sectors.
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BBEAEHUE

MccnepoBaHWA NOKasbiBAlOT  BAXKHOCTb  AOATOCPOYHOrO
rno6anbHOro MOHUTOPUHIA KAMMATUYECKUX M3MEHEHUI Ha
OTPACc/N CEeNbCKOrO XO03AWCTBA, HapAAy CO BCECTOPOHHUM
cbOpOM [aHHbIX, AN YAYyYWEHUA Hawero MNOHUMaHUsA
TeKyLLen N3MEHYMBOCTHU Npon3BOAMUTENIbHOCTH "
BAMAIOLLMX Ha Hee pakTopoB. MNobanbHble KAMMATUYECKME
M3MEHEHUA — 3HAYMMbI  GaKTOp  COBPEMEHHOCTH,
onpeaenAnwmi TEHAEHUNN Pa3BUTUA KaK MUPOBON, TaK U
POCCUIMCKOM 3KOHOMMKM. OAMH M3 BaKHbIX CEKTOPOB
3KOHOMMKM — CENbCKOe XO3AWCTBO, rAe OLEHKA BEPOATHbIX
nocneacTsuii, B  33aBUCMMOCTM  OT  NPUPOAHbLIX U
KANMATUYECKUX 30H, npuobpetaet BaXKHoOe
rocysapCTBeHHOE 3HAYEHME.

M3meHeHWe KnumaTta OKasbiBaeT 3HaYWUTeNbHOe
B/AMAHME HA CENbCKOXO3ANCTBEHHOE MPOU3BOACTBO U
NpoLoBONbLCTBEHHYO 6e3onacHocTb B mupe u Tpebyet
30dEKTUBHbIX pelweHnin ana WX KOppeKTUpoBku [1].

Mo,qenmposaHMe n amnunpuyeckune nccnenosaHuA
NOKa3anan, 4To Ha6mo,u,aeMb|e U3MEHEHNA  KAMmaTa
npusenu K 3HayuTeNIbHOM NU3MEHYNBOCTU MHOTIunX

CeNbCKOX03ANCTBEHHbIX KyNbTyp [2—4]. Bblno ycTaHOBAEHO,
YTo 3TOT 3PPEKT B 3HAYMTE/IbHON CTEMEHW 33aBUCUT OT
reorpapuyeckoro MecTonosIoKeHMe W COOTBETCTBYHOLLMIA
ypoXKail. B ceBepHbIXx perMoHax mupa, rae Temnepartypa
BO34yXa 3HauyuMTeNbHO MOBbIWANacb BECHOW W NeTom,
Habnoganoco yBennyeHune NPOAOMKUTENBHOCTU
BereTauMoHHOrO nepuoga M ero TennoobecrneyeHHOCTy,
yCnoBuA  ANA  BbIPAWMBAHMA  MHOTMX  CENbCKOXO-
3ACTBEHHbIX KynbTyp cTann 6onee 6GnaronpuaTHbIMU W,
BEPOATHO, OyayT yAydleHbl B  KPAaTKOCPOYHOW U
cpegHecpoyHou nepcnektuse [5]. U3-3a KauMMaTUYeECKMX
U3MEHEHUN B 3TUX CEBEPHbIX PErMoHax C MNpoXJaAHbIM
KAMMATOM, KaK MpaBwuno, HabnalogaeTcs nosblWwaeTcs
YPOXKaNHOCTb CEbCKOXO3ANCTBEHHbIX KY/NbTyp, BbIBOAATCA
HOBble COPTa, PacWMPATCA NJOWaAn BO34eNblBAHUA
CeNbCKOXO3ANCTBEHHDbIX KY/bTyp M MNOABAAETCA BO3MOX-
HOCTb NOJYYEHWNA NOBbILEHHOW YPOXKaNHOCTH.

OAHAKO B OMKHbIX PErMoHax Mmupa C TensbiM
KIMMATOM HeraTuBHble nocneacrsma UaMeHeHUA Knnmmarta
0N CeNbCKOXO3AMCTBEHHbIX Ky/AbTyp ropasgo 6bonee
3HaYMTE/IbHbI, YEM MOJIOXKUTENbHbIE, U TeHAEeHUMs byaeT
YCUAMBATLCA C Aa/ibHEMWMM MOBbILLEHWEM TeMnepaTypsl
[6]. YBenuyeHne yactoTbl peuUaMBOB U MHTEHCUMBHOCTb
3KCTpeMasibHbIX MOroAHbIX ABAEHUIN, 0COBEHHO BOJH ¥Kapbl
M 3acyX, 0BYyCNnoBMAW HexBaTKy BAArM W nNUTaTe/bHbIX
BELLECTB, CHUMKEHWE YPOXKAMHOCTU M KayecTBa 3epHOBbIX
KY/ZIbTYpP, COKPATUAWN Ce/IbCKOX03ANCTBEHHOE NPOU3BOACTBO
M noBAnAnu Ha 6e30nacHOCTb MNULEBbLIX MPOAYKTOB B
mupe. B HeKoTOpbIX CTpaHax HeraTMBHble MNOCNAeACTBUA
M3MEHEeHMA KAMMaTta [OCTUratoT TakMX MacwTabos, 4To
CHUMKEHWE YPOXKAMHOCTM 3EepHOBbIX He MOMKeT ObliTb
KOMMNEHCMPOBAHO [JaXKe MPUMEHEHUEM COBPEMEHHbIX
TEXHO/IOTUI, TEXHONOTUK, BHECEHME yaobpeHnin n gpyrve
dakTopbl [7].

CornacHo NepcnekTUBHLIM OLLEHKAM, KAMMATU-
yeckne ycnosua bHyayt cnocobcTBOBaTb  arpapHoOMy
NpPOM3BOACTBY A0 cepeamHbl XXI BEKA, HO K KOHLY CTONeTuA
3T ycnosus HauHYyT  yXyZwarbCea. N3meHeHun
TemnepaTypbl BO34yXa BAMAIOT Ha YpPOXKaAMKHOCTL MU
KauyecTBO 3epHa ropasfo Cu/bHee, 4Yem KonebaHus
KO/IMYEeCTBA OCafKOB, OCOBEHHO eCcAn 3TU U3MeHeHus
BbIXOAAT 33 Mpeaesibl 3HaYeHUIM, ONTUMasbHbIX ANA POCTa
pacTeHuit. MoBsblweHne cpeaHen MaKCMManbHOM
TemnepaTypbl BO3AyXa B TeyeHuWe BereTaumMoHHOro
nepvoaa HaHOCUT ropasao bonblwunii yuepb yporkainHocTu

CeNbCKOXO3ANCTBEHHbIX  Ky/NbTyp, 4Yem  MoBbleHue
MUHMManNbHOM  TemnepaTypbl. IToT 3ddekT 6Honee
Bblpa)KeH npu aeduunte ocagkos, 0CoBeHHO Korpa
KOJIMYECTBO OCAZKOB B TeUeHWe BereTaumoHHOro nepmMosa
coctasnaeT meHee 400 mm.

BAuAHWE  BNAXHOCTM  Ha  MPOAYKTUBHOCTb
CeNbCKOXO3ANCTBEHHDbIX Ky/bTyp 0ObIYHO OLEeHUBaEeTCA Mo
COBOKYMHOMY FOOBOMY  KO/JMYECTBY OCAfKOB WM
KO/IMYECTBY OCAZKOB, BbINaJaloWMX B TeYeHWe BereTa-
LMOHHOro nepuopaa [8].

OAHAKO M3MeHeHMe K/AMmaTa TaKKe 4acTo
NpUBOAUT K NepepacnpeseneHnIo 0CaAKOB Kak B TedeHue
roga, Tak U B TeyeHWe BereTaLMOHHOro nepuoza, 4To
MOXET  CYLLEeCTBEHHO MOBAMATb Ha  YPOXKAMHOCTb
CeNbCKOXO3ANCTBEHHbIX KyNbTyp. MOHMMaHME TOro, Kakum
0bpasom pasnnyHble KaMmaTuyeckue ¢aKTopbl B3auMo-
OENCTBYIOT U BAUAIOT HA NPOAYKTUBHOCTb CEe/IbCKOXO3AMCT-
BEHHbIX Ky/bTYyp B TEYEHME WX BETETALMOHHOIO UMKNa
nossonsetr paspabaTbiBaTb 3PPEKTUBHbIE  CTpaTerum
ajanTauMm  CeNbCKOro  XO3AWCTBA K MOCNeACTBUAM
MU3MEHEHUA KNMMaTa.

PuckM ¥ ux nocneactsna npu  U3MEHeHUU
KAMMaTa MOTYT BbITb CHUMKEHbI NPMHUMAEMbIMKU MepPaMmu 1
OTBETHbIMW cTpaTernamm [9]. Camblit akTyanbHbI BONpOC —
ajantauMa K KNAMMATMYECKUM W3MEHeHMAM, KoTopas
paccmaTpuBaeTtcs KaK pa3paboTka TEXHO/IOTUM
3KO/I0rMYECKOro pasBuTUA. AganTauMoHHble MeponpUATUA
3aBUCAT OT KOHKPETHOM cneumduKu permoHa, NpUpoLHo-
3KO/IOFMYECKUX U COoLMaIbHO-3KOHOMMUYECKUX OCOBEeHHOC-
Tel, UHAHCOBbLIX U TEXHOIOFMYECKUX PECYPCOB.

B  toXHbIX  pernoHax  Poccuu,  BKAoyYas
Pecnybnunky [arectaH, yc/i0BUA BEOEHWUA  CE/bCKOMO
XO3AMCTBA YC/NIOMHAIOTCA M3-32 HEYCTOMYMBOCTM arpome-
TEOPO/IOrMYECKUX YC/IOBUIA, MOBTOPAEMOCTU aHOMA/IbHbIX
ABNeHUn. UccnepoBaHuA MNoKasbiBaloT, Yto 6e3 Bblbopa
HanpaBNEHUI aAanTaUMOHHbIX Mep K MOCAeacTBUAM
KAMMATUUYECKMX U3MEHEHWUA CENbCKOMY XO3ANCTBY MOMKET
6bITb HaHeCEeH OLLYTUMbII 3KOHOMMUYECKMUI yLLepb.

M3meHeHWe KNMMaTa BbI3blBAeT NepemeHbl B
naHawadTHom CTPYKType " dYHKLMOHNPOBaHUM
akocuctemM. Camoe 3aMeTHOE MPOABNEHME B  HOXKHbIX
permoHax Poccum — 3TO 3KCTPEeManbHO KapKoe neTo
(BbICOKME TEMMNEpPATYpPHbIE PEXUMbI, UMEIoLLMEe AONTOBpe-
MEHHYI0O OMHAaMWKY W3 roga B roj, KAMMAT CTaHOBUTCA
)apye W cylle, yBeAMYMBAETCA NEPUOAMUYHOCTL 3acyx). B
palioHax PacnonoXKeHWa apuaHbIX 3emenb Poccuu, B Tom
uncne Pecnybnuke [arectaH, Habnwogaetca HaubonbluMii
pocT TemnepaTtypbl, KoTopbiii cocTasnset 0,066 °C 3a 10 net
M MO CBOMM NOKa3aTeNiM NPeBbIWAET AaHHble OLEHOYHbIX
poknagos [10].

Llene pabomol — onpeaeneHne Komnnekca
perMoHasnbHbIX aAANTALMOHHBIX Mep MO  CHWKEHWUIO
OTpPULATE/IbHBIX MOCNeACTBUI KAMMATUYECKUX PUCKOB B
cenbCKom xo3anctee [arectaHa.

MATEPUAN U METOAbl UCCNEOOBAHUA

Matepuanom ncciegoBaHuit nocnyxun cbop n obpaboTka
KNIMMATUYECKUX U3MEHEHMM MO  [AaHHbIM  WCTOYHMKA
nporpammbl ERAS5 (atmocdepHblit peaHanuns rnobanbHoro
KnumaTta natoro nokoneHns ECMWF, oxBaTbiBaloLWMA
BpeMeHHOMW AauanasoH c¢ 1979 no 2022 rom c
NPOCTPAHCTBEHHbIM paspelweHnem 30 Km). Komnnekc
QHaANIUTUYECKUX PaboT, Hay4YHbIX UCCea0BaHUI NO OLUEHKe
PUCKOB W ajanTauMM CeNbCKOro X03AWCTBA, aHaau3
COBPEMEHHOr0 COCTOAHMA W PecypcoBeAYecKoro MoTeH-
LMana noyB apuaHbIX 3SKOCUCTEM PABHUHHOW  30HbI
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[arectaHa BbinosHeH B PefepasibHOM arpapHOM Hay4yHOM
ueHTpe Pecnybnuku [arectaH.

Pecnybnuka [arectaH pacnosioXeHa Ha ceBepo-
BOCTOYHOM CKNOHe Bonbloro Kaskasa, yactu MpuKacnuiic-
KO HM3MEHHOCTW, 3aHMMaeT Tepputopuio 50,3 ThiC. KM?,
M3 HUX CeNbCKOXO3AMCTBEHHbIE yroabsa — 3348,8 Toic. ra, 13
KOTOpbIX nawHA — 523,9 Tbic. ra, KOpmoBble yrogba —
2751,2 ra.

PasBuTME CeNbCKOro X03AMCTBA BO MHOIMOM
onpeaenaeTca NpPUPOAHO-IKOHOMUYECKMMU U reomopdo-
normyeckumm  ycnosusmu. Cenbckoe xo3aicteo B P/
BeAeTCA B PaBHUHHOW, NPeAropHOi U FOPHOM NPOBUHLUAX.
Ha Tepputopun pecnybanmku nposaBAseTca  CAOXKHOe
coyeTaHWe pPas/MYHbIX KAMmaTtosB. B To ke Bpemsa, OHa

npeactasnser coboil  pecypc  «KOHLEHTPMPOBAHHOIO
pasHoo6pasusa» ANA  CeNbCKOXO3AMCTBEHHOrO  MNPOM3-
BOACTBA.

MNONYYEHHbIE PE3Y/IbTATbI U UX OBCYXKAEHUE

MNocneacTBna M3amMeHeHMA KAMMaTa yXKe XOpOLIO 3aMeTHbI
Nno NOBbILEHNIO TEMNEPATypbl BO34yXa, TAAHUIO IeAHUKOB
M YMEHbLUEHWIO MONAPHbIX NeAAHbIX LWAMNOK, MOBbILEHUIO
YPOBHA MOpPA, YCUNEHUIO OMNYCTbIHWBAHWUA, a TaKXKe Mo
YYaCTUBLUMMCA 3KCTPEMasibHbIM MOFOAHLIM  ABAEHUAM,
TaKMM KaK BOJIHbI ¥apbl, 3aCyxy, HABOAHEHUA U LUTOPMbI.
N3meHeHMe KAaumaTa He ABnAaeTca rnobanbHo
PaBHOMEPHbIM U BIUAET Ha HEKOTOpPbIE PervoHbl 6onblue,
yem Ha apyrue. Ha cnepylowmx AuarpaMmax MOXKHO
yBUAETb, KaK M3MEHeHWe KaumaTta MoBAMANO Ha PEernoH
[OarectaH 3a nocnegHue 40 net (puc.l). B Pecnybavke
[arectaH MOXHO Habn[aTb UMKIMYECKMI  XapaKTep
KANMATUYECKUX U3MEHEHUI, HaumHaa ¢ 1979 r. C 1979 no
2022 roabl rogoBoe M3MEHEHWe cpeaHeir TemnepaTypbl
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yBenuumnocb Ha 2,8 °C (nuMHuma TpeHga Ha 2,3 °C), a
cpegHee KOAMYecTBO OCAAKOB yMeHbWKUNOoCh Ha 173,4 mm
(MMHKA TpeHaa Ha 196,3 mm).

MccnepoBaHMAa  NoOKasblBalOT, UYTO  CeNbCKoOe
X03AMCTBO 3aBMCUT OT XapaKTepa WM3MeEHEeHWUA Kaumara.
MeTeoposiornyeckme pakTopbl aKTUBHbLI U U3MEHYMBBI, OHU
B 3HAYMTENbHOM Mepe 0ByCNaBANBAIOT BEIUUUHY YPOIKas.
Knvmatuyeckne moaenv NpOrHO3SUPYOT — AasibHellee
noBbileHWe TemnepaTypbl, 6Gonee HepaBHOMepHoOe
BbIMaAeHUE 0CafKOB M BO3MOXKHOE yBeNMYeHne NHTEHCUB-
HOCTM WM YACTOTbl 3KCTPEMAsbHbIX MOFOAHbIX ABNEHWM
[11].

Ha pucyHke 1 Ha BepxHem rpaduKe NyHKTUPHan
CUHAS IMHUA — 3TO JIMHENHas TeHAEeHUUA W3MeHeHus
KAMMATa: a) eciu JIMHMA TpeHAa MNoAHWMMAeTcA Cc/eBa
HanpaBo, TO TEHAEHUMA U3MEHeHWAa TemnepaTypbl
NONOMUTE/IbHAsA U CTAaHOBUTCA Tensee Wu3-3a U3MeHeHUs
KAMMaTa, a €eCcNM JIMHUA TOPWU3OHTaNbHA, TO YeTKoM
TEeHAEeHUMM He Habnlogaetcs, a ecan OHa WUAET BHM3, TO
YCNOBUA CO BpemeHeM CTAaHOBATCA XxonoaHee; 6) ecnu
JIMHUA TpeHAa UAET BBEPX CNeBa Hamnpaso, TO TeHAEeHUMA
BbIMAZEHUA OCaKOB MOJIOMKUTENbHAA W  CTAaHOBMUTCA
BNaXKHee M3-3a WM3MEHEeHWA KAMMaTa; eciu  UHUA
ropu3oHTa/IbHa, TO YETKOW TeHAEeHLMN He HabaogaeTca, a
€C/IM OHa MAEeT BHU3, TO YCNOBUA CO BPEMEHEM CTAaHOBATCA
cywe. B HMKHeM uyacTM rpadmka MoOKasaHbl  TaK
HasblBaeMble TOJIOCbl AHOMaNWA: a) Kawaaa LBeTHas
nosnoca npeacrasnsetr coboi cpefHOl TemnepaTtypy 3a
roa, cuHAa — bonee xosnogHble rogbl, KpacHaa — bonee
Tennble; 6) LUBeTHas nonoca npeacrasaseT coboi obuiee
KO/ZIMYEeCTBO OCAJKOB 3a rog, 3efeHaa — 6osiee BnaXKHble
roapl, KopuyHeBas — 6onee cyxue.

A lopoBoOe M3MeHeHMe cpeaHeil TemnepaTypbl
Annual change in average temperature

foae  Years

B fopoBoe M3MeHeHWe cpefiHero KoNMYecTBa 0cafKoB

Annual change in average precipitation

MM

NoACCHE aHOManHK

loam  Years

PucyHok 1. flogoBoe nsmeHeHue cpegHen Temnepatypbl (A) n cpegHero Konmyectsa ocagKos (B)
B Pecnybnuke farectaH (1979-2022 rr.)
Figure 1. Annual change in average temperature (A) and average precipitation (B) in the Republic of Dagestan (1979-2022)
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OfVH 13 perMoHoB 3Ko/ornyeckoro beacTesms — Tepputopun
CeBepo-3anagHoro [pukacnua, rae passBuTbl  NpoOLECChHI
ONyCTbIHMBAHMA 3emeNb. 34ecb CocpefoTOYEeHbl OCHOBHbIE
naowaam (1519,1 Tbic. ra) OTrOHHbIX NacTomLy,. Meorpaduyeckn
OHW  pacronNoXeHbl Ha TeppuTopun  Tepcko-Kymckow
NPOBMHUMM, KOTOpas npeactaBnser coboii  6e3BoAHYtO
NoAYNYCTbIHHYIO PaBHWHY (YKAOH HA BOCTOK M CEBEPO-BOCTOK)
C OrPOMHbBIM KOZIMYECTBOM MEJIKMX COJIEHbIX O3ep U NecyaHbIX
Macc1BOB.

3anaaHbivi Mpukacnuii, BrkAo4aa YepHble 3eman 1
Kusnspckue nactoviia, — pervoH, roe aAerpagaums 3emens u
ONYCTbIHMBAHWE YCUIUBAIOTCA C KaXKAbIM rOA0M.

Tepputopun apuaHbIX 30H Poccunm HaxopAatca B
chepe BaKHbIX rOCY[APCTBEHHbLIX MHTepecos, 6narogaps
CBOMM NPUPOAHBIM KOPMOBbLIM pecypcam, COCTaB/AIOT OCHOBY
KopmoBOli 6a3bl 418 MNAcTOMWHOINO  YKMBOTHOBOACTBA,
0CcO6eHHO OBLEBOACTBA.

YyuTbiBas BarKHOCTb Npobaembl, ewe B 1986 roay
paspabotaHa «leHepanbHaa cxema no 6opbbe c
onycTbiHMBaHWEeM YepHbIX 3emesnib U KU3nAapcKkux nactomwyy,
KOTOpaA yTBeEpXAeHa noctaHoBneHWem [lpaBuTenbCTBa
Poccuu 1 He noTepsana ceBoei 3HaYMMOCTH.

Co3gaH OMbITHbLIM MOMMIOH Ha nowaan 6onee
50 ra, roe oTpaboTaHbl BCe TEXHOMOMMYECKME acneKTbl Mo
VAYYLWEHUIO W PaUMOHaZIbHOMY MPUMEHEHUIO  3UMHUX
nacTouw. Pe3ynbTaTbl paccMoTpeHbl M 0f0bpeHbl Hay4yHO-
TexHuyeckum CoBeTom MWUHUCTEPCTBa Ce/IbCKOro XO3ANCTBa
CCCP v P®, npoxoausLumm B r. Maxaukane.

MpaKTMKa MCMoNb30BaHUA  apUAHbIX  nacTouul,
CNIOMKMBLUAACA HA MPOTAXKEHUM NOCNEAHWUX OECATUNETUH, He
OTBEYAET 33fayam pPaLMOHANbHOTO BeAEHMA MNaCTOWLLHOMO
X03AiCTBA.  [lpaKTMKyemble  cnocobbl  (6eccucTemHbli,
HeperyMpyemblii, CBEPXHOPMATUBHbIN U BECKOHTPO/IbHbIN)
NPVBEIU K UX AerpagaLm.

B uenom no ctpaHe OMyCTbIHWMBAaHWEM OXBaYeHO
50 msH ra B 35 cybbekTax Poccun, ocobeHHo B pecnybavkax
Kanmblkua, OarectaH, YeuHsa, ActpaxaHckol, Bonrorpaackon,
CapaToBcKoi 1 PoctoBcKoi obnactsx, CTaBpoOnosbCKOM Kpae
M APYruX permoHax.

B koHue 60-x rofoB MPOLIOro CTO/eTUA NoWaab
bapxaHoB (gBurKkywmeca necku) coctasnana 10 % nnowaam
CeNbCKOXO3ANCTBEHHbIX yroamii, 70-x — 20 % (cTagua
3KO/I0rMYECKoro pucka), B KoHue 80-x — 50-60 % (npupoct —
60 TbiC. ra), K WX YWCAy OTHOCATCA YepHble 3eman u
Kusnapckne nactbuwa. CuTyauma B HacTosliee Bpems
OLEHMBAETCA KaK 3KOMOrMYecKas Katactpoda. 3a nocnesHue
40-50 neT ypoxKaiHOCTb KOPMOBbIX YroauiA cHU3MAacb ¢ 5-7
no 1,5-2,0 u/ra. Y6bITKM, KOTOpble TepnAT XO3AWCTBa OT
Aerpajaumm nactouy, Koraa ux NpoAyKTMBHOCTb M €MKOCTb
cHuKatoTea B 1,5-2,0 pasa u 6onee, B 3KOHOMMKE apuAHbIX
PEerMoHOB He y4YUTbIBALOTCA.

B  pesynbTaTe  YpesmMepHOro  BO3AEWCTBMA
aHTPOMoreHHoro GakTopa W  aHOMaJIbHbIX  3aCyLUIMBLIX
KIMMaTUYECKMX  YCMOBMIA  MAOWAAb  OTKPbITBIX  MECKOB

pocturna 100 Tbic. ra. Mo 3KCNepTHbIM OUEHKam noTepu
rOAMYHON NMPOAYKTUBHOCTM NacToWLL B PErMoHe COCTaBAAIOT
oKkono 350 Tbic. T KOpM. eg,. CnoXKHaA cuTyauus BO MHOTOM
onpeaenseTca MNosBAeHWEM 3eM/IeNo/b30BaTeNel, KoTopble
noayyuMB nactouia B AONTOCPOYHYIO apeHZy, KpaiHe
HeabdeKTUBHO € Hel obpawatotca. Ecan BoccTaHOBNEHHbIE
nacTovwa He 6yayT 3alUMLIEHbl CO CTOPOHbI FOCYAApPCTBa,
COXPaHUTCA  CyLEeCTBYIOWAA  BECKOHTPONbHOCTb B WX
NPUMEHEHWM, TO OHWM MOTYT 32 OAMH CE30H BEPHYTbCA B
npexHee cbutoe coctosHue. [MoaTomy Heobxogumo
OOHOBPEMEHHO C pabouMm NPOEKTUPOBAHMEM COCTABAATH

nacrnopTa MCnonb30BaHUA BOCCTAHOB/IEHHbIX M YNYYLIEHHbIX
NacTouLL C 3KON0r0-3KOHOMMYECKMM 0BOCHOBAHUEM.

