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Pesiome

Lienb. AHann3 pacnpocTpaHeHUa U COCTOAHWUA monynauui Beroe ovata w
Mnemiopsis leidyi n oueHKa NnapameTpoB MX B3aUMOAEWNCTBUA B 3amnagHOM
yactn CpegHero Kacnus.

Martepuan u metopgbli. Matepuan nosyyeH B 3anafHOM U BOCTOYHOM
yactax CpegHero Kacnua B ceHTABpe—okTAbpe 2022 roga. Ans yyeTa
rpebHeBMKOB MCMO/Ib30BaNM 6ONbLYIO KOHYCHYIO ceTb (KB) ¢ naowaabto
BxogHoro otsepctua 0.5 m? u aueeit 500 mKm. Mpobbl 300M1aHKTOHA
oTbupanun cetbto [yKegun, C NAOLWAABIO 3axBaTa GUALTPYIOLLEro KOHyca
0.1 m?. KonnuyectBo M pasmepbl KpynHbIX rPebHEBUKOB onpeaensnm
HenocpeacTBEHHO Nocne oTbopa, y4YeT /IMYMHOK M AUl MPOBOAMAWU B
npobax, PUKcMpoBaHHbIX GOPMaAZIMHOM A0 KOHEYHOWN KOHUEHTpauumn 4%.
Pe3ynbratbl. B ceHTAbpe-okTAGpe 2022 r. Ha akBaTopuu CpegHero Kacnua
6blna 3apuKcMpoBaHa pasBMTan nonynauma Beroe ovata ¢ npusHakamu
AKTMBHOTO pPasMHOXeHMUs. 30Ha 06uTaHMA B. ovata 3HAYUTENbHO
pacwupuaace Ha ceBep Mo cpaBHeHUto ¢ 2021 r. OTmeyeHO MoOJHOE
nogassieHVe NonyasumMm MHemuorncuca rpebHeBnkom bepoe Ha 6onblueit
Yyactm 3anagHoro wenbdpa. O6was uucneHHocTb bepoe pocturana
48 3K3/M?, 6uomacca — 12 r/m2 EguHMYHble KpynHble ocobu 6Gepoe
obHapy»KeHbl Ha ceBepe CpepHero Kacnua npu coneHoct 5.7 psu. B
CTPYKTYpE Me30300M1aHKTOHA MO-MpeXHeMY AOMWHMPOBANA MeNKasa
Konenoga Acartia tonsa.

3aKkntoueHune. Hosble JaHHble CBUMAETENbCTBYIOT 06 aKTUBHOM OCBOEHWUM
rpebHeBuKom Beroe ovata akBaTtopuu Kacnuiickoro mops, 4YTo MmeeT
NpuUHUMNWaAbHOE  3HayeHMe  AnA  BoccTaHoBneHuA  Kacnuickoi
3KocucTembl. MocTynatenbHaa agantauma 6epoe K ycnosuam Kacnuinckoro
MOPA MpUBENa K PaclIMPEHWUt0 30Hbl €ro PacnpocTpaHEeHWs Ha ceBep
CpeaHero Kacnua B palioHbl C HU3KOMW CONeHOCTbo. MonHoe nogasnexHve
HOBbIM BcefeHuem nonyaauun M. leidyi Ha 6onbwen yactm wenboda
CpeaHero Kacnus, csuaetenbctsyeT 06 ycuneHuu npecca rpebHeBuKa
b6epoe Ha NoMynALUMIO MHEMMOMNCUCA NO CPABHEHUIO C COOTBETCTBYHOLLMM
nepuogom 2021 r.
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Kacnuiickoe mope, aKkocucTema, BuonorMyeckme MHBasuM, rpebHeBUKK-
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Abstract

Aim. Analysis of the distribution and status of ctenophores Beroe ovata
and Mnemiopsis leidyi, and assessment of the parameters of their
interaction in the Middle Caspian Sea.

Material and Methods. The material was obtained in the western and
eastern parts of the Middle Caspian Sea in September—October 2022.
Large ctenophores were collected using a big cone plankton net with a
0.5 m? opening and a 500 um, mesh size. The number and size of large
ctenophores were determined immediately after collection, larvae and
eggs were counted in samples fixed with formalin to a final concentration
of 4%. Zooplankton samples were collected by the Juday plankton net
(0.1 m? opening, 180 um mesh size).

Results. In September-October 2022, a developed population of Beroe
ovata with active reproduction was recorded in the waters of the Middle
Caspian Sea. The habitat area of B. ovata has significantly expanded to the
north compared to 2021. Complete suppression of the Mnemiopsis
population by the Beroe was observed on most of the western and eastern
shelf, as well. The total number of Beroe reached 48 ind/m?, biomass —
12 g/m?. Single large individuals were found in the north of the Middle
Caspian Sea at salinity 5.7 psu. The structure of mesozooplankton was still
dominated by the small copepod Acartia tonsa.

Conclusion. New data indicate the active development of the Beroe ovata
in the Caspian Sea, which presents a fundamental challenge for the
restoration of the Caspian ecosystem. The progressive adaptation of Beroe
to the conditions of the Caspian Sea has led to its expansion to the north
of the Middle Caspian Sea in areas with low salinity. A complete
suppression of the M. Leidyi population by the new alien noted on most of
the shelf indicates an increase in its pressure on the Mnemiopsis
population compared to the corresponding period of 2021.

Key Words
Caspian Sea, ecosystem, ctenophores, Mnemiopsis leidyi, Beroe ovata.

© 2022 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

CnyyaitHaa uWHTpoaykuuAa rpebHeBuka Mnemiopsis leidyi
[1; 2], npuBena K HeraTUBHbLIM U3MEHEHUAM B SKOCUCTEME
Kacnuiickoro mops [3; 4]. He umen B Kacnum ectecTBeHHbIX
Bparos, 0613438 WMPOKUM CNEKTPOM NUTAHMA U BbICOKOM
WHTEHCMBHOCTbIO PA3MHOMKEHWA, rPebHEBUK MHEMMONCUC
NONIYYMN CYLLECTBEHHbIE 3KONOTMYECKME MNPeuMyLLecTsa

nepeg, nULEBbIMMN KOHKypeHTamu - pbibamu
nnaHkTodparamu. Ero maccoBoe passBuTME yXKe B nepsble
rogbl MHBa3nmn (1998-2002) [octurno YPOBHA

3KO0JI0TMYecKol KaTacTpoodbl [4—6]. CywecTBEHHO NoA0pPBaB
KOpMOBYIO 6a3y NJaHKTOHOAAHbIX Pblb, rpebHeBUK Npusen
B YNagoK Mopckoe pbibonoscTeo [7].

MossneHne B Kacnuickom Mmope  XMLHOro
rpebHeBnka Beroe ovata (puc. 1) sABAAeTcA BaXKHbIM
cobbiTem AnA  JanbHeWwen 3BOMOUMKM  KACMUIACKOM
3Kkocuctembl [5; 6]. Passutve nonyasauum B. ovata B

PucyHok 1. [pebHeBuK Beroe ovata — B Kacnuitckom mope
Figure 1. The ctenophore Beroe ovata — in the Caspian Sea

MATEPUAN U METOAbl UCCNEOOBAHUA

WNccnepoBaHua NpoBOAMANCL B BOSAX 3amnagHoro wenbda
CpepgHero Kacnus B ceHTAbpe—okTABpe 2022 roga Ha cemu
OMOPHbIX CTAHLMAX, PACNONOMKEHHbIX BAOAb M306aTbl 10 m
(puc. 2).

KonunuyectseHHbIM yyeT rpebHeBUMKOB NPOBOAUAMU C
nucnonb3oBaHnem 6o0sbwoi  KoHycHon cetn  (KB) ¢
naowWwaabo BxogHoro otsepctna 0.5 M2 1 pasmepom aden
500 mKm. Mpobbl 300MNaHKTOHA O0T6Mpanu ceTbio [xeam ¢
naowaablo 3axgata ouabTpylowero KoHyca 0.1 m? ¢
pasmepom a4enm 180 mKm. CeTHble N0Bbl NPOBOAMAM
TOTaNbHO OT AHA A0 nosepxHoctw [6; 13]. Ana m3yyeHus
pa3smMepHON  XapaKTEPUCTUKM  NOMNYAAUMM  BbINOJHANM
2-3 nosa 601bLLOIN KOHYCHOM ceTbto. [1nA yTouHeHUA daKTa
HaAM4YMA  WAM  OTCYTCTBMA TpPebHEeBMKOB B MNJIAHKTOHE
KO/M4YecTBO /NI0BOB yBenunumsann po 10. pebHeBuKM
pasmepom 6onee 2 MM Y4YMTbIBANIUCb M U3MEPAIUCH
HenocpeacTBeHHO nocne oTtbopa npob. Konnuectso u
pasmepbl  MEeNIKUX TPeBHEBUMKOB, JIMUMHOK W AuUL,
onpegenann B npobax, GMKCUMPOBaHHbIX popManvHOM [0
KOHEYHON  KOHUeHTpauuu 4%, ¢ NpUMeHeHuem
BUHOKYNAPHbIX MWMKpockonos MBC-10 u Olympus SZ51.

Kacnuitckom mope no YepHomopckomy cueHapuio [8—-12],
MoXKeT cnocobcTBoBaTb BOCCTaHOBAeHUIO  Kacnuiickow
3KOCUCTEMbI U €€ PbIBHbIX PECYPCOB.

TMaponorMyeckne u rnapoxMmmMyeckne ycioBuA
Kacnuiickoro mopA Heb1aronpuATHbI ans
cpeam3eMHOMOpPCKOro rpebHeBuka B. ovata. Moatomy
afanTtauua 6epoe K HOBbIM yC0BUAM cpeabl ByaeT urpatb
NPUHUMNWANBHYIO PONb B  OCBOEHUWU rpebHEBUMKOM
akeBaTopum Kacnuiickoro mops. Mepsble rogsl HabAAeHUN
BbIABMAN GaKTOPbl Cpeapl, OrpaHNYnBatoLLMe pacluMpeHmne
apeana 6epoe B Kacnuu. Tak B 2021 r. pacnpocTpaHeHue
rpebHeBMKa Ha cesep B CpegHem Kacnum orpaHuMumMBanocb
coneHocTbto 5.5-6.0 psu [6]. Mpepenbl TemnepaTypHOWM
ajantauun bepoe, KoTopble ONpeaensalT MNpPOAO/KM-
TEeNbHOCTb  BO34eWcTBMA  Gepoe  Ha  nonynaumio
MHeMMoncmMca B TeYeHMe FOA0BOrO UMKAA Pas3BUTUA Ha
[aHHOM 3Tane uccnefoBaHbl HeA0CTaTOYHO.

Photo by S.V. Vostokov

Buomaccy rpebHeBMKOB  ONpegensanuM  ucxoga U3
UMCNEHHOCTM W  pasmMepoB Tena, a TakkKe nyTem
B3BewwuBaHuA [6]. [MapannensHo c¢ oTbopom npob

NJaHKTOHa 6blM NpoBeAEHblI U3MEPEHUA TeMMNEPATypPbl U
coneHocTn BoAbl. [laHHble O AWHaMWKe TemnepaTypbl
NOBEPXHOCTHOro cnoA B cpeaHem u HOxHom Kacnuum
noslydeHbl Ha OCHOBE M3MepeHul ckaHepa MODIS Aqua
http://oceancolor.gsfc.nasa.gov. [14].

MNONYYEHHDIE PE3Y/IbTATbI U UX OBCYKAEHUE

C cepeamnHbl ceHTabpsa no HoAbpb 2022 roaa Ha akBaTopuKu
3anagHoro wenbda CpepHero Kacnua 6bliv U3yyeHo
pacnpegeneHve UM pasmepHas CTPYKTypa MNONyaauum,
nposejeHa  OLEHKa  B3aMMOAEWNCTBUA  rpebHeBMKOB
Mnemiopsis leidyi v Beroe ovata.

B okTAbpe 2022 r. Ha 6osblel YacTuM 3anagHoro
wenboda CpesHero Kacnua, a Takke Ha BOCTOYHOM Lenbobe
cybpernoHa 6b1N10 3apMKCUPOBAHO npucyTcTene
rpebHeBuKa B. ovata. MakcMmasbHas YMCNeHHOCTb bepoe
pocturana 48 3k3/m?, 6uomacca — 12 r/m? (cbipoin Bec).
MonynAauua B. ovata oceHbto 2022 r. mena NPUMEpPHO
TAKOW Ke pasMepHbI CMeKTp, YTo M B OKTAbpe 2021 r.,
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KOorga B MAAHKTOHe npeobnafany NIMYMHKUM U Menkue
ocobu B pasmepHom AuanasoHe oT 2 go 20 mm.
MakcumanbHbii pasmep 6epoe B 2022 r. B palioHe
nccnenoBaHuii He npesbiwan 30 mm. B BOCTOYHOM 4yactu
CpeaHero Kacnua uucneHHocTb 6epoe B paioHe 15-m
n306athbl coctasuna 10-30 3k3/m2. Npeobnaganm ocobu B
pasmepHoOm gmanasoHe 2—10 mm. B menKoBOAHbIX naryHax

BoCTO4YHOro nobepexba CpeaHero Kacnua o6HapyKeHbl

bonee KpynHble 0cobu pasmepom A0 26  MMm.
KoHLEeHTpauma KpynHbIX rpebHEeBMKOB Ha Me/IKOBOAbe
pocturana 0.5 3k3/m3.  Pa3smepHas XapaKTepucCTUKa

nonynauuii rpebHeBMKOB B 3anagHoi vactu CpepgHero

Kacnua npepgcraBneHa B Tabauue 1.

Ta6auua 1. YucneHHocTb rpebHeBuKkoB Mnemiopsis leidyi v Beroe ovata B npubpexkHbIX BoAax

3anagHoi yactm CpegHero Kacnus

Table 1. Enumeration of samples of ctenophores Mnemiopsis leidyi and Beroe ovata in western part of the Middle Caspian

MHemuoncuc, 3k3/m?

Mecro c6opa Mnemiopsis, ind/m?

Bepoe, 3Kk3/m?
Beroe, ind/m?

npo6

Sample collection
location 10<30
2-5 mm 5-10 mm 10<30 mm Obuwas 2-5 Mm 5-10 mm I Obuwan
(mm) (mm) (mm) Total (mm) (mm) (mm) Total

Camyp 1 2 0 3 44 2 2 48
Samur
AepGenr 1 1 0 2 32 3 8 43
Derbent
HoBOKasaKeHT
Novokaikent 0 ! 0 ! 21 5 4 40
MaxauKana
Makhachkala 182 8 0 190 3 2 1 6
Cynak 516 68 12 596 0 0 1 1
Sulak
Tepex 840 23 17 880 0 0 0 0
Terek

MpuBeaeHHble faHHbIE MOKA3blBAOT, YTO NO YMCAEHHOCTM
npeobnafatoT rpebHeBUKK pasmepom 2-5 mm. Briomaccy B
OCHOBHOM GOpPMUPOBANU KPyMHble ocobu.

Takum obpasom, gaa nonynaunii o06ounx BceneHues
XapaKTepHo npeobnagaHne Menkux ocobel, uTo,
BO3MOXHO,  ABNAETCA  MPU3HAKOM  agantauuMum K
HebnaronpuATHbIM ycnoBuAM cpefabl. [oKkasaTenbHO, 4TO
npucyTcTBue paxe Hebonblioro KosnuyectBa ocober
rpebHeBuKka 6epoe (5—6 3k3/M?) B NNaHKTOHE MPUBOAMT K
3HAYUTENIbHOMY CHWMMKEHUIO YUCNEHHOCTM MHeMMoncuca
(cm. Tabn. 1).

MpaHuua NPOHWKHOBEHUA 6epoe BAO/b
[JarectaHckoro nobepeba Ha ceBep B OCEHHMI Ce30H
2021 roaa 6bina 3aduKcMpoBaHa Ha wupoTe r. depbeHT.
ConeHocTb MOPCKOW BOAbl Ha CEBEPHOW FpaHuLEe apeana B
2021 r. coctaBnsana 5.5 psu, a Temnepartypa — 16.0°C. MNpwm
3TOM OCHOBHOW MMLEeBOM 06bEKT bepoe — rpebHeBUK
MHemuoncuc bbin pacnpocTpaHeH B 3TOT Nepuog BAO/b
Bcero 3anagHoro wenbda CpegHero n CesepHoro Kacnus
(puc. 2). NMonHoro BblefaHMA MHeMUONCUCa FPpebHEBUKOM
b6epoe oceHbto 2021 r. B npubpekHbIX paiioHax CpegHero
Kacnua He Habnoganocs.

OceHblo 2022 ropa oTaenbHble ocobu 6epoe 6bian
0obHapy:KeHbl B paoHe n. Cynak, T.e. Ha 200 Km ceBepHee,
yem B 2021 .

ConeHocTb Ha CeBepHOM rpaHuLEe NPOHUKHOBEHUA
6epoe oceHbto 2022 r. coctaBuna 5.7 psu, a Temnepatypa
14.2°C. 3pecb B ycioBuax passutor nonynauuu M. leidyi
NpY HWU3KUX 3HAYEHUAX CONEHOCTU Oblan OBHApyXKeHbl
e[VHWYHbIe OTHOCUTE/NIbHO KpyrnHble ocobu B. ovata 6e3
NPW3HAKOB Pa3MHOMeHWA. [pu 3TOM B OXKHOW U
LeHTpanbHOM obnactax 3anagHoro wenbda CpeaHero

Kacnva no MaxauKanbl, @ TaKKe Ha BOCTOKe cybpervoHa
OTMEeYaNochb aKTMBHOE pasMHOXeHue bepoe. Ha 6onbliein
YyacTM wuccnepoBaHHOM akBatopum B 2022 1. 6bLIO
3aQMKCMPOBAHO  MOJIHOE  MOZaB/AeHWE  Monyaauuu
MHeMMoncmMca HoBbiM BceneHuem rpebHesukom bepoe
(cm. puc. 2). AHanorumyHaa cutyaums B oKTAbBpe 2022 r.
Habnodanacb My BOCTOYHOro nobepexba CpeaHero
Kacnuna.

ExerogHoe passuTMe nonynsuum  bepoe B
Kacnulickom mope 3aBUcUT OT MHormx ¢aktopos. Cpeam
HUX ocoboe 3HaYeHMe UMEtoT YCNI0BUA 3MMOBKK bBepoe B
HO)kHOM Kacnvm wm agantaums K HU3KOM CONEHOCTUM W
TemnepaTtype, KoTopaa onpegenseT NPOCTPAHCTBEHHbIE U
BpeMeHHble MacwTabbl eXerogHoro pPacnpocTpaHeHus
rpe6bHeBMKOB Ha akBaTtopum CpepHero u CeBepHoro
Kacnus. HesHauuTenbHOE CHUMXKEHWE 3UMHUX TEMMNEPATYP B
tokHOM M CpegHem Kacnum 2021-2022 (puc. 3) He
NoB/IMANO HA IeTHEe Pa3BUTUE NONYAALNIA TPeOHEBUKOB.

Mpn 3stom B 2022 Habnw[anocb paclwimpeHue
apeana b6epoe B npubpexHbix Bogax CpepHero Kacnua B
OCEHHWI nepuos MO cpaBHeHuto ¢ 2021 rogom.
ObHapyxeHne eaMHUYHbIX ocobelt Gepoe B CeBepHbIX
paiioHax  CpepgHero  Kacnua  cBuaeTenbcTByeT O
CyLLLeCTBOBaHMK MeXaHU3MoB NPOHWKHOBEHMUA
rpebHesnkos B Boabl CeBepHoro Kacnus, oTtanuatowmecs
HW3KOW coneHocTblo. ExkerogHoe pacceneHune rpebHeBMKOB
BO MHOrom onpegensetca obuwen uupKynaumen Bog,
obecneuynBatoweit BogoobmeH mexkay HOxHbiM, CpeaHnm
n CesepHbim Kacnuem [15; 16]. B CeBepHom Kacnuwm

60onbWyY0  PO/ib  TaKkKe  MrpaeT  CrOHHO-HaroHHas
UMPKYAAUMA, onpeaensemas  /IOKasbHbIM  BETPOBbIM
BO34ENCTBMEM. BeTposble HaroHHble ABNEHUA
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CNocobCTBYIOT  MPOHUKHOBEHUIO MOPCKMX  OpPraHn3mMoB
Janeko Ha ceBep B 30HY peyHOro BAMAHWA. bnaropapsa
OaHHbIM npoueccam rpebHeBuKH, nepeHocumble
TeyeHnamm u3 KOxHoro u CpepgHero Kacnua, moryt
nonagatb B  HebnaronpuATHble  yCcNoBMA  Cpeabl,
npenaTcTeylowmMe  passutuio  nonynauuun. MogobHas
cuTyaumsa, no-sManumomy, Habawaanacb Hamu B 2022 rogy
Ha rpaHuue CpegHero u tOxHoro Kacnua, rge B ycnoBuax
HU3KOM CONEHOCTM Mapasie/ibHO C Pa3BUTOM nonynsumen

Tuleniy
4.2

Aktau
Terek h

il
e
Makhachkala

£ N. Kaiakent

6.1
~ Derbent®
7.1
. Samur b

M. leidyi 6binn 0bHapyKeHbl eaUHUYHbIE 0cObM Bepoe npu
OTCYTCTBMM  MPU3HAKOB  pasmMHOXKeHua. Heobxoanmo
OTMETUTb, YTO CEBEPHAA rPaHULLA pacnpocTpaHeHus bepoe
B 2021 n 2022 rr., 3HAaYMTENbHO PA3/IMYAACL MO LIKNPOTE,
COOTBETCTBOBA/Ia OAHUM U TEM Ke 3HAYEHUAM CONIEHOCTU.
He wucknayeHo, 4TOo pacnpefeneHve CO/MEHOCTM B
npubpeKHbix Bogax CpeaHero Kacnua B 2022 r., oTAMYHOE
oT TakoBoro B 2021 r., BO MHOrom CnocobcTBoBano
NPOHUKHOBEHMUIO rPebHEBMKOB Ha ceBep cybpervoHa.

R

4.1
; 6.1
Tuleniy
57
11.2
Aktau
Terek 6.8 113 I.
Sulak

°
Makhachkala 73
| N Kaiakent -I? 5

181

Derbelt »
Samur

4.2

L Mnemiopsis leidyi 10 3x3/m? (10 ind./m?)
L Beroe ovata 10 3x3/M2 (10 ind./m?)

Conénocts (Salinity, psu)

PucyHokK 2. PacnpegeneHue yucneHHocTv rpebHeBnkos Mnemiopsis leidyi v Beroe ovata B akBaTopuax
3anaZHoro u BocToyHoro wenbpos CpeaHero Kacnua B 2021 (cnesa) n 2022 (cnpaga) rr.

— coneHocms (psu)

Ludpei

Figure 2. Distribution of ctenophores Mnemiopsisl leidyi and Beroe ovata in the waters
of the western and eastern shelves of the Middle Caspian Sea in 2021 (left) and 2022 (right)
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PucyHok 3. [luHamuMKa cpegHei 3MMHel TemnepaTypbl (AHBapb—MapT) NOBEPXHOCTHOrO c/ioA B CpegHem (a)
1 lOxHom Kacnuum (b) 3a nocnegHue natb AeT No AaHHbIM ckaHepa MODIS Aqua
Figure 3. The dynamics of average winter surface layer temperatures in the middle (a)

and southern (b) Caspian Sea (MODIS Aqua)
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BbIXMBaHME M pasMHOXeHWe 6epoe B pailoHax BbiCeNeHWs
onpeaensetca Habopom MNPUPOAHbLIX  YCIOBUM, cpeau
KOTOPbLIX BeAyLLyl POab WUrPaloT CONEHOCTb, TeMMepaTtypa,
Hannumve nuwn. WHTerpanbHoe Bo3gelicTBue bepoe Ha
nonyiauMio  MHemuoncuca B Kacnuiickom — mope
onpegensetca Kak MmacwrabamMu ero MpoCTPaHCTBEHHOrO
pacnpeseneHuna B LMKAE Ce30HHOTO Pa3BUTMA, Tak U NPOLON-
KUTENIbHOCTbIO BO3AeicTBuA. OueHKa MpOCTPaHCTBEHHO-
BPEMEHHbIX NMapameTpPoB B3aUMOAENCTBMA rPebHEBUKOB, a
TaKkKe fanbHeiwei agantaumm 6epoe K XMMUYECKOMY
cocTaBy BoA Kacnuiickoro mops vmeeT MpuHUMNnanbHoe
3Ha4YeHue M CoCTaBUT NpeameT ByayLMx ucciesoBaHUM.

3AK/NHOMEHUE

B pesynbtate wuccnegosBaHuit 2022 r. 6bIAM MONYYEHDI
Ba)XHble pe3ynbTaTtbl, CBUAETE/NbCTBYIOWME O nocTyna-
TeNbHOW aganTaumu rpebHeBuKa Beroe ovata K ycnosusam
Kacnuitickoro mops. Mo cpaBHeHuto ¢ 2021 r. rpaHuua
pacnpocTpaHeHuss bepoe B BOAax 3amagHoro wenboda
3HauYUTENbHO npoABMHYyNacb Ha cesep. Takxe
pacwmpunacb 30Ha aKTUBHOTO pPasMHOXeHusa bepoe,
KOTOpasA OrpaHU4YMBanNacb paHee IOXKHbIMW palioHamu
[JarectaHckoro wenbdpa. OTMeYeHO ycuneHwe npecca
b6epoe Ha nonyaAuMo MHeMUONCKCca B NPUBPEKHbIX BoAaxX
CpegaHero Kacnua 4o nosHOro ee noaasneHus Ha 6onbluein
YacTu Uccne0BaHHOM akBATOPUM. AHANOMMYHAA CUTyauumA
Habnoganacb M Ha BOCTOYHOM Wwenbde cybpernoHa.
3apMKCMPOBAHO NPOHUKHOBEHWE OTAE/NbHbIX KPYMHbIX
ocobeit B. ovata B paloHbl C HWU3KOW CONEHOCTbIO Ha
rpaHuue CpepgHero u CesepHoro Kacnua. [MonydeHHble
HOBble AaHHble CBUAETENbCTBYIOT 06 aKTUBHOM OCBOEHMMU
rpebHeBKom b6epoe akBatopuu Kacnwuiickoro mopsa u
nocTynatenbHoOW  aganTtauuu K HebnaronpuATHbIM
ycnosmam cpedpl. B uenom oTmevaetca paclimpeHue
3KCMaHCUM HOBOrO BceseHua B Kacnuiickom mope w

yBeAuYeHne npecca Ha MOMNyAAUMIO  MHEeMMOrcuca.
CyLecTBeHHbIX N3MEHEeHUM KO/INYECTBEHHbIX "
CTPYKTYPHbIX XapaKTepUCTUK 300MNaHKTOHA, CBA3AHHbIX C
ocnabneHvem  BAMAHMA  MHEMMONCKMca, MOKa  He
HabnwogaeTcs.
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Pe3siome
Lienb. BoigenuTb 1 onucatb coobliectsa ¢ yqactuem Juniperus oblonga Ha
lTyHMbckom nnato. [poBecT TaKCOHOMWYECKMI, reorpaduyeckui,

6rnomopdoormyeckunii aHaams popbl CO0bLLECTB.

Martepuan u metoppl. MiccnepoBaHuAa MpPoBOAUAU METOAOM 3aKNALKU
npobHbIx nnowanen. MposegeHo 15 reobOTaHUYECKUX OMUCAHWUN.
KamepanbHaa 06paboTka AaHHbIX NpoBeAeHa MeTogoM TabanyHoro
3K0NOro-GUTOLLEHOTUYECKOrO aHanusa. AHanu3  ¢nopbl  coobliecTs
npoBOAMAM  NO  OOWENPUHATBIM  MeToAMKam  GNopUCTUYECKUX
nccnefoBaHUn.

Pe3ynbtatbl. ®nopa MOXKeBENOBbIX peaKkonecuin FyHWMBCKoro nnaato
npeacrasneHa 185 Buaamu u3 124 popoB M 41 cemeictsa. Mo
pe3synbTaTam reorpaduyeckoro aHanvsa BblaeneHo 19 reoanemeHToB U3
4 reoTMnoB, M3 KOTOPbIX Haubonee npencTas/ieHbl BUAbl 6opeanbHOM
rpynnbl (53,8%) KaBKa3ckoro reoasemeHTa (31,9%). 06 yHMKanbHOCTU U

OPUTMHANLHOCTU  GIOPbl  MOXIKEBEOoBbIX COObLWEeCTB  Ha  n/iaTto
CBUAETENbCTBYET Ha/IMuMe PeaKMX M ucyesawmx (2,7%), sHAEMUYHbIX
(28,1%) wn penukToBbix BMaoB (14,1%). PaspaboTaHa 3KoaOro-

duToLLEHOTMYECKasA KnaccuduKauma coobliecte ¢ ydactvem Juniperus
oblonga Ha TyHubckom naato, BblgeseHbl 4  accoumauumm,
5 cybaccoumaumii u 5 BapnaHToB. CocTaB/ieH MPoApPOMYC.

3aknioueHue. MoXKKeBeoBble pefKonecba NpeacTaBaAloT coboi oguH
M3 OCHOBHbIX TUMOB PACTUTENbHOCTM [YHWBCKOro n/aTo, BKAHOYaKOLWMIA
TpeTb &/Iopbl  MAATO C  BbICOKOW CTEMEHbI OPUTMHANBHOCTM U
YHUKANbHOCTU, @ KOMMAEKC abuMOTMYECKUX (GAKTOPOB, M3MEHSHOLMXCA
BA,0/1b BbICOTHOTO rPaAMeHTa, MMKpopesbeda U Mo 3KCNO3MLUAM CKIOHOB,
ABNAETCA ONpefensAllWMM NpyY CMEHE JAOMWMHAHTOB B COO6LLECTBaX
MOXKEBE/IOBbIX PEAKOMECUA.

KntoueBble cnosa

®dnopa, cuHTakcoHomus, TyHMbBCcKoe nnato, Juniperus oblonga M.Bieb.,
[HarectaH, cTpyktypa ¢aopbl, reoboTaHMKa, MOXKKEBENOBble PeaKONechs,
pacTuTenbHOE coobLuLecTBo.
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Abstract

Aim. To identify and describe communities which include Juniperus
oblonga on the Gunib Plateau. To conduct a taxonomic, geographical,
biomorphological analysis of the flora of these communities.

Material and Methods. The research was carried out by the method of the
laying of trial plots. 15 geobotanical descriptions were undertaken. Office
data processing was carried out using tabular ecological-phytocenotic
analysis. Analysis of the flora of the communities was carried out
according to generally accepted methods of floristic research.

Results. The flora of the juniper woodlands of the Gunib Plateau is
represented by 185 species from 124 genera and 41 families. According to
the results of geographical analysis, 19 geoelements were identified from
4 geotypes, of which the species of the boreal group (53.8%) of the
Caucasian geoelement (31.9%) are the most represented. There are
present rare and disappearing (2.7%), endemic (28.1%) and relict species
(14.1%). An ecological-phytocenotic classification of communities with the
participation of Juniperus oblonga on the Gunib Plateau was developed
and 4 associations, 5 subassociations and 5 variants were identified. A
prodromus was compiled.

Conclusion. Sparse juniper forests are one of the main types of vegetation
of the Gunib Plateau, constituting a third of the flora of the plateau with a
high degree of uniqueness and a complex of abiotic factors that change
along the altitudinal gradient, microrelief and slope exposures, which are
decisive when dominants change in communities of sparse juniper forests.

Key Words
Flora, syntaxonomy, Gunib plateau, Juniperus oblonga M. Bieb., Dagestan,
flora structure, geobotany, juniper woodlands, plant community.

© 2022 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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BBEOEHUE
TyHMBCKOe nnaTo Hamu NpeacTaBleHa Kak mogenbHas
Tepputopua BHyTpeHHeropHoro [arectaHa W oT/iMyaeTca
bnopuctmueckum pasHoobpasmem aKoCUCTEM "
coobuiects, oTpaxkatowmx ocobeHHOCTM Bcero [OpPHOro
[arectaHa. ®nopa nnato HacuuTbiBaeT 657 BUAOB BbICLINX
pacteHuii [1] n npeacTaBnseTcs BecbMa pPasHOoObpasHoM,
4YTO oOnpeaenAeTcA  xapaktepom penbeda, COCTaBOM
KOPEHHbIX nopoga, MUKPOKANMATUHECKMMHU "
s3paduyeckumm ycnosuamu.

lyHMBCKOE nNaTo cnaratloT LEHO3bl PasIMYHOro
coctaBa W CTPyKTypbl. CeBepHble CKNOHbI B npegenax
1400-2000 M Hag yp.m. NOKpbiBaloT 6epesoBble U
COCHOBbIEe Nleca.

BepesoBble fleca Ha NaaTo  NpeAcTaBAeHbl
3 Bugamu Betula pendula, B. litwinowii w B. raddeana,
KaXabli M3 KOTOpbIX 0OpasyeT Kak uucTble, Tak U
CMELIaHHble Mexay coboi ApeBOCTOM, C y4yacTUem
Salix caprea. bepe3oBsble feca pacnpocTpaHeHbl oT 1500 go
2000 m. JlecHble coobuwiecTBa C AOMUHMPOBAHUEM ApPYrUX
BMAOB [JepeBbeB HA MN/IaTO BCTPEYAIOTCA pPeXe, OHU
06pa3yloT HUNKHIO U BEPXHIO MOrPaHUYHbIE MOAOCHI
NIeCHOro nosica. B HWMKHEeW 4YacTu nnaTo BCTpevaroTea
y4actkm ¢ rpabom (Carpinus caucasica Grossh.), pexe
ocuHom (Populus tremula L.). 3aech ke, B ManogoCTynHbIX
CKaNUCTbIX y4yacTKax, BcTpeyatotca auna (Tilia sp.), oy6
(Quercus macranthera Fisch. et Mey.), Bas (Ulmus glabra
Huds.). Bgonb pycna peku [yHWOKa Ha AHe yuwenba
06bI4HbI 3apocan onbxu (Alnus incana (L.) Moench).

CocHoBble neca (Pinus kochiana Klotzsch ex C.Koch)
06pasytoT YNCTbI MaccuB B BepxHeit Yactu niato (ot 1700
Ao 2000 m Hag yp.m.). CocHa Koxa dopmupyet
cropagnyeckme MMKPOLLeHO3bl M B DHepe3oBbix secax.

Bblwe rpaHMuUbl NECHOr0 MOoAca PacTUTENbHOCTb NAATO
cy6anbnuinckumm

npeacrasneHa nocnenecHbimu n

PucyHok 1. MO)K)KEBEI'IOBI:I pe,u,Koncm-Fwaﬁcmro nnaro
Figure 1. Juniper woodlands of the Gunib Plateau

A R

oCTenHeHHbIMM IyraMu C LOMUHUPOBaHWEM AEePHOBUHHbIX
3/1aK0B, rNaBHbIM 06pasom OBCAHMLbI NecTpoit (Festuca
woronowii, F. sulcata), ocoku (Carex humilis), maHxeTKu
(Alchimilla sericata, A. rigida) v ap. [2].

PacTUTENbHOCTb HOMKHbIX U Or0-BOCTOYHbIX CK/IOHOB
NNaTo pPes3Ko OT/NIMYAETCA OT CEBEPHbIX M B OCHOBHOM
npeacTaBneHa  neTpodunbHbIMM  coobliecTtBammn €
y4acTMEM MOMKXKeBesbHWKa npogonrosatoro (Juniperus
oblonga M. Bieb.) (puc. 1).

Juniperus  oblonga  opuH n3 Hanbonee
LUIMPOKOPACNPOCTPAHEHHbIX BMAOB B JlarectaHe W Ha
Kaskase B uenom. OnucaH ¢ BoctouHoro Kaskasa [3].

OpaHu aBTopsbl J. oblonga Bieb. BbigensatoT B KayecTse
camocTosATeNbHoro Buga [4; 5], Apyrve cuuTaloT ero
noasugom J. communis L. [3; 6]. Mo pe3synbratam
nccaenoBaHMin NOCAeAHMX IeT MO cocTasy 3QUPHBIX Macen
[77 n aHaTOmO-mMOpPhONOrMHECKOTO U FeHeTUYecKoro
aHanu3oB [8] npeasoeHO paccmMaTpuBaTb TaKCOHO-
MWYECKUin cTaTyc J. oblonga B KayecTBe CaMOCTOATE/IbHOTO
BMAA.

MosKKeBENbHUK npoAOAroBaTbIv AsnseTcs
NleKapcTBEHHbIM  pacTeHWem,  obnagaeT  LEeHHbIMK
CBOWCTBAMM M MUCMO/b3yeTcA B MeauuuHe U
dapmakonornn. Becaeacteme WMPOKOro pacnpocTpaHeHus
B ropax MOXKeBesnoBble Jieca WmeloT 6Honbluoe
BOOOOXPAaHHOE, BOJOPEryiMpylolee M MNOYBO3ALLUTHOE
3HayeHue.

Ha nanToo6pasHbIX NOBEPXHOCTAX HOMKHbIX CKNOHOB
[YHUBCKOTO  NaTO  MOMKKEBENbHUK  MpouspacTaer
paccesaHHO, He urpaeT Kakyl-1Mbo cpenoobpasyloLLyto
ponb. Ha 6onee nNoOMOrMX CKAOHAX WAU B HU3UHHbIX
YYacTKax MOMXKKeBeNbHUK 06pasyeT NAOTHbIe rPyNnMPOBKU
M BbiCTynaeT  3auduKaTopom  3TUX  coobluecTs.
MosKKeBenoBble pefKoiecbs PacnpoCcTpaHeHbl A0 BbICOTbI
2000-2100 meTpos.
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PaHee M3yyeHMe MONKKEBENOBbIX pegKonecuin  Ha
l'YHMBCKOM Nnato 6bLI0 CBA3AHO C MNOMNYAALMOHHBLIMK U
pecypcHbiMM  uUccnepoBaHuAMKU.  Bbina  onpepeneHa
BO3pacTHasA, BWUTaWTETHAa M NOMOBaA  CTPYKTypbl
nonynsuuii, OUEHEeHa  MPOAYKTUBHOCTb  KYCTOB U
pecypcHbIvi noteHuman J. oblonga Ha N'yHubckom nnato [9].
OfZHAKo NonynauMOHHbIE UCCNesoBaHUA 6e3 CTPYKTYPHOro
M PYHKLMOHANBbHOIO aHaM3a coobLiecTs NpeacTaBAAoTCS
HEerNosHOLEHHbIMK, HE [3alT  KOMMJIEKCHOM  OLEHKM
COCTOAHMA W Pas3BUTMA  LeHomonynauuu. [loatomy
BblA€NEHUE W W3yyeHUe TUMOB COOBLLECTB BaXKHO U
aBnaetTcA Hambonee spdekTMBHON GOpPMON COXpaHeHUA
¢duToreHodoHAa B COCTaBE NPUPOAHbLIX IKOCUCTEM.

Llenb  HactoAwei paboTbl — onucaHue u
GNOPUCTUUECKMIA  aHAIM3  COOBLLECTB  MOMKIKEBEsIbHMKA
npoaoAroBaTtoro Ha MyHMBCKOM NAaTo ANsA AanbHelwwel
OLEHKM  CYKLECCMOHHbIX  MPOLECcoB W PasBUTUSA
nonynauuu.

MATEPUAN U METOAbl NCCNEAOBAHUA
l'yHMBCKOE NAaToO pacrnoNOXKEHO B CeBEpo-3anafHoi
M3BECTHAKOBOM YacTu BHyTpeHHeropHoro [arectaHa. [opa

"\ /

] = W
 IPOCCMACKAS @
AT N )

'YHU6 — M30/IMPOBAHHOE CUHKAWHA/NbHOE M3BECTHAKOBOE
nnaTto, naowaapio okono 15 km? (1470 ra). MakcumanbHas
BbicOTa — 2351 m Hag ypoBHEM MOPA, MUHMMaA/IbHAA —
1400 m (puc. 2). BHelwHMe cKAOHBI cnyckatoTea Ao 900 m,
BHYTPEHHME W BHELWHWE CKNOHbI CEeBEPHON W HOXKHOM
3KCMO3MLMI Ype3Bbl4altHO KOHTPACTHbI: tOXKHbIW CKNOH Ha
bonblwel 4YacTM  NpeacTaBlAeH  TO/bIM - NJUTHAKOM,
CeBEpPHbIA — JIeCHbIMU W MOCAENEeCHbIMU  JIYTOBbIMU
coobuectsamu (go 2000 m), Bbiwe KOTOpPbIX HabAogatoTcA
OCTeMHEeHHble BAPMAHTbl MOC/AeNecHbIX U cybanbnuiickux
3/1aKOBO-Pa3HOTPABHbIX NIYTrOB.

KnnmaTtmyeckme nokasatenu naato xapakrepusyet
ero Kak KOHTMHeHTanbHoe (co creneHbto 42-47%). Mpwu
CpefHerofoBol  CymMMe  OCagKOB — WMMeeT  YeTKui
OLHOBEPLWMHHbIA  XapaKTep, C  MIOHbCKO-UIOIbCKUM
MaKCMMyMOM, TMpuMYeM Ha [ON0  NeTHUX OCaAKoB
npuxoguTca 80-90% roaoBoro KO/nMYecTBa.
CpegsHerofoBaa TemnepaTypa Bosfyxa 6,7°C ¢ makcu-
MYMOM B WMIONIEe-aBryCcTe, CO CpeaHeit makcumanbHon 12,3°
M cpegHein MMHMManbHou 2,8°.

MouBbl Ha N1AaTO rOPHONYrOBble YEPHO3EMOBUAHbIE
KaMeHMUCTO-LLEeBHUCTbIe, MasIOMOLLHbIE.
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Figure 2. Location of the Gunib Plateau on a map of the Caucasus

FfeoboTaHMYeCcKMe onucaHusA CcoobLLECTB BbINOJHEHbl Ha
15 npobHbix nnowagax (MM), pasmepamn 20x20 m
(400 m?). TpobHble nnowWw@aaM 3aknagpisaan  no
CTaHZapTHOM MmeToaumKe [10]; Ha HUX NPOBOAMAM NepecyeT
APeBoCToA U AeTasnbHbl yyeT GAOPUCTUYECKOro COCTaBa
coobLecTs No Apycam; A8 APEBECHbIX U KYCTapHUKOBBIX
BMAOB YKa3blBa/M COMKHYTOCTb KPOH, @ A/1A TPaBAHUCTbIX
BMAOB — MNPOEKTMBHOE MOKpbiTMe (B mnpoueHTax). Ha
KaX4oN npobHOM n/owaan OTMeYanu MoJsioKeHue B

penbede, BbICOTY HaZ YPOBHEM MOPA, 3IKCMO3ULMIO M
KPYTU3HY CKNOHa, 0COBeHHOCTU MUKpopenbeda.

Ona  dopmupoBaHua GAOPUCTUHECKOTO  CMIMCKA
BMAOB C NJOWafoK cobpaH M obpaboTaH repbapHbIi
maTtepuan B konmyectse 185 aKCUKATOB.

KamepanbHyto obpaboTky reoboTaHUYeCKMX
OMWUCaHW NPOBOAMAM METOAOM Tab/SIMYHOrO 3KO0ro-
buToLeHOTUUECKOTO aHanM3a B nporpamme Excel [11]. Npu
paspaboTke KnaccuduKaumm pacTUTESIbHOCTU ClefoBaau
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npuvHUMNaMm W  MEeToAamM  3K0A0ro-GpuUTOLLEeHOTUYECKOTO
HanpaeaeHuA pycckoi reoboTaHMyeckomn LWKOAbI
botaHnyeckoro wuHctutyTa Mm. B.J1. Komaposa PAH.
Mpasuna HOMEHKNATypbl  eauHUL,  Knaccudmkaumm
pPacTUTENbHOCTM  3KONOrO-GUTOLLEHOTUYECKOTO  Hamnpas-

NIeHnA NPUHATLI U pa3paboTtaHbl B.HO. Hewaraesbim [12]. K
OAHOW accounaumn oTHeceHbl GUTOLLEHO3bI, CXOAHbIE MO
bnopuCTUHECKOMY COCTaBY U LIEHOTUYECKOW CTPYKTYpE, T.€.
MO COOTHOLLEHWUIO BUAOB-AOMMHAHTOB KaXKA0ro fipyca, npu
3HAUUTE/IbHOM CXOACTBE COCTaBa COMYTCTBYIOLWMX BUAOB.
Cybaccoumaumm v BapuaHTbl BbIZENANU NO Pa3NUYUAM
BMOBOrO COCTaBa W CTPYKTYypbl COOBLLECTB, Y4UTbIBasA

KO/IMYECTBEHHblE  COOTHOWEHMA BMAOB W SAPYCOB,
oTpasatoLme 3KoN0ornyeckune ocobeHHoCTH
mecToobuTaHui.

JKoNorMyeckme  0COBEHHOCTU  MEecToOOBUTaHWUM
onpegenanM Ha oOCHOBe MeToda GUTOMHAMKALMMU.

OnpeaeneHune 3K0N0rMYECKMX rpynn BUAOB MO OTHOLIEHUIO
K B/IAXHOCTU NPOBOAWMAM MO AUTEPATYPHbIM AAHHbLIM
[13-14] n WUHTepHeT-pecypcam [16]. J/laTUHCKMe Ha3BaHMA
COCYAMUCTbIX pacTeHui npuseaeHbl No «KoHcnekTy ¢aopbl
KaBkasza» [3]. Ha3BaHWA CWMHTAKCOHOB npuBeAEHbl MO
«MpoeKkTy Kogekca GpUTOLEHONOTMYECKOM HOMEHKAATYPbI»
[12].

AHanu3  ¢nopbl  coobliectB  nNpoBoaAMAM MO
obLWenpuHATBIM ~ MeToauKaMm  GIOPUCTUUECKUX — UCCe-
posaHuin  [17]. TakcoHomMuyeckasa MPUHALNEKHOCTb W
HOMEHKNATypa BMAOB npuBegeHbl No «KoHcneKkTty ¢aopbl
OarectaHa» [5]. AHanu3 reorpaduyeckux 31eMeHTOB
npoBeAeH C UCMO/b30BaHWEM KnaccudUKaLUU 31EMEHTOB
KaBKascKkoh ¢nopbl, paspabotaHHor H.H. MopteHnepom
[18; 19] n pononHeHHoM A.J1. UBaHoBbIM [13; 20].

AHanu3 KM3HEHHbIX GOpM MPOBEAEH MO cUCTEME
X. PayHKuepa [21]. Mpu BblAENEHUN PEAKUX U OXPAHAEMbIX
BMAOB OblAM MCNonb3oBaHbl KpacHaa KHura Pecnyb6avku

[OarectaH [22] n KpacHaa KHura Poccuiickon depepaumm
[23]. CnucoK 3HAEMMKOB COCTaB/IEH MO AaHHOTMPOBAHHOMY
cnucky  sHaemmkoB  KaBkasza C.A.  JIUTBMHCKOW U
P.A. MypTtasanuesa [24]. PenukTbl BblgeneHbl MO
AHANUTUYECKMM CNUCKam pesiKToB daiopbl [arectaHa [25]
M KoHcnekTam ¢nop pecnybank CesepHoro Kaskasa
[13-15].

NMONYYEHHbBIE PE3Y/IbTATbI U UX OBCYXKAEHUE
B coobuwectBax c yyactmem Juniperus oblonga M. Bieb.
BblABNEHO185 BWMAOB COCYAMCTbIX PacTeHuM, npeacTas-
NeHHbIX 124 pogom u 41 cemeinctBom. CneKkTp BeayLLmx
cemeincTs Bo3rnaBnseT cemeictso Asteraceae (15,7%).
BTropoe mecTo B cnekTpe 3aHuMmaeT Fabaceae (10,3%)
CBMAETEeNbCTBYeT O  TEeCHOW  CBA3MU ueHodnopbl
MOXKKEBesIoBbIX peaKonecuii NyHMbckoro naato ¢ ¢paopoin
[OpesHero Cpean3emMHOMOpPbA. 0 OpeBHecpean-
3eMHOMOPCKOM BJ/IUSIHUWN CBUAETENLCTBYET TaKKe obunune
BMA0B cemeicTBa Lamiaceae (12 Bupo8, 6,5%) (Tabn. 1).

Mo uucny popoB 3amblKaeT Mepsylo  Tpuaay
cemeicTBo Rosaceae, no uncny BuaoB Rosaceae (8,6%) w

Poaceae  (8,6%) pa3gensaloT  TpeTbe  MeCTo, 4To
CBMAETENbCTBYET O 3HAYMTE/IbHOM  B/IMAHWUM  JIECHOM
pacTUTENIbHOCTU  cpeaHeeBponeickon ¢aopbl.  Bropyto

Tpuaay B cnekTpe 3amblkaeT cemeinctBo Caryophyllaceae,
YTO MOAYEPKMBAET BbICOKOTOPHbIN XapaKTep ¢paopbl [26].

B uenom Ha p[ono BeaywMx CeMENCTB npuxoguTca
137 Buaos, coctasaawwWwmx 76,1% ¢nopbl. 3HaUnTENBHO
KONMYECTBO OAUrOTUNHbIX (11) M moHOTUNHBLIX (16)
CeMeNCTB, Ha [0/ KoTopbix npuxoautca 15,1% un 8,64%
COOTBETCTBEHHO. JTO TakMe cemelctBa Kak Crassulaceae,
Iridaceae,  Ranunculaceae, Linaceae, Gentianaceae,
Alliaceae, Primulaceae, Aspleniaceae, Hypericaceae,
Polygalaceae, Violaceae v ap.

Ta6bauya 1. YicneHHOCTb BUAOB B CNEKTPE ceMeNCTB GIopbl MOXKIKEBENOBbLIX pearonecuii (J. oblonga) NyHubckoro nnato
Table 1. The number of species in the spectrum of families of the flora of Juniper woodlands (J. oblonga)

on the Gunib Plateau

CemeiicTBO PaHr Konunuecrso poaos Konunuecrso Bngos %
Family Rank Number of genera Number of species
Asteraceae 1 19 29 15,7
Fabaceae 2 11 19 10,3
Rosaceae 3 12 16 8,6
Poaceae 4 10 16 8,6
Lamiaceae 5 10 12 6,5
Caryophyllaceae 6 7 8 43
Apiaceae 7 5 6 3,2
Dipsacaceae 8 3 6 3,2
Scrophullariaceae 9 5 5 2,7
Boraginaceae 10 4 5 2,7
Rubiaceae 11 3 5 2,7
Plantaginaceae 12 1 5 2,7
Campanulaceae 13 1 5 2,7
Brassicaceae 14 2 4 2,2
leoepaguyeckuli aHanu3 Hanbonbliee Ko/nMyecTBO BWMAOB B UCCaedyemol

Ocoboe mecTo B aHanun3e Gpaopbl 3aHUMAET conNocTaBaeHMe
CneKkTpoB reorpaduyecknx snemeHToB. leorpaduyeckui
aHanus ¢siopbl NO3BOASET MNOAYYUTb MHOpmauuio 06
uctopum  popmupoBaHmMa  Giopbl, ee  cBASU  C
OKpYKaloWwmmm Gopamm 1 NyTAX MUTPaLUN BULOB.

Mo knaccudukaumm apeanos H.H. NopTeHunepa [18]
n AJl. NBaHosa [13] B coctaBe GOpbl MOXKKEBENOBbIX
peskonecuit TyHubckoro nnato BblgeneHo 19 reorpa-
¢duyecknx anemeHtoB u3 4 reotmnos (Tabn. 2).

LeHodsiope oTHeceHo K HopeanbHoi rpynne — 98 BuAaoB
(53,8%), n3 kotopbix 31,9% nNPUXOAMTCA Ha KaBKa3CKUI
reossieMeHT,  4YTO  CBWAETE/NbCTBYET O  BbICOKOM
ABTOXTOHHOCTM B pPa3BUTMM  GNOPbI  MOXKYKEBE/OBbIX
pezKonecuin nnato.

K rpynne LWKWPOKO pacnpocTpaHeHHbIX BUAOB
oTHeceHbl 49 BnAoB (26,9%), rae 18,7% naneapKTUYeCcKux
BMAOB, MOAYEPKMBAlOWME CBA3b C YMEpPEHHOW U
cybTponumyeckoi Gpaopoi fonapKTMyeckoro LapcTea.
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Buaos apesHecpeamsemHomopcKkoro reotmna 13 (7,1%), us
KOTOPbIX npeobnagatot BUAbI obLenpesHecpe-
[V3eMHOMOPCKOro reoanemeHTa (3,3%), apeasbl KOTOpPbIX
LUIMPOKO MpeacTaB/eHbl B CPean3eMHOMOPCKON u MpaHo-
TypaHckoi obnactax ApesHero Cpeausembs (Botriochloa
ischaemum (L.) Keng, Erysimum meyerianum (Rupr.) N.

Busch, Linum tenuifolium L., Poterium polygamum Waldst.
et Kit., Teucrium polium L., Prunus divaricata Ldb.).

Mpynna cBAsyowmx (nepexoaHbix) BUA0B, apeansl
KOTOpbIX OXxBaTbiBalOT 2 U 6Gonee PUTOXOPMOHa,
npeacrasneHa 22 sugamu. Cpegn Hux 17 cybKaBKasCKMUX
B1aoB (9,3%).

Tabnuua 2. Feorpaduyeckmiti aHanns Gaopbl MOXKKEBEN0BbIX peakonecuit (J. oblonga) N'yHubckoro naato
Table 2. Geographical analysis of the flora of Juniper woodlands (J. oblonga) of the Gunib Plateau

Konunuectso % ot obuero
Fpynna reorpagpuueckmx
FeoanemeHT BMAOB yucna BugoB
3/1eMeHTOB
. Geoelement Number of % of total number
Group of geographic elements . .
species of species
anpmpermor{am:m;m 7 38
Pluriregional
LLinpoko pacnpocTpaHeHHble r .
BUAb! HorllapKquecxwm 3 44
Widespread species I'Io arctic .
aneapl-fmqecr(wm 34 18,7
Palearctic
MaHbopeanbHbIN 3 16
Panboreal
EBpO-cMBUpPCKUi
Euro-Siberian 1 6,0
EBpO-KaBKaB.CKVIVI 14 77
Euro-Caucasian
Esponenckui 5 27
European
Bopeaanb!e BUAbI KaBKa3FKMM: 58 319
Boreal species Caucasian:
ObwexkasKkasckuli
All-Caucasian 30 16,5
3yKast<a3.(:Kuu 28 154
Eucaucasian
MoHTHyecko-KKHOCMBUPCKUIA 5 27
Pontic-South Siberian ’
|_|0HT.VI'-IECKVIVI ) 11
Pontic
ObweppeBHecpeM3eMHOMOPCKUIA 6 33
Common Ancient Mediterranean !
3anagHoApeBHeCpeaN3EMHOMOPCKUM
. . 1 0,6
Western Ancient Mediterranean
[peBHecpegU3eMHOMOpPCKUE N
BocTouHoCpeanseMHOMOpPCKUI
BUAbI . 3 1,6
. . . Eastern Mediterranean
Ancient Mediterranean species o
NpaHo-TypaHckui
. . 2 1,1
Iranian-Turanian
ApMGHF)-leaHFKMVI 1 0,6
Armenian-Iranian
Cybcpenn3eMHOMOPCKUIA 1 06
Sub-Mediterranean ¢
CybTypaHCKuit 1 06
Ceasylowme Sub-Turanian !
Connecting Cy6KaBKa3C.KVIVI 17 9,3
Sub-Caucasian
CybnoHTUYeCKUit
Sub-Pontic 3 16

buomopdagponoeuveckuli aHaauz no K. PayHkuepy [21]
BbIABUA B LEHODIOPE MOXKIKEBENOBbIX PeAKONECUA NNaTo
npeobnagaHne remumkpuntooutos — 140 Bugos (77%)
(tabn. 3). Cneaywowana nNoO YUCAEHHOCTM rpynna
¢daHepoduToB — 13 Buaos (7,1%), TO0 ecTb 3Hau4UTE/NbHOE
pasHoobpa3ve BMAOB APEBECHO-KYCTAPHMKOBOMN opbl
yKa3blBaeT Ha 61aronpmMATHOCTb NOYBEHHO-KAMMATUYECKUX
YC/I0BUNA.

Yucno TepoduToB M xamedUTOB MOYUTU pPaBHOE, WX
Hanuuve onpegenseT YCAOBMA cpeapl Kak apuaHble
(tepodutbl) M bonee cyposble (xamedputbl). B ycnosuax
F'YHUBCKOrO NAaTo HanMuMe PasHbIX MM3HEHHbIX Gopm
06yCcNnoBAeHO pasNnyMeM YC0BUI MPOM3PAcTaHMA — Ha
IOXHBIX CK/IOHax, B bGonee paspeeHHbIX NeTpoduabHbIX
coobuiectBax, M Ha CeBEPO-BOCTOYHbLIX CKIAOHax B 6onee
Me30bUNbHBIX YCNOBUAX.
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Ha nonto KpuntoduTos, gna KOTOpbIX yraybieHne B noysy
Hanbosnee YA3BUMbIX YacTel pacTeHWa — MepUcTem,
obecneymBaloWMX  MNPOJO/KEHME  PA3BUTUA,  CAYKUT
BecbMa 3PpPEeKTUBHOM 3aLUUTOM, KaK OT XO/I04HOrO, TaK U OT
3acywmMBoro nepuwoga, npuxoautca 3,3% (6 Bugos). ITa

rpynna BuAoB (MHOMMe secHble TPaBAHWUCTbIE BUAbI, a
TaKKe BeceHHMe 3demepouapl  CTenei,  MyCTbiHb,
JNCTBEHHbIX S1€COB (MHOTONETHUKU C KOPOTKUM LMK/IOM
BEreTauuMm M A/UTENbHbIM MOKOEM)) LUMPOKO pacnpocT-
paHeHa B Pas/IMUHbIX KAMMATUYECKMX YCNOBUAX.

Tabauua 3. Buomopdonornuecknin cnektp paopbl coobulects ¢ yyactmem J. oblonga
Table 3. Biomorphological spectrum of flora of communities including J. oblonga

B?lomopd)a ch HK K T
Biomorphs Phmg Phms Phm Phn
Konuuecrso BuA0B 1 5 3 4 11 140 6 12
Number of species
0,
% ot obLero uncna 0,5 2,8 1,6 2,2 6,0 77% 3,3 6,6
% of total
06 yuacTtuum J. oblonga B uctopum dopmmnposaHmm Gaopbl 1 Cephalaria gigantea (Ledeb.) Bobr., Alyssum

CBA3M C WHbIMM GNOPaMKU  CBUAETENbCTBYIOT PE/IUKTI,
KOTOpble B LEHO3e MpeAacTasieHbl TpeTudHbimu  (Rt),
nepHukosbiMK (Rg) M nocnenegHUKoBbIMKM Nepruogamm (Rx)
(tabn. 4).

Bcero B coobuiectBax BbIABAEHO 26 PEAUKTOBbLIX
Buaa (14,1%), n3 KoTtopbix 60see nonosuHbl (16 BUAOB)
TPETUYHBIX penukToB: Hypericum asperuloides Czern. ex
Turcz., Sedum  oppositifolium  Sims,  Asplenium
septentrionale (L.) Hoffm., Asplenium ruta-muraria L.,
Primula macrocalyx Bunge, Onobrychis bobrovii Grossh.,

daghestanicum Rupr. v gp.

PennKTbl KCepoTepMMYeckoro nepuvoga B LEeHo3e
npeacrasneHbl 5 Bugamu Artemisia caucasica Willd.,
Festuca ovina L., Iris pumila L., Linum tauricum Willd.,
Silene chloropetala Rupr. PenuKkTbl negHUKoOBOro nepuoaa
npeactaBneHbl  cnegywowmmn - Buaamu:  Cotoneaster
integerrimus Medik., Ranunculus oreophylus Bieb., Sedum
subulatum (C.A. Mey.) Boiss., Vicia cracca L., Pinus
kochiana Klotsch. ex C. Koch.

Ta6bauua 4. PenunkTbl Bo Gpiope MOKKEBENOBbIX peakonecuii (J. oblonga) N'yHmbckoro nnaTto
Table 4. Relicts in the flora of juniper woodlands (J. oblonga) of the Gunib Plateau

F'pynna penukTos Yucno snpos

% OT 06Luero uncna peNMKToB

Relict group Number of species % of the total number of relict
Rt 16 61,5
Rg 5 19,25
Rx 5 19,25
06 opUrMHaNbHOCTU GNOPbI MOXKYKEBENOBBIX PeaKoNecui (Cerastium holosteum Fisch. ex Hornem., Dianthus
nnaaTo CBMAETENbCTBYIOT 3HAEMMKW, YUCIAO  KOTOPbIX caucaseus Sims, Elytrigia gracillima (Nevski) Nevski,

coctasnseT noytn 1/3 yactb ¢opbl — 52 Buaa (28,1%), ns
KOTOpbiX 26 BMAOB 3HAemMWKoB KaBkasa (Pastinaca
pimpinellifolia M. Bieb., Viola somchetica C. Koch, Veronica
propinqua Boriss., Thymus collinus Bieb., Sempervivum
caucasicum Rupr. ex Boiss., Ranunculus oreophylus Bieb.,
Onosma caucasica Levin et M. Pop., Campanula sarmatica
Ker Gawl. n gp.), 6 3sHaemukos bBonbworo Kaskasa

Polygala sosnowskyi Kem.-Nath., Salvia canescens C.A.
Mey., Scorzonera filifolia Boiss.) u 20 3HAEMUKOB
BoctouHoro KaBkasa (Gentiana grossheimii Doluch.,
Astragalus alexandri Char., Anthemis fruticulosa Bieb.,
Allium gunibicum Miscz. ex Grossh., Silene chloropetala
Rupr.,, Medicago daghestanica Rupr., Campanula
daghestanica Fomin un gp.) (tabn. 5).

Tabnuua 5. SHAeMMKM BO hope MOXKIKeBENoBbIX peakonecuit (J. oblonga) MyHnbckoro nnato
Table 5. Endemics in the flora of Juniper woodlands (J. oblonga) of the Gunib Plateau

Fpynnbl 3HAEMUKOB
Endemic groups

% oT 06Lero KonmyecrTea
3HAEMUKOB
% of the total number of endemics

Konuuecteo Buaos
Number of species

3HaemuKku bonbworo KaBkasa
Endemics of the Greater Caucasus
3HaemuKkun KaBkasa

Endemics of the Caucasus
3HAaeMuKku BoctouyHoro KaBKasa
Endemics of the Eastern Caucasus
3HaemuKu [larectaHa

Endemics of Dagestan

6 11,5
26 50,0
20 38,5
2 3,8

B coctaBe MOKKeBesOBbIX peakosecuit naato — 2 BUAQ,
BK/IlOYEHHbIX B KpacHble KHUIMM Poccuiickon ®epepauum n
Pecnybnukn farectaH (Allium gunibicum Miscz. ex Grossh
n Iris pumila L.) n 3 Bnaa, BKAOYEHHbIX B KpacHy KHUTy
[HarectaHa (Silene chloropetala Rupr., Psephellus galushkoi
Alieva, Campanula daghestanica Fomin).

CuHmakcoHomu4veckuli aHanu3 coobujecms c y4vacTuem
Juniperus oblonga Ha TyHubckom nnato no3BoAwUA
BblaenuTtb 4 accoymaumu, 4 cybaccoumaumm 1 6 BapMaHToB
(tabn. 6).
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Tabauua 6. leoboTaHMYECKan XxapaKTepUCTUKa coobLuecTs Juniperus oblonga M. Bieb.
Table 6. Geobotanical characteristics of communities formed by Juniperus oblonga M.

Ha M'YHM6CcKom nnato

Bieb. on the Gunib plateau

Juniperetum

Juniperetum

Accoumaums Juniperetum oblongi carexoso- Juniperetum . oblongi
Association botriochloosum salviosum Botriochlooso- pinoso-
Carexosum
carexosum
%)
Cy6accoumauma 3 g g ‘:é“ 8 £
o Xeroherbosum £ = 2 g .8 2E
subassociation 8 g = 5 § S
< b P ]
2 £
o =}
BapuaHTt S g ,—;U § g %
variant § ‘s » § = §
— = e
o
Yucno onucaHui
Number of 1 1 2 3 1 2 3 1 1
descriptions
JKcno3numaA cKNoHa 03 103 03, OB t0, OB 0] B, 103 [10]:] 0 CB
Slope Exposure SW SW SW, SE S, SW S E, SW SE S NE
KpyTusHa cknoHa,
rpaa. o o o o o 20~ 15— . o
Slope inclination, 30 3 15-27 37-45 3 25° 37° 3 40
degrees
BbicoTta Hap, yp.
mopAa, m 1750- 1730- 1720-
Altitude above 1750 1755 1800 1800 1780 1720 1790 1715 1710
sea level, m
NeNe no nopaaky 1 2 3,8 4,5,10 7 11,15 6913 14 12
NN in order
D pesBecHblii Aapyc,
COMKHYTOCTb: 0 0.03 0.015 0 0 0.03 0 0.01 0.04
Tree layer, density
Pyrus caucasica 0.03
Pinus kochiana 0.015 0.03 0.04
Fraxinus excelsior 0.01
MoAapocT, COMKHYTOCTb
Young growth, 0.018 0 + 0 <1 0.06 0.01 0.01 0.03
density, %
Malus orientalis 0.02 + 0.01
Prunus divaricata <1 0.03 <1
Pinus kochiana 0.01 + + 0.03
Fraxinus excelsior <1 <1 +
Pyrus caucasica + 0.01
Betula litwinowii <1
KyctapHukoBbIi Apyc,
nokpbITHe, % 0.35 03 0.64 0.25 029 042 066 033 0.54
Shrub layer, coverage,
%
Juniperus oblonga 0.3 0.27 0.62 0.22 0.25 0.39 0.65 0.30 0.50
Rosa canina 0.03 0.03 <1 + 0.01 0.013 <1 0.013 0.03
Rhamnus tortuosa <1 <1 <1 3.7 <1 + +
Potentilla fruticosa + <1 + <1 + 0.01
Cotoneaster +
integerrimus
Berberis vulgaris 0.025 + 0.012
TpaBsaHoOM Apyc,
nokpbIThe, % 85 85 82.5 52 40 875 85 9 85
Herb layer, coverage,
%
Salvia canescens 10 12 <1 20.3 15 + 1.7 14 +
Teucrium polium 12 <1 1.75 <1 1.5 + 1,7 6 +
Botriochloa ischaemum 28 25 34 3.3 2 10 17 8 4
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Carex humilis 15 15 21.5 9.3 2 38.5 41.3 32 45
Scabiosa gumbetica 5 2.5 3.75 2.3 2 <1 <1 8
Androsace villosa <1 1 <1 1 <1
Trifolium pratense <1 <1 1.25 <1 <1 1.5
Astragalus alexandri + + <1 + + 1 2.2 2
Teucrium chamaedrys <1 15 1.15 <1 + + <1
Dianthus awarica + + + + <1 + + <1
Inula aspera + <1 + + 2.85 1 <1
Hieracium pilosella + + + + + +
Dianthus caucaseus + + + + +
Astrantia biebersteinii <1 + + + +
Thalictrum minus + + + + <1
Scabiosa bipinnata + + 1 + <1 <1 + +
Alchemilla sericata 1 2 3.25 + 8.5 13 8
Salvia verticillata 3 5 2.35 <1 1 2.5 2.4 2 3
Galium verum + + + + <1
Anthemis fruticulosa <1 <1 <1 1 + + + +
Medicago falcata 1.2 5 1.75 + + <1 1.8
Thymus collinus 1.5 4 1.75 <1 15 2 2.4 15 1.3
Leontodon strigosa + + + +
Silene chloropetala + + + + + + + +
Campanula + + + + + + + + +
hohenackeri
Leucanthemum
+ + 1 +

vulgare
Briza elatior + <1 + + + + +
Prunella vulgaris + + + + +
Phleum pratense + + <1 <1
Acinos arvensis + + + + + <1 + +
Carthamus lanatus + + + + + <1
Onobrychis petraea + <1 + + + + + <1
Satureja subdentata <1 <1 3.4 3 + <1 <1
Minuartia oreina + + + + +
Oxytropis dasypoda + + + + <1
Stachys etherocalyx + + + + +
Pimpinella saxifraga + + + 1.35 + +
Festuca sp. + <1 <1 <1 + +
Plantago urvillei + + +
Psephellus galushkoi + + + +
Bromus sp. <1 <1 <1 + + 13
Jurinea arachnoidea + + + + +
Primula macrocalyx + +
Psephellus

. + + + + + + <1
daghestanicus
Taraxacum officinale + + + + + +
Onobrychis bobrovii + + +
Seseli alexeenkoi <1 <1 + + +
Elytrigia gracillima 0.7 1 + 1.3 4 <1 <1 +
Bupleurum + <1 + + + <1
polyphyllum
Festuca woronowii 1.2 1.3 <1 <1 1.5 <1 1 1.8
Lotus corniculatus <1 + + <1 + + 2
Polygala anatolica + + + +
Cichorium intybus <1 + + + 1 + <1
Achillea millefolium <1 <1 <1 + <1 + 1.5 +
Coronilla varia + + + + + 1.15 <1 <1 13
Galium brachyphyllum + + + + +
Plantago media + + + + <1 + +
Plantago lanceolata <1 1.2 + + + + +
Leontodon danuibialis + <1 + 2.5 + <1 2.3
Gentiana cruciata + + +
Artemisia o 15 “ + N <1 <1 <
chamaemelifolia
Linum tenuifolium + + + + + +
Phleum phleoides <1 + + + + +
Veronica propinqua + + + + + + +
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Campanulaceae
. <1 + +

rapunculoides
Trifolium repens + <1 + +
Polygala sosnowskyii + + + +
hieracium umbellatum + <1 + +
Aster amelloides + + <1
Gentiana grossheimii + + +
Filipendula vulgaris + + +
Stipa lessingiana + 1.9 1.5
Allium gunibicum + + + +
Asperula alpina + + + + + + +
Trtifolium ambiguum + + +
Linum tauricum + +
Cirsium echinus <1 + + +
Potentilla crantzii + + + <1 + <1
Potentilla recta + + + +
Gypsophylla tenuifolia <1 <1 +
Euphrasia tatarica + + +
Euphorbia virgata + +
Alyssum
daghestanicum * * *
Iris pumila + + +
Sedum oppositifolium + <1 + 1.1 1
Asplenium ruta-

. + + +
muraria
Anthyllis lachnophora + + + + <1
Jurinea ruprechtii + <1
Allium albidum + + +
Cerastium holosteum + + +
Scorzonera filifolia <1 +
Hypericum perforatum + + + +
Festuca ovina <1 <1
Sempervivum

) + + + + +
caucasicum
Thalictrum foetidum + + + <1
Poa pratensis + + + + +
Cirsium vulgare + +
Echium maculatum + + <1
Fragaria vesca <1 <1 + <1
Cruciata humifusa + + + +
Medicago lupulina + + + + <1
Myosotis arvensis + + +
Plantago major + + + +
Origanum vulgare + +
Galium valantioides + <1
Trifolium medium + +
MoxoBo-nuwaiiHu-

v 0,

KOBbIA APYC, % 5 2 1.5 2.3 0 0 3 0 10

Moss-lichen layer,
coverage

MpumeyaHue: EAHNYHO BCTpeyeHbl BUAbI (LMbpamm 0603HaUYeHbl NOPALKOBLIA HOMep B TabauLe 1 cpesiHee NPoeKTUBHOE
NOKPbITUE): B TPABAHO-KYCTapHUYKOBOM sipyce: Betonica macrantha — 11 (+); Gladiolus tenuis — 11(+); Vicia cracca — 11 (+);
Artemisia caucasica — 13 (+); Bryonia alba — 13 (+); Inula britannica — 8 (+), 10 (+); Centaurea scabiosa — 13 (+), 15 (+);
Cephalaria gigantea — 11(+), 15 (+); Astragalus danicus — 14 (+); Plantago saxatilis — 14 (+); Campanula glomerata — 15 (+);
Seseli libanotis — 15 (+); Poa angustifolia — 11 (+); Hypericum asperuloides — 12 (+); Geranium sibiricum — 8 (+), 11 (+);

Potentilla erecta — 12 (+); Gentiana septemfida — 12 (+); Artemisia daghestanica — 13 (+); Orobanche sp. — 13 (+);

Scabiosa ocroleuca — 6 (+), 9 (+); Verbascum laxum — 9 (+), 13 (+); Alyssum tortuosum — 7 (+), 10 (+); Medicago glutinosa — 7 (+);
Astragalus danicus — 7 (+); Sedum subulatum — 7 (+); Viola somchetica — 7 (+), 14 (+), 15 (+); Setaria viridis — 7 (+);

Mellilotus officinalis — 8 (+); Stellaria media — 8 (+); Erysimum meyerianum — 2(+); Poa annua — 8 (+); Iris sibirica — 8 (+);
Melandrium album — 9 (+); Nepeta grandiflora — 9 (+); Scabiosa caucasica — 6 (+), 12 (+); Asplenium septentrionale — 4 (+);
Chenopodium album — 8 (+); Convolvulus arvensis — 8 (+); Ranunculus oreophylus — 1 (+); Alyssum murale — 1 (+);

Ononis arvensis — 1 (+); Cynoglossum officinale — 1 (+); Pedicularis sibthorpii — 1 (+), 15 (+); Helianthemum nummularium — 1 (+);
Rubus saxatilis — 1 (+); Linum nervosum — 1 (+); Melampyrum arvensis — 1 (+), 14 (+); Poterium polygamum — 2 (+), 3 (+);
Medicago daghestanica — 4 (+), 7 (+); Onosma caucasica — 4 (+), 7 (+); Knautia arvensis — 5 (+); Urtica dioica — 6 (+), 11 (+);
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Echium vulgare — 6 (+), 10 (+); Viola sp. — 6 (+), 9 (+); Allium kunthianum — 6 (+), 12 (+); Carlina vulgaris — 1 (+); Setaria viridis — 2 (+);
Agrimonia eupatoria — 2 (+); Centaurea phrygia — 6 (+), 15 (+); Potentilla reptans — 6 (+); Campanula sarmatica -5 (+), 7 (+);
Erigeron acris — 11 (+), 12 (+); Tragopogon graminifolius — 3 (+); Campanula daghestanica — 3 (+), 4 (+), 15 (+);

Inula germanica — 3 (+), 14 (+); Helianthemum nummularium — 4 (+), 5 (+)

Note: Species found singly (numbers indicate the serial number in the table and the average projective cover):

in the grass-shrub layer: Betonica macrantha — 11 (+); Gladiolus tenuis — 11(+); Vicia cracca — 11 (+); Artemisia caucasica — 13 (+);
Bryonia alba — 13 (+); Inula britannica — 8 (+), 10 (+); Centaurea scabiosa — 13 (+), 15 (+); Cephalaria gigantea — 11(+), 15 (+);
Astragalus danicus — 14 (+); Plantago saxatilis — 14 (+); Campanula glomerata — 15 (+); Seseli libanotis — 15 (+);

Poa angustifolia — 11 (+); Hypericum asperuloides — 12 (+); Geranium sibiricum — 8 (+), 11 (+); Potentilla erecta — 12 (+);
Gentiana septemfida — 12 (+); Artemisia daghestanica — 13 (+); Orobanche sp. — 13 (+); Scabiosa ocroleuca — 6 (+), 9 (+);
Verbascum laxum — 9 (+), 13 (+); Alyssum tortuosum — 7 (+), 10 (+); Medicago glutinosa — 7 (+); Astragalus danicus — 7 (+);
Sedum subulatum — 7 (+); Viola somchetica — 7 (+), 14 (+), 15 (+); Setaria viridis — 7 (+); Mellilotus officinalis — 8 (+);

Stellaria media — 8 (+); Erysimum meyerianum — 2(+); Poa annua — 8 (+); Iris sibirica — 8 (+); Melandrium album —9 (+);
Nepeta grandiflora — 9 (+); Scabiosa caucasica — 6 (+), 12 (+); Asplenium septentrionale — 4 (+); Chenopodium album — 8 (+);
Convolvulus arvensis — 8 (+); Ranunculus oreophylus — 1 (+); Alyssum murale — 1 (+); Ononis arvensis — 1 (+);

Cynoglossum officinale — 1 (+); Pedicularis sibthorpii — 1 (+), 15 (+); Helianthemum nummularium — 1 (+);

Rubus saxatilis — 1 (+); Linum nervosum — 1 (+); Melampyrum arvensis — 1 (+), 14 (+); Poterium polygamum — 2 (+), 3 (+);
Medicago daghestanica — 4 (+), 7 (+); Onosma caucasica — 4 (+), 7 (+); Knautia arvensis — 5 (+); Urtica dioica — 6 (+), 11 (+);
Echium vulgare — 6 (+), 10 (+); Viola sp. — 6 (+), 9 (+); Allium kunthianum — 6 (+), 12 (+); Carlina vulgaris — 1 (+);

Setaria viridis — 2 (+); Agrimonia eupatoria — 2 (+); Centaurea phrygia — 6 (+), 15 (+); Potentilla reptans — 6 (+);

Campanula sarmatica — 5 (+), 7 (+); Erigeron acris — 11 (+), 12 (+); Tragopogon graminifolius — 3 (+);

Campanula daghestanica — 3 (+), 4 (+), 15 (+); Inula germanica — 3 (+), 14 (+); Helianthemum nummularium — 4 (+), 5 (+)

Accouymauus Juniperetum oblongi carexoso-
botriochloosum onucaxa Ha 4 naowaaax ro-3anagHoro u
IOro-BOCTOYHOIO CK/IOHOB, KpyTM3HOW 15°-35° Ha BbicoTe
1750-1800 m. B gpeBecHOM fApyce e€4MHUYHO OTMEYEHbI
ocobu Pyrus caucasica w Pinus kochiana. MNpoekTuBHoe
NOKpbITUE KycTapHMKosoro spyca 0.3—0.64. TpaBAHoM apyc
HacumTbiBaeT 116 BuMgoB C noKpbitTem 82,5-85%.
AccoupmaLma  XapaKTepusyeTcA BbICOKMM  MPOEKTUBHbIM
NOKPbITUEM TPaABAHOIO spyca, rae Haumbonee 06UbHbI
Carex humilis w Botriochloa ischaemum. B accouuauunu
BblaeneHa cybaccoumaums Xeroherbosum. B npepenax
cybaccoumaumm no coctasy OMMHAHTOB TPABAHOMO Apyca
pasnunuatotca 3 BapuaHTa.

Bap. Teucrium polium onucaH Ha toro-3anagHom
CKNOHe KpytmsHoi 30°. B  KycTapHMKOBOM  Apyce
comkHyToCTbio 0.35 gomuHupyeT Juniperus oblonga (0.3),
oTmeueHbl Rosa canina (0.03) u Rhamnus tortuosa (<1). B
nogpocte oTmeueHbl Pinus kochiana, Fraxinus excelsior w
Pyrus caucasica. B TpaBAHO-KYCTapHUYKOBOM fApyce C
nokpbiTuem 85% MNOMMMO  OCHOBHbIX AOMMWHAHTOB
Botriochloa ischaemum (28%), Carex humilis (15%) xopowo
npeacrasneHsl Teucrium polium (12%) w Salvia canescens
(10%). MokpbiTe BMAOB Scabiosa gumbetica (5%) v Salvia
verticillata (3%) He npeBbiwaeT 5%.

Bap. Salvia canescens onucaHa Ha 1 naowaaxe
I0ro-3anagHoro CK/JoHa KpyTusHoi 35° Ha BbicoTe 1755 m.
B apesecHoM spyce oTtmeueH Pyrus caucasica (0.03). B
KycTapHukosom sApyce (0.3) aomunupyer J. oblonga (0.27),
oTmeueHbl Rosa canina (0.03), Rhamnus tortuosa (<1) u
eavHuYHo Potentilla fruticosa. MpoeKTUBHOE NOKpbITUE
TpaBaHoro Apyca 85%. [JdomuHupyloT  Botriochloa
ischaemum (25%), Carex humilis (15%), Salvia canescens
(12%), Teucrium polium (10%). 3HaunTenbHO Yy4acTue
BUIOB CyXMX W3BECTHAKOBbLIX OTKPbITbIX CKAOHOB Salvia
verticillata (5%), Medicago falcata (5%), Thymus collinus
(4%).

Bap. Typicum onucaH 1Oro-BOCTOMHOM U  HOTO-
3aMagHoOM CK/AOHax KpyTusHoW 15-27° Ha BbicOTe
1750-1800 m. B apeBecHom sipyce BcTpeyaetcs P. kochiana
(0.015). KycTapHUKOBbLIA SPyC [AOCTaTOMHO COMKHYTbIN
0.64, npoeKkTuBHOE NoKpbiTHe J. oblonga (0.62). B TpassaHo-
KyCcTapHU4YKoBOM spyce (82,5%) aomwunHupyet Botriochloa
ischaemum (34%) w Carex humilis (21,5%). C nokpbiTnem

2-4% oTmedeHbl BUAbl Scabiosa gumbetica, Alchemilla
sericata, Salvia verticillata.

Acc. Juniperetum salviosum onucaHa Ha 4 naowagax
IO¥HbIX WM IOr0-BOCTOYHbIX  CKNOHOB.  Accoumauus
XapaktepusyeTcs cnabo pPasBUTbIM - KYCTapHWKOBLIM U
TPaBAHO-KYCTAapPHMKOBbIM sipycamu. KycTapHWKOBbIN fApyc
paspexeH W npeacTaBieH abCcoONOTHbIM  AOMUHAHTOM
J. oblonga. B TpaBAHMUCTOM fApyce B MPOMNJELMHaX MeXay
KyCTamu 3acenset MNpeacTaBUTENb CYXMX KaMeHWUCTbIX
CKNOHOB  Salvia canescens, NPOEKTUBHOE MOKPbITUE
KoToporo  pgocturaet  10-27%.  [dpeBecHblin  spyc
oTcyTtcTByeT. B npegenax  accoumauuu  BblaeneHo
2 cybaccoumaumu.

Cy6acc. Carex humilicae onucaHa Ha
3  nnaowapax, Ha Bbicote 1730-1800 meTpos. B
KycTapHukoBom sapyce (0.25) pomuuHupyeT J. oblonga
(0.22). NokpbiTe Rhamnus tortuosa (0.037), eAMHUYHO
oTmeuyeHbl R. canina, P. fruticosa. B  TpaBsHO-
KycTapHuykoBom sApyce (40-65%) oTtmeyeHo 74 BuAa,
nomuHunpyet Salvia canescens (20.3%), comomuHupyeT
Carex humilis (9,3%). 3HauuTenbHo MmeHbwe (2-4%)
y4actme apyrux Buaos Botriochloa ischaemum, Satureja
subdentata, Scabiosa gumbetica v gp.

Cybacc. Typicum onucaHa Ha OKHOM CKNOHe
KpyTusHoi 35° Ha BbicoTe 1780 m Hag yp.m. B
KycTapHukoBom sapyce (0.29) pomunupyeT J. oblonga
(0.25). OtmeueHbl Berberis vulgaris (0.025), Rosa canina
(0.01), Rhamnus tortuosa (<0.01). MoKpbITME TPaBAHOroO
Apyca 40%, supoBoe 6oratctBo 62 BuAa. JomuHupyet
Salvia canescens (15%). B uenom Aans coobuiecTsa
XapaKkTepHbl KcepodunbHble Buabl. C nokpbitvem o 4%
oTmeueHbl Satureja subdentata, Elytrigia gracillima, Stipa
lessingiana, Scabiosa gumbetica, Teucrium polium v ap.

Acc. Juniperetum Botriochlooso-Carexosum onucaHa Ha 6
NAOWAAAX IOrO-BOCTOYHbIX, BOCTOYHbIX, HOMKHbIX W tOro-
3aMagHbIX CKNOHOB KpyTu3HoM 15°-37°. B apeBecHOMm
Apyce eaAuHUYHO oTmedeHbl Pinus kochiana w Fraxinus
excelsior. [OpeBecHbl1 MNOAPOCT OTHOCUTENbHO 6oraTbil
(6 BMaoB), otmeueHbl Malus orientalis, Prunus divaricata,
Pyrus caucasica, Betula litwinowii, Fraxinus excelsior, Pinus
kochiana. B KyctapHukosom  Apyce  (0.33-0.66)
abconoTHBIM ~ AOMMHAHTOM  BbicTynaetr J.  oblonga
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(0.3-0.65 cootBeTcTBEHHO). OTMeueHbl Takke R. canina,
Rh. tortuosa, P. fruticosa, C. integerrimus, B. vulgaris.
TpassHol saApyc 85-90% npeactasneH 126 Buaamm,
nomununpytoT C. humilis (ot 31 ao 55%) u B. ischaemum (ot
5% no 22%). Mo coctasy cy640MWHAHTOB TPaBAHUCTOrO
Apyca BblgeneHbl 2 cybaccoumaunu: Alchemilla sericata
(8,5%) n xeroherbosum, roe npu gomunHuposaHun Carex
humilis (32%) noKpbiTe KcepoduabHbIX BUAOB B TPABAHO-
KYCTapHUYKOM sipyce 3HauutenoHo: Thymus collinus (15%),
Salvia canescens (14%), Botriochloa ischaemum (8%),
Scabiosa gumbetica (8%), Teucrium polium (6%).

Acc. Juniperetum oblongi pinoso-carexosum
onucaHa Ha 1 npobHoWM n/iowagu, Ha CKNOHe cesepo-
BOCTOYHOW 3KCNO3MLUMN Ha BbicoTe 1710 m, KpyTu3Ho 40°.
Accoupmaumsa  OTAMYaeTca  Me300UNbHOCTbIO  YCNOBMIA
CEBEPHOTr0 CK/IOHA, B TaKMX YC/AOBUAX MOKPbLITUE MXOM
pocturaetr 10%. BblgeneH BapuaHT 3e1€HOMOLWHbIN. B
ApeBecHOM fipyce U nogpocte oTmevaetcs Pinus kochiana
(o 0.04). B kycTapHMKOBOM sipyce goMuUHUpyeT J. oblonga
(0.5), otmeueHbl Rosa canina (0.03) wn Potentilla fruticosa
(0.01).

3AKNIOMEHMUE

dnopa MOXKKEBENOBbLIX peaKonecuin npeacTtaBneHa
185 Bupgamun u3 124 poposB u 41 cemeinctBa. Cnekrtp
BeAyLWMX CEMEWNCTB CBUAETE/NbCTBYET O TECHOW CBA3MU
LeHobNopbl MOXKMKEBENOBbIX pepKosnecuit MyHUBCKOro
nnato c¢ ¢nopoii [ApesHero CpeausemHOMOpbA.
feorpaduyeckmin  aHanns  GOpbl  MOMKMKEBEIOBbIX
peakonecuit NyHnbckoro nnato (19 reosnemeHToB M3
4 reotunos), rae 31,9% npuxoauTCA Ha KaBKa3CKWUM
reo3/IeMeHT, cBupeTenbcTeyeT o BbICOKOM
ABTOXTOHHOCTM B Pas3BUTUM GIOPbI  MOXKIKEBENOBbIX
pegKonecui nnaTo. 06 YHUKaNbHOCTH "
OPUTUHANBHOCTM GJIOPbI MOMKMKEBENOBbLIX PEAKOIeCcUi
cBuaeTenbcTeyeT 14,1% PEeNUKTOBbIX 7 28,1%
3HAEMUYHbIX BULO0B.

Ona coobuiectB ¢ yyactuem Juniperus oblonga
lyHnbckoro nnato paspaboTtaHa 3Konoro-¢putoue-
HOTMYECKas KnaccuduKaumsa coobuwiects, BblgeNeHbl
4 accoumaumn, 5 cybaccoumaumin u 5 BapuaHTOB.
CocTaBiieH NpoApoMycC:

Accounaumsa Juniperetum carexoso-botriochloosum
Cybaccoumaums xeroherbosum
Bap. Teucrium polium
Bap. Salvia canescens
Accoumayms Juniperetum salviosum
Cybaccouymaums Carex humilicae
Cybaccoumaums typicum
Accoumaums Juniperetum botriochlooso-carexosum
Cybaccoumauma xeroherbosum
Bap. Alchemilla sericata
Bap. Thymus collinus
Accouwnauma Juniperetum carexosum
Cybaccoumauus alchemilla sericatae
Bap. Bryophytum

Takum 06pa3om, MOXKKeBesOoBble peaKosechbs
npeacTaBnatoT cobo OfMH U3 OCHOBHbIX TWUMOB
pactutenbHocTU NYHMBCKOro niaTo, BKAOYAOWMIA TPETb
bnopbl NNATO C BbICOKON CTEMNEHbID OPUTMHANBHOCTU M
YHWKANbHOCTM, @ KOMMAEeKC abuoTuyeckux ¢akTopos,
N3MEHAIoLLMXCA BAONb BbICOTHOTO rpagueHTa,
MUKpopenbeda M MO 3KCNO3ULMAM CKIAOHOB, ABAAETCA

onpegensloWwMm  Npu  CMeHe  AOMWMHAHTOB B
co0bLWEecTBaX MOXKKEBENOBbIX PeAKONECUA.

Kpome TOro, MOX:KeBenoBble peaKosecba Ha
T'YHUWOCKOM NIaToO MMelT BaXHOE MNOoYBO3aLMUTHOE W
BoAoperynupyiouee 3HadeHue wu TpebyoT onpege-
NEHHbIX MEeponpUATUIA MO OXpaHe M KOHTPOA 3a
nonynauuamun. U B nepsyto ouyepesb, NpoBeAeHUE TaKUX
MeponpuATUIA CBA3AHO C BbIAABJEHMEM Ha 0cobsax
MOXXKEBE/IbHUKA, paHee He BCTPeYaBLUErocs Ha naaTo,
nonynapasuta Arceuthobium oxycedri (DC.) M. Bieb.,
NpYMBOAALLEIo K MNOBPEXAEHUIO  MOXKEBENbHUKA,
CHWXKaA ero ycToWuuMBOCTb K HebNaronpuaTHbIM ycso-
BUAM Cpeabl.
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Peslome

Llenb. Scabiosa gumbetica Boiss. — naneosHAemMUYHbIA NeTpodUNbHbIN
BUZ, BHYTpUropui [larectaHa, Yto AenaeT aKTyasibHbIM €ro KOMMNIEeKCHble
nccnefoBaHua. Pabota noceslLeHa BbISBNEHWUIO COCTOAHUA TaHTAPUHCKOM
LeHononyaunn Buaa U U3y4eHuto noTeHumMana Bo3obHoBNeHUs ocobeli B
no/ieBblX, N1abOPaATOPHbIX YCNOBUAX U B Ky/AbType in vitro.

Martepnan U metogbl. MHOronetHme MONyAAUUOHHbIE WMCCAef0BaHUA
S. gumbetica c ncnonb3oBaHWEM reob0TaHMYECKMX METOA0B NPOBOANIUCH
B OKPECTHOCTAX ceneHus TaHTapu [ymbeToBCKOro paioHa [arectaHa.
BuTanuTeTHOE COCTOAHWE OcCobel onpedensnn no metoay 3/106MHa,
cTeneHb COCTOSHMA M3HEHHOCTM ocobelt — no MNwbupauHy. BeepeHue
06beKTa B KyAbTYypYy in vitro o6ecnevynmBanym no obLLenpuHATON MeToamKe.
Pe3synbtatbl. LUMpoOKMIA pManasoH BapbUPOBaHWA MpPU3HaAKoB ocoben
S.  gumbetica xapakTepusyeT AnbPEPEHLMPOBAHHOCTL  SKOTOMOB.
BUTanuTeTHbIM aHanu3 ocobeit o0bHapyXKWA LenpeccuMBHble TeHAEHLMMU
pa3BUTMA LLEHONOMYNALMM C HEBLICOKOW CTEMEeHbld WX BblIPaXKEHHOCTW.
lMOKa3aHO BbICOKOE 3HAYeHWe MOTEeHUMaNbHOW W HU3Koe — peasibHoM
CEMEHHON NPOAYKTMBHOCTW, KOTOPaA HEeAOCTaTOMHa [ANA YCNeLwHoro
CEMEHHOIO BO306HOB/MIEHWA B MNPUPOAHbLIX nonynauusax. MoTeHuman
BEereTaTMBHOro BO306HOB/NEHMA ocobeit ycneweH, 4TO BO3MeLLAeT
HEeAOCTaTKM  CeMeHHoro  BO306HOBNeHMs.  Pa3pabotaHa  cxema
KNOHA/NIbHOTO MUKPOPA3MHOXKEHUA S. gumbetica nyTem KynbTUBUPOBAHMUA
Y3/10BbIX 3KCMNaHTOB Ha cpege Mypacure-Ckyra ¢ pgobasneHnem UMK,
HYK, BATI, KnHeTnHa.

3aKknoueHne. Hu3Kaa peanbHasd CcemMeHHaa MNPOAYKTUBHOCTb W
OEenpeccuBHble TEeHAEHUMW BUTanUTeTa ocobeli B  TaHTAapPUHCKOM
ueHononyaauun S. gumbetica CBUAETENLCTBYIOT O HeobXogMmocTu
pa3paboTkM MeTo40B ANA ee COXPaHeHUsA. 34eCb NEePCNEeKTUBHLIMU MOTYT
cTaTb buoTexHonormyeckme metopbl. WMccneposaHua obocHoBanu w
NPOAEMOHCTPUPOBAIM  BO3MOMKHOCTM  MUKPOK/IOHA/IbHOTO  BOCMPOU3-
BeAEeHMWA NyTeM NPAMOro opraHoreHesa.

KntoueBble cnosa
MonynAuMOHHbIE  UCCNeAOBaHWA, BUTAAUTET nonynsuuun, Scabiosa.
gumbetica, MMKPOKNOHaNbHOE Pa3MHOXKEHMWE, KybTypa in vitro.
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Abstract

Aim. As a paleoendemic petrophilic species of the foothills of Dagestan
Scabiosa gumbetica Boiss, its comprehensive studies are relevant. This
work is devoted to the identification of the state of the Tantari
cenopopulation of the species and the study of the renewal potential of
individuals in the field, in laboratory conditions and through in vitro
culture.

Material and Methods. Long-term population studies of Scabiosa
gumbetica using geobotanical methods were carried out in the vicinity of
the village of Tantari in the Gumbetovsky district of Dagestan. The vital
state of individuals was determined by the Zlobin method, while the
degree of vitality of individuals was determined according to Ishbirdin. The
introduction of the subject into in vitro culture was done according to the
generally accepted methodology.

Results. A wide range of variation in the characteristics of S. gumbetica
individuals characterises the differentiation of ecotopes in which it occurs.
The vital analysis of individuals revealed depressive tendencies in the
development of the cenopopulation with a low degree of severity. A high
value of potential and a low value of real seed productivity were shown —
insufficient for successful seed renewal in natural populations. The
potential of vegetative renewal of individuals was confirmed, which
compensates for the low productivity of natural seed renewal. A scheme
of clonal micro-multiplication of S. gumbetica was developed by cultivating
nodal explants on a Murashige-Skuga medium with the addition of IBA,
NAA, BAP and kinetin.

Conclusion. Low real seed productivity and depressive tendencies of the
vitality of individuals in the Tanari cenopopulation of S. gumbetica indicate
the need to develop methods for its conservation. Biotechnological
methods can be promising. Studies have substantiated and demonstrated
the possibilities of microclonal reproduction by direct organogenesis.

Key Words
Population studies, population vitality, Scabiosa gumbetica, microclonal
reproduction, in vitro culture.
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BBEAEHUE

Scabiosa gumbetica Boiss. — naneosHZEMMUYHbIA W©
cneunoUYHbIA ANA U3BECTHAKOB BHYTPUTOPUI U apUaHbIX
ceBepHbIX Npegropuin arectaHa sua, onvcaH A.M. Osepu-
HbiM B 1861 roay u3 paioHa Nymbeta. Ewe H.U. Ky3HeuoB
[1] nucan o Hem, Kak O TPETUYHOM pe/IMKTE CKan WU

NOABMMKHbBIX  KaMEHWUCTbIX CybCcTpaToB, BbIXOAOB  Ha
NOBEPXHOCTb  MATEPUHCKUX  M3BECTHAKOBbLIX  MOPOA,
(750-1650 M H. y. M.), «u3106AEHHbIX» 3IKOTOMOB
HaropHbIX KcepoduTos [2].

MonynsauMoHHbIe nccnefoBaHuUA aToro

OPWUIMHANBLHOTO BMAA Ha TEPPUTOPUM [AreCTaHCKUX rop
Haxo4ATCA Ha HayanbHOM cTagun. [pepBapuTenbHble
HabNoAEHUA MOKa3blBalOT, 4YTO M3y4Yaemble B PasHbIX
yyacTKax BHYTPUrOpUIn pecnybivKK LeHononyaauum sToro
BMAQ NO  AOMMHMPOBaHWIO  ocobet B  cpeaHem
reHepaTMBHOM BO3PAaCTHOM COCTOSIHUM  OTHOCATCA K
HOPManbHOMY TUMY, KOr4a MakCMMyM MPUXOAUTCA HA 3TO
cocTtosiHue [3]. B TO e Bpems pAg, aBTOPOB YKasbiBaeT Ha
YyrposKaemoe COCTOfHMEe LeHononynsauui 3Toro BuAa,
CBA3bIBAA €f0 C  OrPaHWYEHHbIM  EeCTECTBEHHbIM
BO306HOBNEHNEM ocobeit [4; 5]. Tak, 3.3. LLlaxbaHoBsoilt [5]
npyv aHanuMse peasbHOW CEMEHHOW MPOAYKTUBHOCTU
S. gumbetica no pasHbIM foKanuTeTam [arectaHa 6bino
BbIABJIEHO  KpailHe  HW3KOe  KOAMYECTBO  CEMAHOK,
obnagatowmx BCXOXECTbo " CrMocobHbIX natb
u3HecnocobHble npopocTkM (1.70 WTyK HAa KOP3UHKY B
LeHononynaLmmn OKpecTHocTel YupKeickoro
BOAOXpaHuAMWwa w211 wWTyK Ha KOP3WHKY — B
LEHOMONYNALUMM OKPECTHOCTEN CeneHus XapuKoo npu
oblwem KosmyectBe CEMAHOK B KOp3uHke 21.3 u 27.8
COOTBETCTBEHHO). TaKaA HW3KaA peanbHas CcemeHHas
NPOAYKTUBHOCTb 0CcObelt MOXKET NPUBECTU K COKPaLLEHUIO
ecTecTBeHHoro apeana Buaa [5]. B cBAsM
BbILIECKA3aHHbIM  MPOBEAEH  aHaAW3  BUTAJIMTETHOTO
coctoAHua ocobeit S. gumbetica BO BHYTPUrOpHOM
(LeHTpanbHOM) [larecTaHe Ha npumepe MOAENbHOM
LEHONOMYNALMN  OKpPecTHocTen  ceneHna  TaHTapu
lymbeTtoBckoro pavoHa (locus classicus) pna oOUEHKM
MOPGDOreHeTUYeCcKoro  NOTeHUMana W BO3MOXKHOCTEN
MWMKPOK/NIOHAZIbHOrO ~ Pa3MHOXeHWa  ocobelt  3Toro
OPUIMHANBHOIO HaropHo-KcepodUTHOro BMUAA.

OnA uv3yyeHUA U COXpPaHEHUA peakux BUAOB
pacteHui BCe 6onee LUIMPOKO npumeHsaoTCA
buoTexHonornyeckne metodpl [6; 7], 04HAKO OHM NULLb
HaUMHAOT pPa3pabaTblBaTbCA B OTHOLWIEHUW pPEeaKUX u
LEeHHbIX BWAoB pacTeHuin [arectaHa [8]. Ckabuosa
OCTaeTCcA Mano U3y4YeHHbIM OHBEKTOM B 3TOM OTHOLLEHWUH,
BCTPEYAIOTCA /IMLLb OTAEe/IbHble CBEAEHUA NO BMAAM 3TOrO
poga [9]. PaHee Hamum 6blna Hana)keHa MmeToAMKa
HEnpAMOro opraHoreHesa S. gumbetica Yepes KannycHyto
KynbTypy [10]. Moatomy B 33a4ayM  HacTosLiero
nccnefoBaHMA BXoauna M paspaboTka cnocoba npamoro
opraHoreHesa ans AanbHenwero BO3MOKHOIO
WUCMONb30BAaHNA €ro  pesynbTaToB B  MNOAAEP’KaHWUM
60TaHMYECKUX KONNEKLMUI PefKUX BUAOB.

MATEPUANT U METOAbl UCCNNEQOBAHUA

M3yyeHne ueHomonynauum S. gumbetica oKpecTHOCTen
ceneHna TaHTapu [ymbeToBCcKOro paioHa [larectaHa B
nonesble ce3oHbl 2013-2020 rr. 6bLIO  cBA3aHO C
MUCMNONb30BaHNEM OBLWENPUHATLIX A8 TOPHbIX YCI0BUIA
pecnybamkn  [11-15]  reoboTaHWYECKMX  MNOAXOAOB:
3aK/M1aAKOM y4YeTHbIX M/olWajei Ha TpaHCeKTax, pacnoso-
YKEHHbIX NOoMepeKk CKAOHOB C TUMWYHbIMKU COObLLECTBAMMU

HaropHbIX  KCepoduToB,  M3y4YeHWEeM  MPOEKTUBHOMO
NOKpbITUA  cybcTpaTa  0cobBAMM,  BbIPAKEHHOTO B
npoueHTax, onpegeneHvem obunua ocobei (no Apyae),
BbIACHEHWEM pPo/in 0cobeit B ecTecTBeHHbIX GUTOLLEHO3aX.
Monesoit matepuan cobupanu B NEPBbIX 4MUCAAX WIOAA
(maccoBoe ueTeHne ocobei) U B KoHUe Mionsa (maccosoe
naoaoHoweHne ocobeit). YyeTHOW eauHuuei BbibpaHa
CpeaHeBO3pacTHAasA  reHepatmMBHaa  ocobb,  BblIbOpKa
coctasuna 50 WTYK; BblKONKa ocobeit ans onpeaeneHus
¢duTomaccnl ocywecteaanach B 15 naowaaax ¢ yyetom scex
MeCTOOBUTaHMI:  KaMeHWCTble  CKNOHbl, TPaBAHMUCTbIE
CKJ/IOHbI, CKasbl, 0604YMHbI TPYHTOBbLIX A0POT).

Mpomepbl W B3BEWMWBAHMA OCYLLECTBAANM B
nabopaTopHbIX ycnosuax. CemeHHyH MPOAYKTMBHOCTb
reHepaTMeHoro nobera onpeaensany aHaaM30M BCXOMKECTH
CEMAHOK WA oblei  ero  NPOAYKTMBHOCTM  —
«K03hOULMEHT cemeHndumrkaumm» [16], yTo Konebnetcs B
LWUMPOKUX Mpedenax M OTpa)kaeT MpPOLEHT BCXOMMX
CEMAHOK OT YMC/1a LBETKOB HA KOP3UHKY.

ButanutetHoe coctoAaHWe ocobeli B U3y4yaemon
ueHononyaauun onpegenanm metogom H.A. 3n06uHa
[17], B KauyecTBe y4yeTHbIx 6blM BbIbPaAHbI MeEpPHbIE U
CYeTHble napameTpbl — BbICOTa reHepatusHoro nobera,
UMCNO NICTbEB B PO3eTKe, ANMHA JINCTA PO3ETKU, A/IMHA
NUCTa TreHepaTMBHOro nobera, AMamMeTp KOP3WHKM B
LBETEHWM, YUCIO LBETKOB B KOP3WHKE, YUC/IO 0BEPTOUHbIX
JIMCTbEB KOP3WMHKM, YMCIO CEMSAHOK Ha KOP3MHKY, AAMHA
CEMAHKMW, BEC CEeMAHKW. T AaHHble BHOCWAUCL B BUAE
MaCcCMBOB B 3/IEKTPOHHble Tabauupl U obpabaTtbiBaanch ¢
NMOMOLLbIO BO3MOMKHOCTEM annapata MaTeMaTU4ecKoM
CTaTUCTUKMU ONA BbIABMEHMA YacTOT pasHbIX MoKasaTesei

(cpegHee apudmeTnyeckoe X, ero OLLII/I6KaSy,

KoapPuumMeHT  Bapuaumm CV%, ownbKa onbiTa
S)?
S} =—" 100(%) .
X

Mpwn onpeageneHun ButTanuTeta ocobeit B BbIbBOpKe
6binn  oTOBpaHbl yKasaHHble BbilWe MNpPWU3HaKKW, ocobu
pacnpegensanM no Tpem pasMepHbIM Knaccam (a —
KpyrnHble, b — cpeaHue, ¢ —MenKkue), Npu 3TOM rpaHMLamm

LeNeHuns cayxuam uncna 8 udtepsane X = X =+ tS}.

Mocne  NOCTPOEHMA  [OBEPUTENbHBLIX  WHTEPBaAsOB,
BbIAABNIANM MNOKa3aTe/Nb KayecTsa (BuTanuTeTa) ocobelt B
nonynauun (Q) B 3aBUCMMOCTM OT COOTHOLUEHWMA rpynn
ocobem B pasMepHbIX  Khaccax no  popmyne
Q=(a+b)/2 >,=,<c.

CTeneHb  MpouBeTaHUa  WMAW  4enpecCUBHbIX
TeHAEHUN mopdOoMeTPUUYECKUX NapameTpoB ocoben
M3y4aemon ueHonmonynAuuu onpegensanm no dopmyne
1, =@+ g

2c

B KayecTBe UCXOA4HOrO MaTepuana Ans BBefeHUA B
KyNbTypy in vitro wWcnonb3oBanu 3eneHble noberu
CpeaHeBO3PACTHbIX reHepaTUBHbIX ocobelt S. gumbetica,
NnoJsly4YeHHble C pacTeHWUi TaHTAPUHCKOM LeHononyaaunm B
MeCTax WX ecTeCTBEHHOro npou3pacTaHua. AcenTuRy
obecneymBany No OOLLEMNPUHATON MeTOAMKE B YCNOBUAX
NamuHap — 6okca [6; 19]. Mobern 3amaunBanm B MblibHOM
Boae ¢ pobasneHvem 2-3 Kanenb TBMH-80 B TeyeHue
10—15 MWHYT, HECKOJIbKO pa3 MPOMbIBaAN BOAOMNPOBOAHOM
1 2-3 pasa — AUCTUNNNPOBAHHOW BOAOW, CTEPUIN30BANIN B
TeuyeHne 8 MUHYT B 0,1%-m pactBope cynembl (HgCly) u
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3aTem TpexkpatHo (15, 10 M 5 MWHYT) npombiBanu B
ANCTUANNPOBaHHOM Boge. MNocne cTepuamsaumm Bolaenanm
Y3710Bble 3KCMAAHTbl U MOMELANM MX Ha MUTATeNbHYIO
cpeay Mypacure-Ckyra (MC), copepsKallyto pasHble f03bl
perynaTopos pocrta: UHAOAMAMACAAHOW KucnoTbl (MMK),
HadTUNyKCycHON Kucnotbl (HYK), 6-6eH3nMnamuHonypuHa
(BAM) ¥ KMHeTMHa. DKcNepuMeHTbl NpPoOBOAMAM B
KOHTPOJIMPYEMBIX YC/NIOBUAX B K/JAMMATUYECKOW Kamepe
Sanyo MLR (16 wuyacoBsoit ¢oTonepuos, Temnepatypa
23-25°C, BnaHocTb 70-75%). OueHKy COCTOSHUSA
3KCM/IAHTOB MPOBOAMAWN MO MOKA3aTeNAM BblIXKMBAEMOCTU
(% KMBbIX 3KCNNAHTOB OT MX OBLLEro YMcna B BapuaHTe),
pocTa, aKTMBHOCTM NPOLLECCOB KannycoobpasoBaHua u
mopdoreHesa. PoCT oueHMBaNM MO KOANYECTBY IKCMIAHTOB
(B NnpoueHTax oT 06LWero Mx YMcia B BapuUaHTE), Y KOTOPbIX
Habnogann yBesandeHne pasmepos, a TaKKe BU3yasibHO B
6annax (0-3): poct otcytcTByeT («0»), NPUPOCT IKCMNAHTA
He npesblwaeT («1»), paBeH («2») uan npesblwaeT («3»)
ero  M3HauyanbHyl  BenuuuHy. KannycoobpasosaHue
OLEeHMBaNM B MpPOUEHTaX (J0NA 3KCNIAHTOB, Y KOTOPbIX
Habnofanu dpopmmnpoBaHue Kannyca, B % oT obLero yncna
3KCMNIAHTOB B BapuaHTe), U 6annax, oTpaxKatoLmx cTeneHb
ero pa3suTua (1 — Hayano 3aknagku, 2 — cnaboe NOKpbITHE
paHeBOW MOBEPXHOCTM, 3 — MOLLHOE pPasBUTUE).
3¢bPEKTUBHOCTb KNOHANbHOTO PAa3MHOMKEHUA OLLeHWBaM
Mo KO/MYecTBY HOBOO6Pa3oBaHHbIX NOHeros.

B cBA3M C OrpaHNMY4EHHOCTbIO UCXOA4HOTO MaTepurana
ONA NepBUMYHOTO BBEAEHMS B KyAbTypy in vitro 6bino
ucnonbzosaHo 10 noberos. [danbHeilwme  onbiTbl
nposegeHbl B 10-20 KpaTHOM 6uonoruyeckom
NOBTOPHOCTHK, pe3ynbTaTbl MPUBEAEHbl B BUAE CPEeAHUX
3HAYEHWM N UX CTAHAAPTHbIX OLIMBOK.

NMONYYEHHbBIE PE3Y/IbTATbI U UX OBCYXKAEHUE

JKOTOMbl  NPOM3PACTaHUA  HAropHbIX KCepodpuToB BO
BHyTpUropbsax  [larectaHa, TPagWLMOHHO  CYMTAKOTCA
«HeyaobbAMMY», TO eCTb MecTamu, rge TemrepaTtypHble,
TOPHO-3KCMO3ULMOHHbIE, MOYBEHHbIE U APYrUe YCNOBUA He
NMO3BO/IAIOT PACTUTENBHOMY TMOKPOBY MMETb CMJIOLWHOM

XapakTep  pasmelleHvs, B ITOW  CBA3M  Haww
reo6oTaHMYECKME UCCNef0BaHMA B OKPECTHOCTAX  C.
TaHTapu, eCcTecTBEHHO, BbIIBUAM  HU3KYID  CTeneHb

NPOEKTUBHOIO NOKPbLITUA NOYBbI HA U3yYaeMblX MAOLALKAX
ocobammn S. gumbetica (ot 5 Ao 25%). HaumeHblwero
0bunma ocobu JocTUrannm B HECOMKHYTbIX coobuiecTBax
CKan M KaMEHMUCTbIX CKAOHOB. B TO e Bpems, pasmepbl
CpeaHEeBO3PACTHbIX reHepPaTUBHbIX 0cobel B 3TUX 3KOTOMAX
6b111M AOBONBHO KPYyNHbIMU. HaMMeHbWMMKU pasmepamm m
HanbosbWwWMM  0O6UAMEM  XapaKTepu3oBaaUCb  0CObHM
M3y4yaemoro BMAa B YCNOBUAX KAMEHUCTbIX yroB. Buaumo,
Npyv HaAUMYMU  HOPMaA/bHBLIX MOYBEHHbIX YCAOBUA ANA
pa3suTMA ocobeill M3yyaemoro BMAA B LLEHOMOMNYAALUM
CTaHOBUTCA MHOTrO, yTo COMpoBOXKAAeTCA
MWHWaTIOpU3aumen ux pasmepos. Ho pgaxe npwu
Hanbosbwem 06WAUM M BO BPEMA MACCOBOMO LBETEHUS
0Ccobu HUKOrAa He NepeKpbIBAOT OpraHbl APYr Apyra U He
ACNEeKTUPYIOT B LLEeHO3ax. TakumM 06pas3om, LeHoTUYecKas
po/sb M3y4aeMoro pacTeHua B COOOLLEeCTBax YKasaHHOM
TEPPUTOPMM Yalle BCEro acCeKTaTopHas, yTo yxe 6bino
OTMeYeHO HemHoro paHee [3]. Ocobu pasmeusaroTca Ha
M3y4aemon TeppuUTOpUM TPynnamu, KOHTarmosHo, 4To
XOPOLIO 3aMeTHO Aaxe 6e3 cneumanbHbiX UCCNeA0BaHUN.
MccnepoBaHusa  TaHTAapWMHCKOW  LeHONonynsaumm
S.  gumbetica  BbIABWAIM  HEKOTOpble  0COBEHHOCTU
BApbMpPOBAHMA YYeTHbIX NpusHakos. CpeaHeBO3pacTHble

reHepaTueHble  0cobu B BblbopKe n3yyaemom
LEHOMOMYAALUMM  OTIMYAIOTCA  LWMPOKMM  AManasoHOM
KoabouumeHTa BapuaumMu. Mbl  cBA3bIBaemM 3TO C

reTeporeHHOCTbIO 3KOTONOB. HecMoTpA Ha nNpou3pactaHue
Ha CKNOHaX HOXHOM 3KCNO3ULMM WM KAMEHUCTOM WX
XapakTepe, MecTa npowuspactaHus ocobeit M3yyaemoro
BMZA BCE YKe 3aMeTHO Pas3/IMYatoTCA Mo CTeneHu KpyTUsHbl
CK/IOHa, NOABWXKHOCTU cybCcTpaTa (HENOABWMKHBLIN UK
CUNIBHO NOABWMKHbIN), CoceacTsyloWMM Buaam. Buaumo,
3T0 W nNpuMBOAUT K pasbpocy 3HAYEHMIH MPU3HAKOB.
YmepeHHbI KoadduumeHT Bapuauumn 3aduKcMpoBaH ana
NPU3HAKOB «AMAMETP KOP3MHKM B LBETEHUUY, «YUC/IO
06epTOYHbIX JIMCTbEB KOP3UHKM», MOBbIWEHHbIA — Ans
NPU3HAKOB «AJAMHA JINCTA PO3ETKU», «AJMHA JIucTa
reHepaTMBHOro nobera», «4YUCNO LUBETKOB B KOP3UHKEY,
«YUCNO CEMAHOK Ha KOP3UHKY», «OJAWHA CEMAHKMNY,
BbICOKMIN — Y NPU3HAKOB «BbICOTA reHepaTUBHOro nobera»
N «BEC CEMAHOK» U OYeHb BbICOKUI — Yy NPU3HAKOB «4MUCO
NMcTbeB B poseTke». Cpegu BCeX YYTEHHbIX MPU3HAKOB
HaMmeHee BapuabenbHbl Te, KOTOPbIe MMEIOT OTHOLIEHME K
couBeTMAM M3yyaemoro pacteHusA. BblibopKa, B3ATasa gnA
aHanu3a, [0CTOBEPHO oTpaxaet reHepanbHyto
COBOKYMHOCTb, TaK KaK owwubKa onbiTa B BapuaHTax
Konebnerca B npegenax ot 1,8 go 4,5 no pasHbim
napametpam (Tabn. 1), 4To He NpeBbllLaeT ypoBEHb NATU
NPOLLEeHTOB.

MKU3HEHHOCTD, nnn
onpeaenawLmin ycTonuunBoe,
cylwecTsoBaHMe B nonynauusx, y S. gumbetica B
TaHTApPUHCKOWM LeHononyaauum LEMOHCTpUpyeT
HEBbICOKOE KayecTBO MPOLLECCOB KU3HeAEeATeNbHOCTH.
Mcnonb3oBaHHbIM ANA BUTAAUTETHOrO aHanaMsa cnocob
OfHOMEPHOM  OLEHKM  METPUYECKUX  MPU3HAKOB C
paHXMPOBaHMEM MOKa3aHWI U pasaesieHnem BbIOOPKU Ha
TPW rpynnbl  NPOAEMOHCTPUPOBAN  YKa3aHHble Bbllle
TeHaeHUMn. Tak, NO NATU YYETHbIM TNPU3HaKam B
ueHononynauuMnm  npeobnagalor  KpynHopasmepHble U
cpeaHepasmepHble ocobu (Tabn. 2). CTeneHb NpouBeTaHUA
(suTanuTeTa) ocobeit No aTUM napameTpam Konebnerca ot
1,2 po 7,8. NpenmyLLecTBEHHO 3TO NPU3HAKWU, CBA3AHHbIE C
reHepaTMBHbIMW opraHamu (tabn. 2). Mo natm apyrum
Y4YeTHbIM NpPU3HAKaM: «BbICOTa reHepaTUBHOro noberax,
«YUC/IO NIMCTbEB B PO3ETKEN, KYNCNO 0BEPTOUHBIX NUCTbEB
KOP3MHKU», «4UCI0 CEMAHOK HA KOP3UHKYY», «AJMHA IUCTA
reHepatMsHoro nobera» B  BblbOpKE  M3yvyaemoW
LeHononynauuMn npeobnagaloT mesnKkopasmepHble ocobu.
3TM NATb NPU3HAKOB C AENPecCUMBHbIMW TEHAEHLMAMM
pasBuTMA y ocobelt MMetoT cTeneHb BbIPAXKEHHOCTU B
pamkax ot 0,8 ao 0,4 (tabn. 2). BblYMCAEHHbIA NO BCEM
0ECATM NpU3HAKamM YCpeaHEHHbI YpOBeHb BWUTanUTeTa
S. gumbetica B NonynsaLMn OKpecTHoCcTen ceneHma TaHTapu
NOKa3blBAaeT ero AenpeccuBHbIi XapakTep ¢ Hebosbwol
CTENEHbIO BbIPAYKEHHOCTU 3TUX TEHAEHLUN.

KaKk M3BECTHO, BbICOKOE BWUTA/IMTETHOE COCTOAHMWE
ocobei B nonynaumax pacTeHUit He Bceraa TPaKTYoT Kak
YCTOMYMBOCTb MX Pa3BUTMA, OCOBEHHO ecau nonyaauma
cocTaBneHa accektatopamu [17]. B TO Ke Bpems,
AenpeccuBHble ABNEHUA, Habalogdaemble B NONYAALUOHHOM
XU3HU S. gumbetica B TaHTaPUHCKOM /IOKanUTETE yXKe He
OAMH roj, Noapsafd, He MOTyT He HacTOPaXKMBaTb, YYUTbIBAA
OTCYTCTBME TaKMX APKO BbIPAXKEHHbIX TEHAEHUMN B

BUTANUTET ocobei,
HOpManbHoe nx

LEeHONONyNALMAX APYrUX TeppuTopuii  BHyTpuropHoro
[OarectaHa [17].
MonyyeHHble AaHHble noayepKuBatoT

HeA0CTaTOYHOCTb MaTepuana HECKO/bKMX /IeT MOo/eBbiX
HabnoaeHnn n cbopoB ANA KayecTBEHHOrO M MOJHOro
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nsyyeHms  ocobeHHOCTe  MONYAALMOHHOW  KM3HM
S. gumbetica B [aHHOM JOKanuTeTe; MepBble TaKkKe
YKa3blBalOT Ha  HeobXxoAMMOCTb  CUCTEMATUYECKOro

MOHUTOPUHIOBOTO  WM3Yy4YeHUA  COCTOAHMA  BMZAA  BO
BPEMEHHbIX MPOMENKYTKAX, CONOCTaBUMbIX C MPOLOKM-
TENbHOCTbIO ero 60/bLWOro KM3HEHHOTO UMKAa. [ymaem,
YTO  NPOAO/KUTENbHbIE  UCCNEAO0BaHUA B 3TOM
HanpaB/EHUN BaXKHbl TaK¥Ke ANA HayyHOro oH60CHOBaHMUA
Heob6XO0AMMOCTU OXpaHbl AAHHOIO BUAA B ONpeaesieHHbIX
NloKanuTeTax pecnybivku.

[NnA XapaKTepuCTUKM penpoayKTusHon 6uonorum
BMAa 0bA3aTeIbHbIM MOKa3aTesieM ABAAETCA onpesesneHune
NPOAYKUMOHHBIX  XapaKTEPUCTUK €ro  LLeHoMnonyaauuni
(penpogyKTMBHBLIN  ycrex, penpoayKTUBHOe  ycuaue,
VYPOXKaMHOCTb) WAM  OTAEeNbHbIX ocobelt (cemeHHas
NPOAYKTUBHOCTb, BUOMacca penpoayKTUBHbBIX OPraHoB M
Ap.). BbiCOKMe mMoOKasaTenn nNpoAyKLUMOHHOro npouecca
XapaKTepHbl ANA  WM3y4yaeMoro BMAA B  OTHOWEHUMU
NnoTeHUManbHom ceMeHHoM NPOAYKTUBHOCTU:
631,7 CEMAHOK Ha 0cobb, YCNOBHO-peanbHas
NPOAYKTUBHOCTb — 626 ceMAHOK Ha 0cobb, YTO cocTaBnseT
99% OT noTeHuManbHOW. B TO ke Bpems, peanbHasA
CeMEeHHaA NPOAYKTUBHOCTb, MOA, KOTOPOW Mbl MOHMMAEM
YMUCNO BCXOXKMX CEMAHOK Ha pacTeHWe, KpaliHe HU3Kas, a
LeNneHanpaBfeHHoe W3y4YeHUe BCXOMKECTU CeMAHOK B
NabopaTopHbIX  YC/IOBUSAX BbISIBU/IO KO3bOULMEHT
CEMEHHOM NpoAyKTUBHOCTM B npegenax 0-9%, 4To ABHO

HeAoCTaTOYHO A1 CEeMEHHOro  BO306HOBAEHMA B
NPUPOAHbIX nonyaauuax S. gumbetica. B 3tom nnaHe
BECbMa BakKeH MOTeHLMan BeretaTMBHOro BO306HOBNEHUA
ocoben nlyyaemoro suaa B LeHononynaumu. Ha yyeTHbIx
NAOWAAAX, HauyuMHas C BUPIMHUABHOTO BO3PaCTHOro
coctosHuA, y ocobeit  noAsnaslOTCA  pameTbl  C
BeretTaTMBHbIMK noberamm — poseTkamu. Hanbosblee mx
KO/IMYECTBO Ha 0CO6b BbINO XapaKTePHO ANA CEHUBHOTO,
cpeaHeBO3pacTHOro reHepaTUBHOIO " cTaporo
reHepaTMBHOrO COCTOAHMI, ropasao MeHbluee KOMYecTBo
pameT HabloZAeTCA Y BUPIMHUAbHLIX WMAW  MOOAbIX
reHepaTMBHbIX 0cobeii 13y4yaemoro BMAa B TaHTAPWMHCKOM
ueHononynaummu (Tabn. 3). HegocTaTok cemeHHOro Bo306-
HOBNEHMA, Takum obpasom, 34ecb  BO3MeLlaeTcs
BO3MOXHOCTAMM  BEreTaTMBHOrO BO306HOBAEHMA. ITO
BaXKHO M B naHe GpOTOCMHTETUYECKON aKTUBHOCTM, Beab Y
ocobent S. gumbetica OTCYTCTBYIOT WAW OrpaHUYEHHOe
KOAn4ectBo (2—4) MenKkux NUCTbeB Ha reHepaTUBHOM
nobere.

BblfBNeHHbIE HAaMM HM3KaA peasibHaf CemeHHasn
NPOAYKTUBHOCTb U 371€MEHTbI AEeNPEecCUBHbIX TeHAEeHLUMM
npu  OUEHKe BUTaauTeTa ocobeli B  M3yyaemoW
ueHononynauMmM S.  gumbetica  CBMAETENbLCTBYOT O
Heo6xo0AMMOCTM Pa3paboTKM METOL0B ANA ee COXPaHEHUS,
" 3pechb nepcnekTMBHbIMM moryT cTaTb
6MOTEXHONIOTUYECKME MEeTOAbl, B YaCTHOCTM, MWKPOK/IO-
Ha/IbHOTO Pa3MHOXEHMA NYTEM NPAMOro opraHoreHesa.

Tabamua 1. JaHHble MOpPPOMETPUYECKMX UCCEeA0BaHMI CpeaHEeBO3PACTHbIX FeHepaTUBHbIX ocobei

Scabiosa gumbetica B TAaHTaPUHCKOM LeHOMonNynaumnm

Table 1. Indicators morphometric study of middle-aged generative individuals

Scabiosa gumbetica in Tantari coenopopulation

Napametpbl / Parameters X5 S*O CV%
X X%

Yucno nuctoes B poaerxe, cm 9,940,3 3,0 42,5
Number of leaves in rosettes, sm
DOnvHa nucrta pO?ETKM, ™ 5240,2 38 25,7
Length of leaves in rosettes, sm
DOnvHa nucta reufzpaTuBHoro no6era, cm 3,440,1 29 253
Length of leaves in generative shoots, sm
,D,_uamerp KOp3MHK?4 B LBETEHUU, CM 29401 34 18,9
Diameter of flowering floscules, sm
Yucno uBeTKOB B K?p3MHKe, wr 22,4410 45 213
Number of flowers in floscules, pcs
Yucno 06ep'roq|-|b'|x JINCTbEB KOP3UHKM, WIT 9,840,2 2,0 15,5
Number of wrapping leaves of floscules, pcs
Yucno cemaHoK H.a KOP3UHKY, WT 222404 18 25
Number of seeds in floscules, pcs
DOnvHa ceMAHKN, Mm 2840,1 36 23,7
Length of seeds, mm
B

€C CeMAHKH, mr 7.940,2 25 305

Weight of seeds, mg

Mpumeyarue: X +S - cpeaHee apudpmeTnyecKkoe 1 owmnbKa cpesHero apudmeTMyeckoro,
X

S = SjX .100% —owwubka onvita, CV % — koadduumenT sapmaumn
X% X
Note: )7' +.S_ - arithmetic mean and error of arithmetic mean, — SfX . o, —error of experiment,
e S_ —-100%
% X

CV% - coefficient of variation

JKCNNAHTbI S. gumbetica obnaganu BbICOKOM
YKM3HECNOoCOBHOCTbIO B KyabType in Vvitro, ux pocT W
Bbl)KMBaemocTb Ha cpege MC ¢ pobasneHnem BATl
(0.5 mr/n), UMK n BAM (0.5: 2.5 mr/n), a TaKkKe KMHETMHA

(0.5 n 2.5 mr/n) poctvrann 100 % (tabn. 4). Bo Bcex
BapuaHTax Yepes 4-6 HeaeNb KyAbTUBMPOBAHUA OTMeEYanu
3aKNaflky WM pOCT  afBEeHTMBHbIX nouyek (puc. 1).
Hanbonbliee KonmyectBo 3KnnaHtos (100%), chopmu-
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pOoBaBLUMX MOYKM, BbIIO OTMEYEHO Ha cpese C KUHETUMHOM
(0.5 mr/n). Npw NOBbIWEHUN €ro coaepXaHua B cpede A0
2,5 Mr/n nokasatenb CHWXanca B 3 pasa, COCTABNAA YyXKe

33%. B sapuaHTax c sBegeHuem BAIl Mnn coBmMecCTHbIM
BBegeHnem BAM n UMK noukun popmmposanuch y 33-43%
3KCMNAHTOB.

Tabnuua 2. [laHHble onpeaeneHns BUTaanTeTa TaHTapUHCKOM LeHononyaauumn Scabiosa gumbetica
Table 2. Indicators definitions of vitality Tantari coenopopulation of Scabiosa gumbetica

OnpegeneHune eutanuteta ocobeii LeHononynauum

Vitality of individuals in coenopopulation

MapameTpbl / Parameters

F'paHuLbl AeneHusa
BbI6OPOK
Range of samples

MpoueHT ocobeii
Knaccos a/b/c
Percentage of individuals
in classes a/b/c

CreneHb
BUTaNUTETA
Degree of vitality

BbicoTa reHepaTMBHOro n06era, cm

Height of generative shoots, sm 24,5211 39/16/45 0,6
Yucno nucrobes B POBETKE, wTt 10,5-9,3 32/11/57 0,4
Number of leaves in rosettes, pcs
DOnvHa nucra po§eﬂ(u, v 6,044 14/62/24 16
Length of leaves in rosettes, sm
OnvHa nucta I'EH.epaTVIBHO.rO no6era, cm 36-32 33/18/49 0,5
Length of leaves in generative shoots, sm
,El,_uameTp Kopsum(_u B LBETEHUU, CM 31-2,7 21/52/27 14
Diameter of flowering floscules, sm
Yucno uBETKOB B K(:)p3VIHKe, wr 252-19,6 30/48/22 18
Number of flowers in floscules, pcs
Yucno 06ep'roqub'|x JINCTbEB KOP3UHKM, WIT 10,2-9,4 26/34/40 0,8
Number of wrapping leaves of floscules, pcs
Yuncno ceMAHOK Ha KOP3UHKY, WIT
Number of seeds in floscules, pcs 23,0-21,4 38/10/52 0,5
DOnvHa cemAHKN, cm
Length of seeds, sm 3,0-2,6 57/14/29 12
Bec cemAHKU, mr

! —7 2 7
Weight of seeds, mg 83-7,5 66/28/6 8
s s
State of vitality of individuals in ﬂ,enpeccmsﬁoe / 0.9

Depression

coenopopulation in general

Ta6amua 3. MHTEeHCMBHOCTbL BEreTaTMBHOIO Pa3MHOXKeHUA ocobeli Scabiosa gumbetica B TAaHTaPUHCKOW LLeHONOoNyAaLMM
Table 3. Intensity of vegetative propagation of individuals of Scabiosa gumbetica in the Tantari coenopopulation

Konuuyectso, wr
Number, pcs

Bo3pactHoe cocrosaHue

Pamert Ha ocobb

Po3eToK Ha ocobb

A tat
ge status Ramets per PoseTok Ha pamety Rosettes per

- Rosettes in ramets .
individual individual

B-VIpIrVIHVII'IbHOQ 6,0£0,3 19,7+0,5 118,2

Virginal

Monogoe reugpamsuoe 5,0+0,2 9,8+0,6 49,0

Young generative

CpeAHeBo3paCTHoe r‘eHepa'ruBHoe 16,8+1,0 26,940,6 451,9

Middle-aged generative

Crapoe reugpamsuoe 8,0+0,2 30,0203 240,0

Old generative

CeH.Manoe 8,2+0,3 24,5+0,9 196,0

Senile

B cpesHem BO Bcex BapuaHTax MOYKM Ha y3nax bes
dbopmMpoBaHMA Kanlyca pasBMBaAMCL B KOJMYecTBe
3-5 Ha 3KCNNaHT, NpM 3TOM AKTUMBHOCTb POCTA M3 HUX
noberos 3aBucesa OT FOPMOHaIbHOFO COCTaBa cpeabl. Tak,
Ha cpeae ¢ UMK un BAIN pocT oTmeueH TonbKo ¥ 14%, ¢ BAT
-y 33% (puc. 1), a ¢ 0.5 mr/n kKnHetnHa — y Bcex 100%
3KCNMAHTOB. B TO Ke BpemaA Ha cpefe c 6onee BbICOKMM
(2.5 mr/n) copep)aHMem KuHeTMHa pocT noberos

NonHOCTbIO nogasnsanca. B sapuaHte ¢ HYK (0.5 mr/n)
BbIXMBAEMOCTb 3KCMNAAHTOB cocTasuaa nmwb 20%. Y Bcex
3KCM/MAHTOB B BapuaHTe C KuHeTuHom (0.5 mr/n)
npoucxoamna 3aknagka B cpeaHem OKosio 5 nouek Ha
3KCMNAHT  (Ko3dduuMeHT  mynbTunAMKaumm  1:5) ¢
AanbHenwunm poctom 3—4 noberos. B BapnaHtax ¢ HYK y
20-30% npoucxoamna 3aknafKa novek 6e3 pocta noberos
(tabn. 4).
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PucyHok 1. CocTosiHWe y3/10BbIX 3KCMIAHTOB Scabiosa gumbetica npu NnepBomM NaccupoBaHum
Ha 25 1 55CyTKM KynbTMBMPOBaAHKA Ha cpege MC+ BAN (0.5. mr/n)

Figure 1. Condition of nodular explants of Scabiosa gumbetica during the first passage

on the 25th and 55th days of cultivation on MS+ BAP medium (0.5 mg/I)

Ta6bauya 4. MopdoreHes y310Bbix 3KCNAAHTOB Scabiosa gumbetica
Table 4. Morphogenesis of nodal explants of Scabiosa gumbetica

) Pocr Kannyc MopdooreHes, %
,-g‘ Growth Callus Morphogenesis, %
- o X
e o -
S 2T MOYKM
2 E o> % 6ann % 6ann KOPHM (% / wt.) nob6eru
o ] (J (]
¥0 score score roots buds shoots
A (% / pieces)
I naccax / | passage
1 100 100 2.940.1 0 - 0 43/3 14
2 100 100 2.840.2 0 - 0 33/3 33
4 100 100 2.8+0.2 0 - 0 100/5 100
5 100 66 0.8+0.4 0 - 0 33/1 0
6 20 100 1.7+0.2 100 2.0£0.3 0 20/5 0
Il nacca / Il passage
2 100 80 2.5+0.3 34 1.0+0.1 0 80/4 80
Il naccax / lll passage
2 90 100 2.9+0.2 100 1.8+0.2 0 100/ 4 100
IV a naccax / IV a passage
3 80 100 2+0.3 100 2.3+0.4 0 80 80
IV 6 naccax / IV 6 passage
3 100 100 0.8+0.1 100 2.7+0.2 80 0 0

MpumeyaHue: BapuaHmel KyabmueuposaHua: MC+ UMK + BAT (0.5:2.5 me/n) (1), MC+ BAT (0,5 me/n) (2),
MC+ UMK (0.5 mz/n) (3), MC + kuHemuH (0.5 m2/n) (4); MC+ kuHemuH (2.5 ma/n) (5); MC + HYK (0.5 m2/n) (6);

a — 6e3 npedobpabomku, 6 — ¢ npedobpabomkoli UMK

Note: Cultivation options: MS+ BAP + BAP (0.5:2.5 mg/I) (1), MS+ BAP (0.5 mg/l) (2), MS+ BAP (0.5 mg/l) (3),
MS + kinetin (0.5 mg/l) (4; MS+ kinetin (2.5 mg/l) (5); MS + NAA (0.5 mg/l) (6);

a — without preprocessing, b — with IBA preprocessing

Ha cnepylowem stane, Ha 25-e CyT. KyAbTUBMPOBAHMUA,
nonyyeHHble nobern-pereHepaHTbl WUCMNONbL30BAaNN  ANA
MWKpOYepeHKOoBaHMA (aTan cobCcTBEHHO
MUKPOPa3MHOMKEHUSA). Y3nosble 9KCNNAHTBI,
Ky/NbTuBMpYyeMble Ha cpege MC + BAMN (0.5 wmr/n),
XapaKTepu3oBannchb BbICOKMMU nokasartenamm
BbI)KMBAEMOCTH, pocTa M mopdoreHesa (Tabn. 4, sTopol
naccax, puc. 2). OTmeyeHa My/nbTUNAMKauuMA noberos,
pa3suTue 3—6 1 6osee NoYeK U pa3BopayUnBaHUE INCTbEB Y
80%  3KcnnaHToB  (KOIOPUUMEHT  MyAbTUNAMKALUM,
COOTBETCTBEHHO, 1:3-1:6), y 20% SKCMNNAHTOB
Habnoganocb nobypeHne M JanbHelwee oTMuUpaHue. Y

34% 3KcnnaHToB (OT 06WEro 4mMcna »M3HecnocobHbIx)
HabntoAanacb 3aKkNagKa PbIxaoi, OBOAHEHHOW KannycHol
TKaHW CBeT/N0-6eKeBoro LBeTa C JIerko OoTAeNAlwummnca
APYr OT Apyra y4yacTKamu.

Oanee noberu BHOBb noasepranu
MWMKPOPA3MHOXEHUIO:  y3/10Bble  3KCM/IAHTbI  Pasmepom
5-10 mm, nonyyeHHble Ha noberax BTOPOro Maccaxa,
nepecakusanu Ha cpegy MC+ BAN (0.5 mr/n) (puc. 3a)
(Tpetunit nacca), a 3aTem napannenbHo Ha ABa BapuaHTa
cpeapl: MC+BAI (0.5 mr/n) (puc. 36) 1 MC+UMK (0.5 mr/n)
(4eTBepTbIi  naccaxk). Tpu  BbICOKOW  BbIXKMBAEMOCTU
3KCMNAHTOB 34eCb OTMEeYeHa W BbICOKAasA aKTUMBHOCTb
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dopmupoBaHua nodyek, gocturaiowans  80-100%, c
nocneayowmm poctom noberos. OpHako B UenOM
9KCMNaHTbI y3/710B Noberos ckabuosbl xapakTepus3oBannchb
HEeKOTOPbIM  CHUMKEHMEeM  KM3HecnocobHocTu  npu
ONUTENbHOM  MaccvpoBaHWW. Tak, BbIXXKMBAaeMOCTb B
TpeTbeM naccaxe coctasuna 90%, 4verseptom — 80%

(tabn. 4), Toroa Kak npu nNepBMYHOM MocagKe AoCTMrana
100%. Mpu 3TOM Yy BCEX KM3HECMOCOOHbIX 3KCMIAHTOB C
3eneHoi OKpackow Habaoganacb WHTEHCMBHAA

nponvoepauma Kaanyca M 3aKkaafka NasyliHbIX NOYeK C
nocieayoLwmm pocTom 13 Hux noberos.

4

PUCYHOK 2. Y3n10Bble 3KCnaHTbl Scabiosa gumbetica npy BTOPOM NaccMpoBaHMM B BapuaHTe MC+ KUHETUH

(2.5 mr/n) (a); MC+ HYK (0.5 mr/n) (6); MC+ KuHetuH (0.5 mr/n) (8) Ha 60 CyTKM KyNbTUBMPOBaHMSA

Figure 2. Scabiosa gumbetica nodular explants during the second passage in the variant MS + kinetin (2.5 mg/l) (a);
MS+ NAA (0.5 mg/l) (b); MS+ kinetin (0.5 mg/l) (c) on the 60th day of cultivation

a

ONs  WHOYKUMWM  pU30reHesa 4acTb 3KCMJIAHTOB rMoc/e
[ocTuKeHua  noberamu  pasmepoB 2 CM  nepes
KyNbTUBMpOBaHMEM Ha cpege ¢ WMMK (0.5 wmr/n)
obpabaTbiBanun 1% pacteopom MMK B TeyeHune 1 yaca. Bece
3KCMNAHTbI Y3108 cKabuo3sbl ¢ npeaobpabotkoit UMK Ha
55 CYTKM XapaKTepu30Ba/IMCb BbICOKOW BbIXKMBAEMOCTbIO,
3aK/NIagKoM pPbIX/ION, AKTUBHO pacTyLLel, MoKpbiBatoLLel
BCIO MOBEPXHOCTb Nobera OBOAHEHHOM KanayCHON TKaHW
KOPWYHEBOrO LBETa C NErko OTAENAWMMUCA ApYyr OT
Apyra yyactkamu npu cnabom pocte camoro nobera. Y 80%
3KCMNAHTOB C CW/bHO PAa3pOCLIENCA KaANYCHOM TKaHblo,
Habnloganacb 3aKknagka B cpegHem 4-x KopHel Ha
aKcnaHT (Tabn. 4, IV6). BbiXkMBaeMOCTb Y BCEX IKCMNAHTOB
npv 4eTBEPTOM MaccMpoBaHMKU cocTasuna 80%, Npu 3TomM
MHTEHCUMBHOCTb POCTa M CNOCOBHOCTb K MopdoreHesy Ha
cpege ¢ BAM y Hux 6bilan Bbiwe, Yem Ha cpege ¢ UMK
(tabn. 4 lI-IVa).

6

PucyHok 3. Y3n10Bble aKkcnnaHToB Scabiosa gumbetica TpeTbero (a) v yeTsepToro (6) naccakew
Ha 55 CyTKM KyNbTUBUPOBaHUA Ha cpege MC+BAM (0.5 mr/n)

Figure 3. Scabiosa gumbetica nodular explants of the third (a) and fourth (b) passages

on the 55th day of cultivation on MS+BAP medium (0.5 mg/I)

3AK/TIOMEHUE
BBeggeH B KyNbTypy in vitro peaKuii, Hy>KAaoLWnMinca B oxpaHe
BuA, — Scabiosa gumbetica, reHepaTMBHble 0COBM KOTOPOro
MMEIOT HEBbICOKOE KayecTBO BUTAAUTETA B TaHTAPUHCKOW
LeHononynauMn u cnabo BO306HOBAAIOTCA reHepaTUBHbLIM
nyTem B MNPUPOAHbIX YCNOBMAX; pa3paboTaHa cxema ero
MMKPOK/IOHANIbHOTO Pa3MHOXKeEHWS. BbibpaHbl onTUMasbHble
YCNOBMSA AN NOBbIWEHMA MOPPOreHeTUYecKoro noTeHLmana
3KCMNAHTOB M3y4aemMoro PacTeHus U onpeaeneHbl YCoBus
ANA yBe/IMYEHUA ero NocagoyHoro matepuana.
MepcneKkTMBbI aHaIM3a BO3MOXKHOCTEN peannsaumm
CEMEHHOTO U BeretaTMBHOro Bo3o6HoBNeHUA S. gumbetica
CBA3AHbl C M3yYeHMEM He TONIbKO COCTOAHMA MOonynaunui
3TOro Maneo3HAEMUYHOIO BMAA B TUMUYHBIX YCOBUAX €ro
pacnpocTpaHeHWs, HO W MNOTEHLUMaNbHOW BbIXKMBAEMOCTU
NMOTOMCTBA  MWKPOK/IOHA/IbHOrO ~ BOCNPOU3BEAEHUA B
COOTBETCTBYIOLWEN UM NPUPOLHON cpeae.
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Pe3slome

Llenb. Ha ocHoBe ¢aKTMyeckoro martepuana OCYLLECTBUTb OLEHKY
COCTOAHMA 3eMe/ibHbIX Yyroamnii paHee (6onee 15 net Ha3ag) ocBaMBaEMbIX
nozA NalHM 1 «3abPOLLEHHbIX» K HACTOALLEMY BPEMEHW.

Martepuan M metoabl. KOHTpO/ibHblE NAOWAAKM, PaACNONOXKEHHbIE B
Pa3NNYHbIX NaHAWAPTHLIX NPOBUHLMAX BomKCKO-OKCKOro Mexaypeubs,
CPaBHMBA/ZINCb MO COCTOAHMIO PACTUTENLHOTO MOKPOBA, a TaKXKe Tuny

3apacTtaHuA.
PeByl‘leaTbl. B npouecce nccnenoBaHuAa 6b110 YCTAaHOB/N1IEHO, YTO MHOrme
ocobeHHocTU HOCTaI’pOFeHHOVI Tpchd)opmau,MM NaxXoTHbIX 3emeJib

AHANN3MPYEMOW TEPPUTOPUM HA HaYasibHbIX U MPOMENKYTOUYHbIX CTAAUAX
(moknMmakrcHoe COCTOsIHME) onpeaenstoTca XapaKTepom ee
MUCMNONb30BAHWUA U MPUEraloLLMMN 3eMeIbHbIMU Yroabamu. B pesynbTate
onpeaenieHo TPU OCHOBHbIX TWMAa 3apacTaHMA MOCTAarpOreHHbIX 3emerb:
3apacTaHue, CBA3aHHOE CO CMEeHOM 3eMJ/Ieno/b30BaHWuA, 3apacTaHue
B86/1M3K Nleca, 3apacTaHue BAAAW OT Neca.

3aKnoueHue. MoKasaHo, yTo B pesynbtaTe 3apacraHus
Ce/IbCKOX03ANCTBEHHbIX YTOANIM PE3KO CHUXKAEeTCAa BUA0BOE pasHoobpasue
pacTUTeNbHbIX COO6LLECTB, BOCCTAHOB/MEHME KOTOPOrO B 0603pMMOM
byayuiem Becbma npobaemaTMyHo. XOTA MocTarporeHHble GUTOLEHO3bI
CNocobHbl MOCTENEeHHO BOCCTaHAB/AMBATL NPOAYKLUMOHHbIA NOTEHLMaN 40
YPOBHA €CTECTBEHHbIX (UTOLEHO30B, OAHAKO WX MPOAYKTUBHOCTb
obecneynBaerca ApYyrMM BUAOBLIM COCTaBOM TPABAHUCTLIX PAacTeHWUIA npu
HU3KOM B1MOpa3Hoo6pasmm.

KnioueBble cnosa
COCTOAHWE PACTUTENbHONO MOKPOBA, 3apacTaHWe CesibCKOXO3AMCTBEHHbIX
yroguii, BUA0Boe pasHoobpasne pacTUTebHbIX COObLLECTB.

© 2022 AsTopbl. 02 Poccuu: 3Konoezus, pazsumue. ITO CTaTbA OTKPLITOrO AOCTyNa B COOTBETCTBUM C ycnoBuamu Creative Commons
Attribution License, KoTopas paspeluaeT MCNoO/ib30BaHWE, PacnpoCTpaHeHWe M BOCMpOM3BeAeHME Ha obOM HocuTesne Mpu YCI0BUM

NpPaBW/IbHOTO LUTUPOBAHUA OPUTMHANBHOW PaboTbl.
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Abstract

Aim. On the basis of factual material, an assessment was made of the
state of land previously (more than 15 years ago) developed as arable land
and "abandoned" to date.

Material and Methods. Control plots located in different landscape
provinces of the Volga-Oka interfluve were compared in terms of the state
of the vegetation cover, as well as the type of overgrowth.

Results. Three types of overgrowing of postagrogenic lands characteristic
of the initial and intermediate stages of overgrowing of pre-climax
communities have been identified: overgrowing of fields associated with a
change in land use; overgrowing of fields with a nearby forest; and
overgrowing of fields without a closely located forest.

Conclusion. It was shown that as a result of the overgrowing of
agricultural lands, the species diversity of plant communities is sharply
reduced, the restoration of which is very problematic in the foreseeable
future. While postagrogenic phytocenoses are able to gradually restore
their production potential to the level of natural phytocenoses, however,
their productivity will occur with a different species composition of
herbaceous plants with low biodiversity.

Key Words
State of vegetation cover, overgrowth of agricultural land, species diversity
of plant communities.

© 2022 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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BBEOEHUE

BuopasHoobpasmne paccmaTpuBaeTCs B KaYecTse O4HOMO U3
Ba)KHEeNLWmnx KputepmneB OUEHKU COCTOAHMUA naHp,Luacha,
OHO AB/MAETCA  BaXHbIM  GaAKTOPOM  MoAAEp)KaHuA
cTabunbHocTM cpepbl 0buTaHMa &nopbl U dayHbl U
obecneyeHnn sKOCUCTEMHBIX ycnyr. [Ins BOCCTAaHOB/EHUA U
noaaepKaHna 61MopasHoobpasma B IKOCUCTEMAX BaXKHO
COXPaHeHWe onblIMTeNEN U pacnpoCcTpaHuTenel cemsH [1].

Mpobnembl ONTUMAIbHOWM TeppuTopUanbHOM
opraHusaummM  naHawadToB  M3y4YeHbl  HELO0CTaTOYHO.
PaccmatpuBatloTcs M npeanaratoTca pasanyHble BapUaHThI
COXPaHeHWs eCTECTBEHHbIX PACTUTE/IbHbIX COOBLLECTB U UX
61opasHoObpasna B YCNIOBUAX aKTUBHOTO OCBOEHUA
Tepputopuu [2]. Hanpumep, nepesos HU3KONPOAYKTUBHbIX
naweH B CEHOKOCbl M NacToULa WAM NepeBos, 3a/leKHbIX
3emMeNb B KaTeropmito OXpaHAEMbIX 3TA/IOHOB 3KOCUCTEM
[3].

MocTarporeHHas TpaHcpopmauma onpegensercs
MHoOroobpasvem ¢aKTopoB M BO MHOrOM 33aBWUCUT OT
NaHawadTHbIX  0cobeHHOCTel  TeppuTOpuKM,  MO3TOMY
HeobxoANMbI UCCNe0BaHNA, MPUYPOUEHHBIE K PAa3IUYHbIM
permoHam. 3apacTaHue 3anexein NPoucxoauT CTaguitHo,
BMAOBOM cOCTaB UTOLEHO30B 3aBUCUT OT LENoro paga
¢daKkTopoB, B  pe3ynbTaTe  BO3MOXHblI  Pa3AUYHble
3KO/MIOFMYECKUe  MOCNeACTBUA,  BKAOYAA  U3MeEHeHue
KMMaTUYECKMX XapaKTepUCTUK M BanaHca yrnepoga, uto
TpebyeT panbHelwero mMlydeHusa [4—6]. Tak, Hanpumep, B
CpefHEeTaeKHON 30He 3apacTatowue Ayra CMeHATCA
COCHOBO-6€pe30BbIMM  HACAKAEHUAMM,  COOTHOLLEHME
nopos, MeHseTca Co BPEMEHEM, @ UHTEHCUBHOCTb 3aBUCUT
OT PacCTOfHMA A0 Neca M CTeneHn pasBUTUA JIYroBOro
TpaBocTosA [7; 8].

B HacToAlee BpemsA 4acto CTaBMTCA BOMPOC O
BBEAEHUW 3aNeXHblX 3eMeslb B Ce/IbCKOXO3ANCTBEHHbIV
0bopoT, cnepoBaTeNlbHO, HEOOXOAMMO aHa/NM3MpPOBaTb
U3MEHEHUA XapaKTepUCTUK MOYBEHHOro MOKpoBa B
npouecce 3apacTaHua, KOTOpOe 4acTo BejeT K yTpaTte
NONOMKUTE/bHBIX CBOMCTB OKY/IbTYPEHHbIX Mnoys [9-14].
MopasnaioLwan YacTb UCCeA0BaHUI NOCBALLEHA U3YYEHUIO
3apacCTaHMA  MOCTarporeHHbIX 3emeNb JIeCHOW pacTu-
TeNbHOCTblo. PaboTbl, Kak MpaBwuao, HOCAT NPWUKAALHOMN,
NPaKTUYECKUI XapaKTep W HanpaB/ieHbl Ha BblABJEHUWE
3KOHOMMYECKMX NOoTepb MpU  BbIBOAE 3eMeNb U3
CeNbCKOX03ANCTBEHHOrO obopoTa. [MpakTnyeckn cnabo
MUCCNefoBaHHbIMM - OCTAlOTCA  BOMPOCbI  BO306HOBNEHMA
TPaBAHUCTON pPaACTUTENbHOCTM, €e BWAOBOrO COCTaBa M
NPOAYKTUBHOCTU, T.e. WCCNeAO0BaHUA BOCNPOM3BOACTBA
61opasHoobpaszumsa.

30Ha CMeLaHHbIX necos (noaraiirn)
XapaKTepu3yeTcs NPenmmyLLecTBEHHbIM Pa3BUTUEM NIECHBIX
coobuiecTB, KOTOpble BOCCTAHaBAMBAKOTCA Ha MecTe
3a0pOLIEHHbIX CENbCKOXO3AMCTBEHHbIX 3emenb [12]. Ha
nepBOM 3Tane BO3HWKAeT TPaBAHUCTOe CoobLLecTBo,
KOTOpPOe C pPasHOM CKOPOCTblO 3amellaeTca ApeBecHoM
pactuTenbHocTblo. B pgaHHOM paboTe paccmaTtpusatoTcs
TUMbl  NOCTAarpPOreHHbIX CYKLECCUI, XapaKTepHble Aana

Ha4ya/ZbHbIX M MPOMENKYTOYHbIX CTaAMin  3apacTaHus
[AOKIMMaKCHbIX CO0BLLEeCTB.

Llensio paboTbl ABMAach TMNM3auma
nocTarporeHHoM TpaHchopmauum NOYBEHHO-

pacTUTENbHOrO MOKpoBa faHAwadToB Boskcko-OKcKoro
mexaypeyba, Haxo4AWMXCA B 3a/IeXKHOM COCTOAHWUU C
y4eTom nokasatenen 6GuopasHoobpasus u  ¢duTonpo-

AYKTUBHOCTU C UCNONIb30BaHNEM NOEBbLIX MCCﬂe,Cl,OBaHVII‘;I n
meTon0oB MaTeMaTUYECKOW CTaTUCTUKM.

MATEPUAN U METOAbl UCCNEOOBAHUA

UccnepoBaHue npoBoauaocb Ha Tepputopum Boskcko-
OKCKOro Meaypeybs, KOTOpoe Ha 3anaje W ceBepo-
3anage nogHuMmaeTca necuctor CmoneHcKo-MoCKOBCKOWM
BO3BbIWEHHOCTbIO A0 300 m Hag ypOBHEM MOPSA, A Ha tore —
CpepnHepyccKoi BO3BbILLIEHHOCTbHO, pacceyeHHoOM
oBparamu U 6anKkamu, C LUMPOKOIUCTBEHHbIMM POLLAMM
npevmyLlecTBEHHO B AO/IMHAX  pPeK, MNOCTeNneHHOo
BbINO/IAXXMBAACb B HanpaB/ieHMAX C ceBepo-3anaja u tro-
3anafa Ha BOCTOK, 06pasys NAOCKYO0 1ecncTo-6010TUCTYIO
MeLwEpCcKyo HU3MEHHOCTb U BanaxHUHCKyto (Pponuwesy)
HU3KUHY c BbicoTamu 70-90 m Hag ypoBHem mopsa (puc. 1).
Moyt B LEHTPe MexAypeybs pacnosioKeH 6accelH peku
Knasbmbl, TeppuTopua KOTOpPOTro, npeacrasieHa
pa3HoobpasHbIMM B NaHAWAGTHOM acnekTe NpUpoaHbIMU
paioHamu.

MccnepoBaHHbIe yH4aCTKM PaCcMoNoXKeHbl B YeTbipex
NPOBMHLUMAX: KnuHcko-AmnTtpoBcKoi; Boncko-
KnasbMuHckon; Mewepckoi n OKcKo-LIHWMHCKoM.

MoYBEHHbIA NOKPOB WCCNEeA0BaHHOW TeppuUTopun
npeacTaB/iieH NPenmyLLeCTBEHHO AepPHOBO-NOA30/INCTbIMU
M CEPbIMU IECHBIMU MOYBaAMM.

UccneposaHma nposogmance B 2017-2021 ropax,
MCMNO/1Ib30BaINCh CNeayoLLne MeToAbl.

MapuwpyTHble nosesble nccnenoBaHua c
onpeseneHMemMm KOHTPOAbHbLIX MNAOWAA0K (KAlouesble
yyacTku). MNNowasKkM pacnonaraincb Ha MoCTarporeHHbIX
3emnax " y4acTKax NCXOAHbIX (ecTecTBeHHbIX)
¢duToueHo30B (puc. 1) n 6bIIM NPOHYMEPOBaHbI Caeayto-
LWMm obpasom:

I.KnuHcko-Amumposckasa nposuHyusa
KnuHcko-Almumposckas  epsada: 1.01  3apactatowwas
3aN1eXb.

Bnadumupckoe Ononave bacceitH p. Konokwu: 1.02 MNone,
3acaXeHHoe Kiesepom U ntouepHoi; 1.03 PasHOTpaBHO-
3/71aK0BbIV N1YT.