MpUHMMaBLIMECA 33 NOCAELHWE TOoAbl peLleHus
MpasutenbctBa Poccuiickort  depepauun,  PyKOBOAALLMX
opraHoB pecny6auk, obnacteit no YAydLWEHUIO
MCNONb30BAHMA U BOCCTAHOB/IEHUIO MPOAYKTUBHOCTU 3UMHUX
nacTomwy, 3anagHoro MpuKacnua OLWYTUMbIX Pe3ynbTaToB He
[anun, npoueccbl OMyCTbIHMBAHMA YCWAMBAIOTCA, a 3anacl
NacToMLLHOrO KopMa  Ccokpalatotca. [pyu  ANUTeNbHbIX
yparaHHbix BeTpax 3a 2019-2020 roapl B CeBEpPHOM 4acTu
KouybeeBcKkol 30Hbl Knsnapckux nactéomw, okono 230 Tbic. ra
3eMeNb MOKPbLIUCh ABUMKYLIMMUCA Neckamu, bamanwume
HECKO/IbKO /IeT pa3melleHMe CKOTa Ha HUX HEeBO3MOXKHO.
Obbem UTOMENMOPATUBHBIX MeponpuaTMid (4 Tbic. ra
eerogHo) He  MO3BOMSET  pewaTb  334a4u no
NpesoTBPALLLEHMIO MPOLECCOB Aerpagaummn 1 onycTbiHMBAHUA
JaHHbIX TeppuTopuit. Heobxoaumo 6esoTnaraTeNbHO WU
NMOBCEMECTHO OCYLLECTBAATb KOMMIEKC OpraHW3aLMOHHO-
XO3AMUCTBEHHbIX Y MPUPOLAOOXPAHHBIX MEPONPUATUIA.

MpoBeaeHHble DAHLL PO nccneposaHmna
MOKa3bIBaOT, YTO HECMOTPA HA 3aCyLU/IMBbIE YCNOBUA, B 30HE
Knsnapckux nactbmil, BO3MOMKHO MOBbLICUTL NMPOAYKTUBHOCTb
€CTeCTBEHHbIX KOPMOBbIX YrOAMM.

MepcnekTvBa  AOCTUXKEHMSA  YCTOMYMBOCTM B
bonblueit cTeneHn cBAzaHa ¢ Mobunusaumen GUONOrMYECKUX
$aKTOpPOB MHTEHCMOUKALMMN CENbCKOXO3ANCTBEHHDIX, CEAHbIX
MHOrONIeTHUX TpaB, ¢uUTOMenuopaumein aerpagmpoBaHHbIX
Yrooui, 3almTol M BO3POXKAEHMEM reHOpOHAA NONE3HbIX
pacTeHunii. Heobxoanmbl HOBble NOAXOAb!, MPUMEHEHME TPy
3KONOrMYEeCKM U GU3MONOMMYECKM  CEeLMaNn3npPOoBaHHbIX
BMOB, CNocobHbIX HOPMa/IbHO bYHKUMOHNPOBATD,
$opMUPOBaTL YPOrXKalh KOPMOBOM U CEMEHHOM NPOAYKLUN B
aTUX ycnosusx (6obosble: NtoLepHa PasHbIX BUAOB, SOHHWK;
3/1aKOBbl€e: MbIPe, XUTHSAK, OBCAHULA, NPYTHAK, Kamdopocma
1 Opyrue; KyCTapHUKOBbIE: TEPCEKEH, AKY3TYH).

YuuTbiBas BCHO BA¥XHOCTb  pelueHus npobnem
OnyCTbIHMBaHUSA, npeaycmaTtpusaoTcs paboTbl no
06BOAHEHMIO  MacTOuWL,  arpoNecoMesMOpaTUBHbIE U
duTOoMennopaTMBHble MeponpuaTua (Taba. 1).

OCHOBHOM  3M1EMEHT  KOHLENUMW  aAanTUBHOTO
arponeconacTbuLHoro NpUPOAONO/Ib30BaHUA -

duTomennopaums, Hanbonee 3KONAOTMYHA U IKOHOMMYECKU
uenecoobpasHa B 6opbbe C NOYBEHHOM Aerpagaumen.
YAyywnTh  3KONOTUYECKYD  OBCTAHOBKY, MpeaoTBpaTUTb
Aerpagaumio, NoBbICUTb NPOAYKTUBHOCTb NalIHW WM NacTouLL,
€034aTb PeKPeaLMOHHbIE 30HbI MO3BOJ/IUT 3aKaKA 3aLUUTHBIX
NIECHbIX HAaCAXKAEHU.

C y4ETOM PErMOHANBHBIX KNMMATUYECKUX YCI0BUIA U
NPOrHO3npyemMbIx WN3MEHEHUN, Heobxogumo
chopmynnposaTb KOHLenuuio 7 natb 3KoNoro-
3KOHOMMYecKoe 0BOCHOBaHWE necoarpapHoOro aaanTUBHOMO
NpUPOAONONb30BAHUA B pailoHax NpoaBneHua aedbnauum u
3p03MM MNOYB, @ TaKKe COBMECTHOTO AeWCTBUA 3TUX HaKTOPOB
[12].

Mpoueccbl No4YBOO6PA30BAHUA B PaBHUHHOM 30HE B
HepaspbIBHOM CBA3N c 30Ha/IbHO-KNMMATUYECKUMMI
¢daKkTopaMK, OCHOBHble — 3acywauBocTb Kaumata ([TK
0,2-0,5), ypoBeHb 3aferaHus M CcTeneHb MUHepanun3aumm
rPYHTOBbIX BOZ, (1,5-2,5 M), rpaHy/1I0MeTPUYECKMIA COCTaB NOYB

M MNOYBOTPYHTOB, BETPOBas  3pO3MA W AUrpeccus
pacTUTeNbHOTO MOKpoBa. [MoYTM BCe 3eMIM  PEeruoHa,
33CO/IeHHbIe  JIETKOPACTBOPUMbBIMM  COIIMM,  MOABEPTHYTbI

npoueccam gedaauum nnm aspo3nMoHHo-onacHble [13].
Mcxoasa M3 BbIlWEN3NONKEHHOrO, Mbl BbIAENWAN MNATb
3KONIOMMYECKUX rPYN No CTeneHu Aerpagaumm noys (1aban. 2).
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Tabauua 1. MNpeasioskeHns Mo MUHUMMU3aLMU KIMMATUHECKUX PUCKOB PaBHMHHOM 30HbI [arectaHa
Table 1. Proposals to minimise climate risks in the lowland zone of Dagestan

MpeAanoXkeHna N0 MMHUMMU3ALMKN KAMMATUYECKUX puckos B AMK

(mepa aganTauum)

Proposals for minimising climate risks in agriculture (adaptation measure)

MpeanoeHua AnA BKAIOYEHUA
B NNaH aganTtauuu AMNK PO
K USMEeHeHUAM KammaTa

CyLLecTBYIOLME PUCKU
existing risks

BO3MOXKHble (0XXuaaemble) pUcku
possible (expected) risks

Proposals for inclusion in the plan
of adaptation of the agro-industrial
complex of the Russian Federation

to climate change

ocBoboXaeHne CUNbHO
AerpaavpoBaHHbIX NacTéuLy,
oT Bbinaca

alleviation of grazing of heavily
degraded pastures;

nosbilieHne 3G PEeKTUBHOCTU
NPOBOAUMBIX MEPONPUATUIA U KYNbTYPbI
BeAEeHUA NacTOULLHOro X03AMUCTBA
improving the effectiveness of the
activities and culture of pasture

ONTUMM3ALUA NACTOULLLHOWN HArpy3Ku
B 3aBUCMMOCTU OT NPOAYKTUBHOCTU
nacréuuy

optimization of pasture load
depending on pasture productivity management
nposepeHue
arponecomeniMopaTUBHbIX
MeponpuATUIA B paMKax rocnporpamm
conducting agroforestry activities
within the framework of state
programs

AONTOCPOYHbBIM NPOrHO3 KAMMATUYECKUX
yCNoBMii pernoHa

long-term forecast of the climatic
conditions of the region

COBepLUEHCTBOBaHUE HOPMATUBHO-
npaBoBoii 6a3bl MCNONb30BaHUA
B[erpagupoBaHHbIX 3emenb

improving the regulatory framework for
the use of degraded lands

NPUHATHE rocnporpammbl No
BOCCTaHOBJ/IEHUIO NPUPOAHO-
pecypcHoro noreHuunana
NPOAYKTUBHOCTU NacTéuLy
3anagHoro MNpukacnusa

adoption of a state programme to
restore the natural resource
potential of pasture productivity in
the Western Caspian region

pa3paboTka u peanusauma
KOHLLenuuu necoarpapHoro
apanTUBHOrO
npupoaono/ib3oBaHUA
development and implementation
of the concept of forest and
agrarian adaptive nature
management

obecneueHne appeKkTUBHOI paboTbl

co3faHMe OpoLIaemMbIiX KOPMOBBIX
yroguii c apTesmaHCKMMM BOAaMHM
creation of irrigated forage lands with
artesian waters

cobntogeHne ycTaHOBAEHHDIX
pernameHToB U NPaBUA NPUMEHEHUS
necTMunaos

KOHTPOJIbHO-HaA30PHbIX OPraHoB
no cobageHuio TpeboBaHui
3emMeNbHOro 3aKoOHoAaTeNIbCTBa

ensuring the effective work of control and
supervisory authorities in compliance with
the requirements of land legislation

npumeHeHne 6MONOrMYECcKUX MeToa0B

co3gaHue 6a30BbIX X03AUCTB
no Npon3BOACTBY CEMEHHOIO
nocagoyHoro matepuana
NyronactToULLHbIX TPaB,
KYCTapHMKOB

creation of basic farms for the
production of seed planting
material for grassland grasses,

compliance with established 60pb6bI shrubs
regulations and rules for the use of the use of biological methods of control
pesticides
ycuneHuve pabotbl no npodunakTuke
pacnpocTpaHeHus 0co60 onacHbIx
BpeguTenei
strengthening efforts to prevent the
spread of particularly dangerous pests
B  palioHax opolwaemoro  3emfefenvs  cnegyet Avmo paclWwnpnUTb  aCCOPTUMEHT BblpaLLMBaEMBbIX

NnpoaHanM3npoBaTb 3MMHUE YCN0BUA. PacyeT oxkupaembix
M3MEHEHM ONTUMA/IbHbIX CPOKOB Hayana cesa (3aBUCUT OT
CTEeMeHn npomep3aHMsA MOYB, BECEHHWX B/laro3anacos W
nepexoga TemnepaTtypbl Bo3ayxa 4epes 5 u 10 °C)
nokasbisaer 10-15 paHel. BaxkHoe 3HayeHWe wumeer
NPOAO/MKUTENBHOCTL HE3MOopo3HOro nepuoaa (Temnepa-
Typa Bo3ayxa Bbiwwe 0 °C), TaK KaK CyLLeCTBEHHO CHUKAeTcA
HanpAXXeHHOCTb rpaduKa nposeseHUA nosesbix paboT
[14]. YcoBeplieHcTBOBaHME W pasBUTME  METOLOB
NPOrHO3MPOBAHMA  MPOAYKTUBHOCTM  O3UMbIX  KyNbTyp
UrPaloT CYLWECTBEHHYIO poJib B ee (GOPMUPOBAHUM U
HepaspbIBHO CBA3aHbl C METeOPONOrMYECKMMM NOKasaTe-
namu  (ocagku, TemnepaTypa), MO3BOAAIOT 33a40Ar0 A0
ybopKM NpOrHo3mMpoBaTb YpPOXKaMHOCTb W onpenensaTb
CTOMMOCTb NPOAYKUMU. NIPOrHO3MpyeTca 1 NPOAOIKUTENb-
HOCTb BereTauMOHHOIO nepuoaa, YAJMHEHME KOTOPOro
B/IMAET HAa YPOXKANHOCTb.

B cooTBeTCTBMM C [ONTOCPOYHOWN cTpaTernemn
pPa3sBUTUA U MHTEHCUPMKAUMKM pacTeHMeBOACTBa Heobxo-

NpPOAOBONABLCTBEHHbIX  KY/AbTYP, a 444  YAydlleHus
NNOAOPOANA OPOLIAEMbIX YTOAMIA OCYLLECTBUTL KOMMAEKC
MeponpuATuiA: BHeapeHue 3¢ EeKTUBHbIX ceBo0bopoToB,

HapalyyBaHWe  OPraHUYecKoro BeLLecTsa nousbl,
NPUMEHEHUE  HOBbIX  3aCyXOYCTOMYMBLIX W CONMEBbI-
HOC/IMBbIX BUA,0B, COPTOB KYNbTYP U Apyroe.

Cnoco6HOCTb  KMBbIX OPraHW3MOB, BK/OYas

pacTteHus, K agantauuMuM B OHTO- U dunoreHese 3a cuyet
MOAMOPUKALMOHHON M TEeHOTUMUYECKOM WM3MEHYMBOCTU —
Ba)KHOE CBOMCTBO, KOTOPOE LMPOKO MNPUMEHAeTca B
aganTmBHom xossalicTee [15].
MpyM OXUOAEMOM W3MEHEHMU KAMMaTa B  pPernmoHe
BO3MOHbl  MEpemMeHbl: POCT apPUAHOCTU  KAMMATa,
npoueccbl AerymmduKaLmm U CHUXKEHUE YPOXKaANHOCTU.
Mpepnaraembie  Mepbl  agantauyu  NOMOryT
CYyLWLECTBEHHO CHM3UTb OXMAAEMble PUCKM B paioHax
opoliaemoro 3emnegenvsa (taba. 3).
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Tabnuua 2. XapaKTepucT1Ku rpynn noys no cTeneHu ux gerpagaunm
Table 2. Characteristics of soil groups according to their degree of degradation
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Wtoro / Total 1337,7 (88,1)
He o6cnepyembie 3emnu / Non-surveyed lands 181,4 (11,9)
Bcero 3emensb / Total land 1519,1 (100)

Ca0BOACTBO, BUHOrPaAapPCTBO 6blIM M OCTAOTCA OAHMMM
M3  MPUOPUTETHbIX  OTpacnell  arpornpoMbIIEHHOro
Komnnekca Pecnybauku  [arectaH, rge  MMmeloTcs
YHUKa/NbHbIE MOYBEHHO-KAMMATUYECKME YCAOBUA ANA WX
pasBUTHA.

Mporpammoit passuTMA OTpaciei npesycmorT-
peHo  paclumpeHve  naowagen  nod  cagamu M
BMHOTrpPagHWKaMW AAA peanusaumy rNaBHOM 3agaunm —
obecneyeHve HaceneHusa nNA04aMW, BUHOTPAAOM U
npoayktamu nepepaboTkM Mo  HAy4YHO-060CHOBAHHbLIM
Hopmam. [na ee peweHua Heobxogumo 06paTUTb
BHMMaHMe Ha pag npobaem: noteps MNPOLYKTUBHbIX

3emesNib, CHUXKEeHWe NAoA0POAMA MOYBLI, YBeAMdYeHue
naowanen  AerpaguMpoBaHHbIX  NOYB B paiioHax
MPOMBbILLIEHHOTO pa3suTMa BMHOrpagapcTea "

CafloBOACTBA, rnobanbHoe noTenseHue KaMmarta, 6osbluan
YyacToTa norogHbIx KonebaHui.
CNoHOCTb  oporpaduyeckmx,
penbedHbIX, KAMMATUYECKUX W  MOYBEHHbIX
pecnybnmkn  TpebyloT, B  NepByld  ovyepeab  ANA
MHOTONIETHUX ~ CE/IbCKOXO3AMCTBEHHbIX  KYAbTyp  3HaTb
TEHAEHUMIO HaCcTynaeHWs NpUPOAHbIX cTpecc-GaKTopos
cpeabl U NYTU NPEOAONEHNA UX HETAaTUBHOTO BO3AENCTBUA.
Mo Halwemy MHEHUIO, BbIXOA, U3 CNOMKUBLUEMCA CUTYaLuN B
peanusauum cTpaTermn aganTMBHOIO Pa3BUTUA OTPACIU.
VM3meHeHWe TemnepaTypHOro pexuma 3umMHe-
BECEHHEro nepuoaa NpUBOAUT K rMbenn LiBETKOBbIX MOYeK

pa3Hoobpasune
yC/I0BUM

NAOAO0BbLIX KYNbTYp, YYalLalOTCA BECEHHME 3aMOPO3KM B
ropHOM 30He, MPOUCXOAUT NOTeps yposkaa abpmKoca.
B paBHWHHOW 30He B pase opraHMYECKoro Nokos

CHMXeHne abcontoTHoro  MuHMMyma go  -22  °C
HabstoAaeTca ¢ YacToTol OAMH pas B gecatunetume [16].
Ycnosusa NPUMOPCKON HU3MEHHOCTHU "

npeAropHoM 30HbI NOAXOAAT ANA NEPEe3UMOBKM NI0A0BbIX
KyNbTyp. B ropHoit 3oHe [arectaHa, B AosnuHax Cesepo-
3anaaHbix cpegHeropui abCcoNOTHbIN MUHUMYM
Temnepatyp B ¢ase opraHuMyeckoro rnokos 3a 1986—2000
rogbl AoCTMr nokasaTens -18 °C 8 2006 roay. Mo
pe3ynbtaTtam nccnefoBaHui nposeaeH aHanus
NpoABAEHUA NIUMUTUPYIOLLMX dakTopos cpenpbl
(TemnepaTypHble ycnoBUA 3MMHe-BECEHHEro nepuoga) u
peaKkLuMM Ha HUX KaXKAOW NAOJ0BOM Ky/bTypbl B paspese
¢$as passutma [17].

[Ona  BMHOTPagHbIX HacaXK4eHuli rybutenbHbl
HU3KMe TemrnepaTypbl U 3aMOpPO3KU. KpuTnyeckne HuU3Kne
Temnepatypbl (0T -20 po -27 °C, 2012 rop) npuBOAAT K
NoBpEeXAEHUAM  NaskoB, oOAHONEeTHMX noberos, B
HEYKPbITbIX W CNaboyKpbITbIX BUHOMPAAHWKaAx Mo Bcew
Poccuu, B Tom uncne n [larectaHe. AHann3 KAMMaTUYECKUX
OAHHbIX W OMbIT BO34e/biBaHWUA BUHOrpaZa MOKasbiBaeT,
yTo HeyKpbIBHble BUHOMPaAHWKM NCMbITbIBAOT
HU3KOTeMnepaTypHble cTpecc-GaKTopbl.
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Ta6auua 3. MpeanoskeHns No MUHUMMU3ALMKN KIMMaTUYECKUX PUCKOB B pailoHax opoLIaemoro semsenenus
Table 3. Proposals for minimising climate risks in irrigated farming areas

MpepnoXkeHna N0 MMHUMMU3ALUU KNMMATUYECKUX PUCKOB B AMNK
(mepa agantauum)
Proposals for minimising climate risks in agriculture (adaptation measure)

CyLLeCTBYIOLMUE PUCKU
existing risks

BO3MOXKHble (0XXuAaemble) pUCKu
possible (expected) risks

MpepnoxKeHua AnAa BKAOYEHUA
B NAaH aganTtauum AMNK PO
K U3MEHEHUAM KAumata
Proposals for inclusion in the plan
of adaptation of the agro-industrial
complex of the Russian Federation
to climate change

npumeHeHue Bnarocbeperarowmnx
TEXHO/I0rni1 Bo3aenblBaHUA
CeNbCKOX03AWCTBEHHDIX KY/bTYp

use of moisture-saving technologies
for the cultivation of agricultural crops

yBenuueHue 4011 OpoLIaemMbIX
nsowaaeit nog nocesamm

increasing the share of irrigated areas
under crops

MUCNONb30BaHUE YCTOMUUBBIX K
3acyLWINBbIM YCNOBUAM COPTOB
Ce/IbCKOX03ANCTBEHHbIX KY/IbTYp
use of drought-resistant varieties
of agricultural crops

paclmpeHune nocesos
CTPECCOYCTOMUMBDIX K 3acyXe Ky/bTyp
(poXKb, TPUTHKaANeE, Npoco, copro,
CyAaHCKan Tpasa)

expansion of crops of drought-
resistant crops (rye, triticale, millet,
sorghum and Sudanese grass)

yAydleHMe mennopatueHoro ¢poHaa
improvement of the land reclamation
fund

BBeAeHue B 060pOT HEUCNOb3yeMbIX
CeNbCKOX03AUCTBEHHDIX 3emesb
introduction of unused agricultural
land into circulation

nposeaeHne pyHAAMEHTabHbIX
nccnepoBaHMii No npobieme oLeHKU
PUCKOB M aganTauum
arponpombILIEHHOr0 KOMMJIeKca
pervoHa

conducting fundamental research on
the problem of risk assessment and
adaptation of the agro-industrial
complex of the region

peanusauma ueneBoii Nporpammbl
«CoxpaHeHUe U BOCCTaHOBNEHUE
nao0A0poAUA NOYB 3eMesib
Ce/IbCKOX03ANCTBEHHOTO
HasHauyeHua» n «Passutue
Menuopauum semenb»
implementation of the target
programme, Conservation and
Restoration of Soil Fertility of
Agricultural Lands and Development of
Land Reclamation

[na panbHeiwero passuTMA BUHOIPALOBMHOAENbYECKOM Mo
KOPHECO6CTBEHHYIO

oTpacan  HeobxoAMMO  BBOAWTb

Hawum
xonogHble 3umbl 2008 n 2012 rogos (-19 °C u ot -20 ao

HaﬁnlO,D,EHMFIM SKCTpemMasibHO

KYJbTYpy BMHOIPaga HOBbIX KOMMIEKCHO YCTOMYMBbIX
coptoB: [eyen 3amatow, [lyHaBCKM nasyp, /lakxean meseLl,
Mongosa, AraT [loHckol, KapauHan v gpyrue.

B 3aBuMCcMMOCTM OT CTeneHW NOBPEXAEHUN
BUHOrpaga 3a nocnegHue 15...20 net onpeaeneHbl rpynnol:

MNepBaa — rmbenb ot 30 go 70 % ueHTPaNbHbIX
noYeK W  [/1a3KOB, MOBPEXAEHbl  OAHO/NETHME U
MHoOroneTHue noberu.

BTopasa — noBpexaeHUA LeHTPanbHbIX NMoYeK Ha
70-90 %, coxpaHATCA 3amelLatoLLmMe NoYKM B rnasKkax, Tak
KaK OHW 6osiee yCTOMYMBBI K HU3KMM TeMMepaTypam.

TpetbA — Ha 90% noBpexAeHbl T[/1a3KM WU
noctpagana 6onbliaa 4YacTb oAHONETHUX noberos,
COXPaHUINUCb MHOFONETHUE 4YacTU KycTa, B TOM 4yucne u
pyKaBa.

YeTBepTtaa — noBpexaeHne BCex r1a3Kos, MoYTH
NoJIHOE OTCYTCTBME MHOTO/JIETHUX YacTel [pPEeBECUHbI.
FnaBHan 3agaya — 6bICTpOe BOCCTAHOBAEHUE HAA3EMHOM
YacTM KYyCTOB C  MCNO/b30BaHMEM MOPOC/EBbIX U
WCKYCCTBEHHO BbI3BaHHbIX NMACbIHKOBbLIX NO6Eros NepBoro u
BTOPOro NOpAAKOB.

OnddepeHumayma " CoBepLUEeHCTBOBaHME
arpoTeXHONOMMYECKUX afANTALMOHHbLIX MEpPONpPUATUIA Mo
yxo4y 33  MNJOAOHOCALWMMM  BUHOTPagHWKamMu, B
3aBUCMMOCTM OT COCTOSIHUA UX MepesumoBKK, byayT
cnocobcTBoBaTb BOCCTAHOB/IEHWUIO KYCTOB MOA, YpPOXKaW
byayuwero roga.

AHanus arpoknumatmyeckmux pecypcos HO»KHOro
[JarectaHa 3a 49 neT cBMAETENbCTBYET O MpWB/EKa-
TE/IbHOCTU pervoHa Ansa paclWMpPeHUs 30Hbl MPOMbILL-
JleHHoro cybTponumyeckoro cagosozcTea [18].

-24 °C, CcOOTBETCTBEHHO) M pPaHHEOCEHHME 3aMOpPO3KK
(-8 °C, Hosbpb 2011 roga) HaHeCAM 3HaAYUTe/IbHble
NOBPEXKAEHUA HACAXKLEHUAM XYPMbl BOCTOYHOM, HapyLIMB
npouecc GopMMPOBAHNA U PA3BUTUA FTEHEPATUBHBIX NOYEK
HacaxaeHuit. MoaTomy BaXKHO cobaoAaTb arponpuemsl,
obecneynBaloWmMe CHUXKEHWE OTPULATENbHOTO BAUAHUA
NorogHbIX YC/AIOBUM: MNOCaZKa 3alMUTHbIX JIECOMONOC,
noabop MOpPO30YyCTOMUYMBLIX COPTOB XYpPMbl BOCTOYHOM
(Cnanec, TamonaH 6osbwoi, Xuakyme, Xauua);
perynivpoBaHua HarpyskuM  ypoxaem; nposeaeHve
8-10 nNonvnBOB; BHECEHNE OPraHWYeCcKUX U MUHEepasbHbIX
ypob6pexni [19].

Ycnoeua Beretaumm TpebyloT  BCECTOpPOHHEM
OUEHKM  BMONOrMYecKuX,  GU3MONOro-BUOXMMUYECKUX
0ocobeHHOCTEN W ApYyrMX MpPOLLeCcCOB, OMNpeAenatomx

aflanTaLMOHHYI CMOCOBHOCTb Ky/NbTyp B KOHKPETHbIX
apeanax Bo3gesibiBaHuA. [peanosKeHHble MeponpUATMA Mo
MMHUMMU3ALMU  CYLLECTBYIOWMX M BO3MOXKHbIX PUCKOB
NOBbICAT YCTOMYMBOCTb MHOTONIETHUX HACAKAEHUI U
YCUNAT 3a/0KEHHbIE B HMX afanTaLMOHHblIE MeXaHW3Mbl
(Tabn. 4).

[N KOMM/IEKCHOW OLEHKM CTemeHu yA3BMMOCTU
M noucKa nyTed AAA ajanTauuyM KMBOTHOBOACTBA K
M3MEHEHUID KAMMaTa HeobXxoAMMO NpOoaHa/UM3NpPOoBaTh:
COBpPEMEHHOe COCTOsIHME TOPHbIX NacTomL, pasHoobpasue
COCTaBa M NPOAYKTUBHOCTb CEAHbIX TPaB, BO3SMOXHbIA PUCK
AerpafaumMn  KyAbTypHbIX — CEHOKOCOB M macTéuu,
YA3BUMOCTb CE/IbCKOXO3AWCTBEHHbIX MBOTHbIX K BOAHO-
TENNoBbIM CTPeccaM M MX peakuus Ha pesKkue MNorogHo-
KANMaTU4ecKkune n3meHeHuA, BO3MOXHbIM PUCK
yBe/NIMUEHUA WMHPULMPYEMOCTU XKMUBOTHbLIX, B TOM uucie
npu Be4EHUN OTFTOHHO-NACTOMLLHOMO XXMBOTHOBOACTBA.
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Ta6bauua 4. MNpeasioskeHnsa Mo MUHUMMU3ALMU KIMMATUHECKUX PUCKOB A/18 30HbI MPOMbILLIJIEHHOIO Caf0BOACTBA
1 BUHOrpagapcTea B Pecnybavike JarectaH
Table 4. Proposals for minimising climate risks for the zone of industrial horticulture and viticulture

in the Republic of Dagestan

MpeanoXKeHna N0 MUHUMMU3ALUU KAMMaTUYecKnx puckos B AMNK
(mepa aganTauuum)
Proposals for minimizing climate risks in agriculture (adaptation measure)

MpepnokeHUs N0 MMHUMMU3aLUKU
KAanmaTtunyeckux puckos B AMNK
(mepa aganTauum)
Proposals for minimizing climate risks
in agriculture (adaptation measure)

MpepnokeHus ana BKAOYEHUA
B NAaH aganTtauum AMNK PO
K U3MEHEeHUAM Kanmata
Proposals for inclusion in the plan
of adaptation of the agro-industrial
complex of the Russian Federation
to climate change

MpeanoXKeHua ANA BKAKOYEHUA
B NNaH agantauuu AMNK PO
K U3MEHEeHUAM Kaumarta
Proposals for inclusion in the plan
of adaptation of the agro-industrial
complex of the Russian Federation
to climate change

noa6op COPTOB C BbICOKUM
NoTeHLManomM aganTUBHOCTH
K HU3KUM TemnepaTtypam
selection of varieties with high
adaptability potential

pa3meLLeHMe COPTOB NAOAOBbIX
KY/bTyp U BUHOTPaga B penbedax
MECTHOCTM C y4EeTOM MX NoTeHuMana
afanTUBHOCTU

placement of varieties of fruit crops
and grapes in the terrain, taking into
account their adaptability potential

noa6op COPTOB C BbICOKUM
NOTEeHLMaNoM 3aCyXOyCTOMYUBOCTH
M BHeApeHue Bogocbeperarowmx
TexHoJioruii (rmgporenm c
abcopbupytowieii cnocobHoOCTbIO)
selection of varieties with high
potential for drought resistance and
the introduction of water-saving
technologies (hydrogels with
absorbent capacity)

noa6op cCopToB C NO34HMMM CPOKAMU
BCTYN/JIEHUA B NepMop, Beretauum
selection of varieties with late dates
of entry into the growing season

npuUMeHeHUe PasINUHbIX
$uU3noNorMueckn aKTUBHbIX BELLLECTB
3a4,ep)KUBaIOLLMX BbIXO, PAcTEHUIA
M3 COCTOSIHMSA NOKOA

the use of various physiologically
active substances that delay the
release of plants from a dormant state

noa6op oNTUManbHbIX
3KONOrMYECKUX HULL C yYEeTOM
aAanNTMBHOCTU COPTa

selection of optimal ecological niches,
taking into account the adaptability
of the variety

ucnosb3oBaHMe NoTeHuMana
a[anTUBHOCTM COPTOB K
HU3KOTEMNEepaTypHbIM cTpeccam
using the potential of adaptability of
varieties to low-temperature stresses

nposeAeHue uccneaoBaHuii no
BbIAIB/IEHUIO NOTEHLMANA 3aCyX0- U
}KapOoyCTOMYMBOCTU COPTOB, MOUCK
nyTeit U meToa08B UX 60pbbbI C
3acyxoi u 3¢ PpeKTUBHbIM
MCNoab30BaHNEM NOJIUBHOM BOAbI
conducting research to identify the
potential of drought and heat
resistance of varieties, searching for
ways and methods of their drought
control and effective use of irrigation
water

noa6op copTOB C BbICOKMM
NOTEHLMANIOM afanTUBHOCTHU K
daKTopam cTpecca sieTHero nepnoaa
selection of varieties with high
adaptability potential to stress factors
of the summer period

npumeHeHue abcop6eHTOB C
BNAroyaepumearwLueit cnocobHocTbio
the use of absorbents with moisture-
retaining ability

pa3paboTka u BHegpeHue
coBpeMeHHOW MoAenu pasmeLleHus
Caf0BbIX Ky/bTyp C yYETOM
ocobeHHOCTeli BePTUKANbHOM

M FOPU30HTa/IbHOI 30HA/IBHOCTU
Tepputopun

development and implementation

of a modern model for the placement
of garden crops, taking into account
the peculiarities of vertical and
horizontal zoning of the territory

co3gaHue 6a3bl cybTponmMyeckoro
capgoBoAacTBa Ha tore Poccun
(xnonkKoBOACTBO, LUTPYCOBbIE
KYNbTypbl)

creation of a base for subtropical
horticulture in the south of Russia
(cotton growing and citrus crops)
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BO3MOXHbl€ PUCKMU ANS }KUBOTHOBOACTBA B NEPUOL, 3aCyXu:
HEAOCTAaTOK TPYObIX UM COYHbIX KOPMOB; CHUMKEHWe
NPOAYKTUBHOCTU, MafeX CKOoTa; yBeanyeHue cebecTou-
MOCTH npoayKLmm YKMBOTHOTO NPOUCXOXKAEHUS;
YXYALWEHNe 3KCTEPbEPHbIX OAHHbIX KMBOTHbIX; CHUXEHUe
YCTOMYMBOCTM OpPraHM3ma, MNoBbllEHWE YyBCTBUTE/bHOCTU

K 6onesHAM U MHOEKUMAM WMHBA3MOHHOW M He3apasHoW

NaToNorMK;  XPOHWYECKUA  peuugme  NPOTEKaloWwmx
6onesHelt (tabn. 5). CoBepllieHCTBOBaHWE CENEKLMOHHO-
nnemeHHor pabotbl C UCNOAb30BaHWeM Haubonee

npmcnoco6neHHoro K MeCTHbIM YCNOBUAM a6opmreHHoro
CKOTa 4acCT NONOXUTENbHYIO ANHAMUKY B OTPACNU.

Tabauua 5. MpeanoKeHnsa No MUHUMMU3ALUKN KAMMATUYECKMX PUCKOB AR OTPACAU KUBOTHOBOACTBA

B Pecnybnuke [arecTaH

Table 5. Proposals to minimize climate risks for the livestock industry in the Republic of Dagestan

MpeanoXkeHna N0 MMHUMM3ALUKU KAMMATUYECKUX pUcKos B AMNK
(mepa agantauum)
Proposals for minimizing climate risks in agriculture (adaptation measure)

MpeanoxKeHusa gna BKAOYEHUA
B NAaH aganTtauuu AMNK PO
K U3MEeHEeHUAM KAnmara
Proposals for inclusion in the plan
of adaptation of the agro-industrial
complex of the Russian Federation
to climate change

MpeanoXKeHna No MUHUMU3ALUU
KAnmatuyeckux puckos B AlNK
(mepa agantauun)
Proposals for minimizing climate risks
in agriculture (adaptation measure)

MpepnokeHus ana BKAOUYEHUA
B NN1aH agantauuu AMK PO
K U3MEHeHUAM Kaumata
Proposals for inclusion in the plan
of adaptation of the agro-industrial
complex of the Russian Federation
to climate change

co3AaHue yC/N10BUiA ANA NONHOTO
obecneyeHunsn JKUBOTHBIX
c6anaHCcMpoBaHHbIMM KOpMamMM
creating conditions for the complete
provision of balanced animal feed

obecneuyeHmne JKUBOTHbIX
BbICOKOKAUYeCTBEHHbIMWU KOPMamM
B NO/IHOM o6beme 1 accopTUMeHTe
providing animals with high-quality
feed in full and assortment

npoBegeHUe ceNeKLuumn Ha OCHoBe
cKopocnenbiX MACOLLEPCTHbIX Nopoa,
paHHel CAyuKu ArHAT

conducting breeding based on
precocious meat-wool breeds, early
mating of lambs

MCNoNb30BaHUE B CENEKLUU
Haubonee npucnocobaeHHOro

K MECTHbIM YC/10BMAM abopureHHoro
cKoTa

the use of native cattle most adapted
to local conditions in breeding

npumeHeHue B cenekuunm 6enbii,
C/lerka OKpalleHHbli, a TaKXKe
KpacHblii BOJIOCAHO NOKPOB B
coyeTaHUM C TEMHOI KOXKel ana
OTpaXKeHUA CONTHEYHbIX Jlyueit
application in breeding white, slightly
colored, as well as red hair in
combination with dark skin to reflect
sunlight

Co3faHMe CNeunann3upoBaHHbIX
KOpMoOA,06bIBalOLLMX XO3AUCTB

Ana obecneyeHUA }XKMBOTHOBOACTBA
CTpPaxoBblMM 3anacamn KOpMoB
creation of specialized forage farms
to provide livestock with insurance
stocks of feed

COBEpPLUEHCTBOBAHUE PErMOHaIbHOM
nporpammbl ceNEKLUOHHO-
naemeHHoM paboTbi

improvement of the regional program
of breeding and breeding work

3AK/TIOMEHUE

AJanTaumMoHHble Mepbl, HeobXxoAWMbl MO YMNpPaBAEHWUIO
NPUPOAHBLIMU U IKONOTUYECKMMMU PUCKaMU, K U3MEHEHUIO
KAMMaTa  OO/IKHbI  COOTBETCTBOBAaTb  COBPEMEHHbIM
TpeboBaHMAM BeAEHMA YCTOMUYMBOIO CE/bCKOTO XO3ANCTBA,
CnocobcTBOBaTb  COBEPLUEHCTBOBAHUIO  CE/IbCKOXO3ANCT-
BEHHOro npou3BoACTBa. Takue MeponpuaTUs
noApasymeBaloT yBe/lMYEeHWe BMAOB, COPTOB Ky/AbTyp,
nopog XMBOTHbIX CFIOC06HbIX YCTOATb K MEHAKLWMMCA
YCNOBUAM KAMMaTa, MOUCK PALMOHANbHOTO PasMeLLeHus
oTpacnei }MBOTHOBOACTBA M PaCTEHMEBOACTBA B CBA3U C
3KOHOMMYECKUMM M SKONOTUYECKMMM PUCKAMMN.

BNATOAAPHOCTb

PaboTa BbiNonHeHa npu noaaepkke MuHobpHayku PO
pamkax [ocypapcTBeHHoro 3agaHua OreHY «dAHL, PO»
(Tema Ne 1220211800247-5 FNMN-2022-0010).
ACKNOWLEDGMENT

The work was carried out with the support of the Ministry
of Education and Science of the Russian Federation within
the framework of the State Task of the FSBSI «Federal
agricultural research center of the Republic of Dagestan»
(topic No. 1220211800247-5 FNMN-2022-0010).

BEUBNNOrPAGUYECKUIA CMIUCOK

1. Asseng S., Ewert F., Martre P. et al. Rising temperatures
reduce global wheat production // Nature Clim Change.
2015. N 5. P.143-147.

188

ecodag.elpub.ru/ugro/issue/current




South of Russia: ecology, development 2024 Vol. 19 no.4

S.A. Teymurov et al.

2. Lesk C., Rowhani P., Ramankutty N. Influence of extreme
weather disasters on global crop production // Nature.
2016. V. 529 (7584). P. 84-87.

3. Polevoy A.N., Bozhko L.E., Barsukova E.A. Impact of
climate changes on agro-climatic indices of the vegetative
period of main agriculture crops // Ukr Hydrometeorol J.
2017. N 20. P. 61-70.

4. Balabukh V., Oreshchenko A., Yagodynets S. Emergency
fi re weather in September-October 2020 in the Luhansk
region: causes and consequences // Proc
Hydrometeorological congress. 2021. P. 147-148.

5. Shrestha S., Ciaian P., Himics M., Van Doorslaer B.
Impacts of Climate Change on EU Agriculture // Review of
Agricultural and Applied Economics (RAAE). 2013. V. 16. Iss.
2(16). P. 24-39.

6. Fishman R. More uneven distributions overturn benefits
of higher precipitation for crop yields // Environmental
Research Letters. 2016. V. 11. N 2.

7. FAO (Food and Agriculture Organization of the United
Nations)-2021: The impact of disasters and crises on
agriculture and food security. Rome, 2021. 244 p.

8. Schipper L., Liu W., Krawanchid D., Chanthy S. Review of
climate change adaptation methods and tools. MRC
Technical Paper no 34. Mekong River Commission,
Vientiane, 2010. 76 p.

9. CemeHos C.M., Nagunbwmkos A.A., Amutpmesa T.M.
AHTpOMOreHHble HapyLIeHUa B3aMMOAENCTBMA CyLWIN U
atTmocdepbl: oueHkn MIMuK // dyngameHTanbHas u
npuKnagHaa knmmartonoruna. 2019. T. 3. C. 5-29.

10. Akumos J1.M. TeHAEeHUMN U3MEHEHWNA TEPMMUYECKOTO
peXnma Ha apuaHbIX U conpeaenbHbIX TEPPUTOPUAX
Esponeiickoit YyacT Poccun B neTHuin nepunog, // ApuaHble
aKkocuctemsol. 2021. N 4. C. 3-12.

11. Teiimypos C.A., Anvesa H.A. OueHKa BAUAHUSA
arpomeTeoposiorMyeckmx GakTopoB Ha YPOKaANHOCTb
3EPHOBbIX KY/IbTYP C y4ETOM r106a/1bHOI0 U3MEHEHMS
Knmumarta // TopHoe cenbckoe xo3sicTeo. 2023. N 4. C. 42—
47.

12. UBaHoBa A.J1. [n06anbHble NPOSABAEHUA USMEHEHWI
KAMMaTa B arponpombliwieHHol cdepe. MockBa:
Poccenbxo3akagemus, 2005. 332 c.

13. Kasues M-P.A., Aanyaes M.M. Mepsbl npegoTepalLeHna
Aerpagaumm 3emesib Ce/IbCKOX03ANCTBEHHOTO Ha3HAYeHUs
B npearopbaAx [JarectaHa // BecTHUK
CeNbCKOX03ANCTBEHHOM Hayku. 2017. N 4. C. 49-52.

14. Cupoterko O.4., AbawwuHa E.B., Masnosa B.H.
YyBCTBUTENBHOCTb CENLCKOTO X03A1MCTBA Poccum K
WN3MEHEHMAM KIMMaTa, XMMUYECKOro cocTaBa atMocdepbl
1 nnogopoama nous // Meteoponorvs v ruaposorus.
1995. N 4. C. 107-114.

15. HyueHko A.A. AjanTMBHOE pacTeHNeBoACTBO (3Kosoro-
reHeTMYecKne oCHOBbI): MoHorpadua. KuwmnHes:
M3paTtenbctBo WTumHua, 1990. 431 c.

16. 3armnpos H.T., fparasuesa W.A., CasuH W.10.
BO3MOKHOCTM afanTaLumn NA0A0BbIX KYyAbTyp K
pernoHanbHbIM U3MEHEHMAM TEMMEPATYPHOro peXrmma
3UMHe-BeceHHero nepuoaa B Pecnybivke JarectaHn:
meToauveckme pekomeHgaumm. Maxadkana-KpacHogap,
2014.52c.

17. Oparasuyesa U.A., CasuH U.10., 3arnpos H.I'. n gp.
PecypcHbIi noTeHuman 3emens CesepHoro KaBkasa ans
naoaoBoAcTBa: MoHorpadua. Maxaykana, KpacHogap,
2016. 318 c.

18. Mykaunos M.[., Anves X.®. OueHka
arpokanmaTuyeckunx pecypcos HOxHoro [arectaHa gaa
pa3BUTMA CybTPONMYECKoro naoLoBoAcTBa // BecTHUK

Poccuiickolt akagemum cenbCKOX03AMCTBEHHbIX HayK. 2009.
N 3. C. 64-65.

19. Kasnes M-P.A., LLaxmunp3oes P.A., KasaumeTtosa X.M.,
abubos T.I. Pe3ynbTatol 06Cief0BaHUA CafoB XypPMbl
BOCTOYHOW NOC/Ie aHOMa/IbHbIX 3aMOPO3KOB B KOXKHOM
[OarectaHe // CagoBoacTso 1 BUHOrpagapcrso. 2014, N 1.
C. 22-26.

REFERENCES

1. Asseng S., Ewert F., Martre P. et al. Rising temperatures
reduce global wheat production. Nature Clim Change.
2015, no. 5, pp. 143-147.

2. Lesk C., Rowhani P., Ramankutty N. Influence of extreme
weather disasters on global crop production. Nature. 2016,
vol. 529 (7584), pp. 84-87.

3. Polevoy A.N., Bozhko L.E., Barsukova E.A. Impact of
climate changes on agro-climatic indices of the vegetative
period of main agriculture crops. Ukr Hydrometeorol J.
2017, no. 20, pp. 61-70.

4. Balabukh V., Oreshchenko A., Yagodynets S. Emergency
fi re weather in September-October 2020 in the Luhansk
region: causes and consequences. Proc
Hydrometeorological congress. 2021, pp. 147-148.

5. Shrestha S., Ciaian P., Himics M., Van Doorslaer B.
Impacts of Climate Change on EU Agriculture. Review of
Agricultural and Applied Economics (RAAE). 2013, vol. 16,
iss. 2(16), pp. 24-39.

6. Fishman R. More uneven distributions overturn benefits
of higher precipitation for crop yields. Environmental
Research Letters. 2016, vol. 11, no. 2.

7. FAO (Food and Agriculture Organization of the United
Nations)-2021: The impact of disasters and crises on
agriculture and food security. Rome, 2021, 244 p.

8. Schipper L., Liu W., Krawanchid D., Chanthy S. Review of
climate change adaptation methods and tools. MRC
Technical Paper no 34. Mekong River Commission,
Vientiane, 2010, 76 p.

9. Semenov S.M., Ironing A.A., Dmitrieva T.M.
Anthropogenic disturbances of the interaction of land and
atmosphere: IPCC estimates. Fundamentalnaya i
prikladnaya klimatologiya [Fundamental and applied
climatology]. 2019, vol. 3, pp. 5-29. (In Russian)

10. Akimov L.M. Trends in the thermal regime in arid and
adjacent territories of the European part of Russia in the
summer period. Aridnyye ekosistemy [Arid ecosystems].
2021, no. 4, pp. 3—12. (In Russian)

11. Teymurov S.A., Alieva N.A. Assessment of the influence
of agrometeorological factors on the yield of grain crops
taking into account global climate change. Gornoye
selskoye khozyaystvo [Mountain agriculture]. 2023, no. 4,
pp. 42—47. (In Russian)

12. Ivanova A.L. Globalnyye proyavleniya izmeneniy klimata
v agropromyshlennoy sfere [Global manifestations of
climate change in the agro-industrial sector]. Moscow,
Russian Agricultural Academy Publ., 2005, 332 p. (In
Russian)

13. Kaziev M.R.A., Alichaev M.M. Measures to prevent
degradation of agricultural lands in the foothills of
Dagestan. Vestnik sel'skokhozyaistvennoi nauki [Bulletin of
Agricultural Science]. 2017, no. 4, pp. 49-52. (In Russian)
14. Sirotenko 0.D., Abashina E.V., Pavlova V.N. The
sensitivity of agriculture in Russia to changes in climate,
atmospheric chemistry and soil fertility. Meteorologiya i
gidrologiya [Meteorology and Hydrology]. 1995, no. 4, pp.
107-114. (In Russian)

ecodag.elpub.ru/ugro/issue/current

189



C.A. Telimypos u 0p.

HOr Poccuun: akonorus, passutne 2024 T.19N 4

15. Zhuchenko A.A. Adaptivnoe rastenievodstvo (ekologo-
geneticheskie osnovy) [Adaptive crop production
(ecological and genetic foundations)]. Chisinau, Stiinets
Publ., 1990. 431 p. (In Russian)

16. Zagirov N.G., Dragavtseva I.A., Savin |.Yu. Vozmozhnosti
adaptatsii plodovykh kul'tur k regional’nym izmeneniyam
temperaturnogo rezhima zimne-vesennego perioda v
Respublike Dagestan: metodicheskie rekomendatsii
[Possibilities of adaptation of fruit crops to regional
changes in the temperature regime of the winter-spring
period in the Republic of Dagestan: methodological
recommendations]. Makhachkala-Krasnodar, 2014, 52 p.
(In Russian)

17. Dragavtseva l.A., Savin |.Yu., Zagirov N.G., etc. Resursnyi
potentsial zemel' Severnogo Kavkaza dlya plodovodstva

KPUTEPUU ABTOPCTBA

Camup A. Teiimypos, Maromea-Pacyn A. Kasues,
Abaymenxung A. bBaromaes npoaHaAnsnpoBanu
[aHHble, KOPPEKTMPOBAIN PYKOMUCH A0 NOAAYM B
peaakumio, npeactaBuam GakTMyecknini matepman. Bee
aBTOpPbI B PaBHOM CTENEHW Y4acTBOBaIM B HaNucaHum
PYKOMMUCKU U HECYT OTBETCTBEHHOCTb NPU 0O6HaPYKEHUU
naaruata, camonaarvarta uin Apyrux HeaTU4ecKux
npobnem.

KOH®J/IUKT UHTEPECOB
ABTOpPbI 3aABAAIOT 06 OTCYTCTBUM KOHPMKTA
MHTEPECOoB.

ORCID

[The resource potential of the lands of the North Caucasus
for fruit growing]. Makhachkala, Krasnodar, 2016, 318 p.
(In Russian)

18. Mukailov M.D., Aliyev H.F. Assessment of agro-climatic
resources of Southern Dagestan for the development of
subtropical fruit growing. Vestnik Rossiiskoi akademii
sel'skokhozyaistvennykh nauk [Bulletin of the Russian
Academy of Agricultural Sciences]. 2009, no. 3, pp. 64—65.
(In Russian)

19. Kaziev M.R.A., Shakhmirzoev R.A., Kazimetova H.M.,
Gabibov T.G. The results of the survey of oriental
persimmon orchards after abnormal frosts in Southern
Dagestan. Sadovodstvo i vinogradarstvo [Horticulture and
viticulture]. 2014, no. 1, pp. 22-26. (In Russian)

AUTHOR CONTRIBUTIONS

Samir A. Teymurov, Magomed-Rasul A. Kaziev,
Abdulmedjid A. Bagomaev analyzed the data, corrected
the manuscript before submitting it to the editorial
office and presented the factual material. All authors
are equally participated in the writing of the manuscript
and are responsible for plagiarism, self-plagiarism and
other ethical transgressions.

NO CONFLICT OF INTEREST DECLARATION
The authors declare no conflict of interest.

Camup A. Telimypos / Samir A. Teymurov https://orcid.org/0000-0002-0336-7380

Maromeg-Pacyn A. Kasunes / Magomed-Rasul A. Kaziev https://orcid.org/0000-0002-6929-9034

Abaynmenuma A. baromaes / Abdulmedjid A. Bagomaev https://orcid.org/0009-0000-6721-3180

190

ecodag.elpub.ru/ugro/issue/current




tOr Poccuu: akonorua, passutme 2024 T.19N 4

PekpeaunoHHas reorpadpums

OpwuruHanbHas ctatba / Original article
YK 913:338.483
DOI: 10.18470/1992-1098-2024-4-16

(@) ov 00|

lNMpocTpaHcTBEHHaA opraHM3aymAa
neyebHO-0340pOBUTENBHOIO TYPHU3Ma B
Poccunitcko-KasaxctaHCKOM TPAaHCTPAaHUMYHOM permoHe

Hatanba 0. CBaTtoxa, AnekcaHap A. Ynbunés, Amutpuii A. TpyanHUH

MHCTUTYT cTenu Ypanbckoro otaeneHums Poccuitickoit akagemum Hayk — 060ocobieHHOe CTPYKTYpHOe noapasgeneHume
denepanbHOro rocysapcTBEHHOTO 6IOAKETHOIO yupexaeHna Haykn OpeHbyprckuii peaepanbHblii UCCNea0BaTENbCKUI LLEHTP
YpanbcKoro otaeneHuna Poccuinckoi akagemumn Hayk, OpeHbypr, Poccua

KoHTakTHOE nnyo

HaTanba t0. CBATOXa, KaHAMAAT reorpaduyeckmx
HayK, Hay4YHbI COTPYAHUK, MHCTUTYT cTenu
YpanbcKoro otaeneHns PoccUncKon akagemmmn
HayK — 060cob1eHHOE CTPYKTYpHOE
noapasgeneHune desepanbHOro rocyAapcTBeHHOro
610XKETHOTO yuperKaeHns Hayku OpeHbyprckuit
denepanbHbIN UCCNef0BaTENbCKUN LEHTP
YpanbcKoro otaeneHuns PoccUMCKON akagemmmn
HayK; 460040 Poccus, r. OpeHbypr,

yn. NMuoHepckas, 11.