Bnadumupckoe Ononee Tepputopusa bacceriHa p. PneHb
1.04 3apacTtatowan 3anexn; .05 3apactatow,an 3anexb; .06
3apacTaloLLan 3anexb.
Bnadumupckoe Ononve
Pa3HOTpaBHO-31aKOBbIV YT,

1. Bonmy#ccko-KnAa3bMUHCKasa npoeuHyusA
Mnéccko-2anuyckan eo3sbiweHHocms: 11.01 3apacTatowas
3anexb; 1.02 CmellaHHbIN Nec.

HepnuHcko-KnasbmuHckaa HusuHa: 11.03 3apactatowas
3anexb: 11.04 CyxofoNbHbIN Nyr.

lll. Mewiepckaa nposuHyua
Meuwepckasa pasHuHa: 111.01 PasHoTpasHbit nyr; 111.02
B030OHOBAAIOWMIACA COCHAK Ha MecKax Ha MecTe
nokapuia 2010r.; /11.03 Pa3HOTpaBHbI Me30OUTHbBIN NyT.

IV. OKcko-LUHUHCcKaa nposuHyus

borontobosckuit  ayr:  1.07

OKcKo-LiHuHckuli ean: IV.01 CmewaHHbli nec; V.02
3apacTatoluas 3anexb; IV.03 PasHOTpaBHbIN Nyr.
Koeposo-Kacumoeckoe naamo: V.04 3nakoBo-

pa3HoTpaBHbIn ayr; IV.05 CmellaHHbI nec.

Fopoxoseykuli ompoz: IV.06 Pa3HOTpaBHbI 3/1aKOBbIN NYT;
IV.07 3nakoBas 3anexb.

Mypomckoe ononve: IV.08 C/x yroabs; IV.09 3apacrtatowas
3aN1eXb.

Amumpuesozopckuli aaHlwagpmHebili  palioH:
3apacTatoLLan 3anexb.

1V.010
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PucyHok 1. PacnosoxeHne KOHTPO/IbHbIX NAOLWAA0K
Figure 1. Location of control sites

Bcero 3an0XeHO 24 KOHTPOAbHble MN/OLWAAKWM, XapaKTe-
pu3ytoLLMe MNOCTarporeHHble TEPPUTOPUM U XapaKTepHble
duTOLEHO3bI, HEe  WCNOMb3yIOWMECA B CENbCKOXO-
39ACTBEHHON aeATenbHocTW. [owaaku BbibpaHbl C
y4yeToM o0xBaTa PasfIMYHbIX NaHAWA(THbIX PaloOHOB U
NPOBUHLMIA.

B ocHoBe Bbl6Opa, KOTOPbIX NEXUT ANCTAHLUUOHHbIN
M KapTorpaduyeckmii aHanu3 TeppuTOpUM, NpPUHAL-
NIEKHOCTb MX K PasfMYHbIX NaHAWadTHbIM palioHam WU

NPOBUHLMAM.
B naHpwadrax, xapakrepusyrowmxca 6o0bwnm
pasHoobpasnem yCnoBuit " ocobeHHocTeM

nocTarporeHHoi TpaHchopmaumm, OKasanocb Lenecoob-
pasHbIM 3a/10KeHWe HEeCKOJ/IbKUX KOHTPO/bHbIX NIOLAA0K
[ONA nposeaeHun 60/1ee TOUHbIX aHAIMTUYECKUX OLLEHOK.

Ha  u3ydaemblx  naowagKax  MNpPOBOAMAUCH
cneaylolme UccnefoBaHmua:
A). Onpegensanuce  BUL M UHTEHCWMBHOCTb

QHTPONOreHHOro BO3encTBuA.

B). OueHnBanoCb COCTOAHUE PACTUTENbHOCTU, ANA
yero BbINONHANNCH reoboTaHuYecKume onucaHusa
pacTUTENbHOTO MOKPOBA, ONpefenAnucb 3anacbl Tpass-
HUCTOM duTOMacchl (cbipas) nyTem B3BEWMBAHUA C
TOYHOCTbO A0 1 I., OTO6pPaHHOM C NOMOLLbIO CTAaHAAPTHOM
pamKku. KonnyectseHHan oueHKa ¢puTomacchbl NpoBoauaach
B Nepuos, MakCMMaibHOro Pa3BUTUA BereTaTUBHOM MaccChbl
(Hayano unionsa).

NONYYEHHbIE PE3Y/IbTATbI U UX OBCYXXAEHUE
BoidenieHue KOHMPOsbHbIX MA0UAO0K HO meppumopuu
Bonxccko-OKCKo20 mexoypeybsa

Apeanbl BbIOpPaHHbIX NAOWAAOK OTpa)KkatoT Haubonee
CYLLECTBEHHblIE OCOBEHHOCTU MOCTAarporeHHom TpaHchop-

Branaviup/ Viadimir

KorTponeHeie yuyactim / Cantrol sites
lopoga f Cities

Pexa Bonra / Volga River

Peka Oka / Oka River

MpuToku pekn Oka / Oka River feeders

Ipanuua naHgwadTHelX NpasnHumnid / Border of natural areas

MauMM  pasaMyHbIX  NaHgwadToB  Bonrkcko-OKckoro
mexaypeubs. OHM NO3BOAAIOT ONPEAeNUTb, Kak Haauume
06WMX Ana Tepputopum BoKcko-OKCKOro MeKaypeubs
3aKOHOMEPHOCTEW, TaK M 0COBEHHOCTEN, XapaKTepHbIX ANs
onpegeneHHbIX NaHAwadToB.

OnpedesieHue mMumnos 3apacmaHus NocMazpo2eHHbIX
meppumopuli

B npouecce uccnenosaHma 6b110 YCTaHOBAEHO, YTO MHOTUE
0COB6EHHOCTM NOCTarporeHHoW TpaHcHOpPMaLMM MAXOTHbIX
3emMesib aHaNN3MPYEeMOWN TEPPUTOPUM HA HAYaNbHbIX W
MPOMENYTOUHbIX CTagMaX (4OKAMMAaKCHoe CocTosHue)

OMNpesensAlTCaA  XapakKTepoM ee  WCMO/b30BaHWA U
npuaeraloWmMmMmM 3emeNbHbiIMKM  yroabamu. B pesynbraTe
onpegeseHo  TPU  OCHOBHbIX ~ TMMa  3apacTaHus
MOCTarporeHHbIX 3emesb:

3apacraHue, cBA3aHHOE co cmeHoli
3emnenonb308aHuUA.

3apacTaHue e6au3u sneca. [aHHbIN TN 3apacTaHus
XapaKTepeH A/15 3abPOLLEHHbIX NaLleH, PAgOM C KOTOpbIMU
HaXo4ATCA NeCHble MacCuBbl.

3apactaHue edasau om neca. B paHHOM cnyyae
pPAAOM C 3apacTalolLeit TeppuTopmeit HeT neca, BOKPYr Hee
MOTYT HaXxoAMTbCA JyroBble COOOLLECTBA, HACENEHHblE
NYHKTbI U T.4,

Knioyesble  NIOWAAKM  HA  MOCTarporeHHbIX
TeppuTOpUAX BblAN OTHECEHbl K OAHOMY U3 Tpex TUMOB
3apacTaHua. Takxe 6biAv BblaeneHbl TpU NAOWAAKM C
XapaKTEPHOM  pacCTUTENbHOCTbIO  JIeCHbIX  COObLLecTB
(.02, Iv.01, IV.05), p4Be naowWaAKM  3aHATble
CeNbX03yroAbaMun B akTMBHOM pa3paboTke (1.02 n IV.08)

[ns cpaBHeHWA B KauyecTBe ecTecTBEHHO-NYroBoW
accoumaumm 6blna  onpegeneHa naowagka (1.07) c
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MUWHUMaNbHbIM QHTPOMOreHHbIM Bo3aeicTBnem Ha OOMT
«Bborono6oBCKUI Nyr», KOTOpbIN B 0603pMMOM NPOLLIOM
noaaepKmnBanca B eCTeCTBEHHOM COCTOAHUM 3a cyeT
BbIFOHA CKOTa M CeHOoKoleHuA. CyuTaeTcA, YTO B 3TOM
apease MaKCMManbHO NpeacTaBneHo ¢puTopasHoobpasue,
XapakTepHoe pna gaHHoro pervoHa [10; 11]. [AaHHan
naowaaKa ABUAACb ITANOHHOW ANA  CPABHUTENBHOMO
aHanusa noKasatenem buToNpoAyKTUBHOCTH "
61opasHoobpasma pasHbIX TUNOB 3apacTaHuA.

Kntouesble naoWwaaKu, npeacrasastoLme
BblAe/IeHHble TUMbl 3apacTaHMA, NPUYPOYEHbI K Pa3INYHbIM
naHpwadTam U cucteMaTM3npoBaHsbl (Taba. 1, puc. 1, 2).

AH@U3 CYKUECCUOHHbIX MPOUEccos Ha nocmazpo2eHHbIX
3eMAAX U OCHOBHbIE MUrbl 3apAcmMaHus

AHanu3 Tpex TMMNOB 3apacTaHWA BbIMOJHEH Ha MpUMmepax
KNOYEBbIX MJIOWAA0K, PACMONONKEHHbIX HA TeppUTOPUAX
pasfniMuHbIX NaHawadros (tabn. 1, puc. 1, 2).

Tun 3apacmaHus: 3apacmaHue 86au3u neca
[aHHbIl  TMN  3apacTaHuAa  nNpeacTaBfeH  LWeCTbio
KOHTPOJIbHbIMM MAoWaaKamu. ObWUM ans HUX AsnAeTca
TO, YTO NpeobnagaeT MHTEHCMBHOE 3apacTaHMe ApPeBecHOM
pPacTUTENbHOCTbIO NOPOAAMM KOPEHHOTO neca, 0CobeHHOo
BAO/Mb ONYWKW neca. 34ecb He[oCTaTOMHO pasBuTa
OEepHOBUHaA, HeBbICOKOEe BMAOBOE pa3Hoobpasue
TPaBAHUCTON pacTutenbHocTM (¢ npeobnagaHuem
pa3HOTPaBbA), CpegHNe 1 BbICOKME 3anacbl GUTOMacChbl.

Hanbonee TunuyHble npoueccbl HabnogaloTca Ha
naowaake ¢ 3anexHoiMmu noysamm IV.02 B paiioHe OKCKo-
LYHuHCcKo20  8ana, KoTopasa b6blna  BbiBeAeHA U3
cenbxo306opoTa npumepHo 30 NeT Ha3ag M pPacnosNioxeHa
PAAOM CO CmellaHHbIM necom (naowaaka IV.01).

[aHHas TeppuTOPUA MHTEHCUBHO 3apacTaeT COCHOM
1 bepesoli, 4to 0bycnoBNeHO NpeobiagaHMeM 3TUX NOPOS,
B npwaeratowem y4yactke sneca. poeKkTMBHOE MOKpbITUE
[APEBECHON PacTUTENIbHOCTU COCTaBAsAET yxke Honee 50%,

npM  3TOM  COMKHYTOCTU  KPOH He  MPOWMCXOAMT.
Mpeobnagatowas TpaBAHWUCTaA pacTUTeNbHOCTb
npeacrasneHa B Tabauue. HecmoTpAa Ha  Haauuue

[OCTaTOMHOrO KONMYecTBa [APEBECHOW PacTUTENbHOCTH,
MHTEHCMBHOMO 3apacTaHWA TUMMUYHBIMKM  TPABAHMUCTBIMM
NEeCHbIMU PacTeHUAMM MOKA He NMPOUCXOAMUT, ee BUAOBOWA
COCTaB CYLLECTBEHHO OT/AMYaeTCA OT PaCcnoNOMKEHHOMW
pAaaom necHol Tepputopum (naowaaka IV.01). Hanpumep,
OTCYTCTBYIOT [paBuiaT ropoAckoit, MpywaHka manas u ap.,
a npowuspacraloT syrosble Tpaebl (TMmodeeBka nyrosas,
Exka cbopHan v ap.).

CdopmupoBanocb coobLLECTBO, B KOTOPOM Moj,
[APEeBecHON PacTUTENbHOCTbIO HaxoaaTca Buapl, 6osee
XapaKTepHble AN JYroBblX TEPPUTOPUIA, MOCKONbKY
NnepBOHAYaNbHO WO 3apactaHWe 6e3 ApeBocTos U Ha
JaHHOM 3Tane He cHOPMMPOBANUCL YCNOBUA  ANs
pacceneHns NecHOW TPaBAHWUCTOM  PACTUTENbHOCTMU.
Mpenatcreyert aTomy pacceneHuto XOpOoLIo
chopmMMpoOBaHHAA  AepHMHA UM He  AocCTaTouyHoe
NPOEKTUBHOE MOKPbITUE APEBECHOW PacTUTENbHOCTU.
TpaBaHWCTas  pacTUTENbHOCTb  cHOpMMpPOBaBLLETOCA
¢duTOLLEHO3a MO CPaBHEHUIO C /IECHOW XapaKTepusyertcs
cylectBeHHo 6onblieit  duUTOMaccoi U HEMHOrO
60/1blUMM BMAOBLIM PasHOOBpPasMem, HO 3HAUYUTEsNIbHO
yCTynaeT no pasHoobpasuio M KO/JMYECTBY BUAO0B
JIyrOBbIM accoumaumam c MWHUMaNbHbIM
AHTPOMOreHHbIM BO34eNCTBMEM (KoHTpO/IbHasA
nnowaaka .07 «borontoboBCKUi nyr»), NnpubanKanch K
HUM AnLWb No dpuTomacce.

Cpefv NAOWAAOK, OTHOCALMXCA K TUny
3apacTaHua  C  pacnofoXeHHbIM  pALOM  J1ecom
HeobXoAMMO OTMETUTb PACMO/IOKEHHYI B BoskcKo-
KnasbmeHcKko npoBuHumu (I.01) Ha TeppuTOopUM
Mneccko-2anuyckoli 8o38bleHHOCMU. [Ins Hee Takxke
XapaKTepHO  BO306HOB/NEHMEM  ApeBecHbIX  Mopos,
TUNWYHBIX AR cocefHero neca (3TanoHHasa naowaaKka

11.02). Ho TpaHchopmaumsa pPacTUTENbHOTO MNOKpPOBa
OT/INYAETCA MaKCMManbHbIM CpPeau BCEX YYacCTKOB,
BK/ItOYaA M 3TaNoHHble, 3anacom  ¢duTOMAacCChI

TpaBAHMCTbIX pacTteHuit (10,2 T/ra) n cambim 60abLINMM
cpeam NocTarporeHHbIX TEPPUTOPUIA KONMYECTBOM BUA0B
(23 Buaa). OaHako 6uopasHoobpasve (MO MHAEKCY
LleHHOHA) TaKXe 3HauYUTEe/IbHO HUMKE KOHTPONbHOM
NAOLAAKMN.

Tun 3apacmaxus: 3apacmarue co cmeHol
3em1ernonb3oeaHusa
[aHHbIN TN 3apacTaHuA NpeacTaBaeH ABYMA KAOYEBbIMU
naowaakamu (IV.03, IV.04), oTANYAOLWMMUCA XapaKTEPOM
QHTPONOreHHOro  BO3AENCTBMA, UYTO CKasblBaeTcA Ha
HaKoneHnn GpUToMacchbl pacTUTeIbHbIMK COObLLECTBAMU.
[Ona  Hero xapaKTepHO NpaKTUYecKn nosHoe
OTCYTCTBME APEBECHON PACTUTE/IbHOCTM, XOPOLWIO pa3BuTa
OEepHOBUHa, obunbHoe pa3ssuTune TPaBAHUCTOM
pacTUTeNbHOCTH (c npeobnasaHvem 3/1aKOBbIX),
MCMNo/Ib30BaHMNE TEPPUTOPUM B KayecTBe CEeHOKOoca WU
nactéuwa, 3anac ¢puTomacchl, 61M3KUIA K eCTECTBEHHbIM.
Mnowaaka 3anexHblx 3emenb B palioHe OKCKo-
L{HuHcKozo 8ana (IV.03), pacnosoxeHa pAAOM C 1€COM, HO
OQNTeNbHOE BpemsA Moc/e BbIXOAa M3 KaTeropum MaxoTHbIX
3emesib, UCMNONb30BaNaCb MOJ CEHOKOCHblE YroAbs, 4TO
€034an0 xopowune ycnosua ana GopmMUpoBaHUA AEPHUHDI,

No3TOMy  MNpOLLEeCC  3apacTaHUA  ApPEeBECHOW  pacTu-
TENbHOCTbIO 34ecb He npoucxoamut. O6wwmin  3anac
duUTOMACChl HAO3EMHON TPaBAHUCTOM PACTUTENIbHOCTMU

cocrasnsetr 7,79 T/ra, 4TO BblWE 3HaYeHWH AaA
ecTecTBeHHbIX Me30dUTHbIX Nyroebix ¢uToLeHo308. Ha
BTOpoi naowagke (IV.04 Kosposo-Kacumosckoe raamo)
cbopMmmnpoBancs  371aKOBO-Pa3HOTPABHbIN  PUTOLEHO3,
KOTOPbI UCNONb3YeTCA HEe TO/IbKO 418 CEHOKOLWEHMUA, HO
ANA  BbiMaca cKkoTa. ®dutomacca [AaHHOrO  y4yacTka
OOCTaTOMHO HM3Ka (3,2 T/ra) 3a CYeT MHTEHCUBHOrO
BblejaHUA ee CKOTOM.

O6wmm ans obeunx NNOWAA0K ABAAETCA TO, YTO UX
BMAO0BOM COCTaB OT/IMYAETCA OT 3TAa/IOHHON U MMmeeT bonee
HU3KOe Mo CpaBHEHMIO C Hell BuopasHoobpasme.

Tun 3apacmaHuA: 3apacmaHue 80aau om neca
3apacTtaHue ApPEeBEecHON PacTUTE/IbHOCTbIO MPOUCXOAMT B
6onee nosgHMe CPOKWM, B OCHOBHOM MOPOAAMM, CEMEHA
KOTOPbIX XOPOLWIO PAa3HOCATCA BETPOM. 3afepHOBAHHOCTb
cpeaHsanA, BUAOBOW COCTAaB HEBbLICOKWUN, C nNpeobnagaHvem
3/1aKOBbIX W pPasHOTPaBbA (Ha HayalbHbIX CTAaAMAX
3apacTaHuMs — npeobnagaHue  pydepasnbHOM  pacTu-
TenbHocTH). CTaguiiHoe u3meHeHve 3anacos GUTomMacchl u
BMA,0BOro COCTaBa GpUTOLEHO3a.

3apacTaHue 6e3 6/M3KOro pPacnonoXKeHusA Jeca
npeacrasneHo 10-t0 niowagkamu, KOTOpble He 3aBUCMMO
OT NaHAWadpTHOM NPUHALIENKHOCTM MO CPaBHEHUIO C
3TafIoHHOW nyrosBow naowagkoi (1.07) xapaktepusytoTca
bonee  HU3KMM  MHAEKcom  LlleHHOHa, MeHbwWMm
KOMYECTBOM  BMAOB  TPABAHMCTbIX  PacTeHUn U
MPaKTUYECKM Ha BCeX MoLaaKax pUTomacca HUKe.
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3apacraHue B61M3M OT neca
Overgrowth a closely located forest

PucyHoK 2. Npumepbl 3apacTaHnii NOCTarporeHHbIX TeppUTopuUi
Figure 2. Examples of overgrowth of postagrogenic territories

Takmm  obpa3om, aHanAM3  TUMNOB  MOCTArporeHHom
TpaHcHOPMaLMM NAXOTHLIX 3eMesib MO3BOJIUA  BbISBUTb
cneaywolme 3aKOHOMEPHOCTH XapaKTepHble ana
HayaNbHbIX W  MNPOMEXYTOYHbIX CTagui  3apacTaHus
OOKNMMaKCHbIX coobuiecTs.

Bo-nepBblx, TWM 3apacTaHWs He 3aBUCUT OT
NaHpWwadTHOM  NPUHAANENKHOCTM apeasa  3apacTaHuA.
OcCHOBHaA TEHAEHLMA, KOTOpas NPOC/eXKMBAETCA Ha Bcew
TEppUTOpUM — 3ITO BOCCTAHOB/EHWE NIECHON pacTu-
TE/NIbHOCTU, KOTOPOE MAET C Pas/IMYHOM CKopocTbio. OHa
onpeaensaeTca, B OCHOBHOM, PACMO/IOKEHUEM TEPPUTOPUU
PALOM C IECOM MW HA 3HAYUTENIbHOM YAa/IEHUU, @ TaKKe
XapaKTEPOM aHTPOMOreHHoM A[eATeNbHOCTM Ha 3abpo-
LUEHHbIX NAaXOTHbIX 3eMAA UX.

Bo-BTOpbIX, pe3y/nbTaTbl UCCNEA0BAHUIN NMOKas3anw,
YTO 3apacTaHuve 6ONbLIMHCTBA YYaCTKOB Ha TEpPPUTOPUM
pasHbIX NaHAWadToB NAET NO OBWMUM CYKLEeCCUaM, Oaxe
Ha pasHbIX nNoyeBax (4epHOBO-MOA30/UCTbIX W CepbIX
NIECHbIX) MPOMUCXOAMT HUBENMpOBaHME NaHAWadTHbLIX
0COBEeHHOCTEN TEeppPUTOPUIA, MNOABAAIOTCA CXOAHblE BUAbI
pacTeHwuli n coobuuecTs.

B-TpeTbux, pesynbTaTte nocTarporeHHowm
TpaHchopmaumm  GUTONPOAYKTUBHOCTb  TPABAHWUCTBIX
pacTeHui Ha MepBbiX 3Tanax CHUMKAETCA, 3aTeM OHa, Kak
NpaBuW/io, BO3pPAcTaeT W MOXET AOCTUraTb 3HauyeHui,
XapPaKTEPHbIX ANA  3Ta/NIOHHbIX  Pa3HOTPABHO-3/1aKOBbIX
COOBLLECTB UK, AaXKe, B PEAKUX CNy4YanX, NPeBbiWwaTh 3TH
3HayYeHuA. AHANOMMYHas CUTyauus NPOC/EXMBANAcb Mpu
BOCCTAHOBJ/IEHMW PACTUTENIBHOCTU MOC/IE 3arpsA3HEHMA MOYB
TEXHOTEHHbIM MOAIIOTAHTAMM.

B-ueTBepTblX, 6MOpa3HOO6pasne  TPABAHWUCTbIX
pacTeHMli M KOAMYECTBO WX  BWOoB  (BMposoe
pa3Hoob6pasne) B pasHOM CTEMEHW CHUXKAOTCA Ha Bcex
KOHTPO/IbHbIX M/IOWaZKaX, He 3aBUCMMO OT JlaHAWwadTHOM
NPUHAANEKHOCTH, TUNAa W BPEMEHM 3apacTaHua no
CPaBHEHUIO  XapaKTePUCTUKAMW  3Ta/IOHHOW  pacTu-
TE/IbHOCTU Pa3HOTPABHO-3/1aKOBbIX COO6LLECTB, NpeacTaB-
NIeHHbIX naowgaakon L0O7. [Mpu 3TOM  OAMHAKoBasA
NPOAYKTUBHOCTb $UTOLEHO30B obecrneynmBaeTca pasauny-
HbIM BM0BbIM COCTaBOM COObLLECTB.

3AK/TIOMEHUE

Takum 06pasom, aHanU3 MoCTarporeHHbIX GUTOLEHO30B,
XaPaKTEPHbIX AN HAYaNbHbIX U MPOMEKYTOUHbIX CTagui
3apacTaHMA AOK/AMMAKCHbIX COOBLLECTB MOKasaa, YTo OHU
CNOCOBHbI NOCTENEHHO BOCCTaHaBAMBaTb MPOAYKLMOHHbIN
NoTeHLMan ecrectBeHHbIX GUTOLEHO30B U B HEKOTOPbIX

3apacrtaHue BAanM ot neca
Overgrowth away from the forest

3apacTtaHue, CBA3aHHOE CO CMeHOoM
3eM/1eno01b30BaHNA
Overgrowth associated with land
use change

CNy4yasx nNpPeBOCXOAUTb €ro, HO OT/IMYAOTCA OT HWX
BMA,0BbIM COCTaBOM.

B pe3ynbTaTe 3apacTaHUA CebCKOXO3AWCTBEHHbIX
yroauii cHuxkaetca bruopasHoobpasme coobLecTs, Tak Kak
3apacTaHMe Ha TeppuTOpMM pasHbiX NaHawadToB ¢
OT/IMYAIOLLMMCA MOYBEHHLIM MOKPOBOM MAET MO 06WUM
CYKLLeCCUAM, UMEET MECTO HMBENUPOBaHWE NaHAWwadTHbIX
ocobeHHoCTeN GUTOLEHO30B, NOABAAIOTCA CXOA4HbIE BUAbI
pacteHuii u  coobuwects. BocctaHoBneHve 6Huopas-
HoObpasusa B o0603pumom byaywem BeCbMa
npobaemaTnyHo.

B  uensx  cOXpaHeHMsa M MNOCAeayoLlero
BOCCTaHOB/MEeHUA  6uopasHoobpasua  npeacraBasercs
LenecoobpasHbiM Npu pacnallke TEPPUTOPUIA MepemeKaTb
NnaxoTHble yroaba C HeobpabaTbiBa€MbIMU yyacTKamMu
[0CTaTOYHO 60/bLIOrO pa3mepa, KOTOpble MOTYT C/YKUTb
cBoeobpasHbiIMM baHKamu cemsaH abopureHHoW pacTu-
TE/bHOCTM B ULENAX coxpaHeHus o¢uTopasHoobpasusa.
Kpome TOro, o4eBugHOo, 4TO 6AM3KOE pacnonoxKeHue
NaxoTHbIX yrogui 6onblWKX MAOWALEN /NUWAET ecTecT-
BEHHbIX 6MOTOMNOB AN HACEKOMbIX-OMbIIUTENIEN, YUTO TaKXKe
HEraTMBHO CKa3blBAETCA HA COXPAaHEHWUM U NOoAAepP:KaHWUU
61opasHo0B6pasnA  ecTecTBeHHbIX NaHAWadToB M 3KO-
cuctem.
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Pe3lome

Lenb. B cBA3M c rnobanbHbIM U3MEHEHWEM KAMMaTa U yBEAUYEHUEM
WHTEHCMBHOCTU apuam3aumm permoHa HOxHoro 6epera Kpbima (FOBK)
HeobxoauMo M3yunTb 3KodU3MONOrMYecKyro peaKkuuto Juniperus excelsa
M. Bieb Bo Bpems ero MHTEHCUBHOM BereTauumn Ha BO34eNCTBUE BHELIHUX
daKTOpoB cpepbl, OKasbiBalolWMX 6onblioe BAMAHWE HAa OCOBEHHOCTU
BOAHOIO peXkuMma, No3BONALMNX YCTAHOBUTb BO3MOXKHbIE ONTUMAJIbHbIE
M HebaronpuATHbIE YCI0BUA MPOU3PACTaHUA BUAA.

Matepnan u meToapl. M3mepeHuAs NapameTpoB BHELWHeN cpesbl
NPOBOAWAN C NOMOLLBI0 BecnpoBoAHON cucTembl GUTOMOHUTOPUHTA. Mpu
CTaTUCTUYECKOW 06paboTke JaHHbIX WCNO/Ib30Ba/INCh  MpPUKAagHble
KOMMbIOTEPHbIE  Mporpammbl.  MopgenvpoBaHMe W Cria)KMBaHMe
OBYMEPHbIX AaHHbIX MPOBOAMIOCL MO METOAAM HaMMEHbLUMX KBagpaTos,
pobacTHOM NI0KaNbHO-B3BELLEHHOW pPerpeccum u maTemaTuyeckon moaenu
NoLLAroBOro PerpeccMoHHOro aHanumsa.

Pe3ynbtatbl. [N OLEHKM 3KOPU3MOIOTMYECKOM peaKkumMm B nepuog,
Beretauuu Juniperus excelsa M. Bieb Ha Bo3geiicTBue BHelWHMX GpaKTopoB
cpeabl, Mbl  NPUMEHUMAWM  MATEMATMYECKYlD MOAeNb MOoLaroBoro
PEerpeccMoHHoro aHanus3a. B KayecTBe 3aBUCUMMbIX MNEPEMEHHbIX Mbl
MCNONb30BaN OTHOCUTE/NIbHYIO CKOPOCTb BOAHOro MoToKa B nobere (Sf,
oT. ea.) u anametp nobera (d, Mm.), AaHHble BblIM MOAYYEHbI C AATYNKOB
BogHOro notoka SF-5P u gatunkos SD-10z. HesaBUCMMbIMKM NepeMeHHbIMMU
ABNANNCL OCHOBHble GaKTopbl BHewHel cpeapl. [ons aucnepcum
3aBUCMMOM MepemeHHOW, 06bACHAEMOM NPUMEHAEMbIMW MOAENAMMU
cocTtasaseT 98-99%.

BbiBoabl. Paspabotka mogenn Ha OcHOBe 6a3bl AaHHbIX  YHKUWUKA
pacTeHul C COOTBETCTBYHOLMMU KONMYECTBEHHLIMU XapaKTepUCcTUKaMu
No3BO/INT B MEPCMNEeKTUBE MNPOrHO3MPOBaTb 3KOJIOFMYECKOE COCTOsHME
KOHKPETHOro apeasa uiu perMoHa B LLeJIOM.

Kniouesble cnosa

Juniperus excelsa M. Bieb., akoduranonornyeckan peakums, BOAHbIN
PEeXMM, MPOrHO3, ONTUMA/bHbIE, MPeAebHbIE YCI0BUA OKPY»KatoLei
cpefbl, 93KO/I0rMYeCKoe COCTOAHME.
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Abstract

Aim. In connection with global climate change and an increase in the
intensity of aridisation of the region of the southern coast of Crimea (SCC),
the aim is to study the ecophysiological response of Juniperus excelsa
M. Bieb is, during its intensive vegetative phase, and the impact of
external environmental factors that greatly influence the characteristics of
the water regime, which would allow the possible establishment of
optimal and unfavorable conditions for the growth of the species.

Material and Methods. Measurements of environmental parameters were
carried out using a wireless phytomonitoring system. Applied computer
programs were used for statistical data processing. Modeling and
smoothing of two-dimensional data was carried out using the least
squares method, robust locally weighted regression and a mathematical
model of stepwise regression analysis.

Results. To assess the ecophysiological response to the impact of external
environmental factors during the growing season of Juniperus excelsa
M. Bieb, we applied a mathematical model of stepwise regression analysis.
As dependent variables, we used the relative water flow velocity in the
shoot (Sf, r.u.) and shoot diameter (d, mm), data were obtained from
SF-5P water flow sensors and SD-10z sensors. The independent variables
were the main environmental factors. The share of dispersion of the
dependent variable, explained by the applied models, was determined as
98-99%.

Conclusions. The development of a model based on a database of plant
functions with appropriate quantitative characteristics will make it
possible in the future to predict the ecological state of a particular area or
region as a whole.

Key Words
Juniperus excelsa M. Bieb., ecophysiological response, water regime,
forecast, optimal, limiting environmental conditions, ecological state.
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BBEAEHUE

OcobeHHOCTM KanmaTta Cpeam3eMHOMOPCKOro permoHa u,
B yacTHocTK, FOxHoro 6epera Kpbima (HOBK), ssastowerocs
PErMoOHOM CyXMX CyBTPOMMKOB, MO3BOAAIOT COXPaHATb
€CTeCTBEHHYI0 PaCTUTE/IbHOCTb, 3aKnafblBaTb HOBble M
PEKOHCTPYMPOBaTb CyLECTBYIOWME 3e/eHble HacaKAeHus,

KOTOpble  HaxoAATCcA B YC/IOBMAX  MWKPOKIMMATA,
dbopmupyemoro okpyKatowel cpegoin [1-3]. byaywme
KAMMaTUYecKune cueHapwmm npeAacKasblBaloT, uTo

Cpeam3eMHOMOPCKUIM  pervoH byaeT cpegu Haubonee
NocTpafaBLUMX YacTel MMPaA C TOYKM 3PEHUA yBeANYEHUA
4acToTbl U UHTEHCUBHOCTM 3acyXx [4].

AfanTMPOBATLCA K HOBbIM YCNIOBUAM CMOTYT TOJ/IbKO
Te  pacTeHusa, KoTopble  06/M13apaldT  AOCTAaTOYHOM
3KOMIOFMYECKOM  NAACTUYHOCTbIO, 4YTO  MOATBEpPXKAAET
BaYXHOCTb MCCNEL0BaHUI COCTOAHUA U GYHKLUA PaCTeHU,
Haxo4AlWMXCA NoJ BO3AEWCTBUEM aHTPOMOTEHHbIX WK
npupoaHbIX ¢akTopos cpeapl [5; 6]. OgHMM M3 TaKux
BMAOB sABnsetcA MOXKeBeNbHUK BbICOKMI (Juniperus
excelsa M. Bieb.). OcobeHHOCTM nMpouspacTaHMa AaHHOro
Buaa B ycnosuax KOBK nokasaHbl B pabotax [2; 5; 7]. B
pabote JlapuHa T.I. [2] paccmoTpeHbl 0Co6eHHOCTM
CTPYKTYpbl duTOLEHO30B dopmauun Jnipereta excelsae B
fopHOM Kpbimy. JKcTpanonauma pesynbTaTos
GOpPMUPOBaAHUA HaCaXAEHUI 3TOrO BMAA B 3anoOBefHUKe
«Mbic MapTbsaH» npeacTaBneHbl B paboTe Mpuroposa A.H.
[5] ¥ um paH nporHos ux ganbHenwero passutua. Kint V. u

ApyrMe npoBenuM  UCCNeAO0BaHMA MO ONpegeneHuto
3KO/IOTMYECKMX  Mpu3HaKoB  Juniperus excelsa  pns
MOAENPOBaHNA  UX  AMHAaMMKM B ropax  Taypyc
(CpeansemHomopbe — Typuumsa) [6].

3apybexKHbIMM  y4YeHbIMK, OAA  onpeaesneHus
TpeboBaHMA K MecTy obutaHua MoxKKeBeslbHUKA

BbICOKOro B Typuuu, 6bl1M NpoBeAeHbl UCCAef0BaHWSA feca
BAONb  TPafiMeHTa  MEXAy CpeAu3eMHOMOPCKMM U
KOHTMHEHTaNbHbIM KnumaTtom [8]. B paboTte YepHAscKoi

MB. wu gpyrmx [4] npeactaBneHbl  pe3ynbTaThbl
MHTPOAYKLMNOHHbIX UCMbITaHUN, NpoBOAMMbBIX B
BotaHuueckom cagy AgfbIreicKkoro rocyaapCTBeHHOro

YHUBEpPCUTETA, HA NpeacTaBuTenax popa Juniperus excelsa
L, B TOM uucne u J. excelsa, 1 uccnefioBaHUA OCHOBHbIX
napameTpoB MX BOAHOIO pexmma.

OcobeHHOCTM  TPaAHCMUPALMOHHOIO  XapakTepa
Juniperus macrocarpa n3y4anuce ¢ npUMeHeHMem MeToL0B
cokoaguKkeHun (tmna TlpaHbe) B 3anagHom Kpute [9].
FfofoBble TEHAEHLMU COKOABWMKEHWA B LEJOM WMeNu
KOJI0KON006pa3Hyto GopmMy U 3HAUUTENBHO Pa3MYaNUCh B
3aBUCMMOCTM OT Ce30Ha W Knacca nosora. 3umow
COKOABUMKEHNE BblI0 MUHMMANbHLIM, HO AepeBba 6biAn
aKTUBHbI, Korga Temnepatypa 6Oblna  BbiWe  TOYKM
3aMep3aHuA, a TpaHCNUpauua aepeBbeB 3aBucena oT
rnybuHbl 3aneraHvAa B nouyse. [loNyyeHHble [AaHHble
nokasanu, u4To KAumaT Kputa He  orpaHuumsaet
pacnpoctpaHeHue J. macrocarpad B [AaHHOM pernoHe u
Nno3BONAIOT ONpefenuTb CTeneHb aAanTUPOBAHHOCTU
PacTeHUI K TEM AW UHBbIM ycioBUAM cpeapl [10-14].

Lensro paboTbl 6b1n10 uccnenoBaHue
aKkodusMonornyeckon peakumu Juniperus excels M. Bieb.,
BO Bpems ero MHTeHCMBHOM Beretaumu, Ha Bo3geincTeue
BHeWHUX aKTOpoB cpeabl, OKasbiBalowWwmx 6Honbluoe
BAMAHUE Ha 0COBEHHOCTU BOAHOTO PeXMMA, MO3BONAIOLLNX
YCTaHOBUTb  BO3MOMHble  ONTMManbHble W  Hebna-
ronpuATHblE YCNOBWUA MPOM3PACTaHUA BMAA B NPUPOLHO-
KAnmatmyeckunx ycnosmax tOBK.

MATEPUAN N METOAbl UCCNEQOBAHUA
MosKeBeNbHUK BbICOKMI (Juniperus excelsa M. Bieb.) —
remmkcepodubHbIA  PEeSINKTOBLIM NpeacTaBuUTeNlb POAaA
MoskKeBenbHUK (Juniperus), OTHOCAWMICA K cemeincTasy
Kunapucosblie (Cupressaceae). Mpouspacraer Ha
TeppuTopmn BocTodHOro CpeanseMHOMOpPbE, 3 UMEHHO OT
CeBepo-BOCTOMHOW YacTu peumn Ao toKHOM Bonrapuu, a
Takxke B Typuuu, Cupuu, JinsaHe, BCTpeyaeTca B ropax
KaBkasa, Ha Tepputopun KpbiMma pacteT oT mbica Aia A0
ropHO-BY/IKaHW4eckoro maccuea Kapagar. MpouspacTaer B
HUKHUX TOPHbIX Moscax A0 BbicoTbl 400 M Haj, ypoBHeEM
MOPA Ha COJIHEYHbIX CYXMUX CK/IOHaX, OcobeHHO Ha
KaNbLMTHbIX MOYBAX U NpeacTaBnseT cobolt BeyHoseneHoe
XBOMHOE AepeBo UM KyCcTapHUK BbicoTon 10—15 m [15; 16].
l'ycTan, KOHycoobpasHasa KpoHa MMeeT NUPamMUAANbHYIO
wan  okpyrayto ¢dopmy. XBoA Ha KoHuax noberos -
uronbyaTtan, AJVHHAA U packnauctasa. KopHesaa cuctema
NoBEPXHOCTHAA. PacTeHMe OQHOAOMHOE M Pa3MHOMKaeTcs
cemeHamu. B KpbiMy penpoayKTUBHbIM UWMKA, @ UMEHHO
nepuoa, OT 3a/IOKEeHWUA LWMWILIEeK [0 CO3PeBaHUA CemsH
coctasnseT 27 mecAues, nNpu 3Tom $asa nblNeHUs AnuTca ¢
cepeauHbl AHBapA Jo anpens [7].

MpoBegeHve WcCcNefoBaHUN  OCYLLECTBAANIOCL B
YCNOBMAX  BEreTaLMOHHOrO OMbiTa Ha  TeppuTOpUM
depepanbHOro rocyapCTBeHHOro 6toaKeTHOro
YUPEKAEHUA HayKM «HUKUTCKMI GOTaHU4Yeckuid cag —
HaumoHanbHbIM HayuHbli ULeHTp PAH» [15]. OnbiTHbIMK
obpasuamm  BbICTYManM  CaXKeHUbl, BbIpalleHHble U3
YyepeHKoB, B Bo3pacte 3—4 neT. [lepuos BbINOSHEHUA
OMbITOB AJINJICA C UIOHA NO ceHTAbpb 2019-2020 rr.

M3mepeHna  napameTpoB  BHeWHen  cpeabl
nposoaunm 6ecnpoBogHoOi cucTeMo GUTOMOHUTOPUHTA,
a WMEHHO ¢UTOMOHMTOpOoM Mogenu PM-11z ¢upmbl
“Bioinstruments S.R.L.” [17], Habopom 6ecnpoBOAHbIX
[ATYMKOB M MeTeocTaHumnen mogenm DWS-11z, B KoTopyto
BXOZAT nupaHomeTp (Apogee Instruments, CLUA), aatumk
TemMnepaTypbl U BAAXKHOCTM BO34yXa, Aoxaemep (Decagon
Devices, CLWLIA) n aHemometp (Davis Instruments (CLUA).
N3mepeHna auameTpa CTBONAA OCYLLECTBAAAM AATYNMKOM
FI-Sz 1 SD-10z, oTHOCUTE/IbHYIO CKOPOCTb BOAHOIO NOTOKA B
nobere (Sf, oT. ea.) — gaTyMKom BoAHOro mnotoka SF-5P,
anametp crebns (d, mm.) — aatumk SD-10z, KoTopble 6bian
NOAK/OYEHbl B BbllEYKa3aHHylD cuctemy  putomo-
HUTOPWMHra.

Mpu CTaTUCTUYECKON obpaboTke OaHHbIX
MCMONb30BaNWU NPUKAAAHBIE KOMMNbIOTEPHbIE MPOrpaMmmbl
Statistica 10 (“Statsoft Inc.”, CLLUA) n Microsoft Excel 2010.
MogenvmpoBaHme W Craa)KMBaHWe [BYMEPHbIX AaHHbIX
NpoBOAMNOCL MO MEeToAaM HaMMeHbWWX KBaapaTos,
pobacTHoM NIOKaNbHO-B3BELUIEHHOM perpeccun 7
MaTeMaTUYeCKON MOAEeNn MOoLIaroBoro pPerpeccCMoHHOro
aHanu3a. Bce pacyeTbl OCyLLeCTBAANM C YH4ETOM YPOBHA
3HaymmocTu P<0,05 [15; 18].

NMONYYEHHbBIE PE3Y/IbTATbI U UX OBCYXKAEHUE

DUTOMOHUTOPUHT € MOAJEPIKKOW  MPOrPeccUBHbIX
MHOOPMALMOHHO-U3MEPUTENbHBIX  CUCTEM  MO3BOAsAET
BbINO/IHUTL KOMM/IEKCHYIO OLEHKY COCTOAHMA U bYHKLMIA

pacTeHus, HaxopsALmeca nog, BO34EeNCTBMEM
QHTPOMOTreHHbIX WAM NPUPOAHbIX (aKTopoB. PyHKUUM
npubopHo  6asbl  PUTOMOHUTOPWMHIA  NpeAcTaBaeHbl

HenpepbIBHbIM  MOHUTOPUHIOM  XapaKTepPUCTUK  uUccrie-
OyemMbiX BWAOB M MNapameTpoB cpedbl, M CUCTEMHbIM
aHANN30M AaHHbIX C USMEHEHUAMM MX BO BpemeHu [19].
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JKo0ro-dM3noNorMyeckan XapakTepucTMKa  pacTeHuid,
Bblpa)keHHaa B ¢opme MaTemMaTUYyecKon MOAenw,
no3BonseT  onpefenATb  NOTEHUMaNbHbIM  ypoBeHb

npoLecca, YC/I0BUA €ro NPOsB/AEHUS, TPaHULLbI ONTUMYMa,
BO3MOXHOCTU KOMMEHCAUMN IMMUTUPYIOLWLMX GaKTOPOB M
Apyrue nokasaTenu, Xxapaktepusylowme noTpebHocTU u
NNACTUYHOCTb OpraHu3ama [13]. NprumeHeHne cneumanbHbIX
anroputMoB  06paboTKM MHpOpMaLUK nossonser
AMarHocTMpoBaTb GpU3MONOrMYECcKOe COCTOSIHME U CBOMCTBA
reHotuna. PesynbTaTbl 3TUX  WCCNeAOBaHWA  galoT
BO3MOXHOCTb MO/yYaTb [AaHHble 06 WHTEHCMBHOCTU
BOAHOrO 06MeHa, 3aCyxOycTOMUYMBOCTM, TEHEBbIHOC-
JIMBOCTM, OCOBEHHOCTAX pOCTa M PasBUTUA PACTEHWNA.
MHTEHCMBHOCTb TpaHcnupauum " yCTbMYHan
npoBoAMMOCTb  Haubonee MOJIHO  XapaKTepusyloT
0COBEHHOCTM BOAHOIO peXxmnma pacTeHus.

Bnarogapa cepuu OMbITOB, NPOBEAEHHbIX B
TEMN/IMYHBIX YCIOBUAX B TEUEHUE BCETO Nepuoaa BeretTaumu,
6biAM  nosydyeHbl AaHHble 06 OTBETHbIX peakumax
MosKKkeBesibHMKa BbICOKOTO Ha BO34elCcTBUE
abuotnyecknx daktopoB. B HawMX uMccaepoBaHUAX
CMHXPOHHO C perucTpaumen napameTpos BHELIHEN cpenpl
(He3aBMCMMble MepemeHHble), perucTpupoBanacb pag,
3aBMCMMbIX MEPEMEHHbIX, B TOM YMC/IE U CKOPOCTb BOAHOMO
noToka B nobere, U U3MeHeHue guameTpa 3Toro nobera.
YCTaHOBNEHO, YTO KO3GOULMEHT KOppenauum mexay
WMHTEHCMBHOCTbIO TpaHcnupaumn (E) n ckopocTbio BOAHOTO
notoka (Sf) pasHanca 0,814566, a mexay YCTbUYHOM
NPOBOAMMOCTbIO U MHTEHCMBHOCTbIO TpaHCMMpaummn (gs) —
0,688625.

MppuraumMoHHbIM MHAMKATOPOM OTK/MKa/peakumm
BMAA Ha BOAOCHAGMKEHMEe MOryT BbICTynaTb MOKasaTesu
M3MepeHNa OTHOCMTENbHOW CKOPOCTM BOAHOMO MOTOKAa M
AvameTpa nobera, Tak Kak 06beAMHAIOT B cebe nokasatenu
AOCTYMHOW ANA pacTeHWa BnarM B Nnoyse M napameTpbl
BHelHel cpeabl [16; 18].

Tabauua 1. NTorosble CTaTUCTUKK
Table 1. Summary statistics

JKonoro-pmsmonormyeckan XapaKTepPUCTUKA
pacTeHuld, BblparkeHHaa B ¢opme MaTemaTUyecKon
MOZENN PerpeccMoHHOro aHanusa, bblia MOCTpoeHa npwu
NOMOLLM NOLIAroBoro perpeccMoHHOro aHanusa. B mogeno
BKNIOYANUCb KO3DODMLUMEHTBI C YPOBHEM 3HAYMMOCTU
p—KpuTepua CTblogeHTa He npesbiwatowero 0,05.

3aBucumble nepemeHHble npeacraBneHbl
CKOPOCTbIO BOAHOTO MOTOKa B nobere pacteHus (Sf, oT.
en.), © nokasaTenem U3MeHeHua AmameTpa 3Toro nobera
(d, mm), a HesaBucumble nepemeHHble — PAP (l) —
$OTOCMHTETUYECKOW aKTUBHOMW pagmaumeit, MKMOAb/Mc;
TB — TemnepaTypoli Bo3ayxa, °C; Tp — TemnepaTypoin TOUKM
pocsl, °C; H — BnaxHocTbio Bo3ayxa, %; VPD — gedpuuymtom
BNAXHOCTM BO34yxa, KMa. Yucno HabnwogeHuin (anvHa
paga) coctaBnana  7546. 3aBucuMmas  nepemeHHas
paccuuTbiBanacb no popmyne:

v12=b0+b1*v3-b2*v4-b3*v5+b4*v6-b5*v7
rae v — HoMepa 3aBUCMMOM M HE3aBUCUMMOW NMepPeMEHHON B
Tabauue.

Huke npuBeAeHO ypaBHEHME MHOXECTBEHHOM
perpeccun AnA CKOPOCTUM BOAHOro noToKa B nobere
pacTenus (Sf, oT.ea.).

YpaBHeHWe umeeT BUA;:
Sf=4,240832+1,044455*VPD-0,033110*H%--
0,317513*T8+0,249637*Tp°C-0,000033*|

ToYHOCTb annpoKcMMauun BblbpaHHOW Moaenu
OCHOBaHa Ha Tpex nokasatensx (Tabn. 1-3) apdekTnsHoCcTU
—  Koadpduumenta agetepmumHaumm  (R%), KopHA U3
cpegHekBagpaTUyHON ownbku (RMSE) n cymmbl KBagpaTos
ownbok (SSE). Kak BuaHO M3 Tabnuuy, B ypaBHEHUAX
[OCTAaTOMHO BbICOKME KO3OOULUMEHTbI AeTepMUHaALMU U
Hebonbwmne RMSE u SSE 1 ypoBeHb 3HAYUMOCTU KpUTEpPUSA
CrblogeHTa He npesblwaeT 0,05.

To4yHOCTb mogenm  — pasHOCTb mexay
3KCNEPUMEHTANIbHbIMU  AAHHBIMW U PACCYUTAHHBIMK NO
mogzenu (puc. 1).

Utorosbie ctatuctuky; 3M:Nepl2 (Tabaunua AaHHbIX)
Summary statistics; ZP:Per12 (Data table)

MNokasarenm / Indicators

3HayeHue / Value

MHoxect. R / Multiple R 0,991850682
MHoxect. R?/ Multiple R? 0,983767776
CroppekT. R/ Multiple R? 0,983757021
F(5,7546) 91466,3531
p 0

Cra. Ow. OueHkwm / Standard Error of Estimation 0,148611014

Tabnuua 2. Ntorn perpeccum gns 3aBUCUMON NepemeHHOoM
Table 2. Dependent variable regression outcomes

WUToru perpeccun ana sasucumoit nepemeHHol: Mepl2 (Tabaunya gaHHbIX) R=,99185068
R?=,98376778 Ckoppekrt. R?=,98375702 F(5,7546)=91466, p=0000
Dependent Variable Regression Totals: Per12 (Data table) R=,99185068 R?=,98376778
Adjusted R2=,98375702 F(5.7546)=91466, p=0000

_ BETA Cr.Ow. - BETA Cr.Ow.-B p-3Hau.

N=7546 BETA St. error — BETA B St. error—B 1(7546) r-meaning
E:.;::ber 4,240832 0,058278 72,770 0,000000
Nep3 /Var3 1,33700 0,002096 1,044455 0,001637 637,874 0,000000
MNep4 / Vard -0,46113 0,009145 -0,033110 0,000657 -50,423 0,000000
Nep5 / Var5 -1,38587 0,010167 -0,317513 0,002329 -136,312 0,000000
Nep6 / Var6 0,81690 0,007937 0,249637 0,002426 102,917 0,000000
Nep7 / Var7 -0,01242 0,002299 -0,000033 0,000006 -5,402 0,000000
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Tabauua 3. KoadpdpuumneHtsl (bo — b5) npu He3aBUCUMBIX NEPEMEHHbIX B YpaBHEHUM
Table 3. Coefficients (bo — b5) for independent variables in the equation

Mopgenb: v12=b0+b1*v3-b2*v4-b3*v5-b4*v6-b5*v7 (Tabanua AaHHbDIX)
3as. nep.: Mep9 Notepu: (OBS-PRED)**2 UTtorosble notepu: 166,665
R=,9985 O6bACHEH. aucnepc.: 98
Model: v12=b0+b1*v3-b2*v4-b3*v5-b4*v6-b5*v7 (Data table)
Dependent Variables: Per9 Losses: (OBS-PRED)**2 Total Losses: 166.665
R=.9985 Explained variance: 98

N=7546 b0 bl b2 b3 b4 b5

OueHka / Grading 4,240832 1,044455 -0,03311 -0,31751 0,249637 -0,00003

Hopma/ibHblii BepOATHOCTHBIH rpaguK 0CTATKOB

Normal probability plot of residuals
4 : : : : : :

O:xungaeMmoe HopMaJIbHOe
Expected normal

-0,2 0,0 0,2 0,4 0,6 0,8

OcraTku
Residuals

-0,4

PucyHok 1. 3aBUCMMOCTb MeXay HOPMa/ibHbIM BEPOATHOCTHbLIM Fpad)l/IKOM OCTaTKOB U OXXUAaeMbliM HOPMaA/IbHbIM

Mo ocu X —ocmamku

Figure 1. Relationship between the normal probability plot of the residuals and the expected normal

X-axis — residuals

Ha pucyHKe 2 noKasaHa 3aBMCMMOCTb MEXAy 4UMCIOM
HabNOAEHUI U OXMMUAAEMbIM HOPMasibHbIM  pacnpe-
OeneHvem.

Ha pucyHKe 3 npeacTtas/ieHa Avarpamma pasmaxa
HE3aBUCMMbIX MepemeHHbIX B ypaBHeHuW. Hambonbliunii
pa3max Habnogaerca y AP (1).

Hona  auvcnepcun  3aBUCMMOWM  MepemeHHoM
pa3paboTtaHHOl mopenn coctasnseT 98 % u  mopenb
BMO/IHE Y40B/ETBOPAET NpeabABAfemMbIM TPe60BaHUAM.

Huke npuBedeHO YypaBHEHME MHOXECTBEHHOM
perpeccuu rae B Kayectse 3aBUCMMOM NepemeHHON 6biao

M3MeHeHWe aAuameTtpa 23Toro nobera (d, mm), a
HE3aBUCMMbIMU MepeMeHHbIMM  aBaaance — GAP  (1):
bOTOCUHTETUUECKM aKTUBHAA paavaums, MKMONb/MZC;

T — TemnepaTypa Bo3ayxa, °C; Tp — TemnepaTypa TOYKK
pocbl, °C; H — BnaxHocTb Bo3ayxa, %; VPD — peduuut
B/IA’KHOCTM BoO3ayxa, Kla. YpaBHeHME MHOMKEeCTBEHHOM
perpeccuu UMeeT BUA;:

v9=b0+b1*v3-b2*v4-b3*v5-b4*v6-b5*v7
Mogensb:

d=5,237866+1,051950*VPD-0,029296*H%-
0,317839*Ts+0,236860*Tp°C -0,000080*|

Yucno HabnoaeHul (o1MHa paga) Takke
coctasnano 7546.

B T1abn. 4-6 nokasaHa TOYHOCTb anNMNPOKCUMALUK
BbIOBpaHHOM MOAENM Ha OCHOBe Tpex roKasaTtenen
spdekTMBHOCTM — KoapduumeHTa petepmuHaumm (R?),
KOPHA U3 cpeaHeKBaApaTUYHON owmnbKM (RMSE) n cymmbl
KBagpatoB owwnboKk (SSE). B ypaBHEHMAX [OCTAaTOYHO
BbICOKME KO3DOUUMEHTbI AeTepmMUHauMM U Hebonblune
RMSE n SSE u ypoBeHb 3Ha4UMmoCTn Kputepua CTblogeHTa
He npesblwaet 0,05.

Ha puc. 4 npeacraBneHa 3aBUCUMMOCTb MeXAy
HOPMa/ibHbIM BEPOATHOCTHbIM rPadUKOM OCTAaTKOB M
OXMAaeMbIM HOPMAJIbHbIM.
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Pacnpenenenne yacror: OcraTku
Frequency Allocation: Residuals
— Oxugaemoe HOpMAJIbHOE
Expected normal
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PUCYHOK 2. 3aBUCMMOCTb MEXAY YNCIOM HabNtoAEHWI 1 OKUAIEMbBIM HOPMabHBIM pacrnpegeneHmem
Figure 2. Relationship between the number of observations and the expected normal distribution

Juarpamma pa3maxa
Span Diagram
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PucyHoK 3 [lnarpamma pasmaxa He3aBUCUMbIX NMepeMeHHbIX B YPaBHEHMM
Figure 3 Range diagram of independent variables in the equation
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Tabnuua 4. NTorosble CTaTUCTUKK
Table 4. Summary statistics

WUtorosbie ctatuctuky; 3MN:MNep9 (Tabauua gaHHbix) / Final statistics; ZP:Per9 (data table)

MNokasartenwm / Indicators 3HaueHue / Meaning
MHoxecrt. R / Multiple R 0,995553791
MHoect. R?/ Multiple R? 0,99112735
Ckoppekr. R2/ Multiple R? 0,991121472
F(5,7546) 168608,881

p 0

Cra. Ow. OueHkum / Standard Error of Estimation 0,154572259

Tabnuya 5. Torn perpeccumn ans 3aBUCUMON NepemeHHoM
Table 5. Dependent variable regression outcomes

WUtoru perpeccumn gns 3aBucumoii nepemeHHoi: Nep9 (Tabauua AaHHbIX)
R=,99555379 R?=,99112735 Ckoppekrt. R?=,99112147
F(5,7546)=1686E2 p=0000
Regression Totals for Dependent Variable: Per9 (Data Table)
R=.99555379 R?= 99112735 Adjusted R?= .99112147
F(5,7546)=1686E2 p=0000

N=7546 BETA Cr.Ow. - BETA B Cr.Ow.-B +(7547) p-3Hau.

BETA St. error — BETA St. error—B r-meaning
g:':::'ber 5,237866 0,060443 86,658 0,000000
Nep3 /Var3 1,21086 0,001454 1,051950 0,001263 832,594 0,000000
Nep4d / Vard -0,29013 0,006757 -0,029296 0,000682 -42,940 0,000000
Nep5 / Var5 -1,00067 0,007554 -0,317839 0,002399 -132,461 0,000000
Nep6 / Var6 0,56889 0,006029 0,236860 0,002510 94,367 0,000000
Nep7 / Var7 -0,02104 0,001699 -0,000080 0,000006 -12,382 0,000000

Ta6bauya 6. KoapdpuumeHTbl (b0 — b4) npu HE3aBUCMMBIX NEPEMEHHbIX B YPaBHEHUN
Table 6. Coefficients (b0 — b4) for independent variables in the equation

Mogenb:v9=b0+b1*v3-b2*v4-b3*v5-b4*v6-b5*v7 (Tabanua aaHHbIX)
3aB. nep.: MNep9 Notepu: (OBS-PRED)**2 UToroseble notepu: 180,31732672
R=,99555 O6bACHEH. gucnepc.: 99
Model:v9=b0+b1*v3-b2*v4-b3*v5-b4*v6-b5*v7 (Data Table)
Dependent variable: Per9 Loss: (OBS-PRED)**2 Total loss: 180.31732672
R=.99555 Explained variance: 99

N=7546 b0 bl b2 b3 b4 b5

OueHKa / Grading 5,237866 1,051950 -0,02929 -0,31783 -0,236860 -0,00008

HopmanbHblii BeposiITHOCTHBIH rpaduK ocTaTKOB
Normal probability plot of residuals

O:xunaemoe HopMaJIbHOE
Expected normal
l!-i =] o

1
ey

-8 -06 -04 -02 00 02 04 06 08

OcTaTKkH

Residuals
PUCYHOK 4. 3aBUCMMOCTb MeXAY HOPMaNbHbIM BEPOATHOCTHbLIM rPadUKOM OCTaTKOB U OXKUAAEMbIM HOPMa/IbHbIM
Figure 4. Relationship between the normal probability plot of the residuals and the expected normal
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3aBUCUMOCTb MEXKAY YNCIOM HaboAEeHUI U OXKUAAEMbBIM
HOPMa/IbHbIM pacnpeseneHnem nokasaHa Ha puc. 5.
[narpamma pasmaxa He3aBUCUMbIX NMepeMeHHbIX B
ypaBHeHUM (puc. 6).
[ona  agucnepcvn  3aBUCMMbIX  NEepPeMeHHbIX
paspaboTaHHbIX Mogenei coctasnfetr 98-99% u moaenb
BMOJIHE Y40B/eTBOPAET NPeabABAAeMbIM TpeboBaHUAM.

Ona mopeneit MHOMKecTBEHHOM perpeccun 6blan
paccyuTaHbl K03 durLMeHTbI Koppenaumm mexay
HE3aBUCMMbIMU MepemeHHbIMU (32-46) U 3aBUCMMbIMU
(Sf, dn).

Pacnpenenenue yacror: Ocrarku
Frequency Allocation: Residuals
— Okuaaemoe HOpMaJIbHOE
Expected normal
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M3 Tabnuupl 7 BMAHO, YTO CKOPOCTb BOAHOIO MNOTOKa B
nobere pacteHua (Sf, oT. ea.) umeer 6Gonee TecHble
KOppenAUNOHHbIe CBA3M C GaKTOpamu BHeLHeW cpeapl —
ocseueHHocTblo (PAP), Temnepatypoi Bo3sgyxa (Ts), u
aebuumTom BnaskHocTU Bosgyxa (O4BIM) uem nsmeHeHue
Anametpa nobera.

Jona  aucnepcun  3aBUCMMON  MepemMeHHOw,
06bACHAEMOW NPUMEHAEMbIMU  MOAENAMWU  COCTaBAAeT
98-99 %.

Ha paHHbIW  MOMeHT HeT  pa3paboTaHHOM
TEeOpeTUYecKon U MaTepuanbHol 6asbl ana cbopa, aHanM3a
W npeactaBneHna  UHPopmauum o GU3MONOFMYHOM
COCTOAHWUM  pacTUTenbHocTn. Bepetca nosTopAtowanca
OMArHOCTMKA pacTeHWii Ha onpegeneHHbIX TeppUTOpUsX,
ONA fanbHemnwwen oueHKN N3MEHEHUI COCTOAHUA PacTEHU
U NPOrHO3NPOBAHWUA WX PA3BUTWA, YUMTbIBAA AUHAMUKY
COCTOAIHWA OKpY)KaloLen cpedbl B UCCAeLyeMOM pernoHe
[20-22].

Tabnuua 7. KoappuumeHTbl KOppenaumm mekay HesaBUCMMbIMU NepemMeHHbiMK (32—46) n 3asnucumbimm (Sf, d)
Table 7. Correlation coefficients between independent variables (32-46) and dependent variables (Sf, d)

Hesasucumeoie
nepemeHHble

Independent MNep32 / Per32 MNep33 / Per33 MNep39 / Per39 Mepd2 /Per42 nMep46 / Perd6
variables
3aBucumble ®AP (MKmonb/m?c) Temnepatypa OtHocuTenbHan R AABN (kNa)
. o BNIAXKHOCTb Bo3ayxa  Touka pocbl (°C) . L
nepemeHHble Photosynthetically Bo3ayxa (°C) . Air humidity
. . . . (H, %) Dew point .
Dependent variables active radiation Air temperature . - deficiency
Relative humidity
Sf,omn. ea. 0.756325 0.713578 -0.49175 0.307127 0.621301
Sf, relative unit
d, MmKm / d, um -0.218752 -0.36281 0.258446 -0.14604 -0.32067
JK0N0ro-PpU3N0NOrMYecKme XapaKTEPUCTUKM  PaCTEHUN, aetepmuHaumMn n Hebonbwmne RMSE u SSE u ypoBeHb
BblpaykeHHble B dopme  maTemaTMyeckoW  MoLenu 3HaYUMMOCTM KpuTepua CTblogeHTa He npesbiwaeT 0,05.

3aBMCMMOCTM  BMONOrMYECKMX MPOLECCOB OT  YCNOBUIA
cpeapl, NO3BO/AET ONpPeAenaTb MOTEHLMaNbHbLIA YPOBEHb
npoLecca, yC/10BUA €ro NPOsB/AEHUS, TPaHULLbI ONTUMYMa,
BO3MOXHOCTU KOMMEHCALMN IMMUTUPYIOLWMX GaKTOPOB M
Apyrye nokasaTenu, Xxapaktepusylowme noTpebHocTH u
NAacTMYHOCTb  opraHusma [23; 24]. WHdopmauwma
No3BONISET ANArHOCTUPOBaTb GU3MOIOTMYECKOE COCTOSHUE
M CBOMICTBa reHoTtuna. PesynbTaThl 3TUX McCaego0BaHWi
AAlOT  BO3MOXKHOCTb MOAy4YaTb AaHHble O COCTOAHWUM
$OTOCUHTE3a, BOAHOMO PEXMMA, 3aCyXOYCTOWYMBOCTH,
TEHEBbLIHOC/IMBOCTH, OCOBEHHOCTAX pOCTa W  PasBUTUA
pacTeHui [25].

dopmmpoBaHMe BblleyKasaHHOW 6asbl  AaHHbIX
OYHKUMIM  pacTeHUit C  COOTBETCTBYIOWMMM  KOANYECT-
BEHHbIMM XapaKTePUCTUKaMKU W pas3paboTka [22] Ha ux
OCHOBE MOAenn obecneynTt B MepPCrneKTUBE BO3MOMKHOCTb
MPOrHO3MPOBaHWUA  3KOOTMYECKOrO  COCTOAHWMA  KOHK-
peTHoro apeana UAN PernoHa B LLesIoM.

BbIBOAbI

UccnepoBaHue 3Kodm3MonorMyeckon peakuumn Juniperus
excelsa M. Bieb (B nepuog Beretaumu) Ha BAMAHME
$aKTOpOB OKpyKawwen cpedbl, BO3AEUCTBYOWMX Ha
COCTOSIHVME BOAHOTO peKMma, NO3BOAWUNO ONpPesenuTsb paj,
napameTpoB, NO3BO/IAKLWMX MOCTPOUTb MaTemMaTUYECKUE
MOAENMN 3TUX 3aBUCMMOCTEN.

JKkonoro-dpusnonormyeckan XapaKTepuCTUKa
pacTeHuli, BbiparkeHHaa B ¢opme MaTemaTUyecKon
MOZENN PErpeccMOHHOro aHanusa, bblna NocTpoeHa npu
MOMOLLM MOLIAroBOro PErpeccMoHHOro aHaausa rae
KauecTBe 3aBMCUMbIX MEePeMEHHbIX Mbl MCMO/b30Bann
CKOpoCTb BogHoro notoka (Sf) B nobere pacteHus u
M3MeHeHuWe aAmameTpa aToro nobera (dn), a HE3aBUCUMbBIMU
nepemMeHHbIMU  ABAAIUCb OCHOBHblE (GaKTOPbl BHELLUHEMN
cpeapl.

BblbpaHHaa Mogenb Ha OCHOBaHa Ha Tpex
nokasarenen adpdeKTnBHOCTM - KoapdMLUMeHTa
netepmuHaumn  (R?), KopHA M3 cpeaHeKBaapaTUUHOW
owmnbkn (RMSE) m cymmbl KBagpatoB owwnbok (SSE). B
YPaBHEHMAX  AOCTAaTOMHO  BbICOKME  KOIOPULMEHTDI

Jona ancnepcun 3aBUCMMOM NepemeHHON, 0b6bsicHAeMoM

npumeHAemMbIMM moaenammn coctasnnet 98-99 %.
YcTaHOBNEHO, 4TO KO3bOUUMEHT Koppenauum

MeXay WHTEHCMBHOCTbIO TpaHcnupauuun (E) m ckopocTbio

BoAHoro notoka (Sf) pasHanacb 0,814566, a mexay
WNHTEHCUBHOCTbIO TpaHcnMpauun " YCTbUYHOM
nposoammocTblo gs —0,688625.

PaspaboTaHHas matemaTtuyeckas moAaenb

3aBMCMMOCTM  BMONOTMYECKMX MPOLECCOB OT  YCNOBUIA
cpeabl NO3BO/AET OMNpeaenaTb NOTeHLMaNbHbIM YPOBEHb
npoLecca, YC/10BUA €ro NPOsBAEHUS, TPaHULLbI ONTUMYMa,
BO3MOMHOCTM KOMMEHCALUUN AMMUTUPYIOWMX GaKTOpPOoB U
ApYyrve nokasaTenu, Xxapaktepusylowme noTpebHocTU u
NNACTUYHOCTb OPraHU3Mma.

PaccunTaHHble KO3DOULMEHTbI KOPPENALUN MeKaY
nepemMeHHbIMM MOKa3blBakoT, YTO CKOPOCTb BOAHOTO NOTOKA
B nobere pacteHua (Sf, oT.ea.) umeer 6onee TecHble
KOppenaumMoHHble cBA3u ¢ GaKkTopamu BHeLWHel cpegbl —
ocseueHHocTbio (DAP), Temnepatypoi Bosgyxa (Ts), u
aebuumnTom BnaxHocTu Bosayxa (44BM), yem nsmeHeHue
Anametpa nobera.

MpaKTMYecknit BbIxog paspaboTaHHON moaenn ¢
COOTBETCTBYIOLLMMM KOJIMYECTBEHHBIMM XapaKTEPUCTUKAMMU
3aK/Il0YaeTcA B TOM, YTO MOXKHO 6yAeT NporHosupoBsaTb
3KOJIOTMYECKOE COCTOSIHME ONpenesieHHOro pervoHa [22].
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Pesiome

Llenb pabotbl. M3yyeHne BO3MOXKHOCTU WCMOb30BAHUA 3KOJOTUYECKU
6e3omacHoro wramma ApoXKxKen poga Rhodotorula pna 6GuokoHBepcum
BTOPUYHOIO MNPOAYKTa MnepepaboTKM FOpoXoBOM MyKM Ha 6enkoBbId
KOHUEHTPAT (CbIBOPOTKM) B  KOPMOBYIO  KapOTMHOMACOAEPIKaLLyto
6uomaccy.

Martepnan u metoabl. lMcnonb3oBann HoBbIM WTamm Rhodotorula
mucilaginosa 111 n BTOpUYHbIE NPOAYKTbI MepepaboTKM ropoOXoBON W
HYTOBOM MYKM Ha 6esIKoBble KOHLEHTpaTbl M KapTodens Ha Kpaxman
(cbIBOPOTKY). MprMeHANN cTaHAapTHbIE U cneLManbHble MeToAbl aHaNn3a

CbIBOPOTKM M MUKPOBHO-pPacTUTENbHOTO  KoHueHTpaTa  (KMPK):
XMMUYECKMEe, OUOXMMUYECKME, MUKpPObBMONOrMYeckue, onpeaeneHue
TOKCUMYHOCTU C UHPY30pUAMMU.

Pe3ynbratbl. OnpegeneHbl ONTUMAsZbHbIE PEXMMbI  BblpalMBaHUA

R. mucilaginosa 111 Ha ropoxoBoi CbiBOpOTKe (Temnepatypa 16,9°C;
pH 7,8; KonuyectBo noceBHoro Mmatepuana 1,85%). Buomaccbl Ha
ropoOXoBOW CbIBOPOTKE CUHTE3NPOBANOCH 6O/blie, YeM Ha HYyTOBOK W
KapTodenbHol coisopoTke — 81 r/am3. Maccosasa gons 6enka B 6Guomacce
— 58,90+3,03% Ha cyxoe BeLLeCTBO, CKOP HE3aMEHMMbIX aMWUHOKUCIOT —
119-243%. Nnnuabl BkAoYanu 20% HacbIWeHHbIX U 78% HeHaCbILLEeHHbIX
JKMPHbIX KUCIOT, JIMHONEBOW Kucnotbl — 45,26+0,70%, onenHoson —
24,0410,76%, nanbmutoneuMHosor — 6,46+0,31%, nanbMUTUHOBON —
13,7040,81%. Opo*KM NpoAyLMPOBanu Npon3BogHble GUToMHA, TOPY/IEH,
B-kapoTuH, TopynapoauH, ¢utoMH. KMPK 13 ropoxoBoi CbIBOPOTKM
cTumynupoBan poct uHbysopumn Tetrahymena pyriformis Ha 29,1%, w3
HYTOBOI CbIBOPOTKU — Ha 18,6% WHTEHCMBHee, YeM AUCTUAIMPOBAHHAA
BOZA, KapTodenbHas CbiIBOPOTKA MOHWUKaNA KO3 dULIMEHT ee pocTa.
3aknioveHne. Cyxaa buomacca 3Konornyecknm 6e3onacHoro HOBOrO
WwTamma gposkkein R. mucilaginosa 111 copep:kana Heobxoaumble ans
KOPMJ/IEHUA KMBOTHbIX MOJIHOLEHHble 6eNKkn, AUnUMabl, MWHepanbl,
KapOTUHOWUADI; XUAKYID FOPOXOBYIO CbIBOPOTKY BO3MOMHO MCMO/Ib30BaTb
ON1A ee BUOKOHBEPCUU U B LLENAX UCKNIOYEHMA 3arpsAsHEHUA OKpY»KatoLweln
cpegpbl.

Kniouesble cnoBa

OpoxKn Rhodotorula mucilaginosa, ropoxoBasa CbIBOPOTKa, MUKPOBHO-
pacTUTeNbHbIA KOHLEHTPAT, 6enKu, MKUPHble KWUCAOTbl, KAapoTUHOWAbI,
6e3onacHoCTb, MHbY30pUA.
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Abstract

Aim. The aim of the work was to study the possibility of using an
environmentally friendly strain of yeast of the genus Rhodotorula for the
bioconversion into fodder carotenoid-containing biomass of the secondary
product of processing pea flour into a protein concentrate (whey).
Material and Methods. We used a new strain of Rhodotorula
mucilaginosa 111 and by-products of processing pea and chickpea flour
into protein concentrates and potatoes into starch (whey). We used
standard and special methods for the analysis of serum and microbial-
vegetable concentrate (FMVC) namely: chemical; biochemical;
microbiological; and the determination of toxicity with ciliates.

Results. Optimal conditions for growing R. mucilaginosa 111 on pea whey
were determined (temperature 16.9°C, pH 7.8, amount of inoculum
1.85%). More biomass was synthesized on pea whey than on chickpea and
potato whey — 81 g/dm?3. The mass fraction of protein in the biomass is
58.90+3.03% on dry matter and the rate of essential amino acids is 119—
243%. Lipids included 20% saturated and 78% unsaturated fatty acids,
linoleic acid — 45.26+0.70%, oleic — 24.04+0.76%, palmitoleic —
6.46+£0.31%, palmitic — 13.70+0.81%. The yeast produced phytoin
derivatives, torulene, B-carotene, torularodin and phytoin. FMVC from pea
whey stimulated the growth of ciliates Tetrahymena pyriformis by 29.1%,
from chickpea whey (by 18.6% more intensively than distilled water),
while potato whey reduced its growth rate.

Conclusion. The dry biomass of the ecologically safe new yeast strain R.
mucilaginosa 111 contained complete proteins, lipids, minerals, and
carotenoids necessary for feeding animals. Thus liquid pea whey can be
used for its biokonversions, while avoiding environmental pollution.

Key Words
Yeast Rhodotorula mucilaginosa, pea whey, microbial-vegetable
concentrate, proteins, fatty acids, carotenoids, safety, ciliates.

© 2022 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

ObecneyeHHOCTb  KOPMamMy  KMBOTHOBOAYECKOM U
nTMueBoayecko otpacne AMK sABnAaetcA  OCHOBOW
YCMewWwHoro WX  pasBuTUA, OLHAKO  M3MeHAaowmecs

KAMMATUYECKME U SKOHOMUYECKUE YCI0BUA OrPaHUYMNBaIOT
BO3MOXHOCTb NPOM3BOACTBA NPOAYKLMM TPAAULMOHHBIMM
cnocobamu. K anbTepHaTUBHLIM  TEXHONOTUAM, He
3aBMCALMM OT MOrOAHbIX YCNOBUIM WM UHTEHCUbUKaLUi
CeNbX0o3yroann, OTHOCUTCA MMUKPOOMONOrMYECKUI CUHTES
KopmoBoi 6uomaccbl [1]. Buvomacca OZLHOKNETOYHbIX
OpPraHM3MOB C NMMUTaTEIbHbIMU U BUONOTMYECKM aKTUBHbIMU
KOMMOHEeHTaMM1 (6enkn, nMnuabl, BUTaMMHbI,
QHTMOKCMAAHTbI, MWHepanbHble BellecTBa) BBOAWUTCA B
COCTaB KOPMOBbIX PALMOHOB B KayecTBe MOJIHOUEHHbIX U

OTHOCUTENbHO  AeleBblX  WMHrpeaveHTos.  Beayuiee
nonoXeHne B MpPou3BOACTBE  MUKpobHoro  6enka
3aHMMAlOT  ApoXKM pogoB Candida, Saccharomyces,
Trichosporon, Schwanniomyces, Saccharomycopsis,
Kluyveromyces wn  pp. [2-6]. Ocobbii  UHTepec
npeacTaBAoT Te MMKPOOPraHU3Mbl, KoTopble

obecneymBaloT MosyYeHUE, KPOME OCHOBHbIX KOMMO-
HEHTOB, M BUONIOTMYECKN aKTUBHbIX BELLECTB, NPUAAIOLLNX
KOpMaM poCTOBble, NPOodPUNaKTUYECKNE, AHTUOKCULAHTHbIE
W ppyrue cBOMcTBa. B opraHMame KapoTUHOMAbI UTPAIOT He
TO/MIbKO ~ 3HEpreTMYeckylo ponb, HO W  obnagatoT
QHTUOKCUMAAHTHBIMM, UMMYHOMOAYNUPYOLLMMU "
OHKOMPOTEKTOPHLIMW  CBOWCTBAMM ANA  HOpMasnsauum
pPenpoAyKTUBHON GYHKUMU, POCTa U PAa3BUTUA KUBOTHbIX U
nTULbI [7-9]. Onu  asnswTCA M30NpeHONAHbIMMN
NUIrMEHTaMM U NPOBUTAMUHAMM A, MPUHUMAIOT yyacTue B
NUIrMEHTAUUW  OpraHM3ma, 3aliuMTe OT  XPOHUYECKMX,
AereHepaTuMBHbIX U ApyrMx 3abonesaHuin (ctapeHue, pak,
KaTapakTa, cepgedHo-cocyamuctble u T.4.) [10-13]. B
cocTaBe nuLLeBbIX [006aBOK KapoTMHOMAbl ob6nafaloT w
AHTUMMKPOBHOM aKTUBHOCTbIO [14].

CerogHa 80-90% KapOTMHOMAOB NPOU3BOAAT
XMMWYECKMM CUHTE30M, HO Bce Bonblue cnpoc Bo3pacTaeT
Ha KapoTUHOMAbI U3 MPUPOLHOrO PACTUTENBHONO CbIpbA,
TaK KaK CUHTETUYECKMe aHanorM MOryT OblTb OMacHbIMM
ona 3poposba  [15]. MpupoaHbIi KOPMOBOW  KapOTWH
No/My4aloT W3 TbIKBbl, MOPKOBW, JIOLLEPHbI, 3KCTpaKTa
dpyKTOBBLIX OTXO0A0B M T. A4.) [16; 17]. U3-3a BbiCOKOW
noTpebHOCTM B KapoTUHOMAAX ANA NMULWEBOW, KOPMOBOM
NPOMbILWNEHHOCTM W 3apaBooxpaHeHnsa B 2022 roay
CYMMapHas pbIHOYHAA LLEHA MX NpenapaTos, Mo NPOrHo3am
3KCNepToB, MOXKET npeBbicUTb 2,0 MUANMApAA AONNAPOB
[18]. C yuyeTOoM nNpeMmMyLLEecTB MUKPOOPraHM3MOB, MO
CpaBHEHWIO C pacTeHMAMM (Temn pocTa, CNocobHOCTb
npomuspactatb Ha  OTXO4AX, YacCTO  3arps3HALWMUX
OKpY)KaloLLyto cpesy, OTCYTCTBME CE30HHOCTU POCTa U T.4.),
UCCNefoBaHMA MO  NOMYYEHUIO KOpMoBOW Buomacchl,
oboraleHHOM KapoTMHOUAAMM, pacwmpsatoTca.
AKTMBHbIMWU NPOAYLEHTAMM KAapOTMHOWAOB BbICTYyMaAtOT
OPOXKKM posos Rhodotorula, Rhodosporidium,
Sporobolomyces, Sporidiobolus, Yarrowia, Phaffia v ap.
[19-22], oHM npuBneKalOT BHMMaHME U KaK NPOAYLEHTbI
NIMMUA0B U 3CCEHUMANBbHBIX XXUPHbIX KUCnoT [23-25]. Tak,
KapoTMHCOoAepKalaa Kopmosasa Buomacca nonyyeHa ans
TENJOKPOBHbIX YKMBOTHbIX, NTUL, W aKBAKyAbTypbl C
ApoxKkamu Rhodotorula rubra, Rhodosporidium SC-111,
Saccharomyces diastaticus Y-1218, Rhodotorula glutinis [7;
26; 27]. NMpun 3TOM MCNONBb30BaZINCh OTXOAbl U BTOPUYHbIE
NPOAYKTbl  NepepaboTKM  CENIbCKOXO3AUCTBEHHOIO U
nuwesoro cbipba [28-32]. TaK, Npu KynbTUBUPOBAHUM
KapOTUHOMAOHbBIX APOXKen R. rubra Ha 3KcTpaKTe

dpyKToBbIX 0TX040B Npu pH 7,0, Temnepatype 28,2°C u
nepemewmnsaHnn npu 150 06/muH BbiIXOoa 6MOMacchl
coctasnan 7,83 mr/am3, kapotuHonaos — 2,98+0,28 mr/am3
[17].  VYposkaliHOCTb ~ HGMoMmacchl Ha cpegax C
KapTodenbHbIMW CTOYHLIMW BOAAMM WU TAULEPUHOBLIMMK
dpaKkumamu c gpoxkkamu R. glutinis, Rothia mucilaginosa v
Rhodotorula gracilis Takxe 6blna BbiCOKOM. CUHTE3 B Hel
MNNZB, Hanpumep, ¢ KyabTypoli R. gracilis obecneunsan
nx Kosnmuectso 21,1 r/100 r, kKapotrHonaos — 360,4 MKr/r

6MoMacchl, MOJIMHEHACBILLEHHbIX KMPHbIX  KUCAOT —
30,4% ot obwero KonudectBa [33; 34]. Mpwu
TpaHchopmauum 0TX0L0B Kopuupbl APOXKKamu

Rhodosporidium toruloides, ocTatowmxca nocne yganeHus
nonndeHoNoB, KONMYECTBO KapOTUHOWAOB COCTaBAA/IO
2,00+0,23 mr/am® [35]. MpoayKTMBHOCTb accoumaumm
aposkket R, rubra v Kluyveromyces lactis Ha
ynbTpadunbTpaTe  MOJIOYHOM  CbIBOPOTKM  COCTaBAsA/a
24,3 r/gm3, kapotnuHonaos — 10,2 mr/am3 [36]. Y aposkkel
R. glutinis v R. mucilaginosa npwn depmeHTauMm Ha
CbIBOPOTOYHOW M KapTOoPenbHOW cpede ypoXKalHOCTb
pocturana 30-45 r/am3, maccosas AonA KapoOTUHOMAO0B —
46-56 mr/gm® [36]. [MonoutenbHble  pesyabTaTbl
nosyyYeHbl U MPU UCMOMb30BaHUM YalHbIX OTXOAOB ANS
CMHTE33a KapoTMHOWMAOB W AUNWAOB  ApOXKXKamu  R.
toruloides. CopepaHve nNaabMUTUHOBOM, CTEapUHOBOMW,
0/1eMHOBOW, NMHONEBOM KNCNOT cocTaBnano bonee 90% ot
obLLero KonmyecTsa XuUpHbIX KcaoT [37]. JoKkasaHa Takke
BO3MOYHOCTb MCMO/Mb30BaHWUA CTOYHbIX BOA MUBOBAPHMU C
R. glutinis pna npoussoAcTBa AMNUAOB U KapOTUHOWAOB
[38]. WM3BecTHO, 4YTO MaAKCMManbHaa MPOAYKTUBHOCTb
OposkKen Rhodotorula v Cryptococcus ¢ KapoTMHOWAOB
JocTvranacb npu  pocte Ha TPOCTHMKOBOM MaToKe,
KYKYPY3HOM cuporne M COoNoA0BOM 3KcTpakte (300 mKr/na)
[39]. Takum obpasom, cBeLeHUA MO NONYHEHUIO KOPMOBOIA
MUKPOBHOI 6Momacchl, oboraweHHoM Hapsaay ¢ 6enkom,
JUMNUAAMU U KapOTMHOMZAMMU, U NMOABOPY ee NPOAYLEHTOB
ON1A  Pa3/INYHBIX CbIPbEBbIX WMCTOYHMKOB PaCTUTE/IbHOIO
NPOUCXOXKAEHNA BECbMA BaXKHbI U aKTyasIbHbI.

Lensto paHHOM paboTbl  ABUAOCH  U3y4yeHWe
BO3MOXHOCTM  UCMO/Ib3OBAHUA  KUAKOTO  BTOPUYHOTO
npoayKkta nepepaboTKM FOPOXOBOW MyKM Ha OenkoBsbIn
KOHUEHTPAT (CbIBOPOTKM) A/1A NONYYEHUA KOPMOBOIO
KapOTMHCOAEPKALLEro KOHLUEeHTpaTa OuOoKOoHBepcuen c
HOBbIM 3KONOrMYeckn 6e30MacHbIM WTaMMOM APOXKKeln
poaa Rhodotorula.

MATEPUANbI U METOAbl UCCNEAOBAHUA

O6beKTOM MUCCNefoBaHUA CAYKUAM NUTATesIbHble cpeapl,
NnoJly4eHHble Ha OCHOBE FTOPOX0OBOW CbIBOPOTKM — NPOAYKTa,
obpasytoweroca npu Noay4YeHMM 6eNKOBbIX KOHLLEHTPATOB
(BK) 13 ropoxoBoit MyKW. XMMWUYECKWUIA COCTaB rOpOXOBOWA
MYKK, B % Ha cyxoe BeluectBo (CB): maccosan pons 6enka
(Nx6,25) — 24,30+1,40, 30516l — 2,87+0,20, sxumpa — 1,5810,12,
yrnesogos — 73,0213,66. [lnA cpaBHEHMA poCTa LUTaMMa
Rhodotorula Ha ropoxoBOW CbIBOPOTKE MCNOAb30BaNU
HYTOBYO U KapTodeNbHYH0 CbIBOPOTKY. HyTOBYHO CbIBOPOTKY
nosly4yanu U3 MyKM C MaccoBoi gonei, B % Ha CB: 6eska
(Nx6,25) — 24,54+0,23; 30nbl — 2,91+0,02; xupa -
4,89+0,31; yrnesonos — 67,66+0,56. Xumnyecknin coctas
COKa, M3 KOTOPOro noayy4eHa KapTodesbHasa CbiIBOPOTKA:
CB — 5,55+0,95%; a3oTucTble BelecTsa — 1,94+0,08 r/100 cm3;
aMMHHbIM a3oT 1,03#0,07 r/100 cm®; BOccTaHasAMBaoLme
caxapa — 1,07+0,65 r/100 cm3; 30na — 0,850,05 r/100 cm3.
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lopoxosylo U Hymosylo CbiBOPOMKY NOAy4ann mnocne
yaaneHusa 6esKoB M3 3KCTPaKTa, NONYYEHHOrO U3 MYKU C
dbepmeHTHbIMM npenapatamu  (Pr): Shearzym 500 L,
Viscoferm L, Fungamyl 800 L, AMG 300 L 2500, Alcalase
2.4 L ot KomnaHuu "Novozymes", ([aHHMA) No cxeme,
npuseseHHor B paborte [40]. KapTodenbHbl COK,
oCTaloWMicA nocne yAaneHua Kpaxmana U3 KaybHen
Kaptodena [41], HarpeBanu ao Temnepatypbl 95°C, nocne
yero  UEHTpUPYrMpoBanu,  MOAyYanu  CynepHaTaHT
0603HaYeHHbI KaK CblBOPOTKA. MWKPOBHbIM 06bEKTOM
CAYKUA WTamM aposk:Ken Rhodotorula mucilaginosa 111
M3  Konnekumu  UMHctUTyTa  MUKpobuonormu  um.
C.H. BuHorpaackoro PAH (Mocksa).

BoigedeHue u udeHmugukayus wmamma. Yvcran
KyNbTypa wrtamma R. mucilaginosa 111 6bina BbigeneHa u3
BOAHOrO  obpasua o03epa YHTepcee  AHTapKTMAa,
0oTobpaHHOro ¢ rnybuHbl 63 m npu Temnepatype 4,9°C, u
MOEHTUGULMPOBAHA NOCNEe NPOBEAEHUA TEHETUYECKOrO
aHanusa 18SpPHK. Ans oboraweHnsa obpasua Kaetkamwu
6aKkTepuit B 0NMroTpodHbIX yCA0BUAX K obpasuy BoAbl B
cooTHoweHun 4:1 no6aBnANM HU3KO-MUHEPANTN30BAHHYIO
cpeay (HMC) ¢ AposkKeBbiM 3KCTPAKTOM, TPUMTOHOM,
Ka3aMWHOBbIMM KWUCAOTaMM WM MENnTOHOM, Kakabli npu
KoHUeHTpauun 0,001%. OboraweHHbI KneTkamu obpasel,
nonyyanu yepes 1 mecay, npu temnepatype 4°C. Kynbtypy
BbiCEBaNM Ha arapusoBaHHyio HMC cpesy, B KoTopol
KOHUEHTPALUMA  APOXIKEBOTO  3KCTPaAKTa,  TPWUMTOHA,
Ka3aMMHOBbIX KUCNOT U nentoHa 6bina Bbiwe 0,005%, yto
NO3BO/IN/IO MONYYUTb OTAE/bHbIE KOOHUM, BbIpOCLWKE NpU
4°C. YucTylo KyAnbTypy LWITamma MojayyYanu U3 OAHOM
KOJIOHWM NMPU MHOTOKPaTHOM ee NnepeceBe, NOAAEPKMNBAM
ee Ha HMC c 0,01% ppoxeBoro sKkcTpakta u 0,2%
caxapo3bl npu TemnepaTtype 10°C. MuKpocKkonuyeckune
$a30BO-KOHTPACTHble  MCCNefoBaHMA  MPOBOAMAM  HA
mukpockone Olimpus CX41 (AnoHua) ¢ doTorpaduyeckom
npucTaBkon. Ha arapu3oBaHHbIX cpefax 06pa3oBbiBaAnCh
KPYr/ible BbINYK/ble MACNSHUCTbIE KONOHUM [POXIKEN C
rNafKon NOBEPXHOCTbIO APKO-PO30BOrO LiBETA.

NdeHmudghuKkayuo wmamma NPpoBOAUAN HA OCHOBE
aHanM3a nocnenoBaTeslbHOCTU PUBOCOMaNbHbIX FEHOB MO
CTaAMAM: pacceB KynbTypbl [0 OTAENbHbIX KOJOHWUN;
nonyyeHve 6uomaccol ana aHanusa 18SPHK; sbiaeneHue
OHK  (GenomicDNAPurificationKit) n  uaeHtTMdmKaumn
wramma no nocnepoBaTeNbHOCTU 18SpHK.
CekBeHunpoBaHue reHos 18S pPHK u 5,8S pPHK nposoauaun
Ha  aBTOmaTMyeckom  cekseHatope AE 3000 ¢
KOMMbloTepHoM nporpammoint BLAST. dnektpodopes MLP
obpasuos nposoanan Ha 1,0%-Hom arapo3HOMm rene npwu
HanpsaxeHun 5 BT/cm. AHanM3 cxoAcTBa HYKNEOTUAHOM

nocnefoBaTeNbHOCTM  reHa, kKoaupytowero 18S pAHK
LWwTaMma, NpoBeaeH € NomoLLbio cepaepa BLAST.
lMpueomosneHue numameneHol cpedsbl. Ona

BOMOKOHBEPCUM CbIBOPOTKM wTammom R. mucilaginosa 111
KoppeKktnposanu ee pH u crepuausosann npu 0,5 atm. B
TeyeHne 15 MuH. MyselHble  KyAbTypbl C Cycna-arapa
repeceBasiv B NPOBUPKY C CbIBOPOTKOM,  KyNbTUBUPOBA/IN B
TeyeHne 24 4, nocne Yero MOCEBHYID  KynbTypy
nepecesasnu B Konbbl emkocTbto 300cm3 ¢ 50cm®  nuTa-
TenbHoM cpeabl. KynbTypy BblpawyBann Ha Kayanke B
TeyeHne 48 4 npu  ckopocTvt BpaleHna 150 muH?! ©
Temnepatype 17+1°C. CycneH3ui0 WHaKTMBMPOBaAW Npwu
Temnepatype 95+5°C B TeyeHne 10-15 muH 1 oxnaxganu go

TemnepaTypbl 22+2°C. Buomaccy oTaenanu oT
KYNbTYPanbHOW  UAKOCTU  LEHTPUDYyruposaHnem npwu
4 000 muH! B TeueHne 10 MWH, BbICYWIMBAAM Ha
nmodunbHOM YCTaHOBKe Hochvacuum HVDTG-50

(fepmaHuna) B Bakyyme npu -80°C [42] wn nonyyanu
npenapat KOPMOBOTO MWKPOBHO-PaCTUTENbHOIO
KoHueHTpaTa (KMPK). Konnyectso 6Momacchl onpeaenanu
rpaBumeTpuyeckum  metogom: 10  cm®  Buomaccsl
ueHTpudyrnposanun B TedeHme 10 muH npu 5000 muH?,
0CafloK OBaXapl npombIBanu CTepuabHOM
OANCTUANIMPOBAHHOM BOLOM, NOCNe Yero ero B3BELUMBA/IM.
Pe3ynbTaTbl paccunTbiBanM B r/am® nutatensHol cpeapl.

AHanuz npodykmos. Konunyectso 6enka B Myke,
CbIBOPOTKE U KOHLEHTpaTax onpeaensnu Mo MeToay
Kbenbgana FOCT 10846-91 [43], maccoBylo A0/ Bnaru —
IFOCT 13586.5-93 [44], 30nbl — TOCT 10847-2019 [45], »*upa
— FOCT 29033-91 [46], obwwux yrneBoaoB — Mo pasHULe
mexgy 100% M cymmol OCTasibHbIX KOMMOHEHTOB.
KonnyectBo pacTtBOpMMBbIX U HEPACTBOPUMbIX BOJIOKOH B
KMPK onpegenanm no meTtoay, OCHOBAaHHOMY Ha
npeaBapuTe/ibHOM bepmeHTaTUBHOM rmaponuse
Kpaxmana u benkos [47]. [Ona ruaponusa 6Henkos
MUCnonb3oBanu npoteonutuyeckuii ®N Alcalase 2.4 L, ans
rmaponunsa yrnesogoB — a-amunasy ®dyHrammn 800 L wm
amunoraokosmgasy AMG  ("Novozymes",  [aHus).
PacTBopuMble BOJIOKHA OCaXAanu 4YeTbipbma obbemamu
95% (v/v) aTaHONa B TeyeHue 2 yacos npu 4°C, nocne yero
npombiBaan 2 pasa 95%-Hbim 3TaHosOM. Kosanuectso
BbICYLUEHHOM MaccCbl OMNpPeseninn rpaBUMETPUYECKUM
MEeTOA40M, MaCCOBYKO OO BOJIOKOH Bblpaxkanu B
npoueHTax Ha CB. lNpu pacyeTe aMMHOKMCNOTHOrO CKopa
KOHUEHTPATOB WCNO/Ib30BAaAW LWKaAy 3TasoOHHOrO 6enka
®AO0/BO3 (2011) [48].

YenesodHbIli cocmas CbIBOPOTKU U KyNbTypasbHOM
KUOKOCTU  UCCNefoBasM  Ha ra3soBom Xxpomatorpade
mogenn GCMS-QP 2010 (AnoHua, Shimadzu Corporation) ¢
KonoHkoi ReproGel Na HPLC (9 um, 8x300 mm).

AMUHoKucaomHsili cocmas (AC) onpeaenanu Ha
xpomaTorpade mogenu L-8800 dupmbl “Hitachi” (AnoHus)
B CTAaHAAPTHOM peXMMe aHann3a 6enkoBbIX rMapoM3aToB
c cynbdGUpPOBaHHbIM conoanmepom cTupona c
OMBUHUNGEH30/10M U CTYNEeHYaTbiM FpasMeHTOM HaTpuii-
uuTpaTHoro 6ydepHoro pactBopa C BO3pacTalOWUM
3Ha4YeHnem pH n monapHoctu [49].

MupHoKkucnomHelli cocmas. Nunnapl s KMPK
Bblgenann no metogy Ponuva. [locne ynapueaHuA B
pOoTaLMOHHOM Ucnaputene, K HUM aobasnanu xnopodopm,
CONAHOKMCAbIN MeTaHon (SupelcoMethanolic-HCI 0.5 N),
cmecb Harpesann 1 4 npu 90°C. XKMPHOKUCNOTHBIN COCTaB
AMNMAOB  UCCNefoBainM  Ha  XpomaTtorpade c  macc-
petektopom  Simadzu  GCMS-QP2010 Ultra  npwm
Temnepatype 120°C, uHxekTopa — 200°C; uHTepdeiica —
205°C, petektopa — 200°C Ha KonoHke SLB-IL82 (30 m,
0,20 mkm, d = 0,25 mm) c renesbim HOCUTENEM NpPU
cKopocTM notoka 35,6 cm/cek u ero genenmm 1:10.
lpagMeHTHbIN pexum mameHann ot 120°C go 260°C co
CKOPOCTbIO 5°C/MUH B TeUEHUE 2 MUHYT.

Cocmas  KapomuHoudos. [na  onpepenexHua
COCTaBa KapOTMHOMAOB KNETKM OBuomacchl paspyluani,
nocsie 4Yero M3 HUX 3KCTPArMpoBanu MUIMEHTbl, KOoTopble
pasgenann  BIXX-aHanmzom. [Ana  astoro 150 Mmkn
buomaccol U cTekNAHHble Bycbl pasmepom 425-650 MKm
(Sigma-Aldrich, CLUA) B cooTHoweHnun 1:1 (V/V) nomewanu
B NpobupKy InneHaopda U MHTEHCMBHO NepemeLllnBanu B
werkepe 5 pa3z no 15 cek. [locne Kaxpgoro
nepemMeLlnBaHUA KNETKU B TEYEHME 2 MUHYT OX/1aXKAanun BO
Nbay. K paspyweHHbIM KneTkam fobasnanm 1 cm3 auetoH-
MeTaHoNbHOM cmecw (7:2, v/v), nepemelunsanm B Wweikepe
M nomewanu Ha 10 mumH B TepmoctaTt npu 45°C ana
3KCTpaKumMu nurmeHToB. Ob6pasel, ueHTpudyrMposann B
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TeuyeHne 1 MUH Ha ueHTpudyre Minispin (Eppendorf, CLLA)
npu 2000 muH-1. Mpoueaypy 3KCTPaKUMU MNOBTOPAAU A0

MOABNEHMA CEporo LUBeTa Y NPOAYKTA. IKCTPaKThl
NMUIMEHTOB M3  HECKOJIbKMX  Mopuui  0bbepuHanu,
[ob6aBnanuM  netposneiHbld  adup M BbICyWMBaAU B

CTEKNAHHOM Ny3blpbKe Nog cTpyei aproHa. AHaaM3 cocTaBa
KapoTMHOMAOB MNPOBOAMAM C nomoupto BIKX Ha
yctaHoske Shimadzu (Shimadzu, finoHus) [50]. YcraHoBKa
coctoana u3 Hacoca LC-10ADVP ¢ moaynem FCV-10ALVP,
AeTeKkTopa ¢ amMopHon maTpuuen SPD-M20A, TepmocTtaTa
CTO-20AC 1 KonoHKu ¢ obpaweHHoM pason Agilent Zorbax
SB-C18 5 mMKm 4,6 x 250 mm («Agilent», CLUA).
KoHLUeHTpauuio KapoTMHONAOB B MONb% PacCYNTbIBaAM MO
KoadpduumMeHTam 3KCTUHKUMM [51] M naowagsam nonoc
nornoweHna B obnactu 270-800 HM C NOMOLLbLIO
nporpammbl  LC-solution  (Shimadzu, flnoHusa). Bce
peakTUBbl BbIIV XMMUYECKM YUCTDIE.

Ana  onpedeneHus  KoagpgpuyueHma  pocma
UH@py3opuli u 3Kosnoau4eckol be3ornacHocmu KOHYeHm-
pamos vcnonb3osanu nHodysoputo Tetrahymena pyriformis
WH14 n3 konnekuun Becepoccuiickoro HUW BeTepuHapHoi
caHuTapum u skonormm (Mocksa). K 10+0,001 mr obpasua
pobasnanm 10 cm®  AUCTMANMPOBAHHOM  BOAbI U
BCTPAXMBANM Ha weikepe B TeyeHue 20 mMuH. PactBop
passoaunn B 10 pas, otbupann 10 cm® u onpegenanu
KO3GOMLUMEHT pocTa uucna KAeToK UHoy3opuit  Ha
obpasuax 4yepes 24 yvaca. KoHTponem cayxuna
OUCTUAANPOBAHHAA  BOAa,  MNOACYET  XMBbIX  TecT-
OpraHM3mosB nposogunun Ha npubope buo/laT
(OO0 «EBpononutect», Poccua) [52] no crneumanbHom
nporpamMme C MUCMNOAb30BaHMEM W306paKeHUAa YHOK
nnaHwera ¢ uWHoysopuamu. MporpammHas  obpaboTka
n3o06paxeHun OCHOBaHa Ha BbIYUTAHUU OBYX
nocsiefoBaTeNbHbIX KagpoB JIYHKM C TeCT-OpraHn3mamu u
CKAHMPOBaHUW  pe3ynbTUpyloWwero un3obpaxkeHua anA
BbISIB/IEHMA 0OBEKTOB, OT/IMYAOLWMXCA MO APKOCTU OT PpOHa.

KoaddpuumeHT pocta Kpoera (%) Bblumcnanm no dopmyne:

¥
Epucm =%>< 100, roe Acn — npupoct  knetok
E

MHPY30pUK B ONbiTe, Ay — NPUPOCT KNETOK B KOHTpoe. Mpu
YMEHbLUEHUN NPUPOCTa KNETOK WHPy3opun Ha 50% wu
bonee, Mo CpaBHEHUIO C KOHTpoOsem, npoba cyuTanacb
TOKCMYHOW.

Obpabomka pe3ynbmamos. IKcnepuMeHTaNbHble
haHHble 0bpabaTtbiBanm B nporpammax TableCurve 2D 5.1,
TableCurve 3D 4.0, Mathematica 10.3 wu Statistica 10.
[loBepuUTeNbHbIN MHTEPBAN CcpegHero apudmeTUyecKkoro
paccyMTaH no ypoBHIo 3HaummocTtun p = 0,05.

MONYYEHHbDIE PE3Y/IbTATbI U UX OBCYXAEHUE

B cTaTbe npeacTaBieHbl pesynbTaTbl MO  pa3paboTke
MUKpobMonormyeckoro npouecca nonyyeHmsa
KapoTuHomacogepxawero KMPK ¢ wucnonb3oBaHuem

BTOPMYHOIO MpPOAYKTA MepepaboTKM 3epHa ropoxa Ha
6eNKOBbIN KOHLLEHTPAT — KUAKOM CbiBOPOTKU. CbIBOPOTKA
oCTaBasacb Moc/ie OCaXKaeHWa OenKoB M3 3KCTPaKTa B
n3oanekTpuyeckon Touke [40]. Ona nonyveHua KMPK
MCMONb30BaNM HOBbIM wTamm Rhodotorula mucilaginosa
111, aKTMBHO YCBauMBAlOWMIA KOMMOHEHTbI cCpes W
CUHTE3NPYIOWMIN 6eKK, MMNnApI, YrAeBoAabl, KaPOTUHOAbI.

Mpwu aHanuse nocnenoBaTeIbHOCTU
pubocomanbHbIXx reHoB no 6ase pAaHHbIXx GenBank
NepBUYHbIA CKPUHWMHF MOKa3as, YTo WTaMM NpUHagaexan
K cucTematTMyeckomy poay W Bugam: Rhodotorula
mucilaginosa, Rhodotorula alborubescens, Rhodotorula
evergladensis. Kputepmem OoTHECEHWA MWKPOOPraHM3ma K
KOHKPETHOMY BWAY CYMTANM FOMONOrMIO He meHee 98%.
Ona YyCTaHOBNEHUA dunoreHeTnyeckoro poacTsa
MCMNoab30Bann MeToZ,  CpaBHeHuA HYK/J1€0TUAHbIX
rnocnefoBaTtesibHOCTeN, Kogupyowmx gomeH D1/D2 reHa
18S pPHK. AHanu3  ¢unoreHeTMHeckoro  poacTsa,
NOCTPOEHHbIN c MCMONb30BaHNEM LWTaMMOB
6/1M3KOPOACTBEHHbBIX MWKPOOPraHW3MOB, 3HTepobiacTu-
Yyeckoe NoYKoBaHUe, CAN3UCTAsA KOHCUCTEHLUMUA KyabTypbl U
HaAnuYne NMUrMeHTOB NOKasanW, YTo Hambonee BAU3KUM K
obpasuy 6bin poa Rhodotorula, Bua — mucilaginosa.
LLtamm 06pa3ua AenoHnposaam nog Homepom 111.

C uenbld  npeaBapuTesbHOrO  onpegeneHus
3HayeHui Temnepatypbl M pH Ana pasBUTUA KyAbTypbl
ncnonbzoan HMC AMepUKaHCKOW KOMNEKLMU TUMOBbIX
KynbTyp — ATCC, B cOCTaB KOTOpPOM BXoAM/a caxaposa B
KOoHUeHTpauun 0,2%. B npobupKK cO CTepunbHOM cpenom
3aceBasv KynbTypy B 3-X KpPaTHOW NOBTOPHOCTWU, KOANGbI
BbIAEPKMBAN B TeUEHWe Heaenu npu temnepatype 4, 10,
15, 20, 25 1 30°C u pH o1 6,5 no 8,5. Hanbonbwuit poct
KyNbTypbl Habnoganca npu pH 8,0 u temnepatype 25°C.
Wramm R. mucilaginosa 111 o06pa3oBbiBas MUIMEHT,
OKpaLUMBAOWMIA KOJOHMM B PO30BATO-OPAHKEBbLIN LBET
(puc. 1), uTo xapaKTepHO ANA KAaPOTUHOUAHbLIX NMUTMEHTOB
6a31MaMOMMLETOBLIX APOXKKENW [aHHOro poga. Pasmep
KNETOK ANLLEBUAHON GOPMbI, PACMONONKEHHBIX OANHOYHO U
nonapHo, cocrasnan 3,75%£1,25 mkm x 5,5+2.5 mkm.
PasmMHOXanucb KAETKM Yalle MONSAPHbIM MOYKOBAHMEM,
peske — MHOFOCTOPOHHUM NOYKoBaHMeEM (puc. 1).

PucyHok 1. BHelwHwuii Bua Knetok R. mucilaginosa 111 Ha TBepAo nUTaTeNbHON cpeae
Figure 1. Appearance of R. mucilaginosa 111 cells on a solid nutrient medium
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MpoAyKTUBHOCTb (YpOXKaHOCTb) KyAbTypbl R. mucilaginosa
111 m3yyanu Ha nuTaTesIbHOW cpefe U3 CbiIBOPOTKM, 6e3
BHECEHWA [0NOIHUTE/IbHbBIX MHTPeAUEHTOB, U CPaBHUBaNU
ee ANA cpep U3 HYTOBOM WM KapTodesbHON CbIBOPOTKM.
3epHO HyTa MO XMMMUYECKOMY COCTaBy W  U3MKO-
XMMWYECKMM cBOMCTBAM DeNIKOB MMeeT CXOACTBO C 3epPHOM
ropoxa, Torga, Kak kaptodenb No AaHHbIM MOKasaTenAm oT
3epHO60608BbIX OT/MYaeTcA. [103TOMy npeacTaBAANOChH
MHTEPECHbIM MUCCNea0BaTb NPOAYKTUBHOCTb APOXIKEN Ha
CbIBOPOTKE Pa3/IMYHOW NPUPOAbI, XMMWMYECKMI COCTaB
KOoTOpoW npuBegeH B Tabauue 1. MMapameTpbl
BbIPALLMBAHMA NCNOL30BANN TE XKe, YTO U ANIA TOPOXOBOM
CbIBOPOTKM, HO C KOHCOPLMYMOM APOKKel Saccharomyces
cerevisia  wn  mukpomuyema  Geotrichum  candidum
(temnepatypa pocrta 27+1°C, pH 6,0-6,5) [40]. NMokasaHo,
YTO MPOAYKTMBHOCTb ApoxKeWn R. mucilaginosa 111 Ha
rOpOXOBOW M HYTOBOM CbiIBOpPOTKe B 1,6 pasa Bbllwe, YemM Ha
KapTodpenbHOM CcbiBOPOTKe (puc. 2). BO3MOXKHO, 4yTO B
COCTaB  CbIBOPOTKM U3  3epHOBO06OBbIX  Ky/abTyp B
1,5-1,8 pasa 6onblue BXOAUNO NErKO YCBOSAEMbIX MOHO- U
onurocaxapuzos. [na  panbHeWWuWX  MUccnensoBaHWUi

MCMONb30Ba/N  TOPOXOBYH  CbIBOPOTKY, HYTOBYIO U
KapTodenbHylo — paa CcpaBHEHWA MNPOLLEeCccoB pocTa U
NPOAYKTUBHOCTU A POMMKEN.

TexHONOrMYyeckne  peMMbl  KyJbTUBMPOBAHMUSA
pposxkken R. mucilaginosa 111 Ha ropoxoBol CbIBOPOTKE
ONTUMMU3NPOBANU c MeToAamm MaTeMaTU4ecKom
06paboTKM AaHHbIX. COCTaBUAM MATpuULy NAAHUPOBAHMUA
3KCMEepUMEHTa BbIPAWMBAHUA APOXKKENW B TeueHue 3-x
CYTOK O/1A BbISIBNEHUA 3aBUCMMOCTU Bbixoda Buomacchbl oT
KUCNOTHOCTU  Ccpeapl, Temnepatypbl UM  KOJAMYecTBa
noceBHoro Mmartepuana. MOUCK WMCKOMOM 3aBUCMMOCTM
OCYLLECTBNIANN B CieayloLwem Buae:

md =a0- fpH - ft- fcm
rp,e:ﬁ)H, ftw fem — dyHKUMKM sddekTOB BAMAHMA pH,
TemnepaTtypbl t U KOANYECTBA NOCEBHOrO MaTepuana cm.

Ha pucyHke 3 npeactaBneHbl YacTHble 3MMIMPU-

yeckue 3aBucumocTy fpH, ft n fcm apdpektos BamaHuA pH,

TemnepaTypbl, KO/JIMYECTBa MOCEBHOrO MaTtepuana Ha
BbIX04 6G1OMACChI APOXKEN.

Tabamua 1. XvMMHUYECKUI COCTaB CbIBOPOTKM Pa3IMYHOM NPUPOAbI

Table 1. Chemical composition of serum of various nature

MNokasartenun / Indicators

Yrnesoabl, % OT 06Lwiero Konmyecrsa

AB, % CB Carbohydrates, % of the total
CB,% (Nx6,25) ManbTo3a,
DS, % NS, % ®pyKTO3a [ntokosa caxaposa lanakTosa PadpodumHO3a Craxuosa BMC
(Nx6,25) Fructose Glucose Maltose, Galactose Raffinose Stachiose HMC
sucrose
FopoxoBas cbiBOpoTKa / Pea whey
3.00 13,94+ 10,99+ 41,45+ 1,32+ i 2,91+ 3,14+ 35,12+
! 5,32 0,61 1,12 0,04 0,10 0,09 2,01
Hytosas cbiBopoTKa / Chickpea whey
3.80 14,95+ 14,06+ 4,28+ 4,40+ 4,35+ 9,52+ 3,68+ 47,21+
! 7,53 0,84 0,45 0,36 0,55 1,42 0,47 1,93
KapTodenbHas cbiBopoTKa / Potato whey
3.80 29,75+ 12,11+ 18,30+ 3,74% i i ) 64,22+
! 2,25 0,56 0,93 0,41 1,02

MpumeyaHue: CB — cyxue sewecmea; BMC — 8bicokomosekynsapHele coeduHeHus; AB — asomucmele sewjecmea
Note: DS — dry substances; HMC — high molecular compounds; NS — nitrogenous substances

/100 T CBIBOPOTKH

IIpoyKTUBHOCTD OPOAOKEH,

Yeast productivity, g/100 g whey
L%

2
%]

PucyHok 2. MpoayKTUBHOCTb Apoxken R. mucilaginosa 111 Ha cbiBOpOTKe: 1 —ropoxoBoW; 2 — HyTOBOM;

3 — kapTodenbHoi

Figure 2. Yeast productivity R. mucilaginosa 111 on serum: 1 — pea; 2 — chickpea; 3 — potato
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Iny=a+bx+c/x"(1.5)
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PucyHok 3. YacTHble amnupuyeckune sasucumoctu apdekrta samsaHua: a — fpH ot pH; b — ft ot TemnepaTypsl t;

¢ —fcm oT KonnyecTBa NnoceBHoro MaTepunana cm

Figure 3. Partial empirical dependences of the influence effect: a — fpH on pH; b — ft on temperature t;

¢ — fcm from seed quantity cm

C nosbliweHnem pH ot 5 go 7-8, temnepaTypsbl o1 10 go 15—
17°C »n KonuyecTBa noceBHoro martepuana ot 1 go 2%
BbIX0Z, BOMacchl NOBbLIWANCA, NOC/AE YEro OH NAABHO WAK
pe3ko noHukanca. KoadouumeHTbl Koppenauumn (R)
YPaBHEHUI,  OMUCLIBAIOWMX  AaHHble  3aBUCMMOCTH,
paBHANUCL, cooTBeTcTBEHHO, ans pH (puc. 3A) — 1,0000;

_21698.726-cm e "7

Temnepatypbl (puc. 3B) — 0,98600 1 KonnyecTsa NOCEBHOIO
maTepuana cm (puc. 3C) — 0,99997, 4Tto yKasbiBano Ha
afleKBaTHOE  OMWCaHWe  ypaBHEHMEM  MOJYYEHHbIX
3KCMEPUMEHTANbHLIX  [aHHbIX. McKomoe  ypaBHeHue
3aBMCMMOCTM BbIXOAa MaccoBOM 4oan 6uomacchbl (md) ot
BAUAOLLMX GAKTOPOB UMENO BUA,:

57.1

(18362 4 46310 271 0.2008¢
t

md

3.4341+ cm?

roe: pH — pH cpeapbl, t — TemnepaTypa, cm — KOANYECTBO
NnoceBHOro maTepuana.

KoaddurumeHT Koppenaumm ypasHeHus R paBHanca
0,8715, 4TO TaKKe yKa3blBaso Ha afeKBaTHOE ONUCaHNE UM
3KCMEePUMEHTaNbHbIX AaHHbIX (puc. 4). Ha pucyHke 5
oTtobpaxeHa 3aBMCMMOCTb Bbixoga 6uomaccel md (r/10

0
cm®) ot pH u Temnepatypbl f, C npu Konuuectse

NnoCeBHOro matepuana cm = 2%. 3aBUCMMOCTb KONMYECTBa

6uomaccbl OT uccnegyemblx (GaKTOPOB MMesna YeTKo
Bblpa)eHHble  MaKCMMyMbl. M3  AWUCTMHra  peleHus
YPaBHEHMI BbITeKaNM ONTUMasbHbIE 3HaYeHWUA GaKTOpPOB,
obecneymBaoLMe MakcMMasbHbIN Bbixoa 6uomacchl (md),
(0,81 r/om3). B npouecce HakonaeHua 6Buomaccsl
yCBaMBaAMUCh r10Ko3a M GpyKTOo3a.

Onsa ropoxoBoi M KapTodpenbHOl CbIBOPOTKM B
Ky/NIbTYpanbHOM KUAKOCTU KO/IMYEeCTBO TIOKO3bl
3aKOHOMEPHO YMEHbLLANOCh: Y TOPOXOBOW CbIBOPOTKU — 10
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HyNS, y KapTodenbHoi — B 6 pas, No CPaBHEHMIO C HaYa oM
npouecca. Y HYTOBOIN CbIBOPOTKM KO/JMYECTBO T/HOKO3bI
NPaKTUYeCcKM He u3meHsanocb (Tabn. 2). Y Bcex BMA0B
CbIBOPOTKM  KONMYECTBO GPYKTO3bl B Ky/bTypasibHOM

MMOKOCTU K KOHUY BblpalimMBaHua 6uomaccbl yMeHb-
wunocb B 2,2-3,9 pasa. CneposBaTenbHO, APOXKKM U3
ropoxoBon U KapTodenbHOM CbIBOPOTKM yCBauBanu
r7II0KO03Y, GPYKTO3Y, U3 HYTOBOM CbIBOPOTKU — GPYKTO3Y.

PacueTHbIe DaHHbBIS
Calculated data

A mm noa A& oo

SECTIEpIMEHTANEHES JAHHBIE
Experimental data

PucyHok 4. KoppenaumnmoHHbii rpadmk
Figure 4. Correlation chart

PUCYHOK 5. 3aBUCMMOCTb Bbixoga bromacchl (md)
oT pH n Temnepartypsl (t)

Figure 5. Dependence of biomass yield on pH and
temperature

Tabnuua 2. YrneBogHbIM COCTaB CbIBOPOTKM M KY/IbTYPasibHOM KUAKOCTU B NpoLecce pocTa Apoxxen R. mucilaginosa 111
Table 2. Carbohydrate composition of serum and culture liquid during the growth of the yeast R. mucilaginosa 111

CbiBopoTKa / Whey
FopoxoBas HytoBas KaptodenbHasn
Cocras Pea Chickpea Potato
Composition CyTKM pocTa CyTKM pocTa CyTKM pocTa
c c c
W Days of growth W Days of growth W Days of growth
1 2 3 1 2 3 1 2 3
CB, % 3,00+ 3,00+ 2,80+ 1,60+ 3,80+ 3,80+ 3,00+ 2,50+ 3,80+ 4,00+ 2,20+ 2,00+
DS, % 0,65 0,02 0,43 0,49 0,37 012 089 085 038 044 0,75 0,60
nioko3a 41,45+ 32,17+ 11,93+ 0 6,61+ 4,28+ 586+ 7,73+ 1830+ 10,56+ 2,67+ 3,10+
Glucose 2,54 1,96 0,66 0,73 028 161 015 185 201 088 0,81
®pykrosa 11,99+ 13,85+ 12,46+ 529+ 12,68+ 14,06+ 863+ 3,34+ 12,11+ 9,40+ 841+ 4,03+
Fructose 1,95 1,38 1,72 2,97 0,95 1,9 1,75 1,39 125 2,40 234 122
ranakrosa 1,32+ 1,04+ 0 0 435+ 4,19+ 4,40+ 5728+ 2,80+ 3,17+ 3,45+ 3,11+
Galactose 0,08 0,05 0,17 013 016 009 0,20 092 080 0,06
Manbto3a, - - — _
K;';‘I:z::a 1,32+ 1,75t 435t 1285t 4,40+ 3,88t 4,80t 7,40+ 3,74+ 3,04+ 3,68+ 3,42+
’ 0,69 0,99 0,57 0,82 0,43 038 021 055 004 036 012 0,15
sucrose
PaddpuHO3a 2,91+ 1,14+ 1,93+ 2,28+ 9,52+ 10,44+ 1582+ 19,59+ 1,15+
Raffinose 0,07 0,05 007 002 009 013 040 0,24 B B B 0,03
Craxuosa 3,14+ 2,85+ 323+ 420+ 3,68t 4,25+ 4,17+ 3,48%
Stachiose 0,47 0,78 012 034 094 054 019 0,38 B B B B
BMC 32,80+ 38,57+ 58,96+ 7538+ 47,21+ 46,97+ 52,07+ 50,71+ 61,42+ 69,45+ 74,15+2 80,4+
HMC 0,98 1,05 2,92 2,07 1,71 1,94 199 1,48 1,72 2,77 54 3,38

Mpumeyarue: CB — cyxue sewecmea; BMC — 8bicokoMosneKynsapHole coeduHeHus,; C — cbIsopomKa
Note: DS — dry substances; HMC — high molecular compounds; W — whey

[aHHble OTAMYMA HE3HAYUTENbHO MOBAUAAM HA BbIXOA,
6uomaccbl M3 HYTOBOW CbIBOPOTKM MO CPaBHEHUIO C
ropoxosoi. [lOCTOBEPHbIX AAHHbIX MO YMeHbLUeHWUIo B
KY/NIbTYpasbHOM  KMAKOCTU  KOMMYECTBA ManbTo3bl U
Caxaposbl He BbIABAEHO. YBe/WYeHWe  Koauyectsa
ANcaxapuaoB K KOHLY pocta 6uomacchl, Kak U KOM4ecTsa
BMC, B KynbTypaNbHON XWAKOCTU MOMKHO OOBACHUTL

KOZIMYECTBEHHbIM nepepacnpeseneHmem ¢pakuUMOHHOro
coCTaBa Yr/71eBoAOB 3a CYeT YCBOEHWA MOHOCaxapugos
OPOXKamu B NpoLiecce pocTta

C OonNTMManbHbIMK  peXMMamMW  BblpalLMBaHUA
KY/NbTypbl NOAy4YeHbl nabopaTopHble o06pasubl KMPK
(puc. 6), U3yyeH WX XMMWMYECKUM COCTaB U TOKCUYHOCTb.
KoHLLeHTpaT MMen po30BO-OpaHKeBbIN LIBET, MOCTOPOHHME
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3anaxu OTCYTCTBOBANM. CrnekTpodoToMeTpUYECcKMM
aHA/IM30M 3KCTPAKTOB M3 BMOMACChl APOXKKEN Moayumam
CNEKTP MNOT/IOWEHUA KapoOTUHOMAO0B B NeTposeiHom adupe
(puc. 7) n xpomaTtorpammy BIXX-aHanu3a nNUrmeHTOB
(pyc. 8) c pasAUUHLIMM  MAKCMMyMamu MOr/IOLEeHMA
(tabn. 3). B 6uomacce ob6HapyxeHbl GUTOMH W ero
Npou3BOAHblE, TOPYAEH, [B-KapoTWH, TOPYNAPOAMH U
¢uTOMH. Mpy 3TOM M3BECTHO, YTO MEpPBbIM MNPOAYKTOM

a
PucyHok 6. BHewHnit Bug KMPK, nosiyyueHHOro Ha ropoxoBoW CbIBOPOTKE: @ — Cbipan 6uomacca; b — cyxoi KoHLeHTpaT
Figure 6. Appearance of the FMVC obtained on pea serum: a — wet biomass; b — dry concentrate

B

H 8 480

g,@m 516

53

(="

E O

g o

E o

e g

g

S 2

"an..,,,,...,——f

'ED 400 500 G600 TOO Boo 900

e JIIHMHA EOMHBL HM
Wavelength, nm

PucyHoOK 7. CneKTp Nor/ioLeH s SKCTPaKTa MMIMEHTOB B
neTposneiHom adupe

Figure 7. Absorption spectrum of pigment extract in
petroleum ether

Hapsagy ¢ kapotuHomaamu, KMPK cogepan 6enku, xupbl,
MWHepasbHble  3/emeHTbl  (MoKasaTesb  30/1bHOCTH),
pacTBOpUMble M HepacTBOpMMble BOMOKHA (Tabn. 3). B
cocTaB ero 6enkos Bxoguau 18 amuHokucnort (AK) (puc. 9),
cpeaM  KoTopbix  npeobnaganv  MMMYHHOAKTUBHbIE
acrnaparmHoBas, rIOTaMUHOBAA KMCAOTbl, anaHuH. CKop
anA Bcex HesameHUmbIX AK y KMPK 6bin Bbiwe 100%, yto
YKa3bIBa/lo Ha BbICOKYIO BMONMOrMYECcKyto LLeHHOCTb 6enKkos.
Obwan cymma HesameHumbix AK y ropoxosoro KMPK
paBHsAnacb 21,86%, y HytoBoro KMPK — 27,03%, oT o6Liero

61OCMHTE3a KAaPOTUHOMAOB B PAcTEHUAX ABNAETCA GUTOMH
[53], KOTOpbI 4Yepe3 pafa peakuuii npespallaeTcs B
OKpalUeHHbI B-KAapOTWUH, Y-KapoTuH [54], TopyanH u
TOpYNapoAnH [55]. MNpoBuTammnHHan aKTUBHOCTb
KapoTMHOMAOB B Halem c/yyae ybbiBana B cregytoLiem
nopsaake: npounsBoAHble duTonHa>TOpyNEH>
B-KapoTUH>TOPYNAPOAUH>OUTOMH.

b
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PucyHok 8. Xpomatorpamma BIXKX-aHanusa nurmeHToB:

1, 6 — npounsBoaHble GUTOUHA; 2 — TOPYNAPOAUH; 3 — TOPY/IEeH;
4 — B-KapoTuH; 5 — duToUH

Figure 8. Chromatogram of HPLC analysis of pigment:

1, 6 — phytoin derivatives; 2 — torularodin; 3 — torulene;

4 — B-carotene; 5 — phytoin

mx Konmyectsa. Ckop atmx AK Ha 12-25% Bblwe, yem y
KMPK, nosy4yeHHOro Ha TOI e ropoxoBOW CbIBOPOTKE, HO
C KOHCOpUMyMOM ApoxKel Saccharomyces cerevisiae 121
n rpuba Geotrichum candidum 977 (tabn. 4), ansa HyTOBOM
CbIBOPOTKM — Ha 6-17%, npu Tom, 4To 6enkn y o6omx KMPK
6b111 BUONOTNYECKM MOHOLLEHHbIE.

MUpPHOKNCNOTHBIN cocTas mnugos KMPK BKkatoyan
20% HacbllWeHHbIX U 78% HEeHaCbIWEHHbIX }XUPHbIX KACNOT
(tabn. 5), COOTHOLWIEHNE KUPHbIX KUCAOT (HACbIWEHHbIE:
MOHOEHOBbIE: No/MeHoBble) paBHAnocb 20:33:45, yTo
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NPUPaBHMBANO UX K IMNNAAM apaxmca, TOMATOB, KYHXKYyTa
M onuMBKOBOro  paduHMpoBaHHOro macna. Cpeau
HEHaCbIWEHHbIX  KUPHbIX KWUCNAOT  MPUCYTCTBOBAaNM
NMHoneBas kKucnota (w=6), onemHoBas (w=9) wu
nasnbmuTONEMHOBAA KucnoTa (w=7). Cpean HacblWeHHbIX
MMPHbBIX  KUCMOT  Bonbliaa gonsa  npuxoawnacb  Ha
nanbMuTuHOBYtO Kucnoty (13,70%), meHbluas — Ha
NIAYPUHOBYIO KUCAOTY C aHTUOBMOTUYECKON aKTUBHOCTHIO U
cTeapuHoBytlo  kucnoty: 1,5610,45% wn  1,41+0,21%,
COOTBETCTBEHHO. Ha A0/110 AylWMCTbIX BEWeCTB (anbaerns,
adup, KeToH) npuxoamnocb B cymme 1,27%. Takum
obpasom, nunuapl U KapotuHouabl KMPK B opraHusme
YKMBOTHbIX MOTYT MPMHUMATb aKTUBHOE yyacTue B obmeHe
BELLEeCTB He TOJIbKO KaK 3HepreTMYecKnin maTepuasn, Ho U
KaK KOMMOHEHTbI, BK/AKOYalOWMeca B CUHTE3 TOPMOHOB,

Tabauua 3. KapoTMHomaHbIl cocTaB ropoxosoro KMPK
Table 3. Carotenoid composition of pea FMPC

BUTAaMUHOB U 6uonornyeckm
coeauHEeHNN.

ToKcmKkonornyeckasa oueHka KMPK, BbinonHeHHaA
buoTecTMpoBaHMeM ¢ 6GMONOTMYECKMMU MOLENAMU U3
OfHOKNEeToYHON UHPY30pun Tetrahymena pyriformis [52],
nokasasna, 4YTo B TeyeHMe 24 4acoB KOHLEHTpaT
CTUMY/IMpOBan ee pocT. Ha 3To yKasbiBano bHonbliee Ha
29,1% 3HayeHue Ko3pPUUMEHTa POCTa MUKPOOPraHM3ma,
no cpaBHeHWO €  KoadduumeHTOM  pocTa  Ha
anctunnnposaHHol Boge (puc. 10). HytoBas cbiBOpOTKa
TaKXke ABAANACh CTUMYUPYIOLLEN CPeson ANA OPOXKIKEN,
K03$dMLUMEHT pocTa UHOy30puit Bbllwe Ha 18,6%, no
CpaBHEHUIO C KOHTponem. KapTodenbHas CbIBOPOTKa,
HaobopOT, yrHeTana pPocT KAeTOK WHQY30puii, BOSMOXKHO
13-3a [MIMKOANIKONONAOB.

Apyrux AKTUBHbIX

Bpemsa yaepKaHusa ¢

No KapOTM.HO.MAbI KONOHKM, MUH Absorption maxima, Mnowaab N1MKa Mol %
Carotinoids . . . nm Peak area
Column retention time, min
MpoussoaHoe
1 ¢uTonHa 20,241 272/281/293 261842 90,6
Phytoin derivative
,  TopyniapoauH 22,224 470/491/527 2746 1,0
Torularodine
3 lopyned 32,340 458/487/519 9821 3,4
Thorulen
4  PRapomuu 35,213 429/452/479 3664 1,3
B-carotene
5 urownH 39,240 270/282/293 1912 0,7
Phytoin
MpoussoaHoe
6 duTonHa 40,038 271/282/293 8998 3,1
Phytoin derivative
B | 'opoxosbiii KPMK B Hyrosbsii KPMK
PeaFMPC Chickpea FMPC

% Ha CB
% on DS

Wk b O3 0

S]

M. |
ilrm
il

AspThr Ser Glu Pro Cys Gli Ala ValMet Ile Leu Tyr Phe His Lys Arg Trp

o r
rrlrnnn

PUCYHOK 9. AMMHOKMCNOTHbIN COCTaB ropoxoBoro n Hytosoro KMPK

Figure 9. Amino acid composition of pea and chickpea FMPCs
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Ta6bauya 4. XuMmnyeckuii coctae ropoxoBoro u Hytosoro KMPK

Table 4. Chemical composition of pea and chickpea FMPCs

Maccosasn gons, % Ha CB / Mass fraction, % on DS

Maccosasa aonsa

BonokHa / Fiber

Bnaru, % Benok (Nx6,25) Kup 3ona
Moisture, % Protein Lipids Ash Pacteopumbie HepacTsopumbie
Soluble Insoluble
6,76+0,11 58,9013,03 1,20+0,06 4,5310,23 9,33+0,46 26,0410,26
AMUHOKUCNOTHbIN ckop KMPK, % / Amino acid score of the FMPC, %
Val His lle Leu Lys Met+Cys Thr Trp Phe+Tyr
Fopoxosblit / Pea
R. mucilaginosa
120 243 136 119 129 240 201 272 221
S. cerevisiae + G. candidum
107 219 124 107 116 226 179 247 197
HyTtosbiit / Chickpea
R. mucilaginosa
162 200 203 145 135 242 236 147 143
S. cerevisiae + G. candidum
151 188 197 136 127 225 221 137 135

Tabauua 5. CocTaB KuUpHbIX KMcAoT KMPK, nonyueHHoro ¢ apokxkamu R. mucilaginosa 111
Table 5. Fatty acid composition of FMPCs obtained with the yeast R. mucilaginosa 111

% K cymme
% K cymme KUcnor
YupHblie Kucnotbl Kucnor YupHblie KucnoTbl
Ne . Ne . % to the amount of
Fatty acids % to the amount Fatty acids .
. acids
of acids
1,1-dimethoxy-; n-Nonanal 9-Hexadecenoic acid
1 v 0,10+0,03 10 6,46+0,31

dimethyl acetal C;1H,40,

Palmitoleic acid Ci6.1(9)

Decanoic acid
+
2 Capric acid Cio:0 0125—0,10

11 Hexa.dfecan.lc acid 13,70£0,81
Palmitic acid Cy6.0

Octanedioic acid

10-Heptadecenoic acid

+ +
3 Suberic acid C8H1404 0106_0102 12 C17H3202 1’50_0’12
Dodecanoic acid Heptadecanoic acid
+ +
4 Lauric acid C12:0 1,5620,45 13 Margaric acid C;7H340; 0,39:0,09
2-Hydroxyhexadecanoic
Benzophenone acid |
+ +
3 Diphenylketone (CgHs),CO 0,07£0,03 14 a-Hydroxypalmitic acid 0,63£0,07
Ci16H3,03
Nonanal dimethyl acetal L
6  Cinnamic acid butyl ester 0,07+0,03 15 JiZ-Octadecadienoic acid 45,2610,10
Linoleic acid Cis:2(9,12)
Ci13H160,
7 Tetradecanoic acid 0,98£0,26 16 9-Octadecenoic acid 24,0440,76

Myristic acid Cy4H,50,

Oleic acid C33H340;

Pentadecanoic acid
8 1,62+0,30
Pentadecylic acid C;s.0 ’ '

6-Octadecenoic acid
+
17 Petroselic acid C1gH340; 0,88+0,22

Heptyl benzoate Ci3 His O3

. . 1,03+0,18
Benzoic acid, heptyl ester

Octadecanoic acid
+
18 Stearic acid CygH360, 1,41x0,21

M3BECTHO, 4YTO CyXas CbIBOPOTKA ropoxa MOXeT 6biTb
MUcnonb3oBaHa ¢ rpubamu ANA NPOM3BOACTBA BeraH-
MuKonpoTenHa [56]. Hamu ke nokasaHo, 4To C AnA
wTtamma R. mucilaginosa 111, Kak u ¢ KoHcopuuyma S.
cerevisiae 121 n G. candidum 977 [40], »kuaKaa ropoxosas
CbIBOPOTKA, OCTalowaaca nocne nosayyeHusa BK, Takke
ABnanacb 3pPeKTMBHOW NUTATENbHOW Cpeaoi ANA CUHTe3a
6vomaccbl, 4YTO MOXeT YyAelWweBAATb MNPOM3BOACTBO.
HecmoTpa Ha oOpuMHaKoBYylD Maccosylo ponto 6enka B
brMomacce B HaweMm C/yyae € PasHbIMK MogubUKaTopamm
(58,90+3,0% n 61,68+0,40% Ha CB), npeumyLiecTBOm
nccnepyemon 6uomaccel ABNANOCH Hannune
KapoTMHOMAOB. BMOCUHTE3 KapOTMHOMAOB, Kak 6enkos u
navnupos, B 6uomacce R. mucilaginosa 111 npotekan npu
OTHOCUTENIbHO HU3KOW TemnepaType, YTO COOTBETCTBOBA/IO

AaHHbIM, MOKasblBaOWMM, YTO HEKOTOpble LWTamMMbl
Rhodotorula pactyT He Tonbko npu 28-32°C [55; 56], HO 1
npu Temnepatype — 20-24°C (R. gracilis, R. glutinis, R.
mucilaginosa) [31; 56; 57]. Wccneayembiit wTamm R.
mucilaginosa 111 Hanbonee 3dpdeKTMBHO pasBmBaacA Npu
Temnepatype euwe 6onee Huskoh (16,9°C), uTO
noaTeepAnMno TOT $aKT, YTO BMA NUTaTeNbHOM cpeapl
B/WAET He TONbKO HA KO/NIMYECTBEHHble MNOKasaTenu
6rvomaccel [26], HO M Ha TemnepaTypy ee HaKOMN/JeHwus.
MoHWKEeHHan TemnepaTypa BblpaliMBaHUA rpuba 3aWmTuUT
KeNyAoYHO-KULWEYHbIN TPaKT KMBOTHbIX ot
HexenaTeNbHbIX MUKPOBUONOrNYECKnX npoL,eccos,
KOTOpble, MO KaKUM-TO MPUYMHAM, MOTYT BO3HWUKHYTb C
AaHHbIM BMAOM 61omaccsl.
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PucyHok 10. KoadpdpuumeHT pocta RynbTypbl Tetrahymena pyriformis Ha 6uomacce pasanyHoON Npuposabl:
1 — ropoxoBas CbIBOPOTKa, 2 — HYyTOBaA CbIBOPOTKA, 3 — KapTodeibHan CbIBOPOTKA;

4 — koHcopumym S. cerevisia 121 n G. candidum 977; 5 — aucTunnMpoBaHHas Boaa

Figure 10. Growth coefficient of Tetrahymena pyriformis culture on biomasses of different natures:

1 - pea serum, 2 — chickpea serum, 3 — potato serum; 4 — consortium of S. cerevisia 121

and G. candidum 977, 5 — distilled water

FopoxoBas cbIBOPOTKa — bonee adpdeKkTMBHAA NuTaTeNbHan
cpefa anAa pocta 6Momacchl, YemM HyTOBas, U OCOBEHHO —
KapTodenbHas cbiBOpOTKa. MMpoayKTMBHOCTL BMomaccel R.
mucilaginosa 111 Ha ropoxoBOW CbIBOPOTKE BbilIE, YEM,
Hanpumep, y ApoxKen R. rubra, BblpalWEHHbIX Ha
dpykToBbLIX OTXOAax (7,8 mr/cm3) [19], unn apoxskein R.
mucilaginosa CCY 20-7-31 v P. glutinis CCY 20-2-26 (35-40
r/am3), npomspacTaBWinX Ha KapTodenbHbix oTxoaax [28].
AKTMBHOE YCBOEHWe [oKo3bl WTammom R. mucilaginosa
111 u¥3 TropoxoBOWM CbIBOPOTKM COFNAcOBbIBANOCL C
OaHHBIMU ANA ApYruX ApoxKeW. TaK, KapOTUHOreHHble
OpoxKu R. toruloides v R. glutinis ncnonb3oBanu rAOKoO3y,
Kcunosy, apabuHosy [58—60], rnokosa 6onblue Nosbiwana
copepykaHue nunupos [59]. Ha BaKHOCTb NpUCYTCTBUSA
T/IIOKO3bl A1 yBenudeHua b6uomaccel R. toruloides Y4 w
KO/MYecTBa MNNA0B yKasaHo U B pabote [60]. YcBoeHue
HalMM  LWITAaMMOM  APOMKeh GPYKTO3bl U T1HOKO3bI
COBMAZANo0 C AaHHbIMM ANs KynbTypbl R. glutinis [51; 61].
OAHaKo, U3 rOPOXOBOM CbIBOPOTKMU UCCNEAYEMbIN LITAMM
yCBaMBan M FaNakTody, 4YTO TaKXKe He MpPOTMBOPEYMNO
OaHHbIM An1a 6a3MAMOMULETHBIX OPOXKel R. toruloides,
BblAENEHHbIX W3 XBOWHbLIX nopos AepesbeB  [62].
MCTOYHMKOM 3HEeprum pnaa cuHTesa 6Guomaccbl M ee
KOMMOHEHTOB Mornia bbiTb M caxaposa [63], HO ee
YyCBOEHWE He Habaganu.

Mpodunb  KMpPHbIX  KMcnoT  B6uomaccbl  R.
mucilaginosa 111 cooTHocunca ¢ npodunem cocrasa
Apyrux nuTaTesbHbIX cpes, " APOXKen.
MONMHEHACLIWEHHbIE  KUPHbIE  KUCAOTbl  BUomaccel
apoxken Rhodotorula, Cystofilobasidiu w Sporobolomyces
Sp., BbIPAWEHHbIX HA OTXOA4AX MBOTHOMO »KMpPa, TaKkKe
bonblwelit uyacTblo 6biAM  NpeacTaBAeHbl  IMHOEBOM
kucnotoit (Ciga) [64], U3 HaCbIWEHHbIX UPHbIX KUCNOT
06Hapyunn  nanbMuTnHoBYO  (Cie0), CTEApPUHOBYIO
Kkucnotbl  (Cigo). Mpu  depmeHTaumMmM  ApPOXNKen Ha
NIUTHOLLENIO/I03HOM  cpeae npu Temnepatype 25°C B
TeyeHMe 48-72 4acoB AOMMHUPYHOLWMMU  KUPHLIMK
KMCNoTamu ABnsanucb onenHosasa (Cigi), NanbMWUTMHOBaA
(Ci6:0) M nuHonesan (Cig:) KMCNOTbl. MUMPHbIE KUCNOTbI

61MoMacchl Halero WraMmma no KoM4ecTsy pacrnonaranocb
aHanorMyHbiM  obpasom: 6Honblie Bcero AMHONEBOW
Kucnotbl (45,26%) u onenHoBoW KucnoTbl (24,04%);
06Hapy»KeHbl MaNbMUTUHOBAA WM CTEAPUMHOBbLIE KWUC/OTHI,
Kak U y R. toruloides Y4 [65]. B aaHHON 6uomacce He 6bl10
JIMHONIEHOBOW KUCNOTbl, OAHAKO MNPUCYTCTBOBA/NM TaKKe
HeHacblIWeHHble NanbMuToNenHoBasA U 10-rentageLueHoBas
KMCNoTbl. Obliee KOAMYECTBO HEHACbIWEHHbIX MUPHbIX
KUCNOT ANA WTaMma 6bl10 HECKONbKO Bbille (78,14%), uem,
Hanpumep, y wTtamma R. toruloides Y4 (63,5%),
BblpalleHHOM depMeHTaumen Ha nUTaTeNbHOW cpepe C
r71It0KO30M [66].

OcHOBHOE KOonu4yecTBO KapoTuHouaos B KMPK
npuxogunocb Ha GUTOMH M ero npoussoaHblie (94,4%),
OCTaNlbHOE KOJIMYeCTBO — Ha TOPY/NApOAMH, TOpyaeH u B-
KapOTWH, TOr4a KakK, Hamnpumep, APOXKM LWTammoB R.
glutinis v R. rubra cnocobHbl cMHTE3NpOBaTb 6onblue
TOpyNnapoguHa, TopyneHa u B-kapoTuHa. Apyrum 6bin
COCTaB M NPV MCMNONAb30BaHUK, CBEKNOBMYHOM Menacchbl
[67]. 9To noaTBEPAMNO TO, YTO COCTaB KapOTUHOMAOB B
3HaYUTE/IbHON CTeneHW 3aBUCUT OT BMAA NUTATENbHOM
cpeabl. [lo HacToAwWero BpeMeHW HeT eAMHOro MHeHus
OTHOCWUTENbHO NyTeW CMHTE3a KAapOTMHOMAOB B APOMKMKaX.
Mo mHeHuto Simpson c¢ coaBTopamu [68], BHauyane wus
duTOMHA o0bpasyeTcA ero NpPOM3BOAHOE HENPOCMNOPWH,
KOTOPbI NOJ, BAUAHUEM MHTMOUTOPOB WAWU CTPECCOBbIX
¢daKkTopoB TpaHchopmupyeTca B /IMKONEH wau [B-3eaka-
POTUH; NPU LMKAU3ALUN NIUKONEHA WAU AernapupoBaHum
B-3eakapoTuHa obpasyeTcs y-KapoTWH, a NpU LUKAU3ALUU
Y-KapoTWHa, KaTanusupyemoro [ JIMKONUHUMKAQ30M,
CMHTE3MpPYeTCA  OKpaleHHblt  B-kapotvH  [54]. B
npucyTCTBUM GUTOEHAE3aTYpPa3bl U3 MOEKY/bl Y-KapoTUHA
obpasyeTcs  TOPY/NMH, KOTOpbIM  MpeBpawaetca B
TOPYNAapoOaMH MO  peakumamM  MAPOKCUAMPOBAHUA U
oKcureHauum  [55]. dutoMH M ero  nNpou3BOgHble
06HapyKeHbl B NeYeHu, NEerknx, TONCTON KULLKE YeNoBEKa,
OHM 3aWMLIAIOT KOXY OT yabTpaduonerta, AeNCTBYIOT KaK
QHTUOKCMAQHTBI U MPOTUBOBOCMANIUTENbHbIE  AreHTbl.
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MonyyeHHas 6Momacca cofeprkana BCe ONMCaHHble 34eChb
KOMMOHEHTbI.

KoadppuumeHT pocrta, onpegeneHHoii ana KMPK n3
ropoxoBoM W HYTOBOWM CbIBOPOTKM C  UHby3opuen
Tetrahymena  pyriformis  meTogom, MO  KOTOpPOMY
buotectnpoBanu Kopma [69], nuwesble fobasku [47] m
nekapctea [70], NoKasan, YTo KOHUEHTPAT, NOAYYEHHbIN C R.
mucilaginosa 111, pna  ofgHOKNeToYyHoM MHYy30pUM
HETOKCUYHBIM, 4YTO NO3BO/NMIO cAenaTb BbiBOg, 06
3KONOMMYECKOM UWMCTOTE HOBOrMO LUTAMMa APOXKEN U
LenecoobpasHOCTV asibHENLWero TeCTMPOBaHUA NPOAYKTa
B LleNAX NojyyeHWs ero B BUAE KOPMOBOM [06aBKM Ha
YKMBOTHbIX.

3AKNHOYEHUE

MonyyeHHble OaHHble yKa3bliBa/M Ha BO3MOMKHOCTb
MCMO/Ib30BaHNA KUIKOM rOPOXOBOM CbIBOPOTKM B KayecTse
cybctpata  ana npoussoactea KMPK ¢ HoBbim
aKonormyeckn 6esonacHbiM WTammom R. mucilaginosa
111. CbIBOPOTKY MOJIy4anu Kak BTOPMYHBIA NPOAYKT
nepepaboTKM ropoxoBOM MYKM Ha MULLEBOM KOHLLEHTPAT,
6enkn  KoToporo M3  PepMeHTaTMBHOTO  3KCTPAKTA
oCaXKfann B M303N1eKTpuyeckon Touke. [lnA  cuHTe3a
HETOKCMYHOM 6BuoMmacchl, coaepKawei NOAHOUEHHbIN
6enok co ckopom HeszameHuUMbIx AK Bbiwe 100%,
6uonormyeckn sdpdeKkTUBHbIE NUNUABI U KapOTUHOWUABI,
MOXKeT ucnonb3osaTbca wWTamm R. mucilaginosa 111,

BblAENEHHbIN ¥3 BOA AHTapKTMAbl. [lpoBUTAMMHHasn
aKTUBHOCTb  KapoTMHOMZOB  y6biBana  caegylowmm
obpasom: npoussoaHble duTOnHA>TOPYNEH>B-

KapOTUMH>TOPYNapPOAUH>OUTOUH. OTHOCUTENbHO HU3KUe
KOHUEHTPALMM KapoOTMHOWAOB B PacCTUTE/NIbHOM Cblipbe,
AedULMT NONHOLEHHOTO Beflka 4NA KOPMIEHUA KUBOTHBIX
N NONOMKUTE/IbHbIE Pe3y/bTaTbl BUOKOHBEPCMU BTOPUYHOTO
npoayKta nepepaboTKM rOPOXOBOW MyKM Ha 6enkosbii
KOHUEHTpAaT ¢ HoBbiIM 6e3onacHbIM  WTammom  R.
mucilaginosa 111 nNO3BOAWAU 3aKNOYUTb, YTO JAHHbIN
npouecc MOXeT CTaTb NepCcrnekTUBHbIM  NyTem  Ans
npov3BoACTBA MUKPOOHO-PACTUTENBHOIO KOHLLEHTpaTa, a
HOBbI WTamm M3 poga Rhodotorula — 3ddpeKTUBHBIM
moamdurKaTopom Ana TpaHcHOpPMaL MM KULKOM CbIBOPOTKMU
B OMONOTMYECKM aKTUBHble KOpMOBble [06aBKM U
$aKTOpOM, CMOCOBCTBYIOLMM CHUNKEHUIO HEXKenaTenbHon
Harpysku Ha buocoepy B BUAE NPOU3BOACTBEHHbIX CTOKOB.
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Pestome

Lenb. M3yunTb WM3MEHYMBOCTb BHYTPUMOMYAAUMOHHOM  CTPYKTYpPbI
B0O36yauTens bypoi pyKaBuMHbI MweHuubl (Puccinia triticina Erikss.) no
Npu3HaKam MaTOreHHOCTM MNoA BO34EWCTBMEM  KOMBUHWMPOBAHHOTO
dyHrmumnpa Abakyc Ynbtpa, C3.

Matepnan u metogbl. WccnepgoBaHma npoBOAMAW B TENAUYHOM

komnnekce PrEHY ®HLE3P Ha BocnpunumuMBOM K Bypoi pxaBumHe copTe
03MMoN nweHnupl KpacHogapckaa 99. MaTepuasom wuccaegoBaHus
ABNANCA KOMBMHMPOBaHHbIA GyHrMuna Abakyc Yabtpa, C3 ¢ Hopmamu
npumeHenusa 0,75; 1,0; 1,25; 1,5; 1,75 n/ra. Pabota BbinonHeHa no
06LWEeNnpPUHATBIM METOANKAM.

Pe3ynbTtatbl. YCTAaHOBNEHO B/AMAHWE pPasHbiX HOPM  MPUMEHEHMUA
dyHrMumnpa Abakyc Ynbtpa, CO Ha BUpYyAEHTHOCTb nonyaaunn P. triticina.
Mokasatenb Bapbuposan ot 40,0% (KoHTponb (6e3 obpaboTku)) Ao 19,5%
(Hopma npumeHeHua dyHrumaa 1,75 n/ra). UsmeHunca beHoTUNMYECKNIA
coctaB monynaumu rpmba. BbiaBneHO 5 pasanyHbIX  GEHOTMNOB.
YCTaHOBNEHO CHWXeHue usHecnocobHoctM cnop P. triticina ¢
yBENNYEHMEM HOPMbI NpuMeHeHUa dyHrMumaa. Mokasatenb M3meHAncs
or 69,1% (0,75 na/ra) mo 29,2% (1,75 n/ra). OTMEYEHO CHUXEHUEe

arpeccMBHOCTM  monyaauun  Bo3byauTens  OGypol  piKaBUMHbI  C
yBE/IMYEHMEM  HOPMbl  MPUMMEHEHWA npenapaTta. buonoruyeckas
adpdekTnBHOCTL PyHrMuMaa Abakyc YnbTpa, C3 npoTMB naToreHa

coctaBuna 95,3-97,8%
1,0-1,5 n/ra.

3aKnoueHue. MccnepoBaHWe nokasasno, YTo Monyaauma BosbyauTens
6ypoli p>kaBUMHbI, NoABepraBLIanca 06paboTKe XMMUUYECKUM GYHTULMAO0M
Abakyc YnbTpa, C3, XxapaKTepusyetca W3MEHEHUEeM CTPYKTypbl Mo
arpeccMBHOCTU U BUPYNEHTHOCTU, MPU 3TOM YyBCTBUTEIbHOCTb OCTaeTcA
BbICOKOM 3a CYeT KOMBMHauuMW B npenapate AenCTBYIOWMX BELLECTB
NUPAKAOCTPOOMH N 3NOKCUKOHA30/1 C Pa3IMYHbIM MEXaHU3MOM LEeNCTBUA.

NpuM pPEKOMEHAO0BaHHOM Hopme MNpUMeHeHUs

Kniouesble cnosa
O3vman nuweHuua, Oypasa p’kaBuMHA, NATOTEHHOCTb, QYHrUUMA,
NUPAKNOCTPOOMH, 3MOKCMKOHa30/, 3PpPEeKTUBHOCTb, YYBCTBUTENbHOCTb,
PEe3nUCTEHTHOCTb.
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Abstract

Aim. To study the variability of the intrapopulation structure of the
causative agent of wheat leaf rust (Puccinia triticina Erikss.) on the basis of
pathogenicity under the influence of the combined fungicide Abacus Ultra,
SE.

Material and Methods. The studies were carried out in the greenhouse
complex of the Federal Research Center of Biological Plant Protection on
the winter wheat variety Krasnodarskaya 99 which is susceptible to leaf
rust. The material studied was the combined fungicide Abacus Ultra, SE
with application rates of 0.75; 1.0; 1.25; 1.5; 1.75 I/ha. The work was
carried out according to generally accepted methods.

Results. The influence of the impact of different rates of application of the
fungicide Abacus Ultra, SE on the average virulence of the P. triticina
population was established, this indicator varying from 40.0% (control
[without treatment]) to 19.5% (fungicide application rate 1.75 I/ha). As a
result of the analysis of the phenotypic composition of the population,
5 phenotypes were identified. A decrease in the viability of spores of the
fungus P. triticina with an increase in the rate of application of the
fungicide was established, this indicator varying from 69.1% (0.75 I/ha) to
29.2% (1.75 I/ha). A decrease in the aggressiveness of the population of
the causative agent of leaf rust with an increase in the rate of application
of the drug was established. The biological effectiveness of the fungicide
Abacus Ultra, SE against the pathogen was 95.3-97.8% at the
recommended application rate of 1.0-1.5 I/ha.

Conclusion. The study showed that the population of the leaf rust
pathogen treated with the chemical fungicide Abacus Ultra, SE is
characterised by a change in structure in terms of aggressiveness and
virulence, while the sensitivity remains high due to the combination of the
active substances pyraclostrobin and epoxiconazole with a different
mechanism of action in the preparation.

Key Words
Winter wheat, leaf rust, pathogenicity, fungicide,
epoxiconazole, efficiency, sensitivity, resistance.

pyraclostrobin,

© 2022 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

Bo3byautenb bypoit prkaBunHbl nucTbeB (Puccinia triticina
Erikss.) saBnseTca ogHUM M3 BpPeLOHOCHbIX 3aboneBaHuit
NeHuUbl, MOTEPU ypoXKas npu  3NUOUTOTUINHOM
pa3BuUTUM MmoryT gocturatb 20% u 6onee [1; 2]. ExxerogHo
Ha TeppuTopun PD natoreH BcTpeyaeTcs Ha naowagum
6onee 500 Tbic. ra, a B HOPO B nocneaHue roabi
pacnpocTpaHeHue BapbupyeT oT 13 Tbic. ra (2019 r.) go
144 tbic. ra (2017 r.) [3].

PernameHTMpoBaHHOE NPUMEHEHUE XUMWUYECKUX
CpeacTs8 3alMTbl MO3BONAET ONEPaTUBHO U KAYeCcTBEHHO
cAep’KuBaTb pasBuTMe 3aboseBaHuA. B rocyaapcteeHHOM
KaTanore nNecTMLMA0B U arpOXMMMUKATOB, paspeLleHHbIX K
NpUMeHeHU0 Ha Tepputopuu Poccuiickont Pepepauum,

3apernctpupoBaHbl 6onee 130 ¢yHrMUMpoB npoTus
B036yauTenn 6ypoli pKaBYMHbI NiweHuubl [4].
ExxerogHo 06paboTKM npoTme bonesHen

3epPHOBbLIX Ky/NbTyp MNPOBOJATCA Ha naowaan bonee
15 maH. ra [3]. B uncno Hambonee pacxogyembix BOLWIU
danbkoH, K3 (cnupokcamuH 250 r/n + TebykoHaszon
167 r/n + Tpnagumenon 43 r/n) — 1,1 Tbic. TOHH, ABaKyc
YnbTpa, C3 (nupaknocTpobuH 62,5 r/n + 3noKCUKOHa30n
62,5 r/a) — 0,93 Tbic. ToHH, Konocanb [Mpo, KM3
(nponukoHason 300 r/n + tebykoHason 200 r/a) — 0,73
TbiC. TOHH, AnbTo Cynep, K3 (nponukoHason 250 r/n +
uunpokoHason 80 r/n) — 0,56 Tbic. ToHH, Conurop, K3
(cnupokcamuu 224 r/n + TebykoHason 148 r/n +
npotuokoHason 53 r/n) — 0,47 TbiC. TOHH, Amwucrap
3Kctpa, CK (asokcuctpobuH 200 r/n + uunpokoHason
80 r/n) — 0,34 TbiC. TOHH. U3 BMONOTUYECKUX YHTULMA0B
Hanbonee BocTpeboBaHHbIMU Obinv BATUM KC-2, K —
0,36 TbIC. TOHH, MceBaobakTepuH-2, K — 0,18 TbIC. TOHH,
PusonnaH, X — 0,18 TbIC. TOHH, AnpuH-b, CM — 0,16 TbIC.
TOHH, PuTocnopuH-M, ¥ — 0,14 Tbic. TOHH [5].