Ten. +79878723284

Email osugeo@yandex.ru
ORCID https://orcid.org/000-0002-5707-2932

dopmat LUTUPOBaAHUA

CsaTtoxa H.10., Yubunés A.A., TpyaunuH O.A.
MpocTpaHCcTBEHHAA opraHn3auma nevyebHo-
030pOBUTE/IBHOIO TypU3ma B Poccuiicko-
KasaxcTaHCKOM TpaHCrpaHuyHom pervoxe // tOr
Poccuu: akonorus, passutme. 2024. T.19, N 4. C.
191-201. DOI: 10.18470/1992-1098-2024-4-16

MonyyeHa 2 mapTa 2024 r.
Mpowna peueHsuposBaHue 8 anpens 2024 r.
MpuHAaTa 15 nioHa 2024 r.

Pe3slome
Llenb: npoaHanusmpoBaTb cneunduKy MNPOCTPAHCTBEHHO-BPEMEHHOM
OpraHM3aummnm  pecypcHoM W UHOPACTPYKTypHOM  6a3  neyebHo-

03[10POBUTENIbHOTO Typuama B Poccuiicko-KasaxctaHcKom  TpaHcrpa-
HUYHOM pPEervoHe.

MpoBenéH CPaBHUTENbHBIN aHANN3 UCTOPUYECKUX AAHHBIX, MOAYYEHHbIX
13 Hay4HbIX UCTOYHMKOB, N COBPEMEHHOM OPULMANBHOM CTaTUCTUYECKOM
UHPOPMALMN O pPEecypcHoM W UHPPACTpyKTypHOU 6ase nedyebHo-
03[0pPOBUTENIBHOFO Typuama B Poccuiicko-KasaxctaHckom  TpaHcrpa-
HUYHOM pErnoHe; 4YacTb MCXOAHbIX AaHHbIX Oblna mnoayyeHa B xoae
NoneBbIX UCCNeA0BaHUA HAYYHOTO KOIEKTUBA.

3a aHanM3Mpyembli NepUoS, YCTaHOBNEHO HEe3HaYyUTe/IbHOe pacluMpeHue
CETU CaHATOPHO-KYPOPTHbIX OpraHu3auuMi Ha TeppuTopuu Pecnybamku
KasaxctaH; Ha TeppuTOpUM MPUFPAHUYHBIX POCCMIMCKUX PErMOHOB YUC/IO
opraHusaumit ysenmuunaocb 6onee yem B 1,5 pasa.

AHann3  NPOCTPAHCTBEHHbIX  AAHHbIX  BbIABWA  AUCMPOMNOPUMKM B
pernoHasbHOM pPasBUTUKM KypopTHOM cdepbl Mo 06e CTOpPOHbI OT
rocyAapcTBEHHOWN rpaHuLbl; B PAAE MPUFPAHUYHBIX PEFMOHOB BbIABAEHO
dbopmupoBaHME TPaHCrPaHUYHLIX AAEP KOHLEHTPaLuM opraHu3aLuin
KYPOPTHOM cdepbl. OnpepeneHa cneunduka opraHM3aumm
6a/IbHE0/I0TMYECKOrO JIeYEHUA B PErnoHe: WUCMOoJIb30BaHWE NPUBO3HOMO
Cbipbfl, MacCOBOE PaCNpPOCTPAHEHME «AWKUX» NevyebHuL, OTCyTCTBUE
Hay4yHoro 060cHOBaHWA UCMOJ/Ib30BaHWA PECYPCOB.

KomnnekcHoe coyeTaHWe NpupoaHbIx nevebHbix pecypcos, ocobeHHOCTU
KAMMata W NaHawadToB, HanuMuMe CeTM  CaHaTOPHO-KYPOPTHbIX
opraHusaumii  GopMUpPYET YHUKa/bHbIA «TepaneBTUYECKUIA» CTENHOM
naHpwadt Poccuiicko-KasaxcTaHCKOrO pernoHa, KOTOPbIM MOXKET cTaTb
OCHOBOW A/1A CO3[aHWA HOBbIX TYPUCTCKMX MapLIPyTOB WM NPOrpamm,
HanpaBAEHHbIX Ha y/yYlleHWe 340P0BbA HaceNeHUA.

Kniouesble cnosa
Poccuiicko-Ka3axcTaHCKMIn pernoH, TPaHCrPaHWYHbIA PEernoH, nevyebHo-
03/0POBUTE/IbHbIN TYPU3M, 6aNbHEOIOTUYECKME PecypChbl.
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Abstract

Aim. To analyze the specifics of the spatio-temporal organization of the
resource and infrastructure base of medical and health tourism in the
Russia-Kazakhstan transboundary region.

A comparative analysis of historical data obtained from scientific sources
and modern official statistical information on the resource and
infrastructure base of medical and health tourism in the Russian-
Kazakhstan cross-border region was carried out; some of the initial data
was obtained during field research by the research team.

During the period analysed, a slight expansion of the network of sanatoria
and health resort organisations of the Republic of Kazakhstan was
established, while in the Russian border regions, the number of
organizations has increased more than 1.5 times.

Analysis of spatial data revealed disparities in the regional development of
the resort sector on both sides of the border. In a number of border
regions, the formation of transboundary concentration centres of health
resort sector organisations has been revealed. The specifics of the
organisation of balneological treatment in the region have been
determined namely: the use of imported raw materials, the extensive
spread of “wild” hospitals and the lack of scientific justification for the use
of resources.

A complex combination of natural healing resources, climate and
landscape features, and the presence of a network of sanatorium and
resort organisations forms a unique ‘therapeutic’ steppe landscape in the
Russia-Kazakhstan transboundary region, which can become the basis for
the creation of new tourist routes and programmes aimed at improving
the health of the population of both countries.

Key Words
Russia-Kazakhstan transboundary region, cross-border region, medical and
health tourism, balneological resources.

2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
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H.H0. CBAToxa u dp.

BBEAEHUE

JleuebHO-034,0POBUTENBHDIN TYPU3M CTabUAbHO 3aHWMaEeT
no3nMuMnm O[HOTO M3  CcamblX  ObICTPOPA3BMBAOLWLMNXCA
HanpasieHU B TYpUCTUYECKOM OTpPacan. ITOT CeKTop,
OT/IMYAOLNNCA AUHAMMKOM W KPeaTUBHOCTbIO, NPOLO-
JKaeT yAepXuBaTb Auaupylowume no3vuMM B MUPOBOM
Typusme, Tak Kak Bce bosiblwe ntogelt no Bcemy mupy
CcTpemaTca K 3p0poBomy  06pasy  kusHU.  Passutue
neyebHO-0340POBUTENBHOIO TYPM3Ma, MOMUMO HanuumA
noaxoAAwmnx 61aronpuUATHbLIX NPUPOLHbLIX NPEANOCHINOK U
pecypcoB TpebyeT cneunduyeckon M nNpuBAEKaTEbHOM
MHPPACTPYKTYpbl, OOY4YEeHHOro nepcoHana, MNOHUMaHUA
LeneBov ayguMTopuu, CneumasmaMpoBaHHOrO MapKeTUHra
n 1.4. Ewé ogHo cneumdmyeckoe CBOMCTBO AaHHOro BMAa
TypM3Ma B Halel CTpaHe 3aK/4YaeTcs B MUCTOYHUKE
dUHaHcHpoBaHuA: 3HauYUTeNbHaA YacTb  TypucTtoB
coBepLAT NeYebHO-0340pOBUTE/IbHbIE Typbl 3a CYET
nporpamMmm coumanbHoro obecnevyeHwa, a He 3a CYéT
COBCTBEHHbIX CPEACTB.

Mangemuns COVID-19 cnocobcTtBoBana pocty
Cnpoca Ha YC/Ayrn CaHaTOPHO-KYPOPTHbIX KOMMJIEKCOB —
OpraHusaumi, MakcMmanbHO NPUBAMNKEHHbIX K cohepe
3A4pasooxpaHeHua. o nNporHosam CneunanncrtoB PbIHOK
0340pPOBUTE/IbHOTO TypM3ma yasouTca B nepunog c 2022 no
2027 rr. Temnbl pocTa 0340POBUTENBLHOIO Typuama
3HauMTeNbHO MPEBbLIAT TEMMbl pPOCTa  TYPUCTCKOWM
WHOYCTPUM B LLENIOM: eXerogHbli pPOCT pPacxofoB Ha
03[10pPOBUTE/IbHbII TYpU3M cocTasnfeT 36 % (419 Typusma
B uenom — 28,4 %), a eerogHbl POCT KO/AMYeCcTBa
03[10pOBUTENbHLIX Noe3gok coctasnser 30 % (no Bcei
TYpUCTCKOM nHayctpumn — 23,8 %) [1].

B 2022 r. TypucTbl cosepwmnm 819,4 munnmoHa
MEXKAYHAapOAHbIX U BHYTPEHHWUX  O340POBUTE/IbHbIX
noesfoK, YTo 3HaunTenbHo 6onblue, Yem B 2020 1 2021 rr.
Cpegn  3TMX  MOE3[0K  MeXAyHapoAHble  MOe3fKu
coctaBnaloT Bcero 12 %, B TO BpeMA Kak Ha BHYTPEHHWe
0340pOBUTE/IbHbIE NOe3aKN npuxogutca 88 % [1]. Tak Kak
BHYTPEHHUI 03[0POBUTENbHLIA TYPU3M UrpaeT 3Hauu-
TeNbHYlO posb B obwem 06bEMe 0340POBUTENbHbIX
rnoesfioK, aKTyaNeH KOMMJIEKCHbI aHaNu3 KaK MeCTHbIX
peKpeaumnoHHbIX pecypcoB, BOCTPebOBaHHbIX B AaHHOM
BMAE TYpU3Ma, TaK U C/OXKMUBLUENACA WHOPACTPYKTypHOM
6a3bl.

WcTopun cTaHOBNEeHUA U pasBUTUA nedebHo-
037,0POBUTE/IBHOTO TYPM3Ma MOCBALEHbI Hay4YHble TPyabl
CNeLnannucToB pasHbix obsacTeit HaykKM — 3KOHOMMCTOB,
MUCTOpPUKOB, couumonoroe M gp. C  TOYKM 3peHuA
reorpapuyeckomn Hayku aKkLEeHT B UCCIef0BaHUAX CTaBUTCA
Ha  TeppuTOpMaNbHbIA  acnekT, a  WMEHHO  Ha
NPOCTPaHCTBEHHYO OPraHu3aLuio pecypcoB U MHbpacT-
PYKTYpbl 1e4ebHO-0340POBUTENBHOIO TYpMU3Ma.

Cpean 3apybekHbix  uccnepoBaHWi,  Nocsa-
WEHHbIX Ne4YebHO-0340POBUTENBHOMY TYPU3MY, MONKHO
OTMETUTb PaboTy KosnekTMBa y4yéHbix M3 Typuuu [2], B
KOTOpOW NpoBeaéH BUBAMOMETPUYECKUI aHANN3 HAYYHbIX
cTaTei, m3gaHHbIX B nepumog ¢ 1970 no 2020 rr. u
MHAEKCUPOBaHHbIX B 6ase Web of Science. AsTopbl
BbIABUIN 100 Hanbonee LUTUPYEMBbIX cTatei,
NOCBAWEHHbIX  1e4ebHO-0340P0OBUTENIBHOMY  TypU3MY,
caMol LMTMPYeMOWN cpeau KOTOpbIX OKasasnacb paborta
[. KoHHena «MeanuMHCKUI TYpU3M: MOpPe, COHLE, NEecoK
W... xupyprua» [3]. ABTOp paccmaTpuBaeT MeAULMHCKUI
TYpuU3M Kak ocoboe HanpasieHue B CTPYKType nedyebHo-
0310pOBUTENIBHOIO TYPU3MA, KOTOPOE HaNpPAMYK CBA3aHO
C MegMUMHCKMM BMeLLaTeNbCTBOM, a pes3y/nbTaTtbl ero
6onee [ONrOCPOYHBbI WM OWYTUMbI TypucTamu. TaKkxke

pasBUTUIO MEAMLMHCKOro TypuM3ma, B pPa3BMBAOWMXCA
CTpaHax, nocesweHa pabota M. u K. bykmaH [4]; y4éHble
nUccnesyloT MeXAYHAapOAHYH TOProBAld MeAUUMHCKUMU
ycayramu v eé orpoMHbI SKOHOMUYECKUI NoTeHuman gan
pa3BMBAIOLLMXCA CTPaH, @ TaKKe Cepbe3Hble MOCNeACTBUA
017 MMPOBOTO 340aBOOXPAHEHUA. B UTOroBom penTuHre
CaMbIX UWMTUPYEMbIX CTaTell /auaupylolime nosvuum
3aHMMaloT  paboTbl,  NOCBALWEHHbIE  MeAMUMHCKOMY
TYPU3MYy, 4TO CBWAETENbCTBYET O BbICOKOM YPOBHE
MHTepeca 3apybeXkHbIX YYEHbIX K 3TOW oTpaciu nedvebHo-
0340pOBUTE/NIBHOIO  Typuama. [lo oblwemy Koauyectsy
ny6AvMKaumMin Ha AaHHY0 TeMATUKY JMAMPYIOT aBTOpbl U3
CLUA v KuTas.

Ponb npupoAHbIX pPecypcoB B CTaHOBIEHWU WU
pas3BUTUM Ne4ebHO-0340P0BUTENBHOMO TYpU3Ma PaccMoT-
peHa B paboTte E. MeccoT u Aap. [5]; KoAMYECTBEHHbIN
aHaNM3 uccnefyemblX B HAyYHbIX CTaTbAX NPUPOAHbBIX
pecypcoB MoO3BO/IMA  aBTOPam CAenaTb BbIBOA, YTO
Hanbosnee nonynApHbl B  Ne4ebHO-0340POBUTENBHOM
TypU3Me rMapoaorMyeckne 1 rmapomMmmHepanbHblie pecypcsl
(nppoaHble MWHepanbHble BOAbl, TPA3U, 03epa, Pekw,
pyybu, Boponazbl). Takxe MHoro paboT nocesleHo
aHaNM3y TaKUX PECYPCOB KaK JIec, ropbl, KAMMAT; ayTeH-
TUYHbIE MECTHble MPOAYKTbl MUTaHMA W TPAAUUMOHHbIE
MeCTHble neYyebHble CpeacTBa U3yYeHbl MeHbLUe.

Poccuiickme yuéHble Tak»Ke M3y4yaloT pasfivyHble
acnekTbl  1e4yebHO-0300pOBUTENBHOTO  Typusma, B
YacTHOCTM MHoro pabot (Hanpumep, [6]) noceALweHo
BOMNPOCAaM TEPMMUHOIOTUN U TUNONOTUM LAHHOTO BMAA
Typu3ma. OTAenbHbIM NAacT paboT COCTABAAT CTaTbM,
NoCBAWEHHbIE UCTOPUUN CTAHOBNEHUA U Pa3BUTUA NevebHo-
03[l10POBUTE/IBHOTO TypuU3mMa W KYPOPTHOrO Aena Ha
Tepputopun Poccun n CCCP [7; 8].

Ocobbiit  MHTepec npeacTaBnaT paboTbl, B
KOTOPbIX aHANM3NPYIOTCA pa3nnyHble GpaKkTopbl U pecypcsbl,
cnocobcTByOWME PA3BUTUIO 1e4ebHO-0340POBUTENIBHOMO
Typu3ma, Kak Poccun, Tak M CTpaH MOCTCOBETCKOro
NPOCTPaHCTBA. YuWTbIBasA pa3mepbl TeppuTtopun Poccum,
paboTbl Ha fJaHHYlO TeMy B OCHOBHOM  MMelOT
peroHanbHbI  aCMeKT:  CNeumanucTbl  aHaJuM3UpyroT
b6anbHeonornyeckune pecypcbl Kpoima [9], CeBepo-BocToka
Poccuun [10], 3abaikanba [11] u gpyrux Tepputopuii [12].
MpMHMMaa BO BHMMAHWE LENOCTHOCTb NPUPOAHbIX
NaHAWadTOB, MWCKYCCTBEHHO pPa3feNéHHbIX rocyaapcT-
BEHHOM TrpaHULEN, a TaKkKe TecHble CBA3U Mexay
COCegHUMM  FOCy[apcTBamMK,  aKTyaslbHbl  paboTbl  w
Ka3axcTaHCcKux reorpados [13].

bonbwoe Konudectso pabot (Hanpumep, [14])
MOCBALWEHO  TaKOMy  BaXXHOMYy  acneKkty  neyebHo-
03[l0POBUTENILHOTO  TypM3Ma  KaK  TPaHCrPaHWYHble
nyTewecTsms ¢ MeAULUHCKMMM U 0340POBUTENbHBIMU
uensamu. [laHHoe HanpasneHue ocobo aKTyasbHO Ans
NPUrPaHUYHbIX TEPPUTOPUI U TPAHCTPAHUYHbBIX PErMOHOB.
Ona  Poccuitickolt  ®epepaumm  cambiM  KPYMHbIM
TPaAHCrpaHMYHbIM  perMoHom (B cuay  Gonblioi
NPOTAMKEHHOCTM 3TOrO Y4aCTKa rocyAapcTBEHHOMN rpaHuULLbl)

MOXKHO paccmaTpusaTtb Poccuitcko-KasaxcTaHckui
TPAHCrPaHUYHbINA PErvoH.
YHUKanbHOe reorpagpuyeckoe nonoxeHune

[aHHOrO pernoHa Ha CTbiKe ABYX 4acTeit cseTa, EBponbl u
A3MK, C COYETaHMEM MYCTbIHHbIX, CTEMHbIX U NECOCTEMHbIX
aKocucTeM, CnocobcTBoBano GOpPMMPOBAHUIO Pa3HOO6-
pasHbIX PEeKpPeaumoHHbIX NaHawadToB. B 3TOM pervoHe
BbIABNEHO  MHOMECTBO  MWHEPasbHbIX  WUCTOYHWKOB,
TEepMasibHbIX BOA, MPUPOAHbLIX HAKOMAEHMUIN NedYebHbIX
rpAsel, a TaKKe YHWKaNbHbIX MPUPOAHbLIX OB6BEKTOB,
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KOTOpble ~ MOryT  6biTb  WUCMNOMb30BaHbl  Kak  ans
0340pOBNEHUA U peabunuTaumm, Tak U B NO3HaBaTe/IbHOM
Typusme. Kpome Toro, 61arogapa cBoemy pacnosioKeHUIo,
3TOT PErvoH TNpUBAEKAeT TypuUcToB U3 o0benx CTpaH,
CnocobcTByA Pa3BUTUIO TPAHCTPAHUYHOIO TYPU3MA.

Llens paHHOTO MCCNeaoBaHUA — MNPOaHaNU3u-
poBaTb NPOCTPAHCTBEHHYID OPraHW3aLMI0 PecypcHoOn u
MHOPACTPYKTypHOU  6asbl  neyebHO-0340POBUTENBHOTO
Typuama B Poccuiicko-Ka3axcTaHCKOM TpaHCrpaHUYHOM
pernoHe. WHTerpaums pecypcHOM U WUHOPaCTPYKTypHOM
6a3, a TaKKe COTPYAHMYECTBO MeXAay ABYMsS CTpaHamu B
cbepe WHHOBAUMM M HayyHbIX WCCNEAOBaHWUA, MOMKET
NpUBECTU K (GOPMUPOBAHUIO  KOHKYPEHTOCNOoCcobHOoro
NpoAyKTa Ha MMPOBOM PblHKE TYpU3Ma. BaxKHOCTb faHHOro
HanpasneHusa obycnoBieHa rNobanbHbIMKM TPeHAAMU K
3p0poBoMy 06pasy KM3HM, COXPaHEHUIO MNPUPOLHOrO
pa3Hoobpasua 1 yCTOMUYMBOMY PA3BUTUIO TEPPUTOPUNA.

MATEPUAN N METOAblI UCCNEQOBAHUA

B KauectBe uHdOpMaLMOHHOW 6as3bl B MccneaoBaHUM
MCMONb30BaNIUCh HAy4YHble WMCTOYHWMKW, B YACTHOCTM ANA
aHa/NM3a COCTOAHWUA CaHATOPHO-KypopTHoro gena B CCCP
cepeguHbl XX B. MCNonb3oBanacb KHUra nog pea.
C.B. Kypawosa «Kypoptbl CCCP» [15]. [Ans oueHKu
COBPEMEHHOW CUTyaLMU MCNONb30BANUCL CTAaTUCTUYECKME
AaHHble, MNONyYeHHble C OOUUMANbHBIX CTaTUCTUYECKUX
pecypcoB Poccuiickon Pepepauumn [16] u Pecnybamku
KasaxcTaH [17]. UHbOpmaLma 0 cOBpeMEHHbIX CaHAaTOpPHO-
KYPOPTHbIX OpraHusaumax 6bina nosyyeHa ¢ oduumans-
Horo caiTta «locyaapcTBeHHbIV peecTp KypopTHoro ¢doHAaa
P®» [18] u c canta «Peectp npeanpuatnin Pecnybavku
KasaxcrtaH» [19]. fdaHHble 0  MECTOpOMKAEeHWUAX
MUHepanbHOM BoAbl U NevyebHbIX rpaseit HbiaM NoaydYeHbl
13 «loCcypapCTBEHHOrO KajacTpa MEeCTOPOXAEHUN U
NpoABAeHUN nonesHbIXx Uckonaembix» [20] n «locypapct-
BEHHOr0 peecTpa Y4YacTKOB HeAp, NpPeAoCTaB/leHHbIX B
NnoNb30BaHME, U JIMLEH3MAX Ha MONb30BaHWE Heapamu»
[21].

MpoCTpPaHCTBEHHbIN reouHGOpPMaLMOHHbIN
aHanM3 n reoobpaboTka [aHHbIX BbINONHANUCL B cpeae
ArcGis  Online -  o6nayHoli KapTorpaduyeckomn
FNC-nnatpopme Komnaumm ESRI. B yvacTHoctn, AanA
CO3J4aHMA  KapTbl  MJIOTHOCTUM  CaHATOPHO-KYPOPTHbIX
opraHusaumii B Poccuitcko-KasaxcTaHCKOM — TpaHcrpa-
HUYHOM pervoHe MCMNoab30Banca WUHCTPYMEHT
«MoacumTaTh NNOTHOCTL» C MAPAMETPOM «Paanyc noncka»
paBHbIMm 150 kKm. CnepoBaTenbHO, B BbIXOAHOM CNoe, Npu
BbIYMCNEHMM NNOTHOCTU CaHaTopueB B /t0OOM y4yacTke
KapTbl, 6bIIM NOACYMTAHbI BCe CaHATOPMK, HaxodAlmMecA B
npeaenax 150 KM oT 3a43aHHOM TOYKMU.

Ona  odopmneHva KapT UM WHPorpadukm
ucnonb3oBannce  nporpamma  QGIS  Bepcun  3.34.3
«Prizren», a Takke nporpamma Microsoft Excel. B kauectBe
6a30BoM KapTbl Ucnonb3oBaHa Bepcua Positron [no labels]
(retina) ot komnaumu CartoDB, pacnpocTpaHsemas no
cBO6OAHOWN NNLEH3NN.

NONYYEHHbIE PE3Y/IbTATbI U UX OBCYXXAEHUE
CTaHOB/IEHUE CETU CaHATOPHO-KYPOPTHBIX YYPEXKAEHUN B
Poccum 06bI4HO cBA3bIBAOT € geATenbHocTbio MeTtpa | [15].
MepBbii POCCUNCKMIA KypopT, MapumanbHbie BoAbl, 6bin
TakKke ocHoBaH npu [etpe | B 1719 r. Ha ocHoBe
YKENe3UCTbIX MWHepPasbHbIX WCTOYHUKOB; CerogHA 37O
paboTatowmii 6anbHEONOrMYECKUIA U TPA3EBON KypopT B
nocénke MapumanbHble Boabl KoOHAOMOMCKOro painoHa
Pecny6anku Kapenus.

JBostoUMA  KypopTHOW oTpacam B Poccuu
npoxoguna B Heckonbko  ¢as, onpegenaembix
NONINTUYECKMMMN,  SKOHOMWUYECKMMU U COLMANbHBIMU

U3MeHeHNAMM B cTpaHe. HayanbHaa ¢asa bbina cBAs3aHa
dopmuposaHnem BOEHHbIX noceneHum, KOTopble
CnocobcTBOBaNN PA3BUTUIO KYPOPTHON MHOPACTPYKTYPbLI B
pasHbIX pernoHax cTpaHbl (Hanpumep, passutue Conb-
Mneuka Kak KypopTa Hadanocb B XIX B., KOrga BOoeHHoe
Ha4YanbCTBO 0OPATMNO BHMMAHWME Ha JieyebHble CBOMCTBA
CONN U TpAsent).

C cepeauHbl XIX Beka HauMHaeTca HoBaA dasa B
pPasBUTUM KYPOPTHOWM OTPacau, CBA3AHHAA C pPa3BUTUEM
KenesHoAoPOXKHOro TPaAHCMNOpPTa U yCUNeHWemM cBA3el C
3anagHoi Esponoii. 3To npuseno K Tomy, 4yTo boraTas
YacTb  pycckoro  obuiectBa  CTana  npeanoyvTaTb
3apybekHble KypopTbl OTeYecTBEHHbIM. [paBUTENbCTBO
NPUHANO pelleHne 0 Pa3BUTUKN KypopTHOro aena B Poccum
M OpraHuMsaumm ero Ha Hay4yHon ocHose. K Hauyany XX Beka
Bcero 6bln0  wuccnegoBaHo nopaaka 600  nedvebHbIX
MECTHOCTEMN, U TONbKO 36 M3 HUX GYHKLMOHMPOBANU KaK
KypopTbl [15].

HoBbIi1 BWUTOK pasBUTMA KypopTHasa cdepa
nonyymna B 1920-x rr., korga bbina cosgaHa npodunbHas
CTPYKTypa — [naBHoe KypopTHoe ynpasneHue. B atoT
nepuos, ceTb  CaHATOPHO-KYPOPTHbIX  OpraHuW3auui
pacwmpnAeTcs, OTAbIX B CaHATOpuAX NpMobpén maccosbli
XapaKTep, NMoBbICMIACb AOCTYMHOCTb TaKOro BMAA OTAbIXa
[15]. Cpegu KypopTOoB 0b6LErOCYAAaPCTBEHHOIO 3HAYEHUA B
1926 roay 3HaumMnucb: KaBKascKMe MUHepanbHble BOAbI;
KypopTbl KpbiMa — HOxHbIW  6eper, EBnatopwua, Cakw,
CeBactonosib; KypopTbl CouMHCcKOro paoHa — Couwm,
Mauecta, KpacHaa [MonaHa; AHana; KypopTtbl Opecca,
CnaBsHcK 1 bepaaHck; KypopTbl Abxasum — Cyxym m larpsi;
KypopTbl py3nun - Abac-TymaH 7] Bopxom;
KymbiconeyebHble palioHbl — LLadpaHoBckuit, OpeHbyprc-
Kuii 1 bopoBoe; 3amKHyTble KypopTbl — CTapasa Pycca u
CeprueBckne muHepanbHble Bogbl [22].

B 1940 roay 6bi10 y»ke 225000 caHaTOPHbIX KOEK,
a obliee KOAMYECTBO YENOBEK, MONYYUBLUMX CAHATOPHO-
KYPOpTHOE neyeHune, pdocturno 4 munanoHos [23]. B
1960 r. B cTpaHe HacuuTbiBanocb 2073 caHaTtopua [15]. Mo
coctoAaHMo Ha 2022 r. B Poccum pacnonokeHol 1742
CaHATOPHO-KYPOPTHblE opraHu3aumu [16], a B Pecnybnuke
KasaxctaH — 172 opraHuMsaumm BOCCTAHOBWUTENbHOTO
NIeYeHns U meguLMHCKOM peabunutaumm [17].

Ocoboe BHMMaHWe obpaluaeT Ha ceba ToT daKT,
YTO yXKe B PaHHUX KOMMJIEKCHbIX TpyAax Hadana XX B. [22],
NOCBAWEHHbIX Pa3BUTUIO KypOpTHOU cdepbl, B KayecTse
060C06/1EHHOrO  perMoHa  paccMaTpuBaeTcs  CTEMHOM
KNMMaTUYECKUA KYPOPTHbINA PalloH, BK/OYAKOLWMIA toro-
BOCTOYHbIE  33aBO/IKCKME  cTenu. Takum  obpasom,
MCTOPUYECKM OaHHAA TEPPUTOPUA, KOTOpPasa B COYETaHUMU C
6anbHeo-TepaneBTMYECKUMU U TPA3EBLBIMKU  KYpOpPTamu
CTENHOM UM MOAYNYCTbIHHOWM 30H o0b6pasyeT OCHOBY
KypopTHOW cdepbl Poccuiticko-KasaxcTaHCKOro TpaHcrpa-
HWUYHOTO PErMoHa, XapakTepusnpyeTca Kak ocobo LeHHan u
TpebyoLwan Hay4YHOro U3y4YeHus.

PaHHMe ynomuHaHuMA o HasbHEONOrMyeckmx
pecypcax Poccuitcko-KasaxcTaHCKOro perMoHa MOXKHO
BCTpeTUTb B pabotax H.A. BopoamHa (1891 r.) [24],
ynomuHaBswero sneyebHble cBoMCTBA rpA3nM MHAepcKoro
o3epa (KasaxctaH) u onucaBwero o3epo Kapa-bacnak
(KasaxcraH); K.MN. Fpym-Tpxumaiino (1855 r.), onucaslero
UneuKme MuHepanbHble rpsasmn (Poccua), conéHoe o03epo
NHaep (KasaxcTaH), acTpaxaHCKMe MUHepanbHble rpasu K
rpasu o3epa dnbToH (Poccua), rpynny Kambiw-CamapcKmx
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03ép (KasaxcraH), o3epo Kapacop (KasaxcrtaH), o03epo
36eiTbl (Poccus) u ap. [25]; A.H. 3apyaHoro (1915 r.) [26],
onucasLlero KymblicosneyebHoe 3aBeaeHne «CtenHoln gap»
(HbiHe  CapaToBcKan obnactb Poccun), KypopT
CTONbINWMHCKME MUHepasbHble Boabl. MoapobHO paHHMe
onucaHua 6anbHEON0rMYECKUX PEeCcypCcoB, PACMONOMKEHHbIX
Ha TeppuTOopMM coBpemeHHOoro KasaxcTaHa, pacCMOTpPeHbl
B cTatbe P.A. Xanenosoii u T.A. TepeweHko [13].

OugeHKa COBPEMEHHOTO COCTOSHUA U MepCreKkTus
pa3BUTMA KypopTHOU cdepbl B pernoHe BO3MOXKHa
nocpescTBOM aHanusa paga $GpakToposB M MPeanoCbINIOK.
Tak, B KayectBe OAHOW W3 33fay MCCNefoBaHUA 6bin
OCYLLEeCTBNEH CPaBHUTE/IbHbIN UCTOPUKO-reorpaduyeckni
aHaNM3 YUCNEHHbIX MOKasaTenen pasBUTUA CaHATOPHO-
KypopTHOro fena B Poccuitcko-KasaxcTaHCcKom pernoHe 3a

AkTroBbuHckan obnacTte / Aktobe Region

BocTtouHo -KasaxcraHckas obnacte /  East Kazakhstan Region
Abainckan obnacte / Abai Region

3anapHo -KaszaxctaHckas obnacte /| West Kazakhstan Region
Artblpayckas obnacTe / Atyrau Region

KoctaHalickas obnacte / Kostanay Region

MaBnopapckas obnacte / Pavlodar Region
Cesepo-KasaxctaHckas obnacte / North Kazakhstan Region
YenabuHckan obnacte / Chelyabinsk Oblast

Camapckas obnacte / Samara Oblast

CapaToBckasi obnacte / Saratov Oblast

OpeHbyprckas obnacte / Orenburg Oblast

Antanckuia kpan [ Altai Krai

Bonrorpapckas obnacte /' Volgograd Oblast

Hoeocubupckas obnacte / Novosibirsk Oblast

KypraHckas obnacte / Kurgan Oblast

TiomeHckas obnacte / Tyumen Oblast

Owmckas obnacte/ Omsk Oblast

AcTpaxaHckas obnacte / Astrakhan Oblast

Pecnybnuka Antai / Altai Republic

nepuoa c¢ 1960 no 2022 rr. B kauvectBe oaHOro wu3
napameTpos 6bln  BbibpaH MNoOKasaTenb KoauyecTsa
CaHaTOPHO-KYPOPTHbIX OpraHu3aLni.

CpaBHeHwue noKasaTenei 3a 1960 r. (puc. 1) 1 3a
2022 r. (pu1c. 2) NOKasblBaeT HE3HAYUTENIbHOE pacluMpeHmne
CeTM CaHaTOPHO-KYPOPTHbIX OPraHU3aLMii U opraHusauuu
BOCCTaHOBWTE/IbHOTO nevyeHus " MeAMUMHCKOM
peabunutauun Ha Tepputopum Pecnybamkm KasaxcTaH.
CeTb ’Ke [aHHbIX OpraHusauumii B Poccum ysennuunacb
6onee yem B 1,5 pasa. K peroHam c cambim 60NbLIMM
KO/IMYECTBOM CaHaToOpMeB creayeT oTHecTn YenAabuHcKyo
n Camapckyto obnactn, a Takxke ANTalicKMiA KpaW
(uMcneHHoOCTb OpraHusaumii Ha TeppuTopuM ANTaicKoro
Kpas 3a 60 neT yBennyMnach NpakTMYECKM B TpM pasa).

|5 [ KypopTsl / Resorts
[ canatopum / Sanatoriums
[ Noma otapixa / Holiday houses

35
| 24
24

PucyHok 1. KonnuyecTBo caHaTOpPHO-KYPOPTHbIX OpraHM3aLmnii B NpUrpaHnYHbIX permoHax Poccum u KasaxcraHa
(maHHbIe NnepecynTaHbl C Y4ETOM COBPEMEHHOTO aAMUHUCTPATUBHO-TEPPUTOPUANbHOIO AeneHus) B 1960 r.
CocrtasneHo no [15]

Figure 1. Number of sanatoria and health resort organisations in the Russia-Kazakhstan transboundary region
(data recalculated considering the modern administrative-territorial division) in 1960. Compiled from [15]

KocTaHaickas obnacte / Kostanay Region
BocTovHo-KasaxctaHckas obnacte / East Kazakhstan Region
ATblpayckas obnactb / Atyrau Region

Maenoaapckas obnacts / Pavliodar Region

AxTioBuHckas obnacTk / Aktobe Region
BanaaHo-KasaxcraHckas obnactb / West Kazakhstan Region
Cesepo-KasaxctaHckas obnacte / North Kazakhstan Region
Abaiickas obnactb / Abai Region

YenabuHckan obnactk / Chelyabinsk Oblast

Camapckan obnacts / Samara Oblast

AnTaiickuia kpai / Altai Krai

Hosocubupckasn obnacte / Novosibirsk Oblast

OpeHbyprckas obnacts / Orenburg Oblast

TiomeHckan obnacte / Tyumen Oblast

Bonrorpagckasa o6nacte / Volgograd Oblast

Caparosckas obnacte / Saratov Oblast

Omckas obnacte / Omsk Oblast

KypraHckas o6nacte / Kurgan Oblast

AcTpaxaHckas obnacTts / Astrakhan Oblast

Pecnybnuka Antaii / Altai Republic

] 43
1 40
] 37

PUcyHOK 2. KonnyecTBo caHaTOPHO-KYPOPTHbIX OpraHM3aLnii B NpUrpaHnMyYHbIX permoHax Poccum n KasaxcraHa
B 2022 r. CocTtaBneHo no [16; 17]

Figure 2. Number of sanatoria and health resort organizations in the Russia-Kazakhstan transboundary region
in 2022. Compiled from [16; 17]
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NleyebHbIi Npoduab caHATOPHbIX opraHu3aumin B 1960-e
roapl CywWweCcTBEHHO OT/AMYaNCA OT COBPEMEHHbIX. Tak,
noAaBnAloLLEe YUC/IO CAHATOPMEB Ha TEPPUTOPUU COBpe-
MeHHoro  Poccuiicko-KasaxcTaHCKOro  TpaHCrpaHWUYHOro
perMoHa NPUHUMANO 6ONbHbLIX Pa3MYHbIMK  popMamm
Tybepkynésa. Hanpumep, U3 BOCbMM  CaHaTopues
OpeHbyprckoi 061acTh, PacnoNoKeHHbIX BHE KypopTOB, —
7 3Hauunocb [15] Kak ana 6onbHbIX TY6epKyNE30M NETKUX,
Koctet u gpyrux ¢dopm TybepKynésa, a AcCTpaxaHCKOM

—— locypapcTeeHHas rpakuua
(State border)
+ CaHaTOpHO-KYpPOPTHbIE OpraH13aunm
(Sanatorium and resort organizations)

*PaccuyrTaHo Npu napameTpe "paccTosHue noucka"
pasHbiM 150 Km

**Calculated with the “search distance” parameter equal to
150 km

obnactm 5 u3 5. CoBpemeHHble CaHATOPHO-KYPOPTHbIE
opraHuMsauMmn wumeloT 6Honee pasHOO6pasHbIM  meau-
LMHCKUIA Npodunsb.

[aHHble W3 OTKPbITbIX WUCTOYHMKOB [18; 19]
No3BO/MM  OLEHWUTb MPOCTPAHCTBEHHYIO OpPraHM3auumio

COBPEMEHHbIX CaHaTOPHO-KYPOPTHbIX opraHu3aumi
Poccuitcko-Ka3axCTaHCKOro  TPaHCrPaHUMYHOrO  peruoHa
(puc. 3).

[MNoTHOCTb CaHATOPHO-KYPOPTHLIX opradu3sauuii (eg, Ha 1000 k8. km)*
(Density of health resort organizations (units per 1000 sq. km))**

[] meHee 0,1 [ 0,3-0,4
(less than 0,1) BElo04-05

[Jo1-02 Bl 05-06

£Joz2-03 [ Gonee 0,6

(more than 0,6)

PucyHok 3. M10THOCTb CAaHAaTOPHO-KYPOPTHbIX OpraHun3aumii B Poccuiicko-KasaxctaHCKOM TpaHCrpaHUYHOM pernoHe
no coctosiHMio Ha 2024 r. PaccumTaHo Ha OCHOBe AaHHbIX [18; 19]

Hugppamu Ha kapme obo3Ha4veHbl: 1 — Capamosckas 0baacme, 2 — Bonzoepadckas obaacmes, 3 — OpeHbypackasa obaacme,

4 —YenabuHckasa obnacme, 5 — AcmpaxaHckasa obnacme, 6 — KypeaHckaa obaacme, 7 — TiomeHcKas 06aacme,

8 — OmcKas 0baacmes, 9 — Hosocubupckas obaacms, 10 — Anmalickuli kpad, 11 — Pecnybauka Aamat,

12 — Ameipayckas 0baacme, 13 — 3anadHo-KazaxcmaHckas 0baacme, 14 — AkmiobuHckas 06aacme,

15 — BocmoyHo-KazaxcmaHckaa obaacme, 16 — Cesepo-KasaxcmaHckasa obaacme, 17 — Nasnodapckas obaacme,

18 — Kocmanatickaa obaacme, 19 — Abalickas obaacme, 20 — Camapckasa obaacme

Figure 3. Density of sanatoria and health resort organisations in the Russia-Kazakhstan transboundary

region as of 2024. Calculated based on data [18; 19]

Numbers on the map denote: 1 — Saratov Oblast, 2 — Volgograd Oblast, 3 — Orenburg Oblast, 4 — Chelyabinsk Oblast,

5 — Astrakhan Oblast, 6 — Kurgan Oblast, 7 — Tyumen Oblast, 8 — Omsk Oblast, 9 — Novosibirsk Oblast, 10 — Altai Krai,

11— Altai Republic, 12 — Atyrau Region, 13 — West Kazakhstan Region, 14 — Aktobe Region, 15 — East Kazakhstan Region,
16 — North Kazakhstan Region, 17 — Pavlodar Region, 18 — Kostanay Region, 19 — Abai Region, 20 — Samara Oblast

AHaNu3 AaHHbIX BbIBMI AUCMPONOPLUM B PErMOHAbHOM
pPa3BUTUM KYpPOPTHOW cCdepbl: C POCCUNCKON CTOPOHDI
KYPOPTHbIX OpraHu3auuii, Bo-nepBbix, 6onblle, a, BO-

BTOPbIX, PaCMoO/IOKEHbl OHW «AAPAMMY, TArOTEIOLLMMM
nmbo K 06n1acTHbIM  LEeHTpaM  perMoHos, nubo K
6a1bHE0NOrMYECKUM pecypcam. Ha TeppuTopumn

KasaxctaHa pa3smelleHve [aHHbIX oOpraHusaumii bonee
pegKkoe M AucnepcHoe. Busyanusauma [aHHbIX BbiABWUAA
bopmMupoBaHME TPAHCTPaHUYHBIX AAEpP KOHLEHTpauuu
opraHusaunii KypopTHoi coepbl 613 rocymapcTBEHHOWM
rpaHuLbl — Ha CTbike Abaickoi n BocTouHo-KasaxcTaHcKoM
obnacrelt KasaxctaHa n Antaiickoro Kpasa Poccum, Ha CTbike
KocTaHaickoli obnactn KasaxctaHa u YenabuHckoin wu
KypraHckoit obnacteit Poccun, a TaKKe Ha rpaHuue
OpeHbyprckoit obnactn Poccum n AKTIOBMHCKOW obnactu
KasaxctaHa. TpaHcrpaHuyHble Knactepbl CaHaTopueB MU

pPeabuUAUTALMOHHBIX OpraHM3auMii Kak WMHHOBALMOHHAsA
dopma MeKAyHapogHOro coTpygHuyectsa B  coepe
3[paBOOXPaHEeHNss M TypuMama MOryT crnocobcTBoBaThb
pacWMpeHnto TYPUCTCKOTO pPbiHKa, MOBbILEHMIO KayecTsa
MEAMUMHCKUX YCAYT W YKPENJIEHUID MeEXAYHaPOLHbIX
OTHOLLIEHUN.

BocTpeboBaHHOCTb OpraHu3auuMii  CaHaTOPHO-
KYPOPTHOTO  /lIeYeHUss OLeHMBasacb MO  MapameTpy
«YncneHHoCTb pasmelLEéHHbIX (OTAOXHYBLUMX) B CAHAaTOPHO-
KYPOPTHbIX ~ OpraHM3aumMax NPUrPaHUYHbIX  PErMoHOB
Poccun  un KasaxctaHa Ha 1000 4yen. nOCTOAHHOrO
HaceneHusa» (puc. 4), paccyMTaHHOMY Ha OCHoBe
CTAaTUCTUYECKUX AaHHbIX 33 2022 r. MaKcumanbHble
nokasatenu — y AnTaiickoro Kpas v TiomeHcKoi obnactu
Poccun, MMHUMManbHble —y Abaiickoit obnactn KasaxcraHa.
B cBA3M C 3TMM, MOXHO cAenaTb BblBO4 O TOM, 4TO
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CaHaTOPHO-KYPOPTHble OpraHM3auMmn B ANTailCKom Kpae u
TiomeHckon obnactu  Poccum  sBnawTca  Hambonee
BOCTPE6OBAHHLIMW  Cpean  MPUTPaAHUYHbBIX  PErnoHoB
Poccm m KasaxctaHa. ITO MOMKeT ObITb CBA3AHO C
pPasANUYHbIMK bakTopamu, BKAtOYaA YHUKabHble
MPUPOAHbIE YCIOBUA 3TUX PErMOHOB, KayecTBO NpesoCcTas-

—— locypnapcTBeHHas rpaHuua
(State border)

NAEMBIX YCNYr, a TaKXe MOMMTUKY ueHoobpasosaHua. C
OPYroi CTOpOHbI, HU3KWUI NoKasaTenb B Abalickolt obnactu
KasaxctaHa  MoOXKeT roBoputb 0O  HeobxoAMmoCTH
YAIYYLLIEHWA YCNOBUIA ANA PAa3BUTUA CaHATOPHO-KYPOPTHOIO
NleYeHuns B 3TOM permoHe.

0 100 km (km)
[

YUCneHHOCTb pasMeLleHHbIX (OTOOXHYBLUMX) B CAHATOPHO-KYPOPRTHbIX
opraHuzauuax Ha 1000 yen. nocTosHHOr 0 Hacenexus (2022r.)

(The number of people staying (resting) in sanatorium and resort organizations per
1000 inhabitants of the permanent population (2022)

2

88

PUCYHOK 4. Y1CneHHOCTb pasmeLlHHbIX (OTAO0XHYBLUMX) B CAHAaTOPHO-KYPOPTHbIX OPraHmn3aLmMax NpUrpaHnYHbIX
pernoHoB Poccum n KasaxctaHa Ha 1000 yen. nocTosiHHOro Hacenexus (2022 r.) PaccyntaHo Ha OCHOBE AaHHbIX [16; 17]
Hugppamu Ha kapme obo3HaveHbl: 1 — Capamosckas obaacme, 2 — Bonzoepadckas obaacme, 3 — OpeHbypackas obaacme,

4 — YensbuHckasa obaacme, 5 — AcmpaxaHckas obaacme, 6 — KypeaHckas obaacme, 7 — TiomeHckas ob6aacmes, 8 — OmMckasa obaacme,

9 — Hosocubupckasa obaacme, 10 — Aamalickuli kpal, 11 — Pecnybauka Aamad, 12 — Ameipayckas obaacme,

13 — 3anadHo-KazaxcmaHckas obaacme, 14 — AkmiobuHckas obaacms, 15 — BocmoyHo-KazaxcmaHckaa obaacme,

16 — Cesepo-KazaxcmaHckas obaacme, 17 — MNasnodapckas obaacmes, 18 — KocmaHalickas obaacme,

19 — A6alickas obaacmes, 20 — Camapckas obaacme

Figure 4. Number of people accommodated in sanatoria and health resort organizations in the Russia-Kazakhstan
transboundary region per 1000 people resident population (2022) Calculated based on data from [16; 17]
Numbers on the map denote: 1 — Saratov Oblast, 2 — Volgograd Oblast, 3 — Orenburg Oblast, 4 — Chelyabinsk Oblast,

5 — Astrakhan Oblast, 6 — Kurgan Oblast, 7 — Tyumen Oblast, 8 — Omsk Oblast, 9 — Novosibirsk Oblast, 10 — Altai Krai,

11 - Altai Republic, 12 — Atyrau Region, 13 — West Kazakhstan Region, 14 — Aktobe Region, 15 — East Kazakhstan Region,

16 — North Kazakhstan Region, 17 — Pavlodar Region, 18 — Kostanay Region, 19 — Abai Region, 20 — Samara Oblast

HecmoTpsi Ha KOHTpacTbl B YpPOBHE BOCTPebOBaHHOCTM

CaHAaTOPHO-KYPOPTHbIX ~ OpPraHW3auuii, Ha TeppuUTopuM
NpUrpaHuyHbiX  perMoHoB  Poccun  m KasaxcTaHa
pacnonoxeHo 6o0sbloe  KOMMYECTBO  Pa3HOOBPasHbIX

NpUPOAHbLIX ne4yebHbix (6banbHEONOrMYECKUX) pecypcos,
ocBOeHMe KOoTopbix 6yaeT cnocobCTBoBaTb CTaHOB/IEHUIO
KypopTHOl coepbl agyx rocygapcte. Mog nedvebHbIMM
NPUPOAHbLIMKM  pecypcamMu MOHMMAIOTCA  MWUHEpasbHble
BOAbI, siedebHble rpA3u, pana NIMMaHOB M 03€p, Apyrue
NpUpoAHble O6bEKTbl M YC/NOBUSA, WCMONAb3yemble O
NleYeHUs U OpraHun3aLmMm OTAbIXa, TaKKe K TaKUM pecypcam
OTHOCAT KNAUMaT.

CornacHo opuumManbHbIM AaHHbIM [20; 21] cpeau
OEUCTBYIOLMX JIMUEH3UIA HA Teo/IOTMYECKOE U3YYEHME,
passeaky M [06bluy fedebHbIX rpA3ell B POCCUMICKMX
NPUrPaHUUHbIX € KasaxcTaHOM  perMoHax YMcnsaTea
NMLEH3UN Ha OCBOEHWe rpsA3el TaKUX O03Ep KaK TUHaKw,
JNleuebHoe (AcTpaxaHckasa obnactb); nbToH (Bonro-

rpagckas obnactb); CabaHait, CeeTneHbkoe, MoabopHoe
(YenabuHckaa obnactb); Mepgexbe, MTuube, [opbKoe-

BukTopua, [opbKoe-3BepUHOronoBCcKoe (KypraHckas
obnactb), Manbii  Tapackynb, AxmaHka, Tynybaeso,
Bonbwoi Tapackynb, AxmaHKa (TomeHckas o06s1acTb);
Ynbat  (Omckaa  obnactb); Kapauu, OcTpoBHOe

(HoBocmbupckas obnactb); Manoe fAposoe, [opbKoe,
MopmblilwaHckoe (AnTaickuin Kpait). Ha yactM 06beKTOB He
BefétcA [o06bl4a, OTCYTCTBYIOT Bbl4aHHble aKTUBHblE
JIMLEH3UU, HO MECTOPONKAEHUA YNCNATCA B peecTpe. Tak,
Hanpumep, B OpeHbByprckoit obnactn neyebHblie rpAsv
3aneratoT B 03. Ty3nyyHoe M 03. Bbicokoe, B CamapcKoi
obnactn — 03. Tennoska 1 03. Monoyka v ap.

CpegM Ka3axCTaHCKMX 03Ep C 3amacamu rpssen
MOHO Bblgenutb 03. KapabataH (ATbipayckasa obnacTb),
rpA3M  KOTOPOro MCMOAb3yeT caHaTopuit «ATbipay». B
ATbIpaycKo 006/1acTM  MECTHbIM HaceneHuem aKTUBHO
MCNONb3YIOTCA TPA3M 03. NHaep n Apyrux COnéHbix 03Ep,
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o4HaKo odpuumanbHoe Hay4Hoe obocHoBaHKue
MCMONb30BaHMA C YY4ETOM WX XMMMYECKOro cocCTaBa
oTcyTcTBYeT. M3yyeHue cocTaBa rpsaseli 03. WHaep u

03. AnbXaHcop (3anagHo-KaxactaHckas o61acTb) NpoBoau-
NOCb  OTAE/bHLIMW  UHULMATUBHBIMU TPYMNaMm  YUYEHbIX
(Hanpumep, [27]). Takke wu3BecTHbl 03. Mapangbl
(MaBnopapckas obnactb), 03. amaH M 03. CTaHoBOe
(CeBepo-KasaxcTaHcKkan obnactb), 03. MbinbHoe
(KocTaHalickan obnactb) v gp.