MpumeHeHne $yHrMUMa0B cnocobeTyeT
COXPaHEHWUI0 NOTEeHUMANbHOro ypoxasa 3epHa, HO Bce
Yalle Npwv BbIPALWMBAHUKN CEIbCKOXO3ANCTBEHHbIX KYNbTYP
NpPoOu3BOAUTENIN OTMEYAIOT CHUXKEHWe Buonoruyeckomn
adpdeKTMBHOCTU NpenapaToB NpPoTUB GUTONATOreHoOB. ITO
obycnosneHo CHUXXEHNEM YYBCTBUTE/ILHOCTU
B0o36byauTena 3aboneBaHuMa 3a cyeT TOYKOBOW MyTaLumu
reHa, Ha KOTOpbIM HanpaB/ieHO AelcTBME MOHOCAWTOBbLIX
dyHrMumaos [6].

B Mupe 3aperucTtpupoBaHa pPe3UCTEHTHOCTb Y
6onee yem 250 BngoB ¢uTonatoreHos K 30 dyHrMumMaam
n3 XUMUYECKNX Knaccos opraHodocoaTos,
6eH31nMMAa300108, asaHadTaneHoB, TPWa30/08,
deHnANnpponoB, CTPOOUNYPUHOB, aLMIaNaHUIOB U Ap.
[7]. 3a nepuog c 1964 no 2019 roabl cnyyau pasBuTUA
pPe3nUCTeHTHOCTM K dyHrMumaam 6bian  BbiABAEHbI Y
17 sngos putonatoreHos [8].

B EBpone noaTBepKAeHbI MyTaLmu y BO3byauTens
cetyaton nATHUCTOCTM sAumeHa (Pyrenophora teres) w
cenTopmosa UCTbeB nweHuubl (Septoria tritici) nop,
aevictBuem cefakcaHa, Ho 3pdeKTMBHOCTb B NOMEBbIX
YCNOBUAX OCTaeTCA BbICOKOW. MyTauuun y Bo3byautens
pamynspuosa aumeHs  (Ramularia  collo-cygni) B
OTAENbHbIX pPalioHaxX COMPOBOMAATCA  CHUXKEHUEM
6uonornyeckonn apdekTnsHoctn [9]. Coobwanocb 06
ycTouMBOCTM BO3byauTena ¢ysapunosa Konoca (Fusarium
graminearum) K n3onupasamy, KapbeHpasmmy,
TebyKkoHazony u npoxnopasy [10].

YKe U3BECTHbl Cy4au CHUMKEHUA BUonornyeckom
3deKTUBHOCTU GYHIMLMAA TPMA30A0BOrO Kaacca NPoTUB

P. triticina [11]. ObycnoBneHO 3TO BAMAHMEM TOKCMKaHTa
Ha CTPYKTypy MONyaauuMu, 4TO NOATBEPKAAET BarKHOCTb

NEePMaHEeHTHOro W3y4YeHWUA W3MEHYMBOCTU CTPYKTYpbI
nonynauum nog aencramem eyHruumngos [12].

Lenbto Hawero nccnenoBaHuA ABNANOCH
n3yyeHue M3MEHYUBOCTH BHYTPUNONYNALUOHHOM

CTPYKTYpbl BO36yAunTEeNna Bypoit p:aBUMHbI NWEHWLbI NOA,
BO34eincTBnem KombuHupoBaHHOro ¢yHruumaa Abakyc
YnbTtpa, C3 B KOHTPOAMPYEMbBIX YCNOBUAX TEMANLbI.

MATEPUAN U METOAbI UCCNEQOBAHUA

NccnepoBaHna npoBoguManM B TEMJMYHOM  KOMMJEKce
denepanbHOro rocyaapcTBEHHOrO 610AKETHOIO HAY4HOrO
yupexaeHusa «PepnepanbHbii Hay4HbIN LeHTp
bvonornyeckon 3awmnTbl pacteHnin» (GreHY @HLB3P),
raoe 6bliM OpraHW3oBaHbl OMTUMaJsibHble YCNOBUA ANA
pocta pacTeHuMi O3MMOWM MWeHuubl W pPa3BUTUA
duTONaTOreHa: NPOAOMKUTENbHOCTb CBETOBOMO  AHA
16 4yacoB, MHTEHCMBHOCTb ocBeweHnA 13—15 TbIC. NIOKC,
Temnepatypa 20-22°C, OTHOCUTENbHAsA  BAAXKHOCTb
Bo3ayxa 60-70% [13].

MN3yyeHne M3IMEHYMBOCTU BHYTPUMOMNYNALNOHHOM
CTPYKTYpbl BO36yauTena 6ypoit piKaBuMHbI MWEHMULbI
NpPOBOAMAN Ha BbICOKOMPOAYKTUBHOM COpTE 03UMOM
nweHuubl KpacHogapckaa 99. CopT ycToWuMB K
cTe6/1eBOM U KENToN p¥KaBYMHE, CpenHeycTonymBs
CenTopuosy M  MYYHUCTOM poce, BOCMPUMMUMB K
¢dysapmo3y Kosnoca M OBypoil prKaBuUMHE. BKAOYEH B
FfocyfapcTBeHHbIM  peecTp ANA  NPOM3BOACTBA  Ha
Tepputopumn PO ¢ 2003 roaa.

Matepuanom nccnenoBaHmA ABNANCA
KOMBWHUPOBAHHbIN GyHrMUMA Abakyc Ynbtpa, C3. B
cocTaBe [ABa [JeNCTBYIOLWMX BelecTBa C Pas/MYHbIM
MeXaHU3MOM [AeWlcTBUA: NUPAKNOCTPobuH 62,5 r/n
(cTpobunypuHbl), anokcukoHason 62,5 r/n (Tpuasonbl).
Mpenapat  3alWMTHOrO W Nevawero  AencTseus,
3aperncTpuMpoBaH Ha 03MmoK nweHuue ans 6opbbbl ¢
bypoit u cTebneBoi p¥KaBYMHOWN, nNUpeHODPOPO30OM,
MYYHUCTOW POCOM, CEenTopMO3OM J/INCTbEB W KOJOCA,
TeMHO-bypol naTHUCTOCTbIO [4].

[na nposeaeHua onbiTa B ¢pasy BCXOA0B pacTeHUs
03MMOM nweHnubl copta KpacHogapckaa 99 wuHoMum-
poBasM CceBepOKaBKA3CKOM nonynauuein Bo3byauTens
bypoit  pKaBuuHbl. [locne  WHOKyAAUMM  pacTeHus
BblAEPXKMBAM BO BAaXHOMW Kamepe 16 4 npwu
Temnepatype 20-22°C [13]. O6paboTtky ¢yHrMuMaom
npoBogMAM NO nNepBbiM Npu3Hakam 3abosneBaHua ¢
HopMamu npumeHenua 0,75; 1,0; 1,25; 1,5; 1,75 na/ra.
PekomeHayemasa HOpma nNpoTMB MaToreHa cocTasBaser

=

1,0-1,5 ~n/ra [4]. Buonornyeckyio 3dPeKTUBHOCTb
onpegenann 4epes 7 pgHeld nocne o06paboTkm  no
KO/MMYyecTBY NycTyn MatoreHa Ha /AuUcTe, pacyer
nposogunn no d¢opmyne A660oTa [14]. VYposeHb

YyBCTBUTE/ILHOCTM MaToOreHa onpeaensinm no Koaumyecrsy
nycTyn Ha AUCT C TMNom peakumm 3, 4 6anna [15] no
nokasatenam CKsg n CKos [16] nyTem nocTtpoeHua npobut
— perpeccMM C  UCMNOJIb30BaHMEM  MPOrpamMmMHOro
obecneueHus Statgraphics 19.

CobpaHHble ypeguHuocnopbl P.  triticina ¢
0bpaboTaHHbIX pacTeHui pasmHoXKanu Ha
Bocnpuumuymsom  copte  KpacHogapckaa 99 no
obwenpuHaTton metoamke [13]. [Ons onpepeneHus
arpeccuBHOCTM BO3byauTens 6ypoit pykaBuMHbI MWEHMULbI,
0bpaboTaHHOW  pasHbIMKM  HOPMaMW  MPUMEHEHUA
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dyHrMumaa, 6bi1um B3ATbI NOKa3aTeNn KU3HECNocobHOCTb,
ONUTENbHOCTb NIAaTEHTHOro nepuoga, CrnopyaupyoLan
CcnocobHOCTb U ANUTENbHOCTb cnopynauuun. MusHecno-
cO6HOCTb CMop, 3apaHee MNOMELLEHHbIX BO BJ/IAXKHYIO
Kamepy, MpOBepPsAM  NoA ~ MMUKPOCKONOM  MapKu
Mukmeg-5, ysenuuenne 40x/0,65, nytem nopcyeta
obliero Konuyectsa CMop M 4YMCAa MNPOPOCLUMX Cnop.
[OAnTenbHOCTb NAaTEHTHOrO Nepuoja CYMTaNU C MOMEHTA
WHOKYNAUMM [0  MNOABJAEHUS  MeEpPBbIX  MPU3HAKOB
3abonesaHus [17]. OnutenbHoCTb cnopynauum
onpeaensany ¢ Ha4ana PackpbITMA NYCTyN A0 3aBepLlleHus
cnopynsaumMm  [18].  Cnopynupyolyo  cnocobHocTb
paccyMTbIiBaNM MyTeM OTHOLUEHWA KOJMYEeCTBa NycTy/n K
macce cobpaHHoro buomaTepuana [18].

BupyneHTHOCTb obpasuos ypeauHuocnop
Bo3byguTena bypoi PrKaBYMHBI nweHuLbl 7
dbeHoTMNMYECKMIM cocTaB onpegenanu no peakuum 20
6113KOM30reHHbIX MHUI copTa Thatcher ¢ nsBecTHbIMMK
reHamu yctonumsoctu [13]. CpepHiOl0 BUPYNEHTHOCTb
onpegenann no MapTteHcy [19]. Pasaunuua mexay
M3onATamMu nonynaunmn no GeHoTUNUYEeCKomy CocTaBy U
YyactoTe annenei BMPYAEHTHOCTU BbIABAAN NO WUHAEKCY

Hes [20].
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B uccnepoBaHMAX WCMONb30BaHa MaTepuasibHO-
TexHuuyeckasa 6asza YHY «DuUToTpoH Ana BblaeneHus,
naeHTMOUKaUMK, U3yYyeHUA M NoALepKaHuAa  pac,
wrammos,  ¢eHotunos  nartoreHos»  (https://ckp-
rf.ru/usu/671925/) n 06beKTbl GUOPECYPCHOM KONMEKL MM
OreHy OHLUBE3P «locypapcTBeHHan Konnekuma
3HTOMOaKapudaros U mukpoopraHusmos» (https://ckp-
rf.ru/usu/585858/?sphrase_id=5369152).

NMONYYEHHDbIE PE3Y/IbTATbl U UX OBCYXKOEHUE

HecobatogeHne pernameHTa MNPUMEHEHUA XUMUYECKMX
CpeacTs  3alMTbl  NWeHuubl nNpotue  3abosneBaHuit
npueoanUT K CHUMKEHWUIo YYBCTBUTENBHOCTU
duTONaTOreHOB K TOKCMKaHTam. MpomncxoamTt 3To 3a cyet

otbopa M HaKOMJEHMA  YCTOMYMBBLIX  WM30/ATOB
Bo3byautena B nonyaauum  rpuba  npu  CHUXKEHMUU
addekTnBHocTM dyHrMumaa [10].

B xome wccnepoBaHus  6bl1O  YCTAHOBAEHO
BAMAHME BO34EMCTBMA PasHblX HOPM MPUMEHEHUn
KOMBUHMpoBaHHOro ¢yHruumaa Abakyc Yabtpa, C3 Ha
M3MEHYMBOCTb BHYTPUMONYAALNOHHOM CTPYKTYpbI

B0O36yauTenn 6ypoii pKaBUMHbBI NWEHULbI.
CpefHAA BMPY/NIEHTHOCTb nonyaauun P. triticina 8
KOHTpone (6e3 obpaboTkm) coctasuna 40,0% (pwmc. 1).

22,5

1,25 1,5

213 19.5

1,75

HopMa npUMeHeHna cyHruumaa, nira
fungicide application rate, I’ha

= CpeaHAn BUPYNeHTHOCTb nonynsauuum, % / Average population virulence, %

PucyHok 1. CpeaHAA BUPYNEHTHOCTb Nonyaaunm Bo3byantens 6ypoi pxaBuMHbI NWeHUUbl NoA, BO34encTBMem
pasHbIX HOPM NpuMeHeHus GyHrnumaa Abakyc Yabtpa, C3, TenanyHbln komnneke ProHY GHLE3P

Figure 1. Average virulence of the wheat leaf rust pathogen population under the influence of different norms
for the use of the fungicide Abacus Ultra, SE in the greenhouse complex of theFederal Research Center

of Biological Plant Protection

C yBennyeHnemM HOPMbl NpuUMeHeHusa ¢yHruumaa sToT
rMoKasaTe/lb Pe3KO CHMXanca WM B BapuaHte ¢
MaKcMmanbHol Hopmoit (1,75 n/ra) coctasun 19,5%.

Mpu cTaTUCcTMYeckoit 06paboTKe pe3ynbTaTos,
cornacHo uHgekcy Hea (N=0,094 y.e.), makcumasnbHble
pasNMumA Mo YacToTe U30NATOB, BUPYNEHTHbIX K JIMHUAM C
reHamm Lr, 6blAM  MOAYY4EHbl  MeXAYy MCXOLHOM
nonynauuen (KoHTponb (6e3 06paboTkM)) U BapraHTOM C

NOHWMKEHHON HOpPMOW npumeHeHua o¢yHrmuuaa (0,75
n/ra). C ysennyeHMem HOPMbI MPUMEHEHMS 3HayeHue
nHaekca Hes cocrasuno 0,039 y.e. (1,0 a/ra); 0,076 y.e.
(1,25 n/ra); 0,077 y.e. (1,5 n/ra) n 0,057 y.e. (1,75 n/ra).

MpoBeseHa oOueHKa BAWAHUA Pa3HbIX HOPM
npumeHeuna oéyHrnumaa Abakyc YabTpa, C3 Ha
M3MeHeHne ¢eHOoTUNNYEeCKoro coctaBa Bo3byguTtena
6ypoit prkaBuMHbI NweHubl (Tabn. 1).
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Mop Bo3pencTBueM GyHrMUMAa TUMN MNOPAKEHUA NUHUKN C
reHoM yCTom4YMBoCTH Lr24 cHuxKanca ¢ 2 bannos go 1 n 0.
Mpu Hopme npumeHeHuns Abakyc Yabtpa, C3 1,5 n/ra Ha
NMHUK, Hecyuwent reH Lr3bg, n Hopme 0,75 n/ra Ha AMHUM,
Hecywen reH Lrl4a, TN NOpPa*KeHUA W3MEHAACA C
3 6annoB A0 2. Ha AnHUK, Hecylel reH ycToMuMBoCTH
Lr18, npn Hopmax npumeHeHuns ot 0,75 n/ra go 1,5 n/ra
TUN peakuun usmeHanca c 3 6annos o 2. B BapuaHTe ¢
MCMNONb30BAHMEM  HOPM  MNpuMeHeHus  dyHrMumaa
1,25 n/fra u 0,75 Afra TMN peakuum AUHUKU C FEHOM
ycTtoumsoctu Lr2c yBennumsanca ¢ 2 6annos go 3. Tun
nopaxeHua  NMHUNI nweHnLbl, HecyLmnx reHbl
ycronumsoctu Lrl, Lr2a, Lr3, Lr9, Lr16, Lr26, Lr3ka, Lrll,
Lr17, Lr30, LrB, Lrl0, Lrl4b, ocTaBancA Ha YypoBHe
MUCXoAHOM nonynsaummn (He obpaboTaHHOM dyHIMUMAOM).
B pesynbTaTe aHanM3a GeHOTMNUYECKOro cOoCTaBa
nonynauuun Bo3byautena 6ypoit prKaBUMHbI BbIABAEHO
5 pasnunuHbix dpeHotunos: PHQQQ (Hopma npuvmeHeHMUs
0,75 n/ra), MHQSQ (1,0 n/ra), PHQSQ (1,25 a/ra), MHQSG
(1,5 n/ra), MHQTQ (1,75 n/ra), MHQTQ (6e3 06paboTKHu).
YcTaHOBNEHO B/IMAHME Pa3HbIX HOPM NPUMEHEHMA
dyHrMLMAA Ha KusHecnocobHocTb cnop rpuba P. triticina.
B KoHTpone (6e3 06paboTKM) 3TOT nokasatenb 6Obin
npuHAT 3a 100%. B BapuaHTe C peKoMeHAYyeMOI HOPMOW
¢yHrumaa (1,0-1,5 n/ra) ®usHecnocobHOCTb cocTaBuna
61,7-40,3%, Npu CHUXEHUM HOPMblI MNPUMEHEeHUA fo

0,75 n/ra — 69,1%, npu nosbiweHun go 1,75 nfra — 29,2%
(punc. 2).

Bblna npoBeseHa OLEHKA BAUAHWUA PA3HbIX HOPM
npumeHeHna ¢GyHrMuMaa Ha nokasaTenn arpeccUBHOCTU
rpuba P. triticina (puc. 3). C yBenMyeHMem HOPMbI
npenapata ANUTENbHOCTb CNOPYAAUMKW COKpalanacb oT
14 cytoKk (KOoHTponb (6e3 o6bpaboTkM)) A0 5 cyToK
(1,75 n/ra), a cnopynupytowas cnocobHOCTb CHUXanacb
oT 0,07 mr (KoHTponb (6e3 ob6bpaboTtku)) go 0,01 mr
(1,75 »n/ra). [AnuTenbHocTb NaTEHTHOrO  nepuoaa,
HanpoTMB, BO3pacTafa C  yBE/JMYEHUEM  HOPMbI
npumeHeHna ¢yHrMumMAaa, 3TOT NokasaTeNb BapbuMpoBas
oT 6,5 cyTOK B (KOHTpone (6e3 06paboTku)) go 10,5 cyTok
(Hopma npumeHenus 1,75 n/ra).

MonobHble pe3ynbTaTbl MoayyeHbl B pabote KaH
Y:kao c coaBTopamu [21]. YueHbIMM yCTaHOBAEHbI Cly4Yan
pPe3nUCTeHTHOCTM  M301ATOB  Rhizoctonia  spp. K
dnyTonaHuny, xapaktepusylowmuxca 6onee mepneHHOMU
CKOPOCTbIO POCTa MULLEANANbHBIX KNETOK U CHUXKEHUEM
BUPYNEHTHOCTM B  CPaBHEHWM C  YyBCTBUTENbHOM
nonynauuen.

B pabote, BbINONHEHHOW HamK paHee [11], 6bio
YCTAHOB/NIEHO M3MEHeHWe B CTPYKType nonyasumm no
NnoKasaTenm arpeccMBHOCTM NOA BAUAHUEM PasHbIX
HOpM npUMeHeHuna byHrMumaa Konocans, K3
(tebykoHason, 250 r/n), BCheacTBMe 4ero OTMeYasnocb
CHUXeHue buonormyeckoin apdeKTMBHOCTM PyHIrMLMAA.

Ta6bauya 1. I3ameHeHUe GEHOTUNNYECKOrO COCTaBa BO3byauTeNna 6ypol prKaBUMHbI NLEHMLbI NOA BAUAHUEM
PasNNYHBbIX HOPM NpPUMeHeHus pyHrmuuaa Abakyc Ynbtpa, C3, TennnyHbin Komnnekc GreHY oHLUB3P

Table 1. Changes in the phenotypic composition of the causative agent of wheat leaf rust under the influence
of various norms for the use of the fungicide Abacus Ultra, SE, in greenhouse complex

of the Federal Research Center of Biological Plant Protection

Hopma npumeHeHusa ¢yHrnumnaa, nfra
Fungicide application rate, |/ha

FeH Lr
Gene Lr

WcxogHas nonynauma

o . 0,75
Initial population

1,0 1,25 1,5 1,75

Tun peakuumn cOpTOB Ha 3apakeHue, 6ann
Type of response of varieties to infection, score

1
2a
2c
3

9
16
24
26
3ka
11
17
30
B
10
14a
18
3bg
14b
20
28

3
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3
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3
2
2
3
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3
1
3
3
3
2
2
3
3
3
2
2
3
1
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’

®deHoTUN

Phenotype MHQTQ

PHQQQ

MHQSQ PHQSQ MHQSG MHQTQ
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PUCYHOK 2. BAnaHMe pa3HbIX HOPM NpumeHeHus dyHruumuaa Abakyc Yabtpa, C3 Ha U3HeCnocobHoCTb

cnop bypoli p:kaBuMHbI, TEMANYHbINM Komnnekc PIEHY GHLE3P

Figure 2. The influence of different norms for the use of the fungicide Abacus Ultra, SE on the viability
of leaf rust spores, in the greenhouse complex of the Federal Research Center of Biological Plant Protection
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PUCYHOK 3. BAnaHME pasHbIX HOPM NpumeHeHua dyHruumuaa Abakyc YabTpa, CO Ha NoKasaTesm arpeccMBHOCTM
BO36yanTENA BYPOI pPrKaBUMHDBI MWEHMULbI, TENINYHbIN Komnaeke PIEHY OHLB3P

Figure 3. The effect of different application rates of the fungicide Abacus Ultra, SE on the indicators

of the aggressiveness of the wheat leaf rust pathogen, in the greenhouse complex

of the Federal Research Center of Biological Plant Protection

B onbITe ¢ ncnonbsosaHnem pyHruumaa Abakyc Yabtpa, C3
6uonoruueckas spdeKkTMBHOCTL Bapbuposana oT 93,8%
(0,75 n/ra) mo 99,6% (1,75 n/ra) (puc. 4). B BapumaHTte c
npYMeHeHneM PeKoOMeHL,0BaHHON HOPMbl 3GPEKTUBHOCTb
bblna BbicOKOM M coctaBuna 95,3-97,8%. [MNonydyeHHbIN
pe3ynbtaT obycnosneH cogepkaHunem B  dyHrMumae
OEeNCTBYIOLWMX BELWECTB NUPAKAOCTPOOUH U 3MOKCMKOHA30N

M3 pPasHbIX XMMMYECKMX  K/acCOB C  Pas/iMyHbIM
MeXaHM3MOM JeWcTBuA. B paboTax ApyrMx y4yeHbix
[0Ka3aHa BbICOKas 3dpdeKTUBHOCTDL dyHrIMUN[OB,

coAepKaluMx MUpPAKAOCTpobuH, npoTtue BO3byauTenen
P*KaBYMHHbIX 3aboneBaHMI NweHuubl [22; 23].

OueHKy 4yBCTBUTENbHOCTM BO3byauTena 6ypoit
pPYKaBUMHbBI MWEHUUbI K QYHrMUMAY NPOBOAMAM NyTEM
pacyeta CKsp m CKgs. Tak, B oOnbiTe 3TM MNOKasaTenu
coctasuan 61,7 mr/mn un 128,4 mr/mn cOOTBETCTBEHHO,
yTo 6213K0 K 3HayeHuAM pEeKOMEHA,0BaHHOM
KOHUeHTpauun B paboyem pacteope (65,7 mr/mn u
125 mr/mn) v [LOKa3biBaeT BbICOKYK YyBCTBUTENbHOCTb
nonynaunm Bo3byauTens K TOKCUKAHTY.
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PUCYHOK 4. Buonormyeckasn 3pHeKTMBHOCTb PasHbIX HOPM NpUMeHeHUa dyHrMumuaa Abakyc YnbTpa,

C3 npotus P. triticina, TenanyHbIM Komnaekec PrEHY GHLBE3P

Figure 4. Biological efficiency of different norms for the use of the fungicide Abacus Ultra, SE against P. triticina,
in greenhouse complex of the Federal Research Center of Biological Plant Protection

3AK/TIOMEHUE
YcTaHoOBMEHO BAUAHUE BO34ENCTBUA pasHbIX
KOHLEHTpauuin KombuHuMpoBaHHOro ¢yHrnumaa Abakyc

Ynbtpa, C3 Ha W3MEHYMBOCTb BHYTPUMONYNALMOHHOM
CTPYKTYpbl BO36YyauTena Oypoit piKaBuMHbI MLIEHWULbI.
CpeoHAAa BUpPYNEHTHOCTb nonynaaumn  P.  triticina ¢

yBeNNYEHMEM HOPMbI NPUMEHEHUA GYHIMLMAA CHUXKaNacb
or 40,0% (KkoHTponb (6e3 ob6bpabotkn)) po 19,5%
(1,75 n/ra). MakcumanbHble pasamumna (N=0,094 y.e.) no
YacToTe M30/ATOB, BUPYNEHTHbIX K ANMHWMAM C reHamu Lr,
6bIAK NONYYEHbl MeXAY UCXOAHOW nonynauueit (KOHTpob
(6e3 06paboTkM)) M BapMaHTOM C MOHWMKEHHOM HOpMOM
npumeHexus dyHruumaa (0,75 n/ra).

B pesysnbtaTe aHanuM3a GEHOTUMMYECKOrO COCTaBa
nonynauuun Bo3byanTtens 6ypolt prKaBuMHbI NOL BAUAHWEM
pasHbIX HopMm PyHrMUMAa BbiaBaeHo 5 ¢eHoTmMnos: PHQQQ
(Hopma npumeHenuna 0,75 n/ra), MHQSQ (1,0 n/ra), PHQSQ
(1,25 n/ra), MHQSG (1,5 n/ra), MHQTQ (1,75 a/ra), MHQTQ
(KoHTpONb (63 06paboTKK)).

YCTaHOBNEHO CHUMKEHUE KM3HecnocobHoCTU crnop
rpnba P. triticina c yBenMyeHMeM HOPMbl MPUMEHEHUA
byHrMumaa. Mokasatenb mameHsnca ot 69,1% (0,75 n/ra)
00 29,2% (1,75 n/ra).

BbIABNEHO CHUMKEHME arpeccMBHOCTM MOMYAALMM
BO36yauTENA Oypoi pPrKAaBYMHbI C YBE/SIMYEHUEM HOPMbI
npumeHeHusa o¢yHrMumMaa. TaK, OTMEYEHO CHUMMKeHUue
cnopynupytouwei cnocobHoctn ot 0,07 mr (KoHTposb (6e3
obpabotkun)) go 0,01 mr (1,75 n/ra) n paantenbHoctn
cnopynsauun ot 14 cytok (KoHTponb (6e3 obpaboTku)) Ao
5 cyTtoKk (1,75 n/ra). OMTenbHOCTb NaTEHTHOrO nepuoaa
BO3pacTana ot 6,5 cyTok B (KOHTposie (6e3 06paboTku)) u
0o 10,5 cytok (1,75 n/ra).

Bbuonormnyeckan
BaHHOro  ¢yHrMumaa

3pPEeKTMBHOCT  KOMBUHMpO-
Abakyc YnbTpa, C3 npotus

B03byauTens Oypoli p)KaBUMHbI OCTAETCA Ha BbICOKOM
ypoBHe U cocTtasnseT 95,3-97,8% npu pekomeHA0BaHHOWM
Hopme npumeHenus 1,0-1,5 n/ra. Nokasatenn CKso 1 CKos
B onblTe coctasuanm 61,7 mr/mn un  128,4 mr/mn
COOTBETCTBEHHO, 4YTO 6/IM3KO K 3HAYEHUAM pPEKOMEH-
[OBaHHOW KOHUEHTpauunM B paboyem pacteope (65,7
mr/mn 125  mr/ma) M [0KasbiBaeT  BbICOKYHO
YyBCTBUTENIbHOCTb MOMNYAALMUM BO3BYAUTENA K TOKCUKAHTY.

Takum o06pasom, uccnefoBaHWe MNoKasano, 4To

nonynayua BO3byauTena 6ypoii p*KaBYMHbI,
noasepraBlianca o6paboTke XMMUYECKMM YHTULMAOM
Abakyc YnbTpa, C3, xapaKTepusyeTca W3MEHEHUEM

CTPYKTYpbl MO arpeccUBHOCTU U BUPYNEHTHOCTU. HecmoTpn
Ha TO, 4YTO 4YyBCTBUTENbHOCTb NaToreHa K npenapaty
OCTaeTCA BbICOKOM 3a CYeT KOMOMHaUMKM [elCTBYIOLMX
BELWECTB C  Pas3/IMYHbIM  MEXaHW3MOM  JeWiCTBuA,
HeobXxoaMMOo CTporo cobnofaTtb pernameHT NpUMeHeHus
byHrMUMAA  ANA CHUMKEHUA  pUCKa  BO3HUKHOBEHMA
Pe3nCTEHTHOCTU.
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Pesiome

Lenb. CuctemaTMsnpoBaTb [JaHHble O BO3OyAUTENAX  BUPYCHbIX
3ab60/1€BaHMI CagoBbIX W ATOAHbIX Ky/JbTyp, PaCMpPOCTPaHEHHbIX Ha
TEPPUTOPUM tora poccuiickoro danbHero Boctoka.

Ob6cykaeHne. CBoeobpasHble KAMMATUYECKME OcobeHHOCTM [anbHero
BoCTOKa OrpaHMYMBalOT ACCOPTUMEHT CaZOBbIX M AFOAHbIX KYAbTyp.
Bmecte ¢ Tem, B perMoHe MMeeTcA 3HAYMTe/NIbHOE KOJIMYecTBO BUAO0B
OUKOPACTyWMX  NJI0A0BO-ATOAHbIX  PAcTeHUM, KoTopble obnagatoT
NOBbILEHHOM (4aCcTO — PEKOPAHOM) MOPO30CTOMKOCTbLIO M NOTOMY aKTUBHO
MUCNONb3YIOTCA AN BbIBEAEHWUA HOBbIX Ky/AbTypHbIX dopm. Mpu 3TOMm,
nocnefHve MONTOPa BEKA MAET aKTUBHAaA WMHTpPoAyKuuAa Ha [danbHui
BOCTOK HOBbIX COPTOB CaAOBbIX Ky/JbTyp, YTO MPUBOOUT K YBEANYEHUIO
pUCKa NPOHWMKHOBEHWUA LeNblX (GUTOBUPYCONOTMYECKUX KOMMNIEKCOB
BMECTe C BEreTaTMBHO pPa3MHOXKaeMbiMWU (YepeHKamu, MPUBMBKAMM)
pacteHuamn. Hambonbluinii yuwepb cafgoBbiMm KynbTypam Ha [danbHem
BocToKke HaHOCAT psag, npeactasutenei poga Nepovirus (Picornavirales:
Secoviridae): KO/MbWEBOM NATHUCTOCTM TOMaTa, MO3auUKU pPesyxu,
KO/IbLLEBOM MATHUCTOCTU MajIMHbI, KOPOTKOY3UA BUHOTPada, ANHENHOro
y30pa BMHOIMPaaa, a  TaKkxke HEeCKONIbKO 40  cux  mop
HEUAEHTUOUUMPOBAHHBIX BUPYcoB. Cpean A[pyrux TaKCOHOMUYECKUX
rpynn ¢uTOBMPYCOB O/1A NAOAOBO-ATOAHBIX Ky/NbTYyp aKTyasnbHbl Y-BUPYC
KapTodens (Patatavirales: Potyviridae, Potyvirus), BUpyCbl KOAbLEBOM
nATHUCTOCTU reo3guKku (Tolivirales: Tombusviridae, Dianthovirus), »kentoi
mo3auKku Knesepa (Tymovirales: Alphaflexiviridae, Potexvirus), orypeuHoi
mo3aukn (Martellivirales: Bromoviridae, Cucumovirus) wn mo3auku
nouepHbl  (Martellivirales:  Bromoviridae, Alfamovirus). B pabote
paccmoTpeH BMAOBOM  COCTaB  T/el-NepeHoCcYMKoB  GUTOBMPYCOB,
NOPAKAOLLMX Caf0BbIe KyNbTypbl PernoHa.

3aknoueHue. B cBA3M C JdaNbHEMWWMMU NepcrekTMBaMu  pPasBUTUA
Caf0BOACTBA Ha JanbHem BocToke Poccumn Heobxoaumo
WHTEHCMOUUMPOBATL 3KO0r0-BUPYCONOTMYECKME UCCNEA0BAHUA 3TOMO
pasgena GUTOBMPYCONOrMM, a TaKKe MOBbICUTb 0becnevyeHHOCTb
nNpou3BoAMUTENeN CeNbCKOXO3AUCTBEHHOW NPOAYKUMWU AOCTYNHbIMU TecT-
cucTeMamum.

Kniouesble cnosa
Bupyc, nepeHocuuk, TAA, HemaToda, Caf0BaA KyAbTypa, ArOAHMK,
AuKopockl, JanbHuii BocTok.
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Abstract

Aim. To systematise data on pathogens of viral diseases of garden and
berry crops in the south of the Russian Far East.

Discussion. The peculiar climatic features of the Far East limit the range of
garden and berry crops. However, there are a significant number of
species of wild fruits and berry plants in the region, which have increased
(often — record breaking) frost resistance and are therefore actively used
for breeding new cultural forms. At the same time, for the last century and
a half new varieties of garden crops have been actively introduced to the
Far East, which has lead to an increase in the risk of penetration of entire
phytovirus complexes together with vegetatively propagated (cuttings,
vaccinations) plants. The greatest damage to garden crops in the Far East
is caused by a number of representatives of the genus Nepovirus
(Picornavirales: Secoviridae): Tomato ringspot virus, Arabis mosaic virus,
Raspberry ringspot virus, Grapevine fanleaf virus, Grapevine linear pattern
virus as well as several still unidentified viruses. Among other taxonomic
groups of phytoviruses dangerous for fruit and berry crops one could point
out Potato virus Y (Patatavirales: Potyviridae, Potyvirus), Carnation
ringspot virus (Tolivirales: Tombusviridae, Dianthovirus), Clover yellow
mosaic virus (Tymovirales: Alphaflexiviridae, Potexvirus), Cucumber mosaic
virus (Martellivirales: Bromoviridae, Cucumovirus), Alfalfa mosaic virus
(Martellivirales: Bromoviridae, Alfamovirus). The paper considers the
species composition of aphids-carriers of phytoviruses affecting garden
crops of the region.

Conclusions. In connection with the further prospects for the
development of horticulture in the Russian Far East, it is necessary to
intensify ecological and virological studies of this section of phytovirology
as well as to increase access to agricultural producers with available test
systems.

Key Words
Virus, vector, aphid, nematode, garden culture, berry, Russian Far East.
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BBEAEHUE

Cpean OBHapy)KeHHbIX 3a MNOCNeAHIO YeTBepTb BeKa
HOBbIX MHOEKUMOHHbIX 60Ne3HeN CenbCKoX03ANCTBEHHbIX
pacteHuii 6onee NONOBUHbI MMEET BMPYCHYIO npupoay.
Ynucno wm3BeCTHbIX Hayke ¢GUTOBUMPYCOB CTPEMUTEIbHO
yBennumsaetca [1; 2].

Fnobanusauma CenbcKoro X03AMCTBA, PasBUTHE
MeXAyHapoAHOW TOProBAN NPOoAYKUMEN pacTeHNeBOACTBA
M pacwupeHne MexAyHapoAHOro obmeHa CeMeHHbIM U
NnocafloyHbIM MaTepManom CrnocobCTBYIOT WMHTPOAYKLUM
BMPYCOB B HOBble pernoHbl. Ocobyto OnacHOCTb B 3TOM
OTHOLLEHUMU moryT npeacTaBNATb BEreTaTMBHO
pa3mHoOMKaemMble Ky/ibTypbl (B TOM 4ucne U NAOLOBblE),
YaCTO 3apPa’KeHHble CNOMKHbIM KOMMIEKCOM PasfinyHbIX
BMpYycoB. MpyK 3TOM, BO3HMKAIOT O4arv HOBbIX 1A SAHHOMO
permoHa BUPYCHbIX MHOEKLNIA, UMEIOLLMX IKOHOMUYECKOE
3HayeHuWe pA/1A CafOBOAYECKMX M NPOAOBONbCTBEHHbIX
KynbTyp [1]. BaxHO oOTmMeTUTb, 4YTO B pe3synbrarte
rnobanbHoro noTensieHWa  pacwmpsaloTca  apeanbl U
YBENNUYMBAETCA YUCAEHHOCTb YNEHUCTOHOMMX MepeHoc-
4YnkoB BMpYycos [3], B Tom uncne — dputosmpycos [2].

CapoBOACTBO Ha tore  poccuickom  JanbHem
BocToke TPagULMOHHO XapaKkTepusyerca pAsoM
ocobeHHoCTel. Bo-nepBbix, 60/bLIMHCTBO BO3AE/1bIBAaEMbIX
B perMoHe NAOLOBO-AFOAHbLIX  KYyNAbTyp UMMewT B
OKpYrKatowen daope cBOMX AMKOPACTYLLMX copoanyen [4].
Bo-BTOpbIX, CaAOBOACTBO B pervuoHe npeacraBAeHO
MENKOTOBAapPHbIMKU  XO3AMWCTBAMKM,  MNpuycasebHbiMM  ©
AAYHBIMW Y4acCTKaMM MpPU OTCYTCTBMM KPYNHOMAOLLAAHbIX
capgoB. CBoeobpasHble KAMMATUYECKME 0COBEeHHOCTM
GOPMUPYIOT M AOBONLHO OFPaHUYEHHbIN ACCOPTUMEHT
CafoBbIX U ATOAHbIX KyAbTyp [5].

B cBA3M C AasbHENLLMM OMnepeKatoWmMm pasBuTuem
poccuitickoro  [anbHero BocToka M nporpammamu
COBEPLUEHCTBOBAHUA CE/IbCKOXO3AUCTBEHHbIX TEXHONOTUI B
pervoHe, BKIOYAOWMX YBEeAUYEHWE NA0A0BO-ATOAHOM
npoaykumu, Tpebyetca WHTeHcUdULMpPOBATb 3KOAOrO-
BMpPYCONOrnyeckue nccnesfoBaHuA B obnactu
duTOBMpPYCONOTMM, a TaKKe MNOBbICUTL 0becnevyeHHOCTb
npoussBoauTeNnel  CeNbCKOXO3ANCTBEHHOM  MPOAYKLUUK
OOCTYMHbIMKU  TecT-cuctemamn.  Llenbio  pgaHHoOW paboTbl
ABNAETCA CcUCTEMATM3auMAa HaydyHoW wuHbopmaumm o
B036yaANTENsAX BUPYCHbIX 3a601€BaHN Caf0BbIX U ATOAHbIX
KY/bTYp,  PacrpoCTPaHEHHbIX Ha  TepputopuM  tora
poccuiickoro JanbHero BocToKa, no AaHHbiM Poccuitckoi
Konnekumn  Bupycos  BocTouHoM Asum  Ha  base
NabopaTopun Bupyconormm PHL, BnopasHoobpasua 4BO
PAH [6-8].

OBCYXKAEHUE

Ha tore poccuiickoro [anbHero BocToka B AMKOM Buge
npovspactatoT Tpu BuAa A610HU, o4eHb BAN3KUX Mexay
coboii [4]: maHbuKypckas (Malus manshurica), cnbupckas,
man Mannaca (Malus sibirica) v caxanuHckaa (Malus
sachalinensis). Ha Tepputopun [pMMOPCKOro  Kpas
BCTPEYaloTCA nepBble ABa BWAA; B AMypcKon obnactm —
TONbKO s6noHA [Mannaca, KoTopasa npeobnagaer B
EBpeiickoit aBTOHOMHOM 0bnacT M B XabapoBCKOM Kpae;
Ha 0. CaxanunH n KypuabCcKunx 0-Bax — ABNOHA caxaNMHCKasnA.
Pog rpywa B pervoHe npeacTaBieH eANHCTBEHHbIM BUAOM
— rpywei yccypuiickoi (Pyrus ussuriensis). 3To camblit
3MMOCTOMKMIA BUA B MMUpPE, PACMNpPOCTPAHEHHbIN B
Mpuamypbe u Mpumopbe [4; 9]. M3 KOCTOUKOBbLIX MOPOA,
HanMboNbWWi MHTEpEeC NpeacTaBaseT abpuKoc, ABa BMAA
KOTOPOro BCTpeyatoTcA Ha [anbHem BocToke: cubupckuii

(Prunus sibirica) n maHbuKypckuiA (Prunus mandshurica).
MocnegHUIn 4acTo CAYKUT MCXOAHBbIM MaTepuanom Aans
NoNly4EHUA 3UMOCTOMKMX KyNbTypHbIX copToB [4; 9]. Cnuea
— opHa U3 Haubonee NPUBLIYHBLIX MNIOAOBbIX KynbTyp
MpumopbAa WM 1OXHOM  YacTh  XabapoBcKoro  Kpas.
CywectByeT 34ecCb C AAaBHMX BPEMEH, M B HEKOTOPbIX
palioHax BCTpeyvatoTcA oamyaBwue 3K3emnnapbl. Cnuea
yccypwiickaa (Prunus ussuriensis) — OAMH W3 CaMbIX
XONOAOCTOMKMX BWAOB 3TOrO poJa, PalioHMpOBaHa Ha
Ypane u B Cubupu M 4acto ckpewmsaetrca c 6bonee
KpynHonaogHbimu coptamu [4; 9; 10]. Ans [anbHero
BOCTOKa B Hay4HOM nTepaType yKasbiBAeTCA WeCTb BUAOB
M3 poga BuWwHA: Makcumosuya (Cerasus maximovichii),
caxanuHckas (Cerasus sachalinensis), rypunbckas (Cerasus
kurilensis), »ene3uctaa (Cerasus grandulosa), Boino4Has
(Cerasus tomentosa) u ewe QABa AMKOPACTYWMX BUAA
TpebytoT aanbvHenwero nsyvenus [4; 11; 12].

M3 aByX AaNbHEBOCTOYHbIX BUO0B AMKOPACTYLLEro
BMHOrpaga amypckui (Vitis amurensis) BctpeyaeTca To/IbKO
Ha maTepuKe M WMPOKO pacnpocTpaHeH, a Kamndepa (Vitis
coignetiae) — npon3pacTaeT TO/IbKO Ha ocTpoBax CaxanuH,
WukotaH, Wtypyn, KyHawwup wn cpaBHUTENbHO peaokK.
AMYPCKMI BUHOTrpag ABAAETCA CaMblM 3MMOCTOMKMM B
MUpe BUHOMPAAOM MW NPEACTAaBAAET MUCKAYUTEbHYIO
LLEHHOCTb KaK UCXOAHbIM MaTepuan ANA BblBEAEHWA HOBbIX
YCTOMYMBBIX KY/IbTYPHbIX COPTOB BUHOrpaaa [4; 9; 13].

M3 14 BA0OB CMOPOAUHDI, MPOU3PACTALOLLMX HA tore

poccuiickoro [LanbHero BocToka, HaunbonbLiee
pacnpocTpaHeHWe WMelT 5  AMKOpacTyWwuxX BUAOB:
MaHbY}KypCKas, wWAn nopeyka (Ribes mandshuricum)

(noBCEMECTHO); AMKyLWa, AN andaHckuii BuHorpag (Ribes
dikuscha) (AHaabipb, XabapoBckuit 1 MPUMOPCKUIA Kpas,
OxoTomopckoe nobepexbe,  AmypcKas ob6nacTb);
manousetkosan (Ribes pauciflorum) (Mpumopckuin  n
XabapoBckuit Kpasi, Amypckaa o6nacTb); nexadasn, vau
MoxoBKa (Ribes procubens) (OxoTomopckoe nobepesxbe,
CaxanuH, XabapoBckui  Kpaih, Amypckaa o06nacTb,
ceBepHble paioHbl Mpumopba); Makcumosuya (Ribes
maximoviczianum) (1oxHas yactb Mpumopsbsa) [4; 9; 14]. B
Amypckoi obnactm, XabapoBckom m MPUMOPCKOM Kpasx B
OMKOM  BMAE NPOM3PACTAaeT KPbIXKOBHUK BypeunHCKUI
(Grossularia burejensis) [4; 15]. B aukopacTtywen ¢aope
[anbHero BocToka uMmetloTcs ABa BMAA MajsMHbl: MaauHa
caxanuHckan (Rubus sachalinensis) (Becb JanbHuii BocToK)
" 60APbILLHNUKONNCTHAA (Rubus crataegifolius)
(Mprmopckuit n XabapoBcKuii Kpas).

Ha poccuitickom [anbHem BOCTOKe BcTpeyaroTcs
0eBATb  BMAOB  LWMMOBHMKA: Makcumosuya  (Rosa
maximowieziana), TOHKOHOXKoBbI (Rosa  gracilipes),
yceypuiickuii (Rosa ussuriensis), nravctbiit (Rosa acicularis),
naypckuii (Rosa daurica), kopeiickuii (Rosa koreana), Maps
(Rosa  marretii),  moplwmMHUCTbIA  (Rosa  rugosa),
Tynoywkosan (Rosa amblyotis) [8; 9; 16]. B NMpumopbe u
IOKHOM  4YacT  XabapoBCKOro Kpas  pacnpocTpaHéH
6apbapuc amypckuit (Berberis amurensis) [4; 9]. Bocemb
BMAOB  KMMOJIOCTM NPOM3PacTaldT Ha  Tepputopuu
poccuiickoro JanbHero BocToka: Hanbosbwee
pacnpocTpaHeHMe  MMEKT  XMMOMOCTM  CbefobHas
(Lonicera edulis) n oyeHb 61AM3KaA K Hel TypyaHMHOBa
(Lonicera turczaninowii); cesepHee 0. Ypym XWMOIOCTb
cbenobHas  3aMELLAeTCA  KMMOJIOCTbIO  KamMyaTCKoW
(Lonicera kamtschatica); B Mpumopckom M XabapoBCKOM
Kpasx u B AMypcKoi 06/1acTu LMPOKOe pacrnpocTpaHeHue
nmetoT KMMONOCTU MaKkcumoBmya (Lonicera
maximowiczii), Pynpexta (Lonicera ruprechtiana), Maaka
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(Lonicera  maakii), Tatapckasa (Lonicera tatarica),
Kanpudonb (Lonicera caprifolium), wncnonb3yemble Kak
[EeKOpaTUBHbIE KYCTAaPHMKM, TaK KaK UX Aroabl Hecbef06HbI
[4; 9]. B panbHeBOCTOYHOW dnope MMEKTCA NATb BMAOB
60ApbIWHMKA: nepucToHaape3aHHbIi (Craetegus
pinnatifida) (8 Mpumopckom W XabapoBCKOM Kpasx,
Amypckoi obnactn); MakcumoBuya (Craetegus
maximoviczii) (Mpumopbe M nNo Amypy OT cpeaHero
TeyeHua [0 ycTbA); paypckuin (Craetegus dahurica) (no
Amypy, noka He onucaH B [puMoOpcKom Kpae);
3eneHomsAcbii  (Craetegus  chlorosarca)  (KamuaTtka,
CaxanuH, Kypunbl); nosaHckuin (Craetegus jozana) (ropHble
neca CaxanuHa) [9; 17]. B AaNbHEBOCTOYHOM YacTu Poccuu
npouspactaloT TpM BMAA Yepemyxu: asmatckaa (Padus
asiatica), 3amelaoLlLan 34ecb Yyepemyxy O6bIKHOBEHHYIO
(Prunus padus); Maaka (Padus maakii), wunpoko
ucnonblyemas B KayecTBe [AEKOPATMBHOIO PacTeHUs;
Cbopwu, nnu aitHckas (Padus ssiori), pacnpocTpaHeHHasa Ha
CaxanuHe n Kypunbckmx octposax [11].

M3 ArogHWKOB BBOJATCA B Ky/AbTypy ronybuka

(Vaccinium  uliginosum) W KNoKBa  KpynHonaogHas
(Vaccinium macrocarpon). bBonblylo UEHHOCTb  AnA
OKY/NbTYPUBAHUA npeacTaBnsaoT YEepPHUYHUKK -

BOJIOCUCTbIA, WAW caxanuHckuin (Vaccinium hirtum), w
oBanbHoAUCTHbIN (Vaccinium ovalifolium), pocturatowme B
BbicOTy 1 M, npouspacTatolime Mo OMNyLIKaM XBOMHbIX U
CMeLaHHbIX necoB CaxalMHa W ropasgo pexe — B
XabapoBckom Kpae. B nocnegHue rogbl, 6narogapsa
BbICOKOMY cOep)KaHuio BUTamuHa C B Arogax Wupokoe
pacnpocTpaHeHue B cafax Moayynsaa akTMHugms. Ha tore
poccuiickoro [anbHero BocToka npowuspacratoT 3 BuAa
3TOM /IUCTONAAHOW NAOAOHOCHOW /IMAHbl:  KOJNOMMKTA
(Actinidia  kolomicta), octpas (Actinidia arguta) w
MHOrogomHasn, uau nepuuk (Actinidia polygama) [9; 18].
Bupo3bl  NNoA0BO-ArOAHbLIX  KyNbTyp Ha  tore
poccuiickoro [anbHero BOCTOKa, Ha CErogHAWHUN AeHb,
He OTHOCATCA K Hambonee aKTyasbHbIM MNpobaemam
pernoHanbHoi ¢uTtonatonormn. OpgHako HeobxoamMmo
NOHMMATb NPWYUHBI TaKOM CUTYyaUUW U NPaBUIbHO
MCNO/Nb30BaTh CYLLECTBYIOLLEE «OKHO BO3MOXHOCTEMNY.
Bonblioe KOMMYECTBO ANKOPACTYLMX BUAO0B, POACTBEHHbIX
na040BO-ArOAHbIM KyAbTypam, npv OTCYTCTBUM
BbIPa*KEHHbIX BMPYC-UHAYLMPOBAHHbIX anuduToTUN
cBuaeTenbcTeyetT 06 3dpdeKTMBHON B3aMMHOM aganTauuu
BMPYCOB M UX x03seB. CneayeT rotoBUTbCA K TOMY, YTO B
nonynaumMAaX AanbHEBOCTOYHbIX SHAEMUKOB LUPKYAUPYIOT
NlaTeHTHble GPUTOBUPYCbI, CNOCOBHbIE K BbICTPOM aKTUBALUK
npu CMeHe X03AeB W/WAKW YCNOBUI OKpyrKatowel cpeabl.
370 cnepyet 06s3aTENBHO YUUTHIBATL MPU UCMONb30BaHUU
[aNbHEBOCTO4HbIX AMKOPOCOB, Kak Npasuio, obnasarowmx
BbICOKON WU Aaxe PEeKOpPAHOM XO/M0[0CTOMKOCTbIO, ANA
NoNly4YeHUA HOBbIX MOPO30YCTOMYMBBLIX copToB. C apyrov
CTOPOHbI, GU3MNKO-Teorpaduyeckne, KaMmaTUyeckne W
ncropuyeckne ocobeHHoctn fanbHero BocTtoka [5] umetot
cnepcTBMem OTHOCUTENbHYO 6egHOCTb BUAOBOrO COCTaBa
KaK CamMuX NJOLOBO-ATOAHbIX Ky/AbTyp, TaK WM 3aBO3HbIX
BO3byauTenel ux 3abonesaHnin, U MECTHbIX NePEHOCYMKOB
3TUX BO3byauTenel, B nepsyto odepeab — Tael (Hemiptera:
Aphidoidea) [19; 20] — u4To nos3BonseT paccmaTpusaTb
[aNbHEBOCTOYHbIE TeppUTOpPUN CTpaHbl KaK
noTeHUManbHble  MecTa  pa3mMelleHua  6e3BMPYCHbIX
nnaHTauuin [21]. Mpu 3TOM, cneayeT yyuTbiBaTb, 4YTO
60/1blUYI0 PO/Ib B PAcnpoOCTPaHeHWW BUPO3OB WUrpaeT TOT
$aKT, YTO MHOTMe KynbTypbl Pa3sMHOXKAlOT BereTaTusBHO,
yepeHKamu, MPUBMBKAMU U/UAW  YACTAMM  PACTEHUN.

MocKoNbKy CagoBble M AroAHble PaAcTEHMA ABAAKOTCA
MHOFONIETHUMM  Ky/IbTYPamKi, OHM 4YacTo MopakatoTca
CNIOXKHBIM KOMMNEKCOM MHOEKLMOHHbIX areHToB, KOTopble
HaKanAMBalOTCA 33 Nepuos, BereTauuu, a TaKXKe MOryT B
pasHol cTeneHn NPOoABAATLCA Ha Pa3/INYHbIX XO3AEBaX.

Hanbonblyto 06ecnoKoeHHOCTb Cneuuaanctos B
OTHOLWEHME [Aa/IbHEBOCTOUHBIX NIOLOBO-ATOAHbIX KY/AbTyp
BbI3bIBAOT BUpYCbl M3 poga Nepovirus (Picornavirales:
Secoviridae), OCHOBHbIMM  MEPEHOCYMKAMU  KOTOPbIX
ABNAOTCA KOpHeBble HemaToabl (Nematoda) u3 pogos
Xiphinema w Longidorus — WMeHHO 3Ta 3KoJiorMYecKas
0CODEHHOCTb IeXKUT B OCHOBE Ha3BaHuA poga: NEmatode-
transmitted POlyhedral viruses (nonnsapuyeckune Bupycsl,
nepesasaemble Hematogamu) [22; 23]. Mo gaHHbIm OHL,
BuopasHoobpaszun ABO PAH, 3TN HemaToabl
onpepenalTca BO BCEX PermoHax poccuickoro [danbHero
BoCTOKa, 3a WCK/IOYEHMEM CaMbIX CEBepHbIX [22; 24]. B
HacTosillee BPEeMms, OTCYTCTBYIOT JaHHble O TOM, 4TO
HEnoBMpPycoB CNocobHbl PenpoayLMpoBaTbCa B K/AETKax
HEMaToZ, OAHAKO 3TW BUPYCbl AnuTeNbHOoe Bpema (mo
KpaiHei mepe, L0 MecALa) COXPaHAT MHPEKLMOHHOCTb B
KaHane ctuneta U B nuwesoge Hematon [25]. MHorue
HENoBMPYCbl MOTYT PACNpPOCTPAHATbCA CEMEHaMWU U
NblbLOW, 4YTO NO3BOASET PacCMaTpPMBaTb HACEKOMbIX-
onblAnTene B KayectBe HecneumdUUEeCcKUX KOHTAKTHbIX
nepeHocuYmKos [23; 24].

Hanpvmep, HeEnoBMpPYC KONbLEBOW MNATHUCTOCTM
Tomata (ToRSP — Tomato ringspot virus), wMpoko
pacnpocTpaHéHHbI B CeBepHOM AMepuKe, MPOHWKHYB B
Espony u3 CWA c MHOMUMPOBAHHLIMM NENAPTOHUAMM
(Pelargonium sp.), onucaH Kak B03byauTenb uenoro paga
duTONATONOMMIA CaZOBbIX KyNbTyp: KPanyaTocTW /UCTbEB
YyepeLlHW, XKeaToOM MO3auKM MOYeK Nepcrka M MUHAOANA,
HEKpo3a M OTMMPAHWA NPUBMBOK ABGNOHM, AMYATOCTM
ApPeBecuHbl KOCTOYKOBbIX, KOPUYHEBOWN /IMHUM Ha cnalike
cnamsbl [26; 27].

B Mpumopckom Kpae ToRSP 6bin BnepBble onucaH
O.l. Topaeiuyk B 1975 r. [28] B pe3ynbTaTe paHHEBECEHHUX
obcnenoBaHUin naaHTaumin yépHolt cmopoamHbl (Ribes
nigrum) Ha [lPMMOPCKOM NNOAOBO-ATOAHON  OMbITHOM
CTaHUMM: Ha  MONOAbIX JINCTbAX MMEAUCb  fpKue
KonblLeobpasHble naTHa (puc. 1A), KoTopble 4yepe3 2-3
Hefenn ucyesann, HO Ha Pas3BUTbIX JIUCTbAX COXPaHANCA
XKENTbIN y30p (puc. 1B); Aroabl Ha 3apaskEéHHbIX KycTax
M3MeNbYeHHble, CO3PeBaloT paHblue Ccpoka M BbicTpo
ocbinatotca.  Hanuvume ToRSP  6bin0  noaTBepKaeHo
METOLOM MWHAMKATOPHbIX PACTEHUI nNyTem 3aparkeHus
TomaTa (Solanum lycopersicum), Tabaka 0B6bIKHOBEHHOIO
(Nicotiana tabacum), pypmaHa o6blkHoBeHHOro (Datura
stramonium), ¢aconn (Phaseolus vulgaris) cv. Pinto u
neTyHunM rmbpugHoii  (Petunia  hybrida), a Takxe
ceposormyeckumun metogamu. ToRSP obHapyXusanu n Ha
R. dikuscha B KonnekumMm amkopocos [lpumopcKol
OMbITHOM CTaHuMKM [28; 29], XOTA B €CTECTBEHHbIX YCI0BUAX
3TOT BMPYC Ha CMOPOAMHe-aUKyLe He onucaH [30].

Ha cmopoavHe uyepHoit B [pUMOpPCKOM Kpae
BblABNEHO 3abosieBaHME MO CUMMMATOMaM CXO¥ee C
MaxpoBocTbio (pesepcueit) [31-34]. Bo3byauTenb 3TOro
3a60n1eBaHMA HYKAAeTcA B AajbHellwen naeHTudmnKaumm
M gubdepeHUMPOBKM  OT  MMKOMNAsM  CemMeicTBa
Mycoplasmatacea.

Ha srogHbix KynbTypax B [lpumopbe 6biin
BbIABJEHbI U APYyr1e HEenoBUPYCbl: MO3anKKn pesyxu (ArMV
— Arabis mosaic virus) # KoibLeBoi NATHUCTOCTU Ma/iUHbI
(RpRSV — Raspberry ringspot virus) [22; 29].
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PucyHok 1. Cumntombl MHGEKLMMN BUPYCa KONbLEBOWN NATHUCTOCTM ToMaTa (TORSP) y uepHOIt CMOPOAUHbI
(Ribes nigrum): A — konbLeobpasHble NATHA HAa MONOABIX IMCTbAX; B — KeNTbIl y30p B 3penblX IUCTbAX
Figure 1. Symptoms of Tomato Ringspot Virus (ToRSP) infection in Black Currant (Ribes nigrum):

A —ring-shaped spots in young leaves; b — yellow pattern in mature leaves

B nocnegHee pecATMneTME HAa  MajMHE  LUMPOKO
pacnpocTpaHunock 3aboneBaHue, XapaKTepusylouieecs
noMentTeHnem nuctbes (puc. 2A) 1 oTcTaBaHMEM B pocTe
noberoe (puc. 2b). B npenapatax M3 ucTbeB 60/bHbIX
pacTeHMIA BbIABNAEHbI OKpPYrAble 4actuubl (puc. 2B),

HanmoMMUHaloLWmMe  BUPUOHbI  HEMOBMPYCOB,  OAHAKO
ceponormyeckoe poacteo ¢ ArMV, RpRSV, ToRSP wu
HENnoBMPYCOM KONbLEBOW NATHUCTOCTM Tabaka (TRSV —
Tobacco ringspot virus) He 6b1/10 BbisiBAEHO [22].

200 nm

PUCYHOK 2. CUMNTOMbI NOXKENTEHUA INCTLEB M OTCTaBaHMEM B POCTe NO6Eros y ManinuHbl 06bIKHOBEHHOW
(Rubus idaeus): A — BHelwHUI Bua 601bHOrO pacteHua; b — ykopodeHHbI nober; B — BUpyCHble YacTuLbl

Ha 3/1eKTPOHHO-MMKpPOCKONUYecKon poTorpadum npenaparta Mcta 60NbHOIO pacTeHuUs

Figure 2. Symptoms of yellowing of leaves and stunting in shoot growth in the Red Raspberry (Rubus idaeus):
A — appearance of diseased plant; b — shortened shoot; B — viral particles in an electron microscopic

photograph of a leaf preparation of a diseased plant

[loCTaTouHO YacTo BbIABAATCA CMMNTOMbI 3aboneBaHUi,
CXO¥ME C BWUPYCHbIMWM, Ha 3EMASHUKE CagoBOM, WU
aHaHacHol  (Fragaria x ananassa):  Kap/AMKOBOCTb,
OAHOCTOPOHHAA  AedopmaLMa  JINCTbEB, MOMKeNTeHue
(puc. 3). B npenapatax M3 60AbHbIX PACTEHWUI BbIABAEHbI
chepuyeckme yactuubl  AuameTpom okKoso 30  HM.
MMMYHOXMMUYECKMI aHanu3 nokasan cnaboe aHTUreHHoe

poactso ¢ TRSV, HO nepeaatb Ha MHAUKATOPHbIE PacTeHuUA
natoreH He ypanocb. B HayyHOW nuTepaType W3BECTHbI
4 Haubonee BPeLOHOCHbIX ANA 3TOM ArOAHOMN KyAbTypbl
BMpYyCa: MOPLLMHUCTOCTU 3emMaaHuKKn (SCV — Strawberry
crinkle virus) (Mononegavirales: Rhabdoviridae,
Cytorhabdovirus), nATHACTOCTM 3eMAsfHMKM (SMoV —
Strawberry mottle virus) (Picornavirales: Secoviridae,
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Sadwavirus), cnaboro enToro Kpas 3emnaHnkn (SMYEV —
Strawberry  mild  yellow-edge virus) (Tymovirales:
Alphaflexiviridae, Potexvirus) W OKalMNEHUA KUNOK
3emaaHunkn (SVBV — Strawberry vein-banding virus)
(Ortervirales: Caulimoviridae, Caulimovirus) [34; 35].

Ha suHorpage 8 Mpumopckom Kpae eule B 1960-e
roapl BblfiBNEH MHOEKUMOHHbIA xnopo3 (puc. 4), KoTopblii
nopaxan copTa M CeBepOaMepUKaHCKOTo, U MECTHOro
npoucxoxaeuua [36]. WaeHTUPMKauma natoreHa He
nposoamnacb. Ha OCHOBaHWW OMWCAHHOM CUMNTOMATUKK,
MOXHO NPeAnoa0KUTb, YTo Bo3byanTensmm 3abonesaHus
MOl SIBAATbCA KOMMAEKC BWPYCOB, B TOM u4ucie, —
KOpOTKOy3aua BuHorpaga (GFLV — Grapevine fanleaf virus)
(Picornavirales: Secoviridae, Nepovirus). MNo3gHee, wu3
pacTeHuii C AMHEMHbIM Y30POM Ha /IUCTbAX BUPYC 6bin
yCMewHo nepegaH Ha TPaBAHWUCTbIE MHAMKATOPbI. ABTOpPbI

1 B L

PucyHok 3. NoxenteHue u gedopmaums NMCTbeB
Y 3eMAAHUKM cagoBoi (Fragaria x ananassa)
Figure 3. Yellowing and deformation of leaves in
Strawberry (Fragaria x ananassa)

wu

B nocnegHve paBa gecAtunetvs B [pUMOPCKOM Kpae
MHOTVEe Caf0BOAbl OTMEYAOT TMJIOXYI MPUNKMBAEMOCTb
NMPUBMBOK KOCTOYKOBbIX Ky/lbTyp — abpuKoca M cavsbl. B
page cnydyaeB Hamu OBHapy)KeHbl Ha C/AMBAX, KOpPHEBble
OTMNPbICKM KOTOPbIX MCMO/Ib30BaNM B KayecTBe NOABOSA,
CMMNTOMbl B BMAE XEANTblX MNATEH Ha AUCTbAX (puc. 5).
CumnTombl  Habnwgann B BECEHHWI nepuon, a B
AaNbHeNLeM OHM ncHe3ann. DNeKTPOHHOW MUKPOCKoNuei,
B NpenapaTax u3 NopaxkeHHbIX pacTeHwnit, 6bian BbifABAEHDI
chepuyeckme yactuubl, Yacto nycrotenbie (puc. 6). Mbi
npeanosiaraem, 4To MaTOreH MOXKET OTHOCUTbCA K poay
Nepovirus, pna npeacrtaButeneil KOTOPOro CBONCTBEHHO
nofobHoe TedeHne 6onesHn. PaHee Hamu 6biao MOKasaHo,
YTO HEMOBMPYCbI LIMPOKO PACNPOCTPaHeHbl B pernoHe. OHu
6b11M BbIABAEHbI Ha Nepue oBowHoM (Capsicum annuum),
naxutHuke (Trigonella foenum-graecum), KopuaHape
nocesHom, unuM Kuhse (Coriandrum sativum), a TaKxe
AMKOPACTYLWMX pacTeHusx: acTpe weplasow (Doellingeria

PUCYHOK 4. X10p03 Ha IMCTbAX BUHOTPaAa KyabTypHOro
(Vitis vinifera)

Figure 4. Chlorosis on the leaves of the Common Grape
Vine (Vitis vinifera)

no COBOKYMHOCTU npu3HaKoB npeaBapuTenbHO
MOEHTUGULMPOBANN ero Kak BMPYyC JAMHEMHOro ysopa
BuHorpaga (GLPV — Grapevine linear pattern virus)
(Martellivirales: Bromoviridae, Anulavirus) [37]. Takum
06pa3om, 6b1710 BbIBNEHO NULLbL HECKONLKO 3ab0/1eBaHuiA,
B TO Bpemsa KaK MnepeyeHb BUPYCOB, MNOPAMKAOLNX
BMHOrpag, obwmpeH v BKAOYaeT B ceba NoUYTH TPU AecATKa
BuaoB [38; 39]. HeckonbKo BMpPYCOB ObiNO BbIABNEHO B
nposuHumMm CuHbu3saH KHP [40]. A nNocKonbKy mHTepec K
BMHOrPaAapcTBy Ha tore poccuitckoro danbHero BocToka
HEYKNOHHO  BO3pacTaeT, W  MOABAAKOTCA  HOBble
afanTMPOBaHHble K MECTHbIM YC/IOBMAM COpTa, TO

n3yyeHue u MAeHTUOUKaLMA BUPYCOB BUHOTPaAa C LEeNblo
paspaboTkn  mep
aKTyaNbHbIM.

3alWKUTbl  CTAaHOBUTCA BCe bonee

iy = >

scabra), 6apxate amypckom (Phellodendron amurense),
¢dpume asmatckolt (Phryma asiatica) [22].

Ha cemeuKkoBbIX MNIOAOBbLIX KyabTypax tora
poccuiickoro [anbHero BoCTOKa BblfABAEHO HECKONbKO
3a60n1eBaHMIN NPeANONONKUTENBHO BUPYCHOM NpUpoabl —
NATHUCTOCTb Ha /IUCTbAX AB6JI0HU, OTMUpPaHWE BeTBEW, HO
MAEHTUPULMPOBATL UX NOKa He yaanoch. B To e Bpems B
perMoH 3aBO3MTCA MHOMO MPUBMBOYHOIO MaTepuana C
€BPOMenCcKoN YacTu CTpaHbl, rae 3aparKEHHOCTb CafoBbIX
KyNbTyp 3HauuTenbHaa [41], M NO3TOMy BO3MOXKHO
pacnpocTpaHeHWe BUPYCHbIX 6onesHelt ceMeyKoBblX,
NOEHTUGULMPOBAHHbIX B 3TOM PernoHe.

MHorve Bugbl Tnel (Hemiptera: Aphidoidea),
KOPMAALMXCA HA  CAjoBbIX  KyAbTypax, CrMoCOB6HbI
pacnpoctpaHaTtb ¢utoBupycbl [23; 42; 43]. MHorue

duTOBMpPYCbI, pacnpocTpaHeHHble Ha [anbHem BocToke,
MMEIOT X03feB OAHOBPEMEHHO W Cpeau TPaBAHWUCTbIX, W
cpeau ApeBecHbIX pacTeHUi. Y AeKOPaTUBHbIX APEBECHbIX
nopos, u3BecTHbl 34 noppobHO oOnWcaHHbIX BUpyca B
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172 KOMBMHaUMAX «BUPYC-XO3AUH». OTMEYeHo, uTo
HeKoTopble BUPYCbl MMEIOT LWMPOKUI KPYr pPacTeHWiA-
x03AeB W cnocobHbl 3apakaTb nNpeacTaBUTENIEN CaMbIX
pasHoobpasHbIX  cemeicTB, B  TOM  uucie U
dbunoreHeTnueckn ganekux. Tak, Y-supyc kaptodens (PVY —
Potato virus Y) (Patatavirales: Potyviridae, Potyvirus)
BblAENEH U3 KPAacHOW cMopoguHbl (Ribes rubrum); supyc
KO/bLEBOM nATHMUCTOCTM rBo3amkn (CRSV — Carnation
ringspot virus) (Tolivirales: Tombusviridae, Dianthovirus) —
M3 TpylIn; BUPYC Kento Mmo3auku knesepa (CIYMV —
Clover yellow mosaic virus) (Tymovirales: Alphaflexiviridae,

N o ar

PUCYHOK 5. XenTble NATHA Ha IMCTbAX CMBbI AoMallHel (Prunus domestica)

Potexvirus) — n3 sa6noxu [44]. Mo faHHbIM 3TUX aBTOPOB,
BMpYC orypeyHoi mo3samkn (CMV — Cucumber mosaic virus)
(Martellivirales: Bromoviridae, Cucumovirus) nepegaetcs
Ha pasNuyHble NIOAOBO-ATOAHbIE Ky/NbTypbl Bonee yem
70 Bugammu Tnei. B yacTHOCTWM, BMPO3am NOABEPKEHbI

A6M0HA, Yepemyxa, b6OAPbLIWHMK, KMMONOCTb. Bupyc
Mo3auKkm atouepHbl  (AMV  —  Alfalfa  mosaic virus)
(Martellivirales: ~ Bromoviridae,  Alfamovirus)  moset

rnopaxaTtb Ka/iMHy U XacMuH. OH 6bin BblAENEH TaKXKe W3
6eccMmnToMHbIX pacTeHuit Ribes v Rubus [45; 46].

o Bl TN

Figure 5. Yellow spots on leaves of European Plum (Prunus domestica)

PucyHok 6. bosbwoe KonnyecTso NYCTOTE/IbIX OKPYrAbIX YaCTUL, B NpenapaTtax IMCTbEB 3apa*KeHHbIX

pacteHuii camebl gomalwHen (Prunus domestica)

Figure 6. A large number of hollow rounded particles in preparations of leaves of infected plants

of European Plum (Prunus domestica)
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Cnepyet, oAHaKo, WMMeTb B BMAY, 4YTO MHOroseTHue
Nna040BO-ArOAHbIE PACTEHWUA AaNeKo He BCeraa ABNAOTCA
rapaHTMpPOBAHHbIMW  AONTOBPEMEHHBLIMW  pe3epByapamu
GUTOBUPYCOB, M YTO NIOA0BbLIE HACAKAEHUA — MOCTOAHHbIN
QHTPOMNOTEHHbIN WUCTOYHWUK TNEN-NEepPeHOCYNKOB BUPYCHbBIX
MHObEKLMIA. B 4ecTBUTENbHOCTM 3T B3aMMOOTHOLLEHUA He
CTONb O6/NMraTHbI, KakK MOXKeT MoKasaTbcA. Bo-nepsbix,
murpupyowme Bugpl aduauMa  UCNonb3yT NA0A0BO-
AroAHble AepeBbs U KYCTapHUKM B KayecTBe OCHOBHOMO
KOPMOBOIO pPacTeHMs Henpofo/KUTeNbHOEe Bpems —
nepsble 2—3 nokoneHusa. BbiiynuswmMeca U3 nepesnmo-
BaBLUMX AUL, 0cObW cTepubHbl. B npouecce nuTaHWUA OHU
MOFYT BOCMPUHATb /IMWb BUpPYCbl creunduyeckne paa
NA0A0BO-ATOAHbIX KynbTyp. [Mpu mMurpauum  KpblnaTbix
napTeHOreHeTUYECKUX CaMOK 3Ta MHOEKUUA MOXKeT ObiTb
[OHeceHa [0 CneaylolWmx KOPMOBbIX pacTeHuid (B Tom
ymcne NoneBblX U OTOPOAHbLIX KyJbTyp), HO HET CBeAeHWN,
NOATBEPXKAAOWMX  BOCMPUUMUMBOCTD  MOCNEAHUX K
cneumoeuYeckum «naofoBo-arogHbiM» ¢uToBMpycam. Bo-
BTOpbIX, MHMLMpPOBAHME NNOLOBO-ATOAHbIX HACAXKAEHUMN
BMpPYCaMM, MMEILWMUMU LWUPOKUIA KPYr PacTeHUI-xo3AeB
(Hanpumep, CMV, AMV), MOXeT Npou30oiTh NnLb B ABYX
CAyYasx: Npu CAYYaMHOM MOCELLEeHUN HEeMNOAHOLMKAbIMU
BMAAMM TNel CafoBblX PACTEHUH W MPU PEMUIPALUM HA
HUX C TPaBAHWUCTbIX PACTEHUI MNONHOLMKAbIX BUAOB
apugma. B obounx cayyasax TauM O0JIKHbI ObiTb BUPODOPHbI
(t.e. copepxaTb Ha cTMneTe WHPEKLMOHHbIE BUPYCHblE
yactuubl). Bpemsa nepeneta BeKTopa C MNOPa*KEHHbIX
BMPO3aMM TPABAHWUCTBIX PACTEHMI A0 NAOLOBO-ATOAHbIX
HaCaXKAEHWUWA [OMKHO ObiTb  OrpaHMYEHHbIM, YTOObI
NepeHoOCYMK He ycnen yTpaTuTb BupycodopHocTb. Euwie
OfHO Ba)KHOE YC/NOBME: TNA-NEPEHOCYMK AO/MKHA AenaTb
Ha pacteHum (npeanonaraemom BOCMPUEMHUKE
UHEKUMM) NPoBHble YKOAbI NUTaHMA. Takum obpasom,
nepeyeHb YC/N0BUM, HEObBXoAMMbIX A WHOULMPOBAHUA
NN0AOBO-ArOAHbIX KyNbTyp HECBOMCTBEHHbIMW A/ HUX
BMpyCamu, [OCTaTO4HO O0b6lWMpeH, a BEpPOATHOCTb
UHOUUMPOBAHWA pacTeHMli 33 npegenamu  naofoBo-
ArOAHbIX NOCafO0K — HEBbICOKOMN. Bmecte ¢ Tem, 6b110 6bl
OWMOKON COBCEM  UCKAKOYATb MIOAOBO-ATOAHUKM B
KayectBe WCTOYHMKA pacnpocTpaHeHua  ¢GpuTOBUPYCOB
TNAMM, OCOBEHHO — ec/iM pacTeHne-akLenTop Haxo4uTCa B
cTagum  caxkeHua. O6 3TOM  CBMAETENbCTBYIOT — KaK
3KCMEepUMEeHTaNbHble  JaHHble, TakK W  pe3y/abTaTbl
BM3YasibHbIX HabatoaeHnn [44].

HaunHasa c 1966 . cbopbl Tnel ¢ AUKOPACTYLLMX
BMAOB W KY/NbTUBMPYEMbIX MNNOL0BO-ArOAHbLIX PACTEHUM
NPOBOAMAN Ha cTaumoHape MopHO-TaexXHoW cTaHumu [BO
PAH »n B npouecce oOCywWwecTBAEHNA 3SKCNEAULMOHHbIX
MapLIPYTOB B MPUMPOAHBIX 3KocucTemax [anbHero BocToka.
Bbln BbIAB/IEHbI HECKO/IbKO BMAO0B advamna,
noBpexaatoLmx NAoA0BO-AroAHble KynbTypbl. B Tabn. 1
NpUBEAEHbl CBOAHbIE AaHHblE O BbISBIEHHOM BUZOBOM
cocrtase el [19; 20; 42], AonosiHeHHble UHbOPMaUUEen 13
Hay4yHOW AUTepaTypbl, NOCBAWEHHON aduaodayHe tora
poccuiickoro JanbHero Boctoka [47-51].

BONbWMHCTBO BMA0B, NPeACTaBieHHbIX B Tabn. 1,
NONHOUMKAbIE W AByAOMHble. CO CBOWMX MEPBUYHbIX
(ocHOBHbIX) pacTeHuit-xo3seB  —  npeacrasutenem
po3oupeTHbIx (Rosales), KamHenomKoBbIx (Saxifragaceae),
KMMOJIOCTHbIX (Caprifoliaceae) " 6apbapucosbix
(Berberidaceae) — oOHM MUrpUpPYIOT Ha  pasnyHble
TPaBAHUCTbIE PACTEHWA, Yalle — Ha 3/71aKM U acTpOBbIE.
BmecTe C TeM, UMEITCA U NONHOUMK/AbIE, U OAHOAOMHbIE
(Hemurpupytowme) sugbl (B nepsylo odepeab, — Aphis
pomi). BcTpevatoTcA BMAbl, KaK pacnpocTpaHeHHble

ybUKBUTapHO (Hanpumep, Hyalopterus pruni,
Rhopalosiphum nymphaeae), Tak W 3HOEMUKU HOXKHOTO
Mpumopbsa (Prociphilus kuwanae, Schizaphis pyri). B uenom
BMAOBOM COCTaB T/lel NAOAOBbIX U ArOAHbIX KyAbTyp Ha
poccuitickom danbHem BocToke obefHeH Mo CpaBHEHUIO C
adupodayHon NNoAoBO-ArOAHbIX HacaxaeHwit B8 Espone
[52].

Henb3a He yuuTbiBaTb U TO 0B6CTOATENBCTBO, YTO
nsyyeHne adpmaodayHbl NNOAOBO-ArOAHbLIX arpoLLEeHO308B
Ha [anbHem BocToke He 3aBeplleHO, ANA PAAA CNOMKHbIX
BMAOBbIX KOMIM/IEKCOB He onpeaeneH TaKCOHOMMUYECKUM
paHr, 6MonorMa M 3KONOrMA MHOTUX 3adUKCUPOBAHHbBIX
BMAOB HEAO0CTAaTOYHO M3yYeHa, YTO JIMLLAeT BO3MOXKHOCTU
nposecty anddepeHLMaLNI0 KCNOXKHbIX» BUAOB.

MpaKkTMYyeckn Bce BO34eNblBaemble  MoaeBble
KYNbTYpbl — BTOPUYHbIE KOPMOBbIE PAcTeHWUA TAel, rae OHu
NPOBOAAT OCHOBHYH YacCTb CBOEr0 M3HEHHOro UMKAa.
BblcOKaa KOpmOBas LEHHOCTb Ce/IbCKOXO3AMCTBEHHbIX
pacTeHuii U 4OBONLHO A/IMTENbHBIN Nepuog, Ux Beretaumm
obecneuyunsatoT 3TUM HaCeKoMbIM BbICOKMI
pPenpoAyKTUBHbIVA NOTeHUMan: 34ecb OHU YCNeBaloT AaTb B
5-7 pa3 6o/blue NOKONIEHUM, YEM HA OCHOBHbIX PACTEHUSAX-
x03seBax (2—3 nokosneHus). [1ByAOMHbIE BUAbI MUTPUPYIOT
B MoJie C MepPBUYHbIX X03AEB — APEBECHO-KYCTaPHUKOBbIX
nopoa. HenonHouuknble Buabl aduama nonagatroT Ha
nosiesble pacTeHuWs, pas3neTasacb U3 MecT nepe3umoBKu. B
TOM W [ApYyrom C/Ay4Yasx Ha NoJsieBble  Ky/AbTypbl
nepemeuiaetca yxe cHopMUPOBABLUMICA M [0BOJIbHO
3HaYMTENbHbIN MO YNCNEHHOCTU 3anac BpeauTens. Mone —
OTKpbITOE, Xopowo npoaysaemoe NpPOCTPaHCTBO.
MoaxBayeHHble  BO3AYWHbLIMM  MOTOKAaMM  KpblnaTble
aduanabl moryT 6biTb NepeHeceHbl Ha AECATKM U COTHM
MeTpoB B rNybuHy arpoueHosa. W3-3a 3toro B none
BO3HWMKAOT MHOMOYUC/IEHHbIE O4YarM MepBOHAYaNbHOMO
3aceneHus pacTeHnn Tiamu. PacnpeseneHune Takux o4aros
Nno Mo CKopee C/y4altHoe, HeXenn 3aKOHOMepHoe, XOTA
KpaeBas nosioca NosA C HAaBETPEHHOM CTOPOHbI 3acenseTcs
HAaCeKOMbIMM, KaK NPaBuo, CUNbHEe.

Mpu rnepesMMoBKe  OCHOBHOE
ANUEKNAQOK Tnel norubaet. B oTaenbHble  roapl
U3HecnocobHbIMM  ocTaloTcA  He bGonee 4%  auu,
BblnynuBWMECA M3 HUX JIMUMHKM Ha NepBbIX MNOpax He
npeacTaBAAOT Cepbe3HOM ONacHOCTU ANA HACaKAEHWN.
OpaHako c OOCTUXKEHMEM OCHOBaTENbHULAMM
MMarmHaabHo ¢asbl cuTyaums oboctpsetcs. Y MHOrmx
BMAOB adugup 3Ta mMopda 06nagaeT  nosblEeHHOM
nnaogosuTocTblo — 60-80 M 6bonee NMUMHOK 3a Nepuog,
XU3HU. [oyepHee MOKONEHME OCHOBaTe/bHUL, Yepes
10-14 cyT. (c yyeTom TemnepaTypHOro ¢pakTopa B BeCEHHe-
NIETHUI Ce30H) CTAHOBMTCA MONOBO3PENbIM U CNOCOBHO
CaMo K XXMBOPOXKAEHMUIO. TeMMbl HapacTaHUA YNCAEHHOCTH
nonynauun ysenunumsatotca. OAHAKO NAOTHOCTb ee He
AOCTUraeT Tex pasmepos, YTO GUKCUpyeTCA B NOCNeACTBUM
B none. [ByAOMHble BUAbI TIEN MUTPUPYIOT HA BTOPUYHbIE
pacTeHus, He ycneB HaHeCTU 3HAYUTENIbHOTO YPOHa CBOUM
OCHOBHbIM KOPMOBbLIM pacTeHUAM-x03AeBam. MckntoveHme
COCTaBAAT OAHOLOMHbIE MONHOUMKAbIE TAM Hanogobue
A. pomi. MapTeHOreHeTUYeCcKoe Pa3MHOMXKEHWe TaKuX Taen
C KOHUA Maa [0 Hayana OKTABPSA Ha OTAENbHO CTOALLMX

KO/In4yecTeo

AepeBbAX MNPUBOAMT K  MaccoBOMY 3acesieHWUo WX
BpeauTenemM CO BCEMMU BbITEKAIOWMMU  HeraTMBHbIMM
nocneacTBUAMM: HapyweHnem doTocuHTe3a,

ocnabneHMem pacteHus, OTCTaBaHUEM €0 B  POCTe,
yXyALEeHNeM NAOLOHOLWEHUA, NAOXON Nepe3uMoBKO U, B
KOHEYHOM UTOre, yCbiXaHMeM. AHANOTUYHbIE NMOBPEXAEHMUA
NNOJOBO-ArOAHbIX  HACaXKAEHWW  MOryT  BbI3BaTb MU
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MONHOUMKAbIE BWAbI TAEH, ecnu [0 MUrpauun  Ha
BTOPWYHbIe  (TPaBAHWUCTbIE) PACTEHMA  OHW  yCrenu
06pa3oBaTb 06M/AbHbIE KONOHUWM U  3aCeAUTb UMK

3HAUYUTE/IbHYI0 YacTb BEreTaTMsHoi maccbl. OBbIYHO 3TO
npoucxoamtT B rogbl C TENJOW CHEXHOW  3MMOW
(coxpaHnaeTcs 60/blOe KONNYECTBO XKU3HECNOCOBHbIX AnLY)

M C Tennoi BecHOM (COKpaliaetcA nepuos passuTUA
NMYUHOK Tei [0 umaro). MosTopsatoLeecs U3 roga B rog
3HauYUTeNIbHOE 3aceneHne TAAMWM NAOAOBbIX AEPEBbEB M
ATOAHLIX KYCTapHWKOB TaKke Beger K ocnabneHuio
pacTeHui, nNpexaespeMeHHOMY OnageHuo Nnohos (aroa)
M NOCTENEHHOMY YCbIXaHWIO.

Ta6auua 1. Buabl Thei, BbIABNEHHbIE Ha CaA0BbIX U ATOAHbIX KY/IbTYPaxX U POACTBEHHbIX AMKOPACTYLLMX BUAAX

JdanbHero Boctoka Poccumn

Table 1. Aphid species identified on garden and berry crops and related wild species of the Russian Far East

Tnu (B andasuTHOM nopagkKe)
Aphids (in alphabetical order)

PacTeHua-xo3neBa
Host plants

Acyrthosiphon sp. Rosa davurica
Amphicercidus japonicus Lonicera sp.
Amphorophora rubi Rubus subg. Eubatus
Aphis fragariae Fragaria sp.

Aphis grossulariae Ribes sp.

Aphis idaei Rubus sp.

Aphis pomi

Aphis ruborum
Brachycaudus helichrysi
Cryptomyzus ribis

Craetegus dahurica, Malus sibirica

Rubus crataegifolius, Rubus sachalinensis

Prunus domestica

Ribes dikuscha, Ribes mandshuricum, Ribes maximoviczianum,

Ribes nigrum, Ribes pauciflorum

Disaphis crataegi
Disaphis orientalis
Hyalomyzus malisuctus
Hyalopterus pruni
Hyperomyzus lactucae
Hyperomyzus pallidus
Liosomaphis berberidis
Longicandus trihodus
Macrosiphum rosae

Ribes nigrum

Rosa sp.

Matsumuraja ribi Ribes sp.
Matsumuraja rubifolia Rubus sp.
Matsumuraja taisetsusana Rubus sp.

Metopolophium dirhodum
Myzaphis rosarum

Myzus cerasi

Myzus mumecola

Myzus padellus
Neorhopalomyzus lonicericola
Ovatus insitus

Phorodon humuli
Prociphilus kuwanae
Rhopalomyzus lonicerae
Rhopalosiphum insertum
Rhopalosiphum nymphaeae

Prunus sp.

Rhopalosiphum padi

Sappaphis pyri

Shizaphis sp. Lonicera sp.
Trichosiphonaphis lonicerae Lonicera sp.

Tuberocephalus sacurae

Craetegus dahurica

Malus manshurica, Malus sibirica

Malus manshurica

Padus asiatica, Prunus domestica, Prunus mandshurica
Grossularia acicularis

Prunus tomentosa

Berberis amurensis, Berberis vulgaris

Rosa acicularis, Rosa davurica, Rosa rugose

Rosa acicularis, Rosa davurica

Rosa acicularis, Rosa davurica

Prunus subgen. Cerasus

Prunus domestica, Prunus mandshurica, Prunus sibirica

Lonicera maximowiczii

Craetegus maximoviczii

Prunus domestica, Prunus ussuriensis

Pyrus communis, Pyrus ussuriensis

Lonicera maakii, Lonicera maximowiczii, Lonicera ruprechtiana

Pyrus communis, Malus domestica, Crataegus laevigata, Malus sibirica
Prunus domestica, Prunus mandshurica

Padus asiatica, Prunus padus

Pyrus communis, Malus manshurica

KonnyecTBeHHas OLEHKa BPEAOHOCHOCTU, KaK Camux TNei,
TaK U MepPeHOCMMbIX UMM BMPYCOB HA MA0A0BO-ArOAHbLIX
Ky/IbTypax B yC/i0BUAX poccuiickoro [anbHero BocToKka He
nposogunacb. Ho  u3BecTHo, 4TO  BO36YAMTENM
3a601€BaHNIN PaCTeHUI BUPYCHOW 3TMOIOTMWU OTINYAIOTCS
6onblO  BPEAOHOCHOCTbIO, NPUBOAAT K 3aMeTHOMY
CHUXEHMIO YpOXKaa M YXYAWEHUIO KayecTBa NpPOAyKLUW.
MpU CUNABLHOM NOPAaXKEHUWU OTAe/IbHbIe KyAbTypbl MOTYT
«BbIPOXKAATLCA» (BbITECHATHCA M3 COPTUMEHTA) WAU Aaxe
normbatb. Takoe MO/MOXKEHWEe CNOXKUAOCH, Hanpumep, C
MaZMHOW B HEYEepHO3eMHOM  30He  BC/AeACTBME
pacnpocTpaHeHMss MMUKOMIA3MEHHOM Kap/AMKOBOCTU U
BMPYCHbIX MO3auK. CHUMKEHME YPOMKANHOCTU TO/MbKO Mpu

NOpa*KeHUAX  MafMHbl  KypyaBOCTblO,  Bbl3blBaeMoM
KOMMJIEKCOM BWPYCOB, COCTaBAsfeT B cpeaHem 46% [44].
MoTepn yporKaa NAOAOBLIX KyAbTyp OT BUPYCHOIO W
MUWKONIa3MEHHOro nopaxeHua moryt gocturatb 40%, a 8
oTaenbHble rogabl — A0 90%. Takke oTMmeyaeTca U MaccoBas
rmbenb KOCTOYKOBbIX, KOFAa YMCNO MOrmbwnx AepeBbes
noxopmno po 50%, a abpukoca — 5-10%, 4To cBA3bIBAETCA C
nopaxkeHnAMM BUPYCaMW, B YaCTHOCTM M3  rpynnbl
KO/IbLeBbIX NATHUCTOCTEN [53]. Mpu 3Tom, oTpuLaTenbHoe
BO34eNCTBME WHOEKUMM Ha PoCT M NPOAYKTUBHOCTb
pacTeHuM NOCTENEHHO YCUIMBAETCA NO MEPE UX CTapeHUs.
Ha [OdanbHem Boctoke Poccum nogobHas cratucTvka ans
CafoBbIX KYy/NbTYp A0 CMX MOP He Benacb, HO aKTyaslbHOCTb
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eé co3gaHuA — Kak cnegyeT u3 Hactoawero ob3opa — byaet
BO3pacTaTb B MpoOLEecce OMepeXKalowero pPasBuTUsA
Tepputopun [anvHero BocToka, chopmyanpoBaHHOro B
NPOrpaMmHbIX AOKyMeHTax [lpaButenbctBa Poccuitckoi
Pepnepauyum.

3AKNHOYEHUE
CoBepLUeHCTBOBaHME b6uoTexHonormnm B obnactm
nosyyeHun pPerMoHasbHO-OPMEHTUPOBAHHbBIX  COPTOB

pacTeHuit, SKOHOMMYECKMIA pocT BocTouHolM A3umn B Lenom
M onepexalwllee pasBUTUE TEPPUTOPUU POCCUIACKOTO
[anbHero BocToKa c034al0T 0O6BEKTWMBHbIE NEPCNEKTUBSI
pa3BuTMA 34ecb Caf0OBOACTBA M PacLUIMpeHMA Maowanen,
OTBOAMMbBIX MOA, NAOAOBO-ArOAHbIE Ky/AbTypbl. Aaa Toro,
yTobbl CcAenaTb 3TOT MPOLECC YCTOMYMBLIM U UM3bexaTb
npob6sem co CTOPOHbI ONAaCHbIX 3NUGUTOTUI, HEOBXOAMMO
WMHTEHCMOULMPOBATL SKOOTO-BUPYCONOTUYECKNE UCCaeao-
BaHMA 3TOro pasgena OGUTOBMPYCONOrMM, a TaKxke
NnoBbICUTL 0becneyeHHOCTb NPOM3BOAUTENEN CEeNbCKOXO-
3AMCTBEHHOM MPOAYKLMN AOCTYMHbIMU TECT-CUCTEMAMM, B
nepBylo ouyepefib — B OTHOLUEHWE BWPYCOB, KOTOpble
obcyxkpatoTcs B HacTosAwen paboTte.
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Pesiome

Llenb. M3yuntb coctaB 3ak3ometabonoma baktepui wrtamma Bacillus
velezensis BZR336g ¢ npuMeHeHWeM C NPUMEHEHMEM ABYMEPHOM ra30BOM
XpomaTtorpadum B CcOYETaHUMM C Mmacc-cnekTpometpuelnt (GCxGC-MS)
MeTo4a Npu Ky/JbTUBMPOBAHUM HA NMUTATENIbHbIX Cpeaax, pasnyaroLwmxca
Nno COAEepPXKaHMIO MUKPO3/IEMEHTOB.

Martepuanbl M metopabl. OOBEKT MUcCNenoBaHWA — WTamMM bakTepum
B. velezensis BZR 336g. OH sBNseTcA NepcnekTMBHbIM ANs pa3paboTku Ha
ero ocHoBe buwonpenapata AAA 3aWMTbl PAcTEHUI OT GUTOMATOreHHbIX
rpnboB. W3  KWMAKOW  KyAbTypbl  BblIAENANM  3K30MeTabonutbl u
aHanM3nposaam U3 metabonomHbiit npoduab metogom GCxGC-MS.
Pe3ynbratbl. Cpean MAEHTUOULMPOBAHHLIX COEAUHEHUIA MOXKHO YBUAETH
NpeALecTBEHHUKM 6MONOMMYECKM aKTUBHLIX MeTabonnToB bakTepwuii
wTamma B. velezensis BZR336g. AHanM3 CyMMapHOro HaKoMAEHUA *KUPHbIX
KUCNIOT U UX aHaNoroB, a TaKKe aMWMHOKMUCIOT M NenTuaoB baktepuamu
B. velezensis BZR336g Ha nuTaTeNbHbIX Cpegax, pas/vyalolmxca no
COAepKaHMI0 MOHOB MEeTa/I08, MOKa3blBaeT, YTo MOHbI Co?* B coueTaHUm ¢
noHamm Mn2* n Zn?* UrpatoT BaKHYI0 PO/ib B MHAYLIMPOBAaHUM UX CUHTE3a.
Ha cuHTe3 nenTuaHbIX COCTaBAAOWMX HaMbosbluee BAMAHME OKa3blBaeT
npucyTcTBMe B NUTaTesibHOW cpeae uoHa Co?*. Ecam yb6paTb ero u3
nUTaTeNbHOW cpeapl, KOAMYECTBO NENTUAO0B, aMUHOKUCAOT U MenTUaoB
YMeHbLIaeTca noytm B ABa pasa. CoeamHeHua 6eH30/1bHOM Mpupoapbl
MOTYT BbICTYNaTb B POJIN MPEKYPCOPOB apoOMaTUYECKUX Yr/1€BOA0POA0B,
KOTOpblEe TaKKe MpeAcCTaBAAlOT WMHTEpec npu aHaause meTabonnsma
6aKTepUi, TaK Kak OHM 061a43a0T AHTUMUKPOOHOM aKTUBHOCTbLHO.
3akntoueHue. Konnyectso coeauHeHUNn, KOTopble ABNAKOTCA
NpeKypcopamn MeTabosUTOB /IMMOMNENTUAHON NPUPOAbl, 3aBUCUT OT
copepKaHUA MOHOB METa/IoB B MUTaTe/IbHOM cpefe. ITOT GaKT MoXKeT
MU3MEHATBLCA B 3aBUCMMOCTU OT TOFO, B KaKOW KOMBMHALMM NPUCYTCTBYIOT
MeTaNNbI.

Kniouesble cnosa

dk3omeTabonutbl, Bacillus velezensis, aHTUrpubHbIE AMNONENTUABI,
ra3oBas XpomaTtorpapusa-macc-cnekTpomMeTpus, MeTaboloMHbIM Npodub.
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Abstract

Aim. To study the structure of bacteria exometabolites of the Bacillus
velezensis BZR336g strain using the GCxGC-MS method when cultivated on
nutrient media differing in the content of microelements.

Material and Methods. The object of the study is the B. velezensis
BZR336g bacterium strain. It shows promise for the development of a
biopreparation on its basis for protecting plants against phytopathogenic
fungi. Exometabolites were isolated from the liquid culture and their
metabolomic profile was analysed with the GCxGC-MS method using a
LECO Pegasus BT-4D device.

Results. Among the identified compounds one can see the precursors of
biologically active metabolites of bacteria of the strain B. velezensis
BZR336g. Analysis of the total accumulation of fatty acids and their
analogs, as well as of amino acids and peptides, by B. velezensis BZR336g
bacteria on nutrient media differing in the content of metal ions, shows
that Co?* ions in combination with Mn2* and Zn?* ions play an important
role in inducing their synthesis. The presence of the Co?" ion in the nutrient
medium has the greatest influence on the synthesis of peptide
components. If it is removed from the nutrient medium, the amount of
amino acids and peptides decreases by almost two times. Benzene
compounds can act as precursors of aromatic hydrocarbons, which are also
of interest in the analysis of bacterial metabolism, since they have
antimicrobial activity.

Conclusions. The number of compounds that are precursors of lipopeptide
metabolites depends on the content of metal ions in the nutrient medium.
This fact may vary depending on the combination in which the metals are
present.

Key Words
Exometabolites, Bacillus velezensis, antifungal lipopeptides, gas
chromatography-mass spectrometry, metabolomic profile.
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BBEAEHUE

MpumeHeHMe MO/Ee3HbIX MMKPOOPraHM3MOB B KayecTse
areHToB 6MOKOHTPONA CYMTAETCA OA4HUM U3 Haubosee
nepcneKkTMBHbIX MeTonoB 3ddeKTnBHOM M HesonacHow
3aWmTbl pacteHuin. Pog Bacillus BKNtoYaeT HeKoTopble U3

Hanbosiee KOMMEPYECKM BaXKkHbIX 6aKTepuid, WCMONb-
3yeMblX 419  MNPOM3BOACTBA  LUMPOKOTO  CheKTpa
NPOMbILWAEHHbIX GEPMEHTOB U MWKPOBMONOTUYECKMX

npenapatos. Bce uvale 3TM 6aKTepuu UCMONb3YOT B
KayecTse NPOTUBOrPMBHbLIX cpeacTs buokoHTpons [1; 2]. C
6MOTEXHONOTMYECKON TOUYKU 3peHWUs MHOrMe  LUTaMMbl
pasnuuHbIX BUAOB B Npeaenax poaa Bacillus npopyumpytot
LUMPOKMIA  CNEeKTP OWMOAKTUBHLIX TMenTUAO0B W APYruX
CTPYKTYPHO  Pas/IMYHbIX aHTarOHUCTUYECKUX  BELLECTB.
Takve Bugbl Kak B. subtilis, B. amyloliquefaciens w
B. pumilus, ABNAKOTCA 04YeHb 3¢pdeKkTnBHbIMMK
NpoAyLUeHTamMW  MONEeKynN  aHTMBMOTMKOB, U WX
MHIMBUPYIOLWAn aKTUBHOCTb MPOTWMB MATOrEHOB PacTeHMi
nocpeacTtBoM npsAmoro aHTMbuosa nABasetca Haubonee

M3BECTHbIM  MeXaHu3mom. Cpefu yKasaHHbIX Bbille
aHTMBMOTMKOB ocobbii MHTEepec npeacTasAAloT
avnonentuabl  6aumnn.  Bnarogapa  ocobeHHocTAM

CTPOEHMA 3TU coegMHEHUA amoUPUNbHBI U yCTONYMBDLI K
rMgponusy nentugasamum W npoTeasamMu, a TaKxke
HEYYBCTBUTENIbHbI K OKUCNIEHWUIO, AENCTBUIO OTHOCUTE/IbHO
BbICOKMX TemmnepaTtyp. Bmecte ¢ Tem, MX LMUCTEUHOBble
OCTaTKM MOTYT OKUCNATbCA A0 CyNbdUAO0B U U3MEHATb
CTPYKTYPY 4O  XapaKTepHbIX  BHYTPUMONEKYNAPHbIX
C-S-cBazsei [3]. LuKknmyeckume avnonentuaHble
COeZIMHEHUA C TPEMA OCHOBHbIMU CEMENCTBAMM UTYPUHA,
cypdakTMHa M PeHrnumHa, a B nocneaHee BpemMs TaKKe C
NPeacTaBUTENAMM  CEMENCTBA  KYPCTAKMHOB, ABAAKOTCA
XOPOLWO W3BECTHbIMU COEAMHEHUAMU C OAHO3HAYHbLIMM
[OKa3aTeNnbCTBaMM B KayecTBe Kao4eBblX ¢(aKTOpoB B
6uoKkoHTpone [4].

CuHTE30M  meTabosMToB  GaKTEPUA  MOXKHO
YyNpaBAATb NyTEM M3MEHEHWA YCOBWUIA Ky/NbTUBMPOBAHMA,
CNocobCTBYIOWMX aKTUBALMW FEHOB, OTBETCTBEHHbIX 33
Habop ¢depmeHTOB, HEOOXOAMMBIX ANA CUHTE3a TOro WU
MHOro MmeTabonuta. IPPeKTUBHbIM  MOAXOL4OM  ANA
pacKpbITUA MeTabonnyeckoro NoTeHUManNa, a TakkKe Ans
aKTUMBALMM  «MOMYALLMX» TEHOB SBASETCA W3MeHeHue
COCTaBa MaKpo- U MUKpoanemeHToB (M3) nuTaTenbHou
cpeabl. YPOBHW MHAYKLUMW, NOJABNEHUA WU JaxKe
MHTMOMPOBAHUA  3aBUCAT OT  Pas3/IMYHbIX TUMOB MU
KO/MYecTBa MeTannoB B NUTaTenbHoW cpege. bbuin
ony6/1IMKOBaHbl MHOFOYUC/IEHHbIE COOBLLEHNA O BAaXKHOCTU
MOHOB MeTanoB B BMOCUHTE3Ee MeTabosMToB, 0COBEHHO
aHTMO6MOTUKOB [5]. Y HEKOTOpbIX aKTUHOMMLETOB 6bllO
3aMeyeHo, YTO MCMO/Jb30BaHWE MEeTa/IZIOB B TEXHOJ/IOTUK
KY/bTUBMPOBAHUA  BbI3blBa€T M3MeHeHMe buocuHTe-
TUYECKMX  MeTabo/IMyecknx nyten, NpUBOAALMX K
bOpMUPOBaAHUIO  HOBbIX MeTaboNnTOB, KOTOpble He
obpasyoTca B M30M1ATax AMKOTO TUMa MpUM HOPMasibHbIX
yCcnoBuaAx pocta. Kpome Toro, CMHTE3 pas/iMyHbIX BelecTs
YCUAUBAETCA, KOorga onpegeneHHble meTannnyeckue M3
nobasnAlTcA B MUTATeNbHYlO  cpedy  LWITaMMOB
MWKPOOPraHN3MOB, YCTOMYMBBIX K TAXKEbIM MeTannam [5].
Mx BaXKHOCTb TaKKe mog4vepkmsaetca Tem, 4to noytn 30%
BCEX OMOCUMHTETMYECKMX (GEepPMEHTOB MMKPOOPraHW3MOB
B3aMMOZENCTBYIOT C METa/IMYEeCKMM KODaKTOPOM.

HekoTopble MeTannbl c OKUCNUTENBbHO-
BOCCTAHOBUTE/IbHbIMU QYHKUMAMMK, Takne Kak Fe, Cu, Mn,
Zn, Co, Ni, Mo n Mg, asnsatTca KaoveBbiIMKU daKkTopamm
AR MHOTUX MUKPOBHbIX PepMEHTOB, Y4aCTBYIOLWMX B NYTAX

MoHbl mapraHua (Mn?*)
3HAYMMOCTb  AA  NUTaHKA
MWKPOOPraHM3MOB M, Kak  6blI0  YCTAaHOBAEHO,
cneumModUYeckM y4yacTBYOT B Pas/IMYHBIX  KAETOYHbIX
npoueccax, B ToM uncne, B obmeHe Bellects. O4eBUAHO,
uto Mn?* aBnAeTcA BaHbIM  PEryaTOpHbIM  MOHOM
MWKPOOPraHW3MOB W UIPaeT 3HAuMTeNbHYD poab B
6uocnHTE3e npeawecTBeHHUKOB NMNonenTUaAHbIX
MeTaboNNTOB, TaKMX KaK KMPHbIE KUCAOTbI M AUNUABbI.
NobasneHne B nutaTenbHyilo cpeay Mn?* (0,01 mM)
noBbICKAO NpoAayKuuio cypdakTuHa ot 0,33 go 2,6 r/na [6].
UMHK (Zn) ABnseTcA Ba)KHbIM  METaNNIOM M, Kak
coo6LWanoch, y4yacTByeT B pPas3/IMYHbIX BUOXMMUYECKMX
peakumax, BbINOJHAA  KaTa/JIMTUYECKUE, CTPYKTYPHble,
OKMCANTE/IbHO-BOCCTAHOBUTE/IbHbIE U PEryiATOPHble
bYHKUMK. Kak ¥ B C/lyyae C Kene3oMm, UMHK urpaet

buocnMHTe3a MeTabonnTos.
npeacrasnaloT  60/bLUYIO

pewatowyto poab B GOPMMPOBAHUM  CTPYKTYPHbIX
3/IEMEHTOB, cTabunmnsaumm 6enKkoBbIx CKNaZloK
MWKPOOPraHM3MOB M, 4YTO Haubonee BaXKHO, B

peryanpoBaHun  GyHKUMIA  PasnYHbIX  MeTabosnyeckux
depmeHTOB B ¢opme KOGDAKTOPOB WM KOAKTMBATOPOB,
YYacTBYIOWMX B peakumax 6uocuHTesa. Kobanbt (Co)
ABNAETCA BAXKHbIM METaIJIOM, NOCKO/IbKY OH AeCTBYeT KaK
KodakTop ana ButamuH B12-3agucumbix pepmeHTOB. Posb
KobanbTa B NPOAYLMPOBAaHUN METAabONUTOB Hblaa XOPOLOo
NPOAEMOHCTPUPOBAHA Y Pa3NINYHbIX MUKPOOPraHN3MOB, U
ecTb HEeCKO/IbKO coobLueHni o perynauuun
NpoAyLMPOBaHMA aHTUBUOTUKOB Y aKTMHOMMLLETOB.

la3oBasn XpomaTorpadusa-macc-cnekTpomeTpumsa
(GCxGC-MS), nABNAACb BbICOKOYYBCTBUTE/NbHON W BbICO-
KOMPOU3BOAUTENIbHOW  aHA/NUTUYECKOM nnatdopmoi,
3apekomeHaoBana cebs Kak MonesHbld UHCTPYMEHT AnA
HeleneBblX MCCNe0BaHMI MNepBUYHOrO meTabosiM3ma B
pasnuuHbIX o0bnactax npumeHeHua [7]. PesynbTaThl
aHanu3a cocTaBa NPOMEXKYTOUYHbIX coefvHeHUN,
noslydeHHbIX B Xxoae meTabonuama 6Gaktepuit, patot
BO3MOXHOCTb CAEe/1aTb 3aKNOYEeHUE O CUHTEe3e CTPYKTYp,
obnagatowmx 6MONOrMYECKON aKTUBHOCTLIO.

MeTabosiomHOe uccneaoBaHWE C NPUMEHEHWEM
meToza GCxGC-MS npeacrasafeT coboi
MHOTOCTyMeHYaTylo npoueaypy. B cBAsM ¢ 3Tum,
CTaHAAPTU3aUMA HeueneBoro NPoToKo/aa MeTaboNoMHOro
npoduanpoBaHma meToAoM GCxGC-MS Tpebyer
KOMMNJIEKCHOWM onTMMM3aL MK npesaHanuTUYECcKmX,
QHA/IMTUYECKMX W BbIYUCAUTENbHBIX 3TanoB. OCHOBHbIM
oTAnYnem TexXHOoN0rmm GCxGC-MS oT LpYyrnx
aHaNUTUYEeCKMX  nnatdopm  MeTabosIoOMMKKM,  BKAtOYAsA
UOKOCTHYIO  XpomaTorpaduio B TaHAemMe C  Macc-
cnektpometpuei  (LC-MS), aBnsetca HeobxoAMMOCTb
AepuBaTU3aLMM IKCTPAKTOB MeTabonnToB B seTyune U
TEPMUYECKM  CTabuibHble  NPOM3BOAHbIE, npuyem
nocnegHue KOZIMYECTBEHHO onpeaenatoTca B
meTabonnueckmx npoduaax. ITOT aHANUTUYECKMI 3Tan
TpebyeT ocoboli  TWaATENbHOCTM NpPU  ONTUMMU3ALUU
HeLeneBoro 3KCNepUMEHTasIbHOro MPOTOKOMA WcCaesno-
BaHUA meTabonoma metogom GCxGC-MS. Bonee Toro, ann
HaAeXHOM naeHTMdUKaLMM U NEPBUYHOM KONNYECTBEHHOM
OLEHKM  OBHapyXKeHHbIXx MeTabonnToB  Heobxoanmo
NPUMEHATL CNEeuuanm3nMpoBaHHble MeTOAMKM MNpoLeccu-
pPOBaHUA 3KCNEepPUMEHTabHbIX AaHHbIX [7]. JaHHbIN meTop,
NoO3BONAET CENEKTUBHO U C BbICOKOW YyBCTBUTE/IbHOCTbIO
obHapyvMBaTb M OnNpefenATb  pas3/vyHble  TUMbI
HU3KOMOJIEKYNIAPHBIX COEAMHEHU B nNpobax CHAOXKHOro
cocTaBa.
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Lene uccnedosaHus — ¢ npumeHeHnem GCxGC-MS meToaa
M3Y4UTb CTPYKTYpY 3K30MeTabosMToB OaKTepuit wtamma
B. velezensis BZR336g npu Ky/JbTMBMPOBaHMM Ha MNuTa-
Te/IbHbIX CpeAax, Pas/IMyatoWmxca No cogepKaHumo M3.

MATEPUANDbI U METOA4bl UCCNEAOBAHUA

O6beKT nccnesoBaHMA — OPUTMHANBHBIN WTaMmm bakTepun
B. velezensis BZR 336g w3 BuopecypcHoOW Konnekuumu
dPepepanbHOro rocyaapcTBEHHONO GHOAMKETHONO Hay4YHOro
yupexaeHua «®depepanbHbIN Hay4HbIN LEeHTp
buonormyeckolt 3awmuTbl pacteHuin» (PreHY SHLUEB3P)
«locypapcTBeHHAA  KOANEKUMA  3HTOMOakapudaros u
MWKPOOPraHU3MOB» U NepPCreKTUBHBIN AN pa3paboTKu Ha
ero ocHose 6uonpenapaTa ANA 3alWMTbl PAcTeHWn OT
¢duTonaToreHHbix rpnbos [8].

KynbTuBupoBaHue wramma 6aktepum nposoauav
Ha ONTUMM3WMPOBaAHHOM nuTaTenbHOW cpege (OMNC) ¢
nobasneHnem komnnekca M3 [9] u ONC ¢ pobaBneHmem
Komnaekca M3 c nooyepesHbIM WCKNHOYEHUEM LieNeBbIX
noHos metannos (Mn?*, Zn?*, Co?*). Cxema 3KcnepMmeHTa
BKNOYANA cnefytolime BapuaHTbl:

1 BapwuaHT — B. velenzensis BZR 336g (ONC All) —
OnbITHbIM 0b6pasel, 6uonpenapata Ha OCHOBe LWITAaMMA
B. velenzensis BZR 336g, Kynbtusupyembiii Ha OINC c
pobasneHnem komnaekca M3 (Cu?¥; I; Mn?*; Mo®*; B3*;
C02+; Zn2+; Fe2+);

2 BapuaHT — B. velenzensis BZR 336g (OMNC 6e3
Mn?*) — OnbiTHbI o6pasel, 6uonpenapaTa Ha OCHOBe
WwTamma B. velenzensis BZR 336g, KynbTuupyemblin Ha OMNC
c pobaBneHnem Komnaekca M3 3a uckalodeHnem Mn?
(Cu2+; |—; M06+; B3+; C02+; an"; Fez");

3 BapuaHT — B. velenzensis BZR 336g (OMC 6e3 Zn?*)
— OnbITHbIM 06pasel, 6uonpenapata Ha OCHOBE LWITaMMa
B. velenzensis BZR 336g, Kynbtusupyembii Ha OINC c
nobasneHnem komnnekca M3 3a uckaoueHnem Zn?* (Cu?;
I7; Mn2*; Mo®*; B3*; Co?*; Fe?*);

4 sapuaHT — B. velenzensis BZR 336g (ONC 6e3 Co**)
— OnbITHbIM 06pasel, 6uonpenapata Ha OCHOBE LITaMMa
B. velenzensis BZR 336g, Kynbtusupyembii Ha OINC c
nobasneHnem komnnekca M3 3a uckatodeHmnem Co?t (Cu?;
I7; MnZ*; Mo®*; B3*; Zn?*; Fe?*).

uakyto Kynbtypy (MK) Ha ocHoBe wTamma

B. velenzensis BZR  336g noayy4aanm  meToLom
nepuoamnyeckoro  Ky/JbTUBUMPOBAHUA B POTALMOHHOM
werkepe-nHkybatope Excella E25 (New Brunswick

Scientific, CLLUA) npu 180 o6/muH, + 25,0°C n pH 7,0 B
TeyeHue 48 yacos.

Ona BbloeneHna 6uonornyeckm AKTMBHbIX
3K3omeTabonutoB wrtamma B. velenzensis BZR 336g,
KY/IbTUBMPYEMOFO Ha Pa3/INyHbIX NUTaTesbHbIX cpeaax, KK
OYMILAIM  OT MWKPODOHbIX KOMMOHEHTOB  LEeHTpUby-
rmposaHnem B TeyeHne 20 mMuH. npu 10000 06./MuH.

(Eppendorf  AG, T[epmaHus). [OBTOpPHOCTb  OMbITa
TpexkpaTHas.

BblgeneHne  mMeTaboAMTOB M3 MOJYYEHHOM
KY/NIbTYpPasbHOM  XMAKOCTU  MPOBOAWMAM  SKCTPaKLMe

aTunauetatom (x.4.) (2:1, 06./06.) Nnpn nepemewwMBaHnn B
pOTaLMOHHOM LeliKepe-uHKybaTope Excella E25 (New
Brunswick Scientific, CLUA) B TeueHue 14. T[locne
pasgeneHus OpraHMYeckom WM BOAHOM 4acTU 3TUAAueTaT
ynapvBanM  Aocyxa Ha  POTALMOHHOM  BaKyYyYMHOM
ucnaputene IKA RV 10 npu Temnepatype 40°C. Ans
aHanusa meTabonomHoro npoduna onbITHbIX 06pasLoB
buonpenapatoB metogom GCxGC-MS  ucnonb3osanu
BbICYLUEHHbIN 3KCTPAKT 3K30MeTaboNnToB, KOTOpblE 3aTeM
nepepacteopann 8 100 mn sTunauertaTa (x.4.) B TeyeHue

18 yvacos B
Temnepatypy 25°C.

Onsa Toro, ytobbl M36aBUTLCA OT MOTEHLMANbHOM
KOHTaMWHAUMK  CNOXKHBIMW  AUNMOAMU U BOCKaMM,
BbICYLLEHHbIEe 3KCTPaKTbl nepepacrtsopann 8 500 mkn 50%
pacTtBopa aueToHUTpUAa, ueHTpudyruposann (13 000 g,
2 muH, 4°C), n BHOBb BbICYLUIMBAAN HaAZOCALOUYHYIO
XKUOKOCTb B LeHTpudykHom ucnaputene Vacufuge Plus
(Eppendorf  AG, TepmaHusa). [Ona  BblpaBHUBAHUA
cogepKaHuin meTabonnToB MPOBOAUAM HOPMWMPOBKY MO
KOZIMYECTBY KOJIOHMEOOPa3yloWmnx eanHUL,

[na npoBepeHMA  XPOMATO-MaCC-CNEKTPOMETPUM
3K30MeTaboNMTOB MCMNOJIb30Ba/IN STUMALLETATHbIN SKCTPAKT
(5-10 mn XK). K Kaxgomy BbicylleHHOMY Aocyxa obpasuy
nobasnanm 10 MKN pacTBopa rmaposnopuaa MeTokcmaMumHa
B NupuamHe (20 mr/mn) u ganee nepemelnBany B TeyeHue
90 muH. B Tepmoluelikepe ThermoMixer C (Eppendorf AG,
FrepmaHua) npu Temnepatype 30°C. B KayecTBe BHYTPEHHMX
CTAHOAPTOB  WCMONb30Ba/IM  CMECb MEeTUNO0BbIX 3dUPOB
XMUPHbIX  KncnoT. Mocne [o06aBNeHWUA  CUAUMAMPYIOLLErO
areHTa MSTFA » BHyTpeHHero ctaHgapTa K uccaeayembim
obpasuam, npobupkm c PEAKLMOHHOM CMecbto
nepemewunBann B TedeHne 30 MUH. B TepmoLLeiKkepe npwu
Temnepatype 37°C, nepeHOCMNIM B WHAKTMBMPOBAHHbIE
CTEKNAHHbIE BCTAaBKM W HAMpaBAAiM Ha XpOMaTo-macc-
CNEeKTPOMETPUYECKMI aHaNn3.

HenocpeactBeHHO nocne BbiCyWMBaHMA 06pasLbl
noZBsepranv gepusaTmsaumm.

Ona MeTaboNIOMHOro npodpuAnpoBaHuA
ucnonb3osanu npubop LECO Pegasus BT-4D (LECO, CLUA).
KoHdurypaumsa npubopa BKIOYAET ABYMEPHbLIV a30BbIN

WweiKkepe-nHKybaTope, noaaep:usan

xpomatorpad Agilent 7890B, BpemanponeTHbIi Macc-
CneKkTpomeTp cybHOMMWHaNbHOTO paspelueHuns n
MarncTpasnbHblt NPob6ooT6opHMK L-PAL3. B pamKax gaHHoOro
3KCNepuMeHTa MCNo/1b30BaNN KOMBUHALMIO

Hu3KononapHoi (Rxi-5MS, anuHa 29,69 M, BHYTPEHHWI
avameTp 250 mkm, Restek) n cpeaHenonspHown (Rxi-17Sil
MS, anvHa 1,95 m, BHYTpeHHUIA guameTp 250 mkm, Restek)
XpomaTorpadpuyeckmx KOJIOHOK. XpomaTto-macc-
cnekTpomeTp ynpasasnaca ¢ nomouwbto MO ChromaTOF
(v.5.51.06.0.64572, (LECO, CLUA)). Mepen sKkcnepumeHTOM
NpoBOAMN NPOLEeAYpPY KaMBPOBKM C NOMOLLbLIO CTaHAAPTaA
nepdrtoptpmnbytmnammuna (PFTBA, FC43).

JKCNEepUMEHT NPOBOAUAM B  ABYX TEXHUYECKUX
NMOBTOPEHUAX ANA Kaxgoro obpasua. Ob6pasey, (1 mkn)
nogasanca B xpomatorpad uyepes Harpetbii ao 250°C
UHKEKTop B split-pexkume. CrtapToBas TemnepaTypa B
XpomaTorpaduyeckom neuu cocTasasana 60°C "
noafepXuBanacb B TeYeHWE MUHYTbI, Aafnee HauyuHaacA
TemnepaTypHblit rpagmeHT (10°C/muH, 12 muH.). MNepuog
moaynaumMm coctasnan 4 c. (ropaumii nynbc — 1,2 cekyHapl,
XONo4HbI  nynbc  — 0,8 cekyHabl). Temnepatypa
TPaHCPEpPHON NIMHUM Mexay ra3oBbiM XpomaTorpadom u
MacCc-CMeKTPOMETPOM MNoaaepKusanacb Ha yposHe 280°C.
MOHM3aUMIO  3/IOMPYIOWLMX  COEOUHEHUN  OCYLLEeCTBAAIMN
MeToAoM 3/1eKTpoHHoro yaapa (El, 70 eV). BbiaepkuBanu
350-cekyHAHas OTcpoyka B 3anucu GCxGC-MS daina ana
BbIX0A4a HEMHPOPMATUBHBIX COeAMHEHUI (CcUanampyloLme
areHTbl, MMPUAMH) U3 XPOMATOrpadpUUEcKoin KONOHKM.

MonyyeHHble XPOMATO-MACC-CMEKTPOMETPUYECKME
OaHHble TakKe obpabatbiBanu B nporpamme ChromaTOF
Tile (LECO, CLLA) — BpemeHa yAepKMBaHWA, BEIMYUHBI M/z
N WHTErpupoBaHHble M/IOWAAN MUKOB KOPPEKTUPOBaM.
[NnA ymeHbLIeHUA MHOTOMEPHOCTU 3IKCMEepPUMEHTaIbHbIX
OaHHbIX  MPUMEHANAM  nporpammHoe  obecneyeHue
ChromaTOF Tile (v.1.01, LECO, CLUA), ocHoBaHHOe Ha
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ucnonb3oBaHunM  KoadpduumeHta  Puwepa.  MpuHumMn
06paboTkm 3TOrO nporpaMmHoro obecneyeHusa
3aKN0YaeTCA B CPaBHEHMM  ABYX COOTBETCTBYHOLLMX

obnacteit xpomatorpammsl (T.H. tiles) gna ob6osHaueHuA
HaxO4OK HU3KOM U BbICOKOW pgucnepcuid. [unanasoH
aHanusMpyembix Mmacc 6bln orpaHuueH m/z = 85 wu
m/z = 700. MeTtabonuntbl nageHTMGULMPOBAAN Ha OCHOBE UX
Macc-CneKkTpoB " BpeMeHMU YyAEPKMBaAHUA c
ucnosib3oBaHMem 6ubnMoTeK HauMOHaANbHOTO WMHCTUTYTa
cTaHgapToB u TexHosnornit (NIST), 6ubanoTtek Mainlib n

Feihn, a Takke oTKpbITOro penosutopus PubChem B
HauMoHanbHOM MHCTUTYTe 3apaBooxpaHeHua (NIH). Ana
OanbHellen MHTepnpeTauum BbibUpanu uaeHTUduKaumm
C NoKasaTtensamu npamoro n obpaTtHoro cxoactea (similarity
n reverse similarity) 6onee 800 [10].

MNONYYEHHDIE PE3Y/IbTATbI U UX OBCYKAEHUE
C nomouwpto metoga GCxGC-MS yapanocb 0OBHapyKuTb
COefMHEHWA, KOTOpble HaKan/AMBa/iUCb B XO4e CUHTEe3a
meTabonutos 6akTepManbHOro WTamma (Taba. 1).

Tabauua 1. OcHoBHble 3K30meTabonuTbl wWtamma B. velezensis BZR 336g, o6HapykeHHble meTogom GCxGC-MS
Table 1. Major exometabolites of B. velezensis strain BZR 336g, detected by GCxGC-MS

KonunuecrtseHHas oueHKa coaepaHua

w © g E meTabonnToB (OTHOCUTENbHbIE eANHULbI) *
] g I 5 Quantification of metabolites content
885 2 <5 (relative units) *
T > o = o O
Knacc Moaknacc SE5 TiiB ONC6es  ONC6es  ONC 6es
Class Subclass g sy onc a2 2 2
g & 8 ; 5 All Mn Zn Co
©° ] I OoCcMm ocMm OoCcMm
2 3 & 5 ocM ) ) )
2 5 without without without
A“ Mn2+ Zn2+ C02+
KapboHoBble AMUHOKMNCNOTHI,
KUCNOTbI U nenTuabl U aHanoru
npou3BoAHble Amino acids, C4HgNO, 85 23 35 23 12
Carboxylic acids peptides, and
and derivatives analogues
KapboHoBble AMUHOKMNCNOTHI,
KUCNOTbI U nenTuabl U aHanoru
Npon3BOAHbIe Amino acids, CgH13NO; 86 3067 9128 16303 10015
Carboxylic acids peptides, and
and derivatives analogues
KapboHoBble AMUHOKMNCNOTHI,
KUCNOTbI U nenTuabl U aHanoru
Npon3BOAHbIe Amino acids, CsH;NO;3 218 98 869 190 125
Carboxylic acids peptides, and
and derivatives analogues
KapboHoBble AMUHOKMNCNOTHI,
KUCNOTbI U nenTuabl U aHanoru
Npon3BOAHbIe Amino acids, Ci0H18N,03 154 581 972 2096 1351
Carboxylic acids peptides, and
and derivatives analogues
KapboHoBble AMUHOKMNCNOTHI,
KUCNOTbI U nenTuabl U aHanoru
Npon3BOAHbIe Amino acids, CsH;NOs3 156 478 2277 1280 3146
Carboxylic acids peptides, and
and derivatives analogues
BeH3oliHble
beH3on n
npou3BoAHble Kuenotel n
P npoun3BoAHble CsHgO, 90 83 159 349 87
Benzene and Lo
. Benzoic acids and
derivatives -
derivatives
BeH3oliHble
beHson n
npou3BoAHble Kuenotel i
P npou3BoAHble C7HeO4 193 3973 1697 20782 3361
Benzene and o
. Benzoic acids and
derivatives -
derivatives
BeH3oliHble
beHson n
npou3BoAHble Kuenotel
P npoun3BoAHble C7HeO3 269 4 0 131 32

Benzene and
derivatives

Benzoic acids and
derivatives

ecodag.elpub.ru/ugro/issue/current

105



N.S. Tomashevich et al.

South of Russia: ecology, development 2022 Vol. 17 no. 4

beH3on n
npon3BoOAHbIe

BeH30MHble
KWUCNOTbI U

Nnpoun3BoAHble C7H7NO, 266 3696 6750 6679 1572
Benzene and Lo
. Benzoic acids and
derivatives -
derivatives
BeH30MHble
beH3on n
npou3BoAHble Kuenotel
P npou3BoAHbIe C7HgO, 105 49873 274784 784745 663921
Benzene and Lo
. Benzoic acids and
derivatives -
derivatives
BeH3oMHble
beH3on n
npou3BoAHble Kuenotel
P npou3BoAHbIe C7HgO3 267 571 753 4267 1612
Benzene and Lo
. Benzoic acids and
derivatives -
derivatives
beHson n
nPonsBoAnbIe BeH3OHNTPUNLI C/HsNO 176 105 258 384 178
Benzene and Benzonitriles
derivatives
beH3on n
nNpou3BoAHbIe MpoussoAHbie
P 6eH3onna CsgHsO 91 10257 28018 24191 4880
Benzene and R
L Benzoyl derivatives
derivatives
beHson n
nNpou3BoAHbIe MpoussoAHbie
P 6eHsonna C;HsO 135 895 1903 6033 2230
Benzene and N
- Benzoyl derivatives
derivatives
beH3on n
NPOM3BOAHbIe MponssogHble
P 6eHsomna CsHz0 121 489 1316 1152 263
Benzene and Lo
o Benzoyl derivatives
derivatives
beH3on n
NEOM3BOAHbIE beH3nnosbie
cnupTbI C7Hs0; 179 32312 248709 483806 164416
Benzene and
- Benzyl alcohols
derivatives
beH3on n
NPOM3BOAHbIe beH3nnosble
P cnnpTbl C;HgO 91 24463 233408 233082 191590
Benzene and
. Benzyl alcohols
derivatives
beH3on un
npoussoArble berannunanmn bl CgHsNO 190 19772 45278 61538 21254
Benzene and Benzyl cyanides
derivatives
beHson n
nNpou3BoAHbIe 5€H3VII1TV!OLI,MBHaTbI CaHoNS 91 38 190 3029 710
Benzene and Benzyl thiocyanates
derivatives
IdUpbI HKUPHBIX
?;':tp ”:(':e Ii”"'”"' Kucnot C10H150; 127 52 59 55 420
yacy Fatty acid esters
UpHbIE KUCNOTbI U
MVpHbie auusbl - KOHbloraThI Ci6H3005 117 6805 36953 17063 8350
Fatty acyls Fatty acids and
conjugates
KunpHble Kucnotbl n
u1pHble aumnbl KOHBbIOraThbl
. C4H6O 147 4 11 12 8
Fatty acyls Fatty acids and ariet2
conjugates
KUpHblE KUCNOTbI U
MupHble auubl - koHbioraTLl CsHs0, 157 1065 2875 4139 1294
Fatty acyls Fatty acids and
conjugates
upHble aumnbl KUpHblE KUCNOTbI U CeHsO» 169 208 146 6910 1013
Fatty acyls KOHbIOraThl
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Fatty acids and

conjugates
MUpHblE KUCNOTbI U
KupHble aumnbl KOHBbtOraThbl
Fatty acyls Fatty acids and CsHi00s 145 333 454 1003 668
conjugates
UpHbIE KUCNOTbI U
upHble aumnbl KOHBbtOraThbl
Fatty acyls Fatty acids and CsHsO; 172 4 10 26 7
conjugates
UpHbIE KUCNOTbI U
MVpHbie auubl - KOHbloraThI C1aH260> 129 4475 7894 6111 2116
Fatty acyls Fatty acids and
conjugates
KurpHble Kucnotbl n
u1pHble aumnbl KOHbtOraThbl
Fatty acyls Fatty acids and C10H200; 117 2528 8411 8116 3464
conjugates
KUpHblE KUCNOTbI U
upHble aunnbl KOHbIOraThbl
Fatty acyls Fatty acids and CuHz0; 129 668 857 817 757
conjugatles
MUpHblE KUCNOTbI U
KupHble aumnbl KOHBbtOraThbl
H 117 44 7 7 4
Fatty acyls Fatty acids and C12H2402 05 8739 803 239
conjugates
UpPHblE KUCNOTbI U
MVpHbie auubl - KOHbloraThI Ci7H340, 117 56131 74155 48971 15998
Fatty acyls Fatty acids and
conjugates
UpHbIE KUCNOTbI U
MVpHbIe auubl - KOHbloraThI C16H20, 117 97813 136849 105473 44689
Fatty acyls Fatty acids and
conjugates
KunpHble Kucnotbl n
MupHble auuibl - KoHbioraTLl CeH1205 159 12996 13839 57007 33537
Fatty acyls Fatty acids and
conjugates
KUpHblE KUCNOTbI U
MupHble aumnbl KOH'bIOr.aTbI CoHycOs 151 169 289 647 593
Fatty acyls Fatty acids and
conjugates
KUpHblE KUCNOTbI U
KupHble aumnbl KOHBtOraThbl
H 117 1347 171 1281 102
Fatty acyls Fatty acids and C1sH3602 3475 3 818 0253
conjugates
MUpHblE KUCNOTbI U
KupHble aumnbl KOHBtOraThbl
Fatty acyls Fatty acids and CgH1602 117 6944 13268 25799 7647
conjugates
UpHbIE KUCNOTbI U
upHble aumnbl KOHBtOraThbl
Fatty Acyls Fatty acids and C1gH340; 117 7131 31186 19287 13718
conjugates
u1pHble KncnoTbl 1
HKupHble aumnbl KOH'bIOrjclTbI CisH005 117 11202 139647 72406 39356
Fatty acyls Fatty acids and 8
conjugates
u1pHble KucnoTbl 1
bt
VIPHBIE auuniel - KOwbiorarbl CeH1205 147 198 5050 8830 4141
Fatty acyls Fatty acids and
conjugates
KUDHbIE AL KupHbIe KUCNOTbI U
pHbIE all KOHBIOraTbI C11H2,0; 117 197 327 450 196

Fatty acyls

Fatty acids and

ecodag.elpub.ru/ugro/issue/current

107



N.S. Tomashevich et al.

South of Russia: ecology, development 2022 Vol. 17 no. 4

conjugates
KupHble aunnbl KupHble cnnpTbl C1aH300 97 9 10 13 6
Fatty acyls Fatty alcohols

AMUAbI KNUPHbBIX
MupHbie ayunsl - or C15H3sNO 86 132 1075 980 710

Fatt | .
atty acyls Fatty amides

MpumeyaHue: * — uHMe2pUPOBAHHbIE NAOWAOU MO0 XPOMAMO2PAPUYECKUMU NUKAMU

Note: * — integrated areas under chromatographic peaks

Cpegn  NAEHTUOUUMPOBAHHbLIX  COEAUHEHUA  MOXKHO
YBUAETb MPEALEeCTBEHHUKM  BUONOTMYECKM  aKTUBHBIX
meTabonutoB bHaKTepuii wtamma B. velezensis BZR336g.
Mpeactasutenn popa Bacillus cunTtaroTca «MUKPOBOHBIMU

babpukamm» MO NPOM3BOACTBY LUMPOKOrO  CheKTpa
6MONOMMYECKM  aKTMBHbLIX  MOJIEKYA,  MOTEHLMaAbHO
NOAABAAIOWMX  MaTOreHHble  rpubbl M BaKTepum
Bacillus spp., npoayumpytowme HepnbocomMHO

CUHTE3MPOBaHHbIE NMMNONEeNnTUAbl U NenTuabl, NPOABAAIOT
CUNbHYIO aHTUMMKPOBHYIO aKTUBHOCTb, KOTOPas OCHOBaHa
Ha UX XMMUYecKol cTpyktype [11]. lunonenTtuapl Bacillus
COCTOAT M3 JIUNUAHOTO XBOCTA, CBA3AHHOMO C KOPOTKMM
SIMHEWHbIM ~ WAWM  LUKAMYECKMM  ONWUrOMenTMAoOM, MU
06/13a43al0T O4YeHb C/OMHBLIMM MexaHW3mamu GuocuHTesa,
KaTannsmpyemoro Hepnb6OCOMHbIMM nenTUaHbIMU
CUHTeTasamu, 60NblIMMKN GEPMEHTHLIMM KOMMAEKCaMU C
MOZY/NbHOM CTPYKTYPOW, Fae Kaxabli MoAyNb OTBEYaeT 3a
BK/IIOYEHWE ONpeaesieHHON aMUHOKUCIOTbl. MosieRybl

M3BECTHbIX JMnonenTMAoB coaepxat oTr 4 po 16
AMUHOKMUCNOTHBIX OCTaTKoB B L- uan D-koHdurypauuu.
CemeiictBo  cypdaktMHOB  (CypdaKTUH,  SINXEHU3MH,

nymMUAaumauH, ranobaunnvH, 6ammnaoumnH) npeacrasnser
coboii rentanenTuabl. OHW  BKAOYAOT  PB-TMAPOKCK-
renTaumMKkaMyeckMe  Aencunentugbl € BO3MOXHbIMU
BapMaUMAMM AMWHOKWUCIAOT anaHWHa, BajiMHA, NeluMHa
WUAN M30/MEeNLMHA B NOMIOXKEHUAX 2, 4 N 7 B UMKANYECKOM
pencunentugHom ¢parmeHTe u Bapuaumsamm ot Ci3 go Cyg
B uenAax  B-TMAPOKCMNKMPHbBIX  KUCNOT.  DeHrnumH
npeacraenfetr coboll  UMKNMYECKUMI  nunogekanenTtua,
copep:Kalimi  B-TMOPOKCUKMPHYIO KUCNOTYy € 6HoKoBOM
Lenbto, coctoawen m3 16—-19 atomos yrnepoga. OH umeer
pasiMyHble M30pOPMbI, KOTOPbIe PA3NYAOTCA AJIMHON U
passeTBieHnem ¢dparmeHTa B-rugpoKCUMKUPHON KUCAOTbI,
a TaKKe aMUHOKMUCNOTHbIM COCTaBOM MENTUAHOMO KOoJblia.
fomonorn ¢eHrMuMHa npeacTaBAAlOT coboit  ceputo
MNonNenTUAOB C BapuauMAMM Kak Mo AJIMHE, Tak U no
pa3BeTBNAEHUIO  B-TMAPOKCUMKMPHOM KMCNOTbl.  ITU
avnonetTuabl  NPOAYUMPYIOTCA  MHOTMMWM  LUTAMMaMM,
KOTOpble 6blIM  KOMMEPUMAAN3UPOBAHbl  KaK  areHTbl
buonornyeckoit 6opbbbl MPOTMB TPUOHBIX NATOreHOB
pacTeHMii M KaK  CTMMYAATOPbl  POCTa  PacTeHWi.
CoeanHeHun npeacraBnsaloT  cobow LMKANYeCcKue
rentanenTuabl ¢ alKMAbHOM GOKOBOM Lenbio NepemeHHoM
OJ/MHbI, KOTOpas npuAaaeT CBOWCTBA MOBEPXHOCTHOWM
AKTMBHOCTWU, 4YTO MPUBOAMUT K CPOACTBY C MembpaHamwu
rpnboB. UTYpUHbI pa3iMyaloTca No CTPYKTYpe, UX pasnnyms
3aKNK0YAIOTCA B TUME aMUHOKMUCIOTHbBIX OCTATKOB, a TaKKe B
O/MHE W pa3BeTB/IEHWW  Lenu  KUPHOW  KUCNOTbl.
leTeporeHHOCTb MO AJIMHE U PA3BETBEHUIO LLEMU HKUPHbIX
KUCNIOT YETKO AEeMOHCTPUPYeTca UTYPUHOM A, KOTOpbli
nmeetr no 8 wmusomepos ¢ 10-14 atomamun yrnepoga u
pasnmMyaeTcs KOHOUTypaLMAMU LENN KUPHOM KUCNOTbI.
Takum o06pasom, npekypcopamu meTabonnTos
iMnonenTUAHOW NPUPOAbl ABNAIOTCA KMUPHbIE KMCNOTbI U
MX NPOM3BOAHbIE, @ TaKXKe NenTuaHble COegUHEeHUsA U
AMUHOKMUCNOTDI. Moatomy cpeam coefvHEeHUN,

MAEHTUOULMPOBAHHBIX GCxGC-MS MeToaoM, Mbl
aQHANM3UPYEM KUPHbIE KWUCAOTbl M UX MPOU3BOAHbLIE, A
TaKXe nenTuabl U1 aMUHOKMCAOTbI. CneayeT OTMETUTD, YTO
UPHbIE KUCNOTbl M WX NPOU3BOAHbIE MNPeACcTaBAeHbI
3HayMTeNbHbIM HabopOM COegMHEHUI, Cpeau KOTOpbIX
npeobnagatoT cTpyKTypbl Cg, Cio, C11, @ TaK¥Ke C HaNMUMEM
ABOMHbIX cBA3el mexay C=C atomamu. Takue CTPYKTypbl
coefuHeHW B Haubonbllel  cTeneHM  OTpakaloT
noteHuman bakTepuit 4nA NPomM3BOACTBA AHTUMMKPOOHbIX
MeTabonnToB. ITO CBA3AHO C TeM, YTO TaKWUe CTPYKTYpbl,
ABNAACH npeaLwecTBeHHUKaMu AHTUMUKPOOHbIX
coeguHeHunin, 6bonee AapyrMx cnocobHbl B npouecce
meTabonmMsma npeBpawaTbCs B OMOIOrMYECKM aKTUBHblE
BewecTea. Ecnm paccmatpuBath ponb NPUCYTCTBYIOWMX B
nutaTeNbHOM cpesie MOHOB METa/II0B, TO MOXKHO OTMETUTb
B OTAENbHbIX BapuaHTax 3HauyeHue uoHa Co?*, Korga ero
OTCYTCTBME B MUTATE/IbHOMN Cpefe NPUBOAUT K CHUNKEHUIO
CUHTE3a XKMPHbIX KUCNOT NoYTH B 2 pa3a. KynbTMBMpOBaHMe
6aKkTepun B NuUTaTeNbHOI cpeae 6e3 Zn?* sneyet 3a coboii
YMEHbLIEHNE HAKOMJIEHUA KUPHbIX CAMPTOB, B TO BpPemA
KaK Ha CWHTE3 [ApYrux MPOU3BOAHBIX MKUPHbIX KUCNOT

OKa3blBaeT He3Ha4yunTenbHoe nmbo oTpuuatTenbHoe
BANAHME. Ha CUHTE3 nenTUaHbIX COCTaBAOWMX
Hanbonbwee BAnAHUNE OKa3blBaeT npucyTcTtene B

nuTaTenbHoi cpege MoHoB Mn?* u Co?*, Tak Kak WX
KO/IMYECTBO YMEHbLUAETCA MoYyTM B JBa pasa npu
OTCYTCTBMM B MUTATE/IbHOW Cpede 3TUX MUKPO3/EMEHTOB
(tabn. 1).

AHannM3 CYyMMapHOro HAaKOMJEHUA KUPHbIX KMCAOT
M WX aHanoroB, a TaKXe aMMWHOKUCNOT W NenTuaoB
bakTepuen B. velezensis BZR336g Ha nuTaTesIbHbIX Cpeaax,
pPas3MYalOWMNXCA MO  COAEP’KAHUIO MOHOB METassioB,
noKasblBaeT, YTo MoHbl Co?* B coyeTaHun ¢ MoHamm Mn2*
Zn?* UrpaloT BaXKHyl0 PO/ib B MHAYLMPOBAaHUM UX CUHTE3a
(puc. 1).

ToT $aKT, YTO MOHbI METAN/IOB BbICTYNAOT B POAU
UHAOYKTOPOB npoAyuMpoBaHMA MWKPOOpPraHn3mamm
6MONOrMYECKM aAKTUBHbLIX MeTabosMToB, OTMevyanca W
APYrMMW  aBTOpamMM, Npu 3TOM Haubonee YeTKO 3TO
OTMEYanochb NPU O4HOBPEMEHHOM MPUCYTCTBMU OBYX-TPEX
MOHOB METa/IIOB B NUTaTe/IbHOM cpeae. XOTA B OTAE/bHbIX
CNy4Yanx OQHOBPEMEHHOE BIUAHUE HECKOIbKUX MO MoXKeT
haBaTb 06paTHbIN 3dpPeKT [6]. ITO MOKHO OTMETUTL U ANA
Hallero WccnefoBaHMA, Korga gna  Bo/blMHCTBA
M3y4aemblX MeTabonuToB NpPUCYTCTBME B NUTATE/bHOM
cpese MOHOB BCEX TPEX METa//IoB 3a4acTylo NMPUMBOAMUT K
CHUMKEHWMIO CMHTe3a MNpeaecTBEHHUKOB aHTUIPUBHbIX

meTabonuTos.
CoepguHeHUss  GeH30/IbHOW  MpuMpoabl  MOryT
BbICTYNaTb B PO/ MPEKYPCOPOB  apOMaTUYECKUX

YrNeBoAopoA0B, KOTOpble TaK¥Ke MNpeacTaBAAloT MHTepec
npu aHanuse meTtabonusma 6aKTepuil, TaK KaK OHMU
obnagaldT  aHTUMUKPOOHOW AKTUBHOCTbIO. CuHTes
OTAENbHbIX  CTPYKTYp 3TUX MeTaboiMTOB TaK  Xe
uHayumpyetca moHamm Co?* u Zn?*. Mpu 3ToM MOHbI Mn?*
UHTMBUPYIOT CUHTE3 HEKOTOpbIX M3 Hux. CymmapHoe
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KO/In4yecTteo COE,D,MHEHMVI 3TOr0 Knacca 3Ha4YuUTenbHo
noBblIWaeTca, Koraa npucyTCcTByrOT WMOHbI AOBYX WM
HECKONIbKMX MeTannoB. B Haubonbluei creneHn Takas
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PucyHok 1. CooTHOLWEeHME NpeaCcTaBIeHHOCTU OCHOBHBbIX KNaccoB ak3omeTabonutos wramma B. velezensis BZR 336g
Figure 1. Representation of major classes of B. velezensis strain BZR 336g exometabolites

3AK/THOMEHUE

B pesynbTaTe aHasM3a 3K30MeTabo/MTOB MepcrneKTMBHOro
WwTamma b6aktepuin  B. velezensis BZR336g meTozom
rasoBo xpomaTtorpadum B COYETaHUM C  Macc-
cneKkTpomeTpuell OBHapY)KeHO, YTO HA KO/JWMYeCcTBO
coefMHEHUN, KOoTOopble  ABAAIOTCA npexkypcopamum
MeTaboNuTOB  AMMOnenTUAHOM npupogbl,  BAMAET
cofeprKaHve MOHOB METaNIoB B NUTaTeNbHOM cpede. IT0
BAWAHUE MOMKET WM3MeHATbCA B 3aBMCMMOCTM OT TOrO,
NPUCYTCTBYIOT MeTa/l/ibl N0 O4HOMY MW B COYETaHMMU Apyr
c agpyrom. Takaa 3aKOHOMEpPHOCTb OTMeYyaeTca ANsA Bcex
TPex  aHaAM3MpyemblX  KAaccoB  coeauHeHuin. B
Hanbonbluel cTeNeHN OHa NPOABAAETCA B codeTaHuax Mn?*
n Co%*, Zn** n Co?* ANA MMPHbLIX KUCAOT U X aHaNoros, a
TaKXe A1 aMMHOKMCAOT M nenTuaos. [na coeguHeHui
6eH30/1bHbIX CTPYKTYp 3TO couyeTaHune Co?* un  Zn?,
MonyyeHHble pes3ynbTaTbl AalOT BO3MOMHOCTb CAeNaTb
BbIBOA, O COAEPKaHWM WMOHOB METaNNoB B MUTAaTENbHOM
cpeae ANA ONTUMM3aLMKU NMPOAYLMPOBaHUA BUONOTMYECKN
AKTUBHbIX meTabonnTos, COCTaBAAOLWMX ocHoBy
aHTMMMKPOBHOI aKTMBHOCTM Byayuiero 6uonpenapara.
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CNUCOK COKpaLLeHui

COVID-19 — coronavirus disease, 2019;

SARS-CoV-2 — severe acute respiratory syndrome
coronavirus 2; LN/ — uMtonaTMyeckoe gencreune;
TUNOso/Mn — TKaHeBas uMTONaTMYECKan A03a;

MOI — MHO»ecTBEHHOCTb MHbEKLUN, CCso — 50%-Han
LMTOTOKCMYecKana KoHueHTpauua; ECso — 50%-Han

3¢ deKTMBHAA KoHUeHTpaumsa, BAB — 6uonormyecku
aKTuBHble BewecTBa, AMCO — gumeTtuncynbdpokecms,

Peslome

Llenb. AHanu3 in vitro MHIMBMPYIOWEN aKTUBHOCTU CYXWMX 3TAHO/bHbIX
3KCTPAKTOB  HeKoTopbix  Artemisia  spp., Npou3pacTalowmx B
HoBocubupckoit obiactu, Ha penavkaumo SARS-CoV-2.

Martepmuanbl u  metoabl. JlabopaTopHbiit  wTtamm  SARS-CoV-
2/human/RUS/Nsk-FRCFTM-1/2020 naccupoBaH Ha Ky/ibType KNeToK
Vero. TpuUroToBAeHbl Cyxve 3TaHO/IbHbIE 3KCTPaKTbl YacTel pacTeHus
(cTebnen, uBeTOB, NUCTLEB) LLIECTU BUAOB MOAbIHW: Artemisia vulgaris L.,
A. glauca (Pall. Ex Willd.), A. dracunculus L. (43 Tpex mecT
npouspactanus), A. absinthium L., A. frigida Willd., A. sieversiana Ehrh. ex
Willd. Cyxue 3KcTpaktbl pactBopaan B [AMCO. AHanu3 in vitro
MHTUMBUPYIOLLEA aKTUBHOCTM 3KCTPAKTOB Ha pensukauuio SARS-CoV-2 (B
nHbeKumoHHom Tutpe 103 TUM/Os0/Mn) NPOBOAMAN B Ky/AbType KETOK
Vero E6 meToaom npAmMon MHaKTMBAUMK (HeMTpanusaumm) BUPUOHOB, a
TaKXKe Mo cxemMam «MNpodUAaKTUKU» U «ievyeHua» KneTok. O6pasubl
CPaBHEHUA — CyXMEe 3TAHO/IbHblE 3KCTPAKTbl Yaru, Cleuuu rBo3auKU U
YepHoro Yas.

Pe3ynbTatbl. JKCTPaKTbl NUCTbeB Artemisia spp. OoKasanaucb Havbonee
3bdeKTUBHbI MpPU MPAMOM MHAKTMBALMW BUPUOHOB MO pPaBHOM U
ybblBatolLen akTuBHOCTM — A. vulgaris, A. dracunculus™®, A. absinthium, A.
dracunculus***, A. dracunculus**, A. frigida, A. glauca v A. sieversiana B
AnanasoHe 50%-Hbix 3GGEKTMBHbIX KOHueHTpauui 1,10+0,24 -
11,7242,89 mKr/mn. DKcTpakTbl uBetoB A. vulgaris, A. glauca, A.
dracunculus*, A. dracunculus**, A. dracunculus***, A. frigida n A.
sieversiana, Takxe cogepaT BAB, AelcTBylOLWME KAaK AECTPYKTUBHO Ha
BMPWOHbI, TaK U NOC/Ie MPOHUKHOBEHUA BUPYCa B KNETKU. [1N1A SKCTPaKTOB
cTebneint ctabunbHO BbicOKMe 3HauyeHuA ECso BbisiBNeHbl gnsa A. glauca
(6,84+1,35; 7,81+2,00; 14,06%£3,06 MKr/mn) no pesynbTatam TPEX CXEM
3KCMEePUMEHTOB.

3aknoueHune. [onyyeHHble pe3ynbTaTbl MOFYT CTaTb OCHOBOW AN
pa3paboTKM HeAOPOrMX OTEYECTBEHHbIX NPEenapaToB AN NeYyeHus u/mam
npodunaktmkm COVID-19.

KnioueBbie cnoBa
SARS-CoV-2, pacTuTenbHble NpenapaTtbl, MHIMBMPYIOLLAA aKTUBHOCTb.

2022 ABTopbl. K02 Poccuu: 3Konozus, pazsumue. ITO CTAaTbA OTKPbLITOrO AOCTyMa B COOTBETCTBMM C ycnosusamu Creative Commons
Attribution License, KoTopas pa3speluaeT MCNO/b30BaHWE, PacnpoCTpaHeHWe M BOCMpPOM3BeAeHME Ha obOomM HocuTene Npu yCioBUM
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Elena I. Kazachinskaia, Doctor of Biology, Leading | Aim. In vitro analysis of the inhibitory activity of dry ethanol extracts of

Scientist, Research Institute of Virology, Federal some Artemisia spp. growing in the Novosibirsk region for SARS-CoV-2
Research Centre of Fundamental and Translational

. - . replication.
Medicine, Siberian Branch, Russian Academy of N X
Sciences and Leading Scientist, “Vector”, State Materials and Methods. The laboratory strain  SARS-CoV-
Research Centre of Virology and Biotechnology, 2/human/RUS/Nsk-FRCFTM-1/2020 was passed on Vero cell culture. Dry
Federal Service for Surveillance in the Sphere of ethanol extracts of plant parts (stems, flowers, leaves) of six types of

Consumers Rights Protection and Human Welfare; Artemisia were prepared. The types used were: A. vulgaris L.; A. glauca
32-1, working settlement of Koltsovo, Novosibirsk, (Pall. Ex Willd.); A. dracunculus L. (from three growth locations);
Novosibirskaya oblast, Russia 630559. A. absinthium L.; A. frigida Willd.; and A. sieversiana Ehrh. ex Willd. Dry
Tel. f7909530744.1 . . extracts were dissolved in DMSO. In vitro analysis of the inhibitory activity
g;gllloli::ﬁt?/z/aocrtlir;i::]/(gon(;SI-I(SE)L:)2-1856-6147 of e?xtr?cts against SARS-FIOV-Z (an infectious titer of 1’03 TCIDso/ml)
replication was performed in a Vero E6 cell culture. To do this, the method
of direct inactivation (neutralization) of virions, as well as schemes of
How to cite this article “preventive” and “therapeutic” of cells, were used. Comparison samples
Kazachinskaia E.I., Romanova V.D., lvanova A.V., were dry ethanol extracts of Inonotus obliquus, Syzygium aromaticum L.
Chepurnov A.A., Murtazalieva Z.A., Kononova Yu.V., and Camellia sinensis L.
shaulo D.N., Romanyuk V.V., Shestopalov A.M. Results. Extracts of leaves of Artemisia spp. proved to be most effective in

Inhibitory activity of dry ethanol extracts of di X L. £ viri B land d . vity th h
Artemisia spp. on SARS-CoV-2 replication in vitro. irect inactivation of virions. By equal and decreasing activity these are the

South of Russia: ecology, development. 2022, vol. species: A. vulgaris; A. dracunculus*; A. absinthium; A. dracunculus***;
17, no. 4, pp. 111-129. (In Russian) DOI: A. dracunculus**; A. frigida; A. glauca; and A. sieversiana with a 50%
10.18470/1992-1098-2022-4-111-129 effective concentration of range 1.10+0.24 — 11.72+2.89 pg/ml. Extracts of

flowers of A. vulgaris, A.glauca, A. dracunculus*, A. dracunculus**,
Received 29 October 2022 A. leracunculus***, A..frigida and A. siever.siana also.c.ontain biologically
Revised 10 November 2022 active substances which act both destructively on virions and after the
Accepted 14 November 2022 virus has entered cells. For extracts of stems consistently high values of
ECso were found for A. glauca (6.84%1.35; 7.81+2.00 and 14.06+3.06
ug/ml) according to the results of three experimental schemes.
Conclusion. The results obtained can become the basis for the
development of inexpensive domestic drugs for the treatment and/or
prevention of COVID-19.
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E.WN. KasaunHckasa u dp.

BBEAEHUE

Pog Artemisia L. (Asteraceae), Ha3BaHHbIH B 4YeCTb
rpeyeckor 6OrMHM 0XOTbl M naogopoaua ApTtemuabl,
obbeauHAeT, No AaHHbIM 063opa Bora ¢ coasert. 2011 r.,,
6onee 500 BMAOB NOJIbIHWU PA3/IMYHBIX KMU3HEHHbIX dopm
(TpaBbl, KycTapHuWKM U pexke gepesbda) [1]. B «Cnucke
pacteHuii» World Flora Online Ha 2022 r. ykasaHo 6onee
OBYX TbicAY BMAOB poga Artemisia [2]. Bugbl nonbiHewn
pacnpocTpaHeHbl NPEMMYLLECTBEHHO B Tennon 30He
CEBEPHOro MoayLwapus, HO OTYaCTM 3axoasawme B ApKTURY
[3]. MHOrne us HUX afBEeHTUBHbIE, @ HEKOTOPbIE ABAAIOTCA
Oake UHBA3MBHbIMU [4] 1 B TO e Bpems HEKOTOopble BUAbI
3aHeceHbl B MexKayHapopHyto KpacHyto KHury (Red List) —
A. umbelliformis, A. bhutanica, A. pancicii, A. granatensis,
A. argentea, A. gorgonum, A. kauaiensis, A. insipida,
A. genipi, A. eriantha, A. oelandica, A. molinieri,
A. tridentate [5]. TpagULMOHHO N 3THODAPMAKOIOTUYECKM
Artemisia spp. WCNONb3yOTCA KaK B KayecTse p[06aBOK
(cneumit) K Nuwe M HanuTKam, Tak M ANA NedeHns psaga
3aboneBaHnin  [4] © onpeaeneHHbix npobnem co
34,0pOBbEM, TAaKUX KaK pasfparKUTeNbHOCTb, BeCCOHHML,
cTpecc, Tpesora, Aenpeccusa, 3Nuaencus M NCUXOHEeBPO3
[2]. LWnpokoe pacnpocTpaHeHue, pa3Hoobpasue
KOMMNOHEHTHOIO COCTaBa M 06YCNOBAEHHbIN 3TUM LUMPOKUI
cnekTp dapmakonormyeckmx apdpeKToB caenanu pacrteHus
popa Artemisia nonynsApHbIMW CpeacTBaMM  HapOAHOM
MeauuMHbI, obecneunnM ux u3ydeHWe W nocneaytouiee
BHeapeHWe B oduumanbHylo meguuuHy [4]. Cambliit
M3BECTHbIN B MWUpPe BWUA, — 3TO MNOMbIHb OAHONETHAA
A. annua L., KOTopas M3gaBHA NPUMEHAACb B KUTANCKOM
HapogHoW MeguumHe [4] ¥ cTana  WUCTOYHUKOM
apTeMU3UHUHA - CECKBUTEPMNEHOBOIO JIAaKTOHa,
obnapatollero nNpPoOTUBOMANAPUNHOM  aKTUBHOCTbIO, 3a
OTKPbITUE KOTOPOTO KUTAlCKas yyeHas Youyou Tu B 2015 .
nonyuuna Hobenesckyto npemuto no oéusmMonormm wu
meauumHe [6]. K HacToAwemy BpemMeHM B cocTase
A. annua L. ngeHtudmumposaHo 6onee 600 XMMUYECKUX
KOMMOHEHTOB — BTOPUYHbIX MeTabonuTtos [7], KOTOpble B
pasHbIX COYETaHMAX M KOAMYECTBax BCTpeYalTca U Y
Apyrux npeacrtasuTenen poaa Artemisia, B CBA3W C 3TUM
pacTuTenbHble MpenapaTtbl 3TUX pacTeHUn obnagatoT
pasMYHbIMK TepaneBTUYECKUMM abdekTamm -
NPOTUBOMANAPUNHBIM, AHTMOKCUAAHTHbIM, MPOTUBOONY-
XONEBbIM,  CMNA3MOJIMTUYECKMM,  renaTonpoTEKTOPHbIM,
aHTUHOLMLENTUBHbIM (06e360/1MBalOWMM), NPOTUBOPEB-
MaTUYECKUM, NPOTUBOBOCNANNUTENbHBIM,  AHTUCENTU-
YecKMM, aHTMBaAKTepuanbHbIM U MPOTUBOBUPYCHbLIM
pevctauem [2; 4].

Ha cerogHAWHW peHb gna  pacTUTeNbHbIX
npenapaTtoB (BOAHbIX, 3TAHONbHLIX W  METAHOJIbHbIX
3KCTPAKTOB LENbIX PacTEHUU WAU OTAENbHbIX YacTen B
BMAE /UCTbEB W couBeTuit) 23-x BuAoB Artemisia,
npouspacTaloWmx B PasHbIX PerMoHax Mupa, OnucaHa
NPOTUBOBUPYCHAA aKTUBHOCTb NPW 17-TU pas3iMYHbIX TUNAX
3ab0neBaHMI,  BbI3bIBAEMbIX  PasHbIMU  BUpPYCaAMMU:
A. annua L. (Kopes, Kutai, UcnaHua, WpaH, Fepmanus,
Adpuka) — npotms HIV-1 (Human immunodeficiency
virus 1), BVDV (Bovine viral diarrhea virus), HBV (Hepatitis
B virus), HCV (Hepatitis C virus), HSV-1 (Herpes simplex
virus type 1), IV-A (Influenza virus A), SARS-CoV (Severe
acute respiratory syndrome corona virus) u SARS-CoV-2;
A. afra Jacq. Ex Willd. (3puonua, FepmaHus) — npotus
HIV-1, HIV-2, SARS-CoV-2; A. abyssinica Schtz. Bip ex
A. Richard. (3¢uonua) - npotus HIV-1, HIV-2;
A. arborescens (Vaill.) L. (Utanuna) — npotus HSV-1, HSV-2;

A. campestris L. (Bhfy) — npotus HSV-1; A. campestris
subsp. glutinosa (Besser) Batt. (Mcnanus) — npoTtus HIV-1;
A. capillaris Thunb. (AnoHua, Kutaii, Kopes) — npotus HIV,
HBV, EBV (Human gammaherpesvirus type 4 (Epstein-Barr
virus); A. chamaemelifolia Vill. (WpaH, Bonrapus) — npoTms
HSV-1, HSV-2; A. caruifolia Roxb. (Henan, Kutait) — npotus
HIV-1, HSV-1, IV-A; A. douglasiana Bess. (ApreHTuHa) —
npotus HSV-1, JUNV (Junin virus), DEN-2 (Dengue virus
type 2); A. fragrans Willd. (MpaH) — npotus HSV-1;
A. glabella Kar. et Kir. (KasaxctaH) — FCV (Feline calci
virus), IV (wtamm Rostok 34), NDV (Newcastle disease
virus); A. herba-alba Asso. (Mopokko) — npotus HSV-1, SV
(Sindbis virus), PV(Polio virus), SARS-CoV; A. incana L.
Druce (MpaH) — npotus HSV-1; A. kermanensis Podl.
(MpaH) — npotns HSV-1; A. mendozana D.C. (v.n. ajenjo)
(ApreHtmHa) -  npotme  HSV-1, JUNV, DEN-2;
A. morrisonensis Hayata. (Kutait) — HBV; A. persica Boiss.
(MpaH) — npotns HSV-1; A. princeps var. orientalis (Kopesn)
— npotne MNV-1 (Murine norovirus 1), FCV; A. scoparia
Waldst. & Kit. (Kutait) — npotue |V; A. verlotiorum
Lamotte. (MTanus) — npotus FIV (Feline immunodeficiency
virus); A. vulgaris L. (Apmenua, UpaH) — npotmus YFV-17D
(wtamm 17D Yellow fever virus); A. absinthium L.
(Mopokko, MHana) — npotne HIV-1, HSV-1, HBV, SV, PV.
AHTUBUPYCHYIO aKTUBHOCTb Artemisia spp. CBA3bIBAOT C
MHOTOYUCIEHHBIMU dnaBoHOMAAMM,  TaKMMKU Kak
NoNIMMETOKCU(NABOHOMAbI, U TepneHamu, TaKUMKM KaK
apTEMM3UHMH U apTecyHar [2].

B nwutepatype B HacToslee Bpems ecTb BCero
HECKONbKO coobuweHnii 06 MHrMbMpyloLWwen aKTUBHOCTU
in vitro npenapatoB nojblHKW npotus SARS-CoV-2, B
OCHOBHOM, 3TO BMA A. annua L., Hanpumep: (1) Cao c
coaBT. B 2020 r. npoBenn B KuTae aHanuM3 p[eBATU
KOMMEpPYECKU AOCTYMHbIX COeAUHEHUN, CUHTE3UPOBAHHbIX
Ha ocHoBe apTemusuHuHa (Artemisinin, Artemether,
Artesunate, Dihydroartemisinin, Artemisinic acid,
Arteether, Lumefantrine, Arteannuin B, Artemisone,
pacTBopeHHble B JMCO) npoTne UHGEKLMOHHOro BUpyca
(wramm  nCoV-2019BetaCoV/Wuhan/WIV04/2019) no
«MNPOdUNAKTUYECKON» CXeme 3KcnepumeHTa (KyabTypy
Kknetok Vero E6 cHauana obpabaTbiBann XMMWUYECKMMMU
npenapatamm B TeyeHMe 1 4 npum 37°C, 3atem
UHOUUMPOBAAM  MPU  MHOMECTBEHHOCTU  MHbEeKUUn
(multiplicities of infection, MOI) 0,01 B TeyeHune 1 4 1 nocne
WUHKYDaLMM MHORYAAT ypananu). B pesynbTate, cambiMu
3¢PeKTUBHbIMM Ha CTaguu Mocie «MNPOHUKHOBEHUA»
BMpyca MpW3HaHbl apTeaHHyMH B, aptecyHat wu
ANrMapoapTeMusuHnH ¢ 50%-Hbimn 3 deKTUBHbIMM
KOHUeHTpaumammn (ECso), pasHbimm  10,28+1,12 uM,
12,98+5,30 pM w»n 13,31+1,24 uM, COOTBETCTBEHHO,
KOTOpble MOTYT ObiTb KAMHUYECKU AOCTUFHYTbl B Niasme
nocie  BHYTPUBEHHOTO BBEZEHMA. ITO  nepsoe
uccnefoBaHMe  NPenapaToB  MOJbIHA  NOAYEPKHY/IO
NnoTeHLMan apTeMU3NHUHOB ANA fedeHuns oT COVID-19 [8];
(2) B ceHtAabpe 2021 r. onybnauKoBaHa cTaTbsa MO
pe3ynbTaTam COBMECTHOro uccnegoBaHua Nie ¢ coaBT.
(aBTopbl M3 TepmaHuM W [aHWUM) CYXUX BOAOHbIX W
3TaHONbHbIX 3KCTpakToB nuctbeB A. afra Jacq. Ex
Willd.(cobpaHHoii Bo ®paHuuu) u A. annual. (cTpaHbl
cbopa pactutenbHoro cbipbs — CLIA, Bpaswnua, Yag,
BypkuHa-®aco), pacTBopeHHbix B AMCO, npu npamoi
WHaKTUBALMN BUPUOHOB C MHOPEKLMOHHbIM TUTpom 100
PFU (plaque forming units) SARS-CoV-
2/human/Germany/BavPat 1/2020) (supyc obpabatbiBanu
3KCTpaKTamMu B TedyeHue Yaca npu 37°C nepes, HaHeCEHUEM
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Ha Ky/nbTypy KneTok Vero E6) B AnanasoHe KOHUEeHTpauui
0,01-10,0°mr/mn (8N BOAHbIX SKCTPAKTOB B COOTHOLLIEHUN
cbipbe/akcTpareHT — 1/10) n ¢ ECso ot 0,0004 +0,0001
MKr/mn go 0,46 + 0,09 MKr/mn (a5 3TaHOIbHOTO 3KCTPaKTa
A. afra) v 0,11+0,04 pgo 2,66+1,48 mkr/mn (ans
3TaHONbLHOIO 3KCTpakTa A. annua). [Ona NpuroTosneHus
3TAHONbHbIX 3IKCTPAKTOB WCMONb30Ba/ M COOTHOLIEHUE
cbipbe/akcTpareHT — 1/5 [9]; (3) Tpu paboTbl Nair c coasT.
m3 CLWA: (3.1.) B wuoHe 2021 r. pesynbTaTbl 06
apdekTnBHoOCTM (6€3 Koppensauum oT obuero Koanyecrsa
$NaBOHONAOB UM apTEMMU3NHA) YaliHbIX HACTOEB INCTHEB
A. annua L. (B cCOOTHOLWEHUN cbipbe/3KcTpareHT — 1/100),
cobpaHHbIX Ha YeTbipex KoHTMHeHTax (B CLUA, Bpasuauu,
Kutae, 3dmonuu, KeHun, BypyHaM) npoTMB  ABYX
BapunaHToB SARS-CoV-2, BbiaeneHHbix B CLUA n Adpuke
(USA/WA12020, UK variant B1.1.7 (CA_CDC_5574/2020) u
B1.351 (hCoV-19/South Africa/KRISP-EC-K005321/2020,
COOTBETCTBEHHO), Ha 3Tarne Nocnae NPOHUKHOBEHWSA BUpYCa
(kneTkn Vero E6 cHauvana obpabatbiBanu pacTuTeNbHbIMU
npenapatamu B TedeHuMe 1 uyaca, 3aTemM 3apaxkanu c
MOI 0,1) ¢ 50%-Hoit HrMbupytoLein KoHueHTpauuen (ICso)
Mo CyXOMy BeLLecTBy B AvanasoHe 13,5-57,4 mkr/m, a npu
nepecyete no cogepKaHunio G1aBoHONAO0B U apTeMU3nHa —
0,01-0,14 mkr/mn un 0,1-8,7 UM, cooTseTcTBeHHO [10];
(3.2.) B d¢eBpane 2022 r. pe3ynbTaTbl Takxke 06
30 EKTUBHOCTM YalHbIX HAacToeB NMCTbeB A. annua L. Ha
KynbType Kknetok Vero E6, HO yxe npoTMB NATU BUPYCHbIX
BapuaHToB (c MOI 0,1), Bkntoyas Delta (USA WA1; alpha,
B1.1.7; beta, B1.351; gamma, P.1; delta, B.1.617.2; kappa,
B.1.617.1) npu KOHUEHTPAUMM MO CYXOMYy BeLLeCTBy B
ananasone 1Cso o1 11,0 go 67,7 mKr/mn v B gnanasoHe ICyo
or 59,5 po 160,6 MmKr/mn, 4tOo npu nepecyete Mo
cogepKaHuio apTemMmmMsnMHa Bapbuposanocb ot 0,3 go
8,4 uM wu ot 1,4 po 25,0 UM, cooTBETCTBEHHO, Ha 3Tane
nocae npoHuWkHoseHus supyca [11]; (3.3) B nione 2022 r.
Nair ¢ coaBT. B npenpuHTe cTaTbW, KoOTopas Oyaer
onybiMKoBaHa B gekabpe, coobwmnn o6 adpdeKkTmBHoOCTH
YalHbIX HacToeB NncTbeB A. annua L. Ha KyabType KNeToK
Vero E6 npotus BapuaHta Omicron (M Tpex ero
cybBapMaHTOB C BbICOKOM CTeneHbld nepegauv) c
KOHUEHTPALMAMM NO CyXOMy BelecTsy B guanasoHe |Cso oT
20,0 o 106 mMKr/mn, YTo NPU NepecyeTe MO COAepPsKaHUIo
apTemMu3nHa BapbupoBanocb ot 0,5 o 16,5 uM Ha atane
nocne npoHWKHoBeHus Bupyca [12]; (4) B Typuum
npoBeAeHo McciefoBaHMe KynbTusupyemol A. annua L. ¢
npumeHeHvem 21-ro BMAA 3KCTpaKuuu (yNbTpasByKoBas
mauepauma  Bce  HAa3eMHOM  4acTM  pacTeHua C
MCMO/Ib30BaHNEM Pa3INYHbIX pacTBoputenen — Boabl, 95%-
ro staHona, 80%-ro MeTaHONa M Ap. C f[ajbHeuwen

nvodunmsaumen  3KCTpakToB) no  Bblibopy  Honee
noaxodawlero  3KCTpareHTa AnA  apTemMusvHuHa. B
pesynbTaTe, in vitro c MCMO/b30BaHNEM
ncesaoTUNUPOBAHHOWM cucTembl, 3KcnpeccupyoLen

ravkonpotenH S (spike) SARS-CoV-2 1 moaennpoBaHvem
in silico NnoKkasaHo, YTO HeWTpanu3ylLan akTMBHOCTL BAB
3KCTPAKTOB He 3aBUCWUT OT KO/IMYECTBA apTeMU3UHUHA W,
cKopee Bcero, bonee cBA3aHa C BAMAHWEM TMONYYEHHbIX
pacTUTeNbHbIX MPEnapaTtos Ha OCHOBHYH  BUPYCHYHO
npoteasy (main protease, Mpro, Takxe W3BECTHOW KaK
3-CLpro (3-chymotrypsin-like protease, 3-xumoTpuncu-
HonogobHaa npoTeasa), 4Yem C Bo3gekcTBMEM Ha
KOHpOpMaumio CTPYKTypHOro ramkonpotenHa S [13]; (5)
HeJaBHO MoOABWUAOCH coobuieHne u3 KasaxctaHa 06
UCCNef0BaHUN  UHIMOUPYIOLWLE aKTUBHOCTM BOAHOTO U
3TAaHO/IbHOrO 3KCTPAKTOB (COOTHOLIEHME Cblpbe/3KCTPareHT
1/10, 50%-1 cnupT), a Takxe OyTaHO/MbHOW ¢paKLmMK

3TAaHONBHOIO 3KCTpaKTa AuKopacTywen A. annual.,
cobpaHHOI B ¢a3e uBeTeHUA B Npearopbax 3ananNcKoro
Anartay, npoTus SARS-CoV-2 (wtamm hCoV-
19/Kazakhstan/20679/2020) ¢ MOl  0,01. Npwu
«NPOPUNAKTUYECKO» CXEME IKCNEPUMEHTA (IKCTPaKTamu,
pacTtBopeHHbIMK B IMCO, ob6pabaTtbiBanu KynbTypy KNeToK
Vero E6 [0 3aparkeHusa) 6bln0 MOKasaHO, 4TO BCe
pactutenbHble npenapatbl  06/71a4alT  CNOCOBHOCTbIO
NnoAaBAATb BUPYCHYIO PEenAMKaLMIO NPU KOHUEHTpauuu
667 MKr/mn ¢ TokcnyHocTbio 2000 mKr/mn [14].

B 2021 r. BO3 o06bsABMAa, YTO B paMKax CBOEro
uccneposaHua COVID-19 «Solidarity Therapeutics Plus»
OHa BK/OYMNA BHYTPUBEHHOE BBeAEHME apTecyHaTa B
KayecTse OZHOro U3 Tpex npenapaToB HOBOrO Ha3HaYeHUA
ona nedyenma COVID-19 [15]. PesynbTaTtbl KAWHUYECKUX
UCNbITaHUI OXuaawTca He paHee 2023 r. (nocnegHee
obpauweHne 11 ntona 2022 r.,
https://www.isrctn.com/ISRCTN18066414).  Hesasucumo
OT WTOrOB 3TUX WCMbITAHWWA, OCHOBbLIBAACb Ha [AaHHbIX,
NONIly4YeHHbIX in  vitro no 3bGEeKTUBHOCTU 3IKCTPAKTOB
A. annua L. npoTMB BCeX MPOTECTUPOBAHHbIX BUPYCHbIX
BapuaHTOB (Ha cerogHAwHUM geHb 10), Nair c coasT.
HacToATeIbHO Npu3biBatoT BO3 paccmoTpeTb BO3MOXKHOCTb
BK/IIOYEHMA KaNCy/NMPOBAHHbIX MpPenapaToB BbICYLIEHHbIX
nuctbeB A. annua L. B KayecTBe OTAENbHOIO KOMMOHEHTa
ONA ccnefioBaHMA Ha naumeHTax [12].

Bupa A. annua L. nponcxoamt us Kutaa n umeet Tam
OONTYI0 UCTOPUIO KyNIbTUBUPOBAHMA. PacTeHne 3aHeceHo n
HaTypPaNM30BaHO BO MHOMMX CTPaHAX Oro-BOCTOYHOMN A3nu,
EBponbl, 1Oro-BoCTOYHbIX 4Yactax CeBepHON u HOKHOM
AMEPUKM  T.K. MOXET MpoM3pacTatb B  Pas3IMNYHbIX
NpPOXnagHbIX, YMEPEHHbIX U cybTponuyeckux reorpadu-
YecKux palioHax [16]. B Kommepyeckux uenax 3ToT BuUA
nonblHM  KynbTuBMpyeTcA B  bpaswaun, KamepyHe,
ddmonun, KeHuun, MosambuKke, TaH3aHUKM, YraHge,
3ambuun, UHauun n Talinavage. B npombilwieHHOM MacwwTabe
cbipb€ (TpaBy) BbIpaWMBalOT TaKkke B AdraHucTaHe,
Asctpanuun, WpaHe un Typumu. B Poccum npupogHbie
nonynauuun A. annua BctpevatoTcsa Ha KaBKase, B Cubupu n
Mpumopckom Kpae [17] n B Pecnybnuke bypsaTtmna [18]. B
BypaTMn TakK Ke LUMPOKO pacnpocTpaHeHa Mo/blHb
A. sieversiana Ehrh. ex Willd. [18]. Ha Tepputopun PO
npouspactatoT npumepHo 170 pasHbix BUAOB NoAbIHK [19].
EAMHCTBEHHbIM oduuManbHbIM NeKapCcTBEHHbIM
pacTteHMem w3 poaa Artemisia B PP npusHaHa
A. absinthium L., Takne npenapaTbl Kak «MoAbIHW roOpbKoW
TpaBa» M «[o/bIHX HAacTOMKa» BXOAAT B [OCYAapCTBEHHbIN
peecTp JIeKapCTBEHHbIX CPeAcTB W MPUMEHAIOTCA NpwU
3a60/1eBaHMAX  KeNyAoYHO-KMWeYyHoro  Tpakta  [20].
Mpenapatbl A. absinthium L. v opyrux BUMA0B NOJbIHM,
Hanpumep, NOMblIHWM UMTBapHoOW A. cina Berg. u nonbiHu
06bIKHOBeHHO A. vulgaris L. nocTynaloT B KOMMEPYECKYHO
ceTb Ha oOcHoBaHuMM PocctaHpapTa 06Lepoccuiickoro
KnaccuduKkatopa npoaykumm [21]. MoTeHuMan n uHTepec
ONA UCCNeaoBaHUA pasHOM BMONOTMYECKON aKTUBHOCTU
BMAOB Artemisia L. B Mupe LWKWPOKWUIA, Hanpumep, no
noucky B PubMed otobpasunoct 244 pesynbtaTta, B TOM
umcne 35 nybaukaumii 3a 2022 r. (HA MOMEHT BpPeMeHMU
01.11.2022r.).

Mo paHHbIM - NuTepaTtypbl, Bo ¢nope Cubupu
obHapy»keHo 84 Buga Artemisia L., B necoctenHom 3oHe
3anagHow Cubupu B npeaenax Hosocmbupckol obnactu
npouspacraet 22 BuAa. MHorme BuApl NOJbIHEN MMeOT
06WKPHBIN apeasn, 60/bWYO CbipbEeBYIO Maccy, YCrnewHo
MHTPOAYUMPYIOTCA, 4YTO onpegenser MNepcnexkTuBbl UX
NPaKTUYeCcKoro MCNO/Ib30BaHUA, Hanpumep, ona

114

ecodag.elpub.ru/ugro/issue/current




HOr Poccuun: akonorus, passutne 2022 T.17N 4

E.WN. KasaunHckasa u dp.

nonyyeHuna apuMpHbIX Macen, T.K. NMPAKTUYECKM Bce BUAbI
ABnATCA adupoHocamm. MepcneKkTUBHbI ana
MUCMONb30BaHNA B KauyecTBe ¢GnaBoHoMAoOCOoAEPKALLErO
Cblpbfi  WeCTb  BWAOB  MOAbIHA C  COAEpPKaHWem
bnasoHonpos 2% u bonee — no ybbiBawowWel 3TO
A. pontica, A. glauca, A. dracunculus, A. vulgaris,
A. campestris, A. absinthium » 4yyTb MeHblUee KO/IMYecTBO
Takux BellectB8 comeput A. frigida. MokasaHo, 4TO B
KyAbType WuHAMBWUAYaNbHble pacTeHusa A. dracunculus v
A. absinthium copepaT camble BbICOKME KOHLEHTpauuu
dnaBoHOMOOB B PEMNPOAYKTMBHbIX oOpraHax B ¢ase
MaccoOBOro LIBETEHUA HEe3aBUCMMO OT BO3pacTa. B nucTbax
cogepaHue BelecTB bonee HM3KOe, Yem B LBETax, a B
cTebnax — camoe HM3Koe. Bce uccnesoBaHHble BUAbI poaa

Tabauua 1. Bugbl nonbiHM 1 mecTa cbopa
Table 1. Artemisia spp. and collection locations

Artemisia 06n1apatoT aHTUMMKPOBHOW aKTUBHOCTbIO [22].
AHTUBMPYCHAA aKTMBHOCTb 3TMX BUAO0B HE U3y4anach.

MATEPUAJIbl U METOAbI MCCﬂEAOBAHMﬁ
PacmumesnbHoe cbipbe

Wectb BuMaoB Artemisia spp. 6blan cobpaHbl B nepuop,
LBEeTeHMA B pasHbIXx paiioHax Hosocmbupckon obnactu
(tabn. 1). OnpepeneHne BMAOB  NPOBOAUAM  C
MUCMONb30BaHNEM CNpPaBoOYHMKA [24] Ha MecTHOCTM U B
nabopatopun «Fepbapuit» LleHTpanbHOro cmMbupcKoro
6oTaHuyeckoro caga CO PAH, r. HoBocubupck.
PactutenbHoe coipbe cywmnaun npm Temnepatype 18-25°C 8
npoBeTpMBaeMom NOMeLEeHn,  3alMILEHHOM  OT
CO/IHEYHbIX Aydelt. [locne CylWwKuM Cbipbe TWATENbHO
pasgensnun Ha oTaenbHble YacTu (cTebau, LBeTbl, ANCTbA) U
COXPaHANM NPU KOMHATHOM TemnepaType.

JNlecHolt maccus Ha Tepputopum LCBEC CO PAH

MonbiHb 06bIKHOBEHHAsA (YePHOBbINbHUK)
A. vulgaris L.

(54°48'10.08" c. w. 83°5'44.88" B. 4.)
Forest on the territory of the Central Siberian Botanical Garden,
Siberian Branch, Russian Academy of Sciences

(54°48'10.08" nl. 83°5'44.88" el.)

JNecHolt maccms Ha TeppuTopun LICBC CO PAH

MonbiHb ropbKas
A. absinthium L.

(54°48'10.08" c. w. 83°5'44.88" B. 4.)
Forest on the territory of the Central Siberian Botanical Garden,

Siberian Branch, Russian Academy of Sciences
(54°48'10.08" nl. 83°5'44.88" el.)

YepenaHOBCKWI palloH, OKPEeCTHOCTM AepeBHN KpyTuLuKa

MonbiHb cepas (cu3an)
A. glauca Pall. Ex Willd.

(54°10'50" c. w. 83°08'55" B. 4.)
Cherepanobsky district, near the village of Krutishka

(54°10'50" nl. 83°08'55" el.)

MonbiHb TapXyH (3cTparoH)
A. dracunculus L.*

r. bepack (54°45' c. w. 83°06' B. 4.)
City of Berdsk (54°45’ nl. 83°06’ el.)

YepenaHOBCKWI palloH, OKPEeCTHOCTM AepeBHU KpyTuLuka

MonbiHb TapXyH (3CTparoH)
A. dracunculus L.**

(54°10'50" c. w. 83°08'55" 8. 4.)
Cherepanobsky district, near the village of Krutishka

(54°10'50" nl. 83°08'55" el.)

KoueHeBCKUI pailioH, OKpecTHOCTM paboyero nocesnka KoyeHeso

MonbiHb TapXyH (3CTparoH)
A. dracunculus L.***

(55°01' c. w. 82°13' 8. 4.)
Kochenevski district, surroundings of the working settlement

Kochenevo (55°01' nl. 82°13' el.)

Cy3YyHCKuI palioH, OKpecTHOCTU cena Bepx-CysyH

MonbiHb X0N04HaA
A. frigida Willd

(53°40'47" c. w. 82°17°20" . A.)
Suzunskiy district. Near the settlement of Verkh-Suzun

(55°01' nl. 82°13"el.)

Cy3YyHCKUIA palioH, oKpecTHocTu cena Bepx-CysyH

MonbiHb CuBepca
A. sieversiana Ehrh. ex Willd.

(53°40'47" c. w. 82°17'20" 8. 4,)
Suzunskiy district. Near the settlement of Verkh-Suzun

(55°01' nl. 82°13"el.)

lNoayyeHue amMaHo1bHbLIX SKCMPAKMO8

Cyxoe n3menbyeHHoe cbipbe B COOTHoWeHUN 1/10 no Becy
(1 r/10 r) 3annBanu oumweHHbIM 70% 3TUNOBLIM CIUPTOM
M BbIAEPXKMBAZIN CEMb CYTOK Ha MEXaHWYECKOW Kauasike
npy¥ KomHatHoi Temnepatype u 100 06./muH. Huaxkoctu
(aTaHONbHbIE IKCTPAKTBI) GUNLTPOBAM Yepes KanpOHOBYHO
TKaHb W BbICYLLUMBAIN B aCENTUYECKMX ycoBuax npu 30+2°C
B OTKpbITbIX 4. [leTpu. Cyxol 0CagoOK 3TAHOJbHbIX
3KCTPAKTOB XPaHW/IM NPU KOMHATHOM TemnepaType.

Modozomoska pacmumersibHbIxX npenapamos ona
uccnedosaHUs  YUMOMOKCUYHOCMU U UHeubupyrowel
aKMUBHOCMU HA BUPYCHYIO PensauKayuro: pacTBopeHue
CYXMX 3KCTPaKTOB MNPOBOAMAM B AUMETUACYbdOKcMAae

(AMCO) u3 pacyeta 200 Mr/ma Ha MexaHUYECKOM Kadanke
npu KoMHaTHOW TemnepaTtype u 100 06./MUH. B TeyeHue
CYTOK.

B Kayecmse npenapamos cpasHeHusA
(KOHMPObHBIX obpasyos) MCNob30BaNu TaKxe
NPUrOTOB/IEHHbIE CyXMe 3TaHO/IbHbIe 3KCTPAKTbI NJ1040BOr0
Tena yaru (Inonotus  obliquus  Ach. ex Pers. Pil.,
Basidiomycota) v cneuwnu reosguku (Syzygium aromaticum
L., Myrtaceae), T.K. AnA BOOHbIX BbITAXKEK 3TOro
pacTUTenbHoro cbipbA onucaHa aHTU-SARS-CoV-2
aKTMBHOCTb [25; 26]. Kpome Toro, 6bi1 NPUroToBAEH CyxoM
3TaHONbHbIA 3KCTPAKT yepHoro uaa (Camellia sinensis
L. Kuntze, Theaceae), T.K., N0 AaHHbIM AWUTEpaTypbl, 3TO
pacTeHue paccmaTtpuBaeTca KakK noTeHuuanbHoe
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NekapcTBeHHoe cpeacTtso npoTtue COVID-19 [27; 28] wu
onucaHa BbICOKaA MHIMBUPYIOLWAn aKTUBHOCTb 3€/1EHOO U
YepHOro 4as Ha MHPeKUMoHHbIM SARS-CoV-2 in vitro [29].
Coipbe (4ara c¢ Canampckoro Kpska MacnfaHUMHCKOro
pavioHa HCO, cneuma rsosauvka u3 BbeTHama M yepHbli
4ai,  9KCMOPTMPOBaHHbIM U3 WHAWK),  nobe3Ho
npegoctasneHo 000 HN® «30/10Tan  OOAUHA»,
r. HoBocmbupck.

Kynbmypa knemok

MepeBrBaemMylo KynbTypy KAeToK nuHuiA Vero un Vero E6
(kNeTkn nouKkM agpuraHckoli 3eneHoli MapmolwKu) w3
cobctBeHHOM  Koanekumn  OUL,  ®TM  CO  PAH
KYNbTUBMPOBAZIM HA nuTaTenbHoh cpege Mrna MEM c
L-rnytamuHom (Buonot, Poccus) c pobaneHvem 1%
Antibiotic Antimycotic Solution (SIGMA Life Science,
M3paunb) M 10% 3MOEPUOHANBLHOM CbIBOPOTKM KPOBU
KpynHoro poratoro ckoTa (KPC) (Capricorn Scientific, ®Pr).

Hoevlili KopoHasupyc, nabopamopHsili wimamm SARS-CoV-
2/human/RUS/Nsk-FRCFTM-1/2020,  BblgeneHHblA  Ha
KynbType Knetok Vero u3 obpasua MasKa HOCOMIOTKM
60/1bHOr0 YenoBeKa, NO3UTUBHOMO Ha Ha/iuMuMe BUPYCHOWM
PHK SARS-CoV-2 npu aHanuse B Jnabopatopuu no
aunardHoctuke COVID-19 npu dUL ®TM CO PAH, 6bin
onucaH B paboTax MO WCCNefOBAaHUIO AHTUBUPYCHOWM
aKkTMBHOCTU [26; 30; 31]. BMpyc naccMpoBanu Ha KynbType
Knetok Vero B noaaepiKuBatolen nutatenbHOW cpege ¢
2% 3mbpuoHanbHOM CbIBOPOTKM KpoBu KPC. Tutp
UHeKUMOoHHOro SARS-CoV-2, Bbipaxann B TUMAso/mn
(TKaHEeBbIX LMUTONATUYECKUX A03aX BMPYCA, BbI3bIBAOLLETO
uutonatmyeckoe geicteme (UMNA) Ha MHOUUMpPOBaHHbIE
knetkn Vero E6 B 50% nyHok). LUNA SARS-CoV-2 moxHO
HabnoaaTb B CBETOBOM MUKPOCKOMN, Kak NokasaHo [26; 30]
WAK NpoBoAUTb GUKCauMio WMHOULMPOBAHHbLIX KNETOK B
TeyeHue 30 MUH pactBopom dopmanbaernga u 0,05%-Hbim
pacTBOpom KpucTannuyeckoro ¢puonetosoro c 20% cnumpTa,
Kak onucaHo [32].

LumomokcuyHocmes uccnedyemolx pacmumesnbHbIx
npenapamos U KOHMpOosbHbIX 06pa3yos onpesensanu no
50%-HOM TOKCUYHOM KoHUeHTpauuu B mn (50% cytotoxic
concentration, CCso/ml) Kak onucaHo [33] npu HaHeceHun
pacTUTeNbHbIX MPEnapaTtoB Ha YyBCTBUTENbHYID ANA
SARS-CoV-2 KneTtouHyto KynbTypy Vero E6, BbipalleHHyHO
[0 MOHOCN0A B IyHKax 96-1yHO4YHbIX naaHweTos (Corning,
CLLA), B noaaepuBatllelt nutatenbHoi cpege (c 2%
nporpeToii CbiBOPOTKM KpoBu KPC) B pasBegeHuax ans
TUTPOBAHWUA ABOWHbIM LIArOM W BbIAEPYKMBAAN B TeYeHUe
1 yaca npu 37°C. 3atem, B NepBoM BapuaHTe, MOHOC/IOM
KNETOK OTMbIBaM M OCTaBAANM B NOALEPKUBatoLeln
nutaTeNbHOM cpeae Wau, BO BTOPOM BapuaHTe, MOHOC/IOM
KNETOK OT 3KCTPAKTOB, PaCTUTPOBAHHbIX B MNOALEPHKM-
BatoLLen nuTaTeIbHOM cpege, He OTMbIBANN.
LIuToToKCMYeckoe aeincTBue pacTUTe/IbHbIX MpenapaTos
OLEeHMBaNU Kaxaple CyTKM (cpok HabntogeHua 5 cyTok).

OmpuyamenbHbie KOHmMponu: noagepxusaroLan
nuTatenbHaa cpepa Ana knetok Vero E6 n AMCO B
obbemax, COOTBETCTBYIOLMX COAEPKAHUIO 3TOrO PaCTBO-
puTena B uccneayemblX PacTUTENbHbIX MpenapaTax.

AHanuz  uHeubupyroweli aKkmusHocmu  uccraedyembix
pacmumesibHbIX MPenapamos U KOHmMpOosbHbIX 06pasyos
npu npamol Helimpanu3ayuu (uHakmueayuu) SARS-CoV-2
nposoanAu MeToA0M K/Nlaccuyeckom peakuum

HenTpanmsaumm (MHaKTMBALMKM) BMPYCOB KaK Hamu
HeLaBHO OMMUCAHO 41A UCCNEA0BAHMA aHTUTEN MALMEHTOB,
nepeboneswmnx COVID-19 [31] M AnAa BOOHbIX BbITAXKEK

pacTutenbHoro cblpba  [26].  KpaTko: pactutesibHble
npenapatbl  (TUTpoBaHMe B 96-7YHOYHbIX MNIAHWeTax
OBONHbIM Lwarom c onpeaeneHHon NCXOHOWM

KOHUEHTpauMen no Ccyxomy Bewectsy B obbeme
100 mKn/nyHKa) npesBapuTenbHo (nepes, HaHeceHWem Ha
MOHOC/IOM KneTok Vero E6, BbipalleHHbIX B 96-yHOUYHbIX
nnaHwertax) WHKybuposann ¢ SARS-CoV-2 B TuTpe
103 TUNA50/mn (B cootBeTcTBuM ¢ [34]) B TeyeHmne 1 yaca
npu 37°C B CO,-mHKyb6aTope. Mocne uHKybauuun cmecei
JKCTPAKTOB C BMPYCHOM CycneH3Mel Ha KAeTKax TeyeHue
1 yaca npu 37°C, MOHOCNOM KAETOK OTMbIBA/IM U OCTaBAANN
B NOAAEPKUBAIOLLEN NUTATeNbHOM cpeae A0 NPOsBNEHUA

UN4 supyca B KOHTPO/AbHbLIX JNYHKaX, COAepXKalimx
WHOUUMPOBAHHbIE  KNETKW.  YyeT  pesynbTatoB Mo
WHIMOMPOBAHMIO  BUPYCHOM  penauvKauum  nposoauau

BM3yaNbHO Npu  HabAlogeHUM B WMHBEPTUPOBAHHDLIN
MMKpockon npu 10-KpaTHOM yBenn4yeHun, a 3aTem nocne
dukcaumm knetok B TeyeHne 30 MUH pacTBOpom
dopmanbgernga u 0,05%-Hbim pPacTBOPOM KpUCTANAU-
yeckoro ¢uronetosoro ¢ 20% cnupTa, Kak onucaHo [32].

AHanusz  uHeubupyroweli akmusHocmu  uccaedyembix
pacmumensHbIX penapamos U KOHmMposbHbIX 06pasyos
no «npogunakmuyeckoli» cxeme (HaHeceHue pazeedeHuli
IKCMPAKMoO8 HA  MOHOC/A0U  KAemoK neped  ux
UH(uyuposaHUeMm) nNpoBOAUNM, KaK onucaHo [35],
cnepyowmm obpasom: O4MH Hac IKCMO3ULMUM IKCTPAKTOB,
PacTUTPOBAHHBIX B  MNOAAEPKMBAIOWEN  NUTATENIbHOM
cpefe, ¢ moHocnoem Knetok Vero E6 v 3atem B NlyHKM
BHOCW/IM BUPYCHbIMA MpenapaTt B pasBefeHun, COOTBETCT-
Bytolem nHpeKUMoHHol aose 103 TUNAso/mn 1 octaBnanm
B nokoe npu 37°C B CO,-uHKybaTope.

AHanu3 uHeubupyoweli aKmueHocmu pacmumesbHbIX
npenapamos Mo cxeme «ae4YeHUsA» KaemoK (npu
npedeapumenbHOM UHPUUUPOBAHUU KAemOK) NPoBOAUAW,
Kak onucaHo B [35], cneaylowmm obpasom: MOHOCON
knetok Vero E6 nHdMUMpPOBaNM BUPYCHbIM NpenapaTtom B
passegeHun, cootseTcTaytowem Tutpy 103 TUMNAso/MA, B
TeyeHme 1 vaca npu 37°C. 3atem nocse OTMbIBKM, Ha
MOHOC/NIOM  KNeTOK B JIYHKU BHOCUMAW  pasBefeHuA
3KCTPaAKTOB B MNOAAEPKMBAIOWEN MUTaTeNIbHOM cpege U
OCTaBNANM B MOKOe ANA «evyeHua» Knetok npu 37°C B
CO,-uHKybaTope.

Lna cmamucmuyeckoli obpabomku Bce aHanusbl in vitro
npoBOAWMAN U GUKCUPOBANWU B YETbIPEX MOBTOPaX B ABYX
He3aBMCMMbIX IKCIePUMEHTaX.

CratucTuyeckylo  obpaboTKy  pesynbtaToB  no
onpeaeneHno LUTOTOKCMYHOCTHU ] 3dpdeKTUBHBbIM
KOHLIEHTPALMAM MPOBOAMAM C NPUMEHEHWEM MeToAa
CnupmeHa-Kepbepa B nporpamme Excel npu 95%-Hom
YPOBHe HagexHocTu (p<0.05).

CenekmusHobili uHdekc (Selectivity index, SI) gna 50%-x
LUTOTOKCUYHbIX " 3¢ PeKTUBHbIX KOHLEHTpaLumm
nccnesyemblx 3KCTPAKTOB paccyuTbiBann no dopmyne:
Slso=CCs0/ECsp Kak onmcaHo [33], C y4eTOM TOKCMYHOCTH,
BbIABJIEHHOW  Ha  4YeTBepTble  CyTKM  HabnwogeHua
(coBnapatowieit co BpemeHeM ¢puKcauUu pesynbTaToB Mo
unAa 10° TUMAso/mn SARS-COV-2 B KOHTPOAbHbIX paAdax
MHOULUMPOBAHHbIX KNETOK).
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MONYYEHHbIE PE3YJ/IbTATbI U UX OBCYXXOEHUE

1. Mpu2zomosneHue cyxux 3MaHOs1bHbIX IKCMPAKMO8
nonviHel, 8b160p 06pPA3U08 CPABHEHUS U AHAU3
YUMOMOKCUYHOCMU UCCedyembix pacmumesbHbix
npenapamos

Ona vccnepoBaHMA MOTEHUMANbHOW aKTMBHOCTU MPOTUB
SARS-CoV-2, Hamm 6biiM  cobpaHbl B npupoae
HoBocnbupckoit obnactm B nepuofs LBETEHUA HECKONbKO
BMAOB MNonblHen: Artemisia vulgaris L., A. glauca (Pall. Ex
Willd.), A. dracunculus L. (M3 Tpex mecT npouspactaHus),
A. absinthium L., A. frigida Willd., A. sieversiana Ehrh. ex
Willd (tabn. 1), BuAocneundpuyHOCTb KOTOPbIX ONpeaensnm
Ha  MecTax nNpouspacTaHWs C  MCMO/b30BaHWEM
cnpaBoYHMKa [24] n 3aTem B cBexkecobpaHHOM BuUAE
noaTeBepXKaanu B nabopaTopum «lepbapnin»
LeHTpanbHoro cnbmpckoro 6otaHunyeckoro caga CO PAH,
r. Hosocmbupck. [Mocne Cywku pacTuTenbHoe Cbipbe
pasfensanu Ha oTaesbHble YacTu (cTebau, uBeTbl, UCTbA),
M3 KOTOPbIX OblAM MNPUrOTOBAEHbI CyXMe 3TAaHOJ/IbHblE
3KCTPaKTbl. ITWnoBbIKM cnupT (70%) wucnonb3oBann B
KayecTBe 3KCTpareHTa, T.K. MO AaHHbIM AUTEpPaTypbl, 3TOT
pacTBopuTENlb aKTUBHO W3BNEKAeT W3  PaCcTUTENIbHOro
CbipbA, HApAAY C WMPOKUM criekTpom BAB, dpnasoHouAabl 1
TeprneHouabl [23], KoTopble 06n1a4aldT  aKTUBHOCTbIO
NpPOTWB pPasHbIX BMPYCOB W ABAAIOTCA Npeobnasarowmumm
CoeauHEHUAMM B pacTeHuaAxX poaa Artemisia [2].

B KauyecTBe KOHTPO/IbHbIX 06pasLoB CpaBHEHWs
6blAM  MCNONb30BaHbl  TaKXKe MNPUrOTOB/IEHHbIE  CyXue
3TAHO/IbHbIE 3KCTPaKTbl MAOAOBOrO Tena 4aru (lnonotus
obliquus Ach. ex Pers. Pil., Basidiomycota), cneunu reosguku
(Syzygium aromaticum L., Myrtaceae) u 4YepHoro uyas
(Camellia sinensis L. Kuntze, Theaceae), T.K. gna BOAHbIX
BbITAMEK 3TOr0 PacTUTENIbHOrO CbipbA OMMCaHa aHTU-SARS-
CoV-2 akTMBHOCTb in vitro [25; 26; 29; 36]. Hanpumep,
Shahzad ¢ coaBT. CBA3bIBAlOT aAHTMBUPYCHOE JeilcTBue
3KCTpaKToB I. obliquus ¢ nonucaxapugamu [37], yto 6blNO
noaTeep:KaeHo TennakoBOM C COaBT. NPW  BbiABAEHWUU
MHTMOUPYIOLWE aKTMBHOCTM 4Yarm B BuAe AMOPUIbHO
BbICYLUEHHbIX U KOHLEHTPMPOBAHHbIX BOAHbIX SKCTPAKTOB B
amanasoHe EC50=0,75 11,6 MKr/mn B wuccnenoBaHUm
in vitro ¢ SARS-CoV-2 (wrtamm nCoV/Victoria/1/2020 SARS-
CoV-2 no «npodunaakTUYECKon» cxeme 3KCNepuMeHTa (T.e. ¢
06paboTKOWN PACTUTENbHBIMM NpPernapaTammn KAeToK JIMHUK
Vero un Vero E6 nepeag ux 3apaxeHuem) [25]. Ishimoto c
COaBT. [MOKasanW, uYTO npeaBapuTesibHas 06paboTka
BMpMOHOB SARS-CoV-2 (wrtamm JPN/TY/WK-521) nepeg,
MHOUUMPOBaHNEM KNETOK AnHun Vero E6 (T.e. npu npamoii
MHaKTMBaALMM) BOAHLIMM  3KCTPAKTaMM  3€/1eHOT0 WU
UEPHOro Yas CHWXKaNM BUPYCHbIM TUTP Ha 5 Ig (npum
CPaBHEHMM C KOHTPONEM UHOULMPOBAHHBIX KNETOK). ABTOPbI
npeanonaralT  CUHeprndeckoe Aaeincteme noandeHonos

3es1eHoro Yas (anurannokatexnHom rannaTom,
3NUranNoKaTEXMHOM, 3NUKaATEXMHOM raanaTom "
anuKaTeEXMHOM) WAM  TeadnaBMHAMM YEpHOro 4Yas Ha

ramkonpoTenH S (spike) BupycHolt o6onoukm n 3CLpro SARS-
CoV-2 [29].

[JaHHbIX no MHIMbupytoLLen AKTUBHOCTU
3TaHO/bHbIX 3KCTPaKToB I. obliquus n C. sinensis Ha SARS-
CoV-2 in vitro B nutepatype He o0b6HapyeHo. PaHee
noslyYeHHble HamMu pe3yabTaTbl MO aKTUBHOCTU BOAHOM
BbITAXKM S. aromaticum (8 KOHUEHTpauum
10,6741,95 MmKr/mn M3 pacdeta MO MCXOQHOMY Cyxomy
pacTUTENbHOMY Cbipblo) MNPOTUB  UHGEKUMOHHON [03bl
103 TUNAso/Mn wtamma SARS-CoV-2/human/RUS/Nsk-
FRCFTM-1/2020 in vitro npu nNpAMON MHAKTUBALMK
BUPUOHOB [26], ckopee Bcero, 6bi v NepBbIMK B HAay4YHOM

nutepatype. Vicidomini ¢ coaBTopamn B 0630pe,
onybnnMkoBaHHom B MapTe 2021 r.,, MO BO3MOXHOM
MOJIEKY/IAPHON OCHOBE TepaneBTUYECKOro MoTeHuMana
aToli cneumn npu COVID-19, npuBogAaT npumepbl No ee
NPUMEHEHUIO KaK B KayecTBe Ky/MHApHOW Mpunpasbl K
nuwe wanm B nappromepHOM MPOM3BOACTBE, TaK W Mo
MUCMONb30BaHUIO B KayecTBe CpeacTBa OT  Pas/iMyYHbIX
npobnem co 3p0posbeM. Hanpumep, apupHoe macno
rBO3AMKN HAxXoAMT MNPUMEHEHWe B CTOMATON0rMYecKom
NOMOLLM, BK/ILOYAA NedeHne MHPEKLMI AeceH, a TaKKe npu
oXKorax, MuLLeBapuUTebHbIX PacCTPOMCTBAX W pecnupa-
TOPHbIX WHPeKumax. Cneumsa CcoaepKUT 6eTa-KapoTuH,
BuTamuHbl B1, B6, C, K, A, pubodnasuH un 6onbloe
KOZIMYECTBO MMUHEPANOB, TaKMX KaK MarHwii, mapraHeu,
Kanui, »eneso u ceneH. AMepuUKaHCKoe ynpaBneHue no
KOHTPOMIO 33 MpoAaykTamu U nekapctBamu  (FDA)
noATsepanno 6e30nacHOCTb 6yTOHOB rBO3ANKM,
rBO3AMYHOr0 Macna U HEKOTOPbIX MHIPEeANEHTOB rBO3AUKU
B KauyecTBe nuuesBon p[o0b6aBKkM, B TO Bpems Kak BO3
YCTaHOBWMA AOMYCTUMYIO CYTOYHYKO [03y BO3AMKM AnA
Mmogen B 2,5 mr/kr  maccel  Tena. PesynbTaTbl
3KCNEepUMEHTasIbHbIX UCCNef0BaHWUA HECKONbKUX Hay4HbIX
rpynn NoATBEPXKAAIOT Apyrve 3amedaTesibHble CBOWMCTBa S.
aromaticum - Takue KaK QHTUAHTMOreHHas,
npoTMBOONYyXoNeBas, aHTUMOKCMAAHTHAA, NPOTMBOBOC-
naauTenbHas W aHTUMyTareHHas aKTUMBHOCTb, KOTOpble
CBA3aHbl C COAepXaHWeMm BeliecTBa Knacca GeHonos —
esreHona (Eugenol (4-allyl-2-methoxyphenol). OnwucaHa
MHIMOMpPYIOLWLAn aKTUBHOCTb 3TAHOJIbHbIX U METAHOJIbHbIX
3KCTPAKTOB Cneuuu rBO3gMKM Ha BUPYC MPOCTOro repreca
(herpes simplex virus, HSV) M Ha peKOMBUHAHTHYIO
npoteasy Bupyca renatuta C. MMOKasaHo, YTO eBreHoN B
ynctom  BMAe  cnocobeH in  vitro  MHrMGMpoBaTb
pensvKauuio BMpycoBs rpunna A n 36ona [38].
LINTOKCUYHOCTD  CYXMX 3TAHONbHbIX 3KCTPAKTOB
NONbIHA U  KOHTPOJIbHbIX 06pPasLOB, PaCTBOPEHHbIX B
OMCO, mbl oueHuBanW Ha KyabType Knetok Vero E6,
yyBCTBUTENbHON K SARS-CoV-2 [39], B OByX BapuaHTax,
Korza: 1) MOHOCNOW KNeTOK OTMbIBa/IM OT PAaCTUTPOBAHHbIX
OBOMHBIM  LLArOM  3KCTPAKTOB WM OCTaBNAAW B
noaAepKuBatowen nutaTeNbHOM cpese M 2) MOHOC/IOM
KNEeTOK oT 3KCTPAKTOB, PacTUTPOBAHHbIX B
noadepKuBatolWwen nutaTeNbHOM cpefe, He OTMbIBaAW.
LinToTokcnyeckoe aeincTBue pacTUTesIbHbIX MNpenapaTos
OLEHUBANM KaxKable CYTKWU (CPOK HabnioaeHus 5 cyTok).
Kak BMAHO Mo pe3ynbTaTam, NpeacTaBiAeHHbIM Ha puc. 1,
npv NepBOM BapuaHTe (C OTMbIBKOI KNETOK OT 9KCTPAKTOB),
LMTOTOKCUYHOCTb PacTUTENbHbIX MpenapaTtos bbina bonee
HWU3KOW (BEpXHAR NIMHUA rpaduKa CMHErO LBETA), YeM Mpu
OCTaB/NIEHWM MX HA MOHOCNOE KAETOK (HWMKHAA NUHWA
rpaduMKka KpacHoro ugeta) [0 MomeHTa (4 cyTOK),
cosnagatowero ¢ UNA SARS-CoV-2 ¢ MHOEKLMOHHbIM
™Tpom 103 TUNAso/mn. Camas BbICOKasA LIMTOTOKCMHYHOCTb
(npy  pByx BapuaHTax) OKasanacb AO/1F  3KCTPAKTOB
S. aromaticum (187,50+46,30 n 109,38+20,05 mkr/mn) u
1. obliquus (250,00£80,19 un 156,25+40,09 mKkr/mn) (puc. 1).
PaHee ANns BOAHOM BbITAXKKM (6€3 KOHLEHTPMPOBaHWA)
S. aromaticum Hamu Takxe Oblna BbiABNEHa Ccamas
BbICOKaA LMTOTOKCcMYHOCTb (10100,0£2293,67 mKr/mn) no
CPaBHEHUIO C BOAHbLIMW BbITAXKKAMU APYrUX PacTeHWi, B
Tom umncne u I obliquus (62500,0£16038,71 mKr/mn u3
pacyeTa no KOHUEHTpaumm MNCXOAHOrO cyxoro
pacTuTenbHoro cbipbs) [26]. B paHHOM ciyyae npu
KOHUEHTPMPOBAHUM 3TaHO/IbHbIX 3KCTPAKTOB MNOCPEeACTBOM
BbICYLUMBAHWUA  MX  KMUAKOW  asbl  UUTOTOKCUYHOCTb
npenapaToB 3Ha4yMTe/IbHO MOBbICMAACh, HO, CKOpee BCero,
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3TO He CBA3aHO C WCMNOJIb3yeMbIM  JKCTPAreHTom.
Hanpumep, no  fAaHHbIM  TennskoBOM C  COAQBT.
LMTOTOKCUYHOCTb Yaru B BUAE MOGUNBHO BbICYLIEHHbIX U
KOHUEHTPMPOBAHHbIX ~ BOAHbIX  3KCTPAKTOB  (pasHbIX
06pasuoB, OT/IMYalOWMXCA NO  TemnepatypHbim ¥
BPEMEHHbIM MapameTpamM 3KCTpPaKuMu) cocTaBuna oOT
90,0; 100,0; 118,0 n ao =300,0 mKr/mn B BapuaHTe 6e3
OTMbIBKM 3KCTPAKTOB C MOHOCNOA Knetok [25], uto
CBUOETENBCTBYET O BbICOKOW KOHUEHTpauun BAB wu
3aMeTHOM LMTOTOKCUYHOCTM BOSHOTO 3KCTPaKTa I. obliquus,
nosly4YeHHoro faxke 6e3 ncnob3oBaHMA 3TaHONA.

BblfiBNEHHAA HAMWM LUTOTOKCUYHOCTb 3TAaHONbHOMO
3KCTpaKTa McTbeB YepHoro Yasa C. sinensis (750,00£40,10 n
437,50+80,19 MKr/mn) conoctaBuma € LMTOTOKCUMHYHOCTbIO
nccnesyemblx 3TaHO/bHbBIX 3KCTPAKTOB MO/bIHEW — B
AnanasoHe CCso ot 1750+320,77 mKkr/mn go 281,25+61,35
MKF/MN B BapuaHTe C OTMbIBKOW MOHOCN0A OT 3KCTPaKTa U
B [auanasoHe CCsp ot 375,00848,99 mkr/mn go
137,50%35,86 mKr/mn B BapuaHTe 6€3 0TMbIBKW. [JManasoH
CCso IKCTPAKTOB MO/bIHEN Obl1 A0BOILHO LWMPOK NpwU
CpaBHEHWM NpPenapaToB, MNPUFOTOBNEHHbIX W3 PasHbIX
yacteir pacteHuit (ctebneil, LBeTOB, /IUCTbEB) —
npocnexusaetca  6osee  BbICOKasA  LUUTOTOKCUCTOCTb
3KCTPAKTOB /IUCTbeB Artemisia spp., ocobeHHO y BuAa
A. vulgaris L. — 281,25+61,35 MKIr/Mn Npu OTMbIBKE K/JETOK
n 150,00+37,04 mKr/mn 6e3 OTMbIBKM. [0nA 3KCTpakTa
nucTbeB Buga A. sieversiana B nepBoM BapuaHTe C
OTMbIBKOM 3HaYeHmne CCso paBHO 406,25+89,66 MKr/mn, uto
ABNAETCA NMPUMEPHO CPesHMM MOoKasaTeseM TOKCUYHOCTU
No HaWWM [JaHHbIM, HO B BapuaHTe 6e3 OTMbIBKM
MOHOC/IOA K/JETOK OT 3KCTpakTa Habnwganacb camas
BbICOKaA LMTOTOKCMUYHOCTb (137,50+35,86 mKr/mna) cpeam
MCCNef0BaHHbIX PACTUTENbHbIX NpenapaTtos (puc. 1).

B Lenom, Nnpu cpaBHEHUWN C AAHHBIMK UTEPaTYpbI,
LMTOTOKCUYHOCTb MPUFOTOBNEHHbBIX HAMU  3TaHOJIbHbIX
3KCTPaKTOB  Artemisia  spp. OKasanacb HEBbICOKOW.
Hanpumep, LiuH. c coaBT. no pe3syabTaTam aHanusa
30 dEeKTUBHOCTM 3KCTpaKTa (Ha ocHoBe 70%-ro 3TaHona)
KOPHA WneMHUKa 6alikanbckoro (Scutellaria baicalensis,
Lamiaceae) npotme SARS-CoV-2 (wtamm C-Tan-nCoV
Wuhan strain  01) coobwmam paHHble no  CCs,
npeAanoNoXnTenbHo, pasHoi 6osee yem 500 MKr/mn, T.K.
aBTOPbI TUTPOBA/IM IKCTPAKT C ITOM KOHLEHTPALUMU U He
BbIABMIN ero TokcuuHocTtu [40]. Zannella c coasT. B 2021 .
NnoKasanu, YTo ANA 3KCTpaKkTa (Ha ocHoBe 75% meTaHona)
NMCTbeB BUHOrpagHon nosbl (Vitis vinifera, Vitaceae),
cnocobHoro MHrMbupoBsarts in vitro penaukaymio SARS-CoV-
2, TaKXKe He 6bl/10 BbIABNEHO LLUTOTOKCUYHOCTU NPU caMol
BbICOKOM MCNO/Ib3yEMOMN KOHUEHTPALMKM PacTUTENbHOIO
npenapata — 500 mkr/mn [41]. Mohamed c coasT. B anpene
2022 r. coobwmnm ob akTMBHOCTM npoTme m3onsaTa hCoV-
19/Germany/FI1103201/2020 (EPI-ISL_463008) in vitro
METAHO/IbHOTO 3KCTpaKTa 3Bepobosa npoablpABAEHHONO
(Hypericum perforatum, Hypericaceae) (npovsBoacTBO
komnaHuu Indena S.p.AS, MunaH, Utanua B Buge cyxoro
npenaparta), UMTOTOKCMYHOCTb KOTOPOro, Mo KpaihHewn
mepe, npesbiwaet 100 mkr/mn [42].

2. AHanu3 uHaubupyroweli aGkmusHOCMU PACMUMENbHbIX
npenapamos Ha pernaukayuto SARS-CoV-2 npu npamoli
Helimpanu3ayuu (UHakmueayuu)

[aHHbIl meToa wccnenoBaHUA MO3BOAAET OnNpeaenvTb
BAWAHME MNpPEnapaTtoB Ha KOHOOPMALMIO HAPYKHOro
BupycHoro S 6enka SARS-CoV-2, OTBETCTBEHHOrO 3a
CANSAHME C peuenTopamu MHoUuMpyemon Knetku [9], T.K.
610KMPOBAHME 3TOrO BAXKHOTO 3TANA «KMU3HEHHOTO» LUMKAA

BMpPYCa MOET OCTaHOBUTb pacnpocTpaHeHue naToreHa Ha
paHHel cTagun 6onesHu.

B pesynbTate, No MHrMOMpYyOLWeEen akKTUBHOCTU Ha
penavkaumio SARS-CoV-2 npu npamoint HenTpanusaumm
(MHaKTMBALMM) BUPMOHOB B MHPEKUMOHHON paosze 103
TUNAso/MA  ANA  KOHTPO/bHLIX 06pPa3sLoB  3TaHO/bHbIX
3KcTpakToB C. sinensis, S. aromaticum w [I. obliquus
BblABAEHbI NoKa3aTenn ECso B M/ B CpeaHMX 3HaYeHuax (no
y6bisatoweit) — 1,10+0,24 mkr/mn, 1,22+0,31 mKr/mn wu
6,84+1,35 mKr/mn, cooTBeTCTBEHHO (puc. 2). Ona Artemisia
Spp. paBHble No 3HayeHuam ECsg C KOHTPOAbHbIMM
obpasuamu (B AuvanasoHe KoHueHTpauui ot 1,10%0,24
MKr/mn no 6,84+1,35 mkr/mn) okasanucb nokasatenn ECso
3TaHO/NbHbIX 3KCTPAKTOB CNEAYIOWMX YacTel pacTeHwui:
nnctba v usetbl A. vulgaris (1,1020,24 mKr/mn); AncTba u
usetbl A. dracunculus* (1,10+0,24 mkr/mn); auctba A.
absinthium (1,10£0,24 mkr/mn); nuctba A. dracunculus***
(1,10£0,24 mkr/mn); ctebnaun A. dracunculus*** (1,460,336
mKr/mn); usetbl A. dracunculus*** (3,42+0,62 mKr/mn);
usetbl A. absinthium (3,4210,62 mkr/mn); nuctbsa A.
dracunculus** (3,66+0,48 mkr/mn); nuctba A. frigida
(4,88+1,25 mkr/mn); nuctba u ctebnmn A. glauca (6,84+1,35
MKr/mn). [na octanbHbIX npenapatos 3HayeHus ECso
3TaHO/NbHbIX 3KCTPAKTOB Artemisia spp. cnegywouwme (no
y6biBatolen) — nnctba A. sieversiana (11,72+2,89 mkr/mn),
ctebnn A. absinthium (12,70+2,80 mKr/mn), useTbl A.
glauca (13,67+2,51 (mkr/mn), crebanm A. vulgaris
(14,65%1,91 mkr/mn), ctebnun A. dracunculus** (21,48+5,6
MKr/mn), crebnau A. dracunculus* (27,34%5,01 mkr/mn),
usetbl A. dracunculus** (37,11£10,02 mkr/mn), uBsetbl A.
frigida  (54,69+10,02 mkr/mn), crebnm A. frigida
(58,59+7,66 mKr/mn), cteban A. sieversiana (58,59+7,66
MKr/mn) n usetbl A. sieversiana (109,38+20,05 mKr/mn)
(puc. 2).

HeobxoaMmMO OTMETUTb, YTO 3KCTPaKTbl JINCTbEB
Artemisia spp. oka3anucb Haubonee 3bdeKTUBHLI MpU
NPAMON MHAKTUBaLMM BUPMOHOB SARS-CoV-2. B cTebnsax
nonblHel, CKopee BCEro, COAEPXMUTCA HauMMeHbllee
KonuyectBo BAB, cnocobHbIXx BAMATbL Ha KOHpOpMauuio
ravkonpotemMHoB S. WUcknoueHuem asnsetca Bug A.
dracunculus***, T.K. 3KCTpaKTbl BCeX YacTelr 3TOro
pacTeHuMsA NPOABUIN BbICOKYH MHIMBUPYIOLLYIO aKTUBHOCTb:
nvctba — 1,10%0,24 mkr/mn, ctebam — 1,46+0,36 mKr/mn) u
uBetbl — 3,42+0,62 mKr/ma.

[Onsa 3KcTpakToB nMcTbeB M ugetoB A. vulgaris
nokasatenn ECsy oKkaszanucb pasHbimu 1,10%0,24 mkr/ma.
[ns aKkcTpakToB AnctbeB U ctebnelt A. glauca nokasatenm
ECso BbifBNEHbI — 6,8411,35 mKr/mn. Bua A. absinthium B
BMAE 3SKCTPAKTOB JIMCTbEB W LBETOB TaKXe MNpoAsBua
BbICOKYIO MHIMBUPYIOLWYIO (HEMTPANM3YIOLLYI0) aKTUBHOCTb
¢ ECso paBHbiMu 1,10£0,24 mkr/mn un 3,42+0,62 mkr/mn,
cooTBeTcTBeHHO. Y BugoB A. frigida v A. sieversiana
TO/IbKO  3KCTPAKTbl  /INCTbEB  MPOABMAN  3aMETHYIO
aKTMBHOCTb € EC50=4,88+1,25 mKr/mn n 11,72+2,89 mkr/mn.
[nAa 3KCTpakToB cTebneirt U LBETOB 3TUX BMAOB MOJbIHU
BblABNEHbl Camble HU3KMe noKasatenn EC50 — 58,59+7,66
mMKr/mn n 54,69+10,02 mrr/ma, 58,59+7,66 mkr/mn u
109,38+20,05 MKr/m1, COOTBETCTBEHHO (pucC. 2).

O6bwuit npodpunb 3PpPEeKTUBHOCTU MNpU  NPAMON
MHAKTMBaLMM BUPUOHOB KOHTPOJIbHbIX 06pa3L0oB M BUAOB
NOJIbIHU C YY4E€TOM CYMMbl CPEAHWX KOHUEHTpaLui Bcex
yacteit pacTeHuin (cTebneit, NUCTbEB U LBETOB) MOXHO
npeAacTaBuTb B caeaytowem nopsaake (no yboisatowei): C.
sinensis (1,10+0,24 mkr/mn), S. aromaticum (1,22+0,31
mkr/mn), A. dracunculus*** (1,99+0,4 mkr/mn), I. obliquus
(6,84+1,35 mkr/mn), A. vulgaris (5,62+0,80 mkr/mn), A.
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absinthium (5,75+1,22), A. glauca (9,12+1,74 mkr/mn),
A. dracunculus* (9,85+1,83 mkr/mn), A. dracunculus**
(17,75%5,37 mkr/mn), A. frigida (39,38%6,31 mKr/mn),

A. sieversiana (59,89+10,20 MKr/mn), 4YTO HarnagHo
NPoAEeMOHCTPUPOBAHO Ha Auarpamme (puc. 2).
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extracts;

SKCTpaKToB, values CCS0 with cells washing from

——3HaueHHd C'C50 6e3 0TMBIBKH KITETOK OT
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PucyHok 1. 3HayeHUA LUTOTOKCUYHOCTU

(CCsp) 3TaHONbHbIX IKCTPAKTOB

MpumeyaHus: 3HayeHus CCso npedcmassneHsl 8 MK2/ma cpedHUx 3Ha4eHuli ¢ do8epumesibHbIMU UHMEP8anamu rnpu yposHe HadexHocmu
95% (p<0,05). Lugppel Ha 2opuzoHmMasnbHol AUHUU coomeemcmayom obpasuyam (Homepam) akcmpaxkmos. PalioHel cbopa pacmumesnbHo20
cbipba: A. dracunculus* — okpecmHocmu e. bepdck (54°45° c. w. 83°06° 8. 0.); ** — YepenaHoscKuli palioH, okpecmHocmu depesHu
Kpymuwka (54°10°50” c. w. 83°08’55” 6. 0.); A. dracunculus*** — KouerHeeckuli palioH, okpecmHocmu p/n KoyeHego

(55°01" c. w. 82°13’8.0.)
Figure 1. Cytotoxicity values (CC50) of ethanol extracts

Note: CCso/ml values are presented in ug/ml of average values with confidence intervals at 95% reliability level (p<0.05). The numbers on
the horizontal line correspond to the samples (numbers) of extracts. Areas of collection of plant raw materials: A. dracunculus* — collection
location - city of Berdsk (54°45’ N 83°06’ E); A. dracunculus** — Cherepanovsky district, neighborhood of village of Krutishka

(54°10°50”N 83°08°55” E); and A. dracunculus*** — village of Kochenevo, Kochenevsky district (55°01° N 82°13’ E)

Ona CpaBHEeHUA NPOTUBOBUPYCHOWM AKTUBHOCTYU
NCCNef0BaHHbIX HamMW  3KCTpaKToB Artemisia spp. Ha
pennvkauuio SARS-CoV-2 npu npamon HenTpanusauuu

(MHaKTMBaUMKW)  BMPUMOHOB  HeobXxoAMMO  MPUBECTU
nutepaTtypHble gaHHble. Hanpumep, Nie ¢ coasTt. B 2021 r.
NoKasaanM pesy/nbTaTbl MO  BbICOKOW WHrMBUpYyoLLen

3bbEKTUBHOCTU 3TAHO/bHbIX SKCTPAKTOB INCTLEB MOJIbIHEN
sugos A. annua wn A. afra — ¢ ECsp B pgumanasoHe
KOHUeHTpauuit ot 0,0004 +0,0001 mkr/mn zo 0,46x0,09
MKr/mn (ons sKkctpakta A. afra) u ot 0,11+0,04 po
2,66%1,48 mKkr/mn (ana aKkctpakta A. annua) npotus 100
PFU (He yKasaH obbem, cofepKawmit BUPYC C TaKum
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UHPEKLUMOHHbIM TUTpOoM) [9]. Zannella ¢ coasT. B 2021 r.
NnoKasanu, 4YTO  MEeTAHOJ/IbHbI  3KCTPAKT  /JINCTbEB
BMHOrpagHou noswl (Vitis vinifera) cnocobeH nHrmbuposaTtb
penavkaumio SARS-CoV-2 (MHPUUMpyoLLan Ao3a aBTopamm
He YKasaHa) in vitro Ha paHHUX cTaguax UHOeKUUn nytem
NPAMOIN MHAKTUBALMW BUPUOHOB NPW OYEHb HU3KOM, MO
MHEHUWIO aBTOPOB, KoHUeHTpauun — 10 mkr/mn [41].
Ishimoto ¢ coaBT. BbIABUAM NPOTUBOBUPYCHYIO aKTUBHOCTb
BOAHbIX 3KCTPAKTOB 3€/1€HOr0 M YepHOro Yas B AManasoHe
KOHUEeHTpaunin  3440-13750 MKr/Ma  MNpu  CHUNKEHMM
MHobekymoHHoro Tnutpa SARS-CoV-2 Ha 5 Ig [29]. Mohamed
c coaBT. B anpene 2022 r. coobwunn o6 aKTMBHOCTM
METaHONbHOrO 3KCTPaKTa TpaBbl 3BepoboAa npoabipAs-

NeHHoro (H. perforatum) npw Tpex 3aKcnepu-meHTasbHbIX
npoTokonax (NpAmas  WHaKTMBaUWMA BUpyca nepep,
MHOUUMPOBAHMEM KNETOK nHUK Vero, ob6paboTKa KneTok
3KCTPaKTaMM A0  WAW  Mocne  3apaxeHusa, T.e.
«npodpunakTUYecKan» n «neyebHble» cxembl). Mo MHEHUIO
aBTOPOB, CaMan MOLLHAA NPOTUBOBMPYCHAA aKTUBHOCTDL (B
AmnanasoHe KoHueHTpauuin 1,5—15 mKr/mn) BbisiBneHa npu
npAMoON WHakTMBauuu Bupyca (npu MOI=1), T.e. 6bian
noJlyyeHbl AOKa3aTenbCTBa TOrO, YTO IKCTPAKT COAEPKUT
BAB (ckopee Bcero, 3TO rMNepUUMH — MPOU3BOAHOE
QHTPAXMHOHA, MUIMEHT KPACHOro LBeTa), KoTopble MOryT
OKa3blBaTb Npsmoe 6/710KMpyloLee AeicTBME HA BUPUOHDI
SARS-CoV-2 [42].

® [ obliquus (TmomoBoe Teno) u cTedmm Artemisia spp., Lobliquus (fiuit body) and stems

of Artemisia spp.:

B §. aromaticum (6yTOHBI CIIEIHH TBO3/THKH) U IBeTHI Artemisia spp., S. aromaticum

(buds of spise) and flowers of Artemisis spp.

C. sinensis (MHCTRA) H MHCTRA Artemisia spp., C.sinensis (leaves) and leaves of

Artemisia spp.

100 +

40

123 45606 789 101112

1. l.obliguus (noposoe Temno; fiuit body) - 6,84+1.35
2. 8. arematicum (6ytons! crieriu; buds of spice) - 1,22+0,31

3. C. sinensis (mucted; leaves) - 1,10+£0,24
18. A. dracunculus ** ( mucThS; leaves) - 3,66+0,48

8. A. glauca (ugetsr; flowers) - 13,67+2,51

10. A. dracunculus * (credma; stems) - 27,34+5,01
11. A. dracunculus * (uBetsr; flowers) - 1,10+0,24
12. A. dracunculus * ( micTea; leaves) - 1,10+0,24
13. A. absinthinm (ctebmu; stems) - 12,70+2,80

14. A. absinthinm (uBets!, flowers) - 3,42+0,62

15. A. absinthinm (muctss; leaves) - 1,10+0,24

16. A. dracunculus ** (ctedmy; stems) - 21,48+5,6
17. A. dracunculus ** (useter; flowers) - 37,11£10,02

4. A. vulgaris (cTedmu; stems) - 14,65+£1,91
5. A valgaris (usetsr; flowers) - 1,10+0,24
6. A. vulgaris (mucted; leaves) - 1,10£0,24
7. A. glauca (cTedmm; stems) - 6,84+1,35
9. A. glauca (mucted; leaves) - 6,84+1,35

1314 15

19. A. dracunculus *** (crebmm; stems) - 1,46+0,36
20. A. dracunculus *** (ngetsl; flowers) - 3,42+0,62

161718 192021 222324 252627

EC50 MKr/™Mn
EC50 pg/ml

21. A. dracunculus *** ( mcTba; leaves) - 1,10+0,24
22. A. frigida (cTe6mu; stems) - 58,59+7.66

25. A. sieversiana (cTe6mu; stems) - 58,59+7,66

26. A. sieversiana (uBetsl; flowers) - 109,38+20,05
27. A. sieversiana (muctes; leaves) - 11,72+2.89

23. A. frigida (uBetsr; flowers) - 54,69+10,02
24. A. frigida (mucted; leaves) - 1,46+0,36

PucyHok 2. CpaBHeHune 50%-Hbix 3G EKTUBHbBIX KOHLEHTPALLMIA IKCTPAKTOB KOHTPO/IbHbIX 06Pa3LLOB U1
pasHbIX YacTei NosbiHe — cTebnei, LBETOB M IMCTbEB Ha MHTMBUPYIOLLYIO aKTUBHOCTb penaunkaumm SARS-CoV-2

npu NPAMOI HeWTpanusaumm (MHaKTUBaLMn) BUpyca

Figure 2. Comparison of 50% effective concentrations of extracts of control samples and different parts
of Artemisia spp. (stems, flowers and leaves) on the inhibitory activity of SARS-CoV-2 replication during

direct neutralization (inactivation) of virus
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3. AHanu3 uHaubupyroweli aGkRmusHOCMU PACMUMENbHbIX
npenapamos Ha penaukayuto SARS-CoV-2 no
«npogunakmuyeckoli» cxeme U cxeme «ae4eHusn» KAemox,
a makxe cpasHeHuUe ¢ pe3yasmamamu no npamol
uHakmueauuu (Helimpanausayuu)
[na aHanMs3a BO3MOMKHOTO HA/NMYMA B PACTUTE/bHbIX
3KCTpaKTax BAB, AeicTBylOWMX Ha Apyrue BaKHble 3Tanbl
«KM3HEHHOro» LKA BMpPYCa, KPOME ero NpuUKpenaeHmns K
KNeTOYHbIM  peLenTopam, WCMNONb3YIT TaKue CXembl
3KCMEPUMEHTOB  Kak  «npoduiakTMyeckaa»  cxema
(HaHeceHWe pa3BefeHN IKCTPAKTOB HAa MOHOCNOWN KNeToK
nepes X MHPUUMPOBAHMEM) M CXEMA KNIEUEHUA» KNETOK
(npv npeaBapuTensHOM MHOULMPOBAHUK KNETOK) [35].
[aHHble no WHIMbupytoLLen AKTUBHOCTU
KOHTPOJIbHbIX 06Pa3LOB W 3IKCTPAKTOB 4YacTel pacTeHui
(cTebnent, nuctbeB W uBeToB) Artemisia spp. Ha
pennavkauuto SARS-CoV-2 npu «npoduiakTUMYecKomn» cxeme
M MO CXEME «JIeYeHMA» KNEeTOK npeacTasfieHbl Ha puc. 3. B

pesynbtate, NO  MHMMOMpylOWEN  aKTMBHOCTM  Ha
penamkaumio  SARS-CoV-2 npu  gByx 3TUMX  cxemax
3KCMEPUMEHTOB  3KCTPAKT  4arM  OKasanca  bonee

adpdeKTUBEH NpU NpeaBapuUTenbHOM 06paboTke MOHOCN0s
KNeTok nepes wHuumposaHnem — c ECs0=7,3210,96
MKF/MA (M 3TOT pesynbTaT MOYTM aHANOMMYEH 3HAYEHUID
ECso npu npAmoOli MHaKTMBaLUMM BUPUOHOB — 6,84+1,35
MKF/MA), 4emM MpU cxeme «NeyeHus» MHOULMPOBAHHbBIX
Knetok — 17,58+3,83 mkr/mn. 3Ikctpakt C. sinensis
HaobopoT 6onee 3amMeTHO MNPOABWUACA TNPU  CXeme
«nederHma» ¢ ECs0=9,77+2,51 mKr/mn, 4yem npu
«npopunaktnke» — 13,67+2,51 mkr/mn (ans cpaBHeHuA —
npu npsmoit uHaktusaumm ero ECsp=1,10+0,24 mkr/mn).
JKcTpakT  S.  aromaticum 6onee 3dpdeKkTMBEH npwu
npegBapuTenbHOW 06paboTKe MOHOC/N0A KNETOK nepep,
UHOUUMpoBaHMem — 13,6712,51 MKr/ma, 4em npu cxeme
«nedeHma» — 23,441579 mkr/mn (ans cpaBHeHusa — npu
NpsAMOoN MHakTMBaumm ero ECso=1,2210,31 mkr/mn).

Mpn cpaBHEHUW C MOYTU PaBHbIMWU 3HAYEHUAMMU
ECso akcTpakta [ obliqguus no Tpem cxemam
3KcnepumeHTOoB, 3HadYeHusa ECso akcTpaKToB S. aromaticum
(1,22+0,31; 13,67+2,51; 23,44+5,79 mKkr/mn) n C. sinensis
(1,10+0,24; 23,44%5,79; 9,77%2,51 MKr/mn) oTanyanuncb
npumepHo B 10 u 20 pa3 (puc. 3), T.e. 3TU 3SKCTPaKThbI
OKasanuncb 6onee 3pPEKTUBHBIMM MMEHHO MpPU MPAMOM
MHAKTMBALMM BMPUOHOB. TeM He MeHee, TakMe 3HayeHwuA
ECso BNO/IHE CONOCTaBMMbI C INTEPATYPHBIMU AAHHBIMU MO
UHTMBMpPYIOWEeNn  aKTMBHOCTM  APYrUX  PacTUTENIbHbIX
npenapatos Ha penaumkaumio SARS-CoV-2. Hanpumep, ¢
50%-Hol MHrMbMpytoLen KoHueHTpaumei (ICso) 3 pacyera
Mo CyXxomy BeulecTsy B AuanasoHe 13,5-57,4 mkr/mn
YalHbIX HactoeB nucTbeB A. annual. Ha 3sTane nocne
NPOHMKHOBEHUA BUPYCa (MO «NpPodUNaKTUYECKON» cxeme)
npoTus Agyx BapmnaHTtoB SARS-CoV-2, BbigeneHHbix B CLLUA
n Adpwuke [10]; 8 amanasoHe ICso o1 11,0 go 67,7 mKr/mn
NPOTMB MATM BUPYCHbIX BapuaHTOB, BKAtoYan Delta [11]; B
ananasoHe ICsp o1 20,0 4o 106 mKr/ma npoTMs BapuaHTa
Omicron u Tpex ero cy6sapuaHTos [12].

AHanu3 pdaHHbIX No Tpem 3HauveHuam ECsq ana
KaXKAOrO0 M3  MOJIYYEHHbIX HAMWU CYXWMX 3TAHOJIbHbIX
3KCTPAKTOB YacTel pacteHuit (ctebneir, NMCTbeB U LBETOB)
Artemisia spp. Ha penaukaumio SARS-CoV-2, npwm
CpaBHEHWM C MPAMOMN WMHAKTMBALMel BUPWOHOB (NepBble
yncna B CTPOKax), No «npodunakTnuyeckomn» cxeme (BTopble
ynucna B CTPOKAxX) M MO CXEME «eYEHUA» KNeToK (TpeTbu
yncna B CTPOKax) BbIrNALMUT, COOTBETCTBEHHO, CEAYIOLLMM
obpasom: A. vulgaris — ctebenb (14,65+1,91; 24,44+3,06;
24,44+3,06 mkr/mn), usetbl (1,10%0,24; 15,63%4,00;

24,44+3,06 mKr/mn), auctba (1,10+0,24; 21,88+4,00;
24,44+3,06 mkr/mn), A. glauca — crtebenb (6,84+1,35;
7,81+2,00; 14,06%3,06 mkr/mn), ugetbl (13,67+2,51;
21,88+4,00; 14,06%£3,06 mKr/mn), nuctbs (6,84+1,35;
14,06+3,06; 7,81+2,00 mkr/mn), A. dracunculus* — ctebens
(27,3445,01; 17,19+4,48; 24,44+3,06 mKr/mn), UBeTbI
(1,1040,24; 7,81+2,00; 24,44+3,06 MKr/mn), nuUCTbA
(1,10+0,24; 15,63%4,00; 5,86+0,76 mkr/mn); A. absinthium
— crebenb (12,70+2,80; 0; 87,5+16,03 mkr/mn), ugeTbl
(3,4240,62; 0; 0 mKkr/mn), nuctba (1,10+0,24; 15,63+4,00;

24,44+3,06 mKr/mn); A. dracunculus** — crtebenb
(21,48%5,6; 11,60+1,53; 46,88%6,12 mKr/mn), UBeTbI
(37,11+10,02; 7,81£2,00; 24,44+3,06 MKr/mn), MCTbA

(3,6610,48; 10,94+2,00; 43,7548,01 mkr/mn);  A.
dracunculus*** — ctebenb (1,46%0,36; 37,5+9,26; O
MKr/mn), usetbl (3,42%0,62; 21,88+4,00; 87,5%16,03
MKr/mn), auctea (1,10+0,24; 10,94+2,00; 24,44+3,06

mKkr/mn); A. frigida — ctebenb (58,59+7,66; 14,06+3,06;
14,06+3,06 mkr/mn); usetbl (54,69+10,02; 5,86+0,76;
24,44+3,06 mKr/mn), nauctba (4,88+1,25; 11,60%1,53;
43,75%8,01 mkr/mn); A. sieversiana — ctebenb (58,59+7,66;
0; 0 wmKkr/mn), ugetbl (109,38+20,05; 46,8816,12;
11,60+1,53 mkr/mn), nuctba (11,72+2,89; 3,90+1,00;
10,16%2,24 mkr/mn) (puc. 2, 3).

Mony4yeHHble 3HavyeHUA ECso AEMOHCTPUPYIOT, YTO
Npu TOM, YTO IKCTPAKTbI IMCTbEB Artemisia spp. Mo paBHOM
1 ybbiBatowwen aktusHoctn — A. vulgaris, A. dracunculus*,
A. absinthium, A. dracunculus***, A. dracunculus**, A.
frigida, A.glauca w A. sieversiana (B QAwnanasoHe
KOHUeHTpaumin 1,10+0,24-11,72+2,89 mKr/mn) okasanucb
Hanbonee 3OOGEKTMBHBI MNpPU  MPAMOM  MHAKTUBALUM
BupnoHoB SARS-CoV-2, npu «npodunakTUyeckomn» cxeme
TakKe 6bl1 MNOKasaH XOpPOLWM pe3ynbTaT 3IKCTPAKTOB
nuctbeB A, sieversiana  (3,90+1,00 mkr/mn), A.
dracunculus** (10,94+2,00 mkr/mn), A. dracunculus***
(10,94+2,00 mkr/mn), A. frigida (11,60+1,53 mkr/mn), A.
glauca (14,0613,06 mkr/mn), A. dracunculus* (15,63+4,00
MKr/mn), A. absinthium (15,63%4,00 mkr/mn). Mo cxeme
«NleYeHna» KNeToK creayeT OTMETUTb SKCTPAKTbl NNCTbeB
A. dracunculus* (5,86+0,76 mkr/mn); A. glauca (7,81+2,00
MKr/mn) v A. sieversiana (10,16£2,24 mkr/mn).

JKCTpaKTbl LBeToB Artemisia spp., cKopee Bcero,
TaKKe cogep:KaT BAB, gelicTBytoLLMe KaK AECTPYKTUBHO Ha
BMPYC, TaK U NOCAe NPOHUKHOBEHWUA BUPYCA B KNETKU — 3TO
A. vulgaris, A. glauca, A. dracunculus*, A. dracunculus**,
A. dracunculus***, A. frigida v A. sieversiana. JKcTpaKT
usetoB A. absinthium ¢  BbICOKUM  3HayeHuWem
ECs50=3,4210,62 MKr/mn npoABUACA TONbKO NpW NPAMON
WHaKTUBALMK, T.K. B ABYX APYrMX CXEMax 3KCNepMMEHTOB
pe3ynbTaT 419 Hero OTPUUATENbHbIN.

Onsa 3KCTpakToB cTebneit CTabunbHO BbICOKME
3HayeHuna ECsp NO pesy/sbTaTaM TPeX CXem 3KCMepUMEHTOB
BbiABneHbl ana A. glauca (6,84+1,35; 7,81%2,00;
14,06+3,06 mkr/mn). [lns octanbHbiX BUA0B 3HauyeHus ECso
3KCTPaKTOB cTebneil M3MEHATCA Mo pesy/ibTaTam Tpex

cxem  3KcnepumeHToB — A.  vulgaris (14,65+1,91;
24,44+3,06; 24,44%3,06 mkr/mn), A. dracunculus*
(27,3445,01; 17,19+4,48; 24,44+3,06 mkr/mn), A.
dracunculus**  (21,4815,6; 11,60%+1,53; 46,8816,12

mKr/mn), A. frigida (58,59+7,66; 14,06%3,06; 14,06+3,06
MKr/Mn). DKCTpakT ctebneit A. dracunculus*** c BbICOKMM
3HayeHnem ECsp=1,4620,36 MKr/mn nNposBMUACA TONbKO Npu
NPSAMON  WHAKTUBALMKM, T.K. NpU  «NpoduaakTUYecKkomn»
cxeme ECs0=37,519,26 MKr/mn, a npu cxeme «jiedeHua»
pe3ynbTaT ANA HEro oTpuuaTesibHbIA. DKCTPAKT cTebnein A.
sieversiana c HeBbICOKMM 3HayeHMem ECs0=58,59+7,66

ecodag.elpub.ru/ugro/issue/current

121



South of Russia: ecology, development 2022 Vol. 17 no. 4

E.l. Kazachinskaia et al.

KonnyectBa BAB, cnocobHbIx MHaKTMBMpPOBaTL SARS-CoV-2
n/van nHrMbuposaTb ero GepmeHTbl, Heobxoaumble ANA

penaukaumn.

MKI/MNI MHaKTUBMPOBAN KWBOM BUPYC, @ B ABYX APYrux

Tem He

MeHee, 3TU AaHHble npeanosiaraloT Haandune B CTeﬁﬂﬂX, KaK

cxemax pesynbtaTt AnAa Hero oTpuuaTesibHbIn.

M B JINCTbAX W UBeTax BMAOB Artemisia HeKOTOporo
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PuUcyHOK 3. 3HaueHmns 50%-Hbix 3PEKTUBHBIX KOHLEHTPALMIA SKCTPAKTOB KOHTPO/IbHbIX 06pa3L,oB K1

6.1eil, LBETOB U NINCTbEB Ha MHTMBMPYIOLLYHO aKTUBHOCTb pPenanKkaumm

Pa3HbIX YyacTeli nonblHeN — cTe

SARS-CoV-2 npu «NpodUNaKTUUECKON» U «nedyebHOo» Cxemam 3KCNepMMeEHTOB

MpumeyaHusa: Hem ageh. — Hem aghpekma

Figure 3. The values of 50% effective concentrations of extracts of control samples and different parts
of Artemisia spp. (stems, flowers and leaves) on the inhibitory activity of SARS-CoV-2 replication

in the "preventive" and "therapeutic" experimental schemes

Note: no eff. — no effect

ecodag.elpub.ru/ugro/issue/current

122



HOr Poccuun: akonorus, passutne 2022 T.17N 4

E.WN. KazaunHckas u dp.

4. OnpedeneHue UHOEKCO8 ceneKkmueHocmu 0417
uCcne008aHHbIX 3MAHObHbLIX IKCMPAKMOS M0AbIHU U
KOHMPpOosbHbIx 06pasyo8s

Ha oCHOBaHMM NOAYYEHHbIX AaHHbIX MO LUTOTOKCMYHOCTU
(CCso) (puc. 1) n adpdekTUBHbIM KOHLeHTpaumam (ECso)
nccnesyemblx pacTUTeNbHbIX NPenapaToB Mo Tpem cxemam
3KCMEepUMEHTOB MO WX MHaKTMBMpYyloweln (HelTpa-
Nvsylowein)  aKTMBHOCTM  (puc. 2), a Takke no
«MPOGUNAKTUYECKON» U CXEME «/IEYEHUA» KNEeTOK (puc. 3)
6blM  paccynTaHbl  MHAEKCbl CenekTMBHocTU (Slsg) w
npeacTaBneHbl B BUAE guarpammel (puc. 4), no Kotopon
MOXHO  caenatb BbIBOAbI o npeagnosaraeMom
TepaneBTMYECKOM 3¢hPEeKTe KaK KOHTPOJbHbIX 06pa3Los
CYXMX 3TAHO/bHbIX 3KTpaKToB C. sinensis, S. aromaticum v |I.
obliquus, pna KOTOPbIX 3TW Pe3ynbTaTbl TaK¥Ke Moay4YeHbl
BrepBsble, TaK U ANA OTAENbHbIX YacTel (cTebnei, LBETOB,
nuctbes) Artemisia spp.

B pesynbTaTe Mo Tpem CXemMaM 3KCNEPUMEHTOB
nosyyeHbl cnepywowme 3HadeHus Slsp: nNpu  npsamon
MHaKTMBaLmm oT 3,99 gnA aKcTpaKTa uBeToB A. sieversiana
(obpasey, No26) po 795,45 pgnAa 3KCTpakTa LuBeToB A.
vulgaris (obpasey Ne5) u 3KcTpakta LuBeToB A.
dracunculus* (o6pasey, N2ll); no «npoduNAKTUYECKON»
cxeme oOT 3,2 nnA 3KCTpaKTa ugeToB A. sieversiana
(obpasey, No26) no 64,0 ana aKcTpakTa usetoB A. frigida
(obpasey, Ne23) u no cxeme «neyeHuma» ot 3,71 ans
3KCTpaKTa cTebnsa A. absinthium (o6paseu, Ne13) go 59,73

ONA 3KcTpakTa auctbeB A. dracunculus* (obpaseu, Nol2)
(puc. 4).

Mo AaHHbIM NUTEPaTypbl, MHAEKCHI CENEKTUBHOCTU
no pesynbTaTamM MWCCNeA0BaHUI in Vvitro BapbupyloT B
LUMPOKOM AManasoHe W 3aBMCAT OT LUTOTOKCMYHOCTM
aHanM3npyembix npenapatos. Hanpumep, A48 pasHbIX
dpaKkuMiAi Mano TOKCUYHbIX, Mo mHeHuto Trujillo-Correa c
coaBT., Ana KneTtok Vero (c CCso ot 130,5 8o 625,7 mKr/mn)
3TaHO/IbHbIX 3KTPAKTOB KOPbl APEBECHOr0  pPacTeHus
Psidium guajava (Myrtaceae) npu ECso oT 16,7 po 134,4
MKF/MA  NpOTMB  BMpyca AeHre) nokasatenn  Slsg
npeactaB/ieHbl B 3HayeHuax ot 1,0 gmo 35,4 [43].
MasypkoBsa ¢ coaBsT. onpegenunun Slso ot 5,12 go 109,56
[ON1A 3TAHO/IbHBIX IKCTPAKTOB KOPHEW WU HAa3eMHbIX OpPraHoB
MaHXeTKM obbikHoBeHHOW (Alchemilla vulgaris, Rosaceae)
¢ ECsp 0T 4,79 g0 19,95 mKr/mn npoTvs BMPYCOB NPOCTOro
repneca 1 n 2 tunos (npu CCso B AnanasoHe 56,23-676,08
MKr/mn) [44]. Tennakosa C COaBT. B 3aABKE Ha MaTeHT Mo
UHIMBMpYloLWEeMy AeNCTBUIO NMODUALHO BbICYLUEHHbIX U
KOHUEHTPMPOBAHHbIX BOAHbIX 3KCTpaKToB [ obliquus Ha
wramm nCoV/Victoria/1/2020 SARS-CoV-2 npeactasuam
3HaveHue Slsp B amanasoHe 16,73-155,5 pna pasHbix
06pa3uos npu nokasatensax ECsp=0,75-11,6 mkr/mn [25].
[na cnHTesnposaHHoro npenapata HAOX-14 B oTHOWeEHUKN
BUPYCOB OCMOBaKUMHbI U 3kTpomenun ¢ ECsp=0,004+0,001
MKr/Mn 1 CCsp=470+£90 mKr/mn Slsp OKasanca pasHbIM
117000 [45].

a 795 45 705 45 B ST50mpH rpAMoiT HHAKTHBALIHH
Q00 - . (HetTTpanmBan) BUpHoHoE, SIS Owithdirect
-00 681.82 mactivation (neutralization) of virions
600 -
500 A
400 - 199 66 34091
300 - 239.07
200 A
100 1
0 -
1 23 4 5 6 7 8 910111213 14 1516 17 1819 20 21 22 23 24 25 26 27
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PucyHok 4. IHAeKCbl CeNeKTUBHOCTM ANA UCCNeA0BaHHbIX STaHOJIbHbIX SKCTPAKTOB KOHTPO/IbHbIX 06pa3LI,OB N OTAENbHbIX

yacteli (ctebneit, LBeTOB, NMUCTbEB) Artemisia spp.

MpumeyaHue: HoMepa o 20pU30HMAbHOU AUHUU coomeemcmayom Hymepayuu e puc. 1, 2 u 3;
a. OaHHble Mo cxeme npamol uHakmusayuu (Helimpanusayuu) supyca; b. daHHbIe Mo «npoguaakmuyeckoli» cxeme;

C. OGHHbIE 110 CXeme «/1e4eHus» UHd)UL{UpOSGHHbIX Knemok

Figure 4. Selectivity indices for the studied ethanol extracts of control samples and individual parts (stems, flowers, leaves)

of Artemisia spp.

Note: the numbers on the horizontal line correspond to the numbering in Figs. 1, 2 and 3;
a. data from the scheme of direct inactivation (neutralization) of virus; b. data from the "preventive" scheme;

c. data from the “therapeutic” scheme of infected cells

3AK/TIOMEHUE

[Jo coux nop HeT 3aperncTpupoBaHHbIX MpPenapaTos
npsmoro aHTU-SARS-CoV-2 peicteua. Hanpumep, neyeHve
nauyeHtos c¢ COVID-19 nposoautcA pemaecMBupom -—
MHTMB6UTOPOM BUPYCHOM PHK-3aBucumoii PHK-
nonumepassbl (RdRp), opobpeHHbim FDA (U.S. Food and
Drug Administration) n EMA (European Medicines Agency)
O1A NTPUMEHEHUA NPU APYrMX BUPYCHbIX nHdeKumax. Ho Ha
CErofHAWHNIN AeHb Pe3ynbTaTbl KAMHUYECKUX UCMbITAaHUI
NPOTUBOPEUMBbI, M WX HEeNb3A CYMTATb O[HO3HAYHO
ybeautenbHbimn  [46]. M3BecTHo, u4TOo bGenkamm —
MULILUEHSMW O NMPOTMBOBUPYCHBIX MPENapaToB MoryT
6biTb Kak RdRp, KoTOpas oTBeYaeT 3a penivKauuto
BupycHol PHK, Tak U ocHoBHaA BMpycHana npoTeasa 3CLpro
[47], a Takke peuenTtopcsasbiBaowmin gomeH (RBD) 6enka
S, B3aMMOZENCTBYIOLWMIA C KNETOYHbIMM peuenTopamm [48].
HelTpanusylowme MOHOK/IOHaNbHble aHTUTena (MKA),
cneunduuHble K RBD, 6binm oaobpeHbl B CLUA B KayecTse
BapuaHToB  neyeHma COVID-19 pgnA  aKCTpeHHoro
MCMONb30BaHNA B CAy4Yae yrposbl CMepTU nauueHTta. Ho
Takue npenapaTbl AOporve B NPOM3BOACTBE U penepTyap
TepanesTMyecknx MKA npotus SARS-CoV-2 Heobxoanmo
NOCTOAHHO NPOBEPATb HA IPPEKTUBHOCTL U PACLUNPATL UX
«aCCOPTUMEHT» B CBA3M C MOSBNIEHUEM HOBbIX BUPYCHbIX
BapuaHToB [49]. Mo3TOMy MAeasibHbIMU SIEKAPCTBEHHBIMM
npenapatamu npu COVID-19 moryt cTaTb BewecTsa,

MHIMBUPYIOLWME  HECKOMIbKO  BMPYCHbIX  MuleHel. B
HacTosillee Bpems MpoBOAAT TecTupoBaHue in  silico
60nbLworo Ko/mnyecTsa MOJIEKY NpMpPOAHOro

NPOUCXOXKAEHUA MO NOUCKY BO3MOXKHbIX IEKAPCTB OT 3TOM
6onesHn [47]. HecmoTpa Ha OrpOMHblIE MMPOBbIE YCUAUA
MO CO34aHUI0 BaKLMHbI, CMepTesbHas MaHAemua no-
npexKHeMy NpeLcTaBAseT yrpo3sy 414 YenoBeyecTsa. Takum
obpasom, MCnonb30BaHWE MOTEHLMANbHO 3EKTUBHbIX
pacTUTE/IbHbIX /IEKAPCTBEHHbIX CPEACTB AB/AAETCA elle
O4HMM NOAXOAOM K MPeaoTBPALLEHMIO PACcMNpPOCTPaHeHUs
SARS-CoV-2 [13].

MonyyeHHble  HamW  AaHHble MO aHanu3y
MHIMBMpPYIOLLEN aKTUBHOCTU OTAENbHbIX YacTen (cTebnen,

LBETOB, NUCTbeB) Artemisia spp. Ha penankaumio SARS-
CoV-2 no Tpem cXemam 3KCMEepUMEHTOB — 3TO MpAmas
WHaKTUBaumMa (HeWTpanus3aumsa) BMpYca, a TaK¥Ke Mo
cXemam «npodUAaKTUKU» U «N1eUYEeHUA» KNETOK aKTyasibHbl,
T.K. ONA [JaNnbHEWWUX UCCNeAoBaHUM MOXHO paclmMpuUTb
BMAOBOM  COCTaB  MOJbIHEM,  Npou3pacTaloWwmx B
Hosocubupckon obiactn n B gpyrux permoHax PO, a takxe
OLEHWUTb 3anacbl MNPUPOAHOrO Cblpba. [epcnekTuBHble
BMAbl W COpTa pacTeHU poga Artemisia L. MOXHO
MHTPOAYUMPOBATb M BBOAMUTb B KY/bTypy, Kak OMWCaHO
[50]. Ha ocHoBe Buga A. absinthium L., npu3HaHHOroO
oduUManbHbIM NEKAPCTBEHHbIM pacTeHnem B PP u A.
vulgaris L., pa3pelieHHON K Npogaxe, MOXHO MpPOBecTU
OOMONHUTENbHbIE KAMHUYECKNe nccnefoBaHuA c
MUCMO/Ib30BAaHNEM HECKOJIbKMX BUPYCHbIX LITAMMOB U
paspaboTtatb TY 414 nNpou3BOACTBA KaMCy/MPOBAHHbIX
npenapaToB BbICYLWEHHbIX IMCTbEB, KaK pekomeHaytoT Nair
C COaBT. HAa OCHOBAHMM pPe3yNbTaToB MO 3GHEKTUBHOCTU
npenapatoB anctbes A. annua L. npotne SARS-CoV-2 [12].
Opyrvne BuAbl NONbIHEN, NpeacTaBAeHHble B  AaHHOW
paboTe, TakXKe HeObXOAMMO TLLATE/NIbHO U3Yy4YUTb B 3TOM
HanpasneHun. Hanpumep, B Kutae B camom Hayane
naHaemun COVID-19 ana npodunaktuyeckon n neyebHom
apomaTtepanuMuM B TOCMMTaNAX MCMNONb30BaAW MOJbIHb
cepebpuctyto A. argyi [51].

Takum obpa3om, Ha OCHOBAHWUWM MONYYEHHbIX HaMM
pe3ynbTaTOB MOMHO CKas3aTb, YTO BCE MUCCNEAOBaHHble
Artemisia spp. No OTAENbHbIM YacTAM PACTEHUI MOMKHO
MCMNoab30BaTh KaK ons XpomaTorpadpuyeckoro
onpepeneHva coctaBa bBAB, Tak wn  BblgeneHus
WHOMBUAYANbHLIX ~ COEAMHEHMWA  Ans  aHanusa  uX
MHIMBMpyloWero AencrtsmMa Ha penamkaumioo SARS-CoV-2
n/Wnu Apyrux BUpPycos.

BNATOAAPHOCTb

1. 3KkcnepvmeHTanbHaA paboTa BbINOAHANACH NPU
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51.Zhao Z,, Li Y., Zhou L., Zhou X., Xie B., Zhang W., Sun
J.Prevention and treatment of COVID-19 using Traditional

KPUTEPUU ABTOPCTBA

Enena WM. KasaunHcKasa BHecna ngeto nccnefoBaHus,
odopmuna MTepaTypHbIi 0630p, Nnposena cbop
PaCTUTENIbHOTO CbipbA B NPUPOAE U IKCNEPUMEHTbI MO
NUCCNeL0BaAHNIO UHIMBMPYIOLWEN aKTUBHOCTH, a TaKKe
obpaboTana pesynbTathl. Banepua [. PomaHoBa nposena
cHbOp PacTUTENLHOTO CbiPbA B NPUPOAE U IKCTPAKLMIO,
TECTUPOBAHME LUTOTOKCUYHOCTU PacTUTE/IbHbIX
npenapaTos, NPoBeia MOUCK AnTepaTtypbl. Anna B.
MBaHOBa paboTana C CyxMm pacTUTENbHbIM CbipbeMm MO
pasgeneHunto Ha oTaeNbHble YacTu (cTebnum, cougetus,
NUCTbA), NpoBena 3KCTPaKLMio. AnekcaHgp A. YenypHos
HapaboTtan SARS-CoV-2/human/RUS/Nsk-FRCFTM-1/2020.
3ympya A. MypTasanunesa y4acTBoBasia B COCTaBAEHUMU
NMTepaTypHoro o63opa 1 pegakTMpoBaHUK PYKOMUCKU 40
nogauu B pegakumio. Onua B. KoHoHoOBa KynbTuBMpOBana
KneTku Vero n VeroE6, nposena TMTPOBaHME BMpYCa U
NOAroTOBKY a/IMKBOT C onpeAeneHHbIM MHOEKLMOHHbIM
TUTPOM, NpPOBe/ia TECTUPOBAHME LLUTOTOKCUYHOCTU
pacTuTenbHbIX Nnpenapatos. Amutpuii H. LLlayno nposen
onpeaeneHve BUAOB NObIHKU B nabopaTtopumn
«lepbapuin» LieHTpanbHOro cnbmnpckoro 6oTaHMYeCKOro
caga CO PAH. Bnagumup B. PomaHIoK pykoBoaun
3Kcneguumen n nposen onpeaeneHne BUA0B NOJbIHA B
npupoge B MmecTtax npouspacraHua. Anekcanap M.
LLlectonanos pyKoBoAWN OpraHNM3aLnMoOHHOMN U
MaTepuranbHOM YacTbto 1aboPaTOPHOro UCCef0BaAHMS.
Bce BblleyKa3aHHble aBTOPbI y4acTBOBA/IM B 06CYKAEHUU

NoayYeHHbIX pe3ybTaToB B GopmaTte HayYHOM LUCKYCCUM.

Bce aBTOpbI B pPaBHOM CTENEHWN y4acTBOBa/IM B HanMcaHUu
PYKOMMCK, U HECYT OTBETCTBEHHOCTb NPY 0BHAPYXKEHUN
nnaruarta, camonaarmarta uav Apyrmx HesTUYecKmx
npobnem.

KOH®JTIUKT UHTEPECOB
ABTOPbI 3aABAAIOT 06 OTCYTCTBUM KOHB/IMKTA MHTEPECOB.

Chinese Medicine: A review. Phytomedicine, 2021, no. 85,
article number: 153308. DOI: 10.1016/j.phymed.2020.153308
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Pesiome

Lleab. AHanuM3  nocneactBMi  LENWMHHOFO  arpapHoO-COLManbHOro
meranpoekta 1954-1963 r. M COBPEMEHHbIX 3eMesibHbIX pedopm.
PaspaboTka npepnoXKeHUW K CcTpaTerMuM pasibHeirlero pasBuUTUA
NocTLLe/IMHHOrIO NpocTpaHcTea Pocecuu.

Matepnan u metoapl. McTopuyeckMe WCTOYHUKM, LaHHble MOAEBbIX
reorpanyecKkmx UCcnesoBaHU U ONpocHble cBefeHuA. KOHBEPreHTHbIN
npuHLMN, KapTorpapuyeckui, CPaBHUTE/IbHO-UCTOPUYECKINI "
CPaBHUTE/NIbHO-TUMONOTUYECKMIA  @aHa/M3,  IKCMEepTHaA  OUEHKa MU
noruyeckme o0606uieHus.

Pe3ynbtatbl. Pa3BMTO nNpeacTaB/lieHWE O COBOKYMHbIX MNOCNeACTBUAX
KPYMHEeMNLWMX arpapHO-CoLManbHbIX MeranpoeKkToB: LeanHHoro 1954-1963
., 3emenbHblx pedopm B Poccum w KasaxctaHe B 1990-e rogbl.
PaccmoTpeHsl COBPEMEHHbIE COLMaNbHO-3KOHOMMYECKNE n
JKonorMyeckne npobnembl  MOCTUE/NMHHOFO  MpoCTpaHcTBa. [laHa
onddepeHuMpoBaHHaa  oOueHKa MOTeHUMana CaMOBOCCTAaHOB/IEHUA
cTenei. Ha npumepe nOCTUENMHHOrO npocTpaHcTBa OpeHbyprckoin
obnactm MoKasaHo cucTeMHoe 3HayeHue CHOPMMPOBABLUMXCA CTEMHbIX
A4ep, AaH pAL peKomMeHAauUn No UX paLMoHabHOMY UCNONb30BaHMIO.
3aKknioueHue. [locTueNNHHOe MPOCTPaHCTBO Poccum XxapaKTepusyetca
PAAOM OCTPbIX arpoO3KO/NIOrMYECKUX U MPUPOAOOXPaHHbIX Npobaem,
3aKNHOYAOLWMXCA B CNabom pasBUTUM afanTUBHOMO XMBOTHOBOACTBA M
KOPMOMPOM3BOACTBA C COXPAHEHWEM MPUOPUTETA BbICOKO PUCKOBAHHOMO
NPOM3BOACTBA 3€PHOBbLIX KYAbTyp Ha 60rapHbiX 3emaax. DKCTEHCUBHblE
noaxoabl B 3emiefennmn, oCHoBaHHble Ha 6e3B0o3BpaTHOM Mobuansaumm
NPUPOAHbIX PEcypcoB M  3KCMAHCMM HA NOAA  MOYBO3ATPATHbIX
KOMMEPYECKUX KyNbTyp, COMPOBOMAAIOTCA Aerpajaumen mnoyYBeHHOro
NOKPOBa. B CNOMMBLUMXCA YCNOBUAX COXPAHEHME W BOCCTAHOBIEHMWE
TUTYNIbHbIX 6BuoorMyeckux obbekToB cTenen, U 6osee addeKkTMBHaA
peanusauma NOTEeHUMana pPasBUTUA  NOCTLLEJMHHOINO  MPOCTPAHCTBA
HyXZaloTcA B 6e30TnaraTesibHblX — CTpaTerMyeckux  MHULMATMBAX
npasutenbctea Po.

KnioueBble cnoBa
CTenHas 30Ha, UenuHa, 3emenbHas pedopma, MeranpoeKTbl, aganTaLus,
YMBOTHOBOACTBO, 3eM/ieieNIne, CTeNHOoEe AA4PO.
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Abstract

Aim. To analyse the consequences of the virgin lands (1954-1963)
agrarian-social megaproject, and of current land reforms. To elaborate
contributions to the Russian post-virgin land space development strategy.
Material and methods. Historical records and sources, field geographical
observations data and survey information have been used. The
convergence principle, cartographic, comparative historical and
comparative typological analyses, expert assessment and the logical
method of generalizations have been applied.

Results. A notion concerning the cumulative consequences of the largest
agrarian-social megaprojects, such as the Virgin Land campaign of 1954-
1963 and land reforms in Russia and Kazakhstan in the 1990s, has been
developed. The actual socio-economical and ecological problems of post-
virgin land areas have been examined. A differentiated assessment of the
self-reconstruction potential of the steppe is given. The value of a system
of formed steppe cores is demonstrated through the example of post-
virgin land space in the Orenburgskaya oblast and a series of
recommendations on these rational utlisation of these cores is proposed.
Conclusion. The post-virgin land space in Russia is characterised by a series
of acute agroecological and conservational problems, such as poor
development of adaptive animal husbandry and fodder production and
priority accorded high risk dry crop farming. The realisation in practice of
agronomy extensive approaches based on irreversible natural resources
mobilization and on soil consumptive commercial crops expansion are
accompanied by topsoil degradation. Under current conditions, the
conservation and restoration of title (key) steppe biological objects and
the more effective realisation of post-virgin land space developmental
potential both require urgent strategic initiatives by the Russiann
Federation Government.

Key Words
Steppe zone, Virgin Land campaign, land reform, megaprojects,
adaptation, animal husbandry, crop farming, steppe core.

© 2022 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

JKcnepTHan OLeHKa nocneacTeui KpYynHenwmnx
POCCUICKNX MeranpoekToB XX B., Cpeau KOTOpbIX ANA
cypneb creneit EBpasum pelwatowee 3HauveHue cbirpana
uennMHHaa Komnauua 1954-1963 rr.,, onpegenusasn
COBpeMeHHOe pa3BUTMEe MOCTLE/IMHHOIO MNPOCTPaHCTBa
Poccuu, nmeeT BbICOKYIO aKTya/IbHOCTb.

Hanbonee 6GnaronpuaTtHble Aana  3emnenenus
CTenHble LeHTpasibHble perMoHbl EBponericko Tepputopmm
Poccun ocsamBanmcb nocteneHHo HaduHasa c¢ XVII B., a
6onee 3acywnueble OXKHbIE U BOCTOYHbIE TEPPUTOPUM
pacnaxmMBanuncb CKa4YK0obpasHO, B OCHOBHOM B TeyeHue XX
B. B paMKax KpynHbIx npoekToB Poccuiickon Mmnepuun u
CCCP. 0O6uemn3BecTHbl Ccepua  «MWEHUYHbIX FopAYEeK»
BTOpPOA nosioBUHbI XIX Beka, CTO/NbINUHCKAA arpapHas
pedopma (1906-1911), Canbckasa uenuHa (1930-e rr.) u
LlennHHbl meranpoekT (1954-1963). MocnegHuit NpoekT,
KaK camblii  macwTtabHbll, B Haubonblen creneHun
onpegenvn cneumduKy NPOCTPAHCTBEHHOIO PA3BUTUA
06LWNPHONM TEPPUTOPUN, BKAKOYAA apeanbl KaTaHOBbIX U
CBET/I0-KALITaHOBbIX MOYB WM CNOCOOCTBOBaN PA3BUTUIO
9KONI0rMYeCcKoro Kpusuca KoHua 1980-x rr., Kasasllerocs
HeobpaTumbiM. B TOT nepuosg cTenb BCE uvalwe
YNOMMHANACh KaK Yy¥Ke HaBceraa yTpayeHHblit naHawaodT, ¢
601bWNM TPYLOM YA3aBaNOCh BbIABUTb NOC/AEAHNE YYACTKM
CTEMHbIX JKOCUMCTEM B TPYAHOLOCTYMHbIX MeCTax, U B
nociegHUn MOMEHT NpUAATb MM  NPUPOAOOXPAHHbIN

cTaTyc.

B nosaHee coBeTCcKoe BpemMsA, HECMOTPA Ha
COOTBETCTBYIOWME MPOEKTbl, Tak W He CcocToAnachb
arposKo/iornyeckas onTMMm3sauma Le/IMHHOro

npocTpaHcTBa. Bmecto 3Toro oHo TpaHcHOpMMPOBaANoChL B

NoCTUENIMHHOE Ha TeppuTopuUM  ABYX  HE33aBUCUMBbIX
rocypapct8  — Poccum  uM KasaxcTaHa,  KoTopble
0AHOBPEMEHHO 6111 BbIHYXAEHbl npoBoAnTb

pagmMKanbHble coumanbHO-3KoOHOMUYECKne pedopmbl.

3emenbHana pedopma B Poccuu, nposeseHHas B
1990-x rr. W BbINOJHUBLIAA POJb KOHTPMPOEKTA Mo
oTHOWweHMO K LlennHe, npepgoctaBuna BO3MOMHOCTb
HabnoaaTb M M3y4aTb KPYMNHbIE MACCMBbl BTOPUYHbIX
CTEMHbIX 3KOCUCTEM, MPUYEM NPEUMYLLECTBEHHO B
3aBO/IKCKO-YPabCKOM CTeNMHOM pernoHe. lMpocTpaHcTBo,
cbopmMUpPOBaAHHOE  LENWHHbIM  MEranpoekTom  nog,
B/IUAHNEM 3emenbHol pedopmbl 1990-x .,
TpaHcHOPMMPOBANOCb B  MOCTUENUHHOE, (AKTUYECKM
peanusya 3KcnepumeHT rnobanbHoro Macwraba no
CaMOBOCCTAHOBNEHUIO  cTenel.  ITOT  3KCMEePUMEHT
3aKNOYaNcA B CepuUM  MACCOBOW PacnallKkuv AeCATKOB
MWINMOHOB reKTap cTeneit W Noafep)KaHuu ux B
pacnaxaHHOM COCTOAHWW (CBOEro poJa «CyKLLEeCCMOHHOM
Kome») Ha npoTaxeHuu 40 net, a 3aTtem, CTONb XKe
MaccoBOM U ObICTPOM OCTaB/feHMW B 3anexb b6es
duTomenvopaumn. Ero  MOXKHO  pacueHuBaTb  Kak
UCTOPUYECKUIA U reorpaduueckmii eHomeH, npu noboi
OanbHelwel cygbbe cTenen yxe ocTaBMBLINI becueHHoe
Hay4yHOE W NPUPOLOOXPAHHOE Hacneame.

MonyyeHHble HOBble CBeAeHUA NpefoCcTaBuUan
BO3MOYHOCTb no-HoBomy CpPaBHUTb cneunopury
NOCTLLENMHHOIO MPOCTPAHCTBA C CEeBEePOaMEPUKAHCKUM
QHaNorom, B T.4. B KOHTEKCTE Pa3BUTUA OXPaHbl CTenen u
npepuin. Pe3ynbTaTbl CpaBHEHWW MMeIOT onpepenéHHoe
3HayeHue B Pa3BUTUN Teopuu reorpadun 1 cteneseseHun
M aKTyanbHbl A4 pa3paboTkM W peanusauuu  HOBbIX
KpyNHOMacWTabHbIX arpapHblX, NPUPOAOOXPAHHBIX U
YrNepoaHbIX MPOEKTOB, B TOM UMCNE COBPEMEHHDIX,

npeaycMmaTpuBatoLwmX AeKapboHu3aLmio npupogo-
NoNb30BaHUA.

MATEPUAN U METOAbl UCCNNEQOBAHUA

MccnenosaHua  NpPoOBOAMAMCL MO KOHBEPreHTHOMY
MPUHUMNY Ha OCHOBE CTEMeLeHTPMYECKoro noaxoda C
MCNONb30BaHMEM NCTOPUYECKMX WCTOYHWKOB, c
NPMMEHeHMEM  METOAO0B  MOJEBbIX  reorpapuyeckmx
nccaenoBaHui, CPaBHUTE/IbHO-UCTOPUYECKOTO "
CPaBHWUTENIbHO-TUMOMIOTMYECKOrO  aHanu3a,  OMPOCHbIX

OAHHbIX, METOAMK 3KCNEPTHbIX OLEHOK M NOTMYECKUX
06o6LeHnn.

NONYYEHHbIE PE3Y/IbTATbI U UX OBCYXKAEHUE
CneumduKa peanusaumm NPOEKTOB, HaNpaBAEHHbIX Ha
pacnaLKy LeNVHHbIX 3eMeb, X MacwTabbl U TEXHUYEeCcKoe
OCHalleHne cnocobcTBOBaNM TOMY, UYTO B BOCTOYHOM
cekTope cTene EBpasum K cepeanHe XX B. ewé
COXpaHAIUCH [EecATKU MUWNNOHOB rekTapos
HepacnaxaHHbIX LEeNVHHbIX U 3aNeXHbIX 3emMenb Ha
NONHONPOOUABHBIX MOYBaX; [AECATKM TbICAY TeKTapoB
LLe/IMHbI COXPAHANOCH Ha 3eM/IAX KOHEBOAYECKMX XO3ANUCTB,
CcOOPMUPOBAHHBIX A1 BOEHHbIX HYXKA; 3HAYUTE/IbHYIO
[ONK0 MallHM COCTaBAANWM MOCEBbl MHOTONETHUX TpaB. B
Havane 1930-x rr. Ha 3TM 3emesibHble pe3epBbl 0bpaTuna
BHMMaHWe COBETCKAA arpapHan Hayka B aunue y4yeHbix H.W.
Basunosa u H.M. TynaiikoBa, KoTopble 06OCHOBANU
pacnawky 11-11,7 MAH. ra YepHO3EMHbIX NMOYB HA BOCTOKE
cTenHom 30Hbl. T.[. J/IbiIceHKO ONNOHMPOBan UM, Npeanaras
AenaTb CTaBKy Ha co3gaHue 6osee NpPoAyKTUBHbIX COPTOB
3epHoBbIX [1]. B 1941 rogy uaea uennHbl npuobpena
0CObYI0 aKTyanbHOCTb: B CBA3W C BPEMEHHOW yTpaToW
KUTHWL, CTPaHbl, PYKOBOACTBO MOPYy4Ynno  MHCTUTYTY
reorpapum AH CCCP B TpéxmecauyHbli CPOK OBOCHOBATbL
HoBylO UennHy B CeBepHom KasaxcraHe. dkcneamuma nog,
pykoBoactBom aupektopa WHctuTyta reorpadum  AA.
lpuropbesa yxe B asrycte 1941-ro r. npuctynuna K
nonesbIM WUCCNef0BaHWUAM, a B OKTAbBpe Toro e roaa,
npaBuTeNbCTBY Obln NpesocTaBieH nepsbli OTYET. PaboTbl
npogomKkanuce go 1943 r. B pesynbtate 6bina 060cHOBaHa
BO3MOHOCTb pacnawku 13 MAH. ra WeanHHbIX 3emesnb C
HanMAy4Wwnm BUOKNMMATUYECKMM MOTEHLMANOM, TO ecCTb
nosmuun reorpadum  oKasanucb  6AM3KM  NO3ULUAM
arpapHbIx Hayk [2].

HepocTtaTok pecypcoB 1 3acyxa 1946 r. obycnosuam
roCyZlapCTBEHHbIN MNPUOPUTET W MOAAEPKKY Pa3BUTUA
a[anTMBHOTO Masno3aTpPaTHOrO CTEMHOro *KMBOTHOBOACTBA,
B T.Y. KOHEBOACTBA B MOCAEBOEHHbIN Nepuog. B otseT Ha
3acyxy 1946 roaa onepaTMBHO BBOAUTCA B UCMOHEHME T.H.
«CTannHCKnM nnaH npeobpasosBaHusA npupoapi»,
pa3paboTaHHbIN ewé B 1938 r. ITOT arpapHO-COUMANbHbIN
meranpoekT Obl1 OpMeHTUPOBaH Ha JlecocTenb W CTenb
Esponeiickoit  Tepputopum  Poccumn, HO  3aTPOHyA
MNpeaypanbe u 3aypanbe, a TakxKe KyayHOMHCKYIO cTenb B
AnTalickom Kpae. MpoeKT 6bin HaueneH He Ha yBennyeHue
NoceBHbIX NAOWaAen noa 3epHOBbIMM, @ Ha CMArYeHue
BO34ENCTBUA  HebNaronpusaTHbIX  MOroAHbIX  YC/0BUM,
NoBbIWEHNE KYNbTYPbl 3eMiefenns U pasBuUTUE BOAHbIX
mennopaumii. B pamkax CtaamHcKoro nnaHa 6oina cos3gaHa
HenpepbiBHaA CceTb BETPO3aLMTHbIX J1econosoc no
beperam  KpymHbIX  peK; WHTEHCMBHO  Pa3BMUBaINCH
nosesawuTHan necomenuopauums, 3aperyampoBsaHue
MECTHOrO CTOKa; naowaAb MNOCEBOB MHOFO/IETHUX TpaBs
3aHANa A0 YeTBepTM nawHu [3].
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OAHOBPEMEHHO KaK Ha BCECO3HOM, TaK M  Ha
perMoHasbHOM YPOBHAX MPEANPUHUMAIOTCA YCUAMA MO
pPa3BUTUIO aJaNTUBHOMO CTEMHOIO YKMBOTHOBOACTBA, B T.4.
KoHeBOACTBa. B okTAbpe 1949 r. npuHaTo MNocTtaHoBNEHME
Coseta MuHuctpos CCCP n LK BKM(6) ot 15.10.1949 Ne
4747 «O nnaHe pa3BUTMA KOHEBOACTBA B KOJXO3aX,
COBX03aX M KOHHbIX 3aBofax no obnactam, Kpasm W
pecnybnmkam B 1950-1951 ropax», B OpeHbyprckoi
obnactn B HoAbpe TOro Ke roga npuHATo MocTaHoBNEHWE
OpeHbyprckoro obancnonkoma n 6opo obkoma BKMN (6)
«O pa3BUTMN KOHEBOACTBA B KOIXO3aX, COBX03aX U KOHHbIX
3aBogax B 1950-1951 rr.». Ewé BO Bpems Benukoi

OTeyecTBEHHOW BOMHbI CTaBUTCA 3ajaya BblBeAEHUA
a4anTUBHLIX  MOPOA, CMOCOBHbIX C  MWUHWMANbHbIMM
3aTpaTaMM  OCBOMTb  OFPOMHbIE  KOPMOBbIE  Yroabs
LeNNHHbIX  permoHoB Poccunm - KasaxcrtaHa. 3JTa

cTpaTernyeckana 3afaya bOblna pelleHa BblBEAEHMEM W
anpobaunein aganTUBHOM NOpPOAbl KPYMHOrO poraToro
CKOTa, M3BECTHOM KaK Kasaxckas 6enorosiosas, KoTopas
nokasblBana peHTabenbHble npuBechl, ncnonb3sysn
WUCK/OYUTENIBHO KOPMOBYIO 633y UEAMHHBIX U 3a/eXHbIX
3emenb BOCTOYHOrO CeKTopa cTenei. BarKHOCTb 3TOW
WHHOBaLMK bBblna npusHaHa npucyxkaeHnem CTanuHCKoM
npemnn 1950 roga 3amectutento gMpekTopa Ykanosckoro
HUWU monoyHo-macHoro ckotosoactsa K.A. AKONAHY U ero
coTpygHukam [4]. B 3TOT nepuofs B TOM Ke yuperKaeHUn
6bin0  pa3pabotaHO M anpobupoBaHO MeToAMYecKoe
PYKOBOACTBO MO pauMOHasbHOMY  WMCMNOJ/b30BAHMUIO
CTenHbIX nactouw, npegycmaTpusatollee
nacTouw,eobopoTbl M pPasINyHble BapWaHTbl MPUKOPMA.
OHO TaK e 6bi10 yaoctoeHo CrtanuHckoi npemun B 1951
r. [5].

K Havany 1950-x coBeTcKaAa arpapHaa Hayka
paspabotana UM YHWKaNbHYO afanTWBHYO  nopoay
KPYMHOro poraToro ckoTa, NpucnocobneHHyto adpdpekTUBHO
OCBOWTb KOPMOBbIE pecypcbl CTerel, COXpaHAA MUX B
LeNMHHOM BMAe, W aJanTUBHYIO CUCTEMY CTenHbIX
nactéuweobopoTos, cnocobHyto [0NrOBPEMEHHO
noaaepxusaTtb peHtabenbHoe noronosbe. Heobxogmmo
NoAYEPKHYTb, YTO B Havane 1950-x rr. CTafIMHCKMe npemuu
NpUCY)XA4anncb 3a YCUAMA NO MOUCKY BO3MOMKHOCTEMN
paLMOHaNbHOrO  MCMO/Mb30BAHWUA  LLE/IMHHBIX  CTeMHbIX
3emenb Kak KopmoBbix. OfHAKO, CNycTa HECKONbKO JeT,
nocne CMeHbl NONWUTUYECKOTO PYKOBOACTBA  BbICLIME
rocyapCTBEHHbIE Harpazbl U MOOLWPEHUA NPUCYKAANUCD
y)Ke 3a MNpAMO NPOTMBOMOJIONKHbIE AOEWCTBMA — 3a
MaCCOBYIO PacnaLlKy TeX e CamblX 3eMeb.

B uenom, uaea pacnawku LeAuHbl XOTA WU He
npuHagnexana H.C. Xpywésy, € KOTOpPbIM MNPOYHO
accoummpyeTtca, HO WMMEHHO €ro BOJIEBbIM pelleHUem
060CcHOBaHHblE HAyKoOW MAaHbl OblAM  NepeBbINONHEHbI
6onee yem Tpu pasa. [o3TOMy BaXKHbIM NpesMeTOM
MUCCNef0BaHUIM ABAAETCA YTOYHEHUE NMPUYMH U MOTUBALMN
MHOTOKPATHOTO  MPEBbIWEHUA He  TOMbKO  Hay4yHO
060CHOBAHHbIX, HO M YCTAHOBNEHHbIX MOKa3aTesen
pacnawkun. Mo mepe M3y4yeHWA WUCTOPUYECKUX BOMPOCOB
3TOro NPOEKTa, Mbl MPULLAW K BbIBOAY, YTO OH OKa3ascs He
CTO/IbKO  BOJILOHTAapPUCTCKMM, CKOJIbKO CTPaTermyeckum,
pewaBwmnm Lenblii Komnaekc npobnem n BbI30BOB 3a
CeNbCKOX03ANCTBEHHBIMM PaMKaMK, KOTOpble peLlannch
macwtabHoW (meranpoeKkTHOM) nepebpoCKoN TEXHUKM,
pecypcoB M nofen B BOCTOYHbIM CEKTOP CTEMHOM 30HbI
CCCP [6].

LlennHHbit meranpoekt (1954-1963) ceeplumnacs
KaK Hanbonee macwTabHbIW U OTHOCUTENBHO O6BEMA
pacnawku (B uenom B CCCP 6bin0 pacnaxaHo cebiwe 41

MJIH. ra, U3 HUX 16 maH. ra 8 PCOCP, 25 maH. ra 8 KasCCP),
M NO CPOKam peanusaumm (OCHOBHble 3emnau, cbiwe 36
MJIH. Ta, 6bINM pacnaxaHbl BCEro 3a TPW rofa, YTO HAMHOTO
NpeBbICMNO NepBOHaYanbHble nnaHbl) [7; 8]. B PCHCP
6bonblue BCEro UEAMHHbIX 3emenb 6blno pacnaxaHo B
Antaiickom Kpae (2,9 maH. ra) u OpeHbyprckoit obnactu
(1,8 mnH. ra) [9]. Takme macwTabbl HOBOW pacnalKku
obycnaenvMBanucb, C OAHOW CTOPOHbI, CTpaTernyeckowm
HeobxoAMMOCTblO, C  Apyrow —  MNPUHLUNUAAbHBIM
HENpUATUEM HOBbIM PYKOBOACTBOM CTPaHbl TPAaBOMNO/IbHOM
cucTemsl 3emnesenvs, npeacraBnsBLIenca
HepaLMOHaAbHbIM UCMO/Ib30BAaHNEM MPOCTPAHCTBA.

C nosuuuii cTeneBefeHUs LENMHHbIN MeranpoeKkT

MOXHO paccmaTpusaTtb KaK 20cy0apcmeeHHyo
uHuyuamuey no momasnsHol mpaHcgopmayuu
ecmecmeeHHbIX  CMernHbIX  PUMOUEeH0308 C  Yesbio

passumus 602apHoO20 3epHOB8020 x03Alicmea. JIMKBngauma
CTEMNHbIX GUTOLLEHO30B HOCWM/JIA CUCTEMHbBIN  XapaKTep:
pacnalika nocnefHux CTenHbIX Y4acTKOB, B OCHOBHOM Ha
CK/IOHax, B CTapPOOCBOEHHbIX CTEMHbIX PernMoHax, B T.4. B
YKpauHe; pacnawka CTenHblX 3aNOBeAHWKOB M Hay4HbIX
CTaLMOHApPOB, B T.4.

- COKpalleHWe OXpaHAeMblX CTEMHbIX Yroaui B
3anoseaHuKe AckaHuA-HoBa;

- pacnawka MHOFo/IeTHMX TpaBs
TPaBOMO/NLHOM CUCTEMBI 3eMIeaenms);

- pacrawka 3emesib BOEHHbIX KOHHbIX 3aBOAOB
(NpaKTMYeckn MONHOCTbIO pacrnaxaHa TeppuTopusa bonee
CTa KOHEe3aBoA40B);

- pacnawKa CEeHOKOCOB WM MacTOMLHbIX yroaui B
CYLLLECTBOBABLUMX XO3ANCTBAX;

- pacnallka Le/IMHHbIX 3eMe/ib C CO34aHNEM HOBbIX
XO3AMUCTB.

B CBOWCTBEHHOM TOMYy BPEMEHU T[UrAHTU3IME
a[anTMBHOE  MBOTHOBOACTBO W  KOHEBOACTBO  Ha
€CTECTBEHHbIX NacTbuwax npeacTaBAANOCh apXaUyHbIM,
OTCTaNbIMm, He COOTBETCTBYHOLLUM anoxe. 310
naeonornyeckoe Hacneaue LLeNIMHbI, ocobeHHOo
rMnepTpodupPoBaHHbIM B TO BPEMS NPUOPUTET NALHW B
3eM/1eYCTPOMNCTBE, €€ KHENPUKACAeMOCTb» /1A NepeBosa B
HEeMaxoTHble KaTeropuu 3emesib, NPOYHO 3aKpPenuiocb B
CO3HAHMM KaK «LUEe/IMHHbIN CUHAPOMY», COXPaHAIOLWMNINCA U B
Halle Bpems.

CornacHo macwtabam u peanbHbiM Lenam, LenvHa
Obl1a KOMMIEKCHBIM CTPaTerMYeCKMM MEranpoeKkTom, Mo
OEeKNapupyembim  Uenam  —  arpapHO-COLManbHbIM,
cornacHo ynpaBaeHuto - rocyapCTBeHHO-
AAMUHUCTPATUBHbBIM, OTHOCUTE/NIbHO KaApoBOro CcOCTaBa
MCMNOJIHUTENEN — MPEUMYLLECTBEHHO MOIOAENKHbIM.

Kak un Bce meranpoekTbl, LLennHHbIN, mMobunnsys
YUYEHDIX, TOXE cnocobcTBoBan pasBUTUIO
dyHAAMEHTaNbHbIX reorpaduyeckmMx UCCefoBaHU B
cTenHon 3o0He. [lpobnema 3akaoyanacb B TOM, YTO O
KO/IMYECTBE MaxoTOMNMPUroAHbIX 3eMe/lb UMEINCH, FNAaBHbIM
obpasom, obwwue cBegeHusa. CneumduKka BOCTOYHOIO
CeKTopa cTenHoW 30Hbl EBpasun B TOM, 4YTO MacCuBbI
NONHOMPODUNBbHBIX CYF/IMHUCTBIX MOYB YepeayrTca C UX
CO/IOHUO0BbIMU U KAMEHUCTbIMW BapuaHTamu. Heobxoanmo
6blN10 B KpaTyalwme CPOKW He TO/IbKO HalTu Haubonee
noaxogALLmMe y4acTkuM, HO M BblAenTb UX B HaType. Tak Kak
cTenHas pacTUTENbHOCTb aBnaeTca Hanay4ywnm
MHAMKATOPOM MOYBEHHOrO MOKPOBA, LE/NMHHAA 3nones
Nno3Bo/nAa XOT Obl OTPbLIBOYHO W3YUYUTb PACTUTE/bHbIN
NOKpPOB CTenel B palloHAaX HOBOro 3emiefenbyYeckoro
OCBOeHMA. B cKaTble CpPOKM yaanocb Bbl6OpPoOYHO
obcnefoBatb HEKOTOpPble  MacCMBbl  MaXxOTOMPUIOAHbIX
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3emenb M, CaMoe [/laBHOe — OCTaBUTb A/ MOTOMKOB
onucaHue yTpayeHHbIX CTenHbix yroauii [10].

HeraTvBHble NOCNEACTBUA LLEeSIMHHOTO MeranpoekTa
NposABUANCE GaKTUUECKM Cpasy MO €ero 3aBepLUEHUI0 U
6bINM NPU3HAHbI AaKe UHUUMATOpPaMK. B MHTepBbio raserte
«Hbto Mopk Taiime» oT 23.02.1964 r. H.C. XpyLLéB npu3Han,
YTO YacTb ObIBLUMX LENUHHbIX 3eMenb NOCTPaAaBLIMX OT
3po3uu byper  nepeseseHa B nacTouwa, a
rocyaapcTBeHHble ycunua byayT nepeHanpasieHsl B bonee
bnaronpuAaTHble  ans  3emnaegenus  pervmodsl  [11].
Bo3mMOXHO, 3TO  6bINO  HamepeHMeM  3aBepLUTb
npepBaHHbIM  «CTa/IMHCKMA NAaH» M morno 6bl cTaTtb
TaKOBbIM, OIHAKO, UMEHHO B 3TOT MOMEHT B CTPaHe CHOBA
npousowsia cMeHa pyKoBoAacTBa. B pesynbTate BmecTo
NPUHLUMNNANBHOW  OLEHKM  MOCNeACTBUMA  LLeIMHHOTO
MeranpoeKkTa HacTynua nepuos ero  WHEepUMOHHOro
passutua. K cepeamHe 1970-x rr. 6b110 pacnaxaHo ewwé
6onee 5 MAH. ra KalTaHOBbIX MOYB C OAHOBPEMEHHOW
peanusaumeir  uyactm  «CTanMHCKOro  naaHa»  6e3
NPUHLMNNANBbHOTO ANA CTENel NpuopuTeTa TPAaBOCEAHMUA U
KOHCepBaLn MasonpoayKTUBHON NALLHMU.

Tepputopus, oxBayeHHas COBETCKMM
MerarnpoeKTomM Mo pacnallike crened — 3TO UenuHHoe
MpPOCMPAHCMBO, KOTOpPOE CyWeCTBOBas0 OT Hayana
Kamnaumm (1954) po pacnaga CCCP  (1991). Ha

NPOTAXKEHUWN BCEro 3TOro Nepnoaa, Ha 3TOM MPOCTPaAHCTBE
WCKYCCTBEHHO  MNOAJEPKMBANOCH  3eMJ/IeYCTPOWCTBO U
3em/senonb3oBaHue, chopmunpoBaHHoe no
AAMUHUCTPATMBHOM rOCYA4apCTBEHHON MHULMATHBE.
dyHaaMeEHTaNbHBIM cBOMCTBOM LEe/IMHHOro
NPOCTPAHCTBa, C TOYKWU 3peHUs reorpaduyeckon Teopuu
[12-14], 6bino HecooTBeTcTBME TpebOBaHUM M NNaHOB
NpPUPOAHOMY  MOTEHUWMANy yYroaui, BO3HMKLIEMY B
pe3ynbTaTe pacnawku 25 MAH. ra  NOTeHUManbHO
MasIoNPOAYKTUBHbIX 3EMesb Ha Pa3/IMyHbIX MNoATUMAX
KalUTaHOBbIX Mo4B. MpeBblleHWE HAyYHO OBOCHOBAHHbLIX
npeaenosB OCYWeCTBAANOCL HE TONbKO Mo TpeboBaHUAM
pyKOBOACTBA, HO W MO J/IMYHOM WMHULMATUBE PALOBBIX
LeIMHHUKOB M pyKoBOAMTENEW Ha MecTax. HecooTBeTcTBue
TEXHO/IOTMYECKOM OCHALWEHHOCTU U JIIOACKUX PecypcoB
bMOKAMMATMYECKOMY MNOTeHUMany Tak W He 6biao
NIMKBMAMPOBAHO A0 CamMOro  KOHLA  CyW,ecTBOBaHWA
LEeNMHHOrO MpoCTpaHcTBa. (daKTMyecKas YpOXKaMHOCTb
NPaKTUYeCcKn HUrae He npubaunsmnaco K
61onoTeHUManbHOW  (TOXKe OTHOCUTENbHO HW3KOM), B
nosgHee COBETCKOE BPEMA [aHO 3KOJI0r0-3KOHOMMUYECKOE
obocHOBaHME COKpaleHMA MalHWM B ABa pasa Ha
Le/MHHOM npocTpaHcTee CeBepHoro KasaxcraHa [15].

C COLMaNbHO-3KOHOMUYECKUX nosuuui
nNpobaemMHbIMM  CBOWCTBAMM  LLEIMHHOTO MPOCTPAHCTBA
bbinn npedenvHo ycmolivyugblie U cmabusibHbie 06bEMBI
MaxomHeix 3emens ¢ meHOeHyueli medneHHO20 pocma npu
Heycmoliyueocmu u wupokol amnaumyoe KonebaHuli (8
pasel) ypoxcaliHocmu u 8asn08bix c6opos 8 3asucumocmu
om 6aa2onpuamHocmu no2o0HbIx ycaosuli 200a. Mpwu
3acyxax XO03AWCTBa HeCAU OrpoMHble YObITKM BRAOTb A0
NMOIHOTO CNWUCAHWA NOCEBOB, @ B 0CODO yposKaWHble rofbl
npoucxoaunn 6onblive NOTepU 3epHa M3-3a HEXBATKU
pecypcoB Ans y6OopKU M HAZEKHOro xpaHeHwus. Moatomy
BbICOKME YpOXKau, KaK HU NapagoKcanbHO, ABNAAUCH MOYTU
CTO/Ib e TAXKENbIM BbI30BOM KaK HEYPOXKaW.

LlenMHHOEe  NPOCTPaHCTBO  XapaKTepW30BasoChb
BbICOKOW arposKo/IorMyecKom " coumanbHo-
3KOHOMMYECKOW  HanpsXEHHOCTbIO, NPUBOAMBLLEN K

6onbluMm moTepAM M Hegobopy yporKas, a TaKKe
rny6oKoMy NaHAWAaGTHO-IKONOTMYECKOMY KpU3KCy cTeneit

[16].  CokpalweHwe  3TOM  HanNpAXKEHHoCTM  6blio
HeobxoaAnMOo eLé B NO3AHECOBETCKOE BPEMSA, HO He 6blno
nposeseHo. Heobxoammbl 66110 NPUBECTM B COOTBETCTBUE:

- CTPYKTYpy arponaHgwadToB W pacnpeneneHuve
NoCeBHbIX NJiowanen BMOKAMMATUYECKOMY NOTEHUMANy 1
TEHAEHUMAM ero U3meHeHus;

- arpo3KO/NIOTMYECKYlD U MPUPOLOOXPAHHYIO
NONITUKY YPOBHIO PasBUTUA U 3IKOJIOTMHECKON KynbTypbl
nepesoBbIX CTPaH MUPa;

- 06bEMbI NaWHM agemorpaduyeckoin cuTyaumu,

¢dUHaHCcoBbIM BO3MOXHOCTAM " TeXHUYECKOM
OCHALLLEHHOCTU CeNbCKOro X03AM1CTBa;
- ypoBeHb BHEAPAEMbIX  arpoTEXHONOrM

BMOKAMMATMYECKOMY NOTEHLMANy M TeHAeHUMAM ero
N3MEHEeHus;

- 3epHOBOro  Xo3alcTBa HynieBOMY UM
NoNOXUTENbHOMY DasiaHCcy NOYBEHHOTO Fymyca, B T.M.
NyTEM OTKa3a OT YEPHOTO Napa B CYXOM 3eM/IeeNNMN.

B KoHue 1980-x rr. pykosogctBom CCCP
obcykpganacb npobnema macwTtabHOM  KOHcepBauuu
MasIoNnpPoOAYKTUBHbIX 3eMeNb Ha LEeNMHHOM NPOCTPaHCTBe.
B cTenmHbIXx pernoHax 6bLIM nNpoBefeHbl paboTbl Mo
MHBEHTapM3aLmm naLHu c BblaeneHmem
MasIoNnpPoAYKTUBHbIX Y4acTKOB g/na  KOHcepsauuu. B
OpeHbyprckoii obnactn 6b110 BbiABAEHO 283 TbIC. ra TakUX
3emenb. OCHOBbIBAACb HA MTOrax 3To paboTbl, MecTHble
opraHbl Bnactu obpatnamcb B Cosetr MuHuctpos CCCP ¢
npocbboi 0 paspeleHnn Ha KOHCePBaLLMIO, HO HEU3BECTHO
HW OAHOrO CTEMHOrO PernoHa, rae Takasa KoHcepBauus
3emesnb bbina 661 oPpuuManbHO NposeaeHa.

K KoHuy 1980-x B CCCP cdopmupoBancs
COUManbHbIM 3aKa3 Ha pPbIHOYHbLIM 06OPOT 3emenb, C
peanusaumeit KOTOPOro Ce/ibCKUE KUTEAN HAZeANUcCb Ha
nosbllweHne  3bPeKTUBHOCTM  3emnesenva.  TaKkxke
nosBuIacb HeObXOAMMOCTb OXPaHbl MPUPOABI, C KOTOPbIM
HayKa CBA3blBaNa HafAeXAbl Ha  COXpaHeHME U
BOCCTaHOB/IEHWE NOYB M Hanbosiee NOCTPAAABLUMX CTEMHbIX
aKocucTteM. B 3TOT nepuos NpPOUCXOAMT aKTUBM3ALMA
pa3Butua  OpeHOyprckoM  LWKOAbI  CTeneBefeHua  u
peanusyetca naea yupexgernuna MHctutyta Crenu.

MpuBaTn3auma cenbxosyroamni, HavyasLwanca B 1992
r., Kak 3TO HM NapafoKCca/NbHO, HOCWNA He CTOJIbKO
PbIHOYHbIM UK Tem Bonee arpoO3KONOrMYECKUI NPUOPUTET,
CKO/MIbKO MNPUOpPUTET CNpaBeA/IMBOCTM B pacnpeseneHnu
3emesib, B KaYecTBe KaKOBOM NPU3HaBaioCb PpaBHOMEPHOe
pacnpeaeneHme mexay BCEMU CeNbCKUMMU KuTenamu. Mpu
TaKOM MpuopuTeTe He MOr10 BbiTb U PedYn 0 Kakom-1nMbo
COKpalweHun  odbuumanbHom nawHun.  Cneactsuem
pacnpeaeneHuns no Takon cucTeme cTana crneumduyeckas
poccUiMcKan pasHOBUOHOCTb 3eMesIbHOM COBCTBEHHOCTU —
3emMefibHbIA  Mai, npeacTaBnNsaBWUM coboii npaBo Ha
AanbHelwee odopmaeHne B YacTHYO COBCTBEHHOCTb 40U
3EM/IM COBETCKOTO Ce/IbX03Npeanpuatus. CNoXKHbIN NyTb OT
npasa A0 peanbHOro BAageHuA 6bin nNo xody pedopmbl
OC/IOXHEH W, Takum obpasom, nai caenanca cKopee
BMPTYaNbHbIM. [N MHOMMUX CENbCKUX JKUTENel 3TO cTano
cKopee obpemeHeHUeM, Yem H6aarum npuobpeTeHnem, a B
WMHCTUTYLMOHAIbHOM  OTHOLUEHWMU  3eMEfbHbIM  nal
3aKOHCepBMpoBan Nno34HecoBEeTCKYo CTPYKTYpPY
Cenbxo3yrognii, T.K. CMeHa MNponopuui yroguin pasHoro
BMAA Heu3bexKHO ylwemnsana npasa obnagaTenei naés.
Mpu Takom noAxo4e BO3HWKAW HOBble npobaembl
nepesofa NawHW B APYrol BWUA, CE/IbCKOXO3AUCTBEHHbIX
Yyroaui, cpesim KoTopbIx:

- KpaiHe 3aTpygHUTENbHOE M3MEeHeHue
NCMO/Ib30BaHNA;
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- OC/I0XXHEeHMe PbIHOYHOrIO o6op0Ta 3emenb,;

- HeBocTpeboBaHHOCTb: 3abpoc nawHuM 6es
npeasapuTenbHoi pUToMenmopaLmu;

- CTMXMMHAA  CaMOKOHCepBauuMa  NalHKM ¢
CaMOBOCCTaHOB/EHMEM CTenei.

MonbiTKa cnpasen/iMBoi npueaTM3aLmnm
cenbxosyroanii (HackonbKo npueaTMsauma

Ce/IbCKOX03AWCTBEHHbIX 3emeslb BO3MOXHa B Poccum B
npuvHUMne) BblIMNACL B NPUBATU3aLMIO NO34HECOBETCKOM
CTPYKTYpbl  cenbxo3yroauin. Takon  noaxon  mano
COOTBETCTBOBA/ HafeXAaM Ha ONTUMM3ALMIO XO3AWCTBA B
PbIHOYHBIX YCNOBMAX, T.K. MO34HECOBETCKAA CTPYKTypa He
0oTBeYana HM BUOKAMMATUUECKUM, HU arpO3KOSOrMYECKUM
napametpam, a Tem 6onee He 6bina cbanaHcMpoBaHa C
TOYKM 3pEHUA PasMeLLEHNA HACeIeHNA U TEXHONOTUYECKUX
BO3MOXHOCTEN. Ha  Tepputopuax C  HaUMEHbLUUM
arpoKAMMaTUYECKMM  NOTEeHUManom, ocobbim puUcKom
6orapHoOro 3emsnefenua U MeHALWMMCA KAMMATOM, Cam
3emeNbHbIA Nal M BCA 3Ta CTPYKTypa OKasanucb obysoi
ANA  Bnagenbues, 3aTpyAHEHVWEM  ANA  NOCTPOeHMA
3eMe/IbHOrO PblHKa M OodUUMANBHBIM TOPMO3OM  ANA
ONTMMM3ALMM  CTENHOrO  3eM/Ien0nb30BaHuA.  Takas
CUTyauWA B CTEMHOM 3eMJ/Ieno0/1b30BaHUM cnocobcTBoBana
npoL,eccaM cCamoBOCCTaHOB/IEHWA CTEMHbIX IKOCUCTEM.

CywiecTBoBaBLUas CTPYKTYpa cenbxosyroamii
BCTYNMWAa B NpOTMBOpEYMe C  SKOHOMUMYECKUMMU
obcToATenscTBaMm " nostomy, COXPaHMBLLMUCb

oduUManbHO, HaA MpPaKTMKe OKasanacb HapyLWeHHOM.
Pe3Kkoe COKpalleHWe NoceBHbIX NaoWazaein Nponsowno He
cpasy C BBeeHMeM NaeBon cuctemsl, a nocne 3acyx 1996 m
1998 ronos, Korga octanncb 6e3 cemMsiH U ApYyrMx pecypcos
60/1blWOe KONMYECTBO XO3ANCTB CTEMHOWM 30HbLI. MaccoBoe
COKpaleHve nawHuM B Poccum npuwnocb Ha pybex
TbICAYENETUM U NO HALMM OLEHKaM OXBaTU/IO HE MeHee
35-40 mnH. ra. B KasaxctaHe B TOT e nNepuos NOCeBHble
njowaan COKpaTUIMUCb MoyTM B Tpu pasa. Bmecte, 310
COMNOCTaBMMO U Aarke 6osblue NAowWwaan Bce NoAHATON B
1950-e rr. uenuHbl. Hanpumep, B OpeHbypkbe B 1999 r.
OTMEYasioCb MOYTU [ABYKPATHOE COKpalleHMe MOCEBHbIX
naowaaen, T.e. ¢ 6 4o 3 MAH. ra.

B Hauane XXI Beka B pe3sysbraTte peanusauum paga
HaUMOHabHbIX arpapHbIx NPOEKTOB BO3HMKNA
COXPaHALWAACA A0 CMX NOP YCTOMYMBAA TeHAEeHUMA K
NOBTOPHOM pacnallKe 3anexen. Tem He MeHee, Mo PasHbIM
oueHKam To/MbKO B Poccum 3anexHble 3emnm  ewé
3aHMMaT oT 16 Ao 35 MAH. ra, NPeMmyLLecTBEHHO B
HeuepHo3zembe. M3 cTenHbix pernoHos, B OpeH6yprckoi
obnact okono 0,7 MAH. ra.

B Hactoswee Bpema [pasutenbctBa Poccun u
KasaxctaHa npwunaraloT  ycuava  ANA  BO3BpaLLeHMUA
3abpolweHHolM nawHM B 0bopoT. Habnoaaerca TeHaeHUMA
OOMWHUPOBaHMA KPYMHbIX CeNbCKOX03ANCTBEHHbIX
BEPTUKAZIbHO MHTErPUPOBAHHBIX KOMMAHWI, B CBA3M, C YEM
BO3HMK/A Npobnema agantaumMm MUANMOHOB BNnajenblieB
naés K HOBbIM YC/NOBUAM  CENbCKOXO3AMNCTBEHHOIO
npou3BoACTBa.

Takum obpasom, naHpwadTHble NOCNeaCcTBUA
Le/IMHHOrO MeranpoeKkTa OKasa/iucb 06paTMMbIMU TOJIbKO
npyv  peanusaumm  COMOCTaBMMOrO N0  MaclTabam
KOHTPMPOEKTa Ha Tex e TeppuTOpMAX, KaKOBbIM CTana
npvBaTM3aLMsa COBETCKUX CENbXO3yroaui — 3emesbHas
pedopma 1990-x rr. Mpu maccoBOom M eaUHOBPEMEHHOM
3abpoce nawHu 6e3 putomenmopaumm npu HebonblUoM
BEPOATHOCTM CTEYEHUA HEOBXOAMMBIX YCNOBUIN BO3HMKAET
pag oyaros ana pacKkpbITUA noteHyunana
CaMOBOCCTAHOB/EHMA crenen. YHUKanbHOCTb

nocsnenoBatesibHOCTU LleIMHHOrO npoekTa U 3emesnibHOM
pedopmbl cocTout B becnpeueaeHTHOM MaclwTabHOCTH,
CKOPOCTU peanunsauum M NPOCTPAaHCTBEHHOM COBMaZeHUMU
o6oux npoekToB. OueHKa NOCNeACTBUMA STUX MEranpoeKToB
Nno3BoMAET Ha  MNpPaKTUKe  YCTaHOBUTb  MOTEHUMan
CaMOBOCCTAHOBNEHUA CTENEN.

dDaKTUYECKM Mbl Habalogaem cLeHapuit pasBuTUA
cobbITMit  «Hasaa K npupoge», HO B CUAY 3aKOHA
MUCTOPUYECKOM HeobpaTUMOCTM 3TO  HEOCYLLECTBUMO.
TpakTOoBaTb Habaogaemoe Kak «Brnepég K npupoae» Toxe
HEBO3MOXHO, TaK KaK OTCYTCTBYEeT OCO3HaHHOe ABUXKeHue
B [fOaHHOM HanpasneHuwn [17]. [Oderpagauma cenbcKoro
X03AMCTBA Kak ycnoBue «Hasag K npupoae» nmena mecro,
TO/IbKO B J@aHHOM CJ/ly4ae B pe3y/ibTaTe Aerpajalmu oaHom
NPUPOAHO-aHTPOMNOreHHOM CUCTEMBI 6bICTPO
camopa3sBMBaeTCA Apyras MNPUPOLHO-aHTPOMOreHHasa, Ho
npuHuMnuanbHo 6onee 61aM3Kas K CTenu cucTema.
Mepexon 3Toro cueHapua BO «BmecTe ¢ npupogon» c
a[anTUBHOCTbIO XO3AWCTBA W COAEWUCTBUIO MPUPOAHBIM
CaMOBOCCTAHOBUTE/IbHBIM MpoOLEeccaM, C Halen TOoYKM

3peHusa, ABNAETCA YCNOBMEM YCTOMYMBOrO PasBUTUA
6bIBLIEro LesIMHHOro NnpocTpaHcTaa [18].
HeBocTpeboBaHHOCTb MaxoTHbIX yroaui

HeusbeXKHO pacnpocTpaHMnacb M Ha MNoaesalmTHble
N1econosiocbl, YTO HE MOT/I0 HE CKa3aTbCA HA MX COCTOSHUM.
MaccoBblit pacnag Neconosioc MOXHO PaccMaTpuBaTh B
KayecTBe arpo3KO/IOrMYecKoro Bbi3oBa. B Toxe Bpems,
He/lb3 He OTMETWUTb, YTO B pAde C/y4yaeB Ha MecTe
pacnaBLUMXCA Neconosioc  BbICTPO  BOCCTaHABAMBAETCA
CTenHan PacTUTeIbHOCTb, B T.4. KPACHOKHUKHbIE BUAbI. ITO
TOXe cBOeOobpasHbIi arpo3KoN0rMYECKUI, IOPULUYECKUI U
HPaBCTBEHHbI BbI30B, T.K. B 3TUX C/ly4asnX BOCCTAaHOBNEHUE
neconosoc 6yAeT CONPAMEHO C YHUUYTOXKEHMEM MecT
06MTaHMA KPACHOKHWMKHbIX BWAOB cTeneil. Kpome Toro,
nocneacTBuA  HeBOCTPebBOBAHHOCTM  CKasaAMCb WM Ha
WCKYCCTBEHHbIX BOLOEMaX, BO/bLIMHCTBO MENKUX MPYyA0B
6bI10  CMNyLWEHO, WX AHWLWLA 3apacTaloT  ApPeBecHO-
KYCTapHMKOBOM M MNO/YKYCTapHUKOBOM PacTUTEIbHOCTbIO.
Pacnaa efivHoro HEeTPOHYTOro CTenHoro
NPOCTPAHCTBA Ha POCCUIACKOE U Ka3axCTaHCKoe, TpUALaTh
net passutMA Poccum M KasaxctaHa Kak He3aBMCUMbIX

rocyfapcts  MpoOBOAMBLWIMX  3emefibHble  pedopMbl,
No3BOMAIOT  KOHCTAaTUPOBATb  Mepexosd,  COBETCKOro
LeNUHHOro npocTpaHctBa nocne 1991 r. B HoBoe
obpasoBaHMe, KOTOpoe CTalo OJHUM U3 0OBEKTOB

MWPOBOM Hayku [19-24]. Hawum wuccnepoBaHUsA 3TOrO
HOBOFO NMPOCTPAHCTBa AAlOT OCHOBAHWUA TPAKTOBAaTb €ro ¢
no3unumnii cTeneBefeHnaA Kak NOCTLENMHHOE C COXpaHEHUEM
npvoputeta HorapHoro semneaenuna Ha Nyylnx 3emasx, C

LIaHcom cTenen Ha CaMOBOCCTaHOBEHWNE Ha
ManonpoayKTMBHOM W HeBOCTpebOBaHHOW  MallHe.
YcTaHOBKa «xneb  nobon LeHomn» nocreneHHo

TpaHchOpPMUPYETCA B «BbIPACTUTb X/1eb peHTabenbHO», YTO
CHMXKaeT HanpAXXEHHOCTb 3TOr0 NPOCTPaHCTBa. B arpapHom
M COLMANbHOM OTHOWEHUM 3TO MNPOCTPAHCTBO bHosee

CTabunbHO, T.K. BanoBble cbopbl CTaHOBATCA 6onee
yCTONYMBbI " npeackasyembl, HO ocratoTcs
HecTabunbHbIMK noceBHble naowaaun. AKTUBHO

BHEAPAIOTCA HOBbIE TEXHOIOTUW, MPOUCXOAUT TEXHUYECKOe
nepeocHalleHne 3emneaenva. NMpomcxoguT nocTeneHHbli
OTKa3 OT «4YEPHOro napa», BHeAPATCA TexHonorumn no-till.
Mp 3TOM eweé COXPaHAETCA pPeasibHblil  LWaHC Ha
CaMOBOCCTaHOB/IEHME CTEMHbIX 3KOCUCTEM U peasnin3aumio
WX MoTeHLMana camopeabuantaumm.