OpraHu3oBaHHble MECTHbIM HacefneHvem
«OuMKMe»  neyebHMUbI  pacnpocTpaHeHbl Ha  Bcelt
TeppuTopmM POCCUIMCKO-Ka3aXCTaHCKOro TpaHCrpaHUYHOro
pervoHa. B Kayectse npumepa mMo¥KHO npusectu ConsHoe
03epo B Atblpayckoit obnactu, Ty3/yKKOSbCKME rpsA3v B
OpeHbyprckoii  obnactv, 03. MwuHkecep B CeBepo-
KasaxcraHcKkoi obnactu, 03. 36elitbl B OMcKol obnactw,
Anrabac B AKTHOBMHCKOM 061acTu v ap.

HecmoTps Ha 6oraTcTeo pervoHa
pa3sHoO06pasHbIMU FPA3AMM, MECTHbIE CaHaTOPMK 3a4acTyto
MCNONb3YIOT MPMBO3HOE Cbipbe. Tak, Hanpumep, caHaTopuit
«Boskckme panu» (CapaToBcKas 06/1acTb) yKasblBaeT, 4To
ucnonb3yer rpasb  o3epa TambykaH (KabapauHo-
Bankapwua), caHaTopuii «Bonra» (Camapckasa obnactb) —
neyebHble wunosble rpasnm M3  BocTouHoro 6HacceiHa
Cakckoro mecTtopoxaeHusa (Kpbim). Takum obpasom,
6anbHeoNorMyeckne rpsaseBble Pecypcbl perMoHa UsyyeHbl
1 OCBOEHbI HE B MOJIHON Mepe, YTO CO3AAET NepCcrneKkTUBHbI
AN PaclMPEHUs CeTU CaHaTOPHO-KYPOPTHbIX OpraHu-
3aumn.

Pecypcbl  MuHepanbHbix  BoA  Poccuiicko-
KasaxcTaHcKkoro pervoHa 6oraTbl U pa3HoobpasHbl. Cpeau
pasBefaHHbIX MECTOPONKAEHWUIA MUHEPaNbHbIX BOL, MOXHO
oTMeTUTb TUHaKcKoe, MuHepan (AcTpaxaHckas o06sacTb);
EpreHuHckoe (Bosrorpagckas o6nactb); TepHoBCKoe
(CapatoBckas  ob6nactb); Cynakckoe (OpeHbyprckas
obnactb); Kaparalickoe, YsunbaumHckoe (YenabuHckas
obnactb); LLlectakoBcKoe (TromeHcKan obnactb);
KapaumnHckoe (HoBocmbupckas obnactb); bapnbik-ApacaH,
PaxmaHoBCKMe Katoumn (BocTouHo-KasaxcTaHcKaa obnactb).

CoyeTaHMe TaKMX PECYpCOB, PaCMO/IONKEHHbIX B
npegenax Poccuiicko-KasaxcTaHCKOro TpaHCrpaHWYHoOro
pernoHa, Kak siedebHble rpasu, MuHepanbHble BOAbl, pana
03€p U IMMAHOB B COBOKYMHOCTM C MeCTHbIMWU paKkTopamu
(Hanpumep, KymbiconeyeHne) u ocobeHHOCTAMMU KaMmaTta
cospgatot TaK Ha3blBaemble «TepanesBTUYECKME
navgwadtei» (no Y. Tecnepy [28]) crteneit. Takue
naHpwadTbl, NpM  rPamoOTHOM WX OCBOEHWM, ByayT
CnocobcTBOBaTb  KOMPOPTHOMY  OTAbIXY, JIeYEHU0 U
peabunutaumMmM HaceneHua, PasBUTUIO pPeKpeaLMoHHOM
cdepbl TpaHCrpaHMYbA B LLEEJIOM.

3AK/TIOMEHUE

Poccuiicko-Ka3axcTaHCKUIM TpaHCrPaHUYHBIN PernoH nmeet
6onbluomn noTeHuuan ans pa3BuUTUSA neyebHo-
03[10pPOBUTE/IHOrO Typu3ma. KommnieKkcHoe coveTaHue
pasHOObpasHbIX  NPUPOAHbIX  NevyebHbix  pecypcos,
0COBGEHHOCTM K/AMMaTa W NaHAWadToB, Hanuume ceTu
CaHATOPHO-KYPOPTHbIX OpraHu3aunii GopmmpyeT yHUKaNb-
HbI «TepaneBTUYECKMI» CTenHon naHawadT, KOTOpbIN
MOKeT CTaTb OCHOBOW ANA CO34aHMA HOBbIX TYPUCTUYECKUX
MapLIPYTOB U MPOrPaMm, HampaBAEHHbIX Ha y/aydlleHue
3[,0pOBbA HaceneHus.

CeTb CAHATOPHO-KYPOPTHbIX  YYpeKAEHWA B
perMoHe NpoAo/XKaeT  PacCWMUPATLCA, OAHAKO  ecTb
onpefeneHHas HepaBHOMEPHOCTb B WX reorpaduyeckom
pacnpegeneHnn: C POCCUIACKOM CTOPOHbI OpraHM3aLmu

pasmelleHbl 6onee NAOTHO, WMX 3arpyeHHOCTb 6Gonblue,
YeM Yy  Ka3axCTaHCKMX. TpaHCrpaHW4Hble  Knacrepbl
caHaTopMeB M peabuNUTaUMOHHBIX OpraHM3aumin, Kak
WHHOBAUMOHHasA  dopma  MeXAYHAapOAHOIoO  CoTpya-
HuyecTBa B cdepe 34paBOOXPAHEHMA M Typuama, MOTyT
cnocobcTBoBaTb  PacCUIMPEHUI0  TYPUCTCKOTO  PbIHKa,
NOBbILEHUIO KAYecTBa MeAUUMHCKUX YCAYT U YKPenaeHuto
MeXAYyHapOAHbIX OTHOLIEHWA.

B HacTtoAwee Bpema mHorne 6anbHeonornyeckune
pecypcbl  perMoHa  MCNOAb3ylTCA  HaceneHnem  Ans
NeyebHbIX Uenem  CTUXMIAHO, BO BHE  KYpPOPTHOW
obcTaHoBKe, 6€3 KOHTPONA MeAMULMHCKOro nepcoHana. B
CBA3M C 3TUM CyLlecTByeT HeobXxoAMMOCTb HAy4yHOro
060CHOBaHMA  KYPOPTHOTO  NleYeHus,  uccieposBaHue
OU3NKO-XMMUYECKUX CBOMCTB MUHEPA/IbHLIX BOA U rpasei,
a TaKKe foBefeHWe A0CTOBEPHOM HaydyHoW MHdopmauunm
[0 MecCTHoro HaceneHus. OpHaKo, MHOrMe U3  yxe
M3YYeHHbIX U pa3BedaHHbIX Ne4ebHbIX MecTHOCTEN elLé He
UCMONb3YIOTCA B MNONHOM O0O6bEME M COCTaBAAT TOT
peseps, KOTOPbIN LO/IKEH YUYUTLIBATLCA npu
NAaHUPOBAHUM CTPOUTENbCTBA HOBbIX CAaHATOPHO-KYpPOPT-
HbIX OpraH13aLmm.

Ona dopmunpoBaHua adpdekTnBHOM
NPOCTPAHCTBEHHOW  CTPYKTYpbl ~ CAHATOPHO-KYPOPTHOM
chepbl perMoHa HeobXoAMMO y4ecTb M NPeoaoneTb pAaf
cywecTsytowux npobnem u Bbi3oBOB. OAHUM U3  HUX
ABNAETCA HeobXOAMMOCTb COBEpPLUEHCTBOBaHUA WMHpPACT-
PYKTYpbl M ycayr, NpeaocTaBasemblx Typuctam. Apyrum
BaXKHbIM acMeKTOM AB/AETCA HeobXxoANMOCTb cobatoaeHus
3KOMIOFMYECKUX HOPM W CTAaHAAPTOB AN COXpPaHeHuA
YHUKaNbHbIX NPUPOAHbLIX PECYPCOB 3TOro pervoHa. s
OCBOEHUA  PEKPeaLMOoHHO-TYPUCTUYECKOrO  MoTeHuuana
TPAHCrpaHMYHOTO pernoHa HeobxoauMmo paspaboTaTtb
cTpaTernun, Hanpas/ieHHble Ha NPUBAEYEHUE UHBECTULNIA U
pasBUTME MeXAYHAPOAHOIo COTPYAHUYECTBA.

Poccuiickyto depepaymio " Pecnybnnky
KasaxcTaH cBA3blBaeT camaa MPOTAEHHAA CyxonyTHas
rpaHunua, 4to 06A3bIBaET 0b6palLaTb BHUMAHME HA pa3BUTHE
NPUrPaHUYHOrO COTpyAHMYecTBa. B cBA3M ¢ 3TUM 6blN0 6bi
uenecoobpasHbiMm MNOCTaBUTb BOMPOC O COBMECTHOM
MUCMONb30BaHUN  PEKPEaLMOHHO-TYPUCTUYECKOTO MOTEH-
uMana  npuUrpaHuYHblX, MNPEUMYLLECTBEHHO  CTenHbIX
perMoHoB Ha 3acefaHusax Komuccuum no cotpyaHuyectsy
mexay Cosetom depepaumm PegepanbHoro CobpaHusa PO
n CeHatom MNapnameHta Pecnybavkm KasaxctaH. Kpome
TOro, 3TM BOMPOCHI LenecoobpasHo PacCMOTPETb B pamKax
cornaweHunit  mexay [pasutensctBom  Poccuiickol
Pepepauun 1 Pecnybnvkn KasaxctaH No COXpPaHEHWIo
aKkocuctem 6accerHOB TpaHCrpaHUYHbIX pek Ypan w
MpTbiww. 310 6yaeT cnocobcTBOBATL HE TONIbKO COXPAHEHUIO
NPUPOAHbLIX pPecypcoB, HO U 3bPEKTUBHOMY MCMNONb-
30BaHUIO0 neyebHO-0340pOBUTENIBHOIO noTeHumana
TPaHCIPaHUYHOTO PErnoHa.
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Pesiome

Llenb — M3yuntb 3HaueHue nponaraHabl SKONOTMYECKUX 3HAHUM, BbIABUTb
ee ponb B GOPMUPOBAHUM 3SKONOTUYECKON KyNbTypbl B COBPEMEHHOM
poccuiickom obuiectee, MNPOAHANM3UPOBATb OCHOBHblE Mpob/iembl
peryanpoBaHua npouecca GopMmMPOBAHUA IKONOTMYECKON KyNbTypbl KaK
HOBOW COUMaNbHOM HEOBXOAMMOCTU.

[ns  [JOCTUKEHWA Lenn WCrnosnb30BasvCb METOAbl aHaAM3a HayyHoM
JINTEPATYPbl, HOPMATUBHO-MPABOBbLIX AKTOB W MPaBOMPUMEHUTENBHOM
NPaKTUKM,  WUCMNO/Nb30BA/NICA  TEOPETUYECKUI  CUCTEMHbIA  aHanus,
CpaBHUTE/IbHO-NPABOBOW MeTo4, 06l eHayYHble MeToAbl.

FocypapcTBy U HerocysapcTBEHHOMY CEKTOPY HAANEKUT NPUHUMATb Mepbl
Mo BOCMWUTAHMUIO Y FpakAaH OTBETCTBEHHOIO 3KOJIOFMYECKOro MoBeAeHUA
nytem nponaraHAbl 3KO/I0rMYeckom KY/AbTYpbl, BHEApeHuA
3KonorMyeckoro obpasoBaHus, GOPMUPOBAHMA CMELMANbHOM 3KONOro-
OpPUEHTUPOBAHHON Mogenu notpebneHus. MMpouecc dopmupoBaHUA
3KOJ/IOTMYECKOM KY/NbTYpbl He3acnyKeHHo MWHUMW3UPOBAH
WUCKNIOUYUTENIbHO [0 BOCMMUTATENbHbIX W MPOCBETUTENbCKUX LeEsei, B
NpaBoBOM MO/Je MMEeITCA MNpobenbl PEeryinpoBaHUA 3KOOTMHYECKOro
06pa3oBaHUA 1 NepenosroToBKM Kagpos.

3HauUMMOCTb GOPMMPOBAHNA IKONOTUYECKOW KYNbTYPbl B KOHTEKCTE HOBbIX
NPUOPUTETOB FOCYAAPCTBEHHOM MOJIUTUKU HE BbI3bIBAET COMHEHMS.
Cnepyet o06paTuTb BHMMaHME Ha CTUMY/AUPOBAHWME MPABOMEPHOrO,
coumanbHO-aKTUBHOIO noseaeHun B chepe dbopmmnpoBaHus
3KOJIOTMYECKOM KyNbTypbl, Kak HOBOW COLMaNbHON HeobxoamMmocTu.
PacwupeHne appecata 3KOMOTMYECKOTO MPOCBELLEHUSA, MUCKIOYEHUE
OEKNApPaTUBHOCTM HOPM 3KOJIOTMHYECKOTO 3aKOHOAATeIbCTBa B OTHOLIEHUM
obyyeHua cneumanuctoe B obnactm obecneyeHUs IKOOTMYECKON
6e3onacHOCTK, pelleHMe Bompoca 06 yHUOMKaumMM TpeboBaHWUM,
npeabABAAEMbIX K PYKOBOAUTENAM OpraHu3auui U cneumanuctam B
061acT OXpaHbl OKPYrKatoLen cpeabl U 3KOI0rMYeckon 6e3onacHoCTM Ha
ypoBHe ¢denepanbHOro 3akoHa BMAWUTCA HEOBXOAUMbIMM  YCIOBUAMM.
[eicTBYOWMM MHCTPYMEHTOM MOBbIWEHUA 3KONOTMYECKUX 3HAHWUM
HaceneHna W GOPMUPOBAHMA BbLICOKOTO YPOBHA 3KONOrMYeCcKoM

KYNnbTypbl A0J/IXKHA CTaTb nponaraHia, HalweAwaa OoTpaXxeHue B
npasoBoM nosne.
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Abstract

Aim. To study the importance of promoting environmental knowledge, to
identify its role in the formation of environmental culture in modern
Russian society and to analyse the main problems of regulating the process
of formation of environmental culture as a new social necessity.

In order to achieve the goal, scientific literature, regulations and law
enforcement practice, theoretical system analysis, comparative legal
method and general scientific methods were used.

The state and non-state sector should take measures to educate citizens in
responsible environmental behavior by promoting environmental culture,
introducing  environmental education and forming a special
environmentally-oriented consumption model. Undeservedly, the process
of forming an environmental culture is restricted exclusively to educational
and educational purposes and, as a consequence there are gaps in the legal
framework for regulating environmental education and the retraining of
personnel.

The significance of the formation of an environmental culture in the context
of new public policy priorities is beyond doubt. Attention should be paid to
stimulating lawful, socially active behavior in the sphere of formation of
environmental culture as a new social necessity. The expansion
environmental education, the elimination of the declarative nature of
environmental legislation regarding the training of specialists in the field of
ensuring environmental safety, and the resolution of the issue of unifying
requirements for heads of organizations and specialists in the field of
environmental protection and environmental safety at the level of federal
law are seen as necessary conditions. Propaganda reflected in the legal
domain, should become an effective tool for increasing the environmental
knowledge of the population and the creation of a high level of
environmental culture.

Key Words
Propaganda, environmental
environmental culture.

knowledge, environmental education,

© 2024 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
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BBEAEHUE

Poccna  Kak  coBpemeHHOE  OeMOKpatudeckoe ¥
couManbHoe rocyfapcTBO  MO3UUMOHMpYeT ceba B
KayecTBe CTpaHbl, 3aboTawelica 06 obecneyeHun

3K0JIOrMYeckoi 6e30MacHOCTN, 3HAYMMOCTM COXPaHEHUA
OKpy:KatoLei cpeabl, npuyem dopmumpoBaHue
3KO/IOMMYECKOM Ky/NbTypbl HaceseHus, 3KOJI0ro-npasosoe
npocselleHre, Mnpeae BCEro MOJIOAEXN, urpaet B
OAHHOM npoLlecce 3HaYMMYIO Posib. B HbiHe AelcTBytoLLei

KoHcTutyuum PO noowpaetca LeATeNIbHOCTb,
cnocobcTeyowan 3KoN0rM4yeckomy 6narononyyuio
HaceneHua  (cT.41), npoBo3rnawaercA NpaBo  Ha

6NaronpuATHYIO OKPY)KaloWy cpeday W [OCTOBEPHYIO
UHPOpMaumio O ee coctosiHuM (cT.42), 3aKpenneHa
0653aHHOCTb Kaxgoro COXpPaHATbL npupoay "
OKpy:KaloLwyto cpeay, 6eperKHO OTHOCUTLCA K NPUPOLHbLIM
6oratcteam (cT.58).

C 2020 roga K WCKAIOYUTENIbHOMY BeAEHMUIO
Poccuiickolt depepaumm OTHOCUTCA YCTaHOB/IEHWE OCHOB
depepanbHoOl NOAUTUKM U denepanbHble Nporpammbl B
obnacTtu akonornyeckoro pa3sutua PP (cT.71 NyHKT «e»), B
coBMecTHOM BeaeHun PD u cybbekToB PP Haxoautca

oxpaHa OKpYrKatoLLen cpeabl " obecneyeHune
3KonorMyeckot  6esonacHocT  (MYHKT  «4»  CcT.72).
Monpaskn, BHeceHHble B KoHcTuTyuuio Poccuiickon

depepaumm B 2020 roay Bnepsble  Hagenuau
MpaBuTensctBo PO noAHOMOUYMAMM NO CO3[AHMIO YCIOBUN
ONA  Pa3BMTUA CUCTEMbl 3KO/NIOTMYECKOro 06pa3oBaHMA
rpak4aH, BOCMWUTAHMA 3KONOTMYECKOM KynbTypbl (cT.114,

Y.l n.e.6). Momumo KoHcTUTyuunm PO HopmaTMBHOE
perynvpoBaHue pas/InyHbIX acrnekToB OoXpaHbl
OKpy)Kalolen cpedbl OCYLLECTBJIEHO BO MHOMecTBe

HOPMAaTMBHbIX aKTOB, CpPeAM KOTOpbIX ecTb Kak obwue
3aKOHbI, TakMe Kak ®©3 «06 oxpaHe OKpyKatolen cpeabl»,
TaK U OTAeNbHOEe MPUMPOAOPECYPCHOe 3aKOHOAATENbCTBO
(Hanp., JlecHoit Koaekc P®, 3emenbHbli Kogekc PO,
BoaHblit Kopekc P®, 3akoH o pblibonosctBe M Ap.),
bonbloi KomMNaekc 3akoHogatenbctBa o6 oTxogax, o6
3KONIOTMYECKOM MOHWUTOPUHIE, 3KONIOTMYECKOM ayauTe u
ap.

OTpenbHbIM 610KkOM cTOAT OOKYMEHTbI
KOHUENTYaNbHO-CTPATerMyeckoro NAaHMpPoBaHUA, 3TO aKTbl
NPOrpaMmHOro CoAeprKaHusA:

- JKonoruyeckas AOKTpUHa PO, yTeepxAaeHHasn
pacnopsaxeHuem Mpasutenbctea PO ot 31 aBrycta 2002 r.;

- OCHOBbI rOCYAapPCTBEHHOM NOAUTUKM B 0BiacTu
3KoJsiormyeckoro passutua Poccuiickoit depepaumm Ha
nepwog go 2030 roga;

- Crtpaterua  3Ko/normyeckoi 6HesonacHocTu
Poccuiickoit ®epepaumm go 2025 roga.
OTAnUUTENIbHOM  OCOBEHHOCTbIO  BCEX  3TMX

[OKYMEHTOB, AABIAETCA TO, YTO OHW He TOJIbKO Yy4MTbIBAIOT
BEKTOP pa3BUTMA COBPEMEHHOro 3aKoHozaTenbcTBa 06
OXpaHe OKpYKaloLLlei cpeapl, NPaKTUYECKMe MeXaHW3Mbl,
HO W HACTOATE/NIbHO NMOAYEPKMBAIOT 3HAYMMOCTb Pa3BUTUA
3KONOrMYecKoW KynbTypbl A8 POCCUIACKOro obuiectBa M
ocobeHHO ee ¢GopmMMpPOBaHMA Yy Monogexun. CpaBHeHue
OeNCTBYIOLWero 3aKoOHOAATeNbCTBA C 3aKOHOAATE/IbCTBOM
50-60 rogos NpoOLIOro CTONEeTUA AEMOHCTPUPYET CMEHY
NpeXKHero Kypca akTMBHOIO OCBOEHWUA 3eMeJlb U Pecypcos,
Korga nopguyepkuBanocb boratctBo pecypcoB CCCP m ux
HencyepnaemocTb, Ha YBEPEHHOe pecypcocbeperkeHme.
CNnoXHOCTU  BCTPaMBaEeMOCTU  3KOJIOTUYECKMX
3HAHWN B POCCUINCKOE 06LWEecTBO OOBEKTUBHBI, OHM YacTo
oTTOpraloTcA Kak He ocobo yaobHble ANA Yenoseka.

Wccneaya nNpyyMHbl NPaBoOBOrO pery/iMpoBaHus B AaHHOM
cohepe, cuntaem, 4to cnesyet obpaTUTb BHUMaHME Ha cT.58
KoHcTuTyumm PO, B KOTOpoOW 3aKpenneHa
topuanyeckan oba3aHHOCTb  Kaxaoro kutens Poccum
COXpaHATb MpUpOAYy W OKpyKalouwylo cpedy, bepexHo
OTHOCUTBCS K NPUPOSHbIM boraTcTtBam. lMpeacTtaBnsercs,
YTO B 3TOW HOpPME 3a/I0¥KeHbl OCHOBbI GOPMMPOBAHMUA
3KONOrMYeCcKoM KyabTypbl AMYHOCTU. OAHAKo passuTMe
DaHHOW obsasbiBatoLei HOPMbI B OTpPacneBoMm
33aKOHOAATENbCTBE  [O/MKHO  npoxoguTb B bonbliel
cTeneHW He uyepe3 nepedyeHb obsA3aHHOCTEN, a uepes
HOPMbI, MOAAEPKMBAIOLLME  PEann3aumMilo  3aKOHHOTO
nMHTepeca. OueBnaHo, 4To 6€3 NpUCYTCTBMA NPaABOBONO
perynmpoBaHus B Yro/I0BHO-MpPaBoBoOW "
A4MUHUCTPATUBHO-NPaBOBOM chepe He 06OMTUCH, OAHAKO
coBEpLWEHHO Aapyryio ¢yHKUMIO B JaHHOM  cayyae
BbIMOMIHAT ~ MOOLWpPUTENbHbIE  HOPMbl.  Ba)KHO,  uTO
nooLpuTesIbHble HOPMbI HanpaB/ieHbl Aaxe He MPoCTO Ha
CTUMY/IMPOBaHWE NPABOMEPHOrO NOBEAEHUSA, @ NPU3BAHbI
«NpobyauTb» MMEHHO COLMANbHO aKTMBHOE noBegeHue,
KOTOPOE  MOMHO  CYMTaTb  HaMBLICIUMM  YPOBHEM
npasomepHoro nosefeHus. Kak BepHO  OoTmeTUn
npodeccop A.B. Manbko, nNpuv MOMOLM MNOOLLPEHWUN
OOCTUrAlOTCA  TakMe OOWEeCTBEHHO 3Hauyumble  Lenu,
[0CTUYb KOTOPbIE MHBIMW IOPUAMYECKUMWN CPeacTBaMU He
npeacrasaseTca BoamoxHbim [1. C.208]. Kak pa3 Takoi
Lenblo, Ha Haw B3rAA4, MOXHO cYMTaTh GOPMUpOBaHME
BbICOKOTO YPOBHSA 3KOJIOTMYECKOW Ky/NbTypbl OTAENbHOM
IMYHOCTU M obLLecTBa B LEIOM, KOTOpbIM AOCTUraeTca
nytem npoeeaeHuA ob6lwmrpHoM paboTbl no
3KOMIOFMYECKOMY MPOCBELLEHUIO, MOCKO/IbKY MNPUHATUEM
OYEPEHOTO 3aKOHA, [aKe Camoro YZa4yHOro C TOYKU
3pEHUA IOPUANYECKON TEXHUKM, YKasaHHaa npobiema He
pewuTca Npu OTCYTCTBUM B 0B6LLECTBE AO/IKHOTO YPOBHSA
3KOIOFMYECKOM KY/NbTYpbl U 3KONOTMYECKOW FPaMOTHOCTM.
FfocypapctBy M HerocyfapCTBEHHOMY CEKTOPY HaZNexuT
NPMHMMaTb  Mepbl N0  BOCMUTAHUIO Y  MOJIOAENMU
OTBETCTBEHHOrO  3KONOTMYECKOro  MOBeAeHuAs  MyTem
nponaraHAabl  3KOJIOTMYECKOM  Ky/AbTypbl, BHeApeHus
3KO/I0rMYecKoro 06pasoBaHus, dopmupoBaHus
cneunanbHom 3KOJI0r0-OpPMEHTUPOBAHHOM Mmoaenu
notpebneHns, B NOCAeQHEM BaXHO NOAKAOYEHUe
KOMMN/IEKCa CpeacTB nponaraHapbl, PasHOBEKTOPHOM U
pa3HoOHanNpaBNeHHON (TaK K npumepy, YMECTHO Jaxe
ropoputb M 06  3PEKTUBHOCTM  MAPKETUHIOBOM
nponaraHabl C  BXOXAgeHuem B MHGOPMaLMOHHOE
NPOCTPAHCTBO MOJIOAEKM ANA GOPMUPOBAHMA CTOMKUX
npeacTaBneHuii 06 0CBOEHWUU HOBbIX NPUPOAHbIX PECYPCOB
ONnA byaywmx nokonenuii [2. C.121]).