HecmoTps Ha akTMBHOe cogeicteue Poccun u
KasaxctaHa pacnawKke 3aneHbIX 3emeslb, 3a/exku
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(BTOPMYHbIE CcTENK) BCE eWwé COoXpaHATCA, Npexae BCero,
Ha nocTuenMHHOM npocTpaHcTee KOxHoro Ypana, 3aypanba
n Typraa. HameTunacb TeHOEHUMA K COKpaLLeHWUIo
amnanTyabl KonebaHu ypoxKalHOCTU U BanoBbix c6OpOB.
B TOXKE Bpems, AOMONHUTE/IbHYK HaNpAXEHHOCTb ANA
3emnenosib3oBaTesiell Co3AaéT y4yalleHne Ymcna 3acyx Ha
HOxkHOM Ypane u B 3aypanbe. Hanpumep, ouvepepgHan
3acyxa B BereTauuoHHbI nepuog 2021 r. B8 OpeHbyprKbe
npusena K Hefobopy MUHUMYM 2—-2,5 MAH. T. 3epHa (50—
60% nnaHa), a ywepb oueHMBaeTCA NPUMEPHO B 3 MApPA.
py6. B KasaxctaHe Hepobop Bcneactsue 3acyxu 2021 .
oueHuBaeTca B 5-6 mMaH. T. 3epHa (20-25% nnaHa). B
uenom, 3$PeKTMBHOCTL M Temmnbl aganTauuu CTEMHOro
3eM/1eno/ib30BaHMA  Ha  MOCTUE/NIMHHOM  NPOCTPaHCTBE
OTCTAOT OT TEHAEHUMUI KAMMATUYECKUX USMEHEHUIA.

Mo uToram npoBefE&HHbIX UCCNEAOBAHUN CUUTAEM,
YTO BbIPAXXEHHOCTb 3TOrO0 MOTeHUMana onpegenserca

cuctemon cneunduryecKunx arpoCTPYKTYPHBbIX "
NaHAWwadTHbIX  GAKTOPOB, TEHAEHUMAMU  U3MEHEHUA
KAMMaTa UM 3emM/Ienonb3oBaHuA.  ITOT  NoTeHUMan

BO3HWMKaeT Npu COBMALEHUM BO BPEMEHW U NPOCTPaAHCTBE
cneayoLmX yCI0BUi:

- Ha/NMuyMe CTEenHbIX reHeTU4Yeckux pedyrnymos,
npexae Bcero B BWAE XONMOB W YBaJOB, OBPAXKHO-
6anouHom ceTu;

- npeobnafaHuve Moys TAXKENOTO MexaHU4ecKoro
COCTaBa;

- Hann4Yne TeppUTOPMANbHOIO pesepBa 3KCMAHCUMMU
cTeneu;

- NAaxoTHasA nepezpbiwKa OT NATU ieT u bonee;

- MMHMMYM Mperpag NepeHocy CemMsaH BETPOM B
BMAE NPUPOLHbIX U AHTPONOTeHHbIX NECHbIX 31EMEHTOB;

- bnaronpuaTHoe A/1A BETPOBOro nNepeHoca CemsH
B3aMMHOE  PACMOJIOXKEHNEe  CTENHOr0  FeHeTUYEeCKoro
pebyrnyma u TeppuTOPMaNbHOTO pe3epBa 3SKCMaHCUU
cTenem.

CHUXEHUIO  MOTeHuMana CaMOBOCCTAaHOB/EHUSA
cTenen cnocobCTBYIOT CMOKOMHbIN BbIPOBHEHHbIN penbed,
OAHOPOAHBbIN NAOCKMI naHAawadT, OTCYTCTBUE CTenHbIX
reHeTU4Yecknx pedyrmymos, OTHOCUTENbHO TyMmnaHaa ¢asa
KAMMATUYECKOTO LKA (B 1ecocTenu U Ha NETKMX NOYBAX B
cTenu npoBoumMpyeT camoobneceHune), npeobnagaHve noys
NErkoro MexaHu4yeckoro coctaBa, obwunve nperpag Ana
pacnpocTpaHeHUs CEMAH BETPOM B BUAE NECHbIX KapKacoB
M cUCTEMDbI 03Ep, CTPEMIEHWE 3eMJ/IENO0/b30BaTENEN
pacnaxaTb 3anexu, KEcTkme TpeboBaHWA K Lenesomy
MCMO/b30BaHNIO NAaXOTHbIX 3eMEb.

Mo HawMm OUEHKaMm, HaMBbLICWIMIK MOTeHUMan
CaMOBOCCTAHOB/IEHUA XapaKTepeH ons cTenem
LeHTpanbHOM yYactm EBpasuu, npexpge BCEro Ha
nocTuenMHHOM npocTpaHcTae KOxHoro Ypana, Npeaypanos
n 3aypanba. [lonesble wccnepoBaHua 2021 r. B
OpeHbyprckom 3aypanbe Ha npumepe CBETAMHCKOTO
CTENHOTO AAPa NOKas3au, YTo Ha GOHEe aHOMAIbHOM 3acyxu
MMEHHO Tam coBnanuM Havbonee nonHas peanusauums
noTeHuMana CaMOBOCCTAHOB/NEHUA CcTenel. 3To AApPO
3aHMMaeT He meHee 350 TbiC. ra, U3 KoTopbix 250 TbiC. ra —
HEMaXoTONPUrogHble 3eMAM HA KOpax BbIBETPUBAHMS,
COJ/IOHLAX W COJIOHLOBO-CTEMHbLIX KOMMIEKCaX, a TaK »Ke
nopsaaka 100 TbiC. ra CAMOBOCCTAHOBMBLUMXCA BTOPUYHbIX
CTenHbIX 3KocucTem. Mo HaWMMm OLEHKam, B 3TOM sape
KOHLLEHTPUPYIOTCA KPYNHENLINE B PEFMOHE pPecypcbl CypKa-
6aibaKa, cebiwe 100 Tbic. ocoben. Monynaums cTpeneta
MMeeT YCTOMYMBYHO TeHAeHuuo K pocty. Cneunduron
3eM1enoNb30BaHUA, Hapsady C 3emnefenvem, sABNAETcA
pasBUTME CTEMHOIO OXOTHUYbEro XO03AWCTBa, TeppuTopuUsA

KOTOpOro oxsaTbiBaeT cBbiwe 80% paioHa. B uenom ato
NO3UTMBHO CKa3blBAeTCA Ha BOCMPOM3BOACTBE CTEMHbIX
6MONI0rMYECKMX PeCcypCcoB, Mpexae Bcero oxXoTHM4YbMX. Ha
MUIPALMOHHbIX MYTAX MPOMBICNOBbIX (OXOTHUYBbWUX) BUAOB
aBudayHbl NOALEPIKMBAIOTCA MOCEBbl 3E€PHOBLIX B T.4. B
broTexHuuecknx Lensx. OXoTxo3ancTBeHHAn AeATebHOCTb
cnocobcTByeT NpouBeTaHMIO NoNyaauumK cypka-baibaka u
CMBUPCKOIN KOCYNM, KOTOpble aKTUBHO paccensatoTcs 3a
npegenamu agpa.

B uenom, HaumBbICIIMIA pacuBeT CTenHbIX agep Ha
nocTLeNMHHOM NpPOCTpaHCTBe B npepenax OpeHbyprckoi
obnactn npuwénca Ha 2015-2020 rr. HaumHasa ¢ 2020 r.
aKTUBM3MPOBANACb PACcnallKa 3a/eXHbIX 3eMeNb, npexae
Bcero B [Mpeaypanbe. [lo Hawum HabaoaeHUaM,
pacnaxaHbl KpymMHble MAcCWBbl  BTOPUYHbIX  CTEMHbIX
3Kkocuctem B [lepBomaiickom, Mnekckom, bensesckom,
Conb-Uneukom n AkbBynakckom pairoHax. 3a 2019 u 2020
roapl pparmeHTMpoBanock Mpeaypanbckoe cTenHoe A4pPO,
bbiBlWEE OOHUM M3 KPyNHEWLWUX U pekomeHaoBaBsLleecs
paHee B KayecTBe MPUOPUTETHOrO ObObEKTa  AnA
arpoaKo/IOrMYecKoro KapKkaca.

MeHbLIaa BO3MOMXHOCTb peanusauuv noteHumana
CaMOBOCCTAHOBNEHMA coxpaHsetcA B  HOKHOM 4Yactu
Obuwero CbipTa, B OCHOBHOM B O3MHKOBCKOM pailoHe
CapaToBcko obnactu u  [epBomaiicCKom  paioHe
OpeHbyprckoi obnactu, rae BbiABAEHbl KpynHble Aapa
CaMOBOCCTaHOBMBULLMXCA BTOPWYHbIX  CTEMen. Ha
NnocTLeNIMHHOM NpoCTpaHcTee 3anagHolk Cubupu, B T.M. B
KynyHAaMHCKoWM crenu AnTaickoro Kpas,
CaMOBOCCTAHOBUTE/IbHbIN  NoTeHUMan Hanbonee HU30K
BCNeACTBME BbIPOBHEHHOCTM penbeda, OAHOPOAHOCTM
naHgwadra ¢ npeobnagaHMem NAaKopoB, MAaKCUMANbHOM
OONM MAWHM, HANMYMA EeCTeCTBEHHbIX M UCKYCCTBEHHbIX
JIECHbIX KapKacoB, MHOFOYMUCIEHHOCTM 6eCCTOYHbIX 03Ep U
03EpHbIX 3anagmH. ITOT MOTEHLMaN HECKONbKO Bbile Ha
Mprobckom nnato n B npepropbAx ANTas, rae OTMeYeHbl
0o4YarM cCamoBOCCTaHOB/IEHMA TbIPCOBbIX CTENEN.

Ha BCEM nocTuenMHHOM NPOCTPAHCTBE flecocTenb
3anaaHom Cnbupm obnagaet HaMBbICWIMM
3emiefeNnbyeckum  MNoTeHuManom, 4To  cnocobcTyeT
pPasBUTUIO KyAbTypbl 3emnaegenus. MNpu 3TOmM 3anexHble
3eM/IM HeNb3A TPAKTOBaTb KaK BTOPUYHbIE CTEMU, a CKopee,
KaK Hanbonee NpPoayKTUBHble. be3 ceHOKOoLWeHUA Nyrosble
3anexm obnapatot BbICOKMM noTeHLManom
camoobneceHus, KoTOpoe Habnopaetca Ha
HEWCMNoNb3yemMblX y4acTKax. Mpy NOBTOPHOM BOBIEYEHWUU
3anexell B NaxoTHOE  MWCMO/b30BaHME MPOBOAATCA
aKTUBHbIe MenuopaTuBHble paboTbl MO  packopuyéske
[ApeBeCHO-KYCTapHUKOBOM PacTUTEIbHOCTMU.

KomnnekcHoe M3ydeHMe CcTenHblX fA4ep Ha
NoOCTLLEeNMHHOM NPOCTPAHCTBE yHeXAaeT, YTO OHN HapAaay C
cuctemoirt OONMT B Haubonbliel cTeneHyW crnocobeTBytoT
COXPaHEeHW0 W BOCMPOU3BOACTBY TUTY/IbHbIX CTEMHbIX
BMAOB  pacTeHUM U KMBOTHbIX, Mpexae  BCero
KPACHOKHMXHbIX. 0 KOMBMHAUMAM TUTY/NbHbIX BUAOB
MOHO BbIAENNTD: KPaCHOKOBbIIbHO-CYPKOBbIE,
KOBbIJIKOBO-CYPKOBbIE, KOBbIIKOBO-CTPENETOBbIE,
KOBbI/IKOBO-CTPENETO-CYPKOBbIE, KOBbI/IbHO-CYPKOBO-
KOCY/IMHbIe, U T.N. Agpa.

CTenHble agpa, NOMUMO UX MPUPOLOOXPAHHOIO U
OXOTXO3AWCTBEHHOr0 3Ha4yeHWA NoTeHUManbHO obnagatoT
BbICOKOM LIEHHOCTbIO KaK KOPMOBble Yrofba aAanTUBHOMO
KMBOTHOBOACTBA, B T.4. KOHEBOACTBA. B 3TOM CBA3M MOXKHO
aKTyanusmMpoBaTb WA  PasBUTUA  CUCTEMbl  KOHHO-
CYPKOBbIX CTEMHbIX XO3AMCTB, paHee CyLWecTBOBaBLUMX Ha
3eM1AX KOHeBOAYECKMX x03aincTB [25]. Ha noctuennHHom
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MPOCTPaHCTBE MMEEeTCA OnpeaenéHHbIA MoTeHUuMan ans
AvBepcudUKaLMM  HMBOTHOBOACTBA M PA3BUTMA  TaKMUX
HOBbIX AN PoccuMM HanpaBneHwWit Kak 6M30HOBOACTBO, B

T4. C WCNO/Mb30BAHWEM NPUOPEKHON TPOCTHUKOBOWM
pacTUTeNbHOCTU CTenHbIX 03ép B KavecTse
[,0MNONIHUTENIbHOM KopmoBoin  6asbl. Bonee ToOTIO,

aKTyaNbHOCTb TaKMX 3emesib byaeT Bo3pacTaTb Mo mepe
paspaboTkn M peanusaumMM NPOEKTOB AENOHMPOBAHUA
yrnepoga, MOTEHLMan KOTOPOro y CTenei [AOCTaTOYHO
BbICOKO OLEHEH CnewumanancTaMmm, Ho noka He soctpeboBaH
npaktMkamu [26]. Bce 3TM BO3MOXKHOCTM MOTYT ObITb
peanus3oBaHbl B dopmaTe HOBALMOHHbLIX arpapHo-
COUMaNbHbIX W  arpapHoO-NMPUPOL0OXPaHHbIX MNPOEKTOB
pasBUTMA HEOHOMaAM3Ma — aAanTUBHOIO }KMBOTHOBOACTBA
Ha HOBOM TEXHO/I0TMYECKOM BUTKe [27].

Ha ocHoBe M3y4yeHuA ceBepoaMepMKaHCKOro onbita
Mo COXPaHEHWIO W pecTaBpauuy NPepuin cYuTaem, 4To
npobnembl oxpaHbl cTenei EBpasum Ha nocTueNMHHOM
npoctpaHctee MoryT 3pPEeKTUBHO pelathca  MyTEM
pasBUTMA  FOCYAAPCTBEHHO-YAaCTHOrO  NapTHEPCTBA B
bopmaTte pervoHanbHbIX M deaepancHbiXx MNporpamm
HaLMOHaIbHbIX MPOEKTOB.

3AKNHOYEHUE

LleNnnHHbIM MeranpoeKkT, ero nociaeacTBua U CNeacTBus
pagMKanbHbIX 3KOHOMMYECKMX pedopm OKasbiBain U
NPOAO/IKAIOT OKasbiBaTb OnpegenAtollee BAUAHWE Ha
NPOCTPaHCTBEHHOE Pa3BUTME BOCTOYHOrO CEKTOpa cTenewn
EBpasun. CrenHble naHpwadTbl EBpasum B pesynbraTte
arpapHoO-CoLMabHbIX MeranpoeKkToB OKOHYaTe/IbHO
npespaTUINCL B arponaHawadTol.

PasBuTMe Hay4yHbIX B3rNA4OB, npexae Bcero c
nosnuMin  ctenesBefeHUn, NO3BOMAET  PAcCMATPMBaTb
LEe/IMHHbIA MPOEKT KaK CPeACTBO pPeLueHua Lenoro paga
CTpaTernmyecknx rocyfapcrBeHHbIX 3adady. B 1o ke Bpems,
ero nocnepcTema ona crenew OKasanucb
KaTacTpoduyecknumu, T.K. 3TO Hblna He TONbKO pacnaluka
6ecKkpaliHMX Mano  MCNOAb3yEMbIX KOPMOBbLIX Yroauw
3anagHov Cnbupun 1 KasaxctaHa, HO M MPAKTUYECKM Bcex
TEXHONOTMYECKU MNaxOTOMPUrOAHbIX CTEMHbIX YYaCTKOB W
NOCEBOB MHOFO/MIETHUX TpaB, BK/AKOYAA 3aNOBEAHUKM,
Hay4yHble CTaLMOHApbl, KOHEBOAYECKME XO3ANCTBA, U T.A,.

ToTanbHOCTb pacnawku u nocnegyowme 40 net
NoAAEPKKN CNOXKMBLLErOCA 3€PHOBOIO X03AicTBa B Poccum
1 KasaxctaHe chpopmmnpOBanM Ha TeppuTOpumK peanunsaumm
Le/IMHHOrO MeranpoekTa cneuunduyeckoe reorpadpuyeckoe
npoctpaHcTBo. OHO XapaKTepu30BasnoCb NPOTUBOPEUYNAMM
X03ANCTBa M NPUPOAHbBIX BOSMOXKHOCTEN, YTO NPUBOAMU/O K
COLManbHO-3KOHOMUYECKOWM " 3KO0JI0TMYECKOM
HaMNpPAXKEHHOCTH, He ocTasnsaBLlen LIaHCoB Ha
BOCCTQHOB/IEHME CTenHbIX 3Kocuctem. [loa BAMAHWEM
pagMKanbHbIX ~ 3KOHOMMYECKMX  pedopm,  OCOBEHHO
3eMeNibHbIX, 3TO MPOCTPAHCTBO TpaHchOpMMpPOBanocb B
rnocmuyenuHHoe, KOTOPoe ABNAETCA aKTyaNbHbIM 06bEKTOM
nccnenoBaHus ons MUPOBOI HayKu "
cneunanm3anpoBaHHoro MHctutyta ctenn B cucteme PAH

[28]. OHo XapakTepuayeTca pAaOM OCTPbIX
arpo3KOJIOTMYECKMX U MPUPOAOOXPAHHbIX  npobsem,
3aKNoYaloWmxca B cnabom  pasBUMTMM  afanTUBHOIO

KMBOTHOBOACTBA U KOPMOMPOMU3BOACTBA C COXPaHeHWem
npuopuTeTa  BLICOKO  PUCKOBAHHOTO  MPOWM3BOACTBA
3EPHOBbIX KYNbTyp Ha 60rapHbix 3emnsx. JKCTEHCUBHblE
nogxoabl B 3eMsiefie/IMN, OCHOBaHHble Ha 6e3BO3BPATHOM
MOBUIN3aLMM NPUPOAHBIX PECYPCOB M IKCMAHCUM Ha NoAs
MoYBO3aTPATHbIX KOMMEpPYECKMUX KYyNbTYp,
COMPOBOXKAAIOTCA AerpajaLmeli NOYBEHHOro NOKPoBa.

3emenbHana pedopma 1990-x rr. cnocobcreoBana
CTUXMIUHOMY CaMOBOCCTaHOB/IEHUNIO cTenHoim
PacTUTENbHOCTMU Ha 3asexax U AerpajupyroLmx anemeHTax
JIeCOMEeIMOPaATUBHONO KapKaca. AKTMBM3auua LUHAMUKK

CTEenHbIX naHgwadTos " pacKkpbiTue nx
CaMOBOCCTaHOBUTE/IbHOTO noteHuuMana MOYHO
paccmaTpuBaTb KaK YHUKabHbIN npupoaHo-
QHTPOMOTreHHbI  3KcnepumeHT.  Wtorm  LenuHsl u

3emenbHOM pedopMbl OCTAOTCA NPEAMETOM LUCKYCCUMN U
BbICOKO MO/JIUTU3UPOBAHbI, HO WX BKAag B pasBUTUe
byHAAMEHTanbHbIX Hayk, npexae Bcero reorpadum,
OTPOMEH U HeflooUeHeH. Mexay Tem, Takue meranpoekTbl
ABNAIOTCA eAWHCTBEHHOW peanbHOW HabnwaaTenbHou
6a30i, nNossosAOLWeN npeasuaeTb nocaeacTsma byaywmx
NPOEKTOB W [AO/KHbI M3yyaTbCcA B AuHamuke [29].
AHaNorMuYHble ABMEHWUA XapaKTepHbl ANA MNOCTUHAYCT-
pUanbHbIX CTPaH, rAe UX U3ydeHne Becbma akTyanbHo.
Hawu wvccnepoBaHWA MO BbIAENEHHUIO CTEMHbIX
A4ep Ha MOCTUE/IMHHOM MPOCTPAHCTBE MOKasanau WX
BbICOKOE NPMPOAOOXPAHHOE U XO3ANCTBEHHOE 3HauyeHue.

CnepoBate/sibHO, MNOKA  COXPaAHAKTCA  TakMe  A4pa,
BO3HMKLWIME BO MHOIOM CTUXUMMAHO, OHWU ABAAKOTCA
OrPOMHbIM BK/MaZ0OM Poccun 7] KasaxctaHa B

BOCCTAHOB/IEHNE PECYPCOB TUTY/IbHbIX CTenHbIX BMA08 [30]
WU [EenoHUpOBaHWE yrnepoga. 3To MOUCTUHE rNobanbHbIN
NpPUPOAHO-3aMoBeAHbIN doHa, KOTOpbIN MOYKHO
paccmaTpuBaTh U B Ka4ecTBe yrnepoaHbIX NOSIUFOHOB.

MpY CNOKUBLUMXCA OBCTOATENLCTBAX COXPAHEHUE U
BOCCTAHOB/NIEHNE TUTYNIbHbIX 6MONOrMYECKUX O0OBEKTOB
crenen n peanusauma noTeHumana pasBuTuA
NOCTUE/NIMHHOTO  MpPOCTpaHCTBAa bblin  Obl  Haubonee
3bdEKTUBHDBI B paMKax peannsaLmm HOBbIX CTPATErMyYecKmnx
mHnumaTtume MNpasutenbctea PO.
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Peslome

Llenb. OueHUTb M3MEHEHME TMAPOIOTMYECKOro pexnma Topenckux osep
Ha OCHOBE BEpPOATHOCTHOIO MPOrHO3a napameTpoB BoAHOro 6anaHca
[OaHHbIX BOAOEMOB, B TOM YMC/Ie C YH4ETOM aHTPOMNOreHHOro BAUAHUA.
Martepuanbl U metogapl. B unccnegoBaHUMM MCNoONb30BaHbl MaTepuasbl
rocypsapcTBeHHOW  HabatopatenoHot cetm  Pocrugpometa, AaHHble
OMCTAaHUMOHHOTO 30HAMPOBAHMA 3eMnM, MmaTepuanbl MccaepoBaHUMN
HAYYHbIX OPraHM3aLMi U apyrMe UCTOYHUKM MHPOpMaLMK, Haxoaalmecs
B OTKpbITOM goctyne. MNpuUMeHANMCb MeToabl CTaTUCTUYECKOro aHaiunsa
[LaHHbIX, MaTeEMaTUYECKOrO MOAEIMPOBAHUA, TMAPONOTMYECKUX PACYETOoB,
BK/lOYaA BOAO0DANAHCOBbIN MeToA, a Takke MmeTogbl 06paboTku u
AewndpupoBaHna CNyTHUKOBOW MHbOPMaLMK.

Pesynbtatbl. [pu peanusaumMv NAAHUPYEMOrO BOAOXO3ANCTBEHHOIO
NPOEKTa,  COMPOBOXAAEMOIO  AOMNOJHUTENbHbIM  6e3B03BpPaTHbLIM
notpebaeHnem Boabl, B MOHroAMW MOCNEACTBUA A1A BOAHOMO pexunma
Topelicknx o3ep MoryT 6biTb 3HAaYUTENbHLIMW, OCOBEHHO B Ma/NIOBOAHYHO
$asy LMKNa BOAHOCTM, KOrLa MOHWMKEHWe ypoBHA B 03epe BapyH-Topei
coctaBut B cpeaHem 70 cm, B 3yH-Topen — 80 cm. Mpu 3Tom oTmaeTcs
b6onee 6bICTPOE BbICbIXaHWE 03€ep, B CPEAHEM Ha 2—3 roga paHee.
BbiBOAbI. DKONOTMYECKME CUCTEMBI perMoHa «aypua» xapaktepusytoTtca
NPOLLECCOM LIMK/IMYECKOM CYKLLECCUU U MPENMYLLECTBEHHO afanTUPOBAHbI
K COBPEMEHHOMY K/AMMaTUYECKOMY UMKAY YBAAXKHEHHOCTU. [na 3Tux
3KOCUCTEM MPUHUMNNANBHO BaXKHbl KaKMe-IMbo WN3MeHeHUA BHEeLIHMX
$aKTOPOB, TaK KakK OHU CNOCOBHbI MPMBECTU K HEOBPATUMOCTU NPUPOAHbIX
npoweccos B HMX. Ha ocHoBe pe3ynbTaToB, MOJYYEHHbIX B HACTOALLEM
nccnegoBaHum, BO3MOKHO npoBecTu KOMMJIEKCHBbI aHanus
QHTPOMOrEHHOrO  B/AMSAHMA Ha  COCTOsiHME  TOpeWcKux o03ep U
6211M3KO0PaACNONOKEHHbBIX 3KOCUCTEM.

Kniouesble cnosa
Topelickne o3epa, BOAHbIM 6anaHc o3ep, 6eccTouHble BoAoeMbl,
MHOrosIeTHMe KonebaHus, TpaHCrpaHUYHas peKa, peka Yabas3a.

2022 ABtopbl. K02 Poccuu: 3Konozus, pazsumue. 3TO CTAaTbA OTKPbLITOrO [0CTyMa B COOTBETCTBMM C ycnosusamu 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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Abstract

Aim. Assess the change in the hydrological regime of the Torey Lakes
based on a probabilistic forecast of the parameters of the water balance of
these reservoirs, taking into account anthropogenic influence.

Material and Methods. The study used materials from the state
observation network of Roshydromet, Earth remote sensing data, research
materials from scientific organisations and other sources of information
that are in the public domain. Methods of statistical data analysis,
mathematical modeling, hydrological calculations, including the water
balance method and methods of processing and decoding satellite
information were used.

Results. With the implementation of the planned water management
project, accompanied by additional non-returnable water consumption in
Mongolia, the consequences for the water regime of the Torey Lakes can
be significant, especially in the low-water phase of the water cycle, when
the level decrease in the Barun-Torey Lake will average 70 cm and in Zun-
Torey — 80 cm. Through this project, the faster drying of the lakes, on
average 2-3 years earlier, will be avoided.

Conclusions. The ecological systems of the Dauria region are characterized
by a process of cyclic succession and are mainly adapted to the
contemporary climatic moisture cycle. For these ecosystems, any changes
in external factors are fundamentally important, since they can lead to the
irreversibility of natural processes. Based on the results obtained in this
study, it is possible to conduct a comprehensive analysis of the
anthropogenic impact on the state of the Torey Lakes and nearby
ecosystems.

Key Words
Torey lakes, water balance of lakes, terminal reservoirs, long-term
fluctuations, transboundary river, Uldza river.

2022 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

HacTtoswee wuccnefoBaHME COLEPXWUT MmaTepuanbl U
pesynbTaTbl  AMCCEPTALMOHHOW  paboTbl  KalwHWMUKOM
MapwuHbl  AneKceeBHbl, BbIMOJHEHHOW NO4 Hay4YHbIM

pykosoactsom bonrosa Muxauna Bacunbesuya [1; 2].

B apuaHOW KaMmatuyeckon 30He BocTouHOro
3abaiikanbA Ha rpaHuue ¢ MOHroavei pacnonoXeHo
MHOecTBO 6eccTouHbIXx o03ep ¢ raybuHamu go 5 m. B
nociegHUn  MHOTOBOZHbIM  Nepuos  KAMMATUYECKOM
BOAHOCTU UX KONINMYECTBO cocTaBuno 1245 sopoemos, a B
ManoBoAHbIM Nepnog — 124. CambiMM KPYNHbIMKW 03epamm
OaHHOW Tepputopun aBAstoTcA  Topeickue o3epa —
cucTema BOZOeMOB, cocTosAwas u3 osep bapyH-Topei wu
3yH-Topel, coegMHEHHbIX MeXay cobol NPOTOKOM.

Topeiickne o03epa U MNpUMbIKaOWRAA K HUM
TeppuTopua obpasytoT 3KONIOrMYECcKuii pernoH
«[laypckuii», AnA KOTOPOro XapaKTepHa u4pe3sblYaiHas
ANHAMUYHOCTb MPUPOAHBIX NpoleccoB, 0bycnoBAeHHanA
M3MEHEHUAMM KAuMmaTa. 3a ABa NOCAeAHUX CTo/eTuA

Topeickue o3epa HEeoAHOKpaTHO BbICbIXanu "
HaMOMHANUCL C NepuoauyHocTblo okono 30 net [3].
BcneactBue  HenpepbiBHOW  CMEHbl  TMAPONOTMYECKUX

LMKIOB Ha Tepputopum Topelickmx o3ep obecneumsatoTca
ycnoBua obuTaHMA, NoaxogalmMe Ans NTUL, C PasIMYHbIMU
TpeboBaHMAMM K OKpY»KatoLLen cpeae. Ha oAHOM yyacTKe B
33aBUCMMOCTM OT CTaZuW TMAPOIOTMYECKOro LMKAQ MOryT
rHe34MUTbCA YTKU, MOTOM — KY/IMKK, 3aTEM — XKaBOPOHKM [4],
YTO rOBOPUT O KpaWHe BbICOKOM 3HA4YeHUU COCTOAHUSA
Topelcknx o03ep pna obuiero BMAOBOro pasHoobpasus
dnopbl 1 dayHbl B [JaypCKOM 3KOMOTMYECKOM pernoHe.
Bbnarogapa atomy Ha 6ase Topeiickux o3ep B 1987 roay
Obl1 cO34aH TrOCYAAPCTBEHHbIA MPUPOAHbLIA 3anoBegHUK
«[aypckuit», Lenbldo KOTOPOro SBWIOCb COXPaHeHue
NpPUPOAHbIX  Komnnekcos  [aypuwu M MUPOBOro
6uopasHoobpasusa, a B 1994 roay 6bin1 co34aH pPOCCUIMCKO-
MOHIO/IbCKO-KMTAaNCKNI  3anoBedHuK «[aypusa». Kpome
aToro Topelickue o3epa ABAAOTCA 06beKTOM BcemmnpHoro
Hacnegusa OHECKO — «laHgwadtbl Jaypumn» [5] n umerot
CTaTyC  BOAHO-BONOTHBIX  YyroAui  MeXAyHapOoAHOro
3HAYeHWA B COOTBETCTBUM C Pamcapckoi KoHBeHumel [6] B
YyacTHOCTM bnarogaps Tomy, 4To 4yepes3 Topelickue o3epa
npoxoant BocTouHOo-A3unaTcko-ABCTPanUnCKmi nyTb
MUTpaLmm AeCATKOB BUAO0B NepenéTHbiX NTul,

B pesynbTate cnyTHMKOBOroO MOHUTOpMHra 3emnau
Ha TeppuTopun MoHronum B ntone 2020 roga ob6HapyKeHo
CTPOUTENLCTBO MNNOTUHbI B Haya/fibHOW CTaguM Ha peke
Ynba3a, ABNAOWENCA OCHOBHbIM MPUTOKOM TOPENCcKUx
o03ep. CTpouTenbCTBO Hayanocb 6e3 cornacoBaHus c
npeacraBuTenimm Poccuiickoin depepauun. Ha
1306paXKeHMN BbICOKOTO MPOCTPAHCTBEHHONO pa3peLueHus,
Nnony4eHHOM C KOCmuYecKkoro annaparta Auct-2[ 14 uviona
2022 ropa, OTY4ETAMBO MNPOCNEKMBAETCA pPYCNAO pPeKu
YnbA3a, ero usmeHeHve U co3gaBaemas naoTuHa (puc. 1).
M3 OTKPbITbIX WCTOYHUKOB MHPOPMALMKM M3BECTHO, 4TO
CTPOUTENBCTBO AaHHOIO BOAOXPAHWAMLIA NPeasyCcCMOTPEHO
npoektom «lMnaH ynpaeneHua 6accelHom pekn Ynbpsa-
lfon», B pe3ynbTaTe KOTOPOro nNJAaHUPYeTCA co3faHue
BOAOXPaHWUAMLL B BacceitHe peKun, perynpytoLmx ee CTOK.
[aHHbIN NPOEKT ABNAETCA COCTaBHOM YaCTbiO MOHIOJ/IbCKOM
nporpammbl «Xyx mMopb». Mporpamma npeaycmatpusaet
nepepacnpegeneHne CToKa Haubosnee MNONHOBOAHbIX
CEBEPOMOHIONBCKUX PEK, TPAHCrpaHMYHbIX ¢ Poccuelt, Ha
3aCyLUNMBbIN 10T U Oro-BOCTOK MoHronuu (pervioH Fobwu).
Kpome TOro, npeaycMoTpeHa MX CTbIKOBKa C BOAHbIMU
pecypcamu  ABTOHOMHOW BHyTpeHHelt MoHroammn -—

conpeaenbHoro ¢ MoHrosnven obwmupHoro pervoHa Kutas
[7].

Mo npeABapuTeNbHbIM  OUEHKaM  co3faHue
[AHHOro BOAOXPaHWAMLLA U BNOCAEACTBUU U3bATUE BOAbI
M3 peKku, HeobXxoAMMOro ANs ero 3anojiHeHWs, a TaKke
MUCMapeHune ¢ ero BOAHOWM NMOBEPXHOCTU, MOXKET NPUBECTM K
YBENNYEHMIO NPOLAOIKUTENBHOCTU MAIOBOAHbIX NEPUOA0B
M COKpaALLEHUIO MHOTOBOZAHbIX, @ TaKKe, B Liesiom, K bonee
HU3KMM OTMETKaM YpPOBHA BOAbl B TOPEWMCKUX O3epax.
HapyweHue rmaponornyecknx UMKAOB BOAHOCTU PEKU U
03ep npuBedeT K HebnaronpuATHbIM  3KOJOTMYECKUM
NnocneacTBUAM,  3aK/OYaOWMMCA B 3aTpyAHeHwue
MWUFpaLMM  BOAHbIX OPraHW3MOB W  PEKONIOHU3ALMA
NnepecbIXalolmx BOLOEMOB, U3MEHEHMUE MPOAYKTUBHOCTU
BOA0EMOB, M3MEHEHME MUIPALMOHHbLIX MOTOKOB U MecCT
rHe3goBaHUA MTUL, C BOJHOOOPa3HbIM COKpaLLeHMem WX
yncneHHoctn [9], 4TO BNOCNEACTBMU MOMKET MPUBECTU K
yTpaTe cTaTtyca TOpelcKux 03ep Kak o0bbekTa BcemmpHoro
Hacnegus.

OnAa  aHanusa  BO34EWCTBMA  QHTPOMOreHHoM
HarpyskM  Ha  [laypCKMi  SKONOTMYECKUI  pernoH
HeobXoAMMO BbISIBUTb BIMAHWUE COKPALLEHUA NPUTOKA PEKU
Ynba3a Ha rMaponorMyecknii pexkum Toperckux o3ep Ha
OCHOBE BOCCTAaHOB/IEHMA W MOAEANPOBAHWUA BOAHOIO
banaHca o03ep, 4YTO B HacToAWlee BPEMA BO3MOXHO
BbIMO/IHUTL C MCNO/Ib30BAHMEM JaHHbIX AUCTAHUMOHHOMO
30HAMpPOBaHMUA 3emau.

Teppumopus uccnedosaHus

Osepo bapyH-Topeli npeacTaBnsetr coboit 6eccToYHbIN
BOA0OEM HenpaBuabHOW GOpMbI, BbITAHYTOW C ceBepa Ha
tor. nybuHa o3epa  bapyH-Topet  OTHOCUTE/NIbBHO
Hebonblwas — okono 4 M, gnunHa 50,5 KM, cpeaHaa WUpUHa
11,1 Km, naowaab BOAHON MoBepxHOCTM gocTuraet 600
Km2.  Ha BocTouHom 6Hepery o3epo bapyH-Topei
coeaMHAETCA NPOTOKOM ¢ 03epom 3yH-Topei. NocTynneHne
BOAbl U3 03epa bapyH-Topei B 3yH-Topei HauMHaeTca npu
ypoBHe Boapl B bapyH-Topee 596,1 m BC. O3epo 3yH-Topei
MMeeT MeHblUMe pasmepbl, HO Npu 3Tom bonee rnybokoe:
MaKcMmanbHas rnybuHa o3epa 3yH-Topel cocTasaser
OKO010 7 M, A/InHA o3epa — 22,6 KM, cpeaHasa wupmHa 13 km
npu naowaamn BoaHoM nosepxHocT — 300 km?. B o3epo
BapyH-Topeli BNagaloT TpaHCrpaHU4YHble pekn Mmanka u
Ynba3a co cpegHerogosbiMm pacxogamm 0,43 u 5,46 m3/c,
COOTBETCTBEHHO (puC. 2).

Peka Ynbasa 6epeT Hayano B BOCTOYHbIX OTPOrax
xpebTa X3HT3M W npoTeKaeT MPEUMYyLLECTBEHHO MO
CTENHbIM PaBHUHAM CEBEepPO-BOCTOYHOM YacTu MoHronmm,
BrMagaet B 03epo bapyH-Topei, 06pa3oBbiBas OOWUPHYHO
[enbTy, Ha Tepputopum Poccuiickon dPepepauum B
3abaikanbckom Kpae. [lMHA peKku cocTasnaet 425 Km, U3
Hux 409 KM pacnonoxeHbl B MoHroanun. B Poccuitckoi
depepalmn HaxoAUTCA LWL YCTbEBAA YacTb PEKU AJTIMHON
16 km. Mnowaab Bogocbopa — 26 900 Km?, 95% U3 KOTOPbIX
npuxogutca Ha MoHroamo. Peka Ynbasa umeer
onpegenstoliee 3HayeHMe B BogHoM banaHce TopencKkux
o3ep ¥ npupoabl [laypckoro CTEMHOro 3KOJ10MMYEeCcKoro
pervoHa.

Peka Mmanka 6epeT Hayano Ha xpebTte IpmaHa B
MoHronuun. innHa pekun coctasasfet 156 Km, n3 Kotopbix 96
KM npoTekaloT no Tepputopun MoHronmn. BepxoBbe u
yCTbe AaHHOW pekn HaxogaTcs B Poccuiickoin depepaumu.
Mnowaas Bogocbopa — 1480 Km2, M3 KoTopbix 43%
NpUXoauTCa Ha Tepputopuio 3abalikaNbCKoro  Kpas.
CpegHuii rogosoit ctok B yctbe 0,018 km3. Peka
nepuoanYecKn NepecbixaeT N eXXerogHo nepemepsaert.
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PucyHokK 1. PalioH pacnosioXKeHWs CTPOUTENLCTBA NJIOTUHbI HA peKe Yaba3a
(McToYHMKOM CNYTHUKOBbIX AaHHbIX ABasetca PKL «Mporpecc» (https://www.samspace.ru) [8],
1x 06paboTKa BbinosHeHa B HULL «MnaHeTa»)
Figure 1. Location of the construction of the dam on the Uldza River
(The source of satellite data is the Progress RCC (https://www.samspace.ru) [8];
their processing was performed at the Planeta Research Centre)

BoaHbIlt pexkum pek Ynbasa u Mimanka xapaktepusytoTca
HepaBHOMEpPHbIM pacnpeseseHnem CToKa B TedeHue roga.
310 06ycnoBneHO OCOBEHHOCTAMM MWUTAaHUA, B KOTOPOM
npeobnafaeT fOXKAEBON TUM. B 3MMHME MecALbl B CBA3M C
npomepsaHMem pek [0 JHa CToK oTcytcTeyeT. Ero
BO306HOB/IEHNE NPOUCXOAUT B Hadane anpens. Co BTopol
AeKaabl anpena A0 cepefuHbl Mas MPOXOAUT BeceHHee
nonosogbe. B cBA3M ¢ TeM, YTO BbICOTA CHEXKHOMO MOKPOBA
B 3TOM palioHe HeBe/MKa M 3HauyuTesNbHasa ero 4acTb
ncnapAeTca K MOMEHTY  BCKPbITMA  pek, BeceHHee
nonosogbe 06bIMHO ycTynaeT no ob6bemy /IeTHUM
nasofKam. B MHorosoaHble W cpeaHeil BOAHOCTM rogpl
MeXeHb 4acTo OTMeYaeTca C cepeamHbl Masa A0 KOHUA
WIOHA. B neTHW nepuos HabawogaoTca AoXKAEeBble
NnaBoAKW, Hambonee BbICOKME W3 HUX opmupytoTCa B
nepuog ¢ uona no ceHtabpb. OHM OTAMYAKOTCA KaK Mo
KOZIMYECTBY MUKOB, TaK M MO BE/NIMYMHE pacxoda BOAbl.
OceHHAA MeXeHb HauyuMHaeTca B HOAGpe, 3aTem peku
npomep3aloT, CTOK pek npeKkpauwaetca. Ha ponio netHe-
OCeHHEero nepuoga npuxoauTca 6onbluas YacTb CTOKa —
oKoso 85-95% B MHOroBoAHble M ManoBOAHblE roaa, B
roapl cpeaHen sogHoctn — 70%.
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Knaumam uccnedyemozo pe2uoHa
lOr-BoctouHoe  3abalikanbe, BKAOYaA  TEPPUTOPUIO

bacceliHa TopencKux o03ep, PacrnonoKeHo B 061acTh pesko
KOHTMHEHTA/NIbHOrO KAMMAaTa B 30HE He[O0CTaTOYHOro
yBnaxHeHus. Mo pesynbTaTaM, W3/I0XKEeHHbIM B pabote
[10], c cepeamHbl XX Beka No HacToswee Bpems Ha
nccnesyemolt Tepputopum Habntopaerca notenneHue no
OAHHbIM  CTaHUMWA Ha3eMHOM HabnwpaTenbHou cetn
Pocrnapometa (AKwa, AneKcaHgpoBCKUM 3aBoga,
Kannactyii, CpeteHcK, bop3s, ConosbeBCK, [asMmypckuit
3aBog, HepunHckuii 3aBog, MaHryT). OgHako B nocnaegHue
TPU  [ecATUNeTMA  OTMeYeHO  3amefJjieHMe  pocTa
TemnepaTypbl Bo3ayxa. B nepuog ¢ 1951 no 1990 rog, poct
cpeaHen rogoBolM TemnepaTypbl COCTaBAAA B CpegHeEM
0,26°C/10 nert, a 8 nepuog, ¢ 1990 no 2019 rog — 0,09°C/10
net.  BcnepctBMe  pocta TemnepaTypbl BO34yxa
HabnoAaeTcA YMeHbLUEHWe YBNAXXHEHHOCTU Tepputopuu
Topelcknx 03ep, KOTOpPOe nNpou3oWa0 B pesysbTaTe
nosbliweHua ncnapexuns [11]. B nsmeHeHmmn atmochepHbIx
0CafKoB npocnexunsaerca 4yeTKo Bblpa*KeHHasn
BHYTPMBEKOBAA UMKAMYHOCTb. B aHanmsnmpyemom nepuoge
ABTOPbI BbIAENAIOT ABa TakKUX UMKAna: ¢ 1955 no 1982 rog n
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¢ 1983 no 2011 roa. AtmocdepHble 0OCaZKM,
npesblWaloWme MHOTONETHIO HOpPMY, Habaloganucb ¢
1955 no 1963 u c 1983 no 1998 rr., a B nepuogbl

1964-1982 rr. u 1999-2011 rr. npeobnaganu rogpl C
0CaikaMU HUKe HOPMbl.
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PucyHoK 2. Cxema pacnonoxeHus Topenckux 03ep U NPOEKTUPYEeMOro BOLOXPaHUAMLLA

(1 — rugponornyeckune NocTbl, 2 — METEOPOIOTUYECKUE CTaHLMM, 3 — HaceneHHble NyHKTbI, 4 — peKwy,
5 — rocyiapcTBEHHbIe rpaHuLbl, 6 — TMAPOTEXHUYECKOE COopyKeHue, 7 — Topelickue o3epa)

Figure 2. Map of the location of the Torey Lakes and the projected reservoir

(1 — hydrological posts, 2 — meteorological stations, 3 — settlements, 4 —rivers, 5 — state borders,

6 — hydraulic structure, 7 — Torey Lakes)

MATEPUANDbI U METOA,bl UCCNEAOBAHUA

HasemHble cuctemaTmyeckue rmaponoruvyeckune
HabnoaeHns 3a o3epom bapyH-Topeli nposogunock B
nepuos 1965-1978 rr. BcneactBMe  MHTEHCUMBHOTO
YMeHbLUEeHNA akBaTopun o3epa B 1979-1980 rr., a B
1981-1982 rr. nepecbixaHWUA OBLWMPHOM NPUBPENKHOM
30Hbl 03epa (40 8-15 Km) HabnogeHMA 3a YpPOBHEM U
Temnepatypoi Bogbl 6blAM  npekpalleHbl. MosTomy
06BEKTUBHBIM U HE3AaBUCUMbIM UCTOYHUKOM MHbOpMaLmm
0 COCTOAHUM TOPEeMnCcKUX 03ep Ha CeroAHAWHUNA OeHb
ABNAlTCA CMYTHUKOBbIE [OaHHble, nossonawwme
onpepenate  MopdomeTpUYeckMe U FMAPOSOrMYecKme
XapaKTEPUCTUKM 03ep, B TOM 4ucne naowaib BOAHOIO
3epKana.

B nepuog ¢ 1989 no 2020 rr., Koraa HasemHble
HabnoaeHus 3a 03épamu He NpOBOAMAUCS,
rMAPONOTNYECKUI pexnm TopercKux o3ep BOCCTAHOB/IEH C
MCnosib3oBaHMeM UMbpPoBOIM mogenu penbeda MECTHOCTU
W [aHHbIX  OUCTAaHUMOHHOTO  30HAMPOBaHUA  3emau
KOCMMYECKUX annapaToB cepuit Landsat u Sentinel-2 ¢
NPOCTPAHCTBEHHbIM  paspeweHnem 30 wn 10 m,
COOTBETCTBEHHO, 3a 6e3nenocTaBHbIN nepuoa.
MpoaHannM3npoBaHbl BCe AOCTYMHbIE MYNbTUCNEKTPAIbHbIE
CMNYTHUKOBbIE M306paxeHns — 113 CNyTHWKOBBLIX CLEH.
Mcnonb3yemble CNyTHUKOBAA MHOOPMaLMA HaxoaaTca B
OTKpbIToM poctyne (earthexplorer.usgs.gov) u umeet

CTaHOAPTHbIM ypoBeHb 06paboTkn Level 1. YuuTbiBas
NVHeliHble  pa3mepbl  TOpPEeWCKMX  03ep,  UCXOAHble
CMYTHWKOBblE [JaHHble ABAAIOTCA NPUEMIEMbIMUA  ANs
nccnepoBaHus.

C nomouibto
06paboTKK
MHAEKca

aBTOMAaTU3NPOBAHHOIO  MeToAa

CNYTHUKOBbIX AAHHbIX —  CMEKTPaabHOro
MNDW!I, Haubonee TO4YHO oONpenenAoLEro
rPaHULy «Cylla-BoAa» Ha UCCneayemon Tepputopuu
[12-16], nonyyeHbl  3HayeHMs  naowaau  BOAHOWM
nosepxHoctn TopeWlcknx o3ep 3a nepuwon c¢ 1989 no
2020 rr.

AHanu3 MHPOpPMaLMM KOCMMYECKMX annapaTos,
BK/IOYAA BblYMCAEHME MIOWAAN BOAHOW MOBEPXHOCTU
TopeWlckux 03ep  nocpeactsom  pacyera  MNDWI,
npoussogunance B web-cepuce Bera-Science, KoTopblit
ABNAETCA COCTAaBHOM 4acTblo LleHTa KOA/NIEeKTUBHOIO
nonbzoBaHma  MKU-MoHutopmur  [17-19]. MNnowagmu
BOAHOW NOBeEpPXHOCTU TOPEWCKUX 03ep, MOJIyYeHHble 3a
OAMH roa, YCpegHAnucb ANA Toro, 4tobbl HMBENMPOBATb
CE30HHYI0 U3MEHYMBOCTb 03ep BHYTPU roaa.

B pesynbTtaTe conocTaB/ieHna naowaaen
Topelcknx 03ep, MOJIyY4eHHbIX MO paHHbiM  [33, ¢
rpapukamy 3aBUCMMOCTM YPOBHA BOAbl 03ep OT WX
naowaan BoaHon nosepxHoctn n obvema H=f(S), H=f(W),
noctpoeHHbiMn no LIMP, BOCCTaHOB/MIEH YPOBEHHbIN
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pexxkum Topelckux o3ep 3a nepuog ¢ 1989 no 2020 rr.
(puc. 3).

[nA BOCCTAHOBNEHMWA TUAPONOTMYECKOTO PeXMma
TopeWcknux o03ep 3a nepuog 1965-2018 rr. asTOpbI
HacTosAlen cTaTbM pa3paboTann mogens BogHoro 6anaHca
TopeicKknx 03ep Ha A3blke NporpammupoBaHusa Payton c
MUCMONb30BaHMEM  BO3MOXKHOCTEW  npoekTa  Jupyter
Notebook [20; 21]. B ocHOBY MOAeNM NONOXKEHO peLleHune
ypaBHeHUA BogHoOro 6anaHca gas H6eccToyHbIX BOAOEMOB
3a rofloBOM UHTEPBAN BPEMEHM:

P+Y-E-Z=AH,

roe P — ocafikv Ha BOAHYHO MOBEPXHOCTb, Y — CYMMApHbIU
npuToK pek WMmanka u Ynbpza B 03epo bapyH-Topel,
E — wucnapeHne, Z — p[ononHWUTENbHble noOTepw,
Yy4MTbIBaOLWME paccenBaHmne CToka. MicxogHble AaHHble gan
pacyeTa COCTaBAAOWMX BOAHOro 6anaHca MNPUHATHI MO
OaHHbIM HabnogeHUM Ha cTaHumax cetu Pocrmpgpomerta
(03. BapyH-Topei#t — c. KynycyTait (1965-1978 rr.), p. Ynba3a
— c. ConoBbeBcK (1965-2018 rr.), p. Mmanka — H.n. KpacHasn
Mmanka (1965-2018 rr.), c. ConosBbeBck (1965—-2019 rr.)).
UcnapeHne paccuntaHo no metoguke MU [22].

Mpu peweHun ypaBHeHWAa BogHoro 6HanaHca
Topenckux o3ep y4uTbIBaNaCh 0CcobeHHOCTb
PacnoNoXKeHUA AaHHbIX O3epP M HWKHEro TEeYEHUs PeKu
Ynba3a B 30He «paccemBaHua» cToka [23], B KoTopo#
notepu BoAabl Ha GUABLTPALMIO U3 pycen U UCMapeHue
CyLEeCTBEHHO MpPEBbIWAT MeCTHbI CTOK. [Mo3atomy, no
CpaBHEHUIO C coceaHMMM BoAocbOopamMu, MaNoBOAHbIE
nepuoapl B NPUTOKE K 03epy HOCAT 6osiee BbIparKEHHbIN,
3aTAMKHOM XapaKTep, YTO TaK¥Ke OTPaXKaeTcs Ha BOAHOM
banaHce camoro o03epa, YyBe/AMuYMBaA NoTepu  Ha
duUNbTPaLMIO NPU POCTE YPOBHA BOAbI.

Ona  KannubpoBkM mogenu BogHoro bHanaHca
TopeicKknx 03ep MCNONb30BaNWUCb [JaHHble 06 YPOBHAX
BOAOEMOB, MONyYeHHble B  pe3ynbTaTe  Ha3eMHbIX
n3mepeHuii  (1965-1978 rr.), BOCCTAHOB/EHHblE MO
cnyTHUKoBoW wuHdopmaumm (1989-2020 rr.) u rpaduk
M3MEHeHUA YypoBHA o03epa bapyH-Topel, noayyYeHHbIN
06s308bIM B.A. 33 nepmog 1965-2009 rr. [24]. B npouecce
KanMbpoBKM  MOAENN  YCTaHOB/EHbl  NOMPaBOYHblE
KO3pPULMEHTbI, KOTOpblE 3aKNOYAOTCA B yBENMYEHUMU
ncnapeHusa Ha 5% M ymeHblUeHMW NPUTOKA Ha 28%, yTo
XOpOLWO OOBACHAETCA XapaKTepHOW Ansa  wuccienyemom
TeppUTOpMM NoTepei BoAbl Ha paccemBaHue CTOKA.

MogepvpoBaHMe  TMAPOSOFMYECKOTO  PeXxnma
TopelicKknx o3ep 3a nepmog, 60NbLLOKN NPOLONKUTENBHOCTH
OCYLLECTBNIEHO C TMOMOLLbID MMUTALMOHHOTO MOAENU-
poBaHUA C UCNO/Nb30BaHMeM MapKOBCKOW Lenu nepsoro
nopsaaka.

NONYYEHHbIE PE3Y/IbTATbI U UX OBCYXKAEHUE

Mo pgaHHbIM NpeanoXKeHHOW moaenu BogHoro 6anaHca B
MHOrofIeTHEM  U3MEHEeHUW YpOBHA TOpenckux o3ep
NPOCNEXKMBAETCA UMKAMYHOCTL (puc. 2). B 1965 .
OTMeuYasica BbICOKUI ypoBeHb 03ep. B nocneaytowme roapl
NPOUCXOANNO YMEHbLLEHNE YPOBHA BOAbI C AOCTUXKEHNEM
MWHUManbHbIX 3HavyeHnn B 1982-1983 rr. 3atem
Habnofanocb  HanosiHeHWe 03ep € JOCTUNKEHWEM
MaKCMMaIbHOro 3HayeHusa ypoBHA B bapyH-Topee B 1999
r., a B 3yH-Topee B 1998 r. 3atem Ha 03epax OTMeYanocb
YMeHbLUEeHMe YPOBHA BOAbI, KOTOPOE MPOUCXOAUT A0
HacToALero sBpemeHu. N0 CNyTHMKOBbIM AaHHbIM B Mepuog,
2009-2020 rr. perynspHO OTMEYaJIoCb MPaKTUYECKU
NoJIHOE BbICbIXaHWE KOTNOBMHbI 03epa bapyH-Tope#, a ¢
2017 — osepa 3yH-Topei. UHbOpmaLmMA, nosyyaemas c
KOCMWYECKUX  anmapaTtoB, NO3BONAET  OTC/IeXMBATb

Hano/siHeHWe KOT/I0BUHbI o3ep, obycnosneHHoe
BbiMageHnem aTmocdepHbIXx ocagKkoB. OTHOCUTENbHO
cTabunbHoe HanosHeHWe o3epa bapyH-Topelt Hayanoch B
ceHTAbpe 2020 . [25; 26].

Ona KONIMYecTBEHHOM OLEHKM BANAHUA
QHTPOMNOreHHOW HarpyskuM Ha BoAHble pecypcbl 6acceiiHa
Topeicknx o03ep nNpoaHanM3MpoBaHa NpPoOeKTUpyemas
BOLOXO3AWCTBEHHAsA cMCTEMA Ha peKe Y/bA3a, TaK Kak ee
dYHKLMOHMPOBaHWE ABnAeTca OCHOBHOW YyacTbio
QHTPOMNOreHHOW HarpyskM Ha wuccnegyemble o3epa. Ha
oduuManbHOM caliTe O TrOCYyAAPCTBEHHbIX 3aKyMKax B
TEXHWYECKOM 33faHuKM, pPas3MeLLeHHOM B MPOEKTHOM
OOKYMEHTauMn K TeHaepy, 3aAB/eHbl caeaylolme
XapPaKTEPUCTUKM BO3BOAMMOrO BOLOXPAHUAMWLA Ha peke
Ynbasza: Bbicota — 12 m, annHa okono 700 m, obbvem 27
MAH. M3, naowaab Ao 10 Km2, GyHKUMA — 3KoAOrMYecKoe
BOCCTAHOB/IEHWE peKu nyTem cTabunusaumm ctoka [27]. B
pabote [28] paccuuTaHbl CaHUTapHble MOMYCKM AAs
npoekTupyemoro sogoxpaHuaunwa (0,018 km3/roa) n gaHa
MHPOPMaLMA O TOM, YTO HUMKE NO TEUYEHUIO peKn Yabasa oT
NpoeKTMpyemoro BOLOXPaHMAULLA nocTpoeHa
MppUraLmMoHHaa cucTema naowaapto okosno 2100 ra.
MpumeHsa [AaHHble HOpM BOAOMNOTPEOHOCTH,
pa3paboTaHHble A/A CeNbCKOro XO3AMCTBA, MOJYYeHbl
3HayeHuWa 6e3Bo3BpaTHOro noTpebneHua Bogbl Ha
opolLeHune CeNbCKOX03ANCTBEHHOrO nons [29].
YMCNEeHHOCTb MOro/ioBbA KPYMHOTO poraToro cKota B
palioHe pacrnoNoXeHUsa NPOEeKTUPYEMOro BOSOXPAaHMUAULLA
nosyyeHa no JaHHbIM MOHIO/IbCKOTO CTAaTUCTUYECKOTO
ynpaBfeHua, a 6e3B03BpaTHble W3bATUA BOAbl Ha UX
HY}KAbl PACCYMTaHbl C MOMOLLbIO HOPM pacxoZa BOAbl Ha
noeHne KpynHoro poratoro ckota [30] (tabn. 1). Ona
MOZE/NbHbIX PacyeToB PAcCMOTPEHbl ABa  CLeHapus
M3MEHEeHUA BOLOXO3ANCTBEHHOM 06CTaHOBKM B HacceitHe
Topelickunx o3ep (Tabn. 1) oTAeNbHO paccmaTpuBanca pasg
Hano/IHeHWIA 03epa B MaioBOAHbIE MO NPUTOKY NEPUOAbI.

OueHKa nocneacTBUit  peanusauMu  Komniekca
BOZOXO3ANCTBEHHbIX MeponpuATUIA B bacceliHe peku
Ynba3a Ha rnaponoruyecknin pexkum TopenrcKux 03ép
ocyLecTneHa c NoMOLLbIO MMUTaUMOHHbIX
3KCMEepPUMEHTOB Ha OCHOBE pacyeTa pAjoB YpPOBHEW
TopelcKknx o3ep 3a NPoJOMKUTENbHBIV Nepuog 10 Tbic. neT
B COOTBETCTBME C MNpPeACTaBAEHHbIMWU cueHapuamu. [Ona
3TOr0 B KayecTBe WCXOAHbIX [OaHHbIX WCNO/Mb30BaHbI
OaHHble 06 OcagKax, McnapeHuu U MPUTOKe 3a nepuos
1965-2018 rr. Tak Kak B bacceliHe TopeMlcKkux o3ep
3HaUYMMan KOppPensLMOHHasA CBA3b MeXAy MNPUTOKOM,
oCagKamMM U UCMApeHWem C BOAHOW MNOBEPXHOCTU
oTtcytcteyeT  (Tabn. 2), TO  pOaHHble  npouecchl
CMOZEeNMpPOoBaHbl Kak He3aBUCUMMble NOCNeA0BaTE/IbHOCTMU.
B pesynbTaTe aHanM3a MNapamMeTpoB  pacnpeneneHus
OCHOBHbIX TMAPONOTMYECKMX XapaKTepucTuk (tabn. 3)
NPUHATO pelleHne MOLENNPOBaTb WCKYCCTBEHHbIE PAAbI
0CagKoB M WCNApeHuss  MeToAOM  MMMTAUMOHHOTO
MOZENNPOBaHNA C NMomoLblo MapKOBCKOW Lenu nepsoro
nopaaka. Ona MoAenvMpoBaHMs MNPUTOKA MCMNONb30BaHa
CXema, y4nTbIBatoLLAA MaIOBOAHYIO MU MHOTOBOZHYO dasbl
UMKna BoaHocTu Topelckux o3ep. [na Kaxapon ¢asbl
onpegeneHbl napameTpbl pacnpegeneHuns (tabn. 4) wm
MeToLOM UMUTALMOHHOTO MOZeNNPOBaHUA c
Mcnonb3oBaHMemM MapKOBCKOM Lenu nepBoro nopagka
NoJly4YeHbl HEe3aBUCUMbIE UCKYCCTBEHHbIE PAAbl 3HAYEHWUN.
ObpasoBaHue psfa AaHHbIX MPUTOKa 3a nepuog 60/bluok
NPOAO/MKUTENIBHOCTM OCYLLECTB/IEHO MyTeM KoMbuHauuu
3TUX ABYX NOCNEA0BaTE/IbHOCTEN.
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PucyHok 3. UameHeHus ypoBHei 03ep bapyH-Topeit (A) u 3yH-Topeit (B), BoccTaHOoBNEHHbIe Mo gaHHbIM [33 (2)

1 Mmogenu BogHoro 6anaHca (3). FpadrKu LoNoAHEHbl 4aHHBIMU Ha3eMHbIX HabtogeHui (1)

Figure 3. Changes in the levels of Lakes Barun-Torey (A) and Zun-Torey (B) reconstructed from remote sensing data (2)
and a water balance model (3). Graphs are supplemented with data from ground-based observations (1)

Tabauua 1. Bo3mokHble CLeHap1y U3MeHEeHNA BOL,0X03AMCTBEHHOM 06CTaHOBKM B bacceiHe TopelcKkmx o3ep
Table 1. Possible scenarios for changing the water management situation in the Torey Lakes basin

BapwuaHT pacueta

Calculation o

ption

Ycnoeua pyHKLMOHUPOBaAHUA BOAOX03AMCTBEHHON CUCTEMbI U OLeHKa 6e3B03BpaTHbIX NOTepb
Conditions for the functioning of the water management system and assessment
of irretrievable losses

BapuaHT Ne 1
Option Ne 1

EcTecTBeHHbIe yC10BUA
Natural conditions

BapuaHTt Ne 2
Option Ne 2

BoaoxpaHuauwe HanonHeHo. BoagHble pecypcbl 3aTpayunBatoTcs Ha GUAbTPaLMIO U UcnapeHue ¢
NOBEPXHOCTM BOAOXPAHMANLWA. JONOAHUTENbHbIE PACXOAbl OCYLLECTBAATCA ANA NOALEPKAHUA
CaHWUTapHbIX NONycKoB B pasmepe 0,018 KM3/rog; ANA OpPOLIEHUsA CENbCKOXO3ANCTBEHHbIX None
naowaabto 2100 ra ¢ yueTom HOpMbI opoLLeHnsa pasHoli 1630 m3/ra 1 Bo3BpaTHbIX BOA;

O/ HYXKA, CKOTOBOAYECKOro X03AMCTBa B KOANYeCTBe 26,7 ThiC. F0/1I0B KPYMNHOrO POraToro CKoTa

npu Hopme cyTouHoro notpebsaexms 51,3 n/cyr.

The reservoir is full. Water resources are spent on filtration and evaporation from the surface

of the reservoir. Additional expenditures are made so as to maintain sanitary releases in the amount
of 0.018 km3/year; for irrigation of agricultural fields with an area of 2100 hectares, taking into
account the irrigation rate equalling up to 1630 m3/ha and return waters; for the needs of livestock
farming in the amount of 26.7 thousand heads of cattle at a daily consumption rate of 51.3 |/day

BapmaHTt N2 3
Option Ne 3

PacueT ypoBHell NPOM3BOAUTCA 41 MaNOBOAHOMN dasbl LUMKAA. YUMTLIBAKOTCA U3BATUA BOADI,
npesycMOTpeHHble BO BTOPOM BapuaHTe

Levels are calculated for the low-water phase of the cycle. Water withdrawals provided

for in the second option are taken into account
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Ta6bauya 2. MaTpuua napHbix KO3GOULMEHTOB KOPPENALUU Mexay NapameTpamm BogHoro 6anaHca
TopeWckux o3ep 3a nepuog 1965-2018 rr.

Table 2. Matrix of paired correlation coefficients between the parameters of the water balance

of the Torey Lakes for the period 1965-2018

Ocagku Mputok UcnapeHwne
Precipitation Inflow Evaporation
Ocapgkm / Precipitation 1
NpuTtok / Inflow 0,5 1
WUcnapenue / Evaporation -0,4 -0,3 1

Ta6auua 3. MapameTpbl pacnpeaeneHns BepoATHOCTEN OCHOBHbIX TMAPO0N0MMYECKMX XapaKTepUCTUK

3a nepuog ¢ 1965 no 2018 rr. B 6acceliHe Topencknx osep

Table 3. Parameters of the probability distribution of the main hydrological characteristics for the period
from 1965 to 2018 in the basin of the Torey Lakes

MapameTtpbl pacnpegeneHus

Mmaponornueckan xapakTepucTmka Distribution Options

Hydrological characteristic CpeaHee v Cs (1)
Mean
MpuTtok K Topelickum o3epam / Inflow to the Torey Lakes 186,4*10° m3 1,39 2,02 0,60
Ocaaku Ha NoBepxXHOCTb 03ep / Precipitation on the surface of lakes 291,7 mm 0,27 0,27 0,01
WcnapeHue ¢ nosepxHocTh o3ep / Evaporation from the surface of lakes 573,6 mm 0,17 1,13 0,25
Ta6auua 4. NapameTpbl pacnpeneneHmsa BepoaTHOCTEN PAA0B ro40BOro NPUTOKA
TopelcKkunx o3ep 3a pasHble ¢pasbl UUKAA BOAHOCTU
Table 4. Probability distribution parameters of the series of annual inflows
of the Torey Lakes for different phases of the water cycle
NapameTpbl pacnpegeneHus
NpuTtoK TopelcKkux osep Distribution Options
Inflow to the Torey Lakes '\Il\l, ner CpepgHee, rsvu3 v Cs/Cv (1)
years Mean, m
Becb pag, aaHHbIx / Full data series 54 186,4*10°6 1,39 1,45 0,60
MHorosogHblii nepuog, / High water period 16 490,0*106 0,60 1,1 0,00
ManosogHblii nepuog, / Low water period 38 58,4*10° 1,13 1,1 0,85
CmopenvpoBaHHble TakMm obpasom paabl  OCaAKoB, ObcyxcoeHue 803MOMCHbIX 3KO/02UYECKUX nocaedcmauli

ncnapeHna U KOMBMHMPOBAHHBIN PAL AaHHbIX MPUTOKA
6blAn nofaHbl Ha Bxod paspaboTaHHoOM BogobanaHcoBoM
MOZENN, OCYLLeCTBIEH pacyeT YPOBEHHOMO pPeuMma
Topenckux o3ep 3a nepvog, 6onbluoi
NPOAO/IKUTENBHOCTUM, B TOM YUCNE B COOTBETCTBUE C
NpeacTaBNeHHbIMM  cueHapuamu. Ha  pucyHke 4
paccuMTaHHble  ypoBHWM  BOogbl  TopeWckux  o3ep
npeacTaBneHbl Ha rpaduKax KpMBbIX obecneyeHHOCTeN, No
KOTOPbIM JIETKO OMNpeaensloTcs YPOBHW BOAbl [AaHHbIX
BOA0OEMOB 334aHHOI obecneyeHHOCTH.

AHanus pe3ynbTaToB UMMTALMOHHBIX
3KCMEPUMMEHTOB MOKa3blBaeT, 4YTO MpW  peanvsauuu
MOHTIO/IbCKOM  CTOPOHOM  HOBbIX  BOAOXO3ANCTBEHHbIX
NPOEKTOB, COMPOBOXAAEeMbIX OOMNONHUTENbHBIMM

6e3B03BpaTHbIMM  NOTEPAMM CTOKA, YPOBEHb BOAbI B
Topelcknx o3epax Oy[eT HUXKe, YemM MpPU ecTeCTBEHHbIX
ycnoBmax. YMeHblleHMe YPOBHA BOAbl COCTaBUT B O3epe
BapyH-Topeit B cpegHem 0,4 m (cocTtaBnser 8,5% ot
3HaYyeHWU MaKcMmanbHOro yposHs), B 3yH-Topee — 0,5 m
(7,7%). Haubonbliee BAMAHME U3BATUI BoAbl bygeT
NpoABAATLCA B Nepuoapl manoBogHol ¢asbl BOAHOCTU: B
o3epe bapyH-Topeit NOHWMKEHME YPOBHSA COCTaBUT B
cpeaHem 0,7 m (14,9%), B 3yH-Topee — 0,8 m (12,3%). MNpwn
aToM Habnwpgaetca 6onee 6bICTpoe BbiCbIxaHWe 03ep, B
cpegHem Ha 2-3 roga. [locne OKOHYaHMA ManoBOAHOM
$asbl HaNoNHeHWe 03ep NPOUCXOAUT B TOT Ke rof, YTo U
NpPW eCTeCTBEHHbIX YC/IOBUSAX.

cmpoumenbcmea 8000XPAHUAUUWLA HA peKe Ynb03a Ha
3Ko02u4ecKuli pe2uoH «Jaypckuii»

CoTpyaHuKamm MeXAyHapoaHOro 6uochepHoro
3anoBeAHuMKa «[aypckuii» U MHCTUTYTA NpUPOLHbIX
pecypcos, akonormm u Kpmnonormm CO PAH HeogHOKpaTHO
aHaNM3NPOBANUCL U3MEHEHMA, Nponcxogalume Bo daope u
¢dayHe [laypcKoro permoHa npu MNOHWKEHWUU YPOBHA
Topeickux o3ep [4; 31-36]. Tak, obmeneHne TopencKux
03ep COMPOBOXAAETCA BbICbIXaHMEM APYrUX  MEJIKUX
BOA0EMOB, PaCMO/NIOXKEHHbIX B 3KOpernoHe «Jaypckuin» —
06LWKNPHbIE 03epHO-CTEMHble pernoHbl MoHronunu, Kutas,
HaxogAlwmecs toxkHee TOpPenCcKUx 03ep, U Mexaypeybs
OHoHa M Arn — c tora. Kpome 3TOro, Ha wuccnegyemon
TEPPUTOPUN TMOHUNKEHWE YPOBHEW BOAHbIX OOBLEKTOB
HabnoAaeTca Npu HaCTyNIeHUU KAMMaTUYecKuX 3acyx, 3a
KOTOPbIMU CNeayoT U3MEHEHWUA PacTUTENbHOrO MOKPOBa,
BbIPaXKaloLMeca B ero OCKYZAeHWW, MPpUBOAALLME B CBOKO
oyepeab K YMEHbLUEHUID YUCAEHHOCTM U BUAOBOTO
pa3HOO6pasna MMBOTHOTO HaCe/eHUsA Ha BCEX YPOBHAX
3KOCUCTeMbl  perMoHa  TOpenckux  03ep,  BKAOYas
nepenetHbix nNTUU. [Apyrum cneactBuem yMeHblUeHUs
ypoBHA  TopeWcKkux  o03ep  ABAAETCA  YBe/UYeHue
MWHepanmn3aLmm Boabl, OHa CTAaHOBUTCA FOPbKO-CONEHOM, U
3TO MPUBOAMT K M3MEHEHWI0 YUC/NEHHOCTU U BUAOBOMO
coctaBa  rmMapobuoHToB.  [poucxoanuT  COKpalieHue
OKOJIOBOAHOM PacTUTENbHOCTU, B YACTHOCTU TPOCTHWKa,
obecneynBatoLelt KOPMOBYLO Hazy U MeCcTo 06UTaHUSA YTOK,
NIbICYX M APYrUX BUO0B NTULL,.
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PucyHok 4. Kpusble obecneyeHHOCTH ypoBHelt o3ep bapyH-Topeit (A) u 3yH-Topeli (B) B cooTBeTCTBME CO CLLEHAPUAMM
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Figure 4. Curves of levels of Lakes Barun-Torey (A) and Zun-Torey (B) in accordance
with scenarios for the development of water management actions

YBennyeHve npoao/IKUTENBHOCTU  ManoBoAHOM  ¢asbl
r'MAPONOTrNYecKoro Uumkna Topenckux o03ep CcrnocobHo
npuMBeCTM K U3MEHEHWID  MWIPALMOHHBbIX  NyTewn
Bogonnasatowmx ntmy. Hanpumep, B nepuog 1999-2009
. YUCNEHHOCTb YTOK B CTEMHOM 30He 3abalika/NbCKoro
Kpas, B TOM u4ucne B pervoHe Topenckux o3ep,
coKpatunacb B 59 pas, Korga MUrpauMOHHbIN NyTb
CMeCTU/ICA Ha BOCTOK K lMpearopbto Bonbworo XvHraHa u
Ha 3anag — B paloH XaHTaA [37].

HanonHeHnve  Topelickux 03ep B Havane
MHOroBoAHOM  $asbl  COMPOBOXKAAETCA  MNOSB/EHUEM
MENIKOBOAHbIX OCTPOBOB, KOTOpble B  JajbHerwem
3aTan/MBatoTcA npv nogbeme YPOBHA BOAbI.
3aTanavBaeTcA 3apocliee CTEeNHOW PaCTUTENIbHOCTbIO AHO
03ep, KoTopoe npeobpa3oBbiBaeTcA B UAeaNbHOE MecTo

AN THe3[4,0BaHWA M BCKapMAMBAHWA MHOMMX NTuu. Mpwu
cpegHem  ypoBHe  TOpeMCKMX 03ep  COTPYAHUKaMu
3anoBeAHMKa «[aypcKuit» OTMeyaeTca OnTUMasibHOe
COOTHOLWIEHWE MUHepanMsaummM M obbema BOAbl, Npu
KOTOPOM Habntoaanca MakCMManbHbI M pa3HOObpasHbIi
3anac KopmoBoW 6asbl 41a KMBOTHbIX [31]. Mo3atomy B
rofibl cpeAHein BOAHOCTM KPaTHO BO3PacTaeT YMC/IEHHOCTb
NTUL, B YacTHOCTM CYXOHOCOB, sebeadelt, [aypCcKMX
KypaBnem, ctepexos n 4p.

B pabote [38] cpenaH BbIBOA4 O TOM, 4TO
€CTeCTBEHHOE AMHAMMYECKOE COCTOSHME 3KOJI0TMYECKMX
cucTem pervoHa «f[laypusa» onpeaenserca Kak CocTosiHue
LMKANYECKUX CYKLLECCUIA, OT/IMYUTENIbHOW OCOBEHHOCTbIO
KOTOpbIX ABAAETCA BO3BPAT 3KOCMCTEM K YC/IOBUAM,
6/1M3KMM K UCXOAHBIM Yepes onpeseneHHble NMPOMEKYTKU
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BpemeHn [39]. Mpu 3TOmM aBTOPbI YTOYHAKT, YTO
yBeNnYeHUe  BAUAHUA  Kakux-1Mbo  ¢dakTopoB  Ha
sKocucTeMy  cnocobHO npuBecTM K HeobpaTUmMocCTu
npupoaHbIX npoueccoB B Heil. W3BectHo [38], uTO
pacTUTeNbHOCTb U KMBOTHOE HaceneHnve [laypckoro
pervoHa npenmyLLecTBEHHO afanTMpoBaHbl K

COBPEMEHHOMY KAMMATUYECKOMY LMKAY YBAAXKHEHHOCTU
npoJoMKMTEeNbHOCTbIO 30 neT. Ha cerofHAWHWA AeHb
BOMPOC O HAZEKHOW KONMYECTBEHHOMN OUEHKEe CTerneHu
BAWAHMA  MNPOTHO3UPYEMOrOo  YMEHbLUEHUA  YPOBHSA
TopencKnx 03ep M CTOKA TPaHCTPAHMYHOM peKku Yaba3a Ha
dnopy 1 dpayHy [laypcKoro permoHa octaeTcs OTKPbITbIM.

BbIBOAbI

Topeiickne o3epa npeactaBAAlOT coboi  yHUKaNbHbIN
BOAHbIA OOBLEKT, ABAAACL CNOXKHOW TMAPONOrMYECKOM
CUCTEMOM 3aMKHYTbIX 03ep, BXOAAT B COCTaB OObEKTOB
BcemupHoro Hacnegma HOHECKO. TMop  BauAHuem
KAMMATUYECKUX KoNebaHWUi M3MEHSAETCA BOAHbIX PEeXum
nccnesyembix 03ep: C NepuoamyHocTblo okoso 30 net
BOA0EMbI BbICbIXalOT, @ 3aTemM HanonHATcA. LIMKknnyeckui
XapaKTep BOAHOIO pexuma Topelnckmx o3ep obecneumn Ha
beperax M OCTpOBax BOAOEMOB 6aaronpuaTHble YCN0BUA
ONA 0BUTaHWMA PasNMYHbLIX BWAOB NTUL, B TOM 4uCAe,
3aHeceHHbIX B KpacHyio KHury. OfHaKo, HasemHble
HabNoAEHUA 33 TMAPONOTMYECKUM PEXMMOM TopemncKux
o3ep npeKkpaueHbl B 1980 r. B HacToAwwee Bpems CTpouTca
rMOPOTEXHUYECKOE COOPYXKEHUE HA TPAHCIPaHUYHOW peke
Ynba3a, nNuTaloweln  AaHHble  03epa,  peanusauma
OEeATeNbHOCTU KOTOPOro MOXKET MPUBECTU K CIOMKHbIM U
HeobpaTMMbIM MOCNEACTBUAM O/ BCErOo 3KONOTMYECKOTO
pervoHa Topenckux o3ep.

B  uenax OUEHKM  BAMAHUA  NAAHUPYEMbIX
BO/,0XO3AUCTBEHHbIX MEPONPUATUIA Ha MOHIOJ/IbCKOM YacTu
peKku Ynba3a Ha rMApoIorMiyeckuii pexxum Topenckux o3ep
pa3paboTtaHa mogenb BoaHoro 6anaHca Topelckux o3sep,
KOTOpas afeKBaTHO BOCCTAHAB/AMBAET YPOBHW BOAbl B
OaHHbIX 03epax. [o AuTepaTypHbIM CBEAEHUAM U
MHPOpMaLMK, HaxodAlWencs B  OTKPbITOM  AOCTyne,
npoaHaM3npoBaHa BO3MOXHas XO03AWCTBEHHAnA
OeATeNbHOCTb Ha CTPOALLEMCA BOAOXPaHMAULLE, Npesso-
YKeHbl cueHapuu pasBuTUA BOJ,0X03AUCTBEHHOM
obcTaHOBKM B bacceiiHe TopelcKux o03ep, BK/OYasA
paccMoTpeHWe 3TOro BAMAHUA OTAE/IbHO Ha MafoBOAHbIN
nepuopg Topenckux o3ep.

AHanu3 pesynbTaToB MMUTAUMOHHBIX 3KCnepu-
MEHTOB TOKas3a/, 4YTo Npu peanusaumm MOHTONbCKOW
CTOPOHOM NJIAaHUPYEMOro BOLOXO3ANCT-BEHHOTO MPOEKTa,
COMPOBOXAAEMOr0  AOMNONHUTENbHbIM ~ 6e3B03BPaTHbIM
notpebaeHnem Boabl, NOCNEACTBUA 1A BOOAHOMO pexunma
TopelncKknx o3ep MoryT 6biTb 3HAYMTENbHbIMUW, OCOBEHHO B
ManoBoAHyo a3y LMKNa BOAHOCTM, KOrAa MOHMXKeHue
ypoBHsA B 03epe bapyH-Topeli coctasut B cpegHem 0,7 m, B
3yH-Topee — 0,8 m. lpu 3TOM NO MOAENbHbIM pacyeTam
oTmaeTcA bonee BbicTpoe BbiCbIXxaHMe 03ep, B CpesHem Ha
2-3 ropa paHee.

JKoNornyeckne cucteMbl perroHa  «Jaypusa»
XapaKTEPU3YIOTCA NPOLECCOM LIMKIUYECKOW CYKLEeccuu u
NPeMMyLLeCTBEHHO afanTMPOBaHbl K COBPEMEHHOMY K/K-
MaTUYECKOMY LMKAY YBAAKHEHHOCTU. [Ns 3TUX IKOCUCTEM
NPUHLMNNANABHO BaXKHbl KakMe-1mbo U3mMeHeHUA BHELUHWUX
$aKTOpOoB, TaK Kak OHW CNocobBHbI NPUBECTM K HeobpaTu-
MOCTM MPUPOAHBbIX TMpoueccoB B HWX. Ha ocHose
NOJIlyYEeHHbIX pPe3ynbTaToB BO3MOXHO NPOBECTM KOMN-
NIEKCHbIW aHaNN3 aHTPOMOreHHOro BAMAHUA Ha COCTOAHME
TopeicKkunx o3ep 1 6IU3KOPACNONONKEHHBIX IKOCUCTEM.
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Pesiome
Lienb. B HacToAwen paboTe OCHOBHOW Le/Ibio CTaBUJICA PETPOCNEKTUBHbBIN
aHannM3  reo3KOoJIOTMYECKOro  COCToAHMA UM npobnem  nNpuMpoaHo-

TepputTopmanbHbix Komnaekcos (MTK) A4oAUHbI paBHUHHOM YacTu p. Kymbl
B KOHTEKCTe rMApO/oro-mopposorMieckon AMHAMUKM O nepuoga C
XVIII Beka no HacToALlLee BpemA.

Martepnanbl u metogbl. B pabore npoBeAeH aHanAM3 COCTOAHUA
NPUPOAHbIX KOMMNOHEHTOB JIaHAWAPTOB PErMoHa, ANA Yero nNpuMeHeHbI
Tonorpapuyeckne, oTpacaeBble N KaAacTpoBble KapTbl, LudpoBas Moaesnb
penbeda, KOCMOCHUMKU. MicnoIb30BaHbl OTKPbITbIE AAaHHbIE MUHUCTEPCTB,
BEOMCTB, apXxuBHble U GOoHA0BbIe MaTepuasbl. CTeneHb aHTPONOreHHoM
TpaHchopMaLMM NPUPOAHO-TEPPUTOPUANBHBIX KOMMIEKCOB BblYMCAANACH
Ha OCHOBAHWUM KoapduLmMeHTa 3KO0JI0rM4ecKom cTabunbHOCTU
NaHpwadTos.

Pe3synbTtatbl. Ha npumepe paBHWHHOM 4YacTu peku Kymbl ans nepuopa
XVIII — XXI BB. MpOaHanU3MpPOBAHbl TE03KOJIOTMYECKME OCOBEeHHOCTU
ponuHHblx MNTK. WccnepoBaHMA noKasanu, YTO Ha COBPEMEHHOM 3Tane
MeaHAPUPOBAHME OCTAETCA BA*KHbIM YC/IOBMEM 3EM/IEMNO/Ib30BAHUA B
nonvHe p. Kymbl B 4acTM CENbCKOXO3ANCTBEHHbIX 3eMesib U cenmntebHbIx
TeppPUTOPUA. MOCTPOEHbI KAapTOCXeMbl 3eMJ/IEN0/Ib30BaHUA MOAE/IbHOrO
yyactka B fAonuHe p. Kymbl, nossonswowme oueHUTb 3PpPeKTUBHOCTL
X03AUCTBEHHOrO UCMOJIb30BaHWUA MOJIEN CTapuL,.

3akntoueHue. TllocnegHue pgBectn et aonuHHble [TK  octatotca
3HAYMMbIMKM ~ A/1A  MOCENEHYECKUX Lenen u  comyTcTBylowen uUm
X03ANCTBEHHON AeATenbHocTU. COBPEMEHHDIM NOAC MEeaHAPUPOBAHMUA B
COBOKYMHOCTM C MOAAMW CTapul, co3aaloT ocobble cpegodpopmupytolme
ycnosus ®YHKUMOHUPOBAHMA CTabnAnsmpyroLLmx KOMMOHEHTOB
NaHawadTa, B nepsylo ovyepenb MOMMEHHOrO Jieca Kak WHTErpaabHoro
6a3oBoro dakKTopa COXpPaHEHMA pervoHanbHoro 6uopasHoobpasus.
PekomeHaoBaHO npu  opraHM3auMM  YCTOMYMBOIO  MCMOAb30BaHUA
3eMenibHOro ¢GOHAA PeYHbIX AOAUH ANA LUeneld TeppuTopuanbHOro
NAAaHUPOBAHMA Y4YUTbLIBAaTb PErnoHaNbHble OCOBEHHOCTU pasmeLleHus
MeaHAp U cTapuu,.
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Abstract

Aim. In this work, the main aim was a retrospective analysis of the geo-
ecological state and problems of natural territorial complexes (NTC) of the
valley of the plains area of the Kuma River in the context of hydrological
and morphological dynamics for the period from the 18™ century to the
present.

Material and Methods. The paper analyses the state of the landscape’s
natural components in the region, for which topographic, sectoral and
cadastral maps, digital relief model, satellite images were used. Openly
available data of ministries, departments, archival and stock materials
were used. The degree of anthropogenic transformation of the natural-
territorial complexes was calculated based on the coefficient of ecological
stability of landscapes.

Result. Using the example of the plains area of the Kuma River for the
period of the 18t™-21%t centuries, the geo-ecological features of valley NTC
were analysed. Studies have shown that at the present stage meandering
remains an important condition for land use in the Kuma River valley in
terms of both agricultural land and residential areas. Cartographic
schemes of land use of a modelled plot in the valley of the Kuma River
were constructed, allowing the assessment of the efficiency of the
economic use of the fields of oxbow lakes.

Conclusion. For the last two hundred years, valley NTC have remained
significant for settlement purposes and related economic activities. The
modern meandering belt together with the fields of the older such
features create special environment forming conditions for the functioning
of the stabilising components of the landscape, floodplain forest being a
basic integral factor in the preservation of regional biodiversity. It is
recommended that when organising the sustainable use of the land
resources of river valleys for the purposes of territorial planning, the
regional features of placement of meanders and oxbow lakes be taken into
account.

Key Words
River, valley, floodplain, meander, oxbow lake, hydrological
morphological factors, economic activity, geo-ecological condition.

and
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E.l. Muwsenos u dp.

BBEAEHUE

CoBpemMeHHOe  UMBMAM3ALMOHHOE  pasBUTME  CBOMMM
KOPHAMM CBA3AHO C 40/IMHAMM PABHUHHBIX PEK, B KAKOM-TO
CMbIC/e, BCE BEJIMKME APEBHUE LMBUAN3ALMMU — 3TO KPeYHble
uMBMAM3aLMMY, BnaronosydMe KoTopbiXx M Mnpobaembl
3aBMCE/IM OT BO3MOKHOCTM Pa3BMBaTb CE/IbCKOE X03ANCTBO
Ha TeppUTOpPMAX NIOAOPOLHBIX NOMM. TakMe cocTasasaioLme
TMAPONOTMYECKOTO  UMKAA  KaK  Mo/J0BOAbe, MaBOLOK
TbICAYENETUAMMN YHACTBOBA/IN B GOPMMPOBAHNM NOYBEHHOIO
NNo4OPOAMA, HO MOMAWN MPUHOCKTL U Bedy 4esoBeKy npu
HaBogHeHusAX. He cayyYaiiHO B ApPEBHEKMTAMCKOM MNUCbme
CNOBO «HecYacTbe» LO0/roe Bpems 3amucbiBanocb B BuAe

)
mepornmda — {z\, M3o06parkaBLlero BblweaLwyo U3 beperos
peky [1]. OTmeyeHHble ob6cTOATENbCTBA O6YCNOBMAM HA
onpeseneHHOM 3Tane pasBWUTME HAy4yHOro MHTepeca K
npobnemam rugporpaduu, rugponorum, reomopdonorum u
reosKkonoruu, CBA3AHHbIX c DYHKUMOHNPOBAHNEM
BOLOTOKOB.

Bonpocbl mopdonornu pycna peku Kak ocoboro
dakTopa penbedoobpasoBaHNA B OTEYECTBEHHOW HayyHOW
nuTepaType paspabaTbiBanuCh ABa MNOCAEAHWUX CTONETUS,
HauMHaa c pabotol A.H. KpacHoBa [2], onwucaswero
cB0604HbIE U BPE3aHHbIE U3/Ty4MHbI, OTMETUB, YTO NepBble
bOpMUPYIOTCA, «eCNn peKa TeyeT MO PbIxNoW nopoge». B
nocneaytolme nepuoapl rmaponorn u reorpadol passusanm
npeacTaBneHns o dakTopax n MeXaHM3Max
pycnoobpasoBaHua B TeMNopasbHO-XOPOJ0rMYECKOM
acnekre [3-21].

M3yyeHntio BOMPOCOB  reoMopdosorMm  peyHbIx
OONMH C NO3ULMIA Fe03KONOMMKU TaKKe MOCBALLEHO HEMANo
pabot. MakkaBees H.U. B cBoeit moHorpadum [12] otmeuan,
YTO [0/IMHHbIE TEOCUCTEMbI BO BCE BPEMEHA OTHOCWUAMUCHL K
TEPPUTOPUAM C HauBbICLIEN KOHLeHTpaLMel HaceneHus
3emnn. Hanpumep, B page nybavKkauuii no Bonpocam
ocBoeHus YAMYpPTMM U €ro BAWAHMM Ha TUAPOAOTUIO
bacceiHOB peK OTMe4asnocb, 4YTO MpU  AHTPOMOreHHOM
cBegeHmm 50-60% neca M aKTUBM3AUUWU XO3ANCTBEHHOW
OEATeNbHOCTM Ha TeppuUTOPUMM peyHblx bacceliHoB psAaa
I0XKHbIX palioHoB Ygmyptum B 60-90-x rr. XIX B.
NPOUCXOANNO PE3KOE YBEMYEHUE NOCTYMIEHUA NPOAYKTOB
6acceiHOBOW 3p03MM B pyc/ia M Kak pe3ynbTaT — yBesmyeHue
pPeYHOro cToka HaHoOCOB, NepedopMaTUpPOBaHME BbICOKOWN U
HU3KOW noim  [22-24]. Bonpocam  peTpoCrneKTMBbI
reosKosormyeckor TpaHchopmaumm p. Tawna u ee norimbl
nocesaweHbl paboTbl Hosocenbueson A.M. [25], JopoHuHOW
M.A. [26], KaTopruHa U.10. u ap. [27]. Bonpocbl OUeHKN M
MOZEe/IMPOBaHMA NPOLLECCOB peyHoro bacceriHa B ycnosuax
QHTPOMOreHHOro BO3AEWCTBMA 0bCyAatoTca B paboTax
Smith [28]; Szilagyi, Parlange [29]; YepHosa A.B. [30]; Tucker,
Hancock [31]; Kawasuesoit A.HO. [32]; Nluceukoro ®.H. u ap.
[33]; Bacunesckoro M.10. [34]; Yanosa C.P. [35].

CoBpeMmeHHbIi WMHCTPYMEHTapuii reorpaum,
reosornv, TrUAPOAOTMM U 3IKONOTMM  MO3BO/AET  MOA,
onpeaeneHHbIM YromMm OCBETUTb Npobnembl  pasBUTUA
AoAnHHbIX MTK paBHUHHBIX pPeK B MPOLECce OCBOEHUA WX
4eNIOBEKOM, YTO U aHa/NM3MNPYeTca B HacTosAwel paboTe Ha
npumepe p. Kymbl, pacnonoxKeHHOW MpeuMyLLecTBEHHO B
LleHTpanbHom MpeaKkaBKkasbe (puc. 1). JaHHas Tepputopus
AKTMBHO OCBamBanacb Poccuelt ToNbKO NnocneaHve ABa — Tpu
BEKa, MpW 3TOM, M B HacToAWEee BPEMA COBOKYMHOCTb
NPUPOAHO-KIUMATUYECKUX dakTopos obecneunBana
6naronpusaTHble NPeANOCHIIKU ANA CEeNbCKOX03AMCTBEHHOM
OEATeNbHOCTM, 4YTO M CerogHA BbIBOAMT pPErvoH Ha
dbnarmaHckue nosumu cUcTEMBI coumanbHo-
3KOHOMMYECKOTO Pa3BUTUA CTPaHbI.

MATEPUAN U METOAbl UCCNEOQOBAHUA

B pabore npeacTaBneHbl  OaHHble O  FMAPOAOro-
MOPPONOrMYECKMX OCOBEHHOCTAX WU FE€03KOJ0rMYECKOM
COCTOAAHUW TEPPUTOPUIA PABHUHHOW YacCTU JONUHBI P. Kymbl
pernoHa LleHTpanbHOro MNpeakaBkasbA. OcHoBHOe
BHUMaHWe yaeneHo AonvHe p. Kymbl mexay c. OTKasHbiM
00 . ByaeHHOBCKa U MOAEe/IbHOMY YYaCTKy 0/MHbI p. Kymbl
mexay c. OTKasHbIM U . HUHbI (puc. 1).

Mcnonb3oBanucb CHUMKM € caiita leonoruuveckom
cnyx6bl CLUA, a TakKe Tonorpaduyeckme KapTbl pasiIMyHOro
macLwTabHoro paga. O6paboTka CHUMKOB OCYyLLECTBAANACD B
nporpammHom Komnnekce Maplnfo Professional 12.0 u QGIS
3.24.1.

O6paboTka umdposoit mogenn penveda (LLMP)
ocyuwectensnach cpeacrsamm QGIS 3.24.1 n Global Mapper
v22.1, yMCnoBble XapPaKTEPUCTUKK TPUB Oblan NoSyYeHbl C
NOMOLLbIO MHCTPyMeHTapus QGIS 3.24.1. Mpodunu penveda
MEeCTHOCTU MOCTpoeHbl ¢ nomolubto Global Mapper v22.1.
Pycno peku v ctapuubl 66111 BblAeNeHbl C UCNOb30BaHWeM
CNYTHMKOBLIX ~ CHUMKOB  CBEPXBbICOKOrO  paspelleHus
GeoEye-1, paHHble UMP — ALOS PALSAR, SRTM,
npepoctasasemble USGS n NASA.

NoeHTUMKAUMA OTAENbHbIX KaTeropui 3emenb
OCYLLLEeCTBAANACL C MCMO/Ib30BAaHMEM TaKMX PEcypcoB Kak
depepanbHan rocysapcteeHHas MHPOPMALMOHHAA cucTeMa
TEPPUTOPMASIBHOFO NAIaHNPOBAHUA
(https://fgistp.economy.gov.ru/), MybanuHas KagacTposas
KapTta (https://pkk.rosreestr.ru/), a Takxe BbleynomsaHyTble
KapTbl U KOCMOCHUMKMU.

McTouHMKOBOM 6as3ol  MccnefoBaHWA  CYXKUAU
odpuuManbHble  JaHHble M OTYeTbl  PEerMoHaNbHbIX
MUHUCTEPCTB M BefomcTB  CTaBpOMO/IbCKOTO  Kpas,

doHOoBble U apxuBHble maTtepuansl, B T.4. PoHabl MBYK
«CTaBpOMNONbCKUI TOCYAAPCTBEHHDbIV UCTOPUKO-KYNbTYPHbI
N NPUPOAHO-NaHAWAGTHBIN My3eli-3anoBeaHK umeHn .H.
MNpo3sputenesa u I.K. Mpase», FocyaapcTBEHHOro apxmea
CTaBpONONbLCKOro Kpas.

YpoBeHb QHTPOMOreHHoM TpaHchopmaumm
TEPPUTOPUIA OLEHUBANCA Ha OCHOBaHWM KoaddULMeHTa
3KO/I0rMYeCcKoM cTabunbHOCTM NaHawadTa no metoauke b.U.
Kouyposa [36]. OcobeHHOCTM onpeaeneHns BEPOATHOCTHOTO
nosca MeaHAPUPOBAHMA M METOAMKA MNOCTPOeHWUA nosnew
cTapuL, AaHbl B TekcTe pasgena «MosyyeHHble pesynbTathbl 1
nx o0bCyKaeHNEY.

MONYYEHHbIE PE3Y/IbTATbI U UX OBCYXKXOEHUE
[na 6acceitHa p. Kymbl, pacrnonoXKeHHOro Ha TeppuTopun

MpeakaskasbA, XapaKTepHbl cneayouime obwue
0COBEHHOCTM 3BOMIIOLMK, OTpPaXkeHHble B paboTe B.A.
WanbHeBa [37]. WccneposaTenb OTMeYaeT, 4To  pag,

TpaHcrpeccuii u perpeccuii Kacnuiickoro 6acceliHa Ha ¢oHe
TEKTOHWYecKMx  npoueccoB  bonbworo  KaBkasa B
4yeTBEPTMUHbIN U bonee paHHWE nepuoabl CyLLEeCTBEHHO
NnoBAMAN Ha OCOBEHHOCTU penibeda Hro-BOCTOUMHOM YacTu
CTaBpOno/IbCKOro CBOAQ, @ 3TO B T.4. TEPPUTOPUM CpeaHero
TeyeHus Kymbl n ee nputokos. K Tepcko-Kymckomy npornby
6b1IM  NpUypoyeHbl Hanbonee MHTEHCWMBHbIE MOrPYXKeHUA
BnaguH lMpeaKaBKasbA. B nepuos perpeccMoHHbIX cTagui
XBasIbIHCKOTO 6acceiiHa, CONPOBOMKAABLUMXCA CYLLECTBEHHOW
TpaHcdopmaumen OCYLUMBLUENCA  TeppuTopuUM nog,
BO34EMCTBMEM 3PO3MOHHBIX MNPOLLECCOB, 3aKNaAbIBaANChL
necyaHble MaccuBbl — Ae/IbTOBble OT/IOMEHUA PeK, Hapaay C
PaBHUHHBLIMW  CYMecYaHbIMW Y4acTKaMn U CYTIMHUCTbIMM
BnagnuHamu. TakMm 06pasom, AUMKyNaKCKo-BaXkKMraHcKui
MaccuB — ApeBHAA genbTa p. Kymbl u p. Topbkoi 6anku, a
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Kymckuit  npeacraBnser cobov pe3ynbtaT  M3MEHEHUs
TeyeHna p. Kymbl nocne COKpalleHWA  XBasibIHCKOMO
bacceriHa. [nA 3TOro nepvoja XapaKTepHO YCTaHOBAEHUWe
YMepEeHHOro, HO cyxoro KamMmata. Mpu aTom B penbede wno
dopmMpoBaHME  N1IeCCOBbIX U a/IlOBUA/IbHO-1ECCOBbIX
paBHUH.

CocToaHue TeppuTopUii LeHTpanbHoro
MpegKaBkasbsa B Mepvog Hawel 3pbl MO AaHHbiMm J1.WU.
Nasposa [38] onpegeneHHbiM 06pasom CBA3AHO C
QHTPOMOreHHbIM  BO3AENCTBMEM  pasHOro ypoBHAa. OT
npeobaaiaHnA OXoTbl U COBMPATENbCTBA B HAYaNe HEONNTA,
[0 MacTyLIeCcKoro CKOTOBOACTBa Hauyana | TbicAYeneTma Ao
H.3., CTaBLUEro rNaBHbIM 3aHATUEM HaceneHus,
CyLLLECTBEHHbIX BO34ENCTBUIA Ha NMPUPOAHbIE SKOCUCTEMbI HE
npovcxoanno.

[aBneHve Ha NpupoaHyto cpeny CTano yCUAMBaTbCa
B VIl B. 0 H.3. C HAYa/IOM Pa3BUTMA KOYEBOrO CKOTOBOACTBA
B CKUOCKO-CapMaTCKUiA nepuog, W pasBUTUEM MAXOTHOrO
3emnegenus no beperam pek. CUTyaLUMsa C 3KONOTMYECKUM
COCTOAHMEM  MPUPOLHO-TEPPUTOPUA/BHBIX  KOMM/IEKCOB
(MTK) B nepsylo oyepesb A8 NECOMOKPLITbIX U CTEMHbIX
TeppuTopuiA ycyrybnsetca M coBnagaetr Mo BPEMeHW C
Ha4yasoM UMBUAM3ALMOHHOIO MpucyTcTeua Poccum B aTom
pervoHe.

TeppuTOpUanbHbIi  BEKTOP  LMBWIM3ALMOHHOIO
pa3sBuTUA 1 3acenenuna LleHTpanbHoro Mpeakaskasba B XVIII
— XIX BB. ans Poccun bl UCTOPUYECKM CBA3AH C PEYHbIMM
OONMHAMM, TnaBHbIM obpasom pp. KybaHb, Tepek u Kymbi.
MomMUMO NPUOPUTETHBIX BOEHHO-MOIMTUYECKUX U TOPrOBbIX
uenen, aTo obycnasnnsanocb 61aronpuUATHLIMKU NPUPOAHO-
KIMMATUYECKUMU  YCNIOBUSAMW  TaKUX  TEPPUTOPUA  anA
BeAeHUA TpaAULLMOHHOO 3epHOBOrO X03AKCTBa.
BarkHelLMm GaKTOpoM Npu 3TOM ABAAMACL KPYrIOrognMyHan
[AOCTYNHOCTb NPECcHOM BOAbI.

Ha npumepe p. Kymbl nokasaHo, 4To Ha TeppuTopumn
ee JOoNUHbI yXe K KoHuy XIX B. cdopmmpoBanach passuTas
ceTb MoceneHnn ¢ HaceneHnem okono 130000 uenosek.
PacctosHMe mexay HaceneHHbIMW MyHKTaMKW COCTaBAANO B
cpegHem 15 KM, obycnasnueas TPaHCMOPTHYIO
KOMMYHWKALUMOHHYIO  JOCTYMHOCTb UM OTHOCUTENbHO
BbICOKYIO NAOTHOCTb HaceneHua — 500 yenoBek Ha 1 Km
pekn. [lna cpaBHeHUA, Ha COBPEeMEHHOM 3Tane HaceneHue
uccnesyemon Tepputopun coctasaseT nopagka 180000, npu
NAOTHOCTM 681 YenoBeK Ha 1 KM peku.

[NaBHbIMM 3aHATUAMM NEPBOMNOCENEHLEB AONWHbI P.
Kymbl B ocHoBHOM 13 BopoHexckol, Kypckoii, OpnoBckoid,
YepHMroBCKON M XapbKOBCKOW rybepHuin Poccumn ABnanuch
pacTeHWeBOACTBO M CKOTOBOACTBO, YTO 6bl10 06ycnoBiaeHO
KaK  BbICOKMM  CMPOCOM  Ha  Ce/IbCKOXO3ANCTBEHHYIO
NPOAYKUMIO, ABNABLUIMMCA pPe3ynbTaToOM AUCAOKaLMKM B
perMoHe  GONLLIOFO  KOAMYECTBAa  BOWCK, Tak W
KOMGOPTHOCTbIO NPUPOLHO-KAMMATUYECKUX YCNOBUM, B T.4.
NPOAONKUTENBbHBIM BEreTaLMOHHbIM NEPUOAOM, HaNuMEM

NA0AOPOAHLIX  PA3HOBMAHOCTEW  KAlUTAHOBbLIX  MOYB,
HE/IMMUTUPOBAHHbIM  OOCTYNOM K  MNpecHoi  Boae,
AOCTaTOYHbIM ~ ANA  HYXA  HAceNeHWA  KOJMYecTBOM
NOMMEHHbIX J1eCOB.

B TO Ke Bpemsa paccesieHne  3HAYUTENbHO
OrpaHuMYMBanoch HeraTMBHbIM aencremem 3acyx,

Bpeauteneil, 6onesHei, Haberos ropues M pasboHMKOB,
pa3MBaMMK PeKW, HepeaKo MPUUMHABLLMMM KOMOCCANbHbIN
yuwep6.

CoBpemeHHoe coctosiHue [TK obcnesoBaHHbIX
Tepputopuit p. Kymbl yMeCTHO paccMoTpeTb Ha npumepe
XapaKTepUCTUKM  JIEBOKYMCKOTO  MPUPOAHO-KY/bTYPHOrO
nangwadTa [37; 39]. AHanmsmpyemble B HacTosLLen pabore

TEPPUTOPUN OTHOCATCA NPEUMYLLECTBEHHO K JTeBOKYMCKOMY
NPUPOAHO-KYNbTYPHOMY naHAawadTy, 3aHMMatoLLemy toro-
BOCTOYHblE CK/IOHbI CTaBPOMO/IbCKON BO3BbILIEHHOCTU B
cpefHeM TedeHMM neBobeperkHOoM YacTn p. Kymbl. B gaHHbIN
naHawadt BK/IHOYEHDI 3HauuTeslbHble  TeppuTopumu
Ap3srupckoro u bByaeHHOBCKOro palioHOB, a TaKXe, B
MeHblleit  cTeneHu, JleBokymckoro 1 COBETCKOrO.
KoaddpuumeHT aHTPOMOreHHbIX HapyweHWi [AO0CTaTOYHO
BblCOK — 0,8. PacnaxaHHOCTb TEPPUTOPUN aHANU3UPYEMOTO
naHawaodTa Konebnetca oT 60% Ha ceBepo-BOCTOKe A0 80%
Ha toro-3anage.

Knumat naHawadta Ccyxoi, KOHTMHEHTA/IbHbIA C
apkum netom (uonb 24,3-24,7°C) U NpoxnafHOW 3UMOW
(aHBapb — 4,5°C). CpegHeronoBoe Konnyectse ocagkos 350—
365 mm, ncnapaemoctb — 800-950 mm, Npy STOM MakCUMyM
McnapAemMocTy NpMxoamTca Ha nonb—asryct (150-220 mm).

BaxkHelwen NaHawadpTHOM 0C06EeHHOCTbIO
ABNAIOTCA 3aMeHa NPUPOAHBIX PACTUTENIbHbIX KOMMNOHEHTOB
KYNbTYPHbIMW U U3MEHEHUA KPYyroBopoTa BOAbl B JIeTHe-
BECEHHWI nepuopg,. B cTpoeHuun Tepputopum npeobnapatot
MOLUHbIe TOAWM  OEeNOBUAIbHbIX  BEPXHEYETBEPTUYHbIX
CYI/IMHKOB, a BOAOpasaensl 3aHATHI 30/10B0-
OeNtoBUANbHBIMU CYrIMHKaMU. K AoNMHam pek npuypoyeHbl
annoBuanbHble oTNoXKeHuA. Penbed npepactaBneH B
OCHOBHOM HW3KMMM pPaBHUHAMU C AOAMHHO-6ANOYHBIM
pacuneHeHusmu.  CydpdosmoHHble  popmbl  penbeda
npeobnafatoT Ha BoAOpasAebHbIX NPOCTpaHCcTBax. AHuLwa
peuYHbIX  AO/MMH  Xopowo  paspaboTaHbl co  cnabo
pacyneHeHHbIMK BEPXHEYEeTBEPTUYHbIMU Teppacamu.
Molima p. Kymbl B cpeaHEM U HUMKHEM TeYeHMW 3aHMMaeT
BOCTOYHbIE palioHbl JfaHAwadTa. AOCONIOTHbIE BbICOTHI
n3meHsaTca ot 250 m Ha 3anaae Ao 100 m Ha BOCTOKe.

lycTaa peyHas ceTb TeppuTOpUM MpeacTaBieHa p.
Kymoli ¢ ee nesbimu nputokamm: Cyxoi Kapambik, MoKpbiit
Kapamblk, TomysnoBka, Mokpas byiiBona. Hanbonee
NONHOBOAHbIM ABNAETCA cpeAHee TeyeHne p. Kymbl.
CpeaHuii pacxos, Boapl Y I. 3eneHOKyMcKa coctasnset 19,8
m3/c, y r. byaeHHoscka — 15,5 m3/c, a y c. BAragnmmpoBsku —
9,8 m3/c. To10BOV CTOK B paitoHe r. ByaeHHOBCKa cocTasnsaeT
0,3 km3. B nepuog ¢ MmapTa MO WIOHb OTMeYaeTca
MaKCUMasbHbIX  CTOK. MWHUMabHbIM  NPUXOAMUTCA  Ha
OCeHHe-3UMHUI nepuog,. Mogaynb CTOKa HesHauuTeneH u
cocrasnseT ot 0,5 ao 1 n/c. Peka Kyma nononHseTcs sogamu
Bonbworo CraBpononbckoro KaHana. CospgaHbl  ABa
BOZOXpaHUAMLa — OTKasHeHCKoe Ha p. Kyme u ByiiBona Ha
p. Mokpoli byisone. 3anacbl BOAOHOCHbLIX TFOPWU3OHTOB,
NPUYPOYEHHDBIX K TO/LLAM aK4arblIbCKOrO WM anwepoHCKOro
Apycos, Hebonbwmre. MuHepanusaums soabl cnabas (0,5-2,0
r/n).

C nosuuuin oueHkn HacceitHoBoi dopmupytoLen
[eATeNbHOCTN OCHOBHbIX BOLOTOKOB C/lelyeT OTMETUTD, YTO
Kak Ha A30Bo-KybaHCKOW paBHWHE, TaKk M Ha Tepcko-
Kymckom mexxaypeube rnybuHa mectHbix 6asncos apo3mm
konebnerca ot 10 o 50 M M ymeHblIaeTcA B 3aMasHOM U
BOCTOYHOM HarnpassieHusax oT CTaBpOMOsbCKOro CBOAOBOMO
NOAHATUA, COBPEMEHHbIE TEKTOHUYECKME ABUMKEHUA 34eCb
MMEIOT XapaKTep MeaJ/IeHHbIX OMYCKaHWA, MO3TOMY Pa3BUTUA
3PO3MOHHOM CeTM He mnpoucxoauT, a npeobnagatoT
npoueccbl akkymynsuumn [40]. [aHHoe 06CTOATENLCTBO
NpeAcTaBNAeTCA [AOCTAaTOYHO BaXKHbIM - ANA  MOHUMMaHUA
reHesuca pervoHanbHowm pycnoobpasoBartenbHoM
OeAaTeNnbHOCTU.

3HauuTeNIbHble Nowaau B noime p. Kymbl 3aHATbI
NOMMEHHbIMM  flecamn. B HacTosAwee Bpems, Kak
pPacTUTENIbHOCTb CyXWX cTemnei, Tak M novimbl p. Kymbl
3aMeHeHa KynbTypHoi. Ha tore npeobnagatoT TeMHO-
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KaliTaHOBble MOYBbI, CMEHAACb K CeBepy Ha KaluTaHOBble
CONOHUEBaTble M CBET/IO-KalTaHoBble. Ha AHMWAX AonvH
pacnpocTpaHeHbl antoB1asbHble NOYBbI NOMM.

AHanu3npys nNo AaHHbIM oduumanbHbix Joknagos o
COCTOAHWUW OKpYyXKaloLLen cpeapl U NPUPOAONOb30BaHUM B
CTaBpONONbCKOM  Kpae TUAPOXMMUYECKME O0COBEeHHOCTU
M3y4eHHOM YacTn bacceliHa p. Kymbl, MOXKHO OTMETUTb, YTO
BOZA PEKU XapaKTepusyeTcAa NMPUCYTCTBMEM B MOBbILEHHbIX
KonuyectBax meam, HuTputos, BMKs. Tak, ona nepuoga ¢
2000 no 2019 rr. B ctBOpe 2-5 (OTKasHeHcKoe
BOLOXPaHUANLLE) KOHLEHTPALMM 3TUX BELLECTB Npesblluanm
NAK go 6,5, HuTputam — 8o 5,5, BMKs — oo 3,4, no mapraHuy
3arpasHeHue, Hanpumep, B 2020 r. aocturano 16,9 NAK, npn
stom no PO 52.24.643-2002 Boga B  CTBOpe
2-5 xapaKTepu3oBanacb Kak «o4yeHb rpssHaa», YKMU3B =
4,72. Huke no TeyeHuto B ctBope 2-18 (cbpoc u3 o3epa
byiiBona B p. Kymy) B Tom ke 2020 r. 4OMNYCTUMbIA HOPMaTUB
no MmapraHuy 6bin npesblweH B 4-7 pas. CornacHo P/,

52.24.643-2002 Boga B 03epe B cTBOpe 2—18 oTHOCUAACH K
«36» Knaccy, «3arpasHeHHan», YKU3B = 3,12.

udpos020-mMopghosio2u4eckas XapaKkmepucmuxka
PasHUHHOU Yacmu 00uHbl p. Kymol

Peka Kyma aBnsetca BTOpol No BesiMunHe pekoit CeBepHoOro
KaBKasza. Mnowaab 6acceliHa 33,5 TbicAYM KBagpaTHOro
KunomeTtpa, AnvHa peku 802 Kunometpa (puc. 1). Kyma
6epeT Hayano HUKe 30Hbl ONeAeHeHUs Ha  CeBepHbIX
cKkNoHax Ckanuctoro xpebTa, Ha rope Kymbawm (2100 m Hag
ypoBHemM Mmops). [Oo craHuubl CyBopoBckoh p. Kyma

ABNAETCA NPEeAropHOM pPEeKoW C MOABWKHbIM TraseyHo-
necyaHbIm NIOXKeM. Danee Ha TepputTopumn
MwuHepanoBsoackoro, leopruesckoro, CoBeTcKoro,

ByZfieHHOBCKOrO M Ap. paioHOB OHA NpuobpeTaeT YepTbl
CTEeNHOM PaBHUHHOW PEKMU.

NlepoBble sABneHuAa Ha p. Kyme HauuHatotca BO
BTOPOM NONOBUHE AeKabpA, NefocTaB — B cpefmHe AHBaps.
MaKcmanbHaa ToAwMHA ANbga  3adUKCMpoBaHa Yy  CT.
AnekcaHgpuiickoii 20 aHeapsa 1950 r.— 0,8 m.
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PucyHok 1. bacceiH p. Kymbl
Figure 1. Kuma River basin

Peka vmeeT B OCHOBHOM CHEroBoe W [0XAeBOe nuTaHue.
OTcloga npomucxodAat o0CobeHHOCTM BOAHOTO  pexuma.
CHeroTasHbe B CTenAX NPMBOAUT K BECEHHEMY NOJI0BOAbIO C
npogoMmKknTenbHoctoto B 3—4 mecaua. B 1967 rogy oHo
onannocb 221 peHb, a B 1971 rogy — 51 cytku. B ato Bpems
pekow nepeHocuTca f0 56% rofoBoro CToka, B HeKOTopoe
rogbl 3T 3HayeHMA MOryT nosblwaTtbcd [0 85%.
Haunbonblumii pacxoa, — 192 m3/c 6bin otmeueH B 1970 roay y
cT-ubl bekewesckow [41].

JNleTHee  nonosBoAbe  BbI3biBAeTCA  O6UABHBIMU
OOXAAMM npegropuin - gamtca ot 5 go 8 mecaues.
Hanbonee NpoAo/KUTENbHBIN NAaBOAOK 3aperucTpMpoBaH y
c. Hoso3zaseaeHHoro B 1980 roay. OH npogonkanca c 27
niona no 15 asrycra. 3a 310 BpemMA 06bem CTOKa cocTasu

19,2 mnH m3. Pekopa no obbemy cToKa oTmeueH B 1974
rogy, Korga pekoi 6biam npoHeceHbl 33,7 maH M3,
Hanbonbwmii pacxog, coctasmswmii 132 m3, otmevanca s
1962 rogy y cT-Lbl AneKcaHAPUIACKON.

Boabl p. Kymbl MMeIOT BbICOKYHO MYTHOCTb U HecyT
MHOro B3BelleHHoro matepuana (y c. HoBo3aBeaeHHoOro B
cpeaHem oKoo 670 TbICAY TOHH B rog, Y r. 3eIeHOKYMCKa —
100 TbICAY TOHH, Y T. ByaeHHoBCcKa — 590 TbiCAY TOHH, Yy C.
Bnaammmposku — 380 TbicAY TOHH) [41]. YacTble pa3nusbl 1
nepemeLleHne TaKoro KOJIMYEeCTBA B3BELUEHHbIX BELLECTB,
HECOMHEHHO, BecbMa 3HauMumMo B  (GOPMMPOBAHUM
BbICOKOM/I04,0POAHBIX MOMMEHHbIX NOYB 4,0/IMHBI PEKU.

OTMeYeHHbIN TMAPONOTUYECKUIA PEXMM  3a4aCTyHO
conpoBoxaanca 6eACTBEHHbIMW NaBOAKaMM W 3HauuTe-
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NIbHBIMM  Pa3MBaMK, MHOTO pa3 3adUKCUPOBAHHBIX B
pasnnyHble nepuoabl nocnegHux asyxcot net. NUctopuk A.M.
CemMuNyuKMn OCBELLAET B CBOel paboTe gna Tepputopui
norimbl p. Kymbl paiioHa c. MNpackosen u c. lMokoiHoOro
HaBogHeHue 1845 r., aBTop nosectsyeT o0 Tom, 4To B 1851 r.
3aTonneHo «..no 80 MesbHWUL, BUHOrPagHble cagbl WU
oropogbl», a B 1887 r. «..B cene [llpackosen paspyunna
(pea. Boga) oo 200 gomos... Kaxkaoe HaBoAHEHME NPUHOCUT
KpecTbsAHaM YObITKM Ha COTHW TbicAd pybnei» [42]. O
pasnuBax Kymbl B 1881 n B 1882 rogax noBecTtBoBan Ha
cTpaHuuax «CTaBpoOMNOsbCKMX TFyOEpHCKUX BeaomocTein»
M3BECTHbIN CTaTUCT U UcTopuK KaBKasa W.B. BeHTKOBCKMH,
OTMeYasn, YTo BOAA He Cxo4una € NocnegHux Yymcen anpens
[0 NOJIOBUHbI UIOHSA.

Wccneposatenb nucan o rpomagHom yulepbe pna
HaceneHua AoAuHbI p. Kymbl: « MIHOTME KUTEU BbIHYKAEHbI
6blAN B KaloKax MM B BONbLIMX KOpbITax NepensbiBate U3
OBOpa B ABOP, M MNOKMAATb CBOM AOMa. BuHorpagHukm,
0YeBMAHO, MOrMBHYT, a 3aTOM/JIEHHble CaMaHHble AoMa
pasBanatca. CNoBOM, KapTWHbl Pas/IMBOB MOpa3uTesibHbIe,
OMNyCTOWEHNA U YObITKU rPOMaZHble, NONOXKEHUE XKuUTenen
6epactBeHHoe...» (umMT. no [41]). CywecTBeHHbIM GaKTOpom
pPeryanpoBaHna rMAapoAOrMYEcKoro peXkMma MOr/10 CTaTb
OTKa3HeHCKoe BoAOXpaHmauLLe, nocTpoeHHoe B 1965 r., npun
3TOM MpPOEKTHble U CTPOUTE/IbHble HeJo4eTbl, a TaKXke
KOPOTKMI 3annaHMPOBaHHbIM nepuog, 3kcnayatauum (50
NIET) yXKe K Hayany ABYXTbICAYHbIX B 3HAYMTEIbHOM CTEMEHM
YMEHbLUNAM NPOTUBONABOAKOE 3Ha4YeHNe BogoeMa.

Mepuoguueckme naBOAKM, KaTacTpoduyeckme
HaBoAHeHWA Habawganucb M B Mnocneayolme nepuoasbl,
Hanpumep, B 1978 r. (3atonneHo 30% nnowagy ropoaa
3e/1eHOKYMCKa, HaHeceH 3HAUYUTENIbHbIA 3KOHOMUYECKUI
ywepb) u B meHbwel creneHn — 2002 r., YTo NOABMUINO
BNACTHble  CTPYKTYpbl Ha MNPUHATME U BbINOJIHEHWE
CneumannsmMpoBaHHbIX NPOTMBOMNABOAKOBbLIX Nporpamm [43—
45]. Ha cerogHAWHWIA [eHb BbINOJHEHbI CYLLECTBEHHbIE
o6bembl paboT MO CNPAMAEHMIO pycaa U YKpPenaeHuto
beperos.

PerynuposaHue pycna p. Kymbl He Bcerga ycnewHo
npeanpuHMmanoce M paHee, ewe B XIX Beke [42; 46].
MCKycCTBEHHas M301AUMA PeYHbIX MeaHAp M cnpamiaeHue
pycna 3¢pdeKTMBHO NPOBOAWMAMUCL YXKE B LIECTUAECATbIX
rogax npowwsioro Beka, 3atem B 2012-2017 wn 2020 rr. gna
uenei npeporepalleHme YC ruaponorMyeckoro xapakrepa u
6naroycTpolicTBa ropoza 3e/leHOKyMCKa.

B yem xe rmaponoro-mopdonornyeckue
ocobeHHoCTM p. Kymbl, BO MHOrom o06ycnasnvsatolime
reoskonormyeckoe coctosaHune MTK ee ponuHbI, a Takxe
YCNEWHOCTb W C/IOXKHOCTb WX OCBOEHWA YESI0BEKOM?
PucyHOK 2 nantoctpupyeT M3yyeHHbI PaBHUHHBIN Yy4acToOK
Tepputopun  gonuHbl p. Kymbl oT c. OTKasHoe p[o T.
ByaeHHOBCKa, KOTOpbIi npeacrasneH BbITAHYTbIM
NIEHTOOOPAa3HbIM  MOJIMIOHOM  LUMPUHON OT 3 80 9 Km,
MMEILMM Ha MonepeyHbiX npodunsax AWMKoobpasHyto
dopmy ¢ HebonbWMMK Nepenagamm BbicoT (4o 5-15 m) no
OTHOLLEHWMIO K HY/I0 AHULA.

MpofonbHbIM  Npoduab, NPeacTaBNEHHbIA  Ha
BbILUEYKa3aHHOM  PUCYHKe, JaeT npeacraBneHve o
XapaKTepe nepenazos yK/I0HA PEKU Ha Pa3/INYHbIX yHacTKax.
OnAa ero noctpoeHuna 6biaM MCNONb30BaHbI AaHHble SRTM ¢
NPOCTPaHCTBEHHbIM  pa3peweHnem 30 meTpoB. JIMHKMA
npoduns NposeseHa Nno pycay pekun Ha yvacTke c. OTKasHoe
no r. byaéHHoBck ¢ yyetom 2477 TOueK, M3 KOTOPbIX C
NOMOLLbIO BblIBOPKM € MHTepBasiom B 10 3HayYeHWi, 6bian
onpegeneHbl 247 ToyeK. 1o 3TMM TOYKaM € NUCMONb30BaHUEM

CKONb3ALEN cpegHei 6bin NOCTPOeH NPOAOCAbHbIN NPOdUNb.
CpeaHuii yknoH coctasnset 0,4°, nepenag BbicoT 80 m (oT
168 no 88 m). Mpu 3TOM OKaszanochb, YTo KonebaHUa yKaAoHa
no npoduo HesHauUTeNbHbI U cocTasaaT 0,06-0,11°, yto
CO 3HauuTe/IbHOW [0/eil BEPOATHOCTU CBUAETENLCTBYET O
CXOAHOCTM PYCNOBbIX MPOLLECCOB Ha yyacTke c. OTKasHoe A0
r. bByaéHHOBCK.

Cnepyer  OTMETUTb, 4YTO  MpU  MOCTPOEHUU
nonepeyHbix nNpoduaein AONUHbI PEKM Ha rpaduke BbICOT
MOryT 6biTb Bbl4ENEHbI AOCTAaTOMHO KPYMHblE BbITAHYTbIE
napannenbHo rpaHnLam OONUHBI BO3BbILEHHbIE
obpasoBaHuA penbeda [AHA — TPUBbI  WAM  CTapble
npupycnosble Banbl [47], KOTOopble MOryT 3aTpPyAHWTb
BblAgNEeHME rPaHUL, JONUHBI.

BblcoTa TakuMx 06pa3oBaHMIA-TPUB YACTO paBHa WU
MeHbLUe BbICOTbI, HA KOTOPOWN HAaXoAWUTCA BPOBKA KOPEHHOTO
CK/IOHA [0/VHbl. B OTAEnbHbIX cnyyasax nopobHble rpusbl
MOTYT fa)Ke NpeBblllaTb BbICOTY HPOBKM KOPEHHOTO CK/IOHA
[oNvHbl. Ha pucyHKe 3 noKasaH OAWH M3 TakUX C/yvaes
(rpuBa A B paiioHe H0XKHOM OKpauHbI I. 3e/IeHOKYMCK).

Hanbonee kpynHoe obpa3oBaHWe M3 LeNOro psaaa
¢dparmeHTOB rpusbl A umeeT niowagp 108,3 ra, nepumeTp
coctasnseT 9796 m, annHa — 3180 m, HaMbobLLAA WMPUHA —
490 m, HanmeHbwas — 90 m. Obwan naowaab rpmebl Nol
120,2 ra, nepumeTtp — 12161 m, gnmHa — 3920 m. Mpwn atom
HaMBbICLIAA TOYKA rPMBbI UMEET 3HayYeHne 166 m, 4To NoyTK
Ha MeTp NpeBbIWAET 3HAaYeHME BbICOTbl HPOBKM KOPEHHOro
CKNIOHa JonuHbl (165 M) Ha ToW Xe nuHMM npoduna
(npodmnb Ha puc. 3). [ONOAHUTENbHYIO CNOXHOCTL ANA
nccnefoBatena Cco3faeT COBPEeMEHHOe MOJIoXKeHue pycna
peKun, KOTopoe HaxoAuTCA 3HauuTenbHO npasee rpusbl. C
Y4EeTOM BCEX BblWENepeYnceHHbIX ¢akTopoB nogobHoe
0bpasoBaHuWe BbLIMAAUT Ha nNpodune Kak BO3MOMKHBIN
KOPEHHOM CKNOH. IMEHHO npaBblii CKAOH rpuBbI NPU 3TOM
MOXKeT 6bITb HEBEPHO MAEHTUPULMPOBAH UCCaen0BaTeNEeM
KaK COOTBETCTBYHOLLMIA KOPEHHOM CK/IOH AO/MHbI, a ero
BEPXHAA TOYKA KaK 371eMeHT GPOBKM KOPEHHOro CKAOHA
rpaHULLbl AONUHBI.

BepHoi uaeHTUPMKaumm noaobHbix obpasoBaHUi
CnocobcTByeT MCMNONb30BaHWE pasanyHbix LLIMP, KoTopble
NO3BO/IAIOT C AOCTaTOYHON TOYHOCTBIO OMpPeaeUTb MPaHNLLbI
rpmebl. Ha ocHoBe pgaHHbix ALOS PALSAR, wumerowmx
NPOCTPaHCTBEHHOe pa3speweHne 12,5 m, ¢ nomouwpto
MHCcTpymeHTapua QGIS 3.24.1 v Global Mapper v22.1 Hamu
6b11M NOCTPOEHbI 34-Moaenb penbeda M KapTa BbICOT (rpMBa
A Ha puc. 3), Ha KOTOpbIX OTYET/IMBO BMAHA AMCKPETHOCTb
rpvBbl, B TO BPEMA KaK WCTUHHbIE KOPEHHbIE CK/IOHbI
[OONIHBI HenpepbIBHbI. Onpepenatb nozo6Hble
06pa3oBaHUsA MOXKHO M C MOMOLbI AaHHbIX SRTM, ASTER
GDEM v gp., oaHaKo cneayeT yunTblBaTb, YTO MPU MeHbLUEM
NPOCTPAaHCTBEHHOM pa3peLlleHMn TOYHOCTb OmnpeaeneHus,
0COBEHHO MesIKUX dparmeHTOB rpus OyaeT 3HAUUMTENbHO
HUXKe.

NoeHTndurumposatb rpmBy nossonset "
YCTaHOB/IEHNE MECTOMONOXKEHUA CcTapuu,. Pycno pekun He
CTaTU4YHO M MOXKET NepemeLLaTbca ¢ TeHeHNneM BpeMeHMU, HO
TO/IbKO B Npegenax, orpaHNYeHHbIX KOPEHHbIMW CKIOHaMM
aonuvHbl. OBHapyKeHWe CTapul, cneBa OT TPUBbI  YKe
roBOpPUT O ee AMUCKPETHOCTU U U30/IMPOBAHHOCTU OT CK/IOHA
OONUHBI. CnyTHUKOBbIE CHUMKM CBEPXBbICOKOTO
paspelueHns NO3BONAIOT ONpPeAeNnTb MeCTOMOOKEHNe
CTapuL, C BbICOKOM TOYHOCTbIO, Ha PUCYHKe 3 OTYETAUBO
BMAHO, 4TO pPYC/NO HeKorga npoxoauno feBee TpPuBbl
(KpacHaa cTpenka Ha npodune puc. 3), a 3HAYMT, rPUBa
camocToATeIbHa U He MPUMBIKAET K CKIOHaM JOINHbI.
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HOr Poccuu: skonoruma, passutme 2022 T.17 N4

E.l. Muwsenos u dp.
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2 —c. OTKasHoe, 3 —r. 3eN1eHOKYMCK, 4 — ¢. HuHbI, 5 — ¢. ApxaHrenbckoe, 6 —r. byaeHHOBCK. CHU3Y — paBHMHHaA YacTb

A0AnHbI p. Kymbl oT ¢. OTKasHoe (1) fo r. byaeHHOBCK (5). J/leBas yacTb — f0/IMHA HA NOA/IOMKKE U3 KOCMOCHUMKA, CpeaHAs

YyacTb — uMdpoBas Moaenb pesibeda TOM Ke TeppUTOPUN No AaHHbIM SRTM, npaBas YacTb — nonepeyHble NPOPUAN AO0/UHbI
YcnoeHele 0603HayveHUA: 1 — 6poeKa CKAOHA 00AUHbI, 2 — 2paHuUya 00UHbI, 3 — 2paHuya 00suHsl 8 palioHax enadeHus Opyaux 8000MOKOS,

4 — auHUA nonepeYyHo20 npoguns, 5 — naneopycno, 6 — coepemeHHoOe pycsao

Figure 2. Above — longitudinal profile of the valley on the site of the Otkaznoye village — Budennovsk:

1 — Otkaznenskoye reservoir, 2 — Otkaznoye village, 3 — Zelenokumsk city, 4 — Niny village, 5 — Arkhangelskoye village,

6 — Budennovsk city. Below — the flat part of the Kuma River valley from Otkaznoye village (1) to Budennovsk city. The left
part is a valley on a satellite image substrate, the middle part is a digital relief model of the same territory according to

SRTM data, the right part has transverse valley profiles

Symbols: 1 — edge of the valley slope, 2 — border of the valley, 3 — border of the valley in the areas of confluence with other watercourses,
4 - line of the transverse profile, 5 — ancient riverbed, 6 — modern riverbed

NopobHble 06pa3oBaHUA He eAMHUYHbI U C HEKOTOpPOW
NepuoanYHOCTbIO  BCTPEYAIOTCA Ha MNPOTAMKEHUUM BCeW
O0NMHbI. Ha pucyHKe 4 npeacTaBieH elie oauH NoA06HbIN
06bEKT B paioHe . HUHbI (rpmBa B B paitoHe c. HuHbI).

Bce ¢parmeHTbl rpuBbl B 06pasyloT  HeKkui
«apxunenar» (puc. 5). Hanbonblmnit U3 GparmeHToB rpuBbl
B nmeet nnowagb 222,1 ra, nepumetp — 12220 m, ANNHY —
3740 m, Haubonbwas wWupuHa coctasasetr 1120 m,
HaMmeHblwasa — 40 m. Mpu 3ToM HanboNbLLAA BbICOTA rPUBDI
[OCTUraeT 3HavyeHW B 154 meTpa, a HM3WasA Touka

pacnono)eHa Ha BbicoTe nopagka 141 metpa. O6uwas
nnowaap Bcex ¢parmeHTos rpusbl B — 340 ra, gnnHa —
9900 m, nepumeTp coctasasetr 20961 m. BbicoTbl, no
KpaiHeW mepe, Tpex GparMeHTOB rpmBbl B palioHe c. HUHbI
MOTYT MMeTb OTMETKM COMOCTaBMMble C YPOBHEM BbICOTbI
6poBKM JOAMHBLI B 3TOM MecTe, T.e. 150 m, HO
AVNCKPETHOCTb U M30/IMPOBAHHOCTL PpParMeHTOB TPUBbI
MCK/OYaeT ee NO3MLMOHUPOBAHNE KaK UCTUHHOIO CK/OHA
M BGpOBKWM JONMHBbL. B uenom, gaHHasa rpusa B umeer
CXOAHble MPU3HAKK C rpuBoli A.
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PucyHok 3. [puBa A B paioHe t0XKHOM OKPaWHbI . 3e/IeHOKYMCKA ANS A0NUHbI P. Kymbl

1 - cospemetrHoe pycro, 2 — dpesHee pycso, 3 — 2paHuya 00uHbl, 4 — MoyKa nepeceyeHus 6POBKU KOPEHHO20 CKAOHA 00AUHbI

¢ uHuel npoguns, 5 — epaHuya epussl A, 6 — AUHUA Npoguns, 7 — cospeMeHHoe pycno Ha npoguse, 8 — OpesHee pycao HA npogune
Figure 3. Ridge A in the area of the southern outskirts of Zelenokumsk for the valley of the Kuma River.

1—modern riverbed, 2 — ancient riverbed, 3 — valley border, 4 — the point of intersection of the edge of the basic slope of the valley
with the profile line, 5 — the border of the mane A, 6 — profile line, 7 — modern riverbed on the profile, 8 — ancient riverbed on the profile
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PucyHok 4. lpuea B B palioHe c. HUHbI ans AonuHbl p. Kymbl

1 — cospemeHHoe pycso, 2 — dpesHee pycso, 3 — 2paHuya 00uHbl, 4 — MoYKa nepeceyeHus 6POBKU KOPEHHO20 CKAOHA O0/UHbI

¢ iuHuel npoguns, 5 — epaHuya epussl A, 6 — AUHUA Npoguns, 7 — cospemMeHHoe pycno Ha npoguse, 8 — dpesHee pycso Ha npogusne
Figure 4. Ridge B in the area of Niny village for the Kuma River valley

1—modern riverbed, 2 — ancient riverbed, 3 — valley border, 4 — intersection point of the edge of the basic slope

of the valley with the profile line, 5 — the border
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HOr Poccuu: akonorus, passutne 2022 T.17N 4 E.l. Muwsenos u dp.

Huke npuBeaeHbl 0606LWEHHbIE CXEMbI U XapPaKTEPUCTUKM TEPPUTOPUA, Ha KOTOPOW B MPOLIJIOM OCYLLEeCTBASAAC

nccneayemon rpusbl A B paiioHe  HOXKHOM  OKpauHbl paboTa pycna, AvweHa TakosoW. MMo-BUAMMOMY, YCNOBUA
r. 3eNleHOKYMCKa ¥ rpmebl b B paitoHe c. HuHbl (puc. 5; BO3BbIWEHHOCTW, Aydlle MNOAXOAAT A/A MPOoM3pacTaHus
Tabn. 1). ApesecHblx GOpM, B TO BPEMSA KaK B HM3MHAX MOYBEHHO-

Ctout oTmeTuTb Ty OCO6eHHOCTb, 4YTO B ABYX FPYHTOBbIE ycnosunAa MeHee 6I'IaFOI'IpVIﬂTHbI, 4YTO
npeacTaBieHHbIX Cay4Yaax TrpuBbl  3aHATbI APEBECHOVI OﬁyCﬂaBﬂMBaeT 34ecCb Haan4yme B OCHOBHOM TpaBﬂHMCTOVI
PacTUTeNnbHOCTbO, B TO BpemA KaK npwuiaeratouwan PacCTUTENbHOCTU.
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PucyHok 5. Cxema rpus gonunHbl p. Kymbi: A — 103KHaa OKpauHbl r. 3eN1eHOKYMCKa; B — ¢. HuHbI
Figure 5. Diagram of the ridges of the Kuma river valley: B — southern outskirts of Zelenokumsk; B — Niny village

Tabnuua 1. XapaKTepucTUKmn rpns AoAnHbI p. Kymbl (A — 103KHOM OKpauHbl . 3eN1€HOKYMCKa; B — ¢. HUHbI)
Table 1. Characteristics of the ridges of the Kuma River valley (A — southern outskirts of Zelenokumsk; B — Niny village)

Mapametpbl / Parameters

MNnowa Ne e
nolaAL pumetp AnvHa camoro
camoro camoro Mepumetp
KpynHoOro Mnowapb OnuvHa BbicoTa BbicoTa
Ne KpynHoro KpynHoro BCEro, M
dparmeHTa,m  Bcero, ra BCero, m MaKC., M MUH., M
dparmeHTa, ra ¢pparmeHTa, m Total . .
. Length of the  Total area, . Total Height Height
Area of the Perimeter of . perimeter, .
. largest section, ha length, m max., m min., m
largest section, the largest m m
ha section, m
: 108,3 9796 3180 120,2 12161 3920 166 162
: 222,1 12220 3740 340 20961 9900 154 141
MeaHOpbl U cmapuysl, ux 3Ha4eHuUe naeTeHHbIMKM  usgennamu. CoBpemeHHaa /IecucTocTb
8 pyHKyuoHuUposaHuu MTK MOLENbHOrO y4yacTKa A0AuHbl  p. Kymbl mexay c.

Pycno, meaHgpbl U cTapuubl peku 3aHMMAlOT BUAHOE OTKasHbIM M C. HuHbI cocTasnseT 21% (anAa cpaBHeHus,
MecCTO B PYHKLMOHMPOBAHUMN foANHHBIX NTK. Mo gaHHbIM necuctoctb CTaBpOMO/IbCKOTO Kpas He JocTturaet u 2%).
H.E. LlesyeHko u B.H. Benoyca [48] pacTuTenbHOCTb CerofHs HaceseHWEe UCNONb3YeT TMOMMEHHbIN nec B

NMOMMEHHOrO  Neca  pPaBHUHHOM 4Yacth p. Kymbl OCHOBHOM A/A pekpeauuu, cbopa sArog Kusuna,
npeacrasneHa B OCHoBHOM Buaamu Carpinus caucasica, 60ApbIWHMKE, WKUNOBHWKA, PAAA EKAPCTBEHHbIX TPas U
Quercus robur, Quercus petraea, Acer campestre, Ulmus rpu6os.

suberosa, Ulmus glabra w Fraxinus excelsior, a Takxe CoBpeMeHHbI 3Tan CywecTBOBAHUA NMOMMEHHOTO

HaHodaHepopuTamm pogos Populus w Salix. JlecHble neca p. Kymbl cBA3aH He CTONbKO C YTUAUTAPHbLIM €ro
pecypcbl no 6eperam p. Kymbl B XVIII — XIX BB. ¢ ycnexom 3HaYeHMEM, CKO/IbKO CO cpegodopmupyoWMMN 1
MCNONb30BaNUCh nepsonoceneHuamm ana HYKA, OXpaHHbIMKU GYHKUMAMU. B 3TOM CBA3M B MUHUCTEpCTBE
CTPOUTENbCTBA U 0becneyeHns TONAUBHbIM MaTepUasom, NPUPOAHbLIX PecypcoB u aKkonorum CTaBponosbCKOro Kpas
cnocobcTBOBaNM Pa3BUTUIO N1030MIETEHUA U TOProBAU Y4YacCTOK NoMMeHHoro neca no p. Kyme mexay c. OTkasHoe
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M 1. 3eneHokymck B 2008 r. pekomeHAOBaH K
GOpPMMPOBAHUIO Ha HEM FOCYAAPCTBEHHOIO NMPUPOAHONO
3aKa3HMKa «3eNeHOKYMCKuIi» naowagbto 360 ra.

B monnHe p. Kymbl pacnonoxeHbl cTapuubl (puc.
6), 3aTanAnBaemble B Nepuoabl NaBOLKOB U MONOBOAUN,
OHW CO34al0T 3HAYUTENIbHOE YUCNO CTauMi, NPUrOAHbIX
ANA BOCMPOM3BOACTBA Pblb M Haryna ux Monoam, AaHHoe
06CTOATENBCTBO  MpefonpefenseT BaXHOe 3HayeHue
HEW30/IMPOBAHHBIX NN YaCTUYHO U30/IMPOBAHHbIX CTAPUL,
B COXpaHeHun 6Mopa3Hoo6bpa3mna Kak MO3BOHOYHBIX, TaK U
6ecno3BOHOYHbIX MBOTHbIX, B T.4. TMAPOOBMOHTOB.
MoWMeHHble HepecTUAMILA B CBA3M C CE30HHbIM
3aMoNHEeHWEM CTapul, C YCMexom WCMoAb3ylT nontTopa
necAatka Bupgos pblb duTOodMNOB, B NepBylo ouvepeap,
casaH — Cyprinus carpio Linnaeus, 1759, nnotea — Rutilus
rutilus (Linnaeus, 1758) 1 cepebpsHbIli Kapacb — Carassius
auratus (Linnaeus, 1758). OcHOBHOe pycno peku, B
0COOEHHOCTM Yy4YacTKM fJHa C  XpAWeBaTbiM TPYHTOM
MCNONb3YIOT KaK pPyC/iOBble HEPecTUNMLWA Takue BUAbI

pbl6 AuTOodPuNOB Kak ronaenb — Leuciscus cephalus
(Linnaeus, 1758), Tepckuit ycauy — Barhus ciscaucasicus
Kessler, 1877, Tepckuin nogyct — Chondrostoma

oxyrhynchum Kessler, 1877. MoNHOCTbIO M30NMPOBAHHbIE
cTapuupbl naneopycna p. Kymbl nccnegoBaHHoro panioHa
ABMANCL CBOeObpasHbiM pedyruymom Aaa 30/10TOro
Kapaca — Carassius carassius (Linnaeus, 1758), KoTopbIit K
cepeanHe npownoro BeKa, He BblAEPXKMBasA
KOHKYpPEeHLMI0 C cepebpaHbiM Kapacem, MpaKTUYecKu
NOMIHOCTBIO McYe3 M3 BOAHbIX 06beKToB 6acceiHa p.

Kymbl, KOHeYHo, TpebytoTca AOMNONHUTENbHbIE
MCCNe0BaHMA O COCTOSHUM AAHHOTO BMAA.

B uenom XapaKkrtep " ocobeHHoCTH
MeaH4pupoBaHua " CTapUYHbIX obpasoBaHuit

MOZENbHOro yyacTka peku ot c. OTKasHoro Ao c. HuHbI
MOryT 6bITb OXapaKkTepusoBaHbl craedylolWmMm obpasom
(Tabn. 2, puc. 6).

O6uwan NPOTAMKEHHOCTb pycaa CocTaBuaa 73 Km,
KpaTyaiilee paccTosHME MeXAY HaCeNeHHbIMW NYHKTamu
— 19 Km, K03ddULMEHT MeaHapupoBaHua ana CoBeTCKOro
paoHa — 2,66, a AnAa MoAeNbHOTO y4acTka — 2,94. O6wan
NPOTAMXEHHOCTb cTapuy, coctasuaa 191 km, a nx naowaab
— 361,5 ra. NpumepHo 10% cTapuy, NOAHOCTbIO WAM
YacTMYHO 3anosiHeHbl BOAOW. Tepputopum cTapuy, 6es
BOZbl HAaXOAATCA B Pa3/IMYHOM CTeNeHW BbIMONAXKMBAHUA

M MOryT 3apacTaTlb B OCHOBHOM  TPaBAHMUCTOM
pPacTUTENbHOCTbIO, nmbo MCMO/Ib30BaThCA ans
obycTtpolictBa cennTebHbIx 30H, nmbo KakK

CENbCKOX03ANCTBEHHbIE YroAbsA, O Yem bOyaeT CKasaHo
HUXe.

CoBpeMeHHbI  3Tan  pycnoobpasoBaTesibHOM
0eATeNbHOCTN U eCTeCTBEHHOMN TpaHchopmaumm meaHap
B CTapuLbl MOXKeT OblTb NPOCAEKEH HAa NpUMepe aHanu3a
TonorpaduYecknx KapT U KOCMUYECKUX CHUMKOB p. Kymbl
B OKPecTHOCTAX C. HuHbI (puc. 7).

Ha ¢parmeHTe Tonorpaduyeckoi Kaptol PKKA — tor CCCP
1:200K (1941 r.) oTyeTnMBO BblgeNeHbl ABa MPOCTbIX
MeaHApa (KpacHas CTpesika) Ha oro-BoCTOYHOM OKpauHe
Cc. HwHbl, ux npeBpalleHWe B CTapuubl ele He
npousowsno, Kapta leHwTtaba CCCP 1:100K L-38-124
(1985 r.) noateepaaet, 4yto Ao 1985 r. oba meaHapa
eule coxpaHatTca. Mo gocTynHbiIM cHMMKam Landsat-5
[aHHaA TeppuTopMa MOXKeT bbITb oTcnexxeHa c¢ 1984 r.
Ona  ypobctBa  BOCMpMATMA  HaTypasibHble  LBeTa
3ameHeHbl Ha KombuHaumio NIR, SWIR1, Red (B4, B5, B3).

3Ta KombuHauua 6aumkHero, cpepHero WK-kaHanos w
KPacHOro BMAMMOrO KaHasa No3BOJIM/IA YETKO PasinyiunTb
rpaHuLy MeXay BOAOW M Cyliei U NoAYEPKHYTb CKpbITble
AeTanun, NAoXo BUAMMbIE MNPU WUCMNONAb30BAHUM TOJNIBKO
KaHa/foB BWAMMOrO Avana3oHa. AHaAM3  CHUMKOB
no3BoANA MAEHTUOULNPOBATb, NO KpaHen mepe, ¢ 1985
r. (mexgy anpenem 1984-ro m maem 1985 rr.),
BNMKANLWNIA K ceny MeaHap yKe TpaHchopmupoBancs B
nepByto CcTapuuy, MpyM 3TOM LIelKa BTOPOro MeaHAapa
cy3unacb, a ¢ 1997 r. obpasoBanca NpopbiB, KOTOPbIA
ysennunnca K 1998 r., u, HakoHey, B 1999 r. BTOpaAn
CcTapuua TakXe n3oanmposanachb.

CoBpemMeHHbIn KOCMOCHMMOK (puc. 8)
OONONHUTENBHO MO3BOJIAET HA KayeCTBEHHOM YpOBHe
onpegenuTb cofeprKaHue B3BeCeW B peke
QHaNIM3MPYEMOro y4acTKa — OHO MaKCMMaibHO, TOrAa Kak
B cTapuue, 06pa3oBaHHOW NepBOW, BOAA NPaKTUYECKU He
COAEPMKUT HepacTBOPUMbIX Npumecei, nNpu 3TOM B
cTapuue, o6pasoBaHHOW nocneaHel, cofepikaHue
B3BeCe HOCMT NPOMEXKYTOYHbIN xapaKkTep. Cneayet
OTMETUTb, YTO B TeYeHWe MPUMEpPHO MoayTopa AecATKa
NneT  nNpou3oWwNo He TONbKO obpa3oBaHWe  ABYX
M30/MPOBaHHbIX CTapuL, HO U cNpAamAeHue pycna. JavHa
pycna peku Ha OTMEeYeHHOW TeppuTopumn He3 yyeTa 3TUX
ABYX CTapul, NpM 3TOM COKpaTunacb npumepHo ¢ 4000 m
00500 m, T.e. B 8 pas.

Ona  V3y4YeHHbIX TeppuTOpUi OTMeYaeTca M
MUCKycCTBEHHOE GOpPMUPOBAHME CTapul, KOTOpOe MOXKeT
6bITb MPOCAEKEHO Ha MpUMepe NPOCTbIX MeaHgp B
r. 3eneHoKkymcke (puc. 9).

Crapuua, oTpaxkeHHas Ha durype 2 npeacrasnset
cob0i  WCKYCCTBEHHO  M30/IMPOBAHHLIM B Havane
wecTnaecaTblx rogoB meaHgp. B HactoAwee Bpemsa
TeppuTOopuA  HEe  UCNONb3yeTcAa,  Pycao  CcTapuupl
nepeyBNaXKHAETCA CE30HHO 3a CYyeT MNOAHATUA YPOBHA
rPYHTOBbIX BOA, M OCAfKOB, Ha TEPPUTOPUU BHYTPEHHEN
YacTM neTnM  cTapuubl 3@ Npoweawuin  nepuos
cbopmumpoBanacb  ApeBeCHO-KYyCTapHUKOBas pacTtu-
TenbHocTb (mopsgka 50% naowagu), 4To B CBA3M C
pacnonoXKeHnem B LieHTPa/IbHOM NyCTOHACceNeHHOMN YacTu
ropoaa OTKpbIBaeT Xopowwue BO3MOXKHOCTU 6aroycT-
poicTtea 7 nepcrneKTuBbI MCcnonb3oBaHMA  AnA
peKkpeaunoHHbIx uenen. Ctapuua, oTpaxkeHHan Ha urype
1, ucKycctBeHHo cdopmupoBaHa B nepuog 2010-2020 rr.
M B HacTosAllee BpemMAa BCe elle 3anosHeHa BoAoW. Ha
TEPPUTOPUN BHYTPEHHEN YacTM NEeTAM cTapuupl Mo-
npexHemy HaxoauTcA CNOPTUBHbIM CTaZMOH,
NOCTPOEHHbIN B WecTuaecaTble roga XX BeKa, YTo TaKke
aenaetr 3Ty  TeppuTOpMUIO NepcrnekTMBHOM  AnA
AO0NONHUTENbHOTO 61aroycTpoiicTBa M MCNONb30BAHMA
ONA PeKpeaLmoHHbIX Lenei.

Bonpocbl patMpoBKkM 06pa3oBaHMA M CyLLECTBOBAHMA
pasnnyHbix dopm naneopycen obcyxparoTca B paborte
P.C. Yanosa [20], uccnepgosatenb obpawian BHUMaHWE Ha
npobsemy TOYHOCTM onpeaeneHuAa U yKasbiBaa, 4yTo B

CBASWM C HeCoBEpLWEHCTBOM MeTofoB owunbka B
[ATUPOBKe MOXKeT COCTaBNATb 300-500 ner.
NMpumeHUTENBHO K Bonpocy paccmoTpeHuna

re03K0/I0rMYECKOro COCTOAHUA pPaccMaTpMBaemMoln Hamu
TEPPUTOPUMU y4acTKa A0nuHbI p. Kymbl nepuoga XVIII —
XX| BB. onpeaeneHMe TOYHbIX BPEMEHHbIX MHTEpPBasoB
M3MEHEHMA COCTOAHWW nNaneopycna npeacTaBaseTca
MaJIOBEPOATHLIM.
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HOr Poccuu: skonoruma, passutme 2022 T.17 N4 E.l. Muwsenos u dp.

YcnoBHble 0603Ha4yeHusi/Symbols

[ 3emnu ¢/x Ha3HayeHus (nactbulya, ceHokockl)/
Agricultural land (pastures, hayfields)

[] 3emnm ¢/x HasHa4eHus (nawwHw)/ &
Agricultural land (arable land) é\b »

[ 3emnu necHoro dorpa/Forest fund lands ¥

[ 3emnu HaceneHHbIX NMYHKTOB/
Lands of settlements

[ BoaHble 06bekThl/Water objects

B CospemenHoe pycno/Modern riverbed

I Crapuuei/Oxbow lakes and meander scars 2
=== [paHuua gonuHbl/Valley boundary
' ™"} BopooxpaHHas 30Ha/

Water protection zone
0 1 2 km/km
| .

| : | : A\ Y
PucyHok 6. Oco6eHHOCTM COBPEMEHHOIO 3eM/1ENO/1b30BAHMA MOAENBbHOIO YYacTKa A0/MHbI P. Kymbl
mexay c. OTKasHoe U1 ¢. HuHbI
Figure 6. Features of modern land use of the model plot of the Kuma River valley between Otkaznoye village

and Niny village
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PucyHoK 7. ®parmeHT Tonorpadudeckon Kaptbl PKKA —tor CCCP 1:200K (1941 r.) u kapTbl leHwTaba CCCP 1:100K L-38-124
(1985 r.), npocTble MmeaHapbl 40 TPaHCHOPMALMK B CTapULbl 0603HAYEHbI KPACHbIMK CTpeIKaMu. CHU3Y y4acToK pycia

Ha cHMMKax Landsat 5 ¢ KombuHaumen kaHanos NIR, SWIR1, Red, 6e10i1 cTpeskoit BblaeneHa LWwelika BTOporo MeaHapa

npu ero TpaHchopMaLmKM B U30/IMPOBAHHYIO CTapULLY

Figure 7. A fragment of the topographic map of the Red Army — South of the USSR 1:200K (1941) and the maps of the General
Staff of the USSR 1:100K L-38-124 (1985), simple meanders before transformation into oxbow lakes are indicated by red arrows.
From below, a section of the riverbed in Landsat 5 images with a combination of channels NIR and SWIR1.

In red, a white arrow highlights the neck of the second meander during its transformation into an isolated oxbow lake

PUCYHOK 8. DparmeHT COBPEMEHHOTO KOCMUYECKOTO CHUMKa (2022 T.) ¢ M301MPOBaHHbIMU CTapuLam
Ha IOro-BOCTOYHOW OKpaurHe C. HWHbI
Figure 8. Section of a modern satellite image (2022) with an isolated oxbow lake on the southeastern outskirts of Niny village

164 ecodag.elpub.ru/ugro/issue/current




HOr Poccuu: akonorus, passutne 2022 T.17N 4

E.l. Muwsenos u dp.

—

PucyHok 9. CoBpemMeHHbIe U UCTOPUYECKN U30/IUP

oBaHHble MeaHApbl (cTapuubl) U cnpamaeHue pycna p. Kymbl

B I. 3e/IeHOKYMCKE M ero OKPeCTHOCTAX (B IEBOM HUMKHEM Yrly PUCYHKa NPpMMepbl UCKYCCTBEHHO M30/IMPOBAHHBIX
meaHap (1, 2), nokasaHbl cTpenkamu). ®urypbl 1 1 2 yBennYEHbl M HaNOXKEeHbI HA KOCMUYECKUI CHUMOK AN Npumepa
Figure 9. Modern and historically isolated meanders (oxbow lakes and meanders remnants) and straightening of the
riverbed of the Kuma River in Zelenokumsk and its surroundings (in the lower left corner of the figure, examples of
artificially isolated meanders (1, 2) are shown by arrows). Figures 1 and 2 are enlarged and superimposed

on the satellite image as examples

XapaKkTtepusysa mopdonormyeckne snemeHTbl pycna p. Kymbl
ana  obcnegoBaHHbIX  TEPPUTOPUIA,  MOMKHO  BblAEAWUTb
Ha/nuyMe MNPOCTbIX W CNOXKHbIX MeaHAp, OCepenKos,
OCTPOBOB, HEBO/bLUMX KOC, 6ObLIOE YNCI0 U30AMPOBAHHBIX
MOJTHOCTbIO WM YACTUYHO CTapuL, AHa/IM3 KOCMOCHUMKOB U
pasHOMacWTabHbIX KapT pas/iMyHbIX Nepuoaos Mo3BosAeT
BbIABUTb KaK MPaBMIO  COBEPLUEHHO  BbicOXWMWE U
BbINO/MIOKEHHbIE B Pa3/IMYHOM CTeneHu CcTapuupbl WAu
bparmeHTbl Naseopycna, pacnonoKeHHble Ha yAANEHUU A0
2-3 KM OT COBPEMEHHOrO pycna p. Kymbl KaK rno neso-, Tak 1
no npasobepebio. MaydeHne KpynHOMmacluTabHbIX KapT M
KOCMOCHVMMKOB  pparmMeHTOB Naneopycna BbIABUAO  MX
onpeaeneHHyo BEKTOPHY HanpasaeHHocTb (puc. 10), yto
[aNno Ham BO3MOMHOCTb MO BbICTPAUBAHUIO CTPYKTYPbl U
npeanosaraemoro MaplpyTa pycna naneoBogoToOKa B
npegenax BEpPOATHOCTHOTO MosAca MeaHApWpoBaHMA (cMm.
HWXKe Mo TeKCTy) oT ¢. OTKasHoro Ao r. 3eNeHOKyMCKa MU
3aTem g0 xytopa Por, panee — po c. [JobpoBonbHOro
(paccTosHKe no npamoi — 17 km).