BocnuTaHMe  OTBETCTBEHHOIO  3KOJOFMYECKOro
noseseHus, nponaraHga 3K03pPEKTUBHOCTU B
COBOKYMHOCTM C MepamMu MNOOLLPEHUA, C OPUEHTUPOM Ha
BbIMO/IHEHME 3KONOrO-COLMAbHbIX Lenen n 3agay craHer
OAHUM U3 UHCTPYMEHTOB AOCTUNKEHUA NOCTaBNEHHON Lenn
B KOMMJIEKCE C  MepaMu MO  3KOJNOTUYECKOMY
MHbOPMUPOBAHUIO.

MATEPUAN U METOAbl NCCNEOOBAHUA

Martepuanamu ana nposefeHun HacTosALlero
MCCNe0BaHNA MOCAYXKUAM TPYLbl OTEUECTBEHHbIX Y4YeHbIX
B o06nactu GopMUPOBaAHWUA 3IKONOTUYECKOW  KyNbTypbl,
9KONIOTMYECKOTO MPOCBELLEHUA, a TaKXKe HOPMaTUBHO-
npaBoBble aKTbl GpeaepanbHOro U PerMoHanbHOro YPOBHS,
B TOM YMC/Ie BEJOMCTBEHHbIE aKTbl, U3y4annCh Ha npeameT
oTObpaxKeHUa B HUX 06A3aHHOCTU OpraHoB MNyb6ANYHOWM
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BfacTM BectTm paboTy no nponaraHge C  Uenblo
bOpMMPOBaHMA 3KONOTMYECKOM KyAbTypbl HAaceNeHUA M Ha
npeameT 3aKpenieHus OTAeNbHbIX BUAOB MponaraHAabl. B
XOf€ HayyHOro WCCAefOBaHWA MPUMEHAIUCL  TaKue
MeToAbl, KaK [AMaNnekTUYecKuin noaxod K MO3HaHMIO
npeamera  WMCCNeAOBaHMA,  OMMCATeNbHbIA  MeToa,
NOTMKO-GOPManbHbI  MeToh, MeTO4, CPaBHEHMA U
0606LWeHna MHPopmaLuu. MpU ONUCAHUU pPernoHasbHbIX
NoAXo40B K YHUOMKALMKM TEPMMHA  «3IKOJOrMYecKas
Ky/bTypa» NPMMeHANCA CPaBHUTENbHO-NPaBOBON MeTo4 U
MeToZ aHanu3a.

NONYYEHHbDIE PE3Y/IbTATbI U UX OBCYXKAEHUE
Cumntaem, 4To Npobema PoCCUINCKOro obLLEecTBa B TOM, YTO B
HacToslee Bpems npouecc GopMUPOBaHMA IKONOrMYECKOM
KY/IbTYpbl HE3acNyKeHHO MUHUMW3MPOBAH UCKIOYUTENBHO
[0 BOCMUTATENIbHbIX WU NPOCBETUTE/IbCKUX LieNiel, OAHAKO B
OAHHON  [eATeNbHOCTM  BaXXHO  YBMAETb HE  TO/bKO
O4YeBUAHbIE CBA3W, HO M HEOYEBUAHbIE, YTO MNOAYEPKHET
HeobXxoAMMOCTb KOMMNNEKCHOrO MoaxoAa C BO3AencTBUEM
Ha BCE KOMMOHEHTbI:

- HOPMATUBHbI (perynupoBaHue Ha
3aKOHO4ATENbHOM  YPOBHE 3HAYMMOCTM  GOPMMPOBAHUA
3KONIOrMYEeCcKo KY/IbTYpbI, NOCKONbKY 3a4acTyto
0bLecTBEHHANA OMACHOCTb 3KONOMMYECKUX NPABOHAPYLLEHW
B  obuectBe  HepooueHuBaetcA.  [NpopaboTaHHOCTb
HOPMAaTMBHOIO KOMMOHEHTa BaXHa W C TOYKM 3peHus
HOPUAMYECKOM TEXHUKM M TAaKOTO BaXKHOTO KayecTBa HOPMbI
npaBa, KakK €ee WCNONHUMOCTb. B HayyHON nuTepaType
OTMEeYaeTcs, 4YTO COBPEeMEHHOe 3aKOHOZATeNbCTBO He
OT/InYaeTcs  TWaTeNbHOMU npopaboTkoli  mexaHu3ma
OUHAHCMPOBAHUA 3KONOMMYECKMX MPOEKTOB B PervoHax, a
TaK¥Ke Hef0CTaTOYHO yperyMpoBaHbl BONPOCHI KOHTPOIA 3a
peanu3aupeit 3TanoB NPOrpaMmm M NPOEKTOB U He B NMOJHYIO
CUNlYy  MCMoNb3yeTcA  MOTEHUMan  3aMHTEPEeCcOBaHHOCTU
6usHeca B peanM3auMM  IKOMOTUYECKMX nporpamm [3.
€.200]);

- LUEHHOCTHbIM (MM MOTUBALMOHHBIN, 3aeck bonee
BbIFOAEH QHTPOMOLEHTPUCTCKUIA NOAXOA, C YK/JOHOM Ha
3HAUMMOCTb M  BAHOCTb /1A CamMOro YenoBeKa W
MOBbILWEHWEe KauyecTBa ero KU3Hu);

- [EeATeNbHOCTHbIM (Hanp., 3KOBOJIOHTEPCTBO W
3K0406POBONBYECTBO aKTUBHO PA3BMBAETCA B MOJIOAENKHON
cpege. CneumannuctaMmm no UCCAef0BaHUIO PernoHasbHOM
3KOJIOTMYECKON  KPUMWMHOMOTUM  YXKe  He  eAMHOMAbI
NoAYepKMBaANOCh 3Ha4YeHne GoPMUPOBAHUNA IKONOTUYECKOTO
CO3HaHWA W Ky/AbTypbl B CUCTEME NPOTMBOAEUCTBUA
3KOJIOTMYECKON NPEecTynHOCTM B  COBPEMEHHOE Bpems
pasBuUTMA UMGDPOBBLIX TEXHONOMMI, TaKUM LENAM OTBeYaer
nposeaeHue nponaraHAbl ocHoB 3KO/IOTMYECKOon
6e30MacHOCTH, MPUBAEKan HOBblE TEXHONOTUK U3 LMbPOBOIo
MUpa - 3KONOTUYECKME  KPayACOPCUMHIOBbIE  MPOEKTI,
ceTeBble  coobLWeCTBA,  BUPTYaNbHble  rPaKAaHCKue
NAOWAAKM  KaK  aHTMnog  odnaiH-(TpaauuMoHHOrO)
rpaxgaHckoro yyactus [4. C.121]);

- No3HaBaTeNbHbIN (pacnpocTpaHeHue
9KOI0TMYECKUX 3HAHWIA, 06Pa30BaTe/IbHbIN KOMMNOHEHT).

Mpu 3TOM  AeATenbHOCTb MO BOCMWUTAHUIO
3KO/IOTMYECKOW  Ky/NbTypbl  cpeau  Monogexu  bypet
addeKTUBHA TONbKO B TOM C/lyyae, eciv oHa byaeT HOCUTb
KOMM/IEKCHBIW, CUCTEMHbII XapaKTep. B HayuyHoW nnTepaType
NoAYEPKMBAETCA, YTO MOBbILWEHWUE 3KOIOTUYECKOM KyNbTypPbl
OO/MKHO BbITb PaccUMTaHO Ha MHOrME AecATUNETUSA, YTObbI
[AaBaTb OLLYTUMblE pe3ynbTaTbl M 0becneunTb Haanexalee
OTHOLLEHME rpaxkaaH K 3konoruu [5], B.H. BnaceHKo BepHO
OTMeYaeT  pPa3pO3HeHHbIW, [eKNapaTMBHbIM  XapaKkTep

NpPaBOBOrO PeryiMpoBaHMA OTHOLEHWI NO GOPMMUPOBAHMIO
3KOJIOTMYECKOro 0b6pazoBaHuA n BOCMUTAHUIO
3KOJIOTMYECKOM Ky/IbTypbl B CBA3W C TEM, YTO A0/T0e Bpems
3Kosiornyeckme npobnembl He ABAANUCH MPUOPUTETHLIMM
ona snactm [6. C.23-24]. Takaa [eAaTeNbHOCTb AO/KHA
OCYLLLECTBNATLCA  HENPEepbIBHO MpPU  YCNOBUW  eAMHCTBA
npvopuTeToB obLLecTBa M rocygapcTBa, YTO Kak  pas
npocnexunsaetca B nonpaskax KoHctutyuum PO 2020 roaa.
Kpome Toro, B cBeTe MOABUBLUMXCA M3MEHEHWI B rNaBHOM
3aKOHEe CTpaHbl 3KO/IOTUYECKYHO KyAbTypy ceiyac cnegyet
paccMaTpuBaTb Kak HOBYIO LLEHHOCTb, KOTOpas NOAHANACh HA
YPOBEHb COLManbHON HeobxoanmocTu. B HoBol cTaTbe 67.1
KoHctuTyumn PP aKueHTMpyeTcA BHUMAHME Ha BaXKHOCTM
BOCMUTaHWUA NAaTPUOTU3MA KaK NPUOPUTETHOTO HaNpaBieHus
O/ POCCMIMCKOro rocyZapcTsa, Yero caenaTtb HeBO3MOMXKHO
6e3 BOCMWUTAHMA yBaXKeHWA U Nob6BM K POAHOMY Kpato CO
LUKONIbHOW CKaMbW, YTO ABNAETCA OAHUM M3 CaMbIX NPAMbIX
NpPOoABJAEHWUI NAaTPMOTU3MA.

B 1996 roay He Ha3biBaa 3IKONOTMYECKYLO
KY/ZIbTYpY KaK NpaBoBYIO KaTeroputo, Tem He meHee YKazom
Mpe3unaeHTa Poccuiickoit Geaepaumm ot 1 anpensa 1996 r.
Ne 440 «O koHuenuuu nepexoaa Poccuiickolt Pepepaunn
K YCTOMYMBOMY PasBUTUIO» BbINM NpeaycMOTPEHbl PAg,
BaXKHEMLWMUX EEVED " npesnocbINoK, KOTOpble
cnocobcTeoBann B AasbHeEMWEM Kak HOPMaTUBHOMY
pPas3BUTUIO JAHHOIO MOHATUA, TaK U CTAHOB/IEHWUIO ero Kak

ABJIeHWA,  CpeaM  TakuMX  3ajay  —  CyLLecTBeHHas
3KOMI0rM3aumMA  mpouecca  CoLManbHO-3KOHOMMYECKOro
pasBWTMA, CO34aHME MpPaBOBOWM OCHOBbI nepexoda K

YCTOMYMBOMY Pa3BUTUIO U GopmUpoBaHUE 3DPEKTUBHOMN
CMCTEMbI MpONaraHabl MAel yCTOMYMBOroO pa3BUTUS.

B 2001 roagy 6bliM npeanpuHATBI  NOMbITKK
npuHaTe @PepepanbHblii  3akoH «06  3KoAOrMYeckom
KynbType» [7], o4HaKO 3aKOHOMPOEKT TaK M He nepellen B
cTaTyc 3akoHa, a B 2009 rogy Obin  OTKNOHEH
lfocypapcteeHHol Oymon PepepanbHoro CobpaHua PO.
TeKcT AaHHOro 3aKOHOMPOEKTa COoZepKan onpegeneHve
«3KONOTMYECKOW KyNbTypbl», B KOTOPOM, Ha Hal B3rasag,
BeCbMa BbIFOAHO MNOAYEPKMBANACL NPEEMCTBEHHOCTb
dopmupoBaHma nocnegHen B 06LLECTBEHHOM CO3HAHUU U
noseseHUnN NtoAeln Ha NPOTAXKEHUMN KU3HU U AeATebHOCTU
NoKoneHui, a  3Ko/NorMyeckoe  obpasoBaHue U
npoceeleHre onpeaenanucb Kak OCHOBA 3KO0rMYecKom
KY/JbTYpbl. 3aKOHOMPOEKT  TaKxke pasrpaHuumBan
NOSIHOMOYMA OPraHOB BNACTM MO ynpasieHwWto B obnactm
3KONIOrMYECKOM KyNbTypbl.

HecmoTps Ha To, 4TO Ha deaepanbHOM ypoBHe
nofobHOro  3akoHa,  3aKpenaawwero  AeduHULMIO
«3KONIOTMYECKOW KY/bTYypbl», Tak U He MOABUAOCHb, TEM He
MEHEee  PerMoHbl  aKTUBHO  NOAAEPXaAN  AAHHYIO
WHULMATMBY, U BO MHOIMX cybbekTax PP 6biav npuHATLI
crneumancHble  perMoHasibHble  3aKOHbl.  BONbWWHCTBO
perMoHasbHbIX  3aKOHOTBOPLEB  MOWAM MO NyTH
peryanpoBaHnUA B OAHOM aKTe 3KONOTMYEeCKOW KyNnbTypbl,
3KOMIOrMYECcKoro npoceeLweHns M 0bpasoBaHuA, YTO He
JIMILIEHO NOTWKW, BKNIOYMB BCE 3TU KaTeropum B HasBaHue
COOTBETCTBYHOLLErO 3aKOHa 6onblelt Yactn cybbekTos PO
(Hanp. KanuHuHrpagckas obnactb, Koctpomckas obnactb,
ANnTalickKMin  Kpai, 3abalikanbCkuit Kpak, Hosropopackas

obnactb, [MMpuMmoOpcKMt Kpail, BopoHexkckas obnacTb,
Pecny6auka [arectaH v ap.).
OTpenbHas rpynna CcybbeKkToB M3 HasBaHMA

3aKOHa MCKNK0YMIA IKOI0TMYECKOe NPOCBeLLeHMe, OCTaBUB
TONbKO 3KO/OrMyeckoe 06pasoBaHME M 3KOAOrMYECKYHo
Ky/NbTypy (Hanmp., no Takomy nyTu nowauM KemepoBckas
obnactb, Tomckaa obnactb, CapaToBcKasa o6nacTb M pag,
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ApYrMx cybbeKToB), HECMOTPA Ha TO, YTO B TEKCTE CBOMX
AKTOB BCE Ke OCTaBU/WN PeryiupoBaHME 3KOOMMYECKoro
npocBeLeHns, BOMPOCOB W MOAHOMOYMM, C  HUM
CBA3aHHbIX.

[pyraa rpynna permoHos HaobopoT M3 Ha3BaHWA
3aKOHa MCKAYMAM  0bpa3oBaHWE, OCTaBMB  TOJ/IbKO
3KO/I0rMYecKkoe NPOCBeLEeHMe U IKONOTUYECKYIO KyNbTypy
(Hanp. KypraHckas obnacTb). Hebonblasn yacTb cy6bekTos
P®, oTKasaBLIMCb OT PEryavMpoBaHMA Ha YPOBHE 3aKOHa,
nownu no Nyt npuHAatTMa KoHuenumii no GpopmmnpoBaHuio
3KoN0rMYecKom KYNbTypbl HaceneHus cybbekTa
(ApxaHrenbckaa  obnactb, Bonrorpagckas  o6nacTb,
YenabuHckan 061acTb).

Obpatm BHMMaHWe Ha
«3KOMIOTMYECKON  Ky/NbTypbl»,  KOTopoe
perMoHasnbHble  3aKOHOTBOPYECKME  opraHbl.  AHanus
OEeNCTBYIOWMX PEerMoHasibHbIX aKTOB MOKasasa, 4YTo B
HEKOTOpble PErMoHasbHble aKTbl 6blI0  3aMMCTBOBAHO
onpepenexHve 3KON0rn4ecKom KYNbTypbl u3
BbILEYNOMAHYTOr0 3aKOHOMpoeKTa (Hanp., B ToOMCKol
obnactm). B  oOCTaBWMXCA HOPMaTUBHOE  pa3BUTUE
AedVHULMA  «3KONOTMYECKoe Ky/bTypa» noayyuna B
OCHOBHOM Yepes:

- COBOKYMHOCTb 3KOJIOFMYECKOro CO3HaHUA W
3Konoruyeckoro nosegeHus (KpacHogapckuii Kpal, XaHTbl-
MaHCUICKMIN aBTOHOMHbIN OKpyr, KypraHckasa obnacts,
Pecnybnuka Antait, KpacHogapckuii Kpali u ap.);

- GpopmupyeMbIit OMbIT KU3HU U [EATENbHOCTU
YyesIOBEKA B €ro B3aMMOZLEMNCTBMM C OKpYy»Katolen cpenom
(ApxaHrenbckan obnacTb);

- CUCTEMY COLMANbHBIX OTHOLIEHWIA, MOpPasIbHbIX
LeHHOCTEeN, HOpPM M cnocoboB B3aMMOAENCTBMA YenoBeKa
M obuwectsa Cc npupoaHoW cpedoin (Bnagmmmpckan
obnactb);

- cuctemy coumanbHbIX OTHOLUEHUN,
0BLECTBEHHBIX U UHAUBUAYANbHbBIX MOPaSbHO-3TUHECKMX
HOpPM, B3rNALOB, YCTAHOBOK M LieHHocTel (Bonrorpapckas
obnactb);

- CUCTEMY COLMANbHbIX OTHOLIEHWUNA, MOPAJbHbIX
LLeHHOCTEN, HOPM U cnocoboB B3aMMOAENCTBUA YeNoBeKa
1 obLecTBa ¢ OKpyxKatowwein cpegoi (MpkryTtck, Koctpoma).

KOHCTPYKLUMM [aneko He BCeX pPernoHaNbHbIX
onpeaeneHui «3KONOrnyeckom KYNbTYpPbI»
npeacTaBnAaoTCA YyAauHbIMH, TaK, Hanpumep,
onpefeneHve, cofepxKaweecs B 3akoHe KocTpomckoi
obnactm ot 12 wuona 2006 roga Ne 60-4-3KO «06
3KO/I0rMYECKOM 0b6pasoBaHUn " npoceeLeHny,
GOpMUPOBaHUM IKONOTMYECKOIN KyabTypbl B KOoCcTpomcKowm
obnactn», 3By4MT creayowmMm obpasom: «3KOIOrMYecKas
Ky/ZIbTypa - CUCTEMA COLMA/bHbIX OTHOLWEHWIM, MOPabHbIX
LLeHHOCTel, HOPM U cnocoboB B3aMMOLENCTBUA YeN0BEKA,
obLLecTBa C OKpy)KatoLLen cpeaoi», YTo, Ha Hall B3rNag, He
OTpaXKaeT WCTUHHOW Lenn 3KONOTMYECKOW  Ky/lbTypbl.
OTMmeyeHHble B onpeaesieHMn cnocobbl B3aMMoaencTeus
yesoBeKa, 0OLWECTBA C OKpy)Katowelh cpegoit 6biBatoT
paspywanowmmm “  ABHO HeNnonagalowumm B PaMKu
NMOHMMaHUA 3KONIOTMYECKOM KynbTypbl. B cBoto ouvepesnb
HEMHGOPMATUMBHOCTb OMpPeAEeNeHUss BHOCUT HEACHOCTb B
3aKOHO4ATeNbCTBO U 3aTPYAHAET NPaBoONpUMEHeHKe.

onpegenexHue
npeanaratoot

Cnepyet COrnacuTbCca c noaxoaom,
o0603HayeHHbIM B KoHuenuun no  GopmupoBaHUIO
3KOJIOTMYECKOM  KyNbTypbl  HaceneHua  YensbuHCcKoM

obnactn go 2025 roga (yTBep:KAEHHOW NOCTaHOBAEHUEM
MpasutenbcTea YenabuHckon obnactu ot 20 pespans 2013
roga Ne23-M), B KOTOpOM OTMeYaeTcs, 4YTo npouecc
3Kos0rM3aumm KYNbTYpbl BO3MOMEH no OBYM

HanpasneHuam. [lepBoe HampaBnaeHWe CBA3AHO C
WHOMBUAYANbHbIM ~ 0Bpa3oBaHMeMm,  BOCMUTAHWEM U
apyrumun popmamm Bo3LeNCTBUA Ha YNeHOB obLLecTBa Kak
JINYHOCTEN. Bropoe Hanpas/ieHue cBA3aHO c
HEobX0ANMMOCTbIO M3MEHATb B TOW UMW UHOI CTeneHu Bce
chepbl KMU3HU 06LLECTBA: IKOHOMMUYECKYID, COLMANbHYIO,
NoNUTUYECKYIO, AyXOBHYt0. TaKol noaxon npeacrasnseTcs
BEPHbIM, MOCKO/IbKY 6bln10 6bl OWKMBOYHBIM MOHMMATb
BO3MOXHOCTb  MOBbIWEHUA  3KOJIOTUYECKON  KynbTypbl
TO/IbKO 4epe3 MOBbllWEHME YPOBHA  3KONOIMYECKOW
NPOCBELLEHHOCTN T[pa)KAaH, OocCTaBnAa 3a npegenamu
UccnefoBaHUA  BOMPOCbI  3KONPOM3BOACTBA W BCeM
X03ANCTBEHHON AEeATeNbHOCTM, COLMANbHO-OTBETCTBEHHOIO
npeanpuHUMATENbCTBA, cUCTEMBI 3KO0JI0rM4ecKoro
MeHeXMeHTa 1 ap.

B KOHTEeKCTe TaKoro NPUCTanbHOro BHMMAHMA K
3KoJlIorMyeckum  npobnemam  npuobpetaer  ocobyto
3HAaYMMOCTb MponaraHAa 3KO/MOTMYECKUX 3HaHWIK cpeam
MO/IOAEXKM W OeATeNbHOCTb,  HamnpaB/ieHHaa  Ha
dbopmupoBaHME 3KOOrO-NPABOBON KyNbTypbl rPa)KaaH w
3KOJIOTMYECKOro NPaBOCO3HAHMA.

CnepyeT OoTMeTUTb, 4YTO cerofdHa B Poccuiickoin
dPepnepaLMm OTCYTCTBYET KOMMIEKCHbIM, LEEHTPAIM30BaHHbIM
noaxop, K 3KON0rM4YecKkomy npoceeLeHnIo "
pacnpoCTpaHeHWo  3KONOMMYECKOW  Ky/abTypbl  cpeau
Hacenenva. B 1995 r. Obina npeanpuHATa MoMbITKa
pa3paboTku depepanvHoi Lenesomn nporpammbl
«JKonornyeckoe obpasoBaHMe HaceneHua Poccum» Ha
nepuog, go 2000 r. MNporpamma BK/oYana B ceba noaxoabl
pPa3BUTMA 3KONOTMYECKOro NPOCBELLEeHWA, B TOM uucne B
06pazoBaTeNbHbIX yupexaeHuax, B BOMpOCcax
npodeccMoHasbHOW  NepenoaroToBKM U NOBbIWEHUA
KBAaAMOUKALMN PYKOBOAAWMX PAabBOTHMKOB M CNeumanmncToB
npeanpUATUN, yIpeXKAeHUI U OpraHoB ynpasaeHna. OgHako
[aHHasA nporpamma Tak M He bbina peanusosaHa [8]. Ha
HeA0CTaTOK 3KO/IOrO-NPOCBETUTENbCKUX MPOrpaMm B By3ax
obpalwaer BHUMaHWE pAf COBPEMEHHbIX UcciesoBaTenen
[9. C.90].