06Lan NPOTAKEHHOCTb FMNOTETUYECKM KBOCCTAHOB-
JIEHHOTO» y4acTKa naseopycna coctasuna 44,7 Km, Nnpu 3Tom
Tepputopus  M306MayeT  PasHOBO3PACTHbIMKM  BbINOJIO-
YKEHHbIMW CTapuLAMK, KOTOpble BKJIKOYEHbI HaceleHWeM B
COCTaB CE/IbCKOXO3ANCTBEHHbIX YroAMi, rnasHbIM 06pasom
naLwHu nog 3epHoBble K nactéuma (pumc. 6, 10).

3emnenonb3osaHue pasHUHHOU Yacmu AonauHel p. Kymel u
3Kos102uYecKue npobaemoi cenbckoxosalicmeeHHol
desmenoHocmu
OcobeHHOCTV COBPEMEHHOM CTPYKTYPbl 3eM/1en0/1b30BaHNA
M3YYeHHbIX TeppuUTOopui A0AMHBI P. KyMbl KaK Ba)KHeWLlasa
XapaKTEPUCTMKA Te03KO0rMYECKOro COCTOSIHMA PaccMOoT-
peHbl Ha NMpuMMepe MOAENbHOFO Y4acTKa AOAUHbI p. Kymbl
mexay c. OTKasHoe 1 c. HuHbl (Tabn. 2; puc. 6, 10-14).
3eMIM  CeNbCKOXO3AWCTBEHHOrO Ha3HayeHuAa ans
QHANM3MPYEMOrO  MOAENbHOrO  y4yacTKa B CTPYKType
3eMNenoNb30BaHUA AONWHbI AOCTUraoT camoit
3HaUUTENIbHON BENUYMHBI — 49%, Npy 3TOM L0/W MALIHWU U
nactbuuy, (ceHoKocoB) pacnpegeneHbl NMPUMEPHO MOPOBHY,
Be/IMKa A0NA 3emMeNb secHoro poHaa — 21% u cenntebHbIx
Tepputopuit — 27%. B BopooxpaHHOW 30He p. Kymbl
M3y4YEeHHOrO MOAE/NbHOIO Yy4yacTKa TaKKe BbICOKA A0NA
3emesib Ce/IbCKOX03ANCTBEHHOMO HasHavyeHusa — 41% u noyutu
NoOBMHA NPUXOAMUTCA Ha 3emau necHoro ¢oHaa (45%).
Mnowaap crapumy, BCero MoAebHOro y4acTka coctasmna 362
ra, NpuM 3TOM OHW HaAbAOAATCA Ha TeppuTOpUM BCEX
KaTeropwii 3emenb, ABAAACL HEKUM GaKTOPOM ANHAMMUYHOTO
nanawadTHoro pacy/sieHeHus, yTo c nosunyumn
3eM/IeYCTPONCTBA, OE3yCNOBHO, YC/IOXHAET OpPraHM3aLmio
BCEX BWAOB XO3AWCTBEHHOW M MHOW AeATenbHOCTU. Tem He
MeHee, 3HAYMTeNbHOe YWUCIO  BbINONOMKEHHbIX CTApULL
YCrewHo OCBauBalOTCA W Mo MaLHIO, U NoA CEeHOKOChHI
(nactbuwa) (puc. 11-12).
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PucyHOK 10. ®parmeHTbl 4OAMHBI C NpeAnoaaraeMbim MapLLIpyTOM Naseopycna
Figure 10. Section of a valley with the route of a proposed old meander

Ha puc. 11 (1 » 2) oT4eTAMBO BUAHO, YTO 3acesHHoe W
obpabaTtbiBaeMoe Mnose MoAXoAMT Ha pacctosaHne 10 m K
6eperoBoit NMHMK, T.e. HAaxoAWTCs B NpubperkHol nosoce.
[aHHbIM PaKT yKasbiBaeT Ha HapylweHue cT. 65 BK PO u
ycyrybnserca Tem obCTOATENIbCTBOM, YTO YETKO Pas/iMumMmble
Ha CHUMKe cneabl TEXHONIOTUYECKMX npoxoaos
Ce/IbCKOXO3ANCTBEHHOW TEXHUKM KOCBEHHO CBUAETENbCTBYIOT
06 WCNONb30BAaHMM Ha [OAHHOW TeppuTOpUM TYKOB MU
necTULMAOoB.

@dparmeHT  BOAOOXpaHHOM  30Hbl  p.  Kymbl
OKpecTHocTel €. HuHbl (puc. 12) unnocTpupyeT npumep
BbICOKOMHTEHCMBHOIO  CE/IbCKOXO3ANCTBEHHOTO  WUCMO/b-
30BaHMA TEPPUTOPUN.

Ha ¢parmeHTe ceHOKOC NpUMbIKAET K OMyLUKe neca
(npaBas YacTb CHMMKA), BUAHbI BaNKM HEAABHO CKOLUEHHOM
NIYrOBOM PacTUTENbHOCTM MOXOXME Ha «nayTuHy». B cyxoi
cTapuue (BblLeNeHO KenTbiM LBeTom) HabnoaaloTca Banku
CKOLLEHHOTO TPOCTHUKA (Phragmites communis),
npowmspacratowiero B pycse. JIesylo 4acTb CHUMKA 3aHUMaeT
NaLHsA, BbIXOAALLAA BNAOTHYIO K pycay p. Kymbl.

C Hawel TOYKM 3peHns, ocoboe MeCTo B CTPYKType
NPOaHaNN3MPOBAHHOIO  3eM/IeNo/Ib30BAaHUA  MOAE/IbHOTO
yyacTKa AonuHbl p. Kymbl mexay c. OTKasHoe u c. HuHbl
3aHMMAIOT  TEPPUTOPUM  C  HauBbICIEM  MAOTHOCTbIO
pasMeLLeHus CTapul, Aanee MMeHyemble Kak Mons CTapul,.
[na  XapaKTepuCTVKM  3eMNIENO/b30BAHUSA  TePPUTOPUIA
NPEUMYLLECTBEHHOTO Pa3MELLEHUS CTapuL, A8 MOZAE/bHOTO
y4acTka DLONVHbI 6bin NPUMEHEH cnepyrowmi
WMHCTPyMeHTapuiA. Ha nepsBom 3Tane BbigeneHne nonewn
CTapuvy, NPOBOAMIOCH C MOMOLLBbID MHCTpymeHTapua QGIS
3.16. MonuroH Kaxaol cTapuubl 6bln NpeobpasosBaH B
ToYeYHble 06bEKTbI, NpeAcTaBAsAoWyMe coboi BEPLUMHbI 3TOrO
nonuroHa. B pesynbTaTe Kakgaa w3 BEPWMH MNOMUIOHA
CTapuupl CTana npeacTaBnAaTb cobOM TOUKYy, OT KOTOPOW,

BO3MOMHO OXKMAATb TMNOTETUYECKOTO OTKNOHEHWUA CTapuubl
WM Naneopycsa Ha BEeAWYMHY, PaBHYIO paguycy rnosca
MeaHApupoBaHua B noHumaHum P.C. Yanosa [20]. Takum
obpasom, nonAa crapul, MOXHO OXapaKTepu3oBaTb Kak
NOMUIOHbI, KyAa BXOAAT CaMu  CTapuubl, a TaKke
npuaeraowpe TeppuTopmn, orpaHUYeHHble paguycom nosca
MeaHZpUpoBaHuA. HecomHeHHO, nonsa cTapuy, ByayT umeTb
0CODbIV PEXMM COCTOAHWUA NOYBO-TPYHTOB W PACTUTENbHOCTMY,
CBA3AHHbIN C YPOBHEM CTOSHMS TPYHTOBbIX BOZ4 W
BO3MOHbIMMW NOATONIEHUAMM NPU NABOAKAX U NOAOBOAbBAX.
[aHHble 06CTOATENbCTBA MOTYT CYLLECTBEHHO OrPaHUYMBATb
BO3MOYHOCTb XO3ANCTBEHHOTO WCMO/Ib30BAHWUA TEPPUTOPUI

nonei Crapuu, Hanpumep, A8 Uenen  KanuTaibHOro
CTPOUTE/LCTBA.
OAHUM M3 OCHOBHbIX  MapameTpoB  CTapwu,

NO3BONAOLMX CYAUTL 06 06bEMaXx CTOKA W, B LIe/IOM, pPeXUME
PeKM B NPOLLUNOM, ABNAETCA LUMPWHA, Ha YTO YKa3blBa/ B CBOUX
pabotax P. C. Yanos [20]. Mo mHeHWto uccneposaTens
naneopycna-cTapuibl NpeacTasnaoT boratyo MHbOpmaLmio
ONA  U3ydeHUa TpaHchopmaLMM pycen B Te0s0orMyYecKknx
MacwTabax BpemeHu, MNpoucxoauBlUe B CBA3N  C
N3MEHEHNAMM rMAPON0rMYeCcKoro pexkuma peku.
CnepoBaTenbHO, €CNM B KOHKPETHOM MpuUmepe CTapuupl
MMEIOT 3HaYUTENbHO BO/bLLYIO LWMPUHY, YemM COBPEMEHHOoe
pYycno, MOXHO rOBOPUTbL O TOM, YTO W LIMPUHA MoACa
MeaHJPUPOBaHUA TaKXkKe CyLLecTBeHHO u3meHunaco. OaHaKo
B HAallem cayyae LIMPUHA CTapuL, U COBPEMEHHOrO pycna B
bonblueit  cTeneHWM  COBMAZAKOT, @  3HAYUT  MOXKHO
npegnonaratb, 4YT0 W XapakTep  MeaHAPVPOBaHUA
3HaAUYUTENbHO He u3meHunca. CTouT TakkKe OTMETUTb U
BO3MOMHYIO «LMK/AUYHOCTb» B Pa3BUTUM PeUHbIX MeaHap,
oTmeyeHHyio M.M. leHgenbmaHom wn W.B. TNonosbim: —
«Yepes HeKoTOpoe BPemMA B HOBOM pyc/ie BO3MOMXHO
BOCCTaHOB/IEHME PYCAoBbIX [Aedopmauuii, CBOWCTBEHHbIX
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JaHHOMY  y4acTKy peKM, — OHO CHOBa HauuHaer dopmupyloLLeica M3NYUMHbI MOMKET, Kak CoBMadaTb, Tak U
meaHgpupoBaTb. [pu  3TomM  HanpaeneHue  pas3sBUTUA 6bITb MPOTUBOMOOMKHbBIM CTapomy pycay» [49].

Ta6auua 2. Oco6eHHOCTM 3eMNENOB30BAHMA MOAENbHOTO YYaCcTKa A0NWHbI P. Kymbl Mexay . OTKasHoe U ¢. HUHbI
Table 2. Features of land use of the modelled section of the Kuma River valley between the village of Otkaznoye
and the village of Niny

Mnowapp, ra / Area, ha

Dons ot [Aonsa ot nhowaaun
Kateropus Aonuka naowaam BoAooxpanHan 30Ha BOA0OXPAHHOM 30HbI, %
C (10380 ra) (2108 ra)
ategory [ONUHDI, % . Share of area of the
Valley Share of valle Water protection water protection zone
(10380 ha) v zone (2108 ha) P '
area, % %
3emam ¢/X HasHaueHu 4643,09 48,8 863,05 41
Agricultural lands
B T.u. naukm 2190,88 23,1 234,9 11,1
Including arable land
Macréuua u ceHokocl 2452,21 25,8 628,15 29,8
Pastures and haymaking
3emam necHoro ¢oHAa 2021,28 21,3 948,16 45
Forest resource lands
3eMnu1 HaceneHHbIX NYHKTOB 261574 274 296,36 14
Lands of settlements
3emnu BoaHoro poHAa 238,64 25
Water resource lands
B T.u. .BO,qoeMbl . 55,64 0,59
Including reservoirs
Crapuupl*
Oxbow lakes* 361,
B 1.4 nnowanb BOAHOM
nosep_xuocm 34,7
Including area of the water
surface
k%
Wiroro yureto 9518,75 2107,57

Total accounted for**

*CymmapHas gnauvHa ctapuy, — 191,1 KM, M3 HUX C BbIPpa*KeHHbIMU rpaHuLamm — 149 Km n 42,1 Km ¢ HeBbIpaXKeHHbIMM
rpaHMuamu. lAMHa COBPeMEHHOro Pycaa PeKn MoAebHOro yyacTka — 72,8 Km

*The total length of oxbow lakes is 191.1 km, of which 149 km have pronounced borders and 42.1 km

do not have pronounced borders. The length of the modern riverbed of the modeled section is 72.8 km.

**He yuTeHa AOPOKHaA CETb U TEPPUTOPUM, 3aHATbIE HEKOTOPLIMU TPYAHO UAEHTUDULMPYEMbIMU CTAapULLAMMU,
KnaccupuumpoBaHbl 91% naowaam A0NUHbI

**The road network is not taken into account and the territories occupied by some hard-to-identify

oxbow lakes are classified as occupying 91% of the valley area.

PucyHOK 11. Mpumep BbINONOKEHHbIX U BKIOYEHHbIX B CE/IbCKOXO3ANCTBEHHYIO AeATeNbHOCTb CTapuL, (MOKasaHo
cTpenkamm) (puc. 1). Cneapl TEXHONOTMYECKMX NPOXOA0B CE/TbCKOXO3ANCTBEHHOW TEXHMKM (0603HaUeHbl CTpenKamm)
B NpubpexHoi nonoce p. Kymol (puc. 2 — yBennueHHbI pparmeHT p. Kymbl puc. 1)

Figure 11. An example of meander remants included in agricultural activities (shown by arrows) (Fig. 1). Traces of
passages of agricultural machinery (indicated by arrows) in the coastal strip of the Kuma River (Fig. 2 — an enlarged
sector of the Kuma River Fig. 1)
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PucyHoK 12. ®parmeHT BO40OOXPaHHOM 30HbI p. Kymbl oKpecTHocTel €. HMHbI (1 KM 1oXKHee oKpauHbl cena)
(pycno cTapuupl BblAENEHO KENTbIM)
Figure 12. Sectionof the water-protected zone of the Kuma River in the vicinity of Niny village

(1 km south of the outskirts of the village) — the bed of the meander scar is highlighted in yellow

Bce 3TO [fdaeT OCHOBaHWA  CYMTaTb  BO3MOXKHbBIM
MCNoNb30BaHMe cpeaHero paguyca nosca
MeaHAPMPOBAHMA  COBPEMEHHOrO  pycna  Hawero

MOZENbHOro y4acTKa B AaNbHENLMX pacyeTax Nno aHanusy
r’MAPONOrNYECKNX ocobeHHOCTeN.

CpefHuiA pagMyc nosca MeaHOpPWUPOBaHWUA AnA
MOZAENIbHOTO y4yacTKka paseH 195 meTpos, Npu 3TOM He
YUYMUTLIBANCA Y4aCTOK B I. 3€/IeHOKYMCKe, TaK KaK pycno
34,eCb 3HAYUTENbHO CMIPAMIEHO U MOXKET UCKa3UTb 0bLLyio
KapTMHY. B Hawwux pacyetax WMpUHA M3Mepanacb yepes
Kaxable 500 meTpoB No ocu nosca.

Ha BTOpom 3Tane MeTO4OM OUEHKM MAOTHOCTM
Anep ToyeuyHbix 06bEKTOB (MeTog Tennosbix KapT B QGIS)
6blnnM onpepeneHbl 06/1acTU € PA3IMYMHOWM MNOTHOCTbLIO
BEPLMWH CTapuL, O4HAKO caMa NJIOTHOCTb HE NPeACTaBAANA
306eCb OCHOBHOTO MHTEpeca. MHCTPYMEHT NAOTHOCTb faep
NO3BO/MA  BbIMUCAUTL MJIOTHOCTb TOYEYHbIX OOBLEKTOB
BOKPYT KaXKA0M AYENKM BbIXOLHOTO pacTpa.

KoHuenTyanbHO, ANA KaX40W TOYKM nogbupanach
(cTponnacb)  crna)eHHas  M30THyTas  MOBEPXHOCTb.
3HayeHMe NOBEPXHOCTU MAKCMMANbHO B MECTOMOJIOKEHUN
TOYKM W YMEHbLIAeTCA C YBE/IMYEHMEM PacCTOAHMA OT
TOYKM, [OCTUrAA HYNA HA PACCTOAHWU, PABHOM 33aJaHHOMY
paguycy noucka OT TOYKM. B Hawem cnyyae WHTepec
NPeACTaBAANO0 TO/NbKO WCMONb30BAHWE OKPECTHOCTU B
dopme Kpyra. B ocHoBe ¢yHKUMKM aapa Nexut GyHKUMA
KBapTeTHOro fApa, onucaHHaa B.W. Silverman (ctp. 76,
ypasHeHue 4.5) [50].

B Hawem ucCcnefoBaHMM  BAXKHOM  sABAANAch
MHPOpPMaLMA O PacCTOAHMM, HAa KOTOPOM [OCTUratoTCs
3HayeHua 0, B Hallem cay4yae OHO PaBHO pagmycy nosca
meaHapupoBaHusa (195 m).

J

R

CnepyeT TaKKe OTMeTUTb W cnabble CTOPOHbI
MeTo4a BblAeseHUs MONEeN CTapuy, C MCMOoAb30BaHUEM
OUEHKM noTHocTel agep. [OMMMO  OroBOPEHHbIX
npobnem c onpegaesneHnem LWMPUHBI nosca
MeaHAPMPOBaHMA,  CYLECTBYIOT  TaKKe  TPYAHOCTH,
CBA3aHHble C BblAE/EHNEM CaMWX CTapul, TaK KakK
onpegesneHne rpaHuL, nosieil MPOUCXOAMT MPU Yy4acTum
TOYEK TO/MIbKO HEMOCPeACTBEHHO OBHapPYXeHHbIX W
0603Ha4YeHHbIX cTapuy,. Ewe ogHMM CMOPHLIM MOMEHTOM,
TpebyloWwmm «pyyHOW» NPaBKMU, ABAAETCA UTHOPUPOBaHMUE

npv nocTpoeHmmn MHTEPMNOAMPOBAHHOIO cnon
ocobeHHocTel penbeda.
Ha ocHoBe wucnonb3oBaHHOrO npuema 6blin

npoBeAeHbl rPaHWLbl MONel CTapuu, BHYTPU KOTOPbIX
onpegeneHa CTpyKTypa 3em/enonb3oBaHusa (puc. 14, Tabn.
3).

B  nepsBylo ouepegb  cnegyet  OTMETUTb
3HAUMTENbHYI0 CYMMAapHYIO [0/0 Nosfen crapuy, ans
MOZENbHOro y4acTKa foauHbI p. Kymbl mexay c. OTKasHoe
M c. HuHbl, oHa coctasuna 39% obuwel naowaan. fasas
XapPaKTEPUCTMKY COBCTBEHHO MOJiei CTapuu, OCTaHOBUMCA
noapobHee Ha CTPYKType 3eMNeN01b30BaHMUA 3aHUMAeMbIX
MMn Tepputopuii (Tabn. 3). Okasanocb, YTO Ha [0
3emenb, UCMONb3YEMbIX KaK  Ce/IbCKOXO3AWCTBEHHbIE
yrogpsa, npuxogutca 50%, BTOpoM NO  3HAYMMOCTU
KaTeropven ABNAOTCA 3emMan necHoro ¢poHpa — 29%,
TpeTbeil — 3eMAM HaceneHHbIX MyHKToB (12%). B atom
cnyyae  KO3GOMUMEHT  3KONOTMYECKOM  CTabunabHOCTM
navawadta (K3CN) nonent crapuy, coctasun 1,7 [36], uto
COOTBETCTBYET YC/IOBHO CTABUAbHOMY COCTOAHMIO W
3aMeTHO NpeBbIWaeT paccymMTaHHbIN nokasatenb KIC/1 gns
BCEW TeppuTOpuUU MoAZenbHoro yvactka (0,8 — coctosHue
HecTabunbHoe)
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YcnoBHble obo3HaueHns/Symbols

- i Mpanuua nonei crapuw/Border of oxbow fields

I Crapuusi/Oxbow lakes and meander scars

I Pycno peku/Riverbed

I BopHbie obberTh/Water objects
3eMnM C/X HazHauYeHUA (NacToMLWa N CEHOKOCH )/
Agricultural land (pastures and hayfields)
3eMnM /X HasHauYeHua (NawHK)/
Agricultural land (arable land)

I 3emnm necHoro gonpa/
Forest fund lands

I 3emnun HaceneHHbIX NyHKTOB/
Lands of settlements

PuUcyHoK 14. KapTocxema CTpYKTypbl 3eMN1en0Nb30BaHUA B rpaHULAX Noei cTapuL, MOAENbHOIO y4acTKa fOUHbI

p. Kymbl mexagy c. OTKasHbIM U €. HUHbI

Figure 14. Cartography of the land use structure within the boundaries of the fields of oxbow lakes
of the modelled section of the Kuma River valley between Otkaznoye village and Niny village

Ta6auua 3. CTpyKTypa 3eMNenob30BaHMA NS Noel CTapuL, MOAENbHOrO y4acTKa f0MHbI p. Kymbl

mexay ¢. OTKasHbIM U €. HUHbI

Table 3. The structure of land use for the fields of oxbow lakes of the modelled section of the Kuma River

valley between Otkaznoye village and Niny village

CTPYKTypa 3eM/1en0nb30BaHUA A/1A Nosei cTapvu, ra
The structure of land use for fields of oxbow lakes, ha

Mnowaab noneii ctapuuy, Bcero (4,011 OT NAOWAAN BCErO 4016
MOAEeNbHOro y4actka, %) (39% ot 10380 ra) 100%
The area of oxbow lakes fields, total (percentage of the area of the 4016 100%
entire modelled plot, %) (39% of 10380 ha)
3emMnu HaceneHHbIX NyHKTOB / Lands of settlements 472 12%
3emnu necHoro poHaa / Forest resource lands 1173 29%
Mawwwm / Arable land 768 19%
MacTéuwia u ceHokocbl / Pastures and haymaking 1256 31%
Bogoembl / Reservoirs 88 2%
WUHoe / Other 264 7%
3758 93%

Bcero yuteHo / Total accounted for

Takum obpasom, 3emenbHbIN GOHA Noselt cTapul, Becbma
BbICOKOI()PEKTUBHO UCMONIb3YETCA B XO3ANCTBEHHbLIX M
cenntebHbIx uensx, npu aToM 3HAYUMBbIM
cpefoperynvpyowmm ¢GakTopom BbICTYNAaeT NOMMEHHbIN
nec. Mpu opraHM3aLmm UCNoNb30BaHUA 3eMelbHOro poHAa
nosen crapul, COCTaBAAKLMX BECOMYK YacTb PEYHOM
OO/IMHbI, MOTYT BO3HMKaTb HEKOTOpble CAOMKHOCTU MU
npobnemsi, Hanpumep, Ce/IbCKOXO03ANCTBEHHAnN
0eATeNbHOCTb B BOLOOXPAHHbIX 30HaX M NPUBPEXRHbIX
Nnosiocax, PeXMMbl OrpaHMYEeHUA U 3anpeToB  AnA
nnaHupyemobix  OOMT,  orpaHWYeHMA  KanuTaJibHOro

CTpOUTENbCTBA W T.4., KOTopble o06a3aTenbHo crneayeT
YUYUTbLIBATD.

3AK/TIOMEHUE
B paboTte Ha npuMmepe PaBHUHHOM 4YacTh pekn Kymbl ans
nepuoga XVII  — XXI  BB. MpOaHanM3MPOBaHbI

reosKkosiormyeckme ocobeHHocTn AoNnHHbIX MTK, passutue
KOTOPbIX BO MHOIOM AETEePMWHMPOBAHO MEaHAPOBOW M
CTapUYHON KOMMOHEHTaMM. Ha NpOTAXKEeHWM NoCNefHWUX
OBYXCOT /IeT MOKa3aHO 3HayeHWe NoAobHbIX TeppuTopUi
ans nocesieH4YeCcKnx uenew, OXapaKTepn30BaHbI
conyTcTBytowme GaKkTopbl NPUPOAHOTO U AHTPOMOrEHHONO
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reHesuca, B/MAIOWME HA XO3ANCTBEHHYIO AEATeNbHOCTb.
YcTaHOBNEHO, 41O Ha coBpeMeHHOM aTane
MeaHApPUpPOBaHME MPOJO/KAET OCTaBaTbCA OAHWM U3
Ba)KHbIX YC/NOBUI peanusaummn 3emnenosib3oBaHusa, B
nepBylo o4Yepeapb, B YacTU CE/IbCKOXO3AMCTBEHHbIX 3emesb
M cenutebHbIX TeppuTOpun. BblfBNEHO, 4YTO nosc
MeaHAPUPOBAHMA U NOAA CTapuL, A0NA NAOLWAAN KOTOPbIX
AnA BoAnHHBIX MTK U3yyeHHbIX MOAENbHbIX TEPPUTOPUIA P.
Kymbl pocTturaet 46%, co3sgatoT ocobble
cpepodopmupytowme ycnosus DYHKLMOHNPOBAHUA
CTabMAU3MPYIOLLMX KOMMOHEHTOB faHAwadTa, B nepsyio
oyepenb NMOMMEHHOTO /ieca Kak MHTerpasbHoro 6a3oBoro
daKTopa COXpaHeHUs pernoHanbHOro GuopasHoobpasus.
PekomeHA0BaHO npu opraHusauum YCTONYMBOrO
MUCMONb30BaHNA 3eMesibHOro GoHAA PeyHbiX AO0AWH ANA
uene TeppuUTOPMANbHOrO  MNAAHUPOBAHUA  YYMTbIBATb
perMoHasnbHble OCOOEHHOCTU pa3MelleHUA MeaHap W
CTapuL, NpU KanuTaabHOM CTPOUTENBCTBE, PEKPEALLUOHHOM
bnaroycTpoiicTee, perfiameHTaumm CenbCKOX03ANCTBEHHOWM
M UWHOW  [AeATeNbHOCTM B BOLOOXPAHHbIX  30HAX,
NPUOpPEKHbIX MNOM0Cax M MPOYMX 30HAX C 0cobbiMu
YCNI0BUSIMM UCMO/Ib30BaHNA TEPPUTOPUIA.
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Pe3slome

Lienb. MpoaHann3npoBaTtb MMetoLwMeca IMTepaTypHble AaHHbIE O BAUAHWUU
pa3NMyHbIX 06PabOTOK MOYBbI Ha pPa3BUTME W PacNpPOCTPaHEHHOCTb
BO3byauTenen 6onesHel nweHuLp.

O6cy:kpgeHue. CornacHO AMUTEPATYPHbIM  AaHHbIM,  CyLLecTsyoLiue
TEXHOM0rMN 06pPaboTKM NOUYBbI: Kaaccuyeckas, MMHUMANbHaA, HyneBas,
CYLLECTBEHHO B/IMAIOT Ha Pa3BUTME MATOrEHOB BbI3bIBAOLWMX Pa3BUTUE
3a00/1€BaHNI  MIEHWUBl B PA3NNYHbIX PErMoHax, OT/IMYatoLMXCA
NMOYBEHHbIMW W KAMMATUYECKUMU YycnoBuasMU. B Poccum M cTpaHax
6MKHEr0o M JdanbHero 3apybexkba 3aHMMalTCA Bompocom 60opbbbl ¢
6onesHAMU Ce/IbCKOX03ANCTBEHHbIX Ky/NbTYp XUMUYECKNMU,
6M1O0NOTMYECKUMM U arpOTEXHUYECKUMU MeToAamMN. HecMOTpsA Ha To, YTo B
obLlei cucTeme MepONpUATUIA MO 3alLMTE PACTEHUIA OT MOBPENKAEHUM
arpoTexHUYecKMe METOAbl UMEIOT OrPOMHENLLEE 3HAYEHWE, J0/ITOE BPEMSA
arpoTexHWKa, KaK MeTod 3aliuTbl pacTeHul, HegooueHuBanacb. MHorue
NpUembl arpoTeXHUKWM, a TaKXKe TFeHeTUKa W Cenekuma yBeanyuBaloT
YCTOMYMBOCTb PACTEHWUIN K NOBPEXAEHUAM.

3akntoueHue. B pesynbraTe arpoTeXHUYECKMX MPUEMOB MOXKHO CO343aBaTb
TaKue YC/NI0BUA OKpYrKalowel cpeppbl, KoTopble b6yayT Heb6aaronpuATHbI
ANA pasmHoXeHUa bonesHen. B HacToAlee BpemA TBepAO YCTaHOBUAOCH
MHEHWEe, 4TO OTAENbHO B3ATble, W30/JMPOBAHHbIE MPUEMbI HE MOTYT
NpPaBWAbHO pPaspelnTb Npobaemy 3aluTbl pacTeHWl OT Bo3byauTenei
6one3HelN CcenbCKOXO3ANCTBEHHbIX KYAbTyp. TO/IbKO KOMMAEKC METOAOB,
06beANHEHHDIN B CUCTEMY MEPONPUATUIA, AAET KPenKyto 6asy ANA 3aLWuTb
pacteHuii. M B 3TOM cuCTeme MEepPOMpPUATUI PONb arpoTEXHUYECKMUX
NpUemoB Ype3Bbl4aliHO BEWKA.

Kniouesblie cnosa
OTBanbHaA 06paboTKa No4Bbl, MMHMMaNbHasA 0bpaboTka nousbl, No-Till,
60/1€3HM NWEHNULbI, Pa3BUTME, PACMPOCTPAHEHHOCTb.
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Abstract

Aim. To analyze the data in the available literature regarding the effect of
various tillages on the development and prevalence of wheat pathogens.
Discussion. According to the literature, the existing tillage technologies —
classical, minimal and zero — significantly affect the development of
pathogens that cause the development of wheat diseases in regions that
differ in soil and climatic conditions. In Russia and other countries near
and far, the issue of combating diseases of agricultural crops is dealt with
by chemical, biological and agrotechnical methods. Despite the fact that
agrotechnical methods are of the utmost importance in the general
system of measures to protect plants from damage, for a long-time
agricultural technology as a means of plant protection was
underestimated. However, many agricultural techniques, as well as
genetics and selection, increase the resistance of plants to damage.
Conclusion. As a result of these techniques, it is possible to create
environmental conditions that will be unfavourable for the reproduction
of diseases. At the present time, opinion is firmly established that
separately undertaken, isolated methods cannot properly solve the
problem of protecting plants from pathogens of agricultural crops. Only a
set of methods combined into a system of measures provides a solid basis
for plant protection. And in this system of measures, the role of
agricultural practices is extremely large.

Key Words
Moldboard tillage, minimum tillage, no-till, wheat diseases, development,
prevalence.
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BBEAEHUE

MweHWUa — Ba*KHEWLWAn CeNbCKOX03ANCTBEHHAA KynbTypa,
obecneymBalowan N4eNn NPOAOBONLCTBMEM BO BCEM
mupe. B Poccuiickot ®epepaumn B 2021 roay nocesHble
naowaan noa nweHuyy coctasmnum 28,72 maH ra. Ana
COXpaHeHwun KauyecTBEHHOro ypoxasn nweHnLbl,
Heobxoaumo paspabatbiBaTb 3OPEKTMBHbIE CXeMbl eé
3alMTbI, yYuUTbIBatOWME BCe GaKTOpbl, BAMAIOLME KaK Ha
noyseHHoe nnogopoave, Tak M Ha ¢uTocaHUTapHoe
cocTtoAaHMe nocesos. B cBA3n ¢ Tem, uto 1 aHBapa 2020 roga
BcTynua B cuny PepepanbHbii 3akoH No280-d3 «06
OpPraHWYecKkor NpPoAyKLUMM U O BHECEHUW WU3MEHEHWUN B
oTAeNbHble 3aKoHoAaTe/IbHble aKTbl Poccuiickolt
depepaummn», BONPOCbI, CBA3aHHble € Ouonorusaumen
CeNnbCKOro Xo3sicTBa M ¢ obecneyeHMem ero metogamwu
ONA  BeAeHVUA OPraHMYecKoro 3emnefenunsa CTaHOBATCA
0COBEHHO aKTyasibHbIMMU.

Llenblo pAHHOTO WCCNeaoBaHUA ABAAACA aHanu3
MMEOLMXCA MTEPATYPHbIX AAHHbIX O BAUAHWUM Pa3UYHbIX
06paboTOK NOYBbl Ha pPa3BUTUE M PACMPOCTPAHEHHOCTb
BO3byauTeNnen bonesHen nweHnupl. CornacHo
NIMTEPaTYpPHbIM  AAHHbIM,  CYLW,EeCTBYIOWME TEXHOIO0MUK
06paboTKM NOYBbI: KNaccuyeckan, MUHUMANbHasA, HyaeBas,
CyLWLEeCTBEHHO  BAMAIOT  HA pasBuTMEe  naToreHoB
BbI3bIBalOWNX  pa3BuTMe 3a60sIeBaHUM  MNIWEHULbl B
Pa3/IMYHbIX PErMoHax, OT/IMYAIOWMXCA MNOYBEHHbIMU U
KAMMATUYECKMMKM  ycnoBusmn. B Poccum M cTpaHax
6AMNKHEro M ganbHero 3apyberkba 3aHMMAOTCA BOMPOCOM
60pbbbl C 60NE3HAMM CeNbCKOXO3ANCTBEHHbIX KyAbTyp
XUMUYECKMMM, OUONOTMYECKUMM U arpoOTEXHUYECKMMMU
meToZamu. HecmoTps Ha To, 4YTo B 0b6Wen cucteme
MepOonpuATUIA MO 3almTe pPacTeHuit OT MNOoBpPeXKAEHMUN
arpoTexHuyeckune meToAbl UMelT  OrpomHelillee
3HayeHwue, JO/ITOe BPeMA arpoTexXHUKa, Kak MeTog, 3almTbl
pacTeHuit, HeA00UEeHMBaNACh. MHorue npuembl
arpoTeXHUKM, a TaK¥Ke reHeTUKa U ceNeKkuma yBeandnsatoT
YCTOMYMBOCTb PACTEHWUI K MOBpeXKAeHuAm. B pesynbTate

arpoTexHUYecKUX MpPUeMoB MOXKHO CO34aBaTb Takue
YC/IOBUA  OKpyKalolen  cpeasl, KOoTOpble  byayT
He6/MaronpuATHbl 414  pasmMHOXeHua 6onesHein. B

HacTofllee BpemA TBEPAO YCTAaHOBM/IOCb MHEHWE, 4TO
OTAENbHO B3ATble, W30/MPOBaHHbIE MNPUEMbl He MOryT
NpPaBWAbHO paspelnTb nNpobnemy 3awuTbl pacTeHuin oT
B03byauTeneit 6onesHen ceNbCKOXO3ANCTBEHHbIX Ky/abTyp.
Tonbko KOMMAekc MeTofoB, O6beAMHEHHbIV B cucTemy
MeponpuATUI, faeT KpenKyto 6asy ANA 3alMTbl PaCTEHUNA.
M B 3TOW cucTeMe MePONpPUATUIA PO/b arpoTEXHUYECKUX
NPMEeMOoB Ype3BblYaHO BesIMKa.

OBCYXOEHUE
BarKHeMLWNiA 31eMeHT NoyYeHUs KaueCTBEHHOTO YpOoXKasa —
npaBuabHO NogobpaHHas obpaboTka NouBbl, TaK Kak OHa
HanpsAMYIO BAWAET Ha COCToAHME nouysbl, obecneynsas eé
bnaronpuATHble  BOAHbIA,  NUTaTeNbHbIMA,  TenaoBOM
pexMMbl, a TaKKe XOopowylo aspaumio. Takum obpasom,
obecneymBatoTcs onTUMasbHble ycnosus ans
NPOU3PACTaHMA CEbCKOXO3AUCTBEHHBIX KyabTyp [1-3].
M3yyeHnem BausaHMA cnocoboB 06paboTKM NouyBbI
Ha POCT 1 pPa3BUTME KYNbTYPHbIX PACTEHMI 3aHUMAKOTCA KaK
B Poccun, Tak M B cTpaHax b6AWKHero w AanbHero
3apybexbs. MpaBuibHO nopobpaHHan cuctema
3emnepenva obecneumBaer  6opbby €  CcopHoOM
PacTUTENIbHOCTbIO, HAKOM/JEHME U COXpPaHeHWe BAarw,
NonesHbIX MUKPO3/IEMEHTOB, a TaKkKe cnocobcTeyeTt
BOCCTAHOB/IEHMIO MJIOLOPOAHOMO CNOfA, YTO OYEHb BAXKHO

NPy BblpPaLWMBAHNM CEbCKOXO3ANCTBEHHbIX KyAbTyp. MMpu
BO3/e/1bIBaHUM CebCKOX03ANCTBEHHbIX KYyNbTYp
HeobXoAMMO OpPUEHTUPOBATLCA HA COCTOSIHME MOYBbI,
npeawecTsylolWme KyabTypbl, GUTOCAHUTApPHOE COCTOAHUE
M MHOTMe apyrve ¢aKTopbl, OKasblBalowwWe BAMAHME Ha
POCT U pasBUTUE KyAbTypHbIX pacTeHuid. B HacTosuiee
Bpema npumeHaeTca ToU OCHOBHbIX TexHosnormn
06paboTKM  MOYBbI MPU  BO3AENbIBAHWMM  MLEHULbI:
Knaccuyeckasn, MUHMManbHas U Hynesas [4].

Knaccuueckoi TexHonorma
NweHuLbl BKAOYaET:

- OCHOBHas 06paboTka MouBbl (NpeawWwecTBEHHUK
yepHblt nap): AyuweHWe — BHECEHWe OpraHMYecKux
y006peHnin — n3BecTKoBaHMe — BCnallka — 6opoHoBaHUe —
Ky/NIbTUBALUS;

- npeanoceBHaa o06paboTka No4YBbl WM NOCEB:
BHeceHue P u K yaobpeHuit — npeanocesHasn KynbTMBaLmMa
— MoceB — NpuKaTbiBaHue;

- yxo4 3a pacteHMAMM U ogHodasHaa yb6opKa:

BO34e/1biBaHUA

nogkopmka N ypobpeHusmm — 6GopoHOBaHWe ——
XMMMUYECKas 3alluTa U MOAKOPMKA — AecuKauua — npsmoe
KoMbaliHMpoBaHue;

- pa3genbHan ybopKa v XxpaHeHue.

MwuHUManbHas TexHonorus BO3/e/bIBaHNA
NWeHWLbl BKIOYAET:

- OocHOBHaa ob6bpaboTka nouysbl: YybopKka ¢

conomopasbpacbiBaTesiem — pacrnpenesneHve CoNOMbl —
BHeCeHue repbuumaa;

- noces;

- YXOZ, 33 NOoCeBaMM: XMMMUYECKas 3aluuTa NOCEBOB
1 NOAKOPMKa;

- ogHodasHan unun asyxdasHasa ybopKa: gecukauma
—ybopKa. CKawmnBaHne — 06M010T € NOAOOPLLUMKOM;

- nocneybopoyHas aopaboTKa 1 XxpaHeHue.

Hynesas TexHonorma (No-Till) Bo3aenbiBaHusA
NWeHuLbl BKAKOYAET:
- OCHOBHas o06paboTka mnouBbl: YyboOpKa C

coniomopasbpacbiBaTtesieM — pacnpefeseHne CoNoOMbl —
BHeceHue repbuumaa;

- noces;

- YX0p4, 32 NOCeBAMM: XMMMYECKas 3alMTa NOCeBoB
1 NOAKOPMKA;

- ogHodaszHaa unu asyxdasHasa ybopKa: gecukauma
— ybopkKa. CkalmBaHue — 06M00T C NOAH0PLLMKOM;

- nocneybopoyHas AopaboTKa 1 XpaHeHue.

Ecnn pacteHusa HefonosyyatoT Bce Heobxoavmble
BeLecTBa M3 MOYBbI, TO YXyALIAeTcsa ux obuiee cocTosHue,
a cnepoBaTeNbHO, CHUMKAETCA UMMYHUTET, YTO MO3BOASAET
B0o3byauTenam 6osesHen U BpeaUTENAM MOBPEXKAATb WX.
3acopeHHOCTb PACcTEHUI TaK e OKa3blBaeT CyLLeCTBEHHOe
BAUAHME Ha obLiee COCTOAHME KyNbTyp BOCMPUMMYMBBIX K
pasnnyHbiMm  6onesHam. CyllecTBYHOT  MCCled0BaHMS,
KOTOpble NnoKasblBatoT 3aBUCMMOCTb mexay
3aCOPEHHOCTbIO MOYBbI CEMEHaMM COPHbIX PACTeHUR W
NPUMEHSAEMbIM Ha 3TON TepputTopumn cnocobom ob6paboTku
noysbl [5]. BblABAEHO NpPeMMyLLECTBO COBMECTHOMO
NPUMEHEHUs  OTBaJIbHOM, MenKon 6e30TBasibHON MU
NoBEPXHOCTHOM 06paboTok B 6opbbe €O CHUKEHWeM
BCXOXKECTU CeMAH COpHbIX pacTeHwuit [5]. UccneposaHus,
M3yyatoLme 3aBUCMMOCTb 06pPaboTKM NOYBbI C AUHAMUKOM
nonynaunii  COPHbIX PacTeHUn w passuTua 6bonesHewn,
NpoBOAATCA KaK 3a pybexkom, Tak n B Poccuu.

Tak, Hanpumep, B CLUA, nccnenoBaHua,
CpaBHMBatowee BAUAHWE 0BPabOTKM NoYBbl Ha pa3BuTHE
60ne3Helt U 33aCOPEHHOCTb MOKA3anWu, YTo Mpu Hynesow
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06paboTKe, KOIMYECTBO M PACNPOCTPAHEHHOCTL bosesHewn
BMeCTe C 3aCOPEHHOCTbIO NOCEBOB COPHAKAMM BblNK Bbille,
yem npu Bcnawke [6; 7].

O6paboTKa nousbl BAMANA HA obWEe KONMYECTBO
COPHAKOB Ha [JensaHKax C Hy/neBOM M Knaccuyeckow
06paboTKON NouYBbl M COCTaBnANo B cpeaHem 46
LIMPOKONIUCTBEHHBIX COPHAKOB Ha M2, M 27 Ha m?
COOTBETCTBEHHO.

B nccnenoBaHmUAX NaTBUNCKUX Yy4Y€eHbIX
OMNUCbIBAETCA OMbIT BAWAHUA OTBA/IbHOM U 6e30TBaNbHOM
06paboTKM NoYBbl Ha pPasBUTME MATHUCTOCTU JIUCTbEB
nweHunupl [8]. MNMokasaHo, YTo Npu OTBa/IbHOW 0bBpaboTKe
noysbl pa3suTMe BO3byaMTENA KeNToW NATHUCTOCTU BblNo
B 2 pa3a HuKe No cpaBHeHuto ¢ 6e3oTBanbHOM 06paboTKoW
nousbl: Tak MKPB (nnowagb KpuBol pas3BuTUAa 6onesHn)
BO36yANUTENA KENTOW NATHUCTOCTU HA Y4YaCTKe C OTBasIbHOM
obpaboTkoli nouBbl cocTaBuna 70 y.e.,, a Ha yyacTKe C
6e3oTBanbHOM 0b6paboTkoi nousbl 130 y.e. Bcnawka
cMArYana BAWAHWE Npeablaywmx KynbTyp, B  uTOre
pasBuTMe NATHUCTOCTEN 6bino HUKe. O4HAKO B 3TOM Xe

MUccneAoBaHMM  FOBOPUTCA O TOM, YTO  pasBuUTUe
BO3OyAWUTENA CENTOPMO3a Ha Yy4yacTKax C OTBasIbHOM
obpaboTKoih B 2 pasa Bblle, YEeM Ha YyyacTke C

6e3oTBanbHON 06paboTKoi nousbl: NMKPB 40 y.e 1 20 y.e.
COOTBETCTBEHHO [8].

PAn,  poccuicKMx — UccnepfoBaHWA  cpaBHMBaeT
pasnnyHble cucTembl 06PabOTKM MOYBbI M MOKa3bIBaeT WX
BAMAHWE HA pa3BuTHe bonesHell. B Kupose nopakeHHOCTb
3epPHOBbIX Ky/NbTyp CTEBNEBOW PHKABUMHOW U CENTOPMO30M
6blna HeBbicoKon 3,2—7,0%. MpumeHeHWe NNOCKOPe3HOoMU
06paboTKM MOBbILWANO NOPAXKAEMOCTb CTEDIEN U CHUXKANO
ypOsKalHOCTb nweHuubl Ha 0,31 t/ra (HCPOSA = 0,29) no
cpaBHeHMO co Bcnawkon [9]. B KpacHoApckom Kpae
YCTAaHOB/IEHO MOJNIOXUTE/IbHOE BO3AeNCcTBME OTBA/IbHOM
06paboTKM NOYBbI HA CHWXKEHWE Pa3BUTUA CenTopuosa, No
CpaBHEHWUIO C BapuvaHToOM 6e3 06paboTKM  MouBbI.
Hanbonbliee passBuTMe centopuMos3a OKasanocb Mpu
BO34eNbIBaHUN MIUEHWLbI MO KYKypy3e Ha HeyaobpeHHOM
¢doHe 6e3 o6paboTkmM nousbl (31,3%), uto Ha 16,8%
bonblie, MO CPaBHEHUIO C TPAAUUMOHHON OCHOBHOM
obpabotkoi nousbl [10]. B ycnosusx HeuepHosembsa B
LEeHTpe TOYHOro 3emnegenus 6bl0O BbIABAEHO, YTO MNpuU
HyneBoit o06paboTke BcTpeyaemocTb 6onesHen 6bina
Bbllle, Yem npu Bcnaweke, B 1,3-5,2 pasa, 3aCOPeHHOCTb
nocesos B 3-10 pa3, Ha HECKONbKUX KynbTypax B
ceBoobopoTe (NweHuLa, AYMeHb, KyKypy3a, NIonuH 6enbli)
[11].

Ha CeBepHOom KaBKa3e u B KpacHogapcKom Kpae

npobnema  3abonesaHwuA NATHUCTOCTAMM  JINCTbEB
NweHuubl CTaHoBUTCA Bcé wupe [12-14], nostomy
M3yyeHWe BAWAHWUA  arpoOTEXHUYECKUX NPUEMOB  Ha
passuTMe 6onesHell OuYeHb aKTyasbHO A7 pPervoHa.
M3yyeHne cTeneHuM pasBUTUA  AUCTOBbIX  HonesHei
nweHuubl 7] cTeneHun 3apaXXeHHOoCTHU nocesoB B

3aBUCMMOCTM OT cnocoba 0bpaboTKM NoYBLI NPOBOAMUANCH
B 2019-2020 rr. Ha OMbITHbIX y4yacTKax «KybrAY» B T.
KpacHogape. Ana uccnenoBaHus 6binn co3gaHbl YeTbipe
OMbITHbIX yYacTKa C COPTOM MArKoW nweHuybl CTenb, Ha
KOTOPbIX MPUMEHANNCL PasnYHble cucTeMbl 06paboTKu
nousbl: No-till, 6e3oTBanbHan, MMHMUMAaNbHAsA U OTBaNbHan
06paboTkM  nouBbl.  YCTaHOB/MEHO, 4TO Haubonee
npeAnoyYTUTE/NIbHbIM ABASETCA NPUMEHEHNE MUHUMANbHOMN
06paboTKM noyBbl, TaK Kak MNpuW Hem pasBMBaeTcA
HaMMeHbllee Konuyectso 3abonesBaHWii M CHUMKaeTca
cTeneHb paseuTMa Bo3byauteneir B 2-3 pasa no
CpPaBHEHUIO C APYrMMUK BapuaHTamu [15].

B botrenape (benbrua)
ceBoo60poTa  KyKypy3a-fMweHuua Ha  BU3yasbHble
cumnTombl  ¢dy3apuo3a. ITo  oAHO U3 Haubonee
BPEAOHOCHbIX TPpMOHbIX 3aboneBaHni, npuBoasallee K
CHUXEHMIO YPOXKAMHOCTM U COAEPMKAHMIO MUKOTOKCUHA B
nweHuue. PesynbTaTbl  OMbITOB  MOKasanW,  4To
BOCNPUMMYMBOCTb COPTOB KYKYpYy3bl K $hy3apnosy u cnocob
y6OpPKM KYKYpY3bl OKa3anu AuLib He3HauyuTeNbHOe BAUAHME
Ha 3ab60/1eBaeMOCTb UM COAEpP)KaHME MWKOTOKCMHA B
rnocesax nMWeHUUbl: B MOCAEAyOWNIA BereTaLMoHHbIMN
nepuoa. bonee BaxHbIMKU 6bIN cnocob 06paboTKM NouUBbI
M YCTOWYMBOCTb COpTa NweHuubl; oba ¢akTopa oKasanu
CYLLECTBEHHOE BAWAHWE HA YacTOTy BO3HUKHOBEHWSA
¢dy3apmrosa 1 cogepkaHme MUKOTOKCUHaA [16].

EBponeiickne  ucCnefoBaHWA MO U3YYeHUIo
PaCXOXKAEHUA B peakumax BOCMPUMMUYMBOCTA FEHOTUMOB
nweHuubl K ¢y3apuosy Kosoca npu  BO3AeNCTBUM
KOMBWHUPOBAHHbIX METOL0B BO34E/bIBAHUA, COPTOBbLIX
CBOWCTB, roAa M NPUCYTCTBMA B3aMMOAENCTBYIOLLMX BUAOB

oueHuBann BaAnAHUE

Fusarium spp. Kak HeoTbemiaemoe uesfoe. ITo
uccnefoBaHMe  NpeanosnaraeT, 4YTO  BCMALIKA  MOMKET
YyBENNYUTb pUCK BO3HUKHOBEHMSA TOKCUreHHbIX

3abonesaHuii pysapurosa Konoca.

OTtBanbHaA ob6bpaboTka nousbl MpuBena K bHonee
pasnMuHbiM  GaKTOpaM OKpYKaloLen cpeabl, 4Yem npu
Hy/neBad, 4YTO MNOBAMANO Ha 60/blWYD W3MEHYMBOCTb
B3aMMOCBA3M MeXAYy HaKOMIeHMeM MMUTOTOKCMHA U
3apaxkeHuem 3epHa [17].

B uenax ontummsaummn mep 60pbbbl ¢ 6onesHAMM B
ycnosuax JaHum 6blan uccnefoBaHbl YCTOMYMBOCTb COPTOB
K JKentol NATHUCTOCTM BbI3BaHHOW Drechslera tritici-
repentis, meToabl 06paboOTKM MOYBbI U  GYHIUUMALI.
Monesble 3KCMEPUMEHTbI MNOATBEPAMAM, YTO HyneBas
06paboTka NOYBbI OKasasnacb OCHOBHbIM  daKkTopom,
YBENUUMBAOLMM CEPbE3HOCTb KEeNTOW MATHUCTOCTM No
cpaBHeHUIO ¢ 0bblyHOW BcnawkKol. Npubaska ypoxkaa oT
06paboTkM  GyHrMUMAAMM Ha MoceBax C  Hy/leBoW
06paboTKoi nousbl Bapbuposanack oT 0,8 ao 1,7 7/ra. B
3KCMepuUMeHTax, rae Ha MOBEePXHOCTU 0CTaBasoCh 6onbLioe
KO/IMYeCTBO NWeHNYHOM CO/IOMbl, YPOXKaNHOCTb
ysennumsanacb Ao 4,4 T/ra 3a cdeT 3PPEKTUBHBIX
obpaboTok pyHrnumgamm [18].

B KaHaze 3aboneBaemocTb U CTeNeHb MOpaXKeHus
¢dy3apnosHO  THUAM  BblAanM  HaubonbluMMKM,  Korga
npeAaLecTBEHHUKOM  MNlWeHWUbl  6blna  KyKypy3a, U
HaMMEHbLUMMM, KOraa npeawecTBeHHUKOM ABAAMACL COA.
3abonesaemocTb Oblsla HUMKE Ha y4vyacTKax C OTBa/IbHOWM
06paboTKOM NOYBLI, YeM Ha y4acTKax c 6e30TBaIbHON U No-
till, xota pasnnuus mexay 6e30TBaNbHOW W HyneBoW
06paboTKoN He Bbln 0YeBUAHDLI. YPOXKANHOCTb MILEHULLbI
Ha oTBa/bHOI 0bpaboTKe nousbl 6bina Ha 10% Bbiwe, Yem
Ha y4yacTKax c 6e3oTBanbHOM o0bpaboTkoli 1 no-till [19; 20].
depmepsl B CoeanHeHHbIx LLTaTax BHeApPAOT TEXHO/IOTUIO
HyneBoi 06paboTkM nousbl (no-till), yToBblI yMeHbLWUTb
3pO3MI0 MOYBbLI, YNYYWMTb KAYecTBO MOYBbI, MOBbLICUTb
MHOUABTPALMIO BOAbI U COKPATUTL KOMYECTBO NPOXOA0B
CeNbCKOXO03ANCTBEHHOW TEXHMKU MO cBOMM nonaam [21-23].
B oo4HOM M3 KaHaACKuUx uccneaoBaHuii [24], onucbiBatotca
npobnembl, KOTOpble MOTYT BO3HUKHYTb MPU BHeApPEHWUU
HYNEBON U MUHMMANbHOW TEXHONOTUI 06paboTKM NouBbI,
W fenaeTcs BbIBOA, YTO OHU 3GEKTUBHBI B A0TOCPOYHOM
nepcrnexkTMBe UM MNPUHOCAT NAoAbl 4Yepe3 onpeaenéHHoe
KO/MYECTBO BpemMeHW. Bo3moKHOCTM U npobnembl
HyneBoi 06paboTKM NOYBbLI OMUCLIBAIOTCA U B €BPONENCKUX
ctatbax [25; 26] no-till cHuxkaeTr notepn ¢ocdopa co
CTOKOM UM, B HEKOTOPbIX CAy4aAX, CHUXKaeT mnoTepwu
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HWTPATOB M3-3a MPOMbIBKU. BblIGpPOCHI NAapHUKOBbLIX ra3os
CO, n NO w3 nous c HyneBoit 06paboOTKON CUALHO
BapbMpPYIOTCA M 3aBUCAT OT C/IOMKHbIX B3aUMOZEWCTBUM
cBoicTB  noysbl. Bbibpocbl CO, oT TOn/AMBa npwm
MCNO/b30BaHUM TEXHUKM BCerga 3aMeTHO CHWXKaeTcsa npu
HyneBoi 06paboTKe NOYBbI.

B nonesbix onbiTax yHWBepcuTeTa WT. MUHHECOT],
CLIA, Ha y4yacTKax C opolleHMeM U 6e3 Hero usyyaau
BAWAHUE  PACTUTE/NbHbIX OCTAaTKOB  NpeALlecTBYOLMX
KYAbTYp (KyKypy3bl, NWeHuubl, com) u cnocobos 06paboTku
nousbl (OTBanbHAA BCMAlIKa, 4u3eneBaHWe W Hynesas
obpaboTka) Ha nopaskeHue nweHUUbl copTa Hopm
¢dy3apunosom Kkonoca (PK), BbizbiBaembiM rpubom Fusarium

graminearum. Haubosbwaa  pacnpocTpaHeHHOCTb U
MHTEHCMBHOCTL  passutua O®K  Habawganacb, Korga
npeawecTBeHHUKOM nweHnLbl 6blna KYKYpYy3a,
HaumeHblLuas - no npeaLwecTBeHHUKY coe.

PacnpocTpaHeHHOCTb U MHTEHCUMBHOCTb pa3BuTus ®K bbiin
MEHbLLE Ha Yy4yacTKax C OTBa/IbHOW BCMAWKOM No
CpaBHEHUIO C 4YM3eNieBaHMEM WAM HyneBol o6paboTKol
[27].

UccnepoBaHnem  pa3BUTUS  KOPHEBbLIX  THUAEN
NWeHMLbl NPU PasIMYHbIX cucTemax 06paboTKM nouBbl
3aHMMaNUCL yYeHble u3 PP u apyrux ctpaH. B Pecnybnuke
Mapuit 9n pesynbTatbl WCCNeLOBAaHMI NOKasanW, 4TO
OVCKOBaHWE B OT/IMYMe OT BCNAWKW W KyabTUBaLUMMK
cnocobcTByeT  yAyYLWEHWI0  MMKPOMWLLETHOTO  COCTaBa
noysbl. CHMXKAETCA KO/IMYECTBO MaATOreHHbIX rpubos u
YBENNYMBAETCA YUCNEHHOCTb FPMBOB-aHTAaroHUCTOB B
pusocdepe nweHUUbl. PacnpocTpaHeHHOCTb U pasBuUTUE
KOPHEBbIX THUAEN MPU OUCKOBAHUM MOYBbI CHUMKAETCA No
CpPaBHEHWIO C Ky/lbTMBaLUMEN U BCrnalKoW. o cpaBHeHUIO
CO BCMALUKOI YPOXKAMHOCTb NweHuLbl Bbiwe Ha 0,18 T/ra, a
No CpaBHEHUIO C KynbTuBaumei — Ha 0,43 T/ra. B
[HenponeTpoBcke  CcTeneHb  NoOpaxeHwuA pacTeHuit
NWeHNLUbl KOPHEBLIMU THUIAMU YMEHbBLUAETCA Ha y4acTKax
C oTBaNbHOM 06paboTkoi nousbl B 1,10-1,25 pasa, a Takke
Ha ¢oHe 6e3 BHeceHMA YyaobpeHMIA B CpaBHEHUU C
yA06pEeHHbIM 3a cYeT 3amnaxmBaHUA NOKHUBHbBIX OCTAaTKOB U
COKpaLEHNA Neproaa 3apaxKeHUs pacTeHuit B pesysibtaTte
UX NpeaeBPEeMEHHOr0 CO3PEBAHMA U BbiCbixaHUA [28—31].
B nonesbix ceBoobopoTax Omckon obnactu npwm
KOMMJ/IEKCHOM npUMeHeHnn cpeacTs XMMU3aumm
nopakeHue pacTeHUin 3epHOBbIX KOPHEBLIMW FHUAAMMU
CHUXKAEeTCA OT BTOPOM MIWEHWULbl MOC/Ae napa K MnweHuue
nocne panca ¢ 48 po 26%, wam B 1,1-1,8 pasa n ot
OTBa/IbHOW K KOMBMHMpoBaHHOW 06paboTke Ha 34-60%
[32]. B uccnepoBaHusx B oXHOM KBuHCneHae (ABcTpanua)

3aboneBaemocTtb nweHubl KOpHEeBbIMM rTHUAAMM
Bbi3blBaemMblMW  Fusarium  graminearum v  Bipolaris
sorokiniana,  xapaKTepHbIX AAA  3TOW  MeCTHOCTH,

paccmaTpuBanacb Ha Tpex 06paboTKax MoyBbl: OTBa/bHAS,
6e30TBasIbHAsA, C COXPAHEHUEM CTEPHU UMW €€ CXHUFaHMEM.
Mpu otcytctBUM 06paboTkM noysbl 3aboseBaemMocTb
KOPHEBbIMW THUAAMMU 6blna 3HAYMTENbHO Bblle Mpu
coxpaHeHuu ctepHun (32,2%), uem npu ee cxkuraHuu (4,7%),
Torga Kak npu 6e3oTBasibHOW 06paboTke He 6bi1o
CYLLLEeCTBEHHOM Pa3HMLbl B YPOBHE 3a60/1€BaEMOCTU MEXAY
obpabotkamu cTepHn (12-17%). Ha 3aboneBaemocTtb
KOPHEBOM THUAbIO TUM 06pPaboTKM nousbl He BaAnAn [33].

Takke meTogbl 60pbbbl  C  KOPHEBLIMW  FHUAAMU
paccmaTpuBanM B TPOMUYECKMX M CYyBTPOMUYECKMX
BbICOKOrOpbAX ~ MMpa. B gaHHOM  ucciesoBaHwm

npeacrasneHbl Asa Tuna o6paboTKM MoYBbl: OTBa/bHan U
no-till. 3HaumTenbHo 6onee BbicOKas 3aboneBaemocTb
KOPHEBbIMU THUAAMM 6blna obHapyKeHa B nuweHuue npu

no-till, yem npu oTBanbHOM 06paboTKe MouyBbl. A BOT B
LeHTpaNbHbIX paioHax MeKCUKN, NONOXKUTENbHbIN 3ddeKT
Habnoganca npm Hy/1eBOM obpaboTke noysbl,
ceBoobopoTE M COXPAHEHMM MOMKHWUBHBIX OCTATKOB MO
CpaBHEHUIO C 06bIYHbIMM METO4aMM BefeHUA CeibCKOro
xo3ancrea [34].

Pe3ynbTaTbl MCCnefoBaHW He OAHO3HAYHbI. B
OfHWX PacnpPOCTPAHEHOCTb M Pa3BUTUE KOPHEBbIX THWUIEN
Nnpu AWCKOBAHWM MOYBbI CHUMKAETCA MO CPABHEHUIO C
Ky/bTMBAUMEN M BCMALWKOW, a Ha HyneBoh 06paboTke
HaobopoT noBbiwatoTca. B apyrMx HaobopoT oTBanbHas
0bpaboTka nousbl NoKasana 6osiee BbICOKME MOKaszaTenu
60pbObI C KOPHEBLIMW FTHUIAMM MWEHULLbI.

3AK/THOMEHUE

MpoaHanusMpoBae uccnegoBaHna B 064acTM  BAMAHUA
06paboTkM nouBbl Ha pasBuTMe 6oNe3Hen MnweHUUbl
NPUWAK K BblBOAY, YTO €AMHOr0O MHEHUs O Haubonee

onTMManbHOM cnocobe 06paboTKM MoyBbl HeT. Pag
UCCNefoBaHWA  NOKasbiBaeT BAMAHME  OTBaJibHOW U
6e30TBaNibHOM  06pPabOTKM  MOYBbI,  KAMMATUYECKUX
YCNOBWI, MpeawecTBeHHMKA Ha PasBUTUE  JICTOBbIX

NATHUCTOCTEWN, KOPHEBLIX THWUAEel W ¢y3apmo3a Konoca
nweHnLbl.

B nybnukauuax LeMOHCTpUpyeTca, 4TO npu
HyneBoi obpaboTke BCTpe4yaemocTb U pasBuTue bonesHen
BblllE, YeM MpU BCMalKe Ha HECKONbKWMX KynbTypax B
ceB0060pPOTE OCHOBHbIX CE/IbCKOXO3ANCTBEHHbIX Ky/bTYp. B

paboTtax onucbiBatoTcA npobnembl, KOTOpble  MOryT
BO3HMKHYTb MNPU BHEAPEHWU HYNEBOWN M MWHUMANbHOM
TEXHONMOTUI  06paboOTKM  MOYBbl, M BO3MOXKHOCTb
3bdEeKTMBHOrO UCMONb30BaHUA UX B  A0ATOCPOYHOMU

nepcnexkTMBe Yepes onpeaenéHHOe KOIMYECTBO BPEMEHN.

HepocTaTouHo nccneaoBaHuUin, N3yyatoLLmx
BAWAHUE arpOTEXHMYECKOr0 MeToAa KOMIMJIEKCHO, rae
YUMTBIBAETCA MaKCMMaNbHOE KOJMYeCTBO GaKTopos w

paccmaTpuBatoTca  Bce  cUCTeMbl 06paboTKM  MOuBbI,
Nno3TOMy MWCCNefoBaHMA B 3ToM obnactm BCE  ewé
aKTyaNbHbI.

KoHeuyHO, pasnnuve pesynbTaToB CBA3AHO C
KAMMaTUYECKMMMU M MOYBEHHbIMM  OCOBEHHOCTAMM
pernoHos, nosTomy Heob6xo04aMMo npoBoAUTb

MUCCNeAOBaHMA AR KaXkAoro u3 Hux. B KpacHogapckom
Kpae uccnegoBaHWi Mo BAMSHUIO cnocoboB 06paboTku
noysbl Ha pas3BuTHEe 6o0Jsie3Hel MWeHMULbl Hef0CTaTOYHO
ON1A TOro, YTo6bl PEKOMEHA,0BATL TY WU UHYIO 06PaboTKy.
HeobxoamMmo paspaboTaTb pekomeHZauuu, nogxoasiiue
[ANA PerMoHa, B KOTOPOM NPOBOAATCA UCCAEA0BaHMUA.
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Pesiome

Lenb. 3aduKkcupoBaTb ¢akT pa3BUTMA NAaBY4YMX OCTPOBOB Ha oO3epe
Yebapkynb ([aBnetoBo) B KayecTBe NaHAWAGTHO-TMAPONOTMYECKOTO
deHomeHa B bacceriHe p. Ypan u B HHOmM 3aypanbe, onpeaenvTtb
MexaHu3mbl GOpPMUPOBAHMUA, BbIABUTL cneumduyeckne ocobeHHOCTN Ux
MOPGOCTPYKTYpPbI, BHYTPUTOAOBbLIX MNEepeMelLeHUA U  MHOroneTHewn
ONHAMUKM.

Matepuanbl U metogbl. Ha OCHOBE CMYTHMKOBbLIX CHMMKOB BbICOKOIO
(2003—-2020) u cpegHero (1972-2020) NpOCTPaAHCTBEHHOIO pa3pelleHus
npoBeAeH aHanM3 KayecTBEHHbIX W  KOJIMYECTBEHHbIX MNOoKa3aTesew,
OTPaKaOLWMX MHOFO/IETHIOW U BHYTPUrOAOBYID AWHAMMUKY COCTOAHMUA
N1IaBy4MXx OCTPOBOB U CMIABUH.

Pe3ynbTtaTbl. YCTAaHOB/NEHO, YTO OCHOBHbIM MOCTaBLIMKOM MaTepuana ans
OCTPOBOB ABAA/INCL CMIABUHbI HAa y4acTKe BMAaAEHUA B 03epO BOSOTOKOB
(p. flHrenbka M pyy. Morak), KoTopble nepuoguyeckn (B nepuoabl
3KCTPeMasIbHbIX BECEHHUX MaBOAKOB) YTPAUMBAIOT CBA3b C MPUBPEXHBIMU
MENKOBOAbAMMU U BbIHOCATCA B aKBAaTOPMIO O3epa. BbifiBNEHbl BblCOKan
BAPMATUBHOCTb COCTOAHUM U AUHAMUYHOCTb CMELLEHUA OCTPOBOB, a TaKXkKe
TEHLEHUMA COKPALLEHUA KOAMYECTBa M NJIOLWAAN OCTPOBOB W CMJ/IaBUHbI,
obycnoBneHHasa, B TOM 4ucie, NOCNEACTBUAMM aHOMAJIbHOFO JIETHEro
nasoaka 2013 roga. Haxoasacb B He3aKpemnJieHHOM COCTOAHMM NaaByvune
0OCTpOBa ApendytoT NO akBaTOPUKM 03epa Ha 3HAYMTE/IbHble PACCTOAHUS,
pocturatowme 10-15 km 1 6onee B 6e3neaHbii nepuog roga. OcHoBHOM
OBUXKYLLEW CWUIOW SBAAETCA BeTep, Bbi3blBaloWMi npeobnagatowme
BAO/IbOEPEroBblE CMELLEHUSA OCTPOBOB, B pPe3y/bTaTe CTO/JIKHOBEHWUI OHU
COKpaLLAOTCA B pa3mepax U NprMobpeTatoT OKPYrayto B naaHe popmy.
3aKntoueHune. Ha nNpoTAKeHWWU BCEro UCTOPUYECKOro mepuoda naasy4vue
OCTPOBa BO BCEM MMUpPE BOCMPUHUMANUCHL B KayecTBe naHAWadTHOro
deHoMeHa, 3aC/yKMBAKOLWEro OXpaHbl U PaLMOHANIBHOIO UCMOAb30BaHMA.
0O3epo YebapKyab € NAaBy4MMM OCTPOBaMW NPeACTaBASET HECOMHEHHbIN
UHTEPEeC B KayecTBe OObBEKTa reorpaduyeckux, rMAPONOTNHECKUX U
3K010ro-6M0N0rMYecknx nccnepoBaHun.

Kntouesble cnosa
MnaByyme OCTPOBA, CMAABMHA, NaHAWAGTHO-TMAPONOTMYECKUIA EHOMEH,
03epo YebapKyb, baccenH p. Ypan.
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Abstract

Aim. To record factually the development of floating islands on Lake
Chebarkul (Davletovo) as a landscape-hydrological phenomenon in the
Ural River basin and in the Southern Trans-Urals, to determine the
mechanisms of formation and to identify the specific features of their
morphostructure, intra-annual movements and long-term dynamics.
Materials and Methods. Based on images of high (2003-2020) and
medium (1972-2020) spatial resolution, an analysis was made of
qualitative and quantitative indicators reflecting the long-term and intra-
annual dynamics of the state of floating islands (mats) and coastal thickets
of macrophytes («splavina» or «labza» in Russian).

Results. It was established that the main source of material for the islands
were the coastal thickets of macrophytes at the site of the confluence of
watercourses into the lake (Yangelka River and Mogak Crrek), which
periodically (during periods of extreme spring floods) lose contact with
coastal shallow waters and are carried into the lake. The high variability of
the states and the dynamism of the displacement of the islands, as well as
the tendency to reduce the number and area of the islands and coastal
thickets of macrophytes, caused, among other factors, by the
consequences of the anomalous summer flood of 2013, were revealed.
Being in an unfixed state, floating islands drift along the water area of the
lake for considerable distances, reaching 10—15 km or more during the ice-
free period of the year. The main driving force is the wind, which causes
prevailing alongshore displacements of the islands: as a result of collisions,
they are reduced in size and acquire a rounded shape in plan.

Conclusion. Throughout the historical period, floating islands around the
world have been perceived as a landscape phenomenon that deserves
protection and rational use. Lake Chebarkul with floating islands is of
undoubted interest as an object of geographical, hydrological, ecological
and biological research.

Key Words
Floating islands, coastal thickets of macrophytes, landscape-hydrological
phenomenon, Lake Chebarkul, Ural River basin.
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BBEAEHUE

BoaocbopHas Tepputopus p. Ypan oxsaTbiBaeT 06WMPHbINA
perMoH C  KpallHe  HEOAHOPOAHbLIMM  YC/NOBUAMM
dopmupoBaHua cToka. Hanbonee cyliecTBeHHbIA BKNag, B
CTOK N1aBHOM PeKM BHOCAT NPUTOKM, BOZOC60PbI KOTOPbIX
pacnonaratotcA B npegenax KpynHou oporpaduyeckoit

CTPYKTYpbI, nmetoLem LUMPKYNALMOHHO-6apbepHoe
3HayeHMe — VYpanbCKOM TOpHOM CTpaHbl. 3Ta 4acTb
bacceiiHa  oTaMyaeTca  aydweit  obecneyeHHOCTbIo

aTMocdepHbIMM OCagKaMM M 3amacamu cHera K nepuoay
BECEHHero nosoBoAbA, NpeobnafaHMeM TOPHO-/ECHbIX
YC/IOBUA  CTOKOGOPMMPOBAHMUA U PAAOM  ApPYrux
HEMasIoBaXKHbIX OCOBEHHOCTEN, BAMAIOWMX Ha PEXUM U
BOAHOCTb peK. HecmoTpsa Ha 3HauuTeNbHOe BEpPTUKANbHOE
M NPOCTPAHCTBEHHOE pacy/eHeHWe MOBEePXHOCTU B 3TOW
Yyactn Bogocbopa p. Ypan LWMPOKO pasBuTbl Aenpeccun
TEKTOHMYECKOrO MPOUCXOMKAEHMA, 4YacTb KOTOPbIX /MbO
BOB/EYEHAa B PEYHOW CTOK, 06pasya Mnosy3aMKHyTble
NpoTOYHble BOL,0EMbI, nmbo 3amblKaeT
BHYTPMOACCeMHOBbIE Y4YaCTKM C BHYTPEHHUM CTOKOM.
CxogHas cuTyauma Habnogaetca M B CTPYKType CTOKa Ha
npuneralowWwer  4acTu  MOJOrO-BOJIHUCTOM  PABHWHDI,
chopmmnpoBaBLLECA HA OCHOBE [APEBHEro 3aypasibCKoro
neHenneHa. MoAobHble y4aCTKM NPeACTaBAAOT UHTEpeC C
nosmumnii GopMMpPOBaHMA CTOKA [1aBHOM PEKU C y4yeTom
HabnogaembiX  OAHOHAMPABAEHHbIX  TEHAEHUMA U
MHOroneTHux ¢as pasnnyHon BogHoctu [1]. B aToi cBa3m
Ba)KHa OMKcauMA BO3MOXHbIX MPU3HAKOB W3MEHeHUs
ycnosuin  GoOpMMPOBaHMA CTOKA, OOYCNOBAEHHbIX Kak
€CTeCTBEHHbIMM, TaK aHTPOMOreHHbIMM MNpuyMHamu. Tak,
npu noAroToBKe reonHPopmaLMOHHOM 6a3bl
3KCNEeAMLMOHHbBIX WCCNeaoBaHMIM aBTOpamMu  CTaTbM Ha
o3epe YebapKy/nb, BOBJEYEHHOM B CTOK p. fHrenbka
(npuToK p. Ypan), 3aduKcupoBaHO TaKoe peaKoe ANA
perMoHa fABNEHWE, KaK MOCTOAHHblE MN/aBy4yMe OCTPOBa,
cB060OAHO NepemelLatoWwmMecs No akBaTopMmn o3epa.

O6beKkTom  AaHHOro nccnefoBaHuA cTano
npoTo4yHoe o03epo YebapKynb, a TouHee — naHAaWwadTHO-
r'MAPONOTNYECKMN  deHOMeH 06pa3oBaHUs  OBLWMPHBIX
CM/IaBUH M NJaBy4yMx OCTPOBOB. AAMMHUCTPATUBHO 03€pO
pacnonoxeHo B A63enMNOBCKOM palioHe Pecnyb6amku
BawkopTtocTaH. [Ana  u3bexaHua  HepopasymeHui,
CBA3AHHbIX C O03EepOM C TaKMM Ke HasBaHWEM B
YenabuHckoit obnactm B 205 KM ceBepo-BOCTOYHEE, €ro
TaKXe HasblBaloT [laBneToBo, No OAHOMMEHHOMY Ceny Ha
ero nobepexbe. Kak 1 601bWMHCTBO Apyrnx o3ep KOKHOro
3aypanba M BOCTOYHbIX Npearopui KOxHoro Ypana vawa
03epa YebapKy/ib MMeET TEKTOHUYECKOE MPOUCXOXAEHME.
B coBpemeHHOM penbede OHO pacrnonaraerca B 30He CTbiKa
MEPUANOHANbHBIX YPaNbCKUX XpebToB ©  06LWMpHONK
3aypanbCKol paBHUHbI (ApeBHero neHenneHa). Mo faHHbIM
[2] nnowanb 3epkana cocrtasnser 10,0 Km?, cpegHsas u
MaKcMmanbHas riybuHa — 2,0 m 1 3,5 m, 06Bbém BOAbI —
20,4 maH M3 naowadb Bogocbopa — 369,0 kM2, Bpems
YCNOBHOro BogoobmeHa coctasnset 5,3 net, koadpduumeHT
eMKOCTU o3epHoi vYawwu — 0,54, yaenbHbit Bogocbop —
36,9.

OTMETUM, 4YTO COCTOAHME O03ep MOMKET ABAATLCA
MHOMKATOPOM pasfiM4yHoro poaa U3MEHEHWN,
NPOUCXOAALMX Ha BOAOCOOPHbIX TEPPUTOPUAX, a TaKkKe
OTpa)kaTb 3Tamnbl CBOEN eCTECTBEHHOW 3BO/OUMK. B 3aToM
CBA3W 03epa — LLEeHHbIN OOBbEKT A/ NPOBEeAEHUSA 3KOMOro-
rMOPONOTNYECKUX " NaHawadTHo-reorpadpuyeckmx
nccnefoBaHuini. B gaHHOM MccnefoBaHUM Hamu obpalleHo
BHMMaHME Ha MHOM acnekT ux u3ydyeHua. O3sepa

OTAENbHOro reorpadmyeckoro pervoHa O6bIYHO WMMEIOT
obume YepTbl, CBA3AHHbIE C ONpeAeseHHbIM CXOLCTBOM
NPOUCXOXAEHUA KOT/NIOBUH, UCTOPUM Pa3BUTMA, YCIOBUI
nutaumMa u  gp. OAHOBPEMEHHO KaKaoe W3 HUX B
oTAenbHoCcTM  obnagaetr  Habopom  crieumduyecKkmx
XapaKTePUCTUK, ONpeaensatolmx ux ceoeobpasue. BaxHo,
YTO YCTOMUYMBOE MPOAB/NEHME CYLLECTBEHHbIX OTK/IOHEeHWM
OT HOPMbI MOMKET, a, CKopee BCero, W ABAAETCA
oTpaskeHMem cneumdurUecknx npoueccos, GopMUPYIOLLUX
TOT, UM NHON reorpaduryeckmii o6beKT. B ntobom cayudae,
M3yyeHMe NpUPOAHbIX (GEHOMEHOB UMMEeT  BaKHOe
3HayeHue ANA CUCTeMAaTU3aLMM M MOHUMAHWUA NPUPOAHbIX
MPOLECCOB 1 AB/EHMIA.

Kak cnegyer U3  /AWTepaTypHbIX W 4PYrvx
MUCTOYHUKOB MHPOPMALMKM MAaBydMe OCTPOBa ABAAKOTCA
[OBO/IbHO PAcnpOCTPaHEHHbIM ABMEHUEM ANA PA3NNYHBIX
permnoHoB mupa. OgHUM M3 Haubosiee LEHHbIX Hay4HbIX
TpyAoe no reorpadum pacrnpocTpaHeHWa M B LEAOM Mo
MHTEepecylolwen  TemaTuKe  ABAAETCA  mMoHorpadwus
«MnaByyne ocTpoBa: rnobanbHasa Gubaunorpadpus» [3], B
KOTOPOW, MO MHOTOYUCAEHHBIM PELLEH3UAM (K COMKaNeHuto
aBTOpaM He MpPeaCcTaBMIOCb BO3MOMHOCTM 03HAKOMMUTBLCA C
OaHHOW nybauKauumen), cogepKuTca aHanuM3 bonee uyem
NoayTOpa ThiCAY UCTOYHMKOB Ha MATHaALATH A3blKax. Cpasy
OTMETMM, 4YTO B 3apybe)KHOW HayyHOU suTepaType
paccmaTtpuBaemas Tema npopaboTaHa bonee
CYL,EeCTBEHHO. 3HauMTeNbHan YyacTb ny6auKaLui
MOCBALEHA  W3YYEHUIO  3KOAOTMM U reoboTaHUKK,
MeXaHM3MOB 06pa3oBaHUA NAaBy4YNX OCTPOBOB, reorpadpum
MX  PacnpoCTpaHeHWA M OMWUCAHMIO  PErmoHasbHbIX
ocobeHHocTel. Pe3ynbTaTbl UCCNEA0BAHWUIA, BbINOAHEHHbIX
no osepy BukTopua (YraHga) [4], cBuaeTenbcTByOT 06
onpeaeneHHom cxoacTee BEAYLLMX dakTopoB
bopmMMpoBaHMA MNaBy4yMX OCTPOBOB C 03. Yebapkynb. O

B3aMMOCBA3AX MEXAY TMAPONOTMEN U OCBOEHWEM
pPacTUTEeNIbHOCTbIO BOAHO-6010THbIX yroaui "
obpasoBaHMEM NNaByYMX OCTPOBOB A/A  Pa3/IUUHbIX

reorpaduyecknx permoHoB ykasbisaetca B [5; 6]. LUnpokoe
pacnpocTpaHeHWe BOAOEMOB C M/aByYMMKU OCTPOBaMW B
MHAMM no3sosmno asTopam [7] cuctematmsmposaTtb MX
pasHoobpasme ncxoaa M3 0COBEHHOCTEN MPOUCXOMKAEHUA
W Pa3BUTUA, BULOBOMY COCTABY U AMHAMMUKE PACTUTENbHbIX
coobLecTs, YCAOBMAM  CywecTBoBaHWA. CxogHble ¢
ocTpoBamu 03epa Yebapkynb 06pa3oBaHMA OTMEYAOTCS Ha
yy4actke pycna benoro Huna, obwwupHom 6onote Cyan
(FOxHbIM CypaH), ogHMM U3 Hambonee OBWMPHBIX BOAHO-
60N10THbIX yroani B mupe c borateriwmnm
buopasHoobpasmem [8]. MNocnegHee gecATUneTME AKTUBHO
obCyKaaeTca nepcreKkTMBa CTPOMTENbCTBA UCKYCCTBEHHbIX
NNaBy4yMx OCTPOBOB A/1A NoAaaepKaHua 6rMopasHoobpasun
BOAHO-6ONOTHbIX YroguMi M ANsi XO3ANCTBEHHbIX Lenen.
MnaByynme OCTPOBA YacTO OXPAHAOTCA B COCTaBe BOAHO-
60/I0THBIX YroaMiA U B Pa3NIMUYHBIX PETMOHAX 3eEMAN UMELOT
CBOM MeCTHble 0603Ha4YeHus, K Mpumepy, «maTtyna»
(6pasunbckas  AmasoHua), «nxymau» (o3epo JIOKTaK,
MHamns), «cypn» (HOxkHbii CypaH), «nabsa» (3aypanbe,
Cunbupb 1 OanbHuii Boctok, Poccus).

MexaHn3mbl o6pasBaHuWA MNaBy4YMX OCTPOBOB B
uenom obLen3BecTHbl M CBOAATCA K ABYM BapuaHTaMm.
MepBblii — 3TO OTTOP)KEHME NoJA AeWCTBUEM BeTpa WU
TEYEHUN  YaCTM  NJOTHbIX  NPUBPEXHbIX  3apocneit
OKO/NIOBOAHOM  pacTuTenbHOCTM  (MakpoduToB),  TaK
Ha3blBaeMOI CMAaBUHbI, C1abo NPUKPENIEHHON KOPHAMM
(nMbo He npuKpenneHHoW) Ko AHy o3epa. K aTtomy
BAapMaHTy M  OTHOCATCA MAaBaloWMe OCTPoBa  Ha
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paccmatpusaemom o03epo Yebapkynb. Bropoit — 31O
noAgHATME Ha MOBEPXHOCTb BOAbl 4YacTM TOPOAHBIX
OT/IOKEHWUM B YCNOBMAX HacTynneHua ¢a3 nosblLEHHOM
BOJHOCTU (paccmMaTpuBaemble HUXKe B CTaTbe O3epa fora
3anagHow Cunbupwu), nmbo npu MU3MeHeHun
TMAPONOTUYECKUX YCNOBUI, CBA3AHHbIX C CO34aHMEM
BOJOXPaHW/WLL, 4YTO CTaHOBWUTCA 3HAYMMOW npobaemolt
ONA CYyAoXoAcTBa M GYHKUMOHMPOBaHWA MC Ha MHOTMUX

BoJoXpaHuanwax Poccum  [9-12]. Bopmoemamun ¢
naaBy4nMmm ocTpoBamMu TaKkKe MOoryT cTatb
CeNbCKOXO3ANCTBEHHbIE yrogbs; TaK ANA  HaceneHws
OoTAeNbHbIX  perMoHoBs  UHamMmM  wux  obpasosaHue

npeacTasaAoT cobon yrposy Aerpagalymm pUCcOBbIX NoJsein
[7].

Mpu  rnobanbHOM  PAcnNPOCTPaHEHWM  TaKoro
ABNIEHNA KaK NiaByyMe OCTPOBA, B YEeM XKe 3aK/toyaeTca
YHUKanbHOCTb  03epa  Yebapkynb?  [lepBoe,  3TO
pacnonoxKeHue B 3acCyLUIMBOM CTENHOM permoHe co cnabo
pa3BUTbIM  MOBEPXHOCTHbIM  CTOKOM.  BTopoe, 37O
YAANEeHHOCTb  (M30/IMPOBAHHOCTL) OT  APYrMX  MecT
pacnpocTpaHeHus NoAobHbIX BOAOEMOB, NPU TOM, YTO HU
Ha ogHOM 13 03ep HOHOro Ypana u 3aypasibsa NOCTOAHHbIE
nnasy4ne ocTpoBa He 06pasytloTcA. AHaNM3 CNYTHUKOBbBIX
M306paxkeHuit  nokasasn, uYTO npouecc 3apactaHus
(ce30HHOro M MHOroneTHero), 4acto ¢ 0b6pasoBaHWEM
OCTPOBOB Ha Me/IKOBOAbAX Habnogaetca Ha MHOMMX
03epax 3aypasba, 0COGEHHO 3TO OTYET/NIMBO 3aMeTHO Ha
o3epax C 6OMbWMMW amnauMTyaamu KonebaHus ypoBHA
BOAbl M3-3a OTCYTCTBUA MNOCTOAHHOrO MNPWUTOKA BOAbI
(YnaHabl, BypcyHbl, CynTtaHKkynb, CepUKKyAb y €. Xannnoso,
Aracnbl, YnaHablkynb, Fpadckoe u gp.). Bce oHn umetot
cBOIO cneumMduKy 3apacTaHus, HO /MWL Ha OAHOM
HekpynHom (0,23 Km?) o3epe Bosnbwoe Moxosoe (ceBepo-
3anagHee 03. Manbiit Byrofak) otmevaetca 2 naaByymx
0CTpoBa.

HecmoTpAs Ha HeOObIMHOCTb SB/AEHUA MNIAaBYYUX
OCTPOBOB, YMOMWHAHWA B OTEYECTBEHHOW Hay4dHOW
NMTepaType HEMHOFOYMUCNEHHbI W CBOAATCA K WU3YYeHWIo
CYKLLECCUMOHHbIX NPeobpa3oBaHMii pacTMTENIbHOIO NOKPOBA,
npoueccoB 0bpas3oBaHMA TOPOAHBIX 3anexen U npobaem,
CBA3AHHbLIX C  WCMNONb30BaHMEM BOAHbIX OBGBLEKTOB.
HenocpeAcTBEHHO O N/aByYMX OCTPOBaX Ha 03. YebapKynb
BCTPEYaeTCA KpaTKoe ynomMuHaHwe B [2], nonbiTKa
060CcHOBaTb MexaHW3M Mx 0Opa3oBaHMA COAEPKUTCA B
ny6aunkaumm [13]. MHTepecHo, YTo cnaaBuHa, canponesb U
naasy4ne ocTpoBa 03. YebapKy/ib yNnomuHaloTCa B cepum
ny6AMKaumMii  arpoaKoNorMyYeckor HanpaBAEHHOCTWU, rae
paccmaTpuBalOTCA B KayecTBe OCHOBbI A1A MOJyYeHUs
OpraHo-MWHepasbHbIX yaobperuii [14; 15]; Kak oTmeyatoT
aBTOpbI, noTeHumManbHoe Mcnonb3oBaHue aToro
bropecypca MOMKET PaccMaTpMBATLCA TaKMKe Kak cnocob
ounMcTkM Bojoema. Cpasy oOTmMeTUm, cBefeHusa 06
9KO/IOTMYECKOW POAM MAaBy4yMX OCTPOBOB Pa3HOPEYMBHI,
YTO MO-BMAMMOMY CBSI3aHO C WX PErMoHaAbHbIMMU
0CobeHHOCTAMM, Tpaguuuamm NCMNONb30BaHWA,
cneumanusaument 1 Metoaonornmelt UccnefoBaHun. Tak,
yKasbiBaetca [16], 4tOo nnaByune TOpdAHbIe OCTpOBa
PbiGUHCKOrO BOZOXPaHWIMLLA n3-3a cBoem
TPYAHOAOCTYNHOCTM CTa/iM MECTOM THe3[,0BaHUA PeaKoro
BUAA OpHUTOdAyHbl — cepebpucToit Yaliku. PesynbTaThbl
oTAenbHbIX paboT [17] NnoKasbiBaloT, YTO NAaBy4YMe OCTPOBA
(ecTecTBeHHbIE M UCKYCCTBEHHbIE) 3HAYUTENBHO MOBbILWAKOT
3 HEKTUBHOCTb E©CTECTBEHHbIX MNPOLLECCOB, CHUMKAIOLWMX
cogepKaHue nuTaTesbHbIX Bewects (a3oT M docdop),
B3BELUEHHbIX BELWECTB, TAXKENbIX METaANoB W  ApYyrux

3arpAsHAOWMX  BewecTB. Takmm obpasom, nnasyuyme
0OCTPOBa W CMAaBMHbI CNeayeT BOCMPUHUMATL KaK NpU3HaK
CaMOOpraHusauMm  3KOCUCTeMbl  03epa W nepes
NOCTaHOBKOW Bonpoca 06 ux UCNoab30BaHUM HEODXOAMMO
nposegexHue OeTaNbHbIX 3K0N0ro-61MoN0rnYecKkmnx
nuccnefoBaHuii. OaHoBpemeHHo [18] yKasbiBaeTcsa, 4To
obpa3oBaHME OCTPOBOB MOXKET ABAATLCA MNPU3HAKOM
AerpagaLmm sKoCUCTeMbI, 3arpAsHeHna 1 aBTpoduKauuu.

Mputok Boabl B 03. Yebapkynb obecneumsaeTcs
OAHMM NOCTOAHHbIM BOAOTOKOM — p. fAHresbKa, a TaKke
CUCTEMOM PYyYbeB, CE30HHbIX BOAOTOKOB, OXKOUH CTOKa M
APYrMX 31eMeHTOB 3PO3NOHHOM CeTU, APEeHNPYEMbIX 3TOM
pekoi. TakKe B CeBEpPHYK 4acTb nobepexbs Bnagaer
CE30HHbIN (B HWMKHEW 4yacTu TeuyeHusa) pyy. Morak. Ha
OTAE/NbHbIX OTpPe3Kax pycna BOLOTOKOB MPO/IOXEHbI NO
Nnosly3aMKHYTbIM 3ab60/04eHHbIM  genpeccuam  penbeda.
Momumo 03. YebapKyb B 3Ty CUCTEMY CTOKA (MOCTOSHHOTO
M CE30HHOTO MOBEPXHOCTHOrO, MOA3EMHOr0) BOBJ/IEYEHDI
o3epa CabakTbl M BaHHOe (M3 nocnesHero HauvuHaetca
YyCNOBHO p. fHrenbKa), CyptaHabl, Manoe Lllyybe u pag
APYrMX MeHee 3HauyuMMbIX. 3anagHee o3ep YebapKyab u
CypTaHabl CTOKOPOpPMUPOBAHME MPOUCXOAUT B YCNOBUAX
HW3KOrOPHbIX NaHAWAPTOB (OTPOrK HOXKHO-YPaNbCKOro Xp.
KpbIKTbI-Tay), Y3Kyl0 BOCTOYHYHO 4YacTb Bogocbopa
3aHMMaloT cnaboapeHnpoBaHHble paBHUHHbIE
3emnefeNlbdeckn OCBOEHHbIE NaHAwadTbI.

O3epo Yebapkynb sBnserca cnabonpoToyHbim (B
Hero BMajaeT W BbiTeKaeT p. fAHrenbka), CTOK BOAbI
NPOUCXOAUT Yepes3 LW3bl NOAMNOPHON MAOTUHbLI. TakKUM
obpasom peryampyetca ypoBeHb O03epa, He [onycKas
NOATONNEHUA MPUOPENKHBIX TEPPUTOPUA B BECEHHUM
nepuoa, U CyLLEeCTBEHHOTO CHUXEHUA YPOBHA B MEXEHHbIN
nepuos, a TakXKe AONKHA OCYLLEeCTBAATbCA GpuUAbTpauma oT
nnaByynMx  OCTPOBOB. Ha  CNyTHMKOBBIX  CHUMKaX,
AaTMpOoBaHHbIX 1972 rofom, NAOTMHA YXKe CyLLecTByerT,
TakMM 06pasom yc/loBMA BOAHOIO pexuma o3epa 6binu
OAHOTUMNHbI Ha NPOTAXEHUU KaK MUHUMYM 50-Tn net. Mo
pe3ynbTaTam OKOHTYpPUBaHWA BOAOCOOPHOM nmaowaau os3.
YebapKynb OHA OKasanacb CyllecTBeHHO 6onee 3HAYUMOW,
yem npusogumas B nybamnkaumm [2], u coctasuna 503 Km?
(puc. 1).

HusKkoropHble ycnosua Bogocbopa npepgnonarator,
YTO B Nepuoapbl 3KCTpeMasibHbIX aTMOCHEpPHbIX 0CaZLKOB U
AKTUBHOTO CHEroTaAHWA HEMWHYEMO BO3HUKAET 3HAUYMMbIN
NPUTOK BOAbl B 03€pO, CMNOCOBCTBYIOWMI YacTUUHOMY
BbIHOCY O3EepHbIX OT/NIOXKEeHUN. OL4HOBPEMEHHO BO3HMKAeT
yrpo3a LesIoCTHOCTM NoAnopHOW Aambbl. Tak, B aBrycre
2013 romaa npu BbiMAaAEHUM aHOMA/IbHbIX OCAAKOB
HabnoAanocb pe3koe NoBbIEeHWe YPOBHA BOAbI B PeKax U
o3epax HO)Horo 3aypanbs, npuBejliee K MOATONIEHWUIO
AOPOr W HacCeNneHHbIX NYHKTOB, BO3HWKHOBEHWIO Yrpo3bl
paspyweHusa noanopHbix pamb6 (baHHoe, Yebapkynb),
HeobxoAMMOCTU 3BaKyaL MM HaceneHua. HenocpeacTBeHHO
Ha o3epe YebapKynb OblAM co3paHbl NPOpbIBbI B Aambe,
YTO NPUBENO K MPaKTUYECKM MOSHOMY OCYLIEHMIO 03epa;
nocne BOCCTAaHOBNEHWA LENOCTHOCTU MIOTUHbI 03epo
BHOBb HanosHuaocb 3a 10 aHer [19]. Ha Bugeo ouyesnaues
cobbITMA  MOXKHO HabnogaTb Mpouecc paspylleHus
OCTPOBOB MpPWU MUX ABUNKEHUN B 06Pa30BaBLUNIA aBaPUNHDBIN
npopaH 1 AanbHenWwnit cHoc B p. AHrenbky. 3Tn cobbITuA —
noBbllUEeHWe  YPOBHA, OCylleHWe W  nocneaywuiee
BOCCTAHOB/IEHNE 03epa — CTa/M OLHUMMW U3 KAOYEBbIX B
COBPEMEHHOW UCTOpMM BOAOEMa W NOBAUAAM  HA
KO/ZIMYECTBEHHbIN COCTaB OCTPOBOB, COCTOAHME CMAABUHbI U
B Lenom Ha buopasHoobpasme Bogoema.
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PucyHok 1. NonoxkeHune BogocbopHol naowaam osepa YebapKkyab B bacceiHe p. Ypan. PacnpocTtpaHeHue o3ep

C N1aBYy4YUMU OCTPOBaMM Ha conpenesibHbIX TEPPUTOPUAX

1 —o03epa c nnagyyumu ocmposamu; 2 — 03epa C NPU3HaKamu bblsWUX naasy4ux ocmpoeseos U Crisia8uH.

MyHcoHamu 0603HaueHbl HaceneHHbIe MyHKMb!

Figure 1. Position of the catchment area of Lake Chebarkul in the Ural River basin. Distribution of lakes

with floating islands in adjacent territories

1 - lakes with floating islands; 2 — lakes with signs of former floating islands and quays. Circles indicate settlements

K coXaneHutio, MHOroneTHue rmaponornyeckme
HabnogeHns B npeaenax BogocbopHON TeppuTopmm o3epa
YebapKynb OTCYyTCTBYIOT. EAMHCTBEHHbIN MMOPOAOTMYECKUIA
NoCT HaxoAuncs B ycTbe p. flHrenbka (BHe wccneayemolt
Tepputopum) U GyHKUMOHMPOBan B nepuog, ¢ 1932-1951 rr.
CornacHO fAaHHbIM  TMAPONOTMYECKUX Hab/logeHUn  Ha
CMEXHbIX TeppuTopuax (p. Ypan — BepxHeypanbck; p.
Bonbwoli Knsun — a. BepxHee AbapslieBo) MOXKHO caenaTb
BbIBOAbI O TOM, 4YTO 33 pacCMaTpuBaemblit nepuopg,
Habnoganocb pgge ¢asbl BOAHOCTM — MHOrOBOAHAA
(1985-2007) 1 manosogHas (2008-2021) [20].

MNoBcemecTHO oOTMevatoTcA cnedpl  MNpoBeAeHUA
BOZAHOME/IMOPATUBHBIX pabor, npeacraBfieHHble
noAanopHbiMM aambamm Ha nobepexbax o3ep (baHHoe,
YebapKynb), CNpAMAEHHbIMW WU YIAYTAEHHbIMW Yy4acTKaMmu
pycen pek, pa3mbIToii (Bo Bpemsa neTHero nasogka 2013 r.) u
He BOCCTAHOBNEHHOW MJIOTUHOM BOAOXPAHWAMLWA HA p.
flHrenbka y c.Mwuxalinoeka. Ha BogocbopHoi nnowaam
Haxoautca 14  cenbCKMX  HaCeNeHHbIX MYHKTOB, U3
XO3ANCTBEHHbIX BWAOB AEATE/NIbHOCTU  PACNpPOCTPaHEHO
KMBOTHOBOACTBO M 3emnegenue, pblbopasseseHue,
pekpeauua n Typusm. B otaenbHble roabl (1986, 1991, 1996,
2015), obblMHO B MapTe-anpene, OGUKcUpyoTca  baKTbl
NOAYKOroB U Pa3BUTUA TPOCTHUKOBBIX NOXKAPOB B Pa3/INYHbIX
YyacTAX 03epa; BO3MOMHO 3TO OJHAa M3 Mpuaaraembix

MECTHbIM HacefeHMemM Mep no 6Hopbbe ¢ 3apactaHvem
o3epa.

Takum obpasom, nnasyyme ocTpoBa 03. Yebapkyb,
MexaHu3Mbl Ux 0bpasoBaHMA, nepemelleHnAa U TpaHchop-
Mauum onpefeneHHO WMMET Hay4Hbl WMHTepec Kak B
KayectBe naHAWAdTHOro ¢eHomeHa, Tak M C MNOo3ULuUi
M3yYeHWUA PermoHasbHbIXx 0COBEeHHOCTEN 3BOAOLMM 03ep U
ycnosuit GopMMpoBaHUA PEYHOTO CTOKA.

MATEPUAN U METOAbl UCCNEOQOBAHUA

B ocHOBY npoBeAeHHOro MCCAef0BaHWUA MOJOMEH aHANMU3
CNYTHUKOBbIX WM306pakeHui 3eman. CHUMKM CMYTHUKOB
Landsat (1-8) wu Corona HWM3KOTO W  cpeaHero
NPOCTPAHCTBEHHOIO paspelleHns obecrieunBanu UsyyeHue
MHOroNeTHel AMHAMWMKM U 0CcOBEeHHOCTeN BHYTPUroA0BOroO
nepemeLLeHna OCTPOBOB, TOrAa Kak CHUMKM WorldView
(1-4) BblcOKOro paspelleHnna — NPeMMyLLeCTBEHHO aHaNu3
WU3MEHEHUIN KOIMYECTBEHHbIX MapPameTpoB 3a OTAe/NbHble
rogpl.

McTouHnkom  cHumKkoB  WorldView  (BepHee
CUHTE3MPOBAHHbIX n3obpaxeHuii) NOCAYKUN
reoMHpopmaLMoHHbIl cepsuc Google Earth Pro. MosHocTblo
Ha paccMaTpMBaeMyl0 TEPPUTOPUIO B OTKPbLITOM AOCTyne
Haxo4ATCA CHUMMKM 3a cneayowme paatbl: 09.08.2003,
01.09.2003, 14.08.2014, 24.04.2016, 08.07.2016,

186

ecodag.elpub.ru/ugro/issue/current




South of Russia: ecology, development 2022 Vol. 17 no. 4

V.M. Pavleichik & Zh.T. Sivohip

02.08.2016, 01.07.2017, 03.11.2018, 12.04.2019,
15.06.2020. TlpuHATbI BO BHWUMAHWE CHWUMKMK, OXBaTbl-
BallWMe 03epo uYactmyHo — 22.07.2009, 26.10.2010,
02.02.2014, 12.05.2014, 01.09.2018, 31.05.2019,
30.07.2019, TaKKe MCNONb30BAHO elle 26 U306paxKeHnit ¢
MeHbLMM paspelleHneM M3 KaTasora Bblbopa CHMMKOB
European Space Imaging. Takum o06pa3om, AaHHbIMK
CHMMKamM obecneynBaeTca BpemeHHOM oxBaT B 18 neT, uTto

No3BOAWMAO  NpOCNeauTb  TEHAEHUMM  MHOTONIETHUX
npeobpa3oBaHUii  MAaBy4Mx  OCTPOBOB,  ONpefenUTb
napameTpbl W3MEHEHW WX KOAWYEeCTBa W  NOLAAW.

KoHTypbl ocTpoBoB 1 Heperosoit AaMHUKM delwndpupoBanmnch
BM3yasibHbIM Crocobom, ounbpoBKe NoaBepraancb 06beKTbI
nnowaabio 6onee 50 M2 Ucxoaa M3 NONONKEHMA OTAENbHbIX
OCTPOBOB, WMEIOWMX OTANYUTE/IbHbIE MOpdOaormyeckme
ocobeHHOCTH, 6bln  onpegeneHbl NPeanosoKUTEbHbIE
TPAEKTOPUMN UX BHYTPUIOA4OBbIX NepemMelleHnin 8 2016 roay.
Ona 2003 roga npoBegeHa aHanoruyHas — paboTa;
HE6ONbLIOW BPEMEHHON MHTEPBAA MeXAy CHUMKaMu
(24 aHA) NO3BONMA COKPATUTL HeM3BEKHbIe NOrpeLIHOCTU B
onpeaeneHnn MNPOTANKEHHOCTU U TPAEKTOPUI ABUMNKEHUA
0OCTPOBOB. TaKXe AnAa 3TOro roga nposefeHa COPTUPOBKaA
OCTPOBOB MO NPOTAMXKEHHOCTU UX CMELLEHUA, HA OCHOBAHUMU
yero caenaHbl BbIBOAbI 06 OTCYTCTBUM ABHOM B3aMMOCBA3N
MeXay pasmepom U GopMol OCTPOBOB M MPOTAKEHHOCTbHIO
nperida.

Konnekumm CcnyTHUKOBbIX CHMMKOB Landsat (1-8)
OTHOCATCA K nmepuogy ¢ 1974 roga no HacrosAllee Bpems
(45 net). AHaNM3 CHYUMKOB NO3BO/IUA BbISBUTb HAaNPaBAeHUsA
M CKOPOCTb NepeaBUKEeHUA OTAENbHbIX KPYMHbIX OCTPOBOB U
WX CKOMNEHWUN, OTCNeAUTb KNtoYeBble 3Tanbl GOpMUPOBaAHUA
OCTPOBOB M MO/OXeHMEe cnnaBuHbl U ap. C UX NOMOLLbIO
COCTaBNEHO NpeAacTaBAeHMe O BHYTPUIroAoBbIX BapuaLMAX
YPOBEHHOTO peXkKMma 03epa, CPOKax HaCTyMaeHMA NaBOAKa,
YCTaHOB/IEHUN W pa3pyLleHWUM NefoBOro Nokposa u ap. B
3TOM e HanpaB/IeHUM NCNONBb30BAINCL OTAE/bHbIE CHUMKM
CEPUM  AMEPUKAHCKMX  pasBeblBaTesIbHbIX  CMYTHUKOB
Corona (Haxopswmeca B OTKPbITOM AocTyne); Haubonee
paHHee KayecTBeHHOe W3006paKeHMe Mo MHTepecyloLlen
Tepputopun oTHocuTCA K 1972 ropy.

Ona nposefeHua pacyeToB 6bliM  OUMPOBAHDI
KOHTYpbl yawm o3epa (15582,6 Tbic. M?) M OTKpbITOM
akBaTopum (12430,2 Tbic. m?). C y4eTom TOro, YTO
BHYTPEHHASA rPaHMLLA CNIaBUHbI (32 UCKNOYEHMEM YyYacTKa B
ycTbe p. fHrenobka) He 6bina noABepeHa 3HAYUMbIM
TpaHchopMaumam 33 paccmaTpuBaemblit nepuog,
(2003-2020), oOTKpbITaAa  akeBaTopua  ABASNAcb  Tem
NPOCTPAaHCTBOM, Ha KOTOPOM MPOXOAUAWN MepeMeLLeHnA
naaBy4ymx OCTpoBOB. beperosas nuHMA 03epa u OCTpoBa
6bINN PEKOrHOCLMPOBOYHO 0bCcneaoBaHbl B utone 2022 roaa;
DUKCMPOBANUCL XapaKTep PacTUTENbHOrO MOKPOBa (B T.u.
Ha/iM4Me KyCTapHWKOBbIX 3apoc/elt U noberos aepeBbeB Ha
OCTPOBax), COCTaB M  COCTOSHUE  TUAPOTEXHUYECKUX
COOpPYKEHUMN.

3akntoyeHMe 0 NaHAWadTHO-TMAPONOrMYECKOM
deHomeHe o03epa YebapKysb OCHOBAHO Ha pe3ysbTaTtax
M3y4eHWs CHUMKOB BbICOKOro paspelueHus (Google Earth),
oxsaTbiBatoWwmx HacceH p. Ypana u lOxHoe 3aypanbe.
Mo3saHee aBTOpamM aHanorMyHo obcnesoBaHa obwMpHas
TeppUTOpUA, MPUNErALOLLAA C BOCTOKA — cnaboapeHupyemble
NPEeMMyLLECTBEHHO  O3epHO-a/l/IloBMAJIbHbIE  PAaBHWHBI,
chopMMpoBaHHble  Ha  Pas3MyYHbIX  MOPGOCTPYKTYypax
(rnaBHbIMm o0b6pasom Typraickuii npormb u tor 3anagHow

Cubupm). 3pecb, CpeauM MHOFOYMC/IEHHbIX 03ep Ha
3HAUMTENIbHOM  yganeHun oT  03. YebapKynb, 6bian
3adMKCMpoOBaHbl  03epa C MJaByYMMM OCTPOBAMM U

CM/aBMHAMKM, YTO 43N0  BO3MOXHOCTb  BbIIBUTb WX
pervoHasibHble 0COBEHHOCTH, YepTbl CXOACTBA U PA3NNYMIA.

B uenom npouecc 3apacTaHus o03ep ABAAETCA
obbeKkTOM nccnenoBaHus PasANYHbIX Hay4HbIX
HanpasneHnit  (rmgponorus,  6oTaHuKa,  reorpadwms,
NMMHonorusa, bonotoseaeHue). B ¢Basn ¢ mHOrobpasvem
TEPMMHOIOTMYECKOro annaparta, 0603HaYaloLWero cragum u
dopmMbl  3apacTaHuA, a TaKXKe COracHO TPaAWLMOHHOIO
0603HaYeHNs [aHHbIX BOJOEMOB Ha Tomorpaduyeckmnx
KapTax paccMaTpuMBaemMoro peruMoHa, Mbl 0603HavYaem
BOZOEMbI C MAaByYMMM OCTPOBAaMM W CMAABMHAMM Kak
o3epa.

MONTYYEHHbIE PE3Y/IbTATbI U UX OBCYXKOEHUE
OcobeHHocmu o03epa YebapKynb ¢ no3uyuli peHomeHa
hOPMUPOBAHUA N1ABYHUX OCMPOBO8

OZHMM K3 K/OYEBbIX BOMPOCOB WCCNEAOBaHMA CTano
onpegeneHMe MexaHusma 06pasoBaHMA  CMAaBUH WU
cOBCTBEHHO M/IaBY4MX OCTPOBOB, TaK KaK 3TUM A0CTUraeTca
NOHUMAHWE B3aUMOOTHOLIEHUIA MEXAY TMAPOSOTMYECKUM
PEXMMOM W  3KONOTMYECKMM COCTOSIHMEM BoAoema U
pasBuTUEM  pacTUTeNbHOCTUM. B xome  uvccnesoBaHui
BbIAB/IEHO, YTO OCHOBHbIM MecToM 06pa3oBaHMA MNAABYUUX
OCTPOBOB  AB/A/MMCL  CNAABWHLI, dopmupytowmecs B
npubpesKHOM 30He 03epa B palioHe BNaeHuA p. AHrenbKa u
py4d. Morak.

CnnaBWHbI — 3TO NOTHbIN CNOW XMBOM GUTOMACChI U
Topda, BO3HMKAIOWMI B pe3y/ibTaTe aKTMBHOrO HapacTaHuA
NPUBPEXKHbIX 3apocnielt  MAPOUAbHBIX  KOPHEBULLHBIX
pacTeHunit (Kamblw, POro3, OCOKWM) MO HanpaBAeHWO OT
bepera K OTKpbITON akBaTopuu. B xope dopmupoBaHua
YacTb CMNABUHBI YTPAUMBAET KOHTAKT C NOABOAHbIM PYHTOM
(vnom) ¥ npu  onpeaeneHHbiX YCNAOBUAX CTAHOBUTCA
BO3MOXXHbIM ~ OTPbIB  PaCTUTENbHO-TOPGAHOrO Ccnos Ot
OCHOBHOW Maccbl M nocnegywowmii gpeind no aksatopuu
(puc. 2 A). Ona cobniofieHns Takux ycnosuii Tpebyetcs
Ha/sM4me NoABOAHBIX YCTYNOB B penbede NnpubperkHon Yactm
03epa (BO3MOMKHO, YTO PO/b TaKoro nepernba BbINOAHAOT
NoABOAHbIE 3PO3MOHHbIE Bpesbl P. AIHrenbKa) U ABUKYyLLEeN
CWAIbl, B KQYECTBE KOTOPOW BbICTYNAeT BOAHbBIV NOTOK PEKU U
BETPbl ONpefeneHHbIX HanpasneHui. [nowaab 3TOM,
Hanbonee AMHAMMYHOM, YacT CNABUHbI Ha 03. YebapKynb
B yCTbe p. fAHreNbka NOCTOSHHO BapbWMpOBafia, B LEJOM
cHMKaacb oT 1045 Tbic. m? (1981) go 373-286 Tbic. m?
(2003-2020).

B ceBepHOI 4YacTM 03epa HaXxoAMTCA YyCTbe elue
OfHOro MpUTOKa — pyy. Morak, Boga KOTOpOro gocTturaer
03epa MNPEVMYLLECTBEHHO /UWb B BECEHHUI nepuoa,.
MHTEepecHO, 4YTO B paliOHe ero BMafeHUs TaKxKe
chopmmpoBanmcb  0bWMpHbIE  3apocan  NpuUbpeskHoM
pacTUTeNbHOCTU C  OTAENbHbIMW AepeBbAMM  bepesbl U
KYCTapHMKaMK, 3aHMMalope 3Hauyumble 652 Tbic. M2 B
nepuog, 2003-2020 roabl 3Ta YacTb NPUMBPEXkKHbIX 3apocnei
He npeTeprneBana KakuMx-M60 NAOWAAHbIX U3MEHEHUI U
NPOCTPAHCTBEHHbIX CMeLLeHUn, Torga Kak B 1980-e roabl
nnowaab pocturana 1335 Thic. M2 Bmecte ¢ Tem,
HEOZLHOPOAHOCTb PACTUTE/NIbHOrO MOKPoBa (mMecTamu ¢
obpasoBaHUAMHM OKpyrion dopmbl), YacTuyHas
BOB/IEYEHHOCTb B NpoLiecc 06pa3oBaHMA OCTPOBOB, Ha/MuYue
BOOHbIX OKOH W Y3KOM MO/MIOCbI BOAHOrO NPOCTPAHCTBA
mexagy 3apocnamuM M 6eperoBoM  JIMHUEN  MOXKeT
CBMIETENbCTBOBATL O TOM, YTO B MpeALecTsylolme
MHOroBogHble asbl 03epa 3Ta YacTb TaKXKe AB/AANACh
cnnaBuHOM M GOPMMPOBANACh KaK 33 CYET ecTecTBEHHbIX
NpOLECCOB 3apacTaHus, TaK M MO Mepe NpUKpenseHus
NAaBy4yMx OCTPOBOB. 3TO OTYET/IMBO [AOKa3blBAOT CHUMKMU
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Landsat 3a 1970-1980-e roabl, Ha KOTOPbIX 3adUKCMPOBaHbI
NPOCTPAHCTBEHHAA LLeNOCTHOCTb U OBLLHOCTL NPOLLeccoB B
YCTbeBbIX YacTbAX P. AHrenbka u pydy. Morak — 3aran-

PUCYHOK 2. [pumepbl pa3BUTUA NIaBYYMX OCTPOBOB U CMAABKH Ha CMYTHUKOBbIX CHUMKax WorldView:

NinBaHMe,
OCTpOBOB.

Ae3nHTterpauma  u“ oGpasoBaHme nnaBy4vnx

150 m

A — nepexod om nolimbl p. AH2es1bKA K CriaasuHe ¢ 0e3UHMe2pupPOoB8aHHbLIMU (hpa2MeHMamu, 3aKpenaeHHbIMU U
He3aKpernaeHHbIMU 0CMpPosamu; B — covemaHue nocmosHHbIX NMaa8y4Yux 0CMpPoBo8 C HeXapaKmepHoIMu pa3opobeHHbIMU
¢ppazmeHmamu (cHumok 09.08.2003); C — popmuposaHue craasuHsl 3a cHem 3aKpenaeHuUs naasy4ux ocmpogeos
(s8ocmodHsili cekmop o3epa); D — nepsuyHas cmadus pa3pyweHus naasyye2o ocmposa (mpewjuHa)

Figure 2. Examples of the development of floating islands and coastal macrophyte thickets shown on WorldView

satellite images:

A — the transition from the floodplain of Yangelka River to the coastal macrophyte thickets with disintegrated fragments and fixed
and loose islands; B — a combination of permanent floating islands with uncharacteristic fragmentations (picture 09.08.2003);
C — the formation of coastal macrophyte thickets due to the anchoring of floating islands (eastern sector of the lake);

D —the primary stage of destruction
of a floating island (crack)

Mpeobnafalowee  pacrnofNoXKeHWe  OENCTBYOWMX U
NoTEHUMaNbHbIX CMAaBMH B pailioHax BMaLeHMA BOAOTOKOB
He MOXKeT 6biTb CnyyYaiHbIM. [10-BUAMMOMY aAKTUBHOMY
passuTuio npubpeskHon pacTUTeNbHOCTU 34€ech
CNocobCTBYET NPUTOK OPraHUMYeCcKUX BELLECTB M OCaKaeHue
ANNOBUANBHBIX OTNOXMEHUI C GOPMMPOBAHMEM Y4YACTKOB
MeNKOBOAUMN.

AHanu3 CHUMKOB MOKa3asl, YTO OCHOBHOW MaTepuan
ana  GopmMpoBaHMSA OCTPOBOB NOCTyMan B pe3y/nbraTe
OTTOPMKEHUA KPYMHbIX YacTell ChiaBuHbI 3TOW CeBepHOW
yactM osepa. Takue cobblTUA 3adUKCMPOBAHLI B MEPUOL,
HanboAbLUero BeceHHero NpMToKa Boabl B 1978 r. (cnnasuHa
B ycTbe p. fAHrenbkn) um B 1990 r. (Hanbonee KpynHbIii
dparmeHT cnnasuHbl B palioHe ycTbA pyd. Morak). Takum
obpasom, dopmmupoBaHme nnasyymx 0CTpoBOB
onpegenseTcs CoBnageHWem BO BPemeHu AByX GaKTopos —
BbICOKOTO BECEHHEro MaBoAKa M KPUTUYECKOTO HapacTaHus
NPUBPENKHbBIX MaKPOPUTOB.

Ha ocTanbHOW YacTv aKBaTOpUK 03epa NpPUbpesKHble
3apocav GOPMUPYIOT NPAKTUYECKU HENPEpPbIBHYO MOAOCYIO
WwKnpuHoW ot 5-10 m (3anagHbii cektop) A0 325 m
(BocTOYHbIA cekTOp). MMpu 6amKalwem paccMOTPeHUU

CMYTHWUKOBbIX M306pasKeHUn CTaHOBUTCA ACHO, YTO 3apOC/av
MaKpoOUTOB 34eCb TaK¥Ke COCTOAT M3 CBOeobpasHoro
«KOHIIoMepaTa» BbIBLUMX NIABYYMX OCTPOBOB (pUCyHOK 2 C).
3TO cBUAETENLCTBYET O TOM, YTO AE3UHTErpauus eauHoro
Macc1Ba CnaaBMHbl — 3TO He OAHOHAMNPaB/IeHHbIN NpoLecc, a
B OTAE/IbHble Nepuoapl CrniaBMHa MOMKET HapacTaTb 3a cyeT
NPUKPENIeHNsa NIaBYYnX OCTPOBOB. HECMOTPSA Ha To, UYTO Ha
CHMMKax 3a paccmaTpuBaembit nepuog (2003-2020) He
OTMEYasIoCh Kakoi-1Mbo 3HauMMo TpaHCcHOPMaLLUM rpaHMLY
BAONLOEPEroBbIX  3apOCiei, OHW  TaKXKe  ABAAITCA
NOMIHOLEHHbIMWU cnnaBuHamu. Cpeau NPU3HAKOB 3TOrO —
HEOZLHOPOLHOCTb, OKPYI/bIA KOHTYP COCTaBHbIX YacTel
(6bIBLWIMI NNaByyYMe OCTPOBA) M MPUCYTCTBME BOAHbIX OKOH
MeKay HAMM.

B coBokynHocTM 06Lias naowasb BCeX CMAaBWH B
o3epe YebapKyib coctasaseT okono 2,5 kw2 lMpusoamtcs
MHdopmauma [15], 4to 3anackl CNAaBUHbBI COCTABIAIOT OKOO
150 Tbic. T ¢ exxerogHbim npupoctom Ao 20 Tbic. T.

OTMEeTUM, YTO tOro-BOCTOYHAA YacTb 03epa oTcedeHa
NPOTAXKEHHOW Aamboli, B pe3ysnbTaTe 4ero obpasosascs
NoMy3amMKHYTbI ~ BOAOEM,  BWOMMO  BbIMOJHAOWMIA
bydepHble GYyHKUMM B PEryIMPOBAHNN CTOKA BOAbl; HA HEM
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pacnonoeHa HacocHasa cTaHums. Mo obe cTopoHbl Aambbl
choOpMMpOBaNUCL  CMNaBWHbI, B  OTAE/NbHbIX  MecTax
HaCTO/IbKO YCTONYMBbIE U M/IOTHBIE, YTO MO HUM MPOJIOXKEHDI
TPONWHKM  pblbakoB. HecmoTps Ha  HesHauuTesbHble
pa3mepbl B 3TOM BHYTPEHHeM BoZoeme Take Habntogaercs
o06pasoBaHue 1 apeiid naaByymx OCTPOBOB.

OcobeHHOCMU nepemeweHusa U mpaHchopMayus naasy4yux
ocmposos

Mo cHumkam Landsat 6biiM  onpeaeneHbl NapameTpbl
cMelLeHna naeHTMdMLMpyembix OCTPOBOB 3a nepuog 1990—

Ha OCHOBE aHa/M3a pes3ynbTaToB AelwundpupoBaHus
cHumKoB WorldView 1 Landsat-8 3a 2016 rog, (puc. 3).

Oatbl CHMMKOB OXBaTbIBAOT OCHOBHble
rMAPONOTNYECKMe  COCTOAHMA  O3epa —  paspylleHue
NefloBOrO MOKPOBa (MCXOAHOE MOJNIOMKEHME OCTPOBOB Ha
Hayano roga), BECEHHee MONOBOAbE, JIeTHe-OCEeHHAA
MeXKeHb, yCTaHoOBNEeHWe nepocTaBoro NnoKposa.
MpoTsaxkeHHOCTb gpelida octpoBoB B 2016 r. coctaBuna oT
7,3 km (Haubonee KpynHbid ocTpoB Neol, KoTopbli
KypCMpOBan BAO/b CEBEPO-3aMagHON YacTu akBaTopun) Ao
20,5 km (octpoB No92). WMcxoaa w3 NOATrOTOBAEHHbIX

2021 roapl. Hwke npuBeaem cxemy TMONOXKEHUA U CUTYALUMOHHBIX CXEeM CpefHAf MpPOTAXKEHHOCTb nepeHoca
npeanosnaraemoro nepemelleHMs no gsym (u3  112) cocrasnana okoso 10-15 kKm. YacTb OCTPOBOB OCTasIUCL Ha
NAEHTUPULMPOBAHHBIM NIABYYMM OCTPOBAM, COCTABNEHHYIO cBoeM mecte, nMbo npeTeprnenn  HesHauyuTesbHble
CMeLLeHus.
R, y )
_ ﬂ-x x =7 % v py4.Morak/
/' Mogak creek

/" p.Aurenska /

Yangelka river

5.03

5.03

FE= =T === "~

PucyHok 3. Cxema pacnosioxKeHus cnaaBuHbl U nepemelleHns octposos B 2016 rogy: 1 — octposa (N2l n No2),
JIMHWM UX NepeMeLL,eHUNA U AaTbl NONOXKEHUA (MecAL/AeHb); 2 — NpuycTbeBas YacTb NOMMbI p. fIHrebKa
M pyd. Morak; 3 — ycToM4YmMBan 4acTb CNIaBuHbI; 4 — AUHAMUYECKM aKTUBHAA YacTb CMJIaBUHbI;

5 — BHelWHAA rpaHMua cnaasuHbl Ha 1981 roa

Figure 3. Layout of coastal macrophyte thickets and moving islands in 2016: 1 — Islands No. 1 and No. 2, their lines
of movement and position dates (month/day); 2 — estuary part of the floodplain of Yangelka River and Mogak Creek;
3 —the stable part of the coastal macrophyte thickets; 4 — the dynamically active part of the coastal macrophyte thickets;

5 —the outer boundary of the floating reed beds in 1981
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OTmeTUMm, uto 06LIJ,aF| CUTyaumAa c nepemelleHmem oCTpoBos
ana Kaxgoro roga CI'IELI,VId)MHHa n 3aBuUcUT oT

rMAPONOTMYECKOrO peXMma 03epa M NOroAHbIX YCAOBUI Ha
nepuogaa.

nNpoTAXKeHun  b6esnegHoro

Ona

npumepa

®

npusegem CUTYaLMOHHYI0 cxemy 3a 2009 ropg (pwuc. 4), B
KOTOPOM MepeMeLLeHnA OCTPOBOB 6blin ropasgo 6onee
CNOXKHBIMW MO HanpaBneHWaM u bonee MNPOTAKEHHbIMM.
Tak, octpos Nel npeogonen okono 31,5 km.

2009 rog, octpos Ne1 /

7 »—0—O
2009 year, island no.1

&

PuUcyHoK 4. CuTyaumMoHHas cxema nepemetueHms octposos B 2009 rogy (Landsat-5, popmart gatel — mecau/aeHb/roq).

NepemeweHne octposa Nel 3a 6e3negHbiit nepuog 2009 roga

Figure 4. Situational pattern of island movement in 2009 (Landsat-5, date format — month/day/year).

Relocation of Island No. 1 during the ice-free period of 2009

M3 aHanuM3a NOArOTOBNEHHbIX CXeM MOXHO caenatb
cnedylowme 3aKkaloueHna. Haxogach NPeuMmyLLecTBEHHO B
NPUBPEXHON 30HE, OCTPOBa HEMMHYEMO HaxoaATcA nof,
Yrpo30M  3aKpenseHWa Ha  ME/IKOBOAHbIX  y4aCTKax.
Hanbonee o4eBMAHLIMU MPUYMHAMM ABUNKEHUA OCTPOBOB
ABIAETCA coueTaHne GaKToPOB:

- BECEHHWUN noabem YypoBHA BOAbl B 03epe,
I'IpVIBOp,FlLIJ,Mﬁ K OTKpenaeHuto HUXKHeN NOBEPXHOCTN
OCTpoBOB oT AOHHbIX OTHO)KEHVIVI, a TaKXe K

BbICBOBOXKAEHMNIO YacTU MNPUBPENKHOW CMAaBUHbI  M3-3a
BO3HMKAIOLMX PA3/INYMIA B YPOBHSAX;

- Hanbosee uYacto HabAOAAEMbIM ABUMKEHUEM
ABAAETCA MO YacoBOWN CTpenke, OCOBEHHO B BECEHHWI
nepuoa, YTO MOXHO CBA3bIBAaTb C MOCTYM/NEHUEM BECEHHe-
naBoOAKOBOM BOAbl p. fAHrenbka. B octanbHble nepuoabl
6e31e4HOro COCTOAHMA 03epa NPUTOK BOAblI HECOMOCTaBUM C
obbemom Bogpl B o3epe (20,4 maH m3) [2], nostomy Her
OCHOBaHWI nonaratb, YTO PEYHOM MOTOK CcnocobeH
dopmmnpoBaTb Kakne-1Mbo 3HaUMMble TeUEHUS;

- nepuoabl CUNbHOTO " NopbIBUCTOrO
04HOHaNPaBAEHHOrO BeTpa, dopmupytowme
6naronpuATHbIE YCA0BUA ONA OTKPEMAEHUA U ABUMKEHUN
OCTPOBOB — J/IOKa/lbHble rMepenapl YPOBHA BOAbl W
ob6pasoBaHMe TeYEeHUI B COMETAHUWN C AOCTAaTOYHO BbICOKOM
NapyCHOCTbIO OCTPOBOB.

Havano aBuxkeHuAa He ABNAETCA OAHOMOMEHTHbLIM
ONA BCeX OCTPoBOB 03epa. [OCTENeHHO OTKPen/sscb OT
[OOHHbBIX OTNOMEHUM OCTPOBa MOATANKMBAIOT CMENKHbIEe
OCTPOBA, BbICBOOOXKAAA OTAENbHblE rpynmbl. Mmes B Luesom
cxoaHoe HanpasneHue OBUNKEHUS, JanbHewwune
nepemeLLeHna MpouCXoaMT MO OTAENbHOCTU, UCXOAA W3
pasMepoB Kaxk4oro M3 OCTPOBOB W WX MapycHocT. B xoae
nepemeLleHna OHU MOTYT CTANKMBATbCA C OCTPOBaMM U3
APYrMX yyacTkoB nobeperkbs. 3ameTMM, YTO OCTPOBA Ha
NoAaBNfAOWEM KOIMYECTBE CHUMKOB pacnonaratotcs (4acto
rpynnupyoTCca) B HEMocpeacTBeHHoOW 611M30CTU OT BHeLIHel
rPaHWLpbl CNAABMHbI, B CBA3M C YEM CAENAHO 3aK/toYeHue,
YTO nNepemelleHnna OCTPOBOB HOCUT BAOAbOEperosoit
XapakTep.

Mo cHMMKam BbiCOKOro paspeweHua 3a 2003 rog
(09 aBrycta u 1 ceHTABPA) pacuMTaHbl MOKasaTenu
cmelteHna 14 naeHTMOUUMPOBAHHbBIX OCTPOBOB, COCTaBMB-
wne B cpegHem ot 2,0 go 3,5-4,0 km 3a 24 pHa.
COOTBETCTBEHHO MaKCMManbHaA CpefHEeCpPOYHas CKOPOCTb
pocturana 165 m B geHb, wam 7 m/y. OyeBMAHO, 4TO
CKOPOCTb CMeLLLEeHMs 33 BeCb nepuog, bbina HeoAHOPOOHOM,
COOTBETCTBEHHO MAKCMMasibHble MoKasaTenn Morav 6biTb U
BblWwe. Tak»Ke Obl10 BbIABNEHO, YTO KaKOM-IMBO oTHeTANBOM
cBA3M  Mexay naowagbto UM popmol  ocTpoBoB U
NPOTAXKEHHOCTbLIO UX NEPEMELLLEHUA HE OTMEYAETCA.
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Hanuune 6onblero KoanyectBa CHUMKOB — CpeaHero
paspewenua Landsat [fgaeT BO3MOXHOCTb  OTCAEAUTb
60/bllee KOMYECTBO OTPE3KOB MapLUpyTa NepemelLeHus C
lyylwein [OCTOBEPHOCTbIO, HO A/1A TakMX OOBEKTOB KaK
nnasyyme OCTPOBa yAaerca wuAeHTUGMLUMPOBaTL /MLWb
Hanbonee KpynHble M3 HUX U MMelowme cneuuduyeckme
dopmbl. TakoW aHAaNM3 nNpoBeAeH MPUMEHUTENbHO K
nepmoay 1990-2021 roabl. Tak, pesynbtaTtbl 3a 2016 rog,
(puc. 3) B uUenom cornacytoTca C MpUBEAEHHbIMU Bbille
OaHHbIMKW.  OnpegeneHo, YTO  CpegHAa  CKOPOCTb

rnepemeLlleHns OocTpoBoB cocTasnsna 8,1 m/4 u 8,3 m/u
(octposa Nel n No2 coorsetcTBeHHO), gocturasa 10,9 m/u n
19,1 m/u.

MpooMKNUTENBHDBIA MapLIPYT CMELLEHMA OCTPOBOB
HEMWHYEMO COMPOBOXAAETCA UX CTOIKHOBEHMEM C APYTMMMU
oCTpoBaMM, MPUBPEXKHBIMM 3apPOCIaMU U MENKOBOAbEM,
npuMBOAMUT K WX MNoCTeneHHoMy paspyweHuto. Bcnepctsue
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PucyHok 5. MiameHeHue niowagn u MoppomeTpruyecKknx NapameTpoB OCTPOBOB: A — USMEHeHue
mopdomeTpuryeckmx napameTtpos octposa Nel 3a 2003, 2016 n 2020 roapl; B — usmeHeHue

naowaan octposos NeNel-3 3a nepuog 2003-2020 roabl

Figure 5. Changing the area and morphometric parameters of islands: A — change in morphometric parameters
of Island No. 1 for 2003, 2016 and 2020; B — change in the area of Islands Nos. 1-3 for the period 2003-2020

MOMUMO  MOCTEMEHHOTO  paspyweHua  (nocteneHHoe
«CTauMBaHME» MNepumeTpa OCTPOBa) 4YacTb  MAABYYUX
OCTPOBOB WM3HAYaNbHO MeHee YCTOWYMBbBI KO BHEWHUM
BO3ZEWNCTBMAM W pPa3pylLaloTca C 0bpasoBaHWeM MeHee
3Ha4YMMbIx 06pa3oBaHuit (puc. 2 B u D). O6 3TOM KOCBEHHO
CBUOETENbCTBYET pe3y/ibTaTbl COPTUPOBKM OCTPOBOB MO WX
naowaan 3a otaenbHble rogpl (puc. 6 A). U3 npuseseHHoM
CXeMbl OTYET/IMBO 3aMETHO, YTO KO/IMYECTBO KPYMHbIX
octposoB B nepuog ¢ 2003 no 2016 roapl CyleCTBEHHO

COKpaTUIOCb. Ha  HEeKOTOPbIX OCTPOBAaX OTMEYaloTCA
TPeLWHbI n apyrve NpU3HaKM nocneaytouein
[Ae3vHTerpaumm.

Bmecte ¢ Tem, 3aMeTMM, 4TO COKPaTWU/IOCb

KOJIMYECTBO M MOWAAb HE TOJIbKO KPYMHbIX OCTPOBOB, HO 1
B LENOM niowajb OCTPOBOB /OBbIX pasmepHOCTeN.
KonunyectseHHoe oTobpaskeHue 3TOro, cyaa Mo BCEMY,
OflHOHaNpaBAEHHOro, NpoLecca NoKasaHo Ha pucyHKe 6 B.
MpoBeaeHHblE UCCEA0BAHMA MOKA3bIBAKOT, YTO CyMMapHoe
KONMYECTBO OCTPOBOB  (nnowaabio 6Gonee 50 m?)
cokpatunocb ot 183 B8 2003 rogy Ao 112 8 2016 r. u 104 B
2020 roay.

TakKe OTMe4yeHO, YTO COKpallaeTca W naowagb
CrAaBuHbI B ycTbe AHrenbka ¢ 372,8 toic. m? 8 2003 rogy Ao
340,7 Tbic. m® B 2016 u 285,6 Thic. m*> B 2020 roay. B
COBOKYMHOCTM  AONA  NJOWAAW, 3aHATaA  MaByvyumu
OCTPOBaMWM W CMJIaBWMHbI, OT MNJOWAAM  aKBaToOpuu
cokpatunace ¢ 9,6 po 6,2%. Hebonbwwue no nnowaam
octpoBa 6onee nopBepKeHbl PaspyllEeHUIO M Mpu
OOCTUMKEHUM KPUTUYECKMX pasmepoB AnbBo pacnagatorcs,
nmMbo nepesopauMBaloTcA BBMAY OO/MBLWIOM NapycHOCTU
[peBeCHO-KYCTapHMKOBOrO NOKPOBa.

MNpuseneHHble BbllLe [aHHble buKeupytoT
nocneacTena BaXHOTO cobbITnsA, onpeaenvsLIEro
KOJIMYECTBEHHbIM COCTaB OCTPOBOB U COCTOAHME CNAABUHbI —
KPaTKOCPOYHAsA CMeHa FMAPOIOrMYECKUX YCIOBUI B aBrycTe
2013 ropa, CBA3aHHAA QaHOMa/JbHbIM 3a BCHO WCTOPUIO
HabNIOAEHUI NeTHUM MABOAKOM, MPUBEAWMM K Mogbemy
YPOBHA 03epa, HeobxoAMMOCTM crycka 6osblei 4Yactu
BOAbl W NOCNeAyoWweMy 3anosHEHUIO. 33 3TOT KOPOTKWUWA
NPOMEKYTOK BpeMeHU (3—4 Hepenu) 4acTb OCTPOBOB bbina
paspylleHa U BbIHECEHA Yepe3 MpopaH M/IO0TUHbI, Apyrue
OCTPOBA 3aKPENAANNCL HA MENIKOBOAHbIX YYaCTKaxX M 3aTem,
Nno mepe MOBbLILWEHWA YPOBHSA, BCMJ/blBasM 3aHOBO. 3a 3TO
BpeMA OT YacTM Cn/iaBMHbl MOMU  ObiTb  OTTOPrHYTbI
OTAeNbHble Y4YacTKM M 06pa3oBaHbl HOBble OCTpoBa. 3a
nocneaytoiee Bpems (2014-2020) Habaoaanoch
HeboNblLOe COKpalleHMe KOoAMyecTBa OCTPOBOB, N/oLaau
OCTPOBOB M CMNABUHBI.

Mpu BO3HWKHOBEHUW METEOYC/IOBUIA C PE3KUM
M3MEHEHWEM HaMNpaB/eHWUs BETPa M YCUIEHUEM €ro CuJibl
OCTPOBA HAYMHAIOT CTPEMUTENIbHOE Y XaOTUYHOE ABUMKEHME.
EOVHCTBEHHbIM M3 CHUMKOB BbICOKOro paspeleHua (09
asrycta 2003) ¢UKCMpyeT  MHOMKEeCTBEeHHble  caefbl
paspyLlleHnss OcCTPOBOB C 06pa3soBaHWEM OTAENbHOCTEMN
pasmepom oT 1 1o 5 M B nonepeyHuke (bparmeHT CHUMKA
Ha pucyHKe 2 B). B Takue nepuogpl ABUMKEHWE OCTPOBOB
3aBMCUT OT UX NEPBOHAYA/IbHOTO MOJIOMKEHUA OTHOCUTENBHO
beperoBol NMHWM W HanpasiaeHus BeTpa. B uenom
LLeHTpPaNIbHOE MOJIOXKEHNE OCTPOBOB Ha aKBaTOpWMM 03epa
HabntogaeTcs KpaliHe peakKo.
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PUCYHOK 6. M3meHeHUsi B MOPHOCTPYKTYypeE NaaByuYnx OCTPOBOB M CMJIaBUHbI B yCTbe p. AHresnbka 3a 2003, 2016
1 2020 roabl: A — COPTMPOBKA M1ABYYMX OCTPOBOB NO UX MNIOWAAAM U U3MEHEHNE KOHTYPOB CMNJ/1aBUHbI;

B — AMarpamma usmeHeHua CyMMapHOM NAoWaam NaaBy4nx OCTPOBOB U CNJ/IaBUHbI

Figure 6. Changes in the morphostructure of moving islands and coastal macrophyte thickets at the mouth

of the Yangelka River for 2003, 2016 and 2020: A — sorting of floating islands according to their areas and change
of contours of coastal macrophyte thickets; B — diagram of changes in the total area of moving islands

and coastal macrophyte thickets

®deHoMeH naagy4ux ocmpoeos 8 Hay4Hbix nybauKayuax,
AUMePAMypHsIX U UCMOPUYECKUX UCMOYHUKAX
JTOT pasgen cratbM Obin  MOAFOTOB/AEH YXKe Moc/e
nposegeHna  reoMHGOPMALMOHHBIX W aHANUTUYECKUX
uccnepgoBaHuii  no  03.  Yebapkynb, nostomy npwu
03HAKOMNEHUN C APYTMMU UCTOYHUKAMM MHPOPMALMN Mbl
HaxoAWIn NOATBEPKAEHWUA NMONYYEHHbIX PaHee BbIBOLOB U
3aK/II0YEHNI.

B KOHTEKCTE NpoBeAEHHOro UCCNeA0BaHUA Henb3A
He OTMEeTUTb O4HY M3 Hay4YHbIX NyBAMKaUWIA, NOCBALLEHHYIO

M3YYEHUIO  «TPASUUMOHHBIX  3KONOTMYECKMX  3HAHWUM»
MECTHOTO HaceneHua 6pasunbckon AMasoHuu,
nposueatowero B6AM3M  BOAOEMOB C «maTynac» —

cB060AHO NNABAKOLWMMK OCTPOBAMM pPacTUTENbHOCTU [21].
BbI3blBaeT WHTEpPEC TO, 4YTO MpW BCEW HEMOXOXKECTU
NPUPOAHbIX YCNOBWUIA, MHOTME acnekTbl GpopmMMpPOBaHUA
NNaBy4yux  OCTPOBOB, WX PO/M B  COXPaAHEHMUMU
61opasHoo6pasmna, UCNONb30BAHWUA HAceNeHnem U Aaxke
NPUPOJOOXPAHHOTO  CTaTyca  ABAAIOTCA  NPAKTUYECKM
WAEHTUYHbIMW. MccnepoBaHue, NMPOBefleHHOE Ha OCHOBe
OMNPOCOB MECTHOTO Hace/leHUs, NOKa3ao cneayrollee:

- nnasyune ocTpoBa 06pasyloTca B OTHOCUTENbHO
rny6oKuUX U, rNaBHoOe, He MepecbiXaloLwWwmx 03epax, TaK Kak
PacTUTENILHOCTb OCTPOBOB CMOcobHa BbICTPO 3aKpPenAATbHCA
KOPHAMM K FPYHTY;

- MAaBy4Yne OCTPOBA BCTPEYAIOTCA B OCHOBHOM B
03epax, KOTopble MMelT OrpaHuMYyeHHoe BO34elcTBUe
peuHbIX TEYEHWI BO BpeMs Ce30Ha NaBOKOB;

- 03epa C MNAaBYyYMMM OCTPOBAMM OTAMYAKOTCA
NoBbIWEeHHbIM pasHoobpasnem U pecypcamm UXTMOdayHbl
(«maTyna — gom Ans pbibbl»), BEPOATHO U3-3a TOrO, YTO
OCTPOBA AB/AOTCA XOPOLUMM ECTECTBEHHbIM YKPbITUEM AN15
pbibbl M bOpMUPYIOT OCOBYIO MWMKPO-cpeay ObUTaHUs C
06MNMeM OpraHMYEcKOro BeLLecTBa 419 NMTaHus;

- OpraHuMYyeckoe BeLlecTBO OCTPOBOB TPAAMLMOHHO
MCMONb3YIOTCA  KUTENAMM B KauyecTBe  MCTOYHMKA
yaobpeHuit;

- W, HaKoHel, uccieayemas TeppuUToOpuA BXOAMT B
COCTaB 3anoBefHWKa YCTOMWYMBOrO passuTMA AmaHa
(Amana Sustainable Development Reserve) B LieHTpanbHOM
YyacTu 6pasnabcKo AMa3OHKM.

HecmoTps  Ha  06CONIOTHblE  pasnvuus B
reorpapuyeckom nonoxkeHuu (Amasonua [21], Benbiii Hun
[8] n cobctBeHHO HOXKHOE 3aypanbe), Kntouesble dakTopbl
bopMMpPOBaHMA M Pa3BUTMA NNABYYMX OCTPOBOB OKa3aaNCh

CXOAHbIMM. MHTepeceH ¢aKT agantauuu  JI0KaibHbIX
cuctem NpMpPOLOMNOAb30BaHNA (ncnonb3osaHue
duTOoMaccbl B KadyecTBe yaobpeHus, pblb6oONOBCTBO) U

0CO3HaHMEe HeobXoAMMOCTM OXpaHbl 3TUX NaHAawadTHO-
r’MAPONOTrNYECKMX 06Pa30BaHNA.
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deHOMEH MAaBydMX OCTPOBOB HEMWHYEMO Haxo4u
OTpa)KeHMe B Pas3/IMYHbLIX JIereHdax, MCTOPUYECKUX
MCTOYHMKAX U B COBPEMEHHbIX MOMYAAPHbIX MNy6AMKaLmAX.
Y)Ke ynomsHyTbiMW aBTopamu [21] yKasbiBaeTcA Ha
CyLecTBOBaHMWe cpean Xutenei 6pasmnbCKoit AMasoHKU
nereHgbl 0 60/1bLWON KOBpe UAKN TMraHTCKOM aHaKoHae. Bo
BPEMA WHTEPBbIO MHOTME MEeCTHbIE KUTENU HasblBaiu
nnasyyme ocTpoBa (matupas) KaK «[OM TUraHTCKOM
aHaKoHAbI», NMBO yTBEP)KAANM, YTO 3TO  CyLLECTBO
HeobxoaMmo ans camoro ¢opmupoBaHusa matyna. Jaxe
NpeacTaBUTENIM MOMIOLOMO MOKOJIEHWUA MPOABAAIOT TO XKe
4yBCTBO POBOCTM U yBaXKeHMUs, YyacTo usberas ux uau osep,
roe NpUcyTCTBYIOT 6o/ibluMe maTyna.

Oco3HaHWe HeobbIYHOCTM MNaByyMx OCTPOBOB
0TMeYasiocb BO BCe BPEMEHA, BMAOTb A0 COBPEMEHHOCTH.
CBMAETENbCTBOM 3TOMY ABAAETCA O4HO M3 nucem ManHuA
Mnagwero  (npumepHo  61-113  rogbl  H.3.) -
OPEBHEPMMCKOro rocyZapCTBEHHOrO AeATena U nucartens.
«Ko2da A npoesxan Mo HUM, MHe [OKA3aaU fexaujee
8HU3Y 03epo, UMeHyemoe BaduMOHCKUM, U pacckasanu npu
3MoM 0 HeM HegeposmHele sewyu... Cyoa no Hem He X00Am
(oHO cBAwWeHHO), a naasalom 0CmMposa, 3apocuiue
KaMbIWOM, CUMHUKOM U pasHol mpaeol, 8 u3o0buauu
pacmyweli no 6os0mam u no camomy Kparwo o3epa. Bce
3Mu 0cmMpo8a PassuyHsl o opmMe U Mo 8eaudUHe; Kpas y
ecex 2osble, MOMOMY 4YMO OHU Yacmo yoapamcsa u
mpymcs unu oduH o Opyzoli unu o bepee... MHo20a smu
ocmpoea cbusaromcs emecme U, COeOUHUBUWIUCL MeMOY
coboli, HanoMuHarmM mamepuk; UHo20a ux pasHocum 8
pa3Hbie CMOPOHbLI MPOMUBHLIMU 8empamu; nopol, npu
bezsempuu, OHU CMOKOUHO naasarm, Kaxobili cam o
cebe.» [3, C. 254-255]. ABTOp 3TUX CTPOK AOCTAaTOHMHO
noapo6Ho onucbiBaeT cneunduryeckne Yeptol MopdoaorMu
NNaBy4yux OCTPOBOB, XapaKTep WX MepemelleHnin U
MeXaHM3M TpaHchopmaumu. TakKe B NUCbMe OTMeYaeTcs
CEePHUCTBLIN cocTaB ne4yebHOM BOAbI U TO, YTO BbITEKatOLLas
M3 03epa pPeKa HWXKe MO TeYEHMIO YXOAMT B KapCTOBYIO
newepy. O3epo He COXPaHWUNOCb, ceiyac 3To 6OAOTUCTbIN
npya Lago di Bassano Ha 6epery Tnbpa, B 60 Km K ceBepy
oT Puma.

Takum o6pasom, cneumduyeckas 0cobeHHOCTb
paccMaTpUBAaEMOro ABJEHWA Ha MNPOTAXKEHWM BCero
McTopuyeckoro nepvoga obpaliana BHUMaHUE nogen u
bbl1a 06BEKTOM MUCbMEHHOW MM yCTHOW ¢uKcauuu. B
Hay4YyHOM MNaHe TemaTWMKa MNIaBy4Mx OCTPOBOB OTKpPbIBAeT
nepcneKkTMBbl  AJA  LWMPOKOrO Kpyra WCCAeA0BaHWiA,
BK/IOYAA M3yyeHMe 3SKOA0rMW, 3BOLMM U npobiem
YCTOMYMBOrO pPas3BuTMA BOAHO-60/M0THLIX yroauii. O3epo
YebapKynb ABAAETCA MNEPCNeKTUBHbIM MNOJIUFOHOM AN
NoAoBHbIX UCCNeA0BaAHUIA.

OcobeHHOCMU pa3sumus Naagy4yux 0CmMposos Ha 03epax
Typealickoeo npoauba u toza 3anadHoli Cubupu

Kak y»e 0TMeyanoch Bbille, Halle 3aK/loueHne 0 peHomeHe
o3epa YebapKynb OCHOBAaHO Ha M3y4YeHWM CHUMKOB
BbICOKOrO paspelleHnn no 6aM3pacnonoKeHHbIM 03epam
HOxkHOro 3aypasiba, TEKTOHMYECKMM aenpeccuam HOKHOro
Ypana. PesynbTatel faHHOrO o6cnefoBaHUA MOKas3anu, 4To
HMW Ha OAHOM W3 03ep 3TOr0 pernoHa He OTMeyaeTcs
06pasoBaHMe YCTOMUMBLIX MAABYYMX OCTPOBOB W CMJIABMH.
MosaHee, pacwmpus reorpaduio NOUCKOB, Mbl OBHaPYKUAN
aHaNornyHble ABNEHUA Ha 4aCTU U3 MHOIOYUC/IEHHbIX 03ep,
pacnpocTpaHeHHbIX Ha OOLIMPHON 03epPHO-aNtOBUA/IbHOM
AKKYMYNATMBHOW YETBEPTUYHOM paBHUHE K BOCTOKY OT
3aypanba, npocTupatoliencs Ha 1,2 Tbic. KM A0 AO/WHbI p.
O6b B panoHe r.HoBocMBMpPCK. MHOroYMCNEHHOCTb

[0CTaTOYHO OAHOTUMHBIX N0 MOPGONOTNK 03ep B COMETAHUM
C OOWMPHOCTbIO perMoHa No3BONAET: a) npocnesuTb
LUIMPOTHO-30HA/IbHYH CMEHY B YCTOMYMBOCTU YPOBHSA 03ep OT
IOKHOW TalrM OO0 CeBepHbIX MYCTbiHb;, 6) OUEHUTL CTaguu
3apacTaHMA 03ep pPacTUTEIbHOCTbIO B 3aBUCMMOCTM  OT
reorpaduyeckoro MonoXKeHna u mMopdosorMmM O3epHOM
Yyawu; B) cucTemaTMsMpoBaTb pasHoobpasve  ¢dopm
3apacTaHus.

Mcxopa U3 pesynbTaToB MAEHTUOMKALMM OCTPOBOB C
NAaByYyMMM OCTPOBAMM MO YaCTU 3TOro pernoHa (puc. 1) u
cuctemaTM3auMuM  cBedeHWA O pasHoobpasum  dopm
3apacTaHuA B KayecTBe NpefBapUTENbHbIX 3aK/HYeHWUI
MOYHO KOHCTaTMpOBaTb CeaytoLLee:

- apean pacnpocTpaHeHWa 03ep C NNaByYUMM
ocTpoBamu He oxBaTblBaeT LeMKoM 03epHo-
ANNOBUANBbHYIO PaBHUHY tora 3anagHoi Cubmpw, K BOCTOKY
apean cmellaeTcs K CeBepy W BbIKNIMHWUBAETCA, He AoxoAaA
[0NVHbI p. NpTbiww;

- BONbLWMHCTBO 03ep C MNAaBYYMMWU OCTPOBAMM
coCpenoToyeHO B necocTenHol 3oHe. HOXHee, B cTenHoOM
30He B YC/IOBUAX YXYALEHUA aTMOCPEPHOro MUTaHUA Pe3Ko
MOBbILIAETCA [0/1A MENKOBOAHbIX 3aPOCLUNX 03EP U 03ep CO
CNNOWHON  CcniaBuHOW;  6naronpuaTHbIM  daKTopom
bopMMpPOBaHUA  MNaBY4YMX OCTPOBOB 34eCb  ABAAETCA
BOB/IEYEHHOCTb 03ep B CUCTEMY CE30HHOIO MNOBEPXHOCTHOIO
cToKa (Typraickuit nporun6, ceBepHble NyCTbIHW);

- GONMbWIMHCTBO 03ep C MNJIAaBYYMMKM OCTPOBaMM
MMetoT gMametp vawm B npegenax ot 0,5 o 1,0 km. Takumu
XapaKTePUCTUKAMM, no-suaMmomy, obecneunBaetcs
OTHOCUTENIbHO YCTOMYMBBLIA (MHOFONIETHUIA U CE30HHbIN)
YpOBeHb U 06beM BOZbI B COYETAHUM C AOCTAaTOYHOCTBIO (HO
He M36bITKOM) NPOSABAEHWUIA BETPOBbLIX BOMIH W JIOKANbHbIX
TeYeHuw;

- B LENOM KaKoh-nmbo OTYeTNIMBOW 33aBUCMMOCTM
MeXay NNoLWaabio 3epKana 1 CTaguaAMM 3apacTaHms o3ep He
HabntoaaeTcA; 04EBUAHO, YTO 11aBHBbIM GAKTOPOM OCTaeTCA
o6bem Boabl U rybmHa 03epa;

- B 03epax [aHHOrO perMoHa  OTMevatoTcs
pasnunyHble Gopmbl 06PaA30BaHUA CMNABMHBI U MAABYYMX
OCTPOBOB — MpPUBpEXKHble W  LEHTPasbHble; AaHHble
pasnnumMa  BO3MOMKHO  CBA3aHbl C  OCOBeHHoCTAMM
nonepeyHoro npoduaa 03epHbIX BMNAgWH, MO aHaNOMMK C
[23]. Ho, BeposaTHee Bcero, obpa3oBaHMe LEHTPa/bHbIX
CNNAaBWH, YacCTO 3aHMMAIOLLMX MPAKTUYECKM BCE 3epKano
03ep, CBA3aHO CO CMEHOM TMAPONOrMYECKMX ODBCTAaHOBOK,
3aMno/HeHWem 4all BOAOW WM NOCAeAyroWmMM OTPbIBOM CNoA
Topda BMECTE C PacTUTENIbHbIM MOKPOBOM, 3a/eratoLero
Hag, O3epHbIMU WMAaMW. TaKKe MHOrOroYMc/eHHbl 34echb
«3aKOHCEPBMPOBaHHbIe»  GOPMbl  MJABYYMX  OCTPOBOB,
Aasnaowmecs GUHaNbHON CTaanel 3apacTaHma o3ep.

KnoueBbiMM  OTAMYMAMKM  03ep C  NJIABYYMMU
OCTPOBaMM 3TOrO pernoHa oT o3epa Yebapkynb Asnserca
WCK/IOYMTENIBHO  aTMOCHEPHOE  MUTaHWEe,  OTCYTCTBUE
NPOTOYHOCTU U CYLLECTBEHHO MEHbLUME PasMepbl BOAHOTO
3epkana. C  y4yeTomM  3HAYMMOW  NPOCTPAHCTBEHHOWM
yaaneHHoctn (ot 150-200 Km) OT HuMx 03. Yebapkynb
OCTaeTcA eAMHCTBEHHbIM npeacTaBuTenem osep HOXKHOro
Ypana u 3aypanba C [AONTOBPEMEHHO CyLLECTBYHOLUMM
NAaBy4YMMM OCTPOBAMM.

3AK/TIONMEHUE

MpoBefeHHblE WCCNEAOBAaHWA MOKa3biBAOT, YTO 03epo
YebapKysib co cneumduyeckon cMcTemMon B3auMOoCBSA3aHHbIX
3/1EMEHTOB — CMAaBMH W MJaBy4ynMx OCTPOBOB —
npeAacTasnaloT cobol naHawadpTHbIM peHOMEH, YHUKANbHBbIN
ONa BepxHel yactm bacceliHa p. Ypan v B uenom ans
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HOxHoro 3aypanbA. 7] npeanonaembix npUYMH
bopMMpPOBaHUA CNaBUHbI — CNABOMPOMBIBHOW PEXUM,
CO3/aBaemblit  JOCTaTOYHO  KPYMHbIM  MpUTOKOM  (p.
flHrenbka), obecneunBaloWwmii peryiMpoBaHMe MpoLEeccoB
aBTpoduMKaLuMM  BoJOeEMa, a TaKXKe  onpeaenieHHble
MHOTONETHME M BHYTPUrOL0BbIE BapUaLMKN YPOBHA 3epKana.
CyllecTBeHHana MpoJo/IKUTENbHOCTL (6bonee 50  nerT)
YCTOMUYMBOTrO YHKLMOHUPOBAHUA CUCTEMbI «CMNABUHbI —
niaByyMe OCTPOBa» ABNAETCA [0Ka3aTeNbCTBOM TOrO, YTO
noanop BoAbl AamboW MOr NUWb OTYACTU WHULMMPOBATb
npouecc 06pasoBaHUA OCTPOBOB Ha NePBOHaYaIbHOM 3Tane,
HO He ABNANCA Beaylwum ¢akTopom. 3TO A0KasbiBaeT U
OTCYTCTBME N/IaBYy4YMX OCTPOBOB Ha APYrUX MOANPYMHKEHHbIX
o3epax HOxkHoro Ypana u 3aypanbA.

BbiaBneHo, 4to 3a nepuon 1972-2021 ropgpl
OCHOBHasA YacTb MaTepuana ania obpa3oBaHMA OCTPOBOB
nocTynuna B 03epo B ABa 3Tana, B 1978 1 1990 rogax, Koraa
B pe3y/bTaTe 3KCTPEMaNbHOrO Mo obbemMam npUTOKA
BECEHHWUX MaBOAKOBbIX BOA OT e4MHOr0 MaccuBa Cn/iaBUHbI
bblna OTTOpMKEeHa 3HauuTeNbHas 4acTb. McKatouyeHvem U3
3TOr0  ecTeCcTBEHHOrO  Mpouecca  CTana  CUTyauus,
CNOXMBLUIAACA BBMAY aHOMAJIbHOrO neTHero nasogka 2013
r., NpUBeALIEero B UTOre K pPaspylweHWto U BbIHOCY YacTu
OCTPOBOB, M, BEPOATHO, K YaCTUYHOW Ae3nHTerpauuu
npubpekHoi cnaasuHbl. HaunHas ¢ 2014 roga oTmedaertcs
YCTOMYMBAA TEHAEHLMA COKPALLEHWUA KOAMYecTBa OCTPOBOB
(B nepBylo o4yepeab KpymHbIX) M MX NAOWAAM; 3TO MOXKET
6bITb CBA3AHO C yXyAlWeHWem YCN0oBUI ana obpasoBaHuA
HOBbIX OCTPOBOB, BO3MOHO M3-3a HACTyn/JeHua nepuvoaa
OTHOCUTENbHOW  ManosogHocTM  o3epa. CoKpalleHue
NAOWAAMN N KONYECTBA YXKe MMEIOLMXCA OCTPOBOB CBA3AHO
C WX MNOCTOSHHbIM  Aperndom U MHOrOYUCAEHHbIMM
CTO/IKHOBEHWUAMM C APYIMMU OCTPOBAMM MU CO CMIAaBUHAMM
B TeyeHue 6esnegHoro nepuoga. OTAenbHble KpynHble
ocTpoBa GUKCMPOBANUCL Ha NPOTANKEHUM Bcero 30-neTHero
nepuopa, WX nnowadb COKPaWanacb M OHW HauyuMHanu
npuobpetatb 6onee  OKpyrable  KOHTYpbl B NJaHe.
MpeobnagaoWwmmm HanpasaeHUAMM gperida ABAAAUCH
BAONbOEPEroBble rPynnoBble U OAMHOYHbIE NepemMeLleHus,
OCHOBHOW [BMKYLLEN CUION ABNAIOTCA BeTep (C yyeTom
napycHoctu 0CTPOBOB) " 06YyCN0BNEHHbIE UM
KPaTKOCPOYHbIe IOKasIbHble TEYEHUA, B BECEHHWUIA Nepuoa —
NPUTOK BOAHOIO NOTOKA p. AHreNbKa.

MpsAMble M KOCBEHHble NPWU3HAKM MOKa3bIBAOT, YTO
BCce 6e3 UCKNIYEeHNA 3apOoCIv NPUBPEKHOW PacTUTENIbHOCTH
ABNAOTCA MM OblIM paHee CniaBMHaMM, TakMm 06pasom,
HEeCMOTpA Ha Habalogatowmeca TeHAeHUMM Yy o03epa
COXpaHAETCA MNOTEHUMANn BOCCTAHOBNEHUA UWUCIEHHOCTU
NnaaBy4yMx OCTPOBOB B Oosiee OnaronpuATHble nNepuoapl.
Hanbonee [AMHAMMYECKM aAKTUBHbIMM Ha COBPEMEHHOM
aTane oKasa/ucb CNAaBMHbI B pailioHe BnageHusa Hanbonee
KPYMHOro BOAOTOKa (p. AHrenbKa).

O3epa tora 3anagHoii Cubupu ¢ naaByuynmu
OCTPOBAaMM  UMEKT  WMHYKD NPUPOAY  MPOUCXOXAEHUA
nocneaHux, CyLecTBeHHO OTAMYatoTcs OT 03. Yebapkynb
MOpPPOMETPUYECKUMM NMAPAMETPAMU U YCIOBUAMM MUTAHUA.
Obpa3oBaHMe MNaBy4yMx OCTPOBOB  OTpPakaeT  34ecb
HacTynaeHue KAnmaTuieckn obycnosneHHom dasbl (Maun, Kak
MWHUMYM CEpPUM N1eT) TMOBbIWEHHOM BOAHOCTU O3ep.
XapakTep WX NPOCTPAHCTBEHHOrO pacnpefeneHus MOXKeT
6bITb CBMAETENLCTBOM NPOABAEHUA LUMPOTHOM 30HANbHOCTU
B GOPMMPOBAHUN MNNABYYMX OCTPOBOB C MAKCMMyMOM B
N1ecoCTenHoW 30He.

Cnepyer pobaBuTb, 4TO OTAE/IbHblE  PAWOHbI
pacnpocTpaHeHWa NAaBy4MX OCTPOBOB B PA3/IMYHbIX YaCTAX
MMpPa OXPaHAITCA B Npeaenax NPUpPoaHbIX Ppe3epBaToB Kak

06beKTbl MOBbLILWEHHOrO B6MONOrMYecKoro pasHoobpasua u
MecTa C TPAaAMLMOHHOW KynbTypoi NpUpPOAOMNOAb30BaHUA.
Tak, K npumepy B Poccuun, Bonbwoe n Manoe BabuHckue
03epa ABNAETCA OAHOW M3  AOCTOMpUMeYaTeslbHOCTen
Bonrorpaackoit obnactm u BXOAAT B COCTaB MPUPOAHOro
napka «HwkHexonépckuit». O3epo Yebapkynb obnagaer
[OCTaTOMHO  BbICOKMM  pPeKpeaumMoHHbIM  MOTeHUUanom,
ocobeHHO yunTbiBas 61130CTb MHOTMX Apyrux
TypuUCTUYecKMx obbekToB M 30H. Ho cywectBeHHO 6Gonee
3HaYMMbIM OCTaeTCcA BOMPOC COXPAHEHUA YCTOMYMBOCTU
3KOCMCTEMbl  03epa, NPeACTaBAAloWEed  HECOMHEHHbIN
Hay4HbIN MHTepec. BNonHe BO3MOXKHO, YTO B YC/IOBUAX JaxKe
BPEMEHHOM U30/15LMM OT BHELLIHMX NPAMbIX BO3AENCTBUI Ha
octpoBax ¢opmupyetca 0cobblii BWA, 3KOTOMOB, a Camu
OCTPOBA MrpaloT  Ba)KHyt0 posib B HOPMUPOBAHUM
3KocUcTeMbl 03epa. TaKKe MpeXKAeBpeMeHHO yTBepKAaTb,
YTO OCTPOBA W CMJIaBUHbI ABNAIOTCA NMPU3HAKOM 3apacTaHusA
o3epa M paccmatpuBaTb WX B KayecTse pecypca Ans
npoussoacTea  yaobpenwit. Takum  obpasom  03epo
YebapKyib NpeacTaBNseT HECOMHEHHbIi  WHTepec B
KayecTBe O0b6beKTa reorpaduUyueckux, rMAPONOrUYECKUX W
3K0/10r0-610oN0rMyecKknx nccnefoBaHNUN. deHomeH
NAaBy4ynMx OCTPOBOB HEMWHYEMO HaXOAWUT OTparKeHwe B
pasNMYHbIX NereHaax, WCTOPUYECKUMX WUCTOYHWMKAX W B
COBPEMEHHbBIX NONYAAPHBIX Ny6AUKALMSAX.
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Peslome

Liensb. PaccmoTtpeTb naHpwadTHble acnekTbl onTMMM3aLnm
NpMpPOLONO/Ib30BaHNA B TPAHCTPaHMYHOM bacceliHe p.Ypan, KoTopble He
YYUTbIBANIUCb A0 HACTOALLErO BPEMEHM MNPU pa3paboTke MeponpuATMIA No
YIYULEHWUIO 3KOJIOFMYECKOro COCTOAHMA BacceiHa 1 ero r1aBHOMN PeKU.
Matepuanbl U meToabl. AHA/NU3MPYIOTCA  MHOTONETHME  AaHHble
r'MOPONIOTMYECKOTO  peXMMa  pek  baccerHa. Obobuiaetca  onbIT
ONTUMM3ALMU BOAOXO3ANCTBEHHbLIX OTHOLWEHUMA B bHaccelMHe pekn wu
OCHOBHble MWTOrM [AeATenbHocTn MexpecnybanKaHCKOro KomuTteTa no
6acceliny p.Ypan (1977-1994 rr.).

Pe3ynbratbl. BbifiBAEHbI LMK/AbI MaslOBOAHbBIX U MHOFOBOAHbIX NeT B XX-
Hauane XX| BB. Pa3paboTaH nepevyeHb MepBoovepenHbIX NaHAWadTHO-
BOCCTaHaB/IMBAOWMX MEPONPUATUIM, NpOBedeHa WX OpAMHauMA no
NPUPOAHbIM 30HaM Y TUMAM MECTHOCTEN.

3akntoueHue. YTBEPIKAAETCA, UTO BbiCLIE U camoli addeKTUBHOW popmoit
TEPPUTOPUANBLHOM  OXpaHbl  naHawadTHoro U buonoruyeckoro
pasHoobpasua asaalTcA npupoaHble pesepsaTbl — OOMT, obpasyowme
NaHpWadTHO-3KOMOTMYECKMI  KapKac. [pegnolkeH  psf  3Kosoro-
CTabUIM3UPYIOLLUX OXPaHAEMbIX MPUPOAHbIX TEPPUTOPUIA, B T.4. Ypano-
Kacnuiickas 3anoBegHO-pblbOX03ANCTBEHHAA 30Ha, HaUeNeHHaa Ha
YacTMYHOe, aJaANTUPOBaAHHOE K W3MEHWBLUEMYCA TUAPONOrMYECKOMY
pexXMMy, BOCCTAHOBJ/IEHME MOMYAALUM OCETPOBbIX Ypasno-Kacnuitckoro
6acceliHa.

KnioueBble cnoBa
BacceltH peku, naHawadT, sKocucTema, NPUPOAHbIE PECYPCbl, MOVMbI PEK,
NPUPOAHbIN pe3epsar.
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Abstract

Aim. The goal is to consider landscape aspects of nature management
optimisation in the transboundary basin of the Ural River which have not
been taken into account until the present time through measures being
developed to improve the ecological state of the basin and its main river.
Materials and Methods. The long-term data of the hydrological regime of
the rivers of the basin are analysed. The article summarizes the experience
of optimizing water management relations in the river basin and the main
results of the activities of the Inter-Republican Committee on the Ural
River basin (1977-1994).

Results. Cycles of low-water and high-water years in the 20th—beginning
of the 21st century are revealed. A list of priority landscape restoration
measures has been developed and their ordination according to natural
zones and types of localities has been carried out.

Conclusions. It is confirmed that the highest and most effective form of
territorial protection of landscape and biological diversity are natural
reserves — special natural protected areas forming a landscape-ecological
framework. A number of ecological-stabilising protected natural territories
are proposed including the Ural-Caspian Protected Fisheries Zone, which is
aimed at partial restoration of the sturgeon population of the Ural-Caspian
basin adapted to the changed hydrological regime.

Key Words
Basin of the river, landscape, ecosystem, natural resources, flood-lands,
natural reserve.

© 2022 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

Ypan — ogHa 3 KpynHenwmux pek Kacnuiickoro 6acceliHa.
Mo npoTaxeHHoCcTM pycna (2428 Km) ¥ naowagu
BogocbopHoit naowagm (231000 Km?) OHa yCTynaeT TObKO
Bonre, a no cpegHEeMHOrosIeTHeMY ro40BOMY CTOKY (OK0/10
400 m3/cek) 3aHmMmaeT B Kacnuitckom bacceiiHe TpeTbe
mecTo nocne Boaru n Kypel.

YHWKaNbHOW OCOBEHHOCTbIO 3TOM pPEeKn ABAAETCA
OrpoMHas amnauTyza KonebaHuidi rogoBoro ctoka. B
cTBope KylymcKoro BogoOMepHOro nocta rogoBoi CTOK B
04yeHb MHOroBogHble rogbl (1922, 1942, 1957 n gp.) moxeT
npesbiWwaTtb B ManoBoaHble rogpl (1933, 1967, 2019 u ap.)
B 10-20 pa3! B TeyeHMe oOAHOro roga MaKCUMasbHbIN
pacxon, BOAbl MOMET MpeBbllaTb MUHUMaNbHbIN B 1300
pas! [1-3].

Ewe opHoOM xapaKTepHOl ocobeHHoCTblo Ypana
ABNAETCA pacnpejeneHve ero naowaan no OTAeNbHbIM
yactam bacceiiHa. Tak Ha cpegHiolo 4YacTb HacceiHa (oT
ycTba p. Opb Ao ycTba p. Yaran) npuxogutca 50% naowaam
(178,7 Tbic. KM2). Ha HMKHIOIO YacTb bacceitHa npuxoamTca
Bcero nmwb 21%. B npeaenax naowaam bacceiiHa 13 Ypana
BbITeKaeT p. Kywym u rnaBHas peka no nytv go Kacnua
TepseT or 10 go 20% rogoBoro cToka. Takum obpasom,
peKka Ypan xapakTepusyetcs HambonbWMM pPasBUTUEM
bacceliHa B ero cpefHei 4act, KOTopasa NoOYTU LLeSIMKOM
pacnonoxeHa B  CTenHoOMW  30He. MMeHHO  3TO
06CTOATENLCTBO 06YCNABAMBAET BbICOKYIO 0110 (OKONO
80%) cToKa B nepuog, BeceHHero nonosoaba. OQHAKo 3Ta

0COBGEHHOCTb  rOAOBOTO  pacnpefeneHus  CToKa B
nocneaHve AecATUAETUS M MO NPOrHO3aM Ha CPeaHIo U
yAaNeHHyo nepcnexkTmay u3-3a BO3A4eMnCcTBMA

KNMMaTUYECKUX U aHTPOMOreHHbIX GpaKTopoB TepsAeT cBoe
NocTosHCTBO [4].

MMeHHO HepaBHOMEPHOCTb pPEeYHOro CTOKa Mo
ce3oHaM rofa, a TaKXe Bo3pacTalolwme notpebHocTm
BOAOEMKON MPOMbBIWAEHHOCTM (B NepByld odepesasb,
YepHOW M LBETHOW MEeTannypruu), SNeKTPO3IHEepPreTuKK, a
TaKXe BOJOXO3ANCTBEHHbIE HYXK/bl PACTYLMUX rOpoaoB U
opowaemoro 3emnegenusa yxe B 20-30 roapl npowwsioro
CTONETMA NPUBEN K HeobXxoaAMMOCTU pa3paboTKM NnaHoB
KOMMJIEKCHOTO MCNO/Ib30BaHUA BOJHO-3eMe/bHbIX
pecypcoB bacceiiHa o. Ypan [5]. Mpobnembl pelweHun
BO/,0XO3AUCTBEHHbIX BOMpPOCOB Ypano-3ImbuHcKoro
bacceliHa B CBA3NW C OCBOEHMEM  HedTerasoBbIxX
mecTopoxaeHuii CesepHoro MpuKkacnua 6bin ocBelweH B
KONNEKTUBHOW MoHorpadum «bonbluas dImba»[6].

OpHako  peanusauuuM  3TUX  MPOEKTOB MO
perynmpoBaHuio CTOKa nomeluana Bennkaa OteuecTBeHHan
BOMHa. KpynHenLwmm ruapoTexHM4ecKMm COOpYKEHUEM Ha
p. Ypan, npegycmoTpeHHbIM MHCTUTYTOM TMAPONPOEKT UM.
C.A. Xyka [5] 6b10 cTpouTenbctBo  MpPUKAUHCKOro
BOZOXPaHUANLLA, K CTPOUTE/IbCTBY KOTOPOrO NMPUCTYNWUAN B
1949 ropy, a 3anonHeHue Havanocb B 1955 rogy u nuwb
BecHol 1966 roga 6bina AOCTUrHYTa OTMETKA HOPMAIbHOTO
noanopHOro ypoBHA — 245 m Hag, ypoBHEM MoOpA.

MATEPUA/bI U METOAbl NCCNEOOBAHUA

OAHVM M3 BaXKHEMLMX MNPaBUTENbCTBEHHbIX SOKYMEHTOB,
HanpaB/EHHbIX Ha pelweHue BOMPOCOB OXpaHbl U
MUCMONb30BaHNA  BOLHbLIX  PEecypcoB  perMoHa  6bin10
MNoctaHosneHune LIK KMNCC n Coseta Munuctpos CCCP ot 13
mapTta 1972 roga Ne 177 «O mepax no npefoTBpaLLEHUIO
3arpasHeHna bacceliHoB pek Bonrm u Ypana Heouu-

LEHHbIMM CTOYHbIMK Bogamu» [7]. 9To MocTaHoBNEHME
cnocobcTBoBano:

— BO-NEPBbIX, peanusauuMnm MeponpuaTMii  no
HeponyweHnto cbpoca  CTOYHbIX BOA, ~ CTPOSALLErocs
OpeHbYpPrcKoro ra3aonpomMbILLIEHHOTO KOMIN/IEKCa;

— BO-BTOpbIX, OblLIO 06palleHO BHUMAHME Ha
COXpaHeHWe W BOCNPOM3BOACTBO OCETPOBbLIX BMAOB Pblbd
CeepHoro Kacnus;

— B-TPeTbMX,  CNOCOBCTBOBANO  Yy4YpexAeHUIo
MoctosHHOro  obuwecTtBeHHoro  MexpecnybankaHcKoro
KOMUTETa NOo OXpaHe, paLuMOHaZIbHOMY MCMOJ/b30BaHUIO U
BOCMPOM3BOACTBY MPUPOAHbIX pecypcoB bacceiiHa peku
Ypana.

M xoTA B nopy cywiectBoBaHUA AaHHoro Komureta

(1977-1994 rr.) 6bINO  CO  CTOPOHbI Hay4yHoM
06LEeCcTBEHHOCTM  HEMaso  HapeKaHui, Ha  ¢oHe
CerogHsALWHero YPOBHA MEKIrocy,apCTBEHHOM

3KONOrMYECcKoM NONUTUKN B OTHOLIEHUM TPAHCTPAHUYHOTIO
bacceliHa, ero AeAaTeNbHOCTb MOXHO OLEeHWUTb TOJIbKO
nonoxutenbHo [8—10]. B coctaBe KomuTeTa genctsoBanm 6
KOMWCCUIA:

1. No KOMMAEKCHOMY MCNONb30BAHUIO
NPUPOAHbLIX pecypcos bacceliHa pekn Ypan;

2. o 6opbbe c 3arpsasHeHWem Ypana CTOYHbIMU
BOZAMM U NPOMbILLIEHHBIMU BblGpOCamu;

3. Mo 6opbbe c 3po3ueli Noys;

4. Mo oxpaHe W 3aWuTe NecoB B BOAOOXPAHHbIX

30Hax;
5. Mo oxpaHe W BOCNPOM3BOACTBY PbIOHbBIX
3anacos;
6. Mo OxpaHe NamATHUKOB npupoapl,

pPacTUTENbHOTO U }KMBOTHOTO MMPA.

OcHOBHble pe3ynbTaTbl geaTenbHocTn Mexkpecny6-
NMKaHcKoro KomuteTta no peke Ypan ceefeHbl B Tabauuy 1.

XoTenocb 66l 06PaTUTL BHUMAHME Ha TO, YTO Y¥Ke B
1980-e rogbl  6bLIO  0b6paweHO  BHMUMAHME  Ha
HEeobXoAMMOCTb CO34aHUA NAHAWAPTHO-3IKONOTMYECKOrO
Kapkaca 6acceiiHa pekn Ypan (Ypano-dmbeHcKoro
bacceliHa) — NPOEKT Ha3blBanca «3eneHan KapTta bacceriHa
peku Ypan» [11-13].

B 1992 rogy peka Ypana cTana
MENIroCyAapCTBEHHOW, T.e. TPaHCrpaHW4YHOU. bBbIBWIKNA
MexpecnybamnkaHckuini KomuteT no Ypany cobpanca B
nocsegHui pas Ha 3acegaHue B 1994 rogy B r. Ypanbcke 1
camopacnyctunaca. MHorve rogbl uaea BOCCO34aHMA
POCCUIMCKO-Ka3aXCTaHCKOrO MeXKrocyapCTBEHHOro opraHa
6blna yaAenoM HayYHOW M 3KONOTNYECKON 06LLEeCTBEHHOCTHU
ropogos Ypanbcka u OpeHbypra. C 1997 roga
OPraHUsyIoTCA UCTOPUKO-KY/NIbTYPHbIE U 3KO/OTMYECcKMe
aKkcneguumm no pekam Ypan, Cakmapa, MWnek, Ha
NPUKAMHCKOM BOZOXPAaHWUAULLE, K UCTOKAM peku Ypan B
YyanuHckom palioHe PecnybivKku BalWKopToCTaH, B AeNbTy
¢ BbIxogom B Kacnuiickoe mope. ABTOpY CTaTbM A0BENOCH
OCYLLECTBAATL HAyyHOE COMNPOBOXAEHWE 3TUX 3SKO/Oro-
NPOCBETUTENbCKMX  aKUWA, B  KOTOPbIX Yy4acTBOBaAu
NONIUTUKM, YneHbl 06LWEeCTBEHHbIX ~ 06begUHEHUN,
CMOPTCMEHbI, COTPYAHUKN NPUPOLHO-PECYPCHbIX OPraHoB.
NToramm exerogHbix BOAHbIX WU CYXOMYTHbIX 3KCNeauuui,
OXBAaTMBLIMX BEeCb Ypan OT WCTOKOB A0 YyCTbA, Oblan
0b6palLeHnsa K PyKOBOAUTENAM PETMOHOB COOTBETCTBYHOLLMX
MWHWUCTEPCTB B NpaBuTesnbcTBax Poccun m KasaxctaH ¢
npocbboi nopgnucaTb COrNalleHne O BOCCO34aHUM Ha
MeXKrocygapcteeHHom yposHe Komuteta (Komwuccuu) no
npobaemam bacceiHa BEMKOMN PeKu.
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MHoronetHve ycunua OOLLECTBEHHOCTU MNPUTPAHUYHbIX
pernoHoB Poccun m KasaxctaHa, NbiTaBlweics npusiedb
BHMMaHMe CBOUX NMPABUTENBLCTB K PeLUEHMNIO IKONOTUYECKUX
npobnem peku Ypan, npusenun K noanucaHuio 04 oktabpsa
2016 ropa CornaweHua mexay [pasBuTenbcTBamu AByX

CTpaH o COXpaHeHun 3KOCUCTEMDI bacceliHa
TPaHCrpaHMYyHON pekn Ypan. OTKPOBEHHO roBOpA,
bopmynnpoBKa HasBaHUA AaHHoro CornaleHua ¢ camoro
Hayana BbIrALENA NOMYAUCTCKON, HE UMEIOLWEN HUKaKMX
NepcrneKkTMB 1A ee peannsaumm Ha npakTuKe.

Ta6amua 1. OcHOBHble pe3y/bTaTbl AeATeNbHOCTM MeKpecnybIMKaHCKOro KomuTeTa

no 6acceiHy peku Ypan (1977-1994 roabl)

Table 1. Main results of the activities of the Inter-Republican Committee for the Ural River Basin (1977-1994)

Pe3ynbratbl

Results

lfop
Year

OTKa3 OT CTPOMTENbCTBA HOBbIX BOAOXPaHUAULY B 6acceliHe peKu Ypan
(fy6epnunHckoro, AnTHaiickoro, bonblenKkckoro, PybexnHckoro u ap.) 1979
Refusal to build new reservoirs in the Ural River basin (Guberninsky, Altai, Bolsheiksky, Rubezhinsky, etc.)

CoxpaHeHue U BOCNpou3BOACTBO 0CceTPOBbIX 6acceitHa peku Ypan. Co3gaHue no 3agaHuio «Mnaspbi6eoga»
CCCP Atnaca HepecTUIULY, U 3MMOBAJIbHbIX AM peKkun Ypan (HUXKHee TeueHue, cpeaHee). B 1977-1979 ropax

peKa Ypan gasana a0 1/3 muposbix ynosos u 50 40% nponsBoacTBa YepHO UKpbI
Conservation and reproduction of sturgeon in the Ural River basin. Creation of an atlas of spawning grounds

1977
1983

and wintering pits of the Ural River (lower course, middle) on the instructions of the "Glavrybvoda"
of the USSR. In 1977-1979, the Ural River produced up to 1/3 of the world's sturgeon catches

and up to 40% of black caviar production

Pa3pabotka cucrembl OOMNT 6acceitHa peku Ypan — coctaBnieHue 3e1eHOU KapTbl

1980

Development of a system of strictly protected natural areas of the Ural River basin — drafting of a Green Map

3anpert pa3paboTKu necuaHo-rpaBUiHbIX OTNOXKEHWUI B pycne peku Ypan

1981

Prohibition of the development of sand and gravel deposits in the Ural riverbed

Co3paHue 3anoBeAHOI 30HbI B ceBepHoi YacTu Kacnuiickoro mops u B noiime peku Ypan Ao ycTba peku

Bapb6acray (1976 roa) u o60cHoBaHMe ee pacluMpeHua A0 YCTba peku Unek

1983

Creation of a protected area in the northern part of the Caspian Sea and in the floodplain of the Ural River
to the mouth of the Barbastau River (1976) and justification for its expansion to the mouth of the llek River

Co3paHue u CO6I’IIO,D,eHMe peXxnma Bo400XPaHHbIX U npu6pe)+(|-|b|x 30H

1985

Creation and compliance with the regime of water protection and coastal zones

OTKa3 OT peannsauum NnpoekTa NnepebpocKM YacTU CTOKa CMBUPCKUX PEK Ha 10T CTPaHbl, B T.4. B 6acceitH peku

Ypan

1986

Refusal to implement the project of transferring part of the flow of Siberian rivers

to the south of the country, including to the Ural River basin

Co3paHue 4 cTenHbix 3anoBegHUKOB (TanoBcKkan, BypTuHcKan, AliTyapcKas, AwmMcaicKas ctenb), obuei

naowaabto 22 TbiC. ra

1989

Creation of 4 steppe reserves (Talovskaya, Burtinskaya, Aituarskaya and Aschisayskaya steppe),

with a total area of 22 thousand hectares

Hawano npoeKktupoBaHua npupogHoro 3anosegHuKa «llaiitan-Tay» (opraHusosaH B 2014 roagy) u
noAroToBKa NpeaJioXKeHuii No co34aHUI0 NPUPOAHOro NapKa « UPUKANHCKUIAY 1992

Commencement of the design of the Shaitan-Tau Nature Reserve (organised in 2014)

2001

and the preparation of proposals for the creation of the Iriklinsky Nature Park

Bo-nepBblx, U3 Ha3BaHUA CornaleHua BbITEKAeT, YTO OHO
npeaycMaTpMBaAET COXPaHEeHWEe CyLLeCTBYIOLWEN IKOCUCTEMDbI
bacceiHa TpaHCrpaHWYHOW pekn Ypan, a He BOCCTaHOB/EHME
(4o 6bINO Bbl NOrUYHBIM) ECTECTBEHHOW 3KOCUCTEMBI, 06
yTpaTe KOTOPOWM COMaNelT XO3AUCTBEHHUKM W KUTENU
npurpaHnyHbix obnacrei.

Bo-BTOpbIX, 3KOocMcTeMa bacceiiHa TpaHCrpaHWYHOWM
pekn Ypan — 310 231 TbicAYa KM cambix PasHOOBpPa3HbIX
NaHAWadToB: OT TOPHbLIX XBOMHbLIX U LUIMPOKOJUCTBEHHbIX
NlecoB Ha ceBepe [0 pa3BeBaeMbiX OyrpucTbix MecKkos U
COJIOHYAKOB 30HbI NYCTbIHb YMEPEHHOTO Nosca.

B-TpeTbux, CornaweHwne He yyuTbiBaET
KO/MIOCCA/ZIbHYl0  M3MEHYMBOCTb  Ba)KHEMLWWUX  BOAHO-
3KO/IOMMYECKUX NapameTpoB HacceiiHa pekn B MasioBOAHble
N MHOTOBOAHbIE rogpl.

B-ueTBepTblX, 3a nocneaHve AecATUNEeTVMs B
KOHTUHEHTaNbHOM 4YacTu EBpasum u Ha tore EBponerickoi
Poccumn npouncxodat rnobanbHble U3MEHeHWA, Bbi3BaHHblE
KAMMaTUYECKMMM M aHTPOMNOreHHbIMM GaKkTopamMm.

NONYYEHHbIE PE3Y/1IbTATbI U X OBCYXKAEHUE

Ha nocneaHux paByx o0COBEHHOCTAX COBPEMEHHOrO MU
NPOrHO3MPYEMOro XapaKTepa PeyHoro CToka B bHacceliHe
pekun Ypan octaHoBUMCSA NoapobHee.

M3MEHUYMBOCTD BAXKHEMLUMX BOAHO-3KOMOTMYECKUX
napameTpoB pekn Ypan B MaJIOBOAHbIE U MHOrOBOAHbIE
rofpl C APKO BblPaXKeHHbIM MMKOM BECEHHEr0 NoJI0BOAbA, Ha
KoTopoe npuxoautca oT 60 go 80% cymmapHOro rogosoro
CTOKa ABAAETCA  OT/IMYMTENbHOW  YepTol  BOZOTOKOB
noaobHOro TMna, KoTopble pasHble aBTOPbl OTHOCAT K T.H.
«YPaNIbCKOMY», «Ka3axXCTaHCKOMY» WAWU «CTENHOMY Tuny»
r'MOpPONOTrNYecKoro  pexuma.  [laHHble  MHOroneTHUX
r’MAPONOTrMYECcKUX HabnloAeHUIM CBUAETENBCTBYIOT O TOM, YTO
B TeuyeHMe XX — Hayane XX| BeKoB peKka Ypan ucnbitana 4
3aTAMKHbIX LMKAAQ MHOFOBOAbA W CTO/IBKO e UWKIOB
masnosogpba (puc. 1).

Hanbonee mHOrosoAHbIMWU B CTBOPE M'MAPOMETEO-
ponormyeckoro nocta Kywym B 3anagHo-KasaxcTaHckon
obnactn (3KO) 6biim 1942-1944, 1946-1949, 1970-1972,
1988-1995, 2000-2005 roabl. Cepua manoBoOAHbIX AeT
oTmedanacb B 1934-1940, 1950-1956, 1973-1986 ropax. B
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HacToswee Bpemsa (2009-2021 rr.) Habatogaerca camblii
3aTAKHOM Mepuog, MasoBOAHbIX /NeT 3a npollejuee
ctonetue. Mpu 3TOM MUHUMA/bHbIE YPOBHM FO40BOTO CTOKA
B MOCNEAHEM  UMK/IE, HECMOTPA Ha  HeraTuBHoe
aHTpOMoreHHoe BO3AeicTBME (3aperysvpoBaHMe CTOKa,
pacTywee BogonotpebneHue, pacnawka M T.4.), ocTaioTcs
COMOCTaBMMbIMM M/IM Bbllle, YeM B Camble Ma/sIOBOAHbIE

2
N ‘ \”\
D 1l 1]

1934-1940 1950-1956

—_

-1

I~
N

-1

1927
1929
1931
1933
1935
1937
1939
1941
1943
1945
1947
1949
1951
1953
1955
1957
1959
1961
1963
1965
1967
1969
1971

1973

1936-1940 rogbl nau, Hanpumep, 1951, 1955, 1968, 1976
mnn 1977 roapl. 3a 2009-2021 rogpl 06bem BECEHHEro CTOKa
Pe3Ko CHU3NUACA He TONbKO B aBCONOTHOM 3HAaYEHMU, HO U B
ero A0/iM OT CYMMapHOro rooBOro CToKa. Bmecte ¢ tem
yBesMuMnachL fona U obbem CToKa B 3MMHee Bpems. U
HEW3BECTHO, HACKO/bKO npoanuTca COBPEMEHHbIM
Ma/IoBOAHbIV Neprog, C HU3KUM BECEHHMUM MOJI0BOALEM.
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PucyHok 1. Llnknbl manoBogbaA Ha p. Ypan (Kywym) 3a 1927-2021 roabl
Figure 1. Low water cycles on the Ural River (Kushum) in 1927-2021

B cBA3M C 3TMM cneayeT o06paTWTb BHUMaHWE Ha
COBPEMEHHbIE MPOTHO3bl MOBCEMECTHOTO 3HAYUTENBHOTO
YMeHbLUEHWUA MaBOAKOBOIO CTOKA, a Ha IOXHOW OKpauHe
BocTouHoi EBponbl — cuAbHOE yMeHblueHue, BMAOTb 40
MO/IHOrO UCYE3HOBEHWNA BECEHHEro NaBoaKa [4]. 3T faHHble
NnosyyeHbl Ha  OCHOBE  MmaTepuanoB  r1ob6anbHOro
KAMMaTUYECKOr0 MOAENNPOBaHMA U OLEHKM BO3MOXHbIX
M3MEHEHWII MaKCMManbHOrO 3amaca M NaBOAKOBOrO CTOKa
Ha pekax bacceliHa [JoHa, Bonru n Ypana.

Bo3HMKaeT BOMPOC: KaKyl 3KocucTemy 6acceiiHa
TPAHCTPaHUYHOW pPeKM Ypan npeanonaraeT «COXPaHATbY»
ambuuMo3HOe poccUiicKo-KasaxcTaHckoe Cornawenune? Co

AHA  ero npuHATMA npowno 6 net. Ho cosgaHHas
MEXKrocyfapcteeHHas  Komuccuss Mo «COXPaHEeHUto
3KOCUCTEMbI» pPEanbHO He MpucTynuna K paboTe, a Auwb
aybnvpyert pe3y/bTaTbl rocyAapcTBEHHbIX
TMAPOMETEOPO/IOTMYECKUX CAYKE UM NPUMPOAOOXPAHHbIX
OpraHos.

AHann3 CoOBPEeMEHHOro 3KONOrMYEeCKOro COCTOAHUA
bacceliHa Ypan, AMHAMUKK ee TMAPOOrMYECKOr0 Pexnuma
3a 6onee uem 100-neTHW nepuom, TeHAEHUMM ero
M3MEHeHUA 3a nociegHue AEeCATUNETUA U NPOTrHO3bl 3TUX

M3MEHeHni [0 KoHua XXI Beka, ybexpaloT, uTO
«COXpPAaHEHME» WAM BOCCTAHOB/NIEHWE 3KOCUCTEMbI 3TOW
TPAHCrPaHMYHOM  peKkn He  peanbHo. [lonbiTaemca

TMNOTETUYECKM NPeANoNOoXKNUTb, Kakne Mepbl, orpaHuyeHus
WAM  NPUPOAOCOXPAHUTENbHbIE  WHUUMATUBBI  MOrM  6bl
N3MeHUTb NaHAwadTbl 6acceliHa ¢ Tem, YTObbl BOCCTAaHOBUTb
napameTpbl MMAPO3KONOTMYECKOTO PeXMMA, HeEObXoaMMble
O COXpaHeHWa BEeCeHHEero Mo/oBOAbSA, pPerynspHoe
3aTONNEHNE B HYXKHble CPOKM MNOMMbI W MOMONHEHMWE
NOAPYCNOBbIX BOA, AKTMBU3ALMIO POAHUKOB U PYy4YybeB B
BEPXHWX 3BEHbAX rMAPOrpadUyecKom cetu.

bBe3ycnoBHO, coCTosiHME pekM U ee bacceliHa
NO/HOCTbIO  3aBMCUT OT COBPEMEHHOro  KAMmata u
re03K0/I0MMYECKNX XaPAKTEPUCTUK NaHAawadTos bacceiHa.
Ewe M.B. JlomoHocoB nucan; «TeyeHMe BEAUKUX peK
TpebyeT BENMKOro 3emesib MPOCTPAHCTBA (cyTb BacceliHa —
A.4.), oTKyaa Bogam cobpatbca MOXKHO bbl10» (1902 1.).

B naHawadpTHOM OTHOWeHMM baccelH peku Ypan
npeactaBneH  MATbIO  MPUPOAHBIMM  30HAMWU:  TOPHO-
necocrtenHowm, necoctenHom pPaBHUHHOM, cTenHowu,
NoAynycTbIHHOM W NyCTbiHHOM. C LLeNblo 3KONOrMYecKom
peabunutaumm naHawadrtoB 6HacceHa (B poccuiicKo-
KasaxcTaHCKom cornaweHun 2016 roga — «3KocUcTeMbl
bacceiiHa TPaHCrpaHWYHOM pekn Ypan») No oTAeNbHbIM
NPUMPOAHLIM 30HaM M TUMAM MECTHOCTM npes/araertca
cneaytowmi nepeyeHb OCHOBHbIX NaHawadTHo-
COXpaHALWMX n NaHAWadTHO-BOCCTAaHABAMBAOLLMX
meponpuATUn nog umdpoBbIMM MHAEKCamu oT 1 po 12,
KOTOpble OTpakeHbl B Tabauue 2.

MepeyeHb 3TUX MepPONpPUATUIA CleayoLLMiA:

1. BHegpeHue npupoaonoaobHbiX BnarocbeperatoLmx
arpoTexHONIOMMI Ha MaxOTHbIX YroAbAX, OPUEHTUPOBAHHbIE
Ha ecTecTBEeHHY0 BnaroobecneyeHHoCTb.

2. OnNTMMM3aumAa NecoMennmopaTMBHONO KapKaca CefbCKo-
XO3AMCTBEHHbIX YroANN.

3. BocctaHOBNEeHME ecTecTBEHHbIX KYPTUMHHBIX J1eCOHa-
CaXKAEHUN.

4. JIMKBMAAUMA MAWHM HA 3N1emeHTax rugporpaduyeckon
ceT (NoKObWHbI CTOKa, NOWMHbI, 6ankM) U 3PO3UOHHO-
onacHoW nalHM (CKAOHbI >3-5°) U UX BOCCTaHOBAEHME MO
TexHonoruu [.C. 13bi6osa (no tTuny «Arpoctenmn»).

5. JIKBMAaAUMA NaxoTHbIX Yroguin B MNoOMMax peKk U ux
BOCCTaHOB/IEHME MO TUMY «ArponyrocTenmn».

6. CosgaHve naHAWAGTHO-TUAPONOTUYECKUX
BEPXOBbAX pPeK, B T.M. nputokoB 1, 2, 3.
(kaTeropua oxpaHsemble POAHMKOBbIE YPOUMLLA).
7. Co3gaHve 3anoBeAHbiX Y4YacTKOB JAOAWH peK, 0cobo
LEHHbIX B WXTMO/IOrMYECKOM (B T.4. pblBOXO3AMUCTBEHHOM)
OTHOLUEHWMU.

8. Co3gaHue BOAOOXPAHHbIX 30H Ha BCEM MNPOCTPAHCTBE

oont s
NnopsALKoB

NoMMEeHHOro ™na MeCTHOCTU " NPUPEYHbIX
(npunoiMeHHbIX) CKNOHOB.
9. JIMKBMAAUMA WCKYCCTBEHHbIX (B T.4. BPEMEHHbIX)

BO40EMOB, CHUXKAKOLWMX MEMKEeHHbIA CTOK A0 KPUTUYECKUX
OTMETOK.
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10. OnTMM3aumMAa  rMAPONOTMYECKOTO  PeXMma  CyLLecT-
BYIOLLMX BOAOXPAHWAULL, C LieNbio NoaaepaHna BeceHHero
3aTonieHna NOMMEHHOro TUNa MEeCTHOCTU W NoAfep:KaHuA
3KO/IOTMYECKOrO CTOKa B MeXeHb.

11. OrpaHuyeHue 3abopa BoAbl 41A NOANBA CENbXO3Yroani

32 CYET 3aKpbITOM TPAHCMOPTUPOBKM W  KanenbHOro
opoLleHuA.
12. NepeBog, npombllwaeHHOTo notpebneHna  BOAHbIX

pecypcoB UCKNKOYNUTENBHO Ha O60pOTHOE BO,EI,OCHa6)KeHMe.

Tabamua 2. MaTpuua naHawadTHO-BOCCTaHABAMBAIOLLMX MEPOMNPUATMIA U OrPaHUYEHU
Table 2. Matrix of landscape restoration measures and restrictions

Tunbl
Mnakopbl n
MeCTHOCTU . Xonmwucro- .
. HaanoMMeHHble UcToku Mombli
Terrain yBanucrble Byrpuctble BoaoxpaHu-
Teppachbl pek pek Mpyabi
types mexaypeubs . . necKu avwa
Plakors and over o River River . . Ponds
Mpupopa- . Hilly-ridged . Sandy hills Reservoirs
floodplain . sources  floodplains
Hble 30HbI interfluves
terraces
Natural areas
FopHo-
necocrenan ) 1,4,9 6,7,8,9 5,7,8 - 8,10, 12 9
Mountain forest-
steppe
NecocrenHasa
paBHWUHHaA 12 234 6,789 57,8 ) 7,8,10,11, 89,11
Forest-steppe 12
plain
CrenHasa
2,3,4,9,10 7,8,10, 11
paBHUHHaA 1,2 Tt 6,7,8,9 58,9 2 e 8,911
. 11 12
Steppe-plain
nOnYHVCTbIHHaﬂ 12,5 ) 78,11 2 ) )
Semi-desert
MycTbiHHaA 1,2,5 ) 7,811 ) ) )
Desert
3AK/TIOMEHUE OT/IOMKEHWNIN, IHAEMUYHOWN KanbLedUTHOW PacTUTENbHOCTH,

Peanusauma nepeyncieHHbIX MeponpuaTUiA U NPUPOAHO-
XO03ANCTBEHHbIX OrPaHUYEHU (Tab. 2) NO3BONUT B YC/I0BUAX
rNo6aNbHbIX KAMMATUYECKMX M aHTPOMOreHHbIX U3MEHEeHWI
B OMNpeaeseHHON CTerneHW MPUOCTAHOBUTL MPOLECCH
OanbHellen 3KOMOTMYECKoN Jerpagaummn  naHawadTos
bacceliHa peku Ypan, a npu 6naronpuATHbIX CLEHAPUAX
OMHAMWMKM  KAMMaTa  pPaccymTbiBaTb HA BOCCTAHOB/EHWeE
Hambonee UEHHbIX NaHAWadTHbIX 06BEKTOB U coobluects
61oTbI.

OAaHako Bbicwein GopMol TeEpPUTOPUANBHOM OXPaHbI
naHawadTHoro n bruonorMyeckoro pasHoobpasus bacceiHa,
a, CnepoBaTesibHO, W BCEM €ro 3KOCUCTeMbl ABAAIOTCA
npupoaHble pesepsatbl — OOMNT pasMyHbIX KaTeropuii u
rocyAapCTBEHHOrO CTaTyca — OT MEeXAYHapoAHbIX A0
depepanbHblX,  pecrnyb/IMKaHCKUX,  PEerMoHasbHbIX U
MeCTHbIX. B umcne  mexayHapoaHbix  (poccuiicko-
KasaxctaHckux) OOMT cneayeT Ha3BaTb:

- 6uochepHblit NaHAWADTHLIN NapK «YpanbcKas ypémay,
0XBaTbIBAOLWMIA OONMHY pekn Ypan oT ycTbAa p.Mnek ao c
PybexkHoe 3KO, Bkatovasa cywecTsytowme KMpCcaHOBCKUI M
KWHAENNHCKUIA  3aKa3HMKK, cooTBeTcTBeHHO B 3KO u
OpeHbyprckot obnactu [14]. 3anoBeAHWMK no  Tuny
HaLUMOHaIbHOTO NapKa B novime Ypan 6bin 0603HayeH elle B
1917 ropy B8 npoekTe MocTosHHOW MpUpoa0oXpaHUTENBHON
Komuccum  MmnepaTtopckoro  Pycckoro reorpadpuyeckoro
obuectsa B Aoknage B.MN.CemeHoBa-TaH-LLaHcKoro;

- NpUPOAHbIN Napk «Ypano-rybepanHcKoe yuwenbe» HuxKe
r. HoBoTpouuka [0 yvacTka  «AWTyapcKaa  cTenb»
roczanosefHnka «OpeHOYpPrckMii», BKAOYAs  3aKasHUK
36uTta AKTIOBMHCKOM 06nacTu;

- POCCMIMCKO-KA3axXCTAHCKWUM 3aKasHWK  «YTBa-UneKckue
MesioBble NaHAWadTb» Ha mexaypedbe pek Mnek u YTBa,
OXBAaTbIBAOWMIN CTEMHbIE YYAaCTKM C BbIXOAAMMU MEJIOBbIX

mectamu obutaHua ppodbl, CTpeneTa, cailraka v apyrux
penKkux Bugos dayHbl;
- OObLWecbIPTOBCKUIA CTENHOM NPUPOAHbLIA pe3epBaT Ha
CTbIKe Tpex obnacTeit Poccum — OpeHbyprckuii, Cakmapckon,
CapatoBckoit 1 3KO Ha mexkaypeube peku Ypan (bacceitH p.
YaraH) u Bonbworo Wprusa. TpaHcrpaHWyHbIA pe3epsaTt
MOXEeT BKIOUYMTb B cebA yyacToK rocsanoBegHuKa
«OpeHbyprcknin» —TanoBcKasa cTenb, ypouuwe «pbi3/bi»
Camapckoi obnactv 1 npunexawme crenHble NaHAWadTbI
CapartoBcko obnactu n 3KO;
- 3anagHo-Typramckuin  03epHO-CTENHOW  MPUPOAHBIN
pesepBaT Ha rpaHuue OpeHByprckot u  AKTIOBUHCKOWM
obnactell, oxBaTbiBalOWMI 6HacceiiH 6eccToYHbIX 03ep
LWankap-Kapawaray, LWankap-Kapawaray, LWankap-Era-
Kapa, *eTblkonb U Apyrux, TAroTeWmX K baccenny p.Ypan.
Osepa ABNAOTCA LeHHenWwnmm KNloueBbIMM
OPHUTONIOTUYECKUMWN  TEPPUTOPUAMMU  MEXKAYHAPOLHOIO
3HayeHua. COXPAHUIUCL 3Ta/IOHHbIE YYACTKM NAAKOPHbIX
TUMYAKOBO-KOBbIIbHbIX CTENEN U KAMEHUCTbIE CTENM.
Be3yc/0oBHO,  HyKOaeTcA B roCyAapCTBEHHO-
NpaBoBOM BOCCTaHOBAEHWW 6biBwan Ypano-Kacnuitckas
pbIBOX0O3AMCTBEHHAA 3anoBegHas 30Ha B AOAMHe (nolime,
pycne) peku Ypana, OXBaTbiBalOWaAsA HepecTUauLa,
3MMOBaAJIbHbIE fIMbI, NMYTU MUTPaLMK OCETPOBLIX Pblb. Mocne
BOCCTAHOB/IEHMA NPUPOLHOWM UAU CO34AHUA UCKYCCTBEHHbIX
nonynauMin  OCETPOBbIX Ha  OCHOBE  €CTeCTBEHHOro
reHeTUYeCcKoro  maTepuana, 30Ha [JO/KHA  OXBATUTb
CeBepHblvi Kacnuii, AenbTy, HUXKHee TeyeHue pekun Ypan u
4acTb CpeaHero TeyeHus, BKIOYas HWU30Bbs peK YTBa, Mnek
00 MpeaenosB MakCMManbHOTO 3axo4a BBEPX MO TEYEHUIo
benyrM, pycckoro ocetpa, 6enopblbuLbl  Ha  ydacTKe
OpeHbypr-Unek.
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HOr Poccuun: akonorus, passutne 2022 T.17N 4

A.A. Ynbunes, MN.B. BenbMOBCKKUiA

BakHellume 06beKTbl U 30HbI NaHAWAGTHO-3KONOTMYECKOTO
KapKaca bacceliHa p. Ypan oTpaskeHbl Ha puC. 2 U ONUCaHbI B
psge pabot aBTopa [1; 2; 14]. Cpegn HUX 0cobo BaxkHOe
3HayeHne gia GopMMPOBAHUA 3KONOro-CTabuamsupytoLen
ceth  OOMNT  wumetoT  NaHAWAdTHO-TMAPONOTMYECKUIA
3aKa3HuK «McToK Ypana», npupogHblii pesepsaT «[enbta
Ypanay, NPUPOAHbIV napk «MpurKknnHcKoe

YPAIBCK (Y0

URALSK

KanmbikoHO

Kalmykovo

@ -1:

BOZOXpaHUAUWE», BypTUHCKO-K3biNagblpckuii NpupoaHblIii
napk, obveguHsaowmii 6onee 10 yHMKaNbHbIX ypouul, B
benseBckom K KyBaHAbIKCKOM palioHax OpeHbyprckoi
obnactn, npupoaHbin napk «MpeaypanbckoeJMBHOropbe»,
0XBaTbIBAIOLLMI 30HY NepeaoBbIX CKNAL0K B BUAE rPAL0BOro
Me/IKOCONoYHMKa oT . Bepbniog (Otoataw) po xpebra
KapamyHTay n AHapeesckux LLUnwek n NcaHrynoBcKmx rop.
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PucyHok 2. Kntouesble OONMT naHawadpTHO-3KONOrMYECKOro KapKaca bacceiHa peku Ypan

Figure 2. Key protected areas of the landscape-ecological framework of the Ural River basin

1. 3anosedHuku: 1a — cywecmayroujue (1 — Tanosckas cmene, 2 — Mpedypansckas cmens, 3 — K3blaadbipckoe Kapcmosoe rnose,
4 — Alimyapckas cmenb, 5 — Awucalickas cmens, 6 — LLalimaHmay, 7 — Apkaum); 16 — nepcnekmusHbie (1 — Ymea-Akmay,

2 — Manwil Hakac, 3 — Xpebem Kpsikmay, 4 — BepxHecyyHOYKcKul)

2. MpupoodHele napKu: 2a — cywecmayowue (1 — Mypadeimosckoe yuiense); 26 — nepcrnekmusHele (1 — MHAepckud,

2 — lankap, 3 — Ypansckas ypema, 4 — KapamypyHmay, 5 — Xpebem UpeHObiK, 6 — UpukauHcKuli)

3. JlaHdwagpmHbie 3akasHuUKuU: 3a — cywecmsyrowue (1 — Kapazad-rybepnaurckud, 2 — lNybepauHckue 2opsi, 3 — 36umay);

36 — nepcniekmusHsle (1 — feabsma Ypana, 2 — 06wuli Coipm, 3 — Menossle 20pbl, 4 — Tpouykud, 5 — XabapHuUHcKoe yujesnse,

6 — Ypouuwe Ypkaw, 7 —cmok Ypana)

4. 3anoeedHvie (oxpaHaemoie) 30HbI 80016 peK: 4a — cyujecmayroujue, 46 — nepcrnekmusHole
5. TpaHcepaHu4Hble npupodHbie pesepsamsl: | — O6wecoipmoscKkuli cmenHoli 3aKa3HUK, Il — Ymea-UneKckue mesnossie 20pbl,

Il = Ypano-lybepnuHckoe ywenve, IV — 3anadHo-Typealickul

1. Reserves: 1a — existing (1 — Talovskaya steppe, 2 — Pre-Ural steppe, 3 — Kzyladyr karst field, 4 — Aituarskaya steppe,
5 — Aschisaia steppe, 6 — Shaitantau, 7 — Arkaim); 1b — perspective (1 — Utva-Aktau, 2 — Maly Nakas, 3 — Kryktau ridge,

4 — Verkhnesuunduksky)

2. Natural parks: 2a — existing (1 — Muradymov gorge); 2b — perspective (1 — Indersky, 2 — Shalkar, 3 — Uralskaya Urema,

4 — Karamuruntau, 5 — Irendyk ridge, 6 — Iriklinsky)

3. Landscape reserves: 3a — existing (1 — Karagai-Guberlinsky, 2 — Guberlinsky mountains, 3 — Ebita); 3b — perspective
(1 — Delta of the Urals, 2 — Common Syrt, 3 — Chalk mountains, 4 — Troitsky, 5 — Khabarninsky gorge, 6 — Urkash land,

7 — The source of the Ural River)
4. Protected areas along rivers: 4a — existing, 4b — perspective

5. Cross—border natural reserves: | —the Common Syrt Steppe Reserve, Il — the Utva-llek chalk mountains,

Il - the Ural-Guberlinsky gorge, IV — the West Turgai
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B naHAWapTHOM OTHOLIEHUWN ANA COXPAHEHUA SKOCUCTEMDI
bacceitHa pekn Ypan ocoboe 3HaueHue umeloT xpebet
NpeHabIK, xpebet KpbIKTbI-Tay, Mpucakmapckoe
Hu3Koropbe 1 bonblue-Mikckoe necoctenHoe HM3KOropbe ¢
MypagbIMOBCKMM yLLENbEM.

PassuTas penpeseHTaTMBHaA cetb OOMNT bacceliHa
p.Ypan no3BOAMT He TO/NbKO COXPaHWTb B 3anoBeAHOM
peume yYHWKanbHble KatoueBble naHAawadTbl, HO U
ynopagounTb passuTME Typu3ama 3a npegenamu 3ano-
BeHWKOB M 3aM0oBeAHbIX 30H ApYrux Kateropuin OOMNT.
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Pesiome

Lenb. OueHKa BO3MOXHOCTEM MaTeMaTUYEeCKOW JIOTUKM U  JIOTUKO-
MaTeMaTUYeCKMX METOLOB B OMUCAHWUM CAOXKHbBIX MPUPOAHBLIX CUCTEM
NPOCTbIMU U ACHBIMW KOHCTPYKLMAMM, TaK KaK BbICTyMaeT B KayecTse
A3blKa, OCOObIX METOAOB MCC/MeA0BaHUA, WCTOYHUKA MNPEeACTaBAEHUN U
KOHLLeNUMIA B eCTEeCTBO3HAHUMN.

O6cykaeHue. B cTaTbe paccMaTpMBatOTCA BO3MOMKHOCTU U NMPEUMYLLECTBA
JIOTUKO-MaTeMaTUYECKMX METOL0B MPU aHa/nM3e ecTecTBEHHOHay4yHOM
MHbopmaLmM, W, B YACTHOCTM, 3SKOJNIOTMYECKMX JAaHHbIX, JaeTca
CpaBHUTE/IbHLIN 0630p NOTMYECKMX U MATEMATUYECKUX KOHCTPYKUWUA B
CTAaHOBNEHUM HAy4YHOTO MbllwneHus. MpueeseH Hanbonee obLWMI CIUCOK
MaTeMaTUYeCKMX U JIOTUYECKUX CUMBONOB AN ¢GopmMann3mpoBaHHOM
3aMUCU  C/IOXKHbIX  3KOJIOTUYECKUX CUCTEM, MNPUBOAATCA MPUMEpHI
MCNONIb30BaHUA JIOTMKO-MaTeMaTUyeckux ¢opmyn B Buae $opmanbHO-
MMMINKATUBHbIX BbICKa3blBaHUI npu KpaTKoM 3anucu
ecTecTBeHHOHAy4YHOM MHGOPMaLUK.

3akntoueHue. MpoBeseHHOe nccneaoBaHne He ybexaatoT B 04HO3HAUYHbIX
NPENMYLLECTBAX MPUMEHEHUA CUMBOIMKM MaTEMATUYECKOM JIOTUKK nepes,
CNIOBECHbIM M3n10XKeHMeM. OgHaKo, TaK KaK 3KOA0orMa MMeeT Aeno ¢
onucaHuem APXUCNONKHbBIX cucTem, BK/IOYAIOLLMM onepayuu
dopmanmsoBaHHOM NOCTaHOBKM 3aj4auu, dopmanm3oBaHHOro
CTPYKTYPMPOBAHUS 3KOCUCTEM, TPYMNMUPOBKM 3KOCUCTEM MO Mepam UX
CXOACTBa—PasNINYUA MU BKIOYEHUA—TIEPECEYEHUA, KNacCUdUKaALMOHHOTO
OTHECEHUA BbIAENEHHbIX 3KOCUCTEM K OAHOW M3 3afaHHbIX rpynn,

cnepoBatenbHo, HeobXoAMMOCTb  LMPOKOTO  MPUMEHEHUS  NOTUKO-
MaTEMATUYECKUX UCC/IeA0BaHUI HEOCNIOPUMO.
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Abstract

Aim. Evaluation of the possibilities of mathematical logic and logical-
mathematical methods in the description of complex natural systems in
simple and clear constructions, as they act as a language, special research
methods, a source of ideas and concepts in natural science.

Discussion. The article discusses the possibilities and advantages of logical
and mathematical methods in the analysis of natural science information,
and, in particular, environmental data. It gives a comparative overview of
logical and mathematical constructions in the formation of scientific
thinking. The list of the most common mathematical and logical symbols
for the formalised recording of complex ecological systems is provided,
together with examples of the use of logical and mathematical formulas as
formal and implicative statements in the brief recording of natural science
information.

Conclusion. The research conducted does not convincingly indicate
unambiguous advantages of using the symbols of mathematical logic
rather than verbal presentation. However, since ecology deals with the
description of arch-complex systems, including operations of formalised
problem statement, the formalised structuring of ecosystems, the
grouping of ecosystems according to measures of their similarity-
difference or inclusion—intersection, and the classification of selected
ecosystems in a certain specified group, the need for widespread
application of logical and mathematical research is indisputable.

Key Words
Mathematical logic, formalized constructions, modeling, mathematical
symbols.
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BBEAEHUE

B ocHoBe 060 HAay4yHOU AUCUMNANHBI U HayKU B LLE/IOM
NleaT s102UKa W 3KcrepuMmeHm (B 3KONOTMM 3TO MoseBble
Habnto4eHUA M ONWCaHMA, 3KCMEPUMEHTbI B M3MEHEHHbIX
3KOCUCTEMAX M MOAEIMPOBAHME B CAMOM LIMPOKOM CMbIC/IE).

Jlorvka nccnesyet 3akoHbl M GOPMbI BbICKa3blBaHWA U
MbILUZIEHWNA B MOHATUAX, CYXKAEHUAX U YMO3AK/IHOYEHMSX, A B
3KcneprvmeHTe NPOBEpPAETCA COOTBETCTBME paboueli rmnoTesbl
cobpaHHbIM Hay4HbIM daKTam Mo U3BECTHLIM NPOLEeAypPam U
npaBuiam CTpaTerMm nposepku runotes [1; 2].

C aHTMYHbIX BpemeH (Apuctotenb, IV B. A0 H.3.) B
Noruke CNOXNUNOCb HanpasneHwue, nonyuusLuee
HaumeHoBaHVe OpPMasIbHOM, COCTOALLEN W3 ABYX HaAyK:
TPAAMUMOHHOW NOMMKM M MaTeMaTUYECKOW IOTUKK.

TpafvuUMOHHAA NIorMKa NpeacTasaseT coboi yyeHne o
3aKOHax, MpaBWIax W MPUHUMMAX BbIBOAHOMO 3HAHMS, T.e.
3HaHMA, MNO/JYYaeMOTO M3  paHee YCTAHOB/IEHHbIX MU
NPOBEPEHHbIX OMNbITOM WCTMH B pe3ynbTaTe MNPUMEHEeHUn
3aKOHOB M MPaBUA MblLLEHMS.

O6LWwen3BecTHO, 4TO MaTemMaTuyeckme abcTpakumm
yA0OHbI NPU  CPaBHUTE/IBHOM aHanM3e cpasy HECKONbKMUX
npesMeToB ¥ OBbEKTOB, YTO AeNaeT UX He3aMeHMMbIMK NpK
nposegeHnn KaK  9KOMOTMYECKUX U B obwem
€CTeCTBEHHOHay4HbIX uccnegosaHuid. [. Moia [3] obbacHMA
3TO CBOMCTBOM MAaTeMATUKM YyMeHWeM "HaBoAWTb MOCTbI Haj,
nponactbto".  CneposaTeslbHO,  MaTemaTWMKa  CnocobHa
BblAENUTb He4yTo oblee B YacTHOM, MEpPeHOCUTb CBOU
CTPYKTYpbl Ha cocegHve, 61M3KMe W Janekue, PervoHbl
npupoapl. B To e Bpems, OHa /IMLIAET MUP MHOroobpasus,
Kak nucan matematuk W. LWadapesuy [4]: «Mbl vmeem,
CKarkem, A6/I0KO, LBETOK, KOLWKY, OAOM, CONAaTa, CTyAEeHTa,
NyHY. MoXKHO cocumTaTb U 06BbABUTbL, YTo UX 7. Ho 7 vero?
EavHcTBEHHbIM oTBeT: "7 npeametoB". Pasnvums  mexay
congatom, syHoW, Ab6AoKom M T.4. wcdesaroT. OHWM Bee
noTepsnnM CBOK WMHAMBWUAYANbHOCTL W MPEBPaTUAUCL B
MWeHHble  npusHakoB  "npeametsbl'».  CneposaTesibHO,
NnpocToe MexaHW4yeckoe MaTemaTUyeckoe rMepeyncneHve
CBOWCTB /MWAeT O6BEKT Npupoabl MHAWMBUAYANbHOCTY,
obesnnumsaert ero.

Mcnonb3oBaHWe A3blka MaTeMATUKM MPU ONMUCAHUK
npupoaHoOro OOBEKTA, MOKa3blBAeT TONBbKO OAHY €ro
XapaKTePUCTMKY W, OTCNEXKMBAA €ro Bapuaumu, BbIBOOUT
o6LLyl0 3aKOHOMEPHOCTb, BCE OCTa/IbHble XapPaKTEPUCTUKK
npu 3TOM OT6PACHIBAIOTCA, TaK KaK MeLlaloT NpoBOAUMOMY
uccnefosaHuio.  MIMEHHO  MO3TOMy  MaTemaTtuyeckue
abCTpaKLUMmM BbICOKOrO YPOBHSA TaK YA06HbI B UCCNef0BaHUAX,
HO nNpu 3TOM Mano WHPOPMATUBHBLI AN1A  HebOo/bLUMX
06beKTOoB.

OpHoBpemMeHHO, BMecTe C  abcTparvpoBaHuem
HeobXoAMMO MCMONb30BaTb U MaTeMaTMyeckoe 0bobLLeHWe,
KOTOpPOE pa3BMBAZIOCb BHE CBA3M C  MPaKTUYECKUMM
NPVYMEHEHUAMM, a NPOCTO AN AOCTUNKEHUA IOrMYecKom
rapMOHMM, U OKa3a/IUCb OYEHb YA06HBIM MHCTPYMEHTOM ANA
OCYLLECTB/IEHUA LieNiel NOCTPOEHMA NOTUYECKUX KOHCTPYKLMIA
1 BbIBOAOB, YTO, B KOHLE KOHLOB, MpWBeNo K BblpaboTke
0CcobOro  IOrMKO-MaTEMATMUYECKOrO  A3blKa 1A  OnMcaHuA
abCTpaKuMii M NOCTPOEHUS MOZE/IEN BbICOKOTO YPOBHS.

Mcnonb3ysa JIOTMKO-MaTemaTyeckue MeToAbl
MUCCNeLoBaHMA, HaykM O 3emie AO0/KHbl  yuuTbiBaTb W
OrpaHuUYeHHble BO3MOXHOCTM MATEMATMKK, TaK Kak cama no
cebe maTemaTnyeckas obpaboTKa copepiKaHmsa, ero NepeBoy,
Ha A3bIK KOJMYECTBEHHbIX OMWCaHWI He AaeT MpPOoCToro
MEeXaHM4yeckoro  mpupocta  MHbopmaumM, a  1Wb
BM3yanusmpyer ee [5].

OBCYXAEHUE

MaTemaTtnyecKkan NOrMKa, OCHOBbI KOTOPOM OblN 3a/10KeHbI
ewe B XVII . . lelibHUUeMm, npeacTasnaeT coboli BTOpyLo m
6onee BbICOKYIO CTyneHb pPa3BUTUA GOPMANbHOM NIOMUKK,
NPUMEHAIOWAA  MaTemMaTUKO-0TMYeckne  Metogbl WU
CneuManbHbl  annapat  CMMBO/IOB A1 MCCNef0BaHUA
MbILWNEHNA C MOMOLLBIO UCUYUCNEHU, T.€. GOPMaNN30BaHHbIX
A3bIKOB.

[ns o603HayeHUa pasnuHbIX GOPM OTHOLUEHWIA W
B3aMMOCBA3N  BbICKA3blBAHUI  MaTemMaTMyeckaa  NIoruKa
MCNONb3yeT CUCTEMY 3HAKOB (CMMBO/IOB), C MOMOLLbIO
KOTOPbIX /IaKOHWYHO, HArAsgHO M OAHO3HAYHO MOMKHO
BbIPa3uTb /I06YI0 MbIC/Ib, B KOTOPOI YTO-MB0 yTBEPKAAETCA
nUnn onposepraetca. MnaToi 3a 3TM NpenmyLLLEecTBa ABNAETCA
notepas  GOPManM30BaHHbIM  A3bIKOM  KpPacouyHoOCTM W
06pa3HOCTM  KMBOMO  A3blKa,  BbIPa)¥aeMbIX  0BbIYHO
npuaaratesibHbIMK (He C/ly4ailHO rOBOPAT: NpuaaratesibHoe —
YKpaLleHue A3blKa, a r1aro — camas CU/IbHasn YacTb peun).

[na Tex, KTO COMHeBaeTcA B MPEeUMYyLLEeCTBAX
$OpManu30BaHHOIO A3blKa MpejasiaraeM pelwmnTb YpaBHeHWe
13 WKONbHOrO Kypca (a + b)? =a%+ 2ab + b? u nepesecTu ero Ha
00bIYHbIN CNOBECHBIN A3bIK, YTO ByAeT 3ByYaTb CEAYHOLWMM
06pa3omM: «KBagpaT CyMMbl ABYX UMCEN paBeH KBaapaTty
NnepBOro 4YMc/ia, NAKOC YABOEHHOE Mpov3BeAeHVEe MepPBOro
ymcna Ha BTOpPOE U NIKOC KBaApaT BTOPOro YMcaa». A ecnm Ko
ewe COMHEBAeTcA B NpeumyllecTBax  ynotpebneHus
CMMBO/IOB, Npeafiaraem MepeMHOXUTb [Be Tpex3HayHble
undpbl U BbIPa3UTb CNOBECHO NOC/NEAOBATE/NIbHOCTL W
coZlepsKaHne BCex BbIMOHAEMbIX OnepaLmii.

MocKonbKy aKonorua nmeet aeno c
$opManm3oBaHHbIMM MOAENbHbIMM KOHCTPYKLMAMM
(aKoCKcTEMDBI), OMEepupyeT CO MHOMKECTBaMWU  (3N1EMEHTbI
CUCTeMbI), B 3KO/MIOTMYECKOM  /uTepaType  LUMPOKO
NPUMEHAETCA cMCTema 3HAKOB (CMMBO/IOB) MaTeMaTMYeCKon
NIOTUKM  ana 0603HAYeHUA pPasNnYHbIX GOPM OTHOLLEHWN,
B3aMMOAENCTBUMI W BbICKA3blBaHWM, 3aMEHAIOWMX CloBa M
Lesible TEKCTbl XKMBOrO A3blka [6]. MoaTomy Ans ocBoeHws
COZlepP¥KaHUA COBPEMEHHDbIX Yy4ebHMKOB W nybavkaumi B
NepuoanUYEcKon NeYyaT Nno 3KONOTUKM HEOBXOAMMO 3HATb U
YMETb M0/1b30BaTbCA CUMBOJIMKO MaTeMaTUYECKOM JIOTUKU.

B Tabnvue 1 npuBOgMTCA CMUCOK Hambonee Yacto
ynotpebnfembIXx B 3IKOMOFMYECKOW /iUTepaType CUMBOJ/IOB
MaTeMaTUYECKOM JIOTUKM.

B nepsom cTonbue A[alOTCA CMMBOJIbI, KOTOPbIMM
YCN0BHO 0603HAYAOTCA Pa3INYHbIE IOTMYEeCcKMe onepaLn ¢
BbICKa3blBaHWAMM, BO BTOPOM — Ha3BaHWA 3TUX JIOTMYECKUX
onepauuii, B TpeTbeM — TUMNUYHbIE NPUMEPbI CUMBO/IMYECKOM
3anMcKM  onepaupMi M, HaKOHel, B 4YeTBepTOomM cTonbLe
YKasblBaeTcA, Kak  uuTaetcas B OBblMHOM  A3blKe
COOTBETCTBYHOLLAA CUMBO/IMYECKAA 3aMMCh.

Kak BMAHO M3 Tabauupl, B MaTeEMATUYECKON NOruKe
MCNONb3YIOT ABa OCHOBHbIX BMAA CMMBOOB. OAHM M3 HUX
(A, B, M..) obo3HaualoT BbICKa3blBaHWA, T.e. MbiCAM 06
WUCTUHHOCTU WM IOKHOCTW, BbIPAXKEHHbIE B MOBECTBO-
BaTe/IbHbIX MPeA/IOKEHUAX eCTECTBEHHOTO A3blKa (MCTUHHO,
JIOXKHO, BEPOATHO, BO3MOXKHO...). [pyrve 3Hauku (A, Vv, D...)
0603HAYAlOT XapaKTep IOrMYECKUX ONepaLLmii, BbIMOJHAEMbIX
C BbicKa3bIBaHUAMUK: AVB (A nam B), A”B (A 1 B), ADB (echm A,
10 B) 1 ap. OTcloga BUAHO, YTO BCE 3TU CMMBOJIbI HE NPOCTO
dopmanbHbl MO 3aMMcK, a CBA3aHbl C OMNpeaeNeHHbIM
cofepkaHnmem, T.e. OyKBeHHble 0603HayeHua andasuTa
3aMEHAIOTCA C/I0BaMU W C/IOBOCOYETAHWMAMM Hanogobue
nepornndos.
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Tabauuya 1. OCHOBHblE CUMBOJIbl MaTEMATUYECKOWN 10TUKM

Table 1. Basic symbols of mathematical logic

Cumson HasBaHue Mpumep 3anucu Yuraerca
Symbol Title Example of a record Read
A KOHBIOHKLMA / conjunction ANB AnB/AandB
v AN3BIOHKUMA, IOTMYECKOoe «Uan» AVB Awnun B
disjunction, logical "or" v AorB
ecnu A, 170 B;
MMMNINKaLms, if A, then B;
5.5 Nlornyeckoe cnenoBaHue, A - B; A Bnevert B;
’ «BNevyeT» ADB A attracts B;
implication, logical following, "entails" n3 A cnepyet B
from A follows to B
obpaTHaA MMNAnKauma A, ecm B; [ AT B;
- reverse implication ACB A F;KIHI'OHaETCF.l 5B
Alisincluded in B
- FKHIO'-.IEHME ACB A .eCTb YyacTtb B
= inclusion AisapartB
¢ OTpVILl:aHVIe AZB A !-|e ecTb YacTb B
negation A'is not part B
oTpuuaHne HU A, HM B
v negation AL B neither A nor B
oTpuuaHne A He - A, HEeBEpHO, 4YTO A
- negation = nah, it's not true that A
c NPUHAANENKHOCTb XEM dneMeHT X NPUHaANEXUT (NpucyL) mHoxectsy M
belonging The element x belongs to (inherent in) the set M
HenpuHagNexHoCTb INEeMEeHT X He NPUHAANEKUT MHOXKecTBY M
& . X&M
non-belonging The element x does not belong to the set M
v KBaHTOpP 06LWHOCTM V x ANA BCAKOTO X...
quantifier of generality for every x ...
3 KBAHTOP CyLLLeCTBOBaHMSA Ix CyL,EeCTBYeT TaKoM X, uTo...
quantifier of existence there is such an x that...
MHOXeCTBO MHOXecTBO M, cocTosALlee U3 3/1IEMEHTOB dy, ...
{} M={ay, a;..} e ’
set the set M, consisting of elements aj, as...
MHOXECTBO BCEX TaKMX 3/IEMEHTOB X, 419 KOTO-
o) MHOXeCTBO (x| oy} PbIX BbINONHAETCA YCNOBME. . )...
set the set of all such elements x for which the
condition ...y is satisfied...
(1 3aMblKaHMe MHOXeCTBa (M] 3aMblKaHME MHOXeCTBa
closure of set closure of a set
@ nycroe MHoxecTso / empty set M =@ nycro / empty
A pepeceq(.ane ANB A !'IEpECEKElET B
intersection Aintersects B
U obbveagnHeHne AUB A obbeaunHaeTca c B
union Ais combined with B
. oTobpaxeHune £M SL oTobpaxeHne mHoxectBa M B MHOMecTBO L
) mapping ' mapping the set M to the set L
KOZIMYECTBO 3/1EMEHTOB KO/IMYECTBO 31EMEHTOB MHOXKecTBa A
m() m (A)
number of elements the number of elements of the set A
A OTHOLWEHWe XAy X HAaXoA4WTCA B OTHOWEHUN Acy
relation x is in relation to A with y
_ 3KBMBANIEHTHOCTb _ A TOrga v Tonbko Toraa, Korga B
= R A=B K .
equivalence A And if and only if In B
- npeaena 3Hak / limit A-=-B oTApoB/fromAtoB
4
5 CYMMWPOBaHMA onepaTop Z a cymmaoTi=1lpgoi=4uncnaa
summation sign operator = the sum from i=1 to i=4 numbers a
i baxropuan 51 51=12:345 =120
factorial
| LEeNMMOCTU 3HaK AlB A pnenut B; B genntca Ha A
divisibility sign A divides B; B is divided by A
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B KauecTBe npvmepa paccMOTPUM CNeayioLlyto 3anucb B
CMMBO/IAX MaTEeMaTUYeCKoM JIOTUKM, B KOTOPOW ABa
cyXaeHusa obbeguHAOTCA B OAHO  (MMNAMKATMBHOE
BbICKa3blBaHWE) C MOMOLLbBIO COH03a «eCaM... TO...»: VX(A(X)
D B(x)),

roe Vo — KBaHTOp OBLWHOCTM, 3aMeHAIoLWMIA C/10BO
«BCE» UN «BCAKUINY;

X — npeAmMeTHaa nepemeHHas, T.e.
KOTOpbIM 0603Ha4YeH Npeamer;

D — 3HaK UMM/INKALMK, T.e. CUMBOJ, 3aMEHAIOLNI
BbIpaXKeHWe «ecnu..., To...»;

A 1 B — Kakne-nmbo KOHKPETHO B3ATble NPU3HAKM
WKW CBOWMCTBA NpeamerTa.

B nepeBofie Ha ecTecTBEHHbIN A3bIK NpUBeAEHHanA
dopmyna untaetca cnegyowmm obpasom: «/1na BCAKOrO X,
€C/IN X UMeeT NPU3HaK A, TO OH UMeeT M Npu3HaK B».

PaccmoTpMM  HECKONbKO NpMMepoB  NPOYTEHUA
Bbllle npuBedeHHoW dopmyabl B Buae ¢opmasibHO-
MMMNIMKATMBHBIX BbICKa3blBaHUM M (aKTUYECKU UCTUHHbLIX
npeasoXKeHun.

lpumep 1. BbicKa3biBaHME «TBEPAOCTb asMasa
pasHa 10 no wkane Mooca» TpaHchopmmpyeTca
cneayowmm obpasom: «[1na BCAKOrO X, €CU X — anmas, To
X TBEPAOCTb, paBHaa 10 no wkane Mooca».

llpumep 2. AHanNoOrMYyHo 3STOMY BbICKa3blBaHMWe
«Hacekomble nmetoT 3 Mapbl YNEHUCTbIX HOM» YNTAETCA TaK:
«[lnAa BCAKOrO X, €C/M X — HACEeKOMOE, TO X — Y/IeHUCTble
HOTM Yncnom 3 napbi».

MpuBeaeHHana dopmyna nossonfeT puKcMposaTb B
NIaKOHUYHOU dopme n Bosiee CNOXKHblE BbICKasbiBaHMA U

cUmBoON,

B3aMMO3aBUCMMOCTM  CY)KAEHWWA,  YMO3aKNIoYeHUn 1
NOHATUM (3aNnCK 3aKOHOB, NPUHLMNOB U NPaBuA).

lMpumep 3. «[lnAa BcAKOrO X, ecim X —
rOpPU30OHTa/IbHas  MOCAeAO0BATENbHOCTb  TUNOB  dauui

0Caf04HbIX MOPOA, TO X OAHOBPEMEHHO W BEpPTMKa/bHasA
nocnefoBaTeNbHOCTb GaLuii 0CafouHbIX NOPOs, B TOM e
mecTe efuHoro 6acceiltHa cegMMmeHTauMmM»  (3aKoH
Koppenaunn daumnin Banbtepa-roNoBKMHCKOTO B reosiornu).

lpumep 4. Dkronormdyeckoe npasuno  10%
nupamuabl sHeprun JIMHAEMAHA MOXHO NPOYecTb TakK:
«[nA BCAKOrO X, €CAM X — 3KONOrMyeckas nupamuga
nNUTaHuA, TO X O3HayaeT 10% 3ak/o4eHHOW B nNuLe
3HEeprun, mnepeaaBaemolr Ha Kaxgbli  nocieayowmi
Tpoduryeckuii ypoBeHb» [7].

3AK/TIONMEHUE

PasymeeTcsi, BCe BbILLEU3/IOKEHHOE, A TaKKe NPUBEAEHHbIE
npumepbl He y6eaaloT B OAHO3HAYHbIX MPEUMYLLECTBax
NMPUMEHEHMA CMMBOJIMKM MaTEMaTMHYECKOW JIOTVKU nepej,
CNOBECHbIM M3n0XKeHneM. O4HAKO COBpeMeHHan 3K0/10rusa
MMeeT [fOeno C  ONUCAaHMEM  apXMC/OMKHBIX  CUCTEM,
BK/IIOYAOWMM onepaumm $opmann3oBaHHOM MOCTAaHOBKM
3a4a4m, GOPManM30BaHHOTO CTPYKTYPUPOBAHUSA IKOCUCTEM,
rPYNMNUPOBKM 3KOCUCTEM MO Mepam WX CXOACTBA-pasnnyms
WA BKIKOYEHMA-TNepeceyeHns,  KAacCMPUKaLMOHHOrO
OTHECEHMA BblAENIEHHbIX 3KOCUCTEM K OA4HOW M3 3afaHHbIX
rpynn, WMWTALMOHHOTO  MOAENMPOBAHMA U MPOrHO-
3MPOBaHMA MEPEeCTPOMKMU MAM Pa3BUTUA SKOCUCTEM MO,
BIMSHWEM Pa3/IMUHbIX GAKTOPOB U T.4,

[na  npumepa cownemca Ha  CAeayoLLyo
GOPMYNUPOBKY CNOXKHOTO BbICKasbiBaHUA: «Cuctemoit Y(t),
dYHKUMOHMpYIOLWEN B OKpyKatowen cpeae V(t) = {Si(t),...,
Sr(t)}», HasbiBaeTca obbekt Y(t) = Y(V(t), X(t), Z(t), F),
06pa3oBaHHbIN 3nemeHTamMu MHoxecTBa X(t) = {Xi(t),..., Xn
(t)}, KoTopble cBA3aHbl Mexay coboi M C OKpyKaloLen
cpepovi onpeaeneHHbIMU cBA3AMK (OTHOLeHMamM) [8; 9].

CoBOKYNHOCTb cBA3eit obpasyeT cTpykTypy 2(t) = {o (t),...,
ol(t)}. U coctas X(t) M cTpyKTypa Z(t) M3meHsawTCa BO
BPEeMeHM B COOTBETCTBMM C GyHKUMen F» [10].

[na cnoBecHOW XapaKTEPUCTUKM 3TOW JTAKOHUYHOM
bOPMYNMPOBKM MOHATUA «cuCTemMa» Ham 6bl MoHagobwacs
MHOFOCTPaHMYHbIA TEKCT, MPU TOM HET yBEPeHHOCTW, YTO
CNOBECHbIN TEKCT 6bi1 BCEMM BOCMPUHAT OAHO3HAYHO
(dOpPMYNMPOBOK MOHATUA «CUCTEMA» B HacTosALlee Bpems
CYLLLECTBYET OFPOMHOE MHOMKECTBO), YErO HE CKAMKELb MO

BblLLENpUBeAeHHOM dopmynmposke, Tak KaK
MaTeMaTuyecKas 3anucb UCKNIOYAET ABOAKOE TONKOBaAHME.
MepcnekTMBHOCTb  MPUMEHEHUA  JIOTMKO-MaTema-

TUYECKUX METOAOB aHa/iM3a  3KOMOTMYECKMX  AaHHbIX
CTaHOBMUTCA OCOBEHHO OYEBWAHOM, €C/M YYyecTb Maccu-
pOBaHHOE BHEAPEHWE B WCCAegoBaTeNbCKUE MpoLeaypbl
KOMMbIOTEPHBIX TEXHO/IOMMI nepepaboTkM MHpopmaumu, a
dopmanmsaumsa gaHHbIX — NepBbld U 06A3aTeNbHbIN wWwar K
aTomy.
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Pesiome

Lienb. MNpun oueHKe cTeneHn TpaHcHOpMaLMM U OTKPLITOCTU TEPPUTOPUU
ONA WHBasWMHbIX  BWAOB, OMNWCAHWE  TEKYLWEro COCTOAHMA  UX
61onornyeckoro pasHoobpasus HeobXoAMMO NPOU3BOAUTL C YYETOM
MHAEKCA pa3HOObpa3nA afBEHTUBHbIX BULOB.

O6cyxaeHue. MNpobnema MHTEHCUPUKALUM OBUONOTMYECKUX WMHBA3WA B
HacTosALLEee BPEMA Y)Ke BOLW/A B YMC/IO OCTPEMLMX MUPOBLIX Npobaem.
Buonornyeckne WHBA3UMM  YyXKEpPOAHbIX BUOOB npuobpenn Takue
MacLWTabbl, YTO K HACTOALLEMY BPEMEHW MPAKTUYECKM HEBO3SMOMKHO HAUTU
Ha3eMHble UWAN BOAHbIE 3KOCUCTEMbI, rAe Obl HW BCTpevyanucb
aABEHTUBHblE BuAbl. B npakTuke pna  oueHKM 6uonormyeckoro
pa3Hoobpasna UCNONb3yeTcs Uenblt psaj  KaTeropum WM MHAEKCoB
pa3Hoob6pasmna, pa3nyHbl METOAbI UX U3MEPEHUA U aHam3a. Ho Bce OHM
OMepupYyIT NPaKTUYECKM ABYMS MOKA3aTeNaMM — YUC/IOM BUAOB U UX
OTHOCUTENIbHBLIM 06UIMEM — KO/IMYECTBEHHbIMW NapameTpamu, 6e3 yyeta
COBPEMEHHbIX Ka4eCTBEHHbIX MU3MEeHEHWI BUAOB B COCTaBE 3KOCUCTEM.
3akntoueHue. lpeanaraetca npu oueHKax obuwero 6uopasHoobpasusa
BBECTU OOMOJHUTENbHbIE OLEHKM — 40N aABEHTUBHbIX BMA0B (MHAEKC
«a[BEHTUBHOCTUY» TEPPUTOPUK), KOTOpble HEOBXOAMMbI ANA pelleHus
LLe/Ior0 KOMMJIEKCA MpPaKTUYeckuXx 3agay. OHM [AaloT npencraB/ieHME O
COCTOAHWW 3KOCUCTEM B AAHHbI MOMEHT Ha onpeaeneHHON TeppUTopuHn,
CNy}KaT OCHOBOW ANA pPa3paboTKM CUCTEMbI MEHEAKMEHTA OTAE/bHbIX

BMOOB, HeobXoAuMbl ANA  OUEHKM MNPUrOAHOCTM  MOTEHUMANbHbIX
MeCTOO0OUTaHUIN NPU PEUHTPOAYKLMM U T.A4.
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Abstract

Aim. When assessing the degree of transformation and openness of the
territory for invasive species, a description of the current state of their
biological diversity should be made taking into account the diversity index
of adventitious species.

Discussion. The problem of intensification of biological invasions has now
become one of the world's most acute problems. Biological invasions of
alien species have acquired such a scale that by now it is almost impossible
to find terrestrial or aquatic ecosystems, wherever adventitious organisms
are found. In practice, a number of categories and indices of diversity are
used to assess biological diversity, and the methods of their measurement
and analysis are also different. But all of them operate with almost two
indicators — the number of species and their relative abundance —
quantitative parameters, without taking into account modern qualitative
changes in species in the composition of ecosystems.

Results. It is proposed to introduce additional estimates of the share of
adventitious species (the "adventiousness index") in the assessments of
total biodiversity, which are necessary to solve a whole range of practical
tasks. They give an idea of the state of ecosystems at the moment in a
certain area, serve as the basis for the development of a management
system for individual species, are necessary to assess the suitability of
potential habitats for reintroduction and etc.

Key Words
Biological diversity, alien species, the state of ecosystems, diversity
indices, "adventity index" of territories.
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BBEAEHUE
Mpobnema 6uonormyeckoro pasHoobpasua ocTaercA
OOHOMW W3 UEHTpanbHbiX B 3Kosoruu. [okasaTtenu
6uonormyeckoro  pasHoobpasusa  paccmaTpuBaloTca B
KauecTBe OCHOBHbIX MapamMeTPOoB, XapaKTepusyoLmx
COCTOSIHME HaAOPraHM3MeEHHbIX cuctem. EctectBeHHoe,
MCTOPUYECKM CNoXKuBLIeeca buonornyeckoe pasHoobpasune
KOMMOHEHTOB 3KOCUCTEM — BakKHeilllee yc/roBue WX
HOPManbHOro  GYHKLMOHMPOBaHMA U CTabUIbHOCTW.
CnoXHaA cucTemMa pasHOMACWTAbHbIX M Pa3HOMAAHOBbIX
B3aMMOAENCTBUI  MeXay OTAENbHbIMU  KOMMOHEHTaMM
3KOCUCTEM oOnpedensieT UX CTPYKTYpy U ocobeHHOCTU
GYHKUMOHMPOBaHWA,  MPOAYKTUBHOCTb, YPOBEHb WX
CcTabunbHoOCTM " YCTOMYMBOCTH K cpeaHum
reHepasiM30BaHHbIM YCI0BMAM BHelwHel cpeapl. MoaTomy
nobble UccNes0BaHUA IKOCUCTEMHOIO YPOBHA B KayecTse
cTapToBoOW 3agaum BK/tOYAIOT BblABAEHUE nx
KOMMOHEHTHOro  coctaBa (Buaosoro 6oratctea) w
COOTHOLIEHWI PasANYHBIX KONMYECTBEHHbIX MOKasaTenei
y4acTus BUAOB B KOHKpeTHOM coobluecTse.

OBCYXOEHUE

OAHVMM ¥3  cyllecTBEHHbIX (aKTOpPOB BO34encTBMA Ha
€CTeCTBEHHbIN COCTaB 3KOCUCTEM ABAAETCA MaclTabHoe
BHEAPEHUe YyKepoaHblX BUAOB B HOBble ANl HUX BMOTbI,
HE3aBUCMMO OT NPUPOAbl WU NyTe WX MPOHUKHOBEHMUA.
Mpobnema MHTEHCUOUKALMU BUONOrMYECKUX WMHBA3UI B
HacTosllee Bpems npespalLaercs B eauHbIN,
HapacTalowWmi € rogamm NpoLecc U yxe BOWA B YUCIO
OCTPeMIMX  MMUPOBbIX  Npobnem [1-5 n  ap..
Buonornyeckne MHBasUM YyXKepogHbiX BUAOB Npuobpenu
TakMe MacwTabbl, YTO K HacToALLeMy BpPeMeHW Ha 3emne
NPaKTUYECKU HEBO3MOXKHO HalTWU Ha3eMHble UAW BOAHble
3KocucTemMbl, rae 6Obl He BCTPeYaNUCb afBEHTUBHbIE
opraHusmsbl (0T naT. adventicius — NPULWAbLIA, YyKAbIN) —
OpraHusmbl, NpegHaMepeHHO WAM Cy4YalHO 3aBe3éHHble
4e/I0BEKOM B HOBbIN AN HUX PETUOH.

Mo nocnefHWm, [aneko He MOJHbIM CBOAKAM,
TO/IbKO B €BPONENCKOM Yactu Poccum naeHTuduumposaHo
KaK afBeHTMBHble 6onee 1150 BuaoB pacteHuid, 192 Buaa
pacTUTeNbHOAAHbIX Hacekomblx, 59 BMAOB pbl6, 62 BMAa
MJ/IEKONUTAIOLWMX, COTHU BUA0B MOPCKUX HECMO3BOHOYHBIX.
B  6O/MbWWHCTBE  MATEPUKOBbIX  PalioHOB  3emau
afBEHTMBHble BWAbI cocTaBnAlT bonee 10-20%, a B
OCTPOBHbIX BMOTax UX Aona moxeT gocturatb 45-80% [2].
[axe B KPYMHbIX rOCyAapCTBEHHbIX 3anoBeAHMKax A0NA
aABEHTMBHbBIX W CUMHAHTPOMHbIX BMAOB BO aope, Kak
npasuno, npesbiwaet 12% [6].

MofobHbIX NPUMEPOB OYEHb MHOMO M MO HUM
CO34aHbl pasnnyHble no oxBaTy TeppuUTOpPUin
MexayHapoaHble 6a3bl AaHHbIX — Takue, Hanpumep, Kak
6a3a AaHHbIX YyKepoaHbix BMAoB Poccum («4B Poccum»),
BKAtoyatowan 1344 Buga. CornacHo Ton-100 ([5],
60NbWNHCTBO CaMblX ONACHbIX MHBA3WOHHbIX BUAOB (63%)
6blNM  MHTPOAyUMpOBaHbl B 3KocucTembl  Poccum
HenpeaHamepeHHo, TpeTb (33%) — npeaHamepeHHo, paa,
BMAOB (4%) monanu K Ham BCNeACTBME CamopacceneHus.
Cpean Hux npeobnapator 3aseseHHble B Poccuio ¢
6annactHbiMn  Bogamu (22 BMAa), C Ky/AbTypHbIMM
pacteHuamu (16 suaos), ¢ obpactaHnem cygos (13), ans
naHawadTtHoro amsaiiHa (12), ¢ npoayKTamu CenbCKoro
xo3aicTea (11), c TpaHCNOPTHbIMKU NoTokamu (10 BMAOB) U
T.4. Bce aTn BUABI UmetoT onpeaeneHHoe Bo3aencTemne Ha
pasfiMyHble acnekTbl 3KOHOMWMKM CTpaHbl M 340pOBbA
HaceneHuA: OKasblBAlOT CYLLeCTBEHHOE BAMAHME Ha

rmaposHepreTuky — 9 BUAOB, 340pOBbe HaceneHuna — 35, Ha
cenbckoe xo3Ancteo — 29, necHoe — 15, pblbHoe —
14, oxoTHuuYbe — 5 M Ha ppyrMe acnekTbl SKOHOMUKU —
28 Bnpos. Cpean Hux 17 BMAOB ABAAIOTCA KOHKYpPEeHTaMu
abopureHHbIXx BUAOB W/MAK cnocobHbl WX BbITECHATb,
5 BMAOB y4acTBylOT B npoueccax rmbpuamsauun, 43 suaa
OKa3blBalOT CYLLECTBEHHOE B/AWAHWE HA 3JKOCUCTEMDI,
BO34EMCTBMA Ha UX CTPYKTYPY M dyHKLMK [5 1 ap.].

OT BCe/NeHUA HEeKOTOpbIX BMAOB NPOUCXOAUT
NPaKTUYECKWU MONHAA Lerpafauma 3KOCUCTEM, CHUNKEHWe
WAW TMONHaA noTepAa MX pecypcHoro noteHuuana. B
YaCTHOCTM, BAXKHOM 3MOXOM OMONIOrMYECKOro 3arpA3HeHUs
mopsa 6bin 3aHoc B YepHoe u Kacnuiickoe mops
rpebHeBnka mHemuoncuca (Mnemiopsis leidyi), KoTopblii
OKasan orpoMHOe B/AWAHWE Ha BCO MX OWOTY #
CyLLeCTBEHHO MOAOPBaA PECYPCHbIM MOTeHUMan 3Tux
mopei. Mo macwTaby cBOero BO34ENCTBUA BHeApeHUe
rpebHeBMKa MHemuoncuca B BoAbl Kacnua 3HauuTesbHO
npeB3oLW/0 NOCNeACTBUA MHBA3WMM APYrOro WHBA3sWBHOMO
BMAA — MOJIIOCKa mutunsactepa (Mytilaster lineatus),
M3MEHMBLUETO B CBOe BpPemA BCIHO CTPYKTypy 6eHTOCa
Kacnuitckoro mops.

3TOT nNpumep OAHOrO M3 CaMblX OMACHbIX MO
nocneAcTBUAM BapuMaHTa U3MEHEHUS SKOCUCTEMDI, Koraa B
Hee 3aHOCUTCA BUA, PacTEHUI, ANA KOTOPOro B SKOCUMCTEME
HeT cooTseTcTByloLWero ¢utodara, UAnM BUA, HKUBOTHbBIX, Y
KOTOPOro B HOBbIX YC/NOBMSAX HE OKa3blBaeTcs Bparos
(XMLLHMKA MAKM NapasuTa) MaM CUAbHBIX KOHKYpeHToB. Eciun
npofomKate Temy Kacnuickoro mopsa, TO MNPaKTUYeCKu
KaXAablh rog, 3aecb 0BHapPyKMBAKOTCA HOBble BCENEHLbI.
Tak, B 6eHTOCHbIX npobax BecHon 2013-2015 rr. Ha
nobepexbe  Kacnuiickoro  mops  obHapyKeH  He
BCTpeyvaBlUMiicA paHee B buoueHosax CpeaHero Kacnus
MOJINIIOCK BOCTOYHan Kopbukyna (Corbicula fluminalis) [7],
BK/IOYEHHbIN B cnMcoK 100 cambIX OMACHbIX MHBA3MBHbIX
Buaos Esponbl; B 2018 r.  obHapyxeH HOBbIU
MHOTOLLEeTMHKOBbIM YepBb (Marenzelleria arctia), pons
KoToporo K 2020 r. B 6eHTOCe 3anagHow Yyactu CeBepHoro
Kacnuna yxe pocturna 45,8% no uncneHHoctn un 27,8% no
b6rvomacce (paHHble «KacnHWPX»); B8 2020 r. B paioHe
r. Maxaukanbl coTpyaHukamu Kacnuiickoro ¢unmnana UO
PAH u tOxHoro HayyHoro ueHTpa PAH 6bian 0bHapy:KeHbl
eOMHWUYHbIE  3K3EeMMAApbl  ewe  OAHOTO  XMLLHOTO
rpebHeBnKka — 6epoe oBaTa (Beroe ovata), ecTecTBEHHOro
Bpara 3oonsaHkTtodara mHemuoncuca [8], KoTopbId K
HacToALLEMY BPEMEHM BCTPEYAETCA YXKe MPAKTUYECKM Mo
Bcemy CpegHemy u HOxkHOMY nobepesbto Kacnusa.

YpoBeHb MHBA3WOHHOCTU ecTeCTBEHHbIX coobLwecTB
YacTo  3aBMCUT  OT  UYMCNA  YYXKEPOOHbIX  BWAOOB,
BTOpratlowmxca B uUeHo3 [9-11]. basoBble oueHKW Aonun
aABEHTUBHbIX BUA0B HEOOXOAUMbBI ANA pPeleHus Lenoro
KOMMN/JEKCa  MPaKTMYeCKMX 3afa4y — OHW  JaioT
npeacTaBneHne 0 COCTOAHUMN SKOCUCTEM B JAHHbIA MOMEHT
Ha onpeAeneHHoN TeppuTOPUKM; CAYyXKaT OCHOBOW ANA
pa3paboTKM cUCTeMbl YMNpPaBAeHUA U WUCNOJb30BAHUSA
oTAe/bHbIX BUA0B; HEOOX04MMbI ANA OLEHKU NPUrOL4HOCTH
NOTEHLMANbHbIX MEeCTOOOUTAaHMI NpPU  PEeUHPOAYKUUK
BMZOB B Npejesibl UX UCTOPUYECKUX apeasioB, Ha KOTOPbIX
OHW ObliM UCTpebNeHbl WAM BbIMEPAU B pesynbTaTe
BO34EMCTBUA TEX UAU UHbIX GAKTOPOB.

B cayyanx PEVHTPOAYKLNN WNHAEKC
«aABEHTUBHOCTU TeppuTOpUN» ByaeT oTpakaTb C OAHOM
CTOPOHbI  cTeneHb  TpaHcHOpPMaUMM U OTKPbITOCTU
TEPPUTOPUU ANA BHEAPEHUA HOBbIX MHBA3MOHHbIX BUAOB, C
APYroii — M3HayanbHble YPOBHU PUCKOB, KOTOpble MOTyT
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onpeaennTb ycnex penHTPoayKLMM. XOpoLo M3BECTHO, YTO
YyKepoaHble BUAbI, YKOPEHWUBLUMECA B SKOCUCTEMAX, MOTYT
He TONIbKO BNIUATb HAa MEXBWUAOBbIE B3aUMOAEWNCTBUA, HO U
CyLLEeCTBEHHO MEeHATb MHOEKLMOHHO-NAPa3nTUYecknii GoH
abopUreHHbIX 3KOCUCTEM, CTAHOBACbL BO3byauTEeNAMM,
pesepByapamu MAW NEpPeHOCHMKaMWM MNapasuUTapHbIX Wau
MHOEKLMOHHbIX 3abosieBaHNN, 3aTpar1MBaoLLmX
abopureHHble BUAbI 1 YenoseKa [12]. B kauecTBe npumepa
MOXHO TNpPUBECTU TUBENb PEUHTPOAYKUMPOBAHHON B
2020 r. B KaBKasckom 3anoBeaHuKe CaMKu
nepeaHeasnaTcKoro  feonapga no  Kauuke  Jlaba.
BOo3MOXHON  npuuMHOM ee rnbenu moram  6biTb
NOCNEACTBUA 3apaKeHWs BHYTPUK/IETOYHbIM MNapasMTom
Cytauxzoon felis w3 otpaga nuponnasm Piroplasmida,
NOParKaOLLMM TOIbKO KOLLAYbWX, KOTOPbIN paHee BnepBble
6b1n BbifiBNeH B Poccum [13], Ho Ha KaBKkase 4o nocnegHero
BPEMEHM He perncTpmpoBancs.

Takum  obpas3om,  y4eT  KayecTBEHHbIX WU
KOZIMYECTBEHHbIX XapPaKTEPUCTUK afBEHTUBHbIX BUAOB B
COCTaBe KaXgoW OTAEeNbHOM 3KoCcUCTEMbI (YMCNO BUAOB M
COOTHOLIEHNE KONMYECTBEHHbIX BbIPAXKEHUW UX y4acTUs B
OaHHOM  coobllecTBe MO 4Mc/ieHHocTH, Buomacce,
WHBAa3WMOHHbIM  CBOMCTBaM M T.4.), o0cobeHHO B
NpPaKTMYeCcCKOM nnaHe, NpuMobpeTaeT B HacTosAlee Bpems
3HauyeHMe KpaliHel HeobxogumocTU. ITO  BaXKHas
AononHuTenbHas uMHbGoOpmMauMa [aeT npeacraBneHve o6
aKTyaZlbHOM  cOCTOSIHMM  BWMOTbl  Ha  onpeaeneHHOoM
TEPPUTOPUN, CTEMEHW M NepcrneKkTMBax TpaHchopmaLmm
CTPYKTYPbl €€ KOPEHHbIX BUAOB, CTUMYAUPYET pa3paboTKu
HEObXOAMMbBIX Mep KOHTPOAA W peabunutauumn Takux
Cco0bLEecTB 1 3KOCUCTEM.

Ona oueHKkM 6uonornyeckoro pasHoobpasva B

HacTosllee Bpems BHeApeHbl B MNPAKTUKY MOHATMA
pasANYHbIX dopm pa3Ho06pasus, ncnonbsyetca
MHOYECTBO KaTeropuii W WHAEKCOB pasHoobpasws,

pa3HoobpasHbl MeToabl X U3mepeHua M aHanamsa. Ho sce
OHW OMepupyloT MNPAKTUYECKM ABYMA NOKasaTenamm —
yncaom BMAOB M UX OTHOCUTENbHbIM 0bBuAMeEMm, T.e.
KOZIMYECTBEHHbIMU NapameTpamu, 6e3 yyeta COBpeMeHHbIX
KauyecTBEHHbIX U3MEHEHW BUAOB B COCTaBE 3KOCUCTEM.
M3meHeHMA B YMCNEHHOCTM MonynAuMiA BMAOB
Ba)KHbl  KaK MOKasaTe/lb  KOMMJEKCHOrO  340pOBbsA
3KocucTembl. B KoHBeHUMM, NpuHsaTon B Puo-ae-HKaHenpo
(1992) 61opasHoobpasme onpeaeneHo KaK
«...BapMabenbHOCTb  XMBYLWMX  OpraHMamoB  Jstoboro
npoucxoxaeHua...». OCHOBHble HayyHble KoHUenuuu
6uopasHoobpasua 6bin chopMyIMpOBaHbI "
nocnefoBaTeNbHO pa3BuMBaAUCL P. YuTTekepom eue co
BTOPOW MnosoBUHbI XX B. [14-17]. Um n3Ha4vanbHO 6binn
npeanoXKeHbl TakuMe 6a3oBble WMHAEKCbI Kak o-, B- y-

pasHoobpasve,  XxapaKTepusylolwmue,  COOTBETCTBEHHO,
pasHoobpasve BHYTPU OOHOMO MECTOObUTaHUA UK
6buoreoueHo3sa (MM pernoHa), pasHoobpasne mexay
mecToobuTaHnAMM nnn 6uoreoueHo3amm (nnn

permoHamu), pasHoobpasue B 06LIMPHBIX perMoHax 6uoma,
KOHTMHEHTa, ocTpoBa (cnucok BWMAOB B npegenax
nNaHawadTa). C Tex Nop U A0 HACTOALLErO BPeMeHW BedeTcs
pa3paboTka pasnnyHbIX mozenelt U mep pasHoobpasus,
KOTOpble MOCTOAHHO coBeplieHcTByloTca [18-22 u ap.].
Bmecte ¢ Tem, 3TM WMHAMKATOPbI, XapaKTepusya Tekyliee
COCTOAHME IKOCUCTEMDI, HE OTPAXKAIOT CTEMNeHb U3MEHEHUA
ee Ka4yeCTBEHHOW BMAOBOM CTPYKTYpbl, B TOM 4MUC/e,

CTEMEHN  3apPaXKEHHOCTU  3KOCUCTEM  MHBa3MOHHbIMU
BMAAMMU.

Mpeobnafaer MHeHWe, 4YTO B  pesynabTarte
pasnnyHbix GopM M  BO3pacTalolled UHTEHCUMBHOCTM

QHTPOMNOTEeHHbIX BO34ENCTBMI Ha MNPUPOAHbIE CUCTEMbI
b1opasHoobpasmne 3IKOCUCTEM MOCTOSIHHO — CHWMKAEeTcA.
[encTBUTeNbHO, rN06aNbHbIA WHOEKC KMBOW MAaHEeTb
(M¥N), oxBaTbiBalOWMI Ha cerogHA  AaHHble O
yncneHHoct noytm 21 000 nonynaumin (4392 BMAOB)
Pa3/IMYHbIX KNAcCOB MO3BOHOYHbIX, MOKA3bIBAET CHUMKEHUE
MUX YncneHHoctn B nepuog c 1970 no 2016 rr. B cpegHem Ha
68%. JTO He efMHCTBEHHbIM MOKAa3aTe/b OUEHKU TpeHaa
M3MeHeHUss  b6uopasHoobpasua. [na  pervoHasbHbIX
OLEHOK CHMXeHus 6uopasHoobpasns W OTAeNbHbIX
3KOCUCTEM B HacTosllee BPeMA MNPUMEHAETCA TaKoW
noKasaTeNb Kak MHAEKC COXPaHHOCTM BuopasHoobpasus
(MCB) — 31O cpegHWii NOKasaTesb COXPAHWUBLUErocs
ncxogHoro 6uopasHoobpasva  HasemHbix 6MoTOnoB B
onpegeneHHom permoHe. UCb npeacrasnser coboit oauH
M3 BaXKHbIX MOKa3aTesei coxpaHHOCTM buocdepsbl, HO He B
NOSIHON Mepe OTParKaeT PeanbHyl KapTUHY WM3MeHeHUA
61opasHoobpasma OTAENbHbBIX PETMOHOB U aKBATOPUIA.

MapagokcanbHo, HO @akT: Ha ¢oHe obuwero
CHUXeHuA 61opasHoobpasua nnaHeTbl MHorue
9KOCMCTEMbI  XapaKTepu3yloTca ObWMM  HapacTaHuem

6uopasHoobpasua. MpomcxoamT 3TO 3a CYET afBEHTUBHbIX
BMAOB, Koraa Ha $GoHe aHTPOMOreHHbIX BO3AENCTBUA MK
rno6anbHbIX KAMMATUYECKUX U3MEHEHUM, AU NO APYrUM
npuWYMHaAM, MOCTOAAHHO pPacTyT MmacwTabbl M Temnbl
«nepemelunBanHua sugos». K npumepy, B Kacnuiickom
MOpe K HacToAwemy BpemMeHM He meHee 68 Bupaos
6€ecno3BoHOYHbIX U 26 BUAOB pblb (OKONO 34% BMAOBOrO
pa3HoOobpasna MKUBOTHbIX) MOMHO CUMTATb BCe/eHLamMu
[23]. PeanbHO e cpeau TyBOAHbIX BWAOB pblb
Kacnumiickoro mopsa K MCYE3HYBLUIMM (MM HAXOAALLMMCA Ha
rPaHN MCYE3HOBEHMA) BMAAM Ha CErofHA MOXHO OYeHb
YCNOBHO OTHECTM TO/IbKO YeTbipe (LWKMN, KacnuitcKas Kymxa,
6enopbibuLla, BOMKCKan cenbab). MHAEKC COXpaHHOCTU
6uopasHoobpasuna (MCB), Kak M B uenom, 6asosble
MHAEKCbl (o, B- y-pa3Hoobpasune), He OTpaXkaloT B CBOUX
3HaYeHuAX [0 afBEeHTUBHbIX BWAOB U, BCAeACTBME
3TOro, BO MHOTMX CNy4asnX TEPAOT Penpe3eHTaTUBHOCTb.

3AK/TIOYEHUE
Takum 06pasom, cocTosiHWMe buopasHoobpasuma c yyeTom
Uy}KEepOoaHbIX BUAOB (MNM [ONW afABEHTUBHbIX BUAOB), B

33aBMCMMOCTM  OT TEKYLMX WCCNeAoBaTeNbCKMX  3a4ad,
o4YeBUaHO, OO/IKHO OLEHNBATbLCA HECKONbKMMM
CBA3AHHbIMM  Mexay coboil  uHAaekcamu, ubo B

CTaHAAPTHbIE UHAEKCbI CeayeT BKYATh AONONHUTEIbHbIE
COMNIAaCoOBaHHble  cocTaiAlowme. TakMM  WMHAEKCOM, B
3aBMCMMOCTM OT 334auM UCCnenoBaTens, MOMKeT ObiTb,
Hanpumep, oTHOoWweHune KaKunx-nmbo NPUHATbLIX B HacToALllee
BpemMa UHAeKcoB obuiero pasHoobpasus BWOOB B
akocucteme (E. CumncoHa, K. LeHHoOHa ¥ Ap.) K UHAEKcY
pasHoobpasua a[IBEHTUBHbIX BMA0B c yyeTom
macwrabHoctTM nogxoga (a-, B- y-pasHoobpasue). B
3KOJI0TMM U MaTeMaTMKe pa3paboTaHO MHOXKECTBO Moaenei
N WHOEKCOB p[NA M3MepeHua pasHoobpasus, KoTopble
TpebyloT pasnnyHoi UHTepnpeTauuun. Bonpoc o BBeaeHMM
AONONHUTENIbHBIX WHAEKCoB nnm noBblLWeHue
MHPOPMATUBHOCTU  CYLLECTBYIOLMX WHAEKCOB C  Lesbto
OTpasKeHWs  OONM  afBEHTMBHbIX  BMAOB  Tpebyer
JanbHelwero KOHCTPYKTUBHOTO npodeccmoHanbHoro
06CYyKAEHWA U PaLMOHaNbHbIX NPEeANOKEHWUN.
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Pe3slome
Llenb. JKcnepMmeHTanbHasA OLEeHKa BO34ENCTBMA 3/EKTPUYECKUX MOoJen
cUCTEMbI 3/1eKTPOHHOM nporpaMmmmpyemon KOMMIEKCHOrO

pbi6o3awmTHOrO ycTpoiictea (CIMPO KPYIB) Ha pbib YepHoro mops.
Marepuan u merogpl. MccnefoBaHUA BbINOAHEHbI HA MOPCKOM MOJIMTOHE
B KapaHTuHHOM 6yxTe YepHoro mops (mali-ceHtabpb, 2021 r.). Ha monoau
MU B3POC/bIX Pblbax MaccoBbIX BWOOB WCCAELOBA/NU: MNOBeAeHYecKue
peakuMm  Ha  3NEeKTpuYeckoe  BO3AeNCcTBMEe  pblbosarpaautens,
BbIXKMBAaEMOCTb Pbl6 BO Bpems W MNoc/ie BO3LEUCTBUA 3S1EKTPUYECKOTO
nona pblbosarpaanTens, BO3AENCTBME 3/eKTpopblbo3arpaguTens Ha
PENPOAYKTUBHYIO CUCTEMY U BUOXMMUYECKME NOKa3aTenn poib.
Pesynbtatbl.  [poaHanu3vMpoBaHbl  OCOBEHHOCTM  NOBEAEHUA U
pacnpegeneHns Moioau W B3POC/bIX Pbl6 B 3/7EKTPUYECKOM none
pbibo3arpaanTens B peMMax pPasHOM MHTEHCMBHOCTM BO34EWCTBUA.
OcyuiectBneHa OLEeHKa BbIXKMBAaEMOCTM pbl6 BO Bpema M nocne
3NEKTPUYECKOro BO3AeNCTBMA pblbo3arpagutens. MosayyeHbl AaHHble O
BNMAHUN 3SNEKTPOpPbI6O3arpaanTens Ha pPenpoayKTUBHYIO CUCTEMY U
HUOXMMUYECKME NOKA3aTeIM BHYTPEHHWUX OPraHoB pbib.

3aKkntoueHue. JIMYMHKM pblb NPOoABAAIOT YETKYIO NEPBUYHYIO PeaKLMIo Ha
3/1eKTpMYecKkoe Bo3gencTBMe pbibosarpaautena. Mpu 3Tom 3ddekT
nsberaHna (0TX04 /IMYMHOK Ppbl6 M3 30HbI paboTalolweirn CcUcTembl
3N1eKTpoAoB) oTcyTcTBYeT. ManibkM  pblb  coBEpPLIAOT  aKTUBHbIE
nepemeLleHns M3 30Hbl  BO3AEMCTBMA  3/IEKTPUMYECKOro  nons
pbibo3arpaautens. MaKcMmanbHble AWCTAHUMM OTXO4A OT CUCTEMbI
anekTpogoe CIOMPO KPY2B 3aduKcMpoBaHbl Yy  B3pOC/AbIX  Pbib.
[ocToBepHble  pasanuMa B BbIXKMBAEMOCTM  KOHTPONbHOM MU
3KCNepuMeHTanbHOW rpynn ocober pasHbiX BUAOB MOPCKMX pblb mocne
BO34EWCTBUA 3NEKTpopblibo3arpaantens He BbifiBAeHbl. OB6HapyKeHbl
pas3nMumA B CTPYKType roHag U B BUMOXMMMYECKOM CTaTyce BHYTPEHHWX
OPraHoOB Y WMHTAKTHbIX M MNOABEPrHYTbIX 3/IEKTPUYECKOMY BO3LENCTBUIO
0cobeWn nccnefoBaHHbIX BUA0B pbib.
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BbMOoXMMMYECKME MOKa3aTeN.
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Abstract

Aim. Experimental assessment of the impact of electric fields generated by
the Electronic Programmable Complex Fish-protecting Facility on the
Electric Principle (EP EPRCFF) on the most common fish species of the
Black Sea.

Material and Methods. Experimental studies were conducted at the
marine test site in the Quarantine Bay of the Black Sea (May-September,
2021). The following were investigated on larvae, juvenile and adult fish of
common species: behavioral responses to electrical fields, survival during
and after exposure to the electric field of the fish barrier and the effects of
electricity on the reproductive system and biochemical parameters of fish.
Results. The features of behavior and distribution of larvae, juvenile and
adult fish in the electric field of a fish barrier in modes of different
intensity have been analysed. Survival estimation of fish during and after
electric influence of the fish barrier has been carried out. The data on the
influence of the electric screen on the reproductive system of fish and the
biochemical characteristics of their internal organs were analysed.
Conclusion. The larvae of fish exhibit a clear “first reaction” to the impact
of the electric fish screen. However, there is no avoidance effect (i.e.
escape of fish larvae from the area of the working electrode system). The
juveniles actively move from the operation zone of the fish-protective
device, avoiding the influence of the electric field. The maximum distance
from the electrode system EPRCFF was recorded in adult fish. Significant
differences were not revealed in the direct assessment of the survival rate
of control and experimental groups of individuals of different species of
marine fish after exposure to the electric fish barrier. Some differences on
the reproductive system of the fish species studied in the structure of
gonads and reactivity of cells were noted under the influence of the
electric barrier. The biochemical status of the internal organs under
electrical action differed in various species of marine fish.

Key Words
Electric-field effects, fish-protective facility, fish distribution and behavior,
survivability, biochemical parameters.
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BBEAEHUE

3neKTpopbI6o3arpaguTenn pPasanyHbIX CUCTEM YKe AABHO
ycrewHo KOHKYpUpYtOT c MeXaHUYeCKMMM "
TMAPABANYECKMMM 3arparkaeHmaMn. YTo Kacaetca co3aaHusa
MOPCKMX 3NeKTpo3arpagutenem - YCTPOMCTB,
NpeAOoTBPALLAIOLWMX NOAXOA PbIb U APYTUX KUBOTHBIX K TEM
WU MHBIM NOABOAHbBIM COOPYMKEHMAM, — TO MX pa3paboTka
NMoOKa TONbKO AenaeT nepsble Wwark. Tak, 04uH U3 InLepos B
3ToN obnactn, KomnaHma Smith-Root. coobuiaer Ha cBoem
caite: «Pa3paboTaHHble HamMW TEXHONOTUWU YXKe YCNewwHo
paboTaloT B BOAE C 3/IEKTPONPOBOAHOCTbIO A0 5000
MKCm/cm  (npu  coneHoctM Ao  3.9%o). Ceiyac Mbl
paspabaTbiBaeM BapWaHTbl, MOJHOCTbIO PACCUMTAHHblE HA
3KCM/yaTaumMilo B  MOPCKOM BoAe, C OUEHKOW Bcex
HeobXxoAuMbIX TPeboBaHUM K 3/1EKTPUYECKON MOLLHOCTU»
[1]. Mexay Tem, B BanTmitlckom Mope CONeHOCTb COCTaBasAeT
OKOJ10 7%0, B A30BCKOM 11%o0, a B YepHOM mope gocturaet
18 n 6onee %o. Tak YTO B 3STOM HanpaB/IEHMM eLLe NPeacToAT
Hemasble ycunums.

Mpobnema nNpuUMeHeHWA  31eKTpo3arpaguTenei
COCTOUT B TOM, YTO 3/IEKTPUYECKOE NoJe, AOCTaTO4HOE NO
BE/IMYMHE 1A OTNYrMBAHUA MEKUX Pbl6 MOMET Bbi3blBaTb
TEeTaHyC W ornyweHue Yy 6onee KpynHbix ocobei, B
pe3ynbTaTe Yero OHM 3aXBaTbiBAlOTCA MOTOKOM BOAbI.
Mostomy rnaBHoOM TeXHUYEeCcKomn 3agaven BCEX
pblbo3arpaauTeneii  ABNAETCA  CO3f4aHME  AO0CTAaTOYHO
LUIMPOKOW (BAONb HAaNpPaBieHUS NepefBUNKEHUA Pbib) 30HbI
3/1EKTPUYECKOTO NONA YMEPEHHOM MHTEHCUBHOCTU, YTObbI Y
pblb6 ycnesana NPOSABUTLCA PeaKUMA OTNYrMBAHMA U He
HacTynana crtagua obe3aBuMKMBaHMA. ITa 30HA HE AO/KHA
MMETb OTAEe/NIbHbIX YYaCTKOB C Yepecyyp BbICOKUMWU WU
HU3KMMM 3HAYEHUAMM HaNPAXKEHHOCTM nons [2].

OAMH M3 noAXOo4O0B K  CO34aHMIO  TaKoro
pPaBHOMEPHOI KOHPUIypaLmm 31EKTPUYECKOrO NOAA CBA3AH
C pas3paboTKOM MHOropAgHbIX 3arpaguTenei, NpMMepom
KOTOPbIX ~ MOXET  CAYXWUTb  3neKkTpopblbo3arpagutesns,
M3roTOB/IEHHbIN KomnaHuei Smith Root Inc. (SRI) 8 CLUA 1
M3BECTHbIN KaK pblbo3arpagutens ¢ guddepeHuManbHbIM
(rpapgyvpoBaHHbiM) nonem (Graduated Field Fish Barrier,
GFFB) [3]. OueHKM 3pHEKTUBHOCTY MHOFOPAAHOTO U APYrnX
TUMNOB 3/1eKTpO3arpaanTeneil NpUMBOSATCA B LESOM pase
pabot [4—6]. CoobleHMA OXBaTbIBAOT LUMPOKUA AMaNa30oH
BMAOB pbld, PasAMYHbIX BapWAHTOB MPUMEHEHUA U
noTeHUManbHbIx bruonornyeckmx adpdekToB. YcTaHOBAEHHAA
B ONTMManbHbIX ycnosuax cuctema GFFB, no Bcei
BUMAMMOCTM, MOKET CTaTb BeCbMa 3pPeKTUBHbIM Hapbepom
AN MHOTUX BUAOB pbib.

He meHee nepcneKkTMBHBIM NOAXOAO0M K pa3paboTtke
3bdEKTUBHBIX  PbIOO3AWUTHBIX  YCTPOMCTB  ABAAETCA
MCnonb3oBaHuWe npuHumna «berywero nons». Ha 3tom
npuHUmne OCHOBaHa cucTema 3N1EeKTPOHHasn
nporpammupyemas (C3MPO), paspabotaHHaa B 000
«OcaHHa» (r. dHrenbc) ana nosblweHna 3¢deKTUBHOCTU
3awWmThl pblb M apyrux BogHbIX buopecypcos B Bogoemax
moboro TmMna. Pabota CIOMPO 6asupyetca Ha 3ddekTe
co3aaHuA cnaboro aHOAHOro NOAA U CUABHOTO KaTOAHOro
nonA c nepemelleHMeM MakcMMyma KaToAHOro NoTeHUMana
BA0/1b CUCTEMbI 3N1IEKTPOAO0B. Bce NPOCTPaHCTBO Ha BHELWWHENM
rpaHuue cucTembl 3N1eKTPOLO0B nepekpblBaeTcs
BO3ZEeNCcTBMEM «berywero» noisa ¢ BblPayKeHHbIM CU/IbHbIM
KaTO4HbIM MOTEHLMANOM, KOTOPbIN CO34aeT OTMyr1BaoLWwmii
3¢ deKT, opneHTUpys pblb B HanpaBieHWn oT Bogo3abopa 1
npefoTeBpawas  wMx  nonagaHne B Bogo3abopHoe
coopy)KeHue, W cnabbiM aHOAHLIM MOTEHLMANOM, He
OKa3blBalOLWMM Ha pblb NPUBAEKAIOLLErO AeNCTBUA.

CneumanbHbIX nccnefoBaHuim no OLEHKe
3KO/IOrMYEeCcKom 6e30MacHoOCTU MOPCKMNX 3NEeKTpo-
3arpafuTeNbHbIX YCTPOWMCTB, HAaCKO/IbKO HaM WM3BECTHO, He
nposogunocb. B To e BpemAa B MUPOBON suTepaType
MMEITCA [aHHble N0 OLUEHKe BO34ENCTBUA MOPCKUX
3NeKTPUOULMPOBAHHbIX TPasoB, MNpeaHa3HaYyeHHbIX AnA
N0Ba pblb U KPEeBETOK, Ha Pas/iMyHble BUAbI FTMAPOBUOHTOB.
B cBA3W C HepgocTaTKOM WMHOOPMaUMM MO BO3AENCTBUIO
3/eKTpO3arpaauTeneii  3TM  matepuanbl  NPeACTaBAAT
3HauUTeNbHbIM MHTepec [7—15], NOCKOAbKY NpW CO34aHMU
3/1eKTPUYECKMX  bapbepoB, KOTOpble  AO/KHbI  AWUWb
OTNyrMBaTb Pblb, MNPUMEHAIOTCA 3HAYUTENIbHO MeHbLUMe
YPOBHU HaNpPAXeHHOCTU 3/1IEKTPUYECKOro MossA, 4em gaa ux
OTN0Ba.

Llenb uccnedosaHus — OUEHKA BO34ENCTBUA
3/1eKTPUYECKMX MONIEN CUCTEMbI SNEKTPOHHON NPOrpammu-
pyemoit KomnaeKkcHoro pbibo3almtHoro yctpoiictea (CIMPO
KPY3B) Ha maccoBble BUAbI pblb YepHOro mops.

3adayu:

— aHanu3 noBefeHnAa W pacnpefeneHua JNYUHOK,
MaJIbKOB U B3POC/bIX 0COHEi MacCoBbIX BUAOB MOPCKMX Pblb
B 30HE AeNCTBUA aneKTpuyeckoro noss C3MPO KPY3B;

- BbI)KMBaeMOCTb MOPCKMX pbI6
aneKTpuyeckoro so3geictaus CIMPO KPY3B;

— OLIEHKa BO3AENCTBMA aneKTpuyeckoro nona CIMNPO
KPY3B Ha 6uoxMmunyeckme nokasaTenm BHYTPEHHUX OpraHoB
(neyeHu) n cocTosHME PenpOAYKTUBHOM CUCTEMbI MOPCKMX
pblb.

nocne

MATEPUANT N METOAbl UCCNEQOBAHUA
JKCnepMMeHTabHble nccnefoBaHuA BO34eNCTBUA
3/IeKTPUYECKMX MoNel Ha pblb CUCTEMbI  INEKTPOHHOM
nporpammupyemon KOMM/IEKCHOTO pbl603aWnUTHOrO
YCTPOWCTBA 3/1eKTpuyeckoro Bosgenctaua (CIMPO KPY3B),
paspabotunk OO0 «OCAHHA», r. DHrenbc, NPOBOAWUAN Ha
MOPCKOM nonuroHe (YepHoe mope, KapaHTMHHas 6yxTa, T.
CeBacTonosb) B nepmog, ¢ Mas no ceHTabps 2021 r.

PaboTbl ocyliecTBAsAM MO CAedyloWwmMm Hanpas-
NeHnam: 1) MOHTaK 3KCMEepUMEHTA/NIbHOM YCTAHOBKM W
anekTpopbibo3arpaanTens, 2) otaoB pblb, 3) aKCNepUMEHT
No oUeHKe NoBeseHusa U pacnpeaeneHuns TMYUHOK, MaibKoB
M B3pocabiX pbl6 B 30He Bo3aeicteua CIMPO KPY3B, a
TaK¥Ke B OTCYTCTBME BO3LEMCTBMA 3NEKTPUYECKOrO NONA C
MCNONb30BaHMEM BUAEOPErncTpupyloLwen annapatypsl, 4)
nccnefoBaHMe BO3AENCTBUA 371eKTpopblbo3arpagutens Ha
PenpoayKTUBHYIO CUCTEMY M BUOXMMMYECKME MoKasaTenu
neyeHu poib.

Pblby 4nA  3KCNepuMMeHTaNbHbIX  UCCAef0BaHWUiA
OT/1aB/IMBaNN C MOMOLLbIO IOBYLLEK, IKPAHOB—NOAbEMHUKOB
N KPIOYKOBbIX CHacTel. MoiMMaHHyto pblby [0 Hayana cepwuii
3KCMEepUMEHTa NpeaBapUTENbHO BbIAEP)KMBAAW B  ABYX
6acceliHax obwym obvemom 1.4 M3, 0B6opyAOBaHHbIX
NPUHYANTENBHON aspaumelt U MPOTOKON, CcOo3AaBaeMol ¢
NOMOLLIbIO MOTPYXKHOIO Hacoca NpPou3BoauTeIbHOCTbIO ~200
A/MUH, 00  MOMEHTa  MpPeKpalieHMs  3AMMUHALMK
TPaBMMPOBAHHbIX U OcnabneHHbIX ocobeit — B cpeaHEM Ha
NPOTAXKEHUN 5—7 CYTOK.

Mpy BMAOBOWM MAEHTUOUKALMM PbI6 UCMOIb30BaNU
pAaA aThacos-onpeaenutenei u moHorpaduii no nxtmodayHe
YepHoro mopsa [16—18]. TakcOHOMMYECKMEe Ha3BaHMA Pbib
npueeaeHbl no: bontayes, Kapnosa [18].

Cnuncok BUA0B 1 pasmep pblb B 3KCNepUMEHTaNbHbIX
nccneaoBaHUAX:

|. CemelictBo ATepuHoBble (Atherinidae)
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1. AvepuHa uepHOmopcKas Atherina  pontica
(Eichwald, 1831); anunHkK c obLein anuHon Tena (TL) 1043
MM.

Il. CemeitctBo Cobaukosble (Blenniidae)

2. Mopckas cobauka—cduHKe Aidablennius sphynx
(Valenciennes, 1836); TL 87+24 mm.

Ill. Cemericteo CtaBpuaosble (Carangidae)

3. Craspuga YepHOMOpPCKas Trachurus
mediterraneus ponticus Aleev, 1956; TL 125120 mm.

IV. CemelicTBo BblukoBble (Gobiidae)

4. BblMOK TpaBAHUK Zosterisessor ophiocephalus
(Pallas, 1814); TL 115 mm.

V. CemelictBo 'y6aHoBble (Labridae)

5. TybaH pabunk Symphodus cinereus (Bonnaterre,
1788); TL 104+1 mm.

6. YepHomopcKaa 3eneHyWwKa uau
Symphodus tinca (Linnaeus, 1758); TL 7717 mm.

VI. CemeliictBo Kedanesblie (Mugilidae)

7. Kedanb cuHrunb Liza aurata (Risso, 1810): monogb
Ha paHHMX 3Tamnax Manbkosoro passutua (TL 2015 mm),
MO/10Ab Ha NO34HMX 3Tanax MasibkoBoro passutua (TL 53+11
MMm), B3pocable ocobu (TL 150420 cm).

VII. CemeitctBo Bapabynesbie (Mullidae)

8. ObbIKHOBEHHasA CyNTaHKa, uan bapabynoka Mullus
barbatus ponticus Essipov, 1927; TL 100+23 mm.

VIll. CemeiictBo NomaueHTpoBble (Pomacentridae)

9. MopcKaa nacToyka, MOHallKa, xpomuc Chromis
chromis Linnaeus, 1758; TL 10815 mm.

IX. CemeicTBO CKOpneHoBble (Scorpaenidae)

10. YepHOMOpCKas cKopneHa-épw Scorpaena porcus
Linnaeus, 1758; TL 122+16 mm.

X. CemeiictBo Cnaposble, uan Mopckue Kapacu
(Sparidae)

11. Nlackupb, mMopcKoi Kapacb Diplodus annularis
(Linnaeus, 1758); TL 140137 mm.

12. Cnukapa (cmapuaa) Spicara flexuosa Rafinesque,
1810; TL 133+17 mm.

Bcero nccnepoBaHo 354 3K3. NMYMHOK, ManNbKoB U
B3pPOC/bIX ocobelt pbib.

pyneHa

TecmuposaHue so3delicmsus anekmpuyeckozo rnoas CIMNPO
KPY3B Ha nosedeHue u pacripedesneHue AU4UHOK U MOa00u
pbl6 HO PaHHUX 3MANax MasabKoeo20 nepuodd passumus
nposoaunn B akeapuyme obbemom 200 N C NPOTOYHOM
Bogo w3 YepHoro mopsA. Temnepatypa Boabl 17°C.
CKOpOCTb MOCTYNNEHWA BOAbl B aKBapuym OKOAO 2 /MUH.
TeyeHne oTcyTcTBOBaNO. AKBapuym 6bin  obopynosaH
NMOACBETKON, PACMO/NOKEHHOM Ha BbicoTe 5 cm  oOT

NnoOBEePXHOCTM BOAbl U Ha pPaCCTOAHUU 10 cm OT AuHUK
3N1EeKTPOoA0B.

TecmuposaHue nosedeHYecKUx peaxkyuli mosnodu Ha
M030HUX 3Manax MaabKogo2o nepuoda passumua U
83pocnbix ocobeli pbib Ha anekmpuyeckoe eozdelicmeue
C3lPO KPY3B ocywiectBnann B naaBy4em NOTKe: KapKac u3
NoJIMNPONUAEHOBBLIX TPyd, 06TAHYTbIM nonoTHom [MBX
(anunHa — 400 cm, wrpuHa — 150 cm, BbicoTa — 70 cm). O6wasn
NAOWaab 3KCMNEPMMEHTaNbHOTO CcadKka cocTasnsna 6 m2,
0bwmit o6bem — 4.2 m3. JIOTOK norpykanu B BoAy U Ha
pacTaKKax Kpenuau K 6eperoBoi NpuyanbHOWM CTeHKe (puc.
1a). Pbiby 4NA NpoBegeHMA 3KCNepUMEHTaNbHbIX pPaboT
BbICaXKMBaAW B JIOTOK (nMepuod akkaMmauumn ocobeit K
ycnosusm  onbita  coctaeasn 30 muH).  Cepuio
3KCMEPUMEHTANIbHLIX  TECTUPOBaHWI  pacnpeseneHus wm
noseseHus pblb6 Ha anekTpuyeckoe Bosaelicteue CIMNPO
KPY3B npoBoaunn B ycnoBusX AHEBHOW OCBELLEHHOCTM
(>10000 s1K), Npu TemnepaType NOBEPXHOCTU Boabl 19-202C
1 coneHocTtn 18-18.5 %o; (MtoHb, 2021 1.).

B xoze ucnbiTaHMit onpoboBaHa KOHCTPYKUMA M3 5
UMAMHOPUYECKMX 3nekTpogos CI3MPO KPY3B (puc. 16).
PaccTosHMe mexay coceAHUMMM 3N1EKTPOAAMM COCTaBAANO
~30 cm. Wnerid anekTpoaos CIMPO KPY3B moHTUpOBaauM Ha
naaBy4mit noTok (puc. 16). TecTupoBaHue pacnpeaeneHus u
noseAeHnA pblb6 BbIMNOMHAAM MPU  MNOCTOAHHOM 4YacToTe

cnefoBaHMA  MPAMOYFOJIbHbIX  MMMynbcoB 5 Ty um
AnvtenbHoctT umnyabca 0.25 mMc B pasHbIX pexumax
WHTEHCMBHOCTU  3/1eKTpuyeckoro  Bosgencteua  C3MPO

KPY3B, cTyneH4YaTo MoBbIWaA HanpaXeHwe Ha 3N1eKTpoaax
(50-100-150-200 B).

MosegeHne pblb B 30He AeicTeuAa dparmeHTa
wneda anektpogos CIMPO KPY3B aHanusuposanu c

MCNoNb30BaHMEM BUAEOPErncTpupytoLei Kamepbl
Panasonic Lumix DMC-FZ1000.

CpaBHUTENbHYIO apdeKkTMBHOCTD pPasIMYHbIX
PEXMMOB  OTMYrMBAHUA OLEHUBAAW BU3YaNbHO — MO

paccTonaHuio Mexay OPOHTOM CTan pbl6 M 3aLUMTHLIM
wneidpom, UCXoaa U3 OTMETOK Ha U3MepPUTENbHOM NnaHKe (¢
ToYHOCTbIO + 10 cm). Kpome Toro, B 1abopaTopHbIX YCAOBUAX
no BUAEO03aNUCK ONpeaensav TOYHOE MOOXKEHUE pblb Ans
KaXAoro aHa/aM3upyemoro pexuma. bbuio BbibpaHo no 10
cTon-Kaapos (npubausutenbHo uepes Kaxable 20 c). C
NOMOLLbIO nporpammbl Image) 1.53e nome4yanu
n3obparkeHne pbib M onpeaensinv MX KoopAuHaTbl B
nuKcenax, a 3aTem B COOTBETCTBMM C MacLITabHbIM
K03bOULMEHTOM NepeBOAMNM B CaHTUMETPbl. B obuiei
CNOXKHOCTM  6bL10  npousBeaeHo 8520  perucTpaumi

MeCTOMNONOMXKeHMSA pbIb (C TOYHOCTbIO * 1 cm).

PucyHok 1. Moarotoska obopyaosaHua (A) n naaBy4mnit N10TokK co wneidpom anekTpoaos (B)

ANA 3KCNePUMEHTA/IbHbIX MCCHeAOBaHMVI

Figure 1. Preparation of equipment (A) and floating tray with an electrode array (B) for experimental research
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KonuuyectseHHbIMM rnokasarensmm apdeKkTMBHOCTH
OoTNYyrMBaHMA pblb OT paboTatowent cUCTeMbl 3NEKTPOLOB
COMNPO KPY3B npu pacyetax C NO3ULUOHMPOBAHUEM
UHOMBUAYANbHbIX pbl6  CAyXUNo cpegHee yaaneHue
ocobeit oT cuctembl anektpogos CIMPO KPY3B (Bgosnb
JIMHUK, NEepneHaMKYNAPHON LWTaHre C 371eKTpogamu).
[JOCTOBEPHOCTb  CTAaTUCTUYECKMX  PasAUuMi  MexXay
peXXMMamu OLEHMBANM C MOMOLLbO OAHOGDAKTOPHOroO
ANCNEPCUOHHOIO aHanu3a, a Takxke Kputepua Kpackena—
Yonnuca. KOppekTHOCTb MNPUMEHEHUA  UCMONb3yeMbIX
CTAaTUCTUYECKMX METOLOB NpeaBapuUTENbHO MPOBEPAAMN C
nomolyblo  Kputepues LUanupo—Bunka (HopmanbHOCTb
pacnpeaeneHus) u fleseHa (04HOPOAHOCTb AUCMepcum).

OueHKa sbixusaemocmu mosno0u pelb 80 8pems U rocne
sozdelicmausa C3MPO KPY3B. CxoAHble NO YUCNEHHOCTU U
pasmepHO-BMA0BOMY cocTasy BbIOOPKM pbI6
(3KCnNepuMeHTaNbHYIO W KOHTPO/IbHYKO) MNOMewann B
pasHble b6acceliHbl oauHakosoro obbema (0.7 m3) ¢
aspaumen M NPOTOYHOW BOAOU. IKCNEPUMEHTANIbHYIO
rpynny pbi6 noggseprann MakcMmanbHOMY BO3LEWCTBUIO
3/IeKTpMYECcKoro nondA: HanpsaxeHne 200 B, wuyactoTa
mmnynbca 5 Tu, pautenbHocte wmnynbca 0.25 mc.

[OANTEeNbHOCTb SKCMO3ULMM SKCNEPUMEHTANbHOM Fpynnbl B
anektpuyeckom none C3MPO KPY3B cocrasnsna 1 uac.
KoHTponbHaa rpynna pbl6 pasmelanace B bacceitHe ¢
06ecTOYEeHHON CUCTEMOM 3/1IEKTPOAOB.

Mo oKoHYaHuM

BO34EMCTBMA, a TaKKe cnycTa 24 v 48 4acoB NOACHUTbLIBANU
YUCNEHHOCTb NornbLei pblbbl B KOHTPONBHOW W 3KCNepu-
MEHTa/IbHOW rpynnax.

BausHue 31eKmpuyYyeckoeo MosA HA pernpodyKmMuUBHYIo
cucmemy  peib.  MNoOJONbITHbIX  PbI6  NPUHYAUTENBHO
nomellann B 3NEKTPUYECKOe Mose B HenocpencTBeHHoM
6an30ocTM OT cuctembl anekTpogos CIMPO KPYIB (Ha
pacctoaHMM ~ 5 cm). Bpemsa 3KCNosMuMM  Ka[oro
3K3emnnapa pblb 3KCNepuMmeHTaNbHOW rpynnbl B none
cocTaBnAno 2 MuH. KoHTpobHbIE 0COBKM He noasepraanch
3/1eKTpMYEeCcKoMy BoO3aencTBuio. Y dactu ocobeit wu3
KOHTPOJIbHOM W  3KCMEPUMEHTaNbHOW rpynn oTbupanu
npobbl roHas ANA CPaBHUTENbHOMO TMUCTONOTMYECKOrO
aHanu3a («Hyneeas ToYKa»). OcTanbHbIX pbl6 BbiCaXKMBaNU
B OAMHAKOBble MPOMapPKUPOBAHHbIE CaAKU (KOHTpOb,
onbIT) (puc. 2). MNOTHOCTL NOCagKM M pasmepHO-BUA0BOM
COCTaB pblb B Cafikax KOHTPO/IbHOM M 3KCNEPUMEHTANbHOM
rpynn 6biau cxogHbimu. B TeueHne 37 aHeit (c 11 asrycta
no 17 ceHtabps 2021 r.) obe rpynnbl pblib cogepKannch B
Caflkax,  Pacno/ioKeHHbIX B  MPUOpPEXHOMW  30He
KapaHTMHHOW 6yxTbl. Pbiby B cagkax Kopmuau C
nepuvoguyHoctblo 1 pas B Hegento. B KoHue nepuosa
3KCMO3MLUMKM  cafkm  nogHwmann  (puc. 3), pbiby
OTNaBAMBaAM W npoussBoanau oTbop npob roHag anA
rMCTONOTMYECKOrO aHanusa.

W = = )

Pucyubk 2. Cafikv gna copepkaHua KOHTPOIbHOM U 3Kcnepwmeraanoﬁ rpynﬁ pbl6 (MccnepoBaHue
3N1EKTPUYECKOro BO34EeNCTBUA HA COCTOAHME M pa3BuTMe roHaa); 11 asrycra 2021 r.
Figure 2. The cages for control and experimental fish (studying the electrical impact on the state and

development of the gonads); 11 August 2021

PUCYHOK 3. BbleMKa CaIkoB KOHTPOJ/IbHOW U SKCMEPUMEHTaNbH
r'MCTONOTMYECKOTO aHaIM3a COCTOSHUA U Pa3BUTUA ToHag,; 17 ceHTabps 2021 .

Figure 3. Landing the cages with control and experimental groups of fish for a comparative histological analysis
of the state and development of the gonads; 17 September 2021

oM rpynn pbl6 ANA NPoBeAEHUA CPAaBHUTENbHOMO
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Mpu nNpoBefeHUM  TUCTONIOTUYECKMX  UCCef0BaHUM
MeTO4aMMn CBETOBOM W 3NEKTPOHHOM (NpocBeymnBatoLLeit)
MWKPOCKONUM  aHaNW3MPOBaNW  pPas3BUTME  OOLMTOB
KOCTUCTbIX pblb C LEeNblo BbIABNEHUA U3MEHEHWUIN TOHKOM
CTPYKTYpbl M NOBEPXHOCTW, @ TaKKe MaToNOrMin pasBuTUA
NnosfoBbIX KAETOK pbld nocne BO3AENCTBUA HA  HUX
3/1EKTPUYECKOrO TOKA, OLEHMBANM CTENEHb HApYyLIEHWM
MEeWOTUYECKMX M MUTOTUYECKMX NPOLECCOB B K/eTKax.
Kycouku roHas d1KcMpoBanu B rnyTapoBOM guanbaervae
(SPI, USA) (2.5% Ha 0.1 M ¢docoatHom bydepe, pH 7.2)
HENOCPEACTBEHHO TMOC/AE BCKPbITUA CBEXECHY/NbIX pPbib.
3aTem npobbl Nogseprann AONOAHUTENbHOW dUKCALUM B
1% pacTBOpe TeTpaokucu ocmua (Serva, USA) Ha Tom ke
bydepe, obe3BoKMBaNM B HaTapee CNUPTOB BOCXOAALLEN
KPenocTu 1 3a/IMBanu B CMECb 3NOKCUAHbIX cmon Araldite
n Epon 812 (SPI, USA) [19]. Mocne nonumepusauuu
06pa3L OB W3roTaB/AMBaNAW MONYTOHKME W YAbTPATOHKMWE
cpesbl, KOTopble OKpawueanu 1% BoAHbIMW pacTBOpamm
ypaHunaueTaTta U LMTpaTa CBMHLA U NPOCMATPUBAAU NOA,
3N1EKTPOHHBIM MUKpockonom Jem 1011 (Jeol, Japan) npwu
yBennyeHunn 1500-25000x.

buoxumuyeckuli aHanu3. WccnepoBaHbl  HeEKOToOpble
bnoxumunyeckme nokasaTtenu nedyeHun nackups Diplodus
annularis v pyneHbl Symphodus tinca w3 KOHTPOJIbHOWM
(MHTAKTHOM) rpynnbl W 3KCNEPUMEHTANbHOM TPYNMbl,
KOoTOpasn B TeuyeHue 1 yaca noasepranacb
MaKCMMasibHOMY BO34ENCTBUIO canpPo KPY3B
(HanpsaxeHne 200 B, wuyactota wmnyabca 5 Tu,
anutenbHocTb  mumnynbca 0.25 mc). AHanusmposanu
napameTpbl NPOOKCUAAHTHO-aHTUOKCUAAHTHOW CUCTEMDI:
aKTMBHOCTb aHTMOKCUMAAHTHbIX depmeHToB (KaTanasbl
(KAT), cynepokcuaamncmyTassl (COA)), coaepxaHue TBK-
AKTUBHbIX npoAyKTOB (TBK-AN) " b6enkosoro
meTabonnama (aKTMBHOCTb anaHMHaMMHOTpPaHcdepasbl
(ANT) n acnaptaTamuHoTpaHcdepasbl (ACT), coaepraHue
anbbymuHa). [leyeHb HECKO/NIbKO pa3  NpoMmbIBaaU
xonogHbim  0.85%  puU3MONOrMYEeCKMM  pPacTBOpPOM,
romoreHnsnpoBann u ueHTpuoyrmposanm (10000 g) 15
MWH  Ha xonogy. [Ona  panbHeMwero  aHanusa
MCMoib30Bann cynepHaTaHT. Coaep’kaHue BTOPUYHbBIX
NPOAYKTOB NEPEeKUCHOro okncaenuns amnngos (MOJ) TeK-
Al (Hmonb TBK/Mr 6enka) perncTpupoBany no peakuuu c
TMo6apbuTypoBOW KucnoTomn [20]. AKTUBHOCTb
cynepokcuagmcmytasbl  (COA) (ycn. ea./mr  6enka)
aHaZIM3NPOBANMN B CUCTEME HUTPOCUHWNI TETPa30NEBDIN —

deHasmHmeTacynbdaT —  HUKOTMHAMWAOAMHYKNEOTUA,
(HCT-®dMC-HAAQH) [21], aKtuMBHOCTb KaTanasbl (KAT)
(ukaT/Mr  6enka) — no peakuum B3aMMOAENCTBUA

nepekucu Bogopoda € Moanbgatom ammoHus [22].
AKTUBHOCTb acnaptaTaMmHoTpaHchepassbl (ACT)
(MkMoOnb/Y mr 6enka), anaHMHamuHoTpaHcdepasbl (ANT)
(MKMOAb/Y Mr 6enKka) u cogepkaHue anbbymuHa (mr/mr
6enka) onpeaenanu € WMCNONb30BAHMEM CTaHAAPTHbLIX
HabopoB peakTnBoB «OJIBBEKC OUATHOCTUKYM»
(Poccus).

Bce onpeaenexHun npoBoguun Ha
cnektpopoTomeTpe CH-2000 (OKB «Cnektp», r. CaHKT-
MeTtepbypr, Poccua). Buoxumuueckme  nokasatenu
nepecunTbiBainM Ha 1 mr 6enka Cbipol Maccbl TKaHW,
KOHLEeHTpaLmio KoToporo onpeaensanu ¢
MUCNO/Ib30BaHMEM  CTaHZAPTHOro Habopa peareHToB
«OJIbBEKC OMATHOCTUKYM» (Poccus). PesynbTtathbl
06pabaTbiBanM  CTAaTUCTUYECKM, BbIYUCAAAN  CpefHee
apudmeTMYecKoe W CTAHZAPTHY OWMKOKY cpeaHen.

[ocToBepHOCTb Pa3INiuNn MmeKay BblI6OpPKamMM OoLeHMUBaNN
¢ npumeHeHnem U-kputepma MaHHa-YuUTHU. Pasnuuna
CYMTaAZIN [OCTOBEPHLIMU MPU YPOBHE 3HauYMmMoctTn p <
0.05. CTaTUCTUYEeCKui aHanus nposoAuamn c
MCNONb30BaHMEM KOMMbIOTEPHbIX Mporpamm Past 3 nu
Microsoft Office Excel 2016.

NONYYEHHbIE PE3Y/IbTATbI U UX OBCYXKAEHUE
TecmuposaHue 8o30elicmaus 3nekmpu4ecKozo noas
C3IPO KPY3B Ha nosedeHue u pacripedesneHue AUYUHOK,
MQ6KO8 U 83POC/bIX pblb

JluyuHKu  pblb. OBBEKT wuccnegoBaHua —
aTepuHbl C AAnHOM Tena ~ 1013 mm.
KonmponoeHas cepus onsimoe (6e3 sosdelicmaus C3PO
KPY3B). ABUXeHUA NUYMHOK CMOKOWHbIE B HamnpaBAEHUN
WUCTOYHMKA  cBeTa  (MposABAEHME  MONONKUTEIbHOTO
¢doToTaKkcuca).

Bosdelicmgue 50 B. Tpynna AWYMHOK AepXKUTCA
noA WMCTOYHUMKOM cBeTa (MONOXUTENbHbIM GOTOTaKcuC).
[BuxkeHna  cnokolHble, 6e3  pbIBKOB. BepoATHO,
nepBMYHAn peakLMa Ha MMMY/bCbl 3/1EKTPUYECKOrO TOKa
nmbo oTcyTCTBYET, MO0 HE3HAUUTENbHAA.

Bozdelicmeue 100 B. OcHOBHas rpynna JIM4MHOK
OEPXKUTCA NOoA UCTOYHMKOM CBeTa B HenocpeacTBEHHOM
61130cTU OT 3nekTpogoB. OTaenbHble 0CObM HauuHatoT
nepemewaTbcs OT JIMHUWM 3SNEKTPOAOB — BO3MOXKHO
NpoABAEeHWE NEepPBUYHOM peakLMU Ha INeKTpuyeckoe
none. Mo wucteyeHmo 10 ceKkyHA OT  Havana
3NEKTPUYECKOro BO3AENCTBUA Y IMUMHOK pblb oTmevaeTcA
apdekT ummobunusaumu. bBOAblIAA  YacTb  NIMYMHOK
HauyMHaeT oceaaTb B HUKHME TOPU3OHTBI U Ha AHO.

Bozodelicmeue 150 B. F'pynna ANYMHOK AepKuUTCA
nog, WCTOYHWMKOM cBeTa. [locne BKAOYeHUA  cpasy
oTmeuvaeTca nepBuYyHan peakuua  NINYUHOK Ha
3NeKTpMYeckoe BO3AENCTBME: B CTaguu BO3OYKAEHMA
JIMYNHKM pbIb COBEPLLAIOT PbIBKM U XaOTUUHbIE ABUMKEHUA
B MOMEHT MPOXOXKAEHNA MMMYJ/IbCa 31EKTPUYECKOro TOKa.
OTmeuaeTca MMMOBUAN3NPYIOLLNIA abdekr
3NEKTPMYECKOro NOA Ha JIMYMHOK pblb. Bonbwaa YacTb
JIMYNHOK B 3TO Bpemsa obe3aBMIKMBAETCA W HauyuHaeT
ocefaTtb Ha AHO.

Bo3oelicmeue 200 B. C MoOMeHTa BK/HOYEHUA
3NEKTPMYECKOTO MOAA Yy JIMYMHOK pblb npossnserca
nMmmobunusmnpyowmii apdekt n dukcupyetca peakuus
3NEeKTPOHApPKo3a. DaKTUYeCKn BCce NUYMHKKU pblib B6AU3K
3NeKTPOA0B 06e34BUKEHBI U OCEAAIOT Ha AHO.

PesynbTathbl cepum 3KCNEePUMEHTANbHbIX
HabnloAeHUIM NOKasanu, YTO JNUYMHKKU pblb NposBAAOT
YETKYI0 peakuMio Ha aneKkTpuyeckoe Bosgeicteme CIMPO
KPY3B B BMAe ObICTPbIX W PE3KUX XAaOTMYECKUX
OBVWXKEHWWA, M B TO Ke Bpema co cnabo BblparkeHHbIM
apdeKkTom 0TX04a OT paboTatoweit cucTeMbl 3NEKTPOAOB.
Takoe noseaeHWe /IMYMHOK Pblb6 0b6bACHAETCA ManbiMu
pasmepamu Tena W cnabopasBUTbIM JIOKOMOTOPHbIM
annapatom Ha pJaHHOM 23Tane wx passutma. [pu
NMOBbILEHUMN Hanpax)eHus (pexumbl: 100-150-200 B) y
JNINYMHOK pbI6 B86113M 3N1eKTpPoA0B HacTynaet
MMmobununsauma ¢ nocneayowmnm obesasuKnuBaHnem 1
oceflaHMEM Ha AHO.

NNYUHKHN

Mo07100b pblb6 HA PAHHUX 3MANAx MasabKo8020 MNepuood
pazsumus

O6BbeKT uccnefoBaHUA — PaHHAA Monoab Kedanum co
cpeaHum pasmepom 20 mm.
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KoHmponoeHas cepus onsimos (6e3 sosdelicmausa C3MPO
KPY3B). B xoge npoBeAeHUs 3KCNepUMeHTanbHbIX paboT
BbIABNEHO, yTOo B oTCyTCTBME BO34eincTBUA
3NeKTpMYecKoro nons pacnpegeneHve monogn kedanu
MMEeeT OTHOCUTENbHO PABHOMEPHbLIN  XapakTep M
CpPaBHUTE/IbHO HU3KYI arpernposBaHHOCTb. CTan monoam
nepemMeLLaloTCs No BCei To/Lwe Boabl.

lpu so3delicmsuu 50 B y monoan nposiBnserca
nepBMYHAA peaKkuuMa Ha BO3AENCTBME 3/1EKTPUYECKOro
nons. Yetko HabatogaeTca ctagma Bo3byKaeHUa: Monogb
dbopmMMpyeT NNOTHYIO CTato, B KOTOPOM PacCcTOAHUE MEXAY
ocobsamu coctasnseT ~1-2 anuHbl pblb. MNepemelteHus
CTan monoam pblb cTaHoBATCA BoNee aKTUBHbBIMU.

Mpu eo3delicmeuu 100 B — cKonneHve monoam
pacnagaeTtca Ha oTAe/ibHble pPa3perKeHHble CTan, KoTopble
COBepLIAOT NepemelLeHNA NPEUMYLLLECTBEHHO B BEPXHEM
ropusoHTe.

lpu so030eilicmeuu 150 B — ctam monoam
pasaenaTca No ropusoHTam. OAHM cTam nNepemeLLaroTca
B BEPXHEM FOpPW30OHTE, Apyrne — 3aTamBalroTcA B yraax
aKBapuyma, BEPOATHO, nsberan BO34encTBuA
3/IeKTPMYECKOro nons.

Mpu eo3delicmeuu 200 B — y monogun kedpanun B
HenocpeacTBEHHOM 6aun3ocTtn oT 3NeKTpoA0B
NPOABNAIOTCA MbllUeYHble COKpalweHua (nogeprueaHue
Tena). CTan oKoHYaTeNbHO pacnagatortcsa, 66ablwan YacTb

ocober yxoAuT B HUXHMI TOPU3OHT, NposBAAeTCcA
peakuus 3aTanmBaHus.
Pe3ynbTaTbl 3KCNEPUMEHTOB MOKasanu, 4To y

monoau kKedpanu co cpegHen anvHoit Tena 20 mm He
Habnopaetcs addekTa MMmmMmobunm3aumnm npu
BO34EMCTBUN 3/1EKTPUYECKOTO MONA Aa)Ke B aKBapuyme
CpaBHUTENbHO Hebonbworo obbema. [Mpu  pasHbIx
pexkumax Bosgencteua CIMNPO  KPYIB  meHsieTca
NPOCTPaHCTBEHHOE pacnpefesieHne MoNoau pblb n eé
CTaliHOe NoBEeAEeHUE: MONOAb CTPEMUTCS BbIWTU U3 30HbI
BO3/4,eMCTBMA 3NEKTPUYECKOro Nons.

Mos100b Ha MO30HUX 3Manax MasnbKo8020 nepuooa
passumus
O6beKT nccnepoBaHua — monoab Kedanu co cpegHUm
pasmepom 53 mm. lNosegeHYeckme peakumm monoam Ha
aNeKkTpuyeckoe BO3aencTene canpPo KPY3B
OCyLLEeCcTBAAAN B NAaByyYem noTKe. B xoae akcnepumeHTa
monoab Kedpanu (B coctaBe cMellaHHOW BbIGOPKWU pblb
pa3HblX BUOOB M pPasmMepoB) AEeMOHCTPMpOBana YeTko
Bblpa)KeHHOe CTalHoe noBeAeHWe. 3TO NO3BONAIO
npoBecT BU3yanbHble HabnwogeHus 3a  GpoHTOM
nepemelLeHna ctam U Mo AaHHbIM BUAEOperncTpauum
paccunTaTh AUCTAHLMIO yaaneHusa ocobei pblb oT AMHUK
3/1eKTPOA0B NPU pasHbIX pexumax pabotbl CIMPO KPY3B.
B xone HabnoaeHnit 3a ppoHTOM pacnpegeneHuns
cTan monoau 6bl10 HEOAHOKPATHO 3amMeyeHo, 4To
M3MEHEHUS HaNpPAXKEHUA MOTYT NPUBOAUTDL K U3MEHEHUIO
NoNIOXKeHNA GPOHTA CTaliKK Pbld OTHOCUTENIbHO /IMHENKMU
anekTpopoB. OpHako  nNpu  BU3yanbHOM  OLEHKe
paccToaHuA no pasMeTo4YHbIM NIMHUAM Ha
M3MEPUTENIbHOM NJIaHKe BAO/Mb Kopnyca J/oTKa (c
ToyHOoCTblO + 10 cm) 3TO0T 3dDdEeKT HEeBO3MOXKHO
noaTBEpPAUTb CTaTUCTUYECKM. Moatomy c
MCNONb30BaHWEM BMAeo3anucemn noseaeHuns
OTHOCUTENbHO KPYMHOW U, COOTBETCTBEHHO, XOPOLIO
3aMeTHO monoan pblb OblI0 BLINONHEHO AeTanbHOe
cpaBHeHue 3ddekTnBHOCTM paboTbl CIMPO KPY3IB npwu
CTYNeH4YaToOM MoBbIWeHUN HanpaxeHuna: 50-100-150-200
B (4acToTa MMNY/NbCOB BO BCEX CAy4YasAx coctaBasna 5 Iu).