Kpome Toro, B Poccuitickon depepaumm B
HaCTOALMIA MOMEHT OTCYTCTBYET CrneLuann3vpoBaHHbIN
opraH, OQyHKLUMM KOTOPOro HenocpeacTBEHHO 6blan 6bl
CBA3aHbl C 3KONOrMyeckum npocseweHnem. OpHako,
Ba)KHO, 4YTO MOMbITKM CO3J4aHMA TaKoro opraHa Obiin
npeanpuHATLI Ha YypoBHe cybbekToB PO. Tak, obpalLaeT Ha
cebsn BHUMaHWE  MOJNIOMKMUTENbHbIA  ONbIT  XaHTbl
MaHCcUICKoro aBTOHOMHOro okpyra — tOrpbl. 3gecb 6bina
€034aHa M BOMJIOWEHA B }XM3Hb PErnMoHasibHaa KoHuenuus
HenpepbIBHOrO 3KO/M0OrMYeckoro o6pasoBaHWA, co3AaHa

MEeXBEeAOMCTBEHHAsA KOMWUCCUA MO 3KOJIOTUYECKOMY
06pa3oBaHuio HaceneHus XaHTbl-MaHcuickoro
aBTOHOMHOro okpyra — HOrpbel. CornacHo n. 2.2
NOCTaHOBNEHMUA lybepHaTopa XaHTblI—MaHcuiickoro

ABTOHOMHOro okpyra — HOrpel ot 11.12.2014 r. Ne138 O
BHECEHUW W3MEHEHUN B noctaHosneHue [ybepHaTopa
XaHTbI-MaHcuKIACKOro aBTOHOMHOro okpyra — HOrpbl oT 2
ceHTAbpAa 2002 roga No 157 «O meKBeaAOMCTBEHHOM
KOMMUCCUM MO 3KONOTMYecKomy 06pa3oBaHWUI0 HaceneHus
XaHTbl-MaHcuiickoro aBTOHOMHOrO OoKpyra -
HOrpbl» OCHOBHbIMM ~ LENAMU  AeATENbHOCTU  KOMMUCCUU
ABnAeTca  obecrneyeHue  peanusauuu  NPOrPaMMHbIX
meponpuAtTuiA B 0bnactm obuwero u npopeccMoHabHOro
obpasoBaHus, npoceeLeHunA " bopmmupoBaHua
3KOI0rMYECKOM Ky/IbTypbl HacesieHUA aBTOHOMHOTO OKpYra,
a  TaKXe  oOpraHusaumMa  MeToAM4YecKOorM  MoMoLLM
obpa3oBaTe/ibHbIM  OpraHM3auMaM W 0B6LLECTBEHHbIM
obbeanHeHUAM B 061aCTM 3KONOrMYecKoro obpasoBaHus,
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npocseLweHns 1 GoOPMUPOBAHUA SKONOTMUECKOW KYNbTypbl
HacefnieHMs aBTOHOMHOrO OKpyra. B Kayectee MO3UTUBHOMO
npumepa CTOUT OTMETUTb co3paHue [paBUTENbCTBOM
MockBbl KoopAnHauUMOHHOTO 06LEecTBEHHOIO CcoBeTa Mo
BOMPOCaM 3K0/0rMyeckoro o6pa3oBaHmMsA, NPOCBELLEHUS U
nponaraHgbl u LleHTpa 3Konoruyeckoro o6pasoBaHus,
npocBeweHna KW nponaraHgbl. Llenbio WX co3gaHus
ABNAETCA aKTMBM3aLMA NpoLecca paspelleHns BONpocos,
BO3HMKaIOWMX B CUCTEME 3KOJIOTMYECKOro obpa3oBaHus B
r. MockBa, a TaKXKe ycuieHve B3aMMOLENCTBUA
rOCYAapCTBEHHbIX M OOLLECTBEHHbIX OpraHM3auMii no
BOMPOCAaM 3KOJIOFMYECKOro npocselleHus. MNpuBeaeHHble
npumepbl  cAegyeT  paccmatpuBaTb B KayecTse
MOIOXKWUTE/IbHOTO OMbiTa AEATENbHOCTU cybbekToB PP B
BOMPOCE CUCTEMATM3aLMM  ACMEKTOB  3KONOFMYECKOro
obpasoBaHMA W npoceeleHus, Tem 6osnee uTo B
HacToAwMiA  MOMeHT, B  Poccuitickonn  depepauun
3KO/MIOFMYecKoe npocselleHve B Gosblwein  cTeneHu
OCYLLECTBAAETCA HAa OCHOBE Pa3pPO3HEHHbIX SKOAOrMHYECKMNX
NPaKTUK, Ka)Kgas M3 KOTOPbIX npecnesyer cobCTBEHHble
Luenv u 3aaun, NpPeTBOPAEMbIX B KM3Hb OpraHuW3aumamm
pa3nunyHoi npasosoi popmbl. Tak, B 2022 r. Poccuiickum
obwectBom «3HaHue» 6bln  NOATOTOBNEH MNepeyeHb
3KONI0rO-NPOCBETUTENLCKUX MPAKTUK U GOPM MOALEPIHKKM
AaHHbIX NpakTUK [10]. HeobxoaAMMO yNOMAHYTb HEKOTOpPbIE
N3 HUX:

1. Mporpamma «IKOCTaHUUK Poccnmy,
peanusyemas PenepanbHbIM rocyAapCcTBeHHbIM
6r04KETHBIM obpasoBaTenbHbIM yypexaeHnem

AOMNONHUTENIbHOTO 06pa3oBaHna «deaepancHblli  LEHTP
AOMNONHUTEIbHOTO 06Pa30BaHMA U OpPraHn3aLumMm OTAbIXa U
0340pOBNEHMA AeTel», HanpaBAeHHasa Ha co3gaHue
06pa3oBaTeNibHOM MPAKTUKO—OPUEHTUPOBAHHON cpeabl,
obecneuymBatoweri popmMpoBaHUE Yy AeTeil U MONOAEKM
NobBM U OTBETCTBEHHOIO OTHOLIEHMA K OKpYKatoLLen
npupoae.

2. MNporpamma «3eneHada WKona», peaansyemas
Bcepoccuiickolt obuiecTBeHHON opraHusaumein AnTtaiickoe
pernoHanbHoe obbeamHeHue BOJIOHTEPOB-3KO/I0r0B
«[enali», HaueneHHaa Ha npocseleHne obyyarowmxca
0bpa3oBaTeNibHbIX  yuypexpeHuii U MUX  Meparoros
OTHOCWUTENbHO ACNEKTOB MpaBWUAbHOrO obpaleHusa ¢
oTX04aMu, Nonyaapusauma pasgenbHoro cbopa TKO.

3. TMporpamma  «ApPKTUYECKUI  BOJSIOHTEP»
BbINO/HAEMAsA ABTOHOMHOW HEKOMMEpPYECKOM
opraHusaumen IKcnepTHbIN LeHTP «[poeKTHbI oduc
pa3suTnA ApkTtukn (MOPA)», HanpaBaeHHan Ha NOAAEPKKY
WHULMATMB, CTUMYIMPOBAaHWUIO O6LLECTBEHHON aKTUBHOCTU
KUTENEN  apKTUYECKUX perMoHoB (rpaxgaH Poccun,
pocturiwimx 18 net, npoxusawwmx B MypmaHcKom
obnactn, Hopunbcke 1 Ha Talimbipe) ANs peleHus obLmx
3aZa4 B 06/1aCTM 3KONOTMM U MOMOLLM NPU Ype3BbIYANHBIX
CUTYaLMsAX.

4. WKona 3Ko-CKUANC, MPOEKT, peasnmsyemblit
HenpasuTenbcTBeHHbIM 3KoN0rMYeckum doHaom mum. B.U.
BepHafcKkoro, HanpaBneHHbIW Ha ¢dopmupoBaHue vy
obyyatolmxcsa 06uLe0bpazoBaTesibHbIX  YYpPEKRAEHWUN
3HaHWM W HaBblkOB B  06/M1acTM  3KONOrMYECcKoWm
6€30MacHOCTM 1 OXPaHbl OKpYyKatoLwweln cpeapl.

AHanus LAHHbIX NpoeKToB nossonset
O06HapYKUTb, UYTO KaxKAbI W3 HWX OXBaTblBAeT /MLWb
KOHKPETHYIO ayAUTOPUIO U TEMATUYECKUIA Kpyr BOMpPOCOB,
YTo He cnocobCTBYeT pPaCWMPEHUIO0 KOHTUHIEHTa, B
OTHOLWEHMM KOTOPOro pPeann3yloTCAa  BblleynoMAHYTbIe
MEepPONPUATUA NO IKOJIOTMYECKOMY NPOCBELLEHUIO.

OTcyTcTBME  CcMCTeMaTM3auMm B BOMpoOcax
3KO/IOFMYECKOro MPOCBELLEHUA TaKXKe MNoATBEpKAaeTCA
TEM, YTO CerofHA HeT YHMBEPCa/ibHbIX NPOrpamMmm Mo
3KOJIOrMYecKoMy OOy4YeHUIO OAS UL, KOTOpble B CUAY
BbIMO/IHAEMbIX UMK TPYA0BbIX GYHKLMI JOMKHbI 06/134aTb
Hanbosiee BbICOKUM YPOBHEM 3KONOTMYECKUX 3HAHWUI. ITO
0COBEHHO aKTyanbHO ANA PYKOBOAMTENEN opraHM3aumin m
CrneumannucToB B 06/1acTh OXpaHbl OKpYy:Katowen cpeapl U
3KoJiorMyeckon 6esonacHocTu. B cootsetcTBum c u. 1 cT. 73
depepanbHoro 3akoHa ot 10.01.2002 r. Ne 7-d3 «06
OoXpaHe OKpy)KalowWen cpeabl» yKa3aHHble AMua A0/KHbI
MMeTb COOTBETCTBYIOLLYIO MOArOTOBKY B 06/71aCTU OXpaHbl
OKpY’Katowen cpenbl M 3KONOTMYECKOW 6E30MacHOCTU.
OpHako, 34ecb BO3HMKaeT Bonpoc: «Kakol obbem
3KOMIOTMYECKUX 3HAHWI [o/KeH ObiTb YCBOEH B Xxope
NPOXOXKAEHUA TaKoW NoAroTOBKM WM Korga nopobHas
noAroToBKa MOXKeT ObITb MPM3HAHA HagexKalen?»

[aHHbI BOMpOC aKTyaneH B CBA3W C TeM, 4TO
cerogHs B HOPMATUBHO-NPABOBbIX aKTax PP oTcyTcTBYeT
YeTKUI nepeyeHb AnL, 06A3aHHBIX NPOXOAUTb NOAO6HYIO
NOAroTOBKY, OTCYTCTBYET 3aKOHOAATE/IbHO 3aKpenneHHbIN
nepeyeHb [JO/MKHOCTEN, a Takke o0bbem nopo6HOM
NoAroTOBKM B Yacax.

MocnegHuit MOMEHT OCOBEeHHO aKTyaneH pana
BOMNPOCAa HOPMATUBHOW perfameHTauum TpeboBaHUI K

obyyeHuio cneuuanuctoB B obnactu  obecneyeHus
3KoJsiorMyeckot  b6esonacHocTn. PaHee  pencTBytowmi
MNpukas PoctexHag3opa ot 20.11.2007 Ne 793 «O

NoAroToBKe W aTTecTalumn pykoBoauTenel u cneumnanmcTos
opraHusaumii B obnactm obecneyeHUs 3KONOTMYECKOM
6e3onacHOCTU», YCTaHaB/AMBA/N BPEMEHHOM UWHTepBan
NoAroToBKM cneumanmcTos no nporpamme «ObecneyeHune
3KonorMyeckolt  6es3onacHocTM  pyKkosBoaUTENAMU U
cneumanuctamm 061U EeX03AUCTBEHHbIX cucTem
yrpaB/ieHnA», KOTOPbIN A0MXKeEH Obln coCTaBnATb 72 vaca.
OpHaKo, B HACTOAWMMA MOMEHT MPOAO/IKUTENbHOCTb
OCBOEHMA MPOrPammbl BbIWEYKa3aHHbIMX  IULAMK  NO
Bonpocam obecneyeHns 3KosorMyeckolr 6esonacHocTu
HOPMAaTMBHO He YCTaHOB/IEeHa.

Kpome TOro, nporpamma Takoro oby4yeHus
paspabaTtbiBaeTcA Ha oOcHOBaHuMM [podeccroHanbHoro
cTaHgapTa «Cneumanmct no obecneyeHno 3KONOrMYecKon
6e30nacHOCTM (B NPOMBIWNEHHOCTU)», YTBEPKAEHHOTO
MprKazom MuHUCTEPCTBA TPYAa U COLMANbHON 3awmnTbl PP
Ne 569H ot 07.09.2020 r. «O6 yTBEpPXAEHUU
npo¢deccMoHanbHoro cTaHgapTa "Cneumanucr no
3KoMorMyeckolt 6e30MacHOCTM (B MPOMbILLNEHHOCTU)».
[aHHbI  npodeccMoHanbHbI  CTaHAAPT YCTaHaBAMBaeT
pPEKOMEHAYEMbI CPOK MOBbIWEHUU KBaAnUpUKaAUUN — He
pexe ogHoro pasa B 5 ner. 3gecb crtouT 06paTUTL
BHMMaHME Ha TO, YTO CPOK MOBbIWEHUA KBanUbUKaLUM
HOCUT MMEHHO PEKOMEHAATEsIbHbIA XapakTep W  He
cBA3bIBaeTCA c Kakumn-nnbo 06BEKTUBHBIMM
0bCcTOATENBCTBAMM, MPU BO3HUKHOBEHUM KOTOPbLIX, OblIO
6bl HEOBXOAMMO MPOXOAUTL YKa3aHHbIE KypCbl NOBbILLEHMSA
KBaMbUKaL MK Yawe, Hanpumep, n3meHeHue
Npo13BOACTBEHHOIO NPoLLecca B OpraHM3aLmnu, BANAIOLLEro
Ha COCTOAHME OKpYy)KaloWen cpegbl U 3KONOTUYECKYHO
06CTaHOBKY B LLe/IOM.

YKa3aHHbIN Npumep He ABAAETCA eANHUYHBIM, TaK B
2020 roay 6b11m yTBEPKAEHBI NPUKa3 MUHKUCTEPCTBA Tpyaa
M coumanbHoM 3awmTbl PO ot 27 oktabpa 2020 r. Ne 751H
«06  yTBepxaeHUW  npodeccrmoHanbHOro  CTaHaapTa
«PaboTHMK B 06nacTM obpalieHna C OTXo4amu», B
COOTBETCTBUM c BbILIEYNOMAHYTbIM OOKYMEHTOM
BO3MOXHO MpPOXOXAEHWe NoBblWeHUA KeanuduKauum
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TakMM paboTHMKOM He peske OAHOro pasa B Tpu roga.
YKa3aHHbIN CPOK TaKKe ABNAETCA peKOMeHAATENbHbIM.

Takum  obpasom, cerogHs  obHapyxuBaeTca
[AeKNapaTUBHOCTb HOpM 3KOMI0rMYecKkoro
3aKOHOZATeNbCTBa B OTHOWEHMM 06yYeHUs CneLuanmncTos
B 0b6sacT obecneyeHnsa 3KonormMyeckon 6e3onacHoOCTu.
Bonpoc yHUOUKaumm TpeboBaHWN, NpeabABAAEMbIX K
pyKOBOAMTENAM OpraHM3auuin U cneunannctam B obnactm
OXpaHbl  OKpy)Kaloliel  cpedbl W 3KOJIOTMYECKOM
6e3onacHoOCTM, AO0/MKeH 6biTb paspeleH Ha ypoBHe
denepanbHOro 3akoHa.

lMocKkoNbKy HacToswee wccienoBaHue
NnpaBoBOM XxapakTep, Hamu Obln nposeaeH
AencTBytoWwero 3aKOHOZATENbCTBA Ha
3aKpenneHus Pas3INYHbIX BMAOB nponaraHzsl,
BCTPEYAIOWMXCA B  HOPMATUBHO-MPABOBbLIX aAKTax MU
UMeELLUNX uenbto obecneyeHune COXPaHHOCTU
OKpY)KalolWen cpegbl, CTUMYAMPOBAHUE bGepexkHOro
npUpoAononb30BaHMA U T.n. ONUpancb Ha M3yyeHHble
HamMM HOPMATMBHbIE MaTepuasabl, MOMHO BbIAENUTD
pasnuyHble BUAbI NponaraHabl B uccnegyemoi coepe.
[aHHble BMAbI HOCAT He cyrybo TeopeTUyYecKui
XapaKTep, a HenocpeacTBeHHbIM 06pa3om 3aKpenneHbl B
npaBoBOM MNoje (B Pas3/IMYHOrO YPOBHA HOPMATUBHbIX
aKTax) KaK f[eNcTBylolWMe WHCTPYMEHTbl MOBbILWEHUA
3KO/IOFMYECKUX 3HAHWI HaceneHua u GopmupoBaHuUA
BbICOKOTO YPOBHS 3KONOrMYECKOM KybTypbl:
- nponaraHAa 3K00rMYeCcKUX 3HaHWUI;
- nponaraHAa 3K0/0rMYeCcKomn KyabTypbl;
- nponaraHaa 6epeKHOro OTHOLWEHUA K NPUPOLHON cpese;
- nponaraHaa 340p0BOro 0bpasa Ku3Hu;

HoCUT
aHanus
npeamer

- nomynapusaumMAa M nponaraHga bGOTaHWYECKMX U
3KO/IOMMYECKUX 3HAHWUIA;

- nonynapusaumMa M nponaraHda 6GMO3KONOrMYECKUX
3HaHUI;

- nponaraH4a 3KOJIOTMYECKOM LEHHOCTU pPeaKkux wu
Haxo4AalWMXCA  NOo4  Yrpo3oi  WMCYe3HOBEHWA  BMAO0B

YKMBOTHbIX, pacTeHuii u rpubos (B Uenax GopmupoBaHus
3aMHTepPecoBaHHOCTM 06LLEeCTBa B UX COXPAHEHUMN);

- nponaraHfa 3HaHul B 06/1acTM OXpaHbl OKpY:KatoLLeln
cpeabl, obecneyeHuWa 3KonorMyeckon 6e3omnacHocTM W
CoXpaHeHna 6MoNorMYeckoro pasHoobpasma (B KOHTEKCTe
cUCTEMbl  BCEODOLLEr0o  HEnpepbiBHOrO  3KOIOTMYECKOro
BOCNUTaHWA U 06pa3oBaHmA);

- nponaraHaa noTpebneHus 6uopasnaraemoirt Tapbl U
YMaKoBKY;

- MponaraHga W nonynspusauma fnecHbix npodeccuin m
nponaraHA4a OXOTHWYbMX XO3AMCTB (C y4eTom WHTepecos
YNpaBAeHNA KOHKPETHbIX NONYAALNIA KUBOTHBIX);

- nponaraHga 6epeXHOro CoxpaHeHWAa U UCMNO/Ab30BaHWUA
JIECHbIX PEecypcos;

- NponaraHga 3HaHuWli B 06a1acTM obecneyeHUs NoXKapHOMU
6e3onacHocTy;

- nponaraHga TPaguUMOHHbLIX 3HaHWK, o06pagos U
06bl4aeB, OCHOBAHHbIX HA YBAXXMUTE/IbHOM OTHOLUEHUWU K
KOHKPETHOMY BMAY KMBOTHbIX (Hanp., K CHeXHomy bHapcy
cpeam HapogoB Antae-CasHCKOroO permoHa);
- nponaraHga 3HeprocbepexeHua K
3HepreTnyeckom spdeKTMBHOCTH.

Kak BMAHO W3 nNpuBEAEHHOro nepeyHs, B
Poccuiickon  depepaumu  yaensetca  AOCTaTOYHOe
BHMMaHWe NPaBOBOMY PEryIMPOBaHUIO Pa3/INYHbIX BUA0B
nponaraHAbl, 3aKkpennss KaK MOXHO 6onbLe
pasHoBMAHOCTEN y3KOHanpasAeHHOM nponaraHgbl
WCKOYUTENIbHO NOJ, 3aABNEHHYI0 NpobaemaTuKy. ITO Kak
pas TOT cayyali, Korga 3aKoHo4aTe b YMbIWAEHHO BBOAMUT

noBblWeHNA

3TW OTHOLWeHWA B chepy NPaBOBOro PeryiMpoBaHvs ans
TOro, 4To6bl NOAYEPKHYTb UX AKTYasIbHOCTb M 3HAYMMOCTb,
a TakKe Ana obecneyeHun BbINOAHEHUA 06A3aHHOCTEN No
KaKOOMY  KOHKpeTHOMY  BMAy  MponaraHgpl,  He
orpaHuMumMBascb TOAbKO AWWb obuiei nponaraHaom
3KONIOTUYECKUX 3HAHWIA.

BblBOAbI

1. B cOBpeMEeHHbIX YC/NOBUAX pPa3BUTUA POCCUMNCKOro
obwectBa  cnegyetT  BepHyTbCA K 0bCyaeHuio
3aKOHOMpPOEKTa «06 3KoN0rMYecKom KyNbType»,
aKTyaM3MpoBaB €ro MOJIOKEHUA B COOTBETCTBUM C
HacToAWMMM  3anpocamu  obLecTBa W aKTyas/bHOM
NOBECTKOM AHA, Aanee B CUCTEMHOE COOTBETCTBME C BHOBb
NPUHATBIM 3aKOHOM npuBecTu pernoHanbHoe
3aKOHOAaTeNbCTBO 06 3KoN0rn4ecKom KyNbType,
MaKCUMaNbHO YHUOUUMPOBAB B pPErnoHax MNOHUMAHMWe
TEPMMHA «3KOJIOTMYECKan KynbTypa». Tem 6onee, yto C
BHeceHnem B 2021 roay wusmeHeHu B ®PepepasnbHbii
3aKOH «0O6 oOxpaHe OKpy)Katowen cpeabl» B BUAE
OONTOXAAHHOTO /lerasbHOro onpeaeneHns MHbopmauum o
COCTOSHUN OKpy»KatoLen cpenbl (akonoruyeckom
MHPOpMaLUK) Bce NPeLnoCbIIKM AR 3TOTO CAOXKMUIUCD.

2. Heobxogumo o06patuTb BHUMAHWE HA 3HAYMMOCTb
GOPMUPOBAHUA 3KONOMMYECKOW KyNbTypbl MOMIOAENKM B
KOHTEKCTe  HOBbIX  MPUOPUTETOB  FOCYAAPCTBEHHOM
NONNTUKM, 0603HAYEHHbIX B KOHCTUTYLIMOHHbIX MOMNpaBKax
2020 roga nNONOXEHWAX, B YAaCTHOCTW, B pPamKax
NaTPMOTMYECKOro BOCMUTAHUA B TOM YnCe.

3. MaKcMmanbHO  3ageincTBoBaTb B PEryIMPOBaHUM
BOCMUTAHUA 3KOJIOTMYECKOM KyNnbTypbl MOJIOAENKU Mepbl
NOOLLPUTENIbHOTO XapaKTepa, Kak Hanbonee apPpeKTnBHbIE
B obecneyeHWM  3aKOHHOrO  WMHTEpeca  rpakAaH,
OCHOBaHHble Ha JIM4HOMN 3aMHTEepPeCcOBaHHOCTH,
000OpPOBONIBHOM  XapaKTepe MoBeAeHWA,  BbIFOAHOCTU
nocnencTeuii.

4. 3ddeKTBHOE NpPaBOBOE PEryanpoBaHMEe MHOXKeCTBa
BMAOB MNponaraHAbl, UMewwWwmx uenb chopmuposaTtb
3KONOFMYECKMe 3HAHWUA Yy HaceneHusa, AO/KHO Haltu
OeNCTBEHHbIN MeXaHU3m peanusauuu nytem
KOHKpPeTM3aLMu OTBETCTBEHHbIX /UL, 33 BbIMNOJHEHWe
OeACTBMI NO nponaraHAe Ka)KaoW pasHOBMAHOCTK, a
TaKXke nyTemM yBE/NIMYEHUA TMOOLLPUTE/IbHBIX Mep C
KOHKpeTM3aLmen nux cogepxatenbHol yactn. Heobxogmmo
bonee 4yeTko cHopmynnpoBaTb OCHOBAHWUS MOOLLPEHUS,
enaemblii pesynbTaT ¢ y4eToMm 0CoObeHHOCTe BOCNPUATUA
CybbeKkTamM, Ha KOro paccyuTaHa noolwpuTenbHas mepa
(LWKONBHWKKM,  CTYAEHTbl, MNeHcMoHepbl W Ap.), ¢
nocnesyowmMm KOHTPONEM [OHEeCeHUA COOTBETCTBYIOLLEN
MHPOPMALUMM O CcUCTeMe MOOLWPUTENbHbIX Mep 40
agpecata. OcobeHHO TaKoW MexaHU3M JoaXKeH 6bITb
TWATeNbHO NpopaboTaH Ha MyHMLMNAJAbHOM YPOBHE C
YK/IOHOM Ha 3KONOrnyeckyto npobnemaTvKy KOHKPeTHOM
MeCTHOCTH.

5. B oTaenbHbIX perMoHax, rge sKosormyeckas nosecTka
CTOMT OYeHb OCTPO, C/leAyeT 3a4ymaTbCA O CO34aHWUM
CMeuManusnpoBaHHONO  OpraHa, OTBETCTBEHHOIO  3a
3KO/MI0rMYecKoe NpocBelleHre, nNponaraHay U cogemncrame
3KoNOrMYyecko WMHOOPMUPOBAHHOCTA  LUMPOKUX CNOEB
HaceneHus, Takas NoNOXKUTEIbHAsA NPAKTUKA YXKe UMeeTcs,
Hanpumep, MNpasuTenbcTeom Mocksbl co3gaH
KoopAnHAUMOHHBIM 0bLEeCTBEHHbI COBET MO BOMpOCam
3KO/I0rM4ecKkoro obpasoBaHus, npocseLeHuns "
nponaraHzbl.
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KPUTEPUUN ABTOPCTBA

lannHa H. KomKkoBa noAaroToBuaa KOHUEMUMIO U AU3aliH
nccaefoBaHMA, NPoaHaAnsnposana cneunduky NpaBoBoro
perynMpoBaHusa 06583aHHOCTEN 3KOI0TMYECKOTO
npocseweHus. EkatepuHa H. Torysaesa cobpana u
obpaboTana matepuanbl MO BONPOCAM BUAO0BbLIX
XapaKTePUCTUK 9KOJI0rMYECKOM NponaraHabl,
npoaHanM3npoBana permoHasbHoe 3aKOHOA4aTebCTBO,
BbINOJ/IHW/Ia OKOHYATe/IbHYIO peaKLMIo CTaTbM, COCTaBMNA
6ubanorpadpuyeckunit cnnucok. Mapus C. KapambiweBsa
obpaboTtana matepuanbl MO BONPOCaM NPaBoBOro
perynmpoBaHuA NepenosroToBKM Kagpos B chepe
3KO/I0FMYECKOro NPOCBELLEHNA U SKONOTMYECKON
NoAroTOBKW, MPOaHaNN3MpoBana npasosble Npobaemsl.
Bce aBTOPbI B paBHOW CTENEHWN y4acTBOBAAM B HaNnWCaHUK
PYKOMWUCK U HECYT OTBETCTBEHHOCTb NPY 06HapyKeHnn
nnaruara, camonnarmata uav gpyrux HesTU4eCcKmx
npobaem.
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