C 3TOM LeNblo NO CTOM-KaApam cHavyana 6bi10 BbIMONHEHO
NO3NLMOHUPOBAHME KaXKAOW pblbbl B 31EKTPUYECKOM
nosie, a 3aTem BbIYMC/EHO cpeaHee yaaneHue ocobeli ot
CUCTEMbI 3/IEKTPOL,OB.

Mpu  pasHOM  WMHTEHCMBHOCTM  BO3AEWNCTBUA
anekTpuyeckoro noaa  C3MNPO  KPY3B  xapakrtep
pacnpegenenua pblb6 nsmeHanca. Ocobu pbl6 aKTUBHO
nepemellanncb M3 30Hbl Bo3gelicteua CIMPO KPY3B,
n3beran BO34ENCTBUA 3EKTPUYECKOTO NOASA.

Mpu npoBeAeHWUU KOHTPOAbHbIX HabnAeHUA B
oTCcyTCTBME 3neKTpuyeckoro noaa CIMNPO KPYIB (cucrema
BbIK/lOYEHa) pacnpegeneHne pbl6 MMeNo OTHOCUTENbHO
pPaBHOMEPHbIM  XapakTep W  CPaBHUTE/NbHO  HU3KYIO
arperMpoBaHHOCTb. Pblbbl MepemeL,anmcb No BCEM 30HaM
NIOTKa, B TOM 4YuC/ie nepecekas NHUIO aneKTporos. Mpu
BKAtoYeHnn CIMPO KPY3B 1 no mepe yBennyeHua
HanpAKeHWa Ha 3N1eKTPoJax CpepHAaa AucTaHuua (X))
mexXay pbibamu M cUCTEMOW 3N1eKTPOAOB yBeNMYMBanach
(puc. 4). PesynbTatbl 04HOGAKTOPHOTO AUCMEPCUOHHOIO
aHanu3a CBMAETeNbCTBYIOT O TOM, 4YTO Habnaoaaembln
adpdekt XapaKktepusyeTca BbICOKOW CTeneHbo
nocrosepHoctu (F = 69.15; p < 0.0001).

CnepyeTt OTMETUTb, YTO YCUNEHUE UHTEHCUBHOCTU
oTxoga pbl6 oT cuctembl 3anekTpogos CIMPO KPYIB
COMpPOBOXAAETCA  YyNAOTHEHMeM  cTau  pblb,  4TO
NpoABNAETCA B OTYET/IMBOM CHUMKEHUM MOKasaTenel
pa3bpoca 3KCMepUMEHTaNbHbIX  AaHHbIX  (puc. 4,
BE/IMYMHA [0BEPUTENIbHBIX MHTEepBasnoB). B yacTHOCTM,
Be/IMYMHA CPeHEeKBAAPATUYECKOTO OTK/JOHEHUA AaHHbIX
(SD) npu oTHOCKUTENbHO HU3KOM YpOBHE HanpseHusa (50
B) mocturaet 10 cm, a NpU OTHOCUTENIbHO BbICOKUX
3HayeHuAx Hanpsxeuua (150 wu 200 B) 3HayeHus
CcpeAHeKBaApPaTUUYECKOrO OTK/JOHEHUA yMeHblualTcAa A0
3.4 1 2.1, cooTBeTCTBEHHO (pUcC. 4).

B pesysnbTaTe npoBefeHHbIX Cepuit 3Kcnepwu-
MEHTaNIbHOrO TeCTUPOBaHMA BbIABMEHO, 4YTO MOJIOAb
Kebann co cpepHeilt pAMHOW Tena 53 MM aKTMBHO
nepemelaetca M3 30Hbl Bo3aenctema CIMPO KPY3B,
n3beraa BO3AENCTBUA 3/neKTpuyeckoro nons. Mo mepe
YBE/IMYEHUNA HAMpPAXKEHUA CpPefLHee pacCToOAHUE MeXay
pbibamn M cucTeMol 3NeKTpoaoB yBenuumsaetca. Mpu
cnabom Bo3aencTBUM anekTpudyeckoro nonsa (50 B, 5 Mu)
cpeAHAA AMUCTaHUMA  yAaneHuAa MOoJioau OT  JIMHUM
3NEeKTPOA0B coCTaBnANa 25 cM, B peXxume NOBbILEHHOW
MHTEHCUBHOCTM Bo3geicteua CIMPO KPY3B (150, 200 B;
5 y) cpepHee pacctosHue mexKay pbibamu u wneribom
371eKTpoaoB Bospactano Ao 70 cm n 90 cm cooTBeTCT-
BEHHO.

B3pocrivie pbibbl

OueHKy  MOBeAEHYECKMX  peakumn ocobeit Ha
3N1eKTpUYecKkoe BO3LEWCTBME NPOBOAWMAM B CMeLlaHHOMW
BblI6OPKe pblb pa3HOro Bnaa u pasmepa (taba. 1).

PesynbTaTbl MCCNefOBaHWA MOKasaaW, 4YTO A0
anekTpuyeckoro  Bo3gencteua  CIMNPO  KPY3B (8
KOHTPONbHOW  cepun  oONbITOB) pbibbl  coBepluanu

cB06OAHbIE MNepemelleHns Mo Bcel naowagn NoTKa,
pacnpefensacb No pasHbIM ropMsoHTam. B npugoHHOM
ropu3oHTE I0TKa nepemeLLanncb 0cobn MOpPCKOro eplua,
6apabynbkn, Mopckoi cobauykm U bbluka. Ocobu
OCTaNbHbIX BMAOB (rybaHbl, CTaBpuAbl, CMapuUAbl,
XPOMMUCBI) pacnpefensanuco " cosepLluanu
rOpU3OHTa/IbHblE  MEPEeMELLEHUs B TOJWE  BOAbI.
MpocTpaHcTBEHHOE  pacnpegenieHne  pbi6  Umeno
OTHOCWUTENIbHO PAaBHOMEPHbIM XapaKTep M CPaBHUTE/NbHO
HW3KYIO arpermpoBaHHoCTb.
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(nanpsike Hue, B)

Operating modes of electric fish barrier (voltage, V)

PucyHok 4. CpeaHee paccTosaHue oTxoga monogu kedbanu (X't SD, cm ) oT wnenda 31eKTPoA0B NPU pasHbIX PeXMMax
paboTbl pbibo3arpaguTenn (HanpsxeHue 50-100-150-200 B, yacToTa 5 U, AnntenbHocTb MMnyabea 0.25 mc)

Figure 4. Average distance of juvenile mullet retreat (X+ SD, cm) from the electrode array at different operating modes
of the fish protective device (voltage 50-100-150-200 V, frequency 5 Hz, pulse duration 0.25 ms)

Mpun Bo3aencTBUM 3neKTpuyeckoro noss CIMPO KPY3B
NPOCTPAHCTBEHHOE pacnpefefieHMe U noBefeHue pblb
MU3MEHANOCH. YKe B peKMmMe MUHUMANbHOTO BO3AENCTBUSA
(50 B, 5 Ty) y pblb6 Habnoaanacb NepBMYHas peakums Ha
anekTpuyeckoe Bo3sgeictene (dasa  Hecnokoicrtsa).

JKcrnepuMeHTanbHaa BblbopKa pblb B cagKe pasaenvnacb
Ha YETKO Bblpa*KeHHble OAHOBMAOBblE CTau. [AucTaHuumA
NpUBbAMNKEHUA pblb K NMHWMM SNEKTPOAOB, OO MOMEHTa
«pa3BopoTa» CTalh M yxoda M3 30Hbl BO3AENCTBUS,
coctasnana 40-60 cm.

Ta6bnuuya 1. BUaoBoit 1 pasmepHbliAi COCTaB B3POC/bIX Pbl6 B 3KCNEPUMEHTE
Table 1. Species and size composition of adult fish in the experiment

N Bua / Species DOnvna, cm / Length, cm

1 Mopckas cobauyka-chuHKc / Sphynx blenny 7-12

2 CraBpuaa YepHomopckan / Sea horse mackerel 11-13

3 Bblvok TpassaHUK / Grass goby 11

4 l'y6aH pabunk / Grey wrasse 10-11

5 PyneHa / Peacock wrasse 6-8

6 Kedanb cuHrunb / Golden grey mullet 13-17

7 Bapabynbka / Red mullet 9-12

8 Xpomuc / Damselfish 10-12

9 CropneHa-épw / European black scorpionfish 11-14

10 Cnukapa (cmapuga) / Pickarel 12-14
Mpyv  HapacTaHMM  HaMpPsXKeHWA  CcpefHAsa  AWUCTaHUMA BMA0B pblb (CKopneHa, xpomuc, Kedanb, cMapuaa, rybaHsi,
yAaneHua pbl6 OT CTBOpa 3/1EKTPOAOB BO3pacTana, MOopCKasn cobayka) CoBepLUany nepemeLleHns CKBO3b INHUIO

coctasnada: npm 100 B — 80-100 cm, npm 150 n 200 B — 100
cM 1 120 cm, cooTBeTcTBEHHO. Mpu pexxmnmax pabotsl CIMPO
KPY3B c yBennyeHnem HanpsskeHusa Ha anektpogax (150 B,
200 B) ctam pblb paKTUHECKM NpeKpalLanu nepemeLLeHms.
Ocobu pbl6 NpoABAAAN  3neMeHTbl  0BOPOHUTENbHOTO
noBeAeHUA Ha BO3LEWCTBME 3NEKTPUYECKOro nona —
3aTanmBanuCb B Yrnax, NPUXUMAAUCb KO AHY W CTEHKam
NOTKa. Y oTaenbHbix ocobelt cmapugbl Habntoganoch
M3MEHeHWe UugeTa Tena — MPOABAANACb «CTPeccoBas
po3oBaTas OKpacka». OAMHOYHbIE OCOBM WM CTaum PasHbIX

3NeKTpoaoB. TaK, OTMEeYeHbl HEeOAHOKPaTHble «MNPOXOAbl»
MOPCKOrO eplLUa-CKopreHbl Yepe3 CTBOP 3/1EKTPOAOB Mpu
HanpsykeHun 50 B mn 100 B. Mpu pexkume 150 B ocobu
CKOpMNeHbl He Mepecekann JNHUIO  SNEKTPoAoB  —
MWHUMANbHAA AUCTAHUMA NPUBAMKEHUA PbIb K 3N1eKTpogam
cocrasnana 17.5 £ 3.5 cm.

Takum o06pasom, B pe3synbTaTe TeCTMPOBAHMUA
BbIABJEHO, 4YTO  B3pOC/ble 0cobu  pbl6  aKTMBHO
nepemewannce M3 30Hbl Bo3geictena CIMNPO  KPY3B,
n3beraa  BO3AEUCTBUA  3nekTpudeckoro nonAa.  Mpwm
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BO3L4ENCTBUM  3/IEKTPUYECKOrO TOKA  MPOCTPAHCTBEHHOE
pacnpefeneHne M noseaeHue  pblb6  U3MeEHANOCh:
npoucxoamno GopMMpOBaHWE OAHOBWAOBLIX CTall pbIb
cXo4HOro pasmepa. [pu HapacTaHWM HaANpsXKeHUs Ha
anektpogax (150 B, 200 B) cram pbl6  daKTMUECKK
npekpawanu nepemetienus. Ocobu pbl6  nNpossasaM
aNemMeHTbl 06OpOHUTENbHOrO MoBeAeHWsA (M3beraHve U
3aTavBaHuWe) B OTBET Ha BO3AENCTBME INEKTPUYECKOTO MOAA.
Hapsagy ¢ 3Tum 6binn OTMeYeHbI C/ly4an NPoxXoaa OTAENbHbIX
ocobeit M cTall pasHbIX BMAOB Pbl6 CKBO3b CTBOP
3N1EKTPOAOB.

Peakuma pblb Ha BO3AENCTBME 3IEKTPUYECKOrO Mo
B 3aBMCMMOCTM OT UX BUAOBOM NPUHAANEKHOCTU U pazmepa
pasnuuaetca.  Bupaosas  4yBCTBUTENbHOCTb  pblb K
3NIEKTPMYECKOMY  TOKY  XapaKTepusyeTca  BeNn4nMHOW
HanpAXXeHHOCTV NOAA, BbI3blBAOLLEr0 NEPBUYHYIO PEaKLMIO.
MpM  CpaBHEHWU  BWAOBON  3/IEKTPOUYBCTBUTEBHOCTM
pas/NMUHbIX pPbl6 B KayecTBe Mepbl OBbIYHO WCMONb3YHOT
BE/IMYMHY  YC/NIOBHOTO  HaMpsieHus  Tesna:  pasHoCTb
NOTEHUMANoB MexAay TrO/NoBOW UM XBOCTOM  pbibbl,
PacnonOXKEHHOW B 3/IEKTPUYECKOM NOJIE BAO/b JIMHUM TOKA.
B paHee npoBeAeHHbIXx paboTax Mo OnNpeaeneHuo
3/1eKTPOYYBCTBUTENBHOCTU YEPHOMOPCKMX pblb [23] 6bino
NoKasaHo, YTo u3 13 nccnepoBaHHbIX BUAOB pbib (cTaBpuaa,
CKymbpus, THO/IbKa, CMapuaa, Xamca, Wwnpot, 6apabyns,
cenbib, CyAaK, CapraH, CKOPMeHa, /lackupb, 3Be3[0ueT)
Haunbonee BOCMPUNMYMBBIMM K 3/1EKTPUYECKOMY
BO3JENCTBMIO K TOKY OKas3aiucb CTaBpuaa M CKymbpus,
HaMMeHblUas YyBCTBUTENbHOCTb BbIABAEHA Yy capraHa.
OTMEYEHO, UTO 4YYyBCTBUTENBHOCTb YEPHOMOPCKMX PbI6 K
3NIEKTPUYECKOMY TOKY OYeHb pa3HoobpasHa. Tem He meHee
cpegy YepHOMOPCKMX Pblb, MO MHeHuio asTopos [23],
Henb3A BbIAENUTb TPYNMbl, Pe3Ko OoT/iMyalowmecs Mo
3/1EKTPOYYBCTBUTENBHOCTY.

Cnepyet 0cobo OTMETUTb, YTO  MOJYYEHHbIE
pe3ynbTaTbl oueHKM Bosgelcteua CIMPO  KPYIB Ha
noseseHue 1 pacnpegeneHune pblb HOCAT NpeaBapUTeNbHbIN
xapaktep. [na noabopa M yYCTaHOBAEHUA ONTUMA/bHbIX

napameTpos paboTbl aneKkTpopbibosarpaautens,
CnocobCTBYHOLLMX adpdeKkTMBHOMY OTNYrMBaHUIO "
MPEenATCTBYIOWMX MOMNaAaHMI0  YEepPHOMOPCKUX pbl6 B

BO403abopbl M BOAOMPUEMHMKM, TpebyeTca nposegeHue
OanbHENLMX Uccea0BaHUM.

SKcnepumeHmManbHAA OUEHKA 8bixusaemocmu pelb 80
spems u rocse 8osdelicmeus anekmpu4eckozo noas CIMPO
KPY3B

B xofe BbINONHEHUA  UMKNA  3KCMEepPUMEHTasIbHbIX
UCCNefoBaHUM  caydanm  rmbenm  pbl6  npu  pabote
aneKTpopblibo3arpagnTena He OoTMeuyeHbl. Tem He MeHee,
b6blna  npoBeAeHa  NpAMAA  OLEHKa  BbIXKMBAaeMOCTU
MOZEe/IbHbIX BUAOB Pblb NOCNE 3/1EKTPUYECKOrO BO34ENCTBUA
pbibo3arpaguTenbHOro yctpoicrtea. Cnegyetr OTMETUTb, YTO
3KCMEPUMEHTaNIbHAA  OLeHKa  BbIXKMBAaemocTM  pblb,
NOABEPrHyTbIX  BO3AEWCTBMIO  INEKTPUYECKMX  nosei
3neKTpopblbo3arpagnTenet UM opyauini 3NEKTPONOBa, Kak
NpaBW0, OCYLLECTBNAETCA B TEYEHWE HENPOAONKUTENIBHOTO
nepuoaa AeNCTBUA 3NeKTpMYecKoro Toka: ot 10 go 60 c [24].
OOHAKo OTMeYeHbl C/yyau, Korga pbibbl, MUcnbiTaBwue
OoTnyruBalolLlee [JencTBuMe 3neKTpuyeckoro 6apbepa He
oTX04AT B 6E30MacHyld 30HY M MOTYT Ha NPOTAXKEHUU
O/IUTENIBHOTO BPEMEHW AeprKaTbCA [0CTaTOYHO 6/M3KO K
aneKkTpopblbosarpagutento [25]. MosTomy sKCnepumMeHTbI NO
OLEHKe 3KOoM0rMyeckon 6e3onacHoCTM aneKkTposarpagutens
06A3aTe/IbHO A0/KHbI BKAOYATb B CeHA NPOBEPKY «XyALwero
cueHapua», Korga pbibbl Ha MPOTAXKEHUU ANUTENIbHOTO

nepuMoaa 3KCMNO3WLMM  UCMbITbIBAOT MaKCMMasibHble MO
WHTEHCMBHOCTM BO3gelcTeuAa. WMcxopa w3 3Toro, npwu
npoBeseHNM NPAMOIN OLEHKM BbIXKMBAEMOCTM pbl6 nmocne
BO34eNcTBMA 3nekTpopbibosarpagutens (CIMNPO KPY3B)
6bin BbIOPAH NEpPUOL 3KCMO3ULMKU B SNEKTPUYECKOM Mosie
paBHbi 1 4. [laHHbI nepuog 3Kcno3muum pbib6 B
3NEKTPUYECKOM none pblbo3arpaguTens HaMHOro
NPEBLILAET OXMAAEMblE 3HAYeHUs (JECATKM CeKyHa) U
nosgonsfetr ¢ 60nbWMM 3aMacom HaAZEXHOCTU OLEeHUTb
YCTOMYMBOCTDb PbIb K 3NEKTPUYECKOMY BO3LENCTBUIO.

B pesynbTaTe NpoBeAEeHHOM OLEHKM BbIXKMBAEMOCTU
pblb6 BO BpemMs M nocne BO3AEWCTBMA SNEKTPUYECKOro Nons
C3MPO KPY3B (200 B, 5 Ny, 0.25 mc) obHapy»eHo, 4To no
3aBEPLUEHMM IKCNO3UUMM pPblb B 3/NEKTPMYECKOM none
pbibo3arpagutens, a Takxke cnycta 24 u 48 vaca
3/IMMMHALMMN 0COBEl B KOHTPO/IbHBIX M 3KCNEPUMEHTANbHbIX
rpynnax pblb He Habo4anock.

MpoBefeHHOe  TecTMpOBaHWe  He  BblABM/IO
pasnvuMii B YPOBHAX BbIXKMBAEMOCTM Y MNOAOMbITHbIX
(nogBeprHyTbIX  3nekTpuyeckomy Bosgercteuio  CIMPO
KPY3B) 1 KOHTPO/IbHbIX (MHTaKTHbIX) pblI6.

Bbuoxumuyeckue uccnedo8aHuUs 8AUAHUA 31eKmpuYecKo2o
nona C3NPO KPY3B Ha pbib
B pesynbraTe uUccnensoBaHWiA He YCTaHOBNEHO LOCTOBEPHbIX
OT/INYUM BUOXUMMUYECKUX NAPaMETPOB MeYeHU pPyneHbl U3
OnbITHOM 7 KOHTPOJIbHOM rpynn, 41O moXxeT
CBWOETENbCTBOBATb  Kak 06  OTCYTCTBUM  HEraTMBHOIO
BAnAHUA CIMPO KPY3B Ha 6MOXMMMYECKMIA CTaTyC neyeHu
pbIb, Tak U 0 BMAOCNELMPUYECKON YCTOMUYMBOCTU PYNEHbl K
3NIEKTPUYECKOMY BO3ZeNCTBUIO (Tabn. 2).

B neyeHu nackmps U3 ONbITHOM rPynnbl aKTUBHOCTb
COA v ACT 6blna A0OCTOBEPHO Bblle, YemM B KOHTpone (p <
0.05). [na ocTanbHbIX BUOXMMMYECKMX MapameTpoB
OOCTOBEPHbIX  pasavumMii  He obHapykeHo (Tabn. 2).
MonyyeHHble pe3ynbTaTbl MOTMYT CBMAETENbCTBOBATb O
YYBCTBMTENbHOCTU  OTAE/NbHbIX 3BEeHbeB MeTabonnsma
Nackupsa K Bosgencteuio CIMPO KPYIB U oTpaxatoT
aanTMBHYIO OTBETHYIO peakumilo pblb K MpUCYTCTBUIO
daKTopa 3a cyeT yCcueHWUA aHTUOKCMIAHTHOW 3aWuTbl U
MHTEHCcMOUKaumm 6enkoBoro obmeHa.

Fucmosnozuyeckue uccnedo8aHUA 8AUAHUA
anekmpuyveckozo noas CIMPO KPY3B Ha 20HAObI pbib
PyneHa. BnvaHue 31EKTPUYECKOro TOKa OLeHMBaAW Mo
M3MEHEHMI0 COCTaBa W CTPYKTYpbl KAETOK AWYHMKOB.
PyneHa umeeT CTPYKTYpy AWYHWKOB MepKOMAHOro Tuna.
Camupl M CaMKM CO3PEBAOT HA 2-M FOAY KWU3HU, LOCTUTHYB
pasmepa 6.5-7 cm [18].

Ucxo0HbIli  KoHMponb  («Hynesas moyvka»). B
aBrycre, Npy NOCTAaHOBKE 3KCMEPUMEHTA, AUYHUKM PbIX/Ible,
00UMTOB CTaplle CTaguu NpPoTOnAa3MaTUYECKOro pocTa He
obHapy»KeHo, YacTb K/NeTOK noapepraetca pesopbuumn —
BOKPYI HWX PacronaratTca CKON/JeHna makpodaros, no
nepudepun namensibl HaxoZATCA OOFOHUM U OOUMTDI
CTaAnu NpoTonaasmaTuyeckoro pocra (puc. 5a).

OouuTbl, Nepeleawine K nNpoTonaasmaTuyeckomy

pOCTy, pacnonaratTcs  MNPUCTEHOYHO, pPasmMepbl KX
YBENMYNBAIOTCA NO mepe co3peBaHua oT 15 go 50 mkm.
KNeTkn  OKpy)KeHbl  OAHOCNOMHOM  GONIUKYNAPHON

060/104KON. KneTtkn pasmepom meHee 20 MKM MMelOT
pbIXJi0e AAPO C CETbIO TFeTePOXPOMATMHA W MJIOTHLIM
Aagpbiwkom. o mepe co3peBaHWs KNeTKM o6bem
LUMTONMa3Mbl YBEIMUMBAETCA, KOIMYECTBO AAPbILWEK B AApe
TaKKe yBennunsaerca 4o 4 u 6onee.
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Ta6auua 2. HekoTtopble 6UoxMMmYeckme nokasatenn (M = m) neyeHn N1ackmpa 1 pyneHbl U3 KOHTPOJIbHOM M OMNbITHOM rpynn
Table 2. Some biochemical parameters (M + m) of the liver of the Annular Seabream and Peacock Wrasse from the control

and experimental groups

Nackupb / Annular Seabream

Mapametp / Parameter

KoHTtponb / Control OnbiT / Experiment

(n=7) (n=6)
I::'RAS':'; ;’2;’:; “;:oiee'i'n"a 2.25£0.45 2.18+0.17
O e et 17.97:5.46 79.3643.04*
g:{' m’k‘:://x; 2‘:;':” 0.3120.11 0.3240.05
ﬁfTT, ’ﬁ?)?%'é@&j&?}"a 0.18+0.06 0.210.09
Qg,' ::;"I‘/’;"g/ :r";'tre?:;'h"a 0.16£0.02 0.26£0.03*
AnbGymuH, mr/mr Gena 3.37:0.84 3.54+1.17

Albumin, mg/mg protein

PyneHa / Peacock Wrasse

KoHTtponb / Control OnbiT / Experiment

(n=6) (n=7)
1::;;"1;] ;’2:’/':2 “;:OGtZ?nKa 2.41£0.43 2.39+0.38
R nlbonalom
g:{' m’k‘:://x; 2‘:;':;” 0.1740.05 0.1240.03
ﬁfTT, ’mg'l';’:);/:n';"t'eiﬁne/’:‘a 0.15£0.06 0.092+0.02
:g,' rr:’c:(/):qbg/ :r"c':tre?:;'h“a 0.110.02 0.14£0.04
AnbGymuH, mr/mr Gena 2.59:0.82 2.9540.55

Albumin, mg/mg protein

MpumeuaHue: * — docmosepHocme paszauduli mexdy 3Ha4eHuem fnokazamenel poib Uz KOHMPOsbHOU U oneimHol epyn.
TBK-All — TBK-akmuseHble npodykmel, CO/ — cynepokcudducmymasa, KAT — kamana3za, AJ/IT — anaHUHaGMuUHompaHcgepasa,
ACT — acnapmamamuHompaHcgepasa, M — cpedHee 3HayeHuUe, m — owubKa cpedHez2o, N — KOAUYecmeso 3K3eMIsapos.
Notes: * — significant difference between parameters of control and experimental groups (p<0.05). TBARS — thiobarbituric
acid reactive substances, SOD — superoxide dismutase, CAT — catalase, ALT — alanine aminotransferase, AST — aspartate
aminotransferase, M — mean value, m — standard error of the mean, n — number of specimens.

locne e030elicmeus anekmpuyeckum mokom. [pobbl,
OTObpaHHble  HEemnocpeacTBEHHO  MOCAe  BO3AENCTBUA
3/IeKTPUYECKMM  TOKOM  MNOKasanW, 4Tto Hambonblime
MU3MEHEHMA MPOM3OWAM B OOUMTaX CTaguMM NpoOTOn/ias-
maTtmyeckoro pocta pasmepom 80—-100 mKkm. Mo cpaBHEHUIO
C KNeTKamMyW B KOHTPOAE OHWU UMENU OYeHb KpyrnHoe
AOPBILKO B A4pe, MHOrga KonbLesuaHon ¢opmbl, U
HECKONbKO  MeJIKMX, UuMTOon/Iasma cogepykana 6Honee
pasBWTble KaHaibl 3HAOMNIA3MATUYECKOTO peTuKyayma. Mo
MHEHUIO HEKOTOPbIX UccnefoBaTeniel, KpynHble AAPbILKK
MOryT 6bITb pe3ynbTaTOM CTPeccoBOro Bo3aencTsus (B
YaCTHOCTM, TENNOBOro LWOKA) Ha K/AEeTKM, B TOM 4ucne
NnosoBble, N ABAAKOTCA YaCTbiO 3aLWMUTHOTO MeXaHu3ma [26].
KpoBeHOCHble  cocyapl  paclwMpeHbl M 3anO/HEHbI
aputpoumTamu (puc. 5b).

Yepesz 37 cymoK aKkcnepumeHma. Y 4acTu OOLMUTOB
AAPLIWKO TaKXKe CTaso KPYMHbIM, NOPOM 3ano/HAA NOYTU
BCO nJowaab Agpa. Hekotopble oouuTbl nepewnn B
NpPeBUTENNIMHOBYIO CTaamio (puc. 5¢).

B onbiTHOW rpynne pbi6 yepe3 37 cyTok nocne
BO3ENCTBMA TOKa HabtogaNn OTINYMSA B CTPYKTYPE KNETOK.
OTmeyeHa LeCMHXPOHM3aUMA AeneHna 0oroHues (puc. 5d).
Mo cpaBHEHMIO C KOHTPO/ieM, NPUCYTCTBOBaNO 6Gonbluee
KOJIMYECTBO OOLMTOB Hayasia MPOTON/Ia3MaTUYECKoro pocTa,
AOPLIWKM B OONBLWKMHCTBE KAETOK OblIM  KpynHbIMKM U

3aHMManM MNo4YyTM Bce A4PO, B LMTON/AA3me BUAHA
NepuHyKneapHasa 30Ha. KNetok Ha nNpeBUTENNNMHOBOM
cTagmMm He obHapy»eHo. CTPyKTypa KPOBEHOCHbIX COCYA0B
CTafla CXOAHOW C TaKOBOW KOHTPOAA, HO B TKaHW roHag,
NPUCYTCTBOBA/NIM  CKOMJIeHMA MakpodaroB B 6onbluiem
KO/IMYECTBE, MO CPABHEHMIO C KOHTPO/IEM.

Takum 06pasom, y pyfneHbl M3MEHeHUs mnocse
BO34EMNCTBMA 3/IEKTPMYECKUM TOKOM BbIpasWinCb B CTase
KPOBEHOCHbIX COCYAOB W YBEAWYEHUWU SAAPbILWEK B AApaX
oouutoB. CTa3 KPOBEHOCHbIX COCYAOB MOF  YXyAWWTb
KpOBOCHabKeHWe opraHa, obmeH nuTaTeNlbHbIMU
BeLLeCcTBaMM M CHabxeHne Knuciopoaom. Mo-suammomy, aTo
MOF/I0 CTaTb MPUYMHOM KaK PAaCcCCUMHXPOHM3ALMKU AeNeHuUsa U
pasBUTUA OOrOHMEB, TaK W 3amen/iIeHUa CO3peBaHuA
OOLMTOB B OMbITHOM rpynne No CPaBHEHUIO C KOHTPONIEM.

Jlackups. PesynbTathl nuccnefoBaHuA BAUAHUA
3/1eKTPUYECKOro TOKa MOKa3au, YTO B KOHTPOJIE B AMYHUKAX
NIACKMpPS MPUCYTCTBOBA/IM OOTOHWM W 0OUMUTBI B CTaaum
NpOTONNa3mMaTMYeCKOro pocTa WM npesuTennoreHesa (puc.
6a), OKpy»KeHHble TPodUUECKUMM KneTKamu. OoroHnn bbinn
pacnonoskeHbl rpynnamm no 4-6 Knetok y 6okosoM
NOBEPXHOCTM Namennbl AWYHMKA. OouuTbl Ha CcTaguu
NPOTONIa3MaTUYECKOrO POCTa COCTaBAAIM OCHOBHYIO Maccy
KneToK. Ux pasmepsl Konebanncb ot 50 go 80 mkm. Okono
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10-15% KNETOK COCTaBAAAM OOUWTbI MPEBUTENIMHOBOM
cTagmm pasmepom ot 60 Ao 90 MKm. X XxapaKTepHOM yepToi
6bI10 HanMuMe rpaHyn Kentka AuameTpom 1-2 MKm B
nepuvHykneapHoin 3oHe (puc. 6a). Bmecte ¢ Tem
NPUCYTCTBOBAAN OOLMTbI C BaKyonaAMM B Adpe, a TaKxke
KNETKU C MpusHakamu pesopbumn. OHKM cocTaBasu B
KOHTPO/IbHOW rpynne 1-2% Bcex Knetok. [o-sugumomy,
nosB/ieHWe BaKyosiel B AApe MOXKHO CYMTaTb HayvasbHOM
cTagmeil pesopbuuy oouuTa. B Lenom AWYHMKKM  BCex

c
PucyHoK 5. KneTkun roHag, pyneHbl: @ — UCXO4HbINM KOHTPOb, b — akcnepumeHT, 1 yac, ¢ — KoHTponb, 37 cyT.,
d —akcnepumeHT, 37 cyT., aCUHXPOHHOE Ae/leHNe 0OroOHWEB. 1 — 00roHUK, 2 — OOLUTbI MPOTONIA3MATUYECKOIO POCTa,
3 — KPOBEHOCHbI cocyA.* - KpynHoe AAPbILIKO.
Figure 5. Cells of Peacock Wrasse gonads: a — initial control, b — experiment, 1 hour, ¢ — control, 37 days,
d — experiment, 37 days, asynchronous division of oogonia. 1 — oogonia, 2 — protoplasmic growth oocytes,
3 —blood vessel; * — large nucleolus.

Mocne BO34ENCTBMA 3NEKTPUYECKOrO MOAA Yy CaMOK
OTMeYeHbl FoHaAbl 2-X TUMOB: NepPBblit TUM COOTBETCTBOBA/
TaKOBOMY Pbl6 KOHTPOJIbHOW rPynMbl, 0AHAKO B HaYaNbHYO
cTaauio TpodonaasmaTMYeckoro pocta BCTYMMIO MeHbluee
KO/IMYEeCTBO KNeToK (He 6bonee 5% oT obuwero uucna
KNeToK), Kpome Toro, $onAnKynapHaa o060/10YKa 3ITMX
KNeToK 6blna 6onee pasBUTOM, C XOPOLLIO BbIParKEHHbIMM
CKNagKamm U MeNKUMM  BKAYeHMAMU. MeHbluee
KO/MYECTBO  OOUMTOB  MPEBUTENIMHOBOW  CTagum B
COYETaHUN C U3MEHEHMEM CTPYKTYpbl 060/104eK 0OLMTOB
NpoTONAa3smMaTUYecKoro  pocta  CBUAETE/bCTBYET O
3aMeaNeHnN 0oreHesa, a yBesInYeHMe KNeToK C BaKyonsimm
B agpe (Npu OTCYTCTBUM APYTUX BUAMMbBIX MPU3HAKOB
pe3opbumm) npegnonaraert HayanbHble cTaguu
paspyLeHns KAeToK.

BTOpoOW TMN roHaf XapakTepu3oBasca 3HaYUTEIbHO
60MbWNM NYAOM AENAWMXCA KNETOK W 3HauuTesbHan
[0Nel oounUTOB Ha CcTaguu TpodOonaasmMaTUYecKoro pocrta
(puc. 6b).

MCCNeA0BaHHbIX Pblb Haxogunucb Ha BTOPOM — Havane
3 cTaguu pasBuTUA. YUnTbIBas IMTepaTypHble AaHHbIE O TOM,
UTO CaMKM IaCKMPA [OCTUTaloT MOJIOBOM 3PENOCTU Ha 2-M
rofly M3HW (camupl — Ha MEPBOM), @ HEPEeCT PaCTAHYT U
ONUTCA C UIOHA No ceHTAbGpb [18], pasmepbl, BO3pacT
CTagulo 3penocTu roHaf, MCCNefoBaHHbIX Ppblb, ydyacTue
OaHHbIX ocobeilt B HepecTe B TeKylem rogy 6bino
MasioBepOATHO.

OOroHMN Ha pasHbIX CTaAUAX AeNeHNA COCTaBaAIN
okono 8-10% Bcex KAETOK, O0OUMTbl NpoTon/as-
maTtuyeckoro pocta — ao 80% knetok. Jo 70% wu3 Hux
nmeroT pasmepbl oT 10 go 20 MKM M COCTaBAAKT nyn
KNeTok ana cnepytouwero Hepecra. Okono 10% wumetot
pa3mepbl o1 50 40 80 MKm.

OTanumMTenbHaa 4epTa roHag BTOporo Tuna —
NPUCYTCTBME TPaHY/N XenTka B OOLMUTax, KoTopble no
pasmepam M JIOKauuMu, CKOpee, AO/IKHbl Haxo4uTbCcA Ha
CTaguu NpOTOMN/Aa3MaTMYecKoro pocta. B kneTkax Bcex
TMNOB HabNl4anM  MUTOXOHAPUM C  Pa3pyLUEHHbIMU
KpUCTamu 1 BaKyonu B agpe. OgHAKoO B LeNom A0AA 3TUX
KNETOK 6bl1a HUXKe, Yem B KOHTpoe (MeHee 1% KNeTok).

Takum o06pa3om, HeCMOTPs Ha BHELHEe CXOAHO
onpegenaemble CTagmu 3penocTv roHas, ocobu, BEpoaTHO,
OTHOCATCA K PasHbIM TPynnam: HepPecTUBLUMXCA / UAKU He
BCTYMWBLLMX B HEPECT CAMOK.
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a
PUCYHOK 6. KneTkun anyHmKa nacknpsa: A — KOHTpob, 37 cyT.; b — aknepumeHT, 37 cyT. 1 — 0OroHum,

2 — 00UUTbI NPOTOMNIA3MATUYECKOW CTaANM, 3 OOLMUTbI NPEBUTENIMHOBOW CTaaunu; * — rpaHynbl XKenTka
Figure 6. The ovary cells of Annular Seabream: A — control, 37 days; b — experiment, 37 days. 1 — oogonia,
2 — oocytes of the protoplasmic stage, 3 — oocytes of the previtellin stage; * —yolk granules

Ocobbili MHTEpPEeC NpeAcTaBAAeT NoABAEHUE PaHy/ KenTKa
B HE6O/IbLWMX NO Pa3mepy 0OLMTax NPOTONAA3MATUYECKOTO
pOCTa M OTCYTCTBME MX B KPYMHbIX KAETKax. He ucknoyeHo,
YTO BO3AEWNCTBME 3/IEKTPUMUYECKOro Moas W CTpecc,
BbI3BAHHbI OT/IOBOM M NepecasKkon pbib, BbI3BaM CABUT B
CO3peBaHMMN NOOBbIX KNETOK.

3AKNTIOMEHUE

B pe3ynbTaTe NpoBeAeHHOro UCCNef0BaHUA BbIABIEHO, YTO
JIMYMHKM pblb (aTepuHa, AnrHa 10 mm) NPOABAAIOT YETKYIO
NepBUYHYIO pPeaKkUuMIi0 Ha 3NeKTpuyeckoe Bo3gencTeune
C3MNPO KPY3B B BMAE ObICTPbIX M PE3KUX XAOTUYECKUX
OBUKEHUN, U B TO e Bpema co c€abo BbipaXKeHHbIM
apdekTom nsberaHuna paboTaroweint CUCTEMbI 31EKTPOLOB.
Mpu noBbiweHUN HanpsaxKeHua (100-150-200 B) y anumnHok
pbl6 BOAM3KM 3NEKTPOAOB MPOABAAETCA MMMObUAM3ALMA
(obe3aBuKMBaHME M OCeaaHNe Ha AHO).

Y pasHbIX pa3mepHbIX rpynn monoam pbib (Kkedanb,
cpeaHaa gamHa 20 mm 1 53 mm) ummobunmsaummn npwm
BO34EWCTBUM 3INEKTPUYECKOro NosA He Habntopaetca.
Monoab pbl6  aKTMBHO  NepemellaeTcd U3 30Hbl
Bosgenctenua CIMNPO KPYIB, wu3beras Bo3zencrTeus
aneKkTpuyeckoro nons. Mo mepe yBesMYEHUA HanpAXKeHUA
COMNPO KPY3B cpegHee paccToAHME Mexay MOAoAblo U
CTBOPOM 3/1€KTPOA0B YBEIMUYNBAETCA.

B3pocnble ocobu uccnepoBaHHbix 10 BuAoB pbib
aKTMBHO nepemellanncb M3 30HbI Bo3gencteua CIMPO
KPY3B, nsberana Bo3gencTemA 3neKkTpuyeckoro nons. MNpwu
BO34EWCTBUM  D/IEKTPUYECKOTO TOKa MPOCTPAHCTBEHHOE
pacnpeaeneHve M noseAeHWe  pbld  U3MEHANUCH:
npoucxoanno ¢opmuMpoBaHMe OLHOBMAOBbLIX CTall pblb
cXoAHOro pasmepa. [pu HapacTaHUW HanpAXeHua Ha
anekTpogax (150 B, 200 B) craum pblb6 daKkTMYecKn
npekpawanm nepemelteHus. Poibbl NPOABAANN 31E€MEHTbI
060pOHUTENBHOTO NoBeAeHUA (M3beraHne n 3aTaMBaHue) B
OTBET Ha BO3AENCTBME 3neKTpuyeckoro nons. Hapagy c
3TMM OTMEYEeHbl C/lydau MpoXxoJa OTAesIbHbIX ocobein u
CTal pasHbIX BUAOB Pblb CKBO3b CTBOP 3N1EKTPOLOB.

HeobxoAMMO  OTMETUTb,  YTO  MOJYYEHHble
pesynbTaTbl 3KCMEPUMEHTANbHBIX nccnefoBaHUM
noBefeHnsa pblb B 31EKTPUYECKOM MOJie  WMMeT

npeaBapuTeNibHbld - xapakTep.  [ns noabopa "
YCTaHOB/IEHWUA ONTUMANbHbIX NapameTpos paboTbl CIMPO
KPY3B, cnocobcTtBytownx 3pdeKTMBHOMY OTMNYIMBAHUIO U
NPenATCTBYOWMX NONagaHNIo MOPCKUX pblb B BoA03abopbI

M BOOOMNPUEMHUKK, TpebyeTcAa nposeaeHWe AanbHENWmX
nccnenoBaHuin.

MpAMaA OUEHKA BbI)KMBAEMOCTU PasHbIX BUAOB
MOPCKMX pbl6  BO BpemAa W nocne BO3AENCTBUA
Tectupyemoro pexuma CIMPO KPY2B (200 B, 5 Ty,
0.25 Mc) BO Bpems 3KCNO3ULUM Pblb B 3/71EKTPUYECKOM
none (1 4) He BbIABWAA Pa3NMYMiA B 3AMMUHALMK pblb. B
KOHTPO/IbHOM W 3KCMEepWMMEHTaNbHOM  rpynnax Ha
NpoTAXeHUn 48 4acoB NOC/E INEKTPUYECKOTO BO3AENCTBUSA
rméenn pbib6 He OTMeYEeHo.

BbiABNEHO  OTCYTCTBME  HEraTMBHOIO  BAWMAHUA
C3MNPO KPY3B Ha 6BMOXMMMYECKUI CTATYC NEYEeHWN pyeHbl.
Y  nackupa  pesyabTatbl  BMOXMMMYECKOrO  aHanusa

CBUAETENbCTBYIOT O YYBCTBUTE/IbHOCTU OTAE/IbHbIX 3BEHbEB
meTabonusama K sosgeiictento CIMPO KPY3B u oTpakatoT
agantauumio pblb K AaHHOMY GAKTOpy 3a CYeT ycuaeHwus
QHTUOKCMAAHTHOM 3alWMTbl U UHTEHCcUbUKALMM 6enkoBoro
obmeHa.

Mpw oueHKe aneKTpuyeckoro sosgenctama CIMNPO
KPY3B Ha BOCNPOM3BOAUTENBLHYIO CUCTEMY Y Pblb pasHbIX
BMAO0B OBHApYXKeHbl Pa3inuma, Kak B CTPYKType roHag, Tak
M peakumm ux KneTok. OOHapyKeHo, YTO cTeneHb
BOCNPUMMUYMBOCTU K CTPECCOPY — WMMMYJIbCHOMY TOKYy —
33aBUCUT OT CTaguMU 3penioCcTVU FOHaA: HenosioBo3penblie U
nosnoBo3pesible 0cobu Co 3penbiMn FroHaZaMU B MeHbLUel
CTeneHn YyBCTBUTENbHBI K AeincTBuio hakTopa, yem ocobm
pbl6 cpa3y nocne Hepecta. O4yeBMAHO, 4YTO NOMMMO
BMAOBOM NPWHAANENKHOCTM, 3HAYeHMEe MMeeT TaKxke
pasmep W Bo3pacT pblb. Y HEenonoBo3penbix W He
HEepPEeCTUBLUMXCA NACKMpPeEN INeKTpuYeckoe BO3LeNCTBUE HA
00UMTbI NO3HEN NPOTONNA3MaTUYECKON CTagMK Bbi3biBAeT
pe3opbumio HebObLION YaCTU KNETOK, @ B OOLMUTAX PaHHEMN
NpoTonaasmaTUYecKon CTaguu CTUMYAMpyeT BbIpaboTKy
BUTENNIMHA. Y py/ieHbl CTpecc nocne BO34eNCTBMA TOKOM
BbI3Ba/l PACCUHXPOHWU3ALUMIO B Je/leHUN OOroOHUEB M
3aMef/iIeHMe CO3peBaHUs OOUWUTOB. BmecTe ¢ Tem 4TObbI
BbIACHWUTb, KaKuWe MOoCNeacTsua 3T WM3MeHeHusa 6yayt
UMeTb ANa nocneaylowero Hepecta pbl6 M Kak 3To
NnoB/AMAET Ha KayecTBO WKpbl, TpebyloTca aAanbHellwne
nccnefoBaHua.
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3KCMEPUMEHTANIbHbIX UCCIEA0BaHMI. ABTOPbI BbIpaKatoT
6narogapHOCTb KONNEKTUBY COTPYAHMKOB KabuHeTa
3NEKTPOHHOM MuKpockonuu NBEBB PAH (C.U. MeTenesy,
I.B. BbikoBy v 3.J1. BbIKOBOW) 32 NOMOLLb B NOATOTOBKE
maTepuana Ana 3SNEeKTPOHHON MUKPOCKOMUMU.
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Abstract

Aim. Formulation of the outlines of the concept of VIEW (Viral Early
Warning) which is intended as a long term system of multidisciplinary
transboundary cooperation between specialist institutions of all five
Caspian region states to research, regularly monitor and share data about
the generation, transmission and epidemiology of avian-borne pathogens
and their vectors in the region, and the ways climate change may affect
these processes.

Material and Methods. The concept is based on the multidisciplinary
experience of the authors in researching the processes incorporated in the
VIiEW concept and on an in-depth survey of the literature involved.
Results. The outlines of the VIEW concept are presented in this study for
review and comment by interested parties and stakeholders.

Conclusion. Review of activities and opinions of specialists and
organizations with remits relating to the development, establishment and
maintenance of VIEW, indicates that such a system is a necessity for global
animal and human health because of the role that the Caspian region plays
in the mass migration of species of waterbird known as vectors for avian
influenza and the already evident impacts of climate change on their
phenologies. Waterbirds frequenting the Caspian Sea littorals and their
habitats together constitute a major potential global hotspot or High Risk
region for the generation and transmission of highly pathogenic avian
influenza viruses and other dangerous zoonotic diseases.

Key Words
Caspian Sea, bird migration, avian influenza, surveillance, global hot spot,
climate change impacts, early warning, high risk virus detection strategy.
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Lienb. dDopmynunposka obwumx yepT KoHuenumm VIEW (Viral Early Warning
— paHee npeaynpexpeHue O BMpycax), KOTOpas 3aAymaHa Kak
[ONrOCPOYHAA  cUCTEMA  MEXOMUCLMMINHAPHONO  TPaHCrpaHUYHOro
COTPYAHNYECTBA MEXAY Creuuanu3MpoBaHHbIMU YUYPEXAEHUAMU BCeEX
NATU rocyaapcts Kacnuickoro permoHa gaa uccnefoBaHna, MOHUTOPUHTA
M obmeHa [AaHHLIMWM O BO3HWKHOBEHWW, Mepegaye M 3NUAEMMONOTUU
NePeHOCUMBbIX NTULLAMW MATOTEHOB, A TaKXe TO, KaK U3MEHEHWe KaumaTa
MOXKET NOB/UATbL Ha 3TU NPOLLECChI.

Marepumanbl U metoapbl. KoHUENUMA OCHOBaHa Ha MeXAMCLUNINHAPHOM
onbiTe aBTOPOB B MUCC/IEA0BaHMMN MPOLECCOB, BK/IOYEHHbIX B KOHLENLMIO
VIiEW 1 Ha yrnybneHHOM M3y4eHnn COOTBETCTBYIOLLEN IUTEPaTYpbI.
Pe3ynbTatbl. B 3TOM MccnepoBaHuMy npeacTaBaeHbl OCHOBHbIE MOJIOXKEHUA
KoHuenuun VIEW anAa paccMOTpeHMA W KOMMEHTMPOBAHMA 3auHTe-
pPecoBaHHbIMWU CTOPOHAMM.

3aknoueHne. 0630p AeATENbHOCTM W MHEHMI  CNeuuannctos  w
OpraHusaumi, MMemrLWMnx MNOJHOMOYKA, CBA3aHHble C pPa3paboTKoi,
co3gaHvem v nogpepxkaHuem VIEW, cBupetenbctByeT o TOM, YTO TaKas
cuctema  fABNAETCA  HeobxogMMOCTblo  Ans  rnobanbHOro  340pOBbA
JKMBOTHbIX M Ye€/IOBEKa, TaK Kak Kacnuickuit pervoH urpaet 6osbluyto
posb B MaccoBOM MUrpaLMM BOAOMIABAOWMX MTUL, M3BECTHbIX KakK
NepeHoCYMKM NTUYbEro T[pUMNa, W YKe OYEeBUAHbIX MNOCNeACTBUN
U3MEHEeHUA Kaumata pgna ux deHonormn. BopgHo-60/10THbIE NTULbI,
noceuwiarowme npubpexkHole paioHbl Kacnuitickoro mopsa, M ux
MecToobuUTaHUA BMecTe MPeacTaBAAT CObOWM KPyMnHYK MOTEHLMaNbHYIO
rN06anbHy0 ropAYYIo TOUKY MW PErMOH BbICOKOrO pUCKa 06pa3oBaHUA U
nepefayn BbICOKOMATOreHHbIX BWPYCOB MNTMYLEFO FpUNNA W APYrux
0OMacHbIX 300HO3HbIX NHPEKLNNA.
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2022 ABtopbl. K02 Poccuu: 3Konozus, pazsumue. 3TO CTAaTbA OTKPbLITOrO [0CTyMa B COOTBETCTBMM C ycnosusamu Creative Commons
Attribution License, KoTopasa pa3spellaeT MCNO/b30BaHWE, PACNPOCTPAaHEHME M BOCMPOU3BEAEHME HA NOOOM HOcUTene Npu yCioBUM

NPaBW/IbHOTO LUTUPOBAHUA OPUTMHANLHOW PaboTbl.

234

ecodag.elpub.ru/ugro/issue/current




South of Russia: ecology, development 2022 Vol. 17 no. 4

G. Petherbridge et al.

Prolegomena: Alignment with Priority Policies of the
Russian Federation in Regard to Potential Biological
Threats

On 25 March 2020, prior to the full understanding of the
global pandemic danger presented by the COVID-19
coronavirus, Inger Anderson, Executive Director of the
United Nations Environmental Programme (UNEP)
warned: “Nature is sending us a message” ...Seventy-five
percent of all emerging infectious diseases come from
wildlife. Our continued erosion of wild spaces has brought
us uncomfortably close to animals and plants that
harbour diseases that can jump to humans. Human
infectious diseas outbreaks are rising and in recent years
there have been Ebole, bird flue, Middle east respiratory
syndrome (MERS), Rift Valley fever, sudden acute
respiratory syndrome (SARS), West Nile virus and Zika
virus, all of which have crossed from animals to humans.
Never before have so many opportunities existed for
pathogens to pass from wild and domestic animals to
people”. “...We need to go into the future armed with
nature as our strongest ally”.

In response to this situation, specialists at the
Institute of Ecology and Sustainable Development od
Dagestan State University and at the Federal Centre of
Fundamental and Translational Medicine of the Siberian
Branch of the Russian Acedmy of Sciencess have
developed the concept of ViIEW (Viral Early Warning)
responds to national strategic policies of the Russian
Federation in a range of ways, particularly with regard to:
“International scientific and technical cooperation and
international integration in the field of research and
technology, which protect the identity of the Russian
scientific sphere and state interests in the context of the
internationalization of science and increase the
effectiveness of Russian science through mutually
beneficial international cooperation” and “the formation
and promotion of the current scientific agenda of the
state as a member of international organizations,
increasing the level of participation of Russia in
international systems of scientific and technical expertise
and forecasting”. (Strategy of Scientific and Technological
Development of the Russian Federation, 1 December
2016 No. 642), and also the implementation of the above
as expressed in the Presidential address to the Russian
Federal Assembly of 15 January 2020: “I would like to
stress that Russia is ready to support Russian and foreign
scientists’ joint research on ecology, climate change,
environmental and ocean pollution. These are global
development challenges shared by everyone”.

VIiEW is intended as long term programme of
multidisciplinary transboundary cooperation between
specialist institutions of all five Caspian Sea littoral states
to research, monitor (to an agreed methodology and
regular schedule) and share data on the generation,
transmission and epidemiology of avian borne pathogens
in the Caspian region, with a particular emphasis on the
ways climate change may affect these matters. In turn
this information would be passed to those national,
regional and international bodies which are tasked to
incorporate and respond to such data within their
respective global mandates.

The establishment of ViEW as an early detection
and warning system for avian and inter-species viral
transmission would also be a key component of the
national scientific response to potential biogenic threats,

as articulated in the Decree of the President of the
Russian Federation of 11 March 2019 No. 97, "On the
Fundamentals of the State Policy of the Russian
Federation in the field of ensuring chemical and biological
safety for the period up to 2025 and beyond”. This policy
has identified new priority areas in the field of ensuring
chemical and biological safety, the main biological threats
to Russia's security being considered to include
modification of the properties and forms of pathogenic
biological agents and the properties of their carriers;
design and creation of pathogens using synthetic biology
technologies and terrorist attacks associated with the use
of hazardous biological substances.

Two of the Russian Federation’s key viral
research, monitoring and analytical centres in regard to
biological threats posed by highly infectious animal-borne
disease are located in Novosibirsk (Federal Centre for
Fundamental and Translational Medicine, Siberian
Branch, Russian Academy of Sciences) and in
Makhachkala (Institute of Ecology and Sustainable
Development, Dagestan State University) on the Caspian
Sea coast, which would coordinate the VIEW programme.

VIEW would be established by agreement and in
collaboration with the member institutions of the
Association of Universities and National Research Centres
of Caspian Region States, whose International Institute of
Ecology and Sustainable Development of Universities and
National Research Centres of Caspian Region States is
directed by Director of the Institute of Ecology and
Sustainable Development, Dagestan State University.

The endorsement and support of VIEW by the
principal responsible international intergovernmental
agencies (FAO, UNEP, WHO, UNESCO and WOAH) for
VIEW would be sought, as would its structural
incorporation into their regional and global strategies, in
particular those relating to the Tehran Convention
(Framework Convention for the Protection of the Marine
Environment of the Caspian Sea) of which the Russian
Federation is a signatory.

1. VIiEW: Introduction

Prior to the COVID-19 pandemic, the most severe
pandemic in modern human history was that of the highly
contagious influenza outbreak of 1918-1920, which
caused some 50 million deaths. Scientific opinions differ,
but it may have been caused directly or indirectly by an
H1N1 virus of avian origin. There are four main influenza
virus species: A, B, C and D. Type A viruses are known to
infect a wide variety of birds and mammals, while the
other species have more restricted host ranges. Influenza
A viruses (IAV) include all avian influnza viruses (Lycett,
2019). The first documented occurrence of highly
pathogenic avian influenza in a wild bird population was
in 1961, when an outbreak in Common Terns (Sterna
hirundo) killed about 1,600 birds in South Africa. Current
avian influenza viruses (AlV) have a fast mutation rate
and virus strains have been circulating and diversifying in
wild bird populations for more than a century. Exchange
of genes between virus strains that co-infect cells in the
same host, a process known as reassortment, further
increases the evolutionary speed of the virus. Direct
transmission of the virus from wild birds to humans
appears to be very rare (or non-existent), presumably due
to the low frequency of contact between the two
populations; however, transmission from domestic avian
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species to humans does occur, especially in live poultry
(wet) markets in Asia. Already in the present century
there have been a number of avian influenza outbreaks of
concern, of particular virulence being the highly
pathogenic HPAI H5N1 strain first reported in Central Asia
and Eastern Europe in 2005 and continuing to spread into
Europe and south west Asia in 2006-2007. In 2009 the
“swine flu”, a strain of HIN1 virus resulting from a
reassortment of avian, swine and human influenza
viruses, caused more than 284,000 fatalities globally
(Lycett, 2019; Mehrabanpour et al., 2012).

Since the 2005 outbreak, increasing attention has
been placed on researching and monitoring avian
influenza viruses in both wild and domestic birds.
Because some bird populations can travel long distances,
there are high chances of AlV reaching a wider range of
birds or other species. Waterbirds, especially those of the
order Anseriformes, are known as a natural reservoir for
avian influenza viruses (AlV) (Stallknecht 2003), with the
viruses being most prevalent in dabbling (surface —
feeding) ducks, especially Mallard (Anas platyrhyncos)
(Olsen et al., 2006; Vandegrift et al., 2010). Certain gulls
and terns are also identified as significant viral vectors.

New avian viruses and subtypes are generally
documented as developing in east or south-east Asia,
then spreading to Mongolia, Siberia and Europe and can
cause extensive mortality in both wild birds and poultry.
Migratory water birds mixing with domestic or farmed
poultry may contribute to the generation of new viruses
by reassortment which may eventually spread intra- and
intercontinentally.

Migratory birds are also one of the best groups of
animals to monitor for the effects of climate change,
which may in turn impact on the generation and
dissemination of new pathogens. Most birds are day-time
active, conspicuous, easy to identify and are popular with
many groups of people, including amateur birdwatchers
and professional scientists (Ferrer et al., 2008). In the
analysis of Ferrer and colleagues, “many parts of Europe
and North America, particularly, their distributions and
numbers, as well as the timing of their migrations and
breeding seasons, have been well monitored for decades.
Migratory birds are likely to be more vulnerable than
non-migrants because they can influenced by conditions
in three different geographic locations: their breeding
grounds, their wintering areas, and their migration
routes. A growing body of field and laboratory evidence
indicates that, far from being a static and conservative
trait, migration is a dynamic and flexible behaviour in
birds that is greatly influenced by external factors. Thus
we can expect that in addition to population effects in
migrants, migratory behaviour, itself, is likely to change in
association with climate change. And, indeed, many
changes in migration already have been reported. Many
migrants are migrating earlier in spring than formerly,
and some are migrating later in autumn as well. Most
examples of shifts of migratory behaviour involve species
that have extended their breeding ranges into higher
latitude areas where over-wintering was not possible or
was highly risky in the past. On the other hand, some
species that once were entirely migratory are now
partially migratory, with increasing numbers of
individuals staying on their breeding grounds year-round.
In yet other species, individuals are now migrating
shorter distances than formerly, and are over-wintering
farther north” (Ferrer et al., 2008).

Accordingly, in the last two decades significant
research internationally has been ongoing into the
causes, vectors and epidemiology of AIV and the
documentation of associated impacts of climate change.
A considerable number and geographical scope of
national, regional and global surveys of these inter-
related phenomena have been undertaken. In North
American and European countries, in particular, a
significant body of epidemiological data has been
gathered regarding the circulation of AlVs in wild birds.
Nonetheless, little is known about the prevalence of AlVs
in wild birds in West and Central Asian regions, where
many countries have been severely affected by each
successive wave of outbreaks (Marashi et al., 2020).

In some cases, surveys undertaken have been
reactive, focusing on the reporting of birds found dead
and the analysis of the biological cause of individual
deaths (Fereidoini et al., 2010). In other cases work has
been undertaken to attempt to forensically reconstruct
from pre-existing monitoring and other data what may
have led to the outbreak and spread of a particular
outbreak (Delaney et al., 2006). There have also been a
number of initiatives over an extended time period of
time to monitor or collate monitoring data on species of
waterbirds which research has shown to be primary
vectors for avian influenza viruses. A good example of the
latter approach is the Asia-Pacific Working Group on
Migratory Waterbirds and Avian Influenza (APWG-MWAI)
which was established under the auspices of the Asia-
Pacific Migratory Waterbird Conservation Committee, the
predecessor of the East Asian-Australasian Flyway
Partnership and the Central Asian Flyway (CAF) Action
Plan. The goal of the group is to coordinate, facilitate and
promote collation of avian influenza-related waterbird
programmes and activities in the East Asian-Australasian
and the Central Asian Flyways.

Rarely, however, has there been instituted an
integrated regional or global system to regularly monitor
high risk waterbirds in the field over an indefinite future
time span, although there are some exemplary
exceptions.

The Caspian region is one of the potential global
HPAI hotspots in Eurasia which requires just such a
system of AIV surveillance, being located at the
intersection of three major migratory routes: the Central
Asian flyway, the East Africa/West Asian flyway and the
Black Sea/Mediterranean flyway (Fig. 1). Due to the
richness of its large saltwater bays, lagoons, river deltas
and inland wetlands, the Caspian region represents a
primary route for the seasonal migrations of many bird
species in Eurasia. Ecological characteristics of these
unique habitats allow wild waterfowl and shorebirds to
use numerous Caspian wetlands for both wintering and
nesting. Moreover, this region also provides staging sites
for species that migrate further to and from Europe or
Africa (Gulyaeva et al.,, 2021). As noted below, some
waterbird species do not always fly either south or north
through the Caspian region in their seasonal migrations
but also westwards to Crimea and the western Black Sea
coasts in particularly cold winters after passing through
the northern Caspian region.

2. The VIiEW concept

Through VIiEW (Viral Early Warning System) the intention is
to establish and operate a long term programme of
multidisciplinary transboundary cooperation between
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specialist institutions of all five Caspian Sea littoral states to
research, monitor (to an agreed methodology and regular
schedule) and share data on the generation, transmission
and epidemiology of avian borne pathogens in the Caspian
region, with a special emphasis on the ways climate change
may affect these processes. In turn this information would
be passed to those national, regional and international
bodies which are tasked to incorporate and respond to
such data within their respective global mandates. A key
body in this respect is the Scientific Task Force on Avian
Influenza and Wild Birds which was co-convened by the
Convention on the Conservation of Migratory Species of
Wild Animals (CMS) and the Food and Agriculture
Organization of the United Nations (FAO) in response to
large-scale outbreaks of highly pathogenic avian influenza

Black Sea/Mediterranean Flyway

(HPAI) in wild birds. It works as a communication and
coordination network that keeps under review the role of
wild birds in the epidemiology of Al and the impact of the
disease on wild birds, promoting a balanced opinion based
on currently available evidence. Task Force members
include FAO, CMS, the African Eurasian Waterbird
Agreement (AEWA), BirdLife International, EcoHealth
Alliance, International Council for Game and Wildlife
Conservation (CIC), Ramsar Convention, Royal Veterinary
College, Wetlands International, and Wildfowl & Wetlands
Trust (WWT). Task Force observers include the United
Nations Environment Programme, the World Health

Organization and the World Organisation for Animal Health
(WOAH).

Mississippi Americas

Flyway

-

East
Atlantic
Flyway

West Asian - East African Flyway

Figure 1. World migratory flyway zones

Another important international resource is the Global
Consortium for HS5N8 and Related Infuenza Viruses
(GISAID) platform was launched on the occasion of the
Sixty-first World Health Assembly in May 2008. Created
as an alternative to the public domain sharing model,
GISAID's sharing mechanism took into account the
concerns of Member States by providing a publicly
accessible database designed by scientist for scientist, to
improve the sharing of influenza data. Since its launch
GISAID plays an essential role in the sharing of data
among the WHO Collaborating Centers and National
Influenza Centres for the bi-annual influenza vaccine virus
recommendations by the WHO Global Influenza
Surveillance and Response System (GISRS).

2.1 Rationale behind the ViEW concept

The concept of VIiEW is currently being developed by a
Russian research team in Dagestan and Siberia to address
the current overall deficit in systematic data for the
Caspian Sea region by monitoring the presence and
dynamics of viruses in waterbirds resident, wintering in or
seasonally migrating through this potential global HPAI
hotspot. Also important is the regular monitoring of threats
to human and other mammalian health carried by
waterbirds such as the West Nile virus (in Iran crows have
been identified as vectors of this bird-mosquito borne
malady (Sharti, 2020)), the schistosome parasite that
causes cercarial dermatitis and heavy metals caused by

Atlantic
Americas
Flyway

West Pacific
Flyway

A

anthropogenic pollution in the living environment of
waterbirds

ViIEW would also collect further information to
understand and respond to the growing impacts of climate
change on these birds and on critical aspects of the
biodiversity of the Caspian and other regions they
frequent. Parallel monitoring would be undertaken on the
bat species inhabiting the region and the Caspian Seal, both
of which have been identified as viral vectors.

The VIiEW surveillance concept builds on the
experience and activities of specialists of all Caspian Sea
littoral states (Azerbaijan, Iran, Kazakhstan, Russia and
Turkmenistan) within the policy framework of the Tehran
Convention (Framework Convention for the Protection of
the Marine Environment of the Caspian Sea), and
particularly draws particularly on the scientific resources
and networks of the International Institute of Ecology and
Sustainable Development of the Association of Universities
and National Research Centres of Caspian Region States.

As a response to the 2005 outbreak of the Avian
Influenza Asian Lineage HPA1 H5N1 virus which spread
from east Asia to south-west Siberia, the Kazakhstan and
the Urals, the European Commission sponsored an “Urgent
preliminary assessment of ornithological data relevant to
the spread of Avian Influenza in Europe” by Wetlands
International and EURING (European Union for Bird
Ringing) (Delany et al.,, 2006). Migratory birds were
suspected of playing a role in the spread of the disease
which meant that the European Union could be under
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direct threat as a number of waterbird species which were
known as avian influenza viral vectors (geese, ducks and
shorebirds in particular) were known to migrate through
already infected areas in Eurasia and south-west Asia to
the EU in winter. The aims of the project were: (1) to
identify species which posed a relatively high risk of
spreading H5N1 along their migration routes to the
European Union, (2) to analyse the migration routes of
these so-called Higher Risk Species on the basis of
recoveries of ringed birds, (3) to identify wetland sites
where Higher Risk Species concentrate in large numbers
during migration and wintering and (4) to develop and test
a format for the rapid assessment of ornithological data at
the level of wetland sites, in order to prepare wetland
managers and EU communities for an outbreak of H5N1.
The EU initiative’s identification of Higher Risk
Species focused on the Anseriformes (swans, geese and
ducks) and the Charadriiformes (shorebirds, gulls and
terns). Firstly, all species of both groups which occur in
Europe and which are migratory were selected. Then each
species was characterised on the basis of behavioural and
ecological characteristics which were assumed to be
related to the chance of becoming infected with H5N1
outside the territory of the EU. The characteristics chosen
were habitat use, gregariousness and degree of mixing with
other species. Species were selected which occurred in
agricultural and/or freshwater habitats, which were highly
gregarious and which showed a high degree of mixing,
which led to a list of 26 Higher Risk Species being
identified. Contact risk with poultry was also estimated,

resulting in the highest scores for Mallard (Anas
platyrhynchos) and the Black-headed Gull (Larus
ridibundus).

Three maps (here Figs. 2-4) contained in the
resulting published study (Delany et al., 2006) and

replicated here indicate quite clearly why the Caspian
region is of particular research significance with regard to
waterbirds which are potential vectors for AIV and the
useful potential role the implementation of the VIiEW
system could play in providing timely data on emerging
viruses to the appropriate national and international health
authorities and organisations.

Figure 2. (Fig. 2.1 in original publication) shows the
locations of peak January counts between 1990 and 2000
of all species counted — once again the map shows that the
south Caspian Sea area exceeded all other areas surveyed
in Europe, Africa and West Asia

Figure. 3. (Fig. 2.3 in original publication) shows the
number of 17 waterbird species considered to pose a
Higher Risk of spreading avian influenza recorded at each
International Waterbird Census site during its regular
January counts between 1990 and 2005 in Europe, Africa,
West and Central Asia. The map shows that the highest
concentration of these species in the whole region
surveyed was in the area of the south Caspian Sea

Figure 4. (Fig. 2.4 in original publication) shows the
locations of all sites where combined counts of Higher Risk
waterbird species exceeded 20,000 between 1990 and
2005 and where two or more of these species occurred in
numbers exceeding thresholds of 100, 250 or 500
(depending on the species). The highest combined counts
are in the south Caspian Sea area.

High Risk species of duck identified in this research
were: Eurasian Wigeon, Common Teal, Mallard, Northern
Pintail, Garganey, Northern Shoveler, Marbled Teal, Red-
crested Pochard, Common Pochard and Tufted Duck. All
these occur in the Caspian region, residing or migrating
(Figs. 5; 6).

Mumber of Walerblrds
= OO0 - 20000
o 20000 - 50000
B 50000 - 10H00D
[ 100600 - 280080

W 250000 - 500000
. 500000 - BOOK0D

Figure 2. Peak January counts between 1990 and 2005 of all waterbird species combined

(after Delaney et al., 2006 — Fig. 2.1)
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Figure 3. Number of 17 waterbird species considered to pose a High Risk of spreading Asian influenza recorded at each
International Waterbird Census site during January counts between 1990 and 2005 in Europe, Africa, West
and Central Asia (after Delaney et al., 2006 — Fig. 2.3)

Number of HR birds
= 20000 - 50000
o 50000 - 100000
o 100000 - 250000
[0 250000 -500000
[J 500000 - 800000

MNumber of HR. species
o 2-3

4-6

7-9

10-12

o
]
-]
m 13-15

Figure 4. All sites where combined counts of High Risk waterbird species exceeded 20,000 between 1990 and 2005 and
where two or more of these species occurred in numbers exceeding thresholds of 100, 250 or 500 depending on the species
(after Delaney et al., 2006 — Fig. 2.4)
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Figure 5. Map of migration zones in Europe and West Asia of certain individual waterbird species
(after ArcGIS Development Team, March, 2000)

Figure 6. Main geographical populations of Anatidae in western Eurasia: (1) Northern White Sea/North Sea population;
(2) European Siberia/Black Sea-Mediterranean population; (3) West Siberia/Caspian/Nile population

and (4) Siberian-Kazakhstan/Pakistan India population (after Isakov, 1967; Boere & Stroud, 2006)
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3. VIEW: Principal locations along the Caspian Sea littoral
where waterbirds congregate as residents or migrants
(Fig. 7)

Note: The information in this section (3.1-3.3) has been
compiled primarily from Ramsar data sheets on each of its

sites, Birdlife International Datazone fact sheets on most
sites, relevant UNESCO Biosphere reserve information and
data from government information sources of the five
Caspian region states.

Wintering

Number of Anatidae species

0 [ 46 B 1012
1-2 [ |68 12-14
| 2-4 | |810 B 14-16

B 15-18
| 5L

Figure 7. Map identifying the distribution of Anatidae breeding and wintering areas, colour coded according to number
of species. As indicated in Figs. 2-4 above, there is a particularly high concentration of species in the winter in south
Caspian littoral and inland wetlands from Dagestan in the west to Turkmenistan in the east (after Gilbert et al., 2008)

3.1. Western Caspian littoral:

Russia: Russia has many areas of ornithological significance.
Birdlife International has identified 470 Important Bird
Areas (IBAs) in European Russia and 137 in Central Asian
Russia.

e Astrakhansky Nature Reserve in the outer Volga
River delta. This general area is also registered as the Volga
Delta Ramsar site and a UNESCO Biosphere Reserve. It is a
staging area for migrating waterbirds, shorebirds, raptors
and songbirds, which breed further north in the west
Siberian Plain, north Kazakhstan and other northern
latitudes and winter further south. The delta is one largest
in the world and characterized by a highly braided
morphology, creating over 1,000 channels in the lower
delta. The protected areas are along its seaward edge and
are composed of extensive areas of open water, numerous
islands, reedbeds, and other aquatic plants. During mild
winters, the delta supports up to 750,000 waterbirds,
including swans, geese and ducks. Summer moulting ducks
reach 400,000 individuals.

e Agrakhansky Federal Nature Reserve. While
previously this was also primarily a stop-over point for
migrating waterbirds flying south to winter and returning
north in spring, rising temperatures in some recent winters
have resulted in some waterbirds wintering there. These
birds return north to breed in the spring.

e Kizlyar Bay on the Dagestan coast is one of the
largest bays in the Caspian Sea and is also one of the
largest migratory routes for waterbirds and other birds in
Eurasia, connecting European parts of Russia, western
Siberia and north Kazakhstan with Transcaucasia, western
Asia, the Near East, North and East Africa. It is designated a
UNESCO Biosphere Reserve and represents a diversity of

marine, coastal and desert-steppe ecosystems. It holds
three IBAs of global significance (IBA EU-RU419
“Nizhnekumskiye Floods”, IBA EU-RU172 “Kizlyar Bay”, and
IBA BC 038 “Tyuleni Island”), two potential Ramsar sites
(“Kizlyar Bay” and “Nizhnekumskiye Floods”). The entire
water area of the biosphere reserve lies within the
boundaries of a special North Caspian Protected Fishery
Zone, the status of which is close to that of nature
sanctuary.

e Turalinsky Lagoon (near the city of Mahachkala)
and Turali 1 Lagoon (near the city of Kaspiisk). Despite
being very close to major urban areas, these a significant
stop-over sites for migrating waterbirds.

e Lake Aji-Papas. Located in the central coast of
Dagestan, this wetland provides suitable habit and climatic
conditions for some waterbirds to permanently reside
there. Others migrate from the north to winter there
(although some species which previously did this now
sometimes winter in the Aghragansky wetlands further
north). There also are species which winter further south
but migrate north to breed in the Lake Aji-Papas wetlands.
Azerbaijan: There are a number of protected wetlands in
Azerbaijan, where some waterbirds permanently reside,
while some stop over on their passage further south and
others winter there, returning north to breed in the spring.
Birdlife International has identified 53 IBAs across the
country. An important staging site for migrating birds is the
topographical corridor of Besh Barmag on the coast north
of the Absheron Peninsula. The greatest concentration of
waterbirds in Azerbaijan occurs in the Gyzylagach Bay State
Reserve. To its north are the Kura River delta reserve and
some smaller sites along the north Azerbaijan coast, while
inland there are a number of wetland reserves, among
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them the Aggol National Park (a Ramsar site), the Sarisu
lakes system in the Bilasur-Kurdamir area and Lake Urmiah,
which are also important habitats for both resident and
migratory waterbirds.

e The Gyzylagach State Reserve is one of the most
important places for wintering and breeding waterbirds in
the Western Palearctic. It comprises four main parts: (1)
Great Gyzylagach Gulf and Little Gyzylagach Gulf; (2) a
maritime belt of reed growth in Great Gyzylagach Gulf; (3)
an extensive area of shallow waters and reeds; and (4)
areas of semi-desert in the rest of the reserve. Despite the
importance of this area it is under-surveyed, as the last
counts took part in 1990, but it is estimated that about
500,000 waterbirds winter there. The reserve is registered
as a Ramsar site.

o Birdlife International considers the Lake Sarisu
area to be one of the best sites for waterbirds in the
interior of Azerbaijan with some 70,000-150,000 wintering
birds of which 90% are ducks. The site is a system of saline
lakes with vast reedbeds with three areas of open water, a
few small islands and shallows.

3.2. Southern Caspian Littoral

Iran: A number of major wetlands along the south Caspian
Sea coast of Iran provide habitats for some resident
waterbirds, while hosting very large numbers of wintering
migrants and others in passage south as staging points. The
principal coastal locations are (from west to east): Anzali
Wetlands; Bujagh National Park; Amirkelayeh Lake;
Fereidoun-Kenar Wetland, Miankaleh Wetland and
Gomishan Lagoon adjacent to Turkmenistan. There are also
a number of inland wetlands important to certain duck and
other aquatic species. Birdlife International has identified
105 IBAs in the territory of Iran.

e Anzali wetland complex. This is located in Gilan
province in the south-west corner of the Caspian Sea
adjacent to the port city of Banda-e-Anzali. Parts of the
wetland are protected as the Siakesheem protected area
and Selke wildlife refuge. Other areas are mainly used for
rice and vegetable crops and grazing. Registered as a
Ramsar site, this is a large, freshwater lagoon fed by
several rivers and separated from the sea by a dune
system. It supports extensive reedbeds and abundant
submerged and floating vegetation. Several perpetual
streams emanating in the nearby Talesh Mountains feed
into the Anzali complex. The permanent wetland is
surrounded by seasonally flooded marshes and ab-bandans
(man-made water impoundments for rice cultivation).
Many of the ab-bandans surrounding the wetland are
traditional managed as duck-trapping areas (damgah)
throughout the winter months when they are intentionally
flooded to attract (see below) (Vuosalo-Tavakoli et al.,
2008). At these sites, the duck trappers employ a
traditional hand-netting technique to catch ducks and
coots dazzled by a bright light from a boat at night. Of great
concern is that many ducks are also killed by shotgun
(some 100,000 each year). The site is of international
importance for breeding, staging and wintering waterbirds.
Annual mid-winter waterfowl censuses have been carried
out by the Ornithology Unit of the Department of the
Environment since 1967. Many ornithological studies have
been carried out at other times of the year, including
comprehensive waterfowl censuses in mid-November in
1972, 1973, 1974, 1979, 1980, 1983, 1984, 1985, 1986 and
a duck-ringing programme was initiated by the ornithology
unit in 1974. The Department of the Environment has also

carried out investigations on duck-hunting in the wetland,
and on the invasive spread of Azolla, an introduced floating
water fern which is suppressing native flora which is
important food for waterbirds. The Department has
established 35 monitoring stations throughout the
wetland, to measure a variety of parameters, including
changes in water level, water quality and physico-chemical
characteristics. Excellent research facilities are available at
the nearby town of Bandar-e Anzali.

e Bujagh National Park is a Ramsar site on the delta
of the Sefid Rud River in Gilan Province. The park includes
different types of important ecosystems having two large
lagoons (the Bujagh and Kiashahr), the Sefid Rud River (the
second largest river in Iran) and its flooded plains, the
deltaic system (the largest in the south Caspian), sandy
shoreline and marine ecosystem and some rice fields.
Kiashahr Lagoon is a shallow sea bay which once linked the
freshwater and brackish marshes and the nearby riverine
marshes at the mouth of the Sefid Rud but is now open to
the sea. There are also open grassy areas and dunes near
the mouth of the river. The site is important because of its
wide variety of waterfowl. It is registered as a Ramsar site.

e Amirkelayeh Lake is located on the coastal plain
in Gilan province. It is a rather deep, permanent, coastal
freshwater lake with rich floating and submerged
vegetation, extensive reed-beds and some willow thickets.
The water is very clear and it is one of the few freshwater
wetlands located near the Caspian Sea. The wetland
provides a suitable habitat for mostly migratory species
and is important for several species of wintering
waterbirds, mostly Anatidae (ducks, geese, swans, etc.),
including the endangered white-headed duck (Oxyura
leucocephala). It is registered as a Ramsar site.

e Fereidoun-Kenar, Ezbaran and Sorkh Ruds Ab-
Bandans. This Ramsar site is an artificially created wetland
in the South Caspian lowlands, 5km south of the town of
the same name and 13 km southwest of Babolsar in
Mazandaran province. The site is comprised of damgah
surrounded by forest strips and reedbeds. The area is of
outstanding importance as wintering grounds for the entire
western population of the Siberian Crane (Grus
leucogeranus), listed as 'critically endangered' in the IUCN
Red Book. Apart from rice farming the land is used for
forestry and fishery. As in the Anzali wetlands, an
important traditional activity is duck trapping in damgah
(Vuosalo-Tavakoli et al., 2018), long a main source of
income during the winter months through the sale of the
birds in local live poultry markets. In the past at the end of
each duck trapping season the area was opened up for gun
hunting in a massive "shoot-out", creating a potential
threat for Siberian Cranes to be shot accidentally, but in
2001 the Department of Environment designated the
whole site as a Non-Shooting Area. Conservation measures
include annual mid-winter waterfowl censuses and a MoU
on Siberian Cranes with 9 'range states' of the Convention
on Migratory Species. A GEF project, implemented through
UNEP and coordinated by the International Crane
Foundation and CMS, aims to conserve the critical sites
used by Siberian Cranes for breeding, staging during
migration, and the main wintering grounds.

e Miankaleh, Gorgan Bay and Lapoo-Zaghmarz Ab-
bandan: Just to the east of the city of Miankaleh in the
province of Matandaran there is a brackish bay almost
completely cut off from the sea, which supports freshwater
marshes and seasonally flooded woodland, and a
freshwater lagoon supporting extensive reedbeds. Gorgan
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Bay is a shallow, brackish embayment, almost cut off from
the Caspian Sea by Miankaleh Peninsula, a 60 km long sand
dune ridge, partly covered by grassland and scrubs. The bay
receives freshwater inflow from a number of small rivers
and streams rising on the humid northern slopes of the
Alborz Mountains. Some freshwater marshes occur at the
western end of the bay, where freshwater input is greatest.
The Lapoo-Zaghmarz Ab-bandans are long, narrow
freshwater lagoons located at the landward end of
Miankaleh Peninsula, about 10 km west of Gorgan Bay. The
Miankaleh Peninsula, Gorgan Bay and Lapoo-Zaghmarz Ab-
bandan are together designated a UNESCO Biosphere
Reserve and a Ramsar site. They constitute an extremely
important for area for breeding, passage, nesting and
wintering of many waterbirds including species identified
as AlV vectors.

e Gomishan Lagoon: Situated in Golestan province
in the south-east corner of the Caspian Sea and at the edge
of the Turkmen steppe, this lagoon is separated from the
sea by a narrow sandy barrier which is frequently overrun
by the sea. It is an important area for the breeding,
passage, nesting and wintering of many waterbirds
including species identified as AIV vectors. It is registered
as a Ramsar site.

3.3. Eastern Caspian Littoral

Turkmenistan: A number of waterbirds migrate along the
east coast of the Caspian Sea to winter in Turkmenistan or
use its bays and wetlands as staging points on the Afro-
Eurasian flyway and part of the Central Asian-Indian flyway
along the Caspian Sea coast and via four small reservoirs
(Saryyaznskoye, Zeid, Oguzkhan and Sarykamysh).
Turkmenistan has designated two disjoined coastal sectors
of the country as the Khazar Nature State Reserve, which is
currently on the UNESCO World Heritage Tentative List.

e Khazar State Nature Reserve. The conservation
zone of the reserve includes all areas of water of
Turkmenbashi and North-Cheleken Bays, a buffer zone of
salt marshes around them, North-Cheleken spit, islands in
Michailov Bay and Dag-Ada Island in the north-east corner
of Turkmenbashi Bay. In 1994 a large island in the Caspian
Sea, known as the Ogurchinsky State Sanctuary, was
included in the reserve. The Khazar State Nature Reserve
was previously (1968-1994) known as Krasnovodsky State
Nature Reserve. The reserve and its sanctuaries are under
the management of the Ministry of Agriculture and
Environmental Protection of Turkmenistan. In 1978 the
reserve was designated a Ramsar site. The reserve is
classified as an Important Bird Area (IBA) and is located on
one of the most important migratory flyways for
waterbirds breeding in western Siberia, Kazakhstan and
other regions of Central Asia, providing a valuable stopover
and wintering site. The Khazar State Nature Reserve can
only be compared in size and importance with the
Gyzylagach State Nature Reserve in Azerbaijan and the
Miankaleh State Nature Reserve in Iran. Birdlife
International has identified 50 IBAs in the territory of
Turkmenistan.

Within the Khazar State Nature Reserve,
Turkmenbashi Bay encompasses several shallow brackish
bays, spits, islands and dunes. About 5-8 million waterbirds
pass along the east coast of the Caspian Sea on migration
and up to 0.8 million winter in Turkmenbashi Bay. It is thus
the largest wintering area for waterbirds that nest in

western Siberia, Kazakhstan and other regions of northern
Asia. It is registered as a Ramsar site.

In 2018, The Norwegian Institute of Nature
Research (NINA) issued a report on the status of the
wildlife of Turkmenistan (NINA 2018), in which was stated,
“The general impression is of a quite healthy bird fauna
and a very low level of impact of agriculture chemicals or
other pesticides on the wildlife in general. Most of the
habitats appear to be in good condition. Although the
avifauna seems to be in a good situation there appears to
be very little investment in monitoring or protection of
birds. This avian diversity makes Turkmenistan a potentially
attractive birdwatching destination. Trip reports of
birdwatchers can fill out the very significant gaps of bird
information for most of the territory of the country and can
contribute to better preservation of the bird fauna. Even
more valuable can be some research projects between
Turkmenistan experts and research institutes from Europe,
targeting specific areas or scientific questions”.

“International co-operation in the sphere of
biodiversity conservation within Turkmenistan is mainly
implemented via UNDP. There are also some proposals
from UNEP, TACIS, and the World Bank, which have only
recently become more specific and turned into the form of
real projects. The most significant projects are the National
Environmental Action Plan for Turkmenistan (NEAPT) and
Capacity-21. Regional co-operation is mainly of a data-
sharing character, though biodiversity problems were
touched upon in the Nukus and Almaty Declarations at the
level of the Ministers of Environment. Several existing
regional projects should be mentioned: the Aral Sea Project
(World Bank, UNDP) and the “Biodiversity” component of
the Caspian Ecological Program (CEP). Various Central Asian
projects are at the stage of development and approval”.

Kazakhstan: Kazakhstan has many wetlands of importance
to waterbird and other species, most of which are situated
in the far north or east of the nation’s territory. One site,
Saryarka, has up to 2 million birds breeding in its wetlands.
The Saryarka steppe and lakes of Northern Kazakhstan are
designated a UNESCO natural World Heritage Site and
comprise two protected areas, the Naurzum State Nature
Reserve and the Korgalzhyn State Nature Reserve. Here
there are wetlands of outstanding importance for
migratory waterbirds which are key stop-over points and
crossroads on the flyways from Africa, Europe and South
Asia to their breeding places in western and eastern
Siberia. The site includes two groups of fresh and salt water
lakes situated on a watershed between rivers flowing north
to the Arctic and south into the Aral-Irtysh basin.
Kazakhstan has 127 IBAs.

There are three state designated wetland reserve
areas on Kazakhstan’s north-east Caspian Sea littoral,
which, however, because of low temperatures and ice in
winter (excepting sections of Lake Karakol), mainly function
for waterbirds as staging points as they migrate further
south for winter and return in spring to breed further
north:

e Lake Karakol is located 10 km south-east of the
city of Aktau. It is an artificial reservoir in a natural
depression close to the Caspian Sea coast employed as a
water settling basin of the Mangistau nuclear power plant
since 1967 (according to other sources, it was created in
1968 as a result of the flooding of the Karakolshor salt
marsh by waste waters of industrial enterprises in the city
of Aktau). As a result, an extensive shallow reservoir with
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numerous islets was formed. These and the western lake
shore are overgrown with reeds. This created favourable
conditions for nesting, wintering and resting on migration
for a range of waterbirds. Where warm waters are
discharged from the power plant the reservoir does not
completely freeze even in the coldest winters. It is a
specially protected natural area of the Karagiye-Karakol
state zoological reserve of republican significance, created
in 1986. Lake Korakol is classified by Birdlife International
as an Important Bird Area.

e Lower reaches of the Emba River which flows into
the Caspian Sea.

e Ural River delta (near the city of Atirau). The delta
and adjacent Caspian Sea coast are designated as a Ramsar
site and are part of Kazakhstan’s North Caspian Nature
Reserve. The wetland comprises a large variety of
marine/coastal and inland wetland types. Due to its mixed
water supply and seasonal variation, the site has a range of
marine and freshwater habitats and supports considerable
numbers and diversity of species. The site is significant for
large numbers of nesting, moulting and migratory species,
among them appreciable numbers of Mallard (Anas
platyrhynchos) (12,000) and Eurasian Teal (Anas
querquedula) (44,000).

e Tyuleni Archipelago. The islands are desert-like
and sandy, with little grass. There are reeds on the leeward
side of Kulaly Island as well as on the other islands, which
are much lower and waterlogged. In past centuries many
Caspian seals frequented the islands' shores, hence the
name of the group. The islands are classified by Birdlife
International as an Important Bird Area and declareded by
Kazakhstan as a National Protected Zone (State
Reservation). There are large concentrations of seagulls
and wetland birds, like coots, wild ducks, swans, egrets,
and waders in the archipelago during their nesting period.
The Tyuleniy Archipelago is also an important breeding
ground for the Sandwich tern (Sterna sandvicensis).

e Eastern sector of Volga River delta. The site
consists of areas of inundated flatland with prolific reed
growth. The mosaic of waterbodies (pools, large areas of
open water, channels etc.) and reedbeds is typical for a
large freshwater estuary. Several canals run seawards and
are interspersed, in their turn, by channel-like connections.
Terrestrial sections of the shore support stands of flood-
forest. The wetlands are classified by Birdlife International
as an Important Bird Area and states that the overall
number of migrating waterfowl significantly exceeds
20,000 individuals but that precise supporting data is
scarce.

4. ViEW: Research undertaken on Caspian Sea waterbirds
and on specific avian pathogens identified in the region
Azerbaijan: The principal research activity being
undertaken on the ecology of waterbirds resident in or
migrating to or through Azerbaijan is being undertaken by
the working group for ornithology of the Laboratory of
Terrestrial Vertebrates of Institute of Zoology of the
Azerbaijan National Academy of Sciences (headed by E.H.
Sultanov). An ongoing project is the study of winter
ornithological complexes of Azerbaijan in order to identify
principal threats and to determine systematic responses to
them. Work on avian influenza the monitoring of avian
influenza and other epizootic diseases is undertaken within
the laboratories of the Azerbaijan State Veterinary Control
Service (SVCS) (see below).

Since 2006, the Azerbaijan SVCS has conducted an
annual serosurveillance program for Al H5 and Newcastle
Disease in which all 12 regional Zonal Veterinary
Laboratories (VLs) participate. Each Zonal Veterinary
Laboratory is responsible for collecting samples from 4 to 5
districts to ensure that surveillance occurs throughout the
country. Field veterinarians collect serum samples from
domestic fowl, and tissue samples are collected from dead
wild birds in Azerbaijan’s national parks and nature
reserves (Zeynalova et al., 2015).

Iran: Iranian scientists and institutions have undertaken
and continue to engage in extensive activities relation to
the research, surveillance, sampling, prevention and
response to zoonotic infectious diseases throughout the
country, references to which are included in the
bibliography below. Many key publications are in English.

Four articles providing a useful insight into the
scientific evolution and direction of this work in Iran are
those of Fereidouni et al. (2005a, 2005b), Nourani et al.
(2015), Modiri Hamadan et al. (2021) and Mehrabadi et al.
(1397 AH).

The latter study by Mehrabadi et al., stressed the
economic and public health challenges posed by HPAI
carried by resident and migratory waterbirds and identified
over 300 wetlands, natural and artificial lakes and ponds in
Iran which they frequent. It noted a wide range of
weaknesses in the nation’s responses and attitudes and
considered that addressinging thess challenge requires
national determination, higher organizational supervision,
collaborative and practical cooperation of related
organizations, and short and long-term planning based on
the realities of the country. Modiri Hamadan et al. (2021)
noted the dangers of transmission of pathogens posed by
the sale of wild migratory aquatic birds at live poultry
markets (a traditional fresh meat source) and the need for
proper controls. Nourani et al. (2015) provide an overview
of threats to Anatidae in Iran.

Kazakhstan: As noted above, the main wetlands where
waterbirds congregate in Kazakhstan are in lakes and
wetlands in the north of the country where they nest in
summer. Kazakhstan’s north-east Caspian Sea waters and
coast freeze in winter and thus have no year round
resident waterbirds although they constitute a significant
stopping point for waterbirds migrating to and from
warmer southern wintering points further south.
Nevertheless, there is a good body of work relating
to the surveillance and laboratory analysis of avian
influenza viruses and paramyxoviruses of the wild birds of
Kazakhstan (Karamendin et al., 2014; Sultankulova et al.,
2022). The latter study investigated the transmission of
closely related strains or identical subtypes of AlVs by a
flock-unit of migratory birds or annual cyclical pattern of
subtype dominance. The finding of the simultaneous
circulation of genome segments of the Asian, European and
Australian genetic lineages of H3N8 AIVs in wild birds in
Kazakhstan indicated the important role of Central Asia as
a transmission hub of Al viruses linking the East Asian
migratory flyways with European flyways and vice versa.

Russia: A considerable body of research applicable to the
implementation of VIiEW concept has already been
published by the Russian team currently engaged in its
development. A group of the partners involved from the
Federal Centre for Fundamental and Translational
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Medicine of the Siberian Branch of the Russian Academy of
Sciences has considerable experience in the long term Al-
related surveillance of wild birds. For example, they have
undertaken a 10-year monitoring programme (2006-2016)
on Uus Nuur Lake in Siberia (Shestopalov et al., 2016) and
are currently engaged in an Russian Science Foundation
financed investigation of viral metapopulations in
migratory birds of the Asian part of Russia and China for
the early detection of new variants of viral pathogens (RNF
Project No. 23-44-0026). A number of their studies have
been published in English. One by lIverson et al. (2011)
describes the sporadic transmission of HS5N1 avian
influenza virus from east to west via the migratory
movements of waterfowl in Central Asia. Waterbirds in the
genera Anas and Tadorna are suspected as vectors in the
long-distance transmission of this highly pathogenic virus
(Fig. 6). The former Soviet Republics of Central Asia are
situated at important migratory crossroads for these and
other species of birds that bridge regions where the
disease is prevalent. However, waterfowl movements
through Central Asia are poorly quantified. In the study by
Iverson et al., historical data derived from over 80 years of
bird ringing were combined with recent satellite tracking
data to delineate migration routes, movement chronology
and habitat use patterns of waterfowl in relation to H5N1
outbreak locations. The results have confirmed migratory
linkage between breeding and moulting areas in northern
Kazakhstan and southern Siberia, with non-breeding areas
in the Caspian, Black and eastern Mediterranean Sea
basins, as well as with South Asia. However, unlike the
situation in neighbouring regions, most notably western
China, H5N1 outbreaks have not been recurrent in Central
Asia since they were first reported during summer 2005
and spring 2006. These findings have implications in
relation to potential sampling biases, species-specific
variation in migratory behaviour and continuing regional
H5N1 transmission risks.

Another study by Shestopalov et al. (2022) provides
a useful overview of wild animal migration as a potential
threat of introduction of new viruses into Russia, while an
article by Sharshov et al. (2019) reports the results of a
study into the characteristics and phylodynamics of
reassortment H12Nk viruses in northern Eurasia. During a
10-year long period of surveillance, Sharshov and his
colleagues isolated five rare H12N5 and one H12N2 viruses
in three different distinct geographic regions of Northern
Eurasia and studied their characteristics. Wild waterfowl
birds are known to be the main reservoir for a variety of
avian influenza viruses of different subtypes but some
subtypes, such as H2Nx, H8Nx, H12Nx, and H14Nx, occur
relatively rarely in nature. H12N2 from the Far East region
is a double reassortant containing hemagglutinin (HA), non-
structural (NS) and nucleoprotein (NP) segments of the
American lineage and others from the classical Eurasian
avian-like lineage. H12N5 viruses contain Eurasian lineage
segments. The researchers therefore suggest a
phylogeographical scheme for reassortment events
associated with geographical groups of aquatic birds and
their migration flyways. The H12N2 virus is of particular
interest as this subtype has been found in common teal in
the Russian Far East region, and it has a strong relation to
North American avian influenza virus lineages, clearly
showing that viral exchange of segments between the two
continents does indeed occur. The results of the research
emphasize the importance of AIV surveillance in Northern
Eurasia for the annual screening of virus characteristics,

including the genetic constellation of rare virus subtypes, in
order to understand the evolutionary ecology of AIV.

The work of Gulyaeva et al. (2021) focused on the
Caspian Sea region to understand what genetic reservoirs
are present there and to determine the biological
properties and genetic characterization of novel low
pathogenic H7N3 avian influenza virus isolated from
Mallards in Dagestan. As already noted, wild ducks, in
particular mallards (Anas platyrhynchos), have been
recognized as key reservoir hosts in which most AIV
subtypes are maintained by migratory and/or resident bird
populations. It is supposed that bird movements are
minimally affected by low pathogenic (LP) AIV infection,
consequently resulting in the potential for virus shedding,
spread, and reassortment during stopovers along the
migration route. The study stresses tha the precise role of
migrating and resident birds in amplifying and dispersing
AlV is poorly understood, and in some occurrences,
migratory birds can reinforce local circulation of AIV in
resident populations. Shifts from intraspecies to
interspecies transmission and gene reassortment events
represent additional aspects of AIV’s evolutionary strategy,
enabling viral gene flow during the annual cycles of
migratory behavior among wild bird species.

Considering the emergence of HPAI subtypes,
studies on AIV ecology in natural ecosystems are of
particular importance to better identify emerging health
risks associated with wild bird reservoir hosts. As noted
above, the Caspian region is one of the key points for AlV
surveillance in Eurasia, being located at the intersection of
three major migratory routes: the Central Asian flyway, the
East  Africa/West Asia flyway and the Black
Sea/Mediterranean flyway. To understand AIV in the
ecological context of the Caspian region, the researchers
conducted surveillance efforts in both wild birds and
poultry and analyzed sequence data from an evolutionary
perspective. Two new viruses of H7N3 subtype were
isolated from Mallards from which samples were taken in
wetlands on the central coast of Dagestan. Although
Caspian wetlands are the nesting, wintering and stopover
grounds of a great number of migrating waterfowl,
according to the available literature the isolation of the H7
AlV subtype seems to be a quite rare event in Caspian
region in particular and in Russia in general. The molecular
and biological properties as well as the pathogenicity
characteristics of these new AIV strains were analysed in
this study.

The findings of this work suggest that H7N3 viruses
may frequently undergo reassortment and can be a natural
recombinant that includes viral gene segments shared with
both LPAIV and HPAIV. Thus, the results highlight the need
for continuous and intensive surveillance of avian influenza
in this region, with very active intersection of wild bird
flyways suggestive of the exchange of AIV genes in a multi-
host reservoir over a wide swathe of Eurasia (Gulyaeva et
al., 2021).

Here the field work of ornithologists from the
Russian and the other four Caspian region states should be
highlighted for their great contribution to our knowledge of
its waterbird species, notably that of E.B. Vilkov in
Dagestan, who has emphasized issues relating to both
antropogenic degradtations and threats to habits and the
effects of climate change on species both resident and
migratory (Vilkov 2016), Every state has its own
ornithological society, each of which plays a most valuable
role in documenting bird life in all its aspects. An important

ecodag.elpub.ru/ugro/issue/current

245



I. NeTepbpuax u dp.

KOr Poccuun: akonorus, passutne 2022 T.17N 4

regional organization in regard to the potential
implementation of the VIEW concept is the Ornithological
Society of the Middle East, Caucasus and Central Asia
(OSME).

Turkmenistan: Scientific research into pathogens carried by
birds in Turkmenistan is limited, although there is a legacy
of valuable data on the country’s natural history and
ecology from the Soviet period. The Ministry of Agriculture
and Environmental Protection has a National Institute of
Deserts, Flora and Fauna which provides scientific support.

In 2018, The Norwegian Institute of Nature
Research (NINA) issued a report on the status of the
wildlife of Turkmenistan (NINA 2018), in which was stated,
“Although Turkmenistan supports many wildlife species,
there is very little up-to-date and accessible information
about its status. ... The general impression is of a quite
healthy bird fauna and a very low level of impact of
agriculture chemicals or other pesticides on the wildlife in
general. Most of the habitats appear to be in good
condition. Although the avifauna seems to be in a good
situation there appears to be very little investment in
monitoring or protection of birds. This avian diversity
makes Turkmenistan a potentially attractive birdwatching
destination. Trip reports of birdwatchers can fill out the
very significant gaps of bird information for most of the
territory of the country and can contribute to better
preservation of the bird fauna. Even more valuable can be
some research projects between Turkmenistan experts and
research institutes from Europe, targeting specific areas or
scientific questions”.

“International co-operation in the sphere of
biodiversity conservation within Turkmenistan is mainly
implemented via UNDP. There are also some proposals
from UNEP, TACIS, and the World Bank, which have only
recently become more specific and turned into the form of
real projects. The most significant projects are the National
Environmental Action Plan for Turkmenistan (NEAPT) and
Capacity-21. Regional co-operation is mainly of a data-
sharing character, though biodiversity problems were
touched upon in the Nukus and Almaty Declarations at the
level of the Ministers of Environment. Several existing
regional projects should be mentioned: the Aral Sea Project
(World Bank, UNDP) and the “Biodiversity” part of the
Caspian Ecological Program (CEP). Various Central Asian
projects are at the stage of development and approval”.

5. VIiEW: Organizational Structure, Surveillance Regime
and Laboratory Analysis

5.1 Organisational Structure

VIiEW activities are conceived as being undertaken with the
coordination of the International Institute of Ecology and
Sustainable Development of the Association of Universities
and National Research Centres of Caspian Region States,
whose Director also heads the Institute of Ecology and
Sustainable Development of Dagestan State University in
Makhachkala.

5.2 Surveillance Regime

In this regard, in 2019 Alekseev et al. published an analysis
of the wetlands of the Republic of Dagestan in order to
justify the selection of the collecting sites for material from
migratory aquatic and semi aquatic birds in order to
monitor the influenza A virus. The sites identified were
wetlands of Lake Aji (Papas), Lake Yuzhny Agrakhan,

Agrakhansky Gulf, the Terek River delta and the artificial
Achikolsky lake systems west of the Agrakhansky Reserve.

The other primary potential surveillance and
sampling points around the Caspian region which have
been identified as hosting considerable numbers of
waterbirds of the species considered as the primary
carriers of viruses are: Azerbaijan — Gyzylagach Bay Nature
Reserve; Iran — Anzali Wetlands and Miankaleh Reserve;
Kazakhstan — Ural River Delta Reserve; and Turkmenistan —
Khazar State Nature Reserve.

To an agreed regular annual schedule and sampling
methodology, representatives of each sentinel organization
would take a standard numbers of samples from one or
more specific species in these locations, together the
recording of related phenological and ecological data. They
would also undertake other documentation relating to the
impacts of climate change which would contribute to
meeting VIEW’s objectives.

5.3 Laboratory analysis

Due to the constantly evolving nature of influenza viruses,
the World Health Organisation maintains a Global Influenza
Surveillance and Response System (GISRS). It emphasizes
the importance of global surveillance to rapidly detect
virological, epidemiological and clinical changes associated
with circulating influenza viruses that may affect human (or
animal) health together with timely virus sharing for risk
assessment.

The WHO states that “thorough investigation of all
potential novel influenza human infections is warranted. All
human infections caused by a novel influenza subtype are
notifiable under the International Health Regulations (IHR),
and State Parties to the IHR are required to immediately
notify WHO of any laboratory-confirmed case of a recent
human infection caused by new influenza A subtype with
the potential to cause a pandemic. Evidence of illness is not
required”.

“In the case of a confirmed or suspected human
infection, a thorough epidemiologic investigation of history
of exposure to animals, of travel, and contact tracing
should be conducted, even while awaiting the confirmatory
laboratory results. The epidemiologic investigation should
include early identification of unusual respiratory events
that could signal person-to-person transmission of the
novel virus. Clinical samples collected from the time and
place that the case occurred should be tested and sent to a
WHO Collaboration Center for further characterization”
(WHO, 2011).

The Scientific Task Force on Avian Influenza and
Wild Birds recommends that authorities with responsibility
for animal health should apply One Health approaches for
communicating and addressing avian influenza. That means
recognizing that the health of humans, domestic and wild
animals, plants, and the wider environment are interlinked
and acting with a coordinated and unified approach. A One
Health Joint Plan of Action was launched in 2022 by the
Quadripartite — the Food and Agriculture Organization of
the United Nations (FAO), the United Nations Environment
Programme (UNEP), the World Health Organization (WHO),
and the World Organisation for Animal Health (WOAH).

In all countries of the Caspian region except Iran
and Russia, the presence of avian influenza in birds is
viewed as best detected and monitored by specialist and
central laboratories of the state veterinary service of each
country, including National Reference Laboratories. Now
that the Association of Universities of Caspian Region
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States has now incorporated National Research Centres
within its organisation, the various state veterinary service
laboratories of the region would be the appropriate bodies
to undertake the regular analyses of samples gathered as
part of the VIEW system. Through ViEW the veterinary
faculties in universities would also be involved, as would
those higher educational institution faculties of medicine
which specialise in epizootic infectious diseases.

Azerbaijan: Motahhar et al. (2022) report that following the
appearance of influenza A/H5 virus infection along the
Caspian Sea coast near Baku in several wild and domestic
bird species in February 2006, two clusters of potential
human avian influenza due to A/H5N1 (HPAI) cases were
detected and reported by the Ministry of Health (MoH) to
the World Health Organization (WHO) Regional Office for
Europe during the first two weeks of March 2006. That
same month the WHO led an international team, including
infection control, clinical management, epidemiology,
laboratory, and communications experts, to support the
Azerbaijan MoH in investigation and response activities.
The investigations revealed eight cases with influenza
A/H5N1 virus infection confirmed by a WHO Collaborating
Centre for Influenza and one probable case for which
samples were not available. The cases were in two
unrelated clusters in Salyan and Tarter districts. Close
contact with and the de-feathering of infected wild swans
were considered to be the most plausible sources of
exposure to influenza A/H5N1 virus in the Salyan cluster.
These cases constitute the first outbreak worldwide where
wild birds were the most likely source of influenza A/H5N1
virus infection in humans. The rapid mobilisation of
resources to contain the spread of influenza A/H5 in the
two districts was achieved through collaboration between
the MoH, WHO and its international partners. Control
activities were supported by the establishment of a field
laboratory with real-time polymerase chain reaction (RT-
PCR) capacity to detect influenza A/H5 virus. Daily door-to-
door surveillance undertaken in the two affected districts
made it unlikely that human cases of influenza A/H5N1
virus infection remained undetected. Two outbreaks of
Newcastle Disease were also recorded in Azerbaijan in
2006 (Agayeva & Zeynalova, 2011).

Following the 2006 outbreak of H5N1, the
Azerbaijan State Veterinary Control Service (SVCS) initiated
active serological monitoring for Al in poultry. Under the
SVCS program, blood samples from poultry are tested for

the presence of antibodies against H5 by the
hemagglutination inhibition (HI) assay using WOAH-
standardized reagents. Twelve Zonal Veterinary

Laboratories and Regional Veterinary Offices in Azerbaijan
are engaged in this surveillance program. Sample collection
from domestic birds occurs between September and May
each year and testing is performed at the Republican
Veterinary Laboratory or its branches. These national
laboratories have dedicated Virology Departments. When
the Regional Veterinary Offices submit samples for H5
testing, they may also request ND disease testing, which is
performed by HI using WOAH-standardized reagents. ND
testing is requested for approximately half of the samples
submitted (Agayeva & Zeynalova, 2011; Zeynalova et al.,
2015).

The Azerbaijan State Veterinary Control Service
(SVCS) also conducts the monitoring of migratory birds for
detection of avian influenza, which also involves experts of
the Ministry of Health and the Ministry of Environment. It

covers staging points of migratory birds on their way to
national parks and reserves, coastal areas on the Absheron
peninsula and the Shabran, Agjabedi, Lankaran and Salyan
regions of Azerbaijan. In addition, samples are taken for
analysis from poultry and private households. When the
pandemic avian influenza was registered in 2006, the
Azerbaijan authorities declared a ban on the hunting of
birds for many years (Zeynalova et al., 2011).

Iran: In Iran there are a number of scientific institutions
and specialists engaged in the detection of pathogens
carried by birds. The Department of Environment is very
actively involved in this endeavor throughout the country.
Perhaps best known internationally, however, is the Razi
Vaccine and Serum Research Institute which has branches
in various places in the country. It now has a laboratory
dedicated to this subject, as well as other departments
occupied with related activities. A partial list follows:

e Department of Avian Diseases Research and
Diagnostics, Razi Vaccine and Serum Research Institute,
Agricultural  Research, Education and Extension
Organisation (Karaj, Tehran)

e Wildlife Diseases Research Laboratory, Razi
Vaccine and Serum Research Institute, Agricultural
Research, Education and Extension Organisation (Karaj,
Tehran & Shiraz)

e Department of Poultry Diseases, Razi Vaccine and
Serum Research Institute, Agricultural Research, Education
and Extension Organisation

e Departments of Virology and of Microbiology,
Razi Vaccine and Serum Research Institute, Agricultural
Research, Education and Extension Organisation (Shiraz).

Islamic Azad University is also involved into
research in this field, as are departments of the Faculty of
Veterinary Medicine of the University of Tehran:

e Department of Clinical Science, Science and
Research Branch, Islamic Azad University (Tehran, Karaj,
Alborz & Tehran)

e Department of Microbiology, Fars Science and
Research Branch, Islamic Azad University, Fars

e Department of Microbiology, Shiraz
Islamic Azad University, Shiraz

e Departments of Immunology and of Clinical
Science, Faculty of Veterinary Medicine, University of
Tehran

e Department of Clinical Science, School of
Veterinary Medicine, Islam Azad University, Kazeroun
Branch.

The Iran Veterinary Organisation has the following
specialist facility:

e National Refence Laboratory, Diagnostics and
Applied Studies Centre, Iran Veterinary Organisation
(Tehran Province).

See also the Iran Veterinary Organisation Avian
Influenza Portal: int.ivo.ir/news/Avian-Influenza-Portal.

Branch,

Kazakhstan: In Kazakhstan avian viruses are monitored and
analysed through its extensive government veterinary
system within the Ministry of Agriculture under the
direction of a Committee of Veterinary Control and
Supervision, which is structured as follows:

e A National Veterinary Reference Centre
undertakes epizootic monitoring and also provides samples
to the WOAH (World Organisation for Animal Health) and
FAO UN Food and Agricultural Organization) Reference
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Laboratory for Avian Influena and Newcastle Disease in
Britain. There is also a Republican Veterinary Laboratory
with 16 district regional branches and 188 regional
diagnostic branches. 16 are accredited according to ISO/IEC
17025. These undertake sampling and diagnosis of
especially dangerous and epizootic animal diseases. A
Republican Antiepizootic Detachment undertakes removal
and destruction of sick animals. Under Akimat, state
eterinary support and management is provided in Nur-
Sultan, Almaty and Shimkent and in 197 cities of regional
significance, as well as in rural locations throughout the
country. Its responsibilities include veterinary measures
related to particularly dangerous and epizootic diseases
and the maintenance of an animal identification data basis.

The Kazakh Veterinary Scientific Research Institute
undertakes fundamental and applied scientific research
and provides scientific advisory and practical assistance to
economic entities of the Republic of Kazakhstan to ensure
veterinary welfare.

There are also two other centres of expertise in this
field:

¢ National Centre for Biotechnology (Nur-Sultan)

e National  Laboratory  Astana, Nazarbayev
University (Nur-Sultan).

Russia: The Federal Service for Veterinary and
Phytosanitary Surveillance of the Russian Federation
(Rosselkhoznadzor) is the national authority with the
responsibility to oversee the monitoring of epizootic
diseases nation-wide. Its policy is that public vigilance and
close collaboration between the public health, veterinary
and environmental authorities together are important to
ensure rapid detection of avian influenza viruses in birds
and to protect human health. The FGBI “ARRIAH”
(hereinafter, the ARRIAH) is involved in control and
surveillance activities in veterinary field being subordinated
to the Rosselkhoznadzor since 2004. Associated Russian
state entities, centres and laboratories are:

e National IHR (International Health Regulations
Focal Point)

e Federal Centre for Animal Health (ARRIAH).
ARRIAH is involved in control and surveillance activities in

the veterinary  field being subordinated to
Rosselkhoznadzor since 2004
e State Research Centre for Virology and

Biotechnology VECTOR (WHO H5 Reference Laboratory),
Vladimir

e Laboratory for Epizootology and Monitoring,
ARRIAH, Vladimir

e Reference Laboratory for Avian Viral Diseases,
ARRIAH, Vladimir.

e The World Organization for Animal Health
(WOAH) has granted the Federal Centre for Animal Health
(ARRIAH) three international statuses:

0 WOAH Regional Reference Laboratory for FMD
(1995)

0 WOAH Collaborating Centre for Diagnosis and
Control of Animal Diseases for Eastern Europe, Central Asia
and Transcaucasia (1997)

0 WOAH Regional Reference Laboratory for Highly
Pathogenic Avian Influenza and Low Pathogenic Avian
Influenza (Poultry) and Newcastle Disease (2018).

0The Food and Agriculture Organization of the
United Nations (FAO) has given ARRIAH the status of FAO

Reference Centre for Foot-and-Mouth Disease for Central
Asia and Western Eurasia to ARRIAH (2013).

ARRIAH has become one of the leading institutions
for development and production of veterinary drugs
intended for animal disease specific prophylaxis and
diagnosis, as well as rendering scientific assistance to
veterinarians. It is also actively engaged in training
programmess. It has a Dissertation Council for defense of
candidate and doctor theses for the Higher Attestation
Commission of the Russian Federation, as well as the
Department of Education and the Department of
Postgraduate Studies. Staff training courses and individual
internship programmes are regularly organized.

In February 2021, the National IHR Focal Point for
the Russian Federation notified the WHO of detection of
avian influenza A(H5N8) in seven human clinical specimens.
These are the first reported detection of avian influenza
A(H5N8) in humans. Positive clinical specimens were
collected from poultry farm workers who participated in a
response operation to contain an avian influenza A(H5N8)
outbreak detected in a poultry farm in Astrakhan region in
the Russian Federation. The laboratory confirmation of
specimens was performed by the State Research Centre for
Virology and Biotechnology VECTOR (WHO H5 Reference
Laboratory) in Vladimir.

In December, a total of 101 000 of 900 000 egg
laying hens on the farm died, prompted an investigation.
Samples were collected from these birds and an initial
detection of avian influenza A(H5N8) was performed by the
Russian regional veterinary laboratory. The outbreak was
further confirmed by the World Organisation for Animal
Health (WOAH) Reference laboratory, and the Federal
Centre for Animal Health (ARRIAH), in Vladimir. Outbreak
containment operations were instituted.

The human cases remained asymptomatic for the
whole  follow-up  duration of several weeks.
Nasopharyngeal swabs were collected during medical
observation period and tested negative for avian influenza
A(H5N8). No obvious clinical manifestations were reported
from any farm workers under medical surveillance, their
family members or other close contacts of the seven cases.

The influenza A(H5N8) viruses isolated from the
Astrakhan poultry outbreak belonged to clade 2.3.4.4b of
avian influenza A(H5Nx) viruses. In 2020, H5N8 viruses
were also detected in poultry or wild birds in Bulgaria, the
Czech Republic, Egypt, Germany, Hungary, lIrag, Japan,
Kazakhstan, the Netherlands, Poland, Romania, the United
Kingdom, and the Russian Federation.

Since Al outbreaks were recorded in Crimea in
2005-2008, ARRIAH scientific personnel based both in
Simferopol and Crimea have periodically undertaken avian
influenza monitoring of wild birds in the wetlands of
Crimea and analysed samples in the laboratories of the
State Centre for Virology and Biotechnology at Vladimir or
locally at:

e Laboratory and Diagnosis Centre, Laboratory for
Molecular Diagnostics, Laboratory and Diagnosis Centre,
ARRIAH Crimea Branch, Simferopol

e Laboratory for Animal Disease Diagnostics,
Laboratory and Diagnosis Centre, ARRIAH Crimea Branch,
Simferopol.

See further below: Section 9 “Monitoring avian
influenza in Crimea: Dnepr and Azov-Black Sea migratory
flyways and connections with Caspian Sea waterbird
populations”.
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Much core scientific field work and analyses of
avian influenza and other epizootic diseases is also being
undertaken in various research centres, institutes and
laboratories of the Siberian Branch of the Russian Academy
of Sciences in Novosibirsk, in particular the following:

e Federal Research Centre for Fundamental and
Translational Medicine

e Department of Experimental Modeling and
Pathogenesis of Infectious Diseases, Federal Research
Centre of Fundamental and Translational Medicine

e Genomics Core Facility, Institute of Chemical
Biology and Fundamental Medicine

e Laboratory of Behavioral Ecology, Institute of
Animal Systematics and Ecology.

The Department of Natural Science at Novosibirsk
State University also collaborates with the above
organisations, as does the Laboratory of Marine
Microbiota, National Scientific Centre of Marine Biology,
Vladivostok and the Institute of Ecology and Sustainable
Development of Dagestan State University in Makhachkala.

Turkmenistan: In 2021 the GHS (Globally Harmonised
System of Classification and Labelling of Chemicals)
compiled a detailed Joint External Evaluation (JEE)) of
Turkmenistan’s capacities in all sectors concerned with the
analysis, prevention and response to biological threats
(GHS 2021).

Since 2007, as Turkmenistan has important stop-
over areas for many thousands of migratory birds which
could carry HPAI and other viruses, the World Bank has
been supporting the country’s efforts to contain and
control the spread of avian influenza viruses and to prepare
for a possible outbreak affecting people and animals.

Following a thorough assessment of Turkmenistan's
laboratory services, the country's central veterinary
laboratory was renovated and equipped to allow virus
testing in a highly secure and contained environment. 130
staff members were trained to handle and test avian
influenza samples safely and accurately. Regional
laboratories were also renovated and provided with basic
equipment so that staff there could perform preliminary
tests. Several Turkmen specialists were also able to attend
additional advanced laboratory training programmes of an
international calibre.

Key ministries and government agencies practiced
responding to a simulated outbreak. As a result, they put in
place a number of interagency responses and coordination
mechanisms to insure effective collaboration among the
Ministry of Health and Medical Industry, the Veterinary
Union and Ministry of Agriculture and Nature Protection.
An extensive national public communications programe
was also undertaken by the Ministry of Health and Medical
Industry with input from UNICEF. Nearly three million
posters, booklets, brochures, information calendars for
each target group—health workers, veterinary workers,
schoolchildren, hunters — were printed and disseminated
throughout the country.

In 2010, with the support of FAO, the “Anti-
Epizootic Action Plan for Counteracting the Pandemic of
Highly Pathogenic Avian Influenz” and “Guidelines for
Avian Influenza and Information on Swine Influenza for
Veterinary  Professionals” were developed. These
documents are available in Russian and Turkmen.

Consequently, the key responsible Turkmenistan
state entities in this sector are currently:

e State Veterinary Service, Ministry of Agriculture
and Environmental Protection

e Special Centre for the Control and Prevention of
Infectious Diseases, Ministry of Health and Medical
Industry of Turkmenistan

e State Sanitary and Epidemiological
Laboratory (Ashgabat).

Turkmenistan's Ministry of Health and Medical
Industry has a Department for Zoology, Parasitology and
Animal Care that is responsible for organizing and carrying
out collection of materials from the field for analysis in the
central laboratory. The Department is now part of the
Special Centre for the Control and Prevention of Dangerous
Infectious Diseases.

The State Sanitary Epidemiological Service (SSES),
also part of the Ministry of Health and Medical Industry, is
the National IHR Focal Point for Turkmenistan. Prior to the
SSES being tasked to oversee counter measures against
outbreaks of zoonotic diseases, that duty was performed
by the State Veterinary Department (SVD), which was
overseen by the Ministry of Agriculture.

The State Sanitary Epidemiological Service (SSES),
maintains regular contact with the WOAH to exchange
information on cases of registration of highly contagious
infectious diseases in the world

Currently, both the Central and District Veterinary
Laboratories have all the necessary diagnostic kits for the
detection of Newcastle Disease. The staff of the veterinary
laboratory carry out monitoring studies of caught
waterfowl. Reports on laboratory tests carried out are sent
to the State Veterinary Service. To date, veterinary
laboratory specialists have not detected a positive result
for Al and ND.

The State Sanitary Epidemiological Service closely
cooperates with the WOAH (formerly know as the OIE),
USAID, FAOQ, and the European Union. In 2013, the first OIE
PVS mission was carried out to assess the activities of the
Veterinary Service of Turkmenistan. The second OIE PVS
mission to assess the performance of the Veterinary
Service of Turkmenistan took place in November 2017.
Every year, its specialists actively participate in training and
practical seminars in foreign countries in order to study the
latest world achievements and experience in the field of
veterinary activities and their implementation in our
country

The result has been that the country has had no
recorded cases of avian influenza to-date and is now better
prepared to respond to any potential outbreaks.

The Training Programs in Epidemiology and Public
Health Interventions Network (TEPHINET — the global
network of Field Epidemiology Training Programms)
provided logistical support for a two-year Field
Epidemiological and Laboratory Training Program (FELTP)
in Turkmenistan, so that participants could complete FELTP
core competencies and successfully graduate from the
program. FELTPs play a critical role in advancing global
health security by building the public health workforce
needed for countries to detect and respond to acute public
health threats, including outbreaks, natural disasters, and
humanitarian crises. The Turkmenistan programme is listed
as ongoing with the United States Center for Disease
Control and Prevention (CDC) helping to provide funding.
According to the JEE, no structured courses in applied
epidemiology equivalent to the short-term FELTP were
offered in Turkmenistan itself as part of educational
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training, though the Turkmen State Medical University did
include some elements of FELTP in a specialized education
programme. The JEE said that the university's Preventative
Medicine and Epidemiology program incorporates core
concepts of field epidemiology and can be generally
considered equivalent to the full FELTP course.

In 2018 the Ministry of Agriculture and
Environmental Protection of Turkmenistan initiated the
preparation of a new published version of the National
Strategy of Turkmenistan on Climate Change, with the
assistance of the UNDP. This document serves as the main
instrument of Turkmenistan reflecting the standpoint of
the country during the negotiations and acts as the
fundamental document for the preparation of reports on
the implementation of its obligations in the framework of
global climate agreements, with particular concern for
Turkmenistan’s concerns over the state of the Aral Sea.

Oxyura leucocephala
Marmaronetta
angustirostris

Aythya ferina

Aythya nyroca

Aythya fuligula

Anas crecca

Tadorna ferruginea
Tadorna tadorna
Anas platyrhyncos
Anas/Mareca penelope
Anas/Mareca strepera
Anas acuta
Anas/Spatula querquedula
Anas/Spatula clypeata
Clangula hyemalis
Melanitta nigra
Melanitta fusca

Netta rufina
Sibirionetta formosa
Mareca falcata
Aythya marila
Bucephala clangula
Mergellus albellus

White-headed Duck
Marbled Teal

Common Pochard
Ferruginous Duck
Tufted Duck
Common Teal
Ruddy Shelduck
Common Shelduck
Mallard

Eurasian Wigeon
Gadwall

Northern Pintail
Garganey
Northern Shoveler
Long-tailed Duck
Common Scoter
Velvet Scoter
Red-crested Pochard
Baikal Teal
Falcated Duck
Greater Scaup
Common Goldeneye
Smew

As noted above, certain gulls and terns have also been
identified as Al viral vectors. In 2022 a considerable
number of ill and dead Caspian Terns (Hydroprogne caspia)
and a lesser number of Black-Headed Gulls (Larus
ridibundus) which were apparently suffering from avian
influenza were recorded on Maliy Zhemchuzniy Island
(historically known as Seal Island) in the Russian north-east
waters of the Caspian Sea. The island is protected as an
Astrakkhan State Natural Biosphere Reserve and is the only
location where Black-Headed Gulls are documented as
nesting in the Caspian region. Considerable research was
undertaken in the late Soviet period on documenting the
gulls and terns frequenting this island and identifying
viruses they carried (Andreev et al., 1980; Aristova et al.,
1982, 1986). The virus affecting island birds in 2022 is
currently being investigated by the Federal Research
Centre for Fundamental and Translational Medicine of the
Siberian Brach of the Russian Academy of Sciences in
Novosibirsk. Caspian Seals also frequent this location,
which may have been a source of the infection of the

6. Duck species (Anatidae) recorded in the Caspian Sea
region and their IUCN Red Book status with note on gulls
and terns in the North Caspian region

The following list identifies the ducks species (Anatidae)
recorded in the Caspian Sea region with their scientific
names and commonly-recognised names in English and
Russian. The map (Fig. 8) from the 2008 core publication on
climate change and avian influenza by Gilbert et al.
indicates the distribution of Anatidae which breed in a
geographical range from Western Europe to Central Eurasia
and where they winter. As indicated in maps in the EU
commissioned assessment of migratory waterbirds which
might carry dangerous avian pathogens to Europe (Delaney
et al., 2006) (Figs. 2-4), there is a particularly high number
of species of Anatidae which winter in central and south
Caspian wetlands, when conversely they may transmit to
these highly concentrated bird population viruses from the
extensive territories in Europe and Eurasia which they
frequent in summer.

CaBka EN
MpaMopHbI YNPOK vu
KpacHOronoBbIi HbIPOK LC
Benornasbiit HbIPOK NT
XoxnaTtasa yepHeTb LC
YMPOK-CBUCTYHOK LC
Orapb LC
MNeraHka LC
KpsAkBa LC
CsuAsb LC
Cepas yTka LC
LLinnyxsocTb LC
YnpoK TpecyHoK LC
LLInpoKoHoCKa LC
MopsaHka vu
CuHbra LC
TypnaH EN
KpacHoHocbIl LC
YMPOK-KNOKTYH LC
KoctaTka NT
MopcKaa yepHeTb LC
Ob6bIKHOBEHHbIV rorob LC
NlyToK LC

approximately 2,500 Caspian Seals which died in the
Caspian Sea in November 2022. In this context, it is worth
noting that in the summer of 2022 there were elevated
Grey and Harbour Seal mortalities along the coast of Maine
in the USA, the cause of which was determined as Highly
Pathenogenic Avian Influenza HS5N1 by the National
Veterinary Services Laboratories of the U.S. Department of
Agriculture’s Animal and Plant Health Inspection Service.

7. Effects of infected ducks on a unique traditional
economy in the south Caspian Sea region

In the southern Caspian coastal areas of Iran, there is an
unusual pathway of transmission of harmful viruses of
avian origin which has affected local traditional subsistence
livelihoods since the avian influenza H5N1 outbreak of
2006. As noted above, in the past, following the harvesting
of the annual rice crop, the enclosed rice fields or damgah
were flooded and became an attractive haven for
migratory ducks which were netted and sold. The ducks
were not only eaten by the trappers and their families but
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sold as a source of income in in the live poultry markets of
local bazaars. This practice was officially curtailed following
the 2006 avian influenza outbreak, causing significant
consequences to local customary agricultural practices in
this region. There was such pressure on the income of local
damgah owners that they started to resort to planting a
second rice crop in the damgah fields, whose earthen
embankments were no longer maintained (Vuosalo-
Tavakoli et al., 2008). This led to a debate between the
local trappers and the Department of the Environment.

[
~Af

During the summer of 2007, agreement was reached and
the trappers again started to inundate their lands and
prepare their damgah to attract waterfowl in winter. The
basis of the agreement was that their birdcatching
methods are ecologically more sound than the alternatives
(such as shooting), and thus an NGO (the Mazandaran
Crane Conservation Association) and the Department of
the Environment undertook to compensate them for their
losses (Mansouri, 2009).

Figure 8. Satellite image of Caspian Sea region with locations of principal protected littoral wetland reserves frequented by
residential and/or migratory waterbirds (Anseriformes and Charadriiformes) indicated by numbers: (1) Astrakhansky
Reserve (Volga River Delta); (2) Agrakhansky Reserve; (3) Kislyar Bay Reserve; (4) Lake Adji-Pappas; (5) Gyzylagach Reserve;
(6) Anzali wetlands; (7) Miankaleh Reserve; (8) Khazar Reserve; (9) Karagiye-Karakol Reserve; (10) Ural River Delta Reserve.
Note: the numbers only indicate the approximate centre of each wetland. For further information on the official protective
designation and territory of each protected reserve, see relevant RAMSAR, UNESCO Biosphere, Birdlife International and

state online resources
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Another example of damgah are those constituting the
wetland of Fereidoun-Kenar further east on the southern
Caspian coastal plain. The wetland is basically artificial, but
serves as an exceptional winter habitat for migratory
waterbirds, the trappers obtaining sufficient income each
year from this long-established and ecologically sustainable
custom (Nourani et al., 2015).

8. Monitoring avian influenza in Crimea: Dnepr and
Azov-Black Sea migratory flyways and connections with
Caspian Sea waterbird populations

Two important migratory flyways cross the Crimean
Peninsula, the Dnepr flyway (geese and ducks) and the
Azov-Black Sea flyway (geese, ducks, sandpipers, swans and
rooks). An in-depth investigation into the dynamics of the
outbreaks of the H5N1 virus in the Azov Sea-Crimea-Black
Sea regions was undertaken in the course of the study
“Urgent preliminary assessment of ornithological data
relevant to the spread of Avian Influenza in Europe” which
the European Commission commissioned Wetlands
International and EURING (European Union for Bird
Ringing) to undertake (Delany et al., 2006).

There are also well-documented connections

between the Caspian Sea and the northern and western
Black Sea littoral with waterbirds moving from the former
to the latter in reaction to cold weather. There is also an
exchange of waterbirds between the Sivash lagoon behind
the narrow Arabat Spit along the western Asov Sea and the
Black Sea wetlands (Fig. 9). In winter, during severe
weather conditions, parts of the Eastern Sivash with low
salinity may freeze up and then waterbird concentrations
move to open hypersaline water areas in the southern part
of the Eastern and Central Sivash. In the extremely severe
winter of 2006 all Sivash waters became frozen and all
wintering waterbirds concentrated along the southernmost
coast of the Crimean peninsula, some moving to the
western wetlands of the Black Sea where they may have
contributed to the outbreak of the H5N1 virus in these
areas (Delaney et al., 2006).
Here it should be noted that according to EURING’s Data
Bank, at least two species of duck, the Northern Shoveller
(Anas clyreata) (Fig. 10) and the Red-crested Pochard
(Netta rufina), as well as the Black Tern (Chlidonas niger)
have migratory routes between the wetlands of the north-
west Caspian Sea and the Crimean peninsula (Fig. 11)
(Bauer et al., 2006).

Villages throughout the Eastern Sivash commonly
keep free roaming chickens, ducks, geese and turkeys.
Domestic geese and ducks visit ponds, canals and artesian-
fed reservoirs in the vicinity of villages. As the number of
these sources of fresh water is limited, birds from different
households congregate in such places which are also
frequented by wild birds. To combat the risk of
transmission of pathogens state veterinarians instruct local
people to keep their poultry (and domestic dogs and cats
as well) within their yards (Delany et al., 2006).

As along the coasts and islands of the Caspian Sea,
gulls and terns may play a linking role in the spread of
disease carrying the virus from the habitats of
concentrations of wild waterbirds to various water bodies
frequented by domestic birdsgull. In August, when their
numbers reach a maximum, many gulls and terns forage
over agricultural fields and come close to settlements,
roosting on ponds in or near villages (Delany et al., 2006)

A series of outbreaks of H5N1 occurred in the

Eastern Sivash in the winter of 2005-2006. The first
outbreak was recorded in October in the village of
Nekrasovka which is located next to one of the most
important waterbird concentration areas in the Sivash.
Many of waterbirds (especially Greater White-fronted
Geese (Anser albifrons) and Mallards (Anas platyrynchos))
forage on agricultural fields near villages where they
mingle with domestic ducks and geese. A second outbreak
occurred in November 2005, shortly after a cold spell had
brought thousands of waterbirds to the area, among which
were some 15,000 Greater White-fronted Geese. A third
outbreak took place in mid-January 2006. At that time the
Volga delta had become totally frozen, resulting in large
numbers of waterbirds leaving the Caspian Sea area,
visiting the Eastern Sivash, after which they were forced
further westwards by freezing conditions. In all cases the
onset of outbreaks could be related to the existence of
waterbird concentrations or major migratory movements
of these birds (Delany et al., 2006).
From March 2006 through November 2008, 20 Al viruses
were isolated in the peninsula with an overall frequency of
virus recovery of 3.3%. All viruses isolated were from three
species of dabbling ducks: mallard (Anas platyrhynchos),
wigeon (Anas penelope), and garganey (Anas querquedula),
making the frequency of virus recovery for dabbling ducks
6.3%. The viruses were mainly isolated during the fall
sampling period (Kulak et al., 2010; Vorotilova et al., 2015).
62% of cases were reported in the Eastern Sivash lagoon
behind the narrow Arabat Spit (whose previously saline
waters had been flooded with fresh water from the North-
Crimean Canal from Ukraine since 1963), 23% in the Black
Sea littoral of the Feodosia municipality and the
Chernomorsky and Krasnoperekopsky districts and 15% in
Central Crimea (Simferipolsky, Belogorsky and
Krasnogvardeisky districts). In total some 265,110 birds
(poultry and wild) were estimated to have died from HPAI
in Crimea from 2005-2008 (Gadzevich et al., 2018).

In 2018, further monitoring of avian influenza on
aquatic and semi-aquatic birds in the Azov Sea and Sivash
wetlands area was undertaken by specialists of the Federal
Centre for Animal Health (ARRIAH) branch and laboratory
in Simferopol, Crimea, in collaboration with ARRIAH in
Vladimir, Rosselkhoznadzor and onithologists. During their
expeditions biological material samples were collected,
bird species identified and bird fauna estimated in
waterfowl aggregation sites (Kuchuk-Ajigol, Sasyk-Sivash,
Donuzlav lakes and Sivash lagoon) (Gadzevich et al., 2018).

Testing of samples was undertaken by the Central
Research Institute of Epidemiology of the Federal Service
for Customer Rights Protection and Human Well-being in
Vladimir. Laboratory PCR tests of the biological material
collected in the wild as well from killed birds and poultry
revealed no AIV type A. As the number of waterbirds in
their post-1963 aggregation in the Sivash wetlands had
decreased due to the fact that fresh water supply through
the North-Crimean Canal has ceased since 2014, it was
considered that the Crimean Peninsula would manage to
maintain HPAI freedom despite the fact that the disease
was reported close to the peninsula. In the winter of 2018-
2019 there was indeed recorded a significant decrease in
the number of wintering of birds (Common Pochards,
Aythya ferina, for example, had not wintered in Crimea the
previous two years, possibly due to the absence of feed).
Nevertheless, notwithstanding the fact that since 2009 no
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HPAI cases or related deaths among poultry had been
reported in the Crimean peninsula, ARRIAH advised that
the threat of virus introduction to commercial and
backyard farm stocks still existed as the peninsula is

located on bird migration routes and that Al
epidemiological monitoring must continue to be
undertaken, because the risk of virus introduction was still
high (Gadzevich et al., 2018).

The Sea of Azov

The Black Sea

_ The Sivash

Arabatskaya Spit

Figure 9. Map of the Crimean Peninsula with the location of the Sivash lagoon system behind the Arabat spit (after

Khomenko, 2006)

d

Figure 10. Northern Shoveller (Anas clyreata) wintering migration map (after Bauer et al., 2006; Aula Verlag)
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Figure 11. Red-crested Pochard (Netta rufina) wintering migration map (after Bauer et al., 2006; Aula Verlag)

This cautious stance was justified after epidemiological
monitoring in 2019 and 2020 by Gadevich et al. of the
Federal Centre for Animal Health (ARRIAH) in Simferopol
and Vladimir was again undertaken in the territory of
Crimea (Gadzevich et al., 2019). Their attention was
focused on the study of water basins of the Azov and Black
Seas, the Sivash Lagoon and freshwater lakes in the
Feodosia Municipality, Leninsky, Sovetsky, Nizhnegorsky,
Chernomorsky and Saksky districts. Examination of these
areas showed that some freshwater reservoirs had become
shallow and dry and that aquatic vegetation had degraded.
A natural biotope analysis conducted in 2019 and 2020
showed a decrease in the number of semiaquatic wild
birds. Pathological material was sampled from semiaquatic
and migratory wild birds, as well as from poultry kept in
poultry farms and backyards. The collected samples were
tested using real-time RT-PCR. In 2019, the AlIV type A (H9)
genome was detected in one fecal sample taken from wild
birds near Kuchuk-Adzhigol Lake in the Feodosia
Municipality. The AIV type A (H5) genome was detected in
2020 during laboratory testing of pathological material
taken from the remains of a mute swan within the
shoreline of a freshwater lake near the Ermakovo
settlement of the Dzhankoysky district. The genetic analysis
was performed in the ARRIAH laboratory at Vladimir,
where the N8 subtype neuraminidase of the influenza virus
isolate was identified. The comparative genetic analysis of
258 bp nucleic acid sequences of the AIV H gene fragment
showed that the identified isolate belongs to the Asian
genetic lineage of highly pathogenic AIV subtype H5 (clade
2.3.4.4) associated with the epidemic spread in Asia,
Europe, the Middle East and Africa in 2016-2020
(Gadzevich et al., 2021).

9. Documentation of effects of climate change on birds
frequenting the Caspian Sea

As it is conceived, the VIiEW system could contribute
significantly over a period of time to the detailed
systematic documentation and analysis not only of avian-
borne pathogens but also of the impacts of climate change

on both migratory and resident waterbird species of the
Caspian region. While a large amount of meteorological
and ecological data have already accumulated in this
regard, much is either subjective or anecdotal in character
or refers to proxy information from international scientic
sources. While scientists and conservationists benefit
greatly from the information, methodologies and
prognoses of research undertaken outside the region, it
cannot fully substitute for the properly targeted and
quantified observations and compilations of specialists of
the Caspian states themselves. This work must be
undertaken on an integrated long-term basis rather than
through competent but short-term “expeditions”, as has
been the legacy of Soviet practice in most scientific
fieldwork in Russia. There should be maximum use of new
research  technologies developed and employed
internationally, e.g. radio-tracking, analysis of isotope
ratios in bird feathers, whole-genome sequencing,
identification of genomic markers (single nucleotide
polymorphisms), radionucleides to determine populations
and movements, etc.

Migration and overwintering greatly contributes to
shaping bird population dynamics. Long distance flights and
winter habitat quality may have carry-over effects on
subsequent breeding success. Climate change has direct
and indirect effects on birds and migratory species are
particularly sensitive. Notably, altered climatic conditions
can modify migration phenologies and result in shifting
wintering and/or breeding areas, with consequences for
migratory distances. (Clairbaux et al., 2019). Of particular
interest is the possible emergence or re-remergence of
pathogenic viruses held in the deep laters or organic
matter in the permafrost of Arctic northern Eurasia whose
upper layers are increasingly melting with warmer overall
ambient temperatures (some 70% of the land area of the
Russian Federation is now in this category). There is a
concern that these pathogens could theoretically be
transmitted to waterbird species breeding in the regions
underlaid with permafrost and passed on further
geographically through migration. A tangible testimony to
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the ancient intimate connection between now extinct
mammals, migratory waterfowl and humans in the high
Arctic, relics of which are now emerging from the melting
permafrost, are the Late Palaeolithic (**C dated to c. 15,000

yrs BP) pendants of flying Anatidae carved from mammoth
tusks; excavated by archaologist M.M. Gerasimov in Malta
northwest of Lake Baikal in Siberia in 1928-1930
(Abramova, 1995; Derevianko et al., 1998) (Fig. 12).

ST T

FERATIVRRE T Y I

A

Figure 12. Carved mammoth tusk pendants of high flying waterfowl. Radiocarbon dated to c. 15,000 BC (Late Palaeolithic.
Malta-Buret mammoth-hunting culture). Excavated in burial sites in Malta, Usolsky district on a branch of Angara River in
central southern Siberia, north-west of Lake Baikal (the most ancient known site in region). Four such pendants were found
in situ deliberately orientated north-south according to bird migration pattern and still-held traditional local beliefs in the
path of the soul after death. State Hermitage Museum, Saint Petersburg (after Abramova, 1995)

Despite the deficit of detailed data on climate
impacts on birds, specialists in the Caspian
region have observed and documented on a
macro level the indubitable reality and effects of
warming trends on the environment. For
instance in Turkmenistan during the mid-winter
of 2021-2022 a state ornithological expedition
surveyed the birds and environmental status of
most of the Khazar Nature State Reserve littoral.
The ornithologists involved reported that that
the coastline and water surface areas of the
bays had undergone strong transformation due
to a decrease in sea level caused by a number of
factors including global warming. On the
northern coasts, where rock uplands prevail,
most of the lagoons, bays and gulfs, which used
to be abundantly inhabited by birds, had dried
up. Thus the biocapacity of the natural locations
investigated has resulted in a significant
decrease in the number of birds wintering in
Turkmenistan. On the lower central and
southern coasts the shorelines have shifted by
kilometres, which has negatively affected bird

observation possibilities. A number of bird clusters
could only be assessed by the ornithological team in
approximate quantitative terms.

A very revealing study by an Iranian group of researchers,
Alemi Safaval et al., was published in 2018 of recent,
ongoing and possible drastic future consequences of
Caspian sea level changes and their effects on coastal
morphologies. These may have a major ecological impact

on the phenologies of migratory waterfowl and patterns of
potential pathogen transmissions.

10. CONCLUSIONS

As did many other specialists before the outbreak of the
global COVID-19 pandemic of epizootic origin, Aaron
Bernstein, Director of the Center for Climate, Health, and
the Global Environment at Harvard University’s T.H. Chan
School of Public Health, warned that, “The destruction of
natural places drives wild life close to people and climate
change is also forcing animals to move. That creates an
opportunity for pathogens to get into new hosts. The
separation of health and environment policy is a dangerous
illusion. Our health entirely depends on the climate and the
other organisms we share the planet with.”- a warning
echoed by Lycett S.J. et al. (2019) “The threat of a new
avian influenza virus causing a human pandemic is still
present today... Therefore, if we continue the disease
surveillance programmes in avian, human and other
domestic animal populations, and control avian influenza in
domestic avian populations, then we can surely reduce the
risks of a new human avian influenza pandemic”.

The review of activities and opinions of specialists
and organizations with remits relating to the development,
establishment and maintenance of such a system as is
conceived for VIiEW, clearly indicates that a research,
surveillance and early warning system for AIV in the
Caspian Sea region is a priority necessity for global animal
and human health due to the role the region plays through
the mass migration of species of waterbird already known
as vectors for avian influenza and the already evident and
concerning — but as yet not adequately understood or
quantified - impacts of climate change on their
phenologies. The waterbirds congregating in massive
numbers in their habitats along the coasts and hinterland
wetlands of the Caspian Sea make the territory a potential
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global hotspot for highly pathogenic avian influenza
outbreaks and a source of rapid transmission of these
diseases geographically.
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H06unen n namaTHble AaTbl

tOr Poccuu: skonorua, passutme 2022 T.17 N4

K 106uneto NaBHOro peaakropa Hay4yHoOro XXypHana

«kOr Poccuun: akonorua, passutue»

AnekcaHgpa Muxannosuua LLlectonanosa

For the anniversary of the Editor-in-Chief of the scientific
journal “South of Russia: Ecology, Development”
Alexander Mikhailovich Shestopalov

AnekcaHop Muxalinoguy Lllecmonanos — KpynHenwwmni
POCCUMCKUIA  yYeHbll, L[OKTOp 6OMONOrMYeckUx Hayk,
npodeccop, pykosoautens «deaepanbHOro Mccnenosa-
TENbCKOrO UeHTPa GyHOAMEHTANbHON U TPAHCAALMOHHOM
MeauLMHbI», pyKkoBoauTenb ®PepepanbHOro rocygapcr-
BEHHOro OlAKETHOro HayyHOro y4ypexkaeHuwa «HayyHo-
NUCCNef0BaATENbCKMI  MHCTUTYT  SKCNEPUMEHTANbHOW U
KANMHUYECKOW MeAWLMHbI», OCHOBATE/lb HAyYHOW LWKOAbI
«DKONIOTUYECKMI  NonMMopdusm U TeppuTopuanbHas
3HAYMMOCTb aKTyasIbHbIX 300HO3HbIX MHPEKLMI: KOHTPOIb,
AMArHoCTUKa, MeToAbl NPOUNAKTUKM U IeYeHUA» poannca
11 asrycta 1957 roga B r. pokonbeBck KemepoBcKow
obnactu.

OH ABnaeTca N3BECTHbIM BMPYCONIOrOM,
M3y4YatoLLMM 300HO3Hble UHDEKLMK, IKOOTUIO U NaToreHes
BMPYCOB, BbI3blBalOLLMX MHEKUMOHHbIE 6oNe3HN YenoBeKa
1 KUBOTHbIX.

Cpea  MWUPOBbLIX  AOCTUMKEHWW  CO3JaHHOM
AnekcaHgpom  MuxaioBUY4EM  HAYYHOM  LWIKOAbI  —
pa3paboTka KpWUTEPUEB  OLLEHKM  3KONOTUYECKOW U

COLMANbHON 3HAYMMOCTM HOBbLIX M BHOBb BO3HWMKAOLLMX
BMPYCHbIX aHTPOMO300HO3HbIX WHGEKLMI; Bnepsble ANA
asmaTckol Yyactn PP paspaboTaHbl METOAMKN NpOBeaeHUs
dunoreorpadpuyecknx UccnenoBaHU CUHAHTPOMHbIX NTUL,
B LleHTpanbHoM A3uu; pag paspaboToK Mo AMarHoCTUKe
PHK-copeprkalwmx BMpycos.

AnekcaHap MuxaiinoBuY CO CBOMMU YYEHWKaMM
obbe3gun MHorve pernoHbl mMupa AAAa UcCAefoBaHWA
nyTen nepefayn BUPYCHbIX WHPeKuuin. MonayyeHHble Um

HayuyHble pe3y/ibTaTbl MMEKT OrPOMHOE 3HauyeHue ann
MeaMUMHbI U 340p0BbA YesioBeKa. lMog, ero pyKoBoACTBOM
paspabaTbiBalOTCA  YHMKANbHble  AMAarHOCTUYECKME U

nevyebHo-npodunakTUyeckne npenaparbl, MeToAabl
OMAarHOCTMKM  BMPYCOB U JIeYEHUA  OHKOJIOTMYECKUX
3aboneBaHui.

AnekcaHgpom Muxaiinosuyem N3yYeHbl

b1onorMyeckme CBOMCTBA W FeHeTUYecKMe 0cobeHHOCTU
NOJIYYEHHbIX WTaMMoB Bupycos rpunna ntuy, HS5N1 u
HIN1pdmO09, co3gaHa KO/M/IEKLUMA BbICOKOMATOIEHHbIX
LWITaMMOB, KOTOpasA 33aJerMoHMPOBaHa B rOCyAapCTBEHHble
konnekumn OGBYH THLU, BB Bektop (HoBocmbupck) n HUN
rpunna (CankT-Metepbypr).

Bnaropaps AeATeibHoCTH Lectonanosa
AnekcaHgpa MwuxaiiioBMUYa cosfaHa TaKke Ko/ieKums
WTaMmoB Bupyca 6one3Hn Hbiokacna, ob6nagaroLmx

OHKO/IUTUYECKMMM CBOWMCTBAMM W MNEPCNEKTUBHbIX AAA
co3paHuA QHTUPAKOBbIX npenapartos. LTtammbi
33EeMOHMPOBaHbl B TOCYAapCTBEHHblE Konnekummn OBEYH
FHL, BB Bektop (HoBocubupck), HUU Bupyconorum um.
MBaHoBcKoro (Mocksa).

HayyHas gesTenbHOCTb AnekcaHapa Muxaniosuya
noslyunna 3ac/iy>keHHoe npusHaHue He TO/AbKO B Poccum,
HO M 3a pybexom. OH aKTMBHO COTpPyAHMYaeT C
3apybexkHbIMU Y4Y€HbIMU-BUPYCONOTramu, nog  ero
PYKOBOACTBOM BbIMOJ/IHAIOTCA KPYMHble MeXAyHapoaHble
Hay4Hble NPOEKTbl € y4yactmem y4yeHbix Poccum, Kutas,
CWA, BbetHama, AnoHun, Kopew, Asctpun, Wtanum,
BenunkobputaHuu, FepmaHum.
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Anniversaries and memorable dates

OH  sABndeTca  uneHom  Esponeitickoro  obuwectBa
KNMHMYECKOMN MUKpoBUonornn 7 MHOEKLMOHHbIX
6onesHeit CLUA (International Society for Infectious

Diseases). B 2006 rogy oTmeuyeH Harpazoi obuiecrtsa no
U3y4YeHUI0 MHOEKUMOHHbIX 3a601eBaHNUNA.

AnekcaHap Mwuxannosuy astop 45 nateHToB Ha
n3obpeteHns M nonesHole mogenun, 11 denepanbHbix U
permoHasbHbIX METOANYECKUX YKa3aHUIN, peKoMeHaauui u
pernamenTa. Pe3yabTaTbl Hay4YHbIX UCCAEA0BAHUIA HOBbIX U
BHOBb BO3HMKAIOLWMX BUPYCHbIX 300HO3HbIX MHObEKUUI
06obuweHbl B 6Honee uyem 400 HaydyHbIXx cTated, 4
MOHOrpadum u [AOKTOpCKyto Aucceptauumio. Mog ero
PYKOBOACTBOM 3alimiueHbl 18 AOKTOPCKMX M KaHAWAATCKMX

auccepTaumi.
AnekcaHgp MwuxanoBuMY  aKTUBHO  y4yacTByeT
B $OpMMPOBAHMU  3KOMOFMYECKOro, BUONOTrMYECKOro

M  MeaMUMHCKoro obpasoBaHua B BY3ax Poccun, B
NoAroTOBKe BbICOKOKBAIMGULIMPOBAHHbIX CNELMAINCTOB.

Moa ero pyKoBOACTBOM E€XErogHo NpoBOAMTCA
MeXAyHapoaHas LwKona MONOAbIX YYeHbIX
«3nugemuonorus, anu3ooTosorua, onepaTtneHas
[OMarHOCTMKA MHOEKLMI, MEPEHOCUMBIX AUKUMWU NTULLAMMNY.

B 3HaK npu3HaHuA 3acayr AnekcaHapy
Muxainosudy  LllectonanoBy — MpuUCy)KAeHbl  3BaHUA
3acnyKeHHoro geatena Haykum PO (2022), MMouyeTHoro
paboTHMKA HayKM UM BbLICOKMX TexHosnoruii Poccuiickoi
depepaummn (2020), BpyyeHbl opaeH MM. BepHaackoro 3a
OOCTUNKEHMUSA B U3y4yeHum BMPYCHbIX NHbEKLMI
(HenpaBuTenbCTBEHHbIN 3KoNorMyeckuii GoHa nmexn B.U.
BepHaackoro) (2021), MoyeTHaa rpamoTa npesvavyma PAH
(2017), NoveTHas rpamoTa MUHWUCTEPCTBA 34PaBOOXPaHEHUA
1 coumanbHoro passutus Poccuiickon ®eaepaumm (2007).

Lllectonanos A.M. — rnaBHbli peaakTop KypHana
«HOr Poccuun: akonorusa, passutue» (Scopus, Core Collection
Web of Science), uneH pepaKkuMOHHOrO coBeTa »KypHana
«Bonpocbl BMPYCOIOTUNY, ABnAeTcA POCCUIACKUM
KOOpAuHaTopom A3smaTckoro otaeneHvs MexayHapoaHoro
OpHUTONIOTMYECKOro obLLecTBa (pyKoBOAUTENb OTAENEHUA —
npodeccop Lei Fumin, Institute of Zoology, Chinese Academy
of Sciences, Beijing, China), uneH OFFLU (o6beguHeHHan
mupoBas ceTb 3KcneptoB OIE u FAO B obnactu rpunna
MBOTHbIX), nNapTHep WHcTUTyTa MUKpobuonorum KAH
(NeknH, Kutait) B nporpamme «Llenkosbiit nytb (One Belt,
One Road)».

Kak MaBHbIM peaaKkTop Hallero Hay4YHoro ¥KypHana
«HOr Poccuu: skonorus, passutmne», AnekcaHap Muxaiinosuy
AKTUBHO CNOCOBCTBYET €ro PasBUTUIO U NMPOLBUNKEHUIO.

PefakumMoHHan Konnernsa, peaakuMOHHbIM coBeT
ypHana «tOr Poccuun: 3KONOrUsA, PasBUTUE» WU KONNEKTUB
WHcTUTyTa aKonoruu n yCTOMYMBOrO passuTUA
[JarecTaHckoro rocyapCTBEHHOro yHMBepcUTeTa
no3apaBnAloT NPEKPACHOr0 HaCTaBHWMKA, 3amevaTtesibHoOro

yenoseKa LlectonanoBa AnekcaHgpa MuxalinoBuya c
tobuneem!

Menaem  cMBMPCKOro  340pOBbA,  KaBKA3CKOro
OONroneTus, ycnexoB B 06pa3oBaTesibHOM, HAyyHOW MU

06LLLEeCTBEHHON A4eATeNbHOCTU M HOBbIX cBeplieHmit! MycTb
npodeccMoHanbHble YCNexu U LOCTUMKEHMUA BCEraa POKAA0T
HOBblE CWAbl, 3HEPIUIO W  CTpemieHve pobusaTtbes
®enaemoro. fyctb Bawm  [0OAroXAaHHble  KenaHus
MCNONHATCA, M B Bawem gome 6ygeT mup, rapmoHus,
6narononyuune n NPUATHbIN yioT!
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CNPABUNAMMU ANA ABTOPOB HAYHYHOTI O XXYPHANA «HOI POCCUU: SKOJ10TUA, PASBUTUE»
MOXeTe 03HaKOMUTbCA Ha caifte http://ecodag.elpub.ru

Mo Bcem MHTepecyowmm Bac Bonpocam o6palyatbca B peAaKUmIo XKypHana
NO KOHTaKTaMm:
lyceitHoBa Hapgupa OpAaKoHUMKMA3EBHaA, K.6.H., goueHT, Email dagecolog@mail.ru
Mmo6. Ten. +79285375323
UBaHyweHKo KOnua IOpbeBHa, marmucTp akonorun, Email dagecolog@mail.ru

Appec pegakuum: 367001, Poccua, r. Maxadkana, yn. [axagaesa, 21,
WHCTUTYT 3KONIOTMK U ycToiumneoro passutua ArY, ten./dakc: +7(8722) 56-21-40

Yupeputenb (coyupeautenu) xypHana:
000 Uzpatenbckunin Jom «KAMEPTOH»
®re0Y BO «/[larectaHCKUA rocyAapCTBEHHbI YHUBEPCUTET»

CONTACT INFORMATION: SCIENTIFIC JOURNAL "SOUTH RUSSIA: ECOLOGY, DEVELOPMENT"
If you have any questions, please contact the editorial office:
Nadira O. Guseynova, Candidate of Biological Sciences, Associate
Professor, Email dagecolog@mail.ru, tel. +79285375323
Yuliya Yu. lvanushenko, master of ecology, Email dagecolog@mail.ru

Editorial address: 367001, Russia, Makhachkala, 21 Dakhadaeva st.
tel. / fax: +7 (8722) 56-21-40

Founders of journal:
The limited liability company Publishing House «Kamerton»
Dagestan State University

N3paHWe 3aperucTpmpoBaHo MUHUCTEPCTBOM CBA3M M MacCOBbIX KOMMYHMKauuii Poccuiickolt ®epepaumn.
CeuaeTtenbcTso o peructpaumu: cepus MU Ne ®C77-77994 ot 03.03.2020 .
MognucHblie HAEKChI B KaTanore «aseTbl U }KypHanbi» AreHTcTBa «Pocneyatb»:
36814 (nonyroaosoi) 1 81220 (rogosoi).

MepeneyaTka 6e3 paspelueHns pefaKkLmmn 3anpeLLeHa, CCbIKM Ha KypHaA Npu LMTMPOBaHUK 0bsa3aTenbHbI.
OpurnHan-maKkeT NoarotossieH B MHCTUTYTE 3KO0MMU U ycTOMUYMBOro pa3sutus 4rY.

MopgnucaHo B nevaTb 27.12.2022.
O6bem 33,25. Tupark 100. 3aka3 Ne 60. Popmar
70x90%. MNeyaTb opceTHan.
Bymara odceTHas Ne 1.
TuparkmpoBaHo B TUNorpadumn nsgatenscrea Ary
r. Maxaukana, yn. M. Aparckoro, 59¢e
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